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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 -CO,~, COs-~, Os, ‘N3,
-NH,, -NO,, NO;., -POs*~, PO,*", SO,-~, :SO;~, SO,~, SOs~, S€0;-~, (SCN),-7,
Cl,-~, Br,-™, 1.7, ClO,., BrO,., and miscellaneous related radicals, with inorganic

and organic compounds.

Key words: aqueous solution; carbonate radical; chemical kinetics; chlorine dioxide; inorganic radicals;
halogen radicals; nitrogen radicals; oxygen radicals; ozone; phosphate radicals; phosphorus radicals;
photolysis; radiolysis; rate constants; sulfur radicals.

Contents
1. Introduction ..............ccivviinnntn 1028 9. References to Tables 3-29 ................
2. General Methods ...............o00uiuen 1028 10. Indexes ...t
3. Radical Production and Properties ........ 1028 10.1. Molecular Formula Index ..........
3.1. Carbon Dioxide Radical Anion ...... 1028 10.2. Chemical Name Index ..............
3.2. Carbonate Radical ................. 1029
33, 0OzZOMne ..ottt 1029 List of Tables
34. AzideRadical ..................... 1029 ,
3.5. Amino Radical .................... 1030 1. Comparison of the reactivity of oxidizing
3.6. Nitrogen Dioxide Radical .......... 1030 radicals with inorganic and organic com-
3.7. Nitrogen Trioxide Radical .......... 1030 pounds ....... ...l
3.8. Phosphite Radical ................. 1031 2. Comparison of the reactivity of reducing
3.9. Phosphate Radical ................. 1031 radicals with inorganic and organic com-
3.10. Sulfur Dioxide Radical Anion ....... 1031 pounds ....... ..o il
3.11. Sulfite Radical .................... 1032 3. Rate constants for the carbon dioxide radi-
3.12. Sulfate Radical .................... 1032 calanion .......... ... i,
3.13. Peroxomonosulfate Radical ......... 1033 4. Rate constants for the carbonate radical ...
3.14. Selenite Radical ................... 1033 5. Rate constants for ozone .................
3.15. Dithiocyanate Radical .............. 1034 6. Raie constants for the azide radical .......
3.16. Dihalogen Radical Anions .......... 1034 7. Rate constants for the amino radical ......
3.17. Chlorine Dioxide .................. 1034 8. Rate constants for nitrogen dioxide .......
3.18. Bromine Dioxide .................. 1035 9. Rate constants for nitrogen trioxide .......
4. Comparison of the Reactivities of Various 10. Rate constants for miscellaneous nitrogen-
Radicals ........coovviivviiiiiiinnne. 1035 containing radicals ......................
4.1. Ogxidizing Radicals ................. 1035 11. Rate constants for phosphite radicals ......
4.2. Reducing Radicals ................. 1035 12. Rate constants for phosphate radicals ......
5. Arrangement of Tables3-29 .............. 1036 13. Rate constants for the sulfur dioxide radical
6. List of Abbreviations and Symbols ........ 1036 .1 11 Lo’ ¢ PP
7. Acknowledgments ..................... 1037 14. Rate constants for the sulfite radical .......
8. Referencesto Text ............ccovvvun.n. 1037 15. Rate constants for the sulfate radical ......
16. Rate constants for the peroxomonosulfate
1988 by the U. S. Secretary of Commerce on behalf of the Uni radical ion ........... S
gates. Tlfls copyright is assig)rlled to the American Institute of Physti: 17. Rate .c_onstants for miscellaneous sulfur-
and the American Chemical Society. containing radicals ......................
Reprints available from ACS; see Reprints List at back of issue. 18. Rate constants for the selenite radical .....
0047-2689/88/031027-258/$21.00 1027 J. Phys. Chem. Ref. Data, Vol. 17, No. 3, 1988



1028 NETA, HUIE, AND ROSS

19. Rate constants for miscellaneous selenium-

containing radicals ...................... 1166
20. Rate constants for dithiocyanate radical

T + N 1167
21. Rate constants for the dichlorine radical

116 ) + 1175
22. Rate constants for the dibromine radical

L0 + e 1187
23. Rate constants for the diiodine radical ion . 1208
24. Rate constants for chlorine dioxide ....... 1213
25. Rate constants for bromine dioxide ....... 1220
26. Rate constants for miscellaneous chlorine-

containing radicals ...................... 1221
27. Rate constants for miscellaneous bromine-

containing radicals ...................... 1223
28. Rate constants for miscellaneous iodine-

containing radicals ...................... 1224
29. Rate constants for miscellaneous inorganic

radicals ...................... e 1227

List of Figures

1. Equilibrium constant for S,0.2~ = 2 SO,.~
at different ionic strengths. ............... 1032

1. |ntroduction

Since the publication of the original compilation on
this topic in 1979' 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,>** 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 these methods is applicable, the 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 o 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 -CO,™ radical is produced by the reaction of e,,

with CO, or by the reaction of -OH and -H with formate
ion or formic acid.
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eq + CO,— -CO,”
-OH + HCOZ_ hand H20 -+ 'CO;__
-H + HCO,” — H, + -CO,~

I'he -CO, ™ radical exhibits optical absorption only in the
UIV range, with a maximum at 235 nm, ¢ = 3000 L
mol ' ecm™!,’ decreasing to about 20% at 300 nm, which
1s not convenient for kinetic measurements. Therefore,
most rate constants for reactions of -CO,™ with solutes
were determined by following the buildup of the solute
radical.

The -CO,™ radical is present in this form throughout
most of the pH range and only protonates in strongly
acidic solutions. The pK, for -CO,H was found to be 1.4.°

-COH = H* + -CO,”

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 -CO,™ radical is a strongly reducing species, with
a redox potential of —2.0 V vs. NHE.” 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 COs-~ radical is produced for most experiments
by reaction of ‘OH radicals with carbonate ions.

'OH + CO32_ g OH_ + CO;'_

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

Co(NH3),CO;* + hv — COy~ + Co** + 4 NH;

The CO;-~ radical exhibits a broad optical absorption
in the visible range, with a maximum at 600 nm, € =
1860 L mol~! cm~',* and with about 160 nm width at
haif-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 pK, for the pro-
cess

CO,H = CO;-~ + H*
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was reported to be 9.6° or about 7.9," but it does not
result in any observable changes in optical or ESR spec-
tra.l!

The majority of the rate constants for reactions of
CO;-~ and CO;H 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. )

O, exhibits a strong absorption in the UV, centered
about 260 nm with € = 3300 L mol~! cm~! and a width
at half-maximum of about 50 nm.”? In most cases, the
kinetics of ozone reactions are followed by monitoring
this absorption, although in some cases where the other
reactant interfered, the O, 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 a2 moderate one-electron oxidant, with a re-
dox potential of 1.01 V." 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.' In aqueous solution, the use of ozone as a
disinfectant has led to the determination of a large num-
ber of rate constants for ils 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.'

3.4. Azide Radical

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

‘OH + N;- - OH™ + :N;

J. PhyS. Chem. 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 -N;.

‘H + HN; — H, + ‘N,

The azide radical exhibits moderate optical absorption
only in the UV range, with a sharp maximum at 274 nm,
€ = 2025 L mol~! cm™1,'8 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 measurements
to the exact wavelength and slit width used. Neverthe-
less, second order decay rate constants can be correct
despite using different values of ¢, 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."*® Its oxidation
reactions are particularly rapid, even more rapid than
the reactions of some stronger oxidants such as Br,-~.
This is probably due to a high self-exchange rate for
Ni/N;™~, estimated at 4 X 10* L mol~' s~ 1" .N; oxidizes
most phenoxide 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 -NH; radical is produced by reaction of -OH with
ammonia at high pH.

'OH + NH3 - Hzo + ‘NH;

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

The -NH, radical exhibits only weak absorption in the
UV and a very weak band (¢ = 80 L mol~! cm™") cen-
tered around 530 nm,! neither of which is convenient
for kinetic measurements. Therefore, rate constants for
reactions of -NH, have been determined by following the
buildup of the product from the other reactant. The
-NH; radical was suggested to protonate in acid solu-
tions, with pK, = 2.3,% but little information is available
on the protonated form.

Although -NH, is isoelectronic with -OH, it is 2 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 O~ radicals
more than it resembles -OH. This resemblance is ex-
pressed also in the findings that both -O~ and -NH, react
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with oxygen in aqueous solutions. -NH, does not appear
to react with oxygen in the gas phase.”!

The redox potential for one-electron oxidation by
.NH, is unknown but was estimated? to be similar to that
of sulfite radical, i.e. about 0.6 V vs. NHE. -NH, oxidizes
phenoxide ions with high selectivity, the rate constants
vary from 10° to 10° L mol™! s, It also oxidizes ascor-
bate rapidly but does not appear to react with aniline or
benzoate.

3.6. Nitrogen Dioxide Radical

The -NO, radical is produced by reaction of -OH with
nitrite ion or by reaction of e,,~ with nitrate ion.

OH + NO,” — OH~ + NO,
¢~ + NO;~ — NOy*~ + H,0 — 2 OH~ + -NO,

To use the former reaction, a nitrite solution saturated
with N,O is required, and the nitrite concentration
should not be too high in order to minimize competition
for hydrated electrons by NO,”. When using nitrate as
the source of -NQ,, 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 -NO, radical exhibits weak broad optical absorp-
tion around 300-500 nm, with a minor peak at 400 nm, €
= 200 L mol~! cm~',® and another peak below 280 nm
which was not possible 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 -NO, reactions with solutes. )

- The second order decay of -NO, was monitored at the
400 nm range. This decay is very rapid and leads to equi-
librium with the dimer, N,0,, predominantly in favor of
the latter. Since both -NO, and N,0O, 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 -NO,.

The -NO, radical reacts as a one-electron oxidant. Its
redox potential was estimated to be 1.03 V vs. NHE* It
oxidizes phenoxide ions, anilines, phenothiazines, thiols,
and ascorbate with moderate rate constants. The self-ex-
change rate constant for -NO,/NO,~ was calculated to
be 8 X 1072 L mol~! s~! in its reactions with substitu-
tion-inert transition metal complexes™ and about 1 L
mol~! s~! in its reactions with organic compounds.”

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).

'OH =+ HNO3 nd Hzo =+ NO;'
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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. NOs- has been produced also by flash
photolysis of Ce(NO;),.

The NO;. 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 € = 250 L mol~! cm™,% but
was found more recently to be considerably higher,
about 800-1000 L. mol~'cm~".*"*® Most kinetic measure-
ments utilized this latter peak to follow the decay of
NO,. radicals in order to determine their rate of reaction
with other solutes. In certain cases, the buildup of
product absorption was also monitored.

Although NO;. 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.?” This radical oxidizes anisole, Cl~, Ag™*, and TI*
moderately rapidly. It also abstracts hydrogen from al-
cohols and other aliphatic compounds and adds to dou-
ble bonds. All the rate constants for NO;- are somewhat
lower than those for SO, .

The rate constant for the second order decay of NOs.
was difficult to establish in most systems due to the pres-
ence of varying concentrations of other species, e.g.
-NO,. 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 -PO:>~ radical is produced by hydrogen abstrac-
tion from phosphite.

‘OH + HPO:*~ — H,0 + -PO;*~
H + HPO:;zw — H; 4+ POy~

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 pK, for the equi-
librium '

-PO;H~ = .PO;>” + H*

was determined to be 5.8. Both forms of the radical
exhibit optical absorption below 300 nm with no observ-
able maximum down to 230 nm. The € at 240 nm for the
basic form is 4000 and for the acid form 1500 L. mol~!
cm~ % Rate constants for reactions of phosphite radicals
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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, PO2~.

3.9. Phosphate Radical

The PO,?~ radical and its protonated forms are pro-
duced from peroxodiphosphate ions by reaction with hy-
drated electrons,

P2054_ 4+ €y —> P04‘2_- -+ PO43_
q

or by direct UV photolysis of this ion to produce two
radicals. Pulse radiolysis of very high concentrations of
phosphate also yields the radicals. _

The phosphate radical exists in three acid-base forms,
Hal’;?a«. HPO.-~, and PO.*~, with pK. values of 5.7 and
8.9. '

H,PO, == HPO,.~ + H*
HPO,~ = PO,*~ + H*

All forms of this radical exhibit moderate optical absorp-
tions in the 500 nm range, with only slight differences:
H,PO; A = 520 nm, € = 1850, HPO,~ A = 510 nm, € =
1550, and PO,2~ A = 530 nm, € = 2150 L mol~! cm~.3
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 olefins, and oxidize many
organic and inorganic compounds. H,PO,. is somewhat
similar in its reactivity to SO,., but the other forms are
less reactive, both in hydrogen abstraction and in elec-
tron transfer reactions. For example, PO,-*~ oxidizes I~
rapidly, HPO,.~ can oxidize also Br—, and H,PO,- can
oxidize even Cl~. The same radicals abstract hydrogen
from 2-propanol with rate constants of 1.8, 2.5, and 14 X
10" L mol~! s™, 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, SO,.~, also called the
dithionite radical, is most often studied by investigating
the reactions of dithionite, S,0,2~, which contains a
small amount of the radical anion at equilibrium in
aqueous solution.

S04~ =2 S0,.~

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

[SO»7] = K [S,047]7

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

k = kobs/I(t:qV2 [82042_]‘/2

There have been a few reported determinations of this
equilibrium constant. Some of these results**** are pre-
sented in Fig. 1, plotted against the ionic strength, I. The
older results®* 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

log(K.,) = —8.6 — 0.56(1)"*
This equation was then used to calculate the equilibrium

constants which are in turn used to calculate the absolute
rate constants reported in Table 13.

-86
= Lombeth and Paimer
0O Miller and Cusanovich
-88r O Chien and Dickinson
5——4
X
g o
- -20
(o)
-92}
. o
1 1 L 1 1 1 L
00 04 08 1.2 1.6

Fic. 1. Equilibrium constant, K, for S;02~ = 2 SO,~ at different
ionic strengths, 1. Data are from Lambeth and Palmer*, Miller
and Cusanovich®, and Chien and Dickinson®.

The SO,-~ radical also can be formed by the reduction
of SO, in acid solutions, for example

J. Phys. Chem. Ref. Data, Vol. 17, No. 3, 1988
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(CH;),COH + SO, — (CH;),CO + H* + SO,-~

A few direct determinations of rate constants by pulse
radiolysis have been reported employing this method of
radical generation.

The SO,-~ radical is a strongly reducing species, with
a redox potential of —0.31 V at pH 2 and above.” 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 255
nm and € = 1770 L mol~' cm~! and a width at half-max-
imum of about 40 nm.*® 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.”

3.11. Sulfite Radical

The -SO;~ radical is most commonly produced by the:
reaction of -OH with sulfite or bisulfite.

.OH + SO~ — OH~ + .SO;~

The production of this radical by the flash photolysis of
S,0¢ " also has been reported. The -SO;~ 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 -SO;™~ radical exhibits an optical absorption cen-
tered at 250 nm, € = 1380 L mol~! cm~!, with a width at
half-maximum of about 70 nm and a long, weak tail ex-
tending to 400 nm.*® 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 -SO; 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.* It is a very selective oxidant, reacting rapidly
with hydroxybenzenes 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 -SO;~ radical appears to be a very poor reduc-
tant; there are no confirmed examples of it being
oxidized by a one-electron transfer process. It is oxidized
by the CO;.™ radical, but by O~ transfer. In the aqueous
phase, -SO;~ reacts with O, by addition to produce
SOs-~. In the gas phase, the equivalent reaction results in
the oxidation of HSO; to SO; with formation of HO,.

3.12. Sulfate Radical

The SO,-~ 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.

eaq_ -+ 52052_ —_ SO4'_ —+ SO42—
Other studies were carried out using UV photolysis.
52032—_ + hV — 2 SO4'_

A slow reaction between ‘OH radicals and HSO, ™ ions
also may be applied to the formation of SO, ~ at high
concentrations of sulfuric acid.

‘OH + HSO,~ — H,0 + SO,~

The SO, radical has a broad optical absorption with
a maximum at 450 nm, € = 1100 L mol™! cm~'* 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 formation of the product
from the other reactant also was monitored. This radical
may protonate in strongly acidic solutions but no pKk,
value has been determined.

The SO, ~ 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.*! It is a stronger oxidant than the
phosphate or nitrate radicals and is probably similar to
-OH. With many organic compounds SO, ~ 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. SO,-~ also reacts by
hydrogen abstraction and addition, but these reactions
generally take place with lower rate constants than those
of -OH.

SO,.~ oxidizes Cl~ rapidly in neutral solution and is
thus useful for the production of Cl,-~ at pH 7, which is
difficult to achieve with -OH. SO, 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. SO,-~ 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 hydroxycyclohexadienyl
radical, the samc product formed upon rcaction 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-
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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. Peroxomonosulfate Radical

The SOs-~ radical is produced by the reaction of
'SOg_ with 02.

'SO37 + 02 —> SOs"

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

‘OH + HSO;s~™ — H,0 + SOs-~

The SOs-~ radical exhibits a broad optical absorption
centered about 260 nm, € = 1030 L mol~! cm™, with a
width at half-maximum of about 80 nm.* 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 SO;-~ radical is a stronger oxidant than -SO;™,
with an estimated redox potential of 1.1 V at pH 7.* 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 reacts by oxygen-
atom transfer with sulfite or bisulfite.

SOs'.— + SO32— had SO4'.— + SO42_
In such a case, the SO,-~ would react rapidly with the
SO,*~, regenerating -SO;~, and thus making it difficult to

distinguish this reaction from an electron transfer path.

SOs‘A + SO32_ + H+ — HSOS_ + '803_

3.14. Selenite Radical

The selenite radical is produced by the reaction of
-OH with H;ScO;, HSeO;5™, or ScO5%, c.g.

‘OH + SeO;*~ — OH™ + SeO;-~

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

€.y -+ 83042 — HSCO4'2_ + OH~
The selenite radical exhibits a moderate absorption at
about 420 nm, € = 1470 L mol™! cm™!, with a width at

half-maximum of about 120 nm.” This absorption is
strong enough to allow the kinetics of SeO;-~ reactions
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to be monitored. The radical has been reported to proto-
nate, with pK, values of 7.4 and 3.9, but this observa-
tion has been disputed.*’ This latter work suggests that
the radical adds OH~ above pH 12, with a pK of 0.1.

OH™ + SCO;;'— = HSCO4°2—

A redox potential of 1.68 V for the SeO;-~ radical has
been estimated from the above equilibrium constant and
the equilibrium constant for the reaction of -OH with
selenite at high pH.#

‘OH + SeO;" = HSGO4'2_

This value is much higher than the redox potential for
.SO;,~, and this fact is reflected in the higher reactivity of
SeO;.™ as an oxidant.

3.15. Dithiocyanate Radical

The (SCN),-~ radical is produced by the very rapid

reaction of ‘OH with thiocyanate ions.
‘OH 4+ SCN™ — OH™~ + -SCN
SCN + SCN~ = (SCN),:~

The subsequent equilibrium occurs with a forward rate
constant nearly diffusion controlled and the equilibrium
constant is near 10° L mol~'.* Thus even millimolar con-
centrations of thiocyanate lead very rapidly to the
(SCN),-~ radical.

This radical has a broad absorption spectrum with a
maximum at 472 nm, € = 7580 L mol~' cm~.% Because
of all the above characteristics, thiocyanate is used rou-
tinely for chemical dosimetry of pulsed radiation, using
either aerated or N,O-saturated neutral unbuffered solu-
tions. ' o

(SCN),:~ is a moderately strong one-electron oxidant,
with a redox potential of 1.31 V vs. NHE.* Although
the redox potential is similar to that of -Nj the rate con-
stants for reactions of (SCN),.~ are generally much
slower. For example, (SCN),-~ 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 Cl,-~, Br,-~, and I,-~ 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 10° L mol~!)."*® Be-
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cause of other equilibria, however, the Cl,.~ radical can
be produced efficiently by this method only in acidic
solutions, while Br,-~ and I,-~ can be produced practi-
cally at all pH values. To produce Cl,-~ in neutral solu-
tions it is possible to use SO,.~ as the oxidant of Cl~.
Br,,~ and I,-~ 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 Cl,-~, 360 nm for Br,~, and
380 nm for I,.~, all with € near 10° L mol~! cm~L."
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 Cl,.—, Br,-~, L.~ (with (SCN),.” generally be-
tween Br,-~ and I,-7). Cl,-~ 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 Cl,-~ with some unsaturated
compounds produces Cl 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(Cl,-—/2Cl17) = 2.09
V,® E(Bry/2Br7) = 1.63 V,* and E(I,~/217) = 1.03
V* vs. NHE.

3.17. Chlorine Dioxide

The ClO,. radical can be produced for study by pulse
radiolysis by the reaction of chlorite with hydroxyl radi-
cals

-OH + ClO,” — OH™ + ClO,-

Since the radical is stable in aqueous solutions, ClO,- 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 ClO,. radical exhibits a moderate optical absorp-
tion in the visible, with a maximum at 358 nm, € = 1250
L mol~! cm~' and a width at half-maximum of about 80
nm.* 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, ClO,- is a particularly good candidate for calibrating
the dose in pulse radiolysis systems.

