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ABSTRACT. By using a molecular beam apparatus w i t h a s i n g l e frequency 
dye laser we were able to resolve several r o v i b r o n i c t r a n s i t i o n s of 
some large molecules and t h e i r Van der Waals complexes w i t h noble gas 
atoms. The r o t a t i o n a l constants of tetracene, fluorene and the f l u o r e n e -
argon complex have been determined. The s t r u c t u r e of the complex was 
derived. I n the r o t a t i o n a l spectra of the tetracene-noble gas complexes 
p e r t u r b a t i o n s were shown to be present, i n c r e a s i n g w i t h the size and 
number of the attached atoms. Fluorescence e x c i t a t i o n spectra of t r a n s -
s t i l b e n e and the stilbene-argon complex are reported. 

1. INTRODUCTION 

Det a i l e d spectroscopie i n f o r m a t i o n i s i n d i s p e n s i b l e i n the study of 
Van der Waals (VdW) molecules. I n recent years, much a t t e n t i o n has 
been focussed on the understanding of s t r u c t u r e , dynamics and energetics 
of small VdW complexes. Experimental data allow f o r r e a l i s t i c d e s c r i p -
t i o n of p o t e n t i a l energy surfaces and r e l a x a t i o n phenomena. For l a r g e r 
complexes the den s i t y of states increases r a p i d l y and so does the com-
p l e x i t y of i t s spectra. Less i n f o r m a t i o n i s th e r e f o r e a v a i l a b l e on 
these molecules and model c a l c u l a t i o n s lack of experimental v e r i f i c a -
t i o n . The i n s i g h t on p o t e n t i a l surfaces and solvent e f f e c t s i s r a t h e r 
l i m i t e d . 

To o b t a i n experimental i n f o r m a t i o n on the s t r u c t u r e of the com­
plexes one needs r o t a t i o n a l l y resolved spectra. I f single-frequency 
lasers are used, s p e c t r a l r e s o l u t i o n i s l i m i t e d by the Doppler-width 
of the s p e c t r a l l i n e s . One can e i t h e r use Doppler-free techniques i n 
c e l l experiments \_\~\r use a f r e e j e t expansion. With such an expan-
sion and by s t r o n g l y c o l l i m a t i n g the molecular beam the experimental 
l i n e w i d t h can be rêduced to a few MHz i n the v i s i b l e r e g i o n . The seeded 
beam technique adds the advantage of a considerable c o o l i n g of i n t e r n a l 
degrees of freedom of the molecule. Moreover, the high density of VdW 
complexes i n the beam of the parent molecule w i t h the seeding gas i s 
very convenient. 



We r e p o r t the high r e s o l u t i o n spectroscopy of three large molecules 
and t h e i r VdW complexes w i t h rare gas (R) atoms. Fluorescence e x c i t a ­
t i o n spectra have been obtained of fluorene ( F ) , tetracene (T) and 
t r a n s - s t i l b e n e ( t S ) . The r o t a t i o n a l constants of both F and the F-Ar 
complex have been determined i n ground and ex c i t e d e l e c t r o n i c s t a t e . 
From t h i s the s t r u c t u r e of the F-Ar complex has been deduced and com-
pared w i t h model c a l c u l a t i o n s . R o t a t i o n a l bands of T were also assigned. 
For the T-Ar, T-Kr and T-Xe VdW complexes p e r t u r b a t i o n s i n the e x c i t e d 
s t a t e were shown t o e x i s t , depending on energy and size of the attached 
rare gas atom. The tS molecule shows complicated r o v i b r o n i c spectra. 
I s o m e r i s a t i o n i n the e x c i t e d s t a t e and i n t e r n a l r o t a t i o n w i l l be heavi-
l y i n fluenced i n a VdW complex. The observed bands of the tS-Ar complex 
are q u i t e d i f f e r e n t from those of the tS parent molecule. This i s 
a t t r i b u t e d to the s t e r i c e f f e c t of the Ar-atom i n the complex. 

