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Vibrational mode and collision energy effects on proton transfer in phenol
cation—methylamine collisions
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Mass-analyzed threshold ionization has been used to prepare vibrationally state-selected phenol
cations, that were then reacted with methylamine at collision energies ranging from 0.1 to 2 eV.
Integral cross sections and product recoil velocity distributions are repdktethitio calculations

of stationary points on the surface and RRKIRice—Ramsperger—Kassel-Marcualysis of
complex lifetimes are also presented for comparison. The only reaction observed over the entire
energy range is exoergic proton transfBil). For ground-state reactants, the PT cross section is
reduced by increasing collision energy, such that the reaction efficiency declines-ft# at low
Econision t0 ~50% at 2 eV. Excitation of eitherg, or v, vibrations inhibits reaction over the entire
collision energy range, with the effect being somewhat mode-specific and increasing with increasing
Econision- At low E quisions DOth vibrational and collision energy inhibit reaction with similar
efficiency. Collision energy effects diminish at hifl,ision. While vibration continues to have a
strong effect. Product ion velocity distributions are approximately forward—backward symmetric at
Eoiision=1 €V, but are backward peaked at high energies. Mechanistic implications of these results
are discussed. @000 American Institute of Physids0021-960680)00724-§

I. INTRODUCTION by a long-lived intermediate compléx.The small PT prob-
ability was unexpected, ab initio calculation$®?3indicate
Measurements of vibrational effects on reactions of di-that there is no barrier to intracomplex PT, and the
atomic or small polyatomic molecules have proven to be diteraturé*?°suggested that the PT akrdD exchange reac-
useful tool in probing reaction mechanisms, typically provid-tions are nearly isoenergetic. Our conclusion, based on
ing insight into the nature of the transition s{@econtrol- RRKM simulations of the energy dependence of the product
ling reaction. We have found the combination of mode-branching ratio was that the PT reaction is actually 0.20 eV
selective reactant preparation with measurements of produendoergic. In drawing this conclusion we assumed that, other
recoil velocity distributions to be a particularly powerful tool than the endoergicity, there is no significant barrier or dy-
in the study of ion—molecule reaction dynamics. Thus farnamical bottleneck to PT. In this context, the PhOHVIA
only three to four atom polyatomic ions have been subjecte@ystem is interesting in that the PT mechanism is presumably
to this type of experiment, largely because preparation osimilar to that for NI}, but PT is clearly exothermi(0.44
mode-selectively excited polyatomic reactant ions is a diffi-€V).>*?* If a dynamical bottleneck or significant barrier ex-
cult propositiont Zare and co-workers have used single-isted along the PhOH+ND; PT coordinate, we might ex-
color REMPI (resonance-enhanced multiphoton ionization pect to see some sign in the results for PHGHVA as well.
to study state-selected reactions of NF~* and for several As noted below, comparison of the two systems also sug-
diatomic cations. Using REMPI, we have probed reactiongestS a common, rather unusual vibrational effect on PT.
of OCS" 5% CH;, "% and NH .»® Threshold
photoelectron—photoion coincidence has been used by Du-
tuit, Guyon, and co-worker$l’ and by Koyano and Il EXPERIMENT
co-workerd®=2 for state selected studies of atomic, di-
atomic, and acetylene cation reactions. Little or nothing is[
known about the effect of vibrational excitation on reaction
of significantly larger cations. This letter reports a study of
the reaction of phenol cation with methylamigilA), in
which mass analyzed threshold ionizatiéMATI)?* was
used to prepare Ei:OH" in selected vibrational states.
One reason for interest in the PhOMMA reaction is

