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The dissociative photoionization of GHr, in a region ~10-24 eV was investigated with
photoionization mass spectroscopy using a synchrotron radiation source. An adiabatic ionization
energy of 10.25 eV determined for GBIr, agrees satisfactorily with predictions of 10.26 and 10.25

eV with G2 and G3 methods, respectively. Observed major fragment iop8ICHCHBr", and

CBr* show appearance energies at 11.22, 12.59, and 15.42 eV, respectively; minor fragment ions
CHBr;, , Br, and CH appear at 12.64, 15.31, and 16.80 eV, respectively. Energies for formation
of observed fragment ions and their neutral counterparts upon ionization Brgldre computed

with G2 and G3 methods. Dissociative photoionization channels associated with six observed
fragment ions are proposed based on comparison of determined appearance energies and predicted
energies. An upper limit a&H?’zgs(CHBr+)s300.7i 1.5 kcal mol ! is derived experimentally; the
adiabatic ionization energy of CHBr is thus derived to$8.17+0.23 eV. Literature values for
AH?’298(CBr+) =362.5 kcal mol ! and ionization energy of 10.43 eV for CBr are revised to be less
than 332 kcal mol* and 9.11 eV, respectively. Also based on a new experimental ionization energy,
AH?'ZQS(CHZBrZ*) is revised to be 236:41.5 kcalmol*. © 2004 American Institute of Physics.
[DOI: 10.1063/1.1641010

|. INTRODUCTION ments using electron impacEl) and photoionization(PI)
techniques: 10.8% 10.52! and 10.49 eV¥® Reported appear-
Photoexcitation and photoionization of bromine- gnce energie$AE) of the principal ions CEBr* are scat-
containing molecules hold fundamental interest in dissociatered, ranging from 10.93 to 11.35 &9202223\1 et a2
tion dynamics.™* The catalytic depletion of stratospheric i qicated that signals of CHBr* near the threshold suffered
ozone by Br atom; has_ been characterizédDibro- from interference by signals resulting from an ion-pair pro-
momethane (CkBry) is an important substance that con- %ass.AE of other fragment ions were determined with El, but

tains bromine and destroys ozone because it contributes up iated di iation pr were not discia’se
20% of Br atoms released into the upper tropospfgiely ~ asSociated dissocia 03 processes were not discussed.
Recently, Huanget al” investigated photodissociation of

has wide use as a reagent for cyclopropand‘ﬁdm,lt the . o - ) )
main anthropogenic sources of GBt, originate from its use  CH2Br2 at 355 nm with ion-velocity imaging and time-of-
in fire extinguishers and as a fumigdntlitraviolet absorp- flight mass spectroscopy; they determined a branching ratio
tion spectr&'?and photoelectron spectfa'®of CH,Br, are  0of 2.2:1.0 between dissociation channels 8H
well characterized, but only limited experimental work on +Br* (*Py,) and CHBr* +Br(*P,), and their results con-
the dissociative photoionization properties of 81, and firm the assumptions made on the electronic states of
the corresponding thermochemical data for associated fragzH,Br, in its ultraviolet absorption spectrufh.
ments are reported in the literature:'®~ The aim of this work is to determine the ionization en-

The ionization energylE) onCHzBrZ was determined t0  ergy of CH,Br, and to investigate its dissociative photoion-
be 10.24-0.02 eV by Maet al” from a small step in the jzation. We measured photoionization efficiency spectra of
photoionization efficiencyPIE) CUIVE, this value'|s signifi- _various fragment ions and undertook associated theoretical
cantly smaller than values derived from previous eXperi-. .ulations with bothcAUSSIAN-2927 and GAUSSIAN-F82
methods. Combining experimental and calculation results,
dAuthor to whom correspondence should be addressed. Electronic maifye establish dissociative photoionization channels of
schiang@nsrrc.org.tw . . . L .