2. EXPERIMENTAL 

I n our studies on large molecules and t h e i r VdW complexes we applied 
the seeded beam technique. A d e t a i l e d d e s c r i p t i o n of the apparatus can 
be found elsewhere [ 2 , 3 ] . The source ( f i g u r e 1) of the molecular beam 
i s made of quartz. I t i s wrapped w i t h heating wires. Together w i t h a 
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Figure 1. Schematic view of the source and molecular beam. 



few thermocouples t h i s allows temperature c o n t r o l of the source. The 
sample i s heated i n a r e s e r v o i r compartment to r a i s e i t s vapour pres-
sure to t y p i c a l l y 1 Torr. A mixture of the vapour and the seeding gas 
i s expanded ( a t a pressure ranging up t o 4 bar) by a c i r c u l a r nozzle of 
100 pm diameter. Two c o n i c a l skimmers i n a two-step pumping system are 
used to c o l l i m a t e the molecular beam. This r e s u l t s i n a r e s i d u a l 
Doppler w i d t h of about 15 MHz at UV wavelengths. The i n t e r a c t i o n zone 
w i t h the las e r i s at 30 cm from the beam o r i f i c e . Here, the undispersed 
LIF i s imaged to the photocathode of a p h o t o r a u l t i p l i e r tube (EMI 
9863QA). To suppress background s i g n a l from scattered laser l i g h t , the 
molecular beam i s chopped and phase s e n s i t i v e d e t e c t i o n i s applied, We 
used a Standard photon counting system, i n t e r f a c e d w i t h a computer 
(PDPl1/23 p l u s ) . The computer l a r g e l y expands the dynamic range of the 
stored data. I n the analysis accurate c o r r e c t i o n s can be made f o r non-
l i n e a r i t y i n the scan. Moreover, the computer f a c i l i t a t e s the tedious 
determination of p o s i t i o n and i n t e n s i t i e s of the numerous s p e c t r a l 
l i n e s . 

For the experiments described i n t h i s paper, we applied two d i f f e ­
r e n t laser systems. The measurements on tetracene were performed w i t h a 
standing wave l i n e a r dye las e r (Coherent Radiation 591) operating i n 
the blue s p e c t r a l region. For fl u o r e n e and t r a n s - s t i l b e n e we used a 
frequency doubled modified r i n g dye las e r (Spectra Physics 380D). The 
doubling c r y s t a l , made of L i I 0 3 , was placed i n t r a c a v i t y and angle tuned 
_ 4 j . Both lasers operated s i n g l e frequency w i t h a bandwidth below 
3 MHz. For r e l a t i v e frequency measurements temperature s t a b i l i z e d , 
sealed-off Fabry-Perot i n t e r f e r o m e t e r s were used w i t h accurately gauged 
f r e e s p e c t r a l ranges. The absolute frequency c a l i b r a t i o n i n the UV i s 
most e a s i l y performed by the fundamental wavelength of the dye l a s e r . 
During a scan a small f r a c t i o n of the fundamental l a s e r power i s used 
to measure the absorption spectrum i n an iodine c e l l as a reference _ 5 ] . 
For the measurements on T we employed a home-built wavelength meter of 
the Michelson i n t e r f e r o m e t e r type 3 . This apparatus compares the 
lase r wavelength w i t h the accu r a t e l y known wavelength of a s t a b i l i z e d 
He-Ne l a s e r . 

3. RESULTS AND DISCUSSION 

3.1, Fluorene 

We studied ^öj the S j ( ^ B 2 ) ^ S o ( ^ A i ) t r a n s i t i o n i n F and the r e l a t e d 
t r a n s i t i o n i n the F-Ar VdW complex under r o t a t i o n a l r e s o l u t i o n . The 0§ 
band i n F e x h i b i t s a strong spectrum around 296 nm. The observed l i n e ­
w i d t h amounted to 15 MHz, due t o the r e s i d u a l Doppler w i d t h i n our 
spectrometer. Even most of the Q-branch t r a n s i t i o n s were resolved, The 
band consists of an a-type t r a n s i t i o n , corresponding to a t r a n s i t i o n 
d i p o l e moment along the long molecular a x i s . A t o t a l of 225 l i n e s i n a 
c e n t r a l r e g i o n of 20 GHz were assigned and f i t t e d to an asymmetrie 
r o t o r model, The f i t proved e x c e l l e n t , w i t h a Standard d e v i a t i o n of 
7,5 MHz. The r o t a t i o n l e s s t r a n s i t i o n frequency VQ was obtained and the 
r o t a t i o n a l constants both i n ground and ex c i t e d s t a t e ( t a b l e 2 ) . A l l 



TABLE 1 Rotation f r e e t r a n s i t i o n frequencies (VQ) and r e l a ­
t i v e s h i f t s (Av=v-vo) f o r fluorene ( F ) , tetracene ( T ) , 
t r a n s - s t i l b e n e (tS) and t h e i r Van der Waals complexes. 

