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The gas-phase reactjons of CF+, CF2*. CF3+, C2F3+, C2F 4+, C3Fs+, and C3F-.÷ with tetrafluoroethylene, CF,.
have been studied using a variable temperature-selected ion flow tube (VT-SIFT) instrument at 300 and 496
K. In addition, reactions of CF3* with the perfluorocarbons C3Fr 2-Cý4 F, and c-C 4Fj have been studied at
300 and 496 K. Reaction rate constants and product branching fractions were measured. The reaction of CF-
with C2F4 is fast and produces the ions CF3+, C3F5+, and C2F4+. The ion CF2 + reacts with C2F4 by nondissociative
charge transfer at the collisional rate. The reaction of CF3+ with C2 F4 proceeds slowly by association, forming
C3F71 which reacts in a secondary reaction with C2 F4 to regenerate CF3 +. The neutral product of this secondary
reaction is inferred to be C4 Fa; thus, dimerization of C2F4 is catalyzed by CF3÷. For the reaction of C2F3+ with

l • C2F4, which is fast, C3F5÷ and a minor amount of C2 F4+ are produced. The reaction of C2F4÷ with CZF 4 isN - slow, has a strong negative temperature dependence, and produces C3F5+ which is itself unreactive with C2 F4 .
While CF3+ does not measurably react with c-C4Fs, CF3+ does react rapidly by F- transfer with both C3F6

__. and 2-C 4Fg.
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The gas-phase reactions of CF+, CF2+, CF3+, C 2F 3+, C2F4+, C3Fs+, and C3F7+ with tetrafIuoroethylene, C 2F4,
have been studied using a variable temperature-selected ion flow tube (VT-SIFT) instrument at 300 and 496
K. In addition, reactions of CF3+ with the perfluorocarbons C3Fs, 2-C4F&, and c-C4 Fs have been studied at
300 and 496 K. Reaction rate constants and product branching fractions were measured. The reaction of CF+
with C2FA is fast and produces the ions CF3+, C 3F5 +, and C 2F4÷. The ion CFi* reacts with C 2F4 by nondissociative
charge transfer at the collisional rate. The reaction of CFj+ with C 2F4 proceeds slowly by association, forming
C3F7+ which reacts in a secondary reaction with C 2FA to regenerate CF3+. The neutral product of this secondary
reaction is inferred to be C4F$; thus, dimerization of C 2F4 is catalyzed by CF3+. For the reaction of C 2F3 ÷ with
C2F4, which is fast, C3Fs+ and a minor amount of C2F4+ are produced. The reaction of C2F4+ with C2F4 is
slow, has a strong negative temperature dependence, and produces C3Fs÷ which is itself unreactive with C2F4.
While CF 3+ does not measurably react with c-C.Fs, CF3+ does react rapidly by F- transfer with both C3F6
and 2-CAF,.

Introduction conducted under truly thermal conditions and in the absence of
interfering ions. Rate constants and product branching fractions

Avarietyofprocessesincludingpolymerizationand production were measured at 300 and 496 K. These are the first thermal
of gaseous species, occur in discharges containing C2F4. Glow measurements of the rate constants for these reactions and the
discharge polymerization of C2F4 has been used commercially to Curst temperature dependence studies thereof, and some of the
prepare and deposit thin dielectric films for capacitors.'-5 The reactions have not bow studied previously by any technique.
C2F4 glow discharge produces filmr which can have electrical
properties superior to those of conventionally prepared poly-
(tetrafluoroethylene) (PTFE)3 yet have IR spectra resembling 6 SSCiI
spectra of conventional PTFE.'- C2F4 is sometimes added to The measurements were made using a variable temperature-
discharges of other halocarbons used in plasma etching in order selected ion flow tube apparatus.27 A detailed review of this type
to control the etching. Addition of C2F4 to a CF4 plasma has the of instrument has been published,2s and only those aspects
effect of reducing the fluorine-to-carbon ratio, which affects the important to the present study will be discussed here in detail.
Si-to-SiO2 etch rate ratio.'0 When large amounts of C2F4 are CF', CF2+, and CF3+ ions were produced from CF3Br by
added, deleterious polymerization occurs." In addition, C2F4 is electron impact ionization ina moderate-pressure ion source (-0.1
produced and acts as a recombinant in discharges of other Tort). The ions C2F3÷, C2F4÷, and C31F5+ were produced from
halocarbon gases.t2.13  C 2F4 in the source. C3F,+ was formed from n-C6F14 . The ion

