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Rate constants have been compiled for reactions of various inorganic radicals 
produced by radiolysis or photolysis, as well as by other chemical means, in 
aqueous solutions. Data are included for the reactions of ·C02 -, C03• -, 0 3, ·N3, 

·NH2, ·N02, N03·, .POl-, P04·2-, S02' -, ,S03 -, S04' -, SOs' -, Se03' -, (SCN)2' -, 
Cl2, -, Br2' -, Ir -, CIOr , Br02', and miscellaneous related radicals, with inorganic 
and organic compounds. 
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1. Introduction 

Since the pUblication of the original compilation on 
this topic in 19791 the number of measured rate constants 
for reactions of inorganic radicals has more than dou­
bled. Because of the importance of these radicals as basic 
.chemical species, in the study of electron transfer theory, 
as well as in atmospheric and industrial processes, it is 
necessary to update the compilation. The present tables 
include the rate constants presented in the original com­
pilation, with some revisions where appropriate, and rate 
constants published through mid 1987. The tables cover 
those radicals given in the original version as well as 
several others which were excluded before for various 
reasons. 

Most of the rate constants presented here were deter­
mined by pulse radiolysis or flash photolysis. Values de­
termined by other techniques were included when they 
seemed reliable and when absolute rate constants could 
be derived from the data. Relative rates are not included 
as such. All the values were determined in aqueous or 
predominantly aqueous systems. 

The radicals covered in this compilation react with 
other radicals and with inorganic and organic com­
pounds mostly by electron transfer oxidation or reduc­
tion. In certain cases they react by hydrogen abstraction, 
addition, substitution, or atom transfer. 

2. General Methods 

The radicals included in this compilation were pro­
duced in most cases by pulse radiolysis in aqueous solu-
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tions. The radiolysis of water forms short-lived 
intermediates: hydrated electrons, hydrogen atoms, and 
hydroxyl radicals,2,3,4 which react rapidly with appropri­
ate solutes to yield the desired secondary radicals. 

In certain cases, these secondary radicals exhibit suffi­
ciently intense optical absorption in the visible or near 
UV range that permits kinetic spectrophotometric mea­
surements of the rates of their formation and decay. By 
following the decay rate as a function of added solute 
concentration one can determine the absolute second or­
der rate constant for the reaction of the radical with the 
added solute. In other cases, when the radical does not 
exhibit intense absorption, it is often possible to deter­
mine absolute rate constants by following the buildup of 
the species produced from the added solute upon reac­
tion with the radical. 

When none of tbese metbods is applicable, tbe rate 
constants are determined by competition kinetics; In 
such cases a reaction with a known absolute rate con­
stant is chosen as a reference and the yield of the product 
of this reaction is determined as a function of the ratio of 
concentrations of -the reference solute and other added 
solute. From a plot of the yield ratios versus the concen­
tration ratios one derives the relative rate constants of 
the two competing reactions and, based on the known 
rate constant for the reference reaction, one then calcu­
lates the value for the unknown reaction. This competi­
tion method assumes constant radiation yield in all 
solutions examined and gives somewhat less precise re­
sults than the direct absolute method. Nevertheless, it 
has been applied successfully to many systems. In these 
Tables we have recalculated rate constants derived from 
competition kinetics by using the most accurate absolute 
rate constant for the reference compound applied. 

Radicals produced by flash or laser photolysis are 
studied essentially by the same kinetic approaches de­
scribed above. Other kinetic methods, such as those in­
volving stopped-flow techniques or competition kinetics 
based on final product analysis, will be mentioned with 
the specific radicals where they were used. 

A number of rate constants were determined by moni­
toring radical concentrations with the ESR technique. A 
few absolute rate constants were determined by time re­
solved ESR, but most experiments were based on moni­
toring radical concentration under steady-state 
conditions and deriving the rate constant from the 
known rate of radical production and the second order 
decay rate constants. ESR detection also was utilized for 
competition kinetic experiments. 

3. Radical Production and Properties 

3.1. Carbon Dioxide Radical Anion 

The ·C02 - radical is produced by the reaction of eaq 

with CO2 or by the reaction of ·OH and ·H with formate 
ion or formic acid. 
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('he ·C02 -- radical exhibits optical absorption only in the 
II V range, with a maximum at 235 nm, E = 3000 L 
11101 1 cm-I,s decreasing to about 20% at 300 nm, which 
IS 110t convenient for kinetic measurements. Therefore, 
11I0St rate constants for reactions of ·C02 - with solutes 
were determined by following the buildup of the solute 
radical. 

The ·C02 - radical is present in this form throughout 
most of the pH range and only protonates in strongly 
acidic solutions. The pKa for ·C02H was found to be 1.4.6 

Protonation results in a small change in absorbance and 
probably only minor changes in kinetics, although the 
latter aspect has not been studied in detail. 

The ·C02 radical is a strongly reducing species, with 
a redox potential of - 2.0 V vs. NHE.7 It transfers an 
electron very rapidly to quinones, nitro and nitroso com­
pounds, pyridinium and viologen ions, porphyrins, oxy­
gen, and many other organic and inorganic compounds. 
Because of this property, formate ions are used fre­
quently to convert ·OH and ·H into one-electron reduc­
ing species so that all the primary radicals of water 
radiolysis result in eventual reduction of the added so­
lute, i.e. in production of a single reduced species. 

3.2. Carbonate Radical 

The C03• - radical is produced for most experiments 
by reaction of ·OH radicals with carbonate ions. 

It can be produced also by oxidation of carbonate with 
S04' - radicals, by photoionization of carbonate, or by 
photolysis of certain carbonato-metal complexes, e.g. 

The C03• - radical exhibits a broad optical absorption 
in the visible range, with a maximum at 600 nm, E = 
1860 L mol- I cm -1,

8 and with about 160 nm width at 
half-maximum. Therefore, it is possible to monitor the 
formation and reactions of this radical in the 500-700 nm 
range, although most experiments were carried out at 
the 600 nm maximum. 

The carbonate radical was suggested to be in the pro­
tonated form in neutral solutions. The pKa for the pro­
cess 

was reported to be 9.69 or about 7.9,10 but it docs not 
result in any observable changes in optical or ESR spec­
tra. II 

The majority of the rate constants for reactions of 
C03• - and C03H were determined by following the de­
cay of the 600 nm absorption, either by pulse radiolysis 
or flash photolysis techniques. The carbonate radical 
acts predominantly as an electron acceptor; it oxidizes 
many organic and inorganic compounds, e.g. phenols, 
anilines, sulfur compounds, histidine, tryptophan, certain 
metal ions, iodide, nitrite, sulfite, and thiocyanate ion. 
Hydrogen abstraction by the carbonate radical is gener­
ally very slow. Certain reactions of this radical were 
suggested to involve oxygen atom or oxide transfer. 

3.3. Ozone 

Ozone is typically produced by an electric discharge 
in gas-phase oxygen and then dissolved in solution. 
Ozone which is free of most oxygen can be obtained 
conveniently by first adsorbing the ozone onto silica gel 
at Dry Ice temperature and then sweeping it off with an 
inert gas_ 

0 3 exhibits a strong absorption in the UV, centered 
about 260 nm with E = 3300 L mol- I cm-I and a width 
at half-maximum of about 50 nm. 12 In most cases, the 
kinetics of ozone reactions are followed by monitoring 
this absorption, although in some cases where the other 
reactant interfered, the 0 3 concentration at different 
times was determined by allowing it to react with, and 
bleach, indigotrisulfonate. In a few cases, reaction kinet­
ics were determined by monitoring the other reactant in 
the presence of excess ozone. Since ozone is reasonably 
stable in aqueous solutions, and since there are no satis­
factory radiolytic or photolytic sources, rate measure­
ments have been performed by mixing a solution 
containing ozone with one containing the other reactant. 
For the faster reactions, rapid mixing stopped-flow tech­
niques are used. 

Ozone is a moderate one-electron oxidant, with a re­
dox potential of 1.01 V.13 It also readily reacts by oxygen 
atom transfer and by addition to carbon-carbon double 
bonds. In non-aqueous solutions, the mechanisms of the 
organic reactions of ozone have been the subject of ex­
tensive study.14 In aqueous solution, the use of ozone as a 
disinfectant has led to the determination of a large num­
ber of rate constants for its reactions with potential 
wastewater constituents. Due to its importance in atmo­
spheric chemistry, a large number of rate constants also 
have been determined for its reactions in the gas phase. 15 

3.4. Azide Radical 

The azide radical is produced by reaction of the azide 
ion with ·OH radicals. 

J. Phys. Chern. Ref. Data, Vol. 17, No.3, 1988 
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The reaction of azide with ·H atoms in slightly acidic 
solutions also results in formation of ·N3. 

The azide radical exhibits moderate optical absorption 
only in the UV range, with a sharp maximum at 274 nm, 
E = 2025 L mol-1 cm- l,16 the spectrum being only 20 nm 
wide at half-maximum height. The narrowness of this 
spectrum makes it particularly difficult to obtain molar 
absorptivities which are reproducible in different labora­
tories, because of the sensitivity of these measurem~nts 
to the exact wavelength and slit width used. Neverthe­
less, second order decay rate constants can be correct 
despite using different values of E, as long as they rely on 
the absorbance measured under the same experimental 
conditions. Because of the nature of its absorption spec­
trum, most rate constants for reactions of the azide radi­
cal were determined by following the buildup of the 
species produced from the other reactant. 

The azide radical is a strong one-electron oxidant, 
with a redox potential of 1.3 V vs. NHE. 17,18 Its oxidation 
reactions are particularly rapid, even more rapid than 
the reactions of some stronger oxidants such as Br2° - . 
This is probably due to a high self-exchange rate for 
·N3/N3-' estimated at 4 X 104 L mol- l S-I.17 oN3 oxidizes 
must phcnuxide ions and anilines with nearly diffusion .. 
controlled rate constants. It exhibits certain selectivity in 
its reactions with neutral phenols and with other weaker 
reductants. It also reacts rapidly with tryptophan, me­
thionine, histidine, phenothiazines, porphyrins, iodide, 
sulfite, ferrocyanide, etc. 

3.5. Amino Radical 

The ·NH2 radical is produced by reaction of ·OH with 
ammonia at high pH. 

Ammonium ions do not react with ·OH. Reaction of hy­
drated electrons with hydroxylamine also yields ·NH2, 
but this reaction has been used less frequently for kinetic 
measurements on ·NH2. 

The .NH2 radical exhibits only weak absorption in the 
UV and a very weak band (E 80 L mol- l cm -1) cen­
tered around 530 nm. 19 neither of which is convenient 
for kinetic measurements. Therefore, rate constants for 
reactions of ·NH2 have been determined by following the 
buildup of the product from the other reactant. The 
.NH2 radical was suggested to protonate in acid solu­
tions, with pKa = 2.3,20 but little information is available 
on the protonated form. 

Although ·NH2 is isoelectronic with ·OH, it is a much 
weaker oxidant. It also reacts more slowly in hydrogen 
abstraction reactions and appears to be almost inactive 
toward addition. In this sense it resembles .0- radicals 
more than it resembles ·OH. This resemblance is ex­
pressed also in the fmdings that both ·0- and ·NH2 react 

J. Phys. Chem. Ref. Data, Yol. 17, No.3, 1988 

with oxygen in aqueous solutions. ·NH2 does not appear 
to react with oxygen in the gas phase.21 

The redox potential for one-electron oxidation by 
·NH2 is unknown but was estimated22 to be similar to that 
of sulfite radical, i.e. about 0.6 V vs. NHE .. NH1 oxidizes 
phenoxide ions with high selectivity, the rate constants 
vary from lOS to 109 L mol- l S-I. It also oxidizes ascor­
bate rapidly but does not appear to react with aniline or 
benzoate. 

3.6. Nitrogen Dioxide Radical 

The .N02 radical is produced by reaction of ·OH with 
nitrite ion or by reaction of eaq - with nitrate ion. 

To use the former reaction, a nitrite solution saturated 
with N20 is required, and the nitrite concentration 
should not be too high in order to minimize competition 
for hydrated electrons by N02 -. When using nitrate as 
the source of ·N02, the ·OH may interfere with the sub­
sequent reactions, so that it may be advantageous to 
scavenge it with a low concentration of nitrite. 
". The ·N02 radical exhibits weak broad optical absorp­
tion around 300-500 nm, with a minor peak at 400 nm, E 

= 200 L mol- l cm -1,23 and another peak below 280 nm 
which was not possihle to monitor. Because of the weak. 
ness of this absorption, most kinetic measurements uti­
lized the absorption of the product radical to follow the 
rates of ·N02 reactions with solutes. . 

The second order decay of ·N02 was monitored at the 
400 nm range. This decay is very rapid and leads to equi­
librium with the dimer, N20 4, predominantly in favor of 
the latter. Since both ·N02 and N 20 4 may oxidize a sub­
strate, but the latter reacts much more slowly, the ob­
served kinetics may reflect a mixture of the two 
processes and thus great care must be taken to isolate the 
two processes in order to determine accurate rate con­
stants for ·N02• 

The .N02 radical reacts as a one-electron oxidant. Its 
redox potential was estimated to be 1.03 V vs. NHE.24 It 
oxidizes phenoxide ions, anilines, phenothiazines, thiols, 
and ascorbate with moderate rate constants. The self-ex­
change rate constant for .NO;zINOz was calculated to 
be 8 X 10-3 L mol- l S-1 in its reactions with substitu­
tion-inert transition metal complexes24 and about 1 L 
mol-I s -I in its reactions with organic compounds.2s 

3.7. Nitrogen Trioxide Radical 

This radical is produced by direct action of radiation 
on nitrate ion or nitric acid or by reaction of ·OH with 
nitric acid (not nitrate ion). 
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The former reaction may be utilized in neutral solution 
and the latter in acid solution; in both cases high concen­
trations are required to obtain reasonable yields, al­
though in acid solutions the yield is obviously higher. 
These requirements limit the kinetic measurements to 
very high ionic strength and/or very high acidity. Fur­
thermore, in the latter case, rate constants can be deter­
mined only for compounds which are stable in the pres­
ence of nitric acid. N03• has been produced also by flash 
photolysis of Ce(N03)4' 

The N03• radical exhibits weak optical absorption 
throughout the UV and visible range, with a minor peak 
at about 340 nm and three narrow peaks at 595, 640, and 
675 nm. The most intense absorption is that at 640 nm, 
which was reported to have E = 250 L mol- I cm- I

,26 but 
was found more recently to be considerably higher, 
about 800-1000 L mol- Icm- I•27,28 Most kinetic measure-
ments utilized this latter peak to follow the decay of 
N03• radicals in order to determine their rate of reaction 
with other solutes. In certain cases, the buildup of 
product absorption was also monitored. 

Although NOr is a somewhat weaker oxidant than 
·OH or SO,,· - radicals. it is a very strong oxidant. with a 
redox potential probably in the range of 2.3-2.5 V vs. 
NHE.29 This radical oxidizes anisole, CI-, Ag+, and Tl + 
moderately rapidly. It also abstracts hydrogen from al­
cohols and other aliphatic compounds and adds to dou­
ble bonds. All the rate constants for NOr are somewhat 
lower than those for S04' - . 

The rate constant for the second order decay of NOr 
was difficult to establish in most systems due to the pres­
ence of varying concentrations of other species, e.g. 
·N02. Therefore, most of the reported rate constants 
were omitted from the Table, except where corrections 
were made for the secondary chemistry. 

3.8. Phosphite Radical 

The .P03
2- radical is produced by hydrogen abstrac­

tion from phosphite. 

These reactions involve abstraction of the hydrogen 
bound to the phosphorus and the resulting radical is a 
phosphorus-centered radical. This radical exists in the 
protonated form in acid solutions. The pKa for the equi­
librium 

was determined to be 5.8.30 Both forms of the radical 
exhibit optical absorption below 300 nm with no observ­
able maximum down to 230 nm. The E at 240 nm for the 
basic form is 4000 and for the acid form 1500 L mol- I 

em -I. 30 Rate constants for reactions of phosphite radicals 

were determined by following either the decay of the 
radical absorption or the buildup of product absorption. 

The phosphite radicals act as both oxidizing and re­
ducing agents. They reduce tetranitromethane very 
rapidly and oxidize thiols moderately rapidly. Their re­
action with disulfides was found to involve neither of the 
above electron transfer processes, but rather a substitu­
tion mechanism. Phosphite radicals also react with oxy­
gen to form a peroxyl radical, POs 2-. 

3.9. Phosphate Radical 

The P04·2- radical and its protonated forms are pro­
duced from peroxodiphosphate ions by reaction with hy­
drated electrons, 

or by direct UV photolysis of this ion to produce two 
radicals. Pulse l-adiolysis of very high concenlru.lions of 
phosphate also yields the radicals. 

The phosphate radical exists in three acid-base forms, 
H2PO .. ·• HPO .. · -. and PO ... 2-. with pK .. values of 5.7 and 
8.9.31 

All forms of this radical exhibit moderate optical absorp­
tions in the 500 nm range, with only slight differences: 
H2P04· A = 520 nm, E = 1850, HP04• - A = 510 nm, E = 
1550, and P04·2- A = 530 nm, E = 2150 L mol- I cm- I•31 

The rate constants for reactions of these radicals were 
determined in most cases by following the decay of their 
broad absorptions in the 500-540 nm range. 

Phosphate radicals abstract hydrogen from saturated 
organic compounds, add to olefms, and oxidize many 
organic and inorganic compounds. H2P04• is somewhat 
similar in it~ reactivity to S04' -, but the other forms are 
less reactive, both in hydrogen abstraction and in elec­
tron transfer reactions. For example, P04·2- oxidizes 1-
rapidly, HP04·- can oxidize also Br-, and H2P04• can 
oxidize even CI-. The same radicals abstract hydrogen 
from 2-propanol with rate constants of 1.8, 2.5, and 14 X 
107 L mol- t s-t, respectively. The phosphate radicals 
oxidize phenoxide ions, phenols, and anilines with mod­
erate or high rate constants, the acidic form oxidizes also 
benzoic acid fairly rapidly. 

3.10. Sulfur Dioxide Radical Anion 

The sulfur dioxide radical anion, S02' -, also called the 
dithionite radical, is most often studied by investigating 
the reactions of dithionite, S20/-, which contains a 
small amount of the radical anion at equilibrium in 
aqueous solution. 

J. Phys. Chem. Ref. Data, Vol. 17, No.3, 1988 
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Kinetic measurements must be carried out at low enough 
concentration that the rate of the radical reaction is slow 
compared to the rate of the monomerization reaction. 
Most studies have involved the use of conventional or 
stopped-flow spectrophotometry, following the decay of 
the non-radical reactant or the buildup of the reduced 
product. The rate of reduction of the substrate is deter­
mined as a function of the dithionite concentration and a 
square-root dependence is taken to imply that the reac­
tion is due to the radical anion, since 

where Keq is the equilibrium constant. The absolute rate 
constants, then, are calculated with the equation 

There have been a few reported determinations of this 
equilibrium constant. Some of these results32.33.34 are pre-
sented in Fig. 1, plotted against the ionic strength, J. The 
older results3s.36 are somewhat lower than these, and do 
not appear to show the expected ionic strength depen­
dence. The line is a hand-fit to the lower ionic strength 
data and corresponds to the equation 

10g(Keq) = - 8.6 - 0.S6(J)1I2 

This equation was then used to calculate the eqUilibrium 
constants which are in tum used to calculate the absolute 
rate constants reported in Table 13. 

-8.6 

H Lambeth and Palmer 

0 Miller and Cusonovich 

-8.8 
0 Chien and Dickinson 

t--I 

~ 
0 

01 0 ~ -9.0 

o 
-9.2 

o 
0.0 0.4 0.8 1.2 1.6 

.ff 
FIG. 1. Equilibrium constant, K, for S20i- ~ 2 S02'- at different 

ionic strengths, I. Data are from Lambeth and Palmer32, Miller 
and Cusanovich33

, and Chien and Dickinson34• 

The SOr - radical also can be formed by the reduction 
of S02 in acid solutions, for example 
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A few direct determinations of rate constants by pulse 
radiolysis have been reported employing this method of 
radical generation. 

The SOr - radical is a strongly reducing species, with 
a redox potential of -0.31 V at pH 2 and above.37 At 
lower pH, the potential increases, probably correspond­
ing to the protonation of the radical. It exhibits a moder­
ate optical absorption in the UV, with a maximum at 2SS 
nm and E = 1770 L mol- I cm -1 and a width at half-max­
imum of about 40 nm.38 An attempt to derive a consistent 
self-exchange rate constant for this radical was unsuc­
cessful, with values ranging over several orders of mag­
nitude.37 

3.11. Sulfite Radical 

The ·S03 - radical is most commonly produced by the­
reaction of ·OH with sulfite or bisulfite. 

The production of this radical by the flash photolysis of 
S20l- also has been reported. The ·S03 - radical also 
can be produced chemically by oxidation of sulfite or 
bisulfite by ceric ions and has been observed by ESR 
from the interaction of bisulfite with some enzymatic 
systems. Kinetic information on this radical, however, 
has come almost solely from pulse radiolysis experi­
ments. 

The ·S03 - radical exhibits an optical absorption cen­
tered at 2S0 nm, E = 1380 L mol- I cm- I

, with a width at 
half-maximum of about 70 nm and a long, weak tail ex­
tending to 400 nm.38 This absorption is inconvenient for 
most kinetic work and typically the build-up of the 
product radical from a reaction is followed. In cases 
where the product does not have a -useful absorption, 
rate constants are determined by competition kinetics. 

The ,503- radical is a mild oxidant, with a one-elec­
tron redox potential of 0.84 V at pH 3.6, 0.63 V vs. NHE 
at pH 7.39 It is a very selective oxidant, reacting rapidly 
with hydroxyhenzenes at high pH, but slowly or not at 
all at lower pH. The radical does not appear to abstract 
hydrogen atoms, but it does appear to add to double 
bonds, although too slowly to measure by pulse radioly­
sis. The ·S03 - radical appears to be a very poor reduc­
tant; there are no confrrmed examples of it being 
oxidized by a one-electron transfer process. It is oxidized 
by the C03·- radical, but by 0- transfer. In the aqueous 
phase, ·S03 - reacts with O2 by addition to produce 
SOs' -. In the gas phase, the equivalent reaction results in 
the oxidation of HS03 to S03 with formation of H02. 

3.12. Sulfate Radical 

The S04'- radical is produced by reduction of perox­
odisulfate ion with various one-electron reductants. For 
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kinetic studies most experiments utilized the hydrated 
electron in a pulse radiolysis experiment. 

Other studies were carried out using UV photolysis. 

A slow reaction between ·OH radicals and HS04 - ions 
also may be applied to the formation of S04' - at high 
concentrations of sulfuric acid. 

The S04' - radical has a broad optical absorption with 
a maximum at 450 nm, E = 1100 L mol-I cm-1.40 The 
rate constants for reactions of this radical were deter­
mined in most cases by following the decay of this ab­
sorption, and in some cases the fonnation of the product 
from the other reactant also was monitored. This radical 
may protonate in strongly acidic solutions but no pKa 
value has been determined. 

The S04' - radical is a very strong one-electron oxi­
dant, with a redox potential estimated to be between 2.5 
and 3.1 V vs. NHE.41 It is a stronger oxidant than the 
phosphate or nitrate radicals and is probably similar to 
·OH. With many organic compounds S04' - reacts as a 
more efficient oxidant than ·OH because it is more selec­
tive for oxidation while ·OH may react rapidly also by 
hydrogen abstraction or addition. S04' - also reacts by 
hydrogen abstraction and addition, but these reactions 
generally take place with lower rate constants than those 
of·OH. 

S04' - oxidizes Cl- rapidly in neutral solution and is 
thus useful for the production of Ch· - at pH 7, which is 
difficult to achieve with ·OH. S04'- also oxidizes OH­
with a moderate rate constant and is thus converted into 
·OH at high pH. There is no apparent oxidation of water. 

This radical oxidizes phenols and anilines with nearly 
diffusion-controlled rates but many of these reactions 
could not be measured because of thermal oxidation of 
the substrates with peroxodisulfate. S04' - also oxidizes 
methoxybenzenes and benzene with high rate constants. 
In the latter case the radical cation undergoes very rapid 
reaction with water to form the hydroxycyc1ohexadienyl 
radical, the same product formed upon reaction of ·OH 
with benzene. Reaction with benzoic acid also forms the 
radical cation initially but this radical decarboxylates 
very rapidly to give the phenyl radical. Radical cations 
produced from toluene and similar compounds undergo 
deprotonation to yield benzyl type radicals. Thus the ini­
tial radical cation produced by reaction of the sulfate 
radical with aromatics may follow various paths to a 
more stable radical. 

Hydrogen abstraction from an aliphatic compound re­
sults very often in a radical that can reduce peroxodisul­
fate and this leads to a chain reaction. In certain cases 
this chain reaction may interfere with the kinetic mea-

surements on the rate of hydrogen abstraction. In Table 
15 we have selected the values that are least likely to be 
complicated by the chain reaction. 

3.13. Peroxomono5ulfate Radical 

The SOs' - radical is produced by the reaction of 
·S03 - with O2, 

·S03- + O2 ~ SOs'-

The radical also can be produced by the reaction of ,OH 
with peroxomonosulfate. 

The SOs' - radical exhibits a broad optical absorption 
centered about 260 nm, E = 1030 L mol-1 cm-t, with a 
width at half-maximum of about 80 nm.38 This absorption 
is inconvenient for most kinetic work and typically the 
build-up of the product radical from a reaction is moni­
tored. Competition kinetics also has been used to deter­
mine the kinetics of the reaction of SOs' - with sulfite and 
bisulfite. A simple competition scheme like that dis­
cussed earlier could not be used, since the primary reac­
tion under consideration leads to products which reform 
the reactant. In this case, computer modeling was neces­
sary to extract the rate constant. 

The SOs' - radical is a stronger oxidant than ·S03 - , 
with an estimated redox potential of 1.1 Vat pH 7.39 It is 
still quite selective in its reactions, oxidizing hydroxy­
benzenes at high pH rapidly but only slowly or not at all 
at low pH. The radical possibly also reads by oxygen­
atom transfer with sulfite or bisulfite. 

In such a case, the S04' - would react rapidly with the 
S03 2-, regenerating ·S03 -, and thus making it difficult to 
distinguish this reaction from an electron transfer path. 

3.14. Selenite Radical 

The selenite radical is produced by the reaction of 
·OH with H2Se03, IISe03 -, or Se032-, e.g. 

It also can be produced by the reduction of selenate with 
the hydrated electron. 

The selenite radical exhibits a moderate absorption at 
about 420 nm, E = 1470 L mol-1 cm- I, with a width at 
half-maximum of about 120 nm.42 This absorption is 
strong enough to allow the kinetics of Se03' - reactions 
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to be monitored. The radical has been reported to proto­
nate, with pKa values of 7.4 and 3.9,43 but this observa­
tion has been disputed.42 This latter work suggests that 
the radical adds OH- above pH 12, with a pK of 0.1. 

A redox potential of 1.68 V for the SeOr - radical has 
been estimated from the above equilibrium constant and 
the equilibrium constant for the reaction of ·OH with 
selenite at high pH.42 

This value is much higher than the redox potential for 
.SO) -, and this fact is reflected in the higher reactivity of 
Se03' - as an oxidant. 

3.15. Dilhiocyanale Radical 

The (SCN)2' - radical is produced by the very rapid 
reaction of ·OH with thiocyanate ions. 

·OH + SCN- -+ OH- + ·SCN 

·SCN + SCN- ~ (SCN)2'-

The subsequent equilibrium occurs with a forward rate 
constant nearly diffusion controlled and the equilibrium 
constant is near 105 L mol-1.44 Thus even millimolar con­
centrations of thiocyanate lead very rapidly to the 
(SCN)2' - radical. 

This radical has a broad absorption spectrum with a 
maximum at 472 nm, E = 7580 L mol-1 cm-1.4S Because 
of all the above characteristics, thiocyanate is used rou­
tinely for chemical dosimetry of pulsed radiation, using 
either aerated or N20-saturated neutral unbuffered solu­
tions. 

(SCN)2' - is a moderately strong one-electron oxidant, 
with a redox potential of 1.31 V vs. NHE.46 Although 
the redox potential is similar to that of .N3 the rate con­
stants for reactions of (SCN)z' - are generally much 
slower. For example, (SCN)2' - oxidizes phenoxide ions 
fairly rapidly, methionine and cysteine slowly, but its re­
action with histidine, thymine, and phenylalanine are too 
slow to be observed by pulse radiolysis. Hydrogen ab­
straction and addition reactions are also very slow and 
could not be observed. 

3.16. Dihalogen Radical Anions 

It is convenient to discuss C12· -, Brl' -, and Il' - to­
gether because of their obvious similarity. They are all 
produced from the halides by reaction with ·OH radicals 
followed by rapid complexation with another anion, as 
described above for thiocyanate. All three halides react 
rapidly with ·OH and all the dihalogen radical anions 
have high stability constants (near 105 L mol-1).47.48 Be-
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cause of other equilibria, however, the Cll' - radical can 
be produced efficiently by this method only in acidic 
solutions, while Brl' - and Ir - can be produced practi­
cally at all pH values. To produce Cll' - in neutral solu­
tions it is possible to use S04' - as the oxidant of CI-. 
Br2'- and Il'- are also produced by photolysis of the 
ions. 

The dihalogen radical anions are easily monitored by· 
their optical absorptions. They exhibit broad absorptions 
with maxima at 340 nm for Ch· -, 360 nm for Brl' -, and 
380 nm for 12,-, all with E near 104 L mol-1 cm-1.19 

Therefore, most rate constants for the reactions of these 
radicals were determined by following the decay of 
these absorptions. 

The reactivities of these radicals generally decrease in 
the order Clz'-, Brz'-, Iz'- (with (SCN)z'- generally be­
tween Brr - and 12,-), Ch·- can abstract hydrogen from 
organic compounds slowly but the parallel reactions of 
the other radicals are barely detectable in the pulse ex­
periment. The reaction of Ch· - with some unsaturated 
compounds produces CI adducts, and presumably the 
other dihalogen radicals may react in a similar fashion, 
although little information is available to confIrm this. 

The main reactions of the dihalogen radical anions are 
those of one-electron oxidation. The redox potentials of 
the radicals were reported to be E(Ch'-12CI-) = 2.09 
V,49 E(Br2' -/2Br-) = 1.63 V,49 and E(12• -/21-) = 1.03 
V46 vs. NHE. 

3.17. Chlorine Dioxide 

The CI02· radical can be produced for study by pulse 
radiolysis by the reaction of chlorite with hydroxyl radi­
cals 

·OH + CI02 - -+ OH- + CIOl' 

Since the radical is stable in aqueous solutions, CI02, also 
can be produced by the action of other oxidizing 
reagents, for example persulfate, on chlorite, stripped 
from the solution with a carrier gas, and concentrated to 
make a stock solution. 

The CIOz' radical exhibits a moderate optical absorp­
tion in the visible, with a maximum at 358 nm, E = 1250 
L mol- 1 cm -1 and a width at half-maximum of about 80 
nm. so The spectrum is unusual for the condensed-phase 
in that it shows vibrational structure, making this a very 
characteristic spectrum. Since the radical formed is sta­
ble, CIOl' is a particularly good candidate for calibrating 
the dose in pulse radiolysis systems. 

Rate constants for the reactions of CIOl' have been 
determined by pulse radiolysis, stopped-flow, and kinetic 
spectrophotometric techniques. At different pH values, 
all three techniques have been applied to the reaction of 
CI02· with phenol. These studies span almost eight or­
ders of magnitude in the value of the measured rate con­
stants. Many of the studies of the reactions of CI02· 
involving kinetic spectrophotometry, particularly with 
amines, were carried out at low pH, where most of the 
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amine is in the unreactive, protonated form. The rate 
constant for the reaction of CIOr with the unprotonated 
amine was then determined by dividing the observed 
first-order rate constant for the loss of CIOr by the con­
centration of the unprotonated amine at that pH. These 
are the values reported in the Tables. 

CI02· is a moderate one-electron oxidant, with a redox 
potential of 0.936 Y vs. NHE at 298 K.51 Since both the 
radical and the anion are stable, extensive studies of this 
couple have been carried out at several temperatures. 
The self-exchange rate for CIOr has been estimated to be 
about 2 X 102 L mol- I S-I.25.52 

3.18. Bromine Dioxide 

Although the BrO,· radical can be produced by the 
oxidation of Br02 - by ·OH, this approach is not com­
monly used due to the difficulty in obtaining Br02 - . 
Rather, the reduction of Br03 - by the electron is used. 

The BrOz- radical exhibits a broad optical absorption 
at 475 nm with E = 1000 L mol- I cm- I and a width at 
half-maximum of about 120 nm.53 Therefore, it is possible 
to monitor reactions by following the decay of this ab­
sorption or by monitoring the build-up of the absorption 
of product radicals, which frequently absorb more 
strongly. 

The BrOr radical has been of recent interest due to its 
likely role in the oscillating Belousov-Zhabotinskii reac­
tion. Its redox potential has been estimated to be 1.33 y 54 

making it a moderately strong oxidant. 

4. Comparison of the Reactivities of 
Various Radicals 

At the time of the previous compilation, I there were a 
substantial number of rate measurements for only a few 
radicals. In the present compilation, several additional 
radicals have extensive data sets associated with them. 
This allows us to compare the reactivity of these radicals 
towards a number of different types of reactants. 

4.1. Oxidizing Radicals 

In Table 1, we have gathered rate constants for the 
reactions of 16 oxidizing radicals with a number of or­
ganic and inorganic reactants. The reactants were in­
cluded both because they are frequently chosen to test 
the reactivity of radicals and because they represent a 
wide range of reactant type. This Table was constructed 
to illustrate trends and should not be used as a substitute 
for the main tables. Often, additional data are found in 
the main tables, for example rate constants at other pH 
values. Further, the rate constants in Table 1 are often 
uncritical averages of several values. 

Under each rate constant, we have included the pH at 
which this value was determined or for which it is appli­
cable. We have tried to choose results at the same pH for 
the different radicals, but in some cases this was not pos­
sible. This limitation arises from the mode of preparation 
of the radicals or their stabilities at various pH values. 
For example, the C03· - radical can be prepared only in 
neutral or alkaline solutions while the Clr - radical only 
in acidic or neutral solutions. Another example is S04'­
which is unstable in alkaline solutions because it reacts 
rapidly with hydroxide ions. 

Where the pH is different, this must be taken into ac­
count when comparing reactivity. A change in pH may 
affect the reactivity as a result of acid-base equilibria in­
volving either the radical or the compound. The pKa 
values for the radicals were discussed above and in sev­
eral cases the different reactivities of the various forms 
of the radical are evident from the Tables. The differ­
ence in reactivity for acid-base forms of a compound are 
demonstrated by the case of phenol/phenoxide ions in 
Table 1, where the ion is more reactive by 1-7 orders of 
magnitude. Similar differences are known or can be ex­
pected for all other phenols and their derivatives, anili­
nes, ascorbate, and many other organic and inorganic 
compounds which undergo acid-base processes. 

As an example of how this table can be used, we com­
pare the rate constants for reactions of C03· - with rate 
constants for reactions of 0 3, In most cases, the COr -
radical reacts several orders of magnitUde faster than 0 3; 
for sulfite and nitrite, the exceptions seem to indicate the 
likelihood of atom transfer rather than electron transfer 
mechanism. The rate constant for the reaction of ozone 
with phenoxide appears to be too high, and since the 
value was derived from a long extrapolation from low 
pH data, the present comparison suggests that this result 
may be incorrectly too high. 

For each radical, the reactivities with the various 
compounds follow a generally similar pattern, except 
where the mechanism of reaction may differ. A log-log 
plot of the reactivities of one radical versus those of an­
other radical shows this general trend but with devia­
tions from straight line of an order of magnitude or more. 
Such plots may be useful in pointing out the reactants 
which may react with two radicals by different mecha­
nisms. 

For a particular reactant, the variation in reactivity 
typically reflects the change in redox potential of the 
radical. There are notable exceptions, for example be­
tween CI02· and ·N02 or between Brr - and ·N3, due to 
wide differences in self-exchange rates. For the latter 
pair, the redox potential of ·N3/N3 - is only 1.3 Y while 
that of Brr - /2Br- is 1.6 Y and yet the rate constants for 
oxidation by ·N3 are higher than those by Br2'- due to 
the much higher self-exchange rate for ·N3/N3-' 

4.2. Reducing Radicals 

The radicals ·C02-, S02'-, and ·pol- react predomi­
nantly as reducing agents and, therefore, their reactivi-
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ties cannot be compared with those of the radicals in 
Table 1. Probably the only reaction common to these 
three radicals and to some of those in Table 1 is their 
reaction with O2, and even this reaction takes place by 
different mechanisms, i.e. electron transfer from ·C02-

and S02' - but addition of .P01
2
-. ·SOl -. and ·NH2 to 

oxygen. All these reactions take place with high rate 
constants. Most of the other oxidizing radicals do not 
react with O2, 

Table 2 presents a comparison of the reactivities of the 
three reducing radicals, along with the reactivities of 
O2, - taken from a recent compilation, ss with several in­
organic and organic compounds. It is clear from the 
table that the strong reductant ·C02 - reacts with all 
listed compounds very rapidly, in most cases near the 
diffusion-controlled rate. S02' - also is a commonly used 
reductant but its. reduction potential is much lower than 
that of ,C02 - (see discussion above on each radical). 
Therefore, as expected, the rate constants for S02" - are 
:somewhat lower, and in the case of the two viologens 
the reactions are thermodynamically favored to take 
place in the opposite direction, i.e. the radicals BY+ and 
MY+ reduce S02 (at pH 1) with rate constants of nearly 
109 L mol-1 S-I.37 The reactivity of ·pol- was tested 
with only a limited number of compounds and this radi­
cal was found to behave mainly as a reductant, e.g. in its 
reaction with tetranitromethane. The high reactivity 
shown for lipoate and other disulfides does not appear to 
involve electron transfer but rather a displacement of an 
RS group with .pol-. 

The superoxide radical, 02" -, is a mild reductant with 
a reduction potential slightly less than that of S02' -. The 
rates of electron transfer from O2,- are generally lower 
than those 'of S02' - and ,C02 -. The differences do not 
appear to be consistent, probably due to variations in 
self-exchange rates in the reactions of O2, - with various 
reactants. S6 As in the case of S02' -, the radical from 
methyl viologen, MY+, transfers an electron to O2 very 
rapidly while the reverse reaction is slow, in the case of 
Oz. - too slow to measure. 

5. Arrangement of Tables 3-29 

The Tables 3-29 are arranged similarly with inorganic 
reactants listed fIrst, grouped alphabetically by the sym­
bol for the main element. Within the groupings by ele­
ment the arrangement is in order of increasing oxidation 
state; for metals aquated ions are listed fIrst followed by 
complexes with neutral ligands (amines), then complexes 
with ionic ligands. then polynuclear metal species. The 
inorganic reactants are followed by the organic reac­
tants, arranged alphabetically by name. Biopolymers, 
such as enzymes, are listed at the end of each table, al­
phabetically by name. Systematic names are used in the 
table for the reactants, unless the reactant is better 
known by a common name and has a complex structure. 
Alternate names are siven in the chemical name index. 

In the case of metal ions whose the structure may not 
be known due to hydrolysis or coordination of anions 
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from the solution, the metal species have been indicated 
only by their oxidation number (Stock number), e.g. 
Ce(lV). Water molecules coordinated to metal ions have 
generally been omitted, ,: e.g. Cr2+ is listed not 
Cr(H20 )l+. ' 

The products of the reactions are included when they 
are known reasonably well or when they have been dis­
cussed in the paper reporting the data. In some cases, 
where representation of the product by a formula was 
difficult but the type of reaction' was known, the reaction 
type has been included in lieu of products, e.g. redn., e.t., 
or addn., for reduction, electron transfer, or addition, 
respectively. In some cases the representation of the 
product indicates the part of the substrate molecule on 
which reaction occurs. 

The indexes, which follow the tables, have been gen­
erated from the RCDC registry ftIe. The chemical name 
index may contain alternate names to those listed in the 
tables (systematic names and synonyms); inverted names 
are also included in the index whenever they were 
present in the registry fue. A molecular formula index is 
also provided as an aid to locating particular reactants. 
The indexes refer to the reactants in Tables 3-29 and give 
the entry numbers in the various tables where data for 
those reactants appear, The prefIX is the table number, 
thus 8.5 refers to entry 5 in Table 8. 

When observed rate data over a pH range were used 
to calculate k for an individual ionic form, that is noted 
in the comments, In most cases the rate constant listed is 
kobs at the quoted pH. In some cases the observed k may 
be for a mixture of ionic forms of the substrate. Ionic 
strength corrections have only been given when re­
ported by the authors, except in the case of S02 - (see 
Sec. 3.10). The rate data are assumed to be at ambient 
temperature unless otherwise noted in the comments. 

The method of generation of the radical is given by 
symbols such as p.r. (pulse radiolysis), and f.p. (flash 
photolysis), identified in the list of abbreviations and 
symbols (Sec. 6) and other details about the determina­
tion and the system are given in the comment. Tempera­
ture and pressure are assumed to be ambient, otherwise 
the conditions have been noted. 

The references, which follow the tables, are listed by 
serial number assigned by the Radiation Chemistry Data 
Center and included in the RCDC Bibliographic Data 
Base. The data contained in these tables are stored in a 
computer-searchable database. Information about online 
access may be obtained from the Radiation Chemistry 
Data Center. 

6. List of .Abbreviations and Symbols 

A 
abs. 
abstr, 
ABTS 

addn. 

frequency factor 
absorption 
abstraction 
2,2' -azinobis(3-ethylbenzothiazoline-6-sul­
fonate) 
addition 
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anal. 
tert-BuOH 
BV 
calcd. 
c.k. 
concn. 
condy. 
contg. 
cor. 
D37 

detd. 
d.k. 

DMPO 
E 

Ea 
EtOH 
esr 
estd. 
e.t. 
f.p. 
forrnn. 
'Y-r. 
G 

Illi* 
I 
J 
K 
k 
kr 
kr 
L 
meas. 
MeOH 
MV 
N 
obs. 
o.d. 
opt. 
Ph 
PNBPA 

p.b.k. 
photo 
pKa 

p.r. 
prod. 
PrOH 
redn. 
reI. 
RNO 

M* 
satd. 
SDS 
s.f. 
soln. 

analysis 
tert-butyl alcohol (2-methyl-2-propanol) 
benzyl viologen 
calculated 
competition kinetics 
concentration 
conductivity 
containing 
corrected 
radiation dose at which 37% of the sub­
strate is inactivated 
determined 
decay kinetics (decay of radical absorption 
and bleaching of substrate absorption) 
5,5-dimethyl-1-pyrroline-1-oxyl 
extinction coefficient (molar absorptivity) 
activation energy 
ethanol 
electron spin resonance 
estimated 
electron transfer 
flash photolysis 
formation 
gamma radiolysis 
radiation yield (molecules per 100 eV) 
activation enthalpy 
ionic strength 
joules (4.184 J = I cal) 
equilibrium constant 
rate constant 
specific rate of the forward reaction 
specific rate of the reverse reaction 
ligand 
measured 
methanol 
methyl viologen 
newton (133 N m-2 = 1 torr) 
observed 
optical density 
optical 
phenyl 
p -nitrobenzoato(pentaammine )cobalt(III) 
ion 
product buildup kinetics 
photolysis 
negative logarithm of the acid dissociation 
constant, e.g., where AH + H 20 ~ A - + 
H30 + 

pulse radiolysis 
product 
propanol 
reduction 
relative 
N ,N -dimethyl-4-nitrosoaniline 
activation entropy 
saturated 
sodium dodecylsulfate 
stopped-flow 
solution 

TAN 
thermo 
TMB 

2,2,6,6-tetramethyl-4-piperidone N -oxyl 
thermal 
1,3,5-trimethoxybenzene 
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TABL8 1. Comparison :>f the readivities, k (L mol- l S-l), of oxidizing radicals with inorganic and organic compounds at the pH specified in parenthesis 

C030- 0 3 oN3 ·NHz NOzo NO:\o P0402 - oS03- S04°- S05°- (SCNlzo- C120- Br20- 120- CIO\lO 

<5x105 2x10z 4x100 6.5x 106 3.5X100 <10- 2 

(11) (4) (7) (9) (7) (7) 

4x106 1.1x 1011 -3X 10° 1.2x 10° 4x108 <5x10" 

(7) (7) (7) (7) (7) (7) 

4x10" 3x 105 1.2x 10° 1.4x 107 9X10" 2.2X lOll 2.5x 108 2X107 1.1X 102 

(11) (4) (7) (7) (7) (7) (7) (7) (4-10) 

1.3x107 1.5 X 10" 2Ax10" NR 3.5x 107 2XIOo 4.1X107 >2x 10° 1.3X 107 1.1x 1011 3.4X 108 2X108 1.9X108 2.7 A 106 

(11) (>8) (>8) (12) (7) (12) (>8) (9) (9) (3) (10) (11) (11) 

2X 10" >1.7xl011 8x106 IX 10° I.4X 107 3.6x 106 3.6X 1011 

(2) ( <0) (1) (1) 

2.7Xl011 4X 10° 4X106 <106 2.8X 107 7.4 x 107 

(12) (7) (7) (7) (7) (9) 

8x 10li 7x 10-3 <5x1011 2.7X107 1.2x 107 I.4X 101i <103 

(9) (6) (9) (7) (I) (7) 

1.1 x 10" lxI0z 2.2XI07 1.7 X 108 <2X 103 1.9x 106 <103 <10- 2 

(6) (>5) (12) (7) 17) (7) (7) (7) 

-4X 104 3 <10 4 2.4X 106 1.8x 107 <103 3.2X 107 1.5)( 101i 

(12) (2-7) (11) «0) (12) (7) (I) 

2x107 1.3 X 103 5x 107 -IX 107 -4X1011 6x1011 0.2 

(7) (2-6) (6) \8) [1) (6) «7) 

3.5X 108 1.4 X 10" 4.3x IOU ax 1011 8.5X 1011 5.9x 108 6x 10" 8x10· 3.4X 108 5x108 5.7x 107 2.7 x 107 

(12) (>11) (12) (12) (12) (12) (11) (11) (12) (10) (12) (>11) 

5.2X 108 4.ZX 10" 9x1011 lAX 108 8.2X 108 1.1X108 1.3x 108 7.4x 108 

(12) (12) (11) (12) (11) (12) (12) (12) 

4.8X 108 4x106 3X107 NR 5.5x 108 3.7x 108 1X108 2.6;< 108 

(12) (11) (12) (12) (l2) (12) (12) (12) 

1.5 x 106 4.5X 10° 2x108 1.1X 10° 1.2x 108 2x 107 1.5x 10° 7X107 9X108 

(3) (12) (11) (12) (11) (9.5) (1-9) (7) (>12) 

5.4X 108 9X 107 4XI00 <106 <106 3X10& 1XI08 2.1xI08 4.4 x 106 4.5)( 10" 

(7) (>6) (6-12) (ll) (13) (13) (LO) (6-11) (10) (7) 
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(11) (5) (7) (11) (7) (5-10) (7) (7) (2) (7) (10) 
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3xI07 4xI011 <1011 1.1X100 aX108 4XI00 2X100 <107 

(7) (3-7) (7) (7) (>9) [1) (11) (11) 

3X108 4X104 3AI0" 3x108 -9X108 8.5x 108 --1.6x 10° -1.1X 10° -lx103 

(11) (3) (11) (9) (12) [2) (11) (11) (3) 
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TAHI,E 2. Comparison of the reactivities, Ie (L mol- I S-I), 
of reducing radicals with inorganic and organic compounds 

at the pH specified in parenthesis 

CO"o- so"o- oP03"- 0,,0-

0" 3 x 10° 2 x 10° 1.1 x 10° 
(7) (7) (9) 

Fe(CN)1I8
- 7 x 10· 2 x 10· 2.7 X 102 

(6,11) (7) (9) 

MnTMpypll+ 5 x 10° 2 X 10' 4 X 10' 
(7) (7) (8) 

Nitro Blue 6.4 x 10° 1.4 X 1011 6.9 x 10" 
Tetrazolium (10) (9) (7-11) 

Tetranitro- 4 x 10° 1.6 X 10° 1.9 X 10° 
methane (3-7) (9) (6) 

Benzoquinone 7 x 10° 8 x 10° 
(7) (7) 

Duroquinone 1.4 x 10° 1 X 10' 
(1) (7) 

Benzyl viologen --I x 10'0 9 X lOT 
(7) (8) 

Methyl viologen --I x 1010 9 X 1011 (1 X 104
) 

(7) (7-9) 

Lipoate ion 5.6 X 10" 4 X 10" 
(6-9) (12) 
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T MILI~ 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution 

No. Reaction Ie (L mol- 1 s-i) pH 1 Method Comment Ref. 

I Carbon dioxide radleal anion 

-C02- + -C02- -+ 6.5 X 108 7 0.1 p.r. D.k. at 235 nm, € = 3000 L mol-I 86A327 
em -I, in 0.1 mol I. -I formate 801n. 

5.0 X 108 7 0.16 p.r. D.k. at 280 nm in N20-satd. soln. 86A394 
contg. 2 X lO-3 mol L- I 

phosphate-0.16 mol L -I formate 
buffer; £ = 1200 L mol- I em-I. 

5.0 x 108 7.0 0.16 p.r. D.k. at 285 nm using € = 1000 L 84A153 
mol- l cm- l . 

3.8 X 108 2.7-13 -0 p.r. D.k. at 250 nm in N20-satd. 0.1 mol 730085 
L -1 formate soln.; € = 2050 L 
mol- l em-I (1100 at pH 0); Ie cor. 
to 1 = 0; pKn (-C0 2H) = 1.4; at pH 
n Ie = 8.6 x ln8 

4.5 x 108 2.8-7 p.r. D.k. in CO-satd. soln. at 260 nm (€ 

= 2200 L mol- J cm- I ) as well as 
700303 

condy. change; same result in N2O-
oOot.d. formOotc soln. 

7.5 X 108 3.1,9 0.5 p.r. D.k. at 255 nm in N 20-satd. soln. 690446 
contg. formate, as well as in CO2-

satd. soln. contg. formate; £lJl3X = 
3000 L mol- I cm- 1 at 235 nm; at 

pH 13 Ie = 8.5 X 108 • 

5 X 108 5 -0 p.r. D.k. at 250 nm in C02satd. soln. 650384 
eontg. lO-2 mol L -1 formate; € = 
2250 L mol-I em-I. 

I Sllver(I} Ion 

-C02 - + Ag+ -+ AgC02 nat p.r. Ag+ was reduced in lO-2 mol L- 1 78A410 
formate soln. eontg. CO2 by a 
complex mechanism. 

3 Blearbonate Ion 

-C02 - + HC03 - -+ C03 '- + 2 X 103 "V-r . Computer fitting using initial yields 86A502 
HC02- of oxalate and formate, as well as 

transient absorbance, in 02-free 
soln. eontg. 0.5-1 mol L- 1 

ammonium bicarbonate; complex 
mechanism 

4 Carbonate radleal Ion 

-C02 - + COa-- - CO 2 + 5 X 107 'Y-r. Computer fitting using initial yields 86A502 
C03

2 - of oxalate and formate, as well as 
transient absorbance, in 02-free 
soln. contg. 0.5-1 mol L- 1 

ammonium bicarbonate; complex 
mechanism 

6 Cadmlum(ll} Ion 

-C02 - + Cd2 + -+ Cd+ + CO2 -1 X 105 p.r. Est. from increase in Cd+ in 0.1 mol 751027 
L - I Cd2 1- soln. contg. 0.1 mol L - I 

HC02 -, CO2-satd. 

5.1 x 106 nat p.r. No details given. 751153 

6 Cobalt(ll) Ion 

-C02 - + C02+ -+ CO2 + Co+ 102 < k < 10:; nat p.r. Est. from lack of increase in Co + in 751027 
0.1 mol L -I C02 + soln. upon addn. 
of 0.1 mol L -I formate, as well as 
"V-r. expts. [730039J. 

'1 6,'1 ,'1,12,14o,14o-Hexamethyl-I,4o,8,11-tetraazaeyelotetradeea-4, 1.I-dleneeobalt(lI) Ion 

-C02 - + Co(4,11-dieneN 4)2+ -+ < 1 X 107 6.5 p.r. No reaction obs. in soln. contg. 0.1 761001 
mol L - 1 formate. 

J. Phys. Chem. Ref. Data, Vol. 17, No.3, 1988 
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T AHLl~ 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution-Continued 

No. Reaction 1 Method Comment Ref. 

8 &,'1,'1 ,11,1~,Ii-Hexamethyl-l,~,8,II-tetraasaeyclotetradeea-4,li-dleneeobalt(D) Ion 

-C02 - + Co(4,14-dieneN4)2+ - < 1 X 101 6.5 p.r. No reaction in 0.1 mol 1.-1 formate. 761001 

9 l,a,9,10-Tetramethyl-I,4,8,II-tetraasacyelotetradeea-l,a,8,10-tetraeneeobalt(D) Ion 

-C02 - + Co(tetraeneN .. )2+ -to 4.7 x 10° 6.5 0.1 p.r. P.b.k. in 0.1 mol L -1 formate. 761001 
CO2 + Co(tetraeneN .. )+ 

10 1,I'-Blpyrldlneeobalt(D) Ion 

-C02 - + Co(bpy)2+ ...,. 
Co(bpy )C02 + 

6.0 X 106 

II 4,4'-Dlmethyl-I,I'-blpyrldlnecobalt(D) Ion 

-C02- + Co(dmb)2+ - 1.1 x 101 

Cot dmb )002 + 

II BIII(I,I'-blpyrldlne)eobalt(D) Ion 

-C02 - + CO(bPY)22+ ...,. 1.6 X 101 

CO(bpY)2C02 + 

18 Bla( 4,4:'-dlmethyl-I,I'-blapyrldlne)eobalt(D) Ion 

.COOI - + Co(dmb)0I2+ -. 1.1 )( 101 

Co(dmb)2C02 + 

14: Trlll(I,I'-blpyrldlne)cobalt(TI) Ion 

·C02 - + CO(bpyJa2+ ...,. CO2 + 3.5 X 101 

Co(bpy)a+ 

1& Trlll(4,4:'-dlmethyl-I,I'-blllpyrldlne)eobalt(n) Ion 

·C02 - + Co(dmb)!l2+ ...,. CO2 + 1.7 X 107 

Co(dmb)s + 

0.2 p.r. 

0.5 p.r. 

0.2 p.r. 

OJ; p.r. 

0.2 p.r. 

0.5 p.r. 

18 &,10,1&,10· Tetraklll( 4-lIulfonatophenyl)porphlnatoeobaltate(n) Ion 

·C02 - + CoTPPS·l - - CO2 + 1.7 X 108 8 p.r. 
CoTPPS6- 2.6 X lOti 13 

1'1 a,10,17,Ii-Tetruulfophthaloeyaolneeobalt(n) lao 

-C02 - + Co(tspc)4- ...,. CO2 + 1.5 X 108 3-11 
Co(tspc)O-

2.7 X 108 

18 Nltrllotrlaeetatoeobaltate(D) Ion 

-C02 - + CoNTA - ...,. 7.3 X 107 

INTACo( CO2)12-

19 Cobal(D)amln 

-C02 - + Bl2r - CO2 + B12s 8.2 X 108 

20 Hexaammlneeohalt(m) Ion 

-C02 - + Co(NHa)63+ ...,. CO2 + 1.1 X 108 

Co(NHa)62+ 

4.0 X 101 

J. Phys. Chem. Ref. Data, Vol. 17, No.3, 1988 

7 

9.2 

6.9 

4.8 

0.1 p.r. 

p.r. 

0.2 p.r. 

0.1 p.r. 

p.r. 

p.r. 

P.b.k.; total Ie for radical 
consumption. 

P.b.k.j total Ie for radical 
conoumpt.ion. 

P.b.k.; total Ie for radical 
consumption; 70% addn., also 
electron transfer. 

P. b.Je.; totAl It for r.dieAl 
consumption. 

P.b.k.; total Ie for radical 
consumption; also 10% addn. 

P.b.k.: total Ie for radical 
consumption; also 40% addn. 

D.k. in N20-satd. soln. contg. 
formate. 

8SA034 

8SA034 

86A034 

A6.A0:J4. 

86A034 

86A034 

83A088 

P.b.k. at 460 om in N 20-satd. soln. 83A238 
contg. (1-5) X 10-6 mol L- 1 

Co(pts)"- and 0.1 mol L -1 Na 
formate (substrate present as dimer). 

P.b.k. at 450 om in N 20-satd. soln. 82A433 
contg. formate (substrate present as 
dimer). 

P.b.k. at 270 nm in N20-satd. soln. 79A255 
contg. 0.2 mol L -l formate. 

D.k. at 311 and 478 nm as well as 
p.b.k. at. 3M and 280 nrn ht N2 ()­

satd. soln. contg. 0.1 mol L·· I 

formate. 

741105 

C.k. in N 20-satd. soln. contg. 0.1 731075 
mol L - J formate; reI. to A(°C02 - + 
PNBPA). 

D.k. in N20-satd. soln. contg. 0.01 
mol L - J formate. 

72A018 
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TABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution Contill1l4·d 

No. Reaction 

21 Pentaammlne( aqua)eobalt(m) Ion 

°C02 - + Co(NHa)r,H20ll+ - 1.7 x lOA 
CO2 + Co(NH:,)sH20 2 + 

22 Pentaammlne(hydroxy)eobalt(ID) Ion 

oC02 - + Co(NHa)sOH2+ - <3 x 107 

28 Pentaammlne(pYl'ldlne)eobalt(ID) Ion 

°C02 - + Co(NHs)6PYs+ .... CO2 3.3 X 108 

+ Co(NHa)r,py2+ 

24: Tl'ls(2,2"-blpyrldlne)eobalt(ID) Ion 

·C02 - + Co(bpyh3 + .... CO 2 + 
Co(bpY)1J2+ 

7.8 x 10° 

5.2 

7.8 

6.9 

6.9 

6.9 

I 

0.1 

Method Comment 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

C.k. in Nl;IO-sat,rl. 801n. contg. 0.1 73107fi 

mol l." I forma.te; reI. to k(oC0 2 + 
PNBPA). 

C.k. in N20-satd. soln. contg. 0.1 731075 
mol L -I formate;; reI. to k(°C0 2 - + 
PNBPA). 

C.k. in N20-sl!l.td. soln. cont.e. 0.1 731075 
mol L -I format.e; reI. to k(°C02 - + 
PNRPA)_ 

P .b.k. at 330 nm in N20-sat.d. soln. 79A034 
conta-. 0.1 mol L -I formate. 

C.k. in N20-satd. soln. conte. 0.1 731075 
mol L -1 formate; reI. to k(°C02 - + 
PNBPA). 

26 6,1,1 ,12,14:,14:-Hexamethyl-l,4:,8,II-tetraalaeyelotetradeea-4:,11-dleneeobalt(m) Ion 

°C02 - + Co(4,l1-dieneN1):H - 8.1 x 108 2.5 p.r. P.b.k. 
CO2 + Co(4,l1-dieneN1)2+ 

761203 

26 2,8,9,10-Tetramethy 1-1,4:,8,ll-tetl'aa.aeyelotetradeea-l,a,8,10-tetl'aeneeobalt(m) Ion 

oC02 + Co(tetraeneN1)3+ - 6.4 x 10° 2.5 p.r. P.b.k. 
CO2 + Co(tetraeneN.t)2+ 

761203 

21 DlehloI'0(6,'7,1 ,12,14:,I4,-hexamethyl-l,4:,8,II-tetl'aalaeyelotetl'adeea-4:,II-dlene)eobalt(m) Ion 

°C02 - + Co(4,l1-dieneN,,)CI2 + 1.1 x 10° 2.5 p.r. P.b.k. 761203 
- CO2 + Co(4,l1-dieneN .. )CI2 

28 Pentaammlne(ehloro)eobalt(m) Ion 

·C02 + Co(NHa)r.cfH .... CO2 1.5 X 108 

+ Co(NHa)I)CI+ 

29 Pentaammlne(nltrlto-N)eobalt(m) Ion 

oC02 - + Co(NHa)6N022+ - <2 x 107 

80 Pentaammlne( nltrato- O)eobalt(m) Ion 

°C02 + Co(NH:,)6N032+ - 2.1 x 108 

CO 2 + Co(NHa)"NO:J + 

31 (Aeetato)pf.'ntaammlneeobalt(m) Ion 

·C02 + Co{NHa),,02CCHaZ1- - 1.1 x 1011 
CO 2 + Co(NHa)602CCH;\ + 

.82 Pcntaarnrnlllc(phcn:ylacctato )cohalt(m) Ion 

oC02 - + 7.0 X 107 

Co(NHa)502CCH2C6H52+ - CO 2 

+ Co(NHa)r,°2CCH2C6Hs + 

33 Pentaammlne(benloato)eobalt(m) Ion 

oC0 2 - + Co(NHa)o02CC6 Hr;'2+ 4.5 x 107 

- CO 2 + Co(NHa)s02CC nHr; + 

6.9 

6.9 

6.9 

6.9 

6.9 

6.9 

p.r. C.k. in N20-satd. soln. contg. 0.1 731075 
mol L -1 formate; reI. to k( 'C02 - + 
PNBPA). 

p.r. C.k. in N20-satd. soln. conte. 0.1 731075 
mol L -1 formate; reI. to k( °C02 - + 
PNBPA). 

p.r. C.k. in N20-satd. soln. contg. 0.1 731075 
mol L -1 formate; reI. to k( 'C02 + 
PNBPA). 

p.r. C.k. in N20-satrl. so)n. contg. 0.1 731075 
mol L -I formate; reI. t.o k( 00°2:- + 
PNBPA) . 

p.r. C.k. in N20-satd. soln. conte. 0.1 731075 
mol L -I formate; reI. to I('C02 - + 
PNBPA). 

p.r. C.k. in N2 0-satd. soln. cont.g. 0.1 731075 
mol L -I formate; reI. to k( -C02 - + 
f'NBf'A). 
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TABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution-Continued 

No. Reaction Ie (L mol- I S-I) pH 1 Method Comment Ref. 

a4: Pentaammlne( 4:-eyanobensoato )eobalt(m) Ion 

oC02- + 4.6 X 107 6.9 p.r. C.k. in N:10-lIatd. 801n. contg. 0.1 731075 
Co(NH:t),,02CCOH.4CN2+ - CO2 mol L - I formate; reI. to A( °C0 la '- + 
+ Co(NH3)502CCoH'lCN+ PNBPA). 

a& Pentaammlne(l-nltrobensoato )eobalt(m) Ion 

oC02- + 2.0 x 10° 7 0.1 p.r. P .b.k. in N20-satd. 801n. contg. 0.1 86A340 
02NCoH"C02CO(NHa)r,2+ - CO2 mol L -1 formate and 2-10 x 10-r, 771027 
+ °2NCoH4C02CO(NH3)5 + mol L - ] complex. 

ae Pentaammlne(a-nltrobensoato )eobalt(m) Ion 

°C02- + 1.5 x 10° 7 0.1 p.r. P.b.k. in N20-satd. soln. contg. 0.1 86A340 
02NCoH4C02CO(NH:,)52+ - CO2 mol L -1 formate and 2-10 x 10-& 771027 
+ °2NCoH4C02Cu(NHS)5 + mol L -I complex. 

aT Pentaammlne( 4:-nltrobensoato )eobalt(m) Ion (PNBP A) 

°C02- + 1.9 x 10° 7 0.1 p.r. P.b.k. in N20-satd. soln. contg. 0.1 86A340 
02NOolI'100200(NII:I)&2+ -+ 002 mul L- 1 rormat.e and 2-10 X 10-5 111021 
+ °2NCoH4C02CO(NHs)& + mol L -1 complex. 720340 

as Pentaammlne(I,4:-dlnltrobensoato )eobalt(m) Ion 

·CO:.:- + 1.6 x 109 '7.0 p.r. P.h.k. in N20-8a+.d. 801n. con+.g. '7'710D'7 
Co(NHs)602CCoHs(N02)22+ _ formate and 1-3 x 10-4 mol L - J 

CO2 + 
Co(NHa)&02CCoHs(N02)2 + 

complex. 

89 Pentaammlne(a,&-dlnltrobensoato )eobalt(m) Ion 

'C02- + 8.1 x 109 7.0 p.r. P .b.k. in N20-satd. soln. contg. 771027 
Co(NH:,)502CCoHa(N02)22+ _ formate and 1-3 X 10-4 mol L- 1 

CO2 + 
Co(NHa)&02CCoHa(N02)2 + 

complex. 

4:0 Pentaammlne(l-nltrophenylaeetato )eobalt(m) Ion 

·C02- + 1.3 x 10° 7 0.1 
02NCoH"CH2C02Co(NHa)& 2+ _ 

p.r. P .b.k. in N20-satd. soln. contg. 0.1 86A340 
mol L -1 formate and 2.10 x 10-& 

CO2 + mol L -I complex. 
°2NCoH'ICH2C02CO(NHs)& + 

4:1 Pentaammlne(a-nltropbenylaeetato )eobalt(m) Ion 

·C02- + 1.5 x 10° 7 0.1 p.r. P.b.k. in N20.satd. soln. contg. 0.1 86A340 
°2NCoH4CH2C02CO(NHs),,2+ - mol L -I formate and 2-10 x 10-& 
CO2 + mol L - I complex. 
°2NCoH .. CH2C02CO(NH:I)&+ 

4:1 Pentaammlne( 4:-nltropbenylaeetato )eobalt(m) Ion 

'C02- + 1.4 x 109 7 0.1 p.r. P.b.k. in N20-satd. soln. contg. 0.1 86A340 
02NCoH"CH2C02CO(NH:I)"Sll mol L I formate and 2-1U x lUI; 

CO2 + mol L -1 complex. 
°2NCoH4CH2C02CO(NH:i)& + 

1.2 x 10° 6.9 p.r. C.k. in N20-satd. soln. contg. 0.1 
mol L - J formate; reI. to Ie( ·C02 - + 

731075 

PNBPA). 

4:8 Pentaammlne(I,4:-dlnltrophenylaeetato )eobalt(m) Ion 

°C02 - + 3.9 x 10° 7 0.1 p.r. P .b.k. in N20-satd. soln. contg. 0.1 86A340 
(02N)2CoHaCH2C02Co(NHs)& 2+ mol L- 1 formate and 2-10 x 10-r, 

- CO2 + mol L -I complex. 
(02N)2CoHsCH2C02CO(NHs)& + 

4:4: Pentaammlne(l-nltroelnnamato )eobalt(m) Ion 

·C02 - + 1.9 x 10° 7 0.1 p.r. P.b.k. in N20-satd. soln. contg. 0.1 86A340 
°2NC6H .. CH=CHC02CO(NHs)62+ mol L -1 formate and 2-10 X 10-" 

- CO2 + mol L - J complex. 
°2NC6B.ICH=CHC02CO(NHa)6 + 
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RATE CONSTANTS FOR REACTIONS OF INORGANIC RADICALS IN AQUEOUS SOLUTION '()4~, 

TABLE 3. Rate constants for reactions of the carhon dioxide radical anion in aqueous lIolutlon· ,Collt.iulI .. d 

No. Reaction 1 Method Comment nfOr 

4:6 Pentaammlne(8-nltroelnnamato)eobalt(m) Ion 

·C02 - + 1.2 x 109 

°2NCf\H.tCH=CHC02CO(NHa)r;2+ 
-+ CO 2 + 
°2N.CoH"CH=CHC02Co(NH:\)r; + 

7 0.1 p.r. P.h.k. in NzO-satd. lIoln. cont.g. 0.1 ARI\:l-1n 
mol L -. I format.e and 2-10 )( 10- r, 

mol L -J complex. 

4:6 Pentaammlne(4:-nltl'oelnnamato)eobalt(m) Ion 

'C02 - + 1.4 x IOU 
°2NCoH.tCH=CHC02CO(NHa)62+ 
-+ CO2 + 
°2NCnH.ICH=CHC02CO(NHa)5 + 

7 0.1 p.r. P .h.k. in N20-satd. soln. contg. 0.1 86A340 
mol L -I formate and 2-10 x 10-6 

mol L -1 complex. 

4:'1 Pentaammlne(pyrldlneeal'boxylato- O)eobalt(m) Ion 

.COz - + Co(NH3)nOzCCnH1N2+ 
-+ CO2 + Co(NHa)I)°2CCsH.IN+ 

5.1 )( 107 80 I".r C.k in NzO-lul.t.n 1II01n. t'ont.g. 0.1 

mol L -I formate; reI. to k( ·C02 - + 
73107& 

PNBPA). 

4:8 BIs( ethylenediamine )pYl'allneeal'boxylatoeobalt(m) ion 

'C02 - + Co(en)202CC .. HaN22+ 3 x 109 5.5 0.1 p.r. P.h.k. in N20-satd. soln. contS. 0.1 82A146 
-+ CO2 + Co(en)202CC4H:,N2 + mol L - 1 N a formate and (0.5-5) x 

10-1 mol L -I complex. 

4:9 Hexaammlne-fJ.-(aeetato)bls(fJ.-hydroxy)dleobalt(W)] Ion 

'C02 - + 5.8 X 101 p.r. D.k. in N20-satd. 80ln. contS. 0.1 83A140 
CHaC02[Co(NHab12(OH)23+ -+ mol L - I formate. 
CO2 + 
CHaC02[Co(NHa)a12(OH)2 + 

60 Hexaammlne-fJ.-(ftuol'oaeetato)bls(fJ.-hydl'oxy)dleobalt(m)] Ion 

'CO - + 
CH2FC02[Co(NHaJa1z(OH)2 a+ -+ 

1.1 X 108 p.r. D.k. in N20-satd. 801n. contg. 0.1 
mol L -I formate. 

83A140 

CO., + 
CH;FC02[Co(NHaJa1z(OH)22+ 

61 Hexaammlne-fJ.-( dlftuol'oaeetato)bls(fJ.-hydl'oxy)dleobalt(m)] Ion 

'C02 - + 
CHF 2C02[Co(NHa)a12(OH)2 3+ -+ 

2.4 X 108 p.r. D.k. in N20-satd. soln. contS. 0.1 
mol L - J formate. 

83A140 

CO2 + 
CHF 2C02[Co(NH:,)a12(OH)2 2+ 

62 lIexaammlne-fJ.-(tl'lftuol'oaeetato)bls(fJ.-hydl'oxy)dleobalt(m)] Ion 

·C02- + 3.5 X 108 p.r. D.k. in N20-satd. 801n. contg. 0.1 83A140 
CF;sCOz[Co(NHa)ab(OH)z3+ - mol L -I forma.te. 
CO2 + 
CF aC02[Co(NHahI2(OH)2 2+ 

68 Oetaammlne-Jl.-amldo-Jl.-supel'oxldodleobalt(m) Ion 

'C02 - + 02[Co(NH:J)4]2NH~.J+ -+ 5.4 x 109 -5 0.1 p.r. D.k. in N20-satd. soln. cants. 0.1 81AOO9 
CO2 + 02[Co(NHa)412NH2 a mol L -1 formate. 

64 Tetl'akls(ethylenedlamlne)-fJ.-amldo-Jl.-supel'oxldodleobalt(m) Ion 

'C02 - + 02[Co(en)2bNHl
4 + -+ 5.7 x IOU -5 0.1 p.r. D.k. in N20-sat,d. soln. cont,g. 0.1 8JAOOg 

CO2 + 02[Co(en)z1 2 NH2:1 mol L·· I formate. 

66 Dceakls( eyano )-p.-superoxldodleobaltatc(m) Ion 

'C02 - + 02[Co~CN)sbS- -+ CO 2 1.7 X 101 -5 0.1 p.r. D.k. in N20-satd. soln. contS. 0.1 81AOO9 
+ °2[Co(CN)s]2 - mol L -1 formate. 

66 Cyanoeob(m)alainln 

'C02 - + B12 -+ <1 x 107 p.r. No change in o.d. in N2 0 or CO2-
satd. soln. contg. 0.1 mol L- 1 

741105 

formate, or COz-satd. soln. cants. 
0.1 mol L -1 ten-BuOH. 
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TABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution-Continued 

No. Reaction " (L mol- I s-I) pH 1 Method Comment Ref. 

6'1 Bydroxoeob(m)alamln 

oC02 - + B12a .... CO2 + B12r 1.5 x 10° 9.2 p.r. O.k. at. 360 nm as well AS p.h.k. at. 741105 
310 nm in CO2-satd. soln. contg. 
ten-BuOH. 

68 Chromlum(D) 

°C02 - + Cr(lI) .... Cr1llC02- 1.1 X 100 1.4 p.r. O.k. in soln. cont.g. 1 mol L- 1 731057 
formic acid; product spectrum 
similar t.o product.s cont.aining C-Cr 
bonds [741146]. 

69 Chromlum(m) Ion 

oC02 - + Cr(III) .... 1.4 p.r. No reaction obs. in soln. contg. 1 731057 
mol L- I formic acid. 

80 Copper(D) Ion 

-C02 - + Cu2 + - CO2 + Cu+ 1.5 X 108 6.8 0.1 p.r. D.k. at 260 nm in N20.latd. formate 78A176 
(0.1 mol L -I) soln. 

81 1,4:,8,II-Tetraalaeyelotetl'adeeaneeopper(D) Ion 

-C02 - + Cu(cyclam)2+ .... CO2 + 3 x 10° p.r. P.b.k. in N20-satd. loIn. contg. 0.1 82A320 
Cu(cyclam)+ mol L -I Na formate and (2-30) x 

10-1'1 mol L -1 CuL(CI04)2' 

81 6,'1,'1 ,11,14:,I4-Hexamethyl-l,4:,8,11-tetraalaeyelotetradeeaneeopper(D) Ion 

-C02 - + Cu(aneN .. )2+ -+ CO2 + 2.5 x 10° p.r. P .b.k. in N20-latd. loin. contg. 0.1 82A320 
Cu(aneN4)+ mol L -I Na format.e and (2-30) X 

10-5 mol L -I CuL(CIO .. )2' 

88 6,'1,'1 ,11,14,14-Hexamethyl-l,4:,8,11-tetraalaeyelotetradeea-4:,11-dleneeopper(D) Ion 

oC02 - + Cu(4,U-dieneN .. )2+ -+ 2.3 x 109 7 p.r. P.b.k. at 410 nm. 761039 
CO2 + Cu(4,11-dieneN 4)+ 

64: 1,1,4:,11,18-Hexamethyl-l,6,10,14-tetraalaeyelooetadeea-4:,18-dleneeopper(lI) Ion 

°C02 - + Cu(4,13-dieneN .. )2+ -
CO2 + CU(4,13-dieneN;t)+ 

5.0 x 107 p.r. P .b.k. in N20-satd. loin. contg. 0.1 
mol L- 1 Na formate and (2-30) X 

10-5 mol L -I CuL(Cl04)2' 

82A320 

86 Glyeylglyeylglyelnatoeopper(D) eomplex 

-C02 - + Cu(GlYa)- -+ CO2 + 2.8 X 108 9.1 p.r. O.k. at 550 nm (Cull) in N2O-satd. 761016 
Cu(GIYa)2- formate (10-2 mol L -I) soln. contg. 

Cu(lI) and glYa in 1:5, 1:3 and 1:2 
ratio. 

88 Copper(D) tetl'aglyelne 

'C02 - +·Cu(GIY4)2- - CO2 + 6.5 X 108 7.3-10 1.0 p.r. P.b.k. in soln. cont.,. 1 mol L- J 80A304 
Cu(GlY<t)a- format. ion. 

6'1 Hlltldlneeopper(D) eomplex 

-C02 - + Cu(His)2 - CO2 + 4.1 X 108 11 p.r. O.k. at 600 nm (Cull) in N2O-satd. 7'71138 
Cu(His)o - goln. cl')ntg. fl')rmat •. 

68 Glyeylhlstldlneeopper(n) eomplex 

°C02 - + Cu(GlyHis) -+ CO 2 + 4.5 x 10" 6.6 p.r. O.k. at 565 nm (Cull) in N2O-satd. 771138 
Cu(GlyHis)- 1.6 x 107 11 soln. cont.,. formate. 

69 ~-Alanylhlstldlneeopper(n) eomplex 

-C02 - + Cu(~-AlaHis) -+ CO2 + 3.5 X 10" 7.5-11 p.r. O.k. at 600 nm (Cull) in N2O-satd. 771138 
Cu(~-AlaHis) - soln. contg. formate. 

'10 Glutathloneeopper(D), oxldlled 

°C02 - + Cull(GSSG)n -+ CO2 + 1.0 X 108 11 p.r. O.k. at 595 nm (Cull) in N2O-satd. 761016 
Cul(GSSG)n soln. contg. formate ion; 10% of the 

-C02 - reacted with the disulfide -+ 

GSSG- (p.h.k. at 410 nm). 
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TARLI~ 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution-Continued 

No. Reaction 1 Method Comment Ref. 

71 Bleomycln-copper(ll) complex 

·C02 - + BLM-Cu(U) -+ CO2 + 6.7 X 108 

BLM-Cu(I) 

72 8,IO,I'1,2"-Tetrasulfophthalocyanlnecopper(n) Ion 

·C02 - + Cu(tspc)'l- -+ CO 2 + 1.9 X 108 

Cu(tspc)6-

78 Europlum(m) Ion 

·CO:/: - + Eu(II1) -+ CO;,: + Eu(II) > 7 x 10° 

'1" Iron(ll) protoporphyrin 

·C02 - + PFeil -+ CO2 + PFe' 

'1& Ferrlcyanlde Ion 

·C02 - + Fe(CN)o:'- -+ CO2 + 
Fe(CN}64

-

7.0 X 108 

76 Pentacyano(nltrosyl)ferrate(m) Ion 

'C02 - + Fe(CN)5N02- -+ CO2 4.0 X lOR 

+ Fe(CN)5NO:'-

3.7 X 108 

77 Ethylenedlamlnetetraacetatoferrate(m) Ion 

'C02 - + FeEDTA - -+ CO2 + 5 X 107 

FeEDTA2 -

7 p.r. 

p.r. 

1.4. 

10 0.1 p.r. 

6.0, 11 0.1 p.r. 

7 0.3 p.r. 

7 0.1 p.r. 

7 0.02 p.r. 

3.8-10 p.r. 

'17 a Ethylenedlamlnebls[2-(2-hydroxyphenyl)acetato]lron(m) Ion 

'C02 - + FeEHPG+ -+ CO2 + 7.3 X 106 7.0 p.r. 
FeEHPG 

P.h.k. at 365 nm in N:,lO-lIat.d. soln. 87A184 
contg. 2 x 10-2 mol L . 1 formate 
and 2 X 10-1 mol L -1 bleomycin-
copper complex; intermediate 
suggested to be BLM-CuC02 +. 

P .b.k. at 550 nm in N20-satd. soln. 82A433 
contg. formate, substrate present as 
dimer. 

7~lnS7 

Pseudo-first-order reaction obs. in 85A006 
N\)O-satd. soln. contr:. (2-10) X 

10-1) mol L -1 substrate and 0.1 mol 
L -) formate ion. 

D.k. at 420 nm in N20-satd. soln. 83A091 
contg. 0.1 mol L -I Na formate. 

D.k. at 410 nm in soln. contg. 0.3 690522 
mol L - J formate ion; ionic strength 
effects reported. 

P.b.k. in N20-satd. 0.1 mol L- 1 771120 
formate soln. 

P.b.k. at 450 nm in N.,O-satd. 2 x 690052 
10-2 mol L -I formate· soln. 

D.k. at 300 and 325 nm in 02-satd. 771088 
soln. contg. formate ion. 

D.k. at 475 nm in N20-satd. soln. 
contg. formate ion. 

87A281 

78 &,10,1&,20-Tetrakls[,,-(N,N,N-trlmethylammonlo)pheny]lporphlnatolron(m) Ion 

'C02 - + FeTApp5+ -+ CO2 + 3.7 X 10° 11 p.r. P.b.k. in N20-satd. soln. contg. 
FeTAPP'!+ formate ion. 

79 &,10,1&,20-Tetrakla-4-(N-methylpYl'ldyl)porphlnatoll'on(m) Ion 

·C02 - + FeTMpyp6+ -+ CO2 + 4.0 X 109 11 p.r. 
FeTMpyp 4 + 

1.3 x 10 10 8 p.r. 

7.5 x 10° 5.6-8.3 0.1 p.r. 

7.8 0.05 p.r. 

P.b.k. in N20-satd. soln. contg. 
formate ion. 

D.k. in N 20-lIatd. lIulu. CUllt~. 5 X 
10-2 mol L -I formate ion. 

D.k. at 420 as well as p.b.k. at 445 
and 560 nm in N20-satd. soln. 
contg. 0.1 mol L -I lIC02-. 

P.b.k. at 580 nm as well as d.k. at 
350 nm in N20-satd. soln. contg. 5 
x 10- 2 mol L - 1 formate. 

80 6,10,1&,20-Tetrakla-,,-(N-methylpyrldyl)porphlnatolron(m) Ion dlcyano complex 

84A426 

84A426 

8BA118 

82A1l9 

81A207 

'C02 - + FeTMpyP(C~}l3+ -+ 5 x 1011 10.1 0.1 p.r. D.k. at 435 as well as p.b.k. at 470 82A119 
CO2 + FeTMpyP(CN)2" nm in soln. contg. 2.0 x 10-3 mol 

L -I KCN and 1-5 x 10-5 mol L- 1 

Fe'" complex. 
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TABLR 3. Rate constants for reactions of the carhon dioxide radical anion in aqueous solution-Continued 

No. Reaction 1 Method Comment Ref. 

81 6,10,16,JO-Tetrakl.-... (N-metbylpyrldyl)porphlnatolron(m)-dllmlda.ole complex 

-C02 - + FeTMpYP(lml~l)+ - 6 X 108 9.1 0.5 p.r. P.h.k. at 450 nm in N~O-,,"td. linin. 82Al H 
CO2 + FeTMpyP(Imh + contg. 0.5 mol L- 1 formate and 2 x 

10-2 mol L -1 imidazole. 

8J 6,10,16,JO-Tetrakl.-... (N-methylpyrldyl)porphlnatolron(m)-dlhl.ttdlne eomplex 

-C02 - + FeTMpyP(Hisll>+ ... 2 x 108 8.0 0.5 p.r. P.h.k. 82A1U 
CO2 + FeTMpyP(His)2 

88 a,a,a,~-Tetrakl.(N-methyI1Bonleotlnamldophenyl)porphlnatolron(m) Ion 

-C02 - + FePFp5 + - CO2 + 5.9 x 109 6-8 0.1 p.r. 
FePFp 4 + 

D.k. at 420 nm (Felli) as well as 
p.h.k. at 440 nm (Fell) in soln. 
contg. (5-50) X 10-6 mol L -I Felli 
and 0.1 mol L -J formate. 

84: a,Cl,a,p-Tetl'akl.(N-methyll.onleotlnamldophenyl)porphlnatolron(m) Ion dleyano complex 

86A15~ 

-C02 - + FePFP(CN)23 + ... CO2 3.9 x 109 10.2 p.r. D.k. at 420 nm (Felli) as well as 86A154 
+ FePFP(CN)22+ p.h.k. at 440 nm (Fell) in 80ln. 

contg. (10-50) x 10-6 mol L -J Felli, 
10-3 mol L -I carbonate, 5 x 10-.1 

mol L- I KCN and 0.1 mol L- 1 

formate. 

86 a,a,a,p-TetrakIB(N-methyllBonleotlnamldophenyl)porphlnatolron(m) Ion dllmlda.ole eomplex 

-C02 - + FePFP(1-Melml;5+... 3.1 x 109 6-8 0.1 p.r. P.h.k. at 434 nm (Fell) in N20-satd. 86A15'\! 
CO2 + FePFP(1-MeIm)2 soln. contg. (5-50) x 10-6 mol L- 1 

Felli, 0.1 mol L -1 formate and 3.4 
x 10-2 mol L - J ligand (pKa. 1-
MeIm = 7.0). 

86 6,10,16,JO-Tetrakl.( .... ulfonatophenyl)porphlnatoferrate(m) Ion 

-C02 - + FeTPPS3
- - CO2 + 1.8 x 100 5 p.r. 

FeTPPS"'-

U p.r. 

8'1 6,10,16,Jo-tetrakl.( .... ulfonatophenyl)porphlnatoferrate(m) p.-oxo-dlmer 

-C02 - + '-2 x 109 9 p.r. 
(TPPS)Fe-O-Fe(TPPS)S- ... 
(TPPS)Felll-O-Fell(TPPS)O-

88 8,10,1' ,J"'Tetra.ulfophthaloeyanlnelron(m) Ion 

'C02 - + Fe(tspc):4- - CO2 + 3.4 x lOR 

Fe(tspc)4-

sa Hemin e 

-C02 - + Hem-Felli ... CO2 + 
Hem-Fe" 

8aa Ferrate(VI) Ion 

-C02 - + Fe042- ... CO2 + 
FeO/-

ao Mercury(n) Iodide 

°C02 - + HgI2 ... CO2 + Hg(I) 

al Mereury(n) eyanlde 

-C02 - + Hg(CN)2 ... CO2 + 
Hg(I) 

3.5 X lOR 

3.0 x 109 
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p.r. 

7.0 p.r. 

9.5- p.r. 
10.5 

p.r. 

p.r. 

D.k. in N20-latd. loin. contg. 5 x 
10-2 mol L - J formate ion. 

P.h.k. in N20-satd. soln. contg. 
formate ion. 

D.k. in N20-satd. soln. contg. 5 x 
10-2 mol L - I formate ion. 

P.b.k. at 500-520 om io N 20-saLd. 
soln. contg. formate, suhstrate 
present a8 dimer. 

86AIl! 

84A42fl 

86AUB 

82A433 

P.h.k. in N20-satd. 801n. contg. 0.02 75A241 
mol L -1 formate. 

D.k. at 510 nm in N20-satd. ~oln. 87 A3Rt 
contg. 0.02 mol L -I formate, 4 x 
10-5 mol L- 1 

diethylenetriaminepentaacetate ion; 
same results at pH 12.3. 

P.h.k. in N 20-satd. soln. contg. 78A165 
formate ion. 

P.h.k. at 285 nm in N20-satd. soln. 
contg. 0.01 mol L -1 formate. 

751203 
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TABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution-Continued 

No. Reaction 1 Method Comment Ref. 

U2 Iodine 

·C02 - + 12 ..... 12'- + CO2 

93 lIypoiodou8 acid 

'C02 - + HOI"'" HOI- + CO2 

04 Iodate Ion 

'C02 - + 103 - ..... CO2 + HI0 3 -

96 Indlum(m) Ion 

'C02 - + In:1+ -

gO Hexachlorolrldate(IV) Ion 

°C02 + IrCln
2

- - CO2 + 
IrCln

3 -

0'1 Manganese(D) Ion 

'C02 - + Mn2+ ..... 

5.7 X lOS 9 

1.3 X lOS 0.1 

<1 X 104 2 

1.7 X 10° 6-7 

<2 X 101) 

p.r. P.h.k. in N::O-sat.d. 10-2 mol ,,-I 
formate Iwln. contg. 1.5 /~ 1U' ., 
mol L- 1 12 and 10-1 mol L- 1 1-. 

86A070 

p.r. P.h.k. (HOI- ..... OH- + I' ..... 12 -) in 86A901 
soln. contg. formate ion, 1-, and 

p.r. 

10-2 mol L -I borax buffer. 

P.b.k. at 480 nm in N20-satd. soln. 85A037 
contg. 2 or 4 x 10-3 mol L- 1 IO:i -

Itnd 0.1 mol L -I format.1f'! ion. 

p.r. No reaction 83A206 

p.r. D.k. at 490 nm in N20-satd. soln. 82A041 
contg. formate. 

p.r. No effect of Mn~H on d.k. of °C02 - 761109 
at 280 or 256 nm in N20-satd. soln. 
contg. 10-2 mol L - 1 formate. 

98 6,10,16,20-Tetrakls- [4-( N,N,N-trlmethylammonlo )phenyljporphlnatomanganese(m) Ion 

oC02 - + MnTApp5+ - CO2 + 4.2 X lOll 6.7-9.3 p.r. D.k. at 465 nm, as well as p.b.k. at 86A313 
MnTAppH 3.6 x 10° 11 440 nm in soln. contg. 10-2 mol 

L - ) formate ion; pKR, = 8.2, 10.8. 

gO 6,10,16,20-Tetrakls-4-(N-methylpyrldyl)porphlnatomanganese(m) Ion 

'C02 - + MnTMpyp5+ ..... CO2 + 5.5 X 10° 6.7 p.r. D.k. at 465 nm, as well as p.b.k. at 86A313 
MnTMpypH 5.0 X 10° 9.3 440 nm in soln. contg. 10-2 mol 

L -I formate ion; pKa = 8.0, 10.6. 

3.5 x 10° 11 p.r. P .h.k. in N20-satd. soln. contg. 84A426 
formate ion. 

100 a,a ,a,p-Tetrakls( N-methyllsonlcotlnamldophenyl)porphlnatomanganese(m) Ion 

'C02 - + MnPFPo+ ..... CO2 + 6.0 x 10° 7.0 p.r. D.k. at 465 nm, as well as p.b.k. at 86A313 
MnPFpH 440 nm in soln. contg. 10-2 mol 

L'- ' formate ion. 

101 6,10,16,20-Tetrakls( 4-sulfonatophenyl)popphlnatomanganate(m) Ion 

oC02 - + MnTPPS3
- - CO 2 + 4.2 x 10° 11 p.r. P.b.k. in N20-satd. soln. contg. 

formate ion. 
84A426 

MnTPPS"-

102 Nitrous oxide 

103 

104 

'C02 - + N20 + H20 - CO2 + 1.6 x 103 

N2 + 'OH + OH-

Nlckel(I) Ion 

oC02 - + Ni+ - NiC02 6.6 X lO" 

Nlckel(n) Ion 

'C02 - + Ni2 + - CO 2 + Ni+ 102 < k < 10!; 

4.4 

5.0 

0.1 'V-r . 

p.r. 

Calcd. from G(C02 ) vS. dose rate; 85G029 
re\1 to 2k( °C02 - + 'C02 -) = 1.3 x 
10 i N:p-satd. soln. contg. 0.1 mol 
L - J formate ion; chain reaction. 

D.k. at 300 nm (as well as p.h.k.) 
in soln. contg. NiS0 4 and formate 
ion. 

741037 

p.r. I~st. from lack of increase in Ni+ in 751027 
0.1 mol LOo- J Ni 2 + on addn. of 0.1 
mol L - J formate ion, as well as 'V-r. 
experiments [730039]. 

J. Phys. Chern. Ref. Data, Vol. 17, No.3, 1988 
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TABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution-Continued 

No. React.ion 1 Method Comment Ref. 

10& Tetracyanonlckelate(n) Ion 

-C0 2 - I Ni(CN),,2- -. CO2 
Ni(CN) .. 3-

0.1 p.r. P.b.k. at 140 nm in N~O-l!Iat.d. linin. '1410'.1 

108 1,4,'1,10-Tetraalacyclotrldecanenlckel(D) Ion 

·C02 - + NiL2+ - CO2 + NiL + 1.7 x 10° 6.6 

10'1 1,4,8,11-Tetraalacyclotetradecanenlckel(D) Ion 

'C02 - + Ni(cyclam)2+ - CO2 + 6.2 x 10° 6.0 
Ni(cyclam)+ 

0.1 p.r. 

0.1 p.r. 

contg. 0.1 mol L'" formate ion and 
6, 10 and 48 X 10-1; mol L -I Ni 
complex. 

P .b.k. in Ar-satd. soln. contg. 0.1 
mol L -1 formate ion and 1-10 X 

10-4 mol L -J Ni complex. 

P.b.k. in Ar-satd. soln. contg. 0.1 
mol L- 1 Na formate and (1-10) x 
10-" mol L -I complex. 

86Al· 

85AO: 

108 1,4,8,11-Tetramethyl-1,4,8,11-tetraalaeyclotetradecanenlekel(D) Ion 

·C02 + NiL2 + - CO2 + NiL + 1.6 x 10° 6.0 0.1 p.r. P.b.k. in Ar-sat.d. loin. cont.,. 0.1 
mol L -I Na formate and (1-10) x 
10-1 mol L- 1 complex. 

86AOi 

109 &,7,f ,1I,14,14-Hexamethyl .. 1,4:,8,ll-tetraalacyclotetradeeanenlckel(U) Ion 

'C02 + Ni(aneN"fH - CO2 + 5.7 x 10° 1.0 0.1 p.r. P.b.k. in Ar-satd. soln. cont,. 0.1 
Ni( aneN 4) + mol L - I formate; Ni(l) is also 

formed by reaction of 'aq -. 

16103 

110 6,'1,'1 ,1.,14,14-Hox .. lIlcf;hTl-l,4,8,ll-f;ci; ......... eTeloi;ct. .... doe .. -4,11-dlcnenlekcl(B) Ion 

·C02 - + Ni(4,11-dieneN1)2+ - 6.7 x 109 1.0 0.1 p.r. P.b.k. in Ar-satd. 0.1 mol L- 1 

CO2 + Ni(4,11.dieneN4)+ formate. 
16103 

111 1,0(,6,'1.,'1 ,8,11,1:t,14,14-Doc .. lIlothyl-l,4,8,11-tet ......... cyclof;et .... dee .. ncnlckcl(D) Ion 

·C02 - + NiL2+ - CO2 + NiL+ 4 X 106 6.0 0.1 p.r. P.b.k. in Ar-satd. soln. contg. 0.1 
mol L - \ Na formate and (1-10)' x 
10-4 mol L -1 complex. 

86AO~ 

111 8,14-Dlmethyl-4:,'1 ,10,18-tetraalahexadeca-8,18-dlene-l, I&-dlone dloxlmatonlekel(IV) Ion 

11a 

114 

'C02 - + NiL2 + - CO2 + NiL+ 1.2 X 10 10 2.2-4.1 p.r. P.b.k. 85A3E 

OyygRn 

'C02 - + 02 - CO2 + 0 2
0

- 2.0 x 109 8.0 0.1 

4.2 x 109 6.8 0.18 

2.4 x 10° 1 0.3 

Hydrogen peroxtde 

oC02 - + H20 2 - 1.3 X lOS 6.8 

s1 x 101; 7 

p.r. 

p.r. 

p.r. 

'V-r. 

phot.. 

Oxygen-satd. 0.1 mol L -1 formate 16101 
soln.; product ohs. at 260 nm. 

D.k. at 210 nm .and 300 nm in 0.18 16113 
mol L - J formate ion. 

C.k. in 0.3 mol L -I formate soin.; 69052 
reI. to k(°C02 + Fe(CN)e3

-) = 1.1 
X 109• 

II 

St.eady state; obs. G(H20 2) in N20- 81G02 
satd. soln. contg. formate ion 

Calcd. from assumed chain 63100! 
mechanism in CO-H20 2 soln.; Ie S 

2.2 X 10e Voluming 21(·C02- + 
'COo -) S 1010, recalcd. in (145144) 
assuming 2k( °C02 - + °C02 - ) = 3 
x 10°. 

11& Pentaammlneosmlum(m)-f1o-(ll!lonleotlnylprolylprolylprollnato) .. pentaammlneeobalt(m) Ion 

°C02- + 4 X 109 0.1 p.r. P.b.k. at 525 nm in solo. contg. 0.1 85A39 
[(NH3)SOs"liso(Pro)aColll(NH:I)5JI;+ mol L -1 formate ion. 
- CO2 + 
[(NH3)60sJliso(Pro)aColII(NHa)s]4+ 

J. Phys. Chem. Ref. Data, Yol. 17, No.3, 1988 
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T ABLJ~ 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution-Continued 

No. Reaction k (L mol-I s-l) pH 1 Method Comment Ref. 

116 Lead(n) Ions 

'COg - + Pb2+ - COg + Pb+ 2.6 X 108 3.9 0.05 p.r. P.b.k. at. ~~O nm in linIn. cont.g. 0.01; R2A426 
mol L - I format.e lOll. 

11'7 Trls(I,I'-blpyrldlne )rhodlum(ID) Ion 

-002- i' Rh(bpy)a3+ -~ CO2 i' 6.2 x 109 7 0.1 p.r. P.b.k. at 170 nm as well ae d.k. at 81.A.134 

Rh(bPY)a2 + 320 and 350 nm in NzO-satd. soln. 
contg. 0.1 mol L - J formate ion. 

118 Trls(I,I'-blpyrldlne)ruthenlum(n) Ion 

'C02 - + Ru(bpy)s2+ - <1 X 100 7 p.r. No reduction. 78A068 

119 Trlll(I,I'-blpyraslne)l'uthenlum(ll) Ion 

'C02 - + Ru(bpz)3Z + -. CO2 + 1.3 ~ 10)0 3-11 0.1 p.r. P.h.k. at ·-380 and ,(00 nm in N;.lO- 88A.(!!!! 
Ru(bpz )2(bpz. -)2+ satd. soln. contg. 0.1 mol L- 1 

formate. 

110 Hexaammlneruthenlum(m) Ion 

oC02 - + Ru(NHs)o s+ - CO2 + 2.0 x 109 4.8 p.r. D.k. in N20-satd. 10-2 mol L- 1 72A018 
Ru(NH3}02+ formate soln.; e.transfer. 

111 Pentaammlne(nltl'ollo )ruthenlum(ID) Ion 

°C02 - + Ru(NHlI)r;N03+ - CO2 3.1 x 10° 6.6 0.5 p.r. P.b.k. at 280 nm in N20-satd. soln. 751049 
+ Ru(NHa)5N02 contg. 0.5 mol L -I formate ion. 

111 Pentaammlne(lsonleotlnamlde )l'uthenlum(ID) Ion 

oC02 - + Ru(NHa)5isn:J+ - CO2 1.0 )( 10 10 4.9 0.1 p.r. P.b.k. at 480 nm in N20-satd. soln. 80A317 
+ Ru(NHa)6isn2+ contg. formate. 

118 Sulfur dioxide 

°C02 - + S02 - CO2 + S02°- 7.6 X 1011 3.1 p.r. Soln. contg. 1 mol L - I formate; reI. 761118 
to 2k(°C02- + oC02 -) = 7.6 x 108 • 

114 Tetrathlonate Ion 

·C02 - + S<1002- - CO2 + 5.8 X 107 p.r. P.b.k. at 370 nm in N20-satd. soln. 731027 
S4003

- contg. 0.1 mol L -1 formate, as well 
as d.k. at 280 nm. 

126 Saandluna(ID) 

°C02 - + Sc(III) - 1.4 p.r. No reaction in 801n. contg. 1 mol 731057 
L -I formic acid and 1 x 10-2 mol 
L -1 Se(III). 

116 Tltanlum(ID) Ions 

·C02- + Ti3 + + H+ - 4 x 100 0.5 p.r. Soln. contg. sulfuric and formic 79A341 
Ti:H C02H acids; competition with radical 

combination; complex formn. 
deduced from transient spectra. 

-5 x 106 1.4 p.r. D.k. in 1 mol L -1 formic acid soln.; 731057 
pKa (·C02H) = 1.4. 

11'7 Thall1um(l} Ion 

oC02 - + TI+ - CO2 + Tlo 2.3 x 100 13 p.r. P.b.k. at 420 nm in soln. contg. 1 80A123 
mol L -I formate and 1.5 x 10-2 

mol L- 1 TI+; reaction also obs. for 
neutral a.nd acid Boln. 

128 12-Tungstate 10n(8-), dlhydrogen 

-C02- + H2W1204.06 - -+ 002 i' 1.2 X 108 ~l p.l". P.h.k. at 650 om ill N20-8atd. 8010. 83A368 
H2W J2O'107

- -1 x 107 5-6 cont.g. ---0.5 mol L- 1 formate, HCIO" 
at pH 1 and -0.01 mol L- 1 

phosphate buffer at pH 5-6. 
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TABI.E 3. Rate constants for reactions of the carhon dioxide radical anion in aqueous solution-Continued 

No. Reaction Ie (L mol-· s-I) pH 1 Method Comment Ref. 

119 II-TungBtoterrate lon(&-) 

oC02 - + FeW120 .. o
6

- - CO2 + 4.1 X lOA '-1 p.r. P.h.k. at 650 nm in NoO-satd. soln. 83A368 
FeW I2O .. .,fl- 1.7 x 10" 6-6 contg. "0.5 mol L ~, format.e, IICIO .. 

at pH 1 and --0.01 mol L- 1 

phosphate buffer at pH 6-6. 

180 12-TunptophoBphate lon(8-) 

°C02 - + PW I20 .. o
3

- - CO2 + 
PW ,20"01-

3.0 x 10° '-1 p.r. P.b.k. at 650 nm in N20-satd. soln. 
contg. -0.6 mol L -I formate and 

83A368 

HCIO,,; heteropoly compound 
unstable at pH > 1.2. 

181 11-TunptoBlileate lon( 4-) 

·CO~ - + SiW I~O .. o 1- - CO!l + 6.4 X 108 -1 p.r. P .b.k. at 660 nm in N!lO-satd. soln. 83A368 
SiW 12°,106- 8.4 x 10M 5-6 contg. -0.5 mol L -I formate, HCIO .. 

at pH 1 and -0.01 mol L- 1 

phosphate buffer at pH 5-6. 

181 Y1itierblum(m) 

oC02 - + Yb(llI) ... 1.4 p.r. No reaction in so)n. cont,. 1 mol 731057 
L -I formic acid and 10-2 mol L- 1 

Yb(III). 

188 Zlne(I) Ion 

oC02 - + Zn+ + H+ - Zn2 + + -4 x 10° p.r. Est. from first-order decay at 310 771011 
HC02 - nm (Zn+) in formate-ZnSO .. soln. 

18~ Zlne(U) Ion 

0C02 - + Zn2 + - <2 x 10" p.r. No reaction in 0.5 mol L -I ZnSO ... 771011 

<1 x 102 p.r. Est. from lack of increase in Zn + in 751027 
0.1 mol L -I Zn2+ soln. upon addn. 
of 0.1 mol L -I formate ion, as well 
as -y-r. experiments (730039]. 

18& Aeetophenone 

°C02 -: + CoHI;COCHa - 1 x 107 12 p.r. P.b.k. at 440 nm. 680308 
CoH6CO-CH3 + CO2 

188 Aerldlne 

00°2 - + A + H+ - CO2 + oAH -3 x lOR 7 p.r. P .b.k.; at pH 13 adduct is formed 79A30f 
(oC02 - + A - °A002 -). 

18., Ac.rlflavlne (8,8-DlalDlno-10-lDethylacrldlnlulD) 

°C02 - + ACFI+ ... CO2 + 3.7 X 108 p.r. D.k. (dye) in Ar-satd. 0.1 mol L-· 700241 
lACFI]' formate; same product as concurrent 

fast reaction with 'aq - . 

188 Aerylamlde 

°C02 - + H2C=CHCONH2 ... -4 X 107 -5 p.r. Electron transfer not oha. 700052 
addn. 

180 A dcnolline &'-monophoBphate 

00°2 - + AMP ... <1 x 106 8.3 p.r. P .h.k. at. 550 nm (A -) in N2O-satd. 680441 
0.1 mol L -I formate. 

1~0 Adrlamyeln 

00°2 - + +HAdH2 - CO2 + 3.5 x 10° 1.1 p.r. P.b.k. at 380, 475, and 720 nm in 85A36( 
HAdH20 3.4 x 10° 6.5 N 20-satd. soln. contg. formate and 
00°2 - + AdH- + H20 ... 002 + 1.8 x 10° 11.5 1-9 x 10-6 mol L -1 adriamycin. 
OH- + AdH20-

J. Phys. Chem. Ref. Data, Vol. 17, No.3, 1988 



RATE CONSTANTS FOR REACTIONS OF INORGANIC RADICALS IN AQUEOUS SOLUTION 1053 

T ABI,I'~ 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution-Continued 

No. Reaction k (L mol-I s-I) pH 1 Method Comment Ref. 

141 Alloxan 

-C02 - + Al - CO2 + AI'- 3.7 )( 101 4.8 0.1 p.r. P.h.k. at 310 nm in N 20-sat,d. soln. 80A197 
contg. 0.1 mol L·· I formate; cor. for 
decay of -C02 - • 

142 9,10-Anthl'aqulnone-2,6-dlsulfonate Ion 

-C02 - + 2,6-diSOgAQ2- - CO2 2.4 x 109 7.0 p.r. P.b.k. in N 20-satd. soln. contg. 731104 
+ [2,6-diSOaAQj-3- formate. 

148 9,10-Anthl'aqulnone-l-sulfonate Ion 

-C02 - + 1-S0aAQ- - CO 2 + 
[l-S0aAQ)·2-

3.3 x 10° 7 p.r. P.b.k.; at pH 3 Ie = 1.0 X 109. 720391 

14.4. a,10-Anth.aqulnone-2-.ultonate Ion 

-C02 - + 2-S0aAQ- - CO:.! + 1.6 X 10° 7 p.r. P.b.k. at 400 nm in N 20-satd. soln. 731104 
[2-S0aAQ)_2- contg. formate. 

3.1 x 10° 7 p.r. P.b.k. in soln. contg. formate; at pH 720391 
3 k = 2.8 X 10". 

14:6 1,4.-Benloqulnone 

-CO2 + Q - CO 2 + Q-- 7 X 10° 6.9 0.1 p.r. P.b.k. at 430 nm in N 2 0-satd. soln. 
contg. 0.1 mol L -1 formate. 

730049 

6.6 x 10° 7.0 p.r. P.b.k. at 400 nm in N20-satd. soln. 731104 
contg. formate. 

6.6 X 10° --7 0.2 p.r. P.b.k. in N 20-satd. soln. contg. 0.2 
mol L -J formate. 

710619 

146 2,2'-BlpYl'ldlne 

-C02 - + bpyH+ - CO2 + bpyH- 5.0 x 108 4.4 0.2 p.r. P.b.k. at 375 nm in N 20-satd. soln. 79A148 
-C02- + bpy - <106 7 contg. 0.2 mol L -I formate. 

147 1,1'-Bls( eal'boxyethyl)-4.,4. '-blpYl'ldlnlum 

'C02 - + CQ2+ - CO2 + CQ-+ 2.0 x 10° 7.0 0.2 p.r. P .b.k. at 680 nm in N 2 0-satd. soln. 
contg. 0.2 mol L - I formate. 

761169 

148 1,1 '-Dls( 4-eyanophenyl)-4,4 '-blpYl'ldlnlum 

-C02 - + CV2 + - CO2 + CV'+ 1.4 x 10 10 6.8 0.1 p.r. P.b.k. in N 20-satd. soln. contg. 0.1 
mol L -I formate. 

78A321 

149 1,1 '-Dla(2-hydl'oxyethyl)-4.,4'-blpYl'ldlnlum 

-C02 - + Bp2 + - CO2 + BP-+ 1.9 X 1010 6.8 0.1 p.r. P.b.k. in N 2 0-satd. soln. cont,;. 0.1 
mol L -I formate. 

78A321 

160 Bls(2-hydl'oxyethyl)tl'lsulftde 

-C02 - + (HOCH2CH2)2Sa - 5 X 108 5.7 p.r. P.b.k. at 370 nm in N 2 0-satd. soln. 82A307 
CO2 + HOCH2CH2SS- + contg. formate. 
HOCH2CH2S-

161 6-Bl'omoul'aell 

-C02 - + 5-BrU - CO2 + >1 X lOti p.r. 690R2R 
5-BrU--

162 1,I"-Butanedlylbla(I'-methyl-4,4'-blpYl'ldlnlum) 

-CO:.! - + BTQ't+ - CO2 + 1.5 X 10 10 7.3 0.1 p.r. Obs. radical formation in N 2 O-sat.d. 86A2flf) 
BTQ-:J+ soln. contg. 0.1 mol L -I formate ion 

and 5-10 x 10-" mol L -I viologen. 

163 Camphor 

-C02 - + C 1OH 160 - < 1 X 10° 13 p.r. D.k. of 'C02 - at 260 nm. in N 2 O- 79A19l 
satd. 801n. contg. formate was 
unaffected by lO-:i mol L- 1 

camphor. 
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TARLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 s-I) pH I Method Comment Ref. 

164: Carbon tetraehlorlde 

'C02 - + CCI .. - p.r. Condy.; no reaction obI. 710778 

166 I-Carboxy-l-methylpyrldlnlum Ion 

'C02 - + CI!3N+C5H.1C02 - - 7 X 108 p.r. N20-latd. soln. contg. 0.1 mol L- 1 82A14f 
CO2 + CHaNC5H.4C02- Na formate. 

168 l-Chloro-4:-nltrobensene 

'C02 - + CICoH4N02 - CO2 + 3 X 108 p.r. 77R167 
ClCOH.IN02·-

16'1 Crystal Violet eatlon 

'C02 - + Cy+ - CO2 + CY· 1.6 x 109 7 p.r. O.k. at 620 nm as well as p.b.k. at 731018 
--400 nm. 

168 Cystamine 

'C02 - + RSSR - CO2 + <3 x 10'" 9.6 p.r. P .b.k. at 4]0 nm in N20-latd. loin. 84A232 
RSSR·- contg. 0.1 mol L -I r~rmat.e ion. up 

to 3 X 10-3 mol L -) cystamine and 
4 x 10-4 mol L -1 cYlteamine. 

169 Daunomyeln 

'C02 - + D - CO2 + D'- 2.0 x 10° 7 0.1 p.r. P.b.k. at 0!:600 nm in NIIO-Iatd. 
loin. contg. 0.1 mol L -1 Na formate. 

86AOOJ 

180 Dlamlde 

'C02 - + [=NCON(CHa)2]2 - -2.5 x 10° p.r. P.b.k. at 400 nm. 161194 
CO2 + [NCON(CHs)2]2'-

181 1,1 '-Dlbensyl-4:,4: '-blpyrldlnlum 

'C02- + By2+ - CO2 + BV.+ 1.7 X 1010 6.8 0.1 p.r. P .b.k. in N20-satd. loin. contg. 0.1 
mol L -] formate. 

78A32 1 

6.7 x 10° 7.0 0.2 p.r. P .b.k. at 680 nm in N20-satd. soln. 
contg. 0.2 mol L -I formate. 

761169 

181 1,8-Dlehlorolndophenol 

'C02 - + DCIP- - CO2 + 3.5 x 10° 7 p.r. O.k. at 600 nm in N2 0-satd. loin. 731078 
DClp·2- contg. formate, as well as p.b.k. at 

-400 nm; 100% e-tranlfer. 

183 tra" .. 4:,6-Dlhydroxy-l,l-dlthlane 

-COg - + RSSR - COg + 1.1 X 108 g 0_1 p.r. P.h.k. in NgO-satd. soln. ~ontg. 0.1 82A171 
RSSR'- mol L -I Na formate. 

184: 6,8-Dlhydpoxy-l,4:-naphthoqulnone 

'COg - + NQ{OH)g - COg + 5.1 x 10° 5.8 0.1 p.r. P.h.k. in NgO-satd. lIoln. ~ontg. 0.1 83A03( 
'NQ(OH)2 - mol L -1 Na formate. 
'C02 - + NQ(OH)(O-) - 2.2 x 10° 9.2 0.1 
'C02 - + NQ(0-)2 - 1.4 x 10° 13.0 0.2 

101; 1,1"-Dlmethyl-4,4 '-blpYl'ldlnlum 

'C02 - + My2+ - CO2 + MY.+ -1 X 10 10 nat. -0 p.r. P .b.k. at ROO Dm in N20-sat.d. soln. 
contg. 0.1-1.5 mol L -1 formate ion 

86A32' 

(Ie = 4 X 109 at the latter concn.). 

1.6 x 1010 0.1 p.r. P .b.k. in N20-satd. soln. contg. 0.1 
mol L -I formate. 

131074 

188 1,1'-Dlmethyl-4:,4'-blpYl'ldlnlum I'adleal Ion (1+) 

·C02- + MY·+- -1 x 10° nat. 0.1 'V-r . Estd. from effect of dose on 86A327 
absorbance in N20-satd. soln contg. 
0.1 mol L -I formate. 

18'1 4:,4 '-Dlmethyl-l,l '-ethylene-I,I'-blpYl'ldlnlum 

'C02 - + Bp2+ - CO2 + BP'+ 1.1 X 1010 7.0 p.r. P.b.k. in 02-free soln. at -380 nm. 84A29~ 
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TABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution-Continued 

No. Reaction Ie (L mol- I 8- 1) pH 1 Method Comment Ref. 

168 Dimethyl fumarate 

'C02- + 9 x 108 7.0 p.r. > 80% e-transfer. 730097 
CHa0 2CCH=CHC02CHa - CO2 
+ [CHa0 2CCHCHC02CHaj'-

169 1,8-Dlmethyllumlehrome 

'C02 - + FI + H+ - CO2 + 6.3 X lOll 6, 10 0.1 p.r. P.h.k. at -450 nm in N2O-satd. 82B104 
FlH' soln. contg. 0.1 mol L - I Na formate. 

1'70 N,N-Dlmeth)"I-4-nltro8oanlllne (RNO) 

'C02 - + Me2NCoH4NO ... CO2 1.8 x 10° 7 0.25 p.r. D.k. at 440 nm in N 2 0-satd. 801n. 690156 
+ !Me2NC6H .. NOj·- contg. 0.25 mol L -1 formate. 

1.9 x 10° p.r. D.k. at 440 nm in N 20-satd. soln. 680066 
contg. formate ion. 

1'71 6,6-Dlmethyl-l-pyrrollne-l-oxyl 

'C02 + DMPO - DMPO-C0 2 7.5 X 108 11 p.r. P.h.k. in N20-satd. soln. contg. 84A426 
formate ion. 

1'71 4,4'-Dlmethyl-l,I'-tetramethylene-2,1'-blpyrldlnlum 

·C02- + Bp2 + - CO2 + BP'+ 4.2 x 10" 7.0 p.r. P.h.k. in 02-free soln. at '~380 nm. 84A292 

1'78 4,4'-Dlmethyl-l,I'-trlmethylene-I,I'-blpyrldlnlum 

'C02 - + Bp2 + - CO 2 + BP'+ 5.8 x 10° 7.0 p.r. P.h.k. in 02-free soln. at -380 nm. 84A292 

17 ... 2,4.-Dlnltpoben.oate Ion 

'C02 + (N02)2CoHaC02 ... 1.8 x 10° 7 p.r. P.h.k. in N20-satd. soln. contg. 761111 
CO2 + !(N02)2CoHaC02)·2- formate. 

176 2,6-Dlnlt.pob@ln.oat.@I Ion 

-C02 + (N02)2C6HaC02 ... 1.9 X 10° 7 p.r. P .h.k. in N20-satd. soln. contg. 761111 
CO2 + [(N02hC6H:JC02}·2- formate. 

1'76 8,4-Dlnltrobenaoate Ion 

-C02 - + (N02)2COH:JC02 - - 1.8 x 10° 7 p.r. P.h.k. in N20-satd. soln. contg. 161111 
CO2 + [(N02)2CIIHaC02J-2- formate. 

1'7'7 8,6-Dlnltrobenaoate Ion 

-C02 + (N02)2CoH:JC02 - ... 2.5 X 10° 7 p.r. P.h.k. in N20-satd. soln. contg. 761111 
CO2 + [(N02)2CoHaC02Vl- formate. 

1'78 1-( 2.4-Dlnltrophenyl)pyrldlnlum 

-C02 - + (N02)2CnHaPY+ ... CO2 4 X 108 p.r. 77R167 
+ !(N02)2CoHaPY)' 

1'79 1,l'-Dlphenyl-4,4 '-blpyrldlnlum 

-C02 - + Bp2 + ... CO2 + BP'+ 1.3 X 10 10 6.8 0.1 p.r. P.b.k. in N2 0-satd. soln. contg. 0.1 
mol L -I formate ion. 

78A321 

180 Dlthlothreltol 

'C02- + 8.3 X 108 8.1 p.r. P.h.k. at. 400 nrn (eyI"Jizf'd radical 870007 
HSCH2CHOHCHOHCHzSH - anion) in N20-satd. soln. contg. 
HC02- + DTT. 
-SCHgCHOHCHOHCHgSH + 

181 Eosin dlanlon 

-C02 - + C2oHoBr40s2- -+ 2.5 X 108 8.5-g.0 p.r. P.h.k. at 405 nm in soln. contg. 670038 
10-2 mol L - I HC02 and 10-3 mol 
L - I H20 2 : product is semiquinone. 

182 1,1 '-Ethylene-2,2'-blpYl'ldlnlum 

-C02 - + Rp2+ ... CO 2 + RP.+ 1 2 x 10 10 70 0.1 p.r. Ph.k in NzO-ntd. soln. eontg_ 0.1 84.A202 
mol L - J formate ion and 2 X 10-3 

mol L - I phosphate butter. 

J. Phys. Chern. Ref. Data, Vol. 17, No.3, 1988 
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TABI.E 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 S-I) pH 1 Method Comment Ref. 

181 1,1'-Ethy lene-I,I'-blpyrldlnlum-Contin ued 

1.2 x 1010 6.8 0.1 p.r. P.h.k. in N20-satd. soln. contg. 0.1 
mol L - J formate ion. 

78A321 

4.0 x 10° 7.0 0.2 p.r. P .b.k. in N20-satd. loin. contg. 0.2 
mol L -I formate ion. 

761169 

188 N-Ethybnalelmlde 

·C02 - + NEM - CO2 + NEM·- 5.4 x 10° 6-7 p.r. P.h.k. in N20-latd. loin. contg. 720144 
formate; 100% .. transfer based on 
ahs. spectra. 

18" Flavine adenine dinucleotide 

·C02 - + FAD - CO2 + FAD·- 7 x lOR 10 0.06 p.r. P .h.k. at 370 nm in N20-latd. soln. 84A045 
cont5. formate ion. 

1.2 X 100 7 p.r. Unpublished data. 82G120 

18& Flavine mononucleotide 

·C02- + FMN - CO2 + FMN·- 3.0 x 109 6.0 0.1 p.r. N20-latd. loin. cont. 0.1 mol L- 1 83A091 
1.0 x 109 11.0 formate. 

18e Fluorescein dlanlon 

.C02 - + Flz- - 2.6 x lOT 10.4 p.r. P.b.k. in N20-latd. loin. contg. 680172 
10-2 mol L - t formate; product is 
semiquinone. 

181 N-Formylkynurenlne 

·C02 - + FK + H+ - CO2 + >3 x 107 7.6 0.1 p.r. P .h.k. (semiquinone) in N2O-satd. 757361 
FKH- soln. contg. 0.1 mol L -I formate. 

188 Fumarate lon, hydrogen 

·C02 - + H02CCH=CHC02 - - 2.0 X 107 4.0 p.r. > 30% .. transfer; no .. transfer at 730097 
pH 10.0. 

180 cill-l-(I-Furyl)-8-(&-nltro-l-turyl)acrylamlde 

·C02 - + C I,HsN20 5 - CO2 + 3.0 x 109 7.4 p.r. P.h.k. at 680 nm in N20-Batd. Boln. 84A208 
CIIHsN205- contg. 5 x 10-2 mol L -I formate 

ion and 2 X 10-3 mol L -I sodium 
phosphate. 

100 trGAII-I-(I-Furyl)-8-(&-nltro-l-furyl)acrylamlde 

·C02 - + C, ,HsN20 5 - CO2 + 2.0 x 10° 7.4 p.r. P .h.k. at 680 nm in N20-satd. soln. 84A208 
CIIHtJN~OI)- eonts- 6 x 10-2 mol L -1 t'ormat@ 

ion and 2 X 10-3 mol L -1 sodium 
phosphate. 

101 Glutathione, oxldlled 

·C02 - + GSSG - <1 x 107 p.r. No 420 nm abs. (RSSR-) obs. in 720388 
N 20-satd. soln. contg. 0.1 mol L- 1 

formate. 

191 Glycine anhydride 

·C02 - + CII2CONHCH2CONH - <1 x 107 6.2 p.r. No ,-transfer obs. in N20-satd. soln. 710554 
I I contg. 0.2 mol L -1 formate. 

lOa Hematoporphyrin IX 

-C02 - + P - CO2 + p- 4 X 107 13.0 p.r. P.b.k. at 600-650 nm in N2O-satd. 741040 
soln. contg. 0.1 mol L -I formate. 

1." 1-( I-Hydroxyethyl)-Z-methyl-6-nltrolmldalole (Metl'onldalole) 

-C02 - + 1.7 X 109 4 p.r. P .b.k. in buffered N20-satd. soln. 87A208 
HOCH2 CH2Im(CHa)N02 - CO2 1.1 x 109 6 contg. 0.1 or -1 mol L -1 formate 
+ [HOCH2CH2Im(CH3)N02]·- 1.1 x 10° 8 contg. 0.1-1 x 10-3 mol L- 1 

8.7 X lOS 11.5 nitroimidazole; pKa = 2.5. 
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TABLE 3. Rate constants for reactions of the carhon dioxide radical anion in aqueous solution-Continued 

No. Reaction k (L mol-I S-I) pH 1 Method Comment Ref. 

194: 1-(2-Hydroxyethyl)-2-methyl-6-nltrobnldazole (Metronidazole )-Continued 

8 x lOR p.r. D.k. at 320 nm in N2 0-Rll.td. 8010. 141135 
contg. 0.1 mol L·· t formate ion; also 
c.k. gave 8 X lOR reI. to k('C02 - + 
TAN) = 6 x lOR. 

196 2-lIydroxy-l,4:-naphthoqulnone 

'C02 - + (OH)NQ -+ CO2 + 2.0 x IOu 7.0 p.r. P.h.k. at 400 nm in N20-satd. soln. 731104 
(OH)NQ'- contg. formate. 

196 6-Hydroxy-1,4:-naphthoqulnone 

'C02 - + OH-NQ -+ CO 2 + 4.4 X lOll 1.2 p.r. P.h.k. at 385 nm in NnO-satd. soln. 87A234 
OH-NQ'- 3.8 x IOu 6.4 contg. 0.1 mol L -J for~ate, 2-5.4 X 

1.3 x 101) 10.6 10-6 mol L - J juglone (pHn, ..... 8.85) 

and 4 x 10-3 mol L -1 phosphate 
huffer. 

197' 6-Hydroxy-6-nltrothymlne, c.onJugate base 

'C02 - + -OTN02 -+ CO2 + 9.0 X 107 6.5 p.r. D.k. at 340 nm. 80A210 
-OTN02' 

19S 6-Hydroxy-6-nltrothymlne 

'C02 - + HOTN02 -+ CO2 + 1.7 X lOR 2 p.r. P.h.k. at 430 nm. 80A21O 
HOTN02'-

199 Indlgodlsulronate Ion 

'CO~ - + IDS2- -+ CO 2 + 2.1 x IOu 7.0 p.r. P.h.k. at 400 nm, as well as d.k. at 731018 
IDS' - 6.10 nm in N 2O-satd. soln. eontg. 

formate. 

200 Indophenolate Ion 

'C02 - + O=C"H.,=NCoH40- -+ 2.8 x 101) 9.0 p.r. P .h.k. at -400 nm, as well as d.k. 731078 
CO2 + [0=COH4=NCoH"Oj·2- at 610 nm in N20-satd. soln. contg. 

formate. 

201 3-:-,Iodo-L-tyroslne 

.602- + 1.3 X 105 3.0 X-r. Est. from dependence of tyrosine 720610 
ICoH:~(OH)CH2CH(NH3 +)C02 - -+ yields on irrad. time in soln. contg. 
CO2 + 1- + 10-2 mol L -I formate assuming 
'COH3(OH)CH2CH(NHa +)C02 - 2k('C02 - + 'C02 -) = 5.0 X lOR. 

202 Llpoamlde 

'C02 - + LS2 - CO 2 + LS 2'- 6.6 X 108 9 0.1 p.r. P .b.k. at 400 nm in soln. cont.g. 0.1 84AOll 
mol L -1 Na formate and 0.25-1 X 
10-3 mol L -1 lipoamide. 

loa I.lpolLte Ion 

'C02 - + RSSR -+ CO 2 + 9 X lOR 3.5 p.r. P.h.k. at 410 nm. 751195 
RSSR'- 5.6 X 108 6.1-9.2 

5.5 X lOR 7 0.1 p.r. P.h.k. at 410 nm in N"O-satd. soln. 700560 
contg. 0.1 mol L -I for';nate ion. 

204: Lumlc.hrome 

'C02 - + FI -+ CO2 + FI'- 2.5 x 10° 6 0.1 p.r. P.h.k. at ---450 nm in N2O-satd. 82B104 
4.7 x 108 10 soln. contg. 0.1 mol L" I Na formate. 

1.8 x lO" 7 p.r. Unpuhl. 82G120 

206 Lumlftavlne 

·C02 - + LF -+ CO2 + LF'- 3.0 x 101) 9 p.r. P.h.k. 85A389 
2.1 x 10° 11.2 

3.6 x 10° 7 p.r. P .h.k. at 550 nm in N20-satd. soln. 83A073 
contg. formate ion. 
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T ABI.E 3. Rate constants for reactions of the carhon dioxide radical anion in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 S-I) pH 1 Method Comment Ref. 

loa Lumlftavlne semiquinone 

-c02 - -I- LFH' -- CO2 t LFH- 1.7 >< 10° p.r. Dee .. ,. to LF"- .nel l.F., from e.led. 83AO'7: 

+ concn.-time proftle. 

10,. Maleate lon, hydrogen 

·C02 - + H02CCH=CHC02 - .... 1.1 X lOR 5.2 p.r. i:: 65% .. transfer; no .. transfer at at 730097 
pH 10.S (dianion). 

108 Methoxatlne 

·C02 - + MTX"" CO2 + 3.3 X lOR 7.3 p.r. P.h.k. at 460 nm in N20-satd. soln. 86AS2e 
(MTX\·- contg. 0.1 mol L -1 formate, 6)( . 

10-3 mol L -I phosphate and · ... 2 x 
10-4 mol L -1 methoxatine. 

101 a .. Methyl .. " ,8-blll,nor-&-dealalumlftavln 

·C02 - + dFlox .... 2.0 x 109 S.4·9.2 0.1 p.r. P .h.k. at 660 nm in N,O-satd. loin. 81A43~ 

contg. 0.1 mol L - J formate Ion; 
initial product suggested to be 
adduct. 

110 Methylene Blue 

·C02 - + MS+ .... CO2 + MS· -7 X 108 -5.7 p.r. D.k. at. 580 nm in loln. cont.g. 0.1 650396 
-1 x 109 -0.8 mol L-' formate. 
-2 x 10° 1.8 
5.6 X 10° -9 

111 1-Met.hTlhllnlchrolDe 

·C02 - + Fl + H+ .... CO2 + 1.9 X 109 6 0.1 p.r. P .h.k. at -460 nm in N2 O-satd. 82B104 
FIH· 3.4 x 10" 10 0.1 loin. contg. 0.1 mol L -I Na formate. 

11. a-MethyllulDlehrolfte 

°C02 + Fl + H+ .... CO2 + 3.2 x 10° 6 0.1 p.r. P.h.k. at -460 nm in N2O-.atd. 82BI0~ 

FlU- 5.5 x 10" 10 0.1 soln. contg. 0.1 mol L -\ Na formate. 

Ila I.Methyl-l,4-naphthoqulnone 

·C02 - + CHa-NQ .... CO2 + 4.8 x 10° 7 p.r. P.h.k. at 400 nm in N20-satd. soln. 731047 
CH3-NQ·- contg. formate. 731104 

6.4 x 109 6.9 p.r. P.h.k. at 400 nm in N20-satd. soln. 723067 
contg. formate; 100% .. transfer. 

114: I .. Methylnlcotlnamlde 

-C02 + Cl!aN+C"H .. CONH2 .... 4.6 X 10° 8.5 0.1 p.r. P.h.k. at 420 nm in N20.satd. soln. 680441 
CO2 + CR3NCr;H"CONH2 cont.g. 0.1 mol L -1 formate. 

11& I-Methyl-&-nltrolmldalole 

·C02 - + CHslmN02 .... CO2 + 5.8 X 108 4 p.r. P.h.k. in huffered N20.satd. loIn. 87A20E 
[CH3ImN02]·- 5.5 X 108 6 conti. 0.1 or 1 mol L -I formate 

6.9 X 108 8 contg. 0.1-1 X 10-3 mol L-1 

1.4 X 108 11.5 nitroimidalole; pK,., = 1.1, 9.7. 

118 Nleof:.lnatnlde adenine dlnucleot.lde 

-CO2 + NAD+ .... CO2 + NAD· 1.6 X 10D 6.4 0.1 p.r. P.h.k. at 400 nm in N20-latd. 801n. 
conti. 0.1 mol L -I formate. 

6804~1. 

11'1 NlturoxllDe 

·C02 - + NF .... CO2 + NF·- 2.7 X 109 p.r. P .h.k. at 390 nm in CO2-satd. soln. 731099 
conti. tert-BuOH or 0.2 mol L- 1 

formate; 100% e-transfer. 