Reactions were studied in a guided-ion beam instrument
hat has been described previouSly,along with the meth-
odologies used in the experiments and data analysis. Vibra-
tionally state-selected PhOHwas prepared by MATI of a
pulsed beam of phenol seeded in helium. Phenol was single-
photon excited to a particular vibrational level of thg,(S;)
state, then excited with a second laser to high Rydberg states
; ) ) converging on the same vibration in the cation. Prompt ions
for comparison with the PhOHt ND; reaction. In that sys- ;e ateq by REMPI, autoionization, or other processes were
tem, we find that proton transféPT) is @ minor channel, genarated from the state-selected Rydberg molecules by a
with the dominant reaction being/D exchange, mediated a5k retarding field~3 V/cm). After a time delay of~6
us, the Rydberg molecules were field-ionized by a 30 V/cm
dElectronic mail: anderson@chemistry.utah.edu pulse, creating a beam of state-selected reactant ions.
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Three vibrational states were studied—the ground state, 37 100
a state with one quantum of a 516 chvibration, and a state ] —
with one quantum of an 815 cm vibration. The vibrations ) <
are assigned asg, anduvq,, respectively, based on earlier ] 3
MPI (multiphoton ionizatioh photoelectron spectroscofly ] % <°3’
and ourab initio calculations(see beloyw. These are both 1%+ 8
in-plane ring deformations, involving some motion of the 1 ©
OH group as a unit, but with no OH stretching character. 100 *“ 10 I I I 1

High-energy vibrations, including the OH stretch, are, unfor-
tunately, not selectable because rapid IVR in the intermedi-
ate and/or Rydberg electronic states makes MATI production
of sufficient intensities impossible. The low-frequency
modes studied are stable with respect to IVR, simply because
there are no near-degenerate combinations of lower fre-
guency modes with the correct symmetry. ]
The ion beam was injected into a quadrupole ion guide 37
that focused the ions on an exit aperture/lens system. Using a
combination of the quadrupole’s focusing propeftieand
time-of-flight (TOF) gating at the quadrupole exit lens, non-
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MATI ions were rejected and the temporal width of the beam 1 {-ve=1
pulse was narrowed te-15 us. The beam was then injected 1 |-0-vi=t
into an octapole ion guide system, and passed through a scat- ;
tering cell containing & 10~ ° Torr of methylamine vapor. 10 T T T 1
Product ions, together with unreacted PhQHwere col- 0.0 05 1.0 15 2.0
lected by the ion guide and conveyed to a quadrupole mass Collision Energy ( eV )

filter for analysis. The ion guide is divided into two seg- o _
ments, with the joint just after the scattering cell. This allowsF!G- 1. Main figure: Cross sections for proton transfer from PHOH

| he i . di v followi hei .. methylamine as a function of collision energy, for different PROWbra-
us to accelerate the lons immediately tollowing their exlttional states. Also shown is an estimate of the collision cross section. Inset:

from the scattering cell, improving collection for slow prod- cross sections as a function of total energy. Also shown are superimposed
uct ions. TOF was used to record both reactant and produetots of the vibrational extrema for the two vibrations excited.

velocity distributions. MethylaminéMatheson, 99.5%was

used without purification, and its pressure in the scattering
cell was adjusted to maintain single collision conditions, as,
shown by the pressure-independence of the measured Crogr%g
sections.

with little change in CO bond length or COH bond
le.v, also preserves the COH angle, but has significant
CO stretching character.

Also shown in Fig. 1 is an estimate of the collision cross
section, taken as the greater of the capture cross sdtmion
Several reactions are possf&®in our energy range  energies’® and the hard-sphere cross sectibigh energies

We can define the reaction efficiency as the ratio of the ex-
CeHsOH" +CHgNH,—CoHsO+CHaNH; perimental PT cross section to the collision cross section. For

IIl. RESULTS AND DISCUSSION

AH=—0.437 eV ground-state PhOH the efficiency is ~71% at low
. Ecoliision» dropping slowly to~50% at highE gision- The
—CeHsOH+CHNH;  AH=+0.455 eV effect of PhOH v, excitation(516 cm %) is to decrease the

