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Rate Constants for the Decay and Reactions of the Lowest Electronically
Excited Singlet State of Molecular Oxygen in Solution. An Expanded
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An expanded and revised compilation on the reactivity of singlet oxygen, the lowest
electronically excited singlet state of molecular oxygen, 10;‘(1Ag), in fluid solution is
presented, which supersedes the publication of Wilkinson and Brummer, J. Phys. Chem.
Ref. Data 10, 809 (1981). Rate constants for the chemical reaction and physical
deactivation of singlet oxygen available through 1993 have been critically compiled.

Solvent deactivation rates (k;) are tabulated for 145 solvents or solvent mixtures and
second-order ratc constants for intcraction of singlet oxygen with 1915 compounds arc
reported. ©1995 American Institute of Physics and American Chemical Society.
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quenching; rate constants; singlet oxygen; solution.

1. Infroduction. ... ......... ..
2. Sources of Singlet Oxygen in Solution...........
2.1. Direct Absorption by O, (3, ). .vonnnnnn.

2.2. Production Following Absorption into
0,¢ 3., ): Organic Molecule Charge-Transfer

2.3. Photosensitized Production. ................
2.4. Sensitized Production by Pulsed Radiolysis. . .
2.5. Microwave Generation of Singlet Oxygen. . ..
2.0. Chemical Production of Singlet Oxygen. .....
3. Methods for the Direct Study of the Kinetics of
the Reactions-of Singlet Oxygen................
3.1. Luminescence Decay—Time Resolved
Infrared Luminescence. ...................
3.2. Time Dependent Thermal Lensing due to
Singlet Oxygen Decay. ..........c.conn..
3.3. Time Dependent Acceptor Disappearance. . . . .
3.3.1. Following Pulsed Excitation of a
Sensitizer. ............ ... oLl
3.3.2. Following Pulsed Excitation of
Solutions Containing High Pressures of

Contents
664 3.4. Kinetic Analysis to give the Decay of Singlet
665 Oxygen by Monitoring the Decay of Triplet
665 B-carotene Produced by Energy Transfer
from Singlet OXygen. ........cccoveveren...
4. Methods for Obtaining Kinetic Information from
665 Studies using Continuous Irradiation i.e., Under
665 Photostationary State Conditions. .. .............
666 4.1. Luminescence Intensity Quenching..........
4.2. Monitoring Sensitized Photo-oxidations by
666 :
667 Consumption of Reactants or Appe.a.rance of
Products Under Steady-State Conditions......
4.2.1. Sensitized Photo-oxygenation of a
667 Single Substrate A..................
4.2.2. Photo-Auto-Oxygenation of a Single
667 Substrate A .....vviriiiiiiaaa
4.2.3. Sensitized Photo-oxygenations of a
667 Substrate A in the Presence of a
667 Second Substrate A" which also Reacts
with Singlet Oxygen.................
667 4.2.4. Sensitized Photo-Oxygenations of a
: Substrate A’ in the Presence of A=Q,
a Physical Quencher
668 of Singlet Oxygen. ..................

©1995 by the U.S. Secretary of Commerce on behalf of the United States.
This copyright is assigned to the American Institute of Physics and the

American Chemical Society.
Reprints available from ACS; see Reprints List at back of issue.

4.2.5. Sensitized Photo-Oxygenation of a
Substrate A’ in the Presence of A=Q,
a Quencher of Both Singlet Oxygen
and the Sensitizer Triplet.............

4.2.6. Separation of k; and kg ..............



664

5. Kinetic Analysis for Oxygenation by Singlet
Oxygen Generated by Chemical Reaction,
by Microwave Discharge, or by Direct Laser
Excitation. ....... ...t
5.1. When Singlet Oxygen is Produced
Chemically.............cooiiii i,
5.2. When Singlet Oxygen is Produced by
Microwave Discharge in the Gas Phase.......
5.3. When Singlet Oxygen is Produced by Direct
CW Laser Excitation of Oxygen............
6. First Order Rate Constants for the Decay of
Singlet Oxygen in Various Solvents—Comments
onTable 1....... ... i,
7. Second Order Rate Constants for Reactive and
Physical Quenching of Singlet Oxygen by
Various Substrates—Comments on Table 2-17....
7.1. Scope of the Compilation. .................
7.2. Arrangement of Tables....................
721.80kvent .. e
7.2.2. Rate Constants (k) and Beta (ky/k)
Values. . ......cooiii i
7.2.3. Temperature. . .. vvvneeiennnennenn.
724. Method................... ... oL

8. Mechanism of Quenching....................

9. List of Abbreviations and Symbols............
10. Acknowledgements.........................
11. References to TeXt.........ccuviiinrnvnnennn.
12. Referencesto Tables........................
13. Molecular Formula Index. ...................
14. Chemical Name Index......................

List of Tables

1. Decay constants for singlet oxygen in various
SOIVEDMS. ..ot e
" 2. Rate constants for interaction of singlet oxygen
witholefins. . ... i,
3. Rate constants for interaction of singlet oxygen
with aromatic substrates......................
4. Rate constants for interaction of singlet oxygen
with phenols and naphthols...................
5. Ratc constants for intcraction of singlet oxygen
with furans, pyrans and other heterocyclic
OXygen COmPpOoUnds. . .....ouovunnrnnninnnnnnn.
6. Rate constants for interaction of singlet oxygen
with pyrroles, oxazoles, pyridines and other
heterocyclic nitrogen compounds. .............
7. Rate constants for interaction of singlet oxygen
with porphyrins, phthalocyanines and
polypyrroles. . . ... .. i
8. Rate constants for interaction of singlet oxygen
with aliphatic and alicyclic amines.............
9. Rate constants for interaction of singlet oxygen
with aromatic amines. . ......................
'10. Rate constants for interaction of singlet oxygen
with amino acids, peptides and proteins. ........

WILKINSON, HELMAN, AND ROSS

11. Rate constants for interaction of singlet oxygen

with diazo compounds and dyes............... 840
12. Rate constants for interaction of singlet oxygen

with metal complexes. ...................... 858
13. Rate constants for interaction of singlet oxygen -

with sulfur, selenium and tellurium compounds... 875
14. Rate constants for interaction of singlet oxygen

with some inorganic compounds. .............. 893

15. Rate constants for interaction of singlet oxygen
with oximes, hydrazones, nitrones, nitroso

compounds and N-oxides..................... 898
16. Rate constants for interaction of singlet oxygen

with some compounds of biological interest. . . .. 904
17. Rate constants for interaction of singlet oxygen

with miscellaneous substrates. . . . . U 911

1. Introduction

Reactions of singlet oxygen 105"(1Ag), are of much cur-
rent interest because of their importance in many photooxi-
dations of chemical and biological systems including reac-
tions used in photo-chemotherapy. There is strong evidence
for the involvement of singlet oxygen, a powerful oxidant, in
many photosensitized oxidations, photodynamic inactivation
of viruses and cells, in phototherapy for cancer, in photocar-
cinogenisis, in the photodegradation of dyes and polymers
and in the dye sensitization of the photodegradation of poly-
mers. [See Refs. 1-7 and references therein].

The ground electronic state of molecular oxygen, which
has zero angular momentum about the internuclear axis and
contains two unpaired p electrons, has the group theoretical
symbol 32;. The two electronically excited singlet states
which arise from this same electron configuration but with
spin pairing of the two electrons are the 1Ag and the IE;
states which lie at 94 and 157 kJ mol ™%, respectively, above
the *Z " ground state. The electronic transitions 'A >3
and 12; <—3E; although highly forbidden are readily
observed in absorption and emission in the upper atmosphere
with zero—zero transitions at 1,269 and 762 nm and esti-
mated radiative lifetimes of 64 min and 10 s, respectively.g’9
The measured lifetimes in the gas phase and in solution are
very much shorter than this. In condensed media, the lifetime
of 10 (]2;L ) is short, 130 ns in carbon tetrachloride, and
until recently very little was known about its propcrtio:s,10
and thus the term singlet oxygen is used throughout this
review to refer to the 'A, state.

In 1981 we published a critical comprehensive compila-
tion which reported first order decay constants for 50 sol-
vents and second order rate constants for deactivation and
chemical reaction of singlet oxygen with 690 different com-
pounds. This article updates and replaces our 1981 article.” Tt
uses identical equation numbers and symbols wherever pos-
sible as did our recent c_:ornpilation,(’ “Quantum Yields for
the Photosensitized Formation of the Lowest Electronically
Excited Singlet State of Molecular Oxygen in Solution.” It
covers the literature up to the end of 1993 and includes sol-
vent deactivation rates (k4) for 145 solvents and solvent mix-
tures and rate constants for chemical reaction and physical
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deactivation of singlet oxygen with over 1,900 different
compounds.

2. Sources of Singlet Oxygen in Solution
2.1. Direct Absorption by 0, (3% )

Generation of 105 (1A o) by direct absorption has been ac-
complished by irradiation with Nd:YAG lasers of Freon so-
lutions subjected to high pressures of O,, by Matheson and
Lee'’'® and also by Evans'* using the simultaneous transi-
tion 2 0,3, *3,)—2 05(*A,, 'Ap). In addition Singh
et al’® have shown that it is also possible to produce
105 (*A,) by irradiation of aerated water at 600 nm via vi-
brationally excited water with a yield of ~3X107°, i.e.,

I v(IR) O
Water — Water(vib)* —105 (*A,).

2.2. Production Following Absorption into O,
(329‘): Organic Molecule Charge-Transfer Bands

The perturbing effect of dissolved oxygen on the uv/vis
absorption spectra of organic molecules is a well known phe-
nomenon first studied in detail by Evans'® and subsequently
discussed by Mulliken!” and others.!® The additional absorp-
tion bands observed include enhanced absorption of the low-
est energy transition in the organic molecule, M, which cor-
responds to the Sy — T, transition of the organic molecule in
intimate contact with an oxygen molecule. More intense ab-
sorption is also often observed at shorter wavelengths which
is attributed to CT transitions within 3(M..O,) contact com-
plexes, viz,

M+30,—3(M...0,) +hv—3(M*...0;).

This effect is easily observed by comparing the abéorption
spectra of liquid aromatic hydrodrocarbons such as benzene,

toluene, or o-, m-, or p-xylenes saturated with oxygen and in
the absence of dissolved oxygen. The oxygen induced red
shift observed, which is reversible when the oxygen is re-
moved, has been assigned to charge transfer absorption. This
assignment is supported by the broad structureless appear-
ance of the bands. Scurlock and Ogilby'>® have demon-
strated that irradiation of 02(3Eg" ):organic. molecule charge-
transfer bands produces singlet oxygen with relatively high
yields. Picosecond laser flash photolysis studies have been
carried out in attempts to understand the mechanism in-
volved. 2!

2.3. Photosensitized Production

The method most frequently used for producing singlet
oxygen in the laboratory is photo-sensitization (see Scheme
1). Both continuous irradiation and pulsed excitation studies
have made much use of this method of production which
also frequently occurs in nature. In this mechanism {Scheme
1) the lowest excited singlet and triplet states. of the sensitiz-
crs arc represented as Sq, and Ty, respectively, and the
ground electronic state by Sy. Any substrate which deacti-
vates singlet oxygen by physical or chemical quenching is
represented in Scheme 1 by M. However, when quenching is
known to be mainly by chemical reaction we shall use A to
represent a reactive substrate and if a second reactive sub-
strate is employed A’ will be used. When the molecule is
known to be a physical quencher with negligible reaction. Q
will be used in place of M. The singlet oxygen sensitizer,
even when the sensitizer quenches singlet oxygen, will be
represented by S. Thus M is a general symbol in Scheme 1
which may be replaced by A, A’, Q, or S or any combination
of these. In the tables we have used A throughout for all
substrates irrespective of whether they were known to have
little measured chemical reactivity.
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Scheme 1

Rate Constants

1 Sy+hv—§; rate=1,
2 Sl_)SO+hVF kF
3 85;—S ke
4 5;—-T kisc
5 $;+0,—-T;,+10} kg
6 S;+0,-T;+0, ki‘:g
7 $,0,-80+°0, K02
8 S;+0,—products ko2
9 T1—550+h1/p kTp
]0 Tl_-)SO de
11 T1+Oz—)SO+IO; k,(;g
12 T;+0,—84+30, k;};
13 T;+0,—products k2 )
14 1 *—)302+th kAP
15 '03-%0, kag
16 '0%+M—products KM
17 '03 +M—'M+30, o

5=

Quantum Yields and
Fractional Probabilities

kg
=
ksp=(7H~! x
oy ise
T kSD
fZ= k2
© <k°2+kf:z>/k°2
* P°2— 9200,V (ksp+k22[05D
1-P3=1/(1+kg213[0,))
[o) 0. 0y 1, O
4'"1-2:- d’T(l _Psz) +fT2P52
krp=( T%) !
fa=kpa/ksl
O
kxd
PO=k? rolO0Y (ko k92[05))
ka=7y fo=kapl (kap+kpg)
kg = B + kY

fraction of S; quenched by O, which gives 05

f.?2=fraction of S; quenched by O, which gives T,
fa=fraction of T, quenched by O, which gives 0}

P(S)2=proportion of S; quenched by O,

P$2=proportion of T, quenched by O,

The quantum yield of singlet oxygen production, ¢, , via
sensitization is given by the sum of contributions due to
oxygen guenching of Sy and Ty, ic.,

¢s=6a(S)+ $a(T)=Pg*f3+ 7P/} .
In the presence of oxygcn quenching of S; and T,
$a=P ot ¢1(1= PP i+ PO fr P,
which can be written as
$a= e PTf A+ PO{fR+ PRAL(F = ¢} (1)

Methods for determining ¢, were reviewed by us® and 1,600
quantum yield determinations were tabulated for 750 differ-
ent chemical species.

2.4. Sensitized Production by Pulsed Radiolysis

When a high energy electron beam is passed through lig-
uid benzene, for example, a high yield of excited states can
be formed. Since the lifetimes of singlet and triplet states of

benzene are only a few nanoseconds in neat benzene,
quenching by dissolved oxygen does not produce much sin-
glet oxygen. However, in the presence of a triplet energy
acceptor, e.g., 1072 mol L™ naphthalene, energy transfer
from triplet benzene occurs to give triplet naphthalene which
is quenched by oxygen producing singlet oxygen. This en-
ables the properties of singlet oxygen to be probed using the
technique of pulsed radiolysis.??

2.5. Microwave Generation of Singlet Oxygen

When a microwave discharge is passed through oxygen
gas in a gaseous flow system, singlet molecular oxygen
‘A g and s g ), oxygen atoms, and ozone are produced. The
latter two oxidizing species can be removed by reaction with
mercury vapor and the 105 (*27) is rapidly quenched, prob-
ably to give 103 (*A,) when the emerging gases are bubbled
through solutions containing oxidizable substrates. Often the
flow is bubbled simultaneously through two cells, one con-
taining the substrate only and the other containing substrate
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and potential singlet oxygen quencher.?* This makes it easier
to allow for variations in the concentration of dissolved sin-
glet oxygen produced in these bubbling experiments.

2.6. Chemical Production of Singlet Oxygen

Among the reactions used to form singlet oxygen are (a)
reaction of hydrogen peroxide with hypochlorite or
hypobromite,” (b) reaction of potassium superoxide with
water, and (c) thermal decomposition of aryl peroxides or of
the ozonide of triphenyl phosphite.* Experiments are usually
carried out so that a fixed amount of singlet oxygen is pro-
duced in the presence of variable amounts of reactive sub-
strate A and/or A’ with or without added quencher, Q.

3. Methods for the Direct Study of the
Kinetics of the Reactions of
Singlet Oxygen

3.1. Luminescence Decay—Time Resolved Infrared
Luminescence

Although the quantum yield of phosphorescence of singlet
oxygen is very low in most solvents, the development of
germanium photodiodes with high gain, coupled with wide-
band amplifiers which can give overall time responses of less
than a microsecond, means that the lifetime of singlet oxy-
gen in most solvents can be measured accurately by moni-
toring infrared luminescence at ~1270 nm.”*?’ If the loga-
rithm of the phosphorescence intensity is plotted as a
function of time then the slope gives the decay constant

kp=kp+Zky[M], )

where M represents any molecule including the sensitizer
which quenches singlet oxygen, physically or chemically. If
kp is measured as a function of the concentration of a par-
ticular quencher M, keeping all other quencher concentra-
tions constant, the bimolecular rate constant for quenching of
singlet oxygen by M, ky can be obtained.”>* Measurement
of kp, as a function of sensitizer concentration allows kg to be
evaluated. When a decay constant for singlet oxygen is not
extrapolated 10 zero sensitizer concentration we shall use k4
= (ky + kg[S]) for the decay constant. It is often assumed
that under many experimental conditions k3 = k,, however
this is not always the case.

3.2. Time Dependent Thermal Lensing due to
Singlet Oxygen Decay

The absorption of even part of the energy in a laser pulse
gives rise to local temperature changes in gases or liquids.
This leads to changes in density and refractive index which
causes the system to act as a diverging lens.* Time resolved
thermal lensing (TL) due to release of energy by decaying
excited states can be used to measure lifetimes of singlet
oxygen in the range 0.1 to 100 us. The probe source is a
continuous laser beam which is deflected by the thermal lens.
The signal gives the relative magnitudes of heat contribu-
tions (U) for fast and slow non-radiative processes relative to

the acoustic transit time. The time dependence of the slow
process gives rate information. The TL signal at time ¢ is
defined as

—Ta (3)

where V(f) is the time dependent voltage generated by the
detector. Following the sensitized production of 0%, the
thermal buildup AU=U,,,;—Up,, decreases exponentially
with the decay constant kp given by Eq. (2).

U(t)=

3.3. Time Dependent Acceptor Disappearance

3.3.1. Following Pulsed Excitation of a Sensitizer

According to the mechanism given in Scheme 1, in this
case with M=A, since we are discussing a reactive substrate,
it follows that

d[A] )
-~ —kIAl'05].

Following pulsed excitation in aerated solutions most singlet
and triplet states have decayed within 1 us and then

_dl'oj]
dr

=(kgtka[AD['05]

and thus

~d[A]=kf[A][10§‘],=0[exp——(kdt-l- ﬂkA [A]dt”. (4)

Equation (4) has been treated slightly differcutly as follows:
(a) Merkel and Kearns®"*? assumed that [A] on the right
hand side of Eq. (4) can be treated as constant (i.c., as [Al,,
since typically [A] only varies by ~10%). Taking
kp=ka+ky[Al,,, integration of Eq. (4) gives,

k?[log]t=0[A]av e -kDr'

[A]~[Al=-——

(5)
Since the change in concentration of A is proportional to AA,
the change in absorbance by the oxidizable acceptor at some
convenient wavelength, [A],—[A],=AA/el, where € is the
extinction coefficient and / the analyzing path-length. It fol-
lows from Eq. (5) that

In AA = —kp:+ const, 6)

and a plot of —In AA vs ¢ should have a slope equal to
kn= kq+kaJ Al... Thus by varying [A],. values k, and &, can
be determined.

(b) Adams and Wilkinson® and Young et al.3* replaced
[A] by [Al,, only in the exponential term in Eq. (4) and then
integrated Eq. (4) to give

A kA10%],-
“[[[A]]J=( [I(DZ “le-1] )

or

[A]]_(1'0fl=0
m[[AJJ_ e ®
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Experimental results were fitted to Egs. (7) or (8) to evaluate
kp and thus values of &y and k, were obtained.

Comparison of the values obtained from the same data for
kp using Egs. (5) or (7) and (8) give agreement to within
+5% and do not differ, within an experimental error of about
*10% when experimnents are repeated many times, from
computer treatments which do not make any assumptions
about [A] being relatively constant. If k, is partly due to
physical quenching and partly due to reaction, the value of
k, obtained will be the total rate constant for quenching due
to both processes.

In the presence of several possible singlet oxygen quench-
ers, 1.e., Scheme 1 with M=A, S, and Q, we have

kp=kp+kg[S]+ko[Q]+k,[A] )

Measurement of kp, as a function of [Q] keeping {S] and [A]
constant allows values of kg to be obtained. N.B. If kg is
only partly due to physical quenching and partly due to re-
action, the value of kg, obtained is the total rate constant for
quenching due to both processes.

3.3.2. Following Pulsed Excitation of Solutions Containing High
Pressures of O,

A variation on this method has been developed by Mathe-
son et al.'"® in which singlet oxygen is directly generated
by absorption of the output at 1065 nm of a pulsed Nd-glass
laser by oxygen dissolved under pressure (up to 130 atm) in
1,1,2-trichlorotrifluoroethane (Freon 113). The disappearance
of the singlet oxygen acceptor 1,3-diphenylisobenzofuran
(DPBF) was monitored. Because of the high concentration of
oxygen present, quenching by ground state oxygen, i.e., due
to the reaction,

&2

—y 4 -
05(1a) +30,(°%;)—2 *0,°E;),
contributes substantially to singlet oxygen decay, and

kp=ky+k[AT+ k2 0,]. (10)

Under these conditions kgz[ 0,]> k,, therefore only values
of ks and k%2 can be obtained by measuring kp, as a function

of [A] or [0,] respectively. Recent measurements suggest
that k, is pressure dependent.*

3.4. Kinetic Analysis to give the Decay of Singlet
Oxygen by Menitoring the Decay of Triplet g-
carotene Produced by Energy Transfer from Singiet
Oxygen

Farmilo and Wilkinson'’ have developed a method for
measuring singlet oxygen decay which monitors absorption
by triplet B-carotene, ‘€' lormed by energy transter from
singlet oxygen in aeraled solulions containing a sensitizer
and a low concentration of B-carotene. Consider the mecha-
nisms given in Scheme 1 in the presence of B-carotene, C,

J. Phys. Chem. Ref. Data, Vol. 24. No. 2. 1995
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i.e., a mechanism involving steps 1-17 with M=Q to‘gether
with steps /8—2/ given below:

k
18 T, +C5 S, +3C*,

1y (1 aC 3 w30y (35~
19 07 (A +C— "C*+70,(°2 ),

k,
20 scr S ¢,
30 1 3y (35 ) O :

21 C*+°0,( Eg)ﬁquenchmg.

The differential rate equations which can be written for
d[T,]/dt, d[1O%]/d¢, and d[3C*]/d¢ can be solved without
making the steady-state approximation and this gives the
concentration of [°C*] as

[3C*]= V[e—th_e—kct]+ W[e—th_e-—kCt],

where kT=k$é[02]+ch[C]; kc=keol O] +kg4c, and kp
=kgt koo Cl+ko[Q]. In aerated solutions the values of
kS2{0,] and ko[ O4) are such that after ~1 us, exp(—krt)
and exp(—kct) become negligibly small and thus

[3C*]=We ", an

where W=[T,]-o kad CIkz2{ 021 (kx—kp)(kc—kn)). W
is a constant provided [Q,], [C], and [Q] are constant. It is
usually possible to arrange for these to be present in excess
so that [0,]>[*0%], [C]>[3C*] and any consumption of
Q or O, must also be negligibly small. It is important to bear
these conditions in mind especially for work which involves,
for example, focussed, high-energy laser pulses. However,
when these conditions are met it follows from Eq. (11) that
the decay of triplet B-carotene after ~1 us becomes first
order with a decay constant kp, equal to that of its precursor,
singlet oxygen as confirmed by Farmilo and Wilkinson.>
Thus the decay of absorption at 520 nm due to 3C* under
these conditions mirrors the singlet oxygen decay yielding
values of kp and hence values of ky, kac, and kqg.

4. Methods for Obtaining Kinetic
Information from Studies using
Continuous Irradiation, i.e., Under
Photostationary State Conditions

4.1. Luminescence Intensity Quenching

The phosphorescence intensity due to emission of singlet

oxygen at 270 amy [y, observed when a sensitizer is
continuousty adiated depends on the steady-state concen-
tration of siglet oxypen present in a solution. When a pho-
fostationary state of singlet oxygen is produced its rate of
production [ i, caquals the rate of decay kq4f '0O3 |¢ and thus

I
['05 1= ,;—:.
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In the presence of a singlet oxygen quencher M the steady-
state singlet oxygen concentration [lo; 2’5‘ is reduced, i.e.,

[10* M= ¢AIa
T el
208 kgt (k' + kg )[M]

Krasnovsky®® and others have shown that a Stern-Volmer
relationship

0 M, M
Ly, (RHRHIM] W)
Ly kg
holds for quenching of singlet oxygen phosphorescence by
physical and chemical quenchers; from the slopes of plots of
L(‘gtv/:LA vs [M] values of the total quenching constant
(%, +k2") can be obtained provided the singlet oxygen decay
constant -in the absence of the quencher M is known.