CH,Br, and discuss plausible dissociation mechanisms. Pre-

5 Jointly appointed by the Institute of Atomic and Molecular Sciences, Aca- ’ : - e :
demia Sinica, Taipei, Taiwan. dicted enthalpies of formation and ionization energies at G2
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and G3 levels enable an assessment of accuracies of boi

methods for bromine-containing species. — . 56
g CH,Br
= n
g CBr' CBr,’
Il. EXPERIMENT 3 x20 [
We performed photoionization mass-spectrometric mea- | | cp * Br CHBr,'
2 1 L

surements with a molecular beam/quadrupole mass specg n o 17 180
trometer system on the 1-m Seya-Namioka beamline at the= - I CH,Br,’
National Synchrotron Radiation Research Center in Taiwan.g L M
The apparatus is described in detail elsewi&rRriefly, a S| 20 40 60 80
mixture of CH,Br, and He(or Ar) at a total pressure-300 =

0101 11

Torr and with a seed ratio of10% was expanded through a A "
nozzle and two skimmers to form a molecular beam. The ‘ , . YcmB .
cooled CHBr, molecules were ionized with monochromatic 50 100 150

vacuum ultraviolet radiation at a right angle in the ionization
chamber. Produced ions were mass-analyzed and detected
with a quadrupole mass spectrometer mounted in a directioRiG. 1. Mass spectra of GiBr, excited at 60 nn{20.66 e\J. Weak signals
perpendicular to the plane defined by molecular and photoaf CHBr; , CBr; , Br', and CH are shown in two insets on an expanded
beams; an electron multiplietchanneltron operated in  S¢3'®
pulse-counting mode served as a detector for ion collection.

The PIE curves in a regionr10—24 eV were measured
and normalized with respect to the photon flux. With a grat—'V- RESULTS AND DISCUSSION
ing monochromator(1200 grooves mmt; slit width 0.15  A. Results of experiments

mm), the photon resolution is 30 meV and the photon flux is . .
) b P Figure 1 shows a mass spectrum of B, /He excited

>10° photons s*. The wavelength of the monochromator ; .
was calibrated with the photoionization spectra of Ar and He& 60 nm(20.66 eV and with steps of 0.2 amu. In this

: ; + +
CH,Br, (Merck, >99%) was degassed with several freeze-éﬁ’aeitrumat?ree majorffragment_lonsgﬂ , g:%r ’Bafd
pump-thaw cycles before use. rt, and four minor fragment ions CHBr, CBr; , Br*,

and CH were observed; their bromine isotopic variants
(abundance$’Br=50.69%,5'Br=49.31%)* are marked as
pairs in the figure. As no signal at mass greater than that of
CH,Br, was detected at various excitation wavelengths, we
Energies of CHBr,, CH,Br, and fragment species at deduced that all observed fragment ions originated from dis-
their equilibrium geometries were calculated with G2 and G3sociation of CHBr, ; the largestm/z value of our mass
methods usingsAUSSIAN 98 program:: Because basis sets spectrometer is 280. Minute signals in the region 40—-50 amu
for bromine-containing species are lacking from standard G3esult from impurities in the sample.
calculations, we employed basis sets reported by Cuftiss. PIE curves of CHBr, and fragment ions were recorded
We describe briefly the G2 and G3 procedures to computat steps of 0.2 nm and normalized with respect to the photon
total energies of molecules at their equilibrium geometries afux. Figure 2 shows PIE curves of G¥PBr; and major
follows. The equilibrium structure of each species was ini-fragment ions CH'Br*, CH"*Br*, and C’*Br* from their
tially optimized at the HF/6-31Gl) level, to calculate its respective appearance onsets to 24 eV, the PIE curve of
zero-point vibrational energy, and then fully optimized at theCH, 8'Br* was employed because signals of CPBr*
MP2 (full)/6-31G(d) level for further calculations. To calcu- overlap with those of &'Br*. As shown in Fig. 2, the major
late a G2 energy, calculations of single-point energies wergissociation channel Cr; —CH,Br* +Br requires the
carried out at the levels of MP4/6-311630), MP4/6-311 least energy. That decrease of {B#" and CHBr, is ac-
+G(d,p), MP4/6-311G(2f,p), QCSIOT)/6-311G(d,p), companied by the increase of CBwhich implies consecu-
and MP2/6-31% G(3df,2p), including corrections of a tive dissociation of CKBr* into the high energy fragment
higher-level energy and zero-point vibrational energy.ion CBr". PIE curves of minor fragment ions CHBy Br™,
To calculate a G3 energy, we performed calculationsand CH are shown in Fig. 3; the proportions of these frag-
of single-point energies at the levels of MP4/ mentions are less than 2%.
6-31G(d), QCSIOT)/6-31Gd), MP4/6-31+G(d), MP4/ AE of major fragment ion CBf and minor fragment
6-31G(2f,p), and MP2full)/G3 large; G3 large is a modi- ions CHBE , Br*, and CH were determined directly from
fication of the MP2/6-31% G(3df,2p) basis set. Additional threshold regions of their low-resolution PIE curves because
energies include a spin-orbit correction for atomic speciestheir small signals preclude recording of high-resolution PIE
higher-level corrections for atoms and molecules, and a zeraurves. The PIE curves near the threshold regions of
point vibrational energy. Enthalpies of formation at tempera-CH,Br, , CH,Br*, and CHBF, measured with steps of
ture T K(AH?YT) were obtained from calculated enthalpy 0.05 nm and shown in Figs(@—4(c), serve to determine the
changes for their equations of formation and experimentaRE of each fragment ion. As seen with an expanded scale in
AH?’T for isolated atoms C, H, and Bf. Fig. 4(a), the ion signal of CHBr; rises in a small step-like

