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Equilibrium constants and rate constants involving&), Cl-, Cl; -(aq), HO, H,0,
and H0O,(aqg) determined at 2972 K in the agueous phase are updated and evaluated.
Most of the rate constants and equilibrium constants are obtained by either pulse radi-
olysis or laser flash photolysis. The recommended values of rate constants and equilib-
rium constants are achieved by un-weighted averaging of the reliable experimental mea-
surements. ©2004 American Institute of Physic§DOI: 10.1063/1.1695414
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1. Introduction

The photochemical system involving H@g) and CI in
e aqueous phase is of significant interest in the fundamen-
tal kinetics understanding and its application to atmospheric

and biological sciences. Overall there have been more than
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70 independent research articles related to the chemical kieLe 1. The preferred values & andK; in the photochemical system of
netics study of GJ-(aq)/CHaq) in the aqueous phase in the H2C: and CI' in the agueous phase at room temperature

past few decades. Although several previous reviews sunyy

Reaction

k

marized the rate coefficient of aqueous phase free radical
reactions;~®the most recent evaluations are dated in 1988, 1
Since then, more research has been dedicated to the kinetigs
of free radicals of interest in atmospheric water phase spe-3
cifically investigating the Gl-(aq)/Ct(ag) mechanism. In
contrast, there is a lack of in-depth analysis and criticab
evaluation of research findings relevant to the /€1,0,/hv =~ —4
system in the aqueous phase. Hence, a critical review of thg
research papers in the past 40 yr is needed to recognize past
accomplishments, identify mistakes, refine rate constants and
equilibrium constants, verify the validity of previous cita- 6
tions, improve the creditability of future citations, and clanfy 7
future research focus.

This review is the fourth paper of a series of papers desi0
ignated to the kinetic and mechanistic investigation of the;,
CI"/H,0,/hv and CI/S,03 /hv systems. We recently 12
studied the chemical mechanism of the ##®) and CI 13
systen”’ in the aqueous phase and reported a series of rea(]:4
tion rate constants and equilibrium constants mvolvmg
HO-(ag), Cl-(ag), CI~, H,O,, and Cf -(aq). The first three

H,0,+hy—HO-+HO-
HO-+H,0,—HO,-+H,0
HO-+Cl~—CIOH -
CIOH +—HO-+CI~

CIOH -+H*—Cl-+H,0
Cl+H,0—CIOH - +H*

Cl-+CI"—Clj -
Cly-—Cl-+ClI-

Cly++Cly-—2ClI +Cl,
Cl-+Cl;-—Cl~+Cl,

Cly ++H,0—CIOH -+H" +CI~
Cly ++H,0,—HO,+H* +2CI
Ck+H,0,—H"+CIl” +HO,-
Cly ++HO,— O, +H" +2CI”
HO,-+ H,0,— H,0+ 0,+ HO-
HO + HO-— H,0,
HO+HO-—H,0+O-
HO,:+HO,-—H,0,+ 0,

HO + HO, —H,0+ O,

Do =
k= (3 2+1 5)x10" M
ky=(4.2+0.2)x10° M 17t
k,3=(6.0i 1.1)x10°s?
=0.70-0.13M?!
k4 (2.4+0.4)xX10'° M
K_,[H,0]=(1.8+0.6)x10° st
K,=(7.4+2.8)x10°
ks=(7.8+0.8)x10° M~ 1s~
k_s=(5.7+0.4)x10* s !
Kg=(1.4+0.2)x10° M~ !
ke=(3.5+2.7)x10° M~ 1s~
k,=(1.4+1.0)x10° M~ 17t
kg[H,0]<1300+100s*
ko= (6.2+6.8)x10° M 15~
kyo=(2.0+0.3)x10° M 1s?
kiy1=(3.1+1.5)x10° M 1s?

1—1

171

papers deal with the kinetic and mechanistic analyses of o
experimental data, and this paper evaluates the rate constants
and equilibrium constants involved in the updated mecha-
nism. As a result of our experimental findint$the hydro-
gen extraction reaction €hq)+H,0,—HO,-(ag)+H"

ee Fauset al
ee Yu and Barker.

|79

+CI™—Cl, -, has been the subject of several investigations.

+CI” is added to the mechanism. In addition, the reactiorLiterature values oK near 20°C scattered over about 4
Cl-(ag)+Cl; -(aq)—Cl~ +Cl, is confirmed to participate in orders of magnitud&.'2However, the recent values obtained
the second-order decay of G(aq). Although our recent re- by Buxtonet al1? and Yu and Barkéragree reasonably well
sults are in fairly good agreement with previous findings,with that of Jaysonet al® Recent works appear to have
discrepancy still exists in certain rate constants and equilibsettled questions about the magnitude of this equilibrium
rium constants. Therefore, it is necessary to evaluate the exonstart *?and led to a minor revision in the recommended
perimentally obtained kinetics data reported in the literaturesalues with improved uncertainty. Although the reaction be-

to discuss and estimate the uncertainty.

tween chlorine atoms and hydrogen peroxide is well known

The review of reaction rate coefficients and equilibriumin the gas phas® it has only been determined in the aque-
constants is focused on <Gig) related free radicals gener- ous phase recentfyWe included this new measurement in
ated by photodissociation of hydrogen peroxide and its subfable 1. The reaction &laqg)+ Cl, -(aq)— Cl~ + Cl, was of-

sequent reactions with Clat room temperature, i.e.,

reac- ten missed in previous mechanisms. However, it plays an

tions (2)—(11). The preferred values of rate constant data andmportant role in the second-order decay of €kq), there-
equilibrium constant data are summarized in Table 1.Khe fore it is included in the mechanism.

always refers to equilibrium constant for reactigprand k;
refers to reaction rate constants for reactioThe (ag) is

constants determined

In this paper, we evaluate rate constants and equilibrium
in the previous two companion

omitted in the following text for the simplicity of presenta- paper§’ and present the most reliable values of either rate
tion. The numbering scheme of the reactions of interest isonstants or equilibrium constants of aqueous phase free
consistent throughout the paper. Farhataziz and 'Rusge  radical reactions involving €l CI~, Cl, -, HO-, H,O, and
detailed evaluation of HOand HQ- related reactions, i.e., H,O, at room temperature. The tables in this paper include
reactions(12)—(16), which are included for completeness of the published rate constants as presented in their original
the mechanism. Most of the reaction rate constants were deeports with some revisions where appropriate. The data in-
termined by pulse radiolysis or flash photolysis. Values de€luded are published from the 1960s to January 2004. An
termined by other techniques were included when they seempdate and critical evaluation of the recent and past works
reliable and when absolute rate constants could be deriveate necessary for experimentalists as well as modelers for
from their reports. Relative rates are not included as suchuture research in the CIH,O,/hv aqueous system. Free
All values presented in this paper were determined in aqueradicals, such as €I Cl, -, and HOCT -, are also basic
ous or predominantly aqueous systems. chemical species in the study of electron transfer theory. The
The equilibrium constant of reaction(5), Cl- review of the kinetics study of the CIH,O,/hv aqueous
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CRITICAL EVALUATION OF RATE CONSTANTS

system provides an update of kinetics measurements as well
as the source of a self-consistent set of thermodynamic data
related to Cl free radicals in the aqueous pha8®ur main  ave.
objectives of this paper are to provide insight into futurecalc.
research directions focused on halogen related free radica
systems, specifically chlorine, and to provide a concise exe
planation and commentary of essential experimental kineti€,
approaches to solving complicated fast multiple equilibriaESR
problems. EPR
D
Fenton
2. General Methods FP
v-R
The dichlorine radical anions (L) were produced in G
most cases by pulse radiolysis of aqueous solutions. The ra-
diolysis of water forms short-lived intermediates: hydratedl
electrons, hydrogen atoms, and hydroxyl radicals, which reK
act rapidly with appropriate solute to yield the desired seck
ondary radical$:**° In certain cases, these secondary radik;
cals exhibit sufficient optical absorption in the visible or Kgps
near-ultraviolet range that allows kinetic spectrophotometrid,
measurements of the formation and decay rates. By followA
ing the decay rate as a function of added solute concentratidoFP
one can determine the absolute second-order rate constant fidr
the reaction of the radical with the added solute. In othelN.A.
cases, when the radical does not exhibit intense absorption,@.D.
is often possible to determine absolute rate constants by fopH
lowing the buildup of the species produced from the added
solute upon reaction with the radical. pK,
When none of these methods is applicable, the rate con-
stants are determined by competition kinetics. In such casePR
a reaction with a known absolute rate constant is chosen assim.
reference and the yield of the product of this reaction isZ
determined as a function of the ratio of concentrations of the

749

activity coefficient

distance of closest approach between two ions
average

calculated

diameter

molar extinction coefficientbase 10
activation energy

electron spin resonance

electron paramagnetic resonance
guantum yield

Fenton reaction

flash photolysis

gamma radiolysis

radiation yield(molecules per 100 eV or
1.602 0% 10 17 )

ionic strength

equilibrium constant

rate constant

the forward reaction rate constant

the observed rate constant

the reverse reaction rate constant
wavelength(nm)

laser flash photolysis

mol/L

not available

optical density

negative logarithm of the proton ions concentra-
tion, e.g., wherggH=—log([H"])
negative logarithm of the acid dissociation con-
stant, e.g., where AHH,0—A~ +H;0"
pulse radiolysis

simulation

ion charge

reference solute to other added solutes. From a plot of thg jis¢ of chemical species appeared in the text is included in
yield ratios versus the concentration ratios, one derives thg,, following:

relative rate constants of the two competing reactions. Based

on the known rate constant for the reference reaction, one

then derives the rate constant for the unknown reaction. ThEBUOH

competition method assumes constant radiation yield in aﬁ:ll

solutions examined and gives somewhat less precise resu

than the direct method. However, it is a useful strategy ian

many systems. Clp-
The results obtained from competition kinetics are not emCIOH"-

phasized in this paper, because they intrinsically are aﬁecteﬁto+H

by the relative rate constant depending on what referencgez

solute is used. This evaluation focuses on rate constants afit>"

equilibrium constants obtained from direct methods. When 402

result obtained by competition kinetics is cited, the referencé’202

rate constant is not evaluated. H,O
MeOH

RNO
3. Guide to the Data Sheets SO,

S$,05

Some symbols appear repeatedly in the following discus-

tert-butyl alcohol(2-methyl-2-propangl
chlorine atom

chloride ion

chlorine molecule

dichloride radical anion, dichlorine anion radical
CIOH minus radical

ethanol

Fe(il) ion

hydroxy! radical

hydroperoxyl radical

hydrogen peroxide

water

methanol

N, N-dimethyl-4-nitrosoaniline
sulfate radical

persulfate ion

sions. A list of abbreviations and symbols used in the Datarhe data discussed here are only for the photochemical ki-

Sheets section is summarized here.

netic information.

