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Abstract: The phenylnitronic radicall) was prepared in the gas phase by collisional electron transfer to
stable GHsNO,H™ cation (L) and found to be stable on the microsecond time scale. The major unimolecular
dissociation ofl. was loss of OH radical to form nitrosobenzene as determined by variable-time neutratization
reionization mass spectrometry. Ab initio calculations at the effective QCISD(T)/6-G13df,2p) level and
combined Mgller-Plesset and density functional theory calculations identified loss of OH as the lowest-
energy dissociation of that proceeded at the thermochemical threshold with no reverse activation barrier.
Dissociations ofl by loss ofsyn-andanti-HONO and a hydrogen atom were more endothermic than loss of
OH and had activation barriers above the thermochemical thresholds. The internal enéryrroed by
electron transfer in the ground electronic statg Was insufficient to cause the observed dissociations. The
dissociations are postulated to take place from the metastable excited eleBtrstaie formed by vertical
electron transfer. Wheland intermediates for hydrogen atom additions twttiee(2), meta(3), para (4), and

ipso (5) positions in nitrobenzene were calculated to be 75, 98, 78, and 101 kJ test stable thad.
Radicals2—4 existed in substantially deep potential energy wells to allow their generation as transient
intermediates. Radicé resided in a shallow potential energy minimum and was predicted to dissociate
exothermically to benzene and M@Relative thermal rate constants for hydrogen atom additions to nitrobenzene
were calculated and found to correlate with the regioselectivities for additions of other radicals.

Introduction Scheme 1

Additions of small radicals to aromatic compounds have been o A°
of much interest because of their role in processes as diverse
as tropospheric oxidatioispxidative damage at tyrosine and
tryptophan residues in proteifgnd decomposition of energetic
materials® In contrast, less is known about radical adducts to
aromatic compounds carrying electronegative substitutents, such
as the cyano and nitro groupshis is despite the fact that
nitroaromatic compounds are important biologically active | I | | |
pollutants and their metabolic reductorand tropospheric

degradation have been of interés@ kinetic study of the o _on o O
. . . . N N R NO
nitrobenzene-hydroxyl radical reaction showed that nitrobenzene I = by
was less reactive than benzene by a factor 6f 2. A
Following Wheland’s predictichthat the para and ortho
positions should be more reactive than thetaposition, the
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properties of radical intermediates have been studied at various
levels of theory?. Wheland and later Weiss and co-worké?s
postulated the existence of transient intermediates (Wheland
intermediate¥) formed by radical addition to the benzene ring,
as illustrated for hydrogen atom addudts5 in Scheme 1.
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Hydroxyl radical addition to nitrobenzene was found to produce
o-, m, andp-nitrophenol, presumably via transient intermediates
of the type shown in Scheme 1. Addition to nitrobenzene of
methyl radicals produced by thermolysisteft-butylperoxide
formed mostlyo- and p-nitrotoluene!? bearing out Wheland's
predictions. The reactivity toward radical additions of ihgo-
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Why does nitrobenzene exhibit different regioselectivities in
radical and electrophilic additions? To answer this question we
now study the energetics of nitrobenzene radicals and the
activation energies of radical additions. Hydrogen atom additions
represent the simplest models for radical additions to nitro-
aromates that can be tackled by experiment and theory. In this
work we prepare radical in the gas phase and study its
unimolecular dissociations using the methods of neutralization
reionization mass spectrometry (NRM&)ncluding temporal
resolution of radical reactions by variable-time NRKASOur
approach starts with protonation of nitrobenzene in the gas-
phase using an acid that targets selectively the nitro group to
produce stable ionk" (BH;*, Scheme 2) or using stronger acids
that are capable of protonating the less basic ring positions
(BHz"). Stable ions1™ are accelerated to a high velocity
(113 750 m st) and discharged by fast electron transfed 14
s) from dimethyl disulfide during a glancing collision. This
approach is formally the reverse of the electrochemical reduction
in which electron addition precedes protonation. To obtain a
comprehensive view of hydrogen atom adducts to nitrobenzene,
including relative isomer energies, dissociation energies and
isomerization barriers, we carried out ab initio and density
functional theory calculations at a high level of theory. The
energy data are used to assess the kinetics of competitive

position and the nitro group has not been studied and their role unimolecular dissociations and the branching ratios in hydrogen

in the radical chemistry of nitrobenzene is unclear. Recently,
alkylation of p-dinitrobenzene with trialkylboranes has been
interpreted as involving an alkyl radical addition stémnd
nucleophilic substitutions in nitroaromates were considered to
include radical intermediaté$.

