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ABSTRACT 

The gas phase equilibrium for the reaction 

CFsC!F2Br(g) + 12(a) = CFsCF2I(a) + IBr(g) 

has been studied over the temperature range 620-670 K. A third law treatment of the 
data gave A&(1, 298) = 9.2 f 0.2 kca1 mole -* _ This result is compared with other thermo- 

chemical data, and values for the heats of formation of CZFsBr, C2FsCI and CzFsH are 
derived. 

INTRODUCTION 

As a part of a continuing study of the effects of fluorine substitution on 
heats of reaction and bond dissociation energies, we have undertaken equilib- 
rium measurements for the reaction 

Istgj + CF3CF2Br(,) * IBr(,, + CF,CF&,, (1) 

The existence of equilibrium has been confirmed by approaching it from 
both sides of reaction (1). A third law treatment will be applied to the data 
to evaluate A@( 1, 298). Ideal gas thermodynamic functions are well estab- 
lished for I2 and IBr [l], while those for C2F5Br and C2F51 have been cal- 
culated for this work [2]. Since A@(C,F51, g, 298) 133, @(IBr, g, 298) 
[l], and Ai!&, g, 298) [l] and the associated bond dissociation energies 
are known, A@(C2F5Br, g, 298) and DH&(C2F5-Br) may be obtained. 

EXPERIMENTAL 

Research grade CFsCF21 was obtained from the Pierce Chemical Company 
and CF&F,Br was obtained from the Penninsular Chemical Research Com- 
pany. Both compounds were distilled under vacuum several times before use. 
Reagent grade I2 was obtained from J.T. Baker Chemical Company and was 

* Present address :Haliburton Inc., Duncan, Oklahoma 73533, U.S.A. 
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r e s u b l i m e d  j u s t  b e f o r e  u se .  R e s e a r c h  g r a d e  Br2 w a s  o b t a i n e d  f r o m  Mal l inc -  
k r o d t  C h e m i c a l  C o m p a n y  a n d  w as  d i s t i l l ed  u n d e r  v a c u u m .  

T h e  e x p e r i m e n t a l  a p p a r a t u s  has  b e e n  d e s c r i b e d  in  d e t a i l  e l s e w h e r e  [ 4 ] .  
Bas ica l ly ,  i t  c o n s i s t s  o f  a h e a t e d  4 7 5  m l  p y r e x  s t a t i c  r e a c t o r  vesse l  c o n n e c t e d  
t o  a " h o t  b o x "  m a i n t a i n e d  b e t w e e n  9 8  a n d  1 0 8 ° C  t o  f a c i l i t a t e  t h e  h a n d l i n g  
o f  u p  t o  4 0  t o r r  i o d i n e .  P r e s su re  m e a s u r e m e n t s  a re  c o n d u c t e d  i n s i d e  t h e  
" h o t  b o x "  u s i n g  a P a c e - W i a n c k o  p r e s s u r e  t r a n s d u c e r  as a n u l l  dev i ce .  Pres-  
su r e s  a re  r e a d  e i t h e r  o n  a d i b u t y l p h t h l a t e  m a n o m e t e r  (P  < 6 0  t o r t )  o r  o n  a 
m e r c u r y  m a n o m e t e r  (P  > 6 0  t o r r ) .  T h e  " h o t  b o x "  is c o n n e c t e d  t o  a ser ies  
o f  c o l d  t r a p s  t o  s a m p l e  t h e  r e a c t i o n  cei l  m i x t u r e  f o r  gas c h r o m a t o g r a p h i c  
ana lys i s .  T h e  r e a c t i o n  cel l  was  p l a c e d  i n s i d e  a w i r e  w o u n d  a l u m i n u m  b l o c k  
o v e n  w h i c h  was  t e m p e r a t u r e  c o n t r o l l e d  t o  +-0.25°C b y  m e a n s  o f  a va r i ab l e  
a u t o t r a n s f o r m e r  a n d  E .P .C.  1 3 0 0  ser ies  p r o p o r t i o n a l  c o n t r o l l e r .  

