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a » a c t i v i t y  o f  a component 

f  x fu g a c i ty  of a component 

G = Gibb3 f f re e  energy 

n = mols o f a component in  l i q u id  

P -  vapor p re ssu re  o f a pure l iq u id  

R s gas cons tan t

t  .= tem perature, degrees cen tig rad e  

T = tem perature , degrees Kelvin

V -  molal volume o f a component

x = mol f r a c t io n  o f a component in  l i q u id

y s mol f r a c t io n  of a component i n  vapor

^ -  a c t i v i t y  c o e f f i c ie n t  of a component 

A s  molal l a t e n t  h e a t  o f  v a p o r iz a t io n  

7 T -  t o t a l  p ressu re
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INTRODUCTION

A prime f a c to r  in  the design  of d i s t i l l a t i o n  columns 

i s  a knowledge of the  eq u ilib r iu m  e x is t in g  between the 

l iq u id  phase and the vapor phase u s u a l ly  a t  constan t 

p re s s u re .  I f  one i s  lucky enough, reco u rse  to  the l i t ­

e r a tu re  w i l l  provide him w ith  the  necessary  d a ta .  How­

ever, the number o f  systems fo r  which th e re  i s  a lack  of 

complete d a ta  f a r  outweigh the number which have been 

sub jec ted  to  a complete a n a ly s i s .  In  any event the a t ­

tainm ent of da ta  exp erim en ta lly  i s  a d i f f i c u l t  ta s k ,  and 

i t  i s  r a r e  indeed when two independent re se a rc h e rs  a r r iv e  

a t  the same r e s u l t s  fo r  a g iven system . The Gibbs-Duhem
t

equ a tion , of course , p rov ides  a method fo r  checking d a ta ,  

bu t i t  I s  s t r e s s e d  a t  t h i s  p o in t  t h a t  th e re  are th ree  

v a r ia b le s  a s s o c ia te d  w ith  i s o b a r ic  v a p o r - l iq u id  e q u i l ib ­

rium —vapor com position, l i q u id  com position, and the tem­

p e ra tu re  of the  system; th e r e fo re ,  s ince  the  Duhem equation  

I s  the  l in k  connecting  the  v a r ia b le s ,  an e r ro r  in  the da ta  

w i l l  be re v ea led  should th e re  be any. But what i s  in c o r re c t?  

I t  Is  a t  t h i s  p o in t  t h a t  the  re se a rc h e r  must decide which 

measurement was s u b je c t  to  the  g r e a t e s t  e r r o r  and smooth 

h i s  d a ta  acco rd in g ly , redeterm ine the  d a ta ,  submit the
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r e s u l t s  as ob ta ined  w ith  an ex p lan a tio n  f o r  in c o n s is te n c ie s ,  

or smooth the  da ta  by some sem i-em p irica l  r e la t io n s h ip .

I t  i s  the  purpose of t h i s  th e s i s  to  advance new 

methods fo r  the  c o r r e la t io n  and p r e d ic t io n  of i so b a r ic  

v a p o r- l iq u id  eq u il ib r iu m  d a ta ,  and to  demonstrate 

t h e o r e t i c a l ly  and to  prove ex p e rim en ta lly  t h a t  " in ­

c o n s is ten c ie s"  in  d a ta  a t  low co n c en tra t io n s  are due 

only to the  inadequacy of em p ir ic a l  in te g ra t io n s  of 

the Duhem eq u a tio n .
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m m x

Gibbs defined, f ree  energy by

dG = -SdT-f Vdit + £M±&n± (1)

where

G e Gibbs f re e  energy 
S " Entropy of system 
V s Volume of system

jU^ -  Chemical p o t e n t i a l  of component i

T s Absolute tem perature 
17~z T o ta l  p re ssu re  on system 

n^ a Mols of component i

At eq u ilib r iu m  dG s 0 ,  and a t  co n s tan t tem perature

and p re s s u re ,  th e r e fo r e ,

^f/^dxii a O (2)

Since fo r  a c lo sed  system

s  0 (3)

t i t  111
5 • • iA  A

I i t  I l I
A  " A  S A  = • "  (W

where the primes r e f e r  to  th e  d i f f e r e n t  phases* 

Lewis d efin ed  fu g a c i ty  by

d/a i  = RTdlnfi  (5)

where

R = Gas constan t 

f^  = Fugacity  of component i  

Also, a t  co n s tan t tem perature and p re ssu re

-  0 (6 )
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5 •

For one mol o f s o lu t io n

^ X j d l n f ^  = 0 (7)

where

s  Mol f r a c t io n  of component i  

A c t iv i ty  is  def ined  by

a ,  = f l  . (8 )J- o
xi

where

= A c t iv i ty  of component i  

f ^ ° r  F ugacity  of component i  in a s tandard  

s t a t e  

T h erefo re ,

-£ x i d ln a i  -  0 (9)

For n o n - id e a l  l iq u id  s o lu t io n s  i t  i s  b e s t  to  u t i l i z e  

an a c t i v i t y  c o e f f i c i e n t  d e f ined  by

v, = V .  d o )
x iwhere

z A c t iv i ty  c o e f f i c ie n t  o f component i  

S u b s t i tu t in g  (10) in  (9) y ie ld s

^ X jd ln l l^  z 0 (11)

Equation  (11) i s  the most u se fu l  form of 

the  Gibbs - Duhem eq u a tio n .

S u b s t i tu t in g  (8 ) in  (10)

*1  “  (1 2 )
xi  x i
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6 .

Assuming th e  fu g a c i ty  in  th e  s tandard  s t a t e  to be 

equal to th e  vapor p re ssu re  of the pure l iq u id ,  and 

assuming an idea l gas phase

= l i i
P i x i  (13)

where

y^ = Mol f r a c t io n  of component i  in  th e  vapor 

= Mol f r a c t io n  o f  component i  in  the  l i q u id  

% = Total p re ssu re  on the  system

= Vapor p re ssu re  o f  pure component i  a t

the  tem perature of the  s o lu t io n
EThe excess f r e e  energy o f  a system , G , as des ign a ted  

by Scatchard  and Hamer i s  def ined  by ,

sE = w

where

n^ = Mols of component i  in  th e  l iq u id

a ls  o

S’n’J* 85 RT;Ln^  (15)

Equations (11 ), (1 3 ) ,  ( l i |J ,  and (15) are the b a s i s  

for p r a c t i c a l l y  a l l  t h e o r e t ic a l  and se m i-e m p ir ic a l  

d e r iv a t io n s  for  the c o r r e la t io n  and p r e d ic t io n  o f  vapor-  

l i q u i d  e q u ilib r iu m .
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T h e o re t ic a l  C o rre la t io n  o f  Data fo r  Binary Systems

from (1 1 ),

I f  p lo t s  of lnta. and ln ^ a a re  made versus  x x, th en

/ I I   ̂ X. r P h l n  -ta n n a  t r » D n . n  rvP
x» d in  Y x/dxx This Is one means of

checking b inary  d a ta  but i s  no t too conven ien t.

I f  (13) i s  s u b s t i tu t e d  in  (11) th e re  is ob ta ined

where the  s u b s c r ip t  (1 ) r e f e r s  to component 1 . 

