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Ultrafast nonlinear refractive effect and mechanism

of solvent nitrobenzene
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Abstract: The third—order nonlinear refractive index n, of nitrobenzene liquid was studied using Z-scan
technique under femtosecond and picosecond laser pulses. The Z-—scan results demonstrate that the n,
value under 20 ps, 532 nm laser pulse excitation is 11 times larger than that under 300 fs, 800 nm
excitation. The mechanism of nonlinear refraction dynamics of nitrobenzene was investigated using pump-—
probe with phase object technique under femtosecond pulses excitation. The nonlinear response function of
nitrobenzene under ultrafast laser excitation was determined from the pump—probe experimental results.
The target of the present work is to provide a reference for future work of integrated photonic device and
nonlinear optical measurement based on solvent nitrobenzene.
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Fig.1 Setup of Z—scan measurement system
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Fig.2 Setup of the pump—probe with phase object system
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Fig.3 Close—aperture Z—scan curve of nitrobenzene under 300 fs,

800 nm laser excitation(Solid line is the theoretical fitting)

T, R & PR R AR ARG A R v s B 4, R Se AR
2 R R B AR R T O . Z R i 2RI
H I G ) A — W i £ 3R T SR TR AE AR B S A
BRI . IR Z 43405 0 R 5338 X 5250 i £ kA7
THRIEY, BLA S5 R A R AR AR R B S
=B AR & AT B R n,=2x107" m*YW, % E5 R
I SCHR 0 i T8 AR Y S0 A5 L SR B . R ORI
Z O I I e 2 R T e S T v = W A = 5
SiO, Y ny(2.5%107 m?*/ W) KM, il 75 il 5 AW AR 7R
TCRP B IR — R RE AL 50 B AR R M SR MR
22 ERHZABEIRER

20 ps 532 nm % B & T A 3k R AR AL
ZHERMIE ML E 4 s, HAORF R =B
Pr it % ny=2x107" m*/W [ IS LA 45 4L . L4 2R
H n:=2.2x10"m/W IS4 R, S ZH
20 25 A ), 3 VA AR B R, 3 B
B0 A — e il 2, 3R B R O TR A AE B R B B A
e R o SR, A R B S = B AR e
PriF % n,=2x10"" m*/W L5 1 #Is ih & (B4) 5
S0 2 A TE B IR 2% o 1% 5 SR 3R A Y Ok R A
TE B B I 500 = W JE 2R 0 BT S R R R RD I 3 R
— B IR LG A5 B Y B AP I T 6 B AR AR Y IR
AT n,=2.2x107" m*/W , & AP I ST /Y
SRR 1L R o 1% S 56 45 BRI SE E SCHR 3 1 25

vy £,

Normalized transmittance

—3IO —ZIO —I10 (I) 1‘0 26 3I0
Z/mm
& 4 i 36 R AR TE 20 ps 532 nm FOL UK T
AL Z $1 4 ih 2%
Fig.4 Close—aperture Z—scan curve of nitrobenzene under 20 ps,

532 nm laser excitation
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Fig.5 Experimental results of pump—probe

with phase object of nitrobenzene
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Tab.1 Nonlinear refractive index response

parameters of nitrobenzene molecule

Nonlinear refractive index / L
Relaxation time

107 m?- W-!
Bound electrons
2 Instantaneous
response
Molecular libration 5 150 fs
Intermolecular
. . 2 500 fs
interaction
Molecular rotation 13 >20 ps
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