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The resul ts  are  presented on an experimental  study concerning thermodiffusion in 
aqueous solutions and in liquid organic mixtures  within a wide range of initial concen-  
t rat ion and at var ious temperatures .  

Thermodiffusion is of great  interest  as a method of separat ing substances.  Part i t ion is effected in 
so-cal led thermogravi ta t ional  columns. F r o m  studies made on thermodiffusion columns one may conclude 
that the problem of increasing the parti t ion rate  is basical ly solved by way of minor design changes. The 
mechanism ~f the partition process  has not yet been explored sufficiently well and, therefore,  the the rmo-  
diffusion method could not be thoroughly evaluated. 

Acquiring an accura te  concept about thermodiffusive partit ion is also of in teres t  for the purpose of 
developing a general  theory of thermodiffusion in liquids. The theories known so far  descr ibe  the process  
qualitatively only and do not offer any reliable means for calculating the charac te r i s t i c  partit ion process  
parameters ,  namely the Sorer coefficient and the thermal  diffusivity, under nonisothermal conditions. 

In order  to descr ibe  the thermodiffusive partition process ,  it is neces sa ry  to establish the concen- 
t rat ion and tempera ture  distributions in the partitioned mixture as functions of time. Such an analysis  is 
performed more  conveniently in a thermodiffusion apparatus operating in the heat-conduction mode, i.e., 
by the static method. This method was used in our study. 

Various groups of aqueous solutions and of mixtures with different physicochemical  proper t ies  and 
behavior were chosen for this analysis  of the thermodiffusion process:  w a t e r - p o t a s s i u m  chloride, water 
- p o t a s s i u m  bromide (initial concentrations in the c2i = 0.2-1.0 M range); w a t e r - g l u c o s e ,  w a t e r - s a c -  
charose (c2i = 1-5~c weight); w a t e r - e t h y l  alcohol, w a t e r - p r o p y l  alcohol (c2i = 5-95% weight); heptane 
-oc tane ,  and i sooc t ane -oc t ane  (c2i = 10-90~ weight). 

The tempera ture  difference AT = T 2 - T t ac ros s  the layer of mixture to be partitioned was 15~ for 
the aqueous solutions of salts ,  10~ for the aqueous solutions of sacchar ides ,  and 5~ for the other mix- 
tures .  The mean tempera ture  was T m = (T 2 + T i ) /2  = 293~ 

In addition, w a t e r - i s o p r o p y l  alcohol and hep tane-benzene  mixtures  (c2i = 50% weight) were tested at T m 
= 288 and 293~ AT = 2.5-15~ 

Thermodiffusive partition of these mixtures was performed in a special  beaker which had been de- 
scribed in [i]. It will be noted that the thickness of the liquid layer in this beaker  was h = 5.00 ram. 

Concentration changes in the layer were determined continuously by the in te r fe rometer  method. The 
optical instrumentat ion and the procedure for process ing the test data a re  shown in [2, 3]. The change in 
concentration Ac f rom its original value at any point in the layer of mixture was calculated by the formula 

Ac = k _ ~  (1) 
dn  " 

l - -  
dc 

The derivative of the ref rac t ive  index, as a function of the concentration, with respec t  to concentration was 
found by measur ing n on an IRF-23 re f rac tomete r .  
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Fig. I. Concentration distribution during thermodiffusion in a horizontal layer of aqueous propyl 

alcohol solution: c2, wt. %; ~-, h. 

Fig. 2. Change in the concentration difference between hot and cold surface in a beaker, as a 

function of test time: % h. 

In this way it was possible to track the changes in the concentration field during thermodiffusive par- 

tition. As an example, a graph is shown in Fig. la which represents the change in concentration with time 

at different heights of a 10% aqueous propyl alcohol layer. It is to be noted that the error in measuring 

concentrations from interferograms did not exceed +1.2% 

It can be seen from Fig. la that the change in concentration at the upper (hot) and at the lower (cold) 

surface in the beaker is asymmetrical with respect to the initial concentration. For the aqueous solutions 

of KC[, KBr, CGH12OG, and C12H22Ol1 as  well  as for  the CTH16-CsH18, CTHi6-CGHG, and iCsHIs-CsHi8 mix -  
tu res  this a s y m m e t r y  is  slight. It becomes  signif icant  in the aqueous solutions of C2H5OH , C3H~OH , and 
iC3HTOH. 

The a s y m m e t r y  in the par t i t ion  of aqueous alcohol solutions is pa r t i cu la r ly  pronounced during the in i -  
t ial  s tage of the p rocess ,  but r em a i ns  st i l l  cons iderable  even a f te r  s teady state has been approached;  for  
example ,  in a 10% aqueous C3HTOH solution the concentrat ion of propyl  alcohol changes by 0.034% at  the 
lower  sur face  and by 0.05% at the upper  sur face .  

