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The nature of the intermediates formed from the excited state of the I~ ion was considered. The scavenging mechanism by

N0 was investigated. Nitrous oxide was found to act as a specific scavenger for electr_ons. X 1
Chemical evidence for the transient formation of electrons in the photochemical

the seavenging mechanisms is carried out.

Semiquantitative treatment of

system ig presented. The mechanism of radical formation by the digsociation of the excited state is discussed.

Introduction

In the preceding paper' we investigated the
photochemistry of KI solutions over a wide pH
region in the presence of specific scavengers. The
experimental results could be adequately inter-
preted in terms of a consecutive scavenging model.
H+ ions act as scavengers for electrons formed from
the dissociation of the excited state. They vield
H atoms which can be scavenged by H™* ion or by
organie solutes, e.g., aliphatic aleohols.

In the present work we investigated the nature
of the intermediates formed from the excited state.
Nitrous oxide was used by Dainton, et ¢l.,2* in a
recent radiation chemical? and photochemical
investigation® in an attempt to discriminate be-
tween various forms of H atoms. The experi-
mental results were interpreted by these authors®
by assuming that nitrous oxide is inert to H,* but
reacts rapidly with H atoms. These conclusions
are at variance with a recent kinetic analysis of
the reactivity of H atoms in aqueous N,O solutions,?
which suggests that N,O actually acts as a specific
scavenger for solvated electrons. A further in-
vestigation of this problem appeared desirable.

The experimental results presented in the pres-
ent and the preceding work make possible a further
ingight into the mechanism of the utilization of the
optical excitation energy in a chemical radical
formation process,

Experimental

The photochemical experiments at 2537 A. were performed
as described in previous work.!s All experiments were car-
ried out at 25°.

Procedure.—N:O-containing solutions were prepared by
evacuation of the neutral KI solution and the separate con-
tainer containing sulfuric acid as previously described. The
branch containing the reaction vessel and the acid container
were isolated from the vacuum system. The N;0O gas used
wag a Matheson product. The gas was purified from traces
of Oy by freezing several times in a liquid air trap and pump-
ing the uncondensable gases. Finally the liquid air trap
was removed and the pressure of the gas was measured by a
mercury manometer or a MecLeod gage. Then the photo-
chemical branch was connected to the vacuum line contain-
ing the purified N.O.

An equilibration during 2-3 hours was carried out, the
solutions in the reaction cell and the acid container being
strongly stirred by Teflon coated magnetic stirrers. The
partial pressure of the NyO, Py,0, was calculated from the

(1) J. Jortner, M. Ottolenghi, and G. Stein, J. Phys. Chem., 66, 2020
(1962).

(2) F. 8. Dainton and D. B. Peterson, Nature; 186, 878 (1060).

(3) F. 8. Dainton and S. A, Sills, ibid., 186, 879 (1960).

(4) G. Czapski and J. Jortner, ibid., 188, 50 (1961).

(3) J. Jortner, R. Levine. M: Ottolenghi, and G. Stein, J. Phys.
Chem., 68, 1232 (1961):

volume ratio of the isolated branch and the vacuum line.
The acid wag added to the reaction cell before irradiation.

The pressure of the gas evolved from irradiated solution
wag determined by a MecLeod gage. The water vapor in
the system was condensed in g COg-scetone trap and the
N:O in a liquid nitrogen trap. The composition of the gas
was determined by simultaneous measurement of the pres-
sure by Pirani and McLeod gages. The composition of the
gas was determined by calibrating the Pirani gage with No-
Hy mixture. N:O concentration was calculated from avail-
able solubility data.®

Results

Photochemistry of Aqueous Neutral KT Solutions
in the Presence of N,O.—In the present work a
previous investigation® of the photochemistry of
the iodide ion in the presence of N0 was extended,
in an attempt to use nitrous oxide for establishing
the nature of the species produced, and for a further
test of the scavenging mechanism. The depend-
ence of the quantum yield in neutral unbuffered
solutions (pH 6) on I~ and N30 concentration was
investigated. The initial yields are presented in
Table I and the complete curves in Fig. 1. The
gas evolved from the irradiated neutral solutions
was found to be pure Ny, at pH 6 and Pxo =
640 mm., y(N;) = 0.29 = 0.01, Thus y(Ny =
v(1s), confirming previous results.?

