Bzl oM
2012 4 9 A

D FEE S
T

ACTA OPTICA SINICA

Vol. 32, No. 9

AL (405 nm) O BB IR CHa e/ IREK

S P REAERGE Y il
£ & KAK

G B2 B |02 8 SUBRBR SRR . 1 201800)

W

WIR

ME AAEINETE S IE R S8 IR BRI (AgNO;) » HHETE R S BE (PVA) W IE o A= 4R 90 K W0RE . 1 ) 1l
SRS A il AR B L I

V414.8

# i PVA/Ag QKA MORHEIEE . T8 Sh—rT TR OG5 40 B T 48 8 7Yk B2 L 58 S Ot i R 2 2 R s MR I ) 0
7 5%
KGR W BOLES s PORE SR ARGV BOR ; 2R L0 RE s 5410 HRE IR

WM 52 45 TR IR 45 B T IR RO (82 9 550 406 nm, 3 W6 (405 nm) OB HE 6. Al LT R 3B (SEMD
HESES MEHRIRE A

A28 2k R 7 v B A R ABORE B RS 2 8] 0 A 4 R S R e
WA R W] ZADRE R 98K IR 20 A0 39 5] BLAR 0 AT B0 s X AOL AL 73 (XPS)YIESE T 5 B 24 K 0K g B AR 5
JELT 3 SR AOBE CAFVD 23 A S 7 15 ' 20 5 A T 2 110 M O VLR B L TE

doi: 10.3788/A0S201232.0931003
Preparation of Polyvinyl Alcohol (PVA)/Siver (Ag) Nanocomposite

Abstract

Film Applied in Laser Direct Writing of Blue Ray (405 nm)
Song Jing Geng Yongyou

(Shanghai Institute of Optics and Fine Mechanics , Chinese Academy of Sciences, Shanghai 201800, China)

Polyvinyl alcohol (PVA)/Ag nanocomposite films are successfully prepared. Silver nanoparticles are
generated directly in PVA matrix by reduction of metallic precursor silver nitrate (AgNO;) with UV-irradiation. UV-

visible spectra of the films show effects of silver ion concentration, irradiation power and irradiation time on
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preparation of silver nanoparticles. Size and space distribution density of the Ag nanoparticles can be controlled by
relatively independent dispersion of the obtained nanoparticles which is pure silver confirmed by X-ray photoelectron

varing irradiation condition combined with adjusting concentration of Ag" ion. So the surface plasmon resonance peak
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of the film can be shifted to 406 nm, matching very well with laser wavelength of 405 nm in optical recording

system. Scanning electron microscope (SEM) images show narrow size distribution and uniform, intensive, and
successfully on the films.

Key words

=]

spectroscopy (XPS) analysis. Atomic force microscope (AFM) scans reveal that laser direct write carries out
160.4670; 140.3380; 310.6188; 310.6860; 310.3840

thin films; laser direct writing; nanocomposites; Ag nanoparticles; polyvinyl alcohol; UV irradiation
REW/ wEBNKEEMELG G THKEE
B B R FLR G W 0 kR o kR HAT Sk
BT RE 1 9 K B PR FRF B TR R TE B
BRAN K S A R RE AT R 04 ) B R A A 1 L o

BLAE RT3 /4 G R T BROE L AR R DL A RO

PO FLH RS B A fGE
G BB 2 490 S0 e Ak RONE A0 BT T P S SR T 7E

AR TURL %5 18 SR AR 7 HC 3 51 Pl L
WO 9 3 1 6 MO (405 ) 5 2
B PV A B FUR R0 055 1k 7 BB L
BRPERE B 57 45 5 25

MU PVA/Ag 9k & 4 i AR
Ot (405 nm) 5 A OB A W AR B A A
WA AH: 2012-03-14; WREIEMFS AL 2012-04-17
EETH: HFEHARBFERES(61137002.61178059) ¥ Bhif i
fEER/ v K (1987
S {8 47

{7 T SEBUE S ORI IO I L 5 OB K

UL EE NGB AR AR 7 T RIBTSE . E-mail: saintsj@163. com
0931003-1

Bk A (1968—) , 5 i, @B 55 B, 22 N5 S A7 AR S5 B R i 58 . E-mail: yyoug@siom. ac. cn



2 i

(405 nm) {5 BE 5 A I ORI 58 e 9 0l SRR AR e
S PERE, Bk PVA R op (1 48 44 0k ks 2 %
BIE W RS B0 28 1R A2 Y 18], 359 5 9% 46 14 2 [ 4y
fii. FISEE PVA/Ag YK E A M & & T2
e P EE R —IF,

AR SR 58 A 6175 5 DA [T AH A D v B )
i PVA/Ag 9K & 48, 0k B8 54 1
A Py 230 R A RS R A A5 o TR 0 K R )
Wt B s SR ARAR B VR BE A S5 G L SEB T 4K B
B R SE 23 18] 40 A7 %8 BE R R T . 8l MoK 2 6 R
e H0 T L 3 W U 13 98 T 7E 406 nm b, 5 06
HEWLHK 405 nm) mEESA. &8 T 1 8B
B (AFM) £ AE 45 BAFE 52, PVA/Ag 44K Bk 8 &
T T Mg TR OE ETS .

