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FOREWORD

This document is a machine translation of Russian
text vhich has been processed by the AN/GSQ-16(XW=2)
Machine Translator, owned and operated by the United
Utates Air Force. The machine cutput has been fully
post-edited. Ambiguity of meaning, words missing from
the machine's dictionary, and words out of the context
of meaning have been corrected. The sentence word
order has been rearranged for readabilityrdue-to the
fact that Russian sentence structure does not follow
the English subject-verb-predicate sentence structure.
The fact of translation does not guarantee editorial
accuracy, nor doeés it indicate USAF apnroval or dis-

approval of the material translated.
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MECHANISM OF DIRECT ACTION OF RADIATION ON PERCHLORIC U.C. ACID

L. T. Bugayenko

Earlier it was shown that the perchlorate ion is reduced only as a result of
direct action of radiation‘[_l,g7. Neither atoms of hydrogen nor hydroxyl radicals
interact with perchiorate ion. The mechanism of dirsect actlon appeared complicated,

proceeding through several intermediate steps 173_7:

ClO; —w» ClO, + ¢, (CIO) * (1)
ClO, — ClIOs + Os (2)
Cl0s + OH — Cl07 <+ H+ 3)
H - 2 1,0,
Ci0, = Cl0; = C10™ = =4CI-
S (1)

Excited perchlorate, ions most probsably, dissipate their energy during collis-~

ions, but to a certain extent the disintegration of excited iocns by the reaction

(Cl07) * "—~ ClO7 + Y, Ox (5)
is possible.

In this work we continued investigation of the mechanism of transformation of
perchlorate, ions studying the influence of ions of bivalent iron and molecules of
organic compounds (ethyl alcohol and acetone) on yields of reduction of prexrchlorate
ion and ylelds of reduction products of purchlorate ions,

Preparation, experiment, and analyses were conducted as describad in 172,3_74

Irradiation was produced by X~-rays with maxdmum, energy of 70 kv,
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Itwas found that in oxygen saturated solutions of iron perchlorate in 2.5 M
HC10; , the yield of reduction of perchlorate ion in the interval of concentrations
of Pe2' ion, 0.005 - 0.06 M, maintains a constant value of 1.20 ¥ 0.05 ions per
100 ev of absorbed energy. It was found that the yields of formation of ions of
chlorate and chloride depend on the concentration of Fe?t ion., These data are
shown in Fig. 1. The cbserved dependence of G(C103) on [Fe?t] shows that in the
formation of chlorate ion reaction (3), not reaction (5) plays the main role,
since the yield of formation of chlorate as a result of disintegration of excited
perchlorate ions should not depend on the concentration of dissolved substances.

In Fig. 2 is shown a change of the ratio G(c1o; )/ G(C1~) with increasive
concentration of iron. Such a sharp drop of the curve is connected, first of all,
with competition between dioxide of chlorine and the Fe2+ ion for radical OH and,

secondly, with the very fast reaction:
ClOz - Fe** — CIO; + Fe* (6)

~~

The formed ion of chlorite quickly is reduced by iron ions to the chlorine ion:
CIO; + 4Fe¥ -+ 4H* — CI° + 4 Fe* +2H:0 (7

In Fig. 3 is shown the chan:;e of the yield of formation of Fe3+ ion as a

2+ .

function of concentration of Fe“  ion.

.iz. 1. Dependences of the yield of
Gisentegration of ion of perchlorate
(1), of yields of formation of ion of
chlorate (2) and of ion of chlorine (3)
on the concentration of perchlorate of
bivalent iron in 2.5 K HC1O

KEY: (a) G, %ons/lOO ev; gb) Concen-
tration of Fe<' ions, HK-10~.




Fig. 2. Dependence of ratio of yields of
ions of chlorate and ions of chlorine on
the concentration of iron in % _;_5 ¥ HClO.
KEY: (a) Concentration. ef Fe' ions,
M.10°.

6= 2 ]
(0) Kasermpocsn et Fe¥, 4.0t

Experimental points lio.on a straight line, AIf we exbrapoiate this straight line
to the y-axis, we wili obtain the value of yield of oxidation of iron under
conditions when it has practically no influence on the yield of reduction prozicts
of ion of perchlorate. The extrapolated value of yield of oxidation of iron equals
17 ¥ 1 ion per 100 ev. We will mike an attempt to calculate the value of yleld of
oxidation of ion of iron in these conditions, assuming the known values of yield

of products of radiolysis of water. We will consider that the yleld ef products

of transformation of water are the same as in 0.4 M H,SO, /4 /. The electronic
fraction of water in 2.5 M HC1O

4
values of yleld Gy = 3.00; Go = 2,50 and Gﬂzoz = 0,60, The electron appearing

equals 0,8; therefore we will have the following

during direct action of rediation on the ion of perchlorate, according to lLee [ 5_7,,
will cause formation of one H radical:

 HO+e—H0"—H+OH" (3)
As was shown above , the frnc;;on of t'h;; mt.:tl\-‘ﬁ (5) is small; therefore for
calculation we will assume that 1,25 electrons will be formed and, consequently,
1.25 additional atoms of hydrogen per 100 ev. Radical OH oxidizes ions of iron
and dioxide of chlorine, For the fraction of ions of iron will be obtained GOH-
G(ClO§)= 1.50 radicals of OH per 100 ev. Since there is oxygen in solution, the

atoms of hydrogen will be converted into radicals of HO The latter very

2 *®
effectively interact with ions of Fe2t , the concentration of which is significantly

greater than the concentration. of dioxide of chlorine,

3




Therefore in the presence of ions of iron the reduction of 0102 will be produced
not by radicals HO,, but by ions of re<t by reactions (6) and (7).
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Fig. 3. Dependence of yield of oxidation of iron on the concentration of per-

chlorate of i:gn in 2.5 M HCth. 2

XKEY: (a) G(Fe°"), ions/100 ev. (b) Concentration of ions Fe', M HC1Q,.
The yield of formation of ions of chlorine equals 0,22 ions per 100 ev, Full
yield of oxidation of ions of iron will be equal to:

