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Abstract: The kinetics of the gas phase reaction of pentafluoroethyl iodide with hydrogen iodide have been studied spectropho-
tometrically from 478 to 560 K. The rate-determining step was found to be C2F5I + I -*• C2F5 + I2 for which log (k/\. mol-1 

S-1) = (11.2 ± 0.3) - (16.8 ± O.8)/0 (0 = 2.3RT in kcal/mol) was determined. This result was combined with established 
thermochemical data to yield the C-I bond dissociation energy, DH°(CF3CF2-I) = 52.5 ± 1 kcal/mol, and the enthalpy of 
formation of pentafluoroethyl, A#f°(CF3CF2,g,298) = -213 ± 1.3 kcal/mol. This also led to an evaluation of the x bond dis­
sociation energy in tetrafluoroethylene, Dx°(CF2=CF2) = 52.3 ± 2 kcal/mol. This value is shown to be in good agreement 
with the thermochemical data on tetrafluoroethylene. 

In 1949, Lacher et al.1 showed that the heat of addition 
of chlorine to tetrafluoroethylene was nearly 14 kcal/mol more 
exothermic than that to ethylene, and it has since been gen­
erally found that addition reactions to tetrafluoroethylene are 
more exothermic than those to ethylene.2-3 This has been al­
most exclusively attributed to the destabilization of the C-C 
IT bond by fluorine substitution,4"6 though recently some evi­
dence has been presented indicating that <r bond stabilization 
may be important too.7 

In this paper, we wish to report on a kinetic study of the gas 
phase reaction of pentafluoroethyl iodide with hydrogen iodide, 
from which we derive the heat of formation of the pentafluo­
roethyl radical and, thereby, the x bond dissociation energy 
in tetrafluoroethylene.8 We shall further show that this value 
of the x bond energy is in quantitative agreement with the 
thermochemical data for tetrafluoroethylene. 

Experimental Section 
Pentafluoroethyl iodide was obtained from the Pierce Chemical Co. 

and was vacuum distilled at dry ice temperatures before use. Gas-
liquid chromatographic analysis on a 0.6 X 305 cm column packed 
with 30% dimethylsulfolane on Chromosorb W indicated that the 
sample, after distillation, was better than 99% pentafluoroethyl iodide. 
Hydrogen iodide, obtained from the Matheson Gas Co., was similarly 
distilled from a dry ice bath to a liquid N2 trap and degassed at liquid 
N2 temperatures before use. Iodine, obtained from the J. T. Baker 
Chemical Co., was sublimed in vacuo before use. 

The kinetics of the reaction of C2F5I with HI were followed spec-
trophotometrically by observing the appearance of I2 at 500 nm. The 
stoichiometry of the reaction was established from measurements at 
225, 270, and 500 nm. Consequently, the absorption constants, a = 
(/RT in OD Torr-1, were determined for C2F5I, HI, and I2 at these 
wavelengths and at each reaction temperature. 

The experimental apparatus and procedure has been described in 
detail previously and will not be repeated here.9 

Results 

The reaction OfCF3CF2I with HI is expected to follow the 
well-established mechanism given by reactions 1 to 4.10 

I2 + M ?=s 21 + M Ki2 

CF3CF2I + 1j± CF3CF2 + I2 

CF3CF2 + HI P± CF3CF2H + I 
4 

(1,2) 

(3,4) 

for which the overall reaction is: 

CF3CF2I + HI ^ CF3CF2H + I2 (5) 

The stoichiometry of this reaction was established at temper­
atures from 500 to 560 K by measuring the I2 formed at 500 
nm, the HI and CF3CF2I consumed at 225 and 270 nm, and 
the overall pressure change during the reaction at various re­
action times. These data are summarized in Table I and, within 
experimental error, established reaction 5 as the only process 
taking place. 

