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p u l s e i n t e r a c t s w i t h the c o h e r e n t l y v i b r a t i n g molecules and 
generates a Stokes spectrum of the f r e e l y r e l a x i n g m a t e r i a l ex
c i t a t i o n . 

The c r u c i a l p o i n t of the t r a n s i e n t e x c i t e d Raman spectroscopy 
d i s c u s s e d here i s the narrow Stokes spectrum produced by the long 
t h i r d p u l s e . Only molecules v i b r a t i n g i n phase c o n t r i b u t e to the 
coherent Stokes l i g h t . Molecules which have s u f f e r e d c o l l i s i o n s 
are out of s t e p and are not observed subsequently. For Gaussian 
shaped probing p u l s e s the s p e c t r a l width of the observed Stokes 
bands equals the width Av L of the i n t e r r o g a t i n g t h i r d p u l s e /1,2/. 
With long probing p u l s e s of d u r a t i o n tp > 1.4 T 2 i the SEPI r e s o 
l u t i o n w i l l be b e t t e r than the r e s o l u t i o n of spontaneous Raman 
s c a t t e r i n g . 

The experiments on SEPI spectroscopy are performed u s i n g a 
picosecond Nd-glass l a s e r system /2/. The second harmonic f r e 
quency v-| i s used f o r one pumping and the probing p u l s e . The 
second pump frequency v2 i s generated v i a t r a n s i e n t s t i m u l a t e d 
Raman s c a t t e r i n g i n a generator c e l l . 

Experimental r e s u l t s on l i q u i d cyclohexane i n the frequency 
range 2850 cm""1 to 2940 cm"*1 are shown i n F i g . 1 . F i g . 1a shows 
the emission band-widths of the l i q u i d s employed to generate 
p u l s e s a t V 2 » The spontaneous p o l a r i z e d Raman spectrum of CgHi2 
i s shown i n Fig.1b. Between the t h r e e s t r o n g C H - s t r e t c h i n g modes 
one encounters a d i f f u s e spectrum due to o v e r l a p p i n g overtones 
or combination bands. T r a n s i t i o n f r e q u e n c i e s found i n SEPI 
spectroscopy a r e marked w i t h the v e r t i c a l l i n e s . 
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Raman Shift Ccrn'D 
2850 2900 2950 

Raman Shift Ccm"'j 

F i g . 1 Experimental r e s u l t s of SEPI spectroscopy of C 6H - |2 -
(a) Frequency ranges of the v a r i o u s Raman generators l i q u i d s used 
i n the experiment. (b) P o l a r i z e d spontaneous Raman spectrum of 
of C5H12 recorded w i t h a r e s o l u t i o n of 1 cm""1. The frequency 
p o s i t i o n s of the resonances found i n SEPI s p e c t r a are marked w i t h 
v e r t i c a l l i n e s . (c) Three SEPI s p e c t r a taken w i t h d i f f e r e n t 
generator l i q u i d s . New Raman l i n e s a r e det e c t e d and the s p e c t r a l 
r e s o l u t i o n i s improved. (Note, the frequency s c a l e of (c) i s 
3.7 times l a r g e r than the one of ( b ) . ) 

I n F i g . 1c we show t h r e e SEP-I s p e c t r a on an expanded s c a l e 
( f a c t o r 3.7). Each spectrum was obtained by a s i n g l e l a s e r shot. 
On the r . h . s . we p r e s e n t the sharp SEPI band corresponding to 
the C H - s t r e t c h i n g mode a t 292 3 cm - 1. We note t h a t the SEPI band 
i s c o n s i d e r a b l y narrower than the corresponding band i n the spon
taneous Raman spectrum. The SEPI spectrum i n the ce n t e r shows 
four Raman t r a n s i t i o n s between 2905 cm~1 and 2916 cm - 1. L i n e s 
as c l o s e as 2.5 cm - 1 are c l e a r l y r e s o l v e d . I n spontaneous Raman 
s p e c t r a the four t r a n s i t i o n s are hidden under the wing of the 
strong Raman band a t 2923 cm""1 and cannot be detected. F i g . 1 c , 
l.h.s.,shows a SEPI spectrum of the frequency range 2 87 5 cm""1 to 
2890 cm - 1. We f i n d two d i s t i n c t Raman bands a t 2877.5 cm""1 and 
2887 cm"1. The band a t 2877. 5 cm""1 has never been reported on 
p r e v i o u s l y . I t i s b u r i e d i n the d i f f u s e p a r t of the c o n v e n t i o n a l 
Raman spectrum. 

The f o l l o w i n g p o i n t s are r e l e v a n t f o r the a p p l i c a t i o n of the 
SEPI technique: ( i ) The frequency p o s i t i o n s of the observed 
Raman l i n e s are independent of the e x c i t a t i o n c o n d i t i o n s s i n c e 
we observe f r e e l y r e l a x i n g molecules. ( i i ) I n SEPI experiments 
the e x c i t i n g and i n t e r r o g a t i n g p u l s e s should not o v e r l a p tempo
r a r i l y i n order to avoid the g e n e r a t i o n of a coherent s i g n a l v i a 
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the non-resonant four-photon p a r a m e t r i c p r o c e s s . ( i i i ) SEPI 
s p e c t r a taken f o r d i f f e r e n t d e l a y times a l l o w an e s t i m a t e of the 
dephasing times T 2 i . ( i v ) The frequency p r e c i s i o n of the gene
r a t e d S t o k e s spectrum depends upon the frequency s t a b i l i t y of 
the i n t e r r o g a t i n g p u l s e . For h i g h e s t a c c u r a c y the frequency v-j 
has to be measured s i m u l t a n e o u s l y w i t h the SEPI spectrum. (v) The 
s c a t t e r i n g p r o c e s s may a l s o be performed on the a n t i - S t o k e s p a r t 
of the spectrum. The d i s t u r b i n g i n t e r f e r e n c e found i n s t a t i o n a r y 
CARS s p e c t r o s c o p y does not occur f o r the delayed probing used 
with SEPI s p e c t r o s c o p y . 

The d a t a p r e s e n t e d here g i v e c o n v i n c i n g evidence of the poten
t i a l i t y of the s h o r t e x c i t a t i o n and prolonged i n t e r r o g a t i o n 
spectroscopy; new Raman l i n e s are r e a d i l y observed and v i b r a t i o 
n a l e n e r g i e s a re determined w i t h improved a c c u r a c y . 
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