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Abstract

“Supersonic molecular jet laser time of flight mass spectroscopy (TCFMS)
is employed to determine the minimum energy conformation of the allyl group with
respect to the henzene ring of allylbenzene, 1-allyl-2-methylbenzene and 1-
allyl-3-methylbenzene. The spectra are assigned and conformatinns are suggested
with the aid of molecular orbital molecular mechanics (MOMM-85) calculations

Based on the experimental and thecretical results, the minimum energy conformer

© b

ts found to have ri(cortho'cjpso'cd'cﬁ) = ca. 907 (i.e., tﬁg allyl groupg?sy
; fr to the plane of the benzene ring) and fz(cipso—C&-CB—
C,) = £120% (1., the olefin C=C bond is eclipsed with the C4-H, bond). The

essentially perpendicul
R ,

TOFMS of allylbenzene clustered with methane, ethane, water and ammonia are also
presented. A Lennard-Jones potential energy 6-12-1 atom-atom caiculatiocn is
used to characterize the structures of these clusters. Experiments and
calculations demonstrate that the four different solvent molecules studied can
form stable clusters with allylbenzene by coordinating to the %-system of the

allyl substituent i{n addition to that of the aromatic ring.
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Abstract

Supersonic molecular jet laser time of flight mass spectroscopy (TOFMS)
is employed tn determine the minimum energy conformation of the allyl group with
respect to the henzene ring of allylbenzene, 1-allyl-2-methylbenzene and 1-
allyl-3-methylbenzene. The spectra are assigned and conformations are suggested
with the aid »~f molecular orbital molecular mechaniecs (MOMM-85) calculations
Based on the experimental and theoretical results, the minimum energy conformer

is found to have rl(C C

ortho” -Ca-CB) = ca. 90° (i.e., the allyl group is

ipso

essentially perpendicular to the plane of the benzene ring) and ¢ C -C,-

a "8

CT) = * 120°(1.e., the olefin C=C bond is eclipsed with the CqHy bond). The

2(c1pso'

TOFMS of allylbenzene clustered with methane, ethane, water and ammonia are also
presented. A Lennard-Jones potential energy 6-12-1 atom-atom calculation is
used to characterize the structures of these clusters. Experiments and
calculations demonstrate that the four different solvent molecules studied can
form stable clusters with allylbenzene by coordinating to the n-system of the

allyl substituent in addition to that of the aromatic ring.




I. Introductiop,

Supersonic molecular jJet laser spectroscopy has racently been proven to
be remarkably capable technique for the observation and structural
characterization of a wide variety of alkyl and heteroalkyl substituted
benzenes.]"'6 For example, the minimum energy conformations of various

56 ang styrenes’7 nave been

ethy].l propy].3 buty‘l4 and methoxybenzenes
observed for the first time and their stable conformations have been experi-
mentally determined. In addition, molecular jet laser spectréscopy has been
able to characterize potential energy barriers, typically for aromatic
methyl rotors, for some of these molecules in both thetr ground and excited
states.2'6'8
In this paper, we focus attention on the effects of a carbon-carbon
double bond (an additional ®-system) {ncorporated onto an aromatic ring in
terms of the geometry of the minimum energy conformation(s) of the molecule
and on the geometry of various van der Waals clusters. The specific systiems
studied are allylbenzene (1), the allyltoluenes (2 and 3), and the van der
Waals clusters formed between allylbenzene and methane, ethane, water and
ammonfa. Even though the allylbenzene substructure is found fn numerous
natural products and has value in organic synthetic manipulations, its
conformational properties have received 1ittle attent1on.9 Indeed, there is

a dearth of both experimental and theoretical informatfon regarding the

conformational preferences of allylbenzene and its derivatives.-

R
‘1
1, RL=RZ = H
2, Rl = CHy, RZ = H
30 Rl = H, R2 = CH3




Spectroscopic studies of these systems are obtained through supersonic
molecular jet cooling and isolation of the varfous species in the gas phase,
and one- and two-color time of flight mass spectroscopy (TOFMS) detection.
Mass selected excitation spectra of isolated molecules and clusters are thus
obtained.10 In order to determine the conformations and cluster geometries
associated with the individual mass selected spectra observed, model calcu-
lations of the isolated and clustered species are performed.lz