118 Nitro Blue Tetrasollum 

-C02 - + NBT2+ .... CO2 + 6.4 X 10° 10 0.1 p.r. P.b.k. at 405 nm in N20-satd. loin. 80A085 
NBT·+ contg. 0.1 mol L -1 formate. 
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TABLE 3. Rate constants for reactions of the carhon dioxide radical anion in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 S-I) pH 1 Method Comment Ref. 

219 4-Nltl'oaeetopbenone 

'C02 - + PNAP - CO2 + 7 X 108 p.r. Radical from formate. 77R.167 
PNAP-

1.0 x 109 10 p.r. P.h.k. at 550 nm in N20-satd. soln. 730122 
contg. formate ion. 

220 Nitrobenzene 

'C02 -: + COH5N02 - CO2 + 4.6 X 108 a p.r. P.b.k. 730085 
CoHr,N02 - 7.5 X 108 2.5 

5.8 x lOR 9.4 

5.6 x lOR -3 p.r. P.b.k. at 295 nm in N 20-satd. soln. 700303 
1.0 x 109 6-7 contg. lO-:i mol L -I formate; 

221 2-Nltrobenzoate Ion 

'C02 + N02CoHaC02 - - CO 2 2.4 X lOR 7 p.r. P .h.k. in N20.satd. soln. contg. 761111 
+ [NOzCoH .. C02J- - formate; at pH U.8 Ie was the same 

± 20-30%. 

222 3-Nltrobensoate Ion 

-C02 - + N02CoHaC02 - - CO2 6.3 X lOR 7 p.r. P.h.k. in N 20-satd. soln. contg. 761111 
+ [N02 C OH.tC02J-'- formate; at pH 0.8 Ie was the same 

± 20-30%. 

223 4-Nltl'obenzoate Ion 

-C02 - + N02CoH 4C02 - - CO 2 8.0 X 108 7 p.r. P.h.k. in N 20-satd. soln. contg. 761111 
+ [N0 2C 6H.1COZ]_2- formate; at pH 0.8 Ie was the same 

± 20-30%. 

224 4-Nltl'olmldazole 

-C02 - + ImN02 - CO 2 + 6.3 X 108 4 p.r. P.h.k. in buffered N2 0-satd. soln. 87A208 
[ImN02J'- 6.1 x 108 6 contg. 0.1 or 1 mol L -, formate 

2.2 x 108 8 contg. 0.1-1 x 10-:i mol L -, 
1.4 X 108 11.5 nitroimidazole; pK" = -0.2, 9.4; at 

pH 8 Ie = 4.0 x 10° was also 
quoted. 

226 Nltl'oBobenzene 

·C02 -: + CoHr,NO - CO2 + 4.0 x 109 p.r. P .h.k. at 450 nm in soln. contg. 660433 
COH5NO- formate ion. 

226 4-Pbenyl-N-tert-butylnltl'one 

·CO:.l- + PBN- 1.5 X 107 p.r. 82A1A4 

22'1 Ptel'ln 

'C02 - + C6H5N SO - 4.6 X lOR 7.0 p.r. P.h.k. in N20-satd. soln. contg. 761060 
«107 9.5- formatp ion; 1 nn% f!-trangfer at. pH 

13.0 7. 

228 PUl'Ine 

'C02 + Cr,H.tN.j - < 1 X 107 6.0 p.r. P.h.k. in N 2 0-satd. soln. 751060 

229 PYl'azine 

'C02 - + C.1H.1N 2 .... < 1 X 107 5, 11 p.r. P.h.k. in N 2 0-satd. soln. contg. 741127 
formate ion. 

230 PYl'ldazlne 

'C02 - + C .. H4N 2 - < 1 A 107 5, 11 p.r. < 10% e-transfer. 741127 

281 a-(4:-Pyrldyl l-oxlde)-N-tert-butylnltrone 

-C02 - + POBN - POBN-C02 - 6.1 X lOR 11 p.r. P.h.k. in N 2 0-satd. soln. contg. 84A426 
format.e ion. 
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TARLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution-Continued 

No. Reaction Ie (L mol- I S-I) pH 1 Method Comment Ref. 

181 Pyrimidine 

·C02 - + C"H .. N2 - <1 X 107 6, 1l p.r. P.b.k. in N2 0-n.t.d. soln. cont.g. '74112'7 
formate ion; <IU% 8-tran.fer. 

188 Rhodamine B 

'C02 - + Rh B - CO2 + Rh 1.8 x 108 p.r. D.k. at 610 nm as well as p.b.k. at 676053 
Bred 410 nm in soln. contg. 0.1 mol L- 1 

formate ion. 

18~ Riboflavine 

'C02 - + RF - CO2 + RF'- 1.7 X 10° 7.0 p.r. P.b.k. at 660 nm in N20-satd. soln. 731104 
contg. formate ion. 

3.0 x 10° -2 p.r. D.k. at. 420 nm, as well as p.b.k. at. 690283 
l.6 x 109 l,5.0 560 nm (semiquinone) in N:.:O-satd. 
1.4 X 109 11.5 soln. contg. formate ion. 

186 1,1'-Tetpamethylene-I,I'-blpypldlnlum Ion 

.eo:,: - + Bp2+ - cO 2 + BP.+ o }( 10° 7.0 0.1 p.r. P.h.k. in Nl/IO-n.td. soln. contS. 0.1 84.A!l0!l 
mol L - J formate and 2 x 10-3 mol 
L -I phosphate buffer. 

7 x 109 6.8 0.1 p.r. P.b.k. in N20-satd. soln. contg. 0.1 
mol L - J formate ion. 

78A321 

180 ~,6,~' ,6'-Tetramethyl-l,1 '-ethylene-I,I'-blpyrldlnlum 

·C02 - + Bp2 + - CO2 + BP' + 9 x 100 7.0 p.r. P.b.k. in 02-free soln. at -380 nm. 84A292 

18'1 I,I,O,O-Tetramethyl-~-plperldone N-oxyl 

'C02- + TAN- '7.0 X 108 7-8 p.r. P .b.k. at 310 nm in N20-satd. soln. 710618 
contg. formate. 

5.4 x 108 7-8 p.r. C.k. in N20-satd. soln. contg. 710618 
formate; reI. to A:('C02 - + 
Fe(CN)o 3-) = 1.1 X 10°. 

188 ~,6,4'6,'-Tetramethyl-l,1'-tetramethylene-I,I'-blpyrldlnlum 

·C02 - + Bp2+ - CO 2 + BP'+ 4.2 X 109 7.0 p.r. P .b.'k. in 02-free soln. at -380 nm. 84A292 

180 ~,6,~' ,6'-Tetramethyl-l,1 '-trlmethylene-I,I'-blpyrldlnlum 

'C02 - + Bp2+ - CO2 + BP'+ 6.3 X 10° 7.0 p.r. P.b.k. in 02-free soln. at -380 nm. 84A292 

140 Tetranltromethane 

'C02 - + C(N02).1 - C(N02)a- 4 x 109 p.r. P .b.k.; independent of pH between 3 700303 
+ -N02 + CO2 and 7. 

141 1-Thlorlboflavlne 

'C02 - + FI - CO2 + FI'- 4.0 X 100 7 p.r. D.k. at 490 nm in N20-satd. soln. 86B055 
1.3 >< 109 10 c:ont.s. 2.0 x 10-2 mol L -I format.e, 

10-2 mol L - 1 phosphate buffer. 

141 Thymine 

-C02 - + 5-MeU -- -5 x 10" 7-8 'Y-r. Estd. from dependenee of C(-T) nn "otto~ 

thymine conen. in soln. contg. Na 
formate and N2O. 

148 1,I'-Trlmethylene-I,I'-blpyrldlnlum Ion 

'C02 - + TQ2+ - CO2 + TQ'+ 1.1 X 10 10 7.0 0.1 p.r. P.b.k. in N20-satd. soln. contg. 0.1 
mol L -1 formate and 2 x 10-a mol 

84A292 

L - t phosphate buffer. 

1.1 x 10 10 6.8 0.1 p.r. P.b.k. in N20-satd. soln. contg. 0.1 
mol L -1 formate. 

78A321 

1« I,~,o-Trlnltrobenloate Ion 

'C02 - + (N02)aCoH2C02 - - 3.4 x 109 7 p.r. P.b.k. in N20-satd. solo. contg. 761111 
CO2 + [(N02)3CoH2C021·2- formate; Ie at pH 0.8 within 20-30%. 
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TARI.E 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution-Cont.inued 

No. Reaction Ie (L mol- J s-l) pH 1 Method Comment. Ref. 

146 Albumin (serum) 

oC02 - + Albumin - CO2 + 8 X 108 6.4 p.r. P.b.k. at 420 nm (RSSR)- in N2O- 83AOS3 
[Albumin]- 1 x 108 7.6 satd. soln. contg. 0.1 mol L" 1 

formate. 

246a Apotransterrln 

°C02 - + Apotransferrin - 3.8 x lOll 1.0 p.r. P.b.k. at 420 nm in N20-satd. soln. 87A28l 
contg. formate ion. 

148 Ascorbate oxidase 

-C02 - + AAO- 6,1.5 0.1 p.r. D.k. at 610 and 330 nm in 83Al.7 
deoxygenated loin. contg. l.0-2 mol 
L -I phosphate buffer, 10-" mol L- I 

EDT A and formate ion; 3.8 x 10" 
and 2.2 x 10" .-I j very fast. 
reaction followed by .lower 
intramolecular processes. 

247 Carboxypeptidase A 

°C02 - + CPD-A - CO2 + 7 X 108 p.r. P.b.k. at 410 nm (electron adduct.). 731060 
[CPD-A]0-

148 Ceruloplasmin 

·C02 - + Cu- 4 x 109 Unpublished dat.a., I. Pecht and M. 73106. 
Faraggi. 

249 Cytochrome C 

oC02 - + Cyt C (Fe3+) - CO2 + 7.0 X 108 7 0.16 p.r. D.k. at. 320 to 660 nm in N"O-satd. 86A394 
Cyt C (Fe2 +) soln. contg. 2 x 10-3 mol L- I 

phosphate-0.16 mol L -t formate 
buffer; cytochrome C from yeast. 
(Hansenula anomala). 

2 x 109 7.0 0.003 p.r. N20-purged soln. contg. 2 x 10-3 81A281 
mol L - 1 format.e, 10-3 mol L- 1 

phosphate and 10-& mol L -1 cyt. C; 
Eft, = 1. kJ mol-to 

2.1 x 10° 7.0 0.1 p.r. P .b.k. at. 650 nm in soln. contg. 1.85 
'X 10-5 mol L -1 cyt c, 0.1 mol L-l 

82A366 

Na format.e and 1 x 10-3 mol L- 1 

phosphate huffer. 

1.0 x 108 -7 0.1 p.r. D.k. in formate 801n. 79A312 
1.3 x 109 7.0 0.01 p.r. P .b.k. at 550 nm in 1 aim N20, and 18A288 

0.01 mol L -I formate. 

1 X 108 7 .• 0.1 p.r. P.h.k. in N20-sat.d. 0.1 mol L- J 771096 
5.0 x 108 8.5 formate. 

1.0 x 10° 6.2 0.1 p.r. Ahs. change at. 460 and 660 nm in 761127 
6.3 x 108 8.7 0.1 mol L -I formate soln; at pH 6.2 

En. = 11 kJ mol-I and A = 1.0 X 
lOll; ionit! IIlb@ngth @ff~t!ttt .t.l1di~d. 

6.9 x 108 7 -0.03 p.r. P.b.k. at. 550 nm in N20-8atd. soln. 151012 
2.5 x 108 10.8 contg. formate. 

2.8 x 10° 2 0.1 p.r. P .h.k. at 550 nm in soln. contg. 710327 
7.9 x lU8 7 0.03-1 mol L -. format.e; ionic 

strength effect.s .tudied. 

9.4 x 108 2.0 p.r. 171128 
1.4 x lOR 6.7 

260 Cytochrome C, acetylated 

°C02 - + Ac-cyt C - 1.5 x 109 -7 0.1 p.r. D.k. at 550 nm in format.e soln.; 79A312 
ionic strength effect.s st.udied. 
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TABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution-Continued 

No. Reaction Ie (L mol- J s-l) pH 1 Method Comment Ref. 

261 Cytochrome C, carboxy methylated 

°C02 - + Cxm-cyt C -+ 1.3 X 108 -7 0.1 p.r. D.k. at 51)0 nm in format.e Roln. 79A3t2 

1.4 x 108 7 p.r. Radical from formate ion. 78A288 

2&2 Cytochrome C, 8ucclnylated 

°C02 - + Succ-cyt C -+ 4.0 x 109 -7 0.1 p.r. D.k. at 550 nm in formate solo. 79A312 

2&8 Cytochrome C s 
°C02- + cyt C3 ..... 2.1 X 108 8.1 p.r. D.k. in N20-satd. 1.6 x 10- t mol 78A232 

L - 1 formate soln. assuming 
2k(°C02 - + °C02 -) = 1.8 x 10°; 
from D. vulgaris; only 2 of the 
hemes react. 

264 Cytochrome P~460 

°C02 - + cyt P-450 - No redn. obs. in N 20-satd. soln. 79A036 
contg. formate. 

2&& Cytochrome c 661 

·C02 - + cyt C 551 - 3.7 x 109 5.6 0.1 p.r. D.k. at 650 nm in solo. contg. 0.1 84A430 
7.4 x 108 7.0 0.09 mol L -I Na formate; depends on pH 
4.5 x lOR T.O 0.01 and ionic strength. 

266 Deoxyribonucleic acid 

·C02- + DNA- 2.5 x 104 9.2 -y-r. Estd. from DaT values at various 83R032 
dose rates in N20-satd. soln. cont.g. 
0.1 mol L -I Na formate, 0.01 mol 
L -I MgCI2 and 0.01 mol L -I Na 
tetraborate and single stranded 
$X174 DNA 

1&'7 Dopa-melanin 

oC02 - + Dopa-melanin - 106_107 7.4 p.r. D.k. in soln. contg. 0.1 mol L- 1 86A227 
formate; Ie based on monomer of 
mol. wt. 150; from autoxidation of 
DL-dihydroxyphenylalaoine. 

268 Ferredoxin (spinach) 

·C02 - + Ferredoxin (spinach) ..... 6.2 x lOT 7.3 p.r. D.k. at 420 om in N20-satd. soln. 81A279 
contg. 1.0 mol L -I formate. 

8.0 x lOT 7.5 p.r. D.k. at 420 nm in N20-satd. solo. 731064 
t'ont.g_ 0_1 mol L - I formate. 

269 Flavocytochrome b l (Fe8 +) 

°C02 - + Fl b2 (Fe3 +) -+ CO2 + 2.1 X 108 7.0 0.16 p.r. D.k. at 547 and 440 nm in N2O- 84A153 
FI b 2 (Fo2+) sat.rl_ formatE! soln. in phosphate 

buffer; cor. for 2k( °C02 - + ·C02-) 

= 1.1 x 100
• 

260 Glucose oxidase 

oC02 - + GOX - redn. on flavin 2.5 X 108 6.0 p.r. P.b.k. at. 5RO nm in deMr~t.l'!d !'loIn. 84A473 
moiety contg. 3.5 x 10-:; mol L -, GOX 

and 0.1 mol L -I formate; nearly 
quantitative electron transfer. 

261 High-potential lron-8ultur protein (Chromatlum vlno8um D), reduced 

°C02 - + HipiPr - 7.0 p.r. No reaction in N20-satd. soln. 
contg. 0.1 mol L -l Na formate 

80A432 

contg. 5.0 x 10-3 mol L- 1 

phosphate. 
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TAAI,I'! 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 s-') pH 1 Method Comment Ref. 

181 Laeease 

-C02 - + Cu-OXD -+ addn. >7 x 10° 6.0 p.r. Tr~nRiE'!nt addl1et nbs. in (loIn. cont.g. 82A422 
0.01 11101 L t pot.assium phosphate; 
addn. followed by Cu2 + redn.; 
complex kinetics. 

183 Lysozyme 

'C02 - + RSSR -+ CO 2 + 1.5 X lOR 4.8 p.r. P .b.k. at 420 nm in N20-satd. soln. 82A466 
RSSR- '~6 contg. 0.1 mol L -I formate and 2 x 

10.8 10--1 mol L -1 lysozyme; value from 
graph. 

184 Methemerythrln 

-CO:;: - + Fe3 +methem -+ 6.8 X 10' 8.2 o.oa p.l'. Dk ~t. aRO nm in NaO-satd. 801n. 
contg. 10-2 mol L -I formate; 

70A204 

octamer from T. pyroides. 

286 Methemoglobin 

'C02 - + Fe3 + Hb -+ <8 x 106 9 p.r. N20-satd. soln. contg. 0.1 mol L- 1 81ROOa 
formate ion. 

188 Metmyoglobln 

'C02 - + Fe3 +Mb -+ 2.9 X 10" 8.2 0.03 p.r. D.k. at 300 nm in N20-satd. soln. 
contg. 10-2 mol L -1 formate ion. 

79A204 

2.0 x 109 7 p.r. Redn. in soln. contg. 10-2 mol L- 1 78A288 
formate. 

28'1 CullRuJII Plaatoeyanln 

-C02 - + Plastocyanin-CuRu -+ 7 x lOR 7.0 p.r. D.k. at 597 nm (Cull) in N2O-satd. 
soln. contg. 0.10 mol L -1 phosphate 

87A033 

and 0.10 mol L -I formate; 
Plastocyanin from A. variabilis 
modified by addn. of Ru(NH3}o a+ to 
His59j 65% redn. at Cu, 35% redn. 
at Ru. 

188 Riboflavin binding protein 

-C02 - + RBP -+ redn. on flavin 7.0 X 10' 5.2 p.r. P .b.k. at 450 nm in N20-satd. soln. 85A169 
moiety 2.6 X 10' 7.0 contg. 0.1 mol L -I formate; flavin 

2.2 X 10' 9.0 reduction rate. 

289 Rlbonuelease 

-C02 - + RNase -. 3 x lOll 7.3 p.r. C.k. in N 20-satd. soln. contg. 0.1 85A169 
mol L- 1 formate; reI. to /c(°C02 - + 
lipoate) = 4.1 x 108 • 

2'10 Ruthenlum(m)-modlfted eytoehpoml!! co. F1!!8+ 

'C02 - + Fe"'Rulll Cyt c -+ 1.8 x 10° 7.0 p.r. Soln. cont. 0.1 mol L -1 Na formate 84A062 
FellRul1l Cyt c and 0.1 mol L -I phosphate buffer. 

-CO - + FelllRull1 Cyt c -+ 5.4 x 109 7.0 p.r. Soln. cont. 0.1 mol L -I Na formate 84A062 
l',c"rR.u ll Cyt c and 0.1 mol L -\ phosphate buffer. 

271 SlIperoxlde dlsmutase 

-C02 - + SOD-+ 7.9 x lOR 6.8 p.r. D.k. at 680 nm in N.,O-satd. soln. 85A436 
contg. 0.1-0.01 mol i-I formate ion 
and 12.5-100 A 10- 11 mol L -I SODj 
bovine liver enzyme (Cu2 +). 

272 Transferrin, dleuprie eomplex 

-C02 - + Transferrin, dicupric 5.2 x IOn 9 p.r. Calcd from fraction Cu(II) reduced 82A086 
complex -+ (obs. at 435 nm) and model 

including competing reactions, in 0.1 
mol L -I formate and 2.5 X 10-2 

mol L - 1 KHCOa. 
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TABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution-Continued 

No. Reaction 

I'1S Transferrin, dlfenle eomplex 

.002 - + Tra.nsferrin, diferric 
complex ... Fe(lIl) redn. 

a'1Sa Transferrin, ferrle eomplex 

oC02 - + Transferrin, ferric 
complex ... protein redn. 

3.8 X 108 

1'14: Transferrin, dlmansanle eomplex 

·C02 - + Transferrin, dimanganic 5.1 x 106 

complex ... 

• 76 Zlnc(n) Insulin complex 

°C02 - + Zinc(U) insulin -
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9 

7.0 

9 

9.0 

I Method Comment Ref. 

p.r. 

p.r. 

p.r. 

0.05 p.r. 

CBkd. from tract.ion "~(I") redu<;:~d 82A080 
(obs. at. 470 um) and model 
including competing reactions, in 0.1 
mol formate and 2.5 X 10-2 mol 
L- 1 KHCOs· 

P.b.k. at 420 nm in N20-satd. soln. 87A281 
contg. formate ion; bleaching at. 486 
nm (Felli reduction) gave an 
estimated k = 2.1 X 10ft

• 

Calcd. from fraction Mn(DI) reduced 82A088 
(obs. at 420 nm) and model 
including competing reactions, in 0.1 
mol formate and 2.5 x 10-2 mol 
L-' KHCOs . 

P .b.k. at 420 nm in N20-eatd. soln. 80A204 
contg. 10-2 mol L - J formate; based 
on monomer concn. (1.5-2.0 X 10-6 

mol L -1); k decreased to 2 X lOR on 
the fourth pulse. 
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TABLE 4. Rate constants for reactions of the carbonate radical ion in aqueous solution 

No. Reaction Ie (L mol- I s-l) pH I Method Comment Ref. 

I Carbonate radical Ion 

C03'- + C03'- ... 1.4 X 107 12.5 0.2 f.p. D.k. at 600 nm in 5 X 10-3 mol 86A476 
L -I carbonate solo. 

p.r. D.k. at 600 nm; decreases 0-70°C; 2 85A427 
C030- = C20 6

2- ... products; K('q 

< 1, 2leohll = Keqlcp , Eapp = llHeq 
+ (Ea)p = -8 ± 4 kJ mol-I; also 
see [78A256J for mechanism. 

9 X 106 0.1 p.r. D.k. at 600 nm in 0.05 mol L- I 84A155 
sodium carbonate solo. usiog € = 
1830 L mol-I cm- t • 

1.0 x 107 p.r. D.k.; no temperature dependence 83A389 
10-70°C. 

5 X 10° 10-13 -..0 f.p. D.k.; e(600) = 1860 L mol- 1 cm- 1 78A443 

9.3 X 106 8.0-8.5 f.p. D.k. at 600 nm in soln. contg. 77A230 
S2082- and HC03 -. 

".6 )( 106 ...0 1"1'. D.k. in N 2 0-IIA.td .• oln .... ontS. 0.1-'" '181200 
mol L -I K~C03; extrapolated from 
0.1 mol L - soln., E. = 1860 L 
mol-I em-I. 

O.S x 106 10.!! p.r. D.lt. at. 800 nm in N 2 0-eat.c:l. eoln.; e '1a'1100 
1.5 X 107 12.7 = 1830 L mol- I em-I; 0.1 mol L- 1 

K2COa· 

2 X 107 7-9 0.1 f.p. D.k. at 600 nm in air-satd. 737109 
Co(NHa)4COa + soln.; E = 1830 L 
mol- t em-I. 

6.2 X 106 8.4- -..0 p.r. D.k. at 600 nm in N20-satd. soln.; e 660139 
13.5 = 1860 L mol-I em-I. Ie b = 5 X 

107 at pH 13-13.5. '0 II 

:& Bromide Ion 

C03'- + Br- ... <5 X 105 -11 p.r. No reaction. 78A901 

8 Hypobromite Ion 

COa'- + BrO- - BrO + C03
2- 4.3 X 107 13 0.4 p.r. D.k. 680163 

4 Bromlte Ion 

C03'- + Br02 - ... Br02' + 5.0 x 107 0.15 f.p. D.k. at 600 nm in 02-free soln. 757099 
C03

2- contg. 2 X 10-3 mol L -1 KBrO 4 
and 5 X 10-2 mol L -1 Na2COa' 

1.1 X 1015 13 0.4 p.r. D.k. 680153 

6 Carbon dioxide radleal anion 

C03 '- + oC02 - -'" CO2 + 5 X 107 -y-r. Calcd. by computer fitting with 86A502 
C03

z- initial yields of formate and oxalate 
in 02-free soln. contg. 0.5-1 mol L- 1 

ammonium bicarbonate; complex 
mechanism. 

6 Cyanate Ion 

C03'- + NCO- - '~1 X 103 p.r. D.k. at 600 nm. 87A220 

., Hypochlorite Ion 

C030- + CI0- ... C03
2- + CIO' 5.1 x 101; 11.6 p.r. D.k. at 600 nm in N2 0-satd. 801n. 87A907 

contg. 0.5 mol L -I carbonate ion 
and 2-15 x 10- 3 mol L -I CIO-. 

8 Chlorite Ion 

C03'- + CI02 - ... C03
2- + 3.1 X 107 11.7 p.r. D.k. at 600 nm in 0.1 mol L- 1 86A059 

CI02" Na2COa soln. 
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TABLE 4. Rate constants for reactions of the carbonate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol- l I-I) pH 1 Method Comment Ref. 

e Cobalt(U) Ion 

C030- + Co!l+ - 2.8 x 106 6.5 0.04 f.p. D.k. at 600 nm in Co(NJI:J)~CO:t + 78A3RO 
4.4 x 10° 7.0 0.03 loin. 737109 

10 &,'7,'7 ,11,14:,I4.-Hexametbyl-l,4:,8,II-tetraasaeyelotetradeea-4:,II-dleneeobalt(U) Ion 

C030- + Co(-t,1l-dieneN4)2+ - 7.3 x 108 4.7 0.04 f.p. D.k. at 600 nm in Co(NHa) .. COs + 78A380 
soln. 

11 1,8,G,10-Tetrametbyl-l,4:,8,II-tetraasaeyelotetradeea-l,1,8,10-tetraeneeobalt(U) Ion 

COso- + Co(tetraeneN .. )2+ - 6.9 x 108 4.7 0.04 f.p. D.k. at 600 nm in Co(NHa) .. COa + 78A380 
loin. 

11 Tetraammlne( dlaqua)eobalt(m) Ion 

COoo- + Co(NHo} .. (HzO}zs+ - 1.4 x ]07 '7.0 0.03 f.p. D.k. At 800 nm in Co(NHa> .. COo + 73'7100 

loin. 

II Pentaammlne( aqua)eobalt(m) Ion 

COo·- + Co(NHa)sHg 03+ - - 3 X 10" <&.8 0.04 f.p. D.k. at 800 nm in Co(NHI'I)"CO" + 7AA3AO 
1.7 X 106 >'1.6 soln.; pKa for complex = 6.6. 

14: Hexaammlneeobalt(m) Ion 

C09 0- + Co(NHs).3+ - <5 x 10" 6.6 0.04 f.p. D.k. at 600 nm in Co(NHs) ... COs + 78A380 
soln. 

1& Pentaammlne(bromo )eobalt(m) Ion 

C03 0- + Co(NHa)r,Br2+ - 6.7 x 106 6.6 0.04 f.p. D.k. at 600 nm in Co(NHahCOa + '18A380 
soln. 

18 Pentaammlne( ebloro )eobalt(m) Ion 

COaO- + Co(NHa)6CI2+ - 2.0 x 10° 6.5 0.04 f.p. D.k. at 600 nm in Co(NHa) .. C03 + 78A380 
loin. 

1'1 Tetraammlne(earbonato )eobalt(m) Ion 

C030- + Co(NH3 )-tC03 + - <1 X 10° 7.0 0.03 f.p. D.k. at 600 nm in Co(NHa)4C03 + 737109 
loin. 

18 Pentaammlne(nltrlto-N)eobalt(m) Ion 

COao- + Co(NH3)6N02
2 + - 1.0 x 108 6.6 0.04 f.p. D.k. at 600 nm in Co(NH3)4COS + 78A380 

soln. 

Ie Pentaammlne(bydrogen pb08pbato)eobalt(m) Ion 

COa·- + Co(NHa)60POaH+ - <4 x 106 6.6 0.04 f.p. D.k. at 600 nm in Co(NHa) .. COa + 78A380 
loIn. 

10 Pentaammlne(aulftto)eobalt(m) Ion 

COao- + Co(NHa)50S02 + - 1.1 X 106 6.5 0.04 f.p. D.k. at 600 nm in Co(NH3) .. COS + 78A380 
loin. 

11 Pentaammlne(aulrato)eobalt(m) Ion 

COso- + Co(NHs)60S0a + - 1.6 X 10° 6.5 0.04 f.p. D.k. at 600 nm in Co(NH3)-tCO:J + 78A380 
soln. 

II (Aeetato )pentaammlneeobalt(m) Ion 

C030- + Co(NHa)602CCHa2+ - 1.1 x 10° 6.5 0.04 f.p. D.k. at 600 nm in Co(NHa).ICOa + 78A380 
soln. 

II Pentaammlne(bensoato)eobalt(m) Ion 

COao- + Co(NHa)502CCoHr;2+ 7 x 106 6.5 0.04 f.p. D.k. at 600 nm in Co(NHa) .. C03 + 78A380 
soln. 

14: Trla( ethylenediamine )eobalt(m) Ion 

C030- + Co(en)a3+ - <1 x 106 6.6 0.04 f.p. D.k. at 600 nm in Co(NHs) .. COa + 78A380 
soln. 
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TABLE 4. Rate constants for reactions of the carbonate radical ion in aqueous solution-Continued 

No. Reaction k (L mol- 1 8- 1) pH 1 Method Comment Ref. 

26 Pentaammlneaquaehromlum(m) Ion 

C03 '- + Cr(NH:")oH2 0 3 + -+ 4 x 10° <4.3 0.04 f.p. O.k. at 600 nm in Co(NH:\).t~O:\+ 78A380 
7 x 10° >6.3 soln.; pKa for complex = 5.3. 

26 Pentaammlne(ehloro)ehromlum(m) Ion 

C0 3'- + Cr(NH3)r,CI2 + -+ <1 x 100 6.5 0.04 f.p. O.k. at 600 nm in Co(NHa)4COa + 78A380 
soln. 

21 Copper(n) Ion 

COa'- + Cu2 + -+ --I x 101 4.5 0.04 f.p. D.k. at 600 nm in Co(NH:,) .. COa + 18A380 
soln. 

28 Fe..,.oeyanlde Ion 

COa'- + Fe(CN)6"- - 2.7 X 10& 11.6 p.r. D.k. at 600 nm as well as p.b.k. at 660139 
Fe(CN)o3- + C03

2 - 420 nm for ferricyanide ion in soln. 
contg. 0.072 mol L -1 Na2COa. 1.22 
X 10-1 mol L -J ferrocyanide. 0.03% 
oxygen and 0.1 atm N 2 0; at pH 13 

Ie -~ (3.5-4.0) X 108 • 

29 Iodide Ion 

C030- + 1- - I' + COg
2 - 1.3 X 108 -11 -0 p.r. O.k. at 600 nm. 78A901 

80 Pentaammlne( ehloro )lrldlum(m) Ion 

C03 ' - + Ir(NHa)oCI~H -+ 2.4 X 107 6.5 0.04 f.p. O.k. at 600 nm in Co(NH3)"COa + 78A380 
coin. 

31 Manganese(n) Ion 

C03'- + Mn2+ - 1.5 X 107 6.0 0.04 f.p. D.k. at 600 nm in Co(NH3) .. C03 + 78A380 
soln. 

32 Amino radleal 

CO:,'- + oNH2 - CO2 + NH2O- 1.5 x 109 7.8 p.r. D.k. at 600 nm in soln. contg. 5 x 86A502 
10-2 mol L - t ammonium 
bicarbonate; radicals from equal 
reactivity of ·OH with NHa and 
HCOa-· 

88 Nitrogen dioxide 

COao- + 'NOz - CO2 + NOg 1.0 x 10° -11 p.r. Est. from opt. and condy. d.k. 78A256 

34: Nitrite Ion 

C03·- + N02 
C03

2 -
- oNOz + 4.0 x 10° --11 -0 p.r. O.k. at 600 nm. 78A256 

36 Nlekel(U) Ion 

C03.- + Ni2+ - <1 X 101 5.8 0.04 f.p. D.k. at 600 nm in Co(NH3) .• CO:J+ 78A380 
soln. 

36 Trls( earbonato )dloxoneptunate(V) Ion 

C03 '- + Np0 2(COab 5
- - 1.5 x 107 p.r. D.k. at 600 nm in 0.05 mol L- 1 84A 165 

C03
2 - + Np0 2(COah 1- sodium carbonate 80In.; Np(V) 

produced by hydrated electron 
reaction. 

31 Superoxlde radleal Ion 

C030- + O2.- - C03
2 - + O2 6.5 X 108 7.4, 0.1 p.r. D.k. at 600 nm assuming G(02°-) = 85A427 

11.4 3.3 and G(CO:\'- + CO:,o) 2.7. 
EOOO(CO:J'-) = 1910 L mol-I em-I. 

4 x 108 '-11.8 0.6 f.p. D.k. at 260 nm (02 -), E = 1850 L 700247 
mo\-I cm - t and 600 nm (COao-) in 
O!l--satd. soln., E = 1860 L mol- 1 

em -I; product (CO~2- 1) has £(260 
nm) = 410 L mol- cm- t . 
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TAB"'~ 4. Rate const.ant.s for react.ons of the carbonate radical ion in aqueous solution-Cont.inued 

No. Reaction Ie (L mol-1 a-I) pH 1 Method Comment Ref. 

as Hydro.en peroxide 

C03'- + B20 2 ... B02' + 4.3 X 10& Cit.ed from [86A90I). 86A50Z 
8C03 -

s6 X 10& p.r. 83A166 

8 X 10& e.9 3 f.p. D.k. at 600 nm in Nt-satd. soln.; '10024'1 
pH-dependent. (9-13). 

ae Hydroperoxlde Ion 

C03'- + H02- ... O2'- + 3 X 107 comput.er ftt.ting. 86A602 
HC03 -

1.0 x 107 p.r. 83A166 

6.6 x 10" 13-14 3 f.p. D.k. at 600 nm in N2-satd. soln.; '10024'1 
pH-dependent. (9-13). 

~1 Olone 

C03'- + 0 3 '" <1 X lOa 10.4 p.r. D.k. of 003'- in loin. contg. 0.1 83All'1 
mol L -, BC03 - and " X 10-3 mol 
L-1olone. 

~2 Olonlde Ion 

C03'- + 0 3'- ... 0 3 + COa
a- 6 x 10" 12-13.8 p.r. D.k. at 430 nm (Os -), 600 nm 82Al34 

(003'-) and p.b.k. at. 260 nm (08) 

in loin. contg. 10-2.1 mol L- J 

Na2COal -0.9 mol L -I N20 (4 x 
lOG N m -2) and 1.1 x 10-3-0.11 
mol L -1 0, (0.1-10 X lOG N m -2); 
computer simulation. 

~a ci,..BI.(.lyelnato)platlnum(n) 

C03'- + ci,.Pt.(Gly), ... 4.4 x 109 8.6 0.06 p.r. D.k. in 0.06 mol L- t NaHCOs' '1'11063 

~~ ".",.. Bla(.lyelnato )platlnum(n) 

C03'- + t,.",.Pt(Gly), ... 3.4 X 109 8.6 0.06 p.r. D.k. in 0.06 mol L -I NaHCOs ' '1'11063 

~I Trl.(carbonato)dloxoplutonate(V) Ion 

C03,- + PUOt(00a)3&- ... 2.'1 X 10" p.r. D.k. at 600 nm in 0.06 mol L- 1 8.fA166 
CO"a- + PuOa(CO"),,f- _ndium f'!al'bnnaU! .nln_: Pu(V) 

produced by hydrated electron 
reaction. 

~e TrIB( carbonato )dloxoplutonate(VI) Ion 

C03~- + PU02(OOa)a 4- ... 1.6 x 10' 12.6 0.26 f.p. D.k. at 600 nm in soln. contg. 6-10 86A416 
C03'- + PU02(003)a3- 6 x lOG 12.6 0.06 x 10-3 mol L -. Na~003 and (60-

126) X 10-& mol L- Pu(VI). 

~'f Pentaammlne(aqua)rhodlum(m) Ion 

COa' - + Rh(NHa)6Ba03+ ... 1 x lOG >6.9 0.04 f.p. D.k. at 600 nm in Co(NHa) .. COa + '18A380 
<6 x 104 <4.9 soln.; pKa for complex = 6.9. 

4:8 Pentaammlne( ehloro )rhodlum(ID) Ion 

COa'- + Rh(NHa)aCI2+ ... <1 x 104 6.6 0.04 f.p. D.k. at 600nm in Co(NHII).,C03 + '18A380 
loIn. 

4-" Pentaammlne(aqua)ruthenlum(ID) Ion 

C03'- + B.u(NHa)6(H20)3+ ... 1.8 x 108 <3.2 0.04 f.p. D.k. at 600 nm in Co(NHa) .. COa + '1SA3S0 
I .• x 10° >5.2 loin.; pK. for complex = •. 2. 

60 Hexaammlneruthenlum(m) Ion 

C03'- + Ru(NH3)G3 + - 6.0 x lOG 6.5 0.04 f.p. D.k. at 600 nm in Co(NH3) .. C03 + '18A380 
loIn. 
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TABLE 4. Rate constants for reactions of the carbonate radical ion in aqueous solution-Oontinued 

No. Reaction Ie (L mol- I S-I) pH 1 Method Oomment Ref. 

&1 Chloropentaammineruthenlum(m) Ion 

0030
- + Ru(NH3)r;CI2+ - 7.7 x lOG 6.6 0.04 f.p. D.k. at ROO nm in Cn(NH:,) "COn + 7RA380 

loin. 

&1 Trla(I,I'-blpyrldlne)ruthenlum(U) Ion 

0030
- + Ru(bpY)32 + - 4.0 X 108 0.02 p.r. D.k. of the Ru complex in N2O-aatd. 

aoln. contg. 0.006 mol L -I each of 
771093 

H003 - and 00a2-. 

&8 Thiocyanate Ion 

003.-,+ SON- - SONo + 8 x 10" -11 p.r. D.k. at 600 nm. 78A901 
003

2 -

&4, Sulftte radical Ion 

C030- + S03 - - CO2 + S042- 6.5 X 108 9.6 p.r. D.k. at 260 nm; allo condy. Itudy. 78A266 

II Sulftte Ion 

9°3.- 1 9°32- ..... 0°32- + 1.a x 107 -11 ..... 0 p.r. D.k .• t 600 nm. 'SA166 
S03-

&0 Selenate(VI) Ion 

CO.,o- + 900'12- - CO.,2- + 4.3 'X 107 ta.l p.r. DJ!:. '7A.A260 

8eO.o-

&7 Trlacarbonatodloxouranate(V) Ion 

C03 0- + U02(00ah"- - 4.9 x 108 p.r. D.k. at 600 nm in 0.05 mol L- 1 84A155 
U02(003)a 4- + 0°32- sodium carbonate loin.; U(V) 

produced by hy:drated eleetron 
reaction. 

&8 Uranyl(VI) Ion 

COso- + U02
2+ - -1.6 x 10" nat. f.p. D.k. at 680 nm in 10-2 mol L- 1 767279 

NaHCOa; results lomewhat 
irreproducible. 

&e Zlne(U) Ion 

OOso- + Zn2 + - <1 x 104 4.7 0.04 f.p. D.k. at 600 nm in 00(NHs)400a + 78A380 
soln. 

80 Aeetanlllde 

OOso- + OGH"NHOOOH3 - 3.2 X 10" 7.0 0.06 f.p. D.k. at 600 nm in Oo(NHs) .. OOs + 757313 
soln. 

81 Acetate Ion 

C030- + OH3002 - - 6 X 102 12.1- f.p. D.k. at 600 nm in air-satd. soln. 727383 
12.7 contg. 0.06 mol L -J Na2820 lh 0.6 

mol L -I Na2CO:si C030- generated 
from 804-+ 003

2
- - 80 .. 2- + 

003-, 

82 Ae.ton. 

003
0

- + OHaOOOHa - 1.6 x 102 12.1- f.p. D.k. at 600 nm in air-satd. soln. 72731'3 
12.7 contg. 0.05 mol L -I Na2S20S. 0.5 

mol L- 1 Na2003; COao- from 
reaction of S04 - + 003

2 -. 

8a Aeetonltrlle 

C030- + OH3CN ... 3.2 X lOa 12.1- f.p. D.k. at 600 nm in air-satd. 80ln. 727383 
12.7 contg. 0.05 mol L -I Na2S20S' 0.5 

mol L -I Na2COai C030- from 
reaction of SO .. - + C03 2-. 
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TABLE 4. Rate constants for reactions of the carbonate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol-I s-I) pH 1 Method Comment Ref. 

84: Aeetophenone 

COa'- + CoH"COCHa ... 3 x lOti p.r. D.k. at 600 nm; OO:!·- al80 reacts 78A901 
with acetophenone-OH adduct, Ie = 
1.5 x 10°. 

86 N-Aeetyleystelne 

COa·- + AcCysSH ... -I X 107 7 f.p. D.k. at 600 nm; rate pH dependent; 757110 
1.8 x 108 12.0 value from graph; C03·- generated 

from Co(NHa)"COa +. 

88 N-Aeetylglyelne 

COa·- + AcGly ... <1 x 104 7.0 0.03 f.p. D.k. at 600 nm in Co(NHa).JCOa + 737352 
soln. 

07 N-Aeetylglyeylglyelne 

COao- + AcGlyGly ... <1 x 104 7.0 0.03 f.p. D.k. at 600 nm in Co(NHa) .. COa + 737352 
soln. 

08 N-Aeetyltryptophan 

C030- + AcTrpH ... 4.2 x 108 7 0.1 f.p. D.k. at 600 nm in Co(NHa)4COa + 737109 
6.2 x 108 11.8 soln. 

08 Alanine 

COs'- + Ala'" <1 x 103 7.0 0.06 f.p. D.k. at 600 nm in Co(NHa)4COa + 737352 
soln. 

70 4:-Amlnobensoate Ion 

C03·- + 4-H2NCoH .. C02 - ... 2.0 X 108 8.5 f.p. D .k. at 600 nm in soln. contg. 2 x 84A510 
10-6 mol L- 1 Co(NHa)4COa + and 
5-7 x 10-0 mol L -J 4-
amino benzoate. 

71 Anlllne 

C03 '--: + CoHt;NH2 ... HCOa - + 5.0 X 108 8.5 f.p. D.k. at 600 nm in soln. contg. 2 x 84A510 
OOH6NH 10-6 mol L- 1 Co(NHa)4COa + and 

3-5 x 10-0 mol L -1 aniline. 

6.0 x 108 p.r. D.k. at 600 nm. 78A901 

5.4 x lOR 7.0 0.06 f.p. D.k. at 600 nm in Co(NH:,)400S + 757313 
soln. 

71 Anisole 

C03 ·- + 06H6 00H3 ... 2.8 X 106 p_r_ D_k. at. ROO nm; C0l}'- stiRn rll!stl!t.R 78AOOI 

with anisole-OH adduct, Ie == 3 x 
100

. 

7a Anthrasemlqulnone-I,8-dlsulfonate, radleal Ion 

C03·- + [(S03)2AQ]·a- ... -1.5 x 10° 7-13 f.p. D.k. in NaHCOs soln. 727335 
COa 2- + [(SOa)2AQ]2- 737569 

727464 

'14 Anthrasemlqulnone-Jl,'1-dlsulronate, radleal Ion 

OOa'- + [(SOa)2AQ)·3- ... 1.9 x 100 f.p. D.k. at 600 nm in air-satd. soln. 727383 
00a2- + [(SO:')2AQI2- contg. 0.05 mol L -I Na2S2011 and 

0.5 mol L -I Na200a; C03'- from 
reaction of S04°- + 00a2

-; 

semiquinone formed from 00a2-
and triplet anthraquinonesulfonate. 

76 Anthraaemlqulnone-l-aulfonate, radical Ion 

CO:~·- + [SOaAQI·2- ... COa
2- 4.6 x 100 f.p. D.k. at 600 nm in air-satd. soln. 727383 

+ SOaAQ-
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T ABL~ 4. Rate constants for reactions of the carbonate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 S-I) pH 1 Method Comment Ref. 

7ft Anthra8emlqulnone-I-8ulfonate, radical Ion 

COso- + [80sAQI02- - COS2- 2.2 x 10° f.p. D.k. at 600 nm in air-satd. soln. '12'1383 
+ SO:,AQ-

77 Arginine 

C030- + Arg - 9 x 104 7.0 0.03 f.p. D.k. at 600 nm in Co(NHa)"COa + '137352 
soln. 

TS Ascorbate Ion 

C030- + AH- - C03
2 - + H+ 1.1 x 10° 11 p.r. D.k. at 600 nm in NzO-satd. 0.5 mol '133006 

+ oA- L -J carbonate soln. 

7V Aspartate monoanlon 

003·- + Asp- - <1 X 10" 7.0 0.03 f.p. D.k. at 600 nm in Co(NHa) .. COs + 737352 

soln. 

SO Ben.ene 

COs·- ... PhH- <6 x 104 11.7 p .... Denz;ene (1.4 X 10-3 mol L-I) ha.d 7SA90l 
no effect on decay of COso-; COs'-
reacts with benzene-OH adduct, Ie = 
2 x 10°. 

3 x lOa 7.0 0.06 f.p. D.k. aL 000 lUll ill Co(NHa) .. COs + 767313 
soln; uncertainty 50-100%. 

81 Ben.ophenone 

C03'- + (COH")2CO - 1.5 X 100 f.p. D.k. at 550 nm in 02-free 0.3 mol 
L -I carbonate soln. 

'117574 

SI Ben.ylamlne 

COso- + COH5CH2NH2 - 7.5 X 105 11.5 f.p. D.k. at 600 nm in soln. contg. 0.2 85A401 
mol L -I Na carbonate and 10-a mol 
L- 1 K2S2OS ' 

88 4-Bromoanlllne 

C030- + ~rCoH .. NH2 - HCOs - 3.8 X 1011 8.5 f.p. D.k. at 600 nm in soln. contg. 2 x 8U510 
+ BrCoH4NH 10-6 mol L-1 Co(NHs)"C03 +. 

84: 4-Bromophenoxlde Ion 

C03 0- + BrCoH .. O- - C03
2- + 1.8 X 1011 12.2 0.3 p.r. D.k. at 570 nm in NzO-satd. '1'11098 

BrCoH .. O· carbonate soln. 

8& But)' lamlne 

C03·- + CHs(CH2)sNH2 - 4.0 X 10" 11.5 f.p. D.k. at 600 nm in soln. contg. 0.2 
mol L -1 Na carbonate and 10-3 mol 

85A401 

L -I K2S2OS ' 

86 t,rl-Butylamlne 

C030- + (CHS)3CNHz ... 5.8 x 104 11.5 f.p. D.k. at 600 nm in soin. contg. 0.2 
mol L -I Na carbonate and 10-3 mol 

85A401 

L -I K282Os. 

8'1 Chloroacetate Ion 

COso- + CICH2C02 - - $ 2.0 X lOS 12.1- 1.65 f.p. D.k. at 600 nm in air-satd. 8 2°112 - 727383 
12.7 soln.; C030- generated by 80,,- + 

C03
2- - 8° .. 2 - + CO;,o-. 

88 4-Chloroanlllne 

C03 0- + 9ICoH .• NH2 - HC03 - 4.3 X 10" 8.5 f.p. D.k. at 600 om io soln. contg. 2 x 84A510 
+ CIC6 H .. NH 10-6 mol L-' Co(NHa) .. COs +. 

8V 4-Chlorophenoxlde Ion 

C03 0- + CICoH40- - C03
2- + 1.9 X 108 12.2 0.3 p.r. D.k. at 570 om in N2O-satd. 77109S 

CICoH .. O° carbonate soln. 
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TABLE 4. Rate constants for reactions of the carbonate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol-I S-I) pH 1 Method Comment Ref. 

90 Chlorophyll G 

coa,- + Chi a - coa!)- + 2.0 x lOll p.r. D.k. In N 20-satd. 801n. contI" Z% 81N146 

[Chl-a]o+ Triton X tOO (micell .. !') and 6 )( 
10-2 mol L -I Br -; rate for aqueous 
phase, Ie in micellar phase = 1.6 X 

10". 

91 Cyelohexylamine 

C03 0- + C-C6HU NH2 - 7.2 x IOn 11.6 f.p. D.k. at 600 nm in soln. contg. 0.2 85A401 
mol L -I Na carbonate and 10-3 mol 
L- 1 K2S2OS ' 

01 Cysteine 

co".- + CYASII - RCOo - + 4.8 x 107 7.0 0.03 fp. Dk. At. 800 nm: 11003 01' 000 ,- 737362, 
CysS· 3.5 X 108 ·-10 generated from Co(NHa)"C03 +; 767110 

2.5 x 108 12 values from graph. 

2.7 X 108 11.2 0.3 p.r. D.k. in N2 0-8atd. loin. 720036 

98 Cysteine, methyl ester 

C030- + -1 X 107 4-10 0.03 f.p. D.k. at 600 nm; value from graph; 7&7110 
HSOJl20H(NHa +)002CHa - HOOa or 0°3,- generated from 
HC03 - + Co(NHs).COa +. 
oSOH2 CH(NHs +)002CH3 

94 Cystine dimethyl ester 

000
0 - + 7.2 x In6 7.0 003 I.p. D.k. At. 800 nm in Oo(NRo> .. OOu + '73'7352 

S2[OH2CH(NH2)C02CHs)2 - loIn. 

06 1,4:-Dlalableyelo[I.ZoZ]oetane 

003
0

- + DABOO - 003
2 - + 1.7 X 107 11.5 f.p. D.k. at 620 nm in soln. conte. 0.2 86A401 

DABCOo+ mol L - t Na carbonate and 10-3 mol 
L- 1 KzSzOs· 

98 Dlbutylamlne 

OOao- + [CH3(CH2)312NH - 5.0 x 106 11.5 f.p. D.k. at 600 nm in soln. contg. 0.2 
mol L -I Na carbonate and 10-3 mol 

85A401 

L- 1 K2S20 8 • 

'17 Dle1;bylamlne 

0°3
0

- + (C2Hs)2NH - 3.8 x 106 11.5 f.p. D.k. at 600 nm in 8oln. conti. 0.2 85A401 
mol L -1 Na carbonate and 10-3 mol 
L- 1 K2S2OS' 

98 Dlethyl dl.ulRde 

C030- + 02H6SSC2H6 - 4.5 X 107 -8 p.r. D.k. at 600 nm in N20-satd. loin.; 761143 
6.6 x 107 -11 0.1-1.0 mol L -I HC03 - or C03

2-. 

00 N,N-Dlethylhydl'oxylamlne 

C03'- + (C2Hr;)2NOH - 4.3 x 107 p.r. D.k. in soln. contg. 0.1 mol L -1 Na 79A162 
carbonate and 0.26-10 x 10-3 mol 
L- 1 amine. 

100 1,8-Dlhydl'ophthalaslne-I,4:-dlone 

C.o3·- + -NHN-- - C03
2

- + :=:8 x 108 p.r. D.k. in N20-satd. loin. conti. 86A399 
-N-NH- carbonate ion; substrate oxidized as 

monoanion, pK" - 7; benzo-, 6-
amino-, 6-hydroxy-, and 6-
(dimethylamino)- derivatives gave 
the same relults. 

J. Phys. Chern. Ref. Data, Vol. 17, No.3, 1988 



RATE CONSTANTS FOR REACTIONS OF INORGANIC RADICALS IN AQUEOUS SOLUTION 1073 

TABLE 4. Rate constants for reactions of the carbonate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol-I S-I) pH 1 Method Comment Ref. 

101 1,8.Dlhydrophthalalllne-1,4·dlone-2-yl 

CO:,o- + -N-NH- - COa
2- + ~10o p.r. D.k. in N 20-satd. soln. contg. 86A399 

-N=N- + H+ carbonate ion; also benzo-, 5-amino-, 
6-amino-, 6-hydroxy-, and 6-
(dimethylamino)- derivatives gave 
the same results. 

101 N,N-Dlmethylanlllne 

COaO- + CoHr,N(CHa)2 - C03
2

- 1.4 x IOU p.r. D.k. at 600 nm, as well as condy. 78A901 
+ [CeH6N(CHa)2]0+ 

1.8 X 109 7.0 0.06 f.p. D.k. at 600 nm in Co(NHa)"COa + 757313 
soln. 

108 N,N-Dbn.thylb.n.ylarnln. 

C030- + C6H5CH2N(CHa)2 - 3.4 X 106 11.5 f.p. D.k. at 600 nm in soln. contg. 0.2 85A401 
mol L -I Na carbonate and 10-3 mol 
L- 1 K2S2OS' 

104 N,N-Dlmethyl-t.rf-butylamlne 

C03·- + (CHa)aCN(CHa)2 - 3.0 x 106 11.5 f.p. D.k. at 600 nm in 801n. contg. 0.2 85A401 
mol L -I Na carbonate and 10-:4 mol 
L-J KzSzOs 

106 Dimethyl dlsulftde 

C03·- + CH.fSSCHa - COa
2- + 1.0 X lOS -8 p.r. D.k. at 600 nm in N20-satd. soln.; 761143 

[CHaSSCHa]- 8.0 x 107 11 0.1-1.0 mol L -J HCOs - or C03
2-. 

106a 2,8·Dlmethyllndole 

C030- + Me2InH - COS2- + 2.5 x 109 9.3 p.r. D.k. at 600 nm. 87A247 
Me2In· + H+ 

108 N,N-Dlmethyl.4-nltrolloanlllne 

C03·- + Me2NCoH4NO -
C03

2- + [Me2NCoH4NO)-+ 
5.3 X 108 p.r. D.k. at 440 nm in N20-satd. soln. 

contg. COa
2-. 

680066 

10'1 Dlpropylamlne 

C03·- + (CHaCH2CH2)2NH - 4.5 x 106 11.5 f.p. D.k. at 600 nm in soln. contg. 0.2 85A401 
mol L -1 Na carbonate and 10-3 mol 
L -I K2S2OS ' 

108 8,3'-Dlthloblll(pl'oplonate Ion) 

C03·- + RSSR - C03
2- + 

[RSSRJ'+ 
1.3 X 107 7-12 f.p. D.k. at 600 nm; radical generated 

from Co(NHa) .. COa +; value from 
757110 

graph. 

1.3 x 107 6.8 0.1 f.p. D.k. at 600 nm; radical generated 737109 
3.0 x 107 11.5 from Co(NH3)~COU+' 

lOG Dlthlothl'eltol 

003
0

- + 4.1 X 108 10.5 0.3 p.r. D.k. at 600 nm in N2O-satd. 731020 
HSCH2 CHOHCHOHCH2 SH - carbonate soln. 
11(;°3- + 
-SCH2CHOHOHOHCH2SH 

110 DUl'oqulnone 

003
0

- + DQ- < 1 X 106 12 p.r. No reaction; previously reported 78A901 
1767587] Ie = 2 X lOll suggested to 
be for different reaction. 
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TARI.E 4. Rate constants for reactions of the carbonate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol-I s-I) pH 1 Method Comment Ref. 

111 Ethanol 

00:,0- + 02H"OH -+ CH:,CHOH 1.5 x 10" 12.5 f.p. D.k. at 600 nm in air-8at,d. soln. 727383 
+ C03

2 - cont.g. 0.06 mol L _., Na::S20S and 
0.5 mol L -I Na2COa; COaO-
generat.ed from SO .. - + CO:,2-; also 
reported 2.1 x 104 [697104], and 
--1.5 X 10" [707262, 717674]. 

112 Ethoxybenzene 

C03 0- + C 6HI)OC2Ho - C03
2- 4.1 X 100 7.0 0.06 f.p. D.k. at 600 nm in Co(NHa)1COa + 757313 

+ [COHoOC2Ho]·+ soln. 

118 Ethyl 4:-amlnobenzoate 

003
0- + Hg~C8H ICOIO)CIO)Hr, - 2.0 X 108 8.5 f.p. D.k. at 600 nm in 801n. cants. 2 x 84ASlO 

HCOa - + HNCoH .. C02C2HI; 10-6 mol L- 1 Co(NH:,) .. COs +. 

114 Ethylenedlamlnetetraacetate Ion 

COgo- + [CB2N(CH~C02 -)212 - 1.1 X 106 -+0 p.r. D.k. a.t 600 nm. '7AAQOl 

116 4:-Fluoroanlllne 

C030- + fCoH .. NH2 - HC0 3 - 6.2 X 108 8.5 f.p. D.k. at 600 nm in soln. contg. 2 X 84A610 
+ FCRH.INH 10-1; mol L- 1 Co(NBs) .. COa +. 

118 Formate Ion 

C030- + HC02 - - oC02 - + 1.5 X 10" Equilibrium reaction efficient at low 86A602 
HC03 - dose and large bicarbonate concn. 

(0.5-1 mol L -1); computer fitting. 

1.6 X 10" -0 p.r. D.k. at 600 nm. 78A901 

1.1 X 10" 6.4 0.03 f.p. D.k. at 600 nm in Co(NHa) .. COa + 737109 
soln. 

11'1 Glueose 

C030- + glucose - 7 X 10" 7.0 0.03 f.p. D.k. at 600 nm in Co(NB:J) .. COa + 737352 
soln. 

118 Glutathione 

C030- + GSH - BCOa - + GS· 5.3 X 100 7.0 0.03 f.p. D.k. at 600 nm in Co(NHa) .. COa + 737352 
soln. 

119 Glutathione, oxidized 

C030- + GSSG - C03
2- + 1.3 X 106 7.0 . 0.03 f.p. D.k: at 600 nm in Co(NHa) .. COa + 737352 

[GSSG)o+ eoln. 

120 Glycine 

C030- + Gly-+ <1 X lOa 7.0 0.03 f.p. D.k. at 600 nm in Co(NHa) .. COa + 737352 
Doln. 

121 Glycylglyclne 

COaO- + GlyGly - 2 X 10'" 7.0 0.03 f.p. D.k. at 600 nm in Co(NHa) .. CO:,+ 737352 
soln. 

122 Glyey Iglyeylglyelne 

COaO- + GlyGlyGly - " X 10" 7.0 0.03 f.p. D.k. at 600 nm in Co(NHs)1CO:/ 737352 
soln. 

128 Glyeylglyeyltryptophan 

COSO- + GlyGlyTrpH -+ HCOa - 7 X 108 6-7 f.p. D.k. at 600 nm in Co(NHa)4COa + 747296 
+ GlyGlyTrpo 4 X 108 10 soln. 

124 Glyeylhlstldlne 

COao- + GlyHis -+ 4.3 X 106 7.0 0.03 f.p. D.k. at 600 nm in Co(NHa) .. COa + 737352 
soln. 
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TABLE 4. Rate constants for reactions of the carbonate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol-I s-1) pH 1 Method Comment Ref. 

126 Glyeyltryptophan 

C03 0- + GlyTrpH - HCOa - + 8.2 X lOB 6 f.p. D.k. at 600 nm in C,,(NIJ:,),CO!l+; 747296 
GlyTrp' 4.5 x 10" 10 value from graph 

7.2 x lOB 7.0 0.03 f.p. D.k. at 600 nm in Co(NHs)4COa + 737362 
soln. 

128 Glyeyltyroslne 

COa-- + GlyTyrOH -+ HCOa - + 3.0 X 107 7.0 0.03 f.p. D.k. at 600 nm in Co(NHa) .. COa + 737352 
GlyTyrOo soln. 

12'1 Hexamethylenetetramine 

C03 0- + C6H12N" -+ 1.7 x 104 11.5 f.p. D.k. at 600 nm in soln. contg. 0.2 85A401 
mol L -I Na carbonate and 10-8 mol 
L- 1 K2S 2OB· 

128 Histidine 

C030- + His - -1 x J06 -5 0.03 f.p. D.k. at 600 nm; (values from graph); 757110 
8.S x 106 ~10 0°3'- r;enerat.ed from 

Co(NHa) .. COs +. 
5.6 X 106 7.0 0.03 f.p. D.k. at 600 nm in Co(NH:J)1COS + 737362 

soln. 

7 x 106 11.2 0.3 p.r. D.k. in N20-satd. 801n. 720036 

129 4:-Hydroxybenloate Ion 

C03 0- + HOC6 H.,C02 - -+' 7.9 X 101 12.2 0.3 p.r. D.k. at 570 nm in N2O-satd. 771098 
CO:~2- + °OC6H-IC02 - + H+ carbonate soln. 

180 8-Hydl'oxy-2-h)"droxymethyl-2,&,'1,8-tetramethylehroma~e 

C030- + ArOH -+ C03
2- + 2.2 x 109 11.2 p.r. Aryloxy radical formn. in N2O-satd. 83A389 

ArO~ + H+ 801n. cont. 0.1 mol L -I sodium 
carbonate. 

131 Imidazole 

C03'- + 1m -+ 5.5 x 105 7.0 0.03 f.p. D.k. at 600 nm in Co(NHs)"COs + 737352 
soln. 

132 Indole 

C03·- + InH -+ COs2- + In° + 3.0 x 108 9.3 p.r. D.k. at 600 nm. 87A247 
H+ 

4.1 x lOB 6-13 f.p. D.k. at 600 nmj radical generated 
from Co(NHs) .. C03 +; value from 

747296 

graph. 

3.2 x 108 7,12 0.1 f.p. D.k. at 600 nm; radical generated 737109 
from Co(NHs)4COS +. 

133 Indole-3-proplonate Ion 

C030- + InCH2CH2C02 - -+ 4.2 X 108 7-11 0.03 f.p. D.k. at 600 nm; radical generated 747296 
HCOa - + °lnCH2CH2C02- 4.1 X 108 . 7.0 0.1 from Co(NHa)"COa +. 737109 

5.5 x 108 9.0 0.1 72F542 
6.8 x 108 12.0 

134 Isobutylamlne 

CO:~'- + (CHa)2CHCH2NH2 -+ 4.0 x 10" 11.5 f.p. D.k. at 600 nm in soln. contg. 0.2 85A401 
mol L -I Na carbonate and 10-:~ mol 
L -I K2S20 9 . 

136 Isopropylamlne 

C030- + (CHa)2CHNH2 -+ 5.0 x 101) 11.5 f.p. D.k. at 600 nm in soln. contg. 0.2 85A401 
mol L -I Na carbonate and 10-3 mol 
L -, K2S20 9 • 
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TABI.E 4. Rate constants for reactions of the carbonate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 s-l) pH 1 Method Comment Ref. 

18& Lumlnol 

003'- + -NUNU- ....... 0°32 - T !:;.8 x 108 p.r. D.k. in N20-.at,d .• oln. cont,a. 8GA399 
-N-NH- + H+ carbonate ion; subltrat, oxidized as 

monoanion, pKa .- 7. 

la, Malele hydra.lde, eonJuaate bue 

C03 0- + MH- ... C03
2 - + MHo 7.7 x 108 >7.5 p.r. 83A166 

laS 8-Mereaptoproplonate Ion 

C03° - + HSCH2CH2C02 - ... -3 X 107 -7 0.03 f.p. D.k. at 600 nm; radical lenerated 767110 
COs"- + °SCH2CH2C02 - + H+ 2.4. X 108 12.0 from Co(NHa)"COa +; value. from 

Iraph. 

lal Methanol 

C030- + OHaOH ... °OH20H + :S3 x 103 6.4 0.03 f.p. D.k. at 600 nm in Oo(NH3) .. C03 + 73'1109 
HCOs- soln. 

5 x lOa 12.5 f.p. D.k. at 600 nm in air-satd. loin. 727383 
cont.s. 0.6 mol L- 1 Na200a; 003'-

lenerated from SO .. - + 00 a 2- ... 

SO ... 101- + COs-' 

1.0 Methionine 

003
0 - + Met ... C03

2 - + Meto+ 2 x 101 7 f.p. D.k. at 600 nm; 008
0 - lenerated 767110 

5 x 107 11.0 from 90(N8s)4COa +; values from 
Il'aph. 

8.6 x 10' 1.0 0.08 t.p. D.k. at. 600 0111 in Oo(NHs) .. OOs + '781861 
soln. 

1.2 X 108 11.2 0.3 p.r. D.k. in N20-latd. soln. 720036 

1"1 -6-Mot.hoxTphoaoxldo loa 

OOa·- + OH30C08,,0- ... 5.2 X 108 12.2 0.3 p.r. D.k. at 570 nm in N2O-satd. 7'11098 
COs 2- + CHsOCcsH .. Oo ear bonate loin. 

1'1 Methyl radical 

C030- + oCHa ... C8S0C02 - 3 x 10° p.r. D.k. at 600 nm in Na200s-CHsOl 78A256 
Boln. 

14.. N-Uei:hylanlllne 

OOs· - -f: C.,86N8CHa ... HCOs - 1.8 X 109 p.r. D.k. at 600 nm. 78A901 

+ OeH6NCHs 
.r 

14.4. 4.-Moi:hylanlllno 

C03·- + CHaCeR'IN.H2 ... 9.1 X 108 8.5 f.p. D.k. at 600 nm in Boln. conti. 2 x 84A510 
HCOs - + CRaCoH,NH 10-& mol L- 1 Co(NBa) .. COa +. 

1'6 B-Meth),leYltelne 

00:4.- + -2.5 X 107 7 0.03 f.p. D.k. at 600 nm; 003.- lenerated 737362 
CHaSCH20H(NHs +)002 - ... 6 X 107 11.0 from Oo(NHs) .. OOs +; values from 757110 
003~- + Iraph. 
OHaBOH20H(NI13 +)002 -

14&a I-Methyllndole 

003
0

- + Meln - 003
2

- + 8.5 X 108 9.3 p.r. P .b.k. at 345 nm. 8'7A24'1 
Moln·+ 

l'6b I-Methyllndole 

003
0

- + MelnR - 003
2

- + 1.4 X 109 9.3 p.r. D.k. at 600 nm. 87A247 
Meln· + H+ 

l'6e a-Methyllndole 

003.- + MelnR - 003
2

- + 1.5 X 109 9.3 p.r. D.k. at 600 nm. 87A247 
Meln- + H-I-
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T ARLR 4. Rate constants for reactions of the carbonate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 S-I) pH 1 Method Comment Ref. 

14:8 4:-Methylphenoxlde Ion 

C030- + OH30"H,,0- - C03 - 4.8 X lU9 12.2 0.3 p.r. D.k. at 570 nm In Nl3O-IRt.d. 711098 

+ CH3CoH .. 0· carbonate soln. 

14:7' N-Methylplperldlne 

C03 '- + CoB 13N - 2.6 x 106 11.5 f.p. D.k. at 600 nm in soln. contg. 0.2 85A401 
mol L- 1 Na carbonate and 10-3 mol 
L -1 K2S2OS ' 

14:8 I-Methyl-I-propanol 

C03·- + (CH3 ):,COH - ::s2 x 102 6.4 0.03 f.p. D.k. at 600 nm in Co(NHs) .. COa + 737109 
solo. 

1.4.Q N-Ml'lthyltpyptophan 

C03·- + MeTrp - C03
2

- + 4.3 X lOR 7 0.1 f.p. D.k. at 600 nmi radieallenerated 747296 
MeTrp·+ -6 x lOR 12 from Co(NHa) .. COa +j value8 from 

graph. 

160 Metla.lnlc acid, conjugate base 

C030- + MZ- - C03
2 - + MZ· 3.2 )( 10° p.r. D.k. at 600 nm in Nlot0.satd. 80ln. 81A162 

contg. 1 mol L- 1 Na2COS' 

161 l-Naphthoxlde Ion 

C03·- + NpO- - C0 3
2

- + 3.1 x 10° 11.2 p.r. Aryloxy radical tormn. in Nlol0-satd. 83A389 
NpO' loin. cont. 0.1 mol L -) lodium 

carbonate. 

161 I-Naphthoxlde Ion 

CO:,'- + NpO- - C03
2 - + 1.3 X 109 11.2 p.r. Aryloxy radical tormn. in N2O-satd. S3A3S9 

NpO' soln. cont. 0.1 mol L -I sodium 
carbonate. 

168 4:-Nitroanlllne 

C03·- + °2NCoH .. N.H2 - 7.3 X 101 8.5 f.p. D.k. at 600 nm in 801n. conti. 2 x 84AS10 
HC03 - + °2NCoH ... NH 10-6 mol L- 1 Co(NH )"C03 + and 

9-16 x 10-0 mol L - f 4-nitroaniline. 

164: Nltl'omethane 

C03 '- + CHaN02 - 1 x lotI 7 f.p. D.k. at 600 nm in Co(NH:.) .. COa .... 767110 
1.5 x 101 12 soln.; product obs. by elr [725050). 

166 4:-Nltrophenoxlde Ion 

C03·- + N02CoH40- - C03
2

- 4.8 X lOT 12.2 0.3 p.r. D.k. at 570 nm in N2O-satd. 77109S 
+ N02 CoH40' carbonate Boln. 

168 NOl'paeudopelletlerlne N-oxyl 

C03·- + NPPN - 1.1 x 100 0.015 p.r. D.k. at 600 nm in N2O.satd. 710061 
carbonate loin. 

167' Penicillamine 

003 '- + PenSH - RCOa + -2 X 10'1' 4 f.p. D.k. at 600 nmi radical lenerated 757110 
PenS' 2.4 x 108 9.6 from Co(NH3 ) .. 00a +; values from 

1.2 x 108 12 graph. 

168 PhoDol 

003'- + CoHsOH - HC03 - + 4.9 X 106 7.0 0.06 f.p. D.k. at 600 nm in Co(NH3) ... COa + 757313 
C6HsO' Boln. 

2.2 x 107 7.0 0.03 f.p. D.k. at 600 nm in Co(NHa) .. COa + 737352 
Boln. 

169 Phenoxlde Ion 

C03'- + C6H50- - C03
2

- + 4.7 X lOR 11.2 p.r. Aryloxy radical formn. in N2O-sat.d. 83A3S9 
C6H6O- Boln. cont. 0.1 mol L -I sodium 

carbonate. 
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TABLE 4. Rate constants for reactions of the. carbonate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 s-I) pH 1 Method Comment Ref. 

119 Phenoxlde lon-Cont.inued 

3.3 >< 108 p.r. D.k. at. BOO nm. T8A9Ol 

2.4 X 108 12.2 0.3 p.r. D.k. at 570 nm in N2O-said. 7'11098 
carbonaie soln. 

S x 107 12 f.p. D.k. at 600 nm in Co(NH:,) .. COs + 757313 
soln. 

110 Phenylalanine 

C03·- + Phe .... 5 x 10" 7.0 0.03 f.p. D.k. at 600 nm in Co(NH:,) .. C03 + 737352 
soln. 

<1 x 106 11.2 0.3 p.r. D.k. in N20-said. soln. 720036 

111 Phenylalanylglyelne 

C03·- + PheGly .... 4.0 x 106 7.0 0.03 f.p. D.k. at 600 nm in Co(NHa)1COa + 737352 
soln. 

111 Piperidine 

C03·- + CsHuN .... 3.3 x 106 11.5 f.p. D.k. at' 600 nm in soln. contg. 0.2 85A401 
mol L -I Na carbonate and 10-3 mol 
L- I K2820 8· 

18. I-Propanol 

C03'- + CHsCHgCH20H .... 1.9 x 10" 12.1- f.p. D.k. at 600 nm in air-satd. soln. 727383 
12.7 contg. 0.05 mol L- 1 Na2S20S and 

0.6 mol L -I Na2C03; COs"-
generated from S04 - + COa

2
- .... 

8°42
- + COa-· 

114: I-Propanol 

003'- ;t (OHa)20HOH .... 5 x 104 p.r. D.k. at 600 nm. 78A901 
(CH3)2COH + HCOs-

s 4 X 104 6.4 0.03 f.p. D.k. at 600 nm in Co(NHa)1COa + 737109 
soln. 

3.9 x 10" 12.1- f.p. D.k. at 600 nm in air-said. soln. 727383 
12.7 contg. 0.05 mol L -1 Na2S208 and 

0.5 mol L -1 Na2COS; COa·-
generated from SO" - + C0 9

2- .... 
80,,2- + COs-' 

III 1,I,I,8-Tetramethyl-4-plperldone N-oxyl 

COs"- + TAN"" 4.8 x 108 0.015 p.r. D.k. at 600 nm in N!,!O-satd. 710061 
carbonate soln. 

4.6 x 108 10-11 p.r. D.k. at 600 nm in air-said. soln. '110618 

188 ThymIne 

C03·- + 5-MeU .... <1 x 10" 7.0 0.03 f.p. D.k. at 600 nm in Co(NHa)"COa + 737352 
soln. 

11'1 Toluene 

C03"- + C6H"CHa - 4.3 x 10" 7.0 0.06 f.p. D.k. at 600 nm in Co(NH:,).,COa + 757313 
soln. 

188 Trlehloroaeetate Ion 

CO .. o- + C13CC02 - .... s 2 X 102 12.1- f.p. D.k. in air-satd. soln. contg. 0.5 mol 727383 
12.7 L -1 Na2COS and 0.05 mol L-1 

Na2S20S; C03·- generated from 
S04 - + C03

2 - .... SO .. 2- + COs-' 

189 Triethylamine 

C03'- + (C2HI»)3N .... 6,4 x 106 11.5 f.p. D.k. at 600 nm in soln. contg. 0.2 85A401 
mol L -.1 Na carbonate and 10-3 mol 
L- 1 K282OS' 
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TARLI!! 4. Rate constants for reactions of the carbonate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol- J S-l) pH 1 Method Comment Ref. 

1'70 Tryptamine 

C03'- + TrpH ... HCOa- + Trp' 1.3 x 109 8 0.03 f.p. D.k. a.t 600 nm in Co(NH:!).,CO~ +; 7472Q6 
-9 x 108 12 values from graph. 

1'71 Tryptophan 

COs'- + TrpH ... HCOa - + Trp' 7 x 108 7 f.p. D.k. at 600 nm: radical generated 737352 
6.2 x 10" 9 from Co(NHa)4COs +: values from 747296 
4.3 x 10" 12 graph. 

4.4 x 108 11.2 0.3 p.r. D.k. in N20-satd. soln. 720036 

1'71 Tryptophan, methyl eater 

COa·- + TrpH -+ HC0 3 - + Trp' 9.5 X lOR 7 0.03 f.p. D.k. at 600 nm in Co(NHa)"COs + 747296 
5.8 x 108 11 801n.: values from graph. 

1'73 Tryptophanamlde 

C080- + TrpH ... HC03 - + Trp' 1.4 X 10° 7 0.03 f.p. D.k. at 600 nm in Co(NH:.).,COa + 747296 
8 x 108 9.5 soln.; values from graph. 

1'74: Tryptophylglyelne 

C0 30- + TrpHGly ... HCOa - + 7 X 108 6 0.03 f.p. D.k. at 600 nm in Co(NHa)4COa + 747296 
TrpGly -4 x 108 9 soln.; values from graph. 

1'76 Tyrosine 

COs'- + TyrOH -+ COS2
- + 1.4 X 108 11 0.03 f.p. D.k. at 600 nm; C03·- generated 757110 

TyrO' + H+ from Co(NHa)1COS +: Ie pH 
dependent. 

4.5 X 107 7.0 0.03 f.p. D.k. at 600 nm in Co(NHa)"COs + 737352 
soln. 

2.9 X 108 11.2 0.3 p.r. D.k. in N2 0-satd. soln. 720036 

1'76 Uraetl 

COS·- + U ... <IX 10" 7.0 0.03 f.p. D.k. at 600 nm in Co(NHa)"COs + 737352 
soln. 

1'7'1 Urea 

COs'- + H2NCONH2 ... <1 X lOS 7.0 0.03 f.p. D.k. at 600 nm in Co(NHa) .. COs + 737362 
soln. 

1'78 a-Chymotrypsin 

COs'- + a-Chymotrypsin ... 1.0 X 100 11.3 0.12 p.r. D.k. in N20-satd. soln.; mol wt. 741096 
20,000; concn. effect. 

1.2 x 10° 7-11 0.03 f.p. D.k. at 600 nm; mol. wt. 26,000: 737352, 
HCOa or COSO- generated from 
Co(NHs)"COa +; Ie independent of 

757110 

pH. 

1'79 Lysozyme 

C03 0- + Lys ... 5.5 X 108 7.0-12 0.03 f.p. D.k. at 600 nm; radical generated 737352, 
from Co(NH:.)1COS +. 757110 

180 Rlbonuelease 

C03·- + RNase -+ 5.0 x 107 7.0 0.03 f.p. D.k. at 600 nm; radical from 737352 
1.4 x 108 11.0 Co(NH:.) .. CO:J +: value from graph; 757110 

mol. wt. 13,700. 

181 Trypsin 

COS·- + Tryp -+ 6.8 x 10" 7.0 0.03 f.p. D.k. at 600 Dm in Co(NHa).,COa +; 737352 
mol. wt. 23,800. 
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TABLE 5. Rate constants for reactions of ozone in aqueous solution 

No. Reaction Ie (L mol-I s-l) pH Method Oomment Ref. 

1 Hydrated eleetron 

Os + 'aq - - 0 3.- 3.6 X 1010 9 p.r. O.k.; obs. abs. at 430 nm (03 -) in soln. 83AU7 
contg. 0.15 mol L -1 nc03 - anrl 2 X 10-4 

mol L -I ozone; reI. to I( 'aq - + O2) = 1.9 
x 1010• 

J SlIver(I) Ion 

0 3 + Ag+ - AgO+ + O2 3.5 X 10-2 Nitric acid soln.; T = O°C. 37AOOI 

a Dlhydrogen borate Ion 

0 3 + H2B03-- <4 X 10-3 8 D.k. at 258 nm in soln. contg. 1 mol L- 1 85A221 
borate and 3 X 10-2 mol L -J NaHC03 ; 

pKa = 9. 

4: HydrORen borate Ion 

0 3 + HB03
2

- - <6 x 10-2 D.k. at 258 nm in soln. contg. 1 mol L-· 85A221 
borate and 3 X 10-2 mol L -I NaHCO,; 
ca1cd. from pH study. 

6 Bromide Ion 

0 3 + Br- - BrO- + O2 1.6 X 102 3-7 D.k. at 258 nm in soln. cont,. 0.05-3 x 83A407 
10-3 mol L- 1 Br-, 4-100 x 10-8 mol L- 1 

n~nnf! Ilntl 0-21 X 10-' mnl L -1 l!lll'bnnAt.f!. 

at pH 2 E. = 37 kJ mol- J (I-30°C). 

2.3 x 102 3 D.k. at 260 nm; Ie studied at 5-300C in soln. 81A436 
contg. 5-20 x 10-6 mol L -1 Br- and 1-5 
x 10-" mol L -I ozone at pH 1.2-3.6, as 
well as in neutral and alkaline soln.; Ie 
increases with [H+]. 

3.0 x 102 6.3 s.f. D.k. at 260 nm. 80U374 

9.0 x 101 Steady statej T = 0°0. 42A001 

8 Hypobromous acid 

0 3 + HOBr- 51 X 10-2 <4 83A~07 

'1 Hypobromite Ion 

0 3 + BrO- - 5.2 X 102 8.5- Ieto'l\l = 2A:1\ + /ca,. D.k. at 258 nm in soln. 83A407 
10.4 contg. 0.1-0.37 X 10-3 mol L -1 OBr-, 5-25 

x 10-6 mol L -J ozone and 0-8 X 10-2 mol 
L -I HC03 - or t,~BuOHj pKI\ HOBr = 
8.76; at pH 8.2 E. = 60 kJ mol-I (10-
30°0). 

Os + BrO- - O2 + Br02- Ie. = 1.0 X 10:.'. lea evaluated from steady-state experiments. 83A407 

0 3 + BrO- - O2 + O2 + Br- kb = 3.3 X 102 6-7 let, evaluated from steady-state experiments 83A407 
and Ieta'.1 - 2lca. 

8 Bromlte Ion 

0 3 + Br02- - >1 x 105 5 D.k. at 258 nm in soln. contg. 0.02 mol L- t 85A221 
Br02-' 

I Bromate Ion 

0 3 + Br03- - 10-3 4 D.k. at 258 nm in 801n. contg. 5 x 10-2 85A221 
mol L -I Br03-' 

10 Blearbonate Ion 

0, + 8003-- «1 x 10-2 8-10 D.k. at 258 nm in 801n. cont,. 0.1 mol L- 1 85A22! 
carbonate; pK. = 10.3. 

11 Carbonate Ion 

0 3 + 003
2

- - <1 X 10- 1 8-10 Oalcd. from d.k. at 258 nm in 801n. contg. 85A221 
0.1 mol L -I carbonate. 
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TABLE 5. Rate constants for reactions of ozone in aqueous solution-Continued 

No. Reaction 

12 Carbonate radical Ion 

0 3 + CO:,· -

13 Cyanide Ion 

0 3 + CN- - OCN- + 02 

J 4: Hydrogen cyanide 

0 3 + HCN-

16 Cyanic acld/Cfanate Ion 

0 3 + HOCN-

16 Chloride Ion 

Os + Cl- - 010- + O2 

1'1 Hypochlorite Ion 

0 3 + CIO--

0 3 + CIO- - O2 + O2 + Cl-

0a + CIO- - O2 + CI02 -

18 Chlorine dioxide 

Oa + C~02· - ClOa + O2 

19 Chlorite Ion 

0 3 + CI0 2 - - CI02• + 0:,·-

20 Chlorate Ion 

0 3 + CIOa- -

<1 X lUI; 

<3 x 10-3 

1.7 X 102 

< <10- 1 

HJ.4 

2.5-
12.0 

3.6-4.6 

7 

2-4 

5-9.5 

3-11 

2-9 

3-11 

4 

2 

Method Comment Ref. 

p.r. 

s.r. 

s.f. 

s.f. 

O.k. of 0°3• - in .oln. contg. 0.1 mol J~ - 1 

HCO:} and 9 x 10-" mol L -. I ozone. 

D.k. at 258 nm in soln. contg. 4-8 X 10-2 

mol L -1 cyanide and 10-2 mol L -1 tert­
BuOH: calcd. from pH study; chain 
reaction. 

B3A 117 

85A221 

D.k. at 260 nm in soln. contg. 1.9 x 10-1_ 85A473 
0.46 mol L -1 cyanide and 1.0-3.1 x 10-4 

mol L -I ozone; k estd. from decay rate in 
soln. contg. 0.05 mol L- 1 carbonate and 
0.1-0.2 mol L'- I te:,-t-DuOIl _ 011 

scavengers (pH 11.2); reactlon with HCN 
negligible. 

D.k. at 258 nm in soln. contg. 4-8 X 10-2 85A221 
mol L -1 cyanide and 10-2 mol L - I te,t-
BuOH; pKa. = 9.2. 

D.k. at 258 nm in soln. contg. 2 mol L -I 85A221 
HOCN: pK", 6.8. 

D.k. at 268 nm in soln. conti. 1-4 mol L -1 85A221 
HCI. 

D.k.; T,....,.. OOCj Ea. """ 1'7.6 kco.l mol- 1 

derived from study at 0 and 9.5°C: also 
studied [H+] dependence. 

-tOAOO:! 

ktotll.l = k ... + 2kt,. D.k. at 258 nm in soln. 83A409 
contg. 0.17-18 x 10-4 mol L -I 010- and 
30-160 x 10-6 mol L -J ozone and te,t-
BuOH; E. = 57 kJ mol- 1 detd. over 11-
34°C; reaction with HOCI is negligible. 

kn. = 1.1 X 102 

3.0 X 101 

D.k. at 260 and 360-·420 nm in soln. contg. 85A039 
4-40 x 10-4 mol L -I CI02 and 2-7 x 10-6 

mol L- 1 Oa. 

D.k. at 258 nm in soln. contg. 0.2-2 x 10-1 8SA221 
mol L -2 CI02 and 10-30 x 10-3 mol L- 1 

tert-BuOH. 

D.k. at 260, and p.b.k. at 360 nm, in soln. 85A039 
contg. 2.5-10 x 10-1) mol L -I CI02 and 1 
x 10-1; mol L -I ozonej ler = 1.8 x 10" 

(p.r.). 

D.k. at 258 nm in soln. contg. 6 x to-I) 
mol L -I CIO,:!-, 

85A221 

D.k. at, 258 om io solo. contg. 0.5 mol L -1 85A221 
CIOa 

J. Phys. Chem. Ref. Data, Vol. 17, No.3, 1988 



1082 NETA, HUIE, AND ROSS 

TABLE 5. Rate constants for reactions of ozone in aqueous solution-Continued 

No. Reaction Ie (L mol-I s-l) pH Method Comment Ref. 

21 Perehlorate Ion 

0:1 + CIO.j- - «2 x 10-6 2 D.k. at 258 nm in ~oln. contg. 4 mol L- 1 85A221 
CIO .. -. 

22 Cobalt(H) Ion 

0 3 + C02+ - CoOH~H + O2 + 6.2 X 10- 1 Formation of CoAc2+ in perchloric + acetic 49AOOI 
-OH acids containing C02+ (1-11 x 10-4 mol 

L -1); T = 0-2°C. 

6.5 x 10- 1 D.k.; T = O°C. 49A002 

28 Iron(H) Ion 
0

3 
+ Fe2+ _ :::5 x 106 2 D.k. at 258 nm in soln. contg. 3 x 10-3 85A221 

mol L -1 ten-BuOH. 

1.7 X 105 Flow technique; P.b.k. in soln. contg. 65M066 
10-4_10- 1 mol L -I Fe2+, 5-50 x 10-6 mol 
L -1 ozone and perchloric acid (1.0 mol 
L -I); product '-60% Fe3+ + FeOH2+ and 
- 40% (FeOH)2 'IT. 

24 Hydrogen Ion 

0 3 + H30 +- <4 X 10-4 D.k. at 258 nm not accelerated even at low 82A470 
pH values; at pH 2 half-Ufe > 2 X lOG s. 

26 Hydrogen atom 

0 3 + H- - -OH + O2 3.7 X 1010 2 p.r. C.k.; calcd. from abs. change at 260 nm 83A117 
(Oa) and 220 nm (OH and H02 ) in H2SO.j 
soln. satd. with O2, contg. 2.5-17.5 x 10-6 

mol L -) ozone.; reI. to Ic{R + O2 ) = 2 x 
1010. 

28 Iodide Ion 

0 3 + 1- - >5 x 106 5.4 s.f. D.k. at 260 nm. 80U374 

2'T Iodate Ion 

Oa + 103-- <10-"- 3 D.k. of ozone (detd. by bleaching of 85A221 
indigotrisulfonate) in soln. contg. 
L -I iodate. 

0.2 mol 

28 Perlodate Ion 

Oa + 104 - ~ <10-2 2 D.k. at 258 nm in soln. contg. 1.5 x 10-3 85A221 
mol L -1 periodate. 

29 Hydra.ole aeld 

Oa + RN3 - <4 X 103 1.6-2.5 D.k. at 258 nm in soln. contg. 2-3 x 10-" 85A221 
mol L -I azide and 10-.1 mol L -I ten-
BuOH; pK ... = 4.7. 

80 Azide Ion 

0 3 + N3-- 4.0 X 106 D.k. at 258 nm in soln. contg. 2-3 x 10-5 85A221 
mol L -1 azide and 10-4 mol L -I ten-
BuOR; calcd. from pH study. 

81 Ammonium Ion 

0 3 + NH .. +'" No reaction; estd. from d.k. at 258 nm at 83A415 
pH 2, 7-8 in soln. contg. 3-22 x 10-a mol 
L -1 substrate and 2 x 10-2 mol L- 1 

NaRCOa; pKa. = 9.3; Ie calcd. from study at 
pH 2, 7-8. 

82 Ammonia 

0 3 + NH:J - 2.0 x 101 2,7-8 D.k. at 258 nm in soln. contg. 3-22 x lO-a 83A415 
mol L -I substrate and 2 x 10-2 mol L - J 78A136 
NaHCOai calcd. from study at pH 2, 7-8. 

4.4 x 10) s.f. D.k. at 260 nm. 80U374 
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TAALJi! 5. Rate constants for reactions of ozone in aqueous solution-Continued 

No. Reaction k (L mol-I 8- 1) pH Method Comment Ref. 

88 Hydroxylamine 

0 3 + NH2OH- 2.1 x lUi D.k at 258 nm tn soln. cont,,.. 0,2-3 mol L-' MAUl 
hydroxylamine and to-- U mol L - I tert-
BuOB; calcd. from pH study. 

84 Hydroxylammonlum Ion 

0 8 + NHaOH+ - <2 2-5 D.k at 268 nm in soln. contg. 0.2-3 mol L - J 86A221 
hydroxylamine and 10-2 mol L - I tert-
BuOH; pKa = 6.0. 

86 Bromlmlde 

Os + NHBr2 - -10 5-8.3 D.k. at 258 nm in soln. contg. 0.001-0.08 x 86A221 
lO-a mol L -I substrate and 0-14 mol L- 1 

HCO Il-· 

88 Bromamlde 

0:) + NH2Br - H+ + NOs- + -4 X 10' 5-8.3 D.k. at 258 nm in soln. contg. 0.01-0.2 x 85A221 
O 2 10-::1 mol L -I substrate and 0-14 mol L- 1 

HCOs -; k = 28 calc:d. from loss of NH2Br. 

81 Chlorlmlde 

0a + NHCI2 - 1.3 2.6 D.k. at 258 nm in soln. contg. 1.5 X 10-3 83A409 
mol L -. substrate and 10-2 mol L - t tert-
BuOB. 

88 Chloramlde 

0 3 + NH2CI - NOa- + Cl- + 2.6 X lot 6.2,8.0 D.k. at 258 nm in soln. contg. 0.35-3 x 83A409 
O 2 + H+ 10-:1 substrate and 0-10-2 mol L -I tert-

BuOR. 

38 Nl"trous oxide 

0 3 + N2O- <10-3 2.5 D.k. at 258 nm in soln. contg. 2.4 x 10-2 85A221 
mol L - 1 nitrous oxide. 

40 Nitrous acid 

0 3 + HN02 - <5 X 102 1.8-5 D.k. of ozone (detd. by bleaching of 85A221 
indigotrisulfonate) in soln. contg. 4-100 x 
10-0 and :l-20 X 10-3 mol L -I nitrite, 
resp., and 10 _2 11101 L- I tere-BuOH; pKa. = 
3.1. 

41 Nitrite Ion 

0 3 + N02 - -.. 3.T x 10" D.k. uf Ulll'm:: (d~t.d. by bl~adliul!o ut 8GA221 
indigotrisulfonate) in soln. contg. 4-100 x 
to-I) and 3-20 X 10-3 mol L -1 nitrite, 
resp., and 10-2 mol L -I tert-BuOHj calcd. 
from pH study. 

3.3 x lOG 4 s.f. D.k. at 260 nm. 80U314 

1.6 x 101) 5.9 s.f. D.k. at 265 nm in soln. contg. 2-5 x 10-6 72M261 
mof L- 1 ozone and 2.5-10 X 10-5 mol L- 1 

NaN02 ; T = 9.6°C. 

42 Nltrate lon 

°a+NOa-"'" <10- 4 2 D.k. at 258 nm in soln. contg. 1.3 mol L- 1 85A221 
nitrate. 

48 Water 

0 8 + H20 - <10- 7 Estd. from d.k. at 258 nm in 801n. contg. 85A221 
10-2 mol L - I NaHCO:1 at pH 8-10. 
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TABLl~ 6. Rate constants for reactions of ozone in aqueous solution-Continued 

No. Reaction Ie (L mol-I s-I) pH Method Comment Ref. 

"" Hydroxide ton 

0 3 + oa- -+ H02 - + O 2 4.8 x 10 1 11-13 •. f. Primary ett'!'p in chain reaction.; aba. d.k. of RZAOZ., 
0 3 at 260 nm (E ='" 33H L mol-' em-I) In 
soln. contg. 3 x 10-" mol L -1 0 3 and "'4 
x 10-4 mol L- 1 acetate ion, as well as 
p.b.k. at 430 nm (03-) in loin. allO contg. 
02; obI. effect of [acetate] and (carbonate] 
on d.k.; initial decay as well as COs-
buildup, in carbonate-contg. soln. used to 
determine Ie. 

Os + OH- .... HO~o + 0 2
0 - 7.0 X 101 D .k. at. 268 nm. 82A"TO 

"6 Hydroxyl radleal 

0., + oOH .... HOz• + Oz 1 x 108 10.3 p.r. C.k.; roL t.o -'(oOR + CO.,2-) - 3.6 x 108 . 84A2'0 

1.1 X 108 1,9-10 p.r. P.b.k. at 430 nm (03-) at pH 9-10, as well 8.A2'70 
as d.k. at 280-310 nm (Os) at pH 1. 

4:8 Supero:x:lde p.dleal Ion 

0 3 + 0 2
0 - ... 0 3

0 - + O2 1.5 x 109 
8." p.r. P .b.k. at 430 nm in loin. contg. -0.05 mol 83A117 
10.3 L- I HC03-/C03

2 - or 0.01 mol L- t 

acetate ion and -10-4 mol L -1 olone. 

1.6 x 10° 6.3,7.3 p.r. P.b.k. at 430 nm in 1-50 X 10-4 mol L- 1 8.A164 
phosphate buffer. 

",. Hydroperoxlde Ion 

Os ;- 8°2- .... H02 " ;- 0so- 5.5 X 108 5-6 D.k. at. 258 nm in loin. contg. 0-6 x 10 3 82A470 
mol L -J hydrogen peroxide and 1.6 x 10-3 

mol L -I MeHgOH; calcd'. from observations 
at pH 5-6 and pKa(H20 2) = 11.6. 

4:8 Hydrogen peroxide 

Os + H20 2 ... H20 + O 2 <10-2 5-6 D.k. at 258 nm in soln. contg. 0-8 x 10-8 8IA-nO 
mol L -I hydrogen peroxide and 1.5 x 10-3 

mol L- 1 MeHgOH; pK", = 11.6. 

8.5 x 10-3 409003 ., Dlhydrogen ph08phate Ion 

0 3 ;- H2PO .. - ... <2 X 10-- 4 4 D.k. at 258 nm in loin. contg. 1 mol L- 1 86A:Z:Zl 
phosphate. 

60 Phosphoric acid 

Os ;- HsPO" .... <2 x 10-11 4- O.k.. at. 258 nm in 80ln. contg. 1 mol L- 1 85A221 
phosphate; calcd. using pK .. = 2.2. 

61 Bleu 1ft de Ion 

Os + H8- .... 3 x 109 Continuous flow, soln. contg. 0.01-1 x 10-3 85A221 
mol L -I substrate a.nd - 5 X 10-8 mol 
L - I ten-BuOH; ea1cd. from pH study. 

Int Hydp08en Rulfldli 

0 3 + H28 .... --3 x 10" 1-4.5 Continuous flow, soln. contg. 0.01-1 X 10-3 85A221 
mol L - J substrate and 6 X 10-3 mol 
L - l tert-BuOH; pK .. = 7. 

68 Sulfur dioxide 

Os + 802 '" 2.4 X 104 Evaluated from reported data. 86Z07'1 

64: Hydrogen 8ulftte Ion 

Os + H803 - .... 3.7 X 106 Evaluated from reported data; ED. = 46.0 86Z071 
kJ mol- I [77M362]. 
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TARLE 5. Rate constants for reactions of ozone in aqueous solution-Continued 

No. Reaction Ie (L mol- I S-I) pH Method Comment Ref. 

66 Sulftte Ion 

01) + 8°32
- -+ 1.5 X 101J Evaluated from reported dataj En. = 43.9 

kJ mol-I [77M362J. 
86Z0Tl 

68 Hydro.en sulfate Ion 

0 3 + H80 4-- <10- 4 2 D.k. at 258 nm in aoln. contg. 1 mol L- 1 85A221 
sulfate; pK", = 2.0: I: s 10-4 for 80 .. 2 -. 

6'7 Aeetaldehyde 

0a + CHaCHO'" 1.5 2 D.k. at 258 nm in soln. contg. 2-10 x 10-2 83A408 
mol L -I substrate. 

68 Aeetate radleal Ion 

0 3 + oCH2C02 - - 6aCH2C02- 1-1.5 x 10" 9-10 p.r. D.k. at 350 nm (oCH2C02 -), as well as 87A138 
p.b.k. at 430 nm (Oa -), in N 20-aatd. aoln. 
contg. (1.2J x 10-.1 mol L -I ozone and (1-
10) x 10- mol L -I acetate ion; computer 
simulation; ; product decomposea to 0°2 -, 

CO2 and CH2O. 

69 Aeetate Ion 

0 3 + CH3C02 - ... s3 x 10-5 D.k. at 258 nm; calcd. from atudy at pH 83A415 
2.5-5. 

10 Aeetle aeld 

0a + OHa002H -+ ::53 >< 10-5 D.k. at 2G8 om ill 801u. COIlt.S. 1 11101 L- 1 83A415 
substrate; pKa = 4.75j Ie calcd. from atudy 
at pH 2.5, 5. 

11 Aeetone 

Oa + CHaCOCHa ... 3.2 x 10-2 2 D.k. at 258 nm in ao1n. contg. 2-20 X 10-2 83A408 
mol L -/ aubstrate. 

81 N-Aeetyl.lyelne 

O:s + AcGly - 3 x 10- 1 3.7 s.f. D.k. at 285 nm in aoln. contg. 0.1 mol L- 1 84M376 
1.7 6.6 buffer. 

88 N-o.-AeetylhllJtldlne 

0 3 + AeHis ... 8.5 x 101) 4.5-5.9 B.f. D.k. at 285 nm in Boln. contg. 0.1 mol L- 1 84M375 
buffer; pKn. = 7.2. 

14 N-o.-Aeetylly.lne 

0 3 + AcLys -+ 1.0 x 105 6.0-7.1 s.r. D.k. at 285 nm in soln. contg. 0.1 mol L - t 84M375 
buffer; pKa = 10.53. 

16 N-E-Aeety lIy.lne 

0 3 + AcLys - 2.4 x 10.1 3.2-6.9 s.f. D.k. at 285 nm in aoln. contg. 0.1 mol L- 1 84M375 
buffer; pKa = 9.46. 

18 N-Aeetyleerlne 

0 3 + Ac8er -+ 1.5 5.7 s.f. D.k. at 285 nm in soln. eontg. 0.1 mol L- 1 84M375 
5.8 6.3 buffer. 
13.5 6.8 

07 Aery lonltrUe 

0 3 . + H2C=CHCN - 8.3 x 102 6.2 s.f. D.k. at 285 nm in 801n. contg. 0.1 mol L- 1 84M375 
8.7 x 102 7.0 buffer; Ea = 35 kJ mol-I. 
8.3 x 102 7.9 

88 Alanine, eonJugate aeld 

0 3 + AlaH+-+ --3 x lO- a 2 D.k. at 258 nm in 801n. eontg. 0.6 mol L - t 83A415 
substrate. 
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TA~LI~ 5. Rate· constants for reactions of ozone in aqueous solution-Continued 

No. Reaction Ie (L mol-I S-I) pH Method Comment Ref. 

89 Alanine 

0 3 + Ala- 6.4 x 10' O.k. at 258 nm in soln. cont.g. 1).1-8U x 83A41 
10'-:1 mol L -I substrate; pKa = 10.0; Ie 
calcd. from study at pH 5, 1. 

70 Alanine, negative Ion 

0 3 + Ala-- 7.6 x 10" s.f. D.k. at 285 nm in soln. contg. 0.1 mol L- 1 84M37 
buffer; Ie caled. for deprotonated amine from 
obs. Ie at pH 4.1-7.0 and pKa = 9.87; Ea = 
44.8 kJ mol" t. 

71 p-Alanlne 

0 3 + p-Ala- 6.2 x 10" 5,6 D.k. at 258 nm in soln. contg. 4-160 X 10-3 83A41, 
mol L -I substrate; pKa ...... 10.3; Ie calccl. 
from study at pH 5, 6. 

7. Allylben.ene 

0 0 + CeHsCHgCH=CHa - 1.2 X 101) 2.0 D.k. nf nEnnllJ (rl4lItd. by bl.lI.t!hing nf A3A401 

indigotrisulfooate) in soln. contg. 3-4 x 
10-6 mol L -I substrate and 2 x 10-:1 mol 
L -I PrOH. 

18 Anlllne 

0 3 + C6HI)NH2 - 9.0 X 107 D.k. at 258 nm in soln. contg. 2-15 x 10-6 83A411 
mol L -I substrate and 1 X 10-2 mol L- 1 

tert-BuOHi pK", = 4.6; Ir. calcd. for 
deprotonated amine from study at pH 1.2-2. 

'4 Anisole 

0 3 + C6HoOCH3 - 2.9 X 102 2 D.k. of ozone (detd. by bleaching of 83A401 
indigotrisulfonate) in soln. cont,. 0.5-8 X 

10-4 mol L -I substrate and 10-3 mol L - J 

PrOH. 

76 Arginine, negative Ion 

0 3 + Arg- - 6.7 x 10" s.r. D.k. at 285 nm in soln. contg. 0.1 mol L- 1 84M31 
buffer; Ie calcd. for deprotonated amine from 
obs. Ie at pH 3.5-7.0 and pKa = 8.99. 

78 Ase.orble ae.ld/Ase.orbate Ion 

0 3 + AH2 /AH- - 6.9 x 100 2.0 s.r. D.k.; soln. contg. Na phosphate; pKa = 4.1. 85N23: 
1.2 x 106 2.3 
8.0 x 106 3.2 
4.1 X 107 3.6 
5.6 x 107 4.8 

'1'1 Asparagine, negative Ion 

0 3 + H2NCOCIJ2CH(NH2)C02 - 4.2 x 10" s.f. D.k. at 285 om in soln. cont,. 0.1 mol I.-I 84M31 
buffer Ie calcd. for deprotonated amine from 
obs. Ie at pH 3.1-1.2; and pKa = 8.85. 

'18 Aspartate Ion 

0 3 + Asp- - 4.1 X 104 s.f. D.k. at 285 nm in soln. contg. 0.1 mol L- 1 84M37 
buffer" cakd. for deprotonated amine from 
obI'!. Ie a.t pH 4..2-6.8; a.nd pK ... = 9.82. 

'19 Ben.aldehyde 

0 3 + C6H"CHO - 2.5 1.7 D.k. of ozone (detd. by bleaching of 83A4m 
indigotrisulfonate) in soln. contg. 2-10 X 
10-3 mol L -1 substrate. 

80 Ben.ene 

0 3 + PhH- 2 1.7-3 D.k. of' ozone (detd. by bleachin~ of 83A40f 
indigotrisulfonate) in soln. contg. 1-10 X 
10-3 mol L -\ substrate. 
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TABLE 5. Rate constants for reactions of ozone in aqueous solution-Continued 

No. Reaction Ie (L mol- I s-l) pH Method Comment Ref. 

81 Benseneaulfonate Ion 

0 3 + C"H5S03 - - 2.3 X 10- 1 1.7-2 D.k. of ozone (detd. hy hleaching of 83A408 
indigotrisulfonate) in soill. contg. 1-80 x 
10-2 mol L -1 substrate and 0.06-0.8 mol 
L -I ten-BuOH. 

81 Benslmlda.ole 

0 3 + C7HoN2 - <10 add 81M438 

88 Ben.oate Ion 

0 3 + COH6C02 - ~ 1.2 5 D.k. of ozone (detd. by bleaching of 83A408 
indigotrisulfonate) in soln. contg. 1-10 x 
10-2 mol L -I substrate and 0.1-1 mol L- 1 

t",,.t-BuOH 

84: Benlo[ cr.]pyrene 

0 3 + C20H12 - 6 X 103 1-7 s.c. D.k. at 365 nm (7 x 10-8 mol L- 1 83A414 
b,m r.opYl'lI!nf!)_ 

86 Benlylamlne 

Os + COH5CHuNH2 - 6.3 X 10" s.f. D.k. at 286 nm in soln. contg. 0.1 mol L- 1 84M376 
buffer Ie calcd. for dellrotonated amine from 
oba. Ie at pH 2.5-7.4; and pK" = 9.33. 

80 Bromoform 

Os + CHBrs - s2 x 10-2 2 D.k. of ozone (detd. by bleaching of 83A408 
indigotrisulfonate) in Boln. contg. 7 x 
mol L -1 substrate. 

10-8 

8'1 I-Butanol 

0 3 + CH3(CH2)aOH - 6 x 10- 1 2.1 s.f. D.k. at 285 nm in soln. contg. 0.1 mol L- 1 84M375 
6 x 10- 1 3.2 buffer. 
7 x 10-1 5.8 
1.1 7.2 

5.8 x 10- 1 2 D.k. at 258 nm in soln. contg. 1-10 x 10-3 83A408 
mol L -1 substrate. 

88 I-Butanone 

0 3 + C2H5COCHs - 7 x 10-2 2 D.k. at 258 nm in soln. contg. 1-10 x 10-2 83A408 
mol L -I substrate. 

89 Butylamine 

Os + CHa(CH2)aNH2 - 1.2 x 106 s.f. D.k. at 285 nm in soln. contg. 0.1 mol L- 1 84M375 
buffer; Ie calcd. for deprotonated amine from 
obs. Ie at pH 5.7-8.0 and pK" = 10.77. 

1.7 x 101) D.k. at 258 nm in soln. contc. 0.01-10 x 83A415 
10-:' mol L -I substrate and 2 x 10-2 mol 
L- 1 NaHCOai pK/I. = 10.7, lecalcd. for 
deprotonated amine from study at pH 6-7; Ie 
< 0.02 for protonated amine . 

90 • ec-Butylamlne 

0 3 + C2H5CH(NH2)CHa - 5.2 x 104 s.f. D.k. at 285 nm in soln. contg. 0.1 mol L- 1 84M375 
buffer; Ie calcd. for deprotonated amine from 
obs. Ie at pH 5.4-7.9 and pK" = 10.63. 

91 ten-Butylamine 

Oa + (CHaJaCNH2 - 4.5 x 10" s.f. D.k. at 285 nm in soln. contg. 0.1 mol L- 1 84M375 
buffer; Ie calcd. for deprotonated amine from 
obs. Ie at pH 2.4-7.5 and pK" = 10.83. 

91 Butyrate Ion 

0 3 + n-CaH7C02 - - s6 X 10-3 D.k. at 258 nm; ca1cd. from study at pH 2- 83A415 
4. 
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TABLE 5. Rate constants for reactions of ozone in aqueous solution-Continued 

No. Reaction Ie (L mol- I S-I) pH Method Comment Ref. 

.8 Butyrle aeld 

0 3 + CHaCH2CH2C0 2H - $6 X 10-3 D.k. at 258 nm in Boln. contg. 0.05 mnl L- 1 83A411. 
substrate; pKa = •. 8.; Ie calcd. from study 
at pH 2-4. 

.4: Carbon tetraehlorlde 

0 3 + CCl4 - <5 x 10-3 2 D.k. at 258 nm in soln. contg. 5 X 10-3 83A40R 
mol L -1 substrate. 

98 Carboxymethylperoxyl radleal 

0 3 + ·00CH2C02 - - IImall 8SA22 \ 

91 Cateehol 

0 3 + 1,2-CcH .. (OH)2 - ~_l X 101) 2J;-~ •. f. C.k.; reI. to k(03 .+ CoHI)OH) ""'" 1.4 x 103 . 84M38:4 

.8 Chlorobenzene 

0 3 + CoHoC! - 7.5 x 10- 1 2 D.k. of ozone (detd. by bleaching of 83A408 
jlJdjgotrisuJfonate) in soln. contg. 0.8-3 X 

10-:1 mol L -I substrate and 1 x 10-3 mol 
L -1 PrOH; reI. to A:(Oa + ArH) where ArH 
= benzene, toluene or o-xylene. 

99 ChloroCorm 

Oa + CHCla - $1 X 10- 1 2 D.k. at 258 nm in soln. contg. 1-4 x 10-2 83A.08 
mol L -1 substrate. 

100 l-Chloronaphthalene 

Os + NpCI- -2 x 102 5.6 D.k. of ozone (detd. by bleaching of 86M314 
indigotrisulronate) in Boln. contg. 2.9-3.1 x 
10-6 mol L -1 naphthalene and 0.5-1.2 x 
10-G mol L - I ozone. 

101 I-Chlorophenol 

Os + CICoH40H - 1.1 x lOa D.k. of ozone (detd. by bleaching of 83A415 
indigotrisulfonate) in soln. contg. 0.004-1 x 
10-a mol L- 1 substrate and 3 X 10-s mol 
L -, tert-BuOH; pKa = 8.3; Ie calcd. from 
study at pH 1.8-4. 

102 J-CbJorophenoxlde Jon 

0 3 + 2-CICoH .. 0- - 2 x 108 D.k. of ozone (detd. by bleaching of 83A415 
indigotrisulfonate) in soln. contg. 0.00.-1 x 
10-3 mol L -I subst.rate and 3 X 10-3 mol 
L -l tert-BuOHj Ie calcd. from study at pH 
1.8-4. 

108 4:-Cblol'opbenol 

Oa + CICoH40H - 6.0 x 102 D.k. of ozone (detd. by bleaching of 83A415 
indigotrisulfonate) in soln. contg. 0.002-1 X 

10-a mol L -I substrate and 3 X 10-a mol 
L -I tert-BuOH: oKA = 9.2: Ie calcd. from 
study at pH 1.5-6. 

104: 4:-Chlorophenoxlde Ion 

0 3 + .-CICoH.,O- - 6 x lOR D.k. of ozone (detd. by bleaching of 83A415 
indigotrisulfonate) in soln. contg. 0.002-1 x 
10-0 mol L -I substrate and 3 x 10-:l mol 
L -1 terl-BuOH; Ie calcd. from study at pH 
1.5-6. 

106 Creatine 

0 3 + -5 X 10- 1 2 D.k. of ozone (detd. by bleaching of 83A415 
H2NC(=NH)N(CHa)CH2C02 - - indigotrisulfonate) in soln. contg. 5 X 10-2 

mol L- 1 substrate and 1 x 10-2 mol L- 1 

tert-BuOH. 
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TABLE 5. Rate constants for reactions of ozone in aqueous solution-Continued 

No. Reaetion Ie (L mol- 1 s-') pH Method Comment Ref. 

100 Creatlnlne 

0 3 + C.,H7N:sO ... -2 2,6 O.k. of ozonE' (t1"ltd. by bJ~aehing of 83A4J5 
illdigotrisutronate) in soll1. contg. 7-50 X 

10-3 mol L -1 substrate and 1-4 x 10-2 

mol L -1 te,t-BuOH. 

107 Cumene 

0 3 + C6H6CH(OH3)2 -+ 1.1 X 101 2.0 D.k. of ozone (detd. by bleaching of 83A408 
indigotrisulfonate) in soln. contg. 1.4 x 
10-" mol L -1 substrate and 0.1 mol L- 1 

te,t-BuOHj reI. to A:(Oa + ArH) where ArH 
= benzene, toluene or o-xylene. 

108 Cyelopentanol 

0 3 + c-C(;HOOH -+ 2.0 2 D.k. at 258 nm in soln. contg. 2-20 x 10-3 83A408 
mol L -, substrate. 

109 Cysteine 

0 3 + CysSH - 4.2 x 104 s.f. D.k. at 285 nm in soln. contg. 0.1 mol L- 1 84M375 
buffer: pKII. = 8.14; Ie calcd. from study at 
pH 1.7-3.6. 

3.0 x 10" 2 D.k. of ozone (detd. by bleaching of 83A415 
indigotrisulfonate) in soln. contg. 0.3-3 x 
10-1i mol L -I substrate and 1 X 10-2 mol 
L -, tert-BuOH. 

110 Cysteine, negative Ion 

0 3 + Cys- -+ 2.4 X 106 s.f. D.k. at 285 nm in soln. contg. 0.1 mol L- t 84M375 
buffer; 1r. caled. for deprotonated amine from 
study at pH 1.7-3.6. 

111 Cystine 

Oa + S2[CH2CH(NHs +)C02 -]2 ... 5.5 X 102 1.8 D.k. of ozone (detd. by bleaching of 83A415 
1 x 10:i 3.1 indigotrisulfonate) in 801n. contg. 0.02-0.2 X 

10-a mol L -1 8ubstrate and 1 X 10-2 mol 
L -I tert-BuOH. 

111 1,4-Dlehlorobensene 

Os + C6H4Cl2 - <3 2 D.k. of ozone (deid. by bleaching of 83A408 
indigotrisulfonate) in soln. contg. 5 x 10-6 

mol L - I substrate and 0.5 x 10-3 mol L- 1 

tert-BuOH. 

118 l,l-Dlehloroethylene 

0 3 + H2C=CCI2 -+ 1.1 X 102 2.0 D.k. at 258 nm in soln. contg. 4-40 x 10-5 83A408 
mol L - I substrate. 

114: ei .. l,l-Dlehloroethyl~ne 

0 3 + CIOH=CHCl -+ <8 x 102 2.0 D.k. at 258 nm in soln. contg. 6-20 x 10-5 83A408 
mol L -I substrate; 5% trans. 

]]6 tro ... l,I-Dlehloroethylene 

0 3 + CIOH=CHCI -+ 5.7 x 10:· 2.0 D.k. at 258 om in soln. contg. 3-10 X 10-1) 83A408 
mol L -, substrate and 10-:' mol L -1 te,t-
BuOH. 

110 Dlehlopomethane 

0 3 + CH2Cl2 - Sl X 10- 1 2 D.k. at 258 nm. 83A408 

117 I,a-Dlehlorophenol 

0 3 + Cl2CoHaOH -+ <2 x 103 2 D.k. of ozone (detd. by bleaching of 83A415 
indigotrisulfonate) in soln. contg. 0.03-0.3 x 
10-3 mol L-I 8ubet.rat.e and 3 x lO-:l mol 

L -I tert-BuOH; pKa = 7.7. 
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TABLE 5. Rate constants for reactions of ozone in aqueous solution-Continued 

No. Reaction k (L mol-I s-l) pH Met. hod Comment. Ref. 

118 I,-i-Dlehlorophenol 

0 3 + 0120 0H30H - <1.5 X 103 O.k. of ozone (det.d. by blf!"ehing of 83A41f 
indigotrisulfonate) in soln. contg. 0.03-0.3 x 
10-3 mol L - J subst.rate and 3 X 10-3 mol 
L -I terl-BuOH: pKa = 7.8: calcd. from 
study at pH 1.6-3. 

11. 1,4-Dlehlorophenoxlde Ion 

0 3 + 012CoH30- - -8 x 10° O.k. of ozone (detd. by bleaching of 83A411 
indigotrisulfonate) in soln. contg. 0.03-0.3 x 
10-3 mol L -I substrate and 3 x 10-3 mol 
L -I terl-BuOH: calcd. from st.udy at pH 
1.6-3. 

1.0 Dlcilh;ylalDlnc 

0 3 + (C2H,,)2NH - 6.2 x 106 s.f. D.k. at 286 nm in soln. contg. 0.1 mol L- 1 84M37 
buffer: k calcd. for deprotonated amine from 
obs. k at pH 4.1-7.6 and pKa = 10.49. 

.111 Dlethyl ether 

0 3 + (C2H,,)20 - 1.1 2 O.k. at 268 nm in loin. contg. 1.7-14 x 83A40l 
10-2 mol L -I substrate. 

111 Dlethyl malonate 

0 3 + C2H&02COH2C0202H6 - 6 x 10-2 2 O.k. at 268 nm in soln. contg. 8-70 x 10-3 83A40: 
mol L -I substrate. 

Iia N,N-Dlmethylaeetamlde 

0 3 + CH3CON(CH3)2 - 6 X 10-2 2.6 s.f. O.k. at 286 nm in soln. contg. 0.1 mol L- 1 84M37 
6 x 10- 1 3.3 buffer. 
7 x 10- 1 7.0 

114 Dlmethylamlne 

0 3 + (CH3)2NH - 1.9 x lOT O.k. at 258 nm in soln. contg. 0.04-4 x 83A41 
10-3 mol L -I substrate: calcd. from kobl! = 
0.13 ± 0.2 at pH 6-6. 

116 Dlmethylammonlum Ion 

0 3 + (CH3)2NH2 + - <1 X 10- 1 5-6 O.k. at 268 nm in soln. cont.g. 0.04-4 x 83A41 
10-3 mol L -I substrate: also studied by 
d.k. of ozone (detd. by bleaching of 
indigotrisulfonate) at pH 2: pKa = 11.0. 

III Dlmethylehloramlne 

0 3 + (OH3)2NCI - 1.9 x 103 1.6, 4.1 O.k. at 258 nm in soln. contg. 3-26 x 10-6 83A40' 
mol L -I substrate and 0-10 X 10-3 mol 
L -1 t,rl-BuOH; cor. for protonation, 
assuming Ie o (pK = 0.46). 

11'1 6,6-Dlmethyl-I,3-eyelohexanedlone 

0 3 + (CH3)20 0HO(=0)2 - >4 X lOG 2 Soln. contg. 2.7 x 10-6 mol L -1 substrate. 83A40 

118 1,3-Dlmethylphenol 

0 3 + (CH3)2CoH30H - 2.7 x 10" 2.5-3 s.f. C.k.; reI. to 1(03 + COH60H) = 1.4 x 103
• 84M3! 

II. I,-i-Dlmethylphenol 

0 3 + (OH3)200U30U - 1.1 X 106 2.5-3 s.f. O.k.; rei. to 1(03 + 0oU60U) = 1.4 x 103
. 84M3! 

lao I,I-Dlmethylphenol 

0 3 + (OH3)200U30U - 2.1 X 104 2.5-3 s.f. C.k.: reI. to 1(03 + CoR60R) = 1.4 x 103
. 84M3! 

lal a,-i-Dlmethylphenol 

0 3 + (CU3)2COU30H - 1.1 x 101) 2.5-3 s.f. O.k.; reI. to 1(03 + 0oU60R) = 1.4 x 103
. 84M3! 
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TABLE 5. Rate constants for reactions of ozone in aqueous solution-Continued 

No. Reaction 

182 Dimethyl sulfoxide 

0 3 + CHaSOCH:s -+ 

188 1,4-Dloxane 

0 3 + -0(CH2)20(C82 )2- -+ 

184: Dlpropyl sulftde 

0 3 + (CHaCH2CH2)2S -+ 

136 Ethanethlol 

186 Ethanol 

0 3 + C2H:;08 -+ 

131 Ethylbenzene 

0 3 + COHI)C2H5 -+ 

188 Formaldehyde 

0 3 + HCHO-+ 

180 Formate Ion 

0 8 + HC02--+ 

140 Formic acid 

U 8 + HCU2H -+ 

1 .. 1 FurnA.Ata Ion 

142 Fumaric acid 

0 3 + H02CCH=CHC02H -+ 

148 Glucose 

0 3 + glucose -+ 

8.2 
7.5 
7.2 
8.1 

3.2 x 10- 1 

>2 X 106 

4.5 X 10- 1 

5.9 x 10- 1 

1.4 
3.6 

3.7 X 10- 1 

1.4 X 10 1 

1.0 X 102 

5 

4.5 X 10-1 

9 X 10- 1 

2.3 
4.5 
6.0 
7.0 

2 

2 

2.1 
3.4 
7.0 
7.9 

2 

2.0 

2 

2 
5 

2 

2 
6 

Method Comment Ref. 

s.f. 

s.f. 

D.k. at 285 nm in soln. cont,g. 0.1 mol L- 1 84M375 
buffer. 

D.k. at 258 nm in 801n. contg. 6-50 x 10-3 83A408 
mol L - J substrate. 

D.k. of ozone (detd. by bleaching of 83A408 
indigotrisulfonate) in soln. contg. 8 x 10-6 

mol L -I lIubDtra.to a.nd 2 x 10-3 mol L- I 

tert-BuOH. 

O.k. nr nJ!nntll (dtllt.d. hy hl.At!hine: nr R3A40R 
indigotrisulfonate) in soln. contg. 8 X 10-8 

mol L -I substrate and 2 X 10-3 mol L- 1 

tert.-BuOH. 

D.k. at 285 nm in soln. contg. 0.1 mol L -I 84M375 
buffer. 

D.k. at 258 nm in soln. contg. 6-60 X 10-3 83A408 
mol L - 1 substrate. 

D.k. of ozone (detd. by bleaching of 
indigotrisulfonate) in soln. contg. 0.26-1 X 
10-3 mol L -I substrate and 0.1 mol L- 1 

tert-BuOH: reI. to A:(Oa + ArH) where ArH 
= benzene, toluene or (>oxylene. 

83A408 

D.k. at 258 nm in soln. contg. 7-60 x 10-2 83A408 
mol L -I substrate. 

D.k. at 258 nm; Ie calcd. from study at pH 83A415 
2-4. 

D.k. at 258 nm in soln. contg. 1-20 X 10-3 83A416 
mol L -I substrate and 10-3 mol L -1 PrOH: 
pK~ = 3.75; calcd. from study at pH 2-4. 

D.k. of ozone (detd. by bleaching of 83A415 
indigotrisulfonate) in soln. contg. 0.01-0.1 
mol L -I substrate and 1.5 x 10-3 mol L -1 

terl-BuOH: pKa. = 3.0, 4.4. 

D.k. of ozone (detd. by bleaching of 
indigotrisulfonate) in soln. contg. 1-10 X 

10- 4 mol L -I substrate and 1.5 x 10-3 

mol L - I tert-BuOH. 

83A408 

D.k. at 258 nm in soln. contg. 5-100 X 10-3 83A408 
mol L -I substrate. 
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TABIJE 5. Rate constants for reactions of ozone in aqueous solution-Continued 

No. Reaction Ie (L mol-I S-I) pH Method Comment Ref. 

14:4: Glutamate lon 

O:J + Olu- -+ 2.0 x 104 8.t. D.k. at. 28G nm in agln. egnt.g. 0.1 mnl 1 ... - 1 84M371i 
buffer; Ie calcd. for dcprototlated amine from 
obs. Ie at pH 4.3-8.8 and pKa = 9.47. 

14:& Glutamine 

Os + Gln- 2.8 x 10" s.f. D.k. at 285 nm in soln. contg. 0.1 mol L- I 84M375 
buffer; Ie calcd. for deprotonated amine from 
obs. Ie at pH 3.4-7.0 and pKa = 9.28. 

14:& Glutapate Ion 

0 3 + C6H60.,2- - 8 X 10-3 D.k. at 258 nmi ealed. from study at pH 4- 83A415 
6. 

14:'1 Glutaric acid 

0 3 + H02C(CH2)aC02H - <8 x 10-3 D.k. at 258 nm in soln. conti. 0.2-0.6 mol 83A415 
L -I substrate; pKa = 4.3, 6.4; caled. from 
study at pH 4-6. 

14:8 Glutathione 

0 3 + GSH- 2 x 104 s.f. D.k. at 285 nm in soln. eontl. 0.1 mol L- I 84M376 
butler; pKa = 8.15; A: calcd. from study at 
pH 1.9-3.1. 

14:0 Glutathione, nesatlve Ion 

0 3 + GS- - 4 X 106 s.f. D.k. at 285 nm in soln. conti. 0.1 mol L- 1 84M316 
buffer; Ie calcd. from study at pH 1.9-3.1. 

1&0 Glycine 

0 3 + Gly - 1.3 x 101) D.k. at 268 nm in loin. contg. 0.03-3 x 83A416 
10-3 mol L - I substrate; pK = 9.9; Ie for 
zwitterion calcd. from study at pH 6-7. 

1&1 Glycine, conJusate acid 

0 3 + H3N+CH2C02H - -5 x 10-2 2 D.k. at 258 nm in loin. eontg. 0.6 mol L- 1 83A415 
substrate. 

I&Z Glycine, nesatlve Ion 

U 3 + H 2N(,;H2(,;U2 - 2.1 X 10(; s.f. U.k. at 286 nm in soln. conti. U.l mol L I 84M37!) 

buffer; Ie calcd. for deprotonated amine from 
obs. Ie at pH 2.4·7.6 and pKa = 9.18; Ea = 
33 kJ mol- J • 

1&1 Glyoxylate Ion 

O:J + HCOC0 2 - - 1.9 D.k. at 258 nmi calcd. from Itudy at pH 83A415 
1.5-5. 

1&4 Glyoxylic acid 

0 3 + HCOC02H - 1.7 x 10- 1 D.k. at 258 nm in soln. contg. 1-16 X 10-8 83A415 
mol L- 1 substrate and 1.5 x 10-2 mol L- 1 

tcrt-BuOH; pK" - 3.9; " calcd. 'rom study 
at pH 1.5-5. 

1&& a· Hexenoate Ion 

0 3 + CHaCH2CH2 CH-CHC02 - 3.4 x 101) a.'. D.k. at D86 nm in soln. cont.g. 0.1 mol L- 1 84M31S 
-+ buffer; pKa 6.69; Ie calcd. from study at 

pH 2.4-7.2. 

1&& I-Hexenoate Ion 

0 3 + CHaCH2CH=CHCH2C02 - 1.9 x 106 s.f. D.k. at 285 nm in 801n. conti. 0.1 mol L- 1 84M315 
buffer; no pH dependence. 
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TAAJ,I~ 5. Rate constants for reactions of ozone in aqueous solution-Continued 

No. Reaction Ie (L mol- I s-I) pH Method Comment Ref. 

16'1 I-Hexen-8-ol 

0;1 + CHaCH2 CH 2 CH(OH). ~1.0 x lOr, 2.0 D.k. at 258 nm in floln. contg. 3 x 10-6 8~"408 

CH=CH2 - mol L-- 1 substrate and 4 X 10-3 mol L- 1 

PrOH. 

168 1-Hexen-4-o1 

0 3 + --1.8 x lOr, 2.0 D.k. at 258 nm in soln. contg. 3 X 10-6 83A408 
CH3CH2CHOHCH2CH=CH2 - mol L -I substrate and 4 X 10-3 mol L- 1 

tert-BuOH. 

169 lUat.ldlne, negat.lve lon 

0 3 + His- - 2.1 x 105 I!..f. D.k. at 285 nm in 801n. contg. 0.1 mol L- I 84M375 
buffer; Ie calcd. for deprotonated amine from 
obs. Ie at pH 2.2-7 and pKa = O. 

180 Hydroqulnone 

0 3 + 1,4-C6H4(OH)2 - 1.5 X 106 2.5-3 s.r. C.k.; reI. to Ic(0a + COH50H) = 1.4 x 103
. 84M383 

181 Hydroxymethane8ulfonate Ion 

0 3 + HOCH2S03 - - <1 X 10- 1 3-6 O.k. at 258 nm in soln. contg. 10-2 mol 85A22l 
L -I substrate. 

182 Imidazole 

0 3 + 1m - 2.4 x 10° s.f. D.k. at 285 nm in soln. contg. 0.1 mol L- 1 84M375 
buffer; /c calcd. for deprotonated amine from 
cbs. Ie Q.t pH 2.3-'.2 Q.nd pK .. """" 6.05; En. """" 
27 kJ mol- t . 

4.0 X 101) O.k. of ozone (detd. by bleaching of 83A415 
indigotrisulfonate) in soln. contg. 0.007-0.7 
>< 10-3 mol L -) rsubrst,ratej ca.lcd. from 
study at pH 2-6. 

183 Imlda:lollum Ion 

0 3 + ImH+ - 2.2 x 10· D.k. of ozone (detd. by bleaching of 83A415 
indigotrisulfonate) in 801n. contg. 0.007-0.7 
x 10-a mol L -I substrate; pKII. = 7.1, 
calcd. from /cobe = 2.3-15 X 101 at pH 2-6. 

164 L-I801euelne, negative Ion 

0;", + lIe- - 5.6 X 10.1 s.f. O.k. at 285 nm in soln. contg. 0.1 mol L- 1 84M375 
buffer; Ie calcd. for deprotonated amine from 
obs. Ie at pH 3.3-7.0 and pK. = 9.76. 

166 Leuelne, negative Ion 

0 3 + Leu- - 5.3 X 10" s.f. O.k. at 285 nm in soln. contg. 0.1 mol L- 1 84M375 
buffer; Ie calcd. for deprotonated amine from 
obs. Ie at pH 4.9-7.0 and pKa = 9.74. 

168 Llnolele acid 

0 3 + LH- 1 X 106 2.7 s.f. D.k. at 255 nm in phosphate buffer contg. 86A428 
SDS. 85N238 

16'1 LY81ne, negative Ion 

0 3 + Lys- - 3.1 x 10" s.f. O.k. at 285 nm in soln. contg. 0.1 mol L- 1 84M375 
buffer; /c calcd. for deprotonated amine from 
obs. Ie a.t pH 4.0-7.0 and pKn, = 9.18. 

168 Maleate Ion 

0 3 + CtB- -02CCH=CHC02 - - 2.4 X 101 s.f. O.k. at 285 nm in soln. contg. 0.1 mol L-( 84M375 
buffer; Ie caJcd. from obs. Ie at pH 2.1-7.9 
and pK" 6.07. 

1 X 103 2 O.k. of ozone (detd. by bleaching of 83A415 
5 X 10;~ 6 indigotrisulfonate) in soln. contg. 0.01-0.07 

mol L -\ substrate and 1.5 X 10-3 mol L- 1 

tert-BuOH; pKa = 1.8, 6.1. 
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TABLF.: 5. Rate constants for reactions of ozone in aqueous solution-Continued 

No. Reaction Ie (L mol- I S-I) pH Method Comment Ref. 