Rate constants for the reactions of ClO,- 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
ClO,- 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 ClO,
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 ClO,- with the unprotonated
amine was then determined by dividing the observed
first-order rate constant for the loss of ClO,- by the con-
centration of the unprotonated amine at that pH. These
are the values reported in the Tables.

ClO,- is a moderate one-electron oxidant, with a redox
potential of 0.936 V vs. NHE at 298 K.*' 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 ClO,- has been estimated to be
about 2 X 10 L mol~' s~1. 2%

3.18. Bromine Dioxide

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

BrO;~ + e~ + 2 H* — BrO,. + H,0

The BrO,. radical exhibits a broad optical absorption
at 475 nm with € = 1000 L mol~' cm~! and a width at
half-maximum of about 120 nm.”® 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 BrO,. 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 V*
making it a moderately strong oxidant.

4. Comparison of the Reactivities of
Various Radicals

At the time of the previous compilation,’ 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.

1035

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 CO;-~ radical can be prepared only in
neutral or alkaline solutions while the Cl,.~ radical only
in acidic or neutral solutions. Another example is SO,-~
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 pK,
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 COs-~ with rate
constants for reactions of O,. In most cases, the CO;-~
radical reacts several orders of magnitude faster than Os;
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 ClO,- and -NO, or between Br,-~ and -N;, due to
wide differences in self-exchange rates. For the latter
pair, the redox potential of -N;/N;™ is only 1.3 V while
that of Br,-~/2Br~ is 1.6 V and yet the rate constants for
oxidation by -N; are higher than those by Br,-~ due to
the much higher self-exchange rate for -N,/N;™.

4.2. Reducing Radicals

The radicals -|CO,~, SO,.~, and -PO;’~ react predomi-
nantly as reducing agents and, therefore, their reactivi-

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



1036

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 O,, and even this reaction takes place by
different mechanisms, i.e. electron transfer from -CO,~
and SO,-~ but addition of -PO;*>~, -SO,", and -NH, to
oxygen. All these reactions take place with high rate
constants. Most of the other oxidizing radicals do not
react with O,. .

Table 2 presents a comparison of the reactivities of the
three reducing radicals, along with the reactivities of
O,-~ taken from a recent compilation,” with several in-
organic and organic compounds. It is clear from the
table that the strong reductant .CO,” reacts with all
listed compounds very rapidly, in most cases near the
diffusion-controlled rate. SO,.~ also is a commonly used
reductant but its reduction potential is much lower than
that of -CO,~ (see discussion above on each radical).
Therefore, as expected, the rate constants for SO,.~ 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 BV* and
MV reduce SO, (at pH 1) with rate constants of nearly
10° L mol~' s~ The reactivity of -PO;*~ 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 -PO;*~.

The superoxide radical, O,-~, is a mild reductant with
a reduction potential slightly less than that of SO,.~. The
rates of electron transfer from O,.~ are generally lower
than those of SO,-~ and -CO,~. The differences do not
appear to be consistent, probably due to variations in
self-exchange rates in the reactions of Q,-~ with various
reactants.”® As in the case of SO,-~, the radical from
methyl viologen, MV™, transfers an electron to O, very
rapidly while the reverse reaction is slow, in the case of
0,.~ 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 given 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(IV). Water molecules coordinated to metal ions have
generally been omitted,: e.g. Cr’* is listed not
Cr(H,0)¢*. .

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 file. 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 file. 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
kovs at the quoted pH. In some cases the obscrved & 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 SO, (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-scarchable database. Information about online
access may be obtained from the Radiation Chemistry
Data Center. »

6. List of Abbreviations and Symbols

A frequency factor
abs. absorption
abstr. abstraction
ABTS 2,2’-azinobis(3-cthylbenzothiazoline-6-sul-
fonate)
addn. addition
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anal.
tert-BuOH
BV

calcd.

c.k.

concn.
condy.
contg.

cor.

Dy,

detd.
d.k.

DMPO

a
EtOH
esr
estd.

formn.

opt.
Ph
PNBPA

p.b.k.
phot.

p-r.
prod.

PrOH
redn.
rel.
RNO
ASY
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 = 1 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~? = 1 torr)

observed

optical density

optical

phenyl
p-nitrobenzoato(pentaammine)cobalt(I1I)
ion

product buildup kinetics

photolysis

negative logarithm of the acid dissociation
constant, ¢.g., wherce AH + HHO= A"~ +
H,0*

pulse radiolysis

product

propanol

reduction

relative

N,N-dimethyl-4-nitrosoaniline

activation entropy

saturated

sodium dodecylsulfate

stopped-flow

solution
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TAN 2,2,6,6-tetramethyl-4-piperidone /N-oxyl
therm. thermal
TMB 1,3,5-trimethoxybenzene
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TABLE 1. Comparison of the reactivities, k (L mol™" 5™'), of oxidizing radicals with inorganic and organic compounds at the pH specified in parenthesis

CO;~ 0, N, ‘NH, NO,* NO,« | PO,*~ | +80;~ S0~ S0~ |(SCN)y*~ | Clpo™ Bryo~ I~ Cl0,* BrO,-
Br~ <5x10* | 2x10% 4x10° | 6.5x10° 3.5x10° <10~?
(11) 4 ) (9) (7) ()
N~ 4x10° 1.1x10% ~3x10° 1.2x10° | 4x10® | <5x10°
() (7 (7) ] () ™
INO,~ 4x10° 3x10° 1.2x10° | 1.4x107 9x10° 2.2x10° | 2.5x10° | 2x107 1.1x10% | 2x10°®
(11) 0] () (M (7) {7) ] () (4-10) (9
50,%~ 1.3x107 | 1.5x10° | 2.4x10° NR 35x107 | 2x10° | 4.1x107 >ox10° | 1.3x107 | 1.1x10% | 3.4x10° | 2x10® | 1.9x10® | 2.7410° | 9.5x10°
(11) (>8) {>8) (12) )] (12) (>8) (9) ] 3) (10) (11) (11) (9)
et 2x10* |>1.7x10° 8x10° 1x10° 1.4x107 | 3.6x10° | 3.6x10°
E (2) (<0) {1) (1)
e(CN)g'~ 2.7x10° 4x10° 4x10° <10¢ 2.8107 7.4x107 | 1.9x10°
(12) (M ) (7 (7 9
H.O0., 8x10° | 7x10™* | <5x10° 2.7x10’ 1.2x107 1.4x10° <10*
9 (8 9 (7) 1) {7
[Formate 1.1x10% | 1x10° 2.2x107 1.7x10°% <2x10* | 1.9x10° <10° <10~?
(6) (>5) (12) (7) ] 7) (7) (M)
2-Propanol ~4x10* 3 <10* 2.4x10° | 1.8x107 | <10® |3.2x10 1.5x10°
(12) (2-7) (11) (<0) (12) ™ 1)
IPhenol 2x107 | 1.3x10* | 5x107 ~1x107 | ~4x10* | 6x10° 0.2 ~3x10°
] (2-6) (8) (8) {1) (6) (<7 @
[Phenoxide 3.5x10% | 1.4x10° | 4.3x10° | 3x10° | 8.6x10° 5.9x10° | 6x10° 8x10* | 3.4x10° 5x10% | 5.7x107 | 2.7x107 | 2.6x10°
(12) (>11) (12) (12) (12) (12) (11) (11) (12) (10) (12) (>11) (12)
i4-Methoxy- 5.2x10* 4.2x10° | 9x10° | 1.4x10° 8.2x10° | 1.1x10° 1.3x10* 7.4x10°
phenoxide (12) (12) (11) (12) (11) (12) (12) (12)
4-Methyl- 4.8x10* 4x10° 3x10’ NR 5.5<10® 3.7x10* 1x10° | 2.6x10°
phenoxide (12) (11) (12) (12) (12) (12) (12) (12)
Hydroquinone 1.5x10° | 4.5x10° | 2x10%® | 1.1x10° 1.2x10° 2x107 1.5x10° | 7x107 9x10° | 2.7x10®
(3) (12) (11) (12) (11) {9.5) (1-9) (M (>12) (M
IAniline 5.4x10° | 9x107 4x10° <10° <10° 3x10° 1x10® 2.1x10° | 4.4x10° | 4.5x10°
(7 (>6) (6-12) (11) (13) (13) (10) (6-11) (10) 7)
Ascorbate 1.1x10° | 6x107 3x10° | 7.3x10% | 2x107 9%x10° 8x107 5x10°% 6x10° | ~1x10° | 3.1x10°
(11) 5 1] (11) ] (5-10) ] ] (2 (7 (10)
Tyrosine 2x10° 3.5x10° 3x10° 3.2x10% | 2.7x10® | 5x10° <10°
(11) (12) (7) (11) (2) (13) {7)
Tryptophan | 4.4x10° | 7x10° 4x10° 8x10' | 2.3x10° 4.6x10°% | 2.6x10° | 7x10® |~1.4x107
(12) (3-7) (6-12) (3 {7 (11) (2) (7-10) (12)
Histidine 8x10° | 2.1x10° | 2x10’ 2.5x10° <10° 1.4x107 | 1.9x10’ <10°®
(11) (>7) (11) Y] (7-13) (2) {9) (7
Methionine 3x107 4x10° <10°® 1.1x10° 3x10® 4x10° 2x10° <107
() (3-7) () (7 (>9) (1) (11) (11)
Cysteine 3x10® 4x10* 3x10° 3x10° ~9x10° | 8.5x10° |~1.6x10"|~1.1x10°| ~1x10*
(11) (3) (11) (9) (12) (2) (11) (11) (3)

NOLLN10S SNOINDV NI $TvIIavH JINVOHONI 40 SNOILOVIYH HO4 SINVLSNOD 31vH
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TABLE 2. Comparison of the. reactivities, k (L mol™" s™'),
of reducing radicals with inorganic and organic compounds
at the pH specified in parenthesis

CO,~ SO, PO, (0 M
0, 3 x 10° 2 x 10° [1.1 x 10°
(@ ] (9)
Fe(CN)y*~ 7 x 10° 2 x 10* 2.7 x 10°
(6,11) (m (9)
MnTMpyP®*+ |5 x 10° 2 x 107 4 x 107
) ) (®)
Nitro Blue 6.4 x 10° |1.4 x 10" 5.9 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°
™ U]
Duroquinone 1.4 x 10° 1 x 107
(1) )
Benzyl viologen |~1 x 10' |9 x 107
(7) (8)
Methyl viologen|~1 x 10'° |9 x 10° (1 x 10%)
@) (7-9)
Lipoate ion 5.6 x 10° 4 x 10°
(6-9) (12)
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RATE CONSTANTS FOR REACTIONS OF INORGANIC RADICALS IN AQUEOUS SOLUTION

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

1041

No. Reaction

k(L mol~!s™)

pH I

Method Comment

1 Carbon dloxide radical anion

«C0,~ + +CO,™ =~

2 Silver(I) lon
«CO,~ + Agt = AgCO,

8 Bicarbonate lon

CO,™ + HCO,™ = €O, +
HCO,~

4 Carbonate radical lon

«CO,~ + CO4~

- CO, +
CO,%~

5 Cadmium(Il) ion
«CO,~ + Cd** - cat + co,

8 Cobalt(II) ion
*CO,~ + Co®t - CO, + Co™

6.5 x

5.0 X

5.0 X

3.8 x

45 x

75 X

102

10%

10®

108

10°

108

5 x 10°%

2 x 10°

5 x 107

~1 X

5.1 X

10° < k < 10°

10°

10°

7.0 0.16

2.7-13 =0

2.8-7

nat

nat

nat

p.r.

p.r.

p.r.

y-r.

p.r.

D.k. at 235 nm, € = 3000 L mol™"'
em™ ', in 0.1 mol L™! formate soln.

D.k. at 280 nm in N,0-satd. soln.
contg. 2 X 107% mol L™}
phosphate-0.16 mol L™! formate
buffer; e = 1200 L mol~! em ™.

D.k. at 285 nm using € = 1000 L
mol™! em™!

D.k. at 250 nm in N,0O-satd. 0.1 mol
L™! formate soln.; € = 2050 L
mol™! em™' (1100 at pH 0); k cor.
to I = 0; pK, (*CO,H) = 1.4; at pH
0k=28% x 108

D.k. in CO-satd. soln. at 260 nm (e
= 2200 L mol™' ¢cm™') as well as
condy. change; same result in N,O-
catd. formate soln.

D.k. at 2565 nm in N,O-satd. soln.
contg. formate, as well as in CO,-
satd. soln. contg. formate; €,,,, ==
3000 L mol™! cm™! at 235 nm; at
pH 13 k = 8.5 x 10%

D.k. at 250 nm in CO,satd. soln.
contg. 1072 mol L™ ! formate; € =
2250 L mol™' ecm™'.

Ag™t was reduced in 1072 mol L™!
formate soln. contg. CO, by a
complex mechanism.

Computer fitting using initial yields
of oxalate and formate, as well as
transient absorbance, in O,-free
soln. contg. 0.5-1 mol L™}
ammonium bicarbonate; complex
mechanism

Computer fitting using initial yields
of oxalate and formate, as well as
transient absorbance, in O,-free
soln. contg. 0.5-1 mol L™"
ammonium bicarbonate; complex
mechanism

Est. from increase in Cd* in 0.1 mol
L~!' Cd** soln. contg. 0.1 mol L™
HCO,~, CO,-satd.

No details given.

Est. from lack of increase in Cot in
0.1 mol L™' Co®* soln. upon addn.
of 0.1 mol L™ formate, as well as
y-r. expts. [730039].

7 5,7,7,12,14,14-Hexamethyl-1,4,8,11-tetraazacyclotetradeca-4,11-dienecobalt(Il) lon

«CO,~ + Co(4,11-dieneN )%t —

<1 x 107

6.5

p.r.

No reaction obs. in soln. contg. 0.1
mol L™! formate.

86A327

86A394

84A153

730085

700303

690446

650384

78A410

86A502

86A502

751027

751153

751027

761001

J. Phys. Chem. 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. Reaction k(L mol™'s™!) pH I Method Comment Ref.
8 §,7,7,12,14,14-Hexamethyl-1,4,8,11-tetraasacyclotetrad 4,14-d} balt(II) lon
«CO,~ + Co(4,14-dieneN,)?>t - <1 x 107 8.5 p.r. No reaction in 0.1 mol L,~! formate. 761001
9 2,8,9,10-Tetramethyl-1,4,8,11-tetr yelotetrad 1,3,8,10-tetraenecobalt(Il) lon
*CO,~ + Co(tetraeneN )%+ — 47 x 10° 6.5 0.1  pr. P.b.k. in 0.1 mol L™ formate. 761001
CO, + Co(tetraeneN )+
10 2,2'-Bipyridinecobalt(Il) ton
*CO,~ + Co(bpy)?* - 6.0 x 10° 02 pr. P.b.k.; total k for radical 85A034
Co(bpy)CO{" consumption.
11 4,4-Dimethyl-2,2'-bipyridinecobalt(II) ion
*CO,~ + Co(dmb)?t — 1.1 x 107 0.5 p.r. P.b.k.; total & for radical 85A034
Co(dmb)CO,t consumption.
12 Bis(2,2'-bipyridine)cobalt(II) ion
«CO,~ + Co(bpy),?t = 1.6 x 107 0.2 p.r. P.b.k.; total k for radical 865A034
Co(bpy)2002+ consumption; 70% addn., also
electron transfer.
13 Bis(4,4’-dimethy}-2,2'-bispyridine)cobalt(Il) ion
€0, 4+ Co(dmb),2t = 1.1 x 107 05 pr. P.b.k; total k for radical 8BA034
Co(dmb),CO,* consumption.
14 Tris(2,2’-bipyridine)cobalt(II) ion
*CO,~ + Co(bpy);%* - CO, + 3.5 x 107 0.2 p.r. P.b.k.; total k for radical 865A034
Co(bpy)s™ consumption; also 10% addn.
16 Tris(4,4’-dimethyl-2,2'-bispyridine)cobalt(II) lon
*CO,~ + Co(dmb).?** - CO, + 1.7 x 107 05 pr. P.b.k.; total k for radical 85A034
Co(dmb),* consumption; also 40% addn.
16 §5,10,15,20-Tetrakls(4-sulfonatophenyl)porphinatocobaltate(Il) ion
*CO,~ + CoTPPS*™ = CO, + 1.7 x 10° 8 pr. D.k. in N,O-satd. soln. contg. 83A088
CoTPPS5~ 2.6 x 10% 13 formate.
17 8,10,17,24-Tetrasulfophthalocyaninecobalt(Il) ion
«CO,~ + Coltspc)*™ = CO, + 1.5 x 10° 31 01 pr P.b.k. at 460 nm in N,O-satd. soln. 83A238
Coftspe)®~ contg. (1-5) X 1075 mol L™!
Co(pts)*™ and 0.1 mol L™! Na
formate (substrate present as dimer).
2.7 x 10° p.r. P.b.k. at 460 nm in N,O-satd. soln. 82A433
contg. formate (substrate present as
dimer).
18 Nitrilotriacetatocobaltate(Il) ion
*CO,™ + CoNTA™ — 7.3 x 107 7 0.2 p.r. P.b.k. at 270 nm in N,O-satd. soln. 79A255
[NTACo(CO,))*~ contg. 0.2 mol L' formate.
18 Cobal(IT)amin
*COy~ + Bl2r — CO, + Bl2s 8.2 x 10% 9.2 0.1 p.r. D.k. at 311 and 478 nm as well as 741105
p.b.k. at 386 and 280 nm in N,O-
satd. soln. contg. 0.1 mot L'
formate.
20 Hexaamminecobalt(I) ion
*CO,~ + Co(NHy)g*t — CO, + 1.1 x 108 6.9 pr. C.k. in N,O-satd. soln. contg. 0.1 731075
Co(NHg)e2t mol L™! formate; rel. to K*CO,~ +
’ PNBPA).
4.0 x 107 4.8 p.r. D.k. in N;O-satd. soln. contg. 0.01 72A018

mol L™! formate.

J. Phys. Chem. 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

Reaction k(L moi™'s™!) pH I Method Comment

1043

Ref

21

22

23

24

26

27

30

31

a2

as

Pentaammine(aqua)cobalt(Ill) lon

*CO,~ + Co(NHy)sH,0%F = 1.7 x 10° 5.2 p.T. C.k. in NyO-satd. soln. contg. 0.1 731075
CO, + Co(NH;,)r,HzO'“' mol L ' formate; rel. to K:CO,™ +
PNBPA).
Pentaammine(hydroxy)cobalt(XIl) ion
«CO,~ + Co(NH,),OH*t — <3 x 107 7.8 p.r. C.k. in N,0-satd. soln. contg. 0.1 731075
mol L™ formate;; rel. to (+CO,™ +
PNBPA).
Pentaammine(pyridine)cobalt(XIl) ion
*CO,~ + Co(NHg)spy®t ~ CO, 3.3 x 108 6.9 p.r. C.k. in N,O-satd. soln. contg. 0.1 731075
+ Co(NHy);py?t mol L™' formate; rel. to K-CO,™ +
PNRPA)
Tris(2,2-bipyridine)cobalt(Il) ton
«CO,~ + Co(bpy)s®t - CO, + 7.8 x 10° 6.9 01 pr P.b.k. at 330 nm in N,O-satd. soln. 79A034
Co(bpy),,2+ contg. 0.1 mol L™! formate.
7.6 x 10° 8.9 p.r. C.k. in NyO-satd. soln. contg. 0.1 731075
mol L™! formate; rel. to K-CO,™ +
PNBPA).
6,7,7,12,14,14-Hexamethyl-1,4,8,11-tetraazacyclotetradeca-4,11-dlenecobalt(Ill) fon
«CO,~ + Co(4,11-dieneN,)*t - 8.1 x 10° 2.5 p.r. P.b.k. 761203
CO, + Co(4,11-dieneN )%+
2,8,9,10-Tetramethyl-1,4,8,11-tetraazacyclotetradeca-1,8,8,10-tetraenecobalt(Il) fon
«CO,~ + Co(tetraeneN,)** — 6.4 x 10" 2.5 pr. P.b.k. 761203
CO, + Co(tetraeneN,)?
Dichloro(5,7,7,12,14,14-hexamethyl-1,4,8,11-tetraasacyclotetradeca-4,11-dlene)cobalt(Ill) ion
*CO,~ + Co(4,11-dieneN,)Cl,* 1.1 x 10° 2.5 p.r. P.b.k. 761203
- CO, + Co(4,11-dieneN ()Cl,
Pentaammine(chloro)cobalt(II) lon
«CO,™ + Co(NH,);Cl*t -+ cO, 1.5 x 10° 6.9 pr. C.k. in N,O-satd. soln. contg. 0.1 731075
+ Co(NH,4)sC1* mol L™! formate; rel. to K-CO,~ +
PNBPA).
Pentaammine(nitrito- N)cobalt(Ill) lon
«CO,~ + Co(NHg);NO,2t — <2 x 107 6.9 p.r. C.k. in N,O-satd. soln. contg. 0.1 731075
mol L™ formate; rel. to K+CO,™ +
PNBPA).
Pentaammine(nitrato- O)cobalt(I) ion
*CO,~ + Co(NH,);NO,** — 2.1 x 10* 6.9 p.r. C.k. in N,O-satd. soln. contg. 0.1 731075
CO, + Co(NH,);NO,* mol L™/ formate; rel. to H+CO,™ +
PNBPA). :
(Acetato)pentaamminecobalt(II) jon
*CO,™ + Co(NH;);0,CCH,;*T - 1.1 x 10° 6.9 p.r C.k. in NyO-satd. soln. contg. 0.1 731075
CO, + Co(NH,);0,CCH,* ‘ mol L™! formate; rel. to K+CO,~ +
PNBPA).
Pentaammine(phenylacctato)cobalt(II) fon
«CO,™ + 7.0 x 107 6.9 p.r. C.k. in N,O-gatd. soln. contg. 0.1 731075
Co(NH,);0,CCH,CaH 2t — CO, mol L=" formate; rel. to K-CO,™ +
+ Co(NH3);0,CCH,CeHp * PNBPA).
Pentaammine(benzoato)cobalt(Ill) fon
«CO,™ + Co(NH,);0,CCeH2T 4.5 x 107 6.9 p.r. C.k. in N,O-satd. soln. contg. 0.1 731075

= CO, + Co(NHy)50,CCH

mol L™ formate; rel. to k-CO,~ +
PNBPA).

