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Ion-molecule reactions in tetrafluoroethylene have been studied up to a pressure of 0.06 torr inside the ion 
source of the mass spectrometer. All but two of the primary ions, viz., C2F4

+ and CF3*, followed the exponential 
decay law remarkably well, and their total cross sections of disappearance have been consequently determined. 
The major reactions of these primary ions lead to the formation of C2F4

+ and CF 3
+ which, together with C F + , 

show very low reactivity. The ion current due to purely secondary and higher order ions did not exceed a 
few per cent of the total ion current at the highest pressure attained in the present work. Most of the "product" 
ions have been assigned, and their cross sections of formation have been determined. 

Introduction 
Fluorocarbons have presented many interesting prob

lems in chemistry both to experimentalists and to 
theoreticians (see, for example, the reviews in the serial 
publication, "Advances in Fluorine Chemistry"1). 
Recently, Price and co-workers2 3 and Peters4 have dem
onstrated and discussed some of the interesting prop
erties of the C-F bond both in simple and complex 
molecules, radicals, and ions. These properties which 
are reflected in the mass spectra of these compounds are 
also expected to influence the kinetic behavior of the 
fluorocarbon ions. 

The mass spectra of a few fluorocarbons are now well 
established,5 and the ionization potentials and appear
ance potentials have been determined for a number of 
these compounds, their radicals, and ions.2'6-9 Also, 
although ion-molecule reactions occurring in a number 
of halogenated hydrocarbons have been investigated 
frequently,10 no such study has been carried out on 
fluorocarbons. It is therefore planned in the present 
work to study such reactions occurring in tetrafluoro
ethylene in the ion source of the mass spectrometer with 
the object of demonstrating some interesting aspects of 
the chemistry of fluorocarbon ions. Beside providing 
kinetic data in the now well-established field of ion-
molecule reactions, the present investigation may fur
ther prove important in the study of the radiolysis of 
tetrafluoroethylene and similar compounds. 

Experimental 
The mass spectrometer and the procedure adopted for its 

operation have been described previously.11 The only modifica
tion from the previously reported conditions of the ion source 
is that the average distance between the electron beam and the 
exit slit is now 0.335 cm. and the repeller field is 12.5 v. cm. - 1 . 
The electron accelerating voltage is 80 v. The temperature of 
the ion source as recorded by a calibrated Pt-resistance thermom-

(1) "Advances in Fluorine Chemistry," M. Stacey, J. C. Tatlow, and 
A. G. Sharp, Ed., Butterworth and Co., London. 

(2) R. Bralsford, P. V. Harris, and W. C. Price, Pfoc. Roy. Soc. (London), 
A25S, 459 (1960). 

(3) W. C. Price, T. R. Passmore, and D. M. Roesslar, Discussions Fara
day Soc, 35, 201 (1963). 

(4) D. Peters, J. Chem. Phys., SS, 561 (1963). 
(5) J. R. Majer, Advan. Fluorine Chem., 2, 5.5 (1961). 
(6) (a) V. H. Dibeler, R. M. Reese, and F. L. Mohler, J. Res. Natl. 

Bur. Std., 57, 113 (1956); (b) R. M. Reese, V. H. Dibeler, and F. L. Mohler, 
ibid., 67, 367 (1956); (c) V. H. Dibeler, R. M. Reese, and F. L. Mohler, 
J. Chem. Phys., 26, 304 (1957). 

(7) M. M. Bibby and G. Carter, Trans. Faraday Soc., 59, 2455 (1963). 
(8) C. Lifshitz and F. A. Long, J. Phys. Chem., 67, 2463 (1963). 
(9) J. B. Farmer, I. H. S. Henderson, F. P. Lossing, and D. G. H. Marsden, 

J. Chem. Phys., 24, 348 (1956). 
(10) See, for example, the recent reviews of C. E. Melton in "Mass 

Spectrometry of Organic Ions," F. W. McLafferty, Ed., Academic Press, 
New York, N. Y., 1963, pp. 65-115 and 163-205. 

