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ABSTRACT 

PHASE EQUILIBRIA STUDIES WITH BROMINE 

A study of the liquid-vapor equilibria of three binary systems, 

each consisting of bromine and an organic solvent was made. The ex

perimentally obtained results were compared with predictions based on 

the properties of the components, and on the interaction between the 

components of each system as measured by volume change on mixing. 

This investigation i s a continuation of work by Spicer and Kruger, and 

by Spicer and Meyer. The work was initiated to discover binary azeo-

tropes consisting of one colored and one colorless component. Azeotropes 

of th is type are valuable in the study of methods for separating azeo-

tropic mixtures, for the extent of separation can be ascertained merely 

by visual observation. 

The e q u i l i b r i u m s t i l l used in th is investigation was modified 

from a similar s t i l l described by Jones, Schoenborn, and Colbura. A 

scale drawing of the modified s t i l l i s presented. A l l equilibria were 

studied at 760 mm pressure. 

The System Bromine-Trichloromonofluoromethane.—In this system, the 

boiling point increases regularly as the mole fraction of bromine in 

the liquid i s increased. No azeotrope i s formed. 

The System Bromine- 1 , l-dichloro-2^ 2-difluoroethane«—In th is system 

an azeotrope i s formed with a composition of 0.581 mole fraction 
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b r o m i n e , and a b o i l i n g p o i n t o f U°.6° C . The p e r c e n t i n c r e a s e i n 

vo lume o n m i x i n g b r o m i n e w i t h t h e s o l v e n t o f t h i s s y s t e m was f o u n d t o 

be a b o u t 1.8, and n o t i c e a b l e c o o l i n g o c c u r r e d . T h i s i n d i c a t e s t h a t 

t h e d e v i a t i o n f r o m R a o u l t ' s l a w i s g r e a t e r i n t h i s s y s t e m t h a n i n t h e 

s y s t e m f o l l o w i n g , b u t t h i s c o n c l u s i o n i s i n c o n s i s t e n t w i t h t h e e s t i m -

mated i n t e r n a l p r e s s u r e s . T h i s i n c o n s i s t e n c y c a n be e x p l a i n e d b y t h e 

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

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

f o l l o w i n g . 

The Sys tem B r o m i n e - 1 , 2 , 2 - t r i c h l o r o - l , 1 - d i f l u o r o e t h a n e # — I n t h i s s y s t e m 

an a z e o t r o p e i s f o r m e d w i t h a c o m p o s i t i o n o f 0.7U7 mole f r a c t i o n 

b r o m i n e , and a b o i l i n g p o i n t o f 3>U«6° C. The p e r c e n t i n c r e a s e i n 

vo lume on m i x i n g b r o m i n e w i t h t h e s o l v e n t o f t h i s s y s t e m was f o u n d t o 

be a b o u t 0 .3 . S l i g h t , b u t n o t i c e a b l e c o o l i n g o c c u r r e d o n m i x i n g . 

Measurements o f t h e r e f r a c t i v e i n d i c e s o f t h e s o l v e n t s o f t h e 

second and t h i r d s y s t e m s b e f o r e and a f t e r c o n t a c t w i t h b r o m i n e , s u p 

p o r t t h e c o n t e n t i o n t h a t no r e a c t i o n t a k e s p l a c e b e t w e e n t h e s e s o l 

v e n t s and b r o m i n e . The smoothness o f t h e e q u i l i b r i u m c u r v e s i s 

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

b r o m i n e i n a n y o f t h e sys tems i n v e s t i g a t e d . 

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

t h e s y s t e m b r o m i n e - 1 , 2 , 2 - t r i c h l o r o - l , 1 - d i f l u o r o e t h a n e w i t h t h e 

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

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

o r 1 , 2 , 2 - t r i c h l o r o - l , 1 - d i f l u o r o e t h a n e * 
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PHASE EQUILIBRIA STUDIES WITH BROMINE 

CHAPTER I 

INTRODUCTION 

I n t h e d e v e l o p m e n t o f methods f o r s e p a r a t i n g a z e o t r o p i c m i x 

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

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

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

c o l o r , b r o m i n e was s u g g e s t e d as a s u i t a b l e component f o r such m i x t u r e s . 

S p i c e r and K r u g e r 1 i n v e s t i g a t e d t h e s y s t e m b r o m i n e - c a r b o n t e t r a c h l o r i d e 

and p r o v e d t h e e x i s t e n c e o f an a z e o t r o p e i n t h i s s y s t e m . S p i c e r and 

Mayer*" f o u n d a z e o t r o p e s i n o t h e r s y s t e m s i n w h i c h b r o m i n e was a c o m 

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

S p i c e r , K r u g e r a n d M e y e r . 

Because o f t h e h i g h r e a c t i v i t y o f b r o m i n e , and t h e f a c t t h a t 

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

b o i l i n g p o i n t s o f t h e components i s l a r g e , ^ t h e c h o i c e o f i n e r t 

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

M. S p i c e r and J . K r u g e r , J . Am. Chem. S o c . , 72, 1855 (1950) 

hi. M. S p i c e r and L . H . M e y e r , J . Am. Chem. S o c . , 73, 93k (1951) 

% . H . E w e l l , J . M. H a r r i s o n , a n d L . B e r g , I n d . E n g . Chem. , 
36, 871 (19UM 
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s h o u l d be c o m p l e t e l y m i s c i b l e w i t h b r o m i n e . The s e a r c h was begun w i t h 

c o m p l e t e l y h a o l g e n a t e d , s a t u r a t e d h y d r o c a r b o n s . O n l y t r i c h l o r o m o n o -

f l u o r o m e t h a n e met t h e above r e q u i r e m e n t s , had n o t been p r e v i o u s l y i n 

v e s t i g a t e d , and was a l s o a v a i l a b l e i n q u a n t i t y . The l o w b o i l i n g p o i n t 

o f t h i s compound made a z e o t r o p e f o r m a t i o n , e x c e p t a t l o w b r o m i n e c o n 

c e n t r a t i o n s , v e r y u n l i k e l y . Because t h i s compound was r e a d i l y a v a i l 

a b l e , h o w e v e r , i t was u s e d f o r an i n i t i a l s t u d y . 

I n g e n e r a l , compounds c o n t a i n i n g a h a l o g e n a t o m on each c a r b o n 

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

has been o b s e r v e d a l s o , t h a t compounds i n w h i c h t w o f l u o r i n e atoms a r e 

a t t a c h e d t o t h e same c a r b o n , a r e c o n s i d e r a b l y i n c r e a s e d i n s t a b i l i t y . ^ 

I n v i e w o f t h i s , i t was d e c i d e d t h a t p a r t i a l l y h a l o g e n a t e d compounds 

c o n t a i n i n g t h e C F 2 g r o u p w o u l d p r o b a b l y be i n e r t t o b r o m i n e i n t h e 

absence o f a c a t a l y s t . V a p o r - l i q u i d s t u d i e s w e r e t h e r e f o r e made on 

s y s t e m s c o n s i s t i n g o f b r o m i n e and l , l - d i c h l o r o - 2 , 2 - d i f l u o r o e t h a n e , and 

o f b r o m i n e and l , 2 , 2 - t r i c h l o r o - l , l - d i f l u o r o e t h a n e . 

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

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

^A. L . Henne and Thomas M i d g l e y , J r . , J . Am. Chem. S o c . , 
58, 882 (1936). 

^ J . H . S i m o n s , I n d . E n g . C h e m . , 39, 2U0 (19U7). 
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CHAPTER I I 

APPARATUS AND MATERIALS 

A p p a r a t u s 

E q u i l i b r i u m S t i l l 

A l l l i q u i d - v a p o r e q u i l i b r i a d a t a was o b t a i n e d f r o m an e q u i l i 

b r i u m s t i l l , a s c a l e d r a w i n g o f w h i c h i s shown i n F i g u r e 9* O r i g i n a l l y 

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

whose d e s i g n a n d o p e r a t i o n i s d e s c r i b e d b y J o n e s , S c h o e n b o r n , and 

C o l b u r n . ^ A d d i t i o n s and m o d i f i c a t i o n s were made b y K r u g e r and b y 

M e y e r . The s t i l l was r e b u i l t f o r t h i s i n v e s t i g a t i o n , and f u r t h e r 

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

As c a n be seen f r o m F i g u r e 9> t h e e q u i l i b r i u m s t i l l i s c o n 

s t r u c t e d e n t i r e l y o f g l a s s . The f l a s h b o i l e r , r e s i d u e chamber , and 

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

a G e n e r a l R a d i o Company V a r i a c t o a S o l a c o n s t a n t v o l t a g e t r a n s f o r m e r . 

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

be c a r e f u l l y c o n t r o l l e d , and i s d e p e n d e n t on t h e v o l t a g e a p p l i e d t o 

t h e f l a s h b o i l e r . F o r t h i s r e a s o n , a f t e r t h e f i r s t s y s t e m had been 

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

p a r a l l e l w i t h t h e r e s i d u e chamber c o i l . B o t h t h e r e s i d u e chamber and 

^C. A . J o n e s , E . M. S c h o e n b o r n , and A . P. C o l b u r n , I n d . E n g . 
C h e m . , 35, 666 (19U3) 



f l a s h b o i l e r c o i l V a r i a c s w e r e c o n n e c t e d t h r o u g h one S u p e r i o r E l e c t r i c 

C o . P o w e r s t a t t o t h e S o l a c o n s t a n t v o l t a g e t r a n s f o r m e r . W i t h t h i s 

a r r a n g e m e n t , l a r g e f l u c t u a t i o n s i n l i n e v o l t a g e , n o t smoothed o u t b y 

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

a d j u s t i n g t h e P o w e r s t a t u n t i l t h e v o l t m e t e r r e t u r n e d t o a r e a d i n g 

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

The r e s i d u e chamber and v a p o r l i n e w e r e c o v e r e d w i t h i n s u l a t i o n 

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

chamber , p r o v i d e d so t h a t t h e l i q u i d l e v e l c o u l d be o b s e r v e d . 