Mass (amu)

Ill. THEORETICAL CALCULATIONS
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FIG. 2. Photoionization efficiency curves of GBt, and three major frag-
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feature near the ionization threshold; we thus assigned the
first small step feature observed at 10tZb02 eV to be the

IE of CH,Br,. Two additional big steps marked at 10.60 and
10.80 eV in Fig. 4a) correspond to vertical transition ener-
gies of photoelectron bands associated with ionization of a
lone-pair electron of BY For fragment ion CHBr™, the PIE
curve in Fig. 4b) shows a short region of gradually rising
slope near the threshold before a rapid increase; AE of 11.22
+0.02 eV was determined from the midpoint of two inter-

12.59 eV

Photoion Intensity (arb. unit)

12 16 20 24
Photon Energy (eV)

126 128 13.0 132 134

Photon Energy (eV)

122 124

FIG. 4. Photoionization efficiency curves of GBf, and fragment ions
CH,Br* and CHBYF", with their fitted lines near the threshold region.

sects among the base line and two fitted slopes. An AE value
of 12.59-0.02 eV for CHBF" was determined from the in-
tersection of the base line and the linearly rising line, as
shown in Fig. 4c). We exclude effects of thermal energy and
collisions from our IE and AE values because B, was
cooled under supersonic conditions.

Table | lists IE of CHBr, and AE values of observed
fragment ions determined in this work to compare with lit-
erature values; relative intensities of ¢Bt, and fragment
ions measured at 60 nm are also listed. Ar=1B.25 eV
determined in this work agrees with a value of 1G:2402
eV determined by Maet al? Previous values of 103,
10.52% and 10.49 eV might result from overestimated hot-
band effects; such effects and interference from ion-molecule
reactions are negligible under supersonic expansion condi-

FIG. 3. Photoionization efficiency curves of three minor fragment ionstiONS in our and in Ma’s experiments. Our AE value of 11.22
CH; , Br*, and CHBj .

eV for CH,Br" agrees with the onset of the third ionic state
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TABLE |. Comparison of reported AE of parent and fragment ions of, B, and their relative intensities
measured at 60 nm.

] AE/eV
Relative

Species Intensity This work (PI) Literature Method Ref.