VQ (cm ') AVQ (cm ') 

F ( 0 - 0 ) 
F-Ar 

33 
, 33 

7 7 5 . 5 4 7 ( 5 ) 
7 3 1 . 5 9 5 ( 5 ) - 4 3 . 9 5 2 ( 3 ) 

T ( 0 - 0 ) 
T-Ar 
T-Kr 
T-Xe 
T-Ar2 
T-Kr2 

22 3 9 6 . 5 3 ( 2 ) 
- 4 1 . 6 7 ( 5 ) 
- 6 6 . 9 ( 1 ) 

- 1 1 0 . 0 ( 1 ) 
- 8 0 . 6 ( 1 ) 

- 1 2 4 ( 1 ) 

T ( 3 1 1 cm"l) 
T-Ar 
T-Kr 
T-Ar2 
T-Kr2 

22 7 0 7 . 8 4 ( 2 ) 
- 4 1 . 4 2 ( 5 ) 
- 6 6 . 5 ( 1 ) 
- 7 9 . 9 ( 1 ) 

- 1 2 3 . 4 ( 1 ) 

T ( 4 7 1 cm"') 
T-Ar 
T-Kr 
T-Ar2 

22 8 6 7 . 6 2 ( 2 ) 
- 4 1 . 5 2 ( 5 ) 
- 6 6 . 9 ( 1 ) 
- 8 0 . 0 ( 1 ) 

tS ( 0 - 0 ) 
tS-Ar 
tS-Ar 

32 2 3 4 . 0 5 ( 5 ) 
- 4 0 . 0 3 ( 5 ) 
- 6 3 . 0 4 ( 5 ) 

TABLE 2 R o t a t i o n a l constants (MHz) of f l u o r e n e , the f l u o r e n e -
argon complex and tetracene i n the ground s t a t e SQ 
and the f i r s t e x c i t e d e l e c t r o n i c s t a t e Sj (AA=A'-A", 
etc. ) 

f luorene fluorene-argon tetracene 

SQ A" 
B" 
C" 

2 1 8 3 . 2 ( 3 3 ) 
5 8 6 . 5 2 0 ( 6 9 ) 
4 6 3 . 2 3 9 ( 6 5 ) 

8 1 1 . 1 ( 2 9 ) 
4 6 8 . 5 8 ( 1 4 ) 
4 0 1 . 5 8 ( 1 3 ) 

1 6 3 0 ( 1 ) 
2 1 3 . 4 ( 2 ) 
1 8 8 . 8 ( 2 ) 

AA -
AB 
AC 

- 7 3 . 3 8 7 ( 1 4 ) 
6 . 7 1 6 ( 3 8 ) 
0 . 7 3 4 ( 4 1 ) 

- 1 . 4 0 2 ( 2 7 ) 
1 . 4 3 7 ( 3 1 ) 
4 . 9 6 1 ( 2 6 ) 

1 7 . 4 ( 1 2 ) 
- 1 . 8 1 ( 8 ) 
- 1 . 1 9 ( 8 ) 



l i n e s , even the weak ones, could be accounted f o r . From a f i t of the 
l i n e i n t e n s i t i e s w i t h the r o t a t i o n a l temperature as adjustable parameter 
we obtained a temperature Trot=2.3(3) K f o r the molecules i n the beam. 

The observed t r a n s i t i o n , s h i f t e d -44 cm~' ( t a b l e 1) w i t h respect 
to the F OQ band was assigned to the F-Ar VdW complex ( f i g u r e 2 ) . Since 
t h i s complex has smaller r o t a t i o n a l constants than the parent molecule, 
i t s spectrum i s more dense. Nevertheless the P and R branch are s t i l l 
w e l l resolved. The l i n e w i d t h was again 15 MHz. I n the c e n t r a l 23 GHz 
region of the band we assigned 150 l i n e s . A f i t to the asymmetrie r o t o r 
Hamiltonian y i e l d e d VQ and the r o t a t i o n a l c o n s t a n t s as given i n t a b l e 2. 
Again the f i t p r o v e d t o be v e r y s a t i s f a c t o r y , w i t h a 7.6 MHz S t a n d a r d 
d e v i a t i o n . Analysis of the s p e c t r a l i n t e n s i t i e s showed a s i n g l e 
Boltzmann d i s t r i b u t i o n w i t h a r o t a t i o n a l temperature of Tj.ot=2.1(4) K. 
W i t h i n experimental accuracy the r o t a t i o n a l temperatures of the parent 
molecule and the complex are thus the same. 

