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Rate Constants of ClOX.of Atmospheric Interest

R. T. Watson
Department of Chemistry
University of California
Berkeley, California 94720

‘.The.Chapman'mechanisml for the production and destruction of ozone
has been shown toube inadequate to explain. the observed vertical ozone

column concentrations in the stratospherez. Catalytic cyéles which
_3 _ _

‘destroy ozone, based on HO_ and NOX and more recently ClOX4, have been

'proposed to aCcOunt_for the large discrepancy between the observed and

calculated concentrations. Accurate values_for the rate constants of

reactions involving ground state atomic chlorine (2P3/2) and the oxides

of chlorine, (clo, Cl00 and 0Cl0) are required as a function oft

»

'temperature,:in order to perform model calculations which wQuld estimate

the perturbation upon the ozone column’concentration due to the
injection of chlorine containing speCies into the stratosphere, i.e. Cl2

HC1l, and freons (i.e. CFCl,, CF,

C12).
This compilation of the rate data critically reviews the published
data and forwards_with a minimum of explanation a set of‘preferred Values

for either the rate constant at 298K and/or (whenever p0551ble) the

Arrhenius expre551on. Rate data exists for most of: the reactions whlch

_are thought to be of importance in the stratosphere, but unfortunately e

most of it was obtalned at 298K, and consequently estlmates must be made

as to the temperature dependence of the- rate constants.. certaln

reactlons are more: lmportant in the chemlstry of the stratosphere than

others, i.e. Cl + Oy > ClO + 0,; O + ClO » Cl + O,; NO + ClO » NO, + Cl;



+ HC1l and HO + HC1l » H,0 + Cl; and.of these, the first

Cl + CH4 g CH3 5 4 | |
three have only been studied at 298K. However, due to the rapidity of
these reactions at 298K (all > 1.7 x 10 1 cm® molecule™ s71) it is un-

likely that any‘of them haveban activation energy greater than 2.1 kJ -
. mol—l (0.5 kdal mol—l). Consequently, this means“thétrthe rate constants
for all three reactions are known to within a factor of 2 at all strato-
spheric tehperatures. The other two reactions have both received reéent
inVestigation and their rate constants as'a'functiQn of temperature are

now reasonably well established.

Many of the early published results have recently beeﬁ sthnitO'béj
erroneous due tb:misinterpretation of experimenta1‘data ihdirectly_réf
sulting from insufficient sensitivity in the deteCtion‘appafatuss. .Thﬁs ; {
the modeller ﬁust be‘discriﬁinating in his choice of rate constants and
absorption cross-sections, and consequently the wfiter.feels that a
brief review of thé experimental techniques usediﬁo obtain the resqlts

reported in this compilation is justified.

Calorimetric Probe -

‘The calorimetric probe method of monitoring chlorine atoms. has been
used in one study reportedGLvand was calibrated to determine absolute -
atom. concentrations by use of the CINO titration reaction. This

14 15

teéhnique is.both insensitive ([Cl] ~ 3 x 10 -.3 x 10 atom cm—3)'and

non specific and thus of limited use.

Emission Spectroscopy

Several studies of third order reactions have been performed by
-mOnitorihg the concentration‘of ground state 2P3/2Vchlorine atoms via the
* 3 l¢ + 7-11 . . 2 .

Cl, ( Hou+ > Zg ) afterglow . The recomblngt}on of P3/2 chlorine




inhibited by coating the reactorfsurfacesiwitﬁ'ﬁ

atoms, and the subsequent fate of the.3ﬂou+ state of molecular chloriné

can be written12

: . S
Cl( P3/2) + Cl({ P3/2) + M > c12( ou+) f”M

ClZ( Hou+) > C12( Eg ) +.hv(> SOOnm).A

c1(%p

3/2) + Cl ( Ho +) — Cl, (non radiative)+C1( P3/2)

D
= I;[Cl] ;, Where I

A
1nten51ty at wavelength Alz n

It has been shown that I A represents the emission

\ vas shown to vary with A, (i.e.

1. 7(M—Ar) and n =.1.0(M=Ar) ) and not have a constant

520 nm 920 nm

value of 2 as had been earlier reported9 Therefore, when using this
tecnnlque to monltor relative Cl atom concentratlons, care must be taken

to use the correct Value for n Results for some early work which used

A

'this'method7 muSt be slightly modified (the'reported rate constants are

' probably low by ~'2/nx = 15%) as n, was taken tO‘he 2, rather than 1.7

A
as later determined. This method of monitoring Cl atom concentrations
is moderately insensitive, but useful when [Cl]'is,1014-— lOl6 atom cm—3.
13

Due to the rapidity of the Cl + CINO - NO + Cl, reaction”~, CINO can be
used to titrate Cl.atoms. The critical extinctlon Qf'the_red Clz* after-
glow is one method for determining the titratiéndendfpoint; and thisvwas
reCently:uSed in a series of C1 +lRH reaotions?é;fwhere [Cl] > 5 1012
atom em” 2. Underflow pressure discharge flow oohditions, the extent to
which Cl atoms are removed between the ClNO 1nlet and the observatlon
point at whlch-cl2 is monltored due to the Cl + Cl + M - 012 + M and.
the Cl + NO + M » ClNO + M reactions can be calculated, but 1s_normally

negligible. The heterogeneouS'wall removal of:atomio chlorine can be

;;3P04f



Ultraviolet Spectrophotometry

The technique of monitoring both stable and labile species'by,UV;.

absorption spectroscopy has been used in conjunction.With discharge flow

(c10, 0Clo, O. )15 18. f1ash photolysis (C10, 0c10, €1,0, c1ino) 19725

molecular modulation26’27 systems. The absolute concentrations of these

and

'species can be monitored as a function of reactionltime by following the
optical absorption of the species and using. the experimentally

vdetermined_values for the absorption cross sections.. Although the .

~-18 2

absorptlon cross'Sectrons are fairly hlgh (C10277{2 am = 7.2 x.10 cm

moleculevl(ls), 0Clo0. = 1.14 x 10“l7 cm2 molecule_l(ls); o]

, 351.5 nm 3 260.4
17 -1(28)

:l.lO X lO_v. cm2 molecule ; all to base e), this methbd for follow-
ing these species is still relatively lnsen51t1ve compared to molecular
beam mass spegtrometry. The dlscharge flow systems used multireflection
absorption‘cellsthere a,typ1cal optlcsl pathlength-was 20 cms, resultlng
in a limit of sehsitivity for Cl10, 0OC1l0O and 03 of -~ 1013 molecule cm_3.
The molecular modulation technique was two orders of magnitude more
sensitive, using ‘an optical pathlength of 400 cm and measuring modﬁlation
3 -5 g - N ' : a1l

:amplitudes of 107> =10 2. Thus, concentration modulations of ~10

molecules cm > could be observed for ClO and Clo0.

