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THü PhAt>E BEHAVIOR AKO 30UJBILITY 
REIATIONS OF THE HEKZEKE-IATER SYSTEM

SUIO/IARY

In  o rd e r  t o  c o n t r i b u t e  t o  th e  p r e s e n t  s t a t e  of  know- 

l e d  g® of t h e  n a t u r e  of  the  phase  b e h a v i o r  o f  p a r t i a l l y  

m i s c i b l e  l i q u i d  sy s tem s ,  a s tu d y  of  th e  b e n z e n e -w a te r  

sy s tem  was u n d e r t a k e n .  The p r e s s u r e  a t  l i q u i d  and vapor  

phase  b o u n d a r ie s  o f  f i f t e e n  m ix tu r e s  of benzene and w a te r  

were de te rm ined  w i t h i n  the  t e m p e r a tu r e  r a n g e  from 200®C to  

357^0 ,  Along w ith  a com plete  n u m e r i c a l  t a b u l a t i o n  t h e s e  

d a ta  a r e  p r e s e n t e d  g r a p h i c a l l y  a s  p r e s s u r e - t e m p e r a t u r e ,  

p r e s s u r e - c o m p o s l t i o n ,  and t e m p e r a tu r e - c o m p o s i t i o n  phase  

d iag ram s t o  show the  n a t u r e  of  the  b o u n d a r i e s .

Up to  the t h r e e - p h a s e  c r i t i c a l  e n d p o in t  t h e  ben zen e -  

7 /a te r  system dev e lo p s  In  a manner u s u a l l y  a s c r i b e d  to  a 

p a r t i a l l y  m i s c i b l e  system In  which the  v ap o r  c o m p o s i t io n  

a t  a p o i n t  of u n l v a r l a n c e  l i e s  I n t e r m e d i a t e  to  th e  two 

l i q u i d  c o m p o s i t i o n s .  The t h r e e - p h a s e  c r i t i c a l  e n d p o i n t  

occu rs  a t  1364 p s l a  and 2 6 8 .3 ^ 0 ,  and th e  c o m p o s i t io n  of 

the  c r i t i c a l  phase  I s  2 5 .8  w t . ^  w a te r  w h i le  th e  r e m a in in g  

l i q u i d  phase  i s  9 2 .8  w t . ^  w a t e r .

The p r e s s u r e ,  t e m p e r a tu r e ,  and c o m p o s i t io n  of  th e  

c r i t i c a l  s o l u t i o n  en d p o in t  a r e  deduced  a s  2303 p s l a ,  

3 0 6 .4 ^ 0 ,  and 59 w t . ^  w a t e r ,  r e s p e c t i v e l y .  At t e m p e r a tu r e s  

between th e s e  two c r i t i c a l  p o i n t s  th e  phase  b e h a v io r  i s
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l i k e n e d  t o  t h a t  cf t h e  a o l u h i l i t y  o f  a d e n s e  g a s  o r  f l u i d  

i n  a l i q u i d .  D e f i n i t e  l i m i t i n g  v a l u e s  o f  t e m p e r a t u r e  e n d  

p r e s s u r e  a r e  a s s i g n a b l e  t o  t h i s  b e h a v i o r  b y  e x t e n d i n g  t h e  

t h r e e - p h a s e  c u r v e  u p  t o  t h e  c r i t i c a l  s o l u t i o n  e n d p o i n t *  

T h i s  e x t e n d e d  c u r v e  i s  n o t  a p h a s e  b o u n d a r y ,  b u t  t h e  

t e m p e r a t u r e  a n d  p r e s s u r e  a t  a g i v e n  p o i n t  r e p r e s e n t s  i n  

a m i x t u r e  o f  f i x e d  c o m p o s i t i o n  t h e  l i m i t  o f  m u t u a l  s o l u 

b i l i t y  o f  t h e  b e n z e n e - r i c h  f l u i d  p h a s e  a n d  t h e  w a t e r - r i c h  

l i q u i d  p h a s e .  A t  a t e m p e r a t u r e  a b o v e  o r  a p r e s s u r e  b e l o w  

t h e  g i v e n  p o i n t  t h e  l i q u i d  p h a s e  b e g i n s  t o  v a p o r i z e .

Above t h e  c r i t i c a l  s o l u t i o n  e n d p o i n t  t h e  v a p o r - l l q u l d  

p h a s e  b o u n d a r i e s  a r e  l i k e  t h o s e  o f  a n o r m a l  b i n a r y  m i x t u r e ,



INTRODUCTION

The q u a n t i t a t i v e  s tudy  o f  phase  b e h a v io r  has  been 

th e  s u b j e c t  of e x p e r i m e n ta t i o n  f o r  t h e  p a s t  cen tu ry*  The 

c o n t i n u i n g  e f f o r t s  In  t h i s  f i e l d  a r e  I n  th e m se lv e s  I n d i c a 

t i v e  of the p ro m in e n t  r o l e  p la y e d  by th e s e  s t u d i e s  I n  th e  

advancement t£ t h e  p h y s i c a l  s c i e n c e s  and of  the  e n g i n e e r i n g  

a r  t s .

A lthough the  co n c e p t  of the e x i s t e n c e  of th e  c o n t i n u i t y  

among p h as e s  I s  g e n e r a l l y  u n d e r s t o o d ,  numerous c l a s s i f i c a 

t i o n s  of  ty p e s  of  phase  b e h a v io r  e x i s t  f o r  sys tem s which 

e x h i b i t  l i m i t e d  s o l u b i l i t y .  Thus, t h e r e  a r e  t h e  c l a s s i f i 

c a t i o n s  o f  l i m i t e d  m u tua l  s o l u b i l i t y  o f  l i q u i d s ,  g a s -  

l l q u l d  s o l u b i l i t y ,  and v a p o r - l l q u l d  s o l u b i l i t y .  S in ce  a l l  

o f  t h e s e  s u b j e c t s  a r e  examples of  phase  b e h a v i o r ,  th e  

c l a s s i f i c a t i o n  may be one of  d eg ree  r a t h e r  th a n  f u n d a m e n ta l l y  

d i f f e r e n t  t y p e s  of p h y s i c a l  phenomena. The b e n z e n e -w a te r  

system e x e m p l i f i e s  a l l  t h r e e  of th e  c l a s a l  f l e a t i e n s .

The Im por tance  of  the  knowledge of th e  l i q u i d  and 

gas phase  b e h a v io r  can on ly  be r a t i o n a l i z e d .  The s p a r i n g  

s o l u b i l i t y  of o i l ,  g a s ,  and  w a te r  m ix tu r e s  a s  we know 

them a t  the e a r t h ' s  s u r f a c e  may v e r y  w e l l  p r e s e n t  an 

e n t i r e l y  d i f f e r e n t  m u tu a l  r e l a t i o n s h i p  when s u b j e c t  t o  

h ig h  u n d e rg ro u n d  p r e s s u r e  and t e m p e r a t u r e .  F u r th e rm o re ,  

the  p r e s e n t  t e c h n o l o g i c a l  advancement I n  t h e  u se  of  h ig h  

t e m p e ra tu r e  and  p r e s s u r e  In  ch em ica l  I n d u s t r i e s  would be 

w e l l  s e r v e d  b y  an  u n d e r s t a n d i n g  of the  phase  r e l a t i o n s
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p a r t i o u l a r l y  I n  t h e  p r o p o s a l  o f  m echan ism s  o f  c h e m i c a l  

r e a c t i o n  r a t e s .  H ig h  p r e s s u r e  a n d  t e m p e r a t u r e  a r e  empha

s i s e d  b e c a u s e  i t  i s  th e  b e h a v i o r  o f  p a r t i a l l y  m i s c i b l e  

l i q u i d  s y s t e m s  a t  t h e s e  c o n d i t i o n s  w here  know ledge  i s  

l a c k i n g .

The b e h a v i o r  o f  t h e  l i q u i d  and g a s  p h a s e s  o f  t h e  

b e n z e n e - w a t e r  s y s t e m  t h r o u g h o u t  m o s t  o f  i t s  s a t u r a t e d  

t e m p e r a t u r e  r a n g e  i s  o u t l i n e d .
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A t a c k  a n d  S c h n e i d e r ,  " S o l u b i l i t y  M e a s u r e m e n t s  i n  t h e  

C r i t i c a l  T e m p e r a t u r e  R e g i o n "  ( 1 ) ,  H e r i n g t o n ,  " T r e a t m e n t  

o f  B i n a r y  a n d  T e r n a r y  V a p o r - L i q u i d  E q u i l i b r i u m  D a t a  on
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S y s t e m s  w i t h  More Than One L i q u i d  P h a s e "  ( 1 0 ) ,  K a tz  a n d  

A .o b a y a s h l ,  " V a p o r - L l q u l d  E q u i l i b r i a  f o r  B i n a r y  H y d r o c a r b o n -  

ï a t e r  S y s te m s "  (1 6 )  * a n d  Le l a n d ,  J r # ,  M c K e t t a ,  J r . ,  a n d  

K o b e ,  " P h a s e  E q u i l i b r i u m  I n  t h e  l - b u t « n e - ï a t e r  S y s te m "  ( 2 4 ) .

The C l a s s i c  I d e n t i f i c a t i o n  o f  P a r t i a l l y  M i s c i b l e  S y s te m s

F o r  b i n a r y  s y s t e m s  inhere t h e  m i s c i b i l i t y  g a p  I n c l u d e s  

a p a r t  o r  a l l  o f  t h e  a p a c e  I n  t h e  P - T - x  s o l i d  n o r m a l l y  

o c c u p i e d  b y  v a p o r - l l q u l d  t r a n s i t i o n  s u r f a c e s ,  a s e r i e s  o f  

f o u r  d i f f e r e n t  c a s e s  o f  I s o t h e r m s  can  be  e v o l v e d  ( F i g .  1 ) .  

I n  t h e  f i r s t  t h r e e  c a s e s  th e  s e q u e n c e  o f  p h a s e s  a t  t h e  

t h r e e - p h a s e  p r e s s u r e  I s  V L^ L g ,  b u t  I n  t h e  f o u r t h  c a s e  

t h e  s e q u e n c e  I s  V L ^ .  C a s e s  I I  a n d  I I I  a r e  d i f f e r 

e n t i a t e d  f ro m  Case  I  I n  t h a t  t h e y  e x h i b i t  maximum and  

minimum b o i l i n g  p o i n t s  r e s p e c t i v e l y  I n  t h e I r  m i s c i b l e  

r é g l o n s .

B u ch n e r  ( 4 )  h a s  d e v e l o p e d  t h e  qp a c e  d i a g r a m  f o r  

Case  I  w h ich  Is  t y p i c a l  of  s u c h  s y s t e m s  a s  e t h a n o l - e t h a n e ,  

p r o p a n o l - e t h a n e , e t c .  The d i a g r a m  a l t h o u g h  s u p p o r t e d  by 

some d a t a .  I s  d e v e l o p e d  l a r g e l y  on t h e o r e t i c a l  c o n s i d e r a 

t i o n s .  I t  d o e s  I l l u s t r a t e  how t h e  p r o j e c t i o n  of t h e  

c o m p o s i t i o n s  of t h e  t h r e e - p h a s e s  u n d e r  t h e i r  own v a p o r  

p r e s s u r e  I n t o  t h e  t e m p e r a t u r e - c o m p o s l t l o n  p l a n e  (T -x  p l a n e )  

s i m i l a r l y  c l a s s i f i e d  p a r t i a l l y  m i s c i b l e  s y s t e m s .  The 

p r o j e c t i o n s  f o r  C a s e s  I  a n d  IV ( F i g .  2 )  a r e  p r e s e n t e d  by
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K u e n e n  ( 2 1 )  f o r  t h e  s y s t e m s  e t h a n e - p r o p a n o l  a n d  e t h e r -  

w a t e r ,  r e s p e c t i v e l y .

One m o r e  t y p e  o f  g r a p h i c a l  r e p r e s e n t a t i o n  o f  t h i s  

k i n d  o f  p h a s e  b e h a v i o r  i s  o f  i n t e r e s t .  Shown i n  F i g u r e  3  

a r e  t h e  c u r v e s  r e p r e s e n t i n g  t h e  c r i t i c a l  s t a t e s  i n  t h e  

p r e s s u r e - t e m p e r a  t u r e  p l a n e  ( P - T  p l a n e )  o f  a l l  c o m p o s i t i o n s  

f o r  C a s e s  I  a n d  I V ,  B o t h  d i a g r a m s  h a v e  b e e n  d e r i v e d  b y  

t h e  e x t e n s i o n  o f  t h e  t h e o r y  o f  v a n  d e r  I f a a l s  b y  R o o s e b o o m  

( 3 0 ) ,  The p o i n t s  K^ a n d  Kg a r e  t h e  v a p o r i z a t i o n  c r i t i c a l  

v a l u e s  o f  t h e p u r e  c o m p o n e n t s ,  K ^ ,  t h e  t h r e e - p h a s e  v a p o r i 

z a t i o n  c r i t i c a l ,  i s  o b s e r v e d  w h en  o n e  o f  t h e  l i q u i d s  a n d  

t h e  v a p o r  b e c o m e  a  s i n g l e  f l u i d  p h a s e  a n d  d i s p l a y  t h e  

u s u a l  o p t i c a l  p r o p e r t i e s  a s s o c i a t e d  w i t h  a c r i t i c a l  p o i n t .  

The c u r v e  K^K^ i s  t h e  l o c u s  o f  t h e  v a p o r i z a t i o n  c r i t i c a l  

p o i n t s  o f  m i x t u r e s  r i c h  i n  o n e  l i q u i d  w h i c h  a r e  c o m p l e t e l y  

m i s c i b l e .  C o r r e s p o n d i n g l y ,  a  p o r t i o n  o f  t h e  KgM c u r v e  i s  

t h e  l o c u s  o f  v a p o r i z a t i o n  c r i t i c a l  p o i n t s  f o r  c o m p l e t e l y  

m i s c i b l e  l i q u i d  m i x t u r e s  r i c h  i n  t h e  s e c o n d  l i q u i d .  The 

r e m a i n d e r  o f  t h e  c u r v e  K MN i s  t h e  l o c u s  o f  c r i t i c a l  

s o l u t i o n  p o i n t s .  P o i n t s  s u c h  a s  a n d  S g  a t  a  c o n s t a n t  

p r e s s u r e  r e p r e s e n t  t h e  l o w e r  a n d  u p p e r  c r i t i c a l  s o l u t i o n  

t e m p e r a t u r e s .  The c l a s s i c  e x a m p l e  o f  t h i s  p h e n o m e n a  i s  

s h o w n  i n  t h e  n i c o t i n e - w a t e r  s y s t e m .  T he  d a s h e d  c u r v e  KK^ 

i s  t h e  t h r e e - p h a s e  c u r v e  a n d  i t s  t e r m i n a l  p o i n t s  a r e  

c a l l e d  b y  K u e n e n  " t h e  c r i t i c a l  e n d - p o i n t s " .
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The B e n z e n e - J f a t e r  S y s t e m

A c c o r d i n g  t o  t h e  c l a a s i c  t h e o r y  t h e  b e n z e n e - w a t e r  

a y a t e m  i s  i d e n t i f i e d  a s  C a s e  I V .  Mo s y s t e m  o f  t h i s  c a s e  

h a s  b e e n  i n v e s t i g a t e d  q u a n t i t a t i v e l y  o v e r  i t s  e n t i r e  r a n g e  

i n  t e m p e r a t u r e ,  p r e s s u r e ,  a n d  c o m p o s i t i o n  o f  l i q u i d  a n d  

v a p o r  p h a s e  b e h a v i o r .  S c h e f f e r  ( 3 1 )  ( 3 2 )  h a s  m e a s u r e d  t h e  

t e m p e r a t u r e  and p r e s s u r e  o f  t h e  t h r e e - p h a s e  c u r v e s  u p  t o  

t h e i r  v a p o r i z a t i o n  c r i t i c s  I s  f o r  t h e  s y s t e m s  b e n z e n e - w a t e r  

a n d  h e x a n e - w a t e r .

F o r  t h e  h e x a n e - w a t e r  s y s t e m  a n u m b e r  o f  c o m p o s i t i o n s  

w e re  t a k e n  t o  d e t e r m i n e  t h e  e f f e c t  o f  t e m p e r a t u r e  an d  

p r e s s u r e  on  t h e  s o l u b i l i t y  o f  w a t e r  i n  h e x a n e  r i c h  m i x t u r e s .  

H o w e v e r ,  th e  c o r r e s p o n d i n g  e q u i l i b r i u m  v a p o r  c o m p o s i t i o n s ,  

i . e . ,  h e t e r o g e n e o u s  a z e o t r o p i c  c o m p o s i t i o n s ,  a n d  w a t e r  

r i c h  l i q u i d  s o l u b i l i t i e s  w e r e  n o t  d e t e r m i n e d .  H en ce  t h e  

c u r v e s  a n d  o f  F i g u r e  3  a r e  t h e  e x t e n t  t o  w h i c h

q u a n t i t a t i v e  d a t a  a r e  a v a i l a b l e  i n  o u t l i n i n g  a C a s e  IV  

p a r t i a l l y  m i s c i b l e  l i q u i d  s y s t e m .

The v a l u e s  d e t e r m i n e d  b y  S c h e f f e r  ( 3 2 )  f o r  t h e  

b e n z e n e - w a t e r  s y s t e m  a r e  g i v e n  i n  T a b l e  I ,  w h i c h  a l s o  

s u m m a r i z e s  a n u m b e r  o f  p e r t i n e n t  v a l u e s  o f  t h e  p h a s e  

b e h a v i o r  o f  t h i s  s y s t e m  a s  o b t a i n e d  f r o m  t h e  l i t e r a t u r e .
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TABC£ I t Summary o f  t h a  D a t a  f r o m  t h a  L i t e r a t u r e  o f  t b e  
B a n s a n a - V a t e r  S y s t e m

T h r a e - P h a a a  V a p o r  F r e s s u r e  ( R e f .  3 2 )

T F atm

150 10.6
1ÔQ 13.2
170 16.4
180 20.1
190 24.6
200 29.8
210 35.9
220 42.9
230 50,9
240.1 60.4
250.2 70.7
260.1 82.2
267.8 92.7

S o l u b i l i t y  w a t e r  I n  b a n z a n a  S o l u b i l i t y  b e n z e n e  I n  w a t e r

T C o m p o s i t i o n R e f . T °C C o m p o s i t i o n R e f .

5.5 ( f r e e z i n g  p t . ) (29) 25 1.79 g m / l (31)
3 0.030 wt% (9) 10 0.153 gm/lOO (34)

23 0.061 n gm
40 0.114 ft 20 0.175 a

55 0.184 n 40 0.206 a

66 0.255 It 60 0.250 a
77 0.337 s 80 0.326 a
10 0.03 gm/lOO gm (15) 107.4 0.507 a
20 0.044 It 100 0.2 c c / lO O  c c (14)
26 0.054 n 150 0.6 a

200 2.1 a
250 7.3 a
285 10.6 a
300 14.6 a

C r i t i c a l  S o l u t i o n  T e m p e r a t u r e  >500*^0 ( 6 ) .

A z e o t r o p i c  c o m p o s i t i o n  @ 1 a tm  8 . 8 9  w t ^  w a t e r  ( 2 3 ) .



A P P A R A T S  AND PRûCEDüKE

G e n e r a l

The e q u i p m e n t  a n d  p r o c e d u r e  u s e d  i n  t h i s  i n v e s t i g a t i o n  

w ere  b a s i c a l l y  t h o s e  d e v e l o p e d  b y  Young ( 3 7 )  a n d  K ay  ( 1 7 ) .  

The m e th o d  c o n s i s t s  o f  c o n f i n i n g  a known m a s s  o f  s a m p l e  o f  

a d e f i n i t e  c o m p o s i t i o n  o v e r  m e r c u r y  i n  a c a p i l l a r y  t u b e .

The s a m p l e  i n  t h e  t u b e  i s  t h e r m o s t a  t e d  a n d  a known p r e s s u r e  

i s  a p p l i e d .  The l i q u i d  a n d  v a p o r  p h a s e  c h a n g e s  c a n  b e  

o b s e r v e d  d i r e c t l y  t h r o u g h  t h e  t u b e  w a l l s  a s  t h e  p r e s s u r e  

i s  c h a n g e d .  A m e a s u r e m e n t  i s  made a t  a p o i n t  a l o n g  a 

p h a s e  b o u n d a r y  s u c h  a s  a dew p o i n t  o r  b u b b l e  p o i n t  when 

t h e  s a m p l e  h a s  a t t a i n e d  e q u i l i b r i u m .

E x p e r i m e n t a l  Tube a n d  C o m p r e s s o r  B lo c k

The m o s t  e s s e n t i a l  p a r t  o f  t h e  a p p a r a t u s  i s  t h e  e x p e r 

i m e n t a l  t u b e ,  w h i c h  i s  t h e  c o n t a i n e r  f o r  t h e  s a m p l e .  The 

t u b e s  u s e d  i n  t h i s  i n v e s t i g a t i o n  w e r e  made o f  f u s e d  s i l i c a  

w i t h  d i m e n s i o n s  a p p r o x i m a t e l y  t h o s e  shown i n  F i g u r e  4 .

