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The CF and CK fragment ion yield curves from £, have been remeasured by photoionization
mass spectrometry. Fits with appropriate model curves vyield the appearance potentials
AP,(CF{/C,F,)=13.721+0.005 eV and ARCF'/C,F,)=13.777-0.005 eV and an accurate
difference in ionization potentials, (EBF)—IP(CF;)=0.055-0.003 eV. With the existing
photoelectron value WEF)=9.11+0.01 eV, this produces (BF;)=9.05+0.01; eV. The CR
fragments from CECI, CF;Br, and CKl have also been remeasured, and their ion yield curves fitted
with model functions. The experimentally derived £ABF; /CF,;Cl)<12.867-0.008 eV has been
found to be only an upper limit. The analogousjCiFagment yield curves from GBr and CFl
produce AR(CF3/CF,Br)=12.095-0.005 eV and ARCF;/CF;l)=11.384-0.005 eV, leading to

D(CF;—Br)=70.1+0.3 kcal/mol(70.8+0.3 kcal/mol

at 298 Kand D y(CF;—1)=53.7+0.3 kcal/

mol (54.3+0.3 kcal/mol at 298 K Based on tabulated values faH:(CF;Br) and AH3(CF;l),

which appear to be inconsistent by~1

kcal/mol, a compromise value of

AH$ ,95(CF;)=-111.4+0.9 kcal/mol (—110.7+0.9 kcal/mol at 0 K is selected, resulting in

AH; ,05(CF)=97.4+0.9  kcal/mol (98.1+0.9
IP(CF,)=AP,(CF§/CF,)=14.67+0.04 eV can

kcal/mol at 0 K. Additionally,

be inferred. From data on R,

AH} 595(CH=62.5+1.1 kcal/mol (61.7=1.1 kcal/mol at O K can be deduced. Many earlier
literature values for appearance potentials of @m CF;X, leading to very lowAH;(CF3) and/or
IP(CF;) values, are demonstrated to be in error. 1897 American Institute of Physics.
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I. INTRODUCTION

K), significantly higher than their previous inferefi¢g of
84.8 kcal/mol, and implyingAH$ ,94(CF3)=—108.3-1.7

~ The CRradical has attracted recent attention because dtcal/mol. However, after elaborate comparison with data on
its relevance in the atmospheric chemistry associated witther halomethanes and high-qualé initio calculations,
oxidative  degradation  of  fluorocarbons  and Kumaranet al*® conclude that although the experimental

hydrofluorocarbon$=® It is thus surprising to find that its
heat of formation,AH;(CF;), and its ionization potential,
IP(CF;) are still not known accurately.

JANAF® lists AH} ,95(CF5)=—112.41.0 kcal/mol,
originally derived by Syverud“from least squares, simulta-
neous adjustment of the enthalpies of formation of;CF
CFX (X=H,CI,Br,l,CF;), and GF,.” The analogous least-
squares adjustment dfH;(CF;X) by Gurvich et al® does
not include either gF, or CF;. Rather, they obtain
AH} 595(CF3)=—112.8+1.2 kcal/mol as the mean of seven
determinations based on various kinetic measurements
Do(CF;—X). McMillen and GoldeR recommend a slightly
higher value ofAH} ,94(CF3)=—111.7+3.6 kcal/mol. The
compilation by Liaset al° prefers the still higher value of
Tsang™' AH$ 300(CF;)=—110.0:1.0 kcal/mol (see Table
).

Tsang's selectioft for AH$(CF;) is based on his
D30 CF;—Br)=70.5£1.0 kcal/mol(69.8+1.0 kcal/mol at 0
K), yielding AH$ 530¢(CF;)=—111.3+1.7 kcal/mol, which
was then fine tuned te-110.0+1.0 kcal/mol using tabulated
kinetic data®>**involving CHF; and GHg. Recently, Kuma-
ran et al* inferred Dy(CF;—1)=55.0 kcal/mol(55.6 kcal/
mol at 298 K, which impliesAH} ,44(CF;)=—110.7 kcal/
mol, and therefore supports Tsang's value Adtl;(CF;). In
a subsequent paper, Kumaranetal® report
Do(CF;—CI)=89.0+1.5 kcal/mol(89.9+1.5 kcal/mol at 298

Dy(CF;—Cl) fits very well in the trends for the remaining
experimental bond strengths, the JANARalue for
AH$(CF;y) is nevertheless probably correct, and that most
inconsistencies can be resolved by attaching error bars which
are somewhat larger than those originally quoted.

The determinations oAH}(CF;) discussed above are
based primarily on measurements of €K bond energies
by kinetic methods. At least in principle, an alternative ap-
proach is provided by photoionization mass spectrometry,

hich can yield accurate appearance potentiaB) of the

F; fragment from various CJX parent molecules.
Together with the ionization potentidglP) of CF;, these
APs lead to the desired bond energies through

Unfortunately, direct measurements of the adiabatic IP
of CF; are quite difficult, since the ionization threshold is
dominated by very unfavorable Franck—Condon factors, re-
flecting the change in geometry from pyramidal G pla-
nar CF . Thus, from photoionization measurements of the
CF; radical, Lifshitz and ChupKé concluded early on that
the adiabatic IP is “probably” 9.250.04 eV. Subsequently,
Walter et al1® suggested 9.170.08 eV as a “weighted av-
erage of 9.25 and 9.11 eV,” the latter based on
unpublished® data on CHl, CF;Br, and CRCl. JANAF®
adopts the same (BF;), while Lias et all° prefer the esti-
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TABLE I. An overview of various experimental values for the heats of formation of &/ CF, and a

selection of CE—X (X=ClI, Br, and ) bond energies relevant to present work. The currently recommended
values are underlined. Unless stated otherwise, values in brackets have been inferred using standard heats of
formation (see Ref. 5 Values obtained by conversion betwe® K and 298 K are in braces.