2 il g e B

W25 B b B0 7 i ] £ B R A AE A7 Cin
sitw) FIFE A (ex situ) . 7E ex situ FAR P, BEWY
BRI SR G N 4 R K BUREL 1) A% 2o R R 4 TR R AT
(1) SR J5 A AILBOIR & 19 J7 35 SE B ok M oRBE A &
1E in situ BEA P R 20 i AF T OBk 5L 48 5 ik
Ji s PR T A5 B A A 3 D 46 T AR AR 1Y) v S B4
JB AR SIURLAE R A W SR i A B X Ry e
ALV TR P HEAT L TR 80 9 K ORE RS 3 A 5
UKL 0 WA 359 57 HL 9 K JB0RE 25 T8 25 & PR 3 T 1%
R B AL E ML AR XESE R B W5 & | 90K
LI A B B — R Ayl U i B 1 0 ok 4
T 10 25 5 5 | AN S R S L B 2 AT BB SR
Yy HEARHLBME AR 25 .

Joffe FARECR T R A MR EY/ &R
YUK SMPRHR T . BRI T R AR UKL 7E
[ A 2R G 4 B B P AR . A X R R

T S B e T ARV A TR G R A
TR AW/ 4 8 A AR AR AR 5 R G E v
AR TR AOKR TR L H R ERAY E R AR
YRKIORL 33X Bl USR5 1 1 98K B A MRS,
FRA A BRI 4 )8 oD H i TR A a2kt I
H SRR G @ B — . B 2 4 AR 7 3R
BT A AT AT DGR AE H bR A R ER IR By
51 9K BORE [) T B AZ L PR T A M A A
EUA 5 R 0 B A HOPE RS — M W RS
% 14 2 10 o7 BEL A% 1, R b, 7 2 6 268007 e 0 A5 28 BHL A 46
& 4 KSR 1 A 5 L 25 B K R O i Ol o 3 4
DK ABURL B i T2 B AL TR A JEL i

AR SR AR HE 58 S0 T VR O 8¢ Gamma 5
LRUGE Gy iR T RAR . 5 A i J ik 1 A 2
WTE T M 205 g S i A, T2, EE
PEAT L B R 0 45 B0 2% R R0 RN, X3 R
FRMBL LA AE 7

LR B RE S )G . 7 PVA AP R TF TR
SR BT TE T S R L B B, DL X s
“PhF R AL R A IR 0 K R R 4 R R, S
F R LR A AL RO X Ry i A RLAR 4
A7 2 ) 76 AR B85 IV L

3% W
3.1 FZWAFI SN

KR PVA iy PVA-124 % (5 5 25 45 A |
A2 A FD L B B IR B 9890 ~99%0 . i T4
P 1 BT 7R s T A A R AR 4 Ry 99. 826 (A bt
gl B — ) R AL B 65 % ~
68 %0 Ay Arat, v [ i Ak n i T L O 2
FK.

B 1 PVA SR, (a) Ry #B43 KA s (b) 2y 58 4K fif
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Fig. 2 Schematic illustration of preparation process of PVA/Ag nanocomposites
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Table 1 Parameters of laser-direct-writing platform

Numerical Wavelength Diameter of Power of Radius Angular
aperture /nm of laser /nm focal spot /nm laser /mW velocity /(pm/s)  velocity /(rad/ms)
0.9 405 549 2. 14 10 21.61
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Fig. 3 UV-visible absorption spectra of pure PVA and

PVA/Ag nanocomposites with different Ag"

concentrations

AR TR AE RAR 53 A5

BRAN A IIURLAE R b 3 A 4R A R T R X B
B WOCAEA B R U L 5 T 5L IR 40 1R 1 ok 21
PR o DRI — 7 30 161 PRI 25 W B 1 S 0 ) 1 1
WEE . SR e 1 I g vk B 2 fo UKL 7E Bk AL B B
AR K FEOEA L R 2RO EE DR K
405 nm, FEARLEIG ST 2.1 X102 mol/L £
Ml i 7 R i — R R B R e REFCaAB &
415 nmik Bt T H S OB 405 nm (40 & 4 Fr
) PR MR B ok B ) BB VI X — R AR
FHBERAE A 1. 5X10 % mol/L,

Bl 4 W] AEAS ST 550 F il B
- L R AT FE R AL B B AEAE £ R

B LA
i 2 R A

K4 BRAEARRE A PVA/Ag 91Kk
L4 -n] WL W 1%
Fig. 4 UV-visible absorption spectra of PVA/Ag
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Fig. 5 UV-visible absorption spectra of PVA/Ag

nanocomposites with different irradiation times
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Fig. 6 UV-visible absorption spectra of PVA/Ag

nanocomposites with different irradiation powers
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Fig. 7 SEM images of PVA/Ag nanocomposites with different irradiation conditions and histograms of silver nanoparticle

size distribution with Gaussian fitting. (a) 2 kW; (b) 2.5 kW
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Fig.8 UV-visible absorption spectra of PVA/Ag
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Fig. 9 XPS image of PVA/Ag nanocomposites

nanocomposites with different positions for the .
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Fig. 10 AFM image of sample 17 before laser direct writing
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Fig. 11 AFM image of sample 17 after laser direct writing (A=405 nm)
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Fig. 12 AFM section image of sample 17 after laser

direct writing (A=405 nm)
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Table 2 AFM section image parameters of sample 17

after laser direct writing

Type T /pm FWHM /um Depth /nm
Average 2.157 1.079 49.478
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