In  o r d e r  t o  i n i t i a t e  a n  e q u i l i b r i u m  s t u d y ,  b r o m i n e  was  m e a s u r e d  i n t o  t h e  
r e a c t i o n  ce l l .  A d d i t i o n  o f  a l a rge r  p r e s s u r e  o f  i o d i n e  c o n v e r t e d  e s s e n t i a l l y  
all Br~. t o  IBr  (Keq ~ 3 8 )  [ 1 ] .  T h e  d e s i r e d  m i x t u r e  o f  C F 3 C F 2 B r  a n d  C F 3 C F 2 I  
was  t h e n  e x p a n d e d  i n t o  t h e  r e a c t i o n  cel l  a n d  t h e  t o t a l  p r e s s u r e  m e a s u r e d .  
A f t e r  s u f f i c i e n t  t i m e  w as  a l l o w e d  f o r  t h e  r e a c t i o n  m i x t u r e  t o  a p p r o a c h  equ i l -  
i b r i u m ,  t h e  c o n t e n t s  o f  t h e  cel l  w e r e  p a s s e d  t h r o u g h  an  A s c a r i t e  t r a p  s u b -  
m e r g e d  in ice  w a t e r  t o  r e m o v e  I~ a n d  IBr .  T h e  r e m a i n i n g  h a l o c a r b o n  m i x t u r e  
was  t h e n  e x p a n d e d  i n t o  a s e c o n d  t r a p  a n d  s u b j e c t e d  t o  g a s - - l i q u i d  c h r o m a t o -  

g r a p h i c  ana lys i s .  A 0 .6  X 3 0 5  c m  c o l u m n  (6 m m  i n n e r  d i a m e t e r )  p a c k e d  w i t h  
3 0 %  2 , 4 - d i m e t h y l s u l f o l a n e  o n  6 0 ] 8 0  C h r o m o s o r b  W was  r u n  a t  r o o m  t e m -  
p e r a t u r e  ( 2 5 - - 2 9 ° C }  w i t h  a h e l i u m  f l o w  r a t e  o f  3 0  m l  m i n  -~ . T h e  air  p e a k  
o c c S r r e d  a t  1 .5  m i n  a f t e r  i n j e c t i o n  a n d  t h e  r e t e n t i o n  t i m e s  r e l a t i ve  t o  a i r  f o r  
CFaCF~_I a n d  C F 3 C F 2 B r  w e r e  1 1 . 0  a n d  1 .9 ,  r e s p e c t i v e l y .  A c c u r a c y  o f  t h e  
g a s - l i q u i d  c h r o m a t o g r a p h i c  ana lys i s  was  +2% a n d  was  d e t e r m i n e d  f r o m  
s t a n d a r d  m i x t u r e s  a n a l y z e d  u n d e r  s i m u l a t e d  e x p e r i m e n t a l  c o n d i t i o n s .  P e a k  
a reas  w e r e  d e t e r m i n e d  b y  t h e  p e a k  w i d t h  a t  h a l f - h e i g h t  m e t h o d .  

RESULTS AND DISCUSSION 

D a t a  f o r  t h e  e q u i l i b r i u m  s t u d y  o f  r e a c t i o n  (1)  a re  p r e s e n t e d  in  T a b l e  1.  
A s s u m i n g  all Br2 in i t i a l l y  p r e s e n t  is c o n v e r t e d  t o  IBr ,  t h e  in i t i a l  p r e s s u r e  o f  
IBr  is g iven  as t w i c e  t h e  p r e s s u r e  o f  Br2 i n t r o d u c e d .  T h e  p r e s s u r e  o f  I2 
r e m a i n i n g  a f t e r  f o r m a t i o n  o f  IB r  is t h e n  

P~2 = P ° 2  - -  P °  2 

w h e r e  P °  2 is t h e  p r e s s u r e  o f  i o d i n e  i n t r o d u c e d .  A f t e r  r e a c t i o n ,  t h e  f ina l ,  o r  
e q u i l i b r i u m  p r e s s u r e s  o f  IBr(P~Br) a n d  I2(P[2) a re  g iven  b y  

-P~IBr = P~Br + ~kPRI (2)  
. 