Quantity 298 K 0K Source
AH3(CFy) —111.4+0.9 kcal/mol —110.7+0.9 kcal/mol This work
—112.4+1.0 kcal/mol —111.7+1.0 kcal/mol JANAR
—112.8+1.2 kcal/mol —112.1+1.2 kcal/mol Gurvichet al®
—110.0+1.0 kcal/mol {—109.3+1.0 kcal/mo} Tsang
—111.3+1.7 kcal/mol {—110.6+1.7 kcal/mo} Tsang

—111.7+3.6 kcal/mol {—111.0+3.6 kcal/mo} McMillen and Goldefi

{—110.7 kcal/mdl —110.0 kcal/mol Kumaraet alf
[—108.3 kcal/ma] [—107.6 kcal/ma] Kumaranet al8
AH(CFJ) 97.4+0.9 kcal/mol 98.1+0.9 kcal/mol This work
<86.6 kcal/mol {<87.3 kcal/mad) Noutary’
[<99+7 kcal/mol| [<99+7 kcal/mol| Powis
[86.4+1.6 kcal/mo] [87.1+1.6 kcal/mo] Fisher and Armentrolit
93.5 kcal/mol 98.8 kcal/mol Ajelie@t alX
{85.9+1.1 kcal/mo} 86.6+1.1 kcal/mol Clayet al'
97.6 kcal/mol 98.3 kcal/mol Berman and Beauchdmp
95.4+1.2 kcal/mol 96.11.2 kcal/mol Bombactet al”
D(CFRs-Cl) <88.8+0.3 kcal/mol <87.9+0.3 kcal/mol This work
85.8+1.3 kcal/mol 84.91.3 kcal/mol JANAR
{89.9+1.5 kcal/mo} 89.0+1.5 kcal/mol Kumararet al?
{88.4 kcal/ma} 87.5 kcal/mol Kumararet al®
[88.2+1.3 kcal/mo] [87.3+1.3 kcal/mol Tsang
D(CFs-Br) 70.8+0.3 kcal/mol 70.1+0.3 kcal/mol This work
69.4+1.2 kcal/mol 68.71.2 kcal/mol JANAR
[71.8+1.2 kcal/mol [71.1+1.2 kcal/mol Tsang
70.5+1.0 kcal/mol {69.8+1.0 kcal/mo} Tsang
D(CFs-1) 54.3+0.3 kcal/mol 53.7+0.3 kcal/mol This work
53.9+1.3 kcal/mol 53.%1.3 kcal/mol JANAR
{55.6 kcal/mao} 55.0 kcal/mol Kumararet al’
[56.3+1.3 kcal/mol [55.7+1.3 kcal/mol Tsang

@Reference 6.

PReference 8.

‘Reference 11, final recommendation foH;(CF;), adopted by Lia%t al. (Ref. 10.
YReference 11, experimental determinatiorDefCF,-Br).

®Reference 9.

Reference 14, experimental determinatiorDgfCF5-1).

9Reference 15, experimental determinatiorDgfCF;-Cl).

"Reference 24.

'Reference 29, from the upper limit to ABF;/CF,).

IReference 33.

kReference 34.

'Reference 37.

"Reference 38.

"Reference 39, listed as suggested value in etaal. (Ref. 10.

°Reference 15, the value f@(CF;-Cl) from Troe/Lennard-Jones and RRKM/Gorin models.

mated IRCF;)<8.9 eV of Loguinovet al?° (see Table I\. C,F,+hv—CF +CF;+e™,
Recent calculations by Horat al?! suggest that it is
genuinely difficult to obtain a reliable value for the adiabatic ~ C,F,+hy—CF+CF; +e".

IP(CF;) by direct photoionization or photoelectron measure-
ments. Their calculated Franck—Condon envelope shows th#tsmall enough, the energy gap between the two thresholds
the vertical transition occurs at'=20 of the umbrella mo- corresponds to the difference between the IPs of &kd
tion, and that, as one progresses toward the threshold, &F, i.e., ARCF"/C,F,)—AP(CF;/C,F,)=IP(CF)—IP(CF;).
v'=8 the intensity has already fallen to less than 1%. ThusWalter et al® report AR(CF;/C,F,)=13.70+0.02 eV,
determining the position af’ =0 by direct methods may be, APy(CF"/C,F,)=13.76-0.01 eV, and also AEF'/
in words of Hornet al, “a formidable problem.” C,F,)—AP(CF;/C,F,)=0.06+0.01 eV. At the time, IFCF)
Consequently, one is encouraged to find alternative pathwas known even less precisely than(@TF;) and hence
to IP(CF;). An excellent succedaneum is offered throughWalter et al. used their suggested (BF;)=9.17+0.08 eV
photoionization of GF,. Walter et al1® observed and mea- and the gap value to obtain (BF)=9.23+0.08 eV. Since
sured both of the following two fragmentation processes: then, IRCF)=9.11+0.01 eV has been firmly established by
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TABLE Il. Experimentally derived ionization potentials and appearance potentials relevant to present work.
The currently recommended values are underlined. Unless stated otherwise, values in brackets have been
inferred using standard heats of formati@ee Ref. 50 Values obtained by conversion betwe@ K and 298

K are in braces.

Quantity 298 K 0K Source
IP(CFs) 9.05x0.0% eV This work
9.25+0.04 eV Lifshitz and ChupKa
9.17+0.08 eV Walteret al®
9.11 eV Walteret al’®
<8.9eV Loguinovet ald
[9.05+0.02 eV] Walter et al,; Dyke et al®
<8.62 eV Noutary
[=9.2+0.3 eV] Powid
[8.62+0.08 eV] Fisher and Armentrolit
[8.9eVor9ley Ajello et al!
[8.60+0.06 eV] Clay et all

[9.11+0.06 eV]
[9.010.07 eV

Berman and Beaucharhp
Bombachet al!

AP(CF;/C,F,) 13.616+0.005 eV 13.721£0.005 eV This work
{13.60+0.02 eV} 13.70+0.02 eV Walteret al®
AP(CF'IC,F,) 13.672:0.005 eV 13.777#0.005 eV This work
{13.66+-0.01 eV} 13.76-0.01 eV Walteret al®
IP(CP)-IP(CF,) 0.055+0.003 eV This work
0.06+0.01 eV Walteret al®
AP(CF;/CF,) [14.67+0.04 eV] This work™
15.52 eV Noutary™
<15.35 eV Walteret al®>™
<14.7 eV Rosenstockt al™"
<14.7+0.3 eV Powi§"?
14.2+0.1 eV Tichy et al®P
14.24+0.07 eV Fisher and Armentrolif
AP(CF;/CF,Cl) <12.788:0.008 eV <12.86A0.008 eV This work
12.57 eV Noutary?
12.65+0.04 eV 12.810.04 eV Ajelloet alld
12.55 eV Jochimset al’
12.75+0.05 eV Creasegt al%®
AP(CF}/CF;Br) 12.009+0.005 eV 12.095-0.005 eV This work
11.84 eV Noutarlf
11.92+0.02 eV Creaseypt al?®
11.56+0.02 eV Clayet alld
AP(CF;/CF3I) 11.293-0.005 eV 11.384+0.005 eV This work
10.89 eV Noutaryf
11.27+0.02 eV 11.36:0.02 eV Berman and Beauchafnp
11.13+0.1 eV 11.26:0.05 eV Bombactet al!