cross sectiorfand efficiency by 17%—20%, relative to the
ground state, the effect being slightly larger at hi€ision-
Only proton transfefPT) is observed to be significant, and The effect ofv,, excitation(815 cm}) is larger—a~37%
the cross sections are shown in Fig. 1 over the center-ofinhibition at low Eyision iNCreasing to a-43% inhibition at
mass energy range from 0 to 2 eV. The main graph givesigh E gjision- At low E¢gision, the effects of vibration and
cross sections as a function of collision energy. The insetollision energy are similafseeo vs E,yy inset in Fig. 1
re-plots the data as a function of total energyE sion  indicating that total energy, rather than a particular form of
+ Eyibration) - Note that from experiments withgDsOH", we  energy, is responsible for suppressing reactivity. At high
can rule out involvement of the phenyl hydrogen atoms inE,,, the cross sections are nearly independent of collision
the PT chemistry. energy, while the inhibitory effects of vibrational excitation
To give some idea of the type of vibrational motion ex- actually increase slightly at higher energies. At high energies
cited, the extrema of trajectories for each normal mode ar¢éhe vibrational effect is also mode-specific, i.eq, gives
superimposed at the top of Fig. 1. Normal coordinates are-35% larger inhibition than would be expected from scaling
from GAUSSIAN 98 calculationé® (see below, visualized us- the v, effect by the ratio of the vibrational energies.
ing coPENMOL?® Note that neither mode involves OH Figure 2 shows lab-frame axial velocity distributidhs
stretching.vg, involves collective motion of the COH moi- for the protonated MA product. The heavy vertical lines

—CgHsOH; +CH,NH, AH=+0.715 eV.
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1.4 tributions also become substantially wider BSyjision IS
= 12 Veu raised, indicating higher recoil energy. Both forward—
€ 40 Eca = 0.26 €V backward symmetry and 0%, Suggest that the mecha-
£ o8 8 Experiment nism at IowE?0|,ision myolves a c;omplex, with a transition to
< o6 direct scgtterlng a't hlgh energies. . S
5 In this scenario, it is reasonable to fit the distributions
g 04 using the osculating complex model of Fiskal3! Fitting
= 02 allows us to correct for the effects of experimental broaden-
0.0 P ing factors(e.g., reactant velocity distributionand to esti-
0 2000 4000 6000 8000 mate both the complex lifetime and the recoil energy distri-
bution. Fitting is done with a Monte Carlo simulation of the
20 {0 experiment, as discussed previouSlyn the osculating com-
_ Veu plex model a complex is assumed to form, decomposing to
£ 15 E_=1.036eV products unimolecularly with lifetimesc,mpiex. The complex
=1 col . . . .
8 also rotates, with classical rotational periagyion, deter-
S 10 o Experiment mined by its moment of inertia and the available angular
2 momentum, which may be estimated from the magnitude of
% 05 the cross section and collision energy. For the PROMA
k= O system, 7,otation drops smoothly from~3 ps atE gjision="0.1
0.0 Nk eV to ~1.3 ps at 2 eV. IfTratio= Trotation! Tcomplex IS MuUch
LA greater than 1, then products will be distributed isotropically
0 2000 4000 6000 8000 in the scattering plane of each collision, giving rise to an
axial velocity distribution that is forward—backward sym-
14 Vem metric with respect toVcy. AS 7eompiex drops below
- 12 O0Q ~0.5Tgtation: NOticeable asymmetry with respect -y,
5 10 Eeo = 2.2 8V may become apparent, providing a signature for decreasing
g 0.8 ) collision time. In our fitting, the recoil energy distribution is
> 06 iEi’:pe""‘e"t assumed to be a Gaussian peakindgfx Eayai With width
g 04 O = fwidgth/ Eavail’
£ 02 1Ewidth' [Erecoil_ fpeak' Eavail] 2
O P(Efecoi) = €Xp— E.__ .
00T T T T r T T avail
0 2000 4000 6000 8000 The fits depend on only three parameterd g,
Velocity (m/s) fuwiath s fpeald» all of which are physically significant.