(11) A. Galli, A. Giardini-Guidoni, and G. G. Volpi, J. Chem. Phys., 39, 
518 (1963). 

eter never increased above 160°. The pressure in the ion source 
has been calibrated by the previously described method12 using 
the cross section of reaction of CH2

+ primary ion from methane 
given by Wexler and Jesse13 and recently confirmed by Field, 
Franklin, and Munson.14 In the present work the pressure of 
the gas inside the ion source was varied in the range 0.004-0.06 
torr. 

After working the instrument with tetrafluoroethylene for 
several days no residual peaks or "memory effect" was observed 
in confirmation of the earlier observation of Mohler, Dibeler, 
and Reese.16 However, the lifetime of the tungsten filament 
was considerably shortened even though the pressure in the ion 
source and consequently in the surrounding of the filament was 
not brought to the highest values obtainable with other gases. 

Attempts at appearance potentials and ionization efficiency 
measurements gave very erratic results which might have been 
caused by the rather longer-than-usual time needed for re-estab-
blishing equilibrium in the electron emission after changing the 
electron accelerating voltage. Other investigators16 working at 
high pressure have also encountered difficulties in such measure
ments, and in the present case the situation might have worsened 
because of the attack of the gas on the tungsten filament. 

Tetrafluoroethylene which was prepared from 1:2 dibromo-
tetrafluoroethane by debromination with zinc in alcohol has been 
kindfy supplied by Dr. A. MeIe of these laboratories. The sam
ple has been purified by several bulb-to-bulb distillations and the 
middle fraction was collected and analyzed both gas chromato-
graphically and mass spectrometrically and was found to be of a 
purity higher than 99.5%. 

Results and Discussion 
I. Mass Spectrum.—The mass spectrum of tetra

fluoroethylene at relatively high pressure shows quite 
interesting features not only by the presence of second
ary and higher order ions but by the relatively high 
abundance of C2F4

+ and CF3
+ as compared with their 

values in the "zero-pressure" spectrum. 
Table I records the "high-pressure," the "zero-pres

sure," and the "very low-pressure" mass spectra of 
tetrafluoroethylene. The "zero-pressure" mass spec
trum, which is the spectrum of primary ions, is obtained 
by extrapolating to zero pressure the semilogarithmic 
plot of the normalized ion intensities vs. pressure curves. 
It can be seen from Table I that there is a fair agree
ment between the "zero-pressure" mass spectrum and 
the "very low-pressure" spectrum measured by Lifshitz 
and Long8 and very good agreement with the spectrum 
given in "Mass Spectral Data." 

II. Pressure Dependence of Ion Currents. A. 
Primary Ions.—The variation of the primary ion 

(12) G. A. W. Derwish, A. Galli, A. Giardini-Guidoni, and G. G. Volpi' 
ibid., 40, 5 (1964). 

(13) S. Wexler and N. Jesse, J. Am. Chem. Soc, 84, 3425 (1962). 
(14) F. H. Field, J. L. Franklin, and M. S. B. Munson, ibid., 85, 3575 

(1963). 
(15) F. L. Mohler, V. H. Dibeler, and R. M. Reese, J. Res. Nail. Bur. 

Std., 49, 343 (1952). 
(16) M. S. B. Munson, J. L. Franklin, and F. H. Field, J. Phys. Chem., 

67, 1542 (1963). 
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TABLE I 

T H E M A S S SPECTRUM OF TETRAFLUOROETHYLENE 

4 6 S ,10 
G molecules arrJ 

14x10 1 4 

Fig. 1.—Semilogarithmic plot of normalized primary ion 
intensities vs. tetrafluoroethylene concentration; m/e values are 
indicated on the lines. 

current for all the primary ions, except C2F4
+ and C F 3

+ , 
with the gas pressure inside the ion source has been 
found to follow rather well the exponential a t tenuat io n 
law 

(/p/2) = ( / P /2)° exp[-<rh J
r /G] (D 

as illustrated in Fig. 1 where two sets of measurements, 
taken on different days, are reported without differen
tiation because of their remarkable reproducibility and 
the absence of any systematic deviation. In eq. 1, 
( /p/2) is the normalized intensity of the. primary ion, 
( /p /2) 0 is the extrapolated value at zero pressure 
(column 4 of Table I), / is the distance between the 
electron beam and the exit slit of the ion source, G is the 
pressure of the gas inside the ion source expressed in 
molecules/cm.3, and ihf is the total cross section of 
disappearance of the primary ion. 