Krasnovsky>® pioneered the use of phosphorescence inten-
sity measurcments from singlet oxygen in solution. He and
other workers have used this method to derive quenching
rate constants using the Stern—Volmer equation. In addition,
hy assuming that k,p is independent of solvent, Turro® has
given estimates of lifetimes relative to a standard, in this case
benzene, for which a value of k;=4x10* s~ was used.’
Measurements were made of the decrease in fluorescence
intensity ‘of a CCl, solution upon addition of other solvents
and it was found that the Stern—Volmer relationship was ob-
served,-i.e.,

Tce,
where «= ,
Tsolvent

"IP'=KX+1,

where x is the volume fraction. The question of the extent to
which the radiative probability for phosphorescence from
singlet oxygen varies with solvent is debatable.*’

4.2. Monitoring Sensitized Photo-oxidations by
Consumption of Reactants or Appearance
of Products Under Steady-State Conditions

Two major classes of photosensitized oxygenations have
been designated as Type 1 and Type II. In the former, the
excited sensitizer interacts directly with the substrate result-
ing, for example, in either H-atom transfer or electron trans-
fer. The radicals so produced from the sensitizer react in the
presence of oxygen to regenerate the sensitizer, while radi-
cals produced from the substrate, for example, initiate free
radical chain reactions, as observed in auto-oxidations. Type
11 reactions involve the direct interaction of the excited sen-
sitizer and oxygen with energy transfer to give singlet oxy-
gen, which reacts with various substrates.**!

4.2.1. Sensitized Photo-oxygenation of a Single Substrate A

Many photosensitized reactions have been carried out un-
der conditions such that no quenching by A of the sensitizer
singlet or triplet states occurs, in which case the mechanism
is as given in Scheme 1, with M=A. For continuous irradia-
tion,

_d[A]_ d[O,] d[P]
dt dr dt

=k'051JA)lL (13

and the steady-state approximation can be applied to give

_ rox_ ¢Ak:\[A]

ox_I_a— kd+ kA[A] B (14)

where the rate of oxygenation (r,,) may be followed by de-
termining the rate of appearance of some product (Pa) and/or
the rate of consumption of either the substrate A (Ac) and/or
of oxygen (Oc). All three have been used. and this is indi-
cated in the tables by an entry in the methods column. N.B.
1t follows from Eq. (14) that when k,; > k4 [A] or ks [A]> k4
the rate of oxygenation will be first or zero order with respect
to A, respectively. Equation (14) can be rearranged to give

pake 1
ky[A]

roo=(Lba £ , (15)

where fA=k%/k, is the fraction of reactive quenching of
singlet oxygen by A.

Most reactive substrates, A, react with singlet oxygen with
unit stoichiometry as implied in Egs. (13) to (15) which ap-
ply when each time a molecule of 103 reacts it leads to the
consumption of one molecule of A and one of O, and pro-
duces one molecule of the product P. If there are stoichiom-
etry factors « different from unity, the overall reaction is
given by the equation

s
a,A+t 00202 3 apP,

then

Fox™=

1 dA]_ 1 d[0;] 1 d[P]

aa dt

- a02 dr ap dt

and Eqgs. (14) and (15) still apply. If, however, the ratc of the
reaction is monitored by observing the rate of consumption
of a reactive substrate such as thiourea where @=2 and this
rate is not divided by a=2, then a fA appears in Bqs. (14)
and (15). This needs to be borne in mind whenever unit
stoichiometry does not apply.

According to Eq. (15) linear plots of 7.} or ¢! vs [A]™
should give

slope  ky

intercept ko A

where B,= ky/k, represents the concentration at which the
decay of singlet oxygen in the solvent alone (steps 74 and
15) equals the decay due to quenching by A (steps 16 and
17), i.e., it is the half-quenching concentration. [N.B. Eq.
(15) only predicts a linear relationship if there is (i) constant
light intensity, (ii) constant absorption by the sensitizer and
with no absorption by A although this could be allowed for,
and (iii) a constant oxygen concentration in the solution].
Tables 2 to 17 list hundreds of B values along with the values
of kg used to derive values of £, from these § values.
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4.2 Phelo-Auto-Oxygenation of a Single Substrate A
When o subsirale acts as its own sensitizer yielding singlet
eovpen one can observe Type II photo-auto-oxygenations.

Good cxamples are tubrene (Rub) and 9,10-dimethyl-
anthracene (DMA) and for such cases this is indicated in the
Comments column of the tables by S=A. Since the self-
sensitizer is consumed in the photo-auto-oxygenation this
usually leads to a change in I, which must he allawed for.
Alternatively, a totally absorbing solution can be used and
then the rate of appearance of some product or the rate of
consumption of oxygen can be measured and substituted di-
rectly into Eq. (15) to obtain values of B since under these
conditions I, is effectively constant.

4.2.3. Sensitized Photo-oxygenations of a Substrate A in the
Presence of a Second Substrate A’ which also Reacts
with Singlet Oxygen

Consider in addition to steps I to 17 (Scheme 1) with
M=A the further steps 22 and 23

'
A

22 103(*A,)+A’—A'0O, or other products,
A
23 105" +A'S Soars %0,.
In the presence of a second substrate [A’] it follows that
CdA)_ Lgak[AT]
dt kot ka[Al+ka[AT],
which when k/[A")(kq+ks[A]) becomes

dIn[A'] Ik
dt  kgtka Al

= Slope.

In the absence of A under identical conditions, the slope of
the first order plot for the disappearance of A’

dinfA'] Lkt

i 3 = Slopey ,
thus
Slopco [A] '
s +......_.
Siope ™ [A] 1+ (16)

Young and co—workers“z’43 and others***’ have used this

Stern—Volmer equation to obtain S values using low concen-
trations of the highly reactive fluorescent substrate 1,3-
diphenylisobenzofuran (DPBF) as A’. This substrate is more
reactive than most so that it decays in a first order manner
during continuous irradiation in photosensitized oxidation
experiments even in the presence of other substrates. The
low concentrations of DPBF are often monitored by follow-
ing the decrease in its fluorescence. Note that when kA
> kP (i.e., if A were a physical quencher of singlet oxygen)

Eq. (16) applies even for much less reactive substrates than
DBPF.

I Dhire Mlame Mad Paoi- 13 Aa - -

One can also use measurements of the relative rates of
disappearance of two substrates in the same solution. Appli-
cation of the steady-state approximation to steps I to 17
(Scheme 1) together with 22 and 23 gives

d[AO,)/d¢  —d[AJ/dr kA AT
d[A’0,]/dt —d[A']/dt"k;x'[ A7’

17)

which upon integration gives
In ([Al/[A]) _ &
I([A/IA]) £~

Equation (17) and its integrated forms have been used to
determine values of 8,= ky/k*. Equation (17) has also been
used to compare rates of oxidation of two substrates A and
A' separately irradiated under identical conditions in the
same solvent and to compare the rates for the same substrate
in different solvents.*

Alternatively, 72 (A) and r% (A) , the rates of oxygenation
of A in the presence and absence of A’ respectively, can be
evaluated and these will be related by the equation,

( Tox(A) ) _ [A"]o/Bar
(A o

1+TAl/ B (18)

provided A’ does not absorb any exciting light, quench or
react with S; or Ty . If initial rates are measured keeping [A],
constant and varying [A']; then Eq. (18) allows values of 8,
to be obtained. If B,3[A], the determination of B,: values
is simplified.

4.2.4, Sensitized Photo-Oxygenations of a Substrate A’ in the
Presence of A=Q, a Physical Quencher of Singlet Oxygen

Consider Scheme 1 with M equal to both A" and Q, i.c.,
assuming for the moment that there is no chemical reaction
with singlet oxygen by the quencher Q and that it does not
absorb the exciting light. Application of the steady-state ap-
proximation then predicts

Q) =(Léart)

Q
H1+[A'] (BAr+ Q[,]”, (19
i.e., a linear relationship between (r )" and [A')™* with
slope _( A'+kQ[Q])-

i _= 20
intercept kar (20)

In the absence of quencher, slope/intercept=8,: [see also
Ey. (15)}. Thus

(slope/intercept)ow

. ko[ Q]

1
(slopefintercept), ke =1+B4[Ql. @21

In the absence of quenching of excited singlet and triplet
states of the sensitizer the intercepts of (rQ)~! vs [A']7!
plots are identical and it follows from Egs. (19) and/or (21)
that

(slope)q

-1
(Slopey, *+Aa Ol @2
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“fu addition, from Eq. (19) the ratio of the rates of oxygen-
ation in the absence and presence of Q is given by

(A kol Q] [QV/Bq
B ommmen =
T B ey vy G R VU v

#f, Tig. (18). Alternatively if one assumes that [A] does not
“ghange appreciably (i.e., for low fractional conversions) Eq.
{19) can be integrated to give the concentration of A’'O, pro-
ituced after time 7, which equals the change in concentration
of A', A[A'], and

[A ‘0 [A ]0 A°
ii‘\ ()3} A[A’] AA
kol Q]
x(J’ax’(bAf}ﬁ) [a’ ]0+_+ 2[ ) (24)
A' Al

whoere A® and AA represent the initial absorbance and the
chunge in thc absorbance by the reactant A'. Plots of
A"AA vs [Q] have been shown to be linear and from Eq.
{24) it follows that for such plots

slope

Q=1ntercept( d kA’[A ]0) (25)

4.2.5. Sensitized Photo-Oxygenation of a Substrate A’ in the
¥resence of A=Q, a Quencher of Both Singlet Oxygen and the
Sensitizer Triplet

The mechanism is that given by Scheme 1 with M=A and
(), together with the reaction 24.
2
TQ
24 T;+Q—Sp+Q or Q* or products.
Application of the steady-state approximation gives
k3[Q
10l Q] . 1)

o)1=, N
(r ENA ) (T(z)[oz]

X|1+[A']! (BA’+ zio]”' (26)

Note that for a plot of (r&)~! vs [A’]™! the slope/
imercept is still given by Eq. (20) since the extra term in Eq.
(26) affects both the intercept and slope equally. The pres-
ence or absence of this change in intercept for (r2)~!
{A’]7! plots can be used as a diagnostic test for the presence
of steps such as 24 which reduce the yield of singlet oxygen
produced. Another test is the occurrence of a dependence on
the concentration of oxygen in solution since reaction 24
competes with oxygen quenching and thus the yield of sin-
glet oxygen becomes dependent on the pressure of oxygen
above the solution. (e.g., see Refs. 45, 46).

4.2.6. Separation of k, and k

Apart from Eq. (17) application of all of the equations
given so far only allows values of k,= kA+k or ko= s
+ kqQ to be obtained. Methods which have been used to sepa-
rate k, and k, values usually involve the direct measurement

of the quantum yields of oxygenation, ¢,,, for example at
high concentrations of A such that k, [A]>k,4, in which case
it follows from Eq. (14) that

( ¢ox)[A]—m = ¢Af? . 27)

Alternatively at low values of [A] when k;>k,[A] Eq. (14)
gives

Pakr[A]
kg 7

and measurement of ¢, together with a knowledge of ¢,,

and kg or 8, allows values of k* or f2 to be determined.

The limiting yield of oxygenation of a very reactive ac-
ceptor e. £ a-terpinene or 2,5-dimethylfuran (2,5-DMF) for
which f# is close to unity (i.e., k“>k“) may be used as a
reference substrate to give values of ¢A and whence kA for
other additives.*’

Gollnick and Grimbcck49 have, for example, measured the
rates of oxygen consumption of various substrates relative to
that of 2,5-DMF at concentrations greater than 4X1075 L™,
In this method kPMFs>kDMF, ;PMF=f &, | and

ot (kP kD[A]+ k[ S]+ ks

Pox= (28)

rox kAl ’
or
DMF A
k3\ (ks k [S])
ox A S
1+ |+ | S+ | ==, (29)
o ( k) KR EE 1A

Plots of rDMF/r versus [A]™! are linear and the value of
k"“/kA can be determmed from the intercept. Variations in the
slope of such plots with the sensitizer concentration allow
values of kg/k?* and ka/k® to be determined. If k, is known
then &', ks, and k} can be determined.*

5. Kinetic Analysis for Oxygenation by
Singlet Oxygen Generated by
Chemical Reaction, by Microwave
Discharge, or by Direct Laser Excitation

5.1. When Singlet Oxygen is Produced
Chemically

Oxygenation reactions arising from singlet oxygen pro-
duced chemically have been studied in the presence and ab-
sence of singlet oxygen quenchers. In the absence of
quencher the decrease in A is given by the relative probabili-
ties of steps 14, 15, and 16, and 17 with M=A

_d[A]_d['o3][ KMA]
dt dt | kg+ks[A]l]

(30)

which integrates to give

[Alo
(Al

where [103 ], is the total amount of singlet oxygen gener-
ated chemically. For small fractional conversions

Balnj = +[A]o [Al.=f410%1.,
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ln( [A]OJ _ { [Alo— [A]oc)
(Al [Ale

and substitution gives

Ba

where A[A]=[A]0~ [Al.. Thus a plot of A[A]™!
[A]™1 for small conversions has slope/intercept = 3, . In the
presence of a quencher of chemically produced singlet oxy-
gen and a substrate A’

kQ[QJ [A ]U Al r 1k
e St s o

(32)
so that if k4 and k. are known, Eq. (32) allows kq to be
evaluated from values of [A’ ]y and [A’]., in the presence of
[Q]. With the decomposition of the ozonide (C¢HsO)sP...0;
in the presence of pyridine, Mendenhall® has shown that
there is quantitative generation of 103 so that [10}].. can be
replaced by the initial concentration of (C¢Hs0)sPO., i.e.,
[10§]m=[(C6H50)3P03]0 and f?’
unity when A’ is rubrene.*

+11,

€3y

is often assumed to be

5.2. When Singlet Oxygen is Produced by
Microwave Discharge in the Gas Phase

Equations (31) to (32) also apply to the disappearance of a
substrate as a result of reaction of singlet oxygen generated
in microwave experiments (as well as for singlet oxygen pro-
duced via photosensitization). Taking Eq. (32) for relative
measurements with the same initial concentration of sub-
strate [Ag] in the presence and absence of a quencher gives

A2
ka([A12-[A'10) +kqy 1“( %{%ﬁ)
sz 7 = ) (33)
[Q]ln( Eéﬁ)
[A']2)

where [A"12 and [A’ ]2 represent the final values after ex-
posure to microwave generated singlet oxygen in the pres-
ence and absence of quencher, respectively. Equation (33)
has also been used following chemical and photochemical
production of 105 in the absence and presence of a quencher
Q (or acceptor A).

5.3. When Singlet Oxygen is Produced by Direct
CW Laser Excitation of Oxygen

Evans and Tucker'* and Matheson and co-work-
ers' 132551 have used laser excitation of highly concentrated
oxygen solutions in high pressure cells, with gaseous oxygen
up to 130 atn, to give directly the 'O5(TA)) statc by absorp-
tion at 1065 nm from a CW Nd YAG laser and 05 (*A,)
directly from the “double simultaneous transition” using
He-—Ne laser excitation at 632.8 nm. Evans and Tucker'* find
the quantum yields of photo-oxygenation of 9,10-
dimethylanthracene and tetraphenylcyclopentadiene are
twice as high for absorption of a photon in the “double si-
multaneous transition” as for the direct excitation of a single

J. Phys. Chem. Ref. Data, Vol. 24, No. 2. 1995

1Ag state. Modification of Eq. {15) to account for the direct
excitation by replacing ¢, by n=1 or 2 for excitation at 1065
nm or 633 nm, respectively, gives

1 1ik k
o F[k%k**[ixﬂ oy

and plots of ¢, vs [A]™! can be used to give f* and B,
values. i

Matheson et ql.'* 1?3552 have obtained experimental
pseudo first order rate constants for the disappearance of
various substrates while directly producing '03(*Ap) with a
CW Nd YAG laser. Since the absorption involves the process

230,03, 75, )+ hv—105 (1A ) +30,% )
Eq. (14) has been modified by them to give

d[A]  oE[0)%k[A]
S dt kgt ka[Al+ ko [0:]”

(35)

where E is the laser intensity and o the absorption cross
section for double photon absorption. At high oxygen con-
centration where ko [Oy]®(kgtka[A]) the observed
first order rate constant k; is given by

oE[O,]k2

1 koz

(36)

Thus from a knowledge of o, E, and [O,] values of k%
relative to ko, can be obtained. In the presence of a singlet

oxygen quencher at relatively high concentrations and a sub-
strate A’

cE[0,2k2
oy = e
' ko [02]+ ko[ Q]

and a plot of ([O,1/k)) vs ([QI/10,1) will have a stope/
intercept=kq/ko, -

Values obtained using this method have often been sub-
stantially lower than those given by other workers. Accord-
ing to Matheson™-* this was due, partially at least, to an
artifact with the over depletion of the acceptor concentration
in the laser beam cross section so that the observed chemical
reaction rate may be affected by diffusion of unreactive ac-
ceptor into the depleted region. Thus values for k* deter-
mined in this way published prior to 1977 may be low by up
to an order of magnitude and have been omitted from this
compilation.

(37)

6. First Order Rate Constants for the
Decay of Singlet Oxygen in
Various Solvents—Comments on Table 1

Table 1 contains decay rates of singlet oxygen in 145 sol-
vents and solvent mixtures. Many of the data have been re-
ported as lifetimes (7), the reciprocal of the decay rate, which
have been tabulated. The decay rate (ky) column contains
reported values as well as values calculated from lifetimes.
The values in both columns are rounded to two significant
figures. When the data were reported with one significant
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figure, or when the quoted error exceeded 20%, only one
significant figure is given. The Method, Comment, and Ref-
erence columns (see Secs. 7.2.4—7.2.6) provide details of the
measurements. Only data obtained by time-resolved methods
have been included except for solvents where no such mea-
surements have been reported but where estimates have been
made from steady-state measurements.

The data for each solvent are listed in reverse chronologi-
cal order, so that the most recent entries appear first. It is
apparent from Table 1 that k4 values tend to decrease with
year of publication especially for solvents with values <10?
s™1. For such solvents the presence of impurities including
water and high concentrations of sensitizers can give inaccu-
rate values: It is likely that the lower the k4 values the higher
the accuracy. Usually there is good agreement between dif-
ferent authors for k4 values >10° s 2.

The lifetime of singlet oxygen shows an enormous solvent
dependence, including a large isotope effect, and variations
over almost five orders of magnitude from a few microsec-
onds in water to hundreds of milliseconds in carbon tetra-
chloride. The reason for this is that the nonradiative deacti-
vation is essentially a bimolecular energy transfer reaction
between O3 (*A,) and the solvent molecules which thereby
become vibrationally excited. The first interpretation by Mer-
kel and Kearns>? that the electronic vibrational energy trans-
fer was a dipole resonance transfer has been replaced by an
exchange transfer mechanism following important contribu-
tions by Schuster et al. >3 Rodgt:rs,54 and Schmidt
et al.®>™8 The bimolecular rate constant for solvent deacti-
vation kg, can be obtained from

kD= kO + ksol[SOIL

where k; is an intrinsic molecular rate constant probably
equal to kap, the rate constant for radiative decay, and [sol]
represents the concentration of the solvent in mol L™! calcu-
lated from the density and the molecular weight of the sol-
vent; kg, can be shown to depend on the availability of high
energy X-Y, especially C-H and O-H, vibrations in the
molecule. Thus several workers have shown that

ko= Nxykxy,
XY

where Ny is the number of times a particular X-Y bond
occurs in the molecule. In this way values for kx have been
calculated, which can be used to calculate kg, values for
solvents for which values of k,; have not been experimentally
determined. Since kxp varies from 0.1 to 3 571, k, is often
negligible compared with kg [sol], but for solvents contain-
ing no high energy vibrations values of k,p have been used
by Schmidt to obtain kxy values from Ay, for example in
CCl, and CS, which show the lowest values for k.

We made several attempts to calculate kxy values from the
kq values in Table 1 which includes solvents with C-H,
C-D, C=0, O-H, O-D, C=N, C-F, C-Cl, C-Br, C-],
C=S, and S=0 bonds. We used the formula

kd/[.S()l]: 2 nykxy
XY

as the basis for a least squares fitting of the measured values
of k; to obtain a set of values for kyy . The procedure resulted
in negative values for some parameters and statistical uncer-
tainties for many that were larger than the value of the pa-
rameter. Restricting the data set, for example by eliminating
solvents containing halogens, deuterium and sulfur and mea-
sured values which deviated significantly from the average,
did not eliminate this problem. Separation of C—H bonds
into classes (CH;3, CH,, CH, cycloalkyl, aromatic) and per-
haps other X—Y bonds as well, and the selection of standard
kq values appear to be crucial to establishing a set of kxy
values.

7. Second-order Rate Constants for
Reactive and Physical Quenching of
Singlet Oxygen by Various Substrates—
Comments on Tables 2-17

7.1. Scope of the Compilation

Second-order rate constants for quenching of singlet oxy-
gen are given in 16 tables containing 4683 scparale cutrics
for 1915 substrates. The data have been extracted from the
literature published through 1993. The papers have been se-
lected from the bibliographic database of the Radiation

-Chemistry Data Center and from citations in those papers. -

Data reported by the same author(s) which have been clearly
superseded have been omitted. For some well-studied sys-
tems many independent measurements have been made; all
reported values have been included allowing the user to
make comparisons based on method, similarity of values,
etc. Data from dissertations and conference papers have been
included only if no other measurements for the substrate in
that solvent have been reported. The authors would welcome
having our attention drawn to any data which have been
missed.

7.2. Arrangement of Tables

Each table includes related groups of compounds, e.g.,
olefins, aromatic hydrocarbons, phenols, ctc. In somc cascs
choices were made based on functionality, for example ty-
rosine and its peptides are in Table 4 with phenols instead of
Table 10 (amino acids and peptides). Benzopyranols (such as
tocopherol) are in Table 4 (phenols) instead of Table 5
(furans and pyrans). Cysteine and methionine and their de-
rivatives are in Table 11 (sulfur compounds), not Table 10
(amino acids). ,

Within each table the various substrates are arranged al-
phabetically by name, given an entry number which includes
the table number (2.1, 2.2, etc.) and within each entry the
arrangement is by solvent. Inverted names have been used as
headings whenever possible so that substituted anthracenes,
porphines, phenols, etc. are grouped. Systematic names have
been used in most cases, otherwise, common names have
been given. An index of chemical names and synonyms and
a molecular formula index follow the tables (Secs. 13 and
14) and refer to the entry numbers in Tables 2-17.

- - e _aA_ VI_1 AA M. A annr
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7.2.1. Solvent

Data in each entry are grouped by solvent and listed in
reverse chronological order of the year of publication. The
Solvent column gives the solvent or mixture of solvents with
the proportions (volume:volume). Micellar systems are la-
belled (mic), and the surfactant present is given in the Com-
ment. When water or D,O is the solvent the pH or pD is
given, if reported. If the reaction was studied over a range of
pH values and the k derived for a particular ionic form of the
substrate no pH is given in the Solvent column and the pH
range is given in the Comment column.

7.2.2. Rate Constants (k) and Beta (ky/k) Values

The rate constants in the second column are for total
quenching by chemical reaction and/or physical qucnching,
k=k+k,, except where separate reactive quenching (k,) and
physical quenching (k) rate constants have been measured.
It may be known from other studies that a particular sub-
strate interacts with singlet oxygen totally by chemical reac-
tion (f* = 1) or totally by physical quenching; an example
of the latter is azide ion. We have, however, only provided

- the labels k; and k; when a method was used which made the
distinction. Values of B8 which have been reported are listed
in the third column. When the ratio is ky4/k, the label B, is
used.

Values of k and B have been rounded to two significant
figures unless they were given to only one significant figure
by the authors. The authors’ error limits have been omitted;
when the reported error is greater than 20% the values have
been given to one significant figure. Upper or lower limits
have been given to only one significant figure.

7.2.3. Temperature

Temperatures in Kelvin are listed whenever they have
been reported. When the information has not been reported it
is assumed that the temperature is ambient. If the study has
been carried out over a range of temperatures the range is
given in the Comment column.

7.2.4. Method

The Method column describes the method by symbols
(see Sec. 9) representing the excitation technique, the mea-
surement technique, and the equation numbers given in the
previous sections which have been used for analyzing the
data. For example, PL/LLd-2 represents the pulsed-laser
luminescence-decay technique and refers to Eq. (2). If two
measurement techniques or equations were used the symbols
are combined. For example, CP/Oc,Ac-17 indicates that ex-
citation was by continuous photolysis, oxygen consumption
(Oc) and substrate consumption (Ac) were measured, and the
rate constant was derived using Eq. (17).

7.2.5. Comment

Some details of the determination are given in the Com-
ment column. Abbreviations and symbols are listed in Sec. 9
for chemical species which have been used as photosensitizer

I Pl Al T2 s Y1 e ma -~ ama—

(S) or reference substrate (A’). The source of the 'O is
given when it was generated in a chemical reaction. Values
for k4 which have been used by the author to calculate &£ from
B (ky/k) are given. The reader is referred to Table 1 to com-
pare these values with the various measured values of &4 for
a particular solvent. In some cases values of B,/ for the
reference substrate have been used to calculate 8 (or to cal-
culate k also wsing a value of k4) and those values are given
in the Comment. Data are available for some substrates only

as ratios with a reference substrate (e.g., kf/kf'). When a
value for the rate constant for the reference substrate has
been used by the author(s) to calculate %, the reference value
which was used is given in the Comment column. When rate
constants have not been calculated by the authors the ratios
are given in the Comment column and no value appears in
the & column; the ratios have been rounded to two significant
figures. Since ratios of rate constants refer equally to both
substrates, the reference substrates (A') have been included
in the Chemical Name Index (Sec. 14) with thc cntry num-
ber(s) in which ratios of rate constants with another substrate
are present or can be derived. For example, Acetone azine
appears in Table 15 (entry 15.3) but rate constants for an-
other substrate relative to &, for acetone azine are found in
entry 2.40. There is no entry in the tables for 9-Acetyl-
2,3,4,9-tetrahydrocarbazole but relative data are found in en-
tries 6.2, 6.3, 6.10, 6.14, 6.18, and 6.19.

