Vol.38 No.3 RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY March 1964
TABLE 2. ‘ TABLE.
S, J mole™ deg™ 5§ , . -
gl @t | 6D ] S EE| UD% | 6D 1 nepne
.Electrod: k4 K %
Comgoun& !';'p.lr.\ f;‘ mu;:':'l'c ] s Electrode é gig oA cm® | mh em™ (#d)7(id) "} Electrode : §\f wh et A cmd (d) 7d)
grsnetics | Stam,298.15°k {Smag,298-70°K =L , - 8
Amalge | 1050 | 0.50 | 0.62 | 0.80 |i Lead 1400 | 0.62 | 0.72 1
MnCOs 8/2 14.9 08.0 0.5 mated ] 2500| 0.75 | 0.95] 0.79 o 2800 | 0.80 | 1.05 g?IG
FeCOs 2 13.4 82.7 7.6 copper | 7700 | 1.15 | 1.75 | 0.70 5600 | 1.10 | 1.43 | 0.78
CoCO;s 3/2 11,6 77.0 5.7 9400 1.35 | 2.00 | 0.67 8000 1,25 1,65 | 0.75
NiCO; 1 9.1 76.2 0.2
] Mean 0,74 Mean 0.756

- Tt is noteworthy that CoCO,; shows an anomaly in its heat
capacity, with a maximum at about 270°K and an integral
heat of about 100 J, so that the value of S,y 15 for CoCO;,
contains an uncertainty of about £+0.2-0.3 J mole~* deg™t.
This anomaly must be attributed to the presence of sorbed
water in the specimen.

SUMMARY -

1. The temperature variation of the heat capacities of the
isomorphous carbonates of manganese, iron, cobalt,
“and nickel has been investigated between 70° and 300°K,
on specimens containing 0.2~0.3% of impurities.

2. Standard entropies have been calculated from the mea-.
sured heat capacities.

(2]
.

entropy has been determined at temperatures above the
antiferromagnetic transition point, which is associated
with complete disordering of the magnetic moments of
the paramagnetic ions.
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EXPERIMENTAL VERIFICATION OF IN-
FLUENCE OF OHMIC POTENTIAL DROP
IN BULK OF SOLUTION ON LIMITING
ANION REDUCTION CURRENT

B.N.Rybakov, N.V.leolae.va-Fedorovtch,
and G.V.Zhutaeva. ~ :

Heyrovsky was the first to show™ that the presence of an
ohmic potential drop in the solution diminishes the current
in the cathodic reduction of anions. Increasing the concen~
tration of foreign electrolyte decreases the bulk potential

In the cases of FeCO, and CoCO, the magnetic part of the

_ ing anion respectively.

drop, and hence increases the rate of reduction of the
anions. Tt is now known? that the retardation of reduction
due to the electric field of the double layer is also elimi-
nated by addition of an electrolyte. Florianovich and
Frumkin?® estimated the retarding effect due to the bulk
potential drop for the case in which reduction results in the
formation of anions having the same charge as the original
anion. They showed that, if the thickness of the diffusion
layer is constant, the ratio of the limiting anion reduction
current in the absence of foreign electrolyte (id)’ to its
zalue in the presence of a foreign electrolyte (id)" is given
y

(1)’ (n+ i"p(DA‘/DA')'I('“H) - 1]

N ud)” -

P, ID )—1 ' &
where n is the charge on the anions, p is the number of
particles formed in the reduction, and D,, and Da, are the
diffusion coefficients of the reducible anion and the result-
In the case of the reduction of
S,0%" we have n = p = 2, while Da,/Da, = Ua,/Us, = 1.08,
where the mobilities of the aniong at infinite dilution are
respectively Ua, = 86.2 and Uy, = 79.8. Calculation baged '
on Eqn. (1) for this reaction yields the value (id)/(idy’ =
=0,76. This calculation could not be tested because the
effective surface of the electrode could not be determined
with sufficient accuracy. '

The above calculation has now been subjected to experi-
mental verification by the use of rotating lead disc elec-
trodes and an amalgamated copper electrode having a con~
stant apparent surface. The electrodes were rotated by
means of a device described previously*. The accompany-
ing Table gives experimental values of the limiting currents
for solutions in 0.001 N K,;8,0, (id)’ and 0.001 N K,S,0, +
+0.1N KC1 (id)’. It is evident that the mean values of the
ratio (id)/(id)" agree well with the theoretical value of 0.76
which confirms the correctness of Florianovich and Frum—’
kin's formula. ’

SUMMARY

Good agreement is shown between ratios, determined
from experimental results and calculated theoretically, of
the limiting current for reduction of the anion S,02- in ;he
absence of foreign electrolyte to the limiting curr?ent in the
presence of such an electrolyte.

’
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2. A.N.Frumkin and N.V, Nikolaeva-Fedorovich, “Progress in ~ TABLE 1, Temperature dependence of dielectric properties of
Polarography”, Vol.1, 1962, p.223. benzophenone,

