K FH

$41% ol
20204E6 A

4Ly
He

ACTA ENERGIAE SOLARIS SINICA

2,
=

i1

Vol. 41, No. 6
Jun., 2020

XEHS:0254-0096(2020)06-0204-06

Ag/ALO;-TiO, E F IR Ag 40 oK Fids X
TiO, /= 5& 51 Wk 14 43 14 52 i)

FEX, FEE

(T B A TV RS B R 200 %, Mt B LR AR S5 3 ) T2 =08, RIat 210094)

C:
=

i

PABIFSE Ag 20K IURE ) 25 25 1 R0 0 Ti O B4 R SR WS 52 00 S LB, 57 Ag/ALOS-TiO: B 5 S5 A4 I B AR 5

WA AR | 6T IS B 22 ik A TR T3, 40T Ag-Ti 0[] B L B2 Ag AR K A A7 4483 2 4~ PR ZE X6 Ti0, 2 4 S 1
W PERI RN o DFTESE SRR - TR Ag/ALOS-TiOx B A3 AR R v Ag R IR Ji] [l 14 Jmy S L 37 08 B2\ 5 18, S5 I
H TO, 2 A0 S RS P A5 2380 5, 7R AN IR BB P Ag-TiOL [A1 1 LA L Ag 40 AR R 423 2 A4 PR 2856 0, M e

HIRZ A AN TR R

KB WA RRZENE; GORWAL; R AE e Tk oL

hESES. 0643/TB333  CHEAEREARD: A

——

(=]

51

BEA PREE TS YLl H 45 IR, 15 Y Wy e o8 %
SEHA, o TiO AR HRE A R A 5 G4 ) T
R SN SRR R )RR X W N (11 ) B2 SE SRS I B 113 3
TiO, % JF @) P BF 55 & T Fujishima Akira F1 Honda
Kenichi Wifii 225 AT BOFAIIE T Ti0, AT 588 %
Az K R S8 AR SRR 77 A Hao BEJS Frank 552002 5
PRI TG 15 G W 0T S S e e i ke . (B
BB TiO, AL RE B /T 387.5 nm B9 5 ML T
K O R BH G A T LR e i, [ N Sh i AT
T2 AT AR IR . Gole 557 4fH T —F48 N
# TiO, RE#E U 1 550 nm A9YEIT & 5 Koichi Awazu
SFUTR R R HALBOR Y Ag/TiOL e AR, I
Au. Ag 55 Bt 4 i 40 K UKL Y 3 1 45 B 7 L AR (surface
plasmon resonance, SPR) W X2 AR B ek s e
I i P, 3 3 4 B T OB AR R R
UTAFER , Tt 4 Jm 19 3R T 45 B T AR X2 S AR T DO
DX 38R A I A A 0 P A 3 SR O SR T E N AR T2
WEIE 7 4R Ag A K JURL SPR 3 5 ' 4 A 15 P 1Y
VE P : 45 B TR LR 00 T el Ag - BFIT DG

Wim B 2017-12-13
ELWMB: HRALRF:IL4 (51476078)

Gy 0G5, AR 0] DO X 3R B R g i | 5k 2 Y
JEMCIG TN T 5 e L TR BE B R A, Ag R
B 0 P T o L A e 0 A A O T P
P B 4x Jm i , N il i -2 7O I E A, BT
Ag B BEAL , FERFE M Ag 94K BURE 45 25 R0 19
948 B0 AU A 70 8 A SRR P S B A AR
JE AL AL EE Ag 9K IIUR AT B 1k Ho 4 Ak . ALO,
RME R AR Bk, A Bs i LR A, 5 Tio, &
& AT LB UM LA R A VR 08 2 0 i A R A T
FEREE . e 4 8 M % 5 G R &R i 42 s R i o)
A TR g A Bvh, 230525 bR SR 19 00 2% O
AT, EIRWAEUHER B ALO, B B BRI
G2 MR B A8 1 1R B W SO B L S 1 K B RE 4
PEM IR 2