The total cross sections of reactions of the primary 
ions are listed in Table II where it can be seen tha t they 
show a rather sharp division into two classes. The 
first is comprised of the ions C 2F 4

+ , C F 3
+ , and C F + 

which have rather small cross sections of reaction. The 
second class is made up of quite reactive ions with cross 
sections in the range 35-60 A.2. The parent-minus-
one ion, CaF3

+ , occupies an intermediate position be
tween these two classes. Table II also includes the 
rate constants of the reactions of the primary ions cal
culated from the cross sections, <rT, using the equation17 

^exptl (eEl/2mY/'aT (2) 

m/e 

12 
19 
24 
31 
43 
50 
62 
69 
81 

100 
55 
74 
93 

112 
119 
124 
131 
162 
169 
181 

Assign
ment 

C + 

F + 
C2 + 
CF + 

C2F + 

CF2
 + 

C2F2
 + 

C F 3 -
C2F8

 + 

C2F4
 + 

C3F + 
C3F2 

C3F,+ 
C3F4

 + 

C2F5
 + 

C4F4
 + 

C3F5
 + 

C4F8
 + 

C3F7
 + 

C4F7
 + 

. xxt 

High 
pressure,3 

0.OB torr 

0.33 
0,15 
0.10 

31.4 
0.06 
1.44 
0.08 
7,4 

13.0 
39.8 

0.01 
0.01 
0.16 
0.05 
0.03 
0.01 
6.0 
0.2 
0.05 
0.02 

Ji ma.11z.cu iu i i 1 

Zero 
pressure3 

2.6 
0.8 
1.35 

38.0 
0.9 

14.0 
0.65 
1.10 

28.0 
13.0 

111.CUSlLlCS, / C -

Low pressure . 
M.S.D.6 

2.9 
0.55 
0.93 

37.8 
0,52 

11.7 
0.37 
1.35 

27.6 
16.25 

L.and L 

28.6 

10.6 
0.3 
1.3 

37.3 
20.4 

"80-v. electron beam energy and 12,5-v. cm. ^1 repeller field. 
b "Mass Spectral Data," American Petroleum Institute Research 
Project 44 (70-v. electron beam energy). c See ref. 8 (75-v. 
electron beam energy). 

TABLE II 
DTAL CROSS SECTION'S AND RATE CO 

Primary 
ion 

C2F4
+* 

C2F1
 + 

C2F2
 + 

C2F + 

C2
 + 

CF3+0 

CF2
 + 

CF + 

F + 

C + 

NSTANTS 

OF PRIMARY IOXS 

Total cross 
section, 10 _ l s cm.2 

molecule _1, at 
12.5-v. cm. - ' 
repeller field 

2.4 
18 
50 
62 
61 

52 
4.5 

35 
46 

.—10 
Rate 

_1° cm.' rr 
Exptl. 

0.34 
2.9 
9.2 

13.2 
17.7 

10.5 
1.1 

11.4 
19.0 

OF REA CTIONS 

constant, 
olecule" sec. 1— 

Theor." 

4.2 
4.4 
4 .8 
5.3 
6.8 
4.6 
5.1 
6.1 
7.4 
8.9 

" The polarizability of C2F4 is calculated from bond polariza-
bilities (J. O. Hirschfelder, C. F. Curtiss, and R. B. Bird, "Mo
lecular Theory of Gases and Liquids," John Wiley and Sons, 
Xew York, N. Y., 1954, p. 947) and a value of 4.35 A.3 is ob
tained. h The experimental cross section and rate constant 
quoted for C2F4

+ are those corresponding to reaction R8. c No 
figures can be given for the experimental cross section and rate 
constant of CF 3

+ because of its kinetic behavior in that no "prod
uct" ion was found to be formed with CF 3

+ as its precursor. 

where E is the electric field strength (the repeller field) 
and m is the mass of the ion. I t is rather interesting to 
compare the experimental rate constants with the cal
culated ones from the equation17 

