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Rotationally Resolved Electronic Spectra of 2- and 3-Methylanisole in the Gas Phase: A
Study of Methyl Group Internal Rotation T
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Rotationally resolved fluorescence excitation spectra of several torsional bands in theSsSelectronic

spectra of 2-methylanisole (2MA) and 3-methylanisole (3MA) have been recorded in the collision-free
environment of a molecular beam. Some of the bands can be fit with rigid rotor Hamiltonians; others exhibit
perturbations produced by the coupling between the internal rotation of the methyl group and the overall
rotation of the entire molecule. Analyses of these data show that 2MA and 3MA both have planar heavy-
atom structures; 2MA hasans-disposed methyl and methoxy groups, whereas 3MA hasdistandtrans

disposed substituents. The preferred orientations (staggered or eclipsed) in two of the conformers and the
internal rotation barriers of the methyl groups in all three conformers change when they are excited by light.
Additionally, the values of the barriers opposing their motion depend on the relative positions of the substituent
groups, in both electronic states. In contrast, no torsional motions of the attached methoxy groups were detected.
Possible reasons for these behaviors are discussed.

1. Introduction More data are needed to rectify this situation. In what follows,
we describe both the low and high resolution & S
fluorescence excitation spectra of 2MA and 3MA, as isolated

years. In 1936, on the basis of thermodynamic evidence, it was>Pectes in the gas phase. We derive from these data |r1_form§1t|on
about the structures of the molecules, the preferred orientations

concluded that the relative rotation of the two methyl groups of their substituent groups, and the barriers to methyl group

in ethane was not entirely free but was shown to be restricted internal rotation in both electronic states. The results show that
by a potential barriet. Subsequently, following pioneering :

studies of the origins of such barrigrmuch research has been the magnitude and signs of these barriers are a sensitive function

. of the relative position of the substituent groups and the

performed on many molecules containing methyl grotipaio . .
J electronic state of the molecules to which they are attached.
molecules of special interest to us are toluene (methylbenzene)
and anisole (methoxybenzene). Recent studies of these two

species have revealed that the methyl group internal rotation in2- Experimental Section
toluene is relatively freé whereas that in anisole is relatively 2MA and 3MA were purchased from Aldrich and used

rigid.° In the present study, we focus on molecules containing ot further purification. Dry argon and helium were used
both of these functional groups, 2-methylanisole (2MA) and in all experiments as inert carrier gases

3-methylanisole (3MA); see below. Our interest is in learning In the vibrationally resolved experiments, samples were

ﬁ,'boﬁgéu?ggv mtigittgés:ggjénii%rebisegfchfrgteh(l(:m i these two seeded into 60 psi of helium gas and expanded into a vacuum
: . S ' . chamber (10° Torr) throudh a 1 mmdiameter orifice pulsed

PI’.EVIOUS nvestigations 0f7 g MA and 3;\/| A have |.ncl7u8ded valve (Ge(neral V:z\lve Sg]ries 9) operating at 10 sz. Two
stud|e§ of their TOF-MS.LIF,"® PFI-ZEKE; hole-burplng,' centimeters downstream of the valve, the free jet was excited
and dispersed fluoresceridespectra. These studies have with the second harmonic of a Quanta Ray?N¥AG (Model
revealed that both molecules exhibit significant low frequency DCR-1A) pumped dye laser (Model PDL-1). The dye (Rhod
Franck-Condon activity in their $— S, electronic spectra, o e e )

: . h . amine 575) laser output was frequency doubled with an external
evidencing some kind of conformational change produced by [B-barium borate (BBO) crystal providing a spectral resolution

the absorption of light, presumably involving one or more 1 . . .

torsional modes. Additionally, othéPd*have describedb initio '?r:e '2i6a$1rtglrtk:2 tlzgelﬂ\t/)'e';rrﬂrqggerﬁg;gégrégt\?vrsgcgizi?eec:\/\aj\?\%nthe

calculations of the ground-state methyl group internal rotation fluoiescence was collected with a photomultiplier tube (PMT)

potentials for several toluene derivatives. Computed barriers at _. P P . :
Finally, the collected data were processed by a boxcar integrator

the Hartree-Fock (HF) level using medium sized basis sets - -
agree reasonably with experimental results, for sewantalo- (Stan_fqr_d Research Syste_ms) and recorded with Quick Data
Acquisition software (version 1.0.5).