%Reference 17.
bReference 18.
‘Reference 19.
YReference 20, adopted by Lias al. (Ref. 10.

*Estimated using ICF)-IP(CF;) from Walteret al. (Ref. 18 and IRCF) from Dyke et al. (Ref. 22.

'Reference 24.
9Reference 29.
"Reference 33.
'Reference 34.
IReference 37.
KReference 38.
'Reference 39.

™The onset of CE from CF, has to be interpreted in terms of parent ionization rather than fragmentatien

text for details.
"IP(CF,), as estimated in Ref. 23.
°Reference 32.

PThe reported value is determined as an enthalpy of reaction fgr-ClF; +F+e~ at some unknown tempera-

ture, tacitly assumed to be 298 K.

9Threshold value picked as “first onset;” it is not clear how to convertrfrd K to 298 K orvice versa.

'Reference 35.
*Reference 36.
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photoelectron spectroscop§With the 0.06-0.01 eV gap of After Noutary?* the appearance potentials of the JCF
Walter et al,'® one derives IFCF;)=9.05+0.02 eV, which  fragment from CECIl, CF;Br, and CRl have been revisited
is, in our opinion, the best currently available experimentalseveral times by photoionization mass spectrometry. Ajello
value for this quantity, in reasonably good agreement withet al3* reported AR,CF;/CF,Cl)=12.65-0.04 eV and
the latest calculatéd IP of 8.98+0.05 eV. AP, of 12.81+0.04 eV. On closer scrutiny, one discovers

Besides IPCF;), the key to determinindp (CF;—X) by  that their AR, or “estimated value,” was determined by
photoionization methods are accurate values folinear extrapolation of the threshold region, resembling con-
AP(CF;/CF;X). Older determinations by electron impact temporary approaches to obtain a room-temperature AP,
and other methods are conveniently tabulated by Rosenstoakhile their APy, or “observed value,” corresponds to the
et al®® One of the earliest photoionization measurement ofirst measurable onset in the tail region. FromgPAjello
various CRX species was performed by Noutdd/nter et al. list AH; 500(CF;)=93.5 kcal/mol in a table, while in
alia, he reports ARCF;/CF;X)=15.52 eV, 12.57 eV, 11.84 the text they use APto obtainAH; ,(CF;)=98.8 kcal/mol.
eV, 10.89 eV, and 14.14 eV for XF, Cl, Br, I, and H, The two values are inconsistent by4.6 kcal/mol. Remark-
respectively. However, these “AP values were produced ing that the value is probably too low and thus refraining
by selecting the first discernible onset of the;(Fagment in  from using it to inferAH;(CF3), Jochimset al3° report an
the ion yield curve, far into the thermal tail. Such selection isappearance potential of ¢Hrom CF;Cl of 12.55 eV, “in
contrary to modern understanding of fragmentation threshagreement with Noutary’s value.” Very recently, Creasey
olds and, in general, will result in values that are too low.et al*® examined CECI and report “a sharp threshold” of
Thus, Noutary concluded that (BF;)<8.62 eV and conse- CF;" at 12.75-0.05 eV, which really corresponds to the first
quently AH; o(CF3)=<87.3 kcal/mol. He also noted that the onset, since they “define and determine a threshold energy
CF; fragment is generated with “large amounts of excesgo be that value of the energy where the yield of a particular
energy.” Undoubtedly, this inference was partly induced byion, within experimental error, lies above the background
the inclusion of examples which were later found to belevel.”

pathological cases, such as &for which Noutary found the Creaseyet al®® also examined CBr, for which they
largest excess energy, 31 kcal/mand which do not pro- report an appearance potential for TBf 11.92+0.02 eV,
duce simply interpretable GFfragment thresholds. noting that their value is higher than that of Cleyal3’ for

The ground state of GFis repulsive and fragments to reasons of instrumental sensitivity. Clayal,®’ on the other

