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T 55 5 TR OT B 2, 800 4 8 R LG 3,
FEW OGS i 044 30 A AR A i R g g (10220, 1
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TR ARREBR B, K 4 4N K R B 38 7 ik BR R
AT, (75 4 UKL AT LU Sk 340750 1l o0 B5CFE T8 D 358
P 2 A 450 SiO@A, FE51 A . otk
Gb, BB R SRR — M 4kmk AR, BA
B B R IR RS R (250000 em?2/(V-s)) AlTE K
M LLERTFR (2630 m?/g) SRR T r M AE 22
RE S SCI XS B T A UG . TR G490k,
¥ SiO,@Au Fif 8845 % DSCq PEREAYHGE TR B A
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2 SLERER A

2.1 RFIENEE

f&?ﬂj: %@ET@E (016H3604Ti), j‘%ﬁ‘j@ﬁ(
(TTIP), ZE (CoHO), N (CH,COCHS,), fiffik

&y (NaNOs), BiHR (H,SO,), HifiMR Al (KMnO,),
- NF = AR A S (APTMS), fllfb A (LiD),
MR (I,), 1, 3-— PN SR M it (PMID), & M
(CoH3N), filk B2 N M TR (CHGO3), 5 it 5 IR IR
(CoHgN,S), 4-80 T Hemt g (CoH3N), N719 4t k)
(CssHgsNgOgRuS,), ¥ F EI 25185047 FRA F.

I 2% HA 7 538 (SEM, 6700 F A,
JEOL 2 7] , Japan); X §} £k fi7 & 1% (XRD,
D8 ADVANC #, Bruker AXS /A A, Germany);
LA -1] IL Y 3% A2 (Cary 5000 | Varian 28 ] ,
China); K FHREALILAR (91192 %Y, Newport 23 A,
American); HLfb2: TAERS (CHI 660C 1, =
#8/5H], China)

2.2 #HIEFHE

221 LR MHEHE

K Hummers 773007 S5 R AL A LA
AR BOLFEREAR TN 0.25 g iR AN (= 99.0%).
L5 g B4R TRAD (= 99.5%) LA & 0.5 g 1 58 43 9
FEH L), BB TP S 18 A 11.5 ml ¥ i iR
(95%—98%), FE— & MR T H#E 1 1 de AN
Pk, EESMREA RS, ESHAUKE L
U8, PR ECEE Aok, B 1 h R E D,
RO B KW, B GO KIEHE. GO 1Y
WEZ R 5 mg/ml.

2.2.2  &EHHZ TiO, & 8 ARE 6 & &

P 10ml iy 5 N BEEK 5 2.1 g UK B B2 7R
50 ml [ 22 B F oK 2818 K, 7K i A2 Hom A
15 ml FRHA 1 GO ¥, /K 3 h 52 H (A
25 WV, W I O BOE 25 B2 60 ml, A
100 ml YRR 28, 1E 220 °C FALHE 2 h, HIfS £ A&
VR IR AR R

2.2.3 A& %ZHM SiIO.@Au 9% &

el £ SiO, IR K5 12 ml W& /K L 10 ml 2%
BRI 150 ml oK LBRRA 4], FEIR G
VST I A — 22 Y OE R R DU 2T, DR i
1 h LURES L, FHEB TR TITGK 25 R 2 B0
k, WEUETEERIE 70 CHET, BT AR R BN
SiO, K. H 0.03 g SiOy ByARE T 120 ml Jo/K LB
HOMA 1 ml 3-2 N 3 = H 3Rk A e (APTMS)
JEFHEZ 50 C fR%F 3 h, FELDIEVEEE T 10 ml
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IREAREHY.

2.3 SiO,@Au E & AR H &
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LB GBI Y DSCs 54l TiO, Yo
) DSCs BIPERE, K il & 4 1Y SiO,@Au By Rk 5
22 A 850 1 TiO, 28 ke I8 T &t 0%, 0.5%,
1.0%, 1.5%, 2.0% 43 mlE G H e, Hift 24 h j5H)
AR EIB A A ZTReES M R IEORE. Seil
id doctor-blading £ 7E FTO B3 iR W= ik
il & ORL, fr =R T, R e BT T
500 °C &1 FiE Kk, RIfE SiO,@Au EA45 54
BN AR AR 6 AR T

2.4  MRERAEK BRI
TEAWFSEH, it TEM (EM-2010FEF(UHR))
R I — S A REER 5 4 AR ORI AH S o — R 5]
ATl 6 B A% 32 0 7E N719 Y8} (Ruthenium 535,
Solarnix, Swiss) H1i#EFT — & & i fl, ff JL k) 52