G (Fe*) = 3Gy + 2Gy,0, + Gour — G (€10;) + 5G (C). .
o (9)

Substituting the above calculated values of yields, we obtain G (Fe3t) = 16.5 ions
per 100 ev, This magnitude is in good agreement with the value of yield of oxi-

dation of iron found by extrapolation of experimental data

<
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‘9\ Kovssmnpeur, . '
Fig. L. DOpendence of ylield of disintegration of ion of perchlorate on the
concentration of ethyl alcohol (1) and acetone (2). Concentration of perch-

loric Azid - 20,¢
KEY: (a) concentration, M.

Increase of G (Fe3*f) during increase of concentration of ions of Fet occurs due to
an increase of fraction of reaction (6) and the corresponding decrease of fraction
of reaction (3) and, possibly, as a result of involvement, in the reaction of
oxidation of iron, of a certain fraction of excited molecules of water,

On addition of an org;nic_gubetanco to the irradiated solution of inorganic




compound usually is observed an increase of yield of tranaforﬁ;tion of inorganic
campound, Such effects were observed during the irradiation of mixtures of organic
compounds with sodium nitrate /6_/, cerium sulfate [ 1.7, sulfate of iron 87,
bichramate of potassium /9 /, et al. During an irradiation of solutions of ethyl
alcohol and acetone in 2,5 M HCth'ue detected a decrease of yield of reduction

of iron of perchlorate that was the greater the higher the concentration of

organic compound (Fig. 4). In Fig., 5 is shown the dependence of yield of reduction
of ion of perchlorate on the cube root of the concentration of organic campound.

In this case the curve of yields of reduction becames a straight line in the area

of concentrations not exceeding 1 M, and is described by the following equations:

h)
G(~ Cl07) = 1,25 — (0,61 = 0,05) V[C=IT,0H]

. ’ :-———-—-————
G (—CI07) = 1,25 — (0,32 4 0,01) VCI.COCIT,] *

In the presence of organic compound the accumlation of no other products
of reduction of ion of perchlorate, Beeides ions of chloride and chlorate is
detected; it follows from this that decrease of yields of reduction of ion of
perchlorate occurs at the primary stage of decamposition. The observed decrease
of yleld of reduction probably, is caused by reaction between radicals of perchlor-

ate formed as a result of direct action and molecules of organic compound:

€10, + RH ~ CIO; + H* + R. 0)
Recently was detected a similar reaction /10,11 7 between acetonitrile and

.

a radical of perchiorate ap
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Fig. 5. Dependence of yield of disinte-
gration of ion of perchlorate on the cube
root of the concentration of ethyl alcohal
(1) and acetone (2). Concentration of
HC10, - 2.5 M.
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One shcild note that molecules of investigated organic compounds in relation
to the radical of perchlorate are more active, than the ion Fe<t (for 0.06 M
solutions no less than 10 times). This is not surprising, since it is known that
in relation to the sadical OH, which will behave analogously to the radical ClQy»
the ion Fezf/i§;4eral times less active than certain organic compounds, for example
butyl alcohol /12 7,

The process of disintegration of radical C10, by reaction (2) apparently has
& very high rate., Therefore it is possible to assume that reaction(2) proceeds
in places of high density of ionization, in spurs. Reaction (10), should thus
also proceed in spurs. Probability of collision between radical Cth and the
molecule of organic compound will then depend not on the concentration of organic
molecules in the en%ire volume, but on the linear concentration; consequently it
will be equal to the cube root of the concentration in the volume. This explains
the dependence of G (}ClOE) on the cube rcot of the concentration of acetone and
alcohol, The considered dependence.is analogous to the dependence of molecular

vield of hydrogen on the concentration of sodium nitrate [;13_7 and of molecular

hydrogen peroxide on the concentration of chloride and bromide of-potassium.zr14;7.

)

/ 2 - J
y ) (d)Xonuesmpouus, M .
Fig. 6. Dependence of ratio of ion yields of chlorate and chlorine ions on the
concentration of ethyl alcohol (1) and acetone (2). Concentration of HCth—
2. 51'1«-
KEY: (a) concentration, M.

In Fig. 6 is shown the change of ratio G (C103 )/ G (C1~) during increase
of concentretion of organic compounds in the solution. On addition of ethyl alcohol

and acetone, good acceptors of OH radicals, the ratio of ylelds is decreased. It




is possible to note that the lowsring of the ratio of yields occurs significantly
more slowly, than in the presence of ions F02+ . This is connected, probably, with
‘the fact that molecules of organic compounds do not reduce the dicxide of chlorine,
and the decrease of yield of chlorate occurs due to capture of radicals CH by
molecules of organic compounds.

In conclusion T would like to thank V. N, Belevsiiy and Wu Tsi-lan for their
help in carrying out the experiments, and Professor N, A, Bakh for discussion and
valuable advice concerning carrying out of the given work.

M, V. Lomonosov, Moscow State University
Cheristry Dopartment
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