CF; +F on a timescale significantly shorter than the instru-hand, report ARCF;/CF;Br)=11.56+0.02 eV and derive
mental residence tim&25-%" Except for special AH; o(CF})=86.6+1.1 kcal/mol, implying IRCF;)=8.60
circumstance& the parent CF is not observed. Instead, the eV. Their threshold selection also essentially corresponds to
CF; fragment appears and assumes the role of a pseudopdhe first detectable departure of the ion signal from back-
ent. Thus, the CF onset from CF is shaped essentially by ground. However, they imply that such a selection is justi-
the underlying Franck—Condon factors for parentfied, since their source is coldeportedly with a rotational
ionization!® rather than by the fragmentation rate. Becausd@emperature of 30 K, although not necessarily in a Boltz-
of this, the CK threshold should be interpreted in terms of mann equilibrium with vibrations The selected threshold
parent ionization and it becomes not only justifiable, but neccorresponds to the onset of a very weak tail, which Clay
essary to look close to the first onset of the ion signal. In factet al. claim to be able to detect solely because of the high
the difference between the adiabatic (CF,) and intensity of their synchrotron light source.
AP,(CF;/CF,) is semantic, since both correspond to the  The appearance of the ¢Fragment from CRl has been
same transition, from the ground state of,Giitectly to the  studied by Berman and BeaucharfipFrom the photoion
CF; +F dissociation asymptote. fragment yield curve they obtain AR(CF3/CF;l)=11.27
Since Noutary's work, there has been a number of ateV, and after correcting for the available internal energy,
tempts to clarify the fragmentation of GFby various they derive AR(CF/CF;l)=11.36:0.02 eV, and hence
methods®2>2°-33Recognizing it as an upper limit, Walter AH; o(CF})=98.3 kcal/mol. A subsequent paper from the
etal® report ARCF}/CF,)<15.35 eV. More recently, same group reexamines this threshold by coincidence tech-
Powig® derived an improved limit 0&<14.7+0.3 eV from niques and selects a somewhat lower o&H/
energy release coincidence measurements. Using io@F;1)=11.26+0.05 eV, yielding AH} o(CF§)=96.1+1.2
molecule reaction techniques, Tichgt al®? obtained kcal/mol. These two values of AH}(CF}) imply
AP(CF;/CF,)=14.2+0.1 eV, later refined by Fisher and IP(CF;)~9.1-9.0 eV.
Armentrouf® to 14.24+0.07 eV.(Here, “AP” is actually the At this point one should mention several pertinent spec-
room-temperature enthalpy of the reaction,CFEF]+F,  troscopic details which may influence the shape of thg CF
which differs from the related room-temperature photoion-fragmentation threshold. In GR™, there are two low-lying
ization appearance potentialThe value of Fisher and dissociation asymptotes to §FX, reflecting the
Armentrouf® yields AH; ,95(CF3)=86.4+1.6 kcal/mol, 2?Pg,-2P,, spin-orbit splitting in the ground state of the
while the upper limit of Powf® implies <99+7 kcal/mol.  halogen atom X. The splitting increases with the atomic
Coupling these values tAH}(CF,) from JANAFS one ob-  number, and amounts to 0.0501 eV, 0.1094 eV, 0.4569 eV,
tains IRCF;)<9.2+0.3 eV from Powis® but 8.62-0.08 eV  and 0.9427 eV for F, Cl, Br, and I, respectivéfyThe
from Fisher and Armentrodit ground staté’E) of CF;X " is also split, int’Ej, and?E;,
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components, either by the Jahn—Teller distortion or by spinin Tables | and Il suggest that there is an uncertainty of
orbit effects. The two effects compete, and the Jahn-Teller-2—4 kcal/mol in AH;(CF;) and ~10-15 kcal/mol in
distortion dominates in lighter members, while heavier mem-AH;(CFJ). The former reflects discrepancies in determina-
bers primarily undergo spin-orbit splitting. Both componentstions of D,(CF;—X) by kinetic methods, while the latter re-
of the ground state configuration of @F" connect to the sults from the enormous disparity in the reported APs. Al-
lower asymptote, CH(*A}) +X(?P3). though some of the APs appear to have been determined by
Recently it has been suggestedhat CRBr* (%Es,)  the generally accepted mett8of linear extrapolation of the
fragments significantly more slowly than g8 (°’E;,), and  onset with subsequent correction ® K by the available
hence the thermodynamic threshold for;CB expected to internal energy, others have been determined by choosing the
be very weak, presumably gaining significantly in intensitypoint of “first departure from the background level,” and
after the onset of CBr* (°E;,). Clay etal®” report subsequently used either as ABt AP,q. At present, it is
IP(CF;Br)=11.404 eV, using the Landmterval rule, one difficult to attach thermodynamical significance to thresholds
estimates the location of GBr* (*E,,,) as 11.709 eV. Ac- obtained by the “first departure” approach, since it generally
cepting the very low IFCF;)=8.6 eV, which corresponds to leads to a selection of some arbitrary point in the exponen-
AH;{ 4(CF3)=86.6 kcal/mol, locatéd the CF;+Br(2P3,2) tially decaying tail caused by thermally excited parent mol-
asymptote at 11.56 eV+-0.15 eV below thezEl,z state. ecules. Such “threshold” is primarily determined by the in-
However, the more plausible (€F;)=9.05 eV, together strumental sensitivity and the level of background noise.
with the existing range of literature values faH$(CF;), Although the thermal tail is expected to be greatly reduced if
leads to an estimated threshold-e12.01-12.13 eV, signifi- the sample is relatively cold, as it is in a molecular beam
cantly above the onset of GBr" (251/2)_ In CF;l, the pos- effusing from a jet’ other factors, such as background cor-
sibly slow dissociation of théEs, state is even less of a rections and various secondary processes that contribute to
concern. With IRCF;1)=10.320.03 eV from Berman the tail region(collisions, field effects, etf. may complicate
etal® and Landeinterval rule, the estimated onset of the situation. Even the generally accepted approach of linear
CRX™ (251/2) is 10.95 eV, while IRCF;)=10.23 eV from  Of quasilinear extrapolation of the fragmentation offsmiay
Lias et al1? places thé’E,, state even lower, at 10.86 eV. suffer from a certain degree of subjectivity in selecting the
Even with the lowAH; o(CF})=86.6 kcal/mol, the CF  threshold value.
fragmentation asymptote is located at 10.91 eV, approxi- Recently, we have developed a procediifer obtaining
mately at, or only slightly below the onset of QF" (2E1/2)- appearance potentials from fragment photoion yield curves,
With IP(CF;)=9.05 eV, the expected position of the frag- which helps eliminate, or at least greatly reduce, the subjec-
mentation asymptote is significantly higher11.34—11.46 tive component. The approach produces an appearance po-
ev. tential by a least-squares fit of the threshold region with a
The CRl molecule has the best chance of providing amodel function obtained by convoluting a kernel function
correct CK fragmentation threshold from yet another stand-(i.€., the idealizé O K threshold shapewith an internal en-

point. Since the earliest photoionization work ong&fnol-  ergy distribution function. Full details and background of
ecules, it has been noticed that the gap betwe¢GRFX)  this technique are given elsewhéf@. _
and ARCF;/CF,X), corresponding to the GF-X bond en- The main goal of this paper is to reexamine by photo-

ergy in the ion, increases with the atomic number of thelonization mass spectrometry the threshold regions of the
halogen. This has been recently discussed by Metrs** ~ CF3 fragment from CECI, CF;Br, and CFl, and shed light
and again by Clagt al3” The point that we would like to 0n the correct value ofA\H(CF3). Our fitting procedure
make here is that a small gap betweenRX) and should readily detect possible complications such as retarded
AP(CF;/CF;X) may mean that the threshold region of the (i-e., slow fragmentation or bottlenecking by poor Franck—
CF; fragment ion yield curve is bottlenecked not by an in-Condon factors for parent ionization. Additionally, since
herently slow fragmentation rate, but by a low total ioniza-IP(CF3) is the crucial link betweenAH$(CF;) and
tion cross sectiorfor energy deposition functigrresulting ~ AH$(CF3), we shall remeasure and fit the thresholds of CF
from unfavorable Franck—Condon factors for accessing th@nd CF from CF,, and redetermine more accurately the
parent. The extreme example is QFide supra, where the value for the energy gap ABF'/C,F,)-AP(CF;/CF,)
IP and AP coincide, and the ¢Rragment onset is entirely given originally by Walteret al.*®
dominated by the Franck—Condon envelope. As the energy
range in which the parent ion is stable increases with th
atomic number of the halogen atom, the threshold region o
the CH fragment moves into a more favorable domain of  The photoionization apparatus utilized in this study was
the total ionization cross section and its shape becomes morecently described in more detail elsewh&8.Both the He
truly determined by the fragmentation rate. Extrapolating theHopfield continuum and the many-line pseudo-continuum of
trend from CRz to CF;l, one can predict that in GEI some  H, were utilized as light sources in the experiments de-
bottlenecking by Franck—Condon factors may still be en-scribed here. Throughout the experiments, the nominal pho-
countered, but that by the time @Fs reached, any such ton resolution was kept at 0.83 ,¢WHM). The wavelength
effects should be negligible. scale was calibrated by internal standards consisting of
The literature values reviewed above and systematizedparse impurity lin€é (Nei, Nu, and Hi) in the He

