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TagLe 1
CoMpar1son oF YIELDS 0F KNOq anp Pb(NO;).
Dose,
ev./g. X O, N O,
18 X 10-19  ymoles/g. aumoles/g. G/ O G/NOa~
KNO; 160 18.8 36.4 0.71 1.38
65.5 7.5 13.5 .70 1.25
A5.5 6.5 12.6 Nt 1.36
PHNO; 90.2 6.3 6.2 .42 .42
5901 4.07 4.08 .42 0.42
261.0 9.7 18.65 .23 0.43
161 7.96 o .31

uot removed by boiling. Tlie absorption spectra of
this solution (curve A, Fig. 2) when compared to
that of the non-irradiated salt, shows that NO.~ is
the only new chemical species. The only plausible
explanation for the amber color is that it is due to
a colloidal suspension and the only feasible sub-
stance to be i11 colloidal suspension is PbO.

A possible mechanisin for the decomposition of
Pb(NO;), and perhaps other inorganic salts conu-
taining botli covalent and ionic bonds is that the
electronic excitation energy received is rapidly
transferred to lattice vibrational energy. This
vibrational energy may be assumed to cause high
local temperatures™® which are sufficient to

(6) This curve was extended to 1100 mu not shown in Fig, 2.

(7) (a) F. Dessauer, Z. Physik, 88, 12 (1923); (b} F. Seitz and J. 8.
Kohler, *'Solid State Physics,”” Vol. 1T, Academic Press, New York,
N. Y., pp. 351-448,
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therinally decompose the salt. Tlie products tlien
should be similar to those found in the thermal
decomposition. A thermal mechanism 1s consist-
ent with the observation of Cunningham and Heal®
that the yield (G-values) of the nitrates is propor-
tional to the “'Free Volune” us suggested Dby
Hennig, Lees aud Matheson.?

There is, of course, no positive evideuce to sup-
port a thermal mechanisiui or a free radical mech-
anisin.” However, reflectance spectra of irradiated
Pb(NOj); and KNO; (Fig. 3) show an absorption
inaximum at about 3500 A. A similar peal at
about 3600 A. is found in the reflectance spectra of
y-ray irradiated sodimn azide.® Heat treatnient
of uuirradiated NaNj crystals alse produces an
absorption baud at about 3600 A. indicating that
this band is connected witli the decomnposition of
NaNj; brought about either by irradiation or thermal
treatment. N

It is belicved that the band at 3400 A. found in
irradiated Pb(NOQ,); is associated with tlie decom-
position of the material; 7.2, it is possible that the
band could be associated with metastable nitrate
ions. Heating irradiated Pb(NOQ;)s at ¢0° for
several days results in a decrease in the intensity of
the band at 3400 A. with a correspouding decrease
in the NO,~ concentration, but no decrease in the
oxygen concentration.

(8) H. Rosenwasser, R. W. Dreyfusand P. W, Tevy 7. Chom. Phys.,
24, 184 (1956).
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The Dissociation of Tetrachloroiodide Salts

By DoNaLp M. SmyTH AND MARJORIE E. CUTLER
RECEIVED MARcH 13, 1958

The total dissociation vapor pressures of the tetrachloroiodide salts KICL, RbICL, NHJICL and N(CH;)ICL have

been measured over the temperature range 35-90°.
but extremely slowly with decreasing temperature,

Equilibrium pressures are obtained readily with increasing temperature
Evidence is presented that the dissociation of KICl, proceeds through

the dichloroiodide, KICls, as a solid intermediate rather than directly to KCl as previously reportec.

Although the dissociation vapor pressures of poly-
halide salts have been studied by many investi-
gators, 1234 the evidence does not indicate clearly
whether the dissociation reactions proceed directly
to the simple halide or thirough au intermediate,
sunpler polyhalide in cases where such an interme-
diate compound exists. The literature is particu-
larly confusing concerning the mode of decomposi-
tion of the salts of the ICL ~ anion.

Caglioti and Centola* have measured the equi-
librium halogen pressure over potassium tetrachlo-
roiodide using the technique of Ephraim. They
concluded that KICl; dissociates directly to KCl
and ICl;, the latter undergoing further dissociation
to ICl and Cl,. This would indicate that the dis-
sociation vapor is made up of equal partial pressures
of Cl; and ICl since the ICl; should be completely
dissociated under the experimental conditions used.

(1) F. Ephraim, Ber., 50, 1069 (1917).

(2) H. W, Cremer and D. R. Duncan, J. Chem. Soc., 2243 (1931).

(38) J. Cornog and E. E. Bauer, THis JoURNAL, 64, 2620 (1942).
(4) V. Caglioti and G. Centola, Gazs. chim. ital., 63, 907 (1933).

