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Direct observation of the ionization threshold of triplet methylene
by photoionization mass spectrometry
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The photoionization spectrum of the ionization threshold region of methylene has been recorded for
the first time. The CH radical was produceth situ by successive hydrogen abstractions from
methane precursor. The observed steplike onset corresponds to the vibrationless transition
CH; X 2A;«CH,X 3B, and leads to the adiabatic ionization energy of ,CHf 10.393
+0.011 eV. This value is slightly higher than the nominal midrise of the threshold step structure,
which is depressed by rotational autoionization effects. In a separate set of experiments, the
threshold region of the CHfragment from CH was recorded at room temperature. The fragment
appearance energy was accurately determined by fitting to be 1501Q@06 eV at 0 K. The
combination of these two measurements provides the best current experimental value for the bond
dissociation energy of the methyl radic@y(H-CH,)=4.727£0.012 e\~=109.0+0.3 kcal/mol
(corresponding to 11040.3 kcal/mol at 298 K and yieldsAH%(CHz,X 3B,)=93.2+0.3 kcal/

mol (93.3+0.3 kcal/mol at 298 KandAH%(CHz,’é IA,)=102.2+0.3 kcal/mol(102.3+0.3 kcal/

mol at 298 K. The latter makes the reaction ¢Ka 'A,)+H,0—CH;+OH essentially
thermoneutralAH{,=0.0+0.3 kcal/mol. © 1998 American Institute of Physics.
[S0021-96028)02715-9

I. INTRODUCTION potentia) of the CH, fragment from CH obtained by

In spite of numerous attempts, past efforts to determinéhupka and Lifshitz and the IECHp inferred by
directly the ionization energflE, or ionization potentialof ~ Herzberg! This cycle, at least in principle, provides a very
methylene either by photoelectron spectroscopy or photoiorsound and  straightforward thermochemical path to
ization mass spectrometry have been frustrated by the diffiby(H-CH,) and henceAer(CHz). However, upon closer
culty of generating sufficient concentrations of this highly scrutiny, one finds that Chupka and LifsHitzobtained
reactive radical. The only direct determinations of the IE areng(CH, /CH;)=15.09+0.03 eV using a fairly unusual pro-
the relatively coarse measurements obtained early on byeqyre. They examined the GHragmentation onset from
electron impact” (10.5+0.2 and 10.350.15 eV). CH; at several temperatures in the 810—-1110 K range. After

The best available value for the ionization energy of : .
. detailed I f the data, th th luded that,
methylene, IECH,)=10.396+0.003 eV, has been derivEd a detaried analysis of fhe daa, the aunors conciuded that, as
a consequence of subsequent collisions, the actual tempera-

by extrapolating the limit of thed A, Rydberg series from f the C dical in the ionizati L i
the first four members. Although computational theory carfure of the CHradical in the ionization region is consider-
produce a ballpark value for (EH,), it does not provide a ably lower than the measured temperature of their pyrolytic

particularly accurate audit of this quantity, since the calcusSource. Hence, they rejected the customary threshold ex-
lated estimates typically differ by up to two-tenths of an%V. trapolation methodwhich would require a reasonably accu-

Considering the fact that methylene is a rather fundarate knowledge of the sample temperajuire favor of an
mental radical, it is quite surprising to see that its heat ofinventive but difficult approach that makes use of the inflec-
formation has not yet been firmly and accuratelyeestablishedon point at the foot of the fragment yield curve. Such point,
by experimental means. Wagmast al. list AH7(CHy)  where the true fragment onset merges with the exponential
=932 k?anmO'g supposedly superseded by the JANAFj| extending to lower energies, indeed corresponds directly
compllauon', which 9selects 9221.0 kcal/mol. On the other 4 the 0 K fragment appearance energy. However, in practice
hand, Gurylchet al.” suggest 93.2 1.'0 kcal/_mol, _exactly . this is very rarely exploited because locating the desired fea-
kcal/mol higher than JANAE,and virtually identical to the . : .

7 ture of the fragment yield curve with any degree of certainty
older value by Wagmast al. e
proves to be extremely difficult.