TasrLE I

ProrocuEmIsTRY OF I 1x N,O Sonurions AT pH 6
Temp., 25°; light intensity J = 1.5 X 10-$ eing, 1.7 sec, ~*

Pxy0,

mm, Cxs0, M I-, M Yi
644 2.0 X 102 0.15 0.295 £ 0.005
500 1.58 X 102 .15 293 = .005
491 1.55 x 10— .15 290 = 005
427 1.35 X 10—? .15 204 &= .005
250 7.9 X 1073 15 290 £ 005
147 4.65 X 108 15 .290 = 005
92 2.9 X 10-3 15 .265 &= .005
45 1.42 x 10-3 .15 235 &£ .005
23 7.3 X 10— .15 .219 £ 004

4.6 1.45 x 10 .15 .161 = .003

0.04 1.26 % 10-° .15 092 =002
525 1.65 X 1072 1 X 103 28 &= .03°
525 1.65 X 102 5 X 1073 286 = .005
525 1.65 X 102 1.5 % 102 290 = 005
525 1.65 X 102 3.7 X 102 .290 £ .005

@ 4 corrected for incomplete light absorption.

However, these results show that the quantum
vield is independent of the I~ concentration over
a wide region, indicating that the iodide ion does

(6) A. Seidell, ‘‘Solubilities of Inorganic and Organic Compounds,”

Supplement to the third edition, D. Van Nostrand, New York, N. Y.,
1955,
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Fig. 2.——Secavenging plot for N,O.

not take part in the primary radical formation proc-
ess. 'This result is in variance with previous sug-
gestions.?

At high N,O concentration a limiting constant
quantum yield independent of the scavenger con-
centration is obtained. This value T' = 0.293 at
25° and 2537 A. is identical with the limiting
quantum yield obtained in other scavenger sys-
tems. 7

As indicated by our previous results for the
scavenging reaction in the presence of alcohols,!
these specific scavengers for H atoms are not ef-
ficient in the neutral pH region (pH > 4). In this
pH region H+ ions are not present in sufficient con-
centration to serve as efficient scavengers for elec-
trons, and thus H atoms are not produced. We
thus conclude that the limiting yield obtained in
the presence of N0 in neutral solutions arises from
the scavenging by N,O of the precursors of H atoms,
i.e., electrons, formed from the dissociation of the
excited state. The reaction mechanism in neutral
N0 solutions is presented in the form

T4+ er+NO—>T14 N+ 00— (1)

For energetic reasons the back reaction between
O~ and I is unfavorable in aqueous solution. The
sum of the electron affinity of O and hydration

(7) The limiting quantum yield in neutral solutions reported in ref. 3
is 0.16. Inref.3 the wave lengths range was 2000-2600 A, (light source
and the temperature not specified). We have found a quite sub-
stantial temperature effeet on the limiting quantum yield. At 10°
we find T = 0.20.
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energy of O~ (165 keal.)? is higher than the cor-
responding sum for I (147 keal) .

At pH below 10, O~ is effectively converted into
an OH radical by

0O- + H,0 — OH + OH-  (2a)
(2b)

The OH radicals thus formed act as an efficient
oxidizing agent for I~ 9 by a diffusion controlled
reaction

or O~ 4+ Ht—> OH

OH+I-—> 1+ OH- 3)

The equivalence of the quantum yields for nitro-
gen and lodine production is eonsistent with this
mechanism.

Dependence of y(I;) on N,O Concentration at
pH 6.—In the concentration region below Cno =
3.14 3¢ 107% mole 1.-1 the quantum yield in NyO
solutions at pH 6 is found to be dependent on N,0O
concentration (Table I). This effect is attributed
to the competition between the scavenging re-
action and secondary recombination of the iodine
atom and the electron in the solvent cage. The
experimental results were analyzed by application
of the general scavenging equation'

1n<1—%)=1n(1_7§)-

2 4
o Vikaro 1 oNO] ()

Figure 2 shows that the experimental results are
consistent with eq. 4 over the whole concentration
region. These results for electron scavenging by
N0 are compared in Table IT with our previous
results! for electron scavenging by H+ The
agreement between the values of v,I in both cases
shows the consistency of the treatment for two dif-
ferent scavengers. Assuming that the two seaveng-
ing processes involve the same radical pair, the
results of Table II give the rate constant ratio for
scavenging by H+ and NeO kg +re/kn.0+0 = 5.