Osculating complex fits to the data are shown as curves
FIG. 2. HMA™ product lab frame axial recoil velocity distributionéev is iy Fig. 2, and the results are as follows. At collision energies
shown as a heavy vertical line in each frame. . . .
up to 1 eV,7compiexiS greater tham gaiion, Which varies from
~3 to ~1.7 ps over this energy range. Btgjision=2.2 €V,
Tcomplex ArOPS t0~22% of the rotational period, or290 fs.
show the velocity of the center-of-magsm) (V) In the  The E g distribution, P(E,¢.i), provides further evidence
lab frame. Axial velocity distributions are the projection of for a decrease in collision complex lifetime with increasing
the full distribution on the octapole axis, which is co-axial energy. AtE yjision=0.26 eV, P(E ccoi) Peaks at zero, with
with the average relative velocity vector for the collisions. meanE,i~12% of the available energyE¢y.i= Ecolision
Note that small potential inhomogeneities in the octapolest E,paiiont€x0ergicity). This result is consistent with a
tend to result in loss or velocity distortions for ions with low complex in which extensive redistribution of the available
lab-frame velocities. For this reason, only the velocity rangeenergy occurs. Note that equipartition among adtive
above 600 m/$~60 meV lab energyis plotted. modes of the complex, i.e., modes with energy
The velocity distributions provide two, related pieces of <E,,/(#active modeswould give(E ¢coip ~8%: Eayai- At
information. The maximum deviation of the velocity distri- E.qision=1.03 eV, P(E,ccoi) Still peaks at zero, but is broad-
bution fromVcy, is a measure of the maximum energy going ened such thatE, ecoip =~ 25% E 4, @s opposed te-7% for
into recoil of the products. If reaction proceeds via a colli- equipartition among all modes active at this available energy.
sion intermediate with lifetime long compared to its rota- The increase irE qcoi/ Eavail SUggeEsSts less time for energy
tional period (see below; the distributions are forward— redistribution, but note that.qypexis still =~1 ps. Finally,
backward symmetric with respect ¥.,,. Conversely, an at 2.2 eV, it is no longer possibly to fit the data with
asymmetric velocity distribution is the signature of a directP(E,cco) peaking at zero. The best fi, .. distribution
reaction where the collision time is short. For the PT reacpeaks at 30% oE,,,;, and is somewhat narrower than the
tion, the distributions are forward—backward symmetricdistributions at loweE_qision, POth changes being consistent
within experimental error folE qision UP to ~1 eV, then  with less time for energy redistribution. At 2.2 e{E ecoi) IS
become backward-peaked at high energies. Note that the dis-38% of E,,,; (compared to~5% for equipartition among
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active mode and 7¢,mpie~290 fs. Note that the osculating PhOH"—MA geometry, there is a facile pathway to the ob-
complex analysis assumes that the angular distribution is erserved proton transfer products. There are also at least three,
tirely the result of rotation of the complex, whereas in real-and probably more, “ring-coordination” complexes with
ity, the inherent scattering dynamics will result in some an-binding energies in the 0.75 eV range. We have not at-
gular spread. As a result, the 290 fg,mpex Should be tempted to locate transition states for interconversion be-
regarded as an upper limit on the collision time. Note alsaween different ring-coordination complexes, but for the high
that the back-scattered HMAproduct observed at high en- internal energies generated by collisional preparation, it is
ergies corresponds to transfer of the proton between PhO aramost certain that interconversion is facile. Another point of
MA moieties that continue in their original directiorfise., interest is that the hydrogen-bonded, and nonhydrogen-
“stripping” ). It is clear from the broad velocity distribution, bonded complexes found for PAOHMA are similar in both
however, that the dynamics are far from the spectator stripstructure and binding energy, to analogous complexes found
ping limit, and that there is substantial momentum transfer ifor PhOH"-ammonia?

the collisions.(True spectator stripping would give a sharp Further insight into the types of complexes important in
peak at 130 m/s in the lab frame. the reaction can be gotten from RRKM analy3isf the

