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Another method is given for  approximating a solution previously obtained for smal l  t imes ,  
and a compar ison  is made with experiment.  

An asymptotic solution has been derived [1,2] for  the t ransient  response in a thermal  diffusion column 
having volumes at the ends: 
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where the plus sign relates  to the end of the column at which the concentrat ion of the target  component in- 
c r ea ses  for  c o < 0.5, while the minus sign relates to the other  end; the signs are  interchanged if co > 0.5. 

An approximation has been given [2,3] for  the solution to (1) in the form 

v = Pl - -  rl V~, (2) 

which, however,  has the disadvantage that,  although it descr ibes  (1)closely ,  it approximates the derivative 
with a r a the r  large e r r o r ,  and the derivative is an important  quantity in calculating the Soret coefficient f rom 
measurements  in t e rms  of Ac/T versus  ~1/2 This disadvantage has [4] been overcome to a cer ta in  extent by 
splitting up the entire range of variat ion in x into a ser ies  of small  ranges;  however,  then the Sorer coefficient 
has to be derived by success ive  approximations,  whieh makes the procedure  more  laborious.  

For  this reason,  we have derived another approximation for  the v defined by (1), which descr ibes  the 
function c losely ,  and also the derivative.  It is difficult to meet  both of these conditions with a fairly simple 
function over  a wide range in x, but there  is no par t icular  need to do this,  since even x up to 0.16 correspond 
to t ime intervals  sufficient for performing an experiment.  

We have found that the following function sat isf ies both the above conditions: 

U r 

V x  - p + V-~ ' I3) 

i . e . ,  v/4~- is a l inear function of 1/~-x. 

F rom (3) we get the derivative d(v/4~)/d(1/v~-) as a constant equal to r .  

On the other  hand, 

d (v /V~  dv 
, - v - -  V x  - -  , ( 4 )  

d (1/V~) d V x 

and f rom (1) we have 
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T A B L E  1. R e l a t i o n  of r to D i m e n s i o n l e s s  T i m e  x 
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/ F i g .  1. R e l a t i o n  of  v /gx-  to 1 / 4 ~  fo r  
ySw of: 1) - - 1 0 / 3 ;  2) 0; 3) 8. 
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If we s u b s t i t u t e  (5) into (4), the  r i g h t  s i de  of (4) shou ld  be a p p r o x i m a t e l y  c o n s t a n t  f o r  a g iven  k fo r  a l l  v a l u e s  
x <- 0 . t 6 ;  T a b l e  1 g i v e s  c a l c u l a t i o n s  f o r  t h r e e  v a l u e s  of  y~cc, which  show tha t  the  b e s t  a p p r o x i m a t i o n  to the  
cond i t ion  r ~ c o n s t  i s  a t t a i n e d  in the  r a n g e  y~cc _< 0,  which m e a n s  tha t  the  e x p e r i m e n t  shou ld  be a r r a n g e d  to 
m e e t  t h i s  cond i t ion .  F o r  i n s t a n c e ,  i f  c o < 0.5 and the t a r g e t  componen t  a c c u m u l a t e s  at  the  bo t t om of the  c o l -  
u m n ,  then the  s a m p l e s  fo r  a n a l y s i s  shou ld  be t a k e n  f r o m  the  u p p e r  p a r t ,  and  v ice  v e r s a  i f  Co > 0.5. We u s e  
the  r e l a t i o n s h i p  e s t a b l i s h e d  by P r i g o g i n e  [5], which  i n d i c a t e s  tha t  u s u a l l y  the c o m p o n e n t  tha t  a c c u m u l a t e s  in  
the  co ld  r e g i o n  i s  the  one with  the  l a r g e r  va lue  of the  s o l u b i l i t y  p a r a m e t e r  ~ - -  ~F'~-27~2, w h e r e  E and V 
a r e ,  r e s p e c t i v e l y ,  the  e n e r g y  of e v a p o r a t i o n  and the  m o l a r  vo lume  fo r  e ach  of the  p u r e  c o m p o n e n t s ;  then  one 
can  d e t e r m i n e ,  b e f o r e  s t a r t i n g  the  e x p e r i m e n t  which  end of the  co lumn  i s  to be s a m p l e d .  