&theor = 2we(a/tJ.) ' (3) 

where a is the polarizability of the neutral molecule 
and M is the reduced mass of the system. Thus, while 
the calculated rate constants all fall within the narrow 
range 4.2-8.9 X K)""10 cm.3 molecule - 1 sec.^1, the ex
perimentally measured ones vary within the wide range 
of almost zero for C F 3

+ to 19 X 1O-10 cm.3 molecule - 1 

sec . - 1 for C + . Furthermore, the t rend observed in the 
(17) G. Gioumousis and D. P. Stevenson, j . chem. phys., 29,294 (1958). reactivity of the fluorocarbon ions is not shown by the 

ma.11z.cu
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theoretical values of the rate constants as can clearly 
be seen from the last two columns of Table II. It is 
further interesting to note here the absence of such a 
trend in the reactivity of the corresponding hydrocarbon 
ions from the analogous molecule ethylene.1819 

CF3
+ and C2F4

+.—The normalized intensity vs. 
pressure curves for these two ions are shown in Fig. 2 
from which it can be seen that they are also produced by 
other primary ions in tetrafluoroethylene. Using the 
"high-pressure" and the "zero-pressure" spectra given 
in Table I, it is possible to construct a mass balance of 
the ions that will help in elucidating the nature of the 
reactions responsible for the production of CF 3

+ and 
C2F4

+. The very low total intensity of the secondary 
and higher order ions, except m/e = 131, makes it 
possible, once the precursor of that ion is ascertained, 
to evaluate rather accurately the mass balance of the 
primary ions. As will be discussed later, there is good 
evidence indicating that the precursor of C3F5

+ (m/e = 
131) is C2F4

+ (m/e = 100). Therefore, the sum AZ100 + 
J131 should be equal to the sum of the decrease in the in
tensity of the ions producing C2F4

+. 
For CF3

+ the increase in its normalized intensity is 
found equal to the decrease in the normalized intensity 
of C F + (m/e = 31), and the reaction 

C F + + C2F4 — > • C F 3
+ + C2F2 ( R l ) 

is exothermic with AH < 17 kcal. mole -1. 
If reaction Rl is taken to be responsible for the 

formation of CF3
+ (see later for further consideration of 

this point), practically all the other primary ions have 
to produce C2F4

+. This can easily be verified by con
structing the mass-balance from the data of Table I. 
Furthermore, all the following reactions are energeti
cally possible. 

C 2F 3
+ + C2F, — > C 2 F, + + C2F3 (R2) 

(MJ = - 2 4 kcal. mole"1) 

C F 2
+ + C2F, > C2F4

+ + CF2 (R3) 
(MJ = - 2 1 kcal. mole-1) 

C 2
+ + C2F, — > C 2F 4

+ + C2 (R4) 
(MJ = - 3 1 kcal. mole"1) 

C + + C2F, — > C2F,+ + C (R5) 
(MJ = - 2 6 kcal. mole"1) 

Other ions that may produce C2F4
+ are C2F2

+ and C2F+ . 
In both cases the reactions are expected to be exother
mic, but their total contribution to C2F4

+ is rather 
small (~1.4%). The only major primary ion which 
has been left out of the above scheme is CF + . The 
reaction 

C F + + C2F, > C2F4
+ + CF (R6) 

is endothermic to the extent of 28 kcal. mole-1, and 
therefore it is not expected to take place in the ion 
source. This may be considered as an indirect confir
mation that C F + is responsible for the production of 
CF 3

+ as given by (Rl). 
B. Product Ions.—The high-pressure mass spectrum 

of tetrafluoroethylene shows a number of product ions 
but their total normalized intensity, except that of C2-
F 4

+ and CF3
+ , is only about 7% of the total ion cur

rent. The major product ion observed is at m/e = 131 
(6% of the total ion current) which is assigned to C3F6

+. 

(18) F. H. Field, J. L. Franklin, and F. W. Lampe, J. Am. Chem. Soc, 
79, 2419 (1957). 

(19) F. H. Field, ibid., 83, 1523 (1961). 

G molecules cm 

Fig. 2.—Semilogarithmic plot of normalized ion intensity vs. 
tetrafluoroethylene concentration for C 2 F, + and CF3

 +. 

This leaves less than 1% of the total ion current to be 
shared by the other product ions. This fact has made 
it very difficult to carry out the usual ionization effi
ciency and appearance potential measurements. Cou
pled with this is the difficulty of carrying out such meas
urements at relatively high pressure as discussed in the 
Experimental section. 