Other data are included when they have been reported:
activation energy (E,), activation volume (A V*), enthalpy of
activation (AH¥), entropy of activation (AS¥), along with the
temperature or pressure ranges of the study. For some entries
where product appearance (Pa) was measured the products
have been given.

7.2.6. References

The rate constants have been compiled from more than
700 references which are identified in the Reference column
by codes from the Radiation Chemistry Data Center Biblio-
graphic Database. The first two characters of the reference
code represents the year of publication. The complete refer-
ences to Tables 1-17 are listed in Sec. 12 which follows the
tables.

8. Mechanism of Quenching

Two recent reviews!” discuss bimolecular processes of
singlet molecular oxygen in detail. Most results can be ex-
plained in terms of exciplex formation followed by compet-
ing rcactions involving energy transfer (ET), charge transfer
(CT) or chemical reaction as shown.

ker
—3Q*+0,(°%;)
ker

'07('8,)+Q 21[Q"...07]| S10+0,(%8;)
kr
— Products.
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It is well established that quenching of singlet oxygen
arises from chemical reaction and/or physical quenching or a
combination of both. Physical quenching due to the spin al-
lowed electronic energy transfer process

103 (189 +10—2Q* +0,(°%)

has been demonstrated to occur by direct observation of the
triplet state of the quencher, e.g., in the case of various
carotenes.?” This type of quenching is diffusion contralled
when the triplet energy of the quencher lies below 94 kJ
mol ! and has been proposed as the mechanism of quench-
ing to account for the high efficiency of quenching of singlet
oxygen by certain dyes and several coordination com-
plexes.’*% Quenching of singlet oxygen by electronic en-
ergy transfer is the reverse of reaction II which is likely to
be a limiting factor for finding sensitizers absorbing in the
red for use in photodynamic therapy.®! Physical quenching of
singlet oxygen as discussed in Sec. 6, also arises as a result
of electronic to vibrational energy transfer, where the
pseudo-first order decay constant in a particular solvent de-
pends on the availability of high energy vibrations for ex-
ample O-H and C-H vibrations in the solvent molecule.
This kind of process is obviously possible for all substrates
but is often much less efficient than physical quenching re-
sulting from charge transfer interactions.

Physical quenching resulting from favorable charge trans-
fer interactions was first demonstrated with various
amines.®>®® This type of quenching may be represented as
follows:

103 (*Ap) +1Q 21[Q%*...057]
23[Q%...0¢7]
——)IQ'*' Oz(szg).

If the charge transfer complexes shown above are able to
dissociate to give separated ions this constitutes chemical
quenching, although the production of O; (superoxide) has
only been demonstrated for highly polar solvents such
as water and with compounds with exceptionally low ioniza-
tion potentials such as N, N, N', N'-tetramethyl-p-phenyl-
enediamine.® The temperature dependence of the rate con-
stants observed® for singlet oxygen quenching by strychnine
and DABCO in toluene has established complex formation
during the quenching process. The efficiency of quenching
by ‘amines increases when the ionization potential of the
amine decreases, which is also the case for quenching by
phenols and sulfides which give similar Hammett plots.
Quenching by amines, phenols and, sulfides shows varying
amounts of chemical reaction.

Chemical reactions of singlet oxgen have been discussed
in detail in a number of reviews.®~"> Alkenes react to form
hydroperoxides, 1,2-dioxctanes, and endoperoxides, which
are often produced in the case of other substrates, for ex-
ample in the case of aromatic hydrocarbons, furans, etc. Re-
cent research”’* has revealed that intermediates exist along
the reaction coordinate and there has been much speculation
concerning the nature of these intermediates. Since it is
known that tryptophan is one of the main targets when
05 (*A,) reacts with protein’7® there has been considerable

66,67

interest in studying rate constants for reaction of singlet ox-
gen with tryptophan in a variety of solvents. As with many
other amino acids’’ reactive quenching only accounts for
part of the total quenching of singlet oxygen observed. It has
been shown’® that singlet oxygen causes single-strand breaks
in DNA and that guanine is the nucleoside base from which
oxidative products are derived. As with all substrates it is
important to establish that particular products arise as a result
of reactions of singlet oxygen. It is hoped that this compila-
tion will help with establishing the importance of singlet
oxygen reactions in the photodegradation of dyes, pigments,
polymers, etc, as well as in harmful and/or beneficial photo-
oxidations in biological systems.

9. List of Abbreviations and Symbols

Excitation Methods

CL continuous laser photolysis

Cp continuous photolysis

CR chemical reaction

FP flash photolysis

MD microwave discharge

MP modulated photolysis

PL pulsed laser photolysis

PR pulsed radiolysis

Measurement Methods

Ac substrate consumption under steady-state condi-
tions

A'c reference substrate consumption under steady-
state conditions :

Ad time resolved substrate disappearance

A'd time resolved reference substrate disappearance

BCd triplet beta-carotene decay as a probe for singlet
oxygen decay

Ld luminescence decay

LI luminescence intensity under steady-state condi-
tions

Oc oxygen consumption under steady-state condi-
tions

Pa product appearance under steady-state conditions

P'a product appearance (from reference substrate)
under steady-state conditions

b time-resolved product buildup

P'b time-resolved product buildup (from reference
substrate)

To time-resolved thermal buildup

Other Symbols

A primary substrate

A’ reference substrate

A second reference substrate

B beta value including both B, and S

By beta value for physical quenching of ‘0%

B beta value for chemical reaction

E, activation energy

AH* enthalpy of activation
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AV*

ves

Sensitizers,

Ac
2-ACN
ADC
ADPA
AES
AlClI(tspc)
An

AnS

AOT

azine

WILKINSON, HELMAN, AND ROSS

entropy of activation

activation volume

fraction of 103 quenched by A which reacts
rate constant including both k; and k;

rate constant for primary substrate, including
both kg and &,

rate constant for reference substrate, including
both &, and &,

first-order decay rate of singlet oxygen in solvent
first-order decay rate of singlet oxygen for
[S]—0

rate constant for reference substrate which is a
physical quencher

rate constant for physical quenching of '0%

rate constant for chemical reaction of ‘0%

ratc constant for reaction of 10% with scnsitizer
micelles

product of primary substrate

product of reference substrate

quantum yield of singlet oxygen formation
quantum yield of intersystem crossing

quantum yield of oxidation of substrate
reference substrate which is a physical quencher

rate of oxygenation

sensitizer
vesicles

Reference Substrates, and Medium Components

Acridine

2-Acetonaphthone
Anthra[1,9-bc:4,10-b ¢’ Jdichromene
9,10-Anthracenedipropionate ion
Anthracene-9,10-bis(ethanesulfate ion)
Chloroaluminum(IIl) suifophthalocyanine
Anthracene

Anthracenesulfonate

Di(2-ethylhexyl) sulfosuccinate
2-Pivaloyl-4-phenyl-6-dicthylamino-8-mcthyl-
quinoxal-3-one

Azo dye 10  N-[3-(Aminosulfonyl)phenyl]-3-[(3-cyano-

BA
BChl
BDX
BHMF
BHT
Biph
BP

BR
Brij 35
BuOH
BXP
Car
CHD
Chl
Chr
Cor

5-hydroxy-1-phenylpyrazol-4-yl)azo]-4-
methoxybenzenesulfonamide
1,2-Benzanthracene
Bacteriochlorophyll
Benzo[1,2,3-k1:4,5,6-k' !’ |dixanthene
2,5-Bis(hydroxymethyl)furan
2,6-Di-tert-butyl-4-methylphenol
Biphenyl
Benzophenone
Bilirubin
Polyoxyethylene(23) dodecyl ether
Butanol
Benoxaprofen
all-trans-Carotene
Cyclohexadiene
Chlorophyll
Chrysene
Coronene

CQ
CTAB
CTAC
CuTCPc
DABCO
DAP
DBrA
DCA
DCIA
DDAB
DDM

DLPC
DMA
DMAA
DMAO,
DMBA
DMDPA
2,5-DMF
DMF
DMHD
DMNO,
DNT

DODAC
DPA
DPB
DPBF
DPF
DPPC
DTAC
Eos
Ery
ES
EtOH
FFA
Fl
FI>~
FIN,
FMN

GaCl(tspc)

GV
HA
HCD
3-HF
His
HP
HPD
HYP
Im
InH
MB
2M2B
MC 540
MCH
MDH
MeOH

Camphoroquinone
Hexadecyltrimethylammonium bromide
Hexadecyltrimethylammonium chloride
Copper(Il) tetracarboxyphthalocyanine
1,4-Diazabicyclo[2.2.2]Joctane
Dodecylammonium propionate
9,10-Dibromoanthracene
9,10-Dicyanoanthracene
9,10-Dichloroanthracene
Didodecyldimethylammonium bromide
Diazodiphenylmethane [1,1'-(Diazomethylene)
bisbenzene]
Dilauroyl phosphatidylcholine
9,10-Dimethylanthracene
N,N-Dimethylacetamide
9,10-Dimethylanthracene endoperoxide
9,10-Dimethyl-1,2-benzanthracene
1,4-Dimethoxy-9,10-diphenylanthracene
2,5-Dimcthylfuran
N,N-Dimethylformamide
2,5-Dimethyl-2,4-hexadiene
1,4-Dimethylnaphthalene 1,4-endoperoxide
1,8-Dinaphthalene thiophene
(Diacenaphtho[1,2-b:1’,2"-d]thiophene)
Dioctadecyldimethylammonium chloride
9,10-Diphenylanthracene
1,4-Diphenyl-1,3-butadiene
1,3-Diphenylisobenzofuran
2,5-Diphenytfuran
Dipalmitoyl phosphatidylcholine
Dodecyltrimethylammonium chloride
Eosin (Tetrabromofluorescein)
Erythrosin (Tetraiodofluorescein)
Ergosterol
Ethanol
Furfuryl alcohol
Fluorene
Fluorescein
9-Diazofluorene
Flavin mononucleotide (Riboflavin-5'-phos-
phate)

Chlorogallium(IIT) sulfophthalocyanine
Gilvocarcin V
Hypocrellin A
Heterocoerdianthrone
3-Hydroxyflavone
Histidine
Hematoporphyrin
Hematoporphyrin derivative
Hypericin
Imidazole
Indole
Methylene Blue
2-Methyl-2-butene
Merocyanine 540
Methylcyclohexane
Mesodiphenylhelianthrene
Methanol



Met
MNPO,
%-MOP
Mp
2M2pP
MPDME
NAZ
NDPO,
NMTA
Np

NT2
{~octane
OMAPB
PBA
PBN
PEO

Per

Ph

Phen
PHO
Poly-RB
Pr
PPDME
PrOH
PrPor
Pso
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- Methionine

4-Methyl-1-naphthalenepropionate endoperoxide
8-Methoxypsoralen -
Mesoporphyrin

2-Methyl-2-pentene

Mesoporphyrin dimethyl ester
Nitrazepam
1,4-Naphthalenedipropionate endoperoxide
N-Methylthioacridone

Naphthalene

Octaethylpurpurin ethyl ester
2,2,4-Trimethylpentane
2-Methylacetophenone biradical
1-Pyrenebutyrate ion
Phenyl-N-tert-butylnitrone
Polyethylene oxide

Perylene

Pheophytin

Phenanthrene

Phenalen-1-one

Polymer supported Rose Bengal
Protoporphyrin

Protoporphyrin dimethyl ester
Propanol
2,7,12,17-Tetrapropylporphycene
Psoralen

Pt(DHBA)(DPA) Platinum(II) (3,4-dihydroxybenzoate)

(2,2'- dipyridylamine)

Pt(phen)(BCAT) Platinum(II) (1,10-phenanthroline)

(tert-butylcatechol)

Pt(phen)(CAT)  Platinum(II) (1,10-phenanthroline)

(catechol)

Pt(phen)(DMT)  Platinum(lI) (1,10-phenanthroline)

PTSA
Pur

py

Py

Pz

RB
RBCE

Ret

(3,4-dimercaptotoluene)

Pyrenetetrasulfonate ion

Purpurin

Pyridine

Pyrene

Phenazine

Rose Bengal (Tetrachlorotetraiodofluorescein)
Rose Bengal complexed with dicyclohexyl-
18-crown-6

all-trans-Retinal

RF Riboflavin

RF(OAc), Riboflavin tetraacetate

Rub Rubrene (5,6,11,12-Tetraphenylnaphthacene)

Rubi Rubicene {Benz{alindenol]1,2,3-hilacean-
thrylene)

SDS Sodium dodecylsulfate

SiNC Bis(tri-n-hexylsiloxy)-(2,3-naphthalocyaninato)
silicon -

TAN 2,2,6,6-Tetramethylpiperidone-l—oi:yl

TEMP 2,2,6,6-Tetramethylpiperidine

TEMPO  2,2,6,6-Tetramethylpiperidin-1-oxyl

TEMPOH 2,2,6,6-Tetramethylpiperidin-1-ol

TEMP-4-OH 2,2,6,6-Tetramethylpiperidin-4-ol

Tetr Tetracene (Naphthacene)

Th Thionine

THF Tetrahydrofuran

T™MDT 2,6,10-Trimethyl-2,6,10-dodecatriene

TME 2,3-Dimethyl-2-butene (Tetramethylethylene)

T(m-HOP)P Tetra(3-hydroxyphenyl)porphyrin

™S a,3,B-Trimethylstyrene

TPBC trans-Tetraphenylbacteriochlorin

TPP Tetraphenylporphyrin

H,TPPS*" Tetra(4-sulfonatophenyl)porphyrin

Triton X-100 Polyoxyethylene(10)4-(1,1,3,3-tetramethyl-
butyl)pheny! ether

TTMPP  Tetra(3,4,5-trimethoxyphenyl)porphyrin

TTT Terthiophene

Up Uroporphyrin I

VD, Vitamin D,

Zn(pc) Zinc(II) phthalocyanine

Zn(pc)py), Zinc(ll) phthalocyaninebis(pyridine)

Zn(tspc)  Zinc(ll) sulfophthalocyanine

ZnTPP  Zinc(Il) tetraphenylporphyrin
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TABLE 1. Decay constants for singlet oxygen in various solvents.

No. Solvent kg T (Vky) Method Comument Ref.
™ ORI
1.1 Acetone
2.0 10* 51x10°  PL/Ld-2 S = MB, TPP or PHO. 92E256
1.9x10* 54x107°  PL/Ld-2 S =HVD and PPDME. 92E274
2.6x10* 3.8x10™  PL/Ld-2 S=RB. 89E324
2.3 x10* 43%107°  PL/LA-2 S =TPP. 89E324
2.4 x10* 41x10°  PL/ILd-2 S=MB. 89E700
2.2 x10* 46x10°  PL/Ld-2 S=RB. 89E700
2.1x10* 48%10~°  PL/Ad4-2 S=HP. 89E700
2.0x10* PL/Ld-2 S=Ac. 87E466
1.8x10* 55x107°  PLLd-2 S=An. 8TE668
2.1 % 10* 47x105  PL/Ld-2 S=An. 87E959
2.5 x 10* 40x107°  PL/Tb-3 S=An. 85E591
2.0 % 10" 4.7 % 107% PL/TD-3 S = ZnTPF. 85E591
2.0x 10* 50x10°5  PL/Ld-2 §=2-ACN. 84E066
40%10* 25%x107°  PL/Tb-3 S = Ery. 83A050
3.3 x10* 30x107  PL/Tb-3 S=TPP. 83A050
2.0x10* 50%x10°  PL/Ld-2 S = HPDME. 83A223
21x10* 47%x107°  PL/LA2 S = MPDME; no change in kat 7= 192 t0 295 83E235
K. 82E106
2.0x10* 51x107° PL/Ld-2 S = Sulfo- and carboxyanthracenes. . 83E844
2.2 %10 46x107°  PL/Ld-2 $ = MPDME. 83F196
2.8 x 104 3.6 x107° PL/AY-8 5= An; A=DPBF. 82A349
2.6 x 10* 39x107°  PLALA2 - S=MB. 82E104
2.5 10* 40%107°  PL/L42 S=RB. 82E104
2.0x10* 51x107°  PL/L4-2 S=TPP. 82E104
1.5% 10 6.5x10°  PL/Ld-2 S=HP. 82E105
2.6x10* 3.9%107% CP/LI-12 S = Benz{de]anthracen-7-one, phenalenone or  82E329
fluorenone; rel. to k3 =4.0 X 10*s7tin
benzene.
1.8x10* 55%x107°  PL/Ad-5 §=2-ACN; A = DPBF; cor. for kg. 81A287
2.0x 10* 51x107°  PL/Ld-2 S = PAMPDME. 81E398
83E818
79E846
2.0x10* 50%10°  PL/Ld2 S=TPP. 81E631
2.4 x 10* 42x107°  PL/Ad-8 S=MB, A =DPBF. 76F903
4x10* 3% 107 PL/Ad-5 S=MB, A =DPBF. 727260
1.2 Acetone-dg
1.0x10° 99x10™*  PLILA-2 S =MB, TPP or PHO. 92F256
1.6x10° 64x10™"  PL/ILA-2 S = RB; varied [S] and extrapolated to [S)=0. 89E324
82%10° 12x10*  PL/Tb-3 S=An. 85E591
1.7x10° 58x10™*  PL/LA-2 S = HPDME. 83A223
1.2 x 10 86x10%  PL/Ld-2 S = MB, RB or TPP. 83E398
2.6 x10° 39x10™%  PL/LA-2 S = PAMPDME. 83E818
12x10°  84x10%  PL/Ld2 S=HP. 82E105
1.4%10° 69x10™  PL/LA-2 $ = MPDME. 82E106
83E235
1.3x10° 7.7 % 107 CP/LI-12 S = Benz|de)anthracen-7-one, phenalenone or  82E329
fluorenone; rel. to kg =4.0% 10%s7 in
benzene,
1x10% g§x 107 PL/AG-5 § =2-ACN; A = Rub; cor. for kg. 81A287
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RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION

TaBLE 1. Decay constants for singlet oxygen in various solvents. — Continued
No. Solvent kg4 T (I/IEd) Method Comment Ref.
™ (s)
1.3  Acetonifrile )
14%10% 71x107°  PL/AdA2 S=DCA. 93A244
1.3%10% 7.7 % 1075 PL/Ld-2 S=Ac. 93A244
1.4 % 10* PL/L4-2 S = Chr; rate decreased linearly with magnetic 93E183
field strength, by 4-7% at 21kG.
1.6 x 10* 6.0x107°  PL/Ld-2 S = Ru(bpy)s?*. 92A095
1.3 x10* 77x107°  PL/Ld-2 $ = MB, TPP or PHO. 92E256
1.3 x 104 80x10”°  PL/Ld-2 S =1-MeNp. 91E297
1.3 x 104 PL/Ld-2 S=Ac. 89A099
1.3x10* 75x10°  PL/Ld-2 § = OMAPB:; extrapolated to zero laser dose.  89A241
1.2x10* 83x107°  PL/Ld-2 S=RB or B,TPPS*". 89A322
930041
3.0x 104 33x107°  PL/Tb-3 8 = (CgH),CO. 89E232
1.8 x 104 55x10°  PL/Ld-2 S=RB. §9E324
1.7x10* 60%107°  PL/Tb-3 S=Ac. 887155
15x10% 67x10°  PL/Ld-2 S = Np, Biph, or F1. 87E234
1.2x10* PL/Ld-2 S=Ac. 87EA66
1.8x10* 55x10°  PL/Ld-2 S=An. {7E668
1.2x10* . 87x107 PL/Id-2 1S = RB; from high intensity photolysis; M= 87F333
0,*.
1.9 x 104 54%1073 PL/Ld-2 '02* from 9,10-diphenylanthracene 86F337
endoperoxide.
2.1x10% 48x107>  PL/Tb-3 S=An. 85E591
1.8 x 10* 56x107  PL/Ld-2 §=2-ACN. 84E066
2.8 x 10% 3.6x107  PL/Tb-3 S=Ery. 83A050
1.7 x10% 58x10°  PLA4-2 S = HPDME. 83A223
1.6 x 10° 64x10  PL/I4-2 $=MPDME. 83F196
2.9 x10* 35x10°  PL/Ad-8 S=An; A=DPBF. 82A349
1.6 x 10* 61x107°  PL/LA-2 $=RB. 82E104
1.5x10% 6.8x10°  PL/Ld-2 $=MB. 82E104
1.8 x 10* 54x107°  PL/Ld-2 S = MPDME. 82E106
83E235
1.7 x 10* 58x10%  CPLI12 $ = Benz[de]anthracen-7-one, phenalenone or  §2E329
fluorenone; rel. to kg =4.0x 10* s in
benzene.
1.1x10* 92x10°  PL/Ad-5 S =2-ACN; A = DPBF; cor. for ks. 81A287
1.8 x10% 57x107°  PL/Ad-8 §=MB, A =DPBFE. 76F903
3x 104 3x 107 PL/Ad-5 S =MB, A = DPBF. 727260
14 Acetonitrile/Water (50:50)
6.7 % 10* 13X 10°  PLALA-2 S = 9-Anthracenemethanol. Y3K06Y
45x10*  22x10°  PLIL42 S=RB. 93R059
1.5 Acetonitrile-d;
9.0 x 10 LIx107% . PLAL2 §=Chr. 93E183
8.2 x 10 12x1073  PL/Ld-2 S =RB or H,TPPS* 89A322
93U041
6.7 % 10 1.5x1073  PL/ALA-2 S=Pz 89E597
1.7 x10° 6.0x10™  PL/Ld-2 § =RB; from high intensity photolysis; M=  87F333
0,*.
9.3x10° 1.I1x10™*  PL/TH-3 S=An. 85E591
1.6x10° 62x10%  PL/Ld-2 S = HPDME, 83A223
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TARLE L Decin cometant tos singlet oxygen in various solvents. — Continued
Koﬁ m:\iﬂ;’l‘]ll ky vk Mclffod Comment Ref.
s h (8)
1.5 Acetonitrile-d; — Continued
2.3x10° 44x10™*  PL/Ld-2 S =MB, RB or TPP. 83E398
1.7 x 10° 60x10™*  PL/Ld-2 S = MPDME. 82E106
83E235
1.1x 103 95%x10™  CPLI-12 S = Benz[de]anthracen-7-one, phenalenone or  82E329
fluorenone; rel. to kg =4.0x 10* s in
benzene.
8x 10% 1x1073 PL/Ad-5 S =2-ACN; A = Rub; cor. for kg. 81A287
1.6 Acetophenone
3.8x10* PL/Ad-5 S=MB; A =DPBF. 83A371
83A006
1.7 Benzene
32x10* 31x107°  PL/4-2 $=TPP; AV} =-8.3 cm® mol ™!, studied from  93A017
0.1 MPa to 250 MPa.
3.3 x 104 3.0x107°  PL/Ld-2 S=Ac. 93A244
33x10* 3.0x10°  PL/ALd-2 S=Chr. 93E183
3.3x 104 3.0x10°  PL/AL42 $ =MB, TPP or PHO. 92E256
3.3x 10 3.0x10°  PL/Ld-2 S=TPP. 92E555
3.4x10* PL/Ld-2 S=TPP. 92F251
3.2x10* 3.1x10°  PL/Ld-2 $ = 1-MeNp. 91E297
3.3x 10 3.0x107°  PL/Ld-2 S = Np, Pz and BP. 90A328
32%10% 3.1x107°  PL/Ld-2 S = Por. 90E374
3.2x104 31x10°  PL/Ld-2 S=An. 90E400
7.4%10* 14x107°  PL/A4-2 S=CHD. 89A235
3.3x 10 3.0x107°  PL/ALd-2 S =TPP. 89A322
93U041
3.9 x10* 26x107  PL/Ld-2 S=Ac. 89E324
32x10% 31x10°  PL/Ld-2 S =TPP. 89E388
3.1x10* 3.2x107 PL/Ld-2 S=TPP. 89E700
~34x10° ~29x107°  PL/L4-2 § = (CgH;),CO. 88E452
3.2 x 104 3.1x10°  PLLd-2 S=TPP. 88F503
3.3x 104 3.0x107°  PL/Tb-3 § = (CgHs),CO. 882155
3.0x10* 33x10°  PL/Ld-2 S=TPP. 87E055
3.1 x 104 32 x 105 Pl /T4 S = Np, Rp, or FL 87E234
3.3x10* PL/Ld-2 S=Ac. 87E466
33x10* 30x10°  PL/Ld-2 S=An. 87E668
3.6 %104 2.8% 1075 PL/Ld 2 S=An. 87E959
2.9x10* 3.5%10  PL/Ld-2 S = SiNC; reversible energy transfer with 87R032
sensitizer proposed.
4.1x10° PL/Ad-8 S=PP; A=DPBF. 85A124
3.4x10% 29x10°  PL/Tb-3 S = ZnTPP. 85E591
3.3 x10% 3.0x10°  PL/Tb-3 S=An. 85E591
3.2 x 10 3.1x10°  PL/Ld-2 S$=2-ACN. 84E066
4.0x10* PL/AG-5 §=2-ACN; A = DPBF. 84F005
4.3 x 104 23x107°  PL/Tb-3 S=TPP. 83A050
32x10% 3.1x107°  PL/Ld-2 S =HPDME. 83A223
3.1x10% 32%10°  PL/L4-2 S =MB, RB or TPP, 83E398
3.4x10* 29%10°  PL/Ld-2 S = MPDME:. 83F196
3.7 x10* 27%x107°  PL/L4-2 S = MPDME. 82E106
83E235
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RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION 683

TaBLE 1. Decay constants for singlet oxygen in various solvents. — Continued

No. Solvent Ky T(1/ky) Method Comment Ref.
™ )

1.7 Benzene — Continued

3.5x 104 28x107°  PL/Ad-S S =2-ACN; A = DPBF, cor. for k. 81A287
3.3 % 10 3.0%x10°  PL/Ld-2 S = PAMPDME. 81E398

83E818

79E846
4.0%10* PL/LA-2 S=An. 80A143
3.7x10* 27%x107°  PR/AA-5 S =Np, A=DPBF. 78E263
4.1%10* PL/BCd-11  S=An, Q=Car. 78F276
3.7x 104 27x107  PL/Ad-8 S=MB, A = DPBF. 76F903
4.1x10* PL/BCd-11  S=An, Q=Car. 737438
3.9x10* PL/Ad-8 S=An, A =DPBF. 737438
4x10* 2%107 PL/Ad-5 S =MB, A =DPBF. 727260

1.8 Beunzene (1uic)

5.0x10* 20x107  PL/Tb-3 S = Ery; reverse micelles contg. 0.04 mol L™} 834050
DAP and 0.1 mol L™ water.