18e Malonate Ion 

0 3 + CH2(C02 -)2 -+ 7 D.k. at 258 nm; calcd. from study at. rH 2. 83AH5 

170 Malonle aeld 

0 3 + H02CCH2C02H -+ <4 D.k. at 258 nm in soln. contg. 2-20 X 10-3 83A415 
mol L -1 substratej pKa = 2.8, 5.7j Ie caJcd. 
from study at pH 2. 

171 Methanol 

0 3 + CHaOH-+ -2 X 10-2 2-5 D.k. at 258 nm in soln. conti. 0.6 mol L- 1 83A408 
substrate. 

178 Methionine 

0a + Met - 4 X 108 2.4-7.0 C.k. In soln. contg. 0.1 mol L- 1 buffer; reI. 84M3T5 

to k(Oa + TrpH). 

>5 X 101i 2.0 D.k. of ozone (detd. by bleaching of 83A415 
indigotrisulfonate) in soln. contg. 3 X 10-6 

mol L -I substrate and 1 X 10::1 mol L 1 

te,t-BuOH. 

174: Methionine sulfone 

0 3 + Met(S02) -+ 1.5 X 10e s.f. D.k. at 285 nm in soln. cant,. 0.1 mol L- 1 84M375 

buffer; pKn. = 9.21; calcd. for deprotonated 
amine from study at pH 3.2-7.4. 

17& Methionine sulfoxide 

0 3 + Met(SO) - 6.6 X 10" s.f. D.k. at 285 nm in soln. contg. 0.1 mol L- 1 84M375 
buffer: pKn = 9.21: caJcd. for deprotonated 
amine from study at pH 2.3-7.4. 

178 N-Methylaeetamlde 

Oa + CHaCONHCHa - 6 X 10- 1 7.2 s.f. D.k. at 285 nm in soln. contg. 0.1 mol L- 1 84M375 
buffer. 

177 Methylamine 

0 3 + CHaNH2 - <1.4 ;,( 10° D.k. at 258 nm in soln. contg. 0.02-2 x 83A415 
10-3 mol L -, substrate and 2 x 10-2 mol 
L -1 NaHCOa: pKa = 10.7, ca1cd. from 
study at pH 7-8. 

178 Methyl ben.oate 

0:) + CoHGC0l.}CHO -+ 1.1 2 D.k. of ozone (detd. by bleachinlt of 83A408 
indigotrisulfonate) in soln. contg. 1 mol L- 1 

substrate and 0.1 mol L -\ tert-BuOHj reI. 
to k(03 + ArH) where ArH = benzene, 
toluene or o-xylene. 

179 Methylehloramlne 

Oa + CHaNHCI - 8.1 x 102 4.2, 6.1 D.k. at 258 nm in soln. contg. 3.9-17 x 83A409 
10-5 mol L -, substrate, 0-10 x 1O-:~ mol 
L -I tert-BuOH. 

180 Methyldlehloramlne 

0 3 + CHaNCl2 - <10-2 2 D.k. at 258 nm in soln. contg. 2.1 x 10-3 83A409 
mol L -I substrate, 10-2 mol L -I tert-
BuOH. 

181 4:-Methyllmldalole 

0 3 + C"HoN2 -+ 3.1 X 100 s.f. D.k. at 285 om io 8010. cootg. 0.1 mol L -I 84M375 
buffer: Ie calcd. for deprotonated amine from 
obs. Ie at pH 2.2-6.9 and pKII. = 7.52. 
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TABU\! 5. Rate constants for reactions of ozone in aqueous solution-Continued 

No. Reaction Ie (L mol- l s-J) pH Method Comment Ref. 

181 Meth;yl llnoleate 

0 3 + C II)H3 ,,02 - 1.1 x 10° 4.2, 5.7 s.f. D.k. at 255 nm in phosphat.e buffer cont,p;. 86A428 
SDS. 85N238 

188 I-Meth;ylnaphthalene 

Os + C IOUTCHs - '-1 x lOS 5.6 D.k. of ozone (detd. by bleaching of 86M314 
indigotrisulfonate) in soln. contg. 4-4.6 X 

10-0 mol L -J naphthalene and 0.4-1.1 X 

10--6 mol L -J ozone. 

184: Methyl oleate 

Os + CloHa602 - -9 x 106 2-6.8 s.f. D.k. at 255 nm in phosphate buffer contg. 86A428 
SDS. 85N238 

186 I-Meth;ylphenol 

Oa + CHaC6H .. OH - 6.2 X 103 2.5-3 s.f. C.k.; reI. to k(0s + COH60H) = 1.4 x 103 • 84M383 

1.2 X 10" 1.5, 2.0 D.k. of ozone (detd. by bleaching of 83A415 
indigotrisulfonate) in loin. contg. 0.01-0.1 
10-3 mol L -1 substrate and 7 x 10-3 mol 
L -1 tert-BuOH; pKa = 10.2. 

180 8-Meth;ylphenol 

0 3 + 3-CH3CoH40H - 6.2 X 103 2.6-3 s.f. C.k.; reI. to k(0s + CoHr,OH) == 1.4 x 103
. 84M383 

1.3 x 104 1.6, 2.0 D.k. of ozone (detd. by bleaching of 
indigotrisulfonate) in soln. contg. 4 X 10-6 

83A415 

mol L -I substrate and 7 X 10-lS mol L- 1 

tert-BuOH; pKa = 10.0. 

18f ~Meth;ylphenol 

0 3 + CHS C6H"OH - }.5 X 10" 2.5-3 s.f. C.k.; reI. to A:(O:J + CoHljOH) = 1.4 X 103
• 84M383 

3.0 X 10" 1.6, 2.0 D.k. of ozone (detd. by bleaching of 83A415 
indigotrisulfonate) in soln. contg. 0.01 X 

10-3 mol L -I substrate and 7 x 10-3 mol 
L -1 tert-BuOH; pKa = 10.2. 

188 I-Meth;yl-2-propanol 

0 3 + (CHahCOH - '-3 x 10-8 2-6 D.k. at 258 nm in soln. contg. 0.6 mol L- 1 83A408 
substrate. 

180 Naphthalene 

0 8 + C 10H8 - -1.5 X 103 5.6 D.k. of ozone (detd. by bleaching of 86M314 
indigotrisul.fonate) in soln. c.ontg. 4-7 x 
10-4 mol L -J naphthalene and 0.6-1.1 X 

10-6 mol L -1 ozone; Ea == 8 kcal morJ. 

3.0 X 103 2 D.k. of ozone (detd. by bleaching of 83A408 
indigotrisulfonate) in soln. contg. 0.2-14 x 
10-6 mol L -1 substrate and 10-8 mol L- 1 

tert-BuOH. 

190 Nltrlloi;rlDocetDotc Ion 

0 3 + NTA3
- - 8.3 X 10 1 2 D.k. at 258 nm in soln. contg. 2.25 x 10- 1 80U373 

mol L -I 0 3 and 1.05-3.61 ;( 10-:1 NTA. 

101 Nltrobcn.ene 

0 3 + CeH5N02 ... 9 x 10-2 2 D.k. of ozone (detd. by bleaching of 83A408 
indigotrisulfonate) in soln. contg. 5-10 X 

10-3 mol L -I nitrobenzene and 0.5-1 mol 
L -I te,t-BuOH. 
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TABI.E 5. Rate constants for reactions of ozone in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 s-I) pH Method Comment Ref. 

UJI f-Nltrophenol 

0 3 + 4-0 2NCoH..OIl - <5 x 10 1 D.k. of ozone (df!'!td. by hlea~hinf( of 83A415 
illdigotrhllllfonate) in loin. coutl. 0.tn-1.4 x 
10-3 mol L -I lubstrate and 2-7 X 10-a 

mol L -1 tert-BuOIl; pKa. = 7.2; Ie ealcd. 
from study at pH 1.5-3.0. 

UJS 4:-Nltrophenoxlde Ion 

0 3 + 4-N02C6H.tO- -+ 1.6 x 107 D.k. of ozone (detd. by bleaching of 83A415 
indigotrisulfonate) in soln. contg. 0.01-1.4 x 
10-a mol L- 1 substrate and 2-7 X 10-3 

mol L -I tert-BuOH; calcd. from study at pH 
1.5-3.0. 

UJ4: N-Nltrollodlmeth;ylamlne 

Oa + (CHa)2NNO .. -1 X 10' 5 D.k. of ozone (detd. by bleaching of 83A415 
indigotrisulfonate) in soln. contg. 4 x 10-3 

mol L -1 substratf! and 1-80 X 10-3 mol 
L -. tert-BuOH. 

196 1-0danol 

0 3 + CHa(CH2hOH - :s8 X 10- 1 2 D.k. at 258 nm in soln. contg. 0.8-1.4 x 83A408 
10-3 mol L -I substrate. 

196 Oetanal 

Og + CH:t(CH2)6CHO .. 8 1.8-5 D.k. at 258 nm in soln. cont,.. 1-2 X 10~4 83A408 
mol L -1 substrate. 

191 OJele aeld 

0 3 + 1 X 100 2.5-3.1 s.f. D.k. at 255 nm in phosphate butter contg. 86A428 
CHa(CH2hCH=CH(CH2hC02H SDS. 85N238 

198 Oxalate Ion 

0 3 + -02CC02 - -+ s4 X 10-2 D.k. at 258 nm in 801n. contg. 0.1-0.5 mol 83A415 
L"! substrate; pKa = 1.2, 4.2: Ie caled. 
from study at pH 5-6. 

199 Pentachlorophenol 

0 3 + C6CIl)OH .. >3 X 10" 2 D.k. of ozone (detd. by bleaching of 83A415 
inrligotrisulfollate) in soln. contg. 0.3 x 
10 -3 mol L -I su bstrate and 3 x 10-3 mol 
L- 1 AcOH; pKa = 4.7. 

200 2-Pentanone 

0:-$ + CHaCH2CH2COCHa - '-2 X 10-2 2 D.k. at 2!l8 nm in soln. contg. 6 x 10-3 83A408 
mol L -I substrate. 

101 Phenanthrene 

0 3 + Ct-1H IO -+ 1.6 X 104 7 s.f. D.k. at 292 nm (1.6 x 10-6 mol L- 1 83A414 
phena.nt.hrene). 

202 Phenol 

0 3 + C6H5OH" 1.3 x 103 D.k. of ozone (detd. by bleaehing of 83A415 
iudigoLcisulfonaLe) in 801n. cout.g. 0.4-4 X 

10-1) mol L - J substrate and 3 x 10-a mol 
L -1 tert-BuOIl;pKa. = g.g; Ie calcd. from 
study at pH 2-6. 

208 Phenoxlde Ion 

0 3 + C6 H50- .. 1.4 X 109 D.k. of ozone (detd. by bleaching of 83A415 
indigoirisulfonate) in soln. contg. 0.4-4 x 
10-5 mol L -[ lIub.bat@! and 3 x 10-3 mnl 

L -1 tert-BuOH; caled. from study ai pH 2-6. 
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TABLE 5. Rate constants for reactions of ozone in aqueous solution-Continued 

No. Reaction Ie (L mol- I s - I) pH Method Comment Ref. 

204: Phenylalanine, negative Ion 

0 3 + Phe- -+ 3.8 x 10° s.f. D.k. at 286 nm in soln. eont,;. 01 mol t.- I R4M375 
buffer: Ie calcd. for deprot.onated amine from 
obs. Ie at pH 2,3-7.0 and pKa = 9.24. 

206 L-Prollne, negative Ion 

0a + Pro- -+ 4.3 x 106 s.f. D.k. at 285 nm in soln. contg. 0.1 mol L- I 84M375 
buffer; Ie caled. for deprotonated amine from 
obs. /c at pH 1.9-8.2 and pKa = 10.6. 

Z06 I-Propanol 

0 3 + CHaCH2CH20H -+ 3.7 x 10- 1 2 D.k. at 258 nm in soln. contg. 6-60 x 10-3 83A408 
mol L - I substrate. 

10'1 I-Propanol 

0 3 + (CH3)2CHOH -+ 1.9 2 s.f. D.k. at 285 nm in soln. contg. 0.1 mol L- 1 84M375 
2.5 2.2 buffer. 
O.S 3.1 

2.9 5.9 
3.5 7.0 

1.9 2·6 D.k. at 258 nm in soln. contg. 2-30 x 10-3 83A408 
Dlol L -1 eubet.ra.i:.e. 

208 Proplonaldehyde 

0 3 + C2HI;CllO -+ 2.5 2 D.k. at 258 nm in soln. contg. 3-30 x 10-2 83A408 
mol L -1 substrate. 

209 Propionate Ion 

0 3 + CHaCH2C02 - -+ 1 X 10-3 D.k. at 258 nm; calcd. from study at pH 2- 83A415 
5. 

110 Proplonle add 

0 3 + C2H5C02H -+ <4 x 10- 4 D.k. at 258 nm in soln. cont.g. 1 mol L- 1 83A415 
substrate; pKa = 4.9; Ie calcd. from study 
at pH 2-5. 

Zll Propyl aeetate 

0 3 + CHaC02CH2CH2CH3 -+ 3 x 10-2 2 D.k. at 258 nm in soln. contg. 13 x 10-2 83A408 
mol L -I substrate and 1.5 X 10-2 mol L- 1 

tert.-BuOH. 

Zll Propylamlne 

0 3 + CHaCH2CH2NH2 -+ <1 x 10-2 2 D.k. at 258 nm. 83A408 

Zla Propylammonlum Ion 

O,! + CH~t(CB2)?NH!t + -+ :::;:;1 x 10-2 2 D.k. at 258 nm in soln. contle. 2-4 x 10- 1 83A415 
mol L - 1 substrate. 

214 Pyrene 

O!l + CUIH IO -+ 4 X 101 1-7 s.f. D.k. at 334 nm (2.5 x 10-7 mol L- 1 83A414 
pyrene). 

216 Pyridine 

0 3 + py -+ 3 D.k. of ozone (detd. by bleaching of 83A415 
indigotril:mlfonate) in soln. contg. 3 )( 10-2 

mol L- 1 substrat.e and 7 )( 10"2 mol L-· 1 

tert-BuOH; /c calcd. from study at. pH 3-7. 

216 PYl'ldlnlum Ion 

0 3 + pyH+ -+ 1 x 10-2 D.k. of ozone (deld. by bleaching of 83A415 
illdigolrislIlfollate) in 801n. contg. 3 X 10-2 

mol L' I substrate and 7 X 10-.1 mol L- 1 

tert-HuOn; pK,. = 5.2, calcd. from /cobs = 
0.05-3 at pH 3-7. 
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TABLE 5. Rate constants for reactions of ozone in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 S-I) pH Method Comment Ref. 

11'1 Resorcinol 

Oa + 1,3-C6 H,,(08)2 - 9.8 X 10" 2.5-3 s.f. C.k.: reI. to /c(Oa + CnH"On) = t.4 X lOa. 84M383 

>3 x 10" 2 D.k. of ozone (detd. by bleaching of 83A415 
indigotrisulfonate) in soln. contg. 3 x 
mol L -1 substrate. 

10-6 

:U8 Salicylate Ion 

0 3 + 2-HOC6H4C02 - -+ 3.0 X 10" D.k. of ozone (detd. by bleaching of 83A416 
indigotrisulfonate) in soln. contg. 0.03-1 x 
10-" mol L -I substrate and 4 x 10-3 mol 
L -1 ten-BuOH: calcd. from study at pH 3-7; 
pKa = 3, 13.4. 

aUJ Salicylic aeld 

0 3 + HOC6 H4C02H -+ <5 x 102 1.2 D.k. of ozone (detd. by bleaehing of 83Ao415 
indieotrisuifonate) in soln. contg. 0.1-1 x 
10- 1 mol L -I substrate and 4 x 10-3 mol 
,,-I tl!f't..RuOH: f'lKa = ~_ 

210 Serine, nesatlve Ion 

0 3 + Ser- -+ 1.3 x 106 s.f. D.k. at 286 nm in 801n. contg. 0.1 mol L- 1 804M375 
buffer: Ie calcd, for deprotonated amine from 
obs. Ie at pH 2.6-7.0 and pKa. = 9.21. 

211 Styrene 

0 3 + C68t;CH=CH2 - -3 x 105 2.0 D.k. of ozone (detd. by bleaching of 83Ao408 
indieotrisulfonate) in soln. contg. 7 x 10-6 

mol L -, substrate and 10-:1 mol L -, tert-
BuOH. 

223 Sucelnate Ion 

0 3 + -02CCH2CH2C02 - -+ 3 X 10-2 D.k. at 258 nm: calcd. from study at pH 4- 83A415 
6. 

128 Sucelnle aeld 

0 3 + H02CCH2CH2C02H -+ <3 D.k. at 258 nm in loin. contg. 0.1-0.7 mol 83A415 
L -I substratE'; pKn. = 4.2, 5.6; Ie calcd. 
from study at pH 4-6. 

224 Sucrose 

0 3 + C'2H220 '1 5 X 10- 1 2.1 s.f. D.k. at 2,85 nm in soln. contg. 0.1 mol L- 1 84M375 
1.1 3.5 buffer. 
2.8 0.9 
1.6 X 10 1 7.8 

1.2 X 10- 1 2 D.k. at 258 nm in soln. conte. 0.5-10 X 83A408 
10-2 mol L - J substrate and 2-20 x 10-2 

mol L -I tert-BuOH. 

22& Tetraehloroethylene 

0 3 + CI2C=CCI2 -+ <1 X 10- 1 2.0 D.k. at 258 nm in soln. contg. 7 X 10-4 83A408 
mol L - 1 su bstrate. 

228 Tetrahy drot'u ran 

0 3 + THF - 6.1 2.2 s.f. D.k. at 285 nm in soln. contg. 0.1 mol L- I 84M375 
6.8 2.7 buffer. 
7.4 6.0 
7.8 7.0 
1.4 x 10 1 8.1 

32'1 Threonine, nesatlve Ion 

0 3 + Thr- -+ 4.5 X 10" s.f. D.k. at 285 nm in soln. contg. 0.1 mol L- 1 84M375 
buffer; Ie calcd. for deprotonated amine from 
obs. Ie at pH 2.3-7.0 and pKa = 9.10. 
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TARLE 5. Rate constants for reactions of ozone in aqueous solution-Continued 

No. Reaction Ie (L mol-I S-I) pH Method Comment Ref. 

228 Cl-Toeopherol 

0 3 + ArOH ...... ArO- 1.3 x 10.1 2.3 s.r. O.k. at 2G5 • 292, or 2~3 nm in phosphate- 86A42R 
1.5 x 10.1 2.8 buffer contg. SDS. 86N238 
2.2 x 10" 2.9 
1.1 x lOt) 4.8 
3.2 x 10" 6.3 
6.6 x lOt) 6.8 
7.5 x lOr, 7.0 
7.3 x 10° 7.1 

229 Cl-Toeopheryl aee~ate 

0 3 + ArOAc ...... 1.3 x 101 2.3 s.r. O.k. at 255 nm in phosphate-buffer contg. 86A428 
1.5 x 10" 5.8 SDS. 
1.8 X 101 6.9 

230 Toluene 

0 3 + C 6H5CH3 ...... 1.4 X 10 1 1.7 D.k. of ozone (detd. by bleaching of 83A408 
indigotrisulfonate) in soln. contg. 0.4-4 x 
10-:~ mol L -I substrate. 

231 1,2,",-Trlehloroben lene 

0 3 + 00H3C1a - <1.6 2 D.k. of ozone (detd. by bleaching of 83A408 
indigotrisulfonate) in soln. contg. 5 x 10-" 
mol L -I substrate and 10-2 mol L- 1 tert-
BuOH. 

232 Trlehloroethylene 

0 3 + CIOH=CCI2 - 1.7 X 10 1 2.0 O.k. at 258 nm in soln. contg. 6-60 x 10-5 83A408 
mol L -I substrate. 

233 2,4:,6-Trlehlorophenol 

0 3 + C13C 6H20H - <3 x 103 D.k. of ozone (detd. by bleaching of 83A415 
indigotrisulfonate) in soln. contg. 0.2-0.3 X 

10-3 mol L -1 substrate and 3 X 10-3 mol 
L - 1 te,t-BuOH; pKII. = 6.9; Ie calcd. from 
study at pH 1.2-1.5. 

23"' 2,4:,6-Trlehlorophenoxlde Ion 

0 3 + C13 CoH20- ...... >1 x IOU D.k. of ozone (detd. by bleaching of 83A415 
indigotrisulfonate) in soln. contg. 0.2-0.3 x 
10-3 mol L -I substrate and 3 x 10-3 mol 
L -I te,t-BuOH; calcd. from study at pH 
1.2-1.5. 

236 2,",,8-Trlehlorophenol 

0 3 + C13C6 H2 0H -+ <1 x 10" O.k. of ozone (detd. by bleaching of 83A415 
indigotrisulfonate) in soln. contg. 0.2-0.3 x 
10-3 mol L -I substrate and 3 x 10-3 mol 
L -I te,t-BuOH; pKa. = 6.1; Ie calcd. from 
study at pH 1.3-1.5. 

238 2,4,8-Trlehlorophenoxlde Ion 

0 3 + Cl:~CoH20- ...... > 1 X 108 O.k. of ozone (detd. by bleaching of 83A415 
indigotrisulfonate) in soln. contg. 0.2-0.3 x 
10-3 mol L-' substrate and 3 x 10-3 mol 
L -I tert-BuOH; calcd. from study at pH 
1.3-1.5. 

23'1 Triethylamine 

0 3 + (C2H6)3N - 2.1 x 10° s.f. D.k. at 285 nm in solo. contg. 0.1 mol L- 1 84M375 
buffer; Ie calcd. for deprotonated amine from 
obs. Ie at pH 5.3-7.1 and pKa. = 11.1. 
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T AALE 5. Rate constants for reactions of ozone in aqueous solution-Oontinued 

No. Reaction Ie (L mol-I S-I) pH Method Oomment Ref. 

la8 Trlmethylaeetate Ion 

0 3 + (CH:1hOC02 - - -2 X 10-3 5.1-5.8 s.f. D.k. at 285 nm in lIoln. cont.g. 0.1 mol J.- 1 84M371 
buffer. 

189 Trimethylamine 

Oa + (OHa)aN - 4.1 x 106 D .k. at 258 nm in soln. contg. 2·200 x 10-3 83A4U 
mol L -I substrate and 1 x 10-3 mol L-' 
PrOH; pK" = 9.9, Ie calcd. for deprotonated 
amine from study at pH 3-5. 

14:0 1,1,8-Trlmethylbensene 

0 3 + °oH3 (OH3 )3 - 4.0 X 102 1.7 D.k. of ozone (detd. by bleaching of 83A40E 
indigotrilulfonate) in loIn. contg. 6-20 x 
10-1i mol L- 1 substrate. 

14:1 1,8,6-Trlmethylbenzene 

Oa + 06H3(OH3)3 - 7.0 X 102 1.7 D.k. of ozone (detd. by bleaching of 83A40E 
indigot.ri15ulfonat.c) in 1501n. contg. 6-10 x 
10-1i mol L -l substrate. 

14:1 Tryptophan 

0 3 + TrpH - '1 x 106 !.4-'1.0 C.k. in Doln. cont.,... 0.1 mol L -I huR'er; reI. 84M3,., 
to A:(Oa + 3-hexenoate). 

24:8 Urea 

0 3 + H2NOONH2 - -5 X 10-2 2-7 D.k. at 258 nm in loin. contg. 2-13 x 10-2 83A40E 
mol L -I lubstrate. 

14:4: Urle aeld 

0 3 + Or;H.IN"O:1 - 1.4 x 106 1.9-6.1 s.f. D.k. in soln. contg. Na phosphate; pK" = 85N23~ 

5.4. 

246 Vallne, negative Ion 

0 3 + Val- - 6.8 x 10" 3.9-8.1 s.f. D .k. at 285 nm in soln. contg. 0.1 mol L- I 84M371 
buffer; Ie calcd. for deprotonated amine from 
obs. Ie at pH 3.9-8.1 and pKa = 9.72. 

148 m-Xylene 

0 3 + C6H .. (OH3)2 - 9.4 X 101 2.0 D.k. of ozone (detd. by bleaching of 83A40e 
intiigotrisulfonate) in soln. contg. 2-5 x 
10-" mol L -I substrate and 10-3 mol L- 1 

tert-BuOH. 

241 o-Xylene 

Oa + 06H4(OH3)2 - 9.0 X 101 1.7-5 D.k. of ozone (detd. by bleaching of 83A40a 
indigotrisulfonate) in 801n. contg. 0.3d8 X 
10-4 mol L -1 substrate. 

14:8 ,..Xylene 

0 3 + °oH4(OH3)2 - 1.4 X 102 2.0 D.k. of ozone (detd. by bleaching of 83A408 
indigotrisulfonate) in soln. contg. 2-5 X 
10-4 mol L -I substrate and 10-:1 mol L- I 

tert-BuOH. 
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TABLE 6. Rate constants for reactions of the azide radical in aqueous solution 

No. Reaction k (L mol-I S-I) pH Method Comment Ref. 

1 Azide .. adieal 

oNa + oNa -+ 3 N2 4.4 X 109 p.r. D.k. at 274 nm in N20-satd. soln. contg. 85A218 
NaNa; E = 2025 L mol-I em-I. 

4.5 x 10° p.r. Half-life 5, 3.8 and 3.5 ~s at pH 4.2, 7.5 82A005 
and 11.1 resp.; D.k. in N 20-satd. soln. 
contg. 0.05 mol L -I NaNai cor. to baseline 
d.k. is first order k = 2.4 X 10lis- 1i oNa + 
Ng - - (Na)z -; no E given. 

3 x 10° p.r. D.k. at 278 nm in N20~satd. soln.; E = 81A216 
1300 L mol-I em-I. 

3 x 109 p.r. D.k.; E(275) = 1300 L mol-I em-I. 79A202 

4.0 x 10° p.r. D.k. in N20-satd. soln. contg. 10-2 mol L- I 761108 
NaNa; E275 = 1400 L mol- I em-I. 

4.5 X IOu p.r. D.k. at 278 nm in N20-satd. soln. contg. 
azide ion; E271~ = 2300 L mol- 1 em - J; also 

700649 

p.b.k. at 242 nm gave Ie = 6.5 X lOll from 
k/E = 3.1 X 106 and E = 2100 L mol-I 
cm- 1 for the transient product. 

3 x 109 -9 f.p. D.k.; N2-satd. soln. contg. NaN:1; 2k = 4 x 697031 
10fl~~80 assuming E.280 = 1600 L mol- 1 

em . 

2 Tet .. ahyd .. obo .. ate(m) Ion 

-Ng + BH .. - -+ Ng- + BH .. 8 x 108 11.1 p.r. P.b.k. in N20-satd. soln. contg. 2 x 10-2 86A469 
mol L -1 NaNa and 3 x 10--J mol L- 1 

NaBHo{. 

8 B .. omlde Ion 

oNa + 2 Br- - Na- + Br2'- 7 X lOa L2 p.r. D.k .. at 360 hm in soln. contg. >1 mol L- 1 870002 
mol-2 s-I Br- and < lO-a mol L -I Na -; leo I,.. = 

kr[Ng -I + kr [Br-12; ler = 4.0 X 108 . 

4 Iron(U) Ion 

oNa + Fe2+ -+ Fe
g

+ + Na- >2 x 109 p.r. P.b.k. at 340 as well as 460 nm in N2 O- 761108 
satd. soln. contg. 0.1 mol L -1 azide ion 
and (1-10) X 10-4 mol L -I Fe2+; obs. 
FelllNa - complex formed from ferric ion 
and azide ion (Ie = 8.4 x 105 ). 

6 Fe .... oeyanlde Ion 

-Na + Fe(CN)64
- -+ Ng - + 4.0 x 10° p.r. P.b.k. at 410 nm in soln. contg. 5 x 10-2 84A013 

Fe(ON)63
- mol L -1 azide ion and 10-4 mol L- 1 

K.tFe(ON)o; no ionic strength effect . 

. 3.4 x 10° 7.0 p.r. P.b.k. 79A202 

8 Iodide Ion 

oNg + 1- -+ Na - + I' 4.5 X 108 p.r. P.b.k. at 380 nm (12 -) in N2 0-satd. soln. 870002 
contg. excess NaNa 

'1 Hexaehlo .. olrldate(m) Ion 

-Ng + Ir0163
- -+ Na - + IrCI,,2- 5.5 X lOR 6.5 p.r. P.b.k. at 487 or 434 nm in N.,O-satd. soln. 

contg. 0.01-0.1 mol L -I NaN:, and 
86A223 

NaglrOloi kr detd. by s.f., spin trapping 
with DMPO = 1.6 x 102 . 

8 Azide Ion 

-Ng + Ng- -+ No'- p.r. Cbs. dimer radical absorption at 645 nm in 84A013 
N2 0-satd. 801n. as a function of concn. of 
azide ion 

p.r. D.k. in NzO-satd. soln. contg. NaNg; k = 82A005 
2.4 x 10" 8-

1 also 2d order contribution. 
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1102 NETA, HUIE, AND ROSS 

TABl,E 6. Rate constants for reactions of the azide radical in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 s - I) pH Method Comment Ref. 

9 Hydrogen peroxide 

-N:J + "2°2- p.r. No eft'ect on d.k. of oN:! hy --10- 1 mnl I,-! f12AOOI) 

"2°2' 
<5 X 106 p.r. D.k. at 278 nm in soln. contg. H20 2 and 8lA216 

NaOH at various concns. 

10 Hydroperoxlde Ion 

oN:, + H02 - -+ °2
0

- + Na- + 3.2 x 10° p.r. D.k. at 278 nm in soln. contg. H20 2 and 81A216 
H+ NaOH at various concns. 

11 Superoxlde 

oNa + °2
0

- -+ Na- + 02 1.2 X 10 10 p.r. D.k. in 02-satd. soln at 278 nm; cor. for 81A216 
k('Na + 'Ns) = 3 x 10". 

12 Sulftte Ion 

-N:~ + SOa2
- -+ Na - + so:~- '-2 X 10° p.r. D.k. 86A191 

2.4 x 10° p.r. C.k. 86A191 

18 N-Acetyltryptophan 

-Ng + AcTrpH -+ Na + AcTrpo 4.4 x 10° 7.5, 12 p.r. P .b.k. in N20-satd. soln. contg. 0.1 mol L- 1 86AllO 
NaNg; radical cation forma which 
deprotonates. 

14 N-Aeetyltyroslnamlde 

oNa + AcTyrOH(NH2) - -Na - + 1.3 X 108 7.5 p.r. P.b.k. in N20-satd. soln. contg. 0.1 mol L- J 86AllO 
AcTyrOo(NH2) NaNg; radical cation forms which 

deprotonates. 

16 Adenosine 

°N:J + A- --I X IU" 7.6 p.r. O.k. at 280 nm. 79A202 

16 Alanine 

oNs + Ala-+ <1 x 10" 7.6 p.r. D.k. at 280 nm 79A202 

1'7 2-Amlno-(4-hydroxy-6-benzothlazolyl)proplonate Ion 

oNs + AHBP- -+ Ns - + AHDp· 4.7 x 10° <12 p.r. D.k. in alk. N20-satd. soln. contg. 6 x 10-2 84A024 
mol L -I. NaNg. 

18 2-Amlno-(4-methoxy-6-benzothla.olyl)proplonate Ion 

oNa + AMBP- ..... Na - + AMBp· 2.4 x 108 <12 p.r. D.k. in alk. N20-satd. soln. contg. 5 x 10-2 84A024 
mol L -J NaNa. 

19 1-Amlnonaphthalene-4-sulronate Ion 

-Ns + AnsH -+ Na - + AnsH'+ 6.3 X 109 p.r. P.b.k. at 650 nm. 78A328 

20 Anlllne 

·Na + C(lHr,NH2 ..... Na + 4.2 x 109 -6 p.r. P.b.k.; >0.1 mol L -1 NaNa soln.; in basic 85A218 
[CoHoNH2)·+ 4.5 x 109 11-12 soln. the anilino radical is rapidly formed. 

3.9 x 10° 5.9 p.r. P.b.k. (anilino radical) in N20-satd. soln. 85A428 
4.4 x lOll 12 contg. 10-4 mol L - J aniline and azide ion. 

21 AniBole 

-Ng + CoHr,OCHa -+ <3 x 106 11-12 p.r. P.h.k. at 330-500 nm; >0.1 mol L- 1 NaN:! 85A218 
soln. 

22 ABcorbate Ion 

·Ns + AH- -+ Na -- + H+ + 'A- 2.9 X 109 7.0 p.r. P.b.k. in N20-satd. soln. contg. 2.6 X 10-2 84A388 
mol L -I azide ion and 10-2 mol L -] 
phosphate; in 2 x 10-2 mol L -1 SDS Ie 
3.4 x 100 • 

. J. Phys. Chem. Ref. Data, Vol. 17, No.3, 1988 



RATE CONSTANTS FOR REACTIONS OF INORGANIC RADICALS IN AQUEOUS SOLUTION 1103 

TABLE 6. Rate constants for reactions of the azide radical in aqueous solution-Continued 

No. Reaction Jr, (L mol-I s-I) pH Method Comment Ref. 

18 Ben.ene 

·Na + PhH- <3 x 106 11·12 p.r. No absorbing trAnsient obs.; >0.1 mol L- 1 86A218 
NaNs soln. 

a. l,a,.-Ben.enetrlol 

·Na + C6Ha(OH)g - 5.3 x 101) 6.5 p.r. P .b.k. at 405 nm in 801n. contg. 10-4 mol 87AI04 
(HO)2COH30· + Na - + H+ L -1 benzenetriol (pKa = 9.1, 11.9, > 13) 

and 0.1 mol L -I NaNai product expected to 
be a mixture of 2,4·, 2,5- and 3,4-
dihydroxyphenoxy radicals (pKa = 4.75, 
8.85); at pH 10.6 p.b.k. at 420 nm gave Ie = 
4.3 x 10°. 

a6 Ben.oate Ion 

·Na + C"H5C02 <3 x 106 11-12 p.r. No absorbing transient obs.; >0.1 mol L- 1 86A218 
NaNa soln. 

a8 Blllrubln dlanlon 

·Na + BR2 - - Na - + BR'- 7.0 x 109 10.9 p.r. P.b.k. in N20.satd. soln. contg. 5 x 10-2 83A302 
mol L- 1 NaNa and 10-3 mol L- 1 NaOH. 

1'1 Biliverdin dlanlon 

·Ns + By2- - Na - + BY·- 3.7 x 10° 10.9 p.r. P.b.k. in N20-satd. 801D. contg. 5 x 10-2 

mol L -1 NaN3 and 10-a mol L -I NaOH. 
83A302 

18 Cateehol 

'Na + CoH.,(OH)2 - Na - + 
-CoH.tO· + 2 H+ 

3.8 x 10° -6 p.r. P.b.k.; >0.1 mol L- 1 NaNs soln. 86A218 

19 Chlorophyll a 

·Ns + Chi a - [Chi a)·+ + Na- 2.2 x 10° p.r. D.k. in N20-satd. soln. contg. 2% Triton X 
100 (micelles) and 5 x 10-2 mol L -1 Ns-' 

81NU6 

30 Chlorophyll " 

·Na + Chi b - [Chi b).+ + Na- 1.8 x 109 p.r. D.k. in N20-satd. soln. contg. 2% Triton X 81Ni46 
100 (micelles) and 5 X 10-2 mol L -I N3-. 

81 Chlorproma.lne 

·Na + CZH+ - Na - + CZH·2 + 4.6 X 100 7.5 p.r. P.b.k. at 505 nm in N20-satd. soln. contg. 
0.01 mol L -1 NaN3; overall rate constant, 

83A272 

47% electron transfer. 

32 2-C~anophenol 

·Na + CNCoH40- - Na - + 4.7 x 10° 11-12 p.r. P.b.k.; >0.1 mol L -I NaNa soln. 85A218 
CNC6H4O· 

aa a-C~anophenol 

·Na + NCC6 H.jOH - Na - + 2 X 107 -6 p.r. P.b.k.; >0.1 mol L -1 NaNs soln. 85A218 
CNCoH.jO· + H+ 
'Ns + CNCoH .. O- - Na- + 4.6 x 10° 11-12 
CNCoH .. O· 

84 4-Cyanophenol 

'Na + NCC6H .. OH - Na - + 
CNCnH.10· + H+ 

4 X 107 ·,·6 p.r. P.b.k.; >0.1 mol L -I NaNa solo. 85A218 

·Na + CNC6H .. 0- - N:1- + 3.8 X 100 11-12 
CNC6H .. 0· 

36 Cysteine 

·Na + CysSH - Na - + CysS' + 1.4 X 107 6.3 p.r. D.k. at 280 om. 79A202 
H+ 2.7 x 10° 10.5 
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TABI.E 6. Rate constants for reactions of the azide radical in aqueous solution-Continued 

No. Reaction Method Comment Ref. 

88 (1,6S,S')-Cystelnyldopa 

oNa + CysDOPA ... [CysDOPAj' 2.1 X 10° -·7 p.r. P.b.k. a.t 340 nm in Anin. eontg. J; x 10-2 RJ;A3D 
+ Na- + H+ mol L - 1 NaNs and 1 x 10-.1 mol L -I 

substrate. 

8'1 (I S)-Cystelnyldopa 

oNa + CysDOPA ... [CysDOPAj' 2.3 x 10° --7 p.r. P . b.k. at 320 nm in soln. contg. 6 x 10-2 86A39 
+ Na- + H+ mol L- 1 NaNa and 1 x 10-4 mol L- 1 

substrate. 

38 (6 S)-CYlltelnyldopa 

oNa + CysDOPA ... [CysDOPAjo 3.1 x 10° -7 p.r. P.b.k. at 310 nm in soln. contg. 6 x 10-2 86A39 
+ Na- + H+ mol L -I NaNa and 1 x 10-'1 mol L- 1 

substrat •. 

80 L-CY8tlnylblllglyelne 

oNs + (CysGlY)2 ... Na - + 
[(CysGJy),..,]0+ 

-5 X 107 6.9 p.r. D.k. 81A03: 

4:0 L-Cyatlnylbla-L-tYl'oalne 

oNa + (CysTyrOH)2 ... 1.8 X 108 6.9 p.r. D.k. 81A03: 
S.4 x 108 8.4 

4:1 Dlhydl'olumlftavln 

oNa + LFH- ... LF'- + Na- + 5 x 10° 7,9,11 p.r. P .b.k.; pKa of semiquinone probably close 85A38' 
H+ to riboflavine semiquinone (8.3); pKa of 

dihydrolumiftavin = 6.6 

4:1 1,3-Dlhydl'o-I,4:-phthalazlnedlone 

oNs + -NHNH- ... Na - + -N-NH- ===2 x 10° -7 p.r. D.k. in N20-satd. soln. contg. azide ion; 86A39! 
+ H+ substrate oxidized 111.1 monoanion, pK& - 7; 

also benzo-, 6-amino-, 6-hydroxy-, and 6-
(dimethylamino)- derivatives gave t.he same 
results. 

4:8 1,8-Dlhydl'ophthalazlne-l,4-dlone-l-yl 

oNa + -N-NH- - Ng - + -N=N- ===100 -7 p.r. D.k. in N20-satd. soln. contg. azide ion; ; 86A39! 
+ H+ also benlo-, 6-amino-, 6-amino-, 6-hydroxy-. 

and 6-(dimethylamino)- derivatives gave the 
same results. 

4:4: 8-(8,4-Dlhydroxyphenyl)alanlne 

-Ns + DOPA - [DOPA}' + Ns- 3.4 x 10° -1-8 p.r. P.b.k. at 3015 nm In soln. contg. 15 x 10-2 85A39: 
+ H+ mol L- 1 NaNg and 1 X 10-4 mol L- l 84A26: 

substrate. 

46 1,8-Dlhydroxy-l-propenal. eonJucate base 

oNa + TRH- ... TRo- + Na- + 4.0 x 10° p.r. D.k. at 310 nm as well as p.b.k. at 400 nm; 85A39: 
H+ pK& = 5.0, 13.0; pKa (radical) = 1.4. 

4:8 1,8-Dlmethoxybensene 

'Na + CoH.1(OCH:J}2 ... <7 x 106 11-12 p.r. P .h.k.; r:tdiC'al ('ation not. ohs.; >0.1 mnl 81;;\2 " 
L -I NaNa soln. 

4'1 1,4:-Dlmethoxybensene 

oNs + CoH .. (OCHa}2 ... <2 x 107 11-12 p.r. P~b.k.; radical cation not obs.; >0.1 mol 85A2U 
L -1 NaNa soln. 

4:8 &-Dlmethylamlno-l-naphthalene8ulfony 1-L-tyro81ne 

oNa + DansylTyrOH ... Na - + -5 x 10° 6.8 p.r. D.k. 81A03: 
DansylTyrOo + H+ 

40 N,N-Dlmethylanlllne 

'Na + CoH15N(CHa)2 ... Na - + 3.8 x 10° -6 p.r. P.b.k.; >0.1 mol L -] NaNa Boln. 85A2U 
[C6HsN(CHg)2]o+ 3.7 x 109 11-12 
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TABLE 6. Rate constants for reactions of the azide radical in aqueous solution-Continued 

No. Reaction k (L mol- J s-l) pH Method Comment Ref. 

49a 1,8-Dlmethyllndole 

·Na + Me2TnH -+ Na - + Me2In· 1.6 X 10 10 p.r. P.b.k. at. 520 nm. 87A247 
+ H+ 

60 Dodeeylsultate Ion 

'Na + CHa(CH2)IIOSOa - -+ < 1 X 100 7.6 p.r. D.k. at 280 nm. 79A202 

61 I-Ephedrlne 

'Na + PhCH(OH)CH(CH:l)NIICHa 5.7 X 107 11.0 p.r. P .b.k. at 295 nm in N20-satd. soln. contg. 
0.1 mol L -I NaNa and 2 X 10-a mol L- 1 

83A176 

ephedrine; no reaction at pH 7. 

62 "-Fluorophenoxlde Ion 

-N:l -I- FCoH.IO- - N:l- + 4.0 x lOa 11-12 p.r. P.b.k.; >0.1 mol L- 1 NaN3 801n. 8IJA218 

FC6H4O' 

68 Glyeyltryptophan 

-Na -I- GlyTrpll -+ Na - + >3 x 109 p.r. P.h.k. T9A310 
GlyTrp' + H+ 

64 Histidine 

·Na + Hie .... <106 '7.8 p.l'. D.lt. at. 280 nm, and p.b.lt. at. pH 11.2. TOA202 
1.7 X 107

. 11.2 

66 HIstldyttyrolllne 

·Na + HisTyrOH -+ Na- + >2 X 109 11 p.r. D.k. 81A032 
HisTyrO· + H+ 

68 Hydroqulnone 

·Na + C6 H .. (OH)2 -+ N:i - + 4.2 X 10D -6 p.r. P.b.k.; >0.1 mol L- 1 NaNa soln. 85A218 
-OCOH40' + 2 H+ 4.5 )( 109 11-12 

67 18-Hydroperoxyllnoleate Ion 

·N:l + H02L- - Na- + H+ + 1.3 X 109 11.5 p.r .. C.k. with quercetin and kaempferol. 85A502 
'02L-

68 "-Hydroxybenzoate Ion 

·Na + HOCoH.1C02 - -+ Na - + 2 X 107 -6 p.r. P.b.k.; >0.1 mol L -I NaNa soln. 85A218 
H+ + -02CCOH40· 4.0 X lOll 11-12 

69 4-Hydroxybenzothlazole 

'Na + BTO- - N:i - + BTO' 4.7 x 109 <12 p.r. D.k. in alk. N2 0-satd. soln. contg. 5 x 
mol L - ) NaNg. 

10-2 84A024 

69a Indole 

'N:l + InH -+ Na- + In' + H+ 9.5 x 109 p.r. P .b.k. at 520 nm. 87A247 

GO Kaempterol [8,6,7-Trlhydroxy-2-(4:-hydroxyphenyl)-2-benlopyran-4-one] 

oNa + KfOH - Na- + H+ + 6.9 x lOll "10.5 p.r. P.b.k. (phenoxyl radical) 85A502 
KfO' 

G1 Llnolenate Ion 

·N:. + 5:4 x 107 11 p.r. C.k. 86A191 
CH:.( CH2CH=CHh( CH2hC0 2 -

GI Lumlnol 

oNa + -NHNH- -+ Na - + -N-NH- :2:2 x lOll ·7 p.r. O.k. in N2 0-llat,d. soln. contg. azide ion; 86A399 
+ H+ subst.rat.e oxidized as mono anion, pKa - 7. 

G8 Malele hydrazide 

·Na + MH- -+ M'- + Na - + H+ 2.2 x 10° >7.5 p.r. No reaction at pH 2. 83A165 
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TABI,E 6. Rate constants for reactions of the azide radical in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 s-l) pH Method Comment Ref. 

84: Methanol 

oNa + CH:,OH .... <1 X 106 7.6 p.r. D.k. at 280 nm 79A202 

86 Met.hlonine 

oN:" + Met ... <1 X 106 6.5 p.r. D.k. at 2S0 nm; at pH 11.4 Ie = <5 X 100
• 79A202 

66 I-Methoxyphenol 

oNa + (CHaO)CoH.,OH .... Na - + 
CHaOCoIl40· + H+ 

2.4 X 10° '-6 p.r. P.b.k.; >0.1 mol L -I NaNa soln. 85A218 

6'1 8-Methoxyphenol 

'Na + (CH30)C6H+OH .... Ng - + 4.S X 108 -6 p.r. P.b.k.; >0.1 mol L -I NaNa soln. 85A218 
CH:40CoH40· + H 

68 4:-Methoxyphenol 

'Na + (CH30)CoH~..oH .... Na - + 4.0 x 10° -6 p.r. P .b.k. at 417 nm in N20.satd. loin. contg. 85A218 
CHaOC6 H ... O· + H 0.5 mol L -.I NaNg soln. 
·Nit + CH;,OCoH 40- - Na- I 4.2 x 100 11-12 
CHaOCoH40' 

69 N-Methylanlllne 

'Na + CoH5NHCHs .... Na - + 4.7 x lOo -6 p.r. P.b.k.; >0.1 mol L- 1 NaNg soln. 85A218 
!CoHsNHCHa]' + 5.S x 10° 11-12 

69a I-Methyllndole 

·No + M4'lIn .... Na - + Meln·+ l.g y. 10 10 0.2 p.r. P.h.k. a.t IHaO nm. S'1AI4'1 

6gb I-Methyllndole 

'N:i + MelnH .... Ng 
H+ 

+ Meln' + 1.5 X 10 10 9.3 p.r. P.b.k. at 520 nm. 87A247 

6ge 3-Methyllndole 

·N:i + MelnH .... Na - + Meln- + 1.5 x 1010 p.r. P.b.k. at 520 nm. 87A247 
H+ 

'10 I-Methylphenol 

'Na + CHaCIlH.,OH .... Na - + 
CH!tCIIH"O· + H+ 

4.4 X 108 -6 p.r. P.b.k.; >0.1 mol L- t NaNg soln. 85A218 

'11 8-Methylphenol 

'N:i + CHaCo8,.I0H .... Na - + 
CH:,tC6 8,10' + H+ 

I.S X lOll -6 p.r. P.b.k.; >0.1 mol L -1 NaNa 801n. 85A218 

'11 4:-Methylphenol 

·N:4 + CHaCoH.,OH .... N3 - + 
CHaCoH.,O· + H+ 

1.5 x 10° -6 p.r. P.b.k.; >0.1 mol L -.I NaNa 801n. 85A218 

'18 Metlallnie add 

oNa + MZ- - Na- + MZ· 6.4 X 10° 10 p.r. P.b.k. at 270 and 530 nm in N20-satd. soln. SlA162 
contg. 0.01 mol L- l NaNg. 

'14: Nleotlnamlde adenine dlnueleotlde 

·Na + NAD+ .... <2 X 107 6.9 p.r. D.k. at 280 nm. 79A202 

71i Phenol 

'Ns + C6 H5 0H .... CoH1)O· + 
Na - + H+ 

5 x 107 -6 p.r. P.b.k.i. >0.1 mol L -I NaNa soln. 85A218 

'16 Phenoxlde Ion 

oNa + C6H50- .... C6H50' + Na- 4.3 X 10° 11-12 p.r. P .b.k.; >0.1 mol L - 1 NaNg soln. 85A218 
+ H+ 

77 Phenylalanine 

oNa + Phe - <1 x 106 7.8 p.r. D.k. at 280 nm. 79A202 
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TABLE 6. Rate constants for reactions of the azide radical in aqueous solution-Continued 

No. Reaction 

'78 Pheophytln a 

oNa + Ph a - N3 - + [Ph alo+ 

'79 Promethazine 

oNa + PZH+ - Na - + PZH02+ 

80 Propyl gallate 

-Na + (HO)aCnH2C02CaH7 -
N;~- + H+ + 
-OCnH2(OH)2C02CaH7 

81 Pyridine 

°N:i + py -

16 X lOll 

4.6 X 101) 7.5 

4.2 X lOll 7.0 

Method Comment Ref. 

p.r. 

p.r. 

p.r. 

p.r. 

D.k. in N2 0-!latd. !loln. contg. 2% Trit.on X SINUS 
100 (micelles) and 5 x 10'2 mol L -I N a -. 

P .b.k. at 505 nm in N20-satd. soln. contg. 83A272 
0.01 mol L -I NaNa; overall rate constant, 
66% electron transfer. 

P.b.k. in N20-satd. soln. contg. 2.5 x 10-2 84A388 
mol L -I azide ion and 10-2 mol L- 1 

phosphate; in 2 x 10-2 mol L- 1 SDS Ie = 
:Ut x tn ll 

No absorbing transient oba.; >0.1 mol L -I 85A218 
NaNo 1II01n. 

82 Quercetln [:a.(8,4.Dlhyroxyphenyl)-8,&,'7-tl'lhydroxy-4H-l-benllopyran-4-one] 

oNa + QOH - Na- + H+ + QO· 6.6 x 10° 11.5 p.r. P.b.k. (phenoxyl radical) 85A502 

83 Resorcinol 

-Na + CoR,(OH)2 - Na - + 
HOCoH40° + H+ 

84 L·Seryl-L-tyrosyl-~-naphthylamlde 

-N:{ + ~erTyrOH-f3NA - Na - + 1.3 X lOR 
SerTyrO-f3NA + H+ 

86 Sesamol 

-N:~ + 3,4-(CH2 0 2)C"HaOH - 5.5 x lOll 
Na - + H+ + 3,4-(CH2 0 2)C"H3 0o 

86 N-Stearoyltryptophan methyl ester 

oNa + STME - Na- + H+ + 1.6 X lOll 
STME· 

8'7 Sulfacetamide 

oNa + H2NCoH.,SOzNHAc - Na 3.6 x 109 

+ [H2NCoH4S02NHAc)-+ 

-6 

7.6 

7.0 

7.0 

7.0 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

P.b.k.; >0.1 mol L -I NaNa soln. 85A218 

D.k. 81A032 

P.b.k. in N20-satd. soln. contg. 2.5 x 10-2 84A388 
mol L -1 azide ion and 10-2 mol L- 1 

phosphate; in 2 x 10-2 mol L -I SDS Ie = 
6.0 x lOll. 

P.b.k. at 520 nm in micellar soln. contg. 2 86N145 
x 10-8 mol L -1 SDS, 0.1 mol L- 1 

phosphate buffer and 0.1 mol L -I NaN3 ; Ie 
= 1.6 X lOll in tetradecyl 
trimethylammonium bromide soln. 

P .b.k. at 420 nm in N20-satd. soln. contg. 
10-2 mol L -I NaNa and 10-" mol L- 1 

sub..,t.re.t.c. 

82A138 

88 6,'7 ,8,9-Tetrahydro-4:-hydl'oxythlazolo[4,6-hllsoqulnollne-'7-carboxylate ton 

oNa + THIC2- - Na + THICo 4.2 x lOll <12 p.r. D.k. in alk. N20-satd. Boln. contg. 5 x 10-2 84A024 
mol L -I NaN:!. 

89 6,'7,8,9-TetrahydI'0-4:-methoxythlazolo[4,&-h]lsoqulnoUne-'7-carboxylate Ion 

90 

91 

oNa + TMIC- - Na - + TMIC· 1.6)( lOR < 12 p.r. D.k. in alk. N:p-satd. soln. cont,g. 5 x 10-2 84A024 
mol L -I NaN a 

Tetl'akls(4.sulfonatophenyl)pol'phlne 

-Na + H2TPPS 4
- - Na - + 5 x 10° 

[H2 TPPSJ·a-

Tetl'aphenylbol'ate Ion 

-Na + Ph,jB- - Na - + Ph"Bo 1.4 x 1011 

7 p.r. 

,,·7 p.r. 

N:)O-satd. soln. contg. 5 x 10-2 mol L- 1 

NaNa-

P.b.k. in N20-satd. soln. contg. 2 x 10-2 

mol L- l NaNa and 1 x 10-3 mol L- 1 

NaBPh 4• 

82A152 

86A469 
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TABLE 6. Rat.e constant.s for reactions of t.he azide radical in aqueous solut.ion-Continued 

No. Reaction Ie (L mol-I s-I) pH Met.hod Comment Ref. 

91 Thymidine 

oNs + T - <1 x 108 7.6 p.r. D.k. at 280 nm 70A202 

98 a-Tocopherol 

oNs + ArOB - Na- + 11+ + 1.8 x 10° 7.0 p.r. P .b.k. at 440 nm in micellar Boln. contg. 2 86N145 
A'iO· x 10-a mol L- t SDS, 0.1 mol L- 1 

phosphate buffer and 0.1 mol L -1 NaN:.; Ie 
= 2.2 x 10° in t.etradecyl 
trimethylammonium bromide soln. 

2.4 x 109 7.0 p.r. P.b.k. in N 20-satd. soln. contg. 2.5 x 10-2 

mol L -1 azide ion and 10-2 mol L - \ 
84A388 

phosphate; in 2 X 10-2 mol L -I SDS. 

94: Toluene 

oNa + CuH6 CH3 - <3 x 10fl 11-12 p.r. No absorbing transient obs.; >0.1 mol L- J 85A218 
NaNs soln. 

96 Tryptamine 

oNa + TrpH - Na- + Trp' + 4.3 x 10° 7.5, 13 p.r. P .b.k. in N 20-satd. soln. contg. 0.1 mol L- 1 86A110 
H+ NaNa; radical cation forms which 

deprotonates. 

98 Tryptophan 

oNa + TrpH - N:.- + Trp' + 4.1 x 10° 7.5 p.r. P.h.k. in N 20-satd. soln. contg. 0.1 mol L- 1 86All0 
H+ 4.4 x 10° 12 NaNa; radical cation forms which 

deprotonates. 

4.1 x 10° 7.4 p.r. P.h.k. 79A202 

4 x 10° 6.1 p.r. . P.b.k. at 510 nm in N 20-satd. soln. contg. 771114 
2.5 x 10-3 mol L -I NaN:. and 10-3 mol 
L -I tryptophan, in various dilutions. 

9'1 Tryptophanamlde 

oNs + TrpH - Na- + Trp' + 4.8 x 10° 7.5, 13 p.r. P .h.k. in N 20-satd. soln. contg. 0.1 mol L- 1 86All0 
H+ NaN:i ; radical cation forms which 

deprotonatea. 

98 Tryptophan methyl ester 

·Na + Trpll - N a - 1 Trp' -4.2 x 109 7.6, 13 p.r. P.h.k. in NzO-satd. soln. contg. 0.1 mol L-l 86A110 
H+ NaNai radical cat.ion forma which 

deprotonatea. 

99 Tryptophylalanlne 

'Ns + TrpHAla - Na - + 4.4 x 10° 7.5, 13 p.r. P.h.k. in N 20-satd. soln. contg. 0.1 mol L- 1 86AI10 
'TrpAla + H+ NaNs; radical cation forms which 

deprotonatea. 

100 Tryptophylleuclne 

oN:. + TrpHLeu - Na- + >3 x 10° p.r. P.b.k. 79A316 
oTrpLeu + H+ 

101 Tryptophyltyroslne 

oNa + TrpHTyrOH - >3 x 10° p.r. P .b.k. at 510 nm 79A31S 

102 Tyrosine 

oNs + TyrOB - Na - + TyrO- + 1.0 x 108 6.5 p.r. P.b.k. 79A202 
H+ 3.S x 10° 11.8 

108 Tyrosine methyl ester 

oNs + MeTyrOH - N3 - + 1.5 X 108 7.5 p.r. P.h.k. in N 20-satd. soln. contg. 0.1 mol L- 1 86All0 
MeTyrO' + H+ 4 X 109 13 NaNs; radical cation forms which 

deprotonates. 
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TABI,E 6. Rate constants for reactions of the azide radical in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 s-I) pH Method Comment Ref. 

104: Tyrosyltryptophan 

°N;\ + TyrOHTrpH - >3 x 100 7.1 p.r. P.h.k. at. 610 nm in N~O-Aatd. lIoln. contg. 7nA316 
>2 x 10-2 mol L . I NaN s. 

106 Urate Ion 

oNg + UrO- - Na - + 11+ + 5.4 x 109 7.0 p.r. P.b.k. in N20-satd. 801n. contg. 2.5 x 10-2 84A388 
UrOo mol L- I azide ion and 10-2 mol L- 1 

phosphate; in 2 X 10-2 mol L- 1 SDS Ie = 
5.6 X lO". 

106 Vallne 

oNg + Val- <3 x 101) 7.5 p.r. D.k. at 280 nm. 79A202 

10'1 Aleohol dehydrogenase 

oNg + ALDH- 6.0 x 109 6.9 p.r. P .b.k.; enzyme from yeast. 79A202 

108 a-Chymotrypsinogen 

oN", + Chy- --6 )( 108 6.0 p.r. P.h.k.. At 610 nm in NzO-ntd.. .e.ln. ~e.ntg. A!2A1A3 

NaNa· 

109 Coneanavaltn A 

oNo + Con A - -6 X 108 6.7 p.r. P.b.k. at 610 nm in NgO-satd. soln. conta'. 82A183 
NaNa· 

110 6-S-Cystelnyldopa-melanln 

oNg + CysDOPAmel - 2.2 x 108 7.4 p.r. P .b.k. in N20-satd. soln. contg. 6 x 10-2 86A227 
mol L -I azide; Ie based on monomer of mol. 
wt. 150 

111 Cytoehrome C (ferro) 

oN 3 + Cyt C (Fe2 +) - 1.3 x 109 7 p.r. D.k. at 460 or 550 (cyt) in N20-satd. soln.; 81A069 
100% e-transfer; similar rate at pH 8. 

112 Dopa-melanin 

oNg + DOPArnel - 1.8 x 108 7.4 p.r. P .b.k. in N20-satd. soln. contg. 5 x 10-2 

mol L - J azide; Ie based on monomer of mol. 
86A227 

wt. 150, from autoxidation of DL-

dihydroxyphenylalanine. 

113 a-Laetalbumln 

oNg + a-LAB - -7 X 108 7.4 p.r. P.b.k. at 510 nm in N20-satd. soln. contg. 82A183 
NaNg. 

114: (:l-Laetoglobulln 

oNg + ~-LAG - --6 X 108 6.2 p.r. P.b.k. at 510 nm in N20-satd. soln. contg. 82A183 
NaNg. 

116 Lysozyme 

oNg + Lys - -2 X 10° p.r. P .b.k. at 510 nm in N20-satd. soln. contg. 82A183 
NaNg. 

1.16 Pepsin 

oN 3 + Pepsin - 2.2 x 109 5.6 p.r. P.b.k. at 510 nm in N20-satd. soln. contg. 82A183 
NaNg. 

11'1 Phage T4: gene 32 protein 

oNg + gp32 - 3.2 x lOti 6.2 p.r. P.b.k. at 406 nm (TyrOo) in N20-satd. soln. 84A059 
contg. 10-2 mol L- 1 NaNg (phosphate 
buffer). 
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TABLE 7. Rate constants for reactions of amino radicals in aqueous solution 

No. Reaction " (L mol- 1 s-J) pH Method Comment Ref. 

1 Amino radlcal 

oNHa+ + oNH3+ - NH .. + + -4 x 108 f.p. D.k. at 290 nm (E = 500 L mol- t em-I) in 78A356 
NH2 + soln. contg. 2-20 x 10-1; mol L- ' 

Co(NH;s)o:H, HClO .. , H2SO .. or CFsS02 OH; 
pKa of radieal = 2.3. 

oNHz + oNHz - HzNNHz 2.2 x 10° p.r. D.k. at 530 nm in ammonia soln.; E = 81 L 720109 
mol- 1 cm-t. 

I Hydroxyl 

oNHz + °OB - NB20H 9.5 x 109 p.r. Estd. from hydroxylamine formn. 720109 

8 Dlammlneallver(l) lon 

°NH2 + Ag(NHs)2 + - 4 x 109 11.5 p.r. P.b.k. at 270 nm in soln. contg. 10-4 mol 79A304 
Ag(NHa)2NH2 + L- 1 Ag+ and 1 mol L- 1 NH3 • 

-i Bicarbonate Ion 

oNHz + HCOa - -+ NHs + COz <1 X 10" 7.8 p.r. suggested by results in ammonia soln. 86A50~ 
contg. 5 x 1--2 mol L -1 bicarbonate. 

6 Carbonate radical Ion 

oNHz + C03 0- - NHzO- + COz 1.5 x 109 7.8 p.r. D.k. at 600 nm in soln. contg. 6 X 10-2 86A50~ 

mol L -I ammonium bicarbonate; radieals 
from equal reactivity of °OB with NHs and 
HCOa -. 

0 Trls( dlmethylglyoxlmato )nlckelate(D) Ion 

-NHz + Ni(dmg)a 4- ---+ --2 X 109 p.L r.b.k. in N 20-lIatd. lIoln. contg. Z x 10-4 'TZOG84 
Ni(dmg)33 - mol L -I dimethylglyoxime and 5 x 10-5 

mol L -I Ni80 4 in 4 mol L -1 NH .. OH; 
product has ~max = 470 nm. ., Hydrogen peroxide 

oNHz + H20z - NBs + HOz" 9 X 107 p.r. D.k. 720109 

8 Oxygen 

oNHz + 02 -+ NHi>2 3 x 108 p.r. D.k. 720109 

-1 x 107 11.5 p.r. P.b.k. at 300 nm. 78A2U! 

>1 x 107 1 f.p. Abs. completely quenched. 78A35e 

9 Sulftte Ion 

oNHz + 803
Z- -+ 11.5 p.r. No react~on 85AI03 

.10 4-Amlnophenoxlde Ion 

oNBz + NH2CoH,,0- + H+ -+ 6.7 X 107 11.3 p.r. P.b.k. at 440 nm. 78A218 
NHs + H2NC6H4O° 

11 Anlllne 

oNB2 + COB5NHz - <1 x 105 11.5 p.r. P.b.k. at 400 nm 78A218 

11 Ascorbate Ion 

-NHz + AH- -+ NHs + oA- 7.3 x 10~ 11.3 p.r. P.b.k. 78A218 

18 BenJioate Ion 

oNHz + CoHI)COz - - <1 X 10° 11.2 p.r . P.b.k. at 330 nm 78A218 

1~ .... C"anophenoxlde Ion 

"NBz + NOCoB 40- - <1 X 104 11.2 p.r. P.b.k. at 400 nm 78A218 

16 1,6-DlhydroxybenJioate Ion 

°NH2 + (HO)206H3002 - -+ NHs 1.6 x 107 11.2 p.r. P.b.k. at 430 nm 78A218 
+ H+ + 00C6H3(002 -)(0-) 
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TABLE 7. Rate constants for reactions of amino radicals in aqueous solut.ion-Continued 

No. Reaction Ie (L mol - I 8- I) pH Method Comment Ref. 

U) 4-Fluorophenoxlde Ion 

·NHl! + FOoH .• O- + H+ - NHIJ 3 x 105 11.1 p.r. P.h.k. at .cOO nm 78A218 
+ FC68 4O-

11 Hydroqulnone dlanlon 

-NH~ + -OCo""O- + H+ ... 1.8 X 108 11.3 p.r. P .h.k. at 430 nm. 78A218 
NHa + -0008 40- 6.5 X lOR 13.7 

18 "'Hydroxybenloate lon 

-NH2 + (-0)00H4002 - + H+ - -5 X 104 11.3 p.r. P.h.k. at 400 nm 78A218 
NUs + -OCOH.t C02.-

II 8-Methoxyphenoxlde Ion 

oNH2 + OH30008.10- + H+ - 4.3 X 100 11.2 p.r. P.b.k. at 430 nm 78A218 
NH3 + OH3OCo8.,O-

20 "'Methoxyphenoxlde Ion 

-NH2 + OH300oH40- + H+ - 9.0 x laO 11.2 p.r. P .b.k. at 420 nm 78A218 
NHs + OH3OOoH4O-

21 '-Methylphenoxlde Ion 

·NH2 + 08:.00 8 .• 0- + 8+ - 4.4 x 100 11.2 p.r. P .h.k. at 400 nm. 78A218 
NBs + CB30 6H4O' 

II Phenoxlde Ion 

°NH2 1- C 6HI)O- 1- H.f. - 'NHs + a x 101\ 11.3, p.r. 1" .b.k. at 400 nm In loin. cont.l. 1.5 mol 78AZ18 
Ou8 sO- 12 L -I ammonia. 

18 "..Phenylenedlamlne 

-NH2 + Cpu'I(NH2 )2 -- NH3 -t 3.2 x 107 11.4 p.r. P .h.k. at 490 om 78AZ18 
B2NOoH'lNH 

14 I-Propanol 

-NH3 + + (CH3)2CHOH - <1 )( 104 t.p. No ehanS'o in abeorbance or d.k.; '18A368 
Co(NHa)03+ loin. conti. 0.17 mol L- 1 2-
PrOB. 

26 Resorelnol dlanlon 

-NH2 + -006H .. 0- + H+ - 5.0 X 107 11.2 p.r. P.b.k. at 450 nm 78A218 
NBs + -OCOH40-

28 1,4,6-Trlmethoxyben.oate Ion 

-NH2 + (OHsO>SOUH2002 - - <1 X 106 11.3 p.r. P.h.k. at 580 nm 78A218 
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TABLE 8. Rate constants for reactions of nitrogen dioxide in aqueous solution 

No. Reaction Ie (L mol- 1 s-') pH Method Comment Ref. 

1 Nitrogen dioxide 

oN02 + °N02 - N20 4 4.6 X 108 p.r. D.k. at 410 nm in N02 - soln. saturated 761171 
with N2O. 

4.5 X 108 p.r. D.k. at 400 nm (e = 201 L mol-I em-I) in 69043{ 
N0 2 - soln. saturated with N20; K = 1.53 
X 10-5 mol L- 1 for N 20 .. ~ 2N02 ; K also 
has been reported as 7.5 x 10-5 (pH 8.8), 
1.B x 10-5 (pH 3) lBOA366J, and 1.3 X 

10-6 (pH 5) [707264]. 

oN02 + oN02 - NOa - + N02 - 1.0 X 108 flow Reactive dissolution; 1 x 10-7 S P (N02) 81A43 
+ 2 H+ S 8 x 10-" atom; Henry's law coefficient 7.0 

X lO-a mol L -1 atm- 1 

6.5 x 107 7 p.r. Recalcd. by Schwartz and White [83Z375]. 69043~ 

4.7 x 107 f.p. Recalcd. by Schwartz and White [83Z375]. 70726~ 

1.5 x 107 7 p.r. D.k. at 400 nm in NaNOa (>0.5 M) soln.; 69041'l 
21c/E = 1.44 X 105

; assumed £400 == 208 L 
mol-I em-I. 

3.8 X 107 f.p. C.k. in NOg - soln.; obs. effect of intensity 68702~ 

on buildup of ferricyanide at 420 nm; 
assumed Efo't:,/EN02 == 10; reI. to h(N0 2 + 
Fe( CN)6 "-) = 4.3 x 106

. 

I Carbon dioxide radleal anion 

'N02 + °C02 - ... N02 - + CO2 >5 x 109 6.8 "y-r. Obs. G(N02 -) in NaNOg soln. contg. 84GI0 
formate; estd. Ie by optimizing routine. 

>6 x 10° "y-r . Obs. G(N02 -) (pH 2-7) in deoxygenated 83A15· 
NaNOa soln. (2.5 or 25 X 10-3 mol L -I) 

contg. Na formate (0.05 mol L- 1); estd. 
from modelling; complex mechanism. 

S Carbonate radleal 

·N02 + C030- ... CO2 + NOs- 1.0 X 10° , .... 11 p.r. Est. from opt. and condy. d.k. 78A251 

4 Copper(I) Ion 

-N02 + Cu+ ... 6-8 "y-r . No reaction; Obs. G(NO:.! -) on addn. of 84GI0 
10-6 mol L- l Cu~H to 2.5 X lO-a mol L- J 

NaNO., and 0.1 mol L -1 terl-BuOH; Cu+ 
from ·(:m2C(CHa)~OH + CU~T. 

6 Trls( 8,4,'1 ,8-tetramethyl-l,lO-phenanthrollne )lron(U) Ion 

oN02 + Fe(TMP)32+ - N02 - + 1.0 X 107 p.r. P .b.k. at 370 and 665 nm in N20-satd. soln. 85A481 
Fe(TMP)a3T contg. 5 X 10-3 mol L- 1 NaN02 i 

counterion SO .. 2- • 

8 FerJ'oeyanlde Ion 

-N02 + Fe(CN)o 1- - N02 - + 3.0 x 100 

Fe(CN)o3-
p.r. Packer and Willson, unpubl. data 86A02: 

4.3 x 106 7 f.p. P.b.k. at 420 nm in NOg - soln, 687024 

'1 Iodide Ion 

oN02 + r ... N02 - + I' 1.1 X 10° p.r. Packer and Willson, unpubl. data 86A02: 

< 1 x 107 p.r. Argon saturated soln. contg. 0.2 mol L-} 747554 
Na.N0 3 , 2~20 ~ 10-a mol L -I Na.N0 2 And 
5-30 X 10-" mol L -I KI. 

8 Nltrle oxide 

oN02 + NO .... N 2 0 3 1.1 'X 10° '7 p.r. D.k. :at 4.00 nm, :as well :a.lI p.b.k. :at 260 nm, '70022fl 

in N02 - -NO-N 20 soln.; ler = 8.0 X 10" 
a-Ii K(N20 a ~ NO + N02) == 2 x 10-0 

[707264]. 
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TAB1.R 8. Rate constants for reactions of nitrogen dioxide in aqueous solution-Continued 

No. Reaction Ie (L mol-I S-I) pH Method Comment Ref. 

D Hydroperoxyl radleal 

°N02 + H02° - H0 2N02 .. x 10D 1.6-3.6 p.r. Deduced from complex mechanism; oba. 150341 
change in nitroform produced in H02 + 
C(N0 2 ) .. reaction; reverse reaction is 
interpreted to have Ie = 0.014 S-I; also see 
[18A177J. 

10 Hydroxyl I'adleal 

°N02 + °OH - H02NO 1.2 x 1010 :55 f.p. Estd. from condy. study in 5 x 10-4 mol 80A366 
L - I HNOa; k(H0 2NO - HN03) = 1.9 X 

lOa s-l; reI. to k(°OH + oOH) = 6 X 109 ; 

may reflect cage effect. 

1.3 x 109 9 p.r. Meas. buildup of aba. at 302 nm in NO:t - 100161 
soln.; calcn. Involves A:(°OH -t °OR) = 0.0 

X 10 10 and k(NOa 2- + H20 - N02 + 2 
OH-) = 5.5 X 10·j 8- 1• 

tl Sulfltf! Ion 

°N02 + SOa2
- - -3.5 X 107 12.1 p.r. C.k.; NO:.>, from -OH + N02 -; similar values 86A059 

at pH 10.3 (c.k. with hydroquinone) and pH 
9 ( c.k. with ferrocyanide); reI. to Jc(N02 + 
Co"oO-) = RR x 106 ; l"lv,,"u.1I 1',,1:tt'.t.ll"ln l"lf 2 

N02 + 5°32
- - 2 N02 - + 504

2-. 

>2 X 106 6.4, 5.8 Obs. acid production; products are H+, 82A469 
N02 - and 50/-; complex mechanism; 
gas-liquid system 

1Z Al'achldonate Ion 

-NO:: + '-1 x 106 9.0 p.r. D.k. at 400 nm in soln. contg. 8 x 10-4 85A483 
CH3(CH2CH=CH) .. (CH2).tC02 - mol L -J substrate. 

18 Ascorbate Ion 

-N02 + AH- - N02- + H+ + 1.8 X 107 6.5 p.r. C.k. in soln. contg. 0.1 mol L -1 NaNO:h 1 86A022 
-A- mol L - J ten-BuOH and 2 X 10-3 mol L- 1 

ABTS; reI. to k(N02 + ABTS) = 2.2 x 
107

• 

6.4 X 107 9.2 p.r. P.b.k.; N02 from 'OH + N02-. 86A059 

14: Z,Z'-Azlnobls(8-etbylbenzothlazollne-6-aulfon&te Ion) 

'N02 + ABTS - N02 - + 2.2 X 107 6.5-9 p.r. P.b.k. at 411 nm in N2-satd. soln. contg. 86A022 
ABTS·+ te,.t-BuOH and NaNOai same result in N2 O-

nitrite-nitrate soln. 

16 Cysteine, negative Ion 

.NOz + Cy9~- - NO z - + CygS. >5 X 108 70.00 p.r. Pbk. [RSSRj.- in Nz-n.td. lIoln. eontg. 0.1 86A022 
mol L -1 NaNOa and hydroquinone. 

2.4 x 108 9.2 p.r. P .b.k. at 410 nm (RSSR-) 85A483 

18 Cy&t\nylbl&glyelne 

°N02 + (CysGlY)2 - 6.5 p.r. No reaction obs. in 4 x 10-3 mol L- 1 85A483 
substrate. 

1'1 Dlhydroxyfumal'ate Ion 

'N02 + DHF2 - - N0 2 - + HT 1.3 X 107 6.5 p.r. C.k. in soln. contg. 0.1 mol L -I NaNOa, 1 86A022 
+ [DHFJ·- mol L -1 tert-BuOH and 2 X 10-3 mol L- 1 

ABTS; reI. to k(N02 + ABTS) = 2.2 x 
107

. 

18 N,N-Dlmethylanlllne 

°N02 + C6HI}N(CH:ih - N02 -

+ [C6 HsN(CHa)2J'+ 
2.6 X 107 9.6 p.r. P.h.k.; N02 from °OH + N02-. 86A059 
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TABLE 8. Rate constants for reactions of nitrogen dioxide in aqueous solution-Continued 

No. Reaction k (L mol- 1 S-I) pH Method Comment Ref. 

19 Dlthlothreltol 

'N02 + 4.6 x 10· g p.r. P .b.k. at 400 nm in NIIO-satd. soln. cont.g. 82AI7 
HSCH2CHOHCHOHCH2SH - 2 x 10-3 mol L -I NaN02 and 1-2 x 10.4 

N02 - + H+ + mol L- 1 DTT. 
·SCH2CHOHCHOHCH2SH 

10 Glycyltryptophan 

-N02 + GlyTrpH - N02 - + H+ -1 X 106 6.5 p.r. 86A48 
+ GlyTrp· 

II Glycyltyroslne 

-N02 + GlyTyrOH - N02 -+ 3.2 x 10° 7.5 p.r. P.b.k. at 405 nm in soln. contg. nitrate and 85A48 
GlyTyrOo + H+ 2.0 X 107 11.3 nitrite ions; at pH <7 " < 1 x 10". 

II Glycyltyrosyl radical 

·N02 + GlyTyrO' - addn. -3 x 109 p.r. P.b.k. at 450 ~min soln. contg. Nf -. NOs- 86A48 
and GlyTyr; ES60 = 3000 L mol- em- l • 

II Hydroqulnone 

oN02 + HOCoHfO- - N02 - + 1.6 X 108 10.3 p.r. P.b.k.; N02 from 008 + N02-. 86A05 
-OC6H .. 0· + H 

>5 x 108 -12 p.r. P .b.k. in N2-satd. soln. contg. 0.1 mol L- 1 86A02 
NaN03 and hydroquinone. 

1.1 x 109 12.3 p.r. P.b.k. at 400-430 nm in N20-aatd. nitrite 86A26 
ion soln. 

I" I-Hydroxy-I,I .. dlmethylethyl radical 

'N02 + oCH2C(CHs)20H - <6 x 10" 6.8 ,-r. Oba. G(N02 -) in NaNOs soln. contg. tert- 84GIO 
BuOH; estd. " by optimizing routine. 

16 Hydroxymethyl radical 

°N02 + °C820H - N02 - + 1.0 X 10'1) 6.8,0 ,-r. Obs. G(N02 -) in NaNOs soln. contg. 84GI0 
HCHO + H+ methanol; estd. k by optimizing routine. 

ae 1 M Hydroxy-1-methylethyl radical 

oN02 + (CH3)200H - N02 - + 1.1 x 109 6.8 'V-r . Obs. G(N02 -) in NaNOs Boln. contg. 2- 84GIO 
CHaCOCHs + H+ PrOH; estd. Ie by optimizing routine. 

6 x 10D ,-r. Obs. G(N02 -) (pH 2-7) in deoxygenated 83A16 
NaN03 soln. (2.5 or 26 x 10-3 mol L -1) 

contg. 2-PrOH (0.05 mol L -1); estd. from 
modelling. 

If Llnoleate Ion 

oN02 + LC02 - - <5 x 10" 6.5 p.r. C.k. in soln. contg. 0.1 mol L -1 NaNOa, 1 86A02: 
mol L -I tert-BuOH and 2 X 10-3 mol L- 1 

ABTS; reI. to A:(N02 + ABTS) = 2.2 x 
107• 

-2 X 106 0.5 p.r. D.k. at 400 nm in Boln. contg. 3.3 x 10-3 85A48: 
mol L -I substrate. 

28 Methlonylglyelne 

'N02 + MetGly - 6.2 p.r. No reaction obs. in soln. contg. S X 10- 1 8SA48: 
mol L -I substrate. 

29 a-Methoxyphenoxlde Ion 

°N02 + CH30C6H40- - N02 - 1.8 X 107 12.3 p.r. P .b.k. at 400-430 nm in N20.satd. nitrite 86A26· 
+ CH3OC6H4O' ion soln. 

80 oi-Methoxyphenoxlde Ion 

·N02 + CH30C6H40- - N02 - 1.4 X 108 12 p.r. P.b.k.; N02 from ·08 + NOla . 86AOSI 
+ CHSOC6H4O· 
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TABLE 8. Rate constants for reactions of nitrogen dioxide in aqueous solution-Continued 

No. Reaction k (L mol- l S-I) pH Method Comment Ref. 

31 10-Methylphenothlazlne 

-NO., + MPTH - NO., - + 6.6 X 107 6 f.p. P.h.k. at. 515 nm in 2:1 vlv water-E't.hltnol 82A297 
MPTH-+ - contg. 0.1 mol L -I NaNOa and 1.6 A 10-.1 

mol L - I MPTH; quenching of triplet MPTH 
gave N0 3

2 - which hydrolyzed to N02 • 

32 3-Methylphenoxlde Ion 

-N02 + CHaCoH .. O- -+ N0 2 - + 1.3 X 107 12.3 p.r. P.h.k. at 400-430 nm in N20-satd. nitrite 86A254 
CHaCoH40- ion soln. 

33 4-Methylphenoxlde Ion 

-N02 + CH3CoH..0- -+ NO z - + 3.4 X 107 12.3 p.r. P.h.k. at 400-430 nm in NzO-satd. nitrite 86A254 
CH:JC6H .. O- ion soln. 

84: Metlazlnle aeld, eonJugate base 

-N0 2 + MZ- - N0 2 - + MZ- 1.2 X 108 6.8-9.3 p.r. P.h.k. at 530 nm in NzO-satd. soln. contg. 86A022 
0.01 mol L -I NaNOz and (1-7) x 10-1 mol 
L -1 motiuinie aeid (pK ... 1.2) 

86 Phenoxlde Ion 

-NOz + COH50- -+ NO z - + 8.6 X 106 12.1 p.r. P.h.k.; NO z from -OH + NO z-' 86A059 
CuHnO-

36 p-Phenylenedlamlne 

-NOz + C~H .• (NH~z - NO z - + 4.6 X 107 9.2 p.r. P. h.k.; NO z from -OH + NOz -. 86A069 
HzNCoH .. NH + H 

37 Resorelnol 

-N02 + -OCoH .. O- - N0 2 - + 3.8 X 108 12.3 p.r. P.h.k. at 400-430 nm in NzO-satd. nitrite 86A254 
-OCoH .• O- ion soln. 

88 N,N,N' ,N'-Tetramethylbenzldlne 

-NO z + TMB - NO z - + TMB'+ 2.5 X 108 f.p. P .h.k. in 2:1 v Iv water-ethanol contg. 82A297 
NaN03 ; quenching of triplet TMB gave 
N0 3

z- which hydrolyzed to NO z' 

a9 Tryptophan 

-NO z + TrpH- <5 x 105 ~12 p.r. P.h.k. at 520 nm in NzO-satd. soln. contg. 87A179 
NaNOz and tryptophan. 

40 Tyrosine 

-NOz + TyrOH -+ NOz- + TyrO- 2.9 x 107 -12 p.r. P.h.k. in NzO-satd. soln. contg. NaNOz and 87A179 
+ H' tyrosine. 

41 Deoxyrlbonuelele aeld 

-NO z + DNA-+ p.r. No reaction ohs. at 1 giL DNA. 85A483 
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TARLE 9. Rate constants for reactions of nitrogen trioxide in aqueous solution 

No. Reaction Ie (L mol- J s-l) pH Method Comment Ref. 

1 Nitrogen trioxide 

NOa" + NOs" ... N20 6 7.9 X 106 acid f.p. D.k. at 635 nm in 3.5-15 mol L -1 HNO:i 70F72~ 
and 10" mol .,_1 (NO t)2Ce(NO:~)6; €(635 
nm) = 250 L mol-" em-I; cor. for major 
contribution from Ce(III) + NOa. 

2 SlIvep(I) Ion 

NOs" + Ag+ ... Ag2+ + NOs- 1.5 x 10° <0 p.r. D.k. at 635 nm in 2 mol L -1 nitric acid 86A48( 
soln. contg. metal ion; Ie = 2.1 and 2.0 x 
10° in 4 and 7 mol L -1 nitric acid, reap. 

3.1 x 10° <0 p.r. D.k. at 640 nm in 6 mol L -I HNOg • 86A27! 

3 Bromide Ion 

NOs" + Br- ... NOa - + Bro 4 x 10° nat. p.r. D.k. at 640 nm in 5 mol L- 1 NaNOa. 86A27! 

4: Cerlum(m) 

NOa" + Ce(lII) - NOs - + 1.1 X 106 <0 p.r. D.k. at 635 nm in 3 mol L -1 nitric acid 86A48C 
Ce(IV) soln. contg. metal ion; Ie = 1.3, 1.7 and 4.4 

x 10" in 1.1, 6 and 12 mol L- 1 nitric acid, 
reap. 

1.3 X 106 acid p.r. D.k. at 600 nm in 2 mol L -1 HNOg contg. 
lO-2 mol L- 1 Celli; cor. for NO g + NO g • 

74114() 

3.7 X 106 nat f.p. D.k. at 600 nm in 2-20 X 10-a mol L- 1 677274 
K2Ce(NO a)0· 

1.7 X 100 <0 f.p. D.k. at 635 nm; 6 mol L -I nitric acid; 64AOo; 
radical from c@ri(' ammo.nium nitra.t@ 

6 Chloride Ion 

NO:J' + 01- - NOs - + CI- 7.1 x 101 nat. p.r. P. h.k. (C12 -) at 345 nm, as well as d.k. at 86A27! 
640 nm, in soln. ~ontg. S mol L -I Na.NDI). 

1.0 X lOR nat. p.r. P.b.k. at 345 nm (012'-) in 2 mol L- 1 761141 
NOs Boln. 

6 Cobalt(U) Ion 

NOs" + C02+ - <7 x 104 <0 p.r. D.k. at 640 nm in 6 mol L -I HN0 3 • 86A27~ 

'I Iron(U) Ion 

NO;~' I Fe(lI) -+ NOs- + Fe(III) 8.0 >< 106 .,dd p.r. D.k . .,t, 600 nm in 2 mol L-I lINOs cont". 
lO-s mol L -1 Fe2+; cor. for NOs + NOg • 

141140 

8 Manganese(U) Ions 

NO;s' .~ Mn(II) ..... NOa- 1.6 x 106 <0 p.r. D.k. a.t 636 nm in 3 mol L -1 nitric a.cid 86A.f8( 

Mn(III) Boln. contg. metal ion; Ie = 1.8 and 2.2 x 
10° in 6 and 8 mol L -1 nitric acid, resp. 

1.1 x 106 <0 p.r. D.k. at 640 nm in 6 mol L -I HNOa. 86A27f 

9 Nitrite Ion 

NOa• + N02 - ... NOa - + ·N02 1.2 x 109 7 p.r. D.k. 690417 

10 Dloxoncpt-unlum(V) Ion 

NOa• + Np02 + ... Np0 2
2 + + 8.1 x 101'1 <0 p.r. D.k. at. 640 nm in soln. contg. 1 mol 1,-1 86A37( 

NOa- HNO:J and 0, 3 and 6 mol L - t LiNOa; 
similar values were detd. in Boln. with 2·5 
mol L - I ONOa. 

11 Blsulftte/sulftte Ion 

NO:i " + HSDa - /SOa 2- -- NOa - 2 x 10° ~7 p.r. D.k. at 640 nm in 5 mol L -I NaNOs. 86A27~ 

+ SOa'- (+ H+) 

12 ThalUum(J) Ion 

NOa• + TI(I) ... NOa - + Tl(II) 5.0 x 101 <0 p.r. D .k. at 635 nm in 3 mol L -1 nitric acid 86A48( 
501n. contg. meLal iOIl; Ir. = 4.0 and 2.2 X 

101 in 6 and 9 mol L -1 nitric acid, resp. 
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RATE CONSTANTS FOR REACTIONS OF INORGANIC RADICALS IN AQUEOUS SOLUTION 1117 

TABLE 9. Rate constants for reactions of nitrogen trioxide in aqueous solution-Continued 

No. Reaction k (L mol- J s-I) pH Method Comment Ref. 

11 Thalllum(I) lon-Continued 

8.6 x 101 <0 p.r. D.k. a.t MO nm in 6 mol {,-I HNOa. 86A278 

3.5 x 107 0.65 f.p. D.k. at 600 nm in soln. contg. 0.1 mol L- 1 677274 
K2Ce(NOa)6 and 1·8 x 10-5 mol L -1 TI+ 

18 Vanadlum(IV) Ions 

NOa• + V(IV) - NOa - + V(V) 6.0 X 106 <0 p.r. D.k. at 635 nm in 3 mol L -1 nitric acid 86A480 
soln. contg. metal ion; k = 1.2 and 2.2 X 

107 in 6 and 9 mol L -1 nitric acid, resp. 

14 Aeetle aeld 

NOs· + CHaC02H - 4.6 x 104 0.65 f.p. D.k. at 600 nm in loin. contg. 0.1 mol L- 1 677214 
K 2 Cp(NOu)o ann 1-4 x 10-2 mnl L- 1 

AcOH. 

2.3 x 102 <0 f.p. D.k. at 635 nm; 0-10 mol L -1 acetic acid 64AOOI 
added to 6 mol L - I nitric acid; radical from 
eerie ammonium nitro.te 

1& Aeetophenone 

NOs· + CoHoCOCHa - 1.4 X 107 <0 p.r. D.k. at 640 nm in 6 mol L -] HNOg • 86A278 

16 Aerylamlde 

NOs· + H2C=CHCONH2 - 3.4 X 106 <0 p.r. D.k. at 640 nm in 6 mol L -1 HNOa. 86A278 

17 Anisole 

NO:J• + C6H60CH3 - 3.2 X 1O!) <0 p.r. D.k. at 640 nm in 6 mol L -1 HNOg • 86A278 

18 Anthraaemlqulnone-I,6-dlsultonate, radleal Ion 

NO.," + [(SO;,)zAQ)"a- - NO., 1.0 X 108 80 

+ (SOa)2AQ2-
f.p. D.k. ,.3,.580 

19 Crotonle add 

NOs" + CHsCH=CHC02H - 5.1 x 101 <0 p.r. D.k. at 640 nm in 6 mol L -I HNOg . 86A278 

10 Ethanol 

NOs". + C2H60H - HNO:1 + 1.4 x 106 <0 p.r. D.k. at 640 nm in 6 mol L -1 HNOg • 86A278 
CHaCHOH 

2.2 x 106 acid p.r. D .k. at 600 nm in 5 mol L -1 HNOn; cor. for 741140 
NOli + NOs· 

3.9 X 106 0.65 f.p. D.k. at 600 nm in soln. contg .. 0.1 mol L- 1 677274 
K 2Ce{NOa)o and 1.3-16 x 10-'1 mol L- 1 

EtOH, as well as with 0.1 and 0.01 mol L- 1 

HNOg added. 

11 Ethylene glyeol 

NOs· + H9CH2CH20H - HNOg 1.6 x 106 <0 p.r. D.k. at 600 nm in 5 mol L -1 HNO:1; cor. for 741140 
+ HOCH2CHOH NOa + NOs. 

22 Fnprrilp RPM 

NOa" + HC0211 - HNOs + <1 x 10!; <0 p.r. D.k. at 640 nm in 6 molL-I UNO:,. 86A278 
"C02H 

2.1 x 101) 0.65 f.p. D.k. at 600 nm in soln. contg. 0.1 mol I.-I 671274 
K2Ce(NOll)(I and 1-10 x 10-a mol L - I 

formic acid. 

28 Fumarle acid 

NOs· + H02CCH=CHC02H -+ < 1 x 10° <0 p.r. D.k. at 640 nm in 6 mol L -1 HNOs . 86A278 

24: Glycerol 

NOs" + HOCH2CH(OH)CH20H - 1.8 x lOti <0 p.r. D.k. at 600 nm in 5 mol L -J HNOai cor. for 74:1140 
NOa + NOa· 
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TABLI!: 9. Rate constants for reactions of nitrogen trioxide in aqueous solution-Continued 

No. Reaction Ie (L mol- I a-I) pH Method Comment Ref. 

1& Methanol 

NOa" + CHaOH - HNOa + 2.1 x 106 <0 p.r. D.k. at 640 nm in 6 mol L -I HNOa. 86A271 
"CH2OH 

1.2 x 106 <0 p.r. D.k. at 600 nm in 5 mol L -I HNOs; cor. for 14114(J 
NOs + NOs. 

1.0 X 106 0.65 f.p. D.k. at 600 nm in soln. contg. 0.1 mol L- 1 611274 
K2Ce(NOs)o and 2-10 X 10-3 mol L- 1 

MeOn. 

18 Phenylaeetle aeld 

NOs· + C6HI)CH2C02H - 1.8 x 10° <0 p.r. D.k. at 640 nm in 6 mol L -1 HNOs. 86A271 

17 I-Propanol 

NOs" +;. (CH:J)2CHOH - HNOa + 2.4 x 106 <0 p.r. D.k. at 640 nm in 6 mol L -1 HNOs. 86A271 
(CH3)2COH 

2.3 x 106 <0 p.r. D.k. at 600 nm in 5 mol L -1 HNOs; cor. for 74114t 
NOa + NOa· 

3.6 x 106 0.65 f.p. D.k. at 600 nm in aoln. contg. 0.1 mol L- 1 611274 
K2Ce(N03 )0 and 1-6 x 10-" mol L -I 2-
PrOH. 

18 pyrldlnlum Ion 

NOs· + pyH+ - <1 X 10'( <0 p.r. D.k. at 640 nm in 6 mol L -I HNOs. 86A211 

.0 T.t. •• hydrotu •• n 

NOs· + THF- 1.2 x 107 <0 p.r. D.k. at 640 nm in 6 mol L -I HNOs. 86A211 
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T AAI,E 10. Rate constants for miscellaneous nitrogen-containing radicals 

No. Reaction Ie (L mol-I S-I) pH Method Comment Ref. 

I Hydrasyl radical 

1.1 oN!;!H" + + °N2H" + - 3.0 X 108 2.0 p.r. D.k. in N2 0-satd. soln. contI:. 2.0 x 
10-~ mol L - 1 hydrazine; f =: 1600 L 
mol-I em-I at. 225 nm. 

720003 

1.2 ·NHNH2 + -NHNH2 - 1.2 x 10D 9.2 p.r. D.k.; E = 3500 at 230 nmi at pH 13.4 Ie 720003 
= 1.3 x 10D 

1.3 oN2H.t + + Fe(CN)o 4- - <3 x 100 5,8 p.r. No reaction detected in N20-satd. soln. 
contg. 10-3 mol L -I ferrocyanide, 10-2 

84A237 

mol L -I hydrazine and 10-2 mol L- 1 

Na2HPO ... 

2 Cyanate-OH adduct 

2.1 oNC(OH)O- + NCO- - 4.3 X 106 10 p.r. P.h.k. at 330 nm (E = 970 L mol- 1 87A220 
(-O:zCNHNCO-)o t"m- J). 

4.6 X 100 5.1 p.r. P.b.k. as a function of [NCO-I. 771035 

I Cyanate radical Ion 

3.1 (-02CNIINCO-)· + COll6 NH2 -- <5 x 106 10 p.e P. b.k. a.t. 420 nm in 801n. contg. 5 x 87AZZO 

[CoHoNH2J'+ 10-5-1 x 10-3 mol L - J aniline and 
0.1-1 mol L -1 NCO-. 

3.2 (-02CNHNCO-)' + AH- - -A- 1.2 x 108 10 p.r P .b.k. at 430 nm (ascorbat.e radical) in 87A220 
soln. contg. 5 x 10-°-1 X 10-3 mol 
L -I ascorbate ion and 0.1-1 mol L- 1 

NCO-. 

3.3 (-02CNHNCO-)· + -OCoH .. O- 3.2 x 108 13 p.r P.b.k. at 430 nm (ArO') in soln. contg. 87A220 
- -OCoH .. O· 5 x 10-G-1 X 10-3 mol L- 1 

hydroquinone and 0.1-1 mol L -1 NCO-. 

3.4 (-02CNHNCO-)" + 6.5 x 107 13 p.r P.b.k. at 420 nm (ArO·) in soln. cont.g. 87A220 
CH3 0CoH,,0- - CH30CoH~0' 5 )( 10-/;_1 X 10-3 mol L -I 4-

methoxyphenol and 0.1-1 mol L- 1 

NCO-. 

3.5 (-02CNHNCO-)- + C6H~(NH2)2 6.4 X 107 10 p.r P. b.k. at 480 nm in soln. contg. 5 x 87A220 
- [H2NCoH4NH21-+ 10-6-1 X 10-3 mol L -I ".. 

phenylenediamine and 0.1-1 mol L- 1 

NCO-. 

3.6 (-02CNHNCO-)· + COH50 - - <1 X 100 12.5 p.r P.h.k. at 400 nm (ArO') in soln. contg. 87A220 
C6 H(;0- 5 x 10-°.1 x 10-3 mnl 1.-1 rhllOnnl land 

0.1-1 mol L -I NCO-. 

3.7 (-02CNHNCO-)· + TMPD - 1.5 x 108 10 p.r P. h.k. at 560 nm in soln. contg. 5 x 87A220 
TMPD·+ 10-6-1 x 10-3 mol L -I N,N,N',N'-

tetromethyl-p-phenylcncdiamine and 
0.1-1 mol L- 1 NCO-. 

3.8 C02CNHNCO-)· + UrO- - 8.3 x 107 13 p.r P. h.k. at 360 nm in soln. cont.g. 5 x 87A220 
UrO" 10-6-1 x 10-3 mol L -I urate ion and 

0.1-1 mol L -I NCO-. 

4 Cyanlde-OH adduct 

4.1 HOCH=N' + HOCH=N'- 1.4 x 109 2.85, p.r. D.k. in N20-satd. 0.01-0.1 mol L- 1 761079 
3.6 HCN. 

7.5 x 108 3.7-7 p.r. D.k. in HCN soln. 741132 

I; Cyanlde-H adduet 

6.1 -N=CH2 + °N=CH2 ...,. 1.3 X 109 1.9 p.r. D.k. in 0.1 mol L - I HCN soln. 761079 

8 Carbamoyl radicals 

6.1 -CONH- + 'CONH- ...,. 1.1 x 10° 13.8 p.r. D.k. in CN- soln. 741132 

6.2 'CONH2 + 'CONH2 "'" 3.1 x 10° 9.85- p.r. D.k. in eN- soln. 761079 
11.5 

3.1 x 10° 10-11 p.r. D.k. in CN- soln.; E(U5) = 2200 L 741132 
mol- I em-I; 2k -= S.S x 109 for same 

radical from formamide. 

6.5 x 108 7 p.r. D.k. at 320 nm; radical from formamide. 700098 
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TABLE 10. Rate constants for miscellaneous nitrogen-containing radicals-Continued 

No. Reaction Ie (L mol- l 8- 1) pH Method Comment Ref. 

e Carbamoyl radlc.als-Continued 

6.3 -CONH2 + Co(NH3 )6
3 + - <4 X lOT 6.2 p.r. D.k. in N:zO-satd. soln. contg. 0.01 mol 

L - I formamide. 
72A01~ 

6.4 -CONH2 + Cr(H20)62 + - 6.5 x 108 - 5 p.r. P .b.k. in Ar- or N20-satd. 801n. contg. 141146 
(H2O)sCrIllCONH2 formamide. 

6.6 'CONH2 + Ru(NHs)6 S+ - <1 X 107 6.2 p.r. D.k. n N20-satd. 10-2 mol L-1 12AOll 
formamide soln.; e-transfer. 

'I Nitrite radlc.al Ion 

1.1 NO~2- + H20 - NO + OH- 1.7 x 102 p.r. D.k. at 270 nm. 761171 

1.0 x 103 9.0 p.r. D.k. at 270 nm: soln. containa 0.25 mol 69043t1 
L -J tert-BuOH; pK == 7.1, 6.1 for (H+ 
I) N022- - RNOz - (-I R+) - RljINOz. 

(See also (707264)) 

8 Nitrate radical Ion 

•. 1 NO.,2- + R"O- oN0 2 + OR- 1.6 )( 103 p.r. D.k. at. 260 nm in 801n. contS. 10-2 mol 7611'11 
L- 1 NaNOS; reported Ie= 9 x 10" I-I. 

1.0 X 103 alk. p.r. D.k. at 290 nmj also condy. change: 400 700151 
nm absorption obs. for -NOzi half-life 
= 12.5 fAS; pK = 1.6, 4.8 for (H+ +) 
NOa

2 - ~ HNOg - (+ H+) '* H2N03 • 

Half-life for HN03 - - OH- + -N02 = 
3 f1.s. 

1.3 X 103 p.r. Conduetlvity change In >2 x 10-& mol 700254 
L - J NOs - soln.; same Ie with up to 0.05 
mol L -I MeOH added; reported lifetime 
9.5 f1.s, Ie = IOn 8- 1 

8.2 N03
Sol

- + 02 - N03 - + °2-- -2 X 108 10.6 p.r. Estd. in 02-satd. soln. contg. 1 mol L - 1 

tert-BuOH, 0.5 mol L -1 nitrate ion and 
86A02: 

5 x 10-4 mol L -1 ABTS and half-life 
of N03

2- 12.6 f1.8. 

2.4 x 108 12 Estd. from dependence of G(N02 -) on 610032 
[02]; reI. to A:(NOs2-' + H2O). 

8.3 N03
2

- + Q - NOa- + Q'- 1.6 X lOft 1 p.r. P .b.k. in N2-aatd. loin. contg. 10% tert-
BuOH. 0.2 mol L -I nitrate ion and 

86A02~ 

(0.2-1) x 10-3 mol L -I benzoquinone. 

8.4 NOS2 - + MV~l+ - NOs - + 3.3 x 10° 11 p.r. P .b.k. in N2-Iatd. aoln. contg. 1 mol 86A02: 
MV·+ L -I tert-BuOH, 0.1 mol L -1 nitrate ion 

~nd 10-3 mnl 1.- 1 m~t.hyl vlnlng .. n. 

8.5 NOa
2 - + DQ - NOa - + DQ'- <1 x 107 6 p.r. No aba. detected in N2-satd. 801n. contg. 

10% t,rt-BuOH, 0.2 mol L -1 nitrate ion 
86A02~ 

and (0.2-1) x 10-3 mol L- 1 

duroquinone; some semiquinone formn. 
at pH 11. 
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TAALF.: 11. Rate constants for reactions of phosphite radicals in aqueous solution 

No. Reaction Ie (L mol- I S-I) pH 1 Method Comment Ref. 

1 Phosphite I'adleal Ion 

POa
2- + POa

2- - 3.2 X 106 -0 p.r. D.k. in N20-satd. soln. of Na 82A085 
phosphite; 2kob" = 9.6 X 106

. 

2 Oxygen 

HPOa - + 02 - HP05·- 1.9 X lOll 2.5 p.r. D.k. in N20-satd. soln. contg. 10-1 80A226 
mol L -1 phosphite, product 

POa
2- + 02 - P06

2- 1.1 X lOll 9 identified by opt. and condy. 
studies. 

8 Dlethyl disulfide 

HPOa - + C:.lH6SSC2H1) - 1.3 X 108 -4 p.r. D.k. in N 20-satd. soln. contg. 0.1 80A226 
C 2H5SPOaH- + C2 Hr,S· mol L -I phosphite ion, product 

PO:1
2

- 1- C 2H 6SSC2H a --
anal. showed [RSSR]-- or [RSSRJ·+ 

1.1 x 108 --12 lluL rurmed. 

C 2H5SPOa
2

- + C2H5S· 

4 Dimethyl disulfide 

pol'- 1- OlIaSSOlla -. OllaS- 1- 2.3 x 108 -12 p.L D.k. in N 20-8il,td. 8uln. couLg. 0.1 80A220 
CHaSP03

2- mol L -I phosphite ion, [RSSR]·- or 
[RSSRJ·+ not formed. 

6 DI(l-methylethyl) disulfide 

HP03 - + [(CH3 )2CH]2S2 - 2.1 X 107 -4 p.r. D.k. in NzO-satd. soln. contg. 0.1 80A226 
(CHa)2CHS· + (CHa)2CHSPOaH- mol L - J phosphite ion, product 

POa
2- + [(CH3 )2CH]2S2 - 1.2 X 107 

anal. showed [RSSRj-- or [RSSRj·+ 
'1 not formed. 

(CHal2CHS· + (CHS)2CHSP032-

8 Ethanethlol 

POa
2

- + C2H5 SH - HPOa
2- + 3.0 x 108 '1 p.r. P.b.k. in N20-satd. soln. contg. 0.1 80A226 

C 2"aS• mol L - 1 phosphite ion. 
P03

z- + C2H5S- - POa
s- + 1.0 x 108 -12 

CzHaS· 

'1 Llpoate Ion 

PO:~z- + RSSR _ PO:J
a- + 4.0 X 108 basic p.r. P .b.k. at 425 nm in basic and a90 80A228 

RSSR·- nm in acidic N20-satd. soln. contg. 

HPO:J - + RSSR - HPOa
2- + 

phosphite ion, product yields 
1.4 x 10° acid indicate this reaction accounts for 

RSSR·- half of radical decay, addn. reaction 
assumed to occur at rate similar to 
electron transfer. 

8 Penlelllamine 

HPOa - + PenSH - H2POa - + 2.8 X 108 4 p.r. P.b.k. at 330 nm (!PenSb·- lin 80A226 
PenS· N20-satd. soln. contg. 0.1 mol L- 1 

PO:~2- + PenSH - HPOa
2- + 2.0 X 108 

pho8phit.e ion. 

'1 
PenS· 

PO!j2- + PenS- - P03
3 - + 3.0 X 108 -12 

PenS· 

9 2-P I'opanethlol 

POa
2

- + (CHa)2CHSH - 2.0 x lOR 7 p.r. P .b.k. (RSSR· from RS· + R -) in 80A226 
HPOa

2- + (CH3)2CHS• N20-satd. soln. contg. 0.1 mol L- 1 

phosphite ion. 

10 Tetranltromethane 

POa
2- + C(N02)4 ... POa

3 - + 1.6 X IOu 8.7 p.r. P.b.k. (nitroform anion) at 350 nm 80A226 
N02 - + C(N02la- in N:!O-satd. soln. contg. 10.2 mol 

HPOa - + C(N02)4 ... HPOa
2- + 

L - I phosphite ion. 
2.6 x lOll 3.5 

N0 2 • + C(N02la-
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TABLE 12. Rate constants for reactions of phosphate radicals in aqueous solution 

No. Reaction Ic (L mol- I s-I) pH 1 Method Comment Ref. 

1 Dlhydrogen ph08phate radleal 

H2PO"o + H2PO .. o -. H2P 20 8
2- -1 X 10° 3.8 p.r. D.k. at 600 nm in 1-3 mol L- 1 73106() 

+ 2 H+ pholphate latd. with Nlt0; 
interpreted from 2Ic/f. = 1.1 X 106 

em s-I and E = 1800 L mol- I 

cm- I [78A076J. 

-2 x 100 3.5,4.1 -1 p.r. D.k. at 600 nm in 1 mol L- 1 70030~ 

H2PO" - contg. N20; calcd. from 
21c/E = 2.6 x 10&, E = 1800 L 
mol- 1 cm- I {78A076J. 

I Hydrogen phosphate radleal Ion 

HPO"o- + HPO"o- -. P 20 8
4 - + 

2 H+ 
-1.6 X 108 -9 ~ p.r. D.k. at 600 nm in N20.aatd. 0.3 mol 

L -I pholphate; interpreted from 
73106( 

2Ic/E == 3-7 x 10° em I-I and E = 
1660 L mol- 1 em- 1 [78A076J. 

'~4 x 108 7·8 p.r. D.k. at 600 nm in 1 mol L- 1 70030~ 

HPO .. t - cont". N!20; calcd. from 
21c/E = 5.6 X 108 

- 6.1 X 106
, E == 

1650 L mol- I cm- I [78A076]. 

8 Phosphate radleal Ion 

PO .. •2
- + P04•2

- -. P 20 S 4- 3.9 X 107 -12 ~ p.r. D.k. at 500 nm in N20-satd. 0.3 mol 
L -I pholphate; interpreted from 

73105( 

21c/E == 108 cm s-I and E = 2100 L 
mol-I cm- I [78A076J. 

-2 x 108 11-12 -6 p.r. D.k. at 600 nm in 1 mol L -1 PO .. 3 - 7003m 
contg. N20; calcd. from 21c/E = 1.9 
X 106 - 2.4 X 106, E = 2100 L 
mol- J em-I [78A076J. 

4: Bromide Ion 

H2PO,,· + Br- -. H2P01- + Br' 8 x 108 4 -0.06 p.r. D.k. at 620 nm in 0.02 mol L- I 78A07 
HPO,,·- + Br- -. HPol- + Br· 6.5 X 106 9 -0.2 Li .. P 208 loin. 

6 Chloride Ion 

H2PO .. o + 01- -. H2PO .. - + CI· 2.2 x 106 4 -0.06 p.r. D.k. at 620 nm in 0.02 mol L- I 78A07 
HPO .. o- + CI- -. SI x 10" 7 -0.12 Li .. P 208 loin. 

0 Iodide Ion 

PO,,·2- + r -. PO .. 3 - + I. 3 X 108 12 -0.2 p.r. D.k. at 520 nm in 0.02 mol L- 1 78A07 
Li .. P 208 soln. , Aside Ion 

HP04o- + Na - -. HPO .. 2 - + 1.1 X 108 7 -0.1 p.r. D.k. at 520 nm in 0.02 mol L- 1 78A07 
oNa Li .. P 208 loin. 

8 Ammonia 

PO ... 2- + NHa - °NH2 + 2.2 X 106 11.0 p.r. D.k. at 520 nm in Li .. P 20 S soln. 78A21: 
HPO,,2-

.. Ammonium Ion/Ammonia 

HPO .. ·- + NH .. + INHa -. 4 x 10" 7.1 p.r. D.k. at 620 nm in Li.,P20" soln. 78A21: 

10 Hydraslne 

HPO"o- + H2NNH2 -. ·NHNH2 4.9 X 108 9.4 --0.2 p.r. D.k. at 520 nm in 0.02 mol L- 1 78A07. 
+ H2PO .. - Li .. P 208 soln. 

11 Hydraslnlum Ion 

H2PO .. o + H2NNHa + - °N2H .. + 1.9 x lOS 4 -0.06 p.r. D.k. at 620 nm in 0.02 mol L- I 78A07! 
+ HaPO .. Li4P 208 soln. 
HPO"o- + H2NNHa + - ·N2H.t + 1.4 x 108 7 -0.1 
+ H2PO .. -
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TABLE 12. Rate constants for reactions of phosphate radicals in aqueous solution-Continued 

No. Reaction k (L mol- 1 s-l) pH 1 Method Comment Ref. 

12 Hydroxylamine 

HPO.j°- + NH20H - NHOH + 4.9 x lOR --0.2 p.r. D .k. at 520 nm in 0.02 mol I.-I '18AO'16 
H2PO" - Li .. P 20S soln. 

13 Hydroxylammonlum Ion 

H2PO .. o + NHaOH+ - HaP04 + 1.2 X 107 4 -0.06 p.r. D.k. at 520 nm in 0.02 mol L- 1 78A075 
oNH2+OH Li4P 208 soln. 

14: Nitrite Ion 

HPO",o- + N0 2 - - HPO,j2- + 1.4 X 107 '1 --0.1 p.r. D.k. at 520 nm in 0.02 mol L- 1 78AO'16 
N02 Li .. P 20 8 soln. 

16 Hydroxide Ion 

1"04
02 - T OH- ..... 1"0/- T 'OH 5 x 10" ~12 -0.2 p.r. D.k. at no nm In 0.02 mol L-' 78A075 

Li .. P 208 soln. 

2 x 105 >12 -1 p.r. D.k. at 500 nm in 0.3 mol L- 1 731050 
HPO,,2- soln.; first order decay rate 
9.15 x lU IJ at pH 12.65. 

18 Hydrogen peroxlde 

H2P04• + H2 0 2 - H2PO .. - + 5.5 X 107 4.6 0.1 f.p. D.k. at 500 nm in 0.1 mol L- 1 700326 
H02' T H+ 

107 
NaH2I"O .. soln. 

HPO .. ·- + H20 2 - HP0 4
2- + 2.'1 x 9.0 0.1 

2 H+ + 02'-

1'1 PhoBphlnle aeld, 10n(I-) 

H2 P04 ' + H2P02 - - H2PO .. - + 3.9 X 108 4 -0.06 p.r. D.k. at 620 nm in 0.02 mol L- 1 '18AO'16 
H+ + HP02 -

HP0 1'- + H2P02 - - HPO/- 5.9 x 107 
Li.1P 208 soln. 

7 -0.1 
+ H+ + HP02-
P04 0

2- + H2P02 - - P04
3 - + 7.9 X 107 12 -0.2 

H+ + HP02-

18 Hydrogen phosphite Ion 

P04 0
2-. + HPOa

2- - P04
a- + 5.5 x 106 12 -0.2 p.r. D.k. at 520 nm in 0.02 mol L- 1 78A075 

H+ + POa
2- Li 4P 20S soln. 

HPP-1'- + HPOa
2

- - H2P0 1 - 5.9 X 106 9 -0.2 
+ POa

2-

19 Dlhydrogen phosphite Ion 

H~P04° + H~P03 - - H2PO .. - + 4 X 107 4 -0.06 p.r. D.k. at 520 nm in 0.02 mol L- 1 78A076 
HPOa- + H Li4P 20S soln. 

20 Hydrogen peroxomonophoBphate Ion 

HPO..,o- + HPOS2
- - <1 X 105 p.r. D.k. at 520 nm. 771047 

11 SulnL~ lUll 

IjPO.,,·- + 8°32
- - HPol- + 2.7 x 107 g -0.2 p.r. D.k. at 520 nm in 0.02 mol L- 1 78A075 

803- Li 4P 208 soln. 
~0."o2- + 8°32- _ PO,/- + 4.1 X 107 12 -0.2 
S03 

22 Hydrogen sulftte Ion 

1j2PO,,' + HSOa - - H2PO .. - + 2.7 X 108 
~·0.06 p.r. D.k. at 520 nm in 0.02 mol L- 1 78A075 

S03- + H+ Li"P 208 solD. 

23 Sulfate Ion 

HP0 4·- + 8°42- - ::::1 x 10,1 p.r. immeasurably slow 78A075 

24: Thiosulfate Ion 

HPO.t"- + S2032- - HPO/- + 1.0 x lOR 7 -0.1 p.r. D.k. at 520 nm in 0.02 mol L- 1 78A075 
820 3

0 - LL1P 20 S soln. 
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TABLE 12. Rate constants for reactions of phosphate radicals in aqueous 801ution-Continued 

No. Reaction Ie (L mol-I s-l) pH 1 Method Comment Ref. 

1& Acetate Ion 

HPO .. ·- + CH1,C02 - - S.6 X 10" 7.1 -0.1 p.r. D.k. at 520 nm in Ili"P20" loin. 771106 

10 Acetic acid 

H2P04• + CHaC02H - H2PO 4 - 3.4 x lOr. 3.6 -0.06 p.r. D.k. at 520 nm in Li .. P 20 S soln.; 771106 
+ ·CH2C02H + CO2 + ·CHa + acetate and methyl radical formed in 
H+ ratio of - 2:1 from CO2 yieldl by 

"'I-r. [7SGI6S] 

.7 Acetone 

H2PO .. • + CHaCOCH:J - 3.3 x 105 3.2-4.6 
H2PO. - + ·CH2COCHa + H+ 

-0.06 p.r. D.k. at 520 nm in Li .. P 20 S 801n. 771106 

18 Acrylamlde 

H2PO .. o/HPO .. ·- + 2.2 x 108 3.S-4 -0.06 p.r. D.k. at 520 nm in soln. contg. SOA24C 
H2C=CHCONH2 - :;;:1 x 106 7-7.6 -0.1 Li .. P 2Os· 

19 Acrylate Ion 

HPO .. o- + CH2=CHC02 - - 6.2 X 106 7-7.5 -0.1 p.r. D.k. at 520 nm in soln. contg. SOA24C 
-HOaPOCB2CHC02 - Li.,P 20S; product radical oba. by esr 

[776209]. 

80 Acryllc acid 

H2PO .. • + H2C=CHC02H - 1.6 x lOS 3.S-4 '-0.06 p.r. D.k. at 520 nm in 801n. contg. SOA24C 
H2OaPOCH2CHC02H Li.P2OS· 

81 Acrylonitrile 

H2P04"/HPO .. "- + H2C=CHCN 5.9 x 107 3.S-4 '-0.06 p.r. D.k. at 520 nm in 801n. contg. SOA24C 
4.4 x 107 7-7.5 -0.1 Li .. P 2Os· 

82 Alanine 

PO 4.
2

- + Ala - 1.6 x 107 12 --0.2 p.r. D.k. at 520 nm in Li.,P20 s soln. 771106 

88 Allyl alcohol 

H2P04·/HPO"o- + 1.4 x 109 3.S-4 -0.06 p.r. D.k. at 520 nm in 801n. contg. SOA24C 
H2C=CHCH20H - 2.1 x lOS 7-7.5 -0.1 Li .. P 2Os· 

8' Allyl cyanide 

H2PO .. ·/HPO .. o- + S.S x 10" 3.8-4 -0.06 p.r. D.k. at 520 nm in 801n. contg. 80A24C 
H2C=CHCH2CN - 3.4 x 107 7-7.5 -0.1 Li .. P 2Os· 

8& ~Amlnoben.oate Ion 

H2P0 4° + HaN ..... C6H4C02 - - 1.5 x 10" 3.3 "'0.06 p.r. D.k. at 620 nm in Li .. P 20 8 801n.; 771106 
:;PO .. - + H2N+C6H.tC02 + pKa = 2.3S, 4.S9. 

88 Denaoatie Ion 

HP04o- + C6H6C02 - - sl X 107 7.1 -0.1 p.r. O.k. at 520 nm in Li.,P20 S aoln. 771106 

87 Ben.ole aeld 

H2 PO .. o + C(lHr,C0211 - H2PO.J - 2.4 X 10" 3.2 -0.06 p.r. O.k. at 520 nm in Li.,P20" 80In.; 771106 
+ [C(lH6C02H]·+ approx. equal formn. of phenyl and 

OH adduct detd. from CO2 yield by 
"'I-r. (7SG16S] 

88 ~Chloroben.oate Ion 

H2PO .. " + CIC6H .. C02 - - 4.S X 107 5.0 -0.06 p.r. O.k. at 620 nm in Li .. P 20 S 801n. 771106 

89 ~Chloroben.olc acid 

H2P04" + CIC6B .. C02H - 1.0 x lOS 3.3 -0.06 p.r. O.k. at 520 nm in Li4P 20 s 801n. 771106 

40 Crotonate Ion 

HPO .. o- + CHaCH=CHC02 - - 3.5 X 106 7-7.5 -0.1 p.r. O.k. at 520 nm in 801n. contg. SOA240 
Li .. P 2OS· 
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T ABLI'~ 12. Rate constants for reactions of phosphate radicals in aqueous solution-Continued 

No. Reaction Ie (L mol- I s-I) pH I Method Comment Ref. 

4:1 Crotonic aeld 

H2 PO ,,' + CH:JCH=CHC02H - 4.5 X lOR 3.8-4 -0.06 p.r. D.k. at 520 nm in 801n. contg. 80A240 
Li.,P20S· 

4:1 4:-Cyanobensoate Ion 

H2PO,,' + NCCoH .. C02 - - 1.0 X 107 4.6 -0.06 p.r. D.k. at 520 nm in LLJP 20 S soln. 771106 

4:8 4:-Cyanophenoxlde Ion 

PO,,·2- + NCCOH.10- - PO/- 1.9 X 10K 11.2 -0.2 p.r. D.k. at 520 nm in Li.1P 20 S soln. 771503 
+ NCCoH .. O· 

4:4: 1-Deoxy-D-rlbose 

HP0 4'- + C5H IOO" - H2PO,,- 7.5 X 107 9.0 f.p. D.k. at 500 nm in 0.03 mol L- 1 700326 
+ .CoH9 O'1 HP0

4
2-. 

4:6 6,6-Dlhydrouracll 

H2P04 " + DHU - s3 X 107 9.0 f.p. D.k. at 500 nm in 0.03 mol L- 1 700326 
HP~42-. 

4:6 Ethanol 

H2P9.j· + C2H"OH - H2PO.,- + 7.7 X 107 '\I ·~0.06 p.r. D.k. at 620 nm in Li"PgOs soln. 771106 
CH9 CHOH + H+ 

107 PO.,·.2- + C2H50H - HPOoj2- + 1.9 X 12.0 -0.2 
CHaCHOH 

107 
HPO,,·~ + C2H"OH - H2POoj- 2.0 X 7 -0.1 
+ CHaCHOH 

4.0 x 107 9.0 f.p. D.k. at 500 nm in 0.03 mol L- 1 700326 
HPO,,2-. 

4:'7 Formate Ion 

PO .,.2- + HC02 - - HPO,,2- + 2.2 X 107 12 -0.2 p.r. D.k. at 620 nm in Li"P20 S soln. 771106 
'C02-

108 H2PO .1' + HC02 - - H2PO .. - + 1.5 x 4.5 -0.06 
"C02- + H+ 

107 HPO,,'- + HC02 - - H2PO" - + 2.5 X 7 -0.1 
'C02-

2.9 X 107 9.0 f.p. D.k. at 500 nm in 0.03 mol L- I 700326 
HPO,,2-- soln. 

4:8 Fumaric acid 

H2P04 " + HOzCCH=CHC02H - 1.5 x 107 3.2-4.6 -0.06 p.r. D.k. at 520 nm in Li4P 20 s soln.; 771106 
H0 2 CCHCH(C02H)OPO:JH2 product radical obs. by esr (775209) 

4:9 Glucose 

HPO,,'- + COH I20 6 - HPO/- B.O x 107 9.0 f.p. D.k. at 500 nm in 0.03 mol L -1 700326 
+ -COHII06 + H+ phosphate 801n. 
H2P0-t' + COH'20 0 - H2P04 - 1.1 X lOIS 4.5 
+ 'COHIIOO + H+ 

60 Glycine 

H2PO.,· + Gly - :::;1 x 10~ 4.5 "'0.06 p.r. D.k. at 520 nm in Li.,P20K 801n. 771106 

61 Glyelne, negative Ion 

P0-t·2- + H2NC]I2C02- - 2.6 X 107 12 -0.2 p.r. D.k. at 520 nm in Li"P20R soln. 771106 
HPO,,2- + H2NCHC0 2 -

62 4:-Hydroxybensoate Ion 

HPO .. ·- + HOCOH.1C02 - - 1.7 X 10" 7.2 --0.] p.r. D.k. at 520 nm in Li .. P 20 s soln. 771106 
H2PO 4 - + -02000H40 -

PO,,·2- + HOCoH"C02 - - 5 X 107 11.4 "0.2 p.r. D.k. at 520 nm in Li"P20 s soln. 771503 
HPO l- + -02C06 H,,0" 
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TABLE 12. Rate constants for reactions of phosphate radicals in aqueous solution-Continued 

No. Reaction Ie (L mol-I s-I) pH 1 Method Comment Ref. 

63 4:-Hydroxybenzolc acid 

H:aP01° + HOC IlH,C0211 - 1.3 x 101) 3.3 '-0.06 p.r. D,k. at 520 nm in I.i.,P 2 0 lIoln. 771108 
H2PO .. - + °OCo8,\C02H + H+ 

64: Maleic acid 

H2P0-t° + H02CCH=CHC02H - 3.1 X 107 3.2-4.6 -0.06 p.r. D.k. at 520 nm in Li.,P20 S soln. 771106 
H02 CCHCH(C02H)OPOaH2 Product radical obs. by esr [775209J. 

66 Malonic add 

H2P0-t° + HOzCCH2C02H - 1.8 X lOr, 3.2-4.6 -0.06 p.r. D.k. at 520 nm in Li-tP20g soln. 771106 
H2P0 4 - + oCH(C92H)2 + Product radical obs. by esr [775209]; 
°CH2COzH + CO2 + H+ approx. equal formn. of malonate 

radical and acetate radical detd. 
fl'nm CO2 yi~ld by 'V-I'. (780168). 

68 Methacrylate Ion 

HPO .. o- + CH2=C(CHa)C02 - - 2.3 X 107 7-7.5 -0.1 p.r. D.k. at 520 nm in soln. contg. 80A240 
Li.PgOe. 

6'1 Methacryllc acid 

H2P04° + H2C=C(CH:i )C02H - 7.3 X 108 3.8-4 -0.06 p.r. D.k. at 520 nm in soln. contg. 80A24d 
Li .• P.,OR' 

68 Methacrylonltrlle 

H2PO .. ·/HPO.,0- + 3.9 X lOS 3.8-4 -0.06 p.r. D.k. at 520 nm in soln. contg. 80A240 
H2C=C( CHs)CN - 2.8 x 107 7-7.5 -0.1 Li"P20 8· 

69 Methanol 

H2P04 • + CHaOH - HzPO., - + 
°CH20H + H+ 

4.1 X 107 4 '-0.06 p.r. D.k. at 520 nm in Li.,P 2 0 s soln. 771106 

HPO.,o- + CHaOH - H2P01 - + 1.0 X 107 7 -0.1 
oCH2 OH 
P0-t·2- + CHgOH - HPO/- + 1.0 x 107 12 -0.2 
°CH2OH 

80 4:-Methoxyphenoxlde Ion 

PO .. •2
- + CHaOC6H10- -

PO .. a- + CHaOC6H4O' 
8.2 x lOS 11.3 -0.2 p.r. D.k. at 520 nm in Li"P20 S soln. 771503 

81 Methyl methacrylate 

H2P040/HPO .. ·- + 6.2 x 108 3.8-4 -0.06 p.r. D.k. at 520 nm in soln. contg. 80A24C 
H2C=C(CHa)C02CHg - 3.9 x 107 7-7.5 -0.1 Li-tP208' 

82 2-Methyl.2-propanol 

H2PO,,' + (CHahCOH - H+ + 3.9 X 100 4 -0.06 p.r. D.k. at 520 nm in Li4P 20 S soln. 771106 
H2PO" - + oCH2C(CH:i )20H 
111'0 4'- t- (CII:l>aCOII -> 4.5 x lOr, 7 -0.1 

H2PO,. - + oCH2C(CH:i )20H 
PO .. •2- + (CH:ihCOH -00 4.2 x lOr, 12 -0.2 
HPO/- + oCH2C(CHs)20H 

83 Phenoxlde Ion 

P0 402 - + (;oH50- - P04
a- + 5.9 x 108 11.6 -0.2 p.r. D.k. at 520 nm in LLlP 2 0 S soln. 771503 

C6HoO' 

84: p-Phthalate Ion 

H2PO .. o + C08,J(C0 2 -)2 - -6 X 107 3.4 -0.06 p.r. D.k. at 520 nm in LLtP 20 S soln. 771106 
3.5 x 107 5.2 

86 2-Propanol 

HzPO .. • + (CHa)2CPOH - 1.4 x 108 4 -0.06 p.r. D.k. at 520 nm in Li 4P 20 s soln. 771106 
H2PO .. - + (CH:i)2COH + H+ 

1.6 X lOS 4.5 f.p. D.k. at 500 nm in 0.1 mol L- 1 700326 
H2PO .. - soln. 
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TABLE 12. Rate constants for reactions of phosphate radicals in aqueous solution-Continued 

No. Readion k (L mol- l 8- 1) pH I Method Comment Ref. 

86 2-Propanol-Continued 

HPO.,·- + (CH:I)2qHOH - 2.5 x 107 7 -0.1 p.r. D.k. at 520 nm in I,i tP20R l'Ioln. 771106 
H2P04 - + (CHa)2COH 

4.0 X 107 9.0 f.p. D.k. at 500 nm in 0.03 mol L - t 700326 
HPO .. 2- soln. 

PO 1.
2

- + (CH3)2C]l01I - 1.8 x 107 12 
HPol- + (CHa)2COH 

-~0.2 p.r. D.k. at 520 nm in Li.,P 20S soln. 771106 

88 Proplonle aeld 

HZP0 4•• + C2Hr;C0 2H - H2PO.,- 4.2 X 106 3.2-4.6 -0.06 p.r. D.k. at 620 nm in Li.,P 20 S soln.; H 771106 
+ CHaCHC02H + H+ abstraction and decarboxylation was 

determined to be in ratio - 1:4 from 
CO!l yield by 'V-r. (78G168] 

87 Ribose 

HPO,,'- + CsHJ~Or. - H2PO.1- 9.0 X 107 9.0 f.p. D.k. at 600 nm in 0.03 mol L- 1 700326 
+ 'CoHgOs + H HPO .. 2- soln. 

88 Sueelnle acid 

H2PO.,· + H02CC]I2CH2C02H ... 1.6 X 106 3.2-4.6 -0.06 p.r. D.k. at 520 nm in Li.,P 20 S soln. 771106 
:~P04- + H02CCHCH2CO zH + 

89 Tetrabutylammonlum Ion 

HP0 1'- + [CHa(CH2h) .• N+ - 2.3 x 107 p.r. D.k. at 510 nm in soln. contg. 80A346 
H2P020s2

-. 

'10 Tetraethylammonium Ion 

HP0 4'- + (C2Hs).,N+ - 6.2 X 105 p.r. D.k. at 510 nm in 801n. contg. 80A346 
H2P208!l-· 

71 Tetramethylammonium Ion 

HP0 4·- + (CHa)"N+ - 6 X 10" p.r. D.k. at 610 nm in 801n. contg. 80A346 
H2P 2ol-· 

'12 Tetrapropylammonlum Ion 

HPO,,'- + (CH:3CH2CH2)"N+ ... 1.1 x 107 p.r. D.k. at 610 nm in 801n. contg. 80A346 
I12P20S2 -. 

'18 Thymine 

HP0 4·- + 5-MeU - 9.6 x 107 9.0 -0.2 f.p. D.k. at 500 nm in 0.03 mol L- 1 700326 
HPO" 2- soln. 

'14 p-Tolule aeld 

H2P04 • + CH:JCOH.,C02H - 5,4 x lOR 3.3 -0.06 p.r. D.k. at 520 nm in Li.IP 2 0 s soln. 771106 

'16 Uraell 

H2 PO,,'/HPO,,'- +U- 6.0 x lOS 4.5 f.p. D.k. at 500 nm in 0.03 mol L- 1 700326 
9.7 x 107 9.0 phosphate soln. 
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TABLE 13. Rate constants for reactions of the sulfur dioxide radical anion in aqueous solution 

No. Reaction Ie (L mol- I s-l) pH 1 Method Comment Ref. 