A l a r g e g l a s s t a n k , n o t shown i n F i g u r e 9, was k e p t f u l l o f 

c r u s h e d i c e . C o l d w a t e r f r o m t h e m e l t i n g i c e was pumped t h r o u g h t h e 

t w o c o n d e n s e r s , a l l o w e d t o t r i c k l e o v e r t h e c r u s h e d i c e , and r e c i r c u 

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

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

a n d t o pump i c e w a t e r t h r o u g h t h i s a l s o . T h i s was because t h e b o i l i n g 

p o i n t o f ihe s o l v e n t , t r i c h l o r o m o n o f l u o r o m e t h a n e , was somet imes b e l o w 

room t e m p e r a t u r e . W i t h o u t t h e c o o l i n g c o i l , v a p o r b u b b l e d t h r o u g h t h e 

r e s i d u e chamber t o o f a s t t o r e a c h e q u i l i b r i u m w i t h t h e l i q u i d phase 

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

r e s u l t e d . 

As t h e w e a t h e r became warm a n d h u m i d , w a t e r c o n d e n s i n g f r o m t h e 

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

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

t h e i n s t r u m e n t , and i n d r i p p i n g down t h e d i s t i l l a t e chamber d e l i v e r y 

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

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

p u r p o s e . These d e v i c e s a r e n o t shown i n F i g u r e 9* 

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

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

j o i n t s , E r l e n m e y e r f l a s k s were e q u i p p e d w i t h c o r r e s p o n d i n g f e m a l e 

g r o u n d g l a s s j o i n t s , and w e r e u s e d t o i n t r o d u c e l i q u i d i n t o t h e e q u i 

l i b r i u m s t i l l . 

A c o l d t r a p , shown i n F i g u r e 9* was s u r r o u n d e d b y a t h e r m o s 

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

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

b r o m i n e v a p o r f r o m e n t e r i n g t h e p r e s s u r e t a n k . 

As i n d i c a t e d i n F i g u r e 99 a t w o - w a y s t o p - c o c k opened t h e e q u i 

l i b r i u m s t i l l t o a w a t e r a s p i r a t o r , o r t o a p r e s s u r e t a n k . T h i s l a r g e 

l e a k - p r o o f m e t a l t a n k was e q u i p p e d w i t h a 1/6 HP c o m p r e s s o r , a n d was 

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

r u b b e r t u b i n g . The t a n k and c o m p r e s s o r were u s e d t o m a i n t a i n t h e 

p r e s s u r e i n t h e e q u i l i b r i u m s t i l l a t 760 mm. A m e r c u r y m a n o m e t e r , 

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

r e a d i n g gage p r e s s u r e * 

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

w e l l i n t h e r e s i d u e chamber , was u s e d t o measure e q u i l i b r i u m t e m p e r a 

t u r e s . The c o l d j u n c t i o n was i n a b a t h o f f i n e l y c r u s h e d m e l t i n g i c e , 

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

c o u p l e was c o n n e c t e d t o a Leeds and N o r t h r u p N o . 7651 p o t e n t i o m e t e r 

r e a d i n g t o 0.001 m i l l i v o l t . T h i s number o f m i l l i v o l t s c o r r e s p o n d s t o 
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a b o u t - 0 . 0 1 d e g r e e s c e n t i g r a d e . V a r i a t i o n s i n t h e p o t e n t i o m e t e r c i r c u i t 

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

l i b r i u m t e m p e r a t u r e s a c c u r a t e t o o n l y a b o u t 0.1° C I n r e b u i l d i n g t h e 

a p p a r a t u s f o r t h i s i n v e s t i g a t i o n , i t was n e c e s s a r y t o make a new 

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

a c o r r e c t e d 100° x 0.1° C, 76 mm i m m e r s i o n t h e r m o m e t e r . 

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

s t i l l i s i n d i c a t e d i n F i g u r e 10. B|y means o f t h e w a t e r a s p i r a t o r , a i r 

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

l i m e , and t h e n i n t o t h e e q u i l i b r i u m s t i l l . When n e c e s s a r y , t h e s t i l l 

was a l s o warmed b y means o f t h e t h r e e h e a t i n g c o i l s a l r e a d y d i s c u s s e d . 

The L a r g e F r a c t i o n a t i n g Column 

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

l , l - d i c h l o r o - 2 , 2 - d i f l u o r o e t h a n e and l , 2 , 2 - t r i c h l o r o - l , l - d i f l u o r o e t h a n e . 

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

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

The c o l u m n was e q u i p p e d w i t h a h e a t i n g c o i l o f n i c h r o m e w i r e , 

c o n n e c t e d t h r o u g h a G e n e r a l R a d i o Company V a r i a c t o a S o l a c o n s t a n t 

v o l t a g e t r a n s f o r m e r . The d i s t i l l i n g f l a s k was h e a t e d b y means o f a 

G l a s - C o l h e a t i n g m a n t l e , c o n n e c t e d i n t h e same w a y . An a i r gap i n 

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

D u r i n g a l l r u n s , a r e f l u x r a t i o o f more t h a n 20-1 was m a i n t a i n e d , 

and i c e w a t e r was c i r c u l a t e d t h r o u g h t h e c o n d e n s e r . 

The S m a l l F r a c t i o n a t i n g Column 

T h i s c o l u m n has a p a c k e d s e c t i o n a b o u t hp c e n t i m e t e r s l o n g a n d 
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2 c e n t i m e t e r s i n d i a m e t e r , and i s p a c k e d w i t h 3 / l 6 i n c h g l a s s h e l i c e s . 

The c o l u m n i s i n s u l a t e d w i t h g l a s s w o o l . H e a t was a p p l i e d b y a 

G l a s - C o l h e a t i n g m a n t l e w h i c h s u r r o u n d e d t h e d i s t i l l i n g f l a s k . The 

co lumn i s e q u i p p e d w i t h s t a n d a r d t a p e r g r o u n d g l a s s j o i n t s f o r d i s t i l l 

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

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

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

t o t h e d i s t i l l a t e chamber d e l i v e r y t u b e o f t h e e q u i l i b r i u m s t i l l . I n 

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

u s e d t o m a i n t a i n a p r e s s u r e o f 760 mm on t h e c o l u m n . As w i l l be e x 

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

A p p a r a t u s f o r M e a s u r i n g Volume Change o n M i x i n g 

The a p p a r a t u s f o r m e a s u r i n g vo lume change on m i x i n g c o n s i s t e d 

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

The g r a d u a t e d c y l i n d e r was made b y s e a l i n g and r o u n d i n g t h e t i p o f a 

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

a n d a r i n g o f g l a s s beads was a t t a c h e d j u s t b e l o w t h i s mark s o t h a t 

t h e c y l i n d e r c o u l d be h u n g . 

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

m e a s u r i n g a number o f samples o f p o t a s s i u m permanganate s o l u t i o n i n 

w a t e r , i n t o t h e c l e a n d r y c y l i n d e r f r o m each o f t h e b u r e t s . 
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M a t e r i a l s 

Bromine 

B a k e r ! s a n a l y z e d C. P. b r o m i n e was u s e d f o r a l l s y s t e m s . No 

f u r t h e r p u r i f i c a t i o n was p e r f o r m e d . 

S o l v e n t s 

T r i c h l o r o m o n o f l u o r o m e t h a n e . — T h i s s o l v e n t , " F r e o n 1 1 , n was c o n t r i b u t e d 

b y t h e " K i n e t i c " C h e m i c a l s D i v i s i o n o f E . I . d u P o n t de Nemours & C o . . 

E x c e p t f o r s t r a i g h t d i s t i l l a t i o n i n a l l g l a s s a p p a r a t u s , no f u r t h e r 

p u r i f i c a t i o n was p e r f o r m e d . 

l , l - d i c h l o r o - 2 , 2 - d i f l u o r o e t h a n e . — T h i s compound was p u r c h a s e d f r o m 

H a l o g e n C h e m i c a l s I n c . , a n d was s t a t e d b y i t s m a n u f a c t u r e r t o be b e t t e r 

t h a n 95 p e r c e n t p u r e . F u r t h e r p u r i f i c a t i o n was p e r f o r m e d b y f r a c t i o n 

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

t h i s d i s t i l l a t i o n w i l l be f o u n d i n T a b l e 2, and i n F i g u r e 3. A m i d d l e 

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

1 , 2 , 2 - t r i c h l o r o - l , 1 - d i f l u o r o e t h a n e . — T h i s compound was a l s o p u r c h a s e d 

f r o m H a l o g e n C h e m i c a l s I n c . , and was s t a t e d b y i t m a n u f a c t u r e r t o be 

b e t t e r t h a n 95 p e r c e n t p u r e . F u r t h e r p u r i f i c a t i o n was p e r f o r m e d b y 

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

t i o n w i l l be f o u n d i n T a b l e U, and i n F i g u r e 6. A m i d d l e c u t c o n s i s t 

i n g o f f r a c t i o n s f o u r t h r o u g h n i n e was u s e d . 
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CHAPTER I I I 

PROCEDURE AND RESULTS 

G e n e r a l P r o c e d u r e f o r O p e r a t i n g t h e E q u i l i b r i u m S t i l l 

B e f o r e s t u d y i n g each s y s t e m t h e e q u i l i b r i u m s t i l l was t h o r o u g h l y 

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

t h e n d r i e d b y d r a w i n g a i r f r o m t h e d r y i n g t r a i n o f F i g u r e 10 t h r o u g h 

t h e a p p a r a t u s o v e r n i g h t . 

Pure s o l v e n t was t h e n i n t r o d u c e d i n t o t h e a p p a r a t u s . W i t h i c e 

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

h e a t e r o n , an E r l e n m e y e r f l a s k f i t t e d w i t h a s t a n d a r d t a p e r f e m a l e 

g r o u n d g l a s s j o i n t and c o n t a i n i n g a t l e a s t 2£ m l o f s o l v e n t , was l o o s e 

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

s t o p c o c k s w e r e c l o s e d and t h e a s p i r a t o r was a d j u s t e d so t h a t t h e 

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

a t m o s p h e r e . The d i s t i l l a t e chamber s t o p c o c k was s l o w l y opened so t h a t 

l i q u i d was d r a w n i n t o t h e d i s t i l l a t e chamber , and o v e r f l o w e d t h r o u g h 

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

a l m o s t t o t h e b o t t o m o f t h e E r l e n m e y e r f l a s k , so t h a t v e r y n e a r l y a l l 

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

The t w o - w a y s t o p c o c k was t h e n opened t o t h e p r e s s u r e t a n k w h i c h 

had been opened t o t h e a t m o s p h e r e . B a r o m e t r i c p r e s s u r e was d e t e r m i n e d , 

and enough gage p r e s s u r e was a p p l i e d t o t h e t a n k t o c o r r e c t t h e p r e s 

s u r e w i t h i n t h e e q u i l i b r i u m s t i l l t o 760 mm. B o t h b a r o m e t r i c and gage 
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p r e s s u r e s w e r e c h e c k e d s e v e r a l t i m e s d u r i n g each r u n , and t h e gage p r e s 

s u r e o f t h e t a n k changed i f n e c e s s a r y . 