Equation (16) i s  v a l i d  i f  th e  h ea t  of mixing o f the  

l i q u id  phase remains e s s e n t i a l l y  c o n s ta n t  and th e re  e x is t s  

an id e a l  gas phase.

Assuming the volume o f  the l i q u i d  phase to  be 

n e g l ig ib le  and employing the  Claus ius~Clapeyron eq u a tio n

where

s  Molal l a t e n t  h e a t  o f  v a p o r iz a t io n  o f  pure 

component i  

= Molal volume of component i  in  the vapor 

equation  (1 6 ) becomes

R edlich  and K is te r  have des igna ted  th e  q u a n t i ty

dxi (1 6 )

(1 7 )

(18)

by — and by so lv ing (18) for xx obta ined

(19)
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The l im i t in g  values of the variables*"may be obtained 

in  a s l i g h t l y  more e legan t manner than  th a t  of R edlich and 

K ia te r .  By employing-1*H o s p i ta l ’s Rule as Xi approaches 

zero in  (1 8 )

V dyi /  dxi "  a dxi 

Therefore ,

Six -  i _ 1
dxi " a d x i (20)

a t  Xi :  0

and

-  i - l  §1
dxa -  s dxs (21)

a t  x 3 • 0

The r e l a t i v e  v o l a t i l i t y ,  , i s  d ef in ed  by

w \ N* - .
“ ySXi (22)

Therefore

1  ££
-  dxi " s dxi (23 )

a t  Xi # 0

and

 1------  (2I4.)
dye 1 - 1  dT

s dxa

a t  x a » 0

a ls o ,
✓ s  f s x . a  f x . i .  SUM (25)
' 1 -  px fai. -  P i v  3 ax i 7 1 0  J

a t  Xi ■ 0

^They are used in  the smoothing procedure*
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



9 .
and

a "  2. d x a . ^ 2  1  dT 'X
P a dxa P 3 v s dxa / (.26)

a t  x 8 = 0

R edlich and K is te r  o u t l in e  in  d e t a i l  the 

smoothing procedure which u t i l i z e s  (19)* As has 

been po in ted  out in  the in tro d u c t io n ,  however,

(1 9 ) involves e s s e n t i a l l y  th ree  v a r ia b le s  and which 

o f  the  data  are  to  be smoothed i s  a moot p o in t .  I t  

would be h ig h ly  d e s i ra b le  to have two o f the v a r ia b le s  

determ ined w ith  a h igh  degree o f p r e c i s io n .

Other equations which the au thor considers  to  be 

of fundamental importance are  ob ta ined  by d i f f e r e n t i a ­

t i n g  (1 8 ) and in  tu rn  l e t t i n g  Xx approach zero and xa 

approach zero , th u s’*'

d 2 y  .  & i x )
= 3 LT I 2 Vdxi IJ  (to, k  dxi )

-  1 -  1 /2  dJx
yi dxj. (27)

as xj,—*0 

and
j 2„ i T l  d^T 1  t o  \ 2  <&a. A  dya ^

as x a

(28 )

For i l l u s t r a t i o n  purposes l e t  i t  be supposed th a t

component (1 ) has the lower b o i l in g  p o in t ,  and t h a t  the

system e i th e r  produces a minimum azeotrope or th a t  no

az'eotrope i s  formed. I t  i s  then  c le a r  t h a t  dv-i i s
d x x

■^Since the derived  equations are to  bo used only fo r  
q u a l i t a t iv e  deductions, a has been held  co n s tan t .
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10.

g re a te r  than one as x^ approaches ze ro . Therefore ,

the denominator of (27) must be l e s s  than  zero , and

the q u an ti ty  (dy-j/dx-^ - l)dy^ /dx^  must b e .g re a te r  than

zero . In  the  u su a l case d^T/dx^ i s  equal to  or g r e a te r

than zero so th a t  the abso lu te  value of -  (dT/dx-^) ̂ / s

i s  le s s  than the o ther  q u a n t i t ie s  in  the numerator 
2 / 2and d y.j/dx-j[ w i l l  be n e g a t iv e .  However, i t  may hap- 

2 2pen th a t  d T/dx^ w i l l  be l e s s  than  ze ro . In  th a t  event

i t  i s  most probable t h a t  the  numerator w i l l  be nega tive
2 2producing a p o s i t iv e  value f o r  d y^ /dx^ . When t h i s  oc­

cu rs ,  the r e l a t i v e  v o l a t i l i t y  and a c t i v i t y  c o e f f ic ie n t  

of component (1 ) w i l l  go through a maximum, p o ss ib ly  

a t  an extrem ely small value of x^. The r i s e  to  the 

maximum may be qu ite  sharp and the a lg e b ra ic  so lu t io n s  

to  the Duhem equation  (p resen ted  l a t e r )  cannot cope 

w ith  the s i t u a t io n  u n le s s ,  o f course , a p ro h ib i t iv e  

number of co ns tan ts  are  employed. The same l in e  of 

reason ing  may be app lied  to  maximum b o i l in g  m ix tu res .
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T h eo re t ic a l  C o rre la tio n  o f Data fo r  Multicomponent
Systems

The work of R edlich  and K is te r  may be extended 

to  te rn a ry  systems by n o tin g  th a t

(29)

and

t-/ ? 4, Y. /3l n J. r  / n  r> IT \
-  0

(30)

Equations (29) and (30) com pletely define  any 

t e rn a ry  system . S u b s t i tu t in g  (13) gives

2^3 2La.
y i y3 s V ?yV ya

(31)

and

Zx. _ Sa = 1 [ 2 X \  
rx 7x 3 \ 3 y / y s

(32)

where

=, A. ( +  7\ „ + X * J \
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12 ,

Solving (31) and (32)

(3U

Thus, by p l o t t i n g  T a g a in s t  y , a t  constan t va lues  

of ys and y s and e v a lu a t in g  the s lopes o f the curves 

a t  given vapor com positions the values  o f  l iq u id  com­

p o s i t io n  should be s a t i s f i e d  by (33) and (34)* 23ie 

e x ten s io n  to  h ig h e r  o rd e r multicomponent systems would 

le a d  to  an in c re a s in g  number o f  eq u a tio n s . Thus, fo r  

a q ua te rna ry  system th re e  equations a re  n ecessary  

y 3 and y 4, ya and y s , and y 2 and y4 being  he ld  co n s tan t
t

each time#
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Semi-Empirical Equations fo r  Binary Systems

13*

There are  many ways in  which sera i-em pirical 

equa tions  are  derived, in  the  l i t e r a t u r e .  The au thor 

here  p re se n ts  a s l i g h t l y  d i f f e r e n t  approach m ainly 

because of i t s  g e n e ra l i ty  and ease o f  ex ten s io n  to  

multicomponent system s.

The excess f re e  energy p e r  mol must be zero  when 

x x = 0 and when x a = 0* Therefore

T(xxln * i  + x alnjfa ) = xxx af x- a (xx ) (35)

where f x_a (xx ) i s  some fu n c tio n  of 

l i q u id  com position.