1 Sulfur dioxide radleal anion 

S02·- + S02·- .... S20./- 1.1 x 10° 2·6 ..... 1 p.r. P .b.k. at 320 nm in 10-3 mol L- 1 761118 
HSO:, - IS02 soln. eontg. I mol 1 .. -' 
IICO~ - IHC02H: E(320) = 8500 L 
mol- em-I. 

6.5 x 108 acid p.r. D.k. at 360 nm (E = 600 L mol-I 741033 
em -1) as well as p.b.k. at 320 nm in 
S02 + HS03 - soln. 

1.7 x 109 6.5 0.15 s.f. Estd. from d.k. in solns. contg. 74A001 
oxygen and excess dithionite: Ie 
recalcd. using K(S20 42

- - S02 -) 
from Fig. 1. 

1.3 x 100 8.0 004 s.f. D.k. in soln. contg. pyrophosphate 733185 
buffer and dit.hionit.cj IG reealed. 
using ler = 1.7 s-1 and K(S2042- -
S02 -) from Fig. 1. 

I Hexaammlneeobalt.(m) Ion 

S02·- + Co(NHs)o3+ .... 2.8 X 102 0.15 s.f. D.k. in buffered 801n. (Tria) contg. 79M36] 
0.95 mol L -I NaC104: Ie recaled. 
using K(S20" 2- t:t S02 -) from Fig. 
1. 

8 Pentaammlne(p)"rldlne )eobalt(m) Ion 

S02·- + Co(NH:,)r,pys+ .... 6.0 x 103 1 s.f. D.k. in buffered soln. (Tril) eontg. 79M36] 
0.95 mol L -1 NaCIO .. : Ie reealed. 
using K(S20 42- - S02 -) from Fig. 
1. 

4: Pentaammlne( asldo )eobalt(m) Ion 

S02·- + Co(NHa)I)Na
2+ .... 7.7 x lOa 1 s.f. D.k. in buffered soln. (Tris) contg. 79M36] 

0.95 mol L -I NaCIO,,; Ie recaJed. 
using K(S2042- - S02 -) from Fig. 
1. 

6 Pentaammlne( ehloro )eobalt(m) Ion 

S02·- + Co(NHa)sCI2+ .... 3.0 x 105 1 s.f. D.k. in buffered soln. (Tris) contg. 
0.95 mol L -1 NaCIO .. ; Ie recalcd. 
using K(S20" 2- - S02 -) from Fig. 

79M36) 

1. 

8 Pent.aammlne(lIulrato)eobalt(m) Ion 

9°2'- + Co(NIIs)sOSOa + -- 8.4 X 102 1 B.r. D.k. in buffered Boln. (Trill) cont.g. 79M36l 

0.95 mol L- 1 NaCI04; Ie recalcd. 
using K(S20" 2- t:t S02 -) from Fig. 
1. 

'I Pentaammlne( trlehloroaeetato- D)eobalt(m) Ion 

S02·- + Co(NHa)r,02CCCls2+ .... <3 x 102 1 s.f. D.k. in buffered soln. (Tris) contg. 79M36] 
0.95 mol L -1 NaClO .. ; Ie reealcd. 
using K(SZ042- - SOz -) from Fig_ 
1. 

8 Pentaammlne(bensoato )eobalt(m) Ion 

S02·- + Co(NHa),,02CCoH52+ .... <7 x 10' 1 s.f. D.k. in buffered soln. (Tris) eontg. 
0.95 mol L -1 NaCI0 4; Ie recaJed. 

79M36] 

using K(S20 42- - S02 -) from Fig. 
1. 

9 ei ... Bls(lmlnodlaeetato )eobaltate(m) Ion 

S02·- + cie-Co(IDA)2 - .... S02 + !S103 7.0 004 s.f. D.k. at 530·600 in soln. eontg. 1·20 80A449 
cie-Co(IDAl2 2- X 10-4 mol L -I complex and 2·16 

X to-S mol L - 1 dithionitej Ie calcd. 
using leobs and K(S20 .. 2- - S02 -). 

J. Phys. Chern. Ref. Data, Vol. 17, No.3, 1988 



RATE CONSTANTS FOR REACTIONS OF INORGANIC RADICALS IN AQUEOUS SOLUTION 1129 

TABI,E 13. Rate constants for reactions of the sulfur dioxide radical anion in aqueous solution-Continued 

No. Reaction I Method Comment Ref. 

10 btl ...... Bls{lmlnodlaeetato )eobaltate em) Ion 

802·- + tra,ng..Co(lDA)2 - - S02 :::;;10:-1 
+ trang..Co(IDA)22

-

7.0 

11 Bls[nlt .. Uot .. laeetato]-dl- .... -hyd .. oxydJeobaltate(m) Ion 

S02·- + [Co(NTA)O~J:/- - 6.2 x 10:' 7.0 
S02 + [Co(NTA)OHb'-

11 Et;hyIFlnlullamlnet;etpaar..fI!tato(!obaltate(m) ton 

0.4 

0.4 

802
0

- + CoEDTA - - 802 + 1.1 X 103 7.0, 10 0.4 
CoEDTA2 -

18 Chlo .. o( ethyJenedlamlnotetraaeetato )eobaltate(m) Ion 

802·- + Co(EDTA)C12
- - S02 2.4 x 10° 7.0 

+ Co(EDTA)CI3
-

0.4 

14 Aqua( N-methylethylenedlamlnet .. laeetato )eobalt(m) 

802·- + Co(MEDTA)OH:: - S02 1.7 X 10-1 7.0 0.4 
+ Co(MEDTA)OH2 -

16 B .. omo{ N-methylethylenedlamlnetl'laeetato )eobaltate(m) Ion 

~OZ·- + l"!n(MF.OTA)RI"- - ~02 '~x 106 

+ Co(MEDTA)Br2-
'.0 0.4 

s.f. 

s.f. 

s.c. 

s.f. 

B.f. 

g, 

18 tra ....... l.I-Cydohexanedlamlne- N, N,H' ,N'-tetraar.etat,oeohaltft.t.r.(m) Ion 

802·- + CoCyDTA- - 802 + 2.6 X 103 7.0 0.4 s.f. 
000yDTA2 -

D.k. at 530-600 in soln. contg. 1-20 8oA449 
x 10- -1 mol L" 1 complex and 2-40 
x 10-3 mol L- t dithionite; Ie calcd. 
using kobll and K(S2042- ~ S02 -). 

D.k. at 630-600 soln. contg. 1-20 X 80A449 
10--1 mol L -1 complex and 5-80 x 
10-3 mol L -I dithionite; Ie recalcd. 
using K(8 20 4 2- ~ 802-) from Fig. 
1. 

D.k. at 630-600 in soln. contg. 1-10 80A449 
X 10-4 mol L- l complex and 2-20 
X 10-3 mol L -I dithionite; Ie 
I"cea.led. using K(S;.:O'l2- .... so:,:-) 
from Fig. 1. no change in It: from I 
= 0.2-1.4 at pH 10; over T = 13-
32.5°0, J}.H* - %.AH(diss) = 72.8 kJ 
mol- 1 and AS~ - %AS(diss) = -16 
J K- I mol-I. 

D.k. at 530-600 in soln. contg. 1-20 80A449 
X 10-4 mol L- 1 complex and 1-13 
X 10-8 mol L -I dithionite; Ie 
reca1ed. using K(8 20 4

2 - i:t 8°2-) 

from Fig. 1. over T = 15-32°C, J}.H* 
- ~l1{diss) = 64.8 kJ mol- 1 and 
as* - ~S(disB) = -13 J K- 1 

mol-I. 

D.k. at 530-600 in 801n. contg. 1-20 80A449 
X 10-" mol L- 1 complex and 1-40 
X 10-3 mol L -] dithionitej Ie 
rO!!>clllcd. uaing K(SZ042- :z:t SO~-) 
from Fig. 1. 

n k ~t. SaO-600 in !loin. eonte;. 1-20 90A.t.tO 
X 10-4 mol L -1 complex and 1-13 
X 10-3 mol L- 1 dithionite; fast 
reacting component; slow reacting 
component Ie 1.3 x 104; Ie recalcd. 
using K(S20 4 2- == 802-) from Fig. 
1. over T = 15-32°0, J}.H* -
~H(di8S) = 54.4 kJ mol-I and J}.,n 
- %AS(diss) = 17 cal K- 1 mol- J • 

D.k. at 630-600 in Boln. contg. 1-20 80A449 
x 10-·J mol L- J complex and 3.6-42 
X 10 - B mol L I dithionite; Ie 

recalcd. using K(8 20 l- # 8°2 -) 

from Fig. 1. 
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TABLE 13. Rate constants for reactions of the sulfur dioxide radical anion in aqueous solution-Continued 

No. Reaction 1 Method Comment Ref. 

1'1 Trloxalatoeobaltate(m) Ion 

S02°- + CO(C20 4)33 - -+ S02 + 
Co(C20 .. >a 4-

2.0 X 10" 
1.1 X 104 

18 Bls(oxalato)dlhydroxydleobaltate(m) Ion 

S02·- + [Co(C20")20HJ24- -+ 1.8 X 10'" 
S02 + [CO(C20.,)20Hb'-

7.0 
10 

7.0 

004 

004 

s.f. 

s.f. 

10 1,8-Dlnltro-8,a,10,18,la,10-hexaasableyelo(a.a.a]eleosaneeobalt(m) Ion 

S02·- + Co(dinoaar):H -+ S02 + 4.1 X 10° 6.3 0.5 a.f. 
CO(dinosar)2+ 

10 1,8-Dlnltro-8,a,10,18,16,10-he~aa.ableyelo(a0606]eleosaneeobalt(U) Ion 

S02°- + Co(dinoaar)2+ -+ 1.9 x 104 6.3 0.5 s.f. 

11 BIs(I,I' ,a' ,I"-terpyrldlne)eobalt(m) Ion 

D.k. at 530-600 in 801n. contg. 1-20 
X 10-'" mol L - 1 complex and 1-33 
x 10-3 mol L -I. dithionite; /c 
recalcd. using K(S20 .. 2- ~ S02 -) 
from Fig. 1. over T = UUS-43"C, 
I1H* - %I1H(diss) = 62.3 kJ mol- I 

and AS*- - %I1S(diss) = -37 J K- I 

mol-I. 

SOA4 .. 

D.k. at 530-600 in soln. contg. 1-10 80A44 
X 10-" mol L -I complex and 1-30 
x 10-3 mol L -I dithionite; Ie 
reealcd. using K(8 2 0 4 2- ~ 802 -) 

from Fig. 1. over T = 11.25°C, AH.t 
- %I1H(diss) = 77 kJ mol- J and 
I1st - %I1S(diss) = 8 J K- 1 mol-I. 

D.k. at 414 nm in 801n. contg. MES 83A40 
buffer, 2.4-124 x 10-3 mol L - t 

dithionite and 0.26-1.7 X 10-3 mol 
L -I CO complex; /c recalcd. using 
K(S20 4 2- ~ S02 -) from Fig. 1. 

Second stage of reduction of 83A40 
Co(dinosar)3+; d.k. at 474 nm in 
soln. contg. MES buffer, 2.4-124 X 
10-:i mol L -1 dithionite and 0.26-
1. 7 X 10-3 mol L -I CO complex; /c 
recalcd. using K(S2042- ~ S02-) 
from Fig. 1. 

S02°- + Co(terpY)2:J+ -+ :::a07 7.0 004 s.f. D.k. at 450 nm in soln. contg. 1-10 80A44 
x 10-4 mol L -1 complex a.nd 0.3-1 
x 10-3 mol L -1 dithionite; /c calcd. 
from /cobs and K(S20 l- ~ 2S02 -). 

II 6,10,16,10-Tetrakls-.. ( N,N,N-trlmethylammonlo )phenylporphlnatoeobalt(m) Ion 

S02°- + CoTAPplH -+ S02 + 1.9 X 108 1 -0.1 p.r. P.b.k. in soln. contg. S02 and 2-
CoTAPpH PrOH in 0.1 mol L -1 HC104. 

18 6,10,16,10-Tetrakls("N-methylpyrldyl)porphlnatoeobalt(m) Ion 

S02·- + CoTMpyp6+ -+ S02 + 2 X 108 1 -0.1 p.r. 
CoTMpyP"+ 

P.b.k. in soln. contg. S02 and 2-
PrOH in 0.1 mol L- 1 HC10 4 • 

87A08 

87A08. 

204 X 108 5.5 0.05 s.r. D.k., as well as p.b.k., in aoln. 80RI0. 
contg. Na dithionite and 5 x 10-6 

mol L -I Mn porphyrin: /c recalcd. 
using K(S20 l- ~ S02 -) from Fig. 
1. 

2.4 X 108 

4.3 X 106 " 8 
0.5 s.f. D.k.; /c recalcd. using K(S20.12- ~ 75A24' 

802 -) from Fig. 1. 

14: 6,10,16,10-Tetraklll(" N-methylpyrldyl)porphlnatoeobalt(m) Ion blspyrldlne eomplex 

S02°- + COTMpyP(pylz 5+ -+ 2.3 X 106 8 0.5 s.f. D.k. ; 2.5 x 10-8 mol L -1 borate 75A24~ 
sOz + CoTMpyP(py)z + buffer; Ie reealed. using K(SZ042- == 

S02 -) from Fig. 1. 

16 6,10,16,10-Tetrakls( "sulfonatophenyl)porphlnatoeobaltate(m) Ion 

S02°- + CoTPPS3
- -+ S02 + 4 X 107 1 p.r. 

CoTPPS4-
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TABLE 13. Rate constants for reactions of the sulfur dioxide radical anion in aqueous solution-Continued 

No. Reaction 1 Method Comment Ref. 

16 Cobalt(m) deuteroporphyrln dimethyl ester, dlpyrldlne complex 

S02°- + CoDPDME(PY):a + -+ 7.2 X 103 7.8 0.1 s.f. 
S02 + CoDPDME(PY)2 

~;'1 Cobalt(m) mesoporphyrln dimethyl ester, dlpyrldlne complex 

S02°- + CoMPDME(pyb + -+ 3.3 x 103 7.8 0.1 s.f. 
S02 + OoMPDME(pyb 

18 Ferrlcyanlde Ion 

SO!2·- + Fe(CN)63 - -+ SO!.! + 
Fe(CN)64

-

20 Ethylenedlamtnetetraacetatoferrate(ln) Ion 

S02°- + FeEDTA - -+ S02 + :52 X 10" 
FeEDTA2

-

6.S 0.1 

7.0 0.4 

80 6,10,16,20-Tetrakls( 4-N-methy Ipyrldyl)porphlnatoll'on(m) Ion 

s.f. 

s.f. 

S02°- + FeTMpyp li+ -+ S02 + 3.4 X IOU 1 -0.1 p.r. 
FeTMpyp 4 + 

2.2 X 107 7.0 0.05 s.f. 

31 6,1.0,16,10-Tetrakts( 4-sulfonatophenyl)pol'phlnatoferrate(m) Ion 

S02·- + FeTPPS 3
- -+ S02 + 1.2 X 108 1 p.r. 

FeTPPS 4 -

802 • + FeTPPS(OH).f-- 5.9 X 106 9 0.1 s.f. 

88 Iron(m) protoporphyrin dlcyano complex 

SOf- + FeIllP(CNh -+ S02 + 1.8 X 108 

Fe1 P(CN)2 

84 Iron(m) deuteroporphyrln dlcyano complex 

SOf- + Fe"'DP(ON)2 -+ S02 + 1.1 x lOr, 
Fe'DP(CN)2 

12.0 0.5 s.f. 

12.0 0.5 s.f. 

D.k. in lIoln. cont.g. 1.22 x 10-2 mol 74M40a 
L-- 1 dithionlte, 0.05 mol L --I 
porphyrin, 0.1 mol L -I NaCI and 4 
mol L- 1 pyridine; outer-sphere 
reaction; Ie recaIcd. using K(S20 .. 2-

~ S02 -) from Fig. 1. 

D.k. in soln. contg. 1.22 X 10-2 mol 74M403 
L -1 dithionite, 0.05 mol L - I 

porphyrin, 0.1 mol L -1 NaCI and" 
mol L -1 pyridine; outer-sphere 
r@a~tion; Ie rf'!~al~d_ tiRing K(~:.:O-J2-
1I::t S02 -) from Fig. 1. 

D.k. at 41S nm; Ie recalcd. usint: 80A461 
K(SuO l- 1I::t S02 -) from Fig. 1; K 
used not clear, assumed 1.4 X 1O-(); 
studied reaction at 25, 15 and SoC 
to obtain ~H* = 17 kJ mol-' and 
as:j: = -33 J K- J moi- 1

• 

D.k. at 400 nm in 801n. ccntg. 1-10 SOA449 
x 10- 4 mol L -I complex and 5-40 
X 10-3 mol L -1 dithionite; /c caIcd. 
from /cobs and K(S20l- 1I::t 2S02 -). 

P.b.k. in soln. contg. S02 and 2-
PrOH in 0.1 mol L-' HOIO.t • 

87A083 

D.k., as well as p.b.k., in soln. SORIOG 
contg. Na dithionite and 5 X 10-6 

mol L -1 Mn porphyrin; Ie recaIcd. 
using K(S20 .. 2- ~ S02 -) from Fig. 
1; 

P.b.k. in soln. contg. S02 and 2- 87AOS3 
PrOH in 0.1 mol L -1 HCIO ... 

D.k. in soln. contg. dithionite and 85A4S9 
0.01 mol L- 1 Tris buffer; Ie recalcd. 
using K(SzO .. z- ~ S02-) from Fig. 
1. 

D.k. in soln. contg. --4 X 10-6 mol SOA450 
L -J porphyrin, 10-2 OH-, 0.1 mol 
L- 1 CN-, aud 0.1-1 10-~ mol L- 1 

dithionite; Ie recalcd. using K(SzO.j2-
~ S02 -) from Fig. 1. 

D.k. in soln. contg. -4 X 10-6 mol 80A450 
L -I porphyrin, 10-2 OH-, 0.1 mol 
L -1 CN-, and 0.1-1 10-3 mol L- 1 

dithionite; Ie recalcd. using K(S20 4 2-
~ S02 -) from Fig. 1. 
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TABLE 13. Rate constants for reactions of the sulfur dioxide radical anion in aqueous solution-Continued 

No. Reaction k (L mol- J S-I) pH 1 Method Comment Ref. 

a6 Iron(m) I,"dlbromodeuteroporphyrln dleyano eomplex 

8020
- + FeIllDPBr2(CN)2 - S02 2.1 X 108 12.0 0.5 s.f. D.k. in loin. contg. '-4 x 10-6 mol ROA4r;f 

+ Fe"DPBr2(CN)2 L - 1 porphyrin, 10-2 OH---, 0.1 lIlol 
L -I CN-, and 0.1-1 10-3 mol L- 1 

dit.hionit.e; k recalcd. using K(82O/-
~ S02 -) from Fig. 1. 

aa Iron(m) I,"dlaeetyldeuteroporphyrln dleyano eomplex 

S02°- + FeIllDP(Ac)2(CN)2 - 3.1 x 108 12.0 0.5 
802 + Fe"DP(Ac)2(CN)2 

s.f. D.k. in soln. contg. -4 x 10-6 mol SOA45( 
L - 1 porphyrin, 10-2 OH-, 0.1 mol 
L -J CN-, and 0.1-1 10-3 mol L- 1 

dithionit.e; k recalcd. using K(820 .. 2-
~ S02 -) from Fig. 1. 

37 Iron(W) mesoporphyrln dleyano eomplex 

SO,.- + FeIllMP(CN)2 - S02 + 9.4 X 107 12.0 0.5 s.f. D.k. in loIn. cont.g. -4 x 10-6 mol SOA45C 
Fe'MP(CN)2 L -I porphyrin, 10-2 OH-, 0.1 mol 

L -I CN-, and 0.1-1 10-3 mol L- 1 

dithionite; k recalcd. using K(S20/:-
~ 802-) from Fig. 1. 

a8 Hemin, protonated 

S02°- + Fe3T heme'" S02 + 5.5 x 10° 0.1 s.f. D.k. at 570 nm in soln. contg. 77A27~ 

Fe2 + heme dit.hionite; k recalcd. using K(S20 42-
~ S02 -} from Fig. I: pK& = 5.S9; 
calcd. from kohs at pH 7-9. 

a9 Hemin, deprotonated 

S02°- + Fe3 +heme(OH} ... S02 5 X lOa 0.1 s.f. D.k. at 670 nm in 801n. cont.g. 77A27~ 

+ Fe2+heme(OH) dithionite; k recalcd. using K(S20 .. 2-
~ S02 -) from Fig. 1. pK& = 5.S9; 
calcd. from kobs at pH 7-9. 

4:0 Hemin bls(pyrldlne) 

8°20
- + Fe3 +heme(pY)2 ... 802 7.S X 107 7 0.1 s.f. D.k. at. 570 nm in 801n. contg. 77A27' 

+ Fe2+heme(pY)2 dithionit.e and pyridine (0.05-0.20 
mol L -J); k recalcd. using K(S20 .. 2-

~ S02 -) from Fig. 1. 

41 Hexaehlorolrldate(IV) Ion 

S02° - + IrClo 2- - S02 + 1.1 X 109 -0.1 p.r. P.b.k. in 801n. contg. S02 and 2- S7AOS: 
IrClo

3 - PrOH in 0.1 mol L -I HCI0 4 . 

41 1,2-Cyelohexanedlamlnetetraaeetatomanganate(m) Ion 

802
0

- + MnCyDTA - ... 802 + sao" 7.0 0.4 s.f. D.k. at. 510 nm in soln. contg. 4-25 SOA44~ 

MnCyDTA2- X 10-6 mol L -1 complex and 5-40 
X 10-3 mol L -I dit.hionit.e; k calcd. 
from kohl! and K(8 20 .. 2 - ~ 2802-), 

48 6,10,16,20-Tetrakls{ 4-pyrldy I) porp hlnatomanganese(m) Ion 

S02°- + MnTpyP+ ... 802 + 1.3 X 107 6.S 0.05 s.f. D.k .• as well as p.h.k .. in soln. SORI0! 
MnT-pyP 1.2 X 107 7.5-10 cont.g. Na dit.hionit.e and 5 x 10-6 

1.1 X 107 11.5 mol L -I Mn porphyrin; k recalcd. 
using K(S20 4 2- ~ 802-) from Fig. 
1. 

44 6,10,16,10-Tetrakls( 4:-N-methylpyrldyl)porphlnatomanganese{m) Ion 

8°2
0

- + MnTMpyplH ... 802 + 4.6 X 108 1 -0.1 p.r. P. b.k. in soln. contg. S02 and 2- S7AOS: 
MnTMpyP"+ PrOH in 0.1 mol L -I HCIO ... 

1.3 x 10' 7.5, S.O 0.05 s.f. D.k., as well as p.h.k., in soln. SORI0! 
cont.g. Na dit.hionit.e and 5 X 10-6 

mol L -1 Mn porphyrin: k recalcd. 
using K(820 4

2 - ~ 802-) from Fig. 
1. 
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TABLE 13. Rate constants for reactions of the sulfur dioxide radical anion in aqueous solution-Continued 

No. Reaction 1 Method Comment 

46 6,lO,16,IO.Tetrakla(4-N-methylpYl'ldyl)pol'phlnatomanganese(m) Ion blapYl'ldlne complex 

8020
- + MnTMpyP(py121H ... >3 x 107 7.8 0.1 s.f. D.k. in soln. contg. 1.22 X 10-2 mol 

802 + MnTMpYP(PY)2 + L- 1 dithiollite, 0.05 mol L" 1 

porphyrin, 0.1 mol L -1 NaCI and 4: 
mol L -\ pyridine; outer-sphere 
reaction . 

.. 8 6,10,16,IO-Tetrakla(4-carboxyphenyl)porphlnatomanganeae(m) Ion 

1133 

Ref. 

74:M4:oa 

802'- + MnTCpp 3
- ... S02 + 2.3 X 106 7.5 0.05 s.f. D.k., as well as p.b.k., in soln. 80RI05 

MnTCpp 4 -

4'7 6,lO,16,IO-Tetl'akla(4-aulfonatophenyl)p0l'phlnatomanganate(m) Ion 

8°2
0

- + MnTPPS3
- ... S02 + < 1 X 107 1 -0.1 p.r. 

MnTPP8"-

7.5 U.Ub s.L 

48 Manganeae(m) protoporphyrin dimethyl eater, dlpyrldlne complex 

8020
- + MnIllPDME(pY)2 ... 802 3.1 X 106 7.8 0.1 s.f. 

+ Mn11PDME{py)z 

40 Manganeae(m) deuteroporphyrln dimethyl eater, dlpyrldlne complex 

802
0

- + Mn IlIDPDME(PY)2 ... 7.3 x 101) 7.8 0.1 s.f. 
S02 + Mn "DPDME(PY)2 

contg. Na dithionite and 5 X 10-6 

mol L -I Mn porphyrin; Ie recalcd. 
using K(S20/- z:t 8°2-) from Fig. 
1. 

P.h.k. in soln. contg. S02 and 2- 87A083 
PrOH in 0.1 mol L -I HCI0 4. 

D.k., as well as p.b.k., in soln. 80RI06 
contg. Na dithionite and 5 X 10-6 

mol L - 1 Mn porphyrin; Ie recalcd. 
using K(S20 <1 2- z:t 802 -) from Fig. 
1. 

D.k. in 801n. contg. 1.22 X 10-2 mol 74:M403 
L -\ dithionito, 0.05 mol L - I 

porphyrin, 0.1 mol L -1 NaCI and 4: 
mol L - I pyridine; Ie recalcd. using 
K(S20/:- z:t 8°2-) from Fig. 1. 
outer-sphere reaction. 

D.k. in soln. contg. 1.22 X 10-2 mol 74M403 
L - J dithionite, 0.05 mol L- 1 

porphyrin, 0.1 mol L -1 NaCI and 4: 
mol L -I pyridine: 11 recalcd. using 
K(S2042- z:t 802-) from Fig. 1. 
outer-sphere reaction. 

60 Manganese(m) dlacetyldeuteroporphyrln dimethyl ester, dlpyrldlne complex 

8°20
- + Mn IJ1DPDME(pY)2(Ac)2 >2 X 107 7.8 0.1 s.f. D.k. in soln. contg. 1.22 X 10-2 mol 74M403 

... S02 + Mn"DPDME(PY)2(Ac)2 L -.1 dithionite, 0.05 mol L- 1 

porphyrin, 0.1 mol L- 1 NaCI and 4 
mol L -1 pyridine; Ie recalcd. using 
K(S20,,2- z:t 8°2-) from Fig. 1. 
some ring reduction obs. 

61 Manganese(m) etioporphyrin m dlpyrldlne complex 

80f- + Mn"IEP(pY)2 ... 802 + 3.1 X 105 7.8 
Mn IEP(pY)2 

0.1 s.f. 

61 Manganese(m) mesoporphyrln dimethyl estel', dlpyrldlne complex 

8°2
0

- + Mn Ill MPDME(pY)2 ->0 6.8 A 101) 7.8 0.1 s.f. 
802 + Mn"MPDME(pY)2 

D.k. in soln. contg. 1.22 X 10-2 mol 74M403 
L -I dithionite l 0.05 mol L- 1 

porphyrin, 0.1 mol L -I NaCI and '" 
mol L -1 pyridine: Ie reealcd. using 
K(8 20 <I 2- z:t S02 -) from Fig. 1. 

D.k. in soln. contg. 1.22 X 10-2 mol 74M403 
l.. - 1 dithionite, 0.05 mol L- 1 

porphyrin, 0.1 mol L -I NaCI and 4 
mol L - J pyridine; Ie recalcd. using 
K(8 20 4

2 - ;:t 802-) from Fig. 1. 
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TABLl1! 13. Rate constants for reactions of the sulfur dioxide radical anion in aqueous solution-Continued 

No. Reaction 1 Method Comment Ref. 

63 Manganese(m) hematoporphyrin dimethyl ester, dlpyrldlne eomplex 

802
0- + Mn IllHPOME(PY)2 - 4.6 ;.( 100 7.8 0.1 s.f. 

802 + Mn"HPDME(PY)2 

64: Oxygen 

8020- + O2 -+ 802 + 0 20
- :::1 x lOR 6.5 0.15 s.f. 

66 Hydrogen peroxide 

S02°- + H20 2 -+ 2.4 X 102 6.5 0.15 s.f. 

68 Hydroperoxlde Ion 

802'- + 802 - -+ 5.4 x 10° 13 0.10 B.f. 

6'1 6,10,16,30-Tetrakls( 3-pyrldyl)porphlnatoantlmony(V) Ion 

802
0

- + 8bTpyp7 + -+ 802 + 2.7 X !00 1 --0.1 p.r. 
[8bTpyP)00+ 

68 6,10,16,DO-Tetrakla( 4-N-rnet.hTlpTrldTl)porphlnat.otln(IV) Ion 

802
0- + 8nTMpyPO+ -+ 802 + 1.6 X 109 --0.1 p.r. 

[8nTMpyp]0r;+ 

60 0,10-Anthraqulnone-J-sulfonate Ion 

8020- + 80aAQ- - 802 + 
(80aAQ]02-

AD 1,] "-Rut.An~d,,,lh'.(t'-rn~t.h,,I-"."'-h'r,,pld'nlllrn) Inn 

802
0- + BTQ4+ - 802 + 6.0 X 107 8.2 

BTQ0 3+ 

81 1,1'-Dlbenzyl-4:,4:'-blpyrldlnlum Ion 

p.r. 

0.50 s.f. 

802'- + By2 + - 802 + BY·+ 1.1 X 108 8.1, 9.2 0.5 s.f 

8a 2,6-Dlehlorolndophenolate Ion 

802'- + OCIP -+ 2.8 X 108 
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9.2 -0.03 s.f. 

O.k. in soln. contI'. 1.22 x 10-2 mol 
L - I dithionite, 0.05 mol L - I 

porphyrin, 0.1 mol L -I NaCI and 4 
mol L -I pyridine; Ie recalcd. using 
K(320 4

2
- ¢ 302-) from Fig. 1. 

Estd. from d.k. in solns. contg. 
excess dithionite or exceBB oxygen 
(solubility in 0.15 mol L -J NaCl at 
25°C taken to be 1.3 x 10-3 mol 
L -.) using K(S2042- 1=t 2 S02 -). 

O.k. in solns. contg. dithionite and 
excess hydrogen peroxide; Ie recaled. 
using K(S2042- =- S02-) from Fig. 
1. 

O.k. in solns. contI'. dithionite and 
exceSB hydrogen peroxidej Ie recalcd. 
using K(820 .. 2- =- 802 -) from Fig. 
1. 

P.b.k. in soln. contg. 802 and 2-
PrOH in 0.1 mol L -1 HCIO.I . 

P.b.k. in soln. contg. 802 and 2-
PrOH in 0.1 mol L -I HC104. 

P.b.k. in soln. contg. 802 and 2-
PrOH in 0.1 mol L -1 HCIO 4' 

74M4( 

74AOO 

74AOO 

74AOO 

87A08: 

87A08: 

87A08: 

Obs. radical formation in Boln. 86A261 
contg. 1-2 x 10-5 mol L- 1 

viologen and 2-20 x 10-3 mol L- 1 

dithionite; Ie recaled. using K(8 20 4
2

-

- 802-) from Fig. 1. 

P.b.k.; air-free soln. contg. Na 85A09f 
dithionite (0.5-60 x 10-3 mol L -I) 
and 0.1 mol L -I Tris/H280 .. buffer 
and Na2801 and 5-10 X 10-0 mol 
L - J violotp;en: Ir. recalcd. usin£ 
K(8 20 .. 2 - 1=t 802-) from Fig. 1. 

D.k. in soln. contg. dithionite and 
1.5 x 10-2 mol L - I· Na borate; Ie 
recalcd. using K(S20 l- =- 802-) 
from Fig. 1. 

84A lOr 
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TABl,E 13. Rate constants for readions of the sulfur dioxide radical anion in aqueous solution-Continued 

No. Readion Ie (L mol- 1 S-I) pH I Method Comment Ref. 

88 l,l'-Dlmethyl-4:,4:'-blpyrldlnlum Ion 

802'- + MVliH - S02 + MV'+ 1.1 X 107 7.2·9.2 0.5 s.f P.b.k.: air·free !!loin. ('ont.g. Na soAn"5 
dithionite (0.S·60 ;< 10-:' mol L -I) 
and 0.1 mol L -I Tris/H2SO .. buffer 
and Na2S0.j and 5·10 x 10-0 mol 
L -1 viologenj Ie recalcd. using 
K(S20 .• 2- ~ 802 -) from Fig. 1; at 
pH 1 the reverse reaction has Ie = 
1.2 x 100 Lmol- 1 s-I [87A083]. 

84: Duroqulnone 

S02'- + DQ - S02 + DQ'- 1.4 x 10° --0.1 p.r. P.b.k. in soln. contg. S02 and 2· 87A083 
PrOH in 0.1 mol L -1 HCI0 4. 

86 1,1" -Ethanedlylbls( l' -methyl-4:,4:' -blpyrldlnlum) Ion 

S02'- + ETQ'H - S02 + 1.6 X 108 8.2 0.50 s.f. Obs. radical formation in soln. 86A266 
ETQ·3+ contg. 1·2 x 10-1) mol L- 1 

viologen and 2-20 x 10-3 mol L- J 

dithionitej Ie reealed. using K(820 4
2 -

~ S02 -) from Fig. 1. 

88 1,1'-Ethylene-I,I'-blpyrldlnlum Ion 

S02'- + BplH - 802 + BP'+ 7.5 x 101 8.1 0.5 s.f P.b.k.; air-free soln. contg. Na 85A09S 
dithionite (0.6-60 x 10-3 mol L - I) 
and 0.1 mol L -I Tris/H2S04 buffer 
and Na2S0" and 5-10 x 10-6 mol 
L - J viologenj Ie recalcd. using 
K(S20.j2- ~ S02 -) from Fig. 1. 

8'1 1,l'-Ethylene-4:,4:'-dlmethyl-I,I'-blpyrldlnlum Ion 

502'- T MDQ2+ - S02 T 2.1 x 106 8.1 0.5 s.! F.b.k.j alr-free soln. contg. Na 85A095 
MDQ'+ dithionite (0.6-60 x 10-3 mol L -I) 

and 0.1 mol L -I Tris/1I2SO., buffer 
and Na2S0 .. and 5-10 x 10-6 mol 
L -I viologenj Ie recalcd. using 
K(S20 l- =: S02 -) from Fig. 1. 

88 Lumlftavln-8-aeetate Ion 

~02'- + FI ...... CHzC!Oz - -+ ROz + 2Q x 107 RO n .41 1/._'_ n Ie in gnln ,..nnt.s_ dit.hinnit.o; Ie 7~~196 

F/CH2C02 - recaJcd. using /cOb!! and K(S2042- =: 
S02 -) from Fig. 1. 

89 -i-Nltroaeetophenone 

S02·- + PNAP - S02 + 2.6 X 107 -0.1 p.r. P.b.k. in soln. contg. S02 and 2- 87A083 
PNAP- PrOH in 0.1 mol L -I HCI0 ol • 

'10 Nltro Blue Tetra.ollum 

S02'- + NBT2+ -+ 802 + 1.2 X 108 9.2 -0.03 s.f. D.k. in soln. contg. dithionite and 84AIOO 
NBT·+ 1.5 x 10-2 mol L -1 Na borate; Ie 

recalcd. using K(S20 .. 2- ~ S02-) 
from Fig.!. 

'11 Phenanthrollno[4:,6- 418, '1- c)dlaleplnedllum Ion 

S02'- + PPQ2+ -+ S02 + >6 x 108 8.1 0.5 s.f P.b.k.; air-free soln. contg. Na 85A095 
PPQ·+ dithionite (0.5-60 x lO-:$ mol L -1) 

and 0.1 mol L -I Tris/H2S0 4 buffer 
and Na2S0.j and 5-10 x 10-11 mol 
L - I viologen; Ie reca1cd. using 
K(S20.j 2- ~ 8°2-) from Fig. 1. 
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T ABLli! 13. Rate constants for reactions of the sulfur dioxide radical anion in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 S-I) pH I Method Comment Ref. 

'12 PhenanthroUno[4:,5- 416,'1- c)pyrazlnedUum Ion 

S02°- + EPQ2+ -+ S02 + 1.6 X lOR 8.1 0.5 s.f P.b.k.; air-free soln. contg. Na 86Aooi 
EPQo+ dithionite (0.5-60 x 1U ~ JUol L -I) 

and 0.1 mol L -I Tris/H2SO" buffer 
and Na2S0'1 and 5-10 x 10-6 mol 
L -1 vio\ogf'on; II! I'f'or-!la.\r-d lUling 

K(S20 .. 2- = S02 -) from Fig. 1. 

'13 1,1"-Propanedlylbls(1'-methyl-4:,.'-blpyrldlnlum) Ion 

S02°- + PTQ"+ -+ S02 + 7.4 X 107 7.2 0.50 s.f. Obs. radical formation in soln. 86A261 
PTQoa+ 8.2 x 107 8.2 contg. 1-2 x 10-6 mol L- 1 

viologen perchlorate and 2-20 x 
10-3 mol L -I dithionitej Ie recalcd. 
using K(S20 .• 2- = S02 -) from Fig. 
1. 

'14: Riboflavine 

S02°- + RF -+ S02 + RFo- 4.0 x lOR ~0.1 p.r. P.b.k. in soln. contg. S02 and 2- 87A08~ 

PrOH in 0.1 mol L -I HCI0 4 • 

'16 1,1 '-Tetl'amethylene-2,2'-blpyrldlnlum Ion 

S02°- + Bp2+ -+ S02 + Bpo+ 1.0 X 10" 9.2 0.5 sJ P .b.k.; air-free soln. contg. Na 85A09\ 
dithionite (0.5-60 x 10-3 mol L -1) 
and 0.1 mol L -1 Tris/H2SO" buffer 
and Na2SO" and 5-10 x 10-0 mol 
L -I viologen; Ie recalcd. using 
K(S20 /- = S02 -) from Fig. 1. 

'16 1,1 '-Trlmethylene-2,2'-blpyrldlnlum Ion 

S02°- + TQ2+ -+ S02 + TQ·+ 3.5 x 10° 8.1 0.5 s.f P.b.k.; air-free soln. contg. Na 85A09f 
dithionite (0.6-80 x 10-:4 mol L -I) 

and 0.1 mol L -1 Tris/H2SO'1 buffer 
and Na2SO .. and 5-10 X 10-0 mol 
L - 1 viologen; Ie reca1cd. using 
K(S20/- = S02 -) from Fig. 1. 

'1'1 Azurln 

S02.- + Cu2+p ... 3.8 x 106 9.2 ~0.03 s.f. D .k. in soln. contg. dithionite and 84A10( 
1.5 x 10-2 mol L -1 Na borate; k 
recalcd. using K(S20 0( 2- = S02 -) 
from Fig. 1. 

2.8 x 10° 7.0 ~1 s.f. D.k. at 625 nm in 0.1 mol L- 1 83A41~ 

phosphate, 0.8 mol L -I NaCI buffer; 
Ie recalcd. using K(S20l- = S02-) 
from Fig. 1. 

7'8 Cobaltlcytochrome C 

S02°- + C03 +'cyt C -+ 5.4 x lOa 8-9.3 ~0.2 s.f. D.k. at 426 nm in soln. contg. 78A488 
dithionite using K(S20.12- = 2 
S02 -); Ea determined from 20-35°C; 
effects of pH (6-11) and ionic 
strength were also studied. 

7'g Cytochrome C 

S02°- + Cyt C (Fe:4+) ... S02 + 2 X 107 7.0 0.09 s.f. D.k.; 4 x 10-6 mol L -I horse heart 87A127 
Cyt C (Fe2+) cyt C and 1.8 X 10-" mol L- 1 

dithionite ion in 0.1 mol L - 1 Tris 
buffer; Ie = 5 X 106 for tuna heart 
cyt C; Ie calcd. using K from 
[78A488]. 

8.1 x 107 7.0 ~1 s.f. D.k. at 550 nm in 0.1 mol L- 1 83A413 
\ 

phosphate, 0.8 mol L -I NaCI buffer; 
Ie recalcd. using K(S20 4 2- = S02 -} 
from Fig. 1. 
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TABI~E 13. Rate constants for reactions of the sulfur dioxide radical anion in aqueous solution-Continued 

No. Reaction Ie (L mol- l s-]) pH 1 Method Comment 

'II Cytochrome C-Continued 

3.7 x 10' 6.3 0.15 s.t. D.k. at 530 nm; Ie recI'\lcd. ufling 
K(S20'12- = S02'-) from "'~ig. 1. 

1.2 x 108 7.0 .... 0 thermo D.k. at 417 nm in deoxygenated 
(s.f.) soln. contg. Na2S20'J; pH effect; Ie 

recalcd. using K(S20/- = S02-) 
from Fig. 1. 

4.4 x 107 8.0 0.41 s.f. D.k. in soln. contg. dit.hionite and 
horse ferricytochrome Cj Ie recalcd. 
using K(S2042- # S02 -) from Fig. 
1. 

2.7 x 107 6.5 1.0 s.f. D.k. at 550 nm in soln. contg. 
dit.hionite and horse ferricytochrome 
C; authors prefer non-radical 

. mechanism; Ie recalcd. using 
K(S20 42 - # S02 -) from Fig. 1. 

80 Cytoc.hrome C, .l-(3-dlmethylamlnopropyl)-3-ethylc.arbodllmlde (ED C) modified 

S02'- + Fe3 + cyt C-EDC - S02 1.8 X 108 7.0 s.f. D.k.; 4 x 10-6 mol L -1 EDC-
+ Fe2+ cyt C-EDC modified horse heart cyt C and 1.8 

x 10- 1 mol L -I dithionite ion in 
0.1 mol L -I Tris buffer; Ie = 7.4 X 

107 for tuna heart cyt OJ K from 
[78A488J. 

81 Cytoehrome C eyanlde adduet 

1137 

Ref. 

8;-SR189 

759421 

733185 

733186 

87A127 

S02'- + Fe3 + cyt O-ON - S02 9.8 x 10° 6.4 1.00 s.f. D.k. at 560 nm in solns. contg. 0.6- 74A002 
+ Fe~H cyt O-ON 

81 Cytochrome. C oxida8e 

S02'- + Ou2 +haem .... 

88 O;yfK,chromc P-4GO 

S0'2'- + cyt P-450 .... 

84: Cytochrome b 668 

90;,&'- + eyt b 668 -- cyt b 
558red 

1.2 x 10° 
1.9 x 10° 

6.4 x 10" 

7.0 -0.2 s.f. 
-1 

7.9 2.0 chern. 

7.-i 0.16 lI.f. 

40 x 10-3 mol L -I dithionite, 2.5 
x 10-2 mol L -1 HON and 0.2 mol 
L -I pho8pha.te buft'er --9 x 10-1; 

mol L - I horse heart cyt 0i Ie 
recalcd. using K(S20 l- = S02 -) 
from Fig. 1; Ie for horse heart 
protein; Ie = 3.5 x 10" for C. krusei 
protein. 

D.k. at 605 nm in 0.1 mol L- 1 

phosphate buffer; Ie recalcd. using 
K(S2042- = S02 -) from Fig. 1; Ie 
varied with enzyme preparation. 

Stopped-flow, d.k. at 475 and 643 
nm in camphor-free soln. contg. 
Na2S20, •. Camphor-bound substrate 
gave k = 1.6 x 10" and 6.E -
~l:l{diss) = 50.6 kJ mol- 1. 

Metyrapone-bound substrate gave k 
= 1.4 x 10" and llE - %1lH(diss) = 
59 kJ mol-' at 442 IIl1lj K Crum 

[78A488J 

P.h.k. I'.\t. 428-412 nm in 1501n. contg. 

dithionite and cytochrome b 558 
from human neutrophils solubilized 
in Lubrol PX (nonionic detergent); Ie 
recalcd. using K(S20 ,. 2- = S0'2 -) 
from Fig. 1. Over T = 17-39"C Ea. 
= -0.69 kJ mol-l. 

83A4l3 

80A207 

86AH8 
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TABLE 13. Rate constants for reactions of the sulfur dioxide radical anion in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 s-l) pH I Method Comment Ref. 

8& Cytochrome b i (m) 

S02·- + Cytochrome hr, (III) - 3.0 X 106 7.9·9.3 0.055 s.f. D.k. ~t. 424 nm in hlltTered snln. 8RN155 
802 + Cytochrome bl) (II) 1.3 x 106 0.005 (Tris) contg. 0.5-4 x 10 II mol L- 1 

cytochrome; Ie recaled. using 
K(S2042- ~ S02 -) from Fig. 1; 
similar rateD For membrane-bound 

cytochrome. 

86 Cytochrome C. 

S02·- + cyt C3 - 6.0 X 10" 9.1 -0.05 chem. Stopped-flow, radical from Na2S20,,; 78A232 
1.9 x 106 0.1 Ie recalcd. using K(8 20 .• 2 - - 802-) 

from Fig. 1; different rates from 
different heme groups. 

8'1 Ferredoxin (spinach) 

S02·- + Ferredoxin (spinach) - 2.6 x 10" 8.0 0.41 s.f. D.k. in soln. contg. dithionite; Ie 733186 
redn. recalcd. using K(S20 42- - S02 -) 

from Fig. 1. 

88 Ferrlperoxldase cyanide adduct 

SOf- + Fe'" HRP-CN - S02 + 2.8 X 10° 6.3 0.15 s.f. P .h.k. at 432 nm (Fe(II) production), 83R189 
Fet HRP-CN as well as d.k. at 404 nm: Ie recalcd. 

using K(S2010'.- - S02 -) from Fig. 
1. 

89 Ferrlperoxldase (horseradish) 

SOf- + Felli HRP - S02 + 4.8 X 101) 6.3 0.15 s.f. P .h.k. at 432 nm (Fe(U) production), 83R180 
Fe' HRP as well as d.k. at 404 nm; 

horseradish peroxidase: /c recalcd. 
using K(S2042- ~ S02 -) from Fig. 
1. 

90 High-potential Iron-sulfur protein (Chromatlum vlnoBum D), oxidized 

S02·- + Hipipo - 2.1 x 106 7.3 0.01- s.f. D.k. at 480 nm in buffered soln. 76R191 
0.11 (10-2 mol L - Tris) contg. 0.15-5 x 

10-3 mol L -\ dithionite; calcd. from 
Ie"h!' using K(S2042- - 2S02 -); no I 
dependence. 

91 Manganese(m) myoglobin, protonated 

SO .- + Mn"IMbH+ - 802 + 6.0 X 106 5.3-8.6 0.45 s.f. P.h.k. at 438 nm (or d.k. at 471 nm) 86A228 
Mn~IMbH+ in buffered soln. contg. Na2SO .. and 

dithionite; pKII. = 4.6; caled. from 
/cobs over pH range, using pKa = 
4.6; Ie recaied. using K{S20 4 2- ~ 
S02 -) from Fig. 1. 

SO,.- + MnlllMb - S02 + 1.5 x 10" 5.3-8.6 0.45 s.f. P.b.k. at 438 nm (or d.k. at 471 nm) 86A228 
Mn 1Mb in buffered soln. contg. Na2S0 .. and 

dithionite; calcd. from kobll over pH 
range, using pKa = 4.6; /c recalcd. 
using K(820.1

2
- - S02 -) from Fig. 

1. 

IZ Methemerythrln 

802·- + Fe3 +methem - S02 + 1.4 x 10" 6.3 0.1 s.f. D.k. at 420-450 nm in soln. contg. 78R211 
Fe2+methem 1.2 X 105 8.2 0.07-0.2 x 10-3 mol L -I protein 

7 x 104 9 (octamer from P. gouldii) and 1-50 
X 10-3 mol L -1 dithionite, 0.03 mol 
L -I Tris at pH 8.2 and 0.03 mol 
L- J Mes at pH 0.3 and Na2S0,,; Ie 
recalcd. using K(S20 .. 2- ~ S02-) 
from Fig. 1. data limited at pH 9. 
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T AAL~ 13. Rate constants for reactions of the sulfur dioxide radical anion in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 S-I) pH 1 Method Comment Ref. 

gZ Methemerythrln-Continued 

1.9 x 105 6.3 0.47 s.f. D.k. at 350-450 in soln. contg. 2-5 x 79Rt96 
10'-" mol V' I protein and 2-50 x 
10-3 mol i.-I dithionite, 0.03 mol 
L -I Mes and Na280-l; Ie recalcd. 
using K(S20-l2- ~ S02-) from Fig. 
1. 

ga Metmyoglobln 

802'- + Fe3 +Mb - S02 + 2.5 X 106 6.4 0.3 s.f. D.k. at 476 nm, as well as p.b.k. at 77A276 
Fe2+Mb 555 nm, in soln. contg. 0.15 mol 

L - I NaH2P01, 0.05 mol L- 1 

Na2HP04; Ie recalcd. using 
K(8;.:O.,2- ~ 8°2 -) frnm Fig 1 

5.3 x 106 8.2 0.47 s.f. P.b.k. at 565 nm in soln. contg. 77A278 
dithionite; Ie determined over pH 7-
10.3: pKn. = 8.9; also, Ie = 3.5 X 

106 for- pH 8.~ was deier-mined from 

reactions of several Mb complexes; Ie 
for Metmyoglobin+OH- <3 x 10"-. 

3.0 X 106 8.0 0.41 s.f. ,D.k. in soln. conig. diihionite and 733185 
hor-ee metmyoglobinj " reealed. ueing 

K(8 20/- = S02 -) from Fig. 1. 

go( Metmyoglobln azide 

S02'- + Fe3 +Mb-Na - 802 + 1.3 X 10'" 6.4 0.5 s.f. D.k. at 476 nm, as well as p.b.k. at 77A276 
Fe2+Mb-Na 555 nm, in soln. contg. 0.15 mol 

L -J NaH2PO,,-, 0.05 mol L- 1 

Na2HPO ... and 0.2 mol L -J Na- I 

using K(8 20.1
2 - ~ 2 802-), 

<1 X 10'" 8.2 0.47 s.f. P.b.k. at 565 nm in soln. contg. 77A278 
dithionite using K(S20 ... 2- ~ 2 
S02 -); observed reaction due to 
dissociated Mb. 

gS Metmyoglobln eyanate 

S02'- + Fe3 +Mb-CNO - <1 x 10-1 8.2 0.47 s.f. P.b.k. at 565 nm in soln. contg. 77A278 
dithionite using K(8 20 ... 2- ~ 2 
S02 -); observed reaction due to 
dissociated Mb. 

g6 Metmyoglobln eyanlde 

802'- + Fe:HMb-CN -+ 802 + 1.2 X 106 6.4 0.3 s.f. D.k. ai 476 nm, as well as p.b.k. at 77A276 
Fe2+Mb-CN 555 nm, in solo. contg. 0.15 mol 

L- 1 NaH2P01, 0.05 mol L- 1 

Na2HPO,,-, 0.01 mol L -1 KCN: Ie 
recalcd. using K(8 20 ,,-2- ~ S02 -) 
from Fig. 1. 

2.2 x 106 8.2 0.5 8.f. P.b.k. at 565 om in solo. contg. 77A278 
dithionite and 0.1 and 1.0 mol L- 1 

KCN; Ie quoted in 178A487J. 

g'7 Metmyoglobln fluol'lde 

S02'- + Fe3 +Mb-F - S02 + <2 X 102 6.4 0.3 s.f. D.k. at 476 nm, as well as p.b.k. at 77A276 
Fe2+Mb-F 555 nm, in solo. contg. 0.15 mol 

L -\ NaHzP0 1• 0.05 mol L - I 

NazHP0 1 and KF using K(820,,2-
~ 2 802 -), 

98 Metmyoglobln formate 

802'- + Fe3 +Mb-HC02 - < 1 x 10° 6.6 0.47 s.r. P.b.k. at 565 nm in soln. contg. 77A278 
dithionite using K(S20 4 2- ~ 2 
802 -); observed reaction due to 
dissociated Mb. 
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TABI.E 13. Rate constants for reactions of the sulfur dioxide radical anion in aqueous solution-Continued 

No. Reaction Ie (L mol- I s-I) pH I Method Comment ReC. 

II Metmyoglobln Imldalole, negative Ion 

SOt- + Fe3 "tMb-Im .... S02 + 1.8 x 10° 0.5 s.f. P .b.k. at 5SIi nm in soln. contg. 78A4R7 
Fe +Mb-Im dithionitej calcd. Crom dependence of 

Ie on pH (S.2-12.6); pK = 10.4. 

6 x 101 6.4 0.3 s.f. D.k. at 476 nm, as well as p.b.k. at 77A27ft 
555 nm, in soln. contg. 0.15 mol 
L -I NaH2PO'h 0.06 mol L- 1 

Na2HPO" and imidazole using 
K(S20 .. 2- .2 S02 -). 

100 Metmyoglobln ~-methyllmlda.ole complex 

S02-- + Fe3 +Mb-1-CHalm .... 2:2 X 10M S.2 0.50 s.f~ P .b.k. at 655 nm in soln. contg. 78A487 
S02 + FeIHMb-l-CHalm dithionite using K(S20 " 2- • 2 

802 ~). 

101 Metmyoglobln I-methyllmldalole complex 

S02-- + Fe:l+Mb-2-CHalm .... 2.4 x 106 S.2 0.60 s.f. P .b.k. at 620 nm in soln. contg. 78A487 
S02 + Fe2 +Mb-2-CHaIm dithionite; Ie recalcd. using K(820 4 0-

• S02 -) from Fig. 1. 

101 Metmyoglobln J-methyl-6-nltrolmldalole complex 

S02-- + Fe3 +Mb-2-CHa5-N02Im 1.0 X 101 10.2 0.60 s.f. P.h.k. at 666 nm in 801n. contg. 78A487 
.... S02 + FelHMb-2-CHa6-N02Im dithionitej Ie recalcd. using K(S20 " 2-

• S02 -) from Fig. 1. 

loa MetmyoKlobln nitrite . 

S02-- + Fe3 +Mh-N02 .... <1 X 10" 8.2 0.47 s.f. P.h.k. at 565 nm in soln. contg. 77A278 
dithionite using K(S20,,2- • S02 -)i 
obs. reaction due to dissociated Mb. 

104: Metmyoglobln 4:-nltrolmldalole complex 

S02-- + Fe3 +Mb-4-N02Im .... 9.4 x 106 9.4 0.50 lII.f. P .h.k. at 660 and 535 nm in soln. 78A487 
S02 + Fe2 +Mb-4-N02Im contg. dithionite; Ie recalcd. using 

K(S20,.t- • S02-) from Fig. 1. 

106 Metmyoglobln I-plcollne complex 

SO:.1-- + Fe3 +Mh-2-CHaPY .... 3.7 x 101 8.2 0.50 s.f. P .h.k. at 530 nm in soln. contg. 78A487 
S02 + Fe2+Mb-2-CH3 PY dithionite: Ie recalcd. usinc K(SgO .. 2-

• S02 -) from Fig. 1. 

108 Metmyoglobln 8-plcollne complex 

SO",-- + Fe3+Mb-3-CH~JPY .... 3.1 x 108 8.2 0.50 s.f. P.b.k. at 530 nm in soln. conte:. 78A487 
S02 + FelHMb-3-CH:sPY dit.hionit.e; Ie recalcd. using K(S20 .. 2-

:pt S02 -) from Fig. 1. 

10'7 Metmyoglobln 4:-plcollne complex 

S02-- + Fe3 +Mb-4-CH:i PY - 3.3 X 108 8.2 0.50 s.f. P.h.k. at 530 nm in soln. contg. 78A487 
S02 + Fe2+Mb-4-CH3 PY dithionite; Ie recalcd. using K(S20 42-

:pt S02 -) from Fig. 1. 

108 Met.IDTuglubln PTrldlne cUlllplex 

S02-- + Fe3 +Mb-PY .... S02 + 3.4 X 10M 8.2 0.50 s.f. P.h.k. :tt 530 nm in Aoln. contg. 7~A"'R7 
Fe2+Mb-PY dithionite; Ie recalcd. using K(S204.2-

• S02 -) from Fig. 1. 

101 Metmyoglobln thiocyanate 

SOt- + Fe8+Mb.SCN .... S02 + 2.7 X 101) 6.4 0.7 s.f. D.k. at 476 nm, as well as p.b.k. at 77A276 
Fe +Mb-SCN 555 nm, in soln. contg. 0.15 mol 

L -J NaH2PO .. , 0.05 mol L- 1 

Na2HP04' 0.2 mol L -I KSCN; Ie 
recalcd. using K(S2042- :pt S02-) 
from Fig. 1. 
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TABLE 13. Rate constants for reactions of the sulfur dioxide radical anion in aqueous solution-Continued 

No. Reaction k (L mol-- Is-I) pH 1 Method Comment Ref. 

109 Metmyoglobln thloeyanate-Continued 

<I x 10:l 8.2 0.47 s.f. P.h.k. a.t 561; nm in soln. cont~. 77A27" 
dithionite using .1(920.,2- ~ 2 
802 -); observed reaction due to 
dissociated Mb. 

110 Metmyohemerythrin 

801."- + Fe3 +myohem - 802 + 1.1 X 106 8.2 0.15 s.f. D.k.; monomeric protein from T. 81A438 
Fe +Fe3 +myohem zostericola (same as T. pyroides). 

111 Myoglobin 

802
0

- + Fe2+Mb - 4.5 x 106 8.2 0.41 s.f. D.k. at 552 nm in soln. contg. 83R189 
dithionite and ME8 buffer; /c is 
dependent on pH and ionic strength; 
calcd. from kObl! using K(8 20 ... 2 - ~ 
2802 -) = 1.4 x 10-0 

liS Myoglobin t!.yanlde addut!.t 

S02°- + Fe2+Mb.CN - 1.9 X 106 8.2 0.41 s.f. D.k. at 552 nm in 801n. contg. 83R189 
dithionite and MES buffer; Ie is 
dependent on pH and ionic strength; 
eAled_ f ...... m kub .. uDinS K(S20 .. 2- d 

2802 -) = 1.4 x 10-0 

113 Myoglobin Imidasole adduet 

S02°- + Fe2+Mb-Im - 8.8 X 107 8.2 0.47 s.f. D.k. at 552 nm in soln. contg. 83R189 
dithionite and ME8 buffer; /c is 
dependent on pH and ionic strength; 
calcd. from /cobB using K(8 20 4 2- ~ 
2802 -) = 1.4 x 10-0 

11-' Plastoeyanln 

S02°- + Cu2 +p .... redn. 3.3 X 107 8.0 0.41 a.f. D.k. in soln. contg. dithionite and 733185 
spinach plastocyanin; Ie recalcd. 
using K(820l- = 802-) from Fig. 
I. 

11& Semlmethemerythrln 

802
0

- + Fe2+Fe3 +methem - 4 x 10" 8.2 D.k. in soln. contg. 0.05 mol L- 1 81R202 
802 + Fe2 +deoxyhem Tris; aemimethemerythrin from one-

electron oxidation of 
deoxyhemethyrin with ferricyanide; 
protein (rom T. rioBt.ericola. 

7 x 10° 8.2 0.15 Semimethemerythrin from one- 80AI95 
electron oxidation of 
deoxyhemethyrin with ferricyanide. 

118 Stellaeyanln 

802'- + Cu2+p - 5.9 X 107 7.0 -1 s.f. D.k. at 604 nm in 0.1 mol L- 1 83A413 
phosphate, 0.8 mol L -I NaCI buffer; 
Ie recalcd. using K(5 20 .. ~- = 502-) 

from Fig. 1. 
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TAHLf~ 14. Rate constants for reactions of sulfite radical ion in aqueous solution 

No. Reaction Ie (L mol- 1 S-I) pH I Method Comment Ref. 

1 Sulflte radleal Ion 

SO:l- + SOa - - 8 20 6
2

- 5.3 X 108 14 ~2.5 p.r. D.k. in soln. contg. 0.5 mol L- 1 87Dnnf 
(+ 80:J

2 - + 80a) Na280a and 1.0 mol 1..-' NaOH 
assuming £3?O = 390 and £:l26 = 
300 L mol- em-I. 

3.6 X 108 10.7 p.r. D.k. at 270 nm in 5 x 10-:J mol 82A32A 
L -i Na280a soln. 

3,4 x 108 9.8 p.r. D.k. at 260 nm in N20-satd. soln 81GOn? 
contg. 3 X 10-3 mol L- 1 sulfite ion 
and 10-2 mol L -1 borate buffer; £ 

= 1300 L mol-lcm- l {7104611. 

7.6 x 108 f.p. D.k. at 290 nm; 21e/£ = 2.5 X 106
; k 78B07n 

calcd. using £ = 610 L mol-I em-i. 

4.3 x 108 5 p.r. D.k. at 255 nm (E = 1200 ± 50 L 741033 
7 x 108 10 mol- l em-i) in 802/H803 - soln.; k 

= 7 X 108 by pulse conductivity at 
pH 9.5; sulfate is formed by 
hydrolysis of 803; reI. amounts of 
sulfate and dithionate formed 
depend on pH. 

2.7 x 108 photo C.k. in soln. contg. 1.6 x 10-a mol 735022 
L -1 803

2-, 0.68 mol L -I acetone 
and 10-3 mol L -I Na"B20 7 ; reI. to 
Ie = 7 X 108 for second-order decay 
of (CHa)2COH, assuming no cross 
reaction. 

9.5 x 108 11.8 0.03 e-r. Obs. steady-state S03 - conen. by 725049 
esr in N20-satd. 5°32

- soln.; rei. to 
21r.(°CH2C02 - + -CH2C02 -) = 1.0 
x 100

• 

5.5 X 108 3.7-9.8 -0 f.p. D .k. at 255-320 nm in 727008 
8°32

- /H80:J - soln.; 2k/E = 8.3 x 
lOr. - 3.6 x 106 ; £ = 1000 L mol- 1 

cm- 1 at 200 nm; same In 52°0
2

-

soln. 

4.3 x 108 5.4, -0 p.r. D.k. in 803
2 - /H803 - soln. 127008 

10.2 

2 Carbonate radleal Ion 

803 - + CO~·- - CO2 + 80.,2- 5.5 X 108 9.6 p.r. D.k. at 260 nm; also condy. study. 78A256 

8 Ferrocoyanlde lon 

S03 - + Fe(CN)(,4- ..... 803
2 - + < 1 X 106 

Fe(CN)o3-
p.r. Unpublished data, Huie and Neta. 86A059 

4: Nli;:roUB oxtde 

803 - + N2O- :5100 p.r. Estd. from measurement of electron 85DI78 
spin relaxation time, T 1 = 2.0 J.lS in 
Ar-satd. as well as N .. O-satd. soln. 
a,35uming [N20] = 0.02 mol L- 1. 

6 Oxygen 

S03 - + 02 - 801)0- 1.5 x 10° 6.8 0.5 p.r. Derived from p.b.k. at 360 nm in 84A327 
~oln. cont.g. Ii >< 10-3 mol L- 1 

ascorbate and 5 x 10-2 mol L-1 

Na2803 at. several N20/02 ratios. 

>1 x 10° f.p. 727008 

6 N· Aeetyltryptophan 

80a - + AcTrpH ..... <5 x 10° 3.0 p.r. P.b.k. at 525 nm. 86All0 
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TABLE 14. Rate constants for reactions of sulfite radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 s - I) pH 1 Method Comment Ref. 

., Adenine 

803 - + A-+ sl X 106 7.0 p.r. O.k. with c-roC'"in (Ie = 1 x 10°) in 87A332 
N20-satd. 80ln. contg. 0.05-0.1 mol 
L -J Na280a; same result for 
cytosine, thymine, uracil, adenosine, 
guanosine, cytidine, thymidine and 
uridine. 

8 Anlilne 

803 - + CoHsNH2 - <1 x 10ft 13 p.r. 85A103 

9 Araehldonate Ion 

803 - + 3.9 X 106 11.5 p.r. C.k. with quercetin (Ie = 2.5 x lOR) 87A332 
CH3 (CH l4CH-CH)4(CHz) .• COz - in NzO-u.td. aoln. (!ontg. 0.05 mol 

L- 1 NaNa and 10-3 mol L- 1 

Na2S0a· 

10 Aseorble add 

803 - + AH2 -+ <1 X 106 <3 0.1 p.r. Derived from p.b.k. at 360 nm in 8GA288 
N20-satd. soln. contg. Na sulfite; 
pKa.(AH2) = 4.2, 11.5. 

11 Aaeorbate Ion 

SOa - + AH- - S032- + ·A- + 9 x 106 5-10 0.1- p.r. Derived from p.b.k. at 380 nm in 85A288 
H+ 0.5 N20-satd. soln. contg. Na sulfite; Ie 
80a- + A2- - 8°32- + oA- + 3 x 108 >12 0.1 slightly higher at 1 = 0.5. 

11 Cateehol 

80s - + 2-HOC6H.,0- - 80S2- 3 X 101 9.2 p.r. P.b.k. at 300 nmi p'Ka = 9.4, 13.0. 85A255 
+ 2--OC6H40° + H+ 5 X 101 11 

3 X 108 13.2 

13 Chlorpromazine 

80a - + CZ - 80S2- + CZ·+ -5 X 106 3.6 p.r. P.b.k. 84A32'1 

1. Croeln 

80a - + C14H64024 - 1.0 x 10° 7.0 p.r. D.k. at 490 nm 87A332 

16 Croeetln 

80a - + C20H240" -+ 1.5 x 10° 10.0 p.r. D.k. at 465 Dm 87A332 

8 x 108 p.r. D .k. at 420 nm. 86A191 

Its Z,5-Dlbydroxypbenylaeetate Ion 

S03 - + (HO)2CoHaCH2C02 - -+ '1 X 107 11.0 p.r. P.b.k. at 435 Dm 8'1A332 

1'1 Diphenylamine 

803 - + (06116)2NH -+ <1 x 107 3-7 p.r. P.b.k. 85AI03 

18 Ethanol 

80!) - + O!)H&OH -+ s 2 X lOa 0.1 f.p. D.k. at 270 nm in No-satd. 0.1 mol 
L -I 8 2°62- soln. 

727008 

19 Glutathione 

80:,- + GSH-+ 9.6 x 106 7.0 p.r. O.k. with crocin (Ie = 1 x 10°) in 87A332 
N20-satd. soln. contg. 0.05-0.1 mol 
L- 1 Na28Oa' 

30 Hydroqulnone 

80a - + H006H40- -+ S032- + 1 X 107 9 p.r. P .b.k. at 430 nm; pKa = 9.9, 11.5. 85A256 
-OC6H,,0· + H+ 1.2 X lOR 11.2 

3.2 X lOR 13 

5.4 x 107 10.5 p.r. 86A059 
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T ABI.E 14. Rate constants for reactions of sulfite radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol-I S-I) pH 1 Method Comment Ref. 

21 Hydroqulnone-2,6-dIBulfonate ton 

SOa - + COH2(OH)(0-)(SO:I-)2 <107 9 p.r . P.h.k. at 460 nm. 85A2lifi 
.... 80a

2 - + ·OCOH2(0-)(80a -)2 3 x 107 12.1 
+ H+ 8 X 107 13.1 

21 Hydroqulnone-2-sulfonate Ion 

SO:I- + CoH:~(OH)(O-)(SO:I-) .... 1 x 107 9.5 p.r. P.h.k. at 430 nm. 85A256 
S032- + ·OCOH3 (0-)(S03 -) + 8 X 107 12 
H+ 1.7 x 108 13 

28 6-Hydroxy-2,6,7,8-tetramethylehroman-2-earboxylate Ion (Tl'olox C) 

SOa - + HTC-C02 - .... 80a
2- + -1 x 100 9 0.1 p.r. Derived from p.h.k. at 360 nm in 85A288 

[HTC-C02]·- 8 x 107 11.1 N20-satd. soln. contg. Na sulfite. 
1.1 x 108 11.4 

1.5 X 108 11.6 
1.9 X 108 12 

24: Kaem pferol [8,6,7-Trlhydroxy-2-( 4:-hydroxyphenyl)-2-ben lIIopyran-4:-one) 

803 - + KfOH"" 4 x 108 11.5 p.r. P.b.k. at 545 nm. 87A332 

26 Llnoleate Ion 

SOa - + LC02 - .... 1.8 X 100 11.5 p.r. C.k. with Quercetin (Ie = 2.5 X lOR) 87A332 
in N20-satd. soln. contg. 0.05 mol 
L -1 NaN:, and 10-3 mol L- 1 

Na2S0a· 

26 Llnolenate Ion 

S03- + 2.8 X 100 11.5 p.r. C.k. with quercetin (Ie = 2.5 x 108
) 87A332 

CHa(CH2CH=CH)a(CH2hC02 - in N~O-satd. soln. contg. 0.05 mol 
L- 1 NaNg and 10-3 mol L- 1 

Na2S0a· 

27 3-Methoxyphenoxlde Ion 

SOg - + CH3 0CoH10- .... S082- 1.1 X 106 12.3 p.r. P.b.k. at 400-430 nm in N 2O-satd. 86A254 
+ CH3 OC O"10· sulfite ion soln. 

28 4:-Methoxyphenoxlde Ion 

S03 - + CH30CoH10- .... SOa2- 4 x 107 9.2 p.r. P. b.k.; [sulfite] ::!: 10-a mol L -I. 84A327 
+ CH:~OCoH .. O· 1.0 x 108 11.7 

1.2 x 108 12.4 

29 8-Methylphenoxlde Ion 

SOa - + CHaCuH ... O- - ::::;104 12.3 p.r. P.h.k. at 400-430 nm In N2O-satd. 80A254 

sulfite ion soln. 

30 4:-Methylphenoxlde Ion 

30a - + CllaCoH .. O- ¢ 30a
2

- 12.3 p.r. P.b.k. at 400-430 nm in N2O-satd. 80A254 

+ CHaCoH10- sulfite ion soln.; no reaction obs.; 
reverse reaction expected to occur. 

31 Phenoxlde Ion 

SO:~- + COH50- ~ SOa2- + 6 x 10° 11.1 p.r. P.h.k. in N 20-satd. soln. contg. 0.1 84A327 
COH5O· mol L -I Na2S0a and 0.05 mol L - t 

phenol; ler = 1.0 X 107
• 

32 p-Phenylenedlamlne 

SOa - + COH1(NH2h .... SOa2- + 5.0 x 107 9.3 p.r. P .b.k.; pK = 3.3, 6.1. 85AI03 
[H2NCuH .. NH2]·+ 4.2 x 106 5.25 

<5 X 10° 3 

33 2-Propanol 

SOa - + (CH3)2C110H .... !::10a 0.1 f.p. D.k. in N2-satd. 0.1 mol L- 1 S2002- 727008 
soln. 
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TABLE 14. Rate constants for reactions of sulfite radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol-I B- 1) pH 1 Method Comment Ref. 

84 Pyrogallol 

80a - + CoH:,(OHh - S032
- + 6 X 107 9 p.r. P.b.k. at 320 nm; pK" = 9.1,11.3. 85A255 

(HO)(O-)CoHaO· + 2 H+ 1.7 x 108 11.6 
2.7 x 108 13 

86 Quercetin (2-(8,4:-Dlhyroxyphenyl)-8,6, '1-trlhydroxy-l-bensopyran-4-one] 

80a- + QOH- 2.5 x 108 11.5 p.r. P .b.k. at 525 nm. 87A332 

88 Resorcinol 

SOa - + -OCOH40- - 503
2

- + 2 X 107 9 p.r. P.b.k. at 450 nm; pK" = 9.3; 11.2. 85A255 
-OC6H4O· 9 X 107 11 

1.7 X 108 12.5 

a'1 N,N,N' ,N'-Tot •• Dlotbyl-p-pbonylonodlaDllno 

SO:,- + TMPD .... S032 - + 5.2 X 108 9,5 p.r. P.b.k.; at low pH competing process 86Al03 
TMPD·+ 8.2 x 106 4.5 forming abs. at 455 nm may be 

radical-radieal reaction; pK = 2.2, 
6.6. 

88 2',.' ,6'-Trlhydroxybutyrophenone 

803 - + 6 x 107 10 p.r. D.k. at 350 nm 81A332 
(HO)3CoHzCOCHaCHaCH3 -

89 Tryptamine 

80a - + TrpH - HS0 3 - + Trp· 5.1 x 104 3.0 p.r. P.b.k. 86A110 

40 Tryptophan 

SOa - + TrpH - HS03 - + Trp· 8 x 10" 3.0 p.r. P.b.k. 86A110 

41 Tryptophanamlde 

80a - + TrpH - HSOa - + Trp· 4 x 105 3.0 p.r. P.b.k. 86A1l0 

42 Urate Ion 

803 - + UrO- - SOa2- + UrO· 1.2 x 10" 13 p.r P .b.k. at 360 nm. 81A220 
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TAB1.E 15. Rat.econst.ant.s for reactions of sulfat.e radical ion in aqueous solution 

No. Reaction Ie (L mol- J s-I) pH 1 Met.hod Comment. Ref. 

1 Sultate radical Ion 

80.'- + 8°4'- - 82°82- 8.1 X 108 5.8 f.p. D.k. at. 436 nm (recalcd. for E. = 920 78B07e 
L mol-I em-I, rei. to 1210(02.') = 
1798 L mol-' em-I). 

5.0 X 108 5.5 0.06 f.p. D.k. at. 455 nm in aerat.ed sulfat.e 677012 
soln.; reealed. for E.,uu; = 1100 L 
mol- I em-I. 

4.4 X 108 0.1 f.p. D.k. at. 466 nm in aerat.ed 8 2°82 - 67706" 
3.8 X 108 1.0 soln.; recalcd. for 1.455 = 1100 L 
4.8 X 108 4.8 0.03 mol-I em-I. 

1.8 X 100 <0 >1 p.r. D.k.; " mol L- J H280 4; uaed 1.450 =< 731030 
1000 L mol- 1 cm-' [660019]. 

I SlIver{l} Ion. 

80 .. '- + Ag(l) - 80.2
- + Ag(lI) 3.6 x 10° <0 p.r. D.k. at. 460 nm in 2 mol L- J 86A481 

sulfuric acid loin. contg. metal ion; Ie 
= 2.0, 3.0 and 2.0 x 10° in 4, 7 
and 10 mol L -I sulfuric acid. resp. 

1.8 x 100 <0 >1 p.r. D.k. at. 450 nm in 6 mol L -1 H280 ... 86A271 

6.2 x 109 -5 0.01 p.r. D.k. at. 450 nm 801n. contg. 0.01 mol 86A48( 
3.5 X 10° -5 0.1,1 L -I K2820 S a.nd -10-· mol L- 1 

silver ion. 

4 x 100 -6 p.r. D.k. in soln. contg. Ag+ and 80A3m 
820 8

2-. 

a Arllllm ... ,,(m) Ion 

80,,·- + AI02 - - 8°42
- + 8.0· X 108 7-8 phot.. C.k. wit.h fumarat.e ion in 8 2°82 - 73D40: 

As02 loin.; effect of solute on fumarate-
804 - adduct oba. by esri reI. to 
A:(80 .. ·' + OR ) = 7.3 X 10". 

4: Bromide Ion 

80 .. '- + Br- - 8°42- + Br' 3.6 x 109 7 0.03 p.r. D.k. at. 450 nm in air-satd. 82°82- 751069 
soln. contg. 0.06 mol L -I terl-BuOH. 

& CyanIde Ion 

8°4,- + CN-- -8 X 107 7-8 photo C.k. with fumarate in 82°82 - 801n.; 73D4m 
etrect of solute on fumarate-SO .. -
adduct. obs. by esri rei. t.o 1c(80 .. ·-
+ OH-) = 7.3 x 10'. 

e CYanate Ion 

80 .. '- + OCN- - -5 x 108 7-8 photo C.k. with fumarate in 82°82 - soln.; 73D40~ 
effect of solute on fumarate-80 .. -
adduct oba. by esrj reI. to /c(80 .. ·-
+ OH-) = 7.3 x 10'. 

'I Thiocyanate Ion 

804'- + 8CN- - 8°42
- + 5.2 x 10° 7 0.03 p.r. D.k. at 450 nm in air-said. 82°82 - 751060 

seN· lIoln. contg. 0.06 mol L -I t.rt-BuOH. 

8 Bicarbonate Ion 

80 .• 0 - + HCOs - - 8°42 - + H+ 9.1 X 10° 7.5-8.5 0.03 i.p. D.k. at 330 nm (80 .. --) a& well 8& 671058 
+ COo-- rh.k. at. ROO nm (COo'-) in aP-I'At.f!!d 

10-2 mol L -I 82°82 - soln. 

9 Cerlum(m) Ions 

80 .. ,- + Ce(lIl) - 8°42- + 1.3 X 108 <0 p.r. D.k. at 450 nm in 2 mol L- J 86A48(J 
Ce(JV) sulfuric acid soln. conig. metal ion; Ie 

= 1.8, 1.7 and 1.5 x 108 in 5, .7 
and 10 mol L -I sulfuric acid, resp. 

1.6 x 108 --0." phob. Oc(lV) in 0." mol L -1 H2SO .. S.fF666 
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RATE CONSTANTS FOR REACTIONS OF INORGANIC RADICALS IN AQUEOUS SOLUTION 1147 

TABLE 15. Rate constants for reactions of sulfate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 s-I) pH 1 Method Comment Ref. 

9 Cerlum(m) 10Ds-Continued 

5 x 107 <0 >1 'Y- r . Air-sat.d. soln. conbins CelV
, OeJII, 720094 

4 mol L -I H:.I80 1 a.nd formic acid; 
ratios calcd. from assumed 
mechanism 

1.4 x 108 '~O >1 f.p. D.k. at 455 nm; 1 mol L -1 H2SO4; 
Ce lJl produced from ceric sulfate. 

677274 

10 Chloride 10D 

8°40
- + Cl- -+ 8ol- + Clo 2.0 x lOs 1.4 0.2 p.r. D.k. at 480 nm; [Ir(Hbpy- 86A057 

d J,N)(bpY)2J"+-820 s
2 --CI- soln. 

1.3 x lOs p.r. P.b.k. (CI20-) in 0.002 mol L- 1 761141 
S,:0152-; k - ".1 'X 108 in 2 mol 
L -I SO'1 2 - soln. 

3.1 X 108 6.8 p.r. D.k. at 480 nmj soln. contains 7115244 
S2082-, tert-BuOH and phosphate 
buffer. 

11 Cobalt(n) 10D 

SO .. O- + Co2 + -+ SO .. 2- + Co3 + 2.0 X IOn <0 >1 p.r. D.k. at 450 nm in 6 mol L- 1 86A278 
sulfuric Acid. 

12 Chromlum(n) Ion 

8040
- + Cr2+ -+ 8°42 - + Cr3 + > 1 X 109 1.0 1.0 thermo Estimated from competition of Br- 68M084 

for 8°'1 0
- in peroxodisulfate 

oxidation of Cr(II) by two one-
electron stepsj fast flow. 

18 Iron(n) Ion 

8°40
- + Fe2 + -+ 8°42- + Fe3 + 9.9 X 108 1 p.r. D.k. at 450 nm in soln. contg. 1 mol 660019 

L- 1 KH801· 

14 Manganese(n) Ions 

80 .• 0 - + Mn(II) -+ S042
- + 2.0 X 107 <0 p.r. D.k. at 450 nm in 2 mol L- 1 86A480 

Mn(III) sulfuric acid soln. contg. metal ion; Ie 
= 1.3 and 1.6 x 107 in 6 and 10 
mol L -1 sulfuric acid, resp. 

2.0 x 107 <0 >1 p.r. D.k. at 450 nm in 6 mol L- I 86A278 
sulfuric acid. 

16 Azide Ion 

S04°- + Na -+ S012- + -Na -3 X 109 7 p.r. D.k. at 450 nm in soln. contg. 78A075 
S20S2

- • 

18 Ammonia 

SO,t O
- + NHa -+ SO .. 2- + oNH2 1.4 X 107 9.2 p.r. D.k. at 450 nm in soln. contg. 78A218 

+ H+ S2082
-. 

17 Ammonium lonl Ammonia 

S04°- + NH4 -t-;NHa -+ 3 x 10° 7.0 p.r. D.k. at. 450 nm in soln. contg. 78A2t8 
8 20 8

2-. 

18 Hydrazlne 

80 .. '- + HlolNNHz -+ 8.1 x lOS 9.5 p.r. D.k. at 450 nm in 8 2°82- soln. 78A075 
80 .. 0 - + HzNNHa + -+ 2.1 X 108 4 

19 Hydroxylamine 

S04°- + NH20H -+ 8.5 x 101! 8.2 p.r. D.k. at 450 nm in S2082- soln. 7RA075 
8001'- + NHaOH+ -+ 1.5 x 107 4.1 

20 Nitrite Ion 

80,1'- + N02 - -+ SO .. 2- + 8.8 X 108 7 p.r. D.k. at 450 nm in soln. cont.p;. 78A075 
°N02 S2082

-. 
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TABLE 15. Rat.e constant.s for react.ions of sulfat.e radical ion in aqueous solut.ion-Cont.inued 

No. React.ion Ie (L mol-I s-J) pH 1 Met.hod Comment. Ref. 

11 Nltrle aeld 

SO,,-- + HNOs - SO,,2- + 5.5 X lOr, <0 
NOs· + H+ 

>1 p.r. P .h.k. in 6 mnl L -I sulfuric acid. R6A2j 

II Nitrate Ion 

80 .. -- + NOa - - SO .. 2- + 2.1 x 10° 7-8 phot.. C.k. wit.h fumarat.e in S208 - soln.; 73D4( 
NOs' effect. of solut.e on fumarat.e-SO .. -

adduct obs. by esr; reI. t.o k(SO .. '-
+ OH-) = 7.3 X 101• 

3.6 X 105 9 phot.. C.k. with RNO in air-sat.d. 8 2°82 - 70723 
soln. 

18 Nlckel(U) Ion 

80 .. -- + Ni2 + - <5 x 10" <0 >1 p.r. D.k. at 460 nm in 6 mol L- t 86A2~ 

sulfuric acid. 

14: Dloxoneptunlum(V) Ion 

S04-- + Np02 + - SO .. 2- + 7 X 108 -0 p.r. D.k. at 450 nm in soln. cont.g. 2 mol 86A3~ 
Np022 + L- 1 H2SO 4 , 

16 Hydroxide Ion 

804
0

- T OH- - 804
2 - T 'OH 8.3 x 10'7 ..>11 0.06- p.r. C.k.; effect of pH on formn. of 75106 

0.08 tyrosine transient. at 410 nm; reI. to 
k(80,,'- + TyrOH) = 3.2 x 100

• 

7.3 X 101 alk. p.r. D.k. at 460 nm; soln. cont.ains 76524 
8 2°82- and te~BuOR 

6.5 X 101 alk. p.r. D.k. VS. OH- concn. in 0la-free 72700 
8 2° 8

2- soln. 

4.6 )( 101 >11 p.r. D.k. at 460 nm; 80ln. contains 60016 

S2082-. 

18 Watel' 

80 .. -- + H20 - SO .. 2- + 'OR <6 x 10 1 7 p.r. Extrapolat.ed from d.k. VS. OH- 72700, 
+ H+ concn. 

17 Hydrogen pel'oxlde 

SO,,-- + H2 0!.! - 80 .. 2 - + HO!.!- 1.2 X 101 7 p.r. D.k. at 460 nm in soln. contg. 78A07 
+ H+ 8 20 8

2-. 

18 Phoaphlnle acid, 10n(I-) 

8°4-- +' H2P02 - - 8°42
- + 1.8 X 108 7 p.r. D.k. at 450 nm in lIoln. contg. 78A07 

H+ + HP02- 8 20 8
2-. 

10 Hydrogen phoaphlte Ion 

SO .. -- :f" HP03
2- - SO .. 2- + 6.2 X 101 8.3 p.r. D.k. at 450 nm in soln. contg. 78A07 

H+ + P03
2 - S2082

-. 

80 Dlhydrogen phoaphlte Ion 

8°4-- + H2P03 - - SO/- + 1.6 x 101 4 p.r. D.k. at 450 nm in soln. contg. 78A07 
H2POa 82°82- and H2POa-. 

81 Hydl'ogen phoaphate Ion 

80 .• -- + HPO .. 2 - - 8°'12
- + 1.2 X 106 9 p.r. P.b.k. at 560 nm in soln. contg. 78A07 

HPO .. -- 8 2°82 - and HP04
2 -. 

31 Dlhydrogen phoaphate Ion 

8°4'- + H2P0 4 - - <7 x 10" 7 p.r. No reaction obs. 78A07 

88 Blaulftte/aulftte Ion 

8040
- + 11803-/80a

2
- - >2 x 100 p.r. 8uggested by comparison to NOs- 86A27: 

SO .. 2- + SOa - (+ H+) and 'OH rate constants. 
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TABLE 15. Rate constants for reactions of sulfate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol- I s-J) pH 1 Method Comment Ref. 

88 Bisulftte/sulftte lon-Continued 

>5 x 108 f.p. D.k. in 8 2°1:12 - 80In.; suggested t.hSlt 727008 
reaction with 11803 - is higher thall 
80a 2- by a factor of 2.5. 

8,( Peroxodlsulrate Ion 

80 .. ·- + 82 0 S
2

- - 8°42
- + 82°8- 1.2 X lOR p.r. P.b.k. in Ar-satd. lIoln. contg. 0.1 87A134 

mol L -1 K28 2OS ' 

86 Hydrogen peroxomonosulfate Ion 

S04·- + HSOs - -. <1 x IOn p.r. D.k. at 450 nm in S2082- soln. 771047 

86 Antlmony(m) Ions 

501·- T 5b(III) - 5°12
- T 8.0 X lOR <0 p.r. D.k. at 450 nm in 3 or I) mol L- 1 80A480 

Sb(IV) sulfuric acid soln. contg. metal ion. 

87 Slllcate Ion 

90 .. -- T 9iOa
2

- - 9°42
- T 2 X 10'1 f.p. P.b.k. at 625 om. 701262 

SiOs·-

88 Thalllum(l) ton 

9°4,- I Tl+ -- 9°42 - I Tl:'H 1.'1 x 10° >1 f.p. D.k. at. 466 nmj Boln. Goniul>ine Gerie: 8'1'11'14 
sulfate and 1 mol L - I H2SO4, 

89 Uranlum(IV) Ions 

80 .. ·- + U(IV) - 8°42
- + U(V) 8.0 X 107 <0 p.r. D.k. at 450 nm in 2 mol L- 1 86A480 

sulfuric acid soln. contg. metal ion; Ie 
= 7.0 and 8.0 X 107 in 3.5 and 5 
mol L -1 sulfuric acid, resp. 

,(0 Vanadlum(m) Ions 

SO .. ·- + V(IU) - S042
- + V(IV) 1.3 x lOS <0 p.r. D.k. at 460 nm in 2 mol L- 1 86A480 

sulfuric acid lIoln. contg. metal ion; Ie 
= 1.6 and 1.9 x lOR in 6 and 10 
mol L -1 sulfuric acid, resp. 

4.6 x 107 <0 >1 p.r. D.k. at 450 nm in 6 mol L- 1 86A278 
sulfuric acid. 

,(1 Vanadlum(IV) Ions 

S04·- + V(IV) - S042
- + V(V) 3.3 X 107 <0 p.r. D.k. at 450 nm in 2 mol L- 1 86A480 

sulfuric acid soln. contg. metal ion; Ie 
= 6.6, 9.0 and 36 x 107 in 3, 5 and 
7 mol L - I sulfuric acid, resp. 

42 Acetanlllde 

S04·- + CRH"NHCOCHa - 3.6 X 10D 7 p.r. D.k. at 450 nm: soln. contains 0.01- 771001 
S042 - +- [C6H5NHCOCHal'+ 0.05 mol L -1 S20 82-. 

43 Acetate Ion 

S04·- +- CH:4C02 - - SO.,2- + 5.0 X 106 6.8 p.r. D.k. at 450 nm: soln. contains 755244 
'CHa + CO2 (+ 'CH2C02-) 820" 2-, tert-BuOH, and phosphate 

buffer; predominantly methyl radical 
formn; CO2 yield meas. by y-
r.[78GI68] 

,(4 Acetic acid 

804'- + CHgC02H - HSO .. - + 8.8 X 10" -0 >1 p.r. D.k. at 455 nm; soln. contains ceric 677274 
'CHs + CO2 (+ 'CH2C02 H) sulfate and 1 mol L -I H2SO4, 

,(6 Acetophenone 

80 .. '- + C6 HsCOCHa - SO .. 2- 3.1 X 10" 7 0.03 p.r. D.k. at 450 nm in - 10-2 mol L- 1 771001 
+ [CRHsCOCHs]'+ S2082- soln. 
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TABI,E 15. Rate constants for reactions of sulfate radical ion in aqueous solution-Continued 

No. Reaction k (L mol- 1 S-I) pH 1 Method Comment Ref. 

4:8 4:-Aeetylbensoate Ion 

80.,'- + CH:,COCoH"C02 - - 2.0 X lOll 7 0.03 p.r. D.k. at .. 50 nm in - 10-2 mol L- 1 77100 
80.,2- + [CHaCOCoH.IC021' 82° 8

2 - loin. 

4:7 Aerylamlde 

804'- + H2C=CHCONH2 - 1.6 X lOS 7.3 p.r. D.k. at 460 nm in soln. contg. 80A2~ 

K282OIl • 

-2 x lOS f.p. C.k.; obs. quenching of 600 nm aba. 77A2~ 

(COa'-) in K2820 S-NaHCOa soln. 

4:8 Aerylate Ion 

8040
- + CH2=CHC02 - - 1.1 X 108 6.5 p.r. D.k. at 460 nm in 80ln. contg. 80A24 

K2S2 OS ' 

-2 x 108 f.p. C.k.; obi. quenching of 600 nm aba. '1'1A2~ 

(COa'-) in K2S2 0S-NaHCOa soln. 

4:9 Aerylonltrlle 

80,,·- + 1!2C=CHCN - 80 .. 2 - 8.1 X 107 7.4 p.r. D.k. at 460 nm in soln. contg. 80A24 
+ HOCH2 CHCN + H+ K282OS ' 

4.6 x 101 f.p. C.k.; obs. quenching of 600 nm abs. 77A23 
(C03 0-) in K282 0S-NaHCOa soln. 

1.7 x 108 -7 p.r. Soln. contains 8 20 8
2-; product obs. 69015: 

by absorption spectrum. 

4,9a Adenine 

8°4'- + A - 8°42- + [A).+ 4.6 x 10° 6-7 p.r. P.b.k. at 350 nm 8'1A36 

4:9b Adenosine 

80 .. ,- + A - SO,,2- + [AJ·+ 2.7 x IOn 6-7 p.r. P.b.k. at 350 nm 87A36 

60 Alanine 

S01'- + Ala- 1.0 x 107 7 0.03 p.r. D.k. at 450 nm in 82°82- soln. '15106. 

61 Allyl aleohol 

8°40
- + H2C=CHCH20H - 1.5 x 109 6.8 p.r. D.k. at 460 nm in soln. contg. 80A24 

K2820 8 • 

61 Allyl eyanlde 

8040
- + H2C=CHCH2CN - 1.1 x 10D 7.0 p.r. D.k. at 460 nm in soln. contg. 80A241 

K2S2OS ' 

63 Anisole 

8°1'- + C08 60CH3 - SO .. 2- + 4.9 x 109 p.r. P.b.k.; product ident. by esr. 75117] 
[C6H6OCH8]'+ 

64: Ben.amlde 

80,,'- + C081;CON82 - 80/- 1.9 x 108 7 0.03 p.r. D.k. at 450 nm in - 10-2 mol L- 1 771001 
+ (CoHI)CONH21'+ 820 S

2 - soln. 

66 Benlene 

8°1'- + CoHo - S042
- + -3 x 10° 7 0.03 p.r. D.k. at 450 nm in 82° 14

2
- soln. 771001 

[CoHo)'+ contg. 0.1 mol L -I ten-BuOH; also 
p.b.k. at 315 nm (761187]. 

8 X 108 -7 p.r. D.k. at 460 nm in soln. contg. 690158 
820 8

2-. 

66 1,2,4,6. Benlenetetraearboxylate Ion 

SO ... - + 0002(C02)4
4

- - 1.7 X 107 9 p.r. D.k. at 450 nm; 82°82 - soln. 761187 
8°42

- + [C08 2(002),,]·3-

6'1 1,a,6-Benlenetrlearboxylate Ion 

804
0

- + CoH:J(C0 2>s3- - 8.3 X 107 9 p.r. D.k. at 450 nm. 761187 
80l- + (COH3(C02h1·2

-
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TABLE 15. Rate constants for reactions of sulfate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 s-I) pH 1 Method Comment Ref. 

&8 Bensoate Ion 

90 .. 0 - + C f,H"C02 - - 90.,2- + 1.2 x 109 '1 0.03 p.r. D.k. at. 41;0 nm in .~ 10-2 mol 14- 1 '1'1100] 
[C6H5C02 J' 920,,2- soln.; CO2 yield in 'Y-r. 

suggests 56% phenyl radical formn. 
[78G168] Absorption of OH adduct 
in p.r. suggests 20% OH adduct 
formn. [78B101]. 

&9 BensonltrUe 

90 .. '- + CoHr;CN - 8°-:12
- + 1.2 X 108 7 0.03 p.r. D.k. at 450 nm in - 10-2 mol L- 1 771001 

[CoHr;CN]'+ S20 S 2- soln. 

GO 1,4:-Bensoqulnone 

60 .. '- + Q (t H 20) --+ H60 .. - + 1 x 108 -y-r. O.k.; Qba. prQduc~ yielda In 1 mol 860031 

Q(OH)' L -I "2S0., soln. cont,. 1.6 x 10~" 
mol L - I benzoquinone and 2-PrOH. 

01 Bensyl methyl ether 

80 .. ' - + CoH,.CH20CH:1 - 1.8 thermo T = 75°C; c.k. in S20112-.alcohol 749006 
soln.; obs. CoHljCHO yield; 
k/1c(804'- + 2-PrOH) = 18. 

02 2-Bromobensoate Ion 

SO .. ·- + BrCoH"C02 - - sol- 8.7 x 108 7 0.03 p.r. D.k. at 450 nm in - 10-2 mol L- 1 771001 
+ [BrCoH4.C02]· 92°82 - soln.; Br- and CO2 yields 

meas. on 'Y-r. indicate - 16% 
phenoxy I radical formn. and - 10% 
phenyl radical formn [78G168] 

08 4-Bl'omobenBoate Ion 

SO .. ·- + BrCoH"C02 - - 8°42
- 1.0 x 109 7 0.03 p.r. D.k. at 450 nm in - 10-2 mol L- l 771001 

+ [BrCoH.1C02]· 92°82
- soln.; Br- and CO~ yields 

meas. on 'Y-r. indicate - 30% 
debromination and - 40% 
decarboxylation; see ['18G168] 

84 Butyl aery late 

SO .• ·- + -2 X 108 f.p. C.k.; oba. quenching of 600 nm aba. 77A230 
CH2 =CHCOO(CH2 laCHa - (C03 '-) in K282 0 S-NaHCOa soln. 

8& 4:-Cblorobensoate Ion 

80 .. 0 - + CICoH .. C02 - - 80 .. 2 - 3.6 X 1011 7 0.03 p.r. D.k. at 450 nm in - 10-2 mol L- 1 '171001 
-t- [0IC0 8 .. C02]- 8 20 S

2 - Bolli.; CO2 yield meas. on 
'Y-r . indicates - 40% 
decarboxylation [78G168]. 

88 Crotonle aeld 

80 .. '- + CHaCH=CHC02H - 7.7 X lOS 4.8 p.r. D.k. at 460 nm in soln. cont,. 80A240 
K282OS ' 

87 4-CyanobenBoate Ion 

80 .. '- + NCCoH .. C02 - - 80 .. 2- 3.3 X 107 4.8 0.03 p.r. D.k. at. 450 nmin - 10-2 mol L- 1 771001 
+ [NCCoH .. C02]· 82°8

2
- soln.; CO2 yield meas. on 

'Y-r. indicates - 30% 
decarboxylation [78G168J. 

G8 Cyelobeptanol 

804'- + -(CH2)r;CHOHCH2- - 1.8 thermo T = 75°C; c.k. in 8 20 8
2 --alcohol 749006 

aoln.; oba. ketone formn.; for 1-fi. 
cycloheptanol ratio = 1.5. 

89 Cyelobeptanol-d1 

80 .. '- + -(CH2)r;CDOHCH2- - 1.8 thermo T = 75°C; c.k. in S20s2--alcohol 749006 
8010.; oba. ketone formn.; 
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TABI,E 15. Rate constants for reactions of sulfate radical ion in aqueous solution-Oontinued 

No. Reaction Ie (L mol-I s-I) pH 1 Method Oomment Ref. 

'10 Cyelohexene 

50 .. ·- T c-CoHIO - 50 .. 0 - T 4 x lOP -7 p.r. .soln. cont.ains 5,0,,0-: product obs. 6901/)" 

OHOHOH(OH2)OH2 + H+ by absorption spectrum. 
I J 

'11 Cytosine 

804.- + Oy- - 8°42 - + Oy' 7.5 X 108 11 p.r. D.k. 83A132 

'11. 2'-Deoxyadenoslne 

80 4
0

- + dA ~ 8° .. 2- + dA'+ 3.7 X 108 7.0 p.r. O.k. in soln. contg. 0.1-0.2 mol L- 1 87A337 
t,rt-BuOH and 1-2 x 10-2 mol L- 1 

K 2S20 8; re\. to 1c(S04°- + TMB} = 
2.4 x 109 

'11b 2'-Deoxyeytoslne 

804
0

- + dC - 80 .. 2- + dC'+ 2.6 X 108 7.0 p.r. O.k. in soln. contg. 0.1-0.2 mol L- 1 87A331 
t,rt.-BuOH and 1-2 x 10-2 mol L- 1 

K2820 8; reI. to 1(SO,,'- + TMB) = 
2." x 109 

'11e I'-Deoxyguanoslne 

80 4
0

- + dG ~ 8°.2
- + dG·+ 2.3 X 109 7.0 p.r. O.k. in soln. contg. 0.1-0.2 mol L- 1 87A337 

t,rt-BuOH and 1-2 X 10-2 mol L- 1 

K2S20 fl ; reI. to 1(SO,,'- + TMB) = 
2.4 x 109 

'11d I.Deoxy-D-rlbose 

804'- + deoxyribose - 3.8 X 107 7.0 p.r. O.k. in soln. contg. 0.1-0.2 mol L- 1 87A337 
t,rt.-BuOH and 1-2 x 10-2 mol L- 1 

K2820 S; reI. to 1(804'- + TMB) = 
2.4 x 109 

'II Dlethyl dlsulftde 

80 .. 0 - + 02H"S802H6 - sol- 3 x lOS - 4.6 0.3 p.r. D.k. at 300 nm in Ar-satd. 0.1 mol 761143 
+ [02H!;8802Hr,]'+ L -I 82°82- soln. 

'1a 1,J-Dlmethoxybenlene 

80 .. 0 - + 0oH4(00H:,)2 ~ 8°42
- 6.0 X 109 0.003 p.r. P .b.k.; product ident. by esr and 751171 

+ 100H,,(00H3)2]'+ absorption spectra. 

'14: 1,a-Dlmethoxybenaene 

8040
- + 0oH .• (00H3)2 - 804

2
- 7.0 x 109 0.003 p.r. P.b.k.; product ident. by esr and 761171 

+ 100H4(00H3)2]'+ absorption spectra. 

'16 1,4:-Dlmethoxybenaene 

8040
- + 068..(00H3)2 - 8°42- 7.2 x 10° 0.003 p.r. P.b.k.; product ident. by esr and 761171 

+ 1008.t (00H3)2]·+ absorption spectra. 

'18 1,8-Dlmethoxybenloate Ion 

80,1·- + (OH30)2CoH3002 - ~ 8.5 X 109 >3 
80 4

2- + [(OH30)200H3002]' 
0.03 p.r. P.h.k. in Ar-satd. 820 s

2 - soln. 771006 

'1'1 1,4:-Dlmethoxybenloate Ion 

SO .. ·- + (OH:~0)206H3002 - - 3.8 X 109 >3 0.03 p.r. P.b.k. in Ar-satd. 820 s
2- soln. 771006 

S042
- + ((OH30)200H3002)' 

'18 2,e-Dlmethoxybenloate Ion 

80-1'- + (OH30)206H3002 - 2.5 x 10° >3 0.03 p.r. P.h.k. in Ar-s&td. 82°82
- soln. 771006 

8°42- + [(CH30)206H3002]' 

'19 a,4:-Dlmethoxybenloate Ion 

804.- + (OH30)206H3002 - - 4.5 X 109 >3 0.03 p.r. P.h.k. in Ar-satd. 82°82- soln. 771006 
8°42- + [(OH30)206H3002]· 
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TABI.E 15. Rate constants for reactions of sulfate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol- I s-I) pH 1 Method Comment Ref. 

80 8,6-Dlmethoxybensoate Ion 

SO .. o- + (CHaO)2COH:,C02 - -+ 4.4 x 10° >3 0.03 p.r. P.h.k. in Ar-satd. S~OR2- !!loin. 771006 
SO,,2- + [(CH30)2CoH3C02Jo 

80a IfJ ,1fJ-Dlmethyladenolllne 

80 4
0- + DMA -+ 8°42- + 3.9 X 10° 6-7 p.r. P .b.k. at 350 nm 87A362 

[DMAJo+ 

81 Dimethyl dillulftde 

SO .. o- + CHaSSCHa -+ SO .. 2- + 5 X 108 ~ 4.5 0.3 p.r. D.k. at 300 nm in Ar-satd. 0.1 mol 761143 
[CH3S8CHaJo+ L -I 820 S

2 - soln. 

81 N,N-Dlmethyl-4:-nltrolloanlllne (RNO) 

8°4'- 1- Me2NCf,H4NO - 804'2-
+ [Me2NC6H"NOJ·+ 

5.9 A lOR 7 photo C.k.; air-aatd. 520 8!J- soln. 707234 

88 1,8-DlmethyluracU 

SO .. ·- 1- DMU -+ SO .. 2- 1- G.G x 10° p.r. D.k. at 500 nm In soln. contg. 87A134 
[DMUjo+ S2082- and 2.1-25 x 10-" mol L- 1 

1 ,3-dimethy I uracil. 

84: 1,4:-Dloxane 
i i 

1.6 X 107 C.k.; oba. buildup of [TMBjo+j SO .. o- + 0(PH2)20CH:,!CH2 - 1-8 0.003 p.r. 78A016 
SO.,2- + OCHCH20CH2CH2 + len/leI> = 1.7; reI. to k(SO .. o- + 
H+ I I TMB) = 2.6 x 109. 

86 Ethanol 

S04~- + C2H50H - S042
- + 1.6 X 107 7-8 0.003 p.r. C.k., obs. buildup of [TMB]o+; 78A016 

CHaCHOH + H+ lell/leD = 2.4j reI. to k(SO.lo- + 
TMB) = 2.6 x 10°. 

7.7 X 107 4.8 0.03 f.p. D.k. in aerated 10-2 mol L- I 677058 
K2S20 S soln.; at pH 1.0 Ie = 6.2 X 

107 . 

3.4 X 107 >1 f.p. D.k. at 455 nm in eerie sulfate and 1 677274 
mol L -, H2S0 4 soln. 

a x 107 1 p.r. D.k. at 450 nmi HSO .. - 801n. 660019 

86 Ethyl acrylate 

S04°- + H2C=CHC02C2Hs -+ -2 x 108 f.p. C.k.; obs. quenching of 600 nm abs. 77A230 
(C030-) in K2S20s-NaHC03 soln. 

.,. 1-(,,-Et.hylphenyl)et.hanol 

S04°- + C2H"C6114CHOHCHa -+ 1.8 thermo T = 75°C; c.k. in S20s2--alcohol 749006 
solo.; oba. ketone formation. 

•• FOPlDat.. Ion 

8°40
- + HC02 - -+ SO/- + 1.7 x 108 7 0.03 p.r. D.k.; S2082- soln. 751069 

·C02- + H+ 

80 FOPIDI4! a4!ld 

SO .. o- + HC02H -+ SO.,2- + 1.4 X 10° -0 >1 f.p. D.k. at 455 nm in eerie sillfate and 1 677274 
°CO:,!H + H+ mol L -I 8 2SO .. soln. 

gO Fumarate Ion 

804.- + -02CCH=CHC02 - -+ 1.6 X 107 7 p.r. D.k. at 450 nm; 50% 771106 
CO2 ~ oCH=CHC02 - + decarboxylation was determined 
-02CCHCH(080a -)C02 -8°4 - from G(C02 ) by "V-r. [78GI68]; 

adduct obs. by esr [755244J. 

81 Glycine 

8040- + Gly -+ 9 x 10° 7 p.r. D.k. in 8 2°82
- soln. 751069 
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TABI,E 15. Rate constants for reactions of sulfate radical ion in aqueous solution-Continued 

No. Reaction k (L mol- 1 S-I) pH J Method Comment Ref. 

92 Histidine 

:50 .. -- + His -.. -2.5 x 10° 1 0.03 p.r. D.k. In 5 2 0,,2- soln. 15Joml 

98 Homophthalate Ion 

80 .. '- + (-02C)06H .. CH2C02- 1.1 X 10° 7 p.r. D.k. at 450 nm as well as p.b.k. at 761187 
~ 80/- + CO2 + 328 nm (ArCH2') in 82°82- soln.; 
CH2CoH"C0 2 - CO2 yield meas. by 'V-r. 178G168] 

and absorption of ArCH2 radical by 
p.r. 178BI0l] indicate predominant 
decarboxylation from side chain. 

94: Hydroelnnamle aeld 

804~- + CoHr,CH2qH2C02H -+ 1.6 x lO" 5-7 p.r. D.k. at 450 nm in soln. contg. 0.1 81A23f. 
80 .. - + CaHr,CHgCHg + COg + mnl }.-1 ferl~R1JOH anti Ii X 10-2 

H+ mol L -I S20 8 2-. 

96 4:-Hyd~oxyben.oate Ion 

80 .. '- + HOCoH1C0-.F - -+ 80 .. 2 - 2.5 x 10° 7 p.r. D.k. in 8g 0 e2 - soln. 771001 
+ -02CCOH40- + H 

96 Isobutyl methaerylate 

80,,'- + --I X 109 f.p. C.k.; obs. quenching of 600 nm abe. 77A23( 
CH2 =C( CH:s)COOCH2CH( CH3)2 (COa'-) in K2820 8-NaHCOs soln. 

11 lsopropenyl aeetate 

8°4'- + CHaC02C(CHa)=CH2 1.5 x 101) r.p. C.k.; oba. quenching of 600 nm aba. 77A23( 
(C03'-) in K2820S-NaHCOa soln. 

98 Lumlftavlne 

804'- + LF -+ 7 x 109 7 p.r. D.k. at 450 nm and/or p.b.k. at 640 86A45'4 
nm; N2-aatd. soln. contg. 0.005 mol 
L - t K2820 S1 0.005 mol L - t terl-
BuOH and 3 x 10-6 mol L- 1 

lumiftavin. 

99 Maleic hydraslde 

804'- + MH2 - 2 p.r. No reaction 83A16E 

100 Malonate Ion 

80 .. '- + CH2(C02 -)2 -+ 8°42- 5.5 X 106 7 p.r. D.k. at 450 nm; radical obs. by esr; 771106 
+ CO2 + -CH2C02 - CO2 yield meas. by 'V-r. [78G168]. 

101 Methacrylate Ion 

80 .. '- + CH2=C(CHa)C02- -+ 7.0 x lOR 6.9 p.r. D.k. at 460 nm in soln. contg. 80A24( 
K282OS ' 

~6 x 108 f.p. C.k.; obs. quenching of 600 nm abs. 77A23( 
(CO:J'-) in K282 0 8-NaHCOa soln. 

102 Methaerylle acid 

804'- + H2C=C(CH:J)C02H -+ 1.1 x 10" 2.9 p.r. D.k. at 460 nm in soln. contg. 80A24C 
K2S20 8· 

loa Methacrylonltl'Ue 

804'- + H2C=C(CHa)CN -+ 3.S x 101'1 7 p.r. D.k. at 460 nm in soln. contg. SOA24(J 
K2S20 8· 

-4 x 108 f.p. C.k.; obs. quenching of 600 nm abs. 77A23(J 
(C03--) in K2S 20s-NaHCO:. soln. 

104 Methanol 

804.- + CH:10H -+ 8°42 - + 3.2 X 106 7~S 0.003 p.r. C.k.; obs. buildup of [TMBJ·+; 7SA07tl 
'CHaOH + H+ k .. /kD = 2.7: reI. to k(SO,,'- + 

TMB) = 2.6 x 10'1. 

1.1 X 107 7 0.03 p.r. D.k. in 82°82 - soln. 751069 
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TARI,"~ 15. Rate constants for reactions of sulfate radical ion in aqueous solut.ion-Cont.inued 

No. Reaction "(L mol- I s-I) pH 1 Met.hod Comment Ref. 

104, Methanol-Continued 

2.0 x 106 9 photo C.k. with RNO in air-satd. S'lOM2- '10'1234 
soln. 

2.5 x 107 1,4.8 0.03 f.p. D.k. in aerated 10-2 mol L- 1 677058 
K2S20 8 soln .. 

1.1 x 107 >1 f.p. D.k. at. 455 nm in eeric sulfate and 1 677274 
mol L - I H2SO -I soln. 

2 x 107 p.r. D.k. at 450 nm. 660019 

106 Methionine 

S04'- + Met. -+ SO/- + Met.·+ 1.1 x lOll 7 0.03 p.r. D.k. in S2082- soln. 751069 

108 2-MethoxybenBoate Ion 

S04'- + CHaOCaH .. C02 - -+ 7.0 X 10° >3 0.03 p.r. P.b.k. in Ar-sat.d. S2082- soln. '171006 
SO 4 2- + [CHaOCoH4C021' 

10'1 8-Methoxybensoate Ion 

SO .1' - + CH:lOCoH.,C02 - -+ 7.6 X 109 :>3 0.03 p.r. P.b.k. in Ar-satd. S2082- loin. 771006 
SO .• 2- + !CHaOCoH .. C02)' 

108 "-Methoxybenloate Ion 

S04'- + CHaOCoH-IC02 - -+ 3.5 X lOll 7 p.r. P.b.k. at 560 nm (cat.ion radical) in 771001 
SO .. 2- + [CHaOCoH1C02)' S2082- soln. 

7.6 X 1011 >3 0.03 p.r. P.b.k. in Ar-satd. S2082- soln. 771006 

100 1-Methoxy-2-methyl-1-phenylpl'opane 

SO,,·- + 1.8 thermo T = 75°C; c.k. in S20s2--alcohol 749006 
CoHr;CH(OCH:!)CH(CH3)2 -+ soln.; obs. benzaldehyde and 

isopropyl phenyl ketone formn. 

110 Methyl ael'ylate 

S01'- + H2C=CHC02CH3 -+ 5.7 X 107 f.p. C.k.; obs. quenching of 800 nm abs. 17A230 
(COa·-) in K2S20 8-NaHC03 soln. 

110a O-Methyladenlne 

S04'- + MA -+ S042- + !MA)'+ 4.1 x 10° 6-7 p.r. P.b.k. at 350 nm 8'1A362 

111 3-Methyllumlflavlne 

S01'- + F -+ 8 X 10° 3.8,7.7 p.r. D.k. at 450 nm and/or p.b.k. at 690 86A457 
nm; N2-sat.d. soln. contg. 0.005 mol 
L - I K2 S!,!OR. 0.005 mol L -I ten. 
BuOH and 3 X 10-5 mol L- 1 

lumiflavin. 

111 Methyl methaerylate 

S04'- + H2C=C(CH:l)C02CHa 1.0 x lOll 7.3 p.r. D.k. at 460 11m in Boln. contg. 80A240 
-+ K2S2OS ' 

-1 x 10° f.p. O.k.; obs. quenching of 600 nm abs. 77A230 
(CO!.·-) in K!)S!)Oe-NaHCOs soln. 

113 N-Methylolaerylamlde 

SO.)·- + '~2 X 108 f.p. C.k.; obs. quenching of 600 nm abs. 77A230 
H2CC=CHCONHCH20H -+ (C03o-) in K2SZ0 8-NaHCOa Boln. 

114, 2-Methyl-l-propanol 

S01'- + (CH3)aCOH -+ S042- + 4.0 x 10" 7-8 0.003 p.r. C.k.; obs. buildup of ITMB}o+ reI. to 78A076 
oCH2C(CHa)20H + H+ k(SO,,'- + TMB) = 2.6 x 1011. 

8.0 x 10" 1 0.03 p.r. D.k. in S2082- soln. 751069 

1.8 thermo T = 75° C; c.k. in S20s2--alcohol 749006 
soln.; obs. acetone formn. 

9.1 x 106 p.r. D.k. in S2082- soln. 727008 
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TARt.1i: 15. Rate constants for reactions of sulfate radical ion in aqueous solution-Continued 

No. Reaetion Ie (L mol- 1 s-l) pH 1 Method Comment Ref. 

11& .-Pentanol 

80,,0- + C~86C8(OH)0285 ... 1.8 thermo T = 75°C; c.k. in 8?,O,,¥--llleohol 74900f 
soln.; obs. ketone formn. 

111 1-Phenyl .... butanol 

SO,,·- + 1.8 thermo T = 75°C; c.k. in S~08 2--alcohol 74900{ 
C.,H5CB2CH2CB(OH)CH3 - soln.; obs. ketone and acetaldehyde 

formn. 

117 1-Phenylethanol 

80,,·- + COB5CHOHCB3 - 1.8 thermo T = 7S"Cj c.k. in S20 S 2--alcohol 74900f 
soln.; obs. ketone formn. 

118 1-Ph.nyl-I-ppopanol 

80 .. ·- + OoH&CB2CH(OH)CH3 - 1.8 thermo T = 75°C; c.k. in S2082-.alcohol 74900f 
soln.; obs. acetaldehyde formn. 

110 I-Phenyl-I-ppopanol 

804
0- + C08 6C08(OHa)2 - 1.8 thermo T = 75°0; c.k. in SuO. 2-·alcohol 74900f 

soln.; obs. ketone formn. 

110 ,..Pbtbalate Ion 

804.- + 00H .. (002 -)2 - 804
2

- 1.7 X lOS 9 p.r. D.k. at 450 nm; - 80% phenyl 771001 
+ oC08 4002 - + 002 (+ radical and - 40% 08 adduct based 
B008 B .. (002 -)2) on CO2 yields by "V-r. (78G168]. 

111 I-Propanol 

80 .. 0- + CH30B2CB20H ... &.8 x 101 7-8 photo C.k. with fumarate in 82°82 - loin.; 73D40: 
effect of Bolute on fumarate-SO,,-
addll"t. nhA_ hy .A"; ".L t.o l(SOojo-
+ OH-) = 7.3 x 101• 

1.2 X 101 9 photo O.k. with RNO in air-satd. S2082- 70'1234 
loin. 

111 I-Propanol 

80 .. 0- + (OH:S)2CHOH ... 80 .. 2 - 3.2 X 101 7.8 0.003 p.r. O.k.; obs. buildup of (TMB)·+; 78A071 
+ (CH3)2008 + B+ leU/leD = 2.7; reI. to 1(S04·- + 

TUB) - 2.8 )( 10°. 

8.0 X 107 7 0.03 p.r. D.k. at 450 nm; 820S2-.t,rt-BuOB 761069 
soln. 

2.2 X 107 9 photo O.k. with RNO in air-satd. 82°82- 707234 
loin. 

8.5 x 101 4.4 f.p. D.k. in aerated 10-2 mol L- 1 677058 
K~208 soln.; at pB 1.0 Ie = 9.1 x 
10 . 

4.6 X 101 -0 >1 f.p. D.k. at 455 nm in eeric sulfate and 1 677274 
mol L - J 8 280" soln. 

11. Propionate Ion 

80.(0- + C8aOH2C02 - ... 8° .. 2- 4.6 X 100 7 p.r. D.k. at 450 nm; CO2 yield obs. by 771106 
+ C92 + oCH2CR3 + 'Y-r. (78G168). 
CHaCHC02-

114, Pyridine 

80.·- + py'" 2.2 X lOS 7 p.r. D .k. at 450 nm; 820 8
2- soln. 781187 

11& pyrldlnlum Ion 

SO .. ·- + pyH+ - -2 X 107 3.9 p.r. D.k. at 450 nmj 82°82- soln. 761187 

111 Serine 

S04°- + S ... - 2.3 )( 107 '1 0.03 p .... D.k. at .(50 nm; S:z0(l2--f.ri-BuOH '7'61060 
soln. 
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TABI.E 15. Rate constants for reactions of sulfate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol-I s-I) pH 1 Method Comment Ref. 

12'1 StYl'ene 

S04'- + CnHr,CH=CH2 - 2 x 10° p.r. D.k. at 460 nm in soln. ~ont'R. 0.1 7gBt~8 

mol L - I t"t-HuOH and K2S2OS ' 

118 Sueelnate Ion 

S04'- + -02CCH2CH2C02 - - 7.1 X 100 7 p.r. D.k. at 450 nm; CO 2 yield obs. by 771106 
SO 4 2- + CO2 + 'CH2CH2C02- "'(-r. [78G168]. 

120 Tetl'abutylammonlum Ion 

SO .. ·- + [CHa(CH2)3J4N+ - 5.3 x 101 p.r. D.k. at 450 nm in soln. contg. 80A346 
8 20 8

2-, also c.k. with 1,3,5-
trimethoxybenzene assuming 1c(804 '-

+ TMB) = 2.6 x 10°. 

180 Tetl'aethylammonlum Ion 

,804'- + (C2HI)4N+ - 2.3 x 105 p.r. D.k. at 450 nm in soln. contg. 80A346 
8 20 14 -, also c.k. with 1,3,6-
trimethoxy benzene assuming /c(SO,,·-
+ TMB) = 2.6 x 109

• 

131 Tetl'ahydl'otul'an 
i I 

1.0 X lOs C.k.; obs. buildup of rTMB)'+; SO .. ·- + Oq82CH2C82CH2 - T 7-8 0.003 p.r. 78A076 
S042

- + ?CHCH2CH2 <?H2 + H leU/leI) = 2.0: reI. to 1c(804'- + 
TMB) = 2.6 x 109

• 

181 Tetl'amethylammonlum Ion 

SO .. ·- + (CHa)1N+ - 9 x 10" p.r. D.k. at 460 nm in soln. contg. 80A346 
S20,,2-, also c.k. with 1,3,6-
trimethoxybenzene assuming 1c(0H + 
TMB) = 2.6 x 109

• 

188 Tetl'apl'opylammonlum Ion 

S04'- + (CH3CH2CH2)4N+ - 2.7 X 101 p.r. D.k. at 450 nm in soln. contg. 80A346 
820 8

2-, also c.k. with 1,3,5-
trimethoxybenzene assuming 1c{804'-
+ TMB) = 2.6 x 109

• 

188a Thymidine 

S04'- + T - S042- + [T].+ 52.0 X 108 7.0 p.r. C.k. in soln. contg. 0.1-0.2 mol L- 1 87A337 
tert-BuOH and 1-2 X 10-2 mol L - j 
K2820 S : reI. to 1c(804·- + TMB) = 
2.4· x 109 

184: m-Toluate Ion 

80 .. '- + C83CoH4C02 - - 2.0 X 10° 7 p.r. D.k. at 450 nm.; abs. spectrum by 771001 
p.r. indicates predominant formation 
of OR a.ddu~ts ['IARtnl]. 

136 0-Toluate Ion 

80 .• 0 - + qHaCoH.tC02 - - 1.4 X 109 7 p.r. D.k. at 450 nm; product ident. by 771001 
80 .. 2- + C82 C"H 4C02 - + H+ abs. 8peetrum by p.r. l'IAB1nl]: CO2 

yield by 'V-r. < 10% [78G168] 

138 p-Toluate Ion 

8°4'- + CHaC6 H .. C02 - - 1.8 x 10° 7 p.r. D.k. at 450 nm; .- 30% phenyl 771001 
~O .. 2- + CHaC6 H.. + CO2 + radical: 30% benzyl radical and 40% 
CH 2CoH.tC02 - (+ OH adduct baaed on CO2 yields by 
CHaColI .. (OH)C0 2 -) 'V-r. [78G168J and abs. spectra by 

p.r. [78B101 J 

18'1 1,1,8-Tl'lmethoxybenzene 

80'j'- + COH:i (OC8ala - 804
2

- -7 x 109 0.003 p.r. P.b.k.; product ident. by optical 751171 
+ [C6Ha(OCHahJ'+ absorption and esr spectra. 
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TABLE 15. Rate constants for reactions of sulfate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol-I S-I) pH 1 Method Comment Ref. 

188 l,2,-l-Trlmethoxybenlene 

80 ... ·- + C6Ha(OCHah --1> SO .• 2- 7.8 >< 108 0.003 p.r. P.h.k.; produd. ident. hy opLk",) T!il1'T1 

+ [COH3(OCH3)3]'+ absorption and esr spectra. 

189 1,8,6-Trlmethoxybenlene (TMB) 

8°4
0

- + C6 Ha(OCHsh - 8°42- 2.6 X 109 6.9 p.r. P .b.k. at 580 nm in N2·satd. soln. 80A34B 
+ ICoHa(OCHah)·+ contg. 10-:1 mol L -I Na2820S' 

2.4 X 100 7·8 0.003 p.r. P.b.k. at 580 nm. 78A07B 

1.8 x 100 0.003 p.r. P.b.k.; product ident. by optical 761171 
absorption and esr spectra. 

14:0 1,8,-l-Trlmethoxybenloate Ion 

8°4'- + (CH:J0>SC6H2C02 - - 2.5 x 10° >3 0.03 p.r. P.b.k. in Ar·satd. S2082- soln. 771006 
80 .. z - + ((CHaO)sCoH2C02]' 

141 1,4,6-Trlmethoxybenloate Ion 

80.,·- + (CHaOhCuH2C02 ..... 4.4 x 10° >3 0.03 p.r. P.b.k. in Ar-satd. 82°82- soin. 771006 
80/:- + ((CHaO)3C6H2CO~d· 

141 1,4,e-Trlmethoxybenloate Ion 

80,,~- + (CH:~OlaC6H2C02 ..... 2.6 x 109 >3 0.03 p.r. P .h.k. in Ar·satd. 8 20 8
2- 801n. T'TIOO6 

804 - + I(CH30):~C6H2C02)· 
148 8,4,6-Trlmethoxyben loate Ion 

80 ... ·- + (CH30)sC08 2C02 - - 5.0 x 100 >3 0.03 p.r. P.b.k. in Ar·satd. 82°82- soln. 771006 
5°42

- ;- [(CHs°>aCoH2C02]' 

144 TrlmethylanlIInlum Ion 

80 ... 0 - + C6 Hr;N(CHah + ..... 1.5 X 108 7 p.r. D.k. at 450 nm; 82°8
2

- soln. 771001 
so oJ ~- + [CoHsN(CHs)a]o2+ 

146 Tryptophan 

8°4
0

- + TrpH ..... 80 .• 2- + Trp' -2 x 10° 7 0.03 p.r. D.k. at 450 nm; 82Os
2-.tert-BuOH 751069 

+ H+ soln. 

14e Tyrosine 

804.- + TyrOH ..... SO .. 2- + 3.0 x 10° 6.8 p.r. D.k. at 450 nm as well as p.b.k. at 761112 
TyrO- + 11+ 40'1 nm (ilryluxy radical). 

3.2 X 109 7 0.03 p.r. D.k. at 450 nm; 820 8
2-.tert-BuOH 751069 

soln. 

14.7 UrAcil 

804
0

- + U ..... 80.2- + u·+ -1 x 10° p.r. P.b.k. at 580 nm 78A257 

148 Vlny.· aeetate 

S04'- + CHaC02CH=CH2 - '-2 x 109 f.p. C.k.; obs. quenching of 600 nm abs. 77A230 
(C03·-) in K2820s·NaHCOa soln. 

1 x 10° -7 p.r. Soln. contains S2082-; product obs. 690158 
by absorption spectrum. 

149 Vinyl Isobutyl ethel' 

804.- + 1.5 x 100 f.p. C.k.; obs. quenching of 600 nrn aba. 77A230 
(CHa)2CHCH20CH=CH2 - (COgo-) in K2S20S-NaHCOa 801n. 

160 Lysolyme 

804.- + Lya ..... 1.8 x 10 10 7 0.03 p.r. D.k. in S2082-.tert-BuOH soln. 751069 

161 Peroxidase (horseradish) 

804,0- + Fe'" HRP ..... 8°42 - + -3 X 106 6.3 photo C.k.; obs. Compound II formn. in 80R177 
HRP Compound II soln. contg. 820 8

2-; reI. to 2k(80 4'-

+ SO ... ·-) = 9 x 108. 
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TAB1,E 15. Rate constants for reactions of sulfate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol- I s-I) pH 1 Method Comment Ref. 

162 Ribonuclease 

S04°- + RNase - 1.2 x 10'0 7 0.03 p.r. D.k. at 450 nm; S20,,2-.tp.rf-RuOH 751069 
soln. 
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TARLE 16. Rate constants for reactions of peroxomonosulfate radical ion in aqueous solution 

No. Reaction Ie (L mol- 1 s-l) pH 1 Method Comment Ref. 

1 Peroxomonosulfate radical Ion 

SOoo- + S05°- -+ p.r. D.k. in N20-satd. HSOr, - soln.; 
£(265 nm) > 560 I. mnl- J em-I; 

727008 

not simple order; Ie uncertain,. estd. 
to be 2 X 108

, t ... - 3 ms. 

2 Sulfite Ion 

~Ooo- + HS03 - -+ HSOo - + <3 X 100 4.9 0.5 p.r. C.k. in N20:02 ~1:1) satd. soln. 87A3H 
S03- contg. 2.05 X 10-' mol L- J 

ascorbate, 1.9-14.6 X 10-3 mol L- t 

sulfite and 0.5 mol L-' NaCIO,,; reI. 
to k(SOoo- + AH-) = 1.4 X 108• 

SO,,·- + SP32 - (+ H+) - 1.3 X 107 8.7 0.5 p.r. C.k. in N20:02 ~1:1) aatd. Boln. 87A3H 
HS06-+S03 - contg. 2.05 X 10- mol L- t 85A28~ 

ascorbate, 1.9-14.0 x 10-3 mol L- 1 

sulfite and 0.5 mol L-' NaCI0 4; reI. 
to k(SOI)°- + AH-) = 1.4 X 108 • 

8 Aniline 

SOoo-o + CoHI)NH2 -+ HSOo - + -3 X 106 13 0.3- p.r. 0.1-0.2 mol L -1 sulfite and 1-4 x 86AI0~ 

C6 Ht;NH 0.6 10-2 mol L -I aniline in pres. of 
N20-02 (1:1). 

4: Ascorbic acid/Ascorbate Ion 

SOoo- + AH- -+ HSOo - + Ao- 2 X 106 2 0.1 p.r. Derived from p.b.k. at 360 nm in 85A28E 
1.3 X 107 3.6 0.3 NZO-02-satd. soln. contg. Na sulfite; 
7.8 x 107 6.7 0.05 pK", = 4.1. 
1.4 x 108 6.7 0.5 

6 Catechol 

SOoo- + CoH .. (OH)2 -+ HSOo - + 2.7 X 100 6.7 p.r. P.b.k. at 300 nm in N20/02 (1:1) 85A25E 
-OCoH ... Oo + H+ satd. soln. contg. Na sulftte. 

8 N,N-Dlmethylanlllnlum Ion 

SOoo- + CoH"N.H(CH:J)2 + -+ 1 X 107 3.6 p.r. P.b.k. 85Alm 
HS0t; - + CoHt;N(CHa)2 + 

'1 Diphenylamine 

SO,,·- -t: (COH6)2NH -+ HS06 - + 5 X 107 3 p.r. P.b.k. 85AI02 
(CoH-t;)2N < 1 x 107 7 

8 Ethanol 

S05°- + C2H50H -+ s; 103 9 f.p. D.k. in air-contg. S2002- soln. 727008 

9 Hydroqulnone 

SO"O- + CnRI(OH)z -+ HS06 - + 2.7 X 106 6.6 p.r. P.b.k. at 430 nm in N20/02 (1:1) 85A255 
-OCOH40- + H+ 2.0 X 107 9.5 soln. contg. Na bisulfite. 

10 Hydroqulnone-2,6-dIBulfonate Ion 

S05·- + COH2(OH)2(S03 -)2 -+ 8.2 X 100 6.6 p.r. P.b.k. at 450 nm in N20/02 (1:1) 85A255 
HS05 - + (0-)C6H2(S03 -)20 ' + 4.7 X 100 9.1 soln. contg. Na bisulfite. 
H+ 

11 Hydroqulnone-2-sulfonate Ion 

S05°- + COH3(OH)2S03 - -+ 1.5 X 106 6.8 p.r. P.b.k. at 430 nm in N20/02 (1:1) 85A255 
HS05 - + (0-)COH3 (S03 -)0' + 
H+ 

soln. contg. Na bisulfite. 