A steady-state treatment of the mechanism, neglecting re­
action 4, gives 

* h = 
_ d(I2) _ ^,'/2E1E3[C2F5I][HI][I; 11/2 

(i) 
dt E2[I2] + E3[HI] 

In order to obtain the rate constants k\ and E2ZE3, this equation 
was rearranged to 

[HI] [C2F5I][HI] E2 

[ I 2 ] " 1 ' 2 [ I 2 ] 1 ^ i 2 E3 
(ii) 

Thus, a plot of [HI]/[I2] vs. [RI][HI]ZaI2]1^i2)ShOuId give 
a straight line with slope equal to E 1ATi2

1/2 and intercept equal 
to kjJk->,. In each experiment, approximately 15 values of p\2 
(0.5 to 2.5 Torr) and time t were determined and p\2 was fit by 
least squares to a fourth-order polynomial in time. The stan­
dard deviation of these fits was less than the estimated exper­
imental error in p\2. This curve was then used to determine 
values of Ri2 andpj2 at various times t and thus [HI]Z[I2] and 
[RI] [HI]Z[I2]

]I2Ri2- The data for all experiments at a given 
temperature were then used to determine values of k\Ki2

xl2 

and kijk^, by a least-squares procedure. The results for four 
separate experiments at 477.7 K and the resulting least-squares 
line are shown in Figure 1. The values of Ej and k^k-i obtained 
by such plots at various temperatures are given in the fifth and 
sixth columns of Table H. The first three columns of this table 
give the temperature and the initial pressures (Torr) of HI and 
CF3CF2I for experiments at each temperature to show the 
pressure range and ratio of reactants used. The Arrhenius plot 
for Ei is shown in Figure 2 and a least-squares analysis 
yields 

log (E1Zl. mol-1 s-1) = (11.2 ± 0.3) - (16.8 ± 0.8)/^ 

The errors are one standard deviation, and 6 = 2.303.R7" in 
kcalZmol. The logarithm of the A factor compares favorably 
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(HI] 
"TO 

Figure 1. A plot of [HI] [I2]"1 vs. [C2F5I][HI][I2]
-1''2 rate"1 at 477.7 K. 

The initial conditions in Torr are: (A) HI = 63.5, C2F5I = 23.0; (O) HI 
= 39.1, C2F5I = 19.3; (X) HI = 21.7, C2F5I = 40.9; (•) HI = 20.1, C2F5I 
= 65.8. 

Table I. Stoichiometric Study of the Reaction of CF3CF2I with 
HI at Various Temperatures 

T, 0K 

Reaction 
time, AZ3I2, - A P m , 
min Torr Torr 

-APc2F5I. 
Torr 

A.Ptotal, 
Torr 

497 
518 
518 
538 
561 
561 
561 

750 
300 
400 
290 
100 
120 
130 

2.0 
3.2 
4.1 
3.1 
3.4 
3.5 
3.2 

1.8 
3.0 
4.0 
3.1 
3.4 
3.5 
3.1 

2.1 
3.2 
4.1 
3.0 
3.4 
3.4 
3.5 

0.0 
0.0 
O.b 
0.0 
0.0 
0.0 
0.0 

with values reported for ethanes, namely 11.0 for C2H5I10 and 
11.5 for CF3CH2I .9 

The values for k^Jk^ are scattered; however, it has been re­
peatedly shown10 that £ 3 — £ 2 = 1.0 ± 1 kcal/mol and, as-

10'/T 

Figure 2. Arrhenius plot for the reaction C2F5I + I -» C2F5 + I2. 

suming that is the case here, one obtains 

log (krfki) = (0.68 ± 0.05) + (1.0 ± l ) /0 

Again, log (A2/A3) compares favorably with values previously 
determined. Namely, 0.60 for C2H5I1 0 and 0.65 for 
CF3CH2I.9 

Taken in conjunction with the assumption that .E2 = 0.0 ± 
1 kcal/mol,10 the value for £1 yields: E\ — Ei = 
At/,-0(1,518K) = A# r°( l ,518K) = 16.8 ± 1 kcal/mol. Esti­
mating9 AT^0 -(I) = - 1 ± .5 cal K"1 mol"1, from 518 to 298 
K one then obtains: 

A# f°( l ,298) = 16.4 ± 1 kcal/mol (iii) 