1 1 1 
S3ii MHz 

1 1 1 

R - b r a n c h Q - b r a n c h P - b r a n c h 
r e l a t i v e f r e q u e n c y 

Figure 2. Part of the fluorene-argon r o t a t i o n a l spectrum around 
33 731.595(5) em~'. The frequency markers are spaced 598.64 MHz. 

The p o s i t i o n of the argon i n the complex can be determined [_6_ 
from a comparison of the moments of i n e r t i a along the p r i n c i p a l axis of 
the parent molecule and the complex. I t f o l l o w s t h a t the argon i s 
located i n the b i s e c t i n g plane of the molecule at a distance from the 
center of mass of fluorene of r=(3.46±0.03) A w i t h e=±(8.8±1.0)° , 
where 6 i s the angle w i t h the z-axis. The ambiguous sign of 6 arises 
from the f a c t t h a t the moment of i n e r t i a tensor depends quadratic on 
the r e l a t i v e argon coordinates. This problem can be solved by studying 
the r o v i b r o n i c spectrum of a deuterated F-Ar complex, Such a study i s 
p r e s e n t l y c a r r i e d out. 

We performed a model c a l c u l a t i o n of the F-Ar complex using a 
Lennard-Jones 6-12 p o t e n t i a l w i t h pairwise i n t e r a c t i o n s . Three-body 



i n t e r a c t i o n s were neglected. This method was described by Ondrechen et 
a l . [̂ 7_ , The c a l c u l a t e d absolute minimum i s above the center r i n g of 
the molecule at the argon coordinates (xQ,yQ,ZQ)=(0.13,0,3.48) K, w i t h 
respect to the center-of-mass coordinate system of F. Figure 3 shows 
two cuts through the coordinates of the p o t e n t i a l minimum. The e x p e r i -
mentally determined p o s i t i o n s are very near t h i s minimum. 

Figure 3. R o t a t i o n a l energy curves f o r a s i n g l e argon w i t h f l u o r e n e . 
The p o s i t i o n of the argon i s given i n the center-of-mass coordinate 
system of f l u o r e n e . (a) Minimal p o t e n t i a l energy as a f u n c t i o n of x 
(y=0 and z i s ad j u s t e d ) ; the two possible experimental p o s i t i o n s are 
i n d i c a t e d . (b) Energy as a f u n c t i o n of y (x=0.]3, z=3.48). 

3.2. Tetracene 

We obtained fluorescence e x c i t a t i o n spectra of the S] ('B2U) SQ( ' Ag) 
e l e c t r o n i c t r a n s i t i o n of tetracene [8,9 . The r o t a t i o n a l band of the 
0-0 v i b r a t i o n l e s s t r a n s i t i o n was resolved as w e l l as v i b r o n i c bands be-
longing to the 311 cm~' and 471 cm~^ v i b r a t i o n a l modes i n the e x c i t e d 
Sj s t a t e . The spectra of the 0-0 and 311 cm~' bands are almost i d e n t i -
c a l . They were both assigned as a b-type t r a n s i t i o n , corresponding w i t h 
a t r a n s i t i o n d i p o l e moment along the short molecular a x i s . The spectra 
c o n s i s t of hundreds of strong s p e c t r a l l i n e s , spreading over a wide 
range. The 471 cm"' band i s connected t o a not t o t a l l y symmetrie v i b r a ­
t i o n a l mode. The t r a n s i t i o n to t h i s mode i s symmetry forbidden but be-
comes weakly allowed by a coupling w i t h the S2('BJU) st a t e . The band be-
comes long axis p o l a r i z e d and shows an a-type s t r u c t u r e . A t o t a l of 65 
l i n e s was assigned i n the c e n t r a l p a r t of the b-type perpendicular 
t r a n s i t i o n s and 160 l i n e s i n the a-type p a r a l l e l band. A f i t to the 
asjmimetric r o t o r model was e x c e l l e n t . The obtained r o t a t i o n a l constants 
f o r the d i f f e r e n t t r a n s i t i o n s d i d not d i f f e r w i t h i n t h e i r s t a t i s t i c a l 
u n d e r t a i n t y . The values given i n t a b l e 2 stem from combined data of the 