The t u b e  was c o n s t r u c t e d  w i t h  a t h i c k e n e d  c o l l a r  (A) t o  

f i t  t h e  m o u n t i n g  a s s e m b l y  i n  t h e  c o m p r e s s o r  b l o c k ,  a n d  

a l s o  f i t t e d  w i t h  a m a le  t a p e r e d  j o i n t  (B) f o r  m o u n t i n g  on 

t h e  s a m p l e  l o a d i n g  a p p a r a t u s .

The c o m p r e s s o r  b l o c k  was a m i l d  s t e e l  c y l i n d e r  

m a c h i n e d  w i t h  a w e l l  a n d  i n t e r n a l  s h o u l d e r  t o  r e c e i v e  t h e  

e x p e r i m e n t a l  t u b e  a n d  s u p p o r t  t h e  m o u n t i n g  a s s e m b l y .  I n
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o r d e r  t o  m a i n t a i n  a n  a b s o l u t e l y  p r e s s u r e  t i g h t  s e a l  b e t w e e n  

t h e  g l a s s  t u b e  a n d  t h e  m e t a l  b l o c k ,  a  s e r i e s  o f  r u b b e r  a n d  

m e t a l  g a s k e t s  a s  I n d i c a t e d  I n  1 I g u r e  5 w e r e  u s e d *

The a s s e m b l y  l a b e l e d  (A) s u p p l i e d  t h e  m a i n  m e c h a n i c a l  

s u p p o r t  f o r  t h e  e x p e r i m e n t a l  t u b e  b y  s e a t i n g  on  t h e  

s h o u l d e r  o f  t h e  c o m p r e s s o r  b l o c k *  S how n i n  p a r t i a l  d e t a i l  

i n  F i g u r e  5 A , t h i s  a s s e m b l y  w h i c h  a l s o  s e r v e d  t o  p r o p e r l y  

a l i g n  t h e  t u b e ,  c o n s i s t e d  o f  a  t w o - p i e c e  s l e e v e  ( J )  a n d  (K) 

s u p p o r t i n g  a r i n g  (H) s p l i t  I n  h a l f  a n d  a r u b b e r  g a s k e t  ( L ) «  

The s p l i t  r i n g  w as  m ade  w i t h  a n  i n s i d e  d i a m e t e r  o f  a p p r o x 

i m a t e l y  0 * 0 2 0  I n c h e s  g r e a t e r  t h a n  t h e  d i a m e t e r  o f  t h e  

e x p e r i m e n t a l  t u b e ,

I fh en  p r e s s u r e  w a s  a p p l i e d ,  t h e  t h i c k e n e d  c o l l a r  o f  

t h e  t u b e  was r e s t r a i n e d  f r o m  m o v i n g  u p w a r d  b y  m e a n s  o f  

l e a t h e r  g a s k e t  ( b ) ,  s t e e l  r i n g  (C ) ,  r u b b e r  g a s k e t  ( D ) ,  

s t e e l  w a s h e r  ( E ) , s t e e l  g l a n d  ( F ) ,  a n d  s t e e l  r e t a i n i n g  

h e a d  ( G ) .  By t u r n i n g  dow n t h e  r e t a i n i n g  h e a d  t h e  g l a n d  

a n d  w a s h e r  c o m p r e s s e d  t h e  r u b b e r  g a s k e t  f o r m i n g  a m e r c u r y  

t i g h t  s e a l *  The w a s h e r  w as  m a c h i n e d  t o  a n  i n s i d e  d i a m e t e r  

s i m i l a r  t o  t t i a t  o f  t h e  s p l i t  r i n g  w h i l e  a l l  o t h e r  s t e e l  

p i e c e s  w e r e  m a c h i n e d  t o  a  0 * 0 0 4  i n c h  t o l e r a n c e  w i t h  t h e  

c o m p r e s s o r  b l o c k  w a l l  a n d  m e r e l y  a  v e r y  l o o s e  f i t  i n s i d e  

d i a m e t e r *  The r u b b e r  g a s k e t s  w e r e  m a c h i n e d  f r o m  l a b o r a t o r y  

r u b o e r  s t o p p e r s  w h i l e  f r o z e n  b y  l i q u i d  n i t r o g e n  a n d  t o  a s  

c l o s e  a f i t  a s  p o s s i b l e *  i ï h l l e  o p e r a t i n g  a t  h i g h e r  p r e s s u r e s  

I t  w as  f o u n d  h e l p f u l  t o  I n s e r t  a n o t h e r  w a s h e r  o f  t e f l o n
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b e t v / e e n  r u b b e r  g a s k e t  (L>) a n d  w a s h e r  ( E )  t o  m i n i m i z e  t h e  

e x t r u s i o n  o f  r u b b e r  a r o u n d  t h e  t u b e .

T h u s  t b e  e n t i r e  a s s e m b l y  s i m p l i f i e d  p r o p e r  a l i g n m e n t  

a n d  e l i m i n a t e d  s h e a r i n g  s t r e s s e s  t o  t h e  e x p e r i m e n t a l  t u b e  

b y  h a v i n g  n o  r i g i d  m e t a l  t o  g l a s s  c o n t a c t .

The C o m p l e t e  A p p a r a t u s

F i g u r e  6 I s  a s c h e m a t i c  d i a g r a m  o f  t b e  e n t i r e  a p p a 

r a t u s  a s  a s s e m b l e d  f o r  u s e .

P r e s s u r e  was a p p l i e d  t o  t h e  s a n i p l e  h y d r a u l l c a l l y  b y  

m e a n s  o f  m e r c u r y  a n d  o i l  a n d  r e g u l a t e d  c h i e f l y  b y  t h e  o i l  

c o m p r e s s o r  p i s t o n .  The o i l  b o o s t e r  pump a n d  t h e  m e r c u r y  

c o m p r e s s o r  p i s t o n  w e r e  u s e d  t o  r e g u l a t e  t h e  p r o p e r  q u a n t i 

t i e s  o f  t h e  r e s p e c t i v e  h y d r a u l i c  f l u i d s .  T h i s  a d j u s t m e n t  

was m a d e  d u r i n g  t h e  I n s e r t i o n  o f  t h e  e x p e r i m e n t a l  t u b e  

i n t o  t h e  c o m p r e s s o r  b l o c k .  The p r o p e r  a m o u n t  o f  m e r c u r y  

o r  o i l  t o  b e  a d d e d  o r  r e  . lo v e d  w a s  d e t e r m i n e d  b y  a  m a x lm u m -  

m ln lm u m  m e r c u r y  l e v e l  I n d i c a t o r  o r i g i n a l l y  c o n s t r u c t e d  b y  

H o e k e l m a n  ( 1 2 ) ,  The m e r c u r y  l e v e l  I n d i c a t o r  c o n s i s t e d  o f  

a  w e l l  m a d e  o f  m i l d  s t e e l  I n t o  w h i c h  w a s  I n s e r t e d  t w o  l o w  

v o l t a g e  p r o b e s  o p e r a t i n g  f r o m  a n  0A4 v a c u u m  t u b e  t o  c o n t r o l  

a  r e l a y  t o  tw o  I n d i c a t i n g  l a m p s .  T he  l e v e l  i n d i c a t o r  a l s o  

s e r v e d  a s  a w a r n i n g  d e v i c e  f o r  l e a k s  i n  t h e  s y s t e m  w h i c h  

w e r e  n o t  o b s e r v a b l e  o t h e r w i s e .

The p r e s s u r e  I n  t h e  s y s t e m  w a s  I n d i c a t e d  b y  a b o u r d o n  

p r e s s u r e  g a u g e  w i t h  a r a n g e  o f  z e r o  t o  5 0 0 0  p a l .  The g a u g e
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was c a l i b r a t e d  (A p p e n d ix  A) p e r i o d i c a l l y  a n d  f o u n d  t o  b e  

w e l l  w i t h i n  i t s  c l a i m e d  a c c u r a c y  o f  t  0 . 1  p e r  c e n t  o f  tb e  

f u l l  s c a l e  r e a d i n g .  A l t h o u g h  t h e  s m a l l e s t  s c a l e  d e v i s i o n  

was 5 p s i ,  r e p e a t e d  p o i n t  c a l i b r a t i o n s  d u r i n g  t h e  e n t i r e  

e x p e r i m e n t a l  p r o g r a m  s h a v e d  t h a t  a n  u l t i m a t e  a c c u r a c y  o f  

1 1 p s i  was r e a d i l y  o b s e r v a b l e .

The dead  w e i g h t  g au g e  t e s t e r  was made a p a r t  o f  t h e  

a p p a r a t u s  i n  o r d e r  t o  c h e c k  n o t  o n l y  f o r  p e r m a n e n t  s e t  o f  

t b e  b o u rd o n  t u b e  b u t  a l s o  f o r  h y s t e r e s i s  e f f e c t s .

I n  F i g u r e  6 t h e  e x p e r i m e n t a l  t u b e  i s  shown s u r r o u n d e d  

by  a v a p o r  t h e r m o s t a t .  The p r e s s u r e  w i t h i n  t h e  J a c k e t  and  

t h u s  t h e  t e m p e r a t u r e  o f  t h e  c o n d e n s i n g  v a p o r ,  was c o n t r o l l e d  

b y  means of  s t o p c o c k s  w h ic h  a l l o w e d  a i r  to  e n t e r  i n t o  o r  

be e v a c u a t e d  f ro m  t h e  v a p o r  t h e r m o s t a t  s y s t e m .  D u r i n g  th e  

c o u r s e  o f  the e x p e r i m e n t  i t  was f o u n d  n e c e s s a r y  t o  u s e  

o n l y  two d i f f e r e n t  b o i l i n g  f l u i d s ,  i . e . ,  d i p h e n y l  e t h e r  

f o r  th e  t e m p e r a t u r e  r a n g e  200®C t o  250°C and m e r c u r y  f o r  

t h e  r a n g e  250®C t o  3 5 4 ®C. B ecause  o f  t h e  t o x i c i t y  of  

m e r c u r y  v a p o r s  t h e  t h e r m o s t a t e d  t u b e  was m o u n te d  i n  a 

v e n t i l a t e d  h o o d  and  t h e  m e r c u r y  h e a t e d  w i t h  a s m a l l  b u n s e n  

b u r n e r  •

Tbe t e m p e r a t u r e  was m e a s u r e d  b y  m eans  o f  an  i r o n -  

c o n s t a n t  an  t h e r m o c o u p l e  i n  c o n j u n c t i o n  w i t h  a p o t e n t i o m e t e r  

w h ich  c o u l d  d e t e c t  r e a d i l y  a t e m p e r a t u r e  c h a n g e  o f  0 .02® C, 

The t e m p e r a t u r e  m a i n t a i n e d  b y  t h e  t h e r m o s t a t  a n d  i n d i c a t e d  

b y  t h e  t h e r m o c o u p l e  was e s t i m a t e d  t o  h a v e  t h e  c o n s e r v a t i v e
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a c c u r a c y  o f  1  0 , 0 5 ° C ,  T he  c a l i b r a t i o n  o f  t h e  tbermO“ 
c o u p l e  s y s t e m  I s  d e s c r i b e d  i n  A p p e n d i x  A .

To h a s t e n  t h e  a t t a i n m e n t  o f  e q u i l i b r i u m #  t h e  s a m p l e  

w as  s t i r r e d  b y  m e a n s  o f  a s t e e l  b a l l  i n s i d e  t h e  e x p e r i m e n t a l  

t u b e .  S t i r r i n g  w a s  a c c o m p l i s h e d  b y  m o v i n g  a  l a r g e  p e r m a n e n t  

m a g n e t  m o u n t e d  a t  t h e  t o p  a n d  o u t s i d e  t h e  J a c k e t  a s  s h o w n  

i n  F i g u r e  6 .  The l a r g e  m a g n e t  m o v e d  a n  i r o n  c o r e  i n s i d e  

t h e  v a p o r  J a c k e t  a n d  f r o m  w h i c h  w a s  s u s p e n d e d  a s m a l l  

p e r m a n e n t  m a g n e t  s u r r o u n d i n g  t h e  e x p e r i m e n t a l  t u b e . The 

s m a l l  m a g n e t  m o v e d  t h e  s t e e l  b a l l  t h r o u g h  t h e  s a m p l e .

As a n  a i d  t o  t h e  o b s e r v a t i o n  o f  t h e  p h a s e  c h a n g e s  a  

l i j i t  o f  v a r i a b l e  i n t e n s i t y  w a s  m o u n t e d  b e h i n d  t h e  v a p o r  

J a c k e t  a n d  a  s m a l l  t e l e s c o p e  w a s  m o u n t e d  i n  f r o n t #

D e t a i l s  o f  t h e  c o n s t r u c t i o n  o f  t h e  i n d i v i d u a l  com“ 

p o n e n t s  o f  t h e  a p p a r a t u s  o r  i n  t h e  c a s e  o f  c o m m e r c i a l l y  

a v a i l a b l e  e q u i p m e n t #  t h e  n a m e s  o f  t h e  m a n u f a c t u r e r s #  c a n  

b e  f o u n d  i n  A p p e n d i x  D*

P u r i f i c a t i o n  a n d  P r o p e r t i e s  o f  t h e  C o m p o n e n t s  

The w a t e r  u s e d  i n  t h e  e x p e r i m e n t s  w a s  f r e s h l y  p r e p a r e d  

c o n d u c t i v i t y  w a t e r  o b t a i n e d  f r o m  T h e  O h i o  S t a t e  U n i v e r s i t y  

r e a g e n t s  l a b o r a t o r y  a n d  c o n t a i n e d  l e s s  t h a n  0 . 1  ppm o f  

s o l i d s  a s  s o d i u m  c h l o r i d e .

A l t h o u g h  m e a s u r e m e n t s  o f  t h e  v a p o r  p r e s s u r e  o f  d e -  

g a s s e d  s a m p l e s  o f  w a t e r  w e r e  m a d e #  t h e y  w e r e  u s e d  a s  a  

g u i d e  t o w a r d  l e a r n i n g  t h e  p r o p e r  m a n i p u l a t i o n  of  t h e  

a p p a r a t u s  b y  c o m p a r i n g  t h e  r e s u l t s  w i t h  t h e  " S t e a m  T a b l e s "
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o f  K een an  an d  K ey es  ( 1 9 ) ,  I n  o t h e r  w o r d s , t h e  s a m p le  

p u r i t y  and  t h e  "S team  T a b l e s "  w e r e  c o n s i d e r e d  a s t a n d a r d  

f o r  t h e  e x p e r i m e n t ,  A d e v i a t i o n  of  t h e  m e a s u r e d  v a p o r  

p r e s s u r e  o f  w a t e r  f ro m  t h e  s t a n d a r d  was i n d i c a t i v e  o f  t h e  

a c c u r a c y  a n d  a m o u n te d  t o  ± 1 p s i .

The b e n z e n e  u s e d  was p r e p a r e d  f r o m  one l i t e r  o f  

b a k e r ' s  rea^^en t  g r a d e  b e n z e n e  w h ic h  c a r r i e d  t h e  A . O .S .  

s p e c i f i c a t i o n  a p p r o v a l .  The b e n z e n e  was t w i c e  r e c t i f i e d  

f ro m  p h o s p h o r o u s  p e n t o x i d e  i n  a s i x - f o o t  p a c k e d  co lum n 

u s i n g  a 20  t o  1 r e f l u x  r a t i o .  A p p r o x i m a t e l y  t h e  m i d d l e  

h a l f  c u t  was t a k e n  e a c h  t i m e  a s  p r o d u c t .  S e v e r a l  p u r e  

d e g a s s e d  s a m p l e s  o f  b e n z e n e  w e r e  p r e p a r e d  an d  t h e i r  v a p o r  

p r e s s u r e s  to  t h e  c r i t i c a l  p o i n t  m e a s u r e d .  The v a l u e s  o f  

t h e  c r i t i c a l  t e m p e r a t u r e  and  c r i t i c a l  p r e s s u r e  w e re  

2 8 8 , 7°C and  710  p s i a ,  r e s p e c t i v e l y ,  a s  co m p a re d  w i t h  

2 8 8 , 7®C and  7 0 9 , 2  p s l a , r e s p e c t i v e l y ,  f r o m  t h e  work  o f  

Nev e n a  ( 2 5 ) ,

L o a d in g  t h e  E x p e r i m e n t a l  Tube

The l o a d i n g  of a s a m p le  was b a s i c a l l y  a h i g h  vacuum 

d e g a s s i n g  o p e r a t i o n  f o l l o w e d  b y  t h e  q u a n t i t a t i v e  t r a n s f e r  

o f  t h e  c o m p o n e n t s ,  b e n z e n e  a n d  w a t e r ,  i n  t h e  v a p o r  p h a s e  

i n t o  t h e  e x p e r i m e n t a l  t u b e .  The g l a s s  a p p a r a t u s  u s e d  was 

t h a t  o f  Kay ( l 8 )  a n d  i s  shown i n  F i g u r e  7 ,

W i th  a n  e x p e r i m e n t a l  t u b e  c o n t a i n i n g  a h a i r  c a p i l l a r y  

p r o b e  m o u n te d  on t h e  a p p a r a t u s  a t  ( D ) ,  t h e  e n t i r e  s y s t e m
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w as  e v a c u a t e d  b y  m e a n s  o f  a m e c h a n i c a l  v a c u u m  pump i n  

a e r i e s  w i t h  a m e r c u r y  d i f f u s i o n  pum p t o  l e s s  t h a n  0 . 1  

m i c r o n  o f  m e r c u r y  p r e s s u r e .  * f i t h  a  v a c u u m  t i g h t  s y s t e m  

a s s u r e d ,  b u l b  ( G) c o n t a i n i n g  a b o u t  3  c c  o f  b e n z e n e  w as 

f i x e d  t o  t h e  a p p a r a t u s  b y  m e a n s  o f  a m e r c u r y  s e a l e d  

t a p e r e d  g l a s s  j o i n t . The b e n z e n e  w a s  f r o z e n  w L th  a  c o l d  

t r a p  c o n t a i n i n g  d r y  i c e  a n d  a c e t o n e  a n d  t h e  b u l b  e v a c u a t e d .  

A f t e r  c l o s i n g  v a l v e  ( h ) ,  t h e  c o l d  t r a p  w as  m o v e d  t o  b u l b  

( J )  c a u s i n g  t h e  b e n z e n e  t o  t r a n s f e r  b y  a s i m p l e  d i s t i l l a t i o n  

p r o c e s s .  U p o n  c o m p l e t i o n  o f  t h e  t r a n s f e r ,  t h e  s y s t e m  w as  

a g a i n  p u m p e d  f r e e  o f  a l l  l i b e r a t e d  g a s e s .  T h e r e a f t e r  t h e  

b e n z e n e  w as  a l t e r n a t e l y  t r a n s f e r r e d  b e t w e e n  b u l b s  (H) a n d  

( J )  a n d  p u m p e d  f r e e  o f  n o n c o n d e n s a b l e  g a s .  T h i s  o p e r a t i o n  

w a s  c o m p l e t e d  s i x  t i m e s .

The w a t e r  w as  d e g a s s e d  s i m u l t a n e o u s l y  w i t h  t h e  b e n z e n e  

b y  a d i f f e r e n t  p r o c e d u r e .  B u l b  ( F )  c o n t a i n i n g  a b o u t  5  c c  

o f  w a t e r  was m o u n t e d  on  t h e  a p p a r a t u s  i n  p l a c e  o f  b u l b  ( G ) .  

D u r i n g  t h e  t r a n s f e r  o p e r a t i o n  o f  t h e  b e n z e n e  b e t w e e n  

b u l b s  (H) a n d  ( j )  t h e  r e m a i n d e r  o f  t h e  s y s t e m  i n c l u d i n g  

t h e  b u l b  c o n t a i n i n g  t h e  w a t e r  w as  e v a c u a t e d .  A d r y  i c e -  

a c e t  o n e  c o l d  t r a p  w as  u s e d  t o  f r e e z e  t h e  wa b e r  a n d  h o l d  i t  

u n d e r  h i g h  v a c u u m *  T h e n  w h i l e  t h e  b e n z e n e  b u l b s  w e r e  b e i n g  

p u m p e d ,  t h e  c o l d  t r a p  w a s  r e m o v e d  f r o m  t h e  w a t e r  b u l b  a n d  

t h e  i c e  a l l o w e d  t o  m e l t .  Jfhen t h e r e  w a s  n o  v i s i b l e  b o i l i n g  

o f  t h e  l i q u i d  w a t e r  u p o n  o p e n i n g  t h e  s t o p c o c k  ( F )  t o  h i g h  

v a c u u m ,  t h e  w a t e r  was a s s u m e d  t o  b e  c o m p l e t e l y  d e g a s s e d .
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U p o n  c o m p l e t i o n  o f  t h e  d e g a s s i n g  o p e r a t i o n  t h e  

m e a s u r i n g  c a p i l l a r y  (E )  a n d  t h e  e x p e r i m e n t a l  t u b e  w e re  

p u r g e d  a n d  r i n s e d  w i t h  l i q u i d  b e n z e n e *  The b e n z e n e  i n  

I m l b  (H) w as  a l l o w e d  t o  m e l t  a n d  v a p o r s  w e r e  c o n d e n s e d  i n  

t h e  two c a p i l l a r i e s  w i t h  a n  i c e  w a t e r  t r a p .  J i t h  t h e  

p r o p e r  a d j u s t m e n t  o f  s t o p c o c k s  a n d  t h e  s o u r c e  o f  b e n z e n e  

r e f r o z e n  t h e  c a p i l l a r i e s  w e r e  pum ped  d r y *  The p u r g e  

b e n z e n e  was c o l l e c t e d  a t  t h e  l i q u i d  n i t r o g e n  t r a p  ( C ) .