This conclusion is not thermodynanically compati-
ble, however, with the equilibrium pressure of ICl
over KICl, as measured by Cornog and Bauer.?
We also have measured the dissociation vapor pres-
sure of KICl; and have made similar measuremeints
on RbICL, CsICl, NH.ICl, and N(CH;),ICL.
Our results differ somewhat from those of Caglioti
and Centola, and in contrast to their conclusions we
have direct evidence that KICl: 1s formed as a solid
intermediate in the dissociation of KICl,.

Results

The experiinentally obtained dissociatioun vapor
data for the several salts are shown in Fig. 1 as
plots of log pmm versus the reciprocal absolute temn-
perature. The appropriate constants for expressing
the pressures in terms of an equation of the type

A
lOg pmm = T;—Ak,:' **— B (])

are given it Table T.
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TasLe I
ConsTANTS FOR EXPRESSING DISSOCIATION PRESSURES IN
A
THE FoRrRM log pmm = T % + B
Salt A, °E. B
KICl 3566.0 11.834
RbICl, 3230.6 10.359
NHJICL 3124.6 10.631
N(CH;)ICl, 2507.3 7.861

Evidence for the formation of KICl, as an inter-
mediate in the dissociation of KICl; was obtained
by measuring the e.m.f. of the Ag-KIClscoupleasa
function of the decomposition of KICly. Solid
electrolyte, electrochemical cells were prepared in
which the anode is silver, the electrolyte a thin film
of silver chloride and the cathode a mixture of a
polyhalide salt and carbon black in an inert grease
substrate. The polyhalide salt serves as a low
pressure source of halogen vapor which is the ac-
tive cathode constituent. Silver chloride is pre-
dominantly an ionic conductor and in the form of a
thin film (~10 p) serves as a stable, high impedance
electrolyte. The e.m.f. of a Ag/AgCl/polyhalide
cell is thus a function of the identity of the most ac-
tive halogen (or polyhalogen) dissociation vapor
present and its equilibrium pressure. Cells made
with KICl, in the cathode have an e.m.f. of 1.04
volts at 25°. When these cells were subjected to
elevated temperatures (100-125°) such that the
KICIl; was gradually decomposed it was found that
in 21 out of 23 cells, the e.m.f. eventually dropped
abruptly to 0.89 volt and remained constant at this
value for a time comparable with the duration of
the original e.m.f. When cells were constructed
with cathodes containing KICl, rather than KICl,
the e.m.f. was found to be 0.89 volt. This is a posi-
tive indication of the formation of KICl; as an in-
termediate, solid dissociation product by the loss of
Cl; from KICl,.

The dissociation pressures measured for CsICly
were not significantly different from those found
for RbICl,. This led to a suspicion that the CsICL
might contain RbICl, and that this impurity was
the determining factor for the dissociation vapor
pressure. Samples of CsICl; and RbICL were
thermally decomposed to the chlorides and analyzed
by emission spectroscopy. The following impurity
contents were estimated: in the CsCl: =0.59%, K,
~3% Rb, ~0.019 Na; in the RbCl: >>1% K,
~0.019, Na, >109, Cs. It is assumed that the
amount of RbICl in the CsICly was sufficient to
determine the dissociation pressure and the results
obtained for CsICl; have not been included for
this reason. A substantial amount of potassium
was found in the RbCl; if this was originally pres-
ent as KICl; it must have been decomposed to
KClin the vacuum drying operation since the RbI-
Cl was found to have dissociation pressures dis-
tinctly different from those of KICly; and KICl.
The presence of CsICl; in the RbICL would not be
detrimental since the latter should have the higher
dissociation pressure.

Discussion

Our data for the dissociation pressures of KICly
and those of Caglioti and Centola are compared in
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Fig. 1.—Dissociation vapor pressures of tetrachloro-

iodide salts: +, NHJICL; A, KICL; @, RbICl; O, N(CHs),-
ICl.

Fig. 2. It is seen that the earlier data differ in
detail from ours and do not give a straight line on a
log p vs. 1/T plot. There was a possibility that
this deviation from usual behavior could be justi-
fied in two possible ways.

For presstires greater than 1 mm. the data could
be considered as being made up of two intersecting
straight lines representing the equilibrium

KICl = KICl, + Cl, (2

in the low temperature range with the further dis-
sociation step

KICl; = KCl + ICl1 (3)

becoming significant at higher temperatures. If
this were the case, one should obtain the high tem-
perature dissociation pressures found by Caglioti
and Centola by adding the dissociation pressure of
KICl; to an extrapolation of the low temperature
slope into the high temperature region. When this
is done using the data of Cornog and Bauer?® for the
dissociation pressure of KICl, however, no such
correlation is obtained.