J. Phys. Chem. Ref. Data, Vol. 33, No. 3, 2004
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TaBLE 2. Rate constant data & by (a) direct measurements aitd) competition kinetics

k,x1077 M~1tsh Method pH Reference Notes
@ 45 PR N.A. 196% a
1.2 PR 3 196% b
2.7+0.3 PR 6.8-13.8 198% c
2.7 ave. N.A. 1997 d
4.2+0.2 LFP 2 2008 e
k,x1077 (M~1sh Method Ratio pH Reference Notes

(b) 4.3 FP Kuo-+ 8- /K, =830 2.2 196% a

2.25 PR Ky Kpo41-=(2.2+0.7)x 1073 7 1965° b

8.8 PR Kz /Kio-+ Hco, = 1.8 8.4 1968 c

5.9 PR Ko+ thymine/ Ka= 72.4 1.0 1969 d

1.7 PR Ky /Kpo.+ rno= 1.36X 102 N.A. 1969° e

1.7 FP Ko /Kpo.+ rno=1.36X 1072 7 1974° e

45 ¥R Ko /Ko rno=3.6X 1073 5-10.5 197# e

3.8 PR Ko /Ko s Luminoi=4.25X 103 7.7,9.3,11 198 f

2.0 PR Ko+ sen- /Ko =550 7 1988 g

3.1. Conventions Concerning Rate Constants kinetic or time-resolved methods capable of monitoring the

formation or decay of the transient species CIHigh prior-

All reactions listed in the_ table_s are elementary processe1<,ty is given to entries derived from publications containing
Thus, the rate expression is derived from a statement of thg\o 1,05t comprehensive information concerning the experi-

reaction, e.g., mental methodology, errors, conditions, details of parameters
A+A—B+C (1) needed for the unambiguous identification and characteriza-
tion of the reactive species, and the nature of the reaction, as
_1dA]_dB]_dC] —K[A]2 ()  well as factors influencing or controlling the reaction kinet-
2 dt dt dt ics.

Note that the stoichiometric coefficient for A, i.e., 2, appears 1€ uncertainties of the preferred values are assigned us-

in the denominator before the rate of chang@Af (which is ing the standard deviation of all reliable direct measure-
equal to X[A]?; the square brackefs] represent concentra- ments. Therefore the uncertainties presented indicate the

tion of the speciesand as a power on the right hand side range of the available rate constant or equilibrium constant
" data. They are not determined by extensive statistical analy-

sis of the data, which is often not allowed due to the limited
data set or insufficient information.

Tables 2—16 are arranged in the order of the occurrence of

3.2. Arrangement of Tables

the reaction in Table 1. The products of the reactions are 4. Data Sheets
included when they are known reasonably well or when they
have been discussed in the paper reporting the data. In most 4.1. kz, HO-+H;0,—HO,-+H,0-

cases, the rate constant listedgs at the quoteoH. When Both direct and indirect methods were used to measure

ionic strength conditions were specified or could be deriveckz, which are discussed separately. The representative mea-
from the description of the report, they are enclosed in thg .aments opK, of HO- and HQ- are 11.9517 and 4.88.8
a . .00,

data sheet. In some cakg,; may be for a mixture of ionic respectively. The, is not affected by the differerH en-
forms of the substrate. vironments reported.

The method of radical generation is given by symbols
such as PRpulse radiolysisand FP(flash photolysiy iden- 4.1.1. Direct Method
tified in the list of abbreviations and symbols. Other details
of the determination and the system are described in the Notes[Table 2a)]
notes. Temperature and pressure are assumed to be ambient: Schwarz(1962," k,=4.5< 10" M~ 's™ .
otherwise the conditions will be noted. The references are The variation of HO, steady state was expressed as a

followed at the end of the article. function of pulse period. The mathematical derivatiorkef
is complicated. Th&, was obtained by trial and error with
3.3. Data Evaluation one intermediate parameter until a consistent value was
o reached.

Rate data selected for inclusion in this paper are based on ° Fricke and Thoma$1964,2° k,=1.2x10" M~ 1s™1,
the best available direct determination. Preference is given to Studies of reactions in solutions of,8, and G provided
data derived from pulse radiolysis, flash photolysis, or othethe absolute rate constants for a series of rate constants, one

J. Phys. Chem. Ref. Data, Vol. 33, No. 3, 2004
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of which isk,. With G4=3.3, Go.=2.7, GH220.45, and
Gh,0,=0.75,k;=1.2x10" M~ *s™* was obtained.

¢ Christensen etal. (198221 k,=(2.7+0.3)
x10' M~ts L,

The value ofk, was determined from thpH dependence

of kyps Which is a mixed rate constant involving reactions
(2)—(5). Thek, was derived by computer simulation of the
following eight reactions that are involved with the observed

pH dependence:

HO-+H,0,—H,0+0; +H* 2
O +H,0,—OH +0; +H" &)
HO-+HO, »OH + 0, +H* (4)
O +HO, »OH +0, (5)
H,0,+OH™ —HO; +H,0 (6)
HO; +H,0— H,0,+OH" (7)
HO-+OH —0~ +H,0 ®)
O™ +H,0—HO-+OH" 9)

The rate constant of reactidB) was considered negligible,
the rates of reaction&) and (5) were knowr?? The best fit
was generated by usinkg,=(7.5+1.0)x10° M"'s ! and
ks=(4.0-0.5)x10° M~1s 1. Although the experimental
technique is pulse radiolysi&, was indeed determined by
computer simulations.

4 Elliot and Buxton(1992,2% 2.7x 10’ M~ s 1.

This is a citation of the result of Christensehal

®Yu and Barker(2003,° (4.2+0.2)x 10’ M~s 1.

The rise and decay of €I was analyzed. The rise rate
constant of CJ- could be expressed aky=ky[H,0;]
+k,K3[H*][CI"]. The k, was directly obtained from the
linear least squares analysis lof versus[H,O,]. Whereas

|21

thek,K3[H" ] was extracted from the subsequent linear least

squares analysis of the intercept from #yeversus H,O, ]
analysis plotted as a function @NaCl] under constanpH
25
Preferred Values

k,=(3.21.5)x10' M~ts7?!
Comments on Preferred Values

The preferred value df, is the unweighted average of the

four reported rate constants except Elliot and Buxtoire-
sult, because it is a citation of Christensetral 2*

4.1.2. Indirect Method

The values ok, determined by competition kinetics meth-

751

@ Ferradini and Koulks-Pujo (1963,2* kyo.: g Kz
=830.

Bromide ions were used as the scavenger of hydroxyl radi-
cals. The ratiokyo. . g—/k,=830 was obtained. By using
their value of kyo. g-=3.6x101°M " 1s 12 k,=43
x 10" M~1s™! was determined.

® Thomas(1969,% k, /Kyo.+ - =(2.2+0.7)xX 10" 2,

The ratiok, /Kyo.. - =(2.2+0.7)x 10" 2 was obtained by
using iodide ions as the HGcavenger. With his own deter-
mination of kyo..;-=(1.02£0.13)x10"°M 1s 1% k,
=2.25x10" M~1s ! was derived.

¢ Buxton (1961),% Kz /Krio.+ Heo, = 1.8.

The ratio of k2/kHo.+Hco3— was measured. Thk,=8.8
x10° M~ 1s ! was determined by takinguo.+ Heo; = (4.9
+0.5)x10' M~1s 126

4 Armstrong (1962, Kyio. + thymine/ Ko = 72.4.

The k, was corrected first in this work by using a compe-
tition scheme involving HO®and H0O, and HO and thym-
ine. Thek,=5.9x10" M~1s ! was determined by taking
Kiio-+ thymine= (4.3+0.1)x 10° M~ s .28

¢ Baxendale and Khan(1961),%° k,/kyo.+rno=1.36
X 1072, Kachanova and Kozlov(1974,%° k,/Kuo.+rno
=1.36x10"?; Hatadaetal. (1974,*! K,/Kyo.+rno=23.6
X 1073,

The above three used RN@-nitrosodimethylaniling as
the competitor to study the H®adical reaction. Baxendafe
and Kachanov¥ obtained almost identical ratio, whereas
Hatada's* result differs by almost a factor of 4. It is unclear
what causes the discrepancy.

" Merenyi and Lind (1980,%2 K,/Kuo.+ Lumino=4.25
X103,

Luminol was the scavenger of hydroxyl radicals. The ratio
of Ky /Kyo.+ Lumino=4.25X 103 was measured. Taking pre-
viously determinedkyo. ;| ymino=8.7X10° M~ 15713 k,
=3.7x10" M~ s ! was derived.