Once t h e s t i l l had been f i l l e d , and t h e p r e s s u r e a d j u s t e d , i t 

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

chamber , and v a p o r l i n e * The r e g u l a t i o n o f h e a t s u p p l i e d t o t h e v a p o r 

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

o f t h e v a p o r l i n e be g r e a t e r t h a n t h a t o f t h e r e s i d u e chamber . T h i s 

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

and p r e v e n t e d r e f l u x i n g and t h e r e f o r e f r a c t i o n a t i o n . The f l a s h b o i l e r 

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

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

g r e a t , t h e l i q u i d i n t h e r e s i d u e chamber was n o t m a i n t a i n e d a t e q u i l i b 

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

s l i g h t changes i n t h e a d j u s t m e n t o f t h e r e s i d u e chamber h e a t i n g c o i l . 

On t h e o t h e r h a n d , i f t o o much h e a t was s u p p l i e d t o t h e f l a s h b o i l e r , 

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

r i u m . 

The m o s t s e n s i t i v e a d j u s t m e n t was t h a t o f t h e h e a t s u p p l i e d t o 

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

t h e f l a s h b o i l e r w o u l d condense i n t h e r e s i d u e chamber and o p e r a t i o n 

w o u l d c e a s e . I f t o o much h e a t was s u p p l i e d , t h e f l a s h b o i l e r w o u l d be 

o v e r l o a d e d and l i q u i d c o l l e c t i n g t h e r e w o u l d be e n t r a i n e d w i t h v a p o r 

i n t o t h e r e s i d u e c h a m b e r . T h i s a d j u s t m e n t was d e p e n d e n t on t h e h e a t 

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

t h e r e s i d u e chamber b r o u g h t i n more h e a t e n e r g y t h a n d i d a s l o w s t r e a m . 

To a l e s s e r , b u t n o t i c e a b l e e x t e n t , t h i s a d j u s t m e n t was a l s o d e p e n d e n t 
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on t h e r a t e o f c i r c u l a t i o n o f c o n d e n s e r c o o l i n g w a t e r . The h e a t s u p p l i e d 

t o t h e r e s i d u e chamber was so a d j u s t e d t h a t l i q u i d was a t a l l t i m e s 

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

t h e f l a s h b o i l e r c o u l d n o t o c c u r . T h i s h e a t was a l s o so a d j u s t e d t h a t 

t h i s l i q u i d a t t h e b o t t o m o f t h e f l a s h b o i l e r d i d n o t i n c r e a s e i n vo lume 

enough t o be e n t r a i n e d i n t o t h e r e s i d u e chamber . When a l l t h e s e c o n d i 

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

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

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

r e a d i n g was l o w , and t h a t i f a p o o l o f l i q u i d c o l l e c t e d a t t h e b o t t o m o f 

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

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

e q u i l i b r i u m t o be r e a c h e d , t h e t e m p e r a t u r e was d e t e r m i n e d b y means o f 

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

were t a k e n o v e r a p e r i o d o f a t l e a s t h a l f an h o u r t o be s u r e t h a t e q u i 

l i b r i u m had been r e a c h e d . 

A f t e r t h u s o b t a i n i n g t h e b o i l i n g p o i n t o f p u r e s o l v e n t , r u n s w e r e 

made w i t h s o l u t i o n s o f t h e s o l v e n t and b r o m i n e r a n g i n g f r o m 0 p e r c e n t 

t o 100 p e r c e n t b r o m i n e . Between each o f t h e s e r u n s , t h e e q u i l i b r i u m 

s t i l l was d r i e d b y p a s s i n g a i r f r o m t h e d r y i n g t r a i n o f F i g u r e 10 t h r o u g h 

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

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

f o r p u r e s o l v e n t . S i n c e v a p o r and l i q u i d phases d i f f e r e d g r e a t l y i n 

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

a l l o w e d f o r e q u i l i b r i u m t o be r e a c h e d . The p r o c e d u r e f o l l o w e d i n a n a l y z 

i n g t h e l i q u i d and v a p o r phases o f t h e s e s o l u t i o n s w i l l be p r e s e n t e d 
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b e l o w . 

G e n e r a l Method o f A n a l y s i s 

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

g r o u n d - g l a s s s t o p p e r e d w e i g h i n g b o t t l e s . A number o f w e i g h i n g b o t t l e s 

o f a p p r o x i m a t e l y 50 m l c a p a c i t y and a b o u t h$ grams i n w e i g h t were u s e d . 

The two b o t t l e s h a v i n g t h e l e a s t w e i g h t were marked and each was u s e d as 

a c o u n t e r p o i s e . I n p r e p a r a t i o n f o r each r u n , 20 m l o f a s o l u t i o n o f 

p o t a s s i u m i o d i d e , so made u p t h a t e a c h 20 m l c o n t a i n e d 3.072 grams o f 

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

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

p a c k e d a r o u n d t h e m so t h a t t h e i c e d i d n o t e x t e n d much above t h e l i q u i d 

l e v e l i n s i d e o f t h e b o t t l e s . 

From t h e m a t e r i a l a l r e a d y p r e s e n t e d , i t has p r o b a b l y been g a t h e r 

e d t h a t t h e l i q u i d i n t h e d i s t i l l a t e chamber i s condensed v a p o r p h a s e , 

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

phase w h i c h i s i n t h e r e s i d u e chamber . The s m a l l amount o f l i q u i d i n 

each chamber w h i c h m i g h t have r e m a i n e d s t a g n a n t d u r i n g t h e r u n was 

w i t h d r a w n . The r e s i d u e chamber a n d v a p o r l i n e h e a t i n g c o i l s w e r e i m 

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

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

d r a w n i n t o t h e f l a s h b o i l e r f r o m t h e r e s i d u e chamber . 

One o f t h e p r e p a r e d b o t t l e s marked f o r use as a c o u n t e r p o i s e , and 

a s e c o n d b o t t l e was removed f r o m t h e c r u s h e d i c e m e n t i o n e d a b o v e . The 

b o t t l e s were c h e c k e d t o i n s u r e t h a t n o m o i s t u r e was p r e s e n t on t h e g r o u n d 

g l a s s o f t h e i r n e c k s , d i p p e d i n a c e t o n e t o remove t r a c e s o f w a t e r , d r i e d 
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w i t h c l e a n p a p e r t o w e l s and w e i g h e d . The c o u n t e r p o i s e was p l a c e d on t h e 

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

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

s t a b l e w e i g h t . Beakers o f d r y s i l i c a g e l p l a c e d i n t h e b a l a n c e case 

seemed t o make t h e amount o f m o i s t u r e c o n d e n s i n g on t h e b o t t l e s s l i g h t l y 

l e s s . 

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

w e r e t h e n q u i c k l y i n t r o d u c e d i n t o t h e second w e i g h i n g b o t t l e , h o l d i n g 

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

i o d i d e s o l u t i o n . T h i s b o t t l e was t h e n q u i c k l y r e w e i g h e d , u s i n g t h e 

c o u n t e r p o i s e as b e f o r e . Care was t a k e n t o h a n d l e t h e w e i g h i n g b o t t l e 

and c o u n t e r p o i s e i n j u s t t h e same w a y . The l i b e r a t e d i o d i n e was t i t r a t e d 

w i t h a p p r o x i m a t e l y 0 . 2 N s t a n d a r d i z e d s o d i u m t h i o s u l f a t e s o l u t i o n t o a 

s t a r c h i n d i c a t o r end p o i n t . 

The c o u n t e r p o i s e j u s t u s e d was r e t u r n e d t o t h e p a n o f c r u s h e d i c e 

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

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

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

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

ment was g e n e r a l l y q u i t e g o o d , and t h e a v e r a g e a n a l y s i s o f t h e samples 

was t a k e n as t h e c o n c e n t r a t i o n o f e a c h p h a s e . 

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

o f 0 . 1 gram s o d i u m c a r b o n a t e p e r l i t e r o f s o l u t i o n . * ^ These s o l u t i o n s w e r e 

s t a n d a r d i z e d b y t i t r a t i o n a g a i n s t 0 . 2 0 0 0 N p o t a s s i u m d i c h r o m a t e s o l u t i o n , 

7 
' R i e m a n , N e u s s , and N a i m a n , Q u a n t i t a t i v e A n a l y s i s , Second e d i t i o n , 

(New Y o r k a n d L o n d o n : M c G r a w - H i l l Book Company I n c . , I ? i i 2 ) , p . 2 2 1 . 
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p r e p a r e d b y d i r e c t w e i g h i n g . 0 S t a r c h s o l u t i o n s c o n t a i n e d m e r c u r i c 

i o d i d e as a p r e s e r v a t i v e , a n d were made u p b y t h e d i r e c t i o n s o f K o l t h o f f 

a n d S a n d e H , e x c e p t t h a t p o t a t o s t a r c h was u s e d . 2 The p r o c e d u r e u s e d i n 

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

s o l u t i o n was a d a p t e d f r o m t h e p r o c e d u r e g i v e n i n K o l t h o f f and S a n d e l l . 1 0 

P r a c t i c a l l y no change o c c u r r e d i n t h e s t a n d a r d o f t h e sod ium t h i o s u l f a t e 

s o l u t i o n s i n t h e t i m e r e q u i r e d f o r t h e i r c o n s u m p t i o n , as v e r i f i e d b y 

f r e q u e n t c h e c k s . 

The S y s t e m B r o m i n e - T r i c h l o r o m o n o f l u o r o m e t h a n e 

O p e r a t i o n o f t h e E q u i l i b r i u m S t i l l . — B e c a u s e o f t h e l o w b o i l i n g p o i n t o f 

t h i s s y s t e m a number o f d i f f i c u l t i e s were e n c o u n t e r e d . A s has been e x 

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

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

s t i l l c o u l d be c o n t r o l l e d . I t was a l s o d e s i r a b l e t h a t t h e condensed 

v a p o r i n t h e d i s t i l l a t e chamber be k e p t w e l l b e l o w i t s b o i l i n g p o i n t . 

Much o f t h e w o r k o n t h i s s y s t e m was done i n c o l d w e a t h e r , and t h e l a b o r a 

t o r y w indows were opened t o keep t h e room t e m p e r a t u r e l o w . 