The other possible explanation involves the as-
sumption that the term containing the heat capac-
ity, ACp, for the dissociation reaction is negligible
over the experimental temperature range in the
precise expression
AHy | AG
RT TR
where AH, is the standard change in heat content
for the dissociation reaction, A, is the difference in

InKp = — InT+1I 4
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TFig. 2.—~Comparison of dissociation pressure data for KICl,:
+, Caglioti and Centola; O, Smyth and Cutler.

heat capacities of the final and initial states at con-
stant pressure, I is a constant, and Ky, is the equi-
librium constant for thereaction. If the heat capac-
ity term is not negligible, a plot of log ¢ vs. 1/T
will not be a straight line as is usually assumed.’
Using an estimated value of —7.2 cal./degrec
for ACp, values of AH; and of I have been eval-
uated using the dissociation pressures at the two
temperatures where Caglioti and Centola’s datacross
ours, 43.2 and 67.2°, by relating K to the observed
total pressure over KICl; and the dissociation pres-
sure of KICl; as given by Cornog and Bauer. Val-
ues of Xp were then calculated from equation 4 for
two intermediate temperatures, 58 and 80.5°, and
compared with values obtained from the two sets of
experimental data: calculated K, 16.3 and 251;
from our data, 16.1 and 254; from the data of Cag-
lioti and Centola, 10.7 and 386. A change in the es-
timated ACp by a factor of two would change the
calculated values of Ky by less than 19,. Itisappar-
ent that the data of Caglioti and Centola deviate
substantially from the calculated curve, and the
curvature is in the opposite direction. It would re-
quire a ACp of opposite sign and of much greater
maguitude to fit their data. We feel, therefore,
that our data more nearly represent the true val-
ues. It is interesting to note that our data for the
dissociation pressure of NH,ICl, show a small but
distinct curvature in the direction required by the
sign of the heat capacity term. It would be ex-
pected that the effect would be larger in the case of

(3) S. Glasstone, **A Textbook of Physical Chemistry,”” 2nd Ed.,
D, Van Nostrand Co., Inc., New York, N. V., 1946, p. 331.
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NHLICL since its heat capacity should be larger
than that of KIC) due to the more complex cation.

Caglioti and Centola state that the dissociation
of KICl, proceeds directly to KCl without the for-
mation of KICL as an intermediate. They present
three supporting arguments: (a) ICl; was observed
as a condensed, solid phase under many experi-
mental conditions, (b) a plot of weight loss versus
time for the continuous dissociation of KICl,
showed no abrupt change in the rate of dissociation,
and (c) only KCI could be detected as a solid de-
composition product by X-ray diffraction tech-
niques. On the other hand it is difficult to see
why KICl; is not formed as a decomposition prod-
uct since its dissociation pressure is considerably
less than half the total pressure over KICl;. From
thermodyuamic considerations, even if the initial
dissociation step were a complete breakdown to
KCl and ICY;, the ICI; would dissociate completely
to Cl; and ICl and the latter should recombine witl
KCl to form KICl; until the ICl presswre is re-
duced to its equilibrium value over KICl.

The arguments offered in support of a one step
dissociation by Caglioti and Centola can also be
explained in terms of a two-step dissociation. Their
observation of ICl; as a solid condensate {from the
dissociation of KICly must have been made in an in-
completely thermostated system. In our experi-
ments no solid ICl; was noted unless the dissocia-
tion vapor had access to a surface appreciably cooler
than the KICl;, In such a case, ICl; was fre-
quently observed to condense as would be expected
considering the dissociation pressure of ICl; as
given by Nies and Yost.® The requirement for
condensation is that the temperature of some part
of the system be such that Kygc, = prapey is
sinaller than the value of Kyxicy = prapey, at the
KICl, temperature.

One would not expect an abrupt break iu the
rate at which KICl, loses weight since it is losing
both Cl; and ICI at all temperatures and the rate
should change only as the exposed surface areas
change until all of the Cl; is finally lost. Actually
the weight loss curve shown by Caglioti and Cen-
tola does show a gradual decrease in slope when the
KICl; has lost about 759 of the total calculated
weight loss and this may correspond to total deple-
tion of chlorine.

The failure to observe KICl; as a decomposition
residue by X-ray diffraction is probably due to the
poor crystallinity of these materials. One would
expect in particular that the solid dissociation prod-
ucts would be extremely finely divided and in a
poorly crystalline state. We were able to obtain
fair diffraction patterns from KICl,, but a diffrac-
tion pattern obtained from KICl, showed no sig-
nificant lines except those attributable to KCl. Thus
it is not surprising that the diffraction pattern of
partially dissociated KICl; reported by Caglioti
and Centola showed only characteristics of KICl,
and KCl.