T a b l e  1 shows  tha t  r d i f f e r s  l i t t l e  f r o m  1 f o r  v a r i o u s  x and y~c~, and with  an e r r o r  not e x c e e d i n g  4% we 
can  a s s u m e  i t  a s  c o n s t a n t  fo r  r = 0.98; F i g . 1  shows  t h i s  m o r e  c l e a r l y ,  be ing  c o n s t r u c t e d  in t e r m s  of v/4~" and 
1A/~" as  c o o r d i n a t e s  f r o m  c a l c u l a t i o n s  b a s e d  on (1). It i s  c l e a r  t h a t ,  wi th in  the  e r r o r  of the  g r a p h i c a l  c o n s t r u c -  
t i on ,  (3) i s  c l o s e l y  d e s c r i b e d  by s t r a i g h t  l ines  wi th  the  s a m e  s l o p e  of 0.985 fo r  the  r a n g e  - -  3.33 < y$cc < + 8; 
a s  r e g a r d s  the  p a r a m e t e r  p in (3), the  l a t t e r  i s  c l o s e l y  a p p r o x i m a t e d  by the  fo l lowing  l i n e a r  r e l a t i o n  fo r  the  
s a m e  r a n g e  in y~cc: 

p = - -  0.5575 -:- 0.0229 g*(o. (6) 

We s u b s t i t u t e  fo r  v and x in (3) and use  the  e x p r e s s i o n s  f o r  Ye, co, and O t o g e t h e r  wi th  the  fo l lowing  
no ta t ion :  

p H _  - -  - -  n M 2 Co ( 1 - -  co) ] "mif=  h, rc~176 (7) 

to ge t  i n s t e a d  of  (3) t ha t  
Ac n 

- h -' ( 8 )  
T3~2 ] , ' -T- " 

Then  the  m e a s u r e m e n t s  m a y  be p r o c e s s e d  with  Ae/T  3/2 and 1/4"~ as  c o o r d i n a t e s ,  and the  po in t s  c o r r e s p o n d i n g  
to the  c o n c e n t r a t i o n  sh i f t  a f t e r  a c e r t a i n  t i m e  shou ld  l i e  on a s t r a i g h t  l ine  of s l o p e  n tha t  m e e t s  the  o r d i n a t e  
ax i s  wi th  an i n t e r c e p t  h. 
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TABLE 2. Temperatures  and Concentration Change for CC14 at 
the Bottom of a Column for  a CC14- Cyclohexane Mixture (c o = 
64.8 wt. %) 

Run Time,see Ac,10~ 2" I, ~ r2, ~ 'c--3/2'i0~, 
No. see-3/2 

1 
2 
3 
4 
5 
b 

900 
1800 
2700 
3600 
5400 
7440 

1,00 
1,88 
2,69 
3,45 
4,84 
6,20 

Mean 

308,3 [ 296,0 
311,3 298,8 
308,8 1 296,2 
308,5 296,7 
308,5 [ 296,0 
310,0 ] 298,6 

309,2 297,0 

AT, ~ x--l/2" 1C~. 
Sec~ 

12,3 3,33 
12,5 2,36 
12,6 1,93 
11,8 1,66 
12,5 1,36 
11,4 1,1G 

12,2 

TABLE 3. Mean Values fo r  
Cyclohexane 

3,69 
2,47 
1,94 
1,58 
1,22 
0,967 

s .  10 3 Reported for Equimolar CC14- 
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Fig.  2. Relat ion of p2 to y*w. 
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Fig. 3. Resul ts  f r o m  p rocess ing  
data of Table  2. 

F r o m  (7) we have 

h p V - ~  . H __ pn ~ 

n ~ co (1 - -  Co) rV-1 l / m - K  co ( ! - -  co) hr ~ 
(9) 

We subst i tute  fo r  H, K, and m to get the following express ion  for  the Soret  coefficient:  

s ] / D  = ~ --~-- Pn2 6 
�9 hr 2 c o ( 1 - c  o ) AT 

On the o ther  hand, we have f r o m  (7) that  

(lo) 

whence 

h = _p__ . 1 gp~6AT 

n r co I, -D ]/-~.'qL 

r pn gp~6aAT (11) 
hr ]/r ~. ~IL 

The quantity p appear ing  in (10) and (11) is not known when the exper iment  is being formula ted ,  s ince (6) shows 
that  it is dependent on the unknown p a r a m e t e r  y~w. 
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The l a t t e r ,  however ,  

given by (ii): 

o r ,  if we u se  (10), by 

whence  we have 

can  be put in  the fol lowing f o r m  if we r e p l a c e  Ye by i t s  va lue  and w by the va lue  

504 bpn AT s l f D - 

y ; = v g---F. " h-- -/- 

b p~n 3 
_ 

c o (1 - -  Co) h2P 

h2 i ", 3 
p2=co(1--co) -~- ~ ~ ) y'co. (12) 

tt. / 

F o r m u l a  (12) thus  r e l a t e s  p to y ~ c  for  the de ta i l ed  condi t ions  of the  e x p e r i m e n t  def ined by  h and n. 

If we e l i m i n a t e  y~cc f r o m  (6) and (12), we get  the r e s u l t  for  p; however ,  a g r a p h i c a l  method  of d e t e r -  
m i n i n g  p is  m o r e  conven i en t ,  and (6) is  shown as  p2 = f(y~w) in F ig .  2 for  this  p u r p o s e .  

