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A STUDY OF THE ISOTOPE EXCHANGE BETWEEN GASEOUS OXYGEN AND
THE SAITS OF SOME ACIDS CONTAINING OXYGEN AT HIGH
TEMPERATURES

[This is a translation of an article
written by V. I, Spitsyn and V, G, Finikov in
Problemy Kinetiki i Xataliza (Problems in Kin-
etics and Catalysis), IX, Izotopy v Katalize
(Isotopés in Catalysis), Moscow, 1957, pages
2642667

The study of the velocity of the isotope exchange be-
tween the gaseous oxyxen and the solid salts of an oOXy&en—
containing acid presents considerable interest inasmuch as
it permits evaluation of the bond energy in the above mens—
tioned compounds., We investigated isotope exchange between
gaseous oxygen and sulfates of alkali elements and also bew=
tween sodium molybdate and carbonate with ‘the purpose of -
comparing the stability of +the oxygen bond in these salts,
To conduct these eXEeriments we used oxygzen containing
about 1,3% of the 018 atom, The exchange was carried out
in an_apparatus a description of whif% was published earl-
ier /71 /. The measwrement of the 016 and 018 isotope

content was conducted by the massspectrometer method, In
experiments in excess of 7 hours, the following data was
received relative to the rélationship of the degree of ex-
change and the temperature,
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Isotope exchange between gaseous oxygen and sulfates of
alkalil elements (duration of exchange 7 hours, )
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o 1180, N2,80, K.80, Rb,80, . C8.80,
experiment : - ‘
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It should be noted that A. Kasatkina /72 7 was not -
able to find any isotope exchange between oxygen and pota=-
ssium sulfate at temperatures of 5000,

"To substantiate the correctness of our experimental
data, it was important to determine the balance of 018 ene
gaged in the exchange, In the cited article'é"l;7'this,
was accomplished only for sodium molybdate and carbonele,
vhich, after exchange with gaseous oxygen, were dissolved
in water. The oxygen exchange occurring between ions of
salt and water of ordinary lsptope composition permit us
To determine the content of 018 in the salt, However,
this methed is inapplicable for sulfates because they do
not exchange oxygen SOf' with water, It is known that -

the sulfates of alkali elements are reduced by carbon at
1,1009, forming COp at the expense of their own OXYEen,
However, this method presents considerable experimental
vor difficulties when determining the isotope content of oOxy~
gen of the studied salts. We were successful in being
able to reduce sulfates in an ordinary quartz apparatus
at 6009, employing as a reducer potassium ferrocyanide:
K Fe(CN),]. ~ This way it is possible +o carry oubt not
only partial but alsc complete reduction of sulfates., Come
plete reduction of some samples of sulfate after the ex=
Periments of exchange with oxygen was used by us for dee
termination of the 018 balance, The results are presented
in Table 2, Comparison of the cited numbers indicates
that the value of the exchange degree shown in Table 1
were determined with an accuracy of 5 to 107,
[ The velocity of the isotope exchange between the .
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solid sulfates and the gaseous oxygen depends to a consid-
erable extent on the degreée of dispersion of the original
compounds, The deternlnatlon of he specific surface of
the studied sulfates by the method of unstationary diffu-
sion flow and the average statistidal size of crystals by

means, of Debyl crystalgram hrought concurrent results =
4.3 m/G for Lip804 and 1,5 m /G for all other sulfates.
Por measurement oifths strength of the oxygen bonds

the studied salts we used values of energy of the acti~
vatlno process of the isotope exchange and a specific ex~"
change - the degree of exchange (in %), reached at the de-
termination temperatire for certain perlod of time related
to 1 m¢ salt surface. Table 3 shows the corresponding
figures,

Table 2

Comparison of isotope composition of oxysgen sulfates
measured _by independent methods

s hd = s s e was e e P I T )