We have obtained direct evidence of the forma-
tion of KICl; as an intermediate by measuring the
em.f. of Ag/AgCl/KICl, cells as a function of
the decomposition of the polyhalide. Two stable

(8) N. P. Nies and D. M, Yost, THIS JOURNAL, 87, 306 (1933).
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e.m.f.'s were observed: the initial value of 1.04
volts attributable to a Ag/AgCl/Cl; cell in which
the Cl; is in equilibrium with KICl, and a subse-
quent value of 0.89 volt which was shown to be the
e.an.f. of a Ag/AgCl/ICl cell in which the IClis in
equilibrium with KICl,.

Thus it is shown that KICly dissociates in the
two steps shown in equations (2) and (3) with the
greater part of the pressure being due to chlorine
as can be seen by comparing the dissociation data
of Cornog and Bauer for KICl, with our data for
KICL.

The rate at which equilibrium was attained in
the pressure measurements depended on the stabil-
ity of the salt, KICl and NH4ICl, came to equi-
librium in about one hour while it was necessary to
allow a full day between pressure readings for the
rubidium, cesium and tetramethylammonium salts.
All of the data were taken in the direction of in-
creasing temperature since equilibrium was at-
tained very much more slowly in the direction of de-
creasing temperature. The KICl, system did ap-
pear to be reversible above 60°, but after cooling to
25°, pressures ten times greater than the equilib-
rium value were maintained for several days with-
out change. This irreversible effect may be caused
by the formation of a protective film over the KCl or
KICl; by their initial recombination with ICl or Cly
as the temperature is reduced. This coating hinders
the access of halogen to the underlying salt and
thus delays further recombination. On the other
hand, equilibrium is not hindered by decomposition
since the finely divided solid dissociation products
fall away from the KICl; and expose undissociated
surface.

Experimental

The tetrachloroiodide salts were prepared as described by
Chattaway and Garton’ by passing a stream of chlorine into
a saturated aqueous solution of the appropriate iodide or
into a saturated solution of the chloride to which slightly
less than an equivalent of iodine has been added. A de-
liberate deficit of iodine was used to ensure the absence of
ICl; which would give false vapor data. The chiorine stream
was continued for about two hours after the liberated iodine
or original iodine had redissolved. The solution was then
cooled in ice-water and the yellow crystalline product sepa-
rated by tneans of a suction filter. The tetrachloroiodide
salts were vacuum dried over Drierite.

(7) ¥, D. Chattaway and F, L. Garton, J, Chem. Soc., 125, 183
(1924).
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The KICl; was made by adding a slight deficit of triply
recrystallized ICl to a saturated aqueous solution of KCI.
The product was separated and dried as above.

The identities of the samples were determined by meas-
uring their weight loss after complete thermal dissociation.
Although the weight loss was generally less by 1-29, than
the calculated loss for the pure salt, this test gave assurance
that the salts were essentially the tetrachloroiodides and not
dichloroiodides. The small discrepancy in weight loss is
attributed to previous loss during the extensive vacuum
drying period or to the use of excess chloride in the original
preparation.

The salts were prepared from Baker and Adamson reagent
grade potassium iodide, potassium chloride and ammonium
iodide, Eastman tetramethylammonium iodide, Fisher
purified rubidium chloride and cesium chloride, Matheson,
Coleman and Bell reagent grade iodine and Matheson chlo-
rine.

The dissociation vapor pressures were measured in an
apparatus similar to that of Ephraim.! This consisted of a
detachable sample section comprised of sample bulb, safety
trap and null-balancing manometer. The design was such
that the part of the apparatus containing the tetrachloro-
iodide and its equilibrium wvapor was completely thermo-
stated. This is necessary to avoid condensation of ICl; in
the higher pressure regions.

Between each experimental run the detachable section
was cleaned and dried at 110°. It was then attached to the
main apparatus and the small null-indicating manometer
was filled to a suitable level with Baker and Adamson re-
agent sulfuric acid. After introduction of the polyhalide
salt, both sides of the apparatus were evacuated at about
the same rate so that the sulfuric acid remained in approxi-
mate balance. The acid was outgassed by cautious flaming
and the sample section was sealed off. After equilibrium
had been attained at the desired temperature the dissocia-
tion pressure of the sample was balanced in the external
apparatus by introduction or withdrawal of air. The bal-
anced pressure was then read on a mercury manometer
against a wooden meter stick whose slight scale misalignment
was taken into account. The pressure readings are consid-
ered accurate to =40.25 mm. Pressures were measured at
3-4° intervals up to about 80° after which the apparatus
was cleaned and recharged. This procedure was necessary
because equilibrium under conditions of decreasing tein-
perature was not attained even after days.

The construction of the solid electrolyte cells will be de-
scribed elsewhere. The e.m.f.’s of these cells were measured
with a Keithley Vacuum Tube Electronieter, Model 210.
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