The role of ion-molecule reactions in these plasmas is unclear, species of interest was then mass selected in a quadrupole mass
Kobayashi et al.' 4 have discussed a radical-initiated mechanism spectrometer and injected into the flow tube through a Venturi
for plasma-polymerized FTFE, and Vasile and Smolinsky' 5 have inlet. The ions were thermalized upstream of the reaction region
reported that ion chemistry is not a dominant feature of the C2F4 by thousands of collisions with the He buffer gas, which issues
discharge. However, Morris and Charlesby'6 have suggested that from the Venturi inlet. The reactant neutral was introduced
the glow discharge polymerization mechanism is dominated by downstream through one of two ring inlets and allowed to react
positive ions. Weisz' 7 observed the production of liquid olefinic with the ions for a known reaction time (-2 ms) in the fast flow
compounds in a C2F4 glow discharge and attributed their (- -104 cm rI) of He maintained at -0.4 Torr. The total transit
formation to C2F4* ions. D'Agostino et al.' have suggested that time from sourcetodetectorwasontheorderofa few milliseconds.
the polymerization process is affected bycharged particledensiies The reactant and product ions were mass analyzed in a second
in the plasma. A few kinetics studies of reactions of several quadrupole mass spectrometer and detected by a channel particle
fluorocarbocations with C2F. have been reported in the multiplier. Rate constants were extracted from least-squares
literature,"- 2' and significant reaction rates were found. More fits of the logarithm of the reactant ion signal plotted versus the
recent experiments2- 24 have shown that the ions 0-, 0-, Ar', concentration of added reactant neutral. The reaction time was
and H20+ are very reactive with C2F4. determined from ion time-of-flight measurements. For the

Despite the above examples, relatively few data are available experiments conducted at 496 K, the temperature of the flow
for the gas-phase ionic reactions involved in C2F. plasmas, tube was raised using electrical resistance heaters. The C2Fd had
especially under thermal conditions.-2 Previous studies include a stated purity of >99.5% and was used without further
an ion source experiment," which was used to measure rate purification. TheC 2F4contaimndapproximatelyO.01%limonene
constants under suprathermal conditions, and ion cyclotron as an inhibitor, and no ions attributable to this impurity were
resonance*(ICR) experiments, in which several reactions of C2F4 detected in any of the experiments. The accuracy of the measured
were studied1- 2' but in which rate constants were only measured overall rateconstants is *25%, and the relative accuracy is-* 1 59k2
for the reaction ofC 2F4 ÷ with C2F4 . Suet al. have studied selected The product branching fractions were determined by recording
reactions of negative ions with perfluoroolefins.26 We report here the product ion count rates as a function of the flow rate of the
a study of reactions of various fluorocarbocations with C2F4 and reactant neutral. Because of secondary reactions of the product
other selected perfluocoolefins. The present experiments were ions with the reactant neutral, the reported branching fractions
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TABLE L Brasteag hFactlen sand Total Rate CorntaMs are given in Table Il. Reported thermochemistry is taken from
for bactlim of Selected Podtve lows with the compilation of Lias et al.o except for the following heats of
Tetrafl eeftleme Measred at 300 and 496 K formation (units of U mol-'): 360.8 (CF3+),3' -0 (C 3Fi+),21

branching total rate onstant" -308 (n-C 3F7+),32-322 (iso-C 3F7 +),- 184.9 (CF2),33J&and-l505
fraction (1-10 C" l) (c-C4FS).

33

reaction 300K 496K 300K 496K Reactimof C•F,+ wiltC 2F,. CF*. CF' reactmrapidlywith
CF' + C2F4 - CF3+ + C2FA 0.65 0.67 6.1 2.3 CAF4, and several products are formed:
CP' + C2F4 - C2F4 + + CF 0.04 0.14
CF+ + C2F4 - C3Fi÷ 0.32 0.19
CF2 + + C2F4 - C2F4 * + CF 2  11 9.9 CFI + C2F4 - CF, + FC)F; AN = -93.4 ki morl
CF3 ' + C2F4 - C3F 7 ÷ ?-0.94 >0.8b 0.28d 0.8 (a)
CF3* + C 2F 4 - C3Fs÷ I + F2  50.04c b
CF3÷ + C2F4 - C2 F3 ' + CF4  :0.021 b CF' + C 2F4 - C2FF+ + CF; AN = +96.0 U moI' (lb)
C2Ff÷ + C2F4 - C3Fs÷ + CF 2  0.90 0.66 2.3 2.1
CzF 3÷ + C2F4 - C2F4+ + C2F3 0.10 0.34
C2F4÷ + C2F4 - C3Fs+ + CF3  0.20 0.033 CF4 + CAF4 -- C3FS+; AN - -475 kJ moro (Ic)
C3Fs+ + C2 F4 - no reaction <0.03 <0.03
C3F7+ + C2F4 - CF 3+ + C4Fs -0.88 >0.8b 0.20W 0.082,
C3F7+ + CF4-- C2Fs÷ ' + C3F6 -0.07' b The total rate constant k has a negative temperature dependence
C3F,+ + C2F 4 - CF 7+I + CF, S_0.07' b which can be represented as k = C7-13, where C is a constant.