9 Greenstock and Wieb@981),** k0.4 scn- ko= 550.
The k,=2.0x10" M~ 1s ! was derived using the ratio
Ko+ sen- /Ko =550 with kyo.+ sen- =1.1X 1000 M~ 157135
Comments on Preferred Values

No preferred value is given based upon results from indi-
rect measurements.

4.2. ky, HO-+CI~—CIOH ™

Similarly tok,, k3 have been determined both using direct
and indirect methods. The following discussions of data are
organized according to the determination method.

4.2.1. Direct Method

ods are summarized below for completeness of comparison. Notes[Table 3a)]

No preferred value is concluded from the indirect measure- 2 Burton and Kurien1959,% k;=4.0<10° M~ !s™ 1.

ment. Competition kinetics has been widely applied in deter- The effect of halide ions in a system of hydrogen peroxide
mining k, using various scavengers. Relative rate ratios wer@&nd halide ions was found to redu€g,_o,. The plot of the

obtained as a result. The accuracykgfdepends on the rela-
tive rate constant as explained in Sec. 1.
Notes[Table 2b)]

fraction of free hydroxyl radicals unscavenged by halide ions
versus a quantity, which is the product of the rate constant of
the radical scavenging reaction, the concentration of the

J. Phys. Chem. Ref. Data, Vol. 33, No. 3, 2004
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TaBLE 3. Rate constant data &§ by (a) direct measurements artb) competition kinetics

(@ ksx109 (M~ 1s7h) Method pH Reference Notes
4 ¥R 2 195§° a
very low ¥R 10 196587 b
4.3+0.4 PR ~2 1978 c
0.4-3.0 PR N.A. 198% d
(b) kyx10°° (M~1s™Y Method Ratio pH Reference Notes
0.089-0.64 PR K3 /Kyeon=0.099-0.715 1-25 1984 a
0.067-1.6 PR ks /Kee(cnp-=7.25% 10 3-0.169 1-2.7 1964 a
<1.25x10°° ¥R K3 /kgno=10"% 9 19658 b
0.52 PR ks /kgno=0.042 2 196%° c
4.8 PR ks /Kgno=0.381 ~0.1 19670 c
5.6 ¥R ky/k,=9.5 1 1969’ d
0.035 ¥R K3 /Kyeon=0.031 1.1 1964 e
0.037 »R K3 /Kgion=0.020 1.1 1964 e
1.32 PLY ky/ky=1.11 1 19882 f

scavenger solute, and the defined initial time characteristic afijde were used under varioyH. The k; was found in a
the irradiation spurtp), followed the Ganguly—Magee rela- range of values depending §hi*] and[CI~].
tionship. With Ganguly and Magetg, ks is determined as ® Kraljic and Trumbore1965,'® k3 /Kyo.+ rno= 1074,

4>;109 M™tsh . The value ofk; is very low under alkaline conditions.
Mattews and Sangstét965,” very low. ° Kraljic (1967,%° Ks/Kpo.s rno=4-2X1072, (pH=2);
The k; was measured at very highH, i.e., alkaline con- Ks/Kpos rno=0.381, PH~0.1).
ditions, which resulted in a very slow rate constant. A series of scavengers such as BICI~, RNO, MeOH
9 _ 71 71 ) 1 1
© Jaysoret al. (1973, ky=(4.3+0.4)x10° M *s ™%, EtOH, and thymine was used to scavenge-HO
The observed rate constant of,Clrise, i.e., HO disap- d Armstrong(1969,27 ks /Ko, s 1.0, = 9.5
! T Y2 =

pearance, was analyzed as a functioriléf ]. Steady state A series of hydroxyl radical scavenger reactions was stud-

approximations of C| and CIOH - were applied to derive . . : i
the expression for the pseudo-first-order rate constant. Lineé?d' The ratio ofk;/k, was obtained. There could be a typo

relationship ~ was obtained: ag-ay- /k=(1/k4Ks) graphical error in the rati&;/k, or ks in this paper. Since if

+(ay+ /ks). By plotting ac-ay- /k versusay«, the data W€ _ US€ the reported ks/k;=9.5 and k;=5.9

V M-—la1 | — —1g1; ; inh i
points yielded a straight line. The slope corresponded t8<_ 100 M™tst, ke =5.6x<10° M SIS denved,_whlch IS
1ks, and the intercept k4K different from what was reported in the paper, ilg=5.6

¥ Grigorev et al. (1987,% ky=3.0x 10° M~ 152, x10° M~1s 1. From thek, evaluation above, a ten times
The results range fr0r1n (0.4-3R)0LC° M~1s L with in- difference ink, is unreasonable. However, it is unclear

creasing[NaCl] and unspecifiedoH. The details of their whetherk;/k, or k; was reported with a mistake. In Table

analysis were not given. 3(b), the value 5.&10° M~ 's ! is listed, which is sus-
Preferred Values pected to be the determined parameter.

Ky=(4.2+0.2)x10° M~ 151, ® Hughes and Makadd 969, k3 /kno. + meon=0.039 and
Comments on Preferred Values K3 /Kpo.+ geor= 0.020.

Mattews and Sangsté’sdirectly determined results were ~ Both methanol and ethanol were used to scavenge, HO
obtained under higlpH conditions that is unfavorable for and ratios were obtained first. The ratio of
reactions(3) and (4) to proceed. Grigore et al’s results®  Kpo.+meon/Ks/Kpo.+eeon=1.95 was then derived. NpH
are not considered because they are in a wide range with rdependence was mentioned. Hydrochloric acid was used to
reported analytical details. Therefore the preferred valugrovide chloride ions. Their values are smaller than Anbar
from directly determined measurements is obtained by thend Thomas’ result No explanation was given why a dif-
unweighted average of the reported values from Burton anéerence exists using methanol and ethanol as the HO

Kurien®® and Jaysoret al?® scavenget !
" Pramanicket al. (1988,%2 ky /kyo.4 y=1.11x 10" *.
4.2.2. Indirect Method The rate of HO reacting with halide ions was determined
by entrapping the product radicals as polymer end groups
Notes[Table 3b)] that have been detected and estimated by a sensitive dye
® Anbar and Thomas(1964,% Ka/Kuo-+Fecn?==7-25  partition technique. The ratio dfyo..x— to ky which is a
X 1073-0.169 andks/Kyo.+ meon=9.9—71.5¢ 10 2. predetermined rate constant of H&nd a monomer, is equal

This is one of the earliest reports using competition kinet-to the ratio of the counts of halogen end group to that of the
ics to measurds;. Both methanol and potassium ferrocya- hydroxyl end group. Therefore, this method is essentially

J. Phys. Chem. Ref. Data, Vol. 33, No. 3, 2004
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TaBLE 4. Rate constant data &f 5

ksx10°° M 1s} k_3x10°° (s} Ky (MY Method pH Reference Notes

4.3x0.4 6.1+0.8 0.70£0.13 PR <3 1978 a

competition kinetics, because it relies upon the knowledgéo be unchanged during the pulse radiolysis process, i.e.,
and accuracy oky,. The initiator efficiency is an important Cl; - lifetime. The change of optical density, the difference

factor in the determination d¢;.*3 between the optical density at time infinity, and that at any

Comments on Preferred Values time t, was plotted as a function of time. The slope of such
No preferred value is given based upon the results froniines is the rate of the appearance of CIA range ofksK3

indirect measurements. was reported. Different ionic strength of the solution is con-

sidered to be the cause, sirgcgis affected by ionic strength.

4.3. K3 and k_z, CIOH™-—CI~+HO-
zan 3 - b Ward and Myerg1965,** k,K3=7.6x10° M~2s7 1,

Notes(Table 9 The rate constant of ¢} rise was measured. Both thym-
@ Jaysonetal. (1973,° K;=0.720.13M*; kz=(4.3 ine and ethanol were used. Thymine was used as a measur-
+0.4)X10° M~ 1s ™% ky=(6.1+0.8)x 10° s~ L. able double-bonded component, and ethanol as a measurable

The most widely used value ¢f; is 0.70+0.13 M *.° It saturated component. If both a double-bonded compound
was determined directly by using the linear relationship beand a saturated compound are present in the agueous solu-
tween the inverse of the difference of the optical density oftion, chlorine atoms will react specifically with the former,
CIOH™ - and[HO-] in saturated nitrous oxide solution and whereas hydroxyl free radicals will react with both. Oxygen
saturated oxygen solution, respectively. The=(4.3+0.4)  removes hydrogen atoms, hydrated electrons, and organic
x10° M~ 1s71 is the directly determined valud, ;=(6.1 radicals leaving HO and C} the only effective attacking

+0.8)x10° s~ ! was derived based df; andk. species. The relative rate constant ratios of-ta@d ethanol
Preferred Values or HO- and thymine were determine®._ j,ymine Varied with

k_3=(6.0-1.1)x10° s~ 1. pH and[CI~]. However, the ratidyo. + thymine/ Ko+ ethanol
Comments on Preferred Values remained constant. Their results showed thgitdsncreased

This is only report ofK;.° The preferredk_; is derived  the Ct involvement in the reactions decreased in aqueous
using the preferred value & and the only direct measure- solutions containing thymine and ethanol. Chloride concen-
ment of K5. Sincek_5 is affiliated with K; and ks, the  tration andpH of solutions were kept constant in their ex-

recommended_; is affected byks. periments. The ratio do. + thymine/ KHo- + ethanoiWas useful in
determining G- 4w+ 1 Ho-/ Ginyminer Ho. -~ The  plot  of
4.4. k4K3, HO-+ClI~+H*—Cl-+ Hzo GCI*+H++HO-/Gthymine+HO~ VerSUS[H+]'[C|_] was fitted

with a linear relationship. The slope of such line is

The global rate constant combining reactid8sand (4), Kei- 1+ + Ho- ! Kinyminer Ho. = 1.90.3 ML The k,K;=7.6
k,K3, was measured in many previous works. Using steady< 10° M~?s™! was derived by using Kihymine+ Ho-= 4
state approximation, the third-order global rate constant carx 10° M~1s 1.4°
be expressed dg,K;. The derivation and definition of the ¢ Ward and Kuo(1968,* k,K3=1.5x10'°°M 251,
global rate constant are detailed elsewlfere. Ward and Kuo found thak,K3 showed a first-order de-
Notes(Table 5 pendence ohH™ ] and[CI~]. A published relative rate con-

