
amounts  up to lo%, to a s a t u r a t e d  a q u e o u s  so lu t ion  of 
acryloni t r i le  will c a u s e  t h e  separa t ion  of an acryloni t r i le  
phase .  
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Viscosities of Fluorinated Methyl Bromides and Chlorides 

JOHN F. REED AND B. S. RABINOVITCH 
Department of Chemistry, Loyola University, Chicago, Ill., and 
Department of Chemistry, University of Washington, Seattle, Wash. 

I n  s tudying t h e  chemica l  reac t ions  of t h e  f luorinated 
methyl ch lor ides  and bromides with sodium vapor, i t  w a s  
n e c e s s a r y  t o  obta in  t h e  v i s c o s i t i e s  of t h e s e  ha l ides .  Very 
few d a t a  on  t h e  v i s c o s i t i e s  of t h e s e  compounds a r e  re- 
corded;  t h e  v a l u e s  that  e x i s t  h a v e  been  obtained by inde- 
pendent  measurements  and provide no opportunity for inter-  
nal  comparison or cons is tency .  

EXPERIMENTAL 
T h e  f luorinated chloro compounds were obta ined  from 

t h e  Kine t ic  C h e m i c a l s  Divis ion,  E. I. d u  Pont  d e  Nemours 
b Co. Methyl ch lor ide  and  bromide were Eas tman Kodak 
white  labe l  products .  T h e  f luorinated bromo compounds 
were a l l  s y n t h e s i z e d  by us ing  t h e  Hunsdiecker  degradat ion 
of t h e  s i lver  or sodium s a l t  of t h e  corresponding carboxyl ic  
ac id  by bromine. All compounds were d i s t i l l e d  s e v e r a l  
t imes  on a low temperature  f ract ionat ing column and only 
t h e  middle f rac t ions  of cons tan t  boi l ing range  were e m -  
ployed. M a s s  s p e c t r a l  pa t te rns  were  obtained for a l l  com- 
pounds and showed t h e  a b s e n c e  of apprec iab le  impuri t ies .  

T h e  coeff ic ient  of v iscos i ty  w a s  determined by al lowing 
t h e  spec imen g a s  to flow from a 2-liter bulb through a uni- 
form g l a s s  capi l la ry  a t  room temperature  into a n  evacuated  
boros i l ica te  g l a s s  t rap  refr igerated by l iquid nitrogen. T h e  
in i t ia l  and f inal  p r e s s u r e s  in  t h e  bulb were measured,  a s  
wel l  as  t h e  e l a p s e d  time. T h e  co l lec ted  c o n d e n s a t e  w a s  
t ransferred to  a tared evacuated  g a s  bulb and weighed. 
Samples  were 100 t o  300 mg. and required co l lec t ion  t imes  
were 1 to 3 hours .  T h e  p r e s s u r e s  in t h e  la rge  bufb were 2 
to  15 cm. and no  correct ion for s l i p  w a s  n e c e s s a r y .  T h r e e  
to  s e v e n  de termina t ions  were  made on e a c h  sample.  T h e  
maximum error w a s  in t h e  weighing, which had a precis ion 
within 1%. 

RESULTS 
T h e  procedure w a s  ca l ibra ted  u s i n g  methyl chloride, for 

which t h e  v a l u e  of t h e  absolu te  v iscos i ty  of Renning and 
Markwood ( 1 )  w a s  adopted.  Al l  measurements  were ad- 
jus ted  to  2 5  o C., us ing  temperature  coef f ic ien ts  of 0.3 and 
0.6 micropoise  per  degree  for t h e  ch lor ides  and bromides,  
respec t ive ly ,  b a s e d  on t h e  methyl compounds. T h e s e  cor- 
rec t ions  were of t h e  order  of magnitude of t h e  probable  
error of a s i n g l e  measurement. T h e  r e s u l t s  a r e  given in  
T a b l e  I,  with l i t e ra ture  va lues .  

Table  I. V i s c o s i t i e s  and Molecular Diameters of G a s e s  

Compound 

CH,C1 
CFH,Cl 
CF,HCl 
CF,Cl 
CHSBr 
CFH,Br 
CF,HBr 
CF,Br 

77,  Exptl.  (25°C.) ,a  
Micropoises 

[ 107.9 (0. l)] 
113.1 (0 .7)  

139.6 (0.7) 
134.8 ( 0 . 1 )  
129.1 (0.4) 
140.4 (0.1) 
151.2 (0 .2)  

... 

n Lit.  (25  ‘C.), 
Micropoises Diameter, A. 

107.9 (1) 5.55  ... 5.85 
129.2 ( I )  5.81 ... 5.85 
135.2 (2) 5 . 8  1 

... 6.10 ... 6-18  ... 6.15  
=Probable error of average g iven in parentheses.  

DI SCUSSl ON 
T h e  coeff ic ient  of v iscos i ty  i n c r e a s e s  gradual ly  with 

i n c r e a s e  in t h e  number of f luorine a toms in the  molecule  
for t h e  ch lor ides ,  although a minimum occurs  in  t h e  bromide 
s e r i e s ,  T h i s  may b e  cons idered  a consequence  of t h e  rela- 
t ive  i n c r e a s e  in  molecular  m a s s  and molecular  diameter, on 
p a s s i n g  down t h e  two ser ies .  

In view of t h e  general  lack of t ransport  quant i t ies  of 
g a s e s ,  o n e  or more of t h e s e  quant i t ies  must often b e  e s t i -  
mated. When insuff ic ient  d a t a  a r e  ava i lab le  for cor re la t ions  
b a s e d  on s t ructural  fea tures ,  t h e  k ine t ic  theory of g a s e s  i s  
often used .  However, even  in t h e  la t te r  c a s e ,  a s t ructural  
parameter, s u c h  a s  a co l l i s ion  diameter ,  i s  necessary .  T h e  
co l l i s ion  diameter  of each  of t h e s e  molecules  w a s  calcu-  
la ted from t h e  v iscos i ty  coeff ic ient  on t h e  b a s i s  of t h e  
hard, e l a s t i c  sphere  approximation ( T a b l e  I). Subst i tut ion 
of o n e  f luorine atom in t h e  molecule  r e s u l t s  in an i n c r e a s e  
in diameter ,  and s u c c e s s i v e  subs t i tu t ions  of fluorine c a u s e  
no further increment .  T h i s  behavior  i s  cons is ten t  with t h e  
view of the  s imple ,  hard s p h e r e  model. 
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