12 8-Hydroxy-2,6,'1 ,8-tetramethylehroman-2-earboxylate anion 

SOo'- + ArOH -+ HSOo - + 1.2 X 107 9 0.1 p.r. Derived from p.b.k. at 360 nm in 85A288 
ArO' 0z-N20-satd. soln. contg. Na sulfite. 
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TABLE 16. Rate constants for reactions of peroxomonosulfate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 s-I) pH I Method Comment Ref. 

18 4:-Methoxyphenoxlde Ion 

SOo'- + CHaOCoH.tO- (+ H+) -5 X 105 6.7 p.r. P.b.k. in N20-02 (1:1) satd. soln. 84A327 
- HSOo - + CHaOCoH40' 5.5 x 107 9.2 contg. 4-methoxyphenol and sulfite 

1.3 x 108 11.7 ion. 

14: Phenoxlde Ion 

SOo'- + CoHI;0- (+ H+) -+ -8 X 104 11.1 p.r. P.b.k. in N20-02 (1:1) satd. soln. 84A327 
HSO/)- + C6H1;0' contg. phenol and sulfite ion. 

16 Pyrogallol 

SOI)'- + CnHa(OHh - HSOI) - + 4.1 X 106 6.7 p.r. P.b.k. at 430 nm in N20/02 (1:1) 85A255 
'OCOH3(0-)(OH) + H+ soln. contg. Na bisulfite. 

18 Reao.elnol 

SOo'- + C6H4(OH)2 - <1 X 106 6.7 p.r. . P.b.k. at 450 nm in N20/02 (1:1) 85A255 
soln. contg. Na bisulfite. 
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TABLE 17. Rat.e const.ant.s for miscellaneous sulfur-cont.aining radicals 

No. Reaetion Ie (L mol- I s-l) pH Method Comment. Ref. 

I Sulfbydryl radical 

1.1 S·- + S·-- 1 X 109 11 p.r. P.b.k. at 280 nm, S22 -. 670273 

HSo + HS~ - "2S2 6.6 X 10° 7.0 p.r. D.k. at 380 nm, computer simulation. 87A082 

1.2 H2S2·- + HSo - H2S2 + HS- 9.0 X 10° 7.0 p.r. D.k. at 380 nm, computer simulation. 87A082 

1.3 O2 + HSo - S02'- + H+ 7.6 X 10° 7.0 p.r. D.k. at 380 nm at low H2S concn., 87A082 
dependence on both [02] and [H2S]. 

1.4 HS- + HS· - H2S2o- 5.4 X 109 7.0 p.r. D.k. at. 380 nm, computer simulation; Icr 
= 6.3 X 105 S-I 

87A082 

I Sulfbydryl dlmer radical anion 

2.1 H2S2o- + H2S2o- - H2S2 + HS- 9 .. 6 X 108 7.0 p.r. D.k. at 380 nm, computer simulation. 87A082 

2.2 O2 + H2S2o- - O2.- + H2S2 4.0 X 108 7.0 p.r. D.k. at 380 nm at high H2S conen., 87A082 
dopendoneo on both (021 and (H 2 S). 

8 Thlocyanosen 

3.1 SCNo + SCN- - (SCN)2°- 9 X 10° f.p. (SCN)\lo- from SCN- + SO .. o- (by 86A132 
photolysis of 9 2°82 - at '4A nm); 
photolysis at 523 nm caused bleaching; 
recovery of aba. at 600 nm corresponded 
to recombination process. 

7.0 X 109 p.r. K = 2 X 10/; mol L -1; detd. by effect 680376 
of [SCN-] on [(SCN)2°-]' 

" Carbon dlsulftde OH adduct 

4..1 SC(O-)S. + SC(O-)So - 8 )I! 108 8 p.r. D.k. at 280 nm (c ..... 11,000 L mol- 1 7'31015 
em-I) in N20-satd. loin. contg. 10-4 

mol L -1 carbon disulfide; pKa = 4.4. 

6 Carbon dlsulftde electron adduct 

S.l CS20- + CS20- - 3.2 X 109 6.0 p.r. D.k. at 270 nm (E = 20,000 L mol-I 731015 
em-I) in Ar-satd. soln. contg. 0.1 mol 
L -I ten-BuOH and 10-4 mol L- 1 

carbon disulfide; pKa (SeSH) -1.6. 

S.2 CS2·- + H+ - SC(H)So 5.1 X 107 p.r. D.k. 731016 

CS2 0- + H+ - SeSH 1.3 X 109 3.8 p.r. D.k. at 276 nm (E = 2000 L mol- 1 83A204 
em-I) u well as p.b.k. at 320 nm in 
N 2-lta"d. 80111. cOlltg. 26% te,t-BuOIl; " 
lower by a factor of 2 by addn. of 1 
mol L -J NaCI04 • 

S.3 CS20- +02 - 1.9 X 10° p.r. D.k. at 275 nm in soln. contg. 26% terl- 83A204 
BuOH, 10-0 mol L - I CS2 , containing 
oxygen. 

e Protonated carbon dlsulftde electron ad duet 

6.1 8C(H)So + 8C(H)8o - 3.7 X 109 p.r. D.k. 731015 

'I Thiosulfate radical Ion 

7.1 8 2° 3
0

- + S203·- -+ S10 0
2

- 8.6 X 108 p.r. D.k. at 380 nm (E = 1720 L mol- 1 84A096 
cm- 1

). 

2.9 X 10° 4.5 f.p. D.k. in soln. contg. 5 X 10-3 mol L- I 78A427 
82°32

- using £(380) = 1720 L mol- l 

em-I; 21r./£ = 3.3 x 106• 

3.5 X 10" 7 f.p. D.k. at 380 nm in N2-satd. 8 2°32
- 687072 

soln.; 21r./£ = 4.1 X 106; same at pH 
10.9; addn. of ethanol, carbonate ion or 
allyl alcohol did not affect the decay 
rate. 

7.2 820 3.- + S2032- - 8.°0
3- 8 X 108 4.5,9.6 p.r. P .b.k. at 370 nm or d.k. at 320 nm in 731027 

S2032- soln.; Ir. = 1.8 x 109 at 1 = 
0.1. 
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TABLE 17. Rate constants for miscellaneous sulfur-containing radicals-Continued 

No. Reaction Ie (L mol- I S-I) pH Method Comment Ref. 

S ThioBulfate ion-OH adduct 

8.1 8 20:.OH2- + 8 2°32- - 8"On3
- 6 X 108 p.r. Cakd. from abs.-time df!pencencf! Bt 450 A4A096 

+ OH- and 320 nm. € Oil adduct = 0.8 x 10:1 

L mol- 1 cm- 1 at 320 nm; € (S .. 063 -) = 
3.5 x 103 L mol- I cm- 1 at 450 and 0.8 
x 102 at 320 nm. 

9 Tetrathlonate radical Ion 

9.1 8 .. 0 6:1- - S203°- + 820 a
2

- 2.5 x 106 S-I p.r. Calcd. from d.k. in 0.01 mol L- 1 84A096 
8 20 a

2- soln. 

10 PentaftuoroBulfur radical 

10.1 °SFo + H20 - ·OH + H+ 1.1 X 100 S-I 6.8 p.r. C.k.; obs. formn. of benzosemlquinone 761099 
from hydroquinone in SF6-15"t.d. 1501n. 

contg. tert-BuOH. 

10.2 °SFa + S042- .... p.r. No reaction. 761099 

10.3 ·SF 5 + (CHalaCOH - <2 X 105 6.8 p.r. C.k.; no effect on hydroquinone reaction 761099 
in SF 6-satd. soln. with change in tert-
BuOH concentration. 

lOA ·SFt; + 1,4-CoH.,(OH)2 .... 1.7 x 10° 6.8 p.r. P.h.k. at 430 nm in SF6-sat. soln. contg. 761099 
4- -OCnRsO· + H+ 0.2 mol L -I tert-BuOH and 3-10 X 10-5 

mol L - J hydroquinone. 
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TABLE 18. Rate constants for reactions of selenite radical ions in aqueous solution 

No. Reaction k (L mol- I S-I) pH 1 Method Comment Ref. 

1 Selenite radical, protonated 

Hll8eOao+ + H28e03°+ ..... 9.8 x 108 p.r. D.k. in soln. of 88eOa - conti. 771174! 
HOlO .. ; ~m:'f == .. 30 nm; f == 930 L 
mol-I cm- ; pK.(8IOtSeOso+) == 3.9, 
7.4 (85A226]. 

I Selenite radical 

HSe03' + H8e03' - 2.3 x 108 5-6 p.r. D.k. in loin. of H8eOs - conti. NIOt0; 711113 
~max = 430 nm; Emax == 600 L 
mol- I em-I. 

I Selenite radical anion 

Se03'- + 8e03°- ..... 2.1 X 108 12.5 f.p. D.k. at 430 nm (E = 1.4 X 103 L 78A451 
mol- 1 em-I) in N20-satd. soln. 
contog. 10-2 mol L-l 8e032-; 8"/e. 
= 3.8 X 106• 

2.7 X 108 9·11 p.r. D.k. in loIn. of H8eOa - conti. N2O; 111113 
~max = 430 nm; 'max = 1350 L 
mol- t em- t • 

2.6 X 108 <11 0.33 p.r. D.k. at 402 nm; E == 1410 L mol- I 86A331 
em-I; k cor. for 1. 

SeO:lo- + 8e03°- ..... IcA p.r. kA == 0.61ca == leo; Rate of deea)' at 86A331 
8e03'- + HSeO .. 02- ..... ka ilolbeltic point did not vary with 
H8e04·2- + HSeO 402- ..... Icc pH. 

4, Carbonate Ion 

Se03°- + C03
2- ..... 8e032- + 6.2 X 10e -10 p.r. D.k. at. 420 nm, as well as p.b.k., in 86A331 

COs' soln. conti. 6 X 10-3 < (C03
2-) <2 

X 10-2 mol L- 1• 

6 Alanl .. " 

H8e03'/8e03'- + Ala ..... <1 x 106 -1 p.r. D.k. at 430 nm in NgO·eatd. soln. 85A22f 
conti. HSeOa-

e Arginine 

H8e03·/8e03·- + Arg ..... 7.7 x 106 -7 p.r. D.k. at 430 nm in N20-latd. soln. 85A22f 
contg. 8Se03-

,. °T_tllne 

88e03·/8e03°- + 3.5 x 107 -7 p.r. D.k. at 430 nm in N20-satd. loin. 85A22f 
82[CH2CH(NH:i +)C02 -]2 ..... conti. H8eOa-

8 Clyelne 

H8e03·/8e03·- + GI)' ..... <1 x 106 -'1 p;r. D.k. at 430 nm in N20-satd. loIn. 86A22. 
conti. H8eOa-

0 Histidine 

8e03'- + His ..... 1.6 x 108 11.2 p.r. D.k. at 430 nm in N20-satd. loin. 86A22. 
88e03o/8e03'- + His ..... 4.3 x 107 -'1 contg. 8e032-. 

10 Methionine 

H8e03·/8e03·- + Met ..... 1.2 x 108 -7 p.r. D.k. at 430 nrn in N20-latd. loIn. 86A22f 
conti. H8e03 -. 

11 O-Uoth:vltYPoBlne 

8e03'- + 3.5 X 108 11.2 p.r. D.k. at 430 nm in N20-latd. loin. 85A22f 
CH30C6H4CH2CH(NH2)C02 - ..... contg. 8eOa2-. 

H8e03' + 3.2 x 107 -6 p.r. D.k. at 430 nm in N20-satd. soln. 86A22f 
CHSOC6H4CH2CH(NHs +)C02 - contg. H8eOa-

11 Tryptophan 

H8e03· + TrpH ..... 3.3 x 10" 3.5 p.r. D.k. at 430 nm in N20-latd. soln. 86A22E 
cont.g. HSeOa-, 
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TABLE 18. Rate constants for reactions of selenite radical ions in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 s-1) pH 1 Method Comment Ref. 

11 Tryptophan-Continued 

HSeO;t'/SeO;t'- + TrpH - 3.4 x 10° 7.4 0.006 p.r. D.k. in NIIO-IA.td. HAt-On - Inln. 761151 

ge03'- + TrpH - 2.5 x 10° 11.2 p.r. D.k. at 430 nm in N20-latd. loIn. 86A226 
contg. SeOs2-. 

US Tyrosine 

Se03'- + TyrOH - 9.5 x 108 9.2 p.r. D.k. at 430 nm in N20-satd. soln. 85A226 
11.2 contg. Se032-. 

HSe03' + TyrOH - 1.1 x 10° '-6 p.r. D.k. at 430 nm in N20-latd. soln. 85A226 
contg. HSe03 -; same rate at pH -7 

14: Alcohol dehydrogenase 

SeOo'- + ALDH - 1.2 x 10 10 10.7 p.r. D.k. at 4.30 nm in N"O-satrl. Roln. 86A226 
contg. Se032-; enzyme from yeast. 

HSe03' + ALDH - 3.4 x 10° ...... 6 p.r. D.k. at 430 nm in N20-satd. soln. 86A226 
contg. HSeOs -; enzyme from yeast. 

16 a-Chymotrypsin 

HSe03' + a-Chymotrypsin - 3.5 x 10° -6 p.r. D.k. at 430 nm in N20-sa.td. soln. 86A226 
contg. HSeOs-

11 Lactate dehydrogenase 

HSe03' + LADH - <1 x 107 -6 p.r. D.k. at 430 nm in N20-satd. soln. 86A226 
contg. HSe03-

SeOs'- + LADH - 2.6 x 10° 10.7 p.r. D.k. at 430 nm in N20-satd. soln. 
contg. Se032-

85A226 

17' Lyso.yme 

HSeOa' + Lys - 3.2 x 10° -6 p.r. D.k. at 430 nm in N20-latd. soln. 86A226 
contg. HSe03-

18 Ribonuclease 

HSe03' + RNase - <1 x 107 -6 p.r. D.k. at 430 nm in N20-satd. soln. 86A2.26 
contg. HSeOs-

Se03'- + RNase - 1.4 x 10° 10.7 p.r. D.k. at 430 nm in N20-satd. soln. 
contg. Se032-

85A226 
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TABLE 19. Rate constants for miscellaneous selenium-containing radicals 

No. Reaction 

1 DI( aelenocyanate) radical anion 

1.1 (SeCN)2'- + Cys -+ 

1.2 (SeCN)2°- + RNase -+ 

2 Selenium dioxide radical anion 

2.1 Se02'- + Se02'- -+ Se2ol-

3 Selenate(vn) radical Ion 

3.1 Se04'- + Se04°- -+ 

J. Phys. Chem. Ref. Data, Vol. 17, No.3, 1988 

6.7 X 107 

-7 

6.4 X 108 6.2 

5.5 X 108 nat. 

Method Comment 

p.r. D.k. at 430 nm in soln. contg. 10-8 mol 
L -I SeCN- and 8 X 10-4 mol L- 1 

cysteine. 

p.r. N20-satd. soln. contg. 6 X 10-2 mol 
L -1 KCNSe and ribonuclease. 

p.r. D.k. in soln. of HSeOa - contg. 2-
methyl-2-propanol; "'luX = 330 nm; 
€max = 1460 L mor em-i. 

p.r. D.k. at 525 nm (€ = 610) in N2O-satd. 
soln. contg. 10-2 mol L -1 Se042-; 
21c/€ = 1.9 X 106

, 

Ref. 

79A036 

77R182 

771173 

78A25g 
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TABLE 20. Rate constants for reactions of the dithiocyanate radical ion in aqueous solution 

No. Reaction Ie (L mol- J S-I) pH 1 Method Comment Ref. 

1 Dl(thlocyanate) radical Ion 

(SCN)2°- + (SCN)2°- ... (SCN)2 1.3 x 10° 7 0.1 p.r. D.k. at 475 nm in N2 0-latd. loin. Ie 84A281 
+ 2 SCN- deMo at 19·1'1 IlC at IKSCN] (10-"-

10- 1 mol L- 1); € = 7600 L mol- 1 

em-I; E .. = 13 kJ mol-I. 

1.2 x 109 3 0.1 p.r. D.k. at 312 (€ = 230), 475 (€ = 82AH5 
7600) and 630 nm (I. = 440 L mol-I 
em-I); at pH 7 and 11 d.k. not pure 
second order. 

1.3 x 109 0.005 p.r. Addn. of Cl- increases Ie to 3.3 x 751119 
10° at 5 mol L - I LiCl. 

1.2 x 10° -5.7 -+0 p.r. D.k. in 02-satd. soln. of S 0.5 mol 
L -I SCN-j € not given. 

72047& 

--1.5 x 10° -+0 p.r. Second order decay in N2O-satd. 680375 
SCN- soln.; value from graph; £.1'75 

= 7600 L mol-I em-I. 

1.5 x 109 7 0.01 p.r. D.k. in presence or absence of 0y; 650386 
1.(500 nm) = 7100 L mol-' c:m- . 

I Nltl'llotl'lacetatocobaltate(U) Ion 

(SCN)2°- + CoNTA- ... SCN- + 4.6 x 107 5.0 p.r. D.k.; inner-sphere mechanism; Ie = 78A436 
[CoNTA(NCS)J- 5.5 x 107 7.5 23-150 s-1 for decomposition of 

intermediate, pH 5-1.5. 

8 Ethylenedlamlnetetraacetatocobaltate(U) Ion 

(5CN)2·~ + CoEDTA!l- ... <1 x 10' 5.0 p.r. D.k.; Ie :>6 x 10'" estimated from 78A436 
yields in "V-r. of N20-satd. soln. 
cont,. 0.1 mol L -I SCN-. 

4: Nltrllotrlacetatocuprate(U) Ion 

(SCN)2·- + CuNTA - - <5 x 106 p.r. unreactive 78A436 

& Ethylenedlamlnetetraacetatocupl'ate(U) Ion 

(SCN)2·- + CuEDTA2 - ... <5 x 106 p.r. unreactive 78A436 

8 Nltrllotrlacetatoterrate(U) Ion 

(SCN)2·- + FeNTA - ... 1.1 X 108 4.8 p.r. D.k. in N20-satd. so)n. contg. 0.1 
mol L-I SON-. 

78A436 

'I Ethylenedlamlnetetraaeetatoterrate(n) Ion 

(SCN)2e - + FeEDTA2 - ... 1.0 x 108 4.8 p.r. D.k. in N20-satd. loin. contg. 0.1 18A436 
mol L-J SON-. 

I Cal'boxyfel'l'ocene lone 1-) 

(SCN}2·- + FcC02 - ... 2 SCN- 3.5 X 108 p.r. 84A460 
+ Fe+C02-

sa Carboxymethylferrocene 10n(1-) 

(SCN)2·- + FcCH2C02 ... 1.5 x 10° p.r. D.k. 83A214 
2 SCN- + Fc+CHaCOz-

10 2-Cal'boxyethylferroeene lon(l-) 

(SCN)2·- + Fc(CH2)2C02 - - 1.8 x 109 

2 SCN- + F(!+(CHa)aCO:;:-
p.r. D.k. 83A214 

11 Iodide Ion 

(SCN)2°- + 1- - SCN- + 1.6 x 109 0.005 p.r. D.k. in N20-satd. SCN- soln. 700164 
ISCN·-

11 Nltl'lIotrlaeetatomansanate(U) Ion 

(SCN)2°- + MnNTA - - SCN- 1.3 x 107 4.5 p.r. D.k.; inner-sphere mechanism; Ie = 2 78A436 
-j.. [MnNTA{NCS)]- d.O x 107 5.0 x 102 A-I f'nr d@t'nmpollit.inn nf' 

intermediate complex. 
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TABLE 20. Rate constants for reactions of the dithiocyanate radical ion in aqueous solution-Continued 

No. Reaction 1 Method Comment Ref. 

la Ethylenedlamlnetetraaeetatomanganate(n) Ion 

(SCN)2·- + MnEDTA2- -+ <7 x 106 5.0 p.r. D.k.; Ie >5 x 104 estd. frnm "Y~r. 78A43f\ 
yields in N20~satd. soln. contg. 0.1 
mol L- 1 SCN-. 

14 Nitrite Ion 

(SCN)2·- + N0 2 - -+ 2 SCN- + 2.2 x 106 6.6 p.r. D.k. at 480 nm in 0.1 mol L-\ 86A059 
·N02 KSCN soln. 

16 6,1,'1 ,12,14,14-Hexamethyl-l,4,8,11-tetraazac.yeiotetradec.anenIc.kel(n) Ion 

(SCN)2· - + Ni( an eN 4fH -+ 1.0 X 109 2 -0.02 p.r. D .k. in 0.005-0.01 mol L -\ SCN- 78A299 
SCN- + Ni(aneN 4)SCN2 + soln. 

18 ClI.-2,12-Dbncthyl-a,'1 ,11,1'1 -f;etraarJableyclo[11.8.1]heptadeea-1( 1 '1),18,16-trlenenlekel{D) Ion 

(SCN)2·- + Ni(CR+4H)2+ -+ 6.3 x 100 4 p.r. D.k. at 540 nm in N20-satd. soln. 
SCN- + Ni(CR+4H)SCN2+ contg. SCN-. 

82A106 

1'1 Bl •• qu.-ClI.- 2,12-dbneth;yI-8,'1 ,11,1" -tetraaBableyelo[11.8.1)hcptadcea-1(1"),1,11,18,16-pentaenenlekel(D) Ion 

(SCN)2·- + Ni(CR)2+ .... SCN- 1.4 x 100 4 p.r. D.k. at 540 nm in N20-satd. soln. 
+ Ni(CR)SCN2+ contg. SCN-. 

82A106 

18 a-2,12-Dlmethyl-8, '1 ,11,11-tetraazablc.yelo[11.8.1 ]heptadec.a-l(l '1),2,6,11,18,16-hexaenenlekel(n) Ion 

(SCN)2·- + Ni(CR-2H)2+ -+ 1.0 X 10 10 4 p.r. D.k. at 540 nm in N20-satd. soln. 
SCN- + Ni(CR-2H)SCN2+ contg. SCN-. 

82AI06 

10 NltrllotrlAf".@tA.tonlf".k@IAt@{TT) Inn 

(SCN)2·- + NiNTA - - p.r. unreactive 78A436 

10 Trls(I,I'-blpyrldlne)osmlum(n) Ion 

(SON)2·- T O~(l1py):~2+ - 2.8 x 10° 3 
2 SCN- + Os(bpY)3 3+ 

0.1 p.r. D.k. at 475 nm tn 801n. contg. 0.1 82A1l6 
mol L -I SCN- and 10-0 mol L- I 

complex; Ie for reverse reaction = 25 
L2 mo.-2 s-l. 

11 Trls(I,I'-blpYl'ldlne)osmlum{m) Ion 

(SCN)2·- + Os(bPYda3+ -+ 1.0 x 10 10 3 
(SCN)2 + Os(bpY)3 + 

0.1 p.r. D.k. at 475 nm in soln. contg. 0.1 82A115 
mol L -\ SCN- and 10-" mol L- 1 

complox. 

21 Blsulftde Ion 

(SCN)2'- + HS- - 2 SCN- + 9.8 x lOR p.r. D.k. at 500 nm. 670273 
HS· 

13 Sulfite Ion 

lSCN)2·- + S032- -+ 2 SCN- + 1.1 x 108 p.r. D.k. 86A191 
SOg-

laa Uranlum{m) Ion 

(SCN)2'- + U3 + -+ USCN3 + + 1.4 x 109 

SCN-
--I p.r. D.k. in He-satd. soln. contg. 0.5' mol 85A122 

L- 1 HClO. conte:. 0.1 mol L- 1 

24 Uranyl{V) Ion 

(SCN)2'- + U02 + - 2 SCN- + 1.5 x 10° 
U02

2+ 
1.0 f.p. 

16 6,10,16,20-Tetrakla{ 4-N-methylpyrldyl)porphlnatozlne(n) Ion 

(SCN)2·- + ZnTMpyp4+ - 5.1 x 10° 7.0 0.01 p.r. 
2 SCN- + IZoTMpyPj·5+ 

J. Phys. Chern. Ref. Data, Vol. 17, No.3, 1988 

NaSCN; ioner~sphere mechanism. 

D.k. in SCN- ~ U(VI) solo.: reaction 767279 
probably reoxid. of U(V) to U(VI); 
a.ssume [(SCN)2'-] = !U02 +J. 

P.b.k. at 690-700 nm in N20~satd. 85A038 
buffered soln. contg. KSCN and (1-4) 
x 10-4 mol L- 1 porphyrin; the 'IT-

radical ca.tion complexes with SCN-
(E700nm = 14,610 L mol- l em-i). 
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T ABI.E 20. Rate constants for reactions of the dithiocyanate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 S-I) pH 1 Method Comment Ref. 

IB 6,10,16,10-Tetrakls( 4-sullonatophenyl)porphlnatozlnc{D) Ion 

(SCN)2°- + ZnTPPS"- - 9.6 X lOR 7.0 0.01 p.r. P.b.k. at 690-700 nm in NuO-satd. 85A038 
2 SCN- + [ZnTPPSJos- buffered soln. contg. KSCN and (1-4) 

X 10-4 mol L -I porphyrin; SCN-
complexes with 1I'-radical (E700llm = 
10,880 L mol-I em-I). 

n 4-[[(4:-(Acetylamlno)phenyl]amlno]-I-amlno-9,10-anthraqulnone-I-sulronate Ion 

(SCN)2°- + AB-40 - 5.4 X lOR "I-r . C.k.; obs. G(-dye); reI. to Ic(SCN)2°- 79G141 
+ TrpH) = 2.7 X 108

. 

28 I-Amlno-(4-hydroxy-8-bensothlazolyl)proplonate Ion 

(SCNho- + AHBP- - 2 SCN- 5.1 X 10" <12 p.r. D.k. in alk. N20-satd. soln. contg. 5 84A024 
+ AHBpo x 10-2 mol L -I KSCN. 

29 I-Amlno-(4-methoxy-8-bensothlazolyl)proplonate Ion 

(SCN)2°- + AMBP- - 2 SCN- 1 x 108 <12 p.r. D.k. in alk. N20-satd. soln. contg. 5 84A024 
+ AMBp· x 10*2 mol L -1 KSCN. 

80 AnUlne 

(SCN)2°- + C6HSNH2 - 2 SCN- 1.0 x 108 10 p.r D.k. at 480 nm. 87A220 
+ C6HoNH + H+ 

81 Ascorbate Ion 

(SCN)2·- + AH- - 2 SCN- + 3.5 x lOR 11 -0 p.r. P .b.k. at 360 nm in N20 satd. soln. 771036 
H+ + A·- contn. 10-3 mol L - I SCN-

4.8 x 10~ 6.7 0.01 p.r. D.k. in N20-satd. 10-2 mol L- I 733006 
SCN- soln. 

6.0 x lOR 7 0.1 p.r. D.k. at 500 nm in SCN- soln., as 720266 
well as p.b.k. at 360 nm. 

81 Ascorbic acid 

(SCN)2·- + AH2 - 2 SCN- + < 1 X 107 p.r. D.k. in N20-satd. 10-2 mol L- 1 733006 
2 H+ + A·- SCN- soln. 

1.0 x 107 1.8 p.r. P.h.k. at 380 nm in 0.1 mol L- I 720266 
SCN- soln. 

88 I,I'-Azlnobls( 8-ethylbensothlasollne-8-sullonate Ion) 

(SCN)2· - + ABTS - 2 SCN- + 1.5 x 100 p.r. D.k. at 480 nm (as well as p.b.k. at 82A196 
ABTS·+ 415 nm) in N2O-satd. soln. contg. 

0.1 mol L -1 KSCN. 

84: Bacteriochlorophyll a 

(SCN)2·- + BChl a - 2 SCN- + 1.3 x 109 p.r. D.k. in N20-satd. soln. contg. 2% 81NU6 
[BChl a)·+ Triton X 100 (micelles) and 5 x 10-2 

mnl I.-I SCN-; rQi. for aqu.ouo 

phase, Ie in micellar phase = 2.4 x 
109. 

86 4:-Bromophenoxlde Ion 

(SCN)2·- + BrCoH.IO- - 3.1 x lOR 12.5 p.r. P.b.k. 743052 
2 SCN- + BrC6H.I O· 

88 Camphor 

(SCN)2·- + C 10H 160 - < 1 >< 106 p.r. D.k. at 500 nm 79AI91 

8'1 I3-Carotene 

(SCN)2· - + car - 2 SCN- + .. ·3 A loR p.r. P.h.k. in N2 0-satd. micellar (2% 83N014 
car·+ Triton X-IOO) contg. 0.3 mol L- I 

KSCN and 10-1 mol L -1 carotene. 

88 4:-Chlol'ophenoxlde Ion 

(SCN)2·- + CIC6H40- - 3.4 X lOR 12.5 p.r. P.b.k. 743052 
2 SCN- + CIC6H4O· 
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TABLE 20. Rate constants for reactions of the dithiocyanate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol-I s-') pH 1 Method Comment Ref. 

ao Chlorophyll CI 

(5CN):,l'- + Chi a - 2 SCN- + 1.1 x 10° p.r. D.k. in N:zO-fIIl\trt, 1I01n. contg. 2% 81N14 
IChl a).+ Triton X 100 (micelles) and 5 ;( 10-2 

mol L -J SCN-; rate for aqueous 
phase, Ie in micellar phase = 1.2 x 
100

. 

4:0 Chlorophyll " 

(SCN)2'- + Chi b -+ 2 SCN- + 9.0 X 108 p.r. D.k. in N20-satd. soln. contg. 2% 8lNU 
IChl b)'+ Triton X 100 (micelles) and 5 x 10-2 

mol L- 1 SCN-j rat.e for aqueous 
phase, Ie in micellar phase = 1.2 x 
10D. 

4:1 Chlorp.omallne 

(SCNl2o- + CZR+ -+ 2 SCN- + 3.6 x 100 3.6 p.r. P .b.k. at. 605 nm in N20-latd. loin. 83A2'7 
CZH·2+ contg. 0.1 mol L -I KSCN; overall 

rat.e const.ant., 9'7% electron t.ransfer. 

4:2 Croeln 

(SCN)2" - + C HH640~!4 -+ 4 X 108 p.r. D.k. 82R02 

4:8 4:-Cyanophenoxlde Ion 

(SCN)2°- + NCC6H10- -+ 6.3 X 107 12.5 p.r. P.b.k. '74305~ 
2 SCN- + CNCoH .. O· 

4:4: Cysteamine 

(SCN)2°- + HaN+CH2CR2S- -+ 8 x 107 p.r. '74116l 

4:6 Cysteine 

(SCN)2'- + CysSR -+ 5 x 107 6.6 0.1 p.r. D.k. in N20-satd. SCN- loin. '72003~ 
-9 x 108 12 

4:8 1,8-Dlalableyelo [4:o4:.4:Jtetradeeane radleal eatton 

(SCN)2'- + DABCT'+ -+ 4.2 X 107 -0 p.r. D.k. at 480 nm in N20.satd. soln. 86A2'7: 
2 SCN- + DABCT cont.g. 0.02.2.0 x 10-3 mol L- 1 

radical cation and 0.1 mol L- 1 

KSCN; leobs = 2.0 X 107 

4:'1 a, 4:-Dlhydroxyaeetophenone 

(SCN)~/- + (HOhC"H:JCOCH:J - 7.6 x 108 5-7 p.r. D.k. in N20-satd. soln. contg. 85A49: 
2 SCN- + 00(0-)00H3COOH3 + 9.5 X 108 -9 SCN-. 
2 H+ 

4:8 8-( 8,4:-Dlhydroxyphen;yl)alanlne 

(SCN)2'- + 3 X 107 p.r. 74116S 
(HOl2CoHaCH2CH(NHa +)C02 - -

2 SCN- + 2 H+ + 
oO(0-)CoH:JCH2CH(NHa +)C02 -

4:9 2,8-Dthydroxy-2-propena) 

(SCN)2·- + TRII2 -+ 2 SON- + 2.7 x 107 p.r. D.k. at 472 nm: pKn, = 5.0, 13.0; 8/;A39: 
TR'- + 2 H+ pKa (radical) = 1.4. 
(SCN)2'- + TRH- -+ 2 SCN- + D.O x lO8 
TR·- + H+ 

60 N,N-Dlmethylanlllne 

(SCN)2·- + COH6N(CHa)2 - 1.3 x 108 13-14 p.r. D.k. at 500 nm in N20-satd. soln. 82A43f 
2 SCN- + [C6HsN(CHa)2]o+ conts. KSCN; Ie = 1.4 X 108 in 

neutral soln. 

61 1,1'-Dlmethyl .. 4:,4:'·blp;yrldlnlum .. ad lea) Ion (1+) 

(SCN~2'- + MV.+ - -6 x 1010 1-8 f.p. D.k.; rooneounior afior phoiolygig o.f 8".A33~ 

MV2 (SCN-)2 methyl viologen dithiocyanate. 
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TABLE 20. Rate constants for reactions of the dithiocyanate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol- J a-I) pH I Method Comment Ref. 

62 Dimethyl dlsulftde 

(SCN)2'- + CH:,SSCHa -+ 6.2 x 101 "·4 0.01 p.r. D.k. at 500 nm in N~!O-Ma.td. 801n. 86A403 
2 SCN- + [CH:,SSCHa)'+ contg. lOll mol L' , KS()N Ilnd 

0.3-2 x 10-:-1 mol L -1 disulfide; Ie, 
= 5.0 X 108 (ler = 6.3 x 108 L2 
mol-2 s-', cor. for 1). 

68 Dlthlothl'eltol 

(SCN)2'- + DTT -+ 2.1 x 107 7 0.1 p.r. D.k. in SCN- soln. 731020 

64: Ephedl'lne 

(SCN)2'- + 7 p.r. No rea.ction. 83A176 
PhCHOHCH(CHa)NH2 +CHa -+ 

66 FOl'mate ion 

(SCN)2'- + HC02 - -+ <2 x 103 7 --I p.r. D.k. in N20.sa.td. 1 mol L -I SCN- 78A093 
soln. 

6ft Histidine 

(SCN)2'- + His -+ <1 x 106 7-13 0.1 p.r. D.k. in N20-satd. SCN- soln. 720036 

6'1 Hydpoqulnone 

(SCN)2'- + C68,,(OH)2 -+ 

2 SCN- + -OCo8,10- + 2 H+ 
6 X 101 p.r. No details 741168 

68 p-Hydpoxyaeetophenone 

(SCN)2'- + HOCoH"COCHg -+ 1.1 x 10° 5-7 p.r. D.k. in N20-satd. soln. contg. 85A492 
2 SCN- + -OCoH .. COCH3 + H+ 1.2 x 109 -9 SCN-. 

60 4-Hydl'oxybenzoate ion 

(SCN)2°- + (-O)C611.,C02 - -+ 2.7 X 108 12.5 p.r. P.h.k. 743052 
2 SCN- + -02CCoH40' 

80 4-Hydpoxybenzothlazole 

(SCNh'- + BTO- -+ 2 SCN- + 9.0 x 108 <12 0.05 p.r. D.k. in alk. N20-satd. soln. contg. 5 84A024 
BTO' x 10-2 mol L- 1 KSCN. 

3.5 x 10° >12 0.1 p.r. D.k. in soln. contg. 0.01 mol L-' 80B093 
K('!N~ and 01 mol L -1 NaOH. 

81 4-Hydpoxy-8- [( 3-methy lpheny l)azo]-6- [( 4:-methy lphenyl)sulfony I] amino-2, '1-naphthalenedlsulfonate Ion 

(SCN)2' - + AR-265 -+ 3.8 x 108 -v- r . C.lc; obs. G(-dye); reI. to Jc(SCNh'- 790141 
+ l"rpH) = 2.7 X 108 

82 Llnolenate Ion 

(SCN)z'- + < 1 X 106 11 p.r. D.k. 86A191 
CHat CH2CH=CH)g( CH2hC02 -

88 Llpolc add 

(SCN)2° - + RSSR -+ 2 SCN- + 1.9 x 10° 3.6 p.r. D.k. at 500 nm in NuO-satd. soln. 86A403 
RSSR'+ contg. KSCN and various canens. 

disulfide; kr = 5.0 x 10" L2 mol- 2 

s-' (1.1 x IOU cor. for 1). 

04 Maleic hydl'azlde 

(SCN)2°- + MH2 -+ 2 p.r. No reaction 83A165 

66 Methlonlne 

(SCN)2'- + Met -10 2 X 106 7.0 0.1 p.r. D.k. in N20-satd. 0.1 mol L- 1 720036 
--3 x lOR >9 SCN- soln. 

<lOll <7 p.r. D.k. in N20-satd. soln. contg. 0.1 81A339 
:U) x 108 :-;,-Q mnl L" 1 ~CN- a.nd <: 10-a mol L - J 

methionine. 
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TARLE 20. Rate constants for reactions of the dithiocyanate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 s-l) pH 1 Method Comment Ref. 

aa S-MetbylcYBtelne, negative Ion 

(SCN)2°- + 5 X 106 p.r. D.k. 81A3~ 

CH;JSCH2CH(NH2)C02 - -

8'1 4:-Methylphenoxlde Ion 

(SCN)2°- + CH:,CoH40- - 6.5 x 108 12.5 p.r. P.b.k.; at pH 7 Ie == 107. 74305: 
2 SCN- + CHsCoH"Oo 

88 Metlaslnlc acid 

(SCN)2°- + MZ- - 2 SCN- + 2.6 x 10° 10 p.r. D.k. at 460 nm as well as p.b.k. at 8IAI6 
MZo 270 nm in N2O-satd. 

0.1 mol L -I KSCN. 
Boln. contg. 

89 Nicotinamide adenine dinucleotide, reduced 

(SCN)2°- + NADH - 2 SCN- + 
NAD+ + H+ 

4.7 x 108 0.1 p.r. D.k. in N20-satd. SCN- soln. 710151 

'10 4:-Nltropbenoxlde Ion 

(SCN)2°- + N02C6H .. O- - 3.9 x 107 12.5 p.r. P.b.k. 74305: 
2 SCN- + N02CoH400 

'11 Phenol 

(SCN)2°- + CoHr;OH - 2 SCN-
+ H+ + COH50o 

-1 x 107 8 p.r. Value from graph. 14116~ 

'1a Pbenoxlde Ion 

(SCN)2°- + COH50- - 2 SCN- -3 x 108 12 p.r. Value from graph 741l6~ 

+ COH6O-

3.4 X 108 12.5 p.r. P.b.k. 74305~ 

'18 Phenylalanine 

(SCN)2°- + Phe - Sl x 100 7.0 0.1 p.r. D.k. in N20-satd. SCN- soln. 72003e 

'14: Pheophytln G 

(SCN)2°- + Ph a - 2 SCN- + <1 x 106 p.r. D.k. in N20-satd. soln. contg. 2% 81NU! 
[Ph a)·+ Triton X 100 (micelles) and 5 x 10-2 

mol L -J SCN-. 

'1& Promethaslne 

(SCN},2°- + PZH+ - 2 SCN- + 1.9 x 10° 3.S p.r. P.b.k. at 605 nm in N20-satd. soln. 83A27: 
PZH·2+ contg. 0.1 mol L- 1 KSCN; overall 

rate constant, 64% electron transfer. 

'18 Propyl sallate 

(SCN)2·- + (H0laCoH2C02CaH7 1.2 x 10D -9 p.r. D.k. in N20-satd. soln. contg. 85A49~ 

- 2 SCN- + 2 H+ + SCN-. 
00(O-)(OH)CoH2C02C3H7 

'1'1 8,'1 ,8,9-Tet.rabydro-4:-bydroxyt.hlasolo[4.,6-h]IBoqulnoJlne-'1-carboxytate Ion 

(SCN)2·- + THIC2- - 2 SCN- 6.8 x 108 <12 p.r. D.k. in alk. N20-satd. soln. contg. 5 84A024 
+ TIIICo- x 10·:': mol L -I KSCN. 

'18 6,'1 ,8,9-Tetrahydro .. 4:-methoxythlazolo{<l,Ii-h)IBoqulnollne-'1-carboxylate Ion 

(SCN)2°- + TMIC- - 2 SCN- 1 x lOti <12 p.r. D.k. in alk. N20-satd. soln. contg. 5 84A024 
+ TMICo x 10-2 mol L -I KSCN. 

'19 N,N,N' ,N'-Tetramethyl-".phenylenedlamlne 

(SCN)2·- + TMPD - 2 SCN- + 3.1 x 109 7.5 p.r. P.b.k. in N20-satd. soln. contg. 81A122 
TMPDo-t- 102 - mol L -1 KCNS and 2 x 10-'} 

mol L- 1 TMPD. 

80 1,1,8,6 .. Tetramethy 1-4-plpel'ldone N-oxy I 

(SCN)2·- + TAN -+ 1.0 x 109 5·6 0.1 p.r. D.k. in 0.1 mol L -, SCN- 80In.; at 
pH 2 and 12 Ie = 1.1 x 10D. 

710618 
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T ABt.I.~ 20. Rate constants for reactions of the dithiocyanate radical ion in aqueous solution-Continued 

No. Reaction Ie (L mol- I s-I) pH 1 Method Comment Ref. 

81 Tetraphenylborate Ion 

(SCN)2'- + Ph-tB- ... 2 SCN- + 2 x 10° p.r. P.b.k. 86A4f\g 
Ph"B' 

81 Thymine 

(SCN)2'- + 5-MeU ... '-1 x 106 6-8 p.r. Values from graph. 741168 
-3 x 107 12 

88 1',4:' ,&'-Trlhydroxybutyrophenone 

(SCN)2'- + 5.2 X 108 5-7 p.r. D.k. in N\lO-satd. soln. contg. 85A492 
(HO)aCoH2COCH2C.H2CH:s ... 1.3 x 10° --9 SCN-. 

84: 1',4:',8'-Trlhydroxy-Il-( 4:-hydroxyphenyl)-proplophenone 

(SCN)2'- + 1.6 X IUu '-9 p.r. O.k. in N 20-satd. soln. contg. 85A492 
(HO):sCoH2CO(CH2)2CoH40H ... SCN-. 

8& 1',4:' ,&'-Trlhydroxy-a-( 4:-methoxyphenyl)-aeetophenone 

(SCN)2'- + 1.4 x 10° -9 p.r. D.k. In N 2 0-satd. soln. contg. 815A492 

(HO)aCoH2COCH2CoH10CHa ... SCN-. 

88 Tryptophan 

(3CN)2·- + TrpH --+ Z 3CN- + 3.0 x lOR 1 p.r. D.k. at. 500 om io N20-eat.d. 15010. 18A315 
Trp' + H+ contg.S x 10-3 mol L -I KSCN and 

4-50 x 10-6 mol L -I TrpH. 

2.7 X 108 7.0 0.1 p.r. D.k. in N20-satd. SCN- soln.; Ie 720036 
4.6 X 108 11.2 increases with pH. 731147 

87 Tyrosine 

(SCN)2'- + TyrOH ... 2 SCN- + 5 X 106 7.0 0.1 p.r. D.k. in N\lO-satd. SCN- soln.; Ie 720036 
TyrO' + H+ 3.2 X 108 11.2 increases with pH. 731147 

88 Albumin 

(SCN)2'- + Albumin ... 1 x 10D 6.0 0.01 p.r. D.k. in 10-2 mol L -1 SCN- soln.; 761185 
also detd. reactivity with alkyl 
sulfate complexes; bovine serum 
albumin; Ie = 5 X 108 at pH 6.5 for 
human serum albumin; Ie increased 
at pH > 10. 

89 Aleohol dehydrogenase 

(SCN)2'- + ALDH ... 9.6 x 108 7 p.r. D.k.; enzyme from yeast; Ie = 5.6 x 78R007 
lOR for horRe liver enzyme. 141125 

gO Aldolase 

(SCN)2°- + ALD ... -5 x 10D 7 0.1 p.r. D.k. in SCN- loin.; value from 763058 
-3 x 10 10 --11 graph: Ie increases with pH. 

91 D-Amlno add oxidase 

(SCN)2·- + DAAO ... 6.6 x 108 7 p.r. D.k. in N20-satd. 0.05 mol L- 1 77A198 
SCN- soln.; mol. wt. 50,000. 

92 Apoearbonle anhydrase 

{SCN)2'- + apo-CAHD ... 1.3 x 108 7.0 p.r. D.k. in N20-satd. soln. contg. 5 x 81A300, 
3.2 x lOR 11.1 10·" mol L- I EDTA and 10-" mol 81A299 

L- 1 KSCN, and 2.5 mg mL- 1 

enzyme. 

93 Carbonle anhydrase 

(SCN)2·- + CAHD ... 2.9 x lOR 7.0 p.r. D.k. at 480 nm in N20-satd. soln. 81A300, 
9.5 )( 107 11.1 contg. I X 10-·l mol L -I KSCN 81A299 

and 2.5 mg mL -I enzyme (from beef 
blood); cor. for SCN- binding of 
enzyme, 
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TABLl': 20. Rate constants for reactions of the dithiocyanate radical ion in aqueous solution-Continued 

No. Reaction k (L mol- 1 s-l) pH 1 Method Comment Ref. 

98 Carbonle anhydrase-Continued 

2.4 X 108 p.r. D.k. in 0.1 X 10-3 mol 1,-1 SCN-; 7gA371 
Zn2 + enzyme 

-1.5 x 108 7 N20-satd. soln. contg. 0.05 mol L- J 75309f. 
-7 X 108 11 SCN- and Znz+ (bovine) enzyme. 

94 Carboxypeptldase A 

(SCN)2°- + CPD-A - 4 x 108 8 p.r. D.k.; values from graph. 73106( 
5 x 108 9 
9 X 108 10 
1 x 10° 11 

96 a-Chymotrypsin 

(SON)z'- + a.-Ohymotrypsin ---+ 9 X 108 6.7 0.04 p.r. D.k. in N20-sitotd. 4 x 10-2 mQI L- I 74109f 
SCN- soln.; mol. wt. 20,000. 

9& Cytoehrome C (rerro) 

(SCN)2°- + Cyt C (Fe2+) - 7.9 x 108 7-8 0.073 p.r. D.k. at 504 (SCN)2°- or 450 or 550 8lA061 
2 SCN- + Cyt C (Fe3+) nm (cyt) in N2O-satd. soln.; 100% 

e-transfer. 

9'1 Glueoamylase I 

(SCN)2°- + Glu-I - p.r. n .k. at 500 nm; no reaction at pH 78A31! 
4,7,11 

98 Iaoeltrate dehydrogenase 

(SCN)2°- + lCDH - 3.4 x 108 p.r. D.k. at 480 nmi enzyme from pig 82A311 
heart. 

99 Laetate dehydrogenase 

(SCN)2°- + LADH - 1.5 x 10° 7.2 0.005 p.r. a..._ - " .. "td. soln. contg. 5 x 771132 
10-3 mOl ~ - - .. d 1.2 x 
10-6 mol L -1 enzynl ... _ 
heart. 

100 Lysolyme 

(SCN)2°- + Lys - 6.6 X 108 7 0.1 p.r. D.k. in NzO-satd. SCN- soln.; Ie = 693039 
3.0 x 108 for lysozyme oxidized at 
Trp-l08 (p-oxoindolylalanine). 

101 Papain 

(SCN)zo- + Papain - 9.5 x 108 7 p.r. D.k. in N20-satd. soln. contg. SCN- 741026 
1.8 x 10° 11.0 and activated enzyme. 

102 Pepsin 

(SCN)2°- + Pepsin - 2.5 X 108 5.9 p.r. D.k. 79A18f 

108 Rlbonuelease 

(SCN)2°- + RNase - 3.4 x 107 7 0.05 p.r. D.k. in N20-satd. SCN- soln.; Ie 720037 
increases at pH > 9.5. 

104 Subtilisin 

(SCN)2°- + Subtilisin- 1 x 108 7 p.r. D.k. in NzO-satd. 0.04 mol L- 1 731147 
SCN- soln.; Ie increases with pH in 741119 
alk. soln. 

106 Trypsin 

(SCN)2°- + Tryp - 5.1 X 108 7-8 0.04 p.r. D.k. in N20-satd. SCN- soln. 731067 
3.1 x 10° 11.5 

108 Trypsinogen 

(SCN)2°- + Trypsinogen - 2.6 X 108 7-8 p.r. D.k. in N20-satd. SCN- soln. 731067 
3.6 x 1011 12.1 
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TABI,E 21. Rate constants for reactions of dichlorine radical ions in aqueous solution 

No. Reaction Ir. (L mol- l s-') pH 1 Method Comment Ref. 

Dlchlorlne radical Ion 

l'!lzo- + Clzo- - CI- + Cl o- 22 x 10° 3 rL'I'. D.k At. 340 nm in NzO-Rllt.d. Rnln. 
eontg. 1 mol 1.-' NaCI; £ = 8100 L 

R7A301 

mol-I em-I. 

1.9 x 10° 0 p.r. D.k. at 360 nm in 1 mol L -1 BCI 84A462 
soln. satd. with CI2 j £(360) = 8000 
L mol-I em-I; at 12 mol L- 1 HCllr. 
= 1.0 x 109

. 

2.0 x 10° "-1 0.2 p.r. Caled. fit to d.k. at 340 nm in 02- 80A3T8 
satd. soln. eontg. 0.05 mol L -I Cl-
and 0.15 mol L -I HCIO"j £ = 8800 
L mol- 1 cm-li assumed k(C1 20- + 
B020) = 1 x 10° [731030]. 

8.5 x 10° 7 0.2 p.r. D.k. in CI- soln.; £(340 nm) = 771097 
12,500 L mol-I em-I; obs. change 
in [CI20-] with dose. 

6.5 x 109 p.r. D.k. in Cl- soln.; £(340 nm) = 761048 
12,400 L mol- I em-f. 

3.3 x 10° 7 1.5-8 p.r. D.k. in 1.5-14 mol L -I LiCl soln. at 751154 
2.2 x 10° 12.5- 340 nmj ealcd. from obs. 21r./£ = (5 

14 to 8) X 10" and € = 8700 L mol- I 

em-I. 

9.0 x 10° -1 p.r. D.k. in NaCI or HCI soln. assuming 741087 
£ = 12,500 L mol- 1 em-I, 

--2 ex 10° -7 -10 p.r. D.k. in Liel Sloln.; values from 741UO 
-·4.5 x 10° -·7 --1 graphj Ie increased as concn. 

decreased. 

2.6 x 10° 0.2 f.p. D.k. in FeCI2+ soln. ~10-:I mol L- I 737159 
Fe3 +, 0.1 mol L-I H ,0.1 mol L- I 

C}-); £(366 nm) = 10,000 L mol- J 

em-I. 

6.0 x 10° 1.9 0.1 p.r. D.k. 723107 

7.0 x 10° 3.1 p.r. D.k. in N20-satd. Cl- soln. 680313 
assuming £(360 nm) = 10,000 L 
mol- 1 em-Ii independent of pH 0.9 
- 3.2. 

7.0 x 10° 1.1, 6 0.5 f.p. D.k. in NaCI-HCIO" solo.; assumed 677111 
£(350 om) = 12,500 L mol-I em-I. 

la AmeJ'lclum(ID) Ion 

Cl2·- + Am3+ - 2 Cl- + 3.2 X 10° p.r. D.k. at 340 nm in N 20-satd. soln. 87A301 
Am(JV) contg. 1 mol L -I NaCl. 

2 HexachloJ'oblsmuthate(m) Ion 

C120- + BiC16
3 - - 2 Cl- + 9 x 109 -0 p.r. D.k. at 340 nm in 2 X 10-4 - 0.1 86A035 

BiC16
2 - mol L -I Bi(I1I) and hydrochloric 

acid (Cl- 0.5-5 mol L -I)j Bi(III) 
compJex -80% hexachloro. 

8 Cel'lum(m) Ion 

C120- + Ce3+ - 2 Cl- + CeH -1 x 10'1 Estd. from G(Ce:H ) in Ce H soln. 
contg. 10 mol L - 1 LiCI assuming 

750440 

k(C12 ' + Cl 2 ' ) = 2 x 10°. 

4: Chlorine dioxide 

Cl2o- + CI02 ' - 1.0 x 109 5 f.p. D.k. in C)02-C)- soln. 737043 

6 Cobalt(n) Ion 

C120- + C02+ - Cl- + CoCI2+ 2.3 x 106 ·'-1 p.r. D.k. as well as p.b.k. in soln. contg. 84A438 
0.1 mol L -I HCI; added 1.6 and 11 
mol L I HCI0 4 gave Ie = 2.1 and 
4.3 x 106 , resp. 
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TABLE 21. Rate constants for reactions of dichlorine radical ions in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 s-J) pH 1 Method Comment Ref. 

6 Cobalt(U) lon-Continued 

1.4 X 106 --I 0.3 f.p. D.k. in Cl:,- soln. (0.1 mol L -1 CI-, 737316 
0.005 mol L -I 012 , 0.1 mol L -I H") 
contg. 0.1-0.5 mol L -1 Co(Il); l1H; 
= 29 kJ mol-I and l1S; = -31 J 
K- 1 mol- 1 detd. at 13.5 to 4:1.& °C: 
inner-sphere substitution. 

8 Pentaaquaehloroeobalt(U) Ion 

C120- + Co~H20)5CI+ - 2 01- + 1.4 X 107 <1 p.r. Calcd. from d.k. as well as p.b.k. in 84A43~ 

Co(H2 0)5CI + soln. contg. 0.1-12.g mol L -I HCI 

'1 Tetraaqua( dlehloro )eobalt(ll) 

0120
- + Co(H20)4012 - 2 CI- + 1.2 x lOR <1 p.r. Calcd. from d.k. as well as p.b.k. in 84A43~ 

Co(H20) ... CI2 + soln. contg. 0.1-12.9 mol L -1 HCI 

8 Tetraehloroeobaltate(ll) Ion 

012
0

- + CoCI ... 2- - 2 CI- + 2.2 x 100 <1 p.r. D.k. as well as p.b.k. in soln. contg. 84A43E 
CoCI4 - 12.9 mol L- J HCI 

° 6,'1,'1 ,11,14,14-Hexamethyl-l,4,8,11-tetraasacyclotetradeea-4,Il-dleneeobalt(D) Ion 

C120- + Co(4,11-dieneN 4)2+ - 1.0 X 10° 1 1.1 f.p. D.k. 727506 
2 Cl~ + CO(4,1l-dieneN4)~ I 

10 Chromlum(ll) Ion 

012
0 - + Cr2+ .... 2 CI- ,.. Cr3 + 2.4 x 10° 0.2 p.r. D.k. in deaerated C1- soln.; reaction 741104 

50% inner-sphere and 50% outer-
sphere. 

11 Copper(n) Ion 

C12'- + Cu2 + - S 1.5 X lOll p.r. 751188 

12 1,4,8,11-Tetraa.acyelotetradeeaneeopper(n) Ion 

C120- + Cu(cyclam)2+ - CI- + 1.4 x 100 --0 
OICu(cyclam)2+ 

-1 f.p. P.b.k.j oxidant radical ion generated 83A271 
by photolysis of Co(NHa),;CI2+ in 
1.0 mol L -I HCIO .. ; [01-] 

18 6,'1 ,'1 ,11,14:,I4-Hexamethyl-l,4:,8,11-tetraazaeyelotetradecaneeopper(U) Ion 

CL.!°- + Cu(aneN4)2+ - CI- + lAx 10° --0 -1 f.p. 
CICu(aneN .. )2+ 

dependent. 

P.b.k.j oxidant radical ion generated 
by photolysis of Co(NH3)6C12+ in 
1.0 mol L -J HCIO .. ; ICI-] 
dependent. 

14: 6,'1 ,'1 ,12,14:,I4-Hexamethyl-l,4:,8,11-tetraaBaeyelotetradeea-4:,II-dleneeopper(U) Ion 

83A271 

C120- + Cu(4,I1-dieneN .. )2+ - 1.5 x lOR --0 -1 f.p. P.b.k.j melD-complex; oxidant radical 83A271 
CI- + CICu(4,11-dieneN~I)2+ ion generated by photolysis of 

Co(NHa)6CI2+ in 1.0 mol L - J 

HCIO .... 

16 2,8,O,10-Tetramethyl-l,4:,8,II-tetraalllaeyelotetradeea-l,8,8,10-tetraeneeopper(D) Ion 

C120- + Cu(Me.ttetraeneN.1)2+ -+ 1.9 x 107 -0 -1 f.p. P.b.k.; oxidant, radical ion gen@r$ltp.ri 831\271 
01- + CICu(Me4tetraeneN4)2+ by photolysis of Co(NHa)t;CI2 + in 

1.0 mol L -I RCIO,I; [01-] 
dependent. 

18 Tetrakls( 4:-N-methylpyrldyl)porphlnatoeopper(U) Ion 

C120- + CuTMpypH -+ 2 CI- + 6.0 x 10° 3.0 
(CuTMpyP]·5+ 

1'1 Iron(n) Ion 

1.4 X 107 
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TABLE 21. Rate constants for reactions of dichlorine radical ions in aqueous solution-Continued 

No. Reaction k (L mol- 1 s-I) pH 1 Method Comment 

1'7 Iron(n) lon-Continued 

1.4 x 107 0.2 f.p. D.~. in FeCI2+ soln. ~lO-3 mol L- I 

Fe,H, 0.1 mol L- 1 11' ,0.1 mol L- 1 

CI-) in presence of Fe2 +; overall 
ra.te, inner-sphere = 4.0 x 106 (~H.1: 
= 31.5 kJ mol- t, ~8* = -21 J 
K- I mol-I), outer-sphere = 1.0 x 
107 (4H* = 22.7 kJ mol- J

, 48* = 
-42 J K- 1 mol-l). 

3.8 x 107 2.1 0.04 p.r. D.k. 

1.8 Tetl"aehlol"ofel"l"ate(n) Ion 

C12·- + FeCI .. 2- .... 2 Cl- + 4 x 109 <1 p.r. D.k. as well as p.b.k. in soln. contg. 
FeCI4 - 11 mol L-' HCI 

1.6 x 108 <1 p.r. D.k. at 360 nm in 6 mol L -I HCI; 
Fe-chloro complex 

19 Trla( 1,10-phcnant.hroUnc )lron(m) Ion 

CI2·- + Fe(phen)33 + - <1 ;( 107 p.r. No reaction 

10 Hydl"ogen atom 

C12• + H·"" 2 Cl + HI 8.U X 101) 3 p.r. U.k. at 340 nm in He-satd. soln. 
eontg. 1 mol L -I NaCI; E = 8100 L 
mol- J em-I; by kinetic modeling. 

--7 x 109 -1 0.2 p.r. Caled. fit to d.k. at 340 nm in Ar-
satd. soln. contg. 0.05 mol L -I CI-
and 0.15 mol L -I HCIO .. ; assumed 
G(CI2·-) = 2.9, G(H·) = 3.7, 
2k{C120- + C120-) = 4 x 10°, 2k{Ho 
+ Ho) = 2.2 X 1010. 

21 Manganeae(n) Ion 

C120- + MnlH - 2 CI- + Mn:H 8.5 x 106 1 0.25 f.p. D.k. in CI3 - soln. (0.1 mol L -1 CI-, 
0.005 mol L- I C12 , 0.1 mol L -1 H+) 
eontg. 0.001-0.02 mol L -I Mn2+; E" 
= 34 kJ mol- I (16 to 40"C); inner-
sphere electron transfer (~H* = 32 
kJ mol-I, ~8* = -4 J K- 1 mol-I), 

22 Tetl"aehlol"omanganate(n) Ion 

C120- + MnCll- .... 2 CI- + 9 x 108 p.r. D.k. as well as p.b.k. in soln. eontg. 
MnCI",- 11 mol I.-I Hct 

23 6,10,16,20-Tetl"aklB( 4-N-methy Ipyrldyl)porphlnatomanganeBe(n) Ion 

CI2·- + MnTMpyP'1+ .... CI- + 1.5 x 10 10 4.0 p.r. D.k. as well as p.b.k. 
[OIMnTMpyp)·4+ 

24: 6,10,16,10-Tetl'akla( 4-pYl'ldyl)pol'phlnatomanganeae(m) Ion 

CI2·- + MnTpyP+ .... 2 CI- + 1.0 )( 1010 

[MnTpyPj·2+ 
3.0 p.r. D.k. as well as p.b.k. 

26 6,10,16,20-Tetl"akla( 4-N-methylpyrldy I)pol"phlnatomanganeae(m) Ion 

012
0- + MnTMpyp5+ - 2 Cl- + 1.5 x 109 

[MnTMpyp)06+ 
3.0 p.r. D.k. as well as p.b.k. 

26 6,10,16,20-Tetrakla(4-aulfonatophenyl)porphlnatomanganate(m) Ion 

C120- + MnTPPS3 - .... 2 Cl- + 2.1 x IOU 3.0 p.r. D.k. as well as p.b.k. 
[MnTPPSj02-

2'1 Azide Ion 

012
0 - + Na- .... 2 Cl- + oNa 7 "-I p.r. D.k. in 1 mol L -) CI- soln. eontg. 

8 20 8
2 -. 

1177 

Ref. 

737150 

680313 

84A438 

84A462 

86A284 

87A301 

80A378 

737317 

84A438 

84A120 

84A120 

84A120 

84A120 

78A093 
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TABI.E 21. Rate constants for reactions of dichlorine radical ions in aqueous solution-Continued 

No. Readion Ie (L mol-I S-I) pH 1 Method Comment Ref. 

18 Hydraslnlum Ion 

0120
- T H 2NNHa+ - 8.0 x 108 1 -1 p.r. D.k. in 1 mol L-' 01- loin. 78A09~ 

1.4 X 107 6.8 

10 Hydroxylamine 

C12" ':"'" + NH20H ... 9.3 x 106 6.7 '-1 p.r. D.k. in 1 mol L -J Cl- soln. contg. 78A09i 
820 8

2-. 

ao Hydroxylammonlum Ion 

CI2"- + NHsOH+ ... <1 x 101; ..... 1 p.r. D.k. in 1 mol L -1 CI- loIn. 78A09~ 

al Nitrite Ion 

C120- + N02 - ... 2 CI- + NOll" 2.5 X 108 7 -1 p.r. D.k. in 1 mol L -J 01- loin. contg. 78AOIU 
5 20 82-. 

al 6," ,'I ,II ,14,I4:-Hexamethyl-l,4,8,11-tetraasaeyelotetradeeanenlekeI(U) Ion 

C120- + Ni~aneN4,>2+ ... 2 Cl- + 2.0 x 10° 2 '-0.02 p.r. D.k. in 0.006 - 0.01 mol L -I C1- 78A291 
Ni(aneN1)3 eoln. 

aa 6,",'1 ,11,14,-14:-Hexamethyl-l,4,8,11-tetraasaeyelotetpadeea-4, t t-dlenenlekel(U) Ion 

C120- + Ni(4,11-dieneN.,)2+ ... 9.6 x 10° 2 ..... 0.02 p.r. D.k. in 0.006 - 0.01 mol L -1 CI- 78A291 
2 Cl- + Ni(4,ll-dieneN .. >3+ 801n. 

a4: 6,"," ,11,14:,I4:-Hexamethyl-l,4:,8,11-tetpaasaeyelotetpadeea-l,4,8,11-tetpaenenlekel(D) Ion 

C12
0 - + Ni(tetraeneN1)2+ ... 8.7 x 10° 2 -0.02 p.r. D.k. in 0.005 - 0.01 mol L -J Cl- 78A29~ 

2 01- + N;(+.Atrlu~nAN'I)a+ .oln. 

a6 Dloxoneptunlum(V) Ion 

Cl20- + Np02 + ... 2 Cl- + 2.4 X lOG 3 p.r. D.k. at 340 nm in N20-satd. loin. 87A301 
NpOg2+ t!ontg. 1 mol L -I NILel. 

3.1 X 1Uo -0 p.r. D.k. at 420 nm in loin. contg. 1 mol 86A37( 
L -1 HCli values were determined in 
lolutions with 0.&-3 mol L -I HCI 
and added lalts. 

8'1 Hydrogen pepoxlde 

C120- + H20 2 ... 1.4 X 106 -1 p.r. D.k. in 1 mol L -I Cl- soln. 78A09~ 

88 Perhydpoxyl radleal 

C120- + H02" ... 2 Cl- + H+ + -3 x 10° p.r. D.k. in coned. HCl loin. contg. 84A46~ 

O2 oxygen asluming [CI2"-] = [H02"] 

1.0 x 10° -1 0.2 p.r. Oalcd. ftt to d.k. at 340 nm tn 0'2- 80A31l 
latd. soln. contg. 0.0& mol L -1 CI- 81A22? 
and 0.15 mol L -I HCIO,,; G(C12"-) 

= 2.9, G(H02") = 3.7; assumed 
21c(C12o- + CI2"-) = 4 x 10°. 

4.5 x 10° -0.4 0.6 p.r. Calcd. from effect of Cl- on 771170 
G(Fe3+) in air-satd. Fe2 + loin. 

80 Sup •• oxld •• a.dloal Ion 

CI2-- + °2"- ... 2 CI- + 02 S 2 X 10° p.r. D.k. in 02-sat.rf. 1.3 anti 5 mol T.- 1 74tHfJ 
LiCI soln. compared with deaerated 
soln. 

40 (Aqua)pentaehloroolmate(IV) Ion 

CI2-- + OsCI6(H20)- ... 2 Cl- + 4.3 X 107 0.1 p.r. P.b.k. at 500 nm in soln. contg. 0.1 77A21Q 
OsOI6(82O) mol L- J BCl; in 1 mol L- 1 BOlle = 

2.0 x lOR for OsIV. 

41 Hexacbloroo8mate(IV) ion 

CI2-- + 08C16
2 - ... 2 Cl- + 3.2 X 108 <0 -5 p.r. P.b.k. at 460 nm in 5 mol L -1 BCI. 77A219 

015010 -
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TABLE 21. Rate constants for reactions of dichlorine radical ions in aqueous solution-Continued 

No. Reaction 1 Method Comment Ref. 

41 Lead(D) 

C120- + Pb(II) .... 2 CI- + Pb(JIl) <0 
'-0 

-11 
'-1 

p.r. 

48 6,10,16,20-Tetl'akls( 4:-N-methylpYl'ldyl)pol'phlnatopalladlum(D) Ion 

012
0- + PdTMpyP·t+ .... 2 CI- + 3.2 x 10° 3.0 p.r. 

[PdTMpYP)05+ 

4:4: 6,10,16,20-Tetl'akls( 4:-sulfonatophenyl)porphlnatopalladate(D) Ion 

0120- + PdTPPS"- .... 2 CI- + 5.0 X 108 2.0 p.r. 
[PdTPPS)03-

4:6 Tetraammlneplatlnum(n) Ion 

012
0- + Pt(NHa),,2+ - 2 CI- + 9 X 10° 

Pt(NHa)/+ 

4:8 Bls(ethylenedlamlne)platlnum(D) Ion 

012
0 - + Pt(en)22+ ...... 2 CI- + 8.9 X 10° 

Pt(en)!l3+ 

4:'1 Chloro( dlethylenetrlamlne )platlnum(ll) Ion 

0120- + Pt(dien)CI+ .... 2 CI- + 6.4 x IOU 
Pt(dien)CI2 + 

--0.3 

-0.3 

-0.3 

4:8 Chloro( tetraethyldlethylenetrlamlne)p latlnum (D) Ion 

C12 0- + Pt(Etoldien)OI+ - 2 CI- 4.2 x 108 --0.3 
+ Pt(Et ... dien)CI2 + 

4:9 Tetraehloroplatlnate(D) Ion 

C1 2 0- + PtCI ... 2 - - 2 01- + 1.6 x lOll -1 
PtCI" -

1.1 x lOll --0.3 

4:Va PlutonluD'l(m) Ion 

0120- + Pu3 + - 2 Cl- + Pu(IV) 4.8 X 107 

60 Trls(I,I'-hlp;yrldlne)ruthenluIn(IT) Ion 

012
0- + Ru(bpyh2+ .... 2 Cl- + 

Ru(bpy)a3+ 
1.6 X 10° 3 

61 lIexaehlororuthenate(m) Ion 

0120- + Ru0l63- .... 2 CI- + 3.1 x 10° 
RuC16

2 -

62 Thloeyanate Ion 

01 2
0

- + SON- .... 2 01- + SCN' 2.9 X 10° 2.6 

-0.5 p.r. 

~·0.5 p.r. 

-0.5 p.r. 

-0.5 p.r. 

p.r. 

-0.5 p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

P.h.k. at 41;0 nm in 11 (or 1) mol 
L' I HClj lead ions exist as chloro 
complexes. 

D.k. 

D.k. 

84A446 

83C026 

83C026 

D.k. at 340-380 nm, as well as p.b.k. 86A017 
at 260-305 nm in He-satd. 0.5 mol 86A082 
L - t HCI soln.; product may be 
Pt(I1I) ehloro IJpedo" 

D.k. in 0.5 mol L -I HClj transient 
with 11'.(280 nm) = 16,900 L mol- 1 

em - 1 was formed. 

D.k. in 0.5 mol L -I HClj transient 
with e(280 nm) = 17,000 L mol- 1 

em-I was formed. 

D.k. in 0.5 mol L -I HCI; transient 
with e(290 nm) = 7240 L mol- 1 

em -) was formed. 

D.k. in 0.1 mol L -I HCI soln.j 1.0 
mol L -I NaCI soln. gave Ie = 1.25 
X 10D. 

D.k. in 0.5 mol L -I HCI; transient 
with E(260 nm) "'" 13,000 L mol- J 

cm- I was formed (Pt)"). 

D.k. at 340 nm in N 20-satd. soln. 
eontg. 1 mol L -I NaC!. 

D.k. at 340 nm (as well as d.k. at 
450 nm) in soln. contg. 10-:l mol 
L-' HCI and 8.0 mol L- 1 LiCI. 

D.k. at 360 nm as well as p.b.k. at 
485 nm in soln. contg. 10 mol L - t 

HCI. 

751188 

751188 

751188 

761055 

751188 

87A301 

86A044 

80A114 

D.k. in N20-satd. 6 X 10-:1 mol L -I 690565 
Cl- soln.; addn. of 0.1 mol L- 1 

NaCIO .. gave Ie = 3.7 X lOll; 

product is (SCN)2°- detd. by 
absorption spectrum; K(ClSCN· t 
SCN-) ~ CI- + (SCNb'-) = 3.U x 
10". 
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TABI.E 21. Rate const.ants for react.ions of dichlorine radical ions in aqueous solution-Continued 

No. Reaction Ie (L mol- I s - I) pH 1 Met.hod Comment Ref. 

63 Hydrogen eulflte Ion 

912.- + HS03 - - 2 CI- + 3.4 x 10~ 3 0.1 p.r. D.k. in soln. contg. 0.1 mol L- 1 87A3Hl 
SOa- + H+ CI-. 

64: 6,10,16,20-Tetrakle(4:-eulfonatophen),l)porphlnatolltannate(IV) Ion 

Cl2·- + SnTPPS2- - 2 CI- + 4.4 x 108 2.0 p.r. D.k. 83C02e 
(SnTPPS]·-

66 Tltanlum(m) lone 

Cl2·- + Ti(I1I) - 2 Cl- + Ti(IV) -4 x lOR -1.7 p.r. D.k. at. 380 nm in 0.02 mol L -1 HCI 731057 
cont.g. formic acid. 

61 Thalllum(I) Ion 

CI2·- + TI+ -- 9 el- I T12 + 6 x 109 0 1 p.r. r.b.k. at. Z60 om io 1 mul L- 1 BCl 141038 

soln. 

61a Uranlum(W) Ion 

C12 0- + U3 + .... UC13 + + Cl- ".2 x 109 <1 p.r. D.k. in lIe-aat.d. aulD. cuot.g. 0.6 mul 8GAUU 
L -I HCIO -t cont.g. 

61b U .. anyl(V) Ion 

Clao - + UOa + - " Cl- + 6.6 '}l 108 p.r. D.k. at 340 nm in He-8atd. 8oln. '7A30] 
U02

2 + contg. 1 mol L -I NaCI; by kinetic 
modeling; U(V) from reduction of 
U(VI) by hydrat.ed electrons. 

6'1 Vanadlum(D) Ion 

CI2'- + V2+ - 2 CI- + V3 + 2.0· X 109 1 0.2 p.r. D.k. in deaerated C1- soln.;· outer- 741104 
sphere electron transfer. 

68 Vanad)'l(IV) Ion 

Cl20- + HV03 + - 2 CI- + H+ 
+ V03 + 

1 X 106 <0 2 p.r. 2 mol L -1 H+ (HCIO .. + HCI); see 
Fig. 1 for increase of Ie·to 2 X 108 

85A33E 

as (H+] increases to 12 mol L- 1 

60 6.10,16,IO-Tetrakle( 4:-N-meth),lp),rldyl)porphlnatoBlnc(D) Ion 

C120- + ZnTMpyp 4+ - 2 CI- + -1 X 10 10 3.2 0.10 p.r. . P.h.k. at 690.700 nm in N2O-satd. 86A03E 
[ZnTMpyPj,6+ buffered soln. contg. NaCI and (1-4) 

X 10-4 mol L -1 porphyrin; the 'If-

radical cation complexes with CI-. 

eo Acetanlllde 

C120- + CoHsNHCOCHa - -2.0 x lOT 7 -1 p.r. D.k. in 1 mol L -I C1- soln. contg. 78A09~ 

820 8
2-. 

11 Acetic aeld 

C12' - + CHaC02H - <1 x 10" -1 p.r. D.k. in 1 mol L -I Cl- soln. 78A09~ 

e. Acetone 

C12'- + CHaCOCHa - 1.4 x 103 1 -1 p.r. D.k. in 1 mol L- 1 CI- 80ln. 78A093 

13 Acriflavine (8,8-Dlamlno-10-meth)'lacrldlnlum) 

C120- + ACFI+ - -4 x 109 1 p.r. D.k. at. 450 nm (dye) in N20-satd. 1 700241 
mol L -1 KCl soln. 

e4: Acrylate Ion 

C120- + CH2=CHC02 - - 1.9 X 107 7 -1 p.r. D.k. in 1 mol L -I C1- soln. contg. 78A093 
820 8

2-. 

e6 Acrylic acid 

C120- + H2C=CHC02H - 5.4 x 106 1 -1 p.r. D.k. in 1 mol L -I Cl- soln. 78A093 
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TABl.E 21. Rate constants for reactions of dichlorine radical ions in aqueous solution-Continued 

No. Reaction Ie (L mol-· I s-I) pH 1 Method Comment Ref. 

16 Acrylonitrile 

CI2'- + H2C=CHCN -+ 2.2 x 106 7 -1 p.r. D.k. in 1 mol L -I CI- soln. contg. 78A093 
5 2°8

2
- . 

1'1 Adenine 

CI2 '- + A -+ <5 x 100 2.7 p.r. D.k. in 0.1 mol L -I NaCI solo. 680313 

18 Alanine 

CI2'- + Ala -+ 1.3 x 100 -1 p.r. D.k. in 1 mol L -I CI- soln. 78A093 

69 Allyl aleohol 

CI2'- + H2C=CHCH20H -+ 5.9 x 108 1,7 -1 p.r. D.k. io 1 mol L -I CI- solo.; at pH 7 78A093 
C12' - was generated by SO 0{ - from 
520 8

0
-. 

'10 4-Amlnobenloate Ion 

CI2'-: + H2NCoH"CO\- -+ 2 CI- 1.1 x IOU 7 -1 p.r. D.k. io 1 mol L -1 CI- solo. cootg. 78A093 
+ HNCoH 4C02 - + H 5 2 0 8

0 -. 

'11 4-Amlnoben.ole aeld 

Cl2·- + HaN +CoH4C02H - 2.2 x 107 1 -1 p.r. D.k. io 1 mol L -I CI- 1010. 78A093 

'12 Anlllnium Ion 

C12' - + CoHr,NHa + -+ 2 CI- + 1.2 x 107 --I 
H+ + OoHo~1H2 + 

p.r. D.k. in 1 mol L -I CI- solo. 78A093 

'18 Anthraqulnone-2,I-dlsulfonate radical Ion 

C120- + [(SOa)2AQ)03- -+ 2 CI- 6.5 X 108 8.0 f.p. D.k. 737569 
+ (SOa)2AQ2-

'14: Ascorbic add 

C120- + AH2 -+ 2 CI- + 2 H+ + 6.0 X 108 2 p.r. D.k. io N20-satd. 0.5 mol L -1 CI- 733006 
Ao- soln. 

6.8 x 108 2 p.r. 720266 

'16 Bensenesulfonate Ion 

012
0- + COHoS03 - -+ <1 X 100 7 -1 p.r. D.k. io 1 mol L -1 CI- 1010. cootg. 78A093 

520 8
2-. 

'18 Benzoate Ion 

Cl20- +- C6HoC02 - -+ 2 X 106 7 -1 p.r. D.k. in 1 mol L -1 CI- soln. contg. 78A093 
3 20 8

2-. 

'1'1 Benzonltrlle 

CI2'- + C6HGCN -+ <1 x 100 1,7 -1 p.r. D.k. io 1 mol L -I CI- solo.; at pH 7 78A093 
012 '-2 was generated by 90,,- fruUl 
520 8 -. 

78 4:-Bromobenzoate Ion 

CI~o- + BrCoH.,CO~ - 7 x 106 7 --1 p.r. D.k. in 1 mol L -1 01- lIoln. conig. 78A093 
5 20 8

2-. 

'19 4:-Chlorobenloate Ion 

C120- + CICoH.,C02 - -+ 3 x IOU 7 -1 p.r. D.k. io 1 mol L -I CI- solo. contg. 78A093 
520 8

2 -. 

80 6-Chlorouracll 

C120- + 5-ClU -+ 1.0 x 107 2.0 p.r. D.k. in 0.01 mol L- 1 NaCI soln. 723107 

81 Chlorpromazine 

CI2'- + CZ -+ 2 CI- + CZ·+ 5 x IOU 1-2 p.r. D.k. in N20-satd. solo. cootg. CI-. 73A150 

82 4:-Cyanobenzoate Ion 

Cl20- + N006H,,002 - -+ 5 X 106 7 -1 p.r. D.k. io 1 mol L- 1 01- solo. 78A093 
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TABLE 21. Rate constants for reactions of dichlorine radical ions in aqueous solution-Continued 

No. Reaction Ie (L mol-I S-I) pH I Method Comment. Ref. 

88 -i-Cyanophenol 

01,,·- + NOOofl 1011 ~. :I: 01- + 
H+ + NCCoH4O-

4.0 x 107 -1 p.r. D.k. in 1 mol 1 ... - 1 01- 801n. '78AOga 

84: Cy8teamlne 

CI2-- + HaN+CII2CH2S- -+ 2 X 101) 1-2 p.r. D.k. in N2 0-satd. 801n. contg. Cl-. 73A150 

86 CY8teine 

CI2-- + CysSH -+ 8.5 x 108 1.8 p.r. D.k. in 0.1 mol L -\ CI- soln. 720036 

88 Cytidine 

CI2-- + CgHJsNa0 5 -+ 4 x 106 2.0 p.r. D.k. in 0.01 mol L -I NaCl soln. 723107 

8'1 Cytosine 

Cl2 ·- + Cy - 1.0 X 107 2.0 p.r. D.k. in 0.01 mol L -1 NaCI 801n. 723107 

9.1 x 107 2.7 p.r. D.k. in 0.1 mol L -1 NaCI 801n. 680313 

•• "'-Daox;yadenoalne 6 '-rnonophoaphat.e 

CI2·- + dAMP -+ <5 x 106 2.7 p.r . D.k. in 0.1 mol L- 1 NaCI 801n. 680313 

89 • '-Deoxyeytldlne-6 '-monopho8phate 

CI2·- + dCMP -+ <5 x 106 2.7 p.r. D.k. in 0.1 mol L -I NaCl soln. 680313 

90 Deoxyguanoalne 6'-monophoaphate 

Cl2 ·- + dGMP -+ 1.2 x 108 2.7 p.r. D.k. in 0.1 mol L- 1 NaCI 801n. 680313 

91 Dlethyl 8ulftde 

Cl2·- + (C2H"bS -+ Cl- + 4.7 x 10° <3 p.r. D.k. as well a8 p.b.k. at. 390 nm in 80A377 
(C2 Hr,)2SCI N 20-satd. 801n. cont.g. 0.1 mol L- 1 

01-. 

91 1,8-Dlhydroxy-l-propenal 

CI 2·- + TRH2 - 2 CI- + 2 H+ 1.1 X 101) p.r. D.k. at 340 nmi pKa = 5.0, 13.0; 85A392 
+ TR-- pK/I. (radical) = 1.4. 

98 1,1'-Dlmethyl-4,4'-hlpyrldlnlum radical Ion (1+) 

Clz·- + MV·+ -+ 2 CI- + MV2+ >1 X 10 10 7 f.p. D.k.; reencounter after photolysis of 84A338 
met.hy 1 y iologen dichloride 

94 Dimethyl 8ulftde 

CI2·- + (CHS)2S -+ CI- + 3.0 x 109 <3 p.r. D.k. as well as p.b.k. at 390 nm in 80A377 
(OHahBOI N :,to-n.t-d. 801n. eonts. 0.1 mol L-I 

CI-. 

96 Dlthlothreltol 

C1z·- + DTT -+ 3.0 x 10° 2 p.r. D.k. 731020 

98 Dodeeylsultate Ion 

CI2·- + CHs(CH2)1l0S0a- -+ 3.9 x 106 2.0 p.r. D.k. in 0.5 mol L -I NaCI soln. 723107 

9'7 Ethanol 

C12 • - + C2Hr,OH -+ 4.5 x 10'\ -1 p.r. D.k. in 1 mol L- 1 C1- soln. 78A093 

98 Formate Ion 

CI2·- + 8C02 - -+ H+ + 2 Cl- 1.9 X 106 7 -1 p.r. D.k. in 1 mol L -I Cl- 801n. contg. 78A093 
+ -CO 2 S20 8

2
-. 

99 Formic acid 

C12 0- + HC02H - 6.7 x lOa ~1 p.r. D.k. in 1 mol L -I Cl- soln.; obs. k 78A093 
contains substantial contribution 
from formate ion. 
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TABLE 21. Rat.e const.ant.s for react.ions of dichlorine radical ions in aqueous solut.ion-Cont.inued 

No. React.ion Ie (L mol- I s-I) pH 1 Met.hod Comment. Ref. 

100 Fumarate Ion 

CI2'- + .( X 100 7 -1 p.r. D.k. in 1 mol T. -I CI- 801n. cont.g . 78AOD3 
tra" .. -02CCH=CHC02 - - 920 8

2-; adduct. radical obi. by elr 
[756244J. 

101 Fumarate lon, hydrogen 

CI2'- + 2.4 X 100 3.7 '-1 p.r. D.k. in 1 mol L -1 CI- loin. cont.g. 78A093 
tra" .. H02CCH=CHC02 - - 820 8

2-. 

102 Fumarle aeld 

CI2'- + H02CCH=CHC02H - -2 X 106 -1 p.r. D.k. in 1 mol L -1 C1- soln. 78A09a 

lOa Glutamle aeld 

012
0

- -r Glu -.. Z.3 x 10" 1 -1 p.r. D.k. In 1 mol L- ' 01- loin. 78A093 

10. Glyelne 

C12'- + Gly - -6 X 100 9.8 -1 p.r. D.k. in 1 mol L -I C1- 80In.; at. pH 78A09a 
<104 1 9.8 012'- sen.railed bT 804 - frum 

920 8
2-. 

10& Guanine 

CI2 ·- + C .... 8.1 x 107 !J.3 p.r. D.k. in 0.1 mol L -1 N.CI lSoln. 880313 

10e Hexadeeyltrlmethylammonlum ehlorlde 

CI2'- + CH3(CH2)lIjN(CI)(CH3)a 1.2 X 107 2.0 p.r. D.k. in 0.01 mol L -) HCI soln. 723107 

10'1 &,'1,'1 ,IJ,I.,l4:-Hexamethy 1-1,4,8,11-tetraaaaeyelotetradeea-.,II-dlene 

CI2'- + 4,1l-diene - 3 X 107 3 p.r. D.k. 79A038 

108 a-Hexene-l,e-dloate Ion 

CI2'- + 1.6 X 108 7 -1 p.r. D.k. in mol L -1 C1- loin. contg. 78A093 
-02CCH2CH=CHCH2C02 - - 820 8

2-. 

100 HIst.ldlne 

CI2'- + His - 1.4 x 107 1.8 p.r. D.k. in 0.1 mol L -) CI- loin. 720036 

110 Hydroqulnone 

CI2'- + CoH .. (OH)2 - 2 CI- + 
H+ + HOCoH40' 

1.4 x 109 1 -1 p.r. D.k. in 0.1 mol L -I CI- soln. 78A093 

1 x 10° 1-2 p.r. D.k. in N20-satd. soln. contg. C1-. 73A150 
1.5 X 10· 9.5 -1 p.r. D.k. in 0.1 mol L -I C1- soln. cont.g. 78A09a 

820 8
2-. 

III 4:-Hydroxybensoate Ion 

C12" + HOCoH"C02 - 2 Cl 2.8 X 10° 7 -1 p.r. D.k. in 0.1 mol L -I C1- soln. cont.g. 78A09a 
+ H+ + -02CCOH40' 820 8

2-; product. radical oba. by ear. 

112 4:-Hydroxybensole aeld 

C12 ' + HOC6H"C02H - 2 Cl 1.3 x 108 3.1 -1 p.r. D.k. in 0.1 mol 1.1- 1 CI- aoln. cont.g. 78A093 
+ H+ + 'OC6H"C02H 820 8

2-. 

1.1 x 108 -1 p.r. D.k. in 0.1 mol L -I C1- soln. 78A093 

Iia 4:-lIydroxyelnnamle aeld 

CI2'- + HOC,tH"CH=CHC02H 2.9 x lOR 2.9 p.r. P .b.k. at. 696 nm in N20-sat.d. soln. 84A206 
- 2 CI- + H + cont.g. 1 mol L -1 CI-. 
'OCOH4CH=CHC02H 

II. Inosine 

CI2'- + Ino - < 1 X 107 1-2 p.r. D.k. in N20-satd. soln. contg. C1-. 73A160 
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TABI,~ 21. Rate constants for reactions of dichlorine radical ions in aqueous solution-Continued 

No. React.ion Ie (L mol-I s-I) pH 1 Met.hod Comment Ref. 

116 Maleate Ion 

CI2·- + -02CCH=CHC02 - -+ 3 X 106 6.5 --I p.r. D.k. in 0.1 mol L -J CI- soln. contg. 7SA0'l3 
820 8:l-· 

118 Methanol 

CI2·- + CHaOH - 3.5 x 10:J 1 -1 p.r. D.k. in 1 mol L -1 CI- soln. 78A093 

11'1 Methionine, eonJugate add 

CI2·- + MetH+ - CI- + 3.9 X 10° 1 p.r. D.k. in soln. contg. 0.1 mol L -J CI- 81A339 
CHaS( CI)CH2CH2 CH(NHs +)C02H and 10-".10-3 mol L -1 methionine. 

118 -i-Methoxybensoate Ion 

Cl2·- + CH30C6 H"C02 - -+ 2.0 X 108 7 -·1 p.r. D.k. in 1 mol L -I CI- soln. contg. 78A093 
2 CI- + (OH3 OOoH .. 002 ]· 9 2 0,,2-; product radical identified 

by optical p.r. 

litJ "'Methoxyphenol 

CI2·- + OHnOOoH.,OH - 2 01-
+ H+ + CH3OCO" .. 0· 

1.1 x 10° 1 -1 p.r. D.k. in 1 mol L -\ 01- Boln. 78AOO3 

110 I-Methyl-I-propanol 

Clg ·- + (CRa)oCOH - -7 x 102 1 -1 1'.1'. D.k. in 1 mol L -I 01- aoln. 78AOO3 

111 Mueonate Ion 

Cl2·- + ·2.1 X 108 7 -1 p.r. D.k. in 1 mol L -J CI- 801n. contg. 78A093 
-02CCH=CHCH=CHC02 - - 820 8

2-. 

111 Phenol 

CI2·- + Co"sOH - 2 Cl- + H+ 2.5 X 108 1 -1 p.r. D.k. in 1 mol L -J Cl- soln. 78A093 
+ C6"50· 

5 X 108 1·2 p.r. D.k. in N20·satd. soln. contg. CI-. 73A150 

118 "'Phenoxybensoate Ion 

CI2·- + C08 50CoH .. C0 2 - - 1.5 X 108 7 -1 p.r. D.k. in 1 mol L -I CI- soln. contg. 78A093 
2 Cl- + [C08"OCoH .. C02]· 820 8

2 -. 

114: Phenylalanine 

CI2·- + Phe - 6 x 100 1.8 p.r. D.k. in 0.1 mol L -J CI- soln. 720036 

116 p-Phthalate Ion 

CI2·- + CoH .• (C02 -)2 - 6 X 106 7 -1 p.r. D.k. in 1 mol L -1 CI- 801n. contg. 78A093 
9 20",2-. 

116 Polyoxyethylene(16) p-nonylphenyl ether 

Cl2·- + 2.1 X 108 2.0 p.r. D.k. in 0.01 mol L -) NaCI soln. 723107 
C9RlllCoHoj(OCH20H2)tGOH -

11'1 Promethallne (lO-(I-Methyl-l-dlmethy lamlnoethyl)phenothlallne) 

CI2·- + PZ - 2 Cl- + PZ·+ 5 X 10° 1-2 p.r. D.k. in N20-satd. soln. contg. Cl-. 73A150 

118 I-Propanol 

CI2·- + (CHa}2CHOH - 2 Cl- + 1.5 x 101i 1 f.p. D.k. at 365 nm in soln. contg. 0.008 82N025 
H+ + (CH3)2COH mol L-1 Ti02 and 0.1 mol L- 1 HCI 

with 2.5.20% 2-PrOH. 

1.2 x 10° 1 ., 1 p.r. D.k. in 1 mol L - 1 Cl- 801n. 78A093 

1.9 ·x 10° -0.3 -0.5 p.r. D.k. in 0.5 mol L -1 HCI. 751188 

119 Proplonle aeld 

CI2·- + C2H"C02H -+ 2.2 x 103 1 '-1 p.r. D.k. in 1 mol L -I Cl- soln. 78A093 
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TABLE 21. Rate constants for reactions of dichlorine radical ions in aqueous solution-Continued 

No. Reaction Ie (L mol-I S-I) pH 1 Method Comment Ref. 

130 Propyl gallate 

C120- + (HO)aCoH2C02C:,H7 -+ 2 x 10° 1-2 p.r. D.k. in N:zO-satd. floln. contg. CI-. 73AtllO 
2 Cl- + H+ + 
00(HO)2C6H2C02CgH7 

181 Sallcyllc acid 

C120- + HOC08.,C02H -+ 2 CI- 1.1 x lOs -·1 p.r. D.k. in 1 mol L -1 Cl- soln. 78A093 
+ H+ + °OC6H .. C02H 

182 Serine 

Cl20- + Ser -+ 1.2 x 10° "·1 p.r. D.k. in 1 mol L -I Cl- Boln. 78A093 

188 Sorbate Ion 

012
0- + 6.8 x 10" 7 -1 p.r. D.k. in 1 mol L -1 01- soln. contg. 78A093 

OHgOH=OHOH=OH002 - -+ S20S2- . 

18,( Succlnle add 

CI2·- + H02CCH2 CH2002H -+ -8 x 102 ., 1 p.r. D.k. in 1 mol L- 1 01- Boln. 78A093 

186 Tetrabutylammonlum Ion 

0120- + [OH:.(OH2h)'lN+ -+ 3 x 10" 1 p.r. D.k. at 340 nm in soln. contg. 1 mol 80A346 
L -1 CI- and SO.1 mol L- 1 

ammonium ion. 

181 Tetraethylammonium Ion 

0120- + (C 2Ho)4N+ -+ 6 x 10:1 . p.r. D.k. at 340 nm in soln. contg. I mol 80A346 
L -I 01- and :5:1 mol L- 1 

ammonium ion. 

18'1 Tetramethylammonium Ion 

0120- + (CHa)"N+ -+ <1 x 103 p.r. D.k. at 340 nm in soln. contg. 1 mol 80A346 
L -1 CI- and sl mol L- 1 

ammonium ion. 

188 2,2,6,1-Tetramethyl-4-plperldone N-oxy I 

Cl2·- + TAN-+ 1.4 x 1011 2 p.r. D.k. at 350 nm. 710618 

180 Tetrapropylammonlum Ion 

C120- + (CHsOH2CH2)4N + -+ 8 x 10" p.r. D.k. at 340 nm in soln. contg. 1 mol 80A346 
L -1 CI- and SO.1 mol L- 1 

ammonium ion. 

140 Thymidine 6'-monophosphate 

012
0

- + TMP-+ 4.4 x 107 2.7 p.r. D.k. in 0.1 mol L -1 NaOI soln. 680313 

141 Thymine 

Cl20- + 5-MeU -+ 7.0 x 107 2.0 p.r. D.k. in 0.01 mol L -I NaCI soln. 723107 

1.2 x 108 2.7 p.r. D.k. in 0.1 mol L -I NaOI soln. 680313 

142 "..Toluate Ion 

CI2·- + CHaCoH"C02 - -+ 5 X 10° 7 -1 p.r. D.k. in 1 mol L -1 CI- soln. contg. 
820 8

2 -. 
7RAO"~ 

148 Tryptophan 

C120- + TrpH -+ 2 CI- + H+ + 2.6 x 1011 1.8 p.r. D.k. in 0.1 mol L -1 CI- soln. 720036 
Trp· 

144 Tyrosine 

C120- + TyrOH -+ 2 01- + 
TyrO· + H+ 

2.7 x 108 1.8 p.r. D.k. in 0.1 mol L -I 01- soln. 720036 

146 Uraell 

012.- + U-+ 3.7 X 107 6 p.r. 755244 

3.5 x 107 2.0 p.r. D.k. in 0.01 mol L -I NaOI soln. 723107 
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T ABJ,E 21. Rate constants for reactions of dichlorine radical ions in aqueous solution-Continued 

No. Reaction 

14:6 Uraell-Continued 

14:8 Peroxidase (horseradish) 

Cl2 o- + Felli HRP - HRP 
Compound II 

14:'7 Zlne(D) Insulin 

Cl2o- + Zn(II)Insulin -

4.1 X 107 

2.3 x 109 

J. Phys. Chern. Ref. Data, Vol. 17, No.3, 1988 

2.7 

6.3 

2 

1 Method Comment Ref. 

p.r. 

photo 

p.r. 

D.k. in 0.1 mol L -J NaCI soln. 

C.k.; obs. Compound II formn. in 
soln. conte. S2082- and NaCI; reI. 
to 2k(CI2o- + Cl2o-) = (0.3-1.7) x 
1010. 

68031:\ 

80R177 

D.k. in Ar-satd. soln. conte. 10-2 mol 80A204 
L- 1 KCl 
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TABLJ!: 22. Rate constants for reactions of dibromine radical ions in aqueous solution 

No. Reaction Ie (L mol-I 8- 1) pH 1 Method 

Dlbromlne radleal lon 

Brz'- + Brz'- - Bra - + Br- 2.2 x 10° 3.2 p.r. 

1.6 x 10° p.r. 

2.4 x 10° 0.02 p.r. 

1.6 X 109 f.p. 

2.7 x 109 0.2 f.p. 

1.R x 109 6.7 f.p 

2.8 x 10° 12 0.02 p.r. 

1.7 x 10° 7 <0.01 p.r. 

1.8 X 109 2 0.03 p.r. 

1.8 X 1011 7 0.01 p.r. 

2 6,10,16,20· Tetl'akls( 4:. N-meth:ylp:Yl'ldyl)pol'phlnatollllvel'(n) Ion 

Br2'- + AgTMpyP·t+ - 2 Br- + 3.5 X 108 6.8 
[AgTMpyPj'r,+ 

p.r. 

a Hypobpownlt;o Ion 

6.2 X 107 -0 f.p. 

8.0 X 107 12 0.02 p.r. 

4: Bromlte Ion 

Br2'- + Br02 - 2 Br- + Br02 8.0 x 107 12 p.r. 

6 Bl'omate Ion 

Br2'- + BrOs - - p.r. 

o 1I,10,11,ZO-Tetrakls(4-N-methylpyrldyl)pol'phlnatoeadmlum(D) Ion 

Brz'- + CdTMpyp'H - 2 Br- + 6.8 X 109 6.8 
{CdTMpyP]'!)+ 

p.r. 

., Ohlurlne dluxlde 

1.2 x IOU f.p. 

8 Chlorite Ion 

Br2'- + 0102 - - 2 Br- + CI02 ' 2.0 X 107 6.7 p.r. 

9 Cobalt(I) Ion 

Br2'- + Co+ - 2 Br- + C02+ 1.0 X 10/0 f.p. 

Comment 

D.k. at 360 nm in Boln. contg. 10-3 

or 10-2 mol L -I Br-; £ = 9500 L 
mol-I em-I. 

D.k. in Br- soln.; £(360 nm) = 8560 
L mol-I em-I. 

D.k. in N 2 0-satd. Br- soln.; £(360 
nm) = 9600 L mol- 1 em-I; rates in 
micellar systems also detd. 

Caled. from assumed mechanism for 
d.k. at 350 nm in Br- soln. 10-5 to 
10-1 mol L -1. 

D.k. in FeBr2 + soln. ~10-3 mol L- 1 

Fe3 +, 0.1 mol L -1 H ,0.1 mol L- 1 

Br-); £(366 nm) = 7800 L mol-I 
em-I. 

D k. (10-3 mol L-I NaBr lIlod 5 )( 
10-3 mol L -1 N2O). 

D.k. in N20-satd. 10-2 mol L -I Br-
soln.; £(360 nm) = 8200 L mol- 1 

em-I. 

D.k. in 10-1 - 10-2 mol L -1 Br-
soln.; £(365 nm) = 7800 L mor- 1 

em-I. 

D.k. in aerated 10-1 mol L -) Br-
and 10-3 mol L -I Br2; k/E = 2.2 X 

lOS em S-I; £(360 nm) = 8200 L 
mol- 1 em-I. 

D.k. in N 20-satd. 10-2 mol L- I 

Br-; £(360 nm) = 9600 L mol- J 

em-J. 

D.k. at 350 nm in soln. contg. 0.1 
mol L- J Br-. 

Ref. 

82A087 

761048 

761058 

757346 

737159 

707726 

680153 

660425 

650382 

650383 

830026 

D.k. at 360 nm in aq. aleohol mixt. 80A314 
eontg. Br- and BrO-. 

D.k. in Br- - BrO- soln. 680153 

D.k. in Br- - Br02 - soln. 680153 

D.k. of Br2'- unaffected by BrOs-; 680153 
no reaction. 

D.k. at 350 nm in soln. eontg. 0.1 83r.026 
mol L -I Br-. 

D.k. in Br- - CIO:,! soln. 737043 

D.k. at 360 nm in 0.1 mol L -, KBr 86A059 
soln. 

D.k. in Br- 801n. contg. C02 +; eaq- 707726 
+ Co2.+ - Co+. 

J. Phys. Chern. Ref. Data, Vol. 17, No.3, 1988 
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TABLE 22. Rate constants for reactions of dibromine radical ions in aqueous solution-Continued 

No. Reaction 1 Method Comment Ref. 

10 Cobalt.(D) Ion 

Br,,·- + Co1+ -

11 Imlnodlaeet.atoeobalt(U) 

Br2·- + ColDA ... Br- + 
ColDABr 

11 NIt..llot..laeetatoeobaltate(D) Ion 

8.9 X 107 

Br2·- + CoNTA - ... Br- + 7.5 x 107 

[CoNTABr]-

18 Ethylenedlamlnetetraaeetatoeobaltate(D) Ion 

Br2·- + CoEDTA2- ... <7 X 106 

7 

7.0 

7.0 

f.p. 

p.r. 

p.r. 

p.r. 

No rf!actlon in enln. cont,.. 3 X 10-1> 737318 
mol L -., Dr:s - (0.1 mol L -·1 Br--, 5 
X 10-& mol L -I Br2 and 0.1 mol 
L- 1 H+) and 0.1 mol L- 1 C02+. 

P.b.k. at 270 nm, as well as d.k. at 84A284 
360 nm, in soln. contg. 0.1 mol L- 1 

NaBr buffered with phosphate. 

O.k.; inner-sphere mechanism; Ie = 
870 s-I for decomposition of 
product. 

78A436 

Ie > 6 X 10" estimated from yields in 78A436 
"V-r. in N20-latd. loin. contg. 0.1 
mol L-1 Br-. 

14 6,7',7' ,ll,14,14:-Hexamet.hyl-l,4,8,ll-tetraalaeyelotetradeea-4,ll-dleneeobalt(D) Ion 

8r2·- + Co(4,1l-dieneN4}21- - 2.0 x 109 9.2 0.1 p.r. D.k. in N 20-satd. Br- soln. 

1.4 X 109 1 0.2 f.p. O.k. in Br- soln.; radical from 
Co(4,l1-dieneN .. )Br2 + or 
Co(NHa)r;Br2+ . 

16 1,.,1,8,10,18,11,19.0etaalable)'elo[I.I.I]eleollaneeobalt(D) Ion 

Br2·- + Co(sepulchrate)2+ ... 1.4 x 10 10 

2 Br- + Co(sepulchrate)3+ 
p.r. 

11 6,10,16,10-Tet.raklll(4:-lIultonat.ophen),l)porphlnatoeobalt.ate(D) Ion 

D.k. at 380 nm in soln. contg. 0.1 
mol L- J KBr and 1 X 10-4 mol 
L -I Co(sepulchrate)3+. 

761203 

727506 

86A342 

Br2·- + CoTPPS4
- ... 2 Br- + 1.0 x 109 7 p.r. 

CoTPPS3-
O.k. at 360 nm (Br2·-) as well as 81A317 

17' 8,10,17' ,14-Tet.ruultopht.haloe)'anlneeobalt.at.e(D) Ion 

Br2·-. + Co(tspC)1- ... 2 Br- + 1 x 108 3-10 
Co(tspC)3-

18 Cobal(D)amln 

Br2·- + B12r ... 2 Br- + B12 3.4 x 109 

10 Ch.omlum(D) Ion 

Br2·- + Cr2+ ... Br- + CrBr2+ 1.9 x 109 

10 Nltrllot.laeet.atoeuprat.e(U) Ion 

Br2·- + CuNTA- ... <5 x 106 

11 Et.h)'lenedlamlnet.et.aaeetat.oeuprat.e(D) Ion 

Br2·- + CuEDTA2- ... 

II Coppe.(D) t.et.rasl),elne 

Br2·- + Cu(Gly .. J2- ~ Br- + 
Cu(Gly 4)Br2-

<5 x 106 

2.6 X 108 

J. Phys. Chem. Ref. Data, Vol. 17, No.3, 1988 

4.5 

1 

8.2 

p.r. 

p.r. 

0.2 p.r. 

p.r. 

p.r. 

p.r. 

p.b.k. in N20-satd. soln. contg. Br-; 
initial product may involve addn. 

O.k. in N20-satd. soln. contg. 0.1 83A238 
mol L -\ NaBr; substrate present 
predominantly as dimer but Ie calcd. 
assuming all monomer. 

D.k. at 365 nm in N20-satd. loin. 79A046 
contg. NaBr. 

D.k. in deaerated Br- soln.; inner­
sphere electron transfer. 

unreactive 

unreactive 

P.b.k. at 360 nm in N20-satd. soln. 
contg. 0.1 mol L -I NaBr. 

741104 

78A436 

78A436 

80A304 
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TABLE 22. Rate constants for reactions of dibromine radical ions in aqueous solution-Continued 

No. Reaction Ie (L mol- t s - I) pH I Method Comment Ref. 

t8 Iron(U) Ion 

Br2°- + Fe~"t - Br- + FeBr2 + 3.6 x 10° 0.2 t.p. D.k. at 386 nm ('Rrgo-) or ".b.k. at 13111;9 
405 nm (FeBrll+); AHt == 2B.2 kJ 
mol-I: AS* == -42 J k- 1 mol-j 
inner-sphere substitution controlled 
mechanism 

24: Ferroeyanlde Ion 

Br2°- + Fe(CN)o 4- - 2 Br- + 2.8 x 107 p.r. P.b.k. at 410 nm in soln. contg. 5 x 84A013 
Fe(CN)63

- 10-2 mol L -1 bromide ion and 10- 4 

mol L - t K.,Fe(CN)6; ionie strength 
effect studied. 

16 Nltrllotrlaeetatoferrate(ll) Ion 

Br2'- + FeNTA - - 2.0 X 10" ".8 p.r. O.k. in N20-satd. soln. conte. 0.1 18A436 
mol L- J Br-. 

28 Ethylenedlamlnetetraaeetatoferrate(D) Ion 

Br20- + FeEDTA 2- - 2.0 X 108 4.8 p.r. O.k. in N20-satd. loin. contg. 0.1 
mol L- 1 Br-. 

18A .. 36 

27 Htatldlnetron(n) eomplex 

Br¥"- + FellHisH - 2 Br- + 1.8 x 108 7-9.4 p.r. O.k. at 360 nm in N20-satd. 0.1 mol 86A181 
Fe IIHisH L - t KBr soln. 

18 Dlhlstldlnelron(D) eomplex 

Br,-- + Fe ll(HisH)2 - 2 Br- + 8.6 x lOR 7-9.4 p.r. D.k. at 360 nm in N20-satd. 0.1 mol 86A181 
Fe II(HisH)2 L -I KBr soln. 

19 Tryptophanlron(D) eomplex 

Brr- + FellTrpH - 2 Br- + 7.0 x 108 1-10 p.r. D.k. at 360 nm in N20-satd. 0.1 mol 86A187 
Fe IITrpH L - 1 KBr soln. 

80 TrI8(1,1'~blpyrldlne)lron(D) Ion 

Br2°- + Fe(bpy)a2+ - 2 Br- + 1 x lOR 7 p.r. 82A343 
Fe(bpy)s3+ 

81 Ferroeenylaeetate Ion 

Br2°- + FcCH2C02 - - 2 Br- + 1.9 x 10" p.r. O.k. at 360 nm as well as p.b.k. at 83A274 
Fc+CH2C02 - 285 nm (product Iwitterion). 

81 Hydroa:en atom 

Br2°- + Ho - 2 Br- + H"t 7 X 10" 2 f.p. D.k. 707726 

88 [( NH)-I,I'-Blpyrld-8-yllum- ca ,N')bls(I,I'-blpyrldlne-N,N')lrldlum(D) Ion 

Br2'- + [Ir(Hbpy-C',N')(bpY)212+ 2.5 x 10 10 1.0 p.r. O.k. at 380 nm in Ar-satd. soln. 85A160 
- 2 Br- + contg. 0.1 mol L -1 NaBr. 0.9 mol 
[Ir(Hbpy- C" ,N)(bpy )21 3 + L -1 2-PrOH and 2 X 10-4 mol L- 1 

complex. 

34 6,10,16 ,DO-Tet.rakIB( 4-N-rncth)" Ip)"rld)" l)porphlnat.ornal5neelum (n) Ion 

Br2'- + MgTMpyp'H - 2 Br- 4.0 x 109 7 ~O.Ol p.r. P.h.k. at 100 nm in N.,O-sat.d. 86A207 
+ [MgTMpyPj·tH buffered soln. conte. 10-' '!! mol L- 1 

KBr, ..... 2 X 10-" mol L- 1 

metalloporphyrln. 

86 6,10,11;,20-Tetrakls( 4-Bulfonatophenyl)pol'p hlnatomaa:neslate(D) Ion 

Br2°- + MgTPPS 4
- - 2 Br- + 7.5 x 10" 7 -·0.01 p.r. P.b.k. at 700 nm in N2O-satd. 86A201 

[MgTPPSJ·3
- buffered soln. conte. 10-2 mol L - I 

KBr, ", 2 x 10-" mol L- 1 

metalloporphyrin. 
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TABl,I'! 22. Rate constants for reactions of dibromine radical ions in aqueous solution-Continued 

No. Reaction 1 Method Comment Ref. 

88 Manganese(n) Ion 

Br2·- + Mn2+ - 2 Br- + Mn3 + 6.3 X 106 1 0.25 f.p. 

87 Nltrllotrlacetatomanganate(n) Ion 

Br2·- + MnNTA - - Br- + 7.0 X 106 3.6 p.r. 
[MnNTABr]- 2.0 X 101 4.5, 5.6 

88 Ethylenedlamlnetetraacetatomanganate(n) Ion 

Br2°- + MnEDTA2- - <9 X 106 5.5 p.r. 

89 6,10,16,20-Tetrakls( 4-N-methylpYl'ldyl)pol'phlnatomanganese(n) Ion 

Br2·- + (H::0)MnTMpyp4+ - 8.5 x 10° 6.8 p.r. 
Br- + [BrMnTMpyp]'H 

Br2'- I (OH)MnTMpyp3+ ~ 1." x 10 10 19.9 p.r. 
Br- + [BrMnTMpyPJ"+ + OH-

4:0 6,10,16,JO-Tetrakls(4:-sulronatophenyl)porphlnatonaanganateen) Ion 

Br2·- + (H20)MnTPPS"- - Br- 1.8 x 109 6.8 p.r. 
+ [BrMnTPPS)'l-

Br2·- + (OH)MnTPPS5- - Br- 2.5 X 10° 
+ [BrMnTPPS]4- + OH-

12.9 p.r. 

4:1 6,10,16,20-Tetl'akls( 4-pYl'ldyl)porphlnatomanganese(m) Ion 

Br2°- + (H20)2MnTpyP+ - Br- 1 X 108 6.8 p.r. 
+ [Br(H20)MnTpyP]+ 

4:2 6,10,16,JO-Tetrakls(4-N-methylpyrldyl)pol'phlnatomanganeseem) Ion 

8r2°- + (H:.lO)2MnTMpyp5+ - 6.8 X 108 6.8 p.r. 
Br- + [Br(H20)MnTMpyp]5+ 

Br2°- + (OH)2MnTMpyp3+ - 4.6 x 10° 12.9 p.r. 
Br- + [Br(OH)MnTMpyp]4+ + 
OH-

4:8 6,10,16,20. Tetrakls( 4-sultonatophenyl)porphlnatomanganate(m) Ion 

8r2°- + (H20)2MnTPPSa- - 6.7 x 107 6.8, 8.9 p.r. 
Dr- + [Dr(II20)MnTPPSj3-

Br2·- + (OH)2MnTPPS6- - Br- 9.2 X lOR 12.9 p.r. 
+ [Br(OH)MnTPPS]4- + OH-

44 A.lde Ion 

Br2°- + Na - - 2 Br- + oNa 4.0 X 108 p.r. 

4:6 Nitrite Ion 

Br2°- + N02- - 2 Br- + °N02 2 X 107 6.7 p.r. 

4:8 Glyclnatonlckelate(D) Ion 

Br2°- + Ni(Gly)+ - <1 X 10" p.r. 
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D.k. in Bra - soln. (0.1 mol L -I Br-, 737317 
5 x 10-" mol L -I 8r2 and 0.1 mol 
L -1 H+)· E - 36 kJ mol-to ~H* 
= 33.6 kJ ~;-); ~S* = -3' kJ 
mol-I; inner-sphere electron 
transfer. 

D.k.; inner-sphere mechanism; Ie = 78A436 
200 s-J for decomposition of 
intermediate complex. 

D.k.; Ie >5 x 10" estd. from yields 78A436 
on 'V-r. in N20-satd. 801n. contg. 0.1 
mol L -t Br-. 

D.k. at 360 nm, as well as p.b.k. 84A120 

D.k. a.t. 380 nm, I!UI well .. " p.b.k.; e.Al!!O 

-10% of radicals are in the form of 
BrOH-. 

D.k. at 360 nm, as well as p.b.k. 

D.k. at 360 nm, as well as p.b.k.; 
-10% of radicals are in form of 
BrOH-. 

D.k. at 360 nm, as well as p.b.k. 

D.k. at 360 nm, as well as p.b.k. 

D.k. at 360 nm, as well as p.b.k.; 
-10% of the radicals are in the 
form of BrOH-. 

D.k. at 360 nm, as well as p.b.k. 

D.k. at 360 nm, as well as p.b.k.; 
--10% of the radicals are in the 
form of BrOH-. 

D.k. at 360 nm (Br-) in N20-satd. 
soln. contg. 0.2 mol L -1 NaNa; 
equilibrium; ler = 7.3 X 103 L2 
mol-2 8- 1. 

84A120 

84A120 

84A120 

84A120 

84A120 

84A120 

84A120 

87C002 

D.k. at 360 nm in 0.1 mol L -1 KBr 86A059 
soln_ 

No reaction obs. 81A128 
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TABI.E 22. Rate constants for reactions of dibromine radical ions in aqueous solution-Continued 

No. Reaction 

4.'1 Imlnodlaeetatonlekel(D) 

Br2°- + NUOA - Br- + 
[BrNiIOA] 

1.7 X 10° 

48 Bla(lmlnodlaeetato )nlekelate(D) Ion 

Br2o
- + Ni(IDA)22- - Br- + 1.6 X 107 

[BrNi(IOA)2]2-

41 Nlt .. Uot .. laeetatonlekelate(D) Ion 

Br2°- + NiNTA- -

1 

'1 

7 

Method Comment 

p.r. 

p.r. 

p.r. 

O.k. at aBO nm in N!,!O.sa.td. soln. 
conte. Br-. 

O.k. at 360 nm in N20.satd. soln. 
contg. Br-. 

unreactive 

60 11.Methyl-U.·(t .. lftuoromethyl)-1,4,'1,10-tet ..... aeyelotrIdee.-lO,18-dlenenlekel(D) Ion 

Ref. 

81A02a 

81A023 

78A436 

Br2·- + NiL2
2+ - Br- + 5.0 X 109 3-12 p.r. O.k. at 380 nm, as well as p.b.k. at 84A277 

N1L28r2 + 580 nm (NiL2(H20)glt+ was obtained 
from hydrolysis of Br adduct at pH 
> 9.0) 

61 11,18-Dlmethyl.1,4,'1,lO-tetr.azaeYl!lotetradel!a-l O,18-dlenenll!kel(n) Inn 

Br2°- + Ni(10,13-dieneN.,)2+ - 6.0 X 109 3.6 p.r. 
Br- + [BrNi(10,13-dieneN412+ 1.0 X 1010 10.6 

61 6,1f,7 ,11,14,1.-Hex.methyl-l,.,8,11-tet ...... eyelotetr.deeanenlekel(D) Ion 

P.b.k. in N20-satd. aoln. contg. 0.1 
mol L -J NaBr. 

82A060 

Br2·- + Ni(aneN4)2+ -+ Br- + 3.6 X 10\) 1 p.r. C.k.; obs. reI. yields of Ni lll complex 79A038 
[BrNi(aneN .. )]2+ and Br3-' 

3.4 X 109 2 p.r. O.k. in 0.005 - 0.01 mol L -1 Br- 78A299 
Bo1n. 

68 6,'1 ,'1 ,11,14,14-Hexamethyl-l,4:,8,11-tet ... alaeyelotet .. adeea-4,11·dlenenlekel(D) Ion 

Br2·- + Ni(4,1l-dieneN4)2+ - 9.0 X 10° 7 p.r. N20-satd. soln. conte. 1-10 X 10-2 79A002 
Br- + [BrNi(4,11-dieneN .. pH 11101 L- 1 NaB .. and 1-10 x 10-" mol 

L - t complex. 

2.0 X 109 p.r. C.k.; obs. reI. yields of Nilll complex 79A038 
and Bra-' 

9.8 X 10° 2 p.r. O.k. in 0.005 - 0.01 mol L- J CI- '18A299 
soln. 

64 6,'1 ,'1 ,11,14,I4-Hex.methyl-l,4,8,ll-tet .. aa •• eyelotet .. adeea.l,4,8,11-tet ... enenlekel(D) Ion 

Br2·- + Ni(tetraeneN4)2+ - Br- 2.3 X 109 1 p.r. C.k.; obs. reI. yields of Ni lll complex 79A038 
+ [BrNi(tetraeneN4]2+ and Br3-' 

9.5 X 10° 2 p.r. O.k. in 0.005 - 0.01 mol L -1 C}- 78A299 
soln. 

66 1,4,7,10,I8-Pent.a.aeyelohexadeeanenlekel(D) Ion 

Br2'- + Ni[I,4,7,10,13-aneNs]2+ ::::;;5 x 107 

-+ Br- + 
[BrNi(I,4,'1,10,l3-aneNs]2+ 

p.r. P.b.k. in N20-aatd. soln. conte. 0.01 83A322 
mol L -t NaBr. 

68 «-1,11-Dlmethyl-8,r ,11,17 -tet .. a.lableyelo [ll.8.I]heptadeea-1( I '1),18,16-trlenenlekel(D) Ion 

8r2·- + Ni(CR+4H)2+ - Br- + 8 X 10° 3-9 p.r. O.k. at 360 nm as well as D.b.k. at 81AH4 
Ni(CR+4H)Br2 + 300 nm in N20-satd. soln. contg. 82AI06 

10-2 mol L -I Br-. 

6'1 «-1,12-Dlmethyl-8, '1,11,1 '1-tetraalableyelo[11.3.l ]heptadeea-l( 1'1),2,11,13,15-pentaenenlekel(D) Ion 

Br2·- + Ni(CR)(H20)2li!+ - Br- 1.6 X 10" 4 p.r. O.k. in N20-satd. soln. contg. Br-. 82A106 
+ Ni(CR)Br2+ 

58 «-2,12-Dlmethyl-a,'1 ,11,1'1-tetr.alableyelo[ll.a.I]heptadee.-1(1'1),2,8,ll,1a,16-hexaenenlekel(D) Ion 

Br2·- + Ni(CR-2H)2+ - Br- + 1.1 x 10 10 4 p.r. O.k. in N20-satd. soln. contg. Br-. 82A106 
Ni( CR-2H)Br2 + 
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T ABI.E 22. Rate constants for reactions of dibromine radical ions in aqueous solution-Continued 

No. Reaction 1 Method Comment Ref. 

69 Bromo-a-I,II-dlmethyl-8,'1,II,I'1-tetraalahleyelo[llo801)heptadeea-l(I'1),1,6,11,18,16-hexaenenlekel(m) Ion 

Br2°- + Ni(CR-2H)Br2+ - Br- 1.0 x 10'0 . 3.2 Calcd. from d.k. at 360 nm in soln. 82A081 
+ Ni(CR-2H)2+ + Br2 contg. 4.6 x 10-6 mol L'- I Nill 

complex and 10-3 mol L -1 Br­
assuming 2l(Br2°- + Br2°-) = 4.6 
x 10", A:(Br2°- + Ni(CR-2H)ZT) = 
1.1 X 1010 and E(Ni(CR-2H)2+) = 
900, e(Ni(CR-2H)Br2+) = 4500 and 
E(Br2o-) = 9600 L mol- 1 cm- t • 

60 Dloxoneptunlum(V) Ion 

Br2°- + Np02 + - 2 Br- + 
Np022+ 

81 Perhydroxyl radleal 

Br2°- + H02• - 2 Br- + H+ + 6 X IOu 

°2 

82 Hydrogen peroxide 

Br2·- + H 20 2 - 2 Br- + H+ + <1 X 103 

H02 ° 

88 Lead(D) 

Br2°- + Pb(lI) -

-0 

2 

2 

2 

7 

6" 6,10,16,10-Tetrakls(8-N-methylpYl'ldyl)porphlnatolead(ll) Ion 

Br:l!0- + Ph(3-TMpyp)'H - 2 -1 x 10 10 9 
Br- + [Pb(3-TMpyP)JolH 

86 6,10,16,10-Tetrakls( "-N-methylpYl'ldyl)porphlnatolead(ll) Ion 

Br2'- + PbTMpyp'H - 2 Br- + -1 X 1010 9 
[PbTMpYPJoo+ 

86 Tetl'aehloroplatlnate(n) Ion 

Br2°- + ptCI.,2- - 2 Br- + 
PtCL1-

2.8 X 108 

81 Pentaammlne(pyrldlne )I'uthenlum(ll) Ion 

Br2°- + Ru(NHa)6py2+ - 2 Br- -5 x 1010 

+ Ru(NHa)opy3+ 

88 Trls(I,I'-hlpYl'ldlne)ruthenlum(n) Ion 

Br2°- + Ru(bpy)a2+ - Br- + 3.1 x 10° 
[Ru(bPY)aa+Br-] 
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'-0 

-0 

>1 

p.r. 

'Y-r . 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

f.p. 

f.p. 

D.k. at 450 nm in soln. contg. 1 mol 86A370 
L -1 HBr and up to 0.05 mol L- 1 

Np02+' 

C.k. in soln. eontg. 10-"-1 mol L -I 650055 
KBr; reI. to A(H02 o + Br2 ) and 
A:(Br2°- + Br2°-)' 

D.k.; Ic/E = 4.6 X lOti em 15-
1; more 660382 

than one rate constant involved in 
calculat.ion; ,\ cor. ullin5 e(380) ...... 
9900 L mo)-1 cm- J 181Z050J 

D.k. at 360 nm in air-satd. 0.1 mol 
L -I Br- soln. using 2/c(Br2o- + 
Br2°-) = 3.6 x 10° and E(360) = 
9600 L mol-I em-I. 

D.k. in N 20-Bat.d. 1 mol L- 1 NaBr 
soln. 

650383 

78A093 

Pb(JI) up to 0.01 mol L -I has no 84A446 
effect on d.k. in 8 mol L -I HBr. 

P.h.k. a.t 760 nm in NzO-sa.td. lIoln_ 86A2'(1 
contg. 10-3 mol L -1 borate buffer, 
10-2 mol L -I KBr and 1-12 x 10-6 

mol L -1 metalloporphyrin. 

P.b.k. at 750 nm in N20-satd. soln. 86A241 
contg. 10-3 mol L -1 borate buffer, 
10-2 mol L -I KBr and 1-12 x 10-& 
mol L -I metalloporphyrin. 

D.k. in N20-satd. 0.1 or 0.01 mol 
L -I Br- soln. contg. PtCI,,2- i 
product (E:no = 8400 L mol-I 
cm- l ) may be PtBr"CI1_n • 

Fast relaxation of transients to 
starting materials was obs. in 
Ru(lII)/Br- solution. 

161055 

84A035 

D.k. in 10-3 mol L -I Br- soln. and 737066 
1 mol L -I H2SO" and 1 x 10-5 mol 
L -1 Co(NH3),;Br2+. 



RATE CONSTANTS FOR REACTIONS OF INORGANIC RADICALS IN AQUEOUS SOLUTION 1193 

TABI,E 22. Rate constants for reactions of dibromine radical ions in aqueous solution-Continued 

No. Reaction k (L mol-I s-I) pH 1 Method Comment Ref. 

09 Thloeyanate Ion 

Br2·- + SCN- - Br- + 1.9 >< 10° p.r. D.k. in N 20-s;\t.cL 6 >< 10-3 mnl 1 ... - 1 6901~O 

BrSCN·- Br- soln. contg. 10-" - 2 X 10·'" 
mol L -1 SCN- as well as p.b.k. at 
500 nm (SCN)2°-j K(BrSCNo- + 
SCN- ~ Br- + (SCN)2·-) = 1.1 >< 
102. 

'10 Hydrogen sulfite Ion 

~r2·- + HSOa - - 2 Br- + 6.9 >< 107 4.2 p.r. D.k. at 360 nm. 85A103 
S03- + H+ 

'11 Sulfite Ion 

Br2'- ;- 503
2

- ..,. 2 Br- ;- 303- 2.0 x lOR p.r. D.k. 80A191 

2.6 X 108 10 p.r. D.k. 85Al03 

'12 Thalllum(I) Ion 

Br2.- + TIT - <1 x IOU 1 0.01 f.p. 147625 

'1la Uranlum(m) Ion 

Br2
o - + U:H - UBr3 + + Br- 3,4 X IOU <1 p.r. D.k. in He-satd. soln. contg. 0.5 mol 85A122 

Lot HCIO.j contg. 0.1 mol Lot NaBrj 
inner-sphere mechanism. 

'18 Vanadlum(ll) Ion 

Br2·- + V2+ - 2 Br- + V 3 + 1.5 x 10° 1 0.2 p.r. D.k. in Br- soln.; outer sphere 741104 
electron transfer. 

'14 Vanadyl(IV) Ion 

Br2·- + HV03 + - 2 Br- + H+ 1 >< 106 <0 -4 p.r. Soln. contg. 4 mol L - J H+ (HCI0 4 85A338 
+ VO:J+ + HBr); k increases to 3 X 107 as 

[H+] increases to 9 mol L- 1 

'16 6,10,16,20-Tctrakls( 4-N-methylpyrldyl)porphlnato( oxo )vanadlum(IV) Ion 

Br2°- + VOTMpyp'H - 2 Br- <1 x 107 7 p.r. N2 0-satd. buffered soln. contg. 10-4 87A097 
+ VOTMpyPr.+ mol L -I metalloporphyrin and 10-2 

mol L -I KBr 

'16 6,10,16,20-Tetrakls( 4-sulfonatophenyl)porphlnato( oxo )vanadlum(IV) Ion 

Br2°- + VOTPPS4
- - 2 Br- + 2 x 108 7 p.r. N 20-satd. buffered soln. contg. 10-4 87A097 

VOTPPS3 - mol L - J metalloporphyrin and 10-2 

mol L- 1 KBr 

'1'1 Nltrllotrlaeetatozlneate(ll) Ion 

Br2'- +" ZnNTA - - < 1 X 107 p.r. D.k. of Br2°- in N2O-satd. 0.1 mol 78A436 
L-I K'RI'. 

'18 Ethylenedlamlnetetraaeetatozlneate(n) Ion 

Br2'- + ZnEDTA2- - <1 X 107 p.r. D.k. of Br2'- in N 2O-satd. 0.1 mol 78A436 
L- 1 KBr. 

'19 6,10,J 6,20-Tetl'aphenylpol'phlnatozJne(n) 

Br2'- + ZnTPP - 2 Br- + 7 X 108 7 p.r. Micellar soln. of 2% Triton X-100 82N150 
[ZnTPP)'+ contg. 0.1 mol L -1 NaBr, 10-a mol 

L -I phosphate buffer, satd. N2O. 

80 6,10,16,20-Tetl'aphenylporphlnatozlne(n), triplet state 

Br2'- + 3(ZnTPP)'" - 2 Br- + 1 x 10 10 7 p.r. Micellar soln. of 2% Trit.on X-lOO 82N150 
[ZnTPP)'+ contg. 1.3 mol L -I 2-PrOH, 10-3 

mol L -j phosphate buffer, satd. with 
N 20j 15% triplet produced by 
photolysis at 532 nm. 
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TAB(;E 22. Rate constants for reactions of dibromine radical ions in aqueous solution-Continued 

No. Reaction 1 Met.hod Comment Ref. 

81 6,10,16,IG-Tetrakle(I-N-methylpYl'ldyl)porphlnatollne(D) Ion 

Brao- + Zn(TMpyP)ot1" - 2 Br- 4.1 x 109 7 0.01 
+ [Zn(TMpyp»)olH 

82 6,lO,16,IO-Tetrakle(8-N-meth)"lpyrldyl)porpblnato.lne(D) Ion 

Br2°- + Zn(TMpyp)'H - 2 Br- 4.3 x 10° 9 10-2 

+ lZn(TMpyP}]o/;+ 

8a 6,lO,16,IG-Tetrakle( 4:.N-methylpyrldyl)porpblnatollne(D) Ion 

Br2°- + ZnTMpyp'H ..... 2 Br- + 4.2 x 10° 3.2-12 0.01 
[ZnTMpyP]o&+ 

2.4 x 10° 7 0.1 

p.r. 

p.r. 

p.r. 

p.r. 

P.b.k. at 700 nm. 869115 

P.b.k. at 700 nm in N 20-satd. soln. 86A243 
contg. 10-3 mol L -1 buffer, 10-2 

mol L -I KBr and 2 X 10-4 mol 
L -I metalloporphyrin. 

P.b.k. at 690-700 nm in N20-satd. 86A038 
buffered loin. conte. KBr and (1-4) 
x 10-4 mol L - 1 porphyrin; the IT-

radical cation complexes (E.TOr,nm = 
11,600 L mol- J em-I) with Br-. 

D.k. at 360 nm as well al p.b.k. at 81A317 
faa lUll (radical caC,iulI) ill N 20-lIIat.d. 
soln. contg. Br-. 

84: 6,lO,16,IO-Tetrakle("'N,N,N-tl'lmethylammonlophenyl}porphlnatollne(D} Ion 

Br2'- + ZnTApp4+ ..... 2 Br- + 6.0 x 10° 7.0 0.01 p.r. P.b.k. at 690-700 nm in N20-satd. 
[ZnTAPPJolH buffered 801n. conte. KBr and (1-4) 

x 10-4 mol L -1 porphyrin; 11'-

85A038 

4.7 X 109 7 0.1 p.r. 

86 6,lO,16,IO-Tetl'akle[4:-N-(8 •• utronatopropyl)p)"rldyl]porphlnatollne(D) 

Br2'- + ZnTZP - 2 Br- + 6.0 X 108 7.0 0.01 p.r. 
[ZnTZP)'+ 

6.8 0.1 p.r. 