CHZBr;’ 50 10.25:0.02 10.24-0.02 Pl 2
10.5+0.1 El 22
10.52+0.05 PI 1
10.49+0.02 PI 16

CH,Br* 100 11.22:0.02 11.27 Pl 2
11.29 El 20
11.1+0.2 El 22
11.35-0.02 PI 1
10.93+0.04 El 23

CHBr* 7.7 12.58-0.02 16.6:0.5 El 22

CHBry <1 12.64+0.08

Brt 1.8 15.31-0.08 15.5-0.1 El 24
16.0 El 25

CcBrt 18 15.42+0.08 19.6:0.3 El 22

CH2+ 1.7 16.80-0.04 17.1-0.3 El 22

of CH,Br; , shown in Fig. 4a), and a band at 11.3 eV in the dicted the structure of CHBrat the MP2/6-316 level,* the
photoelectron spectruffi.Ma et al? were unable to deter- same level employed in G2 and G3 methods. The structure
mine an accurate AE for CiBr* due to severe interference of CHBr; is unreported in the literature, either experimen-
of spike-like signals that they attributed to formation of antally or theoretically. The predicted structure of CI—JB'rs

ion pair (CHBr",Br”) in the region~10.88-11.27 eV. In  planar withC,, symmetry, similar to CkBr*. Our predic-

contrast, as shown in Fig.(H), only a slow rising onset of - tjons for CHBE are lengths of 1.779 and 1.091 A for C—Br

CH,Br* was observed in the region11.19-11.23 eV. This and C—H bonds, respectively, and anglesiCBr=117.9°
result is similar to an observation of a small rising onset of, 4 / g.cg= 12"1 30 ’

CH,CI" in the dissociation of CKCl; ;* the reason of the

discrepancy between our results and those of &al. is fcula’[ed with G2 and G3 methods for species involved in this

unclear. Considering the quality of our data, our value o K- i d electronic stat Iso indicated
11.22 eV is expected to be more accurate than existing (jt/OTK, SYmMETres and electronic states are also indicated.

erature values. AE values of 12.59, 15.31, 15.42, and 16.80"€ SPin-orbit correction is excluded in G2 theory, but found
eV for CHBr", Br*, CBr', and CH, respectively, deter- to be important for molecules containing third-row atoms,
mined with the PI method are reported for the first time;Particularly those with degenerate statésConsequently,
these values are smaller than values derived with the Effo(G2) energies with spin—orbit corrections taken from the
method by 0.2—4.2 e¥24%5The AE value of 12.64 eV for literature for Br€P), Br*(?P), Br; (°Il), and HBr" (*II)
CHBr; is new. are listed in parentheses for comparié;ZnA spin-orbit cor-
rection for CBr€Il) is unavailable in the literature. The G3
method includes experimental spin-orbit corrections for
atomic speciesE((G3) energies incorporated with available

Geometries of ChBr,, CHBr,, CH,Br, CHBr, CBr,  molecular spin-orbit corrections are also listed in
HBr, Br,, and their corresponding ions were optimized at theparenthese%g.

MP2(full)/6-31G" level. Predicted structural parameters for
CH,Br, and CHBr, agree with previous experimental
values® of CH,Br, and theoretical predictions of GBr, at
the B3LYP/6-31% + G(3df,3pd)®" and 6-311Gd,p)° lev-

els except that angle BrCBr=91.3° predicted for CkBr,

is smaller than literature values of 94.0° and 94.6°. A signifi-
cant decrease of BrCBr from 112.7° to 91.3° is a major

Table Il lists total energieg&, and enthalpie$d,qg cal-

B. Results of calculations

Table 11l lists experimental AE values of fragment ions
and reaction energieSE calculated for possible dissociative
photoionization channels for six fragment ions. Theoretical
valuesAE(G2) andAE(G3) are calculated fronky(G2)
and E,(G3) energies listed in Table IAE(G2) including
spin-orbit corrections of Br and Brare listed in parentheses.
structural alteration of CkBr, upon ionization; other minor Calculated reaction energies take into account neither a pos-
alterations arise for anglesHCBr and ~ HCH, both being sible reaction l:_)arrler nor electronic excitation of products.
less than 5°. An altered conformation upon ionization is con- ~ 1he experimental AE11.22 eV for channel CBr,
sistent with an observation of a small rising onset of,8H ~ —CHBr" +Br differs from AE(G2)=11.44eV and
in Fig. 4(a). AE(G3)=11.39eV by 0.22 and 0.17 eV, respectively; the