J. Phys. Chem. Ref. Data, Vol. 17, No. 3, 1988
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TABLE 3. Rate constants for reactions of the carbon dioxide radi

in aq solution—Continued

No. Reaction k(L mol~!s™') pH I Method Comment Ref.
834 Pentaammine(4-cyanobensoato)cobalt(III) lon
*CO,~ + 4.6 x 107 6.9 p.r. C.k. in N,O-satd. soln. contg. 0.1 731075
Co(NH,4);0,CCeH,CN2¥ = CO, mol L~ formate; rel. to K:CO,” +
+ Co(NH,3);0,CCH,CN* PNBPA).
86 Pentaammine(2-nitrobensoato)cobalt(II) ion
«CO,™ + 2.0 x 10° 7 0.1 p.r. P.b.k. in N,O-satd. soln. contg. 0.1 86A340
0,NC¢H,CO,Co(NH;);2t - CO, mol L™! formate and 2-10 X 10~% 771027
+ OyNCgH,CO,Co(NH,);+ mol L™ complex.
86 Pentaammine(8-nitrobensoato)cobalt(IH) fon
*CO,™ + 1.5 x 10° 7 0.1 p.r. P.b.k. in N,O-satd. soln. contg. 0.1 86A340
0,NC4H,C0,Co(NH,);2t -~ CO, mol L™! formate and 2-10 x 10~% 771027
+ OyNCgH,CO,Co(NHy)s+ mol L™ complex.
37 Pentaammine(4-nitrobenzoato)cobalt(INl) fon (PNBPA)
*CO,~ + 1.9 x 10° 7 0.1 p.r. P.b.k. in N,O-satd. soln. contg. 0.1 88A340
O,NOGH ,C0,C0(NI,)s2% — CO, mol L™! formate and 2-10 x 10~58 771027
+ OzNCOH‘,COzCo(NHa)S”' mol L™ complex. 720340
38 Pentaammine(3,4-dinitrobensoato)cobalt(IIl) ion
CO,” + 7.6 x 107 7.0 p.r. P.b.k. in N,O-satd. soln. contg. 771027
Co(NH,;)50,CCeH;3(NO,), 2t - formate and 1-3 X 10~* mol L™’
Co, + complex.
Co(NH,)50,CCeHy(NO,), *
89 Pentaammine(3,6-dinitrobensoato)cobalt(IIT) ion
*CO,~ + 8.1 x 10° 7.0 p.r. P.b.k. in N,O-satd. soln. contg. 771027
Co(NH,)50,CCoH,(NO,), %t formate and 1-3 X 10™* mol L™*
CO, + complex.
Co(NH;);0,CCeHy(NO,),*
40 Pentaammine(3-nitrophenylacetato)cobalt(III) fon
«CO,~ + 1.3 x 10" 7 0.1 p.r. P.b.k. in NyO-satd. soln. contg. 0.1  88A340
0,NC4H,CH,CO,Co(NH;);%t — mol L' formate and 2-10 x 10~°
CO, + mol L™} complex.
0,NC4H,CH,CO,Co(NH,);+
41 Pentaammine(8-nitrophenylacetato)cobalt(III) lon
*CO,~ + 1.5 x 10° 7 0.1 p.r. P.b.k. in NyO-satd. soln. contg. 0.1  86A340
O,NC¢H,CH,C0,Co(NH;) 2+ - mol L™' formate and 2-10 x 10~5
CO, + mol L™ ! complex.
Q,NCHCH,CO,C0(NHy), !
42 Pentsammine(4-nitrophenylacetato)cobalt(lll) ion
«C0,~ + 1.4 x 10" 7 0.1 pr. P.b.k. in N,O-satd. soln. contg. 0.1  86A340
OyNCgH,CH,CO,Co(NHy)s° Y — mol L ' formate and 2-10 X 10 °
CO, + mol L™! complex.
0,NCzH,CH,CO,Co(NH,),*
1.2 x 10° 6.9 p.r. C.k. in N,O-satd. soln. contg. 0.1 731075
mol L™* formate; rel. to -CO,~ +
PNBPA).
43 Pentaammine(2,4-dinitrophenylacetato)cobalt(IIl) lon
*CO,;™ + 3.9 x 10° 7 0.1 pr. P.b.k. in N,O-satd. soln. contg. 0.1  86A340
(02N),CgH;CH,CO,Co(NH,)s2t mol L™ formate and 2-10 x 10~"
- CO, + mol L™! complex.
{O2N),CeH3CH,CO,Co(NH,);+
44 Pentaammine(2-nitrocinnamato)cobalt(Il) ion
*CO,™ + 1.9 x 10° 7 0.1 p.r. P.b.k. in NyO-satd. soln. contg. 0.1  86A340
0,NC¢H,CH=CHCO,Co(NH;)s2* mol L™! formate and 2-10 x 10~5
- CO, + mol L™ complex.

0,NCgH,CH=CHCO,Co(NH,);*
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TaABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution--Continuead

Reaction k(L mol™'s™") pH I Method Comment

456

46

47

48

49

50

51

52

53

54

56

56

Pentaammine(3-nitrocinnamato)cobalt(Ill) ion

«C0O,~ + 1.2 x 10° 7 0.1 p.r.

0,NC4H,CH=CHCO,Co(NH,),2+
- CO, +
0,NCH,CH=CHCO,Co(NH,);*

Pentaammine(4-nitrocinnamato)cobalt{II) lon

«CO,™ + 1.4 x 10° 7 01 pur.

0,NCH,CH==CHCO,Co(NH);**

- COo, +

0,NC4H,CH=CHCO,Co(NH,);*+
Pentaammine{pyridinecarboxylato- 0)cobalt(IIT) ion

«00,~ + Co(NH,),0,CC,H N2t 51 x 107 8.9 pr
- CO, + Co(NH3);0,CC,H N+

Bis(ethylenediamine)pyrazinecarboxylatocobalt(XII) fon

*CO,™ + Co(en),0,CC,HN*t 3 x 10° 5.5 01  pr.

- CO, + Co(en),0,CC,H,N,*

Hexaammine-p-(acetato)bis(p-hydroxy)dicobalt(11l)] lon

*CO,™ + 5.8 x 107 p.r.

0H3002[C°(NH3)3]2(0H)23+ -
co, +
CH,CO.[Co(NHy),]o(0H)o*

Hexaammine-p.-(fluoroacetato)bis(pu-hydroxy)dicobalt(III)] ion

*CO,™ + 1.1 x 10° pr.

CH,FCO,[Co(NHy)s],(OH),** -
co, +
CH,FCO,[Co(NHy)s},(OH),**

Hexaammine-p-(difluoroacetato)bis(p-hydroxy)dicobalt(III)] ion

«CO,~ + 2.4 x 108 p.r.

CHF;CO,[Co(NHy);],(OH),*+ -
Cco, +
CHF ,C0,[Co(NH,)3],(OH),**

Hexaammine-p-(trifluoroacetato)bis(p-hydroxy)dicobalt(III)] ion

*CO,™ + 3.5 x 10® p.r.

CF 4CO0,[Co(NH;)5],(OH)* T —
0, +
CF3002[C°(NH::)3]2(0H)22+

Octaammine-p-amido-p-superoxidodicobalt(HI) ion

«CO,™ + og[t:'o(NH;,)4]2»&11"‘r - 5.4 x 10° ~5 01 pr.

CO; + 0,{Co(NH,),J,NH,?

Tetrakis(ethylenediamine)-p-amido-p-superoxidodicobalt(Il) ion

«CO,~ + 02[Co(en)2]2NH34+ - 57 x 10" ~5 0.1  pr.

CO, + O,[Cofen),]oNH,*

Decakis(cyano)-p-superoxidodicobaltate(III) ion

«CO,™ + Oz[Cost_‘;N)s]zs" - €0, 1.7 x 107 ~5 01 pur.

+ 03[Co(CN)g,

Cyanocob(III)alamin

«CO,” + B12 -~ <1 x 107 p.r.

P.b.k. in N,0-satd. soln. contg. 0.1
mol L' formate and 2-10 x 10~ "
mol L™ complex.

P.b.k. in N;O-satd. soln. contg. 0.1
mol L™! formate and 2-10 x 10~%
mol L™} complex.

Ck in N_O.ratd soln. contg. 0.1
mol L™ formate; rel. to K+CO,™ +
PNBPA).

P.b.k. in N,O-satd. soln. contg. 0.1
mol L~' Na formate and (0.5-5) x
107" mol L™! complex.

D.k. in N,O-satd. soln. contg. 0.1
mol L™ formate.

D.k. in N,0-satd. soln. contg. 0.1
mol L~! formate.

D.k. in N,O-satd. soln. contg. 0.1
mol L™! formate.

D.k. in N,0O-satd. soln. contg. 0.1
mol L™! formate.

D.k. in N,O-satd. soln. contg. 0.1
mol L™! formate.

D.k. in NyO-satd. soln. contg. 0.1
mol L' formate.

D.k. in N,O-satd. soln. contg. 0.1
mol L™ formate.

No change in o.d. in NoO or CO,-
satd. soln. contg. 0.1 mol L™’
formate, or CO,-8atd. soln. contg.
0.1 mol L™! ter-BuOH.

1044

Ref

RAA34D

86A340

731078

82A146

83A140

83A140

83A140

83A140

81A009

81A009

81A009

741105
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TABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution—Continued

No. Reaction k(L mol~'s™!) pH 1 Method Comment Ref.
57 Hydroxocob(Ill)alamin CT
+CO,™ + Bl12a -+ CO, + Bl2r 1.5 x 10" 9.2 p.r D.k. at 350 nm as well as p.b.k. at 741106
310 nm in COg-satd. soln. contg.
tert-BuOH.
58 Chromium(II)
«CO,~ + Cr{ll) - cr'''co,~ 1.1 x 10° 14 p.r. D.k. in soln. contg. 1 mol L™ 731057
formic acid; product spectrum
similar to products containing C-Cr
bonds [7411486).
59 Chromium(IO) lon
«CO,~ + Cr(Il) — 1.4 p.r. No reaction obs. in soln. contg. 1 731057
mol L™! formic acid.
60 Copper(Il) lon
«CO,~ + Cu®t = CO, + Cut 1.6 x 10° 6.8 01 pr. D.k. at 260 nm in N,O-satd. formate 78A176
(0.1 mol L™") soln.
61 1,4,8,11-Tetraazacyclotetrad pper(II) lon
+CO,~ + Cufcyelam)®t -+ CO, + 3 x 10° p.r. P.b.k. in NyO-satd. soln. contg. 0.1  82A320
Cu(cyclam)* mol L™"' Na formate and (2-30) X
10~° mol L' CuL(CIO,),.
62 §5,7,7,12,14,14-Hexamethyl-1,4,8,11-tetraazacyclotetradecanecopper(Il) lon
*CO,~ + Cu(aneN,)** - CO, + 2.5 x 10° p.r. P.b.k. in NyO-satd. soln. contg. 0.1  82A320
Cu(aneN )t mol L~! Na formate and (2-30) X
1075 mol L™' CuL(ClO,),.
63 6,7,7,12,14,14-Hexamethyl-1,4,8,11-tetr yclotetrad 4,11-dienecopper(Il) fon
*CO,~ + Cu(4,11-dieneN )%t — 2.3 x 10° 7 p.r. P.b.k. at 410 nm. 761039
CO; + Cu(4,11-dieneN,)*
04 2,2,4,11,13-Hexamethyl-1,6,10,14-tetra yclooctad 4,13-d} pper(l]) lon
*CO,~ + Cu(4,13-dieneN )%t - 5.0 x 107 p.r. P.b.k. in NyO-satd. soln. contg. 0.1  82A320
CO, + Cu(4,13-dieneN,)* mol L~! Na formate and (2-30) x
10~% mol L™! CuL(Cl10,),.
85 Glyeylglyeylglycinatocopper(Il) complex
*CO,~ + Cu(Glyz)™ = CO, + 2.8 x 10® 9.1 p.r. D.k. at 550 nm (Cu") in N,O-satd. 761016
Cu(Glyg)?~ formate (102 mol L™') soln. contg.
Cu(ll) and gly, in 1:5, 1:3 and 1:2
ratio.
68 Copper(H) tetraglyeine
*CO,~ + Cu(Gly,)>~ - CO, + 6.5 x 10° 7310 10 pr P.b.k. in soln. contg. 1 mol L~! 80A304
Cu(Gly,)*~ formate ion.
87 Histidinecopper(Il) complex
«CO,~ + Cu(His), = CO, + 4.1 x 10° 11 p.r. D.k. at 600 nm (Cu!") in N,O-satd. 771138
Cu(His)y™ soln. contg. formate.
88 Glyeylhistidinecopper(II) complex
*CO,~ + Cu(GlyHis) - CO, + 4.5 x 10% 6.6 pr. D.k. at 565 nm (Cu") in N,O-satd. 771138
Cu(GlyHis)™ 1.6 x 107 1 soln. contg. formate.
89 PB-Alanylhistidinecopper(ll) complex
«CO,~ + Cu(B-AlaHis) - CO, + 3.5 x 10° 7.5-11 pr. D.k. at 600 nm (Cu'") in N,O-satd. 771138
Cu(B-AlaHis) ™~ soln. contg. formate.
70 Glutathionecopper(Il), oxidized
«CO,~ + Cu''(G58G), = CO, + 1.0 x 10° 11 p.r. D.k. at 595 nm (Cu'') in NyO-satd. 761016

Cu'(GSsq),
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TABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution—Continued
No. Reaction k(L mol™'s™!) pH I Method Coniment Ref.
71 Bleomycin-copper(II) complex
«CO,~ + BLM-Cu(ll) = CO, + 6.7 x 10° 7 p.r. P.b.k. at 365 nm in N,O-satd. soln. 87A184
BLM-Cu(]) contg. 2 X 1072 mol L ™' formate
and 2 X 10™* mol L™! bleomycin-
copper complex; intermediate
suggested to be BLM-CuCO,*.
72 8,10,17,24-Tetrasulfophthalocyaninecopper(ll) fon
«CO,~ + Cu(tspe)!~ = CO, + 1.9 x 10% p.r. P.b.k. at 560 nm in N,O-satd. soln. 82A433
Cuf(tspe)®~ contg. formate, substrate present as
dimer.
78 Europlum(IO) tfon
-CO,” + Eu(lll) - CO, + Bu(ll) >7 x 10° 14 pr. Estd. from p.b.k. at 260 nm (Ru!l) 731057
74 Iron(II) protoporphyrin
«CO,” + PFe!! - CO, + PFe' 8 x 107 10 0.1 p.r. Pseudo-first-order reaction obs. in 865A006
NyO-satd. soln. contg. (2-10) x
107" mol L' substrate and 0.1 mol
L™ formate ion.
76 Ferricyanide lon
«CO,™ + Fe(CN)¢*~ = CO, + 7.0 x 10° 60,11 01  pur. D.k. at 420 nm in N,O-satd. soln. 83A091
Fe(CN)g*~ contg. 0.1 mol L™' Na formate.
1.1 x 10° 7 0.3 p.r. D.k. at 410 nm in soln. contg. 0.3 690522
mol L™ formate ion; ionic strength
effects reported.
76 Pentacyano(nitrosyl)ferrate(II) lon
*CO,~ + Fg(CN);NO®*~ - CO, 4.0 x 10° 7 01 pr. P.b.k. in NyO-satd. 0.1 mol L' 771120
+ Fe(CN)gNO*~ formate soln.
3.7 x 108 7 002 pur. P.b.k. at 450 nm in N,O-satd. 2 x 690052
1072 mol L™ formate soln.
77 Ethylenediaminetetraacetatoferrate(IIl) ion
*CO,~ + FeEDTA™ = CO, + 5 x 107 3.8-10 pr. D.k. at 300 and 325 nm in O,-satd. 771088
FeEDTAZ%™ soln. contg. formate ion.
77a Ethylenediaminebis[2-(2-hydroxyphenyl)acetato]iron(II) lon
“CO,” + FeEHPG* - CO, + 7.3 x 10° 7.0 p.r. D.k. at 475 nm in N,O-satd. soln.  87A281
FeEHPG contg. formate ion.
78 5,10,15,20-Tetrakis[4-(N,N,N-trimethylammonio)pheny]lporphinatoiron(Il) ion
*C0,” + FeTAPPS* - CO, + 3.7 x 10° 11 p.r. P.b.k. in N;O-satd. soln. contg. 84A426
FeTAPP'* formate ion.
79 §,10,15,20-Tetrakis-4-(N-methylpyridyl)porphinatoiron(III) fon
*CO,~ + FeTMpyP®t = CO, + 4.0 x 10° 11 pr. P.b.k. in N,O-satd. soln. contg. 84A426
FeTMpyP** formate ion. )
1.3 = 1010 8 p.r. D.k. in NyO-satd. soln. contg. 5 % 86A118
1072 mol L™ formate ion.
7.5 x 10° 5.6-8.3 0.1 p.r. D.k. at 420 as well as p.b.k. at 445 82A119
and 560 nm in N,O-satd. soln.
contg. 0.1 mol L™' HCO, ™.
7.1 x 10" 7.8 0.05 pur. P.b.k. at 580 nm as well as d.k. at  81A207
350 nm in N,O-satd. soln. contg. b
x 1072 mol L™! formate.
80 §5,10,15,20-Tetrakis-4-(N-methylpyridyl)porphinatoiron(Ill) fon dicyano complex
*CO,~ + FeTMpyP(CN) 3+ 5 x 10" 10.1 0.1 pr. D.k. at 435 as well as p.b.k. at 470  82A119
CO, + FeTMpyP(CN),* nm in soln. contg. 2.0 x 10~ mol

L~' KCN and 1-5 x 1075 mol L™!
Fe'!! complex.
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TABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution—Continued

No. Reaction k(L mol™'s™!) pH I Method Comment Ref.
81 §5,10,16,20-Tetrakis-4-(N-methylpyridyl)porphinatoiron(Ill)-diimidasole complex
*CO,~ + FeTMpyP(Im 3-5+ - 6 x 10° 9.1 0.5 p.r. P.b.k. at 450 nm in N,O-satd. soln. 82A11¢
CO, + FeTMpyP(Im), contg. 0.6 mol L' formate and 2 X
1072 mol L™! imidazole.
82 §,10,15,20-Tetrakis-4-( N-methylpyridyl)porphinatoiron(Ill)-dihistidine complex
«CO,~ + FeTMpyP(His 35+ - 2 x 108 8.0 05 pur. P.b.k. 82A11¢
CO, + FeTMpyP(His),
88 a,a,a,B-Tetrakis(N-methylisonicotinamidophenyl)porphinatoiron(Il) ion
*CO,~ + FePFP®t = CO, + 5.9 x 10° 8-8 01 pur. D.k. at 420 nm (Fe'"") as well as 86A154
FePFP*t p.b.k. at 440 nm {Fe'!) in soln.
contg. (5-50) X 107 mol L~' Fe'!!
and 0.1 mol L™! formate.
84 «a,a,a,B-Tetrakis(N-methyllsonicotinamidophenyl)porphinatoiron(Ill) lon dicyano complex
«CO,™ + FePFP(CN),*t = €O, 3.9 x 10° 10.2 p.r. D.k. at 420 nm (Fe''") as well as 86A154
+ FePFP(CN),*+ p.b.k. at 440 nm (Fe'") in soln,
contg. (10-50) x 107°% mol L™! Fe'!!,
102 mol L™ carbonate, 5 x 10~*
mol L™! KCN and 0.1 mol L™*
formate.
86 u,u,u,B-Tetrakls(N—methyIlsonlcotlnamldophenyl)porphlnatolron(l]]) fon dilmidasole complex
«CO,™ + FePFP(l-MeImzir"" - 3.1 x 10° 6-8 01 pur. P.b.k. at 434 nm (Fe'') in N,O-satd. 86A154
CO, + FePFP(1-Melm), soln. contg. (5-50) x 107°% mol L™}
Fe'", 0.1 mol L™} formate and 3.4
x 1072 mol L™! ligand (pK, 1-
Melm = 7.0).
86 5,10,15,20-Tetrakis(4-sulfonatophenyl)porphinatoferrate(Ill) ion
*CO,” + FeTPPS®™ —» CO, + 1.8 x 10° 5 p.r. D.k. in N,O-satd. soln. contg. 6 X 86A118
FeTPPS*~ 1072 mol L™ formate ion.
1.5 x 10° 11 p.r. P.b.k. in N,O-satd. soln. contg. 84A426
formate ion.
87 §5,10,15,20-tetrakis(4-sulfonatophenyl)porphinatoferrate(Ill) p-oxo-dimer
«CO,” + ~2 x 10° 9 p.r. D.k. in N,O-satd. soln. contg. 5 X  86A118
(TPPS)Fe-O-Fe(TPPS)?~ — 1072 mol L™! formate ion.
(TPPS)Fe!'.O-Fe!(TPPS)*~
88 3,10,17,24-Tetrasulfophthalocyanineiron(I) lon
*CO,~ + Fe(tspc)®™ — CO, + 3.4 x 10° p.r P.b.k. at 500-520 nm in NyO-sald.  82A433
Fe(tspe)!™ soln. contg. formate, substrate
present as dimer.
80 Hemin e
«CO,™ + Hem-Fe''! » CO, + 1.3 x 10° 7.0 p.r. P.b.k. in NyO-satd. soln. contg. 0.02 75A241
Hem-Fe'! i mol L™! formate.
80a Ferrate(VI) lon
*CO,~ + Fe0,%” = CO, + 3.5 x 10* 9.5- p.r. D.k. at 510 nm in N,O-satd. soln. 87A381
Fe0,%~ 10.5 contg. 0.02 mol L' formate, 4 x
10~° mol L™!
diethylenetriaminepentaacetate ion;
same results at pH 12.3.
90 Mercury(Il) iodide
*CO,~ + Hgl, = CO, + Hg(l) 3.0 x 10° p.r. P.b.k. in N,O-satd. soln. contg. 78A165
formate ion.
91 Mercury(l) cyanide
*CO,~ + Hg(CN), = CO; + 3.4 x 10° p.r. P.b.k. at 285 nm in NyO-satd. soln. 751203