T h i s  o p e r a t i o n  was r e p e a t e d  f o u r  t i m e s *

The a c t u a l  p r e p a r a t i o n  o f  t h e  e x p e r i m e n t a l  s a m p l e  

f o l l o v / e d .  The m e a s u r i n g  c a p i l l a r y  w h i c h  h a d  b e e n  p r e v i 

o u s l y  c a l i b r a t e d  ( A p p e n d i x  A) w as  f i r s t  p a r t i a l l y  f i l l e d  

w i t h  l i q u i d  b e n z e n e  a n d  a l l o w e d  t o  come t o  a n  a r b i t r a r y  

b u t  c o n s t a n t  t e m p e r a t u r e  o f  a c o l d  w a t e r  b a t h *  The 

b e n z e n e  was t h e n  e v a p o r a t e d  t o  a p r e d e t e r m i n e d  l e v e l *

A f t e r  l i q u i d  a n d  v a p o r  e q u i l i b r i u m  v/as e s t a b l i s h e d ,  t h e  

l e n g t h  o f  t h e  l i q u i d  f i l l e d  c a p i l l a r y  was m e a s u r e d  b y  

m eans  o f  a  c a t h e t o m e t e r  r e a d i n g  t o  t  0 * 0 5  mm* The b e n z e n e  

was t h e n  q u a n t i t a t i v e l y  t r a n s f e r r e d  t o  t h e  e x p e r i m e n t a l  

t u b e  t r a p p e d  w i t h  l i q u i d  n i t r o g e n *

By m e an s  o f  a s i m i l a r  p r o c e d u r e  a n  e x a c t  q u a n t i t y  o f  

w a t e r  v/as m e a s u r e d  a n d  t r a n s f e r r e d  t o  t h e  e x p e r i m e n t a l  

t u b e .  by  r o t a t i n g  b u l b  (L)  m e r c u r y  was p o u r e d  t h r o u g h  t h e  

h a i r  c a p i l l a r y  p r o b e  d i s p l a c i n g  u p w a r d  a l l  t h e  r e m a i n i n g  

s p a c e  i n  t h e  e x p e r i m e n t a l  t u b e *  The t u b e  w as  i m m e d i a t e l y  

r e m o v e d  f r o m  t h e  l o a d i n g  a p p a r a t u s  a n d  w i t h  t h e
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b m l r  c a p i l l a r y  r a m o v a d  m o u n t e d  i n  t h e  c o m p r e s s o r  b l o c k .

F r o m  t h e  m e a s u r e m e n t s  o f  t h e  l e n g t h  a n d  t h e  t e m p e r a 

t u r e  t h e  v o l u m e  o f  l i q u i d  o f  e a c h  c o m p o n e n t  w a s  d e t e r m i n e d .  

To t h e s e  v o l u m e s  w e r e  a d d e d  t h e  e q u i v a l e n t  l i q u i d  v o l u m e  

o f  e a c h  c o m p o n e n t  c o n t a i n e d  I n  t h e  m e a s u r i n g  c a p i l l a r y  a s  

v a p o r  ( A p p e n d i x  B ) .  I n  g e n e r a l ,  t h e  o v e r a l l  s i z e  o f  t h e  

s a m p l e  w a s  0 . 0 3 6  c c .  T h i s  s i z e  s a m p l e  w a s  s u f f i c i e n t l y  

l a r g e  f o r  t h e  o b s e r v a t i o n  o f  d e n s e  p h a s e  c h a n g e s  a n d  a t  

t h e  s a m e  t i m e  d i d  n o t  s e r i o u s l y  l i m i t  t h e  n u m b e r  o f  

o b s e r v a t i o n s  o f  p h a s e s  c h a n j^ e s  o f  l o w  d e n s i t y ,  i f i t h  t h e  

s a m p l e  s i z e  f i x e d  t h e  l i m i t  o f  a c c u r a c y  o f  t h e  n u m e r i c a l  

v a l u e  o f  c o m p o s i t i o n  w as  1  0 . 0 0 2  w e i g h t  f r a c t i o n .

E x p e r i m e n t a l  P r o c e d u r e

W i t h  t h e  e x p e r i m e n t a l  t u b e  c o n t a i n i n g  a s a m p l e  o f  

know n c o m p o s i t i o n  m o u n t e d  I n  t h e  c o m p r e s s o r  b l o c k  a n d  w i t h  

t h e  v a p o r  J a c k e t  a n d  s t i r r i n g  r i g  c o m p l e t e l y  a s s e m b l e d ,  

h e a t  w as  a p p l i e d  a n d  t h e  t h e r m o s t a t i c  f l u i d  a l l o w e d  t o  

b o l l  f o r  a  p e r i o d  o f  a b o u t  o n e  h o u r  p r i o r  t o  m a k i n g  a c t u a l  

m e a s u r e m e n t s .  H a v i n g  e s t a b l i s h e d  a c o n s t a n t  t e m p e r a t u r e  

t h e  s a m p l e  w as  c o m p r e s s e d  u n t i l  a  s e c o n d  o r  t h i r d  p h a s e  

e i t h e r  a p p e a r e d  o r  d i s a p p e a r e d .  I n  m o s t  i n s t a n c e s  i t  w a s  

e a s i e r  t o  e s t a b l i s h  t h e  p o i n t  o f  p h a s e  c h a n g e  b y  c o m p r e s s i o n  

r a t h e r  t h a n  d e c o m p r e s s i o n  o f  t h e  s a m p l e  w i t h  o n e  n o t a b l e  

e x c e p t i o n ,  n a m e l y ,  o b s e r v a t i o n s  m ade  i n  t h e  l a r g e  r e t r o 

g r a d e  a r e a s .
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F o r  e a c h  o b s e r v e d  p o i n t  t h e  E M F  o f  t h e  t h e r m o 

c o u p l e  ,  t h e  p r e s s u r e  r e a d i n g  o f  t h e  g a u g e ^  a n d  t h e  l e v e l  

o f  t h e  m e r c u r y  c o l u m n  i n  t h e  e x p e r i m e n t a l  t u b e  w e r e  

r e c o r d e d .  A m o d e l  d a t a  s h e e t  w a s  d e v i s e d  i n  o r d e r  t o  

s i m p l i f y  t h e  a p p l i c a t i o n  o f  c o r r e c t i o n s  t o  t h e s e  b a s i c  

m e a s u r e m e n t s .  S how n i n  T a b l e  I I  i s  a  s a m p l e  o f  t h i s  d a t a  

s h e e t  on w h i c h  a r e  i n d i c a t e d  b y  a s t e r i s k s  t h e  p r i m a r y  

m e a s u r e m e n t s  •

T he  s i g n i f i c a n c e  o f  t h e  i t e m s  i n  t h e  t a b l e  a r e  a s  

f o l l o w s  t

* 1 .  The E itt F g e n e r a t e d  b y  t h e  t h e r m o c o u p l e .

2 .  The d e v i a t i o n  o f  t h e  a c t u a l  £  M F  o f  t h e  t h e n n o -  
c o u p l e  f r o m  t h e  r e f e r e n c e  c h a r t  ( A p p e n d i x  A ,  
F i g u r e  1 4 )  a s  d e t e r m i n e d  b y  s t a n d a r d i s a t i o n .

3*  The v a l u e  o f  E M F  on  t h e  c h a r t  f r o m  w h i c h  t o  
r e a d  t h e  c o r r e s p o n d i n g  t e m p e r a t u r e .

4 .  The v a l u e  o f  t h e  t e m p e r a t u i e  a s  i n d i c a t e d  b y  
t h e  n e a r e s t  0 . 1  m i l l i v o l t  ( A p p e n d i x  A ,  T a b l e  V I ) .

5 .  The i n t e r p o l a t e d  f r a c t i o n  o f  t e m p e r a t u r e .

6 .  The t r u e  t e i q p e r a t u r e  o f  t h e  t h e r m o s t a t .

* 7 .  The h e i g h t  o f  t h e  m e r c u r y  m e n i s c u s  i n  t h e  e x p e r 
i m e n t a l  t u b e  a b o v e  a n  a r b i t r a r y  d a t u m  p l a n e  n e a r  
t h e  b a s e  o f  t h e  c o m p r e s s o r  b l o c k .

8 .  A c o n s t a n t  c o r r e c t i o n  f o r  t h e  d i f f e r e n c e  i n  
h y d r o s t a t i c  h e a d  b e t w e e n  t h e  d a t u m  p l a n e  n e a r  
t h e  b a s e  o f  t h e  c o m p r e s s o r  b l o c k  a n d  t h e  c e n t e r  
o f  t h e  b o u r d o n  t u b e  i n  t h e  p r e s s u r e  g a u g e .

9 .  The c o n t r i b u t i o n  t o  t h e  p r e s s u r e  i n d i c a t e d  o n  
t h e  g a u g e  b y  h y d r o s t a t i c  h e a d .  Sum o f  7 a n d  8 .

1 0 .  The c o n t r i b u t i o n  t o  t h e  p r e s s u r e  i n d i c a t e d  o n  
t h e  g a u g e  d u e  t o  t h e  v a p o r  p r e s s u r e  o f  m e r c u r y  
i n  t h e  e x p e id n e n t  a l  t u b e .
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1 1 .  a n d  The a c c u m u l a t e d  n e g a t i v e  c o r r e c t i o n  t o  a p p l y
1 2 .  t o  t h e  g a u g e  r e a d i n g .  Sum o f  9  a n d  1 0 ,

* 1 3 .  The a c t u a l  r e a d i n g  on t h e  g a u g e .

1 4 .  A d e v i a t i o n  c o r r e c t i o n  t o  a p p l y  t o  t h e  g a u g e  
d e t e r m i n e d  by c a l i b r a t i o n .  { A p p e n d ix  A ,  F i g u r e  13 )

1 5 .  The t r u e  g a u g e  p r e s s u r e ,

* 1 6 .  The b a r o m e t r i c  p r e s s u r e .

1 7 .  The a b s o l u t e  p r e s s u r e  a t  t h e  g a u g e .  Sum o f  15
a n d  1 6 .

1 8 .  The a b s o l u t e  p r e s s u r e  e x e r t e d  b y  t h e  s a m p l e .  Sum 
o f  17 a n d  1 2 .

T h e se  d a t a  ( A p p e n d ix  C) w e r e  p l o t t e d  on a l a r g e  g r a p h  

w h i l e  t h e y  w e re  a e l n g  t a k e n  I n  o r d e r  to  t e s t  I m m e d i a t e l y  

t h e i r  c o n s i s t e n c y  a n d  t o  e s t a b l i s h  t h e  d i r e c t i o n  o f  t h e  

p a r t i c u l a r  p h a s e  b o u n d a r y  u n d e r  o b s e r v a t i o n .  The t i m e  

r e q u i r e d  t o  c o r r e c t  a n d  p l o t  a d a tu m  p o i n t  w as  u s u a l l y  

s u f f i c i e n t  t i m e  to  e s t a b l i s h  a new t e m p e r a t u r e  l e v e l  I n  

t h e  t h e r m o s t a t . No g e n e r a l  r u l e  w as  f o l l o w e d  I n  d e t e r m i n 

i n g  the s i z e  o f  t h e  I n c r e n s n t  of  t h e  t e m p e r a t u r e  c h a n g e  

f ro m  p o i n t  t o  p o i n t .



TABL£ I l s  S a m p l e  U a t a  S h e e t  

C o r r e c t e d  d a t a  o n  S a m p l e  N u m b e r  9

O b s e r v a t i o n  N o .  4 3 8

» 1 .  O b s e r v e d  EMP ( m . v . )  1 8 . 2 2 8
2 .  "  c o r r e c t i o n  - . 0 4 2
3 .  C h a r t  KifiP 1 8 . 2 7 0
4 .  %/hole d e g r e e s  3 3 4 . 0 6
5 .  F r a c t i o n a l  d e g r e e s  1 . 2 6
o .  T e m p e r a t u r e  ^C 3 3 5 . 3

P r e s s u r e

* 7 .  R e l a t i v e  E g  h e a d  (mm) 5 9 6
8 .  -  r e f e r e n c e  c o r r e c t i o n  9 7
9 .  H y d r o s t a t i c  h e a d  4 9 9

1 0 .  Hg v a p o r  p r e s s u r e  (mm) 5 0 9
1 1 .  T o t a l  n e g a t i v e  c o r r e c t i o n  (mm) 1 0 0 8
1 2 .  T o t a l  n e g a t i v e  c o r r e c t i o n  ( p s l ) 1 9 . 5

* 1 3 .  J a u g e  r e a d i n g  ( p a l ) 2 5 5 0
1 4 .  -  c o r r e c t i o n  O
1 5 .  G a u g e  p r e s s u r e  ( p s l g  ) 2 5 5 0

* 1 6 .  B a r o m e t r i c  p r e s s u r e  ( p s l a )  1 4 . 4
1 7 .  A b s o l u t e  p r e s s u r e  ^  g a u g e  ( p s l a )  2 5 6 4 . 4
1 8 .  A b s o l u t e  s a n g l e  p r e s s u r e  ( p s l a )  2 5 4 5
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EXPERIMENTAL DATA

T he  p r e s s u r e  e t  t h e  l i q u i d  a n d  v a p o r  p h a s e  b o u n d a r i e s  

o f  f i f t e e n  m i x t u r e s  o f  b e n z e n e  a n d  w a t e r  w e r e  d e t e r m i n e d  

w i t h i n  t h e  t e m p e r a t u r e  r a n g e  f r o m  200®C t o  3 5 7 ° C .  The 

s m o o t h e d  d a t a  f o r  I n c r e m e n t s  o f  1 0 0  p s l  o f  p r e s s u r e  f o r  

t w e l v e  o f  t h e  m i x t u r e s  a n d  f o r  t h e  t h r e e - p h a s e  c u r v e  a r e  

p r e s e n t e d  I n  T a b l e  I I I .  The sam e  s m o o t h e d  d a t a  f o r  I n c r e 

m e n t s  o f  5°C  o f  t e m p e r a t u r e  a r e  p r e s e n t e d  I n  T a b l e  I V ,

A l s o  i n d i c a t e d  I n  t h e s e  t a b l e s  a r e  t h e  v a l u e s  o f  t h e  

u n i q u e  s t a t e s  o f  e a c h  m i x t u r e  n o t e d  a s  f o l l o w s :  t h e  v a p o r 

i z a t i o n  c r i t i c a l  p o i n t  (VC) ,  t h e  maximum t e m p e r a t u r e  f o r  

t h e  c o e x i s t e n c e  o f  v a p o r  a n d  l i q u i d  ( V L - T ^ ) ,  t h e  maximum 

p r e s s u r e  f o r  t h e  c o e x i s t e n c e  o f  v a p o r  a n d  l i q u i d  ( V L - P ^ ) ,  

t h e  maximum t h r e e - p h a s e  t e m p e r a t u r e  a n d  p r e s s u r e  ( 3 p ^ ) ,  a n d  

t h e  maximum t e m p e r a t u r e  f o r  tw o  l i q u i d  p h a s e s  ( 2 L - T ^ j ) ,

A l l  v a l u e s  o f  t h e  t h r e e - p h a s e  c u r v e  a n d  I t s  e x t e n s i o n  

a r e  common t o  a l l  m i x t u r e s  f o r  t e m p e r a t u r e s  a n d  p r e s s u r e s  

b e l o w  th e  v a l u e s  I n d i c a t e d  a s  t h e  maximum t h r e e - p h a s e  

t e m p e r a t u r e  a n d  p r e s s u r e  (3p^^) o r  I n d i c a t e d  a s  t h e  maximum 

t e m p e r a t u r e  f o r  two l i q u i d  p h a s e s  ( 2 L - T ^ } «

The v a l u e s  I n  t h e  t a b l e s  m a r k e d  w i t h  a n  a s t e r i s k  a r e  

e x t r a p o l a t e d  v a l u e s .  The r a w  d a t a  f o r  e a c h  m i x t u r e  a r e  

g i v e n  I n  A p p e n d i x  C ,  T a b l e  VDCl. I n c l u d e d  i n  t h e  A p p e n d i x  C ,  

T a b l e  I X ,  a r e  a s e r i e s  o f  o b s e r v a t i o n s  I n  t e m p e r a t u r e  a n d  

p r e s s u r e  w h i c h  r e p r e s e n t  p o i n t s  w h e r e  t h e  r e f r a c t i v e  I n d e x

—29—
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f o r  two l i q u i d  p h a s e s  was t h e  s a m e .

V a p o r  p r e s s u r e s  o f  t h e  p u r e  c o m p o n e n t s  w e r e  a l s o  

m e a s u r e d  tout w e re  u s e d  p r i m a r i l y  a s  a c h e c k  on t h e  e x p e r i 

m e n t a l  p r o c e d u r e  a s  e x p l a i n e d  i n  t h e  p r e v i o u s  s e c t i o n .



TABLE I I I ; The P r e s s u r e - T a m p e r a t u r e  R e l a t i o n s  a t  t h e  P h a s e  
b o u n d a r i e s  o f  t h e  S y s t e m  b e n z e n e - # a t e r  

a t  E q u a l  I n t e r v a l s  o f  P r e s s u r e

P r e s s u r e Temp. P r e s s u r e Temp .
p s l a OQ p s l a oc

A l l  c o m p o s i t i o n s :  3 - p h a s e C o m p o s i t i o n : 5 . 3  w t ^  w a t e r
a n d e x t e n s i o n s

300 1 8 0 . 7 108 5 2 7 5 . 2  VL“ T„
400 1 9 5 . 6 1 1 0 0 2 7 3 . 0  “
500 2 0 6 . 7 1115 2 7 2 . 7
600 2 1 6 . 8 1127 2 7 2 . 2  VC
700 2 2 5 . 7 1140 2 7 1 . 5
800 2 3 3 . 8 1150 2 7 0 . 3  VL-Pm
900 2 4 1 . 1 1125 2 6 6 . 0

1 0 0 0 2 4 7 . 7 11 0 0 2 6 3 . 6
11 0 0 2 5 3 . 0 1 0 0 0 2 5 4 . 7
1200 2 5 9 . 3 900 2 4 5 . 1
1300 2 6 4 . 6 800 2 3 5 . 2
1 364 2 6 8 . 3  VC 7 2 0 2 2 7 . 5  3 p_
1400 2 6 9 . 8
1 60 0 2 7 4 . 8
1600 2 7 9 . 6 C o m p o s i t i o n : 9 . 4  w t ^  w a t e r
1 700 2 8 4 . 2
180 0 2 8 8 . 8 3 0 0 * 1 9 2 . 6
1900 2 9 3 . 3 4 0 0 * 2 0 9 . 0
2 0 0 0 2 9 7 . 7 5 0 0 * 2 2 2 . 3
2 1 0 0 3 0 1 . 0 6 0 0 * 2 3 3 . 4
2 2 0 0 3 0 3 . 9 7 0 0 # 2 4 3 . 1
2 3 0 0 3 0 6 . 2  2L-Tjn 800 2 5 0 . 9

900 2 5 8 . 7
1 00 0 2 6 5 . 2

P r e s s u r e Temp. 1 1 0 0 2 6 9 . 6
p s l a oc 1150 2 7 0 . 8

1170 2 7 1 . 0  VL-T^
C o m p o s i t i o n :  5 . 3  w a t e r 1 1 8 5 2 7 0 . 7  “

1207 2 6 9 . 7  VC
3 0 0 * 2 0 1 . 2 1215 2 6 9 . 3
4 0 0 * 2 1 7 . 7 1220 2 6 8 . 5  VL-Pjn
5 0 0 * 2 3 0 . 8 1215 2 6 7 . 5
6 0 0 * 2 4 1 . 7 120 0 2 6 5 . 6
7 0 0 * 2 5 1 . 2 1100 2 5 6 . 9
8 0 0 * 2 5 9 . 3 1 0 0 0 2 4 9 . 1
900 2 6 6 . 5 924 2 4 2 . 5  3 Pq,

1000 2 7 1 . 6
1 0 2 5 2 7 2 . 3
1050 2 7 2 . 9

“ 31*
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tablé; I I I  ( c o n t i n u e d )

P r e s s u r e Temp. P r e s s u r e Temp.
p s l a Oc p s i a DC

C o m p o s i t i o n : 1 9 . 4  wtJS» w a t e r C o m p o s i t i o n : 2 9 . 9  w t^  w a t e r
( c o n t i n u e d )