I n i n t r o d u c i n g s o l v e n t - r i c h s o l u t i o n s i n t o t h e s t i l l , c a r e h a d 

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

l i q u i d i n t o t h e c o l d t r a p . O n l y c o l d s o l u t i o n s were so i n t r o d u c e d , and 

c a r e was t a k e n t o d e c r e a s e t h e p r e s s u r e w i t h i n t h e s t i l l o n l y enough t o 

cause l i q u i d t o be d r a w n i n . 

Q 

K o l t h o f f and S a n d e l l , T e x t b o o k o f Q u a n t i t a t i v e A n a l y s i s . 
(New X o r k r The M a c i t t l l a n C o . , 1 9 U 7 ) , p . 607H 

% b i d . , p . 6 1 9 . 

1 0 I b i d . , p . 62k. 
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A t h i n f i l m o f D o w - C o r n i n g s i l i c o n e s t o p c o c k g r e a s e was u s e d o n 

t h e s t o p c o c k s i n s t u d y i n g t h i s s y s t e m . 

Method o f A n a l y s i s . — T h e g e n e r a l method o f a n a l y s i s a l r e a d y p r e s e n t e d 

was e v o l v e d t o d e a l w i t h t h e h i g h v o l a t i l i t y o f t h i s s o l v e n t . A t f i r s t , 

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

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

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

so g r e a t as t o make w e i g h i n g s l e s s e x a c t . A l s o , t h e c r y s t a l s so f o r m e d 

h a d t o be m e l t e d b e f o r e t i t r a t i o n c o u l d be c o m p l e t e d . The method f o l l o w 

e d i s i d e n t i c a l t o t h a t a l r e a d y p r e s e n t e d , e x c e p t t h a t t h e w e i g h i n g 

b o t t l e s w e r e k e p t somewhat c o l d e r t h a n t h e y w e r e when t h e o t h e r sys tems 

were s t u d i e d . I t was e s p e c i a l l y t r u e i n s t u d y i n g t h i s s y s t e m t h a t t h e 

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

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

b e i n g w e i g h e d , and w e r e k e p t t h e r e u n t i l t h e samples c o u l d be t i t r a t e d 

l e s s t h a n a m i n u t e l a t e r . Agreement b e t w e e n s e v e r a l a n a l y s e s were 

u s u a l l y f a i r l y good t o t h e t h i r d d e c i m a l , as e x p r e s s e d i n m o l e f r a c t i o n s . 

R e s u l t s f r o m F r a c t i o n a t i n g C o l u m n . — D a t a o b t a i n e d f r o m t h e e q u i l i b r i u m 

s t i l l i n d i c a t e s t h a t no a z e o t r o p e i s f o r m e d i n t h i s s y s t e m . As a f i n a l 

a s s u r a n c e t h a t no a z e o t r o p e i s f o r m e d a t 760 mm p r e s s u r e n e a r t h e 

s o l v e n t - r i c h end o f t h i s s y s t e m , s o l u t i o n s r i c h i n s o l v e n t were f r a c t i o n 

a t e d . The s m a l l f r a c t i o n a t i n g co lumn was u s e d a t t o t a l r e f l u x , and 

p r e s s u r e o n t h e co lumn was m a i n t a i n e d a t 760 mm. O n l y a f e w d r o p s o f 

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

i d e n t i c a l t o t h a t u s e d i n a n a l y z i n g samples f r o m t h e e q u i l i b r i u m s t i l l . 
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T h r e e samples w e r e a n a l y z e d and t h e r e s u l t s a v e r a g e d . R e s u l t s o f t h e 

t w o f r a c t i o n a t i o n s p e r f o r m e d a r e p r e s e n t e d i n T a b l e 1 . T h i s c o l u m n i s 

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

room t e m p e r a t u r e was a b o u t f i v e d e g r e e s above t h e c o r r e c t e d t e m p e r a t u r e 

r e a d on t h e c o l u m n t h e r m o m e t e r . TShen t h e 0 . 0 l * ° mole f r a c t i o n s o l u t i o n 

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

c o r r e c t e d t e m p e r a t u r e r e a d o n t h e co lumn t h e r m o m e t e r . 

Volume Change o n M i x i n g * — M e a s u r e m e n t o f t h e vo lume change o c c u r r i n g on 

m i x i n g t r i c h l o r o m o n o f l u o r o m e t h a n e and b r o m i n e was n o t a t t e m p t e d , because 

t h e b o i l i n g p o i n t o f t h e s o l v e n t was b e l o w r o o m t e m p e r a t u r e . L a r g e 

changes i n t e m p e r a t u r e d u r i n g measurement c o u l d n o t be p e r m i t t e d , f o r 

t h e e f f e c t o f such changes on vo lume w o u l d r e n d e r a n y r e s u l t s m e a n i n g 

l e s s . I t w o u l d be n e c e s s a r y , t h e r e f o r e , t o c a r r y o u t s u c h measurements 

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

a v a i l a b l e , because o f t h e c o r r o s i v e n a t u r e o f b r o m i n e . 

The System B r o m i n e - l , l - d i c h l o r o - 2 , 2 - d i f l u o r o e t h a n e 

O p e r a t i o n o f t h e E q u i l i b r i u m S t i l l . — S i n c e t h e s o l v e n t u s e d i n t h i s 

s y s t e m b o i l e d w e l l above r o o m t e m p e r a t u r e , and because e q u i l i b r i u m t e m 

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

r a n g e , no s p e c i a l d i f f i c u l t i e s were e n c o u n t e r e d . The p r o c e d u r e f o l l o w e d 

i s t h a t p r e s e n t e d u n d e r G e n e r a l P r o c e d u r e f o r O p e r a t i n g t h e E q u i l i b r i u m 

S t i l l . D o w - C o r n i n g s i l i c o n e s t o p c o c k g r e a s e was s p a r i n g l y u s e d . 

Method o f A n a l y s i s . — T h e method o f a n a l y s i s f o l l o w e d f o r t h i s s y s t e m i s 

i d e n t i c a l t o t h a t p r e s e n t e d u n d e r G e n e r a l Method o f A n a l y s i s . 
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R e s u l t s f r o m t h e S m a l l F r a c t i o n a t i n g C o l u m n . — F r o m t h e d a t a o b t a i n e d 

f r o m t h e e q u i l i b r i u m s t i l l , p l o t t e d on a v a p o r - l i q u i d e q u i l i b r i u m d i a 

g r a m , t h e a p p r o x i m a t e 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 was o b t a i n e d b y 

i n t e r p o l a t i o n . A m i x t u r e o f v e r y n e a r l y t h i s c o m p o s i t i o n was v o l u m e t -

r i c a l l y p r e p a r e d , and f r a c t i o n a t e d a t a p r e s s u r e o f 760 mm. I c e w a t e r 

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

r e f l u x f o r some t i m e , a s m a l l q u a n t i t y o f d i s t i l l a t e was s l o w l y d r a w n 

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

d i s c a r d e d . More t h a n 25 m l o f a z e o t r o p e was t h e n s l o w l y c o l l e c t e d , a n d 

samples were a n a l y z e d a t i n t e r v a l s . B e f o r e t a k i n g each s a m p l e , t h e 

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

c h e c k e d . The co lumn t e m p e r a t u r e r e m a i n e d c o n s t a n t w h i l e t h e 25 m l o f 

a z e o t r o p e w e r e c o l l e c t e d . Three s a m p l e s were a n a l y z e d a n d t h e i r a v e r a g e 

i s r e c o r d e d i n T a b l e 3. The r e a d i n g o f t h e c o l u m n t h e r m o m e t e r was 

c o r r e c t e d t o 1*9 • 5° C. 

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

fractionating column as jus t described, was i n t r o d u c e d i n t o t h e e q u i l i b 

r i u m s t i l l . The boiling p o i n t o f t h e a z e o t r o p e a t 760 mm was t h e n d e t e r 

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

t h a t t h e b o i l i n g p o i n t i s n e a r e r 1.9.6° C t h a n 1.9.5° C . 

T e s t f o r P o s s i b i l i t y o f R e a c t i o n . — A s m e n t i o n e d i n t h e i n t r o d u c t i o n , t h e 

p o s s i b i l i t y t h a t b r o m i n e w o u l d r e a c t w i t h l , l - d i c h l o r o - 2 , 2 - d i f l u o r o e t h a n e 

u n d e r t h e s e c o n d i t i o n s , d i d n o t seem g r e a t . T h i s p o s s i b i l i t y was c h e c k 

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

The r e f r a c t i v e i n d e x o f f r a c t i o n number 8, f r o m t h e p u r i f i c a t i o n 
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o f t h i s s o l v e n t (see T a b l e 2 and F i g u r e 3) was measured a t 25° C and 

f o u n d t o be 1.3769. 

A s o l u t i o n c o n s i s t i n g o f 10 p e r c e n t b r o m i n e i n f r a c t i o n number 8, 

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

f i v e - f o o t c o l u m n . The a z e o t r o p e d i s t i l l e d o v e r l e a v i n g c l e a r s o l v e n t as 

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

samples o f l i q u i d t h a t condensed f r o m t h e b o t t o m o f t h e f r a c t i o n a t i n g 

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

f l a s k and r e p l a c i n g i t w i t h a c l e a n f l a s k , i s sample # 1 o f T a b l e 6 , and 

h a d a r e f r a c t i v e i n d e x o f 1.3785* The s e c o n d sample w h i c h condensed 

i n t o a n o t h e r c l e a n f l a s k h a d a r e f r a c t i v e i n d e x o f 1.3773. I t a p p e a r s 

t o f o l l o w f r o m a s t u d y o f F i g u r e 3 t h a t a t h i r d sample s h o u l d a p p r o a c h 

t h e v a l u e 1.3769 e v e n more c l o s e l y , b u t no s u c h sample c o u l d be o b t a i n e d 

because o f h o l d u p b y t h e c o l u m n . A t t h e end o f t h e d i s t i l l a t i o n t h e 

d i s t i l l i n g f l a s k was d r y and c o n t a i n e d a speck o f c h a r r e d s o l v e n t . 

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

as i n d i c a t e d b y t h e e f f e c t o f a f e w d r o p s on a s t a r c h - p o t a s s i u m i o d i d e 

s o l u t i o n . L i q u i d c o n d e n s i n g f r o m t h e b o t t o m o f t h e c o l u m n ( s a m p l e s # 1 

and #2 above ) was f r e e o f b r o m i n e b y t h i s t e s t . 