Five questions are addressed in this work: 1) can the stable conforma-
tions be isolated and spectroscopically observed for benzene and alkyl

substituted allyltenzenes? 2) what are the minimum energy conformations of

the allyl group in allylbenzenes? 3) what are the configurations of clusters
of allylbenzenes with small solvent molecules? 4) does solvation influence
the allylbenzene molecular geometry significantly? and 5) does the W-system
of tha allyl group influence significantly the solvation of the aromatic
ring in substituted benzenes?

IL Experimental Procedures,

The supersonic jet time of flight mass spectrometer {s as described pre-
v1ouslyﬂ3 Expansion into the vacuum chamber is achieved with an R.M. Jordan
pulsed valve. In the case of the allylbenzene van der Waals clusters, two-color
photofonization spectra are obtafned by using two Quanta-Ray Nd:YAG-pumped
tunable dye lasers to generate the pump and {onization beams. The energy of the
tunable pump beam (0.5 to 1.0 mJ/pulse) is typically ~ 37500 cm™! while that of
the fixed wavelength fonfzing beam (1.0 to 2.0mJ/pulse) 1s ~34000 em™l.  Under
these experimental conditions no one-color spectra, due only to the pump beam,
are observed. Complications due to fragmentation of higher order clusters are
avoided by careful control of the allylbenzene and solvent concentrations so
that, in general, higher order clusters are not oberved. Moreover, the

-2-
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ionization energy is determined to be just high enough to aberve spectrsy hut not

cause extensive fragmentation into lower mdass channels Al peaks ino0ooen
spectrum are found to have the same backing pressure dependienee

Ground state potential enerygy profiles for the allylbenzenes are bty
using Kao's molecular orbital-melecnlar mechanics MOMM -85 algoc:tha Pl
theoretical approach which has found to be applicable to aromatic
molecules 14,16

The resolntion present!y avaiiable to us {ca 01 om ") 15 ot 5,90 {ent
to determine the detailed geometries of allylbenzene clusters from rotational
spectroscopy Instead. potential energy Lennard-Jones (LJ) atom-atom (A-12-1)
calculationsl7 are used in this endeavor These calculations are simjlar to
others used in the past and employ the same set of LJ potential
parametersﬁs'lg The partial electronic charges centered on each atom of allyl-
benzene are listed in Table I and are obtained from ab initio STO-3G
calculations.

For allylbenzene clustered to methane and ethane, the use of partial
charges has no effect on the calculated cluster geometry. and only a small
effect (=3 cm™!) on the calculated cluster binding energies. The partial
charges are therefore omitted in these calculations

Methane, ethane, water and ammonia are typically mixed with the expansion
gas at a concentration of 2% in 50-100 psig of helijum.

Allylbenzene (1) and 1-allyl-2-methylbenzene {2) are purchased from Wiley
Organics, Inc. and are used without further purification. The samples are all
maintained at ca. 25°C during the experiment.

1-Allyl-3-methylbenzene (SLZO A solution of m-tolylmagnesium
bromide. prepared from 3-bromotoluene (85 g, 49.7 mmol) and magnesium turnings

(231 g, 99 mmol) in ether (20 mL)., was added at room temperature to a mixture

_3_




of allylisopropytsuit e 49 g 344 maws’t ol V.fE:'Phgpru:‘yjﬂn;~9y\ [EA
g, 092 mmol) in ether (80 =(: Thie reactian MiNtare was hegted e L
for 10 h. cooled. and quenched with 1N hydrochicorie g TR e as
sepdrated. Filtered. dried isodium salfate). and concentiared e . s s
mmHg) The 1-allyl-3-methylbenzene i3] was then csaiated by bt 00 e 0
give 3 A2 g (R0%) hp 24-27 7 07 07 amHe): lH NMR iCDCy A2 2 vty
(4020, 5 = AT Az 303 0T wo HY TA8-A G0N tm THP ST T 0y e T

