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In the past few years, there has been great interest in elucidating
the detailed mechanism for'the ffagmentation‘that occurs during
mq]t1photon ionization (MPI) of'po]yatomic mo]ecnles. Tnis efficient and
entensive fragmentation was quite surpriéing when it was first seen,
and on]y recent]y has the mechanism for fragmentation of benzene been made
clear 2-5 The mechan1sm for benzene is a sequent1a1 one, in wh1ch
initial absorption ionizes benzene to give C6H6’ and subsequent
absorption of photons by this ion results in fragmentation.

| fn_otner melecules, radiatjon]eSs processes in the neutral molecule
can drametica]]yva]ter the nature of tne multiphoton ionization
process.6—8 In this Communication,'weidiscnss a multiphoton ionization
stuay of CC]ZF2 and CC13F'in which an ArF laser wés used as the
ionizing laser and the resulting photoelectrons were energy analyzed. Our
data show that extenéive and sequential-fragmentation of the parent
molecules to’smé]1er‘neutnal radicals precedes ionization, resulting in
the fonmaﬁion ot small fragment jons such as CF+ andﬁCC]+ from the
corresponding radica]s, via such processes as:
This work was supported by the D1reetor, Offlce of Energy Researeh Office
of Basic Energy Sciences, Chemica) Sciences Division of the U.S. Department

of Energy under Contract Number W-7405-ENG-48; and in part by the National
Science Foundation under Grant Number CHE79- 16250 :
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1) ClF, I cetF, + e CF + (FC1 or F + 1) 2¥,

CF(8%a) b cF(xs") + e
2)  CC1F < CCLF + C1 _hy._. CCT + (FCT or F + c1) 2, | ‘
cclt +e” :
The experiments were perfermed with a molecular beam photoelectron
spectrometer described in detail e]sewh"ere.9 Briefly, CC12F2 or
CL13F mo]ecuTeS_in aieo11jmated supersonic beam were ionized w1th
focused,radiation_frOm an Arf laser (Lumonics TE-861). The fesu]iing jons
couio‘be_mass ana]&zed by a quadrupole mass spectrometer, er thé.re5u1ting
.photoelectrons could bevenergy—enalyzed by an eieétrosfatic energy |
analyzer equipped with a multﬁchaﬁneT detecfor. fhe instrumental energy
resolution used for these experiments was 20vmeV (FWHM), as measured from
the 584 A photoe]ectron spectrum of Ar. i
The ]aser was spat1a1]y filtered to ]ess than 5 mJ/pu]se and then

loosely focused by a 50 cm focal length 1ens to a spot of ~0.02 cm‘,

resulting 1ﬁ power densities of.]ess.than 25.MW/cm2.A The 11newidth of
the laser was measured to be 7 A (FWHM), or'aboet 25 meV, centered_at'1933
A (6.41 ev). L

The electron energy spectra resulting from MPI of (,C]ZF2 and
CC] F are shown in Fig' 1. No electrons were detected at energies above
4 eV in either case, and for both molecu]es the energy spectra below 2 eV

were featureless contlnua. The reg1ons of the measured spectra sh0w1ng

recognizable structure are shown in Fig. 1.
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To minimize the effects of laser power fluctuations,; each spectrum

~was recorded as a series of ten or more individual scans, which were then

acded. In each case the scan was from high to low kinetic energy, and the
data as shown are uncorrected for the 20%-30% drop in laser power that
occurred. during each scan. The count rate for the 3.6 eV peak”in the

CC]ZF2 spectrum was found to be'proportiona] to the laser power to the

3.5 = 0.5 power, implying that in order to form those‘electrons the system
absorbs more than three photons.

Tne mass spéctra of the ions formed by muitiphoton icnization showed
CFf to be_the major ion formed in bbth cases., For CC]ZFZ, the ions

, ' S+ : +
seen ana their intensities relative to CF were: CF (1.0),

CF,C1" (0.35), cC1” (0.15), C* (0.05). For CC14F, the ions seen

ana their relative intensities were: CF+ (1.0), Clg (0.8), CC]#

(0.7), CFC]E (0.6), C+ (0.2). In neither case was the parent

molecular jon seen (CC]ZF; or CC13FT).A

' _ThUs, CC1,F, and CC1_F are very similar to other molecules

2 2 3
ionized by the Arf ]éserl0 in that extensive fragmentation is seen.

However, unlike benzenel and ‘several other large mo]ecu].es,11 the

. : ' +
parent ions are not observed, and jn fact a small fragment, CF , is the

major product.