/~I2 = P i ,  - -  A~PRI (3)  

w h e r e  

a n d  P T  ---- PRUr + PRI.  
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TABLE1 

Experimental data forCF3CF2Br(g) +Iztg) =CF3CFaIt,) + IBr(,). 

L) No. 
Run Pf2 P0 Brz PT (PRBrIPRI) i Time (PRBrIPRI) ’ 

(tom) (tom) (to=) (111 

618 1 20.23 0 25.77 * 
2 20.15 0 26.35 * 
3 20.58 1.96 4.46 
4 20.04 0.46 5.65 
5 20.96 0.54 5.08 
6 20.93 1.92 5.46 
8 19.96 1.42 5.97 
9 21.77 0.81 5.15 

10 20.23 2.00 5.15 
11 19.42 1.12 5.88 
12 19.00 1.00 6.00 
24 9.53 0.54 19.38 
25 9.68 0.51 10.43 

32.87 
96.35 
96.35 
96.35 
96.35 
96.35 
28.35 
28.35 
28.35 

118.21 
118.21 

640 19 18.92 1.00 19.23 24.37 

20 9.69 1.04 21.04 24.37 
21 19.62 0.54 3.62 71.05 
22 20.23 0.54 19.77 118.21 
23 9.58 0.58 12.04 118.21 

667 13 18.84 0.96 18.81 28.35 
14 19-27 0.96 4.12 28.35 
15 18.88 0.46 5.27 96.35 
16 19.12 0.54 15.50 71.05 
17 18.96 0.50 15.69 71.05 
18 18.69 0.50 15.39 71.05 

5.0 
12.5 
5.0 
9.0 
5.0 

12.2 
10.5 
-r 

;:; 
12.4 
13.4 
1.0 
1.0 

0.3 
0.3 
0.3 
0.3 
o-3 

1.0 
1.0 
1.0 
1.0 
0.5 
0.3 

31.56 
37.28 
104.61 
25.82 
26.27 

157.48 
117.71 
51.05 

154.36 
86.20 
71.05 
94.40 

106.85 

50.68 
81.78 
39.18 
50.69 
87.17 

60.52 
41.16 
31.43 
39.79 
33.54 
31.57 

* PT = PRBr- 

Table 2 gives the values for --RT ln Q in which Q is the ratio of the partial 
pressures of the products to reactants for both the initial, Qi, and the equilib- 
rium, Q,, reaction mixtures. One expects that Q, = K, for this reaction, but 
the --RT ln Q, values in Table 2 show that there is in the order of lo-20% 
scatter in Q,. In order to show that Q, does indeed approximate K,, the 
initial pressure ratios of (P aar/Pai)i were adjusted so that reaction (1) took 
place in both directions, thus assuring that the Qi values bracketted K,. 

The Gibbs free energy change, AG,“, can be determined to within 20.5 
kcal mole -’ from these data, and if the free energy functions are known, 
A@‘(298) may be evaluated. The ideal gas thermodynamic functions for IBr 
and I2 are known [l] , and those for the two halocarbons have been cal- 
culated for this work [ 21. Table 3 summarizes the important thermochemical 
data. 

Experimental values of AHi and AH, at 298.15 K are given in Table 2. 
They were obtained by subtracting A(G” - G,,) from the appropriate -ET 
In Q values. The AHi values are upper or lower limits to AHr depending on 
whether the reaction of the initial mixture proceeds to the right or left, 
respectively. For example, in Run 3 of Table 2, the reaction obviously pro- 
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TABLE 2 

Results of the equiiibrium study of CF&F2Br(,) + 12(P) = CFaCF&) + IBr(,) 

4(G” -@98) Run 
(kcal mole-‘) No. 