P3% NMR (0DC14) 6 2138 1020 11T A3 123 38 126 TROIZR A 100 vy 137 7T

‘-
W
~3

95, 139 9F

IT1. Experimental Results

A Allylbenzene and Allyltoluenes.
The time of flight mass spectrum of the Og band region far *he QQ - cl
transition of jet-cooled allylibenzene (1) s presenced in figure | The
spectrum contains one origin. located at 371926 cm_1 This single origin

indicates that only one energy minimum exists for the orientation of the allyl

group with respect to the ring in aliylbenzene, as defined in 4a and 4b

v
T

Plane of aromanc n

|
.Jg‘-*
\/1

=
nng \\ pso
Lo ~7)

4a 4b
Figure 2 is the TOFMS of jet-cooled l1-allyl-3-methylbenzene (3). The
spectrum exhibits what are assigned as two separate origins, at 36959 2 and
37066.9 cm !, belonging to different conformers. The origin at 36959 2 em”!
appears weak because the laser output at this wavelength (LDS-698 doubled mixed

with 1064 zm) is quite low in intensity As has been commonly observed for 1-
_4_




1yt S3-methyl® azenes 57 the aroains appear as o Loohlery :
herween 00 oenal rotation il states F ehe mong o merbytogroean T e e o~
wo ' dartmentel o rddes as S O R SN R LU . s
*he low ecnergy <ide of the criein s 76 379 2 o C e possiblo s S
hand of the ally!l group The TOAEMQ € fareoan e T Dol T ettt 2 <
aresentad o Flgare 7 oand Sows e tatense fegtares 0 TIT T LT
CoWhioh are 1S ass ane oS 7.0

A portion af rthe grer sracay Tanetian far o allylihenzene ST bl e
W”VVi; b slgorithm s shown on Dlgure MOMM gl it oons were also performed
g T-1llyl-2-methylhen e 20 T ohoth rcases) '—If(‘or'“‘.u‘h:“\‘u?dt»rji) = 1
10 L. *he allyl sabs*orent (5 essentially »rthogonal *o the plane f the
henzene ring (¢ £ 4} This s consistent wi:th rhe experimerti! and she retical
findings for 7, “or ather Alkyl-substitate romatics of partiil strycture

23013 22 . . . :
St s’ == The Newman projections far the conformaticna! prafile about

?2!CipSO-Ca-C3-CT$ cepresent the other important conformational varitable far
these compounds The s*=r:ic ecnergy prefile for raration about 75 is shown in
figure 4 As can be seen. *he vinyl Cq'C;pso 2clipsed 5 and vinyl 7 -H
eclipsed 6 (=7) conformations are predic*cd to be *he energy m.nima ‘or
1llylbenzene Because the energy diffarence hetween 5 and 6 7 i< small 0
kcal mol), certainly within the error range of the MOMM ca.culations. we Ccannot

sperify which of these is the global energy mininum Much more refined
calculations would be required before one could confidently predicrt which 0f 5-7
1s the most stable conformation and what the energy difference between them s
For example. preliminary STO-3G calculatisns an the geometries of the MOMM-
derived energy minima found for 1 (i e . S5a vs 6a) led to a reversal »f *heir
potential energies {0 S5 kcal mol hy MOMM: -2 10 kcal mol by STO-2G) The
important conclusion here is that the energy minimum (s 1 viay! Ca ¥y »olipsed

~5-




coamfarmati 1 owith ¥ orancagentiag aochaer

a hoteogen «tom s in 6 41
I
P v sl A~
1 \./\ . \§/\
NN e 2
l. -
< ! 9 ~
4/\‘5\\4 B! 4
§) # i
E 2 92 - u
b o+ . ru. 82 .4
C : - H Dz = y‘u"‘
B Allylbenzene/Methane