a The total pressure was 0.4 Torr at 300 K and 0.6 Torr at 496 K. The efficiency of the overall reaction drops from 62% at 300 K
Accurate branching fractions were not measured at 496 K for this to 23% at 496 K. The reaction efficiency is defined as the ratio

reaction. I These product ions may arie from impurities in the C2F4 and of the measured rate constant to the calculated"37 collisional
therefore should be regarded only as possible products as written-see rate constant. Some of the reduced efficiency at the higher
text. d Rateconstants derived from fit to curved kinetics plot. Curvature temperature isa result of the expected strong negative temperature
was due to the secondary reaction C3F7+ + C2F4 - CF3÷ + CA s. See dependence of the association channel (reaction Ic) forming
text. I Rate constants derived from fit to curved kinetics plot. Curvature CF,÷, discussed below. The rate constant for the channel
was due to the secondary reaction CF3÷ý + C2F4 "- C31Fý+. See text. C1ý,dsusdblw h aecntn o h hneproducing CF3+ (i.e., the product of the branching fraction and

TABLE E: Total Rate Constants for Reactious of CF3ý withi the overall rate constant) also decreases with increasing tem-
Perfluocarboi Meas led at 300 and 496 K perature.

total rate constant The observed charge-transfer channel is endothermic by 96 U
(1O-10 cm 3 s-1) mol-I for CF+ in its ground state. The charge transfer apparently

reaction 300 K 496 K arises from excited-state CF+. There must be a sufficient
+ CFCF'CFCF3 --- 6.8 3.2 population of excited states, with energies on the order of or

CF,+ + CF- greater than 96 kJ mol-I (1 eV) above the CF+ ground state, in
C,,F7 + CF4CF3+ + CF2--CFCF3 -- CFs+ + CF4  11 5.8 order to account for the 3-4% efficiency of the observed charge-

CF,+ + c-C4Ft - no reaction <0.03 <0.03 transfer channel. This would require vibrationally excited CF+
in the v = 5 or higher level or would require an electronic CF4

were found by the usual technique of plotting the measured excited state. The present data cannot be used to distinguish
branching fractions versus reactant neutral flow rate and between these possibilities. Evidence for some form of excited
extrapolating the fractions to zero reactant flow. The loss of CF+ produced in our ion source from electron impact on CF3Br
reactant ion signal with added reactant neutral was approximately has been reported previously,38 and it is well-known that both
equal to the sum of the product ion signals. Therefore, no attempt vibrationally and electronically excited NO+ (isoelectronic with
was made to account for the possible effects of either mass CF+) can be produced by electron impact on NO. Given the
discrimination or differing rates of diffusion to the walls by the experimental indication of excited CF+ in the present experiment,
reactant and product ions. These two effects tend to cancel one the results on CF+ reported here should be considered with this
another since they both depend generally on mass but in opposite in mind.
senses.29  The association channel producing C3F?+ is exothermic, but