300* 1 8 1 .8
400* 1 9 6 .9 700* 2 3 0 .3
500* 2 0 9 .4 800 2 3 7 .4
600* 2 2 0 .1 900 2 4 4 . 8
700* 2 2 9 .3 1000 2 5 0 . 8
800* 2 3 7 .5 1100 2 5 6 .7
900 2 4 4 . 8 1200 2 6 2 . 3

1000 2 5 1 .1 1300 2 6 7 . 6
1100 2 5 7 . 1 1400 2 7 2 . 6
1200 2 6 2 .5 1500 2 7 7 .1
1300 2 6 6 .9 1600 2 8 1 .1
1322 2 6 7 . 5 1650 2 8 2 .7
1334 2 6 7 . 8  VC-T_ 1665 2 8 3 . 1  VL-T -:
1340 2 6 7 . 6  VL-P® 1670 2 8 2 . 8  2L-T“
1330 2 6 7 . 0  “ 1675 2 8 2 . 4  "
1320 2 6 6 .2 1700 2 8 2 . 1
1300 2 6 6 . 0 1800 2 8 1 . 3
1278 2 6 3 . 5  3 Pqj 1900 2 8 0 . 3

2000 2 7 9 . 4
2100 2 7 8 . 5

C o m p o s i t i o n : 2 5 . 7  w t^  w a t e r 2200 2 7 7 .7
2300 2 7 6 . 8

400* 1 9 7 .7
500* 2 0 9 . 0 C o m p o s i t i o n : 3 6 . 1  wt/b w a t e r
600* 2 1 8 . 6
700* 2 2 7 .4 3 00 * 1 9 2 . 6
800* 2 3 5 .3 4 0 0 * 2 0 7 .1
900* 2 4 2 . 0 500* 2 1 8 .4

1000 2 4 8 . 0 600* 2 2 8 . 6
1100 2 5 3 . 8 70 0 * 2 3 7 .3
1200 2 5 9 . 3 800* 2 4 4 . 9
1212 2 6 0 . 0  A zeo . 900* 2 5 2 . 3
1300 2 6 4 .9 1000 2 5 8 . 7
1350 2 6 7 .2 1100 2 6 4 . 6
1361 2 6 7 . 6  VC 1200 2 7 0 . 3
1355 2 6 7 . 5  3 p_ 1300 2 7 5 . 4rn 1400 2 8 0 . 3

1500 2 8 4 . 8
C o m p o s i t i o n : 2 9 . 9  w t^  w a t e r 1600 2 8 8 . 8

1700 2 9 2 . 5
300* 1 8 6 .8 1800 2 9 5 . 6
400* 2 0 0 . 5 1900 2 9 8 . 2
500* 2 1 1 . 8 2000 2 9 9 . 6  VL-T„
600* 2 2 1 . 6 2015 2 9 9 . 5  ®

m
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TABLE 111 ( c o n t i n u e d )

P r e s s u r e
p s i a

Temp •
Oc

P r e s s u r e
p s i a

Temp.

a m p o s l t l  on : 3 6 . 1  wt% w a t e r C o m p o s i t i o n : 5 0 . 9  wt/0
( c o n t i n u e d ) (con t i n n e d )

2025 2 9 9 .1  VL-P 2400 3 1 6 .1
2015 2 9 8 .4  ™ 2350 3 1 2 .2
1998 2 9 8 . 0 2325 3 1 0 .2
1992 2 9 7 . 5  2L-T„ 

2 9 6 .8
2305 3 0 7 .5

2000 2302 3 0 3 .0
2050 2 9 5 .3 2325 3 0 3 .2
2100 2 9 4 .3 2400 3 0 0 .7
2200 2 9 3 .2 2500 2 9 9 .1
2300 2 9 2 . 5 2600 2 9 8 . 5
2400 2 9 2 .0 2700 2 9 8 . 0
2500 2 9 1 .7 2800 2 9 7 .7
2600
2700

2 9 1 . 3
2 9 1 .2

2900 2 9 7 . 6

o m p o s i t i o n : 5 0 , 9  wt)^ w a t e r C o m p o s i t i o n : 6 4 . 9  wt)6

300* 2 0 4 . 8 3 0 0 * 2 1 0 , 6
400* 2 1 8 .9 400* 2 2 4 . 8
500* 2 3 0 .3 500* 2 3 6 .2
600* 2 4 0 .1 600* 2 4 6 .3
700* 2 4 8 .7 700* 2 5 5 . 8
800* 2 5 6 . 8 800* 2 6 2 .4
900* 2 6 3 , 0 900* 2 6 9 .4

1000* 2 6 9 . 4 1000* 2 7 5 . 9
1100* 2 7 5 .3 1100* 2 8 1 .7
1200* 2 8 0 .5 1200* 2 8 7 . 3
1300 2 8 6 . 1 1300* 2 9 2 .4
1400 2 9 0 . 8 1400* 2 9 7 . 6
1500 2 9 5 .2 1500 3 0 2 .0
1600 2 9 9 .3 1600 3 0 6 .2
1700 3 0 3 .2 1700 3 1 0 .1
1800 3 0 6 .9 1800 3 1 3 .9
1900 3 1 0 .4 1900 3 1 7 . 6
2000 3 1 3 .7 2000 3 2 0 . 8
2100 3 1 6 .7 2100 3 2 4 .2
2200 3 1 9 .4 2200 3 2 7 .2
2300 3 2 0 . 8 2300 3 3 0 .0
2390 3 2 1 . 6  VL-T^ 2400 3 3 2 .5
2425 3 2 1 .4  “ 2500 3 3 4 .5
2443 3 2 0 .4  VL-P„ 

3 1 8 . 0  “
2600 3 3 5 ,9

2425 2650 3 3 6 .2 "m
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TABLE I I I  ( c o n t i n u e d )

P r e s s u r e
p s i a

Temp,
Oc

C o m p o s i t i o n :  6 4 .9  w a t e r  
( c o n t i n u e d )

P r e s s u r e
p s i a

Temp.
Oc

C o m p o s i t i o n :  7 8 . 0  wt/i! w a t e r  
( c o n t i n u e d )

2675 3 3 6 .1 2100 3 3 1 .4
2686 3 3 5 .2  VL"P_ 2200 3 3 4 .7
2675 3 3 3 .7  “ 2300 3 3 7 .7
2600 3 2 8 .8 2400 3 4 0 . 6
2500 3 2 2 .1 2500 3 4 3 .3
2400 3 1 5 .2 2600 3 4 6 .0
2325 3 0 9 .7 2700 3 4 8 .3
2301 3 0 6 .4  2L-T 2800 3 5 0 .1
2325 3 0 3 .5 2890 3 5 1 .0  VL-T]
2400 3 0 1 .0 2920 3 5 0 .4  VL-P,
2500 2 9 9 .2 2918 3 5 0 .0  VC
2600 2 9 8 .3 2900 3 4 8 . 6
2700 2 9 7 .5 2800 3 4 2 .3
2800 2 9 7 . 0 2700 3 3 7 .2
2900 2 9 6 .7 2600 3 3 2 .3

2500 3 2 7 .3
2400 3 2 2 .2

C o m p o s i t i o n : 6 9 .9  w t^  w a t e r 2300 3 1 6 .7
2200 3 1 0 .3

2711 3 3 6 .1  VC 2125 3 0 3 .4
2118 3 0 1 .7  2L-T
2125 3 0 0 .1

C o m p o s i t i  on: 7 8 . 0  w t^  w a t e r 2200 2 9 7 .5
2300 2 9 5 .4

300* 2 1 4 . 0 2400 2 9 4 .4
400* 2 2 8 .1 2500 2 9 3 . 6
500* 2 4 0 .1
600* 2 5 0 .1
700* 2 5 9 .3 C o m p o s i t i o n : 8 8 .3  w t^  wa
800* 2 6 7 .0
900» 2 7 4 .4 2500 3 3 5 .2

1000* 2 8 1 .1 2400 3 3 0 .  6
1100* 2 8 7 .0 2300 3 2 5 .8
1200* 2 9 3 .1 2200 3 2 0 .8
1300* 2 9 8 .2 2100 3 1 5 .4
1400* 3 0 1 .5 2000 3 0 9 .3
1500* 3 0 7 .8 1900 3 0 2 .3
1600* 3 1 2 .6 1800 2 9 3 .4
1700 3 1 7 .2 1763 2 8 7 .5  2L-T,
1800 3 2 0 .9 1775 2 8 5 .7  '
1900 3 2 4 . 6 1800 2 8 4 . 9
2000 3 2 8 .0 1900 2 8 3 . 6

2000 2 8 2 . 8
(3110) (365)  (VC ,

m

m

m



- 3 5 -

TAHLE I I I  ( c o n t i n u e d )

P r e s s u r e  Temp,
p s l a  °C

C o m p o s i t i o n :  9 4 . 0  w t>  w a t e r

2 8 7 5  3 5 7 . 4
2 8 0 0  3 5 4 . 7
2 7 0 0  3 5 1 . 2
2 6 0 0  3 4 7 . 6
2 5 0 0  3 4 4 . 0
2 4 0 0  3 4 0 . 2
2 3 0 0  3 3 7 . 7
2 2 0 0  3 3 2 . 2
2 1 0 0  3 2 7 , 8
2 0 0 0  3 2 3 . 3
1 9 0 0  3 1 8 . 4
1 8 0 0  3 1 2 . 9
1 7 0 0  3 0 6 . 5
1 6 0 0  2 9 9 . 3
1 5 0 0  2 9 1 . 8
1400  2 8 3 . 8
1 3 0 0  2 7 3 . 4
1 2 1 5  2 3 0 . 2  3 p ^



TABLE I V :  The P r e s s u r e -T e m p e r e  t u r e  R e l a t i o n s  a
^ i o u n d a r i e s  o f  t h e S y s t e m  B e n z e n e - f a t e r

E q u a l  I n t e r v a l s  o f  T e m p e r a t u r e

Temp. P r e s s u r e Temp, P r e s  su.
°C p s l a p s i a

A l l  c o m p o s i t i o n s :  3 - p h a s e C o m p o s i t i o n :  5 ,
a n d  e x t e n s i o n ( c o n t i n u e

1 80 2 9 5 2 4 5 * 630
185 3 2 6 2 5 0 * 682
190 36 0 2 5 5 742
1 9 5 395 2 6 0 807
2 0 0 4 3 6 2 65 875
205 48 4 2 7 0 96 3
210 531 2 7 2 1014
2 1 5 5 8 0 2 7 3 1 0 5 5
220 633 2 7 3 , 2 1085
2 2 5 691 2 7 3 1 1 0 0
2 3 0 752 2 7 2 , 2 1 1 2 7
2 3 5 81 6 2 7 1 11 4 7
24 0 885 2 7 0 , 3 1 1 5 0
2 4 5 9 5 8 2 6 8 1 1 4 0
2 5 0 1 0 3 8 2 6 5 1 1 1 5
25 5 1 1 2 3 2 6 0 1 0 6 0
2 6 0 1212 255 1 0 0 3
26 5 13 0 7 2 5 0 9 5 1
2 6 8 , 5 1564  VO 2 4 5 9 0 0
£ 7 0 1 4 0 4 2 4 0 8 4 8
2 7 5 1 5 0 4 2 3 5 7 9 7
2 8 0 1 6 1 0 2 3 0 7 4 5
2 8 5 17 1 6 2 2 7 . 5 7 2 0
2 9 0 1825
29 5 1 9 3 4
3 0 0 2 0 7 0 C o m p o s i t i o n :  9,4
3 0 5 22 40
3 0 6 , 4 2 3 0 2  2 L -T 1 9 5 * 315

2 0 0 * 3 4 3
2 0 5 * 3 7 5

C o m p o s i t i o n :  5 , 3  w t^  w a t e r 2 1 0 * 4 0 9
2 1 5 * 4 4 3

2 0 0 * 28 7 2 2 0 * 4 8 2
2 0 5 * 320 2 2 5 * 522
2 1 0 * 35 1 2 3 0 * 5 6 8
2 1 5 * 3 8 3 2 3 5 * 619
2 2 0 * 4 1 8 2 4 0 673
2 2 5 * 452 2 4 5 7 3 0
2 3 0 * 4 9 5 2 5 0 7 8 8
2 3 5 * 5 3 6 2 5 5 8 5 0
2 4 0 * 582 2 6 0 9 1 9

; t h e  P h a s e  
a t

w a t e r

m

'ra

wt/T> w a t e r

“ 36*
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TABLE IV ( c o n t i n u e d )

Temp. P r e s s u r e Temp. P r e s s u r e
p s l a Oc p s l a

C o m p o s i t i o n s  9 . 4  w t>  w a t e r C o m p o s i t i o n s  1 9 . 4  wt/»
( c o n t i n u e d ) ( c o n t i n u e d )

26 6 996 265 1300
27 0 11 1 6 2 6 3 . 5 12 7 8  3 Pm
2 7 1 , 0 1170  VL-T_
2 7 0 . 5 11 9 0  “
2 6 9 . 7 1207  VC C o m p o s i t i o n ;  2 5 . 7  wt%
2 6 9 . 5 1211
26 9 1217 2 0 0 * 417
2 6 8 . 5 1220  VL-P^ 2 0 5 * 462
2 6 8 1 2 1 9  ^ 2 1 0 * 510
2 6 5 11 9 3 2 1 5 * 561
260 113 6 2 2 0 * 615
255 1075 2 2 5 * 671
250 1011 2 3 0 * 732
245 952 2 3 5 * 797
2 4 2 . 5 924 3 p „ 2 4 0 * 869

24 5 947
250 1031

C o m p o s i t i o n ;  1 9 . 4  wtjt> w a t e r 2 5 5 112 0
2 6 0 1212  Azeo

180 * 2 9 0 265 1303
1 8 5 * 320 2 6 6 13 2 0
190 * 353 267 1 3 3 8
1 9 5 * 388 26 8 1 3 5 6
2 0 0 * 419 2 6 8 . 3 1 3 6 1  VC
2 0 5 * 46 3
2 1 0 * 50 5
2 1 5 * 551 C o m p o s i t i o n s  2 9 . 9  w t ^
2 2 0 * 598
2 2 5 * 652 1 9 0 * 3 2 0
2 3 0 * 708 1 9 5 * 36 0
2 3 5 * 769 2 0 0 * 39 5
2 4 0 835 2 0 5 * 43 8
2 4 5 903 2 1 0 * 483
2 5 0 981 2 1 5 * 531
256 1063 2 2 0 * 583
2 6 0 1150 2 2 5 * 640
2 6 5 1255 2 3 0 * 698
26 7 130 5 235 762
2 6 7 . 5 1322 24 0 828
2 6 7 , 8 1334  VC-T„ 245 90 6
2 6 7 1330  “ 2 5 0 985
2 6 6 13 1 6 25 5 107 0

w a t e r
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TABLE IV ( c o n t i n u e d )

Temp, P r e s s u r e
p s i a

C o m p o s i t i o n :  2 9 . 9  
( c o n t i n u e d )

wt/a w a t e r

Temp. P r e s s u r e
°C p s i a

C o m p o s i t i o n :  3 6 , 1  
( c o n t I n u e d )

w t^  w a t e r

260 1158 2 9 9 , 1 2025  VL-P-, 
2022265 1250 2 9 8 . 8

270 1346 2 9 8 . 6 2018
275 1452 2 9 8 . 4 2015
280 1572 2 9 8 . 2 2006
2 8 3 , 1 2 9 8 , 0 1998
2 8 2 , 8 2 9 7 . 5 1992 2L-T_ 

19972 8 2 , 5 1674 297
282 1710 296 2025
281 1830 294 2133
280 1938 292 2405
277 2275

C o m p o s i t i o n :  5 0 , 9  w t^
C o m p o s i t i o n :  3 6 , 1  wt/a w a t e r

2 0 5 * 297
195* 315 2 1 0 * 331
200* 348 215 * 369
20 5 * 385 220 * 410
21 0 * 4 2 6 2 25* 452
2 1 5 * 4 7 0 2 3 0 * 490
2 2 0 * 515 235 * 548
2 2 5 * 565 2 4 0 * 601
23 0 * 618 2 4 5 * 656
235 * 676 2 5 0 * 717
240 * 737 2 5 5 * 783
2 4 5 * 802 26 0 * 855
2 5 0 * 871 2 6 5 * 930
255 943 2 7 0 * 1012
260 1020 2 7 5 * 1096
265 1103 2 6 0 * 1183
2 7 0 1193 285 1278
275 1290 290 1382
280 1391 295 1494
285 1604 300 1616
290 1632 305 1747
295 1778 310 1888
299 1944 315 2 0 4 0
2 9 9 . 6 2000  VL-T 

2015  “
320 2240

2 9 9 . 5 3 2 1 . 6 2390  VL-T_ 
2 4 3 9  ”2 9 9 . 4 2019 321

2 9 9 . 3 2022 3 2 0 . 4 2 44 3  VL-P„ 
2 4412 9 9 . 2 2024 320

w a t e r
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TABLE IV ( c o n t i n u e d )

Temp.
oc

P re ssu x * e
p s i a

Temp,
Oc

P r e s s u r e
p s l a

C o m p o s i t i o n :  5 0 , 9  
( c o n t i n u e d )

315
310
306
304
303
300

Composi t i o n t

2 1 5 *
220*
2 2 5 *
2 3 0 *
2 3 5 *
2 4 0 *
2 4 5 *
2 6 0 *
2 5 5 *
2 6 0 *
26 5 *
2 7 0 *
2 7 6 *
260 
285*
2 9 0 *
295*
300 
305  
310
315 
320 
326 
330 
335 
3 3 6 ,2  
3 3 6 , 1  
335 
330 
325 
320
316

w t^  w a t e r C o m p o s i t i o n :  6 4 , 9  
( cont  i n u e d )

w t^  w a t e r

2683 310 2327
232 7 30 8 2307
2302 2L“ T^ 3 0 6 , 4 2301
2310  “ 305 2306
2327 303 2335
2429 300 2460

: 6 4 . 9  w t^  w a t e r C o m p o s i t i o n  : 6 9 , 9

327 3 3 6 . 1 2711
363
402
442 C o m p o s i t i o n : 7 8 , 0
487
535 22 6 * 378
585 23 0 * 417
642 23 5 * 456
703 240* 500
766 24 5 * 646
835 25 0 * 597
911 26 5 * 652
990 26 0 * 711

1073 265 * 773
1158 270* 840
1249 275* 912
1348 280* 985
1455 285* 1066
1570 29 0 * 1151
1697 295* 1238
1830 30 0 * 1331
1972 30 5 * 1428
2126 31 0 * 1531
2300 315 1645
2527 320 1773
2660  VL-T 325 1912
2675  “ 330 2057
2685 335 2210
2618 340 2376
2642 345 2560
2467 360 2796
2395 3 5 1 . 0 2890

3 5 0 , 4 2920

m

m
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TABLE IV ( c o n t i n u e d )

Temp. P r e s s u r e Temp. P r e s s u r e
p s l a °C p s l a

C o m p o s i t i o n :  7 8 . 0  ytt'/a w a t e r C o m p o s i t i o n :  9 4 . 0
( c o n t i n u e d )

357 2 8 6 3
3 5 0 . 0 2 9 1 8  VC 355 2807
345 2 8 4 5 350 26 6 7
3 4 0 27 5 7 345 2526
3 3 5 2654 340 237 6
330 25 5 2 335 2 2 6 8
325 2452 330 2149
320 2357 32 5 2037
315 22 72 3 2 0 1932
310 21 9 5 315 1835
305 2 1 3 6 310 1752
3 0 1 . 7 2 1 1 8  2L -T 305 1679
300 2 1 2 5  “ 30 0 16 0 8
2 9 8 2182 295 1542
295 23 3 4 2 9 0 1475
2 9 3 . 7 2 5 1 3 2 8 5 1412

28 0 13 6 0
275 131 3

C o m p o s i t i o n :  8 8 , 3  w t ^  w a t e r 27 0 127 3
26 5 1240

36 5 3 1 1 0  VC ( e s t ) 2 6 0 . 2 1215  3
3 3 5 2 4 9 7
330 2 3 8 6
3 2 5 2282
32 0 2 1 8 3
315 2 1 3 8
310 2011
305 1935
30 0 1870
2 9 5 1 8 1 5
2 9 0 1772
2 8 7 . 5 1763  2 L -T _
28 7 1764  “
2 8 6 1770
285 1795
284 1865
2 8 2 . 8 2 0 0 0

'in



RESULTS

P r é s e n t â t ! on

From t h e  g r a p h i c a l l y  s m o o t h e d  d a t a  p r e s e n t e d  i n  

T a b l e s  I I I  a n d  -^V a s e r i e s  o f  c r o s s p l o t s  w e r e  p r e p a r e d  

i n  o r d e r  t o  i n t e r p r e t  m ore  f u l l y  t h e  n a t u r e  o f  t h e  p h a s e  

b e h a v i o r .  F i g u r e  8 i s  t h e  p r e s s u r e - t e m p e r a t u r e  p l o t  o f  

t h e  b a s i c  d a t a  on w h ic h  t h e  i n d i v i d u a l  c o n t i n u o u s  c u r v e s  

r e p r e s e n t  t h e  p h a s e  b o u n d a r i e s  o f  a m i x t u r e  o f  f i x e d  o v e r 

a l l  c o m p o s i t i o n .  F rom  t h i s  p l o t  -were o b t a i n e d  t h e  s m o o t h e d  

d a t a  o f  t h e  a b o v e  m e n t i o n e d  t a b l e s ,  A c u r v e  f o r  t h e  m i x 

t u r e  c o n t a i n i n g  2 5 , 7  w e i g h t  p e r  c e n t  w a t e r  i s  n o t  shown 

b e c a u s e  i t  l i e s  s o  c l o s e  t o  t h e  t h r e e - p h a s e  c u r v e .  A l s o  

n o t  shovai a r e  t h e  c u r v e s  f o r  t h r e e  o t h e r  m i x t u r e s  w h i c h  

w e re  i n v e s t i g a t e d  o n l y  i n  t h e  r e g i o n  o f  t h e i r  c r i t i c a l s .