The flrst study of reactions (1) (cl + 63 > Cid +'02)15 and (2)
(Cl + 0ClOo ~» 2 ClO) -cpuld only report lower.limits for kl and k2 at
300K due to limited detection sensitivity.. When studies”of the Or+
0C10 + C10 +_6218'19 '

formed, several elementary processes were occurring simultaneously, and

, and NO + 0OClO * WO, + c1o0t® reactions were per-

due to the faet that the rapidity of reaction (2);Was not fully realised,




its role in the overall mechanism of these reactions was not appreciated.
This resulted in the value for k3l (0 + OClO) being overestimated by two
orders of magnitude. Rate constants for reactions.l4 (O + C10 » C1 + 02)

and 15 (NO + Cl0 - NO, + Cl), which are of utmostiimportande in the

2

stratosphere, werefobtained'by indirect methods whereby the O(3P) and NO

(in seperate expériments) competitively reacted with ClO and 0Cl0. The

autocatalytic nature of the reaction mechanisms was not known and

conseguently the published values for kl418'19 and lelG must be rejected.

1 .
The reaction mechanism for the X + OClO reaction can be written, (X

it

0, NO)

X + oclo 319 yo 4 Clo; k ~ 5 x 10713 crhv?’'I'nol'ecule'-l st

',l‘

ll~cm3 molecule'_1 s

X + clo -£38% wo 4+ c1 ; k > 107

fast -11 3

* Cl10 + Cl0; k¥ = 5.9 x 10 - cm moleculéfl s—l»

cl + oCcle

The bimolecular self-disproportionation Of‘CiO radicals has been
.. studied in a wide variety of chemical systems using UV spectrophotometry

. i . ) .
15,17,56, flash photolysislg'“3’24f25

in conjunction with discharge flow
and molecular moaulation2§ expériménts, however, the results are at
variance with each other. The low pressure discharge flow technique has
conclusively sho@ﬁ, both by direcf (using atomic fésonancé abéorptiqn)29
and indirect e&idence that, Cl atoms are generatea}ffom.the decay of ClO
radicals,‘but_not_loo% efficiently. This techniéue_has been ﬁsed to
show that thé reacﬁibn is overall 2nd order and ﬁaé‘an activation of

. 10 kJ mol™ ! (. 2.4 kcal mol”l). Results using the high pressure flash
photolysis experiment record_that'thére is nO'genération of Ccl atoms,

- and that the overall decay is strictly 2nd4brder'(Wi£h possibly no



activation energy). The third technique ef,moleeular modulation
spectroscopybyielded results that indieated that the Clo radical decayed
by both overall 2nd and 3rd order processes, prodﬁcing atomic chlorine.
in the formerf Thus, any results used to compute the following important
equilibrium.constants from these results must be used with caution. The
discharge flow results 1nd1cate the possibility of two prlmary decay-
.reactlons, but the experlmental decay data cannot differentiate between

the pathways and measures the overall rate of decay. Also, the ‘measured

activation energy refers to the overall actlvatlon .energy for C1l0O decay.

k. . -
. _ 24 Lo r
Cl0o + Clo ——;{-———+ tcloo + C1 ; Kl = k24/k6
6 ' ‘
. k3 * . .
cl + o2 + M _ 7> ClOO + M ; K2 = k3/k30.
k30 _

Mass Spectrometgy'

The dischargetflow technique has been used in conjﬁnctien with.mass'
spectrometry fot several studies reported in this:¢ompilation. Many of
the preferred rate constants were measured using a'system whichfutilizedu
efficient collision free sémpling betWeen_the flOw;tﬁ@e and the ion source

of the mass spectrometer5'29’30; The ion currents of both labile and

stable species were shown to be linearly prdportipnal to the concentrations

~of their flow tube‘precursors:and could be calibféted'on an absolute
basis. TypicaIAlimits of sensitivity, With a signel to noise ratio of
unity,_were} ClO.(m/e 51) = 1.5 x 102 molecule.cm_3; 0cl10 (m/e 67) =

5.0 x 108 molecule cm_3; 0, (m/e 48) = 2.0 x 102 md;ecuie em 3. Therefore,

it can be seen that this technique .is ~ 4 orders of magnitude more

sensitive than UV'absorption spectrophotometry fdr~monitering Cl0O and

@




OCl0 and as such is well suited to study the kinetics of fast reactions.

The preferred values of the rate constants obtalned using thlS technlque

reactions. Both dlscharge flow

'have monitored the fluorescent flux of the Cl 4s°p

used psuedo flrst order condltlons, whereby, compllcatlng 1st and 2nd

order secondary reactions were eliminated. Reactions due to trace con-

‘centrations of active impurities produced in the microwave discharge

(i.e. NO, O, H) were carefully eliminated utilizing the discharge by-

pass technique and/or by chemical‘scavenging.

The mass spectrometric study of the Cl + CH, reaction used a

4

“similar but somewhat less efficient, and less sensitive sampling system

than the'abovel4.. However, the study was performed-using.pseudoflst

~order conditions‘whereby, if there had been any. secondary reaction be-

‘tween the atomlc chlorlne and the product methyl radlcals it would not
have affected the reported rate constant.

Time of'flight massdspectrometry has been uéed to determine the :
overall’ reactlon rate and stoichiometry for the O + Cl2 reaction3l.
Both atomlc oxygen and molecular chlorine were monitored and this

technlque yielded results in good agreement with' those obtalnedbusing

: ; 32 e
chemiluminescence™~ to monitor O atoms.

Resonance Fluorescence

The technique.of atomic resonance fluorescence is both highly

-spec1f1c and sen51t1ve, and thus, well suited to the study of rapid

2,33 and flash photolySis34 experlments-
4 5 2 S

transition at 138.0 nm. The results of the'discharge flow experiments

showed that the fluorescent flux was linearly proportional‘to the con-

centration of 2P %p 3/2] < 1012 atom cm >,

3/2 chlorine atoms when-[cl,



This is in slight contrast to the flash photolysis’results which show

that when the chlorine afom concentration is in the range of lOll - lO12

atom cm_3, the'fluorescent flux is not linearly proportional to the

atom coﬁcentration} but obeys the following: I a [Cl]o'?. The paper
and [C1, 2P

F

did not réport the nature of the relationship between I

3721
11 - : ' ' ' '
when the latter was < 10 atom cm 3, but it would be expected that I

was linearly dependant upon the atom concantration‘in this region35,

F

F

The lower limit for detection of 2P3/2 Cl atoms ‘using the dischargevflow_

10 -3(13)

system was reported to > 5 x 10 atom cm- ’ bot later after system

modification this value was reduced to > 3 x 10° atom em 3 5)

Kinetic studies involving O 3P atoms have been performed using the

,discharge flow techniques. The fluorescent emission used to monitor the

°p atoms was that produced by the O 3s 381 - 2p* 3Pb

transition at A 130.6 nm. The limit of detection was reported to be

concentration of O

. 4 x 10° atom'cm—3, and from this value to < 10;2 atom cm > the
intensity of fluoreécence was found to be linearly proportional to thér

atom concentration. :

Hydroxyl radicals have been monitored in a discharge flow system

using the emission produced at 309 nm, the band head‘of the A 22 + X

2 36 10

I (O-0) transition™ . Hydroxyl radical concentrations < 10 radical

cm_3 can be‘detected, thus, allowing reaction conditions to.be chosen
whereby the problem~of_the bimolecular disproportionation of HO radicals
is eliminated. Under these conditions, where [HO]O < 1012 radical cm_3;
the only process removing HO raaicals, besides its interaction with the

added reagent, is the heterogeneous :lst order wall:removal. However, 'if

the reaction is pérformed usiﬁg pseudo first order conditions and the fixed

observation point technique (as waajthé case) ‘then lst order reactions

\

1




becomes insensitive at high absorber concentrations (> 10

such as wall reCombination‘do not need to be considered in the analysis

of the decay dat§37’38.