88 6,lO,16,IG-Tetrakle( .... ultonatopbenyJ)porpblnatollneate(D} Ion 

Br2°- + ZnTPPS4- ..... 2 Br- + 6.0 x 108 3.2·12 0.01 p.r. 
(ZnTPPS].3-

1.5 x 10° 7 0.1 p.r. 

8'1 6,lO,16,20-Tetrakle(2-hydroxypbenyl)pol'pblnatollne(D) 

Br2°- + (HO)ZnT(HOP)Pr.- ..... 1.1 x 10° 12 
2 Br- + [(HO)ZnT(HOp)p)04-

p.r. 

88 6,lO,16,2G-Tetl'akl.(8-h)"droxyphen)"l)pol'phlnatollne(D) 

Br2
o- + (HO)ZnT(HOp)p li - - 1.4 x 10° 12 

2 Br- + [(HO)ZnT(HOp)p)04-
p.r. 

89 6,lO,16,IO-Tetl'akla("'bydl'oxyphen)"J}pol'pblnatollne(D) 

Br2°- + (HO)ZnT(HOp)p5- - 1.1 x 10° 12 
2 D .. - + {(HO)ZnT(HOp)p].4-

p.r. 
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radical cation probably complexed 
with B .. -, 

D.k. at 360 nm as well as p.b.k. at 81A317 
700 nm (radical cation) in N20-satd. 
soln. conte. Br-. 

P.b.k. at 690-700 nm in N20-satd. 
buffered soln. contg. KBr and (1-4) 
x 10-4 mol L - J porphyrin; 11'­

radical cation probably complexed 
with Br-. 

D.k. at 350 nm in loin. contg. 0.1 
mol L- 1 Br-. 

86A038 

83C026 

P.b.k. at 690-700 nm in N 20-satd. 85A038 
buffered 8oln. cont.s. KBr anel (1-") 
X 10-4 mol L - J porphyrin; E.1()O = 
8805 L mol- I em-J, pK = 7.6 for 
the Tr-radical cation. 

D.k. at 360 nm as well as p.b.k. at 81A317 
700 nm (radical cation) in N20-satd. 
soln. contg. Br-. 

P.b.k. at 700 nm in N20-flatd. eo1n. 86A242 
c:ontg. 10-2 mol L -I KBr and 10'2 

mol L- 1 KOH 

P.b.k. at 700 nm in N20-satd. soln. 86A242 
contg. 10-2 mol L -I KBr and 10-2 

mol L -1 KOH 

P.b.k. at 700 nm in N20-satd. soln. 86A242 
~ontg_ 10-2 mol L -1 KB .. and to-2 

mol L- 1 KOH 
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TABLE 22. Rate constants for ree-ctions of dibromine radical ions in aqueous solution-Continued 

No. Reaction k (L mol- 1 s-I) pH 1 Method Comment Ref. 

00 Aeetamlnophen 

Br2·- + AcNHC6 H..OH -+ 2 Br- -5 X 107 9 0.1 p.r. Values from graphj pK,.. = 9.9; 85A460 
+ AcNHC6H4O° '~6 X 108 11 radical deprotonates, pKa = 11.1. 

01 N-Aeetylmethlonlne 

Br2': + AcMet -+ Br- + 2.4 X 109 2.2 p.r. D.k. at 360 nm. 81A339 
CH:i S(Br)CH2CH2CHNHAcC02 - 3.0 X lOll 10 

02 N-Aeetyltryptophan 

Br2·- + AcTrpH -+ 2 Br- + H+ 8.3 X 108 7, 12 p.r. D.k. at 355 nm in N20-satd. soln. 86All0 
+ AeTrp' contg. 0.1 mol L - 1 KBrj radical 

cation forms which deprotonates. 

08 N-Acct.)"'lt.)"'roBlnADllde 

Br2·- + AcTyrOH(NH.?) - 2 Br- 7.2 x 108 12 p.r. D.k. at 355 nm in N20-satd. soln. 86AI10 
+ AcTyrO·(NH2 ) + H contg. 0.1 mol L -I KBr; radical 

cation forms which deprotonates. 

04 Aerlflavlne (8,6-Dlamlno-10-methylaerldlnlum) 

Br2°- + ACFI+ - 2 Br- + 3.7 x 109 p.r. D.k. of Br2°- in N20-satd. 10-3 mol 700241 
ACFI~l+ L -) Br- 801n. as well as dye 

bleaching at 460 nm. 

0& Adenine 

Br2·- + A - -+ 2 Br- + Ao 4.6 X 107 13 p.r. D.k. at 360 nm in N20-satd. soln. 
contg. 0.1 mol L -I KBr and 0.05-5 

86C005 

x 10-3 mol L -I adenine (pKa = 
4.15, 9.8). 

06 Adenosine 

Br2°- + A - -+ 2 Br- + Ao 4.5 X 106 13 p.r. D.k. at 360 nm in N20-satd. soln. 
contg. 0.1 mol L -I KBr and 0.05-5 

86C005 

x 10-3 mol L -1 adenosine (pKa = 
3.3, 12.5). 

O'T Z- [( 8-Amlnopropyl)amlno]ethanethlol 

Br2°- + 1.6 X 108 4 p.r. D.k. at 360 nm in N20-satd. soln. 84A411 
HSCH2CH2NH(CH2)aNHa + -+ contg. 0.1 mol L -1 KBr; calcd. from 

kobl! = 1.8 X 108 at pH 6.3. 

Br2°- + 1.6 x 109 8.4 p.r. D.k. at 360 nm in N.,O-satd. soln. 84A411 
-S(CH2)2NH(CH2hNHa + -+ contg. 0.1 mol L -1 KBr and 10-4 

mol L -1 substrate (pK,.. = 7.3). 

08 Anlllne 

Br2°- + C(lHI)NH2 -+ 2 Br- + 2.1 x 108 6-11 p.r. D.k. at 360 nm in N20-satd. soln. 85A428 
[CoHsNH21o+ contg. 0.1 mol L- J Br-. 

00 Aseorble aeld 

Br2°- + AH2 -+ 2 Br- + 2 H+ + 1.1 x 108 2 p.r. pK = 4.2, 11.6. 720266 
A·-

100 Aseorbate Ion 

Br2·- + AH- - 2 Br- + H+ + 5.2 X 108 11 -0 p.r. D.k. at 360 nm in NoO-satd. soln. 771036 
oA- contg. 10-3-10- 1 m~1 L -I Br-. 

8.7 x 108 7.2 0.5 p.r. D.k. in N 20-satd. Br- soln. 733006 

1.1 x 109 7 p.r. D.k. 720266 

101 L-Aseorbate-2-sulfate Ion 

Br2°- + [S04Aj2- -+ 2 Br- + 7.1 x 107 5-10 -0 p.r. D.k. at 360 nm in soln.; k~bs in 0.02 83A203 
[S04A j·- mol L- 1 KBr = 9.0 x 10 . 
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TABI,E 22. Rate constants for reactions of dibromine radical ions in aqueous solution ....... Continued 

No. Reaction Ie (L mol-I S-I) pH 1 Method Comment Ref. 

101 1,1'-Aslnobls(3-ethylbensothlasollne-l-sulfonate Ion) 

Br2·- + ABTS - 2 Br- + 1.1 x 10° p.r. D.k. at 360 nm (Afl well lUI p.h.k. at 82A1DR 
ABTS·+ 415nm) in N2O-satd. soln. contg. 

0.1 mol L -1 KBr. 

108 -t-Bromophenoxlde Ion 

Br2·- + BrCoH40- - 2 Br- + 2.8 x 108 12.6 p.r. P.b.k. . 743052 
BrCoH4O· 

104: Cl-Bromotetronate Ion 

Br2·- + BrTr- - 2 Br- + BrTr· 4.9 x lOR 10.9 p.r. D.k. (both reactants) in N2O-latd. 741063 
soln. contg. 0.1 mol L -, KBr and 
10-8 mol L -1 BrTr. 

106 Camphor 

Br2'- + CJOHloO - <1 X 100 p.r. D.k. at 360 nm in N20-satd. soln. 
contb. 10- 1 mol L- 1 KBr. 

79A191 

lOG ~-Carotene 

Br2'- + car - 2 Br- + car·+ -1 x 108 p.r. P.b.k. in N20-satd. micellar (2% 83N014 
Triton X 100) soln. contg. 0.3 mol 
L -1 NIlB. Ilnd 10-4 mol L-1 

carotene. 

10'1 -t-Chlorophenoxlde Ion 

Br2·- + CICoH.10- - 2 Br- + 1.7 x 108 12.5 p.r. P.b.k. 743052 
CICoH4O· 

108 Chlorophyll a 

Br2·- + Chi a - 2 Br- + -2 x 10° 7 p.r. Micellar soln. of 2% Triton X-IOO 82N150 
[Chl-a)·+ contg. 0.1 mol L -1 NaBr, 10-3 mol 

L - 1 phosphate butter, satd. with 
N2O. 

1.2 x 10° p.r. D.k. in N20-satd. soln. contg. 2% 81NI46 
Triton X 100 (micelles) and 6 X 
10-2 mol L -I Br-; rate for aqueous 
phase, Ie in micellar phase = 2 x 
10°. 

109 Chlorophyll a, triplet state 

Br2·- + 3(Chl a)· - 2 Br- + -4 x 10° 7 p.r. Micellar soln. of 2% Triton X-I00 82N150 
[Chl-a)·+ contg. 1.3 mol L -1 2-PrOH, 10-3 

mol L -I phosphate buffer, satd. with 
N20; 43% triplet produced by 
photolysis at 640 nm. 

110 Chluruph,yll b 

Br2'- + Chi b - 2 Br- + 1.0 x 10° p.r. D.k. in N20-satd. soln. contg. 2% 81N146 
[Chl-b).+ Triton X 100 (micelles) and 5 x 

10-2 mol L -1 Br-; rate for aqueous 
phase, Ie in micellar phase = 5.7 x 
108 • 

111 Chlorpromaslne 

Br2·- + CZ+ - 2 Br- + CZ·+ 7.7 X 100 3.5 -0 p.r. P.b.k. at 505 nm as well as d.k. at 83A272 
360 nm in N20-satd. soln. contg. 
KBr; overall rate constant, 85% 
electron transfer. 

5.0 x 10° 3.7-5.5 0.01 p.r. D.k. at 360 nm in N20-satd. soln. 
contg. 0.01 mol L -I KBr; product 

79A060 

grew in at 525 nm. 
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TABI.I~ 22. Rate constants for reactions of dibromine radical ions in aqueous solut.ion-Continued 

No. Reaction Ie (L mol-I s-I) pH 1 Method Comment Ref. 

112 4-Cyanophenoxlde Ion 

Br2·- + CNCoH.10- - 2 Br- + 1.8 X 108 12.5 p.r. P.h.k. 74301;2 
CNC"H .. O· 

118 Cystamine 

Br2·- + S2(CH2CH2NH2)2 - sl X 108 7 p.r. O.k. at 360 nm in N20-satd. loin. 81A008 
2 Br- + [HaNCH2CH2S]2·+ 5.4 X 108 -9 contg. 0.05 mol L -I KBr and 0.9-6 

1.0 x 100 --11 X 10-4 mol L -1 disulfide (pK = 
8.82, 9.16). 

114 Cysteamine 

Br2·- + HaN+CH2CH2S- - 3 X 108 p.r. 741168 

115 Cyet..amln., n.saUv. Ion 

8r2·- + H2NCH2CH2S- - 2 Br- -2 X 100 9.6 p.r. P.h.k. at 410 nm in soln. contg. 0.1 84A233 
+ H2NCH2CH2S· mol L -, KBr and 2 x 10-4 mol 

L -1 cysteamine. 

118 Cy8telne 

Br2'- + CysSH - 1.8 x 108 6.6 0.1 p.r. O.k. in N20-latd. Br- soln. 720036 
--2 X 10° 10-11 

11'1 Cystine 

8r2'- + S2[CH2CH(NH2)002 -]2 <5 X 107 7 p.r. D.k. at 360 nm in N 20-satd. soln. 8lA008 
- 2 Br- + 1.7 X 108 ....... g contg. 0.05 mol L -I KBr and 0.9-6 
oRz[CHzCH(NH:I.)COslz - 2.6 x 108 · ... 11 x 10-4 mnl I.-I rlhmlArll! (pK = 

8.02, 8.71). 

118 L·CystlDylblsglyclne 

BrQ·- + (CysGly)Q - <3 X 107 p.r. O.k. 86A061 

110 Cytosine 

Br2'- + Oy- - 2 Br- + Cy' 2 X 10" 13 p.r. O.k. at 360 nm in N 20-satd. soln. 86C005 
contg. 0.1 mol L -, KBr and 0.05-5 
x 10 -3 mol L -1 cytosine (pKIL = 
4.6, 12.16). 

120 DeoxYluanoslne 6'-monophosphate 

Br2'- + dGMP - 2 Br- + 4: x 107 7 p.r. 741168 
dGMP'+ 2 X 108 12 

III 1,8-Dlaaablcyclo[4.4.-t]tetradecane radical catton 

Br2'- + OABCT'+ - 2 Br- + 2.6 x 10D -0 p.r. O.k. at 480 nm (as well as 365 nm, 86A272 
DABCT2 + Br2 -) in N20-satd. loin. contg. 

0.02-2.0 x 10-3 mol L -1 radical 
cation and 0.1 mol L -I KBr; leobs = 
1.7 x 100 • 

112 Dlethyl dlsulftde 

Br2'- + C2H"SSC2H5 - 2 Br- + 1.8 x 10° 4-5 0.02 p.r. D.k. in N2 0-satd. Br- soln., as well 161143 
[02H55502H51·-+- as p.b.k. at 430 nm (RSSR'-+-)' 

188 Dlethyl sulfide 

Br2°- + (02"5)2S - Br- + 2.0 X 109 <3 p.r. D.k as well as p.h.k. at 400 nm. 80A377 
(02H5)25Br" 

-2 >< 109 3.9 0.2 p.r. D.k. at 360 nm in N20-sat.d. soln. 771164 
contg. 0.2 mol L -I KBr and 2.8 x 
10-.1 mol L -1 sulfide. 

124 Dlhydrolumlflavln 

Br2'- + LFH- - 2 Br- + LF'- 5.0 x 10° 7,9,11 p.r. P.h.k. at 530 nm, as well 90S d.k. at 85A389 
+ H+ 360 nm; pKIL of dihydrolumiftavin = 

6.5 
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TABLE 22. Rate constants for reactions of dibromine radical ions in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 s-I) pH 1 Method Comment Ref. 

12& 8,4:-Dlhydroxyaeetophenone 

Br2
o - T (HO)2C aH ;,cOCH:, .... 1.0 x 10° 5-1 p.r. D.k. In N20-satd. lIoln. contg. Br-. 86A492 

2 Br- + 2 H+ + 1.3 x 10° -9 
00( 0 -)COH3COCH3 

128 4:,8-Dlhydroxy-l-methylpyrlmldlne 

Br2·- + CsHoN202 -+ <107 3-4 p.r. P.b.k. at 370-380 nm in N2O-satd. 87A026 
7.5 x 108 7.5 soln. contg. 2-5 X 10-2 mol L- J Br-

and 2-10 X 10--1 mol L- 1 pyrimidine. 

127 4:,8-Dlhydroxy-6-methylpyrlmldlne 

Br2·- + CI)HON202 -+ <107 3-4 p.r. P .b.k. at 370·380 nm in N2O-satd. 87A026 
9.6 x 108 7.7 soln. contg. 2-6 x 10-2 mol L- J Br-

and 2.10 X 10--1 mnl 1.- 1 pyrimidinl'!. 

118 8-(3,4:-Dlhydroxyphenyl)alanlne 

Br2 ·- + -1 x 108 6.5 p.r. D.k. at 360 nm in N20-satd. soln. 84B013 
(HO)gCoH:.CHgCH(NH3 +)COg - -+ 

2 Br- + 2 H+ + 
00( 0 -)CaH:,CH2CH(NH3 +)C02 

129 1,8-Dlhydroxy-2-propenal 

Br2°- + TRH2 -+ TR'- 2.2 x 108 p.r. D.k. at 340 nmj pKa. = 6.0, 13.0j 85A392 
Br2'- + TRH- -+ TR'- 1.8 x 109 pK/I. (radical) = 1.4. 

130 4:,8-Dlhydl'oxYPYl'lmld Ine 

Br2·- + C4H4N20 2 -+ <107 3-4 p.r. P .b.k. at 370·380 nm in N2O-satd. 87A026 
6.0 x 108 7.4 soln. contg. 2-5 x 10-2 mol L -, Br-

and 2-10 x 10-4 mol L -1 pyrimidine. 

131 3,6-DllodotTrollllne 

Br2·- + 12TyrOH ... 2 Br- + H+ -1 x 109 7-8 p.r. D.k. in N20-satd. 0.04 molIJ-' Br- 731067 
+ 12TyrO' soln.j values from graph; at pH 6 Ie 

< 1 X 108
• 

18a Dimethyl dlsulftde 

Br2'- + CH:,88CH3 ... 2 Br- + 2.2 x 101) 4-5 0.02 p.r. D.k. in N20-satd. Br- 801n., as well 761143 
[CH3SSCH31' + as p.b.k. at 430 nm (RSSR·+). 

132a 2,8-DlmethyUndole 

Br2'- + Me2InH ... 2 Br- + 2.6 x 10D 4 p.r. P .b.k. at 620 nm nm in N2O-satd. 87A247 
Me2InH'+ soln. contg. 0.1 mol L- J Br- and 

the indole at different 
concentrations, e.g. 5 x 10- 4 mol 
L- J• 

138 N,N-Dlmethyl-4:-nltl'osoanlllne 

Br2·- + Me2NC6H4NO ... 2 Br- 7.1 x 108 p.r. D.k. at 440 nm in N20-satd. soln. 680066 
+ [Me2CoH"NO)·+ contg. Br-. 

134: 2.3-Dlmethyl-1-phenyl-3-PYl"azolln-&-one (Antipyrine) 

Br2'- + DMPPZO ... 2 Br- + 3.3 x 108 7-12 p.r. Dk. at 360 nm in N"O-sRt,d. soln. R5A3{J0 

[DMPPZOJ' contg. 0.1 mol L -I Sr-. 

18& 3.4:-Dlmethyl-2-pyrallolln-&-one 

Br2'- + DMPZO -+ 2 Br- + 5.6 x 108 6.6 p.r. D.k. at 360 nm in N20-satd. solo. 86A390 
[DMPZO)' 1.3 x 109 12.4 contg. 0.1 mol L -I Br-j pKa. = 8.9. 

138 Dimethyl sulfide 

Br2
o

- + (CH3)28 ... Br- + 3.2 x 109 <3 p.r. D.k as well as p.b.k. at 400 nm. 80A377 
(CR :,)28Br' 

137 Diphenylamine 

Br2°- + (CuHl)h,NH ... 2 Br- + 
[(C6HI))2NH j·+ 

2.2 x 109 p.r. D.k. 86A283 
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TABI.E 22. Rate constants for reactions of dibromine radical ions in aqueous solution-Continued 

No. Reaction Ie (L mol- J s - I) pH I Method Comment Ref. 

188 8,8'.Dlthlobls(proplonate ton) 

Br2'- + (SCH::CHuC02 -)2 - 4.4 x 10" 7 p.r. D.k. at 380 nm in NnO-eatd. loin. 8lAOOS 
2 Br- + oS2(CH2CH2C02)2°- 4.3 x toM '-9 contg. 0.U6 mol L ' .. I Kllr a.nd 0.9.6 

4.0 x lOR -11 X 10-4 mol L -\ disulfide. 

139 Ephedrine 

Br2°- + 7 p.r. No reaction. 83A176 
PhCHOHCH(CHa)NH2 +CH3 -+ 

1"0 Ethylenedlamlnetetraaeetate Ion 

Br2'- + [CH2N(CH2C02 -)212 -+ <1x 107 p.r. D.k. of Br2°- unaffected by EDTA 
in N20-satd. 0.1 mol L -I &Br. 

78A436 

141 "...Fluo.oi:y.o.lne 

Br2'- + FTyrOH -+ 2 Br- + -2 X 107 6 p.r. D.k. in N20-satd. 0.04 mol L -1 Br- 731067 
FTyrO' + H+ -3 X lOR 11 soln.; values from graph. 

~4' Jl'o.rnat. .. Ion 

Br2'- + HC02 - - :5 103 7 p.r. D.k. in N20-satd. 1 mol L -1 Br- 78A093 
soln. 

1"8 Glutathione, oxldlsed 

Br2'- + GSSG - 2 Br- + -7 x 107 l1 p.r. D.k. at 360 nm in N20-satd. soln. 81AOOS 
GSSG'+ contg. 0.05 mol L - J KBr; pKa. = 

8.02, 8.71; no reaction detected at 
pH 'f. 

I'" Guanine 

Br2'- + 0- - 2 Br- + O· 2.5 X 108 13 p.r. D.k. at 360 nm in N~O-Iatd. loin. 86C005 
co ntg-. 0.1 mol L -I KBr and 0.05-5 
X 10-3 mol L- J guanine (pK" = 
3.3, 9.2, 12.3). 

1"6 Guanosine 

Br2°- + 0- - 2 Br- + G· 2.5 X 108 13 p.r. D.k. at 360 nm in N20.satd. soln. 86C005 
contg. 0.1 mol L -1 KBr and 0.05-5 
x 10-3 mol L -I guanosine (pKa. = 
1.9, 9.25, 12.33). 

1"8 6,'1,'1 ,11,14,14:-Hexamethyl.l,',8,11-tetraasaeyelotetradeea-4:,Il-dlene 

Br2'- + 4,ll-diene -+ <1 x 10° p.r. D.k. 79A038 

147' Hb,l.ldl ... , 

Br2·- + His- 1.9 X 107 9.0 p.r. D.k. at 360 nm in N20-satd. 0.1 mol 86A187 
L -I KBr soln. contg. 2 x 10-:i mol 
L -l histidine; Ie for HisH+ = 2.0 X 

107
• 

1.5 X 107 7.6 0.1 p.r. D.k. in N20-satd. Br- soln.; same 720036 
value at pH 12. 

148 1I0moeystine 

Br2'- + 2.9 x 10~ 7 p.r. D.k. at 360 nm in Nl,!O-satd. snln. 81AOO8 
r'02CCH(NH:, +)CH2CH28]2 -9> 5.1 x 108 -9 contg. 0.05 mol L -·1 KBr and 0.9-6 
2 Br- + 5.6 X 108 -11 X 10-1 mol L -I disulfide (pK = 
[-02COH(NHa T)CH2CH28k T 8.52, 9.44). 

14:9 Hydroqulnone 

Br2°- + 00H4(OH)2 -+ 2 Br- + 7 x 107 6.7 p.r. 85A255 
2 H+ + ·OCOH4O-

1 X lOIt p.r. 741168 

160 4:-Hydroxyaeetophenone 

Br2·- + HOC6 H"COCH3 - 1.5 X 109 5-7,9 p.r. D.k. in N20-satd. soln. contg. Br-. 85A492 
2 Br- + H+ + °OC6H4COCH3 
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TABlIE 22. Rate constants for reactions of dibromine radical ions in aqueous solution-Cont.inued 

No. Reaetion Ie (L mol- 1 S-I) pH 1 Method Comment Ref. 

161 4:-Hydroxyben.oate Ion 

Br2·- + (-O)CnH<{C02 - - 2.3 X lOR 12.5 p.r. P.h.k. 743052 

2 Br- + -02CC6H10' 

161 p-Hydroxyelnnamate Ion 

Br2·- + -OCoH"CH=CHC02- 9.9 X lOR 11.5 -1 p.r. P .b.k. at 595 nm in N2 0-satd. soln.· 84A206 
- 2 Br- + -OCoH .. CH=CHC02 - contg. 1 mol L -I Br-. 

168 6-Hydroxy-2,6,'1,8-tetramethylehroman-2-earboxylle aeld 

Br2'- + ArOH -+ 2 Br- + ArO- 6.7 x 108 4.5-6.5 p.r. D.k. at 260 nm in N20-satd. soln. 86A492 
conti. 0.1 mol L -I KBr and 2-40 x 
10-" mol L - I Trolox. 

164 o.-Hydroxytetronate Ion 

Br2·- + HOTr- -+ 2 Br- + 5.0 X 108 

-OTr- + H+ 
p.r. D.k. at 415 nm. 741053 

166 Hypoxanthine 

Br2'- + HxO- -+ 2 Br- + HxO· 2.6 X 108 13 p.r. D.k. at 360 nm in N20-satd. soln. 86C005 
conti. 0.1 mol L -I KBr and 0.05-5 
X 10-3 mol L -J hypoxanthine (pK8. 
= 1.91, 8.96, 12.18). 

166a Indole 

Br2'- + InH -+ 2 Br- + InH·+ 1.8 x 10° p.r. P.b.k. at 520 nm in N20-satd. soln. 87A241 
contg. 0.1 mol L- J Br- and the 
indole at different concentrations, 
e.g. 5 X 10-4 mol L -I. 

166 Llnolenate Ion 

Br2·- + S4 X 106 11 p.r. D.k. 86A191 
CHa( CH2 CH=CH)a( CH2hC02 -

16'1 Lysylglyeyltryptophanyllyslne, tert-butyl ester 

Br2·- + 5.0 x 10° 6.2 p.r. P.b.k. at 510 nm in N 20-satd. soln. 84A059 
LysGlyTrpLysO-t"t-Bu(3+} - conti. 10-2 mol L -1 KBr 

(phosphate buffer). 

168 LY8ylglyeyitryptophanyllyslne 

Br2-- + LysGlyTrpLys(2+} -+ 3.9 x lOti 6.2 p.r. P.h.k. at 510 nm in N 20-satd. soln. 
contg. 10-2 mol L - I KBr 

84A059 

(phosphate bUffer). 

169 Lysyltryptophanyllyslne 

Br2'- + LysTrpLys(2+) -+ 1.2 x lOti 6.2 p.r. P.b.k. at 510 nm in N20-satd. soln. 
contg. 10-2 mol L -I KBr 

84A059 

(phosphate buffer). 

160 Lysy ItyrosyllY81ne 

Dr2'- + LYllTyrL.Y IiI(2+) -+ 4.0 x 107 0.2 p.e. P.h.k. at. 510 nm ill N 20-saLd. tlulu. 84AOr,9 

4.5 x 107 9.2 contg. 10-2 mol L -I KBr 
2.4 x 108 11.2 (phosphate buffer). 

161 Lysyltyrosyllyslne. N-ethyl 

Br2
o - + LysTyrLysNHEt(3+) -+ 9.7 x 107 6.2 p.r. P.b.k. at 510 nm in N 20-satd. soln. 84A059 

1.1 x lOti 10.0 contg. 10-2 mol L -1 KBr 
(phosphate buffer). 

182 Malete hydrazide 

Br2·- + MH2 -+ 2 p.r. No reaction 83A165 
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TAHI.E 22. Rate constants for reactions of dibromine radical ions in aqueous solution-Continued 

No. Reaction Ie (L mol- I s - I) pH 1 Method Comment Ref. 

183 Methionine 

Br2·-: . + Met - Br- + + 2.5 x JOO <3 p.r. D.k. at. :ilifJ nm in N.,O-I!a.t.rI. lIoln. 81 A:UU 

ClIsS(Br)CH2CH2CH(NHa )C02 1.7 x 100 5 contg. 0.1 mol L' I 8r" and 2 x 
2 X 10D 11 10-3 mol L - I methionine. 

-2 x 100 11-12 p.r. D.k. in N20-satd. soln. contg. 0.1 
mol L- 1 Br-. 

720036 

184: 1- O-Methyl-L-alleorble aeld 

Br2·- + CHaAH -+ 2 Br- + 
CHaAo- + H+ 

3.7 x 108 6-7 p.r. D.k. at 360 nm in soln. contg. KBr. 84A09S 

186 I-O-Methyl-L-alleorble aeld 

Br2°- + CH:JAH -+ 2 Br- + 6.1 X 108 3.6-6.8 
CH3Ao- + H+ 

p.r. D.k. at 360 nm in soln. contg. KBr. 84A095 

188 8- O-Methyl-I,-alleorble aeld 

Br2'- + CH:4AH - 2 Br- + 7.5 X 107 6.4 p.r. D.k. at 360 nm in soln. contg. KBr. 84A095 
CH3Ao- -t- H-I- 9.8 )I. lOS' 9 

18'1 8-Methyleyatelne 

Br2'- + 1.8 X 108 7 p.r. D.k. at 360 nm in N .. O-satd. soln. 81A008 
OHsSCH2CH(NHa +)C02 - - 7.7 X 108 ..... 9 contg. 0.06 mol L -I -KBr and 0.9.6 

;:::1 x 10° -11 X 10-4 mol L -1 disulfide (pKII. = 
8.75) 

188 1-Methyleytoslne 

Br2°- + MeOy- -+ 2 Br- + 2 x 106 13 p.r. D.k. at 360 nm in N20-satd. soln. 860005 
MeOyo contg. 0.1 mol L -I KBr and 0.05-5 

X 10-8 mol L - r 1-methylcytosine. 

188a 1-Methyllndole 

Br2°- + Meln - 2 Br- + 2.4 x lOo 4 p.r. P .b.k. at 520 nm nm in N2O.satd. 87A247 
Melno+ soln. contg. 0.1 mol L -I Br- and 

the indole at different 
concentrations, e.g. 5 x 10-4 mol 
L- 1• 

188b I-Methyllndole 

Br2'- + MelnH -+ 2 Br- + 3.0 x 10° 4 p.r. P.b.k. at 520 nm nm in N!!O-satd. 87A247 
MeInH·+ soln. eontg. 0.1 mol L -I Br- and 

the indole at different 
concentrations, e.g. 5 X 10-4 mol 
L-'. 

188e 8-Methyllndole 

Br2°- + MelDH - 2 Br- + 
MeInH·+ 

3.1 x 10° 4 p.r. P.b.k. at 520 nm nm in N2O·satd. 
soln. contg. 0.1 mol L -I Br- and 

87A247 

the indole at different 
concentrations, e.g. 5 X 10-" mol 
L-'. 

189 4:-Methylphenoxlde Ion 

Br2°- + CH3C6H40- -+ 2 Br- + 3.7 x 108 12.5 p.r. P.b.k. 743052 
CH3CoH40· 

1'10 8-Methyl-l-pyrasolln-6-one 

Br2°- + C .. H6N20 -+ 2 Br- + 7.0 X 108 8.8 p.r. D.k. at 360 nm in N20-satd. soln. 85A390 
H+ + C"H5N2O contg. 0.1 mol L -1 Br-j pKa. = 8.9 

I'll 4-Methyl-I-pyrallolln-6-one 

Br2'- + C"HoN20 -+ 2 Br- + 7.9 x 108 8.8 p.r. D.k. a.t 360 nm in N20-satd. soln. 85A390 
H+ + 0"HI)N2O contg. 0.1 mol L -1 Br-; pKa = 8.9 
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TARLE 22. Rate constants for reactions of dibromine radical ions in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 s-J) pH 1 Method Comment Ref. 

1'12 6-MethTI-l-thla-6-asaeTelooetane 

Br2'- + O~HII;NS .... 2 Br- + -2 x 108 10 p.r. D.k. at 360 nm in N20-sat,d. soln. 84A250 
[OgHu;NS] . contg. 0.03 mol L . 1 KBr and 3-8 x 

10-4 mol L -J substrate. 

1'18 1-Me~h71ur .. ell 

Br2'- + MeU- - 2 Br- + MeU' 2.2 x 106 13 p.r. D.k. at 360 nm in N20-satd. soln. 860006 
contg. 0.1 mol L -I KBr and 0.06-6 
x 10-3 mol L -I 1-methyluracil (pKa 
= 9.7). 

1'14 3-MethTlul'aeli 

Br2'- + MeU- - 2 Br- + MeU· 2.8 x 108 13 p.r. D.k. at 360 nm in N20-satd. so)n. 
t;untg. 0.1 lUol L -I KBr and 0.05-5 

860005 

X 10-3 mol L -1 3-methyluracil (pKa 
= 9.85). 

1'16 Metlallnle aeld 

Br2'- + MZ- - 2 Br- + MZ' 3.4 x 10° 10 p.r. D.k. at 360 nm in N20-satd. 0.02 81A162 
mol L -I KBr. 

1'18 Nafa.at.l'om (8-MethTl-l-[2-(1-naphthTloxT)ethTl}-I-PTralollne-6-one) 

Br2'- + MNPZO _ 2 Br- + 1.4 x 10° 9.4 p.r. D.k. at 360 in N20-satd. soln. contg. 83A308 
[MNPZO)' 0.1 mol L -J Br-. pKa (Nafantrom) 

= 9.4. 

1'1'1 Nleotlnamlde adenine dlnueleotlde, redueed 

Br2'- + NADH - 2 Br- + H+ 1.0 X 101) 4.2- p.r. 83A170 
+ NAD' 13.5 

0.0 x 108 p.r. P.h.k. a.t - 400 nm in NzO-sa.td. 0.1 710158 
mol L -J Br- soln. 

1'18 Nltl'lIotl'laeetate Ion 

Br2'- + NTA:-J- - <1 x 107 p.r. D.k. of Br2'- unaffected by solute in 
N20-satd. 0.1 mol L -I KBr. 

78A436 

1'10 Penlelllamine 

Br1.l°- + PenS- - 2 Br- + 1.8 x 10° p.r. P.b.k. 84A233 
PenS' 

180 Penlelllamine dlsulftde 

Br2°- + (PenS)2 .... 2 Br- + 7.5 x 107 7 p.r. D.k. at 360 nm in N20-satd. 801n. 81A008 
(PenS)2'+ 3.1 x 108 9 contg. 0.05 mol L -I KBr and tert-

3.3 X 108 11 BuOH; pK = 7.9, 8.6. 

181 Phenol 

Br2°- + 00H60H .... 2 Br- + H+ 6 X 106 6 p.r. 743003 
+ CoHr,Oo 

182 Phenoxlde Ion 

Br2°- + CoHsO- .... 2 Br- + 5 X 108 10 p.r. 743003 
OOH50o 

2.9 X 10~ 12.5 p.r. P.b.k. 743052 

183 PhenTlalanlne 

Br2'- + Phe .... <1 x 106 7.0 0.1 p.r. D.k. in N20-satd. Br- soln. 720036 

184 Pheophytln « 
Br2°- + Ph a .... 2 Br- + 1.2 x 108 p.r. D.k. in N20-satd. soln. contg. 2% 81NU6 
[Ph-a)·+ Triton X 100 (micelles) and 5 x 

10-2 mol L -1 Br-. 
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TABLE 22. Rate constants for reactions of dibromine radical ions in aqueous solution-Continued 

No. Reaction Ie (L mol-I s-l) pH 1 Method Comment Ref. 

18& Promethazine 

Br2'- + PZH+ -+ 2 Br- + 6.2 x 1011 3.6 -0 p.r. P.h.k. Bt 505 nm as well as eLk. at 83A272 
PZH·2+ 360 nm; overall rat.e constant, 80% 

electron transfer. 

188 Propyl gallate 

Br2'- + (HO)aCnH2C02CaH7 - 1.1 x 1011 -9 p.r. D.k. in N20-satd. soln. contg .. Br-. 85A492 
2 Br- + 2 H+ + 
00(O-)(OH)CoH2C02C3H7 

18'1 Pyrazole 

Br2°- + CaH4N2 - <1 x 106 8.8 p.r. D.k. at 360 nm 85A390 

188 Pyrene (triplet state) 

Br2°- + 3py - 2 Br- + Py+ 1 x lOll p.r. D.k. at 414 nm C'Py) or 360 nm 761181 
(Br2°-) or p.b.k. at 448 nm (Py+) in 
0.02 mol L- J Br- contg. 10-2 mol 
L - J hexadecyltrimethyl ammonium 
bromide; triplet formed by flash 
photolysis; two kinetic steps obs. 

189 N-Stearoyltryptophan methyl ester 

Br2'- + STME - 2 Br- + 5.6 x 1011 7.0 p.r. P.b.k. at 520 nm in micellar soln. 86N!45 
STMEo contg. 2 x 10-3 mol L -I tetradecyl 

trimethylammonium bromide, 0.1 
mol L -1 phosphate buffer and 0.1 
mol L -] NaBr; Ie = <2 X 107 in 
SDS by d.k. of Br2·- at 380 nm. 

190 Tetraftuorohydroqulnone 

Br2°- + C6F iOH)2 - 2 Br- + 7.4 x 108 -10.5 p.r. D.k. in N20-satd. soln. contg. 0.1 83B063 
°OCoF 40- + 2 H+ mol L- I KBr. 

191 1,2,4:,&-Tetramethoxybenzene 

Br2°- + TMB -+ 2 Br- + 1.9 x 109 p.r. D.k. at 380 nm in N20-satd. soln. 87A041 
TMBo+ contg. Br-. 

192 2,2,8,8-Tetramethyl-4:-plperldone N-oxyl 

Br2'- + TAN- 1.6 x 109 5-6 p.r. D.k. at 380 nm. 710618 

19a Tetraphenylborate Ion 

Br2°- + Ph.,B- - 2 Br- + 2 x 107 p.r. P.b.k. 86A469 
Ph.,B· 

194: Thymine 

Br2·- + 5-MeU- - 2 Br- + 2 x 108 13 p.r. D.k. at 360 nm in N20-satd. soln. 86C005 
6-McU· contg. 0.1 mol L -I KBr and 0.06-6 

X 10-3 mol L -I thymine (pKa = 
9.94). 

<107 3-4 p.r. P.b.k. at 370-380 nm in N .. O-satd. 
soln. contg. 2-5 x 10-2 m~1 ),-1 Ar-

87A026 

and 2-tO X 10-,1 mol L- I pyrimidine. 

2 x 108 12 p.r. 741168 
< 1 x 107 7 

19& a-Tocopherol 

Br2·- + ArOH -+ 2 Br- + H+ + 7.2 x 108 7.0 p.r. P.b.k. at 440 nm in micellar soln. 86N145 
ArO° contg. 2 x 10-3 mol L -1 tetradecyl 

trimethylammonium bromide, 0.1 
mol L -1 phosphate buffer and 0.4 
mol L -I NaBr. 
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TABI.E 22. Rat.e const.ant.s for reactions of dibromine radical ions in aqueous solut.ion-Cont.inued 

No. Reaction Ie (L mol- 1 S-I) pH 1 Met.hod Comment. Ref. 

Ite .' ,4:' ,I'-Trlhydroxybutyrophenone 

I:5r2" + 7.2 X lOa 6·7 p.r. D.k. in N20-.. a.td. IiInln. ennt,p;. Br-. R6A492 
(HO)aCoH2COCH2CH2CHs -+ 1.4 x 109 '~9 

I." 1',4:' ,e'-Trlhydroxy-P-( 4-hydroxyphenyl)-proplophenone 

Br2°- + 1.9 X 109 ~9 p.r. D.k. in N2 0-sat.d. soln. contg. Br-. 85A492 
(HO)3CoH2CO(CH2)2CoH40H -+ 

Its I' ,4:' ,6'.Trlhydroxy-a-( 4-metboxyphenyl)-aeetopbenone 

Br2°- + 1.3 x 109 8.6-9.6 p.r. D.k. in N20-satd. soln. contg. Br-. 86A492 
(HO)3CuH2COCH2CoH .. OCHa -+ 

Itt 1,4:,6· TrlbydroX)"pyrlmldlne 

Br2'- + C ... "aNIoIOs- ...... Z Br- + 1.8 x 10° 13 p.r. D.k. at 3GO nm In N20-satd. soln. 8GCOOG 
C .. HaN2Oa contg. 0.1 mol L- I KBr and 0.05-5 

x 10-3 mol L -1 isobarbit.urate ion 
(pKa = 8.11, 11.6). 

JOO 1,4:,e-Trlbydroxypyrlmldlne (Barbiturate Ion) 

Br2°- + C .. HaN20a - -+ 2 Br- + 1.1 x 109 13 p.r. D.k. at 360 nm in N20-satd. 801n. 86C005 
C .. HaN20a contg. 0.1 mol L- 1 KBr and 0.05-5 

x 10-a mol L -1 barbiturate (pKa 
= 4.0, 12.5). 

101 Tryptamine 

Bro·- + TrpH -+ 2 Br- + Trpo 
+ H+ 

1 x 109 '1, 1a ru '. D.k at. ass nm in N1o)O-utd. linIn 
contg. 0.1 mol L- 1 KBr; radical 

RSA 110 

cation forms which deprotonates. 

1.3 x tog 6.2 p.r. P.b.k. at 510 nm in N20-satd. soln. 84AOS9 
eonts;. 10-2 mol L -I KBr 

(phosphate buffer). 

101 Tryptophan 

Br2°- + TrpH -+ 2 Br- + Trp· 7.0 X 108 7-10 p.r. D.k. at 360 nm in N20-satd. 0.1 mol 86A187 
+ H+ L - J KBr soln. 

5.8 x 108 6.2 p.r. P.b.k. at 510 nm in N20-satd. soln. 84A059 
contg. 10-2 mol L -I KBr 
(phoGphat,e buffer). 

7.0 X 108 p.r. D.k. at 360 nm or p.b.k. at. 500 nm 78A315 
in N20-satd. soln. 
mol L- 1 KBr. 

contg. 6 x 10-:· 

7.7 x lOt{ 7-13 0.1 p.r. D.k. in N20-satd. Br- soln. 720036 

108 Tryptopbanamlde 

Br2°- + TrpH -+ 2 Br- + Trp· 1.1 x 109 7, 13 p.r. D.k. at 355 nm in N20~satd. soln. 86AllO 
+ H+ contg. 0.1 mol L - J KBr; radical 

cation forms which deprotonates. 

104: Tryptophan methyl ester 

Br2°- + TrpH -+ 2 Br- + Trp· 8.3 X 10rl 7, 13 p.r. D.k. at 355 nm in N20-sa.t.d. soln. R6AllO 
+ H+ contg. 0.1 mol L -I KBr; ra.dical 

cation forms which deprotonates. 

1106 TI'7Ptoph :r1t:rl'oelnc 

Br2·- + c-TrpHTyrOH -+ 6.8 x 108 4 p.r. D.k. 81A032 

108 Tyrosine 

Br2°- + TyrOH -+ 2 Br- + H+ 2 )( lOR 7 p.r. D.k. at 355 nm in N20-satd. soln. 86AllO 
+ TyrOo 5 x 108 13 contg. 0.1 mol L- 1 KBr. 

2 x 107 6.2 p.r. P.b.k. at 405 nm in N20·sat.d. soln. 84A059 
contg. 10-2 mol L -I KBr 
(phosphate buffer). 
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RATE CONSTANTS FOR REACTIONS OF INORGANIC RADICALS IN AQUEOUS SOLUTION 1205 

ThBLIi: 22. Rate constants for reactions of dibromine radical ions in aqueous solution-Continued 

No. Reaction Ie (L mol- I s-l) pH 1 Method Comment Ref. 

306 Tyroslne-Continued 

-1 x 107 6 p.r. D.k. in N20-l.Iat,d. 0.04 mol I.-I Rr- 731087 
--3.5 x lOR 12 soln.; values from graph. 

2.0 x 107 7.5 0.1 p.r. D.k. in N20-latd. Br- soln.; Ie 720036 
5 x 108 12 increasel with pH. 

307 Tyroslne methyl ester 

Br2'- + MeTyrOH - 2 Br- + 1.5 x 107 -. 7 p.r. D.k. at 355 nm in N20-satd. soln. 86A 11 0 
MeTyrO' + H+ 1.5 x 100 13 contg. 0.1 mol L -I KBr; radical 

cation forms which deprotonates. 

Z08 Uraell 

Br2'- + U- - 2 Br- + U' 2 X 108 13 p.r. D.k. at 360 nm in N20-satd. soln. 86C005 
contg. 0.1 mol L -I KBr and 0.05-5 

x 10-3 mol L - f uracil (pK" = 9.6). 

2 x 108 12 p.r. 741168 
< 1 x 107 7 

200 Urate Ion 

Br2'- + UrO- - 2 Br- + UrO' 1.6 x 100 13 p.r. D.k. at 360 nm in N20-satd. loIn. 86COO6 
contg. 0.1 mol L -I KBr and 0.06-5 
x 10-9 mol L - 1 urate (pK" = 5.4, 
5.54, 12.73). 

Z10 Xanthlne 

Br2'- + XO- - 2 Br- + XO' 8.8 X 108 13 p.r. D.k. at 360 nm in N20-satd. soln. 
contg. 0.1 mol L -I KBr and 0.05-5 

86C006 

x 10-3 mol L -J xanthine (pK" = 
7 .53, 11.63). 

211 Aleohol dehydrogenase 

Br2'- + ALDH - 2.6 x 100 7 p.r. D.k. in 0.05 mol L -I Br- soln.; 741125 
enzyme from yeast; Ie = 1.0 X 100 78R007 
for horse liver enzyme. 

213 Apoearbonle anhydrase 

Br2'- + apo-CAHD - 4.5 x 108 7.0 p.r. D.k.; at pH 11.5 Ie = 6.8 X 108 • 81A299 

318 Carbonle anhydrase 

Br2'- + CAHD - 4.6 x 108 7.0 p.r. D.k. at 360 nm in N20-satd. soln. 81A300, 
1.9 x 100 10.8 contg. 10-2 mol L -I KBr and 1.5 81A299 

me mL -1 carbonic anhydrase (from 
beef blood); cor. for Br- binding of 
enzyme; inhibition of reaction by 
other anions was allo studied. 

Z14 Carboxypeptidase A 

Br2'- + CPD-A - 8 x 108 8 p.r. D.k. in 0.05 mol L -1 Br- loin.; 731060 
1 x 1011 9 values from graph. 
2 x 10° 10 
2.5x 109 11 

316 «-Chymotrypsin 

Br2°- + a-Chymotrypsin - 1.6 x 1011 6.7 p.r. D.k. in N20-satd. 0.04 mol L -1 Br-; 741096 
mol. wt. = 20,000. 

216 Coneanavalln A 

Br2'- + Con A- 7 x 109 7.1 p.r. P .h.k. at 530 nm in N20-satd. soln. 
contg. 10-2 mol L -1 KBr. 

78R005 
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TABLE 22. Rate constants for reactions of dibromine radical ions in aqueous solution-Continued 

No. Reaction Ie (L mol- 1 S-I) pH 1 Method Comment Ref. 

31'1 Coprorerrlheme 

Br2'- + Coproferriheme - > 1 X 10° 5.6 p.r. EAt.d. frnm r~pkl ch~ngp in ~p(>drum 84RHJ9 
in N20-satd. solo. contg. 0.1 mol 
L -I KBr and 10-5 mol L- 1 

coproheme, assuming 2Ic{Br2'- + 
Br2'-) = 4 X 109

• 

318 Cytochrome C 

Br2'- + Oyt 0 (Fe3 +) - -5 x 107 7 0.073 p.r. D.k. at 360 nm in N20-satd. soln. 81A069 

3U. Cytochrome C (terro) 

Br2'- + Oyt 0 (Fe2+) - 2 Br- 9.7 X 108 7 0.073 p.r. D.k. at 339 (Br2'-) or 450 or 550 81A069 
+ Cyt 0 (Fe3 +) nm (cyt) in N2O-satd. soln.; 100% 

e-transfer: same rate at pH 8: Ie = 
1.6 X 10 10 cor. to 1 = o. 

ZZO Isoeltraie dehydrogenase 

Br2'- + ICDH - 7.7 x 108 7 p.r. D.k. at 360 nm: enzyme from pili!: 82A318 
-2 x 10° -11 heart. 

331 Lacease 

Br2'- + Cu-OXD - addn. -1.6 x 1010 6.0 p.r. D.k. 82A422 

221 Ladate dehydrogenase 

Br2'- + LADH - 5.5 x 109 7.2 0.005 p.r. D.k. in N2 0-satd. soln. contg. 5 x 
10-3 mol L -I Br- and 3.6-18.3 x 

771132 

10-6 mol L -I enzyme from beef 
heart; there is a fast initial rate; 
reported Ie is for decay after first 
half-life; p.b.k. at 500 nm is in good 
agreement but with no fast initial 
rate. 

118 Llpoxldase (soybean) 

Br2'- + LOX- 2.5 x 109 p.r. Product is Fe(IU) yellow enzyme, 80A296 
60% reaction at the Fe{lI) center est 
from final abs. spectrum. 

114: Papain 

Br2°- + Papain - 1.1 x 10° 7 p.r. D.k. in 0.05 mol L -J Br- soln.; 741026 
2.3 x 10° 11.5 activated enzyme used. 

336 Pepsin 

Br2°- + Pepsin - 1.6 x 109 4.3 p.r. D.k. 79A185 

ale Peroxidase (horseradish) 

Brz'- + Felli RRP - RRP -2 x 106 6.3 phot.. C.lt.; ObB. Compound II formn. in 80R177 
Compound II soln. contg. S2082- and NaBr; reI. 

to 2~Br2'- + Br2'-) = (1.6 - 2.6) 
x 10 . 

317' Phage T4: gene 31 protein 

Br2'- + gp32 - 9.5 x 109 6.2 p.r. P.b.k. at 510 nm (formn. of Trpo) in 
N 20-satd. soln. contg. 10-2 mol L - I 

R4A059 

KBr (phosphate buffer). 

318 Ribonuclease 

Br2'- + RNase - 4.6 x 109 4.5 p.r. D.k. in 10-2 mol L -1 Br- soln. 720037 

Zig Subtlllsin 

Br2'- + Subtilisin - 1 x 10° 7 p.r. D.k. in N20-satd. 0.04 mol L -I Br- 731147, 
-2 x 10° 10 soln.; subtilisin Carlsberg; values 741119 
-7 x 10° 12 from graph; Ie = 1.3 x 10° at pH 7 

for subtilisin Novo. 
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TABLl~ 22. Rate constants for reactions of dibromine radical ions in aqueous solution-Continued 

No. Reaction 

280 Superoxlde dlBmutaBe 

Br2'- + SOD -

281 Trypsin 

Br2'- + Tryp -

4.4 X 108 7-10 
3.4 x lOA 11.3 

2.6 x 10° 7-8 
5.3 x lOP 11.5 

1 Method Comment Ref. 

p.r. Bovine env.ymej Ie = 1.2 X lOP for 7:41148, 
human enzyme at pH < 10. 743081 

p.r. D.k. in N20-satd. 0.04 mol L -I Br-. 731067 
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TABLE 23. Rate constants for reactions of diiodine radical ions in aqueous solution 

No. Reaction Ie (L mol- 1 s-I) pH 1 Method Comment Ref. 

1 Dllodlne radleal Ion 

12'- + 12'- ... 13 - + 1- 3.2 x 109 7 0.1 p.r. D.k. at 725 nm in N20-satd. 801n. of 84A281 
KI (value from graph); Ie dE'td. at 
22~91 eC at. various [KI): € = 2560 L 
mol- 1 em-I. . 

3 x 109 9.5 p.r. D.k. at. 400 nm in N20-satd. 801n. 80G098 
contg. 1 x 10-3 mol L -I KI, and 
borat.e ion: (£380 = 9100 L mol- I 

em-I). 

4.5 x 109 alk. p.r. Computer analysis of abs. at. 335 761105 
and 390 nm in N2O-satd. 2 X 
10-4-1 X 10-2 mol L -1 1- soln. 
contg. 1.3 x 10-4 H+ to 10 mol 
L -I OH-; €(390 nm) = 15,600 L 
mol- t cm-I: £(335 nm) = 8200 L 
mol- 1 

3.9 x 109 1.4-6 f.p. D.k. at 404.7 nm in 3 x 10-1) to 577007 
10-3 mol L -1 r soln.: £(404.7 nm) 
= 11,700 L mol-I cm- J • 

J Cobalt(D) Ion 

12
0 - + C02 + ... f.p. no reaction 737316 

8 Pentaammlne(lodo )eobalt(m) Ion 

12'- + Co(NHa)512+ ... Is - + -2.5 X 104 f.p. Estd. from intensit.y dependence of 727506 
C02+ + 5 NHs 4>(Co lI). 

4: 6,'1,'1 ,lZ,l4:,14,-Hexamethyl-l,4:,8,ll-tetraalaeyelotetradeea-4:,11-dleneeobalt(D) Ion 

120 - + Co(4,1l-dieneN .. )IH ... 1- 7.2 X 109 2 0.03 
+ ICo(4,ll-dieneN1)2+ 

f.p. D.k.; 12
0 - from ion pair: 

Co(NH:J)o 3+, r. 
727506 

6 l,8,8,8,10,18,18,10.0etaalableyelo[8.8.8)eleoaaneeobalt(D) Ion 

12'- + Co(sepulchrat.er~+ ... 5.0 x 100 p.r. D.k. at 375 nm in soln. cont.g. 0.1 86A342 
2 1- + Co(sepulchrate)3+ mol L- I KI and 1 x 10-4 mol L- 1 

Co(sepulchrate)3+ . 

6 Chromlum(D) Ion 

120 - + Cr2 + ... 1- + Cr12+ 1.5 x 109 0.2 p.r. D.k.: inner-sphere substit.ut.ion. 741104 

'1 NltrUotrlaeetatoeuprate(D) Ion 

12'- + CuNTA - ... p.r. unreact.ive 78A436 

8 Ethylenedlarnlnet.ctl'aacctatocupl'atc(n) Ion 

12'- + CuEDTA2 - ... p.r. unreactive 78A436 

g Iron(D) Ion 

12'- + Fe2+ -+ 1- + Fe12 + 3.6 X 100 p.r. Inner-sphere subst.itution. 741104 

10 NltrUotrlaeetatoferrate(D) Ion 

12'- + FeNTA - ... 1.1 X lOR 4.8 p.r. D.k. 78A436 

1.1 Etbylenedtamlnetetraaeetatofe .... ate(n) ton 

12'- + FeEDTA2 - ... <5 x 107 4.8 p.r. D.k. 78A436 

Ul I17Polodliic Ion 

12'- + 10- -+ 2 1- + 10 <1 X 107 p.r. No reaction det.ected 85A037 

5.1 x 107 0.01 f.p. D.k. at. 370 nm: also studied 80A199 
variation of 1 and D (alcohol). 

5.0 x 107 13.6 f.p. D.k. in (1-3) X 10-4 mol L -1 10- 700018 
and 1- soln. 

18 HYDOlodoU8 aeld 

12'- + HOI -+ 2 1- + H+ + 10 -1 X 105 'V-r . Estd. from yields. 85A037 
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TABLE 23. Rate constants for reactions of diiodine radical ions in aqueous solution-Continued 

No. Reaction 1 Method Comment Ref. 

14: Azide Ion 

12
0

- + Na p.r. 

16 6,7,7 ,12,14:,14:-Hexamethyl-l,4:,8,11-tetl'a&laeyelotetl'adeeanenlekel(D) Ion 

12
0

- + Ni(aneN.I)2+ - < 1 X 107 1 f.p. 

D.k. at. 3Mn nm (l~ -) in N 20-slltct. 
soln. cont.g. 0.2 mol L -I NaNa 

D.k. in N20-satd. soln. contg. 0.1 
mol L- 1 r. 

87(:002 

79A038 

16 6,7,7 ,12,14,14-Hexamethyl-l,4,8,11':'tet1"aazaeyclotetl'adeea-4,Il-dlenenlekel(D) Ion 

12
0

- + Ni(4,1l-dieneN4)2+ - < 1 X 107 f.p. D.k. in N20-satd. soln. contg. 0.1 
mol L- 1 r. 

79A002 

17 6,7:1 ,12,14:,I4:-Hexamethy 1-1,4:,8,11-tetraazaeyelotetl'adeea-l,4,8,11-tetl'aenenlekel(n) Ion 

12
0

- + Ni(LeLraeneN 4)2 .... - < 1 X 107 1 f.p. D.k. ill N 20-ea.id. Boln. contg. 0.1 
mol L- l 1-. 

T9A038 

18 NltrUotrlaeetatonlekelate(n) Ion 

12 '- + NiNTA- --

19 Ethylenedlaminetetraaeetatonlekelate(D) Ion 

12'- + NiEDTA2
- -

20 Trls(I,lt-blpYl'ldlne)osmlum(D) Ion 

12,- + Os~bPY)a2+ - 2 1- + 1.1 X 108 

Os(bPY)a3 

21 Trls(2,2'-blpyrldlne)0Ilmlum(m) fon 

1.2 X 1010 

12 Pentaammlne(pyrldlne)ruthenlum(n) Ion 

12'- + Ru(NHa)6py2+ - 2 1- + 2.3 X 109 

Ru(NHa)6py3+ 

28 Hydrogen Bulflte Ion 

I~'- + HS03 - - 2 r + H+ + 
803 -

24 Sulftte Ion 

12
0

- + SOa2
- - 2 1- + 80:3-

24a Ul'anlum(m) Ion 

12
0 - + U3+ - r + UI,H 

26 Vanadlum(n) Ion 

12
0 - + V:':-r - 2 1- + V3 -r 

1.1 X 106 

1.4 X 10" 

3 0.1 

3 0.1 

3 

11 

<1 

0.2 

26 6,10,16,20-Tetrakla( 4-N-methylpyrtdyl)porphlnatollne(n) Ion 

p.r. 

p.r. 

p.r. 

I'.r. 

p.r. 

p.r. 

p.r. 

p.r. 

p.r. 

120
- + ZnTMpypH - 2 r + '-1 X 108 7 0.01 p.r. 

[ZnTMpyPJ°I)-r 

27 Aerlftavlne (8,6-Dlamlno-l0-methylael'ldlnlum) 

12
0

- + ACFI+ - <2 X 108 p.r. 

unreactive 78A438 

unreactive 78A436 

D.k. at 630 nm in soln. contg. 0.1 82A115 
mol L -1 1- and 10-4 mol L- I 

{'ompl@x; Ie .. = 3.3 )( 10" L -2 mol-2 

s-I. 

D.k. at 630 nm in l'Ioln. contI(. 0.1 
mol L -I 1- and 10-4 mol L- 1 

complex. 

Preliminary results; H. Cohen. 

82A115 

84A035 

D.k. at 380 nm in N2 0.satd. 1- soln. 85AI03 

D.k. at 380 nm in N20-satd. 1- soln. 85Al03 

D.k. in He·satd. soln. contg. 0.6 mol 85A122 
L -] HCI01 contg. 0.1 mol L -1 Nal; 
inner-sphere mechanism. 

D.k.; ollter-sphere el~dron t.r~n!lfer. 741104 

P.b.k. at 690-700 nm in N .. O-satd. 85A038 
buffered soln. contg. Nal a~d (1.4) X 

10-4 mol L -I porphyrin; the 1T. 

radical cation complexes with 1-. 

Decay of 12
0

- only slightly increased 700241 
in presence of dye. 
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TABLE 23. Rate constants for reactions of diiodine radical ions in aqueous soiution-Continued 

No. Reaction k (L mol- J s-J) pH 1 Method Comment Ref. 

18 AnUlne 

12• - 1; CoHr,NH2 ... 2 1- + HT + 4.4 x 10° 10 p.r D.k. at 380 om nm in N20-satd. 1- 87A220 
CoHaNH soln. 

.0 Ascorbate Ion 

12.- + AH- ... 2 1- + H+ + ·A- 3.1 x 108 10 p.r D.k. at 380 nm nm in N20-satd. 1- 87A220 
soln. 

1.7 x lOR 11 -0 p.r. P .b.k. at 360 nm in N2 0-satd. soln. 
contg. 6 X 10-3 mol L -I 1-. 

771036 

1.4 X lOR 7 p.r. D.k. 720266 

80 Ascorbic acid 

11,).- + AH2 ... 2 ,- + A.- + 2 S;R X 106 p.r. DIr. lilt ~RO nm RSA~g2 

H+ 

5 X 106 2 p.r. D.k. 730266 

81 4-Bl'omophenoxlde ton 

12.- + BrCoH40- ... 2 1- + 5.0 X 107 12.5 p.r. P.b.k. at 400 nmj at pH 7 k =: 6 x 743052 
BrCoH40· 106 • 

3. 4-Chlorophenoxlde Ion 

12.- + CICoH .. O- ... 2 .- + 5.8 X 107 12.5 p.r. P.b.k. at 400 nm. 743052 
CICoH.O-

88 Chlorpromaalne 

12.- + CZH+ - 2 (- + CZH·2 + 2.0 x 10° 3.6 p.r. P.b.k. at 605 nm in N20.latd. loin. 83A2'12 
cont,. 0.1 mol L -I Kl; overall rate 
constant, 58% electron transfer. 

8" Cysteine 

12• - + CyaSH ... 1.1 x 108 6.8 0.1 p.r. D.k. in N20.8a.td. 1- 80tn. 720036 
"' 1 x 109 10-11 

8& 1,8-Dlaaablcyclol"."."]tetradecane radical cation 

12.- + DABCT·+ - 2 .- + 1.9 X 108 -0 p.r. D.k. at 480 nm (as well as 380 nm, 86A272 
DABCT2 + 12 -) in N20.latd. soln. contg. 0.02· 

2.0 x 10-3 mol L - l radical cation 
and 0.1 mol L -1 Klj kobs = 1.1 X 

108
• 

88 1,8-Dlhydroxy-l-propenal 

12.- + TRH2 - 2 r + 2 H+ + :SOl x IOU p.r. D.k. at 380 nm; pK" = 5.0, 13.0j 85A392 
TR·- pKa (radical) = 1.4. 
12" - + TRH- - 2 1- + H+ + 3.4 X 108 

TR·-

8' Dlthlothrettol 

12"- + DTT ... 1.9 x 107 7 p.r. D.k. 731020 

8S Hlet.ldlne 

12.- + His ... <1 x 106 7 0.1 p.r. D.k. in N20-satd. ,- soln. 7200:16 

ao Llpoate Ion 

12"- + RSSR ... 2 1- + RSSR·T 6.2 X 10" 9 p.r. D.k. at 380 nm in N20-satd. soln. 86A403 
contg. KI and variouB concns. 
disulfide; k = 2.2 X 108 cor. for 1j 
Ie, = 3.5 x 10° L -2 mol-2 S-I. 

4:0 Lipoic acid 

12.- + RSSR ... 2 r + RSSR·+ 6.8 x 108 3.6 p.r. D.k. at 380 nm in N20.satd. soln. 86A403 
contg . KI and various concns. 

. disulfide; A:r = 1.44 X 1010 (A:r = 
3.0 X 10to L -2 mol-2 a-I eor. for 
1). 

J. Phys. Chem. Ref. Data, Vol. 17, No.3, 1988 



RATE CONSTANTS FOR REACTIONS OF INORGANIC RADICALS IN AQUEOUS SOLUTION 1211 

T ABLg 23. Rate constants for reactions of diiodine radical ions in aqueous solution-Continued 

No. Reaction Ie (L mol- J s-l) pH 1 Method Comment Ref. 

41 2-Mercapto-I-methyllmldasole 

12 '- + MMI -+ 2 r + MMI'+ 2.0 x 101) p.r. P.b.k. at 510 nm in soln. cont~. 84A~17 

10-2 mol L -I KI and 10 ' mol L- 1 

MMI. 

42 Methionine 

12'- + Met -+ <1 X 106 7 0.1 p.r. D.k. at N2 0-satd. 1- soln. 720036 

< 1 X lOti 3 p.r. D.k. 81A339 
< 1 X 107 11 

43 4-Methylphenoxlde. Ion 

12,- + CH3 CoH10- -+ 2 1- + 9.8 X 107 12.5 p.r. P.b.k. at 400 nm. 743052 
CHaCoH.10· 

44 Nicotinamide adenine dInucleotide, reduced 

12'- + NADH - 2 1- + H+ + -5 X 107 0.1 p.r. D.k. at 370 nm in N20-satd. 1- soln. 710158 
NAD' 

46 Phenoxlde Ion 

12
0

- + COHliO- - 2 1- + 5.7 X 107 12.5 p.r. P .b.k. at 400 nm. 743052 
CoH50' 

48 Phenylalanine 

12'- + Phe -+ <1 X 106 7 0.1 p.r. D.k. in NzO-satd. 1- soln. 720036 

4'1 p-Phenylenediamlne 

12'- + COH1{NHz)z - 2 1- + H+ 7.0 X 107 10 p.r P .b.k. at 480 nm in NzO-satd. 1- 87A220 
+ HzNCoH.1NH soln. 

48 Promethaslne 

12 '- + PZH+ - 2 1- + PZH·2 + 6.6 X 108 3.5 p.r. P .b.k. at 505 nm as well as d.k. at 83A273 
410 nm in NzO-satd. soln. contg. 
0.1 mol L -J KI; overall rate 
constant 

49 N,N,N' ,N'-Tetramethyl-p-phenylenedlamlne 

12,- + TMPD -+ 2 r + 6.6 X 108 10 p.r P.b.k. at 560 nm in NzO-satd. 1- 87A220 
TMPD'+ soln. 

60 2,2,8,8-Tetramethyl-4-plperldone N-oxyl 

12 '- + TAN -+ 1.7 X 109 5-6 p.r. D.k. at 390 nm; flnal product may 710618 
be 13 -, 

61 Tryptophan 

12'- + TrpH -+ < 1 X 106 7 0.1 p.r. D.k. in N20-satd. 1- soln. 720036 
--I X 107 12-13 

62 Tyrosine 

12'- + TyrOH -+ <1 X 106 7 0.1 p.r. D.k. in NzO-satd. 1- soln. 720036 

63 Urate Ion 

12 '- + UrO- -+ 2 1- + UrO' 8.4 X 1011 13 p.r D.k. at 380 nm in NzO-satd. 1- soln. 87A220 

64 Alcohol dehydrogenase 

12 '- + ALDH -+ --1.2 X 109 p.r. Est. from d.k. in N2 0-satd. 1- soln.; 731065 
enzyme from yeast; reaction of 
horse-liver ALDH with 12 ,- not 
important, inactivation probably by 
I' [78ROO7J. 

66 Aldolase (rabbit muscle) 

12 '- + ALD -+ -3 X 108 p.r. Est. from d.k. in NzO-satd. 1- soln. 731065 
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TABLE 23. Rat.e constants for reactions of diiodine radical ions in aqueous solut.ion-Continued 

No. Reaction 

5e Laetate dehydrolenaee 

120
- + LADH-

57 Trypsin 

12"- + Tryp -

J. Phys. Chem. Ref. Data, Vol. 17, No.3, 1988 

7.2 

11 
12 

1 Method Comment Ref. 

D.UU5 p.r. 

p.r. 

D.k. at. N!!O*sat.d. r- Infn. contI'. 6 771132 
X 10··n mol L - I LADH; 112"-) = 6-
100 X 10-6 mol L -J j Ie for I" 
reaction also derived. 

D.k. in N20-aatd. 0.04 mol L -I 1-
soln.; values from graph. 

731067 
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TARI.E 24. Rate constants for reactions of chlorine dioxide in aqueous solution 

No. Reaction /c (L mol- 1 s-l) pH Method Comment Ref. 

1 Bromide Ion 

C102' + Br- - «10-2 D.k. at 360 nm; Ie from graph. 82A468 

I Dlbromlne radleal anion 

CI02 ' + Br2'- - 1.2 x 109 5 f.p. D.k. in Br--CI02 soln.; some BrCI'- 737043 
possible. 

a Dlehlorlne radical anion 

C102' + C12' - - 1.0 x 109 5 f.p. D.k. in CI02-CI- soln. 737043 

• BIs(1 ,I' ,8' ,I"-terpyrldlne )eobalt(U) Ion 

C102• + Co(terpY)22+ - C102- 2.1 X 107 2.5-6.5 s.f. Activation parameters were obtained from 84A464 
+ Co(terpY)23+ measurements at 6-30°C; obs. change in abs. 

at 316 and 505 nm. 

6 Trla(1,10-phenanthrollne )lron(U) Ion 

CI02' + Fe(phen)32+ - CI02 - + 4.5 X 104 1-1.7 s.f. D.k. at 510 nm (Fe(IJ»; I:, = 2.3 x 107; 1 83A404 
Fe(phen)33+ = 0.1. 

0 Ferroeyanlde Ion 

CI02' + Fe(CN)64
- - CI02 - + 7.4 X 107 9.2 p.r. P.b.k. at 420 nm. 86A059 

Fe(CN)6s-

'I Iodide Ion 

C102• + 1- - 1.4 X 103 9-10 D.k. at 360 nm 82A468 

8 Hexabromolrldate(m) Ion 

CI02' + IrBro 3- - CI02 - + 6.9 X 105 5.6-6.2 s.f. D.k. at 588 nm; derived from reverse 84A454 
IrBr62- reaction; 1 = 0.1; Keq = 37.3. 

t Hexaehlorolrldate(m) Ion 

C102 • + IrClo 3- - CI02 - + 5.9 X 104 1.4-4 s.f. D.k. at 487 nm; derived from reverse 84A464 
IrC16

2 - reaction; 1 = 0.1; Keq = 6.66. 

10 Ammonia 

CI02" + NH3 - «10-2 D.k. at 360 nm; /c from graph. 82A468 

11 Nitrite Ion 

C102 • + N02 - - 1.1 X 102 4-10 D.k. at 360 nm 82A468 

12 Hydroxyl radleal 

C102 ' + 'OH - CI03 - + H+ 4.0 x 109 -7 p.r. D.k. at 360 nm in N20-satd. soln. 86A039 

18 Oxide radleal anion 

CI02 " + 0'- - CI03- 2.7 x IOU alk. p.r. D.k. at 360 nm in N20-latd. loin. 86A039 

14. Pephydpoxyl padleal 

CI02' + H02' - <1 X 106 <4 p.r. Derived from second-order d.k. at 358 nm in 86A059 
CI02 - soln. by varying pulse intensity; at 
pH 3.2 /cobs = 1.4 X 108

• 

1& Superoxlde radleal Ion 

CI02 ' + O2'- - CI02 - + 02 3 )( 10° 9.4 p.r. Derived from second-order d.k. at 358 nm in 86AOS9 
CI02 - soln. by varying pulse intensity. 

3.3 x 10° 12 p.r. D.k. at 360 nm in soln. contg. 10-2 mol 81A242 
L - I CI02 - and 1.3 X 10-2 mol L -I H20 2 • 

10 Hydroperoxlde Ion 

C102 " + H02 - - 8 X 104 7-13 p.r. D.k. at 360 nm; /c calcd. from plot of 81A242 
[H02 -] vs. /cobll where pKa (H20 2 ) = 11.65; 
at pH <7 /c(C102 + H20 2) estd. to be <4. 
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TABLE 24. Rate constants for reactions of chlorine dioxide in aqueous solution-Continued 

No. Reaction Ie (L mol-I s-I) pH Method Comment Ref. 

If OzoJ:le 

CI02° + 0 3 - CIOa + 02 1.1 X lOa 3-11 s.f. D.k. at 260 and 360-420 nm in soln. contg. 85A039 
4-40 X 10-" mol L -I CI02 and 2-7 X 10-6 

mol L- J Os 

1.1 X lOa 2-9 D.k. at 258 nm in soln. contg. 0.2-2 X 10-4 85A221 
mol L -2 CI02 and 10-30 X 10-3 mol L- 1 

tert-BuOH. 

1.3 x lOS 2-6 D.k. at 360 nm 82A468 

18 Ozonide Ion 

CI02° + 0so- -" CIOa- + O2 1.8 X 10° 12,13 p.r. D.k. at 470 nm; ratio of ozone and ozonide 85A039 
radical ion yields VB [CI021. 

19 Sulflte Ion 

9102° + 80S2- - CI02 - + 2.7 X 106 11.4 p.r. D:k. at 358 nm in CI02 soln. 86A059 
80:J-

7.8 x 106 8.7 s.f. D.k. at aeo nm in !!loin. <:ontg. o.oa mol L-l 78A489 
8.6 X 105 10.0 phosphate buffer, 2·14 X 10-4 mol L- I 

1.2 X 106 11.5 sulfite and 1·7 x 10-4 mol L -I chlorine 
dioxide; T = 10 DC. 

30 Aeetate Ion 

01°2° + CH3002 - - «10-2 8 D.k. at 360 nm; Ie from graph. 82A468 

11 Alanine 

0102° + Ala- «10-2 8 D.k. at 360 nm; Ie from graph. 82A468 

33 3-Amlnoethanol 

0102° + H2NCH2CH20H - 1.4 X 10-2 D .k. at 357 nm; error in paper, quoted as 679138 
1.4 x 102

; Ie calcd. for deprotonated amine 
using pKa = 9.44. 

38 8-Amlnophthalate Ion 

CI020 + H2NOoH:t(002)22• - 1.6 x 105 p.r. D.k. in soln. contg. CI02 - and H20 2 81AI44 

34 Aniline 

CI020 + COH5NH2 - CI02 - + 4.5 X 105 6.9 p.r. D.k. at 358 nm in CI02 - soln.; pKa for the 86A059 
[CoHsNH210+ aniline radical cation -7. 

16 Anisole 

CI02° + °oH5 0CH3 - «10-2 D.k. at 360 nm; Ie from graph. 82A468 

18 Anthraeene 

CI020 + An- 3.3 X 103 7 s.f. Fluorescence decay at 377 nm in soln. 85A490 
contg. 4-30 x 10-7 mol L -1 chlorine 
dioxide and 0.05 mol L -I phosphate buffer 
and 6 X 10- 10 mol L -1 anthracene (added 
in CH2C12 soln.) 

.'1 Beolla.ldehTde 

CI02 ° + COH5 CHO - «10-2 D.k. at 360 nm; Ie from graph. 82A468 

38 Benzo-I,3-dlhydrophthalazlne-l,4-dlone 

CIO~o + -NHNH- - 0102- + H+ 3 X 106 7 s.f. D.k. at 360 nm in soln. contg. NaCI02; 86A399 
+ -N-NH- substrate oxidized as monoanion. 

19 1,4-Benzoqulnone 

CI02° + Q- «10-2 8 D.k. at 360 nm; no reaction obs. 82A468 

30 Benzylamlne 

CI020 + °oHr,OH2NH2 - 3.9 X 10-2 D.k. at 357 nm; Ie calcd. for deprotonated 679138 
[CoHsCH2NH21° + amine using pKa = 9.6. 

4.1 X 10-2 8.96 D.k. at 400 nm; 72.8% H abstr. 679139 
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TABLE 24. Rate constants for reactions of chlorine dioxide in aqueous solution-Continued 

No. Reaction Ie (L mol-I s-I) pH Method Comment Ref. 

81 Benayl-terl-butylamlne 

CI02 - + CoH,;CH2NHC(CH:,):, - 2.8 x 102 D.k. at 361 nm; Ie calcd. for deprotonated 619138 
CI02 - + 
[CoHaCH2NHC(CHa)3J-+ 

amine using pKa = 10.19. 

2.9 x 102 8.4 D.k. at 400 nm; at 40DC Ie = 6.6 X 102 : 679139 
25% H abstr. at pH 8.4, 16% at pH 7.1, 
31% at pH 7.1, 40"C. 

81 4-Bromophenoxlde Ion 

CI02- + BrC6H40- -+ CI02 - + 2.7 X 107 12.3 p.r. P.b.k. at 400-430 nm in N20-satd. chlorite 86A254 
BrCoH.tp- ion soln. 

88 N-tert-Butylpyrrolldlne 

C102• + CSH7N -+ 1.3 x 10° D.k. at 357 nmi Ie calcd. for deprot.onated 679138 
amine using pKa. = 11.13. 

84: Butyraldehyde 

C102 • + CH3CH2CH2 CHO - «10-2 D.k. at. 360 nm: Ie from graph. 82A468 

86 4-Cyanophenoxlde Ion 

CI02 • + NCC6H40- -+ CI02 - + <4 X 103 12.3 p.r. P.b.k. at 400-430 nm in N20.satd. chlorite 86A264 
CNCoH .• O· 10n soln. 

88 Cysteine 

C102• + CysSH -+ -1 x 102 2.5 D.k. at 360 nm: Ie from graph. 82A468 
-1 x 103 3.5 

87 Cystine 

C102 • + Su[CH2 CH(NHa +)C02 -J2 -1 X 101 2 D.k. at 360 nm: Ie from graph. 82A468 

88 1,4-Dlasableyelo[I.I.I)oetane 

CI02 • + DABCO - CI02 - + 4.1 X 10" 7 s.f. P .b.k. at 465 nm, as well as d.k. at 367 nm, 72A024 
DABCO-+ in soln. contg. 0.01-0.04 mol L - 1 DABCO 

and -5 X 10-4 mol L -I chlorine dioxide; 
ler = 4.6 x 101); pK = 8.93. 

89 1,4-Dlaaableyelo[I.I.I]oetane radleal eation 

C102- + DABCO-+ - 1.3 x 10" 9 s.f. D.k. at 465 nm, as well as d.k. at 367 nm, 72A024 
in soln. contg. 0.02-0.04 mol L -l DABCO, 
0.01-0.04 mol L -I chlorite ion and -5 x 
10-4 mol L -I chlorine dioxide; radical 
cation formed in reaction of CI02 with 
DABCOj steady state assumption. 

4:0 Dlbenaylamlne 

C)02" + (CoHsCH2)2NH -+ 8.3 7.1 D.k. at 400 nm; 35.1% H abstr. at 40.7°C; Ie 679139 
CI02 - + [(CeHsCH:a)2NH)·+ calcd. for deprotonated amine ulinC pKa. = 

8.43. 

41 Z,4-Dlchluruphenul 

C102 • + C12CoH30H -+ -1 x 102 2-3 D.k. at 360 nm; Ie from graph; pH 82A468 
dependent 

4:1 Diethylamine 

C)02· + (C2Ho)2NH -+ -1 x 103 7.1 D.k. 639026 

4:8 1,8-Dthydro-l,4-phthalastnedtone 

C102• + -NHN-- - CI02 - + 1.5 X 101) 7 s.f. D.k. at 360 nm in soln. contg. NaC102 ; 86A399 
-N-NH- + H+ substrate oxidized as monoanion. 

4:4: Dllsopropylamlne 

C102• + [(CHa)2CH]2NH - 3.5 x 102 D.k. at 357 nm; Ie calC'd. for deprotonated 679138 
CI02 - + [(CHa)2CH]2NH)-+ amine using pKa. = 11.01. 
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T ASI ... .! 24. Rate constants for reactions of chlorine dioxide in aqueous solution-Continued 

No. Reaction k (L mol- 1 s-I) pH Method Comment Ref. 

4:4: D1l80propylamlne-Continued 

3.6 x 102 8.9 D.k. at 400 nm 670139 

4:6 Dlmethylamlne 

CIOz" + (CH3 )zNH - <1 7-0 D_k !;tt ~60 nm; Ie fl'om £I'!;tph_ 

4:6 6-(Dlmethylamlno)-1,8-dlhydrophthalallne-l,4:-dlone 

CI02" + -NHN-- - CI02 - + 1.5 X 106 7 s.f. D.k. at 360 nm in soln. contg. NaCI02i 86A399 
-N-NH- + H+ . substrate oxidized as monoanion, pKa - 7. 

4:'1 N,N-DlmethylanlUne 

CI02, + C6HoN(CH3)2 - C102-
+ [C6 Hr.N(CH3 }2]·+ 

6.5 X 107 9.6 p.r. D.k. at 358 nm in C102- soln. 86A059 

4:8 N,N-Dlmethylben.ylamlne 

CI02, + CoHr;CH2N(CH3)2 - 2.7 x 104 D.k. at 357 nm: Ie calcd. for deprotonated 679138 
amine using pKa = 9.03. 

4:9 N,N-Dlmethyl-tert-butylamlne 

CI02 ' + (CHa)aCN(CHa)2 - 2.3 x 10° D.k. at 357 nm: /c calcd. for deprotonated 679138 
amine using pKa = 10.69. 

60 N,N-Dlmethyl-8-eblorobenlylamlne 

CI02, + CICoH .. CH2N(C1I3)2 - 1.6 X 104 D.k. at 357 nm: Ie calcd. for deprotonated 679138 
amine using pKa = 8.67. 

61 N,N-Dlmethyl-4:-eblorobenlylamlne 

CI02, + CICoH4CH2N(CH:.)2 - 2.0 x 104 D.k. at 357 nm; Ie calcd. for deprotonated 679138 
amine using pKa = 8.83. 

61 N,N-Dlmetbyl-4-ftuol'oben.ylamlne 

CI02' + FCoH4CH2N(CHa)2 - 2.0 x 104 D.k. at 357 nm; Ie calcd. for deprotonated 679138 
amine using pKa = 8.94. 

63 1,6-Dlmethylturan 

C102, + COH80 - 1 X 102 2-6 D.k. at 360 nm; Ie from graph. 82A468 

GSa .,S-Dbnei.h7Undole 

C10 2' + MelnH - CI02 - + 1.1 X lOR p.r. P .b.k. at 620 nm. 87A247 
Me2In' + H 

64: N,N-Dlmethyl-8-methoxybenlylamlne 

C102' + CHaOC6H4CH2N(CHa)2 2.9 x 104 D.k. at 357 nm: Ie calcd. for deprotonated 679138 
amine using pKa = 9.04.· 

66 N,N-Dlmethyl-4:-methoxybenlylamlne 

CI02 ' + CHaOCoH"CH2N(CH3)2 4.9 x 10" D.k. at 357 nm; /c cakd. for deprotonated 679138 
amine using pKa = 9.32. 

lift N, N-nlm~t.hyl_.t..rn~t.hylh~n .ylArnln~ 

CI02 ' + CHaCoH"CH2N(CHa)2 - 3.5 x 10" D.k. at 357 nm: Ie calcd. for deprotona.ted 679138 
amine using pKa = 9.22. 

6'1 N,N-Dlmethyl-8-nltrobenlylamlne 

C102' + N02CoH4CH2N(CHa)2 - 6.2 x lOa D.k. at 400 nm: Ie calcd. for deprotonated 679138 
amine using pKa = 8.195. 

68 N,N-Dlmethyl-4:-nltrobenlylamlne 

CI02' + N02C6H4CH2N(CHa)2 - 4.5 x lOa D.k. at 400 nm: Ie calcd. for deprotonated 679138 
amine using pKa = 8.14. 

69 Formate Ion 

CI02 ' + HC02 - - «10-2 D .k. at 360 nm; Ie from graph. 82A468 
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TABLE 24. Rate constants for reactions of chlorine dioxide in aqueous solution-Oontinued 

No. Reaction Ie (L mol- 1 s-l) pH Method Oomment Ref. 

10 Furfuryl alcohol 

0102' + 05H602 - -5 X 10- 1 3-9 D.k. at 360 nm; Ie from graph. 82A4R8 

II Glucose 

0102 ' + glucose - «10-2 D.k. at 360 nm; Ie from graph. 82A468 

12 Glyoxylate Ion 

0102' + H0000 2 - - «10-2 D.k. at 360 nm; Ie from graph. 82A468 

18 Hydl'oqulnone 

0102 ' + 06H.,(OH)2 - 0102 - + 3.9 X 10" 4.0 s.c. D.k. at 369 nm. 82A467 
H+ + '006H40H 

84: Hydroqulnonc lDonoanlon 

0102 ' + H006H10- - 0102 - + 9.0 X lOR p.r. D.k. at 358 nm in 01°2 - loln.j adjusted 86AOS9 
H+ + -OOoH .. O- values using data of [82A467] and (86AOS9] 

and pKa = 9.9 and 11.5 

16 Hydroqulnone dlanlon 

01°2' + -OOoH .. O- - 01°2 - + 1.7 x 10° p.r. D.k. at 358 nm in 01°2 - Boln.; adjusted 86A059 
-006H40- values using data of (82A467] and [86AOS9] 

and pH" = 9.9 and 11.6 

II I-Hydroxyplpel'ldlne 

0102' + Cr;HloNOH - H+ + 4 X 10" cited from Kh.im. F.· •. 1982, 1618 (Vorob'eva, 86A459 
CI0 2 - + Or;HtoNO Kozlov, et. al) and Zh. Fi •. Khim., in press 

(Kozlov, Purmal' and Usakov) 

If Indlgotl'lsultonate Ion 

01°2 , + ITS 3
- - >2 X 105 D.k. at 360 nm 82A468 

6fa Indole 

CI02 ' + InH - 0102 - + In' + 
H+ 

1.2 x 10.1 s.f. D .k. at 360 nm. 87A247 

18 N-Isopropylben.ylamlne 

CI02 • + CoHsCH2NHOH(OHs)2 9.1 D.k. at 357 nmj Ie calcd. for deprotonated 679138 
amine using pK" = 9.69. 

19 Linoleic acid 

CI02 • + LH - «10-2 D.k. at 360 nm; Ie from graph. 82A468 

fO Lumlnol, monoanlon 

0}02' + -N-NH- - 0102- + 1 X 106 7 s.f. D.k. at 360 nm in soln. contg. Na0102; 86A399 
-N-NH- substrate oxidized as monoanion. 

2 x 106 8 p.r. D.k. at. 360 nm in soln. cont.g. 010 2 - a.nd 81A243 
6 X 106 11 H20 2 as well as p.b.k.at 550 nm; intermed. 
1.6 x 107 13 adduct formn. was assumed followed by 
1.6 X 108 14 loss of 0102 - to give 6-aminophthalazine-

1,4.dion@; Ie from gra.ph_ 

7'0 Maleic hydra.lde 

01°2 ' + MH2 - 2 p.r. No reaction. 83A165 

fl 4-Methylphenol 

01°2 ' + CHa0 6B.IOH - 01°2 - 1 X 102 <3.5 D.k. at 360 nm; Ie from graph; pH 82A468 
+ H+ + OH30 6H4O' 1 X 10" 6 dependent. 

f8 8-Methoxyphenoxlde Ion 

0102' + OH3006H40- - 01°2- 4.9 X 107 12.3 p.r. P.b.k. at 400-430 nm in N20-satd. chlorite 86A254 
+ OHa006H4O' ion soln. 
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T ABI.E 24. Rat.e const.ant.s for react.ions of chlorine dioxide in aqueous solut.ion-Cont.inued 

No. React.ion Ie (L mol-I S-I) pH Met. hod Comment Ref. 

'4: 4:-Me1ihoxyphenoxlde Ion 

0102' + 011:,00011 .. 0- -+ 01°2 - '1.4 x 108 12 p.r. r.b.k. at. 420 nm in 0102 - "oln. 86AOG9 

+ CH3C6H .. O' 

'1& Methylamine 

CI02 , + CHsNH2 - <1 7-10 D.k. at. 360 nm; Ie from graph. 82A468 

'f6a I-Methyllndole 

C102, + Meln -+ CI02 - + 
Meln'+ 

1.6 X 104 s.f. D.k. at. 360 nm. 87A247 

'&b 2-Methyllndole 

CI02, + MelnH -+ CI02 - + 8.1 X 10" 
M@ln' + H+ 

p.r. D.k. at. 360 nm. 87A247 

'f&e 8-Methyllndole 

Cl02' + MeInR - CI02 - + 1.9 X 106 p.r. D.k. at 360 nm. 87A247 
M@ln' + H+ 

'18 N-Meth)'I-4:-methox)'benlylamlne 

CI02 ' + CHaOC.,H .. CH2NHCHs 2.7 x 102 D.k. at. 367 nmj Ie calcd. for deprot.onated 679138 
amine using pK .. = 9.97. 

'I' 8 .. Meth),lphenoxlde Ion 

C102' + CHsCoH.10- -+ CI02- 4.7 X 107 12.3 p.r. P.b.k. at. 400-430 nm in N20-satd. chlorite 86A264 
+ CH:,tCeH"O' ion soln. 

'18 4:-Meth)'lpbenoxlde Ion 

01°2' + CHSC6H .. O- - CI02 - 2.6 X 108 12.3 p.r. P.b.k. at 400-430 nm in N20-satd. chlorite 86A264 
+ CH3 C6 H,.,O" ion soln. 

" N-Methylplperldlne 

CI02, + CoH tsN - 8.7 x 10" D.k. at 357 nm; Ie calcd. for deprotonated 679138 
amine using pK .. = 10.38. 

80 4:-Nltrophenoxlde Ion 

CI02" + N02CuH.,0- - <4 x 105 12.3 p.r. P.b.k. at 400-430 nm in N20-aatd. chlorite 86A2S4 
ion soln. 

81 Phenol 

CI02" + CoHsOR - 0.24 Adjusted value using data of [73M375J, 
[82A467], and [86AOS9] with pK .. = 9.98. 

83 Pbenoxlde Ion 

CI02' + C6H50- - CI02 - + 2.7 X 107 Adjusted value using data of {73M376], 
COH60' [82A467], and (86A069] with pK .. = 9.98. 

88 "..Phen),lenedlamlne 

C102' + C6H,,(NH2)2 - 0102- + 
[H2N06H .. NH21'+ 

3.5 x lOs 9.2 p.r. D.k. at 358 nm in CI02 - soln. 86AOS9 

84: Piperidine 

CI02' + CoHllN -+ 2.4 x lOs D.k. at 357 nm; Ie calcd. for deprotonated 679138 
amine using pK .. = 11.20. 

8& Piperidine-I-ox)') 

CI02 ' + CSHIONO - >5 x 106 cited from Khim. Fif. 1982, 1518 (Vorob'eva, 86A459 
Kozlov, et. all and Zit.. Fif. Khim., in press 
(Kozlov, Purmal' and Usakov) 

88 ReBorelnol dlanlon 

CI02' + -OC6H .. 0- - CI02 + 1.4 X 109 12.3 p.r. P.b.k. at 400-430 nm in N20-satd. chlorite S6At54 
-006H40 ' ion soln. 
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TABLE 24. Ra.te constants for reactions of chlorine dioxide in .aqueous solution-Continued 

No. Reaction Ie (L mol- 1 S-1) pH Method Comment Ref. 

81 SaUeylate Ion 

CI02 ' + HOCnH.1C02 - -+ -1 X 10z 3-8 D.k. at 380 nm; Ie from graph; Ie iA 10w~r at 82A488 
pH <3 and higher at pH >7. 

88 Styrene 

CI02 ' + CoHI)CH=CH2 - CIO + 4 X 102 2-6 :O.k. in water-tert-BuOH 3.4:1 v Iv contg. 82M376 
C8 H8 0 10-2 mol L -J CI02 and 1.6 X 10-2 mol 

L -I styrene (33°C); Ie is the same with 10-2 

mol L - 1 sulfamic add, lower with 0.5 mol 
L -1 NaCI. 

89 Triethylamine 

CI02 ' + (C~HohN -+ 0102 - + 2.0 X 105 6.6 D.k. at 400 nm: at pH 7.14 It. = 2.16 x 10°: 679139 
[(C2Ho)aN j- Ie ealed. for deprotonat;ed amine u8ing pK", 

= 10.78. 

2 X 100 6.6 D.k. 639026 

00 Trbncthylaft11nc 

010 2 , + (CHlJ)aN -+ CI0 2 - + -1 6 D.k. at 360 nm; Ie from graph. 82A468 
[(CHa)aNj'+ -1 x 102 8 

1.0 X 10° D.k. at 400 nm: Ie calcd. for deprotonated 619139 
amine using pK" = 9,92. 

--I x 105 6.8 D.k. 639026 

91 Tryptophan 

CI02 ' + TrpH -+ CI0 2 - + H+ + 7.6 X 10° -12 p.r. P.h.k. in N 20-satd. soln. contg. NaCI02 87A179 
Trp' and tryptopha.n. 

92 Tyrosine 

CI02 ' + TyrOH -+ CI02 - + 8.2 X 107 -12 p.r. P.h.k. in N20-satd. soln. contg. NaCI02 87A179 
TyrO- + H+ and tyrosine. 
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TAAl.E 25. Rate constants for reactions of bromine dioxide in aqueous solution 

No. Reaction Ie (L mol- 1 s-') pB Method Comment Ref. 

1 Bl'omlne dioxide 

Br02" + Br02° .... Br20" 3.0 x 100 nat p.r. Calcd. from d.k. at 480 nm in N2-latd. loIn. 82A169 
contg. 8rOa j data fitting.: K.q == 1.9 X 
104 L mol- 1 

'-3 x 107 7 f.p. D.k.; radical from photoly.ia in Br01- loIn.; 757099 
-1 x 10° 13 assume E(475) Br02 = 1000 L mol- em-I. 

2.2 x 107 '-7 p.r. D.k. at 475 nm (€ = 1000 L mol-I em-I) 680153 
7 x 108 13 in N2-satd. soln. contg. Br03 -; dependent 

on [OB-I, k(BrO" + OH-) ::a: 7 X 108; in 
basic soln. Br20" disproportionates to 
Br03 - and Br02 -; Keq = 1.0 X 104 L 
mol-t. 

I Chlol'lte Ion 

BrOll" + 0102 - ..... Br02 - + 3.6 X 107 9.2 p.r. D.k. at -476, as well .. p.b.k. at 360 nm, in 86A059 
CI02• Br03 - loin. 

a Fel'l'oeyanlde Ion 

Br02° + Ji'e(CN)e"~ ... Br02- + 1.9 x 109 nat p.r. D.k. at -480 nm, as well as p.b.k. at 420 nm, 82A169 
Fe(CN)oS- in N2-satd. loin. contg. '" x 10-3 mol L- 1 

BrOs - and -10- 4 mol L - J ferrocyanide. 

" Manganele(D) Ion 

Br02" + Mn2+ ... Br02 - + -1.5 x 100 nat p.r. D.k. at -480 nm in N2-latd. loin. contg. 4 x 82A169 
MnlJ+ 10-3 mol L- 1 Br03 -; complicated by 

reaction of 8r204 + Mn2+ (Ie ::a: 1 X 108). 

6 Nltplte Ion 

Br02" + NOli - .... 8r02 - + N02 2 X 106 9.2 p.r. D.k. at 476 nm in Br03 - loin. 88A059 

• HydPOxyl I'adleal 

Br02° + "OB ... BrOs - + H+ 2.0 x 10° nat p.r. D.k. in N2-satd. soln. contg. 4 x 10-3 mol 82A189 
L -I 8r03-: eltd. by Icavenging ·OB by 
Ce(III). 

'I Sulftte Ion 

'Ir02" + 9°3
2- .... 8r02 - + 9.6 X 108 9.3 p.r. D.k. at 475 nm; radical from "aq - + Br03- 86A059 

903 -

I NtN-DlmethylanUlne 

Br02" + CoHr,N(CH:J)2 .... Br02 - 3.6 x 10° 9.3 p.r. P.b.k. at 460 nm: radical from eaq - + 86AOS9 
+ [CeH&N(CHa)21·+ 8rOs-

• Hydl'oqulnone 

BrOt + CGH4(OH)2 ... 8r02 + 2.7 x 108 6.9 p.r. P.b.k. at 430 nm; radical from elloq - + 86AOS9 
2 H + -OCGH4O" Br03-

10 Phenol 

Br02' + C6Hr,OH ... Br02 - + ..... 3 X 106 nat p.r. D.k. at 480 nm, as well as p.b.k. at 401 nm, 82A169 
CoH"O' + H+ in Nrsatd. soln. contg. 4: x 10-3 mol L- 1 

BrOn -; ~omplieAt.f!!d by 1'f!!Aetion of Rr~O .. + 
phenol (k > 5 x lOR). 

11 Phenoxlde ton 

BrO!;!o + CeHsO- .. BrOl;l - + 2.6 X 109 -12 p.r. P .b.k. at 402 nm in Ng-satd. soln. eontf[. 4: 82A169 
CGHr,O· x 10-3 mol L -I BrOs -j data fitting with 

k(PhO· + PhO·) = 3 X 108• 

J. Phys. Chem. Ref. Data, Vol. 17, No.3, 1988 



RATE CONSTANTS FOR REACTIONS OF INORGANIC RADICALS IN AQUEOUS SOLUTION 1221 

TABI.E 26. Rate constants for miscellaneous chlorine-containing radicals 

No. Reaction Ie (L mol- l s-1) pH Method Comment Ref. 

1 Chlorine atom 

1.1 CI· + Cl· -+ eli) 8.8 x 107 f.p. CAlr~. frnm ~k. At. ::1.40 nm in ru, .. ln. 80A3S1 
cont.g. 5 X 10-3-2 mol I .. -I NaCI; 
£(CI2 -) = 12,000 L mol-I em-I; also 
detd. at 40 and 60°C; assumed 
mechanism. 

1.2 CI' + Cl- -+ Cl2·- 6.5 x 109 f.p. P.h.k. at 360 nm, in CIO- soln. contg. 85A069 
CI-. 

8 x 109 ~3.5 f.p. Cl2 - from SO .. - produced by photo at 85A132 
248 nm of S2082-; obs. recovery of abs. 
at 340 or 360 nm following photolysis 
which caused dissociation. 

2.1 x 10]0 2 p.r. Abs. at 340 nm depends on [Cl-]; cor. 731039 
for decay of CI2 - (2A: = 1.7 x 10 10

); Ie, 
= 1.1 X 10" S-I 

1.3 C1' + H20 -+ ClOH- + H+ 1.6 X 105 s-1 f.p. K(CI' + HiO ~ Cl- + 'OH + H+) = 85A069 
1.1 x 10- mo12 L -2. 

1.4 CI' + OH- -+ CIOH- 1.8 x 1010 f.p. ler = 23 s-l; K(CI' + OH- ~ cr- + 85A069 
'OH) = 1.1 X 109 

1.5 CI' + CIO- -+ C10' + Cl- 8.2 X 109 f.p. no details; [84A323] indicates data will 85A069 
he published 

1.6 Cl" + HOCI -+ C10· + H+ + C1- 3 X 109 f.p. no details; [84A323] indicates data will 85A069 
be pu hUshed 

1.7 Cl· + Fe2 + -+ CI- + Fe3 + 1.3 x 10 10 -0 p.r. P.h.k. at 304 nm in aerated loin. contg. 87A291 
10- 0 mol L -I ferrous ammonium sulfate 
in 0.4 mol L -I sulfuric acid and 10-4_ 

10-2 mol L -1 CI- I ; best fit assuming 
k(Cl2'- + H02") = 1 X 109

. 

:I Chlorine oxide 

2.1 ClO' + CIO· -+ 2.5 X 109 f.p. no details; [84A323) indicates data will 85A069 
be published 

7.5 x 109 11.4 p.r. D.k. in N20-satd. soln. contg. lO-a mol 720301 
L- J CIO-; £(280 nm) = 890 L mol- 1 

em-I. 

2.2 CIO' + CI02 - -+ C10- + CI02" 9.4 X 108 10.1 p.r. P.b.k. in N 20-satd. soln. contg. -1 X 
10-2 mol L -J CIO- and 3-25 X 1O-r. 

87A907 

mol L -1 01°2-, 

2.3 C10' + Na -- - C10- + "Na 2.5 x 108 11.3 p.r. C.k. in NzO-satd. soln. contg. (lor 7) x 87A907 
10-2 mol L -I CIO- and 0.80 X 10-' 
mol L -\ 2,5-dimethoxybenzoate ion and 
0.56-2.2 x 10-:1 mol L -1 azide ion.; reI. 
to k(CIO' + 2,5-(CHaO)2C6HaC02 -). 

2.4 CIO' + COH5C02 - -+ <3 X 106 12 p.r. C.k. in N20-satd. soln. contg. CI0- a.nd 87A007 
benzoate ion; reI. to k(010' + 2,5-
(CHaO)2CoHaC02 -). 

2.5 010· + 4-0NC6H10- -+ CIO- + 1.4 x 109 13 p.r. P.b.k. in N 20-satd. soln. contg. 010- 87A907 
-iCNCoH .. O· and 4-cyanophenoxide ion. 

2.6 CIO' + 1,4-CoH.1(OCH:1b -+ 2.1 X lOll 13 p.r. P.h.k. in NzO-sat.cL soln. cont,g. ~IO- 87A907 
CIO- + !1,4-CoH.1(OCH:i )2]·+ and 1,4-dimethoxybenzene. 

2.7 010· + 2,5-(CH:~0)2CoHaC02 - -+ 7.0 X lOR 13 p.r. P.h.k. in N 2 0-satd. 801n. contg. CIO- 87A907 
010- + 12,5-(OH30)2CoH:~C02J' a.nd 2,5-dimethoxybenzoate ion. 

2.8 010- + HC02 - -+ <1 X 106 12 p.r. C.k. in N20-satd. soln. contg. CIO- and 87A907 
formate ion; reI. to k(010" + 2,5-
(CH:\0)2C(\H3C02 -). 

2.9 CIO' + CHaOC6H4CH20H -+ < 1 X 107 11 p.r. C.k. in N2 0-satd. soln. contg. 010- and 87A907 
4-methoxybenzyl alcohol; reI. to k(CIO· 
+ 2,5-(CH:~0)2C6H3C02 -). 

2.10 tau· + 4-NU2C 6H 40- -+ CIO- 1.5 x 10D 10 p.r. D.k. at 390-440 nm in N20-satd. soln. 87A907 
+ 4-N0 2C 6H4.0 • contg. C10- and 4-nitrophenoxide ion. 
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T ABJ.E 26. Rate constants for miscellaneous chlorine-containing radicals-Continued 

No. Reaction 

I Chlorine oxide-Continued 

2.11 CIO· + 2,4,5-(CHaO>aCoH2C02 - 1.1 x 109 
- CIO- + 
12,4,5-(CHaO)aCoH2C02]· 

J. Phys. Chem. Ref. Data, Vol. 17, No.3, 1988 
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Method Comment 

p.r. P.b.k. in N 20-sat,d. soln. contg. CIO­
and 2,4,5-trimet.hoxy benzoate ion. 

Ref. 

87AD07 
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TABLE 27. Rate constants for miscellaneous bromine-containing radicals 

No. Reaction Ie (L mol- 1 S-I) pH Method Comment Ref. 

1 Bromlne atom 

1.1 Br' + Br- - Br2°- 9 x 10° f.p. Brll- from SO., - produced by photo at 85A132 
248 nm of SgOR:I-: obs. bleaehing at 
380 nm by subsequent photolysis which 
caused dissociation. 

1.2 x 1010 f.p. P .b.k. at 360 nm in soln. contg. benzyl 84A132 
bromide: d.k. of Br2 - is first-order, Ie = 
3.5 X 101 8- 1 . 

1.1 X 10 10 -2 f.p. Caled. from buildup of Br2'- in Br--Br2 757222 
soln. 

5,4 x 10° 2 p.r. Caled. from dependence of IBr20-] on 650383 
[Br-]: Jrl = 2.2 X 105 L mol-I. 

1.2 Br' + H20 - BrOH- + R+ 1.4 s-I f.p. K{Br· + HpO ~ Br- + 'OR + R+) = 86A069 
9.6 x 10- ., mol lo'. L -lol. 

1.3 Br' + OH- - BrOH- 1.3 x 10 10 f.p. k(BrOH- - Br- + oOR) = 3.3 x lOT 86A069 
S-I j K{Br' + OH- ~ Br- + °OR) = 
9.6 

1.4 Bro + BrO- - Br- + BrO- 4.1 x 109 f.p. no details; [84A323] indicates data will 86A069 
be published 

2 BJ'omlne oxlde 

2.1 BrO + BrO - BrO- + Br02- 2.8 x 109 f.p. no details; [84A323] indicates data will 86A069 
be published 

2.4 x 109 4.6 p.r. D.k. in air-free soln. contg. 0.1 mol L- 1 700424 
KBr03; cor. for a.ba. of product.s. e(360 
nm) = 900 L mol- 1 cm- 1 and £(BrO-) 
= 200 L mol- 1 em-I. 

2.2 BrO + Br02 - - BrO- + Br02" 4.0 x 10" 11.9 p.r. D.k. in air-free soln. contg. 0.44 mol 700424 
L-' KBrOg and 1.0 x 10-'" mol L- 1 

Br02 -: cor. for abs. of products, 
£(8rO-) = 200 L mol- 1 em-I. 
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T ABI,E 28. Rate constants for miscellaneous iodine-containing radicals 

No. Reaction " (L mol- 1 a-I) pH Method Comment Ref. 

1 Iodlne atom 

1.1 I' + I' - I!l 8 X 109 r.p. 1- soln.: " = 2.4 X 10 10 and 1.6 X 1010 737475 
in MeOH and 2-PrOH, reap. 

1.2 I' + 1- - 12'- 1.2 X 10 10 4 p.r. Obs. 12'- as a function of II-lin 10-<1-
mol L -I 12 with various concn. 1- (N2O 

86A010 

and Ar-satd. (cor. for 1- produced); Kcq 

= 1.1 X 101i mol L -1. 

1.1 X 1010 Calcd. from equil. const. 86A465 

1.1 x 10 10 f.p. 12
0

- by photolysis; obs. bleaching at 380 86A132 
nm by subsequent photolysis which 
caused dissociation. 

2 X 10 10 f.p. P .b.k. at 385 nm in aoln. contg. Hg(II) 147224 
iodide and 1-; ler = 1.7 X 106 a-I.; Keq 
= 1.4 x 10". 

9.8 x 109 f.p. P.b.k. in soln. contg. 13 -; Ie, = 9 x lOs 147554 
-1 s . 

7.6 >< 109 p.r. P.b.k. at 366 nm in N 20-1IlI6td. soln. 680375 
eontg. 1-24 x 10-6 mol L - I I-I; Ie, = 
6 X 104 

S - t; detd. by effeet of [1-] on 
[12

0
-,. 

1.3 (. + N02 - - 1- -I:- 'N02 8.8 X 10° f.p. C.k. in soln. eontg. 1.6 x 10-2 mol L- 1 747564 
1- and 3-100 X 10-3 mol L -1 N02 -; Ie, 
< 1 X 101 by p.r.; reI. to 1c(1' + 1-): 
Keq = >8.8 X 102

• 

1.4 I' + ACFl+ - 2: 2 X 1010 p.r. D.k. at 450 nm (dye) as well as p.b.k. at 700241 
360 nm in N2 0-satd. soln. contg. 10- li 

mol L -I rand 10-6 mol L- J 

acriflavin. 

1.5 I' + LADH - 1.0 x 10" p.r. Lactate dehydrogenase 771132 

1.6 I' + ALD - -3 x 1010 p.r. C.k. In NzO-satd. soln. contg. rabbit 731065 
muscle aldolase and 1-; reI. to A:(Io + 
1-). 

1.7 I' + ALDH- 1.1 x 1012 p.r. D.k. at 380 nm (e.k. with I- + 1-); 78ROO7 
alcohol dehydrogenase from horse liver: 
12

0
- estd. to be unreactive. 

'-2 x 1011 p.r. C.k.. iu N 2 0-aa.t.d. auln. I;l;mtg. 2-8 x 
10- 4 mol L -I I-j abs. at 380 nm; 

731066 

alcohol dehydrogenase from yeast; Ie foi' 
12

0
- + ALDH) estd. to be -1.2 x 10°.; 

,.",1 t.n k(T. + T-) 

. 2 Iodlne bromlde radleal anion 

2.1 IBro- + IBro - - 1.5 X 1010 f.p. Radical from iodobenzene + Br- in 707561 
MeOH-water 9:1 soln. assuming E same 
as 12

0 - (14,000 L mo}-l em-I). 

8 HypolodouB aeld·OH adduet 

3.1 HOIOH - 10 + HzO 1.3 X 106 1'1- 1 g p.r. Ok; SPPdAR f"nm OR + HOT: N~O-lUI.td. 
1-.free soln contg. 10-2 mol L - I borax 

86A901 

buffer and HOI (5-10 x 10-" mol L -I). 

ot Iodlne(D) radlcals 

4.1 10 + 10 .... 1.5 x 109 9 p.r. D.k.; N20-satd. I--free soln contg. 86A901 
10-2 mol L - J borax buffer and HOI (5-
10 x 10-.1 mol L -1); E(426 nm) = 1000 
L mol-I cm-t. 

2.1 X 101'1 12.8 f.p. D.k. at 495 nm in Ar-satd. soln. contg. 83F619 
10-4 mol L -I 10-; Emax = 900 L 
mol-I em-I [700018]. 

2.0 x 10° 13.0 p.r. 1.2 A 10-Q mol L- 1 10-; ~(max) = 900 100018 

L mot- 1 em-I; similar values detd. by 
f.p. as well as in neutral soln. of 103 -

and 103 - + EtOH. 
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TABLE 28. Rate constants for miscellaneous iodine-containing radicals-Continued 

No. Reaction Ie (L mol- 1 S-I) pH Method Comment Ref. 

6 Iodlne(IV) radicals 

5.1 HIOs - + HIO;, - -10 2.6 X 10" 3 p.r. D.k. at 480 nm in Ar-satd. soln. contg. 85A037 
2 X 10-2 mol L- 1 10:," and 0.2 mol 
L -I formate ion; € = 892 L mol- 1 

em-I: pKn. = 13.3: Product could be 
dimer, 102 - + H+ + HI01

2-, or 10a-
+ H+. 

5.2 IOg2- + HIOa- -10 2.3 x 10° p.r. Calcd. using pK(HIOg -) = ]3.3, €480 = 
890-1200 L mol- I em- 1 at pH 3-14, in 

85A037 

Ar-aatd. 103 - soln. contg. formate. 

5.3 103
2

- + 1°32
- - 1.3 X 109 p.r. Calcd. using pK(HIOa -~ = 13.3, '180 = 85A037 

890-1200 L mol- 1 em- at pH 3-14, in 
Ar-satd. lOa - soln. contg. formate. 

5.4 HI03 - + HI03 - - 3.5 x 109 6 p.r. D.k. at 490 nm in soln. contg. 1-10 X 730027 
1.8 x 109 12 10-2 mol L - J iodate: recalcd. based on 

E = 940 L mol-I em-I. 

1.9 x 10° '1 p.r. D.k. at. .f90 nm in &!loin. cont.g. 10-2 mol '12001'1 

L -I iodatej recalcd. based on , = 940 L 
mol-I em-I. 

5.5 HI0 3 - + 10a- - 3.5 x 105 p.r. (1.0-8.0) X 10-2 mol L -1 lOa - (also 700018 
f.p., .- 10-2 mol L -I lOa -.) 

5.6 HIOa - + Me2NC6H4NO -- 5.5 x 10° p.r. D.k. at 440 nm in Ar-satd. soln. contg. 680066 
N,N-dimethyl-4-nitrosoaniline and lOa -. 

5.7 HIO!t - + C 2 H"OH - <5 x lOG 6 p.r. D.k. in 1-10 X 10-2 mol L -I IO!t - and 730027 
1-35 x 10-4 mol L -1 EtOH. 

5.8 HIOs - + (CH:J)2CHOH - <5 x 105 6 p.r. D.k. in 0.1 mol L -1 lOa-and 1-1000 x 730027 
10-1 mol L -1 2-PrOH. 

8 Iodlne(VI) radicals produced by oxidation 

6.1 10.,2- + lol- - IV + 10 4- 6.5 X 107 13 p.r. O.k. at 350 and 600 nm in N 2O-r.atd. 86A037 
soln. contg. 10:J-; species from 0-
reaction; E350 = 3700 L mol- l cm-t. 

4.5 x 107 13.3 p.r. D.k. in N20-satd. soln. contg. 103 -j E 
= 3000 L mol- J em-I. 

81Al77 

6.5 x 107 >12 p.r. O.k. in N20-satd. soln. contg. lOa -; p.r. 720017 
and f.p.; E360 = 2600 L mol-I cm- t • 

6.2 103 + lOa - 1.8 x IOU -7 p.r. D.k. at 360 nm in N20-satd. soln. contg. 85A037 
10-a mol L -] 1°3 -: E350 = -3000 L 
mol- J em-I. 

3.5 X lOs 7 p.r. O.k. at 360 nm. 730027 

6.3 IV1 + IV1 _ 7.5 X 108 --7 p.r. D.k. at 360 nm in N20-satd. soln. contg. 720017 
10-2 mol L -I lOa -; E360 = 300 L 
mol-I em-I. 

9.2 X 108 p.r. (1.0-8.0) X 10-2 mol L -I 103-; E(max) 700018 
= 400 L mol- t em-I. 

6.4 (103)2·- + (IO:i )2·- -10 6 x 108 7 p.r. D.k. at 360 nm; E.(360) = 800 L mol-I 
em - I; computer fit to derived k(10:4 + 

730027 

lOa)· 

6.S (103)2·- + lOs - 2 X 108 7 p.r. E.(360) = 800 for 1°32- 730027 

6.6 1°42- -~ lOa +0,- 3.3 >< 103 ,,-I 13.3 p.r. SIAl"" 

'1 Iodlne(VI) radicals produced by reduction 

7.1 I V1 + IV1 _ 1.7 X 108 >11 p.r. Mixture of Hr;106 + H1106
2 -; no 81A177 

apparent effect of I VII concn. 

1.8 x 108 13 p.r. D.k. at 350 nm in soln. eontg. 5 X 10-3 85A037 
mol L -} 1°4 -; species from enq-

reaction; at pH 6.4 21e/E. = 4.1 X 104 

from p.b.k. at 625 nm in 10 3 mol L- 1 

104-, 
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TABLE 28. Rate constants for miscellaneous iodine-containing radicals-Continued 

No. Reaction Ie (L mol-I S-I) pH Method Comment Ref. 

., Iodlne(VI) radicals produced by redudlon-Continued 

2.3 x 101' 11.5- p.r. D.k. at 360 nm in Ar-I~t.d. 801n. eontg. '18A443 
13.3 5-50 x 10 1 mol L I IvlI; £ = 34.00-

4000. 

7.2 IV1 ..... IV + .OH 3.6 x 103 a-I >11 p.r. Mixture of H5106 - + H,,106 2-. 81A171 

7.3 H,,106 - + 104 - - 2.8 X 108 p.r. pH dependence (6.8-8.6) of d.k. of I(VI) 85A037 
in Ar-satd. soln. contg. 10-2 mol L- 1 

I(VU) and 10-2 mol L -I formate. 

7.4 H4106
2

- + 1°4 - - 5.5 X 107 p.r. pH dependence (6.8-8.6) of d.k. of I(VI) 85A037 
in Ar-satd. soln. c.ontl. 10-2 mol L-) 
I(VU) and 10-2 mol L -] formate. 

-4-10 X 107 8.3-10 p.r. 81AI71 

7.5 rV1 + 104- ..... IV + IVIII 1.3 X 108 5-7 p.r. '18A443 

7.6 IV1 + ·CH2C(CHs)20H ..... 1.3 x 109 p.r. D.k. at 350 nm in Ar-Iatd. loin. contg. 86A037 
1 mol L- 1 tert-BuOH and 104-' 

8 Iodlne(VI) radicals produeed by photolysis 

8.1 HI05
3 - + HI05

3 - - IV + 1°4 - 4.5-7 X lOR 12-13.7 f.p. 0.5-1.5 x 10-3 mol- 1 I(VII) 81A177 

8.2 H2106
2 - ..... IV + 0'- 3.3 X 103 s-1 >11 f.p. 81A177 

8.3 "21052 - + 104- ..... IV + IVIII 4-10 X 107 8.3-10 f.p. 1 x 10-3 mol- 1 I(VII) 81A171 

8.4 IV1 + I V1 
..... 1.1 x lOP f.p. 700018 
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TABLE 29. Rate constants for miscellaneous radicals 

No. Reaction " (L morIs-I) pH Method Comment Ref. 

I Oxygen atom 

1.1 OeSp) + BrOs - -+ Br02 - + 02 1.5 X 107 f.p. C.k.; reI. to k(O(ap) + 02) = 4 X 

10°. 
84A323 

6 X 107 photo C.k. in soln. contg. 0.01 mol L- 1 80G031 
BrOa - and cyclopentene, obs. ethylene 
yields; reI. to k(0(3p) + c-
CoH8)/ k(0(3p) + 02) = 2.6. 

1.2 0(3p) + CIO,.- -+ <6 X 105 photo C.k.; Obs. ethylene yields; ° atoms 80G109 
from CIO-; reI. to k(0(3p); c-Cr,H8) = 
1.2 X 1010. 

1.3 0(3p) + OH- -+ H02 - 4.2 X 108 8.7- photo Obs. quantum yields in H20 2 soln.; 84F102 
12.9 best fit to complex mechanism using 

k(Oep) + c-C5H8)/ k(oC'P) + 02) = 
2.0. 

1.4 O(sP) + H20 2 -+ °OH + HOzo 1.6 X 109 8.7- photo Obs. quantum yields in H20 2 soln.; 84F102 
12.9 best fit to complex meehanism using 

k(0(3p) + c-C5Hs)/k(OCl p) + 02) = 
2.6. 

1.5 0(3p) + H02 - -+ °OH + 0 2
0 - 5.3 X 109 8.1- photo Obs. quantum yields in Hlo!0z 801n.; 84F102 

12.9 best fit to complex mechanism using 
k(O(:lP) + c-C5H8)/ k(oC'P) + 02) = 
2.6. 

1.6 Oe'p) + O2 -+ 0 3 4.0 X 109 f.p. P.b.k. at 260 nm in 02-satd. [1.27 x 84A323 
lO-a mol L -IJ and air-satd. [2.6 X 

10-4 mol L -11 soln.; ° atom from 
photolysis of BrO:,-, CIOs -, or HCIO. 

1.7 O(Sp) + C-Cr;H8 ..... 1.2 X 10 10 f.p. C.k. in soln. contg. 0.01 mol L- I 18G193 
BrOa -, cyclopentene and oxygen; obs. 
relative yields of ozone and ethylene; 
reI. to k(0(3p) + 02) = 4 X 109 , 

2 Olonlde Ion 

2.1 0 3
0

- + °OH -+ 0 20
- + H02° 8.5 x 109 10-13 p.r. D.k. at 430 nm as well as p.b.k. at 84AO~0 

260 nm in soln. (under 40 atm. of 
N20) contg. 1.2 x 10-a mol L -I O2 
and -0.9 mol L -I N20; computer 
simulation; overall reaction; products 
are °20- (re-forming 0 3-) and OH-
+ 0 3 (about 30% of total reaction). 

2.2 Oso- + 0 0- -+ 0 20 - + 0 20 - 7.0 X 108 13-14 p.r. D.k. at 430 nm (03 -) as well 82A133 
simultaneous buildup at 250 nm 
(Ozo-) and decay, in soln. satd. with 4 
x 106 N m-2 N 20 and 0-1 x 106 N 
m -z 0z; computer simulation. 

Oao- + 0 0- -+ 0 4
2- -7 X 108 >13 D.r. D.k. (0 3 -); " estd. from steady state MOO02 

approx. for boO-I; reI. to k(°0- + °2) = 3.6 X 10 . 

2.3 0 3
0- + °3

0
- ..... 9 X 108 11.5 f.p. D.k. at 430 nm (e = 2000 L mol- I 78B076 

em -I) in soln cont.g. SO 42 - Qnd 02 
(0.01 mol L -I) 

2.4 0:,0 - -+ 0"- + O2 6.2 X 103 S-I 12.8 p.r. D.k. at 430 nm in N20-02 soln. 761129 

3.3 x 103 S-I p.r. D.k. 690002 

5 x 103 S-1 13-13.7 f.p. D.k. at 430 nm in the presence of 687271 
H20 2; En. = 46 kJ mol-I. 

2.5 0 3
0- + BrOz" -+ 0 3 + Br02- 5 x 108 >12 f.p. D.k., assuming 2k(Br02° + Br020) = 7 84A323 

X 108 • 

2.6 Oao- + COao- -+ 0a + COa
2 - 6 x 107 12-13.8 p.r. D.k. at 430 nm (03-), 600 nm 82A134 

(COa"-) and p.b.k. at 260 nm (Oa) in 
soln. contr.. 10-2-1 mol L -1 Na2CO:h 
-0.9 mol L -I N20 (4 X 106 N m-2 ) 

and 1.2 x 10-3-0.12 mol L -1 O2 
(0.1-10 X 106 N m-2); computer 
simulation. 
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TABLE 29. Rate constants for miscellaneous radicals-Continued 

No. Reaction Ie (L mol-Is-I) pH Method Comment Ref. 

I Oaonlde lon-Continued 

2.7 0 3 '- + CIO' - 0 3 + ClO- 1 x 109 >12 f.p. D.k., assuming U(CIO' + CIO") = 2.5 84A323 
x 10° 

2.8 0 3"- + CI02" - O2 + CI03 - 1.8 x 106 12,13 p.r. D.k. at 470 nm; ratio of olone and 85A039 
olonide radical ion yields vs [01021. 

2.9 0 3"- + H+ - "OH + O2 9 X 10 10 p.r. D.k. at 430 nm; estimated. 84A040 

0 3 .- + H+ - HOa• 5.2 X 1010 5 p.r. D.k. at 350-440 nm; Icr = 3.7 X 102 84A164 
a-I; k(HOa - "OH + 02) = 1.1 X 10° 
S-I. 

2.10 0a"- + H2P04 - - HOa" + 9.1 x 107 p.r. D.k. in O2/03 soln. contg. phosphate 84A164 
HPol- buffer; Icr = 9.1 X 106; pKa = 8.2. 

2.11 0a'- .... °20&°0 - 2.1 x 106 f.p. 707262 

8 Phoephlnate radleal Ion 

3.1 HP02·- + HP02o- - 2.0 X 107 12 p.r. D.k. in N20-satd. soln. of H:zP02 - 82A085 
4.7 X 108 12.2 e-r. C.k. in N20-satd. soln. contg. 10-2 725049 

mol L -I H2P02 -i reI. to /c(°CH2C02-
+ -CH2C02 - ) = 1.0 X 109 • 

4- Sllloa-te radloal Ion 

4.1 SiOa'- + C2H60H - 8.3 x 10li f.p. 707262 

6 Tellurlte radleal Ion 

5.1 TeOa- + TeOa- - 7.3 x 108 5.5 f.p. D.k. in 02-satd. soln. contg. 2 x 10-2 

mol L -I TeOa2-; 2lc/E. = 4.2 X 105 ; 

E(335 nm) = 3500 L mol-I cm- I 

78A407 

8 Xenate{V) Ion 

6.1 XeOa- + XeOa- - <8 x 10° 8-9 p.r. 82A160 

'1 Xenon trioxide 

7.1 XeO~ + U02 + - XeOa- + 6.5 x 102 XeOa from Na .. Xe06 in 0.1 mol L- 1 85A467 
U02 + HCIO ,,; U(V) from U(VI) + Eu(II); obs. 

luminescence quenching of U(VI). 
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antioxidants and oleat.e and Iinoleate esters. Giamalva, D. 
Church, D.F.; Pryor, W.A., Biochem. Biophy •. Re,. Cornrnun 
133: 773-9 (1985) 

86A017 A pulse radiolysis study of tetraammineplatinum(1I 
complex ion in aqueous chloride media. Khan, H.M. 
Walh, W.L.; Woods, R.J., Radiat. Phy,. Chern. 27: 41-1 
(1986) 

86A099 Nitrogen dioxide and related free radieala: Electron· 
transfer reactions with organic compounds in solutions con· 
taining nitrite or nitrate. Forni, L.G.; Mora-Arellano, V.O. 
Packer, J.E.; Willson, R.L., J. Chern. Soc., Perlcin TrGn •. e 
1-6 (1986) 

86A035 A pulse radiolysis study of the chloride complexes 0: 
Bi(U) a.nd Bi(lV). Ershov, B.G.; Akinahin, M.A.; Gord(l!ev 
A.V.; Sukhov, N.L., RGdiat. Phy,. Chern. 27: 91-2 (1986) 

86A044 RadiolyticaUy-induced outer-sphere oxidation oj 
tris(2,2'-bipyridine)ruthenium(lI) ion in LiCI-H20 solutions 
Mulazzani, Q.G.; Venturi, M.; Bolletta, F.; Balzani, V. 
Inorg. Ckim. ActG 113: L1-L2 (1986) 

86A057 Photochemical oxidation of [11'« d',N!.Obpy )(bpy )2)]3-+ 
by redox quenching. Slama-Schwok, A.; Rabani, J., J 
Phy •. Chem.90: 1176-9 (1986) 

86AOS9 Kinetics of one-electron transfer reactions involvin@ 
ClOg and NOg . Huie. R.E.; Neta, P., J. Ph",. Chem. 90 
1193-8 (1986) 

86A070 Reactions of H02 and O2 - with iodine and brominE 
and the 12 - and 1 atom reduction potentials. Schwarz: 
B.A.; Bielski, B.H.J., J. Phy •. Chern. 90: 1445-8 (1986) 

86A082 Rates of reactions of some aqueous free radicals witt! 
platinum-ammine complexes using pulse radiolysis. Khan, 
H.M., J. Ro.dioanGl. Nucl. Chem.97: 21-30 (1986) 

86Al10 Eloetron.transrt'r r@aetionlll of tryptophlln and tyrocini!! 

derivatives. Jovanovic, S.V.; Harriman, A.; Simic, M.G., J. 
Phy •. Chem.90: 1935-9 (1986) 

86Al18 Rapid pulse-radiolytic reduction of iron(lU) c:omplexe!l 
or totrakic(4.-lmIronatophonyl)porphino anion and 

tetrakis(N-methylpyrid-4-yl)porphine cation. Wilkins, P.C.j 
Wilkins, R.G., Inorg. Chem.25: 1908-10 (1986) 

86A154 Chemical properties of water-soluble porphyrins. 4. 
The reaction of a 'picket-fence-like' iron{III) complex with 
the superoxide oxygen couple. Faraggi, M.; Peretz, P.j 
Weinraub, D., Int. J. Radiat. Bioi. ReiGt. Stud. Ph, •. , Chem. 
Med. 49: 951-68 (1986) 
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86A187 One-electron oxidation of iron(II) complexes of trypto­
phan and histidine. A pulse-radiolysis study. Parsons, B.J.; 
AI-Hakim, M.; Phillips, G.O.; Swallow, A.J., J. Chern. Soc., 
Faraday Trans. 182: 1575-88 (1986) 

86A191 The reaction of sulfite anion radical (S03 -) with 
polyunsaturated fatty acids. Erben-Russ, M.; Bors, W.; 
Winter, R.; Saran, M., Radiat. Phys. Chern. 27: 419-24 (1986) 

86A207 Reactions of magnesium porphyrin radical cations in 
water. Disproportionation, oxygen production, and com­
parison with other metalloporphyrins. Harriman, A.; Neta, 
P.; Richoux, M.-C., J. Phys. Chern. 90: 3444-8 (1986) 

86A223 Electron-transfer reactions involving the azidyl radi­
cal. Ram, M.S.; Stanbury, D.M., J. Phge. Chern. 90: 3691-6 
(1986) 

86A227 Interaction of radicals from water radiolysis with 
melanin. Sarna, T.; Pilas, B.; Land, E.J.; Truscott, T.G., 
Biochirn. Biophlls. Acta 883: 162-7 (1986) 

86A228 Kinetics of the reduction of manganese(III) myoglobin 
by dithionite. Langley, R.; Hambright, P.; Alston, K.; 
Neta, P., Inorg. Chern. 25: 114-7 (1986) 

86A241 One- and two-electron oxidation of lead(lI) 
tetrakis(N-methylpyridyl)porphyrins in aqueous solution. 
Richoux, M.-C.; Neta, P.; Harriman, A., J. Chern. Soc., 
Faraday Trans. 282: 201-7 (1986) 

86A242 Resonance stabilisation of zinc porphyrin radical 
cations. Neta, P.; Richoux, M.-C.; Harriman, A.; Milgrom, 
L.R., J. Chern. Soc., Faraday Trans. 282: 209-17 (1986) 

86A243 Formation and decay of zinc tetrakis(N-methyl-3-
pyridyl)porphine radical cation in water. Richoux, M.-C.; 
Neta, P.; Christensen, P .A.; Harriman, A., J. Chern. Soc., 
Faraday Trans. 282: 235-49 (1986) 

86A254 Substituent effects on rates of one-electron oxidation 
of phenols by the radicals CI0 2 , N02 , and S03 -. Alfassi, 
Z.B.; Huie, R.E.; Neb, P., J. Ph,S. Chem.90: 4156-8 (1986) 

86A266 Reactions of three bis(viologen) tetraquaternary salts 
and their reduced radicals. Atherton, S.J.; Tsukahara, K.; 
Wilkins, R.G., J. Arn. Chern. Soc. 108: 3380-5 (1986) 

86A272 Reaction of a stable N.·.N bonded radical cation with 
free radicals generated by pulse radiolysis: Exceedingly 
rapid hydrogen abstraction from C~H bonds. Alder, R.W.; 
Bonifacic, M.; Asmus, K.-D., J. Chem. Soc., Perkin Trans. ~: 
277-84 (1986) 

86A278 Rate constants for reactions of N03 radicals in aque­
ous solutions. Neta, P.; Huie, R.E., J. Phys. Chern. 90: 
4644-8 (1986) 

86A313 Chemical properties of water-soluble porphyrins. 5. 
Reactions of some manganese(III) porphyrins with the 
superoxlde and other reducing radicals. Weinraub, D.; 
Levy, P.; Faraggi, M., Int. J. Radiat. Bioi. Relat. Stud. Phys., 
Chem. Med.50: 649-58 (1986) 

86A327 Interaction of formate and oxalate ions with 
rauiation-generated radicals In aqueous solutlon. Methyl~ 

viologen as a mechanistic probe. Mulazzani, Q.G.; 
D'Angelantonio, M.; Venturi, M.; Hoffman, M.Z.; Rodgers, 
M.A.J., J. Phy,. Chem.90: 5347-52 (1986) 

86A33G Selenium(V). A puitlt: I"adiolysis study. Klanlng, U.K.; 
Sehested, K., J. PhY8. Chern. 90: 5460-4 (1986) 

86A340 Mechanisms of ligand-to-metal intramolecular electron 
transfer in coba.lt(IIJ)-amine complexes containing a coord i­
nl20ted radical. WbitbuHl, ICD.; HolTmaJl, M.Z.; Brezniak, 
N .V.; Simie, M.G., Inorg. Chern. 25: 3037-43 (1986) 

86A342 Flash photolysis and pulse radiolysis of the 
Co(sep)3+-X- (sep = sepukhrate: X = I, Br) systems in 
aqueoul5 80Jl.ltiOU. Piua, F.; Maest.ri, M.; Ballardini, R.j 

Mulazzani, Q.G.; D'Angelantonio, M.; Ba.lzani, V., lnorg. 
Chern. 25: 4249-52 (1986) 

86A370 A pulse radiolysis study of the reactivity of neptunoyl 
ions relative to inorganic free radicals. Gogolev, A.V.; Shi­
lov, V.P.; Fedoseev, A.M.; Pikaev, A.K., Bull. Acad. Sci. 
USSR, Dil1. Chem. Sci. 35: 422-4 (1986) Translated from: IZl1. 
Akad. Nauk SSSR, Ser. Khim. : 456-8 (1986) 

86A394 Pulse radiolysis study of a yeast cyt.ochrome c from 
I1ansenula anornala. Thomas, M.-A.; CapeillerE--Blandin, C.; 
Pucheault, J.; Ferradini, C., Biochimie88: 746-65 (1986) 

86A399 Nucleophilic addition to diazaquinones. Formation and 
breakdown of tetrahedral intermediates in relation to lumi­
nol chemiluminescence. Merenyi, G.; Lind, J.; Eriksen, 
T.E., J. Arn. Chern. Soc. 108: 7716-26 (1986) 

86A403 One-electron redox potentials of RSSR + "-RSSR cou­
ples from dimethyl disulphide and lipoic acid. Bonifadc, 
M.; Asmus, K.-D., J. Chem. Soc., PerJcin Tran,. f : 1805-9 
(1986) 

86A422 Radiolytic and electrochemical reduction of 
Ru(bpz):12+ in aqueous solution. StabiHty, redox, and acid­
base properties of Ru(bpz)a +. Venturi, M.; Mulazzani, 
Q.G.; Ciano, M.; Hoffman, M.Z., Inorg. Chern. 25: 4493-8 
(1986) 

86A428 Kinetics of ozonation. 4. Reactions of ozone with a­
tocopherol and oleate and linoleate esters in carbon tetra­
chloride and in aqueous micellar solvents. Giamalva, D.H.; 
Church, D.F.; Pryor, W.A., J. Arn. Chern. Soc. 108: 6646-61 
(1986) 

86A448 Kinetic studies of the reduction of neutrophil cyto­
chrome b-558 by dithionite. Aviram, I.; Sharabani, M., 
Biochem. J. 237: 567-72 (1986) 

86A457 One-electron oxidation of fiavins. A fiash photolysis 
and pulse radiolysis study. Heelis, P.F.; Parsons, B.J.; 
Phillips, G.O.; Swallow, A.J., J. Phys. Chern. 90: 6833-6 
(1986) 

86A459 The mechanism of the oxidation of formic acid by 
chlorine dioxide in the presence of the oxopiperidinium 
cation. Golubev, V.A.; Kozlov, Yu.N.; Petrov, A.N.; Pur­
mal', A.P.; Travina, O.A., RUSB. J. Phil', Chern. 80: 627-8 
(1986) Translated from: Zh. Fi,. Khim. eo: 1040-2 (1986) 

86A465 Effect of radiation on chemical forms of iodine species 
in relation to nuclear reactor accidents. Ishigure, K.; 
Shiraishi, H.; Okuda, Ii.; Fujita, N., Radiat. Phil', Chern. 28: 
601-10 (1986) 

86A469 Oxidation intermediates of borohydride and tetra­
phenylbora.t.e ionll in a.queous soIuLiolls obtained by pulse 
radiolysis. Horii, H.; Taniguchi, S., J. Ckern. Soc., Ckern. 
Comrnun. : 915-6 (1986) 

86A476 Flash photolytic investigations on the reaction 
between Pu(VI) and CO:~ - in a.lkaline mediUIIl. Saiui, R.D.; 
Bhattacharyya, 'P.K., Radiat. Ph1ls. Chern. 27: 189-93 (1986) 

86A480 Reactivity of NOa and HSO.. radicals toward mul­
tivalent metal ions in aqueous solutions. Gogolev, A.V.; 
M~k~rov, I.E.; FedoeClcv, A.M.; Pikacy, A.K., High En.ergll 

Chem. 20: 229-33 (1986) Translated from: Khim. VI/s. Energ. 
20: 298-302 (1986) 

86A492 Studies of the reactivity of Trolox with 
manganl;>ll",(3+ )/iron(3+) complexes by pulee radiolysil!. 