. EXPERIMENTAL ARRANGEMENT

J. Chem. Phys., Vol. 106, No. 1, 1 January 1997



R. L. Asher and B. Ruscic: Heats of formation of CF; and CFJ

215

0.4
@ CF3'/C,F, P 0.4 1% CF*ICyF4
c c _
S 3
g £
® ©
5 k) i
- 0.2 °
[0 2 i
o~ s 0.2
5 S
2 3
° 9]
T &
0.0 +—rrrrrr et 0.0 +————— R ABaae ARy
13.9 13.7 13.5 13.3 14.0 13.8 13.6 13.4
Energy / eV Energy / eV

FIG. 1. The expanded threshold region of thejCiFagment ion yield FIG. 2. The expanded threshold region of the'GRgment ion yield curve
curve from GF,. The solid line is a least-square fit with the appropriate from C,F,. The solid line is a least-square fit with the appropriate model
model function, as described in the text, and yields &I/ function, and yields ARCF"/C,F,)=13.777-0.005 eV. Together with
C,F,)=13.721+0.005 eV. APo(CF}/C,F,), it leads to IRCF)—IP(CF;)=0.055+0.003 eV.

Hopfield continuum or K emission lines of known was predetermined with the aid of Haarhoffspproximate
positions!® The mass selected ions were pulse countedexpression for the density of states, calculated numerically in
while the light intensity was concomitantly recorded by the range of interest by using known frequencies fef,C8
monitoring the fluorescence of a sodium salicylate coatedrhe calculated distribution was utilized to determine which
window. All samples used in these experiments were opharametery best reproduces its overall shape, while param-
commercial origin(C;F, and CRBr from AGA, CF,Cl and  etera was obtained by imposing the requirement that the
CF;l from Aldrich) and highest purity availabl®9+%). As  function corresponds to the correct amount of average inter-
some of these substances seemed to linger in the inlet systefal energy(4.086 kT at 298 K547 During the fits to the
and on the cryogenic traps even after their introduction intaexperimental data, the internal energy function was kept
the system was terminated, we took particular care to avoifixed at its predetermined form, and only the kernel position
cross contamination. Before introducing a new sample, thend shape were allowed to change.
inlet system was subjected to prolonged purging and pump-  Figures 1 and 2 show that the quality of both fits is
ing, while the cryogenic traps and the main chamber werexcellent. The fitted thresholds are #EF;/C,F,)
thoroughly outgassed, until we were able to ascertain that13,721-0.005 eV and ARCF'/C,F,)=13.777:0.005
there are no discernible signals from the previous samplesv, while the gap between them is 0.058.003 eV. The
For the purpose of thermodynamic treatment, all samplegppearance potentials by Walteral® are in good accord
were assumed to be thermally equilibrated at room tempergwithin +0.02 e\ with ours, while their gap is, perhaps
ture (298 K). fortuitously, in excellent agreement with the current determi-
nation.
IIl. RESULTS AND THEIR INTERPRETATION

A. CF* and CF$ fragments from C ,F, B. CFZ fragment from CF ,CI

The photoionization of ¢, has been studied exten-
sively at room temperature and at 140 K by Wakeml,'®  curves of the parent GEI* and its principal fragments. The
who have shown that GFand CF are the first two frag- relative intensities of the ion yield curves reflect the actual
ments. Here we will present only the corresponding threshabundances as measured through our quadrupole filter,
old regions(CF; in Fig. 1 and CF in Fig. 2). Except for the ~ with the natural isotopic composition of Cl taken into
discrimination factor of the quadrupole mass filter, the rela-account. The overall picture is congruent with previous
tive intensities of the two fragments, denoted by the ordifindings33+3548CF; corresponds to the first fragment and
nates, are meaningful. is the most abundant species in the spectrum. ThgCCF

The solid lines in Figs. 1 and 2 are the least-squares fitparent is relatively small, but readily detectable. Its ioniza-
of our model functions to the experimental points. In bothtion onset is characterized by slow growth, reflecting an ex-
cases a kernel of the general fofth—exd —B(hv—E;)]}  tended Franck—Condon region. About 0.3 eV later, at the
was convoluted with an internal energy distribution functiononset of the CE fragment, the parent levels off rather
of the form E” exp(—aE), wherehw is the photon energy, abruptly and remains roughly constant toward higher ener-
E; is the fragmentation threshold, aBd » anda are adjust-  gies. Such behavior is often interpreted as a sign that quasi-
able parameter8” The internal energy distribution function equilibrium theory is fully applicable.

Figure 3 provides an overview of the photoion yield
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FIG. 3. An overview of the photoion yield curves of the parentCIF and ~ FIG. 5. An overview of the photoion yield curves of the parent@f and

its principal fragments, with only sparse points at shorter wavelengths. Th&S principal fragments. At shorter wavelength points have been recorded at
CF; fragment corresponds to the first fragmentation process and is the mo&irger intervals. The gap between the onset of the parent and that of the
abundant species in the spectrum. The gap between the onset of the par&i@gment is~0.5 eV, which allows the parent GBr™ to attain a signifi-

and that of the fragment is relatively small, on0.3 eV. cantly higher abundance than in the chloro analog.

Figure 4 displays the threshold region of the Cffag- of the fit improved only marginally, resulting ia 0 Kthresh- _
ment in more detail. The solid line is a least-squares fit with0!d of 12.867-0.008 eV for the lower asymptote. Substantial

our model function, which has been determined as outlinedMProvement was achieved only when the gap between the
in Sec. IIl A. The internal energy function used in the con-two kernels was allowed to be a free parameter. In that case,
volution corresponds to 3.056T=0.0786 eV(at 298 K) of the. I(.)we.r of the two thresholds became 12.851 eV, but the
available average internal enerf*’The 0 K threshold im-  SPlitting increased to 0.240 eV. Although it could be argued
plied by the fit is 12.917 eV. Unfortunately, the fit is not that the observed splitting is enhanced by a kinetic shift of
perfect and misses some of the roundness in the tail regiof€ higher threshold, this is only a very remote possibility, in
We tried to improve the function by including two kernels light of the fact that the two asymptotes are thermodynami-
spaced by 0.1094 eV, hoping that this will adequately modefally only 0.11 eV apart. Thus, we conclude that the model

the two spin-orbit split dissociation asymptotes. The qualityfunction describing a normal fragmentation is not entirely
adequate and that the threshold shape is rendered complex by

some other factors.