Hg(1)
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TaBLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution—Continued
No. Reaction E(L mol™'s™') pH I Method Comment Ref.
42 lodine .
*CO,~ + I, = 1,27 + CO, 7 x 10° pr. P.b.k. in N,O-satd. 1072 mol L~! 86A070
formate soln. contg. 1.5 »x 10" 1
mol L™' I, and 107" mol L™' I™.
93 Hypolodous acid
-CO,~ + HOI —» HOI™ + CO, 5.7 x 10% 9 p.r. Pb.k. (HOI” - OH™ + I = 1,7) in 86A9001
soln. contg. formate ion, I”, and
1072 mol L™"' borax buffer.
94 Iodate lon
«CO,~ + 10~ = CO, + HIO;~ 1.3 x 108 0.1 p.r. P.b.k. at 480 nm in N,O-satd. soln.  85A037
contg. 2 or 4 x 1073 mol L™! 10,~
and 0.1 mol L.~! farmate ion.
96 Indium(HI) ion
‘C0,~ + In*t = <1 x 10* 2 p.r. No reaction 83A206
96 Hexachloroiridate(IV) ton
«CO,™ + IrCly*~ = CO, + 1.7 x 10° 6-7 p.r. D.k. at 490 nm in N,O-satd. soln. 82A041
IrCl, %~ contg. formate.
87 Manganese(Il) fon
«CO,~ + Mn3t - <2 x 10° pr. No effect of Mn®t on d.k. of *CO,~ 761109
at 280 or 256 nm in N,0O-satd. soln.
contg. 1072 mol L' formate.
88 §5,10,15,20-Tetrakis-[4-(N,N,N-trimethylammonio)phenyljporphinatomanganese(III) ion
«CO,~ + MnTAPP5* - CO, + 4.2 x 10° 6.7-9.3 p.r. D.k. at 465 nm, as well as p.b.k. at 86A313
MnTAPP*+ 3.6 x 10° 11 440 nm in soln. contg. 10™2 mol
L~! formate ion; pK, = 8.2, 10.8.
99 §5,10,15,20-Tetrakis-4-( N-methylpyridyl)porphinatomanganese(Ill) lon
«CO,~ + MnTMpyP®t = €O, + 5.5 x 10° 6.7 pr. D.k. at 465 nm, as well as p.b.k. at 86A313
MnTMpyP*+ 5.0 x 10° 9.3 440 nm in soln. contg. 1072 mol
L™ formate ion; pK, = 8.0, 10.6.
3.5 x 10° 11 p.r. P.b.k. in N,O-satd. soln. contg. 84A426
formate jon.
100 a,a,a,B-Tetrakis(N-methylisonicotinamidophenyl)porphinatomanganese(III) ion
*CO,~ + MnPFP5t - CO, + 6.0 x 10° 7.0 pr. D.k. at 465 nm, as well as p.b.k. at  86A313
MnPFP*t 440 nm in soln. contg. 10~ 2 mol
L' formate ion.
101 5,10,15,20-Tetrakis(4-sulfonatophenyl)porphinatomanganate(IlI) ion
«CO,~ + MnTPPS*~ = CO, + 4.2 x 107 11 p.r. P.b.k. in N,O-satd. soln. contg. 84A426
MnTPPS*~ formate ion.
102 Nitrous oxide
«CO,” 4+ N,O + H,0 » CO, + 1.6 X 10® 4.4 0.1 y-r Caled. from G(CO,) vs. dose rate; 85G029
N, + *‘OH + OH™ rel. to 24(*CO,~ + +CO,~) = 1.3 X
10", N,O-satd. soln. contg. 0.1 mol
L~ formate ion; chain reaction.
103 Nickel(I) ion
«CO,~ + Nit - Nico, 6.6 x 10" 5.0 p.r D.k. at 300 nm (as well as p.b.k) 741037
in soln. contg. NiSO, and formate
ion.
104 Nickel(II) fon
«CO,™ + Ni*t = €O, + Nit 102 < k < 10° pr Est. from lack of increase in Nit in 751027

0.1 mol L' Ni** on addn. of 0.1
mol L™ formate ion, as well as y-r.
experiments [730039).
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TABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution—Continued

No. Reaction k(L mol™!'s™1) pH 1 Method Comment Ref.
106 ‘Tetracyanonickelate(ll) lon
«CO5™ 1 Ni(CN),2~ — €O, | 1.2 x 10° 0.1 p.T. P.b.k. at 240 nm in NgO-satd. scln. 74107
Ni(CN),3~ contg. 0.1 mol L' formate lon and
5, 10 and 48 X 10™% mol L™ Ni
complex.
108 1,4,7,10-Tetraasacyclotrideeanenickel(Il) lon
«CO,~ + NiL2* = €O, + NiLt 1.7 x 10° 5.5 0.1 p.r. P.b.k. in Ar-satd. soln. contg. 0.1 86A1L
mol L~! formate ion and 1-10 X
10~* mol L™! Ni complex.
107 1,4,8,11-Tetraasacyclotetradecanenickel{Il) lon
«C0,~ + Ni(cyclam)?t = €O, + 5.2 x 10° 6.0 01 pr. P.b.k. in Ar-satd. soln. contg. 0.1  85A0:
Ni(cyclam) ™ mol L™! Na formate and (1-10) x
10~* mol L=! complex.
108 1,4,8,11-Tetramethyl-1,4,8,11-tetraasacyclotetradecanenickel(Il) lon
*CO,~ + NiL?* - €0, + NiL* 1.5 x 10° 6.0 0.1 p.r. P.b.k. in Ar-satd. soln. contg. 0.1 85A0:
mol L™! Na formate and (1-10) x
10~ mol L™! complex.
109 5,7,7,12,14,14-Hexamethyl-1,4,8,11-tetraasacyclotetradecanenickel(ll) ion
«C0,™ + Ni{aneN)** - €0, + 5.7 x 10° 7.0 01 pur P.b.k. in Ar-satd. soln. contg. 0.1 76103
Ni(aneN,)* mol L™} formate; Ni(l) is also
formed by reaction of ¢,,”.
110 5,7,7,12,14,14-Hexamecthyl-1,4,8,11-tetraasacyclotetradeca-4,11-dlenenickel(Il) lon
*CO,~ + Ni(4,11-dieneN,)*+ - 6.7 x 10° 7.0 01 pr P.b.k. in Ar-satd. 0.1 mol L™} 76103
CO, + Ni(4,11-dieneN )t formate.
111 1,4,6,7,7,8,11,12,14,14-Decamcthyl-1,4,8,11-tetraasacyclotetrad tckel(D) lon
*CO,~ + NiL#* = 0O, + NiL* 4 x 10° 6.0 0.1 pr P.b.k. in Ar-satd. soln. contg. 0.1  85A0:
mol L™ Na formate and (1-10) ‘%
10~* mol L™! complex.
112 3,14-Dimethyl-4,7,10,13-tetraasahexadeca-3,18-diene-2,16-dione dioximatonickel(IV) lon
«CO,~ + NiL®** = €O, + NiL* 1.2 x 10'° 2.2-4.1 p.r. P.b.k. 85A3¢
112 Oxygen
*CO™ + 0, > CO, + Oy 2.0 x 10° 8.0 0.1 p.r. Oxygen-satd. 0.1 mol L™! formate 76107
soln.; product obs. at 260 nm.
4.2 x 10° 6.8 0.18 p.r. D.k. at 270 nm and 300 nm in 0.18 76113
mol L™ formate ion.
2.4 x 10° 7 0.3 p.r. C.k. in 0.3 mol L™! formate soln.; 69052
rel. to H+CO,~ + Fe(CN)y*~) = 1.1
x 10°. .
114 Hydrogen peroxide ]
«CO,~ + H,0, — 7.3 x 10° 6.8 y-r. Steady state; obs. G(H,0,) in N,O- 87G02
satd. soln. contg. formate ion
=7 x 10° 7 phot. Caled. from assumed chain 83700!
mechanism in CO-Hy,0,4 soln,; k =
2.2 X 10° assuming 2k(CO,~ +
«C0;7) = 10'°, recaled. in [745144]
assuming 2K{-CO;~ + *«CO,™ ) =3
x 10", '
115 Pentaammineosmium(II)-p-(isonicotinylprolyiprolylprolinato)-pentaamminecobalt(Ili) fon
«CO,™ + 4 x 10° 0.1 p.r. P.b.k. at 525 nm in soln. contg. 0.1  85A39
[(NH)50s"iso(Pro);Co  (NH )]+ mol L™ formate ion.
- CO, +

[(NH;);0s"iso(Pro);Co' " (NH )] 4+
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TABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution—Continued
No. Reaction k(L mol™!s™Y) pH I Method Comment Ref.
116 Lead(II) ions
+CO,~ + Pb%t - CO, + Pbt 2.6 x 10° 3.9 0.06 p.r. P.b.k. at 330 nm in soln. contg. 0.0F 82A425
mol L™ formate fon.
117 Tris(2,2’-bipyridine)rhodium(II) fon
-COy™ + Rh(bpy)s*t -~ 0Oy, + 6.2 x 10° 7 0.1 per. P.b.k. at 270 nm oo well as d.k. at  81A134
Rh(bpy),>+ 320 and 350 nm in N,0O-satd. soln.
contg. 0.1 mol L™! formate ion.
118 Tris(2,2'-bipyridine)ruthentum(Il) fon
«CO,~ + Ru(bpy)s®t = <1 x 10° 7 p.r. No reduction. 78A068
119 ‘Tris(2,2’-bipyrasine)ruthenium(II) lon
<CO,~ + Ru(bpr)®t =- CcO, + 1.3 x 100 2-11 0.1 p.r. P.b.k. at ~360 and 490 nm in N,O- 86A422
Ru(bpz),(bpze~)?* satd. soln. contg. 0.1 mol L™
formate.
120 Hexaammineruthenium(II) fon
«CO,~ + Ru(NHj)et = CO, + 2.0 x 10° 4.8 p.r D.k. in N,O-satd. 10”2 mol L' 72A018
Ru(NH,)42t formate soln.; e-transfer.
121 Pentaammine(nltroso)ruthentum(I) ion
«CO,~ + Ru(NHi)sNO:H' - CO, 3.1 x 10° 6.6 0.5 pr. P.b.k. at 280 nm in N,O-satd. soln. 751049
+ Ru(NH,);NO? contg. 0.5 mol L™! formate ion.
122 Pentaammine(isonicotinamide)ruthenium(II) fon
*CO,~ + Ru(NH,)gsn®t - CO, 1.0 x 10'° 49 0.1 p.r. P.b.k. at 480 nm in N,O-satd. soln. 80A317
+ Ru(NHj)gisn?* contg. formate.
128 Sulfur dloxide
*«CO,;~ + SO, = CO, + SO~ 7.6 x 10 3.1 p.r. Soln. contg. 1 mol L™"' formate; rel. 751118
to 2K(+*CO,~ + «CO,”) = 7.6 x 10%.
124 Tetrathionate ion
‘CO,~ + 8404 = CO, + 5.8 x 107 p.r P.b.k. at 370 nm in N,O-satd. soln. 731027
8,04%~ contg. 0.1 mol L™! formate, as well
as d.k. at 280 nm.
126 Scnndlum(m)
*CO,™ + Sc(lil) = 1.4 p.I. No reaction in soln. contg. 1 mol 731057
L~ formic acid and 1 x 10~2 mol
L~ Sc(lm).
126 Titanium(II) lons
«CO,~ + Ti*t + HY - 4 x 10° 0.5 p.r. Soln. contg. sulfuric and formic 79A341
Ti**COH acids; competition with radical
combination; complex formn.
deduced from transient spectra.
~5 x 10° 1.4 pr D.k. in 1 mol L™! formic acid soln.; 731057
pK,(CO,H) = 1.4.
127 Thallium(l) ion
«CO,~ + TIT - COo, + TI° 2.3 x 10° 13 p.r. P.b.k. at 420 nm in soln. contg. 1 80A123
mol L™ formate and 1.5 x 102
mol L~' T1F; reaction also obs. for
neutral and acid soln.
128 12-Tungstate fon(8-), dihydrogen
*CO,~ + HyW,0,40%~ = €Oy + 1.2 x 10° ~1 p.r. P.L.k. at 650 nm in NyO-satd. soln. 83A368
H,W,,0,0" " ~1 x 107 5-6 contg. ~0.5 mol L™! formate, HCIO,

at pH 1 and ~0.01 mol L~*
phosphate buffer at pH 5-6.
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TABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution—Continued

No. Reaction k(L mol™'s') pH I Method Comment Ref.
129 12-Tungstoferrate lon(6-)
«CO,~ + FeW,,0,,°" = CO, + 4.1 x 10° ~1 p.r. P.b.k. at 650 nm in N,O-satd. soln. 83A368
FeW ,,0,,"" 1.7 x 10® 5-8 contg. ~0.5 mol L "' formate, HCIO,
at pH 1 and ~0.01 mol L™!
phosphate buffer at pH 5-8.
130 12-Tungstophosphate ion(8-)
*CO,~ + PW,,0,,° = CO, + 3.0 x 10° ~1 p.r P.b.k. at 850 nm in N,O-satd. soln. 83A368
Pwlzomb- contg. ~0.5 mol L™' formate and
HClO,; heteropoly compound
) unstable at pH >1.2.
131 12-Tungstosilicate ion(4-)
*COy~ + 5iW,30,,"" - CO, + 6.4 x 10° ~1 pr P.bk. at 650 nm in N,O-satd. soln. 83A368
SiW,,0,0°~ 8.4 x 10% 5-6 contg. ~0.5 mol L™' formate, HCIO,
at pH 1 and ~0.01 mol L™}
phosphate buffer at pH 6-8.
182 Ytterbium(Ill)
*CO,™ + Yb(III) - 1.4 p.r. No reaction in soln. contg. 1 mol 731057
L~ formic acid and 10~° mol L™
Yb(III).
188 Zinc(I) lon
«CO,” + Zn* + HY - Zn2t + ~4 x 10° p.r. Est. from first-order decay at 310 771011
HCO,~ . nm (Zn*) in formate-ZnSO, soln.
134 Zinc(II) fon
*CO,~ + Zn%t = <2 x 10* p.r. No reaction in 0.5 mol L™' ZnSO,. 771011
<1 x 10% p.r. Est. from lack of increase in Znt in 751027
0.1 mol L™ Zn%* soln. upon addn.
of 0.1 mol L ™! formate ion, as well
as y-r. experiments [730039].
186 Acetophenone
CO,~ + CzH;COCH, —~ 1 x 107 12 p.I. P.b.k. at 440 nm. 680308
CoH;CO~CH, + CO, :
186 Acridine
*CO,~ + A+ HY - CO, + ‘AH  ~3 x 10° 7 p.r. P.b.k.; at pH 13 adduct is formed T9A30¢
(*CO,~ + A = <ACO,7).
187 Acriflavine (3,6-Diamino-10-methylacridinium)
*CO,™ + ACFIT = CO, + 3.7 x 108 p.r. D.k. (dye) in Ar-satd. 0.1 mol L™! 700241
|ACFI)+ formate; same product as concurrent
fast reaction with e, ™.
188 Acrylamide
*CO,” + HyC=CHCONH, ~ ~4 x 107 ~5 p.r. Electron transfer not obs. 700052
addn.
189 Adenosine b’-monophosphate
«CO,” + AMP -~ <1 x 10° 8.3 p.r. P.b.k. at 550 nm (A™) in N,O-satd. 880441
0.1 mol L' formate.
140 Adriamycin
«CO,~ + tHAdH, —» CO, + 3.5 x 10° 11 p.r. P.b.k. at 380, 475, and 720 nm in 85A36(
HAdH,* 3.4 x 10° 6.5 N,O-satd. soln. contg. formate and
«C0O,~ + AdH™ + H,0 = CO, + 1.8 x 10° 115 1-9 X 107% mol L™! adriamycin.

OH™ + AdH,~
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TAnBLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution—Continued
No. Reaction k(L mol™?'s™") pH I Method Comment Ref.
141 Alloxan
«CO,™ + Al = CO, + Al-™ 3.7 x 107 48 01  pur. P.b.k. at 310 nm in N,O-satd. soln.  80A197
contg. 0.1 mol L' formate; cor. for
decay of «CO,~.
142 9,10-Anthraquinone-2,8-disulfonate ion
«CO,™ + 2,6-diSO;AQ%™ = CO, 2.4 x 10° 7.0 p.r. P.b.k. in N,0-satd. soln. contg. 731104
+ [2,6-diSO;AQ]**~ formate.
148 9,10-Anthraquinone-1-sulfonate lon
«CO,™ + 1-S0,AQ™ ~ CO, + 3.3 x 10° 7 p.r. P.b.k.; at pH 3 k= 1.0 x 10", 720391
[1-80;AQ]-*~
144 9,10-Anthraquinone-2-gulfonate fon
CO,™ + 2-80,AQ™ ~ CO, + 1.6 x 10° 7 p.r. P.b.k. at 400 nm in N,O-satd. soln. 731104
[2-50,AQ)%" contg. formate.
3.1 x 10° 7 p.r. P.b.k. in soln. contg. formate; at pH 720391
3 k=28 x 10"
146 1,4-Benszoquinone
«CO," + Q= CO, + Q7 7 x 10° 6.9 0.1 p.r. P.b.k. at 430 nm in N,O-satd. soln. 730049
contg. 0.1 mol L.~ ' formate.
6.6 x 10° 7.0 pr. P.b.k. 2t 400 nm in NyO-satd. soln. 731104
contg. formate.
6.6 x 10° ~7 0.2 pr. P.b.k. in N,O-satd. soln. contg. 0.2 710619
mol L™ formate.
146 2,2'-Bipyridine
*CO,~ + bpyHt - CO, + bpyH: 5.0 x 10° 44 0.2 p.r. P.b.k. at 376 nm in N,O-satd. eoln. T9A148
*CO,~ + bpy = <10° 7 contg. 0.2 mol L™! formate.
147 1,1'-Bis(carboxyethyl)-4,4'-bipyridinium
«C0,~ + CQ%*t - €O, + CQ+ 2.0 x 10° 7.0 02 pr P.b.k. at 680 nm in N,O-satd. soln. 761169
contg. 0.2 mol L™! formate.
148 1,1'-Bls(4-cyanophenyl)-4,4'-bipyridinium
«CO,™ + CV** - CO, + CV-t 1.4 x 10'° 6.8 0.1  pur. P.b.k. in N,O-satd. soln. contg. 0.1  78A321
mol L™! formate.
149 1,1'-Bls(2-hydroxyethyl)-4,4'-bipyridinium
*CO,~ + BP?** = CO, + BP-* 1.9 x 10'° 6.8 0.1  pur. P.b.k. in N,O-satd. soln. contg. 0.1  78A321
mol L™ formate.
160 Bis(2-hydroxyethyl)trisulfide
*CO,~ + (HOCH,CH,),8; ~ 5 x 108 5.7 p.r. P.b.k. at 370 nm in N,O-satd. soln. 82A307
CO, + HOCH,CH,SS* + contg. formate.
HOCH,CH,S™
161 5-Bromouracil
*CO,~ + 5-BrU = CO, + >1 x 10% p.r. 690R2R
5-BrU-—
162 1,1'’-Butanediylbis(1’-methyl-4,4’-bipyridinium)
-CO,~ + BTQ' - CO, + 1.5 x 10'° 7.3 0.1 p.r. Obs. radical formation in N,O-satd. 86A268
BTQ-*t soln. contg. 0.1 mol L' formate ion
and 5-10 X 107" mol L™ viologen.
163 Camphor
*CO,~ + CoH,4O — <1 x 10° 13 p.r D.k. of *CO,™ at 260 nm. in N,O- 79A191

satd. soln. contg. formate was
unaflected by 107 mol L™*
camphor.
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TABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution—Continued

No. Reaction k(L mol™!'s"") pH I Method Comment Ref.