In their recent review, Berkowitet al.”~ avoid making a h o I all fulin d .
final recommendation for this quantity. However, in the sec-, Other positive ion cycles potentially useful in determin-

9 . .
tion detailing photoionization results they lifty(H-CH, N9 AH{(CH,), which were presumably considered by
~108.2-0.7 kcal/mol. This impliesAH$(CH,)=92.4+0.7 ~ Berkowitz etal’® and discarded as less reliable, involve

kcal/mol, close to the JANAF value. The suggested bondPhotoionization measurements of the Clragment onset
energy was derived by Berkowit al. from a positive ion  either from metharé~2*or ketene* Although there are re-
cycle involving the appearance ener(WE, or appearance cent indication® that these determinations may be some-
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what off, the onset of CH from ketene, as determined by the shape and apparent location of the ionization threshold
McCulloh and Dibelet? is AEy(CH;/CH,CO) =13.729 region of CH is influenced by rotational autoionization, and,
+0.008 eV. This impliesDy(H,C=C0)=76.9+0.2 kcal/ with the aid of a carefully redetermined appearance energy
mol, and witH® AH$,(CH,CO)=—10.7+0.4 kcal/mol, leads ©f CHs from CH,, it has produced a tuned-up value of
to AH$(CH,)=93.4+0.4 kcal/mol. Using AECH;/CH,)  Do(H—CHs) and hence\HY (CHy).

would appear to have the advantage of tying the heat of In this paper we report on the related, but significantly
formation of methylene directly to that of methane, rathermore challengindat least from the experimental viewpaint
than ketene. Unfortunately, the underlying fragmentatiorstudy of the methylene radical. Methylene was prepared by
process cannot be realistically expected to yield a thermoWo sequential hydrogen abstractions from methane. The ap-
chemically reliable threshold. The lowest channel generatingroach provides sufficiently high concentrations of

the CH; fragment from methane corresponds to a Sterica”yproduce a photoionization spectrum of the threshold region
unfavorable H elimination, which must compete with the and thus for the first time tests by direct observation the
simple bond breakage to GHH that occurs at lower en- Validity of Herzberg'$ value for IECH,). In addition, the
ergy. Such a situation is prone to a “kinetic shift” in the fragmentation threshold of CHfrom CH; was examined at
appearance energy. Hence, the measured onset is likely €80m temperature. With the aid of recently developed fitting
provide only an upper limit, such E*SAH%(CHZ)s94.6 procedure$® this measurement yields an accurate value for

+0.5 kcal/mol, or perhapéeven as low as<93.8+0.5 kcal/  AEo(CH;/CHy). Together, IECH,) and AEy(CH;/CHs) pro-

mol. vide the best currently available experimental determination
Two very frequently cited experimental sourte® of ~ Of Do(H-CHy), and hence, by virtue of the accurately
© issdknown®?® value of AHY (CHs,), furnish a significantly im-

AHP(CH,) are based on measurements of the photodissd<NO alue of AH{ (CHjg), g y

ciation of ketene yielding singlet methylene.eT8 K thresh-  Proved value forAHF(CH,).

old values for this process deduced by the two studies are

very similar: 85.2:0.3 and 85.4:0.3 kcal/mol. With the pre-

cisely known valu€ for the @ 'A;—X 3B; separation in || expERIMENT

CH,, 3156+5 cm ! (9.023+0.014 kcal/mo), the two thresh-

olds yield an average dy(H,C=C0O)=76.3+0.3 kcal/mol The basic instrumental setup employed in the present

implying AH{(CH,)=92.8+0.6 kcal/mol. On the other studies was recently described elsew&® During experi-

hand, Hayderet al?° measured 77.6¢0.6) kcal/mol for the ments that utilized the many-lined Werner and Lyman emis-

dissociation of ketene to triplet methylene and 88015  sion bands of molecular hydrogen, the lines themselves pro-

kcal/mol to singlet methylene. These determinations imply aided an accuraté® internal wavelength calibration. In the

significantly different value OAH%(CHZ) =93.9+0.7 kcal/  case of the helium Hopfield emission continuum, the super-

mol. imposed Ne, N 11, and Hi atomic emission liné$® served
Not surprisingly, the literature abounds with theoreticalthe same purpose.
attempts to determineAerO(CHz). At the standard Both CH; and CH, were produced usingn situ tech-