TasLr I1
Kineric DATA roR ELECTRON SCAVENGING
2
T;:-I, Vo xkg
Scavenger system mole-'/2 1.1/2 B’ ¥l
H~*, 1 M aleohol soln. 85 0.725 0.08 2= 0.005
N0, pH 6 38 0.759 0.07 4 0.005

Effect of Light Intensity in the Presence of N,O.
—The dependence of y(I;) on light intensity in
neutral solutions containing N,O is important for
establishing the reaction mechanism, making possi-
ble the discrimination between ordinary bulk
kinetics and diffusion controlled cage scavenging.
The results presented in Table III indicate that

(8) Heats of solution are taken from Latimer, Pitzer, and Slansky,
J. Chem. Phys., T, 108 (1939), the heat of solution of O~ taken to be
equal to that of OH~, Electron affinities from H. O. Pritehard,
Chem. Rev., 82, 529 (1953).

(9) C. B. Senvar and E. J. Hart, Proc. 2nd Int. Conf. Peaceful Uses
At, Energy, 29, 19 (1958).
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vi(I.) is independent of light intensity over a
rather wide range.

TasLe III
DerenpeNce oF vi(ly) oN LicaT InTeENsITY AT pH 6
{I-1 =015 M
7i(Is) Yi(lz)
J, [N20] = 1.7 X 1072 [NyO] = 1.42 X 1079
einstein L. 7t gec. 71 M M
15,0 x 107 0.292 0.240
12.35 X 10-7 .298 .235
6.05 X 1077 294 .236
1,78 X 1077 . 288 ,230
Mean value  .293 =4 0.005 .235 £ 0.005

Any bulk mechanism will assign the reduction of
the quantum yield below the limiting yield T to
the competition between the recombination re-
action of I atoms and the reducing radical in the
bulk and the scavenging of the radical by N;O.
This will lead to the dependence of v on light in-
tensity in the N,O concentration region where
v < 0.29. The experimental results at N,O =
1.4 X 10-3 mole .71 are in variance with this con-
clusion, yielding a strong support to the assumption
that the decrease of v(I;) with decreasing N,O con-
centration is due to recombination in the cage.

The pH Dependence in N,O Solution.—The pH
dependence for I, formation in N;O solution at
Cx:o = 0.01 M is presented in Fig. 3. This pH
dependence is qualitatively similar to that pre-
viously observed.® In the present case initial
vields are presented. When the pH is decreased
below 3 a lowering of the quantum yield is ob-
served, rising again to the limiting yield at high
acid concentration. This behavior is in complete
agreement with the general mechanism involving
H atom formation by electron scavenging by T+,
In the pH region below 3 both H+ and N,O act
as efficient scavengers for the cage (I + e)1. Thus
in the low pH region parallel scavenging occurs by
both scavengers.

The general reaction mechanism in N,O solutions
will be presented in the form

(I + €)1 4+ M0 —> 1 4 OH + N,
kxoo + o (1)
+er——=1+e et 5
Tt e+ Hr—> I+ Hu kg 4o (6)
I+Hn+HY —I14+H+ 4+ H
b+ +n (7)
I+Hn—I1+H it ®)

When the pH is decreased below 3 the radical pair
(I + H)p is formed, in the solvent cage. In the
absence of an efficient scavenger for H atoms they
will undergo a secondary recombination lowering
v below the limiting value I'. It is assumed (and
will be further discussed) that N0 is a poor scav-
enger for H atoms. An increase of v(I,) is oh-
served at pH < 2 as the HH* concentration increases,
reaching a value sufficient for efficient scavenging
of H atoms by H+ ions.! These results can be
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Fig. 3—The pH dependence of +(I.) in the presence of
1.6 X 1072 M N.,O: open circles, experimental data; solid
curve, caleulated from eq, 12.

4 pH

quantitatively accounted for by considering a
general model for parallel scavenging.