Predicted structural parameters for §B4, CHBr, CBr,  discrepancies are greater than typical errors of 0.15 eV re-
HBr, Br,, and their corresponding ions agree with calcula-ported for sulfur- and chlorine-containing species and
tions performed at various levels and experimental values ioxides?**3 In contrast, the spin-orbit correctetlE(G2) of
the literature’’~*° Paddison and Tschuikow-Roux have pre-11.28 eV agrees satisfactorily with the experimental AE, sig-
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TABLE Il. Energies E,) and enthalpiesH,qg in Hartree calculated with G2 and G3 methods for species
involved in ionization and dissociative photoionization of {B#, .

G2 G3
Species Symmetry Eo Hog Eo Hoog
CH,Br, Co(*Ay) —5184.369 89 —5184.365 05 —5186.382 06 —5186.377 22
CH,Br, C,,(%By) —5183.992 74 —5183.987 79 —5186.005 47 —5186.000 52
CHBI, C,(?A") —5183.71531 —5183.710 39 —5185.728 66 —5185.723 74
CHBr; C,,(*A) —-5183.42132  —5183.41670  —518543151  —5185.42689
CH,Br C4(2A") —2611.730 32 —2611.726 07 —2612.760 82 —2612.756 57
CH,Br* Cy(*A) —2611.41899  —2611.41505  —2612.44588  —2612.44194
CHBr C,(*A") —2611.07370 —2611.069 74 —2612.100 50 —2612.096 54
CHBr* C(?A") —2610.742 19 —2610.738 28 —2611.769 72 —2611.765 81
CHy C,,(?Ay) —38.690 06 —38.686 24 —38.736 15 —38.73233
CBr C..,(311) —2610.444 62 —2610.441 17 —2611.472 44 —2611.468 99
cBr* C..,(}2) —2610.13051 —2610.127 16 —2611.154 58 —2611.151 23
HBr C..,(X) —2573.17319 —2573.169 89 —2574.156 56 —2574.153 26
HBr* C..,(?IT) —2572.741 45 —2572.738 14 —2573.72331 —2573.720 00
(—2572.7477 (—2572.744 4 (—2573.729 3y (—2573.726 0Y
Br, th(lEg) —5145.141 30 —5145.137 60 —5147.107 46 —5147.103 76
Bry th(zl'[g) —5144.749 42 —5144.74579 —5146.714 14 —5146.710 51
(—5144.755 9y (—5144.752 34 (—5146.720 56 (—5146.716 938
H, D.n(*2) —1.166 36 —1.163 05 —1.167 37 —1.164 06
Br (?P) —2572.53058 —2572.528 22 —2573.517 47 —2573.51511
(—2572.536 3p (—2572.534
Brt ¢P) —2572.099 02 —2572.096 66 —2573.084 05 —2573.081 69
(—2572.10579 (—2572.103 43
C (éP) —37.784 30 —37.78194 —37.82772 —37.825 36
c* (?P) —37.37345 —37.37109 —37.41571 —37.41335
H (?s) -0.5 —0.497 64 —0.501 00 —0.498 64

8, andH ,gg With spin-orbit corrections taken from Refs. 27 and 29 for G2 and G3 calculations, respectively,
are listed in parentheses.

nifying the importance of this spin-orbit effect on energies of This result indicates that a small reaction barrier exists for
bromine-containing species. dissociation, similar to the case GEl,— CHCI" +HCI for