I n c i d e n t a l t o t h i s t e s t f o r r e a c t i o n , t h r e e samples o f t h e f i r s t 

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

t i o n o f 0.568 m o l e f r a c t i o n b r o m i n e . A t m o s p h e r i c p r e s s u r e a f e w h o u r s 

b e f o r e m a k i n g t h i s a n a l y s i s was 730*9 mm. T h i s v a l u e t h e n , s h o u l d be 

a good e s t i m a t e o f t h e 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 f o r m e d b y t h i s s y s t e m 

a t 731 mm p r e s s u r e . 
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Volume Change on M i x i n g , — T h e a p p a r a t u s p r e v i o u s l y d e s c r i b e d was u s e d 

f o r t h i s d e t e r m i n a t i o n . Care was t a k e n t o a v o i d m e c h a n i c a l l o s s on m i x 

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

The vo lume o f t h e m i x t u r e was r e a d a f t e r s e v e r a l i n t e r v a l s o f t i m e , t o 

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

c o o l i n g e f f e c t . The q u a n t i t i e s o f s o l v e n t and b r o m i n e i n t r o d u c e d i n t o 

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

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 . The p e r c e n t i n c r e a s e i n vo lume on m i x i n g 

f o r t h i s s y s t e m was f o u n d t o be 1.8. Measurements were made t o t h r e e 

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

t w o s i g n i f i c a n t f i g u r e s was n o t o b t a i n e d . T h i s e x p e r i m e n t was r e p e a t e d 

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

t h i s d e t e r m i n a t i o n a r e r e c o r d e d i n T a b l e 7. 

The S y s t e m B r o m i n e - l , 2 , 2 - t r i c h l o r o - l , l - d i f l u o r o e t h a n e 

O p e r a t i o n o f t h e E q u i l i b r i u m S t i l l . — T h e p r o c e d u r e f o l l o w e d i s t h a t 

p r e s e n t e d u n d e r G e n e r a l P r o c e d u r e f o r O p e r a t i n g t h e E q u i l i b r i u m S t i l l , 

w i t h t h e e x c e p t i o n t h a t D o w - C o r n i n g s i l i c o n e s t o p c o c k g r e a s e c o u l d n o t 

be u s e d . T h i s g r e a s e was d i s s o l v e d b y b o t h p u r e s o l v e n t a n d i t s s o l u 

t i o n s . A f t e r m a k i n g t h e f i r s t e x p e r i m e n t a l r u n , g r e a s e f r o m t h e s t o p 

c o c k s was f o u n d d e p o s i t e d a t t h e l o w e r e n d o f t h e f l a s h b o i l e r . The 

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

h y d r o x i d e - e t h a n o l s o l u t i o n . T h e r e a f t e r , n o - l u b s t o p c o c k s were u s e d w i t h 

no l u b r i c a n t . S i n c e t h e s t i l l was o p e r a t e d u n d e r a b o u t 20 mm p r e s s u r e , 

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

r u n s . The r e s u l t i n g p r e s s u r e d r o p w i t h i n t h e s t i l l was n e g l i g i b l e b e -
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cause o f t h e l a r g e c a p a c i t y o f t h e p r e s s u r e t a n k , and because f r e q u e n t 

a d j u s t m e n t s w e r e made t o compensate f o r changes i n a t m o s p h e r i c p r e s s u r e . 

I n m a k i n g t h e s e r u n s i t was n e c e s s a r y t o i n t r o d u c e s l i g h t l y more t h a n 

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

r i u m h a d been e s t a b l i s h e d , any e x c e s s was w i t h d r a w n t o a d j u s t t h e l i q u i d 

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

two s y s t e m s . 

No d i s a d v a n t a g e s r e s u l t e d f r o m t h i s d i f f i c u l t y , e x c e p t d i s c o m f o r t 

and d a n g e r t o t h e o p e r a t o r . Ammonium h y d r o x i d e was p l a c e d a c o n s i d e r a b l e 

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

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

R e s u l t s f r o m t h e S m a l l F r a c t i o n a t i n g C o l u m n . — F r o m t h e d a t a o b t a i n e d 

f r o m t h e e q u i l i b r i u m s t i l l , p l o t t e d on a v a p o r - l i q u i d e q u i l i b r i u m d i a 

g r a m , t h e a p p r o x i m a t e 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 was o b t a i n e d b y 

i n t e r p o l a t i o n . A m i x t u r e o f v e r y n e a r l y t h i s c o m p o s i t i o n was v o l u m e t -

r i c a l l y p r e p a r e d , and f r a c t i o n a t e d a t a p r e s s u r e o f 760 mm. I c e w a t e r 

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

m i l l i l i t e r s o f d i s t i l l a t e , more t h a n 30 m l o f a z e o t r o p e was s l o w l y 

c o l l e c t e d , and samples were a n a l y z e d a t i n t e r v a l s . B e f o r e t a k i n g e a c h 

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

p r e s s u r e was c h e c k e d . 

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

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

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

n o t d i f f u s e t h r o u g h t h e l o w e r p o r t i o n o f t h e j o i n t , t o such a n e x t e n t 

t h a t t h e l u b r i c a n t w o u l d be d i s s o l v e d b e f o r e d i s t i l l a t i o n c o u l d be 
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completed. Such, however, was not the case. After analyzing two 

samples, i t was necessary to disconnect the heating mantel, because of 

bromine vapor escaping into the room. Apiezon sealing wax was l ibera l ly 

applied around the jo in t , and dis t i l la t ion was continued. Two more 

samples were analyzed. The results of the best three analyses were 

averaged and found to be 0.7U7 mole fraction bromine. 

Throughout the collect ion of the more than 30 ml of azeotrope, 

the column temperature remained constant. As a further check, the 

azeotrope was introduced into the equilibrium s t i l l , and i t s boiling 

point was determined by thermocouple readings. The corrected reading of 

the column thermometer, and the temperature reading obtained from the 

thermocouple agreed within a tenth of a degree. The boiling point ob

tained, 5U.6° C, i s recorded in Table f>. 

Test for Possibi l i ty of Reaction.*—The refractive index of the mixture 

of fractions k through 9 from the purification of this compound (see 

Table k and Figure 6) was measured at 25° C, and found to be 1.3900. 

This mixture of fractions was used in making solutions for a l l runs made 

with this system. 

A solution consisting of 10 per cent bromine in the solvent was 

volumetrically prepared and fractionally d is t i l led in the large f ive -

foot column. The azeotrope d is t i l l ed over leaving solvent as the residue. 

The refractive indices after contact were determined from samples of 

liquid that condensed from the bottom of the fractionating column. The 

f i r s t l iquid to condense after removing the d is t i l l ing flask and replac

ing i t with a clean flask, gave a negative bromine test and had a re 

fractive index of 1.3891. A second sample obtained in l ike manner also 
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gave a n e g a t i v e b r o m i n e t e s t , and h a d a r e f r a c t i v e i n d e x o f 1.3899. 

The d i s t i l l i n g f l a s k c o n t a i n e d p a l e amber c o l o r e d l i q u i d . I t 

m i g h t be m e n t i o n e d h e r e , t h a t t h e o r i g i n a l l i q u i d as o b t a i n e d f r o m t h e 

m a n u f a c t u r e r was amber c o l o r e d b e f o r e i t was f r a c t i o n a t e d as i n d i c a t e d 

i n T a b l e U. The f i r s t i n d i c a t i o n t h a t t h i s s o l v e n t w o u l d d i s s o l v e Dow-

C o r n i n g s t o p c o c k g r e a s e , was d i s c o v e r e d when a f e w d r o p s o f l i q u i d f r o m 

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

t i o n . The s t o p c o c k g r e a s e f l o a t e d t o t h e l i q u i d s u r f a c e . I t i s s u s 

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

was removed f r o m t h e c o l u m n and c o v e r e d w i t h a b e a k e r . H o t v a p o r c o n 

d e n s i n g on t h e b e a k e r r a n o v e r t h e g r e a s e d , g r o u n d - g l a s s j o i n t , a n d 

t h u s i n t o t h e f l a s k . I t was e v i d e n t f r o m t h e appearance o f t h e g r e a s e 

f i l m t h a t much o f i t had d i s s o l v e d . 

The samples c o l l e c t e d f r o m t h e b o t t o m o f t h e c o l u m n f o r t h e above 

t e s t showed no i n d i c a t i o n o f t h i s amber c o l o r , a n d were a p p a r e n t l y f r e e 

o f s t o p c o c k g r e a s e . 

Volume Change on M i x i n g . — T h e s e measurements w e r e made e x a c t l y as i n t h e 

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

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

m i x t u r e w o u l d have r o u g h l y t h e 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 i n t h i s 

s y s t e m . The e x p e r i m e n t was r e p e a t e d f o u r t i m e s , a i d t h e r e s u l t s a v e r a g e d . 

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

p l a c e , b u t t h i s p r e c i s i o n i s b e l i e v e d t o be due t o chance r a t h e r t h a n 

a c c u r a c y . The p e r c e n t i n c r e a s e i n vo lume was r o u n d e d o f f t o t h e f i r s t 

d e c i m a l , a n d was f o u n d t o be 0 .3 . The d a t a f o r t h i s d e t e r m i n a t i o n a r e 

r e c o r d e d i n T a b l e 7» 
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CHAPTER IV 

DISCUSSION OF RESULTS 

The System Bromlne-Trichloromonofluoromethane.—Figure 1 i s a p lot of 

the equilibrium temperature vs . mole fraction bromine. The lower curve 

gives the composition of liquid that has atmospheric boiling points 

corresponding to points on the ordinate. The upper curve gives the 

composition of vapor that i s in equilibrium with any liquid at i t s b o i l -

ing point. I t can be seem from this curve that the boiling point in

creases regularly as the mole fraction of bromine in the liquid is in

creased. No azeotrope i s formed. 

Figure 2 i s a p lot of mole fraction bromine in the vapor vs. 

mole fraction bromine in the l iquid. The almost asymptotic approach of 

this curve to the diagonal i s interesting. From the literature i t was 

found that the vapor-liquid equilibrium diagram of the system ethyl 

alcohol-water has a very similar shape. 

In Chapter I I I , i t was mentioned that solutions rich in solvent 

were fractionated to assure the absence of an azeotrope in this system. 

Theoretically, any mixture of two liquids showing a regular increase in 

boiling point, can be separated into i t s components by fractional 

d i s t i l l a t ion . The data presented in Table 1, however, indicates that 

complete separation was not achieved, when solvent-rich mixtures were 

fractionated at total reflux in the small fractionating column. 

