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The rate constants for the quenching of the excited states of metal ions and complexes in 
homogeneous fluid solution are reported in this compilation. Values of kq for dynamic, 
collisional processes between excited species and quenchers have been critically evaluated, 
and are presented with the following information, among others, from the original publi­
cations, when available: description of the solution medium, temperature at which kq was 
determined, experimental method, range of quencher concentration used, lifetime of the 
excited state in the absence of quencher, activation parameters, quenching mechanism. 
Data collection is complete through the end of 1986, and covers the coordination com­
pounds of 26 metals, including the ions and complexes of the inner- and outer-transition 
metals, and porphyrin complexes of nontransition metals. Data for 261 excited states 
quenched by more than 400 inorganic quenchers and 600 organic quenchers have been 
extracted from almost 500 publications. The introduction to the work contains a discus­
sion of the conceptual background to quenching, including a general treatment of the 
kinetics, an explanation of the tables, and a list of recent review articles. Uncommon 
kin~tics mechanisms and equations, usedto obtain the reported values of kq, are discussed 
in detail as part of the notes to the tables. Indexes of excited states, quenchers, and authors 
are appended. 
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1. Introduction 
Over the past 30 years, the photochemistry and photo­

physics of metal coordination complexes have been active 
areas of research, drawing upon and merging with the exten­
sive experience of coordination chemists, spectroscopists, 
and organic photochemists with regard to the synthesis of 
compounds, the development of experimental techniques, 
and an understanding of the kinetics and theories of excited 
states. The development during this' time of fast kinetics 
techniques (conventional and pulsed-laser flash photolysis, 
time-resolved spectrofluorimetry) and the use of computers 
for experimental control and data management have caused 
these research areas to evolve into mature disciplines. 

Two very important events occurred almost simulta­
neously a little more than 15 years ago that triggered a surge 
of activity in the field: the observation that the luminescent 
excited state of tris(2,2'-bipyridine)ruthenium(2 +) ion 
[Ru (upy) ~ +] ~aI1 phutuscllsitizc dectlUl1-tral1sfel n::ac­

tions, and the first worldwide energy crisis brought on by the 
oil embargo as a result ofthe Yom Kippur War in the Middle 
East. It was recognized almost immediately that the elec­
tron-transfer reactions of the excited state of Ru(bpy)j + 
and, by extension, those of other coordination complexes, in 
fluid solution leads to the formation of energy-rich species 
which, through the manipulation of their subsequent reac­
tions, can result in the generation of storable fuels. The de­
velopment of schemes for the photochemical conversion and 
storage of solar energy involving coordination complexes be­
gan in earnest, and with it detailed studies of all the quench­
ing reactions of excited states (e1ectron transfer, energy 
transfer, proton transfer, etc.) and the chemistry of the 
products of those processes. 

J. Phys. Chern. Ref. Data, Vol. 18, No.1, 1989 

14. Osmium complexes .................................... 278 
15. Palladium complexes ................................. 292 
16. Platinum complexes ................................... 295 
17. Rhenium complexes.... ...... .... ..... ................ 300 
18. Rhodium complexes ................................... 303 
19. Ruthenium complexes [except 

Ru(bpy)j +] .............................................. 308 
20. Ru(bpy)j + by inorganic quenchers .......... 367 
21. Ru(bpy)j + by organic quenchers (except 
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Theoretical treatments soon made the connection be­
tween the rate constant of the quenching reaction (kq ) and 
the energetics of the reactants. Existing kq data were applied 
to theory, resulting in a demand for more data to test the 
theory. As a result, values of kq for the reactions of the excit­
ed states of many coordination complexes with many 
quenchers under widely diverse experimental conditions 
have been published in the literature to date. Up to now, it 
has been very difficult for researchers to find the values of kq 
they want, or to know exactly what has been done and what 
has not. In addition, those values of kq that have been pub­
lished in the review literature have not been subjected to a 
critical evaluation of their quality, not have they been part of 
a compilation in which the experimental conditions of their 
determination, and thus their validity, have been described. 

This compilation is devoted to the presentation and 
critical evaluation of kq for dynamic, collisional processes 
uctWCCl1 dc~l1ul1ically cJl.cited spccics amI yuenchers in fluid 

homogeneous solution. The excited states have been limited 
to those of ions and complexes of the inner- and outer-transi­
tion metals, and porphyrin complexes of non transition met­
als. Quenchers include inorganic and organic species, as well 
as the ground state of the substrates. In addition to display­
ing the kq values for excited state/ quencher couples and the 
literature references for the sources of the rate constants, the 
tables contain descriptions of the solution medium, the tem­
perature at which the experiment was performed, the experi­
mental method used, the range of quencher concentrations 
used, and activation parameters, as well as other pieces of 
information extracted from the original publications that 
could be useful to the reader for the evaluation of the quality 
of the results. 
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This introduction to the compilation continues, in Sec. 
2, with a discussion of the conceptional background to 
quenching: the excitation of coordination complexes, the de­
cay of the excited states, the types of quenching processes, 
and the fundamental "Stern-Volmer" kinetics of quenching. 
Consideration is given to the conditions that lead to devia­
tions from Stern-Volmer behavior, the relationship of tht:: 
kinetics of diffusion to kq' and the efficiency of escape of 
redox products from the solvent cage as a result of electron­
transfer quenching. The structure of the tables is examined 
in Sec. 3: the scope of the compilation, the procedures for the 
selection of values of kq from the literature, the problems of 
nomenclature and speciation, and our concern with the er­
rors and uncertainties that accompany the numerical quan­
tities. The detailed arrangement of the tables is described, as 
well as the experimental methods used by authors to obtain 
the data. We offer, in Sec. 4, a list of recent review articles 
about aspects of the quenching of excited states of coordina­
tion complexes that may be useful to the reader. A list of 
abbreviations and symbols, and the molecular structures of 
some of the more complicated polymeriC and heterocyclic 
quenchers precede the tables; the tables are followed by 
notes which describe the mechanisms and equations that 
have been used in specifically referenced papers for the ex­
traction of the values of k q • A number of indexes have been 
included: Author Index, Index of Excited States, Index of 
Inorganic Quenchers, and Index of Organic Quenchers. 

2. Conceptual Background 

2.1. Excitation of Substrates 

Absorption of light in the ultraviolet, visible, or near­
infrared regions of the spectrum by a coordination complex 
substrate (S) of the general form M-L, where M is the metal 
center and L represents the ligands in generic terms, results 
in the generation of electronically excited states within the 
period of photon absorption (~10- 16 s). The subsequent 
rapid passage of the system along deactivation routes leads 
to the eventual formation, generally, of the lowest excited 
state of the substrate (*S), which is relatively long lived due 
to the spin restrictions governing its conversion back to the 
ground state; the efficiency of population of *S from the ab­
sorption of one photon at the wavelength of excitation is 7]*. 
Depending on the coordination complex involved, *S can be 
charge-transfer (metal-to-ligand, ligand-to-metal, com­
plex-to-solvent), metal-centered, or ligand-localized in na­
ture; the excitation may reside in nonbonding or antibonding 
orbitals, may bc localized or diffuse, and will have orienta­
tions in space appropriate to the symmetry of the state. 

Irrespective of the nature of the specific system, *S and 
S are different species; *S is a stronger reductant and oxi­
dant, is more energetic, and, because of its unique electronic 
configuration, has the possibility of exhibiting greatly differ­
ing patterns of reactivity (acid-base, substitution, etc.). 
These reactive pathways are kinetically competitive with 
nonradiative and radiative modes of decay; this latter route 
results in the emission of light (luminescence) which can 
serve as a marker for the presence of *S, depending upon the 
relative rate constants of the various competing processes. In 

the case of some complexes, luminescent decay is not kineti­
cally competitive, emission is not observed, and the detec­
tion of *S must be accomplished through the use of an alter­
native technique, such as the monitoring of the absorption of 
*S. 

2.2. Decay of Excited States 

In the most general sense, the formation of *S and its 
subsequent decay, when unperturbed, via radiative, nonra­
diative, and reactive intramolecular modes can be described 
by reactions (1 )-( 4), where 10 is the rate at which the light 
is absorbed by S: 

S+hv *S, (1) 

k rd 

~ S+hv', 
(2) 

k"r 
(3) *S S + heat, 

k~x products. (4) 

The lifetime of unperturbed *S, 'To, is defined as 'To 

= l/ko' where ko = k rd + knr + k rx . 

2.3. Quenching of Excited States 

The subject of this compendium is the second-order 
rate constant kq for the bimolecular reaction between an 
electronically excited species *S and a quencher Q which 
contributes to the deactivation of *S. The simplest view of 
the primary processes in quenching is that of irreversible 
reaction (5) occurring in a single step: 

kq 

*S + Q ~ products. (5) 

When the microscopic details of quenching are consid­
ered, the diffusion of *S and Q together to form *S-Q, a 
precursor comp]ex in which a very weak interaction exists 
between the pair, is written explicitly. *S-Q is an outer­
sphere encounter complex which is held within the solvent 
cage for a short pt::riud of timt:: (sub-ns); tht:: ut::a~li valioll of 
the encounter complex to yield products with a rate constant 
kde must compete with the breakup of the solvent cage and 
the release of*S and Q into the bulk solvent [reaction (6)]: 

k" kde 

*S + Q ~ *S-Q ~ products. (6) 
k_" 

By making use of thc scheme in reaction (6) and the 
steady-state approximation for the concentration of *S-Q, 
the observed quenching rate constant kq can be expressed by 
Eq. (7), 

k = kdkde 
q k_ d + kde 

(7) 

In this mechanism, kd is the rate constant for the bimo­
lecular diffusional encounter of *S and Q, which can be cal­
culated by use of the Debye-Smoluchowski equation [M. V. 
Smoluchowski, Phys. Z. 17, 557 (1916); P. Debye, Trans. 
Electrochem. Soc. 82, 265 (1942) ], andk _ d is the rate con-
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stant for the unimolecular dissociation of *S-Q into the par­
ent components. In the case of outer-sphere encounters, 
k _ d can be calculated by means of the Eigen equation [M. 
Eigen, Z. Physik. Chem. (Frankfurt am Main) 1, 176 
(1954)]. . 

The deactivation of *S-Q can be visualized as occurring 
via competing radiative, nonradiative, and reactive reactions 

(8)-(10), which are analogous to those of *S [reactions 
(2)-( 4) above]. 

k ;." 

~
:"s + Q + hv", 

*S-Q S + Q + heat, 

k ~x Q + photoproducts. (10) 

(8) 

(9) 

In addition, the "precursor complex" can engage in re­
actions not available to *S in bulk solution: transformation 
into a "successor complex" via intramolecular energy trans­
fer. electron transfer. proton transfer. or formation of an 
exciplex via the redistribution of the electronic energy across 
the entire species [reaction (11)], 

k ~r 

*S-Q -+ successor complex. (11 ) 

Therefore, kde is defined in terms of the rate constants 
of reactions (8 )-( 11) as kde = k ~ + k;n where k () 
= k ;d + k :lr + k ;x' 

In the case of outer-space encounters, it is commonly 
assumed that k ;d' k ~n and k ;x have values very similar to 
those of the corresponding reactions of"'S, and that quench­
ing is mainly, if not exclusively, due to reaction (11) which 
defines the nature of the quenching process. Very likely, 
k;r ~ 1/70, where 70 is the lifetime of *S. 

2.4. Types of Quenching Processes 

Quenching can occur via one or more of the following 
primary processes simultaneously: 

(I) Transfer of electronic energy from *S to Q. with the 
formation of *Q, an electronically excited state of Q, (ET); 

(II) transfer of one electron from *S to Q (oxidative 
electron transfer, OT); 

(III) transfer of one electron from Q to *S (reductive 
electron transfer, RT); 

(IV) formation of an exciplex between *S and Q (EX); 
(V) tr::msfer of one proton from *S to Q or vice versa 

(proton transfer, PT); 
(VI) hydrogen abstraction or some other chemical re­

action between *S and Q (HA, CR); 
( V 11) catalysis of the radiation less deactivation of *S 

by Q (collisional deactivation, CD). 
The most predominant processes involving coordina­

tion complexes are I, II, and III; the other processes are only 
seldom observed. 

Generally, each of these processes can be represented 
by a different successor complex. Therefore, reaction (11) 
can be expanded into reactions (12)-( 16) to show the var-
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ious successor complexes, which undergo further conversion 
toward the final products. 

~ 
S-*Q ET, (12) 

k ;,r S+-Q- OT, (13 ) 

*S-Q -+ S--Q+ RT, (14 ) 

*(S-Q) EX, (15) 

PT, HA,CR, CD, etc. (16) 

Intramolecular reactions (12 )-( 16) are written as irre-
versible processes. Of course, the principle of microscopic 
reversibility demands that consideration be given to the pos­
sibility of the reformation of *S-Q through the occurrence of 
the reverse reactions that are, undoubtedly, energetically un­
favorable. 

Processes II, HI, V, and VI can be experimentally dem­
onstrated by the identification of their products as stable 
compounds or transient intermediates following flash exci­
tation. The experimental evidence for the formation of an 
exciplex is generally the observation of its absorption or 
emission in flash photolysis. Energy transfer is experimen­
tally demonstrated if the emission or photoreaction of >l<Q is 
observed. In addition, thermodynamic considerations and 
comparisons with analogous systems are widely used to sug­
gest the most probable mechanism, at least among energy 
and electron transfer. 

Nevertheless, it remains a challenge to obtain a clear 
answer concerning the exact nature of the intermediates, in­
asmuch as the same final products could arise from different 
successor complexes existing simultaneously in the same re­
action. Similarly, analogous final products from analogous 
systems may arise from different successor complexes. 

Experimental evidence in favor of a particular quench­
ing process does not exclude the possibility that some frac­
tion of the quenching acts occurs via a different mechanism. 
The experimentally determined value of kq is, however, an 
overall rate constant representing the sum of the kq values 
for the individual processes; the relative importance of the 
various processes can only be evaluated indirectly. 

2.5. Fundamental Quenching Kinetics 

The experimental determination of kq is based on the 
measurement of a property (A) that is proportional to the 
concentration of one or more of the species involved in the 
overall photochemical process. The mathematical relation­
ship between A and kq is derived from the assumed mecha­
nism by the use of the usual treatment of time-independent 
(steady-state) and -nepennent kinetics. The derived rela­
tionship contains A and [Q] as variables, and kq and/or 
other rate constants as invariant parameters when Q and the 
other species are present as unique species; the problem of 
the variation in the nature of Q as a tunction of solutIon 
medium is addressed in Sec. 2.6.b below. 

It is obvious that the reliability of the values of kq re­
ported by a researcher depends ultimately on the validity of 
the relationship derived from the assumed mechanism. Evi­
dence in favor of a specific mechanism is generally obtained 
by the measurement of A for a set of experiments in which 
[S] is maintained constant and [Q] is changed across an 
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appropriately wide range (at least one order of magnitude); 
clearly, the observed dependence of A on [Q] must be that 
expected for the assumed mechanism. Of course, a mecha­
nism may be assumed, and kq evaluated at only one [Q]; 
such a procedure, however, does not give any evidence for 
the mechanism, and the quality of the value of kq determined 
in that way is open to question. It is important to note that kq 
is always related to k de , which is the sum of the rate con­
stants of all the deactivation processes of *S-Q. The relative 
contribution of each deactivation mode to the overall 
quenching process can be evaluated, in principle, through 
additional measurements; this point, however, will not be 
discussed further. 

The most commonly measured properties (A) are the 
intensity of emission from *S under continuous steady-state 
excitation, and the decay of emission from *S, or absorption 
by *S, after pulsed excitation. 

By assuming that the quenching mechanism is repre­
sented by reactions (1 )-(5), application of the steady-state 
treatment, where d[*S]ldt = ° and [SLs is the steady-state 
concentration of *S [Eq. (17)], leads to the relationship 
[Eq. (18)] between kq and the intensity of the emission 
from *S in the absence (1~) and presence (1,) ofQ. 

(17) 

(18) 

Similarly, by defining the lifetime of *S in the presence 
of Q as 7 = 1!(ko + kq [Q]), an equivalent relationship 
[Eq. (19)] between the lifetime of *S can also be derived 
from the expressions describing the time-dependent behav­
ior of the concentrations of the species. 

(19) 

These are the Stern-Volmer CS-V) relationships that 
are very widely used in the evaluation of kq • The S-V con­
stant (Ksv ) is defined as: 

Ksv = kqlko = kq7 0· (20) 

S-V plots of I?II, vs [Q] or 70/7 vs [Q] are predict­
ed, by Eqs. (18) and (19), to be linear with slopes equal to 
Ksv' provided that Q does not absorb the exciting and emit­
ting light, or that appropriate corrections have been made. 

Similarly, if reaction (4) leads to a product, the quan­
tum yield of which can be measured in the absence (<I> 0) and 
presence (<1» ofQ, Eq. (21) predicts that a plot oftPu/tP vs 
[ Q ] . be linear: 

(21) 

If reaction (5) leads to a product, the quantum yield of 
which is determined as a function of [Q], the steady-state 
treatment of the quenching mechanism predicts that a plot 
of l/tP versus 1/ [Q] be linear with an intercept/slope ratio 
equal to Ksv . 

The calculation of kq from Ksv, requires the indepen­
dent measurement of 70 under the same experimental condi­
tions. The use of a value of 70 measured under different con­
ditions implies that 70 is independent of the change in the 
conditions, an assumption that must be proven for the value 
of kq to be valid. 

If the quenching is assumed to involve reaction (6) in­
stead of (5), a contribution from *S-Q to the emission inten­
sity under continuous excitation should, in principle, be tak­
en into consideration; Eqs. (22) - (24) result, where 
y = {3' k ;dl{3krd, and {3 and{3' are the ratios of the intensity 
of the emission at the selected wavelength and that under the 
entire emission band for *S and *S-Q, respectively. 

I~ = 1 + {kdkde[Q]lko(k_d + k de )} 

I, 1 + y{(kd[Q]lk_ d + kde )} 
(24) 

Clearly, a plot of I~I I, vs [Q], based on Eq. (24), is not 
linear; the plot has a negative deviation from linearity, and 
reaches a plateau for [Q] ~ 00. The limiting value of I~/I{ 
for [Q] -> 00 is kde1yko. When y = 0, i.e., when no emission 
occurs from *S-Q, Eq. (24) reduces to Eq. (25), which is 
identical toEq. (18) viaEq. (7). 

I? = 1 + [ kd kde 1 [Q] . 
I, ko(k_ d + k de ) 

(25) 

Even ify#O, the nonlinearity predicted by Eq. (24) is 
commonly not perceived because of the limitations of the 
experiment. The initial portion of the plot of I~/II vs IQJ 
can be observed to be linear within the experimental error 
when kd[Q] < (kde + k_ d ), i.e., [*S-QLs < [*S]55" How­
ever, the initial slope has a value of 
kd(kde-yko)/[ko(k_d+kde)] which is not equal to 
kqlko via Eq. (7). Only if kde ~ko, which is the usual case, 
will the initial slope approximate Ksv. 

The steady-state approximation cannot be applied to 
the concentrations ofintermediates following the absorption 
oflight from a short-lived source. The solution of differential 
equations (26) and (27), that describe the dependence of 
the concentrations of *S and *S-Q as a function of time t, 
results in Eqs. (28) and (29), assuming that [*SJ = [*S]o 
and [*S-Q] = ° at t = 0. 

d ~S] = k_ d [*S-Q] 

- (krd + knr + k rx + kd [Q]) [*S], (26) 

d ["':;Q] = kd [*S][Q] - (k _ d + kde )[*S-Q], 

(27) 

[*SL - C J [*S]uexp( - mit) + C,J*S]uexp( - mzt), 

(28) 

[*S-Q] = C3 [*S]o[exp( - m2t) - exp( - m 1t)], 
(29) 

where 

m 1 = !(ko + kde + k _ d + kd [Ql) +!R 1/2, 

m 2 = !(ko + kde + k _ d + kd [Ql) -!R 1/2, (30) 

R = (ko + kde + k _ d + kd [Q1)2 

- 4(kok _ d + kokae + kdekd [Q]), 
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and 

C1 = (ko + kd [Q] - m 2 )/(m l - m 2 ), 

C2 = (m l - ko - kd [Q] )/(m l - m 2), 

(ko + kd [Q] - m 2) (m l - ko - kd [Q]) 
~= . 

k _d(m\ - m 2) 

Accornlng to these equations, [*S] decreases with time 
via biexponential kinetics, while [*S-Q] increases at short 
times, reaches a maximum, and then decreases. With in­
creasing [Q], m l increases monotonically while m 2 reaches 
a limiting value of m 2 (lim) = k de . The limiting value of m 2 

at [Q] = 0 is ko. 
In most cases, however, the faster component of the 

decay of *S, and the build-up period of *S-Q occur in times 
too short with respect to the resolution time of the apparatus; 
only the slower component of the decay is experimentally 
observed, and is identical for both *S and *S-Q. Under such 
conditions, provided that Q is not consumed to any signifi­
cant extent during the time period of the experiment, the 
observed decay follows pseudo-first-order kinetics; the ap­
parent rate constant m 2 can be evaluated, and a lifetime of"'S 
under quenching conditions, 7 = 11m2, can be defined. In 
spite of the apparent differences between Eqs. (24) and 
(30), the plot of m21ko = 70/7 versus [Ql from Eq. (30) is 
quite similar to that of I? I I, versus [Q] from Eq. (24). As 
with the intensity plot discussed above, the experimentally 
measurable portion of the 70/7 plot generally appears to be 
linear within the experimental euUl, witl. au initial slope 
equal to kd (kde - ko)/(k _ d + kde - ko), which is approx­
imately equal to Ksv if kde ~ ko. Under these conditions, Eq. 
(31) can be applied: 

70 = 1 + [ kdkde ] [Q] = 1 + (kqlko)[Q] 
7 kO(kde + k~d) 

= 1 + Ksv [Q] . (31 ) 

It is clear that whenever the approximations mentioned 
above are valid, the quenching of emission intensity and the 
quenching of the excited-state lifetimt: alt: t:xactly coinci­
dent. The lack of such coincidence is generally taken as evi­
dence for a more complex mechanism, although this may not 
necessarily be the case. 

2.6. Other Considerations of the Kinetics 

There are several factors that cause the kinetics of 
quenching to become more complex than expected from the 
S-V equations. 

2.S.a. Effects of Ionic Strength 

When both Sand Q are ionic species, the value of kq is a 
function of the ionic strength of the solntion (I') - Because fl 
will change as [Ql is changed, the value of kq thus obtained 
will no longer be a constant for a set of measurements, the 
result being that the observed relationship between A and 
[Ql may be different from that expected for the proposed 
mechanism. In order for kq to remain constant for a set of 
experiments in which [Q] is changed, it is necessary for f.1 to 
he m::llntalned constant through the addition of appropriate 
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amounts of an inert electrolyte. Due consideration must be 
given to the possibility that pairing of the presumed innocent 
added ions with Sandi or Q can change the kinetic proper­
ties of *S and its successors. 

Often, kq is evaluated from measurements at very low 
[Q] in the absence of added electrolyte, where effects due to 
variations in the low values of f.-l are probably negligible; such 
values, obtained in the presence of low [S], can be taken as 
approximating kq in the limit of f.-l ~ O. Other methods of 
obtaining limiting values of kq from measurements at con­
stant (but variable) f.1 involve the use of the Debye-Hiickel 
theory (subject to the usual"limitations in its use) or, more 
valuably, the extrapolation of a plot of kq (f.-l) versus an ap­
propriate semiempirical function of f.-l (e.g., f.11 /2). 

2.S.b. Multiple Forms of the Quencher 

If, in solution, Q is involved in equilibrium reaction 
(32) (e.g., acid-base, metal ion complexation, etc.) among 
its various i forms (Qa, Qb' Qc' etc.), the quenching process 
can occur from some or all of the Q species, and will be a 
function of the solution menll1m p::lr::lmeters that affect the 
position of equilibrium. For experimental convenience, A is 
generally determined as a function of the total concentration 
of Q([QLoI)' where (QLot = l(QJ, and the mole frac­
tions of each of the species (Xi) are expressed as Xi = 
[Q;]/[QLot· 

Qa +zQb +zQc' (32) 

If the values of Xi are independent of [Q] tot' the value 
of kq can be obtained in the usual way, where kq is actually 
the weighted average of the quenching rate constants for the 
individual forms: kq = "£Xikq (Qi)' DecauscXj is a function 
of the solution medium, it is possible, in principle, to obtain 
the specific values of kq (Qi) through the judicious control of 
the medium. If, on the other hand, Xi changes with [Q] tot' 
the concept of an average value of kq is meaningless, and the 
constant cannot be calculated. The specific kq (Qi) values 
can be estimated from measurements in various solution me­
dia by means of appropriate algebraic VIUCt:UUlt:S (e.g., best­
fitting routines), provided that Xi can be independently de­
termined for each experimental condition. 

2.S.c. Nonselective Measurements 

If the analytical methods used in the quenching experi­
ments are not selective, and reflect the concentrations (and 
their changes) of *S and species that originate directly or 
indirectly from the quenching step (i.e., exciplex), nonlinear 
S-V plots for emission intensity under steady-state condi­
tions and very complex timp.-np.pendent behavior of the sys­
tem under pulse conditions may be observed. Very severe 
assumptions are often required to derive appropriate kinet­
ics equations, and to calculate kq • 

2.S.d. Secondary Reactions 

Measurements based on the quantum yields of photo­
chemical products may be affected by secondary thermal 
and/or photochemical reactions. For example, the primary 
products of an electron-transfer quenching reaction are fre­
quently consumed (and even depleted) through back clec-
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tron-transfer reactions to form the ground state reactants. 
Secondary reactions must be included in the mechanistic 
scheme, and the corresponding kinetic equation must be 
used to calculate k q • It is worth noting that data obtained 
from such systems have a larger uncertainty than those ob­
tained by means of the usual S-V equations; moreover, as­
sumptions about unknown parameters are often required. 

2.6.e. Partially Unquenchable Reactions 

If a photochemical reaction originates from two excited 
states of the substrate, but only one state is quenched, Eq. 
(21) applies only to the quantum yield of the quenchable 
part of the reaction; experimentally, the measured quantum 
yield is the sum of those quantities for both the quenchable 
and unquenchable parts of the reaction. Appropriate correc­
tions must be made to the experimental values of <1>0 and <1> in 
order for kq to be calculated. 

2.6.f. Quenching of a Higher-Energy Excited State 

It is possible that a compound used for quenching *S is 
also capable of quenching a higher-energy excited state of 
the substrate **S. If *S originates from the intramolecular 
deactivation of **S, the quenching of **S causes the popula­
tion of *S and the resulting luminescence to follow a Qua­
dratic dependence on [Q]. However, the lifetime of *S is 
generally unaffected by the involvement of short-lived **S. 

2.6.g. Static Quenching 

Ifthe substrate and quencher form labile adducts in the 
ground state, such as in the case of ion pairs between ions of 
different signs, excitation of S in the adduct results in the 
quenching of the emission from *S due to intramolecular 
interactions within the adduct; the extent of adduct forma­
tion is governed by the concentrations of Sand Q, and the 
equilibrium constant of the process. As a result, the popula­
tion of *S, and the resulting luminescence and photoproduct 
formation are less than those occurring in the absence of 
static quenching, and are a complex function of [S] and 
[ Q]. The existence of static quenching does not affect the 
lifetime of *S after pulsed excitation. 

2.7. Corrections of kq for Diffusion 

When quenching is viewed as occurring via reaction 
(6), k q , as expressed by Eq. (7), is approximately equal to 
kdkdelk _ d when kde <,k _ d, and to kd when kde ~k _ d' In 
the latter case, in order to reveal the relative importance of 
kde in a homologous series of quenching processes, it is often 
convenient to use the classical Noyes theory of diffusional 
reactions to obtain a rate constant (kcor ) for the final step of 
a reaction, exclusive of diffusion. From the theory, this rate 
constant is calculated via Eq. (33): 

(33) 

When the mechanism of quenching is given by reaction 
(6), the expression for kq in Eq. (7) can be substitulell iulu 

Eq. (33), yielding Eq. (34), which is an expression for kcor 
in terms of the elementary processes in reaction (6). 

(34) 

When kq <,kd, kcor ~kq; when kq ~kd' kcor > kq. We 
have included kcor values in this compilation only when the 
corresponding values of kq were not reported in the original 
pUblication and could not be easily calculated from kcor . 

2.8. Cage Escape Efficiency 

Because of the importance of electron-transfer quench­
ing to potential applications of photosensitization, it is im­
portant to know the efficiency with which the primary prod­
ncts of quenching escape back electron transfer within the 
solvent cage and diffuse freely into the bulk solution. The 
major experimental approaches for the determination ofthis 
quantity (17ce) are the measurement of the quantum yield of 
formation of a primary product [e.g., <1>(S+) for S+ from 
oxidative quenching] under continuous irradiation, and the 
measurement of [*S] and the concentration of one of the 
primary products of quenchlne aftpr pulsed excitation; the 
latter technique requires that the molar absorptivities of the 
two species be known in order to effect the conversion of 
absorbance to concentration. When the measurement of 
<I>(S+), for example, is used as the basis of the determination 
of 17ce' care must be taken to account for the back electron­
transfer reaction of the. redox products of quenching in the 
bn lk !i\olntion, or to avoicl it completely by the use of a selec­
tive sacrificial scavenger for one of the products. These sec­
ondary reactions must be included in the overall mechanism 
from which the kinetic equation for <1> (S +) is derived. 

If the quenching is assumed to occur via reactions (1)­
(4), (6), and (35)-(38), a steady-state treatment leads to 
Eq. (39). 

*S-Q S+ -Q-, (35) 

k"q 

*S-Q other quenching processes, (36) 

k/" 
S+-Q- S-Q-S+Q, (37) 

S+-Q- k C'! 

- S++Q-, (38) 

<l>W)~ *[ kq[Q] ] [ k., ] - 1] 1Jce' 
kq [Q] + ko k et + koq 

(39) 

where 

kq = kd (ket + koq )/(ket + koq + k - d)' (40) 

and 

kce 
(41) 7lce = k k 

ce + Dc 

Inasmuch as 17*, ko, kq, and <I>(S+) can be experimen­
tally determined, the quantity f can easily be evaluated by 
the use of its defining Eq. (42), 

(42) 

It is important to note that f represents the fraction of 
alI the quenching acts that eventually leads to the production 
of electron-transfer products in the bulk solution. Only when 
electron transfer is the sole quenching process (koq = 0) 
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doesfrepresent the cage escape efficiency in electron-trans­
fer quenching. 

3. Explanation of the Tables 

3.1. Scope of the Compilation 

The compilation is complete through the end of 1986. 
The computer search of the bibliographic data base of the 
Radiation Chemistry Data Center (RCDC) of the Universi­
ty of Notre Dame, using the names of the metals and "por­
phyrin" as key words, the review of the personal literature 
files of the authors, and the examination of cross-referenced 
papers yielded a list of publications in books, serials, and 
periodicals. Publications oflimited dilTusioH, sud. as Llisser­

tations, theses, and abstracts of conferences, were excluded 
from the list. 

3.2. Procedures of Selection 

In order to be included in this compilation, values of kq 
had to be explicitly given in the published paper, or be capa­
ble of being calculated by us from values of Ksv and 'To (or 
ko, kd' k _ d' and k de ) reported in the same paper. No values 
of kq were extracted from graphical treatments, nor were 
any calculated from Ksv and 'To taken from different sources. 

The rate constant of quenching is that of a dynamic 
process occurring in a fluid solution in which there is the 
uniform distribution of substrate and quencher. Data con­

cerning systems in which either the substrate or the quench­
er, but not both, might be preferentially confined to localized 
regions of a microenvironment, such as in the presence of 
micelles and polyelectrolytes, were accepted only if there 
was clear evidence that quenching requires the diffusion of at 
least one species through the medium. 

In addition, preference was given to data concerning 
sufficiently well characterized chemical species obtained un­
der sufficiently well defined experimental conditions. Data 
concerning poorly defined systems were included in the 
compilation only if more precise reports were lacking; we 
have taken the point-of-view that poor data are better than 
none at all, as long as the reader is provided with the infor­
mation to evaluate the quality of the result. 

We have found, not unexpectedly, the repetition of the 
same values of kq for the same excited state/ quencher couple 
under the same experimental conditions from the same labo­
ratory in a number of references. In this case, reference is 
made only to the paper containing the largest amount of 
information and/or published in the most widely dissemi­
natedjournal. The other references, however, are cited in the 
bibliography, and indication of their existence is made in the 
tables as a "comment." Occasionally, we have found differ­
ent values of kq for the same excited state/ quencher couple 
under the same experimental conditions from the same labo­
ratory; this situation can occur due to the reevaluation of 
data over the course oftime by the authors, their recognition 
of the limitations in their experimental procedures, or the 

existence of inadvertent typographical errors. In this case, 
we have made a critical evaluation, on the basis of the infor­
mation available, of the quality of the values, and have cho-
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sen one for display; as before, the other references are cited in 
the bibliography, and the alternative values are indicated as 
a comment. 

For some very well-studied systems, there are multiple 
reports from different laboratories for the same excited 
state/quencher couple under the same,or very similar, ex­
perimental conditions. In these cases, all values are present­
ed as independent entries for the following reasons. When 
the values of kq are different, we believe that it is impossible 
for us to establish which value is more valid short of per­
forming the experimp:nt ourselves; thp: m~er~ ()fthp:~p: liM::! ::!rp: 

urged to make their own evaluation of the quality of the 
numbers from the information given in the papers based on 
their own expertise. When the values are the same, or very 
similar, we have chosen not to average the values and com­
bine the entries so as to avoid the loss of valuable pieces of 
information contained in the individual papers. To remove 
entries, we feel, would deprive the reader of the opportunity 
to make direct comparisons. 

3.3. Nomenclature and Speciation 

For all the coordination compounds, both substrates 
and quenchers, in this compilation, names and formulas are 
written with the symbol of the central metal as the initial 
portion for reasons of alphabetical ordering. The use of ab­
breviations for the ligands in the substrates was limited to 
2,2' -bipyridine (bpy) and 1, lO-phenanthroline (phen) and 
their derivatives, but were widely used for the quenchers as a 

space-saving measure; a list of all the abbreviations and sym­
bols used appear below in Sec. 6. 

The oxidation states of metallic quenchers, as super­
scripts in Roman numerals to the symbol of the element, are 
designated only in those cases where the exact nature of the 
species in solution is unclear. For labile complexes, which 
require the presence of both the free metal ion and the li­
gands in solution, the metal ion/ligand ratio ( [M] / [L] ) in 
the bulk solution is indicated in the "Solution Medium" col­
umn of the tables; labile complexes of unknown formulation, 
or those that may actually be a mixture of various speCIes 1ll 

equilibrium are indicated as M-L with the oxidation number 
of the metal shown. 

Organic quenchers are indicated by their names7 hut the 

use of abbreviations is very widespread. Names and abbre­
viations were chosen in an attempt to achieve a delicate bal­
ance among several highly desirable features: succinctness, 
unambiguousness, uniformity, and clarity to even those not 
fluent in organic nomenclature. Therefore, the names used 
in the compilation may be different than those that appear in 
the original publications. For organic quenchers with com­
plicated structures and correspondingly complicated formal 
names, such as polymeric viologens and heterocycles, gen­
eric abbreviations (PolyVio, OrgQue) are used; their struc­
tural formulas are shown below in the Figures (Sec. 7). 

In a few cases, the nomenclature is, regretfully, ambigu­
ous, reflecting analogous ambiguities in the original publica­
tions. 

For the majority of ionic substrates and quenchers, the 
counterion has not been shown; it has been indicated as a 
comment in the tables in those few cases in which there is 
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evidence that its presence affects the photophysical proper­
ties of the substrate. 

In addition to the substitutional equilibria exhibited by 
some metal complexes discussed above, a number of sub­
strates and quenchers in this compilation undergo equilibri­
um reactions (e.g., acid-base, monomer-oligomer) in solu­
tion, so that the predominant species is a critical function of 
the solution composition· and the total concentration of the 
substance. In general, the name used is that indicated in the 
original pUblication; no attempt was made to identify the 
predominant species under the experimental conditions 
used, although where important, information about the spe­
cies is presented as a comment. As a result, the reader will 
find the names of both the acidic and basic forms, for exam­
ple, in the tables and indexes. 

A special case is represented by those transition metal 
ion quenchers that may be present in the solution as fully 
solvated and/or partially anated species. We have used the 
symbol of the simple ion (e.g., C02+) to indicate the ensem­
ble of these species, the formula of the fully solvated ion 
[e.g., Co(H20)l+] for that specific species, and abbreviat­
ed notations without the solvent molecules (e.g., CoCl + ~ 

CoC13- ) to indicate partially anated species. 
For the majority of the substrates reported in the com­

pilation, only the lowest-energy excited state is quenched, 
and no indication of its term symbol is required to avoid 
ambiguity. When quenching is experienced by two lowest­
~n~rgy ~xcitt:u statt:s ura substratt:, ~ach state is identified by 
its spin multiplicity ([ singlet] and [triplet] for the upper 
and lower state, respectively) or, in the case ofTb3 +, by the 
usual spectroscopic notations ( [5 D3 ] and [5 D 4] for the up­
per and lower state, respectively). 

3.4. Errors and Uncertainties 

In many cases, values of kq are given with an error 
range or uncertainty estimation in the original publications; 
however, the criteria used by authors to evaluate the uncer­
tainty in reported values are rarely disclosed, and range from 
well-defined statistical treatments (e.g., standard deviation) 
based on mUltiple replicate experiments, to empirical esti­
mations based on the author's experience. As a result, it is 
impossible to express the uncertainty in values of kq in a 
uniform way, and we have preferred not to report any errors 
at all. Similarly, no errors are given for values of 1"0' Ksv' 
temperature, or any other experimental value. 

In addition, we have found that values of kq and 1"0 are 
reported in the literature with a wide variation of significant 
figures which, it is presumed, reflects the quality of the data 
as evaluated by the author. However, in our opinion, the 
uncertainty in values of kqand 1"0 obtained from independent 
measurements is unlikely to be less than ~ 10%, even if the 
reproducibility of the single experimental result is better. As 

a result, we have reported all kq and 70 values with a maxi­
mum of two significant figures, unless they were given to 
only one significant figure in the original publication, or the 
reported error involves the first figure. Data having an error 
larger than 40-50% have been labeled with "~." In cases 
where upper or lower limiting values are reported in the li­
terature, only one significant figure is used. 

The same criteria were used for the presentation of acti­
vation parameters and other experimental data with the ex­
ception of temperature and solute concentrations; in the lat­
ter case, for the sake of succinctness, values are given to one 
significant figure if the second figure is zero. 

Despite the fact that rate constants and excited-state 
lifetimes are functions of temperature, many publications in 
the literature omit a reference to a specific temperature, or 
express it in a nonquantitative manner (e.g., room tempera­
ture. ambient temperature). In such cases. the "T" column 
is blank for such entries in the tables. Otherwise, the tem­
peratures or their ranges are listed as presented by the au­
thors. If the uncertainty in the temperature is greater than 
1 ~ C, the ~ label is used. 

3.5. Arrangement of the Tables 

The data are contained in 29 tables which are ordered 
alphabetically according to the name of the metal ofthe sub­
strate. In the case of ruthenium, which constitutes a large 
fraction of the total, the entries are subdivided further to 
display separately Ru(bpy)j + and inorganic quenchers, 
Ru(bpy)~ + and organic quenchers except methylviologen 
N, N'-dimethyl-4,4'-bipyridinium dication; MV2 +), 
Ru(bpy)~ + and MV2 +, and all other complexes of ruth en­
ium. 

3.S.a. Excited States 

Within each table, the various excited states with the 
same metal are ordered alphabetically according to the let­
ters in the formula; some formulas denote the exact molecu­
lar composition while others incorporate names of abbrevia­
tions of the ligands. Each successive excited state is 
numbered with a table number t and a sequence number m in 
a t.m format. 

The columns of the tables are headed with the following 
entries: No. (ofthe excited state), Quencher, Solvent, Solu­
tion Medium, T (temperature, °C), k'1' Comments, and Ref. 

3.S.c. Quenchers 

For any given excited state, the quenchers are divided 
into two groups: "inorganic" and "organic." Within each 
group, they are further ordered alphanumerically, and are 
preceded by a number of the form t.m.n, where t = the table 
number, m = the excited state number, and n = the quench­
er number. 

3.S.d. Solvent 

For any given quencher, the order of presentation of the 
data is alphabetical according, to the name, formula, or ab­
breviation of the solvent. For mixed solvent systems, the 
more abundant solvent is listed first; their ratio (v/v) is giv­
en in parentheses. When the ratio is I: 1 and H20 is one of the 
solvents, that substance is listed first. 
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3.5.e. Temperature 

Within any given solvent or solvent mixture, the order­
ing is by ascending values of the temperature, with the ex­
plicit value first and the approximate value second. The low­
est level of ordering is given to those systems for which no 
value of the temperature is entered. 

3.5.f. Solution Medium 

Within any temperature group, the ordering is deter­
mined by the absence or presence of additional solutes, and 
by the degree of detail to which the solution medium is 
known. Systems that consist of the substrate and the quench­
er as the only solutes are presented first with the "Solution 
Medium" column blank; thereafter, pH and ionic strength 
(Il is units of mol/liter (L); salt used to control ionic 
strength in parentheses) conditions are given in ascending 
order, followed by buffers and other solutes in ascending 
values of their concentrations. Within this hierarchy of or­
dering, we have attempted to group data obtained in similar 
media close together. 

When more than one additional solute is used in the 
experiments, we have adopted a specific protocol for the des­
ignation of the components, depending on the degree to 
which the information is specified in the original paper. For 
example, if both LiCl and NaCI were present, the designa­
tion "LiCl and NaCI" is used. However, if independent mea­
surements were made on solutions containing LiCI and 
NaCI separately which gave the same value of kq, "LiCI, 
NaCI" is shown. If, on the other hand, experiments were 
performed with either LiCI or NaCI, but the actual contents 
are not specified, "LiCI or NaCI" is displayed. 

3.5.g. Rate Constants 

Values of kq are given in the units of L mol- 1 s - 1 for 
the second-order reaction. Values of kcor are reported here, 
and are labeled as "( corr)." For values of kq calculated by us 
from Ksv and 70 values, or from ko, kd' k _ d' and kde values 
appearing in the same paper, the indicator" (calc)" is ap­
pended. 

3.5.h. Comments 

The Comments column contains a wealth of informa­
tion in highly abbreviated form in essentially this order: the 
experimental method used in the evaluation of k q ; the life­
time of *S in the absence of quencher (70 in the absence of 
air, ~ir in air- equilibrated solutions, 7~nd in solutions of un­
known O2 content); the experimental method used for the 
determination of the lifetime in the absence of quencher, or 
the literature reference for the value used; the quenching 
mechanism (if uncertain, "1" is added); the runge of [Q] 
used over which the value of kq was determined, and, pre­
sumably, is valid; activation parameters; acid-base proper­
ties of*S; references to duplicate or alternative entries; other 
relevant information. Values off, the fraction of the quench­
ing acts that yield electron-transfer products in the bulk so­
lution, are reported here; when 1]* < 1, the value of 1]* used 
in its calculation is also given. 
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3.5.i. References 

References whether given for the source of kq in the 
"Ref." column, for the source of 70 in the Comments col­
umn, or for alternate values of kq in the Comments column, 
are presented as the RCDC bibliographic number; all num­
bered references are cited in full in the Bibliography (Sec. 
10) in ascending numerical and chronological order. 

3.5.j. Indexes 

Following the Bibliography are the Author Index, In­

dex of Excited States, Index of Inorganic Quenchers, and 
Index of Organic Quenchers. Every author in every paper 
cited in the Ref. column as a source of kq is listed in the 
Author Index with the relevant RCDC number of each ref­
erence and the locator of the entry in the form t.m, where 
t = table number and m = excited state number. Each entry 
in the quencher indexes is coded in the t.m.n format, where 
n = quencher number. The substrates in the excited state 
index are coded in the t.m format. In order to obviate prob­
lems in organic nomenclature, the Index of Organic Quench­
ers is cross-referenced with alternative and common names, 
and abbreviations 

3.6. Experimental Methods 

The methods used to obtain kq are coded in the Com­
ments column as follows: excitation source/analytical mea­
surement/signal recording. The same coding appears in par­
entheses after the value of 70 (or ~ir) if that quantity was 
independently determined in the paper. If the method used 
for ko and 'To is the same, no additional coding is given. If the 
lifetime was taken from the literature, the RCDC number of 
the reference is given in parentheses. The codes are given 
below in the List of Abbreviations and Symbols (Sec. 6). 

If more than one experimental method was used, and 
both methods gave the saine value of kq, the entry "SS/ 
LUM, LP/LUM/SST," for example, is used. When "SS/ 
T JIM or T .P/T JIM/SST," for example, l!i\ u!i\ed, it means that 
we do not know which one of the two methods was actually 
used to obtain the reported kq value. 

3.6.a. Excitation Sources 

The excitation of the substrate is accomplished by 
means of two main types oflight sources: steady-state lamps, 
and lasers that provide a continuous light beam that is mono­
chromatic or that can be passed through a wavelength selec­
tion device; pulsed lamps, lasers, or spark gaps that emit a 
fl::t!i\h of light with a short duration (ns tops). The intensity 
of steady-state sources can also be modulated. 

3.6.b. Analytical Measurements 

Values of kq are calculated on the basis of one or more 
of the following analytical measurements: 

(i) Intensity of the luminescence of *S, either as an 
instantaneous measurement during continuous excitation or 
as a function of time after pulsed excitation, with the intensi­
ty being proportional to [*S]; 

(ii) Absorbance of *S, measured as a function of time 
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after pulsed excitation, with the magnitude of the absor­
bance being proportional to [*S]; 

(iii) amount of a photoproduct produced during a peri­
od of continuous or pulsed excitation, which, from the inde­
pendent knowledge of the intensity of the monochromatic 
light absorbed by the substrate, can be converted into the 
quantum yield of formation of the product; 

(iv) intensity of luminescence from *Q as an instanta­
neous measurement during continuous excitation; 

(v) photocnrrent ::Inn ele~tri~ ~ondn~tivity, whi~h are 

generally measured as a function of time after pulsed excita­
tion. 

3.S.c. Signal Recording 

Luminescence intensity, absorbance, photocurrent, 
and conductivity methods result in the generation of an elec­
tric signal that can be recorded as a function of the time 
elapsed after pulsed excitation. Each signal can be recorded 
independently as a single shot, or many signals from the 
same system may be collected together and averaged, gener­
ally via computer, in order to increase the signal/noise ratio 
and improve the quality of the value of kq that results. 
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6. Lists of Abbreviations and Symbols 

LIGANDS 

AMcapten 

AMMEsar 

AMMEsarIl 

13-At 

AZAcapten 

AZAMEsar 

benzo-15-crown-5 

bpy 

-bpy 

C"N'-bpy 

5-Brphen 

4,4'-Bu zbpy 

(BlIG),bpy 

bzac 

4.4'-CI,bpy 

GLNOsar 

GLOHsar 

5-Clphen 

CLsar 

CMMI~ab~ar 

Acetylaeetonate ion 

I-Methyl-8-amino-6,13,19-triaza-3,10,16-
trithiabicycloI6.6.6]eicosane 

1-Amino-8-methyl-3 ,6, 1 0,13,16, 19-hexaazahieyclo[ 6.6.6] eieosane 

l-Amino-8-methyl-3,6, 10, 13,16, 19-hexaazabicyclo[6.6.6]eicosane, 
protonated 

1,4,7,10-Tetraazaeyclotrideea-1O-13-dienate ion, Fig. 1 

I-Methvl-6.8.13.19-tetraaza-3.10.16-trithiabicyclolr.,6,6J~im""np 

8-Methyl-l,3,6,10,13,16,19-heptaazabicyeloj6.6.6]eicosane 

2,3-Ben zo-1 ,4,7,10, 13-pen taoxapen tadeca-2-ene 

2,2' -Bipyridine 

2,2'-l:lipyridine fas monodentate ligand) 

2,2' -Bipyridyl-C' ,N' 

5-13rorI10-1, 1 O-phenan throline 

4,4' -Bis( tert-butyl)-2,2' -bipyridine 

2,2' -I3ipyridine with polymeric side chains, Fig. 2 

I-Phenyl-I,3-butanedionate ion 

4,4' -Oichloro-2,2' -bipyridine 

I-Gh loro-8-n itro-3,B, 1 0,13.16,19-hexaazal>ieycioI6.6.6 Jeicosane 

l-Chloro-8-hydroxy-3,6,10,13,16,19-hexaazabicyclo[6.6.6]eieosane 

5-Chloro-l,10-phenanthroline 

l-Chloro-3,6,IO,13,16,19-hexaazabicyclo[6.6.6]eicosane 

I-Chloromethyl-8-met.hyl-~.6.1O, 13.1.1.1 R-
hpxa a7.abicy" 1016.6 ,.'>]1l01l a ell"'" '''' 

1,1'-(COOJ,bpy ;!,;!'-Ulpyrrdrne-1,1'-dicarboxylatp iOIl 

4,4'-(COOb7.hbpy 2,2'-Bipyridine-4,4'.dicarboxylic acid. <I;bt~n7.yl pst.er 

,1,4' -(COOchl),bpy 2,2' -Bipyridine-4 ,4' -dicarboxylir acid. di(:l[:l-cholest.yl) psi.,·!, 

4,.-1'-(GOOcy,·),bpy 2,2'-BipYl'idine-4,4'.di(·~rboxylir ;1<';<1, di"yrlolll'xyl "s\.el' 

'1,'1' -(COOdec),bpy 2,2' -Bipyridlne-1,4' -dlca.rboxyllc aCId, dl( l-decaltydronapltthylj 
ester 

4,4'-(COOet),hpy 2,2'-Bipyridine-4,4'-dicarboxylic acid, diethyl ester 

4,4' -(COOH),bpy 2.2' -Bipyridine-4 ,4' -dirarboxylie acid 

4,4' -(COOnapJzbpy 2,2'-Bipyridine-4,4' -dicarboxylic acid, di(2-napbthyl) ester 

4,4' -(COOpr).bpy 2,2'-Bipyridine-4,4' -dicarboxylic acid, di(2-propyl) ester 

crypt 4,7 ,13,16,21-Pentaoxa-l, 1O-diazabieyclo[8.8.5]tricosane 

eyciarn 1,4,8,11-Tetraazaeyclotetradecane 

dbm 

diAMchar 

diAMsar 

diAMsarH, 

diAZAchar 

diCLsar 

diNOsar 

OMF 

DMG 

OM::;O 

Do2Ca2bpy 

EDTA 

EFMEoxosar-H 

etioporphyrin I 

<1-(Et3P)bpy 

gly 

C"N'-llbpy 

IIEDTA 

lrf:rc 

IIYlvIE",,,sar-11 

1 ,3-Diphenyl-l ,3-propanedionate ion 

1, 12-Diamino-3, 1 0, 14,21 ,24,31-
hexaazapelltacydo[IO.10.10.0··9.015.20.0'5,3°]dotriaeontane 

1 ,8-Diamino-3,6, I 0, 13,16, 19-hexaazabieyclo[6.6.6]eicosane 

1,8-Diamino-3,6,10,13,16,19-hexaazabicyclo[6.6.6jeicosane, 
diprotonated 

1,3,10,12,14,21,24,31-
Ocataazapentacyclo[ 1 0.1 0.1 0.0 •. 9 .015

•
20 .0"·3°]dotriacon tane 

1,8-Dichloro-3 ,6, 1 0, 13,16,19-hexaazabicyclo[ 6.6 .6Jcieosane 

1.8-Dinitro-3 .6.10.13.16.19-hexaazahicydoI6,6,fiJpico."np 

N,N-Dimethylformamide 

Dimethylglyoximate ion 

Dimethylsulfoxide 

1,1' -Didodeeyl-2,2' -bipyridine-4,4' -diearboxamide 

El.hylenediaminel.etraacetate ion 

l-Carbethoxy-2-oxo-8-methy 1-3,6, 10, 13, 16, 19-
hexaazabicydo[6.6.6Jeicosane, deprotonated form 

Ethylenediamine 

2,7,12,17-Tetraethyl-3,8,13,18-tetramethylporphyrin 

2,2' -Bipyridine-4-( triethylphosphonio) cation 

Glycinate ion 

2,2' -Hipyridyl- (!J,N, pl'Otollated 

Monohydrogen ethyleneuiarnilleLclraacet.at.e ion 

1.1, 1 ,5,.'i,5-Hexafluoro-2.4-p~nt:tnedionat.e ion 

2-0xo-8-mel,hyl-3.6, 10,13, 16, 1 9-hpx"a7.abicydo[6.6,6]eicosane, 
d"proi.onal.eo forlll 

,1,,1' -llillldhyl-2.2' -hipyrirJille 

5,7,7,12,14,14-[ [examel.hyl-l ,4,8,ll-tetraazacyclotetradeca-4, 11-
clicIIe 

5.7,7,12,14, I ,j-lIcxamethyl-1 ,4,8,11-tetraazacyclotetradeeane 
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Me,dibellzoH,phen 6,7-Dihydro-5,8-dirnethyldihenzo[b,J]1,10-phenanthroline (DMCH) 

MENOsar I-Methyl-8-nitro-3,6,10,13,16,19-hexaazabieyclo[6.6.6]eicosane 

5-Mephen 

2,9-Me,phen 

4,7-Me,phen 

5,6-Me,phen 

5-Methyl-I,IO-phenanthroline 

2,9-Dimethyl-l,lO-phenanthroline 

4,7 -Dimethyl-1, 10-phenanthroline 

5 ,6-Dimethyl-l, lO-phenan throline 

3,4,7,8-Me,phell 3,4,7,8-Tetramethyl-l,lO-phenan throline 

3,5,6,8-Me,phen 3,5,6,8-Tetra!llethyl-l ,1O-phenan throline 

MePh,P Methyldiphenylphosphine . 

mesoporphyrin IX 7,12-Diethyl-3,8,13,17-tetramethylporphyrin-2,18-dipropionic acid 

N-Mevio N-Methyl-4-(4-pyridyl}pyridinium cation 

5-( NH,)phen 5-Amino-l ,10-phenall Lhroline 

2-(NO,}benz 2-Nitrobenzoate ion 

4-(NO,)benz 4-Nitrobenzoate ion 

4-(NO,)bpy 4-Nitro-2,2' -bipyridine 

5-( NO,)phen 5-NiLro-l ,1O-phenan throline 

NT A Nitrilotriacetate ion 

OEP 2,3,7,8,12,13,17,18-0daethylporphyrill 

pdo 1,3-Propanedionate ion 

4,4' -Ph,bpy 4,4' -Diphenyl-2,2' -bipyridine 

phen 1,1O-Phenanthroline 

5-Phphen 5-Phenyl-l,10-phenallthroline 

2,9-Ph,phen 2,9-Diphenyl-l,10-phenanthroline 

4,7-Ph,phen 4,7-Diphenyl-l,1O-phenanthroline 

4,7-(PhS03hphcn 1,10-Phenanthroline-4,7-di(phcnyl-4-sulfonate) iOIl 

py Pyridine 

sep 

4,4' -(S03Jzbpy 

TEOA 

terpy 

tfae 

tfbzae 

thd 

TMePyP 

TPP 

TPTZ 

Ua 

uroporphyrin I 

3,6,10,13,16, 19-IIexaazabiryclo[6.6.6 ]cieosane 

1,3,6,8,IO,13,16,19-0ctaazabieyclo[6.6.6]eicosane 

2,2' -I3ipyrid ine-4 ,4' -d isu Ifonate ion 

Triethanolamine 

2,2' ,2" -Terpyridine 

1,1,1-Trilluoro-2,4-pentanedionate ion 

I-Phenyl-4,4,4-trifluoro-l,3-butanedionate ion 

2,2,6,6-Tetramethyl-3,5-heptanedionate ion 

5,10,15,20-Tetrakis( I-methylpyridinium-4-y I)porphyrill 

5,10,15,20-TetraphellY Iporphyrin 

2,4,6-Tris(2-pyridy I )-1 ,3,5-triazille 

I-Thienyl-4,4,4-trifiuoro-1,3-butanedionate ion 

Porphyrin-2,7 ,12,17 -tetraacetie-3,8, 13, 18-tetrapropionic acid 

ORGANIC QUENCHERS 

bpy 

bpy2+ 

hl'yfl+ 

hpyH,2+ 

[:l-CD 

CDTA 

DDT 

DMSO 

DQ2+ 

EDTA 

II-3-pyl 

1I-4-pyl 

Me-2-pyl 

Me-3-pyl 

Me-4-pyl 

MV2+ 

OrgQuel 

OrgQue2 

OrgQue3 

OrgQue4 

OrgQue5 

OrgQue6 

OrgQue7 

OrgQue8 

OrgQuc9 

OrgQuclO 

2,2' -Bipyridine 

2,2'-Bipyridillium dication (in N,N'-disubstituted derivatives) 

? ,?'_Ripyt'irlinp, t'nnnnf't"('\tnn~t.prl 

2,2' -Bipyridine, diprotonated 

I3-Cyclodextrill 

lrans-I ,2-D iaminocyclohexane-N, N, N' ,N - tetraacetic acid 

2,2-Bis{ 4-chloronhenvl\-l.l.l-trkhloroel.h"ne 

Dimethylsulfoxide 

N,N' -Ethylene-2,2' -bipyridinium dieation (Diquat) 

Ethylenediaminetetraacetie acid 

Pyridinium-3-yl cation radical 

Pyridinium-4-yl cation radical 

N-Methylpyridinium-2-yl cation radical 

N-Methylpyridinium-3-yl calion radical 

N-Methylpyridinium-4-yl cation radical 

N,N -Dimethyl-4,4' -bipyridinium dieation (methylviologen, 
Paraquat) 

see Fig. 3 

see Fig. 3 

sec Fig. 3 

see Pig. 3 

sec Pig. 3 

2,1 ,3-Benzothiadiazole-4,7-dicarbonitrile, Fig. 4 

1,1' -Bis(phcnylmel.hyl)-3,3' -dicarboxamide-l,l' ,4,4' -tel.rahydro-
4,4 '-bipyridine, Fig .. 5 

see Fig. 6 

see Fig. 6 

see Fig. 6 
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OrgQue11 

OrgQuel2 

OrgQueJ3 

OrgQuel4 

phcn2+ 

pt.enll; 

ph""I1,2+ 

l'oly-2,4-ionene 

Polyl'TZ 

PolyViol 

PolyVio2 

l'olyVio3 

PolyVio1 

PolyVio5 

l'olyVio6 

PolyVio7 

/'olyVioS 

PolyVio9 

PolyViolO 

PolyViol1 

PolyViol2 

PolyViol3 

PolyVioJ1 

py 

py+ 

pyB+ 

sydnolle 

Trilon X-100 

see Fig, 7a 

see Fig, 71, 

2,2,6,6-Telramelhyl-,I-oxopiperidille-l-oxyl radical, Fig. Sa 

2,2,6,6-Telramelhylpiperidine-l-oxyl radical, Fig. 8b 

1,10-Phenanlhrolinium dication (in N,N'-disubstituted derivatives) 

1,10-Phenant.hroline, monoprotonated 

1, 100PhenanLhroline, diprolonaLed 

Poly!(dimet.hylimino)-I ,4-bIlLanediyl(dimet.hylimino)-1 ,2-
elhanediyl dicaLion], Fig. 9 

Polymeric phenolhiazine, see Fig. 10 

Polymeric viologen, see Fig. 11 

Polymeric viologen, sec Fig. 12 

Polymerk viologen, see Fig. 13 

Polymeric viologen, see Fig. 13 

Polymeric viologen, see Fig. 13 

Polymeric viologen, see Fig. 13 

Polymeric viologen, sec rig. 13 

Polymeric viologcn, see rig. 13 

Polymeric viologen, see Fig. 13 

Polymeric viologen, see Fig. H 

Polymeric viologen, see Fig. Iii 

Polymeric viologen, see ~'ig. 16 

Polymeric viologen, see Fig. 16 

Polymeric viologen, see Fig. 17 

Pyridine 

Pyridinium cation (in N-substituted derivatives) 

Pyridine, protonated 

1,2,3-0xadiazol-5-one, Fig. 18 (in mono- and disubstiLuLed 
derivaLives) 

C.HI7C6H.(OCH,CH')xOl·j (x = 9 or 10) 

4-(4-Pyridyl)pyridinium cation (in N-monosubstituled derivatives) 

4,4'-Bipyridinium dication (in N,N'-disubstituted derivaLives) 

4 74' -Bipyridine J monoprotonated 

4-(4-Pyridyl)pyridinium caLion, proLonaled (in N-mono­
subsLiLuLed derivatives) 

4,4' -Bipyridine, diprotonaLed 

OTHER MATERIALS 

ACbuf 

AN 

AQN 

BHDe 

BOhuf 

BRhuf 

n-J3uOH 

i-BuOH 

BuN 

CAbuf 

GeD 

(3-CD 

CMC 

CTAJ3 

DMA 

DMF 

DMSO 

dTBP 

EDTA 

ELMO 

EtOJI 

FA 

HAc 

f1SEtOH 

IMlDhuf 

MeCl! 

MeOIl 

Me,SO. 

MF 

MP 

NaAc 

AcetaLe buffer 

Acetonitrile 

Polylimino-2-( dimethylamino )hexamethylene-l-oxoj, Fig. 19 

Benzyldimethyl-n-hexadecylammonium chloride 

Borate buffer 

Britton-Robinson buffer (0.008 mol/L acetate, 0.008 mol/L 
phosphate, 0.008 mol/L borate) 

I-Duta-not 

tert-Butyl alcohol 

iso-Butyronitrile 

Carhonnt.{' hutTer 

Cya.nohcxylbiphcnyl 

(3-Cyclodextrin 

critical micelle concenLraLion 

Cetyltrimethylammonium bromide 

Cpt.ylt.r;mpt.hyl~mmonium rhlorirfp 

N,N-Dimethylacetamide 

N,N-Dimethylformamide 

Dimethylsulfoxide 

Tributvlohosohate (oerdeuLerated) 

EthylenediaminetetraaceLic acid 

N-Ethylmorpholine 

Ethanol 

Formamide 

Acetic acid 

Mercaptoethanol 

Imidazole buffer 

Melhylcyclohexane 

Methanol 

Sulfuric acid, dimethyl ester 

N-Methylformamide 

N-MeLhylpropionamide 

Sodium acelate 

NTA 

Pbllf 

I'HTllbuf 

I'MA 

polybrene 

PI'h3 

I-PrOIl 

2-PrOH 

PYA 

PVS 

py 

I'Ybuf 

SLS 

TBAn 

TBAC 

TBAF 

TBAl' 

TBAS 

TBP 

TEAC 

TEAP 

TEOA 

TIIF 

TMAC 

TMP 

TOAB 

TPeAC 

TPrAB 

TPrAC 

TRbuf 

NitriioLriaceLaLe ion 

Phosphate buffer 

·PhthalaLe buffer 

Poly(methacrylic acid) 

Poly[( dimethylimin io )-1 ,3-propanediyl( dimethyliminio )-1,6-
hexadiyl dicaLionj, Fig. 20; concentraLion based on Lhe ionic charge 

Triphenylphosphine 

I-Propanol 

2-Propanol 

Poly( vinylalcohol) 

Poly( vinylsulfat.e) 

Pyridine 

Pyridine buffer 

Sodium lauryl sulfa.t.e 

T .. trablltylammonium bromide 

Tetrabutylammonium chloride 

TeLrabutylammonium hexafluorophosphaLe 

TelrabuLylammonium perchloraLe 

Tetrabutylammoniulll triHuoromethylsulfaLe 

TribuLylphosphate 

Tetraethylammonium chloride 

TeLraethylammonium perchlorate 

Triethanolamine 

Tetrahydrofuran 

Tetramethylammonium chloride 

Trimethylphosphate 

Tetraoct.ylammonium bromide 

Tetrapentylammonillm chloride 

Tetrapropylammonium bromide 

Tetrapropylammonium chloride 

Tris buffer 

OTHER ABBREVIATIONS AND SYMBOLS 

(calc) 

(corr) 

E. 

EQ 

estd 

r.pp 
Q 

*S 

SQ 

S-v 

TT 

!lG* 

calculated from T and Ksv or from rate constants for specific steps 

correeLed for diffusional effects 

act.ivation energy 

quenching of an higher-energy state 

estimated 

fradion of quenching acts that yield electron-transfer products in 
the bulk solution 

diffusion rate consLant (L mol- I S-I) 

experimentally observed rate constant 

quenching rate constanL 

SLern-Volmer constant 

Stern-Volmer constant from lifetime measuremenLs 

ligand 

partial pressure of gaseous Q in equilibrium with the soluLion 

applied pressure 

quencher 

subsLrate 

exciLed stale of the subsLrate involved in quenching 

static quenching 

SLern-Volmer 

tripleL-tripleL annihilaLion 

fn'e energy of acLivat.ion 

en Lhalpy of activaLion 

t:IILropy uf act,lvaUon 

volume of activation 

efficiency of popUlation of I.he qllenclH'd excited stal.e 

ionic sLrengt.h (mol/I.) 

lifet.i,ne in the ab::;enc.e of y. uew ... III: I , tLit-flt:t: ~ulut.ion 

lifetime in Lhe absence of quench~r, air-equilibraLed soluLion 

IifeLime in the absence of quenchcr, soluLion of unknown 0, 
content. 

q, quantum yield of formaLion of the Quenched excited slale 

Experimental methods 

ABS 

AVE 

ECM 

absorplion 

mulliple shot wiLh signal averaging 

electric conductivity 
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EMI 

FP 

Llf 

LP 

LUM 

MS 

reM 
PM 

PR 

Q¥P 
SL 

SPC 

S5 

SST 

emission quenching (method not specified) 

conventional flash 

lifetime quenchiug (method uot specified) 

laser nash 

IUluinescence 

modulated light sourc!' 

rhotocurrent 

phase modulation 

pulse radiolysis 

quantum yield of a photoproduct 

spark lamp 

single photon counting 

steady state irradiation 

single shot signal 

Quenching mechanisms 

CD collisional deactivation 

en chem'lcal readion 

ET energy transfer 

EX exciplex formation 

IIA hydrogen abstraction 

OT oxidative electron tra {()r 

rT proton transfer 

RT reductive electron transfer 

7. Figures 

FIG. 1. 13-At. 

FIG, 2. (BUGh bpy. 

0 ................... 0\ 
/ X 

N N 

V 

eN 
~ ~N" S 
~ 'N/ 

eN 

FTC,. 3. OrgQueI (X = S. Y = SO,,); 
OrgQue2 (X = Se, Y = S); OrgQue3 
(X = Se, Y = CH2 ); OrgQue4 (X = S, 
Y = CH2 ); OrgQue5 (X = S, Y = S). 

FIG. 4. OrgQue6. 

J. Phys. Chern. Ref. Data, Vol. 18, No.1, 1989 

FIG. 5. OrgQue7. 

o H 

@-~-f-@ 

(a) 
e:) 

H H. 

, '-@ @-C-C 0 , , 
~ eN) 

o (b) 

(0) 

FIG. 8. Ca) OrgQue13; (b) OrgQue14. 

FIG. 9. Poly-2, 4-ionene. 

FIG. 6. OrgQue8 (R = Br); 
OrgQue9 CR = H); Orr,QuelO 
(R = OCH3 ) . 

FIG. 7. (a) OrgQuell; (b) 

OrgQue12. 

(b) 
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FIG. 10. PolyPTZ. 

FIG. 11. Poly Viol (41% quaternization). 

FIG. 12. PolyVio2. 

FIG. 13. PolyVio3 (X = 5%, Y = 95%); PolyVio4 (X = 10%, Y = 90%); 
PoIyVio5 (X=12%, Y=88%); PolyVio6 (X=2S%, Y=75%); 
PolyVio7 (X = 5%, Y = 45%, Z = 50%, R = C2Hs ); PolyVio8 
(X = 5%, Z = 95%, R = C2H5 ); PolyVio9 (X = 5%, Z = 95%, 
R = C"H"SO., ). 

FIG. 14. PolyViolO. 

FIG. 16. PolyVio12 (x = 4); 
PolyVio13 (x = 3). 

FIG. 17. PolyVio14 (40% quaterniza­
tion). 

FIG. 18. Sydnone. 

FIG. 19. AQN. 

yH3 rHg 
-f(-CH2)3-+~ -(CH2)6-+~-+'- FIG. 20. Polybrene. 

CH3 CH3 
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!'- 8. Tables of Quenching Data "" (0) 

" ~ 

"" '< TABLE 1. Quenching of excited a1uminum cOffi?lexes !" 
(') 

"" N'J. Quencher Solvent Solution Medium fj"C k, Comments Rd. 
'" ~ IL nol- 1 S~l 
~ 

'" ,. 
:i? 1.1. AI(phtbaloeyaniIlelCI 

.o' InoflJa.m·(: ;J1.l.en.dt€TS 

1i 1.1.1. Co(bpy)."+ DMA!R,O -15 2.3 x 107 LP!AESjAVE; ET'; !Q) < 84A122 
,... (2.3/1) 0.001 moljL 

.ex, 1.1.2. Co(bpy);,H DMA/H,O -15 8.3 x 107 LP/AESjAVE; OT f= 8M122 
z (2.3/1) 0.38; /Ql < 2 x 1C-< !> .- mol/L 

<0 1.1.3. Co(phen), 2+ DMA/HzO -15 5.3 x lOT LPjA:ES!AVE; ET'; lQ) < 84A122 

"" (2.3/l) 0.001 lllol/L "' 
1.1.4. Co(phenj,·r DMAjR,O -15 1.9 x 10" LP JABS/AVE; OT f = 84Al22 

(2.3/1) 0.53; lQJ < 2 " lC-4 

mol/L 

1.1.5. Co(terpy),/+ DMA/H2O '·15 1.3 x 10· LP/AllS(AVE; ET: 8tAIn :x: 
(2.3/1) 0 

'TI 
1.1.6. Co(terpy)"'H DMA/1120 -15 1.5 x la' LP/AES/AVE; OT: f= 84AI22 'TI 

(2.3/1) 0.066; ,Q] < 2 x 10-" 5: 
> mol/L Z 

U.7. Fe(bpy](CN).,- DMA/R2O -Hi 2.8 x 108 LP I AES{SS1'; OT; f = 0 83EoS8 ,." 

(2.3/1) "I 
h 

1.1.8. Fe(bpy)(CN),"- DMSO/H,O ·-28 5.8 x 108 LP / AES/SS'f; l'T; f = 0 83E088 !" 
(4/1) 

1.1. 9. cis-Fe(bpy):l eN), + DMA/H2O ~15 4.4 x lOS LP / AES/SST; OT; f = 0 83E088 
(2.3/1) 

1.1.10. Fe(e,H"L DMSO/H 2O ~28 6.6 x 10' LP / AES/SST; NT; f ~ 0.Q7 83Eo88 
(9/1) 

1.1.11. Fe(CN),,"- DMA/HzO ~15 1.1 x 10' LP I AES/SST; OT; f ~ 0 83E088 
(2.3/1) 

1.1.12. o;,-Fe(phen',,(CNh + DMA/H2 O ~'15 5.2 x 10' LP!AES!SST; OT 83E088 
(2.3/1) 

Orga.n1"c Qu,enchers 
1.1.13. 1,4~B~ny;<:)q'"-inon.'C DMAjR,O ~15 9.2 x 10" LP/ABS/SST; OT; f= oAO 8~E088 

(2.3/1) 

1.1.14. 1.4-Bis(N.N- DMA/HzO -28 7.2 x 10' LP / AES/SST; liT; f ~ 0.84. 83E088 
dimethylamino)benzene (2.3fl) 

1,4.Bis(N,N DMSO/HzO -28 1.9 x 10" LP / AES/SST; RT; f ~ 0.85 83E088 
dimethytaIllino )benzene (4/1) 

1.1.15. 4,4'_Bis{N)f-. DMSO/H,O -28 1.7 x 108 LP/AES/SST; RT; t ~ 83E088 
dimet.fry{aldno)biphenyl (4/1.1 0.72; lQ] = (1-7) x W-s 

mol/L 



TABLE 1. Quenching of excited aluminum complexes-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
II mo}-l 5- 1 

1.1- AI(phthsloeyanine)CI-Continued 
1.1.16. 2 ,5-Di::hloro-1 ,4- benzoquinone DMA/HzO -15 5.5 X 108 LP I ABS/SST; OT; f = 0.53 83E088 

(2.3/1) 

1.1.17. 2 ,6-Di::hloro-1 ,4-benzoquinone DMA/HzO -15 4.8 X 108 LP/ABS/SST; OT; f= 83E088 " (2.3/1) 0.59; [Q] = (2-10) X 10-') C 
m 

mol/L Z 

1.1.18. 3,3' -Dimethyl-4,4' -diaminobiphenyl DMSO/HzO -28 7.9 X 107 LP/ABS/SST; RT; f= 0.52 83E088 
(") 
::z: 

(4/1) Z 
1.1.19. MV2+ DMA/HzO -15 ~L X 102 LP/ABSjSST; OT 83E088 

C) 

(2.3/1) 0 
." 

1.1.20. Phencthiazine DMSO/HzO -28 1 X 106 LP JABS jSST; RT; f = 0.52 83E088 m 
>< (4/1) (") 

1.1.21. Tetrachloro-1,4-benzoquinone DMAjHzO -15 4.5 X 108 LP JABS/SST; OT; f = 0.60 83E088 =i 
(2.3/1) 

m 
C 

1.2. Al(5,lO,15,20-tetraphenylporphyrin)+ 3!: 
m 

Organic Quenchers -t 
1.2.1. 1,4-Benzoquinone EtOH 1.0 X 109 LP JABS/SST; OT; f = 83F182 » r-

0.25; <f> = 0.85 (82E428) (") 

Al(5,lO,15,20-tetraphenylporphyrin)(OH) 
0 

1.3. 3: 
Organic Quenchers ." 

1.3.1. l,4-Benzoquinone Toluene 7 X 107 (calc) FP/ABS/SST; 'To = 0.91 82E636 
r-m 

ms; EX; biexponential >< 
decay, see Mech. [21; same 

m 
(J) 

data in 81E718 Z 
1.3.2. Methyl-l,4- benzoquinone Toluene 2 X 107 (calc) FPjABSjSST; 'To = 0.91 82E636 ." 

~ ms; EX; biexponential r-
"tJ C 
::r decay, see Mech. [21; same 6 '< data in 81E718 !" (J) 
0 1.3.3. l,4-N;:.phthoquincne Toluene 3 X 107 (calc) FPjABS/SST; 'To = 0.91 82E636 0 ::r r (I) 

ms; EX; biexponential C 3 
decay, see Mech. [21; same -t 

::0 (5 
~ data in 81E718 

Z 
C 1.3.4. 9,10-Phenanthrenequinone Toluene 6 X 107 (calc) FP/ABSjSST; 'To = 0.91 82E636 
~ 
j» ms; EX; biexponential 
< decay, see Mech. [2J; same 
~ data in 81E718 ..... 
$1l 1.3.5. Tetramethyl-1,4-benzoquinone Toluene 8 X 106 (calc) FPjABSjSST; 'To = 0.91 82E636 
Z ms; EX; biexponential !' 
~ decay, see Mech. [2]; same 

;j) data in 81E718 I\) 
00 (,.) 
co c.n 



~ 

" :T 
'< rp 
n 
:T 
CD 

? 
JJ 
~ 

~ p 
< 
~ .... 
~ 
z 
? 
~ 

<0 
0) 
CD 

No. Quencher 

2.1. Cd(mesoporphyrin IX dimethyl ester) 
Inorganic Quenchers 

2.1.1. 02 

2.2. Cd(5,lO,15,20-tetraphenylporphyrin) 
Orgcnic Quenchers 

2.2.1. 1,4-Benzoquinone 

No. Quencher 

3.1. Ce3 + 
Inor7anic Quenchers 

3.1.1. Cr3 + 

3.1.2. Cuz+ 

3.1.3. Eu3 + 

3.1.4. Fe3 + 

3.1.5. TI 3 + 

TABLE 2. Quenching :>f excited cadmium cornplexes 

Solvent Solution Medium T;oC kq 
/L mol- 1 5-1 

Toluene 3.2 X 1O\) 

EtOH 3.0 X 109 

TABLE 3. Quenching of excited cerium complexes 

Solvent Sol ution Medi urn TrC kq 
/L moI- l s-l 

Hz( 1 moI/L fIC10-li 7.7 X 101 

1.1 moI/L NaC10 4 

Hz( 1 mol/L fICIO -I; 5.2 X 108 

1.1 mol/L NaC10 4 

H2 1 mol/L ffCI0 4; 1.1 X 107 

1.1 molJL NaCIO .. 

H. 1 molJL ffCI0 4 ; 1.1 X 101) 
1.1 mol/L NaClO'l 

H I 1 rnol/L HCIO .. ; 6.7 X 108 

1.1 moljL NaC10 4 

Comments 

LPjABS/SST; ET; [Q] == 
0.0011 rnolJL 

Ref. 

81E738 

LP JABS/SST: OTi f = 0.16 83F182 

Comments Ref. 

SL/LUM!SPC; 'l'oair = 44 80A287 
ns; OT; [QJ :::; 0.15 mol/L 

SL/LUM/SPCj TO
air = 44 80A287 

ns; OT; [QJ :::; 0.08 mol/L 

SL/LUM/SPC; 'l'oair = 44 80A287 
ns; OT; [Q] S 0.50 mol/L 

SL/LUM/SPC; '1'0 air = 44 80A287 
ns; OT; [Q] :5 0.008 mol/L 

SL/LUM/SPC; 'l'o"'ir = 44 80A287 
ns; OT; (QJ ::; 0.029 mol/L 

I\) 

~ 

~ o 
." 
"T1 
3: 
l> 
Z 
h\ 
...... 
~ 
r-



T A8l.E 4. Quenching of excited chromium complexes 

No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
IL mol- 1 8- 1 

4:.1. Cr(5-Bl'phen >a 3+ 

,Inorganic Qu.enchers 
4.1.1. Cr(5.Brphen)s 3+ H2O/AN 1 mol/L HCI 22 5.4 X 107 LP /LUM/SST, TO = 0.18 81E458 

124/1) rns; CD; 1'0 extrap'd to [SI 
=0 (;) 

Cr(5-Brphenh .H HzO/AN 1 mol/L NaCI, 22 8.1 X 107 LP JLUM/SST; 'To := 0.17 81E458 C 
m 

(24/1) BRbuf; pH 9.5 ms; CD; TO extrap'd to [SI Z 
::: 0 0 

::I: 
4.1.2. °2 a:!O 1 mol/L HCI 25 4.0 X 107 SS/LUM; 1'0 = 0.16 rns 78F366 Z 

(LPjLUM/AVE); ET; (Qj = Ci) 

(2.5, 12) X lO-4 mol/L 0 
." 

4:.2. Cr(CN)1l3
- m 

>< lnot'ganic Quenchers 0 
4.2.1. ICN DMF 22 3.2 X 104 LP ILUM/SST; TO == 6.5 rns; 83E203 =i 

Ea. == 38 kJ /mol (-55 to 60 m 
"C); D.st = -48 Jjmol'K; 1'0 

0 
s: at 25°C m 

ICN DMF 5 x 10-4 rnol/L 22 2.4 X 104 LP ILUM/SST; TO :::: 6.5 ms; 83E203 ~ 
TOAB 1'0 at 25 eo r-

ICN DMF 0.005 mol/L 22 1.6 X 104 LP ILUM/SST; 1'0 ,,:: 6.5 ms; 83E203 0 
0 

TOAB 'To at 25 cO s:: 
ICN DMF 0.015 moljL 22 1.0 X 104 LP ILUM/SST; 1'0 ::.:: 6.5 ms; 83£203 " r-

TOAB 'To at 25°C m 
>< 

leN DMF 0.025 mol/L 22 5 )< 103 LP ILUM/SST; 'To ::.:: 6.5 ms; 83E203 m en 
TOAB 'To at 25 cC 

Z 
ICN DMF 0.1 rnol/L TOAB 22 1 ;< 103 LP /LUM/SST; 'To = 6.5 rns; 83E203 ." 

c... 1"0 at 25 "C r-
;, C 
::r -1.2.2. O~ DMF 22 1.7 X 106 LP /LUMjSST; 70 = 6.5 rns; 83E203 a '< (QI = 0.0012 mol/L; 'To at ~ en 
(") 25 "c 0 =r r-~ 
3 Organic Quenchers c: 
:., 4.2.3. Benzophenone DMF 22 2.0 X lOl LP /LUM/SST; 'To = 0.5 rns; 83E203 -I 
~ 'To at 25 cC; OT? (5 
:"" Z 
0 4.2.4. l-C hloro-4- nitro benzene DMF 22 1.6 X 103 LP !LUM/SST; TO == 6.5 ms; 83E203 II) 

~ 'TO at 25 "C; OT? 
< 4.2.5. 2,4-Dinitroaniline DMF 22 3.3 x 104 LP {LUM/SST; "0 ::::. 6.5 ms; 83E203 ~ .... 1'0 at 25 "C; OT? 
SO 

6.5 x 104 LP ILUM/SST; 1'0 :::: 6.5 ms; 83E203 Z 4.2.6. 2,4-Dinitrobenzaldehyde DMF 22 
P "0 at 25 "C; OT? 
~ 

DMf 1.3 X 104 LP /LUMjSST; 1'0 :::: 6.5 ms; 83E203 i 4.2.7. l,2-Dinitrobenzene 22 N 
'fo at 25 "C; OT? w 

CD '" 



~ TABLE 4. Quenching of excited chromium complexes-Continued ~ 
~ W 
:::r 0) 
'< 
!II 

No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 0 
:::r iL mol- 1 S-1 to 
~ 
:II 

~ 4.2. Cr(CN}6 3--Ccntinued 
C 4.2.8. 1,3-Dinitrobenzene DMF 22 1 X 103 LP /LUMjSST; 'To = 6.5 ms; 83EW3 
QI 

¥ 'Tc at 25 "C; OT? 

< 4.2.9. Methyl iodide DMF 22 1.6 X 103 L? /LUM/SST; 'To = 6.5 ms; 83EW3 
~ TO at 25 =C ..... 
co 

4.2.1'). Naphthacene DMF 3.5 X 107 LP /LUM/SST; 'To = 6.5 ms; ~ 22 83E203 z 
~ E~ = 2.6 kJ/mol (-55 to 60 
~ ..... °C); 6,F- = -100 Jjmol'K; 

cO ET; 'To at 25 cc 
co 

1.1 X 103 (0 4.2.11. 4-Nitroaniline DMF 22 LP /LUMjSST; 'To = 6.5 ms; 83E203 
'To at 25°C; OT? 

4.2.12. 2-Nitrobenzaldehyde DMF 22 2 X 104 LP /LUMjSST; 'To = 6.5 ms; 83E203 
'To at 25 "C; OT? 

4.2.13. Nitrobenzene DMF 22 2.2 X 102 LP /LUMjSST; 'To = 6.5 ms; 83E203 
:::I: 

'To at 25 "C; OT? 0 
4.2.14. 2-Nitrotoluene DMf 22 2.2 X 102 LP /LUM/SST; 'To = 6.5 ms; 83E203 "T1 

"T1 
'To at 25°C; OT? s: 

9,10-Phenanthrenequinone DMF 6 X 103 LP /LUM/SST; 'To = 6.5 ms; 83E203 
» 

4.2.H. 22 Z 
TO at 25°C; OT? ", 

4.2.IE. Tetrabutylammonium bromide DMF 22 1 X 102 LP /LUM/SST; 'To = 6.5 ms; 83E2J3 
...... 
l::.. 

'To at 25 cc r--
4.2.17. Tetrabutylammonium iodide DMF 22 3 X 102 LP/LUM/SST; 'To = 6.5 ms; 83E21)3 

Ea. = 28 kJ/mol (-55 to 60 
0C); 6,s. = -110 J/mol'K; 
'To at 25°C 

4.3. Cr(5-Clphenh a+ 
Inorganic Quenchers 

4.3.l. Cr(5-Clphen)/+ H2 O 1 mol/L Hel 22 1.7 X 107 LP jLUM/SST; 'To = 0.18 81E458 
ms; CD; [Q] = [S] s 0.0013 
mol/L; TO extrap'd to [S] = 
0 

Cr(5-CIphen);lH H2 O 1 mol/L NaCI, 22 3.5 X 107 LP(LUMjSST; 'To = 0.15 81E458 
BRbuf; pH 9.5 ms; CD; 'To extrap'd to [S] 

= 0; same kq with SS/QYP, 
see Mech. [5J 

4.3.2. Fe::! + H~O 1 mol/L H!lS04 25 4.8 x 107 SS/LUM; 'To = 0.18 ms 78F3ti6 
(LF/LUM/AVE); RT . 

Fe:!+ H2 O 1 moI/L Hel 25 1.2 X 108 SS/LUM; 'Toa.ir = 50 fJ-s 79E270 
(LP/LUM/AVE); RT 



TABLE 1. Quenching of excited chromium complexes-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
IL mol- 1 s-l 

4.3. Cr(5-Clphen)a:+ -Continued 
4.3.3 1- H 2 O 1 mol/L HC! 25 8.0 X 10° SS/LUM; ,.oa-ir = 50~s 79E270 

(LP/LUM/AVE); RT? 

4.3.4. °2 H2O 1 mol/L HCl 25 3.7 x 107 SS/LUM; "0 = 0.16 ms 78F366 " (LP /LUM/ AVE); ET; [Q] = c: 
m 

(2.5, 12) X 10- 4 mo!/L Z 

°2 H2 O 1 mol/L HC] 25 3.7 X 107 SS/LUM; "0 = 0.13 ms 79E270 
(') 
Z 

(FP/ABS/SST); ET; [Q] = Z 
(2.5, 12) x 10-4 mor/L; G> 
same kq from same lab in 0 
78A388 ." 

m 
4.4. Cr(4,4'-Me 2 bpy)a 3+ >< 

(') 
Inorganic Quencher~ =i 

4.4.1. Cr( 4,4' -Me!) bpy h 3+ H2O/AN 5 mo!/L HC] 22 2.0 X 106 LP /LUM/SST; "0 = 0.31 81E458 m 
(24/1) ms; CD; "0 extrap'd to [SI C 

= 0 3: 
m 

4.4.2. Fe 2 + H2 O 1 mol/L HzSO 4 25 8.2 x 105 SS/LUM; "0 == 0.21 ms 78F366 -4 
:J> 

(LP/LUM/AVE); RT r-
Fe2 + H2O 1 mo!/L HC! 25 2.2 X 106 SS/LUM; ,.oair = 77 ~s 79E270 (') 

0 
(estd); RT 3: 

4.4.3. 1- H2O 1 mol/L HC! 25 4.0 X 107 SS/LUM; ,.oair = 77 ~s 79E270 "'tI 
r-

(estd); RT? rn 
>< 

4.4.4. °2 H2O 1 mol/L HCl 25 4.2 X 107 SS/LUM; "0 = 0.18 ms 78F366 rn 
(LP/LUM/AVE); ET; [Q] = en 
(2.5, 12) X 10- 4 mol/L Z 

1 mol/L HCI 3.4 X 107 SS/LUM; "0 = 0.23 ms 79E270 
." 

~ °2 H2O 25 r-

" (FP lABS /SST); ET; [Q] = c: 
:T 

(2.5, 12) X 10- 4 mol/L; 6 '< 
!II same kq from same lab in en 
0 0 ::r 78A388 r-CD 

? c: 
4.5. Cr(3,',7 ,8-Me.j,phen)a 3+ -4 

:lJ (5 CD Inorganic Quencher: 
:""' Z 
~ 4.5.1. Cr(3,4,7,8-Me 'lphenh 3+ H2O/AN 1 mol/L HCl 22 1.5 X 107 LP /LUM/SST; "0 = 0.64 81E458 

jr (24/1) ms; CD; "0 extrap'd to [SI 

< = 0 

~ Cr(3,4,7,8.Me'lphenh 3+ H2 O/AN 1 mol/L NaCI, 22 3.9 X 107 LP /LUM/SST; "0 = 0.62 81E458 

~ (24/t) BRbuf; pH 9.5 ms; CD; "0 extrap'd to [SI 
Z = 0 
!) 

Fe Z+ ~ 4.5.2. H2O 1 m~l/L HCl 25 9.2 X 105 SS/LUM; ,.oa-ir = 26 ~s 79E270 

tD (estd); RT N 
CD W 
(0 U) 



~ TABLE 4. Quenching of excited chromium complexes-Continued ",. 
~ 

" 0 ~ 
'< 
!II No. quencher Solvent Solution Medium T;oC Icq Comments Ref. 
0 
~ /L mol- l S-1 
C1) 

~ 
::0 

Cr(3,4,1,8-Me 4phen)a3 + -Continued ~ 4.5. 

C 4..5.3. I- H2O 1 mol/L HCl 25 4.7 x 101 SS/LUM; -'o:.ir :::: 26 ~s 79E270 
III (estd); RT? ; 
< 4.5.4. O2 H:P 1 moJ/L HCl 25 1.5 X 108 SS/LUM; 'To = 0.47 ms 79E270 
~ (FP lABS /SST); ET; fQ] =::: .... 

(2.5, 12) x 10-.1 mol/L; S» 
Z same kq from same lab in 
9 78A388 
~ ..... 
..... 

4.6. er( 4,7-Mezphen}3 3+ <0 
(II:) 
<0 Inorganic Quencherg 

4.6.1. Cr{ 4,7 -Mezp hen h 3+ H2O/AN 1 mol/L HCI 22 1.0 x 101 LP /LUM/SST; "0 = 0.57 81E458 
(24/1) ms; CD; "0 extrap'd to [S] 

==0 

Cr(4,7-Me\!phenh3 + H2 O/AN 1 mol/L NaCI, 22 1.4 x 107 LP /LUM/SST; 'To = 0.42 81E458 
(24/1) BRbuf; pH 9.5 ms; CD; 70 extrap'd to [S] Z 

0 == 0 -n 
4.6.2. Fe2 + H2 O 1 mol/L H2SO 4 25 8.9 x lOs SS/LUM; -'0 == 0.64 ms 78F366 -n 

3!: 
(LP/LUM/AVE); RT l> 

Fe2 + 1 moljL HCI 6.0 x 106 SS /LUM; -'0 a.ir ,:: 37 ~s 79.£270 
Z 

H2 O 25 I'r1 (LP/LUM/AVE); RT ..... 
4.6 .3. {- H2O 1 mol/L HCI 25 1.5 x 108 SS/LUM; "oa.ir = 37 ~s 79.£270 l:i.. 

(LP/LUM/AVE); RT? !' 

4.6.4 . O 2 H~P 1 mol/L HCI 25 8.8 x 107 SSjLUM; "0 = 0.58 ms 78F366 
(LP /LUM/ AVE); ETi [Q] == 
(2.5, 12) x 10-4 mol/L 

O:,! H:P 1 mol/L HC! 25 1.9 x 108 SSjLUM; "0 = 0.34 ms 79E270 
(FP / ABS/SST)i ET; [Q] ::: 
(2.5, 12) x 10- 4 mol/L; 
same kq from same lab in 
78A388 

4.7. Cr(5-Mephen)33+ 
Inorganic QuenChtT# 

4.7.1. Cr(5-Mephenh:l+ H:P 1 mol/L HCl 22 5.6 x 106 LP /LUM/SST; "0 =: 0.42 81E458 
ms; CD; "0 extrap'd to [SJ 
== 0 

Cr(5-Mephen) / + H!)O 1 mol/L NaCI, 22 1.4 x 107 LP /LUM/SST; "0 ::: 0.27 81E458 
BRbuf; pH 9.5 ms; CD; 70 extrap'd to [S] 

== 0 

4.7.2. Fe:!+ H!)O 1 mol/L H!)S0-l 25 1.0 x 107 SS/LUM; "0 = 0.38 ms 78F366 
(LP/LUM!AVE); RT 



TABLE 4. Quenchhg of excited chromium complexes-Continued 

No. Quencher Sol,ent Solution Medium TrC kq Comments Ref. 
/L mol- I g-I 

4.7. Cr(5-Mephenh 3+ -Continued 
4.7.3. O2 H2O 1 mol/L HCI 25 6.4 X 107 SS/LUM; TO = 0.31 ms 78F365 

(LP/LUM/AVE); ET; [Qj:::;: 
(2.5, 12) X 10-4 mol/L " 

Cr{5:6-Mezphen)a 3+ 
C 

4.S. m 
Inorganic Quenchers Z 

0 
4.8.1. Cr{5 ,6-Me2phenh H H2O/AN 1 mol/L HCI 22 7.5 X 106 LP /LUM/SST; TO :::;: 0.42 81E45B :r: 

(24;1) IDS; CD; TO extrap'd to [SI Z 
:::;: 0 G> 

Cr(5,6-M:ezphenh 3+ H2O/AN 1 moI/L NaCl, 22 1.7 X 107 LP /LUM/SST; TO = 0.29 81E4SB 0 
." 

(24;1) BRbuf; pH 9.5 IDS; CD; TO extrap'd to [S] m 
= 0 >< 

0 
4.9. Cr(NH3)6(CN)z+ =t m 

Inorganic Quenchers C 
4.9.1. Cr(CN)~:~- DMF 20 1.7 X lOll SS/LUM; TO:::;: 19 fJ.S 84E097 3: 

(LP /LUM/SST); ET; [Q] :::;: m 
(1-20) X 10-5 mol/L -t 

l> 
Cr{CN)/- H2O 5 X 10-'1 mol/L 20 6.2 X 108 LP /LUM/SST; TO :::;: 22 fls; 84E097 r 

HCI0 4 ET; [Q] :5 2.5 X lO-·l 0 
0 

mol/L 3: 
4.9.2 OH- H2O 20 6.2 X lOll LP /LUM/SST; TO = 22 fls; 84E097 ." 

r 
PT?; IQJ :5 3.3 X 10-5 m 
mol/L >< m 

(J) 

4.10. trani'-Cr(NH3)-t(CNh + Z 
Inorganic Quencher~ ." 

!- 4.10.L. OH- Hze 20 2.0 X lOll LP /LUM/SST; TO = 42 fls; 84E097 r 
PT?; [Q] :5 2.5 X 10-5 C 

." S ::r mol/L '< 
~ (J) 

0 4.11. Cr( 4,4'-Ph zbpY)3 3+ 0 
=r r 
(I) Inorgan:c Quencher> C ;:J 

4.11.1. Cr{4,4'-Ph:.!bpyhH HzO/MeOH 1 mol/L NaCl, 22 6.0 X 107 LP /LUM/SST; TO = 53 fls; 81E45B -t 
:xl 0 (I) (1.5!1) BRbuf; pH 9.5 CD; TO extrap'd to [S] = 0 
:"" Z 
0 Cr{4,4'-PhzbpyhH H2O/AN 1 moI/L HCI 22 1.4 X 108 LP/LUM/SST; 'To = 0.17 81E45B 
I» 

P (24/1) ms; CD; TO extrap'd to [S] 

< = 0 
~ Cr(4,4'-Ph:.!bpyhH H2 O/AN 5 mol/L HCI 22 1.0 X 108 LP /LUM/SST; 'To = 0.19 81E45·B .... 
$lO (24/1) ms; CD; 'To extrap'd to [S] 
Z = 0 p 
~ 4.11.2. Fe:.! + H2 O 1 mol/L HCl 25 2.0 X 107 SS/LUM; 'To"'il" = 17 f.Ls 79E27:l 

<0 (LP/LUM/AVE); RT N 
.r:.. 

00 ~ 
CD 



~ TABLE 4. Quenching of excited chromium complel{es-Contir.ued t\j 
~ 

" t\j 
:T 
'< 
!Jl No. Quencher Solvent Solution Medium T/oC kq Comments Ref. 
0 /L mol- l s-l ::r 
(!) 

? 
JJ 

4.11. Cr(4,4'-Ph 2bPY)a 3+ -Continued ~ 
C 4.11.3. r- H2O 1 mol/L HCI 25 2.2 X 10° SS/LUM; 'To air = 17 J.l.s 79E270 

~ (:'P /LUM/ AVE);RT? 
~ 

1.7 >< 108 SS/LUM; 'To = 0.14 ms < 4.11.4. °2 H2O 1 mol/L HCI 25 79E270 
f2. (FP/ABS/SST); ET; [Q] = 
..... (2.5, 12) x 10-4 mol/L; S» 
Z same kq from same lab in 
~ 73A388 
:'" 

<0 4.12. Cr(4,7-Ph 2phen)33+ 
(X) 

Inorganic Quenche~s <.0 

4.12.1. Cr( 4,7-Ph 2 phenh 3+ HzO/MeOH 1 mol/L NaCI, 22 3 x 108 LP /LUM/SST; 'To = 89 J.l.s; 81E458 
(1.5/1) BRbuf; pH 9.5 CD; 'To extrap'd to [SJ = 0; 

same kq with SS/QYP, see 
Mech. [5J 

Cr( 4,7-Phzphenk~+ H2 O/AN 1 mol/L HCI 22 7.4 X 107 LP /LUM/SST; 'To = 0.57 81E458 J: 
0 (24/1) m,; CD; 'To extrap'd to [SJ ." 

= 0 ." 

Fe 2 + 2 .. ) x 10 7 SS/LUM; 'To
air = 16 J.l.s 

3:-
4.12.2. H 2 O 1 mol/L HCl 25 79E270 l> 

(LP/LUM/AVE); RT Z 

4.12.3. r- H2O 1 mol/L HCl 25 5.9 X 10° SS/LUM; 'To air = 16 J..LS 79E270 
r11 
..... 

(LP/LUM/AVE); RT? :t:a. 
to-

4.12.4. 0::: H 2O 1 mol/L HCI 25 3.~ X 108 SS/LUM; 'TO = 0.37 ms 79E270 
(FP/ABS/SST); ET; [Q] = 
(2.5, 12) X 10-4 mol/L; 
same kq from same lab in 
78A388 

OrlJan£c Quenchers 
4.12.5. 1,4-Bis(V,N- AN -15 2.0 X 10° SS(LUM; 'To = 0.20 ms 84E387 

dimethyl amino ) bemene (LP/ABS/AVE); RT; f= 
0.73 

4.12.6. 4,4'-Bis(N,N- AN -15 6.7 X 10° SS!LUM; 'To = 0.20 ms 84E387 
dimethyl amino )biphenyl (LP/ABS/AVE); RT; f= 

0.21 

4.12.7. 1,2-Diarninobenzene AN -15 1.5 x 10 10 LP(ABS/AVE; 'To = 0.20 84E387 
ms; RT; f = 0.14 

4.12.8. 1 ,4-Diamino benzene AN -15 6.6 x 10° LP(ABS/AVE; 'To = 0.20 84E387 
ms; RT; f = 0.50 

4.12.9. 3,3'-Dimethyl-4,4'-diaminobiphnyl AN -15 6.6 >< 10° LP!ABS/AVE; 'To = 0.20 84E387 
ms; RT; f = 0.11 

4.12.10. Triphenylamine AN -15 9.2 x 10° LP :ABS/AVE; 'To = 0.20 84E387 
ms; RT; f = 0.019 



TABLE 4. Quenching of excited chtomium complexes-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- 1 5- 1 

4.13. Cr(5-Phphen)3 a+ 
Inorganic Quenchers 

4.13.1. Cr(5-Phphenh3+ H:P/AN 1 mol/L HCI 22 5.7 X 107 LP /LUM/SST; TO = 0.22 81E458 
(24/1) ms; CD; [Q] = [S] :s 0.0012 

" molJL; TO extrap'd to [S] = c: 
0 m 

z 
Cr(5-Phphenb 3+ H2 O/AN 1 mol/L NaCI, 22 9.3 X 107 LP /1UM/SST; TO = 0.18 81E458 0 

::r: 
(24/1) BRbuf; pH 9.5 ms; CD; TO extrap'd to [S] Z = 0; same kg with SS/QYP, C) 

see Mech. [5] 0 
Cr(bpY)33+ 

." 
4.14. rn 

Inorganic Quenchers >< 
4.14.1. Co(acacL Acetone ~22 2.0 X 108 LP /LUM/SST; ET 83E223 0 

=i 
4.14.2. Co(CN)u;;- H2O 0.5 mol/L NaCI ~20 <2 X 105 SS/1UM; To

air = 51 fLs 78F263 m 
(SLjLUM/SPC) C 

s::: 
Co(CN)u;;- H2O 1.5 mol/L 25 <1 x 106 SS /1UM; TO = 70 fL5 83F230 m 

NaHS0 4 (LP !LUM/SST); ET, RT -t » 
4.14.3. trans-Co(.:yclam)CI 2 t H2O 1 mol/L NaCI0 4; 25 2.5 x 107 FP/ABS/SST; ET, RT 83F230 r-

pH 2 0 
0 

4.14.4. trans-Co(,:yclam)(H2O)23 + H2O 1 mol/L NaCI0 4 ; 25 1.8 x 106 FP /ABS/SST; ET, RT 83F230 s::: 
pH 2 " r-

4.14.5. trans-Co(:yclam)(H zO)(Na)2+ H2O 1 mol/L NaCIO.1; 25 1.6 x 108 FP/ABS/SST; ET, RT 83F230 
m 
>< 

pH 1 m 
en 

4.14.6. Co(DMGi:;(C:;Hs)(H2O) H2 O 0.01 mol/L HCI ~22 1.4 x 109 LP /LUM/SST; ET 83E223 Z 
4.14.7. Co(enh:lt H2O 0.1 mol/L H2SO 4 22 1 x 106 SS/LUM; To

air = 38 fLs 83E586 ." 
~ (LPfLUM/AVE); ET r-c: 
." 

cis-Co(en):;CI:; + 1.8 X 108 SS/I..UM; 'ro
air = 38 fL5 is :T 4.14.8. H:P 0.1 mol/L H2SO 4 22 83E586 '< 

sn (LP!LUM/AVE); ET; [Q] = en 
0 (1-8) X 10-'1 mol/L 0 
:T r-
CD 

trans-Co(m):;CI 2 + 1.0 X 107 SS/LUM; To
air = 38 fLs c: 

~ 4.14.9. H2 O 0.1 mol/L H2SO 4 22 83E586 -t 
:::D (LP/LUM/ AVE); ET; [Q] = (5 CD 

(1-91 X 10-4 mol/L ;-to Z 
C 

4.14.10. cis-Co(en):;(H2 O)CI2 t H:::O 0.1 mol/L H2SO 4 2.2 X 107 SS/LUM; To
air = 38 fLs 83E586 m 22 ; (LP/LUM/AVE); ET 

< 
~ 4.14.11. cis-Co(en):;{NCSb + H2O 0.1 mol/L H:::S0 4 22 3.9 x 108 SS/LUM; To,,"ir = 38 fL5 83E586 
..... (LP(LUM/AVE); ET; [Q] = 
$X' 

(1-5) X 10-4 mol/L Z 
!l 4.14.12. trans-Co(en):::(NCS)z+ H2O 0.1 mol/L H2SO 4 22 9.2 X 107 SS/LUM; To,,"ir = 38 fLs 83E586 
~ 

cD 
(LP /LUM/ AVE); ET; [Q] = ~ 
(1-8) X 10-4 mol/L ~ 00 W co 



~ TABLE 4. Quenching of excited chromium complexes-Continued I\) 

"'tI ~ 
:::r ~ 
'< 
til 

No. Quenc:ler TrC 0 Solvent Solution Medium kq Comments Ref. 
:::r /L mol- 1 S-1 
en 
~ 
JJ 

Cr(bpY)3 3+ -Continued ~ 4.14. 

C 4.14.13. cis-Co(en)~(NCS)Cl+ HzO 0.1 mol/L HzS0 4 22 3.6 X 108 SS/LUM; 'To
air = 38 fLs 83E586 

I» 
(LP/LUM/AVE); ET; [Q] = Jir 

< (1-5) X 10- 4 mol/L 
0 

4.14.14. trans-Co(en)z(NCS)CI+ 0.1 mol/L H2SO 4 6.2 X 107 SS/LUM; 'To
air = 38 fLs :- H;:!O 22 83E586 .... 

(LP /LUM/ AVE); ET; [Q] = !D 
z (1-8) X 10-4 mol/L p 
~ .... 4.14.15. cis-Co(m)ANH3)CI2 + H::P 0.1 mol/L H::!SO.l 22 3.2 X 107 S3/LUM; 'Toa.ir = 38 fLs 83E586 

«) (LP /LUM/ AVE); ET 
ClO 

4.14.16. Co(NH3)03+ <0 H2O 0.1 mo!/L H2SO4 22 2 X 10° SS/LUM; 'Toa.ir = 38 fLs 83E586 
(LP/LUM/AVE); ET 

Co(NH3)03+ H::!O 1 mol/L HC! 25 4.3 X 10° FP / ABS/SST; ET, RT 83F230 

4.14.17. Co(NH3)r,(CN)2+ H2O 1 mol/L HCl 25 5.0 X 106 FP/ABS/SST; ET, RT 83F230 

4.14.18. Co(NH3)r,ClH H2O 0.1 mol/L H2SO 4 22 2.0 X 107 SS/LUM; 'To
air = 38 fLs 83E586 :J: 

(LP /LUM/ AVE); ET 0 
"T1 

4.14.19. Co(NH:s)r,F2+ H2O 0.1 mol/L HzSO 4 22 2 X 106 SS/LUM; 'Toa.ir = 38 fLS 83E586 "T1 

(LP/LUM/AVE); ET s: 
l> 

Co(NH:s) r,F 2 + H2O 1.5 mol/L 25 2.0 X 106 SS/LUM; 70 = 70 fLs 83F230 Z 

NaHSO'1 (LP /LUM/SST); ET, RT I'tt 
""'f 

4.14.20. Co(NH:s)r,(H:.!O):I+ H2O 0.1 mol/L H2SO'1 22 1 X 106 SS/LUM; 'Toa.ir = 38 fLS 83E586 :a:. 
(LP/LUM/AVE); ET !"'" 

Co(NH:I}r,(H:.!Orl + H2O 1 mol/L HCl 25 4.0 X 106 FP/ABS/SST; ET, RT 83F230 

4.14.21. Co(NH:I);,(N:1f+ H2O 1 mol/L NaHS0 4 25 1.6 X 108 FP/ABS/SST; ET, RT 83F230 

4.14.22. Co(NHI}r,(NCS)z+ H::P 0.1 mol/L HzSO 4 22 9.1 X 107 SS/LUM; 'Toa.ir = 38 fLs 83E586 
(LP /LUM/ AVE); ET 

Co(NHI}r,(NCsf+ H2O 1 mol/L NaHSO'l 25 1.9 X 108 F?/ABS/SST; ET, RT 83F230 

4.14.23. Co(NH:I)r,(NO:J:'!+ H2O 0.1 mo!/L H2SO 4 22 1.6 X 107 SS/LUM; 'Toa.ir = 38 fLs 83E586 
(LP/LUM/AVE); ET 

4.14.24. Co(NHI)..,[OC(O)H]2+ H2O 0.1 mo!/L H2SO 4 22 3 X 106 SS/LUM; 'Toa.ir = 38 fLs 83E586 
(LP/LUM/AVE); ET 

4.14.25. Cr(bpyh:l+ H2O 1 mol/L NaCI, 14.9 1.6 X 106 LP /LUM/SST; 'To = 0.11 83E317 
BRbuf; pH 10 ms; CD; [Q] = lSI = (1-100) 

X 10--5 mol/L; 'To extrap'd 
to [S] = 0 

Cr(bpy)/+ H2O 5 mol/L HCI 22 1.3 X 100 LP /LUM/SST; 'To = 0.10 81E458 
mo; CD; same kq from same 
lab in 80E076; [Q] = [S.] :5 

0.H2 mol/L; 70 extrap'd to 
[SI = 0 



TABLE 4. Quenching of excited chromium complexes-Continued 

No. Quencher Sohent Solution Medium TrC kq Comments Ref. 
IL mol- 1 5- 1 

4.14. Cr(bPY)a 3+ -Continued 
SS/LUM; TO"ir = 51 ~s 4.14.26. Cr( CN)6 3- H2 O- 0.5 mol/L NaCl -20 4.1 x 101) 78F263 
(SL/LUM/SPC); ET 

4.14.27. Fe 2 + H2O 1 mol/L HCI -15 4 x 101 LPjABS!AVE; TO = 60 ~s; 84E387 D 
RTj f = 0.081; Q as CI- c: m 
complex Z 

Fe2 + 1 mol/L HCIO.! 7 X 106 LP JABS/AVE; 'To = 60 ~; 84E387 
0 

H2 O -15 ::t: 
RT; f = 0.17 Z 

Fe2 + H2 O 1 mol/L HCI 25 3.7 x 107 SS/LUM; TO"ir = 55 ~s 79E270 
Q 

0 (LP/LUM!AVE); RT "TI 
Fe2 + H2O 1 mol/L H2SO 4 25 1.6 x 107 SS/LUM; TO = 76 ~s 78F366 m 

>< (LP/LUM/AYE); RT (') 

Fe 2 + H2O 1.1. = 1 4.1 X 107 RT 767517 =i m 
4.14.28. Fe(C:;Hd2 AN/H2 O -15 6.2 X 101) LPJABS/AVE;,.o = 60 I.I.~; 84E387 0 

(2.3/1) RT; f= 0.18; :Q] < 5 x s: 
10-4 mol/L m 

~ 4.14.29. Fe(C:;Hr,)(C:;H'ICOOH) AN(H20 -15 7.3 X 10° LPjABS!AVE; TO = 60 I.I.~; 84E387 r-
(2.3/1) RT; f = 0.069; [Q] < 5 )< 0 

10-4 mol/L 0 
4.14.30. Fe(CN)(/I- H2 O 0.5 mol/L NaCl -20 2.6 x 108 SS/LUM; TO"ir = 51 1.1.5 78F263 

s: 
" (SL!LUM/SPC); OT? r-m 

4.14.31. Fe(CN)u't- H2 O 0.5 mol/L NaCI -20 4.9 x 109 SS/LUM; TO"ir = 51 1.1.5 78F263 >< m 
(SLILUM/SPC); RT en 

4.14.32. H2 O AN 22 1.3 X 103 LP jLUM/SST; TO = 43 I.I.s 83EI10 Z 
4.14.33. r- H2 O 1.1. = 1.0 (NaCI) 11 8.5 X 108 SS/LUM and 78F122 ." r-r- SLjLUM/SPC; 'Toair = 80 c: 

"'D 6 =r flS; RT?; [QJ = (1-12) x '< 
!II 10-5 mol/L en 
0 

1.2 x 10° 
0 

=r 1- H2 O ~ = 1.0 (NaCl) 22 LP JABS/SST; "0 = 63 1.1.5; 78F122 r-m c: 
? RT1; same kq from same -I 
::u lab in 776321 (5 
~ 1- H2 O 1 mol/L HCI 25 1.4 X 109 SSjLUM; "i'o"ir = 55 ~5 79E270 Z 
C 
I» (LP/LUM/AVE); RT? or 
~ 4.14.34. Mo(CNi 8 -1- H2O 0.5 rnol/L NaCl -20 5.2 x 10° SSjLUM; "i'o"ir = 51 1.1.5 78F263 < 
~ (SL!LUMjSPC); RT 
..... 
~= 4.14.35. Ni(13-At)+ AN 2.6 x 108 SSjLUM; 'i'0 = 0.12 ms; RT 81A335 
Z 4.14.36. Ni(CN) 12

- H:;C 0.5 rnol/L NaCl -20 1.4 X 10° SS/LUM; 'i'oa.ir = 51 ~s 78F263 P 
:" (SL!LUM/SPC); RT 
..... 

4.14.37. Ni(Me6cyclam)2+ AN 1.2 X 106 SSjLUM; 'To = 0.12 ms; RT 81A335 
I\) 

CD ~ = c.n CD 



~ TABLE: 4. Quenching of excited chrom:um complexes-Continued I\) 
"tJ ~ 
::T 0) 
'< 
9' 

No. Quencher Solution Medium T;oC Ref. n Solvent kq Comments 
::T /L mol- 1 s-l CD 

~ 
::D 

~ 4.14. Cr(bpYh 3+ -Continued 
C 4.14.38. O 2 H~O I.l. = 1.0 (NaCI) 22 1.7 X 107 LP/ABS/SST; 'To = 63 I.l.s; 78F122 s:u 
~ PQ = (2, 10) X 104 Pa; 

< same kq from same lab in 
~ 776321 
..... 

1 mol/L HCl 2.7 X 107 5t' O 2 HzO 25 5S/LUM; TO = 66 J..l.s 78f366 
z (LP /LUM/ AVE); ET; [Q] = ? (2.5, 12) X 10-4 mol/L _ ..... 
..... Oz H~O 1 mol/L HCl 25 1.7 :.< 107 5S /LUM; TO = 63 I.l.s 79E270 U) 
(X) 

(FP/ABS/SST); ET; [Q] = U) 

(2.5, 12) X 10-4 mol/L; 
same kq from same lab in 
i8A388 

4.14.39. OH- H2O :52 X 104 LP/ABS/SST 78F122 

4.14.40. Os(bPY)a2 + H2O 1 mol/L HzSO 4 25 1.5 X 10° SS/LUM; TO = 76 J..l.S 78F366 ::I: 
(LP/LUM/AVE); RT 0 

"TI 
4.14.41. Os(bPY)a H H2O 1 mol/L HZSO-l 25 < 1 X 106 SS/LUM; TO = 76 J..l.s 78F366 "TI 

s:: 
(LP/LUM/AVE); [Q] = » 
-0.001 mol/L Z 

4.14.42. PtBr/- H2O I.l. = 2 (BClO '.) 2.0 X 10° LP (LUM/SST, SS/LUM; 83E719 h1 

""" 'Toll.lr = 65 J..l.s; ET; [Q] :5 9 ~ 
X 10-6 mol/L !"'" 

4.14.43. PtBro~- H~O I.l. = 2 (HClO.d 2 X 107 LP /LUM/SST; 70 a.ir = 60 83.A403 
f-S; ET; [Q] :5 0.001 mol/L 

,1.14.44. Pt(CNk~- H~O J.l = 2 (HClO'l or -1 X 105 EM!; RT 85.A469 
H2SO4) 

4.14.45. Pt(C:.::O.d/- H~O J.l = 2 (HCIO .• ) 7.5 X 106 LP (LUM/SST, SS/LUM; 83E719 
70 a.lr = 65 J..l.s; RT; [Q] :5 9 
X 10- 4 mol/L; same kq 
from same lab in 85A469 

4.14.46. PtCI4~- H~O I.l. = 2 (HCIO,.) 1.4 X 107 LP (LUM/SST, SS/LUM; 83E719 
Toll.lr = 65 J..l.s; ET; [Q] :5 9 
X 10- 4 mol/L 

4.14.47. PtCIo: - H:;O I.l. = 2 (HCIO.l ) <2 X 105 LP/LUM/SST; 70a.ir = 60 83A403 
J.ls; ET; [Q] :5 0.001 mol/L 

4.14.48. Pt(enL::'::+ H::;O I.l. = 2 (HCIO .• or 6 X 105 EM!; RT 85A469 
HzSO.d 

4.14.49. PtF c\:'::- H~O I.l. = 2 (HCIO.l ) <2 X 105 LP /LUM/SST; 70a.ir = 60 83A403 
J.ls; ET; [Q] :5 0.001 mol/L 



TABLE 4. Quenching of excited chromium complexes-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- 1 s-l 

4.14. Cr(bpY)3 3+ -Continued 
4.14.50. Pt(NH:~: .. :':+ H:J0 fl = 2 (HCIO .. or 4 :< 105 EMI; RT 85A469 

H2SO .. ) 

4.14.51. Pt(NOzl .. :J- H.,O fl = 2 (HClO .. or 2 :< 105 EMI; RT 85A469 " -
H2SO4) 

c: 
m 

4.14.52. Pt(SCN)42 - H2O fl = 2 (HClO ,Il 1.3 X 101) LP(LUM/SST, SS/LUM; 83E719 Z 
0 

'1'0 air = 55 fls; RT; [Q] :s 9 :J: 
X 10-6 mol/L Z 

4,14.53. Pt(SCN)62
- H2O fl = 2 (HClO .. ) 1.5 X 108 LP/LUM/SST; 'I'oair = 60 83A403 

G) 

0 fls; ET; [Q] :s 0.001 mol/L ." 

4.14.54. Ru(bPY!3 2 + H2O fl = 0.2 23 4.0 X 108 SS/LUM; 'I'oair = 36 fls 756325 m 
>< (SL/LUM/SST); RT 0 

RU(bpY:I:3 !,!+ H:J 0 1 mol/L HZSO.1 25 6.1 X 108 SS(LUM; '1'0 = 75 IJos 78F366 =i 
m 

(LP /LUM/ AVE); RT C 
4.14.55. RU(bpYb a+ H2 O 1 mol/L H2 SO 4 25 5 X 106 SS(LUM; '1'0 = 75 IJos 78F366 3: 

(LP/LUM/AVE); ET?; {Q] m ..... 
= -0.001 mol/L l> 

4.14.56. Ru(CN)o'l- 5.& X 109 SS(LUM; 'I'oair = 51 fls 
I 

H2 O 0.5 mol/L NaCI -20 78F263 0 
(SL/LUM/SPC); RT 0 

4.14.57. Ru(5-Clphenh:J+ H2O 1 mol/L H2SO.1 25 5.1 X 108 SS/LUM; '1'0 = 76 IJos 78F366 
3: 
""C 

(LP/LUM/AVE); RT I 
m 

4.14.58. Ru(4,4'.Me zbpy)a2+ H2 O 1 mol/L H2SO.1 25 1.1 X 109 SS/LUM; '1'0 = 76 IJos 78F366 >< m 
(L?/LUM/AVE); RT en 

4.14.59. Ru(3,4,7 ,8-Me.,phen)3 2+ HzO 1 mol/L H2SO'1 25 1 X 101) SS/LUM; '1'0 = 76 IJos 78F366 Z 
(LP/LUM/AVE); RT ." 

C0- I 

"0 4.14.60. Ru(4,7-Me:.;phenh H H2O 1 mol/L HZSO.1 25 1.l X 101) SS/LUM; '1'0 = 75 fls 78F366 c: 
=r (LP /LUM/ AVE); RT 6 '< 
!II 

4.14.51. Ru(5-MephenkH 9.9 X 108 en 
0 H:JO 1 mol/L HZSO.1 25 SS/LUM; '1'0 = 76 fls 78F366 0 
=r (LP/LUM/AVE); RT I 
CD 
3 c: 

4.14.52. Ru(NH.)tI H H2 O 1.5 mol/L 25 <1 X 106 SS/LUM; '1'0 = 70 IJos 83F230 -; 
J:I (5 
l!- NaHSO'l (LP /LUM/SST); ET, RT 

Z 
c 4.14.63. Ru[5-(NO:Jphenla~+ H2 O 1 mol/L H:JSO.\ 25 1.3 X 10 8 SS/LUM; '1'0 = 76 IJos 78F366 
I),) 

~ (LP/LUM/AVE); RT 

< 4.14.64. Ru(phenL 2 + H2O 1 mol/L H!,!SO .. 25 9.t X 108 SS/LUM; '1'0 = 76 fls 78F366 
~ .... (LP/LUM/AVE); RT 
()I) 
~ Organic Quenchers 
Z 
? 4.14.65. I-Amino naphthalene AN 0.02 mol/L TEAP -22 7.2 X 101) SS/LUM; 'I'oair = 50 fls 78E518 

~ (LP /LUM/SST); RT 
.... N 
CD ,1::1. 
()I) 
CD ...... 



!=- TABLE 4. Quenching of excited chromillm complexes-Continued N 
A 

"tI co 
:r 
'< 
til 

No. Quencher Sclvent Solution Medium TrC kq Ref. 
() 

Comments 
:r /L mol- I s-I 
co 
? 
:0 

Cr(bpyh 3+ -Continued ~ 4.14. 

C 4.14.56. 2-Aminonaphthalene AN 0.02 mol/L TEAP ~22 ~.2 x 109 SS/LUM; 'Io·
ir = 50 f..ls 78E51S 

Q) (LP /LUM/SST); RT :? 
< 4.14.67. N-(4-Aminophenyl)aniline AN 0.02 mol/L TEAP ~22 £.4 x 109 SSjLUM; 'Io·

ir = 50 f..ls 78E51S 
~ (LP /LUM/S3T); RT ... 
!'J 4.H.68. Aniline AN 0.02 mol/L TEAP ~22 g.9 x 109 SSjLUM; 'Io"ir = 50 f..ls 78E518 
Z (LP /LUM/S3T); RT !=' 
~ ... 4.H.69. 1,4-Bis(N,N- AN ~15 5.6 X lOll SSjLUM; 1"0 = 60 f..ls 84E387 ... 

dimethy lamino) benzene (LP/ABS/AVE); RT; f= (0 
~ 
(0 0.29 

4.H.70. 4,4'-Bis(N,N- AN ~15 3.5 x lOll S8jLUM; '10 = 60 f..ls 84E387 
dimethyl amino ) biphenyl (LP!ABS!AVE); RT; f= 

0.12 

4,4'-Bis(N,N- AN 0.02 moljL TEAP ~22 1.1 x 10 10 SSjLUM; 'TO·
lir = 50 fJ-s 78E518 I 

dimethy lamino) biphenyl (LP !LUM/S3T); RT 0 

7.2 x lOll SSjLUM; 'To .. ir = 50 f..ls 
""i'i 

4.H.71. 1,4-Bis(N-phenylamino)benzme AN 0.02 mol/L TEAP ~22 78E518 ""i'i 

(LP /LUM/S3T); RT :iii: 
:t> 

4.14.72. tert-Butylamine AN 0.02 mol/L TEAP ~22 1.4 x 107 SS/LUM; 'Tolir = 50 f..ls 78E518 Z 

(LP !LUM/S3T); RT n, 
-; 

4.H.73. 1,2-Diaminobenzene AN ~15 3.6 x lOll LPjABS/AVE; 1"0 = 60 fJ.s; 84E387 ~ 

RT; f = 0.05 . ! 

4.14.74. 1,4-Diaminobenzene AN ~15 4.6 x lOll LP / ABS/AVE; 1"0 = 60 fJ.s; 84E387 
RT; f= 0.22 

4.14.75. 4,4'-Diaminobiphenyl AN 0.02 mol/L TEAP '~22 ~.7 x lOll SSjLUM; 1"o·ir = 50 f..lS 78E518 
(LP jLUM/83T); RT 

4.li.75. Dibenzylamine AN 0.02 mol!L TEAP ~22 1.0 x 10 7 SS jLUM; 'To·
ir = 50 fJ-s 78E518 

(LP !LUM/SST); RT 

4.li.n. Dibutylamine AN 0.02 mol!L TEAP ~22 1.6 x 108 S8/LUM; 'To "ir = 50 f..ls 78E518 
(LP jLUM/SST);RT 

4.1-1.78. Dicyclohexylamine AN 0.02 mol/L TEAP -22 ~.O x 108 SS/LUM; 'Io·
lir = 50 f..ls 78E518 

(LP jLUM/S3T); RT 

4.11.79. Diethylamine AN 0.02 moljL TEAP -22 8.9 x 107 SS/LUM; 'Iolir = 50 f..ls 78E5l8 
(LP /LUM/SST); RT 

4. U.30. N,N-Diethylaniline AN 0.02 moljL TEAP -22 6.4 x lOll SSjLUM; 'Io·
ir == 50 f..ls 78E518 

(LP jLUM/SST); RT 

4.H.8l. 1,2-Dimethoxybenzene A~ 0.02 mol/L TEAP -22 2.4 x 108 SS jLUM; 'Io·ir :::: 50 f..ls 78ES18 
(LP jLUMjSST); RT 

4. H.82. 1,4-Dimethoxy benzene A~ 0.02 mol/L TEAP -22 1.1 x lOll SS/LUM; 'To'ir == 50 f..ls 78ES18 
(LP /LUMjSST); RT 



TABLE 4. Quenching of excited chromium complexes-Continued 

No. Quencher Solvent Solution Medium TrC lcq . Ccmments Ref. 
/L mol- 1 s-· 

4.14. Cr(bpY)3 3+ -Continued 
4.14.83. N,N-Dirnethylbenzylamine AN 0.02 mol/L TEAP -22 2.·; x 108 SS/LUM; TO air = 50 J-ls 78E518 

(LP /LUM/SST); RT 

4.14.84. 3,3'-Dimethyl-4,4'·diaminobiphenyl AN -15 3.a x 109 LP/ABS/AVE; TO = 60 J-ls; 84E387 0 
c: 

RT; f = 0.068 m 
4.14.85. Diphenylamine AN -15 33 X 10 9 LP/ABS/AVE; TO = 60 J-ls; 84E387 

Z 
(") 

RT; /= 0 ::E: 

Diphenylamine AN 0.02 mol/L TEAP -'--22 9.1 X 109 SS/LUM; To
air = 50 J-ls 78E518 Z 

C) 
(LP /LUM/SST); RT 0 

4.14.86. DiproP/lamine AN 0.02 mol/L TEAP -22 1.5 X 108 SS/LUM; To
air = 50 J-ls 78E518 "T1 

(LP /LUM/SST); RT m 
>< 

4.14.87. N-Methylaniline AN 0.02 mol/L TEAP -22 1.1 X 10 10 SS/LUM; To
air = 50 J-ls 78E518 (") 

=i (LP /LUM/SST); RT m 
4.14.88. cis-1-P'lenyl-2-(2-naphthyl)ethene AN 5 X 107 SS/LUM, LP /LUM/SST; TO 84F249 C 

= 48 J-ls; RT; [Q] = (1-20) 3: 
m 

X 10- 4 mol/L -t 
4.14.89. trans-1.Phenyl-2-(2- AN 8 X 108 SS/LUM, LP /LUM/SST; 'To 84F249 » r-

naphthyl)ethene = 48 J.Ls; RT; [Q] = (7-80) (") 
X 10-6 mol/L 0 

3: 
4.14.90. Tributylamine AN 0.02 mol/L TEAP -22 6.9 X 108 SS /LUM; TO air = 50 J-lS 78E518 "tJ 

(LP /LUM/SST); RT r-m 
4.14.91. Triethylamine AN 0.02 mol/L TEAP -22 7.4 X 108 SS/LUM; To

air = 50 J-lS 78E518 >< m 
(LP /LUM/SST); RT (J) 

4.14.92. 1,2,3-Trimethoxybenzene AN 0.02 mol/L TEAP -22 43 X 107 SS/LUM; To
air = 50 J-lS 78E518 Z 

(LP /LUM/SST); RT ." 
r-

Co. 
4.14.93. 1,2,4-Trimethoxybenzene 0.02 mol/L TEAP 28 )( 109 SS/LUM; To

air = 50 J-lS 78E518 c: 
" 

AN -22 a ::r (LP /LUM/SST); RT '< (J) UI 
19 X 107 SS /LUM; TO air = 50 J-lS 0 4.14.94. 1,3,5-Trimethoxybenzene AN 0.02 mol/L TEAP -22 78E518 0 

::r (LP /LUM/SST); RT r-
eD c: 
~ 4.14.95. Triphenylamine AN -15 2.4 X 109 LP/ABS/AVE; TO = 60 J.LS; 84E387 -! 
JJ RT; f = 0.006 0 
~ Z 
c Triphenylamine AN 0.02 mol/L TEAP -22 7.3 X 109 SS/LUM; TO

air = 50 J-lS 78E518 
a (LP /LUM/SST); RT J» 
< 
~ 
..... 
!» 
z 
9 
:'" 
cD N 

~ 
0) co 
CD 



~ TABLE 4. Quenching of excited chromium complexes-Con~inued r\) 
0'1 

" ::r 0 

'< 
VI 

No. Quencher Solvent Sol ution Medium TrC kq Comments Ref. 
('") 
::r /L mol-I S-1 
(I) 

? 
::0 

Cr(en)33+ ~ 4.15. 

C Inorganic Quenchers 
2l. 4.15.1. CoCl+ H2 O KCI or MgCl2 5 x 106 SS!LUM, LP /LUM/SST; 736183 
til 
~ ([Cl-l tot = 2-5.2 'To:m = 1.3 fls; ET; < 
~ mol/L) nonlinear S-V plots; kq 
.... eval'd from best fit of kobs 
$TJ at various [Col!ltot and 
Z 
!=> [Cl-l tot ; [Colll tot = 0.1-1.6 
~ .... mol/L 
;:0 4.15.2. CoClz H2 O KCl or MgCl2 8 x 107 SS!LUM, LP /LUM/SST; 736183 co 
(0 ([Cl-l tot = 2-5.2 'To'm = 1.3 fls; ET; 

mol/L) nonlinear S-V plots; kq 
eval'd from kobs at various 
[Coli] tot and [CI-] tot; 
[Col!]tot = 0.1-1.6 mol/L 

4.15.3. CoCl a- H2 O KCl or MgClz -2 x 108 SS!LUM, LP /LUM/SST; 736183 :I: 
0 

([Cl-l tot = 2-5.2 'To aIr = 1.3 fls; ET; "T1 
mol/L) nonlinear S-V plots; kq "T1 s:: 

evaI'd from best fit of kobs » 
at various [Coll]tot and Z 
[CI-]tot; [Colll tot = 0.1-1.6 F1'I 
mol/L ..... 

:b 
4.15.4. Co(H2 O)o2+ H2 O KCI or MgCl z 1.5 x 105 SS!LUM, LP /LUM/SST; 736183 r-

([Cl-] tot = 2-5.2 'To:m = 1.3 fls; ET; 
mol/L) nonlinear S-V plots; kq 

eval'd from kobs at various 
[Colll tot and [CI-l tot ; 
[Co((]tot = 0.1-1.6 mol/L 

4.16. trans-CI"(en)z(NCS)z + 
Inorganic Quenchers 

4.16.!. Co(CN)(S;I- H2O pH 3 15 < 1 x 105 SS/LUM; To
air = 11 fls 776252 

(SL/LUM/SST) 

4.16.2. Co(I'H;\)r,CI 2 + H2O pH 3 15 1.8 x 108 SS/LUM; To
air = 11 flS 776252 

(SL/LUM/SST); ET 

4.16.3. Cr(CN)n:'- H2O pH 3 15 2.3 X lOll SS/LUM; To
air = 11 fls 776252 

(SL/LUM/SST); ET 

4.16.4. r- H2 O pH 3 15 < 1 A lOS SS/LUM; To
air = 11 flS 776252 

(SL/LUM/SST) 

4.16.5. Ni(gly)::: H2O 15 7.5 X 107 SS/LUM; To
air = 11 flS 776252 

(SL/LUM/SST); ET 

4.16.6. OH- H2O 0.05 mol/L Pbuf 15 1.3 x 108 SS/LUM; To
air = 11 fls 776252 

(SL/LUM/SST); CR 



TABLE 4. Quenching of eXclted chromium complex:es-Continued 

No. Quen::her Solvent Solution Medium TrC kq Comments Ref. 
fL mol- 1 s-1 

4.17. trang-Cr(en)z(NHa)F 2 + 
Inorganic Quencl.ers 

4.17.l. Cr(CN)63- H2O 0.01 moI/L H2SO 4 18 6 X 108 LP ILUM/SST; TO und = 82F278 
0.23 J.l.S 0 

Cr(phen)a 3.J.. 
C 

4.18. m 
Inorganic Quencl.ers Z 

0 
4.18.1. Co(acach Acetone -22 1.7 x 108 IP /LUM/SST; ET 83E223 J: 

4.18.2. Co(C:--r)03- H:P 1.5 mol/L 25 (2 X 105 
\ SS/LUM; '1'0 = 90 J.l.s 83F230 Z 

NaHS0 4 (:"P /LUM/SST); ET, RT 
G') 

0 
4.18.3. trans-Co(cyclam)Cl z + H2O 1 mol/L NaHS0 1 15 5.4 X 101 IP jLUMjSST, SS/LUM; '1'0 83F230 ." 

= 0.40 ms; ET, RT m 
>< 

4.18.4. trans-Co(cycIam)(H2O}23 + H2O 1 mol/L NaHS0 1 15 1.1 X 108 LP /LUM/SST, SS/LUM; '1'0 83F230 0 
= 0.40 ms; ET, RT =i m 

4.18.5. trans-Co( cycIam)(H20 )Br2+ H2O 1 mol/L NaHSO'l 15 2.4 X 101 SSjLUM; '1'0 = 0.40 ms 83F230 C 
(:"P ILUM/SST); ET, RT s: 

m 
4.18.6. trans-Co(cycIam)(H 2O)Cl2+ H2O 1 mol/L NaHS0 4 15 2.1 X 107 LP ILUM/SST, SS/LUM; '1'0 83F230 -t 

= OAO ms; ET, RT » r-
4.18.7. trans-Co( cyclam )(H20)(N 3) 2+ H2O 1 moI/L NaHS0 4 15 1.2 X 108 LP ILUM/SST, SS/LUM; '1'0 83F230 0 

= 0.40 ms; ET, RT 0 s: 
4.18.8. trans-Co(cyclam)(Na)2 + H2O 1 mol/L NaHSO'l 15 -l.3 X 108 LP /LUM/SST, SSjLUM; TO 83F230 "'U 

r-
= 0.40 ms; ET, RT m 

trans-Co(cyclam)(NCSb + 1 mol/L NaHS0 4 1.6 X 108 LP ILUM/SST, SSjLUM; '1'0 83F230 >< 
4.18.9. H2O 15 m 

= 0.40 ms; ET, RT en 
4.18.10. trans-Co( cyclam)(NCS)Cl+ Hz° 1 mol/L NaHS0 4 15 6.2 X 101 LP ILUM/SST, SSjLUM; TO 83F230 Z 

= 0.40 ms; ET, RT ." 

~ 
r-
c 

." 4.18.11. trans-Co(cyclam)(NCS)(N 3 )+ H2O 1 mol/L NaHS0 4 15 3.0 X 108 LP /LUM/SST, SS/LUJI1; TO 83F230 C ::::r 
'< = 0.40 illS; ET, RT 
!II en 
" 4.18.12. trans-Co(cyclam)(N3 )CI+ H2O 1 mol/L NaHSO'l 15 2.4 X 108 SS/LUM; TO = 0.40 ms 83F230 0 
::r 

(LP jLUM/SST); ET, RT 
.... 

(J) C 3 -t 
:::tI 4.18.13. trans-Co(cyclam)(N0 2)2 + H2O 1 mol/L NaHS0 4 15 5.4 X 107 LP ILUM/SST, SSjLUM; TO 83F230 (5 
~ = 0.40 illS; ET, RT Z 
c 4.18.14. Co(DMG):::(C:::Hs)(H2 O) H2O 0.01 mol/L HCI -22 1.7 X 10\) LP /LUM/SST; ET; [Q :5 83E223 a 
jIJ 1.6 X 10-4 mol/L 
< 4.18.15. Co(NH:\)t\:!+ H2O 1 moI/L HCI 25 3.5 X 106 SS/LUM (LP /LUM/SST); 83F230 ~ 
..... ET, RT 
so 

4.18.16. Co(NHa)r,Br'..!+ 1 mol/L NaHS0 4 1.5 X 108 LP /LUM/SST; ET, RT 83F230 :Z H2O 15 
0 

Co(NHahBr'..!+ 1.1 x 108 FP/ABS/SST; ET, RT 
~ 

H2O 1 moI/L NaHSO .. 25 83F230 

cD 
I\) 
c.n co ~ 

<D 



f- TABLE 4. Quenching of excited chromium complexes-Continued r\) 

'tI C11 
::r r\) 

'< 
til 

No. Quencher Solution Medium rrC kq Ref. 
0 

Solvent Comments 
::r /L mol- 1 s-1 
C1I 

~ 
::D 

4.18. Cr{phen}a 3+ -Continued ~ 
C 4.13.17. Co(NlIa)sCI2+ H2O 1 mol/L HCI 15 5.3 X 107 SSjLUM; 'To = 0.13 ms 83F230 
I» (LP jLUMjSST); ET, RT jJ' 
< Co(NH3)r,CIZ+ H2O 1 mol/L NaHS0 4 25 4.1 X 107 FPjABS/SST; ET, RT 83F230 
~ 

4.18.18. Co(NH3)sFH H2O 1.5 mol/L 25 1.6 X 106 SS/LUM; 'To = 88 J.ls 83F230 .... 
!fJ NaHSO" (LP jLUMjSST); ET, RT 
z 
P 4.18.19. Co(NHa)5(H . .!0)3- H2O 1 mol/L HCI 15 3.5 X 106 FPjABSjSST; 'To == 0.13 83F230 
~ ms; ET, RT .... 
CD Co(NHa) s(HzO )3 t H~O 1 mol/L NaHSO'1 15 3.5 X 106 LPjLUM/SST; ET, RT 83F230 CD 
CD 

Co(NHa)r,(HzO)3 t H~O 1 mol/L HCI 25 4.3 X 106 FPjABS/SST; ET, RT 83F230 

4.18.20. Co(NHa}r,(Na)2+ H;zO 1 mol/L HCI 15 3.2 X 108 SSjLUM; 'To == 0.13 ms 83F230 
(LP jLUMjSST); ET, RT 

Co(NH3)..,(N:\)2+ HzO 1 mol/L NaHSO.1 15 2.4 X 108 LP jLUMjSST; ET, RT 83F230 
::I: 

4.18.21. Co(NH3)r,(NCS)2t H2O 1 mol/L HCI 15 3.9 X 108 SS/LUM; 'To == 0.13 ms 83F230 0 
(LP jLUMjSST); ET, RT "T1 

"T1 

Co(NHa)r,(NCS)2+ H:P 1 mol/L NaHS0 4 15 2.5 X 108 LP jLUM/SST; ET, RT 83F230 3: 
> 

Co(NHa)r,(NCS)Zt H:JD 1 mol/L HCI 25 2.6 X 108 SS/LUM; 'To = 0.11 ms 83F230 Z 
(LP jLUM/SST); ET, RT I'll 

..... 
4.18.22. Co(NH:$}r,(NOJ2+ H2 O 1 moljL NaHSO., 15 7.1 X 107 LP jLUM/SST; ET, RT 83F230 h. 

4.18.23. Cr(phe:l)}+ H2 O 1 moljL NaCI, 13.5 4.0 X 106 LP /LUM/SST; 'To = 0.42 83E317 r-
BRbuf; pH 10 ms; CD; 70 extrap'd to [S] 

= 0 

Cr(phen);/l+ H2O 1 mol!L NaCl; 15 1.6 X 107 LP /LUM/ AVE; 'To = 0.25 83A192 
0.008 moljL ms; CD; [Q] = [Sj :s 0.003 
BRbuf; pH 10.5 moljL 

Cr{phen)/+ H2 O 1 mol/L HCI 22 2.3 X 106 LP /LUM/SST; 'To == 0.33 81E458 
ms; CD; same kq from same 
lab in 80E076; [Qj == [Sj :s 
0.0012 mOl/L; 'To extrap'd 
to [Sj == 0 

Cr(phen);$ :l+ H2 O 1 moI/L HClO 4 22 4.7 X 106 LP /LUM/SST; 'To == 0.49 83E317 
IDS; CD; 70 extrap'd to [S] 
== 0 

Cr(phenhl+ H2 O 1 mol/L H2SO., 22 2.1 X 106 LP /LUM/SST; 'To == 0.36 83E317 
IDS; CD; 70 extrap'd to [S] 
== 0 



TABLE 4. Quenching of excited chrom,um complexes-Continued 

No. Quen.cher Solvent Solution Medium T('C kq Comments Ref. 
/L mo~-1 5- 1 

4.18. CI'(phen)3 3+ -Continued 
Cr(phenh :~+ HzO 1 moJ/L NaBr 22 3.3 x 106 LP/LUM/SST; "'0 =' 0.30 83E317 

ms: CD; [Qj = [Sj s 0.001 
mot/L; 1'0 extrap'd to [SJ ::: 

" 0 C 

Cr(phen)a:J+ HzO 1 mol/L Na2S0'1 22 2.9 x 106 LP/LUM/SST; 'fo = 0.26 83E317 
m 
Z 

ms CD; (QI == [SI s 0.001 0 
mo//L; "'0 extrap'd to [8) >::: 

~ 

Z 0 C') 
Cr{phen)sH H2O 1 moI/L N aBrO 3 22 3.0 x 106 LP/LUM/SST; "'0 = 0.25 83E317 0 

IDS, CD; 70 extrap'd to [SJ "TI 

:::: 0 rn 
>< 

Cr(phen);I·H H2O 1 mol/L KN0 3 22 4.1 x 106 LP/LUM/SST; "'0 = 0.29 83E317 (') 

ms CD; 'To extrap'd to [S1 =i 
m 

::: 0 C 
Cr(phen)a:l+ H2O 5 IDol/L HCl 22 3.0 x 106 LP/LUM/SST; "'0 = 0.32 81E458 3: 

IDS CD; 70 extrap'd to (SJ m 
-f 

= 0 l> r-
Cr(phenh:l + 6.1 X 106 HzO 1 moJ/L NaCl, 22 LP!LUM/SST; 1'0 ::: 0.23 81E458 (') 

BRbuf; pH 9.5 ms, CD; 'To extrap'd [81 = 0 0 
Cr(phenh;\+ H2O 1 IDoJ/L NaCl, 22.0 5.4 x 106 LP!LUM/SST; 1"0 = 0.25 83E317 

!: 
"'D 

BRbuf; pH 10 ms, !lU = 18 kJ / mol; !ls*- I 
rn 

= -38 J/mol·Kj CD; 'To >< 
extrap'd to [SI == 0 m 

(I) 

Cr(phenk' + H2O 1 mol/L NaCl, 29.2 6.5 x 106 LP/LUM/SST; 'To = 0.1f> 83E317 Z 
BRbuf; pH 10 IDS; CD; 'To extrap'd to [S] ." 