164 Carbon tetrachloride

«CO,~ + CCl, — p.r. Condy.; no reaction obs. 710778
166 2-Carboxy-1-methylpyridinium jon
*CO,~ + CH,N*C H,CO,~ ~ 7 x 108 per. N,O-satd. soln. contg. 0.1 mol L™!  82A14¢
CO,; + CH3NCzH,CO,™ Na formate.
168 1-Chloro-4-nitrobenzene
*CO,™ + CICgH,NO, - CO, + 3 x 10° p.r. 77TR16%
CIC4HNO,-~
167 Crystal Violet cation
«CO,~ 4+ CV*t = CO, + CV: 1.6 x 10° 7 p.r. D.k. at 520 nm as well as p.b.k. at 731078
--400 nm.

158 Cystamine

*CO,™ + RSSR —~ CO, + <3 x 107 9.6 p.r. P.b.k. at 410 nm in N O-satd. soln. 84A232
RSSR-™ contg. 0.1 mol L~! formate ion, up
to 3 X 1072 mol L™! cystamine and
4 x 10~ mol L™! cysteamine.
169 Daunomyein
*CO,~™ + D = CO, + D™ 2.0 x 10° 7 0.1 p.r. P.b.k. at 2600 nm in N,O-satd. 85A001
soln. contg. 0.1 mol L™ ! Na formate.
160 Diamide

*C0,~ + [=NCON(CH,),], -~ ~2.5 x 10° p.r. P.b.k. at 400 nm. 751194
CO, + [NCON(CHy),]»*~

161 1,1’'-Dibensyl-4,4’-bipyridintum

*CO,~ + BVt - cO, + BV-t 1.7 x 10" 6.8 0.1 p.r. P.b.k. in N,O-satd. soln. contg. 0.1  78A321
mol L™! fo;mate.
6.7 x 10° 7.0 0.2 p.r. P.b.k. at 880 nm in N,O-satd. soln. 761169

contg. 0.2 mol L™! formate.

162 2,8-Dichloroindophenol

*CO,~ + DCIP™ = CO, + 3.5 x 10° 7 p.r. D.k. at 600 nm in N,O-satd. soln. 731078
DCIP-2~ contg. formate, as well as p.b.k. at
~400 nm; 1009 e-transfer.

163 tirane-4,6-Dihydroxy-1,32-dithlane

*CO,™ + RSSR — CO, + 1.1 x 10%8 [] 0.1 p.r. P.b.k. in NyO-satd. soln. contg. 0.1 82A171
RSSR-™ mol L™! Na formate.

164 §5,8-Dihydroxy-1,4-naphthoquinone
«COy™ + NQ(OH), - CO, + 5.1 x 10° 5.8 0.1 p.r. P.b.k. in NoO-gatd. soln. contg. 0.1 83A03¢
*NQ(OH),,~ i mol L™! Na formate.
*CO,~ + NQ(OH)(0™) -~ 2.2 x 10° 9.2 0.1
«CO,~ + NQ(07)p = 1.4 x 10° 13.0 0.2

166 1,1'-Dimethyl-4,4’-bipyridinium

«CO,~ + MV?* = CO, + MV:*  ~1 x 10'° nat. -0  pr. P.b.k. at 600 nm in N,O-satd. soln.  86A32]
contg. 0.1-1.5 mol L™! formate ion
(k = 4 X 10° at the latter concn.).

1.6 x 10'° 0.1 p.r. P.b.k. in N,O-satd. soln. contg. 0.1 731074
mol L™! formate.

166 1,1'-Dimethyl-4,4'-bipyridinium radical ton (1+4)

*C0,~ + MVt > ~1 x 10° nat. 01  yr. Estd. from effect of dose on 86A3217
absorbance in N,0O-satd. soln contg.
0.1 mol L™ formate.

167 4,4’-Dimethyl-1,1'-ethylene-2,2'-bipyridinium
«CO,~ + BP?** = CO, + BP-* 1.1 x 10!° 7.0 p.r. P.b.k. in Og-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 k(L mol ™! s~') pH I Method Comment Ref.
168 Dimethyl fumarate
‘CO,~ + 9 x 10° 7.0 p.r. >80% e-transfer. 730097
CH30,CCH=CHCO,CH,; - CO,
+ |[CH30,CCHCHCO,CH)+~
169 1,3-Dimethyllumichrome
«CO,~ + Fl + HY - CO, + 6.3 x 10% 6,100 01 pur. P.b.k. at ~450 nm in N,O-satd. 82B104
FIH. soln. contg. 0.1 mol L™ ' Na formate.
170 N,N-Dimethyl-4-nitrosoaniline (RNO)
*CO,™ + MepgNCHNO ~» CO, 1.8 X 10° 7 025 p.r. D.k. at 440 nm in N,O-satd. soln. 890156
+ [MeyNCgH NOJ+" contg. 0.25 mol L™ ! formate.
1.9 x 10° p.r. D.k. at 440 nm in N,O-satd. soln. 680066
contg. formate ion.
171 5,B-Dlmeihyl-l-pyrroline-1-oxyl
+«CO,” + DMPO - DMPO-CO,~ 7.5 X 10% 11 p.r. P.b.k. in N,O-satd. soln. contg. 84A426
formate ion.
172 4,4’-Dimethyl-1,1’-tetramethylene-2,2’-bipyridinium
«CO,~ + BPZ* = CO, + BP-* 4.2 x 10° 7.0 p.r P.b.k. in Oyfree soln. at ~380 nm. 84A202
173 4,4-Dimethyl-1,1’-trimethylene-2,2'-bipyridinium
«C0,™ + BP?* - CO, + BP-* 5.8 x 10° 7.0 p.r. P.b.k. in Og-free soln. at ~380 nm.  84A202
174 2,4-Dinitrobenszoate ion
*CO,™ + (NO,),CH,CO, ™ ~ 1.8 x 10° 7 pr. P.b.k. in N,O-satd. soln. contg. 761111
CO, + [(NOZ),CeH5CO,)*~ formate.
176 2,6-Dinitrobensoate ion
*CO,~ + (NO,),CeHyCO,~ = 1.9 x 10° 7 pr. P.b.k. in N;O-satd. eoln. contg. 761111
CO, + [(NO,),CeH4COL} formate.
176 3,4-Dinitrobensoate lon
«CO,™ 4 (NO,),CeH4CO,~ » 1.8 x 10° 7 p.r. P.b.k. in NyO-satd. soln. contg. 761111
COy + [(NOg)2CyH5CO,)+?~ formate.
177 8,5-Dinltrobensoate lon
*CO;™ + (NO,),CeH, CO,™ — 2.5 x 10° 7 pr. P.b.k. in N,O-satd. soln. contg. 761111
€O, + [(NOy)2CeHCO,J-*~ formate.
178 1-(2,4-Dinitrophenyl)pyridinium
«CO,~ + (NOL),CoHypyt — CO, 4 x 108 p.r. 77R167
+ [(NOy):CoHspy]:
179 1,1’-Diphenyl-4,4'-bipyridinium
*CO,” + BP?* = €O, + BP+* 13 x 10'° 6.8 0.1  pr P.b.k. in NyO-satd. soln. contg. 0.1  78A321
mol L™ formate ion.
180 Dithiothreitol
«CO,~ + 8.3 x 10% 8.1 p.r. P.b.k. at 400 nm (cyelized radical 87GNOT7
HSCH,CHOHCHOHCH SH — anion) in N,O-satd. soln. contg.
HCO,™ + DTT.
*SCH,CHOHCHOHCH SH +
181 Eosin dianion
«CO,™ + CyoHyBr, 0% 25 x 10% 8.5-9.0 pr. P.b.k. at 405 nm in soln. contg. 670038
102 mol L™' HCO,™ and 10™* mol
L~! H,0,; product is semiquinone.
182 1,1'-Ethylene-2,2'-bipyridinium
«C0,~ + RP2t 5 0o, + RP.T 12 x 1010 70 01 por Pb.lk. in N,O-satd. soln. contg. 0.1  84A202

mol L' formate ion and 2 x 1073
mol L™' phosphate buffer.
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TABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution—Continued

No. Reaction k(L mol™'s~Yy pH I Method Comment Ref.
182 1,1'-Ethylene-2,2'-bipyridinilum—Continued
1.2 x 10'° 6.8 01 pr P.b.k. in NyO-satd. soln. contg. 0.1  78A321
mol L™ formate ion.
4.0 x 10° 7.0 0.2 p.I. P.b.k. in N,O-satd. soln. contg. 0.2 761169
mol L™! formate ion.
188 N-Ethylmalelmide
«CO,~ + NEM - CO, + NEM:~ 5.4 x 10° 8-7 p.r. P.b.k. in NyO-satd. soln. contg. 720144
formate; 100% e-transfer based on
abs. spectra.
184 Flavine adenine dinucleotide
*CO,~ + FAD - CO, + FAD~™ 7T X 10® 10 006 pur. P.b.k. at 370 nm in N,O-satd. soln. 84A045
contg. formate ion.
1.2 x 10° 7 p.I. Unpublished data. 82G120
185 Flavine mononucleotide
«CO,~ + FMN = CO, + FMN-~ 3.0 x 10° 6.0 0.1 p.r. N;O-satd. soln, cont. 0.1 mol L™’ 83A091
1.0 x 10° 11.0 formate.
186 Fluorescein dianion
*CO,~ + FI¥~ - 2.6 x 107 10.4 p.r. P.b.k. in N;O-satd. soin. contg. BB0172
10~2 mol L™! formate; product is
semiquinone.
187 N-Formylkynurenine
«C0,~ + FK + HY = CO, + >3 x 107 7.6 0.1 pr. P.b.k. (semiquinone) in N,O-satd. 757361
FKH- soln. contg. 0.1 mol L™! formate.
188 Fumarate lon, hydrogen
«CO,~ + HO,CCH=CHCO,™ - 2.0 x 107 40 p.r. >30% e-transfer; no e-transfer at 730097
pH 10.0.
189 cis2-(3-Furyl)-3-(5-nitro-2-furyl)acrylamide .
*CO,~ + C,;HgN,0; - CO, + 3.0 x 10° 7.4 p.r. P.b.k. at 680 nm in N,O-satd. soln. 84A208
C, HgN, 05~ contg. 5 X 1072 mol L™! formate
ion and 2 X 10~2 mol L™ sodium
phosphate.
190 trans2-(2-Furyl)-8-(6-nitro-2-furyl)acrylamide
*CO,~ + CHgN,05 —» CO, + 2.0 x 107 7.4 p.r. P.b.k. at 680 nm in N,O-satd. soln. 84A208
C,,HgN, O~ contg. 5 ¥ 1072 mol L™! formate
jon and 2 X 10~ mol L™ sodium
phosphate.
191 GQGlutathione, oxidised
*CO,™ + GSSG - <1 x 107 p.r. No 420 nm abs. (RSSR™) obs. in 720388
NgO-satd. soln. contg. 0.1 mol L'
formate.
192 GQGilycine anhydride
«CO,~ + CH,CONHCH,CONH - <1 x 107 6.2 p.r. No e-transfer obs. in NyO-satd. soln. 710554
_ contg. 0.2 mol L~! formate.
1938 Hematoporphyrin IX
«CO,” + P - CO, + P~ 4 x 107 13.0 p.r. P.b.k. at 600-850 nm in N;O-satd. 741040
soln. contg. 0.1 mol L~! formate.
194 1-(2-Hydroxyethyl)-2-methyl-6-nitroimidazole (Metronidazole)
*CO,~ + 1.7 x 10° 4 p.r P.b.k. in buffered N;0O-satd. soln. 87A208
HOCH,CH,Im(CH4)NO, = CO, 1.1 X 10° 6 contg. 0.1 or-1 mol L™ formate
+ [HOCH,CH,Im(CH4)NO,)+ 1.1 x 10° 8 contg. 0.1-1 X 1073 mol L™!
8.7 x 108 11.5 nitroimidazole; pK, = 2.5.
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TaABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution—Continued
No. Reaction k(L mol™'s™") pH I Method Comment Ref.
194 1-(2-Hydroxyethyl)-2-methyl-6-nitroimidazole (Métr;nldalole)—Continued
8 x 10% p.r. D.k. at 320 nm in N,O-satd. soln. 741135
contg. 0.1 mol L' formate ion; also
c.k. gave 8 X 10® rel. to K+CO,™ +
TAN) = 6 x 10°
195 2-Hydroxy-1,4-naphthoquinone
*CO,~ + (OH)NQ - CO, + 2.0 x 10° 7.0 p.r P.b.k. at 400 nm in N,O-satd. soln. 731104
(OH)NQ-™ contg. formate.
196 b5-Hydroxy-1,4-naphthoquinone
*CO,” + OH-NQ — CO; + 4.4 x 10" 1.2 p.r. P.b.k. at 385 nm in NyO-satd. soln. 87A234
OH-NQ-™ 3.8 x 10° 6.4 contg. 0.1 mol L™! formate, 2-5.4 x
1.3 x 10° 10.6 1075 mol L™! juglone (pK, = 8.85)
and 4 X 10™® mol L™! phosphate
buffer.
197 6-Hydroxy-b-nitrothymine, conjugate base
*CO,~ + TOTNO, - CO, + 9.0 X 107 6.5 p.r. D.k. at 340 nm. 80A210
TOTNO,™
198 6-Hydroxy-6-nitrothymine
*CO,~ + HOTNO, — CO, + 1.7 x 10® 2 p.r. P.b.k. at 430 nm. 80A210
HOTNO,~
198 Indigodisulfonate fon
'CO%_ + IDS%™ - CO, + 2.1 x 10° 7.0 p.r. P.b.k. at 400 nm, as well as d.k. at 731078
IDS-~ 610 nm in N,O-satd. soln. contg.
formate. '
200 Indophenolate lon
*CO,~ + O=C4H,=NC,H,0~ - 2.8 x 10" 9.0 p.r. P.b.k. at ~400 nm, as well as d.k. 731078
CO, + [0=C4H,=NC¢H,0}]-*~ . at 610 nm in N,O-satd. soln. contg.
formate.
201 3-Yodo-L-tyrosine
°C02_ + 1.3 x 10° 3.0 X-r Est. from dependence of tyrosine 720610
1C¢H,(OH)CH,CH(NH,*)CO,™ - yields on irrad. time in soln. contg.
CO, + I7 + 10”2 mol L™ formate assuming
*CgH,(OH)CH,CH(NH;)CO,~ 2K+CO,~ + *CO,”) = 5.0 x 10°,
202 Lipoamide
*COy~ + LS, = COy + LSy~ 5.6 x 10° 9 0.1 p.r P.b.k. at 400 nm in soln. contg. 0.1 84A011
mol L™ ! Na formate and 0.25-1 x
1073 mol L™! lipoamide.
208 Lipoate lon
*CO,™ + RSSR — CO, + 9 x 10% 3.5 p.r. P.b.k. at 410 nm. 751195
RS8R+~ 5.6 x 10° 6.1-9.2
5.5 x 10° 7 0.1 pr. P.b.k. at 410 nm in N,O-satd. soln. 700560
contg. 0.1 mol L ™' formate ion.
204 Lumichrome
*CO,™ + Fl = CO, + FI-~ 2.5 x 10° 6 0.1 p.r P.b.k. at ~450 nm in N,O-satd. 82B104
4.7 x 10® 10 soln. contg. 0.1 mol L' Na formate.
1.8 x 10° 7 p.r Unpubl. 82G120
206 Lumifilavine
«CO,~ + LF = CO, + LF-~ 3.0 x 10" 9 pr P.b.k. 85A389
2.1 x 10" 11.2
3.6 x 10" 7 pr P.b.k. at 550 nm in N,O-satd. soln. 83A073

contg. formate ion.
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TABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution—Continued

No. Reaction k(L mol™'s™!) pH I Method Comment Ref.
208 Lumifiavine semiquinone
COy~ |- LFH- — CO4 + LFH™ 1.7 x 10° 7 p.r. Decay to LFH™ and LF, from caled. 83A07!
+ concn.~time profile.
207 Maleate ion, hydrogen
*C0,” + HO,CCH=CHCO,~ -~ 1.1 x 10° 5.2 pr. = 65% etransfer; no e-transfer at at 730097
pH 10.5 (dianion).
208 Methoxatine
«CO,~ + MTX - CO, + 3.3 x 10 7.3 pr. P.b.k. at 460 nm in N,O-satd. soln. 86A52(
MTX}~ contg. 0.1 mol L' formate, 5§ X -
10~3 mol L™"! phosphate and ~2 X
10™* mol L™' methoxatine.
209 8-Methyl-7,8-bis,nor-6-deasalumifiavin
*CO,;™ + dFl,, - 2.0 x 10° 5492 0.1 p.r. P.b.k. at 560 nm in N;O-satd. soln. 81A43:
contg. 0.1 mol L~ formate ion;
initial product suggested to be
adduct.
210 Methylene Blue
‘GO, + MBt = CO, + MB- ~7 % 10% -5.7 pI. D.k. at 580 nm in soln. contg. 0.1 850398
~1 x 10° -0.8 mol L™ formate.
~2 x 10° 1.8
5.6 x 10" ~9
211 1-Methyllumichrome
«CO,~ + Fl + HY - €O, + 1.9 x 10° 8 0.1 pur. P.b.k. at ~450 nm in NyO-satd. 82B104
FIH. 3.4 x 10° 10 0.1 soln. contg. 0.1 mol L' Na formate.
212 $-Methyllumichrome
*CO,~ + Fl + H* = CO, + 3.2 x 10° 6 0.1 pr P.b.k. at ~450 nm in N,O-satd. 82B104
FIH- 5.5 x 10% 10 0.1 soln. contg. 0.1 mol L™' Na formate.
218 2-Methyl-1,4-naphthoquinone
*CO,~ + CH3-NQ — CO, + 4.8 x 10° 7 p.r. P.b.k. at 400 nm in N,O-satd. soln. 731047
CH3-NQ*™ contg. formate. 731104
5.4 x 10° 6.9 p.r. P.b.k. at 400 nm in N,O-satd. soln. 723057
contg. formate; 100% e-transfer.
214 1-Methylnicotinamlide
*CO,™ + CH;N*C,H,CONH, = 4.6 x 10° 85 0.1 pr. P.b.k. at 420 nm in N,O-satd. soln. 680441
CO, + CH,NCH,CONH, contg. 0.1 mol L™ formate.
216 2-Methyl-b-nitrolmidasole
*CO;™ + CHgIlmNO, - CO, + 5.8 x 108 4 pr. P.b.k. in buffered N,O-satd. soin. 87A20¢
[CH3ImNO, -~ 5.5 x 10® 8 contg. 0.1 or 1 mol L™! formate
6.9 x 10° 8 contg. 0.1-1 x 10~* mol L~}
1.4 x 108 11.5 nitroimidarole; pK, = 1.1, 9.7.
2368 Nicotinamide adenine dinucleotide
«CO,™ 4+ NAD* = CO, + NAD- 1.6 x 10° 6.4 0.1 p.r. P.b.k. at 400 nm in N,O-satd. soln. 680441
contg. 0.1 mol L' formate.
217 Nifuroxime
«CO;~ + NF = CO, + NF+~ 2.7 x 10° p.r. P.b.k. at 390 nm in CO,-satd. soln. 731099
contg. tertBuOH or 0.2 mol L™!
formate; 100% e-transfer,
218 Nitro Blue Tetrazolium
«CO,™ + NBT** - CO, + 6.4 x 10° 10 0.1 pr P.b.k. at 405 nm in N,O-satd. soln. 80A085

NBT-+
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TABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution—Continued
No. Reaction k(L mol™!'s™!) pH 1 Method Comment Ref.
219 4-Nitroacetophenone
«CO,” + PNAP - CO, + 7 x 10°® p.r. Radical from formate. T7R167
PNAP™
1.0 x 10° 10 pr. P.b.k. at 550 nm in N,O-satd. soln. 730122
contg. formate ion.
220 Nitrobensene
“CO,~ + CgH;NO, — CO, + 4.8 x 10° 0 pr P.b.k. 730085
CxH;NO,™ 7.5 x 108 2.5
5.8 x 10° 9.4
5.6 x 10% ~3 p.r. P.b.k. at 295 nm in N,O-satd. soln. 700303
1.0 x 10° 8-7 contg. 107 mol L™! formate;
221 2-Nitrobenzoate lon
«CO,~ + NO,C4H,CO,” - CO, 24 x 10° 7 p.r. P.b.k. in N,O-satd. soln. contg. 761111
+ [NO,CgH,CO,)%™ formate; at pH 0.8 k was the same
+ 20-30%.
222 3-Nitrobenzoate lon
«CO,” + NO,C4H,CO,” - CO, 6.3 x 10° 7 p.r. P.b.k. in N,O-satd. soln. contg. 761111
+ [NOLC4H,CO,)-*~ formate; at pH 0.8 k was the same
+ 20-30%.
223 4-Nitrobenzoate ion
«C0,~ + NO,C¢H,CO,~ = CO, 8.0 x 10° 7 p.r. P.b.k. in N,O-satd. soln. contg. 761111
+ [NO,CxH,CO,]-%~ formate; at pH 0.8 k was the same
+ 20-30%.
224 4-Nitroimidazole
+CO,” + ImNO, = CO, + 6.3 x 10°% 4 p.r P.b.k. in buffered N,O-satd. soln. 87A208
[ImNO,J-~ 6.1 x 10° 6 contg. 0.1 or 1 mol L™! formate
2.2 x 10° 8 contg. 0.1-1 X 10~% mol L™!
1.4 x 108 11.5 nitroimidazole; pK, = —0.2, 9.4; at
pH 8 k = 4.0 x 10°? was also
quoted.
2256 Nitrosobenzene
*CO,7, + C(HGNO = CO, + 4.0 x 10° pr P.b.k. at 450 nm in soln. contg. 860433
CsH;NO™ formate ion.
226 4-Phenyl-N-teri-butylnitrone
«CO,” + PBN — 1.5 x 107 p.r R2A184
227 Pterin
*CO,~ + CgHgN4O — 4.6 % 10° 7.0 p.r. P.b.k. in N,O-satd. soln. contg. 761060
<107 9.5- formate ion; 100% e-transfer at pH
13.0 7.
228 Purine
*CO,” + C H,N, - <1 x 107 6.0 p.r P.b.k. in NyO-satd. soln. 751060
229 Pyraszine
«CO,~ + C,H,N, — <1 x 107 5, 11 p.I. P.b.k. in N,O-satd. soln. contg. 741127
formate ion.
280 Pyridazine
«CO,~ + C4H N, — <1 x 107 5,11 p.r. <10% e-transfer. 741127
281 a-(4-Pyridyl 1-oxide)- N-tert-butyInitrone
«CO,~ + POBN - POBN-CO,~ 6.1 x 10® 11 p.r P.b.k. in N,O-satd. soln. contg. 84A426

formate ion.