various bands. To our knowledge T i s the l a r g e s t molecule reported so 
f a r w i t h a f u l l y resolved and assigned r o t a t i o n a l spectrum. From the 
i n t e n s i t y d i s t r i b u t i o n i n the 471 cm~' band, where a number of s i n g l e 
l i n e s were observed, we determined the r o t a t i o n a l temperature i n the 
molecular beam. A s i n g l e Boltzmann d i s t r i b u t i o n was found w i t h Tj^ot' 
2 . 3 ( 3 ) K. A l l strong s p e c t r a l features i n the d i f f e r e n t bands could be 
accounted f o r . The l i n e w i d t h i n the spectra i s 15 MHz, and i s deter­
mined by the r e s i d u a l Doppler w i d t h of the spectrometer. 

The assignment of t r a n s i t i o n s i n tetracene-noble gas VdW complexes 
has been reported by Amirav et a l . Q l O , l l ] ] . The complexes have t r a n s i t ­
i o n s , more or less r e g u l a r l y red s h i f t e d w i t h respect to the r e l a t e d 
t r a n s i t i o n i n the parent molecule. We explored VdW molecules c o n t a i n i n g 
argon, k r y p t o n and xenon. These are r e a d i l y formed i n the molecular 
beam by using the noble gas as seeding gas. We performed model c a l c u l a ­
t i o n s of the T-R (R=Ar,Kr,Xe) complex, using a Lennard-Jones p o t e n t i a l 

. The distance between the R-atom and T was adjusted f o r minimum 

intensity (arb. units) 

2 3 < 5 
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Figure 4. R o t a t i o n a l l y resolved spectra of tetracene-argon. (a) The 
311 cm~' band; (b) the 0§ t r a n s i t i o n . 



energy. The absolute minima are found above the inner r i n g s of T. The 
p o t e n t i a l d e p i c t s a doublé w e l l s t r u c t u r e along the long molecular axis. 
Consequently a t u n n e l i n g motion may e x i s t of the R atom along the mole­
c u l a r plane, r e s u l t i n g i n doubling of the r o t a t i o n a l bands. The poten­
t i a l b a r r i e r i s most pronounced f o r argon and very shallow f o r the other 
considered noble gases. Other p o t e n t i a l minima were shown to be absent 
and the existence of chemical isomers of the complex i s thus u n l i k e l y . 
A study of the r o t a t i o n a l spectra provides a t e s t of the c a l c u l a t e d 
p o t e n t i a l surface. 

High r e s o l u t i o n e x c i t a t i o n spectra were observed of T-R (R=Ar,Kr, 
Xe) complexes. I n f i g u r e 4 and 5 r o t a t i o n a l l y resolved spectra are 
shown of T-Ar and T-Kr. The 0 -0 band of T-Xe i s not i n d i c a t e d . I t con­
s i s t s of some small humps on a broad background. Other bands of T-Xe 
are of very low i n t e n s i t y . The red s h i f t s of the complexes ( t a b l e 1) 
d i f f e r s f o r argon, krypton and xenon, but i s almost constant f o r d i f f e ­
r e n t bands i n a complex. This s t r o n g l y supports the i n d e n t i f i c a t i o n . The 
02 and 311 cm~l band i n T are i d e n t i c a l . I n T-Ar they s t i l l look much 
a l i k e ( f i g u r e 4 ) w i t h a c l e a r perpendicular s t r u c t u r e . I n T-Kr these 
bands, however, are q u i t e d i f f e r e n t , w i t h an almost unrecognizable 
s t r u c t u r e ( f i g u r e 5 ) . The 471 cm~' band i n T-Ar i s of p a r a l l e l shape 
l i k e i t i s i n the parent molecule. The o r i e n t a t i o n of the a-axis i n 
both molecules i s thus very much a l i k e . The weak 4 7 1 cm~' band i n T-Kr 
has no recognizable p a t t e r n . I t contains a small hump on a broad s t r u c -
t u r e l e s s background. The l i n e w i d t h i n the T-Ar spectra i s estimated at 
15 MHz and l i m i t e d by our spectrometer. For T-Kr and T~Xe complexes the 
fl u o r e s c e n t l i f e t i m e has diminished to I I ns and 1.5 ns r e s p e c t i v e l y 
\2\d no i n d i v i d u a l l i n e s were observed. I t i s cl e a r t h a t the T-Kr 