The phenylnitronic radicallj corresponding to a hydrogen
atom adduct to the nitro group in nitrobenzene has been
postulated to arise by protonation of an anion-radical produced
by electrochemical reductit® ' or pulse radiolysis of nitroben-
zene in protic solutiot¥¢ (Scheme 2). The evidence for the
transient formation ofl was inferred from the changes in the
absorption spectrum that showed two maxima at 418 and
460 nm, which were blue-shifted by 10 nm from those of the
nitrobenzene anion-radicH” In contrast, Cercek concluded
from his pulse radiolysis kinetic measurements that hydrogen
atom addition in nitrobenzene occurred in the ring to yield a
nitrocyclohexadienyl radicdf Photolysis of nitrobenzene in
tetrahydrofuran as a hydrogen atom donor resulted in the
formation of transient radicals that were tentatively assigned
structurel on the basis of electron paramagnetic resonance
(EPR) spectra? However, tetrahydrofuran adducts to nitroben-

atom additions to nitrobenzene. Dissociation mechanisms were
studied using a series of deuterium-labeled radickds-(¢€).
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Experimental Section

Methods. Measurements were carried out on a tandem quadrupole
acceleratior-deceleration mass spectrometer described previdsly.

zene were also detected that complicated the interpretation ofprecyrsor ions were generated in a tight chemical ionization (Cl) source.

the EPR spectrieb
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Typical ionization conditions were as follows: electron energy 100
eV, emission current-12 mA, temperature 280300 °C, ion source
potential 80 V. CH, CD4, CH;OH, CD;0D, CH;,CN, CDsCN, and CH-
ONO, were used as reagent gases at pressuresl150< 104 Torr as
read on an ionization gauge located at the diffusion pump intakeOCH
ions were generated by negative-ion chemical ionization (NCI) from a
90/10 mixture of CHOH and NO, H™ ions were prepared by
dissociative electron capture in,HTypical NCI conditions were as
follows: electron energy 200 eV, emission current 1 mA, temperature
280-300 °C, source potentia-80 V. Electron ionization (El) was
used to generate cation-radicalg4eNO,™*, CsHsNO**, and the phenyl
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cation GHs" by dissociative ionization of nitrobenzene. Typical El
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calculation was small as judged from th&operator expectation

conditions were as follows: electron energy 70 eV, source temperature values that were 0.750.77. The optimized structures were characterized

280—-300°C, and sample pressure-B x 1076 Torr. Stable precursor

by harmonic frequency analysis as local minima (all frequencies real)

cations were passed through a quadrupole mass filter operated in theor first-order saddle points (one imaginary frequency). Complete
radio frequency-only mode, accelerated to the total kinetic energy of optimized structures in the Cartesian coordinate format are available

8250 eV and neutralized in the collision cell floated-s8170 V. The
precursor ion lifetimes were 3040 us. Dimethyl disulfide (DMDS)
was admitted to the differentially pumped collision cell at a pressure

as Supporting Information. The B3LYP/6-8%G(d,p) frequencies were
scaled by 0.963 (ref 28, for other scaling factors see ref 29) and used
to calculate zero-point vibrational energies (ZPVE), enthalpy correc-

such as to achieve 70% transmittance of the precursor ion beam. Thetions, and partition functions. Single-point energies were calculated at

ions and neutrals were allowed to drift to a four segment corféuit,
where the ions were reflected by the first segment floatetd280 V.

several levels of theory. In one set of calculations, MP2(frozen &ore)
and B3LYP energies were calculated with the larger 643&(2df,p)