D i f f e r e n t i a t in g  (35) and s u b s t i tu t i n g  

(11) (

T (Ini'x -  ln lfa) + xxxaf x- a (xx ) = xxx af a (xx )

+ (xa “ xx)fx-»(xx)

A ll o th e r  methods are  based on (15) which

assumes co ns tan t tem perature and the term

xxx af x- a (xx ) dlnT does n o t  appear in  the f i n a l  r e s u l t .  
dxx

Although (11) was derived  fo r  co nd ition s  o f  co n s tan t  

tem perature  and p re ssu re  i t  is  obvious t h a t  s e t t i n g  the  

l e f t  hand s ide  o f  (16) equal to  zero would be q u ite  

m eaningless, and th a t  i f  (35) i s  taken  as the  s t a r t i n g  

p o in t  fo r  the subsequent d e r iv a t io n s  then  (36) must 

remain as i s .  However, whether a system be iso therm al 

or i s o b a r ic  the q u a n t i ty  x xlnlfl + xal n / a i s  f o r  the
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most p a r t  a smooth curve and the au tho r f e e l s  

j u s t i f i e d  In w r i t in g

XilnVi + XsjD.nK's = xxxafx -a (x x ) (3 7 )
Equation (3 6 ) now becomes

(38)
Solving (3 7 ) and (3 8 ) y ie ld s

Any two o f  the  equa tions  (3 8 ) through (If.0) 

com pletely  d e f in e  any b in a ry  system.

Although van Laar (20) used an e n t i r e l y  d i f f e r e n t  

approach i n  e f f e c t  he chose

Margules* (8) equations appear when

equal t o  VxXx + Vsx8 . I t  seems to  th e  au tho r, however, 

t h a t  th e  d e v ia t io n s  from i d e a l i t y  a re  caused  by th e  

Volume changes due to  m ixing. In s tu d ie s  by Tucker (19)

f x - a f r x )  = b 0 + bxXx 

Scatchard  and Hamer (16) in  e f f e c t  chose
(1*2 )

(1*3)

In  d e r iv in g  t h e i r  equations Scatchard  and Hamer 

assumed the  molal volume o f  the l iq u id  phase t o  be
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15 .
and Mason (9) they  found th a t  Scatchard*s equations were 

no t too much, of an improvement on van  L a a r 's  on Margules* 

equations and in  some cases were worse th a n  one o r  th e  

o th e r .  The au thor p re se n ts  here  two new fu n c tio n s  which 

he th inks  w arran t some study,

f i - . f r i )  = goegl3Cl (1)4)

and

f l . a  (*i ) = (45 )
V i

Equation should give r e s u l t s  q u i te  s im i la r  t o

van Laar*s equations and l i k e  th e  l a t t e r  cannot produce 

a maximum in  the a c t i v i t y  c o e f f i c ie n t  cu rv es . Equation 

(i|5) d i f f e r s  from Scatchard*s only i n  t h a t  the 

denominator is  no t squared thereby  minim izing the 

e f f e c t  o f t h a t  q u a n t i ty .

Wohl’s (22) equations could be derived  by s e t t i n g  

in  (1^3) equal to  where q is  des ign a ted  by him as 

the ,re f f e c t iv e  molal volum e.” Since such a q u a n t i ty  i s  

n o t d i r e c t l y  measurable h i s  equations a re  only a s l i g h t  

Improvement on Scatchard*s equ a tions . I t  would probably 

be more d e s i r a b le  to  w ri te

f  x-.tex ) - & £ “ »■l+ k 8Xi (i|6)

as aga in  squaring  the denominator appears to  be e n t i r e ly  

f o r t u i t o u s ♦

Carlson and Colburn have p o in ted  ou t t h a t
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16 .

M argules’ equations give b e t t e r  r e s u l t s  when the 

components have comparable molal volumes, whereas the  

van Laar equations work b e t t e r  when m olal volumes a re  

unequal.

C lark  (3) has shown th a t  some systems are governed 

by th e  r e l a t i o n s

^  ~ a ^  + b (1*7)

12. = a* J *  + b ’ (1*8)

where (1*7) i s  used fo r  la rg e  c o n c en tra t io n s  of X\ and 

(1*8) fo r  la rg e  con cen tra tions  o f  x a .

By a s im ple  tran sfo rm atio n  these  equations may be 

w r i t t e n  ,

= a + (1-a+b) x a (1*9 )

and

^  = a* + (1 -  a '  + b 1) Xa. (£0)

Equations (1*9) and (50) make a b e t t e r  p lo t  than

(1*7) and (1*8), and the  au thor has f u r th e r  found th a t

i t  may be necessary  to  add an o th e r  te rn  to  what is  

now a power s e r ie s  in  x .  The equations are  not adaptab le  

fo r  the p r e d ic t io n  o f  da ta  but may be used fo r  

c o r r e l a t i o n s .  They a lso  break  down i f  th e  r e l a t i v e  

v o l a t i l i t y  goes through a maximum.

[

fc=
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17*
Semi-Empirical Equations fo r  Ternary Systems

The a lg e b ra ic  so lu t io n  to the  Duhem equation  is  

derived  by no ting  th a t

xilnyx+xaln * 8+x3ln#^ = XxX8f x - 8 (xx )+xxxaf x - 3 (xx )
+x8xaf  3 - 3  (x8 ) + X x X 8 x a  ( l 0 + l x X 8 + l 8 x a )

(51)

D if f e r e n t ia t in g  w ith  r e s p e c t  to  Xx f i r s t  ho ld ing  

x 8 co n s tan t  and then x a co n s tan t  and s u b s t i tu t in g  (11) 

gives j

I n  y *  = xxxaf x - a (xx)+(xa-xx ) fx -a (xx)+xxfx -a (x x )

+fx-«(xx ) - f a - s ( x 8 )+(xa-xx ) l 0+lx+xa+laxa- l 8x a- l 8xxxa )

(52)

and
\ l  i ' i

In  -  XxX8f x - 3 (xx )+ (x8-Xx ) fx -a  (xx )+xaX xfx -3 (xx )

^*fx-3 (Xx )**x8f  a„3 (x8 )**f a-3  (x8 )“lxXxX8+ (x8-Xx ) (1 ô 1xXx+12X8 )

(53)

Equations (52) and (53) co m p le te ly  d e f in e  a lg e b r a ­

i c a l l y  any ternary  system . The eq u ation s a re  com p le te ly  

g en er a l in  th a t  any o f  the eq u a tio n s  ( i | l )  through (ij.6) 

may be used to  e v a lu a te  the b in ary  c o n s ta n ts .  I f  o n ly  

binary data are known then 1 0 , l x ,  and 1 8 are s e t  

equal to  z e r o .  The b inary  fu n c t io n s  are chosen, o f  co u rse ,  

according to  which b e s t  f i t  the  b in ary  d a ta .
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18 .
C o rre la t io n  of Binary Data Employing A lgebraic Equations 

S u b s t i tu t in g  (ij2) in  (3 8 ) y ie ld s

Gilmont (5) has rea rran ged  th i s  equa tion  s l i g h t l y  

and o u t l in e s  in  d e t a i l  a procedure fo r  c a lc u la t in g  the 

values o f  th e  constan ts  and a lso  the number neoded as 

(i}.2) i s  a c tu a l ly  a power s e r i e s  in  xx . The procedure is  

r a th e r  time consuming.