and T-Xe spectra show no o r d i n a r y r o t a t i o n a l shape but are h e a v i l y per-
turbed. This anomalous s t r u c t u r e i s too pronounced to be caused by the 
d i f f e r e n t isotopes of krypton or xenon. For T-Ar p e r t u r b a t i o n s are not 
so c l e a r . However, despite much e f f o r t we could not assign the spectra. 
There seems to be an excess of l i n e s i n the p a r a l l e l band, while the 
sequence of Q-branches i n the perpendicular band looks d i s t o r t e d . A l l 
bands are observed as s i n g l e t r a n s i t i o n s . We d i d not f i n d evidence f o r 
a s p l i t t i n g due t o a t u n n e l i n g type motion of the i n e r t gas atom. Such 
s p l i t t i n g e i t h e r does not e x i s t or i t i s very small. Also spectra of 
the T-Ar2 and T-Kr2 complexes have been observed. The red s h i f t of a 
T-R2 complex w i t h respect to T i s not twice the s h i f t of a T-R molecule 
( t a b l e 1 ) . The t r a n s i t i o n s i n the T-R2 complex q u a l i t a t i v e l y behave i n 
the same way. They show ha r d l y any s t r u c t u r e and con s i s t of a broad 
f l a t band. No i n d i v i d u a l l i n e s were observed. 

We conclude t h a t the p e r t u r b a t i o n s i n the complexes increase w i t h 
e x c i t e d s t a t e energy, w i t h the number and w i t h the mass of the attached 
noble gas atom, The e f f e c t s may be caused by S-T intersystem c r o s s i n g , 
S|-So s t a t e mixing or even w i t h a coupling of the S] s t a t e w i t h higher 
energy l e v e l s . The l a t t e r i n t e r a c t i o n i s present i n the T molecule as 
the 471 cm~' v i b r a t i o n a l band gains i t s i n t e n s i t y by a coupling of the 
S2 s t a t e . 
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Figure 5. Comparison between the 311 cm~' (a) and 0° (b) r o v i b r o n i c 
spectra of tetracene-krypton. 

3.3, Trans-stilbene 

The geometry and photo-isomerization of s t i l b e n e (diphenylethylene) 
ferms an i n t r i g u i n g problem i n p h y s i c a l chemistry. The energy of the 
e l e c t r o n i c states s t r o n g l y depends on the angle 8 of r o t a t i o n about the 
e t h y l e n i c bond. The f i r s t e x c i t e d Sj e l e c t r o n i c s t a t e w i t h minima at 
the trans ( 9 = 0 ° ) and c i s ( 6 = 1 8 0 ° ) c o n f i g u r a t i o n i s crossed by the S2 
s t a t e , which has an absolute minimum at the perpendicular (9=90 ) geo­
metry. I n the SQ ground s t a t e the trans and c i s c o n f i g u r a t i o n are 
separated by a large energy b a r r i e r and a perpendicular c o n f i g u r a t i o n 
does not e x i s t . I t was shown Qs^^that the SQ ground s t a t e of tS has 
phenyl groups r o t a t e d by about 30° w i t h respect to the ethylene plane 



and i s thus non-planar. 
An experimental assignment of the v i b r a t i o n a l modes i n the Sn and 