It is apparent that thé.technique of atomic and.moiecuiar resoﬁance
fluorescénce allows eveh the most rapid réactionsvto be performed under
psuedo first order_conditiqns, whereby, the problem of complicating
secondary reactions can be successfully eliminatéd;’ The technique

12'pa'rticle

cm—3), although the lamp design and operating cohdiﬁidns control thé’
range in which the intensity of the fluorescentvfldx is linear (or
nearly) with atom concentration. The technique of atomic resonance -
flﬁorescence is_pqwerful in.that it can be used tb directly observe iﬁ

a quantative manner trace concentrations of both, (a) impurity atoms

produced either'photolytically or in a microwave discharge, and (b) atoms

" produced in the course of a reaction. This can be achieved by alteration

of the chemica%vcomposition_of the discharge lamp.

"Calibratioh of the fluorescent flux intensity isrnormally achieved

'by producing known”concentrations of atoms, eithef photolytically or by

use of a stoichiometric reaction and observing the fluorescent flux \

 peruced. Even though this‘proceduré may/dr.may'not be to within an

aécuracy of 10%, it introduces no errorvinto‘the-rate constants reported

"in this compilation . as all studies were performed under psuedo first.

order‘conditions, Whereby;.the'concentration of the species being

monitored was always significantly (a factor of > 5) lower than the un-.

monitored species, therefore, only relative atom concentrations were

required.



-10-

Resonance Absorption

This technique has been infrequently used in the studies to be
reported in this compilation. It is typically about two orders of magni-

tude less sensitive than resonance fluorescence, and thus of limited use

-12 3

in the study of rapld blmolecular reactions (k > 107 cm” molecule

s_l), where psuedo lst order conditions are requlred to eliminate

complicating secondary reactions. Hydroxyl radicals have been monitored
using this technlque in a flash photoly51s study of the HO + HC1
reactlon39. The only other studies to use this. technlque were; (a) an

investigation of the stoichiometry of the Cl + ClNO.reactlon, in which

a lower limit was- reported for the rate constant40,7and (b) an investi-

gation of the reaction products of the bimolecularedisproportionation.of
Cl0 radicals at low total pressure (-~ 1-5 torr)29. Both studies were
performed in a discharge flow apparatus and monitored the concentration

2 L _ 4_ 5 2
of P3/2 chlorine atoms at X 138.0 nm (Cl 4s P3/2_f_3 P P3/2).

lower limit of detection was > 2 x lO12 atom cm_sr Nitric oxide was

The

also monitored in the former study40 at X 180 nm (1-0 transition of NO,
20+ o '
e = D Z - X 2H

1/2)'
13 -3

to be > 2 x 10 molecule cm ~.

Calibration of the emitting lamp, which is normally aohieved in a
31m11ar manner to that for fluorescent experlments, could be ellmlnated
if the £ value of the electronlc transition were. known, and if the 1amp
were totally unreversed with pure Doppler broadened llnes. However, the
" latter criterion is difficult to achieve and often the f values are un-

known. When kinetic experiments are performed under second order

in which the lower limit of 'sensitivity was reported




‘their spectra,.and'by using published e.p.r. transition'probabilities‘

-11-

condltions, or-theistoichiometry of a reaction ispbeing measured,lthenv
the absolute concentration of the species beingimonitored is required,
and any calibration inaccuracies will be reflectedtin the accuracy of.
the final result Absorptlon experlments suffer to a greater extent

than fluorescent experlments to drift in the lamp output but are able
29

to measure higher concentrations, which in some systems is essential

i

Electron Paramagnetic ResonancevSpectrometry

Two kinetic,Studies.have used e'p‘r. in conjunctlon with the

discharge flow technique. = The decay of ground state ( P) oxygen - atoms

in the presence of excess HCl was monitored by follow1ng the 1nten51ty

of their e.p.r;;spectrum45. The production-of 2P'3/2"chlorine atoms was

observed in a qualitative manner.

46 system, absolute concentrations of

In a study of the HO + HCl
both'Cl(2P3/2) and HO(ZH) were required in order tolanalyse'the'kinetic

data. Absolute concentrations were obtained by double integration of
' 47

jConsequently; an error in the calibration would lead- to an'error in the

value of the calculated rate constant The lower-limit for detection of
HO radicals was reported to be 2-5 x 101t molecule'Cm-3{ The sensitivity
of this technique for monitoring atoms is similar to that of atomic- .

resonance absorption.

- Infrared Spectroscopy

Infrared spectroscopy has been used w1th the molecular modulatlon
technique to 1dent1fy the Cl00 free radical as an 1ntermed1ate in the
photolysis of C12/02 mixtures, and to obtaln,a value for a product of

rate constantszs. ~Kinetic data-obtained from this<system must ‘be
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analysed in terms ‘'of a large complexity of 1nteract1ng reactions. Thus,
the reported rate constants rely upon the analy51s u51ng the correct
matrix of reactions, and simplyfying assumptlons.. However, as I.R.
absorption'erossdsections are normally loWer thaanV absorption cross-
sections the technique is rarely used fot kineticfexperiments, except
with the molecular modulation technique which uses long optical path-

lengths and is capable of measuring small modulation‘amplitudes _(lO—4 -

107°).

Miscellaneous Techniques

Some early studies were performed whereby reaction mechanisms and
rate constants were determined from somewhat limited and indirect ex-
perimental data such as: pressure change as a function of extent of

reaction4l’42; the chemical analysis of unreacted»reagents’43 or reaction

' products44 from a competitive study with a known reference rate constant.
These'studies involved complex kinetic schemes anddthe results must be

regarded as inferior to the more recent direct determinations.

Errors and Uncertaintvaimits

The difficulty in assiéning reliability limitsato the rate data is
that the preferred value is normally a‘single meanrement. Although
severalvreactions have been studied more often, many of the'determinations
can be ellmlnated due to their 1nd1rectness (subject to an. accumulatlon
of errors) or incorrect data analy31s. Besides the error limit placed
'en the reported rate constant by the etlglnal'workers, it is difficult
for the writer to arbitrarily increase this error lihit.. However, a few
comments on systematic errors are included to show that_~ +25% isvprobably

the upper limit to place on single value determinations. Five recent

[2ANN
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investigations ofvthe O(3P) + NO2 reaction have been performed using a
wide variety of techniques, and the réported‘rate.constants were all
within 10% of each other, which strongly suggestsfthat systematic errors

are not normally significantSI-54

. Most of the preferred values which
was obtained from'single measurements were performéd using the discharge

flOw.technique.'

Discharge Flow

The fﬁndamental measurements in a discharge f1bw system are:  PT’
‘total'flowﬂtubévpressure; T, temperature; A,\crst-sectional area of»thé
flow tube} and fi,’the flow rates of both carrier and reagent gases.