We use  the m e a s u r e m e n t s  to ca l cu la t e  the coef f ic ien t  to y~w in (12) and d raw  a s t r a i g h t  l ine with this  
s lope th rough  the o r i g i n  to m e e t  the cu rve  p2 = f  (y~w), which g ives  the d e s i r e d  value  of p2. Note that  p and r 
may  be pos i t ive  or  nega t ive ,  the s ign  be ing  dependent  on the c o n c e n t r a t i o n  change  at the end of the co lumn  
u s e d  for  s a m p l i n g .  If Ac > 0, then p i s  a lways  nega t ive ,  and r > 0; i f ,  on the o t he r  hand ,  Ac < 0, then p i s  
pos i t ive ,  but r < 0. The above method  ~ s  t e s t ed  with a m i x t u r e  of c a r b o n  t e t r a c h l o r i d e  and cyc lohexane  
c o n t a i n i n g 6 4 . 8 % o f t h e f i r s t b y w e i g h t .  Th i s  m i x t u r e  was chosen  fo r  the fol lowing r e a s o n s :  f i r s t ,  i t  had been  
s tud ied  in  de ta i l  on s e v e r a l  occa s ions  in  a ce l l  f r ee  f r o m  convec t ion  [6], in  a flow ce l l  [7], and in  the s teady  
s ta te  of a t h e r m a l  g r a v i t a t i o n a l  c o l u m n  [8-10,13] .  The r e s u l t s  ob ta ined  in  these  ways di f fer  l i t t le  one f r o m  
the o the r  and thus  can  s e r v e  to t e s t  our  method;  s e c ond l y ,  ex tens ive  ev idence  is  ava i l ab le  on the d i f fus ion  co-  
e f f ic ien t  at a v a r i e t y  of t e m p e r a t u r e s  [12] for  th i s  m i x t u r e ,  and th is  is  n e c e s s a r y  in c a l c u l a t i ng  the Sore t  co -  
e f f ic ien t  f r o m  (10). 

A c y l i n d r i c a l  c o l u m n  as d e s c r i b e d  in  [11] has a work ing  height  L = 35 c m;  the ou te r  and i n n e r  c y l i n d e r s  
were  made  with a t o l e r a n c e  of • p m ,  while the m e a n  gap was m e a s u r e d  at 5 = 0.263 ram.  The su r f ace  t e m -  
p e r a t u r e s  of the ou t e r  and i n n e r  c y l i n d e r s  were  m e a s u r e d  with c o p p e r - - e o n s t a n t a n  t h e r m o e o u p l e s ,  which were  
c a l i b r a t e d  a f te r  i n s e r t i o n  in  the body of the c y l i n d e r .  The emf  was m e a s u r e d  with a P P - 6 3  p o t e n t i o m e t e r .  
The u p p e r  end of the c o l u m n  was jo ined  to a l a rge  v e s s e l  (250 c m  3) by a t h e r m a l  s iphon ,  which m a i n t a i n e d  a 
cons t an t  c o n c e n t r a t i o n  at that  end,  which was equa l  to the i n i t i a l  va lue .  In the lower  pa r t  of the i n n e r  c y l i n d e r  
t h e r e  was  a r e c e s s  of a v o l u m e  of 0.6 c m  3. The hea t ing  and cool ing  w e r e  p rov ided  by U-10  t h e r m o s t a t s .  

The method  of p e r f o r m i n g  the e x p e r i m e n t s  has  been  d e s c r i b e d  I2] and d i f fe red  f rom the l a t t e r  only in 
c e r t a i n  de ta i l s  a s s o c i a t e d  with the p r e s e n c e  of the v e s s e l  at the end.  Af t e r  a p r e s e t  t i m e ,  a 1 - e m  3 s a m p l e  was  
taken  f rom the co lumn  for  a n a l y s i s  ~ t h  an ITR-1  i n t e r f e r o m e t e r ,  whereupon  the r un  was t e r m i n a t e d ,  the con-  
t en t s  were  r e m o v e d ,  a f r e s h  f i l l ing  was suppl ied ,  and a f r e sh  run  was begun.  The coef f ic ien t  of v a r i a t i o n  for  
the c o n c e n t r a t i o n  m e a s u r e m e n t  for  th is  m i x t u r e  was =~0.012%. 