Another method which i s  s e n s i t iv e  to tem perature 

measurement and u s u a l ly  produces a s c a t t e r in g  o f  p o in ts  

is  a r r iv e d  a t  by s u b s t i tu t in g  (lj.2) in  (39) and (1̂ .0) 

o b ta in in g  M argules1 eq u a tio n s , ,

produce a p a i r  of p a r a l l e l  l in e s  and the co n s tan ts  

th e re b y  ev a lua ted .

S im ila r ly ,  f o r  th e  van Laar equations ob ta ined  

by s u b s t i tu t in g  (ij.1) in  (39) and (ifO),

(56)

(55)

Thus, p lo t s  of lnXi and InuC ag a in s t  xx should
x j j  x x a

Xg® (aG+axxxla£- = (a0+axxx )8 (57)

xx* (a«£ixxx )B (58)
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White (21) sug g ests  p lo t t in g  { ln^ )*"a a g a in s t x^/xg 

and (ln /g )"  "z a g a in s t This tends to  bunch p o in ts

a t  one end of the p lo t  and spread them out a t  the o ther 

end. An improvement v/ould be to  p lo t  X g/(lnjr^)2 and 

x ^ / ( l n /2 )« a g a in s t x^ thereby  g iv ing  a more equal weight 

to  the p o in ts  as i s  the  case fo r  the M argules type p lo t .

The above methods could be improved upon i f  i t  were

p o ss ib le  to  r e c t i f y  d a ta  e a s i ly  by employing a th ree  con­

s ta n t  eq u a tio n . The au thor has been ab le  to  accom plish 

t h i s  in  the  fo llow ing  manner:

Adding one more co n s tan t to  the  power s e r ie s  (42) 

and s u b s t i tu t in g  in  (<'59) and (40) produces

i n ^ / x l  = b0 /  2b1x1 /  3bgX2 (59)

lnVg/x^ z bQ -  /  2(bx -  b2 )x1 /  3bgx2 (60)

S u b trac tin g  (60) from (59)

ln / j /x g  -  InVg/xij = b1 /  2bgX1 (61)

T herefore , i f  a th re e  co n stan t Margules* equation  

i s  re p re s e n ta t iv e  of the  d a ta , then b^ and bg may be 

re a d i ly  ev a lu a ted  from a p lo t  of lnV ^/x | -  lnlf'g/x^ 

versus x^ . Next, bg i s  found by c a lc u la tin g

lnj^/xg - 2bi^x “ ^ 2 X1 * ln *2/xi  /  1̂ /  2 b̂2 ~ ^l^3̂
-  3b2x f , o r ln ( l '1/ l '2 ) -  (2 -  S x ^  -  bQ ^ iS  -  4x^)/ (xg—

fo r  the experim ental p o in ts  and averaging the  values ob­

ta in e d , I f  the  valu e s  o f bQ do not rem ain e s s e n t ia l ly  

c o n s ta n t, then  some o th e r means of c o r re la t io n  must be 

re s o r te d  t o .  The au tho r has developed a procedure which 

u t i l i z e s  (46)• (This fu n c tio n  may be desig n a ted  as the 

"M argules-van Laar” f u n c t io n ) . The equations involved are
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2 0 .

[ i n ^ / 4  -  in  2 /xl ] " 4 = <kl - l!:0k2) "4  ̂ k2 (kX‘ lc0k2) "“xl
kg Z s lo p e / in te rc e p t

-  (1 /  k g x ^ ln V ^ /x g  - xx (2 /  k2x1 )/ i n t e r c e p t2 
0 ■" X /  k g X ^ I /  kgX^)

k^ r  k0kg /  in te r c e p t”2

W , / ^  = k0 (1- 2Xl - k2 4 ) /
( l /k g Xl) H/lCgX^

I f  n e ith e r  o f the  above two methods g ives a good co r­

r e la t io n ,  then i t  i s  suggested th a t  the  C lark equa tions as 

m odified by the  au thor be used.

Example:

Robinson and G il l i la n d  (14) g ive examples of Mason*s 

use o f the van Laar and Margules* eq u a tio n s f o r  the sy s­

tem acetone-ch lo ro fo rm , the eq u ilib riu m  d a ta  having been
/

determ ined by R osanoff and E asley  (1 5 ).
, 2

In  the case of the Margules* equa tions ln j-j/x g  i s

p lo t te d  ag a in s t Xg, and lnV'g/x^ i s  p lo t te d  a g a in s t Xg/-|-

so -that a s in g le  l in e  . should go th rough  a l l  the  p o in ts .

There i s  a considerab le  amount of s c a t te r in g  fo r  both the

van Laar and M argules’ p lo t s .
2 2The values of l n ^ / x g  and ln /g /x ^  are  taken  d i r e c t ly  

from the  te x t  In  th e  fo llow ing  ta b le  (the  s u b s c r ip t  (1) 

r e f e r s  to  the ace to n e):
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Xx ilL&li 1*1X 3 lnZTn lnlC  
xx* la |i+ 0 .3 l|.2 (x s - x i )Xg*"

0o9l45 +2*04 -0 .591 2.63 -0 .874

0 . 8^90 +0.350 -0 .599 0.949 - 0 . 81*4

0.7955 - 0.217 -0 .621 0 . 1+04 - 0.823

0.7388 - 0.296 - 0.680 0.384 -0.843

0.6633 - 0.396 -0 .737 0.341 -0 .848

0.5750 -0 .486 - 0 . 71*4 0.258 -0 .795

O.I4.771 - 0.600 -0 .760 0.160 -0 .744

0.3350 - 0.613 - 1 .094 0.481 - 0.981

0.2660 - 0.706 -1 .101 0.395 -0.91*1

0.2108 - 0.675 - 0.986 0.311 -O .789

0.1375 - 0.726 -1 .937 1.211 r - I .689

0.1108 - 0.936 -1 .239 0.303 -0.973

I t  i s  apparen t th e re  i s  no d e f in i te  tre n d  in

the va lues o f l a X i  _ • , _ /  A rough p lo t  o f
X l2 a •

the p o in ts  fu r th e r  s u b s ta n tia te d  th i s  observation* 

I t  was decided , th e re fo re , th a t  b* could  be dropped 

from equations (59) and (60) fo r  th i s  system  and 

bj. determ ined by averag ing  th e  v a lu es  o f  In  frV

-  In  Vq between Xx=0.2108 and Xx=.7955. The

average value i s  0 .342 . 'The values o f b0 are  

c a lc u la te d  in  the  l a s t  column, the  average being
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22.

-0 .8 6 0  (the value a t  xx = 0.1375 was n eg lec ted )*  

Since £.x i s  approxim ately  1.16 fo r  a l l  values 

o f xx s u b s t i tu t io n  in  (54) gives

ln~< « - .710  + 2 . IfOxi -  1 . 03x i2

Mason ob ta ined

In  y x = -  (0.11 + 0 .7 4  x 3 ) x s2.

In  ifa = -(O .48 + 0 .7 4  x 3 ) X i2

which on s im p li f ic a t io n  becomes

ln*< = - 0.70 + 2*44 Xi - 1.11 xx2
Mason ob ta ined  h is  co n s tan ts  by drawing an

^'optimum l i n e . 1" No graph a t  a l l  was re q u ire d  in

th is  paper to  o b ta in  p r a c t ic a l ly  th e  same r e s u l t .  