3 Anbar and Thomas (1964,%° k,K;=1.16—2.16 stant was used to obtaiky,K;=1.5x10"°M 2s 1. How-
x100°M~?s! (pH~3) and 0.32-1.84101°M 2s !  ever, the specific relative reaction and its rate constant were
(pH 0-3. not specified. Since Wat®used thymine and HOreaction

Anbar and Thomas measured the appearance 9f.Cl previously as the reference reaction, it is assumed that they
Pseudo-first-order approximation was used to derive this ratesed the same relative reaction again in this slightly later
constant. The concentration of solufeC(™ ]) was assumed work. By using the same referenced value of the relative

TaBLE 5. Rate constant data &f,K; by direct and competition kinetics

k,K3x 1070 (M 2s7Y) Method Ratio I (M) pH Reference Notes

1.16-2.16 PR <0.15 1-3 196% a
0.32-1.84 PR ‘e 1(NaClQ,) 0-3 1964° a

0.76 ¥R K4K 3 /Kipymine= 1.9 M1 <0.2 ~1-3 19636 b

15 PR k4K 3 /Kipymine=3.75 M <0.2 0.8-3.4 1968 c

1.5+0.12 PR <0.1 3 1973 d

1.85 or 1.9 PR 0.05/0.06 2 1978 e
1.8+0.1 FP ~0.01 2 2008 f
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TaBLE 6. Data ofK, andk,

k_4[H,0]x10°% (s7Y k,x10 (M tsh K, (X107%) Method pH Reference Notes
0.17-1.7 2.%+0.7 9-44 PR <3 1973 a
2.0£0.2 2.6-0.6 7.2-1.6 FP 2 2003 b

reaction rate constant, a ratio &g .+ + o /Kinyminer o~ Of ks, i.e., 2110 M~ 1s™1, it is suspected that it was

=3.75 M ! was derived. obtained by following the same diffusion controlled calcula-
9 Jaysoret al. (1973, k,K3=1.5x 10 M~ 25~ %, tion. It is unclear whyk, has a 30% error, where&s does
The method of how Jaysost al. obtainedk,K5; has been not.

described in the section & evaluation. Essentially, the rate Yy and Barker(2003,° k,= (2.6+0.6)x 10°° M~ 151,
constant of CJ- appearance is expressed as a function of The k,K;=1.8x10'°M ?s™! was directly determined

both[H"] and[CI]. (seen in Sec. 4.4)landk,=2.6x 10'° M1 s™ ! was derived
® Ogura and Hamill (1973, k,K3;=1.85 or 1.9 usingK3=0.70+0.13 M ! by Jaysonet al® The K, was
X101°M 2571, thereby (7.21.6)x10° based onk_,[ H,0]=(2.0+0.2)

Ogura and Hamill used the same strategy as Anbar angt 10° s 1,
Thomas®® The change of optical density was plotted againstPreferred Values
time. The slope of such lines corresponds to the rate constant k,=(2.4+0.4)x 101° M~ 1s™ 1.

of Cl, - appearance in eitherj@ or D,O. K,4=(7.4£2.8)x 1.
" Yu and Barker (2003° k,K3;=(1.8+0.1) Comments on Preferred Values
x101°M~2s7L, The preferredk, is the unweighted average of the two

The rise and decay of ¢t was analyzed. The global rate reported values. The difference k, is caused by, since
constantk,Ks[H" ] was derived using steady state approxi-the sameK ; was used to derivie, from k,K 5. The preferred
mation. More details are seen in Sec. 4.1.1. value ofK, is determined onck&_, is evaluated.
Preferred Values

ksK3=(1.7£0.3)x10°° M 2571,
Comments on Preferred Values

The preferred value is the UnWeighted aVerage of the re- The k74 is Common'y reported 3574[H20] in the |itera_
ported global rate constants except the result by Ward anflire. In order to avoid confusion, we compake,[H,O]
Myers" because it is suspected that there is a typographicalere. Essentiall, we should compare the ratio of

4.6. k_4[H,0], Cl-+H,0—CIOH™-+H*

error in their reported value. k_4[H,0]/Ks instead ofk_,[H,O], because the latter is af-
fected by theKg value taken by different researchers. Al-
45. K, and k,, CIOH™-+H*—Cl-+H,0 though Jaysort al’s® K5 has been widely used in the deri-
vation of other rate constants, it is not necessarily the most
Notes(Table 6 accurate measurement. The uncertainti gfreported in the
® Jaysoret al. (1973,° k,=(2.1=0.7)x 10" M~ *s ™%, original paper is quite high, i.e., (1.4—2:810° M~ . More

Jaysonet al. defined a standard absorbance of Cht  discussion orKs is detailed in the following section. When
[CI7]1=0.01 M and[H"]=0.01 M. Then various absorben- justification is necessary, a 10% error is arbitrarily assigned

cies of C - at different[CI"] and [H"] conditions were to K. For convenience of comparison, tg used to cal-
compared with the standard absorbance. The ratio was exulatek _,[H,0]/K5 is listed in a separate column.

pressed as a function of boti;K, and K5, which were  Notes(Table 7

solved for their most probable values. The preferred solu- 2 jaysonet al. (1973,° k_,[H,0]=7.2x 10" s~ .

tions of K3K, andKs are 1.1<10” and 1.9<10° M~ * from The description of how Jaysat al. obtainedk, andK, is

a range of 7.X10° M '-25<10'M~!, and 1.4 in Sec. 4.5. The value df_, was derived based ok, and

X 10°-2.8<10°, respectively. Therk; was determined di- K,. Since the equilibrium constar, was in a range
rectly by plotting the difference of optical densitD.D)  (0.9-4.4x 10" and k,=(2.1+0.7)x101°M~1s?, the

versusag- following this relationship: k_,H,O] obtained falls in a range: (0.3-3.0)
1 1 1 X10° M~ts
——— = —_Kj-ac-[HO ]y ec- + =[HO 1o e b Klaning and Wolff(1985,%8 k_,[H,0]=1.6x10° s~ *
OD. 53 dc o"cl, T g o €cl, g o Kegl M2 . .

As noted in their papeKs;=1.9x10° M~ ! was used. It is
where the factor of 5 comes from the optical path length, angbostulated thak 4, H,O]/K5 was the quantity that was mea-
[HO-], is the hydroxyl radical concentration introduced by sured in their experiment. However, the details of analytical
reaction of the hydrated electron with nitrous oxide with amethod were not described.

yield G=2.75. The value oK, could then be derived as  °Wine et al. (1988, k_,[H,0]=1x10° s 1.

1.6x10"M~1. The derivation ok, was not specified, how- The detail of this result is not available. This is a confer-
ever, since it has almost the identical numerical value as thance presentation.

J. Phys. Chem. Ref. Data, Vol. 33, No. 3, 2004



CRITICAL EVALUATION OF RATE CONSTANTS 755

TABLE 7. Rate constant data &f ,[H,O]

k_4[H,0]x10°® (s} k_4[H,0]/Ks (Ms™}) Ksx10°5 (M1 Method pH Reference Notes
0.17-1.7 1.4-2.8 PR <3 1973 a
1.6 0.84 1.9 N.A. >11 19858 b

1.0 1.9 FP 1988 c

2.5-0.2 1.3¢0.2 1.9 PR 2-4 1996 d
2.3:0.6 1.2¢0.3 1.9 FP 4 1997 e
2.5+0.3 1.8-0.6 1.40.1 PR 5-6 1998 f
2.0+0.2 1.470.1 1.4-0.2 FP 2 2008 g
1.6+0.2 1.1x0.1 1.4-0.2 FP 2 200% h

4 McElroy (1990,*° k_,[H,0]=(2.5+0.2)x 10° s 2. essentially the same approach as Jaeohil >° With the rec-

Although a different form ofk_,[H,O] expression was ommendedKs=(1.4+0.2)x10° M~! (discussion in Sec.
used in McElroy’s analysis, the essence of the mathematicd.7), k_,[H,O] was derived.
relationship is the same as the above works. With the mea- " Yu et al. (20042 k_,[H,0]=(1.6+0.2)x10° s 1.
suredk_4[H,0]=(1.3+0.1)x10° s~ from the same work Similar to Yu and Barker’s previous work, the
and Jaysonetal’s Kg, the most reliable estimate of k_,[H,O]/Kgswas extracted by linear least squares fitting of
k_,[H,0] was (2.5-0.2)x10° s t at[CI"]=10"3M. In  the intercept data from the linear least squares fits of the
order to make the error propagationkaf,[ H,O]/Ks mean-  decay rate constant of £{ as a function 0(8203_]. With
ingful, it is assumed that the error Kf is 10%. The justified Kg=(1.4+0.2)x10° M™%, k_,[H,O] was derived.
ratio of k_,[H,0]/Kg is therefore 1.30.2Ms ! from  Preferred Values

McElroy’s original data. k_4[H,0]/Ks=1.3+0.3 Ms L.
©  Jacobi etal. (19979,° k_,[H,0]=(2.3+0.6) k_4[H,0]=(1.8+0.6)x10° s~ L.
X10° s 71, K,=(7.4+2.8)x 10°.