For the reaction of CF3+ with C2 F4 , which is a slow association the heat of formation of C3F7+ has only been estimated.21 The
reaction producing C3Fi+, the kinetics plots of logarithm of contribution by this channel, not surprisingly, decreases strongly
reactant ion signal versus reactant neutral flow rate exhibited with temperature, while the charge-transfer channel increases.
upward curvature. The curvature was found to be caused by a The temperature dependence of the association channel is T-7'.
secondary reaction in which the major product ion C3F 7+ reacted While we refer to this channel as association, it is likely that the
with the C2F4 neutral, regenerating the CF,+ primary ion. This bond so formed is a chemical bond as distinguished from a weak
was confirmed by studying this secondary reaction directly by cluster bond. If this is the case, it may be more appropriate to
producing C3F7+ in the ion source from n-CsF14 and reacting it refer to this process as condensation, i.e., lengthening of the carbon
with C214 in the flow tube. The rate constants for the individual chain. This point also applies to reaction 3, discussed later in this
reactions of CF3+ and C3F7+ with C2F14 were obtained by fitting section.
the integrated rate equation to the curved experimental data. Reaction I has been studied previously in an ion source
Those kinetics results were confirmed in a separate set of experiment." The rate constant measured in that experiment,
conventional measurements made under conditions of low extent 1.1 x 10-10 er3 s-1, is consistent with the negative temperature
of reaction, where linear kinetics plots were obtained. The rate dependence found in the present study since the ion source
constants measured by this method were in good agreement with experiment was conducted at suprathermal energy. It was
those obtained by fitting the curved data plots, deduced" that reaction I forms the product ion CF3+, the major

ionic product found in the present study. Anicich et al.,'9 using
RP -1ts aNd Discuin an ICR apparatus, also concluded that CF3+ is formed in this

reaction, although the rate constant was not measured. While
Rate constants and branching fractions for the reactions of neither of these two previous studies noted the formation of the

selected fluorocarbocations with CIF4 are presented in Table I. product ions C2F4÷ and C3Fs+, the C2F4 ÷ ion represents only 4%
The results for reactions of CF3÷ with the other reactant neutrals of the ionic products at 300 K, and the association channel would
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not beexpected to be observable under the low-pressure conditions slightly endothermic. The observation of charge trmnfer with
of the ICR experiment, rate constants of 2.3 x 10-1 and 7.1 X 10-1" cm3 ' at 300 and

CFt÷. The reaction of CF2+ with C2FA proceeds at the 496 K, respectively, can be used to derive a lower limit to the heat
collisional rate by charge transfer at both 300 and 496 K: of formation of C2F3÷ using the relation k = kl exp(-AH/kT)

where k• is the collisional rate constant and Aff is the heat of
CF 2+ +C 2F4 -- C 2F4+ +CF 2; AN = -107 kJ morl (2) reaction. This derivation yields a heat of reaction of < +10 kJ

This reaction has been studied previously in both the ion source's mol-I for the charge-transfer channel which, combined with the
and ICR19 studies mentioned previously. In the ion source published heats of formation of the other species involved in the
experiment, a rate constant of 1.05 X 10-9 cm3 s-1 was measured reaction, places a limit of >772 kJ mol-I on the heat of formation
for reaction 2, and C2F4+ was identified as the ionic product. This of C2F 3+. The positive temperature dependences of the branching

rate constant value is in agreement with the present values, which fraction and rate constant for the charge-transfer channel are
are collisional, showing essentially no temperature dependence consistent with this pathway being slightly endothermic. Using
from 300 to 496 K; the rate constant measured at suprathermal the Arrhenius equation, an activation energy of 7 kJ mol-I is
energy in the ion source is expected to be approximately the same derived for the charge-transfer channel.
as the temperature-independent thermal rate constants. The ICR Reaction 4 is fast but proceeds more slowly than the collisional
study revealed the occurrence of reaction 2, but the rate constant rate. The rate constants are in agreement with the value of 2.9
was not measured. X 10-10 cm 3 S71 measured for the disappearance of C2F 3+ in C2F4

CFt÷. The reaction of CF 3+ with C 2F4 is a slow association in the ion source experiment,' 8 although the reaction products

reaction and has not been reported previously: were not identified in that study. The production of C3FS+ in this
reaction was noted in the ICR study,19 but the rate constant was

CF 3+ + C 2F 4 -- C 3F 7+; AH = -9.7 kJ mol-1 (n-C 3F 7+) not measured.
C2F4+. The reaction of C2F4+ with C2F4 is slow and produces

CF 3+ + C 2F 4 -- 3 
C3F,+;

A• = -23.6 kJ mol-1 (iso-C 3F7 +) (3) C 2F4+ + C 2F 4 -' C 3F 5+ + CF 3; AH = -117 kJ mor' (5)

As mentioned above, the heat of formation of C3F5+ is not known
The exothermicity of reaction 3 depends upon the isomeric form reliably, and thus the heat of reaction given for reaction 5 is only
of the C3F7+ product; the more stable form of C 3F 7+ is that with approximate. The rate constant for this reaction displayed a
the positive charge on the central carbon, iso-C 3F7 +. However, strong negative temperature dependence of T3.6. Negative
migration of a fluorine atom would be required in order for this temperature dependences of slow ion-molecule reactions are
isomer to be formed. The less stable isomer, with the charge on commonplace and are often explained in terms of a double-well
a terminal carbon, would result from simple addition of CF3+ to potential surface for the reaction. 39
C2F4. Reaction 5 has been studied previously using ICR19- 21 and ion

