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Lycium Ruthenicum Murray and Graphene Nanoplates for Dye
Sensitized Solar Cell
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(1. College of Chemical Engineering, Qinghai University, Xining 810016, China; 2. College of Physics and Electronic Engineering,
Qinghai Nationalities University, Xining 810007, China; 3. State Key Laboratory of New Ceramics & Fine Processing, School
of Materials Science and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: The natural dye was extracted from Lycium Ruthenicum Murray which was cultivated in Tibetan Plateau.
The UV-Vis absorption spectra and cyclic voltammetry were used to characterize the dyes and confirm the optimal
pH of the dye solutions. The influence of different contents of ethyl cellulose(EC) on the performance of electric
catalytic of graphene nanoplates(GNs) counter electrode were investigated through electrochemical impedance
spectra, cyclic voltammetry and Tafel polarization curve. DSCs were assembled by using the natural pigments with
optimal pH as sensitizers and the GNs counter electrode with different contents of EC as counter electrode. It was
found that the GNs counter electrode with 10wt% EC achieved the best performance of electric catalytic. The high-
est power conversion efficiency of the GNs counter electrode with 10wt% EC was 0.92%, close to that of Pt counter
electrode (0.99%).

Key words: dye-sensitized solar cell; Lycium Ruthenicum Murray; graphene nanoplates counter electrode; photo-

electric conversion efficiency

WS BH: 2016-03-21; WRlf&FS B HA: 2016-05-10

EEWH: HEKARREIER(51362025); 1P K20 R B 5 R 40 12 5K TR i SO 5 PR (KF201406); 44 B
CEE R BE T EMR(Z2201539)
National Natural Science Foundation of China(51362025); Key Laboratory of New Ceramics and Fine Processing,
Tsinghua University(KF201406); Kunlun Scholar Program of Qinghai; Parental affection plan project(Z201539)

TEE RN WA 4R1992-), W, WiLH5EE. E-mail: xsd920@163.com

BIAEE: £ W, 7. E-mail: wanggang5208@163.com



1118 TS| R =

#3145

BE A5 0 AT P AR B 1) T R AR, AT R BH
FE 10 7 KA Bk By, 3P YRtk K B RE H It
(Dye-Sensitized Solar Cells, @i #% DSSCs) LA 55
geo A ARA R AR SR B T
ZEMUC, DSSCs L Tio, Z AL M. Ykl
EFH . TR FAR 2 R o e RHA I AE H s o
EAE G IE R, B RTER T KRRy oA R
FOEM LR, APLA RS R T N, H
AT A WL Gk 5 AR =, I Vs e3R8,
MR PRI AR AT WL 45 32 0L, 359
JRUH R T, R, R AR 2 SRR AN S, IRk
WF R e R SR AT WLk LA S A 3T Horp, By
R FEAKTREX, REGHEELT R, L
HAR RN i 1 sk ™).

1t DSSCs 1, Xt = Z WM Lmb . H
HI, S Pt AR R i, (E A KT A H it
Hh AR P AR A R ) RV R o A ik 1,
DRI S T e A e AR B A TR ) FEL AR A B & DSSCs F 5T
T o A7 BRI TR g R R i s 1
BT SBIEAK T (GNs) K S5 i 2 A mismBE . &
E 2 T AR T A BT BE VSRR RIE 5t g 112100,

AT AE A AL HR S RIS Al G k), 23 Gk}
HOMO. LUMO Ffek, il AR & LILer i3
(EC)If) GNs %o Htle, 7 LU M Yebl hfifb 5, 55
GNs % AR 4125 il rth, IR0 FEAk 22 PR RE

1 SRW7AZE

1.1 &

R 3000 22 K110 75 548 I 7Y JH SR 47 1)
MR TG, AESOAT A 50°C T 30 min. Ht
- [R) AR AL R B BT A BB K, TN TR K L
W, AR 25°C R EDLCE 24 h J5 A 20 min, X
SRR IR IR A B0 B E, BOL B
W 8 SRR B EAT /D 2 IR, 28
TR R e Bk AT ORI, AR SC B 4 . 4331
(IR G AE W 2R B2 A, 2008 )5, LA
Tk CBEGARFALL 5 0 2 RIF RIS e tE . H A
Tik: TR (RFRLL 5 0 2FE TR, SR 2564,
PRI AT AT il 3 25, 19 21 A AL Gkl
1.2 FBARAYH &

FR 4 SCHR[ 1517715014 TiO, okl % &l
TiO, : 10%EC:#A M =18 : 9 : 73 43 HIFRHL LR,
1 568 TiO, B R 75 10 min 2 HL3457, FMA
10%EC, o INAKA i, 8 2 55, i i 7%

T CBE, £ =3P EA 15 min, 33 TiO, Kk,
¥ TiO B ST URRAE B B b, e g g
FE IR (325°C ik 5 min, 375°CIN#4 5 min, 450°C
T4 15 min, 500°C Ji#A 30 min), 732 TiO, A%, H
W gkl 12 h 15 26 o

1.3 XTEiREH&

F SCHR[ 16111 3% AT 350, K 0.5 g b A &
PB4l K o A 40 55030 min S5 M0 15 mL K& T
7 80°C N MY, 24 h, # ) {F 80°C I T4 24 h 73 2ik
JH BIHAK R A EIEAK R AN S
(5wt%- 10Wt%- 15wt%)EC (155 P I P ok 7 4
BCS), FEIONAA IS, #8400 10 min, 1521
A1 S AR (GNs)EIERTE FTO |, 7E400°C Fe4s
15 min 75 24 [H] &5 & EC () GNs XJ L .