The v a p o r  p r e s s u r e  c u r v e s  o f  t h e  p u r e  c o m p o n e n t s  a r e  t a k e n  

f r o m  t h e  l i t e r a t u r e .

F i g u r e  1 0  d e p i c t s  t h e  t e m p e r a t u r e - c o m p o s i t i o n  p h a s e  

b o u n d a r i e s  a t  p r o g r e s s i v e l y  I n c r e a s i n g  c o n s t a n t  p r e s s u r e  

l e v e l s .  S i m i l a r l y ,  F i g u r e  9 show s t h e  p r e s s u r e - c o m p o s i t i o n  

p h a s e  b o u n d a r i e s  a t  p r o g r e s s i v e l y  i n c r e a s i n g  c o n s t a n t  

t e m p e r a t u r e  l e v e l s .

The t e m p e r a t u r e - c o m p o s i t i o n  p r o j e c t i o n  o f  t h e  t h r e e -  

p h a s e  c u r v e  a n d  t h e  c r i t i c a l  t e m p e r a t u r e s  a r e  show n  i n  

F i g u r e  1 1 ,  O t h e r  u n i q u e  s t a t e s  o f  t h e  s y s t e m  a s  a f u n c t i o n  

o f  c o m p o s i t i o n  a r e  n o t e d  i n  t h e  t a b l e s  o f  t h e  e x p e r i m e n t a l

—4 1 —
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d a t e  . T hese  v a l u e s  a s  a f u n c t i o n  o f  c o m p o s i t i o n  a r e  shovm 

I n  F i g u r e  12.

F i g u r e s  6 t h r o u g h  12 a r e  d i r e c t  r e p r o d u c t i o n s  o f  t h e  

c a r e f u l l y  p l o t t e d  d a t a .  H o w ev e r ,  a l l  v a l u e s  o f  t e m p e r a t u r e ,  

p r e s s u r e ,  a n d  c o m p o s i t i o n  on t h e  c o o r d i n a t e s  o f  t h e s e  

r e p r o d u c t i o n s  a r e  o n l y  a p p r o x i m a t e  w here  t h e y  a r e  w r i t t e n  

a s  ,vhole num bers  an d  a r e  I n t e n d e d  o n l y  a s  a n  a i d  t o  t h e  

c o o r d i n a t i o n  o f  t h e  v a r i o u s  f i g u r e s .

D i s c u s s i o n  of e r r o r s

A g e n e r a l  I d e a  o f  t h e  p r e c i s i o n  o f  a l l  t h e  m e a s u r e 

m e n ts  I s  g i v e n  I n  t h e  d e s c r i p t i o n  o f  t h e  a p p a r a t u s .  The 

e x p e r i m e n t a l  a c c u r a c y  o b t a i n e d  f o r  t h e  m e a s u re m e n t  o f  

t e m p e r a t u r e  and p r e s s u r e  a s  p r o v e d  by t h e  g r a p h i c a l  s m o o th 

i n g  o f  t h e  r a w  d a t a  was w i t h i n  t h e  l i m i t  o f  p r e c i s i o n  f o r  

t h e  g r e a t e r  num ber  o f  d a t a  p o i n t s ,  n a m e l y ,  t  1 p s l  and  

t  0 .05® C . The s c a t t e r i n g  o f  t h e  r e m a i n d e r  o f  t h e  d a t a  

p o i n t s  was a t t r i b u t e d  c h i e f l y  t o  t h e  I n a b i l i t y  o f  t h e  

o b s e r v e r  t o  r e c o g n i z e  t h e  e x a c t  c h a r a c t e r i s t i c  o f  th e  p h a s e  

b e h a v i o r  a t  a g i v e n  p o i n t .  The m i x t u r e  c o n t a i n i n g  2 9 , 9  

w e i g h t  p e r  c e n t  wo t e r  In  t h e  r a n g e  o f  295°C an d  20 0 0  p s l a  

v/as a n  e x a m p le  o f  t h i s  s i t u a t i o n .  U n d e r  t h e s e  c o n d i t i o n s  

b e c a u s e  o f  t h e  m i n u t e  q u a n t i t y  o f  l i q u i d  p h a s e  p r e s e n t .

I t  v/as d i f f i c u l t  t o  d i f f e r e n t i a t e  a dev/ p o i n t  f ro m  e i t h e r  

a b u b b l e  p o i n t  o r  a p o i n t  o f  c o m p l e t e  m l s c l b l l l t y .
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The a c c u r a c y  o f  t h e  m e a s u r e m e n t  o f  t h e  c o m p o s i t i o n  

was m e e t  a p p a r e n t  I n  t h e  c o n s t r u c t i o n  o f  t h e  c r o a s p l o t  

s e c t i o n s .  Thus s a m p l e  n u m b e r e d  3 h a s  b e e n  e l i m i n a t e d  

f r o m  c o n s i d e r a t i o n  b e c a u s e  o f  i t s  l a c k  o f  c o n s i s t e n c y  

w i t h  t h e  b u l k  o f  t h e  d a t a .  F o r  t h e  f o u r t e e n  o t h e r  m ix 

t u r e s  t h e  c o m p o s i t i o n s  w e r e  e a s i l y  w i t h i n  t h e  r s n ^ e  of  

— 0 , 0 0 2  w e i g h t  f r a c t i o n .

A l l  o t h e r  d e v i a t i o n s  o f  t h e  d a t a  p o i n t s  f r o m  

g r a p h i c a l l y  s m o o th  r e p r e s e n t a t i o n  w ere  a s c r i b e d  t o  t h e  

p o s s i b l e  e x i s t e n c e  o f  c o n t a m i n a n t s  o r i g i n a t i n g  I n  t h e  

c o u r s e  o f  d e g a s s i n g  a n d  s a m p l i n g *  The p r o c e d u r e  a n d  

m a n i p u l a t i o n  f o r  t h e  e l i m i n a t i o n  o f  d i s s o l v e d  g a s e s  w as  

p e r f e c t e d  a n d  p r o v e d  b y  t h e  p r e p a r a t i o n  a n d  t e s t i n g  o f  

f i v e  s a m p l e s  o f  p u r e  b e n z e n e  a n d  tw o  s a m p l e s  o f  p u r e  w a t e r .  

H o w e v e r ,  t h e  e l i m i n a t i o n  o f  p o s s i b l e  c o n t a m i n a t i o n  b y  

d i s s o l v e d  s t o p c o c k  g r e a s e  was r e s o l v e d  b y  c o m p r o m i s e .

By t e s t i n g  f o u r  r e a d i l y  a v a i l a b l e  s t o p c o c k  g r e a s e s ,  a 

h e a v y  l a n o l l n - b a s e d  g r e a s e  w as  f o u n d  t o  b e  t h e  m o s t  

e f f e c t i v e  i n  r e s i s t i n g  t h e  v a p o r  p h a s e s  o f  b o t h  b e n z e n e  

a n d  w a t e r .  A l t h o u g h  t h e  a r e a  o f  c o n t a c t  b e t w e e n  t h e  

g r e a s e d  s u r f a c e s  a n d  t h e  v a p o r s  was v e r y  s m a l l ,  o t h e r  

f a c t o r s  s u c h  a s  t h e  a m b i e n t  t e m p e r a t u r e  o f  t h e  l o a d i n g  

a p p a r a t u s  a n d  t h e  d u r a t i o n  o f  t h e  t i m e  o f  c o n t a c t  c o u l d  

v e r y  w e l l  h a v e  b e e n  t h e  c a u s e  o f  g r e a t e r  o r  l e s s e r  s t o p 

c o c k  g r e a s e  c o n t a m i n a t i o n .
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The g r a p h i n g  o f  t h e  p h a s e  b o u n d a r i e s  o f  t h e  b e n z e n e -  

Y/ater s y s t e m  was done on r e c t a n g u l a r  c o o r d i n a t e s  on w h ic h  

t h e  s c a l e s  w ere  c h o s e n  co m m en su ra te  w i t h  t h e  a c c u r a c y  o f  

t h e  o r i g i n a l  d a t a ,  Un a l l  m a s t e r  g r a p h s  p r e s s u r e  was 

r e p r e s e n t e d  by  a s c a l e  o f  1 mm t o  5 p s i , t e m p e r a t u r e  by  a 

s c a l e  o f  1 mm t o  0 , 2 5 ^ 0 ,  and  c o m p o s i t i o n  by a s c a l e  o f  

1 ram t o  0 . 5  w e ig h t  p e r  c e n t .

E x t e n s i o n  o f  t h e  d a t a

I n  o r d e r  t o  d e v e l o p  more f u l l y  t h e  s u r f a c e  o f  t h e  

P -T -x  s o l i d ,  t h e  d a t a  h ave  b e e n  e x t e n d e d  i n  some c a s e s  

b y  a q u a l i f i e d  e x t r a p o l a t i o n .  O n ly  i n t o  t h o s e  r e g i o n s  

where  t h e  n a t u r e  o f  t h e  p h a s e  b e h a v i o r  h ad  b e e n  p r e v i o u s l y  

com prehended  was e x t r a p o l a t i o n  a t t e m p t e d ,

b e c a u s e  o f  t h e  l i m i t e d  an d  f i x e d  w o rk in g  volume o f  

t h e  e x p e r i m e n t a l  t u b e  t h e r e  e x i s t e d  a minimum t e m p e r a t u r e  

and p r e s s u r e  f o r  e a c h  m i x t u r e  a t  w h ich  t h e  e n t i r e  sam p le  

c o u ld  be c o m p l e t e l y  v a p o r i z e d .  As a r e s u l t  th e  m e a s u r e 

ment o f  dew p o i n t s  was t e r m i n a t e d  i n  th e  c a s e  o f  a l l  

m i x t u r e s  a t  a v a l u e  o f  t e m p e r a t u r e  an d  p r e s s u r e  f a r  above  

t h e  d e s i r e d  lo w e r  l i m i t  o f  v a l u e s .  The m e a s u r e d  p o r t i o n  

o f  t h e  c u r v e s  w ere  e x t r a p o l a t e d  by  p l o t t i n g  th e  l o g a r i t h m  

of  t h e  a b s o l u t e  p r e s s u r e  v e r s u s  t h e  r e c i p r o c a l  o f  t h e  

a b s o l u t e  t e m p e r a t u r e  a n d  e x t e n d i n g  t h e  r e s u l t i n g  s t r a i g h t  

l i n e .
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A l t h o u g h  t h i s  p r o  c e d a r e  h a s  b e e n  f o u n d  s a t i s f a c t o r y  

I n  r e p r e s e n t i n g  t h e  v a p o r  p r e s s u r e  o f  a p u r e  compound 

w i t h  t h e  same a c c u r a c y  a s  t h i s  w c r k ,  i t  h a d  a s e r i o u s  

l i m i t a t i o n  when a p p l i e d  t o  b e n z e n e - w a t e r  m i x t u r e s ,  s i n c e  

t h i s  s y s t e m  f o r m e d  a n  a z e o t r o p e .  C o n s e q u e n t l y ,  on t h e  

e x t r a p o l a t i o n  p l o t  t h e  s t r a i g h t  l i n e  r e p r e s e n t i n g  t h e  

t e m p e r a  t u r e - p r e s s u r e  r e l a t i o n  o f  a f i x e d  v a p o r  c o m p o s i t i o n  

h a d  t o  become t a n g e n t  a t  a s i n g l e  p o i n t  w i t h  t h e  s t r a i g h t  

l i n e  r e p r e s e n t i n g  t h e  t h r e e - p h a s e  c u r v e ,  i f  t h e  s i m p l e  

r u l e  u s e d  w e r e  t o  a p p l y  o v e r  t h e  e n t i r e  l e n g t h  o f  t h e  

dev/ p o i n t  c u r v e .

o i n c e  o n l y  two v a l u e s  o f  t h e  a z e o t r o p i c  c o m p o s i t i o n  

o f  t h e  t h r e e - p h a s e  v a p o r  c o m p o s i t i o n  w e r e  a c t u a l l y  

m e a s u r e d ,  t h e s e  v a l u e s  w e r e  e x t e n d e d  b y  a m ore  l e n g t h y  

p r o c e d u r e .  F i r s t ,  f r o m  t h e  o r i g i n a l  d a t a  a s e r i e s  o f  

T -x  p l D t s  a t  c o n s t a n t  p r e s s u r e  w e r e  p r e p a r e d .  From t h e s e  

p l o t s  s e v e r a l  m ore  p o i n t s  o f  t h e  d e s i r e d  v a p o r  c o m p o s i t i o n  

w ere  d e t e r m i n e d .  T h e s e  v a l u e s  a l o n g  w i t h  a s i n g l e  v a l u e  

f r o m  t h e  l i t e r a t u r e  m e a s u r e d  a t  a t m o s p h e r i c  p r e s s u r e  w e r e  

p l o t t e d  a s  t h e  l o g a r i t h m  o f  t h e  m ol  c o m p o s i t i o n  o f  t h e  

a z e o t r o p e  v e r s u s  t h e  a b s o l u t e  t e m p e r a t u r e  a n d  a s m o o t h ,  

s l i g h t l y  c c n v e x d  c u r v e  d ra iv n .  F i n a l l y ,  f r o m  t h e  r e s u l t s  

o f  t h i s  p l o t  t h e  v a p o r  b r a n c h  u p  t o  t h e  t h r e e - p h a s e  c r i t i c a l  

was c o n s t r u c t e d  on t h e  T -x  p r o j e c t i o n  ( F i g u r e  1 1 ) .  A l 

t h o u g h  i t  i s  r e a s o n a b l y  r e p r e s e n t a t i v e  o f  I t s  t r u e  p a t h .
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t h e  c u r v e  a s  i t  was o r i g i n a l l y  dra;vn h a d  t o  p a s s  t h r o u g h  

tw o p o i n t s  IGO^C a p a r t  on a t e m p e r a t u r e  s c a l e  w h i c h  r a n g e d  

a p p r o x i m a t e l y  200®C,

The same q u e s t i o n  o f  e r r o r  a r i s e s  w i t h  r e s p e c t  t o  

t h e  b e n z e n e - r i c h  l i q u i d  s o l u b i l i t y  c u r v e .  S i n c e  t h e  h i g h 

e s t  v a l u e  i n  t e m p e r a t u r e  f o r  t h e  s o l u b i l i t y  o f  w a t e r  I n  

b e n z e n e  w h ic h  was a v a i l a b l e  f r o m  t h e  l i t e r a t u r e  was a p p r o x 

i m a t e l y  70°C  a n d  t h e  l o w e s t  v a l u e  o f  s o l u b i l i t y  t e m p e r a t u r e  

m e a s u r e d  was 227*^0, t h e  i n t e r m e d i a t e  r a n ^ e  o f  t h a t  s o l u 

b i l i t y  s u r v e  was s i m p l y  d raw n  on  t h e  T -x  p r o j e c t i o n .

A much s o u g h t  a f t e r  v a l u e  was t h e  c o m p o s i t i o n ,  

t e m p e r a t u r e ,  a n d  p r e s s u r e  o f  t h e  c r i t i c a l  s o l u t i o n  e n d 

p o i n t .  To t h a t  e n d  a f t e r  a p r e l i m i n a r y  p e r u s a l  o f  t h e  d a t a  

on t w e l v e  m i x t u r e s ,  t.vo m ore  m i x t u r e s  I n  t h e  n e i g h b o r h o o d  

o f  60 w e i g h t  p e r  c e n t  w a t e r  w e r e  p r e p a r e d .  No c o n v i n c i n g  

c r i t i c a l  phenom ena  o t h e r  t h a n  t h e  t h r e e - p h a s e  c r i t i c a l  

was o b s e r v e d  f o r  t h e s e  two m i x t u r e s .  A v e r y  t h i n ,  f l a t  

m e n i s c u s  s e p a r a t i n g  t h e  tw o  p h a s e s  I n d i c a t i n g  t h e  i n c i d e n c e  

o f  a s i n g l e  p h a s e  was s e e n ,  b u t  t h e r e  was n o  o p a l e s c e n c e .

S i n c e  n o  c r i t i c a l  phen o m en a  h a d  b e e n  o b s e r v e d  f o r  

m i x t u r e s  o f  h i g h  w a t e r  c o n c e n t r a t i o n s ,  a f i n a l  a t t e m p t  was 

made w i t h  a s a m p le  c o n t a i n i n g  7 0  w e i g h t  p e r  c e n t  w a t e r .

A p o i n t  I n  t e m p e r a t u r e  a n d  p r e s s u r e  e x h i b i t i n g  m a rk e d  

c r i t i c a l  c h a r a c t e r i s t i c s  w as  f o u n d ,  b u t  o p a l e s c e n c e  was 

v e r y  w e a k .
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I n  t e  r p r e  t a  11 on

The p h a a e  b o u n d a r i e s  f o r  t h e  b e n z e n e - w a t e r  s y s t e m  

d e v e l o p  i n  a m a n n e r  p r e s c r i b e d  b y  i t s  i d e n t i f i c a t i o n  w i t h  

t h e  c l a s s i c  C a s e  IV u p  t o  t h e  t e m p e r a t u r e  ( 2 6 8 . 3 ° C ) o f  t h e  

b e n z e n e - r i c h  l i  l u i d  c r i t i c a l  v a p o r i z a t i o n  p o i n t .  T h e se  

t y p i c a l  p h a a e  u o u n d a r l e s  a r e  s e e n  i n  F i g u r e s  9A, 9 B ,  9 C ,  

lOA^ lO B ,  IOC, an d  lOD. The e x i s t e n c e  o f  t h e  i s l a n d  i n  

t h e  P - x  s e c t i o n  ( F i g u r e s  90 a n d  9D) i s  t h e  r e s u l t  o f  t h e  

n e g a t i v e  s l o p e  o f  t h e  c r i t i c a l  l o c u s  c u r v e .  R e f e r r i n g  t o  

F i g u r e  8  i t  c a n  be s e e n  t h a t  a n y  P - x  s e c t i o n  t a k e n  i n  t h e  

r a n g e  o f  t e m p e r a t u r e s  f r o m  t h e  t h r e e - p h a s e  c r i t i c a l  t o  t h e

c r i t i c a l  p o i n t  o f  p u r e  b e n z e n e  w i l l  h a v e  a n  i s l a n d .

I n  t h e  r e g i o n  o f  t h e  t h r e e - p h a s e  c r i t i c a l  t e m p e r a t u r e  

a n d  p r e s s u r e  t h e r e  can  b e  d e t e c t e d  t h e  s u b t l e t i e s  o f  t h e  

e v o l u t i o n  o f  t h e  s u r f a c e  t o  r e a l i g n  I t s e l f  s o  a s  t o  c o n 

t i n u e  on i n  a n o t h e r  d i r e c t i o n .  S i g n i f i c a n t l y ,  F i g u r e  11  

shows t h e  b e n z e n e - r i c h  l i q u i d  s o l u b i l i t y  b r a n c h  g o i n g  t o  

t h e  v a p o r  b r a n c h  a b r u p t l y  a t  t h e  t h r e e - p h a s e  c r i t i c a l .

T h e r e  i s  n o  s m o o t h ,  r o u n d e d  c o m p ro m is e  m e e t i n g  o f  t h e  two 

c u r v e s . The v a p o r  b r a n c h  c o n t i n u e s  d i r e c t l y  on a b o v e  t h e  

t h r e e - p h a s e  c r i t i c a l ,  h a v i n g  t a k e n  on I t s e l f  t h e  m e a n i n g  

o f  b o t h  b r a n c h e s  f r o m  w h i c h  i t  e v o l v e d .  S i m i l a r l y ,  t h e

c r i t i c a l  l o c u s  c u r v e s  ( F i g u r e s  8 a n d  1 1 )  go t h r o u g h  a

minimum b e f o r e  r e a c h i n g  t h e  t h r e e - p h a s e  c r i t i c a l  i n  o r d e r  

t o  a t t a i n  a p o s i t i v e  s l o p e  a n d  be  d i r e c t e d  t o w a r d  i t s  

u l t i m a t e  t e r m i n a l ,  t h e  c r i t i c a l  p o i n t  o f  w a t e r .