AR SCHE IR A LAl b 3 T R G S ST Ag/
ALOs-TiO, 5 25 IR 45 1 5 S5 W OB BY 73531 2% i Ag-
TiO, [0] 5 e Ag 20 KR RS 3 2 A 52 [ 2%, 1 1]
I 18 A BR 22 43 J7 1% (finite difference time domain,
FDTD) 2L/ A 3K IE Ag 9 K AWURE 1Y) 2% T 45 5 -3k
PRXT Ti0, 2 7E T 58 40 -] U DX 8l 0% 6 S W s o

1 T EEBRETTIE
SNSRI T Ag/ALOS-TiON 5243 LAY Pl B 575

WIEEE: BMEE(1981—), Z, Mt BlZdZ. WA, FZNR RS ST &I mAIis . lijiayu@njust.edu.cn



63 FRIE A Ag/ALOS-TiO B A Ag 9K SR 4] T10, )2 FR S W s i 205

A7 A 2 s 45 R Bk, i I BR 22 400k e oR i 4
ST R AL B i, BN R AR R [ N s [ 45
W AT 22004 ST RIS 0 43, R P i 9k =X 2 1]
ST ) F S AR S A T A BT TR e B R @3 1 1Y)
AT TR B R AR Ak, L A R RE RS B
W 0 A HR BE3 = 2 (R 12 B B A ik
Z—. PR EAMT Ag/ALOL-TIO, B & I 1 737
A 5, BT oH 5045 20 5 4 R 00 5 o cREE .
FDTD 548053 B R 40 K ORS00 e 1 2
ZAEARZ ST TP AR BIER , an Sk 13 12 H Mie BB 1T
SR B LE WS A T3 v 1 IR AR BB 25 e e, B
SCHR [ 14 ] 3 FDTD 3158 847 7 78 W v A Joi o
B S AR, T I B TR 22 RN . EAELE R
FDTD J7 54 BTl Bk /NER I ekt , HO T 45 R S
Mie IS AT Al —2L

i 2 1 45 B TR IO R U, HUR FRTE Ag
YK IR 2 T, AR SCHY B H IR T Ag 98K TR R
3o 2% T 45 B LR AN T TR0, J2 5 S R AT v 1 R
Me), T DA BB SE Ag UKL R B S 48K Ag UKL 40T
FE XY 7] b oA R Bk 7 Z 7 R
SEIEVCFELZ (PLM) B A, TR T HAT — 2 S
19 Ag/ALOs-TiO, & G RE AR SR SCRF M o AR SCERBUR
B 1 s AT i SR R T, S
[l 280~800 nm, ¥ Z Rl 5 a4 4% , FRy €4 10 LT Sk
R ) s R R IR J7 1 R X il 1), € A OURT Sk
PR, RT LA S AGHE Ty 3 E -1

Bl {5 A

Fig. 1  Simulation model
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Fig. 2 Section map of simulation model
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Table 1  Parameters setting of model

bR %%  Dmm  Lmm H/nm  H/nm
1 20 30 60 0
2 20 30 60 2
Ag-Ti0, [ ’ 2 0 °0 :
4 20 3 60 10
5 20 30 60 15
6 20 30 60 20
7 2 18 60 2
8 20 30 60 2
\ 9 2 42 60 2
E;i;g:é 10 36 54 60 2
B 4 66 60 2
2 52 18 60 2
3 60 9 60 2
Ti0, )2 Y N — — 60 —
éﬁ%ﬁi T 20 30 0 2
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Fig. 3 Absorption spectra of different Ag-TiO; interval s model
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Fig. 4  Absorption spectra of different Ag diameter’s model

4 A6 H 500 nm, Ag-TiO, [A] #5242 nm B, B
1220 nm [ Ag 4K URL T [l XZ - 1 1 H 3 5 B 4y
MEGE 5 BioR, 5 Ag 41K Uk R 19 Tio, J2 3R 1
(g2 7o 1) B g o B A AT KAl 6 . 815
6 5] i BUE AT L5 (B E, 2 5%
TR AR ), R VI 45 Ak s 0
ARG E TR ELS il E E] Ag 41K
UKL & B PR b e R AR B T O KIS 0 L G5 B 8 5L
1, BAE S GRS AL 457 7 18] KOG IR 4% 7 1) ( X
Jii)) R RACR e W . FETC Ag AR BURLRS , 5
Ag YK EURL 23 1Y TiO, J2 2R 11 1Y L 3538 B 7E 500 nm
TR A RO A T A R 0.616
fi5 7 E 6 T 25 Ag 44K BURL i T /Y Tio, )2
T A HL A7 R R BB EE Y 16 A LA b, AR E)

