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Cap-shaped Silver Nanoparticles: Preparation and
Surface-enhanced Raman Scattering Activities

XTAO Gui-Na' MAN Shi-Qing™'? LIU Ying-Liang> MENG Jian-Xin’
("Department of Physics, *Institute of Nano-Chemistry, Jinan University, Guangzhou 510632)

Abstract: Silver nanocaps were prepared with vacuum thermal evaporation method by depositing Ag films onto
the self-assembled monolayer arrays of SiO, nanoparticles. The surface morphologies and optical properties were
characterized using TEM, SEM and UV-Vis-NIR spectroscopy. The surface-enhanced Raman scattering (SERS)
activities of these composite nanoparticles were investigated using 4-(2-Pyridylazo) resorcinol (PRA) as probe
molecule, and the enhancement factor was calculated to be as large as 2.88x10° The results indicate that the

cap-shaped silver nanoparticles prepared on the top of SiO, nanoparticles are good SERS-active substrates.
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Fig.1 TEM image of SiO, nanoparticles with average size

of about 140 nm
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Fig.2 SEM image of a self-assembled array of SiO,

nanoparticles on a quartz substrate
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Fig.3 SEM image of cap-shaped SiO,/Ag composite

nanoparticles
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for the Raman experiments
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Fig.4 UV-Vis-NIR absorption spectra of silver nanocaps
with a 20 nm thick Ag film and different sizes of
Si0, core
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(a) ~(b): Normal Raman spectra of PRA in ethanol solution and
solid powders, respectively; (c)~(d): SERS spectra for PRA ad-
sorbed on silver nanocaps with the SiO, core diameter of 140 and

200 nm, respectively, and the thickness of Ag cap is 20 nm
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Fig.5 Raman spectra of 4-(2-Pyridylazo) resorcinol (PRA)

Raf, H
1044 em™,
5 PRA BYIEH hr2o6ig O6ig K by R R )
WA LY, 2 TH MG 2R 2O E (LLIEE d A i ]
B B IR Bl W T RN R A RS | kAl B
B, 1 U B AR BT 43 32 R o i H O 2 o
T, Blan g b ook sE R C-C 45 4k 20 % B
1184 F1 1575 em™ 43518 2 1211 F1 1563 cm™; [H]
R C-C M 4a 4k s 1150 A1 1315 em™ 43
SR 1143 F11330 em™; &S b AT 1590 em™
AR C=0 WU 45 1 C=N XU 4248 Y 4k 2 78 [
W% d P E 1595 em™; LT 972 em™ Ab A [E] 2R
TR C-C P 4R A N-H B 428 P IR 3h i 7 1S d
PO E 961 em™  EHAFE A, B b AT 1
254 em™ A C-C FI C-N it 45 4% 2h 76 1813 d ok
RERZL R, WiE S54RI Mg 1277 em™ A 9F R —4
T R sl W LAk L b TR T 1473,1373,1277
11095 em™ 4b Wy R Bl W 7 1813 d o o3 Bl A 7% 2
1468,1381,1293 1 1101 em™, FEANAYIAJE W& 1,
Pl — S0 1 7% B ek 6 OF £ 2R BT A8 9K kL
TR G IR 1 A TE— 2 AL 2F A BAE R
Kl 5d 5 Sc #HLEG, BR 1% d TALT 1211 em™
Ab WP S AR ¢ PSR 1195 em™ AF, W H:

DROIUAS WA B A A ) 828 AN

F1 ME-C-BER-4)EFZBHNESME BNEERERNEARE

Table 1 Raman shifts, relative intensity and peak assignments of PRA

On silver nanocaps with

On silver nanocaps

Solid PRA / ¢cm™ Literature resluts*/ em™ Assignments”
140 nm SiO, / em™ with 200 nm SiO,/ ¢cm™
1 590(w) 1 594(w) 1 595(w) 1 592w U(C=0) + v(C=N)
1 575(w) 1 562(w) 1 563(w) 1 579w ”C-C),,
1 473(w) 1 469(w) 1 468(w) 1 471(w UC-C),, + »(C-H)
1 439(w) 1 437(w) 1 438(m) 1 436(m U(C-C),, + p(C-H)
1 373(s) 1 382(s) 1 381(s) 1 380(m V(C-C),.. + »(C-N-N=C)
1 315(s) 1 333(m) 1 330(s) 1329(s W(C-C)res
1 277(w) 1 295(w) 1 293(s) 1 280(s W(C-N-N=C) + »(N-H)
1 254(m) | 244(m UC-C) + v(C-N)
1 184(s) 1 195(s) 1211(s) 1 189(s UC-C),,
1 150(m) 1 143(m) 1 143(m) 1 150(m »(C-C)
1 095(w) 1 099(w) 1 101(m) 1 113(w W(C-N-N=C) + »(C-O-T)
1044(s) 1040(w)
1003(s) 1005(s) 1003(s) 1000(s) UC-C),,
972(w) 964(m) 961 (m) 963 (m) UC-C) + »(N-H)
828(w) 828(w) 826(w)
T41(w) 741(w) 742(w) UC-C),

*Ref.[20,21]," Ref.[20~23].
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