The neutral flight times in standard NRMS measurements were 5.3 basis set. Spin contamination in the UMP2 calculations was substantial
us. The fast neutral species were reionized in the second collision cell for the nitrobenzene radicals and transition states, as evidenced by the
by collision with oxygen at a pressure adjusted such as to achieve 70%spin expectation valueE?(that ranged between 1.1 and 1.6. Spin
transmittance of the precursor ion beam. The ions formed in the secondannihilation using Schlegel's projection metfb@MP2¥¢ reduced
collision cell were decelerated, energy filtered, and analyzed by a the[$*[values to 0.770.88 for local minima and 1:11.5 for transition
quadrupole mass filter operated at unit mass resolution. The instrumentstates. In addition, restricted open-shell (ROMP2) calculatfomsre

was tuned daily to maximize the ion current of reionized,CS

carried out for the entire set of structures to deal with the spin

Typically, 40 repetitive scans were accumulated per spectrum, and eachcontamination problerf? The PMP2 and ROMP2 energies were
spectrum was reproduced at least three times over a period of severahveraged with the B3LYP energies according to the empirical procedure
weeks. Variable-time measurements were carried out as describedihat was introduced previoudhand tested for several systems siffcs.

previously?! The neutral flight times that were used to evaluate the
unimolecular dissociation kinetics were 0.51, 1.50, and 2£&0
Collisionally activated dissociation (CAD) spectra were measured
on a JEOL HX-110 double-focusing mass spectrometer of forward
geometry (the electrostatic sectprecedes the magnBj. Collisions
with air were monitored in the first field-free region at pressure to

This resulted in error cancellation and provided excellent relative
energies, denoted as B3-PMP2 or B3-ROMPas discussed below.
Calculations on closed-shell systems are marked by B3-MP2. In
addition, a composite procedure was adopted that consisted of a single-
point quadratic configuration interaction calculatf@nQCISD(T)/
6-31G(d,p), and basis set expansion up to 643&{3df,2p) through

achieve 70% transmittance of the ion beam at 10 keV. The spectrapmp2 or ROMP2 single-point calculations according to eq 1:

were obtained by scannirigandB simultaneously while maintaining
a constanB/E ratio (B/E linked scan).

Materials. Methane (Matheson, 99.97%), ¢Cambridge Isotope
Laboratories, 99% D), methanol (Aldrich), @DD (Cambridge Isotope
Laboratories, 99% D), CEZN (Cambridge Isotope Laboratories, 99%
D), dimethyl disulfide (DMDS, Aldrich), nitrobenzene (Aldrich, 99%)
and nitrobenzends (Aldrich, 99% D), and nitrosobenzene (Aldrich)
were used as received.

ortho-, meta, andpara-D-nitrobenzenes were synthesized from the
corresponding nitroanilines (Aldrich) by diazotation with 1.5 equiv of
NaNGQ; in D,O/DCI at =5 °C followed by diazonium salt reduction
with a 5-fold molar excess of PO, (Aldrich, 99% D) at 0°C
overnight?* The products were extracted in ether, the solutions were
decolorized with active charcoal, the solvent was distilled off, and the
products were purified by vacuum distillation. The overall yields of
distilled products were 5070%. The product purity was verified by
gas-chromatography mass spectrometry that showed 99éoment

QCISD(T)/6-31HG(3df,2p)~ QCISD(T)/6-31G(d,p)-
MP2/6-31HG(3df,2p)— MP2/6-31G(d,p) (1)

This level of theory is intermediate between those of the Gaussian
2 (MP2) methoéf which uses the 6-311G(d,p) basis set in the large
QCISD(T) calculation and the G2(MP2, SVP) metffodhich uses
the 6-31G(d) basis set instead. We also utilized the previous finding
that restricted open-shell calculations (ROMP2) provided good stabi-
lization energies for small organic radicd¥A basis set expansion to
effective QCISD(T)/6-311G(2df,p) was also tested for selected
systems. The calculated total energies are available as Supporting
Information. The relative energies are presented in Tabtea 1

Franck-Condon energies in vertical neutralization and reionization
were taken as absolute differences between the total B3LYP/#-G11
(2df,p) energies of fully optimized ion or neutral structures and those

in the labeled nitrobenzenes. Minor impurities were nitrosobenzene jn which an electron has been added to an optimized cation structure

(<1%) and chloronitrobenzenes-%%) that did not interfere in the

mass spectrometric measurements. Methyl nitrate was prepared ac-

cording to a literature procedufe.