W BRTE G PR Z2F LIS I B BP0 BT B AR
T X HE A Pt Y 5 L R X AR, e Tk B
P AR FL R o, 2H 6 i = WA 45 4 Y DSCs.
FHRBHBERAMES (Newport, 91192), 75 AM 1.5 Fiil
JEERT (100 mW /em?), FEHDEIRER N 0.25 cm?,
XFRLHLIEAT -V ERERIE. RS, HEAL
2 T /E3 CHI 660C (Shang Hai, China) %
e A H AL 2 BT 3% (electrochemical impedance
spectroscopy, EIS), iz 4 2 5 {l & 100 kHz—
0.1 Hz. FfiJ5Re AT 096 BRI AR IR 43 il A B —7E
WL NaOH % P b 4T G R0 LI B, f s
SHM AT WLOGTEA 3 0] 13k 265 YLRL ) NaOH ¥
HEFTIROGEEMN I, W0 G o it

3 H#ER53b
3.1 WMRBHERE

HI1 1(a) ' TEM & 7] LUE W& 1, %57
W2 i R RN BE R — | Ar s &) i — ARk R
AL, HARFK/NZH 350 nm, X 46— S [k BRI 2%
T T, AR R R & 1(b) R T A Y
SiO,@Au =G 45 IIES, TEAE K5I — L

()

Au Cu

Ll L‘]“__ .

(d) — Au nanoparticle
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1 1
400 600 800

2.00 6.00 10.00 14.00 18.00

22.00

Wavelength/nm
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Fig. 1. (a) TEM image of the SiO, sphere; (b) TEM image of the SiO,@Au; (¢) EDS image of the Au nanoparticles; (d) absorption

spectra of pure Au nanoparticles.
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TEM & T LA Y, G B0RLHY R/ B —, 24
S A A REBR R . 1A 1(b) A R — A
AR BORE AT T RE I 2 ORER AL L. ] 1(c)
JIt 7 6 4 K BORLA BT A0 EDS I, (R
THGR A TCR R, BB GORBUR IE S 5t
EIEICER . K 1(d) S 10 8 98 oK R R
AN WSO, 7T LA WA BRSO
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TR AR SR B0k H B 2R 1 JR 8 1 A5
BT ARV AL T SRS ik (4 ORI, T
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S, DTS 0T TS A At A SR 1 Wi ORI A
. B 2(b) FE 2(c) ATLIE H, 24 CRH
MEAEB A A 8B5S 82 G451 SiO,@Au LS, XFA
SCHE B A — 2 BD, G SURE A
—E TR R IGOR, IXCFP IR I A I 1 A S A
KIURE A Jey dek 2 1 45 B AR L PRk N A 6. M UESE
X XA A SI0,@Au 15 A B R
A5 SR B 2R AT TR & 2(d) AARRIAE
HHE Si0,@Au B AR TiO, ZfLIEZ I —E
W NaOH 7 IB0R 0I5 108 R 75 28] 1) Yt iy 5 41
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Fig. 2. (a) UV-vis absorption spectra; (b) diffuse reflectance spectra; (c) transmittance spectra; (d) spectra of the dyes desorbed

from the TiO, films containing different amounts of SiO,@Au.
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Al BAT A8G 52 545 Si0,@Au
VIR it JOE TR S P e i S i 85 35 EL 45 THO, A
JAGE PR O A e iy O S e i R R U H A AR LR Y
Ll 2% B R T YLkl o IR B, TR R A A
9 SiO,@Au #5824 5 BN, W ISCUAE iR J3E s 1 T
T E G4 SiO,@Au B A, ZFLIRFE R
Yo 1 W B Rk D X T e B A A
SiO,@Au 2% LB 3N 5 48 T ZFLIR—E 123
(], P/ T AR L SR A AR, S T Yt oy
T BF. XTIk o A /0 G AR i LA O
WS M TR IE A R B E A
SiO,@Au FFE i i 35 08 (R IS TRSCRR AN J2
T THEEZMGR S, MEHRTE SN
SiO,@Au AFFE, IR 3R 1H 45 B IR L PR35
iy S5 IR B P el 20 3 A S G O 30 1 A5 3
—EFEE RYACE. R R 2 1 A5 B P RS PR ks
IEZE T AS R RS R T £ 99 K0k A t
B AR RIR T TR R, [R) I 4 g A 0k ] Fel = 2
T ) F RS R T R A SRR S &gk
TR P3G 588 1 L 3 5 gkl o 22 (R A BLAR
FHSERE, DI FORHR SR 22 1 A S AT ™A
2T

3.3 E &P DSCs HySEE HRE

T HARB S A A5 5 2 A4 SiO,@Au 1Y
B 2% Bt e L R I RR e ), IR R B A A5
SiO,@Au LB 2% i, 4% T MR DSCs, 7£
FIRERI AT (BE S AMLS, BEDLIR 28
100 mW /em?), $FXF Bt G BN 0.25 cm?
A SUXIRIEA T -V PERE RGN, X Fe it i ' LS
P bEREIET TRAE.