FE

&
=

o

9
8
7
6
5
4
3
2
1

KI5 Ag ORISR ] LA X v i B2 A 1]
Fig. 5 Distribution of relative electric field intensity

around Ag nanoparticle

K6 T ImARA L 50 B o3 A 1]

Fig. 6  Distribution of relative electric field

intensity on T surface

S FIEL 6 Fis AL TS 45 ST % 1) FE Ag/
ALOs-TiO, B G M Ag DK IIURL A [l 7= A= 1 e M =)
B3, T R T I THO, BYEM 5 2) Ag 48K ik
AN AR S 06 TiO, T 158 J2 WOCRE P 25 77 A AN TR) 52
Wil , 41 Ag-TiO, [] B 2= ZEEE MR TiO, J2 5% A 6 9 IR i i
JE T Ag 98 K ITURE 7 A2 X6 O, JIEE 2 468 S W AT e 57 1
W ISCRENE S K B R AR SCRT R B 2 AN 4R
Hb, Ag GUARIBURL AT AR 308 FE & TiO, JR IR FESE 3R
B ot g = A e, A R S50 MRS
[Fi) 13, 2 3 ol S 0 TR WA AR P ) 2 o AR ST BREA 3
Y HG SR AN A I b, — )y TR TR 22 T 8, O —
J5 T FDTD J5 A7 — 7 Jai R4, ASRE 58 48 AL S 56 vh
1SR

3 4 i

Ag G KITORE 5 fE 2 506 HL 3 10 45 1 180 i A
FHRCR S K, AR SCHETF FDTD ik, #37. Ag/ALOs-
TiO, {5 ELAFE L #5548 Ag/ALO-TiO, 5 4 FEIR 25 44 Y 12 i
bk e Ag 98K ki Il Ti0, 2 22 [8) i Ta]BE DL & Ag
YR ANTORL B RLAR X TiO, HERE 2GR i 52 e, R 4 I
B — SRR A S AR A T ISR R 2
Box B S%

A A SRR SR, FEAG M LT 458

D TR 5 40-1] WG 52 6 MM ST I AL , Ag 44K
TR, 14 Jr 3 3R T 45 25 - P el G 1 Pl 358 B A B
KGR, IR R IR TiO, )2 1 L 70 B 75 2 3G 5, I
I3 TiO, 7 I35k B P A S W IS Rr P 1 3 4 1

2)7E 330~430 nm P B, Ag-TiO, [A]FEAR K (Ag 40



208 K FH it % W 414
KR R AR B, B AT TiO, X2 BN A B iR B 3032.
AU 5 7E 450~600 nm 3 Bt P, Ag-TiO, [H] BE#/)N | Ag [81 TWBFHBA, Z=8knt, i ZE. Ag-3L45 & P ILIRL ik

A0 K FURCRLAR B/ | A T TiO, X% BN A S 48
SFEI

[2]

[4]

(5]

[ £ 30k ]

FUJISHIMA A, HONDA K. Electrochemical photolysis
of water at a semiconductor electrode[] ]. Nature, 1972,
238(5358): 37-38.

FRANK S N, BARD A J. Semiconductor electrodes. 12.
photoassisted oxidations and photoelectrosynthesis at
electrodes [J].
American Chemical Society, 1977, 99 (14) : 4667-
4675.

GOLE J L, STOUT J D, BURDA C, et al. Highly

efficient formation of visible light tunable TiO,..N,

polycrystalline  TiO, Journal of the

photocatalysts and their transformation at the nanoscale
[J]. The journal of physical B, 2004, 108 (4): 1230-
1240.

KOICHI A, FUJIMAKI M, ROCKSTUHL C, et al. A
plasmonic  photocatalyst  consisting ~ of  silver
nanoparticles embedded in titanium dioxide [J]. Journal
of the American chemical society, 2008, 130(5): 1676-
1680.

Zihdh, TR, EER, 90K Ag@SiO T4 Y
N A5 B TR ILIRAON X B L5 4 (4 g s A H
[J]. A 24, 2014, 30(12): 2328-2334.