~ = I) r-
" Cr(phenh:\i .. 7.5 X 106 

c: 
::r H2O 1 mol/L NaCl, 36.1 LP!LUMjSST; 'To := 0.10 83E317 6 
~ BRbuf; pH 10 ms CD; TO extrap'd to (Sl (/) 
(') = i) 0 ::r 
CD 

Cr(phen);;:I+ 8.8 x 106 
I 

~ H::P 1 moJ/L NaCI, 42.1 LP!LUM/SST; 'To == 71 j.ts; 83E317 C 

:u BRbuf; pH 10 CD; 'To extrap'd to [S] = 0 -f 
CD <5 
;"" 4.18.24. Cu"-azurin H:P 0.027 mol/L 25 1.0 x 108 LP(LUMI AVE; ET; [QJ s 85A362 Z 
0 
til Na'.!HP0 4i 0 .. 020 1 x 10--1 mo[/L 
ji mol/L NaH2P0 4; 
< pH 7; j.t = 0.1 
~ .... 4.18.25. Cu"-plastocyanin H::P 0.027 mol/L 25 6.0 x 108 LP/LUM/AVE; ET; [Q} s 85A362 
!'J Na.:;!HPO,,; 0.020 
Z 

5 x 10-· mol/L 

~ mol/L NaH2P04; 

~ .... pH 7; fA. = 0.1 

cD f\) 

CD (J1 
CD (,) 



~ TABLE 4. Quenching of excited chromium complexes-Continued I'\) 

"tJ 01 
::T ,.!::I.. 
'< 
UJ 

No. TrC 0 Quencher Solvent Solution Medium kq Comments Ref. 
::T /L mol- I S-I 
CD 

? 
JJ 

4.18. Cr(phen)/+ -Continued ~ 
C 4.18.26. Cull-stellacyar:in H 2O 0.027 mol/L 25 4.9 X 107 LP/LUM/AVE; ET; [Q] s; 85A362 
~ Na2HP04; 0.020 1.2 x 10-.1 mol/L 
I» 
~ 

mol/L NaH2P0 4; < 
~ pH 7; f.l = 0.1 
..... 

4.18.27. Fe2+ .?' H2O 1 mol/L H2SO 4 25 1.5 X 107 SS/LUM; 'To = 0.33 ms 78F366 
z (LP/LUM/AVE); RT 
~ 
~ ..... Fe2+ HzO 1 mol/L HCI 25 3.2 X 107 SS/LUM; 'To:J.ir = 71 f.ls 79E270 
..... (LP/LUM/AVE); RT CD 
00 

4.18.28. HgH 1 mol/L NaCI0 4; <0 H2O 25 <1 x 10''5 FP/ABS/SST 83F230 
pH 1 

4.18.29. 1- H2 O 1 mol/L NaCI; 15 2.8 X 10'} SS/LUM; 'To:J.ir = 30 f.lS 83A192 
0.008 mol/L (LP/LUM/AVE); RT?; [Q] 
BRbuf; pH 10.5 s; 2 x 10-5 moI/L; :0 'l.Ir is 

a function of [S]; 'To'l.Ir for :J: 
[S] = 0.0012 rnol/L 0 

"T1 
1- H~P 1 mol/L HCI 25 2.1 x 109 SS/LUM; 'To:J.ir = 71 f.ls 79E270 "T1 s:: 

(LP/LUM/AVE); RT? » 
4,.18.30. 02 H::P 1 mol/L HCI 25 4.9 X 10 SS/LUM; 'To = 0.27 ms 78F366 Z 

n, 
(LP/LUM/AVE); ET; [Q] = ..... 
(2.5, 12) X 10-.1 mol/L ~ 

°2 H2O 1 mol/L HCI 25 2.7 X 107 SS/LUM; 'To = 0.27 ms 79E270 !"'" 
(FP/ABS/SST); ET; [Q] = 
(2.5, 12) X 10-'1 mol/L; 
same kq from same lab in 
78A388 

4.18.31. Os(bpy);;2+ H2 O 1 mol/L H:::SO'I 25 1.5 X 10~ SS/LUM; 'To = 0.33 ms 78F366 
(LP/LUM/AVE); RT 

4.18.32. Rh('JH:dr,Cf~.J.. H2 O 1.5 mol/L 25 <2 X 10) SS/LUM; 'To = 90 ,.....S 83F230 
NaHSO.! (LP /LUM/SST) 

4.18.33. Ru()py):\2+ H2 O 1 mol/L H:::S0 4 25 8.3 x 10~ SS/LUM; 70 = 0.33 ms 78F366 
(LP/LUM/AVE); RT 

4.18.34. Ru(5-ClphenL~+ HzO 1 mol/L H2SO.! 25 8.1 x 10~ SS/LUM; 'To = 0.33 ms 78F366 
(LP/LUM/AVE); RT 

4.18.35. Ru(-l,7-Me2phelh2+ H2 O 1 mol/L H:::S0 4 25 1.4 x lOr. SS/LUM; 'To = 0.33 rns 78F366 
(LP/LUM/AVE); RT 

4.18.36. Ru(NH:\)tl:!+ H2 O 1.5 rnol/L 25 <2 x lOS SS/LUM; 70 = 90 ,.....S 83F230 
NaHSO.1 (LP /LUM/SST) 

4.18.37. Ru[5-(NO::)phe1b2+ H2 O 1 mol/L H2SO 4 25 2.6 x lOS SS/LUM; 'To = 0.33 rns 78F366 
(LP/LUM/AVE); RT 
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TABLE 4. Quenching of exc:ted chromiurn complexes-CQrttinued 

No. Quencher 

4.19. C.(5,lO,lS,2o..tet.ap henylpopphypin) + 
Organic Quenchers 

Solvent 

4.19.1. 1,4·B"en2oquinone EtOH 

Solution Medium kq 
/L mol- 1 ,-I 

T;oC 

2 , 10' 

Comments 

LP / ABS/SST; OT; ! = 
<0.002 

Ref. 

83F182 

" c: m z 
(") 
:r 
:z 
C) 

o 
'TI 
m 
~ 
~ 
o 
3!: 

~ 
r 

8 
3: 
." 
r 
m 
X 

m 
:z 
." 
r­
c: 
6 
l3 
r­
c: .... 
(5 
z 

'" U> 
U> 



~ TABLE 5. QuenchiIlg of excited copper complexes N 
"D 

U'1 

~ en 
'< No. Quencher Solvent Solution Medium T;oC kq Comments Ref. !II 
0 IL mo\-l s-l 
~ 
CD 

? 
:IJ 5.1. Cu(MePh2P)a C1 
~ Organic Quencherll 
0 5.1.1. Norbornadiene Benzene [CuCl] = 0.001 8 X 107 SSjQYP; ET; [Q] = 0.1-1 85F295 
l» 

P mol/L; :MePh2Pj rnoljL; see Mech. [6); other 

< == 0.003 moljL Cux(MePh2P)yClx species 
~ present .... 
co 

Cu(2,9-Me2phenh + ~ 5.2. Z 
9 Inorganic Quen,~hers 
~ 5.2.1. Co(acach CH2Clz 25 1.4 X lOS) SSjLUM; 1"o

un d == 54 ns 80F403 .... (LP /LUMjSST); OT CD 
co 
CD 5.2.2. Cr(acach CHzCl 2 25 : X 108 SSjLUM; ,.ound =: 54 ns 80F403 

(LP /LUMjSST); ET; [QJ :s 
0.009 mol/L 

Organic Quenc};erll 
5.2.3. 2-Chlorobenzonitrile CHzClz 25 <1 X lOl) SS/LUM; "0 und == 54 ns 80F403 

(LP !LUM!SST); OT :::t 
0 

5.2.4. 1,3-Dinitrobenzene CHzClz 25 5.5 x 10!) SSjLUM; 1"ound == 54 ns 80F403 ." 
." 

(LP jLUMjSST); OT s: 
5.2.5. Hexl.chlorobenzene CHzCl z 25 <1 X 10l) SS/LUM; 1"0 und :::::: 54 os 80F403 l> 

Z 
(LP /LUMjSST); OT 

'" 5.2.6. I-M~thoxy-4-nitrobenzene CHzCl!) 25 2.3 X 10!) SSjLUM; 'found =: 54 os 80F403 .... 
:b. 

(LP !LUM/SST); OT !"" 
5.2.7. 4-Nitroaniline CH!)Cl!) 25 2.1 X 1O!) SS!LUM; 'round =: 54 ns 80F403 

(LP (LUM/SST); OT 

5.2.8. Nitrob~nzene CHzClz 25 1.8 X 10!) SSjLUM; 1"ound = 54 ns 80F403 
(LP /LUM/SST); OT; [Q] :s 
0.007 mol/L 

5.2.9. 4-Nitrotoluene CHzClz 25 ].4 X 10l) SS/LUM; "0 und = 54 ns 80F4D3 
(LP /LUM/SST); OT 

5.2.10. py 1,2-CZH.1Clz ] X 10!) SS!LUM 85E277 

5.3. Cu(2,9~Ph2phen)2 + 
Inorganic Quenchers 

5.3.1. Cr(acac)a GHzGl!) 20 1.0 X 107 LP/LUM/AVE; ET 85E063 

5.3.2. cis-Cr{bzac)a GHzel z 20 1.6 X 10 7 LP/LUM/AVE; ET 85E053 

5.3.3. tran:-Cr(bzac h CHzCl~ 20 2.8 X 107 LP /LUM/ AVE; ET 85£053 

5.3.4. Cr(dbmh CH;:Clz 20 6.5 X 107 LPjLUMjAVE; ET 85E053 

5.3.5. Gr(hfach CH~Cl~ 20 7.7 X 10!) LP /LUM/ AVE; OT; Q is 85£053 
probably trans 

5.3.0. Cr(hfac)(tfbzach CHzGl~ 20 4.7 X 10!) LP/LUM/AVE; OT 85E053 



TABLE 5. QUtlnching of excited copper complexes-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- t s-1 

5.3. Cu(2,9-Ph2phenh + -Continued 
5.3.7. Cr(pdoh CHzClz 20 3.9 x 107 LPjLUM/AVE; ET 85E063 

5.3.8. Cr(tfach CHzClz 20 95 X 107 LP;LUMjAVE; ET, OT; Q 85E063 
is probably trans " 5.3.9. Cr(ifbzach CHzClz 1.3 x 109 LP ILUMj AVE; OT; Q is 85E063 

c: 
20 m 

probably trans Z 
0 

5.3.10. Cr(ttah CHzClz 20 2.0 x 109 LP ILUM/AVE; OT; Q is 85E063 :J: 
probably trans Z 

C> 
Organic Q1l.enckers 0 

5.3.11. Anthracene-9-carboxylate ion EtOH 40 1 X 10° SS)LUM; TO = -70 ns 84S117 "T1 
(assumed); ET m 

>< 
5.3.12. l-Chloro-4-nitrobenzene CHzClz 20 2.9 x 107 LP :LUM/AVE; OT 85E063 0 

5.3.13. 1,3-Dinitrobenzene CHzClz 20 3.2 x 109 LP ;LUM/ AVE; OT 85E063 =i 
m 

5.3.14. 1,4-Dinitrobenzene CHzClz 20 1.1 x 10 10 LPJLUM/AVEj OT 85E063 0 
3: 

5.3.15. 4,4' -Dinitrobiphenyl CHzClz 20 2.9 x 108 LP lLUM/ AVE; OT 85E063 m 
-t 

5.3.16. MV2+ EtOH 40 3 x 109 SS/LUM; TO = -70 as 84S117 » 
(assumed); OT r-

0 
5.3.17. Nitrobenzene CHzClz 20 2.4 x 106 LP:LUMjAVE; OT 85£063 0 

3: 
5.4. Cu( etioporphyrin I) " r-

Organic Quenchers m 
5.4.1. Perylene Toluene 55 X lO\) EM!; "0 :=: 0.15 IJ-s 74E520 >< m 

(72E321); ET; [Q! = (5-40) en 
X ]0-4 mol/L Z 

5.5. Cu(mesoporphyrin IX dimethyl ester} ." 
~ r 
." Inorganic Quenchers c:: 
:::r 

5.5.1. O~ Toluene 6.4 X 109 LP JABS/SST; 'To = 0.12 IJ-s; 81E738 6 -< 
!II ET; [QJ = 0.0011 mol/L en 
(') 0 :r 
<II 5.6. Cu( 5,10,15,20- tetraphenylpol'phyrin) 

r 
? c:: 

Organic Quenchers -I :tI 0 ~ 5.6.l. 1,4-Benzoquinone EtOH 2 X 109 LP JABS/SST; OT; f = 83F182 

0 <0.002 Z 
m 
.Pl 
< 
~ 
.... 
~ 
2 
9 
~ .... 
.... N ~ 
Q) U1 
~ ~ 



~ TABLE 6. Quenching of excited dysprosium complexes I\) 

." U'1 
:::T CO 
'< No. Quencher Solvent Soluticn Medium TrC kq Comments Ref. !II 
(') /L moI- 1 s-1 
:::T 
CD 

? 
Dy 3+ lJ 6.1. 

~ Inorganic Quen~hers 
C 6.1.1. Nd3+ H2O pH 5.9; f.L = 0.6 22 9.3 X 104 LP /LUM/SST; ET 80E879 
II) 

JiT 6.1.2. 0 3 H2SO 4 25 9.9 X 106 SS/LUM; 'To = 30 f.Ls 77E799 
< (98%) (LP /LUM/SST); [Q] S 6 X 
~ .... 10-4 moI/L 
!D Organic Quenchers Z 
p 6.1.3. 2-Acetylnaphthalene Acetone 20 7.6 X 105 FP /LUM/SST, SS/LUM; 'To 706153 
~ .... = 14 ~s; ET .... 
CD 6.1.4. 9-Flllorenone Acetone 20 8.9 X 105 FP /LUM/SST, SS/LUM; 'To 706153 co 
CD = 14 ~s; ET 

6.2. Dy( anthranllato rH 

Inorganic Quenchen 
6.2.1. Nd(HzO)n H H2O pH 5.9; J.I. = 0.6; 22 2.1 X 10''5 LP /LUM/SST; ET 80E879 

([Dy]+[Nd])j[L] = :J: 
1000 0 

." 
6.3. Dy( salieylato) 2+ ." 

3: 
Inorganic Quenchers l> 

6.3.1. Nd(H::O)n H H2O pH 5.9; f.L = 0.6; 22 6.0 X 106 LP /LUM/SST; ET 80E879 Z 
([DY1+[~dj)/[L] = I'Yl 
1000 ..... 

~ 

6.4. Dy(5-sulfosalieylato) 2+ !' 
Inorgan£c Quenchers 

6.4.1. Nd(H::O)n H H2O pH 5.9; J.I. = 0.6; 22 1.0 X 107 LP jLUM/SST; ET 80E879 
([Dy]+[Ndj)/[L] = 
1000 



TABLE 1. Quenching of e:xdted europium. complexes 
---- .-------~ 

No. Quencber Solven.t S~lljtion Medium T/"C A;, Commt!nt~ Ref. 
/L nlol~l 5-\ 

7.1. Eu&+ 
Inorganic Qttenchers 

7.1.1. Co(CN)."- H2O 1 moljL KCI <1 X 106 LP/LUM!SST 86£832 

7.1.2. C,(CN),'- H2O 1 mQI/L KCI 1.0 X 108 LP /LUM/SST; ET 85E832 

7.1.3. F.(eN),4- H2 O 1 ,"ol/L KOI 6.0 X 108 LP ILUM/SST; itT 86E832 
0 
c: 

7.1.4. Nd 3+ Acetone 20 1.3 X 105 FP /LUM/SST, SS/1UM; '0 59E237 
rn 
:z 

"'" 0,39 ro.::j ET; same k.q () 

from samt lab in 68£121 :c 
Z 

7.1.>. Pr:}+ Acetone 20 3.3 x lO·l FP /LUM/SST, SS}LUM; TO 69E237 " :0<:: 0,39 Ill!; ET; same kq 0 
from Bamt lab in 68£121 ." 

ltu(CN)o·'- 1 mol/L KCI 3.0 ;< lOB 
m 

7.1,{). H2O LP /LUMjSST; itT 86E832 X 
() 

Organic Quenchers :::j 
7.1.7. l-Acetylanthr<l.cene Ao:::etone 20 4.7 'J 101} FP jLUMjSST; TO Z 0.35 706153 m 

ma.; ET 0 

7.1.8. Acridine Acetone 20 1.2 x: lOts FP jLUM/SST; '0 ~ 0.35 706153 3: 
m 

m,; ET; I~l OS; 0.008 molfL -of 
;to. 

1.!.9. l~Aminonaphthalen~ Acetone 20 4.4 x 10<5 FP ILUM/SST; '0 ~ 0.35 706153 r-
ms; RT; s;>me SQ? 0 

0 
7.110. Aniline Acetone 20 5.0 x lO't FP ILUM/SST; TO ~ 0.35 706153 3: 

In.; RT; litJ '" 0.3 mol/L; "Q 
r-

some S~7 IT! 

1 x lOs FP /!.UMjSST; TO ~ 0.35 
X 

7,1.11. Anthracene Acetone 20 706153 rn 
ms; £T (/) 

7.1.12. 3-Chloroanilin€ Acetone 20 1.1 x 10') FP fLUMjSST; TO ~ 0.35 706153 Z 
." 

~ m, r-
." 7.1.13 N,N~ Dimethylanmn~ 20 5.3 x 1O~ FP ILUM/SST; 'n ~ 0.35 706153 

c: 
;:r Acetone 6 '< 

IDS; RT~ S·lme SQ! !' en g 7.1.14. Diphenylamine Acetone 20 4.2 x lOs FP ILUM/SST; '0 ~ 0.35 106153 0 

" r-
ill ms; RTi s'me SQ? c: 
:II 7.1.15. 9,10~DiphE!nyl;;.nthr"cene cation H2SO 4 20 7.2 x 10" FP /LUM/SST; TO ~ 1.2 m,; 73E368 :::! 
ll- 0 radital (95%)/PMF ET % r:J (5/1) .. 
]iT 7.1.15. Diphenylmet.hylamile Acetone 20 1.7 X 105 FP /LUMjSST; TO ~ 0.35 706153 < 
l!- ms; RT; s·,me SQ? 

!" 7.1.11. Naphthacene cation ta.dicaI lloSO, 20 2.9 X 107 FP /LUM/SST; 70 ~ 1.2 illS; 73E368 
Z (95%) ET 
0 

3.7 x 10' FP /LUM/SST; TO ~ 1.2 ""; 73E358 - 7.1.18. Na.phthacel1e, protonated !l,SO, 20 
(%%) ET 

'" "' $ U1 
CD 



c.. TABLE 7. Quenching of eJecited euro;>ium complexes-Continued I\.) 
(j') 

"0 0 :r 
'< 
!II No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
0 
:r /L mol- 1 S-1 
CD 

~ 
:::0 

Eu3 + -Continued ~ 7.1. 

0 7.1.19. Perylene cation radical H2SO 4 20 5.7 X 101 FP jLUM/SST; TO := 1.2 ms; 73E368 

~ (95%) ET 

< 7.1.20. Triphenylamine Acetone 20 8.1 X 104 FP jLUMjSST; TO == 0.35 706153 
~ ms; RT; some SQ? .... 
~ 

7.2. Eu( aeety laeetonato) 3 Z 
~ Orga.nic Quenchers 
~ .... 7.2.1. 1-Aminonaphthalene Acetone 27 5.8 X 104 FP /LUM/SST; TO == 0.16 746333 
cD ms; RT 
co 
U) 

7.2.2. Anthracene Acetone 27 5.9 X 106 FP /LUM/SST; TO :::: 0.16 746333 
ms; ET;, [Q] ~ 0.0028 
mol/L; larger Ksv with 
SS/LUM 

7.3. Eu(erypt)3+ Z 
Inorganic Que:tchers 0 

-n 
7.3.L CO[CN)6:~- H2O 1 mol/L KCI <4 X 105 LP/LUM/SST 86E832 -n 
7.3.2. CrICN)(I:!- H2O 1 mol/L KCl ~2 X 106 LP jLUM/SST; ET 86E832 

s: 
l> 

7.3.3. Fe(CN)I\'l- H2O 1 mol/L KCl 5.0 X 108 LP /LUM/SST; RT; kq = 86E832 Z 
", 7.5 X 108 L mol- I S-I at ...... 

22°C a!ld with SS/LUM h. 
and TO aIr = 0.22 ms from r-
same lab in 84F176; ion-
pairing at high [S] and [Q] 

7.3.4. OS:CN)II'- H2O 1 moljL KC} 22 7.8 X 108 SS/LUM; To
air = 0.22 ms 84F176 

(LP /LUMj AVE); RT; ion-
pairing at high [Sj and [Q] 

7.3.5. Ru(CN)t\I- H2O 1 moljL KCl 2.0 X 108 LP jLUMjSST; RT; kq = 86E832 
2.2 X 108 L mol- l s-1 at 
22°C a!ld with SS/LUM 
and 'To aIr = 0.22 ms from 
same lab in 84F176; ion-
pairing at high [Sj and [Q] 

7.4. Eu(1,3-dipnenyl-l,3-?ropanedi()nato) 4-

Organic Quenthers 
7.4.1. 1-Aminonaphthalene Acetone 27 1.2 X 105 FP !LUM/SST, SS/LUM; TO 746333 

= 0.11 ms; RT; [Q] ~ 0.009 
moI/L; S may be present as 
tris complex 

7.4.2. Anthracene Acetone 27 1.8 x 106 FP /LUM/SST; TO == 0.11 746333 
ms; ET; S may be present 
as trill complex 



TABLE 7. Quenching of exc:ted europium complexes-Continued 

No. Quencher Solvent Solution Medium r;oc kq Conments Ref. 
IL mol- 1 s-1 

7.5. Eu(phen}3 a+ 
Orga.nic Quenchers 

7.5.1- Anthracene Acetone 20 2 x 106 FP }LUMjSST, SSjLUMj 706153 
ET 

" 7.5.2. Fluorene Acetone 20 1 x 103 FP jLUMjSST, SS/LUM; 706153 c: 
rn 

ET Z 

7.5.3. Naphthalene Acetone 20 1 x 103 FP iLUM/SST, SS/LUM; 706153 
0 :r: 

ET Z 

7.5.4. Triphenylamine AN 0.01 mol/L TBAP 3.1 x 107 SS/LUM; 'To :::: 0.74 ms 767009 
G') 

0 (FPjLUMjSST); RT ." 

1.6. Eu(phen)(1~thienYI-4,4,4-trifluol'owl)3-butanedion8.to)3 
rn 
>< 

Organic Quenchers 0 
7.B.!. Anthracene AN 20 1.5 x 107 FP ;LUMjSST, SSjLUM; 706153 =i 

m ET C 
Anthracene Toluene 20 6.8 x 106 FP jLUM/SSTj ET; also EQ 706153 3: 

m 
7.6.2. N, N-Dimethy la.niline Acetone 20 9.0 x 103 FP jLUMjSST, SS/LUM; 706153 -f 

RT » r-
7.6.3. Diphenylamine Acetone 20 4.0 x 103 FP ;LUM/SST, SS/LUM; 705153 0 

RT 0 
i: 

Eu(1-phenyl-l,3-butanedionato)4~ " 7.1. r-
Organic Quenchers ITt 

)( 
7.7.1. 1-Acetylanthracene Acetone 20 8.0 X 105 FP ;LUM/SST, SS/LUM; 706153 m 

ET; S ma.y be present a.s en 
tris complex: Z 

7.7.2. Anthracene Toluene 20 8.8 x 105 FP jLUM/SST, SS/LUM; 70{)153 " r-
~ ET; S may be present as c:: 
" 6 :::T tris compte:)t 
'< 
~ 7.7.3. / N,N-Dimethylaniline Acetone 20 1 X 103 F'P jLUM/SST, SSjLUM; 706153 

en 
(') 0 
:::T RT; S may be present as r-
(I) c:: 
? tn's complex: -I 
::rJ 6 (11 'T.8. Eu(1-phenyl-4,4,4-trifiuoro-l,3wbutanedionato). -
~ Z 
0 Organic Quenchers 
\U 7.8.1. Anthracene Toluene 20 2.3 x lO6 F'P jLUM/SST, SS/LUM; 706153 Jit 
< ET; S may be present as 

~ tris compleJC. 
.... 
!tJ 1.D. Eu(1-thienyl-4,4,4-trifiuorowl,3-butanediona to). -
Z Organic Quenchers 0 

~-
7.9.1. Anthracene AN 20 2.5 x 106 F'P jLUMjSST, SSjLUM; 706153 

cD ET; S may be present as N 
a; 

co tris compieJC. ..J co 
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TABLE 7. Quenching of excited europium complexes-Continued 

No. Qtencher Solvent Solution Medium T;oC kq 
/L mol- 1 s-1 

7.9. Eu(l-thienyl-4,4,4-trifluol'o-I,3-butanedionato)4 - -Continued 
Anl;hracene Toluene 20 3.3 X 106 

Comments 

FP /LUM/SST, SS/LUM; 
ET; S may be present as 
tris complex 

Ref. 

706153 

I\,) 
Cf) 
I\,) 

:J: o 
"T1 
"T1 
~ 
l> 
Z 
I'r, 
'i 
h. 
!' 



TABLE 8. Quenching of excited indium complexes 

No. Quencher Solvent SolutioI': Medium TrC kq Comments Ref. 
/L mol- 1 S-l 

8.1. In(phthaloeyanine)CI 
Inorganic Quen~her8 

8,1.1. Co(bpyh3+ DMA/HzO -15 2.2 X 108 LP/ABS/AVE; OT; f = 84A122 
(2.3/1) 0.55; [Q] < 2 X 10-4 

mol/L 0 
8,1.2. Co(phen)3H DMA/H2O -15 3.2 X 108 LPjABS/AVE; OT; f= 84A122 c: 

m 
(2.3/l) 0.62; [Q] < 2 X 10--· Z 

mol/L (') 

:!: 
8,1.3. Co(terpy b 3+ DMA/H:,p -15 5.4 X 108 LPjABSjAVE; OT; f= 84A122 Z 

(2.3/1) 0.15; [Q] < 2 X 10--· C') 

moljL 0 
." 

8.2. In(5,10,16,2{)-tetl'aphenylpol'phyrin)+ m 
X 

Org,lnic Quencf.ers 0 
8,2.1. My2+ MeOH 3 X 107 (calc) LP JABSjSST; 70 = 56 f.Ls; 85A013 =i 

EX, OT?; [QJ :$ 0.02 m 
moljL; nonlinear S-Y plot, e 

3: see Mech. [lJ m 
-t 

8.3. In( 5,10, 16 ,2[)-tetrap henylporphyrln)( C zH 6) l> 
In07ganic Quen~hers r 

8,3.1. Fe(Cr,Hfi)z Benzene 2.1 X lOG (calc) LP / ABS/SST; 70 = 70 f.Ls; B6F247 
(') 
0 

ET; [Q] :$ 2.2 x 10-5 
3: 

mol/L " r 
Org'lnic Quencf.ers m 

8,3.2. 2,4,1-Trinitro-9-fiuorenone Benzene 3.1 X 108 (calc) LP j ABSjSST; 70 = 70 f.Ls; 86F247 >< m 
[Q] :$ 4 X 10-5 moljL t/) 

8.4. In(5,10,15,2[)-tetraphenylporphyrin)(OH) 
Z 
"TI 

~ Org,lnic Quencf.ers r 

" 8.4.1. 1,4-Benzoquinone (C2HshO 1.2 X 10\) FPjABS/SST 81F368 c: 
:r is '< 

4.6 X 108 !II 1,4-3enzoquinone 1,3-Xylene FPjABSjSST 81F368 tJ) 
0 

1,4-3enzoquinone 6.1 X 107 FPjABSjSST 0 :r l,4-Xylene 81F368 
C1) r 
~ 1,4-3enzoquinone 3-Chloro- 1.2 X 101) FPjABSjSST 81F368 c: 

-t :u toluene 0 ~ 
C 1,4-3enzoquinone Benzene 5.3 X 108 FPjABSjSST B1F368 Z 
II» 

P 1,4-Benzoquinone CHzCl2 5.8 X 108 FPjABS/SST 81F368 
< 1,4-Benzoquinone Chloro benzene 7.7 X 108 FPjABS/SST BlF368 ~ 
~ 1,4-Benzoquinone Cumene 6.5 x 108 FPjABS/SST 8lF368 J» 
z 1,4-Benzoquinone Dodecane 1.6 x 108 FPjABSjSST BlF368 
!:» 
~ 1,4-Benzoquinone Ethyl 6.3 x 108 FPjABS/SST BlF,368 

cD acetate I'\) 
C» CD 
CD (,) 



~ TABLE 8. Quenching of excited indium complexes-Conti:lued .... , 
." 
:::T .:0. 
'< 
f/j 

No. TrC R~f. 0 Quencher Solvent Solution Medium kq Comments 
:::T jL mol- 1 s-1 
(1) 

? 
JJ 
~ 8.4. In(5,lO,15,:lO-tetraphenylporphyrin)(OH)-Continued 

C 1,4·Benzoquinone Ethylbenzene 6.9 X 10~ FP!ABSjSST 81F368 
I» 

,Pi 1,4.Benzoquinone Fl UOlO bemene 8.0 X 10~ FP!ABSjSST 81F368 
< 1,4·Benzoquinone Heptane 1.6 X 10~ FP!ABSjSST 81F368 ~ 
-L 1,4.Benzoquinone Hexane 1.5 X 1O~ FPjABS/SST 81F368 .9' 
z 1,4.Benzoquinone Isoamyl 5.2 X 10~ FP/ABSjSST 81F368 P 
~ 

acetate 
-L 1,4·Benzoquinone Mesitylene 2.7 X 10~ FPjABSjSST 81F368 (0 
0) 
(0 1,4·Benzoquinone Methyl ethyl 9.1 X 1O~ FPjABSjSST 81F368 

ketone 

1,4·Benzoquinone Nonane 1.9 X lOS FP/ABSjSST 81F368 

1,4.Benzoquinone Octane 1.5 X lOS FPjABS/SST 81F368 

1,4.Benzoquinone Propyl 6.3 X 10li FPjABSjSST 81F368 :::r 
a.cetate 0 

." 
1,4.Benzoquinone Tetradecane 1.6 X 108 FPjABS/SST 81F368 ." 

~ 
1,4·Benzoquinone Toluene 4.4 X lOS FP JABSjSST 81F368 l> 

Z 
1,4·Benzoquinone Tridecane 1.6 X 108 FP/ABSjSST 81F368 I'l'1 
1,4.Benzoquinone Undecane 1.6 X lOti FPjABS/SST 81F368 'i 

~ 
1,4·Benzoquinone t-Butyl- 1.2 X 108 FP/ABS/SST 81F368 i" 

benzene 

1,4·Benzoquinone py 3 X 107 FP/ABSjSST 81F368 

8.4.2. l,4·Naphthoquinone 1,2-Xylene 5.9 X 105 FPjABS/SST 81F368 

1,4·N aphthoquinone 1,3-Xylene 6.6 X 105 FP/ABS/SST 81F368 

1,4·N aphthoquinone 1,4-Xylene 5.6 X 10.1 FP/ABS/SST 81F368 

1,4·N aphthoquinone Benzene 1.9 X 10e FP!ABS/SST 81F368 

l,4·N aphthoquinone Decane 5.1 X lOe FP !ABSjSST 81F368 

l,4·N aphthoquinone Ethylbenzene 1.2 X lOe FP / ABS/SST 81F368 

l,4·Naphthoquinone Hexane 6.7 X lOe FP/ABS/SST 81F368 

l,4·Naphthoquinone Mesitylene 4.1 X 105 FP/ABSjSST 81F368 

1,4· Naphthoquinone Tetradecane 4.1 X lOe FPjABS/SST 81F368 

1,4·N aphthoquinone Toluene 8.9 X 105 FP lABS/SST 81F368 

l,4·Naphthoquinone t-Butyl- 1.2 X lOe FPjABS/SST 81F368 
benzene 



!­
." 
:J 
'< 
~ 
o 
:J 
CD 

? 
:7J 

~ 
C 
m ; 
< 
~ .... 
!fJ 
z 
? 
::" 
<0 
0) 
CD 

TABLE 8. Quenching of excited indium complexes-Continued 

No. Quencher Solvent 

8.S. In(i;,lO,15,20-tetraphenylporphyrin)(TEOA)z + 
Orgaltic Quenchers 

8.5.1. MV2 - MeOH 

Solution Medium TrC kq 
/L mol- 1 s-1 

0.5 mol!:'" TEOA 3.4 X 108 

Comments 

LP /ABS/SST; "0 = 48 J.l.s; 
OT; [Qj s: 0.006 mol/L 

Ref. 

85A013 

o 
c 
rn 
z 
o 
:J: 
Z 
C) 

o 
." 
rn 
>< o 
=i rn 
c 
3: 
rn 
~ r-
o o 
3: 
"'0 
r­
rn 
>< m en 
Z 
." r­
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en o 
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~ 
(3 
Z 

I\) 
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~ TABLE 9. Quenchilg of excitEd iridium complexes i'...) ,..,.. 
"'tJ 0-; =r 
'< No. Qumcher Solvent Solution Medium rrC kq Comments Ref. !II 
0 /L mol- l s-l 
=r 
CD 
3 
:::tI 9.1. ci9-I:r(5,6-Mezphen)zClz + 
~ Orfanic Qu.encherlJ 

0 9.1.l. An:line AN 0.1 mol/L TEAP ~22 7.7 x 109 SS/LUM; 103ir = 0.49 ~s 78£518 
! (SLjLUM/SPC); RT ..!II 
< 9.1.2. 4,4'-Bis(N,N- AN 0.1 moljL TEAP -22 8.1 x 109 SSjLUM; 'oair = 0.49 ~S 78£518 0 
:- dimethylamino)biphenyl (SL/LUM/SPC); RT .... 
!1l 9.1.3. 1,4.Bis(N-phenylamino)benzene AN 0.1 mol/L TEAP -22 9.4 X 109 SS/LUM; '03ir = 0.49 ~s 78£518 z 
? (SLjLUM/SPC); RT 
~ .... 9.1.4. tert.Butylamine AN 0.1 mo:jL TEAP -22 2.0 x 106 SS/LUM; 'o:l.ir = 0.49 ~s 78E518 
CD (SL/LUM/3PC); RT CD 
CD 

9.1.5. 4,4'-Diaminobiphenyl AN 0.1 mo!/L TEAP -22 9.1 X 109 SS/LUMj '03it = 0.49 f.ls 78£518 
(SLjLUM/SPC); RT 

9.1.6. Dibenzylamine AN 0.1 mo:jL TEAP -22 4.6 x 107 SSjLUM; 'oair = 0.49 ~s 78E518 
(SL/LUMj3PC); RT 

9.1.7. Dibutylamine AN 0.1 moi/L TEAP -22 7.0 x 108 8S jL UM; '0 air = 0.49 f.lS 78E518 ::t: 
(SLjLUM/SPC); RT 0 

." 
9.1.8. Dicyclohexylamine AN 0.1 mo!/L TEAP -22 8.9 x 108 S8/LUM; '0 air = 0.49 J..l.S 78E518 ." 

s:: 
(SL/LUM/3PC); RT l> 

9.1.9. Diethylamine AN 0.1 mo;jL TEAP -22 4.1 X 108 SS/LUM; 'I0
3ir = 0.49 f.lS 78£518 Z 

rr, 
(SL/LUM/3PC); RT "'of 

9.l.1G. N,N-Diethylaniline AN 0.1 mo:/L TEAP ~22 9.1 X 109 SSjLUM; 'Io
air = 0.49 ~s 78E518 ~ 

(SL/LUMjSPC); RT r-
9.1.11. 1 ,2·Dimethoxy benzene AN 0.1 mo;jL TEAP -22 4.8 ;.< 107 SSjLUM; 'Io"ir = 0.49 f..ls 78E518 

(SL/LUM/3PC); RT 

9.1.12. 1,4·Dimethoxybenzene AN 0.1 mo!jL TEAP '~22 2.4 X 109 SS/LUM; 'Io
air = 0.49 ~S 78E518 

(SL/LUM/SPC); RT 

9.1.13. N,N-Dimethylaniline AN 0.1 mo:/L TEAP ~22 1.0 X 10 10 SS/LUM; 'Io"ir = 0.49 f..lS 78E518 
(SL/LUM/3PC); RT 

9.1.14. N,N-Dimethylbenzylamine AN 0.1 moi/L TEAP -22 4.1 X 108 SS/LUM; 'I0 3ir = 0.49 ~S 78E518 
(SLjLUMjSPC); RT 

9.1.15. Diphenylamine AN 0.1 mo:jL TEAP -22 6.8 x 10° SS/LUM; 'Io"ir = 0.49 f..lS 78E518 
(SL/LUM/3PC); RT 

9.1.16. Dipropylamine AN 0.1 moi/L TEAP -22 6.4 X 108 SS/LUM; 'Ioair = 0.49 f..lS 78E518 
(SL/LUMj3PC); RT 

9.1.17. N-Methylaniline AN 0.1 mol/L TEAP -22 5.8 x 10° SS!LUM; 'Io
air = 0.49 f..ls 78E518 

(SL/LUM/SPC); RT 

9.1.18. Tributylamine AN 0.1 mol/L TEAP -22 2.3 x 10° SS/LUM; 'To"ir == 0.49 f..ls 78E518 
(SL/LUMj:;PC); RT 

4}.1.19. Triethylamine AN 0.1 mol/L TEAP ~22 1.4 X 109 SS/LUM; 'Io
air = 0049 f..ls 78E518 

(SL/LUM/5PC); RT 



TABLE 9. Quenching of excited iridium complexes-Continued 

No. Quencher Solvent Solution Medium T;oC k . 
/L m;l-l s-l 

Comments Ref. 

9.!. cig-Ir(5,6-Me:phenhClz + -Continued 
9.1.20. 1,2,a·Trimethoxybenzene AN 0.1 mol/L TEAP -22 6.4 x 107 SS /LUM; "0 air = 0.49 ~s 78E518 

(SL/LUM/SPC); RT 

9.1.2l. 1,2,4· Trimethoxy benzene AN 0.1 mol/L TEAP -22 5.5 x 109 SS /LUM; 1"0 air = 0.49 ~s 78E518 {) 

(SL/LUM/SPC); RT c: 
m 

9.1.22. Trip t.eny [amine AN 0.1 mol/L TEAP -22 6.5 X lOll SS/LUM; 1"oair = 0.49 J-Ls 78E518 Z 
0 

(SL/LUM/SPC); RT :E: 

Ir(bpyb( ca,N'-Hbpy)3+ 
Z 

9.2. C) 
Inorglnic Quencf.ers 0 

9.2.1. Br- H:;P pH 1.5 2.4 x 107 LP/LUM/AVE; TO = 0.70 85F140 ." 

J-LS; EX; [Q] = 0.003-0.25 ITI 
>< mol/L 0 

9.2.2. Co 2 + H2 O 0.5 mol/1 HClD 4 -23 6.1 x 106 SS/LUM, LP /LUM/SST. "0 79Fl73 ::; 
m 

= 12 JLs; RT, ET?; [Q] :S C 
0.012 mol/L; pKa * = 3.5; S !: 
designated as ITI 
Ir(bpy)z(-bpy)(HzO)3+ -f » 

9.2.3. Co(NH:lhF2+ HzO pH 1.4; f.l = 0.1 -20 1.8 X 107 SS/LUM; "0 = 13 JLs 86A057 r 
(LP /LUM/SST); OT 0 

0 
9.2.4. Eu:'!+ H2O 0.5 mol/L HN03 -23 -2 X 108 SS/LUM, LP /LUM/SST "0 79Fl73 !: 

= 12 JLs; RT?; pKa.';: = J.5; -0 
r 

S designated as ITI 

Ir(bpy)z(-bpy)(HzO)3+ >< m 
9.2.5. Fe:\+ H2 O pH 0.6 (ECI04) -20 1.7 X 107 SS/LUM and 86A057 

CJ) 

LP /LUMjSST; CR Z 
Fe:\+ 0.5 mol/L HCIO.\ 3.7 X 107 SS/LUM, LP/LUM/SST "0 

." 
c:.. H2 O -23 79F173 r-
." = 12 JLs; OT, ET?; [Q] :S c: 
~ 

0.002 mol/L; pKa * = 3.5; S 6 '< 
!II designated as CJ) 
0 0 
~ Ir(bpy)z(-bpy)(HzO)3+ r-C9 c: ? 9.2.6. Ni2 + H2 O 0.5 mol(L HClD-1 -23 2.8 X 106 SS/LUM, LP/LUM/SST, TO 79Fl73 -f 
JJ = 12 J.l.s; RT, ET?; [Q] :S (5 
~ 0.024 mol/L; pKa." = 3.E; S Z 
c designated as ~ 
JII Ir(bpy)z(-bpy)(HzO );~+ 
< 
~ 9.2.7. O2 MeOH 3.4 X 108 SS/LUM; "0 = 2.4 J-LS 7i7221 

$X' 
(75F657); ET; S designa{ed 

Z 
as Ir{bpy h 3+ 

P 9.2.8. Pt(CN)/~- H2O ~ :::::: 0.01 (HCI0 4 2 X 109 EM!; RT; S designated 2S 85A469 
~ or H~S04) Ir(bpyhH 
<0 J\) 

()C) 
0') 

<D ..... 



~ TABL8 9. Quenching of excited iridium complexes-Continued '" ." ~ 
:T ex> 
'< 
tn 

No. Que'lcher Solution Medium T;oC Ref. 
0 

Solvent kq Comments 
':1' /L mol- 1 s-1 
(!) 

? 
::0 

Ir(bpy)z( CJ,N'-Hbpy)3+ -Continued ~ 9.2. 

C 9.2.9. Pt(C ZO'1)2
2

- H2O fL = 0.01 (HClO 4 1 X 10° EMI; RT; S designated as 85A469 
tu 

or HZSO'l) Ir(bpy)s3+ jr 
< 9.2.10. Pt(etl)2z+ H2 O fL = 0.01 (HCIO'1 6 X 107 EMI; RT; S designated as 85A469 
l2- or H2SO 4) lr(bpYh3 + .... 
!» 9.2.11. Pt{NH3).! :J+ HoO fL = 0.01 (HClO'l 5 X 107 EMI; RT; S designated as 85A469 
Z -

or H:JS0-t) lr(bpYh3+ p 
.;-'- 9.2.12. Pt(NH3 )<tBr!l '.!+ H2O fL = 0.01 (HClO 4 2 i( 108 EMI; OT; S designated as 85A469 
co or H2SO.I) Ir(bpYh3+ 
00 
(0 

9.2.13. Pt(NH3)r,BrH H2O fL = 0.01 (HClO'l 4 X 107 EM I; OT; S designated as 85A469 
or H2SO'I) Ir(bpYh 3+ 

9.2.14. Pt(NH;\}.\CI/+ H2 O fL = 0.01 (HClO" 1 X 108 EMI; OT; S designated as 85A469 
or H2SO 4) Ir(bpYh3+ 

9.2.15. Pt(NHJr,ClH H2O fL = 0.01 (HClO" 1 X 107 EMI; OT; S designated as 85A469 Z 
or H2 SO,tJ Ir(bpYh 3+ 0 -n 

9.2.16. Pt(NOz).\z- H2 O fL = 0.01 (HClO" 2 X 10° EMI; RT; S designated as 85A469 -n 
or HzSO.,) Ir(bpYh 3+ s: 

l> 
9.2.17. S

Z
Og2- H2O pH 1.4; fL = 0.2 ~20 7.8 X 107 SS/LUM and 86A057 Z 

LP ILUM/SST; TO :::: 13 fLS; h1 ..... 
OT; [Qj = 0.002-0.05 mol/L ~ 

9.2.18. TIH H2O 0.5 mol/L HCIO'l ~23 6 X 104 SS/LUM, LP /LUM/SST; TO 79Fl73 !'"" 
= 12 fLs; OT?; (Q! :s 0.18 
mol/L; pK", >;: = 3.5; S 
designated as 
Ir(bpy )z(-bpy )(H:JO)3+ 

Organic Quenchers 
9.2.19. Biacetyl H2 O 0.5 mol/L HCIO-! ~23 2.6 X 108 SS/LUM, LP /LUM/SST; TO 79F173 

= 12 fLs; RT, ET?; [Qj :s 
0.002 mol/L; pK", '" = 3.5; S 
designated as 
Ir(bpy )z(- bpy )(HzO)3+ 

9.2.20. MV~+ H~:O 0.05 mol/L -20 1.3 X 106 SS/LUM and 86Ao57 
Mg(N03):,;:; pH 1.4 LP /LUM/SST; TO = 10 fLS; 

OT; [Qj = 0.02-0.08 mol/L 

g.a. Ir(bpy)z( <fJ,N'-bpy)z+ 
Inorganic QUt'rt(hers 

9,3.l. Co::: I- H!)O O.lmoJ/L HAc, ~23 1.5 X 101 SS/LUM, LP !LUM!SST; TO 79Fl73 
0.08 mol/L NaAc; = 10 fLs; RT, ET?; [Qj :s 
pH 4.7 0.012 mol/L; S designated 

as Ir(bpY)2(-bpy)(OH)H 



TABLE 9. Quenching of excited iridium complexes-Continued 

No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
/L mol- 1 S-I 

9.3. Ir(bpy) 2( (fJ ,N' -bpy) 2+ -Contin ued 
9.3.2. Cr(CN)~a- HzO 0.05 mol/L -23 8.9 X 10\) SS/LUM, LP /LUM/SST; "0 79F173 

NaHC0 3; pH 8.6 = 10 ~s; ET; [Q] S 0.001 
mol/L; S designated as 0 
Ir(bpy)z(-bpy)(OH)2+ C 

9.3.3. Fe(OH)Z+ H2O 0.1 mol/L HAc, -23 3.1 X 108 SS/LUM, LP /LUM/SST; "0 79F173 
m 
Z 

0.08 mol/L N aAc; = 10 ~s; OT, ET?; [Q] S (') 

pH 4.7 0.002 mol/L; S designated ::J: 
Z as Ir(bpY)z(-bpy)(OH)z+ C) 

9.3.4. Ni2+ H2O 0.1 mol/L HAc, -23 4.2 X 106 SS/LUM, LP /LUM/SST; "0 79F173 0 
0.08 mol/L N aAc; = 10 ~s; RT, ET?; [Q] S "T1 

pH 4.7 0.024 mol/L; S designated m 
>< as Ir(bpY)z(-bpy)(OH)z+ (') 

9.3.5. TI(OH)z+ HzO 0.1 mol/L HAc, -23 1.6 x 107 SS/LUM, LP /LUM/SST; "0 79F173 =i 
m 

0.08 mol/L N aAc; = 10 ~s; OT?; [Q] S 0.025 C 
pH 4.7 mol/L; S designated as 3: 

Ir:bpy)z(-bpy)(OH)z+ m 
-I 

Organic Quenchers » 
9.3.6. Biacetyl H:P 0.1 mol/L HAc, -23 28 X 108 SS/LUM, LP /LUM/SST; "0 79F173 .-

(') 
0.08 mol/L NaAc; = 10 ~s; RT, ET?; [Q] S 0 
pH 4.7 0.002 mol/L; S designated 3: 

as Ir(bpy)z(-bpy)(OHfH "'0 .-
9.3.7. 2,3: Diacetoxy norbornadiene AN 25 <1 X 105 LIF and SS/QYP; "0 = 10 86A158 m 

>< ~;; see Mech. [6] m 
9.3.8. 2,3-Diacetoxyquadricyclane AN 1.0 X 107 LlF and SS/QYP; "0 = 10 86A158 

(J) 
25 Z ~s; RT; see Mech. [6] 

"T1 
~ 9.3.9. Norbornadiene AN 25 1.4 X 108 LlF and SS/QYPj "0 = 10 86A158 .-
." ~; RT; see Mech. [6] C 
::r is '< 9.3.10. Quadr,cyclane AN 25 3.3 X 10° LIF and SS/QYP; TO = 10 86A158 !II (J) 
(') J.ls; RT; see Mech. [6] 0 
::r .-
CD C 
~ 9.4. Ir(8-hydroxyquinolinato)a -I 
::D Inorganic Quenchfrs S 
~ 9.4.l. Cr(CN)t\:s- DMF 25 5.5 X 107 SS/LUM; "0 = 2.5 ~s 86E555 Z 
C (LP /LUM/SST)j ET; see a 
,!» Mech. [6] 
< Organic Quenchen ~ .. 9.4.2. 1-C hkro-4- nitro benzene AN 25 1.7 x 101> LP /LUM/SSTj OT 86E555 
Q) 
~ 

z 9.4.3. MV:.!+ AN 0.01 mol/L TEAP 25 1.6 x 10 10 LP /LUM/SST; OT 86E555 
0 

~ .. 9.4.4. Nitrobenzene AN 25 1.7 x lOS LP !LUM/SSTj OT 86E555 

cD N 
Q) 

Q) CO CD 



!- TABLE 9. Quenching of excited iridium complexes-Continued I'\.:) 

-...J 
"tJ 0 :T 
'< 
(II 

No. Quencher Solvent Solution Medium rrC kq R~f. (") Comments 
:T /L mol- 1 s-1 
(1) 

? 
:D 

Ir(phen)33+ ~ 9.5. 

0 InoTgILnic QuencheTs 
2l. 9.5.I. O2 MeOH 2.8 X 108 SSjLUM; TO == 2.6 fLs 777221 
I:Il 
~ 

(75F557); ET < 
~ 

9.6 • Irzl'fL-pyrazolyl) z( 1,5-c.yelooc.tadiEne) z .... 
$Il Orgar.ic Quenchers 
Z 9.6.I. N-Benzyl-3-carbamyl-py+ AN fL == 0.1 (TBAF) ~22 5.5 x 10\) (carr) LP jLUM; T( == 0.25 fLs; OT 85E779 ? 
~ .... 9.6.2. 1,2-Dichloroethane Hexane 7.3 x 10.'> LP jLUM; T( == 0.25 (..ts 84F117 
~ (84E152); or 
0) 
<0 

9.6.3. Dichloromethane Hexane 5.8 X lOs LP jLUM; 1"~ == 0.25 fLS 84F1l7 
(84E152); or 

.9.6.4. N,4-Dimethyl-py+ AN fL == 0.1 (TBAF) ~22 6.6 x 108 (corr) LP jLUM; 1"~ == 0.25 (..ts; OT 85E779 

9.6.5. N-Ethyl-4-(tert-butyl)-py+ AN J.L == 0.1 (TBAF) ~22 6.5 X 108 (carr) LP /LUM; T( == 0.25 (..ts; OT 85E779 

9.6.5. N- Ethy 1-4-car bamy 1- py + AN fL == 0.1 (TBAF) ~22 1.5 x 10 10 (corr) LP /LUM; T( == 0.25 fLs; OT 85E779 ::J: 
0 

9.0.7. N-Ethyl-py+ AN fL == 0.1 (TBAF) ~22 2.5 x 10° (corr) LP jLUM; TC = 0.25 (..ts; OT 85E779 "T1 
"T1 

9.6.8. N-Methyl-4-acetoxy-py+ AN fL == 0.1 (TBAF) ~22 1.3 X 10 10 (corr) LP jLUM; 7( = 0.25 (..ts; OT 85E779 3l: 
l> 

9.0.9. N-Methyl-3-carbamyl-py+ AN J.L == 0.1 (TBAF) ~22 6.2 x 101) (corr) LP /LUM; T( == 0.25 (..ts; OT 85E779 Z 

9.6.10. N- Methyl-4-cy ano- py + AN fL = 0.1 (TBAF) ~22 2.0 x 10 10 (corr) LP jLUM; T( == 0.25 (..ts; OT 85E779 
r"Y1 
~ 

9.0.11. N-Methyl-2-methoxy-py+ AN J.L == 0.1 (TBAF) ~22 8.1 X 108 (corr) LP jLUM; 1"~ == 0.25 (..ts; OT 85E779 b 
r-

9.6.12. MV:.!+ AN fL = 0.1 (TBAF) ~22 1.6 x 10 10 (corr) LP jLUM; 1"~ = 0.25 fLs; 85E779 
OT; same kq from same lab 
in 84E152 

9.0.13. N,2,3,o- Tetramethyl-py+ AN fL = 0.1 (TBAF) ~22 2.9 X 108 (corr) LP jLUM; T~ == 0.25 (..ts; OT 85E779 

9.6.14. N,2 ,4,6-Tetramethyl-py+ AN fL = 0.1 (TBAF) -22 2.2 x 107 (corr) LP /LUM; TC == 0.25 (..ts; OT 85E779 

9.6.15. N,2 ,0-Trimethyl-4-methoxy-py+ AN fL = 0.1 (TBAF) ~22 1.1 X 106 (corr) LP /LUM; TC == 0.25 fLs; OT 85E779 

9.6.10. N,2,6- Trimethyl-py+ AN fL == 0.1 (TBAF) ~22 5.8 X 108 (corr) LP jLUM; 1"( == 0.25 v-s; OT 85E779 



~ 
." 
:::r 
'< 
sn 
o 
:::r 
(I) 

~ 
JJ 

~ 
i' 
~ 
< 
~ .... 
~= 
z 
? 
~ 

co = co 

No. Quencher 

10.1. Fe(bpY)3 2 + 
Inorganic Quenchers 

10.l.1. Fe;1+ 

10.2. Fe(terpy>z2-
InoTgan1'c Quenchers 

1O.Z.1. Fe:l+ 

TABLE 10. Quenching of excited iron complexes 

Solvent Solution Medium TrC "kq 
/1 mol- 1 s-1 

H20 f1. = 0.5 (H 2S04) 25 ::;:1 X 107 

H 20 f1. = 0.5 (H2S04 ) 25 ::;:4 X 106 

Comments 

LP /LUM/SST; "0 = 0.S1 
ns; [Q] = 0.1 mol/L 

Ref. 

SOE040 

LP /LUM/SST; "0 = 2.5 ns; SOE040 
[Q] = 0.1 mol/L 
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~ TABLE 11. Quenching of excited magnesium complexes N 
....... 

"tJ N :::r 
"< No. Quencher Solvent Solutioll Medium TrC kq Comments Ref. !II 
C') jL mol- l s-1 
:::r 
(I) 

~ 
:tJ 11.1. Mg( etioporphyrin I)(pyridine) 
~ Orgarl.ic Quenchers 
C 11.1.1. cis-4-Nitrostil bene Benzene 0.005 rnoljL py 2 X 108 FP JABSjSST; EX 707320 
I» 

~ 11.2. Mg(etioporphyrin I) [singlet] < 
~ Orga'Lic Quenchers 
..... 11.2.1. Nitrobenzene AN 1.4 X 10 10 SSjLUM; "0 = 11 ns 6~A001 
.!» (assumed); EX Z 
P Nitrobenzene Benzene 1.2 X 10 10 SSjLUM; "0 = 11 ns 6M001 
~ ..... 

(assumed); EX ..... 
CD 

1.2 X 10 10 co Nitrcbenzene EtOH SSjLUM; "0 = 11 ns 6MOOI CD 
(assumed); EX 

Nitrcbenzene MeCH 1.2 X 10 10 SSjLUMj "0 = 11 ns 68A001 
(assumed)j EX; [Qj :s 0.20 
moljL 

Nitrobenzene Piperidine 5.7 X 109 SS/LUM; "0 = 11 ns 68A001 :z: 
0 (assumed)j EX; [Qj :s 0.10 ." 

moljL ." 
3: 

11.2.2. cis-4-~,ntrostil bene Benzene 1.1 X 10 10 SSjLUM; "0 = 12 ns 707320 l> 
(LP jLUMjSST)j EX; Z 
nonlinear S-V plot at high 1'1'1 
[Qj 

...... 
:b. 

11.3. M~(etioporphyrin I) [triplet] 
r--

Organic Quenche-s 
11.3.1. I-Methoxy-4- nitrobenzene Benzene 25 7 x 108 FP JABS/SST; EX; [Qj = 747'293 

(I-50) X 10-5 mol/L; 
:lOnlinear S-V plot at 
higher [Qj's 

11.3.2. Nitro6enzene Bmzene 25 1.8 x 109 FP JABS/SST; EX; [Qj = 747293 
(1-50) x 10-5 moljL; 
nonlinear S-Y plot at 
higher [QJ's 

11.3.3. cis-4-Nitrostil bene Benzene 1.7 X 109 fPjABSjSST; EX 707320 

11.3.4. 4-Nitrotoluene Benzene 25 1.4 x 109 FPjABSjSST; EX; [Qj = 747293 
(1-50) x 10-5 moljL; ,. 
increases at higher [Q)'s 

11.4. Mg( 2,3,7 ,8,H,13,17 ,18-oetaethylporphyrin) 
Inorganic Quenchm; 

11.4.1. Mg(OEP) I-PrOH 25 1.1 x 108 LP JABSjSST; CD; also TT, 83.A102 
see Mech. [10j 

Mg(OEP) 2-PrOH 25 8 X 10i LP/ABSjSST; CD; also TT, 83A102 
see Mech. [10] 



TABLE 11. Quenching of excited magneEium complexes-Continued 

No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
/L mo}-l s-I 

1I.4. Mg( 2 ,3,7,8,12,13,11 ,18-oetaethylporphYl'in )-Continlled 
Mg(OEP) DMSO 25 2.1 X 108 LP /ABS/SST; CD; also TT, 83AI02 

see Mech. [10] 

Mg{OEP) EtOH 25 1.1 X lOB LP JABS/SST; CD; also T'I, 83Al02 0 
see Mech. [101 c: 

ITI 
Mg(OEP) MeOH 25 1.6 x 108 LP /ABS/SST; CD; [Q] = 83AI02 Z 

0 
(4-45) X 10-6 moI/L; also X 
TT, see Mech. [10J Z 

C> 
11.5. Mg(phthaloeyanint) [singlet] 0 

Organic Quenchers ." 

11.5.1. 1,4-Benzoqui1one Dioxane 2.1 X 1010 SS/GUM; TO = 6.5 ns 6SAOOl rn 
>< (573002); OT; \QJ :s 0.1 0 

mol!L; same kq from same =i 
Jab in 61AOO3 m 

4.3 X 109 
C 

11.5.2. 1,3-Dinitrobenzene Dioxane SSji.UM; TO = 6.5 ns 65AOOI :: 
(573002); OT; [Q} :5 0.2 ITI 
mol!L; sa-me kq from same ... 

l> 
lab tn 67 AOO3 r-

11.5.3. Nitrobenzene Dioxane 1.0 X IO\) SS/LUM; TO "" 6.5 ns 65AOOl 0 
0 

(573002); OT; [Qj :s 1 s: 
mol!L; same kq from same "'D 
lab in 67 AOOa r-

m 
11.5.4. Trinitro benzene Dioxane 1.1 x lOlO SSjJ..UM; 'To '= 6.5 ns 65AOOl >< 

ITI 
(513002); OT; [Ql :$ 0.15 CJ) 

mol:L; same kq from same Z 
lab In 67A003 " ~ r-

" 11.6. Mg(phthaloeyanine) [triplet1 c: 
;;r 

inorganic Quenchers 5 '< 
!II 11-6.!. Ag(TPP) DMF 1.7 x 108 FP/ABS/SST; ET 76E693 en 
C') 0 
;;r 

Ag(TPP) Toluene 1.9 X 108 FP/ABS/SST; ET 76E693 r-CD c: 3 
Co(bpy);/+ DMA/H:)O 1.7 X 107 LP/ABSjAVE; ET?; [Qj < 84A122 -f 

:lJ 
11.6.2. -15 

(5 
~ (2.3/1) 0.001 mol/L 

Z 
0 l1.B.3. Co(bPY);I:I+ DMA/H::O ~15 2.8 X 108 LP/ABSjAVE; OT; f= 84A122 
~ (2.3/1) 0.5&; [Q] < 2 X 10-.1 
P 
< mol;L 
~ 11.6.4. Co(phen);/+ DMA/H:!O ~15 3.6 X 107 LP/ABS/AVE; ET?; [Qj < 84A122 
~ (2.3/1) 0.001 mol/L 
Z 

Co(phen);/+ 4.0 X 108 LP/ABS/AVE; OT; f = !=> 11.6.5. DMA/H::O --15 84A122 
~ (2.3/1) 0.60; [QJ <: 2 X 10--1 
co mol;L N ..... Q) W <0 



~ TABLE 11. Quenching of excited magnesium complexes-Coniinued I\) 

"'0 ..... 
::r 0l:Io 
'< 
til 

0 No. Quemher Solvent Solution Medium TrC kq Comments Ref. 
::r /L mol- 1 s-l 
CD 

~ 
J:J 

~ 11.6. Mg(phthaloeyanine) [tripletJ-Continued 
C 11.6.6. Co(terpy)z2+ DMA/HzO -15 1.3 X 108 LP/ABS/AYE; ET?; [Q] < 84A122 
II) 

(2.3/1) ,).001 mol/L Ju 
< 11.6.7. Co(terpy}z 3+ DMA/HzO -15 3.8 X 108 LP/ABS/AYE; OT; f= 84A122 
~ (2.3/1) 0.57; [Q] < 2 X 10- 4 .... 
SD :nol/L 
z 

11.6.8. Ni(eti()porphyrin I) 1-PrOH L.3 X 101) FP / ABS /SST; ET 74E520 ? 
~ 11.6.9 . Pd(etioporphyrin I) .... 1-PrOH <1 X 108 FP / ABS /SST; ET 74E520 
'D 

Organic Quenchers lI) 
:> 

11.6.10. 1,4-Benzoquinone t.O X 107 FP/ABS/SST; TO = 0.1 ms; 65AOOI Dioxane 
OT; same kq from same lab 
in 67A003 

11.6.11. My2+ DMF/HzO 7.6 X 107 LP/ABS/AYE; TO = 0.33 84A272 
(9/1) ms; OT; f = 0.71 

:J: 
11.6.12. Nitrobenzene Dioxane :.7 X 106 fP /ABS/SST; TO = 0.1 ms; 65AOOI 0 

OT; same kq from same lab ." 
." 

in 67A003 3: 
l> 

11.7. Mg[ tetrakis( t- tert-b utyl)phthaloeyanine] Z 
Organic Quencher; n, 

11.7.1. 1,4-N aphthoquinone Toluene 6 X 106 (calc) FP/ABS/SST; TO = 0.56 82E636 
""f 
l=a. 

ms; EX; biexponential r--
decay, see Mech. [2] 

11.7.2. OrgQue13 Toluene 3.4 x 106 FP/ABS/SST; TO = 0.38 84E308 
ms; OT; [Q] = 0.002-0.02 
mol/L 

11.7.3. OrgQue14 Toluene 1.3 X 106 FP/ABS/SST; TO = 0.38 84E308 
ms; OT; [Q] = 0.002-0.02 
mol/L; nonlinear S-Y plot, 
see Mech. [1] 

11.8. Mg[tetrakis(N-methylaKa)phthaloeyanine]4+ [singletJ 
Organic Quenchers 

11.8.1. MY:!+ H::)O 1-1. = 0 (extrap'd, 4.5 X 107 SS/LUM; TO = 8.2 ns; OT; 81Al88 
NaCl) [Q] = 0.001-0.2 mol/L 

11.9. Mg{tetrakis(N-methylaza)phthaloeyanine]4+ [triplet] 
Organic Quenchers 

11.9.1. MY:!+ H::)O <2 X 103 FP! ABS /SST; TO = 0.28 81Al88 
ms; [Q] = 0.001-0.2 mol/L 
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TABLE :1. Quenching of excited magnesium complexes-Continued 

No. Quencher 

11.10. Mg( tetramethoxyphthaloeyanlne) 
Organi~ Quenchers 

11.1~.1. MV2 + 

11.11. Mg(5,10,15,20-tetraphenylporphyrin) 
Inorga'A-ic Quenchers 

11.11.1. Eu3+ 

Organi~ Quenchers 
11.11.2. 1,4-Benzoquinone 

1J4-Benzoquinone 

Solvent 

DMF/HzO 
(9/1) 

AN 

EtOH 

Toluene 

11.12. Mg(5,10,15,20-tetraphenylporphyrin)(pyridine) 
Organiz Quenchers 

11.12.1. 1-Bromo-2-nitrobenzene Toluene 

11.12.2. 1-Chloro-2-nitrobenzene Toluene 

11.12.3. 1 ,2-Dinitro benzene Toluene 

11.12.4. 1,4-Dinitrobenzene Toluene 

11.12.5. 2-Nitroaniline Toluene 

11.12.6. 3-Nitroaniline Toluene 

Solution Medium r;oc kq 
/L mol- 1 s-l 

-7 X 107 

2.1 X 106 

3.1 x 109 

2 X 108 (calc) 

2 X 106 (calc) 

3 x 107 (calc) 

<1 x 108 (calc) 

9 x 107 (calc) 

8 X 106 (calc) 

6 x 106 (calc) 

Comments Ref. 

LP/ABS/AVE; To
und = 86S089 

-0.24 ms; OT; S possibly- a 0 
mixture of isomers C 

rn 
Z 
0 
:::I: 

FP/ABS/SST; OT; [Q] ::; 79A220 Z 
0.0018 mol/L; some Eu2t C) 

present 0 
." 
rn 

LP / ABS/SST; OT; f = 83F182 >< 
0.28; ~ = 0.85 (82E428) 0 

=i 
FP/ABS/SST; TO = 0.30 82E636 ITt 
ms; EX; satne kq from same C 

lab in 8IE718; 3: 
ITt 

biexponential decay, see -I 
Mech. [2] » 

r-
0 
0 
3: 

FP / ABS/SST; TO = 0.5 ns; 83EIOI " EX; biexponential decay: r 
I'T1 

see Mech. [2] >< m 
FP / ABS /SST; TO = 0.5 ns; 83E101 (J) 

EX; biexponential decay Z 
see Mech. [2] ." 

FP / ABS/SST; 'To = 0.5 ns; 83E101 
r 
C 

EX; biexponential decay, 5 
see Mech. [2J (J) 

FP / ABS/SST; 'To = 0.5 ns; 83E101 0 
r 

EX; biexponeatial decay C 
see Mech. [2J -I 

0 
FP / ABS /SST; TO = 0.5 !DS; 83E101 Z 
EX; biexpone:ltial decay 
see Mech. [2]; see also 
85A155 

FP / ABS/SST; TO = 0.5 inS; 83E101 
EX; biexponeJ.tial decay. 
see Mech. [2] 

N ..... 
U1 
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TABLE 11. Quenchirrg of excited magnesium complexes-Coniinued 

No. Quencher Solvent Solution Medium 

11.12. Mg(5 ,lO,15,20-tetraphenylporphyrin )(pyridine )-Contin ued 
11.12.7. 1-Nikonaphthalene Toluene 

11.12.8. 1,3,5-Trimethyl-2,4,6-
triniko benzene 

Toluene 

T/OC kq 
/L mol- 1 ,-I 

< 5 X 108 (calc) 

<5 X 108 (calc) 

TABLE 12. Quenching of excited molybdenum complexes 

TrC No. Quencher Solvent Solution Medium kq 
;L mol- 1 5- 1 

12.1. MooCl u 
2-

Inorganic Quenchfrs 
12.1.1. PW 12040 

:3- H2O 2 mol/L HCI 27 ~7 X 108 

12.1.2. SiW 12D40 
4- H2O 2 mol/L HCI 27 ~2 X 108 

Organic Quenchen 
12.1.3. N, N' -Eis( 2-5 ulfonatoethyl)-( vio 2 +) H2O 2 mol/L HCI 27 3.8 X 106 

zwitterion 

12.1.4. N,N' -Eis(3-sulfonato-1-propyl)-
(vio2+; zwitterion 

H2O 2 mol/L HCI 27 -3 X 106 

12.1.5. Tetracyanoethene AN 27 2.5 X 109 

Comments Ref. 

FP / ABS/SST; TO = 0.5 ms; 83E101 
EX; biexponential decay, 
see Mech. [21 

FP/ABS/SST; TO = 0.5 ms; 83E101 
EX; biexponential decay, 
see Mech. [21 

Comments Ref. 

SS/LUM; TO = 20 J.l.s 83F069 
(81E076); OT; TO in 6 
mol/L HCI and 6 mol/L 
LiCI 

SS/LUM; TO = 20 J.l.S 83F069 
(81E076); OT; TO in 6 
mol/L HCI and 6 mol/L 
LiCI 

SS/LUM; TO = 20 J.l.S 83F069 
(81E076); OT; TO in 6 
mol/L HCI and 6 mol/L 
LiCI 

S3/LUM; TO = 20 J.l.S 83F069 
(81E076); OT; TO in 6 
rr.ol/L HCI and 6 mol/L 
LiCI 

SS/LUM; TO = 0.18 ms 83F069 
(LP/LUM/SST); OT 

t\) 
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No. Quencher 

13.1. Nd 3 + 
Ino7ganic Quen~hers 

13.1.1. H2 0 

H20 

H2 0 

TABLE 13. Quenching of excited neodyrniun:: complexes 

Solvent Solution Medium Tloe kq 
/L mol- 1 8- 1 

CC1 4/dTBP 20 7.4 X 106 

(4/1) 

CCl 4/TBP 20 7.4 x 106 

(4/1) 

TBP 20 }.9 X 106 

Comments Ref. 

LP /LUM/SST; "0 = 12 fLs; 75E542 
ETj [Q] $ 0.02 mol/L; S 
forms 1:3 complex with 
dTBP 

LP /LUM/SST; "0 = 3 fLSj 75E542 
ET; [Ql $ 0.05 mol/L; S 
forms 1:3 complex with 
TBP 

LP /LUM/SSTj TO = 3 fLs; 75E542 
ET; [Q] $ 0.13 mol/L; S 
forms 1;3 complex with 
TBP 
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r- TABLE 14. Quenching of excited osmium complexes t\) 

"'C "" =r CO 
'< No. Quencher Solvent Soluiion Medium T;oC kq Comments Ref. !II 
(") /L mol- 1 S-l 
=r 
(D 

3 
:D 14.1. Os(5-Clphen)a z+ 
~ Inorganic Qutnchers 
C 14.1.1. Co(bpyh".2+ H2O 0.16 mol/L 25 5.5 X 108 SS/LUM; "0 = 78 ns 85S022 
nI 
j» Na2S04' Pbuf; pH (78E887); OT, ET 

< 7.8; 1.1. ::;: 0.5; 
~ [Co'V[L) = 0.2 
..... 

Eu2 + 7.9 X 106 LP /LUM/SST; TO = 78 ns; ~CtJ 14.1.2. H~,P pH 1.3; J.l. ::;: 0.5 25 80E040 
z (NaCI) fQJ !S 0.005 mol/L 
? 
~ ..... 14.1.3. Fe 3+ H2O 0.5 rnol/L H2 SO 4 3.2 ;< 109 FP /PCM/SST; TO = 78 ns 80E224 

<0 (78E887); OT, ET?; [Q] :S 
CtJ 0.01 mol/L; same kq from <D 

same lab in 78A186; [Fe2 +J 
= IFe3+J; see Mech. 18] 

14.1.4. Fe(bpy)/+ H2O J.l. ::;: 0.5 (NaCl) 25 2.3 x 10\) LP /LUM/SST; "0 = 78 ns; 80E040 
ET; [Q] :5 0.005 mol/L 

14.1.5. Fe(CN)(\4- H2O f..I. = 0.001 (NaCI) 25 1.7 x 10 10 SS/LUM; TO ::;: 66 ns 81A250 ::z:: 
0 

(LP/LUM/AVE); R'I; [Q] :5 '"T'1 
0.005 mol/L; some SQ, see '"T'1 

s: Mech. Ill] l> 
Fe(CN)u'l - H2O f..I. = 0.1 (NaCI) 25 3.2 X 10° SS/LUM; TO ::;: 66 ns 81A250 :z 

(LP /LUM/ AVE); R'I; [Q] :5 rr, 
'i 

0.006 mol/L; some SQ, see :t:. 
Mech. 111] r--

Fe(CN)(!'I- H2O f..I. = 1.0 (NaCI) 25 2.8 x 108 LP /LUM/SST; TO = 78 ns; 80E040 
[Q] !S 0.005 mol/L 

14.1.6. Fe(phenb~+ H2O f..I. = 0.5 (NaCI) 25 1.4 x 109 LP /LUM/SST; TO = 78 ns; 80E040 
ET, OT?; [Q] :S 0.O()5 
mol/L 

14.1.7. Eu(NH;J(l~+ H2 O f..I. = 0.5 (NaCl) 25 '1.1 x 109 LP /LUM/SST; TO = 78 ns; 80E040 
[Q] !S 0.005 mol/L; same kq 
from same lab in 78E887 

14.1.8. Eu(terpy)./+ H2 O f..I. = 1.0 (NaZSO'l) 25 :51 X 108 LP /LUM/SST; TO ::;: 78 ns; 80E040 
[Q] !S 0.005 mol/L; same kq 
from same lab in 78E887 

14.1.9. Ru(TPTZ)22+ H2O f..I. = 0.5 (NaCl) 25 2.6 x 109 LP /LUM/SST; '1'0 = 78 ns; BOE040 

OT; [Q] :5 0.005 mol/L 

14.2. Os(5,6-Mezphen)a 2+ 
Tr.organic Quwchers 

14.2.l. Co(bpy);/+ H2 O 0.16 mol/L 25 1.5 x 10° SS/LUM; TO ::;: 63 ns 85S022 
NazSO." Pbuf; pH (78E887); OT, ET 
7.8; !.l ::;: 0.5; 
[Co"]/[L] '= 0.2 



TABLE 14. Quenching of excited osmillm complexes-Contin'Ied 

No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
/L mol- 1 s-l 

14.2. Os(5,6-Me2phen)a 2+ -Continued 
14.2.2. Cu,l+ H!:!O 0.5 mol/L H2 SO ,1 25 2.1 X 108 SS/LUM; 'To = 63 ns (C. 78A090 

Creutz, unpub. obs.); OT 

14.3. Os(3,4,7,8-Me",phen)a[ci ... l,2-bls(dlphenylphosphlno)ethene]2-:" 
0 
c: 

Organ,ic Quenchtrs m 
14.3.1. N-Benzyl-3-carbamyl-py+ AN 0.1 mol/L LiCIO'l -23 1.9 X 107 SS/LUM; 'To = 3.5 fLs 85E347 Z 

0 
(LP/LUM/AVE); OT; Q ::I: 
designated as "carbamido" Z 
compound C) 

14.3.2. N,N -Di benzyl-vio2 + AN 0.1 mol/L LiCI0-t -23 1.9 X 109 SS/LUM; 'To = 3.5 fLs 85E347 0 
." 

(LP/LUM/AVE); OT m 
14.3.3. N-Ethyl-3-carbamyl-py+ AN 0.1 mol/L LiCIO,1 -23 2.9 X 106 SS/LUM; TO = 3.5 fLS 85E347 >< 

0 
(LP /LUM/ AVE); OT; Q =t 
designated as "carbamido" m 
compound C 

3: 
14.3.4. N-Ethyl-4-carbomethoxy-py+ AN 0.1 mol/L LiCI0-t -23 8.6 x 108 SS/LUMj 'To = 3.5 fLS 85E347 m 

(LP /LUM/ AVE); OT -I » 
14.3.5. N-Methyl-3-carbamyl-py+ AN 0.1 mol/L LiCI0 4 -23 3.2 x 106 SS/LUMj 'To = 3.5 fLS 85E347 r 

(LP /LUM/ AVE); OT; Q 0 
0 

designated as "carbamido" 3: 
compound ." 

r 
14.3.6. N-Methyl-4-carbamyl-py+ AN 0.1 mol/L LiCI0-t -23 3.1 X 108 SS/LUM; TO = 3.5 fLS 85E347 m 

(LP /LUM/ AVE); OT; Q >< m 
designated as "carbamido" en 
compound Z 

14.3.7. N-Methyl-4-cyano-py+ AN 0.1 mol/L LiCI04 -23 2.2 X 109 SS/LUMj 'To = 3.5 fLS 85E347 ." 
r 

~ (LP /LUM/ AVE); OT c: 
" 6 ::T 

Os(bpy)a2+ '< 14.4. en !" 
0 Inor~anic Quenchers 0 
::T 14.4.1. Co(CN)o:l- H:!O 0.5 mol/L NaC} -20 1.3 X 108 SS/LUMj 'Toa.ir = 21 ns 78F263 r 
(1) c: 
? (SL/LUM/SPC); OT -I 
::tJ 

Co(NH:I):,Br:!+ H:!O 0.166 mol/L 9 X 108 SSjQYP, SS/LUMj 'To = 19 78A058 0 
~ 14.4.2. 23-24 Z 
c NaZS04; 0.013 ns (766014); OT; [QJ s 
2t mol/L NaHS0-t; fL 0.008 mol/L; see Mech. [7J 
J» :::: 0.5 
< 
~ 14.4.3 . Co(NH:I):,( CO 3) + H:!O 0.166 moljL 23-24 -1 X 108 SS/QYP; 'To = 19 ns 78A058 .... Na2S0~i 0.013 (766014); OT; f = -1; see !TJ 
Z mol/L NaHSO,,; fL Mech. [7] 
~ :::: 0.5 
~ 

co I\) 

" co CD 
CD 



~ TABLE 14. Quenching of excited osmium complexes-Contlnued I\) 

"tI 00 
::J" 0 
'< 

C/I 
Qu~ncher TrC Ref. (") No. Solvent Soluti:m Medium kq Comments 

::J" /L mol- 1 S-1 
Ct) 

~ 
JJ 

OS(bpY)3 2+ -Continued ~ 14.4. 
0 1~.4.4. Co(NH3 hCIZ+ H2O 0.166 mol/L 23-24 6 X 108 SS/QYP, SS/LUM; TO = 19 78A058 
~ Na2S04; 0.013 ns (766014); OT; [Q] :S III 
~ 

moI/L NaHS0 4 ; :.l. 0.008 mol/L; see Mech. [7] < 
~ = 0.5 
.... 
~oo 14.4.5. Co(NH 3)..;(H 20 )3+ H2O 0.166 moI/L 23-24 -2 X 108 SS/QYP; 70 = 19 ns 78A058 
Z NaZS04; 0.013 (766014); OT; f == -1; [Q] 
~ moI/L NaHS0 1 ; ). :S 0.02 mol/L; see Mech. [7] 
~ ..... 
.... = 0.5 
CD 

Co(NH3)s(Na)2+ 0.166 rnol/L 4 X 108 00 14.4.6. H2O 23-24 SS/QYP; TO = 19 ns 78A058 
CD 

Na2S0,,; 0.013 (766014); OT; /== -1; [Q] 
mol/L NaHSO,,; jl. :S 0.008 mol/L; See Mech. 
= 0.5 [7J 

14.4.7. Co(NH a)r,(S04)+ H2 O 0.166 rnol/L 23-24 -2 X 10~ SS/QYP; TO = 19 ns 78A058 
NazSO.,; 0.013 (766014); OT; /== -1; see :I: 
moI/L NaHS0 4 ; fL Mech. [7] 0 
= 0.5 ." 

." 

14.4.8. Co(phen);/l+ H2O 0.5 md/L NaCl 25 5.7 X 10~ SS/LUM; TO = 19 ns 766014 3: » (SL/LUM/SPC); OT; [Q] :S Z 
0.004 mol/L ", 

14.4.9. Cr(CN)f~:I- H2O 0.5 mcl/L NaCl -20 2.5 X lOt SS/LUM; To
air = 21 ns 78F263 "-t 

:b. 
(SL/LUM/SPC); ET r--

14.4.10. Cu~+ H2O 0.5 mcl/L H2 SO 4 25 2 X 108 SS/LUM; TO = 19 ns nAOgO 

(766014); OT 

14.4.11. Fe:l+ H2O 0.5 moljL H2SO 4 5.5 X 109 FP /PCM/SST; TO = 19 ns 
(766014); OT, ET?; [Fe2+] 
= [Fe3+]; see Mech. [8] 

8()E224 

14.4.12. Fe(CN)f~:I- H2 O 0.5 mol/L NaCl -20 9.4 X 109 SL/LUM/SPC; To
air = 21 7~F263 

ns; OT 

Fe{CN)/i:I- H2O 0.5 mol/L NaCl 25 1.3 X 1010 SS/LUM; "0 = 19 ns 766014 
(SL/LUM/SPC); OT; [Q] :S 

0.01 mol/L 

14.4.13. Fe(CN)(\ 1- H2O 0.5 mol/L NaCl '-20 3.8 X 10~ SS/LUM; Tonir = 21 ns 78F263 
(SL/LUM/SPC); RT 

14.4.14. Felll(cytochrome c) H2O Pbuf; pH 7 >5 x 10~ LP/ABS/AVE; TO = 19 ns 84A306 
(80E040); OT; [Qj = (1-10) 
X 10-5 mol/L; 10.6% of Q 
as Fell 

14.4.15. Mo(CN)Il'- H2O 0.5 mol/L NaCI -20 2.8 x 108 SS/LUM; Tonir = 21 ns 78F263 
(SL/LUM/SPC); RT 



TABLE 14. Quenching of e:xcited osmium complexes-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- l s-l 

14.4. Os{bPY}a 2+ -Cantin ued 
9 A 107 SS!LUM; 'To"ir = 21 ns l4.4.1t>. Ni(CN)/- H2 O 0.5 molJL NaC} ~20 78F263 

(SL/LUM/SPC); OT 

L4:.4.17. O 2 H2O 25 5.2 x 109 SS!LUM; 70 = 19 ns 766014 " (SL/LUM/SPC); [Q] $; 
c: 
m 

0.0015 mol/L Z 

°2 MeOH 4.5 X 109 SS!LUM; 70 = 49 ns 777221 
(") 
:t 

(75F657); ET Z 
L4.4.18. PtBr/- H2O f.L ::= 2 (£ICIO,.) 3.0 x 109 LP ILUM/SST, SS/LUMj 83E719 

C) 

0 'To,m = 20 ns; ET -n 
L4.4.19. PtBr6

2 - H2O f.L::= 2 (£ICIO.l ) 2.5 x 10 10 SS/LUM; 'To
a1r = 21 ns 83A403 m 

>< (LP ILUM/SST); OT (") 

L4.4.20. Pt(Cz0 4h 2
- H2O f.L ::= 2 (£ICIO,.) <3 x 108 LP(LUM/SST, SS/LUM; 83E719 ::; 

m 
'To3lr :: 20 ns 0 

L4.4.21. PtCl/- H2O f.L ::= 2 (£ICIO 4) 5.0 x 108 LP(LUM/SST, SS/LUM; 83E719 5: 
'T0

31r = 20 ns; ET m 

L4.4.22. PtClij 2- H2O f.L ::= 2 (£ICIO,.) 1.4 x 1010 SS!LUM; 'To
air = 21 ns 83A403 i! .... 

(LP JLUM/SST); OT (") 

L4.4.23. PtF
11
:!- H2 O f.L ::= 2 (£ICIO.l ) 2.3 x 101) SS/LUM; 70"ir = 21 ns 83A403 0 

3: 
(LP /LUM/SST); OT "0 

l4.4.24. Pt(NH.1) ,Br:)·.l+ H2O f.L ::= 0.02 (HCIO,,- 3 X 109 EMI; OT 85A469 
.... 
m 

or H2SO 4 ) )( 
m 

l4.4.25. Pt(NH;I)..;Br:; of H~O f.L = 0.1 (HCIO.t or 4 X 109 EM!; OT 85A469 t.n 

HzSO,d Z 
L·l.4.26. Pt(NHa) ICI/t- H,20 f.L = 0.02 (HCIO .. 2 X 109 EM!; OT 85A469 ." 

c:.. .... 
"0 or H2SO,\) c: 
::r 

Pt{NH;dr,ClH f.L = 0.1 (HeIO'l Or 3 X 101) EM!; OT 85A469 E '< l4.4.27. H2O 
'" (J) 
(, HzSO,\) 0 
::r 

Pt(SCN).,:!- H~O f.L = 4 (£ICI0 4 ) <3 X 108 LP (LUM/SST, SS/LUM; 83E719 r-eD l4.4.28. c: ;3 70 ... lr = 20 ns -t 
:JJ (5 eD l4.4.29. Pt(SCN)II:!- H2 O f.I. == 2 (£ICI0 4) 1.0 x 1010 SS/LUM; To"ir == 21 ns 83A403 ;-to Z 
0 (LP jLUMjSS1); OT 
II) 

P L4.4.30. Ru(CNLI'- HzO 0.5 mol!L NaCl -20 1.3 x 108 SS/LUM; 'To"ir == 21 ns 78F263 
< (SL/LUM/SPC); RT 
~ .... l4.4.31. Ru(NH;I)tl:~-l- H',!O 0.5 mol/L NaCl 25 4.8 x 109 SSjLUM, SLjLUM/SPC; oro 166014 
.!X' == 19 ns (SL/LUMjSPC); z 
9 OT; [QJ !S 0.02 mol/L 
~ ..... 
.... I\) 
(0 0) Q) .... (0 



~ TABLE 14. Quenching of excited osmium complexes-Conti:J.ued r\) 
." 0) 
::T r\) 
'< 
!" 

No. Quencher Solvent Solution Medium T;oC kq Comments Ref. (") 
::T /L mol- 1 S-1 (1) 

~ 
JJ 

~ 14.5. cih'-Os(bpyh(CH 3 CN)22+ 
c Inorganic Quenci/,ers 
Dl 

14.5.1. HgCl 2 H2 O 0.01 mol/L HN0 3 ; 9 x 107 LP /LUM/SST; "0 = 0.55 84N050 .Pi' 25 

< 0.1 mol/L NaN0 3 J-Ls; OT 
0 

2.7 x 10~ :- HgCl2 H2O 0.01 mol/L HN0 3 ; 25 LP /LUM/SST; "0 = 0.64 84N050 .... 
5" 0.1 mol/L NaN0 3 ; J-Ls; OT 
Z 0.01 mol/L SLS 
!:> 
~ .... 
..... 14.6 • Os(bpy) [l,20bis( dimethylarsinolbenzenej2 2+ 
(0 Inorganic Quencn,ers Q) 
(0 14.6.1. °2 AN 1.2 X lOt LP /LUM/SST; "0 = 1.6 fLS; 868121 

ET; PQ = 2 X 10" Pa 

Organic Quenchers 
14.6.2. 4,4'-Bis(N,N- AN 0.1 mol/L LiClO-t -23 9.3 x 1O~ 8S/LUM; "0 = 1.6 J-LS 85E347 

dimethylamino)biphenyl (LP /LUM/ AYE); RT 

14.6.3. 4-Bromo- N, N-dimethy laniline AN 0.1 mol/L LiCIO" -23 1.6 X 10~ SS /LUM; "0 = 1.6 J-LS 85E347 :J: 
0 

(LP/LUM/AYE); RT ." 
." 

14.6.4. N,N-Dibenzyl-vio 2 + AN 0.1 mol/L LiClO-t -23 1.2 X lOr: SS/LUM; "0 = 1.6 J-LS 85E347 3: 
(LP/LUM/AYE); OT l> 

Z 
14.6.5. N-E~hyl-4-carb:)methoxy-py+ AN 0.1 mol/L LiCIO'1 "-23 1.4 x 10~ 8S/LUM; "0 = 1.6 J-LS 85E347 r" 

(LP/LUM/AYE); OT ""i 
:b. 

14.6.6. N-Methyl-4-carbomethoxy-py+ AN 0.1 mol/L LiClO,1 -23 1.3 X lOE SS/LUM; "0 = 1.6 J-Ls 85E347 r-
(LP/LUM/AYE); OT 

14.6.7. N-Methyl-4-cy<.no-py+ AN 0.1 mol/L LiCIO<\ -23 5.4 X 10E SS/LUM; "0 = 1.6 J-LS 85E347 
(LP /LUM/ AYE); OT 

14.6.8. MY:+ AN 0.1 mol/L LiClO" -23 1.1 X 10\; SS/LUM; "0 = 1.6 J-Ls 85E347 
(LPjLUM/AYE); OT 

14.6.9. Phenothiazine AN 0.1 mol/L LiClO" ~-23 9.4 X lOr, SS jLUM; "0 = 1.6 J-LS 85E347 
(LP/LUM/AYE); RT 

14.6.10. Phenoxathiin AN 0.1 mol/L LiCIO" -23 5.9 X lOe SSjLUM; 70 = 1.6 J-LS 85E347 
(LP/LUM/AYE); RT 

14.6.11. Triphenylamine AN 0.1 mol/L LiClO'l -23 9.8 X 10E SS/LUM; "0 = 1.6 J-LS 85E347 
(LP/LUMjAYE); RT 

14.6.12. Tris( 4-bromophenyl)amine AN 23 1.0 x 10E SS/LUM; "0 = 1.6 J-LS; RT 828130 

Tris( 4-bromophenyl)amine AN 0.1 mol/L LiClO.1 -23 2.0 X 10~ SS/LUM; 70 = 1.6 fLS 85E347 
(LP/LUM/AYE); RT 

14.7. Os(bpy)[cis--1,2-bis(diphenylphosphino)etheneb2+ 
Organic Quenchers 

14.7.1. N,N'-Dibenzyl-v-io2+ AN 0.1 mol/L LiCIO.! -23 3.0 X 10E SS/LUM; "0 = 1.7 J-LS 85E347 
(LP/LUM/AVE); OT 



T j\8LE 14 . Quenching of =x::it €c C'~!TI.i'.ll::::: ccmp}~x;e;s-C :~ t. ": -:~::. 

No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
/L mol- l s-1 

14.1. Os(bpy)[ cil-l,2-bis( diphenylphosphino )etheneJ z z+ -Continued 
14.7 .2. N-Ethyl-4-carbomethoxy-py+ AN 0.1 mol/L LiCIO'l -23 1.4 X 106 SS/LUM; 'To = 1.7 fLs 85E347 

(LP/LUM/AVE); OT 

14.7.3. N-Met hy 1-4-car bomethoxy- py + AN 0.1 mol/L LiCI0 4 -23 1.5 X 106 SS/LUM; 'To = 1.7 fLS 85E347 " c: 
(LP/LUM/AVE); OT m 

14.7.4. N-Methy 1-4-cyano-py + AN 0.1 mol/L LiCIO'l -23 1.7 X 107 SS/LUM; 'To = 1.7 fLS 85E347 Z 
(") 

(LP/LUM/AVE); OT :::J: 

14.7.5. MV2 + AN 0.1 mol/L LiCI0 0l --23 1.7 X 108 SS/LUM; 'To = 1.7 fLs 85E347 Z 
C) 

(LP /LUM/ AVE); OT 0 
14.8. Os(bpy) z[bis( dip henylphosphlno )methaneJ 2+ 

." 
m 

Organic Quenchers >< 
14.8.1. 1,4.Bis(N,N- AN 0.1 mol/L LiCI0 4 -23 9.5 X 10° SS/LUM; 'To = 0.30 fAs 85E347 (") 

dirnethylamino) benzene (LP /LUM/ AVE); RT =i 
m 

14.8 .2. 4,4' -Bis( N,N- AN 0.1 mol/L LiC10 4 -23 5.3 X 10° SS/LUM; 'To = 0.30 iJs 85E347 C 

dirnethylamino) biphenyl (LP/LUM/AVE); RT 3: 
m 

14.8.3. 4-Eromo-N,N-dimethylaniline AN 0.1 mol/L LiCI0 4 -23 6.3 X 107 SS/LUM; 'To = 0.30 fAs 85E347 -I 
l> 

(LP/LUM/AVE); RT r 
14.8.4 . 2- C bloro p henotbiazine AN 0.1 mol/L LiCIO 4 -23 1.5 X 10° SS/LUM; 'To = 0.30 fAs 85E347 (") 

0 
(LP/LUM/AVE); RT 3: 

14.8.5. N,N' -Dibenzyl-vio2 + AN 0.1 mol/L LiCIO ,1 -23 1.4 X 10\) SS/LUM; 'To = 0.30 iJs 85E347 "0 
r 

(LP /LUM/ AVE); OT m 
>< 

14.8 .6 . N-Ethyl-3-carbamyl-py+ AN 0.1 mol/L LiCI0 4 -23 1.5 X 106 SS/LUM; 'To = 0.30 iJs 85E347 m 
(LP/LUM/AVE); OT; Q 

CJ) 

designated as "carbamido" Z 
compound -n 

c... r 
14.8.7. N-Ethyl-4-carbamyl-py+ AN 0.1 mol/L LiCIOo\ -23 7.4 x 106 SS /LUM; 'To = 0.30 fls 85E347 c: 

'lJ 
J (LP/LUM/AVE); OT; Q C 
'< CJ) !II designated as "carbamido" 
0 compound 

0 
J r 
CD 

N- Methy 1-4-car bomethoxy-py + 1.4 x 108 c: 
? 14.8.8. AN 0.1 mol/L LiCI0 4 -23 SS/LUM; 'To = 0.30 fls 85E347 -I 
::D (LP/LUM/AVE); OT (5 
~ 14.8.9 . N-Methyl-4-cyano-py + AN 0.1 moI/L LiCI0 4 -23 2.4 X 108 SS/LUM; 'To = 0.30 J.lS 85E347 Z 
0 
~ (LP /LUM/ AVE); OT 
,PI 

14.8.10. MV~+ AN 0.1 mol/L LiCIO" -23 1.1 x 101) SS/LUM; 'To = 0.30 fls 85E347 < 
~ (LP /LUM/ AVE); OT 
.... 

14.8.11. Phenothiazine AN 0.1 mol/L LiCIO .. -23 3.4 x 10° SS/LUM; 'To = 0.30 fls 85E347 ~CD 

Z (LP /LUM/ AVE); RT 
P 
~ .... 14.8.12. 2-(Trifl uoromethyl)phenothi azine AN 0.1 mol/L LiCIO" -23 4.7 X 108 SS /LUM; 'To = 0.30 fls 85E347 

cD (LP/LUM/AVE); RT I\,) 
(X) 

CD ~ 
CD 



f- TABLE 14. Quenching of excited osmium conplexes-Ccntinued PI.) 
00 'lJ ~ :r 

'< 
(J) 

No. Quencher Solvent Solution Medium T;oC kc Comments Ref. 
(") 
:r /L moI- 1 S-I 
/I) 

? 
:c 

cis-Os(bpy) 2( dimethylsulfoxide)z 2+ ~ 14.9. 

C Organic Quenchers 
III 14.9.1. 4·Bromo-N,N-dimethyla.niline AN 0.1 mol/L LiCIO'l ~23 6.7 X lOP SS/LUM; '0 = 1.5 fLs 85E347 ji 
< (LP/LUM/AVE); RT 

~ 14.9.2. N,N'-Dibenzyl-vio 2 + AN 0.1 moI/L LiCIO <I ~23 5.5 X 108 SS/LUM; '0 = 1.5 fLs 85E347 

5t' (LP/LUM/AVE); OT 
z 14.9.3. J\.Ethyl-4-carbomethoxy-py+ AN 0.1 mol/L LiCI0-t ~23 3.8 X 106 SS/LUM; '0 = 1.5 fLs 85E347 ? 
;-'> (LP/LUM/AVE); OT 
..... 

14.9.4. N.Methyl-4-carbomethoxy-py+ AN 0.1 mol/L LiCIO" ~23 4.6 X 106 SS/LUM; "0 = 1.5 fLs 85E347 <0 
00 
to (LP/LUM/AVE); OT 

14.9.5. NMethyl-4-cyano-py+ AN 0.1 mol/L LiCIO <I ~23 7.9 X 107 SS/LUM; TO = 1.5 fLs 85E347 
(LP/LUM/AVE)i OT 

14.9.6. NMethylphenothiazine AN 0.1 mol/L LiCIO., ~23 6.6 X 101) SS/LUM;70 == 1.5 fLs 85E347 
(LP/LUM/AVE); RT ::I: 

14.9.7. MV:!+ AN 0.1 mol/L LiCIO" ~23 5.4 X lOB SS/LUM; TO = 1.5 fLs 85E347 0 
(LP /LUM/ AVE); OT 

'TI 
'TI 

14.9.8. Phenothiazim AN 0.1 mol/L LiCI0 4 ~23 9.2 X 101} SS/LUM; TO = 1.5 fLS 85E347 s: 
l> 

(LP/LUM/AVE); RT Z 

H.9.9. Phenoxathiin AN 0.1 mol/L LiCI0-t ~23 6.2 X DB SS/LUM; "0 = 1.5 fLS 85E347 rr, 
""i 

(LP/LUM/AVE); RT :b. 
14.9.10. Triphenylamine AN 0.1 mol/L LiCI0<l ~23 5.4 X 10\) SS/LUM; "0 == 1.5 fLS 85E347 !' 

(LP/LUM/AVE); RT 

14.10. Os(phen)a 2+ 
Inorganic Quenchers 

14.10.1. Co(bpy)./ ..... H:!O 0.16 moI/L 25 7.4 I( 108 SS/LUM; "0 == 84 ns 85S022 
Na:!SO.p Pbuf; pH (78E887); OT, ET 
7.8; fL == 0.5; 
[Co11l/[L] = 0.2 

1-1.10.2. Co:en)/' H~O 0.1 mol/L H:!SO., ~22 1.0 X 1(8 SS/LUM; ,.oair = 75 ns 84A255 
(LP/LUM/AVE); OT 

14.10.3. cis-Co( en)~CI:! + H:!O 0.1 moI/L H:!SO., ~22 2.3 X 10° SS/LUM; 'oair = 75 ns 84A255 
(LP /LUM/ AVE); OT 

14.10.4. tralts-Co(enbCI:! + H:!O 0.1 mol/L H::SO., ~22 2.7 I( 101) SS/LUM; ,.oair = 75 ns 84A255 
(LP/LUM/AVE); OT 

14.10.5. cis-Cot en U r·L.p )CI2+ H:!O 0.1 moI/L H:!SO., ~22 9.6 X 10~ SS/LUM; To
air = 75 ns 84A255 

(LP/LUM/AVE)i OT 

14.10.6. cis-Co(en):!(NCS)z + H:!O 0.1 mol/L H:!SO., ~22 1.9 X 10J SS/LUM; To
air = 75 ns 84A255 

(LP/LUM/AVE); OT 



TABl.. E 14 . Quenching of €Xcited osm:l.lm complexe;;-Cont.lf. ,~'!!::: 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- 1 s-1 

14.10. Os(phen)a2 + -Continued 
14.10.7. tra7ls-Co(en)Z(NCS)2 + H2O 0.1 mol/L H ZSO '1 ~22 1.7 x lOll SS/LUM; "io

air = 75 ns 84A255 
(LP /LUM/ AVE); OT 

14.10.8. cis-Co( enh(NCS)Cl + H2O 0.1 mcl/L H2SO 4 ~22 2.1 x 10~ SS/LUM; 'To1!.ir = 75 ns 84A255 " (LP/LUM/AVE); OT C 
m 

14.10.9. trar.s-Co{ en)z(NCS)Cl + H2O 0.1 md/L HzS0 4 -22 1.6 x lOr! SS/LUM; 'To1!.ir = 75 ns 84A255 Z 
0 

(LP/LUM/AVE); OT ::I: 

14.10.10. cis-::;o(en)ANH3)Cl2+ H2O 0.1 m(ll/L HZSO .1 -22 9.3 x 108 SS/LUM; "io1!.ir = 75 ns 84A255 Z 
(LP /LUM/SST); OT 

C) 

0 
14.10.11. Co(NH3)!lH H2O 0.1 m(ll/L H2SO 4 -22 1.0 x lOa SS/LUM; 'To1!.ir = 75 ns 84A255 ~ 

(LP/LUM/AVE); OT m 
>< 

14.10.12. Co(NH:~hCI 2+ H2O 0.1 mol/L HzSO<j -22 9.3 x 103 SS/LUM; 'To,,;r = 75 ns 84A255 0 
(LP /LUM/ AVE); OT =i 

m 
14.10.13. Co(NH:J,;F2+ H2O 0.1 mol/L H2 SO '1 -22 2.9 x 103 SS/LUM; "io1!.ir = 75 ns 84A255 0 

(LP/LUM/AVE); OT 3: 
14:10.14. COINHah(H:P)H 3.7 X 103 SS /LUM; 'To 1!.;r = 75 ns 

m 
H2O 0.1 mol/L H2SO 4 -22 84A255 -4 

(LP /LUM/ AVE); OT l> 
r-

H.lO.1S . CoiNH;j)r,(NCS)2+ H2O 0.1 mol/L HzSO ,. -22 6.8 x 10~ SS/LUM; 'To"i. = 75 ns 8.tA255 0 
(LP/LUM/AVE); OT 0 

3: 
H .10.16. Co~ NH:lh[OC(b)H]2+ H2O 0.1 m~l/L H2SO 4 ~22 4.1 x 108 SS/LUM; 'Toa.i. = 75 ns 84,A255 ." 

r-
(LP /LUM! AVE); OT m 

H.10.17. Fe H H2O 0.5 m:>I/L HzSO 4 4.0 X 10° FP /PCM/SST; 'To = 84 ns 80E224 >< m 
(78Z170)j OT, ET?j [Q] :S CIJ 

0.027 mol/L; [FeH ] = Z 
[Fe3 +] , see Mech. [8] 'TI 

c... r-
." H.10.18. Fe il 1(cytochrome c) H2O Pbufj pH 7 >7 x 108 LP!ABS/AVE; 'To = 84 ns 84A306 C 
:r (80E040); OT; [Q] = (1-10) C '< 
!II X 10-5 mol/L; 10.6% of Q CIJ 
0 as Fell 0 :r 
(1) r-
~ 14.10.19. HgCI:.! H:P 0.01 nol/L HNGa; 25 <1.1 x 107 LP/LUM/SST, SS/LUM; 'To 84N050 c: 

-I 
l::J 0.1 mol/L NaNO:!j = 0.14 (Ls; OT (5 
~ 0.01 lIlol/L SLS Z 
C 
~ 14.10.20. 0:: MeOH 5.7 x 10° SS/LUM; 'To = 0.18 (LS 777221 
P (75F657); ET 
< 
~ Organic Quenc,iers .... 14.10.21. N-Benzyl-3-carbamyl-py+- AN 0.1 rr.ol/L LiCIO.1 -23 1.6 X 107 SS!LUM; "0 = 0.26 (Ls 85E347 !'l 
Z (LP /LUM! AVE); OT; Q 
~ designated as "carbamido" 
:A compound 
to N 
Oi) CD 
U) CJ'1 



~ TABLE 14. Quenching of excited osmium complexes-Continued N 

"'C co 
::T en 
'< 
~ No. Quencher Solvent Solution Medium T;oC kq Comments Re:. 
(') 
::T jL mol- 1 S-l 
(t) 

? 
:c 

Os(phen)~2+ -Continued ~ 14:.10. 

C 14.10.22. 1,4-Bis(N,N- AN 0.1 moljL LiC10 4 -23 2.1 x 109 SS/LUM; 'To = 0.26 f-ls 85E347 
Q) dirnethylamino) benzene (LPjLUM/AVE); RT p 
< 14.10.23. 4,4'-Bis(N,N- AN 0.1 mol/L LiClO.1 -23 1.1 x 109 SS!LUM; 'To ::: 0.26 f..I.s 85E347 
~ dirnethylamino)biphenyl (LPjLUMjAVE); RT ..... 
~ 14.10.24. N-Ethyl-3-carbamyl-py+ AN 0.1 mol/L LiCI0-t -23 2.4 X 106 SSjLUM; 'To ::: 0.26 f-ls 85E347 
Z (LP jLUM/ AVE); OT; Q !=I 
:" designated as "carbamido" 
..... compound co 
(X) 

14.10.25. N-Ethyl-4-carbamyl-py+ AN 0.1 moljL.LiC10 4 -23 9.4 x 108 SSjLUM; 'To ::: 0.26 f-ls 85E347 co 
(LP jLUMj AVE); OT; Q 
designated as "carbamido" 
compound 

14.10.26. N-Ethyl-4-carbomethoxy-py+ AN 0.1 mol/L LiClO-t -23 2.0 x 109 SS/LUM; TO ::: 0.26 f..I.5 85E347 
(LPjLUM/AVE); OT :r.: 

0 
14.10.27. 4-Methoxy-N,N-dimethylaniline AN 0.1 mol/L LiC10 4 -23 2.7 x 107 SSjLUM; TO ::: 0.26 f-ls 85E347 "T1 

(LP/LUM/AVE); RT "T1 
!: 

14.10.28. N-Methyl-3-carbamyl-py+ AN 0.1 mol/L LiClO.! -23 2.8 x 106 SSjLUM; TO ::: 0.26 f-lS 85E347 :r> 
(LP jLUM/ AVE); OT; Q 

Z 
", 

designated as "carbamido" ""i 
compound ~ 

14.10.29. N-Methyl-4-carbomethoxy-py+ AN 0.1 mol/L LiClO 4 -23 1.1 x 101) SSjLUM; TO ::: 0.26 f-lS 85E347 t'" 
(LP jL UM/ AVE); OT 

14.10.30. N-Methyl-4-cyano-py+ AN 0.1 mol/L LiCI0 4 -23 2.9 x 101) SS/LUM; 'To ::: 0.26 f-lS 85E347 
(LP/LUM/AVE); OT 

14.10.31. MV:':+ AN 0.1 mol/L LiC10 4 -23 3.1 x 109 SS/LUM; TO ::: 0.26 f-ls 85E347 
(LPjLUMjAVE); OT 

14.10.32. Phenothiazine AN 0.1 moljL LiC10 4 -23 8.3 x 106 SSjLUM; 'To ::: 0.26 f..I.S 85E347 
(LPjLUMjAVE); RT 

14:.11. cis-Os(phen) 2( CH3CN)22+ 
Organic Quenchers 

14.11.1. N-Eenzyl-3-carbamyl-py+ AN 0.1 mol/L LiCIO,! -23 1.2 x 107 SS/LUM; 'io = 0.49 f-ls 85E347 
(LP /LUM/ AVE); OT; Q 
designated as "carbamido" 
compound 

14.11.2. 1,4-Bis(N,N- AN 0.1 mol/L LiClO.! -23 5.9 x 101) SS/LUM; TO = 0.49 f-lS 85E347 
di rr.ethy I ami no) benzene (LP/LUM/AVE); RT 

14.11.3. 4,4'-Bis(N,N- AN 0.1 mol/L LiCI0-l -23 2.7 x 109 SS/LUM; 'io = 0.49 f-ls 85E347 
dirr.ethylamino)biphenyl (LP/LUMjAVE); RT 



TABLE 14. Quenching of excited osmium complexes-Continued 

No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
/L mol- 1 5- 1 

14:.11. ci9-0s(phenh( CH3 CN) 2 2+ -Continued 
14.11.4. 2- Ch:orop henothiazine AN O.~ mol/L LiCIO.\ -23 1.3 X 107 SS/LUM; "0 = 0.49 JJ.S 85E347 

(LP /LUM/AVE); RT 

14.11.5. N,N-Dimethylaniline AN 0.1 mol/L LiClO.1 -23 1.2 x 105 ~S/LUMj "0 = 0.49 JJ.s 85E347 0 
(LP/LUM/AVE); RT c: 

rn 
14.11.6. N-Ethy 1-4-car bamy 1-py + AN 0.1 mol/L LiCI0-1 -23 4.4 X 108 SS/LUMj "0 = 0.49 JJ.S 85E347 Z 

(') 
(LP/LUM/AVE); OT; Q :I: 
designated as "carbamido" Z 
compound C) 

14.11.7. 4-Methoxy-N,N-dimethylar.iline AN 0.1 mol/L LiClO.\ -23 1.6 x 108 SS/LUMj "0 = 0.49 JJ.s 85E347 0 
." 

(LP /LUM/ AVE); RT m 
14.11.8. 3-Methoxyphenothiazine AN 0.1 mol/L LiCI0 4 -23 5.4 x 108 SS/LUM; "0 = 0.49 JJ.S 85E347 >< 

(') 
(LP/LUM/AVE); RT =i 

14.11.9. N- Methy 1-4-car bo methoxy-py + AN 0.1 mol/L LiCI0-1 -23 1.4 x 10° SS/LUM; "0 = 0.49 fJ-s 85E347 m 
c 

(LP/LUM/AVE)j OT s:: 
14.11.10. N-Methyl-4-cya:J.o-PY+ AN 0.1 mol/L LiCIO.\ -23 2.2 x 101) SS/LUMj "0 = 0.49 JJ.s 85E347 m 

-t 
(LP /LUM/AVE); OT » 

14.11.11. MV:?+ AN 0.1 mol/L LiCI0 4 -23 2.4 x 101) SS/LUM; "0 = 0.49 f.LS 85E347 
r 
(') 

ILP /LUM/ AVE); OT 0 

ci9-0s(phen) 2( CO )Cl+ 
s:: 

14:.12. -0 
Inorganic Quenchers r 

rn 
14.12.1. HgCI:! H2 O 0.01 mol/L HNOaj 25 6.9 x 108 LP /LUM/SSTj "0 = 0.22 84N050 >< 

0.1 mol/L NaNOa !LSj OT m 
(J) 

HgCI:; H:;O 0.01 mol/L HNO:sj 25 4.5 X 107 LP /LUM/SST; "0 = 0.25 84N050 Z 
0.1 mol/L NaNO:.!; :.LSj OT ." 

~ 0.01 mol/L SLS r 
"CJ c: 
=r 

14.13. Os(phenhl4:,7-(PhS03 )zphenl 6 '< sn 
Inorganic Qllencf.ers 

(J) 
0 0 =r 14.13.1. 0:; MeOH 6.8 X lOll SS/LUMj "0 = 93 ns 777221 r (1) 

? (75F657)j ET c: 
-t 

:::0 
Os(phen):(4:,7-Ph:pben)2+ 0 ~ 14:.14:. 

Z 
C Inorganic QuencAers 
t\) 

14.14.1. 0:; MeOH 4.6 X 10° SS/LUMj "0 = 0.21 JJ.s 777221 P 
< (75F657); ET 

~ 
Os(phen)2:ci9-1,2-bis(diphenylphosphino)ethene]2+ ..... 14:.15 • 

!D Inorganic Quenclters 
Z 14.15.1. HgCl:! H:::O 0.01 mol/L HNOa; 25 3.3 X 108 LP /LUM/SST; "0 = 1.0 JJ.s; 84N050 !l 
~ ..... 0.1 mol/L NaNOa OT 

(j) N 
co (X) 
CD ~ 



~ TABLE 14. Quenching of excited osmium complexes-Continued N 
"'tI CO 
::r CO 
'< 
sn 

No. Quencher Solvent Solution Medium TrC kq Gomments Re:. n 
::r /L mol- 1 S-l 
(1) 

? 
::0 

~ 14.15. Os(phen) 2 [ei~ 1,2-bis( diphenylphosphino Jethene]2+ -Contin ued 
C HgCI:,! H2 O 0.01 mol/L HN0 3 ; 25 3.3 x 106 LP /LUM/SST, SS /LUM; "0 84N050 
I» 

§> 0.1 mollL NaN0 3 ; = 0.90 J.1s; OT 

< 0.01 mol/L SLS 
~ Organic Quenche7s ..... 
~oo 14.15.2. 4,4'-Bis(N,N- AN 0.1 mol!L LiCIO,1 -23 1.2 x lOle SS/LUMj "0 = 1.8 J.1S 85E347 
Z dimejhy lamino) bipheny I (LP/LUM/AVE)j RT 
? 
-~ 14.15.3, 4- Bro mo- N,N-dimethy lanilirle AN 0.1 mol/L LiCIO'1 -23 2.3 X 108 SS/LUM; "0 = 1.8 J.1S 85E347 
..... (LP/LUM/AVE)j RT CD 
CD 

N,N'·Dibenzyl-vio 2 + 1.3 X 10\) (0 14.]5.4. AN 0.1 mollL LiCIO,1 -23 SS /LUM; "0 = 1.8 J.1S 85E347 
(LP/LUM/AVE)j OT 

14.15.5. N-Eby I-3-car bamy 1- py + AN 0.1 moilL LiCIOo\ -23 4.6 x 106 SS /L UMj TO = 1.8 J.1S 85E347 
(LP/LUM/AVE)j OTj Q 
cesignated as "carbamido" 
compound :J: 

0 
14.15.6. N-Et:lyI-4-carbamyl-py+ AN 0.1 mol;L LiCIO,1 -23 1.7 X 107 ~S/LUM; "0 = 1.8 J.1S 85E347 ." 

(LP/LUM/AVE)j OT; Q ." 
3: 

designated as "carbamido" » 
compound Z 

14.15.7. N-Methyl-4-.:arbamyl-py+ AN 0.1 molJL LiCIO,[ -23 1.3 x 107 SS/LUMj TO = 1.8 J.1S 85E347 
rr, 
'I 

(LP /LUM/ AVE); OT; Q h. 
designated as "carbamido" t'" 
compound 

14.15.8. N-Methyl-4-.:arbomethoxy-py+ AN 0.1 mol/L LiCIO,1 -23 2.8 x 108 SS/LUM; "0 = 1.8 f.LS 85E347 
(LP/LUM/AVE); OT 

H.15.9. N-Methyl-4-cyano-py+ AN 0.1 mol/L LiCIO,1 '-23 8.4 x 108 SS!LUM; "0 = 1.8 J.1S 85E347 
(LP /LUM/ AVE); OT 

14.15.10. N-Methylphenothiazine AN 0.1 mol!L LiCIO ,I -23 1.9 x 10° SS!LUM; "0 = 1.8 f.Ls 85E347 
(LP/LUM/AVE); RT 

1<1.15.11. MV~+ AN 0.1 moI!L LiCIO,1 -23 9.8 x 108 SS!LUM; "0 = 1.8 f.Ls 85E347 
(LP/LUM/AVE); OT 

14.15.12. Phenothiazine AN 0.1 mol/L LiCIO.1 -23 4.8 x 10° SS!LUM; 'To = 1.8 J.1s 85E347 
(LP /LUM/ AVE); RT 

14.1:>.13. Triphenylamine AN 0.1 mol/L LiCIO.1 -23 5.6 x 107 SS/LUM; 'To = 1.8 J.1s 85E347 
(LP/LUMjAVE); RT 



T.·.:::. 1-:1. (.~ ':'-:::-. ::-.. :-.6 -. -- .• - - - - - - '" - ... 

No. QUEncher Solvent Soluticn Medium T/oC kq Comments Ref. 
IL mol- l s-1 

14.16. Os(phen) 2[bis{ diphenylphosphino )metha.ne] z+ 
Inor~anic Quenclters 

14.16.1. HgCl z H~O 0.01 mol/L HNO:,; 25 6.9 X 10E LP /LUM/SST; 'To = 0.55 84N050 
0.1 mcl/L NaNO:; f.ls; OT; [Q] S 0.007 mol/L; 0 

kq = -8 X 108 with c:: 
SS/LUM m 

Z 
HgCl:.: H2 O 0.01 rnol/L HNO;,; 25 5.3 X 10~ LP ILUM/SST; TO = 0.60 84N050 0 

0.1 md/L NaN0 3; f.ls; OT; [Q] S 0.014 mol/L; 
:t: 

0.01 n:ol/L SLS kq = 6.4 X 106 with Z 
G) 

SS/LUM 0 
Organic Quench~rs ." 

14.16.2. 4,4'-Bis(N,N- AN 0.1 m<JI/L LiCIO.1 
-23 6.2 x 109 SS/LUM; TO = 1.1 f.ls 85E347 m 

)( 
dirnethylamino )biphenyl (LP/LUM!AVE); RT 0 

14.16.3. 4-Bromo- N,N-dimethy laniline AN 0.1 m<Jl/L LiCIO" -23 1.0 x 108 SS/LUM; 'To = 1.1 f.ls 85E347 =i m 
(LP/LUM/AVE); RT C 

14.16.4. N,N'-Dibenzyl-vio2 + AN 0.1 mol/L LiCIO. -23 9.1 X 108 SS/LUM; 'To = 1.1 f.ls 85E347 3: 
m 

(LP/LUM/AVE); OT -f 

14.16.5. N-Ethy 1-4-carbamyl-py + AN 0.1 mol/L LiCIO., -23 6.8 x lOr SS!LUM; TO = 1.1 f.ls 85E347 » 
r 

(LP!LUM/AVE); OT; Q 0 
designated as "carbamido" 0 
compound 3: 

." 
1~.16.6. N-Ethyl-4-carbomethoxy-py+ AN 0.1 mol/L LiCIO.! '~23 5.8 X 10 3 SS/LUM; TO = 1.1 f.ls 85E347 .-

m 
(LP /LUM/ AVE); OT X 

m 
14.16.7. N-Methyl--1-cyano-py+ AN 0.1 mol/L LiCI0 4 -23 1.2 x 10;) SS/LUM; TO = 1.1 fJ.s 85E347 en 

(LP !LUM/ AVE); OT Z 
H.16.8. N- Methyl phenothiazine AN 0.1 mol/L LiCIO l -23 1.4 x 10>1 SS/LUM; TO = 1.1 f.ls 85E347 ." 

~ (LP/LUM/AVE); RT 
r 

"'0 
C 

'::T 14.16.9. rvrv:':+ AN 0.1 mol/L LiCI01 '~23 1.6 X 10>1 SS!LUM; 'To = 1.1 f.lS 85E347 C 
'< 
!II (LP/LUM/AVE); OT CJ) 
(") 0 
'::T 14.16.10. Phenothiazine AN 0.1 mol/L LiCI0 1 -23 3.6 x 101} SS/LUM; TO = 1.1 f.lS 85E347 j" 
CD 

? c:: 
(LP/LUM/AVE); RT -t 

::D 
2.1 X 10; 0 

~ 14.16.11. Triphenylamine AN 0.1 mol/L LiCIO t -23 SS/LUM; TO = 1.1 f.ls 85E347 
Z 

0 (LP/LUM/AVE); RT 
~ 
JU 14.11. cis--Os(phen)z( dimethylphenylphosphineh z+ 
< Organic Quencf.ers 
~ 
-J. 14.17.1. 1,4-Bis(N,N- AN 0.1 m,)I/L LiCI0 1 -23 6.0 X 10° SS/LUM; TO = 0.39 f.ls 8')E347 
~rTJ dimethy lamina )benzene (LP !LUM/ AVE); RT 
z 
? 14:.17.2. 4,4'-Bis(N,N- AN 0.1 m)I/L LiCIO.! -23 3.6 X lOll SS/LUM; TO = 0.39 f.ls 85E347 
~ ..... dimethy lamino )biphenyl (LP/LUM/AVE); RT 

<0 I\) 

rTJ 
00 

(,f) <0 



~ T.O\BLE 14. Quenching cf excited osmium complexes-Continued '" " 
<.0 

::r 0 
'< 
!II No. Quencher Solvent Solution Medium TrC kq Comments Ref. (") 
::r /L mol- 1 s-1 
CI) 

~ 
J:J 

~ 14.17. cis-Os(phen)z( dimethylphenylphosphine)2 2+ -Continued 
C 14.17.3. N,N'-Dibenzyl-vio~+ AN 0.1 mol/L LiCI0 4 -23 2.9 X 10° SS /LUM; '1'0 == 0.39 f-ls 85E347 
Dl 

.Pi (LP/LUM/AVE); OT 

< 14.17.4. N,N-Dimethylaniline AN 0.1 mol/L LiCIO.1 -23 5.1 X 105 SS/LUM; '1'0 == 0.39 f-lS 85E347 
0 
~ (LP/LUM/AVE); RT .... 
5t' A.17.S. N.Ethyl-4-carbamyl-py+ AN 0.1 Dol/L LiCIO'l -23 1.2 X 108 SS/LUM; '1'0 == 0.39 f-lS 85E347 
z 
? (LP /LUM/ AVE); OT; Q 
~ ..... designated as "carbamido" 
-' compound 
<0 
00 

N-Ethyl-4-carbomethoxy-py+ (0 ]4.17.6. AN 0.1 mol/L LiCIO'l -23· 7.7 x 108 SS/LUM; '1'0 == 0.39 f-lS 35E347 
(LP/LUM/AVE); OT 

14.17.7. 4-\1ethoxy-N,N-dimethylaniline AN 0.1 rnol/L LiCI0 4 -23 3.5 x 108 SS/LUM; TO == 0.39 f-ls &5E347 
(LP /LUM/ AVE); RT 

14.17.8. N-Methyl-4-carbamyl-py+ AN 0.1 mol/L LiCIO" -23 1.2 x 108 SS/LUM; 7"0 == 0.39 f-lS 85E347 :r 
(LP/LUM/AVE); OT; Q 0 
designated as "carbamido" -n 
compound -n s: 

14.17.9. N-Methyl-4-carbomethoxy-py+ AN 0.1 IT.ol/L LiCI0 4 -23 7.2 A 108 SS/LUM; '1'0 == 0.39 f-ls 85E347 l> z 
(LP/LUM/AVE); OT ", 

14.17.10. N-MethyI-4-cyano-py+ AN 0.1 mol/L LiCIC 4 -23 1.9 x 10° SS/LUM; '1'0 == 0.39 f-ls 85E347 ..... 
(LP/LUM/AVE); OT h. 

r--
14.17.11. N-\1ethylphenothiazine AN 0.1 mol/L LiCIO" -23 2.8 X 107 SS/LUM; '1'0 == 0.39 f-ls ~5E347 

(LP /LUM/AVE); RT 

U,17.12. MV:.!+ AN 0.1 mol/L LiCIO,1 -23 2.3 x 10° SS/LUM; '1'0 == 0.39 f-lS ~5E347 

(LP/LUM/AVE); OT 

11.17.13. Phenothiazine AN 0.1 mol/L LiCIO., -23 4.4 x 108 SS/LUM; '1'0 == 0.39 f-lS 85E347 
(LP /LUM/ AVE); RT 

14.17.14.4,lr,N-Trimdhylaniline AN 0.1 m:>l/L LiCIO,1 -23 1.8 x !(is SS!LUM; '1'0 == 0.39 f-lS 85E347 
eLP/LUM/AVE); RT 

14.18. Os(terpY)2 2 + 
Inorgani,~ Quenchers 

14.18.1. Co!NH:\)r,CI:':+ H::!O 0.5 mol/L H:!SO., 25 8.7 x 108 LP/LUM/AVE; TO == 0.14 85A077 
f-ls; OT; f == -1 

14.18.2. Hg(;l.~ H:!O 0.01 mol/L HN0 3; 25 6.6 x 107 LP /LUM/SST; '1'0 == 0.14 8tN050 
0.1 mol/L NaNO:l f-ls; OT 

HgCI:.: H:;O 0.01 rnol/L HNO l ; 25 1.0 x 107 LP /LUM/SST; '1'0 == 0.18 8!N050 
0.1 mol/L NaNO;\; f-ls; OT 
0.01 rnol/L SLS 



TABLE 14. Quenching of excited osmium complexes-Continued 

--
No. Quencher Solvent Solution Medium T/oe kq Comments Ref. 

/L mol- 1 8- 1 

14.18. Os(terpY)2 2+ -Continued 
Organic Quenchers 

14.18.3. 1,4-Bis(N,N- AN 0.1 mol/L LiCI0 4 -23 7.4 X 10° SS/LUM; "0 = 0.27 fl.S 85E347 
dimethy lamino) benzene (LP/LUM!AVE); RT " 14.18.4. 4,4' -Bis( N,N- AN 0.1 mol/L LiCI0 1 -23 2.9 x 10° SSjLUM; "0 = 0.27 fl.S 85E347 c: 

m 
dimethylamino )biphenyl (LP !LUM! AVE); RT Z 

14.18.5. 2-Chlorophenothiazine AN 0.1 moljL LiCI0 4 1.8 X 107 SSjLUM; "0 = 0.27 fl.S 85E347 
0 

~23 :E: 
(LPjLUM!AVE); RT Z 

14.18.B. 4-Methoxy-N,N-dimethylaniline AN 0.1 moljL LiCI0 4 -23 2.4 x 108 SS!LUM; "0 = 0.27 fl.S 85E347 
G') 

0 (LPjLUM!AVE); RT -n 
14.18.7. 3-Methoxyphenothiazine AN 0.1 mol/L LiC10 4 -23 9.5 x 108 SSjLUM; "0 = 0.27 fl.S 85E347 m 

>< (LP/LUM/AVE); RT 0 
1,=.18.8. N-Methy 1 phenothiazine AN 0.1 mol/L LiClO.! ~23 9.B x 106 SS/LUM; "0 = 0.27 fl.S 85E347 =i 

m 
(LP/LUM/AVE); RT C 

14.19. Os( terpy) [ciS'-1,2-bis( diphenylphosphino)ethene]Cl + s:: 
m 

Orgcnic Quenchers ~ 

1-:.19.l. 1,4-Bis(N,N- AN 0.1 mol/L LiCI0 4 ~23 5.4 x 10° SS/LUM; "0 = 0.10 fl.s 85E347 » .-
dimethylamino)benzene (LP/LUM!AVE); RT 0 

14.19.2. 4,4'-Bis(N,N- AN 0.1 mol/L LiCIO,1 -23 1.7 x 1011 SS/LUM; "0 = 0.10 fl.S 85E347 0 s:: 
dimethylamino)biphenyl (LP /LUM! AVE); RT "tJ 

14.19.3. 2-Chlorophenothiazine AN 0.1 mol/L LiCIO.1 4.6 X 107 SS/LUM; "0 = 0.10 ~s 85E347 
.-

-23 m 
(LP/LUM/AVE); RT >< m 

14.19.4. 4-Methoxy-,v, N-dimethylaniline AN 0.1 mol/L LiCIO" ~23 1.1 X 108 SS/LUM; "0 = 0.10 ~s 85E347 en 
(LP /LUM/ AVE); RT Z 

1~.19.5. 3-Methoxyphenothiazine AN 0.1 mol/L LiClO.! -23 4.9 x 108 SS/LUM; "0 = 0.10 ~s 85E347 -n .-
~ (LP /LUM/ AVE); RT c: 
"\:J 5 ::r 

N-Methylphenothiazine AN 0.1 mol/L LiClO ol 1.2 X 107 SS/LUM; "0 = 0.10 ~s 85E347 '< 14.19.6. -23 
91 en 
0 (LP/LUM/AVE); RT 0 
::r 

Phenothiazine AN 0.1 mol/L LiCI0 0l 1.9 x 108 SS/LUM; "0 = 0.10 ~s 85E347 .-
CD 14.19.7. -23 c: ? (LP/LUM/AVE); RT ~ 
J:J 0 
~ Z 
0 
01 
; 
~ .... 
$IJ 
Z 
P 
~ .... 
co II.) 

CD co ..... 
CO 



~ 
"tJ 
:r 
'< 
!II 
o 
:r 
CD 

? 
JJ 

~ 
C 
I» 
,p; 
< 
~ 
-" 

$Xl 
Z 
P 
~ .... 
..... 
CD 
co 
to 

TABLE 15. Quenching of excited palladium complexes 

No. Quencher 

15.1. Pd( etioporphyrin I) 
Inorganic Quenchers 

15.1.1. Ag(TPP) 

15.1.2. Ni(eiioporphyri!l I) 

15.1.3. Ni(TPP) 

15.1.4. Yb(etioporphyrin 1)+ 

Organic Quench~rs 

15.1.5. Nap:1thacene 

15.1.6. Perylene 

15.2. Pd(mesoporphYl'in IX dimethyl ester) 
Inorganic Quenchers 

Solvent 

Toluene 

Toluene 

Toluene 

Toluene 

Toluene 

Toluene 

15.2.1. O~ Toluene 

15.3. Pd(octaethylchlorin) 
Inorganic Quenchers 

15.3.1. Yb(Etioporphyrin 1)+ Toluene 

15.4. Pd(2,3,7 ,8,12,13,17 ,18-octaethyiporphyrin) 
Organic Quenchers 

15.4.1. cis-a-Methylstilbene Benzene 

15.4.2. tranH'/.- ivlethy lstil bene Benzene 

15.4.3. MV~+ BuN 

15.4.4. cis-Stilbene Benzene 

cis-Stilbene Pentane 

15.4.5. tran1-Stilbene Benzene 

TrC kq 
/L mol- 1 8- 1 

Solution Medium 

2.5 X lOll 

3.1 X lOll 

3.2 X lOll 

20 1 X 10\) 

5.3 I< 10° 

5.8 X 10° 

3.8 X 10° 

4.2 X 108 

2.0 X 10.'5 

6.8 X 10.'5 

1.5 X 10° 

1.4 X 106 

3.3 X 106 

1.5 I< 106 

Comments Ref. 

FP /LUM/SST; ET 76E693 

SS/LUM, FP/ABS/SST; ET 74E520 

SS/LUM, FP / ABS/SST; ET 74E520 

FP/ABS/SST; ET; [Q] !5 

4.5 X 10-.'5 mol/L 
85F493 

SS/LUM, FP/ABS/SST; 74E520 
ET; [Q] = (2-7.5) X 10-6 

mol/L 

SS/LUM, FP/ABS/SST; 74E520 
ET; [Q] = (1-10) X 10-6 

mol/L 

LP/ABS/SST; ET; [Q] = 81E738 
0.0011 mol/L 

FP/ABS/SST; ET 76E693 

SS/LUM; "0 = 0.50 ms 78A101 
(FP /LUM/SST); EX; kq = 
9.7 X 104 with 
FP/LUM/SST 

SS/LUM; "0 = 0.50 ms 78A101 
(FP /LUM/SST); EX 

SS/LUM; "0 = 0.36 ms 767009 
(FP /LUM/SST); OT 

SS/LUM; "0 = 0.50 ms 78A101 
(FP /LUM/SST); EX 

SS/LUM; "0 = 0.56 ms 78A101 
(FP /LUM/SST); EX 

SS/LUM; "0 = 0.50 ms 78A101 
(FP /LUM/SST); EX; kq = 
5.3 X 105 with 
FP/LUM/SST 
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TABLE 15. Quenching of excited palladium complexes-Continued 

No. Quenc:ler Solvent 

16.4,. Pd(2,3,7 ,8,12,13,17 ,18-oetaethylpol'phyrin)-Continued 
tTan~SWbene Pentane 

16.6. Pd(tetl'sbenzopol'phyrln) 
Inorganic Quenchers 

15.5.1. Ni(etioporphyrin I) DMF 

Solution Medium 

15.6. P d:5 ,10,15 ,2(]-tetrakis( I-methylpyridinium-4-yl) porphyrin 14 + 
Inorganic Quenchers 

15.6.1. Co(NHalsCl2+ H20 

15.6.2. Fe:\+ 

15.6.3. 52°82 -

Organi~ Quenchers 
15.6.4. MV2+ 

H20 

H20 

H 20 

15.7. Pd[5,10,lS,2(]-tetrakis(t-sulfonatophenyl)porphyrinj4-
Organi~ Quenchers 

15.7.1. N,N'-Dibenzyl-vio2+ H20 0.05 moljL NaCl 

15.7.2. MV::!+ 

MY 2+ 

MY::! + 

MY:': + 

MV:':+ 

15.8. P d( 5,10, 15 ,20-tetraphenylporphyrin) 
Organic Quenchers 

15.8.1. 1,4-Benzoquinone 

15.8.2. N,N·Dimethylaniline 

15.8.3. 4-Methoxy-N,N-dimethylaniline 

H2 O 

HzO 

H2O 0.05 moljL N aCI 

H:P 0.05% PYA 

H2O 0.5% PYA 

EtOH 

py 

py 

T;oC kq 
/L mol-I 5- 1 

3.3 X 106 

1.1 X 10° 

1.4 X 108 

6.9 X 107 

1.9 X 108 

3.5 X 104 

1.1 X lOlo 

4.9 X 10\) 

1.0 X 10 10 

3.7 X 1O\) 

5.0 X 10° 

2.8 X 101) 

2.6 X 10° 

1 X 105 

2.2 X 107 

Comments 

SS/LUM; TO = 0.56 ms 
(FP jLUMjSST); EX 

Ref. 

78A101 

SSjLUM, FPjABSjSST; ET 74E520 

FP / ABS/SST; 'io = 0.17 
ms; OT 

FP j ABSjSST; 'io = 0.17 
ms; OT 

FP/ABS/SST; 'To = 0.17 
ms; OT 

FPjABS/SST; 'io = 0.17 
ms; OT 

SSjLUM; TO = 0.20 ms 
(FP /LUMjSST) 

SSjLUM; TO = 0.20 ms 
(FP jLUMjSST) 

SS/LUM; TO = 0.14 ms 
(LPjLUMjAVE); OT 

SSjLUM; TO = 0.20 ms 
(FP /LUM/SST) 

SSjLUM; TO = 0.14 ms 
(LPjLUMjAVE)j OT 

SS/LUMj 'To = 0.15 ms 
(LP jLUMj AVE); OT 

LPjABSjSST, SS/LUM; 
OT; f= 0.05 

SS jL UM and LIF; EX; 
nonlinear S-V plot, see 
Mech. [lJ 
SSjLUM and LIF 

83A133 

83A133 

83A133 

83A133 

81N147 

81N147 

85E552 

81N147 

85E552 

85ES52 

83F182 

79E349 

79E349 
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TABLE 15. Quenching of excited palladium comphxes-Continued 

No. Quencher Solvent Solution Medium TrC kq 
!L mol- 1 s-1 

15.8. Pd(5,10,15,20-tetraphenylporphyrin)-Continued 
15.8.4. cis-StLbene Benzene ~.8 X 105 

15.8.5. trans-Stilbene Benzene 1.0 X 105 

Comments 

SSjLUM; 1'0 == 0.36 ms 
(FP /LUMjSST); EX 

SSjLUM; 1'0 == 0.36 ms 
(fP /LUMjSST); EX 

Ref. 

78AIOI 

78AIOI 
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TABLE 16. Quenching of excited platinum complexes 

No. Quencher Solvent Solution Medium rrC kq Comments Ref. 
/L mol-I s-1 

16.1. Pt(CN).2-
Inorganic Quenchers 

16.1,1. Co(en)33+ H2O 24.5 1.1 X 109 SS/LUM; TO = 0.64 IJ..S 82E553 
(LP /LUM/SST); [Q] = 
0.081 mol/L; [SI = 0.40 

" moI/L, as K+ salt; forms C 
oligomers m 

Z 
16.1.2. Cull-EDTA H2O [Cul/[L] = 1 24.5 3.3 x 108 SS/LUM; 1'0 = 0.64 IJ..s 82E553 0 

::J: 
(LP /LUM/SST); [Q! = Z 0.018 mol/L; 'SI = 0.40 C) 
mol/L, as K+ salt; forms 0 
oligomers "'" 

16.13. Eu3 + H2O 24 2.1 X 101) SS/LUM; 1'0 = 0.45 IJ..s 82E553 m 
>< 

(LP /LUM/SST);[Q] = 0 
0.0040-0.0060 mol/L; [SJ = =i 
0.092 mol/L, ::is Ba2 + salt; m 

C 
forms oligomers s:: 

16.1.4. Fe(CN)Il:I - H2O 5.0 x 107 SS/LUM; 1"0 = 0.66 IJ..S 82E553 m 
-I 

(LP /LUM/SST); [QJ = l> 
0.0083 mol/L; [S] = 0.44 r-
mol/L,. as K+ salt; forms 0 
oligomers 0 

3: 
16.1.5. Fe'''-EDTA H2O [FeJl[LJ = 1 24 1.8 x 101) SS/LUM; 1'0 = 0.45 /-Ls 82E553 "'tJ 

r-
(LP ILUM/SST); [Q] = -9 rn 
X 10-4 mol/L; [S] = O.Og2 >< 
mol/L, as Ba2+ salt; forms m 

(J) 

oligomers Z 
16.1.6. 10:\- H2O ~4 1.4 X 108 SS/LUM; 1'0 = 0.64 /-Ls 82E553 ." 

!- (LP ILUM/S8':'); [Q] = r-
'tI c: = 0.0091 mol/L; [5] = 0.40 6 '< 
9' mol/L, as K+ salt; forms en 
(') oligomers 0 = CD 

2.3 X 108 SS/LUMj 1"0 = 0.64 J.Ls 
r-

~ 16.1.7. NO~- H2 O 20.5 82E553 c: 
(LP ILUM/SST); ET; [Q! = -I 

:D 0 11 0.001-0.1 mol/L; [8J = 0.40 
C mol/L,as K+ salt; forms Z 
I» 
,F oligomers 

< NO~- HzO 21 3.1 x 108 SS/LUM; 1'0 = 0.54 J-Ls 82E553 0 
:- (LP /LUM/SST); ET; [Ql = ..;.,. 

!» 0.014-0.055 mol/L; [S] = 
z 0.096 mol/L, as Baz+ salt; 
~ forms oligomers 
~ 

<0 '" co CD co tn 
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No. Quencher 

16.1. Pt(CN)4, 2--Continued 
16.1.8. Ni(CN)/-

16.1.9. 02 

16.1.10. S20/-

Organic Quenchm; 
16.1.11. My:!t 

My:!t 

16.2. Pt 2 [JL-diphosphito(2- )-P,P']4 4-
Inorganic Quenc;"ers 

16.2.1. Co(C;HICOOH)~ + 

16.2.2. O:! 

16.2.3. Rh(bpy):~:\+ 

16.2.4. Ru(bpy);\:!+ 

16.2.5. S:!O!l~-

TABLE 16. Quenching of excited platinum complexes-Continued 

Solvent Solution Medium T;oC kq 
/L mol- l s-I 

H20 22.5 1.3 X 108 

H2 0 3.0 X 109 

HzO 24 2.2 X 108 

H20 23.5 5.6 X 109 

H::P 25 1.2 X 10° 

H2 0 1.5 X 10° 

H20 2.4 X 10 9 

H20 1.5 X 10 10 

H . .!O 1.8 ;( 10 10 

H .. P 1.5 X 106 

Comments 

SS/LUM; TO = 0.64 f.ls 
(LP /LUM/SST); [Q] = 
0.046 mol/L; [S] = 0.40 
mol/L, as K+ salt; forms 
oligomers 

LP /LUM/SST; TO = 0.64 
f.ls; ET; [Q] = (2.8-14) X 

10-.1 mol/L; [S] = 0.33 
mol/L, as K+ salt; forms 
oligomers 

Ref. 

82E553 

82E553 

SS/LUM; 'To = 0.64 f.lS 82E553 
(LP /LUM/SST); [Q] = 
0.0092 mol/L; [S] = 0.40 
mol/L, as K+ salt; forms 
oligomers 

SS/LUM; 'To = 0.54 f.ls 82E553 
(LP /LUM/SST); [Q] = 
(5.7-11) X 10-5 mol/L; [S] 
= 0.099 mol/L, as Ba!l+ 
salt; forms oligomers 

SS/LUM; 'To = 0.64 f.lS 82E553 
(LP /LUM/SST); [Q] = 
0.0036 mol/L; [S] = 0040 
mol/L, as K+ salt; forms 
oligomers 

LP/LUM/AYE; TO = 9.5 f.lS; 85A161 
OT; (Q] = (5-50) X 10-5 

mol/L 

LP /LUM/ AYE; TO = 9.5 f.lS; 85A161 
ET 

LP /LUM/ AYE; TO = 9.5 f.lS; 85A161 
OT; [Q] = (1-50) X 10-5 

mol/L 

LP/LUM/AYE; TO = 9.5 f.lS; 85A161 
ET; [Q] = (1-20) X 10-5 

mol/L 

LPjLUM/AYE; 'To = 9.5 f.lS; 85A161 
DT; [Q] = 0.001-0.01 mol/L 
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TABL~ 16. Quenching of excited pla.tinum complexe~-Continued 

No. Quencher Solvent Solution Medium T/oC kq Comments Ref. 
/L mol- 1 5- 1 

16.2. Pt2[p.~dlphosphito(2-)-P,P']. 4,--Continued 
Organic QtLenchers 

16.2.6. Anthracene MeOH 6.2 X 101) SSjLUM; 'To = ~.4 f.l.5 85A161 
(LP/LUM/AVE~ ET; [Q] = 

" (1-10) X 10-4 mol/L c:: 
16.2.7. Azulene NeOll 3.5 X 10° LP/LUM/AVE; 'To = 9.4 J.Ls; 85A161 m 

Z 
ET; [Q] = (5-50\ X 10-5 0 
mol/L X 

Z 
16.2.8. Biphenyl !\leOH <1 X 106 LPjLUMjAVE; 'To"" 9.4 J.Ls; 85A161 C> 

[Ql = 0.001-0.0] moljL 0 
16.2.9. 1,4-Bis(N,N- MeOH ~25 1J X 10 10 SSjLUM; 'To = "'.1 J.l.S 84E074 " m 

di methy lami no) benzene (LP /LUM)i RT >< 
1,4-Bis{N,N- MeOH 1.3 X 10 10 LP !LUM! AVE; "0 = 9.4 f-Ls; 85A161 

0 
=i dimethy la-mine) benzene RT; [Q] =: 0.001 mol/L m 

16.2.10. 4,4'-Bis(N,N- MeOa 3.0 X 109 SS/LUM; 'to = 1.1 (-ts 84E074 
C 

-25 
!: dimethylamiDIJ)biphenyl (LP /LUM); RT 
~ 4,4'-Bis(N,N- MeOH 8." x 108 SS/LUM; TO := [),4 f.l.S 85A161 l> 

dimethylamino)biphenyl (LPjLUMjAVE); RT; [Q] = r 
(I-to) x 10-4 mol/L 0 

0 
18.2.11. NJN'-Bis(2-suronatoethyl)-(vio~H) H2 O 0.1 molr .... NaClO'1 25 5.> x lOl) EMI; 'to = 9.8 its; OT 81A344 3l: 

zwitterion ." 
r 

16.2.12. N,N'-Bis(1-sulionato-2-propyl)- H2O 4.5 X lO\) LP!LUM/AVE; 'To = 9.5 f.1.Si 85A161 m 
>< (vio 2 +) zwitterion OT; [QJ = (2-50} x 10-5 rn 

mol/L en 
16.2.13. Carbon tetr3chloride .~N 2 X lOll SS/LUM; OT 86F089 Z 

." 
'- 16.2.14. Chloroform AN 6 X 107 SS/LUM; OT 86F089 r 
:.a c: 
::r 16.2.15. N,N-DimethyIOl.niline MeOH -·25 1.2 X 101 SS/LUMj TO ::::: 7.1 J.l.s 84E074 6 '< 
91 (LP!LUM); RT en 
0 

1.2 X 101 LP /LUM/ AVE; TO = 9.4 f.l.Sj 
0 :r N,N-Dimethylaniline MeOH 85A161 r-ei) 

? RT; [Q] = 0.01)5-0.07 mol/L c: 
-I 

:rJ 16.2.16. Diphenylamine MeOa ::::1 X 106 SS/LUM; TO = 9.4 f.l.s 85A16l (5 ~ 
(LP!LUM/AVE)i [Q] = Z c 

S- 0.001-0.01 moUL 
Q) 

'< 16.2.17. Diphenylmetbanol AN ~22 1 x 105 HA 85E779 
~ 16.2.18. N-Methylphenothiazine MeOH 8.0 X 101 LP ILUM/ AVE; 1'0 = 9.4 !-LS; 85A161 .... 