Cabelli, D.E.; Bielski, B.H.J., J. Free Radicals Bioi. Med. 2: 
71-5 (1986) 

86A502 Radiolysis of aqueous solutions of ammonium bicar­
hrm:llt.", nv",l' :II largQ dOll'" range. Draga-nie, Z.D.j Dra.gllnic, 

I.G.; Negron-Mendoza, A.; Sehested, K.; Navarro-Gonzales, 
R.j Albarran-Sanchez, M.G., RISO-M-2621, 1986, 16p. (Riso 
Natl. Lab., DK-4000 Roskilde, Denmark) 

RRA!i20 ThQ rn",t.hl;)xatin semiquinone: A pulse rlldiolyuiu st.udy. 

Faraggi, M.; Chandrasekar, R.; McWhirter, R.B.; Klapper, 
M.H., Biochem. Biophlla. Rea. Commufl. 139: 955-60 (1986) 

86A901 Pulse radiolysis of HOI and 10- in aqueous solution. 
FOl'mat.ion and I:'hal'aet.Qri!!:at.ion of III. Buxt.on, C.V.; 

Kilner, C.; Sellers, R.M., Proc. 6th Tiha.nll Sump. Ra.d/iat. 
Chem., Hungary, 21-26 Sep H'86 
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86A902 The importance of radical-radical reactions in pulse 
radiolysis of aqueous carbonate/bicarbonate. Holeman, J., 
Bjergbakke, E., Sehested, K. Proc. 6th Tihany Symp. 
Radiat. Chem., Hungary, 21·26 Sep 1986 

86B055 The one- and two-electron reduction of 2-
t.hiol'ibofl.avin by radical anions of CO2 and dithiothreitoL 
Surdhar, P.S.; Armstrong, D.A.; Massey, V., Can. J. Chem. 
84: 67-70 (1986) 

86C005 One-electron redox potentials of purines and pyrimi­
dines. Jovanovic, S.V.; Simic, M.G., J. Phy,. Chem. 90: 
974-8 (1986) 

86G031 Radiolysis of p-benzoquinone solutions. I. Deaerated 
solutions. AI.Suhybani, A.A.; Hughes, G., J. Radioa.na.l. 
Nucl. Chem.98: 17-29 (1986) 

86M314 Ozonation of naphthalene in aqueous solution. II. 
Kinetic studies of the initial reaction step. Legube, B.; 
Sugimitsu, H.; Guyon, S.; Dore, M., Water Re,. 20: 209-14 
(1986) 

86N146 Free radical reactions with alpha-tocopherol and N­
stearoyl tryptophan methyl ester in micellar solutions. 
Biaby, R.H.; Ahmed, S.; Cundall, R.B.; Thomas, E.W., Free 
Radical Re,. Commun. 1: 251-61 (1986) 

86N155 Kinetics of the dithionite reduction of membrane­
bound and free microsomal cytochrome boo Davies, D.M.; 
Lawiher, J.M., J. Chem. Soc., Chem. Commun. : 385-6 (1986) 

86S115 Catalyzed decay of oxidizing radicals in water. Harri­
man, A.; Neta, P.; Richoux, M.C., NATO ASI Ser., Ser. C 
174: 123-45 (1986) 

86Z071 On the kinetics and mechanism of oxidation of 
aquated sulfur dioxide by ozone. Hoffmann, M.R., Atmos. 
Environ. 20: 1145-64 (1986) 

87 A026 Reactions of oxidizing radicals with 4,6-
dihydroxypyrimidines as model compounds for uracil, thy­
mine, and cytosine. Novais, H.M.; Steenken, S., J. Phys. 
Chem. 91: 426-33 (1987) 

87 A033 Preparation and characterisation of a penta-
ammineruthenium(III) derivative of plastocyanin and the 
kinetics of long distance electron transfer. Jackman, M.P.; 
Sykes, A.G.; Salmon, G.A., J. Chem. Soc., Chem. Commun. : 
65-6 (1987) 

87 A041 Pulse radiolytic investigations of aqueous solutions of 
methoxybenzene cation radicals: The effect of colloidal 
Ru02' Brandys, M.; Sassoon, R.E.; Rabani, J., J. Phy,. 
Oh.ern.. 91; 953-62 (1981) 

87 A082 Thermal and photochemical reactions of sulfhydryl 
radicals. Implications for colloid photocorrosion. Mills, G.; 
Schmidt, K.H.; Matheson, M.S.; Meisel, D., J. PhYI. Chem. 
9t: 1600-6 (1081) 

87 A083 One-electron-transfer reactions of the couple 
S02/S02 - in aqueous solutions. Pulse radiolytic and cyclic 
voltainmetric studies. Neta, P.; Huie, R.E.; Harriman, A., 
J. Phgl. Chem. 91: 1606-11 (1987) 

87 A097 Redox chemistry of water-soluble vanadyl porphyrins. 
Hambright, P.; Neta, P.; Richoux, M.-C.; Abou-Gamra, Z.; 
Harriman, A., J. Photochem. 38: 255-65 (1987) 

81AI04 Radlolytlc oxidation of 1,2,4-benzenetrlol. An applIca­
tion of time-resolved resonance Raman spectroscopy to 
kinetic studies of reaction intermediates. Qin, L.; Tripathi, 
G.N.R.; Schuler, R.H., J. Phy,. Chem.91: 1905-10 (1987) 

87' AIZ1 SOllie elect.n:m-t.ramJfer react.ions involving carbodi­
imide-modified cytochrome C. Mathews, A.J.j Brittain, T., 
Biochem. J.243: 379-84 (1987) 

87A134 The S04·--induced chain reaction of 1,3-
dimethyluracil with peroxodisulphate. Schuchmann, H.-P.; 
Deeble, D.J.; Olbrich, G.; von Sonntag, C., Int. J. RadiaL 
Bioi. Relat. Stud. Phg,., Chem. Med. 51: 441-53 (1987) 

87A138 Ozone decomposition in aqueous acetate solutions. 
Selu:llt.ed, K.; Holeman, J.; Bjergbakke, E.; Hart, E.J., J. 

PhYI. Chem. 91: 2359-61 (1987) 
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87A179 Selective oxidation of tyrosine. Oxidation by N02 anc 
CI02 at basic pH. Alfassi, Z.B., Radia.t. Phy,. Chem. 29 
405-6 (1987) 

87 Al84 Mechanism of reduction of bleomycin-Cu(II) by CO 2-

and oxidation of bleomycin-Cu(I) by H20 2 in the absencf 
and presence of DNA. Goldstein, S.; Czapski, G., Int. J 
Radiat. Bioi. Relat. Stud. PhYI., Chem. Med. 51: 693-70t 
(1987) 

87 A208 Radicals of nitroimidazole derivatives: pH dependenc~ 
of rates of formation and decay related to acid- base equili· 
bria. Henry, Y.; Guissani, A.; Hickel, B., Int. J. Radia.t 
Bioi. Re/at. Stud. PhYB., Chem. Med. 51: 797-809 (1987) 

87 A220 Kinetics of one-electron oxidation by the cyanate radio 
cal. Alfassi, Z.B.; Huie, R.E.; Mosseri, S.; Neta, P., J. Phys 
Chem. 91: 3888-91 (1987) 

87A234 One-electron reduction of juglone (5-hydroxy-l,4. 
naphthoquinone): a pulse radiolysis study. Mukherjee, T 
Ra.diat. Phg,. Chem.29: 455-62 (1987) 

87A247 One-electron oxidation of indoles and acid-base pro· 
perties of the indolyl radicals. Shen, X.; Lind, J.; Merenyi 
G., J. Phys. Chem. 91: 4403-6 (1987) 

87 A281 The reaction of superoxide, formate radical, anc 
hydrated electron with transferrin and its model compound 
Fe(III)-ethylenediamine-N,N'-bis[2-(2-hydroxyphenyl)acetic 
acid) as studied by pulse radiolysis. Buettner, G.R., J. Bioi 
Chem.262: 11995-8 (1987) 

87 A291 A quantitative description of the a.etion of high-dos~ 
pulses of radiation on aerated acid solutions containing fer­
rous and chloride ions. Bjergbakke, E.; Navaratnam, S.; 
Parsons, B.J.; Swallow, A.J., Radiat. Phy,. Chem. 30: 59-62 
(1987) 

87 A~Ul Rates of oxidation of selected actinides by C12 
Lierse, C.; Sullivan, J.C.; Schmidt, K.H., Inorg. Chem. 28: 
1408-10 (1987) 

87A319 Rate constants for some oxidations of S(JV) by radi­
cals ln aqueous solutlon. Hule, R.E., Neta, P., AtmoB. 
EntJiron.21: 1743-8 (1987) 

87A332 Determination of sulfite radical (SOa -) reaction rate 
constants by means of competition kinetics. Erben-Russ, 
M.; Michel, C.; Bors, W.; Saran, M., Ra.diat. EntJiron, 
Biophgl.26: 289-94 (1987) 

87A337 Pulse radiolytic study of the interaction of S04 - with 
deoxynucleosides. Possible implications for direct energy 
dt::pulliLiuu. O'Nt::Hl, P.; Daviell, S.E., l,.t. J. Radial. Divl. 

Rela.t. Stud. Phys., Chem. Med.52: 577-87 (1987) 
87A362 Pattern of OH radical reaction with N,N-

dimethyladenosine. Production of three isomeric OH 
adduct.~ and t.heiJ' dehydJ'ation and dng-openinr; J'eactiona. 

Vierira, A.J.S.C.; Steenken, S., J. Am. Chem. Soc. 109: 

7441-8 (1987) 
87Aa8l Studies of hypervalent iron in aqueous solutions. 1. 

Radiation-induced reduction of iron(VI) to iron(V) by 
CO 2-. Bielski, B.H.J.; Thomas, M.J., J. Am. Chem. Soc. 
109: 7761-4 (1987) 

87 A907 Kinetics of one-electron oxidation by the CIO radical. 
Alfaaai, Z.B., Huie, R.E., MOGseri, S., Net-a, P., RtZdttZt. PkYD. 

Chem. 32: 85-8 (1988). 
87C002 The redox potential of the azide/azidyl couple. 

Alfassi, Z.B.; Harriman, A.; Huie, R.E.; Mosseri, S.; Neta, 
P., J. Pkl/D. Ok em. 01: 1.1120-2 (1081) 

87D064 A time-domain EPR study of the SOa - combination 
reaction: Radical pair CIDEP without singlet-triplet mixing. 
Bartels, D.M.; Lawler, R.G., J. Chem. Phg,. 86: 4843-55 
(1987) 

87G007 The reverse of the 'repair' reaction of thiols: H­
abstraction at carbon by thiyl radicals. Akhlaq, M.S.; 
Schuchmann, H.-P.j von Sonntag, C., Int. J. Radiat. BioI. 
Belat. Stud. PkYD., Ohem. MeJ.. 51: 01-102 (1081) 
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87G036 Reactivity of H2 0 2 with radiation produced free radi­
cals: Steady state radiolysis methods for estimating the rate 
constants. Kishore, K.j Moorthy, P.N.j Rao, K.N., RadiaL 
PhY8. Chern. 29: 309-13 (1987) 
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10. Indexes 

10.1. Molecular Formula Index 

The Index refers to the entry numbers In Tables 3·29. The 
dlg/t(s) before the period Indicate the table number and the 
digits following the period indicate the entry number within the 
table. Thus, 3.2 Is the second entry in Table 3. 

Ag+ 
AgH6N2+ 
Am3+ 
As02-

BH03
2-

BH20 3-

BH4 
BiCIs

a-
Br 

Silver{I) ion 3.2, 5.2, 9.2 
Diamminesilver(I) ion 7.3 
Americium(TIJ) ion 21.18 
Arsenite(IlI) ion 15.3 
Hydrogen borate ion 5.4 
Dihydrogen borate ion 5.3 
Tetrahydroborate(JII) ion 6.2 
Hexachlorohi~mlltha.te(III) ion 21.2 
Bromine atom 27.1 
Bromide ion 4.2, 5.5, 6.3, 9.3, 1204, 15.4, 

24.1, 27.1.1 
BrOoHlsN6!l+Pentaammine(bromo)cobalt(IJI) ion 4.15 
BrHO Hypobromous acid 5.6 
BrH2N Bromatnide 5.36 
BrI- Iodine bromide radical anion 28.2, 28.2.1 
BrO Bromine oxide 27.2, 27.2.1 
BrO- Hypobromite ion 4.3, 5.7, 22.3, 27.1.4 
Br02 Bromine dioxide 25., 25.1, 29.2.5 
Br02 - Bromite ion 404, 5.8, 22.4, 27.2.2 
Br03 - Broma.te ion 5.9, 22.5, 29.1. 1 
Br2 - Dibromine radical ion 22., 22.1, 24.2 
Br2HN DruUlhllide 5.3:.J 
Br6Ir3- Hexabromoiridate(III) ion 24.8 
CC14 Carbon tetrachloride 3.154, 5.94 
CHBr3 Bromoform 5.86 
CHCl3 Chloroform 5.99 
CIIN Hydrogen cyanide 5.14 
CHNO Cyanic acid 5.15 
CHNO- Oarbamoyl radical, ion(l-) 10.6, 10.6.1 
CHN02 - Cyanate-OH adduct 10.2 
CH02 - Formate ion 4.116, 5.139, 12.47, 15.88, 

CHOa 
CRS2 
CH2Cl2 
CH2N 
CH2NO 

OH20 
CH20 2 
CHa 
CHaCl2N 
CHaN02 
CHaO 
CH30 4S-
CH4CIN 
CH4N20 
CH40 

20.55, 21.98, 22.142, 24.59, 26.2.8 

Bicarbonate ion 3.3, 5.10, 7.4, 15.8 
Carbon disulfide H-adduct 17.6, 17.6.1 
Dichloromethane 5.116 
Cyanide-H adduct 10.5, 10.5.1 
Carbamoyl radical 10.6.2 
Cyanide-OH adduct 1004, 10.4.1 
Formaldehyde 5.138 

Formic acid 5.140, 9.22, 15.89,21.99 
Methyl radical 4.142 
Methyldichloraminp 5.180 

Nitromethane 4.154 
Hydroxymethyl radical 8.25 
HydroxymethanesulConate ion 5.161 
Methylchloramine 5.179 
Urea. 4.177, 5.243 
Methanol 4.139, 5.172, 6.64, 9.25, 12.59, 

15.104, 21.116 

Methylamine 5.177, 24.75 
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CH 12CoN4 0 3 +Tetraammine( carbonato )cobalt(III) ion 
4.17 

eNS 
CNS-

C2CI30 2 -

C 2CI4 
C2HCla 
C2HN20 3

2-

C2HOa-
C2H2CI02-

C2H2Cl2 

C2H20 2-

C2H20 3 
C2Hz0 4 

Cyanide ion 5.13, 15.5 
Cyanate ion 15.6 
Isocya.nate ion 4.6, 10.2.1 
Thiocya.nogen 17.3 

Thiocyanate ion 4.53, 15.7, 17.3.1, 21.54 
22.69 

Tetranitromethane 3.240, 11.10 
Carbon disulfide OH-adduct, conjugate 

base 17.4, 17.4.1 
Carbon dioxide radical anion 3., 3.1, 4.5 

8.2 
Carbonate radical ion 3.4,4.,4.1,5.12, 

8.3, 14.2, 29.2.6 
Carbonateion 5.11.18.4 
Carbon disulfide electron adduct 17.5, 

17.5.1 
Trichloroacetate ion 4.168 
Tetrachloroethylene 5.225 
Trichloroethylene 5.232 
Cyanate radical anion 10.3 
Glyoxylate ion 5.153,24.62 
Chloroacetate ion 4.87 
(E)-1,2-Dichloroethylene 5.115 
(Z)-1,2-Dichloroethylene 5.114 
Vinylidene chloride 5.113 
Carboxymethyl radical, ion(I-) 5.58 
Glyoxylic acid 5.154 
Carhoxymethylperoxy ra.dica.l ion(l-) 

5.96 
Acetonitrile 4.63 
Acetate ion 4.61, 5.59, 12.25, 15043, 

24.20 
C2H .. NNi02 + Glycinatonickel(II) ion 22.46 
C2H4N02 - Glycine, negative ion 5.152, 12.51 
C2H40 Acetaldehyde 6.6T 

C2H40 2 Acetic acid 5.60, 9.14, 12.26, 15.44, 

C2H6CIN 
C2H6N02+ 
C2H6NS­
C2H6N20 
C2H60 

C2H60S 
C2H60 2 

C2H6S 

C2H7N 
C2H7NO 
C2H7NS 
C2HsN+ 

21.61 
01ydnp. 4.1?0, 5.150, 1~_50, 15.01, 18.8. 

21.104 
Dimethylchloramine 5.126 
Glycine, conjugate acid 5.151 
Cysteamine, negative ion 22.115 
N-Nitrosodimethylamine 5.194 
Ethanol 4.111,5.136,9.20,12046,14.18, 

16.85, 16.8, 21.97, 28.S.7, 29.2.11, 

29.4.1 
Dimethy) sulfoxide 5.132 
Ethylene glycol 9.21 
Dimethyl sulfide 21.94, 22.136 
Ethanethiol 5.135, 11.6 
Dimethyl disulfide 4.105, 1104, 15.81, 

20.52, 22.132 
Dimethylamine 5.124, 24.45 
2-Aminoethanol 24.22 
Cystea.mine . 20.44, 21.84, 22.114 

Dimethylammonium ion 5.125 
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C2H15ClaCoN5022+Pentaammine(tricltloroacetato-O)­
cobalt(IIl) ion 13.7 

C2H1SCoN5022+(Acetato)pentaamminecobalt(III) ion 
3.31,4.22 

C2H20Co2F aN602 3+Hexaamminebifl(f.L-hydroxy )-f.L­
(triHuoroacetato )dicobalt(IlI) ion 
3.52 

C2H21 Co2F 2N60 2 a+Hexaammine- f.L­
(diHuoroacetato )bis(f.L­
hydroxy)dicobalt(lII) ion 3.51 

C2H22Co2FN602 a+Hexaammine-f.L-
(Huoroacetato )bis(f.L­
hydroxy)dicobalt(UI) ion 3.50 

C2H23Co2N602 3+ fJ.-Acetatohexaamminebis(fJ.-

C3H40 2 

CaH40 a 

hydroxy)dicobalt(III) ion 3.49 
Mercury{II) cyanide 3.91 
Di(thiocyanate) radical ion 20., 20.1 
Selenocyanide dimer, radical anion 19.1 
Oxalate ion 5.198 
Malonal,e ion 5.169, 15.100 

Acrylonitrile 5.67, 12.31, 15.49,21.66 
4-Nitroimidazole 3.224 
Acrylate ion 12.29. 15.48. 21.64 
2,3-Dihydroxy-2-propenal, conjugate 

base 6.45, 23.36 
Imidazole 4.131, 5.162 
Pyrazole 22.187 
Acrylic acid 12.30, 21.65 
2,3-Dihydroxy-2-propenal 20.49, 21.92, 

22.129 
CaH404 Malonic acid 5.170, 12.55 
C3H5NO Acrylamide 3.138, 9.16, 12.28, 15.47 
CaH5N2 + ImidazoHum ion 5.163 
CaH502 - Propionate ion 5.209, 15.123 
CaH50 2S- 3-Mercaptopropionate ion 4.138 
C3H6N02 - Alanine, negative ion 5.70 
C3H6N02S- Cysteine, negative ion 5.110, 8.15 
C3H6NOa - Serine, negative ion 5.220 
C3H60 Acetone 4.62, 5.61, 12.27, 21.62 

C3Hs02 
CaH7NO 
CaH7N02 

CaH7N03 

C3H70 
C3HsN02+ 
CaHsO 

CaHsOa 
C3HsS 
CaHgN 

Allyl alcohol 12.33, 15.51, 21.69 
Prop ion aldehyde 5.208 
Propionic acid 5.210, 12.66, 21.129 
N-Methylacetamide 5.176 
J3-Alanlne 5.71 

Alanine 4.69, 5.69, 6.16, 12.32, 15.50, 
18.5, 21.68, 24.21 

Cyst,..ine 4_92, 5_109, 8_35, 191_1, 20A5, 

21.85, 22.116, 23.34, 24.36 
Serine 15.126,21.132 
l-Hydroxy-l-methylethyl radical 8.26 
Alanine, conjugate acid 5.68 
1-Propanol 4.163, 5.206, 15.121 
2-Propanol 4.164, 5.207, 7.24, 9.27, 

12.65, 14.33, 15.122, 21.128, 28.5.8 
Glycerol 9.24 
2-Propanethiol 11.9 
Isopropylamine 4.135 
Propylamine 5.212 
Trimethylamine 5.239, 24.90 

CaHION+ 
CaNp0 1l5-

CaO u Pu4-

CaOllPU5-

Propylammonium ion 5.213 
Tris( carbonato )dioxoneptunate{V) ion 

4.36 
Tris(carbonato )dioxoplutonate{VI) ion 

4.46 
Tris(cA.rbonato )dioxoplu t.on ate (V) ion 

4.45 
CaOu U

5- Triscarbonatodioxouranate{V) ion 4.57 
C4H2BrOa - a-Bromotetronate ion 22.104 
C4H2N20 4 Alloxan 3.141 
C4H20/- Fumarate ion 5.141, 15.90, 21.100 

Maleate ion 5.168, 21.115 
C4H20 6

2- Dihydroxyfumarate ion 8.17 
C4HaBrN20 2 5-Bromouracil 3.151 
C4HaCIN20 2 5-Chlorouracil 21.80 
C4H3 N20 2 - Maleic hydrazide, conjugate base 4.137, 

6.63 
. Uracil, negative ion 22.208 

C4HaN20a - 2,4,5-Trihydroxypyrimidine, conjugate 
base 22.199 

Barbiturate ion 22.200 
C4Ha04 - a-Hydroxytetronate ion 22.154 

Fumarate ion, hydrogen 3.188. 21.101 
Hydrogen maleate ion 3.207 

C4H4N2 Pyrazine 3.229 
Pyridazine 3.230 
Pyrimidine 3.232 

C4H4N20 2 4,6-Dihydroxypyrimidine 22.130 
Maleic hydrazide 15.99, 20.64, 22.162, 

24.70 
Uracil 4.176, 12.75, 15.147, 21.145 

C .. H4N30- Cytosine negative ion 15.71, 22.119 
C4H40 4 Fumaric acid 5.142, 9.23, 12.48, 21.102 

Maleic acid 12.54 
C4H40 4

2
- Succinate ion 5.222, 15.128 

C 4H5CoNO 4 Iminodiacetatocobalt(II) 22.11 
C4H5N Allyl cyanide 12.34, 15.52 

C4H5NNi04 
C4HSN30 
C4H5Na0 2 
C4Hs0 2-

Methacrylonitrile 12.58, 15.103 
Iminodiacetatonickel(II) 22.47 
Cytosine 21.87 
2-Methyl.4~nitroimidazole 3.215 
Orotonate ion 12.40 
Methacrylate ion 12.56, 15.101 

C4H6N04 - Aspartate lDonoanion 4.79, 5.78 

C4H6N2 4-Methylimidazole 5.181 
C4HaN20 3-Methyl-2-pyrazolin-5-one 22.170 

4-Met.ltyl-2-pyrazoHn-5-one 22.171 

C4H6N20 2 5,6-Dihydrouradl 12.45 

C4H60 4 
C4H7N02 
C4H7NOa 
C4H7N20a-
C4H7N30 

Glycine anhydride 3.192 
2-Mercap to-1-methy Iimidazole 23.41 
Crotonic acid 9.19, 12.41, 15.66 
Methacrylic acid 12.57, .15.102 
Methyl acrylate 15.110 
Vinyl acetate 15.148 
Succinic acid 5.223, 12.68, 21.134 
N-Methylolacrylamide 15.113 
N-Acetylglycine 4.66, 5.62 
Asparagine, negative ion 5.77 
Creatinine 5.106 
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C4H70 2 - Butyrate ion 5.92 
C4HsN02S- S-Methylcysteine, negative ion 20.66 
C4HsNOa - Threonine, negative ion 5.227 
C4HsN20a Glycylglycine 4.121 
C4HsN20 .. Pt ci".Bis(g)ycinato)platinum(U) 4.43 

trana.Bis(glycinato )platillum(II) 4.44 
2-Butallone 5.88 

C4Hs0 2S2 
C4HgNO 
C4HgN02S 
C4HgNa0 2 

04H90 

Butyraldehyde 24.34 
Tetrahydroruran 5.226. 9.29. 15.131 
1,4-Dioxane 5.133, 15.84 
Butyric acid 5.93 
(E)-4,5-Dihydroxy-l,2-dithiane 3.163 
N,N-Dimethylacetamide 5.123 
S-Methylcysteine 4.145, 22.167 
Creatine 5.105 
2-Hydroxy-2,2-dimethylethyl radieal 

8.24, 28.7.6 
C4H10N02S Cysteine, methyl estel', conjugate acid 

4.93 

C4HlO0 2Sa 
C4HlOS 
C4HlOS2 

C4HllNO 
C4H12N+ 

l-Butanol 5.87 
2-Methyl-2-propanol 4.148, 5.188, 12.62, 

15.114,17.10.3,21.120 
Di~thyl ethcr 6.121 

Dithiothreitol 3.180, 4.109, 8.19, 20.53, 
21.95, 23.37 

Bis(2-hydroxyethyl)trisulfide 3.150 
Diethyl sulfide 21.91, 22.123 
Diethyl disulfide 4.98, 11.3, 15.72, 

22.122 
Butyla.mine 4.85, 5.89 

Diethylamine 4.97,5.120, 24.42 
Isobuty lamine 4.134 
"ee-Butylamine 5.90 
tert-Butylamine 4.86, 5.91 
N,N-Dietbylhydroxylamine 4.99 
Tetramethylanllnonium ion. 12.71, 

16.132, 21.137 

C 4H 12N 2S2 Cystamine 3.158, 22.113 
o 4H laCIN aPt + Chloro( die thy lenetriamine )platinum (II) 

ion 21.47 
C 4H16N4Pt2+Bis( ethylenediamine )platinum(II) ion 

C4N4Ni2-
CsFeN602-
CsHaN40 -
CsHaN40 2-

OsIlaN40 a-
CSH4N204 

CSH4N4 

CsH4N40 a 
CSH4NS -

CSH4NSO-
CsHsN 
CsHsN 20 2-

CsHsNs 
CsHsNsO 
CsHsN+ 

21.46 
Tetracyanonickelate(II) ion 3.105 
Pentacyano(nitrosyl)Cerrate(III) ion 3.76 
Hypoxanthine negative ion 22.155 
Xanthine nega.tive ion 22.210 
Urate ion 10.3.8, 14.42, 22.209, 23.53 

NiCuroxime 3.217 
Purine 3.228 
Uric acid 5.244, 6.105 
Adenine negative ion 22.95 
Guanine negative ion 22.144 
Pyridine 5.215, 6.81, 15.124 
I-Methyluracil negative ion 22.173 

3-Methyluracil negative ion 22.174 
Adenine 14.7, 15.498, 21.67 
Guanine 21.105 
Pyridinium ion 5.216, 9.28, 15.125 
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CSH6N202 4,6-Dihydroxy-2-methylpyrimidine 
22.126 

CsH6NaO-
CsH6NaOs-

CSH60 2 
CSH60l-
CsH7NaOs 
CsHs 
CsHsN02-

CsHsN04-

CGHaNzO 
CSHS02 

4,6-Dihydroxy-5-methylpyrimidine 
22.127 

T)aymine 3.242,4.166, 12.73,20.82, 
21.141, 22.194 

l-Methylcytosine negative ion 22.168 
6-Hydroxy-5-nitrothymine, conjugate 

base 3.191 
Furfuryl alcohol 24.60 
Glutarate ion 5.146 
6-Hydroxy-5-nitrothymine 3.198 
Cyclopentene 29.1.7 
L-Prolille, negative ion 5.205 
Glutamate ion 5.144 
3,4-Dimethyl-2-pyraflolin-5-on@ 22_135 
Ethyl acrylate 15.86 
Isopropenyl acetate 15.97 
Methyl methacrylate 12.61, 15.112 

CSHS04 Glutaric acid 5.147. 
CsHgNOaS N-Acetylcysteine 4.65 
CsHgN04 Glutamic acid 21.103 

N-Acctylscrinc (L) 6.66 

CSH902 - Trimethylacetate ion 5.238 
CSHIONO Piperidille-l-oXyI 24.85 
CSH10N02 - Valine, negative ion 5.245 
C5H loN02S-Penicillamine, negative ion 22.179 
CSHloN20a Glutamine 5.145 
CSHlOO 2-Pentanone 5.200 

CSH100 2 
CSHI004 
CSHlOOS 
CSHllN 
C5HU NO 
CSH llN02 
CsHllN02S 

Cydopenta.nol 6.108 

Propyl acetate 5.211 
2-DeoXY-D-ribose 12.44, 15.71d 
Ribose 12.67 
Piperidine 4.162, 24.84 
l-Hydroxypiperidine 24.86 
Valine 6.106 
Methionine 4.140, 6.173, 6.66, 16.105, 

18.10, 20.65, 22.163, 23.42 
Penicillamine 4.157, 11.8 

CsHIINOaS Met,hionine sulfoxide 5.175 
CSH11N04S Methionine sulfone 5.174 
CSH12N02S+Methionine, conjugate acid 21.117 
CSH120 3-Pentanol 15.115 
CSII1SN2S+ 2-[(3-Aminopropyl)amino]ethanethiol, 

conjugate acid 22.97 
CSH20CoN6 a+Pentaammine(pyridine )cobalt(I1I) ion 

3.23,13.3 

CSH20N6Ru2+Pentaammine(pyridine)ruthenium(II) 
ion 22.67, 23.22 

Trioxalatocobaltate(III) ion 13.17 
Ferricyanide ion 3.75, 13.28 
Ferrocyanide ion 4.28, 6.5, 8.6, 10.1.3, 

14.3, 22.24, 24.6, 25.3 
C6HCIsO Pentachlorophenol 6.199 

C6H2ClaO- 2,4,5-Trichlorophenoxide ion 5.234 
2,4,6-Tricblorophenoxide ion 5.236 

C6H2F 402 Tetrafluorohydroquinone 22.190 
C6HaCI20- 2,4-Dichlorophenoxide ion 5.119 
C6HaCla 1,2,4-Trichlorobenzene 5.231 
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C6H3Cl30 2,4,5-Trichlorophenol 5.233 
2,4,6-Trichlorophenol 5.235 

C6H30gS23- Hydroquinone-2,5-disulfonate trianion 
14.21 

C6H4BrO- 4-Bromophenoxide ion 4.84, 20.35, 
22.103, 23.31, 24.32 

C6H4CIN02 l-Chloro-4-nitrobenzene 3.156 
C6H4CIO- 2-Chlorophenoxide ion 5.102 

4-Chlorophenoxide ion 4.89, 5.104, 

06H4C1z 
C6H4Cl20 

20.38, 22.107, 23.32 
l,4-Dichlorobenzene 5.112 
2,3-Dichlorophenol 5.117 
2,4-Dichlorophenol 5.118, 24.41 
4-Fluorophenoxide ion 6.52, 7.16 
4-Nitrophenoxide ion 4.155, 5.193, 20.70, 

24.80.26.2.10 
1,4-Benzoquinone 3.145, 10.8.3, 15.60, 

24.29 
C6H40 2

2- Hydroquinone dianion 7.17, 10.3.3, 24.65 
Resorcinol dia.nion 7.26, 8.37, 74.36, 

24.86 
C6H40l- Muconate ion 21.121 
C6H 4 0ljS2- Hyrll'oqninonp-2-Rlllfona.t.p. rlianion 14.22 
CaH40gS22- 1,4-Dihydroxybenzene-2,5-disulfonate ion 

C6H5CI 
C611sCI0 

C6HSNO 
C6HsNOz 
C6H5N03 

C6HSNsO 
C6H50-

16.10 
Chlorobenzene 5.98 
2-Chlorophenol 5.101 
4-Chlorophenol 5.103 
Nitrosobenzene 3.225 
Nitrobenzene 3.220, 5.191 
4-Nitrophenol 5.192 
Pterin 3.227 
Phenoxide ion 4.159, 5.203, 6.76, 7.22, 

8.35, 10.3.6, 12.63, 14.31, 16.14, 
20.72, 22.182, 23.45, 24.82, 25.11 

Catechol mOlloanion 14.12 
Hydroquinone monoanion 8.23, 14.20, 

24.64 
C6H50 3S- Benzenesulfonate ion 5.81, 21.75 
CsHsOsS- Hydroquinone-2-sulfonate ion 16.11 
C6H6 Benzene 4.80, 5.80, 6.23, 15.55 
C6H6BrN 4-Bromoaniline 4.83 
C6H6CIN 4-Chloroaniline 4.88 
06H60oN06 Nitrilotriacetatocobaltate(ll) ion 3.18, 

20.2,22.12 
C6H6CuN06-Nitrilotriacetatocnprate(II) ion 20.4, 

22.20,23.7 

C6H 6FN 4-Fluoroaniline 4.115 
C6H6FeN06 -Nitrilotriacetat.oferrate{II) ion 20.6, 

22.25, 23.10 
C6H6MnN06 -Nitrilotriacetatomanganate(II) ion 

20.12, 22.37 
C6H6NNi06 -Nitrilotriacetatonickelate{II) ion 20.19, 

22.49, 23.18 
C6H6NO- 4-Aminophenoxide ion 7.10 
C6H6N06

3- Nitrilotriacetate ion 5.190, 22.178 
C6H6N06Zn -Nitrilotriacetatozincate(lI) ion 22.77 
C6H6N20 2 4-Nitroaniline 4.153 

C6Ht\0 4
Z

-

C6H60 9S2-

C6H7N 

C6H7N02 

C6H7NS 
C6H70 2-

C6H70 S-

Phenol 4.158, 5.202, 6.75,20;71, 21.122, 
22.181, 24.81, 25.10 

Catechol 5.97, 6.28, 16.5 
Hydroquinone 5.160, 6.56, 16.9, 17.10.4, 

20.57, 21.110, 22.149, 24.63, 25.9 
Resorcinol 5.217, 6.83, 16.16 
1,2,4-Benzenetriol 6.24 
Pyrogallol 14.34, 16.15 
3-Hexene-l,6-dioate ion 21.108 
L-Ascorbate-2-sulfate ion 22.101 
Aniline 4.71, 5.73, 6.20, 7.11, 10.3.1, 

14.8, 16.3,20.30,22.98,23.28,24.24 
N-Ethylmaleimide 3.183 
9-Methyladenine 15.110a 
Sorbateion 21.133 
Ascorbate ion 4.78,6.22. 7.12. 8.13. 

10.3.2,14.11,16.4,20.31,22.100, 
23.29 

Cr,HsFeN30 2 Histidineiron(II) complex 22.27 
CaHgN+ Anilinium ion 21.72 

C6HgN2 p-Phenylenediamine 7.23, 8.36, 10.3.5, 
14.32, 23.47, 24.83 

CsHsN202 1,3-Dimethyluracil 15.83 
C6HgN302 - Histidine, negative ion 5.159 
C6HgO 2,5-Dimethylfuran 24.53 
C6Hg04 Dimethyl fumarate 3.168 
C6Hg04S22- 3,3'-Dithiobis{propionate ion) 4.108, 

C6HgN204 
C6HgN30 2 

22.138 
Ascorbic acid 5.76,14.10,20.32,21.74, 

22.99, 23.30 
N-Acetylglycylglycine 4.67 
Histidine 4.128, 6.54, 15.92, 18.9, 20.56, 

21.109, 22.147, 23.38 
1-(2-Hydroxyethyl)-2-methyl-5-

nitroimidazole 3.194 
2-Hexenoate ion 5.155 
3-Hexenoate ion 5.156 

C6HlO Cyclobexene 15.70 
C6HlON204S22-Cystine, dianion 22.117 
CsHuCuN30-{ -Glycy}glycylglycinatocopper(II) com-

plex 3.65 
C6HllNO 5,5-Dimethyl-l-pyrroline-l-oxyl 3.171 
C6HnNa04 Glycylglycylglycine 4.122 
06H12N02 Leucine, negative ion 5.165 

L-Isoleucine, negative ion 5.164 
C6JI12N2 1,4-Diazabicyclo[2.2.2]octane 4.95, 24.38 
C OH12Nz + 1,4.-Dia23.bicydo[2.2.2]octane radical 

cation 24.39 
C6H 12N 20 4S2Cyst.ine 5.111, 18.7, 24.37 
C6H12N4 Hexamethylenetetramine 4.127 
C6H12N40 2 Diamide 3.160 
C61-1 12 0 l-Hexen-3-ol 5.157 

5-Hexen-3-o1 5.158 
Vinyl isobutyl ether 15.149 
Glucose 4.117, 5.143, 12.49, 24.61 
Cyclohexylamine 4.91 
N-Methylpiperidine 4.147, 24.79 

C6HlaN202 - Lysine negative ion 5.167 
C6H13N402 - Arginine, negative ion 5.75 
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C6H14N40 2 
C6H14S 
C6H14S2 
C6H16N 

Arginine 4.77, 18.6 
Dipropy I sulfide 5.134 
Di(l-methy lethyl) disulfide 11.5 
Diisopropylamine 24.44 
Dipropylamine 4.107 
Triethylamine 4.169, 5.237, 24.89 
N,N-Dimethyl-tert-butylamine 4.104, 

24.49 
C6H 19CoN602 2+Pentaammine(pyridinecarboxylato-0)­

cobalt(JII) ion 3.47 
C6H21N70Ru3+Pentaammine-

(isonicotinamide )ruthenium(III). ion 
3.122 

C6H24CoN6 3+Tris(et.hylenediamine )cobalt(III) ion 4.24 
C7H2N30 S - 2,4~6-Trinitrobenzoate ion 3.244 
C7H3N20 6- 2,4-Dinitrobenzoate ion 3.174 

2,5-Dinitrobenzoate ion 3.175 
3,4-Dinitrobenzoate ion 3.176 
3,5-Dinitrobenzoate ion 3.177 

C7H.Br02 - 2-Bromobenloate ion 16.62 

4-Bromobenzoate ion 15.63, 21.78 
C7H4CI02 - 4-Chlorobenzoate ion 12.38, 15.65, 21.79 
C7H4NO- 2 .. Cyanophenoxide ion 6.32 

4-Cyanophenoxide ion 7.14, 12.43, 20.43, 
22.112, 24.35, 26.2.5 

C7H4NOS- 4-Hydroxfbenzothiazole, conjugate base 
6.59,20.60 

C7H4N04 - 2-Nitrobenzoate ion 3.221 
3-Nitrobenzoate ion 3.222 

C7IIsCI02 
C7H5N 
C7H5NO 

C7H504 
C7H6N02-

C7H6N2 

C7H60 
C7H60 2 
C7HsOa 

C7II7NO 
C7H7N02 

4 .. Nitrobenzoate ion 3.223 
4 .. Hydroxybenzoate ion, dianion 7.18, 

20.59, 22.151 
4-Chlorobenzoic acid 12.39 
Benzonitrile 15.59, 21.77 
3-Cyanophenol 6.33 
4-Cyanophenol 6.34, 21.83 
Benzoa.te ion 5.83, 6.25, 7.13, 12.36, 

15.58, 21.76, 26.2.4 
4-Hydroxybenzoate ion 4.129, 6.58, 

12.52, 15.95, 21.111 
Salicylate ion 5.218, 24.87 
2,5-Dihydroxybenzoate ion 7.15 
4-Aminobenzoate ion 4.70, 21.70 
Benzimidazole 5.82 
Benzaldehy de 5.79, 24.27 
Benzoic acid 12.37 
4-Hydroxybenzoic acid 12.53,21.112 
Salicylic acid 5.219, 21.131 
Sesamol 6.85 
Benzamide 15.54 
2 .. Uarboxy-l-methylpyridinium ion 3.155 
4-Aminobenzoic acid 12.35 
3-Methylphenoxide ion 8.32, 14.29, 24.77 
4 .. Methylphenoxide ion 4.146, 7.21, 8.33, 

14.30, 20.67, 22.169, 23.43, 24.78 
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3-Methoxyphenoxide ion 7.19, 8.29, 
14.27, 24.73 

4-Methoxyphenoxide ion 4.141, 7.20, 
8.30, 10.3.4, 12.60, 14.28, 16.13, 
24.74 

Toluene 4.167, 5.230, 6.94 
4-Aminobenzoic acid, conjugate acid 

21.71 
2-Methylphenol 5.185, 6.70 
3-Methylphenol 5.186, 6.71 
4-Methylphenol 5.187, 6.72, 24.72 
Anisole 4.72, 5.74, 6.21,9.17, 15.53, 

24.25 
2-Methoxyphenol 6.66 
3-Methoxyphenol 6.67 
4-Methoxyphenol 6.68, 21.119 
4-Methylaniline 4.144 
Benzy lamine 4.82, 5.85, 24.30 
N-Methylaniline 4.143, 6.69 

C7HgN zO+ l-Mcthylnieotinamide 3.214 

C7HlO0 6 1-0-Methyl-L-ascorbic acid 22.164 
2-0-Methyl-L-ascorbic acid 22.165 
3-0-Methyl-L-aseorbic acid 22.166 

C7H120 2 Butyl acrylate 15.64 
C7H120 4 Diethyl malonate 5.122 
C7H13DO Cycloheptanol-l-d 15.69 
C7H13N038 N-Acetylmethionine 22.91 
C7H14N20 3S L-Methiollylglycine 8.28 
C7H140 Cycloheptanol 15.68 
C7HlSCoN70S 2+Pentaammine(2,4-

dinitrobenzoato )cobalt(III) ion 3.38 
Pentaammine(3,5-

dinitrobenzoato )cobalt(III) ion 3.39 
C7H19CoN6042+Pentaammine(2-

nitrobenzoato )cobalt(III) ion 3.35 
Pentaammine{3-nitrobenzoato )cob alt (III) 

ion 3.36 

Pen taammine{ 4-nitrobenzoato )cobalt(III) 
ion 3.37 

C7H20CoN 502 2+Pentaammine(benzoato )cobalt(III) ion 
3.33, 4.23, 13.8 

CSH2C020 IS 4-Bis( oxalato )dihydroxydicobaltate(III) 

CSH4N02-

CSH40l­
CSH5N04

2-

CsHsN202 

ion 13.18 
4-Cyanobenzoate ion 12.42, 15.67, 21.82 
p-Phthalate ion 12.64, 15.120,21.125 
3-Amillophthalate ion 24.23 
2,3-Dihydrophl;hala.zine-l,4-dione-2-yl 

4.101,6.43 
CSH6N202 2,3-Dihydro-l,4-phthalazinedione 4.100, 

6.42,24.43 
CSH6N302 - Luminol, monoanion 24.70 
CSH7N Indole 4.132, 6.598, 22.1558, 24.67a 

N-tert-Butylpyrrolidine 24.33 
CSH7N03 4-Nitroacetophenone 3.219, 13.69 
CSH7N302 Luminol 4.136, 6.62 
CSH702 - m-Toluate ion 15.134 

o-Toluate ion 15.135 
p-Toluate ion 15.136, 21.142 
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CSH704-
CsHs 
CsHsO 
CSHS02 

CsHgNO 
CsHgN02 
CSHIO 

2-Methoxybenzoate ion 15.106 
3-Methoxybenzoate ion 15.107 
4-Methoxybenzoate ion 15.108,21.118 
2,5-Dihydroxyphenylacetate ion 14.16 
Styrene 5.221,15.127,24.88 
Acetopht'none 3.135, 4.64, 9.15, 15.45 
Methyl benzoate 5.178 
Phenylacetic acid 9.26 
p-Hydroxyacetophenone 20.58, 22.150 
p-Toluic acid 12.74 
3,4-Dihydroxyacetophenone 20.47, 

22.125 
Acetanilide 4.60, 15.42,21.60 
Acetaminophen 22.90 
Ethylbenzene 5.137 
m-Xylene 5.246 
o-Xylene 5.247 
p-Xyltme 5.248 

CsH lOCoN20S - cis-Bis(iminodiacetato )cobaltate(III) 
ion 13.9 

trans-Bis(iminodiacetato )cobaltate(III) 
ion 13.10 

CRH10C'lN40~-Copper(II) tetraglycine 3.66, 22.22 
CsH loN 2NiOs -Bis(iminodiacetato )nickelate(II) ion 

22.48 
CSHION20 N,N-Dimethyl-4-nitrosoanilitte 3.170, 

4.106, 15.82,22.133,28.5.6 
CsHlON20aS Sulfacetamide 6.87 
CsHIOO l-Phenylethano1 15.117 

2,3-Dimethy)phenol 5.128 
2,4-Dimethylphenol 5.129 
2,6-Dimethylphenol 5.130 
3,4-Dimethylphenol 5.131 
Benzyl methyl ether 15.61 
Ethoxybenzene 4.112 

CSH100 2 1,2-Dimethoxybenzene 15.73 
1,3-Dimethoxybenzene BAB, 15_74 

1,4-Dimethoxybenzene 6.47, 15.75, 26.2.6 
4-Methoxybenzyl alcohol 26.2.9 

CSHllN N,N-Dimethylaniline 4.102, 6.49, 8.18, 
20.50, 24.47, 25.8 

CsHuNaOa N-a-Aeetylhistidine 5.63 
CSH12CuN40 aGlycylhistidinecopper(II) complex 3.68 
CsH12N+ N,N-Dimethylanilinium ion 16.6 
CSH12N02 Norpseudopelletierine N-oxyl 4.156 
CsH12N40a Glycylhistidine 4.124 
CgH120 2 5,5-Dimethyl-l,3-cyclohexanedione 5.127 
CsHla02S2 - Lipoate ion 3.203, 11.7, 23.39 
CSH140 2 Isobutyl methacry1ate 15.96 
CgH140 2S2 Lipoic acid 20.63, 23.40 
CsH 15NOS2 Lipoamide 3.202 
CSH16N20a N-a-Acetyllysine 5.64 

N-e-Acetyllysine 5.65 
CaH lSN204S2Cystine, dimetllyl ester 4_94 

Homocystine 22.148 
CSHl60 Octyl aldehyde 5.196 
CSRISO 1-0ctanol 5.195 
CsH 19CoN602 2+Pentaammine( 4-

cyanobenzoato )cobalt(III) ion 3.34 

CSR19N Dibutylamine 4.96 
CSR20CoN7062+Pentaammine(2,4-

dinitrophenylacetato )cobalt(III) ion 
3.43 

CSH20N+ Tet.raet.hyla.mmonhlm ion 12.70, ·,5.,30, 
21.136 

CSH21CoN6042+Pentaammine(2-
nitropbenylacetato )cobalt(III) ion 
3.40 

Pentaammine(3-
nitrophenylacetato )cob alt (III) ion 
3.41 

Pentaammine{ 4-nitropheny lacetato )­
cobalt(Ill) ion 3.42 

CSH22CoN 502 2+Pentaammine(phenylacetato )cobalt(III) 
ion 3.32 

CsHa4C02Ng02 4+ J-t-Amido-J-t-
su peroxidotetrakis( ethy lene­
diamine )dicobalt(III) ion 3.54 

C9H30 6
a- 1,3,5-Benzenetricarboxylate ion 15.57 

CgH60 a
2- p-Hydroxycinnamate ion, conjugate base 

C9H60i­
CgH70a­
CgHgOa 
CgHgI2NOa 
CgHgN 

C9HIO 
C9HlOFNOa 
C9H1oINOa 
C9H10N02-

C9H100 2 
C9HllN02 

C9H12 

22.152 
Homopht.halate ion 15.93 
4-Acetylhenzoate ion 15.46 
p-Hydroxycinnamic acid 21.113 
3,5-Diiodotyrosine 22.131 
l-Methylindole 4.1458, 6.69a, 22.1688. 

24.758 
2-Methylindole 4.145b, 6.69b, 22.168b, 

24.75b 
3-Methylindole 4.145c, 6.69c. 22.168c, 

24.75c 
2,3-Dimetboxybenzoate ion 15.76 
2,4-Dimethoxybenzoate ion 15.77 
2,5-Dimethoxybenzoate ion 26.2.7 
2,6-Dimethoxybenzoate ion 15.78 
3,4-nimet.hmcyhentloa.te ion 15_7Q 

3,5-Dimethoxybenzoate ion 15.80 
Allylbenzene 5.72 
m-Fluorotyrosine 22.141 
3-Iodo-L-tyrosine 3.201 
Phenylalanine, negative ion 5.204 
Hydrocinnamic acid 15.94 
Ethyl 4-aminobenzoate 4.113 
Phenylalanine 4.160, 6.77, 20.73, 21.124, 

22.183, 23.48 
Tyrosine 4.175, 6.102, 8.40, 15.146, 

18.13,20.87,21.144,22.206,23.52, 
24.92 

3-(3,4-Dihydroxypheny 1)-L-alanine 6.44, 
20.48, 22.128 

1,2,3-Trimethylbenzene 5.240 
1,3,5-Trimethy lbenzene 5.241 
Cumene 5.107 

N,N-Dimethy 1-3-chlorobenzy lamine 
24.50 

N,N-Dimethyl-4-chlorobenzylamine 
24.51 

N,N-Dimethyl-4-fluorobenzylamine 24.52 
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C9H12N20 2 N,N-Dimethyl-3-nitrobenzylamine 24.57 
N,N-DimethyI-4-nitrobenzy lamine 24.58 

C9H120 1-Phenyl-2-propanol 15.118 
2-Phenyl-2-propanol 15.119 

C9H120 3 1,2,3-Trimethoxybenzene 15.137 
1,2,4-Trimethoxybenzene 15.138 
1,3,5-Trimethoxybenzene 15.139 

C9Hl3N N,N-Dimethylbenzylamine 4.103, 24.48 
C9Hl3NO N-Methyl-4-methoxybenzylamine 24.76 
C9Hl3N304 2'-Deoxycytidine 15.71b 
C9Hl3N30S Cytidine 21.86 
CgH 14BrCoN206 -Bromo( N-methylethylene­

diaminetriacetato )cobaltate(III) ion 
13.15 

C9HI4CuN403~-Ala.nylhistidinecopper(II) complex 
3.69 

CgH)4NT Trimethylanilinium ion 15.144 
C9Hl4N307P 2'-Deoxycytidine-5'-monophosphate 

21.89 
C9H15CoNz07Aqua(N-methylethylene­

diaminetriaeetato )cobalt(lII) 13.14 
C9HlSNS 5-Methyl-1-thia-5-azacyc.looctane 22.172 
C9H16N02 2,2,6,6-'retramethyl-4-piperidone N-oxyI 

3.237, 4.165, 20.80, 21.138, 22.192, 
23.50 

C9HI9CoN6022+Bis(ethylenediamine)pyrazine-
carboxylatocobalt(IlI) ion 3.48 

CgH2ICoN6042+Pentaamminc(2-
nitrocinnamato )cobalt(III) ion 3.44 

Pentaammine(3-nitrocinnamato )cobalt(III) 
ion 3.45 

Pentaammine( 4-nitrocinnamato )cob alt (III) 
ion 3.46 

C9H22N4Ni2+1 ,4,7,10-Tetraazacyc.lotridecanenickel{II) 
ion 3.106 

CIOC02N 1002 S-Decakis( cyano )-JL­
superoxidodicobaltate(III) ion 3.55 

C101120 a 4- 1,2,4,5-Benzenetetracarboxy late ion 
15.56 

CloH60 4 
C1oH7CI 
0 101170 -

2-Hydroxy-1,4-naphthoquinone 3.195 
5-Hydroxy-l,4-naphthoquinone 3.196 
5,8-Dihydroxy-l,4-naphthoquinone 3.164 
l-Chloronaphthalene 5.100 
l-Napbtbyloxidc ion 4.151 

2-Naphthyloxide ion 4.152 
CloHa Naphthalene 5.189 
Cl0HRCoN~2+2,2'-Bipyridinecobalt(II) ion 3.10 
C10HaN03S-1-Aminonapbthalene-4-sulfonate ion 6.19 
CloHaN203S-2-Amino-{4-hydroxy-6-benzothiazolyl)-

propionate ion, conjugate base 
6.17,20.28 

ClOHgN2 + 2,2'-Bipyridine, conjugate acid 3.146 
CloHllN 2,3-Dimethylindole 4.105a, 6.49a, 

22.132a, 24.53a 
ClOHll N30 2 6-(Dimethylamino )-2,3-

dihydroph thalazine-l ,4-dione 24.46 
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CloH l10 5- 2,3,4-Trimethoxybenzoate ion 15.140 
2,4,5-Trimethoxybenzoate ion 7.26, 

15.141, 26.2.11 
2,4,6-Trimethoxybenzoate ion 15.142 
3,4,5-Trimethoxybenzoate ion 15.143 

C loR 12CICoN 20a 2-Chloro( ethylenediaminotetraacetato 
cobaltate(IlI) ion 13.13 

CloH12CoN20a -Ethylenediaminetetraacetatocobaltate(l 
ion 13.12 

CloH 12CoN 20a 2-Ethylenediaminetetraacetatocobaltatel 
ion 20.3, 22.13 

CloH12CuN20a2-Ethylenediaminetetraacetatocuprate(1 
ion 20.5, 22.21, 23.8 

CloHl2FeN20S -Ethylenediaminetetraacetatorerrate(III) 
ion 3.77, 13.29 

Cl0H12FeN20s2-Ethylenediaminetetraacetatorerrate(II) 
ion 20.7, 22.26, 23.11 

Cl0H12MnN20S 2-Ethylenediaminetetraacetatomangana 
ion 20.13, 22.38 

ClIJHnNOa - O-Methyl-L-tyrosine negative ion 18.11 

ClOH12N2 Tryptamine 4.170, 6.95, 14.39 
CloH 12N2NiOs 2 -Ethylenediaminetetraacetatonickelate( 

ion 23.19 
Cl0H12N20S 4-Ethylenediaminetetraacetate ion 4.114, 

22.140 
C loH12N 20SZn 2-Ethylenediaminetetraacetatozincate(II: 

ion 22.78 
ClOH12N40 5 Inosine 21.114 
010H12NS04 -Adenosine negative ion 22.96 
Cl0H12N50S -Guanosine anion 22.145 
C1oH120 2 Duroquinone 4.110, 10.8.5, 13.64 
C10H120 4 2' ,4' ,5'-Trihydroxybutyrophenone 14.38, 

20.83, 22.196 
ClOH120 5 PropyI3,4,5-trihydroxybenzoate 6.BO, 

20.76, 21.130, 22.186 
C lOH13N03 Tyrosine, methyl ester 6.103, 22.207 
ClOH13N2 + Tryptamine, conjugate acid 22.201 
ClOH13N503 2'-Deoxyadenosine 15.718 
ClOH13N504 2'-Deoxyguanosine 15.71c 

Adenosine 6.15, 15.49b 
ClOH14N20 2 a-{4-Pyridyll-oxide)-N-tert-butylnitrone 

3.231 
CloHt4N20S Thymidine 6.92, 15.1336 
o loll 14N S06P2'-Deoxyadeno:sine 5'-monophosphate 

21.88 
C1oH)4Ns07PAdenosine 5'-monophosphate 3.139 

Deoxyguanosine 5'-monopho8phate 
21.90, 22.120 

C1oH140 l-(p-Ethylphenyl)ethanol 15.87 
1-Phenyl-3-butanol 15.116 

CloH140 4 1,2,4,5-Tetramethoxybenzene 22.191 
CloH lsN N,N-Dimethyl-4-methylbenzylamine 

24.56 
N-Isopropy lbenzylamine 24.68 

C 10H IsNO N,N-Dimethyl-3-methoxybenzylamine 
24.54 

N,N-Dimethyl-4-methoxybenzylamine 
24.55 

l-Ephedrine 6.51 
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CloH15N20gPThymidine 5'-monophosphate21.140 
C lOHI6NO+ Ephedrine, conjugate acid 20.54,22.139 
ClOHl6N2 N,N,N ,N-Tetramethyl-p-phenylene-

dia.mine 10.3.7, 14.37, 20.79, 23.49 
ClOH16N306S-Glutathione, negative ion 5.149 
C lOH160 Camphor 3.153, 20.36, 22.105 
ClOHl7N306SGIutathione 4.118, 5.148, 14.19 
ClOHlSN406S~L-CystinYlbisglycine 6.39, 8.16, 22.118 
ClOH20CuN42 1,4,8,11-

Tetraazacyclotetradecanecopper(II) 
ion 3.61,21.12 

ClOH20N204S-tPenicillamine disulfide 22.180 
ClOH24N4Ni2 1,4,8,11-

Tetraazacyclotetradecanenickel(II) 
ion 3.107 

CllHsN20 S (E)-2-(2-Fllryl)-3-(5-nitro-2-
fnryl)acrylamide 3.190 

(Z)-2-(2-Fury 1)-3-(5-nitro-2-
furyl)acrylamide 3.189 

C llH SN 3 0,. + 1-(2,4-Dinitroph~nyl)flyridinillm 3_178 
CllHa0 2 2-Methyl-1,4-naphthoquinone 3.213 
Cl1HgFe02 - Carboxyferrocene ion(l-) 20.8 
CllH9N20 3S-6,7,8,9-Tetrahydro-4-

methoxythiazolo [4,5- h] isoquinoline-
7-carboxylate ion 6.89, 20.78 

CURIO 2-Methylnaphthalene 5.183 
Cl1HlON02 - Indole-3-propionate ion 4.133 
CUHION203S-2-Amino-(4-methoxy-6-

benzothiazolyl)propionate ion 6.18, 
20.29 

C l1 H12FeN20 2Tryptophaniron(II) complex 22.29 
U11H12N20 2,3-Dimethyl-1-phenyl-3-pyrazolin-5-one 

22.134 
C UH12N20 2 Tryptophan 4.171, 5.242, 6.96, 8.39, 

14.40, 15.145, 18.12, 20.86, 21.143, 
22.202,23.51, 24.91 

CU R 12N20 4 N-Formylkynurenine 3.187 
CllHlaN204 Glycyltyrosille, phenoxy radical 8.22 
CllHlaNaO Tryptophanamide 4.173, 6.97, 14.41, 

22.203 
CllHl4N203 Phenylalanylglycine 4.1f51 

N-Acetyltyrosillamide 6.14, 22.93 
Cu H14N20 4· Glycyltyrosine 4.126, 8.21 
CllH 15NO 4-Ph.myl-N-ferl-hutylnit.rone 3_226 

CllH160 1-:tvlethoxy-2-methyl-l-phenylpropane 
15.109 

Cl1Hl7N Benzy1-tert-but.ylamine 24.31 
CllH19F aN4Ni2+11-Methyl-1 :J-( triOuoromethyl)-

1,4,7,10-tctraazacyclotrideca-10,13-
dienenickcl(lI) ion 22.50 

CuH2oN4Ni2+11,13-Dimethyl-1,4,7,10-tetraaza-
cyclotetr adeca-l 0, 13-dienenickel(II) 
ion 22.51 

CnH27N5Ni2+1 ,4,7, 10,13-Pentaazacyclohexa-
decanenickel(II) ion 22.55 

C12H6C12N02 -2,6-Dichloroindophenolate ion 3.162 
C12H7CI2N02.Na2,6-Dic h loroindophenol 13.62 
C12HsN02 - Indophenolate ion 3.200 

C 12HsN 202 Benzo-2,3-dihydroph thalazine-l ,4-dione 
24.28 

C12HlON40 2 Lumichrome 3.204 
C121111Fe02 -Ferrocenylacetate ion 20.9, 22.31 
C12H l1 N Diphenyla.mine 14.17, 16.7, 22.137 
C12HllN203S2- 6,7,8,U-Tetrahydro-4-

hydroxy thiazolo [4,5-k]isoquinoline-
7-carboxylate ion, conjugate base 
6.88,20.77 

C12H12CoN2
2+ 4,4'-Dimethyl-2,2'-bipyridinecobalt(II) 

ion 3.11 
C12II12N2

2+ 1,1 '-Ethylene-2,2'-bipyridinium 3.182, 
13.66 

C12H 12Na02 3-Methyl-7 ,8-bis,nor-5-deazalumiHavin 
3.209 

C12H]4C02N20142-Bis(nitrilotriacetato]-di-I-L­
hydroxydicobaltate(III) ion 13.11 

C12H14N2 + 1,1 '-Dimethyl-4,4'-bipyridinium radical 
ion (1+) 3.166,20.51,21.93 

C 12H 14N 2
2+ 1,1'-Dhuethyl-4,4'-hipyridinium 3.165, 

10.8.4, 13.63 
C12H14N20 2 Tryptophan, methyl ester 4.172, 6.98, 

22.204 
N-Methyltryptophan 4.149 

C12H16CuN604Histidinecopper(II) complex 3.67 
C12H16FeN404Dihistidineiron(II) complex 22.28 
C12H16N205S(2,5S,S')-Cysteinyldopa 6.36 

(2S)-Cysteinyldopa 6.37 
(5S)-Cysteinyldopa 6.38 

C12H17N50 4 N',.zv6-Dimethyladenosine 15.808 
C 12H lSN6Ni06 4-Tris( dimethylglyoximato )nickelate(II) 

ion 7.6 
C12H220 11 Sucrose 5.224 
C12H24N2 + 1,6-Diazabicyclo[4.4.4]tetradecane radical 

cation 20.46,22.121,23.35 
C12H250 tS- Dodecylsulfate ion 6.50,21.96 
C12H2SN Tetrapropylammonium ion 12.72, 

15.133, 21.139 
C 12H29C1N aPt + Chloro( tetraethyldiethy lenetriamine )platinum 

ion 21.48 
C12H30CoNs21 1,3,6,8,10,13,16,19-

Octaazabicyclo[6.6.6]-
eicosanecobalt(II) ion 22.15, 23.5 

C13H9N Acridine 3.136 

C1aHgOa - 4-Phenoxybenzoate ion 21.123 
C13HlOO Benzophenone 4.81 
C laH 11 NS 10-Methylphcnothiadne 8.31 
ClaH12N402 1-Methyllumichrome 3.211 

3-Methyllumichrome 3.212 
Lumiflavine 3.205, 15.98 

ClaH13Fe02 -2-Carboxyethylferrocene ion{1-) 20.10 
CiaHlaN402 LumiHavine semiquinone 3.206 
ClaHlaN402 -DihydrolumiHavin, conjugate base 6.41, 

22.124 
ClaH14N22+ 1,1'-Trimethylene-2,2'-bipyridinium 

3.243, 13.76 
ClaH14N20a N-Acetyltryptophan 4.68, 6.13, 14.6, 

22.92 
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C13H1SN303 Glycyltryptophan 4.125, 6.53, 8.20 
Tryptophylglycine 4.174 

C14H6N20 S Methoxatine 3.208 
C14H60SS22-9,10-Anthraquinone-2,6-disulfonate ion 

3.142 
C14H60SS2 3-Anthrasemiquinone-2,6-disulfonate, radi-

, cal ion 4.73,9.18,21.73 
Anthrasemiquinone-2, 7 -disulfonate, radi­

cal ion 4.74 
C 14H70SS- 9,10-Anthraquinone-l-sulfonate ion 

3.143 
9,10-Anthraqllinone-2-sulfonate ion 

3.144, 13.59 
C14H70 SS2- Anthrasemiquinone-l-sulfonate, radical 

ion 4.75 
Anthrasemiquinone-2-sulfonate, radical 

ion 4.76 
Anthracene 24.26 
Phenanthrene 5.201 

C14H12N22+ Phenanthrolino[4,o-a;6,7-c]pyraliinediium 

13.72 
C14H14N3 + 3,6-Diamillo-l0-methylacridinium 3.137, 

21.63. 22.94, 23.27, 28.1.4 
C 14H14N402 1,3-DimethyUumichrome 3.169 

3-MethyllumiHavine 15.111 
C 14H15N Dibenzylamine 24.40 
C14H16N22+ 1,1'-Ethylene-4,4'-dimethyl-2,2'­

bipyridinium 13.67 
1,1'-Tetramethylene-2,2'-bipyridinium 

3.235, 13.75 
C14H17N303 Tryptophylalanine 6.99 
C14H170 4 - 6-Hydroxy-2,5,7,8-tetramethylchroman-2-

carboxylate ion 14.23, 16.12 
C14HlSCoN20S - tra.ns-1 ,2-Cyclohexanediamine-

N,N,N' ,N'-tetraacetatocobaltate(III) 
ion 13.16 

C14H30CoNs042+1,8-Dinitro-3,6,10,13,16,19-
hexaazabicydo[6.6.6]­
eicosanecobalt(II) ion 13.20 

C 14H30CoNsO 4 3+ 1 ,8-Dinitro-3,6,10,13,16,19-
hexaazahicyclof6.6.61eicosa.neeoha.lt(I 
ion 13.19 

CI4H32N4Ni2+1,4,8,11-Tetramethyl-l,4,8,11-
tetraazacyclotetradecanenickel(II) 
ion 3.108 

ClsH 1006 3,5,7-Trihydroxy-2-( 4-hydroxyphenyl-2-
benzopyran-4-one 6.60, 14.24 

C16H 1007 2,(3,4-Dihyroxyphenyl)-3,5, 7 -trihydroxy-
I-benzopyran-4-one 6.82, 14.35 

ClsH11N402 -Lumiftavin-3-acetate ion 13.68 
CI6H12N02S-Metiazinic acid, conjugate base 4.150, 

6. 73, 8~34, 20.68, 22.175 
C15H14N22+ Phenanthrolino[4,5-a.:6,7-

c]diazepinediium 13.71 
C15H 14 0 5 2',4' ,5'-Trihydroxy-a-( 4-methoxyphenyl)-

a.cetophenone 20.85, 22.198 

2' ,4' ,6'-Trihydroxy-f3-(4-
hydroxyphenyl)propiophenone 
20.84. 22.197 

C IsH lsN2 2+ 4,4 '-Dimethyl-1,1 '-trimethylene-2,2'­
bipyridinium 3.173 

ClsHlSN404 Glycylglycyltryptophan 4.123 
Histidyltyrosine 6.55 

ClsHlgBrN4Ni2+Bromo-a-2,12-dimethyl-3,7,11,17-
tetraazabicyclo(11.3.1]heptadeca-
1(17),2,6,11,13,15-hexaenenickel(III) 
ion 22.59 

ClsH19N4Ni2+ a-2,12-Dimethyl-3,7 ,11,17-
tetraazabicyclo (11.3.1 ]heptadeca-
1( 17),2,6,11,13,15-hexaenenickel(II) 
ion 20.18, 22.58 

C15H2SN4Ni022+Bisaqua-a-2,12-dimethyl-3,7,11,17-
C14HlSMnN20S -1,2-

Cyclohexanediaminetetraacetatomanga,nate(III) 
tetraazabicyclo( 11.3.1 ]heptadeca-
1 (17),2,11,13,15-pentaenenickel(II) 
ion 20.17, 22.57 ion 13.42 

C14HlSN202 2+1,1 '-Bis{2-hydroxyethyl)-4,4'­
bipyridinium 3.149 

C14H1S0 4 6-Hydroxy-2,5,7,8-tctramethylchroman-2-
carboxylic acid 22.153 

C14H2003 6-Hydroxy-2-hydroxymethyl-2,5,7,8-
tetramethylchromane 4.130 

C14H24CoN42+2,3,9,10-Tetramethyl-l,4,8,11-
tf"traazacydotptradp('a-l,3,8, 1 o. 
tetraenecobalt(Il) ion 3.9, 4.11 

C14H24CuN42+2,3,9,10-Tetramethyl-1,4,8,11-
tetraazacyclotetradeca-l,a,8,10-
tetraenecopper(II) ion 21.15 

C14H24N6Ni02 2+3, 14-DilDp.thyl-4, 7 ,10,13-
tetraazahexadeca-3,13-diene-2,15-
dione dioximatonickel(IV) ion 3.112 

C14H2SCoN402 3+2,3,9,10-Tetramethyl-l,4,8,11-
tetraazacyclotetra,deca-1,3,8,10-
tetraenecobalt(III) ion 3.26 
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ClsH26N4Ni2+ a-2,12-Dimethyl-3,7 ,11,17-
tetraazabicydo[11.3.1 ]heptadeca-
1(17),13,15-trienenickel(II) ion 
20.16, 22.56 

C16H7N2011St3 Indigotrisulfonate ion 24.67 
C16HsN20SS2 Indigodisulfonate ion 3.199 
C16H10 Pyrene 5.214 
C1r.JTIONZOZ NaFautl'om 22_178 
C16HlSN2042+1,1'-Bis(carboxyethyl)-4,4'-

bipyridinium 3.147 
C16HlSN3S+ Met.hylene Blue cation 3.210 
C16H20N2 N,N,N' ,N'-Tetramethylbenzidine 8.38 
C16H20N22+ 4,4'-Dimethyl-1,1 '-tetramethylene-2,2'-

bipyridinium 3.172 
4,5,4' ,5'-Tetramethyl-1,1 '-ethylene-2,2'­

bipyridinium 3.236 
C16H2SN4Ni2+5,7,7,12,14,14-Hexamethyl-1,4,8,11-

tetraazacyclotetradeca-1,4,8,11-
tetraenenickel(II) ion 21.34, 22.54, 
23.17 
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C16H32Cl2CoN4 +Dichloro(5,7,7 ,12,14,14-hexamethyl-
1 ,4·,S ,ll-tetra.azacyclotetradeca-
4,11-diene)cobalt(III) ion 3.27 

C16H32CoN42+5,7,7,12,12,14-Hexamethyl-l,4,S,11-
tetraazacyclotetradeca-4,14-
di~neeoh:l.lt(TT) ion 3.8 

5,7,7,12,14,14-Hexamet.hyl-l,4,S,11-
tctraazacyclotetradeca-4,11-
dienecobalt(II) ion 3.7, 4.10, 21.9, 
22.14,23.4 

C16H32CoN4 3+5,7,7 ,12,14,14-Hexamethyl-l,4,S,11-
tetraazacyclotetradeca-4,11-
dienecoba.lt.(III) ion 3.25 

C 16H32CuN/+5,7,7,12,14,14-Hexamethyl-l,4,S,11-
tetraazacyclotetraueca-4,11-
dienecopper(Il) ion 3.63.21.14 

C16H32CuN4 3+5,7,7,12,14, l il-Hexamet.hyl-l ,4,S,11-
tetraazacyclotetradeca-4,11-
dienecopper{III) ion 22.188 

C161I32N4 5,7,7 ,12,14,14-Hexamethyl-l,4,8,1l-
tetraazacyclotetradeca-4,11-diene 
21.107, 22.146 

C16H32N4Ni2+5,7,7,12,14,14-Hexamethyl-l,4,S,11-
tetraazacydotetradeca-4,11-
dienenickel(II) ion 3.110, 21.33, 
22.53, 23.16 

U16H36UuN4 2i-5, 7,7 ,12,14,14-llexamethyl-l,4,S,11-
tetraaza.cyclotetradecanecopper(I1) 
ion 3.62,21.13 

C!f}HaoN+ Tetrabutylammonium ion 12.60, 16.120, 

21.135 
C16H36N4Ni2+5,7,7,12,14,14-Hexamethyl-l,4,S,ll­

tetr aazacyclotetradecanenickel( II) 
ion 3.109, 20.15, 21.32, 22.52, 
23.15 

C17H19CIN2SChiorpromazine 14.13, 21.81 
017Il200IN2S+0hlorprollli:f.Ziine, conjugate:: add 0.S1, 

20.41,22.111,23.33 
C17H20N405S2-Thioriboflavine 3.241 
C17H20N-t06 Riboflavine 3.234. 13.74 
C 17H21N2S+ Promethazine, conjugate acid 6.79, 

20.75,21.127,22.185,23.48 
C17H22N22+ 4,5,4',5'-Tetramcthy 1-1,1 '-trimethylene-

2,2'-bipyridinium 3.239 
C17H24N303 Tryptophylleucine 6.100 
ClsH1SFeN206 +Ethylenediaminebis[2-(2-

hydroxypheny l)a.ceb.toJiron(IIT) ion 
3.77a 

ClsHlSN406S42-2,2'-Azinobis(3-ethyJh('nzothiazoline-
6-sulfonate ion) 8.14, 20.33, 22.102 

ClsH24N2Zi- 4,5,4',5'-Tetramethyl-l,1 '­
tetramethylene-2,2'-bipyridinium 
3.238 

ClsH2902 
ClSH3102 -
ClsH3202 
ClsH3304 
C1SH3402 

Linolenate ion 6.61, 14.26, 20.62, 22.156 
Linoleate ion 8.27, 14.25 
Linoleic acid 5.166, 24.69 
13-Hydroperoxylinoleate ion 6.57 

Oleic acid 5.197 

ClsH36N4Ni2+1,4,5,7,7,S,11,12,14,14-Decamethyl-
1,4,S,11-tetraazacyclo­
tetradecanenickel{II) ion 3.111 

ClyH3602 Methyl oleate 5.184 
C 19H42CIN Hexadecyltrimethylammonium cnloride 

21.106 

C2oH6Br40s2--Eosill dianion 3.181 
C2oHlO052- Fluorescein dianion 3.186 
C2oH12 Benzo[a]pyrene 5.84 
C2oH16CoN42+Bis(2,2'-bipyridine )cobalt(II) ion 3.12 
C2oH22N304 Tryptophyltyrosine 6.101, 22.205 

Tyrosy Itryptophan 6.104 
C2oH2404 Crocetin 14.15 
C2oH260uN42+2,2,4,11,13-Hexamethyl-l,5,10,14-

t.etraazacyclooctadeca-4,13-
dienecopper(II) ion 3.64 

C2oH32N6012S2Gluta.thione, oxidized 3.191, 4.119, 
22.143 

C21H22N20SS5-Dimethylamino-l-naphthalenesulfonyl­
L-tyrosine 6.48 

C21H26N701aP2 +Nicotinamide adenine dinucleotide 
3.216,6.74 

C21H29N7014PNicotinamide adenine dinucleotide, 
red need 20.69, 22.177, 23.44 

C21 H35Ns052+Lysyltyrosyllysine 22.160 
C21H56CoN14050sS+Pentaammineosmium(III)(isonicotinylpr 

prolinato )pen taamminecobalt{III) 
ion 3.115 

C22H17N306S.NaAdd Blue 40 20.27 
C:22HH~N22+ 1,1 '-Diphenyl-4,4'-bipyridinium 3.179 

C22H23N305 L-Seryl-L-tyrosyl-f3-naphthylamide 6.84 
C23H36N6042+Lysyltryptophanyllysine 22.159 
C23H40N5053+Lysyltyrosyllysine, N-ethyl 22.161 
C24H16N42+ 1,1 '-Bis(4-cyanophenyl)-4,4'-

bipyridinium 3.148 
C24H18N 12Ru 2+Tris(2,2'-bipyridazine )ruthenium{II) 

ion 3.119 

C24H20B- Tetraphenylborate ion 6.91, 20.81, 
22.193 

C24H21Na09~3 2-Acid 'Red 2RFi din.nlon ?O 61 

C24H22N22+ 1,1'-Dibenzyl-4,4'-bipyridinium 3.161, 
13.61 

C24H24CoN22+Bis(4,4'-dimethyl-2,2'-
bipyridine )cobalt(II) ion 3.13 

C24H26N44+ 1,1" -Ethanediylbis{l'-methyl-4,4'­
bipyridinium) 13.65 

C24H3nN40~S2L-(1ysf.iny lbis-L-tyroaine 6.40 

C25H28N44+ 1,1' '-Propanediylbis(l'-methyl-4,4'-
bipyridinium) 13.73 

C2r;I-I30Na + Orysta.l Violet cation 3.157 
C25H3gN7052+Lysylglycyltryptophanyllysine 22.158 
C26H30N44+ 1,1 "-Butanediylbis{l '-methyl-4,4'-

bipyridinium) 3.152, 13.60 
C27H2gNOlO Daunomycin 3.159 
C27H30NOll + Adriamycin, conjugate acid 3.140 
C27Ha3NgOSP2Flavine mononucleotide 3.185 
C27H33N9015PzFlavine adenine dinucleotide 3.184 
C2sH31 CIN20 aRhodamine B 3.233 
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C29H48N7053+Lysine, lysylglycyltryptolJhanyl-, tert­
butyl ester 22.157 

C29H5002 a-Tocopherol 5.228, 6.93, 22.195 
C3oH11 CoN6 2+Bis(2,2' ,6' ,2"-terpyridiue )cobalt(II) ion 

24.4 
CaoH22CoN6 3+Bis(2,2' ,6' ,2" -terpyridiJle )cobalt(III) ion 

13.21 
C30H24CoN62+Tris(2,2'~bipyridine)cobalt(II) ion 3.14 
C30H24CoN6 3+Tris(2,2'-bipyridinc )cobalt(III) ion 3.24 
C30H24FeN62+Tris(2,2'-bipyridine)iron(II) iOIl 22.30 
C30H24N60s2+Tris(2,2'-bipyridine )osmium(II) ion 

20.20, 23.20 
C30H24N60s3+Tris(2,2'-bipyridine)osmium(III) ion 

20.21, 23.21 
C30H24N6Rh3+Tris(2,2'-bipyridine)rhodium(III) ion 

3.117 
CaoH24N6Ru2+Tris(2,2'-bipyridine )ruthenium(II) ion 

3.118,4.52,21.50,22.68 
C30H2SIrN6 2+ [2,2'-Bipyrid-3-y Hum- C-a ,NJ bis(2,2'­

bipyridine )iridium(II) ion 22.33 
C31H5203 a-Tocopheryl acetate 5.229 
C32H12CoN8012S4 4-3,10,17,24-

Tetrasulfoph f;halocyaninecoba1t(II) 
iOIl 3.17, 22.17 

C32H12CuN8012S4 4-3,10,17,24-
Tetrasulfophthalocyaninecopper(II) 
ion 3.72 

C32H12FeNs0128l-3,10,17,24-
Tetrasulfophthalocyanineiron(III) 
ion 3.88 

C32H26Br2FeN60 4Iron(III) 2,4-dibromodeutero-
porphyrin dicyano complex 13.35 

CaaH32N4062-Biliverdin dianion 6.27 
C33H34N4062-Bilirubin dianion 6.26 
C34H33FeN404Hemin hydroxide complex 13.39 
Ca4H34ClFeN404Hemin 13.38 
C34H34FeN40 4Iron(Il) protoporphyrin 3.74 
C34Ha8N406 Hematoporphyrin IX 3.193 
C36H24FeN6 2+Tris(1 ,10-phenanthroline )iron(II) ion 

24.5 
Ca6H24FeN6 3+Tris(1 ,10-phenanthroline )iron(III) ion 

21.19 
C36H32FeN606Iron(III) 2,4-diacetyldeuteroporphyrin 

dlcyano complex 13.36 
Ca6Ha4FeN6043-Iron(lII) protoporphyrin dicyano com­

plex 13.33 
C36H36CoN62+Tris(4.4'-dimetJ,yl.2,2'-

bipyridine )cobalt(ll) ion 3.15 
Ca6Ha8FeN604Iron(III) mesoporphyrin dicyano com­

plex 13.37 
C40H24MnNs +5,10,15,20-Tetrakis( 4-pyridyl)­

porphinatomanganese(IlI) ion 
13.43, 21.24 

C4oH28N88b7+5,10,15,20-Tetrakis(3-pyridinio)- . 
porphinatoantimony(V) ion 13.57 

C4oH30NI0062+Nitro Blue Tetrazolium 3.218, 13.70 
C 40Ha2MnN802 +Diaquatetrakis(py ridyl)porphinato­

manganese(IlI) ion 22.41 
C4oH46ClFeN60882Hemin c 3.89 
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C40H48N20a Tryptophan, N-(1-oxooctadecyl)-, methyl 
ester 6.86, 22.189 

C40H56 ~-Carotene 20.37, 22.106 
C42H42CoN604Cobalt(lII) deuteroporphyrin, dimethyl 

eRter, dipyridine 13.26 . 
C42H42MnN604~fangaJlese(1l1) deuteroporphyrin, 

dimethyl ester, dipyridine 13.49 
C42H48MnN6 Manga.nese(III) etioporphyrin III dipyri­

dine 13.51 
C44H24CoN402S44-5,10,15,20-Tetrakis(4-

sulfonatophenyl)porphinato­
cobaltate(II) ion 3.16, 22.16 

C44H24CoN4012S43-5,10,15,20-Tetrakis(4-sulfonato­
phenyl)porphinatocobaltate(IlI) ion 
13.25 

C44H24FeN4012843-5,10,15,20-Tetrakis(4-sulfonato-
phenyI)porphinatoferrate(III) ion 

. 3.86, 13.31 
C44H24MgN4010844-5,10,15,20-Tetrakis(4-suIfonato­

phenyl)porphinat,owagnel5iat,e(U) 
ion 22.36 

C44H24MnN4012S43-5,10,15,20-Tetrakis(4-sulfonato­
phenyl)porphinatomanganate(III) 
ion 3.101, 13.47, 21.26 

C44H24N40 12PdS4 4-5,10,15,20-Tetrakis(4-sulfonato-
phenyl)porphinatopalladate(II) ion 
21.44 

C44H24N4012848n2-5,10,15,20-Tetrakis(4-suIConato­
phenyljporphinatostannate(IV) ion 
21.54 

C44H24N401284Zn4-5,10,15,20-Tetrakis(4-sulfonato-
phenyl)porphinatolincate(Il) ion 
20.26, 22.88 

C44H24N4013S4 V4-S,10,15,20-Tetrakis(4-sulfonato­
phenyl)porphinato(oxo )­
vanadium(IV) ion 22.76 

C44H25N405Zn5-(Hydroxy)tetrakis(2-hydroxyphenyl)­
porphinatozinc(II), conjugate tetra­
base 22.87 

(Hydroxy )tetrakis{3-hydroxyphenyl)­
porphinatozinc.(II), conjugate tetra­
base 22.88 

(Hydroxy )tetrakis( 4-hydroxyphenyl)­
porphinatozinc(U), conjugate tetra­
base 22.89 

C44H26MnN40 13S4 4-(Aqua )tetrakis( 4-sulfonatophenyl). 
pOl'phinn.torn:tngA.nA.tp.(lT) ion 22_40 

C44H26N4012S44-5,lO,15,20-Tetrakis(4-suIfonato­
phenyI)porphine 6.90 

C 44H 2SMnN 401484 3-Diaquatetrakis( 4-sulfona.to­
pbenyl)porphinatomanganate(III) 
ion 22.43 

C44H2SN4Zn 5,10,15,20-Tetraphenylporphinatozinc(II) 
22.79 

Tetraphenylporphinatozinc(ll), triplet 
state 22.80 

C44H36AgNs 4+5,10,15,20-Tetrakis(1-methyl­
pyridinium-4-y 1 )porphinatosilver(II) 
ion 22.2 
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C44H36CdNS 4+5,10,15,20-Tetrakis(1-methyl­
pyridinium-4-yl )porphinato­
cadmium{II) ion 22.6 

C44H36CoNs 5+5,10,15,20-Tetrakis{ I-methy 1-
pyridillium-4-y l)porphinato­
cobalt(JlI) ion 13.23 

C44H36CuNs 4+5,10,15,20-Tetrakis(1-methyl-
py ridinium-4-y 1 )porphinatocopper(II) 
ion 21.16 

C44H36FeNs 5+5,10,15,20-Tetrakis(l-methyl-
p yridini um-4-y I) porp hinatoiron(III) 
ion 3.79, 13.30 

C44H36MgNs 4+5,10,15,20-Tetrakis(l-methyl-
pyridini um-4-y] )porphinato­
magnesium(Il) ion 22.34 

CHHasMnNs 4+5,10,15,20-Tetrakis(1-methyl-
pyridinium-4-yl )porphinato­
manganese{lI) ion 21.23 

C44H36MnNs 5+5,10,15,20-Tetrakis(l-methyl­
pyridinium-4-y I )porphinato­
manganese(HI) ion 3.99, 13.44, 
21.25 

C44HaoNaOV4+5,10715720-TE.'trakis(l-methyl­
pyridiuillm-4-yl)porphinato( oxo)­
vana.dium (IV) ion 22.75 

C44H36NsPb 4+5,10,15,20-Tetrakis(l-mcthyl­
pyridinium-4-y I )porphinatolead(II) 
ion 22.65 

5,10,15,20-Tetrakis{1-methyl-
pyridinium-3-y 1 )porphinatolead (III) 
ion 22.64 

C44H36NsPd4+5,10,15,20-Tetrakis{1-methyl­
pyridinium-4-y I)porphinato­
palladium(II) ion 21.43 

C44H36NsSn 6+5,10,15,20-Tetrakis(l-methy 1-
pyridinium-4-y 1 )porphinatotin (IV) 
ion 13.58 

C44H36NsZn 4+5,10,15,20-Tetrakis{l-methyl­
pyridinium-4-y 1 )porphinatozinc{II) 
ion 20.25, 21.59, 22.83, 23.26 

5,10,15,20-Tetrakis(1-methyl­
pyridinium-3-yl»llorphinatozinc(II) 
ion 22.82 

6,lO,16,20-Tetrakis(1-methyl-
pyridinium-2-yl)porpbinatozinc(II) 
ion 22.81 

C44H38MnN804+(Aqua)tehakis(1-methylpyridinillm-4-
y 1 )porp hinatmanganese(II) ion 
22.39 

C44H40MnNs025+Diaquatetrakis{1-methylpyridinium-
4-yl)porphinatomanganese{III) ion 
22.42 

C44H44CIFeN604Hemin bis{pyridine) 13.40 
C44H64024 Crocin 14.14,20.42 
C45Hs4016 Polyoxyethylene(15) p-nony Iphenyl ether 

21.126 
C46H36FeNIO 3+Dicyanotetrakis{1-methylpyridinium-4-

yI)porphineiron{III) ien 3.80 

C46H4SMnN60 4Manganese{III) protoporphyrin, 
dimethyl ester, dipyridine 13.48 

C46H4sMnN606Manganese{III) diacetyldeutero­
porphyrin, dimethyl ester, dipyri­
dine 13.50 

C46HsoCoN404Cobnlt(llI) mesoporphyrin, dimethyl 
ester, dipyridine 13.27 

C 46H52MnN 40 4Manganese(III) mesoporphyrin, 
dimethyl ester, dipyridine 13.52 

C 46H52MnN sOsManganese(III) hematoporphyrin, 
dimethyl ester, dipyridine 13.53 

C48H24rvlnN40s3-5,10,15,20-Tetrakis(4-carboxy-
p heny I )porphinatomanganate(III) 
ion 13.46 

C4sH40FeN12045+a,a,a,(3-Tetrakis(N-methyl­
isonicotinamidophenyl)porphinato­
iron(III) ion 3.83 

C4sH40MnN 120 4 5+ a,a ,a,J3-Tetrakis( N-methyl-
isonicotinamidopheny l)porphinato­
manganese(III) ion 3.100 

C4sH4sFeN62+Tris(3,4,7,8-tetramethyl-l,10-
phenanthroline )iron(II) ion 8.5 

C50Jl40FE.'N 1404 3+Di('yano-o:,O:7O:7~-t@trakig(N-mE.'thyl­
isonicotinamidophenyl)porphinato-
iron(III) ion 3.84 . 

C50H44FeN 12 5+Tetraakis(1-methylpyridinium-4-yl)­
porphineiron(III)-diimidazole com­
plex 3.81 

C52H48Ns012S4ZnTetrakis[4-N-(3-
su If onatopropy I )pyridy 1]­
porphinatozine(II) 22.85 

C54H46CoNlO 5+5,10,15,20-Tetrakis{1-
methylpyridinium-4-yl)­
porphinatocobalt(III) ion bispyridine 
complex 13.24 

C54H46MnNI05+Bis(pyridine)tetrakis(l­
methylpyridinium-4-yl)­
porphinatomanganese(III) ion 13.45 

C55H7oMgN406Chlorophyll b 6.30, 20.40, 22.110 
C66H72MgN406Chlorophyll a 4.QO, B.2Q, 20.39, 22.108 

C55H74N405 Pheophytin a 6.78, 20.74, 22.184 
C5SHS2FeN 160 4 5 +Bis(l-methylimidazole )-a,a.,a.,(3-

tetrakis( N-methylisonieotinamido­
phenyl}porphinatoiron(IlI} ion 3.85 

CS6H54FeN14045+5,10,15,20-Tetrakis(1-methyl-
pyri d ini um-4-y I )porp hineiron (III)­
dihistidinc complex 3.82 

C56HSOCoNS 5+5,10,15,20-Tetrakis-4-(N,N,N­
trimethylammonio )phenyl­
porphinatocobalt(III) ion 13.22 

C56H60FeNs 5+5,10,15,20-Tetrakis-4-(N,N,N-
trimethylammonio )phenyl­
porphinatoiron{III) ion 3.78 

C56HsoMnNs 5+5,10,15,20-Tetrakis-4-(N,N,N­
trimethylammonio )pheny 1-
porphinatomanganese(III) ion 3.98 

C56H60NsZn4+5,10,15,20-Tetrakis-4-(N,N,N-
trimethylammonio )phenylporphine­
zinc(II) ion 22.84 
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C62HgoCoN13014PCobal{II)amin 3.19, 22.18 
C62Hgl CoN 130 15PHydroxocob{III)alamin 3.57 
C63HgoCoN 14 0 14PCyanocob{III)alamin 3.56 
CSSH4SFe2Ns02SSS s-Tetrakis( 4-sulfonatophenyl)-

porphinatoferrate(III) ion, dimer 
3.87 

Cd2+ Cadmium{II) ion 3.5 
Ce3+ Cerium{III) ion 9.4, 21.3 
Cl Chlorine atom 26.1, 26.1.1 
Cl- Chloride ion 5.16, 9.5, 12.5, 15.10, 26.1.2 
CICoH100S + Pentaaquachlorocobalt(II) ion 21.6 
CICoB IsN S 2+Pentaam mine{ chioro )cobalt(III) ion 3.28, 

4.16, 13.5 
CICrH IsN S 2+Pentaammine{ chloro )chromium (III) ion 

4.26 
ClHO Hypochlorous acid 26.1.6 
Cll-I2N Chloramide 5.38 
CIH15lrNS2+ Pentaammine{chloro)iridium{III) ion 4.30 
ClH1SNsRh2+Pentaammine{chloro)rhodium(III) ion 

4.48 

Clll15N sRu 2+ Chloropen taammineruthenium{III) ion 
4.51 

CI02-
CI03-
CI04-
C12-

Cl2CoHs0 4 
Cl2HN 
C14C02-

C14Fe2-

CJ4Mn2-

C14Pt2-

ClsH100s­
Cl6Ir -
C16Ir3-

C16 0s2-

C16Ru3-

Co+ 
C02+ 

Chlorine oxide 26_2. 26_2 .. 1. 2Q .. 2 .. 7 
Hypochlorite ion 4.7, 5.17, 26.1.5 
Chlorine dioxide 5.18, 21.4, 22.7, 24., 

29.2.8 
Chlorite ion 4.8, 5.19, 22.8, 25.2, 26.2.2 
Chlorate ion 5.20 
Perchlorate ion 5.21, 29.1.2 
Dichlorine radi('al ion 21., 21.1, 24.3 
Tetraaqua( dichloro )cohalt(II} 21.7 
Chlorimide 5.37 
Tetrachlorocobaltate(II) ion 21.8 
Tetrachloroferrate(lI) iOIl 21.18 
Tetrachloromanganate{II) ion 21.22 
Tetrachloroplatinate(Il) ion 21.49, 22.66 
(Aqua )penta.chloroosmate(IV) ion 21.40 
Hexachloroiridate(IV) iOIl 3.96, 13.41 
Hexachloroirida,te(III) ion 6.7, 24.9 
Hexachloroosmate{IV) iOIl 21.41 
Hexachlororuthenate(lIl) ion 21.51 
Cobalt{I) ion 22.9 
Cobalt(II) ion 3.6, 4.9, 5.22, 9.6, ,5.", 

21.5, 22.10, 23.2 
CoH1SINs2+ Pentaammine{iodo)cobalt(IIl) ion 23.3 
CoHlSN503S+Penta.ammine(~lllfito)cobalt(nI) ion 4.20 
CoH15No0 2 2+Pen ta.a.mmine( nitrito-N)cobalt.{IlI) ion 

3.29,4.18 
COH1SN6032+Pentaammine(nitrato-O)coba.lt(llI) ion 

3.30 
CoH1SNs

2+ Pentaammine(azido)cobaIt(III) ion 13.4 
CoH16N4013+Tetraamminediaquacobalt{III} ion 4.12 
CoHi6NSO + Pentaammine(hydroxy}cobalt(III) ion 

3.22 
CoH 16NSO 4P+Pentaammine(hydrogen 

phosphato )cobalt(III) ion 4.19 
COH16Ns04S+Pentaammine(sulfato)cobalt(III) ion 

4.21,13.6 
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COH17Ns03+Pentaammine{aqua)cobalt{III) ion 3.21, 
4.13 

COHI8N6
3+ Hexaamminecobalt(III) ion 3.20, 4.14, 

10.6.3, 13.2 
CoH26Ng0 2 4+ ,...-Amido-JL-

8uperoxidooctakisamminedicobalt(III] 
ion 3.53 

Chromium{II) ion 3.58, 10.6.4, 15.12, 
21.10, 22.19, 23.6 

CrH 17N S03+ Pen taammine{ aqua )chromium(IlI) ion 
4.25 

Copper(I) ion 8.4 
Copper{II) ion 3.80, 4.27, 21.11 
PentaHuorosulfur 17.10 
Iron(II) ion 5.23, 6.4, 15.13, 21.17, 22.23, 

23.9. 28.1.7 
FeOl- Ferrate{VI) ion 3.89. 
Fe040W12S- 12-TungstoCerrate ion{5-) 3.129 
H Hydrogen atom 6.26, 21.20, 22.32 
H+ Hydrogen ion 17.6.2,29.2.9 
HIO Hypoiodous acid 3.93,23.13 
HI03 - Iodate(IV) radical ion 28.5, 28.6.1, 

HI05
3-

HN02 
HN03 
HN3 
HO 

H02P­
H03p 2-

H03S-

H03Se 
H04P­
HU4P2-
H04S­
HOofS 2-
H05P~-

HOsS­
HS-
H2I02 

H2N 
H20 

28..5_2. 28 .. 5_4 

Iodine(VI) radicals 28.8, 28.8.1 
Nitrous acid 5.40 
Nitric acid 15.21 
Hydrogen azide 5.29 
Hydroxyl radical 5.46, 7.2, 8.10, 24.12, 

25.6, 29.2.1 
Hydroxide ion 5.44, 12.15, 15.25,28.1.4, 

27.1.3, 29.1.3 
Vanadyl(JV) ion 21.58, 22.74 
Perhydrox}rl radical 8.9, 21.38, 22.81, 

24.14 
Hydroperoxide ion 4.39, 5.47, 6.10, 

13.56, 24.16, 29.1.6 
Phosphinate radical ion 29.3, 29.3.1 
Hydrogen phosphite ion 12.18, 15.29 
Bisulfite/sulfite ion 9.1', 15.33 
Hydrogen sulfite ion 5.54. 12.22. 16.2. 

21.53,22.70,23.23 
Selenite radical 18.2 
Hydrogen phosphate radical ion 12., 12.2 
Hydrogen phosphate ion 15.31 
Hy drogen sulfate ion 6.66 
Thiosulfate ion OH-adduct 17.8 
Hy drogen peroxomonophosphate ion 

12.20 
Hydrogen peroxomonosulfate ion 15.35 
Bisulfide ion 5.51, 17.1.4, 20.22 
Hypoiodous acid-OH adduct 28.3 
Amino radical 4.32, 7.5 
Water 5.43, 10.7.1, 10.8.1, 16.26, 

17.10.1, 26.1.3, 27.1.2 
Hydrogen peroxide 3.114, 4.38, 5.48, B.9, 

7.7, 12.16, 13.55, 15.27, 21.37, 
22.62, 29.1.4 

Phosphinic acid, ion{l-) 12.17, 15.28 
Dihydrogen phosphite ion 12.19, 15.30 
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H20 3Se+ 
H20 4P 
H20 4P-

Selenite radical, protonated 18.1 
Dihydrogen phosphate radical 12.1 
Dihydrogen phosphat,e ion 5.49, 15.32, 

29.2.10 
H2040W126--- 12-Tungstate ion{6-), dihydrogen 3.128 
H2S Hydrogen sulfide 5.52 
H2S2 - Sulfhydryl dimer radical anion 17.1.2, 

H3N+ 
H3NO 
HaN2 
HaO+ 
HaOe 
H4N 
H4NO+ 

17.2, 17.2.1 
Amino radical, protonat.ed 7., 7.1 
Hydroxylamine 5.33, 12.12, 15.19, 21.29 
Hydrazyl radical 10.1.2 
Hydronium ion 5.24 
Phosphoric acid 5.50 
Ammonium ion 5.31, 12.9, 15.17 
Hydroxylammonium ion 5.34, 12.13, 

21.30 
Hydrazine 12.10, 15.18 
Hydrazyl radical, conjugate acid 10.1, 

10.1.1 
H5N2+ Hytlrazinium ion 12.11,21.28 

H12N4Pt2+ Tetraammineplatinum(Il) ion 21.45 
H15N60Ru3+Pentaammine(nit,roso )ruthenium(llI) ion 

3.121 
H17NsORha+Pentaammine(aqua)rhodium(ITJ) ion 4.47 
H17NsORua+Pentaammine(aqua)ruthenillm(III) ion 

4.49 

10 
10-
lOa 
10a-
103

2-

104-

JOl-
12 
12 -
120 6 
In~+ 

Mn2+ 

N02
2-

NOa 
N03-

NOa
2-

N 20 
Na 

Hexaammineruthenium(III) ion 3.120, 
4.50, 10.6.5 

Mercury(II) iodide 3.90 
Iodine atom 28.1, 28.1.1 
Iodide ion 4.29, 5.26, 6.6, 8.7, 12.6, 

20.", 24.7, 28.1.2 
Iodine oxide 28.4, 28.4.1 
Hy poioditE' ion 23.12 
Iodate radical 28.6.2, 28.6.5 
Iodate ion 3.94, 5.27, 28.5.5 
Iodate(IV) ra.dical ion 28.5.3 
Period ate ion 5.28, 28.7.3, 28.7.4, 28.7.5, 

28.8.3 
Iodine(VI) radicals 28.6, 28.6.1 
Iodine 3.92 
Diiodine radical ion 23., 23.1 
Iodine{VJ) radicals 28.6.4 
Illdiu III (IU) iuu 3.95 
Manganese(II) ion 3.97, 4.31, 21.21, 

22.36,25.4 
Ammonia 5.32. 12.8. 15.16.24.10 
Nitric oxide 8.8 
Nitrogen dioxide 4.33, 8., 8.1 
Nitrite ion 4.34, 5.41, 9.9, 12.14, 15.20, 

20.14,21.31,22.45,24.11,25.5, 
28.1.3 

Nitrite(2-), radical ion 10.7 
Nitrogen trioxide 9., 9.1 
Nitrate ion 5.42, 15.22 
Nitrate(2-), radical ion 10.8 
Nitrous oxide 3.102, 5.39, 14.4 
Azide radical 6., 6.1 

°2U+ 
02U2+ 
0 3 
0 3-

OaP2-
03S-
03S2-

Azide ion 5.30, 6.8, 12.7, 15.15, 21.27, 
22.44, 23.14, 26.2.3 

Nickel(I) ion 3.103 
Nickel(II) ion 3.104, 4.35, 15.23 
Dioxoneptunium(V) ion 9.10, 15.24, 

21.35, 22.60 
Oxygen atom 29.1 
Oxide radical ion 24.13, 29.2.2 
Oxygen 3.113, 7.8, 10.8.2, 11.2, 13.54, 

14.5, 17.1.3, 17.2.2, 17.5.3, 29.1.6 
Superoxide radical 4.37, 5.48, 8.11, 

21.39,24.15 
Sulfur dioxide 3.123, 5.53 
Sulfur dioxide radical anion 13., 13.1 
Selenium dioxide radical anion 19.2, 

19.2.1 
Uranyl(V) ion 20.24, 21.56b, 29.7.1 

- Uranyl(VI) ion 4.58 
Ozone 4.41, 5., 24.17 
Ozonide ion 4.42, 24.18, 29.2, 29.2.3 

Phosphite radical ion 11., 11.1 
Sulfite radical ion 4.54, 14., 14.1 
Sulfite ion 4.55,5.55,6.12,7.9,8.1', 

12.21, 20.23, 22.71, 23.24, 24.19, 
25.7 

Thiosulfa.te radical ion 17.7, 17.7.1 
Thiosulfate ion 12.24, 17.7.2, 17.8.1 
Selenite(V) ion 18., 18.3 
Silicate(l-), radical ion 29.4 
Silicate ion 15.37 
Tellurate(l-), radical ion 29.5, 29.5.1 
Xenon(VI) trioxide 29.7 
Xenate{V) ion 29.6, 29.6.1 
Phosphate radical ion 12.3 
Sulfn.te radical ion 15., 15.1 
Sulfate ion 12.23, 17.10.2 
Selenate(VII) radical ion 19.3, 19.3.1 
Selenate( VI) ion 4.56 
Peroxomonosulfate radical ion 16., 16.1 
Tetrathionate ion 3.124 
Tetrathionate(3-), radical ion 17.9 
Peroxodisulfate ion 15.34 
12-Tungstophosphate ion(3-) 3.130 
12-Tung:stutiilicat~ ion(4-) 3.131 
Lead(II} ions 3.116, 21.42, 22.63 
Plutonium{III) ion 21.49a 
Sulfide radical #l.nion 17.1. 17.1.1 
Scn.ndium(IIl) ion 3.125 
Titallillm(III) ions 3.126, 21.55 
Tha.llium{I) ion 3.127, 15.38, 21.56, 

22.72 
Uranium{III) ion 20.23a, 21.56a, 22.72a, 

23.24a 
Vanadium(U) ion 21.57, 22.73, 23.25 
Ytterbium(II) ion 3.132 
Zinc{I) ion 3.133 
Zinc(II) ion 3.134, 4.59 

J. Phys. Chern. Ref. Data, Vol. 17, No.3, 1988 



1262 NETA, HUIE, AND ROSS 

10.2. Chemical Name Index 

The Index refers to the entry numbers In Tables 3-29. The 
dlglt(s) before the period Indicate the table number and 
the digits following the period Indicate the entry number 
within the table. Thus, 20. 100 is the one-hundredth entry In 
Table 20. 

ATCC 9760 3.263, 4.179, 6.115, 15.150, 18.17, 20.100 
Acetaldehyde 5.57 
Acetamide, N,N-dimethyl- 5.123 
Acetamide, N-methyl- 5.176 
Acetamidoacetic acid 4.66, 5.62 
4-Acetamidophenol 22.90 
Acetaminophen 22.90 
Acetanilide 4.60, 15.42, 21.60 
Acetate ion 4.61, 5.59, 12.25, 15.43, 24.20 
(f-L-Acetato}bis(f-L-hydroxo}bis[triamminecobalt(III)] ion 

3.49 
.... -Acetatohexaamminebis(f-L-hy droxy )dicobalt(III) ion 

3.49 
(Acetato )pentaamminecobaIt(III) ion 3.31, 4.22 
Acetic acid 5.60, 9.14, 12.26, 15.44, 21.61 
Acetone 4.62, 5.61, 12.27, 21.62 
Acetonitrile 4.63 
Acetophenone 3.135, 4.64, 9.15, 15.45 
Acetophenone,4'-hydroxy- 20.58, 22.150 
Acetophenone, 4'-nitro- 3.219, 13.69 
Acetophenone, 2',4' ,6'-trihydroxy-2-(.t-hydroxyphenyl)-

2-methyl 20.84, 22.197 
Acetophenone, 2',4' ,5'-trihydroxy-2-(4-

methoxyphenyl)- 20.85, 22.198 
Aceturic acid 4.66, 5.62 
4-[(4-(Acetylamino)phenyIJamino]-1-amino-9,10-

anthraquinone-2-sulfonate 20.27 
4-Acetylbenzoate ion 15.46 
N-Acetylcysteine 4.65 
Acetyleytochrome 0 3.260 

N-Acetylglycine 4.66, 5.62 
N-Acetylglycylglycine 4.67 
N-Ol.-Ac@tylhistidin@ 5.83 

N-a-Acetyllysine 5.64 
N-E-Acetyllysine 5.65 
N-Acetylmethionine 22.91 
4-Acetylphenol 20.58, 22.150 
N-Acetylserine (L) 5.66 
N' -Acety Isulfanilamide 6.87 
N-Acctyltryptophan 4.68, 6.13, 14.6, 22.02 

N-Acetyltyrosinamide 6.14, 22.93 
Acid Blue 40 20.27 
Acid Red 265 dianion 20.61 
Acridine 3.136 
Acridinium,3,6-diamino-l0-methyl- 3.137, 21.63, 

22.94, 23.27, 28.1.4 
Acriflavine cation 3.137, 21.63, 22.94, 23.27, 28.1.4 

Acrylamide 3.138, 9.16, 12.28, 15.47 
Acrylamide, 2-(2-ruryl}-3-(5-nitro-2-ruryl}- (E)- 3.190 
Acrylamide, 2-(2-ruryl)-3-(5-nitro-2-furyl)- (2)- 3.189 

Acrylamide, N-methylol- 15.113 
Acrylate ion 12.29, 15.48, 21.64 
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Acrylic acid 12.30, 21.65 
Acrylonitrile 5.67, 12.31, 15.49, 21.66 
Adenine 14.7, 15.49a, 21.67, 22.95 
Adenosine 6.15, 15.49b 
Adenosine 5'-monophosphate 3.139 
Adenosine negative ion 22.96 
5'-Adenylic acid 3.139 
Adriamycin, conjugate acid 3.140 
Alanine 4.69, 5.69, 6.16, 12.32, 15.50, 18.5, 21.68, 

24.21 
Alalline, conjugate acid 5.68 
Alanine, negative ionS. 70 
~-Alanine 5.71 
~-Alanylhistidinecopper(II) complex 3.69 
Albumin 20.88, 3.245 
Alcohol dehydrogenase 6.107, 18.14, 20.89, 22.211, 

23.54, 28.1.7 
Aldolase 20.90, 23.55, 28.1.6 
Alloxan 3.141 
Allyl alcohol 12.33, 15.51, 21.69 
Allylbenzene 5.72 
AUyl cyanide 12.34, 15.52 
Americium(III} ion 21.1 a 
N-Amidinosarcosine 5.105 
Amidogen 4.32, 7.5 
Amidogen, (hydroxymethylene)- 10.4, 10.4.1 
Amidogen, methylene- 10.5, 10.5.1 
Amidogen, protonated 7., 7.1 
,....-Amido- .... -superoxidooctakisamminedicobalt(III} ion 

3.53 
.... -Amido-fJ.-

su peroxidotetrakis( ethylenediamine )dicobalt(III) ion 
3.54 

D-Amino acid oxidase 20.91 
4-Aminobenzoate ion 4.70,21.70 
4-Aminobenzoic add, conjugate acid 21.71 
4-Aminobenzoic acid 12.35 
3-Aminocarbonyl-l-methylpyridinium ion 3.214 
5-Amino-2,3-dihydro-l,4-phthalazinedione 4.136, 6.62 
2-Aminoethanethiol 20.44, 21.84, 22.114 

2-Aminoethanol 24.22 
3-{2-Aminoethyl}indole 4.110, 6.95, 14.39 
2-Aminoethylsulfide ion 22.115 
a-Amino-2-(formylamino )-'Y~oxobenlenebutanoie acid 

3.187 
2-Amino-(4-hydroxy-6-benlothialolyl)propionate ion, 

conJugaLe ual!le 6.17, 20.28 
2-Amino-3-hydroxypropionic acid 15.126,21.132 
2-Amino-6-hydroxypurine 21.105 
2-Amino-(4-methoxy-6-benzothiazolyl)propionate ion 

6.18,20.29 
2-Amino-3-methylbutanoic acid 6.106 
2-Amino-4-(methylsulfinyl}butyric acid 5.175 
2-Amino-4-(methylsulfonyl)butyrie acid 0.174 
2-Amino-4-(methylthio)butanoic acid 4.140, 5.173, 

6.65, 15.105, 18.10, 20.65, 22.163, 23.42 
l-Aminonaphtihalene-4-sulfonate ion 6.1D 

2-Aminopentanedioate ion 5.144 
2-Aminopentanedioic acid 21.103 
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4-Aminophenoxide ion 7.10 
3-Aminophthalate ion 24.23 
3-Aminophthalhydrazide 4.136, 6.62 
2- [( 3-Aminopropyl)amino ]ethanethiol, conjugate acid 

22.97 
2-Amino-4-pteridinone 3_227 
6-Aminopurine 14.7, 15.49a, 21.67 
4-Amino-2-pyrimidinone 21.87 
Amino radical 4.32, 7.5 
Amino radical, protonated 7., 7.1 
Ammonia 5.32, 12.8, 15.16, 24.10 
Ammonium ion 5.31, 12.9, 15.17 
Amylase, gluco- 20.97 
Aniline 4.71,5.73,6.20, 7.11,10.3.1,14.8,16.3,20.30, 

22.98, 23.28, 24.24 
Aniline, N,N-dimethyl- 4.102, 6.49, 8.18, 20.50, 24.47, 

25.8 
Aniline, N,N-dimethyl-4-nitroso- 3.170, 4.106, 15.82, 

22.133, 28.5.6 
Aniline, 4-methyl- 4.144 

Aniline, N-methyl- 4.143, 6.69 
Anilinium ion 21.72 
Anisole 4.72, 5.74, 6.21, 9.17, 15.53, 24.25 
p-Anisyl alcohol 26.2.9 
Anthracene 24.26 
9,10-Anthraquinone-2,6-disulfonate ion 3.142 
9,lU-Anthraquinone-2-sulfonate, 4-[(4-

(acetyl amino )phenyl]amino]-l-amino- 20.27 
9,10-Anthraquinone-1-sulfonate ion 3.143 
g,10-Anthraquinone-2-!:tulfonate ion 3_144, 13_59 

Anthrasemiquinone-2,6-disulfonate, radical ion 4.73, 
9.18,21.73 

Anthrasemiquinone-2,7-disulfonate, radical ion 4.74 
Anthrasemiquinone-1-sulfonate, radical ion 4.75 
Anthrasemiquinone-2-sulfonate, radical ion 4.76 
Antimony(III) ions 15.36 
Antimony(V) tetrakil5{3-pyridyl)porphyrin, tetrapro-

tonated 13.57 
Antipyrine 22.134 
Apocarbonic anhydrase 20.92, 22.212 
Apotransferrin 3.245a 
Aqua( N-methylethylenediaminetriacetato )cobalt(III) 

13.14 
(Aqua)pentachloroosmate(IV) ion 21.40 
(Aqua)tetrakis{1-methylpyridinium-4-

yl)porphinatmanganese(II) ion 22.39 
(Aqua. )t~trakjs( 4-

sulfonatophenyl)porphinatomanganate(II) ion 22.40 
Arginine 4.77, 18.6 
Arginine, negative ion 5.75 
Arsenite(IlI) ion 15.3 
Ascorbate ion 4.78, 6.22, 7.12, 8.13, 10.3.2, 14.11, 

16.4, 20.31, 22.100, 23.29 
Ascorbate oxidase 3.246 
L-Ascorbate-2-sulfate ion 22.101 
Ascorbic acid 5.76, 14.10, 20.32, 21.74, 22.99, 23.30 
L-Ascorbic acid, 1-0-methyl- 22.164 
L-Ascorbic acid, 2-0-methyl- 22.165 
L-Ascorbic acid, 3-0-methyl- 22.166 

Asparagine, negative ion 5.77 
Aspartate monoanion 4.79, 5.78 
Azide ion 5.30,6.8,12.7,15.15,21.27,22.44,23.14, 

26.2.3 
Azide radical 6., 6.1 
2,2'-A"innhiA(3-p.thylhp.nl'lntl1ial'lolinp.-8-fIIulfonJlte ion) 

8.14, 20.33, 22.102 
1,1'-Azobis(N,N-dimethylformamide)' 3.160 
Azurin 13.77 
Bacteriochlorophyll a 20.34 
Barbiturate ion 22.200 
Basic Violet 10 3.233 
Benzaldehyde 5.79, 24.27 
Benr.amide 15.54 
Benzenamine,4-bromo- 4.83 
Benzenamine, 4.:.chloro- 4.88 
Benzenamine, N,N-dimethyl- 4.102, 6.49, 8.18, 20.50, 

24.47,25.8 
Benzenamine, N,N-dimethyl-4-nitroso- 3.170, 4.106, 

16.82, 22.133, 28.tJ.tJ 

Benzenamine, 4-Huoro- 4.115 
Benzenamine, 4-tnethyl- 4.144 
Benzenamine, N-methyl- 4.143, 6.69 
Benzenamine, 4-nitro- 4.153 
Benzenamine, N-phenyl- 14.17, 16.7, 22.137 
Benzene 4.80, 5.BO, 6.23, 15.55 
Benzene, chloro- 5.98 
Benzene, cya.no- 15.59, 21.77 
Benzene, 1,4-dichloro- 5.112 
Benzene, 1,2-dihydroxy- 5.97, 6.28, 16.5 

Benzene, t,3-dihydroxy- 5.217, 6.83, 16.16 
Benzene, 1,4-dihydroxy- 5.160, 6.56, 16.9, 17.10.4, 

20.57, 21. 110, 22.149, 24.63, 25.9 
Benzene, 1,2-dimethoxy- 15.73 
Benzene, 1,3-dimethoxy- 6.46, 15.74 
Benzene, 1,4-dimethoxy- 6.47, 15.75, 26.2.6 
Benzene, 1,2-dimethyI- 5.247 
Benzene, 1,3-dimethyl- 5.246 
Benzene, 1,4-dimethyl- 5.248 
Benzene, ethyl- 5.137 
Benzene, isopropyl- 5.107 
Benzene, methoxy- 4.72, 5.74, 6.21, 9.17, 15.53, 24.25 
Benzene, nitro- 3.220, 5.191 
Benzene, 1,2,4,5-tetramethoxy- 22.191 
Benzene, 1,2,4-trichloro- 5.231 
Benzene, 1,2,4-trihydroxy- 6.24 
Benzene, 1,2,3-t1'imethoxy- 15.137 

Benzene, 1,2,4-trimethoxy- 15.138 
Benzene, 1,2,3-trimethyl- 5.240 
Benzene, 1,3,5-trimethyl- 5.241 
Benzenebutanoic acid, a-amino-2-(formylamino )-'Y-oxo-

3.187 
1,4-Benzenediamine 7.23, 8.36, 10.3.5, 14.32,23.47, 

24.83 
1,4-Benzenedicarboxylate ion 12.64, 15.120. 21.125 
1,2-Benzellediol ion (1-) 14.12 
1,3-Benzenediol ion{2-) 7.25. 8.37. 14.36, 24.86 
1,4-Benzenediol ion{l-) 8.23, 14.20, 24.64 
1,4-Benzenediol ion{2-) 7.17, 10.3.3,24.65 
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Benzenemethanamine, 3-chloro-N,N-dimethyl- 24.50 
Benzenemethanamine,4-chloro-N,N-dimethyl- 24.51 
Benzenemethanamine,4-Huoro-N,N-dimethyl- 24.52 
Benzenemethanamine,3-methoxy-N,N-dimethyl- 24.54 
Benzenemethanamine,4-methoxy-N,N-dimethyl- 24.55 
Benzenemethanamine,4-methoxy-N-methyl- 24.76 
Benzenemethanamine,3-nitro-N,N-dimethyl- 24.57 
Benzenemethanamine, 4-nitro-N,N-dimethyl- 24.58 
Benzenemethanamine, N,N-4-trimethyl- 24.56 
Henzenesulfonate ion 5.81, 21.75 
1,2,4,5-Benzenetetracarboxylate ion 15.56 
1,3,5-Benzenetricarboxylate ion 15.57 
1,2,3-Benzenetriol 14.34, 16.15 
1,2,4-Benzenetriol 6.24 
Benzidine, N,N,N ,N-tetramethyl- 8.38 
Benzimidazole 5.82 
Benzoate ion 5.83, 6.25, 7.13, 12.36, 15.58, 21.76, 

26.2.4 
Benzoate ion, 4-amino- 4.70, 21.70 
Benzoate ion, 2-bromo- 15.62 
Benzoate ion, 4-bromo- 15.63, 21.78 
Benzoate ion, 4-chloro- 12.38, 15.65, 21.79 
Benzoate ion, 4-cyano- 12.42, 15.67. 21.82 
Benzoate ion, 2,3-dimethoxy- 15.76 
Benzoate ion, 2,4-dimethoxy- 15.77 
Benzoate ion, 2,6-dimetl,oxy- 15.78 
Benzoate ion, 3,4-dimethoxy- 15.79 
Benzoate ion, 3,5-dimethoxy- 15.80 
Benzoate ion, 2,4-dinitro- 3.174 
Benl~oate ion, 2,5-dinitro- 3.175 
Benzoate ion, 3,4-dinitro- 3.176 
Benzoate ion, 3,5-dinitro 3.177 
Benzoate ion, 2-hydroxy- 5.218, 24.87 
Benzoate ion, 4-hydroxy- 4.129, 6.58, 12.52, 15.95, 

21.111 
Benzoate ion, 2-methoxy- 15.106 
BenJoate ion, 3-methoxy- 15.107 

Benzoate ion, 4-methoxy- 15.108,21.118 
Benzoate ion, 4-methyl- 15.136,21.142 
Benzoate ion, 2-nitro- 3.221 
Benzoate ion, 3-nitro- 3.222 
Benzoate ion, 4-nitro- 3.223 
Benzoate ion, 4-phenoxy- 21.123 
Benzo-2,3-dihydroph thalazine-1 ,4-dione 24.28 
Benzoic acid 12.37 
Benzoic acid, 4-amino-, conjugate acid 21.71 
Benzoic acid, 4-amino-, ethyl ester 4.113 
Benzoic acid, 4-amino- 12.35 
Benzoic acid, 4-chloro- 12.39 
Benzoic acid, 2-hydroxy-5.219, 21.131 
Benzoic acid, 4-hydroxy- 12.53,21.112 
Benzoic acid, 4-methyl- 12.74 
Benzoic acid, methyl ester 5.178 
BenJonitrile 15.50, 21.77 

Benzonitrile, m-hydroxy- 6.33 
Benzonitrile, p-hydroxy- 6.34, 21.83 
Benzophenone 4.81 
Benzo[g]pteridine-2,4-dione, 7,8-dimet,hyl- 3.204 
Benzo[g]pteridine-2,4-dione, 1,3,7,8-tetramethyl- 3.169 
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Benzo[g]ptericline-2,4-dione, 1,7,8-trimethyl- 3.211 
Benzo[g]pteridine-2,4-dione, 3,7,8-trimethyl- 3.212 
Benzo[gJpteridine-2,4-dione, 7,8,10-trimethyl- 3.205, 

15.98 
2H-I-Benzopyran-2-carboxylic add, 3,4-dlhydro-6-

hydroxy-2,5,7,8-tetramethyl- 22.153 
1-Benzopy ran-2-methanol, 3,4-dihydro-6-hydroxy-

2,5,7,8-tetramethyl- 4.130 
2H-l-Benzopyran-6-ol, 3,4-dihydro-2,5, 7,8-tetramethyl-

2-(4,8, 12-trimethyltridecyl)-, 5.228, 6.93, 22.195 
1-BE'n zopyran-4-one, 2,(3,4-dihyroxyphenyl)-3,5, 7-

trihydroxy- 6.82, 14.35 
1-Benzopyran-4-one, 3,5,7 -trihydroxy-2-( 4-

hydroxyphenyl)- 6.60, 14.24 
1,2-Benzopyrene 5.84 
3,4-Benzopyrene 5.84 
Benzo[a]pyrene 5.84 
1,4-Benzoqllinone, tetramethyl- 4.110, 10.8.5, 13.64 
1,4-Benzoqllinone 3.145, 10.8.3, 15.60, 24.29 
Benzothiazole-6-propionate ion, a-amino-4-hydroxy-, 

conjugate base 6.17, 20.28 
Benzothiazole-6·propionate ion, a-amino-4-methoxy-

6.18.20.29 
Benzyl alcohol, a-(1-methylaminoethyl)- 6.51 
Benzylamine 4.82, 5.85, 24.30 
Benzyl-tert-butylamine 24.31 
Benzyldimethylamine 4.103, 24.48 
N-Benzylisopropylamine 24.68 
Benzyl methyl ether 15.61 
Benzyl viologen 3.161, 13.61 
Bicarbonate ion 3.3, 5.10, 7.4, 15.8 
Bicyclo{2.2.1]heptan-2-one, 1,7,7-trimethyl- 3.153, 

20.36,22.105 
Biline-8,12-dipropanoate ion, 2,17-diethenyl-

1 ,10,19,22,23,24-hexahydro-3, 7 ,13,17 -tetramethyl-
1,19-dioxo- 6.26 

Biline-8,12-dipropanoate ion, 3,18-diethenyl-l,10,22,24-

tetrahydro-2,7,13,17-tetramethyl-l,19-dioxo- 6.27 
Bilirubin dianion 6.26 
Biliverdin dianion 6.27 
(1,1'-BiphenyI1-4,4'-diamine, N,N,N,N-tetramethyl-

8.38 
2,2'-Bipyridine, conjugate acid 3.146 
2,2'-Bipyridinecobalt(II) ion 3.10 
4,4'-Bipyridinium, 1,1'-bis(carboxyethyl)- 3.147 
4,4'-Bipyridinium, 1,1 '-bis(4-cyanophenyl)- 3.148 
4,4'-Bipyridinium, 1,1 '-his{2-hydroxyethyl}- 3.149 
4,4'-Bipyridinium, 1,1 "-butanediylbis{1 '-methyl-

3.152, 13.60 
4,4'-Bipyridinium, 1,1'-dibenzyl- 3.161, 13.61 
4,4'-Bipyridinium, 1,1 '-dimethyl- 3.165, 10.8.4, 13.63 
2,2'-Bipyridinium, 4,4'-dimethyl-l,I'-tetramethylene-

3.172 
2,2'-Bipyridinium, 4,4'-dimethyl-l,1 '-trimethylene-

3.173 
4,4'.Bipyridinium, 1,1 '-diphenyl- 3.179 
2,2'-Bipyridinillm, 1,1 '-ethylene- 3.182, 13.66 
2,2'-Bipyridinium, 1,1'-ethylene-4,4'-dimethyl- 13.67 
2,2'-Bipyridinium, 1,1 '-tetramethylene- 3.235, 13.75 
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2,2'-Bipyridinium, 1,1'-trimethylene- 3.243, 13.76 
[2,2'-Bipyrid-3-ylium- c? ,N]bis(2,2'-

bipyridine )iridium(II) ion 22.33 
Bis(2,2'-bipyridine)coba1t(II) ion 3.12 
1,1 '-Bis{carboxyethyl)-4,4'-bipyridiniuffi 3.147 
1,1 '-Bis{4-cyanophenyl)-4,4'-bipyridinium 3.148 
1 ,4-Bis{ N,N-dimethylamino )benzene 10.3.7, 14.37, 

20.79, 23.49 
4,4'-Bis(N,N-dimethyla.mino )biphenyl 8.38 
3,7-Bis{ dimethylamino )phenothiazin-5-ium 3.210 
Bis{4,4'-dimethyl-2,2'-bipyridine)cobalt(Il) ion 3.13 
Bis{ethylenediamine )platinum(lI) ion 21.46 
Bis{ethylenediamine )pyrazinecarboxylatocobalt{III) ion 

3.48 
ci8-Bis{glycinato )platinum(II) 4.43 
tran8-Bis{glycinato )platinum(II) 4.44 
1,1 '-Bis{2-hydroxyethyl)-4,4'-bipyridinium 3.149 
7 ,12-Bis{1-hydroxyethyl)-3,S,13,17-

tetramethylporphine-2,lS-dipropanoic acid 3.193 
7 ,12-Bis{1-hydroxyethyl)- 3,8,13,17-

tetramethylporphine-2,lS­
dipropanoatomanganate(lII), dimet.hy I ester, 
bis{pyridine) 13.53 