It is possible that errors in these measurements ¢6uld &ccumUlate énd-;
cause an error of. lO%Iin the measured rate consfants. Sysﬁematic érrors-
 maylalso arise if; (i) the gas flow profile is laminér,'rather then plug,
and‘(2) axial,diffﬁsion is significant. As the rate of ra@iél diffusion
increases}'the flow velocity profile tends towards that of plug flow,

48 has

but the problem of back diffusion increases. A ré¢ent'paper
calculated the magnitude.of'thé possiblgbérrors introduced into the
determina£ion of rate constants if the flqw velocity profile is laminar,
and.plug flow haé been assumed. The magnitude of the efror‘is dependaht
upon the type of observation techniqﬁe used; flow}tube dimensions,‘total
pressure, and the.first order rate constant. Calculations Wefe per-
formed'toAShow,tﬂat the eerfs éaused_by this effect were always léssvthanv
 10%5’29’39, in‘agreement with eérlier views49’50-£ﬁét the errors caused
“in assuming plug flow were small. In flow systems with numerous inlet
jets, the formaﬁion'of'laminar flowiis unlikely due to the_jets_actiné

as centers of turbulence. The effect of back diffusion is to under-



estimate the true,rate'constant, and the following’expressiOn shows the
relationship between the true (k) and measured (k') rate constants:

k,k' are lst order rate constants

k = k';‘l +>——7) U flow velocity

D

diffusion Coefficient

The magnitude of the errors introduced by neglecting back diffusion can
be seen to be greatest under slow flow conditions;'but are still normally
< 10%. The last two effects both underestimate the true rate constant
and so it is concelvable, but unllkely that they may add to lead to ‘an

~error of <25%.

Flash Photolysis
The fundamental measurements in a flash photolysis system are: t,
time; T, temperatnre; and Pi; the reagent and diluent gas pressures.

.The largest systematic.errors present in early flash photolysis systems

stemmed from (1) the pressure measurements, and (2) complicating'secondaryh

reactions whichrlimitedhthe accuracy of the data\analysis. Since the
advent of accurate low pressure capacitance manometers, the accuracyiof
pressure‘measurements has improved considerably ana the errors.arernow_

< (l—3)%ﬂ Previous discnssion has shown that modern detection technigues,
such as atomic resonance fluorescence, have led towards the elimination
of secondary reactlons 1n most chemlcal systems. D1ffus1on of spec1es
out of the reactlon zone can be- accurately determlned and should not

lead to an error in the data analysis of > 5%. Consequently, it is felt

‘that systematic errors should not exceed 10% in total.
Units

Rate constants for bimolecular reactions are"expressed in units of

cm?’-rnolecule-l sfl,'and those for termolecular reactions in cms'molecule_




I

~15-

_1'

's ~. The expression used for a rate constant as a function of tempera-

ture is k = A éxp(-C/T) where C = E/R, E being thei"activation energy",
and R the gas constant. To obtain E in kJ mol_l;multiply C by 0.008314
and to obtain E in kcal mbl_l,.multiply C'by 0.001987. Absorptioﬁ Cross

. . . . 2 -1
sections are given in units of cm™ molecule .

v

Numbered Reactions

The numbered rate constants referred to in the introduction‘areﬂ
keyed to the Table of Contents. Tables 1A and_lelist the reactions

studied under thé_various techniques used. An asterisk denotes a study

.in which the result is used by the writer to forward a preferred value.

Aéknowledgements

I am indebted to M:A.A. Clyne for many discussions on the chemistry

of Clo_, and to H. S. Johnston for nis useful advi¢é.

This work was supported by the Climatic Impact Assessment Program

by means of an interagency agreement between’the.Department of
o : - U.S.. o
Transportation and the/Atomic Energy Commission.



TABLE 1A

Caldrimetric Probe

Emission Spectroscopy

Ultraviolet Spectroscopy

Mass Spéctrometry

kl3(Cl+Cl+Ar),d.F ;

- : k.
kg (CL+NO+0,)*; d.F';

' 11
ky (C1+0,+M) ; d.F7;

: 15
k3 (CLHO,+M) 5 ALF™;
kg (CL+NO+N ) *; a.F’;

7.

10

i MY % . . .
k l(Cl+N02+M) ; d.F77;

k.. (C1l+C1NO ); a.ri0,
12 - _

k) 3 (CL+CL+AT) *; a.r8,;

X

k,

72

~e .

l3(Cl+Cl+Ar),

S0+, o4, F32

33(c1+02+M); F.p

. * -
k7(C1+C120) ; Fop

kigf

K
k
k
-kl%(c1o+o3¥;‘a.F
k
k

15
kq(C1403); d.F7;

kZ(Cl+OClQ);>F.p217

k, (C1+0C10) ; A.F1>;
| 22,

26

k. (C1l+Cl00); m.m“";

-5
26

_k (C1+C100) ; mn™ ~;

22,

20,

23

19,
k,, (0+C10); F.p™7;

o+cl0); d.r8;

5(_NO+ClO); F.pIGr

6(ClO+CO);.mm27;

B * 17
1 (€lo+CO); a.F~';
15

v 17
18(ClO+H2), d.F~";

: L. w17,
19(ClO+CH4), d.F. ;
(Clo+c ), d.F;7;

k

30
* . .
ky (CLl+0,) *; d.F™;

kz(c1+oc1o)*: d.F57

14
.C * o N
k,(CL+CH,)*; d.F™";

(0+C1l0) *; d.F>

55
14(o+c1o), a.F

14

(NO+ClO) d.FT;
17
16(c1o+c0), d.F’;

(c10+0,); a.F%?;

(ClO+H ) d.Fl7;

17,

17

20(c1o+c ), d.F

l(c1ow-c ), d.F

(ClO+N20)- d.Fl7;
(ClO+NH3); d.Fl7;

4(ClO+ClO), d.F

k
k
k
k
k
k (C10+CH ); d.F
k
k
k
k
K 29
k

17,

17
4

(25+25" )(ClO+ClO);d-

kzé(ClO+ClO+M)
K51 (CLO+CIO)

m.m57

* =31
k27‘O+C12), d.F~7;

.
7
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TABLE 1A (Continued)

Calorimetric Probe Emission Spectroséopyv Ultraviolet'Spectroscopy ~ Mass Spectrcmetyy

e 17,
k l(c10+c21;2), d.F~"; o .
I 17 . ' 58
k,, (CLO+N,0) ; @,F ; ._k29(O+HCl),>s.r ¥
k23(ClO+NH3); d.F ; k (O+OClO); d.F7;
' - ] ' 30,
k(25*+25.)(C10+C10), _k32(NO+OClO/, d.F
: F. 024, . |
: k (Clo+c1oj— ' k.., (N+0C10); d 559-
(25+25') *~° ! 33 = rBeE
: _ . \ * 5
k(25+25,)(c1o+c;0); k4, (H+OC10); A.F7;
: F.p23;
orc10] Koo (0+CL,0); d.F>S
k(25+25 )(c1q+c10), 35(0+C1,0); d.F~7;
4. F18 :
K, (C10+C10) ; k.. (HO+HC1); F®O;
(25+25') "~ e ~28t” o -
4. FlS
. o : : - . 26
. BRI S R | vk(zs,)(c1o+c1q) ;rm. < ;
(25+25 )(c1o+c1o),
4. F19
: .
k(25+25 )(ClO+ClO);

56
. P

=L1-



TABLE 1A (Continued)

Calorimetric Probe

Emission Spectroscopy

' Ultraviolet SpectfdscOpy

" Mass Speqtrometfy

- s
k(25+25.)(c1o+c10);.

d;Fl7; _
K, (CLO+C1O+M) jm.m?°;

k

' 17
k26(ClO+ClO+M);d.F :
k

ATAY . 21, .