RT; [Qj = (S-60) X 10-5 ~oo 

Z moljL 
9 
.7 16.2.19. MV:.!+ H:::D 1.7 X 10 10 LP/LUMjAVEj 'To = 9.5 f-LSj 85A161 

cD OT; [Qj = (1-~0) x 10-'1 N 
00 mol/L CO 
CD ~ 



~ TABLE 16. Quenching of excited platinum complexes-Continued I\) 

." CD 
:::T CO 
'< 
tIJ 

T!OC 0 No. Quencher Solvent Solution Medium kq Comments Ref. 
:::T /L mol- I S-1 
(D 

~ 
::0 

Ptz(p.-diphosphito(2-)-P,P']4, 4,--Continued ~ 16.2. 
C 16,2.20. Naphthalene MeOH 1.2 X 108 LP /LUM/ AVE; "0 = 9.4 f.Ls; 85A161 
I» 

ET; [Q! = 0.001-0.03 mol/L Jir 
< 16.2.21. 2-Prcpanol AN -22 1 x 103 HA 85E779 
~ ... 16,2.22. Toluene AN -22 1 x lO'l HA 85E779 
!'l 

<1 x 106 
Z 16,2.23. Trietb.yiamine MeOH SS/LUM; 'To = 9.4 f.Ls 85A161 
!" (LP!LUM!AVE)j [Qj = 
~ ... 0.01-0.08 mol/L ... 
co 16,2.24. 4,N,N-Trimethylaniline MeOH ~25 3.9 X 107 SS!LUM; "0 = 1.1 f.LS 84E014 co 
co 

(LP /LUM)j RT 

16,2.25. Triphenylamine MeOH -25 1.5 x 106 SS/LUM; "0 = 1.1 f.LS 84E014 
(LP /LUM); RT 

16.3. Pt( 8-hYdroxyquinolin!l.to) z 
Inorg!J.n£c QuencAers :::I: 

0 
16.3.1. Co(acach Acetone -22 8.9 X 108 LP !LUM/SST; ET 83E223 " Co(DMG):z(C:::H.s)(HzO) 3.6 x 10° " 16.3.2. Acetone -22 LP!LUM/SSTj ET 83E223 s: 
16,3.3. Cr(CN)63

- DMF 25 9.2 x 107 SS/LUM; "0 = 2.1 f.LS 86E555 
l> 
Z 

(LP /LUM/SST)j ETj see ", 
Mech. [6j ""'I 

:b. 
Organic Quenchers !' 

16,3.4. 1,4-Benzoquinone AN 25 2.1 X 10 10 LP !LUM/SSTj OT 86E555 

16,3.5. 1-Brcmo-4- nitro benzene AN 25 3.2 x 108 LP/LUM/SST; OT 86E555 

16,3.6. 1-Chioro-4-nitro:,enzene AN 25 1.8 x 108 LP /LUM/SST; OT 86E555 

16,3.1. 1 ,2-Dinitro benzene AN 25 1.1 X 10 10 LP /LUM/SST; OT 86E555 

16,3.8. 1,3-Dinitrobenzene AN 25 1.4 x 10° LP !LUM/SST; OT 86E555 

16.3.9. 1-Fl uoro-4- nitro benzene AN 25 2.8 x 107 LP /LUM/SSTj OT 86E555 

16,3.10. MV:::- AN 0.01 mol/L TEAP 25 1.1 x 10 10 LP !LUM/SST; OT 86E555 

16,3.11. 3-Nikobenzaldehyde AN 25 1.1 x 10\) LP/LUM/SSTj OT 86E555 

16.3.12. 4-Nitrobenzaldehyde AN 25 1.2 x 10 IO LP !LUM!SST; OT 86E555 

16.3.13. Nitrobenzene AN 25 5.5 x 106 LP /LUM/SST; OT 86E555 

16.3.14. 3-Nitrobenzonitrile AN 25 4.8 x 10° LP /LUM/SSTj OT 86E555 

16.3.15. 4-Nitrobenzonitrile AN 25 1.0 x 10 10 LPjLUMjSSTj OT 86E555 

16.3.16. 4-Nitrotoluene AN 25 1.9 x 106 LP !LUM!SST; OT 86E555 

16,3.17. 9,10-? henanthrenequinone AN 25 1.7 x 10 10 LP jLUMjSSTj OT 86E555 

16.3.18. Tetracyanoether.e AN 25 2.4 x 10 10 LP jLUMjSSTj OT 86E555 
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No. Quencher 

16.4:. Pt(5,10,15,20-tetraphenylpol'phyrin) 
Organi~ Quenchers 

16.4.1. cis-Stilbene 

16.4.2. trans--Stilbene 

TABLE 16. Quenching of excited platinum complexes-Continued 

Solvent Solution Medium TrC kq 
IL mol- l s-1 

Benzene 6.7 X 10'" 

Benzene S.[) X 105 

Comments 

SS/LUM; 1'0 = 54 J1s 

(FP ILUM/SST); EX 

SS/LUM; TO = 54 J15 

(FP ILUM/SST)i EX 

Ref. 

78AIOl 
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c.. TABLE 17. Quenching of excited rhenium complexes ~ 
0 

"0 0 ::T 
'< No. Quencher Solvent Solution Medium TrC kq Comments Ref. !II 
(') /L mol- 1 8- 1 

::T 
CD 

? 
fa.c-Re{ CO )a{5-Clphen)CI ::0 1'1. I. 

~ Organ£c Quench~rs 

C 17.1.1. Anthracene CHzClz 25 >1.4 X 109 SS/LUM; 'io = <0.65 p..s 746021 
til 

Jir (SL/LUM/AVE); ET; [Q] S; 

< 0.005 mol/L 
~ 17.1.2. tran£-Stil bene CH!}CIZ 25 >1.4 X 108 SS/LUM; 'io = <0.65 p.,s 746021 .... 
.s» (SL/LUM/ AVE); ET 
z 
? 17.2 • fa.c-Re(CO)a(4,7-Ph 2phen)CI 
.:'" Organic Quench~rs .... 
co 17.2.l. AniLne AN 0.1 mol)L TBAP 25 2.0 X 108 SS/LUM; 'io = 0.45 J1.s 78E397 co 
(.0 (SL/LUM/AVE)i RT 

17.2.2. l,4-Bis(N,N- AN 0.1 mol/L TBAP 25 8.7 X 10° SS/LUMj 'io = 0.45 J1.s 78E397 
dim€thylamino )benzene (SL/LUM/AVE)i RT 

17.2.3. N,N'-Dibenzyl-vio z+ AN 0.1 mol/L TBAP 25 3.3 ;( 10° SS/LUM; 'To = 0.45 (J.s 78E397 
(SL/LUM/AVE)i OT ::J: 

17.2.4. l,4-Dimethoxybenzene AN 0.1 mol/L TBAP 25 <2 X 1011 SS/LUM; 'io = 0.45 J1.s 78E397 0 
." 

(SL/LUM/AVE); RT ." 
3: 

17.2.5. MV~+ AN 0.1 moljL TBAP 25 3.5 X 10° SS/LUMi 'io = 0.45 J1.S 78E397 » 
(SL/LUM/ AVE); OT Z 

14'.2.6. 4,N,N-Trimethylaniline AN 0.1 mol/L TBAP 25 3.9 X 10!) SS/LUM; 'io = 0.45 J1.s 78E397 
r" ..... 

(SL/LUM/ AVE); RT :b, 
!"'" 

17.3. f'l,C-Re( CO )3( 4-ace!;ylpyridine)21 
Orgcnic Quenchers 

14' .3.1. Trie;hylamine CHzClz/CIlHIl 25 ~1 ;( 10\) SS/LUM; 'To = ~0.5 fJ.~; 80F316 
(1/1) RT; [Q] 5 0.007 mol/L 

17.4. J'LC-Re{ CO )a( 4-benzoylpyridine:1 2 Cl 
o rgenic Quench,ers 

17.4.1. Trie;hylamine CHzClz/ CIlH tl 25 -1 X 10!) SS/LUM; 'To = ~0.5 J1.~; 80F316 
(1/1) RT; [Q] 5 0.007 mol/L 

17.5. f!lc-Re{ CO )a(bpy)Br 
Orgenic Quenchers 

17.5.1. Trie~hanolamine DMF CO 2 sat:! 25 3.4 ;( 107 SS/LUM; RT (83S051) 86F230 

17.6. !!lc-Re(CO)3(phen)Cl 
Organic Quenchers 

17.6.1. AnilIDe AN 0.1 molJL TBAP 25 5.8 X 107 SS/LUM; 'To = 0.50 fJ.s 78E397 
(SL/LUM/AVE); RT 

1:.6.2. l,4-Bis(N,N- AN 0.1 moljL TBAP 25 5.7 ;( 10!) SS/LUM; 'io = 0.50 J1.s 78E397 
dimethyl amino) benzene (SL/LUM/ AVE); RT 

17.6.3. l,4-Bis(N-phenylamino)benzene AN 0.1 mol/L TBAP 25 3.7 ;( 101) SS/LUM; 1"0 = 0.50 J1.s 78E397 
(SL/LUM/ AVE); RT 



TABLE 17. Quenching of excited rhenium complexes-Continued 

No. Quencher Solvent Sol ution Medi urn TrC kq Comments Ref. 
/L mol- 1 s-1 

17.6. fac-Re(CO)a(phen)CI-Continued 
17.64. 4-Brorr.oaniline AN 0.1 mol/L TBAP 25 5.4 X 107 SS/LUM; TO = 0.50 Jl.s 78E397 

(SL/LUM/ AVE); RT 

17.6.5. 1-Chloro-4-nitro benzene AN 0.1 mol/L TBAP 25 2.4 X 108 SS/LUM; TO = 0.50 Jl.s 78E397 0 
(SL/LUM/AVE); OT C 

m 
17.66. N,N' -Dibenzyl-vioz+ AN 0.1 mol/L TBAP 25 2.7 X 10° SS/LUM; TO = 0.50 Jl.s 78E397 Z 

0 (SL/LUM/AVE); OT; [Q] S :I: 
0.002 mol/L Z 

17.67. 1,4-Dimethoxy benzene AN 0.1 mol/L TBAP 25 <2 x lOti SS/LUM; TO = 0.50 fJ-s 78E397 c.;') 

(SL/LUM/ AVE); RT 0 
"T1 

17.6.B. N,N-Dimethylaniline AN 0.1 mol/L TBAP 25 9.8 x 108 SS/LUM; TO = 0.50 Jl.s 78E397 m 
(SL/LUM/ AVE); RT >< 

0 
17.6.9. N,N-Dimethyl bemylamine AN 0.1 mol/L TBAP 25 <2 x lOti SS/LUM; 'To = 0.50 Jl.s 78E397 =i 

(SL/LUM/AVE); RT m 
C 

17.6.10. 4J4'-Di~itrobiphenyl AN 0.1 mol/L TBAP 25 1.9 x 109 SS/LUM; TO = 0.50 Jl.s 78E397 s: 
(SL/LUM/AVE); OT m 

-4 
17.6.11. Diphenylamine AN 0.1 mol/L TBAP 25 4.0 x 108 SS/LUM; 'To = 0.50 fJ-s 78E397 l> 

r-
(SL/LUM/ AVE); RT 0 

17.6.12. DQ:;+ AN 0.1 mol/L TBAP 25 3.6 x 109 SS/LUM; 'To = 0.50 Jl.S 78E397 0 
(SL/LUM/ AVE); OT s: 

""C 
17.6.13. N-Methyl-4-carbomethoxy-py+ AN 0.1 mol/L TBAP 25 1.7 x 109 SS/LUM; TO = 0.50 f..ls 7BE397 r-

m 
(SL/LUM/ AVE); OT >< m 

17.6.14. N-Met!;yl-4-cyano-py+ AN 0.1 mol/L TBAP 25 2.3 X 10° SS/LUM; 'To = 0.50 Jl.s 7BE397 en 
(SL/LUM/AVE); OT Z 

17.6.15. N-Metl-ylphenothiazine AN 0.1 mol/L TBAP 25 1.7 X 10° SS/LUM; TO = 0.50 Jl.s 78E397 ." 
c... r-

" 
(SL/LUM/AVE); RT C 

::r 
17.6.16. MV:;+ 0.1 mol/L TBAP 3.1 X 101) SS/LUM; TO = 0.50 f..lS 5 '< AN 25 78E397 

'fl 
(SL/LUM/AVE); OT; [Q] S en 

0 0 ::r 0.0024 mol/L r-I'D 

? 6.4 :.< 108 SS/LUM; TO = 0.50 f..ls 
C 

17.6.17. 3-Nitrobenzaldehyde AN 0.1 mol/L TBAP 25 78E397 -4 
:c (SL/LUM/ AVE); OT 0 ~ Z 
'0 17.6.1B. 4-Nitrobenzaldehyde AN 0.1 mol/L TBAP 25 2.6 x 101) SS/LUM; TO = 0.50 Jl.s 78E397 
~ (SL/LUM/ AVE); OT 
~ 
< 17.6.19, 4-Nitro~oluene AN 0.1 mol/L TBAP 25 <2 x 107 SS/LUM; TO = 0.50 f..lS 78E397 
~ (SL/LUM/ AVE); OT ..... 
5D 17.6.20. Tetracyanoethene AN 0.1 mol/L TBAP 25 7.4 X 10° SS/LUM; TO = 0.50 Jl.s 78E397 z 

(SL/LUM/ AVE); OT ? 
~ ..... 17.6.21. 4,N,N-Trimethylaniline AN 0.1 mol/L TBAP 25 2.1 x 10° SS!LUM; TO = 0.50 Jl.S 78E397 ..... 

(SL/LUM/ AVE);. RT w <C 
00 0 
<C -" 



f- TABLE 17. Quenching of excited rhenium complexes-Continued W 
'tI 0 
:T I\.) 

'< 
fII 

No. Quencher Solvent Solution Medium TrC kq Comments Bef. n 
:T /L mol- 1 S-1 
(1) 

? 
JJ 

~ 17.6. j&c-Re( CO )a(phen)CI-Continue:i 

C 17.6.22. N,N -(Trimethylene)-phen2+ AN 0.1 mo:jL TBAP 25 3.3 x 10° SS/LUM; "0 = 0.50 ~s 7&E397 
Q) 

(SL/LUM/AVE); OT ~ 
< 17.6.23. Triphenylamine AN 0.1 mol/L TBAP 25 3.3 x 108 SS/LUM; TO = 0.50 ~s 7&E397 
~ (SL/LUM/ AVE); RT ...... 
S» 
Z 17.7. jltc-Re(CO)a(4-phenylpyridine)zCI 
P Organic Quenchmt 
~ .... 17.7.1. N ap1thalene CH;:!CI 2 25 -1 X 109 SS/LUM; "0 = 1.5 ~s 79E269 ...... 
co (SL/LUM/AVE) co 
co 

17.7.2. trans-Stilbene CHzClz 25 2.4 x 10° SS/LUM; "0 = 1.5 ~s 79E269 
(SL/LUM/ AVE); ET 

17.8. RezCls
z-

Orgartic Quenchers 
17.8.l. 1,4-Bis(N,N- AN ~ = 0.1 (TBAP) 25 5.4 X 10° SSjLUM; "0 = 0.14 ~s 8JA315 ::I: 

dimethy lamino) benzene (767006); RT 0 
"T1 

17.8.2. 4,4' -3is( N,N- AN ~ = 0.1 (TBAP) 25 2.2 x 109 SS/LUM; "0 = 0.14 ~s 81A315 "T1 
3: dimethyl amino )biphenyl (767006); RT l> 

178.3. N,N-Bis( 4-methoxyphenyl)amine AN ~ = 0.1 (TBAP) 25 1.1 x 1011 SS/LUM; "0 = 0.14 ~s 81A315 Z 

(767006); RT n, 
""'f 

17.8.4. N,N-Diethylaniline AN ~ = 0.1 (TBAP) 25 2.2 x 106 SS/LUM; "0 = 0.14 ~s 8IA315 ~ 

(767006); RT r-
17.8.5. N,N-Dimethylaniline AN ~ = 0.1 (TBAP) 25 1.5 x 106 SS/LUM; "0 = 0.14 ~s 8IA315 

(767006); RT 

17.8.6. Diphenylamine AN ~ = 0.1 (TBAP) 25 6.1 x 106 SS/LUM; "0 = 0.14 ~s 81A315 
(767006); RT 

17.8.7. N-MEthylphenothiazine AN ~ = 0.1 (TBAP) 25 9.5 x 106 SS/LUM; "0 = 0.14 ~s 81A315 
(767006); RT 

17.8.8. PhenJthiazine AN ~ = 0.1 (TBAP) 25 8.4 x 108 SS/LUM; "0 = 0.14 ~s 81A315 
(767006); RT 

17.8.9. 4,N,1V- Trimethylaniline AN ~ = 0.1 (TBAP) 25 1.3 x 107 SS/LUM; TO = 0.14 ~s 81A315 
[767006); RT 



TABLE 18. Quenching of excited rhodium complexes 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
;L mol- 1 s-I 

18.1. Rh(ND a)63+ 
Inorgen£c Quenchers 

18.I.l. OD- D20 9 ~.l X 10 10 LP /LUM/ AVE; "'0 == 89 ns; 85F123 
PT 

18.2. Rh(NDah CI2+ 
0 
c: 

InorgGnic Quenchers m 
18.2.l. OH- H2O 5 8.1 X 10° SS/LUM or LP/LUM/SSTj 82E073 

Z 
(') 

PT :J: 

Rh(NIIa)63+ 
Z 

18.3. G') 

InorgGnic Quenchers 0 
18.3.l. OH- H2O 9 1.6 X 10 10 LP ILUM/ AVE; "'0 = 40 11S; 85F123 -n 

PT m 
>< 

Rh(NHa}oBr 2+ 
0 

18.4:. ~ 
Inorgcnic Quenchers m 

18.1.l. OH- H2O 5 2.7 X 10 LO SS/QYP, SS/LUM or 82E073 C 

LP ILUM/SST; "'0 = 24 ns; 3: 
m 

PT; see Mech. [5J -I 
l> 

18.5. Rh(NHa) G C12 + r 
Inorganic Quenchers (') 

18.5.l. CO:I~- H2O CAbuf; pH 10.1 4 8.3 X lOll SS/LUM or LP /LUM/SST; 80E074 0 s: 
"'0 lind = 30 ns; PT; [Q] ::::; "'0 
0.005 mol/L r m 

18.5.2. OH- H2O 4 2.1 X 10 LO SS/LUM or LP /LUM/SST; 80E074 >< m 
"'0 lind =: 30 ns; PT; [Q] ::::; en 
0.0025 mol/L Z 

OH- H2O 25 9.8 X 10 10 SS/QYP; "'0 = 14 ns 81A141 -n 
f0- r 
"tJ (79E417); PT; "'0 at pH 3; c:: 
::r see Mech. [5] 6 '< 
!" en 
0 18.0. Rh( NHahI2+ 0 ::r 
CD Inorganic Quench~rs r 
~ 18.6.l. OH- H2 O 25 ].9 X 10 10 LP /LUM/SPC; "'0 = 1.3 ns; 84A141 

c:: 
-I 

;U PT; 'to at pH 3 0 ~ Z 
C 18.7. Rh( 4,7-Ph 2 phen)a 3+ I\) 

; Organic Quenchers 
< 18.7.l. 1,2-Diaminobenzene AN/H:::O 8.1 X 10° LP/ABS/SST; "'0 = 73 J..LS; 85F184 
0 
:- RT; f= 0.64 .... 
!D 18.7.2. 1,4-Diamino benzene AN/H2O €.3 X lOll LP lABS/SST; "'0 = 73 J..LS; 85Fl84 z RT; f = 0.78 P 
~ .... 18.7.3 . 1 ,4-Dimethoxy benzene AN/H2 O 4.0 x lOll LP/ABS/SST; 'To := 73 floS; 85F184 ..... 

RT; f == 0.48 (,) CD 
(I) 0 
CD (,) 



~ TABLE 18. Quenching of excited rhodium complexes-Continued CIJ 
0 "'0 ~ :T 

'< 
!II No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
0 
:T /L mol- 1 s-I 
CD 

? 
71 

Rh( 4:t7-Ph~phen)3 3+ -Continued ~ 18.7. 

0 18.7.4. 3,3'-Dimethyl-4,4'-diaminobiphenyl AN/H~O 8.4 ;< 109 LP /ABS/SST; TO = 7~ /-lS; 85F184 
~ RT; f = 0.55 
1» 
< 18.7.5. Diphenylamine AN/H-JO 9.7 .X lOll LP/ABS/SST; TO = TJ /-lS; 85F184 
~ RT; f = 0.38 ..... 
s» 18.7.6. 1,3,5-Trimethoxy benzene ANjH~O 4.0 X 109 LP lABS/SST; TO = 7~ J.LS; 85Fi84 
z RT; f = 0.45 ? 
~ 

18.8 • cis-Rh(4t7-Ph2phen)~CI2 + ..... 
10 Organic QuencAers 0) 
10 

18.8.1. 1,4-Dimethoxybenzene AN 4.4 X 108 LP/ABS/SST; TO = I.') J.LS; 85F184 
RT; f = 0.38 

18.8.2. 1,2,4-Trimethoxybenzene AN 2.9 X 109 LP /ABS/SST; TO = l,t) J.LS; 85F'184 
RT; f = 0.34 

18.8.3. 1,3,5-Trimethoxy benzene AN <1 X 108 LP /ABS/SST; TO = 1.') !-LSj 85F184 ::I: 
RT 0 

" 18.9. cis-Rh(bpYbCl2 + 
.,., 
3: 

Inorganic Quen~heTs » 
18.9.1. OE- H:10 11 < 1 X 107 SS/LUM or LP ILUM/SSTj 80E074 Z 

To
llnd = 52 ns 1"1'1 ..... 

18.10. trans--Rh(eyclam)(CNh + :b. 
f"'" 

Inorganic Quen~hers 

18.10.1. CrlCN)n:l - H:P pH 5.9; J.L ::::: 0.5 22 9.4 X 107 LP /LUM/AVE; 'io = 8.0 !-Ls; 83E674 
ET?; [Qj $ 0.004 moI;L 

18.10.2. OE- H::P 22 1.6 x 10 10 LP /LUM/AVE; TO = 8.0 !-Ls; 
PT?; [Q! $ 5 X 10-5 

83E674 

mol/L 

18.11. Rh 2 (1,3-diisocyanopropane).2+ [singlet] 
Organic QuenciLers 

18.11.1. Beilzophenone AN 5.9 x 108 SS/LUM; TO ::;: 1.3 ns 83F105 
(80A270); OT; same kq from 
same lab in 83C021 

18.11.2. 1,4-Benzoq uinone AN 4.0 X 10 10 SS/LUM; TO = 1.3 ns 83Fl05 
(80A270); OT 

18.11.3. Butyl iodide AN 2.6 x 108 SSjLUM; TO = 1.3 ns 83F105 
(80A270); OT 

18.11.4. 1-Chloro-4-nitrobenzene AN 1.2 X 10 10 SSjLUM; TO = 1.3 ns 83F105 
(80A270); OT; same kq from 
same lab in 83C021 



TABLE 18. Quenching of excited rhodium complexes-Contin'led 

No. Quencher Solvent Solution Medium rrC kq Comments Ref. 
jL mol- 1 S-I 

18.11. Rhz(I,3-dilsoeyanopropane) .. 2+ [singlet]-Continued 
18.11.5. 1,4-Dicy ano bemene AN 1.9 x 10° !:S/LUM; 'To = 1.3 ns 83C021 

(78E003); OT 

18.11.6. Diethyl fumarate AN 6.8 X 109 SS/LUM; "0 = 1.3 ns 83F105 " (BOA270); OT; same kq from c: 
m 

same lab in 83C021 Z 

1.5 x 10 Ie SS/LUM; 70 = 1.3 ns 83F105 
0 

18.11.7. 1,3-Dinitro benzene AN ::I: 
(80A270); OT; same kq from Z 
same lab in 83C021 C> 

18.11.8. 1,4-Dinitrobenzene AN 1.8 x lOt( SS/LUM; "0 = 1.3 ns 83FI05 0 
-n 

(80A270): OT; same kq from m 
same lab in 83CD21 >< 

7.7 x 10° 
0 

18.11.9. 1-Methoxy-2-niirobenzene AN SS/LUM; "0 = 1.3 ns 83C021 =i 
(78E003); OT m 

C 
18.11.10. Methyl 4-nitrobenzoate AN 1.4 x 10 10 SSjLUM; 'To = 1.3 ns 83FI05 s: 

180A270); OT; same kq from m 
same lab in 83C021 -4 » 

18.11.11. 2-Nil-roaniline AN 1.2 x 10 10 SS/LUM; "0 = 1.3 ns 83C021 r-
1:78E003); OT 0 

0 
18.11.12. 4-Nil-roaniline AN 8.3 x 10° 5S/LUM; 'To = 1.3 ns 83C021 s: 

:78E003); OT "'C 
r-

18.11.13. 3-Nitrobenzaldehyde AN 1.3 x lOll SS jLUM; 'To = 1.3 ns 83F105 
m 
>< 

[80A270); OT: same kq from m en same lab in 83C021 
Z 

18.11.14. Nitrobenzene AN 1.3 x lOW SS/LUM; "0 = 1.3 ns 83F105 ." 
!'- (80A270); OT; same kq from r-
"'C same lab in 83C021 c: 
:::r is '< 1.6 X 1010 !II 18.11.15. Tetrachloro-l,4-benzoquiOJne AN SSjLUM; 'To = 1.3 ns 83F105 en 
0 (80A270); OT 0 :::r r-C1I 

~ 18.12. Rh z(I,3-diisoeyanopropane) .. 2+ [triplet] c: 
-4 

::a Organic QuenchETs (5 CD 
:"" 18.12.1. Antb.racene AN 21 3.4 x 106 LP /LUMjSST; 'To = 8.5 fLS; 80A270 Z 
C ET !. 
P 18.12.2. Azulene AN 21 6.3 X lOr. LP /LUM/SST; 'To = 8.5 fLs; 80A270 
< 
~ ET 
.... 18.12.3. 1,4-Bis(N,_'V- AN 21 8.7 X 10~ LP /LUM/SST; "0 = 8.5 J-Ls; 80A270 !1J 
Z dimethy lamino) benzene RT 
0 

3.3 x 10~ 
~ 

18.12.4. 1, 4-Diaza bicyclo [2. 2. 2]octane AN 21 LP /LUM/SST; 'To = 8.5 fLs; 80A270 

tD RT w 
co 0 
CD U1 



!- TABLE 18. Quenching of excited rhodium complexes-Continued to.) 

"0 0 
;;r c:n 
'< 
!II No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
0 
;;r jL mol-1 S-l 
(I) 

~ 
3J 

Rh z(1,3-diisoeyanopropane)4 2+ [trlplet]-Continued l!- 18.12. 

C 18.12.5. 9,10-Dichloroa::tthracene AN 21 7.3 x 10~ LP jLUMjSST; TO = 8.5 J.ls; 80A270 
!. ET 
~III 

< 18.12.6. N,N-Dimethylaniline AN 21 <1 x 1(]5 LP jLUMjSST; TO = 8.5 J.ls; 80A270 
~ RT ..... 
!1' 18.12.7. N-Methyl-4-carbomethoxy-py+ AN f.I. = 0.0068 21 1.0 x 10') LP jLUMjSST; TO = 8.5 J.ls; 80A270 
z (TBAS) OT P 
~ 18.12.8. N-Methylnicotinamide AN J.l = 0.0067 21 6.3 x 108 LP jLUMjSST; TO = 8.5 fLs; 80A270 
cD (TBAS) OT 
01) 
<C 

18.12.9. MV2+ AN f.I. = 0.013 (TBAS) 21 1.1 x lOG LP /LUM/SST; TO = 8.5 J.ls; 80A270 
OT 

18.12.10. Nicotinamide AN 21 <1 x 105 LP /LUM/SST; TO = 8.5 j..I.s 80A270 

18.12.11. tram'-Stilbene AN 21 :54 x 105 LP /LUM/SST; TO = 8.5 j..I.s; 80A270 
ET :::t: 

0 
18.13. Rh(phen)a3 + ." 

." 
Inorganic QuencAers s: 

18.13.1. Fe~- H2 O J.l = 1 4.0 X lOll LP / ABS /SST; TO = 0.25 f.l.S; 84B055 l> 
RT; f = 1 ~ 

rr, 
o r!Janic Quenchers ...... 

18.13.2. 1,4-Dimethoxyl:enzene H2 O 4_0 X 109 LP / ABS /SST; TO = 0.41 fLs; 85F184 :b. 
RT; f = 0.34 !'"" 

18.13.3. 1,2,4-Trimetho:xybenzene H:!O 4.0 x IOU LP/ABS/SST; TO = 0.41 f.l.s; 85F184 
RT; f = 0.30 

18.1-i. cis-Rh(phen)zClz + 
Organic Quenche's 

18.14.1. 1,2,+ Trimethoxy benze.ne AN 4.1 X 108 :"P /ABS/SST; TO = 0.70 fLs; 85F184 
RT; f = 0.065 

18.1S. Rh(S,lO,IS!20-tetrapltenylporphyrin)CI 
Organic Quenchers 

18.15.1. MV~+ EtOH 3.0 x 109 LP / ABS /SST; TO = 38 f.l.S; 86A325 
OT; f= 0.2; [Q] :5 3 X 

10-4 mol/L 

18.16. Rh(5,10,15,20- tetraphenylporphyrin) [OC( 0 )CHa] 
Organic Quenchers 

18.16.1. MV~l- H~:P/DMF 20 1.3 X 106 LP /LUM/SST; TO = 0.14 82F217 
(1/1) rus; OT; [Q] = 0.0045-0.053 

n.ol/L; kq = 8.8 X 106 with 
SS/LUM 
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TABLE 18. Quenching of exci·.ed rhodium complexes-Continued 

No. Quencher Sdvent 

18.11. Rh(5,lO,16,20-tetraphenyJporphyrin)(pyridine)CI 
Organic Quenchef8 

18.17.1. MV!!+- EtOH 

Solution Medium TrC kq 
/L mol- 1 s-l 

0.025 mol(L py 3.1 X 10° 

Comments Ref. 

LP / ABS /SSTj To == 0.37 J-ls; 86A325 
OT; lQ} s 0.0013 moljL o 

C 
m 
Z o 
::I: 
Z 
C) 

o 
.." 
m 
>< o 
~ o 
!: 
m 
~ 
r-
o 
~ 
"tJ r­
m 
>< m 
fJ) 

Z 
." r­
C-
O 
fJ) 
o 
r­
c 
-I 
(5 
Z 

w 
o 
...... 



(... TABLE 19. Quenching of excited ruthenium complexes (except Rt:(bpY)3 2 +) W 

"C 
0 

:T 
0) 

'< No. Que:J.cher Solvent Solution Medium T;oC kq Gomments Ref. !II 
0 /L mol- 1 S-1 
:T 
CD 

~ 
Ru(5-Brphenla 2+ JJ 19.1. 

~ Inorganic Quench~rs 
C 19.1.1. CO(AZAMEsar)3+ H2 O ~ = 0.2 (LiCl) 25 2.0 X 108 SS/LUM or LP/LUM/AVE; 84A238 a ';"0 = 1.0 ~s (766404); ET, !U 
< OT 
~ 19.1.2 . Co(diAMsar)3+ H2 O .... 0.16 mol/L LiCl, 25 1.5 x 108 SS/LUM or LP/LUM/AVE; 84A238 
5JO 0.05 mol/L EtMO; 10 = 1.0 ~s (766404); ET, 
:z pH 7.5 OT 
~ 
~ 19.1.3. Co(diAMsarH2).\+ H2 O 0.1 mol/L HCl, 25 5.9 x 108 SS/LUM or LP/LUM/AVE; 84A238 .... 0.1 mol/L LiCI 10 = 1.0 ~s (766404); ET, <0 
C):) 

OT <0 

19.1.4. Co(sep)3+ H:P 0.2 mol/L LiCI 25 2.8 x 108 SS/LUM; TO = 1.0 ~s 84A238 
(766404); ET, OT 

Co(sep)H H2 O 0.5 mol/L HZSO'l 25 2.2 x 108 ES/LUM; TO = 1.0 ~s 84A238 
(766404); ET, OT 

:J: 
19.1.5. Cr:l+ H2O 0.04 mol/L 25 1.3 x 107 SS/LUM; TO = 1.0 ~s 766404 0 

HzSO 4; ~ = 1.0 (LP/LUM/AVE); ET ." 
." 

(MgCl z) 3: 
Cu2t 0.25 mol/L 3.4 X 107 SL/LUM/SPC; TO = 0.94 80A308 

l> 
19.1.6. H2O 25 Z 

H2SO'1; p. = 0.8-1 fAs; CJ.Ii = 11 kJ /mol; CJ.S* I"rI 
= -64 J /mol·K (20-80CC); "'"i 
OT h, 

!'"'" 
CuH HzO 0.5 mol/L HZSO'l 25 4.2 x 107 SS/LUM; TO = 1.0 ~s 78A090 

(766404); OT; f = 0.30 

19,1.7. Eu:1t 
H~P 0.025 mol/L HCl, 25 ::55 x 104 SS/LUM; TO = 1.0 ~s 766404 

[MgClz] + [Eu H ] (LP/LUM/AVE); Q mainly 
= 0.9 mol/L as EuClz+ 

19.1.8. Fe:l + H2O 0.5 mol/L HZSO'l 25 2.3 x 10° SS/LUM; TO = 1.0 f1.S 766404 
(LP/LUM/AVE); OT 

19.1.9. HgCI! H2O 0.01 mol/L HN0 3, 4.7 X 108 LP/LUM/AVE; TO = 1.3 ~s; 84A077 
0.09 mol/L OT 
NaN0 3 

HgCl~ H2O 0.01 mol/L HN03, 5.8 x 108 LP/LUM/AVE; TO = 1.3 ~s; 84A077 
0.99 mol/L OT 
NaN03 

HgCI~ H2 O 0.01 mol/L HN03, 2.9 X 106 LP /LUM/SST; TO = 2.2 ~s; 84N034 
0.01 mol/L SLS OT 

HgCI~ H2O 0.01 mol/L HN03, 1.1 X 106 L? /LUM/SST; TO = 2.2 f1.S; 84N034 
0.1 mol/L NaN03, OT 
0.01 mol/L SLS 



TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpy)/+)-Continued 

No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
/L mol- 1 5- 1 

19.1. Ru(5-Brphen)a 2+ -Con~inued 
19.1.10. HgC13 - H2O 0.01 mol/L HN0 3 , 1.8 x 109 LP /LUM/ AYE; 'To = 1.3 ~S; 84A077 

[NaN03] + [NaCI] OT; kq from CI- titration 
= 0.99 mol/L at fixed [HgIl] tot 

" HgC13 - H2 O 0.01 mol/L HN0 3 , -5 X 105 LP /LUM/SST; 'To = 2.2 ~s; 84N034 c: 
m 

0.1 mol/L NaNO g , OT; kq from Cl- titration Z 
0.01 mol/L SLS at fixed [HgH] tot 0 

:r: 
19.1.11. HgCL1

2 - H2O 0.01 mol/L HN0 3 , 2.5 x 108 LP /LUM/ AVE; 'To = 1.3 ~s; 84A077 Z 
[NaNOa] + [NaCl] OT; kq from Cl- titration C) 

= 0.99 mol/L at fixed [HgH] tot 0 
19.1.12. O 2 H2O 4.0 X lOll SS/LUM; 'To = 1.0 ~s 

-n 
25 766404 m 

(LP/LUM/AVE); OT? >< 
0 

Organic Quenchen =i 
19.1.13. Ascorbate ion H2O pH 5; ~ = 0.7 25 9.7 x 108 SS/LUM; 1"0 = 1.0 ~s 82A278 m 

(Na2S04) (766404); RT C 
3: 

19.2. Ru( 4,4' -BU 2 bpy)a 2+ m 
-I 

Organic Quencherr l> 
19.2.1. N-( 4-Amino phenyl)aniline AN fL = 2 X 10-4 3.0 X lOll LP ILUM/SST, SS/LUM; 85A248 r-

'To:m = 0.11 fLs; RT 0 
0 

19.2.2. 1,4-Bis(N,N- AN fL = 2 X 10-4 5.9 X lOll LP ILUM/SST, SS/LUM; 85A248 3: 
dimethy lamino) ':)enzene 'TOa.lf = 0.11 fLs; RT -0 

r-
19.2.3. 1,4-Bis( N-phenylamino) bem:ene AN fL = 2 X 10-4 1.9 X lOll LP ILUM/SST, SS/LUM; 85A248 m 

>< 
'To

a1r = 0.11 ~s; RT m en 
19.2.4. N,N-Dimethylaniline AN fL = 2 X 10-4 1 X 105 LP ILUM/SST, SS/LUM; 85A248 

Z 
'TOa.lf = 0.11 J.ls; RT 

"TI 
Co. 19.2.5. MY:!+ H~P fL = 0.5 20 7.1 X 108 SS/LUM; 70

air = 0.40 fLs 82S159 r-
C 

"'0 (SL/LUM/SPC); OT 6 =r 
'< 
!h 19.2.6. Phenothiazine AN fL = 2 X 10-4 1.1 X lOll LP !LUM/SST, SS/LUM; 85A248 en 
0 'To air = 0.11 fLs; RT 0 
=r r-
CD 

? 19.2.7. 4,N,N-Trimethylaniline AN fL = 2 X 10-4 4.0 X 101 LP !LUM/SST, SS/LUM; 85A248 c: 
-I 

:D 1"0 air = 0.11 fLs; RT 0 
~ 

Ru[4,4'-(COObzhb PY]a2 + Z 
C 19.3. 
Q) 

Organic Quencherr Jir 
< 19.3.1. N,N-Dimethylaniline AN 0.1 mol/L TEAP 25 4.7 X 10° SS/LUM; 'To = 1.9 fLs; RT 77F920 
0 

N,N-Dimethylaniline 4.7 X 10° :- AN EM!; 1"0 = 1.9 ~s 776441 .... 
!1' (SL/LUM/SPC); RT 
z 19.3.2. 1,2-Dinitrobenzene AN 0.1 mol/L TEAP 25 2.3 X 106 SS/LUMj 'To = 1.9 fLS; OT 77F920 ? 
~ 19.3.3. 1,4-DinitrobenzEOe AN 0.1 mol/L TEAP 25 7.1 X 107 SS/LUM; 'To = 1.9 fLs; OT 77F920 
<0 W 
co 19.3.4. Tetracyanoethene AN 0.1 mol/L TEAP 25 4.0 X 109 SS/LUM; 'To = 1.9 fLs; OT 77F920 0 
CD CO 



!- TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpY)3 Z +)-Continued CN 

"'C 
..... 

::r 0 
'< 
til 

No. Quencher Solvent Solutbn Medium TrC 
("') 

kq Comments Ref. 
::r /L mol- 1 S-1 
CD 

~ 
JJ 

Ru[4,4'-(COOchlhbPY]a 2+ ~ 19.4. 

0 Organic Q1Lench~rs 
III 19.4.1. N,N-Dimethylaniline AN 0.1 mol/L TEAP 25 2.3 X 10 9 SS/LUM; 'To = 2.1 f.lS; RT; 77F920 ji 
< 7 in BuN 
0 

N,N-Dimethylaniline AN/BuN 2.3 X 10 9 :- EM!; 70 = 2.1 f.ls 776441 .... 
(3/1) (SL/LUM/SPC); RT ~1Xl 

z 19.4.2. 1,2·Dinitrobenzene AN 0.1 mol/L TEAP 25 1.8 X 106 SS/LUM; 70 = 2.1 f.ls; OT; 77F920 ? 
~ .... 7 in BuN 
.... 

19.4.3. 1,4·Dinitrobenzene AN 0.1 mol/L TEAP 25 5.5 X 107 SS/LUM; 70 = 2.1 f.ls; OT; 77F920 CD 
co 
CD 7 in BuN 

19.4.4. MV2 + AN/BuN 1.7 X 107 EM!; 70 = 2.1 f.ls 776441 
(3/1) (SL/LUM/SPC); OT 

MVz+ AN/BuN 0.1 mol/L TEAP 25 1.7 X 107 SS/LUM; 70 = 2.1 f.ls; OT; 77F920 
(1/1) 7 in BuN ::I: 

19.4.5. Tetracyanoethene AN 0.1 mol/L TEAP 25 3.1 X lOll SS/LUM; 70 = 2.1 f.lS; OT; 77F920 0 
II 

7 in BuN .." 

19.4.6. Tripheny lamine AN 0.1 mol/L TEAP 25 3.5 X lOll SS/LUM; 70 = 2.1 f.ls; RT; 77F920 
s:: 
l> 

7 in BuN Z 

Ru[4,4'-(COOcych b PY]a 2+ 
rr, 

19.5. 'I 
Organic Quench~rs :t:.. 

19.5.1. N,N-Dimethylaniline AN 0.1 mol/L TEAP 25 4.5 X lOll SS/LUM; 70 = 2.2 f.lS; RT 77F920 r--
N,N-Dimethylaniline AN 4.5 X 109 EM!; 70 = 2.2 f.ls 776441 

(SL/LUM/SPC); RT 

19.5.2. 1,2·Dinitrobenzene AN 0.1 mol/L TEAP 25 1.9 X 106 SS/LUM; 70 = 2.2 f.ls; OT 77F920 

19.5.3. 1,4·Dinitrobenzene AN 0.1 mol/L TEAP 25 6.0 X 107 SS/LUM; 'io = 2.2 f.lS; OT 77F920 

19.5.4. MY:.! + AN 1.7 X 108 EM!; 70 = 2.2 f.ls 776441 
(SL/LUM/SPC); OT 

My 2 + AN/BuN 0.1 mol/L TEAP 25 1.7 X 108 SS/LUM; 'To = 2.2 f.ls; OT; 77F920 
(1/1) 'T in AN 

19.5.5. Tet,racyanoethene AN 0.1 mol/L TEAP 25 8.8 X 109 SS/LUM; 70 = 2.2 f.ls; OT 77F920 

19.5.6. Triphenylamine AN 0.1 mol/L TEAP 25 1.5 X lOll SS/LUM; 'To = 2.2 f.ls; RT 77F920 

19.6. Ru[4,4'-(COOdec)2b PY]a 2+ 
Organic Quench~rs 

19.6.1. N,N-Dimethylaniline AN 0.1 mol/L TEAP 25 4.3 X 109 SS/LUM; 'To = 2.2 f.ls; RT 77F920 

N,N-Dimethylaniline AN 4.3 X 109 EM!; "0 = 2.2 f.lS 776441 
(SL/LUM/SPC); RT 

19.6.2. 1,2· Dinitro benzene AN 0.1 mol/L TEAP 25 2.0 X 106 SS/LUM; 70 = 2.2 f.ls; OT T7F920 

19.6.3. 1,4-Dinitro benzene AN 0.1 mol/L TEAP 25 5.0 X 107 SS/LUM; 'To = 2.2 f.ls; OT 77F920 



TABLE 19. Quenching of excited ruthenium complexes (except, Ru(bpY)3 h)-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- 1 s-l 

UJ.6. Ru[4,4:'-(COOdeehbPY]az+ -Continued 
19.6.4. Tetracyanoethene AN 0.1 moUL TEAP 25 7.1 x 109 SS/LUM; '1"0 = 2.2 JLS; OT 77F920 

19.7. Ru[4,4:'-(COOet)zbPY]az+ 
0 Organic Quencherll C 

19.7.l. OrgQuell AN? 1.3 x 106 RT 86FOO5 m 
1.4 x 106 Z 

19.7.2. OrgQue12 AN? RT 86FOO5 0 
:::E: 

19.8. Ru[4,4'-(COOnap)=bPY]a=+ Z 
Organic Quencherl1 C) 

19.8.1. N,N-Dimethylaniline AN 0.1 mol!L TEAP 25 4.1 x 109 SS/LUM; 'To = 2.2 JLs; RT 77F920 0 

" N,N-Dimethy laniline AN 4.1 x 109 EM!; '1"0 = 2.2 !LS 776441 m 
(SL/LUM/SPC)j RT >< 

0 
19.8.2. l,2-Dinitrobenzene AN 0.1 mol!L TEAP 25 2.5 x 106 SS/LUMj 'To = 2.2 JLS; OT 77F920 =i 
19.8.3. 1,4-Dinitrobenzene AN 0.1 mol!L TEAP 25 6.0 x 101 SS!LUM; 'To = 2.2 JLS; OT 77F920 

m 
C 

19.8.4. My2+ AN 1.6 x 108 EM!; 'To = 2.2 !Ls 776441 s: m 
(SL/LUM/SPC)i OT -f 

My2+ AN/BuN 0.1 mol!L TEAP 25 1.6 x 108 SS/LUM; 'To = 2.2 JLS; OT; 77F920 » • (1/1) 'Tin AN 0 
19.8.5. Tetncyanoethene AN 0.1 mol!L TEAP 25 8.8 x 109 SS/LUM; 'To = 2.2 !LS; OT 77F920 0 

s: 
Ru[4,4'-(COOpl')zbpyla 2+ 

"tJ 
19.9. • 

Organic Quencher~ m 
>< 

19.9.1. Benzophenone-2-diazonium cation AN 2.5 x 10 10 SS/LUM; OT 84F440 m en 
19.9.2. N,N-Dimethylaniline AN 0.1 mol!L TEAP 25 3.7 x 109 SS/LUM; 'To = 2.4 JLS; RT 77F920 Z 

N, N-Di methy laniline AN 3.7 x 109 EM!; 'To = 2.4 !Ls 776441 " ~ (~L/LUM/SPC); RT • 
" 

C 
:::J' 19.9.3. 1,4-Dinitrobenzene AN 0.1 mol!L TEAP 25 8.1 x 101 SS/LUM; 'To = 2.4 JLs; OT 77F920 C '< 
!ft 

19.9.4. My:':-1- AN 1.2 x 108 EM!; 1"0 = 2.4 F-los 776441 en 
0 0 ::r (SL/LUM/SPC); OT • CD 

~ My:!-1- 1.2 X 108 
C 

AN/BuN 0.1 mol/L TEAP 25 SS/LUM; 'To = 2.4 JLs; OTj 77F920 -I 
l:I 

(1/1) 'I" in AN 0 CD 
~ Z 
C 19.9.5. OrgQue9 AN 0.1 mol!L TBAP 4.2 x 108 SS/LUM; OT 84F159 
AI 
,p;- 19.9.6. Triethy lami ne AN 0.1 mol!L TEAP 25 1.4 x 108 SS/LUM; 'To = 2.4 JLs; RT 77F920 

~ 
19.10. Ru(4,4'-ClzbPY)a z+ ~ .... Organic Quencherl ~ 

Z 19.10.1. MY:!+- H!)O/AN JL = 0.5 20 7.5 x 108 SS/LUM; 'Toair = 0.33 J.1.s 82S159 
P (20/1) (SL/LUM/SPC)i OT 
:-'-

CO W 
C» 

...... 
co 



~ TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpY)3 H)-Continued W 
......L 

"C I\) :::r 
'< 
!Jl No. Quencher Solvent Solut:on Medium rrC Icq Comments Ref. 
0 
:r /L mol- 1 S-I 
(I) 

~ 
J:J 

Ru(5-Clphen)3 2 + ~ 10.11. 

0 Inorganic Quenchers 
Q) 19.11.1. Co:AMMEsarH)H H2 O 0.1 mol/L HCI, 25 2.3 X l(}8 SSjLUM or LP/LUM/AVE; 84A238 ,pr 
< 0.1 mol/L LiCI 'To = 0.94 ~s (766404); ET, 
g. OT 
.... 

19.11.2. Coibpy)2+ H::P 0.05 Dol/L Pbuf; 25 2.7 X 107 SS/LUM; TO = 0.94 ~s 85S022 _0) 

Z pH 6.0; [Co"]![L] (766404); OT 
P = 4.5 
~ 

Colbpy).,H 1.3 X 101) cO 19.11.3. H2O 0.16 mol/L 25 SS/LUM; TO = 0.94 ~s 8!iS022 
0) N azSO 4' Pbuf; pH (766404); OT, ET 
<0 

7.8; fJ. = 0.5; 
[Co"];[L] '= 0.2 

Co(bpy)/+ H2O 0.05 lDol/L Pbuf; 25 7.9 X 107 SS/LUM; 'To = 0.94 ~s 85S022 
pH 8.0; fColil/[Ll (766404); OT, ET 
= 0.2 :J: 

1911.4. CO(S-Clphen)2+ H2 O 0.05 rnol/L Pbuf; 25 1.7 X 10? SS/LUM; 70 = 0.94 ~s 85S022 0 
." 

pH 6.(); [Co Ill/ [L] (766404); OT ." 
s:: = 4.5 » 

19.11.5. Co(5-Clphenb2 + H2 O 0.05 rr;ol/L Pbuf; 25 1.3 X 108 SS/LUM; 'To = 0.94 ~s 85S022 Z 

pH 8.C; fCo"l/ [L] (766404); OT trw 
...... = 0.2 ~ 

19.11.6. Co(:liAMsarr~+ H2O 0.16 mol/L LiCI, 25 1.4 X 108 SS/LUM or LP/LUM/AVE; 84A238 r--
0.05 mol/L EtMO; TO = 0.94 ~s (766404); ET, 
pH 7.5 OT; f = 0.30 at pH 8.1 

19.11.7. Co(~nh;l+ H2O ACbuf; pH 4.7; ~ 25 4.8 X 10' SS/LUM; 'To = 0.94 ~s 85F161 
= 0.01 (Na.Cl) :84A238); ET, OT; [Q] =; 

:3-90) X 10-4 mol/L 

19.11.8. Co(t,7-Me:.!phen)2+ H2O 0.05 mol/L Pbuf; 25 2.4 X 10~ 3S/LUM; 'To = 0.94 ~s 85S022 
pH 6.0; [Co"l/[L] (766404); OT 
= 4.5 

19.11.9. Co(4,7-Me:.!phen)/+ H2 O 0.05 mol/L Pbuf; 25 1.2 X 108 SS/LUM; 70 = 0.94 ~s 85S022 
pH 8.0. [ColIl/[L] /766404); OT 
= 0.2 

19.11.10. Co(NII:Jtl:l+ H:::O ACbuf; pH 4.7; ~ 25 3.2 X 107 SSjLUM; 'To = 0.94 fJ.s 85F161 
= 0.01 (N aCI) (84A238); ET, OT; [QJ = 

(3-90) X 10-.1 mol/L 

19.11.1i. Co(phen):'!+ fI:::O 0.05 mQI/L Pbuf; 25 6.4 X 107 SS/LUM; 70 = 0.94 ~s 85S022 
pH 6.0; [ColI]/[L] (766404); OT 
= 4.5 



TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpY)3 H)-Continued 

No. Quencher Solvent Solution Medium T/oC kq Co:nment8 Ref. 
/L mol- 1 8- 1 

19.11. Ru(5-Clphen)a z+ -Coniinued 
19.11.12. Co(phen)/+ H2O 0.05 mol/L Pbuf; 25 g.8 X 107 SS/LUM; 'To = 0.94 118 85S022 

pH 8.0; [CoIl]f[L] (766404); OT 
= 0.2 0 

19.11.13. Co(sep)3+ H2 O 0.2 mol/L LiCI 25 t7 X 108 SS(LUM; 'To :::: 0.94 118 84A238 c: 
m 

(766404); ET, OT; f:::: 0.35 Z 
Co(sep)H H:P 0.5 mol/L H2SO 4 25 ~.O X 108 SS(LUM; 'To :::: 0.94 118 84A238 0 

::I: 
(766404); ET, OT Z 

19.11.14. Cr3+ H2O 0.04 mol/L 25 1.2 x 10l) SS/LUM; 'To :::: 0.94 I1S 766404 Ci) 

H2 SO.1; 11 = 1.0 (LP/LUM/AVE); ET 0 
." 

(MgCI2 ) m 
19.11.15. CuZ+ H2 O 0.5 mol/L H2SO 4 25 4.0 X 107 SS!LUM; 'To :::: 0.94 I1s 78A090 >< 

0 
(766404); OT; f:::: 0.31 =i 

19.11.16. Eu2+ H:P 0.05 mol/L HCI; 11 25 1.0 X 108 SS/LUM; 'To :::: 0.94 I1s 78A087 m 
C 

:::: 0.5 (NaCI) (766404); RT; [Q] :::: 0.01- 3C 
0.09 mol/L m 

19.11.17. EuH H2O 0.025 mol/L HCI, :55 X 104 SS/LUM; 'To = 0.94 118 
-I 

25 766404 » 
[MgCI2] + [Eu3 +] (LP /LUM/ AVE); Q mainly r-
= 0.9 mol/L as EuCI2 + 0 

0 
19.11.18. FeH H2 O 0.5 mol/L H2SO 4 25 2.3 X 109 SS/LUM; 'To = 0.94 118 766404 s::: 

(LP/LUM/AVE); OT "tJ 
r-

19.11.19. Hg2+ H2 O 0.05 mol/L HN0 3; -23 6.1 X 107 LP /LUM/ AVE; 'To :::: 1.1 I1s; 84A148 m 
>< 

11 = 0.063 OT m 
(NaNOa) en 

Hg2+ H2 O 0.05 mol/L HNOa; -23 ~.6 X 108 LP /LUM/ AVE; 'To :::: 1.1 I1S; 84A148 
Z 
." 

~ fl. :::: 0.5 (NaN0 3) OT r-
'V 0.01 mol/L HNOa, 3.9 X 108 SS/LUM, LP/LUM/AVE; 'To 84A077 

c: 
:T 19.11.20. HgCI~ H2O is '< 0.09 mol/L :::: 1.2 115; OT !II en 
0 NaN°3 0 :T r-CD 

HgCI~ H2O 0.01 mol/L HNOa, 5.8 X 108 SS/LUM, LP/LUM/AVE; 'To 84A077 3 c: 
0.99 mol/L :::: 1.2 118; OT -I 

:0 (5 II NaN0 3 Z 
0 HgCl~ H2O 0.01 mol/L HN0 3 , 2.5 x 106 LP/LUM/AVE; 'To = 2.1 I1S; 84N034 
~ 
.P' 0.01 mol/L SLS OT 
< HgCI~ H2 O 0.01 mol/L HN0 3 , 1.4 x 106 LP /LUM/ AVE; 'To :::: 2.2 I1s; 84N034 ~ .... 0.1 mol/L NaN0 3 , OT 
SD 0.01 mol/L SLS 
Z 
~ 19.11.21. HgC13- H2 O 0.01 mol/L HNOa• 2.5 X 109 LP /LUM/ AVE; 'To :::: 1.2 118; 84A077 
~ [NaN0 3 ] + [NaCl] OT; kq from Cl- titration 
cD :::: 0.99 mol/L at fixed [HglI]~ot W 
(lC) .... 
CD W 



~ TABLE 19. Quenching of excited ruthenium complexes (except Ru(bPY),Z+)-Continued W ..... 
" ::r ~ 

'< 
!'l No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
0 
::r /L mol- 1 s-l 
CIl 

? 
:0 

Ru(5-Clphen)3 2+ -Continued ~ }g.l!. 

C HgC1 3 - H2O 0.01 mol/L HN0 3 , <9 X 104 LP /LUM/ AVE; TO == 22 fLs; 84N034 
~ 0.1 mcl/L NaN03 , Kq from CI- titration at 
~ 
< 0.01 mol/L SLS fixed [HglI]tot 

~ H.I1.22. HgC1 4
Z- H2O 0.01 mol/L HN0 3 , 1.1 X 108 LP /LUM/ AVE; TO == 1.2 fLs; 84A077 .... 

[NaNC 31 + [NaCI] OT; kq from CI- titration $1J 
Z = 0.9g mol/L at fixed [HgII] tot 
9 
~ .... IIU1.23. O2 H2O 25 3.4 X 10 9 SS/LUM; TO = 0.94 fLs 766404 

~ 
(LP/LUM/AVE); OT? 

co 
H.ll.24. Os:bPY)/+ H2 O fL = 1.0 (Na2S0 '1) 25 2.5 X log LP /LUM/SSTj 'To = O.~4 80E040 co 

fLS; ET, RT; [Q] S 0.005 
mol/L 

1£.11.25. Os[NHa)oH H:::O 0.5 mcl/L HZSO'l 25 :s9 X 106 SS/LUM or LP jLUM/SST; 82AI45 
TO = 0.94 fLS (766404); ET?; 
[Q] == (3-200) x 10- 4 :J: 

mol/L 0 
"TI 

H.ll.26. Os:NH~)sClz+ H~P 0.5 mol/L HzSO '1 25 :s2 x 107 SS/LUM or LP /LUM/SST; 82A145 "TI 
3: 

'To == 0.94 fLs (166404); ET?; l> 
[Q! == (3-200) x 10-4 Z 
mol/L rr, 

...... 
H.ll.27. Os:NH:~h(H:P)3+ H2O 0.5 mol/L HZSO'l 25 :s5 x 106 SS/LUM or LP /LUMjSST; 82AI45 ~ 

TO == 0.94 fLs (766404); ET?; !""' 
(Qj == (3-200) X 10-4 

mol/L 

19.11.28. Os[NHa)r,I2+ H2O 0.5 mcl/L H ZSO'l 25 3.2 X 108 SS/LUM or LP /LUM/SST; 82A145 
'To == 0.94 fLs (766404); ET?; 
[Q] == (3-200) X 10-,1 

mol/L 

19.11.29. Os[NH:~);,(N2)2+ H2O 0.5 mcl/L H ZSO'1 25 5.2 x 108 SS/LUM or LP/LUM/SSTi 82AI45 
TO == 0.94 fLs (766404); RTi 
[Q] == (3-200) X 10-4 

mol/L 

19.11.30. Rh(bpy)/+ H~P 0.5 moI/L H ZSO.1; 25 4.1 X 108 SS/LUM or LP /LUMjSST; 81N003 
fL == 0.5 OT 

Rh(bpyhH H2O 0.5 mcl/L NaOHi 25 2.8 x 108 SS/LUM or LPjLUMjSST; 81N003 
fL == 0.5 OT 

Rh(bpy);/+ H2O 0.11 moljL 25 2.1 x 108 SS/LUM or LP /LUMJSST; 82A145 
NazSO-t; fL = 0.5 'To = 0.94 fLS (766404); OT 

19.11.31. cis-Rh(bpy)z(HzO)z3+ H2O 0.5 mclJL H2SO 4 ; 25 2.9 x 108 SS/LUM or LP /LUMJSSTi 81N003 
fL ::::: 0.5 OT 



TABLE 19. Quenching of excited ruthenium complexes (except Ru(bPY)3 H)-Continued 

No. Quer.cher Solvent Solution Medium T;oC kq Comments Ref. 
/L mol- l 5- 1 

19.11. Ru(5-Clphen)a Z+ -Continued 
19.11.32. cis-Rh(bpy)z(OH)z + H2O 0.5 mol/L NaOH; 25 1.1 X 107 SS/LUM or LP /LUM/SSTj 8lN003 

J.I. == 0.5 ET 

19.11.33. Rh(4,4'-MezbpY~3 3+ H2O 0.17 mol/L 25 1 x 106 SS/LUM or LP /LUM/SST; 82A145 " NazS04j J.L == 0.5 'I'c = 0.94 J.LS (766404); OT c: 
m 

19.11.34. Rh(5-Mephen)aH H2O 0.17 mol/L 25 1.6 X 108 SS/LUM or LP /LUM/SST; 82A145 Z 
0 

Na2S04j J.L = 0.5 'I'(] = 0.94 JLs (766404); OT ~ 

19.11.35. Rh(phenh3+ H:,:O 0.5 mol/L H2SO 4; 25 5.7 X 108 SS/LUM or LP /LUM/SST; 8lN003 Z 
C') 

Jl. == 0.5 OT 0 
19.11.36. TiH H2 O 1.5 mol/L HClj J.I. 25 6.2 X 106 LP /LUM/SST; '1'0 = 0.12 19A183 ." 

= 3.0 (LiCI) J.l.s; ET; 20-60% TiH m 
>< coordinated by CI- 0 

Organic Quenchen =i 
19.11.31. Ascorbate ion HzO pH 5; JL = 0.7 25 1.1 X lOll SS/LUM; "0 = 0.94 J.l.s 82A218 

m 
C 

(NaZS04) (766404); RT 3: 
19.11.38. bpyH22+ H2O Jl. = 0.5 (HCI, 25 1.1 X 109 SS/LUM; "0 = 0.94 J.Ls 83C017 m 

-I 
NaCI) (766404); OT; [Q! = (5-50) l> 

X 10-4 mol/L; kq from pH .. 
0 dependence of Ksv 0 

19.11.39. N,N'.Dibenzyl-vioz+ HzO 0.11 mol/L 25 1.9 x 109 S3/LUM or LP /LUM/SSTj 82A145 3: 
"tJ 

NazS04j J.L = 0.5 ,.~ = 0.94 Jl.8 (766404); OT; .. 
[Q] = (3-50) X 10-4 mol/L m 

>< 
19.11.40. 4,4'-Dimethyl-bpyH/+ H2O Jl. = 0.5 (HCI, 25 1.8 X lOll SS/LUMj "0 = 0.94 J.Ls B3COl7 m 

NaCI) (766404); OT; [Qj = (5-50) 
en 

X 10-4 mol/L; kq from pH Z 
dependence of Ksv ." 

c.. .. 
." 19.11.41. DQ2t H2O 0.17 mol/L 25 1.9 X lOll SS/LUM or LP/LUM/SST; 82A145 c: 
:::r C 
'< NaZS04; J.L = 0.5 'I'~ = 0.94 J.Ls (766404); OT; 
!II [Q] = (3-50) X 10-4 mol/L en 
0 0 
:::r DQZt H2O Jl. = 0.5 (HCI, 25 3.1 x lOll SS/LUM; '1'0 = 0.94 J.Ls; [Q] 83C011 .. 
(1) c: 
? NaCI) = (5-50) X 10-4 mol/L -I 
:::0 (5 
~ 19.11.42. N,N'-Ethylene-4,4'-dimethyl- H2O 0.17 mol/L 25 1.5 x lOll SS/LUM or LP /LUM/SST; 82A145 Z 
C bpyz+ NaZSO'l; J.L = 0.5 ,.~ = 0.94 jl.s (766404); OT; 
a [Q] = (3-50) X 10-4 mol/L 
J» 
< 19.11.43. MV2t H2O 0.17 mol/L 25 1.3 x 109 SS/LUM or LP/LUM/SSTj 82A145 
~ Na2S0.1; J.L = 0.5 "0 = 0.94 jl.s (766404); OT; ... [Q] = (3-50) X 10-4 mol/L SO 
Z 19.11.44. phenH+ HzO Jl. = 0.5 (NaHS0 4, 25 2.3 X 107 SS/LUM; "0 = 0.94 J.l.s B3COl7 ? 
~ NaZSO,!) (766404); OT; [Qj = (5-50) 

u) X 10- 4 mol/L; kq from pH W .... 
0) dependence of Ksv U1 CD 



~ TABLE 19. Quenching of excited ruthenium complexes (e:xcept Ru(bpY)3 H)-Continued W 

" 
-L 

::r 0') 
'< 
!II 

No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 0 
::r /L mo]-l S-l 
CD 

? 
:0 

~ 19.11. Ru(5-Clphen}a 2+ -Continued 
C ph.enH+ H2O f..L = 0.5 (HCI, 25 3 x 101 SS/LUM; 70 = 0.94 f..Ls 83C017 
2l. NaCI) (766404); OT; [Q] = (5-50) .f'I 
< x 10-4 mol/L; kq from pH 
~ dependence of Ksv 
...... 

19.11.45. ph.enH/+ f.l = 0.5 (HCI, 6.4 x 108 SS/LUM; "0 = 0.94 f.ls 51' H2O 25 83C017 
z NaCI) (766404); OT; [Q] = (5-50) 
!' 

X 10-4 mol/L; kq from pH 
~ .... 
~ 

dependence of Ksv 
(I) 19.11.46. A,N' -(Tetramethy lene )_bpyZ+ H2O 0.17 mol/L 25 4.2 X 108 SS/LUM or LP /LUM/SST; 82A145 <0 

NazSO,,; f.l = 0.5 "0 = 0.94 f.ls (766404); OT 

HJ.n. Ru[4-(EtaP )bPYJa r>+ 
Inorganic Queltchers 

19.12.1. Co(bpy)aH HzO 0.33 mol/L 1.8 X 108 SS/LUM; "0 = 0.76 f.lS 82F048 
NazS0-t; 0.028 (LP /LUM/SST); OT :J: 
mol/L NaHSO.1; f.l 0 

-n 
= 1.0 -n 

19.12.2. Co[4-(NO::JbpybH HzO 0.33 mol/L 6.6 X 101 SS/LUM; 70 = 0.76 f.ls 82F048 
:s: 
~ 

Na2S0'1; 0.028 (LP/LUM/SST); OT Z 

mol/L NaHSO'I; f.l I'll 
= 1.0 "'1 

::t.. 
19.12.3. Fe:l+ H2 O 0.5 mol/L H zS0 4 1.5 X 101) SS/LUM; "0 = 0.76 f.ls 82F048 r-

(LP /LUM/SST); OT 

Organic Quenchers 

19.12.4. bpy H2O 0.33 mol/L 4 X 106 SS/LUM; 70 = 0.76 f.lS 82F048 
Na2S04; 0.028 (LP /LUM/SST); OT 
mol/L N aHSO 4; f.l 
= 1.0 

19.12.5. 4-Nitro- bpy H2O 0.33 mol/L 5.7 X ~08 SS/LUM; "0 :;:: 0.76 f.ls 82F048 
Na2S0.1; 0.028 (LP /LUM/SST); OT 
mol/L NaHSO.1; f.l 
= 1.0 

19.12.6. 4-(Triethylphosphonio)-bpy cation H2O 0.33 mol/L 2.7 x 101 SS/LUM; "0 = 0.76 f.ls 82F048 
NazS0-l; 0.028 (LP /LUM/SST); OT 
mol/L NaHSO'I; f.l 
= 1.0 

19.13. Ru(3,a'-Me 2 b py)a ~+ 
Inorganic Queltchers 

19.13.1. Eu(cryptf+ H2 O 1 mol/L KCI -22 1.3 X 101) SL/LUM/SPC; RT; [Q] = 86E195 
0.001-0.01 mol/L 



TABLE ]9. Quenching of excited ruthenium complexes (except :lu(bpy):\-Z-)-Cominued 

No. Quencler Solvent Solution Medium T;oC kq Comments Ref. 
/L mol- 1 5- 1 

19.13. Ru(3,3'-Me 2 bpy)g 2+ -Continued 
19.13.2. Eu{crypt)3+ H2O 1 mol/L KCI -22 5.6 X 107 SL!LUM/SPC; OT; [Q] = 86E195 

0.01-0.1 mol/L 

19.14. Ru( 4,4' -Me2 hpy)g 2+ 
C 
C 

Inorganic Quencher$ rn 
19.14.1. Co{AMcapten)3+ H:P ACbuf; pH 5; J-.I. = 20 1.3 X 109 LP/LUM/SST; 'To = 0.35 85F222 Z 

0 
0.1 (NaCI0 4) J-.l.s; ET, OT; f = 0.13 :l: 

19.14.2. CO{AMMEsar)3+ H;::O ACbuf; pH 5; J-.I. = 20 8.0 X 107 LP/LUM/SST; '1'0 = 0.35 85F222 Z 
0.1 (NaCI0-t) J-.l.s; ET, OT; f = 0.10 

C') 

0 
19.14.3. Co(AZAcapten)3+ H~O ACbuf; pH 5; J-.I. = 20 1.5 X 109 LP/LUM/SST; '1'0 = 0.35 85F222 ." 

0.1 (NaClO.1) J-.l.s; ET, OT m 
>< 

19.14.4. Co{AZAMEsar )3+ H2 O ACbuf; pH 5; J-.I. = 20 9.0 X 107 LP/LUM/SST; TO = 0.35 85F222 0 
0.1 (NaC10 4) J-.l.s; ET, OT; f = 0.14 =i 

m 
19.14.5. CO{bpy)s2+ H2 O 0.16 mol/L 25 1.2 X 109 SS!LUM; '1'0 = 0.33 f-ls 85S022 C 

NaZS04' Pbuf; pH (7f6404); OT, ET s: 
7.8; f-l = 0.5; m 

-I 
[CoIl]j[L] = 0.2 » 

Co{CLHOsar)3+ :3.7 X 108 
r 

19.14.6. H2 O ACbuf; pH 5; J-.I. = 20 LP/LUM/SST; TO = 0.35 85F222 0 
0.1 (NaCIO.!) J-.l.s: ET, OT; f = 0.19 0 

19.14.7. Co(CLNOsar):J+ H2 O ACbuf; pH 5; J-.I. = 20 E.8 X 108 LP /LUM/SST; '1'0 = 0.35 85F222 
s: 
." 

0.1 (NaCIO.d JLs, ET, OT; f = 0.18 r m 
19.14.8. Co(CLsar)H H2 O ACbuf; pH 5; JL = 20 2.4 X 108 LP/LUM/SST;-ro = 0.35 85F222 >< m 

0.1 (NaCI0 4) JLs; ET, OT; f = 0.25 en 
19.14.9. Co(CMMEabsar)H H2O ACbuf; pH 5; JL = 20 ~ X 107 LP /LUM/SST; '1'0 = 0.35 85F222 Z 

0.1 (NaCIO.1) JLs; ET ." 
c... r 
"tJ 

19.14.10. lela-Co( diAMchar)H H2 O ACbuf; pH 5; JL = 20 1.9 X 108 LP /LUM/SST; TO = 0.35 85F222 c: 
:::r 0.1 (NaCIO 'l) JLs; ET, OT; f = 0.39 6 
'< 
!II 19.14.11. CO{diAMsar)H H2O ACbuf; pH 5; JL = 20 1.1 X 108 LP /LUM/SST; TO = 0.35 85F222 

en 
0 0 
:::r 0.1 (NaCIO 'l) JLs; ET, OT; f = 0.17 r 
CI) c: 
~ 19.14.12. lel:s-Co(diAZAchar)3+ H:P ACbuf; pH 5; JL = 20 2.5 X 108 LP /LUM/SST; TO = 0.35 85F222 -I 
::0 0.1 (NaCIOolJ JLS; ET, OT; f = 0.11 0 
~ Z 
C 19.14.13. Co(diCLsar)H H2O ACbuf; pH 5; JL = 20 4.6 X 108 LP /LUM/SST; 'To = 0.35 85F222 
! 0.1 (NaCIO 'l) JLS; ET,OT; f = 0.18 
P 
< 19_14.14. Co(diNOsar)H H2O ACbuf; pH 5; f-L = 20 7.7 X 108 LP /LUM/SST; TO = 0.35 85F222 
0 
:- 0.1 (NaCIO 'l) JLs; ET, OT; f = 0.20 .... 
,!D 19.14.15. Co(EFMEoxosar-H)2+ H2O ACbuf; pH 5; JL = 20 7' X 107 LP /LUM/SST; TO = 0.35 85F222 
Z 
P 0.1 (N aCIO 4) JLS; ET 

~ 19.14.16. Co(MENOsar)3+ H.,O ACbuf; pH 5; JL = 20 3.8 X 108 LP /LUM/SST; '1'0 = 0.35 85F222 
cD - w 

0.1 (NaC10 4 ) J.l.f; ET, OT ..... 
CO ...... co 



~ TAB~E 19. Quenching of excited ruthenium complexes (exc~pt Ru(bPY)3 z+)-Con,inued (,.) 

"tI 
...A. 

::T 00 
'< 
!II No. Quencher Solvent Solution Medium r;oc kq Comments Ref. 0 
::T /L mol- 1 S-1 
(1) 

? 
:0 

Ru(4:,4'-Me 2 b PY)a 2+ -Continued ~ 19.14:. 
C 19.14.17. Co(NH3)63+ H2O 0.1 mol/L H2SO 4 -22 9 X 106 SS/LUM; "oair = 0.24 fLs 84A255 
I» 

~ (LP/LUM/AVE); OT 

< 19.14.18. Co(sar)3+ H2O ACbuf; pH 5; fL = 20 5.9 X 107 LP /LUM/SST; "0 = 0.35 85F222 
~ 0.1 (NaClO.t) fLs; ET, OT; f = 0.056 ...... 
Sf) 19.14.19. Co(sep)3+ H"O ACbuf; pH 5; fL = 20 2.4 X 108 LP /LUM/SST; "0 = 0.35 85F222 
z ~ 

P 0.1 (NaCIO.t) fLs; ET, OT; f = 0.10 

~ Co(sep)3+ H::P 0.5 mol/L H2 SO 4 25 4.5 x 108 SS/LUM; "0 = 0.33 fLs 84A238 
...... 
CD (766404); ET, OT 
(X) 
<0 

19.14.20. CrH H2 O 0.04 mol/L 25 1.0 X 107 SS /LUM; "0 = 0.33 fLs 766404 
H2S0 4; fL = 1.0 (LP /LUM/ AVE); ET 
(MgClz) 

19.14.21. Cu2+ H2 O 0.5 mol/L HZS0 4 25 9.7 x 107 SS/LUM; "0 = 0.33 fLS 78A090 
(766404); OT; f = 0.94 ::J: 

19.14.22. Eu2+ H2O 0.05 mol/L HCI; fL 25 1.5 X 106 LP /LUM/SST; 'To = 0.33 fLS 78A087 0 
." = 0.5 (NaCl) (766404); RT; [Q] = 0.01- ." 

0.09 mol/L 3l: 
l> 

19.14.23. Eu:l+ H2O 0.025 mol/L HCI, 25 - 5 x lOs SS/LUM; 'To = 0.33 fLs 766404 Z 
[MgCI2] + [Eu3+] (LP /LUM/ AVE); OT; Q rr, 
= 0.9 mol/L mainly as EuCI 2 + 'f 

:b 
19.14.24. FeH H2O 0.5 mol/L H2SO 4 25 2.9 X 10!) SS/LUM; 'To = 0.33 fLs 766404 r--

(LP/LUM/AVE); OT 

Fe:l + H 2O 0.5 mol/L HZS0 4 3.3 X 10!) FP /PCM/SST; 'To = 0.33 80E224 
fLs (766404); OT, ET?; [Q] 
= 0.005 mol/L; [Fe2 +] = 
[FeH ]; see Mech. [8] 

19.14.25. Hgz+ H2O 0.05 mol/L HN0 3 ; -23 4.4 x 10 7 LP /LUM/ AVE; 'To = 0.37 84A148 
fL = 0.063 Jl.s; OT 
(NaN0 3 ) 

Hg2+ H2 O 0.05 mol/L HN0 3 ; -23 1.9 X 108 LP /LUM/ AVE; "0 = 0.36 84A148 
fL = 0.5 (NaN03 ) fLs; OT 

19.14.26. HgClz H2O 0.01 mol/L HN0 3 , 1.5 X 10!) LP /LUM/ AVE; 'To = 0.34 84A077 

0.09 mol/L Jl.s; OT 
NaN0 3 

HgClz H2O 0.01 mol/L HN03 , 1.9 X lOll LP /LUM/ AVE; 'To = 0.34 84A077 
0.99 mol/L Jl.s; OT 
NaN03 

HgCI::: H2O 0.01 mol/L HN0 3 , 1.9 X 107 LP /LUM/ AVE; "0 = 0.56 84N034 
0.01 mol/L SLS Jl.s; OT 



TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpy)/ .... )-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
IL mol- 1 s-I 

19.14. Ru( 4,4/ -MezbPY)a 2+ -Continued 
HgClz H2O 0.01 mol/L HN03 • 1.2 X 107 LP /LUM/ AVE; TO = 0.56 84N034 

0.1 mol/L NaN03 • !-Ls; OT 
0.01 mol/L SLS C 

19.14.27. HgCI3 - H:P 0.01 mol/L HN03 , 5.1 X 109 LP/LUM/AVE; TO = 0.34 84A077 c: 
m 

[NaN03] + [NaCl] f.1s; OT; kq from CI- Z 
= 0.99 mol/L titration at fixed [HgH] tot 0 

::J: 
HgCla- H2O 0.01 mol/L HN03 , -6 X 106 LP/LUM/AVE; TO = 0.56 84N034 Z 

0.1 mol/L NaN0 3 , !-LS; OT; kq from Cl- C) 

0.01 mol/L SLS titration at fixed [HgIIJtot 0 
19.14.28. HgCI/- 0.01 mol/L HNOa, 7.2 x 108 LP/LUM/AVE; 'To = 0.34 84A077 

-n 
H:P m 

[NaN03] + [NaCl] f.1s; OT; kq from Cl- >< 
= 0.99 mol/L titration at fixed [HglIl tot 0 

=i 
19.14.29. O2 H2O 25 4.2 X lOll SS/LUM; 1'0 = 0.33 f.1s 766404 m 

(LP/LUM/AVE); OT? C 

19.14.30. Rh(bpyh H H2 O 0.5 mol/L H2SO 4; 25 1.1 X 10l) SS/LUM or LP /LUM/SST; 81N003 
3: 
m 

!-L = 0.5 OT -I 
~ 

Rh(bpy):~H H2 O 0.5 mol/L NaOH; 25 7.7 x 108 SS/LUM or LP /LUM/SST; 81N003 r-
!-L = 0.5 OT 0 

0 
19.14.31. cis-Rh(bpyb(H:p)za+ HzO 0.5 mol/L H2SO 4; 25 7.8 x 108 SS/LUM or LP ILUM/SST; 81N003 3: 

!-L = 0.5 OT " r-
19.14.32. cis-Rh(bpy):](OH}z + H2O 0.5 mol/L NaOH; 25 1.8 x 107 SS/LUM or LP ILUM/SST; 81N003 m 

>< 
!-L = 0.5 ET m 

Ch 
19.14.33. Rh(phen)a:J+ H2 O 0.5 mol/L HZS0 4 ; 25 1.4 x 10!) SS/LUM or LP /LUM/SST; 81N003 Z 

!-L = 0.5 OT -n 
!- Organic Quenchen r 

c: 
" 19.14.34. Asco:bate ion H2O pH 5; f.1 = 0.7 25 2 X 106 SS/LUM; TO = 0.33 !-LS 82A278 is ::J" 
'< (Na2S04) (766404); RT ~ en 
0 19.14.35. bpyH+ H2O !-L = 0.5 (HCI, 25 6.1 x 108 SS/LUM; TO = 0.33 !-Ls 83C017 0 ::r r-(I) NaCI) (766404); OT; [Q] = (5-50) c: 
~ x 10-4 mol/Lj kq from pH -I 
:XI 0 (I) dependence of Ksv 
;-to Z 
C bpyH+ H2O !-L = 0.5 (HBr, 25 8.5 X 108 SS/LUM; 'To = 0.33 !-Ls 83C017 
II) - NaBr) (766404)j OT; [Q] = (5-50) ~ 
< x 10-4 mol/Lj kq from pH 
~ dependence of Ksv 
...... 

bpyH+ SO H~O !-L = 0.5 (HN03• 25 8.0 x 108 SS /LUM; TO = 0.33 J..I.s 83C017 
z NaN0 3 ) (766404); OT; [Q] "" (5-50) 
~ x 10-4 mol/L; kq from pH 
~ 

~ 
dependence of Ksv W .... 

Q) fD co 



~ TABLE 19. Quenching of excited ruthenium complexes (except Ru(bPd
3

2 +)-Continued W 
"tJ 

I\) 

:::T 0 
'< 
CII 

Solution Medium TrC kq Ref. (") No. Quencher Solvent Comments 
:::T /L mol- 1 s-1 
CD 

? 
JJ 

Ru(4,4'-Me zbpY)3z+ -Continued ~ 19.14. 

C bpyH+ HzO I.l. = 0.5 (NaHSO"" 25 3.6 X 108 SS/LVM; "0 = 0.33 fLS 83C017 
~ NazSO.d (766404); OT; [Q] = (5-50) 
~ 

X 10-4 mol/L; kq fnm pH < 
~ dependence of Ksv 
-" 

19.14.36. bpYHz2+ ~ HzO I.l. = 0.5 (HCI, 25 2.6 X lOll SS/LUM; 'To = 0.33 I1S 83C017 
z NaCl) (766404); OT; [Q] = (5-50) 
9 X 10-4 mol/L; kq fr')m pH 
~ .... 
cD 

dependence of Ksv 
<Xl 19.14.37. 4,4'-Dimethyl-bpyHz

2 + HzO I.l. = 0.5 (HCl, 25 2.2 X lOll SS/LVM; 'To = 0.33 I1S 83C017 <0 
NaCl) (766404); OT; [Q] = (5-50) 

X 10-4 mol/L; kq fr)m pH 
dependence of Ksv 

4,4' -Dimethyl-bpyHz 2+ H2O I.l. = 0.5 (NaHSO.\, 25 2.9 X lOll SS/LVM; 'To = 0.33 I1S 83C017 
NazSO.\) (766404); OT; [Q] = (5-50) J: 

X 10- 4 mol/L; kq fr')m pH 0 
dependence of Ksv '"n 

" 19.14.38. DQ2+ H2 O 0.1 mol/L LiCI 25 2.4 X 101) SS/LVM; 'To = 0.33 fLS 85S022 s: 
l> (766404); OT :z 

DQ2+ H2 O 0.1 mol/L NaC1 25 2.4 X 101) SS/LUM; 'To = 0.33 fLS 85S022 rr, 
(766404); OT ...... 

:b. 
DQ:'!+ H2 O 0.1 mo!/L KC! 25 2.5 X 101) SS/LUM; TO = 0.33 fLS 85S022 r-

(766404); OT 

DQ:'!+ H2 O 0.1 mol/L RbCl 25 2.5 X 101) SS/LUM; TO = 0.33 fLS 85S022 
(766404); OT 

DQ:.!+ H2O 0.1 mol/L CsCl 25 2.5 x lOll SS/LUM; TO = 0.33 j.l.S 85S022 
(766404); OT 

DQ2+ H2O 0.1 mol/L TMAC 25 2.3 X lOll SS/LUM; 'To == 0.33 I1S 85S022 
(766404); OT 

DQ2+ H2O 0.1 mol/L TEAC 25 2.3 X 109 SS/LUM; 'To = 0.33 I1S 85S022 
(766404); OT 

DQ2+ HzO 0.1 mol/L TPrAC 25 2.2 X lOll SS/LUM; 'To ::= 0.33 I1S 85S022 
(766404); OT 

DQ2+ H2 O 0.1 mol/L TBAC 25 2.1 X 109 SS/LUM; TO = 0.33 fLS 85S022 
(766404); OT 

DQ2+ H2O 0.1 moI/L TPeAC 25 2.0 X 109 SS/LUM; 'To == 0.33 !JoS 85S022 
(766404); OT 

DQ2+ H2 O 0.1 mol/L TPrAB 25 2.7 X 10° SS/LUM; TO = 0.33 !JoS 85S022 
(766404); OT 



TABLE 19. Qu€nr:hing of excited ruthenium complexes (except Ru(bpy)/-j-Gontiulled 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
IL moI- 1 s-l 

19.14. Ru(4,4/-Me~bpY)32+ -Continued 
DQ2+ H2O 0.1 moI/L TBAB 25 2.6 x 109 SS/LUM; 'To = 0.33 fLs 858022 

(766404); OT 

DQZ- H2O 0.5 moI/L HCI 25 3.5 x 109 SS ILUM; 'To = 0.33 fLs 85S022 " (766404); OT C 
m 

DQ2- H2O 0.5 moI/L HBr 25 4.4 x 109 8S/LUM; 'To = 0.33 fLs 858022 Z 
0 (766404); OT :J: 

DQZ';' H2 O 0.5 moI/L LiCI 25 3.5 x lOll SS/LUM; 'To = 0.33 fLS 85S022 Z 
(766404); OT C) 

DQ2+ H2O 0.5 moI/L NaCI 25 3.6 x 109 SS ILUM; 'To = 0.33 fLs 85S022 
0 
"TI 

(766404); OT m 
>< DQ2+ H2O 0.5 moI/L KCI 25 3.7 x lOll SS ILUM; 'To ". 0.33 fLs 858022 0 

(766404); OT =i 
m 

DQ2+ H2O 0.5 moI/L RbCI 25 3.8 x 109 SS/LUM; 'To = 0.33 fLs 85S022 C 
(766404); OT s: 

DQ2+ H2O 0.5 mol/L CsCI 25 3.8 x 10° 83/LUM; 'To = 0.33 fLs 85S022 
m 
-I 

(766404); OT » r-
DQ2+ H2O 0.5 mol/L LiBr 25 4.6 x 10° S3/LUM; 'To = 0.33 fLs 85S022 0 

(766404); OT 0 
s: 

DQ2t H2O fL = 0.5 (HF, 25 2.4 X lOll 83/LUM; 'To = 0.33 fLS 83C017 'tJ 

NaF) (766404); [Q] = (5-50) x r-
rn 

lJ- 4 mol/L >< m 
DQ2t H2 O fL = 0.5 (HCI, 25 3.6 x lOll SS/LUM; 'To = 0.33 fLS 83C017 CJ) 

NaCI) (766404); [Q] ". (5-50) x Z 
c... 

lD- 4 mol/L "TI 
r-

" 
DQ:l+ H2O fL = 0.5 (HBr, 25 4.4 x lOll SS ILUM; 'To = 0.33 fLs 83C017 C 

:::T NaBr) (766404); [Q] = (5-50) x C '< 
!II 10- 4 moI/L CJ) 
0 0 :::T DQ:1+ H2O fL = 0.5 (HI, NaI) 5.8 X 109 SS ILUM; TO = 0.33 fLS 83C017 (I) 25 r-
~ (166404); [Q] = (5-50) x C 

-i 
::rJ 10-4 moI/L (5 
~ 
C 

DQ:1+ H2O fL = 0.5 (HN0 3 , 25 4.4 x 109 SS/LUM; TO = 0.33 fLs 83C017 Z 

!. NaN0 3) (766404); [Q] = (5-50) x 
J» 10- 4 mol/L 
< 
~ DQZt H2 O pH <1; fL = 0.5 25 2.8 x lOP SS/LUM; TO = 0.33 fLS 83C017 
.... (NaHS0 4, (766404); [Q] = (5-50) x 
S1'J 
Z NazSO .• ) 10-4 moI/L 
!J DQZ+ H2O pH >2; fL = 0.5 25 2.4 x lOP SS/LUM; TO = 0.33 fLS 83C017 
:" 
u) (NaHS0 4, (766404); [Q] = (5-50) x w 
00 Naz80 4) 10- 4 moI/L I\) 
CD ~ 



C- TABLE 19. Quenching of excited rut.lenium complexes (except Ru(bpY)3 2 +)-Continued W 
I\) 

"'C I\,) ::r 
'< 
!II No. Quencher Solvent Solution Mediun TrC kq Comments Ref. 
0 
::r /L mol- l s- t 
/I) 

~ 
:0 

Ru(4,4'-Me2bPY)a:+ -Continued ~ 19.14. 

0 19.14.39. MV2 + H2 O ACbuf; pH 5; J..l = 20 1.1 X 109 LP /LUM/SST; TO = 0.35 85F222 
II) 0.1 (NaCI0 4 ) J..ls; OT i 
< 19.14.40. phenH+ H~O J..l = ).5 (HCI, 25 2.4 x 109 SS/LUM; TO = 0.33 f-lS 83C017 
~ NaCl) (766404); OT; [Q] = (5-50) 
...... 

X 10- 4 mol/L; kq from pH J» 
z dependence of Ksv 
0 

~ ...... phenH+ H~O J..l = 0.5 (NaHSG oI , 25 2.1 x 109 SS/LUM; TO = 0.33 J..lS 830017 

<0 
Na~SO.d (766404); OT; [Q] = (5-50) 

co X 10- 4 mol/L; kq from pH 
CD 

dependence of Ksv 

19.15. Ru(a,4,7,8-Me",phen)a 2+ 
Inorganic Queltchers 

19.15.1. Co(sep}3+ H2 O 0.5 IEol/L HzSO I 25 6.9 X 108 SS/LUM; 'To = 1.4 J..lS 84A238 
(766404); ET, OT ::J: 

0 
19.15.2. Cu 2 + H2 O 0.25 moI/L 25 6.5 X 107 SL/LUM/SPC; 'To = 1.5 J..ls; 801'1.308 ." 

HzSO,t; J..l = 0.8-1 Aif = 19 kJ /mol; AS; = ." s:: 
-32 J/mol·K (20-80C C)j OT ,» 

Cu~+ 0.5 mol/L H2 SO 4 1.0 X 108 SS/LUM; TO = 1.4 J..ls 78A090 
Z 

H2 O 25 .." 
(766404); OT; f = 0.9,) ""f 

Cu 2 + H2O 0.5 mol/L Li 2 SO<l 25 8.8 X 107 SS/LUM; TO = 1.5 J..ls 78A090 :b. 

(LP /LUM/ AVE); OT 
r-

19.15.3. CuCl+ H2 O 0.0025 mol/L 25 2.3 X 108 SL/LUMjSPC; OT; kq from 8lA03l 
HZSO.1 + 0.088 kobs at various [Cullj and 
mol/L Cu2 + [Cl-j using known 
(CUS04' CuClz) :>r association constants 
0.005 mol/L HCl 
+ O.U mol/L Cl-
(CuC12, MgCI z); J..l 
= 0.35 

19.15.4. C1Cl z H2 O 0.0025 mollL 25 2.2 x 109 SL/LUM/SPC; OT; kc from 8lA031 
HZSO! + 0.088 kobs at various [Cu "l lnd 
mol/L Cu2 + [Cl-] using known 
(CuSO.I , CuCIz) or association constants 
0.005 mol/L HCl 
+ O.U mol/L Cl-
(CuClz, MgClz); lI. 

= 0.3,) 



TABLE 19. Quenching of excited ruthenium compJaes (except Ru{bpy);} ~+)-Continued 

No. Quencher Solvent Solution Medium T/oC kq Comments Ref. 
/L mol- 1 8- 1 

19.15. Ru{a,4,7 ,8-;Me.phen)a z+ -Continued 
19.15.5. Cu(HzO)n H H2O 0.0025 mol/L 25 ~.8 X 107 SL/LUM/SPC; OT; kq from 81A031 

H2SO 4 + 0.088 kobs at variot:s [Cull] and 
mol/L Cu2+ [Cl-] using known 0 
(CUS04, CuClz) or association constants r:: 
0.005 mol/L HC} m 

Z + 0.24 mol/L CI- n 
(CuClz, MgClz); fL ::t 
= 0.35 Z 

19.15.6. Eu(crypt)H H2 O 1 mol/L KC} '-22 3.4 x 107 SL/LUM/SPC; OT; [Q] = 86E195 
G) 

0 
0.01-0.1 mol/L "" 19.15.7. Fe:H H2O 0.5 mol/L HzSO 4 25 3.4 x 101) SS/LUM; TO = 1.4 fLS 766404 m 

>< 
(LP/LUM/AVE)j OT n 

19.15.8. HgCl 2 H:;:O 0.01 mol/L HN0 3 , 3.0 x 109 LP/LUM/AVEj 'To = 2.3 fLs; 84A077 
::; 
m 

0.09 mol/L OT C 
NaNOa s: 

HgCl 2 H2 O 0.01 mol/L HN0 3 , 7.5 x 107 LP /LUM/ AVE; 'To = I.g fLS; 84N034 
m ..... 

0.01 mol/L SLS OT 2> 
r 

HgCI~ HzO 0.01 mol/L HNO;3' 6.1 x 107 LP /LUM/ AVE; 'To = 2.2 fLS; 84N034 n 
0.1 moljL NaNOa, OTj [Q] :5 0.02 mol/L 0 
0.01 mol/L SLS s: 

"0 
19.15.9. HgCla- H2O 0.01 mol/L HN03 , 2.6 x 107 LPjLUMjAVE; 'To = 2.2 fLs; 84N034 r 

m 
0.1 mol/L NaNOa> OT; kq from C}- titration >< 
0.01 mol/L SLS at fixed [HglI]tot m 

00 
19.15.10. O2 H2O 25 5.8 x 101) SS/LUM; 'To = 1.4 fLs 766404 Z 

(LP/LUM/AVE); OT? 'TI 
c.. 

19.15.11. Os(NH:\),\:I+ 0.5 mol/L HzSO 4 7.9 X 107 SS/LUM or LP /LUM/SST; 
r 

" 
H.zO 25 82A145 c::: 

:1" TO = 1.4 fLs (766404); 01', 6 '< 
!" ET?; [Q] = (3-200) x 10-4 00 
0 mol/L 0 
:1" r CD 

? 19.1.).12. Os(NHa)r,C/ 2 + H2O 0.5 mol/L H2 SO4 25 4.2 x 108 SS/LUM or LP jLUMjSST; 82A145 c::: 
-I 

l7 'To = 1.4 fLs (766404); 01', 6 ~ ET?; [Q] = (3-200) x 10- 4 
Z 

0 mol/L 
I» 
p; 19.15.13. Os(NH:~UH~O)3+ H2O 0.5 mol/L HzS0 4 25 1.4 X 108 SSjLUM or LP jLUMjSST; 82A145 
< TO = 1.4 fLs (766404); 0'1, 
~ - ET?; [Q] = (3-200) x 10- 4 

!» mol/L 
Z 

19.15.14. Os(NH:~)r,I~+ p H~O 0.5 moljL H:.JSO-t 25 8.5 X 108 SSjLUM or LP /LUM/SST; 82A145 

~- TO = 1.4 fLs (766404); 01', - ET?; [Q] = (3-200) x 10- 4 ~ co 
co mol/L 

I\) 

co ~ 



~ TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpy):\2+)-Continued CN 
"'tI N 
:T J:I,. 

"< 
III 

No. Quencher Solvent Solution Medium T;oC Ref. n kq Comments 
:T /L mol-1 s-l 
CI) 

~ 
:0 

Ru(3,4,7 ,S-Me .. phen)a 2+ -Continued ~ 19.15. 

C 19.15.15. Ti:'+ H!:!O 1.5 mol/L HCI; fJ. 25 3.7 X 1(6 LP /LUM/SST; 'To = 1.0 fJ.s; 79A183 
~ = 3.0 (LiCI) 'To extrap'd to [Q] = 0; 
~IU 

< intercept of S-V plot is not 

~ 1.0; 20-60% TiH 
..... coordinated by CI-
!fJ 
z Organic Quench~rs 
p 19.15.16. Ascorbate ion H2O pH 5; fJ. = 0.7 25 1.1 X 107 SS/LUM; 'To = 1.4 fA.s 82A278 
~ ..... 

(Na2S0 -t) (766404); RT 
<0 
co 19.15.17. bpyH+ H2O fJ. = 0.5 (NaHSO." 25 3.5 X 10° SS/LUM; 'To = 1.4 fA.s 83C017 CD 

NazS0-t) (766404); OT; [Q] = (5-50) 
x 10-,1 mol/L; kq from pH 
dependence of Ksv 

19.16. Ru(3,5,6,8-Me 4 phen)a 2+ 
Inorganic Quenchers ::I: 

19.16.1. Cofsep)H H!:!O 0.5 mol/L HZS0-l 25 3.0 X 108 SS/LUM; 'To = 2.2 fA.S 84A238 0 
~ 

(766404); ET, OT .." 

Fe::+ 0.5 mol/L HzSO ,I 2.5 X 10° SS/LUM; 'To = 2.1 fA.S 
s: 

19.16.2. H2O 25 766404 » 
(LP/LUM/AVE); OT Z 

19.16.3. °2 H2O 25 3.6 X 109 SS/LUM; 'To = 2.2 fA.s 766404 
", 
...... 

(LP/LUMjAVE); OT? :b 

19.16.4. Os(NH:Jr,{H 20)3+ H2O 0.5 mol/L HzSO 4 25 4.9 X 107 SSjLUM or LP /LUMjSST; 82A145 r-
'To = 2.2 fA.s (766404); OT, 
ET?; [Q] = (3-200) X 10-" 
moljL 

19.16.5. Os(NH:dr,I2+ H2O 0.5 mol/L H2S0-l 25 6.6 X 108 SS/LUM or LP jLUMjSST; 82A145 
70 = 2.2 fJ.s (766404); OT, 
ET?; [Q] = (3-200) X 10--1 
moljL 

Organic Quenchm! 
19.16.6. Ascorbate ion H2 O pH 5; fA. = 0.7 25 3.6 X 107 SSjLUM; 70 = 2.2 fA.S 82A278 

(Na!:!SO.,) (766404); RT 

19.17. Ru(4,7-Me2phen)a2+ 
Inorganic Quenchers 

19.17.1. CoIAMMEsarH)H H!:!O 0.1 mol/L HCI, 25 7.4 X lOB ~SjLUM or LPjLUMjAVE; 84A238 
0.1 mol/L LiCI 'To = 1.7 fJ.s (766404); ET, 

OT 

19.17.2. Co(AZAMEsar)H H2O fJ. = 0.2 (LiCl) 25 8.4 x lOB SSjLUM or LP/LUMjAVE; 84A238 
'To = 1.7 fA.s (766404); ET, 
OT 



TABLE 19. Quenching of excited ruthenium complexes (except. Ru(bpY)3'~)~Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- 1 ;-1 

19.17. Ru(4,7-Me2phen)a2+ -Continued 
19.17.3. Co(bpy)2+ H2 O 0.05 mol/L Pbuf; 25 2.9 X 107 SS/LUM; TO = 1.7 Jl.S 858022 

pH 6.0; [CoIl]/[L] (766404); aT 
= 4.5 0 

Co(bpy)2+ H2 O 0.5 mol/L NaF, 25 9.6 x 107 88/LUM; TO = 1.7 Jl.s 858022 c: 
m 

0.025 mol/L Pbuf; (166404); aT z 
pH 6.0; [ColI]/[L] 0 
= 4.5 :::J: 

Co(bpy)2+ 1.5 X 108 
Z 

H2O 0.5 mol/L NaCl, 25 S8/LUM; TO = 1.7 Jl.s 858022 C) 

0.025 mol/L Pbuf; (766404); aT 0 
pH 6.0; [ColI]/[L] "T1 

m =·4.5 >< 
Co(bpy)2+ H2 O 0.5 mol/L NaBr, 25 1.8 x 108 SS/LUM; TO = 1.7 Jl.s 858022 0 

0.025 mol/L Pbuf; (766404); aT =i m 
pH 6.0; [ColI]/[L] C 
= 4.5 s::: 

Co(bpyfH H2 O 0.17 mol/L 25 1.0 x 108 SS/LUM; TO = 1.7 Jl.S 858022 
m 
-I 

Naz80 4, 0.025 (766404); OT l> 
mol/L Pbuf; pH r-

0 
6.0; [Colll/[L] = 0 
4.5 3l: 

19.17.4. Co(bpy)a+ AN 0.1 mol/L TEAP 25 3.8 x 10!) LP/LUM/AVE; 'To = 1.1 Jl.s; 86A077 
"'Q 
r-

ItT rn 
>< 

19.17.5. Co(bpy);/+ AN 0.1 mol/L TEAP 25 1.9 x 108 S8/LUM; TO = 1.1 Jl.s 86A077 rn 
UJ 

(LP/LUM/AVE); OT, ET? Z 
Co(bpy)/+ H2O 0.05 mol/L Pbuf; 25 1.0 x lOll SS/LUM; 'To = 1.7 Jl.s 858022 "T1 

~ pH 8.0; [Co'Ijf[L] (766404); OT, ET r-c: 
"U = 0.2 6 :::T 
'< Co(bpYh~+ H2O 0.16 mol/L 25 1.6 x 10!) SS/LUM; TO = 1.7 Jl.S 858022 ~ UJ 
0 Na2S04, Pbuf; pH (766404); OT, ET 0 
:::T r-
CD 7.8; f.L = 0.5; c: 
~ [Co"ll[L] = 0.2 -! 
:n 6 ~ 19.17.6. Co(S-Brphen)Z- H2 O 0.05 mol/L Pbuf; 25 3.4 x 108 S8/LUM; TO = 1.7 Jl.s 858022 Z 
0 pH 6.0; [ColI]/[L] (766404); OT 
m p = 4.5 

< 19.17.7. Co(S-Clphen)2+ H2 O 0.05 mol/L Pbuf; 25 2.8 x 108 SS/LUM; TO = 1.7 Jl.S 858022 
l2- pH 6.0; [ColI]/[L] 1766404); OT .... 
!fl = 4.5 
z 19.17.8. Co(S-Clphenh ~+ H::D 0.05 mol/L Pbuf; 25 1.4 x 108 SS/LUM; TO = 1.7 Jl.5 858022 ? 
~ pH 8.0; [Co"]/[L] (766404); OT 

cD = 0.2 c:".) 
N CD U1 CD 



!- TABLE: 19. Quenching of excited ruthenium complexes (except Ru(bpy):\2+)-Continued (A 

"tl P\) 

:::J" (j) 

'< 
!" No. Quencher Solvent Solution Medium TrC kg Comments Ref. 
(1 
::r /L mol- 1 S-l 
(1) 

? 
:rJ 

RU(4,7-Mezphen)a 2+ -Continued ~ 19.17. 

0 19.17.9. Co( diAMsar):3+ H:P 0.16 mol/L LiCI, 25 5.8 X 108 SS/LUM; TO ::::; 1.7 f-ls 84A238 
Q) 

0.05 mol/L EtMO; (766404); ET, OT; f;: 0.90 ;-
~< pH 7.5 at pH 8.3 

~ 19.17.10. Co(diAMsarHJ5+ H!)O 0.1 mol/L Hel, 25 1.1 X 109 SS!LUM, LP/LUM!AVEi 70 84A238 .... 
0.1 molJL LiCl = 1.7 fLS (766404); ET, OT ~CD 

z 19.17.11. Co(enhH H!,!O ACbuf; pH 4.7; fJ.. 25 1.1 X 108 SS/LUMi 'io = 1.7 fLs 85F161 p 
:- ::::: 0.01 (NaC!) (84A238); ET, OT; [Q] = 

<0 (3-90) X 10-'1 moJ/L 
00 

19.17.12. Co(4,4'-Me2bpy)2+ H2O 0.05 mol/L Pbuf; 25 7.4 x 101 SS/LUM; 70 = 1.7 fLs 858022 «> 

pH 6.0; {Co"l/{LJ (766404); OT 
= 4.5 

19.17.13. Co(2,g-Me2phenr~+ H2O 0.05 mol/L Pbuf; 25 5.4 x 108 S8jLUM; 'To = 1.1 !-LS 858022 
pH 6.0; lColI]/[Lj (766404); OT 
= 4.5 J: 

19.17.14. Co(4,7-Me:,:phen)2+ H!,!O 0.05 mot/L Pbuf; 4.3 X 108 SS/LUM; "0 = 1.7 f.Ls 85S022 
0 

25 .." 
pH 6.0; [Co11J/[Lj (766404); OT .." 

~ 
== 4.5 )-

19.17.15. Co(4,7-Me:.:phenLH H:.!O 0.05 mol/L Pbuf; 25 1.4 i< 108 8S/LUM; "0 = 1.7 f.l.s 858022 Z 
I'r1 pH 8.0; [ColI]/[L] (766404); OT "'i 

= 0.2 ~ 

19.17.15. Co(5-Mephen)H 0.05 mol/L Pbuf; 2.0 X 108 
.... 

H!,!O 25 SS/LUM; "0 = 1.7 fJ-s 858022 
pH 6.0; [Co11]j[L) (766404); OT 
== 4.5 

19.17.17. Co(5,6-Me . .!phen):.!+ H~O 0.05 mol/L Pbuf; 25 3.0 x 108 SS/LUM; "0 = 1.7 f.l.s 858022 
pH 6.0; [Col/lI[Lj (766404); OT 
= 4.5 

19.17.18. Co(NH;IL;:l+ H 2O 0.1 mol/L H:!80.\ -22 2.3 x 107 8S/LUM; ,.o"ir ::= 0.52 \l.S 84A255 
(LP ILUM! AVE); OT 

Co(NH;\)/+ H2O ACbuf; pH 4.7; fl. 25 7.7 x 107 8SJLUM; 70 := 1.7 f-ls 85F161 
::= 0.01 (Na.Cl) (84A238); ET, OT; (QJ "'= 

(3-90) X 10-.1 mol/L 

19.17.19. Co(phen)"'!+ H:.!O 0.05 mol/L Pbuf; 25 1.6 X 108 SS/LUM; 'To == 1.7 f.l.s 85S022 
pH 6.0; [Colll/[Ll (766404); OT 
::= 4.5 

19.17.20. Co(phen)a:'!+ HzO 0.05 mol/L P buf; 25 1.1 x 10~ SSjLUM; TO = 1.7 f-lS 85S022 
pH 8.0; [ColI]/[L] (766404); OT 
= 0.2 

19.17.21. Co(sep):I+ H~O 0.2 mol/L Lie! 25 9.5 X 10f 8SjLUM; 70 := 1.7 f-lS 84A238 
(766404); ET, OT; f == 0.64 



TABLE 19. QUencbing of excited ruthenium complexes (t:xcept Ru.(b?yl,,·"'}-G<nti:rl.ll.:>.d 

No. Qu~ncher Solvent Soi"ltion Medium Tj"C 

"" 
CQm.m~nts Ref. 

IL mol- l a~ t 

19.11. RiJ(4,7 ... Mezpben)s 2+ -Continued 
Co(sep)'+ H2 O 0.5 mol/L HoSO 4 25 7.0 x. 108 SS!LUM; ~o = 1.7 1" 84A2~8 

(7!;~'0'); E'l:, O'l: 

19.17.22. Cr3+ lloO 0.04 mol/L 25 1.3 x 107 SS!LUM; ~o = 1.7 1" 766404 0 
H:,-SO 1; ~ =: 1.0 (LP/LUM/AVE); E'f; !Qj ~ c 

m (MgCI,) 0.006 mol/L Z 
19.11.23. Cu'+ 0,0 0-25 mol/L 25 7.g x 10 7 SL/LUM/SPC; '0 = 2.: p..; SOA308 0 

:z: 
H,SO,; I< = 0.8-1 MI = 20 kJimol; :,s' ~ Z 

-2~ J/lno!·K (20-80'C) 01' C) 

Cu~+ 1'12° P. = 0.12 (N.l'lO 3) 25 8.6 x 107 (c.lc] LP !LUM,jSST; 70 = 1.1 \<.6; 8Sm99 0 
OT ." 

rn 
Cu2 + H,G ft = O.I~ (N.NO,) 25 1.1 " 107 (calc) LP !LUM!SST; 70 = I.: ~s 85N19~ >< 

0 (83N004); aT ::j 
Cll:<H H2O 0.25 molfL 25 1.9 x 107 SL/LUM:j8PC; 70 = ~.6 1'-'; BOAlOS rn 

ll2S0,; I< = 0.8-1 Aft< = 18 kJ I mol; AS' = C 
;: 

-34 l(IIlol'K (20-8<1'C) OT m 
Cu2+ H2O 0.5 mol/L H,SO, 25 8.6 x la' SS!LUM; ~o = 1.7 fts 78,.090 ~ 

(766404); 0'1'; f = 0.95 r-
[9.17.24. CuCI+ Hp 0.0025 mol/L 25 3.2 ;< 108 SL/LUM:jSPC; OT; kq rTOn> SlA031 0 

0 
H280, + 0.088 koblf at 'rarious [cu!ll a.nd ;: 
mol/L Cu2 + /Cl-j Using known ;!! 
(CuSO" CuCI,) or associa.tion constants "' 0.005 mol/L H<:;I )( 

"' + 0.24 mollL el- en 
(CuCI" MgCle); l'- Z = 0.35 

'TI 
!'- [9.[7.25. CuC!, H,O 0.0025 mOljL 25 2.5 x 10· SLjLUM,jSPC; OT\/q frOIl> 81;1.031 r-... c: 
~ ll,SO 4 + 0.088 kohl:! ~t va.rious [eu 1 ailed 5 
!I' mol/L Cu2+ [CI-] using known en 
0 (CuSO." CuCld or assQcia.tion co-n.sta.nts 0 '" .. 0.005 "'ai/L HCI r-
II c 

'" 
+ 0.24 mollL CI- g .. (CuCI" MgCI2); I" ,. 
= 0.35 'Z 

i 19.1726. Cu(HP).'+ H,O 0.0025 mol/L 25 7,8 x 107 SL/LUM,/8PC; 0'1'; kq from 81A031 

~ 
11250, + 0.088 koh1' at varioWl [Culll ar'ld 
",DIlL CuO+ /Cl-] using known 

~ (CuSO" CuCI,) or association constants 

~ 
0.005 mol/L HCI 
+ 0.24 mOl/L CI-

:< (CuCI" MgCI2); l'-

i ~ 0.35 (,) 

'" '" .... 



~ TA8LE 19. Quenching of excited rut:1enium complexes (except Ru(bPY)3 H)-Continued (,.) 
I\) 

"C ClO :r 
'< 
!fI No. Quencher Solvent Solution Medium T/oC kq Comments Ref. 
(') 
:T /L mol- 1 s-l 
(!) 

fJ 
:D 

19.17. Ru(4,7-Me 2 phen)a 2+ -Continued ~ 
0 19.17.27. Eu 2+ H;l0 0.05 mol/L HCI; fL 25 7.0 x 106 SS/LUM; "'0 = 1.7 J.Ls 78A087 
~ = O.S (NaCl) (766404); RT 
Jll 
< 19.17.28. Eu a+ H2O 0.025 mol/L Hel, 25 2.1 x 106 SS/LUM; "'0 = 1.7 J.Ls 766404 
~ [MgC1 2] + [EuH ] (LP/LUM/AVE); OT [Q] S 
do 

= 0.9 mol/L 0.5 mol/L; Q mainly as ~ 
Z Eucf~+ 
0 

~ 
Eu:3+ H2O 0.025 mol/L HCI; 25 1.3 x 106 SL/LUM/SPC; TO = 1.6 fLs; 80A308 

.... fL = 2.8 (MgCI2) j.Jf. = 25 kJ / mol; J.S* = 
co 
(X) -44 J/mol-K (20-80"C); 
«) 

OT; Q mainly as EuCl2+ 

19.17.29. Fe.3+ H2 O 0.5 mol/L H2SO 4 25 3.0 x 10\} SS/LUM; "'0 = 1.7 J..ts 766404 
(LP/LUM/AVE); OT 

19.17.30. Eg2+ H2 O 0.05 mol/L HNO:); -23 9.5 x 107 LP/LUM/AVE; "'0 = 1.9 J-ls; 84A148 
fL = ~.063 OT :t: 
(NaNO:)) 0 

." 
Bg2+ H2O 0.05 mol/L HNO;\; -23 3.8 x 108 LP /LUM/ AVE; "'0 = 1.6 J-ls; 84A148 

"TJ 
~ 

fL = ~.5 (NaN0 3) OT ~ 

0.01 mol/L HNO:), 2.8 X 10\} LP /LUM/ AVE; "0 = 1.9 {Ls; 
Z 

19.17.31. HgCl;l H2O 84A077 
I'1"J 

0.09 mol/L OT ..... 
NaN0:J :b. 

EgCl 2 H2O 0.01 mol/L HNO;\. 2.8 x 10\} LP /LUMI AVE; "0 = 1.9 (Ls; 84A077 
!' 

0.99 mol/L OT 
NaNOs 

HgCl;l H2O 0.01 mol/L HNO:). 3.0 x 107 LP /LUM/ AVE; "'0 = 3.3 ~LS; 84N034 
0.01 mol/L SLS OT 

EgC!..! H2 O 0.01 mol/L HNO:). 2.4 x 107 LP /LUM/ AVE; "'0 == 3.4 p.s; 84N034 
0.1 mol/L NaNOS) OT 
0.01 mol/L SLS 

HgCl;l H:P 0.01 mol/L HNO:). 2.3 x 101 LP /LUM/ AVE; "'0 == 3.5 p.s; 84N034 
[NaNO:d + [NaC!] OT 
= DAD mol/L. 
0.01 mol/L SLS 

19.17.32. EgCI:1- H2O 0.01 mol/L HN0 3 • 8.5 x 10\} LP ILUM/ AVE; "'0 == 1.9 {Ls; 84A077 
[NaNOsl + [NaClj OT; kq from Cl- titn.tion 
= 0.99 mol/L at fixed [Hgllltot 

BgCl a- H2O 0.01 mol/L HNO:)I 1.2 x H? LP /LUM/ AVE; TO = 3.4 {Ls; 84N034 
0.1 mol/L NaNO:)1 
0.01 mol/L SLS 

OT; kq from CI- titration 
at fixed [Hgllj tot 



TABLE: 19. Quenching of exdted ruthenium complexes (except Ru(bPY)a ::!-'-)-Continueu 

!'fa. Quencher Solvent Solution Medium TrC kq Comments a.f. 
IL mol-I ,-' 

19.17. Ru(4,7.Me.phen)?+ -Continued 
19.17.33. HgCl/- H2O 0.01 mol/L HNO" LO x 10' LP/LUM/AVE; TO ~ L9 fL'; 84-".077 

[NaNO,l + [NaGI) OT; A:q from Cl- titra.tion 
= 0.99 lhol/L at fixed [Hg"jtot 0 

19.17.34. 0, H2O 25 4.5 x 10" SS/LUM; TO~ 1.1 1-" 766404 c: 
11'1 

(LP/LUM/AVE); OT! Z 

19.17.35. O,(bpy)!+ Hp I-' ~ 1.0 (Na2S0,) 25 2.5 X 10" LP /LUM/SST; TO = L7 1'-'; 80E040 
0 
J: 

ET; [Q) '" 0.005 mol,'L Z 
19.17.36. Os(NH,),"+ H2O 0.5 mol/L H2SO 4 25 5.0 X 10' SS/LUM or LP /LUM/SST; 82A14S ~ 

TO = 1.7 .,., (766104); OT, 0 
'!1 

ETI; fQl = (3-Z00) x 10-4 11'1 
mol/L X 

n 
19.17.37. Os(NH,)"ClH H2O 0.5 mol/L H.SO., 25 3.0 x 10' SS/LUM or LP jLUM/SST; 82A145 ::j 

TO ~ 1.7 1'-5 (7G6104); OT, 11'1 
ETI; [Qj = (3-200) x 10-1 0 
mol/L :s: 

11'1 
19.11.38. Os(NH,),,(HP}H IIzO 0.5 moi/L HoSO, 25 8.1 x 10" SS/LUM or LP/LUM/SST; 82A145 ~ 

TO ~ 1.7 flo. (766404); OT, r 
BTl; [Q) = (3-200) x 10-" 0 
mol/L 0 :s: 

19.17.39 Os(NH,,),(N,)2+ H2O 0.5 molfL HoSO, 25 :$3 x 10 7 SSfLUM or LP ILUM(SST; 82A145 "0 
TO ~ 1.7 ~. (756404); RT; r 

11'1 
IQj = (3-200) x 10-' X 
mol/L 11'1 

W 
19.11.40. Rh(bpy)/-!' HoO 0.5 mol/L IIzSO.,; 25 1.3 x 10' SS/LUM or LP /LUMfSST; 81]\003 Z 

f'- ~ 0.5 OT " !- Rh(bpYLH H,O 0.5 mol/L N.OH; 25 9.9 X 10" SS/LUM or LP/LUM!SST; 811'003 
r c: 

" ~ = 0.5 OT 6 ::T ... 
!" Rh(bpy)}+ H2O 0.17 molJL 25 9 x 108 SS!LUM or Lp !LUM!SST; 82A145 W 

9 0 
N.oSO,; ~ = 0.5 .To ~ 1.7 1'-' (766404); OT r .. c: 

13 19.17.41. ds-J1h(bpyh(HzO);+ HP 0.5 mol/L HzSO.,; 25 1.4 x 10' SS/LUM or LP/LUMiSST; 811'003 -t 
:D .,. = 0.5 OT (5 .. 
'" 19.17 .42. ci.-Rh(bpy),(OHl, + liP 0.5 mOlfL NaOH; 25 2.5 x 10" SS/LUM or LP/LUM'SST; 81NOO3 Z 
c .. I-' = 0.5 ET 
.fir 

~ 
19.17.43. Rh(4,4'-Me,bpy)s'+ H2O 0.17 rnol/L 25 1.2 x lO{) SS/LUM or LP /LUMiSST; 82Al45 

N.zSO ,; I'- = 0.5 "0 = 1.7 1" (756404); OT 

,iii 19.17.44. Rh(5-M.phen)sH H2O 0.17 mol/L 25 1.3 x 10' SS/LUM or LP /LUMiSST; 82Al45 
~ N.oSO,; .,. = 0.5 TO = 1.7 '" (766404); OT 
!> 
:-'- 19.17.45. Rh(5,6-Me.,phen)iH H2O 0.17 mol/L 25 1.6 x 10° SS/LUM or LP ILUMISST; 82Al45 

;;; N.,SO,; ~ = 0.5 TO ~ 1.7 1-" (766404); 0'1' '" 
'" ~ 
'" 



~ TABLE 19. Quen·:hing of excited ruthenium complexes (except Ru(bpy).z+)-Continued IN 
'tI (,.) 

::r 0 
'< en 
(") No. Quencher Solvent Solution Medium T;oC kq Comments Ret'. 
::r /L mol- 1 s-1 
CD 

~ 
:::c 

Ru( 4:,7-Mel/phen)3 2+ -Continued ~ 19.17. 
C 19.:7.46. Rh(phen)s;!+ H2 O 0.5 mol/L H2SO 4; 25 1.5 i< 10° SS/LUM or LP /LUM/SST; 81N003 
IU 

~ fJ. = O.S OT 
< 19.17.47. RU{4,7-Mezphen)a 3+ AN 0.1 mol/L TEAP 25 2.5 i< 10° LP/LUM/AVE; TO = 1.1 f1s; 86A077 
~ OT .... 
$0 19.17.48. TiH 

=-1 2° 1.5 moJ/L HCI; f1 25 3.8 i< 106 LP /LUM/SST; TO = 1.3 f1s; 79A183 z = 3.0 (LiCI) ET; 20-60% TiH !=> 
:'" coordinated by CI-
..... 

Organic QuencheTs <0 
co 
<0 19.17.49. bpyH+ H2 O f1 = 0.5 (NaHSO.1, 25 1.4 X 10° SS/LUM; TO = 1.7 fJ.s 83C017 

NazSO,) (766404); OT; [Q] = (5-50) 
X 10-4 mol/L; kq from pH 
dependence of Ksv 

bpyH+ H~.P fJ. = o.~ (Hel, 25 2.4 x 10° SS/LUM; TO = 1.7 fJ.s 83C017 
NaCI) (766404); OT; [Q] = (5-50) :J: 

x 10-.1 mol/L; kq from pH 0 
." 

cependence of Ksv ." 

19.17.50. N,N'-Dibenzyl-vioH 0.17 mol/L 2.4 X 10° ~S/LUM or LP /LUM/SST; 
s:: 

H2 O 25 82A145 l> 
Na2S0.j; f-l = 0.5 'To = 1.7 f-lS (766404); OT; Z 

[Q] = (3.5-500) X 10-5 I"r1 
mol/L 

...... 
:b. 

19.17.51. N,N-Diethylaniline MeOH 25 8.6 X 106 SL/LUM/SPC; TO = 0.85 83E623 r-
~s; LlG* = 33 kJ/mol; RT 

19.17.52. N,N-Dimethylaniline MeOH 25 3.7 X 106 SL/LUM/SPC; 'io == 0.85 83E623 
JAS; LlG* = 36 kJ/mol; RT 

19.17.53. 4,4'-uimethyl-bpyHz
2 + H2 O f-l = 0.5 (NaHSO.1, 25 2.4 X 10° SS/LUM; TO = 1.7 fJ.s 83C017 

Na2S0.J (7'66404); OT; [Q] ::::: (5-50) 
>< 10- 4 mol/L; kq from pH 
dependence of Ksv 

19.17.54. DQ2.,. H2O 0.17 mol/L 25 2.4 X 10° SS/LUM or LP /LUM/SST; 82Al45 
NazS0-t; fJ. ::::: 0.5 'To = 1.7 fJ.S (766404); OT; 

[Q] = (3.5-500) X 10-5 

mol/L 
DQZ- £20 fJ. = 0.5 (HCI, 25 4.1 i< 10° SS/LUM; 'To = 1.7 f-lS 83C017 

NaCI) (766404); [Q] = (5-50) X 

10- 4 mol/L 

19.17.55. N,N'·Ethylene-4,4' -dimethyl- £20 0.17 mol/L 25 2.1 x 10° SS/LUM or LP /LUM/SST; 82A145 
bpy:!+ NazSO-t; fJ. ::::: 0.5 'To = 1.7 fJ.S (766404); OT; 

[Q] = (3.5-500) X 10-5 

rnol/L 



TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpy)/+-)~Contint:ed 

No. Quemher Solvent Solution Medium TrC kq Comments Ref~ 

IL mol- 1 s- I 

19.17. Ru(4,7-Me2phen)/lz+ -Continued 
19.17.56. MV2 + H2O 0.17 mol/L 25 1.8 x lOS) SS/LUM or LP /LUM/SST; 82A145 

NazSO.,; ~ = 0.5 'To = 1.1 ~s (766404); OT; 
[Q] = (3.5-500) X 10-5 

" mol/L c: 
MV2 + H2O 0.0061 mol/L 30 t.4 X 108 SS/QYP; 'To = 1.7 ~s 81A139 

m 
Z 

Pbuf, sO.2 mol/L (756404); OT; [Q] :5 0.01 0 
H8EtOH; pH 7 mol/L; 'To at 25 cC; see ::::I: 

Mech. [1] Z 
C) 

19.17.51. 4,N,N-Trimethyla.niline MeOH 25 1.8 X 108 SL/LUM/SPC; 'To = 0.85 83E623 0 
~s; flG* = 26 kJ/mol; RT ." 

m 
19.18. Ru(5-Mephenla 2+ >< 

0 
Inorganic Quenche~s =i 

19.18.1. CO(bpyh:!+ H2 O 0.16 mol/L 25 1.2 x 109 SS/LUM; 'To = 1.3 ~s 858022 m 
Na2SO." Pbuf; pH (766404); OT, ET C 
1.8; ~ = 0.5; 3: 
[CoIl]/[L] = 0.2 m 

...... 
19.18.2. Co(sep)H H2O 0.2 mol/L LiCI 25 7.3 X 108 SS/LUM; 'To :=: 1.3 ~s 84A238 l> 

r-
(766404); ET, OT 0 

Co(sep)H H2O 0.5 mol/L H2SO'1 25 5.5 X 108 SS/LUM; '1"0 = 1.3 ~s 84A238 0 
3: 

(166404); ET, OT "tJ 

Cr:1+ H:P 0.04 mol/L 1.3 X 107 SS/LUM; '1"0 = 1.3 ~s 766404 
r-

19.18.3. 25. m 
HzSO .,; ~ = 1.0 (LP/LUM/AVE); ET >< m 
(MgC12) en 

19.18.4. Cu:!+ H2O ~ = 0.12 (NaN0 3 ) 25 4.9 X 107 lealc) LP /LUM/SST; '1"0 = 1.4 ~s; 85N199 Z 
or ." 

~ r-
"U Cu:!+ R;!O 0.5 mol/L H:!S04 25 6.0 X 10 7 SS/LUM; '1"0 = 1.3 ~s 78A090 c: 
::r C '< (766404); OT; f = 0.74 
!II en 
0 19.18.5. Eu:1+ H2 O 0.025 mol/L HCI, 25 4.2 x 105 SS/LUM; '1"0 = 1.3 ~s 766404 0 ::r 

[MgClz] + [Eu:1+] (LP /LUM/ AVE); OT; Q r-CD 

~ = 0.9 mol/L mainly as EuC12 + C 
...... 

:xJ 
Fe:l + 2.6 X 10° (5 ~ 19.18.6. H2 O 0.5 mol/L H2SO 4 25 SS/LUM; '1"0 = 1.3 ~s 766404 

0 (LPjLUM/AVE); OT Z 
I» - 19.18.7. Hg:!+ H2O 0.05 mol/L HN0 3 ; -23 8.4 x 107 LP /LUMj AVE; '1"0 = 1.5 ~s; 84A148 ,!II 
< ~ = 0.063 OT 
~ (NaN0 3 ) .... 
!fJ Hg:!+ H2 O 0.05 mol/L HN0 3 ; -23 3.3 x 108 LP /LUMjAVE; '1"0 = 1.5 ~s; 84A148 
z 

~ = 0.5 (NaN0 3 ) OT ~ 
:" 
co w 
CD W 
(I) ...... 



~ TABLE 19. Quenching of excited ruthenium complexes (except Ru(bPY)32+)-Continued (,.) 
(,.) 

"t! N ::r 
'< 
!II No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
(') 
::r jL mol- 1 s-1 
(1) 

~ 
:lJ 

Ru(5-Mephen)a 2+ -Continued ~ 19.18. 

C HU8.8. HgCl2 H!:!O 0.01 mol/L HNO., 1.9 X 109 LP ILUMj AVE; TO = 1.4 J.Ls; 84A077 
~ 0.09 mol/L OT 
J> NaN03 < 
~ HgCl2 H2O 0.01 mol/L HNO.; 2.6 X 109 LP ILUMI AVE; TO = 1.4 J.Ls; 84A077 

~o; 0.99 mol/L OT 
Z NaN03 
0 

:" HgCl2 H2 O 0.01 mol/L HNO., 1.3 X 10' LP/LUM/AVE; TO = 2.3 J.Ls; 84N034 

<P 0.01 mol/L SLS OT 
00 

HgClz H2 O 0.01 mol/L HNO~, 1.1 X 10' LP ILUMj AVE; TO = 2.4 J.Ls; 84N034 <0 

0.1 meI/L NaN0 3, OT 
0.01 mol/L SLS 

19.18.9. HgCla - H~O 0.01 mol/L HNO., 6.3 x 109 LP ILUMj AVE; 'To = 1.4 J.Ls; 84A077 
[NaNOa! + [NaCl] OT; kq from Cl- titration 

::r: = 0.99 mol/L at fixed [HglI]tot 
0 

HgCla - H2 O 0.01 mol/L HNO., -3 x 106 LP JLUMj AVE; 'To = 2.4 J.Ls; 84N034 ." 
." 

0.1 mel/L NaNOa, aT; kq from Cl- titration ;: 
0.01 mol/L SLS at fixed [HglI]tot l> 

Z 
19.18.10. HgCl,\z- H2O 0.01 mol/L HNO., 8.1 x 108 LP JLUMj AVE; 'To = 1.4 J.Ls; 84A077 rr, 

[NaNO:d + [NaC!] aT; kq from CI- titration ~ 
= 0.99 moI/L at fixed [Hgfl]tot :b. 

r--
19.18.11. 02 H2 O 25 5.0 x 109 SSjLUM; 'To = 1.3 J.Ls 766404 

(LP !LUM! AVE); OT? 

19.18.12. Rh(bpy):\:!+ H2O 0.17 moljL 25 7 x 108 SS/LUM or LP !LUMjSST; 82A145 
NazSO.1j J.L = 0.5 'To == 1.3 J.Ls (766404); OT 

19.18.13. Rh(4,4'-Me 2 bpy);;:I+ H2O 0.17 mol/L 25 4.9 X 10& SSjLUM or LP!LUMjSST; 82A145 
NazS0-t; J.L = 0.5 'To = 1.3 J.LS (766404); OT 

19.18.14. Rt(5-MephenhH H2O 0.17 mol/L 25 1.0 x 109 SS!LUM or LP /LUMjSST; 82A145 
NazS0-t; J.L = 0.5 'To == 1.3 J.LS (766404); OT 

19.18.15. Rl(5,6-Me:Jphenh 3+ H2O 0.17 moI/L 25 1.3 X 10 0 SS/LUM or LP/LUM/SST; 82A145 
Na2S0.lj J..l = 0.5 'To :=: 1.3 J..lS (766404); OT 

Orgenic Quenchers 
19.18.16. Ascorbate ion H2O pH 5j J.L = 0.7 25 1.7 x 103 SS!LUM; TO = 1.3 J.Ls 82A278 

(NazSD-t) (766404); RT 

19.18.17. bpyH+ H2O J..l = 0.5 (HCI, 25 
~ 

3.4 x 10 SS!LUM; 'To = 1.3 J.Ls 83C017 
NaCl) (766404); OT; [Q] = (5-50) 

X 10-4 moljL; kq from pH 
dependence of Ksv 



TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpy)/"'-)-:-Continued 

No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
/L mol- 1 s-1 

H.18. Ru(5-Mephen)a 2+ -Continued 
19.18.18. bpyH2

H H2 O 11 = 0.5 (HCI, 25 3.2 X 109 SS/LUM; "0 = 1.3 IlS 83C017 
NaCI) (766404); aT; [Q] = (5-50) 

X 10-4 mol/L; kq from pH 0 
dependence of Ks V C 

19.18.19. DQ2+ H:P fL = 0.5 (HCl, 3.3 X 109 SS/LUM; 70 = 1.3 IlS 83C017 
m 

25 Z 
NaCl) (766404); [Q] = (5-50) X 0 

10-'1 mol/L :I: 
Z 

19.18.20. phenH+ HzO Jl. = 0.5 (HCI, 25 1.8 X 109 SS/LUM; 70 = 1.3 IlS 83C017 C> 
NaCl) (766404); aT; [Q] = (5-50) 0 

x 10-4 mol/L; kq from pH ." 
m dependence of Ksv >< 

19.18.21. phenH~2+ H2O 11 = 0.5 (HCI, 25 3.8 x 109 SS/LUM; 70 = 1.3 IlS 83C017 0 
NaCl) (766404); aT; [Q] = (5-50) =i m 

x 10-4 mol/L; kq from pH C 
dependence of Ksv 3: m 

Ru(s,6-Me2phenh 2+ 19.19. ~ 
Inorganic Quenchers r-

19.19.1. Co(en)/+ H2O ACbuf; pH 4.7; 11 25 9.1 x 107 SS/LUM; TO = 1.8 IlS 85F161 0 
= 0.01 (NaCI) (84A238); ET, aT; [Q] = 0 

(3-90) X 10-'1 mol/L 3: 
." 

19.19.2. Co(NH:\)oH H2 O ACbuf; pH 4.7; 11 25 5.3 x 107 SS/LUM; 70 = 1.8 IlS 85F161 r-
m 

= 0.01 (NaCI) (84A238); ET, aT; [Q] = >< 
(3.90) X 10- 4 mol/L m 

(J) 

19.19.3. Co(sepi:~+ HzO 0.2 mol/L LiCI 25 7.2 x 108 SS/LUM; TO = 1.8 IlS 84A238 Z 
(766404); ET, aT ." 

Co(sep):t+ HzO 0.5 mol/L H2SO'l 25 5.7 x 108 SS/LUM; TO = 1.8 IlS 84A238 
r-

"0 
C 

:r (766404); ET, aT 6 '< 
'IJ 

19.19.4. cr:l+ >H 2 O 0.04 mol/L 1.4 X 107 SS/LUM; "0 = 1.8 f.tS 766404 (J) 
n 25 0 
:r HzSO 4; flo = 1.0 (LP /LUM/ AVE); ET r-
<1) 

~ (MgClz) c 
-t 

II 19.19.5. Cu 2 + H2 O f.t = 0.12 (NaNOa) 25 5.2 X 107 (calc) LP /LUM/SST; "0 = 1.8 fLs; 85N199 (3 
~ aT z 
0 
II) Cu2 + H2O 0.5 mol/L HzSO 4 25 1.6 x 107 SS/LUM; "0 = 1.8 fLS 78A090 
,&t 
< (766404); OT; f = 0.79 

~ 19.19.5. Eu:1+ H2O 0.025 mol/L HCl, 25 7.5 X 105 SS/LUM; "0 = 1.8 fLS 766404 
,«; [MgCld + [EuH ] (LP/LUM/AVE); aT; Q 
z = 0.9 moljL ma.inly as EuClz+ 
0 

~ 19.19.7. Eu(crypt)H H2O 1 mol/L KCl -22 6.0 x 107 SLjLUM/SPC; aT; [Q] = 86E195 

0 0.01-0.1 moljL W 
QI) W 
00 W 



~ TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpY)3 H)-Continued (,.) 

." (,.) 

::r .r:. 
'< 
0· 

0 No. Quenctler Solvent Solution Medium TrC kq Comments Ref. 
::r /L mol- 1 S-1 
CD 

~ 
::II 

Ru(5,6-Me 2phen)3 2+ -Continued ~ 19.19. 

e 19.19.8. Fe3+ H2 O 0.5 mol/L H2 SO 4 25 2.6 X 109 SS(LUM; TO = 1.8 fLs 766404 a (LP /LUM/ AVE); OT j» 

< 19.19.9. Hg2+ H2 O 0.05 mol/L HN03; -23 8.3 X 107 LP/LUM/AVE; "0 = 1.9 fLs; 84A148 
~ fL = 0.063 OT ..... 
SfJ (NaN03) 
Z HgH H2O 0.05 mol/L HN03; -23 3.6 X 108 LP/LUM/AVE; "0 = 2.0 fLs; 84A148 ~ 
~ ..... fL = 0.5 (NaNO:!) OT 
..... 

19.19.10. HgCl2 H2 O 0.01 mol/L HN03, 2.9 X 109 LP/LUM/AVE; "0 = 1.9 J.l.s; CD 84A077 
CD 
CD 0.09 mol/L OT 

NaN03 

HgCl2 H2 O 0.01 mol/L HN03, 2.6 x log LP/LUM/AVE; "0 = 1.9 fLs; 84A077 
0.99 mol/L OT 
NaN03 

HgCl2 H2O 0.01 mol/L HNO;!, 1.7 X 107 LP/LUM/AVE; "0 = 3.1 fLs; 84N034 
:J: 
0 

0.01 mol/L SLS OT " " HgClz H2O 0.01 mol/L HN03, 1.3 x 107 LP/LUM/AVE; "0 = 3.2 fLs; 84N034 s:: 
0.1 mol/L NaNO;!, OT l> 

Z 
0.01 mol/L SLS r" 

19.19.11. HgCla- H2O 0.01 mol/L HN03, 5.0 x 109 LP/LUM/AVE; "0 = 1.9 fLs; 84A077 ...... 
[NaN03] + [NaCI] OT; kq from CI- titration :b 

= 0.99 mol/L at fixed [HglI] tot 
!"" 

HgCI:\- H:,l0 0.01 mol/L HN03, -4 x 106 LP/LUM/AVE; "0 == 3.2 J.l.s; 84N034 
0.1 mol/L NaN03, OT; kq from Cl- titration 
0.01 mol/L SLS at fixed [HglI] tot 

19.19.12. HgCl.\~- H2 O 0.01 mol/L HNO;!, 7.8 X 108 LP/LUM/AVE; "0 == 1.9 J.l.s; 84A077 
[NaN03] + [NaCI] 
== 0.99 mol/L 

OT; kq from CI- titration 
at fixed [HglI]tot 

19.19.13. 02 H:,l0 25 4.7 x 109 SS!LUM; 70 = 1.8 fLs 766404 
(LP/LUM/AVE); OT? 

19.19.14. Os(NH:\)tIH H2O 0.5 mol/L H2SO 4 25 ::;3 x 107 SS!LUM or LP /LUM/SST; 82A145 
TO = 1.8 Jl.s (766404); OT, 
ET?; [Q] = (3-200) X 10- 4 

mol/L 

19.19.15. Os(NH:\)..;(HzO)3+ H2 O 0.5 mol/L H2 SO 4 25 ::;2 x 107 SS!LUM or LP /LUM/SST; 82A145 
"0 = 1.8 Jl.S (766404); OT, 
ET?; [Q] = (3-200) X 10-4 

mol/L 



TABLE 19. Qllel1cl1ing of tlxt;::ited ruthenillm complt!'xes (except RtI{bPY);) ~-)-CQntinot1d; 

No. Quencher Solvent Sol ution Medi urn TI'G 'q Comments Ref. 
IL Illol- 1 S~l 

19.19. Ru(5,6 ... M(!2l>hen)~3+ -CDntinued 
19.10.16. Os(NR3),I'+ H,O 0.5 molJL H,SO 4 25 tUj, x 1(\8 SS/LUM or LP /LUM/SST; a2A14' 

TO ~ 1.8 ~s (766404); OT, 
BT'; \QI = (3.200) x 10-4 

" rooljL C m 
Orga.nic Q1tef'l.t:kers :z: 

19.19.17 As.eor-bate ion H2O pH 5; fL = 0.7 25 1.1 ;: lOs SS/LUM; TO = 1.8 fLS SZAZ78 (') 
:J: 

(Na,SO,) (1&6404); RT Z 
19.19.18. bpyH+ H,O ~ = 0.5 (HCI, 25 9.9 j. 10 7 8S/LUM; TO = 1.8 fL' 83C017 Cl 

NaCI) (7&6404); OT; [QI ~ (5.50) 0 
x 10~4 Jllot/L; kq {rem pH 

.., 
m depemdence of Ksv X 

btyH+ H.,O ~ = 0.5 (NaHSO" 25 !j ;< 107 58 jl..UM; TO = 1.8 ~s S3G01? ~ N.,SO,) (766404); OT; [QI = (5.50) I'M 
>< 10-4 mo1jL; kq from pH 0 
dependence Qf Ksv == 

19.19.19. bpyH/+ H2 O ~ = 0.5 (RC1, 25 3.B x 1011 SSjLUM; TO = 1.8 fL' 83G017 ~ 
NaGI) (766404); OT; [Q) = (5.50) > r-

:.< 10-4 tn01jL; .ltq from pH (') 
dependence of Ksv 0 

19.19,20, N,N~DjethylatliIine MeOR 25 2.0 ;,: 108 SL/LUM/SPC; '0 ~ 1.4 1"; 8aE623 s: 
-0 

!>G' ~ 26 ltJjmal; RT r-m 
19.19.21. DQ'+ R,O ~ ~ O,S (RCI, 25 3.2 ): to\) SSILUM; '0 = 1.8 !'-' %30017 >' 

NaGl) (166404); [QI ~ (5-50) x m 
!f) 

10-' mol/L % 
19.19.22. 4,N,N-Trimethylaniline M.OR 25 3.3 'j lOt} SLjLUM/SPC; '0 = 1.4 1'-'; 831%23 -n 

f- ilG' ~ 19 kJ/mol; RT ~ ... 6 :r 1o.aD. Ru[{,1-(Pb80.j,phenJ. 4 -
~ Jno;tg(Jn~'c QaMe-her$ 

(/) 

g 0 
19.20.!, 0, MeOl! 1.9 x 10° SS/LUM; TO ~ 5.5 !,S 777221 ~ .. 

(l..P/LUM/AVE); BT i! g :II 
10.21. Ru(4,1-Ph.phen).'+ !!- ;2!: 

0 In.orgart.ic Qu.e)1.ehl!r~ ., Ig.21.!. Fe(CN).'- H2O 1.5 ~: 10[0 8LjLUMjSPG; TO'" ~ 0.91 85R098 
~ !'-'; [QI s; 2 x 10-" mGI/L; 
< 
~ some SQ 
~ Fe{CN)t;'- H,OjMe,SO., 0.0045 mollL 3.0 , 10' SLjLUMjSPG; TO'" = 0.93 SSRM8 .!" 
% (9/1) TRbu!; 0.D45 ~S; [QI "" 6 x 10-' O1ol/L; 
!' moljL N aCl; pH some SQ 

~ 
7.2 

'" !{l '" '" 
(J1 



~ TABLE 19. Quenching of excited ruthenium complexes (except Ru(bPY)3 H)-Continued W 

" 
W 

:r 0) 

'< 
!" No. Qilencher Solvent Solutlon Medium T;oC kq Comments Ref. n 
:r jL mol- L s-1 
~ 

~ 
:XI 

Ru(4,7-Ph 2phen)a 2 + -Continued ~ 19.:U. 

0 19.21.2. HgC1 2 H2 O 0.01 mol/L HN0 31 9.5 x lOs LP/LUMjAVE; "0 = 5.8 f-ls; 84N034 
2l. 0.01 moljL SLS OT 
P 
< Hg;Clz H2O 0.01 mol/L HNO:}1 8.0 X IUs LP /LUM/ AVE; "0 = 5.8 f-ls; 84N034 
~ 0.1 mol/L NaNO:}, OT ..... 

0.01 mol/L SLS 5D 
z 19.21.3. O2 MeOH 2.5 x reo SSjLUM; "0 = 5.3 f.Ls 777221 !' 
~ ..... (LP/LUM/AVE); ET 
..... 

Or~anic Quenc7-ers co 
<» 

19.21.4. N,N-Dibutyl-vio2 + AN !.L = 0 (calc'd) 1.6 X 1C8 LP jLUMjSST; OT 83N153 co 

19.21.5. N,N-Diethyl-vioZ+ AN !.L = 0 (calc'd) 1.5 x 1C8 LP /LUM/SST; OT 83N153 

19.22. Ru(5-Phphen)a2+ 
Inorganic Quenchers 

19.22.1. CJ.:!+ H2O 0.5 mol/L H2S0 1 25 5.7 X let SS/LUMi "0 = 1.3 f.LS 78A090 :z: 
(766404); OT; f = 0.51 0 

." 
]9.22.2. Fe:H H2O 0.5 mol/L HzSO I 25 2.7 X le IJ SS /LUM; "0 = 1.3 f.Ls 766404 ." s:: 

(LP/LUM/AVE); OT ):. 

]9.22.3. °2 H2O 25 4.7 X leo SSjLUM; 7"0 = 1.3 f-lS 766404 Z 

(LP /LUM/ AVE); OT? n, -.. 
19.23. Ru[4,4'-(SOa)zbpyja 4-

:b 
!' 

Inorganic Quenchers 
]9.23.1- Cu:':+ DzO f.L = 0.2 (NaClO t ) 25 1.6 X 1(8 SLjLUMjSPC; "0 = 0.99 85E617 

f-ls; OT 

Cu:':+ H2O pH 5-6; f-l = 0.2 25 1.9 X 1G8 SL/LUMjSPC; '1"0 = 0.48 85E617 
(NaClO.,) !-Ls; OT; [Qj ::; 0.025 mol/L 

Cu:!+ H2O 0.25 nol/L 25 7.5 X 1(7 SL/LUMjSPC; OT 85E617 
H2SO .. ; f.L = 0.95 

Or~anic Quenchers 
]9.23.2. MV:!+ H2O f-l = 0 (calc'd, 25 2.3 X re LO SLjLUMjSPC; '1"0 = 0.48 85E617 

NazSD4 ) f-ls; OT 

19.24. Ru(Z,2'-bipyrazine)a 2+ 
Inorganic Quer.chers 

19.24.1- Cl- AN 1.6 X reo LP /LUMjSST; "0 = 0.84 86A134 
f-ls; RT? 

