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Applications of Picosecond and Sub-

Picosecond Spectroscopy

H. Graener, H.R. Telle and A. Laubereau

Physikalisches Institut, Universität Bayreuth,
Bayreuth, W. Germany

Vibrational relaxation processes have received increasing

interest in recent years. With ultrashort light pulses and

novel experimental techniques we are in the position to study
vibrational dynamics in the electronic ground state of simple
liquids on the subpicosecond and picosecond time scale. In this
brief summary two topics will be discussed.

Vibrational Population Lifetimes of (v=1) and (v=2) levels

Ultrafast population decay and energy transfer have
been recently observed in several systems (1-4). These processes
are particularly interesting since they are not accessible with
standard spectroscopic techniejues. More systematic studies for a

larger variety of molecular systems are highly desirable for an

improved understanding of the physical mechanism. We have devised
a versatile picosecond Raman spectrometer for the measurement of
population lifetimes in liquids, which achieves a significant
reduction of measuring time and/or improvement of experimental
accuracy by an increased pulse repetition rate (5). The system
applies tunable excitation pulses of 10 ps and 200 vJ in the
infrared around 3 ym. The properly tuned pump pulses are focused
into the sample and promote the molecules to an upper vibrational
state via resonant infrared absorption. The excited molecules are
subsequently interrogated by green probing pulses. Spontaneous
anti-Stokes scattering is observed as a direct measure of the
instantaneous excess population of the excited vibrational level.
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to 600 laser shots and extend over a factor of ^ 100. The

population lifetime T- is directly obtained from the exponential
decay of the signal points in Fig. 1 for larger values of t The

full triangles in the figure show results of a simultaneous
reference experiment measuring the cross correlation function
between excitation and probing pulses, which represents the instrumental

response of the experimental system.
The curves are calculated assuming Gaussian shape of

the light pulses and using the population lifetime T. as fitting
parameter. It is interesting to see that the delay of the signal
maxima and the asymptotic decay are fully accounted for by the
theoretical curves. Results on T.. are listed in Table I, which
indicates values of 6.5 to 45 ps for the investigated CH-stretch-
ing modes. Data on (CH2C1CH2)2° are included to demonstrate the
time resolution of the measuring system.

Table I. Measured population lifetimes T,. of CH-stretching modes

concentration vol % \S | cm'1 | T1|psI

CH2Br2 100 2987 7 + 1

30 2987 7 + 1

CH2C12 100 2989 12 + 2

10 2989 12 + 2

CH2I2 50 2967 45 + 5

CH2ClBr 30 2987 13 + 2

CH2C1I 30 2979 14 + 2

(CH2C1)2 10 2950 6.5 + 1

CHBr3 100 3020 40+4
CHBr3 100 5920 5 + 1

(CH2C1CH2)20 5 % 2964 2 + 2

The population lifetimes are explained by vibrational
energy transfer via anharmonic coupling to neighbouring combination

bands and overtones. Numerical estimates have been performed
considering Fermi resonance with the adjacent overtone of the

CH2-bending mode (4) yielding only fair agreement. It is concluded
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that higher order combination bands in the immediate neighbourhood

of the symmetric stretching mode give a notable contribution
to the observed population decay.

In the past the investigations have been restricted to
the excitation of v=1 states. The improved measuring sensitivity
of our experimental system allows for the first time to study
higher excited vibrational levels after direct population via
overtone absorption (6). Monitoring the transient population of
lower-lying states it is also possible to obtain information on
decay channels. Decay routes have been previously studied in a

few cases only, (2,7).
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Figure 2. Spontaneous anti-Stokes probe scattering S(t of the
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tering signal S (t of the vibrational transition and the
instrumental response curve R(tn) under identical geometrical
conditions. With this system we have investigated several CH,- and

CH-ta-stretching modes in the neat liquid at room temperature (10).
Data on the symmetric v..-mode at 2987 cm of CH2BrCl are
presented in Fig. 3. A small amplification of the incident Stokes

pump pulse by a factor of G 1.6 + .4 has been adjusted for the
excitation process. The normalized probe scattering signal,
N (t is plotted versus delay time t which represents the
ratio of the coherent probe scattering signal S ^tO to ^ne

reference signal R(tn) measured at the same delay setting. Values
of Nco f 1 reflect the delayed response of the vibrational
transition via time constants t and TV.