This disappointing result should not be construed to indicate 

azeotrope formation, however, as wi l l be explained. The f i r s t l iquid 
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f r a c t i o n a t e d was p r e v i o u s l y s e p a r a t e d i n t h e e q u i l i b r i u m s t i l l i n t o 

v a p o r t h a t was 0.2 mole f r a c t i o n b r o m i n e a n d l i q u i d t h a t was O.h m o l e 

f r a c t i o n b r o m i n e , a n d i s t h u s j u d g e d t o have an o v e r - a l l c o m p o s i t i o n o f 

a b o u t 0.3 mole f r a c t i o n . When f r a c t i o n a t e d , t h i s l i q u i d p r o d u c e d d i s 

t i l l a t e t h a t was 0.06H mole f r a c t i o n b r o m i n e . T h i s r e s u l t p r o v e s t h a t 

n o a z e o t r o p e e x i s t s b e t w e e n a b o u t 0.3 a n d 0.06U mole f r a c t i o n b r o m i n e . 

F r a c t i o n a t i o n o f t h e 0.0H9 mole f r a c t i o n b r o m i n e s o l u t i o n s i m i l a r l y 

p r o v e d t h a t no a z e o t r o p e i s f o r m e d b e t w e e n 0.01*9 and 0*022 m o l e f r a c t i o n 

b r o m i n e * 

I f McCabe and T h i e l e f s method i s a p p l i e d t o F i g u r e 2, and i f i t 

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

d i a g o n a l , 1 3 ' i t i s s i m p l e t o c o u n t t h e number o f t h e o r e t i c a l p l a t e s 

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

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

p l a t e s w o u l d be r e q u i r e d t o go f r o m 0.3 t o 0.06U m o l e f r a c t i o n b r o m i n e 

o r f r o m 0.01*9 t o 0.022 mole f r a c t i o n b r o m i n e . The r e l a t i v e l y l a r g e 

number o f p l a t e s r e q u i r e d f o r t h e l a t t e r s m a l l s e p a r a t i o n i s due t o t h e 

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

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

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

h a v i n g a p a c k e d s e c t i o n o f o n l y a b o u t 1*0 c e n t i m e t e r s i n l e n g t h , has no 

more t h a n f o u r t h e o r e t i c a l p l a t e s . I n c o m p l e t e s e p a r a t i o n , t h e n i s due 

n o t t o t h e f o r m a t i o n o f a n a z e o t r o p e , b u t t o t h e f a c t t h a t a f r a c t i o n 

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

^ B a d g e r and McCabe, E l e m e n t s o f C h e m i c a l E n g i n e e r i n g , Second 
e d i t i o n , (New Y o r k and L o n d o n ! M c G r a w - H i l l Book Company, I n c . , 1936), 
p . 357. 
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r e q u i r e d f o r c o m p l e t e s e p a r a t i o n * 

The f a c t t h a t no a z e o t r o p e i s f o r m e d i n t h i s s y s t e m i s n o t s u r 

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

two components o f a m i x t u r e i s l a r g e , p o s i t i v e d e v i a t i o n f r o m R a o u l t ' s 

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

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

The b o i l i n g p o i n t c u r v e w i l l n o t e x h i b i t a min imum ( a z e o t r o p e ) u n l e s s 

t h e c o r r e s p o n d i n g v a p o r p r e s s u r e - c o m p o s i t i o n c u r v e has a maximum. The 

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

b r o m i n e i s 35.2 d e g r e e s c e n t i g r a d e . 

There a p p e a r s t o be some e v i d e n c e t h a t a z e o t r o p e f o r m a t i o n c o u l d 

p o s s i b l y o c c u r i n t h i s s y s t e m , h o w e v e r . U s i n g H i l d e b r a n d ^ m e t h o d , 1 2 

S p i c e r a n d M e y e r 1 ^ f o u n d t h a t t h e d i f f e r e n c e b e t w e e n t h e i n t e r n a l p r e s 

s u r e s o f b r o m i n e and b e n z o t r i f l u o r i d e was 27UO a t m . Even t h o u g h t h e 

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

b r o m i n e , a n a z e o t r o p e i s f o r m e d i n t h e s y s t e m b r o m i n e - b e n z o t r i f l u o r i d e . 

U s i n g t h e same m e t h o d , i t was f o u n d t h a t t h e d i f f e r e n c e b e t w e e n t h e 

i n t e r n a l p r e s s u r e o f t r i c h l o r o m o n o f l u o r o m e t h a n e and b r o m i n e i s 2786 a t m . 

S i n c e i n t h e absence o f h y d r o g e n b o n d i n g t h e d i f f e r e n c e i n t h e i n t e r n a l 

p r e s s u r e s o f t h e c o m p o n e n t s 1 ^ i s a n i n d i c a t i o n o f t h e amount o f d e v i a t i o n 

f r o m R a o u l V s l a w t o be e x p e c t e d , i t a p p e a r s 1 ^ t o f o l l o w t h a t t h i s s y s t e m 

i s more l i k e l y t o e x h i b i t a n a z e o t r o p e t h a n i s t h e s y s t e m b r o m i n e -

1 2 J . H . H i l d e b r a n d , S o l u b i l i t y o f N o n - E l e c t r o l y t e s , Second e d i t i o n , 
(New Y o r k : R e i n h o l d P u b l i s h i n g C o r p o r a t i o n , 1936), p p . 98-106. 

^ S p i c e r and M e y e r , o £ . c i t . , p . 937. 

^ E w e l l , H a r r i s o n and B e r g , l o c * c i t . 

^ S e e page 29. 
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b e n a o t r i f l u o r i d e . 

The l i k e l i h o o d o f r e a c t i o n be tween t h e s o l v e n t a n d b r o m i n e i s 

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

h i g h e r e l e c t r o n e g a t i v i t y , whose c a r b o n - h a l o g e n b o n d e n e r g i e s a re l a r g e r 

t h a n t h a t o f t h e c a r b o n - b r o m i n e b o n d . The smoothness o f t h e two e q u i l i b 

r i u m d i a g r a m s i s a l s o a n i n d i c a t i o n t h a t no r e a c t i o n t a k e s p l a c e . A 

t e s t f o r r e a c t i o n was n o t made, f o r p u r e s o l v e n t was n o t s u c c e s s f u l l y 

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

The Sys tem B r o m i n e - 1, l - d i c h l o r o - 2 , 2 - d i f l u o r o e t h a n e . — E q u i l i b r i u m d i a 

grams f o r t h i s s y s t e m a r e p r e s e n t e d i n F i g u r e s h a n d 5>. F i g u r e k i s a 

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

a b o v e , and F i g u r e 5 i s a v a p o r c o m p o s i t i o n - l i q u i d c o m p o s i t i o n d i a g r a m 

c o r r e s p o n d i n g t o F i g u r e 2, above* I t i s e v i d e n t f r o m F i g u r e k t h a t t h i s 

s y s t e m e x h i b i t s a b o i l i n g p o i n t a t I+9#6° C , 9*2 d e g r e e s l o w e r t h a n t h e 

b o i l i n g p o i n t o f t h e l o w e s t - b o i l i n g p u r e c o m p o n e n t . A t t h i s b o i l i n g 

p o i n t m i n i m u m , b o t h l i q u i d and v a p o r h a v e t h e c o m p o s i t i o n 0.581 mo le 

f r a c t i o n b r o m i n e * I n F i g u r e 5 i t i s seen t h a t t h e c u r v e c r o s s e s t h e 

d i a g o n a l a t t h i s c o m p o s i t i o n * L i q u i d m i x t u r e s o f t h i s k i n d , w h i c h 

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

T h a t t h e b o i l i n g p o i n t d e p r e s s i o n a t t h e a z e o t r o p e s h o u l d be 

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

t h e d a t a p r e s e n t e d i n T a b l e s 7 and 8* S i n c e t h e b o i l i n g p o i n t s o f t h e 

components o f t h i s sys tem d i f f e r o n l y b y 0.2 d e g r e e s , a v e r y s m a l l p o s i 

t i v e d e v i a t i o n f r o m R a o u l t ' s l a w s h o u l d p r o d u c e an a z e o t r o p e . The 

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

on m i x i n g t h e components o f t h i s s y s t e m , i n d i c a t e t h a t t h e p o s i t i v e 
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d e v i a t i o n f r o m R a o u l t f s l a w i s l a r g e r t h a n i n t h e sys tem f o l l o w i n g . 

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

t h e s e s o l v e n t s as c a l c u l a t e d b y H i l d e b r a n d ^ m e t h o d , ^ seems t o be i n 

c o n s i s t e n t w i t h t h i s l a r g e r d e v i a t i o n f r o m R a o u l t ' s l a w . T h i s d i f f e r 

ence was f o u n d t o be 23UO a t m f o r l , l - d i c h l o r o - 2 , 2 - d i f l u o r o e t h a n e , and 

2737 a t m f o r l , 2 , 2 - t r i c h l o r o - l , l - d i f l u o r o e t h a n e . H o w e v e r , we must 

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

t h a n i n t e r n a l p r e s s u r e d i f f e r e n c e s . 1 ? B o t h o f t h e s e compounds p r o b a b l y 

f o r m weak h y d r o g e n bonds b e t w e e n a d j a c e n t m o l e c u l e s . T h e r e i s ample 

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

t i o n w i t h t h e use o f a h y d r o g e n a tom a t t a c h e d t o a c a r b o n a t o m o f a 

h a l o g e n a t e d h y d r o c a r b o n m o l e c u l e can t a k e p l a c e . 1 0 * F o r example p e n t a -

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

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

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

w a t e r . Because C H C I 2 C H F 2 c o n t a i n s two h y d r o g e n a t o m s , and one o f t h e s e 

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

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

g r e a t e r i n t h i s compound t h a n i t i s i n C H C ^ C T ^ C l . I f t h i s i s t r u e , 

more h y d r o g e n bonds w i l l be b r o k e n when b r o m i n e i s i n t r o d u c e d i n t o t h i s 

^ H i l d e b r a n d , l o c . c i t . 