The equation of thermodiffusion,  according  to the solutions obtained by var ious  authors  [4, 5, 6], 
yields s y m m e t r i c a l  changes in concentra t ion at the hot and at the cold sur face .  A more  r igorous  solution 
by Bobrova and Rabinovich [7] indicates  some  a s y m m e t r y  and, accord ing  to it, this change in concentra~- 
tion should be g r e a t e r  where  the component  with a concentrat ion c < 0.5 prec ip i ta tes .  This conclusion has 
been conf i rmed in our exper iments .  It mus t  be noted he re  that the magnitude as well as the or ientat ion of 
a s y m m e t r y  depend on the nature  of the mixture .  Our tes t  data indicate that  the a s y m m e t r y  in aqueous so -  
lutions of salts and alcohols is much greater than according to the Bobrova-Rabinovich solution to the 

thermodiffusion equation. This can be explained by the fact that Bobrova and Rabinovich do not take into 

account the dependence of the Soret coefficient on the concentration - a dependence which, as will be shown 
here, is strong for certain groups of mixtures. 

The concentration distribution over the layer height is shown in Fig. Ib after various periods of time. 

The earlier noted asymmetry increases also by some shift of the constant-concentration level with respect 
to the median line. 

The change in the concentration difference Ac = AcUP - Ac l~ with time characterizes the actual 

partition kinetics. Kinetics curves have been plotted for all the mixtures under study. The data on the par- 

tition kinetics of the water-propyl alcohol mixture are shown in Fig. 2. The effect of concentration on the 
partition progress will now be analyzed when the data on the Soret coefficient are examined. 
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TABLE 1. R e s u l t s  of The rmodf f fu s ive  P a r t i t i o n  as  F unc t i ons  of ci,  

AT, and T m 

Name of mixture c2 i T1, ~ T m ,  ~ AT,  ~ 

S T . I0 3, 
dn 4 

Ac-10 2 . . -~.  10 deg_ 1 

H20--KCI 

H~O--KBr 

H20--CsHI.0~ 

H20--CI~H~On 

H20--C~HsOH 

H20--C3H?OH 

H~O--iC3HTOH 

C~Hln--CsHxs 

iCsHas--CsHls 10,0 
30,0 
50,0 

iCsHls--CsHls 70,0 
90,0 
10,0 
90,0 

CTHIG--C~H6 

50,0 

285,5 

285,5 

288,0 

288,0 

290,5 

288,0 

290,5 

288,0 

286,75 
285,5 
283,0 

290,5 
288,0 
285,5 

290,5 

288,0 

290,5 

288,0 

286,75 
285,5 
283,0 

290,5 
288,0 
285,5 

293,0 

293,0 

293,0 

293,0 

293,0 

293,0 

288,0 

293,0 

5,0 
10,0 
15,0 

5,0 

10,0 

5,0 

10,0 

2,5 
5,0 

I0,0 

5,0 
10,0 
15,0 

20,8 
38,7 
56,2 
7,2 

19,0 
23,3 
22,8 
10,2 
14,1 
20,5 

4,3 
10,7 
13,5 

11,6 
5,3 
8,8 

10,9 
6,5 

13,6 
28,8 

14,2 
30,5 
47,2 

100,6 
100,5 
100,4 
143,0 
142,0 
140,0 
14,5 

14,6 
14,8 
14,45 
14,63 
14,84 
6,65 
7,10 
7,18 
5,50 
3,79 
2,60 
1,69 
0,80 
0,11 
1,61 
2,89 
7,10 
7,18 
5,50 
9,20 
9,25 
7,75 
6.20 
5,60 
5,05 
4,45 
3,70 
3,10 
2,00 
1,20 
9,25 
7,75 
6,20 

4,05 

3,95 

1,20 
0,90 
1,00 
0,90 
0,90 
1,20 
0,90 

0,75 
O, 65 
0,60 

0,55 
0,50 
0,75 
0,50 

11,53 

10,I0 

1,18 
0,92 
1,0t 
1,38 
1,22 
1,39 
0,61 

0,63 
0,66 
0,81 
0,87 
0,95 

--4,18 
z-3,92 
--2,48 

2,07 
4,02 
4,48 
4,25 
3,54 
2,47 
1,20 
0,53 

--3,72 
--2,83 

2,31 
--1,96 
--I ,85 
--1,01 

0,78 
1,81 
2,32 
2,04 
1,72 
1,37 
0,58. 
0,26 

--1,56 
--0,94 

0,72 
1,39 
1,33 
1,28 

1,66 
1,55 
1,50 
1,53 
1,68 
1,86 
2,02 
2,19 
1,56 
2,28 

0;95 
1,02 
1,08 

1 ,I2 
1,17 
0,98 
1,21 

--1,04 
--1,09 
--I ,15 

--1,13 
--1,22 
--1,26 

It is  to be noted that a t h e r m o d i f f u s i o n  e x p e r i m e n t  r e q u i r e s  m u c h  t ime ,  s i nc e  u sua l l y  a l l  p r oce s s  
c h a r a c t e r i s t i c s  a r e  d e t e r m i n e d  only  a f t e r  s t eady  s ta te  has been  reached .  If an  exact  g e n e r a l  equa t ion  
w e r e  ava i l ab l e  for the change in  c o n c e n t r a t i o n  as  a func t ion  of t ime ,  then the de s i r e d  p a r a m e t e r s  could 
be found a l so  f r o m  the t r a n s i e n t  po r t i on  of the Ac = f(r) cu rve  and the t e s t  t i m e  could thus be r educed  con -  

s i d e r a b l y .  