1.9 Benzene/Methanol (80:20)

4% 10* 26x10°  PL/Ad-8 S =MB, A = DPBF. 737014
1.10 Benzene-dg
1.7 x 103 59%x107%  PL/Ld-2 $=Chr. 93E183
1.3x10° 78x10%  PL/LA-2 S =Cg or Crg. 93E301
1.5%x10° 6.8x10™*  PL/Ld-2 S = MB, TPP or PHO. 92E256
15%x10° 65x10™*  PL/Ld-2 S =Np, Pz and BP. 90A328
1.5x10° 6.8x107*  PL/Ld-2 S=An 90E400
15%103 PL/Ld-2 S =TPP. 89A331
1.6x10° 62%10™  PR/LA-2 S =2-ACN. 89E113
13x10° 79%x10™*  PL/Ld2 S=TPP. 89E388
13x10° 77x107%  PL/Ld-2 S=Pz 89E597
1.6 x 10 63x107%  PL/Ld-2 S = Pur. 89R044
2.6x10° 3.8x10™%  PL/Tb-3 S=An. 85E591
1.6 x 10° 63x107 PL/L4-2 S = HPDME. 83A223
14x10° 70x10™*  PLLd-2 S =MB, RB or TPP. 83E398
32x10° 31x10%  PL/Ld-2 S = PAMPDME. 83E818
1.6 x 103 62x107% PL/Ld-2 § = Cercosporin. 83R123
1.8 x 10° 55x107*  PL/ALd-2 S = MPDME. 82E106
83E235
15% 103 68 % 107 CP/TI-12 S = Renz[de]anthracen-7-one, phenalenone or  82FE329
fluorenone; rel. to kg = 4.0x 104571 in
benzene.
1x10° 1x1073 PL/Ad-5 § =2-ACN; A = DPBF,; cor. for &g, 81A287
2x 103 7% 107 PL/Ad-5 S = 3,6-Bis(dibutylamino)phenothiazinium 81A287
bromide; A = Rub.
2.8 x 10* 36x107  PL/Ad-8 S=MB, A=DPBF. 76F902
1.11 Benzene-dg/Benzene (95:5)
4.0x%10° 25%x10™  PL/Ld-2 S=TPP. 89A322
93U041

1.12 Benzonitrile
2.5x10% PL/Ld-2 S=Ac. 87E466
3.1x10* PL/Ad-5 S=A=Rub; . 83F075
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684 WILKINSON, HELMAN, AND ROSS

TABLE 1. Decay constants for singlet oxygen in various solvents. — Continued .
No. Solvent k4 T {1/ky) Method Comment Ref.
6™ ©®
1.13 Bromobenzene
2.4 x 10* 42%107° PL/Ld-2 S=TPP. 89E388
2.0x 10* PL/Ld-2 S=Rub. 87EA66
2.0 104 50107  PL/ILd-2 S =MB, RB or TPP. 83L398

1.14 Bromobenzene/Methanol (80:20)

43x10* 23%x107° PL/Ad-8 S=MB, A =DPBF. 737014
115 Bromobenzene-dg

7.4 x 10% 14x107  PL/Ld-2 S=TPP. 89E388

12x10° 8.1x10™ PL/A2 S =MR, RR or TPP. 83E308

1.16 Bromoform

59x10° 1.7x 107 PL/Ld-2 S = PAMPDME. 81E398
83E818
2x10* 5x107° PL/Ld-2 S = PAMPDME. T9E846

1.17 Bromopentafluorobenzene

46 0.022 MP/Ld-2 S="TPP. 89E388
1.18 1-Bromopropane
1x10° 1x107% PL/BCd-11  S$=An, Q=Car. 76F902
1x10° 8x1076 PL/Ad-8 $=MB, A=DPBE. 76F902
1.19 1-Butanol
5.7 x 10* 1.8 x 10 PL/Ld-2 S=An. 87E668
5.7 x 10* 18x10°  PL/Ld-2 S = HPDME. 83A223
52x10* 1.9x10°  PL/Ad-8 S=MB, A =DPBF. 737014
1.20 2-Butanol
6.2x 10* 1.6x10°  PL/Ld-2 S=RB. 89E324
5.1 %10 2.0%x10°  PL/L4-2 S = HPDME. 83A223
1.21 2-Butoxyethanol
~3.8x10° MD/Ac-33  A=Rub, Q=DABCO. Assumed kg=3.4x 727319
10’ Lmol™ s~} and ky = 7.0 x 107 L mol™!
s T=273K.
1.22 Butylbenzene
4.0x10* 25x107 PL/Ld-2 S = Oy:solvent CT state. 90E220
1.23 Carbon disulfide
22 0.045 MP/Ld-2 S$=MB, TPPor PHO; ks = 13 5™  for[O,] < 92E256
1075 mol L.
34 0.029 MP/Ld-2 S =TPP. 89A400
29 0.034 MP/Ld-2 S=TPP. - 87E658
6.6 x 10 15x10  FPLd-2 S =Per. 82A322
5x10% 2x107* PL/Ad-5 S = MB, A = DPBF, &, cor. for 1% MeOH 727260
content.

1.24 Carbon disulfide/Methanol (98:2)

40x10° 25x10™  FP/Ad-S S=MB, A =DPBE 737334
1.25 Carbon tetrachloride
17 0.059 MP/Ld-2 S=MB, TPPor PHO; k;=7.8 s for [O,] < 92E256
10 mol L.
13x10% 7.7x10%  PL/Ld-2 S ="TPP. 89A322
930041

J. Phys. Chem. Ref. Data, Vol. 24, No. 2, 1995



RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION

TaBLE 1. Decay constants for singlet oxygen in various solvents. — Continued
No. Solvent Ky T (k) - Method Comment Ref.
™ () '
1.25 Carbon tetrachloride — Continued
36 0.028 FP/Ld-2 S = PAMP; very dilute soln. 88E018
36 0.028 PL/Ld-2 S="TFP. 88F503
36 0.028 PULd2  S=Pha 88R193
11 0.087 MP/Ld-2 S =TPP. 87E658
1.0x10° 1.0x107%  PLAd-2 S=An. 87E668
36 0.028 PLM4-2 S =TPP. 86F316
1.1x10° 9.0x10™*  PL/Ld-2 S =TPP. 82E104
32 0.031 CP/LI-12 S = Benz[de]anthracen-7-one, phenalenone or  82E329
fluorenone; rel. to k3 =4.0 X 10°s™" in
benzene.
38 0.026 PL/Ld-2 S = PAMPDME. 81E398
' 79E846
38 0.026 PL/Ld-2 S =TPP. 81E631
38 0.026 PL/Ld-2 $ = PAMPDME or MPDME; decay at 1272 or  80ES58
1588 nm,
36 0.028 PL/Ld-2 S =Ret. 79F463
1.26 Carbon tetrachloride/Methanol (98:2)
3.3x10° PL/Ad-5 S =MB; A =DPBF. 83A006
32x10° 3.1x10*  FP/Ad-S S=MB, A =DPBF. 78E238
1.27 Chlorobenzene .
23x10* 43x10”°  PL/Ld2 S=TPP. 89E388
23x 10 PL/L4-2 S =Ac. 87E466
22x10* 45%x10°  PL/Lg-2 S=An. 87E668
22x10* PL/Ad-5 S =MB; A =DPBF. 83A371
83A006
2.0 x 10 51x1075  PLALd2 S = MB, RB or TPP. 83E398
2.4x10* 42x107°  PL/Ld-2 S = PAMPDME. 81E398
83E818
1.28 Chlorobenzene-ds
8.3 x10? 12x107° P42 S=MB,RB or TPP. 83E398
1.29 Chloroform
44x%10% 23x10%  PL/Ld-2 S =MB, TPP or PHO. 92E256
6.0x10° 1.7x10%  PL/A4-2 S = HVD and PPDME. 92E274
4.0x10° 25x10™®  PL/Ld-2 S=TPP. 90E731
92R076
3.8x10° 26x107*  PL/Ld2 S="TPP. 89E700
5.0x 10° 20x10*  PL/Tb-3 S=Paz. 887155
40x10° 25x10™  PL/Ld-2 S=An 87E668
1.6x10* 62x10°  PL/Tb-3 S="TPP. 83A050
40x%10° 25x10%  PL/Ld-2 S =MB, RB or TPP. 83E398
63x10° 16x10™*  CPALI12 S = Benz{delanthracen-7-one, phenalenone or  82E329
fluorenone; rel. to ky=4.0x 10* s in
benzene.
24x10° 41x10™  PL/Ad-5 S =2-ACN; A = DPBF; cor. for ks. 81A287
4.0x10° 25x10%  PL/Ld-2 S =PdMPDME. 81E398
83E818
79E846
42x103 24% 1074 PL/Ld-2 S = PAMPDME or MPDME; decay at 1588 80E558

nm.
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TaBLE 1. Decay constants for singlet oxygen in various solvents. — Continued
No. Solvent ky T (kg Method Comment ) Ref.
™ ®)
1.29 Chloroform — Continued
9.0x 103 PL/Ad-5 S$=MB, A=DPBF. 78F061
4% 103 2x107* PL/Ad-8 $=MB, A =DPBF. 76F903
2x 10 6x1075 PL/Ad-5 S =MB, A =DPBF. k4 decreases by 50% on 757088
lowering the temperature from 298 to 223K.
1.30 Chloroform/Ethanol (50:50)
3.0x 10* 33x107°  PL/Ld-2 S = Zn(pe)(py);. 92E654
131 Chloroform-d
1.4 x10% 7.0x1073  MP/Ld-2 S=MB, TPPor PHO; ky= 1.1 x 102s™ for ~ 92E256
10,1 €107 mol L7,
1.1 x10? 94x107%  MP/LA-2 S =TPP. 87E658
1.6x 103 64x10™%  PL/Ld-2 S =MB, RB or TPP. 83E398
2.8x10% 3.6x107 CP/LI-12 S = Benz[de]anthracen-7-one, phenalenone or  82E329
fluorenone; rel. to ky = 4.0 x 10*s7lin
benzene.
2.8 x10% 3.6x% 1073 PINAD S = Renz[de]anthracen-7-one, phenalenone or  82E320
fluorenone.
1x10° 9x107 PL/Ad-5 S =2-ACN; A = Rub; cor. for kg 81A287
12x10° 84x10%  PL/Ld-2 S = PAMPDME. 81E398
83E818
79E846
3x10° 3x107* PL/Ad-5 S=MB, A =DPBF. 757088
1.32 Chloropentafluorobenzene
41 0.024 MP/Ld-2 S =TPP. 89E388
1.33 Chlorotrifluoromethane
1.0x 10° 1.0x103  PL/Ad-5 S =MB, A=DPBF, k, cor. for 1-2% MeOH 757088
content.
1.34 Cyclohexane
43x10* 23x10°  PL/Ld2 S =MB, TPP or PHO. 92E256
43x10* 23x107°  PL/Ld-2 S = 1-MeNp. 91E297
42x10" 24%107° PL/Ld-2 S =2-ACN, 90NU78
43 x10* 24x10°  PULd-2 S =Np, Bp, or Fl. 87E234
52x10* PL/Ld-2 S=Ac. 87EA66
5.0x10* PL/Ad-5 S =2-ACN; A = DPBF. 84F005
5.0x10* 20%x107%  PL/Tb-3 S ="TPP. 83A050
43x10* 23x1075  PL/L4-2 S = HPDME. 83A223
- 5.0x10* 2.0x107° PL/Ad-8 S=An; A=DPBE. 82A349
59x10* 17% 1073 CP/LI-12 S = Benz[delanthracen-7-one, phenalenone or  82E329
fluorenone; rel. to ky = 4.0 x 10*s7'in
benzene.
43x10* 23x107°  PL/Ld-2 S = PAMPDME. 81E398
5.9x10* 1.7x107° PL/Ad-5 S =MB, A = DPBF, k4 cor. for 2% MeOH 727260
content.
1.35 Cyclohexane (mic)
59 x10* 1.7x1075 PL/Tb-3 S = Ery; reverse micelles contg. 0.04 mol L™ 83A050
DAP and 0.1 mol L™} water.
1.36 Cyclohexane-d;,
22x 103 45x10™ PL/LA-2 S = Chr; from high intensity photolysis; M= 87F333

'0o,%.
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TaBLE 1. Decay constants for singlet oxygen in various solvents. — Continued
No. Solvent ky T(1/ky) Method Comment Ref.
™ (s)
136 Cyclohexane-d;; — Continued
3.1x10° 32x107* CP/LI-12 S = Benz[de]anthracen-7-one, phenalenone or  82E329
fluorenone; rel. to ky =4.0x 10* s~ in
benzene.
1.37 Cyclohexanol
6.6 x 10* 15x107°  PL/Ld-2 S = HPDME; T = 308K. 83A223
6.3 x10* 1.6x10™  PL/Ad-8 S =MB, A = DPBF. 76F903
1.38 Decane
3.6 %< 10* 2.8%1075 PL/Ld-2 S - TPP. 83A223
1.39 Decyl alcohol
56x 104 18x107  PL/Ld-2 S = HPDME. 83A223
1.40 Deuterium oxide .
1.8x10* 55x107°  PL/Ld-2 S = Ru(bpy),>*; pH = 6.8. 92A095
1.5x10* 6.8x10™>  PL/Ld-2 S =MB, TPP or PHO. 92E256
1.8x10* 55x10™  PLId-2 S = H,TPPS*, CAPcS, SnTPPSCL,*" or 90A022
ZnPCS?; Soln. contg. 2 % 1073 mol L™!
phosphate buffer and 1% NaCl wt/wt.
1.7x 10* 60x107°  PL/Ad-2 § = 4-Thiouridine. 90E312
1.4x10* 70x107°  PL/Ld-2 $=RB or H,TPPS*"; pD = 3. 89A322
93U041
1.6x10* 6.4x1075  PL/Ld-2 S =RB, TPP or H,TPPS*"; 1.0 mol L™! NaOD. 89A322
93U041
1.5%x 10 68x107°  PL/Ld-2 S=MB. 89E388
1.6x10* 6.1x10°  PL/Ld-2 S = Chlorin eg; pD =8.1. 89E505
1.5x 10* 65x10°  PL/Ld-2 S=HP. 89E700
1.4x10* 7.0x10°  PL/Ld-2 S =MB. 89E700
1.9 % 10* 52x10  PL/Ad-2 S = AlC(tspc); pH =7. 89R092
1.7 x 10* 6.0x107  PL/ALd-2 S = Ru(bpy);2*; pH = 7; O, saturated. 88A105
1.7x 10* 58x10°  PL/L4-2 S=2-AnS; pH=1. 88A308
1.5x10* 6.7 x107% PL/Ld-2 S =H,TPPS*, 88F503
1.5x 10* 6.8x107  PL/Ld-2 S=UP. 87E234
1.7x10* 60x1075  PL/Ld-2 S =H,TPPS*. 87E941
1.5x% 10" 6.7%107° PL/LA-2 S=RF;pD=7. §7F290
1.7 x 10* 59x107°  PL/Ld-2 S =H,TPPS*; pH=17. 86A198
1.6x10* 6.3x105  PL/Ld-2 10,* from NDPO,. 86A264
1.6x 10* 63x107°  PL/Ld-2 S = C¢H5CO,. 86A264
1.5x10* 6.7x107°  PL/Ld-2 S = H,TPPS*. 86F316
1.5x 10 68x107  PL/Ld-2 S = H,TMpyP*. 84E296
1.8x 10* 55x10  PL/Ld-2 S =H,TPPS*. 83A223
2.3x10* 44x107°  PL/Ld-2 S =H,TPPS*. 83E756
23x10* 44x10°  PLLA2 S = PdTPPS*. 83E818
1.5x10% 6.7x107 PL/Ld-2 S = Sulfo- and carboxyanthracenes. 83E844
1.9x10* 54x107°  PL/Ad-S S =PBA; A = Crocetin; pD = 8.4, 82A204
1.7x10* 58x10°  PL/Ld-2 S =MB. 82E104
1.5x 10* 6.8x10™  PL/Ld-2 S=RBor Th. 82E106
83E235
~22x10* ~45x107° PL/Ld-2 S=HP. 81E704
1.9x10* PL/Ad-5 S=MB; A = ADPA. 80A205
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TABLE 1. Decay constants for singlet oxygen in various solvents. — Continued
No. Solvent k4 T (1/ky) Method Comment Ref.
&M ®
1.41 Deuterium oxide (mic)
1.6 10* 6.1x10~°  PL/Ld-2 S = Chlorin eg; pD = 8.1; Soln. cont. 107> mol  89E505
L~ Triton X-100.
2.1x10% 49%x1075  PL/AG-S S = HYP; A = DPBF; BRIJ 35 micelles. _88N343
2.8x10* 36x1075  PL/Ad-2 S = Ppb a; Triton X-100 micelles. 88R193
23x10* 43x1075  PL/Ld-2 $=UP; 0.5 mol L™! SDS. 87E234
1.8x10° 57%x10°  PL/Ad-2 S = H,TPPS*; 10”2 mol L™! SDS. 83N084
1.8x10° 56x107°  PL/Ld-2 S =H,TPPS*; 10 mol L™ CTAB. 83N084
1.9x10° 52x107°  PL/Ld-2 S = H,TPPS*; 0.1 mol L™ Brij. 83N084
2.9x%10° 3.5x10°  PL/Ld-2 § = H,TPPS*; 1072 mol L™! DDAB. 83N084
1.6x10° 62x107  PL/Ld-2 S = H,TPPS*; 107> mol L™ HSA. 83N084
3.1x10° 32x107° P42 S = H,TPPS*; 20 mg/mL Triton X-100. 83N084
2.2 %10 46x107°  PL/Ad-5 S =2-ACN; A = DPBF; vesicles (4.0 x 102 82N027
mol L~ DDAB).
2.3x10% PL/Ad-5 S = MB or MB-tetrol; A = DPBF,; vesicles 82N027
(4.0% 1072 mol L™} DDAB).
3.8x10%  26%x10°  PL/AdS § =2 ACN; A~DPBF; 0.1 mol L™} Brij 35.  70N041
47 %104 22x10°  PL/Ad-5 S =2-ACN; A = DPBF; 0.1 mol L™! Igepal 79N041
CO-660.
43x10* 24x107°  PL/Ad-S $ =MB; A = DPBF; 0.1 mol L™ Igepal CO-  79N041
660.
2.1 x 10* 48%10°  PL/Ad-5 S=2-ACN; A = DPBF; 0.1 mol L™ sodium~  79N041
"laurate.
1.9 x 10% 54x107°  PL/Ad-S S =MB; A = DPBF; 0.1 mol L™! SDS. T9N041
1.9x10* 54x1075  PL/Ad-5 S =2-ACN; A = DPBF; 0.1 mol L™! SDS. 79N041
1.9x 10* 54%10  PL/Ad-S S = MB; A = DPBF; 0.1 mol L™! CTAB. 79N041
1.7x 10 57%x107°  PL/Ad-S $=2-ACN; A=DPBF;0.1 mol L"! CTAB.  79N041
42x10* 24%10°  PL/Ad-S $ =2-ACN; A = DPBF; 0.1 mol L™ Igepal 79N041
CO-630.
2.8x10* 36x10°  PL/Ad-8 S =MB, A = DPBF; 0.1 mol L™! CTAB. 78E143
3.0x10* 33x107°  PL/Ad-8 $=MB; A =DPBF; pD =7.1; 0.1 mol L™ 78E143
: SDS. :
3.3 x 104 PL/Ad-5 S =2-ACN, A = DPBF; 0.1 mol L' sDs. 78E144
1.42 Deuterium oxide/Ethanol (95:5)
-2x10*  -6x10°  PLLd2  S=Ppba. 88R193
1.43 Deuterium oxide/Ethanol (70;30)
4.0x10° 25x107°  PL/Ld-2 S=HP. 86F316
1.44 Deuterium oxide/Ethanol (67:33)
’ 3.8x10* 26%x107°  PL/Ld-2 S = H,TPPS*. 88F503
1.45 Deuterium oxide/Methanol (50:50)
9.1 x10* 1.1x1075  PL/A-S S=MB, A = DPBF. 727027
146 1,2-Dibromotetrafluoroethane
32 0.031 MP/Ld-2 S=MB, TPPor PHO; k;=9.057 for [0,] < 92E256
1075 mol L7,
20 0.050 MP/Ld-2 S ="TPP. 89E388
147 1,1-Dichloroethane
14%10* 7.0%x107°  PL/Ld-2 $ = PAMPDME; Paper says ethylene 81E398
dichloride.
1.5x 10% PL/Ad-5 §'=MB, A = DPBF. 78F061
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RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION

TasLE 1. Decay constants for singlet oxygen in various solvents. — Continued
No. Solvent ky T (Ukg) Method Comment Ref.
™ (s
148 1,2-Dichlereethane
1.6x 10 63x107°  PL/LA-2 S = HPDME. - 83A223
1.6x10* 63x1075  PL/Ld-2 S =PdMPDME; Paper says dichloroethane.  81E398
79E846
149 2,2-Dichleroethanol
2x10% 5%107° PL/Ad-8 S=MB, A =DPBF. 76F903
1.50 Dichloromethane
1.1x10* 95x10”°  PL/L4-2 § = Cgg 0r Cpp. 93E301
1.0x10* 99%x107°  PL/Ld-2 S = MB, TPP or PHO. 92E256
1.3x 104 80x10°  PL/Ld-2 S = HVD and PPDME. 92E274
1.0x10* 1.0x10*  PL/Tb-3 S=Pz 887155
1.2 % 10% 82x10°  PL/Ld-2 $=An. 87E668
1.9x10* 54x107°  PL/Tb-3 S=TPP. 83A050
1.2x10* 83x107  PLLd-2 S = HPDME. 83A223
1.8 x 104 55%107° PL/Ld-2 S=MPDME, 83F196
1.0x10* 1.0x10*  PL/Ld-2 S=TPP. 82E104
17x10* 59x107° CP/LI-12 S = Benz[de]anthracen-7-one, phenalenone or  82E329
fluorenone; rel. 10 kg =4.0X 10" s in
benzene.
Lix10*  91x10%°  PLLd2 S = PAIMPDME. 81E398
79E970
1.6 x 10* PL/Ad-5 S =MB, A =DPBF. 78F061
7.1x%10° 14x10™* * PL/Ad-8 $=MB, A=DPBF. 76F903
1.51 Dichtoromethane (mic)
1ex10*  52x10°  PL/Tb3 S = Ery; reverse micelles contg. 0.04 mol L™ 83A050
DAP and 0.1 mol L™! water.
152 Dichloromethane-d; ,
8.3x10° 12x10%  CPLII2 S = Benz[de]anthracen-7-one, phenalenone or  82E329
fluorenone; rel. to ky = 4.0 x 10%s7! in
benzene. ’
1.53 Diethyl ether
3.1x10* 32x10°  PL/Ld-2 S=Pha. 88R193
27x10* 37x10°  PL/Ld-2 S=An 87E668
33x10* 30x10™°  PL/LA-2 § = HPDME. 83A223
2.9 x 10* 34%107°  PL/L4-2 § = PIMPDME. 81E398
79E846
1.54 1,3-Difluorobenzene
1.6x10* 62x107°  PL/LA-2 § = MB, RB or TPP. 83E398
1.55 N,N-Dimethylacetamide
6.8x10* 15x107%  PL/Ld2 S =HVD and PPDME. 92E274
1.56 N.N-Dimethylacetamide-dy
9.5%10° 1.0x10™*  PL/Ld-2 § = HVD and PPDME. 92E274
1.57 Dimethyl adipate
3.1x10* 32x107°  PL/A-2 S=rz. 89E597
1.58 1,1-Dimethylethyl methy! ether
3.4 x10* 29x10%°  PL/LA-2 $=TPP. 92A386
2.9x10* 35x10  PL/LA-2 S = HPDME. 83A223
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TasLE 1. Decay constants for singlet oxygen in various solvents. — Continued
No. Solvent k4 T(Vkg) Method Comment Ref.
™ )
1.59 N,N-Dimethylformamide
71x10* 14x107°  PL/Ld-2 § =Chr. 93E183
53x10* 19%10°  PL/AA-2 S =HVD and PPDME. 92E274
4.0x10* 25x10%  PL/Ld-2 S=An. 87E668

1.60 Dimethyl sulfoxide

~52 x 10* CP/Ac-16  S=RB, A =DPBF, A’ =2M2P. Measured B, 766072
=0.055 mol L™, assumed &, in MeOH and
DMSO are the same, used B, =0.15 and k4 =
1.4 % 10° 57! in MeOH.