]9.24.2. C:)(NH;;)(l:l+ H:.:O f-l = 1.0 (KCI) 20 1.3 X 1C8 SS/LUM;TO = 0.92 f.Ls 85E218 
(LPjLUMjAVE); OT 

~9.24.3. C:)(NH3).,cfH H~O f-l = 1.0 (KCI) 20 5.7 X reo SSjLUMi 7"0 = 0.92 f.Ls 85E218 
(LP /LUMj AVE); OT 



TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpy)/'"'-)-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- 1 S-1 

ID.24. Ru(2,2'-bipyrazlne)a1H -Continued 
19.24:.4. Cu 2 + H2O Jl. = 1.0 (KCl) 20 5 x 108 SS/LUM; TO = 0.92 Jl.s 85E218 

(LP/LUM/AVE); OT 

Cu 2 + H2O 2 mol/L H:!SO,( 20 5 X 108 SS/LUM; 1'0 == 50 ns 85E218 0 
(LP /LUMjAV~); ETj S* c:: 

m 
monoprotonated Z 

Cu 2 + H~S04 20 3 X 107 SS/LUM; 1'0 = 0.52 Jl.s 85E218 n 
J: 

(98%) (LP /LUM/AVE); S'" Z 
hexaprotonated Q 

19.2(.5. Fe2 + H2O Jl. = 1.0 (KCI) 20 fi x 108 SS/LUM; TO = 0.92 Jl.S 85E218 0 
"T1 

(LPjLUMjAVE); RT m 
Fe:!+ H2O 2 mol/L H2S0-1 20 7 X 108 SS/LUM; TO == 50 ns 85E218 >< n 

(LP/LUM/AVE); RT; S* =i 
monoprotonated m 

Fe:!+ H~SOol 1.1 x 108 SS/LUM; TO = 0.52 Jl.S 85E218 
C 

20 i: (98%) (LP/LUM/AVE); S" m 
hexaprotonated -I 

~ 
19.24.6. Fe:l + H~O f.I. = 1.0 (KCl) 20 1.1 x 10 10 SS/LUM; "0 = 0.92 J1..S 85E218 r-

(LP/LUM/AVE); OT (") 
0 

Fe:l + H2O 2 mol/L H:!SO-1 20 1 X 108 SS/LUM; 'To = 50 ns 85E218 i: 
(LP/LUM/AV8); OT; S* ." 

r-
monoprotonat~d m 

Fe:1+ 1 X 101 >< 
H,!S04 20 SS/LUM; 1'0 = 0.52 Jl.S 85E218 m 
(98%) (LP/LUM/AVE); S'" 

CJ) 

hexaprotonated Z 
19.24.7. Fe(CN)tl::- H2O f.I. = 1.0 (KCl) 20 5.6 x 10° SS/LUM; 'To = 0.92 Jl.s 85E218 " ~ r 

" (LP /LUM/ AVE); OT t:: 
j:' 6 '< Fe(CN)u:l - H2O 2 mol/L H!:!SO.1 20 4.1 X 10 '0 S8 JLUM; 'To = 50 ns 85E218 !h CJ) 
0 (LP/LUM/AV8); S'" 0 ::r 
ct monoprotonated r 
? c:: 

19.24.8. Fe(CN)(j"- H2O f.I. = 1.0 (KCI) 20 1.0 x 10 10 SS/LUM; TO = 0.92 Jl.s 85E218 -I :D 6 ~ (LP/LUM/AVE); RT 
Z C Fe(CN)u·l

- H2O 2 mol/L H:!SO.\ 20 5.3 x 10° 55/LUM; 1'0 :::: 50 ns 85E218 ~ 
j» (LPjLUMjAVE); S* 
< monoprotonated 
~ 

19.24.9. I- H:P I-L = 1.0 (KCl) 20 7.0 x 10° SS/LUM; "0 "'" 0.92 Jl.s 85E218 .. 
SO (LP /LUM/ AVE); RT z 
P Organic Quenchers 
~ .. 19.2~.10. Aniline AN f.I. = 0.1 (TBAP) 22 5.2 x 10° SS/LUM; 'To :: 0.14 Jl.S 85E218 
<0 (LP /LUMj AVE); RT (,) 
0) (,) 
CD ...... 



~ TABLE 19. Quenc:1ing of excited ruthenium complexes (except Ru(bpY)sH)-Continued CJ,) 
CJ,) 

." CO :::T 
'< 
(JI 

No. Quen:her Solvent Solution Medium Tj"C kq Comments Ref. 
0 
:::T /L mol- 1 5- 1 
CD 

? 
JJ 

Ru(2,2' -bipyrazine) 3 2+ -Continued II 19.24. 

C 19.24:.11. 1,4-B.s(N-phenylamino )benzene AN Il. := 0.1 (TBAP) 22 1.1 X 10 10 sa/LUM; TO = 0.74 fl.s 85E218 
~ (LP /LUM/ AVE); R.T 
JU 
< 19.24:.12. 1,2-Dlmethoxybenzene AN Il. := 0.1 (TBAP) 22 1.7 x 108 S3!LUM; TO = 0.74 Il.s 85E218 
~ (LP /LUM/ AVE); RT ..... 
!» 19.24:.13. 1,4-Dlmethoxybenzene AN Il. := 0.1 (TBAP) 22 8.6 X 108 SS/LUM; TO = 0.74 Il.s 85E218 
z (LP /LUM/ AVE); RT P 
~ 19.24:.14. N,N-Dimethylaniline AN Il. :::: 0.1 (TBAP) 22 8.4 X 10° SS/LUM; TO = 0.74 Il.s 85E218 
cO (LP /LUM/ AVE); RT 
0) 
(0 

19.24:.15. Diphenylamine AN Il. :::: 0.1 (TBAP) 22 5.6 X 1O\) SS/LUM; TO = 0.74 Il.s 85E218 
(LP /LUM/ AVE); RT 

19.24:.16. EDTA H2 O 0.05 mol/L 3.9 X 101 LP /LUM/SST; TO = 0.75 85A4:31 
PHTHbuf; pH 5 Il.'; RT; [Q] = 0.002-0.02 

mol/L ::J: 
EDTA H2O 0.1 molJL 3.9 x 101 LP/LUM/AVE; TO = 0.75 83Nl78 0 

." 
PHTHbuf; pH 5 Il.'; RT; [Q] :::; 0.01 mol/L ." 

EDTA H2O pH 8.7; fJ.. = 1.0 6.9 X 108 SS!LUM, LP/LUM/AVE; 86A120 
s:: » 

(Na.2S0 .,) T(/l.Ir = 0.60 Il.si RT; f = Z 
-0.7 (85F311); [Q] = (1- ", 
1000) X 10- 4 mol/L ...... 

:b 
EDTA H:P pH 11.0; fJ.. = 1.0 7.7 X 108 SS!LUM, LP/LUM/AVE; 86A120 !"'" 

(Na.2S0 ,) 'T(!:J.lr = 0.60 Il.s; RT; f = 
~0.7 (85F311); [Q] = (1-
1000) X 10-4 mol/L 

19.24:.17. MV2+ H:P 0.5 molJL KCI 25 8.6 X lOtS SS/LUM; TO = 1.0 Il.S 83F371 
(83E209); OT 

19.24:.18. Phenothiazine AN Il. :::: 0.1 (TBAP) 22 7.9 x 10\) SS!LUM; TO = 0.74 Il.s 85E218 
(LP /LUM/ AVE); RT 

19.24:.19. Triet:1anolamine H2O 0.5 molJL KCl 25 2.5 x 108 SS/LUM; TO = 1.0 Il.s 83F371 
(83E209); RT 

19.24:.20. 1,2,3-Trimethoxybenzene AN Il. :::: 0.1 (TBAP) 22 6.5 x 107 SS!LUM; TO = 0.74 Il.s 85E218 
(LP/LUM/AVE); RT 

19.24:.21. 1,2,4-Trimethoxybenzene AN J.I. :::: 0.1 (TBAP) 22 2.9 X 10\) SS!LUM; TO = 0.74 Il.s 85E218 
(LP/LUM/AVE); RT 

19.24.22. 1,3,5-Trimethoxybenzene AN J.I. :::: 0.1 (TBAP) 22 2.7 X 107 SS!LUM; TO = 0.74 Il.S 85E218 
(LP /LUM/ AVE); RT 

19.24:.23. 4,N,N-Trimethylaniline AN Il. ~ 0.1 (TBAP) 22 S.6 x 10\) SS/LUM; TO = 0.74 Il.s 85E21S 
(LP /LUM!AVE); RT 

19.24.24. Triphenylamine AN J.I. ~ 0.1 (TBAP) 22 6.2 x 10!) SS!LUM; TO = 0.74 J.l.s 85E21S 
(LP/LUM/AVE); RT 



TABLE 19. Quenching of excited ruthenium complexes (except R.u(bPY)3z+;-Continued 

No. Quencher Solvent Solution Medium TrC kq Conments Ref. 
/L mol-I 5-1 

19.25. Ru(3,3'-bipyridazine)32+ 
Organic Quenchers 

19.25.1. MV2 + H~O 25 7.6 X 107 EMI; 'To = 0.70 fLS 83E209 

MV2+ H2O 0.5 mol/L KGl 25 7.6 x 107 SS/LUM; TO = 0.70 fLS 83F371 0 
(83E209); OT c:: 

m 
MV2+ H2O 0.05 mol/L 4.8 X 107 LP jLUM/SST; 'To = 0.58 85A431 Z 

n 
PHTHbuf; pH 5 fLS; OT; [Q] = 0.002-0.02 ::z::: 

mol/L Z 
19.25.2. Triethanolamine H2O 25 1,3 )( 106 EM!; TO = 0.70 fLS 83E209 G) 

0 
Triethanolamine H2 O 0.5 mol/L KCl 25 1,3 x 106 SSjLUM; 'To = 0.70 fLS 83F371 'TI 

(83E209); RT m 
>< 

19.26. Ru(2,2'-bipyrimidine)a:".+ 0 
=t Inorganic Quenchers m 

19.26.1. O 2 AN 5,3 X 108 LP!LUM/SST; 70 = 67 ns; 86B098 C 
PQ = (2, 10) x 104 Pa s: 

m 
O2 H2 O -1 X 10° LP (LUM/SST; 70 = 83 ns; 86B098 -i 

PQ = (2, 10) X 104 Pa » 
r-

0" MeOH 4,5 X 108 LP(LUM/SST; 'To = 0.10 86B098 0 -
J.Ls; PQ = (2, 10) x 104 Pa 0 

3: 
Organic Quenchers " 19.26.2. Triethlno 1 ami ne H:P 0.5 mol/L KGl 25 3,6 X 107 SS/LUM; TO = 60 ns 83F371 r-m 

(83E209); RT >< m 
19.27. RuJl [I,2-bis(phenylthio)ethane]zCI(J.L-vio)RuIl(bpy)zC12+ 

CJ) 

Organic Quenchers Z 
19.27,1. N-Meth.yl-4-carbamyl-py+ AN/CH2 Glz -23 2.7 x 108 LP!LUM/AVE; "0 = 0.10 85F051 ." 

c... r-
"0 (1.5/1) fJ.s; OT c: 
:::r 6 '< 

Ru 11[1,2_ bis(phenylthio)ethane]2C1(J.L-vio )Ru lII(bpy ):CI3+ 9J 19.28. CJ) 
0 Organic Quenchers 0 :::r 

N-Meth.y1-4-carbamyl-py+ 2.4 X 108 LP/LUM/AVE; 'to = 0.10 r-ell 19.28.l. AN/CHzC1 2 -23 85F051 
~ c: 

(1.5/1) J.LS; OT; [Q] :5 0.018 mol/L -! 
:::c 0 ~ 19.29. Ru(bpy)z[(BUG)zbpyID+ Z 
C Organic QuencheTs ! 
.!» 19.29.l. MV~+ H~O fL = 0.06 (NaCI) -24 2.6 X 108 LP/LUM/AVE, SS/LUM; 'To 85A387 
< = a.53 J1S; aT; [Q] = 0 
:- 0.005-0.020 mol/L .... 
!» MV~+ H2O J1 = 0.15 (NaGl) -24 6.1 x 108 LP/LUM/AVE, SS/LUM; TO 85A387 
Z 
P = a.53 J1S; OT; [Q] = 

y ..... 0.005-0.020 mol/L 
.... c".) 
CD c".) 00 
CD CD 



~ T ABL8: 19. Quenching of excited ruthenium complexes (except Ru(bPY)3 2+)-Continued W 

" 
,Jlo 

::r 0 
'< 
til 

Quencher Solution Medium TrC Ref. n No. Solvent kq Comments 
::r /L mol-I s-l 
("I) 

~ 
:l:J 

Ru(bpyb[(BUG)2bpy]n+ -Continued l!- 19.29. 
0 MVZ+ H2O (..l = 0.30 (NaCl) ~24 8.8 ;.< 103 LP/LUM/AVE, SS/LUMj 'To 85A.387 
a = 0.53 (..lSj OT; [Q] = I),) 
~ 

0.005-0.020 mol/L < 
0 

MVZ+ H2O (..l :: 0.60 (NaCl) 1.2 x lOt LP/LUM/AVE, SS/LUM; 'To 85A.387 :- ~24 ..... 
.?' = 0.53 (..lS; OT; [Q] = 
z n.005-0.020 mol/L 
!' 
:" 19.30. cis-Ru(bpylz(CN)z 
<0 Inorganic Quencherg 
Q) 

Co2+ 6.4 X 106 FP /LUM/SST; 'To = 0.27 CD 19.30.1. H2O ~21 776220 
fLs; ET; some SQ 

19.30.2. Co(acac)2 MeOH ~21 4.3 X 107 . SS/LUM; 'To = 0.40 (..ls 776220 
[FP /LUM/SST); ET 

19.30.3. Co(acach MeOH ~21 8.2 x 108 SS/LUM; 'To = 0.40 (J.s 776220 
::I: 

:FP /LUM/SST) 0 
19.30.4. Co(CN)o:l- H2O -21 1.6 x 1O~ SS/LUM; 'To = 0.27 (..ls 776220 ." - ." 

:FP /LUM/SST) s:: » 
19.30.5. Co( C:)O .1):1:\- H:)O -·21 3.0 x 1O~ SS/LUM; 'To = 0.27 (..ls 776220 Z 

:FP /LUM/SST); OT rr, 
19.30.6. Co(NH:\)t\:I+ H~P -21 1.4 x lOr, 3S/LUM; 'To = 0.27 (..ls 776220 

..... 
:b 

[FP /LUM/SST); OT r--
19.30.7. Co(NH:\):;ClH H2O -21 3.4 x lOr 3S/LUM; 'To = 0.27 ~LS 776220 

iFP jLUMjSST); OT 

19.30.8. Cr;\t H2O 0.001 mol/L 15 1.4 x 107 (corr) LP /LUM/SST; ET 86E096 
CFjSOjH 

19.30.9. Cr(acacb MeOH ~21 4.4 ;.< 10" SS/LUM; 'To = 0.40 (J.s 776220 
(FP /LUM/SST)i ET 

19.30.10. Cr(CN)(s:l- H:P -21 3.0 x lOll SS/LUM; 'To = 0.27 (J.S 776220 

I.FP /LUM/SST); ET 

19.30.11. Cr(C:!O d/- H2O ~21 1.9 X lOB SS/LUM; 'To = 0.27 (..ls 776220 

IFP /LUM/SST)i ET 

19.30.12. tram-Cr(cydam)(CN)2 + H2O 0.001 ool/L 15 1.8 X lOll (corr) LP /LUM/SST; ET 86E096 
CF:3S03 H 

19.30.13. tran;-Cr(diethylenetriamim)23+ H2O 0.001 ool/L 15 1.9 x 108 (corr) LP /LUM/SST; ET 86E096 
CFaSOaH 

19.30.11. Cr(en)aH H2O 0.001 ool/L 15 7.5 ;.< 107 (corr) LP /LUM/SST; ET 86E096 
CFaSOjH 



TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpY)3 :;:"")-Continud 

No. Quencler Solvent Solution Medium T;oC k'l Comments Ref. 
/L mol- 1 s-1 

19.30. ci&-Ru(bpy)z(CN>z-Continued 
19.30.15. trans-Cr{en)zBrz + H~O 0.1 mol/L KCl 11 1.1 X 101) LP!LUM/AVE; "0 = 0.30 84E372 

~s; ET; [Q] = 0.001-0.004 
mol/L C 

19.30.16. cis-Cr(en)2C1z + H2O 0.1 mol/L KCl 11 5.1 X 108 LP!LUM/AVE; TO = 0.30 84E372 c: 
m 

~s; ET Z 

cis-Cr(enbGI 2 + H2 O 0;001 mol/L 15 2.1 X 108 (corr) LP(LUMjSST; ET 86E096 
(") 
:x 

GFaSO:~H Z 
19.30.17. trans-Cr(en)zCl z + H2O 0.1 mol/L KCl 11 8.2 X 108 LP(LUMjAVE; "0 = 0.30 84E372 C> 

ILS; ET; [Q] = 0.001-0.009 0 
." 

mol/L m 
trans-Cr(en)zCl z + H2 O 0.001 mol/L 15 3.6 X 108 (carr) LP(LUMjSST; ET 86E096 >< 

(") 
CFaS0 3H :::j 

19.30.18. trans-Cr(enhF 2 + H2 O 0.1 mol/L KCl 11 9.0 X 107 LP(LUMjAVE; "0 = 0.30 84E372 m 
C 

r-s; ET; [Q] = 0.005-0.01 s: 
mol/L m 

19.30.19. cis-Cr(enh(NCS)2 + 0.1 mol/L KCl 1.2 )( 101) LP(LUMjAVE; "0 = 0.30 
-f 

H2O 11 84E372 l> 
~s; ET r-

(") 
19.30.20. trans-Cr{en)ANCS):,J + H:.l0 0.1 moljL KCl 11 9.1 x 108 LP/LUMjAVE; TO = 0.30 84E372 0 

J-ls; ET; [Q] = 0.001-0.006 s: 
mol/L "tI 

r-
19.30.21. ci;--Cr{enl:!(NCS)Cl+ H2O 0.1 mol/L KCl 11 7.0 x 108 LP/LUMjAVE; "0 = 0.30 84E372 m 

>< 
r-s; ET m 

(J) 

19.30.22. trans-Cr{enb(NCS)Cl+ H2 O 0.1 mol/L KCl 11 8.0 x 108 LP/LUM/AVE; 1'0 = 0.30 84E372 
Z 

~s; ET; [Q] = 0.001-0.008 -n 
f- mol/L r-
." 19.30.23. trans-Cr(en)::(ONO)CI+ 5.3 x 108 c: 
::r H2 O 0.1 mol/L KCl 11 LP/LUMjAVE; "0 = 0.30 84E372 6 '< ~s; ET; [Q] = 0:002-0.009 !Jl (J) 
0 mol/L 0 ::r r-CD 19.30.24. Cr(NHa)IlH H2 O 0.001 mol/L 15 6.1 x 107 (carr) LP/LUM/SST; ET; [Q] :::: 86E096 c: 3 

CF 3S03H 0.020 moljL -f 
JJ (5 
~ 19.30.25. Cr{NH;\)r,Br:.l+ H2 O 0.001 moljL 15 2.1 x 108 (corr) LP /LUM/SST; ET 86E096 Z c CFaS03H I» 

~ 19.30.26. Cr(NH;\)r,(GN)2+ H.,O 0.001 moljL 15 1.1 x 108 (carr) LP/LUMjSST; ET 86E096 
< -
~ CFaS03H 

-" 19.30.27. Cr{NHa)r,Cl 2 + H:P 0.001 mol/L 15 1.9 x 108 (carr) LP /LUMjSST; ET 86E096 
SrJ 
z CF;lS03H 
0 

19.30.28. Cr(NH3h(HzO)H 0.001 mol/L e.8 x 10':' (corr) LP/LUMjSST; ET 
~-" 

H2 O 15 86E096 

cD 
CF3S03H w 

CD oI:tt 
(0 ~ 



~ TABLE 19. Quenching of excited ruthenium complexes (except Ru(bPY)32+)-Continued W 
'"0 .1:1-
:T I\) 

'< en 
~o. Quencher Solvent Solution Medium TrC (') kq Comments Ref. 

:T JL mol-I S-L 
(I) 

? 
:tJ 

cis-Ru(bpY)2(CN)2-Continued ~ 19.30. 

C 19.30.29. Cr(NHa)J)(Na)2+ H2O 0.001 mol/L 15 2.3 x 108 (corr) LP /LUM/SS'I; ET 86E096 
~ CF:3S03H 
~I» 

< 19.30.30. trans-Cr(NHa)2(NCS)4- H2O -21 1.9 x 109 SS/LUM; "0 = 0.27 J.Ls 776220 
~ (FP /LUM/SST); ET ... 
.!» 19.30.31. Cr(NH3Jo(NCS)2+ H2O 0.001 mol/L 15 3.8 x 108 (corr) LP /LUM/SS'I; ET 86E096 
z CF 3S03H ~ 
~ ... 19.30.32. Cr[trans-(R)- H2O 0.001 mol/L 15 9.9 x 107 (corr) LP /LUM/SS'I; ET 86E096 
cD cyclohexanediamineb 3+ CF 3S0 3H 
0) 
CD 

19.30.33. CuH H2O -21 3.9 x 108 FP /LUM/SS'I; "0 = 0.27 776220 
J.Ls; OT, ET; wme SQ 

19.30.34. Cu(acac)2 MeOH -21 1.1 x lOll SS/LUM; "0 = 0040 J.Ls 776220 
(FP/LUM/SST); OT, E'T 

19.30.35. Fe(CN)o:3- H~O -21 6.9 x 101) SS!LUM; "0 = 0.27 J.Ls 776220 J: 
(FP /LUM/SST); OT 0 

." 
Fe(CN)t\:3- H2O pH 7 -24 7.2 x lOll LP /LUM/SST; "0 = 0.25 80A133 ." 

3: 
J.ls; OT; f = <0.1; [Q] = 3 » 
x lO-'l mol/L Z 

Fe(CN)tl:~- H2O 0.0018 mol/L -24 1.9 x lOll LP /LUM/SSTj "0 = O.2E 80A133 ." ..... 
poly brene; pH 7 J.Ls; OT; f = 0.9; [Q] = 3 x :b 

10-.1 moljL r--
Fe(CN)n:3- H2O 0.0023 mol/L -24 2.4 x 109 LP /LUM/SST; "0 = 0.2E 80A133 

polybrene; pH 7 J.Ls; OTj f= 0.9; [Q] = 3 x 
10- 4 moljL 

Fe(CN)tl:\- H2O 0.0030 mol/L -24 2.8 x 101) LP /LUM/SST; "0 = 0.25 80A133 
polybrene; pH 7 J.Ls; OT; 1= 0.9; [Q] = 3 x 

lO-·l mol/L 

Fe(CN)tl:l - H~O 0.0045 - 0.063 -24 3.9 x 101) LP /LUM/SST; "0 = 0.25 80A133 
mol/L polybrene; J.LS; OT; f= 0.9; [Q] = 3 x 
pH 7 10-4 mol/L 

Fe(CN)6:1- H2O 0.013 mol/L -24 4.2 x 101) LP /LUM/SS'I; "0 = 0.2E 80A133 
polybrene; pH J.Ls; OT; 1= 0.9; [Qj = 3 x 
2.1-12.2 (HCIO.l or 10-4 mol/L 
NaOH) 

19.30.36. Fe(CN)6'- H~O -21 6.1 x 108 SS/LUM; "0 = 0.27 J.LS 776220 
(FP jLUMjSST); ET, Rl 

19.30.37. 1- H~O -21 1.5 X 105 SS/LUM; "0 ;: 0.27 J.Ls 775220 
(FP jLUMjSST) 

19.30.38. Ni2+ H~O -21 g x 106 FP /LUMjSS'I; "0 = 0.27 776220 
J.LS; ET; some SQ 



TABLE 19. Quenching of excited ruthenillm comple:ces (except Ru(bpy)/-+)-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- 1 S-l 

19.30. ci9-Ru(bpY)2(CN)z-Continued 
19.3C.39. Ni(acac)z MeOH -21 1.4 x 108 SS/LUM; TO == 0.40 f.LS 7762~0 

(FP /LUM/SST) 

19.3CAO. NiCl.,2- H~O -21 4.4 x lOll SS/LUM; TO == 0.27 f.LS 776220 0 
(FP ILUM/SST) c:: 

rn 
19.3C.41. O 2 H2O -21 4.5 X lOll SS/LUM; TO = 0.26 f.LS 737658 Z 

0 
(LP ILUM/SST); ET :I: 

°2 MeOH 5.0 X lOll SS/LUM; TO = 0040 f.LS 777221 Z 
(LP/LUM/AVE); ET; kq = C) 

4.{i X WI) L mol- 1 s-l at 0 -n 
-n- "c with SS/LUM and m 
TO = 0.42 f.LS from same lab >< 
in 737658 0 

::::j 
19.30.42. ptCl.l

2- H2O -21 6.0 x 108 SS/LUM; TO = 0.27 f.LS 776220 m 
(FP ILUM/SST); ET 0 

s: 
Organic Quenchers m 

19.30.43. 9,10-Anthraquinone-2,6-disulfonate H2O pH 4.2 (FIAc) 7.1 X 108 SS/LUM; 70 a.ir = 0.2 f.LS 82N1l9 -I » ion (assumed); OT; [Q] :: (3-25) r-
x 10-1 mol/L n 

9,10-Anthraquinone-2,6-disulfonate H2O 2% w /w colloidal 3.9 X 108 SS/LUM; To"ir = 0.2 f.Ls 82N1l9 
0 
s: 

ion ZrOz; pH 4.2 (assumed); OT; [Q] == (3-25) -a 
(HAc) X 10-4 mol/L; Q adsorbed r-

m 
19.30.44. N,N'-Bis(poly-2,4-ionene)-(vio2+) H2O pH 5-7 2.5 x lOll LP/LUM/AVE; OT; f= 85B030 >< m 

polYC3.tion 0.09; [Q] = 0.001 mol/L en 
19.30.45. N-Mel;hyl-N -(polY-2,4-ionene)- H2 O pH 5-7 2.8 x 10° LP/LUM/AVE; OT; f= 85B(]30 Z 

(vio:.!':") po\ycation 0.08; [Q] = 0.001 mol/L "TI 
c- r-
"tJ 19.30.46. MV:.!t AN 0.1 mol/L TBAP 9.2 x 10° SS/LUM; TO = 0.34 f.Ls 7670[)9 c:: 
:::r 

(FP /LUM/SST); OT C '< 
!II 

My:.!t 5.3 X 10° LP /LUM/SST; TO:.
ir = 0.19 

en 
0 H.,"! ° fJ. = 0.024 (NaC!) -23 79F442 0 :::r !Ls; OT; [Q] ~ 0.008 mol/L r-CD c:: 3 My2t H2O f.L = 0.52 (NaCI) -23 5.3 x 109 LP /LUM/SST; TO:.

ir = 0.20 79F442 -I 
:D 0 ~ !Ls; OT; [Q] ~ 0.024 mol/L 

Z 
C MV::: t H2O pH 5-7 4.1 X lOll LP/LUM/AVE; OT; f= 85B()30 a 
.!II 0.[)9 
< 19.30.47. PolyVio10 H2O pH 5-7 1.1 x 109 LP/LUM/AVE; OT; f= 85B030 
~ .... 0.10; !Q] = 0.001 mol/L; 
!R [Q] based on viologen units 
Z 
!' 19.30.48. PolyYioll H:::O pH 5-7 1.1 x lOll L?/LUM/AVE; OT; f= 85B(l30 
~ ..... 0.13; [Q] = 0.001 mol/L; 
cO !Q] based on viologen units (,,) 

0:1 ~ 
<0 CIi) 



~ TABLE 19. Quenching of excited ruthenium complexes (except Ru(bPJ)/+)-Continued w 
.c::.. 

~ .c::.. :r 
'< 
!II No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
0 /L mol- 1 5- 1 :r 
~ 

~ 
::D 

19.30. cia-Ru(bpy)z(CN)z-Continued ~ 
C 19.30.49. PolyVio12 H2O pH 5-7 2.2 x 10° LP/LUM/AVE; OT; /= 85B030 
I» 0.07; [Q] = 0.001 mol/L; p; 

[Q] based on viologen units 
< 
~ 19.30.50. PolyVio13 H:::O pH 5-7 1.6 x 10° LP/LUM/AVE; OT;/= 85B030 

$13 0.11; [Qj = 0.001 mol/L; 

:z [Q] based on viologen units 
9 
~ .... 19.31. Ru(bpY)zI4,4'-(COOHhb py]z+ 
~ 

Inorganic Quenchers co 
co 19.31.1. Cu:!+ H2O pH 1.5 8.2 X 107 SS/LUM; "0 = 0.21 fJ-S 85E075 co 

(SL/LUM/SPC); OT 

Organic Quenchers 

19.31.2. My2+ H2O 0.1 mol/L HCl; fJ- -23 6.1 X 108 LP /LUM/SST; "0 air = 0.23 79F442 
= 0.137 (NaCl) fJ-S; OT; [Q] ::s 0.024 mol/L 

My2+ 0.1 mol/L HCI; fJ- 1.0 X 109 LP /LUM/SST; "0 a.il" = 0.22 79F442 
:J: 

H2O -23 0 
= 0.62 (N aCI) fJ-S; OT; [Q] ::s 0.024 mol/L ." 

." 

19.32. Ru(bpy)z[4,4'-(COO) zbpy] 
3: 
l> 

Inorganic Quenchers Z 
19.32.1. Cu~+ H2 O pH 4.3 1.3 X lOll SS/LUM; "0 = 0.46 fJ-s 85E075 I'rt 

(SL/LUM/SPC); OT; ""i 
~ partial protonation of one r-

COO- group in S* 

Organic Quench~rs 

19.32.2. MVz+ H2O fJ- = 0.029 (NaCl) -23 2.5 X lUll LP /LUM/SST; "0 a.il" = 0.40 79F442 
fJ-s; OT; [Q] ::s 0.01 mol/L 

MVz+ H:.P fJ- = 0.53 (NaCl) -23 1.9 X leg LP /LUM/SST; ,.onir = 0.39 79F442 
fJ-S; OT; [Qj ::s 0.024 mol/L 

M\'2+ H2O fJ- = 0 (calc'd, 25 1.9 X log SL/LUM/SPC; "0 = 0.51 85E617 
NazSO.!) fJ-s; OT 

19.33. Ru(bpy)[4,4'-(COOehl)zbpY]2z+ 
Organic Quenchers 

19.33.1. N,N-Dimethyla.niline AN 0.1 mol/L TEAP 25 2.1 X lOll SS/LUM; "0 = 2.1 fJ-s; RT; 77F920 
,. in BuN 

N,N-Dimethylaniline AN/BuN 2.1 X lOll EMI; "0 = 2.1 fJ-S 776441 
(3/1) (SL/LUM/SPC); RT 

19.33.2. l,2·Dinitro benzene AN 0.1 mol/L TEAP 25 2.8 X 106 SS/LUM; "0 = 2.1 fJ-s; OT; 77F920 
,. in BuN 

19.33.3. l,4·Dinitrobenzene AN 0.1 mol/L TEAP 25 8.3 X 107 SS/LUM; "0 = 2.1 fJ-s; OT; 77F920 
,. in BuN 



TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpy)/-)-Continl.:ed 

No. Quemher Solvent Solution Medium T;oC kq Comments Ref. 
!L mol- 1 s-l 

19.33. Ru(bpY)[4,4'-(COOehl)zbpylz 2+ -Continued 
19.33.4. MV2 + AN/BuN 3.6 X 107 EM!; TO = 2.1 fLs 776441 

(3/1) (SL/LUM/SPC)i OT 

MV2t AN/BuN 0.1 mol/L TEAP 25 3.6 x 107 SS/LUM; TO = 2.1 fLs; OTi 77F920 " (1/1) T:n BuN C 
rn 

19.33.5. TetracyaI'loether.e AN 0.1 mol/L TEAP 25 t.6 x 10° SS/LUM; TO = 2.1 fLsi OT; 77F920 Z 
0 

T in BuN ::J: 

19.34. Ru(bpy)z[4,t'-(COOehl)2b pyj2+ 
Z 
C) 

Organic Quenchers 0 
19.34.1. N, N· Dimethy lanlline AN 0.1 mol/L TEAP 25 3.7 x 108 SS/LUM; TO = 2.0 fLs; RT; 77F920 ." 

T in BuN rn 
X 

N,N-Dimethylaniline AN/BuN 3.7 x 108 EM!; TO = 2.0 fLS 776441 0 
(3/1) (SL/LUM/SPC); RT =i 

rn 
19.34.2. 1,2·Dinitro benzene AN 0.1 mol/L TEAP 25 4.8 X 106 SS/LUM; TO = 2.0 fLs; OT; 77F920 C 

T in BuN !: 
rn 

19.34.3. 1,4.Dinitrobenzene AN 0.1 mol/L TEAP 25 1.3 x 108 SS/LUM; TO = 2.0 fLs; OT; 77F920 -I » Tin BuN r-
19.34.4. MV2t AN/BuN 3.5 X 107 EM!; "0 = 2.0 fLs 776441 0 

(3/1) {SL/LUM/SPC)i OT 0 
!: 

MV2t AN/BuN 0.1 mol/L TEAP 25 3.5 X 107 SS/LUM; TO = 2.0 fLs; 01'; 77F920 ." 
r-

(1/1) ,.in BuN rn 
Tetracyanoethene 0.1 mol/L TEAP 3.0 x 109 SS/LUM; "0 = 2.0 fLs; OT; 

X 
19.34.5. AN 25 77F920 rn 

T in BuN en 
Z 

Ru(bpyh[4,4'-(COOet)zbpy]2+ 19.35. -n 
c.. Inorganic Quenchers r-

C 
'tJ 19.35.1. H~O EtOH 22 9.3 x 10" LP /LUM/SST; TO = 1.0 fLS; 80S001 
':r C 
'< [Q] s 1.8 mol/L; nonlinear 
!II en 
0 S·V plot at higher [Q] 0 
':r r-
(I) Organic Quencher: C 
~ 19.35.2. N,N'.Dibenzyl-vio2 + EtOH 22 3.6 X 108 LP /LUM/SST, SS/LUM; TO 80S001 -I 
::D (5 
~ 

::: 1.0 fLs; OT 
Z 

C N,N'.Dibenzyl·vio 2+ H2 O 22 2.3 x 108 LP /LUMjSST, SSjLUM; 1'0 80S001 
a ::: 0.37 fLS; OT 
JU 
< 19.35.3. N,N-Dimethyialliline EtOH 22 3,7 x 108 LP jLUM/SST, SSjLUM; "0 80S001 
~ .... ::: 1.0 fLS; RT 
co MV2t 2.9 X 108 LP jLUM/SST, SSjLUM; TO ~ 19.35.4. EtOH 22 808001 
Z 
!> = 1.0 fLS; OT 
~ .... 
.... W 
CD ~ co 
CD U1 



~ TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpY)3ll+)-Continued (,.) 

." 
~ 

=r en 
'< sn No. Quencher Solvent Soluti:>n Medium TrC kq Gomments Ref. 
0 
=r /L mol-I s-I 
en 
? 
::c 

Ru(bpyb[4:,4:'-(COOetbbpy]2+ -Contim:ed ~ 19.35. 

C MV2+ H~O 22 1.3 :.< 108 LP /LUM/SST, SS/LUM; 'To 80S001 
I:\) 

= 0.37 f-LS; OT; [Q] s 0.02 jU 
< mol/L 
0 
:-

19.36 • Ru{bpy)z(4:,4:'-Cl zbpy)2+ .... 
~ Inorganic Quenchers 
Z 19.36.1. Eu:crypt)H H 2 O 1 mol!L KGl --22 S.6 x 106 SL/LUM/SPC; OT; [~l = 86E19S ? 
~ ..... 0.01-0.1 mol/L 
.... 
<0 19.37. Ru(bpyh(Do zCs2bpy)2+ ():) 
<0 

Organic Quenehns 
19.37.1. N-Butylphenothiazine AN 25 S.9 :.< 10° SS/LUM; 'To = 0.57 fJ.s; RT; 80N169 

[QJ = (1-10) X 10-5 mol/L 

19.37.2. Nitrilotriacetate ion H 2 O/MeOH 3 ,( 108 SS/LUM; RT 80N125 
(t/1) :I: 

19.38. Ru(bpy)(:J,3'-Me zbpy)zz+ 
0 
"T1 

Inorgan2'c Quench-ers "T1 
3: 

19.38.1. Eu:crypt)H H;l0 1 mol!L KGl -22 7.1 ,( 107 SL/LUM/SPC; OT; ['~l = 86E19S » 
0.01-0.1 mol/L Z 

RU(bpy) z(3,3' -Mezbpy) 2+ 
r" 

19.39. ..... 
Inorganic QlLenchers :b. 

r---
19.39.1. Eu:crypt)H H;l0 1 mol!L KG) -22 3.3 X 107 SL/LUM/SPG; OT; [~] = 86E195 

0.01-0.1 mol/L 

19..10. Ru(bpy )2(4,.!' -Me ::bpy) 2+ 
o rgan.ie Quenche rs 

19.40.1. :tvn:;+ H:::O f-L = 0.023 (NaGl) -23 6.7 ,( 108 LP /LUM/SST; 'To :l.ir = 0.33 79F442 
f-LS; OT; [Q] ::;: 0.008 mol/L 

MY:;+ H:::O f-L = 0.52 (NaCl) -23 2.0 ,( lOll LP /LUM/SST; 'ioa.ir = 0.34 79F442 
f-LS; OT; [Q] ::s 0.024 mol/L 

19.-11. Ru(bpy)(Me zdibenzoH zphen)2z+ 
Inorganic Quenchers 

19.41.1. R u(Me:;di benzoH:;phen h 2+ AN f-L = 0.02 (KPF tl) -20 5.5 :.< 107 LP /LUM/SST; 'io a.ir = 0.24 84E462 
f-Ls; ET 

19.42. Ru(bpy)z(MczdibenzoHzphen)z+ 
Inorganic Quenchers 

19.42.1. Eu(crypt):':+ H~O 1 moI!L KGI -~ 22 1.0 .< lOll SL/LUM/SST; RT; [Q] = 86El9S 
0.001-0.01 mol/L 

19.42.2. R u(Me:.:di benzoH ~phenh ~+ AN f-L = 0.02 (KPF tl) -20 6.6 ,( 107 LP /LUM/SST; 'io:l.ir = 0.20 84E462 
f-Ls; ET 



TABLE 19. Quenching of excited ruthenillm complexes (except Ru(bpy)/-}-Continu=d 

No. Quenther Solvent Solution Medium T;oC kq Comments Ref. 
/L mol- l S-l 

19.42. Ru(bpy)z(Me zdibenzoH2phen)2i+ -Continued 
Organic Quenchers 

19.42.3. N-( 4-Aminophenyl)aniline A~ \..I. = 2 X 10- 4 7.1 X 10!) LF!LUM/SST; 'To
air = 0.20 85A248 

\..I.s; RT 

" 19.42.4. 1,4-Bis{N,N- A~ \..I. = 2 X 10-'1 1.3 X 1010 . LF /LUM/SST; 70 a.ir = 0.20 85A248 C 
m 

dimethylamino) benzene \..I.s; RT Z 

19.4~.5. 1,4-Bis(N-phenylamino)benzene A~ ~ = 2 X 10-4 6.6 X lOll LF/LUM/SST; 'To
air = 0.20 85A248 0 

:::t: 
\..1.5; RT Z 

19.42.6. N,N-Dimethylaniline AN J.L ==: 2 X 10-4 4.1 X 107 LP /LUM/SST; 'To
air = 0.20 85A248 C') 

J.Ls; RT 0 
." 

19.42.7. My2+ H~O \..I. = 0.5 9.6 x 108 SL/LUM/SPC?; 'To"ir = 0.14 81E512 m 
J.Ls; OT >< 

0 
19.42.8. Phenothiazine AN \..I. = 2 X 10-4 4.2 X 10!) LP /LUM/SST; 'Toa.ir = 0.20 85A248 ~ 

J.LS; RT m 
C 

19.42.9. 4,N,N-Trimethylaniline AN \..I. = 2 X 10--1 8.8 X 108 LP /LUM/SST; 'To
air = 0.20 85A248 3C 

\..I.s; RT ~ 
19.42.10. Triphenylamine AN \..I. = 2 x 10-4 4.8 X 106 LP /LUM/SST; 'To

air = 0.20 85A248 l> 
r 

J.Ls; RT 0 

19.43. Ru(bpY)2[5-(NH z)phenjz+ 
0 
s: 

Organic Quenchers "'0 

19.43.1. PolyPTZ CHzClz 0.1 mol/L TBAF 1.2 X 108 LP /LUM/ AVE; 'To == 1.2 \..1.5; 86A()52 r 
m 

RT; [Q] based on >< 
phenothiazine units m 

(J) 

19.44. RU(bpy)z[4-(NO z)bpy]z+ Z 
Inorganic Quenchers " c... r 

" 
19.44.1. Eu(crypt):':+ ILl 0 1 mol/L KCl -22 2.3 X 101) SL/LUM/SPC; RT; [Q] = 86E195 C 

:::r 0.001-0.01 mol/L 0 '< 
!II 

19.44.2. Eu(crypt):I+ liz ° 1 mol/L KCl 2.1 X 107 SL/LUM/SPC; OT; [Q] = 86E195 
(J) 

0 -22 0 :::r 0.01-0.1 mol/L r-CD 

i=i 
c 

Organic Quenchers -f 
::D 19.44.3. MV:':+ IIzO/AN ~ = 0.5 20 1.1 X lOll SS/LUM; 'To

air = 0.32 J.LS 82S159 (5 
~ 
C (20/1) (SL/LUM/SPC); OT Z 
I» 

~ 19.45. Ru(bPy)[4,4'-(S03hb py]Z2-
< Organic Quenchers 
0 
r- 19.4S.1. MY:': + 

liz ° J.L = 0 (talc'd, 25 1.6 X 10 10 SL/LUM/SPC; 'To = 0.46 85E617 ..... 
!» NazS04: J.Ls; OT 
Z 
~ 
~ 

~ W 
Q) ~ 
CD ..... 



~ TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpy)/+)-Coniinued W 

" 
~ 

:r CO 
'< 
til 

No. Qumcher TrC 0 Solvent Solution Medium kq Comments Ref. 
:r /L mol-1 s-I 
CD 

? 
:::D 

Ru(bpY)2(aeetY}8.~eton8.to)+ ~ 19.46. 
C Organic Quenchers 
Q) 

19.46.l. 1,4-Benzoquin.)ne AN 25 2.3 .>( 10 10 SS/LUM; 70 = 21 ns 84A504 :p; 
< (SL/LUM/AVE); OT 
0 

a-Bromo-4-nitrotoluene 3.0 X 109 SS/LUM; 70 = 21 ns :- 19.46.2. AN 25 84A504 ..... 
!» (SL/LUM/AVE); OT 
z 19.46.3. 1,2-Dimethyl-3-nitrobenzene AN 25 9.7 X 106 SS/LUM; 70 = 21 ns 84A504 ? 
:" (SL/LUM/AVE); OT 
..... 

19.46.4. 1,2-Dinitrobenzene AN 25 8.4 X 109 SS/LUM; 70 = 21 ns 84A504 U) 
0) 
U) (SL/LUM/ AVE); OT 

19.46.5. 1,3-Dinitro benzene AN 25 9.3 X 10° SS/LUM; 70 = 21 ns 84A504 
(SL/LUM/ AVE); OT 

19.46.6. 1,4-Dinitro benzene AN 25 1.4 X 1010 SS/LUM; 70 = 21 ns 84A504 
(SL/LUM/AVE); OT ::J: 

19.46.7. 1-Methoxy-4-nitro benzene AN 25 2.2 X 107 SS/LUM; 70 = 21 ns 84A504 0 
(SL/LUM/AVE); OT 

"T1 
"T1' 

19.46.8. 4-Nitrobenzarr.ide AN 25 4.0 X 109 SS/LUM; 70 = 21 ns 84A504 s:: 
l> 

(SL/LUM/ AVE); OT Z 

19.46.9. 3-Nitrotoluene AN 25 4.4 X 108 SS/LUM; 70 = 21 ns 84A504 ", 
~ 

(SL/LUM/ AVE); OT :b. 
19.46.10. 4-Nitrotoluene AN 25 1.6 X 108 SS/LUM; 70 = 21 ns 84A504 t'" 

(SL/LUM/ AVE); OT 

19.47. Ru(bpY)2(3,3'-biisoquinoline)2+ 
Inorganic Quenc.~ers 

19.47.1. Eu(crypt)::+ H:::O 1 mol/L KC} -22 1.2 ;..( 10\) SL/LUM/SPC; RT; [Q] = 86E195 
0.001-0.01 mol/L 

19.48. Ru(bpy)( 3,3'_ biisoquinoline)2 2+ 
Inorganic Quenc.ters 

19.48.1. Eu(crypt)::+ H:::O 1 mol/L KC} -22 1.3 X 101) SL/LUM/SPC; RT; [Q] = 86E195 
0.001-0.01 mol/L 

19.49. Ru(bpY)2(~,2'-bipyrimidine)2+ 
Inorganic Quenc.ters 

19.49.1. 0:: AN 1.1 X 10~ LP /LUM/SST; 70 = 91 ns; 86B098 
PQ = (2, 10) X 104 Pa 

0:: H:::O :51 X 10~ LP /LUM/SST; TO = 13 ns; 86B098 
PQ = (2, 10) x 10" Pa 

0:: MeOH 1.0 X 10~ LP /LUM/SST; TO = 36 ns; 86B098 
PQ = (2, 10) X 104 Pa 



TABLE 19. Quenching of excited r'lthenium complexes (except Ru(bpY)3';'~)-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- I 5- 1 

19.50. Ru(bpy )(2,2' -biquinoIine)z 2+ 
Inorganic Quenchers 

19.5().1. Eu(crypt)~+ H!!O 1 mol/L KCl -22 1.7 X lOll SL/LUM/SPC; RT; [Q] = 86E195 
0.001-0.01 mol/L 

" 19.50.2. Ru(2,2'-biquinoline)a 2+ AN J-L :::: 0.02 (KPF 6) -20 3.4 X 107 LP /LUM/SST; TO air = 0.19 84E462 c: 
m 

J-LS; ET Z 

Ru(bpY)2(2,2'-biquinoline)lH 
0 

H).51. :I: 
Inorgatt,ic Quenchers Z 

19.51.1. Ru(2,2' -biquinoline)a 2+ AN J-L = 0.02 (KPF 0) -20 5.6 X 107 LP /LUM/SST; TO air = 0.18 84E462 G') 

J-LS; ET 0 

"" Organi: Quencherf m 
19.51.2. N-( 4-Aminophenyl)aniline AN J-L =: 2 X 10-'1 8.2 X 109 LP !LUM/SST, SS/LUM; 85A248 >< 

0 
TO air = 0.24 fLs; RT =i 

19.51.3. 1,4-Bis(N,N- AN f-L :::: 2 X 10-4 1.4 X 10 10 LP !LUM/SST, SS/LUM; 85A248 m 
C 

dimethylamino )benzene 1'0 air = 0.24 fLs; RT s:: 
19.51.4. 1,4-Bis(N-phenylamino)bemene AN fL= X 10-.1 8.0 X 109 LP !LUM/SST, SS/LUM; 85A248 m 

-f 
T01l.1r = 0.24 115; RT » 

19.51.5. N,N-Dimethylanlline AN fL =:: 2 X 10-.1 2.4 X 108 LP !LUM/SST, SS/LUM; 85A248 
r-
0 

TO'ur = 0.24 J-Ls; RT 0 
19.51.6. MV:!t H:!O/AN J-L :::: 0.5 20 4.0 X 108 SS/LUM; Toa.ir :::: 0.15 J-Ls 82S159 s:: 

" (20/1) (SL/LUMjSPC); OT r-m 
19.51.7. Phenothiazine AN fL = 2 X 10--1 7.1 X lOll LP !LUMjSST, SS/LUM; 85A248 >< 

TO'l.·r :::: 0.24 115; RT m en 
19.51.8. 4,N,N-Trimethylaniline AN J-L :::: 2 X 10-'1 2.1 X 109 LP !LUMjSST, SSjLUM; 85A248 Z 

'TO:m :::: 0.24 115; RT "" c.. 
J-L :::: 2 X 10-'1 1 X 107 LP !LUM/SST, SS/LUM; 

r-

" 
19.51.9. Triphenylamine AN 85A248 c: 

::r TO ,!.IT = 0.24 fLS; RT C '< 
!II en 
0 19.52. Ru(bpY)z(en)z+ 0 ::r r-eD Organi~ Quenchen 
? l,4-Benzoquinone 2.4 X 10 10 SS/LUM; TO = 0.11 fLS 

c: 
19.52.1. AN 25 84A504 -f 

:JJ (SL/LUM/ AVE); OT 0 ~ Z 
C 19.52.2. a-Bromo-4-nitro~oluene AN 25 3.3 X lOll SS/LUM; TO :::: 0.11 J-LS 84A504 
I» 

(SL/LUM/ AVE); OT ¥ 
< 19.52.3. 1,2-Dimethy \-3- r.itro benzene AN 25 1.9 X 108 SS/LUM; TO = 0.11 J-LS 84A504 
~ (SL/LUM/ AVE); OT 
fo 19.52.4. l,3-Dimethyl-2-r.itrobenzene AN 25 6.8 X 106 SS/LUM; TO :::: 0.11 fLS 84A504 
Z 

(SL/LUM/ AVE); OT P 
~ 19.52.5. 1,2-Dinitrobenzene AN 25 1.1 x 1010 SS/LUM; 'To = 0.11 J-LS 84A504 
;D (SL/LUM/ AVE); OT w 
Q) 0l=Io 
<0 <D 



!=- TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpl'):1~+)-Cor:tinued CU 
." U1 
::r 0 
'< 
fII 

TrC (') No. Quencher Solvent Solution Medium kq Comments Ref. 
::r /L mol- I S-I 
CD 

~ 
JJ 

Ru(bpY)2(en)z+ -Continued ~ H}.52. 
0 19.52.6. 1,3-Dinitrobenzene AN 25 1.0 x lOlo SS/LUM; TO = 0.11 f-lS 84A504 
Q) 

(SL/LUM/AVE); OT .Pi 
< 19.52.7. 1,4-Dinitrobenzene AN 25 1.6 X 1010 SS/LUM; TO = 0.11 f-lS 84A504 
~ (SL/LUM/AVE); OT ..... 
~co 19.52.8. 1-Methoxy-4-nitrobenzene AN 25 7.3 X D8 SS/LUM; TO = 0.11 f-lS 84A504 
z 

(SL/LUM/AVE); OT ? 
~ ..... 19.52.9. 4-Nitro benzamide AN 25 5.4 x 11)1) SS/LUM; TO = 0.11 f-ls 84A504 
<0 (SL/LUM/ AVE); OT co 
to 

1~.52.10. 3-Nitrotoluene AN 25 1.6 x 101) SS/LUM; TO = 0.11 f-ls 84:A504 
(SL/LUM/AVE); OT 

1~.52.11. 4-Nitrotoluene AN 25 1.2 X 101) SS/LUM; TO = 0.11 f-ls 81A504 
(SL/LUM/AVE); OT 

19.53. Ru(bpy) [2-(thiazol-2-yl)pyridine]z 2+ :I: 
0 

Organic Quench,ers "T1 
1\;.53.1. MY~+ H2 O 5.8 X 108 LP /LUM/SST; TO = 0.30 83N214 "T1 

s: 
J.Ls; OT; f = ~0.25 » 

Ru(bpy) 212-( thiazol-2-yl)pyridine1 z+ 
Z 

19.54. r" 
Organic Quenchers ..... 

19.54.1. MY~+ H:,!O 6.3 X 108 LP /LUM/SST; TO = 0.32 83N214 h, 

J.LS; OT; f = ~0.25 r"-

19.55. cill'-Ru(bpy}z( vio )C1+ 
o rganic Quench~rs 

19.55.1. N-Methyl-4-carbamyl-py t AN/CH:!CI~ -23 3.6 X 108 LP/LUM/AVE; TO = 0.10 85F051 
(1.5/1) f-lS; OT 

19.56. Ru(2, 7 -dimethyl-l,4,5 ,S-tetraazaphenanthrene >a z+ 
Organic Quenchus 

19.56.1. 1 ,4-Dihydroxy benzene H:!O 20 5.2 X HI) LP /LUM/SST; TO = 90 ns; 85S015 
RT 

19.57. Ru[4-methyl-2-(2-pyridyl)pyrimidine]a 2+ 
Organic Quenchers 

19.57.1. MV:;+ H:::O 25 3.9 X le8 EMI; TO = 0.19 f-lS 83E209 

MV:;+ H:!O 0.5 mol/L KCl 25 3.9 X 108 SS/LUM; TO = 0.17 f.ls 83F371 
(83E209); OT 

MV:;+ H:::O 0.05 rnol/L 2.9 x 109 SS/LUM; TO = 0.19 f-ls 8liA431 
PHTHbuf; pH 5 (83E209); OT; [Q] = 0.002-

0.02 moI/L 



TABLE 19. Quenching af excited ruthenium complexes (except Ru(bpY)3~"')-Continued 

No. Quencher Solvent Solution Medium TrC kq Cemments Ref. 
/L mol- 1 5- 1 

19.68. Ru(pben)a:+ 
Inorganic Quenchml 

19.58.1. Ag+ H2O f.t == 0 (calc'd) ~21 7.5 X 104 SS/LUM; 'To = 1.1 f.ts 766319 
(LP/LUM/AVE); (Q] = () 
0.6-1.3 mol/L c: 

f.t = 0 (calc'd) <3 X 105 SS/LUM; 'To = 1.1 J.lS 
m 

19.58.2. CIO{- H2O -21 766319 Z 
(LPjLUM/AVE); tQ] = ().04 0 

::J: 
mol/L Z 

19.58.3. Co2t H2O f.t = 0 (calc'd) -21 2 X 105 SSjLUM; TO = 1.1 f.ts 766319 C) 

(LPjLUM/AVE); tQ] = 0 
0.05-0.06 mollL "" m 

19.58.4. Co(acac)z MeOH -21 1.2 X 108 SSjLUM; TO = 0.31 J.ls 766319 >< 
(LPjLUM/AVE); ET; [Q] = 0 

=i 0.001-0.008 ITJol/L m 
19.58.5. Co(acac)a MeOH -21 8.6 x 108 SS/LUM; TO = 0.31 J.ls 766319 C 

(LPjLUMjAVE); OT; [Q) = s: 
m 

0.001-0.005 mol/L -I 

19.58.6. Co(AMMEsarH)4+ H2O 0.1 mol/L Hel, 25 5.2 X 108 SS/LUM or LP /LUM/ AVE; 84A238 l> r-
0.1 moljL LiCI "0 = 0.92 J.l.S (766404); BT, 0 

OT 0 

Co(AZAMEsar)H f.t == 0.2 (LiCI) 4.0 x 108 SS/LUM or LP /LUM/ AVE; 
s: 

19.58.7. H 2O 25 84A238 " TO = 0.92 J.ls (766404); BT, r-
m 

OT >< 
Co(bpyf+ 3.4 X 107 m 

19.58.8. HzO 0.05 mol/L Pbuf; 25 SS/LUM; TO = 0.92 f.ts 85S022 en 
pH 6.0; [CaUl/ill (766404); OT Z 
= 4.5 "" ~ Ca(bpYL:.!+ H2 O 0.05 mol/L Phuf; 25 6.3 x 107 SS/LUM; TO = 0.92 J.lS 858022 

r-
19.58.9. r 

"0 pH 8.0; [CoIIJj[L] (766404); OT, ET ::r t 
'< 
!II = 0.2 (j 
C') 

Co(bpy)a:!+ H2O 0.16 mol/L 25 9.7 x 108 SS/LUM; TO = 0.92 J.lS 855022 C 
::r r-
(I) 

NazS0o{, Phuf; pH (166404); OT, ET c: ? -t 
:xl 7.8; J.l = 0.5; 0 (I) [CoIIJJ[L] = 0.2 :-to Z 
t:J 19.58.10. Ca(5-Clphenf+ H2O 0.05 mol/L Pbuf; 25 1.9 X 108 SS/LUM; TO = 0.92 fJ.S 85S022 IU 

~ pH 6.0; [Co\[l/[L] (766404); OT 
< == 4.5 
~ 

19.58.11. Co(5-Clphenh2t H~O 0.05 mol/L Pbuf; 25 1.2 X 108 SS/LUM; TO = 0.92 J.ls 855022 .... 
!'J pH 8.0; [Colil/[L] (766404); OT 
Z 
$) == 0.2 

~ 

cg c.,) 
(J1 

0) .... 
(Q 



~ TABLE 19. Quenching of excited ruthe.1ium complexes (except Ru(bpy); Z+)-Continued W 
"tJ UI 
::r I\) 

'< 
UI 

(') No. Quencher Solvent Soiutioll Medium TrC kq Comments Ref. 
::r /L mol- 1 S-l 
(I) 

;3 
JJ 

Ru(phen)a 2+ -Continued ~ 19.58. 

C 19.E8.12. Co(CN)6:\- H2O f1. = 0 icaIc'd) -21 2.7 ;< 101 SS/LUM; 'io = 1.1 f1.s 766319 
I» 

(LP/LUM/AVE); ET; [Q! = ji) 
< 0.21 mol/L 
0 

19.58.13. Co(C~O'lb3- f1. = 0 Icalc'd) 3.5 X 10 10 :- HzO -21 SS/LUM and 766319 .-
S:t:J LP /LUM/ AVE; 'io = 1.1 f..Ls 
z (LP/LUM/AVE); [Q] S 1.2 
!' x 10- 4 mol/L; some SQ 
~.-

.- 19.E8.14. Co(diAMsar)H n:)O 0.16 mol/L LiCI, 25 3.4 ;< 108 SS/LUM or LP/LUM/AVE; 84A238 co 
CD 0.05 mol/L EtMO '0 = 0.92 f.Ls (766404); ET, co 

pH 7.5 OT; f = 0.65 at pH 8.3 

19.58.15. Co(diAMsarH2)5+ H2 O 0.1 mol/L HCI, 25 8.6 x 108 SS/LUM or LP/LUM/AVE; 84A238 
0.1 mol/L LiCl 'To = 0.92 f.LS (766404); ET, 

OT; f = 1.0 

19.58.16. Co(DMGb(C;:H.s)(H2 O) H:)O -22 2.1 x 10° LP /LUM/SST; ET? 83E223 ::t 
0 

19.58.17. Co(en);/l+ HzO f1. = 0 Icalc'd) -21 <1 x lOe SS/LUM; 'io = 1.1 f1.s 766319 "TI 
"TI 

(LPjLUM/AVE); [Q! = s: 
0.003-0.007 mol/L » 

Co(enkl+ ACbuf; pH 4.7; f.l. 6.5 x 101 SS/LUM; 'io = 0.92 f.Ls 85F161 
Z 

H:P 25 ." = 0.01 (NaCl) (84A238); ET, OT; [Q] = '"'i 
(3-90) X 10-4 mol/L :b. 

19.E8.18. CO(4,7-Me:)phen)2+ H2 O 0.05 mol/L Pbuf; 25 2.7 x 108 SS/LUM; 'io = 0.92 f.Ls 85S022 
r-

pH 6.0; [Co([]/[L] (766404); OT 
= 4.5 

19.E8.19. Co(4,7-Me:;phenh2 + HzO 0.05 mol/L Pbuf; 25 1.1 ;< 108 SS/LUM; 'io = 0.92 f1.s 85S022 
pH 8.0; [Co([l/[L] (766404); OT 
= 0.2 

19.E8.20. Co(NH;\)tI H H2 O f1. = 0 Icalc'd) -21 -3 x 106 SS jLUM; 'io = 1.1 f1.S 766319 
(LP/LUM/AVE); OT; [Q] = 
0.002-0.005 mol/L 

Co(NH:lkl+ H2 O 0.1 mol/L H~SO 4 -22 1.2 x 101 SS/LUM; 'ioa.ir = 0.51 f1.s 84.A255 
(LP/LUM/AVE); OT 

Co(NH:J(lH HzO ACbuf; pH 4.7; f1. 25 4.6 x 107 SS/LUM; 'io = 0.92 f1.s 85F161 
= 0.01 (NaCI) (84A238); ET, OT; [Q! = 

(3-90) x 10-,1 mol/L 

19.58.21. Co(NH;J')Cr~+ H:)O f1. = 0 IcaIc'd) -21 1.3 ;< 108 SS/LUM; 'io = 1.1 f1.s 766319 
(LP/LUM/AVE); OT; [Q] = 
0.001-0.004 mol/L 

19.58.22. Co({:hen):;+ H:;O 0.05 mol/L Pbuf; 25 9 x 101 SS/LUM; 'io = 0.92 f1.S 858022 
pH 6.0; [Co!I]/[L] (766404); OT 
= 4.5 



TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpy)/''')-Contim:ed 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
(L mol- 1 S-1 

19.58. Ru(phen)a 2-r -Continued 
19.58.23. Co(phen)s2+ HzO 0.05 mol/L Pbuf; 25 7.7 X 107 SS/LUM; TO = 0.92 iJ-S 85S022 

pH 8.0; [Colll/{L] (756404); OT 
= 0.2 0 

19.58.24. Co(sep)3+ H2O 0.2 mol/L LiCI 25 7.0 X 108 SS/LUM; "0 = 0.92 iJ-s 84A238 c: 
m 

(766404); ET, OT; f = 0.53 Z 

Co(sep)3+ H2O 0.1 mol/L TEOA; 6.3 X 108 SS/LUM; TO = 0.92 iJ-s 84A238 
0 

25 :::J: 
pH 8.1; f.L = 0.2 (766404); ET, OT Z 
(LiCI) C) 

Co(sep)3+ H:P 0.5 mol/L H2SO 4 25 5.5 X 108 SS/LUM; TO = 0.92 iJ-S 84A238 0 
." 

(766404); ET, OT m 
19.58.25. CrH H2O 0.04 mol/L 25 1.4 X 107 SS/LUM; "0 = 0.92 iJ-s 766404 >< 

0 
HzS0 4 ; iJ- = 1.0 (LP/LUM/AVE); ET ~ 
(MgClz) rn 

C 
19.58.26. Cr(acac);! MeOH -21 5.4 X 108 S,/LUM; TO = 0.31 iJ-s 766319 s: 

(LP/LUM/AVE); ET; [Q] = rn 
0.001-0.004 mol/L -I » 

19.58.27. Cr(CN)t\:\- H2O iJ- = 0 (calc'd) -21 2.3 X 10 10 SS/LUM and 766319 r-
LP/LUM/AVE; TO = 1.1 iJ-8 0 

0 
(LP /LUM/ AVE); ET; [Q] s; 3: 
1.7 X 10- 4 mol/L; soine ." 
SQ r-

m 
19.58.28. Cr(CZO,!l:I:I- H2O iJ- == 0 (calc'd) -21 2.3 X 10lC SS/LUM and 766319 >< rn 

LP /LUM/ AVE; TO = 1.1 iJ-s CJ) 

(LP/LUM/AVE); ET; [Q] S; Z 
2.5 X 10-4 mol/L; some ." 

~ SQ r-
-a c: 
=r 19.58.29. Cu~- H2O iJ- = 0 (calc'd) -21 9 X 106 SS/LUM and 766319 C '< 
91 LP/LUM/AVE; TO = 1.1 iJ-s (f) 

0 (LP/LUM/AVE); OT; [Qj = 0 
=r r-
CD 0.03-0.06 mol/L; some SQ 
? c: 

Cu2 - 4.6 X 107 (calc) 
-I 

:II H2O iJ- = 0.12 (NaNO;!) 25 LP /LUM/SST; TO = 0.92 f.Ls 85N199 0 
~ (B3N004); OT Z 
c Cu2+ H2O 0.25 mol/L 25 6.4 x 107 SL!LUM/SPC; TO = ~.1 iJ-S; 80A308 a 
~I» H2S0 4; iJ- = 0.8-1 I!d = 13 kJ/mol; ~S+ = 
< -51 J/~ol'K (20-80C C); OT 
~ .... Cu2 + H2 O 0.5 mol/L H2SO 4 25 7.5 x 107 SS/LUM; TO = 0.92 iJ-S 78A090 
SD (766404); OT; f = 0.54 z 
P 19.58.30. Cu(c.cach MeOH -21 1.6 x 109 SS/LUM; TO = 0.31 iJ-s 766319 
~ .... (LP/LUM/AVE); OT; [Q] = 
cD (3-12) X 10- 4 mol/L 

W 
00 

(J1 

co W 



~ TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpy)3 2+)-Continued CJ.) 
en 

"C .a::. ::r 
'< 
!II No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
(") 
::r /L mol- 1 S-l 
(1) 

~ 
JJ 

Ru{phen)3 2+ -Continued ~ 19.58. 

C 19.58.31. CllCI+ H2 O 0.0025 mol/L 25 2.2 X ]08 SL/LUM/SPC; OT; kq from 81A031 
Q) 

H2S04 + 0.088 ka.bs at various [CulI] and jii 
< mol/L Cuz+ [CI-] using known 

~ (CuSO"" CuCIz) or association constants 
...... 0.005 mol/L HCI 
$D + 0.24 mol/L CI-
Z 
P (CuCI z, MgCI 2); f.I. 
~ ...... = 0.35 
..... 

2.1 X 109 CD 19.58.32. C 11Cl 2 HzO 0.0025 mol/L 25 SL/LUM/SPC; OT; kq from 81A031 co 
<0 H:!S04 + 0.088 ka.bs at various [CulI] and 

mol/L Cu2+ [CI-] using known 
(CuSO", CuCI2 ) or association constants 
0.005 mol/L HCI 
+ 0.24 mol/L CI-
(CuClz, MgCIz); f.I. :r: 
= 0.35 0 

." 
19.58.33. Cu(H:)O)n 2+ HzO 0.0025 mol/L 25 6.1 x 107 SL/LUM/SPC; OT; kq from 81A031 ." 

s: 
HzS0 4 + 0.088 ka.bs at various [Cu!I] and l> 
mol/L Cu2 + [CI-] using known Z 
(CuSO"" CuClz) or association constants ." 
0.005 mol/L HCI 'I 

:b + 0.24 mol/L CI- !'"" 
(CuCIz, MgCI 2); f.I. 
= 0.35 

19.58.34. Eu:!+ H2O 0.05 mol/L HCI; f.I. 25 4.9 X 1[}7 SS/LUM; 1"0 = 0.92 f.l.S 78A087 
= 0.5 (NaCl) (766404); RT; [Q] = 0.01-

0.09 mol/L 

19.58.35. EuH H~P 0.025 mol/L HCI; 25 3.6 x B 5 SL!LUM/SPC; 1"0 = ~.1 f.l.s; 80A308 
f.I. = 2.8 (MgCl 2) i1JF = 32 kJ /moI; i1s+ = 

-30 J /mol·K (20-80C C); 
OT; Q mainly as EuCI2+ 

19.58.36. FeH H2 O 0.5 mol/L H2SO4 25 2.8 X 109 SS/LUM; 1"0 = 0.92 f.l.s 766404 
(LP/LUM/AVE); OT 

Fe:l + H2O 1 mol/L HClO'l 2.5 X 109 SS/LUM; 'To = 0.81 f.l.S 767009 
(FP /LUM/SST); OT 

19.58.37. Fe(CN)t\:I- H2O f.I. = 0 (calc'd) ~21 4.4 X 10 10 SS/LUM and 766319 
LP/LUM/AVE; 1"0 = 1.1 f.l.s 
(LP/LUM/AVE); [Q] :5 5 X 

10-5 moI/L; some SQ 



TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpy);\ :;:"'")-Coniin 1.led 

No. Quencher Soh'ent Solution Medium T/oC kq Comments Ref. 
/L mol- l S-l 

U.58. Ru(phen)a 2+ -Continued 
19.58.38. Fe(CNh'l- H2 O J.l = 0 (calc'd) ~21 7.3 X 1010 SS/LUM and 766319 

LP /LUM/ A VEj '0 = 1.1 J.ls 
(LP/LUM/AVE); ET?; [Q] 0 
:::;; 5 X 10-5 mol/L; some C 
SQ m 

Z 
Fe(CNh'l- H2 O 3.4 X 10 10 SL/LUM/SPC; ,oa.ir = 0.42 85R098 (") 

J.ls; [ei] :::;; 2 X 10-,1 mol/L; ::t 
Z some SQ Q 

Fe(CNh'l- H2 O 0.005 mol/L 8.4 X 109 SL/LUM/SPC; 'oair = 0.52 85R098 0 
TRbuf; 0.05 f-lS; [Q] :::;; 4 X 10-4 mol/L; ." 

m mol/L NaClj pH some SQ >< 
7.2 0 

19.58.39. Fe!ll(cytochrome c) H2 O Pbuf; pH 7 >8 X 107 LP/ABS/AVE; TO = 0.92 J-Ls 84A306 =i 
m 

(80E040)j OT; [Q] = (1-10) C 
x 10-5 mOI/L; 10.6% of Q 3: 
as Fell m 

-I 
19.58.40. Hg2+ H2 O 0.05 mol/L HNO.'Jj --23 g.O x 107 LP/LUM/AVE; '0 = 1.1 f-ls; 84A148 » 

r 
J.l = 0.063 OT (") 
(NaN03) 0 

Hg2+ H2 O 0.05 mol/L HN03 ; -23 3.1 x 108 LP /LUM/AVE; TO = 1.1 flos; 84A148 3: 
1J 

J.l = 0.5 (NaNOa) OT r 
m 

19.58.41. HgCI:; H2 O 0.01 mol/L HNOa, 1.3 x lOll SS/LUM, LP /LUM/ AVE; '0 84A077 >< 
O.Og mol/L = 1.1 J.ls; OT; [Q] = (2-40) ITI 

(/) 
NaN0 3 x 10--1 mol/L 

Z 
HgCI:; H2 O 0.01 mol/L HNOa, 1.9 x lOll SS/LUM, LP/LUM/AVE; '0 84A077 ." 

~ 0.99 mol/L = 1.1 f-ls; OT r 
C 

"tJ NaN0 3 6 ::T 
'< 

HgCI:; H2 O 0.01 mol/L HN0 3 , 1.2 x 107 LP/LUM/AVE; '0 = 1.8 floS; 84N034 (/) sn 
0 0.01 mol/L SLS OT 0 
::T r 
~ 

HgCI:; H:;::O 0.01 mol/L HN03 , 7.2 X 106 LP/LUM/AVE; TO = 1.8 J-Ls; 84N034 c:: 
~ -f 
II 0.1 mol/LNaN0 3 , OT 0 
~ 0.01 mol/L SLS Z 
0 HgCl:; H!:;O 0.01 mol/L HNOa, 7.1 x 106 LP /LUM/ AVE; TO = 2.0 f-lS; 84N034 g 

P [NaN0 31 + [NaCl] OT 
< = 0.40 mol/L, 
~ 0.01 mol/L SLS .... 
Jl 19.58.42. HgCl:,- H.,O 0.01 mol/L HNOa, 5.5 x lOP LP /LUM/ AVE; TO = 1.1 f-ls; 84A077 
Z -

[Na.NOa] + [NaCl] OT; k'l from Cl- titration $> 
~ .... = 0.99 mol/L at fixed [HgJI]tot 
.... (,.) 
10 01 
CD 01 10 



~ TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpY)32 +)-Continued W ., CJ'1 
:T en 
'< 
til 

0 No. Quer.cher Solvent Sol ution Medi urn TrC kq Comments Ref. 
:T /L mol-[ 5- 1 
CD 

;:J 
JJ 

Ru(phen}a 2+--Continued ~ 19.58. 
C HgCla- H2O 0.01 mol/L HN0 3 ) -4 x 106 LP/LUM/AVE; 'To = 1.8 ~s; 84N034 
Q) 

0.1 mol/L NaNOa) OT; kq from CI- titration 1» 
< 0.01 mol/L SLS at fixed [HglI] tot 
0 

19.58.43. HgCl,12- 3.2 X 108 . =- H2O 0.01 mol/L HNO a) LP /LUM/ AVE; 'io = 1.1 ~s; 84A077 ...... 
J» [NaNOa] + [NaCI] OT; kq from Cl- titration 
Z = 0.99 mol/L at fixed [Hg"]tot 
!' 
::-' 19.58.44. 1- H2 O fJ.. = 0 (calc'd) -21 1 X 106 SS/LUM; 'To = 1.1 fJ..s 766319 
..... (LP /LUM/ AVE); [Q] = CD 
00 0.14-0.16 mol/L CD 

19.58.45. NO a- H2O fJ.. = 0 (calc'd) -21 < 1 X 105 SS/LUM; 'To = 1.1 fJ..s 766319 
(LP/LUM/AVE); [Q] = 0.1 
mol/L 

19.58.46. Ni 2 + H2O fJ.. = 0 (calc'd) -21 6.6 X 105 SS/LUM; 'io = 1.1 fJ..S 766319 
(LP/LUM/AVE); [Q] = :t: 
0.05-0.06 mol/L 0 

." 

19.58.47. Ni(acac):: MeOH -21 4.2 X 101 SS/LUM; 'io = 0.31 fJ..S 766319 
"'T1 
s: 

(LP/LUM/AVE); ET; [Q] = » 
0.002-0.007 mol/L Z 

19.58.48. 0z H:P -21 4.7 X 101) SS/LUM; 'To = 1.0 fJ..s 737658 
", 
'""i 

(LP /LUM/SST); ET :b. 

0:: H::O 25 4.2 x 101) SS/LUM; 'To = 0.92 fJ..S 766404 
r--

(LP /LUM/ AVE); OT? 

°z MeOH '-21 3.2 X 101) SS/LUM; 'To = 0.31 fJ..S 737658 
(LP /LUM/SST); ET; same 
~ from same lab in 777221 

19.58.49. PtCl t
Z - HzO fJ.. = 0 (calc'd) -21 1.7 x 10[0 SS/LUM and 766319 

LP /LUM/ AVE; 'To = 1.1 fJ..s 
(LP /LUM/ AVE); ET; [Q] ::0; 

2.2 X 10-.1 mol/L; some 
SQ 

19.58.50. PtCI/- H:P fJ.. = 0 (calc'd) -21 -2 X 10[0 SS/LUM; 'To = 1.1 fJ..5 766319 
(LP/LUM/AVE); OT, ET?; 
[Q] = (1-3) x 10- 4 mol/L 

19.58.51. Rh(bpy);t· .. HzO 0.5 mol/L H2 SO.1; 25 9.9 X 108 SS/LUM or LP /LUM/SST; 81N003 
fJ.. = 0.5 OT 

Rh(bpy):/"" HzO 0.5 mol/L NaOH; 25 7.1 X 108 SS/LUM or LP /LUM/SST; 81N003 
fJ.. = 0.5 OT 

Rh(bpyL:\"'- H2 O 0.17 mol/L 25 6 x 108 SS/LUM or LP /LUM/SST; 82A145 
NazSO.I; fJ.. = 0.5 1'J = 0.92 fJ..S (766404); OT 



TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpy\ ~"')-Continued 

No. Que:J.cher Solvent Solution Medium TrC kq Comments Ref. 
IL mol-I s-1 

19.58. Ru(phen)a=+ -Continued 
19.58.52. cig...Rh(bpy)z(H~O)/+ HzO 0.5 mol/L H2SO.1; 25 6.5 x 108 SS(LUM or LP (LUM/SST; 81N003 

JJ. == 0.5 OT 

19.58.53. cis-Rh(bpy)z(OHh + H2O 0.5 mol/L NaOH; 25 1.2 X 107 SS!LUM or LP /LUM/SST; 81N003 0 
J.A. "'" 0.5 E':' C 

m 
19.58.54. Rh(4,4'-Me2bpy)sH H2 O 0.17 mol/L 25 2 X 108 SS!LUM or LP /LUM/SST; 82A145 Z 

0 
NazSO'I; JJ. :::: 0,5 "0 = 0.92 J.A.s (766404); OT ::J: 

19.58.55. Rh(5-MephenhH H:::O 0.17 mol/L 25 9.8 x 108 SS/LUM or LP /LUM/SST; 82A145 Z 
NaZS04; JJ. = 0,5 "0 = 0.92 f-Ls (766404); OT 

C') 

0 
19.58.56. Rh(5,6-Me2phen)aH H2O 0.17 mol/L 25 9.5 x 108 SS(LUM or LP !LUM/SST; 82A145 ." 

NazSO'lj J.A. = 0.5 "0 = 0.92 f-LS (766404); OT m 
>< 

19.58.57. Rh(phen):l3+ H2O 0.5 mol/L H2SO 4; 25 1.2 x 101) SS/LUM or LP /LUM/SST' 81N003 0 
}.I. ::::: 0.5 OT =i 

m 
19.58.58. S20~2- HzO 0.5 mol/L 20(?) 5.6 x 108 SS/LUM; OT 80F128 C 

HzS0 4(?) s: 
m 

19.58.59. TiH HzO 1.5 mol/L HCI; JJ. 25 6.2 x lOll LP /LUM/SS':'; "0 = 0.12 79Al83 -f 
= 3.0 (LiCI) JJ.s;ET; 20-60% Ti 3 + l> .. 

coordinated by Cl- 0 
Organic Quenche1s 0 

s: 
19.58.60. Ascorbate ion H2O pH 5; JJ. = 0.7 25 2.3 x 108 SS/LUM; "0 0:: 0.92 !-LS 82A278 '"tJ 

(NaZS0 4) (756404); RT .. 
m 

19,58.61. N,N -Bis(2-hydIoxyethyl)-"io2 + H2 O 2.7 X 10l) SS/LUM; "0 = 0,9 f-LSj GT; 78A269 >< m [Q] == (2-10) )( 10-'1 mol/L en 
19,58.62, bpyH+ H2O JJ. == 0.5 (NaHS0 4, 25 1 x 107 SS/LUM; "0 = 0.92 f-Ls 83C017 Z 

NazSO .. ) (756404); OT; [Q] = (5-EO) ." 
~ x 10- 4 moI/L; kq from pH .. 

C 

" dependence of Ksv a :r 
'< 
!" bpyH+ H:!O IL == 0.5 (HCI, 25 2.2 x 107 SS/LUM; 1"0 0:: 0.92 J.lS 83C017 en 
0 NaCI) (756404); OT; [Q] = (5-W) 0 :r .. 
CD X 10-4 mol/L; kq from pH C 
~ dependence of Ksv ...-t 
:0 0 CD 19.58.63. bpyH'.!~+ H~O JJ. = 0.5 (HCI, 2.6 x 109 SS!LUM; "0 = 0.92 J.ls 83C017 ~ 25 Z 
0 NaCI) (756404); OT; [Q] :::: (5-50) Q) 

¥ x 10-.4 mol/L; kq from pH 

< dependence of Ksv 
~ 19.58.64. N,N -Dibenzyl-~ioz+ H~p 3.1 x 109 SS!LUM; TO = 0.9 J.A.s; GTj 78A269 
~ [Q] = (2-10) x 10- 4 mol/L 
Z 
? 19.58,65. N,N -Dibutyl-vioZ+ AN JJ. = 0 (calc'd) 2.7 X 108 LP !LUM/SSTj OT 83N153 
~ .... 

19,58.66. N,N -Diethyl-vbZ+ AN f.L = 0 (calc'd) 2.4 x 108 LP /LUM/SST; OT 83N153 co CI.) 

19.58.67. N,N-Dihexyl-vioZ+ 2.8 x 108 U1 Cg AN JJ. == 0 (calc'd) LP /LUM/SST; OT 83N153 ....... co 



c... TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpy)\'H)-Continued W 

" 
CJ'1 

::r ():) 

'< 
(IJ 

No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 0 
::r /L mol- 1 s-1 
CD 

? 
::0 

Ru(phen)3 2+ -Continued ~ 19.58. 

C 19.58.68. 4,4'-Dimethyl-bpyH2
H H2 O f.L = 0.5 (HCI, 25 2.7 X 10\} SS/LUM; "0 = 0.92 f.Ls 83COl7 

til 
NaCI) (766404); OT; [Q] = (5-50) ¥ 

< :< 10- 4 mol/L; kq from pH 

~ dependence of Ksv ... 
19.58.69. DQ2t H2 O f.L = 0.5 (HCI, ~CX) 25 3.3 x 10\} SS/LUM; "0 = 0.92 f.ls 83COl7 

Z NaCI) (766404); [Q] = (5-50) x 
9 10- 4 mol/L 
~ ... 
co 19.58.70. MV:.!t AN 0.1 mol/L TBAP 2.9 x 10\} SS/LUM; "0 = 0.50 fLS 767009 
00 (F'P /LUM/SST); OT <0 

MV2t H2O 2.4 X 10\} ::S/LUM; "0 = 0.9 f.ls; OT; 78A269 
[Q] = (2-10) x 10-'1 mol/L 

19.58.71. phenH+ H2O f.l = 0.5 (NaHSO", 25 4.6 x 108 SS/LUM; "0 = 0.92 f.lS 83C017 
Na2S04) (766404); OT; [Q] = (5-50) 

::I: X 10-4 mol/L; kq from pH 
0 dependence of Ksv "TI 

phenH+ H:P f.l = 0.5 (HCI, 25 7.8 X 108 SS/LUM; "0 = 0.92 fLs 83COl7 
"TI s:: 

NaCl) (766404); OT; [QJ = (5-50) » 
)< 10-4 mol/L; kq from pH Z 

dependence of Ksv rr, 
..... 

19.58.72. phentI/+ H2O f.L = 0.5 (HCI, 25 2.8 X 10\} SS/LUM; "0 = 0.92 f.ls 83C017 :b 
NaCl) (766404); OT; [Q] = (5-50) r-

X 10- 4 mol/L; kq from pH 
d'!pendence of Ksv 

19.58.73. N,N-(Trirnethylme)-bpy2+ H2O 2.1 X 10\} SS/LUM; "0 = 0.9 f.lS; OT; 78A269 
[Q] = (2-10) x 10- 4 mol/L 

19.59. Ru(phen)z(5- Bl'phen):+ 
Inorganic Quenche:s 

19.59.1. °2 MeOH 2.3 X 10\} SS/LUM; "0 = 0.99 f.ls 777221 
(LP/LUM/AVE); ET 

19.60. cis-Ru(phenJz(CNh 
Inorganic Quenche7s 

19.60.1. Co::+ H2O -21 1.0 X 107 FP /LUM/SST; 'To = 0.71 776220 
fLS; ET; some SQ 

19.60.2. Co(acacb MeOH -21 ~.I ,< 10' SS!LUM; "0 = 1.6 fLS 776220 
(FP /LUM/SST); ET 

19.60.3. Co(acach MeOH -21 >.8 x 108 SS/LUM; 70 = 1.6 fLS 776220 
(FP /LUMjSST) 

19.60.'1. Co(CN)n;\- H::O -21 2.8 X 106 SS/LUM; "0 = 0.71 f.Ls 776220 
(FP /LUM/SST) 



TABLE 19. Quenching of exc:ted ruthenium complexes (except Ru(bpy)/+)-Continued 

No. Quer.cher Solvent Solution Medium T;oC kq Comments Ref. 
IL mol- l S-1 

19.60. ci~Ru(phen) z( eN) z-Contin ued 
19.60.5. Co(G;:04h3- H:!O -21 3.2 x 1O\) SS/LUM; TO = 0.71 J.1s 776220 

(FP /LUM/SST); OT 

19.60.6. Co(NH3)63+ H2O -21 2.3 x 10!) SS/LUM; TO = 0.71 J.1s 776220 " (FP /LUM/SST); OT C 
m 

19.60.7. Co(NH3hCI2 + H2O -21 3.9 X 10!) SS/LUM; TO = 0.71 J.1s 776220 Z 
0 

(FP /LUM/SST); OT :!: 
19.60.8. Cr(acach MeOH -21 >.6 x 108 SS /LUM; 1"0 = 1.6 f1.s 776220 Z 

(FP /LUM/SST); ET 
G) 

0 
19.60.9. Cr(CN)6:l- H2O -21 t.O x 108 SS/LUM; TO = 0.71 J.1s 776220 -n 

(FP /LUM/SST); ET m x 
19.60.10. Cr( C20 'lk~- H2O -21 2.7 x 108 SS/LUM; TO = 0.71 J.1s 7762:0 0 

(FP /LUM/SST); ET =i m 
19.60.11. tran:r·Cr(en)2CI2 + H2O/DMF 7.5 x 10-4 mol/L 20 3.6 X 108 SS/LUM; "0 = 1.0 J.Ls 81E237 C 

(3/1) HCI (LP/LUM/AVE); ilH+ = 7.7 3: 
kl/mol; ET m 

-f 
19.60.12. trans-Cr(en}:lF 2 + H2O/DMF 7.5 x 10-4 mol/L 20 .~.O x 107 SS/LUM; "0 = 1.0 J.1s 81E237 » 

r-
(3/1) HCl (LP jLUM/ AVE); AIP = 0 

0.96 kJ/mo!; ET 0 
19.60.13. trans-Cr(enb(NCSh + H2 O/DMF 7.5 x 10-4 moljL 20 >.3 x 108 SS/LUM; 'To = 1.0 J.Ls 81E237 s: 

""D 
(3/1) HC! (LP/LUM/AVE); !lIP = 9.4 r rn kl/mol; ET X 

19.60.14. trans-Cr(en)ANCS)CI+ H2O/DMF 7.5 x 10-4 mol/L 20 t.l X 108 SS/LUM; 70 = 1.0 J.1S 81E237 rn 
(J) 

(3/1) HCI (LP/LUM/AVE); ET Z 
19.60.15. trans.Cr(en)AONO)CI+ H2O/DMF 7.5 x 10-4 mol/L 20 L.9 x 108 SS/LUM; "0 = 1.0 J.1s 81E237 -n 

~ (3/1) HCI (LP/LUM/AVE); ET r-
C 

"'0 
19.60.16. trans.Cr(NH:l h(NCS)4- 3.3 X 101) SSjLUM; 'To = 0.71 J.1s S ::l' H2O -21 776220 

'< 
!'l (FP /LUMjSST); ET (J) 

0 
19.60.17. Cu:l+ t.8 x 108 0 

::l' H2O -21 FP /LUM/SST; 'To = 0.71 7762:0 r 
I'D C ? J.1s; OT, ET; same kq frcm -I 
:D same lab in 74E502; some 0 I'D SQ :""' z 
0 

19.60.18. Cu(acacb MeOH -21 L.5 x 101) SS/LUM; "0 = 1.6 J.1s 7762:0 I» 

~ (FP /LUM/SST); OT, ET 

~ 19.60.19. Fe(C~}63- H:P -21 !l.5 x 101) SS/LUM; 'To = 0.71 J.1s 7762~0 

; (FP /LUM/SST); OT 

2: 19.60.20. Fe( C~)6 ·l- H2O -21 .;.1 x 108 SS/LUM; "0 = 0.71 J.1s 7762:0 
~ (FP /LUM/SST); ET, RT 
~ 

co 19.60.21. 1- H2O -21 t x 105 SS/LUM; 'To = 0.71 J.1S 7762:0 W 

(FP /LUM/SST) 
U'I co CD CD 



~ TABL3: 19. Quenching of excited ruthenium comJ:lexes (except Ru(bpy)/+)-Continued eN 

"tI 
0) 

::T 0 
'< rn 

TrC (") No. Quencher Solvent Soluticn Medium kq Comments Ref. 
::T /L mol- l 5- 1 
(t) 

[3 
JJ 

~ 19.60. cis-Ru(phenh(CN)2-Continued 
C 19.50.22. Ni2

- H2O ~21 2.0 x 107 FP /LUM/SST; 'To = 0.71 775220 
QI 

fLs; ET; [Q] :5 0.14 mol/L; .Pi 
< some SQ 
0 

19.50.23. Ni(acac)2 6.0 X 107 SS/LUM; 'To = 1.6 fLs :- MeOH ~21 775220 ... 
!fJ :FP jLUMjSST) 
z 19.50.24. NiC:/- H2O ~21 5.6 X 100 SSjLUM; TO = 0.71 fLs 776220 P 
:" :FP jLUMjSST) ... 

19.30.25. 02 HzO 5.5 X 10~' 3SjLUM; 'To = 0.71 fLs (0 ~21 737658 
0) 
(0 :LP jLUMjSST); ET 

°2 MeOH 5.4 x IO Q 
3SjLUM; TO = 1.6 fL5 777221 
:LP /LUMj AVE); ET; kq = 
).0 X 10° L mol-I 5- 1 at 
-21 cc with SSjLUM and 

:I: '1"0 = 1.7 fLS from same lab 0 :n 737658 "T1 

19.130.26. PtC./- H2O ~21 1.0 X lO~ SSjLUM; 'To = 0.71 fLs 776220 
"T1 
3: 

(FP jLUM/SST); ET » 
Z 

19.61- Ru(phen)z(S.Clphen)2+ I'Y1 
Inorganic Quenchers ""i 

~ 
19.131.1. °2 \<IeOH 2.3 X lOe SSjLUM; 'To = 0.95 fLS 777'221 !' 

fLP/LUMjAVE); ET 

19.62. Ru(phe~)214,7-(PhS03)2phenl 
Inorganic Quenchers 

19.132.1. °2 H2 O 25 3.0 X lOll LP jLUMj AVE; TO = 3.5 fL5; 85E012 
?Q. = 2 X 104 Pa 

°2 H2O variabl~ [[3-CD] 25 1.5 X lOll LP /LUM/ AVE; 'To = 2.7 fLs; 85E012 
?Q. = 2 X 104 Pa; TO and 
'q from f3-CD titration at 
constant PQ.; S as 1:1 
complex with f3-CD 

°2 :12° variable [[3-CD] 25 1.2 x lOll LP jLUMj AVE; 'To = 3.6 fLs; 85E012 
?Q. = 2 X 10 4 Pa; TO and 
'q from [3-CD titration at 
constant PQ; S as 1:2 
complex with f3-CD 

°2 \t!eOH 1.8 X lOll SS jLUM; TO = 4.0 fLs 777221 
(LP/LUM/AVE); ET 

Organic Quenchels 
19.62.2. Asccrbate ion ]2° pH 5; ~ = 0.7 25 2.9 X 107 SSjLUM; TO = 2.5 fL5; RT; 82A.278 

(NazSGd '7 estimated 



TABLE 19. Quenching of excited ruthenIUm WUlplCxes (excep~ Ru(bpy)/+)-Continued 

No. Quencher Solvent Solutio) Medium TrC kq Comments Ref. 
jL mol- 1 s-l 

19.63. Ru(phen)z(4,7-Phzphen)z+ 
InorgJ.nic Quenckers 

19.63.l. Cu~+ H2O fL :=: 0.12 (NaN03) 25 2.0 X 107 (calc) LP jLUMjSSTi 'To = 3.2 fLs 85N199 
(83N004); OT 0 

19.63.2. °2 H2O 25 3.7 X 1O\) LPjLUM/AVE; TO == 3.1 fLs; 85E012 C m 
Pq, = 2 X 104 Pa. Z 

O2 H2O va.riable [~-CDl 25 1.3 X lOll LPjLUMjAVE; 'l'o = 2.8 JLSi 85E012 0 
~ 

Pq, = 2 X 104 Pa; 'To and Z 
kq from ~-CD titration at C) 
constant PQ; S as 1:1 0 
complex with (3-CD ." 

variable [(3-CDJ 1.3 x lOll LP /LUM/ AVE; 'l'o = 3.8 fLs; 
m 

°2 H2O 25 85E012 >< 
Pq, = 2 X 104 Pa; 'To and 0 
kq from j3-CD titration at =t m 
constant PQi S as 1:2 C 
complex with (3-CD s:: 

O2 MeOH 2.6 X 101) SSjLUM; 'To = 2.6 f-l.s 777221 m 
-I 

(LP /LUM/ AVE); ET l> .-
19.64. Ru(phen)z(5-Phphcn)z+ 0 

Inorglnic Quencir.ers 0 
3: 

19.64.1. °2 H2O 25 4.2 x 1O\) LP/LUM/AVE; TO = 1.0 fLS; 85E012 ""D 
PQ = 2 X 104 Pa r-rn 

°2 H2O variable (~-CDI 25 1.6 X lOll LP/LUM/AVE; 'l'o = 1.7 fLS; 85E012 >< rn 
Pq, = 2 X 104 Pa; 'l'o and CJ) 

kq from (3-CD titration at Z 
constant PQ; S as 1:1 ." 

~ complex with ~-CD r 
"tJ C 
=r 19.65. Ru[2-{phenYlazo )pyridine]a 2+ is '< 
¥' Inorglnic Quencir.ers CJ) 
(') 

19.65.1. Ce l+ H2O 0.5 mol/L H2 SO 4 22 3.6 X lOll SS(LUM; To"ir == 0.42 fA.s 84E347 0 =r r-CD 

~ (LPjLUM/AVE); OT c: 
-I ::c 19.65.2. Fe z+ H2O 0.5 moljL H2SO 4 22 3.6 X lOla SS!LUM; 'To"ir = 0.42 f.l.s 84E341 (5 

~ (LPjLUMjAVE); RT Z c 
I\) 19.65.3. Fe(GN)/I'I- H::)O 0.5 moljL H:!SO 4 22 1.8 x 10 10 SS!LUM; 'To3.ir = 0.42 f-l.s 84E341 
~ 
< (LPjLUMjAVE); RT 

~ 19.68 • Ru(phthaloc.yanine)(DMF)2 ..... 
S'J InorgJ.nic Q'll,encAers 
Z 19.66.1. Co(~H:l)(I;I+ ANjH:::O 0.1 mol/L TEAP 4.7 x 101) (corr) LP / ABS/SST 83E262 ? 
~ ..... (2.3/1) 
..... W co 
(X) a> 
co ..... 



!- TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpY)a 2+)-Continued CIJ 
-0 0) 

::r N 
'< 
91 

No. QUer1cher Solvent Solution Medium TrC kq Ref. 0 Comments 
:r /L rnol- I s-1 
CD 

~ 
:D 

~ 19.66. Ru(phthaloeyanine)(DMFh-Continued 
C 19.66.2. Co(NH3hCIZ+ AN/H2 O 0.1 mol/L TEAP 4.7 X 109 (corr) LP/ABS/SST 83E262 
Q) 

~ (2.3/1) 

< 19.66.3. Co(NH3h(H~O )3+ AN/H2O 0.1 mol/L TEAP 2.6 x 10° (corr) LP/ABS/SST 83E262 
~ (2.3/1) .... 
~oo 19.66.4. Fe 3 - AN/H2 O 0.1 mol/L TEAP 7.0 X 101) (corr) LP/ABS/SST 83E262 
Z 
!=> (2.3/1) 
~ .... 19.66.5. Fe(CN)63

- AN/H 2O 0.1 mol/L TEAP 2.0 x 10° (corr) LP/ABS/SST 83E262 .... 
<0 (2.3/1) 00 
<0 

Ru(NH3)6:1+ AN/H 2O 0.1 mol/L TEAP 5.5 x lOll (corr) LP/ABS/SST; [Q] ~ 0.02 19.66.6. 83E262 
(2.3/1) mol/L 

Organic Quenchers 
19.66.7. N,N -Bis(2-hydroxyethyl)-vio2 + AN 0.1 mol/L TEAP 2.7 X lOll (corr) LP/ABS/SST; 70 = 0.17 ~s; 83E262 

OT :::r: 
19.66.8. N,N -Dibenzoyl-vio2 + AN 0.1 mol/L TEAP 1.7 X lOll (corr) LP/ABS/SST; 70 = 0.17 ~s; 83E262 0 

." 
OT ." 

19.66.9. N,N -Diethyl-b py 2+ AN 0.1 mol/L TEAP 7.6 X 108 (corr) LP /ABS/SST; 70 = 0.17 ~s; 83E262 is: 
l> 

OT Z 

19.66.10. N,N -Diethyl-4,4'-dimethyl-bpy 2 + AN 0.1 mol/L TEAP 3.8 x 10° (corr) LP /ABS/SST; 'io = 0.17 ~s; 83E262 ", 
""i 

OT; [Q] :5. 0.025 mol/L :b. 
19.66.11. N,N -Dimethyl-bpy2+ AN 0.1 mol/L TEAP 2.5 X 108 (corr) LP/ABS/SST; 70 = 0.17 ~s; 83E262 r-

OT 

19.56.12. 1,2-Dinitrobenzene AN 0.1 mol/L TEAP 2.6 X 108 (corr) LP /ABS/SST; 'io = 0.17 f.Ls; 83E262 
OT 

19.56.13. 1,3-Dinitrobenzene AN 0.1 mol/L TEAP 3.6 X 107 (corr) LP / ABS/SST; 70 = 0.17 ~s; 83E262 
OT 

19.56.14. 1,4-Dinitrobenzene AN 0.1 mol/L TEAP 5.9 X lOll (corr) LP /ABS/SST; 'io = 0.17 f.Ls; 83E262 
OT; [Q] ~ 0.015 mol/L 

19.36.15. N,N -Dipropyl-bpy~+ AN 0.1 mol/L TEAP 6 X 107 (corr) LP/ABS/SST; 70 = 0.17 ~s; 83E262 
OT 

19.66.16. N,N-Ethylene-i,4' -dimethyl- AN 0.1 mol/L TEAP 1.6 X lOll (corr) LP /ABS/SST; 'To = 0.17 ~s; 83E262 
bpy~+ OT 

19.36.17. 1-Iodo-4-nitrobenzene AN 0.1 mol/L TEAP 6.8 X 108 (corr) LP / ABS/SST; TO = 0.17 ~s; 83E262 
OT 

19.56.18. Metayl 3-nitrobenzoate AN 0.1 mol/L TEAP 6 X 106 (corr) LP/ABS/SST;"To = 0.17 ~s; 83E262 
aT 

19.56.19. Metbyl 4-nitrobenzoate AN 0.1 mol/L TEAP 8 x 106 (corr) LP j ABSjSST; 'io = 0.17 f.Ls; 83E262 
OT 



TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpy)/-I-)-Contim:ed 

No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
IL mol- 1 5- 1 

19.66. Ru(phthaloeyanine)(DMF):-Continued 
19.66.20. MV2+ AN 0.1 mol/L TEAP Z.8 X lOll (corr) LP / ABS/SST; "0 = 0.17 f.ts; 83E262 

OT; [Q] :s; 0.025 mol/L 

19.66.21. 2-Nitrobenzaldehyde AN 0.1 mol/L TEAP L x 107 (ccrr) LP / ABS/SST; "0 = 0.17 f.ts; 83E262 D 
OT C 

m 
19.66.22. 3-Nitrobenzaldehyde AN 0.1 mol/L TEAP 1.2 x 108 (corr) LP/ABS/SST; "0 = 0.17 f.ts; 83E262 Z 

0 
OT ::t: 

19.66.23. 4-Nitrobenzaldehyde AN 0.1 mol/L TEAP 1.1 X 101) (corr) LP / ABS/SST; "0 = 0.17 f.tS; 83E262 Z 
OT G) 

19.66.24. 4-Nikoso-N,N-dimethylaniline AN 0.1 mol/L TEAP 5.0 X 101) (corr) LP / ABS/SST; 'To = 0.17 f.ts; 
0 

83E262 '"T1 

OT m 
>< 

19.67. Ru(phthalocyanine)(pyridine)2 0 
=i Inorganic Quenche~s m 

19.67.1. Co(NfI 3)u
H AN/H2O 0.1 mol/L TEAP 1.6 X 101) (corr) LP/ABS/SST; OT 83E262 C 

(2.3/1) 3: 
Co(NH 3}r,CI2 + AN/H 2 O 0.1 mol/L TEAP 1.0 x 10!) (corr) LP / ABS/SST; OT 

m 
19.67.2. 83E262 -t 

(2.3/1) > r-
19.67.3. Co(NHa)..,(H::O):l+ AN/H2O 0.1 mol/L TEAP 1.2 X 10!) (corr) LP/ABS/SST; OT 83E262 0 

(2.3/1) 0 
3: 

19.67.4. Fe:l + AN/H2 O 0.1 mol/L TEAP 7.4 x lOll (corr) LP/ABS/SST; OT 83E262 "tJ 

(2.3/1) 
r-m 

19.67.5. Fe(CN)t\:I- AN/H2 O 0.1 mol/L TEAP 1.4 X 10!) (corr) LP / ABS/SST; OT 83E262 >< m 
(2.3/1) CJ) 

19.67.6. Ru(NH:1)!l;!+ AN/H2O 0.1 mol/L TEAP 7.7 X 108 (corr) LP / ABS/SST; OT 83E252 Z 

(2.3/1) 'T1 
~ r-
"tI Organic Quenchers 5 
::T 

N,N'-Bis(2-hydroxyethyl)-vio2+ 2.4 X 10!) (corr) C '< 19.67.7. AN 0.1 mol/L TEAP LP / ABS/SST; "0 = 0.17 f.ts; 83E252 !II or CJ) 
0 0 
::T 

N,N' -Di benzoyl-"io 2 + 0.1 mol/L TEAP 2.0 x 109 (carr) LP/ABS/SST; 'To = 0.17 f.tS; r-(I) 19.57.8. AN 83E262 
13 c or -I 
::0 0 (I) 19.67.9. N,N' -Dibutyl- bpyz+ AN 0.1 mol/L TEAP 3.9 X 108 (corr) LP / ABS/SST; TO = 0.17 f.ts; 83E262 :"" Z c or 
2t 

19.67.10. N,N'-Diethyl-bpy2+ 2.5 x 1O!) lcorr) JU AN 0.1 mol/L TEAP LP/ABS/SST; "0 = 0.17 fLs; 83E252 
< or 
~ .... 19.67.11. N,N' -Diethyl-4,4'-dimethyl-bpy2+ AN 0.1 mol/L TEAP 2.8 x 10° Icorr) LP/ABS/SST; TO = 0.17 f.tS; 83E262 
.SfJ or z 
p 19.67.12. N,N'-Dimethyl-bpy2+ AN 0.1 mol/L TEAP 1.0 X 108 Icorr) LP / ABSjSST; TO = 0.17 f.ts; 83E262 
~ .... or 
cD w 
(I) 0') 
<0 W 



f- TABLE 19. Quenching of excited ruthenium complexes (except Ru(bpy)/+)-Continued ('",) 

"'0 m 
::r ~ 
'< 
til 

TrC Ref. 
C') No. Quencher Solvent Solution Medium kq Comments 
::r /Lmol-ls- l 
CD 

? 
JJ 

~ 19.67. Ru(phtha]oey anine )(pyridine )2-Contin ued 
C 19.67.13. 1,2·Dinitrobenzene AN 0.1 mol/L TEAP 8.7 x 107 (carr) LP JABS/SST; 70 = 0.17 ~s; 83E262 
Q) 

OT jii 
< 1,2·Dinitrobenzene CH~Cl~ 8.7 x 107 (carr) LP /LUM/SST; 70 = -0.2 82C018 
l2- ~s; OT; [Q] ::::; 0.25 moljL ..... 
SO 19.67.14. 1,3·Dinitrobenzene AN 0.1 mol/L TEAP 3.8 X 107 (carr) LP JABS/SST; 70 = 0.17 ~si 83E262 
:z OT p 
:'" 1,3·Dinitrobenzene CH~CI~ 3.8 X 107 (carr) LP jLUM/SSTi 70 = -0.2 82C018 ..... 
CD ~s; OT 
00 
CD 

19.67.15. 1,4.Dinitrobenzene AN 0.1 mc1/L TEAP 2.2 X 10° (carr) LP/ABSjSST; .. o = 0.17 ~s; 83E262 
OT 

1,4·Dinitrobenzene CH:::CI2 2.2 X 109 (corr) LP /LUM/SST; TO = -0.2 82C018 
~s; OT 

19.67.16. N,lt-Dipropyl-b py 2+ AN 0.1 mol/L TEAP 1.2 X 108 (corr) LP / ABS/SST; 70 = 0.17 ~si 83E262 :I: 
OT 0 

." 
19.67.17. N,lt-Ethylene-4,4' -dimethyl- AN 0.1 mol/L TEAP 1.3 X 10° (corr) LP / ABS/SSTi 70 = 0.17 ~s; 83E262 ." 

s: bpy~+ OT » 
19.67.18. 1-Iodo-4-nitrobenzene AN 0.1 mol/L TEAP 1 X 10' (corr) LP / ABS/SSTi "0 = 0.17 !-Lsi 83E262 Z 

OT n, 
..... 

1-Iodo-4- nitrobenzene CH~CI2 1.0 X 107 (corr) LP /LUM/SSTi TO = -0.2 82C018 :b 
~si OT !"'" 

19.67.19. Mejhyl 3-nitrobenzoate AN 0.1 mol/L TEAP 6.8 X 107 (corr) LP / ABSjSST; 70 = 0.17 !-Ls; 83E262 
OT 

Me:;hyl 3-nitrobenzoate CH~CI::: 6.8 X 107 (corr) LP /LUM/SST; "0 = -0.2 82C018 
~s; OT 

19.67.20. Me~hyl -l-nitrobenzoate AN 0.1 mol/L TEAP 8.6 X 107 (carr) LP/ABSjSST; .. o = 0.1:7 ~s; 83E262 
OT 

Me~hyl 4-nitrobenzoate CH:::CI::: 8.6 :.< 107 (corr) LP /LUM/SSTi "0 = -0.2 82C018 
!-Ls; OT 

19.67.21. MV:::+ AN 0.1 mol/L TEAP 2.0 :.< 10° (carr) LP / ABS/SST; 70 = 0.17 ~s; 83E262 
OT 

19.67.22. 2-f'itrobenzaldehyde AN 0.1 mol/L TEAP 1.5 :.< 107 (corr) LP / ABS/SST; 70 = 0.17 !-Lsi 83E262 
OT 

2-r:itro benzaldehyde CH:::Cl::: 1.5 :.< 107 (corr) LP /LUM/SST; "0 = -0.2 82C018 
~s; OT 

19.67.23. 3-Nitrobenzaldehyde AN 0.1 mol/L TEAP 1.3 x 107 (corr) LP / ABS/SST; TO = 0.17 ~si 83E262 
OT 

3-Nitrobenzaldehyde CH:.:CL~ 1.3 X 107 (corr) LP /LUM/SST; 70 = -0.2 82C018 
!-Ls; OT 



TABLE 19. Quench:ng of excited ruthenium complexes (except Ru(bpy)/+)-Continued 

No. Quencher Solvent Solution Medium TrC kq Co:nment5 
/L mol- 1 5- 1 

19.67. Ru(phthaloc;ranine)(pyridine)2-Continued 
19.67.24. 4-NitNbenzaldehyde AN 0.1 mol/L TEAP 2.6 X 108 (corr) LP/ABS/SSTj TO = 0.17 J.Ls; 

OT 

4- Nitr:> benzaldehyde CH 2 C1 2 2.6 X 108 ((Orr) LP/LUM/SST; TO = ~0.2 
f.lS; OT; [Q] :$ 0.15 mol/L 

19.67.25. 4-Nitr:>so-N,N-dimethylaniline AN 0.1 mol/L TEAP 1.2 x 10!) (corr) LP/ABS/SST; TO = 0.17 J.Ls; 
OT 

4-Nitr:>so-N,N-dimethylaniline CH2 C1 2 1.2 X 101) (corr) LP/LUM/SST; TO ~ ~0.2 

f.ls; OT; [Qj s 0.025 mol/L 

19.68. Ru(terpy)(bpy)( NH3)2+ 
Inorganic Quenchers 

19.68.1. Fe 3 + H2O 1 mol/L HCIO,! 3.1 X 10!) SS/LUM; "0 = 0.43 J.LS 
(F? /LUM/SST); OT 

19.69. Ru(1,4,6,8-tetraazaphenanthrene) 3 2+ 
Organic Quenchers 

19.69.1. Cyste:ne H~O pH 9 2.2 X 101) RT 

19.69.2. 1,1-Dihydroxybenzene HzO 20 4.9 i( 10\} LP /LUM/SST; TO = 0.20 
f.ls; RT; kg = 4.5 X 101) L 
mol- 1 s- r at pH 5 from 
sa:ne lab in 85F572 

19.6!;.3. Triethanolamine H~O pH 9 3 X 108 R':' 

19.10. Ru(5,10,15,20-tetraphenylporphyrin) 
Organic Quenchers 

19.70.1. 1 ,4-Benzoq uinone EtOH 3.0 X 10° LP / ABS/SST, SS/LUM; 

~ 
OT; f = 0.07 

'tI 
Ru(5,10,15,20-tetraphenylporphyrin)(CO) ::T HJ.1t. 

'< 
!II Organic Quenchers 
0 19.71.1. 4,4' -Eis(N,N- DMSO ~23 2.0 X 107 SS/LUM; TO = 36 f.lS 
::T 
CD dimethylamino}biphenyl (LP /LUM/SST); RT 
? 
lJ 19.71.2. N-Ethylphenazinium cation DMSO ~23 2.5 X 109 SS/LUM; "0 = 36 f.lS 
~ (LP /LUM/SST); OT 
c 19.7:.3. N-Methyl-4-carbomethoxy-py+ DMSO ~23 2.1 X 105 SS /LUM; TO = 36 f.lS at 
JIl (LP /LUMjSST); OT 
< 

N-Melhy 1-4-cyano-py + 3.4 ;( 108 
~ 19.71.4. DMSO ~23 SS/LUM; TO = 36 f.ls 
-'- (LP /LUM/SST); OT 
J» 
Z 19.71.5. MV:.!t DMSO ~23 6.6 x 108 SS/LUM; TO = 36 f.lS 
P (LP jLUM/SST); OT 
~-'-

-'-
CD 
~ 

Ref. 

83E262 

82COL8 

83E252 

82C0l8 

767009 

85F572 

85S015 

85F572 

83F182 

8lCOOl 

8lCOOl 

8lCOOl 

BlCOOl 

8lCOOl 

o 
c: 
m z 
o 
::I: 
Z 
G) 

o 
." 
m 
>< o 
=i 
m 
c 
s::: 
m 
-f 
l> 
r-
o o 
s::: 
"'C 
r­
m 
>< m 
en 
Z 
." 
r­c: 
C 
en 
o 
r­
C 
-f o 
Z 

w 
0') 
(J1 
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TABLE 19. Quenching of excited ruther.ium comphxes (except Ru(bpY)3 ~+)-Contir.ued 

No. Quencher 

19.72. Ru[2-(thiazol-2-yl)pyridinela 2+ 
Organi~ Quenchen 

19.72.1. MVH 

Solvent 

H20 

Solution Medium TrC kq 
/L mol- 1 s-1 

5.2 X 108 

Comments 

LP /LUM/SST; TO == 0.22 
J.ls; OT; f = -0.25 

Ref, 

83N214 

w en 
en 

:J: o 
." 
." s: » 
z 
I'll 
""i 
b. 
r-



TABLE 20. Quenching of Ru(bpY)3~+ by inorganic compounds 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- l s-1 

20.1. Ru(bPY)a 2+ 
20.1.1. Ag+ AN 1.1 x 105 SS/LUM; OT 80C004 

Ag+ H2O flo = 0 (calc'd) ~21 6.7 x 101) SS/LUM; 70 = 0.60 floS 766319 
(LP /LUM/ AVE); [Q] = 

0 0.005-0.012 mol/L c:: 
Ag+ H2 O 3.5 X 106 SSjLUM; E,.. = ~2.5 80C004 m 

Z 
kJ lmol (23-50C C); OT n 

20.1.2. Ag(bpYh + AN 1.5 x 106 SSjLUM; OT 80C004 
::I: 
Z 

20.1.3. CI0-l- H2O flo = 0 (calc'd) ~21 < 1 X 106 SS jLUM; 'To = 0.60 floS 766319 Gl 
(LF/LUM/AVE); [Q] = 0.04 0 
mol/L ." 

m 
20.1.4. Co 2 + AN/2- CO 2 satd 5 X 106 SS;LUM; OT? 86F230 >< 

PrOH/H2 O 
C") 

=i 
(3/1/1) m 

Co 2 + AN /TEOA/H2 O 71 x 10 7 SS/LUM; OT? 86F230 C 

(3/1/1) s:: 
m 

Co2 + H2O flo = 0 (calc'd) -21 <5 X 105 SS/LUM; "0 = 0.60 flos 766319 -I 
l> 

(LF/LUM/AVE); [Q] = I' 
0.05-0.07 mol/L 0 

Co(acac):.: MeOH 58 x 107 SS,LUM; "0 = 0.77 floS 766319 
0 

20.1.5. -21 s:: 
(LF/LUM/AVE); ET; [Q] = "'C 
0.002-0.008 mol/L I' 

IT1 
20.1.6. Co(acac};\ H2 O 16-18 80 X 108 LP!LUM/SSTj 'Toair = 0.38 80E566 >< 

IT1 
floSj OTj !Q] = 0.0013 mol/L en 

Co(acac)a H2O 16-18 11 x 10° LP/LUM/SSTj 'Toair = 0.37 80E566 Z 
flos; OT; [Q] = 0.0013 "T1 

~ .-
mo)Lj Pn.pp = 2.3 X 108 c: 

"tJ is :J' Pa 
'< 
!II Co(acach H2O 22 1.1 X 10° SS;LUM; 70 = 0.60 floS 78A219 en 
(') 0 
:J' (765014); OT; [Q] = (5-25) I' 
(I) 

x 10-4 mol/L c: ? -I 
:rJ Co(acac};; H2 O 0.0054 mol/L PVS 22 49 X 108 SS;LUM; 'To = 0.60 flos 78A219 0 
~ (765014}j OT; [Q] = (5-25) Z 
C 

X 10-4 mol/L III 

~ Co(acach MeOH -21 56 ;.( 108 SSILUM; 'To = 0.77 flos 766319 
< 
~ (LF/LUM/AVE); OT; [Q] = 
.... 0.001-0.010 mol/L 
!1' 
Z 20.1.7. Co(AMcapten)·H H2 O ACbuf; pH 5; flo = 20 11 x 10° LPfLUM/SST; 'To = 0.64 85F222 
? 0.1 (NaClO.l ) flos; ET, OT; f = 0.53 
~ .... 

Co(AMcapten)3+ ACbuf; 0.5 mol/L 1.8 x 1010 LPfLUM/SST; 'To = 0.64 floS 85F222 cD H2 O 20 W 
NaCIO.l ; pH 5 en eo ...... fD 



~ TABLE 20. Quenching of Ru(bpy)/+ by inorganic compounds-Continued W 
CJ) 

"tI 
:::r 00 
'< 
9' No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
(') 
:::r /L mol- 1 ,-I 
CD 

? 
::D 

20.1. Ru(bPY)a z+ -Continued ~ 
0 20.1.8. Co(AMMEsar)3f H:::O ACbuf; pH 5; fL = 20 6 X 107 LP /LUM/SST; TO = 0.64 85F222 
I:\) 0.1 (NaCI0 4 ) fLS; ET (80%), OT (20%); f ; 
< = 0.2; same kq from same 

l2- lCob in 83S090 

!» Co(AMMEsar )3+ H2O ACbuf; 0.5 mol/L 20 3.3 X 108 LP /LUM/SST; TO = 0.64 85F222 
z NaClO'l; pH 5 fLs; same kq from same lab 
~ in 83S090 
~ 

Co(AZAcapten)H 1.3 X lOll ..... 20.1.9. H2 O ACbuf; pH 5; fL = 20 LP /LUM/SST; TO = 0.64 85F222 
<0 
QO 0.1 (NaCI0 4) fL;; OT; f = 0.97; same kq 
to 

from same lab in 83S090 

Co(AZAcapten)H HzO ACbuf; 0.5 mol/L 20 5.8 X lOll LP /LUM/SST; TO = 0.64 85F222 
NaClO.l; pH 5 fL'; same kq from same lab 

ill 83S090 

20.1.10. Co(AZAMEsar)H H2O ACbuf; pH 5; fL = 20 4.5 X 107 LP /LUM/SST; TO = 0.64 85F222 :I: 
0 0.1 (NaCI0 4) fLs; ET (70%). OT (30%); f "T1 

= 0.3 "T1 

Co(bpyf+ 4.2 X 107 
s:: 

20.1.11. H2O 0.17 mol/L 25 SS/LUM; TO = 0.60 fLS 85S022 l> 
N azSO 4, 0.025 (766404); OT Z 

mol/L Pbuf; pH ." 
6.0; [ColI]/[L] = ...... 

:b. 
4.5 r-

Co(bpyf.!+ HzO 0.5 mol/L NaCl, 25 4.7 X 107 . SS/LUM; TO = 0.60 fLS 85S022 
0.025 mol/L Pbuf; 
pH 6.0; [Coll]/[L] 

(766404); OT 

= 4.5 

Co(bpy):.!+ H2O 0.5 mol/L NaF, 25 4.3 X 107 SS/LUM; TO = 0.60 fLs 85S022 
0.025 mol/L Pbuf; (766404); OT 
pH 6.0; [ColI]/[L] 
= 4.5 

Co(bpy):.!+ H2O 0.5 mol/L NaBr, 25 5.2 X 107 SS/LUM; TO = 0.60 fLs 85S022 
0.025 mol/L Pbuf; 
pH 6.0; [ColI]/[L] 

(756404); OT 

= 4.5 

Co(bpyf+ H:::O 0.05 molJL Pbuf; 25 ).5 X 107 SS/LUM; TO = 0.60 fLs 85S022 
pH 6.0; [ColI]/[L] (756404); OT 
= 4.5 

20.1.12. Co(bHh + AN 0.1 mol/L TEAP 25 5.6 X 100 LP/LUM/AVE; TO = 0.85 86A077 
fLs; RT 

20.1.13. CO(bpY)32 + AN 0.01 mol/L TEAP 25 8 X 107 SS/LUM; TO = 0.85 fLS 86A077 
(LP /LUMJSST); OT, ET? 



TABLE 20. Quenching of Ru(bpY)32+ by inorganic compounds-Continued 

No. Quencher Solvent Solution Medium TrC kq Ccmments Ref. 
/L mol- L s-L 

20.1. Ru(bPY)a 2+ -Continued 
CO(bPY)3 2 + AN 0.1 mol/L TEAP 25 1.1 X 108 SS/LUM; TO = 0.85 J..Ls 86A011 

(LP/LUM/AVE); OT, ET? 

Co(bpy)/+ H2O 0.16 mol/L 25 5.3 x 108 SS/LUM; TO = 0.60 J..Ls 85S022 " N azSO 4' Pbuf; pH (766404); OT, ET C 
m 

7.8; J..L = 0.5; Z 
[ColI]/[L] = 0.2 0 

::t: 
Co(bpYh2+ H~p 0.025 mol/L Pbuf; 25 ~.8 X 108 SS/LUM; TO = 0.60 J..Ls 85S022 Z 

pH 8.0; J..L = 0.03 (756404); OT Q 
(NaCI); [ColI]/[L] 0 
= 0.2 -n 

Co(bpy)/+ 5.8 X 108 
m 

H2O 0.17 mol/L 25 SS/LUM; TO = 0.60 J.Ls 85S022 >< 
Na2S04' 0.025 (756404); OT, ET 0 

mol/L Pbuf; pH =i m 
8.0; [Co"j/[L] = C 
0.2 3: 

Co(bpy);~2+ H2O 0.5 mol/L NaCl, 25 1.0 X 109 SS /LUM; TO = 0.60 J..Ls 85S022 m 
-f 

0.025 mol/L Pbuf; (756404); OT, ET l> 
pH 8.0; [ColI]/[L] r-

0 = 0.2 0 
Co(b)y)a~+ H2O 0.5 mol/L NaBr, 25 1.4 x 109 SS/LUM; TO = 0.60 J..Ls 85S022 3: 

"'C 
0.025 mol/L Pbuf; (166404); OT, ET r-
pH 8.0; [ColI]/[L] m 

>< = 0.2 m 
Co(b)y);\~+ H2O 0.025 mol/L Pbuf; 25 1.2 X lOll SS/LUM; TO = 0.60 J..Ls 85S022 

t./J 

pH 8.0; J.L = 1.5 (766404); OT Z 
(NaCt); [ColI]/[L] "T1 

~ r-
." = 0.2 C 
:::r C '< Co(bpY):t~+ H~P 0.05 mol/L Pbuf; 25 2.8 X 107 SS/LUM; TO = 0.60 J..LS 85S022 9' 
0 pH 8.0; [ColI]/[L] (766404); OT, ET t./J 
:::r 0 
CI) = 0.2 r-
3 Co(bpy);\:I+ 2.3 X lOll 

C 

:::c 20.1.14. H2O 0.01 mol/L 25 SS/LUM; TO = 0.60 I-ls 80A003 -f 

~ H 2S0 4, 0.33 (747635); OT 5 
c mol/L Na2S0., Z 
I» 

Co(bpy)/+ 2.1 X lOll .?i H~P 0.17 mol/L 25 S8/LUM; TO = 0.60 fl.S 858022 

< Na2804 (766404); OT 
~ Co(bpyh l + H2 O 0.5 mol/L NaCI 25 3.0 X lOll SS/LUM; TO = 0.60 I-lS 85S022 
-'-

!'J (766404); OT 
z 

Co(bpybH 0.5 m~l/L NaBr 3.6 X lOll P H2O 25 S3/LUM; TO = 0.60 J..Ls 858022 
~-'- (766404); OT 

cO w 
00 0) 
<0 (0 



~ TABLE 20. Quenching of Ru(bpY)3 2 + by inorganic compounds-Cor.tinued CI) 

." ..... 
':S' 0 
'< 
!II No. Quencher S:llvent Solution Medium TloC kq Comments Ref. 0 
':S' IL mol- 1 S-1 
(1) 

~ 
:D 

Ru(bPY)a 2+ -Continued ~ 20.1. 
a Co(bpyh3+ H2O 0.33 mol/L 1.9 x 109 SSILUM; 'To = 0.60 fLs 82F048 
II) 

jr NazSO 4; 0.028 (LP ILUM/SST); OT 

< moljL N aRSO 4; fL 

~ = 1.0 ... 
20.1.15. CollI(bPY)2~fL- H2O 0.01 mol/L HClj ~ 3.0 x 109 SS/LUM; 'To = 0.5 fLs; OT; 80F208 ~ 25 

Z 02,NHz)Co lI(bpY)24+ = 0.01 [Q] :s 3 x 10-4 mol/L 
~ 
.:'" CollI(bpy )z~~- H2O 0.11 mol/L HCI; fL 25 4.2 x 109 SS!LUM; 'To = 0.5 fLs; OT 80F208 
.... Oz,NHz)Co lI(bpy)z 4+ = 0.11 ID 
co 

CollI(bpY)Z~fL- 0.81 mol/L HCI; fL 4.5 x 109 ID H2O 25 SS(LUM; 'To = 0.5 fLs; OT 80F208 
0z,NHz)Co !!(bpy)z 4+ = 0.81 

20.1.16. cis-Co(bzac) 3 EtOH/CHCl 3 23-24 1.1 x log SSILUM; 'To = 0.79 fLS 77F726 
(9/1) (J.N. Demas, priv. comm.); 

07 

20.1.17. trans-Co{bzach EtOH/CHC1 3 23-24 1.1 X 109 SS!LUM; 'To = 0.79 fLS 77F726 :::t 
0 

(9/1) (J.N. Demas, priv. comm.); "TI 
07 "TI 

s: 
20.1.18. Co(C.,H,.,h + H~O/EtOH 25 1.5 x 108 SS(LUM; 'To = -0.9 f-tS 756002 » 

(1/1) (FL/LUM/SST); ET Z 
rot, 

20.1.19. Co(Ci;H.,COOH)z + H2 O pH 1-10; f.l = 0.1 1.5 x 109 LP/LUM/SST 82S072 ""i 
(NaCI) b. 

!""' 
20.1.20. Co(CLHOsar)3+ H2O ACbuf; pH 5; f.l = 20 2.0 X 108 LP ILUM/SST; 'To = 0.64 85F222 

0.1 (NaCIO'l) fLS; OT; f::::: 0.95 

Co(CLHOsar):l+ R,:O ACbuf; 0.5 mol/L 20 7.6 x 108 LP /LUM/SST; 'To = 0.64 J..LS 85F222 
NaCI0 4; pH 5 

20.1.2l. Co(CLNOsarfl+ H2 O ACbuf; pH 5; f.l = 20 4.5 X 108 LP /LUM/SST; 'To = 0.64 85F222 
0.1 (NaCIO'i) fLs; OT; f = 1 

20.1.22. Co(5-Clphenr~+ H~O 0.05 mol/L Pbuf; 25 2.3 x 107 SS(LUM; 'To = 0.60 f.ls 85S022 
pH 6.0; [Co IlJ! [L] (766404); OT 
= 4.5 

20.1.23. Co{5-Clphenh 2+ H2O 0.05 mol/L Pbuf; 25 6.3 x 107 SS(LUM; 'To = 0.60 f.ls 85S022 
pH 8.0; [ColI]/[L] (766404); OT 
= 0.2 

20.1.24. Co(CLsarfl+ H2O ACbufj pH 5; f.l = 20 1.4 X 108 LP /LUM/SST; 'To = 0.64 85F222 
0.1 (NaCI0 4) f.ls; ET (65%), OT (35%); f 

= 0.35; same kq from same 
lab in 835090 

Co(CLsar):!+ H2O ACbuf; 0.5 mol/L 20 3.0 ;< 108 LF ILUM/SST; "'0 = 0.64 85F222 
NaCIO .. ; pH 5 f.lS; same kq from same lab 

in 83S090 



1'ABLE 20. Quenching of Ru(bPY)3 2
+ by inorganic compounds-Continued 

No. Quencher Solvent Solution Medium r;oc kq Comments Ref. 
JL mol- 1 s-l 

20.1. Ru(bpYla 2+ -8ontinued 
20.1.25. Co(CMMEabsar)H H2O ACbuf; pH 5; fJ.. = 20 7 X 107 LP /LUM/SST; TO = 0.64 85F222 

0.1 (NaCIO'l) J.Ls; ET 

Co(CMMEabsar)H H:P ACbuf; 0.5 mol/L 20 1.5 x 108 LP /LUM/SST; TO = 0.64 (J.S 85F222 0 
NaCI0 4; pH 5 c: 

m 
20.1.26. CO(CN)63- H2O (J. = 0 (calc'd) -21 3.2 x 107 SS/LUM; TO = 0.60 (J.s 766319 Z 

(LP/LUM/AVE); ET; [Q] = (") 
::J: 

0.~7 mol/L Z 
CO(CN)03- H2O 0.5 mol/L NaCl; 23 <1 X 106 SS/LUM; TO air = 0.40 J.Ls 766027 C') 

pH 4 (H6112); [Q] = 0.05 mol/L 0 
." 

20.1.27. Co I "(CNh«(J.-O2)Co III(CN)5F)- H2O 0.1 mol/L HCI; (J. 25 .&.8 X lOll LP /LUM/SST; OT 82A068 m 
= 0.25 (NaCl) >< 

(") 

20.1.28. Co(CN)s(pyrazinecarboxylato)3- H2O 0.5 mol/L H2SO 4 25 2.9 X lOll SS/LUM or LP/LUM/AVE; 776405 =i 
TO = 0.60 Jl.s (766404); OT m 

C 
20.1.29. Co(C~O"h2- H2O 0.05 mol/L HZSO.1 6.7 X 109 SS/LUM, LP /LUM/SST; TO 737656 s:: 

= 0.66 (J.s; OT; [Q] = (1-8) m 
-f 

X 10-4 mol/L » 
20.1.30. Co(C~O"h3- H2O (J. = 0 (calc'd) -21 3.8 X 10 10 SS/LUM and 766319 r-

n 
LP /LUM/ AVE; TO = 0.60 0 
(J.s (LP/LUM/AVE); [Q] :5 s:: 
1.5 X 10-4 mol/L; some "'C 

r-
SQ m 

lel:l- Co( diAMcha~ )3+ H2O ACbuf; pH 5; (J. = B X 107 LP /LUM/SST; TO = 0.64 85F222 >< 20.1.31. 20 m 
0.1 (NaClO'l) (J.S; ET (57%), OT (43%); I en 

= 0.43 Z 
~ lel:I-Co(diAMchar)3+ H2O ACbuf; 0.5 mol/L 20 4.0 X 108 LP /LUM/SST; TO = 0.64 (J.S 85F222 ." 

r-
"tJ NaCIO,,; pH 5 c: 
:7' 

C '< Co(diAMsar):I+ 4.4 X 107 L? /LUM/SST; TO = 0.64 85F222 !II 20.1.32. H2O ACbuf; pH 5; fJ.. = 20 en 0 0.1 (NaCI0 4) (J.s; ET(38%), OT (62%); I 0 :7' 
(() = 0.62 r-
~ 

lel.r Co(diAZAchar)3+ 
c: 

:Xl 20.1.33. H:,!O ACbuf; 0.5 mol/L 20 4.2 X 108 LP /LUM/SST; TO = 0.64 (J.s 85F222 -f 

~ N aCIO ,1; pH 5 0 
c lel;I-Co( diAZAchar)3 + 1.4 X 108 Z 
III H2O ACbuf; pH 5; (J. = 20 LP /LUM/SST; 1'0 = 0.64 85F222 
P 0.1 (N aCIO 4) fJ..3; ET (72%), OT (18%); I 
< = 0.18 
~ .... 20.1.34. Co(d:CLsar)3+ H2O ACbuf; pH 5; (J. = 20 2.2 X 108 LP /LUM/SST; TO = 0.64 85F222 
!fJ 0.1 (NaCI0 4) J.Ls; OT; /= 1 z 
~ Co(d:CLsarrH H:,!O ACbuf; 0.5 mol/L 20 9.6 X 108 LP /LUM/SSTj TO = 0.64 fJ..s 85F222 
~ .... 

NaCI0-t; pH 5 
cD CIJ 
CD ..... 
CD .. 



~ TABLE 20. Quenching of Ru(bPY)3 2+ by inorganic compounds-Continued eN 
....... 

"0 ~ :r 
'< 
III 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
0 
:r /L mol- l s-l 
(1) 

~ 
l:J 

Ru{bPY}a Z+ -Continued ~ 20.1. 

C 20.1.35. Co(diNOsar)H H:P ACbuf; pH 5; f.L = 20 6.1 X 108 LP /LUM/SST; 'To = 0.64 85F222 
II) 

0.1 (NaCIO.!) ~s; ET (9%), OT (91%); f .? 
< = 0.91 

~ 20.1.36. .... Co(DMG)z(CzHs)(HzO) H~O -22 2.0 X 109 lP /LUM/SST; ET? 83E223 

2" 20.1.37. Co(EDTA)- H2O -25 3 X 108 SS/LUMj 'To = 0.6 J-ls 73F673 
:z (69E219); OT !.> 
~ ..... 20.1.38. C o(EFMEoxos ar- H) Z + H~O ACbuf; pH 5; f.L = 20 1.0 X 108 LP /LUM/SST; 'To :: 0.64 85F222 ..... 

0.1 (NaCIO.d j..Is; ET; same kq from Eame <0 
00 
<0 lab in 83S090 

Co(EFMEoxosar-H) 2 + HzO ACbuf; 0.5 mol/L 20 3.6 X 108 LP /LUM/SST; 'To :: 0.64 85F222 
NaCI0 4; pH 5 ~s; same kq from same lab 

in 83S090 

20.1.39. Co(en)a H H2 O 0.1 mol/L HZSO o1 -22 2.0 X 107 SS /L UM; 'io "ir = 0.40 fLs 84A255 J: 
(::'P /LUM/ AVE); OT 0 

Co(en)a H H2O 0.1 mol/L H~S01 25 4.9 X 107 SS/LUM; 'To = 0.60 f.Ls 85F161 
"T1 
"T1 

(84A238); ET, OT; [Q] = s: 
(3-90) X 10- 4 mol/L » 

z 
Co(enkl+ H2O ACbuf; pH 4.7; J-l 25 3.4 X 107 SS/LUM; 'To = 0.60 f.Ls 85F161 n, 

= 0.01 (NaC!) (84A238); ET, OT; [Q] = 
""" :b. (3-90) X 10- 4 mol/L r--

Co(enh H H2O 1 mol/L HzS0 4 6.2 X 107 lP /LUM/SST; OT 83S001 

20.1.40. cis-Co(enLCI2 + H~O 0.1 mol/L H2 SO 4 -22 1.4 X 109 SS/LUM; 'To"ir = 0.40 fLs 84A255 
(LP/LUM/AVE); OT 

20.1.41. traTl.t-Co(en)2Cl z + H~O 0.1 mo!/L HZSO.1 -22 2.0 X 101) SS/LUMj 'To"ir = 0.40 fLs 84A255 
(LP /LUM/ AVE); OT 

20.1.42. Co(en)2(giy)2+ H2O 25 1.2 X 108 SS/LUM; 'To = 0.6 J-ls 85A470 
(766539); OT; [Q] :::; 0.02 
rnol/L 

20.1.43. cis-Co( en):.;(H~O)CIZ+ H~O 0.1 mol/L H~S04 -22 6.0 X 108 SS/LUM; 'io"ir = 0.40 fLs 84A255 
(LP /LUM/ A VE)j OT 

20.1.44. cis-Co(en)z(NCS)z + H2O 0.1 mol/L HzS0 4 -22 7.6 X 108 SS/LUM; 'To"ir = 0.40 fLs 84A255 
(LP/LUM/AVE); OT 

20.1.45. tranl-Co(en)z(NCS)z + HzO 0.1 mol/L HzS0 4 -22 4.8 X 108 SS /L UM; 'To "ir = 0.40 tLs 84A255 
(LP/LUM/AVE); OT 

20.1.46. cis-Co(en)2(NCS)CI+ HzO 0.1 mol/L H2 SO 4 '-22 1.6 X 101) SS/LUM; 'To"ir = 0.40 tLs 84A255 
(:"P/LUM/AVE); OT 

20.1.47. tranl-Co( en )z(NCS)Cl + H2O 0.1 mol/L H~SO ,I -22 1.1 X lOll SS/LUM; 'To"ir = 0.40 fLs 84A255 
(="PjLUM/AVE); OT 



TABLE 20. Quenching of Ru(bpy)s::+ by inorganic compounds-Cortinued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
;L mol- l s-1 

20.1. Ru(bpy)a 2+ -Continued 
20.1.48. Ci8~CC( en)z(NH3)CI 2+ HzO 0.1 mol/L HZS0 4 -22 4.2 x 108 SS/LUM; 70

air = 0.40 JJ.s 84A255 
(LP /LUM/ AVE); OT 

20.1.49. ColII(mb(JJ.-Oz,NHz)ColII(en)z H H2 O 0.01 mol/L HCl; ~ 25 7.0 x 108 SS/LUM; 70 = 0.5 flS; OT 80F208 0 
= 0.01 C 

m 
Co lll (enb(JJ.-Oz,NH2)Co lII(en)zH H~P 0.01 mol/L HCI; fl 25 3.6 X 109 SS/LUM; '1"0 = 0.5 flS; OT 80F208 Z n = 0.51 (NaCI) :!: 
Co lIl(m):':(fl-Oz,NH2)CO IlI( en)2 H H~p 0.05 mol/L 25 ~.g X 109 LP /LUM/SST; OT 82A068 Z 

H2S0 4 ; ~ = 0.25 
G) 

(NaCl) 0 
." 

Co lll(enb(f-L-Oz,NH2)COIlI
( en)2 H H:;:O 0.1 mol/L HCI; fl 25 4.4 X 109 SSjLUM; 70 = 0.5 fls; OT; 80F208 m 

= 0.1 [QI ::; 3 x 10- 4 mol/L >< n 
Colll(m)z(fl-02,NHz)Co"l(en)zH H2O 1 mol/L HCI; fl = 25 3.2 x 10° SS/LUM; 70 == 0.5 fls; OT 80F208 =i 

1.0 m 
C 

20.1.50. Co(HEDTA)Br- H2 O 0.1 mol/L HCI0 4 l.O X 109 SS/LUM; 70 = 0.6 f.1s 737081 s::: 
or 1 mol/L H2 SO 4 (69E219); ET? m 

-I 
20.1.51. Co(HEDTA)CI- H:;:O 0.1 mol/L HCI0 4 8 X 108 SS/LUM; 70 = 0.6 flS 737081 » 

r-
or 1 mol/L H2 SO 4 (69E219); ET? n 

20.1.52. Co(HEDTA)(N0 2)- H2 O 0.1 moI/L HCI0 4 1.3 X lOll SS/LUM; 70 = 0.6 f.1S 737081 0 
s:: 

or 1 mol/L H2SO 4 (69E219); ET? ""a 

20.l.53. Co(HYMEoxosar-H) 2 + H2O ACbuf; pH 5; J-I. = 20 T X 107 LP /LUM/SST; 70 = 0.64 85F222 r-
m 

0.1 (NaC10 4 ) J-I.s; ET; same kq from same >< m lab in 83S090 en 
Co(HYMEoxosar-H)2 + H2O ACbuf; 0.5 mol/L 20 2.8 X 108 LP /LUM/SST; 70 = 0.64 85F222 Z 

NaCIO.l ; pH 5 JJ.S; same kq from same lab ." 
~ in 83S090 r-
"0 C 
:r 20.1.54. Cot 4,4' -Me.~bpY)3 + AN 0.1 mol/L TEAP 25 2.7 X lOll LP jLUM/ AVE; "0 = 0.85 86A077 a '< 
!II J-I.S; RT en 
0 0 :r 20.1.55. Cot 4,1' -Me:;bpy )/+ AN 0.1 mol/L TEAP 1.6 X 108 SS/LUM; "0 = 0.85 fls <D 25 86A077 r 
3 (LP/LUM/AVE); OT, ET? C 

-I 
lJ 

trans-Go(i\leocycladiene)(Hz0)z H 0.1 mol/L TEOA 2.7 X 108 SS/QYP; 70 = 0.6 fls 0 ~ 20.1.56. H:P 25 83A333 

C (79F045); OT; [Q] ::; 0.003 Z 
I» mol/L; see Mech. [7] 
~iii 
< 20.1.57. Co(MENOsar)3+ H .. O ACbuf; pH 5;J-I. = 20 2.1 X 108 LP /LUM/SST; 70 = 0.64 85F222 
~ 

~ 

0.1 (NaC10 4) J-I.S; ET, OT; f = >0.27 

~ 20.1.58. cot 4,~-Me::phen)2+ H:P 0.05 mol/L Pbuf; 25 7 X 107 SS/LUM; 70 = 0.60 fls 85S022 
z pH 6.0; [Co"Jl[L] (766404); OT 
P 
~ 

= 4.5 

cD W 
0) ...... 
co W 



~ TABLE 20. Quenching of Ru(bpY)3 2
+ by inorganic compounds-Continued W 

"0 ~ 
::T ~ 
'< 
!" No. Quencher Solvent Solution Medium TrC kq Comments Ref. 0 
::T /L mol-I s-I 
(\) 

~ 
::xJ 

Ru(bpYh 2+ -Continued II 20.1. 
0 20.1.59. Co(i,7-Me:.lphen)/+ H2O 0.05 mol/L Pbuf; 25 7.4 x lOT SS/LUM; 'To = 0.60 J-Ls 85S022 
I» 

pH 8.0; [Colil/[L] (766404); OT ~ 
< = 0.2 
0 

Co(NH 3)t\H J.l. = 0 (calc'd) <3 x 106 ::- 20.1.60. H2O -21 SS/LUM; 'To = 0.60 flos 766319 .... 
$D (LP/LUM/AVE)j [Q] = 
Z 0.002-0.009 mol/L 
? 
~ .... Co(NH:I)U H H2 O 0.1 mol/L H2 SO'1 -22 4.0 x 107 SS/LUM; "o"ir = 0.40 J.l.S 84A255 
..... (LP/LUMiAVE); OT co 
Q) 

Co(NH:I)(! :H 0.1 mol/L HzSO.1 3.2 X 107 co H2O 25 SS /LUM; 1"0 = 0.60 J.ls 85F161 
(84A238); ET, OT; [Q] = 
(3-90) x 10-4 mol/L 

Co(NH:\)Il:l+ H2O 0.5 mol/L H:.lSO ,I 25 -1 x 107 SS/LUM; 'To = 0.60 flos 747635 
(LP /LUM/SPC); OT; [Q] = 
0.007 mol/L :r: 

Co(NH:\)tl:l + H2O ACbuf; pH 4.7; J.l. 1.5 x 107 SS/LUM; 1"0 = 0.60 J.l.s 85F161 
0 

25 ." 
= 0.01 (NaCl) (84A23S); ET, OT; [Q] = 'TI 

s: 
(3-90) X 10-4 mol/L l> 

20.1.61. Co~NH:\)r,(bemoato)2+ H2O Pbuf; pH 5.S; J.l. = 25 1.5 x 108 SS/LUM, SS/QYPj TO = SOF058 Z 
I'rt 0.10 (LiCIO.1) 0,60 J.l.s (747635); OT; f = ""i 

0.5; [Qj = (5-50) x 10-'1 )::.. 
mol/L; see Me<:h. [7] !"'" 

