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Abstract-Soret coefficients are reported for salts of Cu, Ni, and Co, with cations of SO, and Nos. 
Single salt coefficients and two salt coefficients for the cations are reported for 0.5 molal solutions 
in a 16 degC temperature difference, A cell utilizing diffusion through a cellophane membrane was 

used. 

NOhJENCLATUBE 

D, diffusion coefficient, area/time; 
D’, thermal diffusion coefficient, area/time- 

degree ; 
JA, diffusion rate, moles/time-area; 
T, temperature; 
T,, T,, temperature of the cold wall and hot 

wall ; 
X9 point mole fraction of salt; 
Tl, _%f..,, average mole fraction in the cold and 

hot side cavities ; 
-5 co-ordinate distance ; 

P9 density, moles/volume; 
0, Soret coefficient, degrees-l. 

THERE are no previous reported results on 
thermal diffusion of mixed salts with no common 
ions. This investigation was initiated to deter- 
mine interaction effects of mixed salts in a 
Soret cell. The ions Cu++, Ni++, Co++, SO; and 
NO, were examined. 

EXPERIMENTAL 

A Soret cell design first used by Fisher, 
Prados and Bosanquet [2] was used for the 
measurements. This design, which is illustrated 
in Fig. 1, consists of two chambers in a Teflon 
bar separated by a cellophane membrane. The 
upper cavity is heated by an electric heater, and 
the lower cavity is cooled by a refrigerant 
evaporator. The thermal sources are constructed 
externally to the cell and are clamped in the slots 
in the top and bottom. This construction 
facilitated cell assembly. The cell was con- 

strutted of Teflon to prevent any interaction 
of the salt with the construction material, and 
to prevent external electric currents caused by 
the concentration cell of the salts. It was found 
necessary to use the red sheet rubber gaskets 
to prevent solution leakage. With this design, 
each cavity held 17 ml, with a wall-to-wall 
spacing of 1.25 cm. The cell could be con- 
structed from two Teflon strips with no machin- 
ing; the cavities could be formed entirely by the 
gaskets. The surface temperature of the Teflon 
in contact with the solution was estimated with 
thermocouples attached to the walls by epoxy 
resin with distilled water in the solution cavities; 
temperatures of thermocouples in holes drilled 
in the Teflon bars were noted, and these indicators 
were used to estimate the wall temperatures in 
all runs with salt solutions. Solution analyses 
were made with a Beckmann DU spectrophoto; 
meter at 390 rnp, 5 10 rnp, and 8 10 rnp; Lambert- 
Beer’s law was assumed with additive absorb- 
ancies of the salts. 

The purpose of the cellophane membrane was 
to allow complete withdrawal of the cavity 
solutions. for analysis. This cell design obviates 
point analyses and also allows material balances 
on the system to be made. The membrane has 
no effect on thermal diffusion equilibrium (2), 
but it does increase the time necessary to attain 
it; the membrane is considered to act simply 
as a porous barrier, thereby reducing the 
diffusion area. As the equilibrium time of the 
cell was less than 24 h, all runs were of this 
length. 

253 



EUGENE E. BERKAU and GERALD T. FISHER 

GASKET 

REFRIGERATE0 BAR 

FIG. I. The Soret cell. 

THEORY 

By using the equation defining the Soret 
coefficient 

it was shown [2] that the Sotet coefficient could 
be calculated for this cell design by 

It was assumed that there was a negligible 
temperature drop across the membrane, that 
the solution was dilute so that 1 - x r 1, 
and that the temperature distribution in the 
solutions was linear with distance, as demon- 
strated experimentally by Bosanquet [I]. 

CUS04 0.4954 
coso* 0.5018 
NiSOd 050.56 
WNG& 0.5074 
CoWWi)r O-4925 
NiWU. 0511.5 

Initial 
molality 

Hot side wall Temperature 
temperature differences 

w (degC1 

44.5 16.4 
43.9 15.6 
43.9 16.2 
434 15.3 
44.5 16.8 
44.8 16.9 

Soret 
coefficients x lo8 

(de&-‘) 

7.59 
8.56 
9.49 
0 
0 
0 

--- -- ..->-- -__7_~_ . _- .- 
-= . . . .__ _--;---_.-_. .II _=~----.-.i_-_ 

Table 2. Sorer e#~f~~i~~lts of two sdt ~o~utio~~ 
,.;I:Iz - .= 2.z -^ ._. = 7. : z: I . I - -: 

Hot side wall Temperature Soret 
Salts initial tem~ratilre differences coefficients ? 10” 

molality (‘0 (de&) (degC- ‘1 
-“- 

also* 0.4887 (1) 44.9 16.3 
Cowo& 0.4902 

(2) 43.2 15.8 

(3) 43.2 15‘6 

(4) 43.5 16.3 

cuso* 0.4950 (1) 452 17.0 
WNO.& 0.4810 

(2) 43.9 16.4 

WNW2 04811 43.5 156 
coso, 0.4881 

5.50 
4.09 
5.96 
3.60 
6.25 
3.54 
6.54 
3.49 
764 
4.72 
7.58 
444 
6.49 
3.04 
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RESULTS 

The experimental results, which are shown 
in Tables 1 and 2, indicate a most pronounced 
interaction of the nitrate and sulfate salts. 
Although the pure nitrates exhibited no thermal 
diffusion effect, the metal ion in a mixed salt 
solution exhibited a marked separation. In the 
mixed salt solutions, although the Soret coeffic- 
ient of the copper cation was not markedly 
changed, the coefficients of the nickel and 
cobalt cations decreased by about half. The 
data for copper nitrate and cobalt sulfate 
indicate that the Soret coefficients do not 
depend on the original anion of the salt put in 
solution. The possibility of the cellophane 

membrane being impervious to the nitrates was 
ehminated by observing ordinary diffusion of the 
nitrates through the membrane. 

These data suggest the possibility of an 
equilibrium complex in the solution which either 
does or does not exhibit a thermal diffusion 
effect. 

Further work with mixed anions and mixed 
cations should also include an analysis scheme 
for the anions. 
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Zusammenfassung-Soretkoeffizienten werden angegeben fiir Co-, Ni- und Co-Salze mit SO,- und 
NO,-Kationen. Einsalz- und Zweisalzkoeffizienten fiir Kationen sind fi.ir 0,5 molare LGsungen und 
16 Celsiusgrad Temperaturdifferenz tabelliert. Beniitzt wurde eine Diffusionszelle mit einer 

Cellophanmembrane. 

AHanTaqnJi--lIoJiyrrlrl,l IW:V$I~III~~WHT~~ Cop:) &TM conefi Cu, Ni M Cn c KRTIIOH~MM SO4 II 
NC&. I~O3t#@i~neIiTbI (AJIR KaTIIOHOB) AalibI B Ofi~o- II ~ByXKOM1IOHeHTffblX pacTBopax npn 
~o.ntr~oir KorIyeKTpaqrtrr 0,5 &I ~~ZHOCT:T,I TexnriepaTyp 16°C. Ilcnont3osa.xacb nqefirfa, B 

~o~opofi fia@~yaw l~po~c~o~~l~aqepe3 qenno+aaoi3yio MeM6paHy. 