substituted toluenes. But the agreement is poomifeta and . . .
para-substituted compounds, even in their ground states. Rotationally resolved electronic experiments were performed

Capturing the dependence of these barriers on the electronicUSing & mc;lecu_lar beam laser spectrometer, described in detail
state of the molecule is an even more challenging task. elsewheré? Briefly, the molecular beam was formed by
expansion of the vaporized sample (either 2MA or 3MA) seeded

T Part of the special issue “Charles B. Harris Festschrift”. in argon carrier gas18 psi) through a heated-813 K) 240
* To whom correspondence should be addressed. E-mail: pratt@pitt.edu.um quartz nozzle into a differentially pumped vacuum system.

The phenomenon of internal rotation has been a subject of
considerable interest to both chemists and physicists for many
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Figure 1. Vibrationally resolved fluorescence excitation spectra of
2MA (top) and 3MA (bottom) in the gas phase. The “boxed” labels
refer to bands of theis-conformer.

The expansion was skimmed 2 cm downstreanhwitl mm
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Figure 2. Rotationally resolved fluorescence excitation spectrum of
band Oain 2MA,; the origin frequency is at 36361.8 cth A portion

of the high resolution spectrum at full experimental resolution and its
simulated spectrum are also shown in the bottom panel.
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differences in both the orientations of the methyl groups and
the barriers opposing their motions in the two electronic states,
if these interpretations are correct.

N

diameter skimmer and crossed 13 cm further downstream by a

continuous wave (cw) Arpumped ring dye laser. The cw laser

was operated with Rhodamine 110 dye and intracavity frequency

doubled in BBO, yielding~200 4W of UV radiation with a
linewidth of ~1 MHz.

The fluorescence excitation spectrum was detected, using
spatially selective optics, by a PMT and photon counting system.

The PMT signal together with the iodine absorption spectrum

and the relative frequency markers were simultaneously col-

lected and processed by the jb95a data acquisition sydtem.
Absolute frequency calibration of the spectra was performed
by comparison with the,labsorption spectrum. The relative
frequency markers were obtained from a stabilized etalon with
a free spectral range of 299.75200.0005 MHz.

3. Results

Figure 1 shows the vibrationally resolved fluorescence
excitation (low resolution) spectra of 2MA and 3MA. Like
Breen et aP and Ichimura and Suzuki (IS)we observe

extensive low frequency progressions in each spectrum. (Ad-

ditional activity appears at high energies in both spectra, in
combination with ring modes (e.g., §b6a, and 1).) The
labeling scheme in Figure 1 is taken directly fronf iSwhich

cis-3MA trans-3MA

We have performed extensive studies of these spectra at high
resolution, to test these hypotheses and to provide further
information about the ensuing dynamics. Figure 2a shows the
rotationally resolved §— S fluorescence excitation spectrum
of band 0a in 2MA. It spans approximately 3.3 crh and
exhibits b-type character, evidencing a near-perpendicular
orientation of the §— S transition moment in the inertial
frame. To fit this spectrum, we first generated abet600
b-type rovibronic transitions based @ initiol® estimates of
rotational constants and rigid rotor Hamiltonians for both
electronic states. Then, we made quantum number assignments
of single transitions in the simulated spectrum to corresponding
transitions in the experimental spectrum, using the Windows-
based program jb95.Finally, we used a least-squares fitting

the numbers designate the vibrational quantum numbers of theprocedure to optimize the rotational constants, based on a

methyl group torsional levels in the; State and the letters
designate their symmetries. The origin band0a2MA is at
36361.8 cmit (~275 nm), red shifted from that of toluehley
more than 1000 cmi. IS claim that 3MA exhibits two origin
bands, one at 36049.3 cithat has been assigned as the
conformer (the lowest frequency band in Figure 1b, marked
“le,0a” inside the box) and a slightly higher energy band at
36115.5 cm? that has been assigned as thens-conformer
(marked “0a” in Figure 1b); see below. Clearly, the extensive

comparison of observed and calculated line positions. The final
fit utilized 114 rovibronic transitions, including some weaker
a-type lines and resulted in a standard deviation of 2.8 MHz. A
portion of this fit is shown in Figure 2b. Individual lines in the
fit exhibit Voigt profiles, with Gaussian widths of 18 MHz and
Lorentzian widths of 28 MHz. The rotational temperature of
the fit is 4 +£ 1 K. The inertial parameters from the fit are
reported in Table 1.