The fact that tne parent ions are not observea is not surprising in

12,13

Tight of the known photochemistry of these freons. The absorption

spectra around 1933 A are both structureless continua, and both molecules
phictoaissociate with a unit quantum yield, the major channel being C1 atcm

eliminatiori. Thus, as was seen in the case of C6H5I,7_the '
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-photodissociation following the absorption of the first photon is too
rapid to allow absorption of additional photonsbby thé‘parent molecule
which would result in parent ion formation.

The photoe]ectron spectra shown in Fig. 1 have several well resolved
features, as well as underfying continua. In both cases, but especially
P with CC]ZFZ, a‘vibrationa) progression with a large spacing can be -
seen. This sort 6f energy spectrum is typical of photoelectron sbettra,éf
diatomics,14 and can be assigned to be the:résultvof two photon
ionjzatiorv\ of CF to give CF, as shown in Fig. 1. Although the CF'

~vibrational spacing'has not been previously measured, an estimate can be

15

obtained from khown Rydbérg states in CF. | The vibrational'spaciqg

expected is about 1800-1900 cmﬁl, and from the peaks observed the

measured spectral constants for CF' are: w, = 1800 ¢ 40 cm—1:(223"

* 5 meV) ana weXg = 10 =10 cm—1 (2 2 meV). Although the
ionization energy of CF has not been measured directly, it has been

estimated from spectral data to be 8.9 eVlb

;7~ Thus -our measured value of 9.0 #°

and. derived from appearance
potential data to be 9.23 *;0.08. |
0.2 eV is what one would expect for CF, The major‘cause of ‘uncertainty in
this ionization. potential is the difficulty of determining the absolute
energy calibration of the electron energy analyzer for these experiments.
It should be noted that despite this uncertainty in abso]ute-electron'
energy, relative enefgies'in a spectrum can be determinea with high-

accuracy, about *10 meV in these experiments.

.
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The fact that CF" is seen with high yield is a result of

_coincidence of the Arf wavelength with an absorption in CF.18 The band

origin for the X2H(v"=0) > BZA(V'=2) absorption is at 1936 A, which
overlaps with the ArF laser spectral distribution. The intensities of the

various. vibrational states of CF are determined by the intermediate

19

state, which is a non;Rydberg state of CF.”~ . When reasonable

corrections are made to account for overlapping bands in the enérgy
spectrum, and laser power drift, the observed intensities agree with

Franck-Conaon factors calculated for transitions from v=2 of BZA in CF

20

to the final vibrational states in the Xlz+ state " of CF+ (for

the B°A state B, = 1.321 cm‘l,19 for the CF X state B, was

estjmatéd to be 1.725 cm_l, based'on the A22+ and Dzn Rydberg
states)..l | |

In CC]3F, the'energy spectrum due to two-photon ionization of CC1.
1§ ébserved,_as shbwn in Fig. 1. The 3.8 eV peak of CC12F2 over laps
with a peak at higher energy assigned to CC1 ionization. From the mass
spectra, C013F MP1 resu]ts in about five times more CC1" than MPI of
CC]ZFé (relative to cF' yield) which explains the observed
difference in 1ntensities for CC'I+ in the energy spectra. No _
information on'me and weX, €an be obtained from these data, but the
ionization potential for CCl cah be determined fo be 8.9 = 0.2 eV (C.1 eV
lower than CF). The only previous determination of the IP of CC1 is by
the reaction threshold techm‘que21 which gives an upper limit of 10.6

eV, and on the'basis of chemical intuition, a value less than or equal to

tihat for CF woula be expected.



The other’features in the spectrum which are not given assignments
are most likely duevto two photon ionization of larger fragménts of fhe'
parent molecules. The conclusion that can bevdrawn frqm the data

presented here is that the mechanism of CC1,F, and CCT3F is
photofraghentation of the parent mo]ecu]e'into neutrai fragments, followed
by two-photon ionization of these fragments. Data on other halocarbons,
‘to be discussed in a future paper, would indicate that this is generally

the case in MPI of freons with the ArF laser.
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FIGURE CAPTIONS

Fig. 1.

- of 8.9 €V, and we = 0.146 Ev, w

Photoelectron kinetic energy spectra for eleétroné formed by ArF
laser multiphoton jonization of CCleé'and‘CClsF; : B
Assignnients are indicated for two-photon ionization of CF and S é
CL1 to give ¢F" ana cC1* in various vibrational states.

+ .
Positions for CF peaks were calculated using constants given

in text. (I.P. = 9.0 eV, wg = 0.223 eV, weXg = 0.002

~eV.) Positions shown for cC1" were calculated using an I.P.

22
eXe = 0.001 eV,
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