T . | Oontent of 018, 7 atom
e;gg}i;ental palculated accord- | found during
Compound | exchange with | 1n8.to changes in reduetion of
- oxygen, OC conposition of gas | solid phase
’ phase _
11,50, 729 0,250 0,253
Ti580; | 772 01328 0:332
R03S0, | 752 0.256 0,256
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The energies of activation were calculated with an
accuracy of plus or minus 10~ 15p on the supposition that
the limiting stage of the process occurs on the surface,
The value of specific eéxchange is free from any kinetic
suppositions. However, in view of insufficiently exact
determination of the size of the specific surface and a re-~
latively wide temperature interval (752-766°) for which it
was calculated from the experimental data, it should be con-
sidered as a less exact characteristic for the activation
energy., Comparison of the cited data of values in Table 3
combels us to conclude that the velocity of the oxygen iso~

tope exchange of the studied sulfates depends on the nature
of the alkali elements, This points out to variations in
the degree of the strengbh of the oxygen bonds in investi-
gated sulfates, MNMaximum energy of activation was noted for
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rgotassium sulfate, The corresponding values of sodium and
lithium sulfates on one hand and rubidium and cesium on the
other hand legitimately decrease, This fact can be explaine-
ed by examing the polarization interaction or atoms I orme
ing the studied sulfates 4f3;7. A slightly polarized and
relatively strongly polarizing ion of lithiuwn exerts a coune
ter polarilzing effect on a nearby atom of oxysen, of the
ion are weakened, The more stable are sulfates of sodiunm

.jand potassium in which the ratio of polarizations of the
‘oxygen atoms and ‘the ions of the alkali element insurss

R sufficient polarity of bonds between the alkali element and
the ion, With reference to the voluminous and easily pola-

+ Tized ions of rubidium and cesium, the oxygen of the anion

itself is capable of exerting a collective polarizing ef=-
fect, and this is accompanied with weakening of the aniont's

+ monolithic" condition,

Table 3

Energy of gggﬁifégﬁ

f ] i
Compound ic”"%i;"f A % gjm
Lis50, P 22
NQQSO‘ 54 0,6
K,S0, &7 0,3
Rb,S0, © 21
C8,50, 2 1,8

Ags Tar as specific exchange, its value is inversely
proporticnal to the energy of activation. Analysis of fige
ures in Table 3 confirms this, In accordance with the sta-
ted presentation 1t was to be expected that the increase
of a central atom radius of anion should have been accome
ranied by the decrease of +he stability of the oxygen bond
and, as a consequence, an increase in the velocity of the
izotope exchange, The decrease of the valence of the cenw
tral atom also should exert & weakening on the monolithic
state of the anion. Examples of gtudy of the isotope exe-
change between gaseous oxygen and a sodium molybdate and
¢arbonate substantiated these hypotheses, For sodium
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molyaﬁa“ce, a degiee of exchange equal to 18,0% was reached
after 7 hours even at the btemperature of 5749, In the case
of milm nar’w*z.a'i.e, for 'L:.?m same perdiod of time at 753¢
the de -g*r ¢ oF exchanze. wWag 47e%5 The greater radius oi‘
the molyb “‘if; um in an MQQ anion and & smaller valenoy
£ car:)cm in (;02"* anjon in comparison wilh a series Trom
the S{)“”‘ anion lenad to an increase in the nobility of *t;hxa
oxygen in the exchange reactions, and this indlcates sm

iler stability of oxygen in NagMo() and NagCO in com'pam b
:ﬂ:a.son with the corresponding su ate,

Bivliography .

1. Vietor I. Spitzym, V. G, Tinikov, Dokl. AN SSSR { 3 e

L/‘ml"

vorts of the Academy of Sciences USSR), 108, 491 (1956).

2e Le Ao Kamathina, DIilssertation, Chemical Technology
Inste imeni D, I. M@ndelevev, 1853,

%e Vicbor I, Spitzyn, Jhur. obsheh, khimii (Jour. of gene
0316”10)’ 17,: il (19‘4‘7), 2\)9 550 (195\))0




FOR REASONS OF SPEED AND ECONOMY

THIS REPORT HAS BEEN REPRODUCED

ELECTRONICALLY DIRECTLY FROM OUR
CONTRACTOR'S TYPESCRIPT

THIS PUBLICATION WAS PREPARED UNIER CONTRACT TO THE
UNITED STATES JOINT PUBLICATIONS RESEARCH SZRVICE
A FEDIRAL GOVERNMENT ORGANIZATION ESTABLISHED
TO SERVICE THE TRANSLATION AND RESEARCH KEEDS
OF THE VARIOUS GOVERNMENT DEPARTMINTS