Calculations. Standard ab initio and density functional theory
calculations were performed using the Gaussian 98 suite of progfams.
Geometries were optimized using Becke's hybrid functional (B312YP)
and the 6-3%+G(d,p) basis set. Spin-unrestricted calculations (UB3LYP)

were used for open-shell systems. Spin contamination in the UB3LYP
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Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A.
D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi,
M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.;
Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick,
D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.;
Ortiz, J. V.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi,
I.; Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A;;
Peng, C. Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill, P. M.
W.; Johnson, B. G.; Chen, W.; Wong, M. W.; Andres, J. L.; Head-Gordon,
M.; Replogle, E. S.; Pople, J. AGaussian 98yevision A.6; Gaussian,
Inc.: Pittsburgh, PA, 1998.

(27) (a) Becke, A. DJ. Chem. Phys1993 98, 1372 and 5648. (b)
Stephens, P. J.; Devlin, F. J.; Chablowski, C. F.; Frisch, Ml. Phys.
Chem.1994 98, 11623.

(28) (a) Rauhut, G.; Pulay, B. Phys. Cheni995 99, 3093. (b) Finley,
J. W.; Stephens, P. J. Mol. Struct. (THEOCHEM)L995 227, 357. (c)
Wong, M. W.Chem. Phys. Lett1996 256, 391.

(29) Scott, A. P.; Radom, L1. Phys. Chem1996 100, 16502.

(30) Mgiller, C.; Plesset, M. 2hys. Re. 1934 46, 618.
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(34) Turecek, FJ. Phys. Chem. AL998 102 4703.
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Table 1. Dissociation Energies of lons

"Bekaand Turéek

reaction enthalpy ¢

method 1 2 3 4 5 6 7 8 9 rmsd
B3LYP/6-314+G(d,p) 814 442 227 264 262 293 —154 140 234 22
B3LYP/6-311HG(2df,p) 814 440 229 261 259 269 —128 131 229 16
PMP2/6-31#G(2df,p) 439 289 139 224 41
ROMP2/6-31#G(2df,p) 784 433 298 300 298 203 —46 146 212 41
PMP2/6-311G(3df,2p) d 285 d 224
ROMP2/6-313#G(3df,2p) 786 436 300 300 299 207 —50 149 213 41
B3-PMP2/6-31%G(2df,p) 440 259 135 226 19
B3-ROMP2/6-311#+G(2df,p) 799 436 263 281 279 236 —87 138 221 21
exp. 800 443 223 259 243 144 242

2|ncluding B3LYP/6-33-G(d,p) zero-point corrections and 298 K enthalpy correcti®ihs.kJ moit. ¢ Reaction 1: GHsNO;H™ — CgHsNO;

+ HT. Reaction 2: GHsNO,H" — CgHsNO,™ + H*. Reaction 3: @Hs
synHONO. Reaction 5: gHsNO,H" — CgHst + anti-HONO. Reaction

NO,HT — CgHsNO™ + OHe. Reaction 4: GHsNO,H™ — CgHs +
6: €HsNOH™ — CgHs + NO;". Reaction 7: GHs + NO," — ipso-

CsHeNO,™ (5%). Reaction 8: @HsNO,™ — CsHs™ + NO,. Reaction 9: @HsNO™ — CgHs™ + NO. ¢ The UHF calculations did not converge.

or subtracted from an optimized neutral structure. No zero-point
corrections were applied to the calculated FranClondon energies.

positions are very simil&4® and so the former datum has not
been reexamined here. Gas-phase protonation wiCEMNH™

Excited-state energies were obtained from single-point calculations (pA(CH;,CN) = 779 kJ mot, ref47) was therefore energetically

using the complete active space (CASSCR)ethod with the 6-31G-

(d,p) basis set. Oscillator strengths were calculated with the configu-

ration-interaction singles (CIS) methdand the 6-31+G(2df,p) basis
set.