~33x10* ~30x107° Method not reported, may be direct method T4F643
given in ref. {719325].

1.61 1,4-Dioxane

4.8 x 10 21x10°  PL/Tb-3 S="TPP. 83A050
3.7x 104 27x107%  PLLd-2 S = HPDME, 83A223
4.0x10* 25x1075  PL/L4-2 $="TPP. 82E104
3x10* 3x1073 PL/Ld-2 S = PAMPDME. 79E846
1.62 Dodecane
40x10* 25%x107°  PL/Ld2 S =TPP. 83A223
1.63 Epibromohydrin
2x10% 5%1075 PL/Ad-8 S$=MB, A =DPBF. 76F903
1.64 Ethanol
7.9%10* 13x10°  PLA4-2 S=BPhea. 93R131
7.1x%10* 14x107°  PL/Ld-2 S=HP. 89E700
6.3x10* 1.6x107°  PL/Ld-2 S=RB. 89E700
7.7 x 10* 13x10°5  PL/Ld-2 S=MB. 89E700
7.1x10* 14x10°  PL/Ld-2 S = Zn(pe)(py),. 88A284
6.7x 10* 15x10°  PL/Ld-2 S =H,TPPS*. 88F503
7.4 x10* 14x10°  PL/Tb-3 S=HP. 87E054
7.2 x 104 14x1075  PL/Ld-2 S=An. 87E668
8.3 x 10* PL/AJ,PL-5 S = An; A=MDH. 87F541
8.3 x 104 12x10°  PL/Tb-3 S=An. 85E591
7.7%x 10 13x10°  PL/Ld-2 §=2-ACN, 84E066
9.1 x10* L1x10%  pPLID-3 S = Ery. 83A050
6.5x 10* 1.5x107°  PLA4-2 S = HPDME. 83A223
1.0x10° 96x10°  PL/Ld-2 S = PIMPDME. 81E398
83E818
79E846
~9.1x10* - ~1.1x1075 PL/Ld-2 S=HP. 81E704
1.0x 10° 1.0x107%  PL/Ad-8 S=MB, A =DPBF. 76F902
53x10* 19x10°  PL/Ad-8 S=MB, A =DPBF. 76F903
8x10* 1x1073 PL/Ad-5 S=MB, A =DPBF. 727260

1.65 Ethanol/Water (95:5)

2x10° 5x%107° PL/BCd-11  S=An,Q=Car. 76F902
1.66 Ethanol-d

32x10* 3.1x1075  PL/Ld-2 S = Zn(pc)(py)a- 88A284

33x10* 30x107°  PL/Ld-2 S=HP. 87E054

34x10* 29%10™°  PL/Tb-3 S=HP. 87E054
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RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION

TaBLE 1. Decay constants for singlet oxygen in various solvents. — Continued
No. Solvent kq T(1/kg) Method Comment Ref.
™ O]
1.67 Ethanol-dg
5x%10% 2x10™ PL/Tb-3 S=HP. 87E054
43x10° 23x10™%  PL/Ld-2 S = PAMPDME. 81E398 -
83E818
1.68 Ethyl acetate
2.2x%10% 45%x10°  PL/Ld-2 S =HVD and PPDME. 92E274
2x10* 5x107 PL/Ad-8 S=MB, A=DPBF. 76F903
1.69 Ethylbenzene
3.8x% 10 26%x10°  PL/Ld-2 S =Oj:solvent CT state. 90E220
3.8x10% 26x1075 PL/Ld-2 S = An; 5% decrease in lifetime as Tincreased 89ES97
298 to 353K.
40x10* PL/Ad-5 S =MB; A =DPBF. 83A371
83A006
1.70 Ethylene glycol
1.3x10° 75%x10°  PL/Ld-2 S =HPDME. 83A223
1.71 Ethylene glycol/Methanol (50:50)
1.2x10° PL/Ad-8 S=MB orRB,A=DPBF, kp=1.6x10°s 737014
when [DPBF] = 1.9 x 10° mol L™ and $ = 6.3
x10% mol L1,
1.72 Fluorobenzene
2.3% 10 43%x107°  PL/Ld-2 S ="TPP. 89E388
2.2x10% PL/LA-2 S=Ac. 87EA66
2.0x 104 49x1075  PL/Ld-2 S = MB, RB or TPP. 83E398
173 Fluorobenzene-ds _
9.1 x10? 1.1x107%*  PL/Ld-2 $=MB, RB or TPP. 83E398
1.74 2-Fluoroethanol
6x10* 2x1075 PL/Ad-8 §=MB, A = DPBF. 76F903
1.75 Formamide
1.5x10° 6.7x107  PL/Ld-2 S=An. 87E668
1.76 - Furan
8.3x 10" 1.2x10°% PL/LA-2 S = PAMPDME. 80ES549
1.77 Heptane
3.4%10 PL/Ld-2 S=3-HF. 89E365
3.4%10* 29x1075  PL/Ld-2 S=An 87E668
3.4x%10* 30x107%  PL/LA-2 $=TPP. 83A223
3.6x10% 28x107  PL/Ld-2 $ = PIMPDME. 81E398
1.78 Heptane/Water (mic)
3.4 x 10* PL/LA-2 S = RB; reverse micelles contg. AOT. 83N171
1.79 1-Heptanol .
5.5x10% 1.8x107°  PL/Ld-2 S =HPDME. 83A223
1.80 Hexadecane
4.1x10* 24%10°  PLA42¥  S=TPP. 83A223
1.81 Hexafluorobenzene
2x 10 5x107 PL/L4-2 $=Cgg 01 Cpp. 93E301
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TaBLE 1. Decay constants for singlet oxygen in various solvents. — Continued
No. Solvent k4 - T (lkg) Method Comment Ref.
™ ) ’
1.81 Hexafluorobenzene — Continued
48 0.021 MP/LG-2 S =MB, TPP or PHO; k; =33 s~ for [0,]< 92E256
10 mol L%,
40 0.025 MP/LE-2 S =TPP. - 87E658
2.9 % 10? 34x%107 PL/Ld-2 S = Chr; from high intensity photolysis; M= 87F333
1
O,*.
2.6 x 10? 39x107%  PL/Ld2 S =MB, RB or TPP. 83E398

1.1 x 10 9.4x107  CPLI-12 S = Benz[de]anthracen-7-one, phenalenone or  82E329
fluorenone; rel. to ky = 4.0 x 10*s7lin

benzene.
2x10% 6x10™* PL/Ad-5 S =MB, A = DPBEF, &, cor. for 1-2% MeOH 757088
content.
1.82 1,1,1,3,3,3-Hexafluoro-2-propanol
1.9x%10* 52x10”°  PL/Ld-2 S=RB. 89E324
1.83 Hexane
3.2x10% 3.1%1075 PL/Ld-2 S=An. 87E668
3.2x10* 3.1x10°  PL/Ld2 S=TPP. 83A223
3.3x10* 3.0%x1075  PL/Ld-2 S = PAMPDME. 81E398
1.84 1-Hexanol
5.6x 104 1.8x107°  PL/Ld2 S = HPDME. 83A223
1.85 Iodobenzene
2.5%10* 39x10°  PL/Ld-2 S="TPP. 89E388
42x10* PL/Ld-2 S =Rub. 87E466
2.9x10* 35%x10° PLLA-2 S =MB, RB or TPP. 83E398
1.86 Todobenzene-ds
3.6x10° 28x10%  PL/Ld-2 S =MB, RB or TPP. 83E398
1.87 Iodoethane
2.9x%10* 34%x10°  PL/Ld-2 S=PdMPDME. 81E398
79E846
1.88 Iodomethane
2.7 x 10* 37x107°  PL/Ld-2 S = PAMPDME. 81E398
79E846
1.89 Todopentafluorobenzene
66 . 0015 MP/Ld-2 S=TPP. 80E388
1.90 3-Iodotoluene
3.4x%10* 29x10°  PL/Ld-2 S = PAMPDME. 81E398
. 83E818
191 Mesitylene
6.4x10* 1.6x10°  PL/Ld-2 S = TPP; AV = -20.7 cm® mol; studied from 93A017
0.1 MPa to 250 MPa.
6.7x10* 15%x10°  PL/Ld-2 S=An. , 90E400
1.92 Methanol
1.1x 10° 95%x10%  PL/Ld-2 S =MB, TPP or PHO. 92E256
8.9x10* 11x10°  PL/Ld-2 = S=T(m-HOP)P. 90R164
9.8 x 104 1.0x10°  PL/Ld-2 S =RB or H,TPPS*". 89A322
93U041

1.1x10° 9.0x1078 PL/L4-2 S =MB and RF. 88A165
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“TABLE 1. Decay constants for singlet oxygen in various solvents. — Continued

No. Solvent &k, T (kg Method Comment Ref.
™ ) :
1.92 Methanol — Continued
1.0x10° 97x10°  PL/Ld-2 S = CgHsCO," 86A264
1.0x10° 1.0x107°  PL/Ld-2 10,* from NDPO,. 86A264
1.0x 10° PL/Ad-5 $=2-ACN; A = DPBF. 84F005
1.1x10° 90x107%  PL/Tb-3 S =Ery. 83A050
9.6 x10* 1.0x1075  PL/d-2 S = HPDME. 83A223
1.0% 10° 1.0x10°  PL/Ad-8 S =An; A=DPBF. 82A349
~1x10° ~7x10%  PL/Ld2 S=HP. 81E704
8.3 x10* 12x107%  PL/Tb-3 § = CH;COCOCH;; A = 2,5-DMF. 80E606
L.1x10° PL/Ad-5 S =MB, A=DPBF. 78F061
1x10° 9x 107 PL/Ad-8 §=MB, A = DPBF. 76F902
9.7x10* 1.0x10°  PL/Ad-8 $=RB, A =DPBF. 737014
8.8x10* 1L1x10°  PL/Ad-8 S =MB, A=DPBF. 737014
1x10° 7x 1076 PL/Ad-5 $=MB, A=DPBF. - 719325
1.93 Methanol/Water (50:50)
3x10° PL/Ad-8 S=MB orRB,A=DPBF, kp=3.7x 10°s 737014
when [DPBF] = 1.7 x 10° mol L™ and B = 5.5
x10° mol L.,
29x%10° 3.5x10° ° PL/Ad-S S=MB, A=DPBF. 727027
1.94 Methanol-d
4.1x10° 25x10%  PL/Ld-2 S=RB or H,TPPS*". 89A322
93U041
3.4x10* 29x107°  PL/Ld2 S$=MB and RF. 88A165
3.6x10* 28x10”°  PL/Ld-2 S = SnPPCl,. 88R194
3.1x10* 32x10°  PL/Tb-3 S=HP. 887155
2.5x10* 40x107°  PL/Tb-3 S =Ery. 83A050
41x10* 25x10°  PLA4-2 $=MPDME. 83F196
2.7x10* 37x107° P42 S=MB. 82E104
1.95 Methanol-d,
3.7x10% 27%107 PL/Ld-2 S =RD. 93A326
42x10°  24x10™%  PLAd2 S=RB. 92F063
3.8x10° PL/Ld-2 S =H,TPPS*. 89A331
4.4 x10° 23x107* PL/Ld-2 S =MB and RF. B8AL65
44x10 23x107*  PL/Ld2 S = HPDME. 83A223
1.96 2-Methoxyethanol
9.3x10* 1.0x10°  PL/Ad-5 A=DPBF;S=MB. 87E690
1.97 Methyl benzoate _
3x 104 4x107° PL/Ad-8 §=MB, A=DPBF. 76F903
1.98 3-Methyl-1-butanol
54x10* © 1.8x107°  PL/Ld2 S=An. . 87E668
1.99 3-Methylpentane
3.1x10* 32x107  PL/Ld-2 S =HPDME. 83A223
1.100 2-Methyl-1-propanol
4.7 x10* 21x107°  PL/Ld-2 S=An. 87E668
4.7 x10* 21x10°  PL/Ld-2 S = HPDME. 83A223
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Tawri 1 | Decay constants for singlet oxygen in various solvents. — Continued

No. Solvent  ky T (1ky) Method Comment Ref.
™) ®

1.101 2-Methyl-2-propanol

3.2x10% 3.1x10°  PL/Ld-2 S=HPDME. 83A223
3.0x 10 34%107°  PL/Ad-8 S=MB, A =DPBF. 737014
1.102 Methyl propionate '
2.7x10* 37x1075  PL/Id-2 S=Chr. 93E183
2.6 x 10* 3.8x107° PL/1Ld-2 S = An; 5% decrease in lifetime as T increased 89E597
298 to 353K.

1.103 Nonane

42x10* 24x107°  PL/Ld-2 S =TPP. 83A223
1.104 1-Nonanol

5.4x10% 1.9x10°  PL/Ld-2 S = HPDME. 83A223
1.108 1-Octanol

5.4x10% 1.9x107°  PL/Ad-2 S =HPDME. 83A223
1.106 Oxygen

2.3x10* PL/Ld-2 kyin 180, =50571. T=77K. 84E289
1.107 Pentachloroethane

21x103 48x107%  PL/ILd-2 S = PIMPDME. 81E398

22x10°% 45%x10™*  PL/Ld-2 S = PIMPDME or MPDME; decay at 1588 80E558

nm.

1.108 Pentafiuorobenzene

3.2x 10 32x10™*  PL/Ld-2 S =MB, RB or TPP. 83E398
1.109 Pentane

2.9x 10 35%x10  PL/Ld-2 S = MB, TPP or PHO. 92E256

2.9 x 10* 35%x1075  PL/Ld2 S =TPP. 83A223

45x10* 22x10°  PL/Ld2 S = PAIMPDME. 81E398
1.110 1-Pentanol

5.6x10* 18x10”° . PL/Ld-2 S =HPDME. 83A223
1.111 Perfluorodecalin

17 0.059 MP/Ld-2 S=MB, TPPor PHO; ky=3.25 for [0,] < 92E256

105 mol L1,

1.112 Perfluoroethyl ether

9.1 x 10 1L.1x102%  CPLI12 S = Benz[de]anthracen-7-one, phenalenone or  82E329
fluorenone; rel. to ky=4.0x 10*s™1 in

benzene.
1.113 Perfluorohexane
15 0.068 MP/Ld-2 S=MB, TPPor PHO; k3 =4.7 s~ for [O.1< 92E256
10 mol L.
20 PL/Ld-2 S = Phen; from delayed fluorescence of 88E775

phenanthrene attributed to singlet(oxygen)-
triplet(Phen) annihilation, T = 200K.

10 0.096 MP/Ld-2 S =TPP. 87E658
1.114 Perfluorohexyl iodide
40 0.025 MP/Ld-2 S=MB, TPPor PHO; k4= 19 s~ for [0,]< 92E256
107 mol L1,
27 0.036 MP/Ld-2 S =TPP. 89E388

J. Phvs. Chem. Ref. Data. \inl. 24. Nn_ 2_ 1095



RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION

TaBLE 1. Decay constants for singlet oxygen in various solvents. — Continued
No. Solvent &y T(Ukygy Method Comment Ref.
=™ )
1.115 1-Phenylethanol
4.6%10* PL/Ad-5 $=MB; A=DPBF. 83A371
83A006
1.116 1-Propanol
5.7 % 10* 18%x107%  PL/LA2 S=An. 8TE668
6.1x10* 1.6x107%  PL/Ld2 S = HPDME. 83A223
1.117 2-Propanol
45x10* 22x10°  PL/Ld-2 S=RB. 89E324
49 x10* PL/Ld-2 S=Ac. 87E466
40x10* 25x107%  PL/Ld2 S=An 87E668
45x10* 22x 107 PL/Ld-2 S = HPDME. 83A223
1.118 Propylene carbonate
3.3 x10% 3.0x1075  PL/Ad-5 A =DPBF; S = MB. 87E690
1.119 Pyridine
1.8 x 10° 57x10%  PL/Ld-2 § =RB or H,TPPS*", 89A322
930041
6.5x10* 15x107°  PL/Ld-2 § = Chlorin €. 89E505
7.7 % 10* 13x107  PL/Ad-2 S=An. 87E959
7.1 x 10* 1.4x107 PL/Tb-3 S ="TPP. 83A050
59x10* 1.7x107°  PL/Tb-3 S =Ery. 83A050
63x10* 1.6x10°  PL/Ld-2 $ = PAMPDME. 81E398
79E846
6x10* 2x107° PL/Ad-8 S=RB, A = DPBF. 76F903
1.120 1,1,2,2-Tetrachloro-1,2-difluoroethane
24 0.042 CP/LI-12 S = Benz[de]anthracen-7-one, phenalenone or  82E329
fluorenone; rel. to kg =4.0 x 10*s™! in
benzene.
1121 1,1,2,2-Fetrachloroethane
83x10° PL/Ad-5 $=MB, A =DPBF. 78F061
1.122 Tetrachloroethylene
8.3x10% 12x102  PL/Ld-2 S = PAMPDME. 81E398
7.7 x 10% 13x107°  PL/Ld-2 S = PAMPDME or MPDME; decay at 1588 80E558
' nm.
1.123 Tetradecane
4,0x10* 2.5x10°° PL/LG-2 S =TFP. 83A223
1124 1,2,4,5-Tetrafluorobenzene
6.5x10° 1.6x10™*  PL/Ld-2 $ = MB, RB or TPP. 83E398
1.125" Tetrahydrofuran
48x10* PL/Ld-2 S=RB. 87EA66
43%10* 23%x107%  PL/L42 S=An. 87TE668 .
54x10* 19x10°  PL/Tb-3 S=An. 85E591
5.0%10* 2.0x10°  PL/Ld-2 S =TPP. 82E104
3.3 x10* 3.0x107°  PL/Ld-2 S = PIMPDME. 81E398
43x10* 23x107°  PL/Ad-8 $=RB, A =DPBF. 76F903
1126 Toluene

34x10* 29%x10™ PL/Ld-2

S =TPP; AV% = -10.0 e’ mol™; studied from 93A017

0.1 MPa to 250 MPa.
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‘TABLE 1. Decay constants for singlet oxygen in various solvents. — Continued
N;)4 Solvent kg T (1/ky) Method Comment Ref.
s )
1.126 Toluene — Continued
3.5%x10* 29x107  PL/Ld2 S=Ac. 93A017
3.4x10% 290x1075  PL/Ld-2 S = O,:solvent CT state. 90E220
3.6 x 10* 28x10°  PL/Ld-2 S=An. 90E400
3.4 x10* 20x107°  PL/Ld-2 $=2-ACN; AHf =-1.7kI mol™\; studied at  88A427
203-333 K.
3.5x10% PL/Ld-2 S=Ac. 87EA66
3.4x 10 29x107°  PL/Ld-2 S=An. 87E668
4.0x10* 25x10°  PL/L4-2 S$=2-ACN. 84E066
40x10* 25x10  PL/BCd-11  S=An. 82A349
3.8 x 10* 26x107°  PL/Ad-8 S=An; A =DPBF. 82A349
32x10* PL/Ad-5 S=A=Rub;. 82E072
37x10% 2.7x107° CP/LI-12 S = Benz[de]anthracen-7-one, phenalenone or  82E329
fluorenone; rel. to ky=4.0x 10* s} in
benzene.
3.4x10% 29x107%  PL/Ld-2 $ = PIMPDME. 81E398
93E818
79E846
43x10* 23%x10°  CP/Ac-14  S=TPP;A=TME; Used k, =4 x 10" L 80C002
mol!s7L.
4.0x10* PR/Ad-5 S =Np; A=DPBF; E, = ~2kJ mol™}; studied  79A106
at 222 to 333K. 78E263
5% 10 2x107 CP/Ac-16  S=A=DMA; compared with f=1.2x 10  79F148
mol L™} in benzene where =24 pis.
1.127 Toluene-dg
3.5x10% 28x107%  PL/Ld-2 S=Pz 89E597
32x%10° 3.1x100%  CPLI-12 S = Benz[de]anthracen-7-one, phenalenone or  $2E329
fluorenone; rel. to kg = 4.0 X 10%s7Vin
benzene. '
3.1x10° 32x10™%  PL/Ld-2 S = PAMPDME. 81E398
83E818
79E846
1.128 2,2,2-Trichloroethanol
2x 10* 5x107° PL/Ad-8 S=MB, A = DPBF. 76F903
1.129 Trichloroethylene
4.0x10° ZOXI0 Y PLLG2 5= MB, TPP or PHO. Y2256
45x%x10° 22x10%  PL/Ld-2 S = PAMPDME., 81E398
48x10° 21%x10™  PL/LA2 S = PAMPDME or MPDME; decay at 1588 80E558
nm.
1.130 Trichlorofluoromethane
9.1 0.11 MP/LA-2 S=TPP. 89E388
2 0.024 MP/Ld-2 S = TPP. 87E658
1131 1,1,2-Trichiorotrifiuorcethane
14 0.072 MP/Ld-2 S=MB, TPPor PHO; ky=7.5s7} for[0,] < 92E256
105 mol L7\,
10 0.099 MP/Ld-2 S = TPP. 87E658
51 0.020 FP/Ld-2 S = Per. 32A322
24 0.042 CP/LI-12 S = Benz[delanthracen-7-one, phenalenone or  82E329

J. Phvs. Chem. Ref. Data. Vo!l. 24. No. 2, 1995
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RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION

TABLE 1. Decay constants for singlet oxygen in various solvents. — Continued
No. Solvent k4 T(Uky) - Method Comment Ref.
™ (s)
1.132 1,1,2-Trichlorotrifluoroethane/Ethanol (99:1)
7.1x10% 14x107°  PL/L4-2 S=HP. 81E704
1.133 1,1,2-Trichlorotrifiuoroethane/Ethanol (90:10)
6.7x10° 15x10%  PL/Ld-2 S=HP. 81E704
1.134 1,3,5-Trifluorobenzene
1.0x 10 99x10°  PL/Ld-2 S =MB, RB or TPP. 83E398
1.135 2,2,2-Trifluoroethanol
4.1x10* 24x10°  PLAd-2 S=RB. 89E324
3.1x10* PL/Ld-2 S = RB; not extrapolated to [S] = 0. 87E466
2x10* 4x107 PL/Ad-8 $=MB, A=DPBF. 76F903
1.136 oo, Triflnoratoluene
1.6 x 10* PL/Ld-2 S=Ac. 87E466
1.137 2,4,4-Trimethyl-1-pentanol
4.1 x10* 24x10° PL/LA-2 S = HPDMLE. ¥3A223
1.138 2,2,4-Trimethylpentane
2.7 x 10* 3.8x10°  PL/Ld-2 S = HPDME. 83A223
2.7x10* PL/Ld-2 S = RB; reverse micelles contg. AOT. 83N171
1139 7-Undecane
40x10* 25x107°  PL/Ld-2 S =TPP. 83A223
1.140 Water
24x10° 42x10°  PL/Ld2 S =MB or PHO. 92E256
32x10° 3.1x10%  PL/Ld2 S = H,TPPS*; Nonmonotonic change in 91A478
lifetime over 283-368 K; t5 = 4.8 us at 368 XK.
24x10° 41x10°%  PLLd-2 S =RB or H,TPPS*; 1.0 mol L™! NaOH. 89A322
: 93U041
24%10° 42x10°%  PL/Ld-2 S=MB. 89E388
3.2x10° 31x10°  PL/Ld-2 $ = H,TPPS"; pH = 8; oxygen pressure 1-15  89ES85
atm.
25x10° 40x10%  PL/Ld-2 S=H,TPPS*; pH ="7. 86A198
2.4x%10° 41x107%  PL/ALA-2 S =CgHsCO, 86A264
2.1 10% 312x107  PL/d S = H,TMpyP* 24E206
24x10° 42x10%  PL/Ld2 S = H,TPPS*. 83A223
29x10° 35x10¢  PL/L4-2 S = PATPPS*. 83E818
3.2x10° 3.1x10°%  PLAd2 S = Sulfo- and carboxyanthracenes. 83E844
1.141 Water (mic)
22x10° 46x10°  PL/Ld-2 S = H,TPPS*; 1% Triton X-100. 91A478
3.4x%10° 29x10%  PL/Ac-S S = MB; A = DPBF; BRIJ 35 micelles. 88N343
50x10* PL/Ld-2 S=RB;0-1 mol L™} SDS. 83N171
4,0x10* PL/Ld-2 S=RB; 0-0.5 mol L™ CTAB. 83N171
2.5x10° 40%x107%  PL/AG-5 S=2-ACN; A =DPBF;0.1 mol L™} CTAB;  79N041
extrapolated from D,0/H,0 mixtures to
100% water.
2.9x%10° 35x10%  PL/Ad-S S=2-ACN; A = DPBF; 0.1 mol L™! Igepal 79N041
CO-630; extrapolated from D,0O/H,0
mixtures to 100% water.
3.3 x 10° PL/Ad-5 §=2-ACN, A = DPBF; 0.1 mol L™* SDS. 78E144
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TaBLE 1. Decay constants for singlet oxygen in various solvents. — Continued
No. Solvent ky T (1/ky) Method Comment Ref.
s ()
1.142 Water/Methanol (80:20)
2.0x 10° 49x10°  PL/Ld2 10,* from NDPO,. 86A264
1.143 m-Xylene i
40x10* 25x10°  PL/Ld-2 S =TPP; AV} = -13.0 cm® mol™); studied from 93A017
0.1 MPa to 250 MPa.
1.144 o0-Xylene
44x10* 23x107  PL/Ld-2 S = TPP; AVj = -14.2 cm® mol™!; studied from 93A017
0.1 MPa to 250 MPa.
5.3x10* 19%107  PL/d2 S=An. 90E400
1.145 p-Xylene
5.0x%10* 20x10°  PL/Ld-2 S =TPP; AV% =-19.2 cm® mol™!; studied from 93A017

