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Fig. I Setup diagram for the HRS experiment
(where ASL: aspheric lens condenser,
B: beam-stop. BS: beam-splitter,
CCM: concave mirror, HW: half-wave plate,
INT: interference filter, LPF: low pass filter.
MI: mirror, ND: neutral density filter,
P: polarizer, PCL: plano-convex lens,
PD: fast photodiode, PMT: photomultiplier tube.,
REF: reference signal, RG: high pass filter,
SYN: synchronization signal,

REF: reference signal, SIG: HRS signal. )
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Fig. 2 Schematic diagram of surface HRS process of

nanoparticles
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Fig. 4 Concentration dependence of HRS signal intensity for
CdS/2, 2'-bPy organic sol{a) and CdS/Cd**
hydrosol (b)
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Fig. 5 Electrolyte concentration dependence of HRS signal

intensity for ZnS hydrosol
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Table 1 B Values and Relevant Properties for Different Nanoparticles

nanoparticles diameter/nm Blesu) per particle conductivity crystal structure symmetry " *
Si0,!" 10 (0.6 ~3.0) x10°* insulator amorphous
TiO, ™ 10 4.3x10°* semiconductor anatase
CdSe!™! 9.0 7.5x10°7 semiconductor wurtzite x
Cds'®! 9.1 7.2x10°% semiconductor blende x
Au'®! 8.6 2.0x10°* metal cep” X

* : ccp represents cubic closest packing, * *:
FLERR, AT LLKRRL T 19 = B 3B 22 M b 24 va 7 Pl
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HAN T BETCEIRGE N — L MRBP KR TH B
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RMRTLUEE, FUORN T — MR Ik
SHERMEMAREEER, TEERITBAIRE TiX &
YkR T A IEF AMFRE, B R ERTRF R KR
H R T & R SO X RRME A R A BT R Ak, X
FRRERPOKRSTHRF, RETEMM R
B, B RERA —MIELtE, BERE X/ DEZFNEE
PEE— e B R A 0, X LE B R 9 KNI, BE R R
BN FH Bt F LR ARILFHEK, i©
AR~ PR, MYIFHMPRER L P, KIE
Au BA KK B1E, NIATHRESFH FILiRgE/E
Fi'®; CdSe KR FH BEE/D, £ 5HEE TOPO
s FEBERX,

3 B %

EMF 8 HRS £iK, #H3 TE 4 H SHC M E-
FISHG B AR, AR RHE A, FESPRRFH
FFIERMEGHEAR, HELREED TLH, K
WA HER R, A ERMAITETUER, KA
FRZHE¥ELEEFBER THEHE LAORMELS
FHgtn, FAETLLES RES FEmEs R RE
KR/, MRETBUKRTEFERZMENZH
T EMX AR EREMN, Y9N FRE DAL
FRE AR T R R 9K F A AE BB A ST 56
R F R L b FIL IR EET, thA IR —
M eEAEL P . HRS $R1/E N —RhAER M5k 210 iE
ok, HTHMMAREHNEDEZ R M REE, A
B R RN — R BRI 4ok RO B9 R SR IS5 R

+ and x shows centrosymmetry and noncentrosymmetry, respectively.
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Study Progress in Second-Order Optical Nonlinearitis of Inorganic Nanoparticles

ZHANG Yu*'"?> WANG Xin® MA Ming®> FU De-Gang’
LIU Ju-Zheng® GU Ning® LU Zu-Hong’ XU Ling' CHEN Kun-Ji’
(' National Laboratory of Solid State Microstructures and Department of Physics, Nanjing University, Nanjing 210093)
(2 National Laboratory of Molecular and Biomolecular Electronics, Southeast University, Nanjing 210096)

Hyper-Rayleigh scattering (HRS) technique, an incoherent methodology, is an effective tool developed at the
beginning of the nineties for the determination of the first-order hyperpolarizability 8 value of molecular chro-
mophores in solution or gas. Compared with conventional coherent second harmonic generation (SHG) or with
electric-field-induced SHG technique, HRS technique is not constrained by the orientational, size, and/or charge
restrictions, hence, in the past years, it has been used to measure the 3 value of nanoscale particles and some
important results were obtained. In this paper, its simple principle, experimental setup, and data processing
method are described. According to the recent studies reported and our work, some possible HRS mechanisms.
such as surface contribution, bulk-like contribution, aggregate contribution, resonance enhancement, surface static
electric field, and solvent filed, are explored. Especially, surface contribution is emphasized. The investigation of
second-order nonlinear optical properties of nanoparticles with the HRS technique is an interdisciplinary field of

nano-science and nonlinear optics, which is attracting more and more attentions of scientists.

Keywords: nanoparticles hyper-rayleigh scattering (HRS) second-order optical nonlinearities
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