The ions C 3F 5+ and C 2F3
4 appeared in the product ion spectra, source's techniques. As in the present study, C 3F 5÷ product was

and branching fractions of 4% and 2% were derived for these observed in both ICR and ion source experiments. The rate
ions, respectively, at 300 K. However, the small abundances of constants from the previous studies are in reasonable agreement
these ions, the slow rate of the primary reaction (reaction 3), and with the present values. Evidence for excited C2 F+ reactant ion,
the 0.5% expected impurity levels in the C 2F4 lead to the conclusion produced by electron impact, was found in the ICR experiments.
that these ions could arise solely from reactions of impurities in However, no curvature was seen in the pseudo-first-order kinetics
the C2F4. Therefore, the identification of these ions as products plots in the present experiment, which suggests that any excited
of reaction 3 should be viewed as questionable. C2F4÷ was quenched by the He buffer gas.

As discussed in the Experimental Section, the product ion C 3F7+ In the ion source experiment, it was suspected that the reaction
was found to undergo a secondary reaction which regenerates the of C 2F4+ with C2F4 formed C 3F7 + as an additional product. The
primary CF 3+ ion. The rate constant for reaction 3 was found present SIFT study gave no evidence for this at either 300 or 496
by fitting the integrated rate expression to the CF 3+ decay data, K. However, the suprathermal energies which obtain in the ion
which exhibited upward curvature with increasing C2F4 flow rate source environment could be the reason for this discrepancy.
as a result of the regeneration of the primary ion in the reaction C3F5+. C 3F5+ was found to be unreactive with C2F 4 within
region of the flow tube. The rate constant derived by this method experimental sensitivity. Upper limits to the rate constant of <3
was essentially the same as that measured in the conventional X 10-12 cm 3 s-1 are reported for 300 and 496 K. The lack of
manner at low extent of reaction, reactivity of C3F 5+ with C 2F 4 has been noted previously.1-"9

The rate constant for reaction 3 has a strong negative CF7+. The reaction of C3F7 + with C 2F 4 is slow and produces
temperature dependence, as expected for an association reaction. CF3+:

The temperature dependence is T-3.5 . The rate constant for this
reaction has not been reported previously. In their ion source C3F7 + + C 2F4 - CF 3÷ + C4FS;
experiment, Derwish et al.Is could not associate the formation of Al depends on isomers (6)
any product ion with the disappearance of CF3÷ and discarded The thermochemist for reaction 6 cannot be spified because
the possibility that C3F7+ is formed in the reaction of CF 3+ with the isomeric formstheismeicfomsof the C3F 7+ reactant ion and the neutral

C24 The reaction ofC2F3 with C2F, produces mainly C3FS+ product C4Fs are not known. The following isomers of CAF.C2Ft. a reacon of with charge ma iny (listed with resulting exothermicities of reaction 6 for iso-C3 F7 +
with a minor amount of nondissocitive charge transfer occurring: reactant ion) are possible neutral products: c-C4 F8 (-163 kJ

mol-1), Z-2-C4F, (-255), E-2-CFs (-259), iso-C 4F$ (?), and
CF + C 2 F--- C3F5÷ + CF 2  AN = -317 ki mol- -CFs(?). The neutral product(s) must be some isomeric form-

(s) of CUFs since it is endothermic for reaction 6 to form, along
C 2F 3+ + C 2F4 - C2FI+ + C 2F3; AH = -8 kJ mol-a (4) with CF 3÷, any combination of fragments of C4Fs, e.g., 2CF3 +

C 2F2. The rate constant for this reaction has not been reported
The heats of reaction for reaction 4 are not well known because previously.
the published heats of formation of C2F3+ and C3F3+ are only The ions C2F5÷ and C4F7÷ appeared in the product ion spectra,
approximate values. The charge-transfer channel may in fact be and branching fractions of 7% werederived for each of the channels
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producing these ions at 300 K. However, the small abundances AcmewIug t.s" We thankAmyStevmn Miller, Tom Miflr,
of these ions, the slow rate of the primary reaction (reaction 6), Jane Van Dorem, Diethard Bobme, and Tim Su for helpful
and the 0.5% expected impurity levels in the C2F4 lead to the discussions.
conclusion that these ions could arise solely from reactions of
impurities in the C2F. Therefore, the identification of these ions Re e aid Nor
as products of reaction 6 should be viewed as questionable.

