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Laser-Induced Deposition of Silver Nanoparticles Films and
Microstructures onto Glass Substrates
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(The Key Laboratory of Weak-Light Nonlinear Photonics , Ministry of Education , TEDA Applied Physics School ,
Nankai University, Tianjin 300457, China)

Abstract A simple method to deposit silver thin films and microstructures onto glass substrates by visible laser
irradiation has been investigated. Under laser irradiation on a glass sample cell filled with a mixed solution of sodium
citrate and silver nitrate, a bright silver thin film can be produced on the surface of the glass in contact with the
solution at the irradiated region. The growth rate of silver films is influenced by laser power density, laser
wavelength, irradiation time, reactant concentration, etc. X-ray diffraction, atomic force microscopy and Raman
spectrometer are used to investigate the characteristics, surface morphology and Raman activity of silver films. The
prepared silver films exhibit excellent surface-enhanced Raman scattering activity. Furthermore, the silver relief
gratings with period from several micrometers to several hundred nanometers are achieved on the surface of the glass
by two-beam interference method.
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Fig.2 AFM image of the morphology of deposited silver
films in irradiated region (a) and histograms of
surface depth of silver film (b)
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Fig.3 (a) Thickness of Ag films versus different laser power densities (irradiation time remains 6 min) ,

(b) thickness of Ag films versus different irradiation time (laser power density remains 1. 25 W/cm?)
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Fig. 4 SERS spectra of the rhodamine 6G molecules
absorbed on prepared Ag films
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Fig.5 AFM images of the fabricated silver surface relief
grating. (a) 3D image, (b) section analysis of the

relief grating

T 9% P 7] 0 IR 3R T S 40 9 Uk A 3L RN RS E O 2
AL S5 T Be o i — 20 2035 8 S0RE D' il 19 T B &
I8 AR UK YA AT 5 80 L 2 K 532 nmiy
O IE A S H— AT AT S R AR
2.4%,

3 4% ©

TR P A7 B4 1 742 58 T UL OO V6 3 2 S 19 2
8 35 38 3 _E S T T 45 40 K TR W I 3ok 26 4
K ORE BT DU T A 1 T K 45 1 350 8 T L
S 42 ) AT MO T 2 B I o R B
AR . R0 7 35 M 4 01 R 40 K TIORLHE B LA ¢
5 (R 3 L 30 B 3 B AT LA ) 10 JF
FLLE MR B 529 2 fF F SERS i B B b (0 T 42
P T LR RO SR T 0 7 0 AR B
S A T G G M R ) AT L 3 e A
S 1 e A1 HEAT 7 P

& F X

1 Liu Renming, Zi Xingfa, Wu Yanchun e al.. Studies and
preparation of surface enhanced Raman scattering substrate of
two-dimensional silver nanofilms [ J]. Chinese J. Lasers, 2009,
36(10):2657~2661

XMZHT, B2 RIER 5. T AE YN R 45 1 B R 3% T 1 98 7 2 AL
SRR H 4 5HFE0)]. P B30k, 2009, 36(10):2657~2661
Liying Wang, Ying Sun, Jian Wang e« al.. Sensitivity

Do

enhancement of SPR biosensor with silver mirror reaction on the
Ag/Au film [J]. Talanta, 2009, 78(1) :265~269
3 Wang Ye, Bu Fengquan, Gu Yuejiao e/ al.. Preparation of
localized surface plasmon resonance sensing film with gold colloid
by electrostatic assembly [J]. Chem. J. Chinese Universities,
2008, 29(8):1539~1543
£ DRUR S YIRS e 25 4 90K ORLF R A% R AR T
SETHRIREGEEII] 5% FRAF £, 2008, 29(8):
1539~1543
Koichi Awazu, Makoto Fujimaki, Carsten Rockstuhl et al.. A
plasmonic photocatalyst consisting of silver nanoparticles
embedded in titanium dioxide [J]. J. Am. Chem. Soc. . 2008,
130(5) :1676~1680
Heather M. Yates, Lucy A. Brook, David W. Sheel.
Photoactive thin silver films by atmospheric pressure CVD []J].
Int. J. Photoenergy, 2008, 2008:870392
Hyung-Jun Jeon, Sung-Chul Yi, Seong-Geun Oh. Preparation

o

o

and antibacterial effects of Ag-SiO; thin films by sol-gel method
[J]1. Biomaterials, 2003, 24(27):4921~4928

S. Strehle, S. Menzel, J. W. Barthaet al.. Electroplating of Cu
(Ag) thin films for interconnect applications [J]. Microelectron.
Eng. . 2010, 87(2):180~186