20.1.62. COINH:\)!)[l,2-bis( 4- H2 O 0.01 mol/L Pbuf; 25 2.0 x 108 SS/LUM; 1"0 = 0.60 J.l.s 78E293 
pyridyl)ethane]3+ pH 5.6; J.l. = 0.1 (766404); OT; [Q] = (5-20) 

(LiClO.1) x 10-4 mol/L 

20.1.63. Co: NH:1):;[ trans-1,2- bis{ 4- H2O 0.01 mol/L Pbuf; 25 1.2 x leI) SS/LUM; 1"0 = 0.60 J.l.S 78E293 
pyridyl)ethene]3+ pH 5.6; J.l. = 0.1 (766404); OT; [Q] = (1.3-

(LiCI0-t) 200) x 10-4 mol/L 

20.1.64. Co[NH;\).~.Br~+ H2O 0.5 mol/L H2 SO 4 25 2.5 x Ul) SS/LUM; 'To = 0.60 J.l.s 747635 
(LP /LUM/SPC); OT; [Q] $; 

0.002 mol/L 

ColNH;J,Br:!+ H2 O/2-PrOH 0.5 mol/L H:.lSO.1 25 1.1 x 10° SS/LUM; TO = 0.S7 J.l.s 747635 
(1/1) (LP /LUM/SPC); OT 

20.1.65. Co(NH;\).,CI 2 + H2 O J.l. = 0 (calc'd) -21 7.2 x 107 SS/LUM; TO = 0.60 J.l.s 766319 
(LP /LUM/AVE); OT; [Q] = 
0.002-0.005 mol/L 

Co(NH;J,C12 + H2 O 0.1 mol/L HzSO.1 -22 5.8 )( lOll SS/LUM; 1"o"'ir = 0.40 J.l.S 84A255 
(LP /LUM/ AVE); OT; [Q] = 
0.002-0.008 mol/L 

Cc(NH;\):,Cl:!- H2 O pH 0(HZSO.1) -25 6.7 x 108 EMI; TO ",ir = 0.46 J.l.s; OT; f 82S163 
= 0.85 



TABLE 20. Quenching of Ru(bpf)/+ by inorganic compounds-Continued 

No. Quencher Solvent Solution Medium T/oC kq Comments Ref. 
/L mol-I s-1 

20.1. Ru(bpYla 2 + -Continued 
Co(NH3):;ClZ+ H2O 0.5 mcl/L H zS0 4 25 9.3 X lOll SS/LUM; '1'0 = 0.60 J.I.~ 747635 

(LP ILUM/SPC); OT; [Qj. ::;; 
0.005 mol/L 

0 
Co(NH3)5C1 Z+ H2O ACbuf; pH 4.7; J.I. 25 3.8 X lOll SS/LUM; '1'0 = 0.60 J.l.S 85F16l e 

= 0.01 (NaCl) (84A238); OT; [Q! = (3-90) m 
Z 

X 10-4 mol/L 0 

Co(NH3):;Cl2+ ACbuf; pH 4.8; . J.I. 2.2 X lOll SS/LUM; '1'0 = 0.66 J.l.s 
::J: 

H!!O 25 85F089 Z 
= 0.03 (737656); OT G') 

Co(NH3)5CfH H:P ACbuf; pH 4.8; J.I. 25 3.4 X lOE SS/LUM; '1'0 = 0.66 J.l.s 85F089 0 
= 0.05 (737656); OT 

-n 
m 

Co(NH3)sC12 + H2O ACbuf; pH 4.8; J.I. 25 8.2 X 10f SS/LUM; TO = 0.66 J.l.S 85F089 )( 
0 

= 0.2 (737~56); OT =i 
Co(NH:~):;CI:!+ H2O 0.1 mol/L ACbuf; 9.3 X 10E SS/LUM; OT 8lN178 m 

C 
pH 5 

3: 
Co(NH:\):;Cl2+ H2O 0.01 mol/L Pbuf; 2.0 X 108 SS/LUM; '1'0 = 0.6 J.l.s 86Fl71 m 

-I 
pH 7 (78Z170); OT; [Q! = (J.00l- » 

0.005 mol/L I 

Co(NHa)!)Clz+ HzO/2-PrOH 0.5 mol/L H!!S04 25 4.6 X 108 SS/LUM; TO = 0.87 J.l.S 747635 0 
0 

(1/1) (LP /LUM/SPC); OT s: 
Co(NHa)!)FZ+ H2 O 0.1 mol/L H!!S04 8.0 X 10~ SS/LUM; To

air = 0.40 J.l.S 84A255 
"'C 

20.1.66. -22 I 
(LP/LUM/AVE); OT; [Q! = m 

)( 
0.002-0.008 mol/L m 

Co(NH:1)r,(HzO)H 0.1 mol/L HZSO.l 7.5 X 10~ SS/LUM; Toa.ir = 0.40 J.l.S 
en 

20.1.67. H2 O -22 84A255 Z (LP/LUM/AVE); OT -n 
~ Co(NH:lhtHzO)H H2O 0.05 mol/L 25 1.4 X 109 LP /LUM/SST; ET; ~ 0' = 82A068 I 
"0 HzS0 4; J.I. = 0.25 -2.6 X 10-3 L/mol (0.1- e 
::T C '< (NaCl) 300 MPa) !h en n Co(NH:1)r,(HzO)3+ H2O 0.5 mol/L H2SO 4 25 1.5 X 10* SS/LUM; TO = 0.60 J.l.s 747635 0 ::T 
CD (LP /LUM/SPC); OT; [Q! ::;; I 
3 e 
:II 0.011 mol/L -I 
CD 

20.1.68. Co(NH:I)r,( N-Mevio)4+ H!!O 0.5 mol/L HzSO 4 7.2 X 10~ SS/LUM; TO = 0.60 J.l.s 78E293 0 :'" 25 Z c (766404); OT; f = 0.9; [QJ Q) 

,Pr = (4.5-16) X 10-4 mol/L 
< Co(NH:1)r,(N-Mevio)4+ H2 O 0.01 mol/L Pbuf; 25 1.1 X 10) SS/LUM; TO = 0.60 J.I.S 78E293 ~ .... pH 5.6; J.I. = 0.1 (766404); OT; [Q! = (2.8-
!» (LiC10 4 ) 23) X 10-4 mol/L 
Z 
!=» 20.1.69. Co(NH a)I)(NCS)2+ HzO 0.1 mol/L HZS0 4 -22 3.0 X 10~ SS/LUM; TO .. 

ir = 0040 J.l.s 84A255 
~ (LP/LUM/AVE); OT; [Q! = .... 

0.002-0.008 mol/L w CO 
CI) -.... 
co c.n 



~ TABLE 20. Quenching of Ru(bpY)3 2 + by inorganic compounds-Continued (,.) 

"tJ -...J 
::r m 
'< 
til 

No. Quencher Solvent Solution Medium T;oC kq Ref. n Comments 
:r /L mol- l S-1 
(!) 

~ 
JJ 

Ru(bpy)a2+ -Continued ~ 20.1-

0 20.1.70. Co(J\H3)r,(N02r~+ H2 O 0.1 mol!L HZSO'l -22 1.0 X 108 SS/LUM; 'To"ir = 0.40 ~s 84A255 
t:II (LP/LUM/AVE); OT; [Q] = ~ 
< 0.002-0.008 mol/L 

~ 20.1.7l. CO(J\H3Js[2-(NOd benz]2+ H2O Pbuf; pH 5.8; ~ = 25 1.3 X 109 SS/LUM, SS/QYP; TO = 80F058 .... 
0.10 (LiCIO'I) 0.60 ~s (747635); OT; f = ~ 

z 0.05; [Q] = (5-50) X 10- 4 
~ mol/L; see Mech. [7] 
~ ..... 
.... 20.1.72. Co(J\H;\)s[4-(NO z)benz]2+ H2 O Pbuf; pH 5.8; ~ = 25 2.4 x lOll SS/LUM, SS/QYP; 'io = 80F058 
<0 
co 0.10 (LiClO,.) 0.60 ~s (747635); OT; f = <0 

0.01; [Q] = (5-50) x 10- 4 

mol/L; see Mech. [7] 

20.1.73. Co(J\H;\)r,[OC(O)CH3]2+ H2 O Pbuf; pH 5.8; ~ = 25 2.1 X 108 SS/LUM; 'To = 0.60 ~s 80F058 
0.10 (LiC10 4 ) (747635); OT; [Q] :::: (5-50) 

X 10- 4 mol/L J: 
20.1.74. Co(r-.·H:\}r,[OC( 0 )Hf+ H2O 0.1 mol/L HZSO'1 -22 4.7 x 107 SS/LUM; 'To"ir = 0.40 ~s 84A255 0 

"T1 
(LP /LUM/ AVE); OT; [Q] = "T1 

0.002-0.008 mol/L s:: 
l> 

20.1.75. Col II(NH;\)r,(~-02)Colll(NH3)5 5+ H2 O 0.02 mcl/L 25 1.3 x 1011 SS/LUM; 'To = 0.5 ~s; OT 80F208 Z 
HC10 4; ~ = 0.02 n, 

..... 
Co I I I(NH;\):;(~-02)Colll(NH3)5 5+ H~O 0.02 mcl/L 25 4.5 X 109 SS/LUM; 'To = 0.5 Ilos; OT 80F208 ~ 

HCl0 4 ; ~ = 0.42 !"" 
(NaCIO .• ) 

Colll(NH:\):;(~-Oz)ColJl(NH3).,>5+ H~:P 0.05 mcl/L 25 1.9 X 10\) LP jLUM/SST; OT 82A068 
H2S0 4; f.I. = 0.25 
(NaCl) 

Colll(NH::}:;(J.l.-02)ColII(NH3h5+ H2O 0.1 moilL HCl; ~ 25 7.4 x 108 SS/LUM; 'To = 0.5 ~s; OT 80F208 
= 0.1 

Colll(NH;Jd~-02)Colll(NH3)s5+ H~O 0.1 moIlL HCIO.1; 25 2.2 x 1011 SS/LUM; 'To = 0.5 ~s; OT 80F208 
~ = 0.1 

CO III(NH:J.,( J.l.-O z) Co III (NH3)..; 5+ H!,!O 0.5 mol/L H!,!S04 25 4.6 X 10° SS/LUM; 'To = 0.5 ~s; OT 80F208 

COl I I(NH:\):;(J.l.- 0 2)Co llI (NH3),55+ H!,!O 1 mol/L HCI; ~ = 25 1.9 x 1011 SS/LUM; 'To = 0.5 ~s; OT 80F208 
1.0 

Cofll(NH;\)r,(J.l.-02)ColII(NH3)S5+ H2 O 1 mol/L HClOo{; ~ 25 4.3 x 109 SSjLUM; 'To = 0.5 ~s; OT; 80F208 
= 1.0 [Q] S 3 x 10-,1 mol/L 

20.1.76. Colll(NH:\).,\J.l.- H~O 0.01 mcl/L HCI; ~ 25 1.0 X 10° SS/LUM; 'To = 0.5 ~s; OT 80F208 
02,J\H:;)Co l I( NH3)'lH = 0.01 

Cofll(NH:\).,~~- H2O 0.01 mcl/L 25 3.0 x 109 SS/LUM; 'To = 0.5 ~s; OT 80F208 
02,l"H~)Co' '(NH3)ol H HeIO.I ; J.l. = 0.21 

(NaCIO .. ) 



TABLE 20. Quenching of Ru(bpy)a:.: .... by inorgaUlc compounds-Con~inued 

No. Quencher Sclvent Solution Medium T;oC kq Comments Ref. 
IL mol- l S-1 

20.1. RU(bPY)a 2+ -Continued 

Co III(NH3) 1~J.L- H2O 0.01 mol/L HCl; J.L 25 2.8 x 109 SS/LUM; 'To = 0.5 J.LS; OT SOF2(]S 
Oz,NHz)Co '(NH3)4H = 0.54 (N aCl) 

ColII(NH3)1~J.L- H~O 0.01 mol!L 25 3.5 x 109 SS!LUM; 70 = '0.5 J.LS; OT 80F2()S " Oz,NHz)Co '(NH3)4 H HCI0 4; J'- = O.Sl C 
m 

(NaCI0 4] Z 

Co" I(NHa) 1~J.L- H~O 0.01 molfL HCl; J.L 25 4.4 x 101) SS(LUM; '-0 = 0.5 J.LS; OT SOF20S 0 
::r: 

Oz,NHz)Co '(NH3)4 H = 1.3 (NaCl) Z 
ColII(:--rH:~).\~J.L- H~O 0.1 mol/I.. HClO4 ; 25 1.1 x 109 SS(LUM; 70 = 0.5 J.Ls; OT; 80F20S C) 

Oz,NHz)Co '(NH3)4 H J.L = 0.1 [Q~ :5 7 x 10- 4 mol/L 0 
." 

ColII(:--rH:~).,~J.L- H~O 0.1 mol/I.. HCI; J.L 25 2.1 x 10° SS(LUM; 'To = 0.5 j.1s; OT 80F20S m 
>< 0z,NH:::)Co '(NHa)4 H = 0.1 0 

ColII(~Ha) ~J.L- H"O 1 mol/L BCIO",; j.1 25 8.8 x 10° SS(LUM; 'To = 0.5 j.1s; OT SOF20S =i 
Oz,NHz)Co"'(NH3)4 H 

- rn = 1.0 C 
Colll(NH:~).\~J.L- H2O 1 mol/L HCI; J.L = 25 4.0 x 10° SS/LUM; 'To = 0.5 j.1s; aT 80F20S 3: 
Oz,NHz)Co '(NH3)4H 1.0 m 

-I 
20.1.77. Co(NHa)..;(py):l+ H2O 0.01 mol(L Pbuf; 25 1.7 x 108 SS/LUM; TO = 0.60 J.L5 7SE293 » 

r-
pH 5.6; 1L = 0.1 (766404); aT; (Q] = (4.5- 0 
(LiCIO .. ) 19) x 10-4 mol/L 0 

Co(NH:!)r,(py):I+ H2O Pbuf; pH 5.8; f.L = 25 2.1 x 108 SS/QYPj '-0 = 0.60 J.Ls SOF058 3: 
""C 

0.10 (LiC10 4) (7{7635); aT; f = 0.8; [Q] r-
== (5-50) x 10-4 mol/L; see rn 

>< 
Mech. [7] m 

CJ) 
20.1.78. Co(N3:,);;(vio):I+ H2O 0.094 mol/L 25 1.2 x 10° SS/LUM; 'To == 0.60 J.Ls 7SE2g3 Z 

HCIO .. ; 11 = 0.1 (7&6404); OT; [Q] = (2-10) 

" c.. x 10-4 mol/L r-
"V Co(N3Jr,(vio):l+ 0.5 mol/L H2 SO 4 7.3 X 108 SS/LUMj 'To == 0.60 f.LS 78E2g3 

C 
:l" H2O 25 C '< (756404); OT; f == 0.9; (Q] !II CJ) 
(') == (5.5-16) X 10-4 mol/L 0 
::r 

CO(NH:,}r,{vio)3+ 5.7 x 108 r-eD H2O 0.01 mol/L Pbuf; 25 SS/LUM; 1'0 = 0.60 J.Ls 78E293 C ? pH 5.6; i.L = 1.0 (756404); OT; f == 1; [QJ = -I 
::D (3 CD (LiCIO .. ) (2.1-16) x 10- 4 mol/L 
:'" Z 
C 20.1.79. Co(NJJ(I:~- H2O j.1 == 0 (calc'd) -21 -9 x 109 SS/LUM; 1'0 = 0.60 .... 5 7663L9 
~ (LP/LUM/AVE); OT; [Q] = ,PI 

< (2.7) X 10-4 mol/L 
0 
~ 20.1.80 . CO[4-(NOJbpybH H2O 0.33 moi/L 9.0 X 108 SS/LUM; 1'0 = 0.60 J.Ls 82F04S .... 
!I' NazSO .. ; 0.028 (LP /LUM/SST); aT 
z mol/L NaHSO.1; f.L p 
~ 

= 1.0 
.... W 
CD ~ CI) 

~ CD 



!'- TABLE 20. Quenching of Ru(b?y)/+ by inorganic compounds-Continued W ..... 
." CO 
:T 
'< 
!II No. Quencher Solvent Sol ution Medi urr. TrC kq Comments Ref. 
n 
:T /L mol- 1 s-1 
CD 

? 
::r:J 

Ru(bPY)a 2--Continued ~ 20.1-

C 20.1.81. Coiphen)2+ H2 O 0.05 ool/L Pbuf; 25 2.7 X IC7 SS/LUM; TO = 0.60 f.Ls 8~8022 
II) pH 6.0; [Co"]j[LI (766404); OT S' 
~ = 4.5 < 
~ 20.1.82. Coiphenh2+ H . .:p 0.5 m.)l/L NaCl 25 8.9 X 108 SS/LUM; TO = 0.60 f.Ls 766046 
...... (747635); RT S» 
Z Colphenh~+ H2O 0.05 rnol/L Pbuf. 25 3.0 X 107 SS /LUM; TO = 0.60 fLs 858022 0 

~ 
pH 8.0; [Co11]j[Lj (766404); OT 

cD = 0.2 
0) 

20.1.83. Co(phenhH H~O 0.1 mol/L H2SO 4 ~22 1.9 X 101) SS/LUM; To
air = 0.40 f.Ls 84A255 <D 

(LP/LUM/AVE); OT 

Co(phen)/+ H2O 0.17 rnol/L NaC} 25 2.3 X 10[) SSjLUM; 'To = 0.60 f.Ls 766014 
(747635); OT 

Co(phenhH H2 O 0.5 mol/L NaCI 25 3.0 X 10;) SS/LUM; TO = 0.60 f.Ls 766014 :E: 
(747635); OT; [Q] 5 0.025 0 
mol/L " " Co(phenhH H2 O 0.01 IT.ol/L 2.4 X 10} FP /QYP; 'To = 0.60 f.Ls 82F065 3: 

HzSO." 0.33 (747635); OT, ET; f = 0.53; l> z 
mol/L N azSO '1; J..I [Q] = (2.5-20) X 10-4 

", 
= 1.0 mol/L; see Mech. [8]; kq = ~ 

2.2 X 101) L mol- 1 s-I for :b 
S8/LUM from same lab in r--
80A003 

20.1.84. Coll(phen) . .,:(f-l- H2O 1 mol/L HCl; f-l = 25 8.1 X 109 S8/LUM; TO = 0.5 f-lS; OT; 80F208 

O:.::,NH:.::)Co lll (phen)2H 1.0 [Q] 5 9 X 10- 4 mol/L 

20.1.85. Co(,ar):'+ H2 O ACbuf: pH 5; f-l = 20 1.6 X 1O~ LP/LUM/SST; 'TO = 0.64 85:;'222 
0.1 (NaCI0-t) fLs; ET (80%), OT (20%); f 

= 0.2 

Co(sar):\':'" H2 O ACbuf 0.5 mol/L 20 2.2 x 10~ LP /LUMjSST; TO = 0.64 85F222 
NaCI0o\; pH 5 :.lS; same kq from same lab 

:n 838090 

20.1.86. Co(sep)H H2 O ACbuf; pH 5; f.J. = 20 1.5 x 10~ LP /LUM/SST; TO = 0.64 85F222 
0.1 (NaClOo\) ~s; ET (75%), OT (25%); f 

= 0.25; same kq from same 
lab in 838090 

Co(sep):I-r H2 O ACbuf; 0.5 mol/L 20 5.5 x 10
8 LP /LUM/SST; 'To = 0.64 85F222 

NaCI0 1; pH 5 I1s; same kq from same lab 
in 83S090 

Co(,ep):I+ H2 O 0.2 mo:jL LiCI 25 2.9 x 108 SS/LUM; TO = 0.60 fLS 84.A238 
(766404); ET, OT; f = 0.51 
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No. Quencher 

20.1. Ru(bpy)a 2+ -Continued 
Co(sep)H 

Co(sep)H 

Co(sep)H 

Co(sep)H 

2').1.87. CoSiW IIO:I\)H~06-

2).1.88. Co(terpy):,! + 

20.1.89. Co(terpy)/+ 

2').1. 90. cit-Cot tfac h 

20).1.91. trcns-Co(tfac)a 

2).l.92. Cr:l + 

Cr:l + 

Cr;\+ 

Cr:l + 

Cr:l + 

2').1. 93. Cr{ acac):; 

20.1.94. Cr{bpy)/+ 

2).1.95. cit-Cr(bzac};3 

TABLL ::!O. Q'lenCrLlg ::;; RU\DPY.i.;- ::;:; lrlCrga.:::: :::X::;:;:11nG"-':·j:::;:1~""::: 

Solvent 

H 2 0 

H~O 

H:l0 

H~O 

H~O 

AN 

AN 

EtOH 

EtOH 

H:,!O 

H:l0 

H:l0 

H:lO 

H:l0 

MeOH 

H~O 

EtOH/CECl;1 
(9/1) 

Solution Medium T/OC 

0.2 moI/L TEOA; 25 
pH 8.1; J-l = 0.2 
(LiCl) 

0.5 mol/L H:lSO -I 25 

J-l = 0.1 (NaCI) 

1 mol/L H:lSO'1 

0.1 mol/L TEAP 25 

0.1 mol/L TEAP 25 

23-24 

23-24 

1 mol/L 15 
CF 3S0 3 Na 

0.04 mol/L 25 
H:lSO 4; J-l = 1.0 
(MgCl:l) 

9.4 X 10-5 mol/L 
PMA; pH 2 

9.4 x 10-oS mol/L 
PMA; pH 7 

J-l = 0.2 

-21 

23 

kq 
/L mol-I s-1 

3.4 X 108 

2.8 X 108 

2.6 X 108 

3.6 ,< 108 

-3 X 10 10 (calc) 

2.0 X 109 

3.3 X 109 

1.8 X 109 

1.8 j( 109 

1.3 X 101 (corr) 

1.2 X lOT 

9.7 X 10 i 

9.3 j( 107 

8.4 X 1O~ 

3.0 X 103 

3.3 j( 10~ 

23-24 8.5 x 10~ 

Comments Ref. 

SS!LUM; 'To = 0.60 fJ-s 84A238 
(766404); ET, OT 

SSjLUM; 'To = 0.60 fJ-s 84A238 
(766404); ET, OT 

LP /LUMjSST; OT; f = 0.9 82S072 

LP /LUM/SST; OT 835001 

SL/LUM/SPC; 'To,,;r = 0040 85E375 
fJ-S; OT; [Q] = (2, 4) ~: 
10-4 mol/L; some SQ. see 
Mech. [ll] 

LP /LUM/ AVE; TO = 0.85 86A077 
fJ-S; RT 

SS/LUM; 'To = 0.85 f.LS 86A077 
(LP/LUM/AVE); OT, ET? 

SSjLUM; 'To = 0.79 fJ-s 77F726 
(J.N. Demas, priv. coom.); 
OT 

88/LUM; 'To = 0.79 f.LS 77F726 
(J.N. Demas, priv. comm.); 
OT 

LP /LUM/SST; ET 86E096 

SS/LUM; 'To = 0.60 J-ls 766404 
(LP/LUM/AVE); ET 

LP jLUM/SST; 70 = 0.59 f.LS 85N164 

LP jLUM/SST; 'To = 0.59 85N164 
J-lS; some SQ 

LP /LUM/SST; TO = 0.67 85N164 
J-ls; some SQ 

SS!LUM; 'To = 0.77 fJ-s 766319 
(LP jLUMj AVE); ET; [Q] = 
0.001-0.004 mol/L 

SS /L UM; 'To air"" 0.40 J-lS 

(i37633); OT 
756325 

SS/LUM; 'To = 0.79 tJ.5 77F726 
(J.N. Demas, priv. comm.); 
ET 
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~ TABLE 20. Quenching of Ru(bpy)/!+ by incrganic compounds-Continued CIJ 
"'0 C)C) 

:T 0 
'< 
!" No. Quencher Solvent Solution Medium TrC kq Ref. 
0 C>mments 
:::r jL mol- 1 S-l 
/I) 

~ 
:0 

Ru(bpY)3 Z + -Continued ~ 20.1. 
0 20.1.96. trans~Cr(bzac h ~tOH/CHCI3 23~24 6.3 :.< 108 SS/LUM; 1'0 = 0.79 J.l.s 77F7Z6 
I.\) 

¥ 19/1) (J.N. Demas, priv. comm.); 

< ET 
0 

Cr(CN)6:~- 2.5 X 10 10 :- 20.1.97. H;!O f.l. = 0 (calc'd) -21 SS/LUM and 766319 .... 
~('f) LP jLUM/ AVE; 'To = 0.60 
z f.LS (LP /LUM/ AVE); ET; 
~ [Q! s 5 X 10-4 mol/L; 
~ .... 
<0 

some SQ 
(X) Cr(CN)6·1 - =lzO J.I. = 0.5 (KCl) 2.1 x 10 10 SS!LUM, SL/LUM/SST; 737633 IJ) 

1'o'm = 0.40 J.l.s; ET; [Q! = 
(2-20) x 10-'\ mol/L; kq 
calc for J.I. = 0 

20.1.98. Cr(CzO.,h:l
- H2O J.I. = 0 (calc'd) -21 2.1 x 10 10 SSjLUM and 766319 

LP/LUM/AVE; 'To = 0.60 :I: 
fJ.s (LP /LUM/ AVE)j ETj 0 
[Q) s 3 X 10-4 mol/L; 'T1 

'T1 
some SQ s: 

Cr(C:!O.tl;\:I- H;!O 8.5 x lOll SS/LUM, LP /LUMjSST; 'To 737656 » 
Z 

= 0.66 J.l.s; ET; [Q] = (2-8) I'tJ 
x 10-4 mol/L ""i 

20.1.99. trans~Cr( cyclam)(CNh + H;!O 1 mol/L 15 2.4 x 107 (corr) LP jLUMjSST; ET 86E096 
:t:.. 
!'"" 

CF 3S0 3Na 

20.1.100. Cr(enhl + HzO 1 mol!L 15 7.2 x 106 (carr) LP jLUMjSST; ET 86E096 

CF:ISOaNa 

20.1.101. cis-Cr(en):;Cl:; + HzO 1 mol/L 15 1.0 X 108 (carr) LP jLUMjSST; ET 86E096 

CF.'!SOaNa 

20.1.102. trans~Cr( enLCl:; + H~p 1 mol/L 15 6.6 X 107 (carr) LP jLUM/SST; ET 86E096 

CF aSOaNa 

20.1.103. Cr(NH:!)/+ 1I:;0 1 mol/L 15 < 2 ;< 107 (carr) LP jLUM/SST; ET 86E096 
CF3S03 Na 

20.1.104. Cr(NH:J:;Br:;+ lI~P 1 mol/L 15 8.6 X 107 (corr) LP /LUMjSST; ET 86E096 
CF3 S0 3Na 

20.1.105. Cr(NH;IUCN)::!+ 3:!O 1 mol/L 15 1.4 X 107 (corr) LP/LUM/SST; ET 86EO')6 

CF:ISO;}Na 

20.1.106. Cr(NH;!):;CI 2 + :IzO 1 mol/L 15 6.2 :.< 107 (corr) LP /LUM/SST; ET 86E096 

CF 3 SO:INa 

20.1.107. Cr(NH;I},;(HzO)H ]:;0 1 mol/L 15 1.6 :.< 107 (corr) LP /LUM/SSTj ET 86E096 

CF aSO:INa 



TABLE 20. Quenching of Ru(bpy)/+ by inorganic co:npounds-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol-I s-1 

20.1. Ru(bpY)3 2+ :-Continued 
20.1.108. Cr(NH 3)s(N;\)2+ H2 O 1 mol/L 15 9.2 x 101 (corr) LP /LUM/SST; ET 86E096 

CF3SO:INa 

20.1.109. Cr(NH3)s(NCS)Z+ H2O 1 mol/L 15 3.4 x 10'~ (corr) LP /LUM/SST; ET 86E096 D 
CF 3S03Na C 

m 
20.1.110. cis-Cr(tfach EtOH 23-24 3.6 x 10~ SS/LUM; 'To = 0.79 J.l-s 77F726 Z 

0 
(J.N. Demas, priv. comm.); ::I: 
ET Z 

20.1.111. trall.9-Cr{tfac}s EtOH 23-24 2.5 x 10~ SS/LUM; 'To = 0.79 J.l-s 77F726 
G') 

0 (J.N. Demas, priv. comm.)j ." 
ET m 

20.1.112. CuH H2 O 0.5 rnol/L HzS0 4 16.9 5.4 x 107 SS/LUMj 'To = 0.65 J.l-s 78A090 >< 
0 

(766539); OT =i 
Cu2+ H2O ~ = 0 (calc'd) -21 6.6 x 10~ SS/LUM and 766319 

m 
C 

LP /LUM/ AVE; TO = 0.60 3: 
~s (LP/LUM/AVE); OT; m 
[Q] = 0.05-0.06 mol/L; -I » 
some SQ r-

Cu2+ H2O 0.25 rnol/L 25 6.2 x 107 SL/LUM/SPC; 'To = 0.57 80A308 0 
0 

HzS0 4 ; ~ = 0.8-1 ~s; ~1:1 = 11 kJ/mol; ~S+ 3: 
= -57 J/mol·K (20-80°C); ." 
OT r-m 

Cu~+ H2O 0.5 rnol/L HCIO.l 25 6.6 X 107 SS/LUM; 'To = 0.60 ~s 78A090 >< m 
(766404); OT; 1= 0.68 en 

Cu:.!+ H2 O 0.5 rnol/L HZSO'1 25 6.2 x 107 SS/LUM; 'To = 0.60 ~s 78A090 Z 
(766404); OT; 1= 0.56 'TI 

c.... r-
"U Cu:.!+ H2O 0.5 rnol/L H2SO.1 34.8 7.2 x 107 SS/LUM; 'To = 0.54 ~s 78A090 C 
~ 

(766539); OT i5 '< 
~ en 
0 Cu:.!+ H2O 7 x 107 SS/LUM; OT; [Q] = (5-20) 78A215 0 
~ 

X 10-4 rnol/L r-ei) c 3 
Cu:.!+ H2O 5.1 X 107 LP /LUM/SST; 'To = 0.59 ~s 85N164 -I 

:II 0 eI) 
Cu:.!-r 1 rnol/L KCI 8.3 X 108 SS/LUMj 'To = 0.62 ~s 85E218 :-" H2O Z 

C (LP /LUM/ AVE); OT Dl 

P Cu:.!+ H2O 9.4 x 10-5 mol/L 4.4 x 107 LP /LUM/SST; 'To = 0.59 85N164 
< PMA; pH 2 ~s; some SQ ~ 
...... Cu:.!+ H2O 9.4 X 10- 05 mol/L 3.9 x 10° LP ILUM/SST; 'To = 0.67 85N164 
!» 
z PMA; pH 7 ~s; some SQ 
0 

20.1.113. Cu(acac)z 1.1 x 10° SS/LUM; 'To = 0.77 J.l-s 766319 
~ ...... MeOH -21 
..... (LP/LUM/AVE); OT; [Q] = W 
(I) (3-12) X 10-4 rnol/L C» go 

..A. (I) 



~ TABLE 20. Quenching of Ru(bPY)3 2+ by inorganic cGmpounds-Continued (U 

." 00 
:1' I\) 

'< 
(/I 

(") No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
:1' /L mol- l s-1 
(I) 

? 
JJ 

20.1. RU(bPY)a 2--Continued ~ 
0 20.1.114. Cull-Acetic acid H2O 0.5 mol/L HAc; 21 2.8 x 108 LP /LUM/SST; "0 = 0.50 78F683 
Q) 

0.5 mol/L NaAc; ~s; OT; [QI = 0.0025-0.010 pr 
< ~ = 1.0 mol/L; 90% of. Q as 

~ Cu(CH 3COO)42
-

!D 20.1.115. Cu!l-azurin H2 O 0.027 mol/L 25 1.2 x 10l) LP/LUM/AVE; ET or OT 85A352 
Z Na2HP04i 0.020 
? mol/L NaH:::P0 4; 
~ ...... 
.... pH 7; ~ = 0.1 
(Q 

6.9 X lOB (XI 20.1.115. Cu -azurin HzO Pbuf; pH 7; f1. = 25 LP /LUM/SST; TO = 0.61 82A022 
(Q 

0.1 ~s; RT; linear S-V plot 
only for [QI < 0.002 mol/L 

20.1.117. CuCl+ HzO 0.1 mol/L HCIO.,; 21 3.3 X lOB LP /LUM/SST; TO = 0.50 78F683 
0.5 mol/L NaCl; fL ~s; OT; f = 0.59; [Q] = 
= 1.0 0.0025-0.010 mol/L; 75% of ::z:: 

Q as CuCI+ 0 
CuCl+ 0.0025 mol/L 1.1 X 10~ SL/LUMjSPC; OT; kq from " HzO 25 81A031 " H:::SO., + 0.088 kobs at various [Cu "I and s:: 

mol/L Cu z+ [Cl-] using known l> 
Z 

(CuSO,. CuCI:J or association constants r., 
0.005 moljL HCI 'f 
+ 0.24 moljL CI- ~ 

(CuCl z• MgCl:J; f1. !"'" 
= 0.35 

20.1.118. CuClz HzO 0.0025 mol/L 25 2.0 x 10° SLjLUMjSPC; OT; kq from 81A031 
HzSO.! + 0.088 kobs at various [Cu"] and 
mol/L Cu:!+ [CI-] using known 
(CuSO". CuClz) or association constants 
0.005 mol/L HCl 
+ 0.24 moljL Cl-
(CuCl z• MgClz); ~ 
= 0.35 

20.1.119. Cull-Formic acid H2 O 0.5 mol/L 21 2.7 x 108 LP jLUM/SST; "0 = 0.60 78F583 
HCOOH; 0.5 ~s; OT; f = 0.16; [Q] = 

mol/L HCOONa; Q.0025-0.010 moljL; 80% of 
f1. = 1.0 Q as Cu(HCOO)/-

20.1.120. Cu(HzO)"z+ H:::O ~ = 1.0 21 8 X 107 LP /LUMjSST; "0 = 0.60 78F683 
f.ls; OT; f = 0.74; [Q] = 
J.01-0.04 moljL 



TABLE 20. Quenching of Ru(bpy)/+ by inorganic compounds-Continued 

No. Quencher Solvent Solution Medium r;oc kq Comments Ref. 
/L mol-I 5- 1 

20.1. Ru(bPY)a z+ -Continued 
CU(3:z0)n 2+ H2O 0.0025 mol/L 25 5;7 X 107 SL/LUM/SPC; OT; kq from 81A031 

H~.SO 4 + 0.088 kobs at various [Cull] and 
m;l/L Cu2+ [CI-] using known " (CUS04' CuCIz) or association constants C 
0.005 mol/L HCI m 

Z + 0.24 mol/L CI- 0 
(CuClz, MgCI2); J..L ::J: 
= 0.35 Z 

20.1.121. Cu II-plastocyanin H2 O 0.027 mol/L 4.2 x 101) LP/LUMjAVE; ET or OT 
C) 

25 85A362 0 
NazHP0 4 ; 0.020 ." 

mol/L NaHzPO .. ; m 
pH 7; J..L == 0.1 >< 

0 
20.1.122. Cu I-plastocyanin H2 O Pbuf; pH 7; fl. = 25 1.6 x 101) LP jLUM/SST; TO = 0.61 82A022 =i 

0.1 JJ.s; RT; linear S-V plot m 
C 

only for [Q] < 0.002 moljL 3: 
20.1.123. Cufl-stellacyan:n HzO 0.027 mol/L 25 1.3 x lOS) LP/LUM/AVEj ET or OT 85A362 m 

-t 
NazHPO .. ; 0.020 » 
mol/L NaHzP04; r-
pH 7; J..L == 0.1 0 

0 
20.1.124. Cu'-stellacyani:J. H2O Pbuf; pH 7; J..L == 25 4.2 X 108 LP jLUM/SST; TO == 0.61 82A022 3: 

0.1 J.tSj RT; linear S-V plot "'0 
r-

only for [Q] < 0.002 mol/L m 
20.L.125. Eu2t H2O 0.05 moljL HCIj J..L 2.8 X 107 LP jLUM/SST; TO == 0.70 

>< 
10 78A087 m 

== 0.5 (NaCl) JJ.s; RT; [Q] = 0.01-0.09 en 
mol/L Z 

Eu:!+- H2O 0.05 moI/L HCI; J..L 24 2.8 x 101 LP /LUM/SST; TO = 0.62 78A087 ." 
c.. r-

" 
= 0.5 (NaCI) ILS; RT; [Q] = 0.01-0.09 C 

:::r moI/L a 
'< 
!It Eu:!t- HzO 0.05 moI/L HCl 2.8 x 101 SS/LUM; TO = 0.60 ILs 766046 

en 
n 25 0 
::r (747635); RT; [Q] :S 0.08 r-
CD C 
~ mol/L -t 
:D Eu2t HoO 0.05 moIjL HeI; J..L 25 2.8 x 101 SS/LUM; TO = 0.60 J..LS 78A087 (5 
~ -

== 0.5 (NaCl) (766404); RT; [Q] = 0.01- Z 
C 
IU 0.09 moljL 
S' 
~ 

Eu2t H2 O 0.5 mol/L HCIO .. 25 8.2 X 106 LP ILUM/SST; RT; .10 = 82A068 < 
~ -1.1 X lO-z L/mol (0.1-

~ 300 MPa) 

Z Eu:!t H2O 0.05 mol/L HCI; IL -39 2.2 x 101 LP /LUM/SST; TO = 0.48 78A087 
P == 0.5 (NaCI) Jl-s; RT; [Q] = 0.01-0.09 
~ 

cD 
moI/L W 

0) = W co 



~ TABLE 20. Quenching of Ru(bpY)3 a by inorganic c·)mpounds-Continued (,,) 

." 
0) 

:::r .c:.. 
'< 
!II No. Quencher Solvent Solution Medium TrC kq Comments Ref. 0 
:::r /L rnol- l S-l 
CD 

~ 
:xJ 

Ru(bpy)a2+ -Continued ~ 20.1. 

0 20.1.126. Eu3 + H~O 0.025 mol/L HCl, 25 s8 X l:r' SS/LUM; TO = 0.60 f.LS 766404 
Q) 

[MgCl~] + [EuH ] (LP/LUM/AVE); Q mainly ,?i 
< = 0.9 mol/L as EuCI~H 
0 

El 3 + 3.6 X 105 :- H~O 0.025 mol/L HCl; 25 SL/LU~/SPC; TO = 0.57. 80A308 .... 
5t' IL = 2.8 (MgCI~) ILS; !HP = 17 kJ/mol; t1S+ 
Z = -81 J/mol·K (20-80CC); 
!' OT; Q mainly as EuCIH 
~ .... 
.... 20.1.127. Et:(cryptf+ H2O 1 mol/L KCI ~22 1.3 X 10° SL/LUM/SPC; RT; [Q] = 86E195 
CD 
(XI 0.001-0.01 mol/L CD 

20.1.128. Et:(cryptr~+ H2O 1 mol/L KCI ~22 4.9 x 107 SL/LUM/SPC; OT; [Q] = 86E195 
D.01-0.1 mol/L 

20.1.129. Fe~+ H2 O 0.5 mol/L HCIO'I ~20 1.6 x 107 SS/LUM; To
air = 0.40 f.Ls 746396 

(737633); ET; [Q] ::; 0.04 
mol/L :::I: 

0 
Fe2 + H2O 0.05 mol/L 25 1 x 107 LP /LUM/SST; RT 82A068 ." 

H2 SO\; IL = 0.25 
." 
s: 

(NaCI) l> 
Fe:'!+ H2O 0.5 mol/L HCIO ,,; 25 2.8 x 106 SS/LUM; TO = 0.60 f.LS 766046 

Z 
I'll 

f.L = 0.64 (747635); RT "-i 
(NaCIO.,) ~ 

Fe:'!+ H~O 1 mol/L KCI 3.3 x 106 SS/LUM; TO = 0.62 f.LS 85E218 
r--

(LP/LUM/AVE); RT 

~0.1.130. Fe'l+ H2 O 0.1 mol/L 18 1.9 x 10° SS/LUM; OT 79A218 
CF:lSOaH 

Fel + H~O 0.1 mol/L HCIO" 18 1.5 x 109 SS/LUM; OT; f = ~0.7 79A218 

Fel+ H2O 0.17 mol/L H2SO 4 18 1.3 x 10° SS/LUM; OT; f = ~0.7 79A218 

Fel+ H~O 0.25 mol/L HClO'1 18 1.7 x 10 9 SS/LUM; OT; f = -0.7 79A218 

Fe l+ H~O 0.5 mol/L HCI 18 6.7 x 1e8 SS/LUM; OT; f = -0.7 79A218 

Fe l+ H2O 0.5 mol/L HCI0 4 18 2.1 x 1Co SS/LUM; OT; f = -0.7 79A218 

Fe l + H2O 0.5 mol/L H3 PO" 18 8.0 x 1e8 SS/LUM; OT 79A218 

Fe'l+ H2 O 0.5 mol/L 18 2.1 x 1Co SS/LUM; OT 79A218 
CF 3SO aH 

Fe,l+ H2O 0.75 mol/L HCl0 4 18 2.5 x 10° SS/LUM; OT; f = -0.7 79A218 

Fe,l+ H2O 1 mol/L HCIO,! 18 2.8 x 109 SS/LUM; OT; f = -0.7 79A218 

Fe;l+ H2O 0.5 mol/L HCIO" ~20 1.9 x 109 SS/LUM; Toa.ir = 0.40 f.Ls 746396 
(737633); OT; [Q] s 0.01 
mol/L 



TABLE 20. Quenching of Ru(bpy)/+ by inorganic compounds-Continued 

No. Quer.cher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- l s-l 

20.1. Ru(bpyh z+ -Continued 
Fe3 + H2O 0.11 mol/L HCI0 4 25 1.5 x 10° SS/LUM; "0 = 0.60 fls 766014 

(747635); OT; [Q] :$ 0.003 
mol/L; same kq from same 0 
lab in 757640 C; 

m 
Fe:3+ £2° 0.5 mol/L H2SO.1 25 2.7 X 10° SS/LUM; '0 = 0.60 flS 766014 Z 

(747635); OT; same kq from 
(') 
:x.: 

same lab in 766404 Z 
Fe:l + H2 O 0.5 mol/L HClO" 25 2.3 x 10° SSjLUM; '0 = 0.60 fls 766014 G') 

(747635); OT; same kq from 0 
same lab in 757640 

'TI 
m 

Fe:3+ H2O 0.5 mol/L HCI 25 2.7 X 10° SSjLUM; '0 = 0.60 fls 766014 >< 
(') 

(747635); OT =i 
Fe:1+ H2 O 0.5 mol/L H2SO" 2.7 X 10° FP /PCM/SST; "0 = 0.60 80E224 m 

flS (766404); OT, ET?; [Q] 
C 
s: 

:$ 0.002 mol/L; [Fe2+] = m 
[FeH ]; see Mech. [8] -t 

l> 
Fe:l+ E:P 0.5 mol/L HzSO.1 2.7 X 10° SS/LUM; '0 = 0.60 fls 82F048 r-

(LP /LUM/SST); OT (') 
0 

Fe:l+ E2 0 1 mol/L HCIO.[ 2.9 X lOll SS/LUM; '0 = 0.62 flS 767009 s: 
(FP /LUM/SST); OT; same ""C 

r-
kq from same lab in 747159 m 

Fe:l + H2 O 1 mol/L KCI 4.8 X 10° SS/LUM; "0 = 0.62 fls 85E2l8 >< m 
(LP /LUM/ AVE); OT en 

Fe:l + H2 O 0.1 mol/L ACbuf; 5.5 X 108 SS/LUM; OT 8lN178 Z 

pH 5 'TI 

~ 
r-

:W.1.131. Fe(bpy);\:;+ 1.0 x 10° 
c: 

""CI H.,O fL = 0.5 (NazSO.\) 25 LP /LUM/SST; "0 = 0.60 80E040 5 '::r 
~ 

f..lS; ET; [QJ :$ 0.005 mol/L '< en !" 
(') 20.1.132. Fe(C~,Hr;)2 DMF 0.1 mol/L TBAB 3.2 X lOll LP /LUM; "0 = 0.38 f..ls; ET 85A093 0 
'::r r-
('0 Fe(C;H!)}2 DMF 0.1 mol/L TBAC 4.0 x lOll LP/LUM; '0 = 0.77 f..ls; [Q] 85A093 c: 
? = (1-6.5) X 10--1 mol/L; -f 
::tI 0 
~ ET Z 
0 Fe(C;H,,)2 EtOH 25 5.9 X lOll SS/LUM;TO = ~0.9 fls 756002 
~ 
J» (FL/LUM/SST); ET 

< 20.1.133. Fe(C,H,,)[Cr,H.1C(0)CH3] EtOH 25 3.4 X lOll SS/LUM; "0 = ~0.9 fls 756002 
~ 
-" 

(FL/LUM/SST); ET 
(X) 

7.4 x 10° ~ 

20.1.134. Fe(C;H!»)[Cr,H.\C(0)C6HsJ EtOH 25 SS/LUM; "0 = ~0.9 flS 756002 z 
!' (FL/LUM/SST); ET 
~ 

<0 
w 
CO 

(X) CJ1 
<0 



!=- TABLE 20. Quenching of Ru(bpY)3 2 + by inorganic compounds-Continued (".) 
Q) 

"tJ (J') 
:T 
'< 
!II No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
0 /L mol-I S-I :T 
CD 

? 
:0 

20.1. Ru(bpyla 2+ -Continued ~ 
C 20.1.135. Fe(CN)6:l- H2O f.l. = 0 (calc'd) ~21 5.1 X 10 10 SS/LUM and 766319 
I» LP/LUM/AVE; 'To = 0.60 ,Pr 

J.ls (LP/LUM/AVE); [QJ :5 < 
~ 4 X 10-4 mol/L; some SQ 
.- Fe(CN)6:l- H2O 0.1 mol/L HC!; J.l 25 5.6 X 1()1l LP /LUM/SST; OT 82A068 ~a:J 

z = 0.25 (NaC!) 
0 

Fe(CN)6:1- 6.5 x 1:>1) 
~ 

H:,!O 0.5 mol/L NaC! 25 SS/LUM; 'To = 0.60 J.lS 766014 
.... (747635); OT; [Q] :5 6 x 
CD 

10- 4 mol/L a:J 
CD 

Fe(CN)6;~- H:,p 3.2 X BIO LP /LUM/SST; TO = 0.59 J.lS 85N164 

Fe(CN)6:l- RzO 9.4 x 10-5 moI/L 3.2 x 10 10 LP /LUM/SST; TO = 0.59 J.ls 85N164 
PMA; pH 2 

Fe(CN)o:!- H2O 9.4 i< 10-5 mol/L 2.5 x 101) LP/LUM/SST 85N164 :::I: 
PMA; pH 8 0 

20.1.136. Fe(CN)6'1- f.l. = 0 (calc'd) 7.3 X 10 10 SS/LUM and 
"TI 

H2O ~21 766319 "TI 
LP /LUM/ AVE; 'To = 0.60 3: » J.lS (LP/LUM/AVE); ET?; Z 
[QJ :=; 1 X 10- 4 moI/L; rr, 
some SQ ""i 

Fe:CN)/\'I- H2O 0.5 mol/L NaC!; 23 3.3 x 10!) SS/LUM; 'Toa.ir = 0.40 J.lS 766027 
:t. 
~ 

pH 4 (746112); RT; [Qj = (5-20) 
x 10-4 mol/L 

Fe:CN)n l
- H2 O J.l = 0.001 (NaCl) 25 5.1 x 10 10 SS/LUM; 'io = 0.60 J.ls 81A250 

(LP /LUM/ AVE); RT; [Qj :s 
0.001 moI/L; some SQ, see 
Mech. [l1j 

FeiCN)(j 1- H2O f.l. = 0.1 (NaCl) 25 7.2 X !U0 SS/LUM; TO = 0.60 J.lS 81A250 
(LP/LUM/AVE); RT; [Qj :s; 

0.0015 mol/L; some SQ, see 
Mech. [11J 

FeICN)tl l
- H~O 0.02 mol/L 25 3.5 X leI) SS/LUM; TO = 0.60 J.ls 766046 

ACbuf; pH 5 (747635); RT; [Qj :=; 0.0045 
mol/L 

Fe(CN)(\ 1- H::O 0.02 mol/L Pbuf; 25 3.0 x loll LP /LUM/SST; RT 82A068 
pH 5.2; J.l = 0.5 
(NaCI) 

Fe(CN)/\I- H!:!O 3.4 X 1010 SL/LUM/SPC; 'ioa.ir = 0.39 85R098 
J.ls; [QJ :5 2 X 10- 4 mol/L; 
some SQ 



TABLE 20. Quenching of Ru(bpYls 2+ by ino~ganic compounds-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
IL mol- 1 3- 1 

20.1- Ru(bPY)a 2+ -Continued 
Fe(CN)64

- H2O 0.005 mol/L tJ.O X .109 SLjLUM/SPC; 'To ,.ir = 0.41 85R098 
TRbuf; 0.05 ~s; [Q] s 4 X 10- 4 moI/L; 
moI/L NaCI; pH some SQ 0 
7.2 C 

Fe(CN)6'1- H2O 0.005 mol/L 7 X lOP SL/LUM/SPC; 'To .... 
ir = 0.42 85R098 m 

Z 
TRbuf; 0.05 JLS 0 
mol/L NaCl; :I: 

[DNA- Z 
phosphateJ/[Sj = 

G) 

0 40; pH ~.2 ." 

20.1.137. Fe(CN),,(CO)3- H2O pH 4-5; ~ = 0.50 25 5 x 106 SS/LUM; 'To == 0.60 ~s 776405 m 
>< (NaCl) (766404); RT 0 

20.1.138. Fe(CN).s(DMSO):l- H2 O 1 )( 10-" mol/L 25 5.6 x 107 SS/LUM; 'To = 0.60 ~s 776405 =i 
m 

DMSO; pH 4-5; J.I. (766404); RT C 
= 0.50 iNaCI) s: 

20.L.139. Fe(CN)r,(imidazole)3- H2 O 0.001 m:>l/L 25 3.8 x 10° SS/LUM; "0 = 0.60 J.Ls 776405 m ..... 
IMIDbuf; pH 4-5; (766404); RT; [Q] S 0.0012 l> 
J.I. := 0.51) (NaCl) mol/L r 

(") 
20.L.140. Fe(CN)r,(N-methylpyrazinium)2- H2O pH 4-5; f.l = 0.50 25 5.3 x 10° LPjLUMjAVE; OT, ET; 776405 0 

(NaCl) [Q] :::; 0.0015 moljL s:: 
""0 

20.1.141. Fe(CN)r,(NO):.!- H2O pH 4-5; J.I. = 0.50 25 5.0 x 10° SSjLUM; 'io = 0.60 J.l.s 776405 r m 
(NaCl) (766404); OT, ET; [Q] S >< 

0.0015 mol/L m en 
20.L.l42. Fe(CN)..,(py):I- H2 O 0.001 m:>ljL 25 1.2 x 10° SS/LUM; 'io == 0.60 J.Ls 776405 Z 

PYbuf; pH 4-5; J.L (766404); RT "'T1 
~ = 0.50 INaCI) r 
." 

20.1.143. Fc(CN):,(pyrazinecarboxylato),l- L.g x 10° 
C 

:::r H2O pH 4-5; J.L = 0.50 25 LP JLUMj AVE; RT; [Q] :::; 776405 C '< 
sn (NaCl) 0.0016 moI/L en 
0 

20. ~.144. Fe(C:,:OI):':- H2O 0.05 molJL H~SO 'I 3.6 X 10° SS/LUM; 'To = 0.66 J.LS 737656 0 :::r 
(J) r 
~ (LPjLUMjSST); OT?; [Q] == C 

(2-12) X 10-4 moljL ..... 
:D 0 l1 20.i.145. Fe"l(cytochrome c) H!,!O Pbuf; pH 7; f.l. == ~.5 X lOR LP /LUM/SST; 'To = 0.57 82A280 Z c 0.1 \-lS; OT; same kq from same QI 

~ lab in 84A242 
< 

Fe"l(cytochrome c) > 2 ;.< 108 LPjABS/AVE; 'To = 0.60 J.Ls 84A306 ~ II~O Pbuf; pH 7 
-" (80E040); OT; [Q] = (1~10) 
~ X 10-5 rnoljL; 10.6% of Q 
Z 

as Fe" ? 
~ 
-" W <0 
co C) 
<0 ...... 



c.. TABLE 20. Quenching of Ru(bpY)32 + by inorganic compounds-Continued (,) 

" 
00 

:::r CO 
'< 
!" ~o. Quencher Solvent Solution Medium TrC kq Comments Ref. n 
::r /L mol- 1 s-l 
CD 

? 
:l] 

ZO.!. Ru(bpyh 2 + -Continued ~ 
0 20.1.146. Fe(/f(cytochrome c)-(histidine- HzO Pbuf; pH 7; fl. = 7.B X 108 LP /LUM/SST; TO = 0.57 B2A2BO 
III 33)Ru[lf(NH3)s 0.1 fl.s; OT (BO% to RullI and ,Pr 
< 20% to FellI); [Q] :S 0.0013 

~ mol/L; same kq from same 
..... lab in 84 
!» 
z 20.1.147. Fe(N':.'A) H;l0 pH 2.6 22 3.7 x 10° SS/LUM; '1'0 ::: 0.60 fl.s 7BA219 
? (766014); OT; [Q] = (1-10) 

w ...... 

X 10-4 mol/L ..... 
<0 

Fe(N':.'A) H2O 2 x 10-'1 mol/L 3.7 x 10° SS /LUM; 'To = 0.60 !-ls 78A219 Q) 22 
<0 

NT A; pH 2.6-3.3 (766014); OT; [Q] :s 0.002 
mol/L 

Fe(NTA) H2O 2 x 10-" mol/L 22 4.1 x 10° SS/LUM; '1'0 e: 0.60 !-ls 78A219 
NTA; pH 3.8 (766014); aT; [Q] :s 0.002 

mol/L ::t 
Fe(NTA) H2O 2 X 10--1 rnol/L 22 4.3 A 10° SS /LUM; TO = 0.60 !-ls 78A219 0 

"T1 
NTA; pH 4.8 (766014); OT; [Q] :s 0.002 "T1 

mol/L 3: 
l> 

Fe(NTA) H;lO 0.0054 m:>I/L 22 3.4 x 10° SS/LUM; 'To = 0.60 fl.s 78A219 Z 
PVS; pH 2.2 (766014); OT; [Q] :S 0.002 n, 

..... 
mol/L h 

Fe(NTA) H2O 0.0054 rn:>l/L 22 2.7 ;( IOU SS/LUM; 'To = 0.60 !-ls 78A219 r--
PVS; pH 2.7 (766014); OT; [Q] :s 0.002 

mol/L 

Fe(NTA) H2O 0.0054 m:>l/L 22 2.0 ;( 10° SS/LUM; TO = 0.60 !-ls 78A219 
PVS; 2 )< 10-" - (766014); OT; !Q] :s 0.002 
0.0014 m::>l/L rnol/L 
NTA; pH 2.7-3.4 

Fe(NTA) H;lO 0.0054 rn:>l/L 22 1.4 x 10° SS/LUM; 1'0 = 0.60 !-ls 7BA219 
PVS; 2 :..< 10--1 (760014); OT; [Q] :s 0.002 
mol/L NTA; pH rnol/L 
3.8 

Fe(NTA) H2O 0.0054 m::>l/L 22 6 x 108 SS!LUM; TO = 0.60 !-ls 78A219 
PVS; 2 )< 10--1 (766014); OT; [Q] :s 0.002 
mol/L NTA; pH mol/L 
4.8 

20.1.148. Fe(prenL::-I- H2 O fl. = 0.1 ~NaCI) 25 1.1 x 10° LP /LUM/SST; TO = 0.60 80E040 
!-lS; ET, aT?; [Q] :s 0.005 
mol/L 

20.1.149, HgH H;lO 0.1 mol/L HCIO,,; 21 1.5 ;( 108 
TO = 0.60 !-ls; OT 80A233 

fl. = 1.0 



TABLE 20. Quenching of Ru(bpy)/+ by inorganic compounds-Continued 

No. Quencher Solvent Solutioll Medium T;oC kq Comments Ref. 
/L mcil- 1 5...,.1 

20.1. Ru(bPY)3 2+ ":"Continued 
Hg!!+ H:P 0.05 mol/L HN0 3 ; ~23 6.7 X 107 LP /LUM/ AVE; 'io = 0.61 84A148 

~ = 0.063 Jis; OT 
(NaN03) D 

Hg2t H2O 0.05 mol/L HNO:!, -23 2.1 X 108 LP /LUM/ AVE; 'io = 0.59 84A148 C 
m 

~ = 0.5 (NaNO:!) ~s; OT Z 
Hg2t H2O 0.5 mo.fL H2SO 4 1.5 X 10 8 LP /LUM/SST; OT; f = 82A111 

0 
:I: 

0.32 Z 
Hg2t H2O 0.5 mol/L HCI0 4; 1.5 X 108 LP /LUM/SST; OT 82.A111 

G') 

0 ~ = O.j ""T1 
Hg2t H2O 3 mol/L HCI; ~ = 1.9 X 108 LP /LUM/SST; OT; f = 82A111 m 

>< 3.0 <0.01 0 
20.1.150. HgCl2 H2O 0.1 mol/L HCI0 4 i 21 3.8 X 108 

10 = 0.60 ~s; OT 80A233 =i m f.1= U} C 
HgC1 2 H2O 0.01 mol/L HN031 1.7 X 108 LP /LUM/ AVE; 'io = 0.63 84A077 3: 

0.09 mol/L ILs; OT m 
-I 

NaN0 3 » 
Hgel:! H2 O 0.01 mol/L HNO", 2.3 X 108 LP /LUM/ AVE; TO = 0.63 

r-
84A077 0 

0.99 mol/L ILs; OT 0 
NaN03 3: 

"'tJ 
HgCl:! H2O 0.01 mol/L HNO:;, 3.8 X 10e LP/LUM/AVE; TO = 0.78 84N034 r-m 

0.01 mol/L SLS l.l.S; OT >< 
HgCI:! H2O 0.01 n;oI/L HNO~, 1.8 X lOf LP /LUM/ AVE; TO = 0.77 84N034 

m en 
0.1 m()l/L NaN03, fLs; OT Z 
0.01 rr.ol/L SLS ""T1 

Go. 20 1. 15t. HgCl;\- H2O 0.01 mol/L HNO l , 1.7 X 100 LP/LUM/AVE; TO = 0.63 84A.077 r-
C "tI [NaNO;JJ + [NaCl] ~s; OT; kq from CI- a ::r 

'< == o.g~ mol/L ~itration at fixed [HglI] tot sn en 
0 HgCl;\- H:!O 0.01 rnol/L HN0 3, <6 X 104 LP /LUM/AVE; 'io = 0.77 84.'ir034 0 ::r r-eD 0.1 mol/L NaNO l , f.1s; kq from CI- titration at C ~ 0.01 rnol/L SLS fixed [HgIIl tot 

-I 
~ 0 11 20.1.152. HgCL.:!- H:::O 0.01 rnol/L HNO.~, 3.7 X 10' LP/LUM/AVE; TO = 0.63 84A077 Z 
c lNaN0 3 ] + [NaCI] iLs; OT; kq from Cl-I» 
§r == 0.99 mol/L titration at fixed [Hg[[] to t 

< 20.1.153. 1- H2O ~ = 0 (caic'd) -21 1 X lOll SS/LUM; TO = 0.60 f.1s 766319 
~ 
~ 

(LP/LUM/AVE); [Q] = 
0.5-0.7 mol/L 

Z 
20.1.154. In H 7.7 X lOti P H;!O 0.3 m.,ljL HCI SL/LUM/SPC, SS/LUM 85S227 

:" 

""'" w 
CD CD co 
CD U) 



~ TABLE 20. Quenching of Ru(bpY)3 2 + by inorganic compounds-Continued W 

" CD 
~ 0 
'< 
!II 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 0 
~ /L mol- l s-l 
(!) 

? 
::D 

RU(bPY)a 2+ -Continued ~ 20.!. 
C 20.1.155. IrGl(l:~- H:!O 0.0035 mol/L KCl ~22 1.2 x 1010 SL/LUM/SST; To

air = 0.40 746112 
II) 

ILS; [Q] = (2-5) X 10-4 
~ 
< mol/L 
0 

IrCl(la- 8.3 X 108 LP /LUM/SST; RT; .:l y.: = :- H:P 0.1 mol/L HCl; IL 25 82A068 
-L 

!?J = 0.25 (NaCl) 1.1 x 10-3 L/mol (0.1-300 
Z MPa) p 
~-L IrCl t1

a- MF 0.0035 mol/L -22 2 X 109 SL/LUM/SST; To
air = 0.31 746112 

co NH.!Cl ILs; [Q] = (2-5) A 10- 4 

00 mol/L (0 

20.1.156. M:1(TMepyp)5+ H:P 0.01 mol/L Pbuf; 2.8 A 1010 SS/LUM; TO = 0.6 ILs 86Fl71 
pH 7 (78Z170); OT?; [Q] = (1-5) 

x 10-5 mol/L 

20.l.157. Mo(CN)H1
- H~O 0.01 mol/L KCl ~22 9 x 10\; SL/LUM/SST; To

air = 0.40 746112 
ILS; [Q] = (1-10) X 10-.1 :J: 
mol/L; also SQ 0 

"TI 
Mo(CN)x'l- H:!O 0.5 mol/L NaCl; 23 3.4 A n 8 SS/LUM; To

air = 0.40 ILS 766027 "TI 
s: 

pH 4 (746112); RT; [Q] = (5-BO) » 
x 10-" mol/L Z 

Mo(CN)x 1- H:P 0.1 mol/L HCl; IL 25 6.3 x 10 8 LP /LUM/SST; RT; .:l y.: = 82A068 
", 
..... 

= 0.25 (NaCl) 2.5 x 10-2 L/mol (0.1-300 h. 
MPa) t'" 

Mo(CN)xl- MF 0.01 mol/L NH"Cl ~22 4 x lOll SL/LUM/SST; To
air = 0.31 746112 

ILs; [Q! = (2-10) x 10-" 
mol/L 

~0.1.15B. NO;s- H:::O IL = 0 (calc'd) -21 < 4 x 1[)5 SS/LUM; TO = 0.60 ILs 766319 
(LP/LUM/AVE); [Q] = 0.1 
mol/L 

~,O, 1.159. Ni~+ H:::O IL = 0 (calc'd) -21 6 X 105 SS/LUM; TO = 0.60 ILS 766319 
(LP/LUM/AVE); [Q] = 
0.05-0.07 mol/L 

20,1.160. Ni(acac)::: MeOH -21 2.7 X 107 SS/LUM; TO = 0.77 ILS 766319 
(LP/LUM/AVE); ET; [Q] = 
0.001-0.007 mol/L 

20.1.161. Ni(CN)I:::- H~O IL = 0 (calc'd) -21 2.8 x lC IO SS/LUM and 766319 
LP /LUM/ AVE; TO = 0.60 
ILs (LP /LUM/ AVE); ET?; 
[Q] S 5 X 1O-.! mol/L; 
some SQ 



TABLE 20. Quenching of Ru(bpY)a 2+ by inorganic compounds-Corltinued 

No. Quencher Solvent Solution Medium T;oC kq C·)mments Ref. 
/L mol- t ~-I 

20.1. Ru(bpy)az+ -Continued 
Ni(C~).IZ- H2O 0.5 mol/L NaCI; 23 5.6 X 10° SS/LUM; 'I'o&ir = 0040 f.Ls 766027 

pH 4 (746112); ET or RT; [Q] = 
(5-15) X 10-4 mol/L 

" 20.1.162. Ni[S2Cz(C6Hs)zb DMF 1.3 X 10 10 SL/LUM/SPC, SS/LUM; 86A133 c: 
rn 

OT; f = 0.35; [Q] :s 3 X Z 
10-1) mol/L 0 

:I: 
Ni[S:;C:!(C6HI»)z]~ DMF I.L = 0.10 (TEAP) 1.3 X 10 10 S:'/LUM/SPC, SS/LUM; 86A133 Z 

OT; f = 0.35; [Q] :s 3 x G') 

10-s mol/L 0 
Ni[S2Cz(C 6Hsb'z 8.5 X 10° SS/LUM; '1'0 = 0.80 f.Ls 

'T1 
THF/HzO 82N184 rn 
(10/1) (LP /LUM/SST); OT; [Q] :s >< 

3.5 X 10-4 mol/L 0 
=i 

20.1.163. Ni[S:C:!(C 6H,.,hz- AN 4.7 X 10 10 S5/LUM 82N184 rn 
C 

20.1.164. Ni[S~Cz(CNb]2~- AN 1.0 X 1011 LP /LUM/SST, SS/LUM; '1'0 83E621 s:: = 1.0 f.Ls; RT; [Q] :s 2.5 x rn 
10-s mol/L -t » 

Ni[S~Cz(CN)z]/- AN 1.2 X lOll SL/LUM/SPC, SS/LUM; 86A133 r-
RT or ET 0 

0 
Ni[S~Cz(CNh]2:- AN f.L = 0.001 (TEAP) 8.5 x 10 10 SL/LUM/SPC, SS/LUM; 86A133 s:: 

RT or ET "'C 
r-

Ni[S~CACN)z]2:- AN J.l = 0.01 (TEAP) 2.9 X 10 10 SL/LUM/SPC; RT or ET; 86A133 rn 
>< 

some SQ rn 
en 

Ni[S~CACN):Jb2- AN J.l = 0.10 (TEAP) 1.4 X lOle SL/LUM/SPC; RT or ET; 86A133 Z some SQ 
'T1 

~ Ni[S~C:::(CN):::]2 2- DMF 4.1 x lOlC SL/LUM/SPC, SS/LUM; 86A133 r-
C ." RT or ET; [Q] S 3.5 X C :::r 

'< 10--5 mol/L 9' en 
0 Ni[S.!C::;(CNl:::Iz2- DMF J.l = 0.001 (TEAP) 2.9 x 10H SL/LUM/SPC, SS/LUM; 86A133 0 :::r r-eo RT or ET C ~ -t 
::D Ni[S~C:.:(CNblz2- DMF f.L = 0.01 (TEAP) 1.6 x 10IU SL/LUM/SPC, SS/LUM; 86A133 (5 
~ RT or ET Z 
C 

Ni[S.!C:::( CNh]z 2- 7.5 x 109 !!. DMF J.l = 0.10 (TEAP) SL/LUM/SPC; RT or ET; 86A133 
1» [Q] S 3.5 X 10-5 mol/L; 
< 
~ S·Dme SQ 
.... Ni[S~CACNh]2~- DMF f.L = 0.25 (TEAP) 5 x 10\) SL/LUM/SPC; RT or ET; 86A133 J:tJ 
Z SDme SQ 
0 

Ni[S~C:J(CNh]2'~- 2.0 X 10 10 
~ 

H:::O LP /LUM/SST; 'To = 0.60 83E621 

u) fj.s; RT; [Q] S 9 X 10-6 
W 

C» m.ol/L; some SQ CD 
CD -" 



c... T ARLR 20. Quenching of Ru(bpy ).3 2+ by inorganic compounds-Continued W 

-0 
<0 

::r 
I\) 

'< 
!II No. Qumcher Solvent Solution Medium T/oC kq Comments Ref. 
0 
::r /L mol- 1 s-l 
CD 

? 
::0 

Ru{bpYh 2+ -Continued ~ 20.1. 

C Ni[SzC 2(CN)2b2
- MF 5.8 X 10\) LP !LUM/SST, SS/LUM; "0 83E621 

'" = 0.90 fLs; RT :pr 
< Ni[S2C 2( CN)zlz 2- MeOH 6.7 X HjlO LP /LUM/SST; "0 = 0.71 83E621 
~ fLs; RT; [Q] ::s; 6.5 X 10-5 

-- mol/L; some SQ !" 
Z 20.1.165. O 2 AN 0.1 mol/L TBAC 6.8 x lCB LP /LUM; "0 = 0.74 fLs; PQ 85A093 ? 
~-- = (2-10) X 104 Pa; ET 

cD 0., H.,O 16-18 1.7 X Ie\) LP /LUM/SST; "0 = 0.56 80E566 
(X) - -

fLs; ET; PQ = 1 X 105 Pa co 

0:l H2O 16-18 1.6 A 10° LP /LUM/SST; "0 = 0.51 80E566 
fLs; ET; PQ = 1 X 105 Pa; 
P"pp = 2.3 X 108 Pa 

°2 H2O 18 2.6 x 10l) SS/LUM; "0 = 0.60 fLs 86S150 :::I: 
(SL/LUM/SPC, 0 
LP /LUM/SST); ET; [Q] = "T1 

"T1 
3 X 10-4 mol/L s: 

°2 H2O 22 3.7 A 10l) SS/LUM; 70 = 0.60 fLs 78A219 l> 
Z 

(766014); OT?; [Q] = (2.5- rr, 
13) x 10- 4 mol/L; same kq 'I 
from same lab in 776406 :b. 

0.0065 mol/L PVS 2.7 X lOll SS/LUM; '-0 = 0.60 fLs 
!""' 

°2 H:P 22 78A219 
(766014); OT?; [Qj = (2.5-
13) x 10--1 mol/L 

°2 H2O 25 3.3 X 10° SS/LUM; '-0 = 0.60 fLs 766014 
(747635); [Qj ::s; 0.0015 
mol/L; same kq from same 
lab in 766404 

°2 H2O 0.5 mol/L HCl 25 3.0 X lOll SS/LUM; 70 = 0.60 Il-s 80F402 
(766014); OT; PQ ::s; 1.0 X 

105 Pa 

°2 H2O ACbuf; pH 4.6 25 3.2 X 10° SS/LUM; '-0 = 0.60 Il-s 81F401 
(766014); OT; PQ = (2-10) 
X 104 Pa 

°2 H2O 0.05 mol/L H2SO.l -26 3.5 X 10\) SS /LUM; "0 = 0.60 Il-S 767179 
(76F936); OT, ET 

°2 H2O 3.2 X lOll SS/LUM; 70 = 0.66 Il-s 737656 
(LP /LUM/SST); ET; P<t = 
(2-10) x 10-1 Pa; same kq 
from same lab in 737658 

°2 H2O 3.0 A 10O LP /LUM/SST; "0 = 0.59 Il-s 85N164 



TABLE; 20. Quenching of Ru(bpy]/!+ by inorganic compounds-Continued 

No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
/L mol-I 5- 1 

20.1. RU(bPY)a 2+ -Continued 
O2 H2O 9.4 X 10-5 mol/L 2.9 x 109 LP /LUM/SST; TO = 0.59 fLs 85N164 

PMA; pH 2 

°2 H2O 9.4 X 1()-5 mol/L 1.8 x 109 LP /LUM/SSTj TO = 0.67 \-Ls 85N164 " c: 
PMA; pH 7 m 

O2 H:P 9.4 x 10-5 mol/L 2.9 x lOll LP /LUM/SST; 'To = 0.59 fLS 85N164 Z 
C') 

PMA; pH 9 :E 
O2 H:P 0.11% PVS 2.7 x lOll SS/LUM; "TO = 0.60 f.LS 776406 Z 

C) 
(766404); PQ = (2-10) )( 0 104 Pa ." 

°2 MeOH -21 1.7 x 109 SS /LUM; 'To = 0.81 fLS 737658 m 
>< (LP /LUM/SST); ET; same (') 

kq from same lab in 777221 =i 
MeOH 1.6 x lOll LP /LUM/SST; TO = O.e.3 84F005 

m 
O 2 C 

fLS; ET 3: 
20.1.165. Os(bpyL~+ H:P fL = 0.1 (NaCl) 25 1.5 x 101) L? /LUMjSST; TO = o.eo 80E040 m 

-4 
fL3; ET, RT; [QJ :5 0.005 » 
mol/L r 

(') 
20.1.167. Os(l:pykl + H:P 0.4 mol/L N aCl, 25 3.8 x 101) SS/LUM; 'To = 0.60 fLS 766014 0 

0.1 mol/L HCI (747635); OT; [Q] :5 6 x 3: 
." 

10- 4 mol/L r 
20.1.168. Os(Cr,H,<;)[Cr,H.1C(0)CH3J <::1 x 107 SSjLUM; TO = -0.9 fLs 

m 
EtOH 25 756002 >< 

(FLjLUM/SST) m 
(f) 

20.1.169. Os(CN)u 1- HzO 0.5 mol/L NaCI; 23 1.2 x 101) SS/LUM; TO";· = 0.40 P.s 766027 Z 
pH 4 (746112); RT; [Q] = (5-40) ." 

~ 
x 10-4 mol/L r c: 

"'C Os(CN)tS 1- HzO 0.1 mol/L HCI; fL 25 8.4 x 108 LP /LUM/SST; RT; Ll V = 82A068 C ::r 
'< = 0.25 (NaCI) 6.8 x lO-a L/mol (0.1-300 (f) !'» 
(') MPa) 0 
::r r 
I'D 20.1.170. tran;-Os(en):!Clz + H:P 0.13 mol/L HCI, 25 5.2 x 107 SS/LUM; TO = 0.6 fLs; [QJ 80F334 c: 
~ 0.37 mol/L NaCl; :5 0.0075 mol/L -t 
:c (5 
~ fL = 0.5 Z 
C 20.1.171. cis-Os(en):!H/+ H2O 0.13 mol/L HCI, 25 2.3 x 108 SS/LUM; 'To = 0.6 fLs; [Q] 80F334 
I» 

~ 0.37 mol/L NaCI; :s; 0.0064 mol/L 
< fL ""' 0.5 
~ 20.1.172. tran,-Os(enhOz2+ H2 O 0.13 mol/L HCI, 25 1.7 x 109 SS/LUM; TO = 0.6 fLS; OT?; 80F334 
~ 0.37 mol/L NaCI; [QJ :5 0.001 mol/L 
Z fL = 0.5 !' 
~ 

cD w 
CO co W <0 



~ TABLE 20. Quenching of Ru(bpy)/+ by inorganic compounds-Continued W 
"0 CD 
:7 .r:a. 
'< 
VI 

T;oC (") No. Que:lcher Solvent Solution Medium kq Comments Ref. 
:7 /L mol-I s-l 
CD 

~ 
:0 

Ru(bPY)a 2+ -Continued ~ 20.1. 

C 20.1.173. Os(NH:~)n;1+ H2 O 0.5 mol/L H2SO 1; 25 :51.4 ;< 1[)1 3S/LUM or LP /LUM/SST; 82A145 
~ fL = 0.5 1'0 = 0.60 fLs (766404); OT, J» 

ET; [Q] = (3-200) x 10- 4 
< 
~ rnol/L 
..... 

20.1.174. Os(NH3)I5ClH H2 O 0.5 mol/L H2SO 4; !» 25 :54 x 10' 5S/LUM or LP /LUM/SST; 82A145 
z fL = 0.5 1'0 = 0.60 fLs (766404); OT, 
P gT; [Q] = (3-200) X 10-4 

~ 
..... mol/L 
co 

20.1.175. Os(NH;ds{H2O?+ :57 X 106 Q) H2 O 0.5 mol/L HzSO 4; 25 SS/LUM or LP /LUM/SST; 82A145 co 
fL == 0.5 TO = 0.60 fLs (766404); OT, 

ET; [Q] = (3-200) X 10-4 

mol/L 

20.1.176. Os(~Ha)!)I:,)+ H~::O 0.5 mol/L H2 SO 4 ; 25 3.2 x 108 SS/LUM or LP /LUM/SST; 82A145 
fL = 0.5 TO = 0.60 fLS (766404); ET; ::I: 

[Q] = (3-200) x 10-.1 0 
mol/L 'T1 

'T1 
20.1.177.0s(NH;\)!)(N:J)2+ H2 O 0.5 mol/L H:::SO.1; 25 9 x 107 SS/LUM or LP /LUM/SST; 82A145 3: » 

J.L = 0.5 'To = 0.60 fLs (766404); RTi Z 
[Q1 = (3-200) x 10- 4 n, 
mol/L ..... 

20.1.178. Pd(CN),::- H 2O 0.5 mol/L N aCI; <1 X 1Co SS/LUM; To
air = 0.40 J.LS 766027 

:b. 
23 !"'" 

pH 4 (746112); [Q] = 0.05 mol/L 

20.1.179. PtBr.t::- H:::O fL = 2 (HCl0-1) 4.5 x 10~ LP /LUM/SST, SS/LUM; 83E719 
T0

31r = 0.38 fLS; ET 

20.1.180. PtBr tl ::- H2O fL = 2 (HClO'I) 6.1 X lOG LP /LUM/SST; T0
3ir = 0.38 83A403 

f-lS; OT; [Q] :5 0.001 mol/L 

20.1.181. Pt(CN) ,::- H:::O fL = 0 (calc'd) ~21 <7 X 107 SS/LUM; TO = 0.60 fLs 766319 
(LP/LUM/AVE)i [Q] = 
0.006-0.017 mol/L 

Pt(CN) , . .:- H:P 0.5 mol/L NaCl; 23 < 1 ;< 106 SS/LUM; Toll.ir = 0.40 fLS 766027 
pH 4 (746112); [Q] ::= 0.05 mol/L 

20.1.182. PtlC::O,h> H2O f-l = 2 (HC10 4) <2 X 107 LP /LUM/SST, SS/LUM; 83E719 
TO air = 0.38 fLS 

20.1.183. PtCI.,:! - DMF 0.0018 mol/L ~22 1.5 ;< 1()IO SL/LUM/SST; TO air = 0.32 746112 
NH,Cl fLs; [Q] = (1-5) X 10-4 

mol/L; also SQ 



TABLE 20. Quenching of Ru(bpr)~ 2+ by inorganic compounds-Continuea 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
IL mol- 1 s-J 

20.1. Ru(bpyh2 + -Continued 
PtC1 4

2 - H2 O fJ. == 0 ~calc'd} ~21 1.5 x 1010 SS/:'UM and 766319 
LP/LUMjAVE; TO = 0.60 
lJ.S (LP /LUMf AVE}; ET; 0 
[Qj s 6 >< 10-4 mol/L; C 
som~ SQ m 

Z 
PtC1 4

2 - H2O 0.0018 mol/L KCl ~22 1.0 x 10 10 SL/LUMjSST; ':"0 a.ir :::::: 0.40 746112 0 
:J: 

ftS; ~Ql = (1~5) x 10-·l Z 
mol:L C') 

PtC1 4
2 - H~O 0.17 mol/L 25 2.6 x lOll SSj;"UM or LP iLUM/SST; 81NOO3 0 

NazSOt; I-L = 0.5 sam~ kq from same lab in "TI 
m 

79AH7 >< 
?tCI .. :!- H:,lO 0.001 mol/L 6.5 x 109 SSjLUM, LP !L1JM/SST; TO 717111 

(") 
::; 

HCI0 4 == 0 59 ~s; ET; (Q\ = (2-12) m 
X l)-·t llloi/L 0 

?tCl/- HzO f.l. :::: 2 IHCI0-t) 1.4 x 10\) LP /LUM!SST, 3S/LUM; 83E7I9 s: m 
'io :\lr =: 0.38 f.l.S; ET -t 

?tCl.t
Z - 0.0018 mol/L 8 X lOs SL/:'UM/SST; '"oair =:: 0.31 746112 

l> 
MF -22 r-

NH 4Cl f.l.S; QJ = (1~5) X 10-4 0 
mol;L 0 s: 

20.1.184. ?tC!(I:!- H2O f.l. = 0 kale'd) ~21 3.4 x 10[0 SSj1UM; 'To = 0.60 fJ-S 766319 "tJ 
(LP:LUM/AVE:; OT, ET?i r-

rn 
IQ) ::: (4-13) X to- 5 molJL >< m 

PtCI(;::- H.,p 0.17 mol/L 25 7.2 x: lO\) SS/1UM or LP/LUM/SST; 81NOO3 en 
NatSO.j; Po = 0.5 sam~ kq from same bb in Z 

79A317 ." 

~ PtCl(l~- 3.9 x: 10!) LP /ltUM/SST; '1"0 air =: 0.38 
r-

H2O f.l. = 2 (BCIO.1) 83A403 c 
~ J.LS; OT; [Q] ~ C.OOI molJL 6 
~ 20.1.185. PtFt}::- H2O f.L == 2 (HCIO 'l) 3.2 X 108 LP I~UM/SST; fa air = 0.38 83A403 en 
0 (Ls; ')T; [QJ s u.OOlmol/L 

0 
= r-
(f) 

1 >< 10!) 
C 

~ 20.1.186. Pt(NH:d ,Br::'Z+ H~O f.L ::: 0.C2 (HC1O'1 EM~ aT 85A469 -t 
lJ or H::SO'I) (5 
(f) 
~ 

20.1.187. Pt(NH:~}r,Br:~+ H2 O J.L = 0.1 (HCIO 4 or 1 >< lOll EMI; aT 85A469 
z 

0 
a H:!SO.I) 
J» 

20.1.188. Pt(NH:l)/Cl:: 2+ 8 X 108 
< H::!O Jl. = O.C2 (HCIO l EM!; aT 85A469 
~ of H~SO_l) 

~ 20.1.189. Pt{NH:!)r,c(1+ H::O Jl. :::: 0.1 (HCIO.1 or 3 X 108 EM I; OT 85A469 
Z U::S° oJ) p 
~ 20.1.190. Pt[S:!CAC tl H!»Z12 DMF 1.3 x 10 10 SL/1UM/SPC, SSjLUM; 86A133 
..... OT; f == 0.35 to) 
CO U) 
co <.n 
CO 



~ TABLE 21). Quenching of Ru(bPY)3 2 + by inorganic compounds--continued W 

" CO 
::l" en 
'< 
t/J 

(') No. Quencher Solvent Solution Mediurr. TrC kq Comments Ref. 
::l" /L mol- 1 s-l 
CD 

? 
JJ 

RU(bPY)a 2 + -Continued ~ 20.1-

0 20.1.191. PtIS2CZ(CNhb2- DMF fL = 0.001 (TEAP) 2.0 X U lO SL/LUM/SPC, SS/LUM; 86A133 
I» 

J» RT or ET 

< PtIS2CdCN)zl22- DMF fL = (J.10 (TEAP) 6 X 10° SL/LUM/SPC; RT or ET; 86A133 
~ some SQ .... 

SIJ 20.1.192. Pt(SCN)42- H2O fL = 4 (HClO.tJ 5.5 X 10° LP !LUM/SST, SS/LUM; 83E719 z 
p 'io:ur = 0.38 fLS; ET 
~ .... 20.1.193. Pt(SCN)/- H2O fL = 2 (HCI0-t) 1.9 X 10° LP /LUM/SST; 'Toail" = 0.38 83A403 
<0 fLs; OT; [Q] ::5 0.001 mol/L ()C) 
CD 

20.1.194. Rh:bpyhH H20 . 0.5 mol/L HzSO.,; 25 6.2 X 108 SS/LUM or LP /LUM/SST; 81N003 
fL = 0.5 OT; f = 0.15; same kq from 

same lab in 79A317 

Rh:bpyhH H2O 0.5 mol/L NaOH; 25 3.7 X 108 SS/LUM or LP /LUM/SST; 81N003 
fL = 0.5 OT 

::J: 
Rh(bpYhH H2 O 0.17 rnol/L 25 6 X 108 SS/LUM or LP /LUM/SST; 8~A145 0 

NazSO,,; fL = 0.5 'io = 0.60 fLS (766404); OT; "T1 
"T1 

kq = 3.9 X 108 L mol- l s:: 
s-l at 25 cc in 0.17 mol/L » 

Z 
N azSO -1 at pH 8 with ", 
SS/LUM or LP /LUM/SST 'I 
(f = 0.15) from same lab in ~ 
81N003 r-

RhibpyLI:!+ H2 O 0.5 mol/L Pbuf; 25 3.5 x lOB SS/LUM; 'To = 0.60 fLs 7£F206 
pH 7.1 (766404); OT; [Q] ::5 0.003 

mol/L 

20.1.195. cis-Rh(bpy)~(H20)z3+ H2 O 0.5 mol/L H2SO 4; 25 4.4 x 10~ SS/LUM or ~P /LUM/SST; 81N003 
fL = 05 OT 

cis-Rh(bpy L(HzO);: 3+ HzO 0.5 mol/L Pbuf; 25 3.2 X 10~ SS/LUM; 'To = 0.60 fLs 79F206 
pH 3.V (766404); OT; [Q] ::5 0.007 

mol/L 

20.1.196. cis-Rh(bpy)~(H20)CI2+ H2O 0.5 mol/L HzSO.!; 25 1.0 X 10) SS/LUM or LP /LUM/SST 81N003 
fL = 0.5 

20.1.197. cis-Rh(bpy)dHzO)(OH)2+ H2O 25 2.0 X lOT SS/LUM or LP /LUM/SST; 81N003 
kq evaluated from pH 
dependence of kobs for 
Rh(bpy )z(HzO)2 a-t-

20.1.198. cis-Rh(bpy)~(OH)z + H2O 0.5 m<li!L NaOH; 25 1.2 X lOr SS/LUM or LP /LUM/SST; 81N003 
fL = 0.5 ET 

cis-Rh(bpy)z(OH)z + H2O 0.5 m()l/L Pbuf; 25 5.2 x 10 i SS/LUM; 'To = 0.60 fLs 79F206 
pH 7.1 (766404); OT; [Q] ::5 0.006 

mol/L 



TABLE 20. Quenching of Ru(bPY).,2+ by inorganic compounds-Coiltinued 

No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
/L mol- 1 s-1 

20.1. Ru(bpY)3 2+ -Continued 
20.1.199. cis-Rh(bpyb(OH)CI+ H:P 0.5 mol/L NaOH; 25 4 X 108 SS/LUM or LP ILUM/SST 81NO()3 

J.I. = 0.5 

20.].200. Rh(5-Brphenh 3+ H2O 0.17 mol/L 25 1.5 x 109 SS/LUM or LP /LUM/SST; 82AH5 " NazS04; J.I. = 0.5 'To = 0.60 J.ls (766404); OT c: 
rn 

20.1.201. Rh(5-Clphenh3+ H2 O 0.17 mol/L 25 1.5 x 109 SS/LUM or LP /LUM/SST; 82AU5 Z 
0 

NaZS04; J.I. = 0.5 'To = 0.60 fLs (766404); OT ::I: 
20.1.202. Rh(4,4'-Me:!bpY)3:i+ H2O 0.17 mol/L 25 3X 107 SS!LUM or LP !LUM/SSTj 82AB5 Z 

N azSO .1; J.I. = 0.5 'To = 0.60 J.l.s (766404); OT 
C') 

0 
Rh( 4,4' -Mezbpy h 3+ H2 O 0.5 mol/L Pbuf; 25 7 X 107 SS/LUM; "'0 = 0.60p.s 79F206 -n 

pH 7.1 (766404); OT; [QJ :s 0.01)4 rn 
mol/L >< 

0 
20.1.203. Rh(4,7-Me2phenh3+ H2 O 0.17 mol/L 25 1.7 X 109 SS!LUM or LP /LUM/SST; 82AH5 =i 

N azSO .1; J.I. = 0.5 'To = 0.60 J.l.S (766404); OT rn 
C 

20.1.204. Rh(5-MephenhH H2O 0.17 mol/L 25 4 X 108 SS/LUM or LP ILUM/SST; 82A145 s:: 
Na2S0'1; J.I. = 0.5 'To = 0.60 J.l.s (766404); OT rn 

-f 
20.1.205. Rh(5,6-Me:!phenh 3+ H2O 0.17 mol/L 25 3 X 108 SS/LUM or LP /LUM/SST; 82AB5 » 

r-
NaZSO'l; J.I. = 0.5 'To = 0.60 J.l.s (766404); OT (') 

20.1.206. Rh(phen)/-;- H:.:O 0.5 mol/L HZSO.1; 25 5.8 X 108 SS/LUM or LP /LUM/SST; 81NOQ3 0 
s:: J.I. :,,: 0.5 OT ." 

Rh(phen)/+ H~p 0.17mol/L 25 4 X 108 SS/LUM or LP ILUM/SST; 82AB5 r-
rn 

NaZS04; J.I. = 0.5 'To = 0.60 J.l.s (766404); OT >< rn 
20.1.207. Rh(5.Phphen);/5+ E::P 0.17 mol/L 25 1.6 X 10° SS/LUM or LP ILUM/SST; 82AU5 en 

NaZS04; J.I. = 0.5 'To = 0.60 J.l.s (766404); OT Z 
20.1.208. Ru(a:acl:; £2° 22 3.1 X 10° SS/LUM; "0 = 0.60 f.Ls 78A2L9 -n 

~ r-
"tI (766014); OT; [Q] = 5 x c: 
;:r 10-4 mol/L C '< 
~ 

Ru(a:ach 0.0062 mol/L PVS 2.0 X 1O\) en 
(') H2O 22 SS/LUMj "0 = 0.60 J.ls 78A2L9 0 ;:r (766014)j OT; [Q] = 5 x CD r-
~ 10-4 mol/L c: 

-f 
:D 

20.1.209. Ru(bpyh~+ H2 O f.L :;:: 1.0 (NaZSO.l) ::;1 X 108 LP /LUM/SST; 'To = 0.6() 80EO~0 a ~ 25 

C f.Ls; [Q] :s 0.005 mol/L Z 
!L Ru(bpYh:.!-"- H:!O 1.6 X 10 10 SS/LUM; 7'0 == 0.7 ~s 86E677 .PI 
< (737633); see Mech. [3]; ro 
~ at [51 == 1.2 X 10-4 mol/L; 

~c» 'T independent of [S] in the 

Z range 1 X lO-s - 0.07 
P mol/L (L. Maggi, unpub. 
~ obs.) 
cD w 
co to 
CD ...... 



!'- TABLE 20. Quenching of Ru(bpY)32+ by inorganic compounds-Continued W 
CD ." Q) ::r 

'< 
!II No. Quencher Solvent Solu.ion Medium T;oC kq Comments Ref. 
(") 
::r /L mol- l s-I 
CD 

? 
71 

Ru(bpy)a:+ -Continued ~ 20.l. 

C 20.1.210. Ru(bpy)a3+ AN 0.1 moI/L TEAP 25 3.2 x lOll LP/LUM/AVE; 'To = 0.85 86A077 
til J.Ls; OT Jj 
< Rll(bpyh3+ H2 O 0.5 mol/L t- 24 1.8 x lOll PR/LUM/AVE; 'To = 0.71 78A070 
~ BuOH; 0.002 J.LS; OT; f = 0.11; [Q] .... 

moI/L ACbuf; pH :S0.00125 mol/L moI/L; "S ~C1:J 

z 4.6; Ji = 1.5 generated from Q + e"q-
? (Na?SO,) 
~ .... 20.1.211. RIl(C:;Hs):l EtOH 25 <1 x 107 SS/LUM; 'To = ~0.9 J.Ls 756002 
CD 
C1:J (FL/LUM/SST) CD 

20.1.212. Ru[C:;H.,C(O)CH31z EtOH 25 < 1 x 107 SS/LUM; 70 = ~0.9 J.LS 756002 
(FL/LUM/SST) 

20.1.213. Ru(C:!O,L(H:lO):!- H2O pH 10 9.5 x 108 OT 85M244 

20.1.214. Ru(EDTA)- H2 O pH 10 4.9 x lOll OT 85M244 ::r:: 
20.1.215. Ru(H:l0)CI . .,z- HoO pH 10 8.2 x 10° OT 85M244 0 

~ 'TI 
20.1.216. Ru(NH:I)o:l+ HzO 0.2 mol/L ACbuf; 25 2.4 x lOll SS/LUM; 70 = 0.60 Jis 766046 'TI 

~ pH 5 (747635); RT; [Ql :s :>.005 l> 
mol/L Z 

20.1.217. Rl{NH:JIJH H2 O 0.5 m::>l/L HzSO" 25 2.1 x 101) SS/LUM; 70 = 0.60 FS 747635 
,.,.. 
't 

(LP /LUM/SPC); OT; [Q] :s ~ 
0.004 mol/L !' 

Ru(NH:I)oH H2 O 0.5 m,)l/L NaCl 25 2.7 x lOll SS/LUM; 70 = 0.60 f-ls 766014 
(747635); OT; [Q] :s 0.0015 
mol/L 

Ru(NH:J,\:\+ H2 O 0.2 mol/L ACbuf; 25 3.1 x 101) SS/LUM; 'To = 0.60 f.ls 766046 
pH 5 (747635); OT 

Ru(NH:\)(I:I-l- H2O 1 mol:L CF 3C02H ~2 x 101) SS/LUM; 70 = 0.6 J.Ls 747159 
(69E219); OT; [Q] :s 0.001 
mol/L 

20.1.218. RrllNHJ;,Cl:!+ H:,"!O 0.5 mol/L H2 SO.1 25 2.7 x 101) SS/LUM; 70 = 0.60 f1S 747635 
(LP /LUM/SPC); OT; [Q] :s 
0.004 mol/L 

Ru:NH;\)r,Cl:!+ H2 O pH 10 2.7 x 101) OT 85M244 

20.1.219. Rui0J'H:1):;(histiciine):l+ H2O Pbuf; pH 7; J.L = 1.2 X 101) LP /LUM/SST; "0 = 0.57 82A280 
0.1 J.Ls; OT; same kq from same 

lab in 84A242 

20.1.220. Ru!5-(NO:;)phenb2+ H:l0 I-l = 0.1 (NaCl) 25 2.0 I( 10° LP /LUM/SST; 70 = 0.60 80E040 
I-ls; ET, OT?; [Q] :s 0005 
rnol/L 



TABLE 20. Quenching of Ru(bpy)/+ by inorganic compounds-(.;ontmuea 

No. Quer.cher Solvent Solution Medium TrC kq C:>mments Ref. 
IL mol- 1 s-l 

20.1. Ru(bpy)a 2+ -Continued 
1.2 x 10° 20.1.221. Ru(terpY)2 2+ H2 O fl = 0.1 (NaCI) 25 LP /LUM/SST; "0 = 0.60 80E040 

fls; ET; [Q] ~ 0.005 mol/L 

Ru(terpY)22+ H2O fl = 1.0 (Na2S0 'l) 25 1.5 x lOG LP /LUM/SST; "0 = 0.60 80E040 " f1S; ET; [Q] ~ 0.005 mol/L c: 
m 

20.1.222. Ru(TPTZ)z2+ H2O fl :::: 0.5 (NaCI) 25 1.2 x 10° LP /LUM/SST; "0 = 0.60 80E040 Z 
0 

f1S; ET. OT; [Q] ~ 0.005 :J: 
rr.ol/L Z 

20.1.223. 803~- H2 O 25 -3 x 105 LP /ABS/SST; OT; [Q] = 79F045 
G') 

0 0,1-1 mol/L; also SQ 
" 20.1.224. 8 20/- H2O 0.02 mcl/L 25 2.4 x 10° 8S/LUM; "To = 0.60 fls 766046 m 
>< ACbuf; pH5 (747635); RT; [Q] ~ 0.0025 0 

mol/L =t 
20.1.225. 8 2°8

2
- H2O fl = 0.(]5 30 9.4 x 108 SS /LUM; "0 = 0.66 flS 85A()62 

m 
C 

(NaCIO,,) (737656); OT; [Q] ~ 0.007 3: 
mol/L m 

-I 
8 20/- H2O f..L = 0.1 (NaCIO,,) 30 7.0 x 108 S8 jLUM; "0 = 0.66 f..Ls 85A()62 » 

(737656); OT r-
0 

820~2- H2 O fl = O.~ (NaCIO 'l) 30 4.8 x 108 S8 jLUM; "0 = 0.66 f.Ls 85A062 0 
(737656); OT 3: 

" 8 2°3
2

- H2 O fl = 0.:1 (NaCI0 4) 30 3.3 x 108 S8jLUM; "0 = 0.66 fls 85A062 r-rn 
(737656); OT >< 

8 20
8
2-

3:2° fl = 0.4 (NaCIO 'l) 2.4 x 108 S8/LUM; "0 = 0.66 flS 85A062 
rn 

30 (J) 

(737656); OT Z 
8:.:0~:':- 3:2° fl = 0.5 (NaCI0 4) 30 2.0 x 108 5S /LUM; "0 = 0.66 fls 85A062 ." 

!=- (737656); OT; IQ] :s 0.01 r-
c: 

" Dol/L a ::r 
'< 
!II s:.:o/- H2O 6.8 x 10° LP ILUM/SST; "0 = 0.59 f..LS 85f'164 (J) 

0 0 
::r s:.:o~:!- H2 O 0.2 moljL 1.1 x 109 SSjLUM. LP/LUM/AVE; 1"0 84F121 r-
CD c ? (NH.1bS04 ::: 0.55 f..Ls; OT; [Q] ~ 0.01 -I 
:::D mol/L (5 
11 8:.:0/- H2O 0.5 molfL H2 SO 4 5.3 x 108 SS/LUM; OT 80F128 Z 
C m 

S:.:O~:!- tI 20 Acbuf; pH 4.7; fl 8 x 108 LP ILUM/8ST; OT; [Q] :s 80(077 p 
< = 0.1 0.02 mol/L 
0 

8:.:0~:!- 8 x 108 :- H2 O 0.1 moJ/L ACbuf; S8/LUM; OT 81N178 ..... 
,!» pH 5 
z 

8:.:0/- tI:.:O 9.4 x 10-5 mol/L 4.6 x 10° LP /LUM/8ST; "0 = 0.59 f..LS 85NI64 !=» 
~ PMA; pH 2 
..... (,.) 
co CD Q) CD co 



~ TABLE 20. Quenching of Ru(bPY)32+ by inorganic compounds-Continued ~ 

" 0 
:T 0 
'< 
til 

0 No. Quencher Solvent Solut:on Medium TrC kq Comments Ref. 
:T /L mol- 1 5- 1 
CD 

~ 
:0 

Ru(bPY)a %-!- -Continued ~ 20.l. 
C S20 82 - H2O 9.4 ;< 10-1

) mol/L 2.8 x 108 LP/LUM/SST 85N164 
!. PMA; pH 8 
J» 
< 8 2°82 - H2O/AN 0.2 m:>l/L 4.3 x 108 SS/LUM, LP/LUM/AVE; "0 84F121 
~ {9/1} (NH 4)zS04 = 0.64 J.Ls; OT; fQJ :;:; 0.02 .... 
.9' mol/L 
Z 

S2082
- H2 O/AN 0.2 m)l/L 1.3 x 108 SS/LUM, LP /LUM/AVE;,.o 84F121 ? 

:'" (4/1) (NH-IhSO .! = 0.71 J.LS; OT; fQJ :;:; 0.04 
.... mol/L CD 
0") 

8 2 °82
-CD H2 O/AN 0.2 mol/L 6.9 x 107 SS/LUM, LP /LUM/AVE; TO 84F121 

(2.3/1) (NH,thS04 = 0.78 J.Ls; OT; [Q! :;:; 0.07 
mol/L 

S208 2 - H2 O/AN 0.2 mol/L 3.4 x 107 SS/LUM, LP /LUM/AVE; "0 84F121 
{1.5/1} (NH,dzS0-t = 0.81 J.Ls; OT; [Q! ::5 0.06 

mol/L ~ 
0 

20.1.226. 8mH H2O 0.3 mol/L HCl 2.1 x 106 SL/LUM/SPC, SS/Ll."M 85S227 'TI 
'TI 

20.1.227. Ti:l+ H2O 1.5 mol/L HCl; J.L 25 6.0 x 106 LP /LUM/SST; "0 = 0.53 79A183 3: 
= 3.0 (LiCl) J.Ls; ET; 20-60% Ti~+ l> 

Z 
coordinated by Cl- rr, 

Ti: l+ H2O 1 mol/L HCl 6.0 x 106 SL/LUM/SPC; "0 = 0.66 80F183 'I 

~s; OT; [Q! ::5 0.035 mol/L; ~ 

~q ::: 7.2 X 106 with 
r--

SS/LUM 

~O.1.228. TI+ H2O 0.5 mol/L HClO" ~20 <1 x 106 SS/LUM; 'io· .. ir = 0.40 J.LS 746396 
(737633); (QI = 0.01 mol/L 

~O.1.229. TI:;t- H2O 0.5 mol/L HClO., ~20 1.1 x 108 SS/LUM; ,.oair = 0040 J.Ls 746396 
j737633); OT; (Q] :5 0.01 
mol/L 

Tl;q· H2 O 4.8 moljL HClO" 25 1.0 x 10° LP /LUM/SST; OT 82A068 

TI:;t- HzO 0.5 mol/L Hz80 _,; 1.0 x 108 LP /LUM/SST; OT; f = 1 82A111 
J.L = 1.5 

Tl:;+ H2O 1 mol/L Hel; J.L = 304 x 10° LP /LUM/SST; OT 82Al11 
1.0 

Tl;\- H2 O 3 mol/L HCl; f1. = 4.3 x 10° LP /LUM/SST; OT; f = 82Alll 
3.0 C.07(?) 

20.1.230. UO~::+ H2O pH 2 (HNO a) 4.4 x 108 LP /LUM/SST; TO = 0.60 80A291 
fJ.s; OT; f = 0,45; [Q] :;:; 5 
X 10-" mol/L 

UO:.::·':+ H2 O 2 mol/L H:IPO" 3.5 x 108 LP /LUM/SST; "0 = 0.50 80A291 
f..Is; OT; f = 0.45 



TABLE 20. Quenching of Ru(bpy)/+ by inorganic compounds-Continued 

No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
/L mol- 1 5- 1 

20.2. (-)n-Ru(bPY)a 2+ 
20.2.1. Co(acac)s 3 2 0 22 9.0 X 108 LP /LUM/SST; TO = 0.65 80F228 

JlS; OT; kq = 5.1 X 108 

vith SS/QYP, see Mech. [5} " 20.!.2. (-)c-Co(EDTA)- HzO/MeOH 25 4.2 X 10° LP /LUM/SST; OT; [Q] = 85F008 c: 
m 

(1/1) (1-5) X 10-4 mol/L Z 

(-)c·Co(EDTA)- MeOH/H!!O 1.0 X 10 10 LP /LUM/SST; 6.11* = 14 
0 

15 85F008 ~ 

(9/1) kJ/mo); OT; [Q! = (1-5) x Z 
10-4 mol/L C) 

(-)D-Co(EDTA)-'- MeOH/HzO 25 1.4 X 10 10 LP /LUM/SST; !lIt = 14 85F008 0 
"T1 

:9/1) kJ/mo); AG:j: = 15 kJ/mo!; m 
OT; [Q] == (1-5) X 10-4 >< 
mol/L 0 

=i 
(-)D-Co(EDTA)- MeOH/HzO 35 1.7 X 1011) LP /LUM/SST; 6.If = 14 85FOO8 m 

[9/1) kJ /mol; OT; [Q] = (1-5) X 
C 

10-4 mol/L s: 
m 

(-h.-Co(EDTA)- MeOH/HzO 45 2.1 X 10D LP ILUM/SST; 6.11* = 14 85F008 -I 
~ 

[9/1) kJ /mol; OT; [Q] = (1-5) x r-
10-4 mol/L 0 

(-).,-Co(EDTA)- MeOH/HzO 25 9.1 X 10° LP /LUM/SST; OT; [Q] = 85F008 
0 
3: 

(4.3/1) (1-5) X 10-4 mol/L "U 
r-

20.2.3. (+ ) [)-Ca(EDTA)- H2O/MeOa. 25 3.5 X 10° LP /LUM/SST; OT; [Q] = 85F008 m 
(1/1) (1-5) X 10-4 mol/L >< m 

(+){J.Co(EDTA)- MeOH/H;:?O 15 9.7 X 109 LP /LUM/SST; 6.JP = 11 85F008 
en 

(9/1) kJ /mol; OT; [Q] = (1.5) X Z 
10-4 mol/L "T1 

~ 
r-

" (+)I)-Ca(EDTA)- MeOH/HzO 25 1.2 x 10lO LP ILUM/SST; flIt = 11 85F008 c: 
::r (9/1) kJ/mol; 1G:j: = 15 kJ/mal; 6 
'< 
~ OT; [Q] = (1-5) X 10-.1 en 
0 0 
::r mol/L r-
CD c: 
~ (+ )1)-Co(EDTA)- MeOH/H2O 35 1.4 x 10 10 LP /LUM/SST; j,It = 11 85F008 -! 
:::tI (9/1) :d /mol; OT; [Q] = (1-5) X 0 
~ 10-.1 mo)/L Z 
c a (+)l>.Co(EDTA)- MeOH/H:!O 45 1.1 X 1010 LP /LUM/SST; !lIt = 11 85F008 
.PJ (9/1) kJ/mot; OT; [Q] = (1-5) X 
< 
~ 10-4 mol/L 
~ (+)D-Co(EDTA)- MeOH/HzO 25 8.2 x 10£ LP /LUM/SST; OT; [Q] = 85f008 J:4 
Z (4.3/1) :1-5) X 10-.1 mol/L 
0 

~ .... 20.2.4. rac-Co(EDTA)- H2O 25 6.7 x 10li LP /LUM/SST; 70 = 0.59 85F008 

cD 
f.tS; OT; [Q] = (1-5) X 10-4 

0l:Io 

~ mol/L 0 
U) 

..... 



~ TABLE 20. Quenching of Ru(bpy)S 2+ by inorganic compounds-Continued .a::.. 
0 

"0 I\) 
:J' 
'< 
sn No. Qlencher Solvent Solution Medium TrC kq Comments Ref. 
0 
:J' IL mol- I s-I 
(I) 

? 
:::c 

(- )D-Ru(bpY)3 2+ -Continued ~ 20.2. 

C ra~-Co(EDTA)- H2O 0.039 mol/L KBr 25 3.7 A 10° LP /LUM/SST; 70 = 0.59 85F008 
D.I fJ-s; OT; [Q] = (1-5) >( 10- 4 

~ 
< mol/L 

~ ra~-Co(EDTA)- H2O 0.12 Dol/L KBr 25 3.0 X 109 LP ILUM/SST; 70 = 0.59 85F008 .... fJ-Sj OT; [QJ = (1-5) :< 10-.1 po 
Z mol/L 
~ 
~ ra~- Co(EDT A)- HzO/MeOH 25 3.9 X 109 LP /LUM/SST; OT; !Q] = 85F008 
.... (1/1) (1-5) X 10-4 mol/L 
:0 
00 

rac-Co(EDTA)- MeOH/HzO 25 1.3 X 1010 LP /LUM/SST; OT; !Q] = 85F008 :0 

(9/1) (1-5) X 10-1 mol/L 

rat-Co(EDTA)- MeOH/HzO 25 8.5 X lOll LP /LUM/SST; OT; [Q] = 85F008 
(4.3/1) (1-5) X 10-4 mol/L 

rac-Co(EDT A)- MeOH/Hz() 0.042 mol/L KBr 25 1.7 X 10° LP /LUM/SST; OT; [et] = 85F008 ::t: 
(4.3/1) (1-5) X 10-'1 molJL 0 

ra(-Co(EDTA)- MeOH/H2 O 0.13 mol/L KBr 1.1 X 10° LP /LUM/SST; OT; [~] = " 25 85F008 " (4.3/1) (1-5) X 10-4 mol/L 3: 
~ 

20.2.5. Co(phenk!+ H2O 0.5 m:>I/L NaCI 22 6.8 X 108 LP /LUM/SST; 'To = 0.65 80F228 Z 
fJ-s; OT; kq = 3.5 X 108 rtt 
with SS/QYP, see Mech. [5] ""i 

)::. 

20.2.6. FeH H:P 0.1 m:>l/L 22 8.3 X 108 LP ILUM/SST; TO ;:;; 0.65 80F228 !' 
NaClO.I , 0.01 !Jos; OT; kq = 1.3 X 108 

mol/L HClO'l with SS/QYP, see MEch. [5J 

~O.2.7. FeICN)1\ 1- H2O 0.5 mol/L NaCI 22 1.1 X lOll LP /LUM/SST; TO = 0.65 80F228 
!Jos; RT; kq = 3.3 X 138 

with SS/QYP, see Mech. [5] 



TABLE 21. Quenching of Ru(bPY)32+ by organ.ic compounds (except MV2 +) 

No. Quen,:her Solvent Solution Medium TrC kq Comments Ref. 
/L mol-I s-1 

2101. Ru(bPY)a 2 + 
21.1.1. Acetate ion H2O Pbuf; pH 5.8; IL = 25 <1 X 107 SS/LUM; "0 = 0.60 ILs 80FC58 

0.10 (Li.ClO 4) (n7635); OT; [Q] = (5-50) 
X 10-4 mol/L 

21.1.2. ci9-a -Acetoxystil bene MeOH 1.1 X 109 SS/LUM; '1"0 = 0.83 ILs 84F()69 0 
C 

(LP /LUM/SST); ET? m 
21.1.3. 4-AcEtylphenol H2 O 0.05 mo:/L NaOH 23 -3 X 106 SS/LUM; "0 = 0.60 ILS 82A365 

Z 
0 

(LP /LUM/AVE); RT ::J: 

21.1.4. cis-a-Acetylstilbene MeOH 1.1 X 107 SS/LUM; '1"0 = 0.83 ~s 84F069 Z 
C) 

(LP /LUM/SST) 0 
21.1.5. 1-Aminonaphthalene AN 18 8.5 X 107 SS!.LUM, FP /LUM/SST; 84E192 . "'T1 

"cll.1r = 0.22 ~s; RT m 
>< 

1-Aminonaphthalene fl.N -22 1.2 X 108 SS/LUM; "0 = 0.85 ILs 777]06 0 
=i (77 A240); RT m 

I-Amino naphthalene .AN 25 1.6 X 108 . SS/LUM; !:it! = 9.2 86Al65 C 

kJ / mol; 6$'+ = -57 3: 
m 

J/moloK -4 

1-Arr.inonaphthalene EtOH 18 1.4 X 109 SSfLUM, FP /LUM/SST; 84El92 
» 
r 

1'0 a.ar = 0.29 \ks; RT (') 

l-Aminonaphthalene MeOH 25 2.0 x 10° S3/LUM; tlJl = 7.9 86A165 
0 
:!: 

kJ/mol; 6st- = -39 ." 
J!moloK r m 

21.1.6. 2-Aminonaphthalene AN 18 1.5 X 107 S3fLUM, FP /LUM/SST; 84E192 >< m 
'Toa.lr = 0.22 \kS; RT (J) 

2- Aminonaphthalene AN 25 2.1 X 107 SS/LUM; /1}P = 13 kJ/mol; 86A165 Z 
/J.S* = -59 J/moloK "'T1 

f0- r 
." 2-Aminonaphthalene EtOH 18 3.9 X 108 SSfLUM, FP /LUM/SST; 84E192 C 
;3' C '< 'Toa.lr = 0.29 /-Ls; RT 
51' (J) 
(') 2-Aminonaphthalene MeOH 25 3.6 X 108 SSjLUM; Ad = 12 kJ/mol; 86A165 0 
;3' D.S+ = -41 J/moloK r-
CD 

~ 
C 

21.1.7. 4-Aminophenol H:P pIJ 7; J.I = 0.05 23 3.8 X 108 LP /LUM/AVE; '1"0 = 0.60 82A365 -! 
:IJ (5 
~ J.lS; RT; f = 0.68 Z 
C 21.1.8. N-( 4.Aminophenyl)aniline AN 0.1 mol/L TEAP -22 6.7 x 109 SS/LUM; Toair = 0.15 ~s 78E518 a 
.PI (SL/LUM/SPC); RT 
< N-( 4-Aminopheny l)aniline AN /-L = 2 :< 10--1 9.2 x lOll LP /LUM/SST, SS/LUM; 85A248 
~ 
..... 'I"[)"'lr = 0.16 /-LS; RT 
co 
~ 

21.1.9. Anthracene C6H6/EtOH 25 2_2 x 109 SS!LUM; TO = 0.69 ILS 736244 Z 
P U5l1) (717111); ET; [Qj = 0.003-
~ ..... 0.015 mol/L ..... ~ 
CO 0 co co W 



c.. TABL~ 21. Quenching of Ru(bpY)32+ by organic ·:ompounds (except MV2+)-Contlnued ~ 

"'D 
0 

::r ~ 

'< 
!II No. Quencher Solvent Soluti()n Medium rrC kq Comments Ref. 
0 
::r /L mol- l s-1 
nI 

? 
::tJ 

RU(bPY)a 2 + -Continued ;!. 21.1. 

C 21.1.10. Antnracene-9-carboxylate ion H2O ACbuf pH 5 5.0 X lOll LP /LUM/SST, SS/LUM; TO 83A008 
I» = 0.63 fLs (818134); ET; [Q] ~S' 
< :S 0.002 mol/L 

~ 21.1.11. 9,10-Anthraquinone-2,6-disulfonate H2O 0.005 mol/L Pbuf; 6.0 X lOll SS/LUM or LP /LUM/SST; 81A042 ... 
ion pH 6.9; fL =: 0.04 ro = 0.63 fLs; OT; f = 5» 

Z <0.01; [Q] = (2-20) X 10-4 

!' mol/L 
~ ...... 

co 9, 10-Anthraquinone-2 ,6-disulfonate H:P pH 9.8 1.6 x 10 10 3S /L UM; TO air = 0.4 fLS 82N119 
CO ion :78A002); OT <0 

9,10·Anthraquinone-2,6-disulfonate H2O 0.2% -w/w 1.2 X 10" SS/LUM; To
air = 0.4 fLs 82N119 

ion colloida.l silica; p£ (78A002); OT; S adsorbed 
9.8 

21.1.12. 9,10·Anthraquinone-2-sulfonate ion H2 O pH 9.8 2.5 X 109 SS/LUM; 1'oair = 0.4 fLS 82N119 
(78A002); OT :J: 

0 
9,10·Anthraquinone-2-sulfonate ion H2O 0.2% v;/w 1.1 x 108 SS/LUM; To

air = 0.4 fLS 82N119 "T1 
"T1 

colloidal silica; pH 178A002); OT; S adsorbed 3: 
9.8 » 

3.0 X 107 Z 
21.~.13. AscGrbate ion H2O pH 5; J1 = 0.7 25 SS/LUM; "0 = 0.60 fLs 82A278 rr, 

(Na2S0 .• ) 1766404); RT ""i 

Asccrbate ion J 20 2 x 107 LP/AB8/SST; OT; [Q] = 79F045 :t:. 
0.01-0.1 mol/L 

r--
21.1.14. Bemenediazonium cation AN 0.1 mol/L TBAP 2.1 x 10lD SS/LUM; RT 84F366 

21.1.15. Bemenethiolate ion AN 5.7 X 101) SS/LUM; 1'0 = 0.85 fLs 8IF266 
(777106); RT; [Q] :S 2 X 

10-'1 mol/L 

21.1.16. Benwate ion H2O Pbuf; (:H 5.8; fL = 25 <1 X 107 SS/LUM; TO = 0.60 fls 80F058 
0.10 (L:ClO 4) (747635); OT; [Q] = (5-50) 

x 10-4 mol/L 

21.1.17. 1,4-Benzoquinone DMF 6.3 X 101} SS/LUM; ,.oail" = 0.20 fLs 83E170 
(LP/LUM/AVE); OT 

1,4-Benzoquinone H2O 1.1 x 10 10 LP /LUM/SST; "0 = 0.59 fls 85N164 

1,4- Benzoquinone H2O 0.005 II.ol/L Pbuf; 3.7 x 101) SS ILUM or LP ILUM/SST; 81A042 
pH 6.9; fL = 0.04 70 = 0.63 fls; OT; f = 0.08; 

['~J = (2-20) X 10-4 mol/L 

1,4-Benzoquinone H:!O 9.4 X 10-1) mol/L 8.7 x 101) LP ILUM/SST; "0 = 0.59 fls 85~164 

PMA; (:H 2 

1,4-Benzoq uinone H-.:O 9.4 x 10-5 mol/L 5.6 x lOll LP /LUM/SST; TO := 0.67 J-LS 85I'i164 
PMA; (:H 7 



TABL~ 21. Quen:hing of RU(bpY)32 + by organic compounds (except My2+)-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
IL moI- l S-1 

21.1. Ru(bpy)a 2+ -Continued 
1,4-Benzoquinone H2 O 9.4 X 10-5 mol/L 9.0 X 109 LP /LUM/SSTj 'To :: 0.59 fL5 85N164 

PMAj pH 9 

21.1.18. 1-B~nzyl-1,4-dihydronicot;namide AN 3.5 x 108 EMI; '1"0 = 0.84 ILS; RT; kq 81F381 " = 2.9 X 108 L mol- 1 5- 1 c: 
m 

with SS/LUM and 'To = 1.0 Z 
fLs from same lab in 84F069 0 

J: 
1-Bmzyl-1,4-dihydronicot:namide AN 0.1 mol/L TBAP 4.1 x 108 SS/LUM; '1"0 = 0.85 ILs 84F351 Z 

(79C010); RT; kq :::: 4.9 x C) 

108 with SS/QYP, see 0 
Mech. [7] "T1 

m 
1-Benzy 1-1 ,4-dihy dronicotinamide DMF 2.0 x 108 SS/LUMj 'To = 0.93 J.LS 84F069 >< 

(LP/LUM/SST)i RT 0 
=i 

I-Bmzyl-1,4-dihydronicot:namide MeOH 0.025 mol/L 20 1.4 x 108 SS/LUM; 'To == 0.73 ILSj RT; 85F228 m 
Mg(CIO'lb Q partially bound to Mg2+i C 

kq =: 1.5 X 108 fOl" unbound s::: 
m 

Q; kq = 9 X 107 for bound -I 
Q » r-

1-Bmzyl-1,4-dihydronicotinamide MeOH 1.5 X 108 SS/LUMj 'To = 0.83 J.LS 84F069 0 
(LP /LUMjSST)i ItT 0 

s::: 
i-Benzyl-l,4-dihydronicotinamide py/MeOH 0.1 mol/L 20 1.1 x 108 SS/LUMj 'To = 0.85 J.LSi RTj 85F228 "'C 

(10/1) Mg(CI0 4)2 Q partially bound to Mg2+ i r-
m 

kq == 3.7 X 108 for unbound >< 
Q; kq = ~S X 106 for rn 

(J) 
bound Q Z 

1-Benzy 1-1 ,4-dihydronicotinamide py/MeOH 3.5 x 108 SS/LUMj '1"0 = 1.0 f.l.s 84F069 "T1 
f- (10/1) (LP /LUM/SST)i ItT r-
'V c: 
;r 21.1.19. 2 ,6-Bis( tert- butyl)-1,4- DMF 2.2 x 101> SS/LUMj 'TolI.ir = 0.20 J.LS 83E170 is '< 
sn bemoquinone (LP/LUM/AYE); OT (J) 
0 

3.4 X 1011 SS/LUM; 'I'oll.ir = 0.20 f.l.s 
0 ::::r 21.1.20. 3 ,5-Bis( tert- butyl)-l,2- DMF 83E170 

CD r-
? bemoquinone (LP/LUM/AVE); OT c: 

-I 
:::0 21.1.2l. N,N -Bis(2-carboxylatoethyl)- H2 O 1.3 X 109 OT 82N022 0 l!. (vio~+) zwitterion Z 
C 
II) 

21.1.22. l,4-Bls(N,N- AN -22 1.2 X 1010 SS /L UM; 'To = 0.85 f.l.s 777106 
~ 
< dimethy lamino~ benzene (77 A240); RT 
0 

0.1 mol/L TEAP 1.2 x 10 10 :- 1,4-Bis(N,N- AN -22 SS/LUM; 'To = 0.85 f.l.S 79COI0 ..... 
!TJ dimethy lamino~ benzene (767009); RT 
z 1,4-Bis(N,N- AN Jl- = 2 X 10-4 1.3 X 1010 LP !LUM/SST, SS/LUM; 85A248 p 
~ dimethylamino)benzene 'To:m = 0.16 f.l.s; RT 
..... ~ CD 
co 0 
CD c.n 



C- TABLE 21. Quenching of Rt:(bpY)3 \!+ by organic compounds (except MV2 +)-Continued 01::1-

"U 
0 

:l' 
0) 

'< 
!" No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
0 
:l' /L mol- 1 s-I 
(I) 

? 
:II 

Ru(bpY)3 2 + -Continued ~ 21.1. 

0 1,4-3is(N,N- H2 O pH 8(?) 1 X 10\) LP jLUMjSST; 70 = 0.6 J.LS 78A392 
~ dimethy lamino] benzene (777296); RT 

.PI 
< 1,4-3is(N,N- MeOH 25 6.9 X 10° SLjLUMjSPC; TO = 0.67 83E623 
~ dimethylamino) benzene J.LS; b.G* := 17 kJ/mol; RT .... 
!» 21.L.23. 4,4'-Bis(N,N- AN 0.1 moljL TEAP ~22 7.4 x lOll SSjLUM; To"ir = 0.15 f.Ls 78E518 
Z dim'~thylamino)biphenyl (SLjLUMjSPC); RT ? 
~ .... 4,4'-Bis(N,N- AN 0.1 mol/L TEAP -22 4.3 x lOll SS/LUM; 70 = 0.85 J.Ls 79C010 .... 

dimethylaminolbiphenyl . (767009); RT co 
CXI 
co 

4,4'·Bis(N,N- MeOH 7.4 X 10\) LP /LUM/SST; 70 = 0.75 777296 
dim,!thylaminolbiphenyl J.LS; RT 

21.L.24. 1,2-3is(H-3-pyl)ethane dication AN 6.8 x 106 EM!; ET, OT (10%) 767528 

21.L.25. 1,2-3is(H-4-pyl)ethane dication AN 2.4 x lOll EMI; OT, ET (1%) 767528 

21.1.26. N,N -Bis(2-hydroxyethyl)-'rio2+ H2 O 2.1 x 10\) SS/LUMj "0 = 0.6 J.LSj OT; 78A269 J: 
0 

[Qj = (2-10) x 10-'1 moljL ." 
." 

N,N -Bis(2-hydroxyethyl)-'rio2+ H2 O 0.5 moljL ACbuf; 1.1 X lOll LP /LUMjSST; 70 = 0.69 80A247 s:: 
pH 5 J.LSj OT; same kq from same l> 

Z lab in 82C019 
,." 

21.1.27. trans-1,2-Bis(Me-4-pyl)ethene AN 0.1 mol/L TEAP 2.4 x 10° SSjLUM; "0 = 0.85 J.Ls; OT; 747159 ""'t 
dication or TBAF [Qj ::; 0.001 mol/L ~ 

!"'" 
21.1.28. trans-I,2-Bis(Me-2-pyl)ethene AN 0.1 mol/L TEAP ~22 1.6 X 10° SSjLUM; "0 = 0.85 J.Ls 79C010 

dication (767009)j RT 

21.1.29. trans-l,2-Bis(Me-3-pyl)ethene AN 0.1 moljL TEAP -22 1.6 x 106 SS/LUM; "0 = 0.85 J.LS 79COlO 
dication (767009); RT, ETj kq for 

RT only 

21.1.30. trans-1,2- Bis(Me-4-py l)ethene AN 0.1 moljL TEAP '-22 2.4 x 101) SSjLUMj 70 = 0.85 J.Ls 79C010 
dication (767009)j RT 

21.1.3l. 1 ,4-Bis( N-phenllamino) benzene AN 0.1 mol/L TEAP -22 5.8 X lOll SS/LUM; ,.o"ir = 0.15 f.Ls 78E518 
(SLjLUMjSPC); RT 

1 ,4-Bis( N- phenllamino) benzene AN J.L = 2 X 10- 01 7.3 X lOll LP (LUM/SST, SSjLUM; 85A248 
70lll!' = 0.16 J.Ls; RT 

21.1.32. N,N -Bis( poly-2,4-ionene )_(vio2+) H2 O pH 5-7 5.4 x 108 LPjLUMjAVE;OT;f= 85B030 
polycation 0.14; [Qj = 0.001 mol/L 

N,N -Bis(poly-2,4-ionene)-(vio2 +) H:!O 2 X 10- 4 mol/L 6.1 X 108 LP /LUM/ AVE; OT; [Q! = 85B030 
polycation Fe(CN)6:1-; pH 5- 0.001 mol/L 

7 

21.1.33. N,N-Bis(2-propyl)-vio2 + H:!O 0.5 mol/L ACbufj 5.3 x 108 LP /LUM/SST; TO = 0.69 82C019 
pH 5 J.Ls; OT 



TABLE 21. Quenching of Ru(bpy):+ by organic compounds (except MV2 +)-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- 1 5- 1 

21.1. Ru(bpY)3 Z+ -Continued 
21.1.34. 1,2-Bis( 4-pyridy I)ethane H2O 0.01 mol/L Pbuf; 25 :s3 x 107 SS/LUM; TO = 0.6 I..l.S 78E293 

pH 5.6; I..l. = 0.1 (766404); OT; [Q] = 0.0020 
(LiCI0 4) mol/L 0 

21.1.35. trans-I, 2-Bis( 4- pyridy I )ethene H2O 0.01 mol/L Pbuf; 25 9.2 x 107 (calc) SS/LUM; TO = 0.6 I..l.S 78E293 C 
m 

pH 5.6; f.L = 0.1 (766404); OT; [Q] = z 
(LiCIO,,) 0.0013-0.0049 mol/L; Q 0 

partially protonated ::I: 
Z 

21.1.36. N,N' -Bis( 4-sulfonatobenzyi)- H2 O pH 4 1.4 x 109 SS/LUM; OT; f = 0.1; [Q] 82N118 C) 

(vio2 +) zwitterion :s 5 x 10-4 mol/L; same 0 
kq from same lab in 85S084 ." 

m 
21.1.37. N, N' -Bis(3-sulfonato-1- propy 1)- H2 O f.L = 0.1 (TBAC) 25 6.1 x 109 SS/LUM; TO = 0.58 f.LS 85S182 >< 

(bpy2+) zwitterion (82E392); OT 0 
::::j 

N,N' -Bis(3-sulfonato-1-propyl)- H2O 0.002 mol/L NaCI -4 x 108 (estd) SS/LUM; OT; [Q] = 0.002 85F007 m 
(bpy2+) zwitterion mol/L C 

s:: 
N, N' -Bis(3-sulfonato-1-propy 1)- H2 O pH 9.2 3.2 x 108 OT 85N094 m 
(bpy2+) zwitterion -t 

l> 
N,N' -Bis(3-sulfonato-1-propyl)- H2O 0.2% w/w 4.0 x 108 OT; S adsorbed 85N094 r-
(bpy~+) zwitterion colloidal silica; pH 0 

0 
9.2 s:: 

21.1.38. N,N' -Bis(3-sulfonato-1-propyl)- H~O pH 9.2 1.7 x 108 OT 85N094 "tI 
r-

3,3' -dimethyl-(bpy 2+) zwitterion m 
>< 

N,N' -Bis(3-sulfonato-1-propyl)- H2O 0.2% w/w 2.4 x 108 OT; S adsorbed 85N094 m 
3,3'-dimethyl-(bpy 2+) zwitterion colloidal silica; pH en 

9.2 Z 

N,N' -Bis(3-sulfonato-1-propyl)- H2 O pH 9.2 1.1 x 109 OT 85N094 
." 

~ 
21.1.39. r-

"I:J 2,2'-dimethyl-(vio2+) zwitterion C 
=r C 
'< N,N' -Bis(3-sulfonato-1-propy 1)- H2O 0.2% w/w 1.2 x 109 OT; S adsorbed 85N094 
!'l en 
0 2,2'-dimethyl-(vio2+) zwitterion colloidal silica; pH 0 
=r 9.2 r-
ID C 
? ~ 1.1.40. N,N' -Bis(3-sulfonato-1-propyl)- H2 O pH 9.2 4.8 x 108 OT 85N094 ::::! 
::D 

2,2' ,6,6'-tetramethyl-(vio2 +) 0 ID 
:-" 

zwitterion 
Z 

C 
III 

5.1 X 108 i N, N' -Bis( 3-sulfonato-1-propyl)- H~O 0.2% w/w OT; S adsorbed 85N094 

< 2,2' ,6,6' -tetramethyl-(vio2+) colloidal silica; pH 
~ zwitterion 9.2 .... 
J1> ~1.1.41. N, N' -Bis( 3-sulfonato-1-propy 1)- H2O 1.3 x 109 LP /LUM/SST; OT; f = 82Alll 
Z (vio 2 +) zwitterion 0.14 
~ 
~ N, N' -Bis(3-sulfonato-1-propy 1)- H~O 0.002 mol/L NaCI -2 x 109 (estd) SS/LUM; OT; [Q] = 5 x 85F007 
.... (vio2+) zwitterion 1O-~ mol/L .". 
(I) 0 
0) ..... 
(I) 



~ TABLE 21. Quenching of Ru(bpy)/+ by organic compounds (except My2+)-Continued .a::o. 
"tI 

0 
:::r 

Q) 

'< 
1/1 

No. Quencher TrC 
0 

Solvent Solution Medium kq Comments Ref. 
:::r /L mol- I S-I 
ID 

? 
::0 

Ru(bPY)a 2+ -Continued ID 21.1. 
:"" 
C N,N' -Bis(3-sulfonato-l-propyl)- H2O 0.5 mol/L HzS0 4 1.9 x 109 LP /LUM/SST; OT; 1= 82A111 
III (vio 2 +) zwitterion 0.23 ... 
,!II 
< N,N -Bis(3-sulfonato-l-propyl)- H2O pH 9.2 1.1 x 109 OT 85N094 
!'t (vio2 +) zwitterion .... 
!IJ N,N -Bis(3-sulfonato-l-propyl)- H2O 0.2% w/w 1.3 x 109 OT; S adsorbed 85N094 
Z (vio 2 +) zwitterion colloidal silica; pH !l 
~ 9.2 
.... 

N,N -Bis(3-sulfonato-l-propyl)- H2O 0.2% w/w 1.5 x 109 SS/LUM; Toair = 0.4 J.Ls 82N1l9 CD 
CD 

(vio2+) zwitterion (78A002); OT; S adsorbed CD colloidal silica; pH 
9.8 

21.1.42. bpy H2O 0.33 mol/L 4.2 x 106 SS/LUM; TO = 0.60 J.Ls 82F048 
Na2S04; 0.028 (LP jLUM/SST); OT 
mol/L NaHSO.,; J.L 
= 1.0 % 

0 
21.1.43. bpyH22 + H2O J.L = 0.5 (HCl, 25 1.2 x 109 SS/LUM; TO = 0.60 J.Ls 83C017 ." 

." 
NaCl) (766404); OT; [Q] = (5-50) s:: 

x 10-4 mol/L; kq from pH l> 
dependence of Ksv Z 

bpyH2~+ H2O J.L = 0.5 (HNO a, 25 1.5 x 109 SS/LUM; TO = 0.60 J.LS 83C017 
", 
"""t 

NaNOa) (766404); OT; [Q] = (5-50) :b. 
x 10-4 mol/L; kq from pH I"" 
dependence of Ksv 

21.1.44. 4-Bromobenzenediazonium cation AN 0.1 mol/L TBAP 2.6 x 10 10 SSjLUM; RT 84F366 

21.1.45. 4-Bromophenol H2O 0.05 mol/L NaOH 23 1.7 x 108 LP/LUMjAVE; TO = 0.60 82A365 
ILs; RT; 1= 0.35 

21.1.46. 4-( tert-Butyl)phenol H2O 0.05 mol/L NaOH 23 1.2 x 109 LP/LUM/AYE; TO = 0.60 82A365 
J.Ls; RT; 1= 0.67 

21.1.47. 4-C hloro- N, N-dimethylaniline AN 0.1 mol/L TEAP -22 7.4 x 108 SS/LUM; TO = 0.85 J.LS 79C010 
(767009); RT 

21.1.48. 1-Chloro-4-nitrobenzene AN 0.1 mol/L TEAP -22 8.0 x 106 SS/LUM; TO = 0.85 J.LS 79C010 
(767009); OT; same kq from 
same lab in 757168 

21.1.49. 4-Chlorophenol H2O 0.05 mol/L NaOH 23 1.9 x 108 LP/LUM/AVE; TO = 0.60 82A365 
ILs; RT; 1= 0.65 

21.1.50. Cresyl Violet Ethylene 22 4.6 x 108 SS/LUM; TO = 0.84 J.LS 83E052 
glycol (LP /LUM/ AYE); ET; [Q] = 

0.001 mol/L 
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TABLE 21. Quenching of Ru(bpy), 0+ by organic compounds (except MV2+)-Continued 

No. Quencher 

21.1. Ru(bPY)a 2+ -Continued 
Cresyl Violet 

Cresyl Violet 

21.1.51. ;'l·Cyanophenol 

21.1.52. 4·Cyanophenol 

21.1.S;l tran"Ii- Cy anosti! bene 

21.1.54. 4,4' -Diaminobipheny! 

1.55. N,N' -Dibenzyl-vio2 + 

·Dibenzy).vio2 + 

N,N' ··Dibenzyl-vio"+ 

N,N' -Di benzyl-vio 2 + 

N,N-Di 

N,N'-Di 

D!benzyl.vio 2 + 

N,N' -Di benzyl-vio 2 + 

.1.56. N,N-Diethylaniline 

:Y IV-Diethylaniline 

N,N-DieLhy laniline 

Solvent 

Glycerol 

MeOH 

H~O 

H2 0 

MaOH 

AN 

EtOH 

H2 0 

H 20 

H 20 

H20 

H"O 

H20 

H 20 

AN 

AN 

MeOH 

Soh::tion Medium 

0.05 mollL NaOH 

0.05 mol/L NaOH 

0.1 mol/L TEAP 

ACbuf; pH 5; 
0.1 (NaClO,) 

ACbuf; pH 5 

0.17 mol/L 
"fa'eSO,,; f.L = 0.5 

f.t = 0 (extrap'd) 

0.5 mol/L ACbuf: 
pH 5 

O. mol/L TEAP 

0.1 mol/L TEAP 

r;oc kq 
/1, mol- 1 s-l 

22 1.2 ;( 108 

22 6.7 X 108 

23 8.2 x 

23 52 x lOe 

2.1 ;< 108 

·22 4.5 x 109 

22 3.4 X 108 

20 1.4 x 

22 8.3 ;< 10 8 

1.5 x 10° 

25 1.8 >( 109 

2.4 ;< 10° 

4.4 ;< 

1.4 x 10° 

---22 1.5 ;< 10 8 

~22 1.5 x 

25 3.9 a 10 8 

Comments Ref. 

SS/LUM; 70"" = 0.89 f-ls 83E052 
(LP /LUM/ AVE); ET; [Q] = 

0.001 mol/L 

SS/LUM; 'To = 0.77 83E052 
(LP/LUM/AVE); ET; [Q] = 

(5.20) x 10- 4 mol/L 

LP/LUM/AVE; "'0 = 0.60 
f-lS; RT; f= 
SS!LUM; = 0.50 f-ls 
(LP/LUM/AVE) 

SS/LUM; "'0 = 0.83 f-lS 
(LP /LUM/SST); ET? 

SS/LUM; 'To";' = 0.15 f-ls 
(SL/LUM/SPC); RT 

LP /LUM/SST, SS/UJM; 70 

= 0.90 ~s; 

LP /LUM/SST; "0 0.64 
~s; OT 

LP/LUM/SST, SS/LUM; 'To 
= 0.54 fLs; OT 

SS/LUM; 70 = 0.64 f.Ls 
(80S001); OT 

SS/LUM or LP/LUM!SST; 
'To 0.50 ~s (756404); 
[Q] = x 10- 1 mol/L 

SS/LUM; 'To 
[Q] = (2-10) 

0.5 f-ls; OT; 
10-'[ mol/L 

LP ILUM/SST; 'To = 0.55 
~s; OT; [Q] 5 0.02 mol/L 

LP /LUM/SST; 'To = 0.59 
~s; OT; same kg from 

in 82C019 

SS/LU~f; 'To";' = 0.15 f-ls 
(SL/LUM/SPC); RT 

SS/LUM; = 0.85 f-ls 
(767009); RT 

SL/LGM/SPC; TO = 0.67 
iLS; ~Gf = 24 kllmol; RT 

82A355 

82A365 

84F069 

78E518 

80S001 

85F222 

80S001 

82S257 

82AH5 

78A269 

80N138 

80A247 

78E518 

79COlO 

83E523 

" c:: 
m 
z 
o 
::I: 
Z 
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~ TABLE Quenching 2+ by organic compounds (except My2+)-Continued A ..... 
0 

0 Quencher Solvent Solution Medium Tj"C kq Comments Ref. 
:T /L mol- 1 8- 1 
ID 

~ 
::z:J 

RU{bPY)a Z+ -Continued ~ 21.1. 
21.1.57. Diethyldithiocarbamate ion AN 23 2.9 x 10 10 LP /LUM/SST; RT; some SOA259 

SQ 

< Diethyldithiocarbamate ion AN 0.1 mol/L LiCI0 1 23 1.3 x 109 SS/LUM; RT; [Q] :5 0.0025 SOA259 
0 
:- mol/L .... 
!» Diethyldithiocarbamate ion AN 0.1 mol/L NaClO 4 23 4.0 x 109 SS/LUM; [Q] :5 0.0025 SOA259 z 
9 mol/L 

Diethyldithiocarbamate ion AN 0.1 mol/L TEAP 23 9.6 x 109 SS/LUM; RT; [Q] :5 0.0025 SOA259 
..A 

<.0 mol/L a:> 
<.0 

Diethyldithiocarbamate ion AN 0.1 mol/L TBAP 23 1.3 x 10 10 SS/LUM; [Q] :5 0.0025 80A259 
mol/L 

Diethyldithiocarbamate ion H2O 23 2.2 x 109 SS/LUM; RT SOA259 

21.1.58. 0' -Diethyldithiophosphate ion AN 0.1 mol/L NaClO 4 23 <l.3 x 107 SS /L UM; nonlinear S-V SOA259 
plot ::I: 

21.1.59. N,N' -Diethyl-2-methyl-vio2+ H2O ACbuf; 22 .4 x 108 SS/LUM; TO = 0.64 Jl.s S2S257 0 

" (SOSOOl); " s: 
21.1.60. N,N' -Diheptyl-vioH H2O Jl. = 0 4.2 X 108 LP /LUM/SST; TO = 0.55 SON13S l> 

:5 0.02 mol/L Z 
rr, 

N, N' -Diheptyl-vioZ+ H2O 0.5 mol/L ACbuf; 1.2 x 109 LP /LUM/SST; TO = 0.69 S2C019 "'i 
pH 5 Jl.s; OT ~ 

!""' 
21.1.61. 1,4-Dihydroxy benzene H~O 0.005 Pbuf; 5 x 107 SS/LUM or LP /LUM/SST; SlA042 

pH 6.9; Jl. = 0.04 'To = RT; [Q] 
0.005-0.5 mol/L 

21.1.62. 4-( N,N-Dimethylamino )phenol H2 O 0.05 mol/L NaOH 23 3.9 x 109 LP/LUM/AVE; 'To = 0.60 S2A365 
Jis; RT; f = 0.42 

4-( N,N-Dimethylamino )phenol H2O pH 7; Ji = 23 2.4 x 109 LP/LUM/AYE: 'Tn = S2A365 

21.1.63. N N-Dimethylaniline AN ~22 7.1 x 107 SS/LUM; 'TO = 0.S5 Jis 777106 
(77A240); RT; same kq from 
same lab in 776441 

N,N-Dimethylaniline AN 0.1 mol/L TEAP ~22 6.5 x 107 SS/LUM; = 0.15 Jl.s 7SE51S 
(SL/LUM/SPC); RT 

N,N-Dimethylaniline AN 0.1 mol/L TEAP ~22 .2 x 107 SS/LUM;TO = 0.S5 JiS 79C010 
(767009); RT; same kq from 
same lab in 77F920 



TABLE 21. Quenching of Ru(bpY)3 2 + by organic compounds (except MV2 +)-Continued 

No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
/L mol-I s-l 

21.1- Ru(bpY)3 2+ -Continued 
N,N-Dimethylaniline AN 25 9.9 A 107 SS/LUM; 70 = 0.85 JJ.S 82A189 

(LP/LUM/AVE); .HJl = 8.9 
kJ/mol; !J..S+ = -62 0 
J/mol-K (10-40 °C); /1G* = C 
27 kJ /mol; RT; [Q] :S 0.014 m 
mol/L Z 

(") 

N,N-Dimethylaniline AN 25 9.5 A 107 SS/LUM; .Hi = 9.2 86A165 :t 
kJ/mol; ::;g;= -61 Z 

J/mol-K c: 
C 

N, N- Dimethy laniline AN JJ. = 2 A 10-'[ 9,8 A 107 LP /LUM/SST, SS/LUM; 85A248 "T 

70"1r = 0.16 JJ.s; RT IT 
)c 

N,N-Dimethylaniline EtOH 22 1.8 A 108 LP /LUM/SST, SS/LUM; 70 80S001 r. 
= 0.90 JJ.s; RT 

IT 
N,N-Dimethylaniline MeOH 25 1.7 x 108 SL/LUM/SPC; 70 = 0.67 83E623 C 

JJ.s; tJ.G+ = 26 kJ/mol; RT :s 
" N,N-Dirnethylaniline MeOH 25 1.6 x 10 8 SS!LUM; .Hi = 14 kJ/mol; 86A165 
): tJ.S+ = -42 J/mol-K r 

2LL,64. N,N' -Dimethyl-3,3' -bipyridinium AN 0.1 mol/L TEAP --22 1.0 A 10'\ SS/LUM; 70 = 0.85 JJ.S 79COI0 ( 

dication (767009); OT C 
:5 

21.1.65. N,N' -Dimethyl-bpy2+ AN 0.1 mol/L TEAP -22 9,1 A 107 SS/LUM; 70 = 0.85 JJ.s 79COlO 
, 
r 

(767009); OT 1'1 

N,N' -Dimethy 1- bpy2+ 0.5 mol/L ACbuf; 1.8 A 108 LP /LUM/SST; 'To = 0,69 
> 

H~O 80A247 1'1 
pH 5 JJ.S; OT; same kq from same C. 

lab in 82C019 :; 

21.1.66. 4,4' -Dirnethyl-bpyH~ ~+ H~O fJ. = 0.5 (NaHSO", 25 1.5 A 10° SS/LUM; 'To = 0.60 fJ.s 83C017 r 
c Na~SO,[) (766404); OT; [Q] = (5-50) C 

X 10-,1 mol/L; kq from pH t 
,(, 

dependence of Ksv C 
( 

,~' 4,4 '-Dimethyl-bpyH~ ~+ HoO fJ. = 0.5 (HCI, 25 1.2 A lOll SS/LUM; 70 = 0.60 JJ.s 83C017 r (t· - ( 
NaCI) (766404); OT; [Q] = (5-50) 

:1.; 
X 10-'[ mol/L; kq from pH 

~ 
dependence of Ksv 

Il~ 
~1.1.6i. N,N' -Dimethyl-2,7- AN 0.1 moljL TEAP -22 2.9 A lOll SSjLUM; 70 = 0.85 fJ.S 79COIO 

0" 

diazaphenanthrene dication (767009); OT 

211.58. Dimethyldibenzothiafulvalene MeOHjTHF 4 A 109 LP /LUM/SST; 70 = 0.75 777296 
tY (1/1) fJ.s; RT 
~ __ 1.69. N,N' -Dimethy I-phen 2+ H"O 0.5 mol/L ACbuf; 1.4 A 108 LP jLUMjSST; TO = 0.69 82C019 c 

pH 5 JJ.s; OT; same kq from same 
lab in 83NZll 

:,.c, 
0> 
(t. 



~ TABLE 21. Quenching of Ru(bpy)/+ by organic compounds (except My2+)-Continued .co. 
"1:1 

.. 
;;r N 
'< 
!'J No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
0 
;;r /L mol- 1 5- 1 
111 

~ 
:J:I 

RU(bPY)a 11+ -Continued 111 21.1. ;--0. 

c 21.1.70. N,N' -Dimethyl-3,3' -thio-vio2 + H2O ACbuf; pH 5 8.4 x 108 EM! or LIF; .OT 86F456 
I» .. 

21.1.71. 1,2-Dinitro benzene AN 0.1 mol/L TEAP -22 3.1 x 109 SS/LUM; TO = 0.85 f..Ls 79C010 !' 
< (767009); OT; same kq from 
~ same lab in 757168 and .... 