Bis{2-hydroxyethyl)trisulfide 3.150 
Ci8-Bis{iminodiacetato )cobaltate(III) ion 13.9 
tran8-Bis(iminodiacetato )cobaltate(III) ion 13.10 
Bis(iminodiacetato )nickelate(II) ion 22.48 
Bis( 1-methy limidazole )-0.,0.,0., ~- tetrakis( N-

methylisonicotinamidopheny I )porphinatoiron(JII) 
ion 3.85 

Bis [nitrilotriacetato ]-di- fL-hydroxy dico b altate(III) ion 
13.11 

Bis(oxalato)dihydroxydicobaltate(III) ion 13.18 
Bis{pyridine )tetrakis{1-methylpyridinium":4-

yl)porphinatomanganese(IIl) ion 13.45 
Bis(2,2' ,6' ,2"-terpyridine )cobalt(III) ion 13.21 
Bis(2,2' ,6' ,2"-terpyridine )cobalt(II) ion 24.4 
Bisulfate ion 5.56 
Bisulfide ion 5.51, 17.1.4, 20.22 
Bisulfite/sulfiteion 9.11,15.33 
Bleomycin-copper(II) complex 3.71 
Bromamide 5.36 
Bromate ion 5.9, 22.5, 29.1.1 
Bromide ion 4.2, 5.5, 6.3, 9.3, 12.4, 15.4, 24.1, 27.1.1 

Bromimide 5.35 
Bromine atom 27.1 
Bromine dioxide 25., 25.1, 29.2.5 
Bromine oxide 27.2, 27.2.1 
Bromite ion 4.4, 5.8, 22.4, 27.2.2 
4-Bromoaniline 4.83 
p-Bromoaniline 4.83 
2-Bromobenzoate ion 15.62 
4-Bromobenzoate ion 15.63, 21.78 
Bromo-0.-2,12-dimethyl-3,7,11,17-

tetraazabicyclo[11.3.1 ]heptadeca-1(17),2,6,11,13,15-
hexaenenickel(III) ion 22.59 

Bromoform 5.86 
3-Bromo-2,4-furandione, conjugate base 22.104 

Bromo(N-
methylethylenediaminetriacetato )cobaltate{III) ion 
13.15 

4-Bromophenoxide ion 4.84, 20.35, 22.103, 23.31, 
24.32 

u.-Bromotetronate ion 22.104 
5-Bromouracil 3.151 
Butanal 24.34 
I-Buta.neamine 4.85, 5.89 
2-Butaneamine 5.90 
Butanedioic acid 5.223, 12.88, 21.134 
1,1 "-Butanediylbis(l '-methyl-4,4'-bipyridinium) 3.152, 

13.60 
Butanoic acid, 2-amino-4-{methylsulfinyl)- 5.175 
Butanoic add, 2-amino-4-{methylsulfonyl)- 5.174 
I-Butanol 5.87 
tert-Butanol 4.148,5.188,12.62,15.114,17.10.3, 

21.120 
2-Butanone 5.88 
3-ButC"llcnitrilc 12.34, 15.62 

2-Butenoate ion 12.40 
2-Butenoic acid 9.19, 12.41, 15.66 
Butyl acrylate 15.64 
Butyl alcohol 5.87 
tert-Butyl a.lcohol 4.148, 5.188, 12.62, 15.114, 17.10.3, 

21.120 
Butylamine 4.85, 5.89 
8ee-Butylamine 5.90 
tert-Butylamine 4.86, 5.91 
N-( tert-Butyl)benzylamine 24.31 
1,1'-Butylene-2,2'-bipyridinium 3.235, 13.75 
N-tert-Butyl-o.-phenylnitrone 3.226 
N-tert-Butylpyrrolidine 24.33 
Butyraldehyde 24.34 
Butyrate ion 5.92 
Butyric acid 5.93 
C.I. 45170 3.233 
C.1. 62125 20.27 
C.1. 754S0 3.195 
Ca.dmium(II) ion 3.5 
Cadmil1m(II) 5,10,15-20-tetrakis{1-methylpyridinium-

4-yl)porphyrin 22.6 
Camphor 3.153, 20.36, 22.105 
Oapryl alcohol 5.195 

Ca.pryl aldehyde 5.196 
Carbamoyl 10.6.2 
Carbamoyl, ion{l-) 10.6, 10.6.1 
Carbonate hydrolyase 20.93, 22.213 
Carbonat.e ion 5.11, 18.4 
Carbonate radical ion 3.4, 4., 4.1, 5.12, 8.3, 14.2, 

29.2.6 
Carbon dioxide radical anion 3., 3.1, 4.5, 8.2 
Carbon disulfide R-adduct 17.6, 17.6.1 
Carbon disulfide OR-adduct, conjugate base 17.4, 

17.4.1 
Carbon disulfide electron adduct 17.5, 17.5.1 
Carbonic anhydrase 20.93, 22.213 
Carbon tetrachloride 3.154, 5.94 
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Carbon trioxide ion{l-) 3.4,4.,4.1,5.12,8.3,14.2, 
29.2.6 

2-Carboxyethylferrocene ion(l-) 20.10 
Carboxyferrocene ion{l-) 20.8 
Carboxyl radical 3., 3.1, 4.5, 8.2 
Carboxymethyl radical, ion{l-) 5.58 
Carboxymethy1eytochrome C 3.251 
Carboxymethylperoxy radical ion{l-) 5.96 
2-Carboxy-l-methylpyridinium ion 3.155 
Carboxypeptidase A 3.247, 20.94, 22.214 
N- [9-( 2-Carboxyphenyl )-6-(diethy lamino )-3 If-xanthen-

3-ylidene]-N-ethylethanaminium chloride 3.233 
~-Carotene 20.37, 22.106 
Catechol 5.97, 6.28, 16.5 
Catechol monoanion 14.12 
Cerium{III) 15.9 
Cerium{III) ion 904, 21.3 
Ceruloplasmin 3.248 
Cetyltrimethylammonium chloride 2'.106 
Chloramlde 5.38 

Chlorate ion 5.20 
Chloride ion 5.16, 9.5, 12.5, 15.'0, 26.1.2 
Chlorimide 5.37 
Chlorine atom 26.1, 26.1.1 
Chlorine dioxide 5.18, 21.4, 22.7, 24., 29.2.8 
Chlorine oxide 26.2, 26.2.1, 29.2.7 
Chlorite ion 4.8, 5.19, 22.8, 25.2, 26.2.2 
Chloroacetate ion 4.87 
4-Chloroaniline 4.88 
Cltlorobenzene S.08 
4-Chlorobenzoate ion 12.38, 15.65, 21.79 
4-Chlorobenzoic acid 12.39 
Chloro[7 ,12-diethenyl-3,8,13,17 -tetramethy Iporpbine-

2,18-dipropanato(4-), dihydrogen, ferrate{2-) 13.38 
Chloro{ diethylenetriamine )platinum{II) ion 21.47 
2-Chloro-10-dimethylaminopropy lphenothiazine 14.13, 

21.81 

2-Chloro-l0-dimethylaminopropylphenothiazine, conju­
gate acid 6.31, 20041, 22.11', 23.33 

2-Chloro-N,N-dimethy 1-1 OH-phenoth iazine-l0-
propanamine 14.13,21.81 

Chloro{ ethylenediaminotetraacetato )cobaltate{III) ion 
13.13 

Chloroform 5.99 
N-Chloromethylamine 5.179 
l-Chloronaphthalene 5.100 
l-Chloro-4-nitrobenzene 3.156 
Chloropentaammineruthenium(III) ion 4.51 
2-Chlorophenol 5.101 
4-Chlorophenol 5.103 
2-Chlorophenoxide ion 5.102 
4-Chlorophenoxide ion 4.89, 5.104, 20.38, 22.107, 

23.32 
Chlorophyll a, triplet state 22.109 
Chloropbyll a 4.90, 6.29, 20.39, 22.108 
Chlorophyll b 6.30, 20040, 22.110 
Chloroprototerrihaem IX 13.38 

5-Chloro-2,4-pyrimidinedione 21.80 
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Chloro( tetraethyldiethylenetriamine )platinum{II) ion 
21.48 

5-Chlorouracil 21.80 
Chlorpromazine 14.13, 21.81 
Chlorpromazine, conjugate acid 8.31, 20.41, 22."', 

23.33 
6-Chromanol, 2-carboxy-2,5,7,8-tetramethyl- 22.153 
6-Chromanol, 2,5,7 ,8-tetramethyl.2-( 4,8,12-

trimethyltridecyl)- 5.228, 6.93, 22.195 
Chromium(IlI) ion 3.59 
Chromium{II) ion 3.58,10.8.4,15.12,21.10,22.19, 

23.6 
a-Chymotrypsin 4.178, 18.15, 20.95, 22.215 
Chymotrypsinogen 6.108 
Cleland's Reagent, 3.180, 4.109, 8.19, 20.53, 21.95, 

23.37 
Cobal(U)amin 3.19, 22.18 
Cobalt(l) ion 22.9 
Cobalt.(II) ion 3.6, 4.9, 5.22, 9.8, 15.11, 21.5, 22.10, 

23.2 

CobaJt(II) 2,2'-bipyridine 3.10 
Cobalt(II) bis(2,2'-bipyridine) 3.12 
Cobalt(II) bis(2,2' ,6' ,2"-terpyridine) 2404 
Oobalt(II), his(4,4'-dimethyl-2,2'-bipyridine) 3.13 
Cobalt(II), 4,4'.dimethyl-2,2'-bipyridine 3.11 
Cobalt{Il) iminodiacetate 22.11 
Cobalt(II), 5,7,7 ,12,12,14-hexamethyl-l,4,S,11-

tetraazacyclotetradeca-4,14-diene 3.8 
Coba1t(II), 5,7,7 ,12,14,14-hexamethyl-l,4,8,11-

tctraazacyelotetradeca-4,11-diene 3.7, 4.10, 21.9, 

22.14,23.4 
Coba1t(IJ) 5,10,15,20-tetrakis(4-

sulfonatophenyl)porphyrin 3.16, 22.16 
Cobalt(II), 2,3,9,10-tetramethyl-l,4,8,11. 

tetraazacyclotetradeca-l,3,S,10-tetraene 3.9, 4.11 
Cobalt(II), 3,10,17 ,24-tetrasulfophthalocyanine 3.17, 

22.17 

Cobalt{II) tris{2,2'-bipyridine) 3.14 
Cobalt(II), tris(4,4'-dimethyl-2,2'-bipyridine) 3.15 
OohaJt(TIT) hiR(2,2' ,8' ,2"-terpyridine} 13.21 
Cobalt(III) deuteroporphyrin, dimethyl ester, dipyri-

dine 13.26 
Cobalt{IJI), dichioro-5,7, 7 ,1 2,14, 1 4-hexamethyl-

1,4,8,11-tetraazacyclotetradeca-4,11-diene 3.27 
Cobalt{III), 5,7,7 ,12,14,14-hexamethyl-l,4,S,11-

tetraazacyclotetradeca-4,11-diene 3.25 
Cobalt(IlI) mel5oporphyrin, dimethyl ester, dipyridine 

13.27 
Cobalt(IIJ) 5,10,15,20-tetrakis(1-methylpyridinium-4-

yl)porphyrin 13.24 
Cobalt(III) 5,10,15-20-tetrakis(1-methylpyridinium-4-

yl)porphyrin 13.23 
Cobalt(III) tetrakis( 4-sulfonatophenyl)porphyrin 13.25 
Cobalt(IlI) 5,10,15,20-tetrakis[4-(N,N,N. 

trimethy lamino )phenyl] porphyrin 13.22 
Cobalt(III), 2,3,9,10-tetramethyl-l,4,S,11-

totraaJ&aeyelotebadeea.-l,3,8,10-teira.ene 3.26 

Cobalt(IIl) tris(2,2'-bipyridine) 3.24 
Cobalticytochrome C 13.78 
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Concanavalin A 6.109, 22.216 
Copper(I) ion 8.4 
Copper(II) ion 3.60, 4.27, 21.11 
Copper(II), (3-alanylhistidine complex 3.69 
Copper(II) glutathione disulfide 3.70 
Copper(II), dycylhistidine complex 3.68 
Copper(lI), 2,2,4,11,13-hexamethyl-l,5,10,14-

tetraazacyclooctadeca-4,13-diene 3.64 
Copper(II), 5,7,7 ,12,14,14-hexamethyl-l,4,8,11-

tetraazacyclotetradeca-4,11-diene 3.63, 21.14 
Copper(II), 5,7,7,12,14,14-hexamethyl-l,4,8,11-

tetraazacyclotetradecane 3.62, 21.13 
Copper(II), histidine complex 3.67 
Copper(II), 1,4,8,11-tetraazacycIotetradecane 3.61, 

21.12 
Copper(JI) tetraglycine 3.66, 22.22 
Copper(II) 5,lO,15-20-tetrakis(1-methylpyridinium-4-

yl)porphyrin 21.16 
Copper(II), 2,3,9,lO-tetramet.hyl-l,4,8,11-

tetraazaeydotetradeca-l,3,8,10-tetra.cne 21.15 

Copper(lI) tetrasulfophthalocyanine 3.72 
Copper(II) triglycine 3.65 
Copper(III), 5,7,7 ,12,14,14-hexamethyl-l,4,8,1.1-

tetraazacyelotetradeca-4,11-diene 22.188 
Copper oxidase 3.262, 22.221 
Coproferriheme 22.217 
Creatine 5.105 

Creatinine 5.106 
m-Cresol 5.186, 6.71 
o-Cresol 5.185. 6.70 
p-Cresol 5.187, 6.72, 24.72 
Crocetin 14.15 
Crocin 14.14, 20.42 
Croton ate ion 12.40 
Crotonic acid 9.19, 12.41, 15.66 
Crystal Violet cation 3.157 
OuIIRnIlI Pl~.Rtor.y~.nin 3.267 

CUnlene 5.107 
Cumyl alcohol 15.119 
Cyanate-OH adduct 10.2 
Cyanate ion 15.6 
Cyanate radical anion 10.3 
Cyanic acid 5.15 
Cyanide-H adduct 10.5, 10.5.1 
Cyanide-OH adduct 10.4, 10.4.1 
Cyanide ion 5.13, 15.5 
4-Cyanobenzoate ion 12.42, 15.67, 21.82 
Cyanocob(III)alamin 3.56 
Cyanoferricytochrome C 13.81 
Cyanoferrimyoglobin 13.96 
Cyanoferromyoglobin 13.112 

3-Cyanophenol 6.33 
4-Cyanophenol 6.34, 21.83 
2-Cyanophenoxide ion 6.32 
4-Cyanophenoxide ion 7.14, 12.43,20.43, 22.112, 

24.35, 26.2.5 
Cycloheptanol 15.68 
Cycloheptanol-l-d 15.69 

2,4-Cyclohexadien-l-one, 2,6-dichloro-4-[-{4-
hydroxyphenyl)iminoJ-, sodium salt 13.62 

1,2-Cyclohexanediaminetetraacetatomanganate{III) ion 
13.42 

tran8-1 ,2-Cy<" lohexa.nerlia,mine-N,N,N' ,N'. 
tetraacetatocobaltate(Ill) ion 13.16 

Cyclohexene 15.70 
Cyclohexylamine 4.91 
Cyclopentanol 5.108 
Cyclopentene 29.1.7 
Cysta.mi ne 3. 158, 22. 113 
Cysteamine 20.44, 21.84, 22.114 
Cysteamine, negative ion 22.115 
Cyst.eine 4.92, 5.109, 6.35, 19.1.1, 20.45, 21.85, 

22.116, 23.34, 24.36 
Cysteine, N-acetyl- 4.65 
Cysteine, S-methyl-, negative ion 20.66 
Cysteine, S-methyl- 4.145, 22.167 
Cysteine, methyl ester, conjugate acid 4.93 
Oysteine, negative ion 5.110, 8.15 

(2,5S,S')-Cysteinyldopa 6.36 
(2S)-Cysteiny ldopa 6.37 
(5S)-Cysteinyldopa 6.38 
5-S-Cysteinyldopa-melanin 6.110 
L-Cysteinylglycine disulfide 6.39, 8.16, 22.118 
L-CysteinyIt.yrosine disulfide 6.40 
Oy:stille 5.111, 18.7, 24.37 

Cystine, dianion 22.117 
Cystine, dimethyl ester 4.94 
L-Cystinylbisglycine 6.39. 8.16. 22.118 
L-Cystinylbis-L-tyrosine 6.40 
Cytidine 21.86 
Cytochrome C 3.249, 13.79,22.218 
Cytochrome C3 3.253, 13.86 
Cytochrome C, acetylated 3.250 
Cytochrome 0, carboxymethylated 3.251 
Cyt.ot"hrotnP a, 1-(3-dimpthylaminopropyl)-3-

ethylcarbodiimide (EDC) modified 13.80 
Cytochrome C, ferri-, ruthenium{III) modified 3.270 
Cytochrome C, suecinylated 3.252 
Cytochrome C Co(111) 13.78 
Cytochrome C cyanide adduct 13.81 
Cytochrome C (ferro) 6.111,20.96,22.219 
Cytochrome C (horse heart muscle) 3.249, 13.79, 

22.218 
Cytochrome C oxidase 13.82 
Cytochrome P-450 3.254, 13.83 
Cytochrome a 13.82 
Cytochrome a3 13.82 
Cytochrome aaa 13.82 
Cytochrome b2 3.269 

Cytochrome b 558 13.84 
Cytochrome b5 (III) 13.85 
Cytochrome c 551 3.255 
Cytochrome m 3.254, 13.83 
Cytosine 21.87 
Cytosine, conjugate base 15.71,22.119 
Cytosine negative ion 15.71, 22.119 
Dau~omycill 3.159 
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Daunorubicin 3.159 
Decakis( cyano )-JL-superoxidodicobaltate(III) ion 3.55 
1,4,5,7,7,S,II,12,14,14-Decamethyl-l,4,S,11-

tetraazacyclotetradecanenickel(II) ion 3.111 
2'-Deoxyadenosine 15.71a 
2'-Deoxyadenosine 5'-monophosphate 21.88 
2'-Deoxy-5'-adenylic acid 21.88 
2'-Deoxycytidine 15.71b 
2'-Deoxycytidine-5'-monophosphate 21.89 
2'-Deoxy-5'-cytidylic acid 21.89 
2' -Deoxyguanosine 15.71 c 
Deoxyguanosine 5'-monophosphate 21.90, 22.120 
Deoxyguanylic acid 21.90, 22.120 
Deoxymyoglobin 13.111 
Deoxyribonucleic acid 3.256, 8.41 
2-DeoXY-D-ribose 12.44, 15.71d 
Diamide 3.160 
1,4-Diaminobenzene 7.23, 8.36, 10.3.5, 14.32,23.47, 

24.83 
3,6-Diamino-10-methylacridinium 3.137, 21.63, 22.94, 

23.27, 28.1.4 
Diamminesilver(I) ion 7.3 
8,8'-Diapo-",-carotendioic acid, bis(6-0-~-D­

glucopyranosyl-~-D-glucopyrallosy 1) ester 14.14, 
20.42 

8,8'-Diapocarotenedioic acid 14.15 
Diaquatetrakis( l-methylpyridinium-4-

yl)porphinatomanganese(III) ion 22.42 
Diaquatetrakis(pyridy I )porphinatomanganese(III) ion 

22.41 
Diaquatetrakis( 4-

8ulfonatophenyl)porphinatomanganate(III) ion 
22.43 

1,4-Diazabicydo[2.2.2]octane 4.95, 24.38 
1,4-Diazabicydo[2.2.2]odane radical cation 24.39 
1,6-Diazabicyclo[4.4.4]tetradecane radical cation 20.46, 

22_121, 23_35 

5H-[1,4J-Diazepino[l,2,3,4-
Imn][1,10]phenanthrolinediium, 6,7-dihydro- 13.71 

Dibenzylamine 24.40 
1,1'-Dibenzyl-4,4'-bipyridinium 3.161, 13.61 
Dibromine radical ion 22., 22.1, 24.2 
Dibutylamine 4.96 
Dichlorine radical ion 21., 21.1, 24.3 
1,4-Dichlorobenzene 5.112 
(Z)-1,2-Dichloroethene 5.114 
1,1-Dichloroethylene 5.113 
(E)-1,2-Dichloroethylene 5.115 
(Z)-1,2-Dichloroethylene 5.114 
tran8-1,2-Dichloroethylene 5.115 
Dichloro(5,7,7,12,14,14-hexamethyl-l,4,S,11-

tetraazacydotetradeca-4,11-diene )cobalt(III) ion 
3.27 

2 76-Di.ehloroindoph@nol 13.62 

2,6-Dichloroindophenolate ion 3.162 
Dichloromethane 5.116 
N,N-Dichloromethylamine 5.180 
2,3-Dichlorophenol 5.117 
2,4-Dichlorophenol 5.118, 24.41 
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2,4-Dichlorophenoxide ion 5.119 
Dicyanodisulfide radical ion 20., 20.1 
Dicyano-a,a,a,l3-tetrakis(N-

methy lisonicotinamidophenyl)porphinatoiron(III) 
ion 3.84 

Dicyanotetrakis(1-methylpyridinium-4-
yl)porphineiron(IlI) ion 3.80 

L-Dicysteinylglycine 6.39, 8.16, 22.118 
L-Diey steiny 1-L-tyrosine 6.40 
2,17 -Diethenyl-l,10,19,22,23,24-hexahydro-3,7 ,13,17-

tetramethyl-l,19-dioxobiline-8,12-dipropanoate ion 
6.26 

3,IS-Diethenyl-l ,19,22,24-tetrahydro-2, 7,13,17-
tetramethyl-l,19-dioxobiline-8,12-dipropanoate ion 
6.27 

7,12-Diethenyl-3,S,13,17-tetramethylporphine-2,18-
dipropanoatoferrate(III), dihydrogen, dicyano com­
plex 13.33 

7,12-Diethenyl-3,8,13,17-tetramethylporphine-2,18-
dipropanoatoferrate(II), dihydrogen 3.74 

7,12-Diethenyl-3,S,13,17-tetramethylporphine-2,18-
dipropanoatomanganate(III), dihydrogen, 
bis{pYl'idine} 13.48 

Diethylamine 4.97, 5.120, 24.42 
Diethyl cJisulfide 4.98, 11.3, 15.72, 22.122 
Diethyl ether 5.121 
N,N-Diethy Ihydroxylamine 4.99 
Diethyl malonate 5.122 
Diethyl sulfide 21.91,22.123 
7,12-Diethyl-3,S,13,17-tetramethylporphine-2,lS-

dipropanoatomanganese(Ill), dimethyl ester, 
bis{pyridine) 13.52 

7 ,12-Diethyl-3,8,13,17 -tetramethylporphine-2,18-
dipropanoatocobalt(III), dimethyl ester, 
bis(pyridine) 13.27 

7 ,12-Diethyl-3,S,13,17 -tetramethyiporphine-2,18-
dipropanoatoferrate(III), dieyano eomplex 13_37 

(J.L-DiHuoroacetato )bis(JL­
hydroxo)bis[triamminecobalt(III)] ion 3.51 

Dihistidineiron(II) complex 22.28 
7 ,8-Dihydro-2,12-dimethyl-6H-dipyridoll,2-a:2',1 '­

c][I,4]diazepinediium 3.173 
6,7-Dihydro-2,11-dimethyldipyrido[1,2-a:2',1 '­

c]pyrazinediium 13.67 
4,5-Dihydro-4,5-dioxopyrrolo [2,3-J1quinoline-2,7,9-

tricarboxylic acid 3.208 
7 ,S-Dihydrodipyrido[I,2-a:2',1 '-c] [1,41diazepinediium 

3.243, 13.76 
6,7 -Dihydrodipyrido[I,2-a:2',1 '-c]pyrazinediium 3.182, 

13.66 
Dihydrogen borate ion 5.3 
Dihydrogen phosphate ion 5.49, 15.32, 29.2.10 
Dihydrogen phosphate radical 12.1 
Dihydrogen phosphite ion 12_19, 15_30 

DihydrolumiHavin, conjugate base 6.41, 22.124 
Dihydronicotinamide adenine dinucleotide 20.69, 

22.177, 23.44 
2,3-Dihydro~I,4-phthalazinedione 4.100, 6.42, 24.43 
2,3-Dihydrophthalazine-l,4-dlone-2-yl 4.101, 6.43 



RATE CONSTANTS FOR REACTIONS OF INORGANIC RADICALS IN AQUEOUS SOLUTION 1269 

1,2-Dihydro-3,6-pyridazinedione 15.99, 20.64, 22.162, 
24.70 

6,7 -Dihydro-2,3,10,11-tetramethyldipyrido[I,2-a:2',I'. 
c]pyrazinediium 3.236 

7 ,8-Dihydro-2,3,11,12-tetramethyldipyrido[1,2-a:2', 1'-
r.][1,4]dia.zepinediium 3.23g 

5,6-Dihydrouracil 12.45 
:1,4-Dihydroxy-2(5H)-furanone, iOll{l-) 22.154 
a,4-Dihydroxyacetophenone 20.47, 22.125 
1,2-Dihydroxybenzene 5.97, 6.28, 16.5 
1,3-Dihydroxyhenzene 5.217, 6.83, 16.16 
1,4-Dihydroxybenzene 5.160, 6.56, 16.9, 17.10.4, 20.57, 

21.110,22.149, 24.63, 25.9 
I ,4-Dihydroxybenzene-2,5-disulfonate ion 16.10 
1,3-Dihydroxybenzene ion{2-) 7.25, 8.37, 14.36, 24.86 
t ,4-Dihydroxybenzene ion{l-) 8.23, 14.20, 24.64 
1,4-Dihydroxybenzene ion{2-) 7.17, 10.3.3, 24.65 
2,5-Dihydroxybenzoate ion 7.15 
2,3-Dihydroxy-l,4-butanedithiol (R* ,R*)( ±) 3.180, 

4.109, 8.19, 20.53, 21.95, 23.37 

(E)-4,5-Dihydroxy-l,2-dithiane 3.163 
trans-4,5-Dihydroxy-l,2-dithiane 3.163 
J>ihydroxyfumarate ion 8.17 
2,4-Dihydroxy-5-methylpyrimidine 3.242, 4.166, 12.73, 

20.82,21.141,22.194 
4,6-Dihydroxy-2-methylpyrimidine 22.126 
4,6-Dihydroxy-o-methylpyrimidine 22.127 

5,8-Dihydroxy-l,4-naphthoquinone 3.164 
2,5-Dihydroxyphenylacetate ion 14.16 
3-{3,4-Dihydroxyphenyl)-L-alanine 6.44, 20.48, 22.128 
2-{3,4-Dihydroxyphenyl)-3,5,7-trihydroxY-l-

benzopyran-4-one 6.82, 14.35 
2,3-Dihydroxy-2-propenal, conjugate base 6.45, 23.36 
2,3-Dihydroxy-2-propenal 20.49, 21.92, 22.129 
3,6-Dihydroxypyridazine 15.99, 20.64, 22.162, 24.70 
4,6-Dihydroxypyrimidine 22.130 
3',7'-Dihydroxyspiro[isobellzofuran-1,9'-xanthen]-3-one, 

ion(1-) 3.186 
Diiodine radical ion 23., 23.1 
3,5-Diiodotyrosine 22.131 
Diisopropylamine 24.44 
Diisopropyl disulfide 11.5 
Dimedone 5.127 
threo-1,4-Dimercapto-2,3-butanediol 3.180, 4.109, 

8.19, 20.53, 21.95, 23.37 
1,2-Dimethoxybenzene 15.73 
1,3-Dimethoxybenzene 6.46. 15.74 
1,4-Dimet'hoxybenzene 6.47, 15.75, 26.2.6 
2,3-Dimethoxybenzoate ion 15.76 
2,4-Dimethoxybenzoate ion 15.77 
2,5-Dimethoxybenzoate ion 26.2.7 
2,6-Dimethoxybenzoate ion 15.78 
3,4-Dimethoxybenzoate ion 15.79 
3,5-Dimethoxybenzoate ion 15.80 
N,N-Dimethylacetamide 5.123 
N',N' -Dimethyladenosine 15.80a 
7,8-Dimethylalloxazine 3.204 
Dimethylamine 5.124, 24.45 

6-(Dimethy lamino )-2,3-dihydrophthalazine-l ,4-dione 
24.46 

5-Dimethylamino-l-naphthalenesulfonyl-L-tyrosine 
6.48 

1-(3-Dimethylaminopl'opyl)-3-ethylcarbodiimide 
modified Cytochrome 0 13.80 

Dimethy lammonium ion 5.125 
N,N-Dimethylaniline 4.102, 6.49, 8.18, 20.50, 24.47, 

25.8 
N,N-Dimethylanilinium ion 18.8 
a,a-Dimethylbenzyl aJcohol 15.119 
N,N-Dimethylbenzylamine 4.103, 24.48 
4,4'-Dimethyl-2,2'-bipyridinecobalt(II) ion 3.11 
1,1'-Dimethyl-4,4' .. bipyridinium 3.165, 10.8.4, 13.63 
1,1 '-Dilllethyl-4,4'-bipyridinium radical ion (1+) 

3.166, 20.51, 21.93 
N,N-Dimethyl-tert-butylamine 4.104, 24.49 
DhnethyJchloramine 5.126 
N,N-Di rndhy 1-3-chlorobenzy lamine 24.50 
N,N-Dhuetllyl-4-dllorobenzy laluiue 24.51 

5,5-Dimethyl-l,3-cydohexanedione 5.127 
4,5-Dimcthy 1-1,2-dihydro-3-pyrazolone 22.135 
Dimethyl disulfide 4.105,11.4,15.81,20.52,22.132 
1,1-Dirnethylethanol 4.148, 5.188, 12.62, 15.114, 

17.10.3, 21.120 
Di{l-mcthylethyl} disulfide 11.5 
4,4'-Dimethyl-l,l'-ethylene-2,2'-bipyridinium 13.67 

N,N-Dimethyl-4-ftuorobenzylamine 24.52 
Dimethyl fumarate 3.168 
2,5-Dimethylrura.n 24.53 
2,3-Dimethylindole 4.1058, 6.498, 22.1328, 24.538 
1,3-Dimethyllumichl'ome 3.169 
N,N-Dimethy 1-3-methoxybenzylamine 24.54 
N,N-Dimethyl-4-methoxybenzylamine 24.55 
N,N-Dimethy 1-4-methy lbenzy lamine 24.56 
N,N-Dimethyl-3-nitrobenzylamine 24.57 
N,N-Dimethyl-1-nitrobenlylo.minc 24.58 
N,N-Dimethyl-4-nitrosoaniIine 3.170, 4.106, 15.82, 

22.133, 28.5.6 
2,3-Dimethylphenol 5.128 
2,4-Ditnethylphenol 5.129 
2,6-Dimethylphenol 5.130 
3,4-Dimethylphenol 5.131 
2,3-Dimethyl-l-phenyl-3-pyrazolin-5-one 22.134 
3,4-Dimethyl-2-pyrazolin-5-one 22.135 
1,3-Dimethyl-2,4-pyrimidinedione 15.83 
5,Fi-Dimethyl-l-pyrroline-l-oxyl 3.171 
Dimethyl sulfide 21.94, 22.136 
Dimethy I sulfoxide 5.132 
a-2,12-Dimethyl-3,7,11,17-

tetraazabicyclo[11.3.1 ]heptadeca-1(17),2,6,11,13,15 .. 
hexaenenickel{II) ion 20.18, 22.58 

a-2,12-Dimethyl-3,7,11,17-
tetraazabicyclo[11.3.1 ]heptadeca-1(17),2,11,13,15-
pentaenenickel(II) ion 20.17, 22.57 

a-2,12-Dimethyl-3,7,11,17-
tetraazabicyclo[11.3.1]heptadeca-l(17),13.15-
trienenickel(II) ion 20.16, 22.56 
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11 ,13-Dimethyl-1,4, 7 , 10-tetraazacyclotetradeca-l0, 13-
dienenickel(II) ion 22.51 

3,14-Dimethyl-4,7,10,13-tetraazahexadeca-3,13-diene-
2,15-dione dioximatonickel( IV) ion 3.112 

4,4'-Dimethyl-l,1 '-tetramethylene-2,2'-bipyridinillm 
3.172 

4,4'-Dimethyl-l,1 '-trimethylene-2,2'-bipyridinium 
3.173 

1,3-Dimethyluracil 15.83 
2,4-Dinitrobenzoate ion 3.174 
2,5-Dinitrobenzoate ion 3.175 
3,4-Dinitrobenzoate ion 3.176 
3,5-Dinitrobenzoate ion 3.177 
1,8-Dinitro-3,6,10,13, t6,19-

hexaazabicyclo[6.6.6]eicosanecobalt(III) ion 13.19 
1,8-Dinitro-3,6,10,13,16,19-

hexaazabicyclo[6.6.6]eicosanecobalt(I1) ion 13.20 
1-(2,4-Dinitrophenyl)pyridinium 3.178 
Dioxane 5.133, 15.84 
1,4-Dioxa.ne 5.133, 15.84 

Dioxoneptunium(V) ion 9.10, 15.24, 21.35, 22.60 
Diphenylamine 14.17, 16.7, 22.137 
1,1'.Diphenyl-4,4'-bipyridinium 3.179 
Dipropylamine 4.107 
Dipropyl sulfide 5.134 
6H-Dipyrido[1,2-a.:2',1 'Me] [1,4]diazepinediium, 7,8-

dihydro-2,12-dimethyl- 3.173 

Dipyrido[1,2-a.:2',1 'Me] [1,4]diazepinediium, 7,8-dihydro-
3.243, 13.76 

Dipyrido[I,2-a.:2',1 '-el f1,41diazepinediium, 7,8-dihydro-
2,3,11,12-tetramethyl- 3.239 

Dipyrido[1,2-a.:2' ,1'-e]{1,4.1diazocinediium, 6,7,8,9· 
tetrahydro-2,13-dimethy 1- 3.172 

Dipyrido[I,2-a.:2',1 '-c) [l,4]diazocinediium, 6,7,8,9-
tetrahydro- 3.235, 13.75 

Dipyrido[I,2-a.:2' ,1 'Me] [1,4]diazocinediium, 6,7,8,9-
tetra.hydro-2,3, 12, 13-tpt.r~.mpt.hyl- 3.?38 

Dipyrido[I,2-a.:2',1 '-e) [1,4]pyrazinediium, 6,7-dihydro-
3.182, 13.66 

Dipyrido[l,2-a.:2',I'-c]pyrazinediium, 6,7-dihydro-2,11-
dimethyl- 13.67 

Dipyrido[I,2-a.:2',1'-e]pyrazinediium,6,7-dihydro-
2,3,10,11-tetramethyl- 3.236 

Diquat 3.182, 13.66 
(E)-1,2-Dithiane, 4,5-dihydroxy- 3.163 
3,3'-Dithiobis{2-amino-3-methylbutyric acid) 22.180 
2,2'-Dithiobis{ethylamine) 3.158, 22.113 
3,3'-Dithiobis(propionate ion) 4.108, 22.138 
Di( thiocyanate) radical ion 20., 20.1 
1 ,2-Dithiolane-3-pen tanamide 3.202 
1,2-Dithiolane-3-pentanoate ion 3.203, 11.7, 23.39 
1,2-Dithiolane-3-pentanoic acid 20.63, 23.40 
Dithiothreitol 3.180, 4.109, 8.19, 20.53, 21.95, 23.37 
Dodecylsulrate ion 6.50, 21.96 
Dopa-melanin 3.257, 6.112 
Doxorubicin, conjugate acid 3.140 
Duroquinone 4.110, 10.8.5, 13.64 
E.C. 1.10.3.3 3.246 
E.C. 1.11.1.7 13.89, 15.151, 21.146, 22.226 
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E.C. 1.1.1.42 20.98, 22.220 
E.C. 1.1.3.4 3.260 
E.C. 1.14.18.1 3.262, 22.221 
E.C. 1.16.3.1 3.248 
E.C. t .4.3.3 20.91 
E.C. 1.9.3.1 13.82 
E.C.2.7.7.16 3.269,4.180,15.152,18.18,19.1.2, 

20.103, 22.228 
E.C. 3.4.4.10 20.101, 22.224 
E.C.3.4.4.4 4.181,20.105,22.231,23.57 
E.C. 4.1.2.13 23.55, 28.1.6 
E.C. 4.2.1.1 20.93, 22.213 
Eosin dian ion 3.181 
Ephedrine, conjugate acid 20.54, 22.139 
I-Ephedrine 6.51 
1,1" -Ethanediylbis(l '-methyl-4,4' -bipyridinium) 13.8e 
Ethanethiol 5.135, 11.6 
Ethanethiol, 2-amino, conjugate base 22.115 
Ethanetliiol, 2-amino- 20.44, 21.84, 22.114 
Etha..nol 4.111, 5.136, 9.20, 12.46, 14.18, 15.85, 16.8, 

21.97,28.5.7,29.2.11,29.4.1 
Ethanolamine 24.22 
Ethanone, 2-( 4-methoxyphenyl)-1-(2,4,5-

trihydroxyphenyl)- 20.85, 22.198 
Ethene, 1,1-dichloro- 5.113 
Etllene, 1,2-dichloro- (E)- 5.115 
Ethene, 1,2-dichloro- (Z)- 6.114 

Ethene, tetrachloro- 5.225 
Ethene, trichloro- 5.232 
Ethenyl 2-methylpropyl ether 15.149 
Ether 5.121 
Ethoxybenzene 4.112 
Ethyl acrylate 15.86 
Ethyl alcohol 4.111,5.136,9.20,12.46, 14.18, 15.85, 

16.8, 21.97, 28.5.7, 29.2.1', 29.4.1 
Ethyl4-aminobenzoate 4.113 
Ethyl p..a.niinoheonzoa.teo 4.113 

Ethy lbenzene 5.137 
Ethyl disulfide 4.98, 11.3, 15.72,22.122 
1,1 '-Ethylene-2,2'-bipyridinium 3.182, 13.88 
Ethylenediaminebis[2-(2-hydroxyphenyl)acetato)iron(III) 

ion 3.77a 
Ethylenediaminetetraacetate ion 4.114,' 22.140 
Ethylenediaminetetraacetatocobaltate(II) ion 20.3, 

"22.13 
Ethylenediaminetetraacetatocobaltate(III) ion 13.12 
Ethylenediaminetetraaeetatocuprate{II) ion 20.5, 

22.21,23.8 
Ethylenediaminetetraacetatoferrate(II) ion 20.7, 22.26, 

23.11 
Ethylenediaminetetraacetatoferrate(III) ion 3.77, 13.29 

Ethylenediaminetetraacetatomanganate(II) ion 20.13, 
22.38 

Et.hy lenediaminetetraacetatonickelate(II) ion 23.19 
Ethy lenediaminetetraacetatozincate(II) ion 22.78 
1,1 '-Ethylene-4,4'-dimethyl-2,2'-bipyridinium 13.67 
Ethylene glycol 9.21 
l,lO-Ethylene-l,10-phenanthrolinium 13.72 
Ethyl ether 5.121 



RATE CONSTANTS FOR REACTIONS OF INORGANIC RADICALS IN AQUEOUS SOLUTION 1271 

N-Ethylmaleimide 3.183 
Ethyl mercaptan 5.135, 11.6 
l-(p-Ethylphenyl)ethanol 15.87 
Ethyl sulfide 21.91, 22.123 
Europium(III) ion 3.73 
Fcrrate{VI) ion 3.89a 
Ferredoxin (spinach) 3.258, 13.87 
Ferricyanide ion 3.75, 13.28 
Ferricytochrome C 3.249, 13.79, 22.218 
Ferricytochrome C 1-{3-dimethylaminopropyl)-3-

ethylcarbodiimide modified 13.80 
Ferriheme chloride 13.38 
Ferrimyoglobin 3.266, 13.93 
Ferrimyoglobin azide 13.94 
Ferrimyoglobin cyanate 13.95 
Ferrimyoglobin cyanide 13.96 
Ferrimyoglobin fluoride 13.97 
Ferrimyoglobin formate 13.98 
Ferrimyoglobin imidazole complex 13.99 
ft'errimyoglobin I-methylimidazole complex 13.100 

Ferrimyoglobin 2-methylimidazole complex 13.101 
Ferrimyoglobin 2-methyl-5-nitroimidazole complex 

13.102 
Ferrimyoglobin nitrite 13.103 
Ferrimyoglobin 4-nitroimidazole complex 13.104 
Ferrimyoglobin 2-picoline complex 13.105 
Ferrimyoglobin 3-picoline complex 13.106 
Ferrimyoglobin 4-picoline complex 13.107 
Ferrimyoglobin pyridine complex 13.108 
Ferrimyoglobin thiocyanate 13.100 

Ferriperoxidase 13.89, 15.151, 21.146, 22.226 
Ferriperoxidase cyanide adduct 13.88 
Ferrocenylacetate ion 20.9, 22.31 
3-Ferrocenylpropionate ion 20.10 
Ferrocyanide ion 4.28, 6.5, 8.6, 10.1.3, 14.3, 22.24, 

24.6,25.3 
Fecrucytuchruult~ C 6.111, 20.96, 22.219 

Ferromyoglobin 13.111 
Ferromyoglobin cyanide 13.112 
Ferromyog}obin imidazole 13.113 
Ferroxidase 3.248 
Flagyl 3.194 
Flavine adenine dinucleotide 3.184 
Flavine mononucleotide 3.185 
Flavocytochrome b2 (Fe3+) 3.259 
Fluorescein, 2',4',5',7'-tetrabromo-, dianion 3.181 
Fluoreseei.n dianion 3.186 

(fJ--Fluoroacetato )bis(fJ--
hydroxo )bis[triamminecobalt(III)] ion 3.50 

4-Fluoroaniline 4.115 
4-Fluorop.henoxide ion 6.52, 7.16 
m-Fluorotyrosine 22.141 
Formaldehyde 5.138 
Formate ion 4.116, 5.139, 12.47, 15.88, 20.55, 21.98, 

22.142.24.59,26.2.8 
Formic acid 5.140, 9.22, 15.89, 21.99 
N-Formylkynurenine 3.187 
Fumarate ion 5.141, 15.90, 21.100 
Fumarate ion, hydrogen 3.188. 21.101 

Fumaric acid 5.142,9.23,12.48,21.102 
Fumaric acid, dimethyl ester 3.168 
Fungal laccase 3.262, 22.221 
Furan, 2,5-dimethyl- 24.53 
2,4-Furandione, 3-bromo-, conjugatp base 22.104 
2,4-Furaudione, 3-hydroxy-, conjuga.t.e ba.se 22.164 
Furfury I alcohol 24.60 
(E)-2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide 3.190 
(Z)-2-{2-Furyl)-3-{5-nitro-2-furyl)acrylamide 3.189 
cis-2-{2-Furyl)-3-(5-nitro-2-furyl)acrylamide 3.189 
trans-2-(2-FuryI)-3-(5-nitro-2-CuryI)acrylamide 3.190 
Glucoamylase I 20.97 
Glucose 4.117,5.143,12.49,24.61 
Glucose oxidase 3.260 
Glutamate ion 5.144 
Glutamic acid 21.103 
Glutamine 5.145 
"Y-L-Cllltamyl-L-cysteinylglycine 4.118, 5.148, 14.19 
Gilltarate ion 5.146 
Glutaric acid 5.147 
Glutathione 4.118, 5.148, 14.19 
Glutathione, negative ion 5.149 
Glutathione, oxidized 3.191, 4.119, 22.143 
Glutathionecopper(II), oxidized 3.70 
Glutathione disulfide 3.191, 4.119, 22.143 
Glutathione disulfide copper{U) complex 3.70 
Glycerol 9.24 
Glycinate ion 5.152, 12.51 
GJycinatonickeI(II) ion 22.46 
Clycine 4.120, 5.150, 12.50, 15.91, 18.8,21.104 

Glycine, N-acetyl- 4.66, 5.62 
Glycine, conjugate acid 5.151 
Glycine, negative ion 5.152, 12.51 
Glycine anhydride 3.192 
Glycine ion{l-) 5.152, 12.51 
a-D-Glycopyranoside, f3,-D-fructofuranosyl 5.224 
Glycylglycine 4.121 

Glycylglycylglycinatocopper(II) complex 3.65 
Glycylglycylglycine 4.122 
Glycylglycylglycylglydnato('!opper(TT) ion 7 dp.protonated 

at ('arboxyl and 3 peptide nitrogens 3.66, 22.22 
Glycylglycyltryptophan 4.123 
Glycylbistidine 4.124 
Glycylhistidinecopper(II) complex 3.68 
Glycyltryptophan 4.125, 6.53, 8.20 
Glycyltyrosine 4.126, 8.21 
Clyeyltyrosine, phenoxy ra.dieal 8.22 
Glyoxy late ion 5.153, 24.62 
Glyoxylic acid 5.154 
Guaiacol 6.66 
Guanine 21.105 
Guanine negative ion 22.144 
Guanosine anion 22.145 
Haemin 13.38 
Hematoporphyrin IX 3.193 
Hemimillitene 5.240 
Hemin 13.38 
Hemin his (pyridine ) 13.40 
Hemin c 3.89 
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Hemin hydroxide complex 13.39 
Hexaamminebis(",,-hydroxy)-""-

(triBuoroacetato )dicobalt(III) ion 3.52 
Hexaamminecobalt(III) ion 3.20, 4.14, 10.6.3, 13.2 
Hexaammine-",,-( difiuoroacetato )bis(tJ.-

hydroxy )di~nba.lt('TT) inn :i.51 

Hexaammine-",,-(fluoroacetato )bis(f.L-
hydroxy )dicobalt(IIl) ion 3.50 

Hexaammineruthenium(III) ion 3.120, 4.50, 10.6.5 
Hexabromoiridate(III) ion 24.8 
Hexachlorobismuthate(III) ion 21.2 
Hexachloroiridate(III) ion 6.7, 24.9 
Hexachloroiridate(IV) ion 3.96, 13.41 
Hexachloroosmate{IV) ion ·21.41 
Hexachlororuthenate(III) ion 21.51 
Hexacyanoferrate(III) ion 3.75, 13.28 
Hexacyanoferrate(II) ion 4.28, 6.5, 8.6, 10.1.3, 14.3, 

22.24, 24.6, 25.3 
Hexadecyltrimethylammonium chloride 21.106 
2,4-Hexadienedioate ion 21.121 

2,4-Hexadienoate ion 21.133 
1,2,3,4,10, ?-Hexahydro--7 ,8,1 0-trimethyl-2,4-

dioxobenzo[gJpteridinyl 3.206 
Hexamethylenetetramine 4.127 
2,2,4,11,13-Hexamethyl-l,5,lO,14-

tetraazacyelooctadeca-4,13-dienecopper(II) ion 3.64 
0,1,7 ,12,12,14-Hexamethyl-l,4,8, 11-

tetraazacyelotetradeca-4,14-dienecobalt(II) ion 3.8 
5,7,7,12,14,14-Hexamethyl-l,4,S,11-

tetraalaeyelotetradeea-4,11-dienenickel(II) ion 
3.110, 21.33, 22.53, 23.16 

5,7,7,12,14,14-Hexamethyl-l,4,8,11-
tetraazacyelotetradecanenickel(II) ion 3.109, 20.15, 
21.32,22.52, 23.15 

5,7,7,12,14,14-Hexamethyl-l,4,8,11-
tetraazacyclotetradeca-l,4,8,11-tetraenenickel(II) 
ion 21.34, 22.54, 23.17 

5,7,7,12,14,14-Hexamethyl-l,4,S,11-
tetraazacyclotetradeca-4,11-dienecobalt(II) ion 3.7, 
4.10.21.9. 22.14. 23.4 

5,7,7,12,14,14-Hexamethyl-l,4,S,11-
tetraazacyclotetradeca-4,11-dienecopper(II) ion 
3.63,21.14 

5,7,7,12,14,14-Hexamethyl-l,4,S,11-
tetraazacydotetradeca-4,11-diene 21.107, 22.146 

5,7,7,12,14,14-Hexamethyl-l,4,S,11-
tetraaza.eyelotetradecanecopper(TI) ion 3.62, 21.13 

5,7,7 ,12,14,14-Hexamethyl-l ,4,S,11-
tetraazacydotetradeca-4,11-dienecopper(III} ion 
22.188 

5,7,7,12,14,14-Hexamethyl-l,4,S,U-
tetraazacydotetradeca-4,11-dienecobalt(III} ion 
3.25 

3-Hexene-l,6-dioate ion 21.108 
2-Hexenoate ion 5.155 
3-Hexenoate ion 5.156 
l-HeY~n-3-o1 5.157 

I-Hexen-4-o1 5.158 
5-Hexen-3-o1 5.158 
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High-potential iron-suIrur protein (Chromatium 
vinosum D), oxidized 13.90 

High-potential iron-suIrur protein (Chromatium 
vinosum D), reduced 3.261 

Histidine 4.128, 6.54, 15.92, 18.9, 20.56, 21.109, 
22.147, 23_38 

Histidine, N-a-acety 1- 5.83 
Histidine, negative ion 5.159 
Histidinecoppcr(U) complex 3.67 
Histidineiron(II) complex 22.27 
Histidyltyrosine 6.55 
Homocystine 22.148 
Homophthalate ion 15.93 
Horseradish Peroxidase 13.89, 15.151, 21.148, 22.228 
Hydrated electron 5.1 
Hydrazine 12.10, 15.18 
Hydrazinium ion 12.11,21.28 
Hydrazinium-l-yl 10.1, 10.1.1 
Hydrazyl, conjugate acid 10.1, 10.1.1 
Hydrazyl radical 10.1.2 

Hydrodnnamic acid 15.94 
Hydrogen atom 5.25, 21.20, 22.32 
Hydrogen azide 5.29 
Hydrogen borate ion 5.4 
Hydrogen cyanide 5.14 
Hydrogen fumarate ion 3.188,21.101 
Hydrogen hypoiodite 3.93, 23.13 
Hydrogen ion 17.5.2, 29.2.9 
Hydrogen maleate ion 3.207 
Hydrogen peroxide 3.114, 4.39, 6.49, 6.0, 7.7, 1:l.16, 

13.55, 15.27,21.37,22.62,29.1.4 
Hydrogen peroxomonophosphate ion 12.20 
Hydrogen peroxomonosuIrate ion 15.35 
Hydrogen pbosphate ion 15.31 
Hydrogen phosphate radical ion 12., 12.2 
Hydrogen phosphite ion 12.18, 15.29 
Hydrogen sulfate ion 6.66 
Hydrogen sulfide 5.52 
Hydrogen sulfite ion 5.54, 12.22, 16.2, 21.53, 22.70, 

23.23 
Hydronium ion 5.24 
Hydroperoxide ion 4.39, 5.47, 6.10, 13.56, 24.16, 

29.1.5 
Hydroperoxo B.9, 21.38, 22.81, 24.14 
13-Hydroperoxylinoleate ion 6.57 
13-Hydroperoxy-9,12-octadecadienoate ion 6.57 
Hydroquinonc 6.160,6.66,16.0,17.10.4,20.67,21.110, 

22.149, 24.63, 25.9 
Hydroquinone, conjugate base 8.23, 14.20, 24.64 
Hydroquinone dianion 7.17, 10.3.3, 24.65 
Hydroquinone dimethyl ether 6.47, 15.75, 26.2.6 
Hydroquinone-2,5-disulfonate ion 16.10 
Hydroquinone-2,5 .. disulfonate trianion 14.21 
Hydroquinone monoanion 8.23, 1.,..20, 24.64 
Hydroquinone-2-sulfonate dianion 14.22 
Hydroquinone .. 2-sulronate ion 16.11 
Hydroxide ion 5.44,12.15,15.25,26.1.4,27_1_3,20_1.3 

Hydroxocob(III)alamin 3.57 • 
p-Hydroxyacetanilide 22.90 
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4'-Hydroxyacetophenone 20.58, 22.150 
p-Hydroxyacetophenone 20.58, 22.150 
4-Hydroxybenzoate ion, dianion 7.18, 20.59, 22.151 
2-Hydroxybenzoate ion 5.218, 24.87 
4-Hydroxybenzoate ion 4.129, 6.58, 12.52, 15.95, 

21.111 
2-Hydroxybenzoic acid 5.219, 21.131 
4-Hydroxybenzoic acid 12.53, 21.112 
m-Hydroxybenzonitrile 6.33 
p-Hydroxybenzonitrile 6.34, 21.83 
4-Hydroxybenzothiazole, conjugate base 6.59, 20.60 
p-Hydroxycinnamate ion, conjugate base 22.152 
p-Hydroxycinnamic acid 21.113 
2-Hydroxy-2,2-dimethylethyl radical 8.24, 28.7.6 
1-{2-Hydroxyethyl)-2-methyl-5-nitroimidazole 3.194 
Hydroxyhydroquinone 6.24 
6-Hydroxy-2-hydroxymethyl-2,5,7,S-

tetra.methylchromane 4.130 
Hydroxyl radical 5.45, 7.2, 8.10, 24.12, 25.6, 29.2.1 
IIydroxylamlne 5.33,12.12,15.19,21.29 

Hydroxylammonium ion 5.34,12.13,21.30 
HydroxymethanesulConate ion 5.161 
Hydroxymethyl radical 8.25 
l-Hydroxy-l-methylethyl radical 8.26 
4-Hydroxy-3-[{2-methylphenyl)azo]-5-[[(4-

methylphenyl)sulfonyl]amino-2,7-
naphthalenedisulfonate 20.61 . 

6-Hydroxy-5-methy 1-4-pyrimidillone 22.127 
2-Hydroxy-l,4-naphthoquinone 3.195 
5-Hydroxy-i,4-naphthoqllinone 3.196 
6-Hydroxy-5-nitrothymine, conjugate base 3.197 
6-Hydroxy-5-nitrothymine 3.198 
2-Hydroxyphenoxide ion 14.12 
4-Hydroxyphenoxide ion 8.23, 14.20, 24.64 
l-Hydroxypiperidine 24.66 
(Hydroxy )tetrakis( 2-hydroxypheny I )por phinatozinc(II), 

conjugate tetrahase 22.87 
(Hydroxy )tetrakis(3-hydroxyphenyl)porphinatozinc(II), 

conjugate tetrabase 22.88 
(Hydroxy )tetrakis{ 4-hydroxypheny I )porphinatozinc(II), 

conjugate tetrabase 22.89 
6-Hydroxy-2,5,7,S-tetramethylchroman-2-carboxylate 

ion 14.23, 16.12 
6-Hy droxy-2,u, 7 ,8-tetramethy lchrolllau-2-carboxylk 

acid 22.153 
a-Hydroxytetronate ion 22.154 
Hypohromite ion' 4.3, 5.7, 22.3, 27.1.4 
Hypobromous acid 5.6 
Hypochlorite ion 4.7, 5.17, 26.1.5 
Hypochlorous acid 26.1.6 
Hypoiodite ion 23.12 
Hy~oiodous acid 3.93, 23.13 
Hypoiodous acid-OH adduct 28.3 
Hypophosphite ion(2-) 12.18, 15.29 
Hypoxanthine negative ion 22.155 
Igepa100-730 21.126 
Imidazole 4.131, 5.162 
Imidazole, 2-mercapto-l-methyl- 23.41 
Imidazole, 4-methyl- 5.181 

Imidazole, 2-methyl-4-nitro- 3.215 
Imidazole, 4-nitro- 3.224 
Imidazole-i-ethanol, 2-methyl-5-nitro- 3.194 
Imidazolium ion 5.163 
Iminodiaceta.tocoba.1t.(II) 22.11 
Iminodiacetatonickel(H) 22.47 
Indigodisulfonate ion 3.199 
Indigotrisulfonate ion 24.67 
Indium(III) ion 3.95 
Indole 4.132, 6.598, 22.1558, 24.678 
Indole, i-methyl- 4.1458, 6.698, 22.1688, 24.758 
Indole, 2-methyl- 4.145b, 6.69b, 22.168b, 24.75b 
Indole, 3-methyl- 4.145e, 6.6ge, 22.168e, 24.75e 
Indole-3-propanamide, a-amino- 4.173, 6.97, 14.41, 

22.203 
Indole-3-propionate ion 4.133 
Indophenolate ion 3.200 
Inosine 21.114 
Insulin, zinc(II) complex 3.275 
Iodine{II) ra.dica.ls 28.4-

Iodine( [V) radicals 28.5 
Iodine(VI) radicals 28.7, 28.8 
Iodate ion 3.94, 5.27, 28.5.5 
Iodide ion 4.29, 5.26, 6.6, 8.7, 12.6, 20.", 24.7, 28.1.2 
Iodine 3.92 
Iod ine atom 28.1, 28.1.1 
Iodine bromide radical anion 28.2, 28.2.1 
Iodio(' oxide 28.4, 28.4.1 
3-Iodo-L-tyrosine 3.201 
lridium(I1), [2,2'-bipyrid-3-ylium- d ,N]bis(2,2'-

bipyritline) 22.33 
Iron(II) ion 5.23, 6.4, 15.13, 21.17, 22.23, 23.9, 26.1.7 
lron(Il) ions 9.7 
Iron (II) 7,12-bis[1-[l-(2-amino-2-

carboxyethyl)thio]ethyl]-3,S,13,17 -
tetramethylporphine-2,lS-dipropanoate, tetrahydro­
gen, 3.89 

Iron (II) protoporphyrin 3.74 
Iron(IJ) tris(2,2'-bipyridine) 22.30 
Iron(U) tris(l,lO-phenanthroline) 24.5 
Iron (II) tris(3,4,7,S-tetramethyl-l,10-phenanthroline) 

8.5 
Iron(III), bis(l-methylimidazole)-a,a,a,(3-tetrakis(N­

uJetbylisonicotinamidopbenyl)l'0rphyriu 3.85 
Iron(IIl) chloroprotoporphyrin, dihydrogen 13.38 
Iron (III) 2,4-diacetyldeuteroporphyrin dicyano complex 

13.36 
lron(IIl) 2,4-dibromodeuteroporphyrin dicyano com­

plex 13.35 
lron(III) dicyanotetrakis{1-methylpyridinium-4-

yl)porphyrin 3.80 
Iron(III), dicyano-a,a,a,(3-tetrakis(N-

methylisonicotinamidophenyl)porphyrin 3.84 
Iron(III) ethylenebis( o-hydroxyphenyl)glycine 3.77a 
lron(III) mesoporphyrin dicyano complex 13.37 
Iron(lII) protoporphyrin dicyano complex 13.33 
Iron(IIl) a,a,a,(3-tetrakis(N-

methy lisonicotinamidopheny I )porphyrin 3.83 
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Iron(III), tetraakis(1-methylpyridinium-4-yl)porphine 
diimidazole complex 3.81 

Iron(III) 5,10,15-20-tetrakis{1-methylpyridinium-4-
yl)porphyrin 3.79, 13.30 

Iron(III), 5,10,15.20-tetrakis(1-methylpyridiniurn-4. 
yl)porphine dihistidine complex 3.82 

Iron(III), 3,10,17,24-tetrasulfophthalocyanine 3.88 
Iron{JII) 5,10,15,20-tetrakis(4-

sulfonatophenyl)porphyrin 3.86, 13.31 
Iron (III) tetrakis{ 4-sulfonatopheny I )porphyrin dimer 

3.87 
Iron{III) tetriJokis-4-{ N,N,N-

trimethy lamino )phenylporphyrin 3.78 
Iron(IU) tris(l,lO-phenanthroline) 21.19 
Isobarbiturate ion 22.199 
Isobutylamine 4.134 
Isobutyl methacrylate 15.96 
Isobutyl vinyl ether 15.149 
Isocitrate dehydrogenase 20.98, 22.220 
Isocya.nate ion 4.6, 10.2.1 

L-Isoleucine, negative ion 5.164 
Isopropanol 4.164, 5.207, 7.24, 9.27, 12.65, 14.33, 

15.122,21.128, 28.5.8 
Isopropenyl acetate 15.97 
Isopropyl alcohol 4.164, 5.207, 7.24, 9.27, 12.65, 

14.33,15.122,21.128,28.5.8 
Isopropylamine 4.136 

Isopropylbenzene 5.107 
N-Isopropylbenzylamine 24.68 
TRnprnpyl rliRtllfirle 11_5 

Isopropyl mercaptan 11.9 
Juglone 3.196 
Kaempferol 6.60, 14.24 
Laccase 3.262, 22.221 
a-Lactalbumin 6.113 
Lactate dehydrogenase 18.16, 20.99, 22.222, 23.56, 

28.1.5 
Lactate dehydrogenase (cytochrome) 3.259 
~.Lactoglobulin 6.114 
Lawsone 3.195 
Lead(II) ions 3.116, 21.42, 22.63 
Lead(II) 5,lO,15-20-tetrakis(1-methyJpyridinium-4-

yl)porphyrin 22.65 
Lead(III), 5,lO,15,20-tetrakis(1-methylpyridinium-3-

yl)porphyrin 22.64 
Leucine, negative ion 5.165 
Linoleate hydroperoxide 8.57 
Linoleate ion 8.27, 14.25 
Linoleic acid 5.166, 24.69 
Linolenate ion 6.61, 14.26,20.62,22.156 
Lipoamide 3.202 
Lipoate ion 3.203, 11.7, 23.39 
Lipoic acid 20.63, 23.40 
Lipoxidase (soybean) 22.223 
Lumichrome 3.204 
Lumiflavin, dihydro-, conjugate base 6.41, 22.124 
Lumiftavin-3-a~etate inn 13.68 
Lumiflavine 3.205, 15.98 
Lumiflavine semiquinone 3.206 
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Luminol 4.136, 6.82 
Luminol, mono anion 24.70 
L-Lysine, N .. a-acetyl- 5.84 
L-Lysine, N-e-acetyl- 5.85 
Lysine, lysylglycyltryptophanyl., tert-blltyl ester 

22.157 
Lysine decarboxylase (B. e(JdQ,'ueri~) 3.283, 4.179, 

6.115, 15.150, 18.17, 20.100 
Lysine negative ion 5.187 
Lysozyme 3.283, 4.179, 8.115, 15.150, 18.17, 20.100 
Lysylglycyltryptophanyllysine 22.158 
Lysyltryptophanyllysine 22.159 
Lysyltyrosyllysine 22.180 
Lysyltyrosyllysine, N-ethyl 22.181 
Magnesium(Il), tetrakis(4-sulfonatophenyl)porphyrin 

.22.35 
Magnesium(II) 5,10, 15-20-tetrakis{ 1-methylpyridinium-

4-yl)porphyrin 22.34 
Maleate ion 5.168,21.115 
Ivf aIde acid 12.54 
Maleic hydrazide 15.99,20.84,22.182, 24.70 
Maleic hydrazide, conjugate base 4.137, 8.63 
Malonate ion 5.189, 15.100 
Malonic arid 5.170, 12.55 
Manganese(III) bis(pyridine )tetrakis( 1-

methylpyridinium-4-yl)porphyrin 13.45 
Manganese(lII) deuteroporphyrin, dimethyl ester, dipy­

ridine 13.49 
Manganese(III) diaeetyldeuteroporphyrin, dimethyl 

ester, dipyridine 13.60 

Manganese{III) diaquatetrakis(1-methylpyridinium-4-
yl)porphyrin 22.42 

Manganese(III) diaquatetrakis( 4-
5ulfonatophenyl)porphyrin 22.43 

Manganese(III) diaquatetrakis(pyridyl)porphyrin 22.41 
Manganese(III) etioporphyrin III dipyridine 13.51 
Manganese(IIl) hematoporphyrin, dimethyl ester, dipy-

ridine 13.53 
Manganese{III) mesoporphyrin, dimethyl ester, dipyri­

dine 13.52 
Manganese(IIl) myoglobin, protonated 13.91 
Manganese(III) protoporphyrin, dimethyl ester, dipyri­

dine 13.48 
Manganese(III) 5,lO,15,20-tetrakis( 4-

carboxyphenyl)porphyrin 13.48 
Manganese{III) a ,a,a.,~-tetrakis( N-

methy lisonieoHnamidophenyl)porphyrin 3.100 

Manganese(III) tetrakis(1-methylpyridinium-4-
yl)porphyrin 3.99, 13.44, 21.25 

Manganese(III) 5,10,15,20-tetrakis(4-pyridyl)porphyrin 
13.43, 21.24 

Manganes~(III) tetrakis(4-sulfonatophenyl)porphyrin 
3.101,13.47,21.28 

Manganese(III) tetrakis-4-( N,N,N-
trimethy lamino )phen)"lporphyrin 3.98 

Ma.nganese(II) aquatetrakis( l-methylpyridinium-4-
yl )porphyrin 2:t3f) 

Manganese(II) aquatetrakis( 4-
sulfonatophenyl)porphyrin 22.40 
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Manganese{II) ion 3.97, 4.31, 21.21, 22.36, 25.4 
Manganese{lI) ions 9.8, 15.14 
Manganese{II) 5,lO,15-20-tetrakis(1-methy lpyridinium-

4-yl)porphyrin 21.23 
Menadione 3.213 
Menaquinone 3.213 
2-Mercapto-l-methylimidazole 23.41 
3-Mercaptopropionate ion 4.138 
3-Mercapto-D-valine, negative ion 22.179 
Mercury{lI) cyanide 3.91 
Mercury{II) iodide 3.90 
Mesitylene 5.241 
Methacrylate ion 12.56, 15.101 
Methacrylic acid 12.57, 15.102 
Methacrylonitrile 12.58, 15.103 
Methanamine, N-chloro- 5.179 
Methanamine, N-chloro-N-methyl- 5.126 
Methanamine, N,N-dichloro- 5.180 
Methanaminium, N-[4-bis[4-

(dimcthyla.rnil'lo)phcnylJrncthylcncJ2,5-
cyclohexadien-l-ylidene]-N-methyl- 3.157 

Methanaminium, trimethyl- 12.71,15.132,21.137 
Methanol 4.139, 5.172, 6.64, 9.25, 12.59, 15.104, 

21.116 
Methemerythrin 3.264, 13.92 
Methemoglobin 3.265 
MethenaInine 4.127 

Methimazole 23.41 
Methionine 4.140, 5.173, 6.65, 15.105, 18.10, 20.65, 

22.163, 23.42 
Methionine, N-acetyl- 22.91 
Methionine, conjugate add 21.117 
Met,hionine sulfone 5.174 
Methionine sulfoxide 5.175 
L-Methionylglycine 8.28 
Methone 5.127 
Methoxatine 3.208 
MetllOxybenzene 4.72, 5.74, 6.21, 9.17, 15.53, 24.25 
2-Methoxybenzoate ion 15.106 
3-Methoxybenzoate ion 15.107 
4-Methoxy benzoate ion 15.108, 21.118 
4-Methoxybenzyl alcohol 26.2.9 
I-Methoxy-2-methyl-l-phenylpropa.ne 15.109 
2-Methoxyphenol 6.66 
3-Methoxyphenol 6.67 
4-Methoxyphenol 6.68, 21.119 
3-Methoxyphenoxirle ion 7.19, 8.29, 14.27, 24.73 
4-Methoxyphenoxide ion 4.141, 7.20, 8.30, 10.3.4, 

12.60, 14.28, 16.13, 24.74 
p-Methoxy-L-phenylalanine negative ion 18.11 
Methyl radical 4.142 

N-Mcthylacetamide 5.176 
lVIethy r aery late 15.110 
9-Methyladenine 15.110a 
Methyl alcohol 4.139, 5.172, 6.64, 9.25, 12.59, 15.104, 

21.116 
Methylamine 5.177, 24.75 
u-(l-Methylaminoethyl)benzyl alcohol 6.51 

2-Methylamino-l-phenyl-l-propanol, conjugate acid 
20.54, 22.139 

2-Methy lamino-l-pheny lpropanol 6.51 
4-Methylaniline 4.144 
N-M~t,hylaniline 4.143, 6.69 
1- 0-11ethyl-L-aseorbic acid 22.164 
2-0-Methyl-L-ascorbic acid 22.165 
3- O-Methyl-L-ascorbic acid 22.166 
Methyl benzoate 5.178 
2-Met.hylbenzoate ion 15.135 
3-Methylhenzoate ion 15.134 
4-Melhylbenzoate ion 15.136, 21.142 
4-Methylbenzoic acid 12.74 
<x~Methylbenzyl alcohol 15.117 
3-Methyl-7,8-bis,nor-5-deazalumifiavin 3.209 
Methylchloramine 5.179 
8-Methyleysteine, negative ion 20.66 
S-Methylcysteine 4.145, 22.167 
I-Methylcytosine negative ion 22.168 
Mcthyldic11Iorn.rnine 6.180 

lO-(2-Methyl-2-dimethylaminoethyl)phenothiazine, con-
jugate acid 6.79, 20.75, 21.127, 22.185, 23.48 

Methyl disllifide 4.105, 11.4, 15.81, 20.52, 22.132 
Methylene Blue cation 3.210 
Methylene chloride 5.116 
3,4-Methylenedioxyphenol 6.86 
Methyl ethyl ketone 5.88 

4-Methylimidazole 5.181 
I-1vlethylilldole 4.1458, 6.698, 22.1888, 24.758 
2-Methylindole 4.145b. 6.69b. 22.168b. 24.75b 
3-Methylindole 4.145c, 6.69c, 22.168c, 24.76c 
i-Methy llumichrome 3.211 
3-Methyllumichrome 3.212 
3-MethyllumiHavine 15.111 
Methyl methacrylate 12.61, 15.112 
N-Methyl-4-methoxybenzylamine 24.76 
2-Metllylna.phtha.lp.np. 5_183 
2-Methyl-l,4-naphthoquinone 3.213 
3-Methyl-l-[2-(1-naphthyloxy)ethyl]-2-pyrazoline-5-one 

22.176 
I-Methylnicotinamide 3.214 
2-Methyl-4-nitroimidazole 3.215 
2-Methyl-5-nitroimidazole 3.215 
N-Methylolacrylamide 15.113 
Methyl oleate 5.184 
<x-Methylphenethyl alcohol 15.118 
2-.M~t.hylphenol 5.185, 6.70 
3-Methylphenol 5.186, 6.71 
4-Methylphenol 5.187, 6.72, 24.72 
10-Methylphenothiazine 8.31 
lO-Methylphenothiazin-2-ylacetate ion 4.160, 6.73, 

8.34, 20.68, 22.175 
3-Methylphenoxide ion 8.32, 14.29, 24.77 
4-Methylphenoxide ion 4.146, 7.21, 8.33, 14.30, 20.67, 

22.169, 23.43, 24.78 
2-Methyl-N-phenylmethylene-2-propanamine N-oxyl 

3.226 
N-tviethylpiperidine 4.147, 24.79 
2-IvIethyl-2-propaneamine 4.86, 5.91 

J. Phys. Chern. Ref. Data, Vol. 17, No.3, 1988 



1276 NETA, HUIE, AND ROSS 

2-Methyl-2-propanol 4.148, 5.188, 12.62, 15.114, 
17.10.3,21.120 

Methyl propyl ketone 5.200 
3-Methyl-2-pyrazoIin-5-one 22.170 
4-Methyl-2-pyrazolin-5-one 22.171 
2-Methyl-4,R-pyrimidinfl)diol 22_126 
Methyl sulfide 21.94, 22.136 
Methyl sulfoxide 5.132 
5-Methyl-l-thia-5-azacyclooctane 22.172 
Il-Methyl-13-(triftuoromethyl}-1,4,7,10-

tetraazacyclotrideca-l0,13-dienenickel(II) ion 22.50 
N-Methyltryptophan 4.149 
O-Methyl-L-tyrosine negative ion 18.11 
5-Methyluracil 3~242, 4.166, 12.73,20.82, 21.141, 

22.194 
l-Methyluracil negative ion 22.173 
3-Methyluracil negative ion 22.174 
Methyl viologen 3.165, 10.8.4, 13.63 
Methyl viologen radical cation 3.166, 20.51, 21.93 
Metiazinic acid, conjugate baae 4.150, 6.73, 8.34, 

20.68, 22.175 
Metmyoglobin 3.266, 13.93 
Metmyoglobin azide 13.94 
Metmyoglobin cyanate 13.95 
Metmyoglobin cyanide 13.96 
Metmyoglobiu ftuoride . 13.97 
Metmyoglobin formate 13.98 

Metmyoglobin imidazole complex 13.99 
Metmyoglobin I-methylimidazole complex 13.100 
Metmyoglobin 2-methylimidaEole complex 13.101 

Metmyoglobin 2-methyl-5-nitroimidazole complex 
13.102 

Metmyoglobin nitrite 13.103 
Metmyoglobin 4-nitroimidazole complex 13.104 
Metmyoglobin 2-picoline complex 13.105 
Metmyoglobin 3-picoline complex 13.106 
MefJmyoglohin 4-picoline complex 13.107 

Metmyoglobin pyridine complex 13.108 
Metmyoglobin thiocyanate 13.109 
Metmyohemerythrin 13.110 
Metronidazole 3.194 
Muconate ion 21.121 
Myoglobin 13. 111 
Myoglobin cyanide adduct 13.112 
Myoglobin imidazole adduct 13.113 
NafazatrolJl 22.176 
5,12-Naphthacenedione, 8-acetyl-l0[(3-amino-2,3,6-

trideoxy-hexopyranosyloxy]-tetrahydro-6,S,11-
trihydroxy-1-methoxy- 3.159 

5,12-Naphthacenedione, lO-[(3-amino-2,3,6-trideoxy-
hexopyranosyl)oxy ]-tetrahydro .. 6,8, I1-trihydroxy .. 
S-(hydroxyacetyl)-l-methoxy- 3.140 

Naphthalene 5.189 
Naphthalene, 1-chloro- 5.100 
Naphthalene,2-methyl- 5.183 
2,7-Naphtbalenedisulfonate, 4-hydroxy~3-[{2-

methylphenyl)a.!Jo]-n-[[(4-

methylphenyl)sulfonyl}amino- 20.61 
Naphthalene-4-sulfonate ion, 1-amino- 6.19 
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Naphthazarin 3.164 
I-Naphtholate ion 4.151 
2-Naphtholate ion 4.152 
1,4-Naphthoquinone, 5,S-dihydroxy- 3.164 
1,4-Naphthoquinone, 2-hydroxy- 3.195 
t A-Naphthoquinone, 2-m@thyt- 3_213 
I-Naphthyloxide ion 4.181 
2-Napbthyloxide ion 4.182 
Natural Orange 6 3.195 
Nickel(I) ion 3.103 
Nickel(lJ) ion 3.104, 4.35, 15.23 
Nickel{II), bisaqua-a-2,12-dimethyl-3,7,11,17-

tetraazabicyclo[11.3.1]heptadeca-l(17),2,11,13,15-
pentaene 20.17, 22.57 

Nickel(II), 1,4,5,7,7 ,S,11,12,14,14-decamethyl-l,4,8,11-
tetraazacyclotetradecane 3.111 

Ni('kel(IJ), a-2,12-dimethyl-3,7,11,17-
tetraazabicyclo[11.3.1]heptadeca-l(17),2,6,11,13,15-
hexaelle 20.18, 22.58 

Nlckel(II), a-2,12-dlmethyl-3,7,11,17-
tetraazabicyclo[11.3.1 ]heptadeca-l (17),13,15-triene 
20.16, 22.56 

Nickel(II), 11,13-dimethyl-1,4,7,10-
tetraazacyclotetradeca-10,13-diene 22.51 

Nickel(II), 5,7,7 ,12,14,14-hexamethyl-l,4,8,11 .. 
tetraazacyclotetradeca-4,11-diene 3.110, 21.33, 
22.53, 23.16 

Nickel(II), 5,7,7 ,12,14,14-hexamethyl-l,4,S,11-
tetraazacyclotetradecane 3.109,' 20.15, 21.32, 22.52, 
23.16 

Nickel(II), 5,7,7 ,12,14,14-hexamethyl-l,4,8,11-
tet.raazacyclotetradeca-1,4,8,11 .. tetraene 21.34, 
22.54, 23.17 

Nickel{II) iminodiacetate 22.47 
Nickel(II), I1-methyl-13-(triftuoromethyl)-1,4,7,10-

tetraazacyclotrideca-lO,13-diene 22.50 
Nickel(II), 1,4,7,10,13-pentaazacyclohexadecane 22.55 
Nickel(II), 1,4,8,11-tetraazacyclotetradecane 3.107 
Nickel(II), 1,4,7,10-tetraazacyclotridecane 3.106 
Nickel(II), 1,4,8,11-tetramethyl-1,4,S,11-

tetraazacyclotetradecane 3.108 
Nickel(III), bromo-a-2,12-dimethyl-3,7,11,17-

tetraazabicyclo[11.3.1]heptadeca-l(17),2,6,11,13,15-
hexaene 22.59 

Nickel(IV), 3,14-dimethyl-4,7 ,lO,13-tetraazahexadeca-
3,13-diene-2,15-dione dioxime 3.112 

Nicotinamide adenine dinucleotide 3.216, 6.74 

Nicotinamide adenine dinucleotide, reduced 20.69, 
22.177, 23.44 

Nifuroxime 3.217 
Nitrate(2-), radical ion 10.8 
Nitrate ion 5.42, 15.22 
Nitric acid 15.21 
Nitric oxide 8.8 
Nitrilotriacetate ion 5.190, 22.178 
Nitrilotriacetatocobaltate(II) ion 3.18, 20.2, 22.12 
NitTi1nbiA.t'.@t.A.tot'.npl'a.b~(TT) ion 20_4, 22_20, 23_7 

Nitrilotriacetatorerrate(II) ion 20.6,22.25, 23.10 
Nitrilotriacetatomanganate(II) ion 20.12, 22.37 
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Nitrilotriacetatonickelate(lI) ion 20.19, 22.49, 23.18 
Nitrilotriacetatozincate(lI) ion 22.77 
Nitrite(2-}, radical ion 10.7 
Nitrite ion 4.34,5.41,9.9,12.14,15.20,20.14,21.31, 

22.45, 24.11, 25.5, 28.1.3 
Nitro Blue Tpt.rSlv.o1il1 m 3~~n R, 13]0 

4-Nitroacetophenone 3.219, 13.69 
4-Nitroaniline 4.153 
Nitrobenzene 3.220, 5.191 
2-Nitrobenzoate ion 3.221 
3-Nitrobenzoate ion 3.222 
4-Nitrobenzoate ion 3.223 
anti-5-Nitro-2-furaldoxime 3.217 
Nitrogen dioxide 4.33, 8., 8.1 
Nitrogen trioxide 9., 9.1 
4-Nitroimidazole 3.224 
Nitromethane 4.154 
4-Nitrophenol 5.192 
4-Nitrophenoxide ion 4.155, 5.193, 20.70, 24.80, 

26.2.10 

Nitrosobenzene 3.225 
N-Nitrosodimethylamine 5.194 
4-Nitroso-N,N-dimethylaniline 3.170, 4.106, 15.82, 

22.133, 28.5.6 
Nitrous acid 5.40 
Nitrous oxide 3.102, 5.39, 14.4 
Norpseudopelletierine N-oxyl 4.106 

1,3,6,8,10,13,16,19-
Octaazabicyclo[6.6.6Jeicosanecobalt(II) ion 22.15, 
23.5 

9,12-0ctadecadienoate ion 8.27, 14.25 
Z,Z-9,12-0ctadecadienoic acid 5.166, 24.69 
9-0ctadecenoic acid 5.197 
Octanal 5.196 
1-0ctanol 5.195 
Oetyl alcohol 5.195 
Oetyl a.ldehyde 6.106 

Oleic acid 5.197 
Orthophosphoric acid 5.50 
Osmium(III) tris(2,2'-bipyridine} 20.21, 23.21 
Osmium(II} tris(2,2' -bipyridine) 20.20, 23.20 
Oxalate ion 5.198 
Oxide radical ion 24.13, 29.2.2 
Oxidized dithiothreitol 3.163 
(Oxidized glutathione)copper(II) complex 3.70 
3-0xo-9-azabicyclo[3.3.1]non-9-yloxy 4.156 
4.-0yo-2,2,A7A-tetr~.methylpiI>eridinooxy free radical 

3.237,4.165,20.80,21.138,22.192,23.50 
Oxygen 3.113,7.8,10.8.2,11.2,13.54,14.5,17.1.3, 

17.2.2, 17.5.3, 29.1.6 
Oxygenase, monophenol mono- 3.262, 22.221 
Oxygen atom 29.1 
Ozone 4.41, 5., 24.17 
Ozonide ion 4.42, 24.18, 29.2, 29.2.3 
Palladium(II) 5,10,15-20-tetrakis(1-methylpyridinium-

4-yl)porphyrin 21.43 
Palladium(II) 5,10,15,20-tetrakis(4-

sulfonatophenyl)porphyrin 21.44 
Papain 20.101, 22.224 

Paraquat 3.165, 10.8.4, 13.63 
Penicillamine 4.157, 11.8 
Penicillamine, negative ion 22.179 
Penicillamine disulfide 22.180 
Pentaamrnine{aqua)chromillm{ITl) ion 4.25 
Pcntaammine{aqlla)cobalt(III) ion 3.21. 4.13 
Pent;aammine(aqua)rhodium{IIl) ion 4.47 
Pentaammine(aqua)ruthenium(III) ion 4.49 
Pentaammine( azido )cobalt(III) ion 13.4 
Pentaammine(benzoato )cobalt(III) ion 3.33, 4.23, 13.8 
Pentaammine(bromo)coba1t(III) ion 4.15 
Pen taammine( c hloro )chromium{III} ion 4.26 
Pentaammine(chloro)cobalt(III) ion 3.28, 4.16, 13.5 
Pentaammine( chioro )iridium(III) ion 4.30 
Pent.aammine(chloro )rhodium(III) ion 4.48 
Pentaammine( 4-cyanobenzoato )cobalt{III) ion 3.34 
Pentaammine(2,4-dinitrobenzoato )cobalt(III} ion 3.38 
Pentaammine(3,5-dinitrobenzoato)cobalt{III) ion 3.39 
Pentaammine(2,4-dinitrophenylacetato )cobalt(IIl) ion 

3..43 

P(~ntaammine(hydrogen phosphato)cobalt(III) ion 4.19 
Pentaammine(hydroxy)r.obalt(III) ion 3.22 
Pentaammine(iodo)cobalt(III) ion 23.3 
Pentaammine(isonicotinamide)ruthenium(I1I) ion 3.122 
Pentaammine(nitrato- O)cobalt(III) ion 3.30 
Pentaammine(nitrito-N}cobalt(III) ion 3.29, 4.18 
Pentaa.mmine(2-nitrobellzoat.o)cobalt(III) iOIl 3.35 

Pentaammine(3-nitrobenzoato )coba1t(III) ion 3.36 
Pentaammine(4-nitrobenzoato )cobalt(III) ion 3.37 
Pentaa.mmine(2-nitrodnnamato }cobalt(III} ion 3.44 
Pentaammine(3-nitrocinnamato )cobalt(III) ion 3.45 
Pen taammine( 4-nitrodnnamato )cobalt(III) ion 3.46 
Pentaammine(2-nitrophenylacetato )cobalt(III) ion 3.40 
Pentaammine(3-nitrophenylacetato)cobalt(III) ion 3.41 
Pentaammine( 4-nitrophenylacetato )cobalt(III) ion 3.42 
Pentaammine{nitroso)ruthenium(III) ion 3.121 
Pentaammineosmium(III)(iSlonieotinylprolylprolylprolinato}-

pentaamminecobalt(III) ion 3.115 
Pentaammine{phenylacetato )cobalt(III) ion 3.32 
Pentaammine(pyridinecarboxylato- O)cobalt(III) ion 

3.47 
Pentaammine{pyridine )cobalt(III) ion 3.23, 13.3 
Pentaammine(pyridine)ruthenium{II) ion 22.67, 23.22 
Pentaammine(sulfato)cobalt(III) ion 4.21, 13.6 
Pentaammine(sulfito )cobalt(IIl) ion 4.20 
Pentaammine(trichloroacetato- O)cobalt(III) ion 13.7 
Pentaaqu3ch lorocobalt(II) ion 21.6 
1,4,7,tO,13-Pentaazacyclohexadecanenickel(II) ion 

22.55 
Pentachlorophenol 5.199 
Pent.acyano(nitrosyl)ferrate(IU) ion 3.76 
Pentafiuorosulfur 17.10 
Pentanedioate ion 5.146 
Pentanedioic acid 5.147 
3-Pentanol 15.115 
2-Pentanone 5.200 
Pepsin 6.116, 20.102, 22.225 
Perchlorate ion 5.21, 29.1.2 
Perhydroxyl radical 8.9, 21.38, 22.61, 24.14 
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Periodate ion 5.28, 28.7.3, 28.7.4, 28.7.5, 28.8.3 
Peroxidase (horseradish) 13.89, 15.151, 21.146, 22.226 
PeroxodisulCate ion 15.34 
Peroxomonosulfate radical ion 16., 16.1 
Phage T4 gene 32 protein 6.117, 22.227 
Phena.nthl"ent~ 5_201 

1,10-Phenanthrolinium, 1,10-ethylene- 13.72 
1,10-Phenanthrolinium, 1,10-propylene- 13.71 
Phenanthrolino[4,5 .. a:6, 7 .. c] diazepinediium 13.71 
Phenanthrolino[4,5-a:6, 7 -c]pyrazinediium 13.72 
Phenazone 22.134 
Phenetole 4.112 
Phenol 4.158, 5.202, 6.75, 20.71, 21.122, 22.181, 

24.81, 26.10 
Phenol, 4 .. chloro- 5.103 
Phenol, 3-cyano- 6.33 
Phenol, 4 .. cyano- 6.34, 21.83 
Phenol, 2-methoxy- 6.66 
Phenol, 3-methoxy.. 6.67 
Phenol, 4-wet.hoxy- 6.68, 21.119 

Phenol, 2-methyl- 5.185, 6.70 
Phenol,3-methyl- 5.186, 6.71 
Phenol, 4-methyl.. 6.187, 6.72, 24.72 
Phenol, 3,4 .. methylenedioxy- 6.85 
Phenolate ion 4.159, 5.203, 6.76, 7.22, 8.35, 10.3.6, 

12.63, 14.31, 16.14, 20.72, 22.182, 23.45, 24.82, 
26.11 

Phenothiazine, 2-chloro-l O-dimethylaminopropy 1-
14.13,21.81 

Phenothiadne, 2-chlo'l'o-lO-dimethylaminopropyl .. , eon­
jugate acid 6.31,20.41,22.111,23.33 

Phenothiazine, 10-methyl- 8.31 
Phenothiazine, 10-( 2-methyl-2-dimethylaminoethy 1)-, 

conjugate acid 6.79, 20.75, 21.127, 22.185, 23.48 
Phenothiazine-2-acetate ion, 10-methyl- 4.150, 6.73, 

8.34, 20.68, 22.175 
lOR-Phenothiazine-10-propanamine, 2-chloro-N,N­

dimethyl- 14.13, 21.81 
Phenothialin-5-ium, 3,7-bis(dimethylamino)- 3.210 
Phenoxide ion 4.159, 5.203, 6.76, 7.22, 8.35, 10.3.6, 

12.63, 14.31, 16.14, 20.72, 22.182, 23.45, 24.82, 
25.11 . 

Phenoxide ion, 4-bromo- 4.84, 20.35, 22.103, 23.31, 
24.32 

Phenoxide ion, 4 .. chloro- 4.89, 5.104, 20.38, 22.107, 
23.32 

Phenoxide ion, 2-eyano- 6.32 
Phenoxide ion, 4 .. cyano- 7.14, 12.43, 20.43, 22.112, 

24.35, 26.2.5 
Phenoxide ion, 4-Huoro- 6.52, 7.16 
Phenoxide ion, 3-hydroxy-, conjugate base 7.25, 8.37, 

14.36,24.86 
Phenoxide ion, 4-hydroxy .. , conjugate base 7.17, 

10.3.3,24.65 
Phenoxide ion, 4-hydroxy- 8.23, 14.20, 24.64 
Phenoxide ion, 3-methoxy- 7.19, 8.29, 14.27,24.73 
Phenmcide ion, 4-methoxy.. 4.141, 7.20, 8.30, 10.3.4, 

12.60, 14.28, 16.13,24.74 
Phenoxide ion, 3-methyl- 8.32, 14.29,24.77 
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Phenoxide ion, 4-methyl- 4.146, 7.21,8.33, 14.30, 
20.67, 22.169, 23.43, 24.78 

Phenoxide ion, 4 .. nitro- 4.155, 5.193, 20.70, 24.80, 
26.2.10 

4-Phenoxybenloate ion 21.123 
Pllfmyl".~p-tir. Add 9_26 
Phenylalanine 4.160,8.77,20.73,21.124,22.183, 

23.46 
L-Phenylalanine,3,4-dihydroxy- 6.44,20.48, 22.128 
L-Phenylalanine, p-methoxy-, negative ion 18.11 
Pheny lalanine, negative ion 6.204 
Phellylalanylglycine 4.161 
I-Phenyl-3-butanol 15.116 
4-Phenyl-N-tert-butylnitrone 3.226 
p-Phenylenediamine, N,N,N' ,N'-tetramethyl.. 10.3.7. 

14.37, 20.79, 23.49 
p-Phenylenediamine 7.23, 8.36, 10.3.5, 14.32, 23.47, 

24.83 
I-Phenylethanol 15.117 
l-Phenyl-2-propanol 15.118 

2-Phenyl-2-propallol 15.119 
. 3-PhenyJpropionic acid 15.94 
Pheophytin a 6.78, 20.74, 22.184 
Phosphate radical ion 12.3 
Phosphinate radical ion 29.3, 29.3.1 
Phosphinic acid, ion(1-) 12.17, 15.28 
Phosphite radical ion 11., 11.1 

Phosphonate ion, hydrogen 12.18, 15.29 
Phosphoric acid 5.50 
p-Phthalate ion 12.64. 15.120. 21_125 
2,5-Piperazinedione 3.192 
Piperidine 4.162, 24.84 
Piperidine, I-hydroxy- 24.66 
Piperidine, N-methyl- 4.147,24.79 
Piperidine-l-oxyl 24.85 
I-Piperidinyloxy 24.85 
4-Piperidone, 2,2,6,6-tetramethyl-l-oxyl- 3.237, 4.166, 

20.80, 21.138, 22.192, 23.50 
Pivalate ion 5.238 
Plastocfianin 13.114 
CulIRu II Plastocyanin 3.267 
Plutonium(III) ion 21.49a 
Polyoxyethylene(15) p-nonylphenyl ether 21.126 
Porphine, aquatetrakis(1-methylpyridinium-4-yl)-, 

manganese(II) ion 22.39 
Porphine, aqua-5,10,15,20-tetrakis(4 .. sulfonatophenyl)-, 

manganese(II) 22.40 
Porphine, diaquatetrakis(l-methylpyridinium-4-yl)-, 

manganese(III) ion 22.42 
Porphine, diaquatetrakis(pyridyl)-, manganese(II) ion 

22.41 
Porphine, diaqua-5,lO,15,20-tetrakis( 4-

sulfonatophenyl) .. , manganese(III) 22.43 
Porphine, dicyano-a.,a,a.,p-tetrakis(N­

methylisonicotina.midophenyl)-, iron(III) 3.84 
Porphine, dicyanotetrakis(1-methylpyridinium-4-yl)-, 

iron (TTl) 3-80 
Porphine, 5,lO,15,20-tetra(4-carboxyphenyl)-, 

manganese(III) 13.46 
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Porphine, 2,7,12,18-tetraethyl-3,8,13,17-tetramethyl-, 
manganese(III), bis (pyridin e) 13.51 

Porphine, a,a,a,j3-tetrakis(N­
methylisonicotinamidophenyI)-, iron(III), bis(l­
methylimidazole) 3.85 

Porphine, a,a,a,a-tetrakis(N­
methylisonicotinamidophenyl)-, iron(III) 3.83 

Porphine, a,a,a,j3-tetrakis(N­
methylisonicotinamidopheny 1)-, manganese(III) ion 
3.100 

Porphine, 5,10,15,20~tetrakis(1-methylpyridinium-2-
yl)-, zinc(II) ion 22.81 

Porphine, 5,10,15,20-tetrakis(1-methylpyridinium-3-
yI)-, zinc(II) ion 22.82 

Porphine, 5,lO,15,20-tetrakis(1-methyipyridinium-3-
yI)-, Iead(III) 22.64 

Porphine, 5,lO,15,20-tetrakis(1-methylpyridinium-4-
yl)-, zinc(II) 20.25, 21.59, 22.83, 23.26 

Porphine, 5,10,15,20-tetrakis(1-methyll)yridinium-4-
y1)-, copper(IJ) 21.16 

Porphine, 5,10,15 ,20-tetrakis( I-methylpyridinium-4-
yI)-, cobaIt(II) 13.23 

Porphine, 5,10,15,20-tetrakis{1-methylpyridinium-4-
yl_-, cobalt(III) 13.24 

Porphine, 5,10,15,20-tetrakis(1-methyipyridinium-4-
yI)-, iron(III) ion 3.79, 13.30 

Porphine, 5,10,15,20-t.et.rakis{1-methylpyridinium-4-
yI)-, manganese(III) ion 3.99, 13.44, 21.25 

Porphine, 5,lO,15,20-tetrakis(1-methylpyridinium-4-
yI)-, manganese(II) ion 21.23 

Porphine, 5,10,15,20-tetrakis(1-methyipyridinium-4-
yl)-, cadmium(II) ion 22.6 

Porphine, 5,10,15-20-tetrakis(1-methylpyridinium-4-
yl)-, Iead(II) ion 22.65 

Porphine, 5,10,15-20-tetrakis(1-methyipyridinium-4-
yI)-, palladium(II) ion 21.43 

Porphine, 5,10,15-20-tetra.kis{1-methylpyridinium-4-
yl)-, silver(II) ion 22.2 

Porphine, 5,10,15-20-tetrakis(1-methylpyridinium-4-
yI)-, tin (IV) ion 13.58 

Porphine, 5,lO,15-20-tetrakis( I-methylpyridinium-4-
yI)-, iron(III), bis(histidine) 3.82 

Porphine, tetrakis( I-methylpyridinium-4-yl)-, 
manganese(III), bis(pyridine) 13.45 

Porphine, 5,10,15,20-tetrakis( 4-pyridyl)-, 
manganese(IIl) ion 13.43, 21.24 

Porphille, 5,lO,15,20-tetrakis(4-sulfollatophenyl)- 6.90 
Porphine, 5,lO,15,20-tetrakis(4-sulfonatophenyl)-, 

iron(III) 3.86, 13.31 
Porphine, 5,lO,15,20-tetrakis( 4-sulfonatophenyl)-, 

iron(III), dimer 3.87 

Porphine, 5,10,15,20-tetrakis( 4-sulfonatophenyl)-, 
cobalt(U) 3.16, 22.16 

Porphine, 5,10,15,20-tetrakis(4-sulfonatophenyl)-, 
p alladium (II) 21.44 

Porphine, 5,10,15,20-tetrakis(4-sulfonatophenyI)-, 
zinc(II) 20.26, 22.86 

Porphine, 5,lO,15,20-tetrakis(4-sulfonatophenyl)-, 
manganese(III) 3.101,13.47,21.26 

Porphine, 5,10,15,20-tetrakis(4-sulfonatophenyl)-, 
cobalt (III) 13.25 

Porphine, 5,10,15,20-tetrakis(4-sulfonatophenyl)-, 
tin (IV) 21.54 

Porphine, 5,lO,15,20-tetr~.kis(4-s1.1lronatophenyl)-, 
oxovalladium(lV) 22.76 

Porphine, 5,10,15,20-tetrakis(4 .. sulfonatophenyl)-, 
magnesium (II) 22.35 

Porphine, tetrakis[4-N-(3-sulfonatopropyl)pyridyI]-, 
zinc(II) 22.85 

Porphine, 5,10,15,20-tetrakis-4-( N,N,N­
trimethylammonio )phenyl-, manganese(III) 3.98 

Porphine, 5,lO,15,20-tetrakis-4-(N,N,N­
trimethylamino)phenyl-, iron(III) 3.78 

Porphine, 5,10,15,20-tetrakis[4-(N,N,N­
trimethylamino )phenyl]-, cobalt(II) ion 13.22 

Porphine, tetrakis-4-(N,N,N-
trimethylammonio )phenyl-, linc(II) 22.84 

Porphine, 5,lO,15,20-tetraphenyl-, line (II) 22.79 
Porphhle-2,18-diJ>l'opanoic acid, 7,12-his(1-

hydroxyethyl)-3,8,13,17-tetramethyl- 3.193 
Porphine-2,18-dipropanoie acid, 7,12-bis(1-

hydroxyethyl)-3,8,13,17-tetramethyl-, dimethyl 
ester, manganese(III), bis(pyridine) 13.53 

Porphine-2,18-dipropanoic acid, chloro(7,12-bis[1-[1-(2-
amillo-2-carboxyethyI)thio]ethyIJ-3,8,13,17-
tct.ramethyl-, iron(Ill) 3.89 

Porphine-2,18-dipropanoic acid, chloro-7,12-diethenyI-
3,S,13,17-tetramethyl-, iron(III), dihydrogen 13.38 

Porphine-2,18-dipropanoic acid, 7,12-diethenyl-
3,8,13,17-tetramethyl-, iron(III), dicyano complex 
13.33 

Porphine-2,18-dipropanoic acid, 7,12-diethenyI-
3,8,13,17-tetramethyl-, iron(II) 3.74 

Porpltine-2,18-dipropanoic acid, 7,12-diethenyI-
3,8,13,17-tetramethyI, manganese(III), bis(pyridine) 
13.48 

Porphine-2,lS-dipropanoic acid, 7,12-diethyl-8,8,13,17-
tetramethyI, dimethyl ester, manganese(III), 
bis(pyridine) 13.52 

Porphine-2,l8-dipropanoic acid, 7 ,12-diethyl-3,8,13,17 .. 
tetramethyl, dimethyl ester, cobalt(III), 
bis{pyridine) 13.27 

Porphine-2,18-dipropanoic acid, 7,12-diethyl-3,8,13,17-
tetramethyl-, iron(III), dicyano complex 13.37 

Porphine-2,18-dipropanoic acid, 3,7,12,17-tetramethyl-, 
dimethyl ester, manganese(III), bis(pyrirline) 13.49 

Porphine-2,18-dipropanoic acid, 3,7,12,17-tetramethyl-, 
dime thy I ester, cobalt(III), bis(pyridine) 13.26 

[4,4' ,4" ,4"'-(Porphine-5,lO,15,20-tetrayI)tetrakis[1-
methylpyridinlumato]manganese(III) Ion 3.99, 

13.44, 21.25 
L-Proline, negative ion 5.205 
Promethazine, conjugate acid 6.79, 20.75, 21.127, 

22.185, 23.48 
2.Propanamine, 2-methyl-N-(4-pyridylmethyIene)-, 

N,N-dioxyI- 3.231 
2-Propanamine, N,N,2-trimethyI- 4.104, 24.49 

J. Phys. Chem. Ref. Data, Vol. 17, No.3, 1988 



1280 NETA, HUIE, AND ROSS 

1,1" -Propanediylbis(l' -methyl-4,4' -bipyridinium) 
13.73 

2-Propanethiol 11.9 
1-Propanol, 2-metbylamino-l-phenyl- 6.51 
1-Propanol, 2-methylamino-l-phcnyl-, conjugate acid 

20.64, 22.139 
1-Propanol 4.163, 6.206, 15.121 
2-Propanol 4.164, 6.207, 7.24, 9.27, 12.65, 14.33, 

15.122, 21.128, 28.6.8 
2-Propanol radical 8.26 
Propan-l-one, 3-(4-hydroxyphenyJ)-1-(2,4,6-

trihydroxyphenyl)- 20.84, 22.197 
2-Propenal,2,3-dihydroxy- 20.49, 21.92, 22.129 
2-Propen-l-ol 12.33, 15.51,21.69 
Propionaldehyde 5.208 
Propionate ion 5.209, 15.123 
Propiona.te ion, 2,2-diwethy 1- 5.238 
Propionic acid 5.210, 12.66, 21.129 
Propyl acetate 5.211 
Propyl alcohol 4.163, 5.206, 15.121 
Propylamine 5.212 
Propylammonium ion 5.213 
1,1 '-Propylene-2,2'-bipyridinium 3.243, 13.76 
1,lO-Propylene-l,lO-phenanthrolinium 73.71 

Propyl gallate 6.80,20.76,21.130, 22.186 
Propyl 3,4,5-trihydroxybenzoate 6.80, 20.76, 21.130, 

22.186 
4-Pteridinone, 2-amino- 3.227 
Pterin 3.227 
I-Purin-6-amine ion(l-) 22.95 
Purin-4,6-dione ion(l-) 22.210 
Purine 3.228 
Purine, 2,6,8-trihydroxy- 5.244, 6.105 
Purin-6-one,2-amino-l,7-dihydro- 21.105 
Purin-6-one, 2-amino-l,7-dihydro- ion(l-) 22.144 
Purin-6-one, 9-I3-D-ribofuranosyl- 21.114 
Purin-6-one ion(l-) 22.155 
Purin-2,6,8-trione, 7,9-dihydro- ion(l-) 10.3.8, 14.42, 

22.209, 23.53 
Pyrazine 3.229 
Pyrazole 22.187 

2-Pyrazolin-5-one, 3,4-dimethyl- 22.135 
3-Pyrazolin-5-one, 2,3-dimethyl-l-phenyl- 22.134 
2-Pyralolin-5-one, a-methyl- 22.170 

2-Pyrazolin-5-one, 4-methyl- 22.171 
Pyrazol-3-one, 2 ,4-dihydro-5-methyl-2- [2-{ 2-

naphthyloxy)ethyl]- 22.176 
Pyrene 5.214 
Pyridazine 3.230 
Pyridazine-3,6-diol 15.99, 20.64, 22.162, 24.70 
Pyridine 5.215,6.81, 15.124 
Pyridinium, 2-carboxy-l-methyl- 3.155 
Pyridinium, 1-(2,4-dinitrophenyl)- 3.178 
Pyridinium ion 5.216, 9.28, 15.125 
Pyridinium ion, 3-aminocarbonyl-l-methyl- 3.214 
a-(4-Pyridyl l-oxide)-N-tert-butylnitrone 3.231 
Pyrimidine 3.232 
Pyrimidine, 5,6-dihydro-2,4,6-trihydroxy-5-methyl-5-

nitro- 3.198 
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Pyrimidine, 5,6-dihydro-2,4,6-trihydroxy-5-methyl-5-
nitro-, conjugate base 3.197 

Pyrimidine, 2,4-dihydroxy-5-methyl- 3.242, 4.166, 
12.73,20.82,21.141,22.194 

Pyrimidine, 2,4,6-trihydroxy-, conjugate base 22.200 
Pyrimidine, 2,4,5-trihydroxy- ion(l-) 22.199 
4,6-Pyrimidinediol 22.130 
2,4-Pyrimidinedione, 5-bromo- 3.151 
2,4-Pyrimidinedione, 5-chloro- 21.80 
2,4(lH,3H)-pyrimidinedione 4.176, 12.75, 15.147, 

21.145 
2,4,5,6-Pyrimidinetetrone 3.141 
2-Pyrimidinone, 4-amino- 21.87 
2-Pyrimidinone, 4-amino-l-methyl ion{l-) 22.168 
Pyrocatechol 5.97, 6.28, 16.5 
Pyrogallic acid 14.34, 16.15 
Pyrogallol 14.34, 16. J(j 

Pyromellitate ion 15.56 
Pyrrolidine, l-(l,l-dimethylethyl)- 24.33 
I-pyrroline-l-oxyl, li,li-dimethyl- 3.171 
pyrrolo[2,3-jJquinoline-2,7,9-tricarboxylic acid, 4,5-

dihydro-4,5-dioxo- 3.208 
Quercetin 6.82, 14.35 
Quinone 3.145, 10.8.3, 15.BO, 24.29 
Resorcinol 5.217, 6.83, 16.16 
Resorcinol dianion 7.25, 8.37, 14.36, 24.86 
R.esorcinol dimethyl ether 6.46, 15.74 
Hhodamine, tetraethyl- 3.233 
Hhodamine B 3.233 
Rhodium(I1I) tris(2,2'-bipyridine) 3.117 
Riboflavin 5'-(dihydrogen phosphate) 3.185 
Riboflavine 3.234, 13.74 . 
Riboflavine, 2-deoxo-2-thioxo- 3.241 
Riboflavine binding protein 3.268 
9-I3-D-Ribofuranosylpurin-6-one 21.114 
RibonuClease 3.269,4.180, 15.152, 18.18, 19.1.2, 

20.103, 22.228 
Ribose 12.67 
Rubidomycin 3.159 
Ruthenium(III)-modified cytochrome c Fe3+ 3.270 
Ruthenium(II) tris(2,2'.bipyridine) 3.118,4.52,21.50, 

22.68 
Saccharose 5.224 
Salicylate ion 5.218,24.87 
Salicylic acid 5.219,21.131 
Scandium(III) ion 3.125 
Selenate{VII) radical ion 19.3, 19.3.1 
Selenate(VI) ion 4.56 
Selenite(III) radical ion 19.2, 19.2.1 
Selenite(V) ion 18., 18.3 
Selenite radical 18.2 
Selenite radical, protonated 18.1 
Selenite radical ion 18., 18.3 
Selenium dioxide radical anion 19.2, 19.2.1 
Selenocyanide dimer, radical anion 19.1 
Semimethemerythrin 13.115 
Serine 15.126,21.132 
Serine, N-acetyl- 5.66 
Serine, negative ion 5.220 
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L-Seryl-L-tyrosyl-p-naphthylamide 6.84 
Sesamol 6.85 
Silicate{1-), radical ion 29.4 
Silicate ion 15.37 
Silver(II) 5,10,15-20-tetrakis(t-met.hylpyridinium-4-

yl)porphyrin 22.2 
Silver{I) ion 3.2, 5.2, 9.2 
Silver(I) ions 15.2 
Skatole 4.145e, 6.6ge, 22.168e, 24.75e 
Sorbate ion 21.133 
Spiro[isobenzofuran-t,9'-xanthen]-3-one, 2',4',5',7'-

tetrabromo-3' ,6'-dihydroxy- 3.181 
Spiro[isobenzofuran-l,9'-xanthen]-3-one, 3',7'-

dihydroxy-, ion{1-) 3.186 
Stellacyanin 13.116 
Styrene 5.221, 15.127, 24.88 
Subtilisin 20.104, 22.229 
Succinate ion 5.222, 15.128 
Succinic acid 5.223, 12.68, 21.134 
Succillylcytm:hrome 0 3.252 
Sucrose 5.224 
Sulfacetamide 6.87 
Sulfanilamide, N-acetyl- 6.87 
Sulfate{I-), dioxo- 13., 13.1 
Sulfate(l-), pentaoxo- 16., 16.1 
Sulfate(1-), tetraoxo- 15., 15.1 
Sulfate(I-), trioxo- 4.54, 14., 14.1 
Sulfate ion 12.23, 17.10.2 
Sulfate radical ion 15., 15. 1 
Sulfhydryl dimer radical anion 17.1.2, 17.2, 17.2.1 
Sulfide radical anion 17.1, 17.1.1 
Sulfinylbismethane 5.132 
Sulfite ion 4.55,5.55,6.12,7.9,8.11,12.21,20.23, 

22.71, 23.24, 24.19, 25.7 
Sulfite radical ion 4.54, 14., 14.1 
Sulfur dioxide 3.123, 5.53 
Sulfur dioxide radical anion 13., 13.1 
Superoxide radical 4.37,5.46,6.11,21.39,24.15 
Superoxide dismutase 3.271, 22.230 
Tellurate(I-), radical ion 29.5, 29.5.1 
Terephthalate ion 12.64, 15.120, 21.125 
Tetraakis(1-methylpyridinium-4-yl)porphineiron(III)-

diimidazole complex 3.81 
Tetraaulluine(carbollato)cobalt.(III) ion 4.17 
Tetraamminediaquacobalt{III) ion 4.12 
Tetraammineplatinum(II) ion 21.45 
Tetraaqua{ dichloro )cobalt(II) 21.7 
1,4,8,11-Tetraazacyclotetradecanecopper(II) ion 3.61, 

21.12 
1,4,8,II-Tetraazacyclotetradecanenickel{II) ion 3.107 
1,4,7,10-Tetraazacyclotridecanenickel(II) ion 3.106 
2',4',5',7'-TetrabromoHuorescein dianion 3.181 
Tetrabutylammonium ion 12.69, 15.129,21.135 
Tetrachlorocobaltate(II) ion 21.8 
Tetrachloroethylene 5.225 
Tetrachloroferrate(II) ion 21.18 
Tetrachloromanganate{II) ion 21.22 
Tetrachloromethane 3.154, 5.94 
Tetrachloroplatinate(II) ion 21.49, 22.66 

Tetracyanonickelate(II) ion 3.105 
Tetraethylammonium ion 12.70, 15.130, 21.136 
2,7,12,18-Tetraethyl-3,8,13,17-

tetramethylporphinatomanganese(III), bis(pyridine) 
13.51 

TetraOuorohydroquinone 22.190 
Tetrahydroborate(III) ion 6.2 
6,7,8,9-Tetrahydro-2,13-dimethyldipyrido[I,2-a:2',I'­

c][1,4]diazocinediium 3.172 
6,7,8,9-Tetrahydrodipyrido[1,2-a:2',1'­

clll,4]diazocinediium 3.235, 13.75 
Tetrahydrofuran 5.226, 9.29, 15.131 
6,7,8,9-Tetrahydro-4-hydroxythiazolo[4,5-

h]isoquinoline-7-carboxylate ion, conjugate base 
6.88,20.77 

6,7,8,9-Tetrahydro-4-methoxythiazolo[4,5-
h]isoquinoline-7-carboxylate ion 6.89, 20.78 

6,7,8,9-Tetrahydro-2,3,12,13-tetramethyldipyrido[1,2-
a:2',I'-c][1,4]diazocinediium 3.238 

5,10,15,20-Tetrakil5( 4-
benzoato )porphinatomanganate{III) ion 13.46 

5,10,15,20-Tetrakis(4-
carboxyphenyl)porphinatomanganate(III) ion 13.46 

a,a,a,f3-Tetrakis{N­
methylisonicotinamidophenyl)porphinatoiron(IH) 
ion 3.83 

a,a ,a,j3-Tetrakis( N­
methylisonicotinamidophenyl)porphinatomanganese(III) 
ion 3.100 

5,10,1.5,20-Tetrakis{1-methylpyridinium-2-
yl)porphinatozinc{II) ion 22.81 

5,10,15,20-Tetrakis(l-methylpyridinium-3-
yl»porphinatozinc{II) ion 22.82 

5,10;15,20-Tetrakis(1-methylpyridinium-3-
yl)porphinatolead(III) ion 22.64 

5,10,15,20-Tetrakis(l-methylpyridinium-4-
yl)porphinatozinc{II) ion 20.25, 21.59, 22.83, 23.26 

5,10,15,20-Tetrakis(1-methylpyridinium-4-
yl)porphinatocopper(II) ion 21.16 

5,10,15,20-Tetrakis( I-methylpyridinium-4-
yl)porphinatocobalt(III) ion 13.23 

5, 10, 15,20-Tetrakis{1-methylpyridinium-4. 
yl)porphinatocobalt(III) ion bispyridine complex 
13.24 

5,10,15,20· Tetrakis{1-methylpyridinium-4-
yl)porphinatoiron(III) ion 3.79, 13.30 

5,10,15,20-Tetrakis{1-methylpyridinium-4-
yl)porphinatomanganese(III) ion 3.99, 13.44, 21.25 

5,10,15,20-Tetrakis(l-methylpyridinium-4-
yl)porphinatomanganese(II) ion 21.23 

5,10,15,20-Tetrakis(1-methylpyridinium-4-
yl)porphinatocadmium{II) ion 22.6 

5,10,15,20-Tetrakis{1-methylpyridinium-4-
yl)porphinatolead(II) ion 22.65 

5,10, 15,20-Tetrakis(l-methylpyridinium-4-
yJ)porphinatopalladium(II) ion 21.43 

5,10,15,20-Tetrakis(l-methylpyridinium-4-
y l)porphinatosilver(II) ion 22.2 
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5,10,15,20-Tetrakis(l-methylpyridinium-4-
yl)porphinatotin(IV) ion 13.58 

5,10,15,20-Tetrakis( l-methy lpyridinium-4-
yl )porphineiron(III)-dihistidine complex 3.82 

5,10,15,20-Tetrakis(1-methylpyridinium-4-
yl)porphinato(oxo)vanadium(IV) ion 22.75 

5,lO,15,20-T'etrakis(1-methylpyridinium-4-
yl)porphinatomagnesium(II) ion 22.34 

5,10,15,20-Tetrakis(3-pyridinio )porphinatoan timony(V) 
ion 13.57 . 

5,10,15,20-Tetrakis( 4-pyridy l)porphinatomanganese(III) 
ion 13.43,21.24 

5,10,15,20-Tetrakis( 4-
sulfonatophenyl)porphinato( oxo )v an adium (IV) ion 
22.76 

5,10,15,20-Tetrakis( 4-
aulConatophenyl)porphinatocobaltate(II) ion 3.16, 
22.16 

5,10,15,20-Tetrakis( 4-
Bulfonatophenyi)porphinatocobaltate(lII) ion 13.25 

5,10,15,20-Tetrakis(4-
8ulfonatophenyl)porphinatoferrate(III) ion 3.86, 
13.31 

5,10,15,20· Tetrakis( 4-
8ulfonatophenyl )porphinatomanganate(III) ion 
3.101, 13.47, 21.26 

5110,15,20-'Tp.tra.1r hi (4-
sulfonatophenyl)porphinatomagnesiate(II) ion 22.35 

5,10,15,20-Tetrakis( 4-
Bulfonatophenyl)porphinatopalladate(II) ion 21.44 

5,10,15,20-Tetrakis( 4-
8ulfonatophenyl)porphinatostannate(IV) ion 21.54 

5,10,15,20-Tetrakis(4-
sulfonatophenyl)porphinatozincate(II) ion 20.26, 
22.86 

5,10,15,20-Tetrakis( 4-sulfonatophenyl)porphine 6.90 
Tetrakis{4-sulfonatophenyl}pofphinatoferrate(III) ion, 

dimer 3.87 
Tetrakis[4-N-(3-

sulfonatopropy l)pyridyl]porphin atozinc(II) 22.85 
o,10,lo,2().. Tetrakis-4-( N,N,N-

trimethylammonio )pheny Iporphinatoco balt(III) ion 
13.22 

5,10,15,20-Tetrakis-4-( N,N,N-
trimethylammonio )phenylporphinezinc(II) ion 22.84 

5,10, 15,20-Tetrakis-4-(N,N,N-
trimethylammonio )phenylporpbinatomanganese(ITI) 
ion 3.98 

5,10,15,20-Tetrakis-4-(N,N,N-
trimethylammonio }phenylporphinatoiron{IlI) ion 
3.78 

1,2,4,5-Tetramethoxybenzene 22.191 
Tetramethylammonium ion 12.71, 15.132,21.137 
N,N,N' ,N'-Tetramethylbenzidine 8.38 
1,3,7,8-Tetramethylbenzo[g]pteridine-2,4-dione 3.169 
Tetramethyl-l,4-benzoquinone 4.110, 10.8.5, 13.64 
2,3,5,6-Tetramethylbenzoquinone 4.110, 10.8.5, 13.64 

J. Phys. Chem. Ref. Data, Vol. 17, No.3, 1988 

(all-E)-3,7 ,12,16-Tetramethyl-1,18-bis(2,6,6-trimethyl­
l-cyclohexen-
1-y1)-1,3,5,7,9,11,13,15,17-octadecanonaene 20.37, 
22.106 

N,N,N' ,N'-Tetramethyl-t ,2-dialenedicarboxamide 
3.160 

1,l'-Tetramethylene-2,2'-bipyridinium 3.235, 13.75 
4,5,4',5'-Tetramethyl-1,1'-ethylene-2,2'-bipyridinium 

3.236 
N,N,N' ,N'-Tetramethyl-p-phenylenediamine 10.3.7, 

14.37, 20.79, 23.49 
2,2,O,6-Tetramethyl-4-piperidone N-oxyl 3.237, 4.165, 

20.80, 21.138, 22.192, 23.50 
3,7,12,17-Tetramethylporphine-2,18-

dipropanoatocobalt(III), dimethyl ester, 
bis(pyridine) 13.26 

3,7,12, 17-Tetramethyiporphine-2,18-
dipropanoatomanganese(III), dimethyl ester, 
bis((,yridine) 13.49 

1,4,8,11-Tetramethyl-1,4,8,11-
tetraazacyclotet.radecaneriickel(II) ion 3.108 

2,3,9,10 .. Tetramethyl.l,4,8,11-tetraalacyclotetradeca-
1,3,8,10-tetraenecobalt(III) ion 3.26 

2,3,9,10-Tetramethyl-l,4,8,11-tetraazacyclotetradeca-
1,3,8,10-tetraenecobalt(II) ion 3.9, 4.11 

2,3,9,10-Tetramethyl-1 ,4,8,11-tetraazacyclotetradeca-
1,3,8,10-tet:r:ume~oppe:r(II) ion 21.15 

4,5,4',5'-Tetramethyl-l,1'-tetramethylene-2,2'­
bipyridinium 3.238 

4,5,4' ,5'-Tetramethyl-l,1 '-trimethylene-2,2'-
bipyridinium 3.239 

2,3,11,12-Tetramethyltriquat 3.239 
Tetranitromethane 3.240, 11.10 
Tetraphenylborate ion 6.91, 20.81, 22.193 
5,10,15,20-Tetraphenylporphinatolinc{I1) 22.79 
Tetraphenylporphinatozine(I1), triplet state 22.80 
Tetrapropylammonium ion 12.72, 15.133, 21.139 
Tetraquat 3.235, 13.75 
3,10,17,24-Tetrasulfophthalocyaninecobalt(II) ion 3.17, 

22.17 
3,10,17,24-Tetrasulfophthalocyaninecopper(lI) ion 3.72 
3,10,17,24-TetrasuICophthalocyanineiron{III) ion 3.88 
Tetrathionate{3-), radical ion 17.9 
Tetrathionate ion 3.124 
Thallium{I) ion 3.127, 15.38, 21.56, 22.72 
Thallium(I) ions 9.12 
3-Thiaheptane 5.134 
Thiocyanate ion 4.53, 15.7, 17.3.1,21.52,22.69 
Thiocyanogen 17.3 
2-Thioriboftavine 3.241 
Thiosulfa.te ion 12.24, 17.7.2, 17.8.1 

Thiosulfate ion OH-adduct 17.8 
ThiosulCate radical ion 17.7, 17.7.1 
Threonine, negative ion 5.227 
Thymidine 6.92, 15.1338 
Thymidine 5'-monophosphate 21.140 
5'-Thymidylic acid 21.140 
Thymine 3.242,4.166,12.73,20.82,21.141,22.194 
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Tin(IV) tetrakis(l-methylpyridinium-4-yl)porphyrin 
13.58 

Tin{IV) 5,10,15,20-tetrakis{4-
sulfonatophenyl)porphyrin 21.54 

Titanium(III) ions 3.126, 21.55 
a-Tocopherol 5.228, 6.93, 22.195 
a-Tocopheryl acetate 5.229 
m-Toluate ion 15.134 
o-Toluate ion 15.135 
p-Toluate ion 15.136, 21.142 
Toluene 4.167, 5.230, 6.94 
p-Toluic acid 12.74 
p-Toluidine 4.144 
Transferrin, dicupric complex 3.272 
Transferrin, diferric complex 3.273 
Transferrin, dimanganic complex 3.274 
Transferrin, ferric complex 3.2738 
Trichloroacetate ion 4.168 
1,2,4-Trichlorobenzene 5.231 
Trichloroethylene 5.232 
2,4,5-Trichlorophenol 5.233 
2,4,6-Trichlorophenol 5.235 
2,4,5-Trichlorophenoxide ion 5.234 
2,4,6-Trichlorophenoxide ion 5.236 
Triethylamine 4.169, 5.237, 24.89 
Triethylenediamine 4.95, 24.38 
(fL-TriHuoroacetato )bis(f.L-

hydroxo )bis[triamminecobalt{III)l ion 3.52 
1,2,3-Trihydroxybenzene 14.34, 16.15 
1,2,4-Trihydroxybenzene 6.24 
2' ,4' ,5'-Trihydroxybutyrophenone 14.38, 20.83, 22.196 
3,5,7-Trihydroxy-2-{4-hydroxyphenyl-2-benzopyran-4-

one 6.60, 14.24 
2' ,4' ,6'-Trihydroxy-p-( 4-hydroxyphenyl)propiophenone 

20.84,22.197 
2' ,4' ,5'-Trihydroxy-a-{4-methoxyphenyl)-acetophenone 

20.85,22.198 
2,6,8-Trihydroxypurine 5.244, 6.105 
2,4,5-Trihydroxypyrimidine, conjugate base 22.199 
2,4,6-Trihydroxypyrimidine, conjugate base 22.200 
Trimesate ion 1 ti.ti7 

1,2,3-Trimethoxy benzene 15.137 
1,2,4-Trimethoxybenzene 15.138 
1,3,5-Trimethoxyhen!l:en". 15.13g 

2,3,4-Trimethoxybenzoate ion 15.140 
2,4,5-Trimethoxy benzoate ion 7.26, 15.141, 26.2.11 
2,4,6-Trimethoxybenzoate ion 15.142 
3,4,5-Trimethoxybenzoate ion 15.143 
Trimethylacetate ion 5.238 
Trimethylamine 5.239, 24.90 
Trimeihyl8,nilinium ion 15.144 

1,2,3-Trimethylbenzene 5.240 
1,3,5-Trimethylbenzene 5.241 
1,7,8-Trimethylbenzo[g]pteridine-2,4-dione 3.211 
3,7,8-Trimethylbenzo[g]pteridine-2,4-dione 3.212 
7,8,10· Trimethylbenzo[g]pteridine-2,4( 3H,10H)-dione 

3.205, 15.98 
1,7,7-Trimethylbicyclo[2.2.1]heptan-2-one 3.103, 20.36, 

22.105 

1,1'-Trimethylene-2,2'-bipyridinium 3.243, 13.76 
2,4,6-Trinitrobenzoate ion 3.244 
Triose reductone 20.49, 21.92, 22.129 
Triose reductone, conjugate base 6.45, 23.36 
Triose reductone monoanion 6.45, 23.36 
Trioxalatocobaltate(IlI) ion 13.17 
Trioxoiodate{VI) 28.6.2, 28.6.5 
Triqllat 3.243, 13.76 
Tris(2,2'-bipyridazine)ruthenium(II) ion 3.119 
Tri~(2,2'-bipyridine)cobalt(III) ion 3.24 
Tris(2,2'-bipyridine)cobalt(II) ion 3.14 
Tris(2,2'-bipyridine )iron(II) ion 22.30 
Tris(2,2'-bipyridine )osmium(III) ion 20.21, 23.21 
Tri~(2,2'-bipyridine)osmium(II) ion 20.20, 23.20 
Tris(2,2'-bipyridine)rhodium{III) ion 3.117 
Tris(2,2'-bipyridine)ruthenium{II) ion 3.118, 4.52, 

21.50, 22.68 
Tris(carbonato)dioxoneptunate{V) ion 4.36 
Tris(carbonato)dioxoplutonate(V) ion 4.45 
Tris(carbonato)dioxoplutonate(VI) ion 4.46 
Triscarbonatodioxouranate(V) ion 4.57 
Tris(4,4'-dimethyl-2,2'-bipyridine)cobalt(II) ion 3.15 
Tris( dimethy 19lyoximato )nickelate{II) ion 7.6 
Tris(ethylenediamine)cobalt(III) ion 4.24 
Tris( 1,10-p henan throline )iron (III) ion 21.19 
Tris(l,lO-phenanthroline)iron{II) ion 24.5 
Tris(3,4,7,8-tetramethyl-l,lO-phenanthroline)iron(II) 

ion 8.5 
Trolox C 22.153 
Trolox C anion 14.23, 16.12 
Trolox C carbinol 4.130 
TrypaHavine cation 3.137, 21.63, 22.94, 23.27, 28.1.4 
Trypsin 4.181,20.105,22.231,23.57 
Tryp~inogen 20.100 

Tryptamine 4.170, 6.95, 14.39 
Tryptamine, conjugate acid 22.201 
Tryptophan 4.171, 5.242, 6.96. B.39. 14.40. 15.145. 

18.12, 20.86, 21.143, 22.202, 23.51, 24.91 
Tryptophan, N-methyl- 4.149 
Tryptophan, methyl ester 4.172, 6.98, 22.204 
Try ptophan, N-(l-oxooctadecyl)-, methyl ester 6.86, 

22.189 
Tryptophan, N-stearoyl-, methyl ester 6.86, 22.189 
Tryptophauamid@o 4_173, 8_97, 14_41, 22_203 

Tryptophaniron(II) complex 22.29 
Tryptophylalanine 6.99 
Tryptophylglycine 4.174 
Tryptophylleucine 6.100 
Tryptophyltyrosine 6.101, 22.205 
12-Tungstate ion(6-), dihydrogen 3.128 
12-Tungaiorerrate ion(o-) 3.129 

12-Tungstophosphate ion{3-) 3.130 
12-Tungstosilicate ion{4-) 3.131 
Tyrosinamide, N-acetyl- 6.14, 22.93 
Tyrosine 4.175, 6.102, 8.40, 15.146, 18.13, 20.87, 

21.144, 22.206, 23.52, 24.92 
Tyrosine, 3,5-diiodo- 22.131 
Tyrosine, methyl ester 6.103, 22.207 

Tyrosyltryptophan 6.104 
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Uracil 4.176, 12.75, 15.147,21.145 
Uracil, 1,3-dimethyl- 15.83 
Uracil, negative ion 22.208 
Uranium(III) ion 20.238, 21.56a, 22.728, 23.24a 
Uranium(lV) ions 15.39 
Uranyl(VI) ion 4.68 
Uranyl(V) ion 20.24, 21.56b, 29.7.1 
Urate ion 10.3.8, 14.42, 22.209, 23.53 
Urea 4.177, 5.243 
Uric acid 5.244, 6.105 
Uric acid anion 10.3.8, 14.42, 22.209, 23.53 
Valine 6.106 
Valine, negative ion 5.245 
Vanadium(III) ions 15.40 
Vanadium(II) ion 21.57,·22.73, 23.25 
Vanadium(IV) ions 9.13, 15.41 
Vanadyl(IV) ion 21.58, 22.74 
Vanadyl(IV) 5,lO,15,20-tetrakis(4-

sulfonatophenyl)porphyrin 22.76 
Veratrole ItJ.T3 

Vinyl acetate 15.148 
Vinylidene chloride 5.113 
Vinyl isobutyl ether 15.149 
Vitamin B2 . 3.234, 13.74 
Vitamin B12 3.56 
Vitamin B12a 3.57 
Vitamin B12r 3.19, 22.18 
Vitamin C 4.78, 5.76, 6.22, 7.12, 8.13, 10.3.2, 14.10, 

16.4, 20.32, 21.74, 22.99, 23.30 
Vitamin E 6.228, 6.03, 22.106 

Water 5.43,10.7.1,10.8.1,15.26,17.10.1,26.1.3, 
27.1.2 

Xanthine negative ion 22.210 
Xanthylium, 9-(2-carboxyphenyl)-3,6-

bis( diethylamino)-, chloride 3.233 
Xenate(V) ion 29.6, 29.6.1 
Xenull(VI) trioxide 29.7 
m-Xylene 5.246 
o-Xylene 5.247 
p-Xylene 5.248 
2,3-Xylenol 5.128 
2,4-Xylenol 5.129 
2,6-Xylenol 5.130 
~,4-Xylenol 5.131 
Ytterbium(lI) ion 3.132 
Zinc(I) ion 3.133 
Zinc(II) ion 3.134, 4.69 

Zinc(II) insulin 21.147 
Zinc(II) insulin complex 3.275 
Zinc(II) tetrakis(1-methylpyridinium-2-yl)porphyrin 

22.81 
Zinc{II) tetrakis(l-methylpyridinium-3-yl)porphyrin 

22.82 
Zinc(II) 5,10,15-20-tetrakis(1-methylpyridinium-4-

yl)porphyrin 20.25, 21.59, 22.83, 23.26 
Zinc(II) 5,IO,15,20-tetrakis(4-

SJul£onatophenyl)porphyrin 20.26, 22.86 
Zinc(II), tetrakis[4-N-(3-

sulfonatopropyl)pyridylJporphyrin 22.85 
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Zinc(II) 5,10,15,20-
tetrakis(trimethylaminophenyl)porphyrin 22.84 

Zinc(II) 5,10,15,20-tetraphenylporphyrin 22.79 
Zinc(II) tetraphenylporphyrin, triplet state 22.80 