Zhu Pei, Zhu Jianqiang. Influences of the substrate stress on

)

oo

element surface figure in vacuum evaporating deposition [ J].
Chinese J. Lasers, 2009, 36(2) :476~479
Bl AR R, A AR I AR R R g e A T T R i ().
P E Bk, 2009, 36(2):476~479

9 Song Qiuming, Huang Feng, Li Ming et al.. Graded refractive-

index SiO, infrared rugate filter prepared by reactive magnetron

0107001-4



FARA

P75 T 5 A K ABUR TR ol 45 4

10

1

—

12

1

8}

14

—_
o

16

sputtring [J]. Chinese J. Lasers, 2009, 36(8):2144~2149
REKHI 86 K2 B & ROV RERE DRSS A SiO. Wi 22 4 5 R
AR ESE A LID. P E %R, 2009, 36(8):2144~2149

H. Cui, P. G. W. Yang.
patterning deposition using pulsed-laser deposition in liquid for
Phys.

Liu, Noble metal nanoparticle

surface-enhanced Raman scattering [ J]. Appl. Lett.
2006, 89(15):153124

Erik J. Bjerneld, K. V. G.
Laser-induced growth of Ag nanoparticles from aqueous solutions
[J]. Chem. Phys. Chem., 2002, 3(1):116~119

Jia Shaojie, Xu Shuping, Zheng Xianliang et al.. Preparation of

K. Murty, Juris Prikulis e al. .

SERS optical fiber sensor via laser-induced deposition of Ag film
on the surface of fiber tip [J]. Chem. J. Chinese Universities
2006, 27(3):523~526

B RIT e 58 55, BOGIE S UUBUR B8 ) 4% b 47 SERS
RG], &F FaAF FIR, 2006, 27(3):523~526
Deborah Lau, Scott Furman. Fabrication of nanoparticle micro-
arrays patterned using direct write laser photoreduction [ J].
Appl. Surf. Sci. . 2008, 255(5):2159~2161

Mathieu Maillard, Pinray Huang, Louis Brus. Silver nanodisk
growth by surface plasmon enhanced photoreduction of adsorbed
[Ag+] [J]. Nano Lett. , 2003, 3(11):1611~1615

Huiying Jia, Jianbo Zeng. Jing An et al.. Directly synthesis of
triangular and hexagonal silver nanoplates on surface [J]. Thin
Solid Films, 2008, 516(15) :5004~5009

Zhou Ji.
Applications

Silver Nanomaterials Controllable Synthesis and

for Surface Enhanced Spectroscopy [ D .

17

18

19

20

21

22

23

Changchun: Jilin University, 2009. 48

JA L ARGUORBERERT A B B I A 3R TR 5 6 3% T A R F
FE[D]. K& HARKF, 2009, 48

Peter Hildebrandt, Manfred Stockburger.
resonance Raman spectroscopy of rhodamine 6G adsorbed on
colloidal silver [J]. J. Phys. Chem. , 1984, 88(24):5935~5944
Hiroyuki Watanabe, Norihiko Hayazawa, Yasushi Inouye et al. .

Surface-enhanced

DFT vibrational calculations of rhodamine 6G adsorbed on silver:
analysis of tip-enhanced Raman spectroscopy [ J]. J. Phys.
Chem. B, 2005, 109(11).:5012~5020

Julien Guthmuller, Benoit Champagne. Resonance Raman
scattering of rhodamine 6G as calculated by time-dependent
density functional theory: vibronic and solvent effects [J1. J.
Phys. Chem. A, 2008, 112(14):3215~3223

K. Kneipp, Y. Wang, H. Kneipp e al.. Population pumping of
excited vibrational states by spontaneous surface-enhanced Raman
scattering [ J]. Phys. Rev. Lett. , 1996, 76(14) ;2444 ~2447
Tao,
Polyhedral silver nanocrystals with distinct scattering signatures
[J]. Angew. Chem. Int. Ed., 2006, 45(28) :4597~4601

E. Hao, G. C. Schatz. Electromagnetic fields around silver
nanoparticles and dimmers [J]. J. Chem. Phys., 2004, 120(1)
357~366

Shengli Zou, Schatz.
structures that produce giant enhancements in electromagnetic

fields [J]. Chem. Phys. Lett., 2005, 403(1-3):62~67

Andrea Prasert Sinsermsuksakul, Peidong Yang.

George C. Silver nanoparticle array

0107001-5



