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Fig. 1. (a) TEM image of 60 nm CTAC-capped gold nanoparticles (GNPs); (b) UV-Vis absorbance spectra of the CTAC-capped
GNP and L-cysteine/CTAC-capped GNP colloidal solutions. The left and right arrows indicate the SH wavelength and the excita-

tion light wavelength, respectively.
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Fig. 2. (a) The spectrum of excitation light; (b) the p-polarized spectrum of SH scattering light from the CTAC-capped GNP under

vertically-polarized incidence.
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Fig. 3. (a) The p-polarized and (b) s-polarized SH scattering patterns of 60-nm GNPs with different surface ligand coverage as a

function of the incoming fundamental beam polarization angle: experimental points (filled circles and triangles) and fit to the experi-

mental points (solid line). The changes of ¢V and ¢H for the ligand-exchange process are also shown.
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Fig. 4. Schematic of SH scattering model for a sphere.
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Table 1. Coefficients bZ’L for an excitation field polarized along z direction.
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Table 2. The
the power relationship to the factor (Kia) with the

Excitation-radiation channels and

electric field.
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2 ML T AN A SH % 20+ 19 Im 4k 7
fi]. AT LA BRI 23 e B SH S 20T 1E P 1
TEAS IR 1) L AR A, DRI R S i i 7
AT R AT BRI, X AR SCAE S 67 73 e
EEINNEZSIprpe s

RIS TR, RO SH B 201
JFHAN Kya N A AR BRIRCR, IEAREE 9K
R RS RY3EI, SHAUR A Ka B8 0GR 1
AR IR 2. ml, RO 2 B
SH BUR 94 A 22401 DT, 2 171 52 0 42400
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PRy T /9 SH U IR IR AR, W T AR AR
B4 K K, Bachelier B 98 & B0 T 2L A0 B A -
SH #5675 Kia K+ BRI OC R & R RS )
HARMHES, XFF21420 25 nm WIEAZGKEKR, AT
PURIREOCRE 2L 3 B B Al LUERT, X &
FH T 53 FEL AR AR TR OB 2 b B B s B i - T
BRAGA AL RIS 2 5 A S IR 2 A L, R IR BCAfE
R AU ANOKRER Y SH AU EIRE A8 A 5 R 80 5
KB I REAS A AR B ARARL. 2 T AR g ot i) R 46 il
YAARER RS A5ON A I)E, DU)4n 4 1) 24 - 3
AJ AR G- i R s pp AR (1) 254k

3.2 BB TROERR ~T A

BC B M B R M) T 40K BR ) 2 1T A5 DL K
AL MEALTR, S T SH R KR, A |,
SH #HE 7 ek As ok A F B R i HE e b %
AR, SR, IR AL R 32 B B 77
YRIRF A RIS G AL S SEIR , FEAN R A% 7 ) 22
PRI B, X AR H AFI T2 24 i BB 2 14
TS, RIME A4 o R T A U
AR AN R, TS Tk R SH EIRE IR AR AE 1L
(W, (6a) U (6b) 2X).

R T G BT LB U T 9K BRI A e 1wl
TR, BCAARAG G ()50 T AR 7 S A 255 RS 330
Stk A Svoboda 1 Block3Y (i 5E 1] LA & 3N,
65 9K T P L AR A AT LU 5 S BrRAd
A I DX IR 6 3 A FBUR R A R . — D RGTEEH /N
(R AT LU R R — M, bR
YK BR B ) B R IE . S R BR A R SF 16 K
Ji , AR FH DX 3R 0) A2 381 e FER % B 1) s i AN P45
[F] TR AR R, AEX MG T, iR N il
BT W AR AR LU ' 5 0 0 i 8 R0 AE
FHIXIR. B2, 7T LA AER AN R BR Ok S5 350 e B 5
MIANR IR, S8R0 K BRI AR A T S0VE AR R,
BRRERNIR Z A RCER. X T RS R 1E
B, TR R4 i R Z MR L T B Ak
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W) 1 5659 SRR R A R XK. 1T SH 7K 5
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oW S TF i e O N i AL
[, 454 (6a) X, SH # M 70T IUH & Kia T
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Abstract

Ligand decoration of noble metallic nanoparticles is often needed for some applications, such as biochemical
sensing, catalysis and nanotechnology, and the understanding of its process is of great importance. The second
harmonic scattering (SHS) technique with advantages of surface-sensitivity and label-free detection, provides
intrinsic information for such a research. In this work, the second harmonic(SH) scattering patterns of two types
of ligands (cetyltrimethylammonium chloride and L-cysteine) capped gold nanoparticles (GNPs) with the same
radii are measured. Both the intensities and shapes of the SH scattering patterns are changed after the ligand
exchange process. In order to explain the pattern changes, the analytic expressions of SH scattering are derived
theoretically for a relatively large nanoparticle based on Dadap’s multipolar theory. Considering the derived
relationship between the multipole (up to octopole) contributions and the power of the nanosphere radius, the
effective size effect is introduced to express the SH scattering signal change for different ligand decorations and
well explain the experimental results. This theory provides a new perspective of the SH scattering response to
different capping ligands and offers a possible quantitative method to analyze interface physical chemistry for

ligands on the surface of nanoparticles.

Keywords: second harmonic scattering, gold nanoparticle, ligand decoration, multipolar decomposition
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