-RTinQi -RTlnQi 
(kcal (kcal 
mole-’ ) mole-’ ) 

$zi* 
mole-’ ) 

AHe ** 

(kd 
mole-’ ) 

618 4.96 1 
2 
3 
4 
5 

: 
9 

10 
11 
12 
24 
25 

00 8.17 00 9.13 
00 8.54 00 9.50 

6.20 7.66 >7.16 8.62 *** 
9.36 7.64 <lo.32 8.50 *** 
9.23 7.47 c10.19 8.43 *** 
7.58 8.17 >8.52 9.13 
7.92 8.17 >8.88 9.13 
8.75 8.17 <9.71 9.13 
5.97 8.11 >6.91 9.07 
6.69 8.14 >7.65 9.10 
6.81 8.02 >7.77 8.98 
8.46 8.14 c9.42 9.10 
8-57 8-42 t9.53 9.38 

640 -1.00 19 6.85 8.08 >7.85 9.08 
20 5.87 7.91 >6.87 8.91 
22 9.08 8.28 <lo.08 9.28 
22 9.76 8.44 < 10.76 9.44 
23 8.68 8.25 t9.68 9.25 

667 -1.04 13 7.39 8.67 
14 7.42 7.94 
15 10.02 8.38 
16 9.43 8.46 
17 9.51 8.22 
18 9.49 8.09 

>8.43 9.67 
>8.46 8.98 

<11.06 9.42 
<lo.47 9.50 
<10.55 9.26 
<lo.53 9.13 

Ave 9.22 f 0.2 

*4l!Yi s-RTlnQi --(Go -@9a); > 
Mr. 

or < indicates that A& is greater or less than 

** 4He = -RTlnQ, - &Go - @9s); an estimate of &&. 
*** Not used in average. 

ceeds to greater partial pressures for the reactants so that Qi > KP and there- 
fore A@ > AEli, as indicated in Table 2. Similarly, in Run 4, Qi < R, SO that 
AEI$+ AEli. 

The average value for AHe is 9.2 + 0.2 kcal mole-’ and this value is con- 
sistent with the upper and lower limits set by the AiYi values so that we can 
conclude that 

A@(l, 298) = 9.2 f 0.2 kcal mole-’ 

This result may be combined with the relevant data from Table 3 to obtain 

~(cF,CFJ, g, 298) - A@(CF,CF,Br, g, 298) = 14.35 f 0.2 kcal mole-’ 

and 

A@(CF&F2Br, g, 298) = -254.4 * 1 kcal mole-’ 



203 

TABLE 3 

Summary of thermochemical data 

Compound ti (g, 298) 
(kcal mole-’ ) 

(Go -@t&T) (cd K-’ mole-‘) 

600 K 700 K 800 K 

CF3CF21 
CF3CF2Br 
CF&F:!CI 
CF3CF2H 
Brz 
IBr 
I2 

Cl2 
ClBr 
HBr 
c2F4 

CZF6 

-240.0 f 1 a 

+7.39 f 0.03 d 
+9.77 f 0.02 d 

+14.92 f 0.01 d 
0.0 

+3.5 -c 0.3 d 
-8.71 + 0.1 d 

-157.4 I!z 0.7 d 
-320.9 f 1.5 = 

44.655 b -97.388 
42.672 b -95.386 -98.100 

-92.945 b -95.644 
-34.953 c -87.387 -89.838 
-60.363 d -61.096 41.806 
-63.597 d -64.336 
-64.025 d 44.767 

-55.643 d -56.334 
-59.740 d -60.440 

-48.837 d -49.422 49.992 

a Ref. 3. 
b Ref. 2. 
c Ref. 10. 
d Ref. 1. 

This latter value can be compared with earlier results of Lather et al. [5] 
on the heat of addition of bromine to tetrafluoroethylene using the prin- 
ciples of group additivity [6,7]. Benson et al. [6,7] have shown that the 
change in the thermodynamic properties (heat capacity, entropy, and 
enthalpy) for reactions such as (4) can be assumed to be zero to a very good 
approximation. 