— 62*

The t h r e e - p h a s e  c u r v e  e x t e n d e d  ( F i g u r e  8 )  b e y o n d  I t s  

c r i t i c a l  t e m p e r a t u r e  ( 2 6 8 . 3 ^ 0 )  t o  i t s  f i n a l  e n d p o i n t  t h e  

c r i t i c a l  s o l u t i o n  t e m p e r a t u r e  ( 3 0 6 . 4 ^ 0 )  d o e s  i n  e f f e c t  

c o n t i n u e  t o  r e p r e s e n t  ” t h r e e - p h a s e ” e q u i l i b r i u m .  H o w e v e r ,  

t h e  t r a n s i t i o n  of one o f  t h e  l i q u i d  p h a s e s  t o  t h e  v a p o r  

p h a s e  i s  c o n t i n u o u s  a n d  i s  a c c o m p a n i e d  b y  n o  v o lu m e  c h a n g e  

a t  c o n s t a n t  t e m p e r a t u r e  a n d  p r e s s u r e ,

Bo th  t h e  t h r e e - p h a s e  c u r v e  a n d  i t s  e x t e n s i o n  h a v e  

t h e  same i n t e r p r e t a t i o n .  B o th  p a r t s  o f  t h e  c u r v e  r e p r e s e n t  

t h e  l i m i t  o f  m i s c i b i l i t y  o f  two p h a s e s  a t  t h e  o n s e t  o f  

a n o t h e r  p h a s e .  T h u s ,  t h e  t h r e e - p h a s e  c u r v e  i s  a s e r i e s  

o f  p o i n t s  w h i c h  a r e  t h e  l i m i t  o f  s o l u b i l i t y  o f  two l i q u i d  

p h a s e s  a t  a t e m p e r a t u r e  a n d  p r e s s u r e  w h e r e  a v a p o r  p h a s e  

i s  J u s t  a p p e a r i n g .  On t h e  e x t e n s i o n  o f  t h e  t h r e e - p h a s e  

c u r v e  a r e  p o i n t s  w h i c h  r e p r e s e n t  t h e  l i m i t  o f  t h e  s o l u 

b i l i t y  o f  a b e n z e n e - r i c h  d e n s e  g a s  o r  f l u i d  p h a s e  a n d  a 

w a t e r - r i c h  l i q u i d  p h a s e  a t  a t e m p e r a t u r e  a n d  p r e s s u r e  w h e re  

t h e  l i q u i d  is  j u s t  b e g i n n i n g  t o  v a p o r i z e .  H o w e v e r ,  t h e  

d e n s e  f l u i d  a n d  t h e  v a p o r  f o r m  a h o m o g e n e o u s  m i x t u r e  w h i c h  

i s  i d e n t i f i e d  a s  a s i n g l e  p h a s e #

T r a c i n g  t h e  p h a s e  c h a n g e s  o f  a m i x t u r e  o f  c o m p o s i t i o n  

x ^  i n  F i g u r e  lOH i l l u s t r a t e s  t h e  a b o v e  i n t e r p r e t a t i o n .  A t  

some low t e m p e r a t u r e  a n d  a p r e s s u r e  o f  2 0 0 0  p s l a  t h e  m i x t u r e  

w i l l  e x i s t  a s  two l i q u i d  p h a s e s .  T h e s e  tw o  l i q u i d  p h a s e s  

i n c r e a s e  m u t u a l l y  i n  s o l u b i l i t y  a s  t h e  t e m p e r a t u r e  i s  

r a i s e d  u p  t o  a p p r o x i m a t e l y  264®C, r f i t h  f u r t h e r  I n c r e a s e
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i n  t e m p e r a t u r e  t h e  b e n z e n e - r i c h  p h a s e  i s  no  l o n g e r  i d e n t i 

f i e d  a s  a l i q u i d  o u t  r a t h e r  a s  a d e n s e  f l u i d  an d  th e  e f f e c t  

of  i n c r e a s e d  t e m p e r a t u r e  i s  c o n t i n u e d  I n c r e a s e  i n  s o l u b i l i t y  

o f  t h e  two p h a s e s .

Upon r e a c h i n g  a t e m p e r a t u r e  o f  297°C t h e s e  two p h a s e s  

have  r e a c h e d  t h e i r  maximum s o l u b i l i t y  w h ich  may, i n  a b r o a d  

s e n s e ,  be  c a l l e d  t h e  l i m i t  of s o l u b i l i t y  o f  t h e  g as  a n d  

l i q u i d .  At t h i s  t e m p e r a t u r e  t h e  w a t e r - r i c h  p h a s e  b e g i n s  

t o  v a p o r i z e  a n d  t h e  v a p o r  w hich  l a  fo rm e d  i s  c o m p l e t e l y  

d i s s o l v e d  i n  t h e  b e n z e n e - r i c h  f l u i d .  By I n c r e a s i n g  t h e  

t e m p e r a t u r e  ab o v e  297°C a n o rm a l  p a t t e r n  o f  b e h a v i o r  t a k e s  

p l a c e ,  i n  t e r m s  o f  s o l u b i l i t y  t h e  l i q u i d  becom es  more 

s o l u b l e  I n  t h e  v a p o r  w h i l e  t h e  v a p o r  becomes l o s s  s o l u b l e  

i n  t h e  l i q u i d .

F i g u r e  11 o u t l i n e s  c o m p l e t e l y  t h e  s o l u b i l i t y  r e l a 

t i o n s  o f  t h e  s a t u r a t e d  l i q u i d s  f o r  t h e  s y s t e m .  A l l  

m i x t u r e s  become c o m p l e t e l y  m i s c i b l e  a t  a t e m p e r a t u r e  o f  

3 0 6 .4 ^ 0  w hich  c o r r e s p o n d s  to  a p r e s s u r e  o f  2303 p s i a .  A 

m i x t u r e  c o n t a i n i n g  a b o u t  59 w e ig h t  p e r  c e n t  w a t e r  i s  

a e d u c e d  a s  b e i n g  the  c o m p o s i t i o n  w h ic h  w i l l  be c r i t i c a l  

a t  t h i s  p o i n t .

i J i x t u r e s  w h ic h  s t i l l  r e t a i n  two p h a s e s  a t  t e m p e r a t u r e s  

and p r e s s u r e s  above  t h e  c r i t i c a l  s o l u t i o n  p o i n t  have  p h a s e  

b o u n d a r i e s  l i k e  n o rm a l  b i n a r y  m i x t u r e s  a s  shown i n  F i g u r e s  

9H, lO L, and  lOM.
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D l s c u a a l o n  of c r i t i c a l  phenom ena

Thd l o c u s  o f  c r i t i c a l  v a p o r i z a t i o n  p o i n t s  a b o v e  t h e  

c r i t i c a l  s o l u t i o n  p o i n t  i s  shown w i t h  q u a l i f i c a t i o n .  I t  

i s  b e l i e v e d  t h a t  m i x t u r e s  w i t h  c o m p o s i t i o n s  a p p r o a c h i n g  

p u r e  w a t e r  w i l l  d i s p l a y  t h e  c r i t i c a l  phenom ena  m ore  c o n 

v i n c i n g l y ,  s i n c e  s u c h  m i x t u r e s  w i l l  be  f u r t h e r  r e m o v e d  

f r o m  t h e  e x i s t e n c e  o f  a p h a s e  a l r e a d y  c r i t i c a l .  From t h e  

a p p e a r a n c e  o f  t h e  v a r i o u s  d i a g r a m s  a c r i t i c a l  s o l u t i o n  

p o i n t  c o u l d  e x i s t  a s  d e d u c e d .  T h i s  p o i n t  s h o u l d  l i e  on  a 

s m o o th  c u r v e  r e p r e s e n t i n g  t h e  l o c u s  o f  a l l  c r i t i c a l  p o i n t s  

w h e t h e r  t h e y  a r e  c r i t i c a l  s o l u t i o n  p o i n t s  o r  c r i t i c a l  

v a p o r i z a t i o n  p o i n t s .  S u ch  a c u r v e  c o u l d  b e  d raw n  on 

F i g u r e  8 a n d  made t o  r e s e m b l e  t h e  c u r v e  o f  F i g u r e  3 .  The 

p r o j e c t i o n  o f  s u c h  a c u r v e  i n t o  t h e  T -x  p l a n e  i s  shown by  

t h e  l o n g  d a s h e d  c u r v e  i n  F i g u r e  8 a n d  i t  may b e  t h a t  t h e  

e n t i r e  l o n g  d a s h e d  c u r v e  r e p r e s e n t s  u n s t a b l e  o r  u n a t t a i n 

a b l e  s t a t e s .  I t  i s  p o s s i b l e  f o r  a p o r t i o n  o f  t h i s  c u r v e  

t o  e x i s t ,  b u t  t h e  c a s e  o f  t h e  m i s c i b i l i t y  of b e n z e n e - w a t e r  

m i x t u r e s  a b o v e  t h e  v a p o r  s a t u r a t i o n  p r e s s u r e  h a s  y e t  t o  

be  p r o v e d .

F u r t h e r m o r e ,  t h e  w h o le  r a n g e  o f  c r i t i c a l  t e m p e r a t u r e s  

f r o m  t h e  t h r e e - p h a s e  v a p o r i z a t i o n  c r i t i c a l  u p  t o  p u r e  w a t e r  

may r e p r e s e n t  u n s t a b l e  c r i t i c a l  s t a t e s .  T h e re  i s  some 

e v i d e n c e  i n  t h i s  d i r e c t i o n  a s  i n d i c a t e d  i n  “ The I n t e r n a t i o n a l  

C r i t i c a l  T a b l e s ’* f o r  t h e  s y s t e m  e t h y l  e t h e r - w a t e r  f o r  w h i c h
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i t  I s  r e p o r t e d  t h a t  t h e  u p p e r  c r i t i c a l  e n d p o i n t  i s  e s s e n 

t i a l l y  t h a t  o f  p u r e  w a t e r .

Of g r e a t e r  i m p o r t a n c e ,  h o .v e v e r ,  i s  t h e  f a c t  t h a t  t h e  

b o u n d a r y  w h e re  c r i t i c a l  p o i n t s  c o u l d  e x i s t  i s  e s t a b l i s h e d  

f ro m  t h e  p o i n t  o f  p u r e  w a t e r  aown t o  a p o i n t  r e p r e s e n t e d  

by  2 3 0 3  p s i a ,  3 0 6 .4 * ^ 0 , a n d  59  w e i g h t  p e r  c e n t  w a t e r .  The 

c o n n e c t i o n  o f  t h i s  l a t t e r  p o i n t  w i t h  t h e  t h r e e - p h a s e  

c r i t i c a l  v i a  u n s t a b l e  o r  r e a l  c r i t i c a l  p o i n t s  h a s  y e t  t o  

b e  e s t a b l i s h e d .
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APPENDIX A 

CALIBRATIONS

P r e s s u r e  Qauf;e

The b o u rd o n  p r e s s u r e  gauge  was c a l i b r a t e d  a g a i n s t  

a d e a d  w e ig h t  g au g e  t e s t e r  up  t o  a p r e s s u r e  o f  3000  p s i g  

a t  i n c r e a s i n g  an d  d e c r e a s i n g  i n c r e m e n t s  o f  50 p s i .  The 

r e s u l t s  o f  t h e  c a l i b r a t i o n  w ere  su m m arize d  a s  a c o n t i n u o u s  

sm oo th  c u rv e  i n  th e  fo rm  o f  a d e v i a t i o n  c h a r t  ( F i g u r e  1 3 ) .

P r i o r  t o  t h e  b e g i n n i n g  o f  e a c h  c o n s e c u t i v e  s e r i e s  

o f  o b s e r v a t i o n s  t h e  d e a d  w e ig h t  g a u g e  t e s t e r  and  t h e  

p r e s s u r e  gauge  w ere  i s o l a t e d  f ro m  t h e  r e m a i n d e r  o f  t h e  

sy s te m  and th e  r e f e r e n c e  z e r o  d e v i a t i o n  e s t a b l i s h e d .

T herm o co u p le

A th e rm o c o u p le  made f ro m  24 g a u ^ e  i r o n  a n d  c o n s t a n t a n  

w i r e  w i t h  f i b e r  g l a s s  i n s u l a t i o n  was s t a n d a r d i z e d  a g a i n s t  

m e l t i n g  i c e ,  c o n d e n s in g  w a t e r  v a p o r ,  c o n d e n s in g  n a p h t h a l e n e  

v a p o r ,  c o n d e n s in g  b e n z o p h e n o n e  v a p o r ,  an d  c o n d e n s in g  m e rc u ry  

v a p o r  u s i n g s  m e l t i n g  i c e  r e f e r e n c e  j u n c t i o n .  The r e s u l t s  

o f  t h e  s t a n d a r d i z a t i o n  a r e  su m m a riz e d  i n  T a b le  V, The 

s t a n d a r d  c h a r t .  T a b le  V I ,  was p r e p a r e d  f ro m  t h e  d a t a  o f  

C o r r u c c i n i  (5 )  by  g r a p h i c a l  d i f f e r e n t i a t i o n  a n d  i n t e g r a t i o n ,  

A c u r v e  ( F i g u r e  14) o f  th e  d e v i a t i o n  o f  th e  t r u e  E M F 

o f  t h e  th e rm o c o u p le  f ro m  th e  s t a n d a r d  c h a r t  v e r s u s  t h e  E M F 

was p r e p a r e d  i n  o r d e r  t o  f a c i l i t a t e  i n t e r p o l a t i o n ,

“68"



— 69—
1600

1400

1800

1200

1100

lOOO

900

900

700

600

600

400

300

200

100

DEVIATION ( A ) -

(O
Q.

O

UJ
O
<
3
(D

QC
3
</)
(/>
UJ

£

3000

2900

2700

2600

2600

2400

2300

2200

2100

2000 —  j

1600

170b

1600

1600

DEVIATION (A )  ■ 066 erved rreseure-  T rue pre66Ure 

F ig* 13* Premmur# Oumge D éviation  Chart



TABI£ V: T h e rm o c o u p le  S t a n d a r d i z a t i o n  D a ta

B a ro -
Z ., emf metric True D e v ia -
tSermo- pressure temp. emf tion

chart Zq -Substance couple mm Hg

Melting ice -0.0146 743.1 0.00 0.000 -0.0146

5.2420 743.1 99.38 5.2098 +0.0322Condensing 
wa ter

Condensing
naphthalene

Condensing
benzophenone

Condensing
mercury

11.7183 741.9 216.87 11.6894 f 0.0289

16.493 735.2 304.28 16.5455 -0.052

19.227 736.3 354.94 19.360 -0.033

- 7 0 -



TA:££ VI: Reference Chart for Iron-Constantan Thermocouple

I
-q
H
I

Î.V. 0.0 0.1 0.2 0,3 0.4 0.5 0,6 0.7 0.8 0,9

0 2.02
0.00

2.02
2.02

2.01
4.04

2.00
6.05

2.00
8,05

1.99
10,05

1.98
12.04

1,98
14.02

1.97
16.00

1,97
17.97

1 1.96
19.94

1.96
21.90

1.95
23.86

1.95
25.81

1.94
27,76

1.94
29,70

1.94
31.64

1.93
33.58

1.93
35.51

1.92
37.44

2 1.92
39.36

1.91
41.28

1.91
43.19

1.91
45.10

1.90
47,01

1.90
48.91

1,90
50.81

1.89
52.71

1.89
54,60

1.89
56.49

3 1.88
58.38

1.88
60.26

1.38
62.14

1,87
64.02

1,87
65.89

1.87
67,76

1,87
69.63

1.06
71.50

1,86
73,36

1.85
75.22

4 1.85
77.08

1.85
78.93

1.85
80.73

1.35
82,63

1.35
84.48

1.84
86,33

1,84
88.17

1,34
90.01

1.34
91.85

1,84
93,69

5 1.34
95.53

1.83
97.37

1.83
99.20

1.83
101,03

1.83
102,86

1.83
104.69

1.83
106.52

1,83
108.35

1.83
110.18

1.82
112,01

Ô 1.82
113.83

1.32
115.65

1,82
117,47

1.82
119,29

1,82
121.11

1.82
122.93

1,82
124.75

1.82
126.57

1.82
128.39

1.82
130.21

7 1.32
132.03

1.62
133.85

1.82
135.67

1.81
137,49

1.81
139,30

1.31
141,11

1.31
142.92

1.31
144.73

1,81
146,54

1.81
148.35

8 1.81
150.16 151.97 153.78 155.59 157,40 159.21 161,02 162,83 164.64 166.45

9 1.31
168.25 170.07 171.88 173,69 175.31 177.31 179,12 180,93 182,74 134.55



TABIK VI ( c o n t i n u e d i

:4.V. 0 . 0  0 . 1  0 ,2  0 . 3  0 .4  0 . 5  0 . 6  0 .7  0 . 8  0 .9

10 1 .8 1
1 8 6 .3 6  1 8 8 .1 7  1 8 9 .9 8  1 9 1 .7 9  1 9 3 .6 0  1 9 5 .4 1  1 9 7 .2 2  1 9 9 .0 3  2 0 0 .8 4  2 0 2 .6 5

11 1 .8 0
2 0 4 .4 6  2 0 6 .2 6  2 0 8 .0 6  2 0 9 .8 6  2 1 1 .6 6  2 1 3 .4 6  2 1 5 .2 6  2 1 7 ,0 6  2 1 8 .8 6  2 2 0 .6 6

12 1 .8 0
2 2 2 .4 6  2 2 4 .2 6  2 2 6 .0 6  2 2 7 .8 6  2 2 9 .6 6  2 3 1 .4 6  2 3 3 ,2 6  2 3 5 .0 6  2 3 6 .8 6  2 3 8 .6 6

13 1 .8 0
2 4 0 .4 6  2 4 2 .2 6  2 4 4 .0 6  2 4 5 .8 6  2 4 7 .6 6  2 4 9 .4 6  2 5 1 .2 6  2 5 3 .0 6  2 5 4 .8 6  2 5 6 .6 6

i  14 1.60
w 2 5 8 .4 6  2 6 0 .2 6  2 6 2 .0 6  2 6 3 .8 6  2 6 5 .6 6  2 6 7 .4 0  2 6 9 .2 6  2 7 1 .0 6  2 7 2 .8 6  2 7 4 .6 6

15 1 .8 0
2 7 6 .4 6  2 7 8 .2 6  2 8 0 .0 6  2 8 1 .8 6  2 8 3 .6 6  2 8 5 .4 6  2 8 7 .2 6  2 8 9 .0 6  2 9 0 .8 6  2 9 2 .6 6

16 1 .8 0
2 9 4 .4 6  2 9 6 .2 6  2 9 8 .0 6  2 9 9 .8 6  3 0 1 .6 6  3 0 3 .4 6  3 0 5 .2 6  3 0 7 .0 6  3 0 8 .8 6  3 1 0 .6 6

17 1 .8 0
3 1 2 .4 6  3 1 4 .2 6  3 1 6 .0 6  3 1 7 .8 6  3 1 9 .6 6  3 2 1 .4 6  3 2 3 .2 6  3 2 5 .0 6  3 2 6 .8 6  3 2 8 .6 6

18 1 .8 0
3 3 0 .4 6  3 3 2 .2 6  3 3 4 .0 6  3 3 5 .8 6  3 3 7 .6 6  3 3 9 .4 6  3 4 1 .2 6  3 4 3 .0 6  3 4 4 .8 6  3 4 6 .6 6

19 1 .8 0
3 4 8 .4 6  3 5 0 ,2 6  3 5 2 .0 6  3 5 3 .8 6  3 5 5 .6 6  3 5 7 .4 6  3 5 9 .2 6  3 6 1 .0 6  3 6 2 .8 6  3 6 4 .6 6



I
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TABLE VI ( c o n t i n u e d )

M.V. 0 . 0  0 .1  0 . 2  0 . 8  0 .4  0 . 5  0 , 6  0 .7  0 . 8  0 , 9

20 1 .7 9
3 6 6 .4 6  3 6 8 .2 5  3 7 0 .0 4  3 7 1 .8 3  3 7 3 .6 2  3 7 5 .4 1  3 7 7 .2 0  3 7 8 .9 9  3 8 0 .7 8  3 8 2 .5 7

21 1 .7 9
3 8 4 .3 6  3 8 6 .1 5  3 8 7 .9 4  3 8 9 .7 3  3 9 1 .5 2  3 9 3 .3 1  5 9 5 ,1 0  3 9 6 ,8 9  3 9 8 ,6 8  4 0 0 ,4 7

22 1 .7 9  
4 0 2 .2 6
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S a m p le  M e a s u r in g  Tube

The p p e c l s i o n - b o r e  c a p i l l a r y  t u b e  u s e d  f o r  m e a s u r i n g  

th e  q u a n t i t y  o f  e a c h  c o m p o n en t i n  a s a m p le  m i x t u r e  was 

c a l i b r a t e d  t o  d e t e r m i n e  i t s  v o lu m e  a s  a f u n c t i o n  o f  i t s  

l e n g t h  f ro m  t h e  t i p .  M e a s u r e m e n ts  w e re  made o f  t h e  l e n g t h  

a n d  t e m p e r a t u r e  o f  known m a s s e s  o f  m e r c u r y  i n  t h e  t u b e  a n d  

o f  t h e  h e i^ ;h t  o f  t h e  m e r c u r y  m e n i s c u s .  To t h e  c & l c u l a t e d  

v o lu m e  o f  m e r c u r y  was a d d e d  a vo lum e c o m p l im e n t  o f  th e  

m e r c u r y  m e n i s c u s  b a s e d  on t h e  a s s u m p t i o n  t h a t  t h e  m e n i s c u s  

was a s e g m e n t  o f  a s p h e r e .