To aid interpretation of the results, we have calculatedifetimes to be expected for thab initio complexes. Ener-
the stationary point energetics of this system at thegetics, vibrational frequencies, and rotational constants from
B3LYP/6-31G" level (including zero-point energy correc- our ab initio calculations were used for the complexes. Or-
tion) usingGAUSSIAN 9828 The proton transfer exoergicity is biting transition state€§ were assumed for decomposition to
calculated to be 0.45 eV, in excellent agreement with theeactants or products, using equipartition into all active
literature energetic€.44 eV}, % suggesting that this level of modes to estimate the recoil velocity for the centrifugal bar-
theory is adequate for our purposes. We located a hydrogemier calculation. The maximum orbital angular momentum
bonded complex with phenoxy-protonated-MA structureavailable in the decomposition was estimated from the mag-
(PhO-HMA"). This productlike complex is 1.69 eV below nitude of the capture cross section and varies fre2007% at
the reactant energy, and is bound by 1.25 eV with respect tow E_yision t0 ~4257% at 2 eV.
products. We also attempted to find a hydrogen-bonded, re- The hydrogen-bonded PhO—HMAcomplex can de-
actantlike complex (PhOH-MA), however, this starting compose either to PhRGHMA* products or back to reac-
geometry optimized to the productlike complex tants, and both channels are included in the RRKM analysis.
(PhO-HMA)", indicating no barrier to intracomplex proton RRKM lifetimes for PhO—HMA' range from hundreds of
transfer. Absence of a barrier is unsurprising, consideringicoseconds aEyision=0.1 eV to ~3 ps atE yjision=21€V.
that there is no significant barrier in the (PhOH—H The experimental velocity distributions suggest that
systent>?*and that the proton affinity of MA is-0.6 eV 7eompe=~1ps for Ecyison<1€V, consistent with the
greater than that of ammonia. RRKM analysis. ForE qision=2.2 €V, the osculating com-

In addition to the hydrogen-bonded, productlike com-plex fit to experiment givesrc,mpe<290fs, while the
plex (PhO—HMA"), we optimized several nonhydrogen- RRKM lifetime is 150—190 fs. The agreement between cal-
bonded, reactantlike complexes. The most stable has MAulation and experiment indicates that a complex with prop-
positioned such that its nitrogen lone pair orbital is pointingerties similar to those of the hydrogen-bonded PhO—-HMA
at the para carbon atom in PhOHwith the lone pair axis ab initio complex must be responsible for the observed life-
nearly perpendicular to the PhOHplane. MA is oriented time. Indeed, given that the PhO—HMAcomplex is quite
such that its methyl group is nearly over the center of theproduct like, it is intuitive that the reactive collisions must
phenyl ring, and the ring plane-to-nitrogen distance is 2.4 Apass through this geometry.

This “para” complex is bound by 0.78 eV, relative to reac- RRKM analysis indicates that the nonhydrogen-bonded,
tants. There is an analogous complex where the nitrogen lorméng-coordination complexes are too weakly bound to ac-
pair is pointing roughly at the ortho carbon atom, at a dis-count for the lifetimes inferred from the velocity distribu-
tance of 2.3 A, and again the MA is oriented so that itstions. Even for the most strongly bound para complex, the
methyl group is over the ring center. This complex is boundifetime is less than 100 fs & .yision=~1 €V, where experi-

by 0.73 eV with respect to reactants. We also examined thenent suggests a lifetime greater than one picosecond. It
effect of rotating the MA moiety in the “ortho” complex so should be noted that this RRKM analysis only includes de-
that its methyl group was positioned roughly equidistant becay back to reactants, whereas, it is likely that there is also a
tween the ortho and meta hydrogen atoms, rather than oveubstantial rate for decay to products and for conversion to
the ring center. This geometry also optimized to a stablether ring-coordination complexes. We are not able to in-
structure, bound by 0.73 eV with respect to reactants. clude these channels in the analysis because the transition