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



1060 NETA, HUIE, AND ROSS

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

No. Reaction k(L mol™'s”') pH 1 Method Comment Ref.

282 Pyrimidine

«CO,” + C,H,N, - <1 x 107 5, 11 pr. P.b.k. in N,O-satd. soln. contg. 741127
formate ion; <10% e-transfer.

238 Rhodamine B

«CO,~” + Rh B = CO, + Rh 1.8 x 10® p.r. D.k. at 510 nm as well as p.b.k. at 676053
B,.a 410 nm in soln. contg. 0.1 mol L™!
formate ion.

284 Riboflavine

*CO,;~ + RF = CO,; + RF-~ 1.7 x 10" 7.0 p.r. P.b.k. at 560 nm in N,;O-satd. soln. 731104
contg. formate ion.
3.0 x 107 -2 p.r. D.k. at 420 nm, as well as p.b.k. at 690283
3.6 ¥ 10? 3,5.0 560 nm (eemiquinone) in N, O-esatd.
1.4 x 10° 11.5 soln. contg. formate ion.

286 1,1'-Tetramethylene-2,2'-bipyridinium ion

«CO,~ + BP2t - o, + BP.+ g x 10° 7.0 0.1 p.r. P.blk. in N O-satd. soln. contg. 0.1  84A202
mol L™} formate and 2 X 10~ mol
L™! phosphate buffer.

7 x 10° 6.8 0.1 p.T. P.b.k. in NyO-satd. soln. contg. 0.1  78A321
2

mol L™! formate ion.

236 4,6,4’,6'-Tetramethyl-1,1'-ethylene-2,2-bipyridinium

«C0,~ + BP?* - CO, + BP-t 9 x 10° 7.0 p.r. P.b.k. in Ogyfree soln. at ~380 nm.  84A202
237 2,2,0,0-Tetramethyl-4-piperidone N-oxyl
«CO,~ + TAN - 7.0 x 108 7-8 p.r. P.b.k. at 310 nm in N,O-satd. soln. 710618
contg. formate.
5.4 x 10°® 7-8 p.r. C.k. in N,O-satd. soln. contg. 710818

formate; rel. to K-CO,~ +
Fe(CN)¢*~) = 1.1 x 10°.

238 4,5,4'6,"-Tetramethyl-1,1'-tetramethylene-2,2'-bipyridinium

«CO,~ + BP?* = CO, + BP-+ 4.2 x 10° 7.0 p.r. P.b.k. in Oy-free soln. at ~380 nm.  84A202
239 4,56,4',6'-Tetramethyl-1,1'-trimethylene-2,2’-bipyridinium

*CO,~ + BP?* - CO, + BP-* 6.3 x 10° 7.0 p.r. P.b.k. in Ogfree soln. at ~380 nm.  84A292
240 Tetranitromethane

*CO,~ + C(NOy), = C(NO,);~ 4 x 10° p.r. P.b.k.; independent of pH between 3 700303

+ *NO; + CO, and 7.

241 2-Thioriboflavine

*CO,™ + Fl = CO, + FI:~ 4.0 x 10° 7 p.r. D.k. at 490 nm in N,O-satd. soln. 86B055
1.3 < 109 10 contg. 2.0 % 1072 mol L™ ! formate,
1072 mol L™ phosphate buffer.
242 Thymine

«CO,” + 5-MeU — ~5 x 101 7-8 ¥-r. Estd. from dependence of G(—T) on 701103
thymine conca. in soln. contg. Na
formate and N,O.
248 1,1’-Trimethylene-2,2'-bipyridinium lon

«CO,~ + TQ?t - €O, + TQ* 1.1 x 10" 7.0 01 pr P.b.k. in N;O-satd. soln. contg. 0.1  84A292
mol L™ formate and 2 X 10~2 mol
L~ phosphate buffer.

1.1 x 10'° 6.8 0.1 p.I. P.b.k. in NyO-satd. soln. contg. 0.1  78A321
mol L™! formate.

244 2,4,0-Trinltrobenzoate ifon

*CO,™ + (NO,);CeH,CO,~ — 3.4 x 10° 7 p.r. P.b.k. in N,O-satd. soln. contg. 761111
CO, + [(NO,)sCoH,CO,)+%~ formate; k at pH 0.8 within 20-30%.
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TABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution—Continued
No. Reaction k(L mol~!s~') pH I Method Comment Ref.
245 Albumin (serum)
«CO;~ + Albumin - CO, + 8 x 10° 6.4 p.r P.b.k. at 420 nm (RSSR)™ in N,O- 83A083
[Albumin]~ 7 x 108 78 satd. soln. contg. 0.1 mol L"!
formate,
346a Apotransferrin
*CO,~ + Apotransferrin - 3.8 x 10° 7.0 p.r. P.b.k. at 420 nm in N,O-satd. soln. 87A281
contg. formate ion.
246 Ascorbate oxidase
*CO,~ + AAO — 6,75 0.1 p.r. D.k. at 610 and 330 nm in 83A147
deoxygenated soln. contg. 10~2 mol
L~ phosphate buffer, 10™* mol L™!
EDTA and formate jon; 3.5 x 10*
and 2.2 x 10* s"; very fast
* reaction followed by slower
intramolecular processes.
247 Carboxypeptidase A
*CO,~ + CPD-A = CO, + 7 x 10° p.r. P.b.k. at 410 nm (electron adduct). 731060
[cPD-A)-
248 Ceruloplasmin
«C0,” + Cu — 4 x 107 Unpublished data., I. Pecht and M. 731064
Faraggi.
249 Cytochrome C
«CO,™ + Cyt C (Fe?t) - CO, + 7.0 x 10° 7 0.16 p.r. D.k. at 320 to 550 nm in N O-satd. 86A304
Cyt C (Fe??) soln. contg. 2 X 10~ mol L™!
phosphate-0.16 mol L™! formate
buffer; cytochrome C from yeast
(Hansenula anomala).
2 x 10° 7.0 0.003 p.r. NyO-purged soln. contg. 2 x 102 82A281
mol L™ formate, 10~ mol L™!
phosphate and 10~% mol L™ cyt C;
E, = 14 k] mol™!,
2.1 x 10° 70 0.1 pr P.b.k. at 550 nm in soln. contg. 1.85 82A366
* 1075 mol L™! cyt ¢, 0.1 mol L™}
Na formate and 1 X 10~2 mol L1
phosphate buffer.
1.0 x 108 ~7 0.1  pr D k. in formate soln. 79A312
1.3 x 10° 70 001 pur. P.b.k. at 550 nm in 1 atm N,O, and 78A288
0.01 mol L™! formate.
7 x 10% 74 01 pr. P.b.k. in N,O-satd. 0.1 mol L™! 771096
5.0 x 10% 85 formate.
1.0 x 107 6.2 0.1 p.r. Abs. change at 450 and 560 nm in 761127
6.3 x 10° 8.7 0.1 mol L™ formate soln; at pH 6.2
E, = 11 kJ mol™! and 4 = 1.0 x
10'"; ionie strength affecte studied
6.9 x 10® 7 ~0.03 p.r. P.b.k. at 550 nm in NyO-satd. soln. 751012
2.5 x 10°% 10.8 contg. formate.
2.8 x 10° 2 0.1 p.r. P.b.k. at 550 nm in soln. contg. 710327
7.9 X 10° 7 0.03-1 mol L™' formate; ionic
strength effects studied.
9.4 x 10° 2.0 p.r. 771128
7.4 x 10° 6.7
260 Cytochrome C, acetylated
*CO,™ + Ac-cyt C = 1.5 x 10° ~7 0.1 p.r. D.k. at 550 nm in formate soln.; 79A312

ionic strength effects studied.
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TABLE 3. Rate constants for reactions of the carbon dioxide radical anion in agqueous solution—Continued

No. Reaction k(L mol™'s™!) pH I Method Comment Ref.
261 Cytochrome C, carboxymethylated
*CO;” + Cxm-cyt C - 1.3 x 10% ~7 0.1 p.r. D.k. at 550 nm in formate soln. 79A312
1.4 x 10° 7 p.r. Radical from formate ion. 78A288
262 Cytochrome C, succinylated
«CO,™ + Suce-cyt C » 4.0 x 10° ~7 0.1 p.r. D.k. at 550 nm in formate soln. 79A312
268 Cytochrome C4
-CO,™ + cyt C3 — 2.1 x 10° 8.1 p.r. D.k. in NyO-satd. 1.6 X 10" mol 78A232
L~! formate soln. assuming
2K-CO,~ + *CO,”) = 1.8 x 10%
from D. vulgaris; only 2 of the
hemes react.
264 Cytochrome P-450
*CO,™ + cyt P-450 ~ No redn. obs. in NpO-satd. soln. 79A038
contg. formate.
266 Cytochrome ¢ 661
+CO,™ + cyt C 551 —~ 3.7 x 10° 5.6 0.1 p.r. D.k. at 550 nm in soln. contg. 0.1 84A430
7.4 x 10® 7.0 0.09 mol L~' Na formate; depends on pH
4.5 < 10® 7.0 0.01 and jonic strength.
266 Deoxyribonuclelc acid
*CO,~ + DNA - 2.5 x 10* 9.2 y-r Estd. from Dj; values at various 83R032
dose rates in N,O-satd. soln. contg.
0.1 mol L™! Na formate, 0.01 mol
L~' MgCl, and 0.01 mol L' Na
tetraborate and single stranded
®X174 DNA
257 Dopa-melanin
*CO,~ + Dopa-melanin - 10%-107 74 p.r D.k. in soln. contg. 0.1 mol L™} 86A227
formate; k based on monomer of
mol. wt. 150; from autoxidation of
DL-dihydroxyphenylalanine.
268 Ferredoxin (spinach)
«CO,~ + Ferredoxin (spinach) = 6.2 x 107 7.3 p.I. D.k. at 420 nm in NyO-satd. soln. 81A279
contg. 1.0 mol L™! formate.
8.0 x 107 7.5 p.r D.k. at 420 nm in N,O-satd. soln. 731064
contg. 0.1 mol L™! formate.
268 Flavocytochrome by (Fe®t)
*CO,~ + Fl by (Fe®*) » €O, + 2.1 x 10° 7.0 0.16 p.r. D.k. at 547 and 440 nm in N,O- 84A153
Fl b, (Fe2t) satd. formate soln. in phosphate
buffer; cor. for 2k<CO,™ + *CO,7)
= 1.1 x 10°.
260. Glucose oxidase
«CO,~ + GOX - redn. on flavin 2.5 x 10° 6.0 p.r. P.b.k. at 560 nm in deaerated soln.  84A473
moiety contg. 3.5 x 107° mol L' GOX
and 0.1 mol L™! formate; nearly
quantitative electron transfer.
261 High-potential iron-sulfur protein (Chromatium vinosum D), reduced
*CO,~ + Hipip, = 7.0 p.I. No reaction in NyO-satd. soln. 80A432
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TABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution—Continued
No. Reaction k(L mol~'s~') pH I Method Comment Ref.
262 Laccase
*CO,~ + Cu-OXD - addn. >7 x 10° 6.0 p.r. Transient adduct obs. in soln. contg. 82A422
0.01 mol L' potassium phosphate;
addn. followed by Cu?* redn.;
complex kinetics.
268 Lysozyme
*CO,~ + RSSR = CO, + 1.5 x 10% 48 p.r P.b.k. at 420 nm in N,O-satd. soin. 82A4686
RSSR™ ~8 contg. 0.1 mol L™' formate and 2 X
10.8 10~" mol L™! lysozyme; value from
graph.
284 Methemerythrin
«CO;~ + Fe®**methem — 6.8 x 107 8.2 0.02 pr D k. at 360 nm in N O-satd. soln. 70A204
contg. 1072 mol L™ formate;
octamer from T. pyroides.
266 Methemoglobin
*COy~ + Fe* Hb — <8 x 10° 9 p.r. NyO-satd. soln. contg. 0.1 mol L™ 81R003
formate ion.
206 Metmyoglobin
*CO,~ + Fe**Mb ~ 2.9 x 10° 8.2 0.03 pur. D.k. at 300 nm in N,O-satd. soln. 79A204
contg. 1072 mol L™} formate ion.
2.0 x 10° 7 p.r. Redn. in soln. contg. 1072 mol L™!  78A288
formate.
267 Cu!’Ru’" Plastocyanin
«CO,~ + Plastocyanin-CuRu = 7 x 10° 7.0 p.r. D.k. at 597 nm (Cu') in NyO-satd.  87A033
soln. contg. 0.10 mol L ™! phosphate
and 0.10 mol L™ formate;
Plastocyanin from A. variabilis
modified by addn. of Ru(NH;)e** to
His59; 65% redn. at Cu, 35% redn.
at Ru.
268 Riboflavin binding protein
«CO,~ + RBP = redn. on flavin 7.0 x 107 5.2 p.r. P.b.k. at 450 nm in N,O-satd. soln. 85A169
moiety 2.6 x 107 7.0 contg. 0.1 mol L™! formate; flavin
2.2 x 107 9.0 reduction rate.
269 Ribonuclease
*CO,~ + RNase = 3 x 10° 7.3 p-r. C.k. in NyO-satd. soln. contg. 0.1 85A169
mol L™! formate; rel. to K+CO,™ +
lipoate) = 4.1 x 10°,
270 Ruthenium(Ill)-modified eytochrome e Fe®+t
«CO,~ + Fe'"Ru'" Cyt ¢ — 1.8 x 10" 7.0 p.r. Soln. cont. 0.1 mol L™' Na formate 84A082
Fe''Ru!! Cyt ¢ and 0.1 mol L™ phosphate buffer.
«CO,~ + Fe'"Ru'" Cyt ¢ - 5.4 x 10° 7.0 pr Soln. cont. 0.1 mol L™! Na formate  84A062
re'Ru'" Cyt ¢ and 0.1 mol L™' phosphate buffer.
271 Superoxide dismutase
+CO,” + SOD ~ 7.9 x 10% 6.8 p.T. D.k. at 680 nm in N,O-satd. soln. 85A436
contg. 0.1-0.01 mol L™' formate ion
and 12.5-100 < 107® mol L ™' SOD;
bovine liver enzyme (Cu?%).
272 Transferrin, dicupric complex
*CO,™ + Transferrin, dicupric 5.2 x 10° 9 p.r. Calcd from fraction Cu(Hl) reduced 82A086

complex =

(obs. at 435 nm) and model
including competing reactions, in 0.1
mol L™ formate and 2.5 x 102
mol L™! KHCO,.
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TABLE 3. Rate constants for reactions of the carbon dioxide radical anion in aqueous solution—Continued

No. Reaction k(L mol™'s™!) pH I Method Comment Ref.
278 Transferrin, diferric complex
“COp™ + Transferrin, diferric 2.1 = 10° 9 p.r. Calcd. from fraction Fe(Ill) reduced 82A080
complex — Fe(Ill} redn. (obs. at 470 nm) and model
including competing reactions, in 0.1
mol formate and 2.5 X 10~% mol
L~' KHCO,.
278a Transferrin, ferric complex
*CO,™ + Transferrin, ferric 3.8 x 10° 7.0 p.r. P.b.k. at 420 nm in NyO-satd. soln. 87A281
complex - protein redn. contg. formate ion; bleaching at 465
nm (Fe'"! reduction) gave an
estimated &k = 2.1 x 10%
274 Transferrin, dimanganic complex
*CO,~ + Transferrin, dimanganic 5.1 x 10° 9 p.r. Caled. from fraction Mn(Ill) reduced 82A086
complex - (obs. at 420 nm) and model
including competing reactions, in 0.1
mol formate and 2.5 x 10~2 mol
L' KHCO,.
276 Zinc(I) Insulin complex
*CO,~ + Zinc(ll) insulin = 6 x 10® 9.0 006 p.r. P.b.k. at 420 nm in N,O-satd. soln. 80A204