The TNFMUS ¢ (l1vlhensene logtared with one mothane molecuyls

'AB(CHXT.! is presented 0 figure 3 Three relatively intense fejtures 2cour,
- ! i . .
1t 371476, 371398 and 3TLITT O om0 red shifred from the origin of

‘.

allylbenzene by {50, 2328 and !1 7 ¢m The fiprst *two shif*s are similar to
those observed for methurne clustered *o other substituted benzenes such s

propylbenzene 13 For this latter case. shifts of -31 and -286 cm™* are found for
methane above and below the ring of the anti conforaer

In order to perform the usual LJ cluster potentia! energy geometry search
calculations for the allylbenzene solvent clusters. a1 geometry for the
allylbenzene portion of the cluster must be assumed Cunformer 6a is chosen for
the allylbenzene minimum energy conformrr:  arguments in favor of this choice
are presented {n the Discussion Section and are consistent with the aforemen-
tioned spectra. Potential energy calculations for xB(CHJ)1 yield the five
cluster geometries illustrated In figure 6 Cluster binding energies are also
presented in this figure. For only two of these geome*ries i{s the methane
molecule coordinated directly to the aromatic =7-system of the ring. These two

structures are analogous to those observed for propylbenzene (CHy)y) and

-6 -




presumably are cespons ble for the (T oot dabove the moagt oot 220 - VRN

he ring) red shifted feati~=x in f.yure

The remaining three <'rictures in figure & 10 10 Tre et
. . N g RN Ve ~ T B i
*ion to *the m-system f che allvl ogra Sueh ocoer o : P
* ~
minimal effect on *the energy of "ho = = seaneir o L0 v g T St i
therefore at least ape of *heve threw romalining clusrer geomeflieos moar b
. - - — B . -
responsible for che ferrure o : oo s i
C. Allylbenzene /Ethane
The TNFMS of *the 1l lhanzene: " U v cap ler Watls luster “f Teu oo
is presented in figure °© Tha mest ratense fearture CfF thog o spertrum ogocurs at

77189.8 em ! and is red shifted from o the allylhenzene oo by anly 28 om

Same of the other features present ‘n figure 7 occur at 373112 37451 ¢C

(R}

37199 1 and 37312 % «m *  with _aorrespend.ng shifrs from the allylbenzene origin

of -73.8, -41.6. 4.5 and 198 cm

LJ potential energy naleculatinns of allylbenzenc(f,Hg), yieid nine

- ; ; ; 4 : o
scparate cluster geometries; these are depicted in figure 87 and figure 2 The

first four of these are the familiar "perpendicular” and "parille!

I c L

configurations of the ethane molecule over the benzene ring. and have been

g~ .
17 13 e

observed for ethane coordinated *o benzene ind prnpylhenzene

"perpendicular” and "parallel” configurations of the benzere!(l,4.", cluster
produce red shifts of the 6; transitinon of 572 and 30 8 cm'l. respectively
Thus these cluster geometries for allylbenzene(C,Hg); clusters are mest likely

responsible for the features at 374188 and 371510 en}

{red shif+s 2f 733 and
11.6 cm) in figure 7
The most intense features of the spectrum in figure 7 lie guite close '0

the allylbenzene origin. Such small red shifts are to be expected fcor clusters

. . . . . . 1
in which the aromatic 7t-system of the ring is not coordinated or sol-ated




The faqtyrey v 17120.&@ YT 1a0 0 aed ATS2 ] w0 i flere Tt hen e
likely due to the coordin: . ¢f <he ethane polesple * b N ©
ally!l substituent.