8

.
7

16

.
7

' 1
.‘k3l‘O+OClO), dfF

..k32(NO+OClO); d.F

_B‘[-



TABLE 1B

-Resonance Fluorescence

Resonance Absorption

E.P.R. Miscellaneous’
. %, 4 wD. . 40 - Lo 44
k2(Cl+OClO) ;. d.F7; klo(Cl+ClNO); d.F 7, kA(Cl+CH4),S.C‘ s
% 34 . ok 39 . .o 043,
k4(Cl+CH4); F.p™ ; k28(30+HCl); F.P P | RS o x4(Cl+CH4), S.C E
: ' ‘ 33 ‘ ' Loy ok 46. v 4l
klO(Cl+C1NO)*; d.F~7; ‘k28(HO+HCl)7d.F : k8(Cl+NO%N2); S.C i
: _ 5 o, o 45 ' - 42
* . n : . . . .
kl4(O+ClO) ; dJF7; ‘k29(0+HCl),.d.F H klO(Cl+ClNO), S.C" 7 ;
k.. (0+0C10); d.F>; o | '
31 )I . l.
k.. (HO+HC1); d.F3°,
28 : Lo !
d.F = discharge flow
t
. -
F.p = flash photolysis b
s.r. = stirred reactor
S.C. = static cell
_flame

i SO
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(30) Cl00 + M > Cl + 0, + M
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(?35 N + 0OClo ;:No_+ C10
f34)lH.+'OClO Q;QH:+vclo
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(38) Cl00 + hv -+ ClO + 0(10, 3p)

o | X
(39) Cl0 + hv » C1( P3/2)
+ o(lp, 3p)
_ o 1. 3
(40) OCl0 *+ hv ~» Cl0 + O("D, ~P)
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CF2Cl2

+ hv (120 <-A < 200 nm)



(1)

(2)

(3)
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- Reactions -of Ground State (2P3/2) Chlorine Atoms.

2 s
HQ;(VP3/2 Reactlons.
ok, 2
c1(®py,,) + 05— clo®m + o, |
| 30 -1
*Clyne and Watson, 19747 ". (1.8510.36) x 10 7 300 K (a)
Clyne and Coxenls, 1968. - > 6.7 x 10—13 L 300 K.

(a)vPreferred‘value. Obtained using psuedo lst order conditions.
, .

c1( P. ) + 0Clo—% 2 clo(%m)
3/2 - -
‘*Bemand, Clyne and Watsons' (5.9%20.9) x lOf:_Ll X ‘
1973. ‘ o exp(OtlZO/T).'_f' (298-588)K (b)
'Bemand Clyne and Watsons, (6.1+x0.9) x'1o';¥} ’ , 298 K (b)
1973. , : ‘ L '
Bemand, Clyne and Watsons, (5.9+0.9) x 10"ll S . 298 K .(b)‘
1973. - : S T .

' _ 19 . -12" S ‘

~ Basco and Dogra™~, 197la. (8.5+1.2) x 10 : , 300-K
Clyne and Coxon'®, 1968. > 1.0 x 10712 300 K

(b) The preferred value was . obtalned by comblnlng the results'
of three separate sets of experlmental determlnatlons,
u51ng dlfferent technlques.

k

cl +0, + M—¥ Cl00 + M

Stedman in "Clyne and 5.6 x 10734 (200-300)k
coxonll, 1968. o | S o
Clyne and Coxon'®, 1968. <5.6 x10733 300 K
Nicholas and Norrish 22 1.7 x 10733 300 K (c)

1968.
(c) The authors used several kinetic assumptions in their calcu-

lations, which if incorrect would lead to their value for k3
to have been underestlmated

*Preferred value.



(4)

(5)

;24;

k

c1( P3/2) + CH -4 CH3 + HC1l
Clyne and Walkerl4,'l973.» 5.1 x 10" 11 x | |
' exp (- l790+37/T) (300-686)K  (d)
o o (1.3£0.1) x 1o~13 300 K
Davis, Braun and Bass3? 1970. (1.5+0.1) x lO__13 298 K (d)
Knox and‘Neleen44, 1959. 4 x 10'11 X , .
exp(-1940/T) . (193-593)K (e)
Pritchard, Pyke ag% : 4.6 x lOil; X _ , o |
Trotman-chkenson 1954, exp(-1920/T) v (293*488)K . (e)

(d) The preferred value is based on the average value of k, at
298K, and the activation energy reported by Clyne and
Walker._ Therefore, , v . '

k,” = (5.6+0.9) x 10711 x exp (~1790+37/1)

* _ | -13
k, (300) = (1.420.1) x 10

(e) These Values were not considered as they were determlned
- relative to k(Cl+H3) and differ by a factor of 2 from the
other results at 298K. - :

' k
9 | 4

cl( P3/2) +'¢100v c;z + 0,
Johnston, Morris and- L 1.56 x lO_lO B 298 K = . (f)
Van den Bogaerde?®, 1969. ' - . :
Johnston, Morris and o .ks/ks = 108 o 298 K - A9)
Van den Bogaerde 6, 1969. :
Nicholas and Norrlsh 2 k5/k6 = 15 S S : (g9)

l968.

'(f) This value was obtained from the analysis of a complex reaction

system, and is dependent upon the value used for AH¢{Cl0OO, which
is not well established.

(g) These two values are markedly dlfferent. The value of 15 is in
agreement with a value that can be derived from a study by
Porter and Wright (1953).
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k

(6) Cl(zP )‘}-c1oo—~§‘2 Clo

3/2

-12

Johnston, Morris and ' 1.44 x 10 298 K

- Van den Bogaerde26 1969.