Two possible channels are involved in formation of which a theoretical prediction of reaction energy is smaller
CHBr*. Channel CHBr,— CHBr" +H+Br is unlikely near  than the experimental AE valdé.
the observed threshold because a predicted energy of 16.2 eV The experimental AE12.64 eV for channel CkBr,
is much greater than the experimental AE2.59 eV. Chan- . CHBr; +H differs from AE(G2)=12.21eV and
nel CH,Br,— CHBr" + HBr involves a significant structural AE(G3)=12.23eV by 0.43 and 0.41 eV, respectively; the
change and is expected to have a barrier for dissociation; therge discrepancy might result from poor detectivity of small
barrier and reverse barrier for HX loss is a common andsignals of CHB§ or excess energies required in dissociation
well-known phenomenon in alkyl halide mass spectrometryque to competition with other dissociation channels at
The experimental AE12.59 eV for this channel is slightly smajler energies. Discrepancies between experimental AE
greater thanAE(G2)=12.37eV andAE(G3)=12.40eV.  ang predicted values at greater energies are expected to be

generally large because of the possible presence of kinetic

, _ , shifts and reverse activation barriers. Channel Bt
TABLE Ill. Experimental appearance energiesE/eV) of fragment ions

4 . . .
and calculated reaction energiesH/eV) for various dissociative photoion- _>_Br +CHBr 'S_ proposed on the bas_ls of en_ergy con5|der—
ization channels of CkBr,. ation; the experimental AE15.31 eV is consistent with a

- previous experimental value of 15:8.1 eV?* but is much
Fragmentions = Proposed neutral Agxpt) ~ AE(G2)”  AE(G3)  greater than AE(G2)=14.71eV, spin—orbit corrected

CH,Br* Br 11.22  11.4411.28  11.39 AE(G2)=14.53eV, and AE(G3)=14.62eV. To form
CHBr* HBr 12.59 12.37 1240  CBr", channels CkBr,— CBr" +H,+Br and CBi" +HBr
B HLBr oo 16-2312‘51-09 1?-2123 +H are energetically accessible based on comparison of the
BrﬂBrz CHB ' ; : experimental AE=15.42 eV with predicted valuedE(G2)
,Br 1531 14711453 14.62

CBrt H,+ Br 1542 14761460 14.77 =14.76 eV andAE(G3)=14.77 eV for the former channel,

HBr+H 15.41 15.51 andAE(G2)=15.41eV andAE(G3)=15.51 eV for the lat-
CH; Br+Br 16.80  16.8416.52  16.63 ter channel. The former channel is more favorable because of

Bra 14.65 1465 smaller predicted\ E values and an observation of competi-

: L S I
SAE(G2) values with spin—orbit corrections of Br and‘Bare listed in  t1ON between CHBr* and CBr in Fig. 2. A5|mllar _Ch?nn_el
parentheses. CH,Cl,—CCI* +H,+Cl was observed in photoionization
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TABLE IV. Observed and calculated enthalpies of formation at ZQ&H?yzggkcal mol™!) and ionization
energies(|E/eV) of CH,Br, and CHBr, .

AH?,ZQBa IE
Species G2 G3 Expt. Ref. G2 G3 Expt. Ref.
CH,Br, —-4.6(2.9 -0.1 0+l 33 10.26 10.25 10.240.02 2
10.250.02 This work
CHZBrZ+ 232.3239.5 236.3 242 33
236.4-1.5  This work
CHBr, 42.049.2 45.0 45.0:2.2 44 8.00 8.09 8.180.16 34
8.30+0.03 34
CHBrz+ 226.3233.5 231.3 224 33
CH,Br 38.341.9 39.4 40.4£1.0 44 8.47 8.57 8.610.01 2
CH,Br* 233.5237.) 236.9 234£0.4 2
233.1+1.5 This work
CHBr 85.889.4) 88.6 89.2:4.3 18 9.02 9.00 9.170.23 This work
CHBr* 293.8297.4 296.1 =<300.7+15 This work
CBr 115.8119.5 117.4 122£15 33 8.55 8.65 10.480.02 39
<9.11+0.78 This work
CBr* 312.9316.5 316.8 362.5 33

<332+3 This work

A HY o5 for all species were calculated using experimental Iiteramu-ﬁé{298 values of 171.3C), 431.0 (C),
52.1(H), 365.7 (H"), 26.74(Br), and 299.2 (Bf) kcal mol ™.

t'AH?,298 values calculated with spin-orbit corrections of Br and Baken from Ref. 27 are listed in parenthe-
ses.

of CH,Cl,.% Two channels CkBr,— CH, +Br+Br and Assessment of accuracies of predicted thermochemical
CH, +Br, are possible for formation of CH, but the properties with G2 and G3 methods in the literature focus
former is more likely because the predicted energy of 14.6%nainly on molecules containing atoms in the first and second
eV compared with 16.6 eV for the other channel is muchrows; comparisons for species containing third-row atoms

smaller than the experimental AE.6.80 eV. are sparsé®~2° Predictions of accurate enthalpies of forma-
tion and IE for polyatomic species containing third-row at-
C. Enthalpies of formation and ionization energies oms are more challenging because of increased configuration

interaction and spin—orbit effects.