^ E w e l l . H a r r i s o n and B e r g , l o c . c i t . 

l 8 S . G l a s s t o n e , T r a n s , F a r a d a y S o c . 33, 200 (1937); D. B. McLeod 
and F . J . W i l s o n , I b i d . T l T T 59b (1935TT"G."T. Z e l l h o e f e r , M. J . C o p l e y , 
and C. S . M a r v e l , TTlm. Chem. S o c . , 60, 1337 (1938); G. F . Z e l l h o e f e r 
and M. J . C o p l e y , I b i d . 65Tl3UJTl93^T. 
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s o l v e n t , t h a n a r e b r o k e n when b r o m i n e i s i n t r o d u c e d i n t o s o l v e n t o f t h e 

f o l l o w i n g s y s t e m . T h i s b r e a k i n g o f h y d r o g e n b o n d s , causes a n i n c r e a s e 

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

m i x t u r e s , a n d t h e r e f o r e a p o s i t i v e d e v i a t i o n f r o m R a o u l t * s l a w . I n t h e 

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

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

s y s t e m , and t h a t t h e b o i l i n g p o i n t d e p r e s s i o n a t t h e a z e o t r o p e i s l a r g e r 

i n t h i s s y s t e m t h a n i n t h e s y s t e m f o l l o w i n g . 

The r e s u l t of t h e t e s t f o r r e a c t i o n b e t w e e n t h e components o f 

t h i s s y s t e m was n o t c o n c l u s i v e , b u t s u p p o r t s t h e c o n t e n t i o n t h a t no r e 

a c t i o n t a k e s p l a c e . A n e x a m i n a t i o n o f T a b l e 6 and F i g u r e 3, i n d i c a t e s 

t h a t t h e r e f r a c t i v e i n d e x o f sample # 1 was w e l l w i t h i n t h e r a n g e o f 

h i g h e r - b o i l i n g f r a c t i o n s o f CHC12CHF2* I t i s e v i d e n t t h a t i n s e p a r a t i n g 

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

sample # 1 , b e i n g t a k e n f r o m t h e l a s t p o r t i o n o f l i q u i d t o l e a v e t h e 

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

number 8. T h a t fraction number 8 should contain t r a c e s o f h i g h e r b o i l 

i n g l i q u i d i s n o t u n e x p e c t e d . T h a t the refractive i n d e x o f sample # 2 , 

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

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

number 8 b e f o r e c o n t a c t w i t h b r o m i n e , i s i n d i c a t i o n t h a t o n l y a t r a c e o f 

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

The smoothness o f t h e e q u i l i b r i u m c u r v e i n F i g u r e s k and 5 i s 

f u r t h e r i n d i c a t i o n t h a t no r e a c t i o n t o o k p l a c e . 

The Sys tem B r o m i n e - 1 , 2 , 2 - t r i c h l o r o - l , 1 - d i f l u o r o e t h a n e . — F i g u r e s 7 and 8 

a r e t h e e q u i l i b r i u m d i a g r a m s f o r t h i s s y s t e m . I t can be s e e n f r o m 
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F i g u r e 7 t h a t an a z e o t r o p e h a v i n g a c o m p o s i t i o n o f 0.7U7 mole f r a c t i o n 

b r o m i n e , and a b o i l i n g p o i n t o f 5U.6 0 C i s f o r m e d i n t h i s s y s t e m . I n 

F i g u r e 8, i t c a n be seen t h a t t h e v a p o r - c o m p o s i t i o n v s . l i q u i d - c o m p o s i 

t i o n c u r v e c r o s s e s t h e d i a g o n a l a t 0.7U7 mole f r a c t i o n b r o m i n e * 

From t h e f i g u r e s c i t e d above f o r t h e s y s t e m b r o m i n e - b e n z o t r i f l u -

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

s y s t e m . T h i s s y s t e m has a d i f f e r e n c e o f o n l y 1 3 . 0 d e g r e e s be tween t h e 

b o i l i n g p o i n t s o f t h e c o m p o n e n t s , a n d a d i f f e r e n c e o f 2737 a tm b e t w e e n 

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

h$*0 d e g r e e s be tween b o i l i n g p o i n t s , and a d i f f e r e n c e o f 271*0 a t m i n 

i n t e r n a l p r e s s u r e s . 

I n m a k i n g t h i s c o m p a r i s o n , i t was n o t i c e d t h a t t h e i n c r e a s e i n 

v o l u m e on m i x i n g b e n z o t r i f l u o r i d e a n d b r o m i n e as r e p o r t e d b y S p i c e r and 

M e y e r , was many t i m e s g r e a t e r t h a n t h e change i n vo lume f o u n d w i t h t h i s 

s y s t e m . S i n c e t h e i n t e r n a l p r e s s u r e s o f b e n z o t r i f l u o r i d e and 1 , 2 , 2 -

t r i c h l o r o - 1 , 1 - d i f l u o r o e t h a n e a r e e s s e n t i a l l y t h e same, i t f o l l o w s t h a t 

benzotrifluoride must be more highly associated than i s t h e latter c o m 

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

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

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

b e n z o t r i f l u o r i d e on page 25. The b e n z o t r i f l u o r i d e m o l e c u l e s a r e p r o b a b l y 

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

The r e s u l t o f t h e t e s t f o r r e a c t i o n be tween b r o m i n e and 1 , 2 , 2 -

t r i c h l o r o - l , 1 - d i f l u o r o e t h a n e was n o t c o n c l u s i v e . T h i s t e s t i n d i c a t e s ^ 

h o w e v e r , t h a t no r e a c t i o n o c c u r r e d . The a rgument i s s i m i l a r t o t h a t 

p r e s e n t e d f o r absence o f r e a c t i o n be tween t h e components o f t h e l a s t 
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s y s t e m . I n s p e c t i o n o f T a b l e 6 and F i g u r e 6 shows t h a t t h e r e f r a c t i v e 

i n d e x o f sample #1 was w e l l w i t h i n t h e r a n g e o f t h e r e f r a c t i v e i n d i c e s 

o f s l i g h t l y h i g h e r - b o i l i n g f r a c t i o n s . I n f a c t , t h e f i g u r e does n o t 

g r e a t l y d i f f e r f r o m t h e r e f r a c t i v e i n d e x o f f r a c t i o n number 9 o f 

F i g u r e 6« F r a c t i o n number 9 was i n c l u d e d i n t h e s o l v e n t m i x e d w i t h 

b r o m i n e f o r t h i s t e s t . The r e f r a c t i v e i n d e x o f sample #2 d i f f e r s 

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

e r r o r . The i n d i c a t i o n i s t h a t t h e s l i ^ i t change o b s e r v e d i n r e f r a c t i v e 

i n d e x a f t e r c o n t a c t w i t h b r o m i n e , was due t o f u r t h e r f r a c t i o n a t i o n , and 

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

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

sys tems s t u d i e d a r e i n a c c o r d w i t h w h a t m i g h t have been p r e d i c t e d f r o m 

a c o n s i d e r a t i o n o f t h e p r o p e r t i e s o f t h e s e s y s t e m s . 
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T a b l e 1 . V a p o r - L i q u i d E q u i l i b r i a D a t a f o r t h e System 
B r o m i n e - T r i c h l o r o m o n o f l u o r o m e t h a n e • 

T e m p e r a t u r e Mole F r a c t i o n B r o m i n e Mo le F r a c t i o n B r o m i n e 
°C i n Vapor i n L i q u i d 

23.6 0.000 0.000 

23.7 0.022 0.031 

28.1 0.21*9 0.506 

29.2 0.292 0.597 

3U. 8 o.ia6 0.823 

39.6 0.520 0.911 

1*1.2 0.563 0.925 

50.5 0.80)4 0.977 

58.3 1.000 1.000 

F r a c t i o n a l d i s t i l l a t i o n o f a s o l u t i o n , w h i c h i n t h e e q u i l i b r i u m 
s t i l l p r o d u c e d v a p o r t h a t was 0.2 m o l e f r a c t i o n b r o m i n e a n d l i q u i d t h a t 
was 0.1* mole f r a c t i o n b r o m i n e , p r o d u c e d a d i s t i l l a t e t h a t was O.O6I4 
mole f r a c t i o n b r o m i n e . U s i n g t h e same c o l u m n , f r a c t i o n a l d i s t i l l a t i o n 
o f 0.0l;9 m o l e f r a c t i o n b r o m i n e s o l u t i o n p r o d u c e d a 0.022 mo le f r a c t i o n 
d i s t i l l a t e a n d a 0.11° mole f r a c t i o n r e s i d u e . 
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T a b l e 2. F r a c t i o n a l D i s t i l l a t i o n o f 
1 , l - d i c h l o r o - 2 , 2 - d i f l u o r o e t h a n e • 

F r a c t i o n T e m p e r a t u r e E s t i m a t e d Volume R e f r a c t i v e I n d e x 
Number °C D i s t i l l a t e i n m l a t 25° C 

( u n c o r r . ) 

52.9 0 

1 57.6 18 1*3773 

2 58.0 3U 1.3781 

3 58.3 70 1.3779 

h 58J4 10U 1.3776 

5 58.5 11+9 1.3772 

6 58.6 183 1.3770 

7 58.7 218 1.3769 

oo 59.0 252 1.3769 

9 59.U 267 1.3772 

10 59.9 297* 1.3879* 

L i q u i d b e f o r e f r a c t i o n a t i o n 1.3780 

The b o i l i n g p o i n t o f f r a c t i o n number 7 was d e t e r m i n e d i n t h e 
e q u i l i b r i u m s t i l l a t 760 mm p r e s s u r e , and f o u n d t o be 59.2° C . T h i s 
v a l u e c a n be u s e d t o c o r r e c t t h e u n c o r r e c t e d t e m p e r a t u r e r e a d i n g s g i v e n 
i n t h i s t a b l e . 

* T h e r e s i d u e i n t h e d i s t i l l i n g f l a s k was added t o f r a c t i o n 
number 10 b e f o r e t h e s e v a l u e s were d e t e r m i n e d . 
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T a b l e 3. V a p o r - L i q u i d E q u i l i b r i a D a t a f o r t h e Sys tem 
B r o m i n e - l , l - d i c h l o r o - 2 , 2 - d i f l u o r o e t h a n e . 