Band 1e was recorded but could not be analyzed. Other higher

Franck-Condon progressions in these two spectra signal large torsional bands, shown in Figure 1a, were analyzed, such as
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TABLE 1: Rotational Constants of trans-2-Methylanisole in
Its Ground and Excited Electronic State$ a)
Parameter 2MA-Oa 2MA-2¢° 2MA-3&°
A" (MHz) 2490.0 (1) 2490.6 (1) 2490.1 (1)
B" (MHz) 1558.9 (1) 1558.8 (1) 1558.9 (1)
C" (MHz) 970.7 (1) 970.7 (1) 970.7 (1) i | |
A (MHz) 2407.9 (1) 2419.2 (1) 2543.5 (1)
B' (MHz) 1550.0 (1) 1569.7 (1) 1830.9 (1) 36416.0 364195
C (MHz) 951.2 (1) 952.3 (1) 954.1 (1) Frequency (cm)
Al" (amu &) —6.51(2) —6.52(2) —6.50 (2)
Al' (amu £2) —4.64 (2) —-0.14 (2) 54.98 (3)
TM angle to the 14 (2y 14 (2y 25 (2y

b-inertial axis

aNumbers in parentheses are the standard deviations of the last
significant figure.? See Table 5 for additional information about the
first-order torsion-rotation perturbation coefficients that were used in
the fit. ¢ The following A-reduced Watson centrifugal distortion terms
were applied to the Sstate: Ay = —0.10,A’ = 0.15,A¢' = —0.14,
05 = 0.05,6k' = 0.33 MHz.
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Figure 4. Rotationally resolved fluorescence excitation spectrum of
band 3ain 2MA,; the origin frequency is at 36417.7 cfh A portion

of the high resolution spectrum at full experimental resolution and its
simulated spectrum are also shown in the bottom panel.

b-inertial axes of the moleculg, = 14(l4/13), and so forthl,

r
363878

Frequency (cm-') is the moment of inertia of the methyl group, and a reduction
factor
/ \ r=1-3% (A, g=abc (3)
This fit showed excellent agreement with experiment, the OMC
b) obtained was 3.8 MHz; see Figure 3b. The Gaussian line width

in 2MA-2e is 18 MHz, the Lorentzian line width is 28 MHz,
and the rotational temperature is 6 K. The inertial parameters
obtained from this fit are listed in Table 1.

Figure 4a shows the high resolution spectrum of 2MA-3a
The fitting procedure for its analysis was analogous to that used
for the 2MA-0a band. Through the use of rigid-rotor Hamil-
tonians for both electronic states, a simulated spectrum was
generated and more than 200 rovibronic simulated lines were
assigned to experimental transitions, yielding an OMG-@D
Figure 3. Rotationally resolved fluorescence excitation spectrum of MHz. This was reduced substantially to 3.9 MHz by including
band 2e in 2MA; the origin frequency is at 36389.7°¢mA portion Watson distortion terndé for the S state. The 3alevel lies
of the P-branch is also shown in the bottom panel. above the torsional barrier in the Sate, but no torsioarotation

bands 2e and 3an 2MA. Figure 3a shows the high resolution ~Perturbations were observed which is consistent with the
spectrum of 2MA-2e. Comparison of this spectrum with that assignment of band 2MA-3as an @ band. This band has a
in Flgure 2a ShOWS that band 2MA-2e has a Very d|fferent Gaussian I|ne W|dth Of 18 MHZ, a Lorentzian I|ne W|dth Of 30
structure. It appears to consist of two overlapping subbands, asMHz, and a rotational temperature of 4.5 K. Table 1 lists the
would be expected if band 2MA-2e were in fact an “e-type” inertial parameters obtained from the experimental fit of this
transition and the two subbands contained thereirate e) band. ) )

were split by the torsionrotation interactiot> We therefore Figure 5a shows the high resolution spectrum of the lowest