contg. 10~2 mol L™! formate; based
on monomer concn. (1.5-2.0 X 10~
mol L™'); k decreased to 2 X 10* on
the fourth pulse.
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TABLE 4. Rate constants for reactions of the carbonate radical ion in aqueous solution
No. Reaction k(L mol™'s™!}) pH 1 Method Comment Ref.
1 Carbonate radical ion
COz~ + COz™ 1.4 x 107 125 0.2 f.p. D.k. at 600 nm in 6 X 1072 mol 86A476
L™! carbonate soln.
pr. D k. at 600 nm; decreages 0-70°C; 2 85A427
CO4~ = C,04%~ = products; K.q
< 1, 2kopy = Keghyy Enpp, = AH,,
+ (B,)p, = -8 % 4kJmol_,also
see [78A256] for mechanism.
9 x 108 0.1 pr D.k. at 800 nm in 0.05 mo! L™} 84A156
sodium carbonate soln using € =
1830 L mol~! em™".
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.; €(600) = 1860 L mol™! cm™'  78A443
9.3 x 10° 8.0-8.5 f.p. D.k. at 600 nm in soln. contg. 77A230
8,042 and HCO,™.
78 x 109 -0 pr. D.k. in N, O-satd. scln. contg. 0.1.4 781200
mol L' Kﬁcoa; extrapolated from
0.1 mol L™ soln., € = 1860 L
mol™! em™
0.6 x 100 10.2 p.r D.k. at 800 nm in NyO-satd. soln.; ¢ 737100
1.5 x 107 12.7 = 1830 L mol~' ecm™'; 0.1 mol L™!
K,CO,.
2 x 107 7-9 01 fp D.k. at 600 nm in air-satd. 737109
Co(NH.,),,CO;, soln.; € = 1830 L
mol™! em™!.
6.2 x 10° 8.4- -0 p.r. D.k. at 600 nm in N,O-satd. soln.; ¢ 660139
13.5 = 1860 L mol™' em™; k,y,, = 5 X
107 at pH 13-13.5.
2 Bromlde lon
CO4~ + Br™ <5 x 10° ~11 pr No reaction. 78A901
8 Hypobromite lon -
CO4~ + BrO~ = BrO + CO,2~ 4.3 x 107 13 0.4 p.r D.k. 680163
4 Bromlte ion
CO3*~ + BrO,~ - BrO,* + 5.0 X 107 0.15 f.p. D.k. at 600 nm in Oz-free soln. 757099
CO0,%~ contg. 2 X 10~3 mol L" KBrO,
and 5 X 1072 mol L™' Na,CO,.
1.1 x 10° 13 0.4 p.r. D.k. 680153
B Carbon dioxide radical anion
COy ™ + «CO;~ = CO, + 5 x 107 y-r. Caled. by computer fitting with 86A502
CO,%~ initial yields of formate and oxalate
in Oy-free soln. contg. 0.5-1 mol L™!
ammonium bicarbonate; complex
mechanism.
8 Cyanate lon
04~ + NCO™ - ~1 x 10® pr. D.k. at 600 nm. 87A220
7 Hypochlorite ion
CO,4+~ + CIO™ = CO4%~ + ClO- 5.1 x 10° 11.6 p.r. D.k. at 600 nm in N,O-satd. soln. 87TA907
contg. 0.5 mol L™' carbonate ion
and 2-16 x 107* mol L™ Cl1O™.
8 Chlorite fon
CO4~ + Cl0,~ = CO,%~ + 3.1 x 107 11.7 p.r. D.k. at 600 nm in 0.1 mol L™! 86A059
ClO, Na,COj, 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™'s™') pH I Method Comment Ref.
¢ Cobalt(Il) lon
COy~ + Co®t - 2.8 x 10° 6.5 0.04 f.p. D.k. at 600 nm in Co(NH;),C0,*  78A3%0
44 x 10° 7.0 0.03 soin. 737109
10 §,7,7,12,14,14-Hexamethyl-1,4,8,11-tetraasacyclotetrad 4,11-di balt(IT) fon
CO4~ + Co(4,11-dieneN,)?t - 7.3 x 10° 4.7 0.04 f.p. D.k. at 600 nm in Co(NH;),CO5* 78A380
soln.
11 2,3,9,10-Tetramethyl-1,4,8,11-tetr yelotetradeca-1,8,8,10-tetraenecobalt(Il) fon
CO4~ + Co(tetraeneN,)*t — 6.9 x 10® 4.7 0.04 f.p. D.k. at 600 nm in Co(NH,),CO,* 78A380
soln.
12 Tetraammine(dlaqua)cobalt(IIl) fon
CO,4 ™ + Co(NHp)(H;0).3t - 1.4 x 107 7.0 002 fp D.k. at 800 nm in Co(NH,),C0,% 737109
soln.
18 Pentaammine(aqua)cobalt(III) fon
€04~ + Co(NH,)H 0%t - ~ 3 x 101 <EB8 D04 fp. D.k. at 800 nm in Co(NH,),C0O,* 7RA380
1.7 x 10° >7.6 soln.; pK, for complex = 6.8.
14 Hexaamminecobalt(III) lon
CO.+~ + Co(NH,)e*t = <5 x 10* 6.5 004 f.p. D.k. at 600 nm in Co(NH,),CO,*  78A380
soln.
16 Pentaammine(bromo)ecobalt(IIl) lon
CO4+~ + Co(NH,);Brét — 5.7 x 10° 6.5 0.04 f.p. D.k. at 600 nm in Co(NH;),CO,* 78A380
soln.
16 Pentaammine(chloro)cobalt(IH) lon
CO,4*~ + Co(NH,);Cl%t - 2.0 x 10° 6.5 0.04 f.p. D.k. at 800 nm in Co(NH,),CO,% 78A380
soln.
17 Tetraammine(carbonato)cobalt(II) ion
CO,*~ + Co(NH,),C0,* - <1 x 10° 7.0 0.03 f.p. D.k. at 600 nm in Co(NH,;),CO,4™ 737109
soln.
18 Pentaammine(nitrito- N)cobalt(III) ion
COy3~ + Co(NH,)sNO, 2t — 1.0 x 10° 6.5 004 f.p. D.k. at 600 nm in Co(NH,),CO,* 78A380
soln.
19 Pentaammine(hydrogen phosphato)cobalt(IIl) fon
CO4*~ + Co(NH4);0POHt - <4 x 10° 6.5 004 f.p. D.k. at 8600 nm in Co(NH,),CO,* 78A380
soln.
20 Pentaammine(sulfito)cobalt(II) fon
CO;*~ + Co(NH,;);080,* —~ 1.1 x 108 6.5 0.04 f.p. D.k. at 600 nm in Co(NH,),CO,*  78A380
‘ soln.
21 Pentaammine(sulfato)cobalt(II) jon
CO4*~ + Co(NHg);080,+ - 1.5 x 10° 6.5 0.04 f.p. D.k. at 600 nm in Co(NH,),CO,* 78A380
soln.
22 (Acetato)pentaamminecobalt(III) lon
CO4~ + Co(NH;)s0,CCHz*t - 1.1 x 10° 8.5 004 f.p. D.k. at 600 nm in Co(NH;),CO;* 78A380
soln.
23 Pentaammine(benzoato)cobalt(III) fon
COz*~ + Co(NHj);0,CCgHg2* 7 x 10° 6.5 0.04 f.p. D.k. at 600 nm in Co(NH,),CO5* 78A380
i soln.
24 Tris(ethylenediamine)cobalt(III) lon
CO4~ + Colen)y** ~ <1 x 108 8.5 0.04 f.p. D.k. at 600 nm in Co(NH;),CO;+  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™'s™!) pH I Method Comment Ref.
26 Pentaammineaquachromium(IIl) ion
COg+~ + Cr(NHy);H,03* — 4 x 10" <43 004 fp. D.k. at 600 nm in Co(NH,),C0,* 78A380
7 x 10° >86.3 soln.; pK, for complex = 5.3.
26 Pentaammine(chloro)chromium(I) fon
COz*~ + Cr(NH;);Cl?t - <1 x 10° 6.5 004 fp. D.k. at 600 nm in Co(NH,),CO,* 78A380
soln.
27 Copper(H) lon
CO,~ + Cu®t - ~1 x 107 4.5 0.04 fp. D.k. at 600 nm in Co{NH,),CO,* 78A380
soln.
28 Ferrocyanide lon
CO4~ + Fe(CN)y*™ = 2.7 x 10° 11.6 p.r. D.k. at 600 nm as well as p.b.k. at 660139
Fe(CN)y®~ + CO4*~ 420 nm for ferricyanide ion in soln.
contg. 0.072 mol L™' Na,CO,, 1.22
X 10~* mol L~! ferrocyanide, 0.03%
oxygen and 0.1 atm N,0O; at pH 13
k ~ (3.5-4.0) x 10°.
29 JXodide lon
COy~ 4 I7 = I+ + COz%™ 1.3 x 10° ~11 =0  pur. D.k. at 800 nm. 78A901
30 Pentaammine(chloro)iridium(IIX) lon
CO4~ + Ir(NHg)Cl1*+ — 2.4 x 107 8.5 0.04 fp. D.k. at 600 nm in Co(NH,),COy* 78A380
soln.
31 Manganese(II) lon
CO4~ + Mn?t - 1.5 x 107 8.0 0.04 f.p. D.k. at 600 nm in Co(NH,),CO,% 78A380
soln.
32 Amino radical
CO4~ + *NH, » CO, + NH,0™ 1.5 x 10° 7.8 p.r. D.k. at 600 nm in soln. contg. 5 X 86A502
1072 mol L™! ammonium
bicarbonate; radicals from equal
reactivity of *OH with NH; and
HCO,™.
88 Nitrogen dioxide
CO4~ 4 *NO, = CO, + NO;~ 1.0 x 10° ~11 p.r. Est. from opt. and condy. d.k. 78A256
34 Nitrite fon
CO4~ + NO,™ = ‘NO, + 4.0 x 10° ~11 -0 p.r. D.k. at 600 nm. 78A256
CO,%~
35 Nickel(II) lon
COz~ + Ni?t - <1 x 10" 5.8 0.04 f.p. D.k. at 600 nm in Co(NH,),CO,* 78A380
soln.
38 Tris(carbonato)dioxoneptunate(V) lon
COy=~ + NpO,{CO,)," " - 1.5 x 107 p.r. D.k. at 600 nm in 0.05 mol L' 84A166
CO4%~ + NpO,(CO4)s*~ sodium carbonate soln.; Np(V)
produced by hydrated electron
reaction.
87 Superoxide radical ion
CO4g™ + 0y~ = COz%" + O, 6.5 x 10® 7.4, 0.1 p.I. D.k. at 600 nm assuming G(O,*7) = 85A427
11.4 3.3 and G(COy3~ + COy) = 2.7,
€400(CO04* ") = 1910 L mol™' em™1.
4 x 10° ~11.8 06  fp. D.k. at 260 nm (0,7), e = 1850 L 700247

mol™' em™! and 600 nm (COz*~) in
0,--satd. soln., € = 1860 L mol ™!
em™"; product (CO{‘" 7) has (260
nm) == 410 L mol™! em™?,
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TABLE 4. Rate tants for reacti of the carb radical ion in aqueous solution—Continued
No. Reaction k(L mol~'s™!) pH I Method Comment Ref.
88 Hydrogen peroxide
CO4~ + HyOy = HOp* + 4.3 x 10° Cited from [86A902). 86A502
HCO,™
=6 x 10° p.r. 83A165
8 x 10° 8-9 3 f.p. D.k. at 600 nm in Ny—satd. soln.; 700247
pH-dependent (9-13).
89 Hydroperoxide ion
COy~ + HOp™ = O™ + 3 x 107 computer fitting. 86A502
HCO,™
1.0 x 107 pr. 83A165
5.8 x 107 13-14 3 f.p. D.k. at 600 nm in Ny—satd. soln.; 700247
pH-dependent (9-13).
41 Osone .
CO3*™ + Og <1 x 10° 10.4 p.r. D.k. of CO4*~ in soln. contg. 0.1 83A117
mol L™! HCO,™ and 9 X 10™° mol
L~ ozone.
42 Osonide lon
COy™ + Oy~ = Oy + CO4%~ 6 x 107 12-13.8 p.r. D.k. at 430 nm (O4~), 600 nm 82A134
(COg°™) and p.b.k. at 260 nm (Oy)
in soln. contg. 10~2-1 mol L™?!
Na:,gcos, ~0.9 mol L™! N,0 (4 x
10° N m=?) and 1.2 x 10-%.0.12
mol L™ O, (0.1-10 x 10° N m™2);
computer simulation.
48 cis-Bls(glycinato)platinum(II)
CO3*~ + ciePt(Gly), = 4.4 x 10° 8.5 005 pur. D.k. in 0.06 mol L™! NaHCO,. 771063
44 irane-Bis(glycinato)platinum(I)
" COg” + transPt(Gly), - 3.4 x 10° 85 005 por. D.k. in 0.06 mo! L™! NaHCO,. 771053
46 Tris(carbonato)dloxoplutonate(V) lon
COy ™ + PuOy(COy)s* - 2.7 x 10° pr. D.k. at 600 nm in 0,056 mol L~' 84A155
€02~ + Pu04(CO4) % andinm carbonate soln_; Pu(V)
produced by hydrated electron
reaction.
46 Tris(carbonato)dioxoplutonate(VI) fon
€Oy~ + Pu0,(CO;), 4~ = 1.5 x 107 12.5 0.26 f.p. D.k. at 800 nm in soln. contg. 5-10  86A476
CO3%™ + Pu0,(COy4),%~ 6 x 10° 12.5 0.05 % 10~3 mol L™! N2,C0; and (50-
125) X 107% mol L™ Pu(VI).
47 Pentaammine(aqua)rhodium(lil) lon
CO;*~ + Rh(NHg) H,03+ —~ 1 x 10% >6.9 004 f.p. D.k. at 800 nm in Co(NH;),CO,* 78A380
<b x 10* <4.9 soln.; pK, for complex = §.9.
48 FPentaammine(chioro)rhodium(iil) ion .
CO4~ + Rh(NHg);CI*t - <1 x 10* 8.5 004 f.p. D.k. at 600 nm in Co(NH,),CO,* 78A380
soln.
49 FPentaammine(aqua)ruthentum(il) ion
COz*~ + Ru(NHg)s(H,0)*t - 1.8 x 10° <32 004 fp. D.k. at 600 nm in Co(NH,),CO,*  78A380
1.4 x 10° >5.2 soln.; pK, for complex = 4.2.
50 Hexaammineruthenium(ill) ion
COz*~ + Ru(NHj)*+ 8.0 x 108 6.5 004 fp. D.k. at 600 nm in Co(NH,),CO,*  78A380
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TABLE 4. Rate constants for reactions of the carbonate radical ion in aqueous solution—Continued
No. Reaction k(L mol™'s~') pH 1 Method Comment Ref.
61 Chloropentaammineruthenium(IIl) ion ’
CO4~ + Ru(NH,),C1%+ — 7.7 x 10° 8.5 0.04 f.p. D.k. at 800 nm in Co(NH,),C0,* TRA380
soln.
53 Tris(2,2"-bipyridine)ruthenium(I) lfon
CO4*~ + Ru(bpy)s?t ~ 4.0 x 10° 0.02 pur. D.k. of the Ru complex in N,O-satd. 771093
soln. contg. 0.0056 mol L™! each of
HCO,~ and CO,°".
68 Thiocyanate lon
COg~ + SCN™ — SCN- + 8 x 10° ~11 p.r. D.k. at 600 nm. 78A901
C0,2%~
54 Sulfite radiecal lon
COy~ + §0,~ = CO, + 80,2~ 6.5 x 10° 9.6 pr. D.k. at 260 nm; also condy. study.  78A266
68 Sulfite lon
0Oy~ + BOz%™ = CO4%™ + 1.2 x 107 ~11 -0 p.r D.k. ot 600 nm. 78A956
Oa”
50 Selenate(VI) ton
CO4 ™ + 80,2~ = 00,2~ 4 4.3 % 107 13.1 p.r. D.k 78A260
3304'—
67 Triscarbonatodioxouranate(V) lon
CO5~ + UO,(CO,),5~ = 49 x 108 p-r. D.k. at 600 nm in 0.05 mol L' 84A155
U0,(CO4)3*~ + COz%- sodium carbonate soln.; U(V)
produced by hydrated electron
reaction. ’
68 Uranyl(VI) ion
COy~ + UO,2t = ~1.5 x 108 nat. f.p. D.k. at 680 nm in 1072 mol L™ 767279
NaHCOyj; results somewhat
irreproducible.
69 Zinc(II) lon
COy~ + Zn*t - <1 x 10* 47 0.04 fp. D.k. at 600 nm in Co(NH;),CO5* 78A380
soln.
60 Acetanilide
CO;~ + CgHgNHCOCH, — 3.2 x 10° 7.0 0.06 f.p. D.k. at 600 nm in Co(NH,),CO,* 757313
soln.
61 Acetate lon
CO3*~ + CH;CO,™ — 6 x 10° 12.1- f.p. D.k. at 600 nm in air-satd. soln. 727383
' 12.7 contg. 0.06 mol L™ N2a,8,0,, 0.5
mol L™' Na,COy; CO,4°~ generated
from 80,~ + CO,%~ = 50,%" +
CO,™.
82 Acotone
CO;~ + CHyCOCH; —~ 1.6 x 10° 12.1- f.p. D.k. at 600 nm in air-satd. soln. 727383
12.7 contg. 0.05 mol L™' Na,S,04, 0.5
mo! L™! Na,COy; CO4e from
reaction of SO,~ + CO4%~.
63 Acetonitrile
CO3*~ + CHRCN - 3.2 x 10® 12.1- f.p. D .k. at 600 nm in air-satd. soln. 727383
12.7 contg. 0.06 mol L™' Na,S,04, 0.5

mol L™' Na,CO,; COye~ from
reaction of SO, + CO,*".
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TABLE 4. Rate constants for reactions of the carbonate radical ion in aqueous solution—Continued
No. Reaction k(L mol™'s™Y) pH I Method Comment Ref.
64 Acetophenone
CO4~ + C4H,COCH; — 3 x 10° p.r. D.k. at 600 nm; CO,*~ also reacts  78A901
with acetophenone-OH adduct, k =
1.5 x 10°.
66 N-Acetylcysteine
CO;~ + AcCysSH - ~1 x 107 7 f.p. D.k. at 600 nm; rate pH dependent; 757110
1.8 x 10* 12.0 value from graph; CO3°~ generated
from Co(NH,),CO;t.
86 N-Acetylglyeine
CO4~ + AcGly - <1 x 10* 7.0 0.03 f.p. D.k. at 600 nm in Co(NH,),CO,* 737352
soln.
07 N-Acetylglycyiglycine
CO4 ™ + AcGlyGly = ] <1 x 10* 7.0 0.03 f.p. D.k. at 600 nm in Co(NH,,hCO:,* 737352
soln.
08 N-Acetyltryptophan
CO4~ + AcTrpH — 4.2 x 10° 7 01 fp. D.k. at 800 nm in Co(NH,),CO,"* 737109
6.2 x 108 118 soln.
09 Alanine
CO4~ + Ala —~ <1 x 10° 7.0 0.06 f.p. D.k. at 600 nm in Co(NH,),CO;* 737352
soln.
70 4-Aminobensoate ion
CO;z~ + 4-H,NCH,CO,™ — 2.0 x 10° 8.5 f.p. D.k. at 600 nm in soln. contg. 2 X  84A510
1078 mol L} Co{NH,),C05* and
5-7 X 107° mol L™! 4-
aminobenzoate.
71 Antiline
COy 7, + CeHGNH, » HCO3™ + 5.0 X 10® 8.5 f.p. D.k. at 600 nm in soln. contg. 2 X 84A510
CoHNH 10~% mol L' Co{NH,),CO;% and
3-5 X 10~% mol L™} aniline.
6.0 x 10° p.r. D.k. at 600 nm. 78A9001
5.4 x 10° 7.0 0.06 f.p. D.k. at 8600 nm in Co(NH,),CO,+ 757313
soln.
72 Anisole
CO,*~ + C4H;OCH, — 2.8 x 10° pr. D.k. at 600 nm; CO,+~ also reacts 78A001
. with anisole-OH adduct, k = 3 X
10°.
73 Anthrasemiquinone-2,8-disulfonate, radical lon
CO4~ + [(S05),AQ) % — ~1.5 x 10" 7-13 f.p. D.k. in NaHCOj soln. 727335
CO5™" + [(50;)2AQ]*" bk
727464
74 Anthrasemiquinone-32,7-disulfonate, radical lon
CO3~ + [(SO4),AQ) 2 = 1.9 x 10" f.p. D.k. at 600 nm in air-satd. soln. 727383
CO,4%™ + [(80,),AQ%~ contg. 0.05 mol L™' Na,S,04 and
0.5 mol L' Nay,CO,; CO4e~ from
reaction of 8O, + 003""’;
semiquinone formed from CO4%~
and triplet anthraquinonesulfonate.
76 Anthrasemiquinone-1-sulfonate, radical ion
CO4~ + [SO,AQ)2™ = CO,2~ 4.6 x 10° f.p. D.k. at 600 nm in air-satd. soln. 727383

+ 50,AQ"
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TABLE 4. Rate constants for reactions of the carbonate radical ion in aqueous solution—Continued

No. Reaction k(L mol™'s™') pH I Method Comment Ref.
76 Anthrasemiquinone-2-sulfonate, radical lon
COz~ + [SO4AQ]-%™ - CO42~ 2.2 x 10° f.p. D.k. at 800 nm in air-satd. soln. 727383
+ 80,AQ7
77 Arginine
COg°~ + Arg = 9 x 10t 7.0 003 f.p. D.k. at 600 nm in Co(NH,),CO;" 737352
soln.
78 Ascorbate lon
CO;~ + AH™ - CO,2~ + Ht 1.1 x 10° 11 p.r. D.k. at 600 nm in N,O-satd. 0.5 mol 733008
+ A~ L~! carbonate soln.
79 Aspartate monoanion
CO,*~ + Asp™ = <1 x 10* 7.0 0.03 f.p. D.k. at 600 nm in Co(NHg),CO5+ 737352
soln.
80 Bensene
GOz~ + PhH — <5 x 107 1.7 p.r Denzene (1.4 % 1073 mol L™') had  78A001
no effect on decay of COy+™; COyze~
reacts with benzene-OH adduct, k =
2 x 10°.
3 x 10? 7.0 0.00 f.p. D.k. at 600 nm in Co(NHg),COs* 757313
soln; uncertainty 50-100%.
81 Bensophenone
CO3~ + (CeHy)oCO — 15 x 10° f.p. D.k. at 550 nm in O,-free 0.3 mol 717574
L™' carbonate soln.
82 Bensylamine
CO3*~ + CeHzCH,NH, ~ 7.5 x 10° 11.5 f.p. D.k. at 600 nm in soln. contg. 0.2 85A401
mol L™! Na carbonate and 102 mol
L' K,S,04.
83 4-Bromoaniline
CO5*~ + BrC¢H,NH, = HCO,~ 3.8 Xx 10* 8.5 f.p. D.k. at 600 nm in soln. contg. 2 X 84A510
+ BrC4H,NH 107% mol L"! Co(NH,),CO,".
84 4-Bromophenoxide lfon
CO,4+~ + BrCgH,0~ - COz2~ + 1.8 x 10° 12.2 03 pur. D.k. at 570 nm in N,O-satd. 771098
BrCgH O carbonate soln.
856 Butylamine
CO,-~ + CH3(CH,)gNH, — 4.0 x 10° 11.5 f.p. D.k. at 600 nm in soln. contg. 0.2 85A401
mol L™! Na carbonate and 102 mol
L™ K,8,04.
88 teri-Butylamine
CO5~ + (CH )sCNH, - 5.8 x 10! 115 f.p. D.k. at 800 nm in soln. contg. 0.2 85A401
mol L' Na carbonate and 10™* mol
L™! K,8,04.
87 Chloroacetate lon
CO4~ + CICH,CO,™ — < 2.0 x 10* 121- 165 f.p. D.k. at 600 nm in air-satd. 5,052~ 727383
12.7 soln.; CO43°~ generated by SO,~ +
CO4%™ = '80,%~ + COy~.
88 4-Chloroaniline
CO3~ + CIC4H,NH, »~ HCO;~ 4.3 x 10° 8.5 f.p. D.k. at 600 nm in soln. contg. 2 X 84A510
+ CIC4H,NH 10~% mol L' Co(NH;),CO,t.
88 4-Chlorophenoxide ion
CO;~ + CICEH,0™ = CO,2~ + 1.9 x 10° 12.2 03  pur. D.k. at 570 nm in N,O-satd. 771098