It is not clear that slow dissociation from tRE,, state
. is able to explain the distortion of the threshold. Creasey
CF3'/CF4Cl et al3® report IRCF,Cl)=12.52+0.05 eV; in order to relate
to the observations, th&E,,-2Ej;, splitting would have to
be >0.2-0.3 eV. Perhaps a more likely explanation is that
the threshold shape is subtly modulated by Franck—Condon
factors for parent ionization, as suggested by the fact that the
fragmentation onset is located0.2 eV below the vertical IP
of the first photoelectron ban@l3.08 eV, unresolvedE
configuratio®). This, of course, does not rule out the possi-
bility of additional effects resulting from a hypothetical
slower fragmentation of GEI™ (°Es),).
0.0 - Regardless of the reason for the imperfect fit, the
134 132 130 128 126 124 derived threshold value is only an upper limit,
AP(CF;/CF;Cl)<12.867-0.008 eV. It is interesting to note
that the AP that would be obtained from a traditional graphi-
FIG. 4. The expanded threshold region of the;GFagment from Cgcl.  cal approach is the same as that derived from a fit with a
The solid line is the least-squares fit with a single-kernel model func-single kernel, 12.917 eVor 12.838 eV at 298 K although

tion, and it misses some of the roundness in the tail region. A fit with ayithout giving a clear indication that the onset is compli-
model function that includes two kernels with a fixed gap of 0.1094 eV .

between their thresholds, which should reflect more appropriately the exist(-:ated by additional factors.
ence of two spin-orbit split asymptotes, {EA;)+CI(3P5,) and

CF; (*A])+CI(?Pyy) in the region of interest, brings only a marginal im-

provement. As discussed in the text, the possible culprit is subtle bottleneckC. CF3 fragment from CF 3Br

ing by unfavorable Franck—Condon factors for parent ionization. The ex- . . .
perimentally derived ARCF;/CF,Cl)<12.867-0.008 eV, is only an upper An overview of the photoion yield curves of the parent

limit to the true threshold. CF3Br* and its principal fragments is shown in Fig. 5. The
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FIG. 7. An overview of the photoion yield curves of the parentiCFand

Energy / eV its principal fragments. As opposed to the chloro and bromo analogs, the
CF,l* parent is much more prominent and is the dominant species at least
until 800 A. The gap between the onset of the parent and that of the frag-
ment is significantly larget~1.0—1.1 eV than in the case of lighter ana-
logs.

FIG. 6. The expanded threshold region of thejGRagment ion yield curve
from CFBr. The solid line is a least-square fit with the appropriate
model function, as described in the text, and yields &/
CF;Br)=12.095-0.005 eV. As opposed to the chloro analog, the quality of
the threshold fit is excellent. Here there is no need to include the upper
spin-orbit split asymptote in the fit, since it is located outside the range of

interest. D. CF3 fragment from CF 4l

Figure 7 gives an overview of the parent and the most

relative intensities of the ion yield curves are adjusted for thdProminent fragment ion yield curves resulting from photo-
isotopic composition of Br, but not for the mass dependentonization of CHl. As before, the relative intensities are
discrimination factor of the quadrupole filter. The generalMeaningful, apart from the discrimination factors of the
picture agrees with previously published spedt. As in quadrupole filter. In contrast to Fhe lighter gnalogs, tthCF _
the case of CRCI described above, GFis the first and most Parent is very prominent an<_j iS thg dominant species .untll
abundant fragmeriat least until 800 A and its onset termi- ~800 A. After the threshold, it exhibits strong growth which
nates the growth of the parent. However, the relative abun€NdS in & giant autoionization resonance centered 100
dance of the parent GBr™ is significantly higher than in the A The initial rise of the parent displays an inflection at
chloro analog, and the gap between the onsets of the parefit} 140 A,zmost likely corresponding to the onset of the spin-
ion and the CE fragment is larger;~0.5 eV. o_rbl_t split “E,, state. The first fragment corresponds to;CF

Figure 6 provides a more detailed view of the thresholdSimilar to the case of Gl and CRBr. However, the gap
region of the CE fragment. The solid line is the fit with our P€tween the ionization onset and the onset of @Fsignifi-
model function, obtained by the procedure described in Se§antly larger(~1.0-1.1 eV than in the lighter analogs.

Il A. The average available internal energy implied by the ~ Figure 8 provides a view of the threshold region of the
convoluting function is 3.33&T=0.0857 eV (298 K), as

obtained by standard metho®$*’ As opposed to CEl, the

quality of the fit is excellent. The resulting threshold is
AP,(CF}/CF;Br)=12.095-0.005 eV. Clearly, there is no 3
need to include the upper spin-orbit split asymptote in the fit,
since it is located completely outside the range of interest,
0.457 eV highef?

Clay et al®" report IRCF;Br)=11.40+0.01 eV, while
Creaseyet al® give 11.63:0.05 eV. These lead to esti-
mated onsets for GBr* (°E,,) of either 11.70 eV or 11.93
eV. Both are significantly below the fragmentation threshold
reported here. If the thermodynamic onset of ;C#were
lower, as claimed by Clagt al.,*” but made extremely weak ]
by slow dissociation from théE,, state of CRBr, one
would expect to see an onset that is related to the position of
the 2E1,2 state. This definitely does not appear to be the case
here. Bottlenecking by Franck—Condon factors is also very Energy / eV
unlikely, in light of the high quality of the fit and the fact that
the threshold determined here is located close to the vertical®: SC'FTIheTE)épggﬁ;?i:lgreégfe'?yrzi@’;gg;{ggﬁiﬁigigéi‘;gge")‘éi‘;‘g"?s .
IP to the 2E state (12.08+0.05 eV, from photoelectron iEs ’ :

least-square fit with the appropriate model function, as described in the text.
spectroscopy). The resulting threshold value is ARCF:/CFsl)=11.384-0.005 eV.

CF3"/CF3l
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CF; fragment. The barely discernible solid line is a fit with low. Curiously, the value of 12.750.05 eV by Creasey
our model function, derived as outlined in Sec. Ill A. The et al.® also defined as a “first departure,” is very close to
convoluting function implies an average internal enéftfif  our 298 K value.
of 3.554kT=0.0913 eV(298 K). As in the bromo analog, the AP,(CF;/CF;Cl)<12.867-0.008 eV, with IRCF;)
quality of the fit is excellent. The resulting threshold =9.05+0.0; eV, yields the upper limit
AP(CF;/CF;1)=11.384+0.005 eV is not only well past the D,(CF;—Cl)<87.9+0.3 kcal/mol (or <88.8+0.3 kcal/mol
onset of CEl ™ (°Ey,), but is even past the vertical IP of that at 298 K. JANAF®® gives Dy(CF;—Cl)=84.9+1.3 kcal/
state, found to be 11.18 eV by Cvitas al*° mol (85.8+1.3 kcal/mol at 298 K well below our upper
bound. The recent experimental inference of
Dy(CF;—Cl)=89.0+1.5 kcal/mol by Kumararet al® lies

