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Fig. 1. Schematic diagram of supercontinuum excita-

tion time-resolved experiment system for CARS.
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Table 1. The data of relaxation process and dephasing time varing with volume fractions for methanol

molecule C—H stretching vibration.

2\ 1

10% 20% 25% 40% 50% 66% 80% 100%

3
2851 cm ™! 764 498 445 280 240 540 560 688
2960 cm ™! 726 601 551 348 292 400 530 942

1, RV HG 2, AR A (T7/2), SR04 fs; 3, WAL
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Fig. 3. Benzonitrile molecular vibrational wave numbers 1017 cm~1, 2247 cm~! and 3085 cm~! vibration

modes of a single exponential fitted curve: (a), (c), (e) for mol ratio 1 : 1; (b), (d), (f) for mol ratio 1 : 5.
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Fig. 4. Time delay for 3.50 ps, the pure methanol CARS spectrum and intensity.

143301-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 14 (2015) 143301

1.0

e 2851 cm 1!
3 T=1.37 ps
b= .-
5 a
"é 3 ."-'
5 0.5 -
~
i e,
=

e
(a)
0 0.5 1.0 1.5

HfTB4EIR / ps

5 HEES¥ C—H FIHRBNE AR ]

1.0 -
- 2960 cm !
2 T=1.88 ps
Z i,
. .
Z 05 S
o~ -
£ e,
=
v,
'I.*-.\‘
(b) e
0 0.5 1.0 1.5

HFTa4EIR / ps

(a) XFRHLHRED; (b) ERTFRBLARE

Fig. 5. Relaxation process and dephasing time for vibrational bands of methanol molecule C—H: (a) sym-

metrical stretching vibration; (b) dissymmetric stretching vibration.
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Fig. 6. Relations of relaxation process and dephasing time varing with volume fractions for vibrational bands

of methanol molecule C—H: (a) symmetrical stretching vibration; (b) dissymmetric stretching vibration.

2 WFRBLAR S A R R SN B 2 00 5 L B AR AR 2 B A BB

Table 2. The data of intensity ratio on symmetrical stretching vibration and dissymmetric stretching vibra-

tion varing with volume fractions.

10% 20% 25%

2

40% 50% 66% 80% 100%

0.81 0.89 1.03
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1, R4 2, e L.

B 6 S R 1) C—H R AR S A R S AT
ks A % 21 £ % 3 18 A I T7) [ PR e 9 VR ) A AR
R A, AR RS T ST
5508 [ 73 7 B AR ELAIE A 51 0 4y 1 R B st I T 5
. S KAEARAT LR & N # e B, Rl
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Fig. 7. The Relations of intensity ratio on symmet-

rical stretching vibration and dissymmetric stretching

vibration varing with volume fractions.
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Experimental study on vibration dephasing time varying
with molecular surroundings®
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Abstract

Measuring the vibration dephasing time in molecular vibration is the free-mark method for detecting molecules
harmlessly. Since molecular vibration refund processes are associated with molecular environment change, molecular
vibration dephasing time also may reflect the substance’s molecular environment change, which can be used to study the
interaction between a certain molecule and its neighboring molecules. The molecular vibration spectrum and vibration
dephasing time are obtained from the time-resolved coherent anti-stokes Raman scattering (CARS) simultaneously.
Benzonitrile and methanol are used as samples for studying, the vibration dephasing time changes for the main vibration
spectra when the environment changes. With benzonitrile mixed with anhydrous alcohol, its vibration dephasing time
changes with environment are measured in three typical benzonitrile molecular vibrations 1017 cm ™!, 2247 cm ™! and
3085 cm~!. For adjoining methanol molecular vibrations 2851 cm ™!, and 2960 cm ™!, vibration dephasing time changes
are measured under environmental conditions. Results show that significant changes of molecular vibration dephasing
time will take place in different environments. For a unidirectional molecular environment change, the molecular vibration
dephasing time of benzonitrile is a one-way change, while the methanol molecule is of non-unidirectional vibration
dephasing time change. But methanol molecules with vibration intensity ratios between two unidirectional changes with
environment for Izs51/I2960 are of a one-way change.

By experimental measurement the vibration dephasing time of the main vibration mode of benzonitrile and methanol
molecules varies with the changes in the environment, further understanding of differences on vibration dephasing time
of molecular vibration spectra of adjacent and non-adjacent variations can explain the variation of vibration dephasing
time of methanol molecules. This method has the ability of detecting molecular environment change and molecular
interactions, and has an important application prospect in the field of life science, molecular biology, and material

science etc..

Keywords: coherent anti-Stokes Raman scattering, vibrational dephasing time, time-resolved method,

molecular vibrational spectrum
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