Tab le  2 g ives  the r e s u l t s ,  which show that  the m e a n  t e m p e r a t u r e  d i f f e rence  was AT = 12.12~ and the 
m e a n  t e m p e r a t u r e  in the gap was T = 303.1~ 

Co lumns  7 and 8 have been  used  to c o n s t r u c t  F ig .  3, which g ives  h = - - 4 . 8 . 1 0  -B sec  -3/2 and n = 1.26- 10 -~ 
sec-1/2;  the s lope in  the l i n e a r  a p p r o x i m a t i o n  c (1--c)  = a +bc for  the c o n c e n t r a t i o n  shift  was b = - -0 .296 in  
these  e x p e r i m e n t s ,  i . e . ,  y~w < 0, and then (12) g ives  

p~ = - -  0,85 y-c0. (13) 

The r e l a t i o n s h i p  of (13) is  shown by the b r o k e n  s t r a igh t  l ine  i n F i g .  2, which m e e t s  the c u r ve  at a point  c o r r e -  
sponding t o  p2 = 0.318 and y~o., = - -0 .38 ;  as Ac > 0 h e r e ,  we have p = - -0 .564.  

These  r e s u l t s  give,  with (10) and  c o = 0.648, tha t  sx~-D -- 2.16- 10 -7 deg- m - s e c  -1/2. 

The d i f fus ion  coef f ic ien t  was de r i ved  f r o m  the fol lowing f o r m u l a  [12]: 

D- 109 (ra2/sec)---- 1.481 - -  0.187 X + 0.024 ( t -  25) -~ 0.0024 X (t - -  25), 

in  which X is  the m o l a r  c o n c e n t r a t i o n  of c a r b o n  t e t r a c h l o r i d e ,  which in  ou r  ca se  was 0.502. 
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We substitute this Value for  X with t = 30~ to get D = 1,514-10 -~ m2/sec ,  and also s= 5.53"10 -3 deg-~; 
Table 3 compares  this resul t  with those given by others .  The mean resul t  f rom the last  four columns is s = 
5.47.10 -S deg -~, and our  value differs f rom this by 1%. 

We then determine wd-D f rom (11) on the basis  that [12] p = 1.158,103 kg /m S, ~ = 0.856.10-3N �9 see /m 2, 
/3 = 1.223-10 -S deg -~ for  this mixture;  then w4~ = 2.58-10 -~ m . s e c  -1/2, and the above value for  the diffusion 
coefficient gives w = 0.0648, The definition (see the sect ion "Notation") indicates that w is the rat io of the 
volume at the end of the co lumn to the volume of the working par t  of the column, and the lat ter  is 8.67 cm S on 
the basis  of the known geomet ry  (L = 0.35 m, 5 = 2.63-10 -4 m,  13 = 9.42-10 -2 m); consequently,  the volume at 
the lower end of the column was 8.67- 0.0648 = 0.56 cm 3, which agrees  closely with the volume of the recess  
there.  

The next stage in test ing the resul ts  given in Table 3 is to determine ye w' and compare  it with the value 
given by the graphical  construct ion in F ig .2 ;  as y~w = bYew e, we calculate that Ye = 19 and get that y~w = 
- . 0 . 3 6 5 ,  which i s  also ext remely  close to the value y~w = -- 0.38 found f rom Fig. 2. 

It r e m a i n s t o  establ ish in what range in x our experiments  were per formed;  substitution of the known 
values for  the quantities gives x = 4.58" 10 -5, where ~" is in sec.  Table 2 then gives that four of the runs were 
in the range x __< 0.16, and then Table 1 indicates that this provides reasonably high accuracy  in approximating 
the slope in (3). Note that runs 5 and 6 of Table 2 lie outside this r es t r i c ted  range in x, but the resul ts  sti l l  
fit very closely to the s traight  line in Fig. 1, which indicates that the range of permiss ib le  values of x might 
almost  be doubled within the accuracy  of graphical  construction.  

N O T A T I O N  

c, concentrat ion;  0 = H2r/mK; m = p B 6 ;  H = sgp2/363(AT) 2 ]3/6! ~7; K = g2p3/3257 (AT) 2 B/9.1 r/2D; T, t ime; 
p ,  density~, fl, volumetr ic  expansion coefficient;  6, s ize of gap; AT = T r T 2 ;  T = 1/2 (3? 1 +T2); T1,T2, t emper -  

atures  of hot and cold sur faces ;  B, pe r ime te r  of gap; ~, dynamic viscosi ty;  D, diffusion coefficient; y = Hz/K; 
z,  ver t ica l  coordinate;  Ye =HL/K;  L, working height; w = M/mL;  M, mass  of mixture in volumes at ends; s,  
Sorer coefficient; 

O* = b20. 

b ( c - -  co) • 2 k - - 1  

co (1 - -  co) 2x ' 

1 I x - . . ( k - -  I 2 - -  _ y )  a*,  
k-- u.*,oe + T "  y*~=by.. 

Indices: e, posit ive end of the column; O, initial value. 
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