His r e s u l t s  as ta b u la te d  in  the  t e x t  show a good 

c o r re la t io n  is  o b ta in ed .
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23.

P re d ic t io n  o f B inary Data Prom A zaotropic Data

The procedure in  th e  te x ts  involves more t r i a l  

and e r r o r  th an  i s  a c tu a lly  re q u ire d  fo r  the  p re d ic t io n  

o f  d a ta  from azeo tro p ic  d a ta . I t  is  f a i r l y  obvious 

th a t  equa tion  (3 9 ) ia th e  key to  the problem because 

o f  th e  u s u a lly  s l ig h t  v a r ia t io n  o f Px w ith  tem pera tu re . 

One o f  the fu n c tio n s  (ip.) through (i|5) must be decided 

upon 'and  the  constan ts  ev a lu a ted  from equations (3 9 ) 

and (I4.O). Equation (3 8 ) is  th en  w r i t te n  in  the form

In * - In  £x + x iX a fL a  (xj.) + (x3-xx )fx~» (xx )
*■ a

(62)

and the c o n s tan ts  s u b s t i tu te d  in  (62).

The tem pera tu re  of th e  system is  eva lua ted  from 

(39) o r (ifO) by so lv in g  fo r  Px or P3 thus

InPx = In  M  .  Xa« + X x f l - a f r i ) ]

(63)

ln P a = In  ^  -  Xx3 £ fx -a (x x )  - x3f x - 3 (xx)J

(614.)

I f  a t  th e  c a lc u la te d  tem perature £x i s  very
Pa

d i f f e r e n t  from th e  f i r s t  assum ption then r e c a l ­

c u la t io n  is  n ecessa ry . Equation (62) i s  used by the  

au tho r throughout the  th e s is  fo r c a lc u la tin g

'Prom the  s tu d ie s  of Tucker and Mason the  Margules* 
equa tions seem to  be the most p re fe ra b le , but no 
more than  a rough e s tim a tio n  of d a ta  should be 
expected .
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values o f a lp h a .
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25.

B inary Systems Having Two Liquid Phases

I t  is  p e rm iss ib le  to  c o r re la te  or p re d ic t  d a ta  

fo r  two phase system s- by u t i l i z i n g  any o f the fu n c tio n s  

(Ip.) through (1*6) Mfc. or&S XQ £3l§L Phase, rog io .ns. 

This f a c t  has been overlooked by most in v e s t ig a to r s ,  

o r ,  when i t  is  adm itted , c o r re la t io n s  and p re d ic tio n s  

a re  s t i l l  a ttem pted  over th e  e n t i r e  range of l iq u id  

com position w ith , perhaps, a two co n stan t van Laar 

eq u a tio n . For in s ta n c e , C arlson  and Colburn (2) have 

developed equations fo r  the p re d ic tio n  o f d a ta  from 

l im i t in g  s o lu b i l i ty  d a ta . They ertployed the van Laar 

fu n c tio n  (ip.) and noted  th a t  for the two phase re g io n

where th e  su p e rsc r ip ts  r e f e r  to th e  boundaries of the 

two phase re g io n .

Therefore

(65)

(6 6 )

(67)

(6 8 )

From (5?) and (58)
y .

(ao+aixx*7* (ao+aiX i*, )!3
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w *In  y r r  = (a0+ax ) 9 a

\ a t i a
-Sj_____  _ --XjL.

(a0+aixi)®  (a0+ a iX i, ! )2

(70)

By s u b s t i tu t in g  (67 ) and (68) in  (6 9 ) and (70) i t  

is  then  p o s s ib le  to c a lc u la te  a0 and ax .

The f a l l a c y  i n  th e  above argument stems from the 

f a c t  th a t  ITx i s  s e t  up as a c o n s tan t a t  two p o in ts  

r a th e r  th an  th roughout th e  two phase re g io n . The 

au tho r has developed a procedure which would enable 

one to c a lc u la te  th e  c o n s tan ts  fo r  Margules* equations 

frcra s o lu b i l i t y  d a ta  o n ly . The r e s u l t  is  a d i f f e r e n t  

s e t  of equa tions f o r  each of the one phase re g io n s . 

However, in  some t r i a l  c a lc u la tio n s  poor r e s u l t s  have 

been found? try in g  the  same th in g  fo r  th e  van Laar 

equations le d  to  equations which were f a r  too cumber­

some to be u s e fu l .  The au tho r has concluded th a t  i t  

is  neceaaary  to have both  s o lu b i l i t y  d a ta  and azeo tro p ic  

d a ta .

Prom the a z e o tro p ic  da ta  the  co n stan ts  in  

(6f>) and (6 6 ) may be c a lc u la te d  and , th e re fo re ,  the 

a c t i v i t y  c o e f f ic ie n ts  a t  th e  p o in ts  of l im it in g  

s o lu b i l i ty  can be ev a lu a ted . , The co n s ta n ts  fo r  th e  

Margules* equa tions may novr, of co u rse , be o b ta in ed . 

There i s ,  however, one se rio u s  drawback as th e re  is  

u su a lly  a one phase re g io n  which is of only  sm all
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27.

e x te n t .  The component p re se n t in  th e  la rg e r  amount 

w il l  in  th i s  case have an a c t i v i t y  c o e f f ic ie n t  very  

n ea r u n i ty ,  and when th is  occurs th e  em p irica l equations 

a re  never ad a p ta b le . To overcome th i s  d i f f i c u l t y  

advantage is  taken of the f a c t  t h a t  p lo t  o f gamma 

versus l iq u id  com position is  d i f f e r e n t ia b le  a t  a l l  

p o in t s .

Supposing component (1) to be p re se n t in  a sm all 

amount a t  the  p o in t o f l im it in g  s o lu b i l i t y  by
t

d i f f e r e n t i a t in g  (55) and (65) and equa ting  a t  x x

» »r  * * 1
2x ixa [  b0 + b i (2xx -  x a )\ = 1

(71)

Prom (55)

In  Vx = xa ^bc + 2b iX iJ (7 2 )

The co n stan ts  b0 and b i a re  then  ev a lu a ted  from

(71) and (72).

