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Hindered internal rotation of methyl groups has been 
the subject of considerable interest in thermodynamics, in 
conformational analysis and, increasingly, in intramolecular 
dynamics. For example, the coupling of methyl torsional 
modes with other vibrational motions can provide the level 
mixing that is a necessary prerequisite to energy flow in non
equilibrium states of isolated molecules. 1 The degree of such 
mixing, and thus the rate and extent of energy randomiza
tion, is a sensitive function of the torsional barrier heights 
and the relative displacements of the potential surface(s) 
along different coordinates. In this report, we describe high 
resolution fluorescence excitation (FE) experiments on the 
og band of the SI +-So transition of 1-methy1naphthalene 
(lMN) which demonstrate that these properties can be de
termined from its rotationally resolved electronic spectrum. 

Our experiments were performed in the collision-free 
environment of a molecular beam using a newly constructed 
laser spectrometer, described elsewhere.2 A heated (250 ·C) 
sample of 1MN was seeded in 2.6 atm of Ar, expanded 
through a 240 /lm quartz nozzle, skimmed twice, and probed 
100 cm downstream of the nozzle using a tunable CW laser 
operating in the UV. The laser (FWHM < 1 MHz) was cen
tered at the origin of the og band of 1MN at 
31 773.573 ± 0.002 cm -1 (-315 nm) and scanned over a 
range of up to ± 100 GHz at a speed of 58.4 MHz s - 1. 

Calibrated and power normalized FE spectra were recorded 
using a photon counter and MASSCOMP computer system 
with a digital accuracy of 372 kHz. The entire band, which is 
an alb hybrid band with -80% a character, spans -170 
GHz at Tr - 25 K and consists of 3000 + lines, each with a 
FWHM of 3~ MHz, all of which have been assigned. 

Figure 1 shows a small portion (- 600 MHz) of the 
spectrum at full experimental resolution. The strong lines in 
this region are a-axis, parallel-type, Q-branch transitions in
volving high K _ 1 states and obeying the selection rules 
1:J = IlK _ 1 = O. We observe that (a) each rovibronic line is 
split into two components, separated by .:lVI = 50.3 ± 0.2 
MHz, (b) the two components have approximately the same 
intensity, and (c) one of the two components is further split 
into a doublet, with a separation .:lV2 that increases linearly 

withK_ l , .:lV2 = (0.493 ± 0.02) K_1 MHz. All lines in the 
spectrum exhibit the same behavior. Observation (a) is ex
plained by the tunneling motion of the methyl group. That 
.:lVI' which is equal to the difference in the torsional A-E 
level sepllrations in the two electronic states, is small and 
essentially constant throughout the spectrum shows that the 
two barriers are very similar. Observation (b) requires that 
the equilibrium conformations of the methyl group in So and 
SI are also very nearly the same. Bpt, despite these similari
ties, observation (c), which is explained by the weak cou
pling of internal and overall rotation,3 requires that the mag
nitude of this coupling be different in the two electronic 
states. 

We now show that a quantitative comparison of these 
observations makes possible a unique determination of the 
barrier heights in both So and SI' The effective rotational 
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FIG. 1. A 600 MHz portion of the rotationally resolved fluorescence excita
tion spectrumofthe(Jg band of the A 'A' -X 'A' (S, -So) transition of 1-
methylnaphthalene, at - 315 nm. Individual A and E lines are labeled ac
cording to the convention ll.K - I t::.J K. K. (J' ). The FWHM of each line, 

-I + I 

recorded with a digital accuracy of 372 kHz, is 3 MHz. 
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Hamiltonian for the A torsional levels is, in the (PAM) 
high-barrier approximation,4 

HA =FW~O) +AAP~ +BAP! + CAP;. (1) 

Here, FW~O) is the zero-order torsional energy, Pa, Pb' and 
Pc are the components of the total angular momentum in the 
inertial frame, and AA' BAo and CA are the effective rota
tional constants, given by AA = A + FW~2)p~, etc., where 
the W ~2) are secoQd-order torsion-rotation perturbation co
efficients and the rest of the symbols have their usual mean
ing. S Equation (I) is a quasi-rigid-rotor Hamiltonian so the 
A lines can be treated as (perturbed) normal asymmetric 
rotor spectral lines. But the corresponding expression for E 
torsional levels contains, in addition, the first-order correc
tion terms 

ilkt
) =FW~)(PaPa +PbPb +PcPc) (2) 

leading to a deviation from rigid-rotor behavior. The high J, 
high K _ t levels of a near-prolate asymmetric top are doubly 
degenerate. The torsion-rotation coupling lifts this degener
acy and produces a small splitting of the E lines because the 
barriers in the two states are not exactly the same. Since 
!:J( _ t = 0 for a-axis transitions, the separation of the E 
lines is 

aV2 = 2FaWkt)PaK_t, (3) 

where aWkl) = 1 Wkl)(St) - Wkl)(So) I. Comparing this 
result to that measured experimentally yields a W kt) 
= 0.000 443 ± 0.000 018. The difference in perturbation 

coefficients a Wkt) depends mainly on the difference in bar
rier heights, so the values of V3 for each electronic state 
cannot be determined from these data alone. But there is 
only one set of V3 values which produce splittjngs aVI and 
aV2 that simultaneously agree with experiment; these are 
V3 (So) = 295.2 and V3 (St ) = 292.6 cm - I. The difference 
in V3 values cannot be in error by more than oj cm - t since 
aVt is known to within 0.4%. But their absolute values 
could be in error by as much as 20%, owing to possible errors 
in our estimates ofF, P a' and aV2 • 

6 These conclusions are not 
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changed by the addition of small V6 terms to the hindering 
potential of either or both electronic states. 

The technique described here is extremely sensitive to 
changes in the torsional barriers of methyl groups, changes 
that might occur on electronic? and/or vibrational8 excita
tion of large molecules to which the hindered rotors are at
tached. In the case of the zero-point vibrational levels of So 
and St IMN, the difference in V3 values is surprisingly 
small. Apparently St -So excitation produces little change 
in the relative Ct -C2 and Ct -C9 1T-bond orders. But the 
changes are much larger in other cases, particularly those 
involving excitation of nop.boncJing electrons.9 Further stud
ies of these effects and their possible role in intramolecular 
dynamics are in progress. This work has been supported by 
the NSF (CHE-8814412 and INT-84101313). 
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The value for the dissociation energy (Do) of the 
ground state of boron monohydride (BH) is given in the 
experimental compilation of Huber and Herzbergt (HH) as 
3.42 eV (78.9 kcal mol- t ). This number is actually derived 
from an experimental predissociation limit in the electronic 

excitation spectrum to the lowest t n state determined by 
Johns, Grimm, and Porter2 to be 28 850 ± 150 cm - I 
(3.58 ± 0.02 eVor 82.6 ± 0.4 kcal mol-I). This limit is in
terpreted as the energy required to reach the top of an outer 
repUlsive hump in the I n potential curve. A theoretical esti-

2522 J. Chern. Phys. 90 (4),15 February 1989 0021-9606/89/042522-02$02.10 © 1989 American Institute of Physics 

 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to  IP:

131.174.14.22 On: Tue, 24 Feb 2015 16:02:24