Discussion 

(a) a Bond Dissociation Energies. The C-I bond dissociation 
energy in CF3CF2I and the enthalpy of formation of penta­
fluoroethyl (CF3CF2) may be obtained by combining eq iii 
with A# f°(CF3CF2I,g,298) = -240.0 ± 1 kcal/mol, deter­
mined previously by Wu, Pickard, and Rodgers,3 

A#f°(I2,g,298) = 14.9 and AJr7f°(I,g,298) = 25.5 kcal/mol.1 * 
This yields: 

DH°298(CF3CF2-I) = 52.5 ± 1 kcal/mol 

Table II. Kinetic Study of the Reaction CF3CF2I + HI -* CF3CF2H + I2 

7, 0K 
P(HI), 

Torr 
P(C2F5I), 

Torr 
^ i 2 , 
Torr 

k, X 10"3, 
1. mol-1 s_l ki/ki 

561.4 

538.0 

518.0 

497.2 

477.7 

20.69 
18.51 
12.09 
8.14 
5.45 

22.28 
22.26 
11.44 
10.27 
5.27 

22.29 
22.12 
21.70 
11.35 
10.52 
5.15 

21.53 
10.44 
10.09 
63.48 
39.13 
21.65 
20.47 
20.13 

5.75 
8.34 
11.64 
18.00 
20.Q7 
11.43 
5.62 
11.55 
22.96 
22.17 
7.06 
12.04 
3.44 
12.64 
22.23 
22.00 
10.08 
10.72 
21.13 
23.00 
19.31 
40.85 
18.65 
65.82 

0.11 
0.06 
0.07 
0.12 
0.04 
0.07 
0.02 
0.02 
0.02 
0.03 
0.02 
0.03 
0.02 
0.01 
0.02 
0.08 
0.00 
0.00 
0.00 
0.02 
0.03 
0.00 
0.02 
0.05 

67.5 ± 2 

42.4 ± 1 

19.0 ±0.3 

10.4 ±0.2 

5.76 ± 0 . 

10.4 ±0.7 

15.0 ±0.7 

11.0 ±0.7 

13.3 ±0.5 

14.8 ±0.3 
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Table III. Bond Dissociation Energies for the C-X Bond in 
C2F5X and C2H5X 

X 

H 
F 
Cl 
Br 
1 

DH°(CF3CF2-X), 
kcal/mol 

103.0 ± 1° 
126.8 ± 1.3 (this work) 
84.5 ± \d-e 

68.3 ± K* 
52.5 ± 1.3 (this work) 

DH°(CH3CH2-X), 
kcal/mol 

98.0 ± 1* 
107.5 (est.)c 

81.5 ± U 
67.7 ± 1* 
53.4 ± 1' 

" J. E. Bassett and E. Whittle, /. Chem. Soc, Faraday Trans. 1, 
68,492 (1972). * Reference 10; this leads to A#f°(CH3CH2,g,298) 
= 25.7 ± 1 kcal/MOL/ c Reference 12 and footnote b. d J. W. 
Coomberand E. Whittle, Trans. Faraday Soc., 63, 2656 (1967).' W. 
G. F. Ford, Ph.D. Dissertation, Texas A&M University, May 1975. 
/J . Chao, A. S. Rodgers, R. C. Wilhoit, and B. J. Zwolinski, J. Phys. 
Chem. Ref. Data, 3, 141 (1974), and footnote b. * K. c. Ferguson and 
E. Whittle, J. Chem. Soc, Faraday Trans. 1, 68, 306 (1972). * D. 
R. Stull, E. F. Westrum, and G. C. Sinke, "The Chemical Thermo­
dynamics of Organic Compounds", Wiley, New York, N.Y., 1969, 
and footnote b. ' D. B. Hartley and S. W. Benson, / Chem. Phys., 39, 
132(1963). 