77F920 !» 
z 21.1.72. 1,3-Dinitrobenzene AN 0.1 mol/L TEAP -22 1.6 x 109 SS/LUM; TO = 0.85 fLs 79C010 
~ 
~ (767009); OT; same kq from 
.... same lab in 757168 
CD co 

21.1.73. 1,4-Dinitrobenzene AN 0.1 mol/L TEAP 6.6 x 109 SS/LUM; TO = 0.86 fLs CD 757168 
(SL/LUM/SPC); OT; same 
kq from same lab in 
77F920; 8.6 x 109 L mol- 1 

S-I at -22 ·C with 
SS/LUM and TO = 0.85 fLs ::I: 
from same lab in 79C010 0 

4,4' -Dinitrobiphenyl 0.1 mol/L TEAP 1.2 x 108 SS/LUM; TO = 0.85 fLs 
." 

21.1.74. AN -22 79C010 ." 
(767009); OT; same kq from s::: ,.. 
same lab in 757168 Z 

4,4' -Dinitrobiphenyl AN 25 4.4 x 107 SS/LUM; TO = 0.85 fLs 82A189 h'I 
(LP/LUM/AYE); ali = ""I 

:b 
-24 kJ/mol; !J.s* = -180 !"" 
J/mol·K (10-40 ·C); !J.G* = 
29 kJ/mol; OT; [Q] S 0.014 
mol/L 

21.1.75. cis-4,4' -Dinitrostilbene AN 0.1 mol/L TEAP -22 1.8 x 108 SS/LUM; TO = 0.85 fLs 79C010 
(767009); OT; same kq from 
same lab in 757168 

21.1.76. N,N' -Dioctyl-vio2+ H2O 2.5 x 109 SS/LUM; OT 86N119 

21.1.77. N,N' -Dioctyl-vio2 +, !3-CD complex H:l0 variable [!3-CD] 8.5 x 108 SS/LUM; OT; [Q] = (5-50) 86N119 
x 10-4 mol/L; nonlinear 
S-Y plots; kq eval'd from 
kobs at various [!3-CD] 

21.1.78. Diphenylamine MeOH 2.5 X 107 LP /LUM/SST; TO = 0.75 777296 
fLS; RT 

21.1.79. 3,4-Dipheny l-sydnone AN 24 2.4 x 109 LP/LUM/AYE; ET 86A380 

21.1.80. DMSO H2O pH 4-5; fL = 0.50 25 <1 x 106 SS/LUM; TO = 0.60 fLs 776405 
(NaCl) (766404) 

21.1.81. DQ~+ H::O ACbuf; pH 5 22 1.7 x 109 SS/LUM; TO = 0,64 fLS 82S257 
(80S001); OT 



TABLE 21. Quenching of Ru(bpY).J"+ by organic compounds (except MV"+)-Continued 

No. Quencner Solvent Snlution Medium kq Comments Ref. 
/L mol~-l s- L 

-----<---_. 

n.L RU(bpy)a 2+ --Continued 
H~O 0.17 mol/L 25 2.0 x 10" SS!LUM or LP !LUM!SST; 82A145 

Na2S0.!; fL = 0.5 TO 0.60 fLs (766404); OT; 
~Ql = (3-50) x 10-.1 

0 
DQ2.,. H2 O fL = 0.5 (HCI, 25 3.0 :< 10" SS/LUM; TO = 0,60 fLs 83C017 c: 

m 
NaCI) (765404); OT; [Qj = (5-50) Z 

x 10- 4 mailL ("') 
Z 

DQ2+ H2 O J-L o (extrap'd) 3.5 /; lOR LP /U:M/SST; '0 = 0.55 80N138 Z 
fLS; OT; [Q] ;S 0.02 rnol!L G) 

DQ,;t H2 O 0.5 mol/L ACbuf; 1.4 :< 10') LP /LUMjSST; TO = 0.69 80A24'7 0 
"T1 

pH 5 fLs; OT; same from same m 
lab in 82C019 >< r: 

21.1.82. 4-Ethoxyphenol H2 O 0.05 mol/L NaOH 23 4,4 X 10" LP/LUM/AVE; TO = 0.60 82A365 
fLs; RT; f = 0.44 IT 

c: 
21.1.83. N,N'··Ethy lene-3,:j' -dimethy 1- H2 O 0.5 mol/L ACbuf; 6.0 X lOR LP /LUM/SST; "0 = 0.139 80A247 S 

pH 5 fLS; OT; same from same " lab in 82C019 ): 

21.1.84. N, N·Ethy lene-4,4' -dimethy 1- H"O 017 mol/L 25 1.4 /. 10" SSjLUM or LP /LUM/SST; 82A145 r - ( bpyc+ NacSO'I; fL = 0.5 TO = 0.60 fLs (766404); OT; C = (3-50) X 10- 1 mol/L :5 
N,N -Ethy lene-4,4' -dimethyl- H2O mol/L ACbuf; 99 x 108 LP /LUM/SST; "0 = 0.69 80A247 

, 
r 

bpyc+ 5 fLS; OT; same kq from same r 
lab in 82C019 > r 

21.1,8;5 N,N' -Ethy lene-5,5' -dimethy 1- H2 O mol/E ACbuf; 9.5 :< 10 8 LP/LUM/SST; TO = 0.69 80A247 <. 

pH 5 [.ls; OT; same kq from same 
lab in 82C0l9 

21.1.86. iV, N' -Et.hy lene-6,5' -dimethy 1- He O 0.5 mol/L ACbuf; 9.3 / 108 LP /LUM/SST; Tn = 0.69 82C019 
pH 5 fLS; OT 

21.1.8'7 N, N - 8'_ hy lene-6-ethyl- bpy ~ + H2 O ACbuf; pH 5 22 1.0 A 10" SS/LUM; TO = 0.64 [.ls 82S257 
(80S001); OT 

[ 1.88. N,N'· Ethy lene-5-methyl- bpy 2+ H2 O ACbuf; pH 5 22 1.2 :< 10<1 SS/LUM; "0 = 0.64 [.ls 82S257 
(80S001); OT 

~ 
f.\ 

"[1.,,9. N,N'-Et.hylene-phen :;+ H2 O 0.5 ACbuf; l.8 x LP /LUM/SST; TO = 0,59 82C019 
pH 5 fLS; OT; same kg from ,arne 

lab in 83N211 

~ 1 190. ,1· Ethylphenol H2 O 0.05 mol/L NaOH 23 l.8 x LP/EUM/AVE; TO 0.60 82A1365 
[.ls; RT; f = 0.55 

1. 9 1. Et.hy'xanthate ion AN 0.1 NaCIO; 23 3.6 /. 10° SS/LUM; RT 80A259 
2; 
,A 



~ TABLE 21. Quenching of Ru(bPY)3 2 + by organic compounds (except MV2+)-Continued .j:o. 

'tJ 
... 

:::T .j:o. 

'< 
til 

No. Quencher TrC C') 
Solvent Solution Medium kq Comments Ref. 

:::T /L mol- 1 s-1 
(1) 

;3 
]J 

Ru(bpY)3 2+ -Continued ~ 21.1. 

10 21.1.92. 1-Fl uoro-4- nitrobenzene AN 0.1 mol/L TEAP -22 8.3 x 105 SS/LUM; TO = 0.85 fLS 79C010 
!!t (767009); OT; same kq from 
ID 

«": same lab in 757168 
CJ 

21.1.93. 3-Fluorophenol H2O 0.05 mol/L NaOH 23 8.5 x 106 LP /LUM/ AVE; TO = 0.60 82A365 
,~~ fLS; RT; f = 0.95 
z 21.1.94. 4-Fl uorophenol H2 O 0.05 mol/L NaOH 23 2.1 x 108 LP /LUM/ AVE; TO = 0.60 82A365 !=l 
d, fLs; RT; f = 0.60 ... 

21.1.95. N,N' ,2,2' ,6,6'-Hexamethyl-vio 2 + H2O ACbuf; pH 5 22 4.6 x 108 SS/LUM; TO = 0.64 fLs 82S257 (Q 
00 
(Q (80S001); OT; same kq from 

same lab in 82F316 

21.1.96. 1-(H-3-pyl)-2-(H-4-pyl)ethane AN 9.1 x 108 EMI; OT, ET (4%) 767528 
dication 

21.1.97. 4-Hydroxy benzoic acid H2O 0.05 mol/L NaOH 23 2.1 x 107 LP/LUM/AVE; TO = 0.60 82A365 ::z:: 
fLS; Eo. = 54 kJ/mol; RT; f 0 
= 0.57 'TI 

'TI 
21.1. 98. 4-Hydroxybiphenyl H2O 0.05 mol/L NaOH 23 4.5 x 10° LP/LUM/AVE; TO = 0.60 82A365 s:: 

fLs; RT; f = 0.46 l> 
Z 

21.1.99. Imidazole H2 O pH 4-5; fL = 0.50 25 <1 x 105 SS/LUM; TO = 0.60 fLs 776405 n, 
(NaCl) (766404) "'i 

~ 
21.1.100. 4-Iodophenol H2 O 0.05 mol/L NaOH 23 4.2 x 108 LP/LUM/AVE; TO = 0.60 82A365 !"" 

fLs; RT; f = 0.14 

2l.1.10l. trans-1-(Me-3-pyl)-2-(Me-4- AN 0.1 mol/L TEAP -22 7.7 x 108 SS/LUM; TO = 0.85 fLs 79COlO 
py l)ethene dication (767009); RT, ET; kq for 

RT only 

21.1.102. trans-1-(Me-2-pyl)-2-(Me-3- AN 0.1 mol/L TEAP -22 5.6 x 108 SS/LUM; TO = 0.85 fLs 79COlO 
pyl)ethene dication (767009); RT 

21.l.103. 2-Mercaptobenzoic acid H2 O pH 9.4 l.7 x 10° SS/LUM, LP/LUM/SST; 85F408 
[Q] = 0.001-0.004 mol/L 

2l.l.104. 4-Mercaptopyridine H2 O pH 10.8 5 x 107 LP /LUM/SST; [Q] = 85F408 
0.0015, 0.0038 mol/L; some 
SQ 

21.1.105. 4-Methoxyaniline AN -22 6.4 x 108 SS/LUM; TO = 0.85 fLS 777106 
(77 A240); RT 

21.1.106. 4-Methoxy benzenediazonium AN 0.1 mol/L TEAP 1.6 x 10 10 SS/LUM; RT 84F366 
cation 

21.1.107. 4-Methoxy-N,N-dimethylaniline AN 0.1 mol/L TEAP -22 5.0 x 10° SS/LUM; TO = 0.85 fLS 79COlO 
(767009); RT 

4-Methoxy-N,N-dimethylaniline Acetone/H2 O 0.002 mol/L 23 5.1 x 10° LP/LUM/AVE; TO = 0.71 82A365 
(19/1) NaOH f.l.S: RT: ! = 0.74 



TABLE 21. Quenching of Ru(bpy),,"+ by organic compounds (except MV2 +)-Continued 

No. Quencher Solvent Solution Medium T/oC kq Comments Ref. 
/L mol- 1 

21.1. Ru(bpy)a 2+ -Continued 
4-Methoxy- N,N-dimethylaniline Acetone /H~O 0.002 mol/L 23 3. " 109 LP/LUM/AVE; 1"0 = 82A365 

(5.7/1) NaOH flS; RT; f = 0.80 

4-Methoxy-N,N-dimethylaniline Acetone /H~O 0.002 23 2.9 " 109 LP/LUM/AVE; 82A365 0 
(L9/1) NaOH j.Ls;. RT; = 0.81 c: 

m 
4-Methoxy-N,N-dimethylaniline EtOH/H2 O 0.002 mol/L 23 3.4 ;< 109 LP/LUM/AVE;,.o = 0.74 82A365 Z 

0 
(19/1) !\aOH I.lS; RT; = 1 J: 

4- Methoxy- N, N-dimethy laniline EtOH/H 2 O 0.002 mol/L 23 2.5 ;< 10° LP/LUM/AVE;,.o = 0.79 82A365 Z 

(57/1) NaOH flS; RT; f = 1 C> 
0 

4-Methoxy-N,N-dimethylaniline EtOH/H 2 O 0.002 23 1.8 109 loP /L UMI AVE; = 0.81 82A365 "T1 

(1.9/1) NaOH flS;RT;f=l m 
>< 

4-Methoxy- N,N-dimcthylaniline H2O 7; fl = 0.05 23 2.6 x 10° LP/LUM/AVE; 82A365 0 
:::j 
m 

4-Methoxy-N,N-dimethylaniline H2 0/Acetone 0.002 mol/L 23 3.1 x 109 LP/LUM/AVE; TO = 0.61 82A365 C 
19/1) NaOH j.LS; RT; = 0.58 s:: 

2.9 x 109 
m 

4- Met hoxy -N, N-dimethylaniline H2 O/Acetone 0.002 mol/L 23 LP/LUM/AVE; TO = 0.72 82A365 -I 
(3/1) NaOH flS; RT; f = 0.65 » r 

4-Methoxy-NN-dimethylaniline HeO / Acetone 0.002 mol/L 23 2. x 10° LP/LUM/AVE;.,.o = O. 82A365 0 
(l.2/1) NaOH fls; RT; f = 0.82 0 

s:: 
4-Methoxy-N,N-dimethylaniline H2O/EtOH 0.002 mol/L 23 2.9< 109 LP/LUM/AVE;.,.o = 82A365 " r 

!\aOH j.Ls; RT; = 0.58 m 
4-Methoxy-IV,N-dimethylaniline H2 O/EtOH 0.002 mol/L 23 2.7 x 109 LP/LUM/AVE; TO = 0.74 82A365 

>< m 
(3/1) !\aOH I-'s; RT; = 0.61 en 

4- i\Iet hoxy - IV, N-dimethy laniline H2O/EtOH 0.002 mol/L 23 2.0 " 10° LP/LUM/AVE; TO = 0.77 82A365 Z 

(l.2/1) NaOH flS; RT; f = 0.87 
"T1 
r 

~ c: 
"1J 21.1.108. 4-Methoxydithiobenzoate ion AN 1 mol/L NaCIO, 23 5.0< 109 RT 80A259 
::r C 
'< 2l.l. 3-Methoxyphenol H2O 0.05 mol/L NaOH 23 3.3 x 10 8 LP/LUM/AVE; TO = 0.60 82A365 9' en 
("") j.Ls; RT; = 0.44 0 
::r r 
to 21.1. 4-Mcthoxyphenol Acetone/H 2O 0.002 mol/L 23 2.4 x lO!O LP/LUM/AVE; TO = 0.71 82A365 c: 
3 -I 
:Il (19/1) NaOH fls; RT; f = 1 (5 
to 
:-" 4-Methoxyphenol Acetone/H 2O 0.002 moljL 23 l.8 10 LP/LUM/AVE; TO = 82A365 Z 

(9/1) NaOH fls; RT; f = 1 

4-Methoxyphenol Acetone/H 2O 0.002 23 1.4 x 1010 LP/LUM/AVE; 1"0 = 82A365 
< 
~ (5.7/1) !\aOH I-'s; RT; 

4-\-!ethoxy phenol Acetone/H 2 O 0.002 mol/L 23 l.1 ;< 10 10 LP/LUM/AVE; TO = 0.80 82A365 

z (4/1) !\aOH I-'s; RT; f= 
0 

4-Methoxyphenol Acetone/H~O 0.002 mol/L 23 8.8 x 109 LP /LUM! AVE; TO = 0.81 82A365 

.... (3/1) NaOH f-Ls;RT;f=l .j::o 
CD .... 
0> (J" 
CD 



~ TABLE 21. Quenching of Ru(bpY)3 by organic compounds (except 
." 
;r a: 
'< 
!II No. Quencher Solvent Solution Medium TrC kq 0 Comments Ref. 
;r /L mol- 1 s-I 
CD 

? 
::tI 

Ru(bPY)a Z+ -Continued ~ 21.1. 
c 4-Metboxyphenol Acetone/H2 0 0.002 mol/L 23 7.3 X 109 LP/LUM/AVE; '1"0 = 0.81 82A365 
III 

~ (2.3/1) NaOH fLs; RT; f = 0.98 

< 4-Methoxyphenol Acetone/H2 0 0.002 mol/L 23 6.5 X 109 LP/LUM!AVE; '1"0 0.80 82A365 
~ (1.9/1) NaOH fLs; RT; f = 1 .... 
!» 4-Methoxyphenol Acetone/H2 0 0.002 mol/L 5.8 X 109 LP/LUM/AVE; '1"0 = 0.81 82A365 z 
!:l (1.5/1) NaOH fLs; RT; f = 0.95 

:- 4-Methoxyphenol Acetone/H 2O 0.002 mol/L 23 5.5 X 109 LP/LUM/AVE; '1"0 = 0.80 82A365 .... 
CD (1.2/1) NaOR fLs; RT; f = 0.97 
Q) 
CD 

4-Methoxyphenol EtOH/H2 O 0.002 mol/L 23 6.8 X 109 LP/LUM/AVE; '1"0 = 0.74 82A365 
(19/1) NaOH fLs; RT; f = 0.98 

4-Methoxyphenol EtOH/H2O 0.002 mol/L 5.8 x 109 LP/LUM/AVE; '1"0 0.79 82A365 
(5.7/1) NaOH fLs; RT; f = 0.85 

4-Methoxyphenol EtCH/H2 O 0.002 mol/L 5.0 X LP/LUM/AVE; '1"0 = 0.81 82A365 J: 
(3/1) NaOH fLs; RT; f = 0.82 0 

"T1 
4-Methoxyphenol EtCH/H2 O 0.002 mol/L 23 4.2 x 109 LP/LUM/AVE; '1"0 = 0.81 82A365 "T1 

is: 
(1.9/1) NaOH fLS; RT; f = 0.80 l> 

4-Methoxyphenol EtCH/H2 O 0.002 mol/L 23 3.7 x 109 LP/LUM/AVE; '1"0 = 0.78 82A365 Z 

(12/1) NaOH fLs; RT; f = 0.64 I'll 
"'i 

4-Methoxyphenol H2O 0.05 mol/L NaOH 4.5 x LP ILUM/ AVE; '1"0 = 0.60 82A365 :b. 
fLS; E .. = 18 kJ/mol; RT; f !"" 
= 0.40 

4-Methoxyphenol H2O pH 7; fL = 0.05 23 1.8 x 107 LP /LUM/ AVE; '1"0 = 0.60 82A365 
fLs; RT; f = 0.80 

4-Methoxyphenol H20/Acetone 0.002 mol/L 4.5 X LP/LUM/AVE; '1"0 = 0.61 82A365 
(19/1) NaOH fLS; RT; f = 0.42 

4-Methoxyphenol H20/Acetone 0.002 mol/L 4.4 x 109 LP ILUM/AVE; '1"0 0.67 82A365 
NaOH fLs; RT; f = 0.54 

4-Methoxyphenol H20/Acetone 0.002 mol/L 23 4.3 x 109 LP/LUM/AVE; '1"0 = 0.72 82A365 
(3/1 ) NaOH fLS; RT; f 0.56 

·l-Methoxyphenol H20/Acetone 0.002 mol/L 23 4.4 x 109 LP/LUM/AVE; '1"0 = 0.77 82A365 
(1.9/1) NaOH fLs; RT; f = 0.72 

4-Methoxyphenol H20/Acetone 0.002 mol/L 4.6 x LP/LUM/AVE; '1"0 0.79 82A365 
(1.2/1) NaOH fLs; RT; f = 0.80 

4-Methoxyphenol H2O/EtOH 0.002 mol/L 5.0 x 109 LP ILUM/AVE: 'l"n 0.62 82A365 
(19/1) NaOH 

4-Methoxyphenol H2O/EtOH 0.002 mol/L 23 4.5 x 109 LPjLUM/AVE; '1"0 = 0.70 82A365 
(5.7/1) NaOH fLs; RT; f = 0.39 
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TABLE 21. Quenching of Ru(bpY)32+ by organic compounds (except MV2+)-Continued 

No. Quencher 

21.1. Ru(bpY)3 2+ -Contin ued 
4-Methoxyphenol 

4··Methoxyphenol 

4-Methoxyphenol 

21.1.111. N-Methyl-4-acetyl-py+ 

N-Methy l-4-acetyl- py"" 

21.1.112. N-Methylaniline 

21.1.113. 4-Methylbenzenediazonium cation 

21.1.114. Methyl-l,4- benzoquinone 

21.1.115. N-Methyl-4-carbomethoxy-py+ 

N- Methy l-"-car bomethoxy -py + 

.) I .1.116. N-lv!ethyl.4-carboxylato-(py+) 
zwitterion 

N- Methy l-4-carboxy lato-(py +) 
zwitterion 

211.117. N-Methyl .. !-carboxy-py+ 

21.1.118. N-Methyl."-cyano-py+ 

N- :VIet hy 1·4-cy ano-py + 

~1 1.119. N-Methyl-N'-hexadecyl-vio"+ 

Solvent 

H~O/EtOH 
(3/1) 

H2O/EtOH 
(1.9/1) 

H~O 

H2O 

AN 

AN 

DMF 

H2O 

HcO 

H~O 

H2O 

H"O 

H~O 

H2O 

H2 O 

Solution ;"fedium 

0.002 mol/L 
NaOH 

0.002 mol/L 
NaOH 

0.002 mol/L 
NaOH 

0.03 mol/L 
ACbuf; pH 5 

0.5 mol/L Pbuf; 
pH 5 

0.1 mol/L TBAP 

0.03 mol/L 
ACbuf; pH 

0.5 Pbuf; 
pH 5 

0.03 mol/L 
ACbuf; pH 5 

0.5 mol/L Pbuf; 

0.5 Phuf; 
0.5 

0.03 mol/L 
ACbuf; pH 5 

0.5 mol/L Pbuf; 
pH 

Comments 
1 s-l 

23 3.9 A 109 LP/LUM/AVE; 1'0 = 0.74 
f.Ls; RT; f = 0.40 

23 3.6 A 10" LP/LUM/AVE; '1'0 = 0.76 
f.Ls; RT; f = 0.46 

23 3.2 109 LP /LUM/ AVE; = O. 
f.Ls; RT; f = 0.51 

1.8 A 109 SS/LUM; 'To air = 0.40 fLs 

(LP /LUM/SST); OT 

1.8 x 109 SS/LUM; 1'a an = 0.40 f.Ls 

(LP /LUM/SST); OT 

25 2.4 /: 107 SS/LUM; 1'0 = 0.85 fLs 

(LP/LUM/AVE); MJi = 13 
kJ/mol; i::J.S+ = -59 
J/mol'K (10-40 "C); LlCi = 
31 kJ/mol; RT; [Q] :s 0.014 
mol/L 

1.8 x 10 10 SS/LUM; RT 

5.0 A 109 SS/LUM; '1'0 air = 0.20 f.LS 

(LP!LUM/AVE); OT 

1.4 A 109 SS!LUM; Taa;r = 0.40 f.LS 

(LP /LUM/SST); OT 

1.9 lOll SS/LUM; 1'0 air = OAO fLS 

(LP /LUM/SST); OT 

5.5 A 107 SS/LUM; Tn air = 0.40 fLS 

(LP /LUM/SST); OT 

5.3 A 107 SS/LUM; TO Jir = 0.40 fLS 

OT 

2.2 A LOg 0.40 JLS 

OT 

1.9 A 109 SS/LUM; Tn air = OAO fLS 

(LP /LUM/SST); OT 

2.1 /. 109 SS/LUM; Toair = 0.40 f.LS 

(LP ILUM/SST); OT 

5.7 A 108 LP /LUM/SST; 1'0 = 0.52 
OT; f = 0.30; linear S-V 

plot for [Q) oS 0.004 mol/L, 
corresponding to CMC 

Ref. 

82A365 

82A365 0 
C 
m 

82A365 Z 
0 
J: 

85E687 Z 
C') 

0 
85E687 " m 

>< 
82A189 0 

~ 
m 
C 
s:: 
rn 
-I 
l> 

84F366 .-
0 

83E170 0 s:: 
"tI 

85E687 .-
m 
>< 

85E587 
m 
CIl 

Z 
85E687 ." 

r c: 
85E587 C 

u: 
C 

85E687 r 
C 

85E587 C 
2 

85E687 

8lN002 



~ 21. Quenching of Ru(bpY)3 organic compounds (except MV·"')-Continued .j::o. 

" 
..... 

::r 01) 
'< 
!II No. Quencher Solvent Solution Medium TrC kq Comments Ref. 0 
::r jL mol- I 5- 1 
m 
;:I 
:II 

Ru(bPY)a l + -Continued (I) 21.1. :"" 
c 21.1.120. Methyl 3-nitrobenzoate TEAP L7 x ::l::ljLUM; "0 = fLS 
!II 

(767009); OT; same kq from .1iI' 
< same lab in 757168 
0 

1.5 x 107 ~ Methyl 3-nitrobenzoate AN SSjLUM; "0 = ..... 
~ (LP /LUMj AVE); 
z kJ/mol; 11s+ = -180 
P J/mo!-K (10-40 ee); I1G* = ..... . 32 kJ/mol; OT; [Q] :s: 0.014 ..... 
CD mol/L Q) 
CD 

21.1.121. Methyl 4-nitrobenzoate TEAP 6.6 108 

OT; from 
same lab in 757168 

21.1.122. 3-Methylphenol H2O 0.05 moljL NaOH 23 4.7 x 108 LP /LUM/ AVE; "0 = 0.60 82A365 
ILs; RT; f = 0.61 :J: 

21.1.123. 4-Methylphenol H2O 0.05 mol/L NaOH 23 1.5 x 109 LP jLUM/ AVE; "0 = 0.60 82A365 0 
." 

f= 0.60 ." 

21.1.124. N-Methylphenothiazine 1.6 x 10" SS/LUM; "0 = 
s:: 

AN 777106 l> 
RT Z 

N-Methylphenothiazine AN 0.1 mol/L TEAP -22 1.6 x 109 SS/LUM; "0 = 0.85 fLS 79C010 
", 
""I 

(767009); RT :b 
N-Methylphenothiazine 1.3 LP !LUM/SST; 0.75 !"'" 

21.1.125. 3-Methyl-4-phenyl-sydnone AN 8 LP /LUM/ AVE; 

2 LL.l26. N-Methyl-N' -(poly-2,4-ionene)- H2O pH 5-7 1.3 x 109 LPjLUM/AVE; OT; f = 85B030 
(vio~+) polycation 0.14; [Q] = 0.001 mol/L 

21.1.127. N-Methylpyrazinium IL = 0.50 2.1 x 109 SS/LUM; "0 = 
OT 

21.1.128. N-Methyl-N -tetradecyl-vio2+ 0.0014 8 LP /LUMjSST; f = 0.3 
(0.05 mol/L CTAC); [Q] = 
5 x 10- 4 mol/L; kq not 
affected by :s:0.05 mol/L 

k = 7 L 
s-'\ for TO = 0.62 fLs 

same lab in 81N002 

N-Methyl-N'-tetradecyl-vio2+ H2 O 0.01 mol/L NaCl; 1.1 x 109 LP jLUM/SST; OT; [Q] = 5 80N025 
IL = 0.011 X 10- 4 moljL 

21.1.129. N-Methyl-vio+ H~O 0.01 moljL Pbuf; 25 7.9 x 108 SSjLUM; TO = 0.6 ILs 78E293 
= 0.1 OT; 

10-4 



TABLE Quenching of Rl1(bpY).,2+ by organic compounds (except MVz~)-Continued 

Quencher Solvent Solution Medium T;oC kq Comments Ref. 
/L mol- 1 s-l 

21.1. RU(bPY)a 2 + -Continued 
21.1130. N-Methyl-vioHs + H2O 0.094 mol/L 25 2.5 x lOt) SS/LUM;.o = 0.60 fLs 78E293 

HCI0 4 ; fL = 0.1 (766404); OT; [Q] = (6-21) 
X 10-4 mol/L 

0 
21.1.131. 1,2-Naphthoquinone DMF 5.1 x 109 SS/LUM; = 0.20 83E170 c: 

m 
OT Z 

21.1.132. 1,4-Naphtlwquinone DMF 4.4 x 10D SS/LUM; = 0.20 83E170 0 
J: 
Z 

21.1. i-N aphthy ldimethylamine AN 18 2 x 106 SS!LUM, FP/LUM/SST; 84E192 C) 

70 air = 0.22 fLs; RT 0 
-n 

1-N aphthy Idirnethy lamine EtOH 18 x 10 7 SS/LUM, FP/LUM/SST; 84E192 m 
70 air = fLS; RT >< 

0 
21.1. I-N aphthylphenylamine AN 18 3.5 x 107 SS/LUM, FP /LUM/SST; 84E192 ::::j 

70 air = 0.22 fLS; RT m 
C 

I-N aphthylphenylamine EtOH 18 3.4 x 108 SS !LUM, FP /LUM/SST; 84E192 s:: 
'To a1r = J1.s; RT m 

-I 
21.1.135. 2-Naphthylphenylamine AN 18 1.8 x 107 SS!LUM, FP!LUM/SST; 84E192 l> 

r-7 0 .'11[' = fLS; RT 0 
2-N aphthy I phenylamine EtOH 18 3.1 X 108 SS/LUM, FP/LUM/SST; 84E192 0 

70 air = 0.29 fLs; RT s:: 
"'C 

21.1.136. Nile Blue Ethylene 22 1.2 x 109 SS/LUM; = 0.84 fLS 83E052 r-m 
glycol (LP/LUM/AVE); ET; >< m 

CIl 
;\file Blue A Glycerol 22 2.8 )( 108 SS/LUM; 70air = 0.89 fLs 83E052 2 

(LPjLUM/AVE); ET; [Q] = "T 
0.001 mol/L I 

1J C 
:::r Nile Blue MeOH 22 2.5 x lOll SS/LUM; "'0 = 0.77 fLs 83E052 c: '< 
!" (LP jLUM/AVE); ET; CI 
(") 

(2.5-20) 10- 4 mol/L C :::r 
t'Il r 
? 21.1. 3-Nitro benzaldehyde AN 0.1 mol/L TEAP -22 4.9 x 107 SS/LUM; 70 = 0.85 fLs 79C010 C 

(767009); OT; same kq from C same lab in 757168 :2 
C 
I)) 21.1.138. 4-Nitrobenzaldehyde AN 0.1 mol/L TEAP ~22 2.0 )( 109 SS/LUM; TO = 0.85 fLs 79C010 .c; 

(767009); same kq 
< 
~ same lab in 757168 

21.1. !\itrobenzene AN 0.1 mol/L TEAP -22 2.2 x 105 SS!LUM; 'To = 0.85 fLs 79C010 

z (767009); OT; Same kq from 
!=l same 757168 
.~ 

~ 

'" Ql 
to 



~ TABLE 21. Quenching of Ru(bpY)3 2 + by organic compounds (except My2+)-Continued ~ 

"V ~ 

~ 0 
'C 
!II No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
0 
~ /L mol-I s- I 
& 

? 
::a 

Ru{bPY)a ll+ -Continued & 21.1. :-
c Nitrobenzene H2O 22 3.5 x 109 SS/LUM; TO = 0.60 JLs 78A219 
III (766014); OT; [Q] = (1-15) J;; 
< x 10-4 mol/L 

~ Nitrobenzene H2O 0.0064 mol/L PYS 22 2.1 x 109 SS/LUM; TO = 0.60 JLs 78A219 ..... 
(766014); OT; [Q] = (1-15) !to 

z x 10-4 mol/L 
0 
_ ..... Nitrobenzene H::O 7.0 x 10° LP /LUM/SST; TO = 0.59 JLs 85NI64 

co Nitrobenzene H2O 9.4 x 10-5 mol/L 7.3 x 109 LP /LUM/SST; TO = 0.59 JLs 85NI64 
CD co PMA; pH 2 

Nitrobenzene H2O 9.4 x 10-.5 mol/L 3.6 x 109 LP /LUM/SST; TO = 0.67 JLS 85NI64 
PMA; pH 7 

Nitrobenzene H:P 9.4 x 10-5 mol/L 5.0 x 109 LP /LUM/SST; TO = 0.59 JLs 85NI64 
PMA; pH 9 :J: 

21.1.140. 4-Nitrobenzoate ion H2O Pbuf; pH 5.8; JL = 25 4.7 x 109 SS/LUM; TO = 0.60 JLS 80F058 0 
'TI 

0.10 (LiCI0 4) (747635); OT; [Q] = (5-50) 'TI 
x 10-4 mol/L 3: 

:J> 
21.1.141. 4-Nitro-bpy H2O 0.33 mol/L 2.6 x 109 SS/LUM; TO = 0.60 JLS 82F048 Z 

Na2S04; 0.028 (LP /LUM/SST); OT .." 
mol/L NaHS0 4 ; JL ..... 

~ = 1.0 !"" 
21.1.142. 1-Nitro-4-nitrosobenzene AN 0.1 mol/L TEAP -22 9.2 x 10° SS/LUM; TO = 0.85 JLS 79COI0 

(767009); OT; same kq from 
same lab in 757168 

21.1.143. 4-Nitrotoluene AN 0.1 mol/L TEAP <3 x 105 SS/LUM; TO = 0.86 JLs 757168 
(SL/LUM/SPC) 

21.1.144. OrgQuel H2O ACbuf 3.6 x lOll SS/LUM 85FOOI 

21.1.145. OrgQue2 H2O ACbuf 3.2 x 109 SS/LUM 85FOOI 

21.1.146. OrgQue3 H2O ACbuf 3.7 x 109 SS/LUM 85FOOI 

21.1.147. OrgQue4 H::O ACbuf 4.0 x 109 SS/LUM 85FOOI 

21.1.148. OrgQue5 H2O ACbuf 3.7 x 109 SS/LUM; [Q] S 0.003 85FOOI 
mol/L 

21.1.149. OrgQue6 H::O ACbuf 4.1 x lOll SS/LUM 85FOOI 

21.1.150. OrgQue7 py/MeOH 1.7 x lOll SS/LUM; TO = 1.0 JLs 84F069 
(10/1) (LP /LUM/SST) 

21.1.151. OrgQue8 AN 0.1 mol/L TBAP 5.5 x 10° SS/LUM; OT, ET? 84F159 

21.1.152. OrgQue9 AN 0.1 mol/L TBAP 3.5 x 10° SS/LUM; OT, ET? 84F159 

21.1.153. OrgQuel0 AN 0.1 mol/L TBAP 3.8 X 109 SS/LUMj OT, ET? 84FI59 



TABLE 21. Quenching of Ru(bpy)/+ by organic compounds (except My2+)-Continued 

Noo Quencher Solvent Solution Medium TrC kq Comments ReL 
mol- 1 S-I 

21.1. Ru(bpy)g 2+ -Continued 
21.1.1540 Oxazine 1 Ethylene 22 1.0 10 9 SS/LUM; 70 = 0084 ILS 83E052 

glycol (LP/LUM/AVE); ET; [QI = 
00001 mol/L 0 

Oxazine 1 Glycerol 22 301 x 108 SS!LUM; 'To"ir = 0089 fLs 83E052 c: 
ET; [Q] = m z 

0 

205 x 109 
:::J: 

Oxazine 1 MeOH 22 SS!LUM; 'To = 0077 fLS 83E052 Z 
(LP/LUM/AVE); ET; [Q] = G') 
(H-20) 10-.1 mol/L 0 

21.1.1550 9,10-Phenanthrenequinone DMF 401 109 SS/LUM; 'To·,;r = 0020 83E170 
"T1 
m 
>< 

21.1.1560 phenH- H~O fL = 005 (N aHSO 4' 25 1.3 x 108 SS!LUM; 'To = 0.60 fJ-s 83COl7 
0 
:::j 

Na~S01) (766404); OT; [Q] = (5-50) m 
x 10- 4 mol/L; kq from pH C 
dependence of Ksv s:: 

m 
phenH+ H~O fJ- = 05 (HOI, 25 L8 ;~ 108 SS/LUM; 'To = 060 fLs 83C017 -t 

NaCl) (766404); OTt [Q] = (5-50) l> 
r-

x 10- 4 mol/L; kq from pH 0 
dependence of Ksv 0 

21.1.157. phenH::~+ HsO fJ- = 0.5 (HOI, 25 9.2 x 108 SS/LUM; 'To = 0.60 fLS 830017 
s:: 
"tI 

NaC\) (766404); OT; [Q] = (5-50) r-
m 

x 10- 4 mol/L; kq from pH X 
dependence of Ksv m 

en 
~1.1.158. Phenol H~O 0.05 mol/L NaOH 23 1.2 x 10 8 LP/LUM/AVE; 'To = 0.60 82A365 Z 

= 34 kJ/mol; .." 
= 0.53 r-

"'C 
SS/LUM; 'To",;r = 0.15 fJ-s 

c: 
:T .J 1.159. P henoLhiazine AN 0.1 mol/L TEAP ~22 4.1 x lOll 78E518 
'< - C 

CJ> (SL/LUM/SPC); RT 
C1 

en 
:T Phenothiazine AN fJ- = 2 X 10-'\ 5.5 x 10 9 LP ILUM/SST, 85A248 C 
ro r-
~ 'TO"'I! = 0.16 fLs; RT c: 
::Il 

..., 
~ 

Phenothiazine MeOH 5.6 x 10 9 LP ILUM/SST; TO 0.75 777296 C 
0 

!LS; RT 2 
ru .J 1.160. cis-1-Pheny 1-2-(Me-4-pyl)ethene RiO 2.9 x 107 SS/LUM; 'To = 0.69 fJ-S ¥ 82F153 

<: cation (717111); OT 
0 
;- ~ 1.1.161. trans-t· P henyl-2-(2-pyridyl)ethene C6H6/EtOH 25 4.5 x 106 SS/LUM; 'To = 0.69 fJ-S 736244 

5:1> (15/1) (717111); ET 
z 

~1 1.1620 trans-l-Phenyl-2.(4-pyridyl)ethene °6Htl/EtOH 4.3 x lOti SS/LUM; 'To = 0.69 fJ-S 9 25 736244 
...... (15/1) (717111); ET 
~ 

1.2 x 109 <D ~1.1.163. 3-Phenyl.sydnone AN 24 LP!LUM!AVE; ET 86A380 .I: 
CD 1\ 
<D 



~ TABLE 21. Quenching of Ru(bpY}3 a by organic compounds (except MV2+}-Continued .c. 

" 
~ 

:::T ~ 
'< 
!II No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
0 
:::T /L mol- I 5- 1 
CD 

1:1 
21 

Ru(bPY)a ll+ -Continued CD 21.1. :"" 
C 21.1.164. PolyViol H2O 2.7 ;.( 108 SS/LUM, LP/LUM/SST; 82N117 
III OT; [Q! = 0.001-0.004 .. 
!' 

mol/L; [Q! based on < 
~ viologen units ... 

21.1.165. PolyVio2 H2O 8.7 x 108 SS/LUM; TO = 0.60 ILs 81S011 !JO 
z (766404); OT; [Q! $ 0.002 
~ mol/L; [Q! based on 
~ viologen units ... 
co 

1.6 X 108 LP/LUM/AVE; OT;!= GIl 21.1.166. PolyVio10 H2O pH 5-7 85B030 co 
0.12; [Q! = 0.001 mol/L; 
[Q! based on viologen units 

21.1.167. PolyVio11 H2O pH 5-7 5 x 107 LP/LUM/AVE;OT;!= 85B030 
0.57; [Q! = 0.001 mol/L; 
[Q! based on viologen units :::I: 

PolyVio11 H2O 2 x 10-4 mol/L 1.1 x 108 LP/LUM/AVE; OT; [Q! = 85B030 0 
Fe(CN)63-; pH 5- 0.001 mol/L; [Q! based on ~ 
7 viologen units i: 

~ 
21.1.168. PolyVio12 H2O pH 5-7 1.1 x 108 LP/LUM/AVE; OT;!= 85B030 Z 

0.15; [Q! = 0.001 mol/L; h1 
[Q! based on viologen units .... 

~ 
21.1.169. PolyVio13 H2O pH 5-7 1.0 x 108 LP/LUM/AVE; OT;!= 85B030 !'" 

0.16; [Q! = 0.001 mol/L; 
[Q! based on viologen units 

PolyVio13 H2O 2 x 10-4 mol/L 1.4 x 108 LP /LUM/ AVE; OT; [Q! = 85B030 
Fe(CN)63 -; pH 5- 0.001 mol/L; [Q! based on 
7 viologen units 

21.1.170. PolyVio14 H2O 3.1 x 108 SS/LUM, LP /LUM/SST; 82N117 
OT; [Q! = 0.001-0.004 
mol/L; [Q! based on 
viologen units 

21.1.171. py H2O pH 4-5; IL = 0.50 25 <1 x 107 SS/LUM; TO = 0.60 ILs 776405 
(NaCl) (766404) 

py H2O 0.01 mol/L Pbuf; 25 $3 x 107 SS/LUM; TO = 0.6 ILs 78E293 
pH 5.6; IL = 0.1 (766404); OT; [Q! = 0.0025 
(LiClO 4) mol/L; Q partially 

protonated 

21.1.172. pyH+ H2O Pbuf; pH 5.8; IL = 25 <1 x 107 SS /LUM; TO = 0.60 ILs 80F058 
0.10 (LiClO 4) (747635); OT; [Q! = (5-50) 

x 10-4 mol/L 



TABLE 2 Quenching of Ru(bpyj"h by organic compounds (except MYZ+)-Continued 

No. Quencher Solvent Solution Medium kq Comments Ref. 
/L mol- I s- I 

21.1. Ru(bPY)a 2+ -Continued 
2l.l.173. Pyrazinecarboxylic acid H2C pH 4-5; = 0.50 25 1.8 A 109 SS /LUM;70 = 0.60 fLs 776405 

(NaCI) (766404); OT 

21.1.174. Rhodamine 101 Ethylene 22 5.5 A 108 SS /LUM; "0 = 0.84 fLS 83E052 " glycol (LP /LUM/ AYE); c: 
0.001 mol/L m 

Z 
Rhodamme 101 Glycerol 22 7 A 107 SS/LUM; "o"ir = 0.89 fLS 83E052 0 

J: 
ET; [Q] = Z 

C> 
Rhodamine 101 MeOH 22 8.5 A 108 SS/LUM; TO = 0.77 fLS 83E052 0 

(LP/LUM/AVE); ET; [Q] = ." 
m 

(2.5-20) A 10-' mol/L; kq >< 
= 9 X 108 L mol- I S-I for 0 
S5/LUM (see Mech. [6]) :::j 
from same lab in 80E412 m 

C 
21.1.175. trans-Stilbene C 6H6 /EtOH 25 2.1 A 106 SS/LUM; 'To = 0.69 fLs 736244 s::: 

(15/1) (717111); ET; [Q] = 0.01- rn 
-I 

0.06 l> 
6.9 A 109 S5 /L UM; 70 air = 0.20 f.lS 

r 
21.1.176. Tetrachloro-1,4- benzoquinone DMF 83E170 0 

(LP/LUMjAVE); OT 0 
1.1.177. Tetrachloro-1,2- benzoquinone DMF 7.2 A 100 SS/LUM; "o"ir = 0.20 fLS 83E170 s::: 

"tI 
(LP/LUM/AVE); OT r 

m 
2l.l.178. Tetracyanocthene AN 0.1 mol/L TEAP 25 1.5 A 10 10 SS!LUM; OT 77F920 >< rn 

1.1.179. Tetramethy 1-1,4- benzoquinone AN 25 3.9 A 10° SS!LUM; 'To = 0.85 fLS 82A189 CJ) 

(LP/LUM/AVE); :lif = Z 
-8.6 kJ / mol; ::"st = -90 ." 
J/mol-K (10-40 =C); :lG+ = r 

"'C c: 
~ 18 kJ/mol; OT; [Q] oS 0.014 '< C !II mol/L en (") 
::::r Tetramet hy 1-1 ,4- benzoquinone AN 3.3 A 109 LP jLUM!SST; OT 80N138 0 
(1) r 
;3 Tet.ramet hy 1-1 ,4- benzoquinone DMF 204 A 10° SS/LUM; ,.o"ir = 0.20 fLS 83E170 C 

""'" 
:0 

(LP /LUM/ AVE); OT a ~ 
c 2l.1.180 N,N' -(Tetramethylene)-bpy 2+ H.,O 0.17 moljL 25 5.0 A lOB SSjLUM or LP/LUM/SST; 82A145 Z 
! -
III Na"SO.t; fL = "0 = 0.60 fLs (765404); OT; . 

[Q] = (3-50) X 10-4 mol/L < 
~ N. N' -( Tetramethylene)- bpy:l+ H~O 0.5 moljL ACbuf; 3.2 A 108 LP jLUM/SST; "0 = 0.69 80A247 .... 
.0> pH 5 11-8 ; same kq from same 
Z lab in 82C019 
? 
:-" .l.181. N, N' -(Tetramethylene )-4,4'- H~O 0.5 mol/L ACbuf; 9.6 A 107 LP /LUM/SST; "0 = 0.69 80A247 ... dimethyl-bpy"+ pH tLS ; same kq from same 10 ,1:0 
0> lab in 82C019 I\: 10 c,; 



~ TABLE 21. Quenching of Ru(bpy). H by organic compounds (except MV2+)-Continued .Iloo 
N 

"U .Iloo :::F 
'< 
!'J No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
(') 
:::F /L mol- I s-I 
CD 

13 
:JI 

Ru(bPY)a 1+ -Continued CD 21.1. :"" 
0 21.1.182. N,N-(Tetramethylene)-phen2+ H2O 0.5 mol/L ACbuf; 2.1 x 108 LP /LUM/SST; TO = 0.69 82C019 
III pH 5 IJ.s; OT; same kq from same -JII lab in 83N211 < 
~ 21.1.183. N,N ,2,2'-Tetramethyl-vio2+ H2O ACbuf; pH 5 22 6.9 x 108 SS/LUM; TO = 0.64 IJ.s 82S257 .... 

(80S001); OT; same kq from ~ 
Z same lab in 82F316 
~ 

21.1.184. N,N ,3,3'-Tetramethyl-vio2 + ~ H2O ACbuf; pH 5 22 8.8 x 107 SS/LUM; TO = 0.64 IJ.s 82S257 
.... (80S001); OT 
CD co 

21.1.185. Tetrathiafulvalene MeOH 1.1 x 10 10 LP/LUM/AVE; RT; [Q] = 82N068 CD 

(5-50) x 10-4 mol/L 

21.1.186. Triethanolamine DMF 1.7 x 105 SS/LUM; TO = 0.67 IJ.s; RT? 86F230 

Triethanolamine H2O 0.17 mol/L 25 <2 x 105 SS/LUM or LP /LUM/SST 81N003 
NazS04; IJ. = 0.5 ::J: 

21.1.187. 4-(Triethylphosphonio)-bpy cation H2O 0.33 mol/L 2.3 x 108 SS/LUM; TO = 0.60 IJ.s 82F048 0 
." 

Na2S04; 0.028 (LP /LUM/SST); OT ." 
mol/L NaHS0 4; IJ. i: 
= 1.0 l> 

Z 
21.1.188. 4,N,N-Trimethylaniline AN 0.1 mol/L TEAP -22 1.1 x 109 SS/LUM; To"ir = 0.15 IJ.s 78E518 ..., 

(SL/LUM/SPC); RT "i 
:b. 

4,N,N-Trimethylaniline AN 0.1 mol/L TEAP -22 1.5 x 109 SS/LUM; TO = 0.85 IJ.S 79C010 !"" 
(767009); RT 

4,N,N-Trimethylaniline AN -23 1.5 x 109 LP/ABS/SST; TO = 0.86 IJ.S; 81E203 
RT 

4,N,N-Trimethylaniline AN 25 1.2 x 109 SS/LUM; TO = 0.85 IJ.S 82A189 
(LP /LUM/ AVE); Ad = 3.3 
kJ/mol; !lsi = -60 . 
J/mol·K (10-40 =C); !lG" = 
21 kJ/mol; RT; [Q] S 0.014 
mol/L 

4,N,N-Trimethylaniline AN IJ. = 2 X 10- 4 1.3 x 109 LP (LUM/SST, SS/LUM; 85A248 
TO"" = 0.16 IJ.s; RT 

4,N,N-Trimethylaniline MeOH 25 2.6 x lOll SL/LU~/SPC; TO = 0.67 83E623 
IJ.S; JoG" = 19 kJ/mol; RT 

4,N,N-Trimethylaniline MeOH 9.9 x 108 SS/LUM; "0 = 0.83 IJ.S 84F069 
(LP /LUM/SST) 

21.1.189. Trimethyl-l,4-benzoquinone H2O 0.005 mol/L Pbuf; 2.4 x 109 SS/LUM or LP /LUM/SST; 81A042 
pH 6.9; IJ. = 0.04 "0 = 0.63 IJ.S; OT; f = 

<0.01; [Q] = (2-20) x 10-4 

mol/L 



TABLE 21. Quenching of Ru(bpY),2+ organic compounds (except 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- 1 S-l 

21.1. RU(bpY)Jl2+ -Continued 
21.1.190. 1,2,3·Trimethyl·5,6· AN 25 2.0 x 108 SL/LUM/SPC, SS/LUM; TO 86F060 

dicyanonorbornadiene = 0.86 ~s; ET; [Q] 0.015 
mol/L 0 

21.1.191 Trimethy 1·1,4·dihydroxy benzene H2 O 0.005 mol/L Pbuf; < X SS/LUM or LP /LUM/SST; 81A042 c: 
m 

pH 6.9; ~ = 0.04 70 = 0.63 fLS; RT Z 
21.1.192. N,N' .(Trimethylene ).4,4'. bis( 4· H2O J.l. = 0.1 (TBAC) 25 1.5 A 10 9 SS/LUM; TO = 0.58 ~s 85S182 

0 
::I: 

sulfonatophenethyIHbpy 2+) (82E392); OT; 0.0015 Z 
zwitterion mol/L C) 

21.1.193. N,N' ·(Trimethylene ).b py 2+ H2O 1.3 A 109 SS/LUM; '0 = 0.6 fL'; OT; 78A269 
[Q] = (2.10) X 10- 4 mol/L m 

N, N' ·(Trimethylene ).b py 2+ H2O 0.5 mol/L ACbuf; 5. A 108 LP /LUM/SST; 'To = 0.69 80A247 >< 
0 

pH 5 ~s; OT; same kq from same =i 
lab 82C019 m 

194. N,N'·(Trimethylene).4,4'. 4.0 A 108 LP /LUM/SST; 'To = 0.69 
0 

21. H2O 0.5 mol/L ACbuf; 80A247 is: 
dimethy 1· bpy 2+ pH 5 ~s; OT; same kq from same m 

lab in 82C019 -I 
> 

21.1196 N, ·(Trimethy lene )-4, 7 -dimethy 1- HzO 0.5 mol/L ACbuf; 1.1 x 10" LP /LUM/SST; TO = 0.69 82C019 r 
phen"+ pH 5 ~s; OT; same frOID same 0 

0 lab in 83N211 is: 
21.1.196. N,N' .(Tri methylene ).4,4'. H2O (TBAC) 1.3 A S8jLUM; 'To = 0.58 f.Ls 858182 "tI 

r 
diphenethyl. bpy 2+ (82E392); OT m 

>< 
21.1.197. N,N' -(Trimethylene)·4, 7-diphenyl- HoO 0.5 ACbuf; 1.7 A LP /LUM/SST; "0 = 0.69 82C019 m - CJ) 

pH 5 ~s; OT; same kq from same 
lab 83N211 Z 

31.1198. N, .( T rimethy lene )-5- methoxy. H2O ACbuf; pH 5 4.3 A 108 SS/LUM; "0 = 0.64 ~s 82S257 
'TI 

~ 22 r 
"1J bpyz+ (805001); OT c: 
::T 0 '< 21.1.199. N,N' -(Tri methylene).6-methyl. H2O ACbuf; pH 5 5.1 A 108 SS/LUM; "'0 = 0.64 feS 82S257 !" en 
(') bpy2+ (805001); OT a 
::T r (!) 

21.1.200. N,N .(Trimethylene).phen 2+ 2.2 x 109 LP /LUM/SST; "0 = 0.69 82C019 ? HzO 05 ACbuf; c: 
pH 5 ~s; OT; same kg from same -I 

:0 i5 ~ lab in 83N211 
Z 

0 2 .201 N,N -(Trimethylene)-4,4' ,5,5'· H~O ACbuf; pH 5 22 3.1 A 108 SS/LUM; "0 = 0.64 ~s 828257 III 
jr tetramethy 1- bpy 2+ (80S00l); OT 
< 21.1.202. 2,1,6·Trimethylphenol H~O 0.05 mol/L NaOH 23 1.6 x 109 LP/LUM/AVE;TO = 0.60 82A365 ~ .... ~s; RT; = 0.36 
ex> . 

21.1. 203. N,N' ,2· T'imethyl-vio2+ Z HzO ACbuf; pH 22 8.0 A 108 S8!LUM; "0 = 0.64 fLS 82S257 
? (80S001); OT 
..... 

21.1.204. Triphenylamine AN 0.1 mol/L TEAP -·22 9.5 A 105 SS/LUM; TO = 0.85 f.LS 79COIO .... 
.,I:> ID (767009); RT ex> N 

ID U1 



~ 
"a 

~ 
(') 
:::r 
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TABLE 21. Quenching of Ru(bpY)a 2+ by organic compounds (except MV2 +)-Continued 

No. Quencher 

21.1. Ru(bPY)a 1+ -Continued 
Triphenylamine 

21.1.205. vioH+ 

21.1.206. vioH22+ 

21.2. (+)D-Ru(bpy).I+ 
21.2.1. N-Methyl-N -[(3S)-( - )-3-

pinanylmethyl]-vio2+ 

21.3. (-)D-Ru(bpy)?+ 
21.3.1. N-MethYI-N-[(3S)-~-)-3-

pinanylmethyl]-vio + 

Solvent 

AN 

H20 

H20 

H20 

H20 

Solution Medium T;oC 

.... = 2 X 10-4 

0.02 mol/L 25 
ACbuf; pH 4.6; JL 
= 0.1 (LiCI0 4) 

0.094 mol/L 25 
HCI04 ; JL = 0.1 

kq 
/L mol- 1 S-I 

1.1 X 107 

5.4 X 108 

1.7 x 109 

3.3 X 108 

2.0 X 108 

Comments 

LP ILUM/SST, SS/LUM; 
'To"" = 0.16 JLs; RT 

SS/LUM; 'To = 0.6 JLs 
(766404); OT; [Q] = (8.3-
21) x 10-4 mol/L 

SS/LUM; 'To = 0.60 .... s 
(766404); OT; [Q] = (4.2-
21) x 10-4 mol/L 

LP /LUM/SST, SS/LUM; 
OT; 54% enantiomeric 
purity of S 

LP /LUM/SST, SS/LUM; 
OT; 92% enantiomeric 
purity of S 

Ref. 

85A248 

78E293 

78E293 

83A402 

83A402 

.. 
I\) 
en 

~ o 
." 
." 
s::: ,.. 
z 
r" .... 
~ 
!"" 



TABLE Quenching of Ru(bpY)3 by My2+ 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- 1 S-l 

22.1. RU(bPY)a 2+ 
22.1.l. My2+ AN 0.1 mol/L TEAP ~22 2.4 )( 109 SS/LUM; 'To = 0.85 flS 79C010 

(767009); OT, same kq 
from same lab in 747159; kq 
for only C 

My2- AN 2.8 X 109 EMI; 'To = 0.85 flS 776441 C 
m 

(SL/LUMjSPC); OT Z 
0 

:'vfyh AN 0.1 mol/L TBAP 2.4 x 109 SS/LUM; 'To = 0.85 flS 767009 :I: 
(FP /LUM/SST); OT Z 

My2+ AN 0.1 mol/L TBAP; 2.0 10 9 LP /LUM/SST; OT; 82Alll 
G') 

0 
fl = 0.1 0.42 "T1 

My2+ AN/BuN 0.1 mol/L TEAP 25 2.8 109 SS/LUM; OT 77F920 m 
>< 
0 

My 2 + AN/H 2O 8 LP /LUM/SST; OT; f = 82A111 =i 6.8 x 10 m 
(19/1) 0.35 0 

My2+ Acetone/H2 O 0.022-0.072 mol/L 25 1.1 x 10° SS/LUM; 'To = 1.1 86F346 s:: 
(2.3/1) Cl- (LiCl) (eval'd); OT; [Q] = 0.005 m 

-I 
mol/L; kq for S-Cl- ion- l> 
pair, see Mech. [12]; Sand r 

0 Q as Cl- salts 0 
MY'" Acetone/H2 O 0012-0062 mol/L 25 8.4 x 109 SS/LUM; 'To = 1.1 fLs 86F346 s:: 

"'C 
= 0.005 r 

mol/L; kq for S-I- ion-pair, m 
>< see Mech. [12]; and Q m 

Cl- salts CJ) 

MY:': + Acetone/H2 O 0.022-0.072 mol/L 25 6.1 108 SS/LUM; 'To = 1.1 fls 86F346 
(1.5/1) Cl- (LiCI) (eval'd); OT; [Q] = 0.005 "T1 

~ r 
"'C mol/L; kq for S-Cl- lon- e: 
:::T pair, see Mech. [12]; Sand 0 '< 
!" Q Cl- salts en 
0 0 :::T MYc , Acetone/H2O 0012-0.062 mol/L 2.9 x 10° C1) 25 SSjLUM; 'To = 1.1 86F346 r 
3 (1.5/1) LiI (evaI'd); OT; [Q] = 0.005 e: 

-I 
:II mol/L; kq for S-I- ion-pair, (5 C1) 
:"" see Mech. [12]; and Q Z 
C 
III Cl- salts 
iil' My2-'- 3.5 x lOS LP /LUM/SST, SS/LUM; 'To 
. EtOH 22 80S001 < 
~ = 0.90 OT 
--" My2- EtOH/H2 O 2.7 X 108 SL/LUM/SPC or 86A140 .= 
Z (5.7/1) LP ILUM/SST; TO = -0.9 
P fls; OT; [Q] = (0.05-1) x 

.--" 10- 2 mol!L 
--" 
<D .j:o,. 

= N 
<D .... 



~ TABLE 22. Quenching of Ru(bpy)/+ by My2+-Continued ~ 
N 

'1:1 CO 
':Z 
'< 
!I No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
0 /L mol- 1 S-1 ':Z • l! 
21 

33.1. Ru(bPY)a ll+ -Continued ~ 
C 

My2+ H2O ACbuf; pH 5; f.L = 20 9.6 X 108 LP /LUM/SST; TO = 0.64 85F222 .. 0.1 (NaClO 4) f.Ls; OT .. 
l' 

My2+ 9.6 X 108 < H2O ACbuf; pH 5 22 SS/LUM; TO = 0.64 f.Ls 82S257 
~ (80S001); OT; same kq from 
-" same lab in 82F316, !» 
z 83A008, 83N214, and 
!:I 80S001 
-" - My2 + H2O f.L = 0.027 (NaCl) -23 5.6 x 108 LP /LUM/SST; TO air = 0.40 79F442 -" 
CD 

f.Ls; OT; [Q] :$ 0.009 mol/L CD 
CD 

My2+ H2O f.L = 0.20 -23 3.7 X 109 LP /LUM/SST; TO air = 0.38 79F442 
(NaClO 4) f.Ls; OT; [Q] :$ 0.024 mol/L 

MYz+ H2O f.L = 0.23 (NaCl) -23 1.5 X 109 LP /LUM/SST; TO a.ir = 0.41 79F442 
f.Ls; OT; [Q] :$ 0.024 mol/L 

~ 
My2 + H2O f.L = 0.52 (NaCl) -23 2.0 X 109 LP /LUM/SST; TO air = 0.41 79F442 0 

f.Ls; OT; [Q] :$ 0.024 mol/L ." 
." 

My2+ HzO f.L = 1.5 (NaCl) -23 3.6 X 10° LP /LUM/SST; TO air = 0.44 79F442 i: 
l> f.Ls; OT; [Q] :$ 0.024 mol/L Z 

MY~+ H2O 0.17 mol/L 25 1.2 X 109 SS/LUM or LP /LUM/SST; 82A145 ." 
Na2S04; f.L = 0.5 TO = 0.60 f.Ls (766404); OT; ..... 

~ 
[Q] = (3-50) X 10-4 mol/L !"" 

My:l+ H2O JJ. = 0 (calc'd, 25 2.8 X 108 SL/LUM/SPC; OT; [Q] :$ 85E617 
Na2S04) 0.001 mol/L 

MY~+ H2O 0.5 mol/L KCl 25 2.1 X 109 SS/LUM; TO = 0.64 JJ.s 83F371 
(83E209); OT 

MY~+ H2O 0.012-0.062 mol/L 25 3.4 X 10° SS/LUM; TO = 0.60 f.LS 86F346 
Lil, KI (78E887); OT; [Q] = 0.005 

mol/L; kq for S-I- ion-pair, 
see Mech. [12]; Sand Q as 
Cl- salts 

MY~+ H2O 0.022-0.072 mol/L 25 1.0 x 109 SS/LUM; "'0 = 0.60 JJ.s 86F346 
Cl- (LiCl) (78E887); OT; [Q] = O.OOS 

mol/L; kq for S-Cl- ion-
pair, see Mech. [12]; Sand 
Q as Cl- salts 

MY~+ H2O 0.0067 mol/L 30 2.5 x 108 SS/QYP; TO = 0.60 JJ.s 81A139 
Pbuf, :$0.2 mol/L (766404); OT; [Q] :$ 0.01 
HSEtOH; pH 7 mol/L; see Mech. [7] 

My'H H::O 0.0067 mol/L 30 2.9 x 108 SS/QYP; TO = 0.60 JJ.S 81A139 
Pbuf, :$0.2 mol/L (766404); OT; [Q] :$ 0.01 
TEOA; pH 7 mol/L; see Mech. [7] 



TABLE 22. Quenching of Ru(bpy):+ by MY"+ -Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol-I 5- 1 

22.!' Ru(bPY)a ll+ -Continued 
MYz+ H2 O 1.0 X 109 LP /LUM/SST; TO = 0.69 80U059 

J.l.s; OT; [Q] = (5-50) X 

10-4 mol/L 

" MV 2 + H2O 1.7 X 109 SS/LUM; TO = 0.60 J.l.s 81S011 c: 
m 

(766404); OT; [Q] :s 0.003 Z 
mol/L; same kq from same 0 
lab in 78A269; kq = 2 X ::I: 
108 L mol-I S-I at 20 cc Z 

with SS/LUM from same 
C) 

0 lab in 80N125 

" MVH H2O 5.4 X 108 LP /LUM/SST; OT; f = 82A111 m 
>< 0.25 0 

MV~+ H2 O 6.2 X 108 LP /LUM/SST; TO = 0.59 J.l.5 85N164 ::::j 
m 

MV2 + H2 O 4.0 X 108 SS/LUM; Toair = 0.41 J.l.S 85A191 C 
(LP /LUM/SST); OT 3: 

m 
MVH H2O 4.5 X 108 SS/LUM; TO air = 0.41 fA-S 86S150 -I 

(SL/LUM/SPC, l> 
r-

LP /LUM/SST); OT; [Q] = 0 
0.005-0.03 mol/L; nonlinear 0 
S-V plot at higher [Q] 3: 

"'D 
MVc+ H~O 4.5 x 108 LP/LUM/AVE; OT; f = 85B030 r-

m 
0.20 >< 

MV~+ H2O fA- = 0 (extrap'd) 1.8 X 108 LP /LUM/SST; TO = 0.55 80N138 
m en 

J.l.S; OT; [Q] :s 0.02 mol/L Z 
MV~+ H"O fA- = 0.5 (NazSO.d 1.4 x 109 SS/LUM; Toair = 0.41 fA-s 85A191 " ~ - r-

" 
(LP /LUM/SST); OT c: 

:::r MV~+ H2O pH 11.0; fA- = 1.0 1.6 X 109 SS/LUM; Toair = 0.41 f1s 85A191 C '< 
!II (Na~SOI) (LP /LUM/SST); OT en n 0 :::r MV~+ H:.:O 0.1 mol/L 2.5 x 109 LP /LUM/SST; OT; f = 82A111 r-(1) 

? c: NaCl0-t; f1 = 0.1 0.20 -I 
JJ 

MV~+ 1.2 X 109 (5 ~ H2O 0.2 mol/L LP /LUM/SST; OT; f = 82All1 

0 N azSO 4; f1 = 0.6 0.24 Z 
Qj 

Jii MVc+ H~O 0.5 mol/L 1.1 x 10° LP /LUM/SST; OT; f = 82A111 
< NazSO'I; J.I. = 1.5 0.22 
~ MV~+ H~O 1 mol/L Na:.:S0 4 ; 1.9 x 10° LP /LUM/SST; OT; f = 82A111 ... 
-= f1 = 3.0 0.16 
z 
~ MV~+ H~O 0.5 mol/L NaCl; f1 1.7 x 109 LP /LUM/SST; OT; f = 82A111 .... = 0.5 0.24 ... 

.j:o. (Q 

= N 
(Q CD 



~ TABLE 22. Quenching of Ru(bpy)/+ by My2+ -Continued ... 
'V 

Co) 

::r 0 
'< 
!'J No. Quencher Solvent Solution Medium T;oC A:q Comments Ref. 
0 
::r /L mol- 1 S-l 
CD 

~ 
::a 

Ru(bPY)a ll+ -Continued CD 22.1. 
:"" 
C My2+ H2O 1 mol/L NaCl; IL 2.5 x 10° LP /LUM/SST; OT; f = 82A111 
III = 1.0 0.20 -,!II 
< My2+ H2O 2 mol/L NaCl; IL 2.3 x 10° LP /LUM/SST; OT; f = 82A111 
~ = 2.0 0.19 .... 
~ My2 + H2O 0.5 mol/L NaN03 ; 2.0 x 10° LP /LUM/SST; OT; f = 82A111 
z IL = 0.5 0.20 ~ 
~ My2+ H2O 1 mol/L NaN03 ; 2.2 x 10° LP /LUM/SST; OT; f = 82A111 .... 
co IL = 1.0 0.16 
at co My2+ H2O 0.5 mol/L HzSO 4 1.7 x 10° LP /LUM/SST; OT; f = 82A111 

0.24 

My2+ H2O 0.001 mol/L 1.2 x 10° SS/LUM; Toair = 0.41 ILs 85A191 
EDTA; pH 4.7; IL (LP /LUM/SST); OT 
= 0.5-0.6 :z: 
(NaZS04) 0 

My2+ H2O 0.01 mol/L EDTA; 1.4 x 10° SS/LUM; Toair = 0.41 ILs 85A191 ." 
." 

pH 4.7; IL = 0.5- (LP /LUM/SST); OT s:::: 
0.6 (Na2S04) 

,. 
Z 

My2+ H2 O 0.1 mol/L EDTA; 1.5 x 10° SS/LUM; Toair = 0.41 ILs 85A191 hi 
pH 4.7; IL = 0.5- (LP /LUM/SST); OT ""t 
0.6 (Na2S0'1) ~ 

!"" 
MY~+ H2O 5 X 10-5 mol/L 1.3 x 10° SS/LUM; Toair = 0.41 ILs 85A191 

EDTA; pH 11.0; IL (LP /LUM/SST); OT 
= 1.0 (Na2S04) 

MY~+ H2O 0.001 mol/L 1.2 x 10° SS/LUM; Toair = 0.41 ILs 85A191 
EDTA; pH 11.0; IL (LP /LUM/SST); OT 
= 1.0 (Na2S04) 

MY:!+ H2O 0.1 mol/L EDTA; 9.5 x 108 SS/LUM; Toair = 0.41 ILs 85A191 
pH 11.0; JL = 1.0 (LP /LUM/SST); OT 

MY:!+ H2O 0.03 moljL 1.0 x 10° SS/LUM; Toair = 0.40 JLs 85E687 
ACbuf; pH 5 (LP /LUM/SST); OT 

MY:! + H2O 0.1 mol/L ACbuf; 6.5 x 108 LP /LUM/SST; OT; f = 82A111 
pH 4.7; IL = 0.1 0.25 

MY:!+ H2O 1 mol/L Na2S04; 1.8 x 10° LP /LUM/SST; OT; f = 82A111 
0.1 mol/L ACbuf; 0.10 
pH 4.7; IL = 3.1 

MY:! + H:!O 0.5 mol/L ACbuf; 1.0 x 10° LP /LUM/SST; TO = 0.69 80A247 
pH 5 JLs; OT; same A:q from same 

lab in 82C019 



TABLE 22. Quenching of Ru(bpy)/+ by MV"+-Continued 

---
No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 

/L mol- 1 s- 1 

22.1- RU(bpYh 2+ -Continued 
MVH H2O ACbuf; pH 5; J.L = 3.3 X 108 LP /LUM/SST; TO = 0.70 82C019 

0.009 J.Ls; OT 

MV2 + H2 O ACbuf; pH 5; J.L = 3.8 X 108 LP /LUM/SST; TO = 0.69 82C019 0 
0.018 J.Ls; OT C 

m 
MVH H2O ACbuf; pH 5; J.L = 5.7 X 108 LP /LUM/SST; 70 = 0.69 82C019 Z 

0 
0.053 J.Ls; OT ::I: 

MV~+ H2 O ACbuf; pH 5; J.L = 7.3 A 108 LP /LUM/SST; 70 = 0.66 82C019 Z 
0.088 J.Ls; OT 

C) 

MVH 1.0 x 109 LP /LUM/SST; 70 = 0.64 
0 

H2O ACbuf; pH 5; J.L = 82C019 ." 
0.18 J.Ls; OT m 

>< 
MVH H2 O 0.05 mol/L 1.2 A 109 LP /LUM/SST; 70 = 0.61 85A431 0 

PHTHbuf; pH 5 J.Ls; OT; [Qj = 0.002-0.02 =i 
mol/L m 

C 
MV2 + H2O 0.005 mol/L Pbuf; 4.6 x 108 SS/LUM or LP/LUM/SST; 81A042 s:: 

pH 6.9; J.L = 0.04 70 = 0.63 J.Ls; OT; f = 0.4 m 
-I 

MV 2 + H2 O 0.5 mol/L Pbuf; 1.3 x 10° SS/LUM; 70,,;r = 0.40 J.Ls 85E687 l> 
r-

pH 5 (LP /LUM/SST); OT 0 
MV~+ H2O 9.4 A 10- 5 mol/L 9.0 X 108 LP /LUM/SST; 70 = 0.59 85N164 0 s:: PMA; pH 2 J.Ls; some SQ ." 
MV~+ H2 O 9.4 x 10-1; mol/L 1.2 x 10 10 LP /LUM/SST; TO = 0.67 85N164 r-m 

PMA; pH 7 J.Ls; some SQ >< m 
MV~+ H2 O 9.4 X 10-5 mol/L 1.4 x 10 10 LP /LUM/SST; TO = 0.59 85N164 en 

PMA; pH 9 J.Ls; some SQ Z 
MV~+ H2O/AN 2.3 x 108 SL/LUM/SPC or 86A140 ." 

~ r-
." (1/1) LP /LUM/SST; TO = -0.9 C 
:::I" J.Ls; OT; [Qj = (0.05-1) x C '< 
!II 10-2 mol/L en 
0 0 
:::I" MV~+ H20/Acetone 0.022-0.072 mol/L 25 6.5 A 108 SS/LUM; 70 = 0.84 J.Ls 86F346 r-ei) 

? (9/1) Cl- (LiCI) (eval'd); OT; [QI = 0.005 C 
-I 

J:I mol/L; kq for S-Cl- ion- 0 ~ pair, see Mech. [121; Sand Z 
C Q as Cl- salts I» 

.S' MV~+ H20/Acetone 0.012-0.062 mol/L 25 3.2 x 10° SS/LUM; TO = 0.84 J.Ls 86F346 
< (9/1) LiI (eval'd); OT; [Q] = 0.005 ~ .... mol/L; kq for S-1- ion-pair, 
~ see Mech. [12]; Sand Q as 
Z Cl- salts ? 
..... 
.... 

01:00 cg 
co Co) 
cg ... 



~ TABLE 22. Quenching of 2+ by My2+ -Continued .a:o. 
(0) 
~ 

Quencher Solvent Solution Medium TrC kq Comments Ref. 
0 
::T /L mol-I s-I 
II 

~ 
:u 

Ru(bpY)3~~~-=Continued II 22.1. 
:"" 

H20/Acetone 0.022-0.072 mol/L 25 4.7 x 108 SS/LUM; TO = 0.95 f.Ls 86F346 
(4/1) Cl- (LiCl) (eval'd); OT; [Q] = 0.005 

< mol/L; kq for S-Cl- ion-

~ pair, see Mech. [12]; S 
.... Qas 
!R 

My2 + X 109 Z H20/Acetone 0.012-0.062 25 SS/LUM; 'to 0.95 f.LS 8t>F346 
!J (4/1) Lil (eval'd); OT; [Q] = 0.005 
:" mol/L; kq for S-I- ion-pair, ...... 
U) see Meeh. [12]; Sand Q as 
~ 
CD Cl- salts 

My2+ H20/Acetone 0.022-0.072 25 x 108 SS/LUM; 'to 1.0 f.LS 86F346 
(2.3/1) Cl- (LiCl) (eval'd); [Q] = 0.005 

mol/L; kq for S-Cl- ion-
pair, see Mech. [12]; Sand 

:::I: Q as Cl- salts 0 
My2+ H20/Acetone 0.012-0.062 25 x 109 SS/LUM; 1.0 f.Ls 86F346 ." 

." 
(2.3/1) Lil (eval'd); [Q] = 0.005 i: 

mol/L; kq for S-I- ion-pair, :J:I< 
Z 

see Mech. [12]; Sand Q as ..., 
Cl- salts .... 

H2 0/Acetone 0.022-0.072 mol/L 25 3.5 x 108 SS/LUM; TO = 1.1 f.Ls 86F346 ~ 

(1.5/1) Cl- (LiCl) ( eval'd); [Q] = 0.005 ~ 

mol/L; for S-Cl- ion· 
pair, sec [12]; S 
Q as Cl- salts 

H20 I Acetone 0.012-0.062 mol/L 25 3.5 x 109 SS/LUM; TO = 1.1 f.Ls 86F346 
(1.5/1) LiI (eval'd); OT; [Q] = 0.005 

mol/L; kg S-I- ion-pair, 
see Mech. Sand 
Cl- salts 

H::O / Acetone 0.022-0.072 mol/L 25 4.0 x 108 SS/LUM; TO = 1.1 f.Ls 86F346 
(Ill) Cl- (LiCl) (eval'd); OT; [Q] = 0.005 

mol/L; for S-Cl- ion-
pair, see [12]; S 
Q as Cl-

H2 0 I Acetone 0.012-0.062 mol/L 25 5.5 A 109 SS/LUM; TO = 1.1 f.Ls 86F346 
(1/1) Lil (eval'd); OT; [Q] = 0.005 

mol/L; kq for S-I- ion-pair, 
see Mech. [12); Sand Q as 
Cl- salts 



TABLE 22. Quenching of Ru(bpY)32+ by My2 + -Continued 

---
No. Quencher Solvent Solution Medium T/oC kq Comments Ref. 

/L mol-I s-I 

22.1. Ru(bPY)a ll+ -Continued 
My2+ HzO/MeOH 0.022-0.072 mol/L 25 7.3 x 108 SS/LUM; 'To = 0.73 j.l.S 86F346 

(9/1) CI- (LiCI) (eval'd); OT; [Q] = 0.005 
mol/L; kq for S-CI- ion- 0 
pair, see Mech. [12]; Sand c: 
Q as CI- salts m 

Z 
MY~+ HzO/MeOH 0.012-0.062 mol/L 25 4.3 x 109 SS/LUM; 'To = 0.73 j.l.s 86F346 0 

(9/1) Lil, KI (eval'd); OT; [Q] = 0.005 ::I: 

mol/L; kq for S-I- ion-pair, Z 
C) 

see Mech. [12]; Sand Q as 
0 CI- salts ." 

MYZ+ HzO/MeOH 0.022-0.072 mol/L 25 5.7 x 108 SS/LUM; TO = 0.80 j.l.s 86F346 m 
>< (4/1) CI- (LiCI) (eval'd); OT; [Q] = 0.005 0 

mol/L; kq for S-Cl- ion- ::j 
pair, see Mech. [12]; Sand m 
Q as Cl- salts C 

s:: 
MY~+ HzO/MeOH 0.012-0.062 mol/L 25 3.1 x 109 SS/LUM; TO = 0.80 j.l.s 86F346 m 

(4/1) Lil (eval'd); OT; [Q] = 0.005 -I 
J> 

mol/L; kq for S-I- ion-pair, r-
see Mech. [12]; Sand Q as 0 
Cl- salts 0 s:: 

MY~+ HzO/MeOH 0.022-0.072 mol/L 25 4.6 x 108 SS/LUM; TO = 0.85 j.l.s 86F346 ." 
(2.3/1) Cl- (LiCl) (eval'd); OT; [Q] = 0.005 r-m 

mol/L; kq for S-Cl- ion- >< 
pair, see Mech. [12]; Sand m en 
Q as Cl- salts 

Z 
MY~+ HzO/MeOH 0.012-0.062 mol/L 25 3.2 X 10° SS/LUM; TO = 0.85 j.l.s 86F346 ." 

~ (2.3/1) Lil (eval'd); OT; [Q] = 0.005 r-
"tI c: 
;:,- mol/L; kq for S-I- ion-pair, 

C '< 
!I' see Mech. [12]; Sand Q as en 
(') CI- salts 0 ;:,-
~ l\IY~ + Hp/MeOH 0.022-0.072 mol/L 25 4.1 x 108 SS/LUM; TO = 0.89 j.l.s 86F346 

r-
3 c: 
Jl (1.5/1) CI- (LiCI) (eval'd); OT; [Q] = 0.005 -I 

~ mol/L; kq for S-CI- ion- 0 
0 pair, see Mech. [12]; Sand Z 
III 

.Dr Q as CI- salts 

< MY~+ HzO/MeOH 0.012-0.062 mol/L 25 2.3 x 109 SS/LUM; TO = 0.89 j.l.S 86F346 
~ (1.5/1) Lil, KI (eval'd); OT; [Q] = 0.005 -.<:1> mol/L; kq for S-I- ion-pair, 
Z see Mech. [12]; Sand Q as 
~ CI- salts .--<Q ~ 
<:I> Co) 
<Q Co) 



~ TABLE Quenching of Ru(bpY)3 My2+ -Continued oIiIo 

" 
CAl 

::T oIiIo 
'< 
fh 

T;oC 0 No. Quencher Solvent Solution Medium kq Comments Ref. 
::T /L mol- I S-I 
CD 

? 
:tI 

Ru(bPY)az+ -Continued CD 22.1. :'" 
C My2 + H2 O/MeOH 0.022-0.072 mol/L 25 3.8 x lOll SS/LUM; "0 = 0.91 f.l.s 86F346 
III 

(1/1) CI- (LiCI) (eval'd); OT; [Q] = 0.005 -III . mol/L; kq for S-CI- ion-< 
~ see Mech. and ... Q as CI- salts 
!» 
Z My2+ H2 O/MeOH 0.012-0.062 mol/L 2.7 SS/LUM; "0 = 
P (1/1) LiI (eval'd); OT; [Q] = 0.005 
~ mol/L; kq for S-I- ion-pair, ... 
II) see Mech. [12]; Sand Q as co 
II) salts 

My2 + MeOHiH.,O 0.022·0.072 mol/L 7.3 SS/LUM; "0 = 
Cl- OT; [Q] 

mol/L; kq for S-Cl- ion-
pair, see Mech. [12]; Sand 

::I: Q as CI- salts 0 
My2+ MeOH/HoO 0.022·0.072 mol/L 5.6 x SSjLUM; "0 = 86F346 "T1 

"T1 
Cl- (LiCl) (eval'd); OT; s::: 

kq for ion- l> 
pair, see Mech. [12]; Sand Z 
Q as CI- salts ." 

""I 
MYz+ MeOH/H2 O 0.012-0.062 mol/L 25 1.2 x 109 SS/LUM; "0 = 0.95 86F346 :b 

Lil (eval'd); OT; = 0.005 F"" 
ion· pair, 

Q as 
Cl- salts 

My 2 + MeOH/HzO 0.022-0.072 mol/L 25 4.4 x 108 SS/LUM; "0 = 0.95 f.l.S 86F346 
(2.3/1) Cl- (LiCl) (eval'd); OT; fOI = 0.005 

MY" MeOH/HzO 0.012-0.062 mol/L 25 5.6 x 109 SS/LUM; "0 = 0.95 f.l.s 86F346 
(2.3/1) LiI, KI (eval'd); OT; [Q] = 0.005 

kq for 8·1- ion-pair, 
Mech. [12]; S Q as 
salts 

My 2 + MeOH/HzO 0.022-0.072 mol/L 25 3.7 x 108 SS/LUM; "0 = 0.93 f.l.s 86F346 
(1.5/1) CI- (LiCl) (evaI'd); OT; [Q] = 0.005 

mol/L; kq for S-CI- ion-
see Mech. [121: and 
CI- salts 



TABLE 22. Quenching of Ru(bpy):+ by My2+ -Continued 

---
No. Quencher Solvent Solution Medium TrC kq Comments Ref. 

/L mol- I s-I 

22.1- RU(bpY)3 z+ -Continued 
MyH MeOH/H2 O 0.012·0.062 mol/L 25 3.3 x lOll SS/LUM; TO = 0.93 Jl.S S6F346 

(1.5/1) LiI, KI (eval'd); OT; [Q] = 0.005 
mol/L; kq for S-I- ion· pair, 

" see Mech. [12]; Sand Q as C 
Cl- salts m 

Z 
0 
::I: 
Z 
Q 
0 
." 
m 

TABLE 23. Quenching of excited samarium complexes >< 
0 
:::j 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. m 
/L mol- I S-I C 

s:: 
m 

Sm3+ 
-I 

23.1- l> 
Inorganic Quenchers r 

0 23.1.1. NdH H2O pH 5.9; Jl. = 0.6 22 <1 x 104 LP /LUM/SST; ET SOES79 0 
23.1.2. Sma+ POCI3 /SnCI1 -10 4.6 x 102 FP /LUM/SST; TO = 3.0 ms; 79E196 s:: 

" (10/1) ET; [Q] s: 0.2 mol/L; TO r 
extrap'd to [S] = 0 m 

>< 
Sm3 + POCI3 /SnCI 4 21 6.0 x 102 FP /LUM/SST; TO = 3.0 ms; 79E196 m en 

(10/1) Ea = 5.4 kJ/mol (-10 to 
Z 55°C); ET; [Q] s: 0.2 

mol/L; TO extrap'd to [S] = ." 
c... r 
1) 0 C 
;,-

Sm3 + S.O X 102 C '< POCI3 /SnCI 4 55 FP /LUM/SST; TO = 3.0 ms; 79E196 :r. en 
r. (10/1) ET; [Q] s: 0.2 mol/L; TO 0 

~ 
extrap'd to [S] = 0 r 

C 
· . Sm(salicylato)Z+ -I 

:t i5 ~ . '.: :"ic Quenchers Z 

~ 
. ~ l. Nd(H~O)n 3+ H2 O pH 5.9; Jl. = 0.6; 22 3.4 x 105 LP /LUM/SST; ET SOES79 

([Sm]+[NdD/[L] = 

< 1000 
2-

- .:: 5.sulfosalicylato)z+ · . · . 
. a: 

Q u.encher. 
Z 
C "d(H~O lel:!-!- H2O pH 5.9; Jl. = 0.6; 22 4.6 x 105 LP /LUM/SST; ET SOES79 
.- ([Sm]+[NdJ)/[L] = 

~ 
1000 0l:Io 

a: Co) 

~ U1 



~ TABLE 24. Quenching of excited terbium complexes ~ 
Co) 

'V a) ::r 
'< No. Quencher Solvent Solution Medium T;oC kq Comments Ref. !II 
0 /L mol- I S-I 
::r 
II 

?I 
Tblll-Aspartic acid :D 34,.1. 

II Inorganic Quenchers :"" 
C 24.1.1. Eulll-Aspartic acid H2 O pH 3.0; 2.6 x 106 (calc) FP /LUM/SST, SS/LUM; TO 79E414 
III 

1 [LJ/([Tb]+[Eu]) = = 0.46 ms; ET; [Q] :s 3 x 

< 5; [Tb] = 0.002 10-4 mol/L; Ksv constant 
~ mol/L for pH 3.0-9.0 
..... 

Eu11I-Aspartic acid !» H2 O pH 4.5; 2.2 x 106 (calc) FP /LUM/SST, SS/LUM; TO 79E414 
z [L]/([Tb]+[Eu]) = = 0.55 ms; ET; [Q] :s 3 x 
!=I 5; [Tb] = 0.002 10-4 mol/L; Ksv constant 
~ ..... mol/L for pH 3.0-9.0 
CD 
GIl Eulll-Aspartic acid H2O pH 5.0; 2.0 x 106 (calc) FP /LUM/SST; TO = 0.59 79E414 CD 

[LJ/([Tb]+[EuD = ms; ET; [Q] :s 3 x 10-4 

5; [Tb] = 0.002 mol/L; some SQ; Ksv 
mol/L constant for pH 3.0-9.0 

Eulll-Aspartic acid H2O pH 7.0; ([Tb] + 1.5 x 106 (calc) FP /LUM/SST; TO = 0.80 79E414 
[EuD/[L] = 0.2; ms; ET; [Q] :s 3 x 10-4 ::I: 
[Tb] = 0.002 mol/L; some SQ 0 

" mol/L " Eulll-Aspartic acid H2O pH 9.0; 9.1 x 105 (calc) FP /LUM/SST; TO = 1.3 ms; 79E414 3: 
l> 

[L]/([Tb]+[Eu]) = ET; [Q] :s 3 x 10-4 mol/L; Z 
5; [Tb] = 0.002 large SQ; Ksv constant for h1 
mol/L pH 3.0-9.0 ""1 

~ 

14,.2. Tblll-Citric acid !"" 
Inorganic Quenchers 

24.2.1. Euill-Citric acid H2 O pH 8.5; 1.0 x 105 SS!LUM or LP /LUM/SST; 83E604 
[L]/([Tb]+[Eu]) = To&,r = 1.4 ms 
10; [Tb] = 0.015 (LP /LUM/SST); ET; [Q] :s 
mol/L 0.004 mol/L 

Euill-Citric acid H2O pH 8.5; 7.5 x 104 SS!LUM or LP /LUM/SST; 83E604 
[L]/([Tb]+[Eu]) = TO&1r = 1.4 ms 
5; [Tb] = 0.D15 (LP /LUM/SST); ET; [Q] :s 
mol/L 0.004 mol/L 

Eu III-Citric acid H2O pH 8.5; 1.2 x 105 SS!LUM or LP /LUM/SST; 83E604 
[L]/([Tb]+[Eu]) = TO air = 1.5 ms 
3; [Tb] = 0.015 (LP /LUM/SST); ET; [Q] :s 
mol/L 0.004 mol/L 

Euill-Citric acid H2O pH 8.5; 1.3 x 105 SS!LUM or LP /LUM/SST; 83E604 
[LJ/([Tb]+[Eu]) = TO ... r = 1.5 ms 
2; [Tb] = 0.015 (LP /LUM/SST); ET; [Qj :s 
mol/L 0.004 mol/L 



TABLE 24. Quenching of excited terbium complexes-Continued 

Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- l S-l 

24.2. TbIII·Citric acid-Continued 
EulIl-Citric acid H~O pH 3; 3.3 x 105 SS!LUM or LP/LUM/SST; 83E604 

[LI/([Tb]+[Eu)) = 'To air = 0.50 ms 
1; [Tb] = O.ot5 (LP /LUM/SST); ET; [Q] :=; 0 
mol/L 0.004 mol/L c: 

Eu III-Citric X 105 SS!LUM LP /LUM/SST; 
m 

H2O pH 3.5; 83E604 Z 
[LI/([Tb]+[Eu]) = 'Totur = rns 0 
1; [Tb] = O.ot5 (LP /LUM/SST); ET; [Q] :=; 

::J: 
Z mol/L 0.004 mol/L C) 

Eulil-Citric acid H2O pH 4.0; 1.0 x 106 SS!LUM or LP/LUM/SST; 83E604 0 
[LI/([Tb]+~Eu]) = 'Toa.lr = rns ." 

1; [Tb] = (LP /LUM/SST); ET; [Qj m 
>< 

mol/L 0.004 mol/L; some SQ 0 
I-Citric acid H2 O pH 5.5; 3.6 x 106 SS!LUM or LP /LUM/SST; 83E604 :::j 

m 
[LI/([Tb]+[Eu]) = 'To air = 0.69 ms C 
1; [Tb] = 0.015 (LP /LUM/SST); ET; [Q] :=; s:: 
mol/L 0.004 mol/L; some SQ m 

-t 
Eulll-Citric H2O pH 6.5; x 106 SS!LUM 83E604 l> 

ILI/([Tb]+[Eu]) = 'To air = r 
0 1; [Tb] = 0.015 (LP /LUM/SST); ET; [Q] :=; 0 

mol/L 0.004 mol/L; some SQ s:: 
Euill-Citric H2O pH 7.0; x 106 SS!LUM LP /LUM/SST; 83E604 

"tI 
r 

lLI/([Tb] 'To3.lr = m 
>< 1; [Tb] = (LP /LUM/SST); ET; [Q] m 

mol/L 0.004 mol/L; some SQ en 
II-Citric acid H2O pH 7.5; 9.0 x 105 SS!LUM or LP/LUM/SST; 83E604 Z 

[LI/([Tb]+[Eu)) = 'To air = 1.2 ms " ~ r 
"lI 1; [Tb] = (LP /LUM/SST); ET; :S C 
::r mol/L 0.004 mol/L; some SQ C '< 
I/J 

Euill-Citric x 105 en 
0 H2 O pH 8; SS!LUM LP /LUM/SST; 83E604 0 
::r [LI/([Tb]+[Eu)) = 'To air = 1.3 ms r 
(1) C ? 1; [Tb] = 0.015 (LP /LUM/SST); ET; [Q] :=; -t 
:c mol/L 0.004 mol/L (5 (1) 
:-" Euill-Citric H2O pH 9; x 105 SS!LUM LP /LUM/SST; 83E604 Z 
0 
III !LI/([Tb]+[Eu) = 'To'"l.lr = .. 
• 111 1; [Tb] = (LP /LUM/SST); ET; [Q] 
< mol/L 0.004 mol/L 
~ 
~ Euiil-Citric acid H2 O pH 10; 1.9 x 105 SS!LUM or LP/LUM/SST; 83E604 
00 . 

[LI/([Tb]+[Eu)) = 'To air = 1.3 ms 
Z 
~ 1; [Tb] = (LP /LUM/SST); ET; [Q] 
.~ mol/L 0.004 mol/L 
~ A. 
10 W 00 ..... 10 



~ TABLE Quenching excited terbium complexes-Continued ~ 
c.:I 

"'D 
~ 

01) 

'< 
(II 

No. Quencher Solution Medium T;oC 
0 

Solvent Comments Ref. 
~ /L S-I 
CD 

? 
:D 

Tbill-Citric acid-Continued ~ 24.2. 

C EuIlI-Citric acid HzO pH 11; 1.5 x 105 SS!LUM or LP /LUM/SST; 83E604 
III [LJ/([Tb]+[Eu]) = 'To air = 1.3 ms iii . 1; [Tb] = 0.015 (LP /LUM/SST); [Q] < 
~ mol/L 0.004 mol/L ... 

Eu Ill-Citric pH 12; 1.8 x 105 SS!LUM LP /LUM/SST; 83E604 5» 
z [L]j([Tb]+[Eu]) = To,:ur = ms 
!:I 1; [Tb] = 0.015 (LP /LUM/SST); ET; [Q] :s .... 

mol/L 0.004 mol/L ... 
co 
co 

24.3. Tb a+ [6D al co 
Inorganic Quenchers 

24.3.1. Sm 3 + POCI.,/SnCL 20 5.3 104 FP ILUM/SST; "0 766551 
Eo. = 23 kJjmol 

to +20°C); ET; [Ql :s 0.05 
mol/L ::J: 

24.3.2. Tb:l+ POCI3 /SnCI 4 -10 2.2 x 10 4 FP /LUM/SST; ET; [Q] :s 74E518 0 
." 

(9/1) -0.05 mol/L ." 
s:: 

Tb:l+ POCI 3 /SnCI 4 25 3.9 104 FP /LUM/SST; = -12 74E518 l> 
(9/1) kJ/mol (-10 to +30°C); Z 

ET; [Q] :s -0.05 mol/L hi 
--t 

Tb:l+ POCI3 /SnCI 4 30 4.5 x 104 FP /LUM/SST; ET; [Ql 74E518 :b 
(9/1) -0.05 mol/L r-

240.4. Tb a+ [6D 41 
Inorganic Quenchers 

24.4.1. Ce·l + HZS0 4 20 1 X 106 FP /LUM/SST; 'To = 2.4 ms; 73E368 
(95%) OT 

24.4.2. :1- HzO 1 mol/L KCI 4.0 X 106 LP /LUM/SST; ET 86E832 

24.4.3. Cr(CNlt,'I- 1 mol/L 1.0 x lOB LP /LUMjSST; 86E832 

24.4.4 Er:l+ Acetone 20 1.1 x 104 FP/LUM/SST, SS/LUM; 'To 69E237 
= 1.1 ms; ET; [Q] :s 0.1 
mol/L; same kq from 

in 68E121 

2-:1.4.5. Eu:l+ DMSO 1.5 x 103 SS/LUM; 'To = 2.2 ms 74E519 
~390); ET; :s 0.5 

mol/L; nonlinear plot 
with negative deviation; EQ 
proposed, see [9] 

EU:l~ DMSO 1 x 103 SS/LUM, LIF; 'To = 2.2 ms; 80E664 
[Q] :s 0.8 mol/L 

24.4.6. Fe(CN)6 1- H~O mol/L KCI 6.0 lOB LP /LUM/SST; 86E832 



TABLE 24. Quenching of excited terbium complexes-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- I S-I 

24.4. Tb 3+ [6D ,,]-Continued 
24.4.7. GdH Acetone 20 <2 x 103 FP /LUM/SST, SS/LUM; TO 69E237 

= 1.1 ms; ET; [Q] :s; 0.1 
mol/L 0 

Gd-H H~O 20 <8 x 102 FP/LUM/SST, SS/LUM; TO 69E237 C 
m 

= 0047 ms; ET Z 

Ho:!+ (C~H5)20 1.7 X 105 FP /LUM/SST; TO = 0.92 
0 

24.4.8. 20 71E390 ::I: 
ms; ET Z 

Ho:1+ 1-PrOH 20 1.4 X 10 4 FP /LUM/SST; TO = 1.1 ms; 71E390 
c;) 

0 ET ." 

Ho:!+ 2-PrOH 20 1.5 x 104 FP /LUM/SST; TO = 1.0 ms; 71E390 m 
>< ET 0 

Ho·H AN 20 2 X 10-1 FP /LUM/SST; TO = 0.93 71E390 :::::j 
m 

ms; ET C 
Ho'l+ Acetaldehyde 20 6.0 X 10 4 FP /LUM/SST; TO = 0.84 71E390 s:: 

ms; ET m 
-t 

Ho:!+ Acetone 20 1.6 X 104 FP /LUM/SST, SS/LUM; TO 69E237 l> 
r-

= 1.1 ms; ET; [Q] :s; 0.1 0 
mol/L; same kq from same 0 
lab in 68E121 s:: 

"tI 
Ho:l+ Acetophenone 20 2.4 X 104 FP /LUM/SST; TO = 0.62 71E390 r-

m 
ms; ET >< 

Ho:1+ Allyl alcohol 20 1.1 X 104 FP /LUM/SST; TO = 1.2 ms; 71E390 
m 
tJ) 

ET Z 
Ho:1+ Benzaldehyde 20 1.0 X 105 FP /LUM/SST; TO = 0.62 71E390 ." 

r-
~ ms; ET C 
-0 Ho:l+ 1.2 X 104 FP /LUM/SST; TO = 1.6 ms; C :::r DMA 20 71E390 
'< 
!II ET tJ) 

0 0 
:::r Ho:1+ DMF 20 9 X 103 FP /LUM/SST; TO = 1.6 ms; 71E390 r-
CD C 
? ET -t 
::D Ho:1+ DMSO 20 2.7 X 103 FP /LUM/SST; TO = 2.2 ms; 71E390 0 
CD 
:-" ET Z 
c 
III Ho:1+ EtOH 20 9 X 103 FP /LUM/SST; TO = 1.2 ms; 71E390 .. 
.Pl 
< ET 

~ Ho:1+ H~O 20 3.2 X 103 FP /LUM/SST, SS/LUM; TO 69E237 ... 
!Xl = 0047 ms; ET 
Z Ho:1+ Isoamyl 20 1.8 X 10·\ FP /LUM/SST; TO = 1.1 ms; 71E390 
~ .... alcohol ET ... .j::o, 
II) Co) 
00 CD 
II) 



!- TABLE 24. Quenching of excited terbium complexes-Continued .. .. 
"V 0 ~ 
'< 
!II No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
(") 
~ /L mol- l S-I • ~ 
:D 

Tba+ [6D4.1-Continued • 24.4. :"" 
C Ho3 + MeOH 20 7.4 X 103 FP /LUM/SST; 'To = 1.4 ms; 71E390 
II ET .. 
l' 
< Ho3+ TBP /Toluene 20 2.9 x 103 FP /LUM/SST; 'To = 2.1 ms; 71E390 
~ (2/1) ET ... 
!» Ho:l+ n-Amyl 20 1.3 X 104 FP /LUM/SST; 'To = 1.3 ms; 71E390 
Z alcohol ET p 
~ Ho3 + n-BuOH 20 1.6 X 104 FP /LUM/SST; 'To = 1.2 ms; 71E390 ... 
CD ET 
CD 
CD 

24.4.9. La3 + Acetone 20 <2 X 103 FP /LUM/SST, SS/LUM; 'To 69E237 
= 1.1 ms; ET; [Q] :$ 0.1 
mol/L 

24.4.10. Nd3+ (C2H5)20 20 1.7 X 106 FP /LUM/SST; 'To = 0.92 71E390 
ms; ET ::I: 

Nd3+ I-PrOH 20 7.7 X 104 FP /LUM/SST; 'To = 1.1 ms; 71E390 0 
." 

ET; same kq from same lab ." 
in 72E319 3: 

Nd:!+ 1.0 X 105 
~ 

2-PrOH 20 FP /LUM/SST; 'To = 1.0 ms; 7lE390 Z 
ET ." 

Nd:l + 2.1 x 105 FP /LUM/SST; 'To = 0.93 71E390 
"'I 

AN 20 ~ 
ms; ET; same kq from same !"" 
lab in 72E319 

Nd:l+ Acetaldehyde 20 3.3 X 105 FP /LUM/SST; 'To = 0.84 71E390 
ms; ET 

Nd:l+ Acetone 20 1.2 x 105 FP/LUM/SST, SS/LUM; 'To 69E237 
= 1.1 ms; ET; [Q] :$ 0.025 
mol/L; same kq from same 
lab in 68EI21 

Nd:l+ Acetophenone 20 2.4 X 105 FP /LUM/SST; 'To = 0.62 71E390 
ms; ET 

Nd:l+ Allyl alcohol 20 5.3 X 104 FP /LUM/SST; 'To = 1.2 ms; 71E390 
ET 

Nd3 + Benzaldehyde 20 7.5 x 105 FP /LUM/SST; 'To = 0.62 71E390 
ms; ET 

Nd:l + Benzonitrile 20 >3.4 x 105 FP /LUM/SST; 'To = 0.75 71E390 
ms; ET 

Nd:l + DMA 20 4.3 x 104 FP /LUM/SST; 'To = 1.6 ms; 71E390 
ET 



T.·\flLE 24. Quenching of excited terbium complexes-Continued 

Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- 1 s-1 

24.4. Tb3+ [6D 41-Continued 
Nd H DMF 20 x 104 FP /LUM/SST; 70 = 1.6 ms; 7lE390 

ET; same kq from same lab 
in 72E319 " Nd'H DMSO 20 x 104 FP /LUMiSST, 70 = 2.2 ms; 7lE390 c: 

m z 
(') 
J: 

EtOH 20 3.8 x 10 4 FP /LUM/SST; 70 = 1.2 ms; 7lE390 Z 
ET; same kq from same lab C) 

in 72E319 0 
Nd H H2O 20 x 10'\ " FP /LUM/SST, SS/LUM; 69E237 m 

>< 
(') 

Nd:l+ H2O pH 5.9; fL = 22 7 x 103 LP /LUM/SST; ET 80E879 =i 
Isoamyl 20 1.3 X 105 FP /LUM/SST; 70 = 1.1 ms; 7lE390 

m 
C 

alcohol ET s:: 
Nd:H MeOH 20 X 104 FP /LUM/SST; 70 = 1.4 7lE390 m 

-I 
from same lab :r> 

r 
(') 

Nd"+ TBP /Toluene 20 9.6 x 10:\ FP /LUM/SST; 70 = 2.1 ms; 7lE390 0 
(2/1) ET; same kq from same lab s:: 

"tJ in 72E319 r 
Nd: l + n-Amyl 20 x 10.1 FP /LUM/SST; 70 = 1.3 7lE390 

m 
>< 

alcohol ET m en 
n-BuOH 20 1.0 X 105 FP /LUM/SST; 70 = 1.2 ms; 7lE390 Z 

ET 
" 20 1.6 X 104 FP /LUM/SST; 70 = 0.97 7lE390 r py c: 

"C kq from same C :::T 
'< en (II 

0 24.4.11. 0:; HzSO I 25 X 106 SS/LUM; 'tu -0.55 ms 77E799 0 
:::T r 
III (66%) (60EOI0); [Q] :s 4 x 10-.1 c: 
;3 mol/L :::! 
::0 0 
~ 0:\ HzSO.1 25 7.5 x 106 SS/LUM; 70 = -1.5 ms 77E799 Z 
C (98%) (60E010); = 32 kJ/moi 
Q) 

(14-63°C); :s 4 x 10- 4 
.S' 
< mol/L 
0 

1.6 A 10.1 :- 24.4.12. Acetone 20 FP /LUM/SST, SS/LUM; "0 69E237 
= 1.1 ms; ET; [Q] :s 0.1 

Z mol/L; same kq from same 
!' lab in 
~ 
~ 

CD 
co 
w 



c.. TABLE 24. Quenching of excited terbium complexes-Continued "" "" 'U II.) 
:7 
'< 
!II No. Quencher Solvent Solution Medium TrC kq Comments Ref. 0 
:7 /L mol- I S-I 
CD 

~ 
::u 

24,.4. Tb 3 + [6D~1-Continued CD 
:<' 
C 24.4.13. Pt(CN)/- H2O IL = 1 (LiCl) 1.4 x 104 FP /LUM/SSTj RTj [Q] :$ 79E868 
III O.ot mol/L -~III 
< 24.4.14. ptC142 - H2O IL = 1 (LiCl) 1.3 x 107 FP /LUM/SST; RT; [Q] :$ 8 79E868 
~ x 10-4 mol/L .... 
!» 24.4.15. Pt(NHa)l+ H2O IL = 1 (LiCl) 1.1 x 104 FP /LUM/SSTj RTj [Q] :$ 79E868 
z 0.007 mol/L ~ 
~ 24.4.16 . Pt(NHa)Cla - H~O IL = 1 (LiCl) 5.1 x 106 FP /LUM/SSTj RTj [Q] :$ 8 79E868 .... 

x 10-4 mol/L CD 
c» 
CD 

24.4.17. cis-Pt(NH3)~CI2 H2 O IL = 1 (LiCl) 1.2 x lOs FP /LUM/SST; RTj [Q] :$ 8 79E868 
X 10-4 mol/L 

24.4.18. trans-Pt(NHa)2CI2 H2O IL = 1 (LiCl) 7.5 x lOs FP /LUM/SSTj RTj [Q] :$ 8 
X 10-4 mol/L 

79E868 

24.4.19. Pt(NHa)aCl+ H2O IL = 1 (LiCl) 2.9 x 104 FP /LUM/SSTj RTj [Q] :$ 79E868 :J: 
0.007 mol/L 0 

." 
24.4.20. Ru(CN)6 4 - H2O 1 mol/L KCl 5.0 x 105 LP /LUM/SSTj ET 86E832 ." 

s:::: 
24.4.21. SO~ H2SO'1 75 6.2 x 103 SS/LUMj 'To = -0.25 ms 77E799 » 

Z 
(98%) (60EOll); Ea = 63 kJ/mol ." (30-75°C) ""I 

24.4.22. Sm'l+ Acetone 20 8.5 x 103 FP /LUM/SST, SS/LUMj 'To 69E237 :b 
= 1.1 ms; ET; [Q] :$ 0.1 r--
mol/L; same kq from same 
lab in 68E121 

Sm:!+ POCI3/SnCI 4 20 2.4 x 103 FP /LUM/SST; 'To = -3.0 766551 
(9/1) mSj Ea = 13 kJ/mol (-15 

to HO·C); ETj [Q] :$ 0.05 
mol/L 

Organic Quenchers 
24.4.23. 2-Acetylanthracene 1-PrOH 20 3.2 x 105 FP /LUM/SSTj 'To = 1.4 mSj 75E531 

Ea = 20 kJ/mol (-25 to 
HO·C); ET 

2-Acetylanthracene AN 20 1.0 x 107 FP /LUM/SSTj 'To = 1.7 ms; 75E531 
E .. = 13 kJ/mol (-25 to 
+60C C)j ET 

2-Acety 1 an thracene Acetone 20 3.4 x 106 FP /LUM/SSTj 'To = 1.7 IDSj 75E531 
E .. = 13 kJ/mol (-25 to 
HO·C)j ET 

2-Acetylanthracene DMSO 20 7.2 x 10.1 FP /LUM/SSTj 'To = 2.6 IDSj 75E531 
E .. = 8.4 kJ/mol (-25 to 
+60C C); ET 



TABLE 24. Quenching of excited terbium complexes-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- I s-I 

24.4. Tb 3 + [6D,]-Continued 
2-Acety lanthracene Ethyl 20 1.9 X 106 FP /LUM/SST; 'To = 1.8 ms; 75E531 

acetate E" = 17 kJ/mol (-25 to 
+60CC); ET 0 

2-Acetylanthracene MeOH 20 2.1 x 105 FP /LUM/SST; 'To = 1.4 ms; 75E531 c:: 
m 

Ea = 21 kJ/mol (-25 to Z 
+60"C); ET 0 

::I: 
2-Acetylanthracene TBP 20 2.4 x 10~ FP /LUM/SST; 'To = 2.4 ms; 75E531 Z 

ET C) 

2-Acety lanthracene TMP 20 3.2 x 10"' FP /LUM/SST; 'To = 2.7 ms; 75E531 0 
." 

ET m 
2-Acety lanthracene py 20 1.9 x lOS FP /LUM/SST; 'To = 1.3 ms; 75E531 >< 

0 
E" = 23 kJ/mol (-25 to ::::j 
HOec); ET m 

2-Acetylnaphthalene 1.2 x 106 FP/LUM/SST; 'To"ir = 1.1 
C 

24.4.24. 1-PrOH 73F674 s: 
ms; ET m 

2-Acetylnaphthalene AN 1.5 x 107 FP /LUM/SST; 'To air = 0.93 
-I 

73F674 ~ 
ms; ET r-

0 
2-Acety Inap hthalene Acetone 20 2.1 x 106 FP /LUM/SST, SS/LUM; 'To 706153 0 

= 1.0 ms; ET; [Q] S 0.005 s: 
mol/L; same kq from same ." 

r-
lab in 73F674 m 

3.0 x lOr, FP /LUM/SST; 'To air = 1.4 
>< 

2-Acetylnaphthalene DMF 73F674 m 
ms; ET en 

2-Acetylnaphthalene DMSO 7.1 x 10.1 FP jLUMjSST; 'To air = 2.1 73F674 
Z 
." 

~ ms; ET r-
"II 2- Acety Inaphthalene 1.1 X 106 FP/LUM/SST; 'TO"ir = 0.74 

c:: 
::T EtOH 73F674 C '< ms; ET !II en 
0 2- Acety Inap hthalene Ethyl 2.0 x 106 FP jLUM/SST; 'TOair = 0.87 73F674 0 
::T r-ID 
;3 acetate ms; ET c:: 

-I 
::D 2-Acety Inaphthalene H~O 2.0 X 106 FP jLUMjSST; "0 air = 0.47 73F674 0 ID 
:-" ms; ET Z 
c 

7.0 X 106 FP /LUM/SST; 'TO air = 1.1 III 2-Acetylnaphthalene MeOH 73F674 
.iii ms; ET 
< 
~ 2-Acetylnaphthalene TBP 9.0 x 103 FP /LUM/SST; "0 "ir = 2.1 73F674 ... ms; ET s» 
z 2-Acetylnaphthalene THF 5.0 x 10° FP /LUMjSST; "oair = 0.41 73F674 
0 

.... ms; ET 
... 2-Acetylnaphthalene py 2.0 X lOS FP jLUMjSST; 'To air = 0.94 73F674 olio 
\Q 
Q) ms; ET olio 
\Q Co) 



~ TABLE 24. Quenching of excited -terbium complexes-Continued .co. 
.co. 

." .. :r 
'< 
!II No. Quencher Solvent Solution- Medium TrC kq Comments Ref. 
0 
:r /L mol- I 5- 1 
CD 

~ 
:II 

Tb3 + [6D,,)-Continued CD 24.4. 
:"" 
c 24.4.25. Acid Fuchsin H2O 20 2.0 X 108 FP /LUM/SST; 'To = 0.45 73E367 
III ms; ET -!' 
< Acid Fuchsin H2O -1 mol/L NaAC 20 3.2 x 107 FP /LUM/SST; ET; kq 73E367 
~ independent of [NaAC) ~ 1 ... 

mol/L !IO 
Z 24.4.26. Acridine Acetone 20 1.6 x 106 FP /LUM/SST, SS/LUM; 'To 706153 
~ 
~ = 1.0 ms; ET ... 

24.4.27. 1-Aminonaphthalene Acetone 20 2.7 x 105 FP /LUM/SST, SS/LUM; 'To 706153 CD co = 1.0 ms; ET CD 

24.4.28. Aniline Bright Red B H2O 20 7.1 X 106 FP /LUM/SST; 'To = 0.45 73E367 
ms; ET 

Aniline Bright Red B H2O -1 mol/L NaAC 20 2.3 x 107 FP /LUM/SST; ET; kq 73E367 
independent of [NaAC] ~ 1 ::I: 
mol/L 0 

9.5 x 104 FP /LUM/SST; 'To = 1.4 ms; 75E531 
." 

24.4.29. Anthracene 1-PrOH 20 ." 
ET i: » 

Anthracene AN 20 1.4 x 105 FP /LUM/SST; 'To = 1.7 ms; 75E531 Z 
ET h1 

1.8 x 105 
.... 

Anthracene Acetone 20 FP /LUM/SST; 'To = 1.7 ms; 75E531 :b-
ET !"" 

Anthracene DMSO 20 7.2 x 104 FP /LUM/SST; TO = 2.6 ms; 75E531 
Eo. = 8.4 kJ/mol (-25 to 
+60°C); ET 

Anthracene MeOH 20 1.1 x 105 FP /LUM/SST; 'To = 1.4 ms; 75E531 
ET 

Anthracene TBP 20 4.2 x 104 FP /LUM/SST; 'To = 2.4 ms; 75E531 
ET 

Anthracene TMP 20 3.2 x 104 FP /LUM/SST; 'To = 2.7 ms; 75E531 
ET 

Anthracene py 20 1.1 X 105 FP /LUM/SST; 'To = 1.3 ms; 75E531 
ET 

24.4.30. Bis(2-naphthYl)ami~e Acetone 20 1.4 x 101; FP /LUM/SST, SS/LUM; 'To 706153 
= 1.0 ms; ET 

24.4.3l. I-Chloronaphthalene Acetone 20 2.6 x 104 FP /LUM/SST, SS/LUM; 'To 706153 
= 1.0 ms; ET 

24.4.32. 1,5-Dibenzoylnaphthalene Acetone 20 6.9 )( 105 FP /LUM/SST, SS/LUM; 'To 706153 
= 1.0 ms; ET 



TABLE 24. Quenching of excited terbium complexes-Continued 

No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
jL mol- I s-I 

24.4. Tb 3 + [6D"I-Continued 
24.4.33. 1,1' -Diethylisocyanine cation MeOH 20 3.7 X 108 FP jLUMjSST; 'To = 1.2 ms; 72E317 

ET 

24.4.34. 3,3' -Diethyl-9- MeOH 20 5.5 x 108 FP jLUMjSST; 'To = 1.2 ms; 72E317 " methylthiacarbocyanine cation ET C 
m 

24.4.35. 9,10-Diphenylanthracene cation HzSO'1 20 3.6 X 107 FP !LUMjSST; 'To = 2.4 ms; 73E368 Z 

radical (95%)/DMF ET; [Q] S 8 x 10-5 mol/L 0 
::I: 

(5/1) Z 
24.4.36. Eosin H~O 20 2.8 X 108 FP /LUM/SST; 'To = 0.45 73E367 C) 

ms; ET 0 
"T1 

Eosin H2O -1 mol/L NaAC 20 4.7 x 107 FP /LUMjSST; ET; kq 73E367 m 
independent of [NaAC] 2: 1 >< 

0 
mol/L ::::j 

24.4.37. Erythrosin H2O 20 3.6 X 108 FP /LUM/SST; 'To = 0.45 73E367 m 
C 

ms; ET s:: 
Erythrosin H2 O -1 mol/L NaAC 20 1.1 x 108 FP /LUM/SST; ET; kq 73E367 m 

-I 
independent of [NaAC] 2: 1 l> 
mol/L r-

24.4.38. 9-Fluorenone Acetone 20 1.0 X 106 FP/LUM/SST, SS/LUM; 'To 706153 
0 
0 

= 1.0 ms; ET s:: 
Fuchsin H2 O 8.6 x 107 FP /LUM/SST; 'To = 0.45 

." 
24.4.39. 20 73E367 r-

ms; ET m 
>< 

Fuchsin HzO -1 mol/L NaAC 20 2.7 X 108 FP /LUM/SST; ET; kq 73E367 m 
fn 

independent of [NaAC] 2: 1 
Z mol/L 
"T1 

!- Fuchsin MeOH 20 4.5 X 108 FP /LUMjSST; 'To = 1.2 ms; 72E317 r-
-c ET; [Q] S 2.5 x 10-5 

C 
:::r C '< 
!II mol/L fn 
C') 

24.4.40. Magdala Red MeOH 20 1.3 X 108 FP /LUM/SST; 'To = 1.2 ms; 72E317 0 :::r 
III r-
~ ET C 
:II 24.4.41. 2-Methoxynaphthalene Acetone 20 1.1 X 10.1 FP/LUM/SST, SS/LUM; 'To 706153 

-I 

~ = 1.0 ms; ET 0 
c Z 
III 24.4.42. Morin H:)O pH 2 (HClO 'I); f.l. 25 7.4 x 106 FP /LUMjSST; 'To = 0.44 79E768 
i 
< = 1.0 (NaCI0 4) ms; Eo. = 19 kJ/mol (4-

~ 40CC); ET; [Q] = (5-10) X 

..... 10-5 mol/L; some SQ 
!" 
z Morin H:!O pH 5 (HCl0 4); f.l. 25 9.5 x 106 FP /LUM/SST; 'To = 0.44 79E768 
? = 1.0 (NaCIOo\) ms; Eo. = 20 kJ/mol (4-
~ 40°C); ET; [Q] = (5-10) x ..... 
(Q 10-5 mol/L; some SQ .Il1o 
co .Il1o 
(Q U1 



~ TABU, 24> Quenching of excited terbium complexes-Continued ~ 
"'CI ~ 
~ en 
'< 
!II 

No> Quencher Solvent Solution Medium Tj"C kq Comments Ref. 0 
~ /L mol- 1 S-l 
CD 

~ 
JJ 
CD 24.4. Tb 3 + [6D ,,]-Continued :-" 
C 24.4.43. Naphthacene cation radical H2SO 4 20 6.5 X 106 FP /LUM/SST; TO = 2.4 ms; 73E368 
III 

~ (95%) ET 

< 24.4.44. N aphthacene, protonated H2SO 4 20 1.9 X 107 FP /LUM/SST; TO = 2.4 ms; 73E368 
~ .... 
s» 24.4.45> Naphthalene 1.6 X 103 FP ILUM/SST, bb/ LUM; TO z 
? ms; ET 
~ .... 2'1.4.46. I-Naphthoic acid Acetone 20 8.5 x 105 FP /LUM/SST, SS/LUM; TO 706153 
(I) = 1.0 ms; ET CD 
(I) 

24.4.47. I-Naphthylacetic acid Acetone 8.2 x FP ILUM/SST, bb/ LUM; TO 

ms; ET 

24.4.48. 2-Naphthyl benzoate Acetoue 2.3 FP ILUM/SST, bb/ LUM; 'To 
= 1.0 ms; ET 

24.4.49. 2-Naphthyl diphenyl ketone Acetone 20 3.0 x 105 FP /LUM/SST, SS/LUM; 'To 706153 ::I: 
= 1.0 ms; ET 0 

"T1 
24.4.50. 2-N aphthylphenylamine Acetone 7.0 FP ILUM/SST, SS/LUM; 'To "T1 

s::: ms; ET :J> 
24A>51. New Fuchsin H2O 20 3.9 X 107 FP /LUM/SST; TO = 0.45 73E367 Z 

ms; ET hi 
"'-t 

New Fuchsin H2O -1 mol/L NaAC 20 1.1 x 108 73E367 :b 
~ 1 r--

24A.52. 1- Nitronap h thalene Acetone 20 8.6 X 104 FP /LUM/SST, bbl LUM; 'To 
= 1.0 ms; ET 

2t.4.53. Perylene cation radical H2SO., 20 1.2 X 108 FP /LUM/SST; TO = 2.4 ms; 
[Q] :s: 4 10-5 mol/L 

73E368 

24.4.54. Phenazine Acetone 20 6.6 FP/LUM/SST, SS/LUM; 'To 
ms; ET 

24A>55. Phenosafranine H2O 20 3.6 X 107 FP /LUM/SST; TO = 0.45 73E367 
ms; ET 

P henosafranine .- mol/L NaAC 1.5 108 FP ILUM/SST; 
independent of fNaACl ~ 1 

24.4.56. Quercetin H2O pH 2 (HCIO I ); fL 25 1.3 x 107 FP /LUM/SST; TO = 0.44 79E768 
= 1.0 (NaCIO.d ms; Eo. = 19 kJ/mol (4-

40CC); ET; [Q] = (1-3) x 
10-5 mol/L; SQ 



TABLE 24. Quenching of excited terbium complexes-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- I s-I 

24.4. Tb 3 + [OD,,]-Continued 
Quercetin H2O pH 5 (HCIO.j); f.l. 25 3.6 )( 107 FP /LUM/SST; TO = 0.44 79E768 

= 1.0 (NaCI0 1 ) ms; Eo. = 16 kJ/mol (4-
40CC); ET; [Q] = (1-3) X C 
10-5 mol/L; some SQ c: 

24.4.57. Rose Bengal H~O 20 6.0 )( 108 FP /LUM/SST; TO = 0.45 73E367 
m 
Z 

ms; ET 0 
::I: 

Rose Bengal H:)O -1 mol/L NaAC 20 1.4 x 108 FP /LUM/SST; ET; kq 73E367 Z 
independent of [NaAC] 2: 1 C) 

mol/L 0 
Rutin H2O pH 2 (HCIO,il; f.l. 9.5 x 105 FP /LUM/SST; TO = 0.44 79E768 

"T1 
24.4.58. 25 m 

= 1.0 (NaCIO.!) ms; Eo. = 18 kJ/mol (4- >< 
40°C); ET; [Q] = (5-15) X 0 
10-.5 mol/L; some SQ ::::j 

m 
Rutin H2 O pH 5 (HCI0 1); f.l. 25 5.2 x 106 FP /LUM/SST; TO = 0.44 79E768 C 

= 1.0 (NaCI0 4) ms; Eo. = 19 kJ/mol (4- !: 
m 

40CC); ET; [Q] = (5-15) x -I 
10-5 mol/L; some SQ ~ 

r-
24.4.59, Safranine T H 2O 20 2.9 X 107 FP /LUM/SST; TO = 0.45 73E367 0 

ms; ET 0 

Safranine T -1 mol/L NaAC 8.6 x 107 FP /LUM/SST; ET; kq 
!: 

H 2 O 20 73E367 'V 
independent of [N aAC] 2: 1 r-m 
mol/L >< 

2.1 x 108 FP /LUM/SST; TO = 1.2 ms; 
m 

Safranine T MeOH 20 72E317 en 
ET Z 

~4.4.60, 3,3',9-Triethyl-5,5'- MeOH 20 5.3 x 108 FP /LUM/SST; TO = 1.2 ms; 72E317 "T1 
~ r-

dichlorothiacarbocyanine cation ET c: 
"0 
:::T C '< : -4.5. TbllI_Dipicolinic acid !" en 
Q .' -. ;rganic Quenchers 0 

~ 
~4.5,1. Euill-Dipicolinic acid H2O 0.06 mol/L 2.2 X 105 SS/LUM; TO = 1.8 ms 81E788 r-c: 

NaCI0 4 ; pH 2.5; (FP /LUM/SST); ET; [Q] :s -I 
J: [LJ/([Tb]+[Eu]) = 7 X 10-4 mol/L (5 
~ 1; [Tb] = 0.0091 Z 
c mol/L :.: 

< 
Eulll_Dipicolinic acid H:P 0.06 mol/L 3.0 x 105 SS/LUM; TO = 1.8 ms 81E788 

~ NaCI0 4 ; pH 4.4; (FP /LUM/SST); ET; [Q] :s 

f'> 
[L]/([Tb]+[EuJ) = 7 X 10-4 mol/L 

Z 
1; [Tb] = 0.0091 

c:l mol/L 

.-
U; ~ 

0: ~ 
<& ..... 



!=- TABLE 24. Quenching of excited terbium complexes-Continued .. 
'V .. 
::r CD 
'< 
!" 
0 No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
::r /L mol- 1 s-1 CD 

~ 
:D 
CD 24.5. TbIII-Dipieollnie add-Continued :-" 
C EulII-Dipicolinic acid H2O 0.06 mol/L 3.9 x 105 SS/LUM; 'To = 1.7 ms 81E788 III - NaClO,,; pH 6.2; (FP /LUM/SST); ET; [Q] $ p 
< [LJ/([Tb]+[Eu]) = 7 x 10-4 mol/L 
~ 1; [Tb] = 0.0091 
..... mol/L $X' 
Z 

Tblll(Dipieolinie add)a ~ 24.6. 
~ Inorganic Quenchers 
..... 24.6.1. Eu III(Dipicolinic acid)a H2O pH 2.5; 2.4 .< 105 SS/LUM; 'To = 1.7 ms 78E890 CI) 
CD [LJ/([Tb]+[Eu]) = (FP /LUM/SST); ET; [Q] $ CI) 

5 or 10; [Tb] = 3 x 10-4 mol/L 
0.002 mol/L 

Eu 11I(Dipicolinic acid)a H2O pH 4.5; 3.7 x 104 SS/LUM; 'To = -2.6 ms 78E890 
[LJ/([Tb]+[Eu]) = (FP /LUM/SST); ET; [Q] $ 

5 or 10; [Tb] = 3 x 10-" mol/L :J: 
0.002 mol/L 0 

." 
U.7. Tb(EDTA)- ." 

s::: 
Inorganic Quenchers ~ 

24.7.1. Co(EDTA)- H:)O I.L = 0 (extrap'd, 25 8.4 x 106 LP /LUM/SPC; ET; [Q] = 81E787 Z 
NaCl0 1) -0.001 mol/L h'I .... 

24.7.2. Cu(EDTA)~- H2O I.L = 0 (extrap'd, 25 3.2 x 106 LP /LUM/SPC; ET; [Q] = 81E787 ~ 
NaCl0 4) -0.001 mol/L !"'" 

U.8. Tblll-Hemimellitie aeid 
Inorganic Quenchers 

:!4.8.1. Eu Ill-Hemimellitic acid H2O pH 3.0; 2.4 x 106 (calc) FP /LUM/SST; 'To = 0.46 79M270 
[LJ/([Tb]+[Eu]) = ms; ET; some SQ 
5; [Eu] < [Tb] 

Eu Ill-Hemimellitic acid H2O pH 5.0; ([Tb] + 9.5 x 106 (calc) FP /LUM/SST; 'To = 0.64 79M270 
[Eu])/[Ll = 0.2; ms; ET; some SQ 
[Eu] < [Tb] 

Eu Ill-Hemimellitic acid H2O pH 6.5; 2.9 x 106 (calc) FP /LUM/SST; 'To = 1.2 ms; 79M270 
[L]/([Tb]+[Eu]) = ET; extensive SQ 
5; [Eu] < [Tb] 

Eu III-HemimeUitic acid H2O pH 8.5; 2.7 x 106 (calc) FP/LUM/SST; 'To = 1.5 ms; 79M270 
[LJ/([Tb]+[Eu]) = ET; extensive SQ 
5; [Eu] < [Tb] 



TABLE 24. Quenching of excited terbium complexes-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- 1 S-I 

24_9_ Thill-Malic acid 
Inorganic Quenchers 

24.9.1. Eulll-Malic acid H2 O pH 2.5; 2.4 x 106 (calc) FP/LUM/SST. SS/LUM; 79E969 
[LJ/([Tb]+[EuJ) = "0 air = 0.50 ms; ET; [Q] oS C 
5; [Tb] = 0.002 3 X 10-4 mol/L; Ksv c: 
mol/L constant for pH 2.5-11.5 m 

Z 
Euill-Malic acid H~;:O pH 5.0; 1.4 x 106 (calc) FP /LUM/SST. SS/LUM; 79E969 0 

[L]/([Tb]+[EuJ) = "0 air = 0.S4 ms; ET; [Q] oS :l: 

5; [Tb) = 0.002 3 X 10-'1 mol/L; Kh Z 

mol/L constant for pH 2.5-11.5 
C) 

0 
Eu Ill_Malic acid H2O pH 5.5; 1.4 X 106 (calc) FP /LUM/SST. SS/LUM; 79E969 " [LJ/([Tb]+[EuJ) = "0 air = 0.S6 ms; ET; [Q] oS m 

>< 5; [Tb] = 0.002 3 X 10-4 mol/L; Ksv 0 
mol/L constant for pH 2.5-11.5 ::::j 

Euill-Malic acid H~O pH 7.0; 1.3 x 106 (calc) FP /LUM/SST. SS/LUM; 79E969 
m 
C 

[L]/([Tb]+[EuJ) = "0"1r = 0.92 ms; ET; [Q) oS s::: 
5; [Tb] = 0.002 3 X 10-4 mol/L; Ksv m 
mol/L constant for pH 2.5-11.5 -t » 

Euill-Malic acid H2O pH 7.5; 1.3 x 106 (calc) FP /LUM/SST; ,.oair = 0.96 79E969 r-
[LJ/([Tb]+[EuJ) = ms; [Q) oS 3 X 10- 4 mol/L; 0 

0 
5; [Tb] = 0.002 some SQ; Ksv constant for s::: 
mol/L pH 2.5-11.5 "g 

r-
Euill-Malic acid H2 O pH 9.5; 1.0 X 106 (calc) FP/LUM/SST; ,.oair = 1.2 79E969 m 

[L]/([Tb]+[EuJ) = ms; [Q] oS 3 X 10-4 mol/L; >< m 
5; [Tb] = 0.002 some SQ; Ksv constant for rn 
mol/L pH 2.5-11.5 Z 

Euill-Malic acid H2 O pH 10.0; 1 X 106 (calc) FP/LUM/SST; ,.oair = 1.2 79E969 " ~ r-
"C [L]/([Tb]+[EuJ) = ms; [Q] oS 3 X 10-4 mol/L; c: 
:::r 5; [Tb] = 0.002 large SQ; Ksv constant for C '< 
!" mol/L pH 2.5-11.5 rn 
(") 0 :::r Euill-Malic acid H2O pH 11.5; 1.S x 106 (calc) FP /LUM/SST; 70 air = 0.66 79E969 ~ r-
3 [L]/([Tb]+[EuJ) = ms; [Q) oS 3 X 10-4 mol/L; c: 

-t ::c 5; [Tb] = 0.002 large SQ; Ksv constant for 0 ~ 
:'" mol/L pH 2.5-11.5 Z 0 
Dl 

TbIlI-L-Malic acid ~ ~ 4.10. 

< ;~organic Quenchers 
~ ~4.10.1. Eulll-L-Malic acid H2O pH 4; 7.5 x 105 LP /LUM/SST; 70 air = O.Sl SOE072 - [L]/([Tb]+[EuJ) = ms; ET; [Q] oS 0.012 mol/L 51> 
Z 3 
0 

EUlll-L-Malic acid 3.3 x 105 LP /LUM/SST; "0 air = 0.93 -- H~O pH 6; SOE072 - [L]/([TbJ+[EuJ) = ms; ET; [Q] oS 0.012 moliL 
.j:o. <Q 

CD 3 .j:o. 
<Q CD 



~ TABLE Quenching excited terbium complexes-Continued .,. 
~ 

(II 

:z C 
'< 
!II No. Quencher Solvent Solution Medium TrC kq Comments Ref. 0 
:z IL mol-
CD 
;:I 
:J:I 
CD 24.10. TbIlI-L-Malie acid-Continued :-" 
C EuIII-L-Malic acid H2 O pH 8; 1.3 x 105 LP /LUM/SST; TO air = 1.2 80E072 
III - [L]/(!Tb]+[Eu]) = ms; ET; [Q] s: 0.012 mol/L 
~ 
< 3 
0 

EulII-L-Malic acid 4.7 x 104 LP /LUM/SST; TO air = 1.3 :- H2 O pH 9; 80E072 ... 
!R [L]/((Tb]+[Eu]) = ms; ET; [Q] s: 0.012 mol/L 
Z 3 
~ 
~ EulII-L-Malic acid H2 O pH 10; 9.7 x 103 LP /LUM/SST; TO air = 1.4 80E072 ... [L]/([Tb]+[Eu]) = ms; ET; [Q] s: 0.012 mol/L CD 
CD 3 CD 

24.11. Tblll-Phthalic acid 
Inorganic Quenchers 

24.11.1. Eu III-Phthalic acid H2 O pH 3; 2.7 x 106 (calc) FP /LUM/SST; TO = 0.48 79M270 
ms; ET; some SQ 

::J: 

EulII-Phthalic acid 1.5 x 106 (calc) 
0 

H2O pH 5; FP /LUM/SST; TO = 0.61 79M270 ." 
." 

ms; ET; some SQ i: ,. 
Eu'll-Phthalic acid H2 O pH 6.0; 1.1 x 106 (calc) FP /LUM/SST; TO = 0.63 79M270 

Z 
h1 

ms; ET; extensive 't 
:. 

Eu"'-Phthalic acid H2 O pH 8.0; 9.9 x 105 (calc) FP /LUM/SST; TO = 0.81 79M270 
r-

[L]/([Th]+[Eu]) = ms; ET; extensive 
5; [Eu] < [Tb] 

24.12. TbIII-PicoIinie acid 
Inorganic Quenchers 

24.12.1. Eu I "-Picolinic acid H2 O pH 5.2; 7.4 x lOs SS/LUM; TO = 0.59 ms 78E890 
(FP /LUM/SST); ET; [Q] 
3 10-4 mol/L 

mol/L 

Euill-Picolinic H2 O pH 7.5 x SS/LUM; 1"0 0.66 ms 78ES90 
[L]/([Tb]+[Eu]) = (FP /LUM/SST); ET; [Q] 
10; [Tb] = 0.002 3 x 10-4 mol/L 
mol/L 

Euill-Picolinic acid H2O pH 8.3; 2.6 x 106 SS/LUM; TO = 0.95 ms 78E890 
[LJI([Tb]+[Eu]) = (FP /LUM/SST); ET; [Q] s: 
10; [Tb] = 0.002 3 10-4 mol/L 
mol/L 



TABLE 24. Quenching of excited terbium complexes-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- I S-I 

24.12. Tbill-Pieolinie acid-Continued 
EullI_Picolinic acid H2O pH 9.0; 6.1 x 10" SS/LUM; 'To = 1.3 ms 78E890 

[LJ/([Tb]+[Eu]) = (FP /LUM/SST); ET; [Q] :s: 
10; [Tb] = 0.002 3 x 10-4 mol/L 0 
mol/L C 

EuIII-Picolinic acid H2 O pH 5.2; 2.0 x 106 SS/LUM; 'To = 0.53 ms 78E890 
m 
Z 

[LJ/([Tb]+[Eu]) = (FP /LUM/SST); ET; [Q] :s: 0 
5; [Tb] = 0.002 3 x 10-1 mol/L ::I: 

mol/L Z 
G) 

Eu III-Picolinic acid H2O pH 6.2; 2.8 x 106 SS/LUM; 'To = 0.56 ms 78E890 0 
[LJ/([Tb]+[Eu]) = (FP /LUM/SST); ET; [Q] :s: ." 

5; [Tb] = 0.002 3 x 10-4 mol/L m 
>< 

mol/L 0 
Eu Ill-Picolinic acid H2 O pH 8.3; 3.0 x 106 SS/LUM; 'To = 0.82 ms 78E890 ::::j 

m 
[L]/([Tb]+[Eu]) = (FP /LUM/SST); ET; [Q] :s: C 
5; [Tb] = 0.002 3 x 10-4 mol/L s:: 
mol/L m 

-I 
EullI-Picolinic acid H2O pH 9.0; 1.1 x 106 SS/LUM; "0 = 1.1 ms 78E890 » 

[LJ/([Tb]+[Eu]) = (FP /LUM/SST); ET; [Q] :s: r-
0 5; [Tb] = 0.002 3 x 10-1 mol/L 0 

mol/L s:: 
." 

24.13. TbIlI-pyromellitic add r-m 
Inorganic Quenchers >< 

24.13.1. Eulll-pyromellitic acid H2O pH 1.6; 2.7 x 106 (calc) FP/LUM/SST, SS/LUM; 79M271 m 
[LJ/([Tb]+[Eu]) = TO'''' = 0.42 ms; ET; [Q] :s: 

en 
5; [Tb] = 0.002 3 x 10- 4 mol/L; Ksv Z 

moljL constant for pH 1.6-3.2 ." 
~ r-
-c Eulll-pyromellitic acid H~O pH 2.0; 2.6 x 106 (calc) FP/LUM/SST, SS/LUM; 79M271 C 
::::r C '< [LJ/([Tb]+[Eu]) = 'To air = 0.43 ms; ET; [Q] :s: 
!" 

5; [Tb] = 0.002 3 x 10-4 mol/L; Ksv en 
(j 0 
::::r mol/L constant for pH 1.6-3.2 r-/I) 

? Euill-pyromellitic acid 2.5 X 106 (calc) FP /LUM/SST; TO air = 0.44 
C 

HoO pH 2.4; 79M271 -I 
::c - 0 ~ [LJ/([Tb]+[Euj) = ms; ET; [Q] :s: 3 x 10- 4 

5; [Tb] = 0.002 mol/L; some SQ; Ksv Z 
0 
III mol/L constant for pH 1.6-3.2 
6i - Eulll-pyromellitic acid H~O pH 2.8; 2.4 x 106 (calc) FP /LUM/SST; TO air = 0.46 79M271 < 
~ [LJ/([Tb]+[Eu]) = ms; ET; [Q] :s: 3 x 10- 4 

.... 5; [Tb] = 0.002 mol/L; some SQ; Ksv 
• 0> 

Z mol/L constant for pH 1.6-3.2 
~ 
..... 
(0 ~ 
0> U1 
(0 ..... 



!- TABLE 24. Quenching of excited terbium complexes-Continued oil! 
'V U 
:::T 1'1: 
'< 
!II 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 0 
:::T /L mol- 1 S-I 
ID 

13 
:u 

Tblll-PYl'omellitie acid-Continued 11 24.13. 
C Eu III-pyromellitic acid H2O pH 3.2; 2.3 x 106 (calc) FP/LUM/SST; To&ir = 0.48 79M271 
III 

[LJ/([Tb]+[Eu]) = ms; ET; [Q] S 3 X 10-4 -P 
< 5; [Tb] = 0.002 mol/L; some SQ; Ksv 
~ mol/L constant for pH 1.6-3.2 ... 
!» 24.14. Tblll-Trimellitie acid 
Z 

Inorganic Quenchers !=' 
~ 24.14.1. EullI-Trimellitic acid H~O pH 1.6; 2.7 x 106 (calc) FP/LUM/SST, SS/LUM; 79M271 ... [L]/([Tb]+[Eu]) = TO"Jr = 0.41 ms; ET; Ksv CD 
CD 5; [Tb] = 0.002 constant for pH 1.6-3.0 CD 

mol/L 

Eu 111-Trimellitic acid H2O pH 2.0; 2.6 x 106 (calc) FP/LUM/SST, SS/LUM; 79M271 
[L]/([Tb]+[Eu]) = TO"Jr = 0.43 ms; ET; [Q] S 

5; [Tb] = 0.002 3 x 10-4 mol/L; Kh 
mol/L constant for pH 1.6-3.0 ::I: 

Eu 111-Trimellitic acid H2O pH 2.4; 2.4 x 106 (calc) FP /LUM/SST; TO air = 0.46 79M271 0 
." 

[LJ/([Tb]+[Eu]) = ms; ET; some SQ; Ksv ." 

5; [Tb] = 0.002 constant for pH 1.6-3.0 s::: 
l> 

mol/L Z 
Eu"'-Trimellitic acid H2O pH 3.0; 2.2 x 106 (calc) FP /LUM/SST; TO air = 0.49 79M271 ." 

[L]/([Tb]+[Eu]) = ms; ET; some SQ; Ksv ""f 
~ 

5; [Tb] = 0.002 constant for pH 1.6-3.0 I"" 
mol/L 

24.15. Tb(acetylacetonato}3 
Inorganic Quenchers 

24.15.1. Dy(acacl:l n-BuOH [S] + [Q] = 0.005 20 -5 x 104 FP/LUM/AVE, SS/LUM; TO 756252 
mol/L = 0.79 ms; ET; [Q] S 0.004 

mol/L 

24.15.2. Er(acacL n-BuOH [S] + [Q] = 0.005 20 1.5 X 105 FP/LUM/AVE, SS/LUM; TO 756252 
mol/L = 0.79 ms; ET 

24.15.3. Eu(acach AN [S] + [Q] = 0.005 20 3.3 X H)5 FP/LUM/AVE; TO = 0.93 766073 
mol/L ms; ET; quenching involves 

dimers; some SQ 

Eu(acacl a Acetone [S] + [Q] = 0.005 20 3.3 X 105 FP /LUM/ AVE; TO = 0.80 766073 
mol/L ms; ET; quenching involves 

dimers; some SQ 

Eu(acach Benzonitrile [S] + [Q] = 0.005 20 3.3 x 105 FP/LUM/AVE; TO = 0.83 766073 
mol/L ms; ET; quenching involves 

dimers; some SQ 



TABLE 24. Quenching of excited terbium complexes-Continued 

No. TrC kq 
/L mol- l s-

Comments Ref. Quencher Solution Medium Solvent 

24.15. Tb( acetylacetonato) a-Contin lied 
Eu{acac)3 Ethylene [Si + [Qi = 0.005 20 1.5 x 105 FP/LUM/AVE; TO = 0.70 766073 

glycol ET; quenching involves 
dimers; some SQ 

0 
Eu(acacJa n-BuOH [Si + [Qi = 0.005 20 3.3 x 105 FP/LUM/AVE; TO = 0.79 766073 c:: 

En. = 23 kJimol (O- m 
z 

50'C); [Q] :s 0.004 (") 

mol/L; quenching involves ::I: 

dimers; some SQ Z 
C> 

24.15.4. Ho( acac);; n-BuOH [S] + [Q] = 0.005 20 2.0 x 10 5 FP/LUM/AVE, SS/LUM; TO 756252 0 
mol/L = 0.79 ms; ET; [Q] :s 0.004 "T1 

rnol/L m 
>< 

24.155 Nd( acac);; n-BuOH [S] + [Q] = 0.005 20 4.9 x 105 

mol/L 
FP/LUM/AVE, SS/LUM; TO 756252 (") 

= 0.79 ms; ET ::::j 
m 

24.15.6. Pr(acacL n-BuOH [S] + [Q] = 0.005 20 4.7 10.0 FP/LUM!AVE; = O. 756252 C 
mol/L ms; ET; [Q] :s 0.004 mol/L; s::: 

some SQ m 

"""' 24.15.7. Sm(acacb [S] [Q] = 0.005 20 3.8 :< 105 

mol/L 
= 0.93 766073 » 

r-
ms; ET; quenching involves (") 
dimers; some SQ 0 

Sm(acacJ:; Acetone [Si + [Q] = 0.005 20 3.9 / 105 '0 = 0.80 766073 
s: 
"'C 

mol/L ms; ET; quenching involves r-
m 

dimers; some SQ >< 
Benzene [Si + [Q] = 0.005 20 <1 x 10" FP/LUM/AVE; TO = 0.90 766073 

m 
en 

mol/L ms; quenching involves 
Z 

dimers; some SQ "T1 
~ Benzonitrile [S] + [Q] = 0.005 20 1.3 " 105 
"tl 
::T mol/L 
'< 
!" 

FP/LUM/AVE; TO = 0.83 766073 r-
c:: 

ms; ET; quenching involves C 
dimers; some SQ en 

n 
CCI" [Si + [Q] = 0.005 20 <1 x 10" ::T 

(!) 

? rnol/L 

::0 
;e. 