RRKM calculations used Hase’s progré&rthat was recompiled for
MS-DOS and run under Windows N Vibrational state densities were
obtained by direct count of quantum states in 2 kJ theteps for
internal energies up to 8a120 kJ mof! above the threshold. The
rotational states were treated adiabati¢alynd the microscopic rate
constantsk(E,J,K) were Boltzmann-averaged over the thermal distribu-
tion of rotationall andK states pertaining to the ion source temperature.

Thermal rate constants were calculated using the standard transitio

state theory formula®. The activation energies were taken from single-
point calculations, the partition functions were calculated from the
B3LYP/6-31+G(d,p) moments of inertia and scaled harmonic frequen-
cies using the rigid rotor-harmonic oscillator approximation.

Results and Discussion

Phenylnitronic Radical (1). Radical 1 was generated by

possible to occur only in the nitro group to form idit.
Likewise, gas-phase deuteronation with4CB-ND™ introduced
the deuteron in the nitro group to form ida*. lons 1™ and
la" were characterized by collisionally activated dissociation
spectra® that of 1™ was in qualitative agreement with the
previous measurements of Crombie and Harrion.

Collisional neutralization of stablé™ and its isotopomers
gave rise to radicalg, la and le that were characterized by
NR mass spectra (Figure *a). NRMS of 1 showed a
prominent survivor ion atvz 124 as evidence that a substantial

Mfraction of 1 did not dissociate on the 5,8 time scale. The
NR dissociations that were observed resulted in the formation
of CeHsNO, (m/z 123, loss of H), @HsNO (m/z 107, loss of
OH), GHeO (m/z 94, loss of NO), GHs (m/z 77, loss of
HONO), NO (z 30), and aromatic hydrocarbon fragments at
m/z 73—76, 62-65, 49-51, 36-39, and 24-26. These dis-
sociations could occur from the intermediate raditand/or
following collisional reionization tal*.5° Note that the CAD

selective protonation of nitrobenzene followed by collisional spectrum ofl* (ref 48) showed qualitatively the same fragments
electron transfer (Scheme 2). The topical proton affinities (PA) as did the NR spectrum. Hence, the neutral and post-reionization
in nitrobenzene were calculated previously at an intermediate dissociations needed to be resolved. The stability under NR

level of theory and found to greatly prefer protonation at an
oxygen atom of the nitro group for which PA 813 kJ mot?
was calculatetf in fair agreement with the experimental PA of
nitrobenzene (800 kJ miol).#” The B3-MP2 proton affinity for
protonation at the nitro group calculated in the present work,
PA = 799 kJ mot?, was in excellent agreement with the
tabulated value (Table 1, reaction 1). The topical PA of the
ipsq, ortho, andmetapositions in nitrobenzene were calculated
to be substantially lower,for example, 650, 676, and 676 kJ
mol~1, respectively, according to B3-MP2 calculations which
agreed within 10 kJ mol with the previous computational
data?® The topical proton affinities of thepara and ortho

(40) (a) Hegarty, D.; Robb, M. AVlol. Phys.1979 38, 1795. (b) Eade,
R. H. E.; Robb, M. A.Chem. Phys. Lett1981, 83, 362.

(41) Foresman, J. B.; Head-Gordon, M.; Pople, J. A.; Frisch, M. J.
Phys. Chem1992 96, 135.

(42) Zhu, L.; Hase, W. L.Quantum Chemistry Program Exchange
Indiana University: Bloomington, IN, 1994; Program No. QCPE 644.

(43) Frank, A. J.; Sadilek, M.; Ferrier, J. G.; TurecekJFAm. Chem.
Soc.1997 119, 12343.

(44) Zhu, L.; Hase, W. LChem. Phys. Lettl99Q 175 117.