However, in order to obtain an assignment of the 
precursors of the observed product ions so that their 
kinetic order and cross sections of formation may be 
determined, recourse is made to the following method. 
The method is simply to measure the complete spectrum 
of tetrafluoroethylene at different electron energy 
values starting at the lowest energy that gives any 
reasonable ion current. The same measurements are 
then carried out at another value of the pressure inside 
the ion source. Then the assumption is made that for a 
given value of the pressure the ratio I3/Ip is a constant, 
independent of the energy of the electron beam. This 
is equivalent to saying that the energetic states of the 
ions and hence their cross sections of reaction are not ap
preciably affected by the energy of the electron beam,11 

which assumption has been found to hold with fair ac
curacy in the case of ammonia20 and some hydrocar
bons.12 

Furthermore, in the present studies, some insight is 
gained as to the nature of the primary ion producing 
some of the secondaries by inspecting the latters' kinetic 
behavior as illustrated by their normalized intensity vs. 
pressure dependence curves. For a secondary ion 
formed from a pure primary ion, the ion intensity vs. 
pressure curve should be curved downward at low pres
sure, while for a secondary ion formed from a primary 
ion with appreciable secondary character, such as C2F4

 + 

and CF3
+ , the curvature would be expected to be up

ward, i.e., it should show some tertiary character.20 

Figures 3 and 4 give the normalized ion intensity vs: 
pressure curves for most of the product ions observed. 
From the shape of these curves and from the constancy 
of the IJIp values at constant pressure, but different 
electron beam energies, the following parent-daughter 
relationship is obtained. 

Parent ion Daughter ion 

C2F,+ C3F5
+ , C3F7

 + 

C2F3
+ C2F5

+ , C3F4
+ , C4F6

 + 

C2F2
+ C3F3

 + 

C3F6
+.—The ion intensity-pressure dependence curve 

(Fig. 3) for this ion shows an upward curvature with 

(20) G. A. W. Derwish, A. Galli, A. Giardini-Guidoni, and G. G. Volpi, 
J. Chem. Phys., 39, 1599 (1963). 
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C FT(In/ . . Ui) 

C3F*(m/e=169) 

15x10 1 4 
5 10 
G molecules cm""-3 

Fig. 3.— Normalized ion intensities vs. tetrafluoroethylene 
concentration for C3F5

+ and C3F7
+ (for the latter multiply the 

ordinate by 1O-2). 

pressure indicating a complete or partial tert iary char
acter. Since none of the pure secondary ions shows ini
tial rate of reaction high enough to be the precursor of 
C3F5

+ , the selection of the precursor is therefore limited 
to a primary ion having an appreciable secondary 
character, viz., C2F4 + and CF 3 +. The reaction 

CF3
+ + C2F4 C3F6- + F2 (R7) 

is highly endothermic (AH = 223 kcal. mole - 1 ) and 
therefore may be discarded. There remains the reac
tion 

C2F4
 + -f- C2F4 C3F6

+ -f CF3 (R8) 

— 2 kcal. m o l e - 1 ) ' which is slightly exothermic (AH 
Reaction R8 is therefore considered to be responsible 
for the production of C 3 F 6

+ with a cross section of 2.4 
AA 

Following Lampe, Franklin, and Field1821 in their 
discussion of the possible transition complex for the 
reaction of C2H4

+ in ethylene, it may be interesting to 
consider the similar problem in the reaction of C2F4

 + 

which may be assumed to proceed through the formation 
of the complex [C4Fs + ] 

C2F4" + C2F4' [C4F8 (R9) 

Comparison of the secondary spectrum of [C4F8
 + ] with 

the spectra of C4Fg isomers (see Table I I I ) leaves very 

T A B L E III 

C O M P A R I S O N OF P R I M A R Y M A S S SPECTRA OF C4F8 I S O M E R S 

WITH THE S E C O N D A R Y SPECTRUM OF [C 4F 8
+ ] FROM 

( C 2 F 4
+ + C2F4), B A S E D ON / „ , = 100 

Secondary 

-
Ion 

C 2 F 4
 + 

C 3 F 5
 + 

C 4F 7
 + 

C 4F 8
 + 

" Taken 

Primary C4F3 

methylpropene 1-butene 

45 
100 
490 
125 

from ' 

5 
100 

12 
9 

Mass Spectral 
Institute Research Project 44. 