attempted to fit the spectrum in Figure 3a using the following ©€nergy observed bands in 3MA, the “boxed” 3MA-1g,band

spectra on top of each other, as illustrated in Figure 5b. The
blue-shifted spectrum was fit using effective rigid-rotor Hamil-
tonians for both states, which argues in favor of its assignment
Here,Ag, and so forth, are the effective rotational constants given as the Oatransition. However, the red-shifted band required
by first-order perturbation terms for its analysis, which argues in
favor of its assignment as the 1le transition. Figure 5¢ shows a
@

portion of the high resolution spectrum at full experimental

resolution at the overlap region to illustrate the quality of the
F is the internal rotor constant®/:® and We® are the first- fit. The OMC of the fits are 2.4 MHz for the @dand and 3.1
and second-order perturbation terms, first written down by MHz for the 1e band. The Gaussian line width is 18 MHz and
Herschbach® and p, and p, are weighted direction cosines of  the Lorentzian line width is 22 MHz for both bands. The inertial
the angle between the axis of internal rotation andahand parameters for both spectra are reported in Table 2.
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Figure 5. (a) Rotationally resolved fluorescence excitation spectrum o€ii8MA-1e,0a band. (b) Two simulated spectra;(andE bands) are
required to fit the experimental spectrum; the origin frequencies of each simulated spectrum are labeled on the horizontal axis. (c) A portion (see
part a) of the fully resolved experimental spectrum and the detailed contributidp ahd E-type simulated rovibronic lines.

TABLE 2: Rotational Constants of cis-3-Methylanisole in Its
Ground and Excited Electronic Stateg

Parameter 3MA-1e 3MA-Oa
A" (MHz) 2752.0 (1) 2766.7 (1)
B" (MHz) 1292.5 (1) 1297.5 (1)
C" (MHz) 890.7 (1) 890.7 (1) i ,
A (MHz) 2676.4 (2) 2677.4 (1) 361136 Frequency (cm) 361173
B' (MHz) 1279.2 (2) 1279.6 (1) —
C' (MHz) 875.7 (1) 875.8 (1)
Al" (amu A ~7.22(2) —4.76 (4) /
Al' (amu £?) —6.79 (2) —6.64 (4)
TM angle to theb-inertial axis 28 (2) 25 (2y

significant figure.” See Table 5 for additional information about the
first-order torsion-rotation perturbation coefficients that were used in

aNumbers in parentheses are the standard deviations of the last b) '
1
the fit.

i
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Figure 6a shows the high resolution spectrum of the band 1‘ .
labeled 3MA-Oain Figure 1b. This spectrum spang.7 cnt?,
and its origin is located at 36115.5 ci Rigid-rotor Hamil-

tonians were found to be adequate to fully analyze this band; Figure 6. Rotationally resolved fluorescence excitation spectrum of

neith_er disto_rtion t_erms_ nor p_erturbation coefficients were the trans 3MA-Oa, band; the origin frequency is at 36115.5 GmA
required. This confirms its assignment as arband. In the portion of the high resolution spectrum at full experimental resolution
final fit, approximately 176 rovibronic lines were assigned and and its simulated spectrum are also shown at the bottom panel.
resulted in a standard deviation of 3.1 MHz. The Gaussian line
width is 18 MHz, the Lorentzian line width is 20 MHz, and the completely analyzing either of these bands; they are significantly
rotational temperature is 5 K. The inertial parameters from the perturbed and exhibit low signal-to-noise. Nonetheless, we can
fit are listed in Table 3. confirm that the origin of the 1e band is red shifted by 3.9&m
The 3MA bands labeled “1e” and “2e” in Figure 1b were from Oa and that 2e is blue shifted by 82.0 chfrom 3a, as
both observed in our high resolution experiments, located at observed by IS.
36111.6 and 36193.6 crh respectively. Both bands were Finally, Figure 7a shows the high resolution spectrum of
confirmed to be “e-type” bands as each is split by torsion 3MA-3ay, located at 36264.3 cm. It spans~4.7 cnt! and
rotation coupling. Unfortunately, we have not yet succeeded in has a congested Q-branch. Effective rigid-rotor Hamiltonians
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TABLE 3: Rotational Constants of trans-3-Methylanisole in TABLE 4: Experimental and Theoretical Ground State
Its Ground and Excited Electronic State$ Rotational Constants from the Fits of the Origin Bands (Oa
Parameter 3MA-Oa 3MA-3a — O0q) of trans-2MA, cis-3MA, and trans-3MA
= T