GAUSSIAN-2 (G2) level? ab initio theory yields 94.6 kcal/ niques. Fluorine atoms were generated in a low-pressure mi-
mol, higher than most experimental values. Recently, Grexrowave discharge through pure fluorine and piped into a
and Schaeféf performed a particularly careful systematic small cuplike region, where they reacted with the methane
study of correlation effects and other corrections using larg@recursor. The construction of the radical source is such that
atomic natural orbital basis sets and coupled cluster methodspecies emanating into the ionization region have typically
including single, double, and triple excitatiohCSIT)]. undergone several collisions with the source walls and are
They found the upper and lower limits of 92.8 kcal/mol thus reasonably well equilibrated to ambient temperature.
sAHf%(CHZ)s94.1 kcal/mol, and extrapolataNH%(CHz) Methyl radical was generated by direct hydrogen abstraction
=93.4+0.5 kcal/mol. Very recently, Peterson and Dunithg from methane, while methylene radical was produced by
performed a different study using systematic sequences afriving the reaction a step further and abstracting a hydrogen
correlation consistent basis sets and carried out their calcdrom CHs. It is suspected that the overall rate of the latter
lations at various levels of theory including CC8D and step was aided by reactions occurring on the walls of the
several multireference configuration interaction methodsradical source. The reaction yields of gldnd CH were
Their calculatedD ;(H-CH,)=116.9 kcal/mol translates to optimized by manually adjusting the output power of the
Do(H-CH,)=108.9 kcal/mol, and impIieAH%(CHZ)ZQS.l microwave source and the flows of fluorine and methane.
kcal/mol. Using correlation consistent polarized core-valencdhe CH; signal usually maximized at high to medium
basis sets at the CC$D level, Doltsinis and Knowléé  CH,/F, flow ratios and, with some experience, it was pos-
attempted another approach to estimate various correctionsible to rather reproducibly find conditions yielding a stable
They extrapolated 92:90.2 kcal/mol, and noted that a more concentration of the methyl radical with a very good signal
accurate experimental determination A)H?(CHZ) is ur-  to noise ratio. Not surprisingly, satisfactory production of
gently required. CH, by successive abstractions was significantly more diffi-
We have recentf reported on a photoionization inves- cult to accomplish. In order to start converting a portion of
tigation of CH; equilibrated at room temperature. The radical CH; into CH,, it was usually necessary to shift the reactant
was generateih situ by hydrogen abstraction from methane. flows into a domain of low CH/F, ratios, which typically
The study had a twofold purpose: It has demonstrated thdtad a tendency to generate unacceptably high background
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FIG. 1. The threshold region of the photoion yield curve of,CMethylene  FIG. 2. The photoion yield curve of the GHfragment from methyl radical.

radical was produceih situ by two successive hydrogen abstractions from The solid line under the experimental points is a model fit at room tempera-

methane. The radical is equilibrated at room temperature. ture, while the line displaced toward higher energy is the derived fragment
ion yield at 0 K. The fitted value for the appearance energy is
AE(CH,"/CH;)=15.120+0.006 eV at 0 K.

signals. However, depending on the status of the surfaces in

the radical source, it was possible to gradually adjust the

settings and obtain favorable experimental conditions of suf-

ficiently high concentrations of CHand reasonably low pa plateau region, the Franck—Condon factordée 1 of

background, allowing the measurements presented here. v, bend appears to be10% (and probably significantly
les9 than the Franck—Condon factor for the-® transition.
Ill. RESULTS Hence, the spectrum suggests that there is relatively little

A. Parent ionization of CH change in the HCH angle in going from G B, to

CH; X 2A,. This leads to the inference that there is very

f thFI%Ere %1 dlzjsplays a Tass-resqlveulilll(z?=5141)23p§ ctrunl1 little overall change in structure, since a significant change in
of the threshold region of Cjtovering 2—2eU0 MM AN b ¢_H pond length, which would lead to excitation:gf,

order to achieve the best signal to noise ratio, the points havv?/ould almost certainly be accompanied by a change in the
been recorded only at peak light intensities of thedrhis- y P y g