0.1 MPa to 250 MPa.
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins.
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Ho. Solvent k B (kyk) - T  Method Comment Ref.
Lmol s7h (mol L) X
41 Acrolein (Propenal)
MeOH : 1.6x103 89 263 CP/Oc-15 S=MB;used ky=1.4x10°s7", 737479
3.1 Adamantane, 2-(hydroxymethylene)-, acetate
CD;COCD; 3.4x10° PL/Ld-2 S=MB. 83A026
CD;0D 2.1x 104 PL/Ld-2 S=MB. 83A026
2.} Benzvalene
CgHg 113y 286 CP/Oc-29 S =TPP; A’ =2,5-DMF; meas. 1 + kq/k,= 1. 84F065
CCl, 0.059 (B, 286 CP/Oc-29 S=TPP; A’=2,5-DMF; meas. 1 + kq/k, =1 84F065
CH,Cl, 49x1073 B 286 CP/Oc-29 S=TPP; A’ =2,5-DMF; meas. 1 + kqlk,= 1. 84F065
CH3CN 40x1073 B 286 CP/Oc-29 S =RB; A’ =2,5-DMF; meas. 1 + kq/k, =1. 84F065
CH,COCH,3 72x103(B) 286 CP/Oc-29 S=RB; A" =2,5-DMF; meas. 1 +kgfk,= 1. 84F065
CHCl, 0.020 (8, 286 CP/Oc-29 S=TPP; A’ =2,5-DMF; meas. 1 + kq/k,= 1. 84F065
MeOH 0.019 (8) 286 CP/Oc-29 S=RB; A’ =2,5-DMF; meas. 1 + kqm, =1 84F065
314 - Bicyclof2.2.1]hepta-2,5-diene (Norbornadiene)
CHCl, 1.7x10% CR/A’c-33  A’=Rub;usedk;=1.7x10*s, k, =53x107 81E003
"Lmol™tst ’02*. from DMNO,.
2.5 Bicyclof2.2.1]hepta-2,5-diene, 7,7-dimethyl-2-(trimethylsiloxy)- [Norbornadiene, 7,7-dimethyl-2-(trimethylsiloxy)-]
CDCl, CP/Ac,A’c-17 8§ =TPP; A’ =7,7-Dimethyl-2- , 78F290
(trimethylsiloxy)norborn-2-ene; meas. k/k* =
4.2,
146 Bicyclo[2.2.1]hepta-2,5-diene, 2-methyl- (Norbornadiene, 2-methyl-)
CH;CN 273 CP/AcAc-17 S= MB; A’ = 5-Methylene-2-norbornene; meas.  78F149
kfk™ =34,
27 Bicyclo[2.2.1]hepta-2,5-diene, 2-(trimethylsitoxy)-
CDCly CP/Ac,A’c-17 8§ =TPP; A’ =7,7-Dimethy}-2- , 78F290
(trimethylsiloxy)norborn-2-ene; meas. k/k™ =
0.17.
28 Bicyclo[2.2.1]heptane, 2,3-bis(methylene)- (Norbornane, 2,3-dimethylene-)
CD,COCD, 3.6 x 10° 195 CP/A’c-16 S =RRB; A’ = DPBF; & not given RTA3ER
2.9 Bicyclo[2.2.1]heptane, 7,7-dimethyl-2-methylene-
CH;CN 273 CP/Ac,A’c-17  §=MB; A’ =2,7,7-Trimethylnorborn-2-ene; 78F149
meas, k/k™ =3.4.
CH;CN CP/Ac,A’c-17 S = h@; A’ = 2-Methylenenorbornane; meas. 74F647
kljk‘.A =0.26.
210 Dicyclof2.2.1]hicptant, 2,3-dioxymethyl-7-tricyclo[3.3.1.1%" decylidenc- (exo,ex0)
CeHsCV 2-PrOH  1.8x 10% 273 CR/LI12 used kg = 4.1 x 10*s7!; 10,* from hydrotrioxide, 90M125
90:10) e.g. (CHy),C(OH)OOO0H.
2.11 Bicyclof2.2.1)heptane, 2-methylene- (Norbornane, 2-methylene-)
CH,CN 273 CP/Ac,Ac-17 8= N!B', A’ = 5-Methylene-2-norbornene; meas.  78F149
kjkA =43,
CH3CN 273  CIYAc,A’c-17 S=MB; A’l——— 2,7,7-Trimcthylnorbom-2-cne; 78F149
meas. k/k > = 13.
CHgCN ? S=MB; A= C*CGHQCH:;; meas. kA/kA' =0.065. T3F664
2.12 Bicyclo[2.2.1]heptane, 2,3-(2'-oxatrimethylene)-7-tricyclo[3.3.1.1%7Jdecylidene- (ex0,ex0)
CHsCV2-PrOH  12x10° 273 CR/LI-12 used ky = 4.1 x 10*s7; 10,* from hydrotrioxide, 90M125
{90:10) . ¢.g. (CH3),C(OH)QOOH.
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. — Continued

No. Solvent k B (kg'k) T Method Comment Ref.
(Lmol™s™h (mol L™Y) (K)
2.13 Bicyclo[2.2.1]heptane-2-d, 3-methylene-, endo-
CH,CN CP/Ac,A’%c-17 S =MB; A’ = 2-Methylenenorbornane; meas. 74F647
k/kA =1.0.
2.14 Bicyclo[2.2.1]heptane-2-d, 3-methylene-, exo-
CH;CN CP/Ac,A’c-17 S =MB; A’ =2-Methylenenorbornane; meas. T4F647
kX =1.1.
215 Bicyclo[2.2.1]heptane-2,3-dicarboxylic acid, 7-tricyclo[3.3.1.1%"1decylidene-, anhydride (endo,endo)
CHCl, 28x10* 295 CL/LI-I2 S=An; used k=49 x 10°s7%, 90F473
216 Bicyclo[2.2.1]heplane-2,3-dicarboxylic acid, 7-trlcydo[3.3.1.13'7]d§cylideue-, anhydride (ex0,e40)
CHCl, 1.0x10* 295 CL/LI-12 S=An; used ky=4.9x10*s7, 90F473
217 Bicyclo[2.2.1]heptane-2,3-dicarboxylic acid, 7-tricyclo[3.3.1.13"]decylidene-, dimethyl ester (endo,endo)
CHCl, 3.1x10% 295 CL/LI-12 S=An; used kg =4.9x 10% 571, 90F473
2,18 Bicyclo[2.2.1]heptane-2,3;dlcarboxylic acid, 7-trlcyclo[3.3.1.l3'7]decylidene-, dimethy! ester (exo,exo)
CHCl, 1.5 x 10 295 CL/LI12 S=An;used ks =4.9x103s7L. 90F4T3
2.19 Bicyclo[2.2.1]hept-2-ene, 5,6-bis(methylene)- [Norborn-2-ene, 5,6-bis(methylene)-]
CH,(Cl, ‘ 253 CP/Ac-17 S=TPP;A’=23- , 82F450
Dimethylencbicyclo[2.2.11hcptanc; meas. k k>
=0.12.
220 Bicyclo[2.2.1]hept-2-ene, 2-methoxy- (Norborn-2-ene, 2-methoxy-)
c-CgHyy <1.0x 10* PL/Ad-8 S = An; A" = DPBF. 82A349
CgHsCH; 1L1x10* PL/A’d-8 S=An; A’=DPBF. 82A349
CH,CN 6.2x10° PL/A’d-8 S=An; A’=DPBF; AH} =-1.3kI mol™; AS§ = 82A349
-141 J K™ mol™’; studied at 250-273 K.
CH;COCH,4 2.5 x 10° PL/A’d-8 S=An; A’=DPBF. 82A349
MeOH 62x10° PL/A’d-8 S=An; A’=DPBF; AHt =~0.8 kJ mol~'; ASt = 82A349
—130 TX~! mol™!; studied at 250-273 K.
221 Bicyclo[2.2.1]hept-2-ene, 2-methyl- (Norborn-2-ene, 2-methyl-)
CH;CN 273 CP/Ac,Ac-17 S= N;B; A’ = 5-Methylene-2-norbomene; meas.  78F149
kel = 14,
CH3;CN CP/Ac,A'c-17 S= MB; A= Z-Methylencnorborngne; meas. T4F647
kfeX =31
CH,CN ? S=MB; A’ =c-C¢HoCHy; meas. kp/kyr = 0.14.  73F664
222 Bicyclo[2.2.1]hept-2-ene, S-methylene-
CH;CN 273 CP/AcAc-17 S =3MB; A’ = c-CsH,CHj3; meas. k/kX =20x  78F149
107,
223 Bicyclo[2.2.1]hept-2-ene, 2,7,7-trimethyl-
CH,;CN 273 CP/Ac,A’c-17 S =MB; A’ = 2-Methylnorborn-2-ene; meas. T78F149
Ktk = 0.025.
CH;CN CP/Ac,A'c-17 S= MB; A’ = 2-Methylenenorbornane; meas. T4F647
Kk =0.077.
2.24 Bicyclo[2.2.1]hept-2-ene, 2-(trimethylsiloxy)-
CDCly CP/Ac.A'c~1 7 S=TPP; A" =7,7-Dimethy}-2- , 78F290
(trimethylsiloxy)norborn-2-ene; meas. k/k” =
8.4,
225 Bicyclo[3.1.1]hept-2-ene, 2-ethenyl-6,6-dimethyl- (Nopadiene)
MeOH ~2.0 293  CP/Oc-15 S =RB; E, = 16 kJ mol ™, 68F288
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TABLE 2. Rate constants for interaction -of singlet oxygen with olefins. — Continued
No _Solvent k B (kgk) T.  Method Comment Ref.
. (Lmol'I s7h (mol Lh X)
2.26 Blcyclo[4.1.0]hept-2-ene, 3,7,7-trimethyl- (AZ-Carene)
MeO_H ‘ 017 ? Method not reported. 68F289
237 Bleyclofd.1.0]hept-2-ene, 4,7,7-trimethyl- (A*-Carenc) -
. MeOH 0.21 ? Method not reported. 63F289
238 Bicyclo[4.1.0]hept-3-¢ne, 3,7,7-trimethyl (A%-Carene)
T MeOH 040 ? Method not reported. 68F289. -
2.29 - 'v‘l_!icyc_loi[2.2.0]hexa-2,5;dieﬁe, hexamethyl-
: ’ cu'cng 1.1 % 107 CF/A’c-33 8=A’=Rub; used kg= 1.7 x10*s™, ky =53 x  78A003
; . 10" Lmol™ 57,
330" ’Bicyclo[S 1.0Jhex-2-ene, 4-methyl-1 -(l-methylethyl) (1R)- (0-Thujene)
; cogon 18x10°(k) ’ 295 CPOc-i528 S=RB;used ky=4.0x10°s™"; used p,(RB)=  91F332
‘ <1o4 k) R 0.76.
2.31 Blcyclo[3.2.2]nonane, 6,7-b|s(methylene) _
- w3(,0(,u3 1Ix 108 195 CPIA'c-16 S=RB; A’ = DPBF; k, not given. " 87A368
m :Bicyclo[4.2 0]octa-2,4-diene, 7,8-dlbromo- (Cyclooctatetraene dxbromide)
’ MeOH ~0.30 293 CP/Oc-15 S=RB;E,= 11 kimol™.. 68F288
233 rBlcyclo[2.2.2]octane, 2,3-bns(methylene)-
' CD3COCD3 1.7x 108 195 CP/A’c-16 $=RB; A’ = DPBF, k4 not given. 87A368
2 Bicyclo[7.2._01undec-4_-ene, 4,11,11-trimethyl-8-methylene-, [IR-(1R* 4E,95*)}- (B-Caryophyllene)
* MeOH/ CgHg 293 CP/Ac,A’-17 S =BP, triphenylene, quinoline, Np, Py, RB, 70F735
(50:50) MB; A’ = - Caryophyllene meas. k/k A =5.1.
235 1, 1,3-Butad|ene, 1,4-di(4,4-dimethoxyphenyl)- : _ ,
ccl, 1.1 x10% (k) CP/PaP'a-17 S=TPP; A’=DPB; used k' =2.1 x 10° Lmol™! 90F292
‘ s7!; P = 1,4-Di(4,4’-dimethoxyphenyl)-1,3-
butadiene endoperoxide.
'236 1,3-Butadiene, 1,4-di(1,1-dimethylethoxy)-, (E,E)-
CH,Cl, 8.5x 107 CP/A%c-16  'S=MPDME; A’=DPBF;used k;=10x10*  85A261
o s7L 86A159
‘CH,CN 2.0x.10°8 CP/A'c-16 S = MPDME; A’ = DPBF; k, not given. 86A159
‘CH3COCH, 9.1 x 107 CP/A’c-16 S =MPDME; A’=DPBF; used k;=22x10* - 85A261
s, 86A159
CH;COCH, 9.6x 107 (k) 23x1073 (B CP/AcA'c-17  §=MPDME; A’=(Z2)-1 4—D1(tert-but0xy)— 86A159
1,3-butadiene; used ky = 2.2 x 10* s™; B, meas,
A rel. to f(TME) = 1.2 x 10 mol L7, :
THF 1.1x 108 CP/A’c-16 S = MPDME; A’ = DPBF; k; not given. 86A159
237 1,3-Buiadiene, 1,4-di(1,1-dimethylethoxy)-, (E,2)- .
* CH,Cl, 5.3% 107 CP/A’c-16 S=MPDME; A’ =DPBF; used k3= 1.0x 10* - 85A261
s 86A159
~ CH;CN 1.1x10° CP/A’c-16 S = MPDME; A’ = DPBF; k, not given, 86A159
CH;COCH, 57107 CP/A%c-16  S=MPDME; A’=DPBF;used ky=22x 10  85A261
s 86A159
. THF 5.5x10’ CP/A’c-16 § = MPDME; A’ = DPBF; k, not given. 86A159
238 1,3-Butadiene, 1,4-di(1,1-dimethylethoxy)-, (Z.2)-
CH,Cl, 20x107 CP/A’c-16 S=MPDME; A’=DPBF;used kj=1.0x10*  85A261
s7L 86A159
CH,;CN 3.8x107 CP/A’c-16 8= MPDME; A’ = DPBF; k, not given. 86A159
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. — Continued
No. Solvent k B (kak) T Method Comment Ref.
(Lmol™ s (mol L) K)
238 1,3-Butadiene, 1,4-di(1,1-dimethylethoxy)-, (Z,Z)- — Continued
CH,COCH; 1.5x 107 CP/A’c-16 $=MPDME; A’ = DPBF; used kg = 2.2 x 10* 85A261
s 86A159
CH,;COCH; 1.4x 107 (k) 1.6x1073 B, CP/Ac,A'c-17 S =MPDME; A"=TME; used kg =22%10*s], 85A261
82 =12x103 mol L., 86A159
THF 1.9x 107 CP/A’c-16 S = MPDME; A’ = DPBF, k; not given. 86A159
239 1,3-Butadiene, 2,3-dimethyl-
CHCl, 7.8x10* CP/A’c-33 S=A"=Rub;used k=17 x10*s™), kyy=53x  B1F445
10" L mol™! s7%,
240 1,3-Butadiene, 1,4-diphenyl- (DPB)
ccl, 2.1x10° 69%1073 CP/Pa-15 S=TPP;used ky=1.4x 1035, P=1,4- 90F292
Diphenyl-1,3-butadiene endoperoxide.
CCl, 273 CP/Pa 17 S = TPP; A’ = Acetone azine; meas. k,Jk,A' =3.5. 79F278
CeFs 273 CP/Pa-17 S =TPP; A’ = Acetone azine; meas. k/k =3.6. 79F278
CDCly 253 CP/Pa-17 S =MB; A’ = Acetone azine; meas. k/k> =3.3.  79F278
CDCl, 253 . CP/Pa-17 S =TPP; A" = Acetone azine; meas. k,!k,A' =45 79F218
CDCly 253  CP/Pa-17 S = Poly-RB; A’ = Acetone azine; meas. k/k A =  79F278
36.
CH,CN 6.0 10° 0.056 CP/Pa-15 S=RB;jused by~ 33104 s, P~ 1,4- S0F202
Diphenyl-1,3-butadiene endoperoxide. .
241 1,3-Butadiene, 2-ethyl-
CHCl, 72x10% CP/A"c-33 S=A’=Rub; used kg = 1.7 x 10* s~} kyr=53x  BIF445
‘ 107 Lmol™! 571,
242 1,3-Butadiene, 2-methyl- (Isoprene) )
CeHsCl/2-PrOH  3x10* 273 CRILEI2  used ky=4.1x10*s7'; '0,* from hydrotrioxide, 90M125
(90:10) e.g. (CH3),C(OH)OOOH.
CHCl, 37x10% CP/A’c-33 S=A’=Rub;used kg=1.7x10* s, k=53 x  81F445
10’ Lmol ! 571,
243 1,3-Butadiene, 2-(phenylmethyl)-
CeHg 7.3 277 CP/Oc-14 S =TPP. 81F582
CCly 0.82 277 CPIOc-14 S=TPP. 81F382
CH,;COCH,CH; 5.7 277 CP/Oc-14 S=RB. 81F582
CHCl4 34 277 CP/Oc-14 S=TPP. 81F582
EtOH 11 277 CP/Oc-14 S=RB. 81F582
244 (E)-2-Butenal (Crotonaldehyde)
MeOH 22x10° 65 263 CP/Oc-15 S=MB; used kg = 1.4 x 10° 571, 737479
2.45 1-Butene, 2,3-dimethyl-
MeOH 288  CP/Ac,A’c-17  S=MB; A’ = c-CgHyp; meas. k/kA =17 65F028
2.46 2-Butene
MeOH 13 293 CP/Oc-15 S=RB; E, =42k} mol™, 68F288
2.47 2-Butene, (E)
CCly/ MeOH (96:4) 2 x 10° PL/A’d-8 S=MB; A’=DPBF. 777162
cs, 72x 10 298 PL/Ld-2 S=TPP;AH{=1kI mol™'; ASt =176 K™} 85A167
mol™!; studied at 183-310 K.
248 2-Butene,(7)
CClLF 193  CP/Ac-17 S = MPDME; A’ = (E)-2-Butene; meas. k,Jk,A' = 90F1l1

18.
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TABLE 2: Rate constants for interaction of singlet oxygen with olefins. — . Continued
HNo,: " ‘Selvent B ky/k) T . Method Comment Ref.
(Lmols7?) (mol LY K) : -
348  2-Butene, I(Z) — Continued
" .CCL/MeOH (96:4) 6x10° PL/A'd-8 S =MB; A’ = DPBF. 777162
CS, 48x10* 298 PL/Ld-2 S=TPP;AH;=7kImol ; AS; =~134JK™1  85A167
mol™}; studied at 183-310 K.
349 "2-Butene, 2-cyclopropyl-, (E)
CH,COCH; CP/Ac,A'c-17 S =Eos; A'= 78F430
N (Dicyglopmpylmethylidene)cyclobutane; meas:
kP =053,
450 : 2-Butene, 2-cyclopropyl-3-methyl-
CCHON 283 CP/Ac,A’c-17 S=MB; A’ = TME; meas. k/k> = 1.0; Ck.with 79F646
K 1,2-dimethylcyclohexene.
CH,COCH; CP/Ac,A’c-17 S=Eos; A'= 78F430
C 2 (I')icylenpropylme‘rhylidene)cyclohutane; meas.
k/kN =0.76.
-, 351 * 2-Butene, 2,3-dimethyl- (TME)
'~ 1'BuoH " 441073 296 CP/A'c-16  S=MB; A’ = DPBF. 717398
“tert-BuOH. 29x1073 296 CP/A’c-16 S=MB; A’=DPBF. 717398
C5H5N ~9x 108 286" ? S = Poly-RB,; value from graph; method not 81F534
_ . reported. )
CsHsN - 13x107 285 CP/Pa-20 S=Th,MB, DMA; A’ = DMA. 737202
CsHsN ~283 CP/A’c-17 S = A’ = DPBF; meas. k/k* = 0.026. 66F041
,c-CgHy; (mic) 1x107 PL/Tb-3 . S =Ery; reverse micelles contg. 0.04 mol L™! 83A050
: . DAP and 0.1 mol L™! water.
CgH,CH, 3.6x107 PL/L4-2 S=2-ACN; AHi =-3kImol™!; ASt =-126]  88A427
K™ mol™; E, =1 kJ mol™; studied at 183-363
K; pre-exciplex-equilibrium limit activation
parameters.
CeHsCH;. LIx1073 CP/Ac-14 S="TPP. _ 80C002
C¢HsCH, 42x 107 PR/A’d-5 S=Np; A’=DPBF. 78E263
CeHsCV/2-POH  2.6x107 273 CR/LI-12 used kg =4.1x 10*s™; 10,* from hydrotrioxide, 90M125
(90:10) ‘ _ e.g. (CH3),C(OH)OOOH.. -
CsHs 13x10° @) 286 CP/Oc-29 S =TPP: A’ = 2.5-DMF: mess. 1 +ky/k, = 1. R4F065
CeHg 1.8x 107 22x1073 CP/Oc-19 S = Chl (0s); Q = Chl (0s); used ks =4.0x 10*  81F321
: s71; Chl (os) is a commercial mixture contg. a
small % of chlorophyll. - N
CeHg -8 x10° 286 7 S = Poly-RB; value from graph; method not 81F534
reported.
CeHg 12x 107 208 CPA'c-23  S=A’=Tetr;used By=17x 102 mol L™, 706079
CHg 7.1 107 298 CP/A’C-23 S=A"=Rub; used Po=3.0x 10 *mol L', 706079
CeH, 12x1073 298 CP/A’c-23 S=A’=DMBA; used B, =7.1 x 104 mol L1 706079
CeHy 77%x107* 298 CP/A’c-23 S=A’=DMA; used B, =3.0x 10 mol L' 706079
ccl, 10x107* ()  286' CP/Oc-29 S=TPP; A’ =2,5-DMF; meas. 1 +k/k;= 1. 84F065
ca,’ ~5x10° ‘ 286 7 S = Poly-RB; value from graph; method not 81F534
reported.
CH,Cl, 52x107- PL/Ld-2 S=Ma0Os. 93F368
CH,Cl, 40x10*@) 286 CPOc-29 S =TPP; A’ = 2,5-DMF; meas. 1 +kgfk.= 1. 84F065
CH,Cl, 4%107 PL/Tb-3 S=TPP. S 83A050
CH,Cl, ~2x 106 286 7 S = Poly-RB; value from graph; method not ” 81F534
reported.
CH,CN 3.7x 107 300 - PL/P’b-5 S =MB; A’ = FIN,; P’ = 9-Fluorenone oxide. 85A206



704

WILKINSON, HELMAN, AND ROSS

TABLE 2. Rate constants for interaction of singlet oxygen with olefins. — Continued