A" (MHZ) 3573.1 (1) 3572.4 (1) Rotational rans2MA  cis2MA cis-3MA trans3MA
B" (MHz) 1124.2 (1) 1124.1 (1) constant fit theory theony  fit theory fit  theory?
X, (|(\'/\|/I|_||—|ZZ)) ngé]é (é)) 385%]4]21((?) A" (MHz) 2490.0 2494.1 3333.3 2766.7 2752.1 3573.1 3532.3
B' (MHz) 1111'3 (1) 1114'2 ) B" (MHz) 1558.9 1556.8 1461.7 1297.5 1295.2 1124.2 1121.8
C' (MHz) 847:2 (1) 846..5 (1) C"(MHz) 970.7 970.2 1029.2 890.7 890.5 861.1 860.6
2::'((;;“[:{5)) :ggg % _AE1236((11)) aGeometry optimization calculation (MP2/6-31G*%)Single-point
TM angle to theb-inertial axis 34 (9 35 (2y calculation (MP2/6-31G*).

_“Numbers in parentheses are the standard deviations of the lastohtained from our fits with the corresponding theoretical values
significant figure. for the cis- andtrans-conformers of 2MA and 3MA. The data
clearly show that theis-2MA conformer was not present in
a) our experiments. Therefore, we assign all the spectral features
in Figure la to th@érans2MA conformer. On the other hand,
bothcis andtrans-conformers were present in our experiments
s 1Ot on 3MA; we assign the “boxed” 3MA-1e,0dand in Figure
i 1b to thecis-3MA conformer, whereas the bands 3MA:@and
iy 3MA-3g are assigned to theeans3MA conformer.

Frequency (cm) | \‘ Differences among the ground state rotational constants may

f
362618

be easily understood. Figure 8 shows projections of the three
geometry optimize® conformer structures in thab plane, in

their ground states. lttans2MA, the A" rotational constant is

the smallest of the three because the methyl group is maximally
displaced from thea-inertial axis, whereas thA" rotational
constant of therans3MA conformer is the largest among the
three species because most of its heavy atoms lie close to the
\ a-axis. cis-3MA is intermediate in this regard. TH&' andC"

i
}

A
ik |
1

ll
| |p|

|
I!| Wl I|".‘ I'I‘IiI L
}\I"‘.J”blfl nl

I| N '|| .'"..I I| II\I AR A R
\||d||‘|\—’ 'UIII‘,JI“] I ‘ °|“| I |u|kf rotational constants are similarly uniqueans2MA has the
01 e largestB"” andC" values_, whgreaBansBMA has the smallest
atype character 325% s type character 67 5% B" andC" values. The inertial defect valueAl(= Ic — 5 —
. . - l,) of each conformer are expected to be ne&.6 amu A&;
Figure 7. Rotationally resolveq _fluorescence_excnatlon spectrum of >MA and 3MA should be bl truct in their Sat
the trans-3MA-3a, band; the origin frequency is at 36264.3 ¢mA VIA an should be planar struciures In they saate,
portion of the high resolution spectrum at full experimental resolution With four out-of-plane hydrogen atoms, two from the methyl
and its simulated spectrum are also shown in the bottom panel. group and two from the methoxy group. However, the experi-
_ i . . mental values (see Tables 1, 2, and 3) are diffeteats2MA
were used to flt_ this band; no Watsqn d|_stort|on terr_ns or first- hasAl” = —6.51 amu &, butcis-3MA hasAl” = —4.76 and
order perturbation terms were required in the Hamiltonians to trans3MA hasAl" = —4.06 amu &. As will be seen, these

fit the spectrum. In the final fit, the convoluted spectrum showed ey jiations from experiment signal large motion along the methyl
mainly b-type rovibronic transitions but included some weaker group torsional coordinate.

a-type Iin_es. Approximately 2.50 transitions were assigned and 4.2. Excited State ConformersAlso shown in Figure 8 are
resulted in a standard deviation of 4.0 MHz. Figure 7b shows the experimentally determined orientations of the S S