Reactions 3 and 6 together constitute a catalytic cycle, i.e, (1) Goedml, J. J. PodYN S. 196, 44. 551.

dimerization of C2F4 catalyzed by CF3+: (2) E£a•,I Deign News 196, October, 6.
(3) Bradley, A&; Hammes, J. P. J. Eiwzrockm Sac. 1963,110, i5.
(4) Meamts. A. M. Thin Soid Fam 190, 3, 201.

CF3÷ + C2F4 -- C 3F7+ (3) (5) Ozawa, P. J. IEEE Tran. Parn,, Mat. Packag. 190, PMP-S, 112.
(6) Uang, C. Y.; Krimms, S. J. Chem. PAys. 1951, 25, 563.

C3F7+ + C 2 F4 -- CF3+ + CA, (6) (7) Moynihan, R. E. J. Am. Chrm. Soc. 199, 81, 1045.
(8) OlKan, D. F.; Rice, D. W. J. Macromol. Sd, Chern. 1976, AIO,

567.

net: 2C2 F4 -* C 4 Fs (9) Rice, D. W4 O'Kane, D. F. J. Electrochem. Soc. 1976, 123,1308.
(10) d'Agmtino, Rt; Cramarossa, F4 Colaprico, V4 d'Ettole F. J. App!.

PAys. 1963, 54, 1284.
This ion-catalyzed scheme has not been reported previously. (11) Coburn, J. W.; Kay, E. Solid State Techiol. 1979, 22, 117.
However, other ion-catalyzed neutral recombinations have been (12) Flamm, D. L Solid State Technol. 1979, 22,109.
reported; e.g., C 2H 2+ and C3H+ catalyze the recombination of H (13) DonneUy, V. M.; Flab-, D. L. Soid State Tecknol. 1961,24,161.

atoms4 0 C~o+ may also catalyze the recombination of H.41 Ion- (14) Kobsyasi H.;Shen, M.;Bell, A. T.J. Maoomorl.Scl, Chem. 1974,
catalyzed polymerization of olefins is a well-known process in the A8, 1345.
liquid phase. 42  

(15) VasIle, M. J4 S1noliusky, G. J. PAys. ChMe. 1977,81, 2605.

Reactin of CF3 + with Other f CFý + C3&F6 . (16) MOMriS, J.; Charlaby, A. Eur. Polym. J. 1966,2,177.

The reaction of CF3+ with C3F6 (CF3CF-CF2) proceeds rapidly (17) Weia, P. B. J. Phys. Che. 1M 59,464.

by F- abstraction: (18) DerwiSh G. A. W4 Gal1, A.; Giardm n a.A.; Vokpi, G. G. J.
Am. Chet". Soc. 1%4,86,4563.

CF3~+ C3F6 - C3F5 + CF4; AH=-170 kJ morl (7) (19) Ankioc V. G.; BowersM. T.; O'Malley, R. M4 Jenn IL R.Iat.
Cm. MassSpectroel Ion Phys. 1973, 1199.

Because the beat offormationof C3F1+ is not known reliably, this (20) Anicich, V. G.; Bowers, M. T. lat. J. Man Spectrom. lIo Phys.

reported beat of reaction is only approximate. Reaction 7 has 1973,11 329.
(21) Anidc V. G.; Bowers, M. T. Int. J. Man Specowr . Jon PAys.

been studied previously by the ICR technique3 and the UFs+ 1974, 13,359.
product noted, but the rate constant was not measured. (22) Moi, Rt. A. J. Chum. Phys. 1992, 97,2372.

CF3 + + 2-CsF8. The reaction of CF 3+ with 2-C 4Fs (CF3- (23) Morris ft. A4 Van Doren, J. M.; Viggiamo,. A. Paulson, J. F. J.
CF=CFCF3) proceeds rapidly by F- abstraction: Chem. PAys. 1992, 97, 173.

(24) Morr., R- A.; Viggiano, A. A.; Van Doren .IM.; Paulson, J. F. J.
CF 3+ + 2-C 4F$ -- C4F7+ + CF4; AH =? (8) PAys. Chem. 1992, 96, 3051.

(25) IDoe" Y.; Matamuka, S.; Takebe" M.; V'iggian, A. A. Gas Phase
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