3. G.M.F N, Frumkin, . . o 29, . P .
a 21\'47, 11804128(1;.‘;?5(:)}1 and A,N,F Zhur, Fiz.Khim., 29 L% o rond . . °C p tond ‘
4. M.P.Belyanchikov, Yu.V,Pleskov, and V.G.Pominov, Zhur. 5.0% 10°c/s, Ty = 237 , .
Fiz.Khim,, 34, 1638 (1960) [Russ.J.Phys.Chqm., 782 (1960)]. 5.1 10.32 0.155 1.60 —33.0 14.35 0.003 1.34
. ] 80.4 | 10.60 | 0:.120 1.27 .1 }%.g 0.168 g.?g
Lomonosov Moscow State o Received 13th May 1963 ST 2| oo | Aoz S US| oA | i
University s | 3% | 00 | 0% s | im0 | i
~ —2.0 { 14.21 | 0.009 0.13 —43.1 413 | 0.086 0.36
i | | e ) 0wl D) 3R | o | oM
, 53 s | 00 0.43 —53.7 3.50 [ 0,007 0.02
. . 8.0x10%c/s, T, = 246°K
U.D.C. 541,13 83.3 | 1057 ) 0.014 | 0.15 || —27.4 | 11.38 | 0.7 1 2,02
77.0 | 1075 | o0.012 0.13 —30.1 7.53 | 0.1% 1.48
66.0 | 11.10 | 0.011 0.12 —32.0 675 | o.169 1.14
483 | 1178 | 0.009 0.1 :3-33; g.g? g.}gg 82%
‘ B e oo | o0 I a3 | % | 0% | oF
—8.8 | 1435 ( 0.012 0.7 ||.—36.5 4.07 | o.10t 0.41
DIELECTRIC PROPERTIES OF BENZO- ciEl 14.40 8’853 9.2 :33;'8 g:gﬁ g;% g;g{,
PHENONE IN THE LIQUID STATE ~19.9 | 14.10 | 0.052 073 —42,0 3.65 | 0.031 0.11
. —23.5 | 13.58 | 0.106 1.45 —46.0 g.% g.gg g.gg.
A.V.Komandin and A.D.Smirnova it | 1378 | ouss | 1m | oo | 348 | oon | o8
_ —26.4 | 12217 | 0,181 196 || —545 | 348 | 0.000 | 0.03
The present paper reports measurements of the dielec- . 2.0%107c/s, T, = 263K
tric constant and tangent of the loss angle for liquid benzo- 818 1 1065 | 0.019 | 02 [ —8.5 | 12.33 | 0.18 | 2.5
o 67.7 | 1.0 | o0.020 0.22 —12.9 9.75 | 0.227 2.22
phenone at temperatures between 95° and -55°C and at fre- 61.0 | 1155 | o002 | o2 —15.4 sl | o247 2.03
quencies of the external electric field of 50 and 800 kc/s 38.7 12.18 0.023 0.28 —17.2 6.53 0.263 1.72
and 20 Mc/s. The results have been used to calculate the 28.8 | 12.61 0.026 0.33 —21.9 5.37 8.%32‘ ‘I) Jlag
free energy, enthalpy, and entropy of activation of the di- 162 | 13.25 | 0.0% | 0.8 |} —36.4 :';'g 0o | ois
electric relaxation processes. The preparation, purifica- '§;§ {g;% 8:%? 8;329 jg:g 3.50 | 0.033 0.12
tion, and constants of the benzoph-one have been described 0 14.06 0.082 1.15 —46.9 3.50 0.030 0.11
and reported in previous papers!. The dielectric proper=- ~—4.4 | 1369 | 0.117 1.6t —50.8 3s0 | 0.02 | o.0
ties were measured by a resonance method using a @-meter
of type KV-1, as described previously2. The accuracy of
the measurements was +1% in the case of the dielectric
..constant, +5-10% for the tangent of the loss angle, and
0.1 deg in the case of temperature, TABLE 2. Thermodynamic functions of dielectric
Table 1 gives results for the temperature dependence of relaxation processes in liquid bengo-
the dielectric properties of benzophenone at frequencies of phenone le~t:
5.0 x 104, 8.0 x 10%, and 2.0 X 107 ¢/s. Table 2 gives (?11;: = 28.426 - 0.001987T keal o e}
thermodynamic functions for the dielectric relaxation pro- Ae” " = 14.18 keal mole™; A 78 +
cesses in benzophenone. The calculation and notation of =4.34 koal mole'; log7 = -31. Z K
all the quantities have been given previously?. The ex~ +6212/T; AsY"*=2451en; AHY
Perimental relation between log7 and 1/T for benzophenone =13.7 eu.).
- is represented by the linear equation log T = -31.78 +6212/T. ) LT ank | ask
Calculated and experimental values of logr differ by +1%. fern |,k s kc:‘,f,,,;,-a kealmofa®l| ewt”
The linear equation for the enthalpy is AH* = 28.426 - - .
- 0.001987T kcal mole*!, Curves I-3'on the accompanying 5010 | 237 |3.48-108] 780 | 27.96 .
diagram illustrate the temperature variation of the dielec~- ’ ':lgé-i%u 33? 332(5)3 }8.': 2;; %Z% é'gjg
tric constant of benzophenone at frequencies of 50 and 20107 | 263 [795.10| 58 | 27.90 | 85.0
and 800 kc/s and 20 Mc/s respectively. ‘
DISCUSSION
Table 1 and the diagram show that, at all the frequencies ‘I
studied, the temperature variation of the dielectric con- nur '
stant of liquid benzophenone obeys the general rules which nk
We observed with the compounds studied earlier: as the r
temperature falls, the dielectric constant rises, reaches a "
maximum, and then drops rapidly to the low values charac~ Uy
teristic of deformation polarisation. The point of inflection sk
on this curve corresponds to the maximum value of €thax . -
and determines the temperature Ty at which the relaxation T
time was calculated. The tangent of the dielectric loss ’ T i e aaiaa
angle has a maximum near Ty, as follows from Debye's . ! 200 20 40,60 80 300 20 404,70 BN
theory. Ata frequency of 50 kc/s, however, a subsequent “0 ‘ :
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