¥ HoPtCle ¢ PN BE VA W 2 3 BB, JFAE
450°C K in#4 30 min £33 Pt % B A% .

1.4 A%

S BH B RIRT FE AR FH 1 101 2 [ s 20 2% rfL i, R AR
23 0.1 mol/L AL (Lil)+25 mmol/L f#(I,)+0.6 mol/L
1,2- = L -3- P4 JE K e 44 ) (1,2-dimethyl-3-pro-
pylimidazolium iodide, DMPII)+0.5 mol/L 4-f ] &
ML BE (4-tert-butylpyridine, TBP)I1) JC 7K £ G -

1.5 FRAEMIR

IR Ah—TT WL 1% (UV-4802) 5% YLkl 1t 47
el R, AL 2 T AE 3 (HR-Zennium) X 42k}
HEAT WAL Z PR RN, T R A SR .
SEM(JEM-6610LV) &0t Ak e, FIH k2 T
Pl T H AR Fe Ak 22 BT, TR R 22 i 2k, 85 HE
IRBAG IS, MR AR AR RE . SR K BH G AR
#2(1000 W91192) FI 4“7 % (2400 IV, Keithley)f H
AT R RER, SEHRN 100 mW/em®.

2 FHR54

2.1 FRIFRAE

Bl 1 AR pH B AAC G R} 158 4h—n] WOk
i, 7E 400~650 nm 35 ], pH=3 ) &} R 8 i 1] 4% 5
7t 550 nm &b, pH=1 [ HLRSOG i K. pH=1. 3.
5. 7 NG RIRCBUE B2 0 6231 636, 614,
608 nm, MR GR R IE R, d Eg=1240/
Jo(Ao AR AR FI ) THEAS B GURHRAAA1 FE 1 o

Bl 2 J2 AN [A] pH B A AC Bk RO R OR 22 it 22,
IV 220 TAE AR, 1R Xt ), Ag/Ag HALA
Z M, 10 mmol/L Lil+0.1 mmol/L I,+0.1 mol/L
LiCIO, ZMEH R Fa R . AT 2 w4, R kgAd g



WA, A% TRAAC 540 SR 9K R A2 BRSO BH B v b v (1 1 1 1119

5510
0.5
—=— pH=1
0.4k —— p|'|:3
_ —h— pH=5
; v— pH=7
‘; 0.3
2
g
202
L
{
0.1

0.0 L .
400 450 500 550 600 650 700
Wavelength / nm

Bl 1 AN pH B GURHE AT WSO i
Fig. 1 UV-Vis absorption spectra of lycium pigment from
ruthenicum murray under different pH
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Fig. 2 Cyclic voltammogram curves of pigment from Ly-

cium ruthenicum Murray under different pH
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different pH
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Table 1 Electrochemical data of pigment from Lycium ruthenicum Murray under different pH

Dye Ay/nm Ey/eV E,/V HOMO/eV LUMO/eV
pH=1 623 1.99 1.12 -5.52 -3.53
pH=3 636 1.95 1.15 -5.55 -3.60
pH=5 614 2.02 1.03 -5.43 -3.41
pH=7 608 2.04 1.05 -5.46 -3.42
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Fig. 4 SEM images of different counter electrodes
(a) GNS/EC(5wt%); (b) GNS/EC(10wt%); (c) GNS/EC(15wt%)
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Fig. 5 Section SEM images of different counter electrodes
(a) GNS/EC(5Wt%); (b) GNS/EC(10wt%); (c) GNS/EC(15wt%)
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Fig. 6 Electrochemical impedance spectra of different counter
electrodes
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Table 2 EIS parameters of different counter electrodes

Sample RJ/Q R./Q EJ/V

Pt 4.51 7.64 1.03
GNs/EC(5wt%) 5.53 11.27 1.08
GNs/EC(10wt%) 4.52 9.12 1.05
GNs/EC(15wt%) 4.36 12.95 1.12
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Fig. 7 Cyclic voltammogram curves of different counter
electrodes
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Fig. 9 Current-potential (J-V) curve of different counter electrodes
using pigment from Lycium ruthenicum Murray as sensitizer
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Table 3 Parameters of DSSCs based on different counter
electrodes using pigment from Lycium ruthenicum Murray as

sensitizer
Dye Jsc/(mAem™®) Vo /V FF 0%
Pt 2.74 0.532 0.68 0.99

GNS/EC(5wt%) 2.49
GNS/EC(10wt%) 2.72
GNS/EC(15wt%) 2.26

0.530 0.62 0.82
0.529 0.64 0.92
0.528 0.66 0.79
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