1054 



Sr.lOz -- 

# - - -  

2 

g 

~Z ~ L 

- .0% 

Fig. 3. Soret coefficient as a 
function of the initial concent ra-  
tion, for aqueous solutions of 
ethyl and propyl alcohols: H20 
-C2HsOH (1) and H20-C3HTOH 
(2). 

A compar ison of such equations obtained by var ious  authors with the experimental  Ac = f(~-) curves 
shows that, in most  cases,  the fo rmer  do not ref lect  the real  charac te r  of concentration changes with time. 
This, in effect, considerably reduces  the importance of methods of calculating the Soret coefficient S T and 
the diffusivity D f rom tests  performed under t ransient  conditions [5, 7]. Regard less  of the lengthy test 
t ime, the calculation of S T and D f rom s teady-s ta te  data seems more  reliable. 

The Soret coefficient is calculated f rom the concentrat ion difference at the end of the partit ion pro-  
cess.  For  aqueous salt  solutions we have the equation 

s T = _ ~ .  (Am) S.__2~ (2) 
m AT 

For  the other aqueous solutions and for the mixtures of organic liquids we have 

S T = 1 (Ace) s. s (2') 
cl Q AT 

In our ease the e r r o r  in calculations of the Soret coefficient according to Eqs. (2) and (2') was within 
s:2.6%. 

The values of S T as a function of the initial concentrat ion in the mixture are  shown in Table 1 and in 
Fig. 3. The value of S T is taken to be positive if during partit ion the heavy component moves toward the 
cold surface.  The S T versus  concentrat ion charac te r i s t i c  is peculiar for each group of mixtures.  

A great  deal of test data pertaining to aqueous solutions of KCI and KBr is available in [8]. All mea -  
surements  were made there at concentrat ions above 1.0 M, however, and in this range S T is a linear func- 
tion of m. Our measurements  made at concentrat ions 0.2, 0.0, and 1.0 M have shown that, as m decreases ,  
the coefficient S T f i rs t  dec reases  too; it becomes minimum at approximately 0.5 M, and then continues to 
increase.  A s imi lar  relat ion between S T and m is peculiar to diffusion processes  in electrolyte  solutions 
[9].  

The Sorer coefficient for aqueous sacchar ide  solutions increases  with concentration. Naturally, the 
behavior of aqueous solutions is much s impler  than that of e lect rolytes .  

Most interest ing is the S T versus  concentrat ion charac te r i s t ic  of w a t e r - a l c o h o l  solutions (Fig. 3). 
At iow concentrat ions the Soret coefficient is negative, as indicated by the movement  of the lighter com-  
ponent toward the cold surface in the beaker.  At alcohol concentrations in the 24-26~ range the Sorer coef-  
ficient becomes zero (the partit ion process  ceases).  At a 50% concentration the Sorer coefficient attains its 
maximum value; within this range of concentrat ions it is the heavier  component which moves toward the 
cold surface.  Such a behavior can be explained by the peculiari t ies of in termolecular  interact ion within 
these mixtures  [10]. 

In Table 1 also resul ts  a re  presented of measurements  of the Sorer coefficient at var ious t empera -  
ture differences and different mean tempera tures .  As the mean tempera ture  is ra ised,  the absolute value 
of the Soret coefficient increases .  The effect of the tempera ture  difference on the Sorer coefficient var ies  
depending on how the concentrat ion difference changes with the tempera ture  difference. 

Thus, the Soret coefficient depends largely  on the concentration. A change in the mean temperature  
and in the tempera ture  difference has also a definite effect on the Soret coefficient. The resul ts  presented 
here  concerning the dependence of the Soret coefficient on the concentrat ion and the tempera ture  as well 
as the data on the process  kinetics and the concentrat ion distribution in a layer  of mixture provide a full 
picture about thermodiffusive partit ion in liquids and they may be of use for refining the theory. 

1055 



n 

k 

l 

e l ,  C2 

T 
m 

D 
S T 

T 

N O T A T I O N  

is the wavelength of light used in tes t s ;  
is the r e f r a c t i v e  index; 
is  the number  of i n t e r f e rence  bands; 
is the path length of the light beam through layer ;  
a r e  the concentra t ion of the f i r s t  and second component,  respec t ive ly ;  
is the t e m p e r a t u r e ;  
is the molarity 
is the diffusivity; 
is the Sorer coefficient; 
is the time. 
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