(h) This value was obtained from the analysis of complex reaction
scheme, and was obtained relative to k. Therefore, both kg
and the ratio kg/kg have to be accurately known to obtain a
value for k6 Although the ratio ks5/kg was not dependent upon the
value of AHfClOO the klnetlc analysis for k5 required AHf ClOO to
'be known. - k . :

| -
(7)  Cclf P3/2) + clzo cl, + Clo

*Basco and Dogra“’, 1971b. 6.8 x 10713 300 K
Edgecombe, Norrish and > 6.7 x 1013 1300 K
Thrush23, 1957. o _

(® c1g P3/2) + NO + N,—7 CINO + N,
‘Clark, Clyne and Stedman7,' (9.7+1.4) x 10_32' 293_K . (i)
1966. ‘ oo ' : ,
*Clark, Clyne and Stedman7} Ea(M=Ar)=-(4.6£.4)kJ 471 K
1966. 01”1 : |
| e 41 - | -32
Ashmore and Spencer ~, 1959. (2.1x0.6) x 10 471 K

(i) Clyne and Stedman (1968), reported that this value may be too
"low due to a systematic error in their method of monitoring
[C1l], as it has been shown that the intensity of the chlorine
-afterglow is not always proportional to [Cl] Therefore, kg
and k9 have probably been underestlmated by -~ 15%, and this.
leads”to a preferred value for k8 of (1.1%0.2) x 107 31,

2 -3
(9) CL(°P;,,) + NO + 0,—% CINO + 0,_ |
Clark, Clyne and Stedman7, (1.1:.1,) x 10731 293 K
1966. g . |

See note (1) above.- The preferred value for kg*'is
(1.3%0.3) x. 10"31, . S



k

5 . 1
(10) c1(7pj,5) +.C1NO 29 no + ci,_ o
v ' 33 ' -11 A Ly
*Clyne and Cruse™~, 1972. (3.0£0.5) x 10 298 K (3)
Clyne, Crusé and Watson40, > 8 x 10712 ' 298 K
1972. o |
Burns and Dainton®?, 1952, (1.9:1.0) x 1071 x

exp (-533£160/T)

(§) This direct determination of kjg at 298K is preferred to the
: study of Burns and Dainton, where several systematlc errors -
were likely. : : S

+ M-—il'ClNO + M

2 2-

- :
(11) ¢l P3/2)_+ NO .
‘*Clyne and wWhite'?, 1974, 7.2 x 10731 298K (k)

(k) Provisional data, subject to revision

2—

G2 ’ K12 .
a2 c1ry ;) + cino, —% c1, + WO

Clyne and Whitelo, 1974. k 2/kll >>1 298 K (1)
(1) ki is greater than the second order component of kll”at low
. pressure (1 torr). Therefore, k12 > > 3 x 107 :
2 R K13 5
(13) C1(°Py,5) + C1(“By ) + Ar —=3 c12 + Ar o
Clyne and Stedman®, 1968. 5.6 x 1073 x  (195-5000k ()
' S ' >exp(910+350/T) , - :
(1.220.1,) x 10 -32 298 K
Hutton and Wright®, 1965. (1.2$0.2) x 10732 208K (m)
Bader and Ogryzlo®, 1964. 1.1 x 107°% . ~ ~ 313k  (m
*Lloyd.;6l review. _ 6.0 x 10-34 X
) exp (-900+250/T) - (200-500)K

(m) All three determinations of ky3 are in_agreement (£10%) at
298K.  The efficiency of N2 as a third body should not be
too dissimilar from Ar. : ' ‘




II.

(14)

(15)

(16)
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Reactions pr6ducing ground state (2P3/2L70hlorine atoms, and/
or involving ClO radicals. o ~

k.,
o(3p) + clo—1% 1%

) + or (L ,lp

3/2 2
*Bemand, Clyne and Watson,5 (5.3i0.8).x310—1l_ 298~K" (n) -
1973. T o o _
Bemand, Clyne and Watsons, (5.7t2.3} X lO—ll'v 298 K (o)
1973. ‘ . ' .
Basco and Dogralg, 1971a. 1.2 x 1074 300 K
Clyne and Coxon'®, 1966a. > 1.0 x 10711 300 K
Freeman and Phillipsss, : > 1.3 x lb_ll 300 K
1968. )

(n) This value is preferred due to the'direCt nature and the _
high specific sensitivity of the study, which utilized atomic
resonance. fluorescence to monitor atomic oxygen.

(0) This value was obtained using molecular beam massrspectrometry
and is. in good agreement with the preferred value.

No (°m) + clo(®m) —23 o, + c1(%p,,.)
: —2 3/2L N
30 -11 o
*Clyne and Watson™ , 1974. (1.7%0.2) x 10 ° 298 X : (p)
coxon®, 1963. ' >3 x 10713 300 K

(p) A direct determination of the rate constant}'the value was
reported in "Bemand, Clyne and Watson (1973)" - to.be '
published by .Clyne and Watson in J.C.S. Faraday I.

k .
2 X6 2
clo’m + co-—fs co, + c1(®p, »)
*Walkerl’, 1972. 17 x107 0 587k
Harker?’, 1972. 1.4 x 10715 300K - (@)

(@) This value is rejected due to its indirect determination
from a complex reaction scheme. :



(17)

(18)

(19)

(20)

(21)

(22)

(23).

Walker ', 1972. o . 4 x 10

' Walker™ ', 1972 : < 5x 10

-28-

k

clo + OB'EEZ ,O0C10 + O,
17 C100 + O
—d 2
Clyne and Coxonls, 1968,P_ < 5 x 10_:!‘5 300 X
29 -15 : '
Clyne, McKenny, Watson ' < 5 x 10 _ 298 K (r)
1974. ' L '

(r) Provisional data subject to revision. ' The rate constants:'
reported. do not differentiate between the two reaction paths.

K1
clo + H2-——+ Products

walkerl?, 1972. B <8 x 10

Clyne and CoXonlS, 1968. < 5 x 10

-16 670 K (s)

-16 300 K

Cl0 + CH, —13 products

17 -15

670 K (s)

Cclo + C2H4——29 Products

walkerl’, 1972.

10716 670 K (s)

A
w
X

.Cl0 '+ C,H ~—~; Products

272

Walker:’, 1972.

10716 670 K. (s)

| A
w
<

Ky
clo + NZO'——» Products

waiker'’?, 1972. < 7x 10716 587°K  (s)

Cclo + NH -—23 Products

17 < 16 670 K (s)
(s) These values were directly determlned u51ng the dlscaarge
flow technique coupled to UV absorption spectrophotometry

and/or a. llne of sight mass spectrometer.
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(24) ClO + C1l0 — C1( P3/2) + 0Clo

Clyne, McKenny and
_ Watson29, 1974

(t) ThlS is a. provisional exper1menta1 upper limit.

<3.2x 10710

298 K S (t)

Using the

thermodynamlc values reported at the end of this compilation
in conjunction with the preferred value for k2{Cl + 0OCl0O ~»

~ .2 Cl0), the following can be calculated. 'loglo kog =
- 16.95%0.55, The limits are due to the uncertalnty in the
value of AH ocio.
2£298
: EZE Cl‘ + b
(25) ClO + ClO 2 2
J\ . .
—=23'c1 + clo0
| 24 e a=13 e ;
Porter and Wright 1.52 x 10 X 293-433 K (u)
1953. exp(0£325/T) |
Lipscomb, Norrish and 1.93 x 10733 300 K (u) (v)
Thrush25, 1956, 3.39 x 10713 300 K (u) (w)
Edgecombe, Norrish and  6.57 x 10”14 300 K (u)
Thrush23, 1957. ‘ , R ‘
. : 3 18 -14 L : o
_Clyne and Coxon™ ", 1966. 2.33 x 10 o 300 K - (u)
*Clyne and Coxonl®, 1968. (1.2 0.3) x 10712 x | (u)
A exp (-1260+150/T) - (294-495)K
I 15 : ; -12.
Clyne and Coxon~~, 1968. (1.0x0.3) x 10 X
: | exp (-1215£160/T) . (294-495)K (x)
Johnston, Morris_and . 1.26 x 10714 298 K (u) (y)
Van den Bogaerde26, 1969. : ‘ , '
' ., 56 oL ' -12
*Clyne and White”, 1971. (1.3+0.1) x 10 x o
- | exp (-1150£50/T) (273-710)K  (u) (x)
~ **Basco and Dogfalgfzo, 4.4 x 10714 _ 300 K
1971a,b: : ,
*Walkerl’, 1972. (1.9:0.6) x 10712 (u)
exp (-1300+120/T)
*Clyne, McKenny and 2.33 x 10714 300 X (z)

watson??, 1974.
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(u) Clyne and Coxon's (1968)l value for the absorptlon Cross
section was used to calculate k25

(v) kg was reported to be flash energy dependent, due to the
reaction mechanism being misinterpreted. Low flash energy.