Parallel Scavenging Model.—We consider a
system where 7 = 1. .. n efficient scavengers react
with a radical undergoing secondary recombina-
tion. The parallel scavenging reactions are pseudo
first order with rate comstants ks[S;]. Applying
the general considerations presented in previous
work! the quantum yield for the depletion of the
scavenger S; will be given by

1dB] | ksl
FAFTERS YA IS
i=1...m

B'e~(2a/8)VrZks ST (9)

Parallel Scavenging by N,O and H+—The pH
dependence of the quantum yield of iodine produc-
tion at relatively high N,O concentration was in-
vestigated. Tor Cno > 3 X 107% mole 1.7t the
results in neutral solution indicate that 4/ N0 >>
8'/2a/ 7k + o; thus the exponential term in eq. 9
can be neglected.

The total quantum yield is thus presented in
the form

Y1) = vt + (T — vD o+
(I — %D = (1 -
ﬂn’e—(zau/ﬁn')\/m (10)

where

5 = 7‘C<N20 + o) [NO]
k0 +e) [N20] + kg 46 [HT]

In deriving this equation it is assumed that cage I
yields a constant residual yield v,I which is totally
scavenged in the bulk contributing to the I,
yield. The rest of the electrons in cage I are
subjected to parallel scavenging by H* and N,O.
The fraction & scavenged by N,O fully contributes
to the total yield while 1 — § is the relative ef-
ficlency for H atom production in cage II. As-
suming that all the electrons are scavenged from
cage 1, the cross-section for the formation of cage
IIis (T — 4 0)(1 — 8). H atoms are then scavenged
according to the ordinary eq. 4. Equation 10 can
be transformed into the form
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v=T1 —(I' — vI)(1 —
8)B1r e~ an/Bn)V sk ETE ] (11)

Inserting the numerical data previously obtained!

2a 1,1
B’ = 1; B—If V ks = 2.6 mole—"* 1."7;
11

we obtain

0.21¢ 20
kevo+e [N:0]
k/(H* + @) [H+]

In I'ig. 3 the experimental results are compared
with the theoretical curve based on eq. 12. TFair
agreement was obtained setting the rate constants
ratio km+ 4+ o/knwo +e = 1-5. The best agree-
ment was obtained setting this rate constants ratio
to 2, used in Fig. 3. These results are consistent
with the comparison of the results for electrons
ﬁavenged by H* and by N;O presented in Table

In the pH region where competition oceurs be-
tween scavenging by H* and N.O the quantum
vield is expecied to depend on N;O concentration
over the whole range employed by us, in contrast
to the behavior at neutral pH where at high N0
concentration the quantum yield is constant. The
experimental results entirely confirm this predic-
tion. In Table IV the dependence of ~(I,) on
N0 concentration at pH < 3 is presented.

v = 0.293 — (12)

14

TasLe IV

Tur Dworexpunces or v(Is) oN N:O CONCENTRATION AT

pH <3
o0, 103Cx,40, ¥(Iy) ~——y(I) ealed.——
mr, mole 1. 71 oxpt. pH Eq. 13 Ea. 12
500 16 0,218 2.2 0.195 0.220
293 9.2 164 2.2 .165 184
185 4.9 132 2.2 133 172
285 9.0 105 1.8 130 140

The comparison of the experimental results with
the prediction of eq. 12 setting ku- + o/Fmo + ¢ =
2 is reasonable. However the calculated values
are somewhat too high. We attribute this dis-
crepancy to the approximation involved in the
derivation of the consecutive scavenging model.?
Besides, the application of eq. 12 is based on the
assumption that every H atom introduced into
the bulk by scavenging by H™ oxidizes another
I- ion. This may not be applicable for pH 2.2
and 1.8. Therefore we have estimated the de-
pendence of v(I3) on N0 concentration by apply-
g our previous experimental results for evacuated
solutions.* The quantum yield was represented
in the form

v(I2) = o + (1L — 8)sT

where s represents the ratio of the quantum yield
at the given pH in evacuated solution to the cross-
section T'. Agreement was obtained by applying
eq. 13 at relatively low N,O concentration.

(13)

J. JorrNner, M, OrroLeNcHI, avp G, SBreiv
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The decrease of the quantum yield and its de-
pendence on N.O concentration at pH < 3 indi-
cates that H atoms produced at this pH do not
act efficiently with NyO. These results can be
interpreted by assuming the conversion of elec-
trons to H atoms. These results cannot be in-
terpreted by the hypothesis of Dainton, et al.,2?
who assumed conversion of H atoms to Hy*
molecule ion. If H.* would have been formed in
this pH region the quantum yield for I, production
would remain unchanged, as this species efficiently
oxidizes I~ ions.?