LI JJ, LI Y, WANG A L, et al. Surface plasmon
resonance  enhanced luminescence of  europium
complexes with Ag@SiO, core- shell structure [J]. Acta
physico-chimica sinica, 2014, 30(12): 2328-2334.
KODOM T, RUSEN E, CALINESCU I, et al. Silver
nanoparticles influence on photocatalytic activity of
hybrid materials based on TiO, P25 [J]. Journal of
nanomaterials, 2015, http://dx.doi.org/10.1155/2015/
210734.

MENG F M, LU F, SUN Z Q, et al. A mechanism for
enhanced photocatalytic activity of nano-size silver
particle modified titanium dioxide thin films[J]. Science

China technological sciences, 2010, 53 (11) : 3027-

[10]

[11]

[12]

[13]

[14]

[15]

Bt e L], TS R, 2012, 43(16) : 2126-
2130.

XING Y'Y, LI Q Y, YANG J J. Research progress of
the Ag-based plasmon resonance photocatalysts[]].
Journal of functional materials, 2012, 43(16) : 2126-
2130.

AUt AR B 5 SO HIEOR (M. Jbst: Al
Tl AL, 2002, 624.

ZHU H F. Preparation and application technology of
catalyst carrier [M]. Beijing: Publishing House of Oil
Industry, 2002, 624.

TR, RN, R, A Ag-ALO. 4 I E A R
ARG R ] BPRMIFSE 440, 2010, 24(1): 51-54.

WANG Q H, XU G, LIANG Q, et al. Optical properties
of Ag-ALO; cermet composite films [J]. Chinese journal
of materials research, 2010, 24(1): 51-54.

EHT, RN, RS, 4 Ag-ALOs K FHRE PRI
WelRZROBEERI L) . K BAfESA4, 2011, 32(12): 1748-
1752.

WANG Q H, XU G, XU X Q, et al. Preparation of Ag-
ALO; solar selective absorbing coating[J]. Acta energiae
solaris sinica, 2011, 32(12): 1748—1752.

YEE K S . The finite- difference time-domain (FDTD)
and the finite-volume time-domain (FVTD) methods in
solving Maxwell” s equations [J]. IEEE transactions on
antennas and propagation, 1997, 45(3): 354-363.

FU Q, SUN W B. Mie theory for light scattering by a
spherical particle in an absorbing medium [J]. Applied
optics, 2001, 40(9): 1354-1361

SUN W B, LOEB N, FU Q. Finite-difference time-
domain solution of light scattering and absorption by
particles in an absorbing medium [J]. Applied optics,
2002, 41(27): 5728-5743.

FELELH. 52T RGN KR I LR 1 FDTD 4347
[D]. P2 PLALFRHIRE, 2014: 37-38.

WANG W J. Analysis of complex shape of nanoparticles
extinction properties using FDTD method [D]. Xi’ an:
Xidian University, 2014 37-38.



644 A Ag/ALOS-TIO B A HEHT Ag 9K ISR Ti0. )2 5 B W e i 209

EFFECT OF Ag NANOPARTICLES ON TiO, ABSORPTION
PROPERTIES IN Ag/Al,O:-TiO. COMPOSITE FILM

Guo Jiewen, Li Jiayu
(MIIT Key Laboratory of Thermal Control of Electronic Equipment , School of Energy and Power Engineering ,
Nanjing University of Science & Technology , Nanjing 210094, China)

Abstract: To study the effect of Ag nanoparticle’s plasma resonance on TiO, absorption properties, the model of Ag/Al,Os-
TiO, composite film was built, the Finite Difference Time Domain (FDTD) method was used, and the influence of Ag-TiO,
interval and Ag diameter on TiO, absorption properties was analyzed. The results showed that in Ag/Al,0s-TiO, composite
film, electric field intensity around Ag nanoparticles is significantly enhanced, and absorption rate of nearby TiO, film is
also increased. In different range of wavelength, influence rules of the two factors (Ag-TiO, interval and Ag diameter) on
TiO, absorption characteristics are different.

Keywords: FDTD methods; nanoparticles; surface plasmon resonance; absorption spectra