and 

A//f°(CF3CF2,g,298) = -213.0 ± 1.3 kcal/mol 

This value and A#f°(CF3CF3,g,298) = -320.9,12 

A#f°(CF2=CF2,g,298) = -157.4, and A7/f°(F,g,298) = 18.9 
kcal/mol" lead to values for the C-F bond dissociation energy 
in hexafluoroethane and pentafluoroethyl, i.e., enthalpies of 
reactions 6 and 7: 

CF3CF3 — CF3CF2 + F 

CF2CF3 — CF2 = CF2 + F 

(6) 

(7) 

thus, DH°(CF3CF2-F) = AHr°(6) = 126.8 ± 1.3 and 
DH0CCF2CF2-F) = A//r°(7) = 74.5 ± 1.3 kcal/mol. 

With these results, one can compare the values of the 
C(sp3)-X bond dissociation energies in C2FsX with those in 
C2HsX for X = H, F, Cl, Br, and I. These data are summa­
rized in Table III. The most outstanding feature of this table 
is that F for H substitution leaves the C(sp3)-X bond nomi­
nally unchanged (2 ± 3 kcal/mol) with the striking exception 
of the C-F bond, which is strengthened by 20 kcal/mol! 

The value of the C(sp3)-F bond energy in ethyl fluoride is 
based upon an estimated enthalpy of formation,12 but it is not 
reasonable to expect this estimate to be in error by 10 to 15 
kcal/mol. In addition, a similar effect has been observed in CF4 
and CH3F for which DH°(CF3-F) = 130.8 ± I13-14 and 
DH°(CH3-F) = 109.8 ± 210-13 kcal/mol. Thus, the 20 kcal/ 
mol difference in the C(sp3)-F bond dissociation energies on 
complete F for H substitution must be regarded as real. Con­
sequently, an unexpected dichotomy exists in the effect of F 
for H substitution on the C(sp3)-X bond energies. The ex­
planation for this is at present unknown, but it has certainly 
stimulated our interest in further work on the effects of F for 
H substitution on bond energies. 

(b) x Bond Dissociation Energies. The x bond dissociation 
energy of a monounsaturated compound has been defined as 
the difference in the bond dissociation energy of a given bond 
in the saturated compound and in the relevant free radical;8 

thus, for tetrafluoroethylene, Dx=(CF2=CF2) = AHr°(6) -
AHr°(7) = 52.3 ± 2 kcal/mol. 

This value is significantly less than the TT bond dissociation 
energy in ethylene, Dx°(CH2=CH2) = 59.1 ± 2 kcal/mol,8 

but it is not sufficiently less (nominally 7 kcal/mol) so as to 
wholly account for the differences in the thermochemistry of 
addition reactions to ethylene and tetrafluoroethylene.1-6 

The enthalpy of addition of a symmetric molecule X2 to 
tetrafluoroethylene (reaction 8) may be expressed as eq iv. 

X2 + CF2=CF2 — CF2XCF2X (8) 
A#r°(8) = DH°(X-X) - DH0CCF2XCF2-X) 

- DH0CCF2CF2-X) (iv) 

However, the x bond dissociation energy for tetrafluoroeth­
ylene is given by:8 

Dx0CCF2=CF2) = DH°(CF3CF2-X) 
- DH0CCF2CF2-X) (v) 

so that substitution in eq iv yields: 

AH T° (8) = DH0 (X-X) + Dx° (CF2=CF2) 
- DH0CCF2XCF2-X) - DH0CCF3CF2-X) (vi) 

This may be simplified further if one makes the reasonable 
approximation that: 

DH0CCF2XCF2-X) = DH0CCF3CF2-X) 

so that eq vi becomes: 

A#r°(8) = DH0CX-X) + Dir°(CF2=CF2) 
-2DH0CCF3CF2-X) (vii) 

There are data on three different reactions of type 8, chlo-
rination, bromination, and polymerization, for which quanti­
tative comparison can be made. 