' 
cyclobutane 

115 
100 

0.1 
0.1 

[C4F8
+] 

( C J F 4 + + CiF4) 

Data," American 

100 
0.5 

Petroleum 

little doubt tha t if the transition complex is assumed to 
be a chemically bonded molecule then its breakdown 
pat tern is more like the spectrum of octafluorocyclobu-

(21) F. W. Lampe. J. L. Franklin, and F. H. Field. Progr. Reaction Ki
netics, 1, 67 (1961). 

0.002 -

1 ^ 

0.001 

C3F+Im/.- 112) 

C2F*(m/e«119) 

Fig. 4.-

5 10 1 5 X 1 0 1 4 

G molecules cm~^ 
-Normalized ion intensities vs. tetrafluoroethylene con

centration for secondary ions. 

tane than the spectra of the other two isomers. A com
plete thermochemical calculation cannot be carried out 
because of the absence of all necessary data. However 
if the almost complete absence of the parent peak in the 
mass spectrum of cyclo-C4Fs is taken as an indication 
tha t its ionization potential is larger than the lowest ap
pearance potential of any of its fragment ions, i.e., I P 
(cyclo-C4Fs) > 12.25 e.v.,7 then one would obtain for 
the heat of formation of cyclo-C4Fg+ a value between 
zero and —70 kcal. mole - 1 . This in turn will make 
reaction R9 either thermoneutral or endothermic. A 
slight endothermicity could perhaps explain the rather 
small cross section for the reaction of C2F4

+. 
C3F7

+ .—This is the only ion which showed rather 
strong dependence on pressure as can be judged from 
Fig. 3. In fact the normalized ion intensity of m/e = 
169 seems to be fifth-order in pressure. Even with 
C 2 F 4

+ or C F 3
+ as the precursors only a third-order 

pressure dependence is obtained. With CF 3
+ , a sticky 

collision subsequently stabilized will give only a fourth-
order pressure dependence. Furthermore, the reaction 
sequence with C F 3

+ as precursor is endothermic and 
may be discarded. There remains C 2 F 4

+ as the possible 
precursor of C 3 F 7

+ bu t no reasonable mechanism could 
be formulated which explained its fifth-order depend
ence on pressure. 

C2F5
+ .—In ethylene the analogous ion C 2H 5

+ is the 
largest secondary ion at moderate pressure18 while in 
tetrafluoroethylene C 2 F 6

+ is only 0.03% of the total 
ionic current a t the highest pressure used in the present 
work. Because of its rather low intensity (Fig. 4) it 
was very difficult to decide its precursor. However, 
the only exothermic reaction tha t can be formulated for 
the production of this ion is 

C2F3
+ + C2F4. C2F5

+ + CF2 (RlO) 

with AH = — 23 kcal. mole - 1 . The very low yield of 
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C2F5
+ from tetrafluoroethylene may be due to its rela

tive instability as demonstrated by its relatively low 
heat of dissociation to give C2F4

+ + F. 
C4F6.+—This ion shows an interesting linear de

pendence on pressure (Fig. 4) indicative of the behavior 
of a typical unreactive secondary ion coming from a 
precursor with rather low cross section of disappearance. 
This fact together with the remarkably good constancy 
of the ratio Im/hi at constant pressure but varying 
electron beam energy leads to the formulation of the 
following reaction for the formation of C4F6

 + 

h/h = (<W'K)[I - exp(-KlG)} (4) 

C2F3
+ + C 2 F 4 - * C4F6

+ + F ( R H ) 

which is exothermic if AH!(CiF6
+) < 25 kcal. mole -1. 

Such a small heat of formation is not uncommon for 
large fluorocarbon ions (e.g., heats of formation of 
C2F5

+ = 40, C3F5
+ = 46, C3F7

+ = 12 kcal. mole"1),22 

and therefore reaction R I l may be taken to represent 
the production of C4F6

+. 
C3 Ions.—The following ions with C3 skeleton have 

been observed: C3F+, C3F2
+, C3F3

+, C3F4
+, besides C3F5

+ 

and C3F7
+ which have been discussed already. Of 

these, only C3F3
+ and C3F4

+ are assigned with some de
gree of confidence. The following reactions are con
sidered responsible for their production. 