No. Solvent k

B (kyfk) T Method Comment Ref.
L mol™!s7hy (mol L) &)
2.51 2-Butene, 2,3-dimethyl- (TME) — Continued
CH,CN 3.5x107 300 PL/P’b-5 S =MB; A’ = DDM; P’ = Benzophenone oxide.  84A339
CH,CN 76x104(B) 286 CP/Oc-29 S=RB; A’ =2,5-DMF; meas. 1 + kgfk, = 1. 84F065
CH;CN ~7x 108 286 7 S =Poly-RB; value from graph; method not 81F534
reported.
CH,COCH; 12x10% @) 286 CP/Oc-29 S=RB; A’=2,5-DMF; meas. 1 + ky/k.= 1. 84F065
CH,COCH; 3x107 PL/Ld-2 $ = MPDME. 83E235
CH;COCH; 63x107* 294 CP/A’c-16 $ = MPDME; A’ = DPBF. 83E235
77x107* 206
CH,COCH; ~107 286 ? S = Poly-RB; value from graph; method not 81F534
reported.
CH;COCH, 54x107 72x107* 288 CP/A’c-16 S=RB; A’ = DPBF; used kg = 3.8 x 10* 571, 77F876
CHCl, 36x104 (@) 286 CP/Oc-29 S=TPP; A’ =2,5-DMF; meas. 1 + kfk,= 1. 84F065
CHCl, 56x107 CP/A’c-33 S=A’=Rub;used kg = 1.7x10*s7}, k., =53x  81E003
10’ Lmol™!s7!,
CHCl, 54%107 CR/A’c-33  A’=Rubjused ky=1.7x10*s™), kp=53x107 81E003
Lmol™ s7}; '0,* from DMNO,.
CHCl, ~5x10° 286 ? S = Poly-RB; value from graph; method not 81F534
reported.
CHCly 5.8x 107 CP/A’c-33 S=A’=Rub;used ky=1.7x 10*s™!, kpr=53x  78A005
107 Lmoi~t s,
CS, 22%107 298 PL/Ld-2 S = TPP; AH} = 2 ki mol™}; AS§ =96 JK! 85A167
mol!; studied at 183-310 K.
CS, ~8x10° 286 ? S = Poly-RB; value from graph; method not 81F534
reported.
EtOH 0.56 CP/Ac-15 S = MB; Reported values are suspect since ro, 767041
depends on [O,] and 3 value was determined
from nonlinear data plots.
EtOH 1.6x 107 CP/Oc-23 $ = RB; A’ = Hexamethylenedithiocarbamate; 727116
used kg =1.0%10% 5™, kpr = 1.5 x 10% L mol™
57! meas. ki(kg + ky[A]) =270 at [A'] = 2.8 X
10~ mol L',
H,0 1.1x 108 (k) 292 MP/Ac,Ac-17 S=RB; A’=FFA;used k¥ =12x 10 Lmol™!  87A180
pH=7.0 51
MeOH 40x103(B) 286 CP/Oc-29 S=RB; A’=2,5-DMF; meas. 1 + ky/k,=1. 84F065
MeOH 3x 10’ PL/Tb-3 S =Ery. 83A050
MeOH 1.3 % 107 286 7 S = Poly-RB; value from graph; method not 81F534
reported.
MeOH 46x1073 296 CP/A’c-16 S =MB; A’ = DPBF. 717398
McOII 4107 PL/A'd-5 S = MB; A’ = DPBF. 719325
MeOH 6.2x1073 293 CP/Oc-15 S=RB; E,=2.1 ki mol™%. 68F288
MeOH 3.0%x107% ? Method not reported. 68F289
MeOH/ rerr-BuOH 2.3 x107% CP/A’c-16 S =RB, A’ = DPBF. 717398
(50:50)
2.52 2-Butene, 2,3-dimethyl-dg, (E)-
CD,COCD; 263 CP/Pa-17 § = KB; A= TME; meas. k/k\ =0.71. 79F135
2.53 2-Butene, 2,3-dimethyl-dg, (2)-
CD;COCD; 263 CP/Pa-17 S =RB; A’ = TME; meas. k/k* =0.91. 79F155

e s s s -

I Plvra NAlcw. M_r =




(50:50)
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TABLE 2. Rate constants for interaction-of singlet oxygen'with olefins.. — Continued
" Solvent k ‘ B/t T~ Method Comment Ref.
L mot! s (mol L) ) '
“2-Buténe, 2,3-dimethyl:, (d;,)-
CCHCHy T 32x107 PL/Ld-2 S=2-ACN; AH} =3 kI mol ', AS§ =—126J. = 88A427
U K mol™!; E,=-02KkJ mol™!; studied at
183-363 K; pre-exciplex-equilibrium limit
activation' parameters. '
 2-Butene, Z-mihory- ,
c:CeHyp 2.5x 10° PL/A'd-8 S=An;A’=DPBF; AH{ =4k mol"; AS}=  82A349
‘ ‘ _ -103JK™" mol™; studied at 290-340K.
“C¢HsCH; 1.2x107 PL/A’d-8 S=An; A’=DPBF; AH; =—1 K mol"}; AS§ =, 82A349
_ ' -115 K mol™; studied at 250-340K.
CH,CN 24 x107 PL/A'd-8 S= An; A’ =DPBF; AH} =3 kI mol™ i AS} = 82A349
- -114 JK™ mol™; studied at 250-340 K.
CH;COCH,3 1.1x107 PL/A’d-8 S= An; A’=DPBF; AH} =-2.5kJ mol™'; AS; =  82A349
e ~119 YK mol *; studied at 240-320 K.” ~* ‘
MeOH 1.3x107 PL/A’d-8 S=An; A’=DPBF: AH} =-2 ki mol™; ASf = 82A349
o 116 JK™! mol™!; studied at 250-310 K.
386 “2-Butene, 2-methyl- (2M2B)
CeHg, 0.035 (B,) 286 CP/Oc-29 $=TPP; A’ =2,5-DMF; meas. 1+ ky/k, = 1. 84F065
ocl, - 15x10°% (@) 286 CP/Oc-29 S ="TPP; A’ = 2,5-DMF; meas. 1 + ky/k, = 1. 84F065
CD;COCD;4 13x 108 298 PL/Ld-2 S=TPP;AH} =5k mol }; AS}=-113JK!  85A167
ey mol™'; studied at 183-310 K.
CD;0D 9.4x 10° - CP/LI-12 S=RB; used k= 4.0x10% 57", 92A386
CH,Cl, 58x103(B) 286 CP/Oc-29 S =TPP; A’ = 2,5-DMF; meas. 1 + kyfk,=1. 84F065
(CHy);CCH;0CH;  1.1x 105 CP/LI-12 S="TPP; used ky = 3.5 x10*s7. 92A386
CH;CN 0.011 (B, 286 CP/Oc-29 S=RB; A’=2,5-DMF; meas. 1 + k/k,=1. 84F065
‘CH;COCH; 0.020'(B,) 286 CP/Oc29  S=RB;A’=2,5DMF; meas. 1 +kyfk,= 1. 84F065
CHCly _ 72x10°@®) 286 CPIOc-29  S=TPP;A’=2,5-DMF; meas. 1 +kg/k,=1. 84F065
CHCl3 1.5x 10° " CPA%c-33  S=A’=Rubjusedky=1.7x10*s, ky=53% 81E003
- 10’ Lmol'sl
CHCl, 23x10° CR/A%c-33  A’=Rubjused ky=1.7x10*s™\, k,,=53x 10" 81E003
L mol™! s“l; 102* from DMNO,. .
'CHCl, 2.3%108 CP/A’c-33 S=A’=Rub; used kg = 1.7x 104s7L, k. =53 %" 78A005
B 10" Lot 571, _
Cs, 72x10° 208 PL/Ld-2 S=TPP; AH =3kJ mol™"; AS} =-125 K™ 85A167
a ' mol™; studied at 183310 K.
. EtOH 1.6 CP/Ac-15 S = MB; Reported values are suspect since 7y, 767041
depends on [O,] and B value was determined
from nonlinear data plots.
McOII ~ 0.096 Bp 286 CP/Oc-29 §=RB; A’ =2,5-DMF; meas. 1 +kgfk, = 1. 84F0G5
MeOH 1.1x 106 286 7 S =Poly-RB; method not reported. 81F534
MeOH 1.1x 108 010 ? used ky = 1.1 x 10° s”%; Unpublished data. T9F074
MeOH 0.060 293 CP/Oc-15 §=FICL,?; E, = 6.7k mol™., 68F288
MeOH 0.030 293 CP/Oc-15 S =DNT; E, = 5.9k mol ™., 68F288
MeOH 0.60 293 CP/Oc-15 S=RB; E;= 6.7k mol ™. 68F288
MeOH. 0.055 293  CP/Oc-15 S =FBr,Cl, > E, = 6.3 ki mol .. 68F288
MeOH 0.10 - 293 CP/Oc-15 S =MB; E,= 9.2 kJ mol ., 68F288
MeOH 0.055 7 Method not reported. 68F289
MeOH/ fert-BuOH CP/Ac,A'c-17 'S=RB; A’ ="TME; meas. k/k” =0.045. 68F292
(50:50) '
MeOH/ fert-BuOH _ CR/AcA’C-17 A’ =TME; meas. k/k* =0.043; '0,* from - - 68F292
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. — Continued
No. Solvent k B (kg'k) T Method Comment Ref.
(Lmol™!s7h) (mol L™ K) ‘
2.56 2-Butene, 2-methyl- 2M2B) — Continued
MeOH/ tert-BuOH CR/AC,A’-17 A’ =TME; meas. k/k 2 = 0.067; 10,* from 68F292
(50:50) H,0,/NaOCl.
MeOH/ tert-BuOH 303 CP/PaPa-17 S=RB;A’=TME; meas. k/k™ =0.024. 68F292
(50:50) ,
MeOH/ tert-BuOH 298 CR/Pa,Pa-17 A’=TME; meas. k,l’k,A' =0.029; 102* from 68F292
(50:50) H,0,/Na0Cl,.
2.57 (E)-2-Butenoic acid (Crotonic acid)
CeDs 33x10° PL/Ld-2 S=TPP. 89A331
2.58 2-Butenoic acid, 2-methyl-, (E)
CeDs 6.8 x10° PL/L4-2 S =TPP. 89A331
2.59 3-Butenoic acid
CeDg 4.0x10° PL/Ld-2 S=TPP. 89A331
2.60 2-Buten-1-ol, 3-methyl-
MeOH/ H,0 (95:5) 0.14 CP/Oc-15 S = RRB: Soln. contg. 1% sodinm acetate. T9F137
2.61 1-Buten-3-one, 1-(2,6,6-trimethyl-1-cyclohexen-1-yl)- (3-Ionone)
CeHg 1.6 x 10° PL/A’d-5 S=A; A’=DPBF. 85E293
2.62 P-apo-8’-Carotenal
CeHg 1.4%10'° PL/BCd-11  S=An. 78F276
CH,Cl, 3.1x10° 298 CP/P'a-19 S =Chl a; A’ = Soybean oil; used k= 1.0x 10°  91U180
L mol™! s7%; meas. kafka = 3.0 x 10%; obs.
peroxide formation.
2.63 a-Carotene
CgHsCH,4 8.2x10° PL/Ld-2 S=Pz 91E465
CHCly/ EtOH 6x10° 310 CR/LL12 10,* from NDPO,; reported k= 1.9 x 101° L 89R188
(50:50) mol~! s7! using ky=1x 10% 571, recalcd. using kg 90E622
=3.0x10%s™! [92E654].
2.64 9-cis-p-Carotene
C¢HsCH,3 9x10° PL/Ld-2 = 91E465
CeHg 1.1x10'° PL/Ld-2 = 91EA465
2.65 15,15°-(Z)-B-Carotene
CeHsCH, 12x 1010 PI/1.4-2 =Pz 91R465
CeHg 1.1x10%0 PL/Ld-2 = 91E465
2.66 p-Carotene
1-BuOH 55x107 CP/A"c-16 S=RB; A’=DPF. 717398
tert-BuOH 3.8x1076 CPIA’c-16 S=RB; A’ =DPF. 717398
CsH;N 6.5%10° CP/A’c-23 S=A’=Rub;used kg =6.0x10*s7! ko =4x 743112
10’ Lmol ™ s71.
CeDg 2.1x10'° PL/Ld-2 S = Pur. 89R044
n-CgH,4 1.4x10'0 PL/Ld-2 S=Pz 91E465
n-CgHy, 3.7x107 (k) CP/Ac-? S=A’=An; used kg =6x 10*s7!; calcd, using ~ 80F169
ka=3x100Lmol?s7h.
CgHsBr 3.4x%10° 273 MD/A’c-33  A’=Rub; used ky=13x10*s™!, ky =4.0x 107 737333
L mol™! s71; meas. K/[(ky/[A’]) + ka] =33.7 at
[A7=15x10" mol L™,
CHsCH; 1.4 % 10 PL/Ld-2 S=Pz 91E465
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TABLE 2, Rate constants for interaction of singlet oxygen with olefins.-— Continued
" Solvent k B (ky/k) T Method Comment Ref.
(L mol™! 571y (mol L) ®) -
ﬁ-Caroteneh—- Continued
 CgHiCHy 11%x 10" PL/Ld-2 S=2-ACN; AH; =2 (5) kI mol™'; AS} =—60 .  88A427
T (=50) X! mol™}; E, = 4 (7) ki mol/; studied at
183-363 K; pm-exmplex—ethbnum limit (and
) diffusion limit).
CHsCH, 1x 10! CP/A’c-20  S=A’=MDH; used ky=4.0x10%s7. 83F406
C¢HsCH; 3.0x10' CP/A’c-25 S=A’=Rub; used kg = 1x10° 57, kpr= 1.7 x 752063
SRR ' 108 Lmots™!,
CeHg 1.3x 101 PL/Ld-2 S=Pz 91E465
CeHs - 13%101" 298 CP/Ac,A'c-23  S=A’=Rub; used k;=4.2x10*s™, kyy=42x  90F360
o 2.0x 10% (k) 10_7Lmol'1 s7h
o 12% 10" ()
'CeHg 1.5% 1010 303 CP/P'a-19 §= A’ = Rub; k; not given. 87A107
CeHg 1.2 x 10 PLACH-11  S=An. 78F276
CeH 13x10' 298 PL/A’d-8 § = An; A’ =DPBF. 737438
CeHg 1.1x10% 298 PL/BCd-11  S=An 737438
CeHg. - 2x 10" PL/A'A-5 S = MB; A’ = DPBF; Solvent contained 2% . 727260
) : MeOH.
CgHg/B1OH: " 1.6x10'" CP/A’c-19 S=RB; A’=Chla;used ky=1x10°s7%. 78F404
(67:33) .. - :
CgHy/ EtOH ‘13x10% 295 CP/P'a-19 S=RB; A’ = TEMP-4-OH; used kg =3 x 10*s™}; 757445
[(89:11) P’ =TEMPOL.
C¢Hy/ MeOH 2.3x 10" 43x107 CP/A’c-22 S =MB; A’ = Rub; used k4= 1.0x 10%s7. 747042
(60:40) e .
CeHy MeOH 9.7%x10° 39x107 CP/A'c-16  S=RB;A’=DPF;used ky=3.8x10*s7", 717398
(80:20). . . ' :
Celly/ MeOH _ 298 CP/P'a-20 S=MB; A’ = 2M2P; meas. ky/ky = 1.5x 10%.  70F734
(80:20)
cal, 9.9 x 10° PL/Ld-2 S=Pz o 91E465
.CCl, 1.0x 101 296 CR/LI-12 used kg = 1.7 x 10°s7!; 10,* from DMNO,. 90F069
ccly 59x10° CP/LI-12 S=PHO; used ky =355~ ~ ' 88E479
“ccl, 3.8 % 10% (k) CP/Ac-1427  S=TPP; A’ = Tetr; k. derived using k, = 7x10° 83A336
) ‘Lmol™ vs’l.
CCly 7.0% 10° MP/LI-12 S = TPP; used ky = 36 s, . 83A336
, 78E892
CCly 6.5x10° 295 PL/Ld-2 S = PAMPDME or MPDME; decay at 1588 nm;  80ESSS8.
decay at 1272 nm gave 7 % 10° L mol™ 5™,
cel 8.0x10° MP/LI-12  S=Ret; used k;=3657". 79F463
o : * T8F700
ccl, 7 x 10° MP/LI-12 S = PP, Pha, or BCl u; used kg =355, TTE617
78E881
79A010°
~CCly/ CHCly 6.2x10° CP/A’c-23 S=A’=Rubjused ky=14x10%57), kp=Tx  74F645
_(90:10) -107 L mol ™! s7; meas. k/(kA'[A'] +kg)=35x%
e 105 L mol! at [A] = 5 X 10 mol L™
- CD,0D 14x10° CP/LI-12 S =RB; used kg = 44x 103 L 88E479
CD;0D 15x10° CPILI2  S=PHO;usedky=44x 10°57%, 88EA79
CH,Cl, 46x10° 298 CP/P'a-19 S=Chla; A" = Soybean oil; used ky = 1.0 105 91U180
' L'mol*! §°; obs. peromde formation.
CH,Cl, 1.3x10" PL/Tb-3 S=TPP. 83A050
CH,Cl, 1.3x 10" 298 CP/A'c-23  S=A’=Rub;used kj=8:0x 10357}, k, =7.3x 747341

10" Lmol™ 71,
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. — Continued
No. Solvent k B (kg/k) T  Method Comment Ref.
(L mol™ s71) (mol L™) (K)

2.66 P-Carotene — Continued

CH,Cl, 8.5x10° CP/A’c-23 S=A’=Rubjused ky=7.3x10% s ky=7x 732066
107 Lmot™ s7L.

CHCl, 5x10° CR/LI-12 used kg = 3.0 x 10* s7; 10,* from NDPO,, 92R054

CHCl, 1.1x 101 PL/Ld-2 S=Pz 91EA65

CHCl, 6.5x10° PL/Ld-2 S = MPDEE or PAMPDEE. 81E472

CHCly/ EtOH 1.2x10'° PL/L4-2 S = Pz; Soln. cont. 1% H,0. 91E465

(50:50) ,

CHCl,/ EtOH 4%10° 310 CR/LI12 10,* from NDPO,; reported k'=1.4 x 10'° L 89R188

(50:50) mol™! s7 using kg =1 x 10° 57, recalcd. using kg 90E622
=3.0%10% 71 [92E654].

CS, 1.5x1077 CP/Pa-20 S=TPP; A’ = 2M2P. 727028

CICF,CCL,F L1x 10 303 CR/P'a-32 A’ = Rub; 10,* from DMNO,; k- and k4 not 87A107
given.

CICF,CCLF/ 9.5x 10° PL/Tb-3 S="TPP. 83A050

CH,Cl, (96:4)

EOH/ H,0 (95:5) 2x10° CR/LI-12 102* from pyrogallol autooxidation by O,/KOH; 78F605
kg not given.

MeOH 9.3x10% 297 CR/Pa-31 A’ = TEMP; formn. of TEMPO monitored by esr; 92D227

soln. cont. MeONa and CoCl, '0,* from
autoxidation of adrenaline; k4 not given.

MeOH 6.1x107° CP/A’c-16 S=RB. 717398

MeOH/ H,0 (95:5) 6.3 x 10° 310 CR/LI-12 used kg = 1.8 x 10° s71; soln. cont. 0.05 mol L1 92M228
MeONa and 5 x 10~* mol L™ CoCl,, 10,* from
autoxidation of oxytetracycline.

2.67 B,B-Carotene, 3’-(acetyloxy)-6’,7’-didehydro-5,6-epoxy-5,5°,6,6’,7,8-hexahydro-3,3’,5’-trihydroxy-8-oxo-, (35,3°S,5R,5°R,6S,6’R)- (Fucoxanthin)

ccl, 2.6 % 10° (k) CP/Ac-1427  S=TPP; A’ =Tetr; k, derived using ky = 7x10%  83A336
Lmot™!sL.

CCl, 7.0x 108 MP/LI-12 S=TPP; used ky=3657.. 83A336
2.68 wy-Carotene, 3,4-didehydro-1,2,7°,8’-tetrahydro-1-methoxy- (all-E)- (Spheroidene)

CeDs 1.6 x 10'0 PL/Ld-2 S=Pur. 89R044
2.69 y-Carotene, 3,4-didehydro-1,2,7°,8’-tetrahydro-1-methoxy-2-oxe- (all-E)- (Spheroidenone)

CeDs 1.9 10'° PL/Ld-2 S =Pur. 89R044
2.70 y-Carotene, 7,8-dihydro- (ali-E)- (Neurosporene)

CgDs 1.7 % 1010 PL/LA-2 S = Pur. 89R044
2.71 y-Carotene, 3,3°4,4’-tetradehydro-1,1°,2,2*-tetrahydro-1,1’-dimethoxy- (all-E)- (Spirilloxanthin)

CeDsg 1.3x 10%° PL/Ld-2 S =Pur. 89R044
2.72 y-Carotene, 7,8,11,12-tetrahydro- ({-Carotene)

CeDg 3.5x10° PL/Ld-2 S=MPDME. 89R044
2.73 vy,y-Carotene, 7,7°,8,8%,11,12-hexahydro-, 15-cis- (15-cis-Phytofluene)

CHCl, <1x107 CR/LI-12 used kg = 3.0 x 10*s7%; 10,* from NDPO,. 92R054

C¢Hy/ MeOH <1.0x 108 21.0x 1073 CP/A’c-22 S=MB; A’ =Rub; used k4= 1.0x 10° 57", 747042

(60:40)
274 15(Z)-y-Carotene, 7,7°,8,8°,11,11°,12,12*-octahydro- (15-cis-Phytoene)

CHCl, <1x10’ CR/LI-12 used kg =3.0 x 10%s7%; 10,* from NDPO,. 92R054

C¢Hy/ MeOH £1.9x 107 >53x1073 CP/A’c-22 S=MB; A’ =Rub; used kg=1.0x 10°s™L. 747042

(60:40)

" wms . s L .. . P s NILE Ama A A dAn-
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. — Continued

"'Solvent k Bkgt) - T  Method Comment Ref.
: L mol s (mol LY K) i

J43% (E)-fe-Carotene, 3,3°-dihydroxy- (3R,3°R,6’R)- (Lutein)

'CgHg/ MeOH 2.1x10% 48x107 CP/A’c-22 S=MB; A’ =Rub; used k3= 1.0 x 10° 571, 747042

(60:40)

CH,Cl, 57x10° 1.8x107¢ 293  CP/Oc-19 $ =Chl a; A" = Soybean oil; used kg = 1.0x 10*- 90R128
s,

CHCl, 1.6x 1010 PL/Ld-2 S = Pz; Contains ~5% zeaxanthin. 91E465

CHCly/ EtOH 2x10° 310 CR/LI-12 10,* from NDPO,; reported k=8 x 10° L mol™!  89R188

(50:50) 57V using kg = 1 x 10% 57, recaled. using k;=3.0  90E622

x 10* 571 [92E654].
176" yCarotene

CHCJ,/ EtOH 7x10° 310 CR/LI-12 10,* from NDPO,; reported k=2.5x 101°L 89R188
(50:50) mol ™! s7! using ky =1 x 10° 57}, recaled. using k;~ 90E622
=3.0x10*s7! {92E654).
CHCl, 83x10% PL/Ld-2 S=Pz 91E465
377 ‘Caratene analog, C-30
C¢Hg/ MeOH CP/Pa-20 S =MB; A’ = 2M2P; meas. Kk, = (57 + 86). 707188
© (80:20)
3.78 : Carotene analog, C-35
CeHg/ MeOH CP/P'a-20 S =MB; A’ = 2M2P; meas. kfk, = 1900 +2850. - 707188
(80:20)
179 Bf-Carotene.3,3"-diol, (3R3'R)- (Zeaxanthin)
CeHg 12x 10" PL/L3-2 S=Pz 91EA65
CgHg 2.8x10° PL/BCd-2 S=An. 80A143
ccy, 7.0x10° MP/LI-12 S = TPP; used ky = 36 s, 83A336
CCly 3.4 % 108 (k) CP/Ac-27 8="TPP, A’ = Totr, k, derived using k4 = 7x10° 834336
Lmol™! s,
CH,Cl, 6.8x10° 1.5x 1076 293 CP/Oc-19 S = Chl a; A’ = Soybean oil; used ky = 1.0x 10*  90R128
~1
s .
CHCly/ EtOH 3x10° 310 CR/LI-12 10,* from NDPO,; reported k= 1.0x 10'° L 89R188
(50:50) . mol™ 7! using ky = 1x10° s, recalcd. using kg 90B622

=3.0x 1057 [92E654].
480  B,B-Carotene-3,3’-diol, 5,6:5',6’-diepoxy-5,5’,6,6’-tetrahydro- (all-E) (Violaxanthin)

CeHy 1.6 x 101° . PL/Ld-2 S=Pz 91E465
ift f.8-Carotene-d,4"-diol, all-E- (Isozeaxanthin)

CeH¢ MeOH - 29x10' 34x107 CP/A’c-22  S$=MB; A’ = Rub; used ky= 1.0 x 10% 571, 747042

(60:40) ,

TH,Cl, 7.4x10° 1.3x107% 293 CP/Oc-19 §=Chla; A’ = Soybean oil; used ky = 1.0x10*  90R128

s .

282 B-Carotene-4,4’-dione, 3,3’-dihydroxy- (Astaxanthin)

CeH 1.4 x 10% PL/Ld-2 S=Pz O1EA65
CH,Cl, 9.8 x 10° 1.0x 107 293 CP/Oc-19 § = Chl a; A’ = Soybean oil; used ky=1.0x 10*  90R128
~1
s .
CHCly/ EtOH 7%10° 310 CR/LI12 10,* from NDPO,; reported k= 2.4 x 101° L, 80R188
(50:50) mol™ s using kg = 1x 10° 5™, recaled. using ky 90E622

=3.0x 104571 [92E654].