Table IV compares experimenta and calcu-
lated AH?]298 and IE for bromine-containing species in-
volved in this work;AH?‘298 calculated with a spin-orbit cor-
rection of Br taken into account are listed in parentheses.
According to Table 1V, predicted&H?298 at the G2 level
with spin-orbit correction and those at the G3 level agree
with experimental values within 5 kcalmdl except for
CHBr, and CBf'; a larger discrepancy for CBrmight re-

ExperimentaIAH(f"”298 values of CHBr, are scattered,
14+1.2, 2.3%3.59, -2.65-1.2, and -—3.53+0.8
kcal mol 1;** we used a value of ©1 kcalmol* recom-
mended in JANAF table¥ Based on our experimental |E
=10.25-0.02 eV andAH?,zgs(CHzBrz)=0i 1 kcalmol 2,
we obtainedAH{ ,o¢ CH,Br; ) =236.4+ 1.5 kcal mol ?; this
value is slightly smaller than a literature value of 242
kcal mol . Enthalpies of formatiomH?y0 of ions are de-

rived from observed AE andH?‘O of associated neutral spe- . o . .
cies: values ofAH?’zgg are converted from&H?’o based on flect experimental uncertainties described previously. Pre-

vibrational frequencies of calculations\H? ,of CH,Br*) dic:ted_AH?298 values at the G3 level are typically closer to
—233.1+1.5kcalmolt is derived with AH?O(Br) experimental vglues than those _at the G2 level.
—28.2kcalmol, AH?(CH,Br,)=5.2+1.0kcal mol L, Also seen in Table 1V, predicted valueg(ﬂﬂ)=10.26.
and the experimental AE11.22 eV this value is consistent €V and IEG3)=10.25 eV for CHBIr, agree with the experi-
with a literature value of 23420.4 kcal mol't. For CHBr* mental IE=10.25 eV determined in this work and 10.24 eV
and CBF, we can derive only upper limits fakH? o5 be- determined by Mat al? Predictions of IEG2)=8.00 eV and
cause there is no information on barriers of dissociation/E(G3)=8.09 eV for CHBE are smaller than the quoted
AHY,o{ CHBr)<300.7+ 1.5 kcalmol * is derived from Value of 8.30 eV estimated from the photoelectron threshold,
our experimental AE12.59 eV and AH?O(HBr) but are consistent with a value of 8£8.16 eV determined
= —6.8kcalmol ! converted fromAH?,o(HBr)=—8.67 by EI**Predicted IEG2)=8.47 eV and IEG3)=8.57 eV for
+0.04 kcal mof 3 this value is consistent with predictions CH,Br differ from the experimental IE8.61 eV by only
of a spin-orbit corrected value of 297.4 and 296.1 kcalthol 0.14 and 0.04 eV, respectivéljNo experimental IE of CHBr
with G2 and G3 methods, respectivelAH? ,,<332 is available in the literature, but predicted(@)=9.02 eV
+3 kcalmol ! derived for CBF is much smaller than the and IHG3)=9.00 eV are consistent with an upper limit of
literature value of 362.5 kcal mot, but closer to predictions 9.17+0.23 derived from our experimentAlH?yzgs(CHBr*)

of 316.5 and 316.8 kcal mot with the G2 and G3 methods, and literature AH?V298(CHBr)=89.2t 4.3kcalmorlt. For
respectively; the literature value is inaccurate. CBr, predicted 1EG2)=8.55 eV and IEG3)=8.65 eV are

F,33,34,44
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