1 ggG B r R EESE (S Vil
2, K 3(a)), AMERBL, M T ARGEAMRENS
L PERELL S BRI LR TR, B2%H 15 ul A 880
F1%) L, b S S R A P S LA 2 B, T 4 oK
AT 1 Jy 3o R T A5 B A LR A5 1 A 75 G s o
A SR WA DL, e b A 2 T R,
R T 2L A2 R GRS | I A B
YEF, AT 75 55 22 1 A6 R BHSE 1T LR i & ik
BWYRLF, 5E B2 TIRAE, SRR 2 H R
AR A ZUIRegE B e g, Y
JLI LI P K. H 1B iR F 2.0% BT,
T LU BTN, 302 FH T 4 ORI S B R T

PEICHER IOV, D55 T B B Jr el T 452 5 AR 3
PRAE, BZTEAFH.
F 1 AFDEHBR DSCs L MERES L
Table 1.  Photoelectric performance parameters of the

DSCs with different photoanodes.

DSCs Jsc/mA-cm 2 Voo/mV FF 7

Pure 13.478 680 0.67 6.14
0.5% 15.436 678 0.58  6.07
1.0% 15.442 679 0.61  6.40
1.5% 15.59 680 0.63  6.68
2.0% 14.79 682 0.62  6.25

18

(a)

16 & —=— Pure

-2

Current density/mA-cm

200 400 600 800
Voltage/mV

(b)

—a— Pure
—— 0.5%
—— 1.0%

Z" /Q-cm?

20 30 40 50
Z'/Q-cm?

3 B A EM SiO,@Au A [l 8 2% & & #H B DSCs
(a) J-VIEBEHIZE; (b) HAL2EBADLIE

Fig. 3. (a) J-V curves; (b) the Nyquist plots of EIS of the
DSCs varying with the concentration of SiO,@Au.

R TOGF EL L AT AT R 25 A T N T
fiff, 7~ PRI FL B E A [ SR TR A L 1) 0 S A K
RN FEL b T2 R AR AR I RE R, T 1 S 1
T, PR I A 5 R A 100 kHz £ 0.01 Hz, R
FAHIE A CHI 660C fY HL Ak 2% T4 3l %8 30 ir
A FEA AT T AL BRBT FRAEMNE. (A5 H S
KRR RA B R B TiO,/dye/electrolyte
{14 5 EL A7 A S BB Z S HEr B R(Z Y S BGH
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53) W — Z 2R B3t A& 3(b) AT LAYE i L
), BiE E A4 Si0,@Au B A I % #iE i,
7R 0 AR FREN /N, B TiO,/dye/electrolyte
%) L T H T A% i FL BEL R i/, 6 L T 5 LR T
Y 17 DL RTE TiO,/dye FHIAL 5 4k T4 L1
POR I A U805, PRI L s/, i e
WA NE 3(b) AT LLE Y, BEE BG4
SiO,@Au B2 T 22, B 202 W v A o0
PR 178 P B A i LT Wi 1, U b R 95 5 T
[i) FEL 1% A2 0 S Ty , %o g T B 22 H - I IAUAR,
RIAE L 2 IR A M B IR B, 5 Bk
() J-V AT 5

4 % #

AT B A B S E A S Sio,@Au TR B
%=%1) DSCs JEPHR HEB Y i, i 2 & Z Dt
W IR T AH R ) DSCs. 3 1 X6 52 5 K5 405 114
XA AT NS, T B AR B R R e A
RCHBAR AT YLl o (0 IR B, A SR T R 1Y
SRR RO SR T L, T AR
B HH Si0,@Aw B 7% B B3GR
85 B IRIEIRAN I AEAE, ASERBHGAE R i
TEREIRARAF LRI, S5 I O A e (A5 o
Z I ASHG T8 R & LS I ek . LI,
2o Bl B AR B T R PERE. 248
FeEr il 1.5 wt% B, L % A H T Al R
25 AT A b B L MLER B T Y 15.67%, & A N
15.59 mA /em?, S HL B #3508 5 T 29 8.8%,
HIH N 6.68%.
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Abstract

Attributed to facile fabrication, low production costs and outstanding photoelectric properties, dye-
sensitized solar cells (DSCs) have attracted widespread attention in recent years. In order to achieve better
photoelectric conversion efficiency of the DSCs, a series of TiO, nanocomposite photoanodes co-doped with
different amounts of hybrid SiO,@Au nanostructures and certain amount of graphene are prepared by a
mechanical ball milling method. The influence of SiOy@Au nanostructures and graphene on the performance of
the photoanodes and their DSCs were investigated. The Au nanoparticles can remarkably enhance the short-
circuit current density (Ji) due to the local surface plasmon resonance effect of the noble metal nanoparticles.
As a unique two-dimensional material, graphene has several amazing characteristics, such as high specific
surface area and excellent conductivity. Studies showed that by introducing both SiO,@Au nanostructures and
graphene, the light-absorbing, electron mobility and dye loading of the photoanodes were remarkably increased.
Experimental results indicated that in comparison with those DSCs based with pure TiO, photoanode, the
DSCs with photoanodes incorporated with SiO,@Au nanostructures and graphene showed the optimal
performance with short-circuit current density (J,) of 15.59 mA/cm? and photoelectric conversion efficiency
(PCE) of 6.68%, increasing significantly by 15.67% and 8.8%, respectively. This significant enhancement in J,
and PCE of DSCs are mainly attributed to the increase in light-absorption and dye-loading of the photoanodes
due to the hybrid SiO,@Au nanostructures and graphene.
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