Sm(ecac J:I Ethylene [S] + [Qi = 0.005 20 1.5 " 10.0 
0 glycol III 

~ 

FP/LUM/AVE; TO = 0.83 766073 0 
r-

quenching involves c: 
dimers; some SQ """' (5 
FP /LUM/AVE; TO = 0.70 766073 Z 

ET; quenching involves 
dimers; some SQ 

n-BuOH [Si + [Qi = 0.005 20 4.9 " 105 FP/LUM/AVE; TO = 0.79 766073 
~ 

.0> 

Z 
9 

En. = 23 kJ / mol (0-
50'C); ET; [Q] :s 0.004 
mol/L; quenching involves 

.~ dimers; some SQ 

~ 
U1 
W 



~ TABLE Quenching of excited terbium complexes-Continued -Il> 
(II 

~ Ao J 
'< 
UI 

0 No. Quencher Solvent Solution Medium T/oC kq Comments Ref. 
J /L mol- 1 S-l 
CII 

~ 
J:I 
CII 24.16. Tb( acetyJaceton!tto) a-Contin ned :"'" 
C Organic Quellchers 
I» 24.15.8. 2-Acetylnaphthalelle Acetolle 1.9 X 10° FP lLUM/SST, SS/LUM; 706153 -I» 
< ET 
0 
:- 24.15.9. .... Naphthalene Acetone 20 2.0 X 104 FP /LUM/SST; ET; also EQ 706153 

!» N aphthalelle Toluene 3.2 X FP /LUM/SST; ET; '0.1 :S 706153 
Z 

0.3 mol/L; also EQ !=' 
~ 

Tb(anthranilato)2+ .... 24.16 . 
CD 

Inorganic Quenchers Q) 
CD 

24.16.1. Nd(H~OL:l+ H2O pH 5.9; 1.1. = 0.6; 1.5 x 10 4 LP /LUM/SST; ET 80E879 22 
([Tb]+[Nd])/[L] = 
1000 

24.17. Tb(crypt)3+ 
Inorganic Quenchers ::I: 

24.17.1. CO(CN)8:l- H2 O 1 mol/L KCI 4.0 x 10° LP !LUM/SST; ET 86E832 0 

" 24.17.2. Cr(CN)B 'i - H2O 1 mol/L KCI x 106 LP /LUM/SST; ET 86E832 " s::: 
24.17.3. Fe(CN)/SI- H2O 1 mol/L KCI X LP /LUM/SST; ET 86E832 l> 

Z 
24.17.4. Ru(CN)6 1- H2O 1 mol/L KCI <1 X 104 LP/LUM/SST 86E832 ." 

""'I 
24.18. Tb [N-(Z-hydroxyethyJ)EDTA] l:I. 

Inorganic Qucnchers t"" 
24.18.1. Co(EDTA)- H2 O X LP ILUM/SPC; "0 = 1.0 81E787 

ms; [Q] = -0.001 
mol/L 

24.19. Tb(salicylato)a 
Organic Quenchers 

24.19.1. Fuchsin MeOH 20 2.5 x 108 FP /LUM/SST; "0 = 1.0 ms; 72E317 
ET; some SQ 

24.19.2. Acridine Orange MeOH 20 1.3 x 10' FP /LUM/SST; "0 = 1.0 ms; 72E317 
ET; same kq from lab 
in 72E320 

24.19.3. Acridine Yellow MeOH 20 2.9 X 106 FP /LUM/SST; "0 = 1.0 ms; 72E317 
ET 

24.19.4. Auramine MeOH 20 1.3 X 106 FP /LUM/SST; "0 = 1.0 ms; 72E317 
ET 

24.19.5. Aurin MeOH x 10' FP ILUM/SST; "0 = 1.0 ms; 72E317 
ET; some SQ 

24.19.6. Chrysoidin MeOH x 106 FP ILUM/SST; "0 = 1.0 ms; 72E317 
ET; same kq from same lab 
in 72E320 



TABLE 24. Quenching of excited terbium complexes-Continued 

No. TrC kq 
/L mol- l 5- 1 

Comments Ref. Quencher Solvent Solution Medium 

24.19. Tb( salicylato )a-Contin ued 
24.19.7. Cory phosphine MeOH 20 1.1 x 107 FP /LUM/SST; "0 = 1.0 ms; 72E317 

ET; same kq from same lab 
in 72E320 

" 24.19.8. Coumarin MeOH 20 3.4 x 105 FP /LUM/SST; "0 = 1.0 ms; 72E317 c: 
m 

ET Z 
24.19.9. 4,4' -Diaminobiphenyl MeOH 20 2.7 x 10,1 FP /LUM/SST; "0 = 1.0 ms; 72E317 

0 
:::I: 

ET Z 
24.19.10. 1,l'-Diethylisocyanine cation MeOH 20 4.2 ;.( 108 FP /LUM/SST; "0 = 1.0 ms; 72E317 C> 

ET 0 
." 

24.19.11. 3,3'-Diethyl-9- MeOH 20 5.6 X 108 

methylthiacarbocyanine cation 
FP /LUM/SST; "0 = 1.0 ms; 72E317 m 
ET; [Q] :s 3.5 ;.( 10-5 >< 

0 
mol/L ::j 

24.19.12. 1,l'-Dimethyl-5,6- MeOH 20 4.5 X 108 

naphthopseudoisocyanine cation 

24.19.13. Fluorene MeOH 20 <1 X 103 

FP /LUM/SST; "0 = 1.0 ms; 72E317 m 
C 

ET; [Q] :s 4.5 x 10-5 s:: 
mol/L m 
FP /LUM/SST; "0 = 1.0 ms; 

-t 
72E317 :I> 

ET r-

24.19.14. Fuchsin MeOH 20 3.1 ;.( 108 FP /LUM/SST; "0 = 1.0 ms; 
0 

72E317 0 
ET; [Q] :s 6.5 ;.( 10-5 s:: 
mol/L; same kq from same "U 

r-

24.19.15. Magdala Red MeOH 20 8.3 ;.( 107 

lab in 72E320 m 
>< 

FP /LUM/SST; "0 = 1.0 ms; 72E317 m 
ET; same kq from same lab en 
in 72E320 Z 

~ 
24.19.16. New Fuchsin MeOH 20 2.2 ;.( 108 

." 
:7 
'< 

FP /LUM/SST; "0 = 1.0 ms; 72E317 
." 
r-

ET; same kq from same lab c: 
in 72E320 C 

!II 
1.7 X 10'1 (") ~4.19.17. Phenanthrene MeOH 20 FP /LUM/SST; "0 = 1.0 ms; 

en 
72E317 0 

:7 
(l) 

3 
MeOH 1.2 ;.( 108 

:rJ 
2·1.1918. Safranine T 20 

(l) 
:-" 
C 

ET r-c: 
FP /LUM/SST; "0 = 1.0 ms; 72E317 -t 

ET; same kq from same lab (5 
in 72E320 Z 

III 
5.0 X 108 ... 24.19.19. 3,3',9-Triethyl-5,5'- MeOH 20 J» 

< dichlorothiacarbocyanine cation 
~ 

FP /LUM/SST; "0 = 1.0 ms; 72E317 
ET; [Q] :s 5.2 x 10-5 

mol/L -!" 24.19.~0. Tryphaflavin MeOH 20 3.9 X 106 FP /LUM/SST; "0 = 1.0 ms; 72E317 
Z 
!' ET 

---CD co 
CD 

~ 
U1 
U1 
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TABLE 24. Quenching of excited terbium complexes-Continued 

No. Quencher Solvent Solution Medium TrC kq 
/L mol- 1 S-1 

24.20. Tb(2,2,6,6-tetl'amethyl-3,Ii-heptanedionato)a 
Inorganic Quenchers 

24.20.1. Eu(thdh 1-PrOH 9.9 x 105 

Eu(thdh 2-PrOH 1.1 x 105 

Eu(thd)3 Benzene 1.0 x 105 

Eu(thdh CCl1 3.7 x 104 

Eu(thdh CHCl3 9.5 x 104 

Eu(thdh EtOH 7.5 x 105 

Eu(thdh MeOH 2.0 x 105 

Eu(thd)a n-BuOH 3.4 X 105 

Comments 

LP /LUM/SST, SS/LUM; TO 

= 0.76 ms; ET 

LP /LUM/SST, SS/LUM; TO 

= 0.69 ms; ET 

LP /LUM/SST, SS/LUM; TO 

= 0.83 ms; ET 

LP /LUM/SST, SS/LUM; TO 

= 0.96 ms; ET; [Q] S 0.003 
mol/L 

LP /LUM/SST, SS/LUM; TO 

= 0.91 ms; ET; [Q] S 0.004 
mol/L 

LP /LUM/SST, SS/LUM; TO 

= 0.60 ms; ET 

LP /LUM/SST, SS/LUM; TO 

= 0.68 ms; ET; [Q] S 

0.0035 mol/L 

LP /LUM/SST, SS/LUM; TO 

= 0.75 ms; ET; [Q] S 

0.0035 mol/L 

Ref. 

776186 

776186 

776186 

776186 

776186 

776186 

776186 

776186 

.". 
U'I en 

::I: 
0 
." 
." 
is: ,. 
Z 
", .... 
:b. 
.... 
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TABLE 25. Quenching of excited tin complexes 

Quencher Solvent Soilltion Medillm 

25.1. Sn [5,10,15 ,20-tetrakis( I-methylpyridinium-4~yl)porphyrin I CI:: 4 + 
Inorganic Qllenchers 

25.1.1. FeH H20 

25.1.2. S~082-

Organic Quenchers 
25.1.3. MV~+ 

H~O 

H20 

25.2. Sn[5,lO,15,20-tetrakis( 4-sulfonatophenyl)porphyrinjCI:: 4-

Inorganic Quenchers 
25.2.1. S20/- H20 

Organic Quenchers 
25.2.2. MVH H20 

25.3. Sn(5,10,15,20-tetraphenylporphyrin)(OH)2 
Organic Quenchers 

25.3.1. MV2 + AN/H 2 0 
(19/1) 

5 X 10-·\ mol/L 
KOn 

TrC kq 
/L mol- 1 s-

-1 X 106 

1.0 X 107 

< 1 X 104 

-1 10 5 

<1 10 4 

2.9 X 105 

Comments 

FP j ABSjSST; 70 = 0.90 
OT 

FP j ABSjSST; 70 = 0.90 
ms; OT 

FPjABSjSST; 70 = 0.90 
ms; OT 

FP / ABSjSST;,o = 1.0 

FP JABS/SST; TO = 1.0 rns; 
OT 

SSjQYP; 70 = 2.0 ms 
(FP JABS/SST); aT; see 
Mech. [71 

Ref. 

83A133 

83A133 

83A133 

83A133 

83A133 

85F328 

0 
C 
m 
Z 
0 
::I: 
Z 
C) 

0 
"T'I 
m 
>< 
0 
:::j 
m 
C 
:s:: 
m 
...... 
l> 
r 
0 
0 s:: 
"1:J 
r 
m 
X 
m en 
z 
"T'I 
r 
C 
0 
en 
0 
r c 
-t 
0 
Z 

01:>­
U'I 
-...J 
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TABLE 26. Quenching of excited titanium complexes 

No. Quencher 

38.1. Ti( oxo)( 5,10,15,30.tetraphenylporphyrin) 
OrgaRic QueRchers 

Solvent 

26.1.1. Ethanol, protonated EtOH 

Solution Medium 

s1.5 X 10-4 

mol/L HCl 

T;oC kq 
/L mol- I s-I 

3.4 x 10° 

TABLE 27. Quenching of excited tungsten complexes 

No. Quencher 

37.1. W(CO)6(~eyanopyridine) 
OrgaRic QueRchers 

27.1.1. Anthracene 

Solvent 

MeCH 

Solution Medium TrC kq 
/L mol- I 8- 1 

0.1 mol/L EtOH 25 4.0 X 109 

Comments 

LP / A8S/SST; TO = 35 !Ls; 
PT; [Q] S 1.5 x 10-4 

mol/L; HCl assumed to be 
completely dissociated 

Comments 

Ref. 

848008 

Ref. 

LP /LUM/SST, SS/LUM; TO 80F384 
= 0.36 !L8; ET?; [Q] S 

0.005 mol/L 

". 
g: 

:::J: o 
." 
." 
s:::: 
~ z 
~ 
:b 
!"" 



TABLE Quenching of excited uranium complexes 

No. Quencher Solvent Solution Medium Tr C Comments Ref. 
/L 

1 -s 

28.1. UOzz+ 
Inorganic Quenchers 

28.1.1. Ag+ H2O flo = 0.019 25 9.7 x 108 SL/LUM/SPC; 'To und = 1.3 80A331 
E" = 22 kJ/mol (6-20 
RT; oS 10-1 C 

mol/L; S as N0 3 - salt c: 
m 

Ag+ flo = 0.034 25 1.0 109 SL/LUM!SPC; 'Tound = 80A331 Z 
0 E = 21 kJ/mol ::I: .. . 

ec); RT; [Q] oS 4 X 10- 4 
Z 

mol/L; as NO J - salt C) 

Ag+ H2O flo = 0.06 (NaN0 3 ) 25 1.2 x 10 9 SL/LUM/SPC; 'To'lfid = 1.2 80A331 0 
." 

flos; E" = 20 kJ / mol (16-34 m 
RT: oS x 10- 4 >< 

IDol/L; as N03 - salt 0 
=i Ag+ H 2 O flo = 0.1 (NaN0 3 ) 25 1.6 x 109 SL/LUM/SPC; 'To und = 1.2 80A331 m 

E .. = 19 kJ/mol C 
'C); RT; [Q] oS 4 X 10-.1 :s: 
mol/L; S as N0 3 - salt m 

-I 
Ag+ H2 O 1 mol/L H2 S0 1 25 4.3 A 109 FP !LUMjSST, 77E693 ~ 

r 
'To"lr = 11 flos; RT 0 

Ag+ 1 mol/L H:1PO'1 25 4.9 109 FP !LUM/SST, 77E693 0 
:s: 

70 air = 0.18 ms; RT -a 
Ag+ 1 mol/L HClO 4 3.3 x 10° FP !LUM/SST, SS/LUM; 

r 
H2O 25 77E693 m 

'To:l.lr = floS; >< m 
Ag+ H2O pH 2.3; flo = 0.007 1.2 X 10 9 LP /LUM/SST; 'TO &ir = 1.5 81F325 (I) 

flos; RT; S as NO'3-salt Z 

Ag+ 2.0-2.5 (HNO:l ) 3.5 10° SS/LUM; 'To"ir = 1.2 floS 766020 ." 
~ r 
"Ill (747132); RT; S as N0 3 - c: 
:::r salt C '< 
!II 

Ag+ 109 
CJ) 

0 HcO 1 mol/L H:!P0 4 ; 3.9 LP /LUM/SST; = 0.16 81F325 0 :::r = 0.09 IDS; RT; S as N0 3 - salt r til 
3 c: 

Ag+ H2O 1 mol/L HN0 3 ; 1.9 A 10° LP /LUM/SST; 81F325 -I :c 0 ~ f.Ls; RT; S as N0 3 - salt 
Z 

C 28.1.2. Ba21 H2 O 1 mol/L H3P0 4 25 2.3 x 104 FP !LUM/SST, SS/LUM; 77E693 III 
.P) 'loan = 18 ms 

Ba2 • H2O pH 2.0-2.5 (HN0 3 ) <4 X 103 SS/LUM; 'TO"ir = 1.2 floS 766020 
.... (747132); S as N03 - salt 
CIO . 

28.1.3. Br- H2O = 0 (extrap'd, 25 3.5 x 10 10 FP /LUM/SST, SS/LUM: 766201 Z 
!=I HCI0 4) RT 
.d> 

Br- H2 O mol/L HelO I 25 4.8< 109 FP /LUM/SST, SS/LUM; 766201 .... 
to '0 und = 6.8 flos; RT 

.j::o. 

0:> U1 
«:> <0 



~ TABLE 28. Quenching of excited uranium complexes-Continued oIiIo 
en 

'V 0 
:::T 
'< 
!'J No. Quencher Solvent Solution Medium T/oC kq Comments Ref. n /L mol- l s-1 :::T 
III 

~ 
::a 

UO Il Il+ -Continued III ZS.l. 
:"" Br- H2 O 1 mol/L HaPO 4 25 8.5 x 108 FP /LUM/SST, SS/LUM; 766201 c 
III TO und = 0.19 ms; RT -!J 

1.0 X 1010 LP/LUM/SST; TO .. ir = 1.5 < Br- H2O pH 2.3; f.l = 0.007 81F325 
~ f.ls; RT; S as NOa - salt .... 

6.6 x 109 LP /LUM/SST; TO air = 2.8 !O Br- H;)O 1 mol/L HNOa; f.l 81F325 
z = 1 f.ls; RT; S as NOa - salt 
~ 
~ .... Br- H:!O 1 mol/L H3P0-t; f.l 1.9 x 109 LP /LUM/SST; TO .. ir = 0.16 81F325 .... = 0.09 ms; RT; S as NO a - salt CD 
C» 
CD 28.1.4. CelV H2O 1 mol/L HCI04 25 3.5 x 107 FP /LUM/SST, SS/LUM; 77E693 

TO aor = 6.8 f.ls; ET 

Ce lV H2O 1 mol/L HaPO.1 25 3.5 x 107 FP/LUM/SST, SS/LUM; 77E693 
TOaor = 0.18 ms; ET 

28.1.5. Ce3 + H2O 1 mol/L HaPO 4 25 2.1 x 108 FP/LUM/SST, SS/LUM; 77E693 ::I: 
TO"or = 0.18 ms; RT 0 

"TI 
Ce3 + H2O 2.0 x 109 LP /ABS/SST; TO = 1.4 f.ls; 82A353 "TI 

3!: 
RT; [Q] = 0.008-0.04 l> 
mol/L; S as NOa - salt Z 

Ce:1+ H2O pH 2.0-2.5 (HN03 ) 3.1 x 105 SS/LUM; TO .. ir = 1.2 f.lS 766020 ." 
""'I 

(747132); RT?; S as NOa - :b 
salt r"" 

Ce3 + H2O 0.09 mol/L H2SO 4 1.1 X 108 LP/ABS/SST; TO = 2.4 f.ls; 82A353 
RT; TO depends on lSI; S as 
S042 - salt 

Ce=!+ H2O 0.4-0.5 mol/L 5.0 x 107 LP / ABS/SST; TO = 4.3 f.ls; 82A353 
H:!S04 RT; TO depends on lSI; S as 

S042 - salt 

Ce:l + H2O 0.2-2 mol/L HNOa -1 x 107 LP / ABS/SST; TO = -2.0 82A353 
f.ls; RT; [Q] = 0.008-0.04 
mol/L; S as NOa - salt 

Ce:l + H2O 0.5 mol/L HCI0 4 1.3 x 106 LP/ABS/SST; TO = 3.4 f.ls; 82A353 
RT; [Q] = 0.41 mol/L; S as 
CI0 01 - salt 

Ce:l + H:!O 1 mol/L HCI0 4 2.6 x 106 LP /ABS/SST; TO = 5.6 f.ls; 82A353 
RT; [Q] = 0.45 mol/L; S as 
CIO"" - salt 

Ce:l + H2O 2 mol/L HCI0-l 3.4 x 106 LP / ABS /SST; TO = 6.7 f.lS; 82A353 
RT; [Q] = 0.45 mol/L; S as 
CI0 4 - salt 



TABLE 28. Quenching of excited uranium complexes-Continued 

No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
/L mol- l S-1 

28.1- uo z z+ -Continued 
28.1.6. Cl- H2 O J.I. = 0 (extrap'd, 25 1.4 X 10 10 FP/LUM/SST, SS/LUM; 766201 

HClO,,) RT 

Cl- H2O 1 mol/L HClO., 25 1.7 x lOll FP/LUM/SST, SS/LUM; 766201 " "0 und = 6.8 J.l.s; RT C 
m 

Cl- H2O 1 mol/L H3PO" 25 8.0 X 107 FP/LUM/SST, SS/LUM; 766201 Z 
0 

,.ound = 0.19 ms; RT ::I: 
Cl- H!l0 pH 2.3; J.I. = 0.007 2.8 X 10° LP/LUM/SST; ,.o"ir = 1.5 81F325 Z 

J.l.s; RT; S as N0 3 - salt 
C') 

0 
Cl- H2O 0.05 mol/L 6.0 X 107 FP /LUM/SST; RT; S 77E694 ." 

HClO,,; 0.05 mainly as UO~F 2 m 
>< mol/L F-; J.I. = 0 0 

(extrap'd, :::j 
NaC10 4) m 

C 
Cl- H2O 0.05 mol/L 2.0 X 108 FP /LUM/SST; RT; S 77E694 3i: 

HClO.,; 0.05 mainly as U0 2SO" m 
mol/L SO/-; J.I. -t 

l> 
= 0 (extrap'd, r-
NaCIO,,) 0 

Cl- H2 O 1 mol/L HaPO,,; J.I. 8.0 X 107 LP /LUM/SST; ,.o"ir = 0.16 81F325 
0 
3i: 

= 0.09 ms; RT; S as N0 3 - salt " r-
Cl- H2O 1 mol/L HN03 ; J.I. 1.4 X 10° LP /LUM/SST; "0 air = 2.8 81F325 m 

>< = 1 J.l.s; RT; S as N03 - salt m 
28.1.7. Co~+ H2O 1 mol/L H3PO" 25 2.0 x 107 FP!LUM/SST, SS/LUM; 77E693 

CJ) 

"0 .. 1< = 0.18 ms; RT, ET Z 

Co~+ pH 2.0-2.5 (HN0 3 ) 9.7 X 106 SS/LUM; ,.o"ir = 1.2 fJ.s 
." 

~ 
H2O 766020 r-

(747132); RT; S as NO a- C 
"tI 

C :::r salt '< 
!II 

1.2 X lOll 
CJ) 

0 28.1.8. Co(DMG I~( C~H5)(H20) H2 O 0.01 mol/L HClO" LP /LUM/SST; ET; S as 83E223 0 
:::r N0 3 - salt r-
ID C 
? 28.1.9. Cr:!+ H2O 1 mol/L HaPO" 25 3.0 X 106 FP !LUM/SST, SS/LUM; 77E693 -t 
JJ 0 
~ "0"1< = 0.18 ms; ET 

Z 
C 28.1.10. Cr(CO)'l Acetone or 4.2 x 107 LP /LUM/SST, SS/LUM; 79F334 
III .. AN or THF RT; [Q] :s 3 x 10-" mol/L; ~ 
< S as N0 3 - salt 
~ 28.1.1l. Cr~O/- H2O 1 mol/L H:!PO" 25 2.3 x 107 FP /LUM/SST; "0 air = 0.18 77E693 .... 
~ ms; ET 
Z 
~ 28.1.12. Cu~+ H2 O 1 mol/L H3PO., 25 4.9 x 107 FP !LUM/SST, SS/LUM; 77E693 
~ ,.o,m = 0.18 ms; ET .... .c:. 
CO Q) 
C» ..... 
CO 



~ TABLE 28. Quenching of excited uranium complexes-Continued ".. 
." G) 

:so N 
'< 
1/1 

0 No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
:so /L mol- I s-I 
CD 

~ 
:II 

U02l 2l+ -Continued CD 28.1. :-" 
C Cu2 + H2O pH 2.0-2.5 (HNOa) 2.7 X 106 SS/LUM; TO .. i • = 1.2 ILs 766020 
III (747132); RT; S as NOa--l' 
< salt 
0 

Er3 + HZS0 4 9.7 x 106 FP /LUM/SST, SS/LUM; TO 68E121 :- 28.1.13. .20 ... 
!R (66%) = 42 J.l.s; ET; [Qj s 0.005 
z rnol/L p 
~ 28.1.14. Eu3 + H2O 1 mol/L H3PO.1 25 1.0 x 106 FP /LUM/SST, SS/LUM; 77E693 ... TO'''" = 0.18 ms; ET CD co 

Eu3 + 0.5 mol/L H3P0 4 6.8 X 106 LP /LUM/SPC; TO und = CD H2 O 84E828 
0.19 rns; ET; [Qj = 0.0018-
0.0051 mol/L 

Eu3 + H~;:O 1 mol/L HaP0 4 4.2 x 106 LP /LUM/SPC; TO und = 84E828 
0.19 ms; ET; [Qj = (8.8-51) 
x 10-4 mol/L ::I: 

0 
Eu:l + H2O 2 rnol/L H3P0 4 2.5 X 106 LP /LUM/SPC; TO und = 84E828 ." 

0.21 rns; ET; [Qj = 0.0018- ." 
3!: 

0.0051 rnol/L • Eu:1+ H2O 5 rnol/L HaP0 4 1.0 X 106 LP/LUM/SPC; Tound = 84E828 
Z 
l'11 0.21 rns; ET; [Qj = 0.0018- ""I 

0.0051 mol/L :b. 
Eu:l+ H2SO 4 20 1.5 X 106 FP /LUM/SST, SS/LUM; TO 68El21 r-

(66%) = 42 J.l.s; ET; [Qj s 0.005 
mol/L 

28.1.15. Fe~+ H2O 1 mol/L HClO 4 25 1.0 x 109 FP /LUM/SST, SS/LUM; 77E693 
TO"" = 6.8 J.l.s; RT 

Fe~+ H2O 1 rnol/L H2SO 4 25 1.8 x 109 FP /LUM/SST, SS/LUM; 77E693 
TO "" = 11 ILS; RT 

Fe~+ H2O 1 mol/L HaP0 4 25 2.0 x 109 FP/LUM/SST, SS/LUM; 77E693 
TO"" = 0.18 ms; RT 

Fe~+ H2O pH 2.0-2.5 (HNOa) 6.7 x 108 SS/LUM; TO .. i • = 1.2 ILs 766020 
(747132); RT, ET; S as 
NOa - salt 

Fe~+ H2O 0.5 mol/L HaP0 4 4 x 107 FP/LUM/SST, 727386 
FP/ABS/SST; RT; [Q! = 1 
x 10-4 rnol/L 

28.1.16. Fe:l + H~O 1 mol/L HaP0 4 25 2.5 x 106 FP/LUM/SST, SS/LUM; 77E693 
TO"" = 0.18 ms; ET 

Fe:l 4- H::O 1 mol/L HClO 4 25 2.2 x 106 FP /LUM/SST, SS/LUM; 77E693 
TO"" = 6.8 J.l.s; ET 



TABLE Quenching excited uranium complexes-Continued 

No. Quencher Solvent Solution Medium TloC Comments Ref. 
IL -1 S-l 

28.l. U0 2 2 + -Continued 
Fe 3 + H~O pH 2.0-2.5 (HN0 3 ) <5 x 107 SS/LUM; To,,;r = 1.2 fl.s 766020 

(747132); S as N0 3 - salt 

1.17. Fe(C5H5)~ Acetone 1.6 X 10 10 LP ILUM/SST, SS/LUM; TO 78E300 0 
fl.s; RT; N0 3 - C 

m 
Z 

Fe( C)IG)C .sH4C( ° )CHai Acetone 4.0 x 109 LP ILUM/SST, SS/LUM; TO 78E300 0 
::I: 

= 1.2 fl.s; RT; S as NO:I- Z 
salt C> 

28.1.19. Fe(C 5H5)[CsHIC(O)C5H5i 4.5 x LP /LUM/SST, 78E300 0 
"T1 

fl.s; RT; m 
>< 

28.l.20. Fe[C 5,H jC(O)CH 3b Acetone 1.0 x 10° LP ILUM/SST, SS/LUM; TO 78E300 
0 
::::j 

= 1.2 fl.s; RT; S as N0 3 - m 
salt C 

28.1.21. Fe(CN)u:t- H2O 1 HCIO I 9.8 FP /LUM/SST, 77E693 s:: 
m 
-I » 

28.1.22. Fe(CN)" 1-- H2 O 1 mol/L H:1P0 4 2.2 x FP /LUM!SST, 77E693 r 
TO a,. = 0.18 ms; RT 0 

0 
Acetone or 4.8 X 107 LP /LUM/SST, SS/LUM; 79F334 s:: 

THF S as NO:l - "'C 
r 

28.1.24. Ga: l + fLO 1 H:IPO'I 5.4 .>( FP !LUM/SST, 77E693 m 
>< m 

Gd;\' 4.7 x 104 
(J) 

25. H2 O 1 mol/L HaP0 4 25 FP /LUM/SST, SS/LUM; 77E693 
TO"" = 0.18 ms Z 

"T1 
~ ~8.1.26. Ge(CH,J I 1.8 X 107 LP /LUM/SST; as 84A465 r 
"C - C 
:::T salt 
'< C 

rJ> 
28.1.~7. Ge(C,H,,) , 4.3 .< LP /LUM/SST; as 8·iA465 (J) 

("") 
CI0 4 - salt 0 :::T 

ro r 
? 1.28. Hg"- H"O 1 mol/L H3PO I 25 1.8 x 1011 FP/LUM/SST, SS/LUM; 77E693 C 
:c TO alr = 0.18 ms 

-I 

~ 0 
0 

Hg'.2+ HCIO I 8.2 x /T.lJM /SST /ITM: 77F:fi!B Z 
til 

.; 
< 29. Hg'C"T H.,O 1 mol/L H3P0 4 25 1.8 x lOll FP !LUM/SST, SS/LUM; 77E693 
0 -

TO air = 0.18 ms; RT 

51" Hg:2~ H~O pH 2.0-2.5 (HNO:I) 1.0 X 109 SS/LUM; To,,;r = 1.2 fl.S 766020 
z RT; !' 
.~ 

~ Hg/+ fl. = 0.007 2.3 x LP /LUM/SST; = 1.5 ISH',,::::, (!) .j:>. 
0> fl.s; RT; S as N0 3 - salt O'l (!) CtJ 



IE:. 

~ TABLE 28. Quenching of excited uranium complexes-Continued 01» 
'U CD 
~ 01» 
'< .. 
0 No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
~ /L mol-I s-1 
~ 

? 
:D 

UOz z+ -Continued ~ 28.1-
~ 

0 Hgzz+ H2O 1 mol/L HN03 ; (J. 1.0 )( 109 LP/LUM/SST; 'l"o"ir = 2.8 81F325 
I» 

1 (J.s; RT; S as N03 - salt ; 
< Hg2 Z+ H2O 1 mol/L H3P0 4; (J. 3.4 x 109 LP ILUM/SST; 'l"o"ir = 0.16 81F325 
0 ,... = 0.09 ms; RT; S as N03 - salt 
do 

.00 28.1.30. Ho;1+ H2SO 4 20 1.1 X lOB FP/LUM/SST, SS/LUM; '1"0 68E121 
Z 

(66%) = 42 (J.S; ET; [Qj :s 0.005 p 
..... mol/L .... r- HzO (J. = 0 (extrap'd, 5.6 X 10 10 FP/LUM/SST, SS/LUM; CD 28.1.31. 25 766201 
CD 
U) HCI04) RT 

r- HzO 1 mol/L H3P0 4 25 2.1 x 109 FP ILUM/SST, SS/LUM; 766201 
'1"0 and = 0.19 rns; RT 

r- H2O 1 mol/L HCIO.! 25 6.9 )( 109 FP ILUM/SST, SS/LUM; 766201 
'l"ound = 6.8 (J.s; RT ::z:: 

r- H2 O pH 2.3; fL = 0.007 1.4 )( 1010 LP /LUM/SST; '1"0 air = 1.5 81F325 0 
." (J.s; RT; S as N0 3 - salt ." 

1- H2 O 1 mol/L HsP0 4 ; fL 2.1 x 10\) LP /LUM/SST; 'l"o .. ir = 0.16 81F325 3: 
:J> 

= 0.09 ms; RT; S as N03 - salt; kq Z 
= 8 X 108 L mol- S-l h1 
with FP/ABS/SST, 'I 
FP/LUM/SST and To"ir = :b. 
0.17 fLS from same lab in 

t" 
767278 

r- H2O 1 mol/L HN03 ; 7.3 101) LP /LUM/SST; TO a " = 2.8 81F325 
= 1 (J.s; RT; S as N0 3 - salt 

28.1.32. In:l + H2O 1 mol/L H3P0 4 25 1.7 105 FP/LUM/SST, SS/LUM; 77E693 
'foa-Ir = rns 

28.1.33. Mn:!+ H2O 1 mol/L H3P0 4 25 1.9 107 FP/LUM/SST, SS/LUM; 77E693 
'To3.1r = rns; RT, ET 

Mn~+ H2O pH 2.0·2.5 (HN03 ) 3.4 )( 106 SS/LUM; 'l"o"ir = 1.2 (J.S 766020 
(747132); RT; S as N0 3 -

salt 

28.1.34. Mn~(COLo Acetone or 3.8 X 107 LP/LUM/SST,SS/LUM; 79F334 
AN or THF RT; S as N0 3 - salt 

28.1.35. MnOI - H2O 1 mol/L H3 PO 4 25 2.1 )( 108 FP jLUM/SST; '1"0 air = 0.18 77E693 
IDS; ET 

28.1.36. Mo VI H2O 1 mol/L HaP0 4 25 3.8 x 10' FP/LUMjSST, SS/LUM; 77E693 
'1"0"" = 0.18 rns 

28.1.37. Mo(CO)6 Acetone or 4.2 x 107 LP/LUM/SST, SS/LUM; 79F334 
AN or THF RT; S as N0 3 - salt 



TABLE 28. Quenching of excited uranium complexes-Continued 

No. Quencher Solvent Solution Medium T;aC kq Comments Ref. 
/L mol- L S-L 

28.1- UQ:1+ -Continued 
28.1.38. N2H'1 H2O 1.5 mol/L HN03 7.6 X 106 LP/LUM/SST, SS/LUM; 84F157 

'To und = 1.3 fLS; RT; [Q] :;; 
0.25 mol/L; S as N03 - salt 0 

N zH 4 H2O 3 mol/L HN0 3 4.8 X 106 LP/LUM/SST, SS/LUM; 84F157 
C 
m 

'To und = 1.3 fLS; RT; [Q] :;; Z 
0.25 moljL; S as N0 3 - salt 0 

::I: 
28.1.39. Nd H H~SO'I 20 1.7 X 107 FPjLUMjSST, SS/LUM; 'To 68E121 Z 

(66%) = 42 fLs; ET; [Q] :;; 0.005 C) 

mol/L 0 
"T1 

28.1.40. Ni 2 + H2O 1 mol/L H3 P0 4 25 9.4 X 105 FP /LUMjSST, SS/LUM; 77E693 m 
'Toa .. = 0.18 ms; ET >< 

0 
NiH H2O pH 2.0-2.5 (HN0 3 ) 5.5 x 106 SSjLUM; 'To"ir = 1.2 fLs 766020 :::j 

(747132); RT; S as N0 3 - m 
C salt s: 

28.1.41. Ni(CO),1 Acetone or 1.6 X 108 LPjLUMjSST, SS/LUM; 79F334 m 
AN or THF RT; S as N03 - salt -t 

l> 
28.1.42. Os(Cr,Hr,)z Acetone 4.2 X 107 LP/LUM/SST, SSjLUM; 'To 78E300 r 

0 
= 1.2 fLs; RT; S as N0 3 - 0 
salt s: 

28.1.43. Pbz+ H2O 1 mol/L H3 PO.1 25 1.0 X lOll FP /LUMjSST, SS/LUM; 77E693 
." 
r 

'To a .. = 0.18 ms; RT m 
>< 

Pb2 + H2O pH 2.0-2.5 (HN03 ) 3.2 X 107 SS jLUM; 'To air = 1.2 fLs 766020 m 
(747132); RT; S as N0 3 -

en 
salt Z 

"T1 

~ ~8.1.44. Pb(CH:J I Acetone 2.8 X 10° LP /LUM/SST; RT; S as 84A465 r 
C 

1:1 CIO'I- salt 
C :::T 

'< ~8.1.45. Pb(CzH,;) I Acetone 5.7 X 10° LP jLUMjSST; RT; S as 84A465 en !II 
0 CI0-l- salt 0 
:::T r 
(II 28.1.46. Pb(CH:1)(C 2 Hr,);1 Acetone 5.5 x 109 LP jLUM!SST; RT; S as 84A465 C 
3 -t 
:II 

CI0 4 - salt 0 (II 
5.5 X 109 :-" 28.1.47. Pb(CH:1UCzHs)z Acetone LP jLUMjSST; RT; S as 84A465 Z 

0 Cl0 4 - salt I» ... 
_I» 28.l.48. Pb(CH:1),,( CzHs) Acetone 3.7 x 109 LP /LUM/SST; RT; S as 84A465 
< Cl0 4 - salt l2-... 28.1.49. Pr:l + HzSO I 20 4.0 X 106 FP/LUM/SST, SS/LUM; 'To 68E121 co . 

(66%) = 42 fLs; ET; [Q] :;; 0.005 z 
? moljL 
: ... 

28.1.50. Pt(CN) 12 - HzO fL = 2 (HCl0 4 or 1 X lOll EM!; RT 85A469 .... .j::o. 
CD HzS0 1) en co U'I CD 



~ TABLE 28. Quenching of excited uranium complexes-Continued .,. 
en 

"tI en 
~ 
'< 
!II No. Quencher Solvent Solution Medium TloC A:q Comments Ref. 
0 
~ /L mol-I S-I 
CD 

? 
::D 

U02 2+ -Continued CD 2S.1. :"" 
C 28.1.51. Pt( C20 4)2 2- H2 O J.L = 2 (HCl04 or 8 x 108 EMI; RT 85A469 
I» H2SO 4) .. 
~ 
< 28.1.52. Pt(en)22+ H2O J.L = 2 (HCl0 4 or 3 x 10° EMI; RT 85A469 
~ H2SO 4) ... 
!II 28.1.53. Pt(NHa)l+ H2 O J.L = 2 (HCl0 4 or 2 x 10° EMI; RT 85A469 
z H2SO 4) ~ 
:'" 28.1.54 . Pt(N02)42- H2O IL = 2 (HCl0 4 or 8 x 108 EMI; RT 85A469 ... 
co H2SO 4) 
CD co 

28.1.55. Ru(bpYb2+ H2O pH 2 (HNOa) 3.7 x 10° LP /LUM/SST; TO = 3.2 ILS; 80A291 
RT 

Ru(bpY):12+ H2O 2 mol/L HaP0 4 2.2 x 10° LP /LUM/SST; TO = 30 ILS; 80A291 
RT 

28.1.56. Ru(Cr,Hr,h Acetone 2.1 x 10° LP/LUM/SST, SS/LUM; TO 78E300 ::I: 
= 1.2 ILs; RT; [QJ :s 3 x 0 

" 10-5 mol/L; S as N0 3 - " salt s: 
l> 

28.1.57. Ru(Cr,Hr,) [C.sH1CH(OH)C6H5J Acetone 1.3 x 10° LP /LUM/SST, SS/LUM; TO 78E300 Z 
= 1.2 ILs; RT; S as N0 3 - n, 
salt .... 

~ 
28.1.58. Ru(Cr,H.s)[Cr,H"C(O)C6HsJ Acetone 5.7 x 108 LP /LUM/SST, SS/LUM; TO 78E300 !"" 

= 1.2 ILs; RT; S as N03 -

salt 

~8.1.59. Ru[Cr,H"C(O)C 6 HsJ2 Acetone 3.0 x 108 LP/LUM/SST, SS/LUM; TO 78E300 
= 1.2 ILs; RT; S as NOa -
salt 

28.1.60. SCN- H2O pH 2.3; IL = 0.007 1.1 x 10 10 LP /LUM/SST; TO air = 1.5 81F325 
ILs; RT; S as NOa - salt 

SCN- H2O 1 mol/L H3P0 4; IL 2.0 x 10° LP ILUM/SST; TO air = 0.16 81F325 
= 0.09 ms; RT; S as NOa - salt 

SCN- H2O 1 mol/L HNOa; IL 7.4 x 10° LP /LUM/SST; TO air = 2.8 81F325 
= 1 ILs; RT; S as NO a - salt 

28,1.61. Si(CH:\) , Acetone <2 x 106 LP /LUM/SST; S as CIO 4 - 84A465 
salt 

28.1.62. Si(C:lHr,), Acetone -2 x 107 LP /LUM/SST; RT; S as 84A465 
CIO" - salt 

28.1.63. Sit CH:,h[ C( CHalaJ Acetone 5.9 ;( 107 LP /LUM/SST; RT; S as 84A465 
Cl0 4 - salt 

28.1.64. Si(CH3 h(C:lHs) Acetone 9.6 x 106 LP JLUM/SST; RT; S as 84A465 
ClO.,- salt 



TABLE 28. Quenching of excited uranium complexes-Continued 

No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
fL mol- 1 s-l 

28.1. U0 2 2+ -Continued 
28.1.65. Sm3+ HZSO'1 20 S.O X 106 FP jLUMjSST, SSjLUM; 'To 68E121 

(66%) = 42 J-ls; ET; [Q] ::::: 0.005 
moljL 

" 28.1.66. Sn rv H2O 1 moljL HCI0 4 25 1.0 x 106 FP !LUMjSST, SSjLUM; 77E693 C 
rn 

'To air = 6.8 fJ.s Z 

Sn rv :.0 X 106 FP !LUMjSST, SSjLUM; 
(') 

H2O 1 moljL H3PO .. 25 77E693 ::I: 
'To AIr = 0.18 ms Z 

28.1.67. Sn:!+ H2O 1 moljL H:1P0 4 25 8.9 X 108 FP !LUMjSST, SSjLUM; 77E693 Q 
0 

'To"lr = 0.18 ms; RT ." 

28.1.68. Sn(CH:1).! Acetone 1.6 x 108 LF jLUMjSST; RT; S as 84A465 rn 
>< CIJ 4 - salt (') 

28.1.69. Sn(C~Hr,).! Acetone 1.7 X 10\) LF jLUMjSST; RT; S as 84A465 ~ 
rn 

ClD 4- salt C 

28.1.70. Sn[CH(CH:\)2]4 Acetone 4.6 x 10° LF jLUMjSST; RT; S as 84A465 s: 
ClD 4 - salt rn 

-4 
28.1.71. Sn(CE:lh(C~H5) Acetone 5.6 X 108 LF jLUMjSST; RT; S as 84A465 » 

r 
ClD 4 - salt (') 

28.1.72. Sn(CE:!CH~CH3)~ Acetone 1.4 X 10\) LF jLUMjSST; RT; S as 84A465 0 
s: 

ClD 4 - salt ." 

Sn[CH(CH:1)CHzCH3]" 3.0 X 10\) LPjLUMjSST; RT; S as 
r 

28.1.73. Acetone 84A465 rn 
CIO .. - salt >< rn 

28.1.H. Sn(CH:.;CH~CHzCH3)" Acetone 1.7 X 10\) LPjLUMjSST; RT; S as 84A465 CJ) 

CIO,,- salt Z 

28.1.75. Sn(CH;\);\(CHzCH2CHzCH3) Acetone 8.0 X 108 LPjLUMjSST; RT; S as 84A465 ." 
~ r 

" 
C10 4 - salt C 

::r 
Sr~+ 1.5 X 10" C '< 28.1.76. H2O 1 moljL H:\PO.1 25 FF!LUMjSST, SSjLUM; 77E693 

!II CJ) 

0 'To air = 0.18 ms 0 
::r 

Th'v 1.5 X 106 FP!LUMjSST, SSjLUM; 
r 

(!) 28.1. i7. H2O 1 moljL HzSO., 25 77E693 c: ? 'To,ur = 11 J-ls -4 
:II 0 (!) 28.1.78. Tr+- HzO 0.5 mol/L HzSO., 10 4.1 X 10\) FPjLUMjSST, SSjLUM; 70 74F655 :-0. Z 
C = 27 J-lS; [Q] = (1-20) X 
I\) 

10-5 m~ljL; S as SO.,2-~ 
< sal~ 
0 

Tl+ 1.7 x lOll LIT; 70 und = 1.6 fJ.s; [Q] ::::: :- H2O 0.01 mol/L HN0 3 ; 22 8lE789 ..... 
~t:1l J-l = 0.034 1.5 X 10- 4 mol/L 
Z 

Tl+ ~ H~O 0.5 moljL H~SO.I 22 5.2 ;.< 10\) FPjLUMjSST, SS!LUM; 'To 74F655 
~ ..... = 12 J-lS; [Q] = (1-20) x 
..... 10-5 moljL; S as SO.,~- ,J:. 
to 0) 
t:1l saI~ ...... to 



!- TABLE 28. Quenching of elCcited urar.ium complexes-Continued ~ 

" 
a> 

~ CIO 
'< 
til 

(") No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
=r /L mol- L s-l 
CD 

? 
:0 

U0 2
2 + -Continued ~ 28.1. 

0 Tl+ H2O 1 mol/L HCI0 4 25 4.5 x 10~ FP /LUM/SST, SS/LUM; 77E:693 a TO air = 6.8 J.ls; RT 
~ 
< TI+ H2O 1 molJL H2S0-l 25 5.4 X 10~ FP /LUM/SST, SS/LUM; 77E:693 
0 
;-

To
alr = 11 J.ls; RT ..... 

S" Tl+ H2O 1 moljL H3 PO '1 25 6.1 X 109 FP /LUM/SST, SS/LUM; 77~693 z 
P TO air = 0.18 ms; RT 

~ Tl+ H2 O 0.5 mol/L H~S04 30 6.8 X 10' FP /LUM/SST, SS/LUM; TO 74::<'655 
cD = 6.8 J.ls; [Q] = (1-20) X (X) 
CD 10-5 mol/L; S as SO,12-

salt 

Tl+ H2O 0.5 mol/L H2SO 4 40 8.6 X 10\' FP /LUM/SST, SS/LUM; TO 74F655 
= 3.5 J.ls; [Q] = (1-20) i< 

10-5 mol/L; S as S042 -

5alt ::t: 
0 

Tl+ H2O pH 2.3; J.l =:: 0.007 1.6 X 10f! LP /LUMjSST; TO air = 1.5 81F325 ." 
." 

:.lS; RT; S as NO a- salt s: 
Tl+ H2O 1 mol/L HNO.'l; J.l 2.3 x 10~ LP /L UMjSST; TO air = 2.8 8lf325 l> 

Z 
= 1 :.lS; RT; S as N0 3 - salt I'T'J 

Tl+ H:P 1 mol/L HaPO<t; p. 4.0 X lOr, LP/LUM/SST; 'To air = 0.16 8IT325 ...... 
~ = 0.09 :ns; RT; S as NO;\- salt r--

28.1.79. TlH H2 O 1 mol/L H:\PO., 25 8.7 X 107 ?P /LUM/SST, SS/LUM; 77E693 
'1"0 aIr = 0.18 ms 

Tl:\f H:P I moljL HeIO., 25 8.7 X 107 FP /LUM/SST, SSjLUM; 77E693 
~o"lIr = 6.8 J.ls 

~8.L.80, UO::+ H:P 0.4 moljL HClO,,; 14 5 X lOll SS/LUM; TO = 1.3 J.lS 756452 
2 molr~ LiClO o! (747132); [Q] :s 2.7 x 10-" 

mol/L; Q formed in situ by 
the red'n of S with Eu2 +, 
£ee Mech. [4J 

28.~.81. UO/+ :-:12° I mol/1 H;\PO .. 25 3.4 X 10" fP/LUM!SST 77E693 

UO/+ :12° 0.23 moljL HCro 4 4.0 X 105 LP/ABS/SST; To"ir = 6.6 756295 
JLs; [Q] :s 2.0 mol/L; TO 

extrap'd to [S] = 0; S as 
N0 3 - salt 

28.1.82. V" H:P 1 mol/l H;\PO,! 25 2.4 X 107 FP ILUM/SST, SSjLUM; 77E693 
'o",r = 0.18 ms; ET 

28.1.83. N(CO)u Acetone or 5.8 X 104 LP /LUM/SST, SSjLUM; 79F334 
AN or THF RT; nonlinear S-V plot; S 

2S N0 3 - salt 



TABLE 28. Quenching of excited uranium complexes-Continued 

No. Quencher S:>lvent Solution Medium T/oC kq Comments Ref. 
IL rnol- 1 s-l 

28.1. UO z
2+ -Contmued 

28.1.84. W V1 H:.::O 1 mol/L HaP0 4 25 L.6 X 105 FP !LUM/SST, SS/LUM; 77E693 
TO .. r = 0.18 ms 

28.1.85. W(CO)6 Acetone or 1.2 X 107 LP /LUM/SST, SS/LUM; 79F334 0 
AN or THF RT; S as NOa - salt C 

m 
28.1.86. Yb:l+ H"O 1 mol/L RaPO" 25 5.5 A 105 FP /LUM/SST, SS/LUM; 77E693 Z 

~ (') 
TO'II" = 0.18 ms ::I: 

Organic Quenchen Z 
28.1.87. 2-Acetylthiophene Acetone 0.3 mol/L HClO" 7.9 A 108 LP /LUM/SST; RT; S as 84A465 G') 

CIO,,- salt 0 
"T1 

28.1.88. 3-Acetylthiophene Acetone 0.3 mol/L HCIO,! 5.3 A 108 LP /LUM/SST; RT; S as 84A465 m 
CIO" - salt >< 

(') 

28.1.89. 2-Arninonaphthalene H2 O 1 mol/L HaP0-l 5.4 X 108 FP / ABS/SST; To"ir = 0.17 767278 =i 
ms; RT (30%) m 

C 
28.1.90. Anilhe H2 O 1 mol/L RaPO" 8.7 X 108 FP/ABS/SST; 'To"ir = 0.17 767278 s:: 

ms m 
-f 

28.1.91. Ascorbic acid H2 O 0.5 mol/L HaPO'l 1 A 108 FP /LUM/SST, 727386 » 
FP / ABS /SST; RT; [Q] == 5 

r-
(') 

x 10-05 mol/L 0 
Ascorbic acid H2 O 1 mol/L RaPO.l 1.8 x 108 FP / ABS/SST; Toa.ir = 0.17 767278 s:: 

"'C 
ms; RT (29%) r-

2.5 X 106 
m 

28.1.92. f)-Asparagine H2 O 0.2 mol/L RClO,! LP jLUM/SST; RT; S as 86A101 >< 
C10 4 - sa[t m 

(IJ 

~8.1.93. Benz~ne H:.::O 1 mol/L HaP0-l 1.6 x 109 FP JABS/SST; To"ir = 0.17 767278 Z 
ms "T1 

c.. r-., ~8.1.94. Brorroform H2 O/Acetone 0.3 mol/L HCI0-l -2 X 107 LP/LUMjSST; S as ClO,,- 84A465 C 
::r (1/1) salt C '< 
III 

LP j ABSjSST; TO und = 2.5 (IJ 
0 28.1.95. 3-Bromopropionic acid H2 O 0.38 mo:jL HClO.! 1.1 X 108 756411 
::r ~s; kq = 3.6 X 107 witt. 

0 
(I) r-
3 SSjLUM; S as NO a - salt C 

-! 
JJ 28.1.96. Butanethiol Acetone 0.3 molJL HClO" 1.8 X 109 LP jLUMjSST; RT; S as 84A465 a ~ 
0 

CIO .. - salt Z 
I» 

tert-Butyl alcohol 1 mol/L HaPO.1 8.0 X 107 FP!ABSjSST; To"ir = (J.17 ; 28.1.97. H:.::O 767278 

< ms; [Q! = (1-10) X 1O-~ 

~ mol/L; same kq from same 
..... lab in 747153 and 74AOO3 
~CtJ 

Z 28.1.98. 1-Bu,yl bromide H:.::O / Acetone 0.3 mol/L HClO'l 3.1 X 107 LP jLUM/SST; S as CIO .. - 84A465 
0 

~ ..... (1/1) salt 
... 28.1.99. 2-Bu;yl bromide H:.::O j Acetone 0.3 mol/L HClO'l 4.5 X 107 LP jLUMjSST; S as CIO,,- 84A465 oI::to (D 
CtJ (1/1) salt 0') 
(D U) 



~ TABLE 28. Quenching of excited uranium complexes-Continued ~ 

"tJ ...... 
::T 0 
'< 
!II 

No. Quencher T;oC (') Solvent Solution Medium kq Comments Ref. 
::T /L mol-I s-1 
(1) 

? 
:IJ 

~ 28.1- U0 2 2+ -Continued 
0 28.1.100. I-Butyl iodide H2 O/Acetone 0.3 mol/L HCI04 1.1 X 10~ LP/LUM/SST; S as C10 4 - 84A465 
C) 

,?t (1/1) salt 

< 28.1.101. CDTA H2 O 0.2 mol/L HCI0 1 6.2 x lOE LP /LUM/SST; RT; S as 86AIOI 
~ .... CI0 4 - salt 
co 4 x lOll FP/ABS/SST; 'To

air = 0.17 ~ 28.1.102. Chlysoidin H~O 1 mol/L HaP04 767278 
Z 
P ms 
~ 28.1.103. Cydobutanecarboxylic acid H2 O 0.23 mol/L HCI0 1 

8.2 X 10(~ LP/ABS/SST; 'To
und = 2.5 756411 

<0 co J.Ls; [Q] :5 0.3 mol/L; kq = 
co 6.7 X 106 with SS/LUM; S 

as N03 - salt 

28.1.104. Cydohexanecarboxylic acid H2 O 0.23 mol/L HCIO'1 6.7 X 107 LP/ABS/SST; 'To
und = 2.5 756411 

J.Ls; kq = 3.6 X 107 with 
SS/LUM; S as N03 - Ealt 

:J: 
28.1.105. Cydohexanol H2 O 2.9 X 10~ LP/ABS/SST; 'T'ound = 1.2 747132 0 

J.Ls; HA; S as ClO 4- salt ." 
." 

28.1.106. CydohexanoI-d11 D2 0 1.3 X 10~ LP/ABS/SST; 'Tound = 2.4 747132 5: 
J.Ls; HA; S as ClO 1 - salt l> 

Z 
28.1.107. Cydohexene H2 0/ Acetone 0.38 mol/L HCIO" 1.6 x lOr. LP/ABS/SST, SS/LUM; 756411 ", 

(1.1/1) 'T'o'JlJd = 0.88 J.Ls; EX; S as "'"'I 
~ N0 3 - salt r-

28.1.108. Cydopentanecarboxylic acid H2 O 0.23 mol/L HCIO" 3.8 X 10' LP / ABS /SST; "'0 und = 2.5 756411 
J.Ls; kq = 1.5 X 107 with 
SS/LUM; S as N0 3 - Ealt 

28.1.109. Cydopropanecarboxylic acid H2 O 0.23 mol/L HCIO '1 2.6 X 10c LP/ABS/SST, SS/LUM; 756411 
To und = 2.5 flS; S as N0 3 
salt 

28.1.110. Cysteine H2 O 0.2 mol/L HClO .. 7.5 X 10~ LP /LUM/SST; RT; S as 86AI0l 
CIO'l- salt 

28.1.111. I.-Cystine H2 O 0.2 mol/L HCIO.! 5.7 X lO~ LP /LUM/SST; RT; S as 86AI0l 
CIO,,- salt 

28.1.112. Di-n.-butyl sulfide AN/H2 O 0.1 mol/L HCIO., 9.6 X 10E LP /LUM/SST; RT; S as 86F357 

{3/1} N0 3 - salt; some SQ 

Di-n.-butyl sulfide Acetone 0.3 mol/L HCIO'I 1.4 X lOr, LP /LUM/SST; RT; S as 84A465 
CIO.1- salt 

Di-n.- butyl sulfide Acetone/H;!O 0.1 mol/L H:::S04 3.1 X lOE SS/LUM; 'To und :: 3.5 ~s 86F357 

(1.3/1) (LP /LUM/SST); RT; S as 
CH3CO~ - salt 

28.1.113. Diethyl sulfide AN/H:::O 0.1 mol/L HCIO'1 1.7 x lOr. LP /LUM/SST; RT; S as 86F357 

(3/1) N0 3 - salt; some SQ 



TABLE 28. Quenching of excited uranium complexes-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- l s-l 

28.1. UO z
z+ -Continued 

Diethyl sulfide Acetone/H2 O 0.1 mol/L HZS0 4 4.0 X 108 SS/LUM; 'Toa.ir = 3.5 J-LS; 86F357 
(9/1) RT; S as CH3CO Z - salt; 

Ksv from 84F346; kq may 0 
not have been corrected for c: 
SQ m 

Z 
28.1.114. 1,4-Dihydroxybenzene H.,O 0.5 mol/L H3P0 4 8 X 108 FP /LUM/SST, 727386 0 -

FP/ABS/SST; RT; [Q] = :z: 
x 10-5 mol/L Z 

C') 
1,4-Dihydroxybenzene HzO 1 mol/L H3PO'1 1.0 X 101) FP/ABS/SST, 767278 0 

FP /LUM/SST; 'To"ir = 0.17 "T1 

IT.S m 
>< 

28.1.115. Dimethyl disulfi::le Acetone 0.3 mol/L HCI0 0l 2.8 x 101) LP /LUM/SST; RT; S as 84A465 0 
ClO.1- salt =i 

m 
28.1.116. Dimethyl sulfide AN/HzO 0.1 mol/L HCI0 4 4.1 x 10\) LP /LUM/SST; RT; S as 86F357 C 

(3/1) N0 3 - salt; some SQ :s:: 
m 

28.1.117. 1,4-Dioxane H2O 0.38 mol/L HCI0 4 1.6 X 108 LP / ABS/SST; 'To Ilnd = 2.5 756411 -f 
fLs; kq = 9.7 X 107 with l> 

r-
SS/LUM; S as N0 3 - salt 0 

28.1.118. Diphenylamine H2 O 1 mol/L H3 P0 1 1.1 x 10° FP / ABS /SST; 'To a.ir = 0.17 767278 0 
:s:: 

ms; RT "'C 

AN/HzO 0.1 mol/L HCI0 4 1.2 X 10\) LP /LUM/SST; RT; [Q] ::S 8 
r-

28.1.119. Di-n-propyl sulfide 86F357 m 
(3/1) x 10- 4 mol/L; S as N0 3 - >< m 

s<.lt; some SQ (J) 

Di-n-Clropyl sulfide Acetone/H2 O 0.1 mol/L HZSO'l 2.3 X 108 SS/LUM; 'To
air = 3.5 J-Ls; 86F357 Z 

(9/1) RT; S as CHaCOz - salt; "T1 
~ Ksv from 84F346; kq may 

r-
'lJ c: 
:r not have been corrected for C '< 
!Jl SQ (J) 
0 

0.3 mol/L HCIO.I 2.1 x 101) L? /LUM/SST; RT; S as 84A465 0 :r 28.1.120. 1,3-Dithiane Acetone r-CD 

? C10.I - salt c: 
-f 

JJ 28.1.121. 1,4-Dithiane Acetone 0.3 mol/L HCIO 4 1.6 x 10° L? /LUM/SST; RT; S as 84A465 0 ~ 
C 

C10 4 - salt Z 
L\) 

28.1.122. EDTA H:.:O 0.2 mol/L HCI0 4 4.8 X 108 LP /LUM/SST; RT; S as 86AIOI i» 
~ C:0 4 - salt < 
~ 28.1.123. Ethanol H:P 0.5 mol/L H3P0 4 2 X 108 F? /LUM/SST, 727386 
-" F?/ABS/SST; RT; [Q] = 3 ~C1l 

z X 10-5 mol/L 
~ 
~ ...... 
..... 

~ (t) 
C1l ..... 
(t) ...... 



~ T AD~E 28. Quenching of excited uranium complexes-Continued ~ ...... 
""D I\) 
:::r 
'< 
!" No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
0 
:::r /L mol- l s-l 
CD 

? 
:tJ 

28.1. U0 2
2+ -Continued ~ 

C Ethanol H2O 1 moljL H3PO" 1.4 x 10:> FP /ABS/SST, 767278 
~ FP /LUM/SST; 7o"ir = 0.17 
.!» ms; RT (20%); [Q] = (1-10) < 
~ x 10-6 mol/L; same kq 
.... from same Jab in 747153 
!1' and 74A003 
Z 
!J 28.1.124. Ethyl bromide H2 O/Acetone 0.3 mcl/L HClO" 3.3 X 10 - LP/LUM/SST; S as Cl0-l- 84A465 
~ (1/1) salt 
co 

28.1.125. Ethylene sulfide Acetone 0.3 mcl/L HClO" 2.1 x 1O~ LP /LUM/SST; RT; S as 84A465 co 
CD 

CI0 4 - salt 

28.1.126. Ethyl iodide H2 O/Acetone 0.3 mol/L HCIO .. 8.5 x 108 LP/LUM/SST; S as CIO.1- 84A.465 
(1/1) salt 

28.1.127. 2-Ethylthiophene Acetone 0.3 mol/L aclO 4 1.5 x 10" LP /LUM/SST; RT; S as 84A.465 
CI0 4 - salt ::I: 

0 
28.1.128. Formic acid H~P 1 mol/L H3 P0 01 1.1 x lOe fP/ABS/SST; 'Toair = 0.17 761 278 ." 

." 
ms 3!: 

28.1.129. L-Glutamine H:P 0.2 mol/L HCIO'l 2.5 X 10e LP /LUM/SST; RT; S as 86AI0l » 
Z 

GIO .. - salt I'r1 
28.1.130. Histidine HzO 0.2 mol/L HCl0 4 

1.8 X lOE LP /LUM/SST; RT; S as 86AI01 "-of 
~ 

CI0 4 - salt r-
28.L.131. IsolEucine HzO 0.2 mo:jL HCIO'1 4.8 X 106 LP /LUM/SST; RT; S as 86A.10l 

CIO.1- salt 

~8.L.132. Lactic acid HzO 0.5 mo./L H2 SO 4 10 2.8 X 106 FP /LUM/SST, SS/LUM; 1'() 74f655 
= 27 ~s; RT; [Qj == 0.01-
0.05 mol/L; S as SO/-
salt 

Lactic acid H:P 0.5 mol/L HzS0-l 22 4.1 x 101~ fP /LUM/SST, SS/LUM; 1'0 74T655 

= 12 ~s; RT; [Q] = 0.01-
0.05 moI/L; S as SO /-
salt 

Lactic acid 3::.:0 0.5 mol/L HZSO.l 30 5.6 X 106 fP /LUM/SST, SS/LUM; 1'0 74F655 
= 6.8 fLS; RT; [Qj == 0.01-
0.05 mol/L; S as SO 4 z-
salt 

Lactic acid H2O 0.5 mol/L HZSO' l 40 8.2 X 106 FP /LUM!SST, SS/LUM; 'To 74F655 
= 3.5 fLs; RT; [Q] = 0.01-
(l.05 moI/L; S as SO.I z-
salt 

28.1.133. DL-Leucine H:,:O 0.2 mol/L HClO l 5.7 A 106 LP /LUM/SST; RT; S as 86.A101 
CI0 01 - salt 



TABLE 28. Quenching of excited uranium complexes-Continued 

No. Quencher Solvent Solution Medium TrC kq Gomments Ref. 
jL mol- l s-l 

28.l. U0 2
2 + -Continued 

28.1.134. Methanol H2 O 6.4 X 10e LP j ABSjSST; TO und = 1.2 747132 
J.s; HA; [Q] :5 0.5 moljL; 
.\:q = 4.5 x 106 with 0 
SL/LUMjSPC; S as CIO '1- e 
salt m 

Z 
Methanol H2O 1 mol/L HZS0 4 1.5 x lOr. FP JABS jSST; TO air = 67 767278 n 

~s; RT (13%); [Q] = (1-10) 
::J: 
Z )( 10-6 moljL; same kq C) 

from same lab in 747153 0 
Methanol H2 O 1 moljL HaP0-t 7.1 x 10E FPjABSjSST; To

air = 0.17 767278 "T1 

:ns; RT (20%); [Q] = (1-10) m 
>< 

)( 10-6 moljL; same kq n 
from same lab in 747153 =t 
and 7 m 

C 
Methanol H2 O 1 moljL HCI0 4 5.3 x 109 ?P/ABSjSST; To

air = 17 767278 3: 
~s; RT (72%); [Q] = (1-10) m 

'-I x: 10-6 moljL; same kq » 
from same lab in 747153 r 

28.1.135. Methanol-d I D2 0 6.5 x 10~ LP/ABS/SST; To
und = 2.4 747132 

n 
0 

~s; HA; S as CIO.1- salt s:: 
28.1.136. Methanol-d;\ 2.3 X 10° LPjABS/SST; To

und = 1.2 
." 

H2 O 747132 r 
~s; HA; [Q] :5 2.2 moljL; m 

>< 
l:q = 1.7 X 106 with m 
SLjLUMjSPC; S as CI0 4 -

CJ) 

salt Z 

~8.1.137. Methanol-d, DzO 2.7 X 10° LPjABSjSST; To
und = 2.4 747132 "T1 

r- r 
~ 

I1S; HA; S as CI0-t- salt C 
::r 

1.3 X lOll a 
'< 28.1.138. DL-Methionine H2 O 0.2 moljL HCIO.1 LP jLUMjSST; RT; S as 86AlOl 
!" CJ) 

0 CI0-l- salt 0 
::r 

5.1 x 108 r 
CD 28.1.139. Methyl iodide H2 0 j Acetone 0.3 moljL HCIO.\ LPjLUMjSST; S as CI0 4 - 84A465 e 
~ (1/1) salt -I 
:IJ 0 
~ 28.1.140. Methylthioacet:>nitrile Acetone 0.3 moljL HCIO.\ 1.8 x lOll LP jLUMjSST; RT; S as 84A465 Z 
C ClO 4 - salt 
I)) 

~ 28.1.141. Methyl thiocyanate Acetone 0.3 moljL HClO-l 3.9 ;.( 108 LP /LUMjSST; RT; S as 84A465 
< CI0 4 - salt 
l2-

28.1.142. 2-Naphthol H.,O 1 mol/L HaPO.\ 9.9 X 10; FPjABS/SST; To
air = 0.17 767278 

!D -
z ms; RT 

? 28.1.143. Oxalic acid H2 O 1 mol/L HaP0.J 1.6 ;.( lOs FP/ABS/SST; To
air = 0.17 767278 

~ ..... ms 
cD 0l::Io 
ClI) 

...... 
U) W 



~ TABLE 28. Quenching of excited uranium complexes-Con~inued .t:;. 
"C -...J 
:::r .t:;. 
'< 
!II 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 0 
:::r /L mol- I s-I 
CD 

? 
JJ 

~ 28.1. U0 2 2+ -Continued 
C 28.1.144. Pentamethylene sulfide Acetone 0.3 mol/L HCI0 4 1.7 x nil LP /LUM/SST; RT; S as 84A465 
!!i ClO.1- salt J» 
< 28.1.145. Pent-4-enoic :lcid H2 O/Acetone 0.38 mol/L HCI0-1 1.2 x Hil LP/ABS/SST; 70

und 
0:: 0.88 756411 0 

:- (1.1/1) Jl-s; kq = 1.7 X lOil with ... 
~oo SS/LUM; S as N0 3 - salt 
Z 

28.1.146. Phenol H2O 1 mol/L HaP0-1 1.7 x 108 FP/ABS/SST; 7o"ir = 0.17 767278 !' 
~ ... ms; RT (35%) ... 

0.2 mol/L HCIO ,I 7.9 x 108 LP /LUM/SST; RT; [Q] S <0 28.1.147. L-Phenylalanine H:P 85AI0l 
00 
<0 0.0035 mol/L; S as CI0o!-

salt 

28.1.148. Pnpanethiol Acetone 0.3 mol/L HClO ,I 1.4 X 10il LP /LUM/SST; RT; S as 84A465 
ClO 4 - salt 

28.1.149. 2-Propanol H2O 8.5 X 10 1 LP/ABS/SST; 70llnd = 1.2 747132 
::I: Jl-s; HA; S as ClO -1 - salt 0 

2-Propanol H2O I mol/L H:lPO'1 2.3 X 10il FP/ABS/SST; To"ir = 0.17 767278 "T1 
"T1 

ms; RT (23%); [Q] = (1-10) 3: 
X 10-6 mol/L; same kq l> z from same lab in 747153 

." and 7 ..... 
28.1.150. 2-Propanol-2-d H 2O 3.5 X 107 LP / ABS /SST; TO lind = 1.2 747132 :b. 

r--
Jl-s; HA; S as CI0o! - salt 

28.1.151. I-Propyl bromide H:P / Acetone 0.3 mol/L HClO'l 2.7 X 107 LP/LUM/SST; S as ClO'l- 84A465 
(1/1) salt 

~8.1.152. 2-Propyl bromide H2O/Acetone 0.3 mol/L HCIO., 3.9 x 107 LP /LUM/SST; S as CIO'I- 84A465 
(1/1) salt 

28.1.153. I-Propyl iodide H2 O/Acetone 0.3 mol/L HCIO.1 1.1 X lOll LP/LUM/SST; S as CIO.1- 84A465 
(1/1) salt 

28.1.154. 2-Propyl iodide H2O/Acetone 0.3 mol/L HCIO., 1.3 x lOll LP/LUM/SST; S as CI0-l- 84A465 
(1/1) salt 

28.1.155. 2-Propylthiophene Acetone 0.3 mol/L HClO.1 1.9 x 10il LP /LUM/SST; RT; S as 84A465 
CI0 4 - salt 

28.1.155. Serine H2O 0.2 mol/L HCIO.1 1.9 x 106 LP /LUM/SST; RT; S as 86A101 
ClO 4 - salt 

28.1.157. Te~ramethylene sulfide Acetone 0.3 mol/L HClO.1 1.8 x lOll LP /LUM/SST; RT; S as 84A465 
ClO,,- salt 

28.1.158. Thiolacetic acid Acetone 0.3 mol/L HCIO'I 4.8 x 108 LP /LUM/SST; RT; S as 84A465 
CIO.1- salt 

28.1.159. Thiophene Acetone 0.3 mol/L HCIO I 1.5 x lOll LP /LUMjSST; RT; S as 84A465 
C10 4 - salt 
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28.1-

Quencher 

U0 2
2 + -Continued 

28.1.160. Thiophene-2-carbonitrile 

28.1.161. Threonine 

28.1.162. Trimethylene sulfide 

28.1.163. Tritcn X-100 

28.1.164. L-Tr7ptophan 

28.1.165. Tyrosine 

28.1.166. DL-Valine 

TABLE 28. Quenching of excited uranium complexes-Continued 

Solvent Solution Medium TrC kq 
/L mol-I 5- 1 

Acetone 0.3 mol/L HClO" 2.4 X 108 

H2O 0.2 mol/L HClO" 4.3 x 106 

Acetone 0.3 mol/L HClO., 2.8 X 10° 

H~O 22 1.5 A 101) 

HzO 0.2 mol/L HClO 4 3.0 X 101) 

HzO 0.2 mol/L HClO_1 1.7 X 101) 

H:::O 0.2 mol/L HCIO., 1.1 X 106 

Comments 

LP /LUMjSST; RT; S as 
CIO,,- salt 

LP /LUMjSST; RT; S as 
CI0 4 - salt 

LP /LUM/SST; RT; S as 
CI0 4 - salt 

LP /LUM/SST; [Q] S 2 X 

10- 4 mol/L; [Q] below 
CMC; S as N03 - salt 

LP /LUMjSST; RT; S as 
CIO" - salt 

LP /LUM/SST; RT; S as 
CIO" - salt 

LP /LUM/SST; RT; S as 
CIO,,- salt 

Ref. 

84A465 

86AIOl 

84A465 

85N143 

86AIOl 

86A101 

86AIOl 

0 
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rn 
Z 
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::I: 
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rn 
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~ TABLE 29. Quenching of excited zinc complexes .;:;.. 
"-J 

"tJ en 
::T 
'< No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
~ 
0 

/L moj-l s-l 
::T 
tD 

? 
Zn( etioporphyrin I)(pyridine) [singlet] ::0 29.1. 

~ Organic Quenchers 
C 29.1.1. cis-4-Nitrostil bene Benzene 0.005 mol/L py 4.2 x 109 SS/LUM; 'To = 4 ns 707320 
Q) 

; (assumed); EX; nonlinear 

< S-V plot at high [Q] 

~ .... 29.2 • Zn( etioporphyrin I)(pyridine). [triplet] 
SD Organic Quenthers 
Z 
~ 29.2.1. ci;-4- Nitrostii bene Benzene 0.005 mol/L py 2.6 x ]07 FP/ABS/SST; EX 707320 

~ .... 29.3 • Zn(etiop0l"phyrin I) [singlet] 
<0 co Organic Quenchers 
<0 

29.3.1. 1,4-Benzoquinone Benzene 1.3 x 10 10 (calc) SS/LUM; 70 = 4.3 ns 68AOOl 
(assumed); EX 

29.3.2. 1-:vt:ethoxy-4-nitrobenzene EtOH 6.0 x lOll (calc) SS/LUM; 70 = 4.3 ns 68AOOl 
(assumed); EX 

29.3.3. 4-Nitroaniline Benzene 4.9 X Wll (calc) SS/LUM; 'To = 4.3 ns 68AOOl ::I: 
0 (assumed); EX ~ 

29.3.4. Ni~robenzene Benzene 3.4 X 1:)1l SS/LUM; 'To = 4.3 ns 68AOOl 
~ 
:s:: 

(assumed); EX l> 

NiGro benzene 1 mol/L PPh 3 2.8 X lOll SS/LUM; TO = 4.3 ns 
Z 

Benzene 68AOOl h1 
(assumed); EX; S partially """I 
bound to PPh3 ~ 

Ni~robenzene EtOH 7.3 x lOll SS/LUM; TO = 4.3 ns 68AOOl 
!' 

(assumed); EX; [Q] S 0.20 
mol/L 

Nitrobenzene MeCH 4.8 x lOll SS/LUM; 'To = 4.3 ns 68AOOl 
(assumed); EX 

Nitrobenzene Piperidine 3.4 X 10° SS/LUM; TO = 4.3 ns 68AOOl 
(assumed); EX; [Q] S 0.20 
mol/L 

29.3.5. cis-4-Ni trostil bene Benzene 3.7 X 10° SS/LUM; TO = 4 ns 707320 
(LP /LUM/SST); EX; 
nonlinear S-V plot at high 
[Q]; Ksv = 29 L/mol in 
68AOOl 

29.3.6. tra1ts-4-N i trostil bene Benzene 8.9 x lOll SS/LUM; 'To = 4 ns 707320 
(LP/LUM/SST); EX; 
nonlinear S-V plot at high 
[Q] 

29.3.7. 4-Nitrotol uene EtOH 7.2 x 100 (calc) SS/LUM; 'To = 4.3 ns 68AOOl 
(assumed); EX 



TABLE 29. Quenching of excited zinc complexes-Continued 

No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
/L mol- l 5- 1 

29.4. Zn(etioporpltyrin I) [triplet] 
Organic Qqenchers 

29.4.1. Azuhne Benzene 0.01 mol/L 4- 2.6 x 109 FP/ABS/SST; ET; S* is an 72E284 
nitrotoluene Exciplex with nitrotoluene 

" 29.4.2. a-Br::> mo-4- nitrotol uene Benzene 25 1.5 x 109 FP/ABS/SST; EX; [Q] = 747293 c: 
(1-50) X 10-5 mol/L; m 

Z 
nonlinear S-V plot at (') 

higher [Q] ~ 
29.4.3. Carton tetrachloride Benzene 25 3 x 107 FP / ABS /SST; Ea = 14 747293 

Z 
C) 

kJ /mol (20-78°C); tl.s+ = 0 
-54 J/mol·K; EXj [Q] = -n 
(1-50) X 10-5 mol/Lj m 
nonlinear S-V plot at >< 

(') 
higher [Q] =i 

Carton tetrachloride Benzene 25 s;2 X 105 fP / ABS/SST; see also 82A389 m 
C 

85E593 s: 
29.4.4. 1-Chloro-4-nitre benzene Benzene 25 2.4 X 109 fP/ABS/SST; Ea = ~.9 747293 m 

-f 
kJ/mol (20-78°C)j As+ = l> 
-71 J/mol·K; EXj IQ] = r-
(1-50) X 10-5 mol/L; (') 

0 nonlinear S-V plot at s: 
higher IQ] ." 

DDT Benzene 8.2 X 107 FP / ABS/SSTj Ea = 5.9 
r-

29.4.5. 25 747293 rn 
U/mol (20-78"C); Il§ = >< m 
-96 J/mol·K; EXj IQ] = en 
(1-50) X 10-5 mol/Lj T Z 

~ 
constant at higher IQ] -n 

S;1 X 106 FP / ABS /SST; see also 
r-

" DDT Benzene 25 82A389 c: 
::r 85E593 6 '< 
!'J 
0 29.4.6. 1 ,4-Dichloro bemene Benzene 25 4 X 107 FP/ABS/SSTj Ea = ~3 747293 en 
::r U/mol (20-78"C); Ils+ = 0 
(I) r-
13 -67 J/mol·Kj EXj [Q] = c: 
::D (1-50) X 10-5 mol/L; T 

-f 
(I) S :""' increases at higher [Q] 
C Z 
II) 29.4.7. 1,4-Dinitrobenzene Benzene 25 4.2 X 109 FP/ABS/SSTj EX; [Q] = 747293 
j1 (1-50) X 10-5 mol/L; 
< 
~ nonlinear S-V plot at 
.... higher IQ] 
J» 

3.1 X 109 FP/ABS/SST; EX; IQ] = z 29.4.8. cis-4.4· -Dinitrosiil bene Benzene 25 747293 
P (1-50) X 10-5 mol/L; same 
~ .l:q from same lab in 707320; 
co ~ increases at higher [Q] .1:10 
CD ..... co ..... 



c:... TABLE 29. Quenching of excited zinc comple:<:es-Continued .c::.. ...... 
" CO 
:T 
'< 
(II 

No. Qu~ncher Solvent Solution Medium TrC Ref. 
0 kq Comments 
:T /L mol- 1 s-1 
CII 

~ 
::c 
~ 29_4_ Zn(etioporphyrin I) [triplet1-Continued 

C 29.4.9. trau-4,4' -Dinitrostilbene Benzene 2.7 x leg FP/ABS/SST; EX 707320 
I» 

Et 29.4.10. Hexachloro benzene Benzene 25 6.7 X 107 FP/ABS/SST; Ea. = 6.3 747293 

< kJ/mol (20-78°C); lls* = 
~ -88 J/mol-K; EX; [Q] = ..... (I-50) X 10-5 mol/L; ,. ~O:J 

Z increases at higher [Q] 
p 
~ ..... He:xachloro benzene Benzene 25 :55 x 103 FP / ABS/SST; see also 82A389 
..... 85E593 
(Q 
co 

29.4.11. He:xachloroethane Benzene 1.4 x 108 FP/ABS/SST; Ea. = 5.0 747293 '.0 25 
kJ/mol (20-78°C); lls* = 

-100 J/mol-K; EX; [Q] = 
(1-50) X 10-5 mol/L; ,. 
constant at higher [Q] 

Hexachloroethane Benzene 25 3.8 x 104 FP / ABS/SST; see also 82A389 ~ 
0 85E593 ." 

29.4.12. I-Methoxy-4-n~trobenzene Benzene 1.0 >< 10~ FP/ABS/SST; Ea. = 2.1 747293 
." 

25 3: 
kJ/mol (20-78°C); llsf = > 
-59 J /mol-K; EX; [Qj = z 
(I-50) X 10-5 mol/L; .. ", 

..... 
increases at higher [Qj :b. 

29.4.13. Naphthacene Benzene 0.01 mol/L 4- 5.1 X 103 FP/ABS/SST; ET; S* is an 72E284 !"'" 
nitro to I uene exciplex with nitrotoluene 

29.4.14. 4-Nitroaniline Benzene 25 1.2 >< 103 FP/ABS/SST; Ea. = 3.1 747293 
kJ /mol (20-78°C); llSt = 

-71 J/mol-K; EX; [Q] = 
(1-50) X 10-5 mol/L; 
nonlinear S-V plot at 
higher [Q] 

29.4.15. 9-N troanthracme Benzene 25 4.5 >< 109 FP/ABS/SST; EX; [Q] = 747293 
(I-50) X 10-5 mol/L; 
nonlinear S-V plot at 
higher [Q] 

29.4.16. 4-Nitrobenzaldehyde Benzene 25 3.4 >< lOP FP/ABS/SST; E,.. = ~.5 747293 
kJ /mol (20-78C C); !J.§ = 
-71 J/mol-K; EX; [Q] = 
(1-50) X 10-5 mol/L; 
nonlinear S-V plot at 
higher [Qj 



TABLE 29. Quenching of excited zinc complexes-Contimed 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- 1 s-1 

29_4_ Zn(etioporphyrin I) :triplet]-Continued 
29.4.17. Nit~obenzene Benzene 25 2.0 ;< 10~ FP/ABS/SST; Ea = ~.g 747293 

kJ/mol (20-78°C); tls+ = 
-67 J/mol-K; EX; [Q] = 

" (1-50) X 10-5 mol/L; T c: 
constant at higher [Q] m 

z 
29.4.18. trar.e-4-Nitro- r>-methy lstilbene Benzene 25 2.0 ;< 109 FP/ABS/SST; EX; [Q] = 747293 0 

(1-50) X 10-5 mol/L; ~ 
nonlinear S-V plot at Z 

C) 
higher [Q] 0 

29.4.19. cis-t-Nitrostil bene Benzene 1.7 ;< 109 FP /ABS/SST; EX 707320 ." 
m 

29.4.20. trar.s-4-NitrosUbene Benzene 25 1.6 ;< 10° FP/ABS/SST; Ea = 5.6 747293 >< 
kJ/mol (20-78°C); tlS* = 0 

=i -71 J/mol-K; EX; [Q] = m 
(1-50) X 10-5 mol/L; same C 
kq from same lab in 707320; s:: 
T increases at higher [Q] m 

-I 
29.4.21. 4-Nitrotol uene Benzene 25 3.0 ;< 109 FP/ABS/SST; Ea = 2.0 747293 » 

kJ/mol (20-78°C); tlS* = 
r-
0 

-71 J/mol-K; EX; [Q] = 0 
(1-50) X 10-5 mol/L; same s:: 
kq from same lab in ." 

r-
72E284; T increases at m 
higher [Q] >< m 

4-Nitrotoluene Benzene 25 3.3 x 109 FP/ABS/SST; EX?; see also 82A389 CJ) 

85E593 Z 

4-Nitrotoluene Benzene 0.01 mol/L MF 2 x 108 FP /ABS/SST; OT? 72E284 ." 
Co.. r-
." 4-Nitrotoluene MF 1.3 X 108 FP/ABS/SST; OT? 72E284 

c:: 
:::T C 
'< 
!II 29.4.22. Perylene Benzene 0.01 mol/L 4- 1.3 ;< 10° FP / ABS /SST; ET; S'" is an 72E284 CJ) 

0 nitrotoluene exciplex with nitrotoluene 0 
:::T r-
(D 

? 29.4.23. 1,2,4,5-Tetradlorobenzene Benzene 25 :S1 X 103 FP/ABS/SST; see also 82A389 c:: 
-I 

:::0 85E593 5 
~ 

Zn(mesoporphyrin IX dimethyl ester) [singlet] 
Z 

C 29_5_ 
m Organic Quench~rs S' 
~ 29.5.1. cis-t,4' -Dinitrostilbene Benzene 8.1 ;< 109 SS/LUM; TO = 4.3 ns 707320 
< 
~ (67E121); EX; nonlinear 
..... s-V plot at high [Q] 
~m 

Z cis-4,4' -Dinitrostilbene EtOH 1.3 ;< 1010 SS/LUM; TO = 4.3 ns 707320 
9 (67E121); EX; nonlinear 
.:"" S-V plot at high [Q] 
cD .a::.-
m ..... 
CD <0 



~ TABLE 29. Quenching of excited zinc comple:xes-Contin"led ~ 

" 
CO 

::r 0 
'< 
III 

(") No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
::r /L mol- l s-1 
CD 

? 
:::c 
~ 29.5. Zn(Inesopo:-phyrin IX dlIneth,1 ester) [singlet]-Continued 
C 29.5.2. ci9-4:- Nitrostil bene Benzene 3.9 X lO~ SS/LUM; 70 = 4.3 ns 707320 
II) 

(67EI21); EX; nonlinear ~ 
< S-V plot at high [Q] 
0 

7.2 X lO'} SS/LUM; 70 = 4.3 ns :- ds-4- Nitrostil bme EtOH 707320 .... 
~ (67El21); EX; nonlinear 
Z S-V plot at high [Q] 
? 
~ .... 29.6. Zn(Inesopol'phyrin IX diInethyl ester) [triplet] 
<0 Inorganic Quenc.7-ers 
0) 
<0 29.6.1. °2 Toluene 3.4 x 109 LP/ABS/SST; ET; [QJ = 81E73S 

0.0011 mol/L 

29.7. Zn [5-( l-Inethy IpyridiniuIn-4-yl)-10,15,20-tris( 4-toly l)pol'phyrin 1 + 
Organic Quenchers 

29.7.1. MV2+ EtOH 2.1 X 107 FP / ABS /SST; 70 = 0.57 82A161 
::I: 

ms; OT; f = 0.11 0 
"T1 

29.8. Zn(2,a,7 ,8,12,13,17 ,18-oetaethylporphyrin) [singlet] "T1 s: Organic Quenchfrs l> 
29.8.1. Acrrlamide AN 5.7 X 108 SS/LUM; 70

air = 2.1 ns 84F091 Z 
(MS/LUM/PM) rr, 

I-Aminonaphtr.alene AN 2.5 x 10{l SS/LUM; 70
air = 2.1 ns 84F091 

..... 
29.8.2. :b. 

(MS/LUM/PM); RT r--
29.8.3. 2-Aminophenol AN 3.5 X 10~ SS/LUM; 70

air = 2.1 ns 84F091 
(MS/LUM/PM); RT 

29.8.1. 9,lO·Anthraqui:J.One Toluene 2.0 x 10 10 SS/LUM; 70"'ir = 1.9 ns 84F091 
(MS/LUM/PM) 

29.8.5. Benzaldehyde AN 1.6 x 1Of, SS!.LUM, MS/LUM/PM; 84F091 
70"''' = 2.1 ns 
(MS/LUM/PM); OT 

Benzaldehyde Toluene 1.0 X lOll SS/LUM; 7011ir = 1.9 ns 84F091 
(MS/LUM/PM) 

29.8.B. Benzoic acid AN 7 X 108 SS/LUM; 'Tollir = 2.1 ns 84F091 
(MS/LUM/PM) 

29.8.7. 1,4-Benzoquinoae AN 1.8 X 1010 SS!.LUM, MS/LUM/PM; 84F091 
7011lr = 2.1 ns 
(MS/LUM/PM); OT 

1,4-Benzoquinole Toluene 2.2 X 1010 SS/LUM, MS/LUM/PM; 84F091 
70 air = 1.9 ns 
(MS/LUM/PM) 

29.8.8. 1,4-Diamino benzene AN 1.0 X 10 10 SS/LUM; 70"ir = 2.1 ns 84F091 
(MS/LUM/PM); RT 



TABLE 29. Quenching of excited zinc complexes-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
jL mol- 1 ,-I 

29.S. Zn(2,3,7 ,S,U,13,17 ,1S-oetaethylporphyrin) [singlet]-Continued 
29.8.9. N,N-Diethylaniline AN 7 x 108 SSjLUM; 70"ir = 2.1 ns 84F09l 

(MSjLUMjPM); RT? 

N,N-Diethylaniline Toluene 6 x 108 SSjLUM; 70"ir = 1.9 ns 84F09l " (MSjLUMjPM) c 
rn 

29.8.10. 1,4-Dihydroxy benzene AN 1.7 x 109 SSjLUM; 70"'ir = 2.1 ns 84F091 Z 
0 

jMSjLUMjPM) ::I: 

29.8.11. 3,4-Dimethylphenol AN 1.8 x 1011 SSjLUM; 70"ir = 2.1 ns 84F091 Z 
IMSjLUMjPM); RT 

C) 

0 
29.S.12. Napb.thalene AN <1 x 107 SSjLUM; 70

air = 2.1 ns 84F091 ." 

(MSjLUMjPM) rn 
X 

29.8.13. l-Na.phthol AN 1.3 X 109 3SjLUM; 70"ir = 2.1 ns 84F091 0 
:MSjLUMjPM) ~ m 

29.8.14. 1,4-N aphthoquinone AN 2.0 x 101) SSjLUM; 70"ir = 2.1 ns 84F091 C 
~MSjLUMjPM); OT 3: 

1.7 X 1OI) SSjLUM; 70
air = 1.9 ns 

rn 
l,4-N aphthoquinone Toluene 84F091 -t 

[MSjLUMjPM) l> 
r 

29.8.15. Phe:lOl AN 3.3 X 108 SSjLUM; 70
air = 2.1 ns 84F091 0 

[MSjLUMjPM) 0 s:: 
29.8.16. Tetramethyl-1,i-benzoquinone AN 1.6 X 1010 SSjLUM; 70"'ir = 2.1 ns 84F091 "'tJ 

(MSjLUMjPM); OT 
r 
rn 

Tetramethy I-l,i- benzoquinone Toluene 1.0 x lO lD SSjLUM; 70"ir = 1.9 ns 84F09l 
X 
m 

(MSjLUMjPM) en 
Z 

29.9. Zn(2,3,7,8,12,13,17,18-oetaethylporphyrin) [triplet] ." 
~ Inorganic Quenc,ters r 
"tJ 29.9.1. Zn(OEP) 1,2-CzH'lClz 25 2.0 )( 108 LPjECMjAVE; OT or RT; 80A023 c: 
::r C '< see Mech. [8] 
!II en 
(") Zn(OEP) 1,2-Dichloro- 25 2.7 x 10~ LPjECMjAVE; OT or RT; 80A023 0 
::r r-(I) benzene see Mech. [8] 
? c: 

Zn(OEP) 2.0 X 10f -t 
:0 1-Chloro- 25 LPjECMjAVE; OT or RT; 80A023 0 ~ naphthalene see Mech. [8] Z 
0 Zn(OEP) AN 25 2.0 X 10f LP/ECMjAVE; 70 = -16 80A023 Q) 

,?r ms; OT or RT; see Mech. 
< [8] 
~ 
...... Zn()EP) Anisole 25 2.3 x 108 LP jECMj AVE; OT or RT; 80A023 
!D see Mech. [8] 
Z 
P Zn(JEP) Benzene 25 -2 x 108 LP jECMj AVE; OT or RT; 80A023 
~ ...... see Mech. [8] ...... ~ co 
<XI 00 
co ...... 



~ TABLE 29. Quenching of excited zinc complexes-Continued ~ 

" 
00 

::T ~ 

'< 
til 

(") No. Qumcher Solvent Solution Medium T;oC kq Comments Ref. 
::T jL mol-1 S-1 
to 
~ 
::0 

~ 2g.g. Zn(2,a,7 ,8,12,13,17 ,18-oetaethylporphyrin) [triplet]-Continued 
C Zn(OEP) Butyronitrile 25 2.2 X U 8 LP/ECM/AVE; OT or RT; 80A023 
I» 
jr see Mech. [8] 

< Zn(OEP) DMSO 25 4.0 X 1e8 LP /ECM/ AVE; OT or RT; 80A023 
~ see Mech. [8] ..... 
!1' Zn(OEP) Di-i-propyl 25 2.3 X 1(]8 LP jECM/ AVE; OT or RT; 80A023 
z ether see Mech. [8] p 
~ ..... Zn(OEP) Di-n-pentyl 25 1.8 X 1(]8 LPjECM/AVE; OT or RT; 80A023 
cD ether see Mech. [8] 
Q) 
CD 

Zn(OEP) Di-n-butyl 25 1.8 X 108 LP/ECM/AVE; OT or RT; 80A023 
ether see Mech. [8] 

Zn(OEP) Diethyl ether 25 2.0 X 108 LP/ECM/AVE; OT or RT; 80A023 
see Mech. [8] 

Zn(OEP) Ethyl 25 1.6 X 108 LP/ECMjAVE; OT or RT; 80A023 ~ 

acetate see Mech. [8] 0 
." 

Zn(OEP) MP 25 1.4 x 108 LP/ECM/AVE; OT or RT; 80A023 ." 
3: 

see Mech. [8] l> 
Zn(OEP) Propionitrile 25 2.3 X 108 LP /ECM/AVE; OT or RT; 80A023 Z 

I'll see Mech. [8] ..... 
Zn(OEP) THF 25 1.6 x 108 LP/ECM/AVE; OT or RT; 80A023 ~ 

see Mech. [81 r--
Zn(OEP) Toluene 24 1.1 x 107 LP/ABSjSST (decay of 82E152 

delayed fluorescence); [Q] :s 
9 x 10-6 mol/L; kq = ~2 
X 108 L mol- s- at 25°C 
with LP/ECMjAVE (see 
Mech. [8] in 80A023) 

Zn(OEP) N-Methyl 25 2.2 x 108 LPjECM/AVE; OT or RT; 80A023 
valeronitrile see Mech. [8] 

Organic Quenchers 
29.9.2. 1,4-Benzoquinone Toluene -50 3.0 x 101) LP /ABS/SST (decay of 82E152 

delayed fluorescence); OT; 
[Q] = (9.5-25) X 10-8 

mol/L 

1,4-Benzoquinone Toluene -25 5.0 x 101) LP JABS j SST (decay of 82E152 
delayed fluorescence); OT; 
[QI = (9.5-25) X 10-8 

mol/L 



TABLE 29. Quenching of excited zinc complexes-Continued 

No. Quencher Solvent Solution Medium TloC kq C,)mments Ref. 
:L mol- 1 s-1 

29.9. Zn(2,3, '1 ,8,12,13,1'1 ,18-oetaethylporphyrin) [triplet]-Continued 
1,4-Benzoquinone Toluene 0 6.7 x lOll LP I ABS/SST (decay of 82E152 

delayed fluorescence); OT; 
[Q] = (9.5-25) x 10-8 

0 
mol/L C 

1,4-Benzoquinone Toluene 24 1).0 x 109 LP / ABS / SST (decay of 82E152 
m 
Z 

delayed fluorescence); Ell. = 0 
9.4 kJ/mol (-50 to 24CC); :!: 
OT; [Q] = (9.5-25) x 10-8 Z 

C') 
rr.ol/L 0 

29.9.3. l-Chloro-4-nitrobenzene Benzene 25 1.3 x 109 FP/ABS/SST; EX; [QJ = 747293 "T1 

(1-50) x 10-5 mol/L; m 
>< n:mlinear S-V plot at 0 

higher [Q] =i 
29.9.4. DDT Benzene 25 3 x 107 FP / ABS/SST; Ell. = 13 747293 

m 
C 

kJ/mol (20-78°C); ~S+ = 3: 
-67 J/mol·K; EX; [Q] = m 
(1-50) x 10-5 mol/L; 'T 

-I 
l> 

constant at higher [Q] r-
29.9.5. Hexal:hloro benzene Benzene 25 4 x 107 FP/ABS/SST; Ell. = 46 747293 0 

0 
kJ/mol (20-78°CJ; EX; [Q! 3: 
= (1-50) x 10- mol/L; 'tJ 

nonlinear S-V plot at r-m 
higher [Q! >< m 

::!9.9.6. Hexa: hloroet har.e Benzene 25 7.1 x 108 FP / ABS/SST; EX; [Q! = 747293 (J) 

(L-50) x 10-5 mol/L; 'T Z 
constant at higher [Q] ." 

~ r-
." 29.9.7. 1-Mel-hoxy -4- nitrobenzene Benzene 25 8 x 108 FP/ABS/SST; EX; [Q! = 747293 C 
:r (1-50) x 10-5 mol/L; a '< 
!'J r.onlinear S-V plot at (J) 
0 
:r l:igher [Q] 0 
CD r-
~ 29.9.8. 4-Nitroaniline Benzene 25 6 x 107 FP/ABS/SST; EX; [Q! = 747293 C 

-I 
l:J (1-50) X 10-1) mol/L; 0 ~ 
C 

nonlinear S-V plot at Z 
I),) higher [Q] 
iii 
~ 29.9.9. 4-Nitrotoluene Benzene 25 1.9 x 10° FP/ABS/SST; EX; [Q] = 747293 
< 
~ (1-50) X 10-5 mol/L; 
.... nonlinear S-V plot at 
SO higher [Q] 
Z 
~ 
:"" .... 

~ CD 
co (X) 
CD W 



~ TABLE 29. Quenching of excited zinc complexes-Contirued .::.. 
"'tI 00 
:T ..:;.. 

'< 
!II 

No. Q11encher Solvent Solution Medium TrC kq Comments Ref. 0 
:T /L mol- I S-I 
In 

? 
::D 

~ 29.10. Zn[6-phenyl-10,15,20-tris(4-sulfonatophenyl}porphyrinj3-
C Or~anic Quenchers 
I» 

29.10.1- N,N'-Bis(3-sulfonato-l-propyl)- H::O f.l. = 0 (extrap'd; 2.6 X 109 LP /ABS/SST; 70 =' 1.6 ms; 8>AIOl iii 
~ 

(v.o2+) zwitterion NaCl) OT; [Q] = 4.9 X 10- 4 
< 
~ mol/L 
..... 

N,N'-Dimethyl- bpy2+ 0.02 mol/L Pbuf; 2.5 x 10° LP / ABS /SST; 70 = 1.6 ms 85F030 ~O:J 29.10.2. H2O 
z pH 7.0 (84A184); OT 
P 
~ ..... 29.10.3. DQz+ H~O 0.02 mol/L Pbuf; 9.9 x 10° LP/ABS/SST; "0 = 1.6 ms 85F030 
..... pH 7.0 (84A184); OT CD 
O:J 

~5 X 10 4 CD 29.10.4. 2-\1ercaptoethanol H2O LP / ABS/SST; 70 = 1.6 ms; 85AI01 
RT? 

29.10.5. MV 2 + H2O fJ. == 0 (extrap'd; 1.5 X 10 10 LP / ABSjSST; TO = 1.6 ms; 85AlOl 
NaCl) OT; [Q] = 4.9 x 10-'" 

mol/L 
:I: 

MV~+ H2O 0.02 mol/L Pbuf; 1.5 x 10 10 LP/ABSjSST; TO = 1.6 ms 85F030 0 
pH 7.0 (84A184); OT "T1 

.." 
29.10.6. N,N!-{Tetramethylene)-bpy2+ H2O 0.02 mol/L Pbuf; 5.3 X 10° LP / ABS/SST; TO = 1.6 ms 85F030 3i: 

pH 7.0 (84A184); OT l> 
Z 

29.10.7. N,N' -(Trimethylene)- bpy Z+ H::O 0.02 mol/L Pbuf; 8.7 X 10° LP JABS/SST; 70 = L,6 ms 85F030 rr, 
pH 7.0 (84A184); OT '-'i 

:b.. 
29.11. Zn(phthalocyanine} r--

Inorgan£c Quer,chers 
29.11.l. Co(bpyh'!+ DMA/H:,:O -15 2.2 x 107 LP/ABS/AVE; ET?; [Q! < 84A122 

(2.3/1) 0.001 mol/L 

~9.11.2. Co(bpy)}+ DMA/H:.:O -15 2.8 x 108 LP/ABSjAVE; OT; f= 84A122 
(2.3/1) 0.51; lQJ < 2 x 10-" 

mol/L 

29.11.3. Co{phen);, :;-<- DMA/H~O -15 3.3 x 107 LP/ABS/AVE; ET?; [Q! < 84A122 
(2.3/1) 0.001 mol/L 

29,11.4. Co(phen):\:;+ DMA/H::O -15 3.4 x 108 LP/ABS/AVE; OT; f= 84A122 
(2.3/1) 0.56; IQl < 2 X 10-" 

mol/L 

29.11.5. Co(terpy)/+ DMA/H:.:O -15 1.3 x 108 LP / ABS/ AVE; ET?; [Q! < 84A122 
(2.3/1) 0.001 mol/L 

29.11.5. Co(terpy):.::\+ DMA/H::O -15 5.0 x 108 LP/ABS/AVE; OT; f= 84:A122 
(2.3/1) 0.75; IQJ < 2 x 10-4 

mol/L 

Co(terpy)/+ DMA/H::O f.l. = 1-1.5 (MgCl:! 5.3 x 108 LP /ABS/SST; '0 = 1).20 82A290 
(2.3/1) or NaCIO.,) ms; OT; f = 0.70 



TABLE 29. Quenching of excited zinc complexes-Continued 

No. Quencher Solvent Solution Medium T;oC kq Comments Ref. 
/L mol- 1 s-1 

29.11. Zn(phthaloeyanine)-Continued 
Co(terpYhH DMA/H2O 0.01 mcl/L 1.4 x 108 LP /ABS/SST; TO == 0.20 82A290 

(2.3/1) HClO.!; J.I. = 1-1.5 rns; OT; f = 0.37 
(MgClz or 0 
NaCIO.j) c: 

29.11.7. Fe(CsHsb + DMA/HzO 0.01 mcl/L 1.0 X 10° lP /ABS/SST; TO == 0.20 
m 

82A290 Z 
(2.3/1) HClO-t; J.I. = 1-1.5 InS; OT; f = 0 0 

::I: (MgClz or Z NaCIOJ C) 

29.11.8. Fe(CN)6:1- DMA/H2 O J.I. = 1-1.5 (MgClz 1.9 X 107 iP/ABS/SST; TO == O.~O 82A290 0 
(2.3/1) or NaC:O.!) rns; OT; f = 0 ~ 

m 
Fe(CN}63

- DMA/H2O 0.01 mcl/L 2.9 X 108 iP/ABS/SST; 70 :::: 0.20 82A290 >< 
(2.3/1) HCI0-t; J.I. = 1-1.5 rns; OT; f = 0 0 

=i (MgClz or m 
NaCIO'l) C 

Organic Quenchers s:: 
29.11.9. 1,4-Benzoquinone DMA/HzO J.I. = 1-].5 (MgCI2 5.0 X 108 LP /ABS/SST; 70 :::: 0.20 82A290 

m 
-I 

(2.3/1) or NaC:O-t) rns; OT; / = 0.78 > r-
1,4-Benzoquinone DMA/HzO 0.01 mcl/L 5.0 X 108 LP/ABS/SST; 70:::: 0.20 82A290 0 

(2.3/1) HClO.!; J.I. = 1-1.5 fiS; OT; f = 0.90 0 
(MgClz or s:: 

""C 
NaClO~) r-

29.11.10. MV~+ 3.6 X 106 m 
DMA/H:P J.I. = 1-].5 (MgClz LP/ABS/SST; 70:::: 0.20 82A290 >< 
(2.3/1) or NaC:O,,) ms; OT; f = 1.0 m 

en 
MV~+ DMA/HzO 0.01 mcl/L 5 X 105 LP / ABS/SST; 70 :::: 0.20 82A290 Z 

(2.3/1) HC]04; f-l = 1-1.5 ms; OT; f = 0.43 ~ 
~ (MgClz or r-
OO NaClO'l) 

c: 
:r C '< 
~ MV~+ DMF/HzO 5.5 X 107 LP/ABS/AVE; 70 = 0.18 84A272 en 
0 (9/1) ms; OT; f = 0.62 0 :T r-CD 

? 29.11.11. 1,4-Naphthoquinone DMA/HzO 0.01 mcl/L 3 x 107 LP/ABS/SST; 70 == 0.20 82A290 c: 
-; 

~ (2.3/1) HClO.l ; J.I. = 1-1.5 ms; OT 0 CD 
(MgClz or :"" Z 

C NaClO,J III 

~ 29.11.12. Tetrachloro-1,4-benzoquinone DMA/H:P J.I. = 1-1.5 (MgClz 8.3 X 108 LP / ABS /SST; 70 == 0.20 82A290 
< (2.3/1) or NaC:0 4) ns; OT; f = 0.75 
~ 

~ Tetrachloro-1,4-benzoquinone DMA/HzO 0.01 md/L 1.3 X 109 LP / ABS jSST; 70 :::: 0.20 82A290 

Z (2.3/1) HClO ol ; J.I. = 1-1.5 ns; OT; f = 0.27 
~ (MgClz or 
:" NaCIO.I) .... 

~ co 
QO 00 
(0 CJ1 
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TABLE 29. Quenching of excited zinc complexes-Continued 

No. Quencher 

29.11. Zn(phthaloeyanine'-Continued 
29.11.13. 2,4,7-Trinitro-9-fluorenone 

29.12. Zn(protoporphyrin) 
Inorganic Quenchers 

29.12.1. 0:,: 

29.12.2. Zn(protoporphyrin) 

Organic Quenchers 
29.12.3. 1,4-Benzoquimne 

29.12.4. NaJhthoquinone sulfonate 

29.13. Zn(tetrabenzoporphyrin) 
Inorganic Quenchers 

Solvent 

DMA/HzO 
(2.3/1) 

EtOH/HzO 
(1.2/1) 

EtOH/HzO 
(1.2/1) 

EtOH 

EtOH/H:;P 
(1.2/1) 

::!9.13.1. Yb(etioporphyrin 1)+ py 

29.14. Zn [tetrakis (,1- tert- butyl)phthalocyanine] 
Organic Quenchers 

29.14.1. Tetrachloro-l,4- benzoquinone Hexane 

Solution Medium 

0.01 mol/L 
HCIO 4; ~ = 1-1.5 
(MgClz or 
NaCI0 4) 

0.001 mol/L Pbuf; 
pH 8 

0.001 mol/L Pbuf; 
pH 8 

0.001 mol/L Pbuf; 
pH 8 

29.15. Zn [5,10,15,20- teIJrakis(l-methylpyridinium-3-y l)porphyrinj4+ 
Inorganic Quenchers 

29.15.1. Co(EDT_\)-' H::;O 

29.15.2. Co(EDTAf- H::;O 

29.15.3. Cu~+ H:!O 

29.15.4. Fe: l + H::;O 0.02 mol/L HCI; 
0.02 mol/L KCI; 
pH 1.8 

T;oC kq 
/L mol-I s-I 

1.0 X 10° 

8 :.< 10° 

4 :.< 107 

7 X 10° 

8 X 108 

4 :.< 107 

8 :.< 10° 

5.4 X 10') 

1.5 X 10° 

1.5 :.< 106 

6.3 :.< 10~ 

Comments 

LP/ABS/SST; TO = 0.20 
ms; OT; f= 0 

LP/LUM/AVE (decay of 
delayed fluorescence); "0 = 
1.3 ms; [Q] = (2-12) X 

10-7 mol/L 

LP/LUM/AVE (decay of 
delayed fluorescence); TO = 

-3 ms; TO extrap'd to [S] = 
0 

LP/LUM/AVE (decay of 
delayed fluorescence); 'To = 
0.28 ms 

LP/LUM/AVE (decay of 
delayed fluorescence); 'To = 
1.3 ms 

FP/ABSjSST; ET 

FP/ABSjSST 

LP / ABS/SST; f = 0.04; [Q] 
= (2-5) x lO-'l mol/L; OT? 

LPjABS/SST; [Q] = (2-8) 
x lO-.l mol/L 

LP/ABSjSST; TO = 1.8 ms; 
CD; [QJ = 0.001-0.008 
moljL 

LP / ABSjSST; OT; f = 1; 
[Q] = 0.001 moI/L 

Ref. 

82A290 

86E020 

86E020 

86E020 

86E020 

76E693 

80F472 

85A430 

85A430 

84A264 

85A430 

~ 
co 
en 

:::I: 
0 
." 
." 
s: 
l> 
Z 
rr, 
..... 
:b 
!"'" 



TABLE 29. Qu~nching of excited zinc complexes-Continued 

No. Quer:cher Solvent Solution Medium rrC kq 
/L mol- 1 s-l 

Comments Ref. 

2g.15. Zn[5,lO,15,20-tetrakis(1-methylpyridinium-3-yl)porphyrinj"+ -Continued 
29.15.5. O2 H2 O 1.2 X 109 LP/ABS/SST; 'To = 1.8 ms; 84A264 

PQ = 2 X 10.1 Pa 

Organic Quenche,s " 29.15.6. N,N' .Diheptyl-vioz+ H:P 5.0 X 106 LP / ABS/SST; OT; [Q] = 85A430 C 
0.001, 0.002 mol/L; m 

Z 
nonlinear S-V plot; kq cal'd 0 
from the initial slope :::z:: 

29.15.7. EDTA H2O 3.7 X 105 LP / ABS/SST; 'To == 1.8 ms; 84A264 
Z 
C> 

RT; [Q] = 0.005 mol/L 0 
29.15.8. My2 + H2 O 2.0 X 106 LP /ABS/SST; 'To = 1.9 ms; 86A174 

." 
m 

OT; [Q] == (2-50) x 10- 4 >< 
mol/L; nonlinear S-V plot 0 
at higher [Q] ::::; 

m 
My2+ H:P J.l = 0 (extrap'd) 1.0 X 106 LP / ABS/SST; 'To == 1.8 ms; 84A264 C 

OT; [Q] == (5-100) x 10-'1 :s: 
mol/L m 

-t 
MY~+ H2O J.l = 0 (extrap'd, 1.9 X 106 LP/ABS/SST; 'To == 1.8 ms; 84A264 » r-

NaCI) aT; [Q] == 0.001 mol/L 0 
MY~+ H2 O 0.01 mol/L NaCl 4.8 X 106 LP/ABS/SST; 'To == 1.8 ms; 84A264 0 

:s: 
OT; [Q] == 0.001 mol/L "tJ 

MY~+ H2 O 0.02 mol/L NaCl 7.6 x 106 LP/ABS/SST; 'To == 1.8 ms; 84A264 
r-m 

OT; [Q] == 0.001 mol/L >< m 
My:!t H~O 0.05 mol/L NaCI 1.2 X 107 LP / ABS/SST; 'To = 1.8 ms; 84A264 en 

aT; [Q] == 0.001 mol/L Z 
!- My:!t H:::O 0.08 mol/L NaCl 2.2 X 107 LP /ABS/SST; 'To == 1.8 ms; 84A264 ." 

r-
'"tI aT; (Q] = 0.001 mol/L c: :::r 
'< My:!t H2 O 0.1 mol/L NaCI 2.4 X 107 LP /ABS/SST; 'To == 1.8 ms; 84A264 C 
~ en 0 aT; [Q] = 0.001 mol/L 0 :::r 
to MY:!- H2O 6% dextran 2.0 X 106 LP / ABS /SST; 'To == 0.85 86A174 r-
? c 
l:J ms; aT; [Q] = (2-200) X -t 
l!. 10-.1 mol/L 0 
0 MY:':- 1.4 X 106 Z 
I» H::P 20% dextran LP/ABS/SST; 'To = 0.79 86A174 
~ ms; aT; [Q] = (2-200) x 
< 10-.1 mol/L 
~ .... MY:!- H2O 42% dextran 4.2 X 105 LP / ABS/SST; 'To == 1.3 ms; 86A174 
.!» aT; [Q] = (2-200) x 10- 4 

Z 
!=> mol/L 
~ ..... 
.... 
<0 ~ 
0) co <0 ...... 
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TABLE 29. Quenching 01 excited thc complexes-Contintred 

No. Quencher Solvent Solution Medium 

29.15. Zn[5,10,15,20-tetrakis(1-methyJpYl'ldlnlum-3-yl)pol'phyl'InJ"+ -Continued 
MyH H20 45% dextran 

My2+ H20 47% dextran 

29.16. Zn[5,lO,15,20-tetl"akis(1-meth),lpYl"idinium-4-yl)pol"phyrinJ4+ [singlet] 
Organic Quenche-s 

TrC 

29.16.1. N,N-Bis(3-sulfonato-l-pro?yl)- H20 25 
(vio~+) zwitterion 

29.17. Zn[5,lO,15,20-tetl"akls(1-methylpYl"idinium-4-yl)pol'phyrln]" .... [triplet] 
Inorgcnic Quenchers 

29.L7.1. Co(NHa)sCrH H20 

29.17.2. Fe:~+ 

Fe:l + 

::?9.17.3. S:.:O:-<:.!-

Organ:'c Quencherr; 
29.]7.4. N,N'.Bis(3-5ulfonato-1-propyl)­

(vio·'!") zwitterion 

N,N'-Bis(3-sulfonato-1-propyl)­
(vio:.!t) zwitterion 

29.17.5. N,N'-Didodecyl-vi02 + 

29.17.6. N,N' -Dihexyl-vio2+ 

29.17.7. N,N'-Dipropyl-vio2 + 

H20 

H20 

H20 

H20 

H20 

H:.:O 

H:.:O 

H20 

pH 2; f.1 = 0.01 

25 

kq 
/L mol- 1 S-I 

1.9 X 10li 

1.9 X 105 

7.1 X lO LD 

1.5 X 108 

1.9 X 108 

1.3 X 10 10 

9.0 X 108 

2.5 X 108 

2.0 X 108 

X 106 

3 X 106 

3 X 106 

Comments Ref. 

LP/ABS/SST; TO = 1.4 ms; 86A174 
OT; [Q! = (2-200) x 10-4 

mol/L 

LP/ABS/SST; TO = 1.5 ms; 86A174 
OT; [Q] = (2-200) x 10-4 

mol/L 

SSjLUM; OT 86:-.1075 

FP JABS jSST; TO = 1-2 ms; 83A.133 
OT; same kq at pH 5 with 
FP JABS {SST and TO = 
1).66 ms from same lab in 
32A199 

F'P JABS /SST; TO = 1.2 ms; 83A.133 
OT; kq = 2.2 X 108 L 
;001- 1 S-I at pH 5 with 
F'PjABSjSST and TO = 
0.66 ms from same lab in 
82A199 

LP{ABSjSST; OT; 1= 1 81S157 

FP JABS/SST; TO '= 1.2 ms; 83.A133 
OT; same kq at pH 5 with 
rp / ABSjSST and TO = 
0.66 ms from same lab in 
82A199 

LP j ABSjSST; OT; [Q] = 86N07S 
(5-40) x 10-6 mol/L 

FPjABS{SST; Tound = 3 84N2l2 
IDS; OT 

FPjABSjSST; Tound = 3 84N212 
os; OT 

FP{ABS/SST; 'round = 3 84N212 
os; OT; [Q! ::;: 0.015 mol/L 

FP/ABSjSST; Tound = 3 
ms; OT 

84N212 

~ 
Q) 
Q) 

:E: o 
." 
." 
3C 
l> 
Z 
I'tj. 

..... 
llI.. r-



TABLE 29. Quenching of excited zinc complexes-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
JL mol- 1 S-1 

2Q.17. Zn[5,lO,15,2[)-tetrakis(1-methylpyridinium-4-yl)porphyrin]4+ [triplet]-Continued 
29.17.8. EDTA H2O PHTHbuf; pH 5; JL 1.7 X 105 FP/ABS/SST; -'0 = 0.66 81F164 

= 0.05 (NaCI) ms; RT 

EDTA H2O 4 X 105 LP / ABS /SST; -'0 = 1.3 ms; 80A074 () 
c:: 

RT; [Q] = 0.02 mol/L; Q rn 
ma.inly as monoprotonated Z 
ar.ion 0 

:J: 
29.17.9. N-Methy 1-N' -tetra.deey I-vio 2+ H2O 0.05 mol/L TEOA; 23 5 X 107 LP/ABS/SST; OT 83N158 Z 

pH 7.8 C') 

N-Methyl-N'-tetra.deeyI-vio2+ H2O 1.8 X 107 LP/ABS/SST; "0 = 1.3 ms; 81N002 0 
"T1 

OT; kq at low [Q]' where rn 
effects of JL are negligible >< 

0 
29.17.10. My2+ H2O ~ X 106 LP/ABS/SST; "0 = 1.3 ms; 80A074 =i 

OT; [Q] = 0.005 mol/L rn 
C 

My2+ H2O 1.8 X 107 FP / ABS/SST; -'0 = 1.2 ms; 83A133 s: 
OT; same kq with rn ..... 
FP / ABS/SST and -'0 = ,.. 
0.56 ms (J = 0.83) from r-
same lab in 82A161 0 

MY:! + 2 X 106 FP/ABS/SST; -'ound = 3 
0 

H2O 84N212 s: 
ms; OT -a 

r-
MY:! + H2O I.l. = 0 (calc'd) 2.7 x 105 FP/ABS/SST; OT 82A161 rn 

>< 
MY:!+ H2O Pbuf; pH 6.9; Jl. = 1.6 X 106 LP/ABS/SST; OT 86A072 rn 

en o (calc'd) 
Z 

MY:! + H2O Pbuf; pH 6.9; Jl. = 1.4 X 101 LP/ABS/SST; OT; f= 0.57 86A072 "T1 

f- 0.05 (NaCI) r-
c:: 

." MY:! + H2O Pbuf; pH 6.9; Jl. = 2.0 X 107 LP / ABS/SST; OT; f = 86A072 C ~ 
'< 0.1 (NaCI) 0.50; kq = 2.9 X 107 L en !II 
0 mol- 1 S-1 with 0 
~ LP /ABS/SST and [Q] = r-
C) c:: 
? (1-10) X 10-4 mol/L from ..... 
:lJ same lab· in 86S027 0 l!- MY:! + 0.001 mol/L AQN; 1.1 x 106 LP/ABS/SST; OT 86A072 

Z 
C H2O 
I» Pbuf; pH 6.9; Jl. = jr 
< o (calc'd) 

~ MY:! + H2O 0.001 mol/L AQN; 3.0 x 107 LP /ABS/SST; OT; f = 0.54 86A072 .... 
Pbuf; pH 6.9; Jl. = !» 

z 0.1 (NaCI) 
0 

~ 
MY:! + H2O PHTHbuf; pH 5; I.l. 1.8 X 107 FP / ABS/SST; TO = 0.66 81F164 

co = 0.05 (NaCI) ms; OT; f = -0.8; <I> = 0.9 ~ 
CD 

CD CD CD 



f- TABLE 29. Quenching 0' excited zinc complex~s-Continued 0l:Io. 
(J) 

." 0 :T 
'< 
til 

n No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
:T jL mol- 1 s-l 
(I) 

? 
::0 

Zn[5,IO,15,20-tetrakis(l-methylpyridinium-4-yl)porphyrin]-l+ [triplet]-Continued ~ 2g.17. 
C 29.17.11. PolyVi03 H2O Pbuf; pH 6.9; J.t = 2.5 X 106 LPjABS/SST; aT; [Q] 86A072 
2L o (calc'd) based on viologen units ,PI 

< PolyVi03 H2O Pbuf; pH 6.9; f..l. = 1.1 X 107 LP/ABS/SST; aT; f= 86A072 
~ 0.05 (NaCI) 0.61; [Q] based on viQlogen 

~ units 
Z 

PolyVi03 H2O Pbuf; pH 6.9; J.t = 2.4 X 107 LP / ABS/SST; aT; f = 86A072 ? 
~ 0.1 (NaCl) 0.86; [Q] based on viologen 

<D units 
CD 

1.3 x 106 LP / ABS/SST; aT; [Q] CD 29.17.12. PolyVi04 H2 O Pbuf; pH 6.9; f.L = 86A072 
o (calc'd) based on viologen units 

PolyVi04 H2O Pbuf; pH 6.9; J.t = 2.1 X 107 LP/ABS/SST; aT; [Q] 86A072 
0.05 (NaCl) based on viologen units 

PolyVi04 H2O Pbuf; pH 6.9; f.L = 3.6 X 107 LP/ABS/SST; aT; f: 86A072 :E: 
0.1 (Na.Cl) 0.85; [Q] based on vidogen 0 

units '"1"1 
'"1"1 

29.17.13. PolyVi05 H2O Pbuf; pH 6.9; f.L = 4.6 X 105 LP/ABS/SST; aT; [Q] 86A072 3: 
l> o (calc'd) based on viologen units Z 

Pol.vVi05 H2O Pbuf; pH 6.9; f..l. = 2.0 X 107 LP /ABS/SST; aT; f == 86A072 h'1 
0.1 (NaCl) 0.77; [Q] based on vjologen ""i 

~ 
units r--

29.17.14. Pol:rVi06 H::O Pbuf; pH 6.9; f.L = 4.9 X 105 LP/ABS/SST; aT; [Q] 86A072 
o (calc'd) based 00 viologen units 

Pol:rVi06 H2O Pbuf; pH 6.9; f.L = 6.3 X 106 LP JABS/SST; aT; f == 86A072 
0.05 (NaCl) 0.83; [Q] based on vidogen 

units 

PolyVi06 H2O Pbuf; pH 6.9; f.L = 1.3 X 107 LPjABS/SST; aT; f=:: 86A072 
0.1 (NaCl) 0.96; [Q] based on viologen 

units 

29.17.15. PolyVioi H2O Pbuf; pH 6.9; f.L = 4.4 X 106 LP JABS/SST; aT; [Q] 86A072 
o (calc'd) based on viologen units 

PolyVio7 H:,:O Pbuf; pH 6.9; f.L = 1.2 X 107 LP /ABS/SST; aT; f-::;; 86A072 
0.05 (NaCl) 0.62; [Q] based on viologen 

units 

PolyVioi H2O Pbuf; pH 6.9; f.L = 3.0 X 107 LP/ABS/SST; aT; f:; 86A072 
0.1 (Na.Cl) 0.70; [Q] based on viclogen 

units 

29.17.16. Pol/Vi08 H2O Pbuf; pH 6.9; f.L = 4.4 X 106 LPjABS/SST; aT; [Q] 86A072 
o (calc'd) based on viologen units 
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TABLE 29. Quenching of excited zinc complexes-Continued 

No. TrC kq 
/L mol- 1 s-1 

Quencher Solvent Solution Medium 

20.17. Zn [5 ,10,15,20-tetrakis(l-methylpyridinium-4-yl)porphyrin ~4+ [triplet]-Contin ued 
PolyVio8 H20 Pbuf; pH 6.9; fJ. = 1.0 X 10; 

0.05 (NaCl) 

POlyV108 H2O Pbufj pH 6.9; fJ. = 
0.1 (NaCl) 

29.17.17. PolyYo9 H2O Pbuf; pH 6.9; fJ. = 
o (calc'd) 

PolyYo9 H2O Pbuf; pH 6.9; fJ. = 
0.05 (NaCl) 

PolyVio9 H2 O Pbuf; pH 6.9; fJ. = 
0.1 (NaCl) 

29.17.18. Trieth:l.nolamine H2O pH 7.8; fJ. = 0.50 
(TMAC) 

Trietha.nolamine H2O 

29.18. Zn[5,10,15,20-tetrakis«(-sulfonatophenyl)porphyrinj'- [singlet] 
Organic Quencherl1 

29.18.1. Nitrobenzene H20 

29.18.2. Tetrarnethyl-1,4-benzoquinone Benzene 

Tetrarnethyl-1,4-cenzoquinone Benzene 

0.1 mol/L BHDC 

0.1 mol/L BHDC, 
1.5 mol/L H20 

29.19. Zn [5,10,15,20-tetrakis( 4:-sulfonat()phenyl)porphyrinj'- [triplet] 
Inorganic Quenchert 

29.19.1. Br:,!-

29.19.2. Cd+ 

H:,!O 

H:,!O 

0.001 mol/L Pbuf, 
0.1 mol/L NaBr, 
NzO satur'd; pH 7 

0.01 mol/L 
CdSO.l , Nz satur'd 

2.6 X 107 

2.1 X 106 

7.3 X 106 

1.2 X 107 

23 4 x 103 

25 3.6 X lOs 

-22 4.7 X 1010 

1.9 X lOll 

1.5 X lOll 

5 X 109 

1 X 10 10 

Comments Ref. 

LP / ABS /SST; OT; f = 86A072 
0,46; [Q] based on viologen 
units 

" LP / ABS /SST; OT; f = 86A072 c: 
m 

0 .. 53; [Q] based on viologen Z 
units 0 

LP / ABS/SST; OT; [Q] 86A072 
:!: 
z 

based on viologen units G') 

LP/ABS/SST; OT; f= 86A072 0 
." 

0.82; [Q] based on iriologen m 
units X 

0 
LP/ABS/SST; OT; f= 86A072 =i 
0.ll3; [Q] based on viologen m 
units C 

LP/ABS/SST; RT; [Q] = 83N158 
s::: 
m 

0.05-1.0 mol/L -I 
~ 

LP/ABS/SST; RT; [Q] = 86N075 r 
0.002-0.004 mol/L 0 

0 
s::: 
." 
r 

SS/LUMj "0 = 1.7 ns 85F141 m 
X 

(84A048); OT; [Q] :5 0.008 m 
mcl/L en 

Z 
LIF; OT; in presence of 86N292 

." 
reversed micelles; S at the r 
interface c: 

C 
LIF; OT; in presence of 86N292 en 
reversed micelles; S at the 0 
interface r c: 

-I 
(5 
Z 

LP/ABS/SST; OT; Q 82A279 
produced in situ by electron 
pu:se after the laser pulse 

LP/ABS/SST; RT; Q 82A279 
produced in situ by electron 
pulse after the laser pulse 

~ 
U) .... 
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TABLE 29. Quenching 0: excited zinc complexes-Continued 

No. Quencher Solvent Solution Medium TIOC 

29.19. Zn[5,10,lii,20-tetrakis(4-sulfonatophenyl)porphyrinj4,- [tripJetJ-Continued 
2~.19.3. H H2 0 0.001 mol/L Pbuf, 

0.25 mol/L t­
BuOH, N 20 sat'd; 
pH 7 

2a.19.4. OE 

2':l.19.5. S208~-

OrgiLnic QuencAer~ 
2~.19.6. Cysteine 

H20 

H20 

HzO 

29.19.7. 2-Hydroxy-2-propyl radicOlI H2 0 

2').19.8. 2-Methyl-2-hydroxypropyl radical H2 0 

2'U9.9. MY~+ H:P 

MV:':+ H20 

29.19.10. Nitrobenzene H~P 

~9.19.11. Telralhiafulvalene MeOH 

0.001 mol/L Pbuf, 
NzO sat'd; pH 7 

0.1 mol/L Pbuf; 
pH 7 

0.001 mol/L Pbuf, 
0.25 mol/L 2-
PrOH, N 20 
satur'd; pH 7 

0.001 mol/L Pbuf, 
0.25 mol/L t­

BuOH, NzO sat'd; 
pH 7 

0.1 mol/L Pbuf; 
pH 7 

20 

20 

-22 

29.20. Zn{5,lO,15,20-tetrakis[1-(3-sulfonato-1-propyl)pyridinium-4-yl]porphyrin} 
Orgen·ic QuencAers 

29.20.1. 9)1~-.Anthraquinone-2,6-d:sulfonate H20 
ion 

29.20.2. 9 ,1~-.Anthraquinone-2-sulfonate 
ion, ~-CD complex 

H20 

0.02 m:)I/L Pbuf; 
0.005 raol/L 
CTAB; pH 6 

0.01 m:)I/L f3-CD 

kq 
IL mol- 1 S-I 

-1 X 1010 

-1 X 10l() 

6.9 X 106 

3 X lOs 

3 x lOll 

1.8 x lOll 

6.9 x 109 

1.4 X lOll) 

1.6 X 10° 

1.1 X 108 

7.5 X 107 

3.3 X 106 

Comments 

LP/ABS/SST; CR; Q 
produced 'in eitu by electron 
pulse after the laser pllse 

LP / ABS /SST; CR; Q 
produced in situ by electron 
pulse after the laser p]lse 

FP / ABS /SST; TO = 1.1 ms; 
OT 

LP / ABS/SST; "0 = 0.33 
ms; RT 

LP / ABS/SST; RT; Q 
produced in situ by electron 
pulse after the laser pulse 

LP lABS/SST; CR; Q 
produced in situ by electron 
pulse after the laser pulse 

LP / ABS/SST; 70 = 0.83 
ms; OT; f = 0.5; some SQ 

FP / ABS/SST; 'To = 1.4: ms; 
OT 

LP / ABSI AVE; 'To = 2.2 ms; 
OT; [Qj = (1-80) X 10-4 

mol/L 

LP/ABS/AVE; 70 = 80 J-lS; 

RT; [Q] = (1-2) x 10-.1 

mol/L 

LP / ABS/SST; -'-0 ::::: 0.50 
ms; OT; Q in micelles 

,P/ABS/SST; -;'ound = 0.5 
1S; OT 

Ref. 

82A279 

82A279 

83A133 

82A306 

82A279 

82A279 

82A306 

83A133 

85Fl41 

82N068 

85N254 

86N1l9 

+:. 
t.O 

'" 

:::t 
0 

" " s:: » 
Z 
f11 ..... 
)::.. 

t'" 



TABLE 29. Quenching of excited zinc complexes-Continued 

No. Quencher Solvent Solution Medium Tr C kq Comments Ref. 
/L mol- I ~-1 

29.21. Zn{5,lO,15,%O-tetrakis[4-(trimethylammonio)phenyl]porphyrin}4+ 
Inorganic Quenchers 

29.21.1. Co(NH3lsCIH H2 O 1.9 X 107 LP j ABS/SPC; "0 = 1.2 ms; 83E462 
OT 0 

29.21.2. Co(sep)3+ H2 O 1.6 X 107 LP/ABS/SPC;,.o = 1.2 ms; 83E462 C 
m 

OT Z 

29.21.3. O2 H2O 1.3 x 109 LP jABS/SPC; "0 = 1.2 ms; 83E462 0 
2: ET? Z 

Organic Quenchers C') 

29.21.4. My2t H2O J.l = <0.005 5.4 x 107 LP JABS /SPC; "0 = 1.2 ms; 83E462 0 
." 

OT m 
My2t H2O 0.05 moljL ACbuf 2.0 x 108 LPjABS/SPC;,.o = 1.2 ms; 83E462 >< 

0 
OT =i 

Zn(N,N',N",N"'-tetl'amethyltetl'a-2,3-pyridinoporphyrazine)4+ 
m 

29.22. C 
Organic Quenchers 3: 

29.22.1. EDTA H2 O 1.4 x 103 LPjABS/SST; ,.ound = 0.17 85F520 m 
-t 

ms; RT l> 
29.22.2. My:.!t H2O 4.0 X 107 LP/ABS/SST; ,.ound = 0.17 85F520 

r-
0 

ms; OT 0 
3: 

29.23. Zn(5,IO,15,20-tetraphenylpol'phYl'in) [singlet] ." 
Inorganic Quenchers r-

m 
29.23.1. Eu:l + AN 1.6 X 10 10 FPjABS/SST; OT, ET?; see 79A220 >< 

Mech. [9] m en 
o r:Janic Quenchers Z 

29.23.2. Benzenediazonium cation Acetone 25 1.8 x 10 10 SSjLUM; "0 = 1.9 ns 85A136 ." 
~ (LP jLUM/SST); OT r-
'U c: 
:::J' 29.23.3. 1,4-Benzoquinone DMF 2.3 X 109 SS/LUM; EX 79F712 C '< 
!II 

1.0 X 109 SS/LUM; "0 = 3.9 ns en 
0 1,4-Benzoq'linone Dioxane 67AOO3 0 :::J' (i73002); OT; [Q] S 0.1 CD r-
? mol/L c: 

-t 
:II 

1,4-Benzoq uinone EtOH 1.5 x 109 SSjLUM; "0 = 2.5 ns 79F712 0 ~ 
c (3L/LUM/SPC); EX Z 

a 1,4-Benzoquinone Toluene 2.2 x 109 SS/LUM; "0 = 2.7 ns 79F712 j» 

< (3L/LUM/SPC); EX 
~ 29.23.4. 4-Brcmobenzenediazonium cation Acetone 25 2.6 X 10 10 SSjLUM; "0 = 1.9 ns 85A136 
~ (LP jLUMjSST); OT 
z 

2.3 x 10 10 SS/LUM; "0 = 1.9 ns ~ 29.23.5. 4-Chlorobenzenediazonium cation Acetone 25 85A136 
:" (LP /LUM/SST); OT 
co ~ 
(II) CO 
<0 W 
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TABLE 29. Quenching of excited zinc complexes-Continued 

No. Q]encher Solvent Solution Medium 

29.23. Zn(6,lO,15,20-tetraphenylporphyrin) [singlet]-Continued 
29.23.6. 4-iN,N- Acetone 

Di~thylamino)benzenediazonium 

cation 

29.23.7. 1,4-Dinitrobenzene 

29.23.8. 4-Methoxybenzenediazonium 
cation 

Dioxane 

Acetone 

29.23.9. 4-Methylbenzenediazonium cation Acetone 

29.23.10. Nitrobenzene Dioxane 

29.23.11. Nitromethane Dioxane 

29.23.12. Te',ramethyl-l,4-benzoquinone Benzene 

Tetr amet hy 1-1,4-benzoquinone Benzene 

29.2·i. Zn(S,10,15,20-tetraphenylporphyrin) [triplet] 
Inorganic Quenchers 

29.24.1. Ag(TPP) Toluene 

29.24.2. Co~+ py 

29.24.3. Cu:!+ THF 

Cu~+ py 

29.24.4. Eu;'+ AN 

0.1 mol/L BHDC 

0.1 mol/L BHDC, 
1 mol/L HzO 

kq 
jL mol- I S-I 

TrC 

25 1.0 x l() 10 

3.0 X 1:)9 

25 1.2 X 10 10 

25 1.8 X 10 10 

1.2 X 108 

7.5 X 106 

8.5 x l()Q 

3.7 X 109 

3.6 X 108 

1.4 X 106 

2.0 X 10~ 

1.2 X 103 

4.8 X 10" 

~ 
..::.. 

Comments Ref. 

SS/LUM; TO = 1.9 ns 85A136 
(LP /LUM/SST); OT; [Q] = 
0.07 moljL 

SS/LUM; TO = 3.9 ns 67A003 
(573002); OT; [Q] s; 0.15 
mol/L 

SS/LUM; TO = 1.9 ns 85A136 
(LP /LUM/SST); OT; [Q] s; 

0.07 mol/L 

SSjLUM; TO = 1.9 ns 85A136 
(LP /LUM/SST); OT; [Q] s; 

0.07 moljL 

SS/LUM; TO = 3.9 ns 67A003 
(573002); OT; [Q] s; 0.5 :I: 
moI/L 0 

"T1 

SS/LUM; TO = 3.9 ns 67A003 "T1 
s: 

(573002); OT l> 
LIF; OT; [Q] = 0.005-0.06 86N292 

Z 
", 

mol/L; in presence of .... 
reversed micelles; S at the :t:.. 
interface too 
LIF; OT; [Q] = 0.005-0.06 86N292 
mol/L; in presence of 
reversed micelles 

FP/ABS/SST; EX 76E693 

FP/ABS/SST; TO = -1.1 60A002 
ms (60E006); Q as CI- salt; 
see Mech. [10] 

FP/ABSjSST; TO = 1.9 ms; 60A002 
Q as CI- salt; see Mech. 
[10] 

FP /ABS/SST; TO = ·-1.1 60A002 
ms (60E006); Q as CI- salt; 
see Mech. [10] 

FP/ABS/SST; OT; [Q] s; 79A220 
0.023 mol/L 



TABLE 29. Quenching of excited zinc complexEs-Continued 

No. Quencher Solvent Solution Medium T/oC kq Comments Ref. 
/L mol- 1 8- 1 

2g.24. Zn(5,lO,15,20-tetraphenylporphyrin) [triplet/-Continued 
Eu:l+ Acetone X lOs F'P / ABS /SST; 'To = 0.94 84E316 

rns; OT 

29.24.5. Eu(,enzo-15-crown-5)3+ Acetone 3 X 106 F'P/ABS/SST; 'To = 0.94 84E3l6 " rns; OT C 
m 

29.24.6. Ni 2 t- THF 2.5 X 101 F'P / ABS /SST; 'To == 1.9 rns; 60A002 Z 
0 

.~ as Cl- salt; see Mech. ::J: 
:10] Z 

Ni!lt- 9.8 X 106 F'P/ABS/SST; 'To == ~1.l 60A002 
C) 

PY 0 rns (60E006); Q as CI- salt; "T1 
see Mech. [101 m 

29.24.7. °2 H2O BObuf; pH 9.2 20 1.5 X 109 LP / ABS / SST; OT 86A063 >< 
0 

29.24.8. Zn(TPP) Toluene 2 X 101 FP/ABS/SST; 'To == ~1.2 60E006 =i 
m 

rns; [Q] = (2.4-14) X 10-6 
C 

rnol/L; 'To extrap'd to [S] = 3: 
.); see Mech. [lOJ m 

-I 
Organic Quenchtrs > 

29.24.9. Ben~enediazoniurn cation Acetone 25 1.0 x 10\) F'P / ABS/SST; 'To = 1.4 rns; 85A136 r-
0 DT; no first-order decilY 0 

:iue to loss of Q; kq enl'd 3: 
flt t = 0 "'tJ r-

29.24.10. 1,4-Benzoquinone Benzene 25 3.4 x 109 F'P / ABS/SST; EX?; see also 82A389 m 
>< ~5E593 rn 

1,4-Benzoquinone DMF 1.9 x 109 FP/ABS/SST 79F712 
en 
Z 

1,4-Benzoquinone Dioxane 4.2 x 108 l"P / ABS /SST; 'To = 0.17 67A003 "T1 

~ 
rns; OT; [Q] $ 1.5 X 10-4 I 

rnol/L C 
"0 C ::r 

1.2 x 109 '< 1,4-Benzoquinone EtOH F'P / ABS/SST; 'To = 1.2 rns; 79F712 en !II 
n DT; f = 0.24 (83F182] 0 
::r 

2.3 x lOt) 
r-

/I) 1,4-Benzoq uinone Toluene 25 l"P / ABS/SST; EX?; see also 82A389 C 
? ~5E593 -f 
:D 0 
!. l,4-Benzoquinone Toluene 1.3 A 109 l"P / ABS/SST; 'To = 1.3 rns; 79F712 Z 
:J gX 
t 

2.3 x 109 ) 29.24.11. 4-BroOlobenzenediazonium cation Acetone 25 l"P / ABS /SST; 'To = 1.4 rns; 85A136 

;. DT; no first-order decay 

..... :iue to loss of Q; kq e"al'd 
!fJ ilt t = 0 
Z 
P 
~ ..... ~ 
co U) 
QO en co 



!=o- TABLE 29. Quenching of excited zinc complexes-Continued -I=ro. 
"lJ CO 
::T CJ) 

'< 
!" 

No. Quencher Solvent Solution Medium rrC kq Ref. 0 Comments 
~ /L mol- l S-I 
(I) 

i3 
::D 
CD 29.24. Zn(6,lO,lS,20-tetraphenylporphyrin) [triplet1-Continued :"4' 

~ 29.24.12. 4-ChlorobenzenediazoniuIll cation Acetone 25 1.5 X lOS} FP / ABS /SST; TO = 1.4 ms; 85A136 

p- OT; no first-order decay 

<: due to loss of Q; kq eval'd 

~ at t = 0 
.... 

29.24.13. 4-(JV,N- 5 x 108 FP / ABS /SST; TO = 1.4 ms; 85A136 .?' Acetone 25 
Z Diethylamino) benzenediazonium OT; no first-order decay 
? cati:m due to loss of Q; kq eval'd 
~ .... 
cD 

at t = 0 
QO 29.24.14. 1,4-Dinitrobemene Dioxane 1.6 x 107 FP/ABS/SST; 'To = 0.17 67A003 co 

ms; OT; [Q] ~ 5 X 10-4 

mol/L 

29.24.15. 4-Methoxybemenediazoni"lm Acetone 25 1.6 x lOll FP / ABS /SST; 'To := 1.4 ms; 85A136 
cation OT; no first-order decay 

due to loss of Q; kq evaI'd ::J: 
at t = 0 0 

1.6 x lOll FP / ABS/SST; 'To = 1.4 ms; 
." 

29.24.16. 4-Methylbenze:lediazonium cation Acetone 25 85A136 ." 

OT; no first-order decay s:: » due to loss of Q; kq eval'd Z 
at t = 0 rr, 

29.24..17. Metronidazole H2O BObuf; pH 9.2 20 2.9 x 101) LP / ABS /SST; OT; 1= 0.23 86A063 ""t 
:b. 

29.24..18. Mis:midazole H:l0 BObuf; pH 9.2 20 2.3 x 101) LP / ABS /SST; aT 86A063 r--
29.24.19. MV:!+ EtOH 1x 108 FP /ABS/SST; 'To und = 20 80N143 

JLS; OT 

29.24.20. Nitrobenzene Dioxane 1.6 x lO·t FP/ABS/SST; TO = 0.17 67A003 
ms; aT 

29.24.21. Nitiomethane Dioxane 1.7 x lO:l FP /ABS/SST; 'To = 0.17 67AOD3 
ms; aT 

29.24.22. Tetra metbyl-l,4-benzoquinone EtOH 2 x 10!) FP/ABS/SST; To
und = 20 80N143 

JLS; OT 

29.25. Zn[4,4' ,4" ,4'" -tetra(sulfomorpholide)phthalocyanine] [singlet] 
Organic Quench~rs 

2~.25.1. 4-{N,N- AN 25 2.3 X 10 10 SS/LUM; To
3ir = 2.8 ns 86A508 

Die~hy lamino) benzenedia20nium (LP /LUM/ AVE); RT; [Q] ~ 
cation 0.015 mol/L 

2£'.25.2. 4-Wethoxy benzenediazonium AN 25 2.5 x 10 10 SS/LUM; T0
3ir = 2.8 ns 86A508 

cation (LP!LUM/AVE); RT; [Q] ~ 
0.015 mol/L 
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TABLE 29. Quenching of excited zinc complexes-Continued 

No. Quen::her Solvent Solution Medium TrC 

29.25. Zn[4,4' ,4" ,4'''-tetra(sulfomorphoIide)phthalocyanine] [singlet]-Continued 
29.25.3. 4-Meihylbenzenediazonium cation AN 25 

29.26. Zn[4,4' ,4" ,4" '-tetra(sulfomorpholide)phthalocyanine] [triplet] 
Organic Quenchen 

29.26.1. 4-(N,N- AN 
Diethylamino)benzenediazonium 
cation 

29.26.2. 4-Methoxybenzen.ediazonium AN 
cation 

29.26.3. 4-Methylbenzenediazonium cation AN 

29.27. Zn( 4,4' ,4" ,4'" -tetrasulfophtha]oeyanine)4.- [singlet] 
Organic Quencher~ 

29.27.1. My2 - H20/py 
(19/1) 

29.28. Zn('!,4' ,4" ,-l"'-tetrasulfophthalocyanine)4.- [triplet] 
Inorganic Qllenchtrs 

~9.28.1. O2 H:::O 

Organic Quenchers 
:29.28.:2. M\r::.,.. H..,O/py 

(19/1) 

0.1 mol/L Pbuf; 
0.01 mol/L CTAB; 
pH 7.4 

29.29. Zn[5,lO,15-tris( ,1-tolyl)-20-( 4-earboxylatophenyl)porphyrin]­
Organic Quenchers 

29.:;9.1. MY:.!- H:::O 

MY:.!-!- H20 f.L = 0 (calc'd) 

25 

25 

25 

25 

kq 
/L mol- l S-l 

2.1 X 10 10 

3.3 X 107 

8.5 X 107 

1.2 X 108 

1.0 X 10 10 

1.6 X 10° 

7 X 106 

1.0 X 10° 

3.0 X lOlJ 

Comments Ref. 

SS!.LUM, LP/LUM/AVE; 86A508 
Toa.lr = 2.8 ns; RT; [Ql. :5 

0.015 mol/L C 
C 
m 
Z 

FP / ABS /SST; TO = 0.25 86A508 0 
:!: IDS; EX; [Q] :5 0.3 mol/L Z 
G') 

FP / ABS/SST; TO = 0.25 86A508 0 
IDS; EX; [Q] :5 0.15 mol/L 

"T1 
m 

FP/ABS/88T; TO = 0.25 86A508 >< 
0 

IDS; EX; [Q] :5 0.1 mol/L =i 
m 
c 
s:: 

8S/LUM; TO = 2.9 ns 80E669 m 
-t 

(SL/LUM/SPC); OT; [Q] :5 l> 
0.0012 mol/L; same kq from r-
Sime lab in 808033; 0 
nonlinear S-Y plot with 0 

s:: 
negative deviation; 8Q "'tJ 
proposed, see Mech. [11] r-

m 
>< m en 

LP/ABS/AYEj TO = 0.24 86F214 Z 
ms; ET; PQ = 2 X 10'1 Pa "T1 

r-
C 
C 

FP / ABS /SST; TO a.ir = 0.25 80E669 en 
ms; OT; same kq from same 0 

r-
lab in 80S033; some 8Q C 

-t 
0 
Z 

FP / ABS /8ST; TO = 1.5 ms; 82A161 
OT; f = 0.04; 20% 
i:npurities in 8 

FP / ABS /S8T; OT; 20% 82A161 
i:npurities in 8 

-'=" <0 ...... 