(1) Chlorination. Lacher and co-workers1 measured the heat 
of chlorination of tetrafluoroethylene calorimetrically and 
obtained A#r°(8,Cl2) = -57.3 ± 0.2 kcal/mol at 363 K, 
which may be corrected to A#r°(8,Cl2) = -57.4 ± 0.2 kcal/ 
mol at 298 K. When one takes the value of DH0CCF3CF2-Cl) 
from Table III and DH°(C1-C1) = 58.2 kcal/mol11 then eq 
vii yields AHr° = -58.5 kcal/mol in good agreement with 
experiment. 

(2) Bromination. The heat of bromination of tetrafluoro­
ethylene was also determined calorimetrically by Lacher and 
co-workers15 who obtained A#r°(8,Br2) = -38.7 ± 1 kcal/ 
mol at 376 K which may be corrected to A#r°(8,Br2) = -38.8 
± 1 kcal/mol at 298 K. Again, eq vii, Table III, and 
DH0CBr-Br) = 46.O11 yield A#r°(8,Br2) = -38.3 kcal/mol 
in excellent agreement with experiment. 

(3) Polymerization. For the polymerization of tetrafluoro­
ethylene, X2 becomes the gas phase polymer, -(CF2CF2),,-, 
and DH0(X-X) and DH=(CF2XCF2-X) become identical; 
thus eq vi becomes: 

AHp0Iy
0 = Dx0CCF2=CF2) 

- D H 0 [CF3CF2-(CF2CF2),,-] (viii) 

No value for DH0 [CF3CF2-(CF2CF2),,-] is known, but the 
gas phase heat of polymerization of tetrafluoroethylene has 
been estimated recently7 at AHp0\y

0 = —37.2 kcal/mol, so that 
eq viii results in: 

DH0 [CF3CF2-(CF2CF2),,-] = 89.5 kcal/mol 

This is some 8 kcal/mol stronger than the estimate of the 
corresponding bond in polyethylene8 and indicates considerable 
stabilization for the C-C a bond.7 This is not, however, an 
unexpected result in view of the fact that DH0(CF3-CF3) = 
98.7 ± 1 kcal/mol12-14 while DH°(CH3-CH3) = 88.4 ± 1 
kcal/mol.10 

Finally, it would be tempting at this time to conclude that 
F for H substitution destabilizes the x bond in ethylene, and 
such a view is further supported qualitatively by the rate pa­
rameters found by Jeffers16 for the cis to trans isomerization 
of 1,2-difluoroethylene; however, we have just completed a 
determination of the x bond dissociation energy in 1,1-diflu-
oroethylene17 and obtained a value of Dx0CCH2=CF2) = 62.1 
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kcal/mol which indicates that the interpretation of the fluorine 
substituent effect will not be a simple matter in ir bonds ei­
ther. 
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where a is the absorption coefficient of bromine and AA is the change 
in bromine absorbance during a specific time interval, At. From this, 
the apparent rate constant was determined as 

fcap = (a - 1 AA/At)/(PBT1)y
2 (PcH2=CF2) (ii) 

where ^Br2 and PcH2=CF2 are the average pressures within the interval 
At. 

Results 
The expected product of the reaction of bromine with 1,1-

difluoroethylene would be l,2-dibromo-l,l-difluoroethane. 
In kinetic runs with low conversion, nominally less than 50% 
of bromine, the total pressure change was equal to the total 
decrease in bromine. Gas chromatographic analysis of the 
quenched reaction mixture revealed only unreacted 1,1-di­
fluoroethylene and one peak which had a retention time 
equivalent to an authentic sample of 1,2-dibromo-1,1 -difluo-
roethane. Representative runs are tabulated in Table II. At 
large extents of reaction, measurable deviations occurred be­
tween the total pressure change and that of bromine; conse­
quently, all data for the kinetic determinations were restricted 
to periods of time corresponding to the disappearance of less 
than 50% of the bromine. 

The order of the reaction was determined from a plot of the 
logarithm of the initial rate vs. the logarithm of bromine and 
1,1-difluoroethylene pressures. Order plots are shown in Fig­
ures 1 and 2 for bromine and 1,1-difluoroethylene, respectively. 
From the slopes of these plots, the reaction was found to be first 
order in olefin and % order in bromine. Additional evidence 
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