RNN’R + SNN’S = RNN’S + SNN’R (4) 

In reaction (4) N and N’ are polyvalent nuclei (the same or different) and R 
and S are atoms. Deviations in the enthalpy of reaction have been observed 
in a few cases in which the polarity of RN and SN’ are very different [2,8]. 
However, recent work has shown that these deviations can be accounted for 
as the energy of the dipole-dipole interactions between the different groups; 
and as the difference in polarity of the RN and SN’ groups diminishes, the 
energy of interaction approaches zero [ 91. For the cases to be considered in 
this work, the polarities of the groups are similar enough to justify the 
assumption that A&(4, 2’) = 0. The results of Lather et al. [ 51 yield 
A@(CF2BrCF2Br, g, 298) = -188.3 f 1 kcal mole-’ (see Table 3). This may 
be combined with our results and A@(C2F6, g, 298) [lo] to obtain AZ&(& 
298) = +0.4 f 2 kcal mole-‘. 

CF&Fw + CF,BrCF,Br,,, = 2 CF3CF2Bq,, (5) 

This is in excellent agreement with the value expected from group additivity 
showing that our results are consistent with those of Lather et al. [ 51. 

Coomber and Whittle [ll] have determined the equilibrium constants 
for reaction (6) over the temperature range 730-830 K. A Van ‘t Hoff plot 
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of their data gave A@(6,298) = -10.3 f 0.6 kcal mole-‘. 

CF3CF2Br,, + Clz(g) = CF,CF,Cle, + CIBr,,, (6) 

We have calc*ulated the ideal gas, thermodynamic properties for both 
CF3CF2Br and CF&F&l so that the enthalpy of reaction (6) may be 
obtained horn Coomber and Whittles’ [l] data with the free energy func- 
tions summarized in Table 3 (a “Third Law” value). This gave: A@(6,298) = 
+I.5 + 0.1 kcal mole-‘. We favor the third law value because of the excel- 
lent fit to the data. This value and the heats of formation of Table 3 yield 

A@(CF&FG, g, 298) - A@(CF3CF2Br, g, 298) = -13.0 + 0.1 kcal mole-’ 

and 

@(CF&FD, g, 298) = -267.4 + 1 kcal mole-’ 

This result may also be compared via group additivity with the heat of 
addition of chlorine to tetrafluoroethylene measured by Lather et al. [12]. 
The heat of chlorination yields (see Table 3): A@(CF&lCF&l, g, 298) = 
-214.6 f 0.7 kcal mole-‘. This, combined with the result for CF&F&l,,,, 
yields for reaction (7); A@(7, 298) = +0.7 f 0.2 kcal mole-‘. This, too, is 
in excellent agreement with group additivity [ 6,7]. 

CF,CFs,,, + CF,ClCF,Cl,,, = 2 CF,CF,Cl,,, (7) 

Coomber and Whittle [13] have also determined the equilibrium con- 
stants for reaction (8) over the temperature range 630-840 K. 

CF,CF,H,,, + Brztgj = CF&F2Br(,> + HB%G (8) 

Their Van ‘t Hoff plot resulted in e(8, 298) = -6.4 f 0.2 kcal mole-’ 
while a “Third Law” treatment using the free energy function summarized 
in Table 3 gave A@(8, 298) = -7.5 f 0.1 kcal mole-‘. Both methods fit the 
observations quite well, however, we prefer the “Third Law” approach as do 
Coomber and Whittle (however, free energy functions had not yet been 
determined for CF&F2H and CF,CF,Br) so that we shall adopt A@(8,298) = 
-7.5 i 0.1 kcal mole-‘. This value leads to 

m(CF&FzH, g, 298) - A@‘(CF3CF2Br, g, 298) = -8.6 + 0.1 kcal mole-’ 

and 

A@(cF~CF~H, g, 298) = -263.0 f 1 kcal mole-’ 

This latter value is less stable by 1.0 kcal mole-’ than the value adopted by 
Chen et al. [lo] which is due entirely to the change in A@(8,298). 

The values for the heats of formation that have been determined or 
selected in this work are 

A@(CFsCF2Br, g, 298) = -254.4 f 1 kcal mole-’ 

A@(CF&F&l, g, 298) = -267.4 f 1 

and 

*(cF~CF~H, g, 298) = -263.0 + 1 
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The values for C2FSBr and &F&l have been shown to be consistent with the 
results of Lather et al. [5,12] for the heats of addition of Br, and Cl, to 
C2F4. 
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