~ TABLE 29. Quenching of excited zinc complexes-Continued ;.. 

" ~ :::r 
'< 
VI 

0 No. Quencher Solvent Solution Medium rrC kq Comments Ref. 
:::r /L mol- 1 s-1 
(I) 

? 
::D 

~ 29.30. Zn(uroporphyrln I) 
C Inorganic QuencheTs 
g 29.30.1. Co {CI'lJ 6 3- HzO 0.1 moljL KCN; -25 2.6 X 1D3 FPjABSjAVE; OT, ET?; f 75A245 
~ 

pH 10.8 = 0; 75% isomeric purity of < 
~ s 
..... 

29.30.2. Cr(CN)t\3- H2O 0.1 moI/L KCN; '~25 2.3 X US FP / ABSj AVE; OT, ET!; f 75A245 ~co 

z pH 10.8 = 0; 75% isomeric purity of 
P S 
~ 

CD 
29.30.3. Fe(CN)t\:I- H~P 3,8 ;< lO-S mol/L '~25 1.5 ;< 106 FP/ABSjAVEj OT; 75% 75A245 

co KzHP0 4i pH 7; po isomeric purity of S CD 
'"" 5.0 :.< 10-4 

Fe(CN)t\3- H2O 3.8 X 10- 5 mol/L -25 2.4 x 1)6 FP/ABS/AVE; OT; 75% 75A245 
K2HP0-t; pH 7; po isomeric purity of S 
== 9.1 X 10- 4 

(KCI) ~ 

Fe(CN)t\:l- H2 O 1.1 X 10-4 mol/L -25 2.2 x 106 FP/ABSjAVE; OTi 75% 75A245 0 
~ 

KzHPO'l; pH 7; po isomeric purity of S "T1 

== 0.0013 (KCl) 3: 
l> 

Fe(CN)u:l - H2O 1.1 x 10-.1 mol/L -25 2.6 x Btl FP/ABSjAVE; OT; 75% 75A245 Z 

KzHPO.1; pH 7; po isomeric purity of S rt, 
"-of 

== 0.0016 (KCl) ~ 
Fe(CN)t\:I- H2 O 1.1 x 10-4 mol/L -~25 5.7 :.< 106 FP/ABS/AVE; OT; 75% 75A245 r--

KzHPO.,; pH 7; po isomeric purity of S 
== 0.0021 (KCl) 

Fe( CN),j:l- H2O 1.1 X 10--1 mol/L -25 1.9 x 1')7 FP/ABS/AVEi OT; 75% 75A245 
KzHPO.,i pH 7; po isomeric purity of S 
== 0.011 (KCI) 

Fe(CN),\:;- H2O 1.1 X 10-" mol/L -25 8.1 x 11)7 FP/ABS/AVE; 70 = -3 ms; 75A245 
KzHPO.,; 0.1 OT; f == 0.97; [Q] :S 1.8 x 
mol/L KC1; pH 7 10-5 mol/L; 75% is:>meric 

purity of S 

Fe(CNk:- H2 O 0.1 mol/L KCN; -~25 1.9 :.< 107 FP/ABS/AVE; OT; f= 75A245 
pH 10.8 0.68; 75% isomeric purity 

of S 

29.30.4. Fe(CN),1 \- H:::O 1.1 x 10-'\ mol/L ~25 3.1 :.< 1')7 FPjABS/AVE; 1'0 = -3 ms; 75A245 
K:::HP0 4 ; 0.10 RT; 75% isomeric purity of 
mol/L KCl; pH 7 S 

29.30.5, Mn(CN)!l:t- H:::O 0-1 mol/L KCN; -25 4.1 ;( 1')7 FP/ABS/AVE; OT; f= 75A245 
pH 10.8 0.31; 75% isomeric purity 

of S 



TABLE 29. Quenching of excited zinc complexes-Continued 

No. Quencher Solvent Solution Medium TrC kq Comments Ref. 
/L mol- l S-1 

2Q.30. Zn(uroporphyrin I)-Continued 
29.30.6. Zn{ uroporphyrin I) H2 O 1.1 X 10-4 moljL -25 3.0 x 106 FPjABSjAVE; 75% 75A245 

KzHPO,,; 0.1 isomeric purity of Sand Q 
moljL KCl; pH 7 

" Organ£c Quenchers c: 
m 

29.30.7. N-Benzyl-3-carbamyl-py+ HzO 3.8 x 10-5 mol/L -25 2.1 x 109 fPjABS/AVE; OT; 75% 75A245 Z 
K 2HPO,,; pH 7; ~ isomeric purity of S 0 
= 3.3 X 10-4 ::J: 

Z 
N-Benzyl-3-carbamyl-py+ H2 O 3.8 x 10-:; moljL -25 2.6 ;( 109 FP/ABSjAVE; OT; 75% 75A245 C) 

K 2 HPO.,; pH 7; ~ isomeric purity of S 0 
= 7.4 X 10-'\ ." 

(KCI) m 
X 

N-Benzyl-3-carbamyl-py+ H2 O 1.1 X 10--1 moljL -25 1.9 x 109 FP/ABSjAVE; OT; 75% 75A245 0 
=i KzHPO,,; pH 7; fL isomeric purity of S m 

= 0.0011 (KCI) C 

N-Benzy 1-3-car bamyl-py + H2 O 1.1 X 10-4 mol/L -25 1.8 ;( lOll FP/ABS/AVE; OT; 75% 75A245 s:: 
m 

K 2HP0 4; pH 7; ~ isomeric purity of S -f 
= 0.0016 (KCl) » r-

N-Benzyl-3-carbamyl-py+ H2 O 1.1 X 10-" moljL -25 1.7 ;( lOll FP/ABS/AVE; OT; 75% 75A245 0 
K 2HP0 4; pH 7; ~ isomeric purity of S 0 
= 0.0017 (KCl) s:: 

"'tJ 
N-Benzyl-3-carbamyl-py+ H2 O 1.1 X 10-4 mol/L -25 1.5 x lOll FP/ABSjAVE; OTj 75% 75A245 r-m 

KzHPO.\j pH 7j ~ :someric purity of S X 
= 0.0021 (KCl) m 

en 
N-Benzyl-3-car)amyl-py+ H2 O 1.1 X 10-'\ moljL -25 8.4 x 108 FP / ABS / AVE; OTj 75% 75A245 Z 

KzHP0-l; pH 7j ~ isomeric purity of S ." 
c.. = 0.011 (KCl) r-c: "0 

N-B~nzyl-3-car)amyl-py+ H2 O 1.1 X 10-'\ moljL 3.5 X 108 rp/ABS/AVE; TO = -3 ms; 75A245 a ::::r -25 
'< 
!II KzHPO,,; 0.1 DT; f = 0.80; 75% isomeric en 
0 mol/L KCl; pH 7 purity of S 0 ::::r r-eD 

Dihydronicotim.mide adenine 0.1 moljL KCI; 1.6 X 104 rPjABS/AVE; RT; [Q] = 75A245 c: ~ 29.30.8. H2 O -25 
-f 

::D dinucleotide pH 13 (KOH) [).0023 mol/Lj 75% isomeric (5 
l!- purity of S Z 
C 29.30.9. Nicotinamide adenine dinucleotide H2 O 3.8 X 10-:; moljL -25 1.3 ;( 106 FP/ABS/AVE; OT; 75% 75A245 Q) 

; phosphate trianion KzHP04 ; pH 7; ~ isomeric purity of S 
< = 5.0 X 10-" 
~ 
..... 29.30.10. Nicotinamide adenine din'lcleotide H.,O 3.8 X 1O-!; mol/L -25 7.8 x 107 FP/ABS/AVE; OT; 75% 75A245 
!R -
z anion KzHPO.\; pH 7; ~ isomeric purity of S 

Sl = 5.0 X 10-'\ 

~ ..... ~ (0 CD = CD (0 
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No. Quencher 

29.30. Zn(uroporphyrin I)-Continuad 
Nicotinamide adenine dinucleotide 
a.nion 

29.30.11. Nicotinamide adenine d~nucleotide 
phosphate trianion 

TABLE 29. Quenching of excited zinc complexes-Continue: 

Solvent Solution Medium T;oC kq 
IL mol- 1 S-1 

H~p 1.1 X 10-4 moI(L -25 1.7 X 108 

KzHP0 4 ; 0.1 
mol/L KCl; pH 7 

H2O 1.1 X 10-4 mol(L ---25 4.3 X 101 

KzHP0-t; 0.1 
mol/L KCI; pH 7 

Comments Ref. 

FP JABS/AVE; TO ::: -3 ms; 75A245 
OT; J == 1.0; 75% isomeric 
purity of S 

FP /ABS/AVE; TO ::: -3 ms; 75A24i 
OT; J::: 0.96; 75% isomeric 
purity of S 

U'I 
Q 
Q 

:I 
o 
"'ft 
." 
s: 
l> 
Z 
1'1\ ..... 
:b. 
!'"' 
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9. Notes on the Tables 
In some of the cases reported in this compilation, devia­

tions from the behavior predicted by the simplest mecha­
nism and the approximations of Sec. 2.5 of the Introduction, 
such as nonlinear Stern-Volmer (S-V) plots and biexponen­
tial decays, are experimentally observed, necessitating the 
use of alternative equatiuns, or the ill lruu ul,;lion of additional 
steps to the mechanism in order for values of kq to be extract­
ed. In other cases, conditions specific to the chemistry of the 
species involved have led the authors of the papers to invoke 
mechanisms that have unusual features. In still others, novel 
experimental approaches have been employed, requiring the 
development of new relationships between A and the con­
centration of the species. 

In the discussions that follow, the details of these other 
equations and mechanisms are presented in sufficient detail 
in order to en::lhle the reader to appreciate the basis for the 
values of kq in those cases. The specific treatments are pre­
ceded by the number of the mechanism (e.g., Mech. [1]) 
which appears in the Comments column of the tables. With­
in a partIcular treatment, there are references to specific pa­
pers in which variations on the general theme appear. 

For the general treatment of the kinetics of quenching, 
and the definitions of most ofthe symbols used here, see Sec. 
2 of the Introduction. 
Mech. [1] Nonlinear Stern-Volmer plots 

If the experimental plots of I~/II or m2 vs [Q) show a 
negative deviation from lineanty, the approximate equations 
(25) or (31) of Sec. 2.5 can no longer be applied; rather the 
general equations (1) or (2) [equations (24) and· (30) of 
Sec. 1.5] should be llsed~ 

I~ 1 + {kdkde[Q]/ko(k_d + k de )} 

II 1 + r{Ckd[Q]/Ck_ d + k de )} 
(1) 

m2 = !(ko + kde + k_ d + kd[Q]) -!R '/2, (2) 

where 

R = (ko + kde + k _ d + kd [Q])2 

- 4(kok _ d + kokde + kdekd [QJ). 

Reference 79E349. This is the only case presented in which a 
nonlinear plot of emission intensity is rt~porte[L With the 
assumption that k _ d ~ kde , Eq. (1) reduces to Eq. (3). Val­
ues of ko and kde were obtained independently from lifetime 
measurements at [Q] = ° and at very high [Q], respecti ve­
ly; r was evaluated through a best-fitt~i1g procedure of the 
experimental data to Eq. (3) and kq was calulated by use of 
the reduced form ofEq. (7) of Sec. 2.3: kq = kdkde/k _ d' 

17 1 + (kdkde [QVk _ dkO) 

1/ 1+y(kd [Q]lk_ d ) 
(3) 

Reference 84E308. The nonlinear dependence on [Q] 
of the rate constant kA for the decay of the excited-state 
absorbance after a flash excitation was interpreted by means 
ofEq. (4), which is analogous to Eq. (1). Equation (4) was 
rearranged to Eq. (5). With ko known from lifetime mea­
surements at [Q] = 0, kif was obtained as the intercept! 
~lupe U:1tiu uf lhe lineal plot of kA YS (kA - ko)/[ Q]. 

kA =ko+ kd[Q)(kde -ko)/(k_d +kde ), (4) 
1 +kd[Q]/(k_ d +kde) 

k = k _ [ k - d + kde ] [k A - ko]. (5) 
A de kd [Q] 

Reference 85A013. Results analogous to the previous 
ones were explained by ::tssllmine mechani~m 6 in which irre­
versible quenching and the reversible formation of an exci­
plex are involved: 

*S S, 

k, 

*S+Q quenching, 

k~ 

*S+Q <:± *(S-Q), 
k, 

k" 
*(S-Q) S + Q and/or S+ I-Q--: (6) 

By assuming that equilibration between *S and * (S-Q) 
exists during the decay [k2 [Q), k3~ (ko + k] [Q]), k4] and 
c("'S) = d"'(S-Q) 1 at the monitoring wavelength, Eq. (7) 

was obtained, which rearranges to Eq. (8), 

k - ko + [(k2k4Ik3) + k.1 [Q] (7) 
A - 1 + (k2Ik3)[Q] , 

Y = kA - ko = [k2k4] + kl _ [k2]kA (8) 
[Q] k3 k3 . 

From uecay mcasurclm:nls al variuus [Q], a lineal plot 
of Y vs kA was obtained; values of k2/k3 and 
[(k2k4/k3) + k, J were obtained from the slope and inter­
cept. respectively. The value of k3 and upper limits for k I and 
k4 were then calculated by assuming that k2 is at the diffu­
sion-controlled limit ( _10'0 L mol- 1 S-I). 

The value of the overall quenching constant 

kq = kl + [k2k4/(k3 + k4 )] 

was calculated by us for this compilation by using the values 
of the specific rate constants quoted in the original paper. 
Mech. [2] Biexponential decay 

References 82E636 and 83AIOI. In these papers, biex­
ponential decays were reported for the quenching of metallo­
porphyrins and similar complexes. The optical absorbance 
of the excited state was found to decrease after the flash 
according to Eq. (9), where (~) I is the difference between 
the absorbances of the solution at time t after the flash and 
before the flash, and A, and A2 are preexponential factors. 

A best-fitting procedure was used to evaluate m" m 2 , 

A" andA 2;thelimitingvalueofm2 at high [Q] m2 (lim) was 
also obtained. By assuming that the quenching occurs via 
mechanism b, the following relationships were written: 

m, + m2 = a + b [Q], 

where 

and 
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The analysis of numerous pieces of data led the authors 

to suggest that k 1 ~ k2 whenever m2 (lim) < k o. Under these 
conditions, therefore, they assumed that kz = b, 
k4 = m 2 (1im), and k3 = [a - ko - m 2 (lim)]. The kq val­
ues presented in this compilation were calculated by us, us­
ing Eq. (7) of Sec. 2.3, and the values of k 2 ( = k d ), 

k3 ( = k _ d ), and k4 C = k de ) quoted in the original papers. 
When m 2 C lim) > ko, k 1 was considered to be no longer 

negligible with respect to k 2 • This latter rate constant was 
evaluated [see E. 1. Kapinus, M. M. Aleksankina, V. P. 
Staryi, V. I. Boghillo, and 1. I. Dilung, J. Chern .. Soc. Fara­
day Trans. 2 81, 631 (1985)] from the preexponential fac­
tors at various [Q] by means ofEq. (10), assuming E*CS­
Q) = E( *S). The values of the other rate constants could 
then be obtained from a, b, and m 2 (lim). However, the re­
sulting values of kq then become so uncertain that they have 
not been included in this compilation. 

A1Bch. [3] Self-quenching (ground-state quenching) 
Reference 86E677. In this case Q is S and the emission 

from *S must be measured as a function of [S]. Obviously, 
1a is no longer a constant value throughout a set of experi­
ments, but must be evaluated using the Beer-Lambert Law 
[Eq. (11)], where E is the molar absorptivity of S at the 
excitation wavelength, I is the optical path length, and 10 is 
the intensity of the incident light. 

1a = 10 [1 - exp( - 2.303EI [S])]. (11 ) 

By assuming that quenching occurs via reaction (5) of Sec. 
2.3, and by introducing Eq. (11) into the steady-state treat­
ment, one obtains, Eq. C 12), where a is an instrumental fac­
tor. 

1 _ 1 [ ko 
1; - af3krd1017* 1 - exp( - 2.303EI [S]) 

kq [S] 1 + . 
1 - exp( - 2.303EI [S]) 

(12) 

Equation (12) predicts that a plot of III/ vs [S] will be 
nonlinear; however, if the absorbance of the solution is < 0.1 
for all [S] used, Eq. (11) reduces to 1a = 1o(2.303EI [S]), 
leading to Eq. (13), which predicts a linear relationship be­
tween 1/1, and I/[S] with an intercept/slope ratio of 
kqlko = Ksv. The lifetime used toconvertKsv tokq must be 
the limiting value of r as [S] -> 0, obtained by extrapolation, 
for example, from a plot of l/rvs [S]. Note that a linear S-V 
plot should be obtained from decay measurements of self­
quenching, inasmuch as the decay kinetics are not affected 
by the amount of light absorbed by S. 

~= 1 [~+k] 
11 2. 303Elaf3krd1017 * [S] q' 

(13) 

Mech. [4] Quenching by an unstable quencher 
Reference 756452. The quencher (U02 +) was pro­

duced in situ from the substrate (UO~ + ) by means of the 
following fast reaction: 
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Addition of Eu2
+ to the solution caused all almost iu­

stantaneous decrease of the intensity of O~ + emission; a 
slow recovery of the intensity was then observed, which was 
due to the following disproportionation reaction: 

2U02+ -> UO~+ + U4 +. 

A S-V plot was constructed from the emission intensi­
ties measured at various times during the recovery; the cor­
responding [Q] values were calculated from the initial con­
centration of U02+ (equal to the concentration of added 
Eu2 

....... ) and the kn~wn rate constant for the disproportiona­
tion reaction. K sv was evaluated from the slope of this linear 
plot. 
M ech. [5] Quenching of the photoreaction of * S 

Jf*S and *S-Q undergo photoreaction to product P, the 
quantum yield for the formation of P after an appropriate 
period of continuous irradiation t is given by Eq. C 14): 

llCkrx [*SLs + k;x [*S-QLs)dt 
<P(P) = 0 (14) lIla dt 

If both Sand Q are not appreciably consumed during 
the irradiation period, [*SLs' [*S-QLs' and 1a can be con­
sidered to be constant. Equation (14) can he integrated to 
Eq. (15). 

<PCP) = k rx 17*(k_ d +kde) +k;x17*kd[Q] . 

koCk _ d + k de ) + kdekd [Q] 
(15) 

The ratio between the quantum yields in the absence 
and presence ofQ is represented by Eq. (16), where <I>0 (P) is 
the quantum yield at [Q] = 0, and 0 = k ;xlkrx' 

1 + {kdckd[Q]lkoCk_d + kde )} 

1 + o{kd[Q]/(k_ d + k de )} 
(16) 

By neglecting the contribution of *S-Q to the reaction, 
Eq. ( 16) is reduced to the S-V equation ( 17) for a quenched 
photoreaction, which is the same as Eq. (21) of Sec. 2.5: 

References 80F228 and 82E073. Through the use of 
equation (17), kq was evaluated from the slope of a plot of 
<I>°(P)/<I>(P) vs [Q]. 

Reference 81E458. Because Q is S, <I>°(P) could not be 
measured; Eq. (18), which again neglects the contribution 
of *S-Q to the reaction, was used instead of Eq. (17). The 
slope/intercept ratio of the lineur plot of 1/<1> (P) vs [Q] 
yields Ksv. 

(18) 

Reference 84A141. A more complex treatment is re­
quired when the measured photoreaction is assumed to 
originate from both the quenched excited state and a higher­
energy, unquenchable excited state **S which is directly 
populated by irradiation. The light absorption step 1 of Sec. 
2.2 is substituted by the following steps: 
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**S products, 

**S k;; 
*S. 

A steady-state treatment leads to Eq. (19). However, a 
plot of <po (P) /<P (P) vs [Q] is no longer linear. 

kIf k 
<P (P) = rx + 1J ic rx (19 ) 

k;r + k ~x + k;; ko + kq [Q] , 

where 1Jic = k ;;/(k;r + k ~x + k;;). 
At high [Q], <P(P) reaches a lower limit given by Eq. 

(20), which is the quantum y idLl fur tht:: unquenchable reac­
tion from **S. 

(20) 

If<I>(lim) can be evaluated, Eq. (21) can be applied, so 
that a plot of <po(P)/[<P(P) - <P(lim)] vs [Q] is linear 
with a slope/intercept ratio equal to Ksv. 

<J>°(P) 

<P(P) - <P(lim) 

= [ko<t>(lim) + 1Jic k rx 1 
1Jic k rx 

+ [( ko <P (lim) + 1J ic k rx ) k q 1 [Q]. (21) 
k0 1Jic k rx 

Mech. [6] Sensitized emission and reaction 
When a quenching process occurs, at least in part, via 

energy transfer, an excited state ofQ, *Q, is produced which 
may undergo emission and/or photochemical reaction. The 
overall quenching constant can then be obtained by measur­
ing the intensity of *Q emission or the quantum yield of its 
photoreaction under continuous irradiation. The following 
mechanism is used to determine k q : 

S -> *S, 

k" 

*S - S and/or products P, 

kcl 

':'S + Q ~ *S-Q, 
k_ cI 

k, 

*S-Q S + *Q, 

ko 

*S-Q other processes, 

k, 

*Q Q + heat, 

k. 

*Q Q + hv'(sensitized emission), 

k, 
*Q products P' (sensitized reaction). 

The step represented by k1 has its analog in the ET step 
of reactions ( 12) - ( 16) in Sec. 2.4; k2 represents all the other 

processes involving *S-Q in reactions (8)-( 10) of Sec. 2.3. 
Thus, k1 + k2 = k de . A steady-state treatment applied to 
[*S], [*S-Q], and [*Q] leads to Eq. (22) for the emission 
intensity from *Q, where a is an instrumental factor. 

~ = [(k 1 + k2) (k3 + k4 + ks)] 
I, ala 1J*kJk4 

+ [ko(k - d + k) + k2) (k3 + k4 + ks) 1 
ala 1J*k)k4kd 

x [ [~] ] . (22) 

Provided that Q does not contribute to the absorption of 
the exciting light, or that an appropriate correction is made, 
Eq. (22) indicates that a plot of 1/1[ vs 1![Q] (S-V plot for 
the sensitized emission) should be linear; indeed, such a lin­
earity is considered as evidence for the mechanism. Under 
these conditions, the intercept/slope ratio equals 

[kdCkJ +k2)]/[ko(k_d +kJ +k2)] =kq/ko=Ksv· 

In an analogous manner, Eq. (23) for the quantum 
yield ofP' production can be written: 

_1_ = [Ckl + k2)Ck3 + k4 + ks)] 
tP(P') 7J*k Jk 4 

+ [koCk_ d + kJ + k2)(k3 + k4 + ks) 1 
1J*kJk4k d 

X [_1 ] 
[Ql . 

(23) 

Equation (23) implies that a linear relationship exists 
between l/<PCP') and 1/[Q] CS-V plot for the sensitized 
reaction), provided that Q neither absorbs the exciting light 
nor is substantially consumed during the irradiation period. 
From Eq. (23), intercept/slope = kq/ko = Ksv. 

References 80E412 and 86E555. Emission intensity 
from the excited quencher was measured under continuous 
irradiation conditions, and kq was calculated by the use of 
Eq. (22). 

References 85F395 and 86A158. The quantum yield for 
the sensitized photoreaction of Q was measured under con­
tinuous illumination conditions, and Ksv was evaluated by 

means ofEq. (23). In the first paper, however, k was evalu­
ated from the competition between the quenchin~ of *S by Q 
and by O2, where k6 = 3X 109 L mol- 1 S-1: 

k" 

*S + O2 - S + *02, 

In the presence of O2 , the steady-state treatment yields 
Eq. (24), -

_1_= [CkJ +k2)(k3+k4+ks)][1 + 1 ] 
<PCP') 1J*k1k S Ksv [Q] 

+ [(k 1 + k2)(k3 + k4 + ks)k6] [ [02 ] ] 

1J*kJkskq [Q] 
(24) 

Equation (24) predicts that a plot of 1!<PCP') vs 
(02]/(Q] will be linear at constant (Q] with a slope/inter­
cept ratio of (k6/kq )/[ 1 + (Ksv (Q]) -)]. FromKsv deter­
mined in the absence of O2, kq is obtained. 
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Mech. [7] Primary products of electron transfer under con­
tinuous irradiation 

If *S-Q undergoes oxidative transfer (OT) to S+ -Q­
or reductive transfer (RT) to S--Q+, consideration must 
be given to the back electron-transfer reactions of the gemin­
ate pair (S ± -Q + ) within the solvent cage when evaluation 
of kQ is made. The detailed mechanism is as follows: 

k" 

S -S and/or P, 

kd 

*S + Q ~ *S-Q, 
k_ d 

The rate of primary production of S ± and Q + in the 
bulk solution is 

d [S±] = d [Q+] = k3[S=-Q+]. 
dt dt 

The evaluation of kq from the quantum yield of S ± or Q + 
formation, measured after a finite period of irradiation, is 
complicated by back electron-transfer reaction (26) be­
tween S + and Q +: in the bulk solution, the rate of which 

increases with increasing [S ±] and [Q + ]. Different ap­
proaches have been used to overcome this difficulty. 

k 

S± +Q+-":S+Q. (26) 

References 78A058 and 80F058. In these cases, Q- is a 
CoOl) complex which decomposes via a transformation to 
P' much more rapidly than the occurrence of reaction (26), 
which can be neglected. Equation (27) results, which pre­
dicts a linear relationship between 1/<1> (Pi) and 1/ [Q], with 
an intercept/slope ratio equal to 

[ k d ( k I + k2 )] / [ ko (k _ d + k I + k2)] = kq / ko 

= Ksv' 

_1_ = 1 = [ (k 1 + k2 ) (k3 + k4 ) ] 

<P(P') <P(Q-) 77*klk3 

[
koCk_d + kl + k2)(k3 + k4 )] 

+ 77*k)k3kd 

x[~]. (27) 

Reference 84F351. In this case, the solution contained a 
"sacrificial" electron-transfer reagent X which was able to 
reaet with S- to yield S and products with a rate constant k o. 

When [X] is sufficiently high such that reaction (26) is of 
negligible importance and k6 [X] ~ ks [Q + ], the relationship 
between <I>(Q+) and [Q] is expressed by Eq. (27). 

Reference 81A139. In this case, a similar system was 
used, but with a concentration of X insufficiently high for 
reaction (26) to be rendered negligible. Under these condi­
tions, und by assuming that k2 ~ k4 - 0, Eq. (28) was ob-
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k, 

*S-Q other processes, 

Application of the steady-state treatment to [*S], [*S­
Q], and [S±-Q+] leads to Eq. (25), 

(25) 

I 
tained from a steady-state treatment of [*S], [*S-Q], 
[S I_Q ], and [SI]: 

d [Q -] _ I * [- kg [ Q] ] [ k6 [X ] ] 
dt - a77 ko+kq[Q] ks[Q-1+k

6
[X] . 

(28) 

Equation (28) shows that [Q-] does not increase lin­
early with the irradiation time. The value of d[Q- ]!dt at a 
given [Q ] was obtained at various [Q] and [X] from the 
tangent of a plot of [Q-] versus irradiation time. The value 
of Ksv was then obtained as the intercept/slope ratio from 
the linear plot of dt Id[Q-] vs 1/[Q] at com:tant [XL ~s 
expressed by Eq. (29), 

dt = [ks[Q-] + k 6 [X] 1 
d [Q-] 1a 1]*k6 [X] 

+ [ko(ks[Q-] + k6 [X]) 1 [_1_] . (29) 
Ia77*k6 [X]kq [Q] 

Reference 83A333. In this case, the same treatment as 
above was used, but d[Q- ]/dt was evaluated from the ini­
tial slope of the plot of [Q -] versus irradiation time. 

Reference 85F328. In this case. back electron-transfer 
reaction (26) was prevented by means of competitive irre­
versible reaction (30); this latter reaction substitutes for all 
the reactions of S + -Q - in the previous mechanism. 

k7 

S+ -Q- + X-S + Q- + products. (30) 

The quantum yield of formation of Q - as a function of 
[Q] is given by Eq. (31), 

1 _ [ (k l + k2 ) (k4 + k7 [X]) ] 
<I>(Q-) 77*kJk7 [X] 

[ 
koCk - d + kJ + k2)(k4 + k7[X]) 1 

+ 77*k)k7 [X] kd 

x[~]. (31) 

The plot of 1/<P(Q-) vs 1/[Q] is linear, and the inter-
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cept/slope ratio is again equal to Ksv. Note that [Xl affects 
<I>(Q-), but not Ksv. 
Mech. [81 Primary products of electron transfer upon pulsed 
irradiation 

Reference 82F065. kq was determined from the mea­
surement of the concentration of a primary product S + re­
sulting from the flash. The following mechanism was as­
sumed, in which back electron transfer in the bulk solution is 
neglected: 

k" 
*S S, 

k, 

*S +Q S+ + Q-, 

k, 

*S+Q other quenching processes. 

The quantum yield for the production ofS+ during the 
flash, assuming that the quenching is irreversible, is 
<I>(S+) = k] [Q]/(ko + kq [Q]), where kq = kJ + k 2; 

l/<P(S-t-) = (kq/k]) + (ko/k] [Q]). 

Experimentally, <P (S +) = [S + ] 01 S Ia 7]*, where [S + ] 0 is 
the concentration ofS + just at the end of the flash, evaluated 
from absorbance measurements at various times after the 
flash and extrapolated to t = 0 in order to account for back 
electron transfer. The quantity SIa7]* was obtained from ac­
tinometric measurements, using very complex numerical 
calculations in order to account for the changes in [S] (and 
[Q], inasmuch as this species absorbs a fraction of the excit­
ing light) during the flash. From the intercept and slope of 
the linear plot of 1/<1>(S+) vs 1/[ Q], kq and the efficiency of 
formation of the primary products in the bulk solution 
(k/kq) were obtained. 

Reference 80A023. The time-dependent variatiun uf tIu;:: 

electrical conductivity of the solution after pulsed excitation 
was used to evaluate kq for the following ground-state elec­
tron-transfer quenching process: 

k" 

*S + S -> S+ + S-. 

With the assumption that *S-Q does not contribute to 
the reaction, the rate of variation of the conductivity equals 
the rate of consumption of *S after the flash as given in Eq. 
(32). kq was obtained from the slope of the linear plot of 
1Itl/2 (conductivity) vs [S]. 

[*SL = [*S]o exp{ - (ko + kq [S])t}. (32) 

Reference 80E224. kq was evaluated by means of photo­
current measurements taken after flash excitation. The pro­
posed mechanism is: 

ko 

*S S, 

S+*Q 

S+ + e- -> S (at the e1ectrode). 

Inasmuch as the resolution time of the apparatus was of 
the order of J..Ls, the reactions represented by kq and k3 were 
considered to be complete at t = 0 after the flash. If the reac­
tion represented by ks is considered to be of negligible impor­
tance during the flash, the concentration of S + at t = 0 is 
given by Eq. (33), where If is the number of photons effec­
tively absorbed by 1 dm3 of solution during the flash. 

S+ _ IAQJ{k l + (k2k 3(S]!(k4 + k3~S]»)} 
[ ] 0 - (ko + kq [ Q]) 

(33) 

By assuming that the reaction at the electrode is diffu­
sion controlled, and by solving the equation describing the 
diffusion, Eq. (34) is obtained for the intensity of the photo­
current i as a function of time after the flash, from which the 
product A [S+ ]0' where A. is a constant, can be evaluated. 
Inasmuch as Q- was initially present in excess before the 
flash, [Q-] is a constant value. 

i = A [S+ lot -1/2 exp( - ks[Q- ]t). (34) 

A linear plot of 1/ A [S + ] 0 vs 11 [Q] was obtained ex­
perimentl'll1y _ The rearrangement of Eq. (33) to Eq. (35) 
shows that the intercept/slope ratio of this plot is equal to 
Ksv· 

1 [ (kq/AIJ ) ] 

}~ [S+]o = k] + {k 2k3 [S]!(k4 + k3 [S])} 

[ 
(koIAIJ) 1 

+ k] + {k2k3 [S]/(k4 + k3[S])} 

X [[~] ]. (35) 

Mech. [9] Quenching of higher-energy excited states 
If *8 is indirectly populated from a higher-energy excit­

ed state **S and both *8 and **S are quenched by Q, the light 
absorption step 1 of Sec. 2.2 must be substituted by the fol­
lowing reactions: 

fa 

S **S, 

k, 

**S 8 andlor P, 

ko 

**S *S, 

k' 

**S +Q 
q 

quenching products. 
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By making the steady-state approximation for [**S], 
[*S], and [*S-Q], and neglecting as usual any emission 
from *S-Q, one obtains Eq. (36) for the emission intensity 
of*S, whereKsy is the S-V constant for the quenching of*S, 
and Kh = k ~/(kl + k2). According to Eq. (36), the S-V 
plot of I~/I/ vs [Q] shows a positive deviation from linear­
ity. 

1711, = 1 + (KSY + Kh )[Q] + (KsyKh )[QF. (36) 

On the other hand, in flash experiments the quenching 
of **S results in a decrease of [*S]o, but generally has no 
effect on its decay, provided that the lifetime of **S is much 
shorter than that of *S. 

Reference 74E519. Although the S-V plot for I, from 
*S has negative deviation from linearity, its initial slope was 
taken as equal to (KSY + Kh) because the quadratic term in 
Eq. (36) is negligible for [Q] ~ 1 mollL. In addition, Kh was 
considered to be small compared to KSY; it is presumed that 

k ~ ,....,kd, and (k) + k2) ~ko. 
Reference 79A220. kq for the quenching of *S was ob­

tained from lifetime measurements in the usual way; kQ for 
the quenching of * *S was determined from the measurement 
of [*S] and [S +] at 50 fls after the flash. The following 
quenching modes for **S were assumed: 

**S+Q *S+Q, 

**S+Q 

By assuming that at 50 fls after the flash all the reac­
tions involving **S were completed while those involving *S 
had proceeded to a negligible extent, Eqs. (37) and (38) 
were obtained for the concentrations of *S and S + at that 
time ([ *S] 50 and [S + ] 50' respectively). 

[*S]50= (k2+k3[Q])Ia (37) 

k) + k2 + (k3 + k4 ) [Q] 

[S+]50 = k4 [Q]Ia (38) 
kl + k2 + (k3 + k4 ) [Q] 

The ratio ofEq. (37) and (38) yields Eq. (39). From 
the intercept and slope of the linear plot of [*S] sol [S + ] 50 vs 
1/[Q], k21k4 ami k}lk4 can he evaluated. Values of k 3 • k 4 • 

and kq ( = k3 + k 4 ) were obtained by assuming that k2' the 
rate constant for intersystem crossing between **S and *S, is 
in the range 107_108 s-I. 

[*S]50 _ [k3] + [k2] [ 1 ] 
[S+]50 - k4 k4 · [Q] . 

(39) 

Mech. [10] Quenching in the presence of triplet-triplet reac­
tions 

Consider a triplet excited state that undergoes ground­
state quenching and triplet-triplet reaction simultaneously: 

*S 

*S + S 

*S + *S 

k q 

k, 

S, 

quenching, 

Sand/or products. 
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The decay of *S after pulsed excitation does not follow 
first-order kinetics: - d[*S]ldt = K[*S] + kd*SP, 
where K = (ko + kq [S]). 

Reference 83A102. K and k) were evaluated by a best-fit 
procedure from the decay curves of the optical absorption of 
*S using Eq. (40), obtained from the solution of the differen­
tial equation above. Conversion of absorbances to concen­
trations was effected by using the following relationships: 
[*S]o = (Ao - Ab )I€(*S) and [*SL = (At - Ab )I€(*S), 
where €( *S) is the molar absorptivity of *S at the monitor­
ing wavelength, and A b' AD, and A I are the optical absorb­
ances before the flash, just after the flash, and at time t after 
flash, respectively. kq was then obtained as the slope of the 
linear plot of K vs [S]. 

[*S] = (K Ik) (40) 

t [ K + 1] exp(Kt) _ 1 
kl[*S]o 

Reference 60E006. For similar systems, K was evaluated by 
means ofEq. (41), where €(S) is the molar absorptivity at 
the monitoring wavelength, I is the optical pathlength, and 
€( *S), A b ,AD, and A I have the same meaning as above. 

d{ln[ (AD - Ab )/(At - Ab )]} 

dt 

=K [(k)-kq)(A t -Ab) 1 .. 
+ k(*S) - €(S)]l 

(41) 

The value of the derivative [left-hand side ofEq. (41)] 
was determined as the tangent to the plot of 
(Ao - Ab )/(A r - A b ) vs t, and K as the intercept of the plot 
of the derivative vs (At - A b ). 

Reference 60A002. The same treatment as above was 
applied to the quenching of *S by Q. Now, K = ko 
+ kq [S] + k ~ [Q] in Eq. (41); k ~ was evaluated from the 
plot of K vs [Q] at constant [S]: 

k~ 

*S + Q -> products. 

Mech. [11] Static quenching 
Static quenching is a nondynamical process that results 

from the excitation of ground-state adducts between Sand 
Q; static quenching may occur simultaneously with the dy­
namic quenching reaction, particularly when Sand Q are 
ions of opposite sign: 

When the emission from *S (and *S-Q) is measured 
under steady-state conditions, the: light absorption step of 
Sec. 2.2 must be replaced with the following reactions, where 
Ia is the intensity of light absorbed by all the various S spe­
cies, and X is the fraction of the light absorbed by uncom­
plexed S; X = (1 + Keq [Q]) -I ifS and S-Q have the same 
molar absorptivity at the exciting wavelength. 

laC 1 - ;r) 

S-Q *S-Q. 

If it is assumed that Keq = kdlk _ d' the general steady-
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state treatment leads to expressions for the dependence of 
the emission intensity on [Q]: Eq. (42) for irreversible 

I~/II = 1 + (Ksv + Keq )[Q] + KSVKeq [Q]2, 

quenching [reaction (5) in Sec. 2.3], and Eq. (43) for rever­
sible quenching [reaction (6) in Sec. 2.3]: 

(42) 

I? 1 + (Ksv + Keq )[Q] + KSVKeq [Qf 
(43) 

II = 1 + (1 +y){kd[Q]/(k_ d +kde)} +y{(ko+ kd[Q])Keq [Q]/(k_ d +kde)}' 

Equation (42) is a quadratic equation which shows 
positive deviation from linearity when I?III is plotted 
against [Q]. Equation ( 43), on the other hand, tends toward 
a limiting value at high [Q]: I?III (lim) = kdelkoY' Equa­
tion (43) reduces to Eq. (42) whenever the denominator of 
Eq. (43) is close to unity, in particular when 
(k _ d + k de ) ~kd [Q] and kde ~ko. If one assumes that 
k;d = k rd , the condition that kde ~ko implies that the quan­
tum yield of emission from *S-Q is much smaller than that 
frurn *S. 

In pulsed excitation experiments, ground-state com­
plexation between Sand Q affects [*S] and [*S-Q] at t = 0 
after the flash, but not their decay kinetics. Then, only the 
"dynamic" part of the quenching, which generally is mon­
oexponential and exhibits a linear S-Y plot, is monitored. 

References 80E669 and 81A250. kq was obtained from 
steady-state emission intensity measurements by assuming 
that I?II[ follows Eq. (42). In the first paper, however, the 
S-Y plot has a negative deviation from linearity. In the latter 
paper, a value of Keq obtained from the Debye-Smolu­
chow ski and Eigen equations, was used in the best-fit proce­
dure to evaluate Ksv . 

Reference 85E375. A biexponential decay of the emis­
sion after pulsed excitation was observed in the presence of 
static quenching. The values of kd' k _ d' and kde were ob­
tained through a best-fit procedure from m I and m2 values at 
two different [Q], by assuming that k;d = k rd , k ;,r = k nn 

and k ;x = k rx ' The value of kq reported in this compilation 
was calculated by us using the values of kd' k _ d' and kde 
quoted in this paper. 
Mech. [12] Ion-pairing of the substrate 

Reference 86F346. For the system where the substrate 
is Ru(bpy)~ + and the quencher is My2 +, it has been found 
that the quenching reaction is affected by both the nature 

and the concentration of added halide ions (X - = Cl- , 
1-). This behavior was attributed to the presence of ion pairs 
between Sand X-, their excitation, and subsequent quench­
ing. The following mechanism was assumed: 

S+x-

fa.\' 

S *S, 

fa< 1 -- ,) 

*S-X-, 

*S S + heat, 

k rd 

*S ->S + hv', 

k ;:r 
*S-X- -> S-X- + heat, 

k ;~I 

*S-X- --> S-X- + hv", 

k 

*S-X- + Q -.: quenching. 

The quenching of "free" *S by Q, and ion pairing be­
tween Q and X- were ignored. A steady-state treatment, in 

which it was assumed that £(S) = E(S-X-) at the excita­
tion wavelength, k rd = k ~d' and knr = k ::n leads to Eq. 
(44), 

I? = 1 + Keq [X-]Ksv [Q] 

II 1 + Keq [X-] + Ksv [Q] 
(44) 

In this treatment, [X-] was taken to be equal to 
[X - ] 0' the concentration of X - in the initially prepared 
solution, inasmuch as [S] < [X-]o. Equation (44) is con­
verted easily to Eq. (45), 

[ 
1 1 [ 1 + Ksv [Q] 1 [ 1] ( 45) 

= Ksv + KeqKSv ,x [X-] . 

A linear plot of Yvs 11 [X- ] was obtained at constant 
[Q]; Ksv was calculated directly from the intercept of this 
plot. It is worth noting that changes in [X-] also caused 
changes in the ionic strength of the solution; this fact was not 
considered in the paper. 
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11.2. Index of Excited States 

A locator t.m following a substrate name refers to 
Lable number t and excited state number m. 

Al(phthalocyaninc)CI 1.1. 
Al(5,10,15,20-tetraphenylporphyrin)+ 1.2. 
Al(5,10,15,20-tetraphenylporphyrin)(OH) 1.3. 
Cd(mesoporphyrin IX dimethyl ester) 2.1. 
Cd{5,10,15,20-tetraphenylporphyrin) 2.2. 
Oe3 + 3.1. 
Cr(5-Brphen)a 3+ 4.1. 
Cr(CN)63

- 4.2. 
Or{5-Clphen)3 3 + 4.3. 
Or(4,4'-Me2bpy)a3+ 4.4. 
Or(3,4,7 ,8-Me4phen)a 3+ 4.5. 
Cr(4,7-Me2phen)33+ 4.6. 
Cr(o-MepJten)g 3+ 4.7. 

Or(5,6-Me2phen)33+ 4.8. 
Cr(NIi3)S(CN)2+ 4.9. 
tran.s-Cr(NH3 )4(CN)2 + 4.10. 
Or(4,4'-Ph2bpy}a3+ 4.11. 
Cr(4,7-Ph2phenh3 + 4.12. 
Cr(5-Phphen}33 + 4.13. 
Cr(bpY)33+ 4.14. 

Cr(enh 3+ 4.15. 
irans-Cr(en)2(NCS)2 + 4.16. 
tran.s-Cr(en)2(NHo)F2+ 4.17. 
Or(phenh 3+ 4.18. 
Cr(5,10,15,20-tetraphenylporphyrin)+ 4.19. 
Ou(MePh2P)3C1 5.1. 
Ou(2,9-Me2phen)2 + 5.2. 
Ou(2,9-Ph2phen)2 + 5.3. 
·Ou( etioporphyrin I) 5.4. 
Cn(mf>soporphYl'in TX rlimpt.hyl p~t.Pl') 55. 
Cu(5,10,15,20-tetraphenylporphyrin) 5.6. 
Dy3+ 6.1. 

Dy{ an thranilato )2+ 6.2. 
Dy(salicylato )'~-t 6.3. 
Dy(5-sulfosalicylato )2+ 6.4. 
Eu3+ 7.1. 
Eu(acet.ylacetonatoh 7.2. 
Eu(crypt)3+ 7.3. 
Eu(1,3-diphenyl-l,3-propanedionato)4 - 7.4. 
Ell(phen)a 3+ 7.5. 
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Eu(phen)( 1-thieny 1-4,4,4-trifluoro-1 ,3-butanedionato)3 
7.6. 

Eu(1-phenyl-1,3-butanedionato)4 - 7.7. 
Eu( l-phenyl-4,4,4-trifluoro-l,3-butanedionato)4 - 7.8. 
Eu( l-thieny 1-4,4,4-trifluoro-l,3-butanedionato)4 - 7.9. 
Fe(bpyh2+ 10.1. 

Fe(terpY)2 2+ 10.2. 
In(phthalocyanine )01 8.1. 
In(5,10,15,20-tetraphenylporphyrin)+ 8.2. 
J n(5,10,15,20- tetraphenylporphyrin)( C2H5 ) 8.3. 
In(5,10,15,20-tetraphenylporphyrin)(OH) 8.4. 
In(5,10,15,20-tetraphenylporphyrin)(TEOA)2 + 8.5. 
ci,c;-Ir(5,6-Me2phen }2C1z + 9.1. 
Ir(bpY)2(d,N'-Hbpy)3+ 9.2. 
Ir(bpy )z( d ,N'-bpy )2+ 9.3. 
Ir(8-hydroxyquinolinato)3 9.4. 
Ir(phen h 3+ 9.5. 
Ir2(/-L-pyrazolyl)2(1 ,:S-cyclooctadlene)2 9.6. 

Mg( etioporphyrin I)(pyridine) 11.1. 
Mg( etioporphyrin I) [singlet] 11.2. 
Mg{etioporphyrin J) [triplet] 11.3. 
Mg(2,3,7 ,8,12,13,17 ,18-octaethylporphyrin) 11.4. 
Mg(phthalocyanine) [singlet] 11.5. 
Mg(phthalocyanine) (trip1etl 11.6. 
Mg[tetrakis( 4-tert-butyl)phthalocyanine] 11.7. 
Mg[tetrakis(N-methylaza)phthalocyanine]4+ [singlet] 

11.B. 
Mg{tetrakis(N-methylaza)phthalocyanineJ4 + [triplet] 

11.9. 
Mg(tetramethoxyphthalocyanine) 11.10. 
Mg(5,10,15,20-tetraphenylporphyrin) 11.11. 
IVIg(5,lO,15,20-tetraphenylporphyrin)(pyridine) 71.72. 

Mo6CI14 2- 12.1. 
Nd3 + 13.1. 
Os(5-Clphenh 2+ 14.1. 
Os(5,6-Me2phen}a 2+ 14.2. 
Os(3,4,7 ,8-Me4phen )2[ ci.s-l,2-

bis{ diphenylphosphino )ethene]2+ 14.3. 
Os(hpyh2+ 74.4. 

ci,c;-Os(bpY)2(CH3 CN)/+ 14.5. 
Os(bpy )[1,2-his( dimethy larsino )bellZene]2 2+ 14.6. 
Os(bpy) {cis-l ,2-bis{ diphenylphosphino )ethene] D 2+ 

14.7. 
Os(bpy)z [bis( diphenylphosphino )methane]2+ 14.8. 
ci.s-Os(bpy )2( dimethylsulfoxide)2 2+ 14.9. 
Os{phen)32+ 14.10. 
cis-Os(phen)2(CH30N)22+ 14.11. 
cis-Os(phen)2(CO)CI+ 14.12. 
Os(phpn)2[4,7-(PhS0 3 )2phpn] 1413. 
Os(phell)2(4,7-Ph 2phen)2+ 14.14. 
Os(phen)2 [ci.s-l,2-bis(diphenylphosphino )ethene]2+ 

14.15. 
Os(phenhlbis(diphenyJphosphino)methane]2-t 14.16. 
cis-Os(phen)2(dimethylphenylphosphine)22+ 14.17. 
Os(terpy)/+ 14.18. 
Os( terpy)[ cis-1,2-bis( diphenylphosphino )ethene JCI+ 

14.19. 
Pd(etioporphyrin J) 15.1. 
Pd(mesoporphyrin IX dimethyl ester) 15.2. 
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Pd(octaethylchlorin) 15.3. 
Pd(2,3,7 ,8,12,13,17 ,18-octaethy lporphyrin) 15.4. 
Pd(tetrabenzoporphyrin) 15.5. 
P d l5,1 O,15,20-tetrakis{ I-methy Ipyridinium-4-

yl)porphyrin]4+ 15.6. 
Pd[5,10,15,20-tetrakis(4-

sulfonatopheny l)porphyrin]4 - 15.7. 
Pd(5,10,15,20-tetraphenylporphyrin) 15.8. 
Pt(CN)4 2

- 16.1. 
Pt2[f-L-diphosphito(2- )-P,P']4 4- 16.2. 
Pt(8-hydroxyquinolinato)2 16.3. 
Pt(5,10,15,20-tetraphenylporphyrin) 16.4. 
fac-Re(CO)g(5-Clphen)Cl 17.1. 
fac-Re(CO)a(4,7-Ph 2phen)CI 17.2. 
fac-Re(CO)g( 4-acetylpyridine )21 17.3. 
fac-Re(CO)g( 4- benzoy Ipyridine )2C1 17.4. 

!ac-He(CO)3(bpy)Br 17.5. 
fac-Re(CO)3(phen)Cl 17.6. 
fac-Re(CO)g(4-phenylpyridine)2C1 17.7. 
Re2Cls 2- 17.8. 
Rh(ND3)6

g
+ 18.1. 

Rh(NDa)5CI2+ 18.2. 
Rh(NH3 )6

3+ 18.3. 
Rh(NH~)!iBr2+ 18.4. 
Rh(NHa)5C12+ 18.5. 
Rh(NHa)512+ 18.6. 
Rh(4,7-Ph2phen)g 3+ 18.7. 
cis-Rh(4,7-Ph2phen)2012 + 18.8. 
cis-Rh(bpY)2012 + 18.9. 
trans-Hh(cyclarn)(CN)2 + 18.10. 
Rh 2 (1,3-diisocyanopropane)42+ [singlet] 18.11. 
Rh 2 (1 ,3-diisocyanopropane)4 2+ [triplet] 18.12. 
Rh(pht>u)33+ 18.13. 
eis-Rh{phen)2C12 + 18.14. 
Rh(5,lO, 15,20-tetrapheny Iporphyrin )01 18.15. 
Rh(5,10,15,20~tetrapheny Iporphy rin)[ octo )CB3] 

18.16. 
Rh (5, t 0,15 ,20-tetrapheny Iporphyrin )(pyridine )CI 

18.17. 
Ru(5-Brphen)32+ 19.1. 
Ru(4,4'-Bu 2bpy)g2+ 19.2. 
nu [4_,4'-(OOOh4'i )2Lpy h2+ 19.3. 

Ru [4,4'-(COOchl)2bpYla 2+ 19.4. 
Ru [4,4'-(COOcyc )2bpyla2+ 19.5. 
Ru r4,4'-(COOdec)2bpY]32+ 19.6. 
Hul4,4'-(COOet )2bpy ]32+ 19.7. 
Ru[4,4'-(OOOnap)2bPY]a2+ 19.8. 
Rll[4,4'-(COOpr)2bpY]32+ 19.9. 
Hll(Ll,,1'-OI2uPy)a2+ 19.10. 

Ru(5-Clphen)g2+ 19.11. 
Rll [4-(Et3P )bpyla 5+ 19.12. 
Ru(3,3'-Me2bpY)32+ 19.13. 
Ru(4,4'-Me2bpy)/+ 19.14. 
Ru(3,4,7 ,8-Me.:tJlhen la 2+ 19.15. 
Ru(3,5,6,8-Me4 phen)g2+ 19.16. 
Ru(4,7-Me2phenh2+ 19.17. 
Ru(5-Mephenh2.! 19.18. 
Ru(5,6-Me2phen b 2+ 19.19. 
Rll[4,7-(PhSOa)zphen b 4- 19.20. 

Ru(4,7-Ph 2phen)g2+ 19.21. 
Hu(5-Phphen)g2+ 19.22. 

Ru[4,4'-(S03)2bpYla 4- 19.23. 
Ru(2,2'-bipyrazine)/+ 19.24. 
Ru(3,3'-bipyridazine )g2+ 19.25. 
Ru(2,2' -bipyrimidine)g 2+ 19.26. 

HuII [1,2- bis{phenylt.hio )ethane]2C1(f-L-
vio)R.u lI (bpY)2012+ 19.27. 

RulJ[ 1,2-bis(phenylthio )ethanej201(f-L-
vio)Ru ll1 (bpY)2CI3+ 19.28. 

Ru(bpY)3 2+ 20.1, 21.1, 22.1. 
(+)D-Ru(bpY)32+ 21.2. 
(-)D-Ru(bpY)3 2+ 20.2,21.3. 
Ru(bpY)2[(BUG)2bpy]n+ 19.29. 

cis-Ru(bpY)2(CNlz 19.30. 
Ru(bpY)2[4,4'-(OOOH)2bpy]2+ 19.31. 
Ru(bpY)2[4,4'-{COO)2bpy] 19.32. 
Hu(hpy)[4,4'-(COOchl)2bpy122+ 19.33. 
Ru (bPY)2 [4,4' -( COOchI)2 bpy ]2+ 19.34. 
Ru(bpY)2[4,4'-(COOet)2bpy]2+ 19.35. 
R,u(bPY)2(4,4'-C12 bpy)2+ 19.36. 

Ru(bpY)2(Do2Ca2bpy)2+ 19.37. 
Ru(hpy)(3,3'-M<'2bpY)22+ 19.38. 
Hu(bpY)2(3,3'-Me2bpy)2+ 19.39. 
Ru(bpY)2(4,4'-Me2bpy)2+ 19.40. 
Ru(bpy )(Me2dibenzoI-I2phen)2 2+ 19.41. 
Ru(bpY)2(Me2dibenzoH2phen)2+ 19.42. 
Ru(bpY)2[5-{NH2)phen]2+ 19.43. 
Ru(bpY)2 [4-(N02)bpy]2+ 19.44. 
Rll(bpy)[4,4'-(SOa)2bpy122- 19.45. 
Ru(bpy )2( acetylacetonato)+ 19.46. 
Ru(h py )2(3,3'-biisoquinoline )2+ 19.47. 
Ru( bpy ){3,3'-biisoquinoline)2 2+ 19.48. 
Ru(bpY)2(2,2'-bipyrimidinc)2+ 19.49. 
Ru(bpy )(2,2'-biquinoline)2 2+ 19.50. 
Hll(bpy )2(2,2' -biquinoline )2+ 19.51. 
RU(bpY)2(en)2+ 19.52. 
Ru(bpy)[2-(Lhiazol-2-yl)pyridine]2 2+ 19.53. 
Ru(bpy )2 [2-(thiazol-2-y l)pyrirline}2+ 19.54. 
cis-Ru(hpY)2(vio)CI+ 19.55. 
Ru(2,7-dimethyl-1,4,5,8-tetraazaphenanthreneh 2+ 

19.56. 

Ru[4-methyl-2-(2-pyridyl)pyrimidine]a 2+ 19.57. 
Ru(phenh 2+ 19.58. 
Ru(phen)?,(5-Brphen)2+ 19.59. 
cis-Ru(phen)z(CN)2 19.60. 
Ru(phen)2(5-0Iphen)2+ 19.61. 
Ru(phen)2[4,7-(PhSOa)2phen] 19.62. 
Rll(phen)2( 4,7-Phzphen)2+ 19.63. 

Ru(phen)2(5-Phphen)2+ 19.64. 
Ru[2-(phenylazo )pyridine]s2+ 19.65. 
Hu(phthalocyanine)(DMF)2 19.66. 
Ru(phthalocyanine )(pyridine)2 19.67. 
Ru(terpy)(bpy)(NHa)2+ 19.68. 
Ru(1,4,5,8-tetraazaphenanthrene h 2+ 19.69. 
Ru(5,lO,15,20-t.etraphenylporphyrin) 19.70. 
Ru(5,10,15,20-tetraphenylporphyrin)(CO) 19.71. 
Ru[2-(thiazol-2-yl)pyridineJa 2+ 19.72. 
Sm3 + 23.1. 
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Sm(salicylato )2+ 23.2. 
Sm(5-sulfosalicylato )2+ 23.3. 

Sn[5,10,15,20-tetrakis(1-methylpyridinium-4-
yl)porphyrin]C12

4+ 25.1. 
Sn [5,JO, 15,20-tetra.kis{ 4-

sulfonatophenyl)porphyrinjC12
4

- 25.2. 

Sn\5,lO,15,20-tetraphenylporphyrin)(OH)2 25.3. 
Th II-Aspartic acid 24.1. 
TblII-Citric acid 24.2. 
Tb3 + [5D3] 24.3. 
Tb3 + [5D4] 24.4. 
TblIl-Dipicolinic acid 24.5. 
TbIIl(Dipicolinic acidh 24.6. 
Tb(EDTA)- 24.7. 
TbIlI_HemimelJitic acid 24.8. 
TblII-Malic acid 24.9. 
TbIII-L-Malic acid 24.10. 
TblIl-Phthalic acid 24.11. 

TblII-PicoHnic acid 24.12. 
ThlII-pyromellitic acid 24.13. 
TbIII_ Trimellitic a.cid 24.14. 

Th(acetylacetonato)a 24.15. 
Tb(anthranilato )2+ 24.16. 
Tb(crypt)3+ 24.17. 
Tb[N-(2-hydroxyethyl)EDTA] 24.18. 
Th(salicylalo}a 24.19. 
Tb(2,2,6,6-tetramethyl-3,5-heptanedionato h 24.20. 
Ti(oxo )(5,10,15,20-tetraphenylporphyrin) 26.1. 
U02

2+ 28.1. . 

W(CO)5(4-cyanopyridine) 27.1. 
Zn(etioporphyrin I)(pyridine) [singlet] 29.1. 
Zn(etioporphyrin I)(pyridine) [triplet] 29.2. 
ZIl(etioporphyrin I) [singlet] 29.3. 
Zn(etioporphyrin I) [triplet] 29.4. 
Zn(mesoporphyrin IX dimethyl ester) [singlet] 29.5. 
Zn(mesoporphyrin IX dimethyl ester) [triplet] 29.6. 
Zn[5-(1-methylpyridinium-4-yl)-lO,15,20-tris{4-

tolyl)porphyrin]+ 29.7. 
Zn(2,3,7 ,8,12,13,17 ,18-octaethylporphyrin) [singlet] 

29.8. 
Zn(2,3,7 ,8,12,13,17 ,18-octaethy lporphyrin) [triplet] 

29.9. 

Zn [5-phenyl-l0, 15,20-tris(4-
slllfonatophenyl)porphyrin ]3- 29.10. 

Zn(phthalocyanine) 29.11. 
Zn(protoporphyrin) 29.12. 
Zn(tetrahenzoporphyrin) 29.13. 
Zn[tetrakis(4-tert-butyl)phthalocyanine] 29.14. 
Zn [5,10,15 ,20-tetraki:5(1-meihy Ipyridiniurn-3-

yl)porphyrin]4+ 29.15. 
Zn[5,lO,15,20-tetrakis(1-methylpyridinium-4-

yl)porphyrin]4+ [singlet] 29.16. 
Zn[5,lO,15,20-tetrakis(1-methylpyridinium-4-

yl)porphyrin]4+ [triplet] 29.17. 
Zn[5,10,15,20-tetrakis(4-sulfonatophenyl)porphyrinj4-

[singlet] 29.18. 
Zn [5, lO,15,20-t,etrakis( 4-sulfonatophenyl)porphyrin ]4-

[triplet] 29.19. 
Zn {5,10,15,20-tetrakis[l-(3-sulfonato-l-
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propy 1 )pyrid inium-4-y 1] porphyrin} 29.20. 
Zn {5 ,lO,15,20-tetrakis [4-

(trimethy lammonio)p henyllporphyrin} 4+ 29.21. 
Zn(N,N' ,N",N "-tetramethyltetra-2,3-

pyridinoporphyrazine)4+ 29.22. 
Zn(5,10,15,20-tetraphenylporphyrill) [singlet] 29.23. 
Zn(5,1 O,l5,20·tetrapheny Iporphyrin) [triplet] 29.24. 
Zn [4,4' ,4' , ,4" , -tetra{sulfomorpholide )ph thalocyanine] 

[singlet] 29.25. 
Zn[4,4' ,4" ,4" '-tetra(sulfomorpholide)phthalocyanine] 

[triplet} 29.26. 
Zn(4,4' ,4" ,4"'-tetrasulfophthalocyalline )4- [singlet] 

29.27. 
Zn(4,4' ,4" ,4'" -tetrasulfophthalocyanine )4- [triplet] 

29.28. 
Zn [5, lO,l5-tris( 4-to1yl)-20- (4-

car boxy latopheny 1 )porphyrin] - 29.29. 
Zn(uroporphyrin 1) 29.30. 

11.3. Index of Inorganic Quenchers 

A locator t.m.n following a quencher name refers 
to table number t, excited state number m, and 
quencher number n. 

Ag+ 19.58.1,20.1.1,28.1.1. 
Ag(hpY)2 + 20.1.2. 
Ag(TPP) 11.6.1, 15.1.1, 29.24.1. 
Ba2+ 28.1.2. 
Br- 9.2.1,28.1.3. 
Br2- 29.19.1. 
C03

2
- 18.5.1. 

Cd+ 29.19.2. 
CeJV 28.1.4. 
Ce3 + 28.1.5. 
Ce4+ 19.65.1, 24.4.1. 
CI- 19.24.1, 28.1.6. 
CI04 - 19.58.2,20.1.3. 
002+ 9.2.2, 9.3.1, 19.30.1, 19.58.3, 19.60.1, 20.1.4, 

28.1.7, 29.24.2. 
Co(acac}2 19.30.2, 19.58.4, 19.60.2, 20.1.5. 
Co(acac)a 4.14.1,4.18.1,5.2.1,16.3.1,19.30.3, 

19.58.5, 19.60.3, 20.1.6, 20.2.1. 
Co(AMcapten)3+ 19.14.1,20.1.7. 
Co{AMMEsar)3+ 19.14.2,20.1.8. 
Co(AMMEsarH)4+ 19.11.1,19.17.1,19.58.6. 
Co(AZAcapten)3+ 19.14.3,20.1.9. 

Co(AZAMEsar f+ 19.1.1, 19.14.4, 19.17.2, 19.58.7, 
20.1.10. 

Co(hpy)2+ 19.11.2,19.17.3,19.58.8,20.1.11. 
Co(bpYh + 19.17.4, 20.1.12. 
Co(bPY)a2+ 1.1.1,11.6.2,14.1.1,14.2.1,14.10.1, 

19.11.3,19.14.5,19.17.5,19.18.1,19.58.9, 
20.1.13, 29.11.1. 

Co(bpyh3+ 1.1.2,8.1.1,11.6.3,19.12.1,20.1.14, 
29.11.2. 

CoIII(bpy )2(/-L-02,NH2)CoIII (bpY)2 4+ 20.1.15. 
cis-Co(bzach 20.1.16. 

trans-Co{hzac)g 20.1.17. 
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Co(5-Brphen)2+ 19.17.6. 
CO(C5H5)2 + 20.1.18. 
Co(C5H4COOH)2+ 16.2.1,20.1.19. 
CoCl+ 4.15.1. 
00012 4.15.2. 
CoC13 - 4.15.3. 
Co(CLHOsarf+ 19.14.6,20.1.20. 

Co(CLNOsar)3+ 19.14.7,20.1.21. 
Co(5-Clphen )2+ 19.11.4, 19.17.7, 19.58.10, 20.1.22. 
Co(5-Clphenh2+ 19.11.5,19.17.8,19.58.11,20.1.23. 
Co(CLsar)3+ 19.14.8,20.1.24. 
Co(CMMEabsar f+ 19.14.9, 20.1.25. 
CO(CN)63

-' 4.14.2,4.16.1, 4.18.2, 7~1.1, 7.3.1,14.4.1, 
19.30.4, 19.58.12, 19.60.4,20.1.26,24.4.2, 
24.17.1, 29.30.1. 

COlIl(CN)5(p..-02)CoIII(CN)55- 20.1.27. 
Clo( ClN)~(pyrazinecarboxylato )3- 20.1.28. 
CO(C20 4)a2- 20.1.29. 
CO(C20 4h a- 19.30.5,19.58;13,19.60.5,20.1.30. 
trans-Co(cyclam)C12 + 4.14.3,4.18.3. 
trans-Co(cyclam){H20)2"T 4.14.4, 4.18.4. 
trans-Co(cyclam)(HzO)Br2+ 4.18.5. 
tran.s-Co(cyclam)(HzO)C12+ 4.18.6. 
tran.s-Co(cyclam)(H20){Na)2+ 4.14.5, 4.18.7. 
tran.s-Co(cyclam)(Ns)2 + 4.18.8. 
trans-Co{cyclam)(NCS)2 + 4.18.9. 
trans-Co(cyclam)(NCS)Ul+ 4.18.10. 
trans-Uo{cyclam){NUS)lNs)T 4.18.11. 
trans-Co(cyclam){N3)01+ 4.18.12. 
trans-Co(cyc1am)(N02)2 + 4.18.13. 
leI3 -Co(diAMchar )3+ Ht 14.10, 20 131. 

Co(diAMsar)s+ 19.1.2,19.11.6,19.14.11,19.17.9, 
19.58.14,20.1.32. 

Co(diAMsarH2)5+ 19.1.3,19.17.10,19.58.15. 
lela-Co(diAZAchar)s+ 19.14.12,20.1.33. 
Co(diCLsarf+ 19.14.13,20.1.34. 
Co(diNOsar)3+ 19.14.14,20.1.35. 
Co(DMG)z(CzHo)(HzO) 4.14.6, 4.18.14, 16.3.2, 

19.58.16,20.1.36,28.1.8. 
Oo(EDTA)- 20.1.37,24.7.1,24.18.1,29.15.1. 
( -.- )D-Co(EDT A)- 20.2.2. 
l + )D-Uo(EDTA)- 20.2.3. 
rac-Co(EDTA)- 20.2.4. 
Co(EDTA)2- 29.15.2. 
Co(EFMEoxosar-H)2+ 19.14.15,20.1.38. 
00(en)a3+ 4.14.7,14.10.2,16.1.1,19.11.7,19.17.11, 

19.19.1,19.58.17,20.1.39. 
cis-Co(en)2C12 + 4.14.8, 14.10.3, 20.1.40. 
trans-Uo{en)2C12 T 4.14.9, 14.10.4,20.1.41. 
Co(en}2(gly)2+ 20.1.42. 
cis-Co(en)2(H20)C12+ 4.14.10,14.10.5,20.1.43. 
cis-Co(en),ANCS)z+ 4.14.11,14.10.6,20.1.44. 

tran.s-Co(en)2(NCS)2 + 4.14.12, 14.10.7, 20.1.45. 
cis-Co(en)2(NCS)Cl+ 4.14.13, 14.10.8,20.1.46. 
trans-Co(en)2(NCS)Cl+ 4.14.14, 14.10.9,20.1.47. 
cis-Co(en)2(NHa)C12+ 4.14.15,14.10.10,20.1.48. 
OoIIl(en )2 (f-L-Oz,NHz)OoIIJ(en)2 4+ 20.1.49. 
Oo(HEDTA)Br- 20.1.50. 
Co(HEDTA)Cl- 20.1.51. 

Co(HEDTA)(N02)- 20.1.52. 
Co(H20)62+ 4.15.4. 
Co(HYMEoxosar-H)2+ 20.1.53. 
Co(4,4'-Me2bpy)2+ 19.17.12. 
Co(4,4'-Me2bpyh + 20.1.54. 
Co(4,4'-Me2bpY)32+ 20.1.55. 
t1UTL,,-Oo(Mescycladiene )(1120)23 + 20.1.56. 

Co(MENOsar)3+ 19.14.16,20.1.57. 
Co(2,9-Me2phen)2+ 19.17.13. 
Co(4,7-Me2phen)2+ 19.11.8, 19.17.14, 19.58.18, 

20.1.58. 
Co(4,7-Me2phen)/+ 19.11.9, 19.17.15, 19.58.19, 

20.1.59. 
Co(5-Mephen)2+ 19.17.16. 
Co(5,6-Me2phen)2+ 19.17.17. 
Co(NHa)6a+ 4.14.16,4.18.15,14.10.11,19.11.10, 

19.1:et..17, 19.17.18, 19.19.2, 19.24.2, 19.30.6, 
19.58.20, 19.60.6, 19.66.1, 19.67.1, 20.1.60. 

Co(NHa)5(benzoato )2+ 20.1.61. 
Co(NHa)5[1,2-bis(4-pyridyl)ethane]3+ 20.1.62. 
Oo(NHa)5(tran8-1,2-bis(4-pyridyl)ethenef+ 20.1.63. 

CO(NH3)5Br2+ 4.18.16, 14.4.2, 20.1.64. 
Co(NHa)s(CN)2+ 4.14.17. 
Co(NHa)5(COa)+ 14.4.3. 
Co(NHa)sC12+ 4.14.18, 4.16.2, 4.18.17, 14.4.4, 

14.10.12, 14.18.1, 15.6.1, 19.24.3, 19.30.7, 
19.58.21, 19.60.7, 19.66.2, 19.67.2, 20.1.65, 
29.17.1,29.21.1. 

Co(NHa)5F2+ 4.14.19, 4.18.18, 9.2.3, 14.10.13, 
20.1.66. 

Co(NHa)o{HzO)S+ 414.20, 41819, 144.5, 14.10.14, 

19.66.3, 19.67.3,20.1.67. 
Co(NHs)5(N-Mevio )4+ 20.1.68. 
Co(NHs)5(Ns)z+ 4.14.21, 4.18.20, 14.4.6. 
Co(NHa)5(NCS)2+ 4.14.22, 4.18.21, 14.10.15, 

20.1.69. 
Co(NHa)5(N02)2+ 4.14.23, 4.18.22, 20.1.70. 
Co(NHa)o[2-(NOz)ben?]2+ 20 1.71. 

Co(NHa)6[4-(N02)benzJ 2+ 20.1.72. 
Co(NHs)5[OC(O)CHa]2+ 20.1.73. 
Co(NH 3 )&l0<J(O)H]2+ 4.14.24, 14.10.16,20.1.74. 
ColTI(NHs)6(p..-02)UOIIl(NHi)5 Ii-t 20.1.75. 
CoIIl(NHa)4 (p..-0 2,NH2)COII (NHs)44+ 20.1.76. 
Co(NHa)5(py)3+ 20.1.77. 
Co(NH3)5(S04)+ 14.4.7. 
Co(NHa}r,(vio )3+ 20.1.78. 
Co(N02)6 a- 20.1.79. 
Oo[4-(N02)bpy133 + 19.12.2, 20.1.80. 
Uolphen)~H- 19.11.11,19.17.19,19.58.22, 2U.7.B7. 

Co(phen)g2+ 1.1.3,11.6.4,19.11.12,19.17.20, 
19.58.23,20.1.82,29.11.3. 

Co(phen)a3 + 1.1.4,81.2,11.65, 144R, ?0.1.R3, 

20.2.5, 29.11.4. 
CoIIl{phen)z(p..-02,NH2)CoIlJ{phen)24+ 20.1.84. 
Co(sar)s+ 19.14.18,20.1.85. 
Co(sep)3+ 19.1.4,19.11.13,19.14.19,19.15.1, 

19.16.1, 19.17.21, 19.18.2, 19.19.3, 19.58.24, 
20.1.86, 29.21.2. 

CoSiW.u03UHz06- 20.1.87. 
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Co( tcrpy h -f 20.1.88. 
Co( terpy )/+ 1.1.5, 11.6.6, 20.1.89, 29.11.5. 
Co(terpY)23+ 1.1.6,8.1.3,11.6.7,29.11.6. 
cis-Co(tfach 20.1.90. 
trans-Co{ tfac h 20.1.91. 
Cr3+ 3.1.1,19.1.5,19.11.14,19.14.20,19.17.22, 

19.18.3, 19.19.4, 19.30.8, 19.58.25,20.1.92, 
28.1.9. 

Cr{acac)g 5.2.2, 5.3.1, 19.30.9, 19.58.26, 19.60.8, 
20.1.93. 

Cr{hpY)33+ 4.14.25, 20.1.94. 
cis-Cr(bzac}3 5.3.2, 20.1.95. 
trans-Cr(bzac)g 5.3.3, 20.1.96. 
Cr(5-Brphen)g3+ 4.1.1. 
Cr(CN)63- 4.9.1,4.14.26,4.16.3,4.17.1,7.1.2,7.3.2, 

9.3.2, 9.4.1, 14.4.9, 16.3.3, 18.10.1, 19.30.10, . 
19.58.27,19.60.9,20.1.97,24.4.3,24.17.2, 
29.30.2. 

Cr(CO)6 28.1.10. 
Cr{C20 4)g3- 19.30.11,19.58.28,19.60.10,20.1.98. 
trans-Cr{cyclam)(CN}2 + 19.30.12,20.1.99. 
Cr(5-Clphen)33 + 4.3.1. 
Cr{dbmh 5.3.4. 
trans-Cr( diethylenetriamine)2 3+ 19.30.13. 
Cr(en)g3+ 19.30.14,20.1.100. 
trans-Cr(en)2Br2 + 19.30.15. 
cis-Cr{en)2C12 + 19.30.16, 20.1.101. 
trans-Cr(enhCJ 2+ 19.30.17,19.60.11,20.1.102. 
trans-Cr{en)2F 2 + 19.30.18, 19.60.12. 
cis-Cr{enh(NCSh + 19.30.19. 
trans-Cr(en)2(NCS)2 + 19.30.20, 19.60.13. 
cis-Cr(enh(NCS)CI+ 19.30.21. 
trans-Cr{en)2(NCS)Cl+ 19.30.22, 19.60.14. 
trans-Cr(en)2(ONO)Cl+ 19.30.23, 19.60.15. 
Cr(hfac h 5.3.5. 
Cr(hfac)(tfbzac)2 . 5.3.6. 
Cr{4,4'-Me2bpy)a3+ 4.4.1. 
Cr(3,4,7 ,8-Me,tphen):\ 3+ 4.5.1. 
Cr(4,7-Me2phen)g3+ 4.6.1. 
Cr{5-Mephen)33 + 4.7.1. 
Cr(5,O-Me2phen)33+ 4.8.1. 
Cr(NH3 )6

3 + 19.30.24,20.1.103. 

Cr(NHa)5Br2+ 19.30.25,20.1.104. 
Cr(NHa)5(CN)2+ 19.30.26,20.1.105. 
Cr(NH:\)/iC12+ 19.30.27, 20.1.106. 
Cr(NH3)5{H20)a+ 19.30.28,20.1.107. 
Cr(NH3)dNa)2+ 19.30.29,20.1.108. 
trans-Cr(NH3 }2(NCS}4- 19.30.30, 19.60.16. 
OJ (Nlla)5(NOS)2+ 19.30.31,20.1.109. 

Cr2012- 28.1.11. 
Cr{pdo)g 5.3.7. 
Cr(4,4'-Ph 2 bPY)a3 + 4.11.1. 
Cr(phen}33+ 4.18.23. 
Cr(4,7-Ph2phen)g3+ 4.12.1. 
Cr{5-Phphen}g 3+ 4.13.1. 
Orr l7un.:5-(R)-cyclohexam:dlamlm::Ja 3+ 19.30.32. 

Cr(tfach 5.3.8. 
cis-Cr(tfac)3 20.1.110. 
trans-Cr(tfac)3 20.1.111. 
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Cr(tfbzac)g 5.3.9. 
Cr(t.ta)g 5.3.10. 
Cu2 + 3.1.2,14.2.2,14.4.10,19.1.6,19.11.15, 

19.14.21, 19.15.2, 19.17.23, 19.18.4, 19.19.5, 
19.22.1,19.23.1,19.24.4,19.30.33,19.31.1, 
19.32.1,19.58.29,19.60.17,19.63.1,20.1.112, 
28.1.12,29.15.3,29.24.3. 

Cn{acac)2 19.30.34,19.58.30,19.60.18,20.1.113. 
Cull-Acetic add 20.1.114. 
C}I-azurin 4.18.24,20.1.115. 
CuI -azurin 20.1.116. 
CuCl+ 19.15.3,19.17.24,19.58.31,20.1.117. 
CuCI2 19.15.4,19.17.25,19.58.32,20.1.118. 
Cu(EDTA)2- 24.7.2. 
CuII-EDTA 16.1.2. 
Cull-Formic acid 20.1.119. 
Cu(H20)n2+ 19.15.5, 19.17.26, 19.58.33,20.1.120. 
Cull-plastocyanin 4.18.25,20.1.121. 
CuI-plastocyanin 20.1.122. 
CuII-stellacyanin 4.18.26,20.1.123. 
CuI -stellacy anin 20.1.124. 
Dy( acac)3 24.15.1. 
Er3+ 24.4.4, 28.1.13. 
Er( acac )3 24.15.2. 
Eu 2+ 9.2.4,14.1.2,19.11.16,19.14.22,19.17.27, 

19.58.34, 20.1.125. 
Eu3+ 3.1.3,11.11.1,16.1.3,19.1.7,19.11.17, 

19.14.23, 19.17.28, 19.18.5, 19.19.6, 19.58.35, 
20.1.126, 24.4.5, 28.1.14, 29.23.1, 29.24.4. 

Eu(acac)g 24.15.3. 
EuIIl-Aspartic acid 24.1.1. 
Eu(benzo-15-crown-5 )3+ 29.24.5. 
EullI-Citric acid 24.2.1. 
Eu(crypt)2+ 19.13.1,19.42.1, 19.44.1, 19.47~1, 

19.48.1,19.50.1,20.1.127. 

Eu(crypt)3+ 19.13.2,19.15.6,19.19.7,19.36.1, 
19.38.1,19.39.1,19.44.2; 20.1.128. 

EuIJ1 (DipicoJinic acid)g 24.6.1. 
En U1-Dipicolinic acid 24.5.1. 
guIIl-Hemimellitic acid 24.8.1. 
Elllll-Malic add 24.9.1. 
EUnt-lJ-Malic acid 24.10.1. 

EuIII-Phthalic acid 24.11.1. 
Ell Ul-Picollnic acid 24.12.1. 
Eulll-Pyromellitic acid 24.13.1. 
Eu(thd)3 24.20.1. 
EuIIl_Trimellitk acid 24.14.1. 
Fe2+ 4.3.2,4.4.2,4.5.2,4.6.2,4.7.2,4.11.2,4.12.2, 

4.14.27, 4.18.27, 18.13.1, 19.24.5, 19.05.2, 

20.1.129, 28.1.15. 
Fe3+ 3.1.4, 9.2.5, 10.1.1, 10.2.1, 14.1.3, 14.4.11, 

14.10.17,15.6.2,19.1.8,19.11.18,19.12.3, 
19.14.24, 19.15.7, 19.16.2, 19.17.29, 19.18.6, 
19.19.8, 19.22.2, 19.24.6, 19.58.36, 19.66.4, 
19.67.4,19.68.1,20.1.130,20.2.6,25.1.1,28.1.16, 
29.15.4, 29.17.2. 

Fe(bpy)/+ 14.1.4,20.1.131. 
Fe(bpy)(CN)4 - 1.1.7. 
Fe(bpy )(CN)" 2- 1.1.8. 
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cia-Fe(bpy )2(CN)2 + 1.1.9. 
Fe(C5H5h 1.1.10,4.14.28,8.3.1,20.1.132,28.1.17. 
Fe(C5H5)2+ 29.11.7. 
Fe(C5H5)[C5H4C(0)CHal 20.1.133,28.1.18. 
Fe(C5H6)[C6H4C(0)C6H61 20.1.134,28.1.19. 
Fe(C6H6)(C6H4COOH) 4.14.29. 
Fe[G6H4C(O)CHa12 28.1.20. 

Fe(CN)aa- 1.1.11,4.14.30,14.4.12,16.1.4,19.24.7, 
19.30.35, 19.58.37, 19.60.19, 19.66.5, 19.67.5, 
20.1.135, 28.1.21, 29.11.8, 29.30.3. 

Fe(CN)a4- 4.14.31,7.1.3,7.3.3,14.1.5,14.4.13, 
19.21.1, 19.24.8, 19.30.36, 19.58.38, 19.60.20, 
19.65.3,20.1.136,20.2.7,24.4.6,24.17.3,28.1.22, 
29.30.4. 

Fe(CN)6(CO)3- 20.1.137. 
Fe(CN)5(.DMSO)3- 20.1.138. 
Ti'p(CN)&(imicl~7.()lpf- ?O 1.139_ 

Fc(CN)s(N-methylpyrazinium)2- 20.1.140. 
Fe(CN)5(NO)2- 20.1.141. 
Fe(CN)5(Pyt- 20.1.142. 
J~'e(UNJ5(pyrazjnecarboxylato)1- 20.1.143. 
Fe(CO)5 28.1.23. 
Fe(C20 4 )2- 20.1.144. 
Felll(cytochrome c) 14.4.14, 14.10.18, 19.58.39, 

20.1.145. 
FeIII

( cytochrome c )-(histidine-33 )RuIlI (NHa)5 
20.1.146. 

FeIII-EDTA 16.1.5. 

Fe(NTA) 20.1.147. 
Fe(OH)2t- 9.3.3. 
Fe(phenl~2+ 14.1.6,20.1.148. 
cia-Fe(phen )2(CN)2 + 1.1.12. 
Ga3+ 28.1.24. 
Gd3 + 24.4.7, 28.1.25. 
Ge(CH3)4 28.1.26. 
Ge(C 2Hs)4 28.1.27. 
H 29.19.3. 
H2 0 4.14.32, 13.1.1, 19.35.1. 
I-Ig2+ 4.18.28,19.11.19,19.14.25,19.17.30,19.18.7, 

19.19.9,19.58.40,20.1.149,28.1.28. 
Hg2

2+ 28.1.29. 
IigC12 14.5.1,14.10.19,14.12.1,14.15.1,14.16.1, 

14.18.2,19.1.9,19.11.20,19.14.26,19.15.8, 
19.17.31, 19.18.8, 19.19.10, 19.21.2, 19.58.41, 
20.1.150. 

HgCI3 - 19.1.10,19.11.21,19.14.27,19.15.9, 
19.17.32,19.18.9,19.19.11,19.58.42,20.1.151. 

HgC14
2

- 19.1.11,19.11.22,19.14.28,19.17.33, 
19.18.10, 19.19.12, 19.5t1.4J, 20.1. 7b2. 

Ho3 + 24.4.8, 28.1.30. 
Ho( acac h 24.15.4. 
1- 4.3.3,4.4.3,4.5.3,4.6.3,4.11.3,4.12.3,4.14.33, 

4.16.4,4.18.29, 19.24.9, 19.30.37, 19.58.44, 
19.60.21,20.1.153,28.1'.31. 

ICN 4.2.1. 
103 - 16.1.6. 
In3 + 20.1.154,28.1.32. 
IrC16

3
- 20.1.155. 

La3 + 24.4_9. 

Mg(OEP) 11.4.1. 
Mn2+ 28.1.33. 
Mn(CN)6 a- 29.30.5. 

Mn2{CO)10 28.1.34. 
Mn04 - 28.1.35. 
Mn(TMePyp)s+ 20.1.156. 
!VIo VI 28.1.36. 

Mo(CN)S4- 4.14.34,14.4.15,20.1.157. 

Mo(CO)6 28.1.37. 
N2H4 28.1.38. 
N0 2 - 16.1.7. 
N03 - 19.58.45, 20.1.158. 
Nd 3 + 6.1.1, 7.1.4, 23.1.1, 24.4.10, 28.1.39. 
Nd(acacJa 24.15.5. 
Nd(H20)n 3+ 6.2.1, 6.3.1, 6.4.1, 23.2.1, 23.3.1, 

24.16.1. 
Ni2+ 9.2_6, 9.3.4, 19.30.38, 19.58.46, 19.60.22, 

20.1.159,28.1.40,29.24.6. 
Ni{acach 19.30.39, 19.58.47, 19.60.23,20.1.160. 
Ni(13-At)+ 4.14.35. 
Ni(CN)/- 4.14.36,14.4.16,16.1.8,20.1.161. 
Ni(CO)4 28.1.41. 
NiCl/- 19.30.40, 19.60.24. 
Ni(etioporphyrin I) 11.6.8,15.1.2,15.5.1. 
Ni(glY)2 4.16.5. 
Ni(Meacyclam)2+ 4.14.37. 

Ni[S2C2(CaH6)212 20.1.162. 
Ni[S2C2(CeH5)2]2 - 20.1.163. 
Ni[S2C2(CN)2122- 20.1.164. 
Ni(TPP) 15.1.3. 
02 2.1.1, 4.1.2, 4.2.2, 4.3.4, 4.4.4, 4.5.4, 4.6.4, 4.7.3, 

4.11.4,4.12.4,4.14.38,4.18.30,5.5.1,9.2.7,9.5.1, 
14.4.17,14.6.1,14.10.20,14.13.1,14.14.1,15.2.1, 
16.1.9,16.2.2,19.1.12,19.11.23,19.14.29, 
19.15.10,19.16.3,19.17.34,19.18.11,19.19.13, 
19.20.1,19.21.3,19.22.3,19.26.1,19.30.41, 
19.49.1, 19.58.48, 19.59.1, 19.60.25, 19.61.1, 
10.62.1, 10.63.2, 10.64.1, 20.1.165, 29.6.1, 

29.12.1,29.15.5,29.21.3,29.24.7,29.28.1. 
0 3 6.1.2,24.4.11. 
OD- 18.1.1. 
OB 29.19.4. 
OH- 4.9.2, 4.10.1, 4.14.39, 4.16.6, 18.2.1, 18.3.1, 

18.4.1,18.5.2,18.6.1,18.9.1,18.10.2. 
Os(bPY)a 2+ 4.14.40,4.18.31,19.11.24,19.17.35, 

20.1.166. 
Os(bpy)g a+ 4.14.41, 20.1.167. 

OS(C6H6)2 28.1.42. 
Os(C6H6)[C5H4C(0)CHaJ 20.1.168. 
Os(CN)a 4- 7.3.4, 20.1.169. 
tran3-0s(en )20\2 + 20.1.170. 
Ci,,-05( en )2H2 2+ 20.1.171. 

irans-Os(en)20/+ 20.1.172. 
Os(NHa)6a+ 19.11.25,19.15.11,19.17.36,19.19.14, 

20.1.173. 
Os(NH3)5CI2+ 19.11.26,19.15.12,19.17.37,20.1.174. 
Os(NH3 )6(H20)3+ 19.11.27,19.15.13,19.16.4, 

19.17.38,19.19.15,20.1.175. 
05(NU3 )s12+ 19.11.20, 19.1S.14, 19.10.S, 19.19.10, 
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20.1.176. 
Os(NH3 )5(N 2)2+ 19.11.29,19.17.39,20.1.177. 
PW120,i03

- 12.1.1. 
Pb2+ 28.1.43. 
Pb(OH;»)4 28.1.44. 
Pb(02H5)4- 28.1.45. 
Pb(CHg)(C2H5h 28.1.46. 
F'b(GH3 h(C2H6h 28.1.47. 

Pb(CHgh(02H5) 28.1.48. 
Pd(CN)4 2

.- 20.1.178. 
Pd(et,ioporphyrin 1) 11.6.9. 
Pr3 + 7.1.5,24.4.12,28.1.49. 
Pr(acac)g 24.15.6. 
PtBr42- 4.14.42,14.4.18,20.1.179. 
Pt.J3r6

2
- 4.14.43,14.4.19,20.1.180. 

Pt(CN)./- 4.14.44,9.2.8,20.1.181,24.4.13,28.1.50. 
Pt(0204)22- 4.14.45, 9.2.9, 14.4.20, 20.1.182, 

28.1.51. 
PtOl./- 4.14.46, 14.4.21, 19.30.42, 19.58.49, 

19.60.26, 20.1.183, 24.4.14. 
PtOIa 2- 4.14.47, 14.4.22, 19.58.50, 20.1.184. 
Pt(enh?'+ 4.14.48,9.2.10,28.1.52. 

Pt.F 6 2- 4.14.49, 14.4.23, 20.1.185. 
Pt(NH3)/+ 4.14.50, 9.2.11, 24.4.15, 28.1.53. 
Pt(NH3)iBr22+ 9.2.12,14.4.24,20.1.186. 
Pt(NHa)5Br3+ 9.2.13, 14.4.25, 20.1.187. 

Pt(NH3 )CIg - 24.4.16. 
cis-Pt(NHg)20I2 24.4.17. 
trans-Pt(NHahC12 24.4.18. 
Pt(NH3 hCI+ 24.4.19. 
Pt(NHa)4CI22+ 9.2.14,14.4.26,20.1.188. 
Pt.(NHahCI3 + 9.2.15, 14.4.27,20.1.189. 
Pt(N02 )/- 4.14.51,9.2.16,28.1.54. 
Pt[S2C2(C6H6)212 20.1.190. 
Pqs2C2(CN)2122- 20.1.191. 
PqSCN)/- 4.14.52, 14.4.28, 20.1.192. 
Pt(SCN)6 2

- 4.14.53, 14.4.29, 20.1.193. 
Rh(bpy)g3+ 16.2.3,19.11.30,19.14.30,19.17.40, 

19.1812, 195851, 20.1194. 

cis-Rh(bPY)2(H20h3 + 19.11.31,19.14.31,19.17.41, 
19.58.52,20.1.195. 

cis-Rh(bpY)2(H2 0)CI2 + 20.1.196. 
cis-Rh(bpyh(H 20)(OH)2+ 20.1.197. 
cis-Rh(hpY)2(OHh + 19.11.32, 19.14.32, 19.17.42, 

19.58.53, 20.1.198. 
cis-Rh(bpY)2(OH)CI+ 20.1.199. 
Rh(5-Brphen h 3+ 20.1.200. 
Hh(5-C1phenJa 3+ 20.1.201. 
Rh(4,4'-Me2bpyh3+ 19.11.33,19.17.43,19.18.13, 

79.58.54, 20.1.202. 
RhU,7-Me2 phen)33 + 20.1.203. 
Rh(5-Mephen)a3+ 19.11.34,19.17.44,19.18.14, 

195R55, ?O 1 ?04. 

Rh(5,6-Me2 phenh 3+ 19.17.45, 19.18.15, 19.58.56, 
20.1.205. 

Rh(NH3)5CI2+ 4.18.32. 
Rh{phen)g 3+ 19.11.35, 19.14.33, 19.17.46, 19.58.57, 

20.1.206. 
Hh(5-Phphen)a 3+ 20.1.207. 
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Ru{acac}g 20.1.208. 
Hu(2,2'-biquinolineh 2+ 19.50.21 19.51.1. 
Ru(bpy)/+ 4.14.54, 4.18.33, 16.2.4,20.1.209, 

28.1.55. 
Ru(bpy)a 3+ 4.14.55,20.1.210. 

Ru(C 5H5 )2 20.1.211128.1.56. 
Ru(C6H5)[C5H4CH(OH)C6H51 28.1.57. 
Rl1(C6Hs)[G5II4G(0)C6H6J 28.1.58. 

Ru[C5H4C(O)CH312 20.1.212. 
Ru[CsH4C(0)C6Hs12 28.1.59. 
Ru(CN)s4- 4.14.56,7.1.6,7.3.5,14.4.30,24.4.20, 

24.17.4. 
Ru(C204)Z(HzOh - 20.1.213. 
Rn(fi-C1phf>n)/+ 4.14.57, 4.18.34. 
Ru(EDTA)- 20.1.214. 
Hu(H20)C152- 20.1.215. 
Ru(4,4'-Me 2bpY)3 2 + 4.14.58. 
Ru(Me2 dibenzoH2 phen)g2+ 19.41.1,19.42.2. 
Ru(3,4,7 ,8-Me4phen)3 2+ 4.14.59. 
Ru(4,7-Me2 phen)/+ 4.14.60, 4.18.35. 
Ru(4,7-Me2phenh3+ 19.17.47. 
Ru(b-Mephenh 2 I 4.74.61. 
Ru(NHa)62+ 14.1.7,20.1.216. 
Ru(NH3 )6

3 + 4.14.62, 4.18.36, 14.4.31, 19.66.6, 
19.67.6, ?O.1.?17. 

Rll(NHg)5CI2+ 20.1.218. 
Ru(NH3)s(histidine)3+ 20.1.219. 
Ru[5-(N02)phenl32+ 4.14.63,4.18.37,20.1.220. 
Hu{phenh 2+ 4.14.64. 
Ru( terpY)2 2+ 14.1.8, 20.1.221. 
Ru(TPTZ)/+ 14.1.9, 20.1.222. 
SCN- 28.1.60. 

S02 24.4.21. 
S032- 20.1.223. 
S20/- 20.1.224. 
8 20 8

2
- 9.~.11, 10.0.;;1, 16.1.1U, 70.2.0, 19.58.58, 

20.1.225,25.1.2,25.2.1,29.17.3,29.19.5. 
Si(CH3)4 28.1.61. 
Si(C2 H&)4 28.1.62. 
Si(CHa)a[O(CHgh] 28.1.63. 
Si(CH3 )3(C2H5 ) 28.1.64. 
SiW 120404- 12.1.2. 
Sm3 + 20.1.226, 23.1.2, 24.3.1, 24.4.22, 28.1.65. 
Sm{acach 24.15.7. 
SnIV 28.1.66. 
Sn 2+ 28.1.67. 

Sn(CHa)4 28.1.68. 
Sn(C2H5)4 28.1.69. 
Sn [CH(CJ-I3 )z14 28.1.70. 
Sn(GJ:13 h(C2Ii5 ) 28.1.71. 

Sn(CH2CH2CH3 )4 28.1.72. 
SnICH(CH3 )CI'12 CHg14 28.1.73. 
Sn(Cl'J2 CH2 CHI/;Ha)f 28.1.74. 
Sn(CH3)a(CHzCH2CH2CHa) 28.1.75. 
Sr 2+ 28.1.76. 
Th3+ 24.3.2. 
ThlV 28.1.77. 
1'i3 + 19.11.36,19.15.15,19.17.48,19.58.59,20.1.227. 
1'1+ 20.1.228, 28.1.78. 
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1'13 + 3.1.5, 9.2.18, 20.1.229, 28.1.79. 
TJ(OH)2+ 9.3.5. 
U02+ 28.1.80. 
U0 2

2 + 20.1.230, 28.1.81. 
VV 28.1.82. 
V(CO)o 28.1.83. 
W V1

. 28.1.84. 

W(CO)o 28.1.85. 
Yb3 + 28.1.86. 
Yb(etioporphyrin 1)+ 15.1.4,15.3.1,29.13.1. 
Zn(OEP) 29.9.1. 
Zn(protoporphyrin) 29.12.2. 
Zn(TPP) 29.24.8. 
Zn(uroporphyrin 1) 29.30.6. 

11.4. Index of Organic Quenchers 

A locator t.m.n foHowing a quencher name refers 
to table number t, excited state number m, and 
quenc her n urn her fl.. 

The following abbreviations are used to designate 
parts of organic quenchers: 

bpy2+ 2,2' -Bipyridinium dication (in N,N-
disu bstituted derivatives) 

H-3-pyJ Pyridinium-3-yl cation radical 
H-4-pyJ Pyrid inium-4-y I cation radical 
Me-2-pyJ N-Methylpyridinium-2-yl cation radical 
Me-3-pyJ N-Methylpyridinium-3-yl cation radical 
Me-4-py/ N-Methylpyridinium-4-yl cation radical 
phen2 + 1,lO-Phenanthrolinium dication (in N,N'-

disubstituted derivatives) 
poJY-2,4-ionene Poly[(dimethylimino)-l ,4-

butanediyl(dimethylimino)-1,2-ethanediyl dica­
Hon], Fig. 9 

py+ Pyridinium cation (in N-substituted derivatives) 
sydnone 1,2,3-0xadiazol-5-one, Fig. 18 (in mono- and 

disubstituted derivatives) 
vio+ 4-(4-Pyridyl)pyridinium cation (in N­

monosubstituted derivatives) 
vio 2 + 4,4'-Bipyridinium dicatioll (in N,N'-dlsubstituted 

derivatives) 
vioH2 + 4-(4-Pyridyl)pyridinium cation, protonated (in 

N-monosubstituted derivatives) 

Aceta.te ion 21.1.1. 
2-Acetonaphthone see 2-Acetylnaphthalene 
cis-O'-AcetoxystiIhene 21.1.2. 

1-AcetyJanthracene 7.1.7,7.7.1. 
2-Acetyla.n thracene 24.4.23. 
2-Acetylnaphthalene 6.1.3,24.4.24,24.15.8. 
4-Acety]phcno] 21.1.3. 
cis-O'-Acety Istilbene 21.1.4. 
2-AcetylthiopbeTl<' 28.1.87. 
3-Acety Ithiophenc 28.1.88. 
Add Fuchsin 24.4.25,24.19.1. 
Acridine 7.1.8, 24.4.26. 
Acridine Orange 24.19.2. 

Acridine YeJIow 24.19.3. 
Acrylamide 29.8.1. 
Allylacetic acid see Pent-4-enolc acid 
2-Amino-2-met,hylpropane see tert-Butylamine 
l-Aminonaphthalene 4.14.65,7.1.9,7.2.1,7.4.1, 

21.1.5, 2·4.4.27, 29.8.2. 
2-Aminonaphthalene 4.14.66, 21.1.6, 28.1.89. 
2-Aminophenol 29.8.3. 
4-Aminophenol 21.1.7. 
N-(4-Aminophenyl)a.niline 4.14.67, 19.2.1, 19.42.3, 

19.51.2,21.1.8. 
Aniline 4.14.68,7.1.10,9.1.1,17.2.1,17.6.1, 

19.24.10, 28.1.90. 
Aniline Bright Red B 24.4.28. 
p-Anisidine see 4-Methoxyaniline 
Anthracene 7.1.11, 7.2.2, 7.4.2, 7.5.1, 7.6.1, 7.7.2, 

7.B.1, 7.9.1,16.2.6,17.1.1, 1B.12.1, 21.1.9, 
24.4.29, 27.1.1. 

Anthracene-9-carboxy late ion 5.3.11, 21.1.10. 

9,lO-Anthraquinone 29.8.4. 
9,10-Anthraquinone-2,6-disulfonate ion 19.3U.43, 

21.1.11, 29.20.1. 
9,10-Anthraquinone-2-sulronate ion 21.1.12. 
9,lO-Anthraquinone-2-sulfonate ion, a-CD complex 

29.20.2. 
Ascorbate ion 19.1.13,19.11.37,19.14.34,19.15.16, 

19.16.6, 19.18.16, 19.19.17, 19.58.60, 19.62.2, 
21.1.13. 

Ascorbic acid 28.1.91. 
D-Asparagine 28.1.92. 
Auramine 24.19.4. 
Aurin 24.19.5. 
Azulene 16.2.7, 18.12.2, 29.4.1. 
Benzaldehyde 29.8.5. 
Benzene 28.1.93. 
Benzenediazonium cation 21.1.14, 29.23.2, 29.24.9. 
1 ,4-Bellzenedicarboxy lic acid, dinitrile 8ee 1,4-

Dicyanobenzene 
Benzenethiolate ion 21.1.15. 
Benzidine see 4,4'-Diaminobiphenyl 
Benzoate iOIl 21.1.16. 
Benzoic acid 29.8.6. 

Benzophenone 4.2.3,18.11.1. 
Benzophenone-2-diazonium cation 19.9.1. 
l,4-BenzoQuinone 1.1.13,1.2.1,1.3.1, ??17 41917 

5.6.1,8.4.1,11.5.1,11.6.10,11.11.2,15.8.1, 

16.3.4,18.11.2,19.46.1,19.52.1,19.70.1,21.1.17, 
29.3.1,29.8.7,29.9.2,29.11.9,29.12.3,29.23.3, 
29.24.10. 

2,1,3-Benzothiadiazole-4,7-dicarbonitrile (Fig. 4) see 
OrgQue6 

N-Benzyl-3-carhamyl-py+ 9.6.1,14.3.1,14.10.21, 
14.11.1,29.30.7. 

l-Benzyl-l,4-dihydronicotinamide 21.1.18. 
Benzyldimethylamine see 

N,N-Dimethy Ibenzylamine 
Biacetyl 9.2.19, 9.3.6. 
Biphenyl 16.2.8. 
2,2' -Bipyridine, diprotonated see bpyH2

2 + 
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tj,tl'-Bipyridine, diprotonated see vioH/+ 
2,2' -Bipyridine, monoprotonated see bpyH+ 
4,4' -Bipyridine, monoprotonated see vioH+ 
2,2' -Bipyridine see bpy 
2,6-Biro::( tert- but.yl)-l ,1-benzoqllinone 21.1.19. 
3,5-Bis( tert-butyl)-i ,2-benzoquinone 21.1.20. 
N,N' -Bis(2-carboxylatoethyl)-(vi02 +) zwitterion 

21.1.21. 
2,2-Bis( 4-chlorophenyl)-1, 1 ,i-trichloroethane .'lee 

DDT 
1,4-Bis(N,N-dimethylamino)benzene 7. 7.14,4.12.5, 

4.14.69,14.8.1,14.10.22,14.11.2,14.17.1, 
14.18.3, 14.19.1, 16.2.9, 17.2.2, 17.6.2, 17.8.1, 
18.12.3, 19.2.2, 19.42.4, 19.51.3, 21.1.22. 

4,4'-Bis(N,N.dimethylamino)biphenyl 1.1.15, 4.12.6, 
4.14.70, 9.1.2, 14.6.2, 14.8.2, 14.10.23, 14.11.3, 
14.15.2, 14.16.2, 14.17.2, 14.18.4, 14.19.2, 
16.2.10,17.8.2,19.71.1,21.1.23. 

1,2-Bis(H-3-pyl)ethane dication 21.1.24. 
1,2-Bis(H-4-pyl)e~hane dication 21.1;25. 
N,N -Bis(2-hydroxyethyl)-vio2+ 19.58.61, 19.66.7, 

19.67.7, 21.1.26. 
trans-1,2-Bis(Me-2-py1)ethene dication 21.1.28. 
trans-l,2-Bis(Me-3-pyl)ethene dication 21.1.29. 
trans-l,2-Bis(Me-4-pyI)etbelle dication 21.1.27. 

N,N-Bis{4-methoxyphenyl)amine 17.8.3. 
Bis(2-naphthyl)amine 24.4.30. 
1,4-Bis(N-phenylamino)benzene 4.14.71, 9.1.3, 17.6.3, 

19.2.3, 19.24.11, 19.42.5, 19.51.4, 21.1.31. 
1,1' -Bis(phellylmethyl)-3,3' -dicarboxamide-l,l' ,4,4'-

tetrahydro-4,4' -bipyridine (Fig. 5) see 
OrgQue7 

N,N -Bis(poly-2,4-ionene )-(vio2+) polycation 
19.30.44,21.1.32. 

N,N -Bis(2-propyl)-vio2+ 21.1.33. 
1,2-Bis(4-pyridyl)ethane 21.1.34. 
trans-.l ,2-Bis( 4-pyridyl)ethene 21.1.35. 
N,N'-Bis( 4-sulfonatobenzyl)-(vio2+) zwitterion 

21.1.36. 

N,N'-Bis(2-su]fonatoethyl)-(vio2+) zwitterion 12.1.3, 
16.2.11. 

N,N -Bis(3-sulfonato-1-propyl)-(bpy2+) zwitterion 
21.1.37. 

N,N' -Bis(3-sulfonat.o-l-propyl)-3,3' -dimethyl-(bpy2+) 
zwitterion 21.1.38. 

N,N'-Bis(3-sulfonato-l-propyl)-2,2' -dimethyl-(vi02+) 
zwitterion 21.1.39. 

N,N' -Bis(3-sulfonato-l-propy])-2,2' ,6,6' -tetramethyl­
(vio2 +) zwitterion 21.1.40. 

N,N' -Bis( 1-sulfonato-2-propy l)-(vio 2+) zwitterion 
16.2.12. 

N,N -Bis(3-su]fonato-l-propyl)-(vio2+) zwitterion 
12.1.4,21.1.41,29.10.1,29.16.1,29.17.4. 

bpy 19.12.4,21.1.42. 
bpyU+ 19.14.35, 19.15.17, 19.17.49, 19.18.17, 

19.19.18, 19.58.62. 
bpyH2

2+ 19.11.38,19.14.36,19.18.18,19.19.19, 
19.58.63, 21.1.43. 

4.-Bromoaniline 17.6.4. 
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4-Bromobenzenediazonium cation 21.1.44, 29.23.4, 
29.24.11. 

4-Bromo-N,N-dimethylaniline 14.6.3, 14.8.3, 14.9.1, 
14.15.3, 14.16.3. 

Bromoform 28.1.94. 
l-Bromo-2-nitrobenzene 11.12.1. 
I-Bromo-4-nitrobenzene 16.3.5. 
a-Bromo-4-11itrotoluene 19.46.2, 19.52.2, 29.4.2. 
4-Bromophenol 21.1.45. 
3-Bromopropanoic acid see 3-Bromopropionic acid 
3-Bromopropionic acid 28.1.95. 

2,3-Butanedione sce Biacetyl 
Butanethiol 28.1.96. 
tert-Butyl alcohol 28.1.97. 
tert-Butylamine 4.14.72, 9.1.4. 
l-Butyl bromide 28.1.98. 
2-But,yl bromide 28.1.99. 
I-tert-Butyl-4-hydroxybenzene see 

4-( tert-Butyl)phenol 
Butyl iodide 18.11.3. 
1-Butyl iodide 28.1.100. 
4-( tert-Butyl)phenol 21.1.46. 
N-Butylphenothiazine 19.37.1. 
Carbon tetrachloride 16.2.13, 29.4.3. 
CDTA 28.1.101. 
CsH17CeH4(OCH2CH2)xOH (x = 9 or 10) see Triton 

X-100 
p-Ch loranil see 'I'etrachloro-l ,4-ben zoquinone 
3-Chloroaniline 7.1.12. 
4-Chlorobenzenediazonium cation 29.23.5, 29.24.12. 
2-Chlorobenzoic acid, nitrile see 

2-Chloro ben zoni trile 
2-Chlorobenzonitrile 5.2.3. 
4-Chloro-N,N-dimethylaniline 21.1.47. 
Chloroform 16.2.14. 
1-Chloronaphthalene 24.4.31. 
1-Chloro-2-nitrobenzene 11.12.2. 
l-Chloro-4-nitrobenzene 4.2.4, 5.3.12, 9.4.2, 16.3.6, 

77.6.5, 18.17.4, 21.7.48,29.4.4,29.9.3. 

4-Chlorophenol 21.1.49. 
2-Chlorop henothiazine 14.8.4, 14.11.4, 14.18.5, 

14.19.3. 
Chrysoidin 24.19.6, 28.1.102. 
Coryphosphine 24.19.7. 
Coumarin 24.19.8. 
Cresol see Methy Iphenol 
Cresyl Violet 21.1.50. 
3-Cyanophenol 2/.1.51. 
4-CyanopheIlol 21.1.52. 
trans-a-CyanostiIbene 21.1.53. 
2-Cyanothiophene see Thiophene-2-carbonitrile 
Cyclobutanecarboxylic acid 28.1.103. 
Cyclohexanecarboxylic acid 28.1.104. 

Cyc1ohexanol 28.1.105. 
Cyclohexanol-dll 28.1.106. 
Cyclohexene 28.1.107. 
Cyclopentanecarboxylic acid 28.1.108. 
Cyclopropanecarboxylic acid 28.1.109. 
Cysteine 19.69.1, 28.1.110, 29.19.6. 
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L-Cystine 28.1.111. 
DDT 29.4.5, 29.9.4. 
2,3-Diacetoxynorbornadiene 9.3.7. 
2,3-Diacetoxyquadricyclane 9.3.8. 
1,2-Diaminobenzene 4.12.7,4.14.73, 18.7.1. 
1,4-Diaminobenzene 4.12.8, 4.14.74, 18.7.2, 29.8.8. 
4.,4'-Diaminobiphenyl 4.14.75,9.1.5,21.1.54,24.19.9. 
trans-l ,2-Diaminoc.ydohexane-N,N,N' ,N' -tetraacetic 

acid see CDTA 
4,4' -Diamino-3,3' -dimethylbiphcnyl see 3,3'-

Dimethyl-4,4' -diaminobiphenyl 
1,4-Diazabicyclo[2.2.2]odane 18.12.4. 
4-Diazo-N,N-diethylaniline see 

4- (N,N-Diethy lamino )benzened iazonium cation 
1,5-Dibenzoylnaphthalene 24.4.32. 
N,N-Dibenzoyl-vio2 + 19.66.8,19.67.8. 
Dibenzylamine 4.14.76, 9.1.6. 
N,N'-Dibenzyl-vio~+ 14.3.2, 14.6.4, 14.7.1, 14.8.5, 

14.9.2, 14.15.4, 14.16.4, 14.17.3, 15.7.1, 17.2.3, 
17.6.6, 19.11.39, 19.17.50, 19.35.2, 19.58.64, 

Dibutylarn.ine 4.14.77, 9.1.7. 

Di-tert-butylbenzoquinone see 
Bis( tert-butyl)benzoquinone 

N,N -Dibutyl-bpy2+ 19.67.9. 
Di-n-butyl sulfide 28.1.112. 
N,N'-Dihutyl-vio2+ 19.21.4, 19.58.65. 
9,10-Dichloroanthracene 18.12.5. 
1 ,4-Dichloro benzene 29.4.6. 
2,5-Dichloro-l,4-benzoquinone 1.1.16. 
2,6-Dichloro-l ,4-benzoquinone 1.1.17. 
1,2-Dichloroethane 9.6.2. 
Dichloromethane 9.6.3. 
1,4-Dicyanobenzene 18.11.5. 
Dicyclohexylamine 4.14.78, 9.1.8. 
N,N'-Didodecyl-vio2 + 29.17.5. 
Diethylamine 4.14.79,9.1.9. 
4-{N, N-Diethy I amino )benzenediazon i11 m cation 

29.23.6,29.24.13,29.25.1,29.26.1. 
N,N-Diethylaniline 4.14.80, 9.1.10, 17.8.4, 19.17.51, 

19.19.20, 21.1.56, 29.8.9. 
N,N-Diethyl-bpy2+ 19.66.9, 19.67.10. 
N,N -Diethyl-1,4' -dimethyl-bpy2+ 10.66.10, 19.67.11. 

Diethyldithiocarbamate ion 21.1.57. 
0, O'-l~iethyldithiophospha.te ion 21.1.58. 
Diethylenedioxide see 1,4-Dioxane 
Diethy I fumarate 18.11.6. 
'l,l'-Diethylisocyanine cation 24.4.33, 24.19.10. 
3,3'-Diethyl-9-methylthiacarbocyanine cation 24.4.34, 

24.10.11. 

N,N' -Diethy 1-2-methyl-vio2+ 21.1.59. 
Diethylphenylamine see N,N-Diethylaniline 
Diethyl sulfide 28.1.113. 
N,N' -Diethyl-vio2 + .19.21.5, 19.58.66. 
N,N'-Diheptyl-vio2+ 21.1.60,29.15.6. 
N,N'-Dihexyl-vio2 + 19.58.67,29.17.6. 
Dihydronicotinamide adenine dinucleotide 29.30.8. 
1,4-Dihydroxybenzene 19.56.1, 19.69.2, 21.1.61, 

28.1.114,29.8.10. 
1,4-Dihydroxy-2,3,5-trimethylbenzene see Trimethyl-

1,4-dihydroxybenzene 
1,2-Dimethoxybenzene 4.14.81,9.1.11,19.24.12. 
1,4-Dimethoxybenzene 4.14.82,9.1.12, 17.2.4, 17.6.7, 

18.7.3, 18.8.1,18.13.2, 19.24.13. 
1-( N,N-Dimethy I amino )naph thalene see 

I-Naphthyldimethylamine 
4-(N,N-Dimethylamino )phenol 21.1.62. 
4-Dimet.hy laminotoluene see 

4,N,N-Trimethylaniline 
N,N-Dimethylaniline 7.1.13,7.6.2,7.7.3,9.1.13, 

14.11.5,14.17.4,15.8.2,16.2.15,17.6.8,17.8.5, 
18.12.6,19.2.4,19.3.1,19.4.1,19.5.1,19.6.1, 
19.8.1, 19.9.2, 19.17.52, 19.24.14, 19.33.1, 
19.34.1,19.35.3,19.42.6,19.51.5,21.1.63. 

3,3' -Dirnethylbenzidine see 3,3'-Dimethyl-4,4'-
diaminobiphenyl 

N,N-Dimethylbenzylamine 4.14.83, 9.1.14, 17.6.9. 
N,N -Dimethyl-3,3'-bipyridinium dication 21.1.64. 
N,N' -Dimethyl-4,4'-bipyridinium dication see 

MV2+ 
N,N'-Dirn.ethyl-hpy2+ 19.66.11,19.07.12,21.1.05, 

29.10.2. 
4,4'-Dimethyl-bpyH2

2+ 19.11.40, 19.14.37, 19.17.53, 
19.58.68,21.1.66. 

3,3'-Dimethyl-4,4'-diaminobiphenyl 1.1.18,4.12.9, 
4.14.84, 18.7.4. 

N,N -Dimethy 1-2,7-diazaphenanthrene dication 
21.1.67. 

Dimethyldibenzothiafulvalene 21.1.68. 
Dimethyl disulfide 28.1.115. 
1,2-Dimethyl-4-hydroxybenzene see 

3,4-Dirnethy lphenol 
1,1' -Dhnethyl-5,6-naphthopseudoisocyanine cation 

24.19.12. 
N,N-Dimethyl-l-naphthylamine see 

I-Naphthyldimethylamine 
1 ,2-Dimethy I-3-nitrobenzene 19.46.3, 19.52.3. 
1 ,3-Dimethy 1-2-nitrobenzene 19.52.4. 
N,N-Dimethyl-4-nitrosoanHine see 

4-NiLroso-N,N-dimethylaniline 
N,N'-Dimethyl-phen2+ 21.1.69. 
3,4-Djrndhylphenol 29.B.11. 

N,4-Dimethyl-py+ 9.6.4. 
Dimethyl sulfide 28.1.116. 
Dimethylsulfoxide see DMSO 
N,N -Dimethyl-3,3' -thio-vio2 + 21.1.70. 
N,N-Dlmelhy l-p-toluidine see 

4,N,N- Trimethylaniline 
Di-2-naphthylarnine "cc Di:s(2-naphthyl)all.lint: 
2,4-Dinitroaniline 4.2.5. 
2,4-Dinitrobenzaldehyde 4.2.6. 
1,2-Dinitrobenzelle 4.2.7,11.12.3,16.3.7,19.3.2, 

19.4.2, 19.5.2, 19.6.2, 19.8.2, 19.33.2, 19.34.2, 
19.46.4,19.52.5,19.66.12,19.67.13,21.1.71. 

1,3-Dinitrobenzene 4.2.8, 5.2.4, 5.3.13, 11.5.2, 16.3.8, 
18.11.7, 19.46.5, 19.52.6, 19.66.13, 19.67.14, 
21.1.72. 

1,4-Dinitrobenzene 5.3.14,11.12.4,18.11.8,19.3.3, 
19.4.3, 19.5.3, 19.6.3, 19.8.3, 19.9.3, 19.33.3, 
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19.34.3, 19.46.6, 19.52.7,19.66.14, 19.67.15, 
21.1.73, 29.4.7, 29.23.7, 29.24.14. 

4,,j'-DinUrobiphenyl 5.3.15,17.6.10,21.1.74. 
cis-4,4' -Dinitrostilbene 21.1.75, 29.4.8, 29.5.1. 
trans-4 ,4' -Dinitrostilbene 29.4.9. 
N,N'-Diodyl-vio2+ 21.1.76. 
N,N-Diodyl-vio2+, ~-CD complex 21.1.77. 
1,4-Dioxane 28.1.117. 
Diphenylamine 4.14.85,7.1.14,7.6.3,9.1.15,16.2.16, 

17.6.11,17.8.6,18.7.5,19.24.15,21.1.78, 
20.1.110. 

N,N-Diphenylaniline see Triphenylamine 
9,10-Diphenylanthracene cation radical 7.1.15, 

24.4.35. 
Diphenylethene see Stilbene 
Diphenyl k~.tone see Benzophenone 
Diphenylmethanol 16.2.17. 
Diphenylmethylamine 7.1.16. 
Diphenylmorpholinoe1.hane derivatives see OrgQuel1 

and OrgQue.l2, Fig. 7 
N,N'-Diphenyl-l,4-phenylenediamine see 1,4-Bis(N-

pheny lamino) benzene 
3,4-Diphenyl-sydnone 21.1.79. 
Dipropylamine 4.14.86, 9.1.16. 
N,N'-Dipropyl-bpy2+ 19.66.15, 19.67.16. 
Di-n-propyl sulfide 28.1.119. 
N,N'-Dipropyl-vio2+ 29.17.7. 
Diquat see Dq2+ 
1,3-Dithiane 28.1.120. 
1,4-Dithiane 28.1.121. 
DMSO 21.1.80. 
DQ2+ 17.6.12,19.11.41,19.14.38,19.17.54,19.18.19, 

19.19.21,19.58.69,21.1.81,29.10.3. 
Duroquinone .'lee Tetramcthy 1-1,4-benzoquinone 
EDTA 19.24.16,28.1.122,29.15.7,29.17.8,29.22.1. 
Eosin 24.4.36. 
Erythrosin 24.4.37. 
Ethanol 28.1.123. 
Ethanol, protonated 26.1.1. 
4-Ethoxyphenol 21.1.82. 
l~t.hy 1 bromide 28.1.124. 
N-gthyl-4-( tert-hutyl)-py+ 9.6.5. 
N-Ethyl-3-carbamyl-py+ 14.3.3, 14.8.6, 14.10.24, 

14.15.5. 
N-Ethyl-4-carbamyl-py+ 9.6.6, 14.8.7, 14.10.25, 

14.11.6,14.15.6,14.16.5,14.17.5. 
N-Ethyl-4-carbomethoxy-py+ 14.3.4, 14.6.5, 14.7.2, 

14.9.3, 14.10.26, 14.16.6, 14.17.6. 
N,N'-gthylene-2,2' -bipyridinium dication see 

DQ2+ 

Ethy lenediaminetetraa.cetic acid see EDTA 
N,N' -Ethylene-3,3'-dimethyl-bpy2+ 21.1.83. 
N,N'-EthyJene-4,4'-dimethyl-bpy2+ 19.11.42, 

19.17.55, 19.66.16, 19.67.17,21.1.84. 
N,N'-Ethylene-5,5'-dimethyl-bpy2+ 21.1.85. 
N,N'-gthylene-6,6'-dimethyl-bpy2+ 21.1.86. 
N,N'-Ethylene-O-ethyJ-b py2+ 21.1.07. 

N,N'-Ethylene-6-metlIyl-bpy2+ 21.1.88. 
N,N'-Ethylene-phen2+ 21.1.89. 
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Ethylene sulflde 28.1.125. 
l-Ethy 1-4-hydroxybenzene see 4-Ethylphenol 
Et.hyl iodide 28.1.126. 
N-Ethylphenazinium cation 19.71.2. 
4-Ethylphenol 21.1.90. 
N-Ethyl-py+ 9.6.7. 
2-Ethylthiophene 28.1.127. 
Ethylxanthate ion 21.1.91. 
Fluorene 7.5.2, 24.19.13. 
9-Fluorenone 6.1.4, 24.4.38. 
l-Fluol"o-4-nltrobcIlZiene 16.3.9, 21.1.92. 

3-FllIorophenol 21.1.93. 
4-Fluorophenol 21.1.94. 
Formic acid 28.1.128. 
Fuchsin 24.4.39, 24.19.14. 
L-Glutamine 28.1.129. 
Heteropentalenes see OrgQuel to OrgQue5, Fig. 3 
lIexachlorobenzene 5.2.5, 29.4.10, 29.9.5. 
Hexachloroetha.ne 29.4.1', 29.9.6. 
N,N' ,2,2' ,B,B' -Hexa.methyl-vio2+ 21.1.95. 
Histidine 28.1.130. 
1-(H-3-pyl)-2-(H-4.-pyl)dha.ne dication 21.1.96. 
Hydroquinone see 1,4-Dihydroxybenzene 
4-Hydroxyacetophenone see 4-Acetylphenol 
Hydroxyaniline .see Aminophenol 
Hydroxyanisole see Methoxyphenol 
4-Hydroxybenzoic acid 21.1.97. 
Hydroxybenzoic acid, nitrHe Bee Cyanop}leno] 
4-Hydroxyhipheny121.1.98, 
4-Hydroxy- N,N-dimethylanilille se e 

4-(N,N-Dirnethylamino)phenol 
Hydroxynnphthnlene see Naphthol 

2-Hydroxy-2-propyl radical 29.19.7. 
Hydroxy toluene see Methylphenol 
2-Hydroxy-l,3,5-trimethylbenzene see 2,4,6-

'.l'rimethyJphenol 
Imidazole 21.1.99. 
Iodobutane see Butyl iodide 
lodomethane see Methyl iodide 
1-lodo-4-nitrobenzene 19.66.17, 19.67.18. 
4-Iodophenol 21.1.100. 
Isoleucine 28.1. 131 . 
Lactic add 28.1.132. 
DL-Leucine 28.1.133. 
MagdaJa Red 24.4.40,24.19.15. 
trans-l-(Me-2-py 1)-2-(Me-3-pyl)ethene dica.tion 

21.1.102. 
trans-l-(Me-3-pyl)-2-(Me-4-pyl)ethene dication 

21.1.101. 
2-MercapLobcuzoic acid 21.1.103. 

2-Mercaptoethanol 29.10.4. 
4-Mercaptopyridine 21.1.104. 
Methanol 28.1.134. 
Methanol-d1 28.1.135. 
Methanol-da 28.1.136. 
Methanol-d4 28.1.137. 
DL-MeLliiuuiut: 28.1.138. 

4-Methoxyaniline 21.1.105. 
4-Methoxy benzenediazonium cation 21.1.106, 29.23.8, 
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29.24.15,29.25.2,29.26.2. 
4-Methoxy-N,N-dimethylaniline 14.10.27, 14.11.7, 

14.17.7,14.18.6,14.19.4,15.8.3,21.1.107. 
4-Methoxydithiobenzoate ion 21.1.108. 
2-Methoxynaphthalene 24.4.41. 
I-Methoxy-2-nitrobenzene 18.11.9. 
I-Methoxy-4-nitrobenzene 5.2.6, 11.3.1, 19.46.7, 

19.52.8, 29.3.2, 29.4.12, 29.9.7. 
3-Methoxyphenol 21.1.109. 
4-Methoxyphenol 21.1.110. 
3-Met,hoxyphenothiazine 14.11.8, 14.18.7, 14.19.5. 
N-Methyl-4-acetoxy-py+ 9.6.8. 
N-Methyl-4-acetyl-py+ 21.1.111. 
N-Methylaniline 4.14.87,9.1.17,21.1.112. 
4-11ethylbenzenediazonium cation 21.1.113, 29.23.9, 

29.24.16,29.25.3,29.26.3. 
Mpt.hyl-1,4,-hpn7.0f]Hlnnnp 13.?,21.1.114. 
N-Methyl-3-carbamyl-py+ 9.6.9, 14.3.5, 14.10.28. 
N-Methyl-4-carbamyl-py+ 14.3.6, 14.15.7, 14.17.8, 

19.27.1, 19.28.1, 19.55.1. 
N-Methyl-4-carbomethoxy-py+ 14.6.6, 14.7.3, 14.8.8, 

14.9.4,14.10.29,14.11.9,14.15.8,14.17.9, 
17.6.13,18.12.7,19.71.3,21.1.115. 

N-Methyl-d-carboxybto-(py+) zwiu'prl0n ?1.1.11fi. 

N-Methyl-4-carboxy-py+ 21.1.117. 
N-Methyl-4.,.cyano-py+ 9.6.10, 14.3.7, 14.6.7, 14.7.4, 

14.8.9, 14.9.5, 14.10.30, 14.11.10, 14.15.9, 
14.16.7,14.17.10,17.6.14,19.71.4,21.1.118. 

N-Methyl-N' -hexadecyl-vio2 + 21.1.119. 
2-Mcthyl-2-hydroxypropyl radical 29.19.8. 
Methyl iodide 4.2.9, 28.1.139. 
N-Methy]-2-methoxy-py+ 9.6.11. 
N-Methylnicotillarnide 18.12.8. 
Methyl3-nitrobenzoate 19.66.18,19.67.19,21.1.120. 
Methyl 4-nitrobenzoate 18.11.10, 19.66.19, 19.67.20, 

21.1.121. 
3-Methylphenol 21.1.122. 
4-Methylphenol 21.1.123. 
N-Methylphenothiazine 14.9.6, 14.15.10, 14.16.8, 

14.17.11, 14.18.8, 14.19.6, 16.2.18, 17.6.15, 
17.8.7,21.1.124. 

Methylphenylamine see N-Methylaniline 
3-Methyl-4-phenyl-sydnone 21.1.125. 
N-Methyl-N'-[(3S)-(·- )-3-pinanylrnethyl]-vio2+ 21.2.1, 

21.3.1. 

N-Methyl- N'-(poly-2,4-ionene )-(vio2+) polycation 
19.30.45,21.1.126. 

2-Methyl-2-propanol see tert-Butyl alcohol 
N-Methylpyraziniurn cation 21.1.127. 
cis-u-Me1.hy Istilbene 15.4.1. 
trans-u-Methy lstilbene 15.4.2. 
N-Met,hyl-N'-tetradecyl-vio2 + 21.1.128, 29.17.9. 
Methylthioacetonitrile 28.1.140. 
Methyl thiocyanate 28.1.141. 
N-Methyl-vio + 21.1.129. 
N-Methyl-vioH 2 + 21.1.130. 
Methylviologen 
Metronidazole 
Misonidazole 

see MV2 + 
29.24.17. 

29.24.18. 

Morin 24.4.42. 
MV2+ 1.1.19, 5.3.16, 8.2.1, 8.5.1, 9.2.20, 9.4.3, 

9.6.12,11.6.11,11.8.1,11.9.1,11.10.1,14.6.8, 
14.7.5,14.8.10,14.9.7,14.10.31,14.11.11, 
14.15.11,14.16.9,14.17.12,15.4.3,15.6.4,15.7.2, 
16.1.11,16.2.19,16.3.10,17.2.5,17.6.16,18.12.9, 
18.15.1, 18.16.1, 18.17.1, 19.2.5, 19.4.4, 19.5.4, 
19.8.4,19.9.4,19.10.1,19.11.43,19.14.39, 
19.17.56, 19.23.2, 19.24.17, 19.25.1, 19.29.1, 
19.30.46, 19.31.2, 19.32.2, 19.33.4, 19.34.4, 
19.35.4, 19.40.1, 19.42.7, 19.44.3, 19.45.1, 
19.51.6,19.53.1,19.54.1,19.57.1,19.58.70, 
19.66.20,19.67.21,19.71.5,19.72.1,22.1.1, 
25.1.3,25.2.2,25.3.1,29.7.1,29.10.5,29.11.10, 
29.15.8,29.17.10,29.19.9,29.21.4,29.22.2, 
29.24.19, 29.27.1,29.28.2, 29.29.1. 

Napht.hacene 4.2.10, 15.1.5,29.4.13. 
Naphthacene cation radical 7.1.17,24.4.43. 
Naphthacene, protonated 7.1.18, 24.4.44. 
Naphthalene 7.5.3,16.2.20,17.7.1,24.4.45,24.15.9, 

29.8.12. 
I-Naphthoic acid 24.4.46. 
I-Naphthol 29.8.13. 
2-NaJlht,hol ?R.1.142. 

1,2-Naphthoquinone 21.1.131. 

1,4-Naphthoquinone 1.3.3,8.4.2,11.7.1,21.1.132, 
29.8.14,29.11.11. 

Naphthoquinone sulfonate 29.12.4. 
I-Naphthylacetic acid 24.4.47. 
Naphthylamine see Aminonaphthalene 
2-Naphthyl benzoate 24.4.48. 
l-Naphthyldirnethylarnine 21.1.133. 
2-Naphthyl diphenyl ketone 24.4.49. 
l-Naphthylphenylamine 21.1.134. 
2-Naphthylphenylamine 21.1.135,24.4.50. 
New Fuchsin 24.4.51, 24.19.16. 
Nicotinamide 18.12.10. 
Nicotinamide adenine dinuc1eotide anion 29.30.10. 
Nicotinamide adenine dinucleotide phosphate triall-

ion 29.30.9. 
Nile Blue A 21.1.136. 
Nitrilotriacetate ion 19.37.2. 
2-Nitroaniline 11.12.5, 18.11.11. 
3-Nitroaniline 11.12.6. 
1 Nitroanilinc -1.2.11,5.2.7,18.11.12,20.3.3, 2D.1.1-1. 

29.9.8. 
Nitroanisole see Methoxynitrobenzene 
9-Nitroanthracene 29.4.15. 
2-Nitrobenzaldehyde 4.2.12, 19.66.21, 19.67.22. 
3-Nitrobenzaldehyde 16.3.11,17.6.17,18.11.13, 

19.66.22, 19.67.23, 21.1.137. 
4-Nit.robenzaldehyde 16.3.12, 17.6.18, 19.66.23, 

19.67.24,21.1.138,29.4.16. 
4-Nitrobenzamide 19.46.8, 19.52.9. 
Nitrobenzene 4.2.13,5.2.8,5.3.17,9.4.4,11.2.1, 

11.3.2,11.5.3,11.6.12,16.3.13,18.11.14, 
21.1.139,29.3.4,29.4.17,29.18.1,29.19.10, 
29.23.10, 29.24.20. 

4-Nit;robellzoate ion 21.1.140. 
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4- Nit,robenzoic acid, amide see 4-Nitrobenzamide 
Nitrobenzoic add, nitrile see Nitrobenzonitrile 
3-Nitrobenzonitrile 16.3.14. 
4-Nitrohenzonitrile 16.3.15. 
4-Nitro-bpy 19.12.5,21.1.141. 
Nitromethane 29.23.11, 29.24.21. 
trans-4-Nitro-J3-methyJstHbene 29.4.18. 
l-Nitronaphthalene 11.12.7, 24.4.52. 
l-Nitro-4-nitrosobenzene 21.1.142. 
4-Nitroso-N,N-dimethylaniline 19.66.24, 19.67.25. 
cis-4-Nitrostilbene 11.1.1,11.2.2,11.3.3,29.1.1, 

29.2.1, 29.3.5, 29.4.19, 29.5.2. 
trans-4-Nitrostilbene 29.3.6, 29.4.20. 
2-Nitrotoluene 4.2.14. 
3-Nitrotoluene 19.46.9, 19.52.10. 
4-Nitrotoluene 5.2.9, 11.3.4, 16.3.16, 17.6.19, 

19.46.10,19.52.11,21.1.143,29.3.7.29.4.21, 
29.9.9. 

Norbornadiene 5.1.1, 9.3.9. 
OrgQuel 21.1.144. 
OrgQue2 21.1.145. 
OrgQue3 21.1.146. 
OrgQue4 21.1.147. 
OrgQue5 21.1.148. 
OrgQue6 21.1.149. 
OrgQue7 21.1.150. 
OrgQue8 21.1.151. 
OrgQue9 19.9.5, 21.1.152. 

OrgQuel0 21.1.153. 
OrgQuel1 19.7.1. 
OrgQue12 19.7.2. 
OrgQue13 11.7.2. 
OrgQue14 11.7.3. 
Oxalic acid 28.1.143. 
Oxazine 1 21.1.154. 
Paraquat see MV2+ 
Pentamethylene sulfide 28.1.144. 
Pent-4-enoic acid 28.1.145. 
Perylene 5.4.1, 15.1.6, 29.4.22. 
Peryielle cation radical 7.1.19, 24.4.53. 
Phenanthrene 24.19.17. 
9,10-Phenanthrenequinone 1.3.4,4.2.15, 16.3.17, 

21.1.155. 
1,10-Phenanthroline, diprotonated Bee phenH2

2+ 
1,JO-Phenanthroline, monoprotonated see phenH+ 
9,10-Phenanthroquinone see 

9,10-Phenanthrenequinone 
Phenazine 24.4.54. 
plu>nT-T+ 19 11 44, 1914_40, 19_1R20, 19_5R71, 

21.1.156. 
phenH2

2+ 19.11.45,19.18.21,19.58.72,21.1.157. 
Phenol 21.1.158,28.1.146,29.8.15. 
Phenosa.rranine 24.4.55. 
Phenothiazine 1.1.20,14.6.9,14.8.11,14.9.8, 

14.10.32, 14.15.12, 14.16.10, 14.17.13, 14.19.7, 
17.8.8, 19.2.6, 19.24.18, 19.42.8, 19.51.7, 
21.1.159. 

Phenothiazine, polymeric see PolyPTZ, Fig. 10 
Phenoxathiin 14.6.10, 14.9.9. 
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L-Phenylalanine 28.1.147. 
N-Phenylaniline see Diphenylamine 
Phenylenediamine see Diaminobenzene 
cis-l-Phenyl-2-(Me-4-pyl)ethene cation 21.1.160. 
cis-l-Phenyl-2-(2-naphthyl)ethene 4.14.88. 
trans-l-Phenyl-2-(2-naphthyl)ethene 4.14.89. 
N-Pheny Ipheny lenediamine see 

N-(4-Aminophenyl)anilille 
trans-i-Pheny 1-2-{2-pyridyl)ethene 21.1.161. 
trans-l-Phenyl-2-( 4-pyridyl)ethene 21.1.162. 
3-Phenyl-sydnone 21.1.163. 
Polymeric phenothiazine see PolyPTZ, Fig. 10 
Polymeric viologens see PolyVioi to PolyVio14, Figs. 

11 to 17 
Poly PTZ 19.43. 1. 
Poly Viol 21.1.164. 
PolyVio2 21.1.165. 
PolyVio3 29.17.11. 
PolyVio4 29.17.12. 
PolyVio5 29.17.13. 
PolyVio6 29.17.14. 
PolyVio7 29.17.15. 
Poly VioS 29.17.16. 
PolyVio9 29.17.17. 
PolyViolO 19.30.47,21.1.166. 
PolyVioll 19.30.48,21.1.167. 
PolyVio12 19.30.49,21.1.168. 
PulyViu13 19.30.50,21.1.109. 

PolyVio14 21.1.170. 
Propanethiol 28.1.148. 
2-Propanol 16.2.21,28.1.149. 
2-PropaIlol-2-d 28.1.150. 
Propeno1c acid amide see Acrylamide 
1-Propyl bromide 28.1.151. 
2-Propyl bromide 28.1.152. 
1-Propyl iodide 28.1.153. 
2-Propyl iodide 28.1.154. 
2-Propylthiophene 28.1.155. 
py 5.2.10,21.1.171. 
pyH+ 21.1.172. 
Pyrazinecarboxylic acid 21.1.173. 
Pyridine, protonated see pyH+ 
Pyridine see py 
Quadricyclane 9.3.10. 
Quercetin 24.4.56. 
Quinone see 1,4-Benzoquinone 
Rhodamine 101 21.1.174. 
Rose Bengal 24.4.57. 
Hutin 24458. 

Safranine T 24.4.59, 24.19.18. 
Serine 28.1.156. 
cis-Stilbene 15.4.4, 15.8.4, 16.4.1. 
Stilbenediazonium cation derivatives see OrgQue8 to 

OrgQuel0, Fig. 6 
trans-Stilbene 15.4.5, 15.8.5, 16.4.2, 17.1.2, 17.7.2, 

18.12.11,21.1.175. 
Tetrabutylammonium bromide· 4.2.16. 
Tef;rabutylammonium iodide ~.2.17. 

Tetracene see Naphthacene 
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1,2,4,5-Tetrachlorobenzene 29.4.23. 
Tetrachloro-l,2-benzoquinone 21.1.177. 
Tetradlloro-l,4-benzoquinone 1.1.21, 18.11.15, 

21.1.176,29.11.12,29.14.1. 
Tetra,chloromethane see Carbon tet.rachloride 
Tetracyanoethene 12.1.5, 16.3.18, 17.6.20, 19.3.4, 

19.4.5, 19.5.5, 19.6.4, 19.8.5, 19.33.5, 19.34.5, 
21.1.178. 

TetracyanoethyJene see Tet.racyanoethene 
N,N,N' ,N' -Tetrarnethy Ibenzidine see 

4,4'-13is(N,N-dimethylamino )hiphenyl 
Tetramethyl-l,4-benzoquinone 1.3.5,21.1.179, 

29.8.16, 29.18.2, 29.23.12, 29.24.22. 
N,N-(Tetramethylene)-bpy2+ 19.11.46,21.1.180, 

29.10.6. 
N,N' -(Tetramethy lene )-4,.1'-dimethy l~bpy2+ 

21.1.181. 
N,N'-{Tetramethylene)-phen 2+ 21.1.182. 
Tetramcthylene sulfide 28.1.157. 
2,2,6,6-Tetramethyl-4-oxopiperidine-l-oxyl radical (Fig. 

8a.) see OrgQue13 
N,N,N' ,N'-Tetramethyl-l,4-phenylenediamine see 

1 ,4~Bis(N,N-dimethy lamino )benzene 
2,2,6,6-Tetramethylpiperidine-l-oxyl radical (Fig. 8b) 

see OrgQue14 
N,2,3,6-Tetramethyl-py+ 9.6.13. 
N,2,4,6- Tetramethyl-py + 9.6.14. 
N,N' ,2,2'-Tetramethyl-vio2 + 21.1.183. 

N,N ,3,3'-Tetramethyl-vio2+ 21.1.184. 
Tetrathiafulvalene 21.1.185,29.19.11. 
Thiofuran see Thiophene 
Thiolacetic acid 28.1.158. 
Thiophene 28.1.159. 
Thiophelle-2-carbonitrile 28.1.160. 
Thiophenolate ion see Benzenethiolate ion 
ThiosalyciJic acid see 2-Mercaptobenzoic acid 
Threonine 28.1.161. 
o-Tolidine 
Toluene 

see 3,3'-Dimethyl-4,4'-diaminobiphenyl 
16.2.22. 

Toluquinone see Methyl-l,4-benzoquinone 
Tributylamine 4.14.90, 9.1.18. 
Trichloromethane see Chloroform 
Triethanolamine 17.5.1, 19.24.19, 19.25.2, 19.26.2, 

19.69.3,21.1.186,29.17.18. 
Triethylamine 4.14.91,9.1.19,16.2.23,17.3.1,17.4.1, 

19.9.6. 

3,3' ,9-Triethy 1-5,5'-dichlorothiacarbocyanine cation 
24.4.60, 24.19.19. 

Triethylenediamine see 
1,4~Diazabicyclo[2.2.2]octane 

4-(Triethylphosphonio)-bpy cation 19.12.6,21.1.187. 
Triet,hyl-2,2' ,2"-trihydroxyamine see Triethanohl.In 

ine 

2-(Trilluoromethyl)phenothiazine 14.8.12. 
1,2,3-Trimet.hoxybenzene 4.14.92, 9.1.20, 19.24.20. 
1,2,4-Trimethoxybenzene 4.14.93, 9.1.21, 18.8.2, 

18.13.3, 18.14.1, 19.24.21. 
1,3,5-Trimethoxybenzene 4.14.94, 18.7.6, 18.8.3, 

19.24.22. 
4,N,N-Trimethylaniline 14.17.14, 16.2.24, 17.2.6, 

17.6.21, 17.8.9, 19.2.7, 19.17.57, 19.19.22, 
19.24.23, 19.42.9, 19.51.8, 21.1.188. 

Trimethyl~l ,4-benzoquinone 21.1.189. 
1,2,3-Trimethyl-5,6-dicyanonorbornadiene 21.1.190. 
Trimethyl~1,4-dihydroxybenzene 21.1.191. 
N,N'-(Trimethylene )-4,4'-bis{4-sulfonatophenethy 1)-

(bpy2+) zwitterion 21.1.192. 
N,N'-(Trimethylene)-bpy2+ 19.58.73, 21.1.193, 

29.10.7. 
N,N -(Trimethylene)-4,4'-dimethyl-bpy2+ 21.1.194. 
N,N-(Trimetbylene)-4,7-dimethyl-phen 2+ 21.1.195. 
N,N'-(Trimethylcne )-4,4'-diphenethyl-bpy2+ 

21.1.196. 
N,N'~(Trimetltylene)-4,7-djphenyl-phen2+ 21.1.197. 
N,N'-(Trimethylene)~5-ITlethoxy-bpy2+ 21.1.198. 
N,N'-(Trimethylene)-6-methyl-bpy2+ 21.1.199. 
N,N'-(Trimethylene)-phen2+ 17.6.22,21.1.200. 
Trimethylene sulfide 28.1.162. 
N,N'-(Trimethy lene )-4,4' ,5,5'-tetramethyl-bpy2+ 

21.1.201. 
N,2,6-Trimet.hyl-4-methoxy-py+ 9.6.15. 
2,4,6-Trimethylphellol 21.1.202. 
N,2,()-Trimethyl-py+ 9.6.16. 
1,3,5-Trimethyl-2,4,6-trinitrobenzene 11.12.8. 
N,N' ,2-Trimethyl-vio2 + 21.1.203. 
Trinitrobenzene 11.5.4. 

2,4,7~Trinitro-9-fluorenolle 8.3.2, 29.11.13. 
Trinitromesitylene see 1,3,5-Trimethyl-2,4,6-

trinitrobenzene 
Triphenylamine 4.12.10, 4.14.95, 7.1.20, 7.5.4, 

9.1.22,14.6.11,14.9.10,14.15.13,14.16.11, 

16.2.25, 17.6.23, 19.4.6, 19.5.6, 19.24.24, 
19.42.10,19.51.9,21.1.204. 

Tris(4~bromophenyJ)a.IIlille 14.6.12. 
Triton X-100 28.1.163. 
Tryphaflavill 24.19.20. 
L-Tryptophan 28.1.164. 
Tyrosine 2R 1. 165. 

DL-Valine 28.1.166. 
viol·{+ 21.1.205. 
vioH2

2+ 21.1.206. 
Vioiogens, polymeric see PolyViol to PolyVio14, 

Figs. 11 to 17 
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