The ratio ofk_,[H,0]/Ks=1.2+0.3 Ms ! was obtained Comments on Preferred Values
from the linear least squares fit of the observed first-order The preferred ratick 4, H,0]/Ks was evaluated first by
decay rate constant of i versus 1/Cl™]. By taking Jayson using the unweighted average of the available values. The
etal’s equilibrium  constanf, Ks=1.9x10° M1, preferredk,[ H,O] was given based upon the recommended

k_4[H,0] was derived. value of Ks=(1.4+0.2)x10° M~ 1. The preferred value of
Buxton etal. (1998,2 k_,H,0]=(2.5+0.3) K, was derived based on the preferrieg and k_,[H,O]
x10° s~ L, usingK =k, /K_,4.
Buxton et al. obtainedk_,[H,O]/k_5 in their analysis.
With their ks=(8.5+0.7)x10° M~ 's ! and Ks=Kks/k_s, 4.7. ks, k_s, and Kg, Cl-+Cl~<Cl; -

k_4,[H,O]/Ks was calculated with propagated uncertainty.

. 1 . . 4.7.1. Forward Rate Constant ks
Using Ks=1.4x10° M~! determined in the same study,

k_4[H,0O] was derived. The value ofks has been determined in several previous
9 Yu and Barker (2003,° k_,[H,0]=(2.0+0.2) studies *?*851-53
X1 st Notes(Table §

The rise and decay of ¢t was analyzed and the rise and 2 Jaysonet al. (1973,° ks=2.1x10** M 's ! and 4.1
decay rate constants of Ll were obtained. The x10° M~ !s%.
k_4[H,0]/K5 was extracted by linear least squares fitting of The ks=2.1x10'°M s ! was not determined experi-
the intercept data from the linear least squares fits of thenentally; instead it was calculated by assuming diffusion
decay rate constant of £1 as a function of H,O,]. Thisis  control. In fact, they reported a single measured pseudo-first-

TaBLE 8. Rate constant data &£ by direct measurements

Photolysis Probe
ksx107° (M 1s} Method A (nm) A (nm) pH Reference Notes

4.1 PR N.A. 340 0 1973 a

21 estimated — 340 0 1973 a
6.5+0.9 LFP 308 360 10.0 198% b
8.0+0.8 LFP 248 340 ~3.5 1985 c

8 LFP N.A. 340 <55 19862 d

19.2 LFP 193 340 N.A. 1993 e
8.5+0.7 LFP 193 340 N.A. 1998 f
7.8+0.8 ave. — — — 2003 g
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order rate constant of 4x11Cf s~ when the concentrations TaBLE 9. Rate constant data &f 5 by direct measurements
of hydrpgen ions and chloride 'ions were 1 and i, K o(sD Method pH Reference Notes
respectively. The corresponding value forks=4.1 . .
x10° M~ts 1 is only ~20% of the diffusion limit. No ex- (71651%54»(105 '”Sdi'r:f“ g b 2
planation was given why the assgmed d@ffusion controlled(éIOtols)xloﬁl PR 5_6 1098 c
rate cqnstant was preferred to their experimental value.  (5.2+0.3)x10¢ LFP 2 2008 d

b Klaning and Wolff(1985,%8 ks=6.5x10° M~ 1s L. (5.7+0.4)x 10* ave. — 2008 d

Theks was directly measured by generating €by laser
flash photolysis of CIO and CI" under alkaline conditions
at 308 nm, and monitoring the optical density of €at 360  from notes b, ¢, d, and f.
nm. Under their conditions, the formation of,Clis in com-  preferred Values
petition with several other reactions. From a least squares k. =(7.8+0.8)x10° M 1s 1,
analysis of their dataks was determined with no reported comments on Preferred Values

unccertainty. . o The direct laser flash photolysis of Clis probably the
Nagialra[ljlan and Fessendéf985,> ks=(8.0+0.8)  pest way to determin&s. First, the chemical system does
X10° M~tsh not contain species that compete with reactiph Second

Nagaranjan and Fessendbgenerated Gl- by laser flash  the pseudo-first-order fit of the observed formation rate con-
photolysis of aqueous Cland $O;~ at 248 nm and then stant requires few parameters and therefore there is less po-
used a subsequent photolysis pulse at 355 nm or 337 nm t@ntial correlation among fitted parameters. On the basis of
photodissociate GI. The dissociation of the ¢t (moni-  these considerations, we recommend the unweighted average
tored at 340 nmresults in a “bleach” and a subsequent of the direct determinations by Kiing and Wolff*¢ Nagar-
exponential recovery back to the original absorption levelanjan and FessendéhWagneret al,>? and Buxtonet al:*?

The plot of the recovery rate of £ versus[Cl™ ] was ana- k= (7.8+0.8)x10° M~ 1s 1.
lyzed by least squares analysis to determiige (8.0+0.8)
x10° M~ 1s71, An estimated 10% error was reported.

4 Wagneret al. (1986,%2 ks=8.0x10° M~ 1s 1.

Wagneret al>? also used a delayed second laser to photo- There are only a few available resultslofs.
lyze CL - and monitor its relaxation, but they gave no ex- Notes(Table 9
perimental details. Their result agrees exactly with Nagaran- 2 Jaysoret al. (1973,° k_s=(1.1+0.4)x 10° s~ .
jan and Fessendénh,but no associated uncertainty was The earliest value reported fér 5 was by Jaysort al.®

4.7.2. Reverse Rate Constant k_g

reported. who obtainedk g indirectly from their assumed diffusion
¢ Jwata and Yamanaka (1993,*® ks=1.92 controlled value forks and their experimentally determined
X100 M~1s7 L Ks. Their method for determining(s is described below.

Iwata and Yamanaka used laser flash photolysis of CI The actual experimental uncertainty in their value kof
solution at 193 nm to generate Gl The absorption signal ranges from 1.4 10° to 2.8< 10> M~*, which seriously af-
obtained at 340 nm was the sum of contributions from botHects the accuracy d_s.

Cl- and C}, -. Since the time constant of Cls much faster b Zansokhovaet al. (197754 k_s=7.6x10° s 1.

than the detection limit in their experiments, they assumed In a pulse radiolysis experiment, Zansokhatzal>* re-

that the rate of production of €was proportional to the portedk_s=7.6x10° M~ and Xg=1.7x10"M s ! as
time-dependent laser fluence during the laser pulse. Undé¢he best combination of the modeled and experimental rela-
these assumptions they fitted the experimental data to obtationship betweefCl; -],oxand dose per pulse. The accuracy
the quantum yield of C] the formation rate of Gl-, and the  of k_g is correlated with that of B;. Zansokhoveet al. ob-
molar extinction coefficients of €land C[-. They found tained a value for Ry that is substantially larger than what
ks=1.92x10°M~1s™ 1, but did not report uncertainti€s.  was found in recent measuremefif¢’>>>*6|t is possible

" Buxtonet al. (1998,'% ks=(8.5+0.7)x10° M~ *s 1. that the high result is due to correlations in the numerical

Buxton et al'? determinecks directly by using laser flash analysis of their data. Therefore, it is likely that the accuracy
photolysis of CI' at 193 nm and monitoring the growth of of k_5 is affected by the high value fork2.

Cl, - at 340 nm. Since there were no competing reactions, ° Buxtonet al. (1998,**k_5=(6.0=0.5)x10*s .

the rate of CJ - growth followed pseudo-first-order kinetics ~ Buxtonet al? determinedk_ 5 by examining the decay of

and gaveks=(8.5+0.7)x10° M~ *s .12 The uncertainty Cl, - by pulse radiolysis of an aqueous solution containing

reported is most likely the statistical precision obtained in thel X 10"® M Na,S,0g, chloride ions [ClI”]=1Xx10 3 M)

least squares fits. Note that Iwaghal>® and Buxtonet al}?>  and t-BuOH. Chlorine atom and T readily react with the

employed virtually identical methods, but obtained resultshydroxyl group of t-BuOH. These reactions compete with

that differ by a factor of two. Buxtomet al's measurement is the reactions of Cland C}, - with H,O. Buxtonet al. found

in good agreement with the others described above. that the observed pseudo-first-order decay rate constant of
9 Yu and Barker(2003,° ks=(7.8+0.8)x10° M~ 1s 1, Cl, - departed from linearity as the concentration of t-BuOH
This is an unweighted average of experimental valuesncreased due to the finite rate of reacti®hin competition
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TaBLE 10. Equilibrium constant data &f5

Ks (MY Method pH Reference Notes
(1.1+0.4)x10° PR 0 1978 a
17.7 FP N.A. 198% b
(4.7+0.4)x 10° PR neutral 1998 c
(1.4+0.1)x10° PR 5-6 199% d
(1.4+0.2)x10° ave. — 2008 e

with the reactions with t-BuOH By using their measured Cl, -/Cl
&)ance is when all Clare present as ¢t.

value of ks in a least-squares procedure, they determine
k_5=(6.0£0.5)x10% s~ 1.

9Yu and Barker(2003,% k_5=(5.2+0.3)x 10" s~ 1.

The pseudo-first-order decay rate constant of -Ghas
analyzed as a nonlinear function [df,O,] in the range of
0-0.01 M. The result obtained, s=(5.2+0.3)x10* s71,
is not sensitive to the value &&. The analysis used is vir-
tually the same as that by Buxta@t al,, although the refer-
ence reactions were different.

Preferred Values

k_s=(5.7+0.4)x 10" s~ 1.
Comments on Preferred Values

Because the errors from the results of Buxairal 2 and
Yu and Barket are likely to be of the same magnitude, we
conclude that the best unbiased recommendatiok_gfis
the unweighted average of Buxtoet al!? and Yu and
Barker®

4.7.3. Equilibrium Constant Kj

Notes(Table 10
3 Jaysoret al. (1973,° Ks=(1.1+0.4)x 10° M L.