:Ialugct)rr;fenti?; thfanF:_b(;?rt]ﬁQ f‘i?;t fruk:leeégigg?::tﬁerﬁ%ﬁ'?: 1t§ transition moment (TM) vectors in the inertial frames of the
MHz, the Lorgntzign line widt.h is 20 MHz, and the rotational three obsc_erved conformers of 2MA and 3MA. Immediately
temp,erature is 8 K. Table 3 lists the inertial,parameters obtainedappa.Irent IS the fact_ that the observed TM wvectors are ap-
from the fit of this'higher torsional band proximately perpendlcular to the-€ bond Qf the attaphed
) methoxy group, in all three cases. (Small differences in these

4. Discussion orientation angles presumably have their origins in small

4.1. Ground State Conformers. Table 4 compares the rotations of the in-plane inertial axes by the attached methyl
ground state rotational constants of the origin (6a0a;) bands groups.) We conclude from this observation that the-SSg

a

b
% § ™
6=13° 6=125 8 =34
trans-2MA cis-3MA trans-3MA

Figure 8. Inertial axes and S— S TM orientation vectors in the experimentally obsenagist andtrans-conformers of 2MA and 3MA.
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Figure 9. Torsional energy surfaces tfans2MA. The torsional parameters from the fit are included in tables for both electronic states.
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Figure 10. Torsional energy surfaces fois-3MA. The torsional parameters from the fit are included in tables for both electronic states.

transition in both 2MA and 3MA is “anisole-like”; that is, the 4.3. Methyl Torsional Barriers. Despite the transfer of
S — & transitions in all three conformers are principally electrons from the oxygen atom to the ring, there is little or no
HOMO-LUMO in nature and the nodal planes of these MOs torsional activity in the $— S spectrum of anisole, presumably
are either parallel or perpendicular to the-Q bond. This has because of hyperconjugative interactions of the (methoxy)
been confirmed by CIS calculatiohs. methyl group and the “in-plane” oxygen lone pair electrons.
The S state of anisole is quinoidal in shape, expanded relative Charge transfer is expected to involve the “out-of-plane” oxygen
to the ground state, but with shorter “parallel~C bonds than lone pair. Thus, assuming the same to be true in 2MA and 3MA,
perpendicular ones!819Thus, the three rotational constafts the low frequency activity in their:S-S, spectra must have its
B', andC' are all less than those of the ground state,Aft= origin in the motion of the attached methyl groups. We focus
(A" — A") = —233 MHz is by far the largest in magnitude. The on this issue here.
same is true for all three observed conformers of 2MA and  Table 5 lists the torsional paramet@®g(= FWeWpgPq, g =
3MA; trans3MA has by far the largest valu&\A = —167 a,b,q, obtained from the fits of the 2e bandtians2MA and
MHz. So, just as in anisole itself, there is significant charge the le band irtiss3MA. By the use of Herschbach’s tabl&s,
transfer from the oxygen lone pairs of the methoxy group to the reduced barriers)(and the corresponding 3-fold barriers
the aromatic ring when both 2MA and 3MA absorb light. V3 (= 94F-s) were determined. Small torsiemotation terms
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Figure 11. Torsional energy surfaces tfinss3MA. The torsional parameters from the fit are included in tables for both electronic states.

TABLE 5: First-order Torsion —rotation Perturbation trans3MA conformers are in close agreement with the ones
Coefficients in the Hamiltonian and Reduced Barrier obtained by IS.
gﬁéggﬁg\gr Selectede-Symmetry Torsional Bands in 2MA The significant differences in the ground state barriers, the
- excited state barriers, and the preferred orientation of the methyl
Parameter trans2MA-2e band cis-3MA-1e band groups among the three conformers have their origin in the
Ground State (§ relative positions of the substituents (S) attached to the aromatic
a' (MHz) 4.6 (16) 1119.5(3) ring, see below.
Dy’ (MHz) 16.3 (24) 667.4 (1)
W 0.008 0.647 H H
g’ 27.879 4.685 " .é s ). ,, s
V3" (cm ) 345.00 57.07
Ve (cm™Y) —5.00 2.00 H H
F' (cm™) 5.50 5.46 Staggered Eclipsed
Excited State (§
Da (MHz) —2120.0 (1) 61.9 (3) According to theory? the eclipsed configuration of the
Db'l)’(MHZ) —3970.2 (1) 44.8 (30) methyl group is the more stable i 8ans2MA, presumably
\é\’( gggé 13-(1’32 due to the mesomeric effect. Tha-€C; bond is expected to
Vs (em ) —36'.90 209'_47 hav_e hlgher double _bond char_acter thap—Cs. However,
Ve (cmd) —276 —26.00 excitation of 2MA to its $ state increases the-character of
F (cm™) 5.43 5.51 the G—C3 bond, owing to the quinoidal distribution of the ring.