F o r  c o n v e n i e n c e  i n  s u b s e q u e n t  u s e  t h e s e  d a t a  w ere  

r e d u c e d  t o  t h e  fo rm  o f  a l i n e a r  e q u a t i o n  b y  a p p l i c a t i o n  o f  

t h e  m e th o d  o f  l e a s t  s q u a r e s  w i t h  t h e  f o l l o w i n g  r e s u l t  :

V = 0 .0 0 7 8 2  L -h  0 .0 0 0 0 7

w h e r e :  V i s  t h e  vo lum e i n  cc
L i s  t h e  t u b e  l e n g t h  i n  cm

The t o t a l  vo lum e o f  t h e  s a m p l i n g  c a p i l l a r y  p l u s  t h e

a t t a c h e d  c l o s e d  s t o p c o c k  w as 1 6 .7 5  c c .

F o r  s a m p le s  n u m b e re d  1 t h r o u g h  4 a c a p i l l a r y  t u b e

c a l i b r a t e d  b y  Donhara (7 )  t o  h a v e  t h e  f o l l o w i n g  v o lu ra e -

I c n g t h  r e l a t i o n  was u s e d :

V = 0 .0 0 0 3 2 0 9  L +  0 .0 0 0 1 0

w h e r e :  V i s  t h e  vo lum e i n  c c
L i s  t h e  t u b e  l e n g t h  i n  mm

The t o t a l  v o lu m e o f  t h e  a s s e m b l y  w as 1 3 .4 1  c c .



APFKIIDIX B 

SAMPLING

D é t e r m i n a t i o n  o f  s a m p le  c o m p o s i t i o n

From  t h e  m e a s u r e m e n ts  made on t h e  I n d i v i d u a l  c o m p o n e n ts  

t h e  a c t u a l  c o m p o s i t i o n  o f  t h e  s a m p le  w as c a l c u l a t e d  I n  a 

m a n n e r  s h o w  I n  T a b le  V I I  f o r  s a m p le  n u m b e re d  15$ The I n d i 

v i d u a l  i t e m s  I n  t h e  t a b l e  h a v e  t h e  f o l l o w i n g  s i g n i f i c a n c e :

1$ The t e m p e r a t u r e  o f  t h e  w a t e r  b a t h  s u r r o u n d i n g  
t h e  s a m p le  m e a s u r i n g  c a p i l l a r y  t u b e .

2$ The v a p o r  p r e s s u r e  o f  t h e  i n d i v i d u a l  c o m p o n e n ts
a t  t h e  t e m p e r a t u r e  o f  t h e  b a t h .

3.fic C a t h e t o m e t e r  r e a d i n g s  o f  t h e  l e n g t h  o f  t h e  l i q u i d .
4 .

5 .  The d i f f e r e n c e  o f  I t e m s  3 a n d  4 .

6$ The c a l c u l a t e d  v o lu m e o f  l i q u i d .

7 .  The c a l c u l a t e d  n u m b e r  o f  g ra m -m o ls  o f  co m p o n en t
c o n t a i n e d  I n  t h e  r e m a i n d e r  o f  t h e  v o lu m e  o f  t h e  
m e a s u r i n g  tu b e  a s s e m b l y  a t  I t s  s a t u r a t e d  v a p o r  
p r e s s u r e  and  t e m p e r a t u r e  a s s u m i n g  a n  i d e a l  g a s .

8 .  The m a s s  o f  t h e  v a p o r .

9 .  The m ass  o f  t h e  l i q u i d .

1 0 .  The t o t a l  m ass o f  e a c h  c o m p o n e n t .

1 1 .  The t o t a l  m ass o f  t h e  s a m p l e ,

1 2 .  The c o m p o s i t i o n  o f  t h e  s a m p l e .

- 7 6 -



TABLE V I I : S a m p le  C a l c u l a t i o n  o f  
M ix t u r e  C o m p o s i t i o n

S a m p le  N o . 1 5

1 .  B a th  t e m p e r a t u r e

2 .  V a p o r  p r e s s u r e  mm Hg

3 .  i i le n ls c u a  l e v e l  (cm )

4 .  Tube t i p  (cm)

5 .  L i q u i d  l e n g t h  (cm)

6 .  L i q u i d  v o lu m e  ( c c )

7 .  Mol v a p o r  (gm m o l)

8 .  h e i g h t  v a p o r  (gm)

9 .  .K e igh t l i q u i d  (gm)

1 0 .  T o t a l  w e i g h t  co m p o n en t  (gm)

1 1 .  S am p le  w e i g h t  (gm)

1 2 .  C o m p o s i t i o n  w e i g h t  p e r  c e n t

9 

43

G 2 .9 0 0  

6 1 .6 9 5  

1 . 2 0 5  

0 .0 0 9 4 9  

4 . 1 3  X 10 

0 .0 0 3 2 2  

0 .0 0 8 3 4  

0 ,0 1 1 5 6

0 .0 3 8 3 8  

3 0 , 1  6 9 .9

.-5

12 
10

6 5 .0 6 5  

6 1 .6 6 5  

3 . 4 0 0  

0 .0 2 6 6 5  

0 . 9 4 8  X 10 

0 .0 0 0 1 7  

0 .0 2 6 6 5  

0 .0 2 6 8 2

- 5
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APPENDIX C 

KXPLia^iiNTAL RAW DATA

D ata on p h a s e  b e h a v io r

The d a t a  on p h a j s  b e h a v i o r  f o r  sa m p le s  o f  f i x e d  

c o m p o s i t i o n  a r e  p r e s e n t e d  i n  T ab le  V I I I  a s  t h e y  w ere  

o r i g i n a l l y  o b s e rv e d  and  c o r r e c t e d  f o r  th e  known d e v i a t i o n s  

o f  th e  m e a s u r in g  in s t r u m e n t s *

E x t r a n e o u s  d a t a

D uring  th e  c o u r s e  o f  t h e  e x p e r im e n t  a s e r i e s  o f  

m e a su re m e n ts  w ere  made w hich  w ere  c o n s t r u e d  a t  t h e  t im e  

a s  r e p r e s e n t i n g  p h a s e  change*  U l t i m a t e l y  t h e s e  m e a s u r e 

m en ts  w ere  fo u n d  to  be p o i n t s  of e q u a l i t y  o f  r e f r a c t i v e  

in d e x  o f  th e  two l i q u i d  p h a s e s .  These d a t a  a r e  g iv e n  i n  

T a b le  IX .

- 7 8 -



TABLE V I I I ;  E x p e r i m e n t a l  D a ta  

D a ta  on S am ple  A"o. 1 

C o m p o s i t i o n : 9 4 ,7  w t/j b e n z e n e  
5 , 3  wtj^ w a t e r

8 0 .5  mol/o b e n z e n e
1 9 .5  m o l^  w a t e r

O b s e r  Temp, P r e s s u r e O b s e r  Temp. P r e s s u r e
v a t i o n °C p s i a va t i o n p s i a

85 2 0 2 .4 462 65 2 7 0 ,9 1147
86 2 0 5 ,4 490 62 2 7 0 ,6 1151
87 2 1 0 ,6 53 9 63 2 7 1 ,2 1144
84 2 1 3 ,5 567 64 2 7 1 ,3 1142
83 2 2 3 ,5 673 66 2 7 1 .6 1134
91 2 3 1 ,5 763 67 2 7 1 ,9 1129
92 2 3 2 ,0 768 78 2 7 2 ,2 1127
93 2 3 2 .9 775 7 9 ( c ) 2 7 2 ,3 1127
94 2 3 3 ,5 782 68 2 7 2 ,2 1126
82 2 3 3 ,7 786 69 2 7 2 ,3 1122
95 2 3 4 ,2 789 70 2 7 2 ,4 11 2 0
96 2 3 5 ,0 7 9 6 71 2 7 2 ,6 1 1 1 8
97 2 3 5 ,6 805 73 2 7 2 ,7 1112
98 2 3 6 ,  6 815 74 2 7 2 ,8 1110
99 2 3 7 ,6 822 77 2 7 3 ,0 1100
88 2 3 8 ,6 832 7 6 2 7 3 ,0 1078

100 2 3 8 ,5 832 75 2 7 2 ,8 1063
101 2 3 9 ,3 841 72 2 7 2 ,7 1055

44 2 3 9 ,6 849 57 2 7 2 ,9 1034
102 2 4 0 ,2 851 56 2 7 2 ,5 1019
103 2 3 1 ,0 861 55 2 7 1 , 6 996
104 2 4 1 ,9 867 52 2 6 9 , 6 95 8
105 2 4 2 .8 877 51 2 6 7 ,9 920

81 2 4 3 ,6 882 49 2 6 4 ,9 877
106 2 4 3 ,6 885

. 107 2 4 4 ,4 893 Da t a  on Sam ple  !îo • ^  y108 2 4 5 .1 901 C o m p o s i t i o n :  9 0 , 6 wtyb b e n z e n e
109 2 4 6 ,0 911 9 ,4 wt;* wa t e r
110 2 4 6 .7 918 6 9 , 0 m ol>  b d n z .
111 2 4 7 ,5 925 3 1 .0  tno l^  m a t e r

80 2 5 0 .8 958
90 2 5 5 ,9 1012 112 2 0 7 ,7 513
46 2 5 6 ,0 102 8 113 2 1 1 ,9 553
58 2 5 6 ,9 1031 114 2 1 7 ,5 612
89 2 5 7 ,5 1028 115 2 2 2 ,8 671
48 2 6 4 ,9 1114 116 2 2 7 ,5 725
59 2 6 6 ,0 1123 117 2 3 1 .7 753
60 2 6 7 ,6 1 1 3 6 118 2 3 5 ,7 828
50 2 6 7 .9 1137 119 2 3 9 ,3 879
61 2 6 9 ,2 114 6 120 2 4 2 ,9 921

"7 9*



TAHLk: V I I I  ( c o n t i n u e d )

D a ta  on S am p le  k o .  2  ( c o n  * t ) 
C o m p o s i t i o n :
9 0 . 6  w t ^  b e n z e n e  

9 . 4  wt/6 w a t e r  
6 9 * 0  b e n z e n e
3 1 . 0  mol>b w a t e r

O b s e r  Temp. P r e s s u r e
va t i o n OQ p s i a

1 2 1 2 4 6 .2 961
1 2 6 2 4 8 .2 995
123 2 5 2 . 0 1031
124 2 5 4 . 6 1 0 6 2
129 2 5 6 . 1 1092
125 2 5 7 . 3 1094
1 2 8 2 6 0 . 0 1 13 9
127 2 6 5 . 0 11 9 4
13 0 2 6 6 . 4 1207
131 2 6 7 . 9 1217
132 2 6 8 . 4 1220
133 2 6 8 . 8 1 2 1 9
134 2 6 9 . 1 1 2 1 8
135 2 6 9 . 4 1 2 1 6
136 2 6 9 . 6 1 2 1 0
1 3 7 ( c ) 2 6 9 .7 12 0 7
1 3 8 2 6 9 . 9 12 0 3
1 4 1 2 7 0 . 3 1197
142 2 7 0 .4 1 1 9 3
145 2 7 0 . 8 1 1 8 3
14 6 2 7 0 . 9 1 1 6 9
144 2 7 0 . 8 11 5 3
143 2 7 0 . 6 11 4 1
139 2 7 0 . 3 1130
1 4 0 2 7 0 . 3 1129
147 2 6 9 . 2 1 0 8 9
148 2 6 8 . 7 1 06 9
149 2 6 7 . 9 1 0 6 1
150 2 6 6 . 1 1 0 2 7
158 2 6 6 . 4 1 0 2 5
151 2 6 4 . 8 9 9 4
157 2 6 2 . 4 9 4 8
15 3 2 5 6 . 9 904
156 2 5 5 . 8 84 9
154 2 5 4 . 5 830
155 2 4 7 . 9 7 4 2

D a ta  on S am p le  K o. 
C o m p o s i t i o n :
6 8 . 2  w t^  b e n z e n e
1 1 . 8  w t^  w a t e r
6 3 . 3  m o l^  b e n z e n e
3 6 . 7  m o l^  w a t e r

O b s e r  Temp. P r e s s u r e
v a t i o n *>c p s i a

1 5 9 2 5 5 . 6 109 1
1 6 0 2 5 8 . 9 1 1 3 3
161 2 6 1 . 3 11 6 4
162 2 6 3 . 8 11 9 0
163 2 6 5 . 9 12 1 6
164 2 6 8 . 4 1 2 1 7
1 6 5 2 6 9 . 4 123 0
1 6 6 2 6 9 . 5 1 227
1 6 7 ( c ) 2 6 9 . 6 122 4
1 6 8 2 6 9 . 8 1 2 2 0
1 7 0 2 7 0 . 1 1 2 1 4
171 2 7 0 . 2 1 2 1 0
174 2 7 0 . 4 1 2 0 0
173 2 7 0 . 4 1 1 8 1
172 2 7 0 . 3 1 1 7 5
1 6 9 2 7 0 . 1 11 6 2
1 7 6 2 7 0 . 0 1 1 5 7
177 2 6 8 . 7 1112
1 7 8 2 6 7 . 2 1 07 2
1 7 9 2 6 5 . 4 103 7
18 0 2 6 1 . 8 931
18 1 2 5 7 . 2 901

Da t a  on S a m p le N o . 4
C o m p o s i t i o n :
8 0 . 6  wt/a b e n z e n e  
1 9 , 4  w t^  w a t e r  
4 8 . 9  m o l^  b e n z e n e  
5 1 , 1  m o l^  w a t e r

182 2 5 0 . 7 1 0 4 1
183 2 5 4 . 6 1 1 0 5
184 2 5 7 . 6 1 1 5 6
185 2 6 0 . 0 1202
18 9 2 6 1 . 6 1 2 3 9

—80™



TABLE V I I I  ( c o n t i n u e d )

D a ta on S am p le  D o . 4 ( c o n  *t ) O b s e r -  Temp. P r e s s u r e
C o tnposi t i  o n : v a t i o n p s i a
8 0 «6 w t^  b e n z e n e
1 9 . 4  w t^  w a t e r 2 1 5 2 6 7 . 3 1 3 3 3
4 8 . 9 m o l^  b e n z e n e 2 1 6 2 6 7 . 8 1341
5 1 . 1  mol.% w a t e r 2 2 0 2 6 7 . 2 1 3 4 6

221 2 6 8 . 0 1 3 5 3
O b s e r -  Temp, P r e s s u r e 222 2 6 8 . 1 1 3 5 6
v a t i o n  C p s i a 224 2 6 7 . 6 1 3 6 1

2 2 5 2 6 7 . 6 1 3 4 8
1 8 6 2 6 2 . 8 12 5 0 2 2 6 2 6 6 . 9 1 3 2 8
19 0 2 6 4 * 9 129 5 227 2 6 5 . 5 1302
1 9 1 2 6 5 . 8 1314 2 2 6 2 6 3 . 3 1 2 6 3
192 2 6 6 . 7 1 3 2 6 22 9 2 6 0 . 3 1 2 0 4
193 2 6 7 . 0 1 3 2 9 2 3 0 2 5 6 . 1 1 1 3 1
194 2 6 7 . 3 133 4 2 3 1 2 4 9 . 2 1 0 0 7
195 2 6 7 . 5 1 3 3 8
1 9 6 ( c )  2 6 7 . 8 133 4
197 2 6 7 . 6 1 3 2 7 D a te on  S a m p le  No .  6
198 2 6 7 . 5 132 2 C om posi t l o n :
199 2 6 7 . 4 1 3 1 5 6 3 . 9  w t^  b e n z e n e
2 0 0 2 6 6 . 7 129 9 3 6 . 1 w t^  w a t e r
2 0 1 2 6 6 . 1 1 2 8 4 2 9 . 0 m o l^  b e n z e n e
202 2 6 4 . 3 124 1 7 1 . 0 mol^o w a t e r
2 0 3 2 6 0 . 9 1 1 6 8
2 0 8 2 5 7 . 9 1 1 1 3 2 5 5 2 4 3 . 7 93 7
20 4 2 5 4 . 4 1 0 5 6 2 5 6 2 4 8 . 0 1 0 0 8
20 7 2 4 9 . 6 9 76 2 3 6 2 6 3 . 7 1 2 8 0
2 0 6 2 4 4 . 2 89 5 2 3 7 ( c i) 2 6 8 . 1 136 1
2 0 5 2 3 8 . 8 813 2 5 1 2 6 8 . 6 1 3 6 1

2 9 2 2 9 1 . 8 2 6 6 6
2 9 6 2 9 1 . 5 2 5 2 6

D a ta on S a m p le  N o . 5 2 9 7 2 9 3 . 2 2 2 0 3
C o m p o s i t i o n : 284 2 9 6 . 8 2 0 0 2
7 4 . 3 wt% b e n z e n e 2 8 3 2 9 8 . 0 1 9 9 1
2 5 . 7  w t^  w a t e r 2 9 9 2 9 8 . 3 2021
4 0 . 1 m o l^  b e n z e n e 28 2 2 9 9 . 4 199 1
5 9 . 9 mol)6 w a t e r 2 8 1 2 9 9 . 6 1 9 5 6

2 4 9 2 9 8 . 4 1 9 3 9
2 1 1 2 2 8 . 5 729 2 4 8 2 9 8 . 0 19 1 1
2 1 0 2 4 6 . 5 97 8 2 8 0 2 9 8 . 7 1 9 0 9
2 1 2 2 5 7 . 5 116 2 2 7 9 2 9 7 ,7 1 8 8 7
2 0 9 2 5 8 . 2 1 1 6 5 2 4 7 2 9 6 . 0 1832
213 2 6 1 . 0 1 2 1 9 2 4 6 2 9 3 . 8 1 7 5 0
2 1 7 2 6 2 . 4 1 2 5 1 2 7 8 2 9 3 . 1 1 7 1 1
2 1 4 2 6 5 . 0 1 2 8 9 2 4 5 2 9 1 . 6 1 6 7 8
2 1 8 2 6 4 . 4 1 2 9 3 24 4 2 8 9 . 3 1 6 1 6
2 1 9 2 6 6 . 7 1 3 3 1 2 7 7 2 8 7 . 9 1 5 8 6
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TAi3IE V I I I

D a ta  on  S a m p le  K o . 
C om posi t i o n :
6 3 . 9  wt>3 b e n z e n e  
3 6 . 1  w a t e r
2 9 . 0  m o l^  b e n z e n e  
7 1 * 0  m o l^  w a t e r

( c o n  t i m e d } 

6 ( c o n  *t )

O b s e r  Temp, P r e  s  s u r
v a t i o n p s i a

2 4 5 2 8 7 . 0 1 5 5 8
242 2 8 4 . 7 1 4 9 4
2 7 0 2 8 3 . 0 1 4 6 3
2 4 1 2 8 1 . 9 1 4 3 1
2 4 0 2 7 9 . 2 1 3 7 2
2 3 9 2 7 5 . 8 1 3 1 5
2 3 8 2 7 2 . 8 1 2 5 0
2 3 5 2 7 1 . 8 1 2 3 3
2 3 4 2 6 8 .1 1 1 5 5
2 3 3 2 6 4 . 2 1 0 8 2
2 3 2 2 5 9 . 7 1 0 1 9

D a ta  o n  S a m p le  N 
C o m p o s i t i o n  :
4 9 . 1  w t^  b e n z e n e  
5 0 . 9  w t^  w a t e r
1 8 . 2  mb]% b e n z e n e  
8 1 . 8  m o l^  w a t e r

0 .  7

3 0 1 2 6 5 . 9 1 3 2 2
3 0 2 ( 0 ) 2 6 8 . 4 1 3 6 4
3 4 1 2 9 6 . 7 2 6 7 4 -
3 4 2 2 9 9 . 0 2 8 6 0
3 6 7 2 9 6 . 7 2 8 4 3
54 4 2 9 7 . 7 2 7 9 4
3 6 8 2 9 7 . 5 2 7 8 3
3 6 9 2 9 8 . 1 2 6 7 1
3 4 3 2 9 9 . 0 2 5 1 9
3 4 5 2 9 9 . 6 2 4 7 1
3 2 8 3 0 0 . 4 2 4 5 0
3 4 6 3 0 0 . 6 2 4 0 6
3 4 7 3 0 1 . 9 2 3 5 7
3 4 8 3 0 3 . 4 2 3 1 9
3 4 9 3 0 4 . 2 2 3 0 9
327 3 0 4 . 4 2 3 0 4
3 5 0 3 0 4 . 8 2 3 0 5
352 3 0 5 . 5 2 3 0 4
326 3 0 5 . 7 2 2 9 5
3 5 1 3 0 5 . 7 2 3 0 2