Jaysonet al® assumed that the optical absorption due toKs

757

second-order decay mechanism is more suitable to describe
Cl, - under low chloride concentration as supported by many
recent finding$:49-5

¢ Adamset al. (1995, Ks=(4.7+0.4)x10° M~ 1.

This experiment assumed that,Clwas the only absorb-
ing species in a system containingzcé’ , CI”, and
(CH3)3COH by pulse radiolysis. Th&s was obtained by
fitting the variance of Gl- absorbance as a function of
11 CI7]. This approach may oversimplify the complicated
-/Cl- mechanism by assuming that the maximum absor-

4 Buxton et al. (1998,%% Ks=(1.4+0.1)X 10> M~ 2.,

Buxton et al!? directly determinecks and k_5 (discus-
sions seen in Secs. 4.7.1 and 4)7Ry using their experi-
mental values oks andk_s5, K5 was derived.

® Yu and Barken(2003,% Ks=(1.4+0.2)x10° M~ 2.

The equilibrium constant was obtained from the ratio of
forward and reverse rate constants. The recommended values
of kg andk_5 are (7.8-0.8)x10° M~1s ! and (5.7-0.4)
x 10* s71, respectively. The ratio of these values gites
=(1.4+0.2)x10°> M~ 1, where the uncertainty was obtained
by error propagation.
Preferred Values

Ks=(1.4+0.2)x10° M~ L.
Comments on Preferred Values

The result of Yu and Bark8mesult is in good agreement
with that of Buxtonet al,'? both of which agree with the
result of Jaysoret al? The unweighted average of results
from Buxtonet al!? and Yu and Barké&ris recommended as
the best unbiased estimate §f. Although this numerical
value is not much different from that of Jaysenal.’ the
uncertainty ofKg is much improved. With the recommended
and the standard reduction potenti&@(Cl-/CI7)

— 57 . . — _
Cl,- had reached its maximum possible value when=2-41V.""the standard reduction potenti&(Cl, -/2CI7)

[NaCl]=0.01 M and[HCIO,]=0.01 M. They then mea-
sured the absorption due to,Clunder various other condi-
tions of [NaCl] and[HCIO,] and expressed the results as
functions of equilibrium constant&;, K,, andKs. From

among a range of algebraic solutions that described their

data, they reportedk;K,=1.1x10' M~1 and Ks=1.9
x 10> M~1.° When all of the algebraic solutions are consid-
ered, Ky falls in a rather wide range, i.e., X40°-2.8
X 10° M1, However, Jaysoret al® did not explain how
they arrived at their preferred value.

®Wu et al. (1980,'° Kg=17.7 ML,

The temperature dependence of Ckinetics was studied.

=2.11V is obtained, which differs only slightly from the
value obtained using the equilibrium constant from Jayson
etal® (E(CI, +/2Cl")=2.09 V) as expected.

4.8. kg, Cly++Cl; -—2Cl~+Cl,

Since various extinction coefficients of .Gl were taken
due to differences in monitor wavelength and arbitrary deci-
sions, more attention should be directed to the ratig/2
instead of the derived valug; itself. The Xg/e falls into a
fair range, i.e., from 1.£10% to 1.4x10° cms 1. Most of
the previous studies of €t decay consider it primarily a

The Cl, - decay kinetics was analyzed by analogy with thesecond-order process. When a more complicated kinetics
I, -+ mechanism. Only second-order decay processes westheme was applied, it is noted in the comment.
considered in the Gl disappearance. The global second-Notes(Table 11

order decay constant was found to vary witR @ Langmuir and Hayon (1967),%® kg=(0.75+=0.05)
=1/Ks[CI"], a parameter defined by them. By varying X10*M~1s ! (pH=6) and (0.690.1)x10"°M 1s?
[CIT], R approaches three categories: close to 0, 0, an(pH=1.1).

much larger than 1. The valuesky, k;, and that of Gland The kg was obtained by flash photolysis of NaCl, HgCl

Cl- recombination reactions were obtained, respectively. Theand HgCﬁ’, respectively. The authors considered tHejr
problem of this analysis is that only second-order decay wasalues the same within experimental error. In Table 11, the
considered, which is inappropriate for the lower chlorideunweighted average of the reported values from their work is
conditions used in their experiments. A mixed first- andlisted.
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TaBLE 11. Rate constant data kf

keX107° (2kg/£)x107° & A
(Mts™h I (M) pH (cms™?) M~ tem™Y) (nm) Method Reference Notes
7.05+£0.6 0.5 1.1-6.0 11:81.0 12 500 360 FP 196% a
7+15 N.A. 0.9-3.2 7 10 000 360 PR 19648 b
6+1.5 0.1 1.9 N.A. N.A. 340 PR 1972 c
52 0.2 0.3-1 8.4 12 500 340 FP 1873 d
7.5+0.5 >10 ~7 12.1+0.8 12 400 340 PR 1974 e
2.7+0.5 1.5-14 7 6.2 8700 340 PR 1475 f
6.5+2.5 N.A. N.A. 10.5-4.1 12 400 340 PR 1978 g
8.5 N.A. N.A. 13.7 12 400 340 PR 1977 h
3.85 <2 N.A. 6.6 12 000 340 PR 19%0 i
2.0+0.2 0.2 ~2 4.54+0.45 8800 340 PR 1986 i
1.0-1.85 1-12 <0 2.5-4.6 8000 360 PR 19%4 k
1.15 — — — — — calc. 198% I
0.07+0.035 — — 0.110.05 12 500 340 sim. 1988 I
6+2 N.A. N.A. 9.6+3.2 12 500 340 FP 1986 m
2.25+0.1 1 3 5.56-0.25 8100 340 PR 1987 n
5.5+3.5 0.25 5.5 8.85.6 12 500 340 FP 1983 0
1.55+0.05 0.13 2.2 3.650.12 8800 340 PR 1999 p
0.7+0.1 0 N.A. 1.6 8800 340 LFP 1940 p
1.3 0 N.A. 2.96 8800 340 LFP 19%0 q
0.69+0.005 0 N.A. 1.5%20.01 8800 340 LFP 1947 r
1.8+0.1 0 4 4.24-0.24 8300 325 LFP 1999 s
0.61 0 2.05-3.0 1.27 9600 364 LFP 20600 t
0.65+0.14 0 N.A. 350 LFP 2002 u
0.72+0.08 0 2 2.06:0.27 7000 340 LFP 20632004 v
2.0+0.3 N.A. N.A. 4.55-0.76 8800 340 PR 2003 w

bolo Warld . and Kuo (1968, ke=(0.7£0.15)  pendence ofCl; -]mna ON dose per pulse with the best con-
x1 3

No pH dependence dfg was found betweepH 0.9 and
3.2.

c

Patterson etal. (1972,

x10°M~ts L.

In the presence of pyrimidine, the £l self-reaction rate
was determined. It was suggested thaf -Gixidized the py-
rimidine molecule.

4 Thornton
x10°M~1ts L

The Cl, was formed by complex Fe€l dissociation and

ke=(0.6+0.15)

and Laurence (1973,%° kg=0.52

the subsequent reaction between one of the dissociation

products Cl and CI".

® Zhestkova and Pikaev(1974,5 ks=(0.75+0.05)
x10°0M~1s 1,

This value was obtained at high ionic strength,
[CI"]>10 M. Because wherfClI"]<1 M, the signal to
noise ratio was high and the yield of Clwas low.

fWoodset al. (1975,%2 kg=(2.7+0.5)x 101 M~ 1571,

The ratio Xg/e was found to vary very little over the
range of concentrations studied, i.e., 1.5MNaCl]

<14 M.
g Broszkiewicz ~ (1976,%® ke=(0.65*0.25)
xX1019°M~ts L,

Only second-order decay of L& was considered.

h Zansokhovaet al. (1977,%* kg=0.85< 101° M~ 1571,
Both k6 0.85x10° M 1s?! and k_g= 7.6
xX10° M~ ts?t

J. Phys. Chem. Ref. Data, Vol. 33, No. 3, 2004

ie.,

vergence.

"Wu et al. (1980,%° ky=3.85< 10° M~

The second-order component of,Clwas considered as a
function of[CI™].

I Navaratnam et al.
x10° M~ 1s

The rate constants of reactio(® and(11) were simulta-
neously determined from the theoretical log—linear plots cal-
culated for various combinations of rate constants of reac-
tions (6) and (11).
K Gogolev
X10° M~ 1s L,

A range ofk6 was obtained under concentrated HCI con-
ditions. The observed second-order rate constant was consid-
ered the sum of rate constants of reacti@®)sand (11).

' Wagneret al. (1986),%? kg=1.15x10° M~ 15! (calcu-
lated and kg=(0.7+0.35)x10°* M~ 1s ! (simulated. Two
results were reported. One was calculated assuming diffusion
control between two identical ion§Z=-1, D=0.7
X10 % cm ?s ! (estimated and a distance of closest ap-
proacha=3.5x 10'° m], the other was obtained by simula-
tion of a mechanism containing 30 reactions, some of which
are listed in the discussion &[ H,O] below.

(1980.%*  ke=(2.0-0.2)

etal. (1980,°°  kg=(1.0-1.85)

m SIama—Schwok and Rabani(1986,%° ks=0.6
X100 M~1s7L,
Theke= 0 6x10'°M~1s ! was obtained by the ¢} de-

were obtained by computer calculated de-cay generated by the compI@f(CS,N’-pry)(bpy)z)]4+
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TaBLE 12. Rate constant data kf
k,x 1079 (2k, /€)X 1075 " e
(Mts™h pH (cms? (nm) M~ tem™Y) Method Reference Notes
0.625 N.A. 1.04 340 12 000 PR 1980 a
2.1+0.05 2 2.54-0.16 364 7000 LFP 2063 b

reacting with CI' identified to be a mixed first- and second- =(0.72+0.08)x10° M~ 1s ! was obtained. The tempera-
order process. However, the above result was obtained ignotdre dependence dfg in the range of 6.8-51.6°C is re-

ing the first-order component.