CIC,H,0"

carbonate 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"'s™") pH I Method Comment Ref.
90 Chlorophyll a )
CO4*~ + Chl a — 003"' + 2.0 x 10° p-r. D.k. in NyO-satd. soln. contg. 2% 81N1406
[Chl-a]+* Triton X 100 (micelles) and 5 x
10~2 mol L' Br™; rate for aqueous
phase, k in micellar phase == 1.6 X
10°.
91 Cyclohexylamine
COy*~ + ¢-CgH, NH, — 7.2 x 10° 11.6 f.p. D.k. at 800 nm in soln. contg. 0.2 85A401
mol L™! Na carbonate and 10~ mol
L™! K48,04.
92 Cystelne
COH~ + CysSH = HCO,™ + 48 x 107 70 002 fp D.k. at 800 nm; HCO, or CO4-~ 737352,
CysSe 3.5 x 10° ~10 generated from Co(NH,),C0,%; 757110
2.6 x 108 12 values from graph.
2.7 x 10° 11.2 03 pur. D.k. in NyO-satd. soln. 720036
98 Cystelne, methyl ester
COy™ + ~1 x 107 4-10 0.03 f.p. D.k. at 600 nm; value from graph; 757110
HSCH,CH(NH,*)CO,CH; ~ HCO; or CO4e~ generated from
HCO;™ + Co(NH,),C0,t.
*SCH,CH(NH,1)CO,CH,
94 Cystine dimethyl ester
O, 4 7.9 x 108 7.0 003 fp Dk at 800 nm in Ca(NH,),00,% 7373R2
S,[CH,CH(NH,)CO,CH,), — soln.
96 1,4-Diasabieyclo[2.2.2]octane
CO,~ + DABCO - CO,%2~ + 1.7 x 107 11.5 f.p. D k. at 820 nm in soln. contg. 0.2 85A401
DABCO-* mol L™! Na carbonate and 10~* mol
L™! K;8,04.
96 Dibutylamine
CO,4~ + [CH4(CH,);),NH — 5.0 x 10° 115 f.p. D.k. at 600 nm in soln. contg. 0.2  85A401
mol L™' Na carbonate and 102 mol
L™' K,8,05.
97 Diethylamine
COy~ + (CyHg)NH = 3.8 x 10° 11.5 f.p. D.k. at 600 nm in soln. contg. 0.2 85A401
‘ mol L™! Na carbonate and 10~ mol
L™! K,8,05.
98 Diethyl disulfide
COg4*™ + C,Hz8SCHy — 4.5 x 107 ~8 p.r. D.k. at 600 nm in N,O-satd. soln.; 761143
6.6 x 107 ~11 0.1-1.0 mol L™ HCO,;™ or CO,%".
99 N,N-Diethylhydroxylamine
COyz~ + (C,Hy),NOH - 43 x 107 p.I. D.k. in soln. contg. 0.1 mol L= Na  79A162
carbonate and 0.26-10 x 10™* mol
L™ ! amine.
100 2,3-Dihydrophthalasine-1,4-dlone
CO4~ + -NHN™- = COg%~ + =8 x 10° p.r. D.k. in N,O-satd. soln. contg. 86A399

~-N-NH-
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TABLE 4. Rate constants for reactions of the carbonate radical ion in aqueous solution—Continued
No. Reaction k(L mol™!'s~") pH 1 Method Comment Ref.
101 2,3-Dihydrophthalazine-1,4-dione-2-yl
CO,~ + -N-NH- - CO,%~ + =10° p.r. D.k. in N,O-satd. soln. contg. 86A300
-N=N- + H* carbonate ion; also benzo-, 5-amino-,
6-amino-, 8-hydroxy-, and 6-
(dimethylamino)- derivatives gave
the same results.
102 N,N-Dimethylaniline
CO,4~ + C4HGN(CH,), = CO,%~ 1.4 x 10° p.r D.k. at 600 nm, as well as condy. 78A901
+ [CoHgN(CHg)o)+*
1.8 x 10° 7.0 0.06 f.p. D.k. at 600 nm in Co(NH,),CO,* 757313
soln.
108 N,N-Dimethylbenzylamine
CO4~ + C4HzCH,N(CH;), —~ 3.4 x 10° 11.5 f.p. D.k. at 600 nm in soln. contg. 0.2 85A401
mol L™' Na carbonate and 10~ mol
L™ K,8,04.
104 N,N-Dimethyl-tert-butylamine
COg4~ + (CHy)yCN(CHy), = 3.0 x 10° 11.5 f.p. D.k. at 800 nm in soln. contg. 0.2 85A401
mol L' Na carbonate and 10~ mol
L~ K,8.0,
106 Dimethyl disulfide ]
CO3*~ + CHiSSCH;, - €052~ + 1.0 x 10® ~8 p.r. D.k. at 800 nm in N,O-satd. soln.; 761143
[CH,SSCH,): 8.0 x 107 1 0.1-1.0 mol L™! HCO;™ or CO,2™.
106a 2,3-Dimethylindole
CO4~ + Me,InH - CO,%~ + 2.5 x 107 9.3 p.r. D.k. at 600 nm. 87A247
Meyln: + HY
106 N,N-Dimethyl-4-nitrosoaniline
€Oz~ + Me,NCH,NO — 5.3 x 10° pr D.k. at 440 nm in NyO-satd. soln. 680086
CO,%~ + [Me,NCH,NOJ-+ contg. CO,2™.
107 Dipropylamine
COz~ + (CH;CH,CH,),NH - 4.5 x 10° 11.5 f.p. D.k. at 600 nm in soln. contg. 0.2 85A401
mol L™ Na carbonate and 10~* mol
L™ K;S,04.
108 38,3'-Dithiobis(propionate ion)
CO,~ + RSSR — CO,2™ + 1.3 x 107 7-12 f.p. D.k. at 600 nm; radical generated 757110
[RSSR]-*+ from Co(NH;),C0,%; value from
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(NH,),CO,*.
109 Dithliothreitol
CO,~ + 41 x 10° 10.5 03 pr D.k. at 600 nm in N,O-satd. 731020
HSCH,CHOHCHOHCH,SH — carbonate soln.
HCO,;™ +
*SCH,CHOHCHOHCH,SH
110 Duroquinone
CO4s~ +DQ — <1 x 10 12 p.r No reaction; previously reported 78A901

[767587) k = 2 x 10° suggested to
be for different reaction.
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TARBLE 4. Rate constants for reactions of the carbonate radical ion in aqueous solution—Continued

No. Reaction k(L mol™'s™") pH I Method Comment Ref.
111 Ethanol
COy4*~ + C,H,OH ~ CH;,(.IHOH 1.5 x 10* 125 f.p. D.k. at 800 nm in air-satd. soin. 727383
+ CO,2%~ contg. 0.05 mol L' Na,8,0, and
0.5 mol L™! Na,CO,; COye~
generated from SO,™ + CO,%7; also
reported 2.1 x 10* [697104], and
~1.5 x 107 [707262, T17574).
112 Ethoxybensene
CO4~ + C4HgOC,H; = CO,%2~ 4.1 x 10° 7.0 0.06 f.p. D.k. at 600 nm in Co(NH,4),CO,* 757313
+ [CeH5OC,Hy)-+ soln.
118 Ethyl 4-aminobensoate
CO,*~ + HgNC,H,CO.C H, — 2.0 x 108 R5 f.p. D.k. at 800 nm in soln. contg. 2 % 84A6510
HCOy™ + HNC4H,CO,C,H, ' 10~% mol L*! Co(NH,),C0O4*.
114 Ethylenediaminetetraacetate ion
CO,*~ + [CHoN(CH,CO. )alo = 1.1 x 10° -0  p.r. D.k. at 800 nm. 78A901
115 4-Fluoroaniline
CO4~ + FCgH,NH, = HCO,~ 6.2 x 10° 85 f.p. D.k. at 800 nm in soln. contg. 2 X 84A510
+ FC“H.'NH 10'5 mol L-I CO(NHQ)]COQ"’.
116 Formate lon
CO4~ + HCO,™ = «CO,™ + 1.5 x 10° Equilibrium reaction efficient at low 86A502
HCO,™ dose and large bicarbonate concn.
(0.5-1 mol L™!'); computer fitting.
1.6 x 10° -0 pr D.k. at 600 nm. 78A901
11 x 10° 6.4 0.03 f.p. D.k. at 600 nm in Co(NH,),CO,* 737109
soln.
117 Glucose
CO4~ + glucose — 7 x 10* 7.0 0.03 f.p. D.k. at 600 nm in Co(NH,),CO,* 737352
soln.
118 Glutathione
CO4~ + GSH - HCO;™ + GS- 5.3 x 10° 7.0 0.03 f.p. D.k. at 600 nm in Co(NH,),CO,* 737352
soln.
119 Glutathione, oxidized
CO,~ + GSSG - CO,%~ + 1.3 x 10° 70° 003 f.p. D.k. at 600 nm in Co(NH,),CO,* 737352
[GSSG]~+ soln,
120 Glyecine
COy~ + Gly = <1 x 108 7.0 003 fp. D.k. at 600 nm in Co(NH,),CO,* 737352
soln.
121 Glyeylglyelne
COz~ + GlyGly - 2 x 10" 7.0 0.03 f.p. D.k. at 600 nm in Co(NH,),CO,% 737352
soln.
122 Glyecylglycylglycine
CO;~ + GlyGlyGly — 4 x 10* 7.0 0.03 f.p. D.k. at 600 nm in Co(NH,),CO,* 737352
soln.
123 Glyeylglycyltryptophan
CO4~ + GlyGlyTrpH = HCO,~ 7 x 10° 6-7 f.p. D.k. at 600 nm in Co(NH,),CO;% 747296
+ GlyGlyTrp 4 x 108 10 soln.
124 Glyeylhistidine
COy4~ + GlyHis = 4.3 x 10° 7.0 0.03 f.p. D.k. at 600 nm in Co(NH,),CO,* 737352
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TABLE 4. Rate constants for reactions of the carbonate radical ion in aqueous solution—Continued
No. Reaction k(L mol~'s™") pH I Method Comment Ref.
126 Glyeyltryptophan
CO,~ + GlyTrpH = HCO,™ + 8.2 x 10° 6 f.p. D.k. at 600 nm in Co(NH,),C0,*; 747208
GlyTrp- 45 x 10° 10 value from graph
7.2 x 108 7.0 0.03 f.p. D.k. at 600 nm in Co(NH,),CO,* 737352
soln.
126 Glycyltyrosine
CO4~ + GlyTyrOH - HCO,~ + 3.0 x 107 7.0 0.03 f.p. D.k. at 600 nm in Co(NH,),CO,* 737352
GlyTyrO- soln.
127 Hexamethylenetetramine
CO;~ + CgH Ny ~ 1.7 x 10* 11.5 f.p. D.k. at 600 nm in soln. contg. 0.2 85A401
mol L™! Na carbonate and 10~2 mol
L~ Ky46,04.
128 Histidine
CO,*” + His ~ ~1 x 10° ~5 003 f.p. D.k. at 600 nm; (values from graph); 757110
8.5 x 109 -10 CO3+~ generated from
Co(NH,4),CO,t.
5.6 x 10% 7.0 0.03 f.p. D.k. at 600 nm in Co(NH,),CO,* 737352
soln.
7 x 10° 11.2 0.3 p.r. D.k. in NgO-satd. soln. 720036
129 4-Hydroxybensoate lon
CO3*~ + HOC4H,CO,™ —- 7.9 x 107 12.2 0.3 p.r. D.k. at 570 nm in N,O-satd. 771098
C0,%" 4+ «OC,H,CO,~ + Ht carbonate soln.
180 6-Hydroxy-2-hydroxymethyl-2,6,7,8-tetramethylchromane
CO4+~ + ArOH = CO,%~ + 2.2 x 10° 11.2 pr Aryloxy radical formn. in N,O-satd. 83A389
ArO- + HY soln. cont. 0.1 mol L™! sodium
carbonate.
131 Imidaszole
COy*~ + Im - 5.5 X 10° 7.0 0.03 f.p. D.k. at 600 nm in Co(NH,),CO;* 737352
soln.
132 Indole
093" + InH = €032~ + In* + 3.0 x 10° 9.3 p.r. D.k. at 600 nm. 87A247
H
4.1 x 108 6-13 f.p. D.k. at 800 nm; radical generated 747296
from Co(NH4),CO3%; value from
graph.
3.2 x 108 7,12 01  fp D.k. at 600 nm; radical generated 737109
from Co(NH,),CO,*.
133 Indole-3-propionate lon
CO4~ + InCH,CH,CO,” - 4.2 x 10% 7-11 0.03 f.p. D.k. at 600 nm; radical generated 747296
HCO;™ + *InCH,CH,CO,~ 4.1 x 10® 7.0 0.1 from Co(NH3)4C03+. 737109
5.5 x 10° 9.0 0.1 72F542
6.8 x 10°% 12.0
134 JIsobutylamine
CO4~ + (CHy),CHCHy,NH, — 4.0 x 10° 11.5 fp. D.k. at 600 nm in soln. contg. 0.2 85A401
mol L™! Na carbonate and 10™% mol
L™ K,8,04.
136 Isopropylamine
COz*~ + (CH3),CHNH, = 5.0 x 10° 11.5 f.p. D.k. at 600 nm in soln. contg. 0.2 85A401

mol L™' Na carbonate and 10~3 mol
L~ K,8,04.

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



1076 NETA, HUIE, AND ROSS

TABLE 4. Rate constants for reactions of the carbonate.radical ion in aqueous solution—Continued

No. - Reaction k(L mol™'s™') pH 1 Method Comment Ref.
136 Luminol
COy-~ + -NHNII- — C042— + =8 x 10% pr. D.k. in NyO-satd. soln. contg. 86A309
-N-NH- + Ht carbonate ion; substrate oxidized as
monoanion, pK, ~ 7.
187 Malele hydraside, conjugate base
CO,~ + MH™ - CO4%~ + MH: 7.7 x 10° >7.5 p.r. 83A165
188 8-Mercaptopropionate ion
COy4~ + HSCH,CH,CO,™ — ~3 x 107 ~7 0.03 f.p. D.k. at 600 nm; radical generated 757110
CO4%~ + -SCH,CH,CO,~ + HY 24 x 10° 12.0 from Co{NH4),C05%; values from
graph.
189 Methanol
CO4~ + CH,OH — CH,0H + =3 x 10° 8.4 0.03 f.p. D.k. at 600 nm in Co(NH,),CO,* 737109
HCO3™ soln.

5 x 10° 12.5 f.p. D.k. at 600 nm in air-satd. soln. 727383
contg. 0.5 mol L™! NayCO3; COz-™
generated from SO, + COz%~ ~
50,%" + CO4™.

140 Methionine
" COg*™ + Met = CO4?~ 4 Metet 2 x 107 7 f.p. D.k. at 800 nm; CO,+~ generated 767110

5 x 107 11.0 from Co(NH;3),CO;%; values from
graph.

3.6 x 107 7.0 0.03 f.p. D.k. al 000 nm in Co(NHg),CO5* 737362
soln.

1.2 x 10® 11.2 0.3 p.r. D.k. in NyO-satd. soin. 720036

141 4-Mecthoxyphenoxide ton
COz~ + CH3OC4H, 0™ — 5.2 x 10° 12.2 0.3 p.r. D.k. at §70 nm in N,O-satd. 771098
003’— + CH4a0C4,H,0- carbonate soln.

142 Methyl radical
COy4~ + *CHy = CH;0CO,~ 3 x 10° p.r. D.k. at 600 nm in Na,CO3—CH3Cl  78A266

soln.

148 N-Methylaniline
€O~ + CoH;NHCH; ~ HCO;~ 1.8 x 10° p.r. D.k. at 600 nm. 78A901
+ C4HzNCH,4

144 ioﬁethylonlllne
COz*~ + CH,CoH,NH, - 9.1 x 10° 8.5 f.p. D.k. at 600 nm in soln. contg. 2 X 84A510
HCO,;~ + CH,CgHzNH 10~% mol L' Co(NH,),CO,%.

145 S-Methylcysteine
COy~ + ~2.8 x 107 7 0.03 f.p. D.k. at 600 nm; CO,*~ generated 737352
CH,SCH,CH(NH,*)C0,~ - 5 x 107 11.0 from Co(NH,),COs*; values from 757110
CO_-,Q.' + graph.
OH3SOH,ON(NH )00, ™

146a 1-Methylindole
COz*~ + Meln = CO,%~ 4 8.5 x 10° 9.3 p.r. P.b.k. at 345 nm. 87A247
Meln-+

145b 3-Methylindole
CO3*~ + MelnH = €O, + 1.4 x 10° 9.3 p.r D.k. at 600 nm. 87A247
Meln: + HY

146¢ 38-Methylindole
€Oz~ + MelnH = CO4%~ + 1.5 x 10° 9.3 pr. D.k. at 600 nm. 87A247
Meln- + H*
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TABLE 4. Rate constants for reactions of the carbonate radical ion in aqueous solution—Continued
No., Reaction k(L mol™'s™%) pH I Method Comment Ref.
146 4-Methylphenoxide ion
CO3~ + CHyCgH,0™ = CO;~ 4.8 X 10° 12.2 03 pr D.k. at 670 nm tn N,O-satd. 771098
+ CH;C¢H, O carbonate soln.
147 N-Methylpiperidine
CO4~ 4 CeH 43N — 2.6 x 10° 115 f.p. D.k. at 800 nm in soln. contg. 0.2 85A401
mol L™! Na carbonate and 10™% mol
L™! K,8,0,.
148 2-Methyl-2-propanol
COy4~ + (CHy),COH — =2 x 10% 6.4 0.03 f.p. D.k. at 600 nm in Co(NH,),CO,* 737109
soln.
148 N-Methyltryptophan
CO4~ + MeTrp — CO,% + 4.3 x 10° 7 0.1 f.p. D.k. at 600 nm; radical generated 747296
MeTrpet ~6 X 10° 12 from Co(NH,),CO,;%; values from
graph.
160 Metlasinic acid, conjugate base
COs~ + MZ™ = CO,%~ + M2+ 3.2 x 10° p.r. D.k. at 600 nm in N4O-satd. soln. 81A162
contg. 1 mol L™! Na,CO,.
161 1-Naphthoxlide ion
COy™ + NpO~™ = CO,*~ + 3.1 x 10° 11.2 p.r. Aryloxy radical formn. in N,O-satd. 83A389
NpO- soln. cont. 0.1 mol L™! sodium
carbonate.
1562 2-Naphthoxide lon
CO4~ + NpO~™ - CO,4%~ + 1.3 x 10° 11.2 p.r. Aryloxy radical formn. in N,O-satd. 83A389
NpO- soln. cont. 0.1 mol L™! sodium
carbonate.
168 4-Nitroaniline
€03~ + OyNCeH,NH, — 7.3 x 107 8.5 f.p. D.k. at 600 nm in soln. contg. 2 X 84A510
HCO,™ + O,NC.H,NH 10° mol L Co(NH?),,COg,"’ and :
9-16 x 10™° mol L~ 4-nitroaniline.
164 Nitromethane
CO,~ + CH3NO, — 1 x 10" 7 f.p. D.k. at 600 nm in Co(NH,),CO,* 767110
1.5 x 107 12 soln.; product obs. by esr [725050].
166 4-Nitrophenoxide lon
CO3~ + NO,C4H, 0™ — CO,%~ 4.8 X 107 12.2 0.3 p.r. D.k. at 570 nm in N,O-satd. 771098
+ NO,C4H,0- carbonate soln.
166 Norpseudopelletierine N-oxyl
CO4™ + NPPN - 1.1 x 10° 0.015 p.r. D.k. at 800 nm in N,O-satd. 710061
carbonate soln.
157 Penleillamine
CO3*" + PenSH — HCO,; + ~2 X 107 4 f.p. D.k. at 600 nm; radical generated 757110
PenS: 2.4 x 10° 9.5 from Co(NH),CO5%; values from
1.2 x 108 12 graph.
168 Phenol X
CO5~ + CgH;OH ~ HCO;™ + 4.9 x 10° 7.0 0.06 f.p. D.k. at 800 nm in Co(NH,),CO,* 767313
CgHsO- soln.
2.2 x 107 7.0 0.03 f.p. D.k. at 600 nm in Co(NH;),CO,* 737352
soln.
168 Phenoxide lon ;
COz~ + CgHgO™ = CO,%~ + 4.7 x 10° 11.2 p.r. Aryloxy radical formn. in N,O-satd. 83A389

CeH 0"

soln. cont. 0.1 mol L™' sodium
carbonate.
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TABLE 4. Rate constants for reactions of the carbonate radical ion in aqueous solution—~Continued
No. Reaction k(L mol™!'s™') pH I Method Comment Ref.
159 Phenoxlde lon—Continued
2.3 x 108 p.r. D.k. at 600 nm. 78A901
2.4 x 10° 12.2 03 p.r. D.k. at 570 nm in N,O-satd. 771098
carbonate soln.
5 x 107 12 f.p. D.k. at 800 nm in Co(NH,),CO,t 757313
soln.
160 Phenylalanine
CO3*~ + Phe = 5 x 10* 7.0 0.03. f.p. D.k. at 00 nm in Co(NH,),CO,% 737352
soln.
<1 x 108 11.2 0.3 pr. D.k. in N,O-satd. soln.