Discussion

Chemical Evidence for Solvated Electrons in
Water.—The photochemical results presented in
this work yield chemical evidence for the formation
of H atom precursors in water differing in their
reactivity from H atoms as such. Recent radiation
chemical data point in the same direction.

The fate of electrons, formed in the primary
ionization process in the radiolysis of aqueous
solutions, has been discussed previously.l!=*?
Experimental evidence has recently been accumu-
lating indicating the existence of two different
forms of H atoms in irradiated solutions exhibit-
ing different reactivity with specific scavengers.
Barr and Allen'® have shown that H,0, is efficiently
decomposed by the reducing species produced by
ionizing radiation in neutral solutions, while HsO,
is less reactive with the species formed by the re-
action

IL + OH — H + H,0 (14)

or by lonizing radiation in acid solution.™ An
investigation of the decomposition of H.0, by
atomic hydrogen generated in the gaseous phase'
indicated the identity of H atoms as such with
the *‘acid form” produced by ionizing radiation
and with the species produced by the reaction of
OH radical with molecular hydrogen. The results
of Allan and Scholes®™ and those obtained by the
use of H atoms!* led to the conclusion that the
“peutral form” produced by ionizing radiation
is the solvated electron. The result of radiation
chemical investigation of aqueous solutions of
monochloroacetic acid was similarly interpreted.
The relative radiation stability of nitrous oxide
in irradiated acid solution? was attributed to the
acid form of H atoms, which was assumed to
be H,*.2 However this conclusion is not consistent
with the relative slow rate of formation of H,7.°
The results of Dainton and Peterson? can be in-
terpreted® in terms of an efficient decomposition
of NO by solvated electrons and its stability to
decomposition by genuine H atoms.

Kinetic evidence in the gas phase indicates that
the activation energy for the reaction

(10) G. Crapski, J. Jortner, and G. Stein, J. Phys. Chem., 64, 1792
(1960).

(11) (a) A. H. Samuel and J. L. Magee, J. Chem. Phys., 21, 1080
¢1953); (b) G. Stein, Discussions Faraday Soc., 12, 243 (1952).

(12) R. L. Platzman and H. Frohlich, Phys. Rev., 92, 1152 (1953).

(13) N. F. Barr and A. O, Allen, J. Phys. Chem., 63, 928 (1959).

(14) G. Czapski, J. Jortner, and G. Stein, 7bid., 65, 964 (1961).

(15) J. T. Allan and G. Scholes, Nature, 187, 218 (1960).

(18) L. Hayon and J. Weiss, Proc. Int. Conf. Peaceful Uses At.
Energy, 29, 80 (1938).
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N0+ H—N,+ OH (15)

is 16.6 keal. mole~4' in agreement with an ap-
proximate previous estimation.'® As the frequency
factor for this reactionis 4 X 10!l mole=! sec. =1 ¥
this reaction proceeds slowly in the gas phase at
room temperature. The analysis! of some kinetic
data? for the reactivity of H atoms in acid solu-
tion containing N;O indicates that reaction 15
in aqueous solution is a relatively slow process, in
agreement with the gas phase experiments. Two
studies of negative ion formation in N0 were
published recently. The results of electron impact
experiments'® indicate that O~ ions are produced
in NoO with an onset at zero electron energy.
The results of a mass spectrometric investigation?
confirm these conclusions, These results indi-
cate that in the gaseous phase the reaction

N:O +e—> Ny 4+ O~ (16)

proceeds efficiently. In the liquid phase the O~
ion will be stabilized by solvation. This inde-
pendent evidence yields further support to our
conclusions regarding N:0 as specific scavenger for
electrons in aqueous solutions. The rate con-
stants ratio kg+ + ¢/kN.0 +¢ = 2-3 obtained from
our photochemical experiments appears to be
consistent with the radiation chemical results of
Dainton and Peterson.?