" Lierseet al. (1987,%" kg=(2.25+0.1)x10° M~ 1571,

The kg=(2.25-0.1)x10° M~ 's ! was obtained by
pulse radiolysis of Ug(CIO,), containing NaCl atpH 3.
The reactions between Tl and UG and Cl - and H were
considered insignificant compared to the Cself reaction.

° Hynes and Wine (1988,%% ks=(5.5+2)
x10° M~1s L,

Thekg=(5.5+2)x10° M~ 1s ! was solved on the basis
of a pure second-order kinetics.

P McElroy (1990,*° ke=(0.7+0.1)x10° M~ts™? (I
=0 M) and (1.55-0.05)x10° M~ 1s ! (1=0.13 M).

McElroy reported two values dfg. One is the average
with no ionic strength justification,ke=(1.55+0.05)
x10° M~ 1s 1. The other iskg=(0.7+0.1)x10° M ts7?!
by extrapolating data to infinite dilution.

9 Huie and Clifton(1990,>° kg=1.3x10° M~ 1s™ 1.

This result is an average of a set of resultkgrtorrected
to zero ionic strength.

" Bao (1997),%° kg=(0.69+0.005)x 10° M~ 1s ™1,

The ionic strength dependence lof was investigated by
adding NaClIQ to vary the ionic strength of the solution.
This result was justified to zero ionic strength.

S Jacobiet al. (1991),%¢ kg=(1.8+0.1)x10° M~ *s™1,

The details of this measurement were not available exced}|

that kg was corrected to zero ionic strength. This2e is

derived based upon the reported value and the molar extinc-

tion coefficient used in the same work.
tAlegre et al. (2000, ky=0.61x10° M~ s 2,

The Debye—Hukle relationship was observed up to 0.5 M

ionic strength.
U Christian and Chovelon(2002,”* ks=(0.65*0.14)
x10° M~ ts L

This second-order rate constant is obtained under cond

tions favoring second-order decay of,G| and it is adjusted

to zero ionic strength. The uncertainty is calculated within

+20. The extinction coefficient of GI- used to derivekg is
not mentioned.

¥'Yu and Barker(2003° and Yuet al. (2004,2 ks=(0.72
+0.08)x10° M~ 1s 1,

The g /e was obtained by mixed first- and second-order

analysis of the decay trace of Glin the photolysis of acidic
solutions containing Cl and H,0,° and CI" and K,S,0g,2

ported.

"W Poskrevbyshev et al.
x10° M~1ts L,

The CI, - was generated by pulse radiolysis of solutions
containing CI" and HNG;. The C}, - follows a second-order
rate law with increasefiCI™].

Preferred Values

2kg/e=(6.5+2.5)X10° cms ! (340 nm).

2kg/e=(5.0+3.7)X10° cms ! (~360 nm).

ke=(3.52.7)x10° M~1s7 1,

Comments on Preferred Values

The preferred values ofK/e are categorized in two
groups considering the probe wavelength of Cli.e., 340
and~360 nm. They are both unweighted average of reported
results. The unweighted average lgf is obtained from all
reported values except the very low value from Wagner
et al, because it is an outlier compared to other reports. Val-
ues are taken as reported with no further ionic strength cor-
rection.

(2003,  kg=(2.0=0.3)

4.9. ky, Cl-+Cl; -—CI~+Cl,

The rate constant data &f is in Table 12.
otes(Table 12
a\Wu et al. (1980,'° k,=0.625<10° M~ s 1.
Wau et al. studied the second-order dependence of-@s
a function of[CI™]. Detailed description of this analysis is
in Sec. 4.7.3.
Yu and
x10° M~1s ™t
The second-order decay rate constant gf-@as found to
depend oriCI™]. The Xg/e and &k /e were obtained from
the linear least squares fit of the Clsecond-order decay
rate constant as a function off @1~ ].%
Preferred Values
k,=(1.4=1.0)x10° M~ 1s™ 1.
Comments on Preferred Values
The preferred value is the unweighted average of the two
reported values.

Barker (2004, k;=(2.1=0.05)

4.10. kg[H,0], ClI3 +H,0—CIOH™-+H*+CI~

respectively. The ionic strength of all experiments was ap- gimijlar to k_,, most of the literature reportec[ H,O].

proximately 0.01 M or lower. Under such conditioris;
=(0.9+0.05)x10° M~ 1s ! was obtained usingci, as4 nm

=7000 M tcm 1.2 When adjusted by infinite dilutiorks

The rate constant data &f[H,O] is in Table 13.
Notes(Table 13
@ \Wagneret al. (1986,%2 kg[ H,0]=7.2x10° s~ 1.
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TaBLE 13. Rate constant data &f[ H,0] Jacobiet al®® has compared their results by photolysis of
chloride ions and persulfate ions with the earlier results

ke[ H,O] (st Method I, M H Reference  Notes . . " )
slH0] ) P (notes a and °°? and given possible explanation on this
2 . . .
(7.20+ 1.44)<10° FP NA. NA 1986 a discrepancy. The decay of Il was considered to include
(1320.1)<10° PR 013 ~4 19907 b L4 0, Clh+H,0, and G} -+ Cly -. The equilibrium of
<610 LFP ~01 4 19970 c 20, Ch -+H,0, and CJ - +Cl; -. The equilibrium o
(1.3+0.1)x 10° PR NA. 5.6 1998 d Cl-+ClI"~Cl,- was assumed to be maintained. The
<100 LFP N.A. 2 2003 e kg[ H,O] and k,[H,O]/Ks were obtained from the linear
<100 LFP N.A. 2 200% f

least squares fit to the observed pseudo-first-order rate con-
stant.
4 Buxton et al. (1998 ,'? kg H,0]=(1.3+0.1)x 10° s~ *.

) _ ) Pulse radiolysis of Cl and SO~ was used to form Gl-.
The experimental technique is to measure the change Glfhe system contains t-BUOH, therefore, the decay gf-Cl

conductivity caused by the_change o_f ch_arge _of ce_rt_ain radic 1 ded Ci+H,0, Ck+t-BUOH, Ch++H,0, and C}-
fingr(Xj:C;?ei:ti:)ﬁP;:]?LysI;]é)ff;ﬁ]cl;\)/\z:ge Ir(()ar:c’:t::)]ni(':ldlc SOlU-; { BUOH. The pseudo-first-order decay rate constant was
RSy 9 9 ' analyzed as a function ¢H,0] and[t-BuOH]. The linear

Cl-+CI” <Cl, -, (10 part of this function generated two other relationships, i.e.,
intercept and slope. Thke_,[H,O]/Ks and kg[ H,O] were

-t .
e +H —H, (1D obtained from the linear least squares fit of the slopes from
He+H-—H,, (12)  Kops versus[t-BuOH] analysis with respect to [IZI™].

- B ®Yu and Barker(2003,° kg[H,0]<100 s .
e +Cl,-—2CI", (13 Laser flash photolysis of 40, and CI” under acidic con-
HO-+ H-—H,0, (14) ditions was stu_died. The ¢t decay consists of € HZO_,
Cl-+H,0,, Cl,-+H,O, and C}-+H,0,. An analysis
Cly-+H-—H"+2CI", (15  similar to that of Buxton etall®> was applied. The
HO- + HO-— H,0,, (16) k_4[H,O]Kg and kg[ H,O] were obtained from linear least

squares fit of the slopes of the,s versus[ H,O,] analysis
Cl, ++Cl, -—Cl,+2CI™, (17)  with respect to 1/CI™].
"Yu and Barker(2004,2 kg[H,0]<100 s *.

Clp+H,0—HOCIH+H™ +CI7, (18) Laser flash photolysis ofzsg_ and CI" under acidic con-
Cly *+H,O—~HO-+H" +2CI", (199  ditions was used. The €i decay consists of €H,O,
Cl+S,05", Cl,-+H,0, and Cj-+S,05 . The
Cl, -+HO-—HOCI+CI™, (200 k_,[H,0]/Kg andkg[ H,O] were obtained from linear least

was used to simulate experimental data. KgeH,0] was ~ Squares fit of the slopes of thigps versus[ 03] analysis
obtained from the best set of rate constants fitting the experi/ith respect to 1CI™ ].

mental results, i.ekis,Ky7,K9,Ka0,Ka2,Ka5. The system is Preferred Values

complex. The whole system was integrated using a fourth- Ke[H20]1<(1.3+0.1)x10° s~ %.

order Runge—Kutta method. Comments on Preferred Values
b McElroy (1990,%° ke[ H,0]=(1.3+0.1)x 10° s~ 1. Previous measurements of this rate constant are higher
McElroy considered the following reactions for the than the recent ones. Yu and Barker’s result is consistent with
pseudo-first-order decay of Gl what Jacobiet al®® found by using similar experimental

technique and analytical method. The result of Buxton

Cl, -—Cl-+CI™, @) ral?is astonishingly close to that of McEIré¥.It is un-
Cl-+H,0—H" +CIOH -, (22)  clear why such a discrepancy exists between the results ob-
B B tained by laser flash photolysis and pulse radiolysis. The re-
CIOH™-—~HO-+CI", (23 action of Ct and HO was not included in the chemical
and the overall process was described by read@gh mechanism of Wagnegt al’s analysis2 As to the result of
- . ~ McElroy,*® Jacobiet al>° believed that the second-order rate
Cly ++H;0-HO-+H"+2CI". (24 constant (3.30.1)x10° M~ *s! used by McElrof®