10* -

10

10' -

"S 10

4 I I i r
CH2BrCl

7'
Gs 1.6 1 1

3 <_.v 23 cm"1 '-
i IIi

i //
2

Xr 0.4 PS
i
T /

f 1

1

- / y1/ -
1.0 ps

/ y i
/ i

-
/

/
/

/ // ./
(>'

/

-^—retata? •

/ y/ A' V
*' aA /

1 //
0.2 ps

i i i 1 I

-10 -5 0 5 10 15

Delay Time to [ps]
20

,coh (t_) versus delay time t_Figure 3. Normalized probe signal N

for the v.j-CH2-mode of neat CH2BrCl; experimental
points; theoretical curves



<

II

ti

0

Sh

01

0

1

rH

t.

tu

tu

tu

rH

eu

n

O

•
ta.

eu

tu

O

G

tn

tfl

MH

fi

i

s

eu

X

3.

0
X

3

u

X

MH

>.

eu

fc

t.

a
eu

Ë

•H

G

•H

0

tl
0

¦H

0

X

i

tu

X

eu

H

X

O

G

rH

X

tu

0

en

x
0

rd

•H

X

eu

(U

01

>

X

ifl

rd

Sh

rH

rH

X

ifl

ta.

ti
tu

H

r-i

Ë

tu

rd

X

Ë

s
fi

tu

rH

rd

X

¦H

eu

en

rH

Sh

rfl

X

rd

u

X

tfl

01

t)

c
eu

>

rd

Sh

u

o

p

<u

rH

a
0

X

id

Sh

3

X

Ifl

O

0

X

G

Sh

0

x
•H

O

tn

•H

MH

tl
01

X

tfl

g

X

rd

tn

rfl

en

eu

a

•H

01

X

en

rH

MH

•H

tn

01

O

tn

rd

X

cn

en

C

«

ti
0

01

0

Ü

¦H

tJ

¦H

&

eu

S

0

>

fi

X

ra

>

¦H

X

Ü

¦H

rH

0

X

•ri

tn

fi

eu

<

a
01

Cfl

CN

X

g

>

a

o

Si

t)

en

G

O

Sh

3

eu

C

eu

X

a
¦H

X

Ë

rH

tn

o

•H

C

MH

¦H

eu

Ë

+J

(U

X

•H

ifl

rd

O

a
•H

Ë

o

-H

-H

H

tu

1

rfl

eu

U

tn

0

>.

0

X

X

•H

cu

X

G

tn

0

a
rH

01

o

•H

X

r^

0)

Ë

X

G

rfl

Ë

eu

O

X

>

¦H

rH

Sh

ifl

id

X

j.)

id

tu

G

a
X

g

rd

eu

a
X

tu

tn

-H

0
rH

•H

g

G

G

01

X

X

tu

Ü

>

Sh

CU

H

X

•H

G

0

O

SH

Sh

O

C

rH

X

¦H

3

X

¦H

eu

¦H

0]

tu

a
O

MH

H

Sh

X

ti

c

3

01

Sh

rH

tu

0

rH

(U

X

rd

01

X

u

X

(U

g

tu

X

Sh

eu

01

eu

01

G

eu

o
•H

eu

Ifl

rH

eu

*
rd

X

01

tl
Sh

eu

iH

rfl

eu

tu

X

•H

(U

tl
Ifl

0

h

G

X

en

C

O

rOSh

rH

01

X

X

rH

Sh

Sh

en

X

¦H

1

G

X

¦H

X

rH

X

G

Sh

>

¦H

g

tn

•h

rfl

G

X

0

O

id

G

X

G

tu

O

rd

a
G

G

.—

tfl

t3

X

MH

rfl

Q

X

O

0

(U

tfl

rH

¦H

X

ti
Sh

rd

0

Ë

tu

o

0

rfl

eu

Ü

fe

eu

•H

C

rH

Ë

•H

X

a
X

Ifl

X

rd

X

X

eu

tn

O

O

g

X

X

O

Ë

MH

in

O

0

tu

eu

M

tn

en

X

X

01

eu

tn

fi

t.
0

G

en

•H

eu

x'Xtl
Ü

•

•H

tu

0

X

X

Sh

eu

x
¦H

eu

eu

eu

1

tu

eu

X

>i

G

•H

u

(U

01

Sh

•H

*-1

Sh

rfl

X

O

eu

X

x
C

rH

Ë

Z

CN

c

tn

O

rd

ti
•H

tu

•H

eu

eu

G

X

tu

X

01

CU

r-i

fi

tu

rH

-H

Sh

SB

r-i

0

G

SH

Ü

Ë

fi

a

X

X

a
•H

3-

t3

a
Sh

II

O

01

X

ta

¦H

01

0

X

3

x
O

ta

X

rd

eu

O

rd

x

tu

x
x

¦HtuG

G

x

O

u

0

0

G

G

eu

o

0

io

u

Sh

Ü

G

tu

ti

3

CQ

3

eu

eu

¦

rd

eu

MH

0

o
•H

rH

tu

0

eu

Sh

tn

X

MH

•H

eu

eu

Ë

r—.