In the present photochemical investigation we
tried to select various speecific scavengers for the
diserimination between H atoms as such and their
precursors. HT ion was found to act as an ef-
ficient scavenger for H atom precursors, z.c., sol-
vated electrons. The reaction

Hty +eq—> H (17

appears to be eflicient, in agreement with recent
radiation chemical data.1516.21 This may proceed
by direct electron capture by the hydroxonium
ion, or by a general acid-catalyzed mechanism

H30+ + I’[gO + Caq —_— HzO —|— H20 + H (17/)

The increase of the quantum yield in the presence
of the monophosphate ion at pH 5.9' may indi-
cate the operation of such a mechanism. However
at present this suggestion should be considered as
tentative.

The nature of the solvated electrons formed in
the photochemical system should be briefly con-
sidered. The most probable model involves an
electron bound in the polarization field of the
dielectric medium.?2—2* The time required for the
solvation process of the electron is of the order of
the relaxation time of the solvent molecules. A
similar model is applicable for the thermalized
electrons produced by ionizing radiation in
water.112.2¢ The lifetime of this species is long

(17) C. P. Fenimore and G. W. Jones, J. Phys. Chem., 68, 1154
(1959).

(18) H. W. Melville, J. Chem. Soc., 1243 (1934).

(19) G. J. Schultz, J. Chem. Phys., 34, 1778 (1961).

(20) R. K. Curran and R. E. Fox, ¢bid., 34, 1500 (1961).

(21) A. R. Anderson and E. J. Hart, J. Phys. Chem., 68, 805 (1961).

(22) L.

(23)) J. Jortner, J. Chem. Phys., 30, 839 (1959).

(24) J. Weiss, Nature, 186, 751 (1960).

Landau, Phys. Z. Sowietunion, 8, 664 (1933).
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enough in aqueous solutions to make its detection
possible by reaction with specific active scavengers.

Mechanism of Primary Radical Formation.—
The photochemical results presented in this work
can be unambiguously interpreted by assuming the
operation of a cage mechanism, and the decrease of
the quantum yield with decreasing scavenger con-
centration should be assigned to secondary re-
combinations. The independence of the guantum
yield on light intensity definitely rules out any
bulk recombination mechanism. In our previous
work® we have pointed out that the alternative
mechanism involving the interaction of H™ ion
with the excited state followed by electron scaveng-
ing with direct formation of H atoms is not favored
by the experimental data. At high scavenger
concentration a limiting quantum yield of 0.290 =
0.005 at 25° is obtained independent of the nature
of the scavenger.

The absolute value of this limiting quantum yield
probably is accurate within 10%, as it was de-
termined by chemical actinometry using inde-
pendently urany! and ferrous oxalate actinometers.
This result indicates that under our experimental
conditions the limiting quantum yield of radicals
which can be scavenged at 25° is about 339,. Thus
the cross-section for primary radical formation is
smaller than unity. This result rules out the
direct interaction of the scavenger with the spec-
troscopic excited state of the ion, indicating that
the fragments which can be scavenged are formed
by a secondary process.

The photochemical results can be correlated
with the spectroscopic data for this system. Re-
cent experimental and theoretical investiga-
tions®~%" indicate that the excited state can
adequately be described by a spherical symmetrical
excited orbital involving a considerable charge
expansion. The role of the hydration configura-
tion in formation of this excited state has been
repeatedly stressed.?5?” The upper limit for the
lifetime of the first spectroscopic excited state is
the relaxation time of the solvent molecules.
During the relaxation process the electron is
detached from the excited state of the absorption
center resulting in the formation of two distinet
species: an I atom and a solvated electron.

The detachment of the electron competes with
deactivation of the excited state, which probably
proceeds by a radiationless transition to the ground
state. The cross-section for radical formation should
be dependent on temperature and on the solvent.
Our results on these problems will be published
separately.

The electron thus formed by the dissociation of
the excited state can be scavenged by specific
scavengers, e.g., H*, N;O, and O.. This mech-
anism yields the major contribution to radical
production. The pregent picture indicates that
the major pathway of H atom production in this
photochemical system does not involve a dis-
sociative electron capture by a water molecule
but electron capture by H*. The scavenging

(25) J. Franck and R. L. Platzman, Z. Physik, 138, 411 (1954).

(26) M. Smith and M. C. R. Symons, Trans. Faraday Soc., 54, 338,
346 (1959).

(27) G. Stein and A. Treinin, ibid., 88, 1086, 1091 (1959).
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experiments definitely rule out the mechanism of
Franck and Haber® for this system,

The results with N;O prove also that the role
of the positive H* ion is not unique and that an-
other, neutral electron scavenger can lead to a
similar process.