There are several points of interest in ieinitio results  states are unknown, nonetheless, it is possible to estimate the
with respect to the reaction mechanism. The most stableffects. Interconversion between ring-coordinated complexes
complex by over a factor of 2 is PhnO—HMA bound by a is probably facile, and effectively increases the total density
hydrogen bond. The PhOH-MA—PhO-HMA" rearrange- of states associated with the set of complexes, increasing the
ment is barrierless and energetically downhill, and there idifetime by a factor roughly equal to the number of com-
no reason to expect a bottleneck for PhO—HMdecompo- plexes in the set. The most likely factor is between 4 and 6.
sition into the HMA" +PhO products. Taken together, theseOn the other hand, including the exoergic “decay to prod-
results indicate that for reactants in the hydrogen-bondingicts” channel will decrease the RRKM lifetime. Our conclu-
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sion is that the ring-coordinated complexes have lifetimerientation. This argument might partly explain the slow de-
long enough to significantly affect the collision dynamics,cline in PT efficiency with increasing qision, buUt cannot
but almost certainly too short to account for the experimentaéxplain the vibrational inhibition.
collision times, except perhaps at our lowest energies. In addition to possible re-orientation in the approach
The picture that emerges is that increasing collision enchannel, there is the possibility of forming a nonhydrogen-
ergy inhibits reactivity in two ways. The major effect is sim- bonded precursor complex that might provide reactants with
ply that the impact parameter range over which reactants caadditional time to find the reactive geometry. As noted
be captured into an intimate collision decreases with increasabove, there are several ring-coordinated complexes with
ing collision energy. Even when this effect is normalized out lifetimes dropping from tens of picoseconds at low-collision
however, there is a slow decrease in proton transfer effienergies to subpicosecond f&ggsion=>1€V. Collisions in
ciency with increasing energie.g., for the ground state, ef- such geometries will be common simply because the ring is
ficiency drops from~71% to~50%). Given that the veloc-  a large target. Given the-0.75 eV binding energies in the
ity distributions and RRKM analysis indicate that the ring-coordinated geometries, a substantial fraction of colli-
PhO—HMA" complex lifetime also decreases with increas-sions must trap into such complexes, at least for low-
ing energy, one might think that there is a causal connectiogollision energies. If a transition state exists that allows ring-
between PhO-HMA lifetime and HMA" formation effi-  coordinated complexes to rearrange into a hydrogen-bonded
ciency. geometry where proton transfer can occur, then they provide
Such a connection is ruled-out by RRKM analysis of thean additional route to products. Unfortunately, the reaction
branching for decomposition of the PhO—HMAomplex:  coordinate separating a geometry like the para complex from
the hydrogen-bonded geometry is almost certainly rather

(CeHsO—HgNCHg) " —H3NCH; +CgHsO complicated, with multiple minima and transition states. The
nature of the rate limiting transition stésgis unclear, and
(HMA* production we have not been successful in locating it ddy initio cal-
culations, either fo PhOH-MA]" or for the simpler but
—CgH:OH"+MA (reversion to reactants). analogoug PhOH-NH]" system. Nonetheless, it is clear

that the longer the collision time, the more likely a nascent

The relative RRKM rates for these two channels indicate thaPrecursor complex is to rearrange into the reactive geometry.
once the PhO-HMA complex forms, it nearly always [n this scenario, we would expect both collision energy and
(>99%) goes on to the exoergic HMA+PhO product chan- Vibrational energy to reduce the precursor lifetime, and thus
nel, even at our highest collision energies. The implication iglecrease reactivity. This precursor mechanism seems to be
that the observed collisional or vibrational inhibition of the best explanation for the mode-independent inhibition ob-
HMA* production must result from reduced efficiency for served at low energies.

PhO-HMA" complex formation, rather than some behavior ~ Neither re-orientation nor a precursor complex mecha-
following complex formation. nism can explain the anomalously large inhibition from vi-

Further evidence supporting the idea that the ratebration at high-collision energies. At low-collision energies,
limiting step is prior to formation of PhO—HMA comes inhibition depends only on total energy. The slope of the
from the observed mode-specificity of the vibrational effectsenergy dependence i8320% inhibitionper electron volt of
For such a strongly bound complex, where bonding is subeither collision or vibrational energy in th&,, range
stantially altered from that of the reactants, the initial reac-around 0.1-0.2 eV. As just discussed, such nonspecific inhi-
tant vibrational mode is scrambled during complex forma-bition is consistent with a scenario where a weakly bound
tion. In that case, mode specific behavior can only occur iforecursor complex mediates transition to the hydrogen-
the rate-limiting step is prior to complex formation. bonded geometry where proton transfer occurs.