(w) high flash energy.

(x) Clyne and White (l971)56 reanalysed the data to allow for auy
third order decay of ClO. : ’ -

(y) ThlS value was derived by comblnlng their value of kg with
the thermodynamlc value of Keq = kg/k25. However, neither k6

" nor. Keg is accurately known. K = 227 (Johnston et al.) -
see below (***), ed ), :

(z) This is the only published study not to use an optlcal
spectrosc0p1c method.

The preferred value for k25 at 298 K is:

(a)* (2.4:0.4) x 1071 (1ow pressure)

(b)y** 4,4 x'lO‘_l4 (high pressure)

The activation energy (for the overall process, Wthh cannot ‘be
described by one simple initial step) is:

(a) (lO.3tl.O) kJ mol -1 (low pressure)

Clo + clo + u2§ Cl, + 0, + M
Johnston, Morriszgnd ‘ 1.0 x 10—31 (Ozjlf 298 K - (A)
Van den Bogaerde<®, 1969. 6.6 x 10-32'(Ar)v'. 298 K (a)
wa>’, 1970 o B . /K. = o .  (B)
, . , 26’K25 = - o o
1.1 x 1077
Walkert’, 1972. | (2.0£2.0) x 10732 (ar) 298 K ()

(A) This value of kzé is defined as: —d[ClOl/dt]=
k 6[C10]2~[M]. . : _

(B) This value is only accurate to within a factor of two.

(C) This value was derived using data from; Clyne and Coxon
(1968) ; Clyne and White (1971) and Walker (1972). The
slope of -d[Cl0]/dt versus [M], was p051t1ve but within
the error limits of being zero.

* x %
This value for K, was incorrectly calculated, and the thermo-
dynamic values £6r ClO and Cl00 have recently been shown to be
erroneous?9, K2 can be shown to be equal. to either 109

(AHFC100 = 86kJ mol~l) or 661 (AHFC100 = 96.0 kJ mol-l). Thus,

1f K3 = 109, then k2s = 2e = 2.6x10-14 cmﬁ3.molecule‘15‘1.
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(28).
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k-

Q + Cl, %> clo + c1( p3/2 |
' . 32 . =12
Clyne and Coxon™", 1966b. . (9.3+2.2) x 10. X '
I ' exp (-1560+50/T) . (174-396)K (D)
| 5.1 x 107H4 - 1300 K
L o 31 : -14 . S
Niki and Welnstock » 1967.  (7.5:0.6) x 10 300 K (D)

(D) ‘These two studles, both performed using the discharge flow

technique, but with different detection techniques, are in

- fair agreement at 300 K. Therefore, the preferred value

would be an average of the two at 300 K, and equal to 6.3 x

(E)

(E')

(F)

1014,
HO + HCL 2§ H.O + CL(®P. ,.)
2 3/2L o
P 46 . -13 2 , 1
.Takacs and_Glass , 1973. (6.4+#1.5) x 10 =7 295 K - (E)
| Andersor;é Zahniser and | 2.0 x.I/I.'O—12 X _
Kaufman-©, l974. | exp (-313/T) - | (225—460)K1'
6.9 x 10013 205k ()
émith and”Zellnersg, 1974. 4.1 x,.-l_O"12 X
' exp (-500/T) S (210 460)K
7.5 x 10713 295 K (E)
Wilson, O'anovan, and - 1.3 x lO—_ll - (l920-l940)K. (E'")
Fristrom®0, 1969. ‘ : ' : - o
Wong and Belles°®, 1972.  Estimated B, = (P
| 21 k3 mol™t

There is good agreement between these three groups of workers
at 295K, and the preferred value at this temperature is an
average of the three, and equal to (6.9+0.6) x 107 13, rThe
preferred Arrhenlus expression for the. (220- 300)K temperature'
range isz

-12

kY = 2.8 x 10 exp (~400+100/7)

28

" This yields values which are the average of references (36)

and (39).

This»value is greater than would be predicted .at 1920 K from
the Arrhenius expressions of references (36) and (39).

This value £Oor the activation energy was estimated from the
production of HZO in the O + HC1 study. :
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. :

(29) O + Hc1-32 OH + Cl(2P3/2L
| ' =12
Balakhnin, Egorov and (1.75+0.6) x ;O_ P% |
] Intezarovat>, 1971. exp(-2260/T) . (295-37L)K (G)
Wong and Belles S, 1972. (1.9£0.27) x 1071 1x a
- ' exp(~3584:70/T)  (356-628)K  (G)

(G) These two results are at variance with each other and thus no
preferred value is given. : :

(30) Cloo + M--Q c1( P.,.) + 0, + M

2

3/2

There is no experimental determlnatlon of k30, but a value can be
calculated from-the thermodynamic value of Kj k3o/k3, and from
the experimental value of k3. However, neither K;* nor k3 are
particularly well known. The value for AHfp9g ClOO is possibly not
better known than (91+5)kJ mol=1(59), However, if AHfpg9g ClOO'1s 84-
kJ mol‘l, as. has been reportea76, then the follow1ng values for K2
can be calculated. This does not mean that the writer believes
that this is the best value for AHf Cl0O, but this:value is a lower

limit and calculations u51ng this value will predlct the maximum
possible ratlo of [ClOO] to [Cl].

Elevation | j T(K) ' .K2 (atm;l) _ .vk36(a) k30(b)
0 298 | 9.3 15 x 107 45 x 107
18 26.7 '  3007» | 6.3 g_io‘ls 1.9 x 10717
23 | ’219;6. 2279 | 8.2 x1078 2.5 x 107;7
28. 224.5 ; 1439 3 x 107t 39 x 107
33 231.1 S 823 2,2-g.1o’l7 6.6 x 10'?7
18 2448 - 279 6.0 x'io‘l7 1.8 x 10*%?1
43 258.6 los - 1.5x 10736 46 x 107
18 270. 7 49 3;1,xelof16 9.5 x 10718
- i
(a) k. was taken to be temperature 1ndependent and equal to 5 6 X ;O,Ie,

Réference 1l. :
-33

(b) k3 was taken to be temperature independent and equal to 1.7 x 10 .
Reference 22.