D. Allylbenzene/Water.

LY

Figure 9 depicts che T7EMS f GllylhenzeneH, 00, oo the rege

allylhenzene Og trans:tion The fi-ost four intense features of orhe o
= e e vmmmm -- 1 . . ‘
Seour ot TT79223% 0 2TT0 T ind 2TTA2 9 o with o orrassee b e

shifts relative to *he . ylhenzene crigin of 700 17R. 8Ty a7 Y em
LI potential energy catoilatians reveal foar separate al
configurariens. as shcwn i figure 10 Two ¢of these involve the coardina~isn of
the water aolecyle to rhe romaeis 2-gysrtem 3above and below *he ring 1 ~luster
of similar geometry produces an 814 em™* blue shift of the “3 fransition in
benzene '8 The foutures in figure 2 which ire blue shifted from *the

a]l ylbenzene origin by 231 and 903 em™! are therefore most likely due to the
cooi finatinn of the wa*ter molecule tno the <-system of the ring. The feat;res
which are blue-shifted by 309 and 478 cm'l are presumably due to crordinartion
of the water molecule to the =-system of the ally! group

E. Allylbenzene/Ammonia.

The TOFMS of the Og transition of allylbenzenc(NH,), is presented in figure

1

Intense featmres occur at 37490.6. 37342 7 and 37366.3 cm * shifted by -

.-
.

20. -501 and +-73.7 cm_l. respectively from the origin of allylbenzerne L
potential energy calculations predict the existence the four cluster configur-
ations {llustrated in figure 12. As for water. two of these clusters involve
coordination of the ammonia molecule to the 7-system of the ring, while the
aother two involve ammonia coordination to the 7- system of the allyl! group. The
TOFMS of ammonia coordinated to benzene is complex and difficult to interpret.ls

but an assignment of these data has been presented 18 The red-most feature in

~8-




rhe TNTMS {g 100 cm - c o loiwer wneroy a7 the Benvone N0 vsang o Trhae 4

far ammonia coordinated *. lkyl-suberituted henzenes e npot o presert !l

available.

\n ammonia mnlec il caerdigared ety aver the sogysten o0y
aromatic ring of allylbepzene woold unl:kely produce only 2 . TE A G
the cluster 0% transition Sinre g -loarinn of or coardtination no the aramat
ring =~-system fypica'ly crovieoes rhe largest cluster (red ogr bluel <hifry 0w
assign the features in Frzure 10 ahi b oare hluye shifrted 30 and 7207 n t fronm

the 1llylhenzene origin *» *ransitions belonging 9 clusters o wh.o h the
ammonit s positioned directly over the ring The 20 cm b red shifted featurc
i1s most likely e tn gy oluster in which *he 1mmnonia mnlecule is directly
coordinated *tco the 111yl sobsrituent
Iv. Discussion
A. Allylbenzene Conformation.

'n previous studies. we have demnns*rated that laser jeo%t spectros~opy <an

be employed to observe stable conformational isomers. even if the energy

1-6 )

barriers for conformaticnal interconversion are very low
each spectrum, the origin transition is associated with a specific stable ground
state conformation: conversely, each stable conformation corresponding %o a
potential energy minimum generates, at least in principle. its own spectroscopic
08 transition. Hence, by cxamining the spectra of specifically substituted
allylbenzenes, one can in principle "count” the number of stable ground state
conformations and thereby establish their molecular geometries 1-7 For
allylbenzenes, this may lead to a distinction between 5 and 6 7. or the possible
presence of both in the jet.

As shown in figure 4. a variety of stable conformations can be propused

for 1-3: however. only conformations for which the ally! substituent is

-9-




pssentially perpendictalar 'o rhe plane of the benzene ring 1re considered!

Y

this discussion. since MOMM alenlitions indicatre Ty 90 Mmoo .