Though PhO-HMA complex lifetime cannot be the For collision energies greater thanl eV, the reaction
mechanism for collisional and vibrational inhibition, colli- cross section depends weakly Bgyision, While vibrational
sion time scale is important. There are two related effectsinhibition actually becomes slightly stronger at high ener-
Proton transfer requires that the PhOldroton be attacked gies. In theE gision Fange between 1 and 2 eV, the inhibitory
by the MA nitrogen lone pair. At low-collision energies, the effect of additional collision energy is onky13%/eV, aver-
time scale for reactant approach is relatively slow, possiblyaged over the three reactant vibrational states. Conversely,
allowing time for re-orientation of the reactants into favor- the effect ofvg, excitation is~270%/eV, averaged over the
able geometnytime to travers 5 A at 0.2 eV is~400 fs. 1 to 2 eV collision energy range, and the averaged effect of
The interaction between the PhOHtharge and the methy- v, is ~330%/eV. This continuing large and mode-specific
lamine dipole momen{l.47 Debye, pointing away from the effect of vibrational excitation at high total energies is diffi-
N-lone paipy favors orienting methylamine so that tNelone  cult to explain. Both vibrations aresensitive, in-plane, phe-
pair is directed toward PhOH In addition, interaction of nyl ring distortions(top of Fig. 1, and the vibrational ener-
the methylamine dipole with that of PhOH(1.46 Debye, gies are only a few percent &, at our highest energy.
pointing approximately from O to Hwill favor orienting  Neither mode involves OH stretching, although there is sig-
PhOH" in the correct geometry for hydrogen bond formation nificant motion of the OH group relative to the ring. dig,
and proton transfer. As the collision energy is raised, thehe COH moiety moves as a unit, while in, there is sig-
approach time decreases, thus decreasing the chance for reficant CO stretching character.
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The only example allowing comparison of vibrational the range expected to be critical in determining dynamics. It
effects in a similar system is the reaction of PhOMith seems likely, therefore, that the vibrational effect results
ND;.?232The dominant reaction in that systemHgD ex-  from some coupling between the OH vibrational motion and
change, producing PhODB-ND,H. ForH/D exchange there relative motion with respect to methylamine. It is not at all
is substantiaenhancemerfrom bothuvg, andv 1, excitation  obvious how this coupling reduces the proton transfer effi-
at low-total energies, dying out &.yision iNCreases, with  ciency. One possibility is something that might be referred to
little vibrational effect above 0.5 eV. This loss of vibrational as dynamical steric hindrance. In both thg andv 1, vibra-
effect at highE,,, is typical of polyatomic atom-transfer tions, the distance between the hydroxyl proton and the near-
reactions we have studigd®>*>3¢and is not surprising—at est ring hydrogen is modulated by a few tenths of an ang-
high energies the vibrational energy is a negligible fractionstrom. On average, of course, the distance is unaffected, but
of Eia1, and the collision outcome is largely determined byit may be that approach from some orientations is impeded
approach geometry. by the oscillating distance, such that there is a net inhibition.

Proton transfer to ammonia is also observed, but is aVe will attempt to examine the effects of nersensitive
minor channel because it is endoergic b9.2 eV. The vi-  Vibrations on this reaction, in order to shed additional light
brational effects are quite interesting, however. Vibration ha®n the origin of these unexpected vibrational effects.
little effect in the threshold region, where one might expect
enhancement from vibrational energy. A ision above V. CONCLUSIONS
~0.5 eV there is inhibition from vibration excitation, of
similar proportion to that observed in the PhOHMA sys-
tem. Tentatively, therefore, it seems that inhibition by in-

plane ring vibration is a common feature in hiQoision long-lived hydrogen-bonded complex at low energies, with
proton transfer from PhOH to NHX(X=H,CHs), even  ,icion time and extent of energy redistribution decreasing
though the PT energetlcs_ a_nd efficiency are very dlffe_rent 'rinarkedly with increasing energy in the 2 eV range. Both
the two systems. The origin of the surprising effect is Un-ipration andE 0, inhibit proton transfer with similar ef-

clear. ficacy at lowEision, and this effect is tentatively attributed

One scenario we considered is that vibration mighty, reqyction in collision time scale due to decreased lifetime
change the charge distribution, thus somehow decreasing rgz 5 weakly bound precursor complex. At highicions COl-

activity. To test this notionAUSSIAN 98 calculations were  jision energy has little effect on reaction efficiency, while
repeated for PhOH distorted from its equilibrium geometry yiprational state continues to have a significant, and mode-
in both directions along both thes, andv;, normal coordi-  gpecific effect. The effect is similar to that observed in
nates. Distortions of 40% of the normal mode vectors rephOH" +NH; proton transfer, and the origin is proposed to
ported byGAUsSIAN 9gwere used. Judging from the energies pe 5 dynamical effect, rather than some effect of vibrational
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