IV. DISCUSSION nominally above our upper Iimit..However, their yalue was
selected to encompass three different RRKM fits to their
A. IP(CFy) data. While the sophisticated model resulted in 90.5 kcal/

From our refined value for ARF"/C,F,) Mol whichindeed seems too high, two simpler models gave
—AP(CF3/C,F,)=0.055-0.003 eV and IFCF)=9.11 87.5 kcal/mol. The latter value satisfies our upper limit, and
+0.01 eV from Dykeet al,?> we obtain IRCF;)=9.05 s in close agreement with o(CF;—Cl)=87.3+1.3 kcal/mol
+0.01 eV, in excellent agreement with the value inferred in (88.2+1.3 kcal/mol at 298 K which can be obtained from
the Introduction. One should note that the bulk of the errorTsang’s’ AH} ,94(CFz)=—110.0:1.0 kcal/mol (—109.3
bar of IRCF;) propagates from the uncertainty in(GF). +1.0 at 0 K and auxiliary heats of formatiot!.If a value of

In principle, one could challenge this approach to the IPDo(CF;—Cl)~87.5-87.3 kcal/mol were correct, it would im-
of CF,, arguing that the fragmentation thresholds forjCF ply that the true threshold of GFfrom CR,Cl is situated
and CF from C,F, may be retarded, and that consequentlyonly about 0.02-0.03 eV lower than our upper limit, while
the derived gap is incorrect. This is highly unlikely. ;End JANAF’s® value of 84.9 kcal/mol requires the true threshold
CF" are the first two fragments from,E,, and have rather to be~0.13 eV lower. Judging from the amount of misfit in
unremarkable thresholds, as demonstrated by excellent fifsg. 4 and the conjecture that the likely culprit is a subtle
(see Figs. 1 and)2Even if the thresholds were retarded, onebottlenecking effect by Franck—Condon factors, one can, al-
would expect them to suffer from comparable kinetic shifts,beit only qualitatively, conclude that probably the true
since the two fragmentation asymptotes differ only in thethreshold is not as much as 0.13 eV lower than our upper
final location of the charge and the energy gap between thefimit, i.e., APy(CF; CF;Cl)>12.74 eV.
is quite small. If anything, one would expect that the higher ~ From our AR(CF3/CF;Br)=12.095-0.005 eV and
energy process will undergo a slightly larger retardation/P(CF3)=9.05+0.0}; eV, we obtain Dy(CF;—Br)
This means that 0.0550.003 is technically anpper limitto ~ =70.1+0.3 kcal/mol(or 70.8-0.3 kcal/mol at 298 K This
the gap, and 9.05 eV bwer limit to the IP of CR. The Is in excellent agreement with the experimental determina-
consequence of this deduction is very important, since it imtion of Dgo(CF;—Br)=70.5+1.0 kcal/mol by Tsang! and
mediately rules out the low [EF;)~8.6 eV arising from the in reasonably good agreement with the bond energy of 71.1
data of Noutar);,4 Fisher and Armentro[fﬁ and Clay +1.2 kcal/mol(71.8t1.2 kcal/mol at 298 K which can be
et al,¥” as well as the estimated value 8.9 eV by Logu- ~ obtained from Tsang's recommendédalue for AH}(CF)
inov et al® (see Table . The present determination of and auxiliary datd® JANAF'S® AH{(CF,) leads to
9.05+0.03 eV for the IRCF;) is quite close to 9.11 eV Do(CF;—Br)=68.7+1.2 kcal/mol(69.4+1.2 kcal/mol at 298
inferred by Walteret al1® from unpub“sheﬂj9 data on CRX, K), ~1.4 kcal/mol lower than our value, but still overlapping
and to IPs in the range-9.0-9.1 eV, implied by the data of Wwithin the combined error bars. In contrast to this, the “first
Powis?® Ajello et al,3* Creaseyet al,®® and Berman and onset” values for ARCF}/CF,Br) of 11.84 eV by Noutaryf
Beaucham® and 11.92-0.02 eV by Creasegt al,*® when combined with
IP(CF;)=9.05+0.01 eV, yield low bond energies of 64.2
kcal/mol and 66.3%0.5 kcal/mol, r;spectively, while the AP
of 11.56+0.02 eV from Clayet al.’’ leads to the extremely
B. AP(CF3/CF3X) and Do(CFs—X) low value of 57.70.5 kcal/mol.

In Sec. Il B we have shown that photoionization mea-  Combining our AR(CFJ/CF3l)=11.384+0.005 eV with
surements provide only an upper limit to the AP of TF IP(CF;) givesDy(CF;—1)=53.7+0.3 kcal/mol(or 54.3+0.3
from CF;,Cl, <12.867-0.008 eV at 0 K(or <12.788t0.008 kcal/mol at 298 K. This is in excellent agreement with
eV at 298 K. This threshold is in good agreement with the JANAF's® value of 53.3-1.3 kcal/mol(53.9+1.3 kcal/mol
“estimated” AP, of 12.81+0.04 eV by Ajelloet al.**which  at 298 K), but slightly lower than the value of 55.0 kcal/mol
was obtained by linear extrapolation, and should be treatet65.6 kcal/mol at 298 Kby Kumaranet al1* and the value
as a room-temperature value. Not surprisingly, their “ob-of 55.7+1.3 kcal/mol (56.3+1.3 kcal/mol at 298 K
served” APy, of 12.65-0.04 eV, selected as the “first on- derived® from Tsang's' AH;(CF,). The AR(CFi/CFyl)
set,” is significantly lower, as are the analogous “first on- by Berman and Beauchamip,11.36+0.02 eV, which is
set” of Noutary* (12.57 eV}, and the value of 12.55 eV in very good agreement with our AP leads to
reported by Jochimet al® but recognized by them to be too Dy(CF;—1)=53.2+0.5 kcal/mol, while the revised appear-
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ance potential of 11.260.05 eV by Bombactet al*° leads  of D(CF;Br)-D(CF;l). This may be equivalently expressed
to the considerably lowed o(CF;—1)=50.8+1.2 kcal/mol. asAH; o(CF;Br)-AH; o(CF;1)=13.8+0.2 kcal/mol, using
To reiterate, our ARCF;/CF;Br), AP(CF;/CRyl), and  only AH;(Br) andAH;(1) in addition. The tabulatéd heats
IP(CF;) lead to Dy(CF;—Br)=70.1+0.3 kcal/mol and for formation of CRBr and CRl differ by 12.8+1.1 kcal/
Do(CF;—1)=53.7+0.3 kcal/mol. The latter bond energy is in mol, and imply a 15.41.1 kcal/mol difference in bond en-
excellent agreement with JANAF® while the former is in  ergies. Thus, our data are suggestive of a discrepaneylof

excellent agreement with the measurement of TSaagd,  kcal/mol between the tabulated heats of formation ofEZF
within combined error bars, barely agrees with JAI EE. and CFRl, which seem to be in need of a careful redetermi-
Our analysis in terms of bond energies indicates that a cory4tign.