The kg[H,0]=(1.3+0.1)x 10* s~ ! was determined as a Should influence the measured rate constant, because the de-
lower limit of the observed decay rate constant of Gvhen  cay profile of C} - was considered a mixed first- and second-
[CI"]>1x10"? M, becausek,s increases markedly under order procedure. Jacobkt al>® also suggested thég[ H,0]
conditions off CI~]<1x 10 3 M. Essentially, the analytical is slower than previously thought. They estimated the Gibbs
strategy is the same as in the recent work by Yu and B&rkerfree energy of the intermediate species to explain their re-
albeit the mathematical function was written in a differentsults. Here the range d&fg[ H,O] is given as the preferred
form. value, because reactidB) is rather slow despite the differ-

¢ Jacobiet al. (1997),°° kg[H,0]<610 s *. ences in reported values.
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TaBLE 14. Rate constant data &f

TaBLE 15. Rate constant data &f,

761

kg M~1sh Method pH Reference Notes  kyo/Kg (579 KioM~1s™h Method pH Reference  Notes
(1.4+0.3)x10° PR 1-3 1978 a 1.4+0.2 (2.0:0.3)x 10° LFP 2 2008 a
4.1x10* PR 0 1988 b
7.0x10° N.A. N.A. 1996° c
(1.4+0.2)x10° LFP 2 2003 d ) . .
The reported value df, is the first experimentally deter-
mined rate constant of the Cl extraction reaction witfOkl.
_ + _ The CL - decay is considered to include -€IH,0O, Ck
4.11. kg, Cly -+H;0,—HOy-+H"+Cl +H,0,, Cly-+H,0, and CJ -+ H,0,. Thek;o/Ks andke
Notes(Table 14 were obtained from the linear least squares fit of the inter-
2 Hasegawa and Neta(1978,° ky=(1.4+0.3) cepts of thekgyps versus[H,0O,] analysis with respect to

X10° M~ts L, cr1.°
Hasegawa and Néethmonitored the decay of G+ both in

the absence and presence of at least four various concentra-

Preferred Values
kio=(2.0+0.1)x10° M~ 1s L.

tions of H,0,. From the plot of the pseudo-first-order rate COmments on Preferred Values

constants of Gl- decay versugH,0O,], kg was derived with
20% uncertainty. The system contain;;(ﬁ‘ and CI' to
generate Gl- in the absence of }0,. When HO, was
added, it was suggested that more reactions amoy@, H
Cl-, HO-, SQ; -, Cl, -, and SO3 take place. It was unclear
whether these reactions were taken into account in the
pseudo-first-order derivation. The complicated interference
of other reactions might be the explanation of the discrep-
ancy between their result and that by Yu and Bafker.
b Elliot (1989, kg=4.1x10* M~ 1s 1.

sult.

4.13. k1y, Cl3-+HO,+—0,+H*+2CI~

Notes(Table 16
3 Gilbertet al. (1979," ky;=(4.5+0.5)x 1° M~ 151,
The effect of dose per pulse on the yield of ferric ions

This is the first directly determined rate constant of Cl and
H,O, reaction in the aqueous phase. The same reaction tak-
ing place in the gas is almost ten times slowWeFhe recom-
mendedKs=(1.4+0.2)x10°> M1 is used to derive this re-

This result is even smaller than that of Hasegawa an%btained from air-saturated solutions of ferrous ions contain-

Neta’® The first-order decay of Gk was mainly contributed
to the reaction of Gl- with the impurity of perchloric acid,
whereas the reaction of £1 and HO, was only a minor
component. Thé&g was measured in deoxygenated solution
containing 1 M hydrochloric acid and 1 or 2 M hydrogen
peroxide. Presumably, this value was obtained by fitting the

H-+ Oz*) HOZ'

ing various concentrations of chloride ions was investigated.
From a computer based analysis of the following 21 occur-
ring reactions:

_ . : 2x101° M1t 25
Cl, - profile by least squares regression. (25
¢ Jacobiet al. (1996,”° kg=3.2x10° M~ 1s ™1, He+H-—H,
It was not explained howg was measured. From the plot 010 M-lel
of Ig(k) versus bond dissociation ener@§DE), Igkq=5.5 1.1x107 M™"s7, (26)
was reported with no uncertainty. Thekg=3.2 H-+HO-—H,0
X 10° M~1s ! was derived thereafter. However, Warn&ck 011
most recently cited this rate constant as>71@ M~ 1s™ 1. 1.5x10° M~tsH, (27)
It is unclear why the value shown on the original graph was H-+HO,— H,0,
not taken.
4Yu and Barker(2003,° kg=1.4x10° M~1s L. 1.3x10° M~1s71, (28
The CI - decay consists of € H,O, Cl+H,0,, Cl, -
+H,0, and CJ -+ H,0,. Thek;,/Ks andky were obtained HO-+HO, —H,05
from the linear least squares fit of the intercepts of kg 1.18x 100 M1s 1, (29
versus[ H,0,] analysis with respect to [iZI~].°
Preferred Values HO-+HO-—H;0,
ko=(6.2+6.8)<x10> M~ s, 1.3x101° M-1g 1 (30)
Comments on Preferred Values
Elliot’s result is not considered in the unweighted average
of kg, since no analysis detail was given. TasLE 16. Rate constant data kf,
k;;x10° (M~ tsY)  Method I, M pH  Reference  Notes
. + - .
4.12. k49, Cl-+H,0,—H"+CI~+HO, 4t 05 oR 02 04 1977 A
1.0£0.1 PR NA  ~1 19864 b
Notes(Table 15 ~3 PR 1-12 <2 19878 c

2Yu and Barken2003,° k;o=(2.0+0.1)x10° M~ 1571,
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HO-+Fe&*+H" —H,0+Fe* ki;=(1.0+0.1)x10° M~ 1st and  k¢=(2.0+0.2)
1.1 x10° M~ 1s ! were determined, respectively. The discrep-
2.3x10° M*s 7, (31) ancy between this value and the result of Gilleral.”” was
HO,-+HO,-—H,0+ H,0, attributed to the complexity of reactions taking place in the
system. However, a quantitative revision of such a scheme

—11
1.05¢10° M™*s (32 was not offered.
HO, +F& " +H" —H,0,+Fe" ° Gogolev etal. (1984,"%  k;;=3x10°-4
F Molsl x10° M~ 1s L
1.0x10° M™"s™7, (33 The second-order decay of.Glwas considered to include
H,0;+ 2F&* + 2H* —2H,0+ 2F&* reactions (6) and (11), i.e., kiye=2kg+ ki HO,-]/[CI; ].
When[HO,+]=[Cl, -], kl,=2ks+k,; was reached. When
slow, (34 2k, was subtracted fromk',., ki; was obtained. The accu-
H,05+4F&" + 4H' —3H,0+ 4F&* racy of kg is crucial in determinind,;,. The kg determined
in the same work ranged from A0° to 1.85
slow, (35 x10° M~ 1s L.
Cl,+ F&+—2CI + 2F&"™ Preferred Values L
ky;=(3.1+1.5)x10° M~ 1s 1
slow, (36)  Comments on Preferred Values

The preferred value is the unweighted average of all three

HO-+ClI"—OH™ +ClI- .
previous measurements.

4.3x10° M~ tst, (37
Cl-+Cl~—Cl; -
2.1x10° M is Y (39 ,
5. Conclusions
Cl;-—Cl-+CI™
1.1x10° M~ st (39 A series of rate constants and equilibrium constants in-

volving CI- related free radicals in agueous solutions ob-

. + — + | g K ; K
Cl-+Fe&"—Cl" +F¢ tained in three companion pap&téare evaluated in relation

5.9x10° M~ 1s1 (40)  to literatures. The numerical values shown in Table 1 may
not seem too appealing because some of them have quite
Cl,-+Fe&"—2ClI +Fe** large uncertainties. However, they reflect the most reliable
7.4x10° M~ 1s L (41) range of thek or K determined in the past 40 yrs or so.
The purpose of this evaluation is to point out what has
Cl; -+ Cl;, -—2CI” +Cl, been accomplished and what needs to be done in the future.

Some of the rate constants and equilibrium constants need
more investigation, for instanck,, K,, K3, andkyg, since

Cly ++HO,+—2CI  +H* + 0, there is only one reported value of these specific rate con-
stants or equilibrium constants. The same applies to the rate

2.1x10° M~ 1s7 1, (42)

45x10° M~ *sH (43 constantk,, kg, andk,;, because they have a fair range of
Cly++H* —2CI +H", (44) reported values. In contrafts is better defined by recent
works. The values ok_,4, ks, k_5, andkg are well estab-
Cl-+H-—ClI +H". (45) lished by past and current results. Thg is well studied,
The best rate constark,=(4.5+0.5)x10° M~ 1s ! was however, the ionic strength effect &g still needs clarifica-
obtained at high dosage. tion.
b Navaratnam etal. (1980, ky;=(1.0+0.1) It is biased to reject or prefer certain results when a range
x10° M~ 1s 1. of results were reported and not too much information was

Single pulses were delivered to oxygen-saturated solutiondisclosed on some of the key analyses. The main strategy
containing 0.05 M sodium chloride and 0.15 M HGICthe ~ used in this paper is to consider experimentally directly de-
disappearance of ¢t was followed at 340 nm. Three reac- termined results unless there were serious doubts on the ac-
tions were considered: £i+HO,-, Cl; -+Cl; -, and HGQ- curacy of them and take the unweighted average of the data
+HO,:. The reaction rate of Gk+HO,- was found insen- as the recommended value. The commentary of the experi-
sitive to the whole mechanism. The theoretical log plot ofmental approaches also serves as a brief guidance for future
[Cl; -] versus time was fitted with various combinations of investigation on fast multiple equilibria systems similar to
possible values okj;, 2kg, and ks.® The rate constants the system reviewed here.
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