The present picture involves a thermal electron
detachment process from the excited state of the
solvated negative ion, leading to the formation of
& solvated electron in the aqueous solution. The

(28) J. ¥ranck and F. Haber, Sitzher. preuss. Akad. Wiss. Physik
Math. Klasse, 750 (1931).

J. JorrNeR, M., Orrorexcur, ann G, Sty
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formation of a thermalized cleciron is plausible
in the case of an excited iodide ion, where the elec-
tron in the expanded orbital is acted upon only
by the polarization field of the medium.

Franck and Scheibe?? in their original work postu-
lated a photodetachment process as the primary
light absorbtion act of negative jons in solution.
Our results show that this oceurs only as the
result of a secondary thermal process,
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The effect of O, on the photochemistry of aqueous iodide solutione was investigated. O, was found to act as a scavenger

for both electrons and H atoms.

The reaction mechanisms are discussed and kinetic data for the reaction of O, with elec-

trons and H atoms are derived. The photochemical results are compared with data from radiation chemistry,

Introduction

Radiation chemical investigations® indicate that
oxygen dissolved in aqueous solutions acts as an
efficient scavenger for both solvated electrons and
for H atoms.?

Following the preceding work,? the effect of
O, on the photochemistry of the iodide ion was
investigated. The investigation of the oxygen
effect on this system is of importance for a further
insight into the specific scavenging mechanisms
of H atoms and their precursors.

Experimental

The experimental technigue was similar to that previously
employed.? Evacuated neutral potassium iodide solutions
were equilibrated with air or oxygen for 2-3 hr. The pH
was adjusted by acid added just before irradiation, which
was carried out as fast as possible to avoid thermal oxida-
tion. The kinetics of the post-irradiation effect in aerated
solution were measured by the determination of the time
dependence of the I, concentration in the reaction vessel after
stopping the irradiation. The thermal oxidation was fol-
lowed by a similar technique.

Resuilts

Some experimental difficulties were encountered
in the experimental investigation of this system
at low pH. The effect of the thermal oxidation of
1- at pH < 2.5 is appreciable. Short irradiation
times (15 sec.) were used, and corrections for
thermal oxidation were introduced. The deriva-
tion of the experimental results for the initial
quantum yields was further complicated by the
observation of a post-irradiation effect in aerated
solutions. It was assumed that this effect is due
to the production of H,0, in irradiated solutions.
To confirm this hypothesis a kinetic study of this
process was carried out. We measured the de-
pendence of the I, concentration (determined as
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the optical density D,) on the time r after stopping
the irradiation. First-order kinetic curves were
obtained by plotting In (D. — D,) as a function of
7 (Fig. 1). The experimental values of D, were
corrected for thermal oxidation. From the first-
order rate constants &k the second-order rate con-
stants k/[I~] were obtained, in agreement with the
result for thermal oxidation of I~ by Hy04.2 These
results indicate that HyO, is produced in the photo-
chemical gystem.

TaBLe I

Posr-Irrapiation ErrecTt 1N Irrapiated KI Sonvrions
[I-] =015 M, J = 15 X 1077 einstein gec, 7 ], 71

k, E/[17) 1,
pH min.”! mole " min, ~! Ds Do
1.29 0.048 0.75 0.265 0.02 0.48£0.03
0.83 0.22 3.37 0.26 =002 0.50%£0.03

As the thermal oxidation of I- by H;O. during
the short irradiation period is negligible, the initial
{I5]o concentration corrected for the post-irradiation
effect was obtained from extrapolation of log (D& —
D) to r = 0. We find (Table I) 2Dy = Do,
i.e., 2[Is)y = [I2]». Thus the quantum yield for
H,0, production is equal to that of I, during ir-
radiation. The quantum yield at low pH could be
evaluated by measuring v(I) + ~v(H:0,). This
was done by determination of I, yield after the
completion of the post-irradiation effect about 60
min. after stopping the irradiation.

Dependence of y on pH and O, Concentration—
In Fig. 2 and 3 we represent the dependence of the
initial quantum yield for I, production on pH and
0, concentration. These quantum yields were cor-
rected for thermal oxidation and do not include
contribution of the oxidation by H,0.. v at
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