tn

Ifl

rH

MH

Sh

tn

MH

H

a
O

01

¦ri

X

a
u

¦H

X

X

O

x
>

01

•H

tu

ro

X

Ifl

0

eu

rd

¦H

tn

tu

eu

x

tu

X

X

eu

¦H

X

X

tu

0

rH

t)

X

Ë

r—

tu

>

X

•H

fe

a
x
0

G

ti
MH

3

01

Sh

rd

Sh

X

X

•H

X

tn

Sh

eu

G

•H

—

X

ro

eu

X

CN

i—1

x
G

O

eu

0

en

Sh

a
Sh

MH

01

s

3

tu

0

tn

>

rd

eu

X

X

Sh

0

EH

G

tu

tN

eu

•H

G

3

(U

X

O

O

rd

X

0

ti
eu

G

eu

X

rfl

tu

G

X

rfl

X

¦
Ë

tl
X

•H

en

eu

O

u

•H

h-

rH

01

X

0

X

•H

rH

>1

X

Sh

X

G

tn

X

eu

X

ti
Ë

X

o
0

•H

U

rd

eu

X

O

>

X

eu

<u

c

X

g

x
01

rd

3

rd

O

¦H

X

ti
¦H

C

rd

r.

>

rd

X

3

x
O

tn

Sh

X

tn

eu

G

i

P

H

U

tl
O

ti

fe

rd

G

S:

rd

Pi

fi

II

MH

eu

Sh

X

rH

X

rH

id

G

tu

tn

g

•H

ï—

x

rd

(U

tu

01

rH

eu

¦H

eu

0

18

c

g

rH

rd

a
ifl

X

3

eu

0

>

4-1

G

t)

H

¦

O

t.

G

a
X

U

01

o
tu

Sh

x

>

•H

01

3

•H

X

X

01

eu

a

¦H

U

O

01

•H

eu

•H

eu

eu

G

H

3

c

H

X

rd

G

tu

¦H

01

X

tu

01

Sh

eu

S

tu

•H

G

tu

t)

a
tu

X

t>

eu

O

£

rfl

eu

•H

Sh

tn

01

G

tu

C

>

G

tu

tn

eu

x

MH

X

O

01

¦H

0

o

eu

Eh

g

Sh

tu

0
MH

-H

rH

eu

G

X

rfl

Sh

eu

¦H

O

eu

X

rfl

S

x
01

en

rd

•H

X

3

0

0

>

eu

eu

O

C

X

0

>

U

tn

S

¦H

c

X

G

01

Ü

rd

eu

G

Sh

X

0

tr
en

u

Sh

g

eu

MH

rd

01

eu

G

t.
rd

o

Sh

O

rH

•H

X

>i

G

MH

Ë

rfl

X

rd

•H

0

a

3

01

¦H

Sh

X

01

ti
x
•H

ifl

rH

X

eu

3

a
3

eu

en

Sh

O

0

•H

H

¦H

rH

0

rH

Sh

O

a
X

tn

01

G

0

eu

G

01

X

Q)

01

g

O

x

a
X

.fc

0

¦H

X

X

>

3

tn

X

G

rei

X

O

en

3

>.

eu

rfl

id

¦H

G

tu

eu

¦p

G

t)

X

en

>.

eu

a
rH

C

O

0

ti
m

Ü

rH

a
H

rH

rH

en

X

ti
>.