: : : HCH angle and a concomitant excitationin. Thus, even

sion bands. The nominal spectral resolution was 0.08 nm. . . . :
without explicit knowledge of the higher energy region of

?he spectrum, it can be concluded that the ionization onset of

~0.05 nm. The raw spectrum of GHhad a minor contribu- ; .
tion from the substantially stronger signal produced by par-CHZ is dominated by a very strong Franck—Condon factor

ent ionization of CH. This contribution was completely at- for the 00 transition. Consequently, the vertical [He-

tributable to incomplete mass separation of the quadrupolgned as the h|ghest_V|bra_1t|onaI peak in the photoelectron
filter, causing about 0.5% of the ion intensityratz=15 to spectrum and the adiabatic IE of CHare the game. The
“leak” into m/z=14. This was established in separate ex-nferred similarity of geometries of Cp°B, and
periments, which have also shown that the interfering; CH CHz X Ay is fully upheld by existing spectroscopic and the-
ion yield is relatively level and featureless in this region. oretical studies.%?2232
Hence, within the statistical scatter of the data, the principal ~ Within the small uncertainty of the correction for the
effect of the mass “contamination” was to generate a basemass “leak” discussed above, the spectrum in Fig. 1 shows
line offset. no evidence of ionization from CH *A;. In principle, if
The overall shape of the GHonization threshold shown ionization from singlet methylene were sufficiently strong, it
in Fig. 1 is that of a prominent step, and corresponds to thehould appear as a “hot band” extendingd.391 eV below
vibrationless (6-0)CH;, X 2, CH,X °B; transition. The the nominal ionization threshold for triplet methylene. Hy-
nominal midrise position is at-119.42:0.07 nm=10.382  drogen abstraction by fluorine atoms from £id certainly
+0.006 eV, at an energy somewhat lower than the expectesHfficiently exothermic to produce methylene in the singlet
adiabatic IE. In the plateau region that appears at the shostate. Of course, if the nascent singlet—triplet distribution of
wavelength end, the sporadic data points hint to the existendge radical were to be efficiently relaxed by wall collisions in
of autoionization structure converging to higher vibrationalthe source and hence equilibrated to room temperature, the
levels of the ion. resulting Boltzmann population of the singlet would be too
It is interesting to note that the spectrum does not displaymall to observe experimentally. On the other hand, previous
discernible evidence of step structure corresponding to alexperienc& appears to leave some quandaries on the effi-
lowed excitations of totally symmetric vibrations of the ion. ciency of collisions in relaxing excited electronic states
While v’ =1 of thea, stretch ;) is expected at energies across different multiplicities. However, since most singlet
higher than those covered by Fig. 1, the first quantum of thenethylene reactions proceed at collision rafe, is very
a, bend (v,) of CHy X 2A,; should still fall within the exam- likely that the population of Chka A, is depleted relative to
ined region. Within the statistical significance of the data andX B, primarily by the scavenging action of reactive wall
potential masking effects of the autoionization structure incollisions, rather than by relaxation.
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B. CH; fragment from CH , The overall quality of the fit in Fig. 2 is very satisfac-
. . . _ tory, and produces AJECH, /CH3)=15.120+0.006 eV
Figure 2 displays the threshold region .Of the pfﬂag (15.077 eV at 298 K This is nominally higher, although still
ment from CH, scanned at 0.02 nm point density. The e .
barely within the coarser experimental error bar of the

nominal spectral resolution was 0.08 nm, while the absolute revioud? value (15.09+0.03 eV, which was obtained from
wavelength scale is correct to better than 0.02 nm. Under th%ot CH, as discusséd in .Sec | '

conditions used to maximize the production of the,Cédi-
cal, contribution from parent ionization of GHvas com-
pletely negligible. However, the raw data contained a signifi-
cant contribution from concomitant GHragmentation from ~ A. IE(CH,) and rotational autoionization in the
unreacted Clj amounting roughly to 1/3 of the total signal threshold region
on m/z=14 at~15.5 eV. This interference was easily cor- The nominal midrise of the threshold step in Fig. 1 is
rected for by subtracting a separately recorded fragment ioglightly lower (~0.014+0.007 eV) than the adiabatic ion-
yield curve of CH from CH,. The exact amount of correc- ization threshold derived by Herzbetgn principle, it is
tion was established by discharge on/off measurements @ossible that the extrapolated ionization limit is not entirely
selected wavelengths prior and immediately after the runssorrect® since it is based on a very short Rydberg series. On
thus providing an accurate measure of the relative intensitiethe other hand, as shown receftljor CH;, the apparent
of the two processes. A direct comparison of the two spectranidrise of the steplike shape may be depressed if rotational
(CH; from CH, and CH from CH;y), when normalized to autoionization is a significant contributor to the overall ion-
the same intensity at+ 15.5 eV, indicates that the threshold ization process in the threshold region.
of CH; from CH, approaches the background level in a  The configuration of CH in its ground state is
more curved fashion and appears at slightly higher enéfgies(1a;)%(2a;)?(1b,)*(3a;)*(1b;)* *B;. The lowest state of
than that of CH from CH,. This fortuitous circumstance the CHj ion, X 2A, is generated by the (&) ! ionization
helps significantly in minimizing the influence of slight ex- process. The dipole-allowed ionization continua accessible
perimental imperfections likely to be present in the subtracfrom the ground state of CHhave overall symmetries of
tion procedure. By varying the subtracted amount within the’A;, 3A,, and®B;, and can be formed by couplirigs &,
extremes that clearly yield undercorrected or overcorrectetid &, kd & and kd b, outgoing waves with the
spectra, it was established that even under a pessimistic sc8H; X 2A, ion core. In the discrete region, these four ion-
nario the uncertainty in the AE arising from imperfect sub-ization continua correlate with the analogous dipole-allowed
traction is relatively small €0.003 eV), and contributes Rydberg seriesi?A;]ns *A;, [2A;]nd 3A,, [?A;]nd 3A,,
only trivially to the overall error bar. and[?A;]nd 3B;. Unfortunately, not much is known about
The general shape of the curve in Fig. 2 is verythese Rydberg states. Herzbtofpserved at 141.5 nm a band
reminiscent® of the ion yield of the CH fragment from  possessing very simple rotational structiPeandR branch
CH,. In both cases the examined process proceeds via simply, with prominent even—odd intensity alternatioifhe
bond scission and corresponds to the energetically most fstriking similarity to a%«—X band led initially to an inter-
vored fragmentation. Although in the present spectrum théretation within a framework of a supposedly linear CH
experimental scatter is understandably larger, it can béater, when it became clear that @K°B; is bent?® the
clearly seen that the ion yield curve has a gentle convetransition was reintgrpretéa5 as theK’'=0—K"=0 sub-
overall curvature. Hence, this is another case where a tradband ofB(3d)3A,—X 3B;. In a papet following the initial
tional linear extrapolation to obtain A could yield prob-  reports on CH, Herzberg identified three additional mem-
lematic results. bers h=4-6) of the same series, providing the basis for the
The procedure for obtaining appearance energies by fitextrapolated 1ECH,). In addition to thend 3A, series,
ting the experimental ion yield curves was described in detaiHerzberg reporte°’don two ‘“strong line-like features,” at
previously?® The line passing through the data in Fig. 2 is a141.01 and 139.68 nm. These were interprete@ dsanches
least-squares fit with a threshold model function, while thecorresponding to 0—0 vibrational bands of electronic transi-
line displaced toward higher energy is the implied hypothetitions to the other two @ Rydberg state¢C andD). Tenta-
cal fragment ion yield at 0 K. The kernel function used heretively, Herzberg also suggestedhat a “weak band” at
was of the form{1—ex{ —B(hv—E7)]}, and the internal en- 169.0 nm could correspond to thes Rydberg state. The
ergy distribution function had the fori” exp(—aE), where  existence and the approximate location of all thregB, C,
hv is the photon energyE+ is the fragmentation threshold, andD) as well as one & state in methylene has been con-
andB, 7, anda are adjustable parameters. Parametaf  firmed recently using resonantly enhanced multiphoton ion-
the function representing the internal energy distribution ofization (REMPI) techniques®
CH; was predetermined with the aid of Haarhoff's In order to assess the possible influence of rotational
expressioff for the density of states, which was computed autoionization, one has to briefly examine the relevant rota-
numerically in the range of interest using tabuldfedbra-  tional structure. Both Cland CH in their ground states are
tional frequencies. Parametarwas obtained by imposing slightly asymmetriqalmost prolatgtops*3"*8The twofold
the requirement that the overall function reproduces the coraxis of theC,, molecular group coincides with the inertial
rect amount of average internal energy available for fragaxis, while thec axis is perpendicular to the molecular plane.
mentation at 298 K0.0432 eV. The rotational levels can be conveniently classified using the

IV. DISCUSSION
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Ni k. notation, whereN is the total angular momentum

apart from spin an&, andK, are the quantum numbers of
rotation about thea andc axes™ The rotational levels can
be organized into stacks havmg a common valuefpr and
N=K,, K;+1, K;+2, etc. In theK,=0 stack,K is re-
stricted toK.=N. For K,>0, eachK, value generates two
nearly degenerate stacks, correspondingKto=(N—K,)
and K.=(N—K,)+ 1. Each level can also be tagged with
Dennison-type labelé++, +—, etc) reflecting the symme-
try behavior of the rotational function with respect to rotation
about thec and a axes. Within a single stack, the labels
oscillate between two alternativés-+/—+ or +—/——).
Since CH has two identical H nuclei, the alternation be-
tween Dennison labels correlates with the overall symmetric
or antisymmetric classification, with an associated 3:1 alter-
nation in statistical weight. The nearly degenerate pairs of
levels across two stacks with saidlg have complementary
Dennison labels, and consequently produce symmetric/
antisymmetric pairs. Since the difference between rotationaflG. 3. lilustration of the effect of rotational autoionization in the ionization
constantsB andC is relatively small, the energy of the ro- Fhre;hold region of methy]ene. The 'abscissa i§ rela'tive. to .the adiabatic ion-
tational levels can be approximated sufficiently wall least :ﬁig?n energy.(a) Curve incorporating only direct ionizatiorib) Curve
porating rotational autoionization by loss of two rotational quanta of

for the purpose at handusing the symmetric top formula the core AN=—2, without allowing interactions across differefif stacks.
with K, having the role oK. (c) Curve providing an upper limit to the effect by incorporating rotational

An approximation to the relevant rotational structure autoionization byAN=—1,—2 of all Rydberg states that are sufficiently

was generated using known rotational consfiifs® of ~ enereetc
CH, and CH . The individual line intensities were estimated
by taking into account nuclear spin statistics, degeneracy,
and the Boltzmann population of the initial states, as well a;ssume that ionization thd A; and 3B, continua can be
the nuclear spin statistics and degeneracy of the ionic statefirly represented by including such a branch. The relative
The straightforward application of standard selectionintensity of the Q-like feature relative to theP and R
rules®® AN=0, *1, and AK,/AK.=evenfodd fA,  branches of th&d 3A, continuum is less clear. Also, since

—3B,;), odd/even fAl<—3Bl), or odd/odd ¢B;<3%B;), ns Rydberg states have not been positively identified in the
yields three primary branche®, Q, andR) with a large  discrete region, it is not clear how important transitions are
number of possible subbranches. It is almost certain that nab theks 3A; continuum.
all possible subbranches will be equally important in ioniza-  However, for the simple purpose of assessing the impor-
tion or absorption to discrete Rydberg states. In the absenaance of rotational autoionization in the context of a rotation-
of a rotationally resolved photoelectrdne., zero electron ally unresolved photoionization spectrum, it is not unreason-
kinetic energy(ZEKE)] spectrum, further clues on the im- able to accept the provisions outlined above. Hence, the
portance of various branches and subbranches can be olfiodel assumes that the bulk of the underlying rotational
tained from the behavior in the discrete region. In particularstructure of the ionization threshold can be fairly represented
Herzberg has showiithat 3d 3A,« X 3B, does not display a by simply including aP, R, and a “Q-like” branch, with
Q branch. This can be rationalized by assuming that onlysome enhancement of the intensity of the latter relative to the
AK,=0 is important. Furthermore, the strong even/odd alformer two. Based on these premises, the expected shape of
ternation of observed line intensitlesuggests that only tran- the photoionization threshold if only direct ionization were
sitions originating from th& ;=0 stack are significant, since present is illustrated by the thin line at the high-energy side,
the inclusion of higheK, stacks would quickly dilute the Fig. 3(@. The simulation was obtained by calculating the
intensity alternation. For lack of better indicators, it can bepositions and intensities of the lines of the representative
assumed that ionization to theal 3A, continuum will paral-  subbranches, convoluting them with the experimental resolu-
lel this behavior. What exactly has to be included to simulatdion, and integrating to obtain the ionization probability.
ionization to theks/'kd 3A; and kd 3B, continua is some- Even the direct ionization model predicts that the adiabatic
what less clear. The two related Rydberg states appéars  IE is slightly (~0.004 eV) above the midrise point.
rather strongQ-like (i.e., compadtbranches. Herd K, ,=0 The thicker line in Fig. &) is a model that incorporates
is not possible, since selection rules dictate thit, be odd. rotational autoionization. Converging to every rotational
The change irK, makes the subbranches corresponding tdevel of the ion, there are Rydberg states that can autoionize
AN=0 spread out, and hence the features observed hy a continuum of the same symmetry, parity, and total an-
Herzberd are probably not reaD branches. However, other gular momentum is available. The rotational structure of the
subbranches produce comp#&ztike features. In particular, ion suggests that the most likely mechanism for autoioniza-
the AN=—-1K/=1—K}=0 subbranch is quite compact, tion is the loss of two rotational quanta in the ion core. This
both in the case ofA; and®B; final states. Hence, one could reflects the fact that within a givel, stack every second
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)
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TABLE I. Thermochemical values derived in the present wbrk.

M. Litorja and B. Ruscic

Quantity 0K 298 K
IE(CH,) 10.393£0.011 eV
AE(CH;/CHy) 15.120:0.006 eV 15.07Z0.006 eV

Do(H,C—H) to X 3B,CH,
Do(H,C-H) toa *A;CH,
AHP(CH, X °By)
Aer(CszilAl)
AHP[CH;—CHy(X 3B,) + H,]
AHP[CH,— CH,(a *A;) +Hj,]
AHP[CHy(@ *A;) + H,0—CH;+OH]
AHP(CHJ X 2A,)

109.0+0.3 kcal/mol
118.0+0.3 kcal/mol
93.2+0.3 kcal/mol
102.2+0.3 kcal/mol
109.1+0.3 kcal/mol
118.2+0.3 kcal/mol
+0.0+0.3 kcal/mol
332.9+0.2 kcal/mol

110.4:0.3 kcal/mol
119.40.3 kcal/mol

93.30.3 kcal/mol
102.3:0.3 kcal/mol
111.%0.3 kcal/mol
120.2-0.3 kcal/mol
—0.0+0.3 kcal/mol
333.6:0.2 kcal/mol

6753

3auxiliary values used are: singlet—triplet splitting in €bf 3156+5 cm '=9.023+0.014 kcal/mol from Ref.
19; Dgy(H-CH;)=103.40-0.07 kcal/mol and AH%(CH3)=35.84t0.09 kcal/mol from Ref. 25;
AH%(CH4):—15.92&0.072 kcal/mol and AH%(H):51.6336t0.0014 kcal/mol from Ref. 9;
Do(HO—H)=118.08+0.05 kcal/mol from Ref. 10; vibrational frequencies of Chind CH, for HS,g—HY
from Ref. 33;H5y,—HS for other species from Refs. 8 and 9.

level possesses the same symmetry properties. Coupling dfssociation energy of  the methyl radical,
the angular momentum with the total spinS=1 guarantees D,(H,C—H)=4.727+0.012 e\*=109.0+0.3 kcal/mol, which
that discrete states converging to some leMebf the ion  becomes 11040.3 kcal/mol at 298 K. Using Herzberg's
have at least ond value in common with continua built 1E(CH,) instead of ours, leads to a very similar value of
upon ionic levels wittN— 2. Hence, about 1/3 of thispace 108.9+0.2 kcal/mol. However, pending further verification
is subject to autoionization by this mechanism. The simulaof the precise IE of methylene by ZEKE or similar tech-
tion depicted in Fig. ®) includes such autoionization, and niques, we choose to retain both the nominal value and the
predicts that the adiabatic IE is displaced from the midrisemore conservative error bar propagating from our determina-
point toward higher energy by 0.008 eV. tion of IE(CH,). The value foDy(H,C—H) derived above is
Other autoionizing mechanisms, which includeN  ~0.8 kcal/mol higher than what was available previotfsly
=—1 in conjunction with interactions across differe  from the same positive ion cycle.
stacks, may also be present. To establish an upper limitto the The C—H bond dissociation energy in methane was
possible effect of autoionization, the simulation in Figc)3  recently accurately redetermirfédis 103.46-0.07 kcal/mol
(thin line at the low-energy sidéncludes autoionization of 5t o K. With the well knowfA value of AHf@O(CH4)
all energetically appropriate Rydberg states by thbl =-15.92+0.07, kcal/mol, this yieldsAH{)(CHy)=35.84

=—1 and —2 mechanisms. This model almost certainly +0 09 kcal/mol, and, together witl4(H,C—H) derived
overestimates the overall effect of rotational autoionizationgpqgye produces the best currently available value for

and places the adiabatic IE quite close to the upper end of th&H%(CH2)=93.2t0.3 kcal/mol (equivalent to 93.20.3

threshold shape;-0.018 eV above the midrise point. kcal/mol at 298 K. Also, the AECH;/CH,) reported here

The model described above suggests that the adiabatfﬁ\pliesAHG(CH+)=332 9+0.1 kcal/mol(333.0+0.3 kcall
IE is almost certainly higher than the midrise of the threshold, | 5 298ff( seze Tablé.l ' R

step, but very likely lower than the upper end of the step,

. ' It is interesting to note that the value Aine(CHz) de-
where the plateau commences. Based on such mterpretatlolri\yed here is exactly 1 kcal/mol higher than the JANAF

and making some allowance for the autoionizing structure ir}ecommendatioﬁ but in apparently striking agreemea-

the plateau region, the photoionization measurement pre- ..~ . . . . .
sented in Fig. 1 leads to (EH,)=10.393-0.011 eV. The Beit W|th a consélderably tighter err7or bawith the select|_on§
of Gurvichet al” and Wagmaret al.” The present value is in

error bar reflects conservatively the uncertainty in the inter'relative harmony with previous experimental determina-
pretation of the threshold shape. The value appears to b€ ~ 1314171820 y P P

! . : : tions; especially when the quoted error bars are
nominally slightly lower, but otherwise supportive of taken into account. A comparison to theoretical predictions
IE(CH,)=10.396-0.003 eV given by Herzberd. ' P b

shows excellent agreement with the values by Grev and
Schaefet? (93.4+ 0.5 kcal/mol) and Peterson and Dunrfifg
(93.1 kcal/mal. _

The photoionization value for the adiabatic IE of triplet ~ Using the known splittin betweena *A;—-X 3B, in
methylene, 10.3980.011 eV is in harmony with Herzberg's CH, of 3156t5 cm '=9.0230.014 kcal/mol and
extrapolatiofi of 10.396-0.003 eV. While the appearance AH%(CHZ) determined above produceSero(CHZE A)
energy of the CH fragment from CH reported her¢15.120  =102.2+0.3 kcal/mol (102.3£0.3 kcal/mol at 298 K
+0.006 eV at 0 K is still barely within the error bar of the Hence, the value of the C—H bond dissociation energy in
previous?! coarser determinatiof15.09+0.03 eV}, its nomi-  CHs leading to singlet methylene is 118:0.3 kcal/mol at 0
nal value is ~0.03 eV higher. The difference between K and 119.4-0.3 kcal/mol at 298 K. One of the implications
AE(CH;/CH;) and IHCH,) yields directly the bond of this inference is that the reaction G 'A,)

B. Thermodynamical consequences
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