EFFECT OF TEMPERATURE IN AC POLAROGRAPHY
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Investigations [1 to 3] have shown that the temperature coefficient of the alternating component of the dif-
fusion current is in many cases less than the coefficient of the constant component, and that its absolute value de-
pends on the temperature,

In order to estimate the precision of measurements, achievable with instruments of the type KAP-225u, the
vector polarograph TsLA, and concentration meters, it is desirable to establish the relation between the active com-
ponent of the cell current and temperature,

In the case of reversible reactions, the mean value of the active component during the life of the drop canbe
determined from Matsuda's equation [4], which may be written:
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where m is the mercury flow rate; 7 is the drop time; D is the diffusion coefficient; T is the absolute temperature;
a is a constant, incorporating terms which are independent of temperature; § =(nF/RT)(U— Up), where U is the exist-
ing value of the voltage and Up is the voltage corresponding to the peak potential.

Differentiating Eq. (1) with respect to temperature, we have
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We will consider first the case of measurement with a complete polarogram. when the value of the last term
may be neglected,

According to [5], the temperature coefficients of the rate of mercury flow and of the drop time are:
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where & and ¢ are the temperature coefficients of the viscosity and surface tension of mercury respectively,

The diffusion coefficient is given by the equation:
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where A\ is the equivalent electrical conductivity at infinite dilution, so that the temperature coefficient of dif-
fusion can be expressed in the form:
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We may neglect ¢ which is small (about 0,04% per degree at 25°C). Then, substituting (3), (4), and (6) in
(2), we obtain:
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For aqueous solutions, the temperature coefficient of the

TABLE 1, Variation of v and y with Tem-
equivalent electrical conductivity is given 5] by:

perature
T int 10? %/ d T-l o = —‘ﬁv v (8)
emp. inter- |v° . : e o e , == =¥,
val, °C cP/deg Y, "/ Geg ) | ‘
20—30 —2,2 0,94 where 7 is the viscosity of water,
30—40 —2,0 0,80 .
4050 —1,71 0,70 Equation (7) then has the form:
50—60 —1,56 0,63
60—70 —1,45 0,568 1
70—80 ~1,30 0,51 = —1f, (v + —7,-) . 9)
80—90 —1,20 0,46
90—100 —1,10 0,42
The temperature coefficient of the viscosity of water, at
10° intervals, in the range 20 to 100°C, was determined from the
equation:

TABLE 2. Temperature Coefficrent of the ’ ' . = 17 6¥ TT), (10)
Active Component of the Diffusion Current T, ' ,
§ g o & where nr, and T, are the viscosities of water at temperature

g| Supporting =] o 1° IR Tp and Ty [6].
9| electrolyte ale |l IS
= T = The variation of y = f(T), calculated from Eq. (9), isshown
Cd | 2 M ZnSO, 135 | 24 in Table 1,
148 | 35 | 11 { 0,8
155 | 45 | 10 [ 0,5 When carrying out continuous measurements it is necessary
165 | 66 | 10 | 0,6 :
171 165 | 10104 to take into account the effect of temperature on potential,
The adjustment of a concentration meter at a given tem-
Co ”\g I\I/f Ig{ﬁ; }?g éﬁ;? 98| 1,2 perature should be done in such a way as to satisfy the equation:
1072M 128 (37,5(10,8| 0,9 . (11)
KgFe(CN)s 137 |47,3 9,8 0,7 U= ul “'Ea __?- 2 R= __EP — Up'
. where U’ is the voltage from the constant current generator; Ea
Cu | N - ; :
%ﬁfﬁ,ltgl.ec 63 |oa2]| | - is the anode potential; Ej is the peak potential; I- ZR is the
'?2 23,? {g.g 8,3 potential drop across the resistances of the cell and the measur-
81 |7311|23:4 | 0,4 ing circuit.
3 L] L] 1
83 |86.1[13,1]0,2 It follows from Eq. (11) that U—Up = 0, so that the last
*The composition of this electrolyte, in g- term in Eq. (2) is equal to zero.
ion/liter, was Ni*™ 80, Na™ 20, ‘
802/ 150; thse p;{ was 2. 5a Gl 35,and Since all the terms in Eq. (11) depend on the temperature,
——A a change in the latter should lead to a deviation of the voltage
from the value of the peak potential D1fferent1ating Eq (11)
with respect to T, we have:
v dE, dlen d 2 R 7 dE, " : .
AT~ aT Z fm = ——q7 (12)

The value of dU'/dT was determined from the temperature stability of the componenrs of the measuring cir-
cuit and was estimated to be 10~2 to 103/ degree, - ' '

The temperature coefficients of the peak potentials of many metals and of the‘anode. if the iatter is an elec-
trode of the secondary type, are approximately the same in value (about 0.8 mV/degree [7]) and are of the same L
sign, r

The currents measured by the polarograph were of the order 0.1 to 100 A (ER were of the order of ’100 Q),

and the temperature coefficients of these values were small, so that the terms di"’ ZR and ‘_1._27?5 eould be

neglected,




Thus, if the anode and cathode are subjected to the same conditions, a small change in the temperature of
the solution and of the surrounding medium will not lead to any deviation of the voltage from the value of the peak
potential, Consequently, the effect of temperature on the potential will be zero,

If the electrodes are at different temperatures, in order to estimate the error it is necessary to assign different
values of AT for the two electrodes, Multiplying the difference between these values by the temperature coefficient
of the anode, or of the peak potential, we obtain the absolute value of the deviation of the voltage from the value
of the peak potential:

AU = U —Up = A (AT) -dTUTP-. (13)

The error in the potential (6ay), corresponding to the value of AU found, can be calculated from the relation:
i, =f(AU) (8]

Thus, the total temperature error for a concentration meter (65) can be represented by the equation:
85 =8, + Sap, (14)

where &, = ATyy and ATy, is the change in cathode temperature,

We recorded the variations with temperature for copper, cadmium, and cobalt in various supporting electro-
lytes. The experiments were carried out with a KAP-225u instrument, in a cell with a bottom pool mercury anode,

Temperature coefficients were calculated by means of the equation:
_ 15)
H =H ¥ TT), (
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where Hp, and Hp, are the peak heights at temperatures Ty and T,.
Table 2 shows some experimental results.
The nature of the change in y agreed well with the calculated relation,

The results of a number of investigations, obtained with polarographs using both sinusoidal and square-wave
voltage forms, agreed qualitatively with ours,

Experimental determinations of the temperature error, under the conditions for a concentration meter, were
carried out with the elements and supporting electrolytes listed above, over the temperature ranges +5, +10, and
£20°C. The measurements were made with an external calomel anode, which was at room temperature,

Our experiments showed that the absolute value of the error depended on the direction of the temperature
change (from the initial temperature of the setting of Up): the error was less at higher than at lower temperatures.
For the first two temperature ranges, the sign of the error was the same as the sign of ATy, However, for the range
+20°, the error was always negative, regardless of the sign of ATj.

These results could be explained as follows, On reduction in temperature, both terms in Eq. (14) were of the
same sign, so the total error was greater than in the case of an increase in temperature, when the signs of the terms
were different, However, with a considerable reduction in temperature, the dominating effect was the reductionin
current as the result of deviation from the peak potential, so that the error was always negative,
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