O

G

i

Sh

0

•H

O

3

Ifl

MH

>

ti
0

rd

•H

eu

•H

•H

•H

t)

3

en

rd

rd

X

eu

a

0

o

tn

g

fc

•H

3

rd

rH

O

¦H

1

tu

a

a
X

rH

ta¬

X

O

01

>

Ifl

Sh

eu

Sh

Z

¦H

G

o

eu

X

X

tr
MH

O

eu

rH

>
X

tu

G

en

0

0

0

O

tu

eu

eu

X

a
t.

rfl

U

tu

X

•H

fi

X

G

0

¦H

cn

fi

ti

¦H

MH

>

0

rfl

in

ll

X

tn

U

X

H

ti
0

rH

ro

Ë

rfl

G

X

rd

Ë

rH

•H

0

tl
tl
o

0

rd

¦H

X

Sh

a

X

rd

G

c
CO

eu

¦H

K

•H

X

tu

MH

G

x
0

c

tu

¦H

X

X

X

X

(U

tu

CN

g

eu

tu

rd

X

g

U

X

rfl

tl
O

rd

¦H

H

tu

rd

0

Sh

a
(U

>i

Ifl

¦H

X

X

Eh

>.

X

X

G

en

tn

x
•H

rH

rfl

¦H

Ë

rd

X

01

c
•H

3

rd

t)

tu

X

s

C

Eh

en

EH

EH

O

(U

¦>

tu

tn

Cfl

tl
tu

eu

0

c

>

0

G

X

H

X

01

Sh

Sh

3

S

rd

¦H

ti
rd

c

«o

>

•H

MH

C

X

(H

Sh

0

ti
0

G

rd

rfl

(U

X

rH

-p

G

•

rd

•H

Sh

fe

0

Ifl

EH

X

¦H

tn

tu

•H

MH

-H

rH

(U

Sh

X

01

tu

c

tn

ifl

tl
ta—.

t3

x
rH

X

3

tu

X

fi

Sh

X

0

3

Ë

O

tn

SH

eu

C

eu

Q
(U

rd

G

O

MH

ta.

H

x
en

Ifl

•H

a
rfl

01

a

MH

•H

tu

x
•H

01

>

X

X

ti
c

rd

o

o

ro

>i

x
3

>

01

rH

tn

0

tu

X

X

rH

01

01

a
U

—'

O

eu

X

eu

K

rH

O

rl

rd

eu

01

rH

ro

a
X

<u

X

rd

•H

rfl

<U

X

fi

x
X

en

tn

rd

A

U

tu

x
eu

tu

X

x
fi

(U

ta¬

X

Ü

X

G

en

X

oo

'-e

01

O

X

0

G

tu

X

>

rd

G

01

a

rd

ti
1

eu

G

rd

u

O

C

a

X
0

tu

¦H

u

O

X

rd

Ü

MH

•H

X

<u

X

eu

0

Sh

0

o

x
MH

eu

X

0

•H

O

eu

o

0

Cfl

X

S

X

O

X

ti
H

0

X

X

tn

0

t)

x
X

g

r-

x
O

t)

X

MH

X

o

ti



Vol. 56, 1983 Picosecond and Sub-Picosecond Spectroscopy 401

References

1 A. Laubereau, D. von der Linde, W. Kaiser, Phys. Rev. Lett.
28, 1162 (1972).

2 R.R. Alfano, S.L. Shapiro, Phys. Rev. Lett. 29, 1655 (1972).
3 K. Spanner, A. Laubereau, W. Kaiser, Chem. Phys. Lett. 44,

88 (1976);
A. Laubereau, S.F. Fischer, K. Spanner, W. Kaiser, Chem. Phys.
32, 335 (1978).-

4 A. Fendt, S.F. Fischer, W. Kaiser, Chem. Phys. 57, 55 (1981);
Chem. Phys. Lett. 82, 350 (1981).

5 H. Graener and A. Laubereau, Appi. Phys. B 2_9, 213 (1982).
6 H. Graener and A. Laubereau, to be published.
7 A. Laubereau, L. Kirschner and W. Kaiser, Optics Comm. ]_,

173 (1973).
8 For a review, see A. Laubereau, W. Kaiser, Rev. Mod. Phys.

50, 607 (1978).
9 See, for example, P.C. Martin, "Measurements and Correlation

Functions" (Gordon and Breach, New York, 1968).
10 H.R. Telle and A. Laubereau, Chem. Phys. Lett. 94, 467 (1983).
11 R. Kubo, "Fluctuations, Relaxation and Resonance in Magnetic

Systems", editor D. Ter Haar (Plenum, New York, 1962).
12 W.G. Rothschild, J. Chem. Phys. 65, 455 (1976).
13 G. Doge, R. Arndt, A. Khuen, Chem. Phys. 2J_, 53 (1977);

J. Yarwood, R. Arndt, G. Doge, Chem. Phys. 25', 387 (1977).


	Applications of picosecond and subpicosecond spectroscopy