WG
F
k)

orientations are found experimentally and theoreti-ally o e the oo
for all ather aryipriaay alkyl ’Ar-Cﬂg-R) compounds e g LY
isobutyl, neopentyl. e The MOMM rosu!l*ts point 0§ ol 6 7T s
stable ground s*ate ~unfnrmarions

Since only o singl> origin transition is observed fop 1o o ther 5a o0 fa
but not both confarmarions obhrein for oallylhenzene analageously  only §
‘mixture' of 6 and 7! ~Lraiins f5r 2 and 3 To distinguish between “hese
possibilities, we have irilived these rsymmetrically substitured allylbenzenes
following *the strategy ~aployved previously by us to uncover the minimum rnergy
conformations of alky! nd merhoxy substituted be‘nzpnesl-6

consider 1-allyl-2-methylhenzens 2 the TOFMS of this compound would
contain only one origin transition if conformation Sb were the energy
minimum, while conformations 6b and 7b would yield two distinct origins. Since
the actual TOFMS of !'-allyl-2-methylbenzene, presented in figure 3. contains two
origins, at 37179.3 and 37250.8 cm'l. conformation 5¢ is ruled out Thus
conformations 6c and 7c are assigned as the stable conformations of 2

Similar logic obtains for 1-allyl-3-methylbenzene (3) As shown (n
figure 2 and discussed above, two origin transitions are ubserved and assigned
as 6¢c and 7c. Although we have made assignments linking specifir conformations
with fndividual transitions for other systems, as in the case of the anti 8 and
two gauche 9a and 9b conformations observed for propylbenzene3. we cannot at

this time assign the individual transitions observed for 2 and 3 to specific

conformations 6 or 7.

-10-




7 CH’J RI‘\/\/R:

!

X ~
H H -
‘ H CH
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CH, “

1 > .
8 94 RT - R7 = TH,

9h. R’ : cH, R -y
B. Allylbenzene Clusters

The =-system of =he leuble hand In allylbenzene ~an and deoes compere
effectively with the ~-system of the aromatic ring to coordinate incaming
solvent molecules. Ceordinarion with rthis nlefinic =-system results in s*able
clusters with various solvent molecules. In addition, the geometries of
clusters in which the solvent mclecnuls {s rcoordinated to the ring are influenced
by the double bond of the allyl grnvp. which tends to pul! the solvent malectle
to the allyl side of the ring. Thus. the early (and perhaps later) s*tages of
nucleation and solvation of olefin-substituted benzene derivatives may well
differ substantially from those of nlkane-substituted benzene deriva‘tives

Allylbenzene water and ammonia clusters for which the solvent is coor-
dinated to the aromatic ring apparently generate blue shifted 08
transitions with respect to the allylbenzene isolated molecule. This excited
state reduced binding energy is probably related in the fact that ‘hese solvent
molecules contain lone pairs of electrons which can destabilize the =¥ state of
the ring relative to the ground state. Very similar behavior is found and
characterized for other aromatic systems.lz-m'17'18'lg
Finally, the fact that the cocrdination of solvent molecules to the

allyl substituent generally has only minor effects on the energy of the ring 2"

-~ T transition indicates that the two t-electronic systems are indeed reasonably
-11-




isolated from each other

V. conclusions.

we have observed spe'r1 of the isoliared allylhenzenes 1.3 o0t w0
benzene itself solvated by carjous small molecules fFH; Fan. N ”ET‘ I
an poth spectroscopic and theoreti-a! results the ground sHate enesg o moe v

geometry of isolated illylhenzene ox determined to be 6a (= Ta; For 2,
confarma*tions 5a and 6b Are fund o ohe the ground starte energy monime
Similar!y. for 3, confermarions Sc and 6¢ are *he ground state energy TiniTA
Allylbenzene clusters appear "o have two very distinct fypes nf spectra:  *hose
wel! shifted (red or blue) from *he comparable allylbenzene feature and these
relatively near the comparable allylbenzene feature The former spectri we have
associated with clusters in which the solvent is directly coordipared to the
aromatic ring and the latter spectra we have associated with clusters in which
the solvent is coordinated to the allyl group z-system. well removed from the
ring and the z‘ - 7 transition. Solvation dnes not appear to disrupt in any way
the conformation of the isolated allylbenzene molecule, as the spectral shifts
characterized for the clusters arc all relatively small and well wishin the
range found for other simple aromatic systems. And finally. since much of the
cluster spectroscopic Intensity seems to be found in {eatures associated with
allyl group direct solvation (origin features with small]l cluster shifts), we

suggest that the allyl n-system has a significant inflnence upon how allyl-

benzene interacts with and is solvated by small solvent molecules.
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Partial Electronic Charges for All--'henzene