siderable number of literature values for @H/CF;X), Taking tentatively the tabulaté8%° value for

chiefly obtained by the “first onset” approach, are too low. AH;(CFCl) as correct, ouAH;(CF,) leads toDo(CF-Cl)
=85.9+1.2 kcal/mol, and with IFCF;) vyields
C. AH}CF;) and AH}CF3) AP(CF;/CF;Cl)=12.78+0.05 eV. The derived appearance
potential is within the range of the fitted upper limit and the
rough estimate for the lower limisee Sec. IV Band indi-
cates that the experimental fragmentation onset is too high
by ~0.08 eV. However, nudging dowdH;(CFCl) by
0.5-1 kcal/mol, would bring both the derivedl,(CF;-Cl)
closer to that of Kumaranetal,”® and the derived

Our Do(CF;—Br)=70.1+0.3 kcal/mol and JANAF%S®°
AH$(CF;Br)=—152.2+0.7 kcal/mol gives AH; 4(CFy)
=-110.3+0.8 kcal/mol, close to one of the values of
Tsang'!* However, ourD,(CF;—1)=53.7+0.3 kcal/mol and
JANAF's®30 AH; ((CF,l)=—139.4+0.8 kcal/mol, yields
AH} 4(CF)=—-111.3+0.9 kcal/mol, exactly 1.0 kcal/mol N o
lower, and closer to JANAFS%value for AH}(CFy). Since AP(CF;/CFCl) closeor to our limit.
our two derived values oA H;(CF,) overlap within their Using our AHj(CF;) recommended above +and
error bars, selecting a weighted average ofP(CF)=9.05+0.0L eV, we obtain AH; o(CF;)
AH; 4(CF)=—110.7£0.9 kcal/mol or AH; ,qg(CFs) =098.1+0.9 kcal/mol andAH} ,94(CF3)=97.4+0.9 kcal/
=—111.4+0.9 kcal/mol seems to be a good compromise. mol. This is in good agreement with one of the values of

However, one would like to understand the origin of theAjello et al,** AHj o(CF3)=98.8 kcal/mol, and with
1 kcal/mol discrepancy between our two values ofAHj o(CF3)=98.3 kcal/mol by Berman and Beauchaffip.
AH$(CF;). One interpretation, nominally similar to the origi- It also agrees well with the limit 099+ 7 kcal/mol implied
nal conclusion of Noutar$* is that there is a smooth trend in by the results of Powié and is not too far from
the APs of the CE fragment, and that ACF}/CF,) is the ~ AH} (CF3)=96.1+1.2 kcal/mol by Bombackt al>° How-
farthest from the thermodynamical threshold, whileever, it is significantly higher thadH$ o(CF;)<87.3 kcal/
AP(CF3/CFyl) is the closest. This interleaves well with the mol of Noutary?* AH; ,05(CF3)=86.4+1.6 kcal/mol im-
known aberration in Cfrand perhaps also with our findings plied by Fisher and Armentrodt, and AH; O(CF;)
on AR(CF; /CFCl), but it would imply that ARCF;/CF;Br)  —g86.6+1.1 kcal/mol reported by Clagt al
is retarded by~1 kcal/mol, or 0.043 eV. In light of the Our value for AH}(CF}), together with the well
excellent fit(Fig. 6) and analysis in Sec. Ill C, this seems gstaplisheli®>® AH}(CF,), yields AR(CF;/CF,)=14.67

very unlikely. A more plausible explanation is that there is a+0.04 eV(14.73+0.04 eV for ABRggOr 339.4-1.0 kcal/mol
basic discrepancy between the tabul&fdtkats of formation or AH® ,es for the reaction CF-CFi+F) and also

of halomethanes, and in particular, betwedn:(CF;Br) and IP(CF,)=14.67+0.04 eV, if the ground state of CFindeed

. ) . 15
AH(CH). AS mentlone_:d in S_ec. I,_Kumaraet a_I. have does not have a minimum in the potential well when zero
recently noticed some inconsistencies concerning the heaés

) _~-point energy is consideréd?’ The AP is in very good
of formation of halomethanes, and concluded that variou 3greement with the upper limit of Povisbut is discordant

experimental and theoretical findings can be reconciled only > . . 32 .
if the error bars are increased beyond their original magnixjvIth the cgnclusmns _qf Tlchyet_ al* and _Flsher and
t>° Not surprisingly, the inferred IP is lower than

tudes. The problem of consistency between the heats of fof> "€Ntrou
muation of Cngx has been blroughtyup gso by Berman and® of the direct observatiori%182*put in remarkably good

Beauchamp® who pointed out thatAH:;(CF.Cl) and agreg:‘yent with the estimate ef14.7 eV by Rosenstock
AH:(CF3Br) were determined relative tAH;(CF,l), while ~ €tal’
the latter has been determined relativeAtel;(CF;H). This The thresholds of the CFan CR fragments from GF,
would make it appear thakH}(CF,l) is more fundamental pre§ent the opportunity to estimate the otherwise poorly es-
thanAH}(CF,Br), and that thereford H:(CF) derived from  tablished AH{(CF). From AR(CF3/C,F,)=13.721-0.005
Dy(CF4l) is to be preferred. However, the least-squares adeV andAHj o(CF;)=98.1+0.9 kcal/mol, and assuming that
justments of Syverddand Gurvichet al® introduce a more JANAF'S® AH{ o(C,F,)=—156.6+0.6 kcal/mol is correct,
complex interdependence of the tabuldfédvalues for ~we obtainAH; o(CF)=61.7+1.1 kcal/mol orAH} ,45(CF)
AH$(CF;X), so that, in factAH;(CF;Br) winds up with a =62.5-1.1 kcal/mol, implying Do(CF)=5.50-0.05 eV.
slightly lower error bar thaAH}(CF;l). This is in reasonable agreement with JANAFsference of
The  difference  ARCF;/CF;Br)-APy(CF;/CFyl)  AH} ((CPH=60=2 kcal/mol, and not very far from the se-
=0.711+0.007 e\.=16.4+0.2 kcal/mol is a direct measure lection of Gurvichet al® of 57.5+2.5 kcal/mol.
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