O b s e r  Tem p. P r e s s u r e
v a  t i o n p s i a

3 5 3 3 0 6 . 4 2 3 0 1
3 5 4 3 0 7 . 2 2 3 0 5
3 2 5 3 0 7 . 4 2 3 1 0
3 5 5 3 0 7 . 9 2 3 1 2
3 5 6 3 0 9 . 1 2 3 1 6
3 7 0 3 1 0 . 0 2 3 2 6
3 5 7 3 1 0 . 2 2 3 2 8
3 7 1 3 1 0 . 9 2 3 3 5
3 1 4 3 1 1 . 4 2 3 3 3
372 3 1 1 . 8 2 3 4 7
373 3 1 2 . 9 2 3 5 6
3 7 4 3 1 3 . 8 2 3 6 9
3 1 6 3 1 4 . 2 2 3 7 1
3 6 0 3 1 4 . 5 2 3 8 3
3 7 5 3 1 5 . 2 2 3 8 3
3 7 6 3 1 5 . 7 2 3 9 6
3 6 1 3 1 6 . 2 2 4 0 6
3 7 7 3 1 6 . 9 2 4 0 8
362 3 1 7 . 9 2 4 2 1
3 7 8 3 1 6 . 1 2 4 2 1
3 6 3 3 1 9 . 0 2 4 3 6
3 7 9 3 1 9 . 3 2 4 3 4
3 6 4 3 2 0 . 2 2 4 4 0
3 8 0 3 2 0 , 8 2 4 3 8
3 2 4 3 2 1 . 0 2 4 0 6
3 2 2 3 2 1 . 7 2 3 8 0
323 3 2 1 . 0 2 3 1 7
3 2 0 3 1 9 . 9 2 2 2 5
31 7 3 1 7 . 1 2 1 1 4
3 1 5 3 1 4 . 2 2020
3 1 0 3 1 3 . 5 2 0 0 0
3 1 3 3 1 1 . 4 1 9 3 7
3 0 9 3 1 0 . 4 1 9 0 0
3 12 3 0 8 . 0 1 8 3 8
3 0 8 3 0 7 . 3 1 8 0 5
3 0 7 3 0 3 . 9 1 7 1 8
3 0 6 3 0 0 . 2 1 6 1 9
3 0 5 2 9 6 . 5 1 5 1 7
30 4 2 9 1 . 6 1 4 1 3
3 0 3 2 8 6 . 0 1 3 0 7
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TABLE V I I I  ( c o n t i n u e d )

D a ta on S am p le  l^o. 8 O b s e r  Temp. P r e s s u r e
C o m p o s i t i o n : v a t i o n oc p s i a
7 1 . 2  w t^  b e n z e n e
2 9 . 9 wtjfe w a t e r 452 3 0 1 . 9 2 3 6 1
3 5 . 4 m o l^  b e n z e n e 4 S I 3 0 3 . 0 2 3 3 5
G 4 .6  m o l^  w a t e r 4 5 6 3 0 3 . 5 2 3 2 6

4 5 0 3 0 4 . 2 2 3 1 4
O b s e r -  Temp. P r e s s u r e 449 3 0 5 . 4 2 3 0 5
v a t i o n  0 p s i a 45 7 3 0 5 . 2 2 3 0 4

4 5 8 3 0 6 . 7 2 3 0 2
3 9 6 2 5 2 . 6 1 0 9 3 45 9 3 0 8 . 4 2 3 0 9
403 2 5 5 . 8 1144 447 3 0 9 . 1 2 3 1 8
3 9 8 2 5 8 . 5 1 1 9 8 4 6 0 3 1 0 . 2 2 3 2 8
40 5 2 6 0 . 8 1237 4 6 1 3 1 1 . 7 2 3 4 9
4 0 0 2 6 3 . 1 1 2 8 8 4 4 6 3 1 5 . 5 2 4 0 2
4 0 9 2 6 8 . 0 1 3 6 6 4 4 5 3 2 1 . 4 2 4 8 9
4 1 4 2 7 7 . 0 2 2 7 5 4 44 3 2 5 . 1 2 5 4 6
412 2 7 8 . 2 2 1 4 3 4 4 3 3 2 7 . 8 2 5 8 6
418 2 7 7 . 8 2 1 1 7 4 3 3 3 2 9 . 3 2 6 0 4
4 1 7 2 7 9 . 8 1997 4 3 5 3 3 1 . 5 2 6 4 0
4 1 6 2 8 1 . 7 17 9 7 43 7 3 3 3 . 3 2 6 6 9
415 2 8 2 . 2 16 7 9 4 3 9 3 3 5  . 3 2 684
395 2 8 3 . 1 1664 442 3 3 6 , 2 2 6 7 4
393 2 8 1 . 8 1620 4 4 1 3 3 6 . 2 262  6
392 2 8 0 . 0 15 6 9 4 3 8 3 3 5 . 3 2 5 4 5
3 91 2 7 7 . 7 15 1 4 4 3 6 3 3 3 . 3 2 4 1 1
3 9 0 2 7 5 . 2 1 4 5 6 4 34 3 3 1 . 5 2 3 4 7

, 389 2 7 2 . 9 1 4 0 6 432 3 2 9 . 1 2 2 9 0
i 388 2 6 9 ,8 1 3 5 2 4 3 1 3 2 6 , 9 2 2 0 7
! 3 8 7 2 6 6 . 8 1 2 8 9 4 3 0 3 2 4 . 6 2 1 1 2

3 8 6 2 6 4 . 1 1 23 9 4 2 9 3 2 2 . 1 2 0 3 3
3 8 5 2 6 1 . 2 1 1 8 0 4 2 8 3 1 9 . 5 19 5 7
384 2 5 7 . 4 1 1 1 1 4 2 7 3 1 7 . 0 1862
3 8 3 2 5 3 . 8 1 0 5 1 4 2 6 3 1 4 . 1 1 8 0 0
382 2 5 0 . 0 973 4 2 5 3 1 1 . 2 1 7 4 1

42 4 3 0 8 .1 163 9
4 2 3 3 0 1 , 7 1 4 9 4

D a te 1 on  S a m p le  No . 9
C o m p o s i t i o n :
3 5 . 1 wt/o b e n z e n e D a ta  on S am p le  No . 10
6 4 . 9  w t^  w a t e r C o m p o s i t i o n :
1 1 . 1 w t>  b e n z e n e 22 . 0  wt/v b e n z e n e
8 8 . 9 m o l^  w a t e r 7 8 . 0  wt)J w a t e r

1 6 . 1  mol/o b e n z e n e
4 2 1 2 5 9 . 4 1 1 9 7 9 3 . 9  m o l /(> w a t e r
420 2 6 3 . 4 1 2 7 5
4 1 9 ( c )  2 6 8 . 4 1364 462 2 5 7 . 7 117 7
4 5 5 2 9 7 . 7 2 7 2 8 46 3 2 6 0 . 7 1 2 3 6
454 2 9 8 . 9 2 5 4 1 464 2 6 4 . 9 1 3 0 4
4 5 3 3 0 0 . 5 2 4 2 6 4 6 5 ( c ) 2 6 7 . 7 1364
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TABLE V I I I  ( c o n t i n u e d )

D a ta  on  S a m p le  r^o . 1 0 ( c û n * t ) D a ta o n  S a m p le  N o . 1 1
C o m p o si t i  o n : C o m p o s i t i o n :
22 «0 w t^ b e n z e n e 6 . 0 wt/o b e n z e n e
7 8 . 0 v/a t e r 9 4 . 0 wt/é wa t e r

6 . 1  m o l ^  b e n z e n e 1 . 5 mo 1 /0  b e n z e n e
9 3 . 9  m o l/ i  w a t e r 9 8 . 5 mo 1 /0  w a t e r

O b s e r  T em p . P r e s s u r e O b s e r -  Tem p. P r e s s u r e
v a t i o n p s i a v a t i o n  C p s i a

4 6 8 2 9 3 . 7 2 5 1 3 5 0 7 2 4 6 . 2 9 8 5
4 6 7 2 9 5 . 0 2 3 3 7 5 0 8 2 4 8 . 0 1 0 2 4
4 6 6 2 9 6 . 6 2 2 4 6 5 0 9 2 5 2 . 5 1 0 8 1
4 6 9 2 9 8 . 0 2 1 8 7 5 1 0 2 5 6 . 6 1 1 5 1
4 7 0 3 0 0 . 0 2 1 2 5 5 1 1 2 6 0 . 1 1 2 1 6  '
4 7 5 3 0 0 . 9 2 1 2 3 5 1 2 2 6 6 . 4 1 2 4 4
4 7 1 3 0 1 . 7 2 1 2 0 5 1 3 2 6 9 . 2 1 2 7 4
4 7 4 3 0 2 . 1 2 1 2 1 5 1 4 2 7 5 . 6 1 3 2 9
4 7 3 3 0 2 . 7 2 1 1 9 5 1 5 2 8 1 , 5 1 3 7 4
4 7 2 3 0 3 . 2 2 1 2  6 5 1 6 2 8 9 . 3 1 4 6 7
4 7 6 3 0 3 . 9 2 1 3 2 5 1 7 2 9 6 . 2 1 5 6 4
47 7 3 0 6 . 1 2 1 5 0 5 1 8 3 0 4 . 1 1 6 6 5
4 7 8 3 0 8 . 3 2 1 7 1 5 1 9 3 1 4 . 2 1 8 2 4
4 7 9 3 1 0 . 8 2 2 0 7 5 2 0 3 2 2 . 0 1 9 8 9
4 8 0 3 1 3 . 3 2 2 4 2 5 2 1 3 2 9 . 3 2 1 3 7
4 8 3 3 1 6 . 0 2 3 0 4 5 2 2 3 3 5 . 9 2 2 9 3
484 3 1 9 . 5 2 3 5 2 5 2 3 3 4 1 . 6 2 4 3 5
4 8 7 3 2 2 . 8 2 4 0 6 5 2 4 3 4 6 . 5 2 5 6 7
4 8 8 3 2 5 . 6 2 4 6 7 5 2 5 3 4 9 . 1 2 6 8 5
4 9 1 3 2 9 . 1 2 5 3 0 5 2 6 3 5 5 . 7 2 8 2 6
4 9 2 3 3 3 . 2 2 6 1 5 5 2 8 3 5 7 . 4 2 8 7 5
4 9 5 3 3 7 . 1 2 6 9 8
4 9 6 3 4 1 . 2 2 7 7 7
4 9 9 3 4 5 . 6 2 8 5 5 D a ta on  S a m p le  N o . 12
5 0 3 3 4 6 . 3 2 8 6 8 C o m p o s i t i o n :
5 0 2 3 4 7 . 4 2 8 8 1 1 1 . 7 w t/j  b e n s o n e
5 0 1 3 4 9 . 7 2 9 1 4 8 8 . 3  w t ^  w a t e r
5 0 6 3 5 0 . 9 2 9 1 7 3 . 0 mol/6 b e n z e n e
5 0 0 3 4 9 . 7 2 7 7 1 9 7 . 0 mo I/O w a t e r
4 9 8 3 4 5 . 7 2 5 9 3
4 9 7 3 4 1 . 2 2 4 2 5 5 2 9 2 5 4 . 7 1 1 2 6
4 9 4 3 3 7 . 1 2 3 0 0 5 3 0 2 5 8 . 1 1 1 8 4
4 9 3 3 3 3 . 2 2 1 5 2 5 3 1 2 6 1 . 3 1 2 4 7
4 9 0 3 2 9 . 1 2 0 8 4 5 3 2 2 6 4 . 4 1 3 0 3
4 8 9 3 2 5 . 6 1 9 3 2 5 3 3 2 6 6 . 5 1 3 4 0
4 8 6 3 2 2 . 8 1 8 6 0 5 3 4 2 6 7 . 6 1 3 6 2
4 8 5 3 1 9 # 5 1 7 6 0 5 3 5 ( c )  2 6 8 . 0 1 3 6 5
48 2 3 1 6 , 6 1 6 8 2 5 3 7 2 8 3 . 4 1 9 1 5
4 8 1 3 1 5 . 2 1 5 6 9 5 4 6 2 8 4 . 6 1 8 1 9
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TAHLE V I I I  ( c o n t i n u e d )

D a ta  on  :Sam ple H o . 1 2 ( co n  *t ) Obser» Temp. P r e s s u r e
C o m p o s i t i o n  : v a t i o n  °C p s i a
1 1 .7 b e n z e n e
8 8 . 3  wt% w a t e r 57 1 3 1 1 .1 2323

3 . 0  mol/» b e n z e n e 587 3 1 0 .0 23 2 1
9 7 . 0  tn o l^  w a t e r 57 0 3 0 8 .4 2 2 9 9

586 3 0 8 .2 2302
O b s e r  Temp. P r e s s u r e 569 3 0 7 .2 229 4
v â t  i o n “ C p a i a 585 3 0 6 .5 2 2 9 8

568 3 0 5 .8 2 2 9 5
545 2 8 5 . 8 1779 584 3 0 5 .0 2 2 9 9
5 4 4 2 8 7 .5 1763 567 3 0 4 .4 230 4
5 3 8 2 8 8 .4 1765 583 3 0 3 .9 2 3 0 6
543 2 8 9 . 6 1767 566 3 0 3 .3 2 3 1 9
542 2 9 0 .7 1784 5 6 5 3 0 2 .3 2 3 4 0
539 2 9 3 . 0 1799 582 3 0 1 . 8 2 3 4 3
540 2 9 7 .3 1 8 3 6 564 3 0 1 .3 23 7 3
54 1 3 0 1 .4 1890 561 3 0 0 .9 2 4 0 0
5 47 3 0 5 .5 1941 562 2 9 9 .5 2 4 6 4
5 4 8 3 1 0 .2 2020 563 2 9 8 . 6 2552
5 4 9 3 1 4 . 8 2 0 9 4 58 1 2 9 9 .2 2557
550 3 2 0 .3 2184
561 325 . 3 2 2 8 9
553 3 2 9 .9 2 3 8 8 D a ta on S a m p le  H o . 14
554 3 3 4 .1 2 4 7 9 C o m p o s i t i o n  :
55 5 3 3 4 .1 2 0 6 0 3 8 . 2 w t/j  b e n z e n e
552 3 2 9 .9 1932 6 1 .8 wt><? w a t e r

592 2 6 8 . 6 1364
D a ta  on  S a m p le  ^ o . 13 610 3 2 0 .3 2 4 6 7
C o m p o s i t i o n s 609 3 1 7 .8 2424
4 0 . 6  wt;^ b e n z e n e 608 3 1 5 .2 2382
5 9 .4  w t^  w a t e r 607 3 1 3 .7 2361

606 3 1 2 .3 2 3 3 8
55 6 2 6 0 . 9 1218 605 3 1 0 .2 2 3 1 5
557 2 6 2 . 9 1254 604 3 0 9 .3 2 3 1 1
558 2 6 5 .4 1 3 0 3 603 3 0 8 .5 230 2
559 2 6 7 . 8 1350 602 3 0 7 .9 2 2 9 9
5 6 0 ( c ) 2 6 8 .5 1366 601 3 0 7 . 8 2 2 9 7
578 3 2 9 .5 2 5 6 1 600 3 0 7 . 0 2 2 9 6
577 3 2 7 .3 2 5 4 8 5 9 9 3 0 6 .3 2 2 9 6
57 6 3 2 4 .9 2 5 1 6 598 3 0 5 .7 2 2 9 7
575 3 2 2 . 4 2 4 8 3 597 3 0 5 . 0 2 3 0 3
574 3 1 9 . 9 2 4 4 1 596 3 0 4 . 0 2 3 0 6
573 3 1 7 .0 24 0 2 595 3 0 3 .7 2312
572 3 1 4 .2 2 3 6 0 594 3 0 2 .7 2 3 3 6
579 3 1 2 .3 2342 593 3 0 0 . 8 2 4 0 1
580 3 1 3 . 0 2352
588 312 .0 2 3 3 6
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TAcLZ V I I I  ( c o n t i n u e d )

D a ta  on  S am p le  N o. 
C o m p o s i t i o n  :
3 0 . 1  wt/w b e n z e n e  
69*9  wtj« w a t e r

15

O b s e r  Temp. P r e s s u r e
v a t i o n p a i a

618 3 3 6 .  6 2 7 1 3
6 1 9 ( c ) 3 3 6 .1 2 7 1 1
617 3 3 6 .0 2 7 0 8
616 3 3 5 .5 2 7 0 1
615 3 3 3 .4 2 6 7 1
614 3 3 1 . 8 2 6 4 3
613 3 3 1 .4 2 6 3 2
612 3 2 9 .1 26 0 4
611 3 2 8 .2 2 5 8 5
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TABLE IX : The P r e s s u r e - T e m p e r a tu r e  R e l a t i o n s  a t P o i n t s  o f
E q u a l  R e f r a c t i v e in d e x  f o r  Two L i q u i d  P h a s e s

Sam ple No« 6 S am ple  Ho. 8

O b s e r  Temp. P r e s s u r e  O b s e r -  Temp. P r e s s u r e
va t l  on Oc p a i a v a t i o n p a i a

254 2 5 2 .5 1149 404 2 5 5 .8 1307
257 2 5 5 .4 1251 397 2 5 8 .6 1402
258 2 5 7 .2 1314 406 2 6 0 .8 1495
259 2 5 8 .8 1389 399 2 6 2 .9 1585
263 2 5 9 .6 1402 407 2 6 4 .6 1650
253 2 5 9 .7 1418 401 2 6 7 .7 1772
260 2 6 1 .5 1474 408 2 6 9 .0 1795
261 2 6 4 .0 1513 410 2 7 1 .0 1916
262 2 6 5 .4 1640 411 2 7 5 .4 2048
252 2 6 8 .6 1725
264 2 7 1 .4 1864
288 2 7 1 .9 1887
265 2 7 3 .1 1933
266 2 7 6 .4 2045
267 2 7 9 .3 2143
289 2 8 1 .2 2312
293 2 8 3 .2 2351
268 2 8 4 .5 2356
294 2 8 5 .3 2422
269 2 8 7 .0 2424
295 2 8 5 .4 2460
290 2 8 7 .2 2476
287 2 8 8 .2 2511
291 2 8 9 .7 2571

Sam ple Ho. 7

330 2 5 0 .6 1132
331 2 6 9 .8 1857
332 2 7 3 .1 1958
333 2 7 6 .4 2076
334 2 7 8 .7 2158
335 2 8 2 .5 2334
336 2 8 5 .1 2408
337 2 8 7 .6 2518
338 2 9 0 .2 2665
339 2 9 2 .3 2748
340 2 9 4 .4 2859
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APPKLÎDIX D

The f o l l o w i n g  e q u i p m e n t  I s  s t a n d a r d  a n d  c o m m e r c i a l l y  

a v a i l a b l e  ^

P r e s s u r e  p:aur:e ; 1 6 - l n c h  d i a l ,  7 6 0  g r a d u a t i o n s ,  r a n g e  

z e r o  t o  5 0 0 0  p s l ,  l i e l s e  ^-iourdon Tube L a b o r a t o r i e s ,  K e w to /m , 

C o n n e c t i c u t  •

O i l  b o o s t e r  pum p: 1 0 - t o n  r a m ,  1 , 6  c u b i c  i n c h  p e r

s t r o k e ,  P o r t o - p o w e r  pum p , b la c k h a v /k  l A a n u f a c t u r i n g  C om pany, 

i'll Iw a u k e e  , ; / i s  c o n s  I n  •

O i l  c o m p r e s s o r  p i s t o n ; R ange  z e r o  t o  1 5 , 0 0 0  p s l , 

h y d r a u l i c  p r e s s u r e  g e n e r a t o r .  C a t .  N o . 4 6 - 9 3 1 5 .  A m e r ic a n  

i n s t r u m e n t  C om pany , I n c o r p o r a t e d ,  S i l v e r  S p r i n g ,  * i a r y l a n d .

L e a d v ; e i g h t  g a u g e  t e s t e r ; M o d i f i e d  f r o m  S t a r  B r a s s  

M a n u f a c t u r i n g  C om pany , B o s t o n ,  M a s s a c h u s e t t s .

The f o l l o w i n g  e q u ip m e n t  w as c o n s t r u c t e d  I n  t h e  

l a b o r a t o r i e s  :

C o n d e n s in g  v a p o r  .1 a c l te t< The j a c k e t  w as made c o m p l e t e l y  

o u t  of P y r e x  g l a s s  w i t h  t h e  m a in  w o r k i n g  s e c t i o n  s u r r o u n d e d  

b y  a s i l v e r e d  vacuum  J a c k e t .

M e rc u ry  l e v e l  I n d i c a t o r  a n d  m e r c u r y  c o m p r e s s o r  p i s t o n ; 

T h e s e  I t e m s  o f  e q u i p m e n t  a r e  show n b y  H o ek e lm a n  ( l 2 )  i n  

d e t a i l e d  d r a w i n g s .
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