(45) Levine, I. N.Physical Chemistry3rd ed.; McGraw-Hill: New York,
1988; p 839.

(46) Eckert-Maksic, M.; Hodoscek, M.; Kovacek, D.; Maksic, Z. B.;
Primorac, M.J. Mol. Struct. (THEOCHEMY1997, 417, 131.

(47)NIST Standard Reference Database Nq.Fébruary 2000 Release.
http://webbook.nist.gov/chemistry.

conditions of the presumed neutral intermediates was investi-
gated for nitrobenzene, nitrosobenzene and the phenyl radical
(Figure 2a-c). Phenol, another possible intermediate, is known
to be stable in NRMS$3:51 Nitrobenzene showed a moderately
abundant survivor ion and fragments formed by loss of,NO
and subsequent ring cleavages of neutral or iogldsGFigure

2a). The NR mass spectrum oflzNO, was remarkably similar

to the recent photofragmentation spectrum obtained with 90 fs
laser pulses in which both neutral and ion dissociations were
considered? NRMS of nitrosobenzene resulted in substantial
dissociation to gHs and NO so that only a weak survivor ion

(48) The CAD spectra dft andla’ were as follows:1" (m/z, rel intens)
26(0.3), 27(0.5), 30(0.7), 36(0.4), 37(0.9), 38(1.2), 39(1.4), 48(0.2), 49-
(0.9), 50(7.2), 51(9.7), 52(0.5), 60(0.2), 61(0.5), 61.5(0.2), 62(3.2), 63(1.1),
64(0.7), 65(2.4), 66(0.7), 73(0.4), 74(2.2), 75(2.2), 76(8.2), 77(34.0), 78-
(4.0), 91(0.2), 93(1.2), 94(6.5), 106(0.2), 107(4.8), 123(2.6). (M/z, rel
intens) 24(0.2), 26(0.4), 27(0.4), 30(0.7), 36(0.4), 37(1.2), 38(1.1), 39(0.9),
40(0.4), 41(0.3), 42(0.3), 44(0.2), 48(0.2), 49(0.8), 50(6.6), 51(8.7), 52-
(0.70), 54(0.4), 60(0.5), 61(0.5), 62(0.9), 62.5(2.9), 63(1.0), 64(0.9), 65-
(0.6), 66(1.0), 67(0.6), 73(0.5), 74(1.9), 75(1.7), 76(7.9), 77(31.1), 78(2.6),
79(2.0), 91(0.3), 94(0.5), 95(6.9), 106(0.4), 107(5.4), 123(0.3), 124(2.9).

(49) Crombie, R. A.; Harrison, A. GOrg. Mass Spectroml988 23,
327.

(50) Abboud, J. L. M.; Notario, R.; Yanez, M.; Mo, O.; Flammang, R.
Jagerovic, N.; Alkorta, |.; Elguero, J. Phys. Org. Chenil999 12, 787.

(51) Turecek, F.; Drinkwater, D. E.; Maquestiau, A.; McLafferty, F. W.;
Org. Mass Spectronl989 24, 669.
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Figure 1. Neutralization (CHSSCH, 70%T)-reionization (Q, 70%T) spectra of (al*, (b) 1a", and (c)1e".

was found (Figure 2b). NRMS of st showed an abundant

[1b — H], [1b — D], etc., were fitted into mass-balance

survivor ion and dissociations by hydrogen atom losses and ringhomogeneous linear equations (eg4)

fragmentations (Figure 2c).
Deuterium labeling in the nitro group revealed clean losses

ko/ky[ortho] _[1b—D] _

= =0 2
of H (but not D!), OD, and DONO fronla upon NR (Figure [ortho] + 2[meta]+ [para] [1b — H] )
1b). These were confirmed by the NR mass spectrum of the
complementarily labeled fion (1e*) which showed clean kofky[meta] = [1c— D] =0.079 (3)
losses of D, OH, and HONO (Figure 1c). Deuterium labeling 2[ortho] + 2[meta]+ [para] [1c— H]
thus proved that the hydroxyl hydrogen atom did not exchange / ara .
with the ring hydrogens in stable radicdlsor in the course Ko/ky[paral _[1d~ D] =0.079 (4)

of radical and/or post-reionization dissociations. The intriguing
loss of hydrogen atom was further studied with radiddds-d