C2F3
+ + C2F4-

C2F2
+ + C2F1-

C3F4
+ + CF3 

C3F3
+ + CF3 

(R12) 

(R13) 

Table IV lists all the ion-molecule reactions observed 
in tetrafluoroethylene together with their cross sec
tions. The majority of the secondary ions detected did 

TABLE IV 

CROSS SECTIONS OF ION-MOLECULE REACTIONS IN* 

TETRAFLUOROETHYLENE AT RETELLER FIELD OF 12.5 V. C M . - 1 

Cross section, 
10~16cm.z molecule-1 

2.4 

0.01 

0.05 

0.2 

16 

, Reaction . 

C2F4
+ + C2F4 — C3F6

+ + CF3 

C 2 F 3 - + C2F4 — C2F5
+ + C2F2 

C 2F 3
+ + U F 4 - C 3 F 4

 + + CF3 

C 2F 3
+ + C 2 F 4 - C 4 F 6

 + + F 

C2F2
+ + C j F 4 - C 3 F 3

+ + CF3 

not show any decay in the pressure range studied, and 
in fact they show great stability as may be inferred 
when the ratio ( W - p r e s s u r e dependence curves are 
plotted which for all the ions discussed above showed a 
strong upward curvature as required by the equation20 

(22) All the thermochen ical values used in the present work are calcu
lated from heats of formation and ionization and appearance potential data 
given in the literature. (See ref. 2, 3, 5-9, and 23-25.) 

(23) C. R. Patrick, Advan. Fluorine Chem., 2, 1 (1961). 
(24) J. R. Majer and C. R. Patrick, Nature, 192, 866 (1961); F. Gozzo 

and C. R. Patrick, ibid.. 202, 80 (1964). 
(2.5) J. L. Margrave, J. Chem. Phys.. 24, 476 (1956); Nature, 197, 376 

(1963). 

when K (= (TnJk
7 — ChjT) is negative. In eq. 4 <7njk

T and 
<rhj

T are the total cross sections of reaction of the second
ary ion and its primary ion precursor, respectively, 
and cry is the cross section of the reaction, primary —»• 
secondary. Inspection of eq. 4 shows that an upward 
curvature in the plot of h/Ip vs. pressure, G, indicates 
that<ThjkT < <7hjT. In the case where <7hjk

T is negligibly 
small eq. 4 may be simplified to give 

(/./S) = (<W<rh
r)[(/p/2)° - ( V S ) ] (5) 

For all the ions discussed above eq. 5 holds remarkably 
well, and thus the cross sections of formation, cry, of 
these ions are calculated from the ratio Ohj/chj7-

III. Conclusions.—The general pattern of ion-
molecule reactions in tetrafluoroethylene has indicated 
that no extensive condensation products are formed 
through purely consecutive ion-molecule reactions. 
This is in variance with the case of ethylene in which 
ion-molecule reactions are known to proceed to the 
formation of high-order condensation products.19 

Among the primary ions, CF + , CF3
+, and C2F4

+ have 
been shown to be quite stable structurally, thermo-
dynamically,2'3 and kinetically; in fact, the last two 
ions are formed with very large cross sections by 
almost all the other primary ions. Even the second-
order ions, which are formed in very poor yield, them
selves are very unreactive. It may therefore be sur
mised that the role that ion-molecule reactions may 
play in the radiolysis of tetrafluoroethylene is mainly 
through the radical products which are formed either 
upon neutralization of some of these stable ions or 
through the neutral radicals formed as partners in most 
of the ion-molecule reactions. Thus, for example, the 
neutralization of CF3

+ and possibly other ions may lead 
to the formation of the radical CF2 which is also pro
duced as the neutral partner in some of the ion-mole
cule reactions. This radical which has been shown to 
be of remarkable stability26 has been considered to be 
the initiator of photolytic27 and radiolytic28 reactions in 
tetrafluoroethylene. 
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