SJ states was presented by Syage et a l . Q 4 ] and by Zwier et a l . Ll5J. 
The f l u o r e s c e n t l i f e t i m e s Q 6J s t r o n g l y decrease at e x c i t e d s t a t e 
v i b r a t i o n a l energies above 1200 cm""'. We measured high r e s o l u t i o n f l u o r ­
escence spectra of tS and the tS-Ar VdW complex to o b t a i n more d e t a i l e d 
i n f o r m a t i o n on the geometry and i n t e r n a l motion of both molecules. A 
t o t a l of 8 v i b r o n i c t r a n s i t i o n s i n tS has been studied under r o t a t i o n a l 
r e s o l u t i o n i n a molecular beam experiment. The e x c i t e d s t a t e v i b r a t i o n a l 
energy ranges up to 1447 cm~', The tS 0-0 v i b r a t i o n l e s s band i s depicted 
i n f i g u r e 6. I t appeared t h a t the observed l i n e w i d t h i n a l l considered 
bands of tS exceeded the instrumental l i n e w i d t h and amounted about 80 MHz 
i n the lower v i b r a t i o n a l s t a t e s . These observed widths conform w i t h 
l i f e t i m e measurements _16_ . At higher energies ( i . e . above 1200 cm~') 
the spectra become congested, probably due to an increased l i n e w i d t h . 
The bands considered a l l show very s i m i l a r spectra w i t h only d e t a i l e d 
d i f f e r e n c e s . 

One can estimate the moments of i n e r t i a and consequently the r o t a ­
t i o n a l constants of tS from the t h e o r e t i c a l geometry. The molecule w i t h 
phenyl groups r o t a t e d by about 30 forms an almost p r o l a t e symmetrie 
top. However, the observed spectrum of f o r example the 0-0 band ( f i g u r e 
6 ) does not resemble a symmetrie top t r a n s i t i o n , The experimental densi­
t y of l i n e s i s higher than expeeted. Although assignment of the spectrum 
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Figure 7 . Fluorescence e x c i t a t i o n spectrum of tra n s - s t i l b e n e - a r g o n . 
The band i s s h i f t e d - 6 3 . 0 4 ( 5 ) cm~' w i t h respect to s t i l b e n e 0 ° . 

has not y e t been accomplished, we tend t o the conclusion t h a t the tS 
spectra show evidence of an i n t e r n a l motion of the phenyl groups. Such 
an i n t e r n a l motion would increase the number of observed s p e c t r a l l i n e s . 
The process of tr a n s - p e r p e n d i c u l a r - c i s i s o m e r i z a t i o n i s too slow to be 
observed i n these fluorescence e x c i t a t i o n spectra. 

VdW complexes of tS w i t h noble gas atoms form avery i n t e r e s t i n g 
s u b j e c t , Not only the determination of the complex s t r u c t u r e i s of 
i n t e r e s t but i t i s also c l e a r t h a t an attached atom w i l l hinder is o m e r i ­
z a t i o n . The i n t e r n a l motion w i l l also be a f f e c t e d . Bands of VdW com­
plexes of tS con t a i n i n g helium and argon have been observed at v i b r a t i o ­
n a l r e s o l u t i o n Q 5 , 1 7 [ ] . U n f o r t u n a t e l y the i n t e n s i t y of the bands i s low 
and an unambiguous assignment could not be made. Complexes w i t h helium 
show r e g u l a r l y s h i f t e d bands w i t h respect to the r e l a t e d 0 -0 t r a n s i t i o n 
i n the parent molecule. Complexes w i t h argon, however, are much more 
i r r e g u l a r l y s h i f t e d . 

We observed two bands of complexes of tS w i t h argon, s h i f t e d 
( t a b l e 1) - 4 0 and - 63 cm"' w i t h respect to the Og band i f tS. The - 63 
cm~l band i s depicted i n f i g u r e 7 . The l i n e w i d t h i n both spectra d i d 
not deviate from the l i n e w i d t h observed i n the parent molecule. On f i r s t 
s i g h t , the spectrum of f i g u r e 7 resembles a near symmetrie top band. 
The - 4 0 cm~' t r a n s i t i o n shows a somewhat less regular s t r u c t u r e but has 
a comparable spacing of l i n e s . I t i s remarkable t h a t these bands have a 
less dense spectrum compared t o tS, although the r o t a t i o n a l constants 



are expeeted to be smaller. This s t r o n g l y suggests t h a t the i n t e r n a l 
motion of the phenyl groups i s diminished i n the complex. We have not 
yet completed the assignment of these r o t a t i o n a l l y resolved spectra. 
However, we come to the p r e l i m i n a r y conclusion t h a t the derived r o t a t i o ­
n a l constants of both bands compare very w e l l w i t h a complex geometry 
of a s i n g l e argon atom placed above a phenyl group of the parent mole­
cule. Other c o n f i g u r a t i o n s or complexes w i t h more argon atoms have 
r o t a t i o n a l constants, which deviate too much from the experimental 
values. 
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