Example:

Prom th e  measurements o f S tockhard t and H ull 

(1 7 ) the p o in t3  of l im i t in g  s o lu b i l i t y  fo r the
i

system  n -b u tan o l -  w ater a re  x x = 0.025  and 
11

Xi = 0.1j5* At the  azeotrope xx -  0 ,25 , t  = 92.7°C,

P i = 287 mm., Pa = 582 mm. The su b sc r ip t  (1) r e f e r s  

to  th e  b u ta n o l.
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At th e  azeotrope

^  = 287 = 2,65 

*'• Bi* = ^ 0^025^  = 26*^

Solving (71) and (72) 

b c = 4*3-6 

bx = - 17.6  

From (50)

ln°<= In  Jr1* + 4*3-6 (x8-xx ) -  17*6xx (2xa-xx ) 
r 8

(73)

E quation  (73) is  v a l id ,  th e re fo re ,  f o r  va lues 

o f xx lo s s  th a n  or equal to  0.023*
l fJ$L 
582At th e  azeo trope = i $ ;  = 1*305

2 f i '  = U lQ .S to .tZ S I = 1 .7 8  0.55

11
^ x — £»6.d (Q. t2.H  ~ i  h *7

0 .45

For the  sake of v a r ie ty  th e  van Laar equations 

w il l  be u sed . Solving (57) and (58) fo r  the  co n s tan ts  

and th e n  s u b tra c tin g  (58) from (57)

* (0.324  + 0 . 400XX rln°<-= In  =■*■
* a

E quation  (74) la  v a l id  fo r va lues o f Xx 

g re a te r  th an  o r equal to  0*45*

I f  only  azeo tro p ic  d a ta  is  used then

(74)
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29.
■\-noc~ Pt .i. x aa -  2.k9 3Ci 3In  Pa + q!306

(75)

C arlson and Colburn u t i l i z i n g  tho s o lu b i l i t y  d a ta  

a t  100°C a r r iv e d  a t

l o ^ = l o *  k +
(76)

where th e  s u b s c r ip t (2) now r e f e r s  to  th e  b u tan o l.

The r e s u l t s  a re  compared w ith  th e  measured values 

o f S tockhard t and H ull in  th e  fo llo w in g  ta b le :

Xx Exp • . __(73).(7li).__ ____ (75) .... (76)

0.002 25.7 29.6
t

13.0 10.9

0.006 21.8 21*. 7 12.1 10.1

0.012 19.6 18.7 11.1 9 .22

0.020 15.8 13.6 9.52 8.25

0.025 13 .0 13.0 9.02 7 .85

0.100 O.Jti-07 0 . 1*07 0.389 0.1*11

0.695 0.221* 0.206 0.208 0.208

0.710 0.201* 0.190 0.193 0.189

0.930 0.139 0.11*6 0.153 0.11*3

Although the agreem ent is  n o t p e r f e c t  

(7 3 ) and (7l*) c e r ta in ly  a re  a g r e a t  improvement on 

e i th e r  (7 5 ) o r (76 ) .
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30.

D eterm ination  o f B inary Data Prom B o iling  P o in t Data

Were i t  p o ss ib le  to  o b ta in  two f a i r l y  p re c ise  

measurements such as the l iq u id  phase com position 

and b o il in g  tem perature then  i t  would be th e o r e t ic a l ly  

p o s s ib le  to  c a lc u la te  the v ap o r com position d a ta  

from the Duhera eq u a tio n . The eb u llio m e tric  methods 

o f  Sw ietoslaw ski (18) p rov ide such a means o f doing 

s o .

Once having  ob ta ined  the b o il in g  p o in ts  as a 

fu n c tio n  of l iq u id  com position one could then  p ro ­

ceed in  one o f  th ree  ways:

(1) Determine th e  l im i t in g  v a lu e s , o f

a t  Xx = 0 and x 3 -  0, s u b s t i tu te  (25 ) and (26) 

to  o b ta in  ^x and f a, and in te rp o la te  f o r  the 

rem aining d a ta  by means o f  (3 8 ) employing some 

cho ice  o f  0 0 )*

(2) G raph ica lly  in te g ra te  the  Duhem 

equa tion  over the e n t i r e  range o f  x*

(3) G raph ica lly  in te g ra te  the Duhera 

equa tio n  a p a r t  of th e  way (a t l e a s t  to  th e  

maximum value  of r e l a t i v e  v o l a t i l i t y )  and 

in te rp o la te  fo r  th e  rem ain ing  d a ta  by one o f 

th e  em p irica l eq u a tio n s .

Procedure (2) would re q u ire  many experim enta l p o in ts  

and e n t a i l  a good d ea l o f c a lc u la t io n  a lth o u g h  i t  would
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b© th e  most a c c u ra te . Procedure (1) Is  th e  s im p lest 

bu t most in acc u ra te  s in c e  i f  a p o in t  o f in f l e c t io n  d id  

e x is t  in  the  t-X  diagram  i t  would be "overlooked” by 

the  em pirica l eq u a tio n s . For th e se  reasons procedure

(3) would seem to  be th e  most lo g ic a l of th e  th ree*  

Equation (18) i s  re p e a te d  here  so th a t  th e  

re ad e r may have i t  befo re  him .

32j- =
dxi s ( x i - y i ) dxi (18)

One method would be to  assume th a t

= co n s tan t (7?)
» » It

fo r  sm all increm ents in  x , c a lc u la te  y i a t  Xi ,
i t , ,  t

determ ine a t  Xi , average and
t»

, use the new to  red e te rm in e  y i , and
11

re p e a t u n t i l  th e re  was no fu r th e r  change in  y i •
dTHowever, i f  th e  ab so lu te  v a lu e  o f  ^  is  con­

tin u o u s ly  in c re a s in g  and such a procedure i s  c a r r ie d  

o u t, i t  w i l l  be found th a t  the  successive  va lu es  o f  

in crease  w ithout l im i t .  I t  is  p o s s ib le  to  tak edxi
very  sm all increm ents and d is re g a rd  the averag ing  

p ro c e ss , b u t the  va lues of y i thus ob ta in ed  w i l l  

s t i l l  la g  the tru e  values to  some e x te n t .  T herefo re , 

the au thor suggests expanding ^  ^  in  a power
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s e r ie s  in  Xx as fo llo w s:

<78)

A lso, l e t

y x = £ A nXxn+1 (79)

T herefore ,

3 £ l(n + l )Anxxn (80 )

S u b s ti tu t in g  in  (18)

£ (n + l)A  xx11 ^Anxxn.£BnXxn

x - f V ^  <8 l >

Equation (81) was so lved by equa ting  the  

c o e f f ic ie n ts  o f  l ik e  powers o f xx to  zero* 'The r e s u l t s  

a re

Ao = 1 ~ B0 

A i  =  ^
* _  Ao (2AxB0+A0Bx“B2 ) -  Ax (2Ax+Bx )A s _ _ _  _ _  .

a -  Ac (2AaBo+A0Ba - B 3 )+Ax(AxB0+2AoB x-B a )~Aa (Bx+5Ax )"3 “ — .......... — . . . ..   —     . .
lfAo-3

( 8 2 )
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E xperim ental Work

A ltsh e le r  (1 ), e t  a l ,  made some very  p re c is e  

measurements o f the  e q u i l ib r ia  fo r  the  system 

e th an o l-w a te r w ith  a new type o f s t i l l  and found 

the  r e la t iv e  v o l a t i l i t y  to  go through a maximum a t  a 

mol f r a c t io n  o f e thano l of approxim ately  0*002.

They were unab le  to  e x p la in  the ''anomaly** and thought 

the r e s u l t s  to  be therm odynam ically in c o n s is te n t ,  

b u t on the  b a s is  o f what has gone befo re  i t  can be 

expected th a t  th e  tem pera tu re-com position  diagram 

has a p o in t o f  in f le c t io n  a t  some value o f x le s s  

than  or equal to  0 .002 . She au th o r attem pted  to  

check th is  prem ise by m easuring the  b o ilin g  p o in ts  

fo r  th is  system  a t  low a lco h o l c o n c en tra tio n s  and 

so lv in g  fo r  th e  co n stan ts  in  (79 ). The b o il in g  

p o in ts  a t  the  a lcoho l r i c h  end were a lso  determ ined 

so th a t  the  rem aining d a ta  could be ob ta ined  by 

in te rp o la t io n .