2[ortho] + 2[meta] [1d — H]

to obtain the fractional losses from tletho, metg andpara

produced from specifically labeled iorib—d™*. The relative positions marked as [ortho], [meta], and [para]. The best fit was
intensities of NR ions formed by loss of H and D, denoted as gpained when considering an average kinetic isotope effect for
(52) (a) Kosmidis, C.; Ledingham, K. W. D.; Kilic, H. S.; McCanny, the cleavage of the €H bond asku/kp = 3.05. The fractions
;-Z;Giinlghal, r?' P'r;1 Laggleyy A d; Shg_ikh, w. Pf(lg)s.GCnerTﬂ%S lBOLB favored loss of H from th@ara position (61%) and botmeta
. For ot erp otodissociation studies, see: alloway, D. b.; artz, iti 0, ird+ i
3 A Huey, L. G.- Crim, F. FJ. Chem. Phyd1993 98, 2107. (c) Kosmidis, . PoSitions (39% total) i, whereas the hydrogen atoms in the
ortho positions and the NgH group were unreactive. Similar

C.; Ledingham, K. W. D.; Clark, A.; Marshall, A.; Jennings, R.; Sander, -
J.; Singhal, R. PInt. J. Mass Spectrom. lon Processk394 135, 229. fractions for the losses frorhi* of the ortho, metg andpara
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Figure 2. Neutralization (CHSSCH, 70%T)-reionization (Q, 70%T) spectra of (a) nitrobenzeng(b) nitrosobenzerte, and (c) GHs".

hydrogen atoms were obtained from analysis of CAD spectra. equivalent geminal H and D atoms that should be transferred
The absence of loss of H from the M@ group showed that  to the nitro group with similar probabilities when allowing for
nitrobenzene was not formed fromnor was its cation-radical  isotope effects. Wheland radicalvas expected to competitively
formed from1™.53 Radicalsl, 1a, andle were also generated eliminate theipso hydrogen atom and the NQyroup (vide
from the corresponding ions prepared by highly exothermic infra). However, neither of these dissociations was enhanced
protonation of nitrobenzene with GHor CDs*. Comparison in the NR spectrum of [nitrobenzereD]* from deuteronation

of the proton affinity of CH (543 kJ mot)*” with the topical with CDs". Hence it follows that Wheland ion structurgs—
proton affinities of the ring positions in nitrobenzene (vide supra) 5 were not preserin the ion population formed by the highly
indicated that ring protonation with GH was>100 kJ mof? exothermic protonation of nitrobenzene.

exothermic and therefore energetically possible for each position. The reason for this observation can be 2-fold. First, the-ion
However, the NR mass spectra of [nitrobenzehnéd]* and molecule reaction of nitrobenzene with €Hequires formation
[nitrobenzenet- D] ions from protonation with Ck or CDs™ of an ion—dipole complex which should slightly favor GH
(spectra not shown) were very similar to thoseldf 1a™, and interaction with the negatively charged oxygen atoms of the
let, respectively. In particular, losses of OH or OD, and HONO nitrobenzene dipole. However, an upper-limit estimate from the
or DONO cleanly incorporated the proton or deuteron previously locked-dipole theo# indicated<1% increase of reaction rate
introduced by the gas-phase acid. This ruled out participation due to locked ior-dipole interaction favoring protonation at
of Wheland structure—4 which would contain chemically  the nitro groug® Second, even if Wheland structures were

(53) Polasek, M.; Turecek, F.; Flammang, R.; Gerbaux, P. Unpublished

(54) (a) Moran, T. F.; Hamill, W. HJ. Chem. Physl963 39, 1413. (b)
results.

Theard, L. P.; Hamill, W. HJ. Am. Chem. S0d.962 84, 1134.
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Table 2. Anion Energies

energy