T e m p e r a t u r e M o l e F r a c t i o n Bromine M o l e F r a c t i o n Bromine 
°C i n Vapor i n L i q u i d 

59.0 0.000 0.000 

57.0 0.113 0.01*6 

$k.h 0.21*6 0.123 

53.7 0.293 0.1f t 

51.2 O.Wtf 0.307 

5o.o 0.559 0.509 

1*9.9 0.565 0.5U2 

1*9.7 0.578 0.567 

1*9.6 0.531 0.581 

1*9.8 0.622 O.691 

51.0 0.702 0.825 

52.2 0.762 0.893 

55.5 0.882 0.972 

53.8 1.000 1.000 
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Table 1.. Fractional Disti l lat ion of 
1,2,2-trichloro-l,1-difluoroethane• 

Fraction Temperature Estimated Volume Refractive Index 
Number °C Dist i l late in ml at 25° C 

(uncorr,) 

70.1 0 

1 70,9 17 1.3917 

2 70.9 3k 1.3910 

3 71.0 67 1.3909 

k 71.1 100 1.3908 

5 71.1 133 1.3900 

6 71.1 167 1.3899 

7 71.2 200 1.3895 

CO
 

71.2 233 1.389U 

9 71.2 268 1.3893 

10 71.2 282 1.3892 

11 71.2 291 1.3891 

Drainage from fractionating column 1.3979 
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T a b l e 5* V a p o r - L i q u i d E q u i l i b r i a D a t a f o r t h e S y s t e m 
B r o m i n e - 1 , 2 , 2 - t r i c h l o r o - l , 1 - d i f l u o r o e t h a n e * 

T e m p e r a t u r e Mole F r a c t i o n Bromine Mo le f r a c t i o n B r o m i n e 
°C i n Vapor i n L i q u i d 

71.8 0.000 0.000 

70.0 0.085 0.026 

63*6 0.359 0.163 

57.8 0.553 0.3U2 

56.5 0.638 0.1*79 

55.2 0.722 0.61*1 

5U.6 0.7U7 0.7U7 

55.1 0.805 0.831* 

56.5 0.903 0.91*9 

58.8 1.000 1.000 
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T a b l e 6. D a t a on T e s t s f o r E v i d e n c e o f R e a c t i o n 

S o l v e n t f r a c t i o n R e f r a c t i v e I n d e x R e f r a c t i v e I n d e x 
Number a t 25° C B e f o r e a t 25° C A f t e r 

C o n t a c t w i t h Br2 C o n t a c t w i t h Br2 

CHC1 2CHF 2 8 1.3769 Sample # 1 , 1.3785 

Sample #2, 1.3773 

CHC1 2 CF 2 C1 k - 9 1.3900 Sample # 1 , 1.3891 

Sample #2, 1.3899 
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T a b l e 7. D a t a on Volume Changes O b s e r v e d on M i x i n g , 

S o l v e n t Temp. V o l . o f V o l , o f I d e a l V o l , A c t u a l V o l . % Volume 
°C Bromine S o l v e n t o f M i x t u r e o f M i x t u r e I n c r e a s e 

m l m l m l m l 

CHC1 2 CHF 2 29 1.71 2,25 3.96 U.03 1.8 

CHC1 2 CF 2 C1 31 2.37 1.60 3.97 3.98 0.3 

N o t i c e a b l e c o o l i n g o c c u r r e d on m i x i n g , a n d t h e e f f e c t a p p e a r e d 
t o be g r e a t e r f o r CHC1 2 CHF 2 . 



38 

T a b l e 8. The P h y s i c a l P r o p e r t i e s o f t h e 
Components o f t h e Systems I n v e s t i g a t e d . 

Component B . P . Obs . 
a t 760 mm 

D i f f . i n D e n s i t y ( t ° C ) I n t e r n a l 
B . P . ' s o f P r e s s u r e 
Br2 and E s t i m a t e 
S o l v e n t 

D i f f . i n 
E s t i m a t e d 
I n t e r n a l 
P r e s s u r e 
o f B r 2 and 
S o l v e n t 

°C °C gm/ml a t m a t m 

B r 2 
58.8 3.119 (20 ) a 51*17 

3.102 (25 ) b 5387 

CCI3F 23.6 35-2 1.U9U (17 .2 ) c 2631 2786 

CHC1 2CHF 2 59.0 00.2 l.U9k ( I 6 . 1 + ) d 3077 231*0 

CHC1 2 CF 2 C1 71.8 13 .0 1.51*5 (25 ) e 2650 2737 

a 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 , (New Y o r k : McGraw H i l l Book 
Company, 1928), I I I , p . 20. 

^ L o c . c i t . 

C F . S w a r t s , B e r . , 26 R e f . , 2 9 1 ( 1 8 9 3 ) . 

d F . S w a r t s , J . C h i m . P h y s . , 20, 30 (1923). 

e A . L . Henne and E. C. L a d d , J . Am. Chem. S o c . , 58, 1*03 (1936). 
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FIGURE 3 

FRACTIONAL DISTILLATION OF CHC12CHF2 

O = TEMPERATURE VS VOLUME 
• Z REFRACTIVE INDEX VS VOLUME 

FRACTIONS i4.,5,6,7 AND 8 WERE USED I N THIS INVESTIGATION 
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FRACTIONAL DISTILLATION OF CHCI2CF2CI 
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FIGURE 9 

EQUILIBRIUM STILL 

a DISTILLATE CHAMBER; b FLASH BOILER; 0 RESIDUE CHAMBER; 
d VAPOR LINE; e ,a CONDENSERS; f , f , f HEATING COILS; g 
COOLING COIL; h COLD TRAP; i TWO-WAY STOPCOCK; J TO PRESSURE 
TANK; k TO WATER ASPIRATOR; 1 NO-LUB STOPCOCKS; m DISTILLATE 
CHAMBER DELIVERY TUBE; n RESIDUE CHAMBER DELIVERY TUBE; o , 
O STANDARD TAPER GROUND-GLASS JOINTS; p THERMOCOUPLE WELL 



U8 

FIGURE 10 

DRYING TRAIN 
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APPENDIX I I 

SAMPLE CALCULATIONS 

A n a l y s i s o f a Sample 

The c a l c u l a t i o n s i n v o l v e d i n m a k i n g each a n a l y s i s i s d e m o n s t r a t e d 

b y t h e f o l l o w i n g e x a m p l e : 

D a t a 

W e i g h t o f w e i g h i n g b o t t l e o f K I s o l u t i o n — 1U.U818 gm 

W e i g h t o f w e i g h i n g b o t t l e and K I s o l u t i o n + s a m p l e — lf>.20£2 gm 

W e i g h t o f sample — 0.723U gm 

M i l l i l i t e r s o f 0.2012 N Na2S203 s t a n d a r d s o l u t i o n 

t o t i t r a t e t h e sample — 1U.8U m l 

C a l c u l a t i o n 

The r e a c t i o n s i n v o l v e d a r e : 

2KI + B r 2 =• 2 KBr t I 2 

2 S2°3 + I 2 = S U 0 6 " i - IT 

A l a r g e e x c e s s o f K I was m a i n t a i n e d t o r e d u c e t h e v o l a t i l i z a t i o n o f 

i o d i n e b y t h e f o r m a t i o n o f t r i - i o d i d e i o n s : 

i - + i 2 = i 3 -

Prom t h e s e c o n d e q u a t i o n i t c a n be seen t h a t t h e e q u i v a l e n t 

w e i g h t o f i o d i n e i s one a t o m i c w e i g h t . From t h e f i r s t e q u a t i o n i t i s 

e v i d e n t t h a t one a t o m i c w e i g h t o f i o d i n e i s e q u i v a l e n t t o one a t o m i c 



w e i g h t o f b r o m i n e . I t f o l l o w s t h e n , t h a t t h e e q u i v a l e n t w e i g h t o f 

b r o m i n e i s i t s a t o m i c w e i g h t . 

E q u i v a l e n t w e i g h t s o f b r o m i n e = N o r m a l i t y o f Na2S203 s o l u t i o n 

M i l l i l i t e r s o f Na2S203 
x 1000 

= 0.2012 x jjj^* = 0.002986 

M o l e s o f b r o m i n e = 1/2 x E q u i v a l e n t w e i g h t s o f b r o m i n e 

= 1/2 x 0.002986 = 0.0011*93 
W e i g h t o f b r o m i n e = E q u i v a l e n t w e i g h t s o f b r o m i n e x 

E q u i v a l e n t w e i g h t o f b r o m i n e 

- 0.002986 x 79.92 = 0.2386 gm 

W e i g h t o f CHC12CHF2 - W e i g h t o f sample - W e i g h t o f b r o m i n e 

- 0.723U - 0.2386 = 0.1*81*8 gm 

_ W e i g h t o f CHC1 2CHF 2 

M o l e s CHC1 2 CHF 2 - M o l e c u l a r w e i ^ t o f CH61 2<^ 2 

= = 0.003593 

T o t a l m o l e s = Moles o f b r o m i n e + Mo les o f CHC12CHF2 

= 0.0011*93 + 0.003593 = 0.005086 
M o l e s o f b r o m i n e 

M o l e f r a c t i o n b r o m i n e — T o t a l m o l e s 

_ 0.0011*93 _ n 9 o U 

- o.oo5o86 - °' 2 9 U 
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D e t e r m i n a t i o n o f Change i n Volume on M i x i n g 

D a t a 

Volume o f b r o m i n e added — 1 .71 m l 

Volume o f C H C 1 2 C H F 2 a d d e d - 2.25 m l 

A c t u a l v o l u m e o f m i x t u r e - U.03 m l 

C a l c u l a t i o n 

I d e a l vo lume o f m i x t u r e = Volume o f b r o m i n e + Volume o f C H C I 2 C H F 2 added 

=• 1.711 2.25 = 3.96 

Volume i n c r e a s e — A c t u a l volume o f m i x t u r e - I d e a l vo lume o f m i x t u r e 

= U.03 - 3.96 - 0.07 m l 

P e r c e n t vo lume i n c r e a s e = i n c r e a S ^ A „ x 100 
I d e a l vo lume o f m i x t u r e 

= § g x K 0 = l.B 

E s t i m a t i o n o f I n t e r n a l P r e s s u r e 1 0 

D a t a 

S o l v e n t — C H C 1 2 C F 2 C 1 

O b s e r v e d b o i l i n g p o i n t o f s o l v e n t a t 76O mm — 71.8° C 

D e n s i t y o f s o l v e n t a t 25° C — 1.5U5 g o / m l 

C a l c u l a t i o n 

E n e r g y o f v a p o r i z a t i o n =• A E y = 5280 + (2lw5 x a t m o s p h e r i c b o i l i n g 

p o i n t i n ° C) 

= 5280 +• (2U.5 x 71.8) - 7039 c a l 

M o l a r v o l u m e a t 25° C = V = M o l e c u l a r w e i g h t 

D e n s i t y a t 25° C 



I n t e r n a l p r e s s u r e v = 2222- = 6U.19 c a l / m l 
V 109.7 

6U.19 S i x la .29 1 1 1 1 ; a t f f i = 2650 a t m 
m l c a l 
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