Atomg 1

1 (C) 0 o1
2 (0) TR
3 (C) -0 A
4 (C) AR
3 (C) -0 NRO
6 (C) -0 065
T -0 106
8 (C) -0 04k
$ ({( -0 128
10 (H) 0 087
11 (H) 0 NS9
12 (H) 0 058
13 (H) 0.057
11 (H) 0.056
15 (H) 0.0s7
16 (H) 0.062
17 (H) 0.059
18 (H) 0.057
19 (H) 0.055

A From STO-3G calculations using the MOMM-8S5 derived energy minimum

o

= Other attached atoms, not shown in diagram, are 2-12, 3-13. -
14, 5-15, and 6-16.
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Figure 2

Figure 3

Figure 4

Figure Captions

1

NDne-colaor TNOFMS of the 0? region S, = S far jet-coojaed 2!

1 2
benzene The single in*ense feat:re is assigned s rhe orig:n
- - -~ -1
and occurs at 3736825 g7 The weak features tn higher energy
of the origin 1re srescemed to be due to ftorsivnal morion of rhe

allyl gronp The solitary origin demonstrates thdat aonly one
molecular cornformation exists as an energy minimum for this
molecule.

One-color TOFMS of *he 00 region of Sy - S, for jet-cooled 1-

0
allyl-3-methylbenzene. The spectrum contains two origins, at
16959.2 and 370669 cm”! The origins appear as doublets due to

transitions between internal rotational states of the ring methyl

group.

One-color TOFMS of the Og region of S, ~ S_ for jet-cooled 1-

[e]

allyl-2-methylbenzene. The spectrum contajns two intense features

at 37179.5 and 37250.8 cm~! which are assigned as origins. The

presence of two origins eliminates the conformation 5 as the correct

geometry of the energy minimum.

MOMM-derived steric energy profile for allylbenzene for rotation

about Ty




Figure 5 Two-color TQFMS of the 03 region of QI - S5 far C !
allylbenzmw”?H“l The three :(ntense peidks ocon 0 L7 O
- 1 'R

15 em to lower energy of the aliyibenzenc origon ol o bow

to three differert r~luster configurarions

Figure 6 Minimam 2nercgy ~laster configuratians and binding woeryg,es for
Al

allylbcnzpne’PH.)l obtained from the Lennard-Jonres poten®ial
+

enecrgy calculation

Figure Two-color TNFMS of the Og region of S, - < for jet-cooled

b)
allylbenzene(C,Hg) The intense features centered around 37500

-1 1

cm are wirthin 20 cm™* of the allylbenzene origin and are due to

clustering of the ethane molecule on the allyl substituent.

Figure 8 Minimum energy configurations and binding energies for
allylbenzene(czﬂs)1 obtained from LJ potential calculations. (A)
Complexation of ethane with aromatic z-system. (B) Complexation of

ethane with olefin n-system.

Figure 9 Two-color TOFMS of the 02 region of Sy = S, for jet-cooled
allylbenzene(HZO)l‘ The spectrum contains four intense features

at 37523.5. 37540 4, 37577.7 and 37582 9 cm ! corresponding to

four different cluster configurations.

Figure 10 Minimum energy configurations and binding energy for

allylbenzene(H20)1 obtained from LJ potential calculations




Figure 11 Two-color TOFUS of the 02 reginon of S ST
allylbe.nzene(.\'}-!,})1 The intense fearuawes " 170490 LA 1o
37566 3 7! are due to different | listos AR EPR AR RO
Figure 12 Minimum enecgy nnfogerations and bhinding onergoe ‘
allylbenzenr(NH b sorrined from LI porential o TR
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