aNumbers in parentheses are the standard deviations of the IastThI.S explains both the dramatlc reduction\éf on absorption
significant figure. of light and the conformational change of the methyl group,
from the eclipsed to the staggered configuration. Apparently,
were found fortrans2MA (D" = 4.6 andDy" = 16.3 MHz) the G—Cs3 bond intrans2MA has slightly morlezgouble bond
in its S state, which results in a relatively small first-order chaLacter than Lr;elecle bond, in the $Sta;[jez' ” d
perturbation coefficientWg® = 0.008), and by interpolation, ¢ T %I\?KSI Stal (Ie_condlgurdatlct)ns n g:joun sua?eBI\l/l,'Ak?n h
a relatively large reduced barrier height of 27.8V9'(= 345.00 rralmtsi\-/ y arr]f Scr'lpsfeth arr]n fhag)g(gerre ’ r%SF;efn']\i/r? y: Wﬁirer’] fe
cmb). A similar procedure was followed for the; State, elative orientation ot the methoxy group dete es cho
obtaining the much smaller barrier heightaf = —36.90 cnt the adjaqent e_C ring bonds is st_rengthened by the mesomeric
a value 10 times smaller than that computed\ig .Interesi- effect. Sincecis-3MA has an eclipsed methyl group in ity S
inglyucisrBI\/llA exhibits the opposite bgrl:avior' i-ts torsien state, excitation of this state will only increase the magnitude
! . ’ ; of V3 and not change its sign. No conformational change is
rota_?o; ttertms areltl_arg_e 't:' the g\:;’flfnf E_)S;a(;i butlsmzl\l/lln the ohserved. In contradians-3MA has a staggered methyl group
excited state, resulting In barriers'as” = 57.07 ¢~ andys in its S state, so that excitation by light changes both the barriers
;bszcgr?/;[éncmait ;Zeltlaattrt:rrlszfizzgiﬁgl\r;icgyre%g;iieffe;\lgzn:he anhits sigﬂ, Iresulting in a change of the preferred orientation
_ of the methyl group.
the Oa one. For therans-3MA conformer, a different approach The most remarkable consequences of these changes are the
was used to determine the methyl torsional barriers. In this case gifferences in relative intensities among the torsional bands and
we performed an absolute frequency (energy) study to matchthe Franck-Condon (FC) activity in the low frequency region
the energy Iev.el spacings observed in our high resolution spectraof the vibrationally resolved spectrérans2MA shows FC
From those differences, thé, Ve, andF parameters were fit,  activity, and itSA/E intensity rati@® is about 2; the origin is
V5" =30.35 cmmtandVs' = —225.70 cnit. The corresponding  not the most intense transition in the<S S, spectrum. On the
potential energy surfaces for the three conformers studied areother hand,cis-3MA exhibits a strong origin band, no FC
shown in Figures 911. The results for thérans2MA and activity, and anA/E intensity ratio of about 1; wheredsans
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Figure 12. Most stable conformers of 2MA and 3MA in the gas phase.

3MA shows FC activity and aA/E intensity ratio near 2. These the two groups also has a major influence on the torsional
results are summarized in Figure 12. dynamics. Comparisons of the results for the different electronic

A final, unanticipated result of these experiments is the states show that these effects have their origin in substituent-
discovery that the inertial defects of the three observed induced differences in ther-electron distributions in the
conformers of 2MA and 3MA are markedly influenced by the aromatic ring.
torsional motion of the methyl group. Recall from Table 1 that
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