P rice  d id  the g la s s  blowing and co n s tru c te d  a 

d i f f e r e n t i a l  type eb u llio ra e te r , a sim ple type 

eb u llio m e te r , and an eb u llio m e te r o f the  type fo r  

m easuring b o il in g  p o in ts  when one component i s  

more v o la t i l e  than  the  o th e rj these  instrum ents are  

d iscu ssed  in  d e t a i l  by. Sw ietoslaw ski (1 8 ). The 

b o i le r s  were a l l  w ired fo r  e l e c t r i c  h e a tin g  and the
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sim ple eb u llio m e te r was a lso  f i t t e d  w ith  a s to p ­

cock in . th e  l in e  lead in g  back to  th e  b o i le r .  The 

stopcock arrangem ent i s  re q u ire d  fo r  the  th i r d  

type o f  ebu lliom eter*

The a lcoho l used fo r  the w ater r i c h  end was 

the  azeo trope which was d i s t i l l e d  a t  about 7lj.O mm* 

and, th e re fo re ,  con ta ined  approxim ately  95.6  % by 

w eight o f e th a n o l. (An e r ro r  o f 0 .2  % would in  no 

way a f f e c t  th e  r e s u l t s ) .  I t  had a tem perature 

d if fe re n c e  o f 0.000° C between the b o il in g  temp­

e ra tu re  and the condensation  tem perature thus 

a t t e s t in g  of i t s  p u r i ty  as an a z eo tro p e .
f

A bsolute a lcoho l was p repared  by p u r ify in g  

99*9 % e thano l w ith  sodium and e th y l form ate as 

suggested  by Delcamp* The runs in  th i s  case were 

made as soon as a la rg e  enough sample had d i s t i l l e d  

o v e r . The e n t i r e  d i s t i l l a t i o n  appara tus was c losed  

except fo r  a drying tube co n ta in in g  calcium  c h lo r id e .

A b o il in g  tem perature d if fe re n c e  o f 0.000° c was 

found fo r  the a lco h o l, and i t  was a lso  found to b o i l  

0.136° C h ig h e r than  the  azeo tro p e . Noyes and 

W arfel (10) ob ta ined  0.126° C, D ie tr ic h  and Grossman 

(Ij.) 0.1i{° C, and Young and For to y  (23) 0 .15° C.

The h y d ro s ta t ic  head in  the eb u llio m e te r was

O.o26° C and th is  value could be d u p lic a te d  re p e a te d ly .
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The change in  barom etric  p re ssu re  was determ ined by 

means o f  th e  condensation  tem pera tu re  in  th e  d i f f e r ­

e n t i a l  ebu lliom eter in  which was d i s t i l l e d  water*

The m ixtures were b o ile d  u n t i l  equ ilib rium  was 

reached (approxim ately te n  m in u tes). A fte r reco rd in g  

the  tem pera tu re  in  bo th  eb u llio m e te rs  the powers t a t  

was tu rn ed  o f f ,  the  hold up r e ta in e d  by means o f the  

stopcock , and the b o i l e r  d ra in ed  and com pletely  d r ie d .  

I f  th e  l a t t e r  were no t done i t  was found th a t  the  

g la s s  p a r t i c l e s  adhering to  th e  w a lls  of th e  b o i l e r  to  

p re v e n t su p erh ea tin g  l o s t  t h e i r  e f fe c t iv e n e s s . More

o f  th e  o r ig in a l  sample was th en  added and the b o ilin g
(

p o in t again  determ ined. I t  w as, o f co u rse , somewhat 

lower th e  second tim e. The p rocess was rep ea ted  

u n t i l  no f u r th e r  change in  b o i l in g  p o in t was n o ted .

No more th a n  two r e f i l l s  were ever a c tu a lly  needed and 

fo r  th e  extrem ely low co n cen tra tio n s  only one r e f i l l  

was re q u ire d , In the case o f the  a lco h o l r i c h  end 

th e  sim ple type  eb u llio m e te r was used in  th e  same 

manner, and s in c e  th e  r e l a t i v e  v o l a t i l i t y  i s  approx­

im ate ly  one i t  was found th a t  th e re  wa3 no d e te c ta b le  

d if fe re n c e  in  b o il in g  tem perature when r e f i l l e d .

The fo llow ing  a re  the  d a ta  ob ta ined  (the sub­

s c r ip t  (1) r e f e r s  to  th e  e th a n o l) :
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Run Grams
Azeotrope

Grams
Water

B arom etric
Beckmann

B oiling  F t .  
Be ckmann

t
(°c)

X i

X 0,00C M *> ' 2.161 3,020 100.000 0.00000
2 0.778 lj-32 2.159 2.850 99.832: 0,00067

3 1 . # lj-39 2.130 2.618 99.629 0.00131

k 2*27 i|!|.l 2.1i^7 2 . W 99A39 0.00192

5 2,93 2.160 2.293 99.271}- 0.00250
6 I4- .8X )|>l? 2 .167 1.880 98.8514- O.OOl}.66

*7

? 8 .18 l£o 2.160 1,137 98.118 0.00679
8 0.356 2.160 2.9^0 99.121 0.00031
9 1 .0 2 434 2.123 2.731 99.769 0.00089
10 1.99 it92 2.135 2.560 99.566 0.00151
XX I J 4.O 1)49 2,190 2.730 99.681 0.00116
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R u n Grams
E thanol

Grams
Water

Barom etric
Beckmann

B o iling  P t .  
Beckmann

t
(°C)

1 — *. 0.000 2*313 2.217 78.35 0.00000
2 lij.0 1,66 2.305 2.137 78.278 0.0295
3 110 2.31}- 2.306 2.100 78.240 0.0516,

4 lip . 2,01 2.313 2.132 78*265 0.0352

5 MW«M 0.000 2.318 2.222 78.35 0.00000
6 110 0 j | l 6 2.320 2.198 78.324 0.00961

7 109 0.527 2.310 2,181 78.317 0.0122
8 88.6 0.463 2.310 2.178 78.314 0.0132

9 196*9 0.267 2.300 2.186 78.332 0.00700
l o 75.2 0.139 2.289 2.180 78.337 0.00495
1 1 103 3.80 2.280 2.050 78.216 0.0860

The d a ta  are  p lo t te d  on the accompanying graphs, 

£s was p re d ic te d  th e re  i s  a p o in t o f in f le c t io n  a t  a 

mol f r a c t io n  of e th an o l o f about 0 .0012, The data  

a t  t h i s  end o f the diagram  were re p re sen ted  by the 

eq u a tio n

t  =* 100 -  248x3. -  8000xa.2 -  (10)7 x x-3
(83)
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T herefo re ,

^  = -2if8 -1.6(10)^- Xx -3(10)7  xx2-

(BI}.)