F 4
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Reactions of OC10 and C1.0 which involve ClO radicals

| 2
(31) 0(’p) + octo— c10 + 0, (1))
‘*Bemand, Clyne and Watson®,  (5.2) x 10713 298 K (H)
1973. - - N
Basco and DograZl, 1971 5.0 x 10711 300 K
Clyne and Cokonls, 1966a. > 4.0 x 10711 300 K

(H) ThlS value was determlned from two separate dlrect studies. -

(a) mass spectrometry- -(4 7+t1.6) x 10 13
(b) atomlc resonance fluorescence -(6. 3+l 9) x 10 -13
(32) NO + OClo ——3 No2 + Cl10
*Bemand Clyne and Watsons, (3.4%0.5) x 10*13' 298 K
1973. o ’ : L :
" Coxon,® 1963, > 8.5 x 10713 300 K
(33) n(%s) + ocio —23 no + cilo
‘watson®®, 1973. <6x 1013 298 X (1) -

(I) A preliminary experimental value, no detailed‘results.'

' : k .
(34) H(%s) v oc1o-—§4 OH + C10

~11

*Bemand, Clyne and Watson5 © (5.7%1.2) x 10 298 K
1973. . o . : , :
(35) 0 + C1,0 ——§ Cl0 + Clo
N 55 =11
Freeman and Phllllps ;v (l.4t0,23) x 10 300 K

1968
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v Optical AbSorption Cross Sections
(36) Cl2 + hv—2 Cl (Seery and Britton62,.l964).
Cl. + hv— c1(®p. ) + c1(®P. ); A < 483.0 nm
2 TR P12 3/2°7 83.0.m

21

A{nm) 102; X o(cm2 molecule_l)-‘ Aknm)‘lol X o(cm2 molecule—l)
240 Ny 0.s 350 189
250 1.2 - 360 VH,'f ©131
260 | 2.3 370 o e3
270 8.8 0 0 o
280 N | 390 :.tu', 33
200° 65 400 19
300 1200 40 13

310 185 - 420 9.9
320 236 430 | 7.3
330 o 256 | a0 1 5.3
340. : e | 236 . 450 :’f__q.'.‘ 3.4

(a) . The authors62 reported that each measurement was only accurate to
within 2.0 x lO"21 cm? molecule-l. 4 '
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(37)  The Absoﬁpﬁion Spectrum of HC1l
'*Romand,‘J.74, 1949.
*Romand, J;, Vodar, B.63,
1948. o :
See figure 1.

1o+ . 2 2.
HCL('Z) + hv > H("S) ;) + CL(“P )

> 1%y, + c1py )

A(nm)'lozox o(cm2 molecule_l) ' A (nm) lO%Qg'o(cmz molecule-l)

206.8 0.72 . 172.9 - 105
1203.5 _A‘g7- 1.6 : _171.3"{ o 129
201.2 o 1.9 . 166.9. 186
199.0 f 2.8 1630 . 224
esa L sis T e LT s

193.1 . 7. . 1s7.9 - 275

191.3 | 9.9 - 155.3 ,,,‘ 332

189.1 . 14.1 - 152.4 334

188.4 S 214 1495 . 298

183.0 | 3.6 146.3 275

181.1 417 . use o 224

179.2 57.5 i 1413 166

177.4 . 64.5 139.4 132

Also the spectrum'has'been reported by Myer and'éam5§n75, 1970.
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(38) The Absorption Spectrum of Cl00

1
3720 T 00D

A < (267.9%£3.0)nm

C100 + hv » C10(°n

Johnston, Morris and Van den Bogaerde26, 1969*, See figure 1. (a) v

18 2 1 18

A(nm) 10 X o(ClOO) cm' molecule~ Alnm) 10 X 0 (C1l00) cm2 m.olecule_l o
225 . 2.6 : 255 . 12.4
230 | 49 | 260 B 10.0 -
235 1.8 265 I 2
240 - 105 270 - O |
245 12.7 275 - 3.4
' 2.3

250 | 0 13.3 280

(a) The spectral band width was 1.3 nm.
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(39) The AbsofptiOn Spectrum of ClO
c1o (3. . : -j + hy > c1(®p.,.) + o(‘p)
g 3/2, 1.2) TR 3/2)
- - -
A 5-;53.0 nm (c10(“My ) )

A <265.0 nm (C10(“My ,5) )

cro(*m —% c1(%, ) + o(’p)

3/2

C1O is known to predissoci 13 + 00%p) at eng
| e} pred;ssoc1a§e to Cl(-P3/2) + 0( P) at wavelengths
| . 5 L o -
> 280 nm. Durie and Ramsay =, 1958 reported that the 7.0 band is

~ totally predissociated. | ' | | o

Johnston, Mérfis'ahd Van den Bogaerde26, 1969*. See figure 1. (b)

T8

A(nm)vlols'x d(CiO) dmz molecule™ ! A(nm).lOA X Q(ClO) crri'2 mole'cv:ule—‘-l
225 o Aff".64 o 255 o _4.5'
230 .8, 260 R 5.3
23 . 1326 s
200 19 270 | 5.6
245 2.7 275 4
250 | o3e 280 47

- (b) The spectrél band width was 1.3 nm, and these values weré placed on
an apsolute basis using Clyne and Coxon's 5> 1968 value for (Cl0 at
255.7 nm. , ' ' : - '
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303.45

‘Porter and:Wright64, 1950.
am 1078 x 5(c10) em® molecule™ anm 10'® x o(c10) cm? moleéule—;

263.63 1.4 274.95 5.8
264.06 1.4 277.16 7.2
264.58 2.2 279.60 5.8
265.25 3.6 282.24 5.8
$266.10 - 3.6 . 285.18 4.3
267.12 3.6 | 288.40 3.6
268.25 3.6 291. 80 3.6
269.50 4.3 295.43 2.2
271.11 5.0 299.30 1.4
272.94 5.0

(c) . These values represent the abSérptlon cross sections at the band
heads. The value at 277.16 nm was equated to that reported by

- Clyne and Coxonl5,

1968.
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(40). other Absorptioh Processes

(i) oclo + hv-——l§lé c10 (%) };O(lD)

(b) 3

B c10?ny + 03p)

Ay < 276&3.hm (continuum)

Ay < 375.3 nm (predissociation)
Finkelnburg and Schumacker66
67

, 1931.

Ufey and Johnston ', 1931.

Goodeve. and Stein®®, 1929.

- Coon and’Ortiz69, 1957.

.COOn, DeWamesxand qud70, 1962.

15 1968,
. /’

'6(351‘5nm)'= 1.14 x lO-l.7 cm2 moleéulefl. (Ciyne and Coxon

(ii) c1No ¥ ‘c1 + no
Continuous spectrum from (.630 - < 200)nm

Goodeve and Katz'®, 1939.

€

(iii) €1,0 hv > C10 + CL

Continuous absorption from (850%220)nm.- See "Photochemistry",

i Calvert & Pitts, p. 232(72).

(iv) The absorption coefficients for CF-Cl3 and‘CFZCl2 (freons) have

been measured. between 200 nm.and 120 nml Doucet, SauVagea,-

and Sandorfy, 1973(73).

¢ -
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