. v2.83. B,B-Carotene-4,4’-dione (Canthaxanthin)
CeHsCH; 1.3x 10 PL/Ld-2 S=Pz 91E465
CeHg 1.8x 10 PL/BCd-2 S=An. 80A143
CeHs 1.4x 101 PL/BCd-11  S=An 78F276
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. — Continued
No. Solvent k B (kg/k) T Method Comment Ref.
(Lmol™ 57! (mol L") (X)

2.83 f,B-Carotene-4,4’-dione (Canthaxanthin) — Continued

CCl, 1.0x 1010 CP/LE-12 S =PHO; used k3= 35571, 88E479
CD;0D 1.2x 1010 CP/LI-12 S =PHO; used kg =4.4x 103571, 88EA479
CH.Cly 1.1x 101 CP/P2-19 §=Chla; A’ = Soybean oil; used ko = 1:0x 10°  91U180
L mol™! s71; obs. peroxide formation.
CHCly/ EtOH 6x10° 310 CR/LI2 10,* from NDPQ,; reported k=2.1x 101°L 89R188
(50:50) mol™* s~ using ky=1x 10° s}, recalcd. using &
d d

=3.0x 10%s~! [92E654].

2.84 «xx-Carotene-6,6-dione, 2,2’-dihydroxy- (25,2°S,5R,5’R) (C,y-Epiisocapsorubin)

CHCl, 8 x 10° CR/LI-12 used kg = 3.0 x 10 s71; 10,* from NDPO,. 92R054
2.85 p-apo-8-Carotenoic acid, ethyl ester
CeHy 1.2 x 1010 PL/BCd-11 S=An. 78F276
2.86 pB-apo-8’-Carotenol
C¢Hg/ MeOH CP/P'a-20 S =MB; A’ = 2M2P; meas. ky/kp =-1.9x 10°. 707188
(80:20)
CeHe/ McOH 1.2x 1010 208 CP/Pa-20 S =MB; A’ = 2M2P; used kg = 1.0 105571, B, 70F734
(80:20) =0.04 mol L™,
2.87 P,B-Caroten-3-o0l (Cryptoxanthin)
CHCly/ EtOH 2x10° 310 CR/LI-12 10,* from NDPO,; reported k=6 x10° Lmol™  89R188
(50:50) s~ using ky=1x10°s7}, recaled. using k;=3.0  90E622

x 10% 571 [92E654).

2.88 B,B-Caroten-4-one (Echinenone)

CeHg 1.1x 10" PL/BCd-2 S=An. 80A143
2.89 3,5-Cholestadiene
CHCl, 7.4x10° CP/A’c-33 S=A’=Rub;used k;=1.7x 10*s7L, ko =53x  81F445
10’ Lmol™!s7L,
2.90 4-Cholesten-3-one, 4-methyl-
>2 % 10? CP/Ac-18 S = Poly-RB or RB or MB; A’ = Linalool; used 80F111
B =0.18 mol L™); Solvent is CH,Cl, or MeOH
or C6H6'
291 (E)-Cinnamic acid
CD;0D 3.4x10° 293 PL/Ld-2 S=HP. 90FAL1
292 Coumarin, 3,4,5,6,7,8-hexahydro-
CD;COCD; 1.0%10% (k) 296 CP/Ac,P’a-17 S=MB; A’ =2M2P; used k> =8.1x10°L 86F219
5.5%10° (k) 241 mol™ s7'; AH$ = 4.6 KJ mol™!; AS =—130 J K™
mol .
CD;COCD; 1.1x10° 296 PL/Ld-2 S=MB. 36F219
293 Crocetin
D,0 6x 10° 293 PL/Ad,A’d-5 S=PBA;A’=DPBF;used k5 =1.0x10°L 82A204
pD=84 mol™! 571,
D,0 2.5x10° 293 PL/Ad-5 S=PBA. 82A204
pD=84
DMF <5 % 10° (k) 308 CR/Ac-? used ky = 1.4 x 10° s71; '0Oy* from MNPO,. 87A318
~7x10° (kp)
DMSO <5x10° (k) 308 CR/Ac-? used ky = 4.2 x 10* s71; 10,* from MNPO,. 87A318
~2%x10° (ky)
H,0 2.5x 108 (k) 308 CR/Ac-? used kg = 4.2 % 104 5715 10,* from MNPO,. 87A318
pH=78 5.5% 10 (k)

1 Phue Cham Raf Data \Unl 24 Nn 2 100X
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TABLE 2. Rate constants for interaction ot singlet oxygen with olefins. — Continued
" Solvent k B (kyk) T  Method Comment Ref.
Lmol s (mol L) &)
=T Cyclobutane, (1-cyclopropylethylidene)-
" CH,COCH, CP/Ac,A’c-17  S=Eos; A’ = 78F430
(Dicy’clopropy]methylidene)cyclobutane; meas.
kkX =0.70.
: ._13:.‘!‘§ * Cyclobutane, (cyclopropylmethylene)-
CH,3COCH;, CP/Ac,A’c-17 S=Eos; A'= 78F430
(Dicylclopropylmethylidene)cyclcibutane; meas.
k2 =0.59.
1% Cyclobutane, (dicyclopropylmethylidene)-
CH I CP/Ac,A’c-17  S=TPP; A’ = TMS; meas. k/k A =0.21. 78F430
CgHg CP/Ac,A’c-17  §=TPP; A’ = TMS; meas. k/k =0.25. T8F430
CH,(Cl, CP/Ac,A’c-17  §=MB; A’ = TMS; meas. k/k™ =021, T8F430
CH;COCH; CP/Ac,A’c-17 S =Eos; A’ = TMS; meas. k/kX = 0.26. 78F430
CS, CP/Ac,A’c-17 S =TPP; A’ = TMS; meas. k/k> =0.22. 78F430
MeOH CP/Ac,Ac-17 S =Eos; A’ = TMS; meas. k/k.> =021, 78F430
: 191 Cyclobutene, 1-tert-butyl-
CH,CN 273 CP/Ac,A’c-17  S=MB; A’ = 1-tert-Butylcyclohexene; meas. 81F018
k/k =58,
388 Cyclobutene, 1-methyl-
CH,CN 273 CP/AcA’c-17 S= MB; A’ = 1-tert-Butylcyclohexene; meas. 81F018
kA =93,
299 1,3-Cycloheptadiene
CHCl, 1.1x 10% CP/A’c-33 S=A’=Rub;used k3= 1.7x10*s7, kyy=53x  81F445
107 Lmol ™! 57!,
2:100 Cycloheptane, ethylidene-
CHCl, 4.8x10° CP/A’c-33 S=A"=Rub; used kg = 1.7x10*s™, k,=53x 81F445
10" Lmol™ 71,
2101 Cycloheptane, methylene-
CH,CN 273 CP/Ac,A’c-17 S= MB; A’ = Methylenecyclohexane; meas. 81F018
k/k® = 62.
2102  Cycloheptene, 1-methyl-
CH,CN 273 CP/Ac,A’c-17 S =MB; A" = 1-tert-Butylcyclohexene; meas, 81F018
ki =17, .
CHCl, 24x 108 CP/A’c-33 S=A’=Rub; used kg= 1.7x 10*s), ky =53 x  81F445
107 L mot™ 57!,
‘2.103 1,3-Cyclohexadiene
CeH 0.015 (B,) 286 CP/Oc-29 S =TPP; A’ =2,5-DMF; meas. 1 +k/k, = 1. 84F065
CCl, 44%107% (B 286 CP/Oc-29 §=TPP; A’=2,5-DMF; meas. | +k/k.=1. 84F065
ccl, 1.8 x 10 CP/Ac-14 S=TPP;used kg=1.4x 10357, 80C002
CH,Cl, 32x103 @) 286 CP/Oc29 S=TPP; A’ =2,5-DMF; meas. | + ky/k, = 1. 84F065
CH,CN 9.4x1073 ®B) 286 CP/Oc-29 S=RB; A’ =2,5-DMF; meas. 1 + kylk.=1. 84F065
CH,COCH, 0.013 (B, 286 CP/Oc29 S=RB;A’=2,5-DMF; meas. 1 +kgfk = 1. 84F065
CHCl, 43x107° ®B) 286 CP/Oc-29 S =TPP; A’ =2,5-DMF; meas. 1 + kofk = 1. 84F065
CHCl, 7.1x 108 CP/A’c-33 S=A’=Rub;used ky=1.7x10*s7], k., =53x 81F445
107 Lmol ™' s,
MeOH 0.037 B, 286 CP/Oc-29 S=RB; A’=2,5-DMF; meas. 1 + kyk.=1. 84F065
MeOH 0.025 293 CP/Oc-15 S = FIBr,Cl,*; E, = 5.4 kI mol ™. 68F288
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TaBLE 2. Rate constants for interaction of singlet oxygen with olefins. — Continued
No. Solvent k B (kyfk) T  Method Comiment Ref.
(Lmol™ s7h) (mol L) K)
2.103 1,3-Cyclohexadiene — Continued
MeOH 0.011 293  CP/Oc-15 S=DNT; E, = 5.9 kJ mol ™., 68F288
MeOH 0.040 293 CP/Oc-15 S=FCl*; E,=5.9 kI mol ™. 68F288
MeOH 0.073 293 CP/Qc-15 §=MB; E,=5.0kI mol ™., 68F288
MeOH 0.045 293 CP/QOc-15 S=RB;E,=5.0kI mol™\. 68F288
MeOH/ tert-BuOH CR/Ac,A’c-17 A’ =TME; meas. k/k* = 0.33; '0,* from 68F292
(50:50) H,0,/Ca(OCl),.
MeOH/ tert-BuOH CP/Ac,A’c-17  S=RB; A’ = TME; meas. k/k* =0.077. 68F292
(50:50)
2-PrOH 73x10° 273 CR/LI-12 used kg = 4.1 x 104 s°1; 10,* from hydrotrioxide, 90M125
©.g. (CH;),C(OH)OOOH.
2.104 13-Cyclohexadiene, 5,6-bis(1-methylethylidene)- (Tetramethyl-o-xylylene)
CH,CN 32x108 PL/L4-2 S=Pz 92A325
2.105 1,3-Cyclohexadiene, 1-methyl-4-(1-methylethyl)- (a-Terpinene)
CHCl, 1x108 CP/Ac-33 S=A’=Rub;used kg = 1.7x10*s ™), ky =53 x  81F445
10’ Lmol™! 571,
MeOH 40x1073 293  CP/Oc-15 S=MB; E, = 1.7kI mol™'; studied at 173-293 K. 68F288
MeOH 1.3x107 293 CP/Oc-15 S = Acridine Orange; E, = 1.7 kJ mol ™, 68F288
MeOH 33x107° 293 CP/Oc-15 S = FIBr,Cl%; E, = 1.3 kJ mol ™., 68F288
MeOH 14x107 293 CP/Oc-15 S=DNT; E, = 1.3 kJ mol . 68F288
MeOH 60x1073 293 CP/Oc-15 S = FICl,*; E, = 0.84 kJ mol ™. 68F288
MeOH 31x107? 293 CP/Oc-15 S=RR;E, =17 kI mal™l. 6SF288
MeOH 0.010 288 CP/Oc-15 S=RB. 587004
2.106 1,3-Cyclohexadiene, 2-methyl-5-(1-methylethyl)-
CHCl, 3.2x 10 CP/A’c-33 S=A’=Rubjused ky=1.7x10*s7, kyy=53x  81F445
10" Lmol 1571,
MeOH 0.010 293 CP/Oc-15 S=RB; E,=4.2kJ mol™". 68F288
2.107 14-Cyciohexadiene, 1-methyl-
CHCl, 20x%10° CP/A’c-33 S=A’=Rub;used kg=1.7x10*s, kp,=53x 81F445
10" Lmolts71,
2.108 2,4-Cyclohexadien-1-one, 6,6-dimethyl-
MeOH ~1.9 293 CP/Oc-15 S=RB;E,=15kI mol™". 68F288
2.109 Cyclohexane, cyclohexylidene-
MeOH 0.030 293 CP/Oc-15 $=RB; E,= 5.4 kI mol ™., 68F288
"MeOH 0.056 ? Method not reported. 627005
2.110 Cyclohexane, ethylidene-
CHCL, 8.6x10° CP/A’c-33 S=A’=Rub; used ky=1.7x 10*s™, kyy=53x  81F445
107 Lmot™! 571, 78A005
2.111 Cyclohexane, (hydroxymethylene)-, acetate
CD,COCD, 7.5% 10* PL/Ld-2 S=MB. 83A026
CD;0D 48x10* PL/Ld-2 S=MB. 83A026
2,112 Cyclohexane, methylene-
CD;COCD, 6.1x10° 298 PL/Ld-2 S =TPP; AHf =-0.8 kI mol™}; AS: =—176 JK™! 85A167
mol™'; studied at 183-310 K.
CH,CN <1x10% (k) ? S =MB; A’ =¢-CgHoCH,. T3F664

J. Phys. Chem. Ref, Data. Vol. 24. No. 2. 1985
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TaBLE 2. Rate constants for interaction of singlet oxygen with olefins. — Continued
Fx o Solvent k B (kg/k)- T  Method Comment Ref.
; L mol™! s7h (mol LY K)
- §412 Cyclohexane, methylene- — Continued
cs, 52x10° 298 PL/Ld-2 S=TPP; AH} =04k mol ; AS; =176 JK™  85A167
_ mol; studied at 183-310 K.
3113 Cyclohexanol, 2-(cyciohexylidene)-
MeOH 0.44 ? Method not reported. 627005
4334 Cyclohexanone, 2-cyclohexylidene-
0.34 CP/Ac-18 S =Poly-RB or RB; A" =Linalool; used - = 80F111
0.18 mol L™!; Solvent is CH,Cl, or MeOH.
MeOH 0.35 293 CP/Oc-15 S=RB; E,=11.7KJ mol ™, 68F288
MeOH 0.37 ? Method not reported. 627005
1,418 Cyclohexanone, S-methyl-2-(1-methylethenyl)- (Pulegone)
: 0.12 CP/Ac-18 S = Poly-RB or RB or MB: A’ = Linalool: used 80F111
Ba = 0.18 mol L™; Solvent is CH,Cl, or MeOH
) or CgHg.
CHCl, 6.1x10° CP/A%e-33 S=A’=Rub;used kg = 1.7x 10* s, kyy=53x  81F445
107 L mot™! 571,
1116 Cyclohexene
CsHsN ~10* (k) 286 7 S =Poly-RB; method not reported; value from 81F534
graph.
CgHg ~8x10% (k) 286 7 S = Poly-RB; method not reported; value from 81F534
graph.
C¢Hg MeOH 20x 10 3.1 298 CP/Pa-15 S=RB;used k; =63 x 10457, 79A457
(75:25) 7T8F586
CCl, ~5% 10? (k) 286 ? S = Poly-RB; method not reported; value from 81F534
graph.
CH,(Cl, ~7 % 10% (ky) 286 ? S = Poly-RB; method not reported; value from 81F534
graph. ]
CH;CN ~10* (k) 286 ? S = Poly-RB; method not reported; value from 81F534
graph.
CH;COCH; ~2x10% (k) 286 7 S = Poly-RB; method not reported; value from 81F534
graph.
CHCIl, ~-9%10° k) 286 7 S — Poly-RB; method not reported; value from R1F534
graph.
CS, -10° (k) 286 7 S = Poly-RB; method not reported; value from 81F534
graph. .
MeOH 2.7x10* (k) 286 7?7 S = Poly-RB; method not reported; value from 81F534
graph,
MeOH 288 CP/AcA’c-17 S =MB; A’ = CH;CH,CH,CH=CHCHj; meas. ~ 65F028
ki =0.12.
MeOH 26 ? Method not reported. 68F289
MeOH/ tert-BuOH 303 CP/PaPa-17 S= RB; A’ = (CH;),CHCH=CHCHj; meas. 68F292
(50:50) kA =0.19.
2.117 Cyclohexene, 1,2-dimethyl-
CHClL, 3.0% 107 CP/A’c-33 S=A’=Rubjused kg=17x 1057}, k=53 x  78A005
10’ Lmol ™ 574
MeOH 3.9x10° 286 ? S = Poly-RB; method not reported. 81F534
MeCH 1x107 PL/A’d-5 S=MB; A’=DPBF. 727260
MeOH 288 CP/Ac,A’c-17  S=MB; A’ = TME; meas. k/k* =0.53. 65F028
MeOH 0.030 ? Method not reported. 68F289
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. — Continued

No. Solvent k B (kg'k) T Method Comment Ref.
(Lmol™' s (mol LY (K) '
2.118 Cyclohexene, 1,3-dimethyl-
CHCl, 51x10° CP/A’c33  S=A’=Rubjused ky=17x10*s, ky=53x 81F445
10’ Lmol ™! s71,
2.119 Cyclohexene, 1,4-dimethyl-
CHCl, 40x10° CP/A’c-33 S=A’=Rub;used ky=1.7x10*s7, kyy=53x 81F445
10’ Lmol ™! s,
2.120 Cyclohexene, 2,3-dimethyl-
MeOH 288 CP/Ac,Ac-17  S=MB; A’ = c-CgHgCHj; meas. ki = 1.1. 65F028
2.121 Cyclohexene, 4-(1-hydroxy-1-methylethyl)-1-methyl- (Terpinolene)
MeOH ~0.050 293 CP/Oc-15 S=RB; E;= 1.7kl mol ™!, 68F288
2122 Cyclohexene, 1-methyl
CgHg 0.15 298 CP/A’c-23 S=A"=Rub; used By =3.0X 10" mot L7, 706079
CeH, 0.14 298 CP/A'c23 S= A’ =Tetr; used B = 1.7 x 1073 mol L%, 706079
CeHy 0.13 298 CP/A’c-23 S=A’=DMA; used B =3.0x 104 mol L. 706079
CgHg 0.12 298 CP/Ac-23 S=A’=DMBA; used By =7.1x 10 mol L™*. 706079
CH,CN 273 CP/Ac,A’c-17 S =MB; A’ = 1-tert-Butylcyclohexene; meas. 81F018
kA =23,
CH;COCH;,4 2.1x10° (k) 281 ? §=7 A’ =1,4-Dioxene; used ky =22 x10°L  70F733
mol™ s71; meas. ky/k,- = 0.96.
CHCly 3.3x10° CR/A’c-33 A’=Rub; used kg = 1.7 x 10*s7, k- =5.3x 107 81E003
Lmol™! s71; 10,* from DMNO,.
CHCly 3.4x10° CP/A’c-33 S=A’=Rub; used ky=1.7x10*s™, k, =53 x 81E003
10’ Lmol™' 571,
CHCl, 3.6x10° CP/A’c-33 S=A’=Rub;used ky=1.7x10*s7}, k,, =53x  81F445
107 Lmol™' 571, 78A005
MeOH 2.0x10° 286 7 S = Poly-RB; method not reported. 81F534
MeOH 288 CP/AcA’c-17 S=MB; A’ =¢-CsH,CHy; meas. k/k™ =0.12.  65F028
MeOH 288 CP/Ac,A’c-17 S=Ery; A’ = c-CsH,CHj; meas. k/kX =0.11.  65F028
MeOH 288 CP/AcA’c-17 S=HP; A’ =c-CsH;CH,; meas. k/kX =0.11.  65F028
MeOH 288 CP/AcA’c-17 S=RB;A’=c¢-CsH,CHj; meas. k/kX =0.087.  65F028
MeOH 288 CP/Ac,A’c-17  S=Eos; A’ = ¢-CsH;CH;; meas. k/k> =0.093.  65F028
MeOH 1.2 ? Method not reported. 68F289
MeOH/ tert-BuOH CR/AC,A’c-17 A’ =2M2B; meas. k/k* = 0.050; 10,* from 68F292
(50:50) H,0,/Ca(0Cl),.
MeOH/ tert-BuOH 276 CR/PaPa-17 A’ =2M2P; meas. k/k> =0.26; 10,* from 68F292
(50:50) H,0,/NaOCl,. .
McOH/ rerr--BuOH 303 CP/PaPa-17 S=RB;A’=2M2P; mcas. k,lkrA' =0.22. G68F292
(50:50)
MeOH/ tert-BuOH CP/AcA’%-17 S =RB; A’ = 2M2B; meas. k/k* = 0.043. 68F292
(50:50)
2.123 Cyclohexene, 4-methyl-
MeOH 288 CP/Ac,A’c-17  S=MB; A’ = c-C¢H;q; meas. k/k = 0.67. 65F028
2.124 Cyclohexene, 1-methyl-4-(1-methylethenyl)-, (R)- (Limonene)
CH;COCH,4 1.7x10° PL/Ld-2 S=RB. 92F225
MeOH 1.7 293 CP/Oc-15 S=MB; E, =84 kI mol™\. 68F288
MeOH 1.7 ? Method not reported. 627005
2.125 Cyclohexene, 1-methyl-4-(1-methylethyl)- (Carvementhene)
MeOH ~1.0 293 CP/Oc-15 $=MB; E, = 13 kJ mol ™. 68F288
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TaBLE 2. Rate constants for interaction of singlet oxygen with olefins. — Continued
Solvent k Bkyk) + T  Method Comment Ref.
@Lmol's7h {mol L) (X) ‘

4826 Cyclohexen-1-ol, 6,6-dimethyl-, acetate
CD;COCD, 8 x10° (ko) 296 CP/Pa-17 S= MB;I A’ = Adamantylidenemethy! acetate; 86F219
used kA =2.7x10* Lmol™ 57,
-~ 4,127 2-Cyclohexen-1-one, 2-ethyl-3-methyl-
>2x 10° : CP/Ac-18 S =Poly-RB or RB; A’ = Linalool; used By = 80F111
0.18 mol L™!; Solvent is CH,Cl, or MeOH.
v 316#‘38 2-Cyclohexen-1-one, 2-hydroxy-3-methyl-
MeOH ~4x107 (k) 273 CPPaPa-17 S=RB;A’=TME; k% not given. : 85F150

' %139 1,3-Cyclooctadicnc )
CHCl, 6.5 x 10* CP/A’c-33 S=A’=Rub; used ky=1.7x 10* s, ky=53x  81F445
10’ Lmol™! s,
3« M 14-Cyclooctadiene, 6-hydroperoxy- _
CHCl, 2.9x10* 0.58 CP/A’c-33 S=A’=Rub;used kg =1.7x 10* s, ko, =53x  89F349
' 107 Lmol™ 571,
1131 14-Cyclooctadiene, 6-methoxy-
MeOH 7.2x10° 0.14 CP/A’c-33 S=A’=Rub;used ky = 1.0x10°s7, ky=3.1% 89F349
10’ Lmol ™} s71,

4132 1,4-Cyclooctadiene, 6-(trimethylsiloxy)-

" CHCly 6.2x10* 0.28 CP/A’c-33 S=A"=Rub; used kg=1.7x 10*s™, ks, =53x  89F349
107 Lmol™' s,
3133 1,5-Cyclooctadiene
CHCY; 3.3x10% 0.53 CP/A"c-33 S=A’=Rub;used k; =1.7x 10* s}, kp=53x  B9F349
107 Lmol™! 57!,
MeOH 4.6x10° 293 CP/Ac-14 S=MB; used kg =2.0x 10557, 89F358
MeOH 3.1x10° 293 CP/Ac-14 ~  S=HPiused k;=2.0x10°s7", 89F358
MeOH 2.7x10° 293 CP/Ac-14 S=RB; used k3 =2.0x 105571, 89F358
MeOH 49x10° 293 CP/Ac-14 S=HA; used kg =2.0x 10°s7", 89F358
2134 2,5-Cyclooctadien-1-ol
CHCI, 8.6x 10% 0.20 CP/A’c-33 S=A’=Rub;used by =1.7x 10* 57}, kp- 53 % 89F349
107 L mol™ s71, v
MeOH _ 1.9x10° 0.54 CP/A’c-33 S=A’=Rub; used k; =1.0x10° s, kyr=3.1x  89F349

10’ Lmol™ 57!,

2.135 Cyclooctane, ethylidene-

CHC4 4.9x 108 CP/A’c-33 S=A’=Rub;used ky=1.7x10*s™, k=53 x  8IF445
107 Lmol™' s7%,

2.136 13,5,7-Cyclooctatetraene

CHCU/2-POH  1.3x10° 273 CR/ALI-12 used kg = 4.1 x 10*s7%; 10,* from hydrotrioxide, 90M125
(90:10) e.g. (CH3),C(CH)YOOOH.
2,137 Cyclooctene v )
CHCl, 4.8 x 10* CR/A’c-33 A’=Rub; used kg = 1.7x 10* s, k=53 x 10"  81E003
L mol™ s7%; 10,* from DMNO,.
EtOH CP/Ac,A’c-17 - S=MB; A’ = 1,5-Cyclooctadiene; meas. k/kX = 71F581
0.14.

2138 Cyclooctene, 1.methyl.

CH,CN 273 CP/Ac,A’c-17  S=MB; A’= l-fert-Butylcyciohexene; meas. 31F018
: kN =47,
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. — Continued
No. Solvent k B (kyfk) T Method Comment Ref.
(Lmol™ s (mol L™ (K)
2.138 Cyclooctene, 1-methyl- — Continued
CHCl, 53x10° CP/A’c-33 S=A’=Rubjused ky = 1.7x 10* s, kyy=5.3x  81F445
10" Lmol™ s,
2.139 Cyclooctyne
CHCl, 2x10° CR/A’c-33 A’=Rub; used ky=1.7x 10*s7, k,» =53x 107 81E003