Since J- = 0.03565

s H i  = " 8 *65 ' 571 Xl - i .o v f t o ) 6 Xl2
(85)

Solving fo r  the constan ts  In (82)

Ao = 9 .8 5  

Ax = 255 

Aa =  3 . 8 ( 1 0 ) 2  

Aa =-lj..6(10)6

T herefore ,

7x -  xx 9.85+255x1+3 *8 (10 f t  xx2 -j^.6 (10 )6 xx3

(8 6 )

The values of yx in  eq u ilib riu m  w ith  xx g re a te r  

than  0.0012 were c a lc u la te d  by  means o f the  procedure 

o u tlin e d  under equa tion  (77). c a lc u la te d  r e s u l t s

are  ta b u la te d  h ere :
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Xx yx

0.0000 0.00000 9.85 i*.i*2

0.0002 0.00198 9 .9a L*.l*6

0.0001* 0 . 00i*00 10.05 1*.51
0.0006 0.00608 10.20 1*.58

0.0008 0.00821* 10.1*0 4.67

0.0010 0.0101*8 10.60 1*.76

0.0012 0.01280 10.80 1*.81*

o .0015 0.0161* 11.12 1**98

0.0020 0.0222 11.32 5 .10

0.0025 0.0275 11.30 5.07

0.0030 0.0326 11.20 5 .ol*

0.0050 0.0529 11.10 5.oo

Is  u n ity  fo r  a l l  v a lues of x1#

The value of when x 2 =* D was found to  be 

2.53* ^ 0  Margules equations give fo r in te rp o la t io n

between Xi = 0.00500 and Xx = 1.000

ln°<=- In  + 1 . 631* - 1*.678 xx +2.115* 3
(87)

The c a lc u la te d  r e s u l t s  are compared w ith  the 

r e s u l t s  of iU tsh e le r  on the accompanying p l o t .  Agree­

ment is  good and in  the low a lcoho l co n cen tra tio n  range 

the  values o f yx agree w ith in  1
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Summary and Conclusions

I t  was dem onstrated q u a l i t a t iv e ly  th a t  i f  a T-X diagram 

con tained  a po in t of in f l e c t io n  in  a re g io n  of low con­

c e n tr a t io n , then ano^-X p lo t  would go through a maximum. 

A l t s h e le r 's  eq u ilib riu m  d a ta  fo r  the system e th an o l-w a te r 

was thought by him to  be therm odynam ically in c o n s is te n t  

s ince  a t  a mol f r a c t io n  of e th an o l of about 0 .002 a lpha 

reached  a maximum. B o iling  p o in ts  ex p e rim en ta lly  d e te r ­

mined by the  au thor d id  indeed show a p o in t of in f l e c t io n ,  

and the v a p o r- liq u id  e q u ilib riu m  d a ta  c a lc u la te d  by a method 

developed by the au tho r gave e x c e lle n t  agreement w ith  A lt-  

s h e l e r ’s d a ta . As a r e s u l t ,  support was le n t  to  the  f o l ­

lowing: (l)T he Gibbs-Duhem eq u a tio n  i s  c o n s is te n t over the 

e n t i r e  range of l iq u id  com position (2)The d e te rm in a tio n  of 

b o il in g  p o in ts  by means o f S w ie to slaw sk i’s appara tu s  g iv es  

ac cu ra te  r e s u l t s  (4 )V ap o r-liq u id  eq u ilib riu m  may be ac­

c u ra te ly  determ ined by means of b o ilin g  p o in ts  a lo n e .

I t  wa3 shown on a th e o r e t i c a l  b a s is  th a t  i t  i s  im­

p o ss ib le  to  c o r re la te  o r p re d ic t  d a ta  fo r  p a r t i a l l y  m is- 

c ib le  system s by means of a s in g le  two co n stan t semi- 

e m p irica l eq u a tio n . A method fo r  the p re d ic tio n  o f tho 

e n t i r e  range o f d a ta  employing s o lu b i l i ty  d a ta  and azoo- 

t ro p ic  d a ta  was developed. In  an example of i t s  use on 

the  system  n -b u ta n o l-w a te r , r e s u l t s  were f a i r l y  good.

Since p a r t i a l l y  m lsc ib le  system s 3how extrem ely n o n -id e a l 

b eh av io r, and the  p re d ic t io n  of d a ta  n e c e s s i ta te s  e x t r a ­

p o la t io n , only a rough e s tim a tio n  of d a ta  should be expected . 

For In s ta n c e , the system fu r fu ra l-w a te r  d e v ia te s  from id e a l i ty
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to  such an e x te n t th a t  no sem i-em pirica l equa tion  i s  

capable of re p re se n tin g  the d a ta  fo r  the  f u r f u r a l  r i c h  

one phase re g io n . (There i s  a p o in t o f I n f le c t io n  in  

the  T-X d iagram ).

Two new methods f o r  -the a lg e b ra ic  c o r r e la t io n  of 

d a ta  were p re se n te d . They are  su p e rio r to  p rev ious 

methods of c o r r e la t io n  since  they  a ffo rd  r e c t i f i c a t i o n  

of d a ta  d i r e c t ly  even though th re e  co n s tan ts  are  employed. 

I t  was suggested th a t  i f  a good c o r re la t io n  could no t 

be obtained due to  in a p p l ic a b i l i ty  of the  equa tions th a t  

as a l a s t  reco u rse  th e  C lark  eq u a tio n s , as m odified  by 

the au th o r, be u sed . The l a t t e r  have been shown by C lark 

and Mason to  give good c o r re la t io n s  in  a l l  cases te s te d .

The au thor has found th a t  in  two cases (acetone-ch lo ro fo rm , 

methanol-wateo?) b e t t e r  r e s u l t s  were ob ta ined  by adding 

ano ther term  to  the  m odified  eq u a tio n s . However, they  

are no t as y e t capable of being  extended to  th e  c o r re la t io n  

or p re d ic t io n  of d a ta  fo r  m ulticom ponent system s thereby  

l im it in g  th e i r  u t i l i t y .

New em p irica l fu n c tio n s  fo r  the in te g ra t io n  of the  

Duhem equa tion  were advanced which may be used e i th e r  fo r  

the p re d ic  t io n  or c o r r e la t io n  of d a ta ; however, no hard  

and f a s t  ru le  could be layed  down as to which fu n c tio n  

should be employed. I t  wculd probably  be d e s ira b le  to  

p re d ic t  d a ta  by bo th  tho van Laar and Margules* equa tions 

and average the  r e s u l t s .
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A procedure fo r  the p ro d ic tio n  o f b in ary  vapor- 

l iq u id  eq u ilib riu m  d a ta  from a z e o tro p ic  d a ta  which e lim ­

in a te s  much of the  t r i a l  and e r ro r  was suggested  as was 

a method fo r  the c o r re la t io n  o f m ulticom ponent d a ta  by- 

means of the  Duhem eq u a tio n .

A pparen tly , a lg e b ra ic  so lu tio n s  to  the Duhem equa tion  

may no t be v a lid  in  the  d i lu te  re g io n s  because o f 11 abnormal11 

behavior o f m olecular in te r a c t io n s  in  those re g io n s . For 

the system e th an o l-w a te r the  anomalous behav ior of the  

p a r t i a l  m olal volumes i s  indeed a f a c t ( 1 3 ) .  The au thor 

s tro n g ly  su sp ec ts  th a t  a g re a t many system s e x h ib i t  t h i s  

behavior and f u r th e r  re se a rc h  i s  suggested  along th ese  l i n e s .

r
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