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Graphene Quantum Dots/CdS/CdSe Co-Sensitized Solar Cells

LIU Yong-Qiang'?, HUANG Hao'? ZHAI Jin-Sheng'?, MA Meng-Jun'?, FAN Jia-Jie'*

(1. School of Materials Science and Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. International Centre for
Designer Low-Carbon and Environmental Materials, