1450 J. Phys. Chem. R000,104,1450-1455
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The dissociation energies and dissociation dynamics of iodoacetonitrilei@Hhave been investigated by

the photoelectron photoion coincidence (PEPICO) spectroscopy techniqu®. Kionsets for the following
products were determined:CH,CN + I* (12.1884+ 0.005 eV) andCH,CN + It (12.345+ 0.010 eV).

From the difference between these two values the ionization energy 8ZthE€N was found to be 10.294

4+ 0.010 eV. By using a thermodynamic cycle that involves the gas phase acidity sfNGHkhe electron
affinity of the*CH,CN radical, and an accurate heat of formation of acetonitriteH,95(ICH,CN) of 172.5

+ 4.0 kJ mol? is derived. This latter value is considerably higher than the best theoretical value of 153 kJ
mol*.

Introduction CN molecule. Holmes and Mayehad measured the onset for
the *CH,CN + I* channel. By estimating a heat of formation
Sof the parent iodoacetonitrile using group substitution methods,

f’?1ey arrived at &CH,CN heat of formation which differed from
one derived by the other cycles by as much as 30 kJol
Which is beyond the claimed accuracy (abet2 kJ moi™)

of either method. In their theoretical paper on this system, Mayer

et al2 confirmed the ICHCN heat of formation assumed by

The thermochemistry of free radicals and their closed-shell

each method has its pitfalls, it is highly advantageous to
approach a problem from as many experimental routes as seem
feasible! The *CH,CN system is one that can be investigated

by multiple routes. For instance, the bond dissociation energy

of acetonitrile (CHCN) yields the heat of formation of th€H,-

CN radical if the heat of formation of the starting compound is
known (which it is in this case). In addition, the gas phase acidity
of acetonitrile leads to a heat of formation@@H,CN through

the reaction CHCN — “CH,CN + H*. When this value is
combined with the electron affinity fo\CH,CN, the heat of
formation of*CH,CN can be derived. This approach is totally

independent of the thermal neutral dissociation kinetics approach

in which the bond energies are directly measured from the
activation energy of the fragmentation reaction. A final method
involves dissociative photoionization of a compound such as
XCH,CN — *CH,CN + X*. When this onset is combined with
the measured ionization energy of the free radit@H,CN,
we have a third method for determining the heat of formation
of the free radical. Ultimately, all of these methods must agree.
In addition, they should agree with theoretical calculations of
these same quantities.

In a recent publication, Mayer et &lreported on the
thermochemistry of CBCN, "CH,CN, *CH,CN, *CH,CN, and
two of their isomers using high-level ab initioc MO methods
including G2 to evaluate their structures and energies. In
addition, they calculated the heat of formation of the }CN
molecule. More recently, Lau et &lysing a G2 approach that
incorporated an energy correction for spin contamination,
reported calculations on about 10 isomers gi§N free radicals
and their cationic species. The results were compared to thos

obtained from the available experiments. While the agreement
was moderately good for some of the species, the calculations

by Mayer et aP were in glaring disagreement with the
experimental results for the dissociative ionization of the 4CH

Holmes and Mayer. Thus, either tideH°(ICH,CN) is wrong
or the dissociation products are not the ones expected.

Experimental methods suffer from the fact that the measure-
ments of onsets or equilibrium constants provide little informa-
tion about the structure of the species produced. Thus, consid-
erable efforts are expended in establishing structures of the
species under study. For instance, if in the acid equilibrium study
the acetonitrile were to rearrange to give an anion with a
structure other thanCH,CN (e.g.,”CH,NC), then errors could
be introduced. It turns out that th€€H,CN ion structure is the
most stable one, so this is not a problem in this reaction. On
the other hand, among the cations, ti@H,CN ion is not the
most stable structure. The cyclic ion in which each carbon atom
is bonded to a hydrogen atom is-126 kJ moi! more stable
than the “linear” CHCNT* isomer. According to both sets of
ab initio calculationg;>the HLCCNT" ion structure is the second
most stable form. The third most stable ion has theXE"
structure and lies some 2@0 kJ/mol higher in energy.
Rearrangement of fragment ions in the course of dissociation
is commonplacé? In fact, we have established that in the case
of BrCH,CN, the cyclic product ion is formed at the dissociation
threshold® Because the experimentally derived heat of formation
of ICH.CN is greater than the calculated ab initio value, the
formation of the cyclic "CH,CN ion in the dissociative

hotoionization would in fact account for this discrepancy in
he heat of formation of iodoacetonitrile.

What is the evidence that the “linear"CH,CN ion is
produced from the dissociative ionization of iodoacetonitrile?
Holmes and Mayérconducted kinetic energy release experi-
ments on the reaction
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Figure 1. Threshold photoelectron spectrum of IGEN in the vicinity "
of its ionization energy. The two peaks correspond to the ground ICH
electronic state and its spirorbit component.
) , o o hv=12.088 eV
and determined that the dissociative loss of iodine fromJ}CH

CN-* is not accompanied by a release of kinetic energy so that
this reaction does not proceed over a potential energy barrier.
Furthermore, the results of collision-induced dissociation experi-
ments on the productCH,CN ion strongly suggested that the

14 16 18 20 22 24 26 28 30
TOF /us
Figure 2. Some representative time-of-flight distributions at several
photon energies. The slight asymmetry in the low-energy data is a result

“linear” form is produced in this reaction. _ of the slow dissociation. The solid lines are calculated TOF distributions
The current study probes this and other discrepancies throughassuming an RRKM rate constant shown in Figure 5 and the energy
a detailed investigation of the thermochemistry of HCHI, function shown in Figure 4.

TCH.CN, and *CH,CN. Threshold photoelectrerphotoion
coincidence (PEPICO) experiments have been conducted onregion through a needle pointing into the ionization region. lons
iodoacetonitrile in order to determine an accurate dissociative exiting the 32 cm drift tube were detected with an impedance
photoionization onset and also to determine if the “linear” form matched set of microchannel plates. The amplified electron and
of the TCH,CN cation could be confirmed. An obvious ion signals were sent to a discriminator and time-to-pulse height
shortcoming of the previous determination of the dissociation converter, the output of which was passed to a multichannel
onset® was the lack of information about the dissociation rate. analyzer where the number of coincidence events were recorded
Such rates can be measured by PEPICO by modeling theas a function of their time of flight.

metastable decay of theCH,CN with the statistical RRKM

theory. It is also possible to account for the kinetic shift in the Results and Discussion

observed onset, which is due to the possibility of slow decay

rates at the dissociation threshe Although the ionization energies of fluoroacetonitrile, chlo-

roacetonitrile, and bromoacetonitrile are well-known, the IE of
iodoacetonitrile has not been published. Figure 1 shows the
threshold photoelectron spectrum (TPES) from 10.0 to 11.0 eV.
The experimental details and operating principles of the The adiabatic ionization energy, determined to be 10445
threshold photoelectrefphotoion coincidence, TPEPICO, tech- 0.010 eV, corresponds to the removal of one of the lone pair

Experimental Approach

nique have been discussed in earlier publicatiSA4Briefly, electrons from the | atom. This value was chosen on the basis
ions are generated by dispersed radiation from a 1m normalof a similar TPES spectrum of GHwhose IE is well-known.
incidence monochromator with a resolutioh2oA (17 meV at In addition, the inflection point of the PIE scan was another

10 eV photon energy). lons and electrons are extracted in criterion for assigning the IE as 10.145 eV. The spectrum also
opposite directions by an electric field of 20 V/cm. Threshold shows the excited state at 10.760 eV which corresponds to the
electrons pass through a 10 cm pipe with small apertures higher spir-orbit state. Typical coincidence TOF mass spectra
followed by a hemispherical electrostatic energy analyzer. The of iodoacetonitrile recorded at 298 K and at several photon
resolution for the threshold electrons is about 30 meV. lons are energies are illustrated in Figure 2. The spectra show features
extracted via two stages of acceleration and pass through a 3Gassociated with the iodoacetonitrile radical cation, }CNt,
cm drift region with an energy of 220 V. The extraction voltages at low photon energies, andCH,CN and I at higher photon
were adjusted to conform to the Wiley and McLaren space energies. The asymmetric shape of tieH,CN peak at 12.088
focusing conditiond?® lon time-of-flight (TOF) distributions are  and 12.183 eV is attributed to the metastable decay of,iICH
obtained by using the electrons as start and the ions as stopCN*" within the acceleration region of the spectrometer, and
signals. hence the arrival times 6fCH,CN at the ion detector are spread
When ions dissociate slowly in the acceleration region, their out over a small range of flight times. The rate constants for
TOF distribution is asymmetric. The analysis of this distribution the decay of ICHCN'* were extracted from the data by
provides information about the dissociation rates which can be modeling the asymmetric portion of theCH,CN peak. The
used to determine accurate onsets for dissociation by extrapolatsolid lines passing through the data points were calculated based
ing the measured dissociation rates to their minimum value at on an assumeK(E) rate curve. The metastable region extends
the dissociation threshold. lodoacetonitrile vapor (98% purity, only over a range of about 0.1 eV. At higher energy all fragment
Aldrich Chemical Co. Inc.) was introduced into the ionization ion peaks are symmetric. Figure 3 is a breakdown diagram that
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TABLE 1: Vibrational Frequencies of the ICH ,CN** lon and the Two Transition States

ion vibrational frequenciés
ICH.CN'* 2991 2970 2316 1283 1205 1130 995 565 419 339 317 147
TS1 2991 2970 2316 1350 1160 1060 1046 299 118 89 80
TS2 3121 3090 2626 1341 1051 1000 560 433 121 90 62

aThe ICHCN* frequencies are calculated by ab initio MP2 methods, while the transition state frequencies for@¢"@Hannel (TS1) and

the I channel (TS2) were varied to obtain a fit to the data.
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Figure 3. Breakdown diagram of the IGHEN* ion from threshold
up to 13 eV. The dashed lines indicateeth K dissociation limits
determined by modeling the dissociation dynamics with the RRKM
theory, the thermal energy distribution of IGEN, and the analyzer
function of our PEPICO apparatus.

illustrates the fractional abundances of ILHN", TCH,CN,
and I as a function of photon energy. It is evident that the
lowest energy dissociation leadstGH,CN (I* atom loss) while

at higher energies, the"I(*CH,CN loss) channel becomes

significant. The solid lines through the data points were obtained

by modeling the dissociation rates using the RRKM statistical
theory as well as the thermal energy distribution of YCN,
as discussed below.

The form of the microcanonical energy dependent rate
constantk(E), for a unimolecular reaction in accordance with
the RRKM statistical theof is shown in eq 2

oN*(E—Ey)

B = e

@

in which o is the reaction symmetry factor which is one in this
case N¥(E—Eyp) is the sum of states of the transition state from
the threshold energl, (the barrier height) to the total energy
E, p(E) is the density of states, aris Planck’s constant. The

ICH,CN*

internal energy distribution
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Figure 4. Energy function used to model both the breakdown diagram
and the TOF distributions. The long tail to the low-energy side is a
result of “hot” electrons passing through our analyzer, while the tail to
the high-energy side is a result of the IGEN thermal energy
distribution.

TABLE 2: Measured Onsets for ICH,CN Photoionization?

products 0 K energy (eV)
ICH,CN* IE = 10.145+ 0.010
CH,CNT + I DP, = 12.188+ 0.005
I* + CH,CN* DP, = 12.345+ 0.010

aDPR, is the dissociative photoionization threshold at 0 K.

the detection of threshold electrons. The latter two factors are
obtained directly from a threshold photoelectron spectrum of a
simple molecule such as NO or,,, which have large
vibrational energy spacing between- 0 andv = 1. A function

was developed to account for these two factors and then
convoluted with the thermal energy distribution of IGEN.

The form of the convoluted function is shown in Figure 4. The
long tail to the left is associated with the “hot electron tail”
that results from our inability to suppress the collection of all
energetic electrons. The tail to the right is due to the thermal
energy distribution. The only adjustable parameters in fitting
the TOF distributions are the barrier heights for the formation
of *CH,CN and I, and the vibrational frequencies of the

density and sum of states were calculated using the vibrationaltransition states for these two channels. The fits are indicated
frequencies (shown in Table 1) of the parent ion and the by the solid lines passing through the data in Figures 2 and 3.
corresponding transition states. The parent ion vibrational The 0 K onsets for the two dissociation limits are shown as
frequencies were obtained from ab initio molecular orbital dashed vertical lines in the breakdown diagram (Figure 3) and
calculations (MP2) using the Gaussian 94 suite of progrdms. are listed in Table 2.
The threshold energy of activation and transition state vibrational ~Figure 5 shows the dissociation rates calculated with the
frequencies were fitting parameters in the RRKM equation. The RRKM theory using the vibrational frequencies in Table 1. The
dissociation onset is thus derived from the extrapolation of the molecular ion frequencies were those obtained from the ab initio
k(E) curve to the dissociation onsets. This approach ensures thatalculations, while the transition state frequencies were adjusted
the derived onsets are not shifted to higher energies by theto fit the data. TheAS values shown in Figure 5 (16.7 and
kinetic shift. 20.8 J/(molK)) are both positive which indicate that these
The data were analyzed by simultaneously fitting the asym- reactions proceed via loose transition states. This is characteristic
metric TOF distributions at various photon energies and the of a simple bond-breaking step in the transition state. The loose
breakdown diagram. The fitting procedure took into account transition state frequencies were generated by lowering some
the thermal energy distribution of IGBN, the resolution of of the low frequencies until a good fit with the data was
the light source monochromator, and the analyzer function for obtained.
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= - TABLE 3: Experimental Heats of Formation of Various |,
1z LI CHCN channel CH,CN, and ICH,CN Species (kJ/moB

P a1
1 |AS ¥ 000k = 16.7 J K 'mol other 298 K
S \ species AfH°298 K Acho K Hozgg K— H°0 K values

10
I 106.84 107.24 6.20°
I+ 1115.22 1115.63 6.20°
3 *CH.CN 252.6+4°  255.24 4° 12.3 2458 243f

3 243+ 13
% \ +CH,CN  1245.9+ 49  1248.44 49 12.4
= " “CH,CN  104.0£4° 106.44+ 4° 12.8
“f / [’ channel 4 ICH.CN 1725 1797 14.3
AS " 1gpox = 20.8 ] K" mol ICH,CN* 1152.1+ 4 1158.5+ 4 15.1
CHsCN 74.0£0j  81.0+ 0.4 12.1

4
‘ T T T | T T T | T T T | T T T | T T T | . X
a Heat capacity of an electron was treated as 0.0 kJ hiof all ion

0 2000 4000 6000 8000 10000 AfH®908 values. 6.2 kJ/mol should be added to each ion heat of
2 . formation to conform to the JANAF standafdFrom Wagman et al.
0 2000 4000 6000 8000 10000 12000 (ref 29), but see nota. ¢ Based on our analysis of the negative ion
E-E,/cm cycle.9Based on our ab initio calculations of the vibrational frequen-

Figure 5. RRKM rate constants used to fit the breakdown diagram cies.®From Lifshitz et al. (ref 25)! From Trentwith (ref 26)9 From
and the TOF distributions. The indicata®* values for both channels ~ Holmes et al. (ref 10)" Based on measured frequencies from Moran
are positive and show that the dissociation is a simple bond-breaking €t al. (ref 20). Derived on the basis of this workFrom An and
step rather than an isomerization or rearrangement. Mansson (ref 18)k Based on measured vibrational frequencies reported
by Shimanouchi (ref 19).
CH,CN +H" +T'
1600k CHCN+H'+ I CH,CN +H +T in Table 3 along with & 0 K analogue of 81.8- 0.4 kJ mot™.,
The 0 K value was determined by usif§zgg — H°% = 12.1 kJ
mol~! that was calculated with experimental vibrational fre-
quencies listed in ShimanoucHi.
LE. (‘CHCN) LE. () The second experimental measurement that is well established
- is the electron affinity (EA) of theCH,CN radical which was
(CH,CN) determined by Moran et &.from the photoelectron spectrum
_CHCN+H+1 of "CH,CN. A sharp 6-0 transition was observed from which
w(-cy,czw they derived an EACH,CN) = 1.543+ 0.014 eV. A simulation
CH,CN +H' +T of the vibrational structure with ab initio calculated vibrational
- frequencies also confirmed that the structure of the negative
ion was indeed CH,CN. In addition, this structure is by far
30 ] the most stable among the following: @EN, CH,NC, and
—————————————————— L. cyclo-CHCHN?
A final value that seems very well established is the 298 K

Figure 6. Energetics of the CKCN/I/H system. The dashed vertical  acidity (AH aciq) of the CHSCN molecule. The acidity is defined
lines show the various experimentally measured transition energies andys the enthalpy change for the following reaction:
their relation to each other.

1500 f= |4.E (1)

1400 1 ICH,CN" + H'

1300 f
AH )

600 fou

LE. (ICH,CN)

500 = LE. (CH,CN")

ol ICHCN+H
—_— B.E. (CH,CN)

200 =

— + ) — 1
ThermOChemiStry CH3CN CHZCN +H AH 208 1560 kJ mol

The usual approach to determining the heat of formation of This was measured by Bartmess et'ahrough proton transfer
the *CH,CN ion from data such as are presented here is to useequilibria between serveral gas phase acids to be 1524.6 kJ
the heat of formation of the parent molecule, KG. However, mol~L. The old scale was later shifted as better absolute acidities
this heat of formation is not known experimentally. As was became available. The new and accepted value is #5860
suggested in the Introduction, the heat of formation of theCH  kJ mol 1,22 a number that has recently been confirmed by
CN molecule is at the heart of the discrepancies noted by Mayer Matimba et aP3® who found an acidity of 155% 8 kJ mot,
and Radon®.Thus, we begin the cycle at a different point. The Because the agreement is so good, it is tempting to lower the
heat of formation of theCH,CN radical can be determined from  error bars to perhaps 4 kJ mél The error in these measure-
the negative ion cycle. This same heat of formation can also bements appears to be the limiting factor in determining the
derived from neutral kinetics measurements of bond dissociationderived values which follow. The fact that th€H,CN anion
energies, as well as dissociative ionization studies that form thisjs so stable means that the structure of the anion produced from
radical as product. We will then use our measurement of the acetonitrile is not in question.
*CH:CN ionization energy to determine the heat of formation By combining theAiH® (CH3CN), the AH®scigiy (CH3CN)
of the "CH,CN ion. With this in hand, we can derive a heat of and the EACH,CN), we can derive a value for the heat of
formation of the parent molecule, IGEN. In this process we  formation of theCH,CN radical. Because the EA measurement

will also provide evidence that the structure ofHGN™ is the is a spectroscopic determination, it refers to thed@ransition
“linear” one. The relationships among these various quantities and is thus a 0 Kalue. By using tk 0 K heat of formation of
are shown in Figure 6. acetonitrile, and converting the acidity & 0 Kvalue (1553.4

A. AH°(CH3CN), AH®cigiy(CH3CN), EA(*CH2CN), and kJ mol 1), we arrive @a 0 K heat of formation of theCH,CN
AfH°(*CH,CN). We begin with the data that seem well radical of 255.2+ 4 kJ mofl™. This value is about 10 kJ mol
established, some of which are listed in Table 3. These include higher than the one recommended by Berkowitz étHiis is
the heat of formation of CKCN, which was measured by An  because they used an older and less reliable ¥&loethe heat
and Manssot¥ from its heat of combustion. This value is listed of formation of CHCN. The error in our derived value for the
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*CH.CN heat of formation is determined by the error in the TABLE 4: Comparison of Experimental and Theoretical

CH4CN acidity. Values at 298 K (in kJ mol™1)

There are other measurements of #eH,CN heat of _ . theory— expt
formation determined from the dissociation rate measurements___duantity experiments theory  theory (kJmol™)
of acetonitrile and related compounds. Lifshitz et%@hvesti- BI%(CH_((:EHZ)C(N)) 359%8*3009 6135igo 8 1018 8.?2b N

; - ; IE("CH,CN) (eV) 10.294+ 0. 10.25+0.058 10.18' —4.20—11.
gated the shock tube pyrolysis of acgtonltrlle and derived-BlC AHowdCHACN) 1560+ 4 TeoaL 1 8.0
bond energy of 389 kJ mot from Whlch one calculates @ 298 A jjo(cH,CN) 74.0+ 0.4 76.6+ 2 0@
K heat of formation of theCH,CN radical of 245 kJ mot. AHO("CH,CN)  104.0+ 4 115.5+ 2 11.5
This is about 8 kJ mof lower than our derived value based on  AH(CH.CN) - 252.6+ 4 263.7+ 2 2465 11.b-6.1

AHO(TCH,CN)  1245.9+ 4 1252.8+ 3.5 1229.1 6.9,-16.8

the negative ion cycle (see Table 3). In high-pressure pyrolysis oich,cny 172.5+ 4 153 199

studies, numerous reactions intervene, of which only the first ) )
one is the simple €H bond rupture. Subsequent bimolecular __ * The experimental values are from various sources. Seetesxam
reactions such a€H; + CHsCN — CH, + *CH,CN, deplete Mayer et al. (ref 2)¢ From Lau et al. (ref 5)¢ The ionization energy
. ol S 4 T =T “*  |Eis a0 Kvalue.

the starting material. Thus, the interpretation of the activation
energy of the overall reaction rate depends strongly on the
assumed mechanism.

Another determination of th&eCH,CN heat of formation is

of the ionization energy of this radical. Thorn efatletermined
the ionization energy by photoionization of the radical and

from the very low pr ) rolvsis (VLPP) of propionitrl reported a value of 10.2& 0.01 eV, while Shea et &f.found
0 e very low pressure pyrolysis ( ) of propio € anIE of 10.30+ 0.04 eV. Clearly our value agrees with these

Wh'Ch. yle_lds CH and_ "CHCN. This _method_avmds the to within the experimental error. The error bars69.01 eV
complications due to side and sequential reactions that some-

times confuse the analysis of high-pressure data. From '[hecan thus be assumed with considerable confidence.
Y3 gh-pre L The heat of formation of theCH,CN ion now follows from
assumed heats of formation of the starting materialgCHtj-

. - X this ionization energy and the heat of formation of 16&l,CN
CN, and the methyl radical heat of formation, Tren®ttierived . : P _ 1
a 298 K*CH,CN heat of formation of 242.7 kJ ndh, This ~ '2dical. We obtain &’ ("CH,CN) = 1248.4+ 4 kJ mot -

. . . Finally, we use th 0 K dissociative photoionization onset (P
mo—|1
value is 10 k.‘] . lower than the value derived on the pa5|s of 12.188 eV for the formation of CH,CN + | to determine
of the negative ion cycle. However, the heat of formation of

the propionitile is perhaps the weak link in this method. The e /"o gf;ig:ggo,fzg;l;hj Slarting material K. T
?c?rr:]nZti%rr?l:Ea\tN\?vc;spliglIigerio? t\ézlulgwc’fatlgﬁ f‘:‘dgsgé ?r:e K value of 172.5 kJ mot*. This value is considerably higher
propionitrile heat of formation of 52 kJ mdl 24 Ise[his perhaps than the 152 kJ mof determined by both group additivity and
low as well? Still, the fact that the Trenwith and Lifshitz et al. 20, Mitio calculations. In fact, these data simply confirm the

: L . problem already noted by Mayer and Radém.
Yalues agree with each other lends some credibility to this lower ™\, =" =~ 4o 4l s about the structure of thelBl*
CH,CN heat of formation.

A final quasi-experimental value for the heat of formation ion? Is it possible that the photoionization process is producing
- . o
of the *CH,CN radical was reported by Holmes et'&who the lower energy cyclic form of this ion? Our data suggest

. ; . L otherwise. Because we observe both the productiotCbi-
grgfgﬁe:ntg”éSgg?c')g’gf;gﬁr‘}r‘hgﬁae‘;gft”;agsgrgfgS%aeh'je CN radical and the'CH,CN ion, and the difference in their
for the AHC205*CH,CN) of 243+ 13 k/mol. This is a quasi- onset energies (when combined with the IE(l)) corresponds

experimental value because the heat of formation of the startin precisely to the ionization energy of the “linear” radical, it is
P . gimpossible for another structure to have been produced. Also,
products are not known and had to be estimated by group

o since the “linear” geometry is the most stable structure for the

additivity methods. f dical iti in that tHEHLC dical ated with
In summary, we conclude that theéH,CN heat of formation ree radical, it s certain that t HCNa Ical associated wit

derived throu ’hthe as phase acidity of M and the electron the I production is the “linear” form. Now if the cyclic form
affinity of 'CI—? CN isgmoFr)e reliable tKan ones derived through of the GH,N™ ion had been produced, then the ionization energy
the yroI Sis (2)f neutral species. This is because the ion cgcle determined from our study would have been about 1 eV less

pyrolysi: P : . CYC'€ than the observed energy of 10.294 eV. This difference is based
depends ultimately only on the heat of formation of acetonitrile

and the experimental measurements of the gas phase acidityon the energies of the neutral and ionic forms of thelDl
and the electron affinity. The interpretation of the latter two species as reported by Thom efahis proof s in addition

uantities for these species is relatively straightforward and doest0 the strong indication already noted by Mayer and Holfnes.
q pecte: y straig There are no other species involved in the cycle whose structure
not depend on any questionable assumptions.

B. IE("CH:CN), AH°(*CH,CN), AH°(ICH,CN), and is in any doubt. Thus, it appears that the experimental evidence

AfH°(ICH ,CN™). We next turn to our own data. The breakdown IS overwhelmmgly in favor of the ICECN heat of formation
. T . S listed in Table 3.
diagram in Figure 2 refers to the following two reactions:

ICH,CN— "CH,CN+ I'+e AH,, =12.188eV (3) Comparison with Theoretical Values
The experimental values deemed by us to be the most accurate
ICH,CN— "CH,CN + It +e AH, =12.345eV (4) are compared with recent theoretical calculatiéris Table 4.
The calculations of Mayer et &lwere carried out with the
By subtracting reaction 4 from reaction 3 and adding the Gaussian 94 suite of progratiand included two versions of
ionization energy of‘lto I* (IE = 10.451 eV), we obtain the  the G2 approach; and two versions of the CBS programs. Their

ionization energy of theCH,CN radical: results in Table 4 are simple averages of the reported energies
by the four methods, and the error bars reflect the variation
‘CH,CN— ‘CH,CN+e  |E=AH,,=10.294 eV among the methods used. Lau ef akported just a single

number from their G2 calculation with energy correction due
This value can be compared with recent direct measurementsto spin contamination. The first entries correspond to the
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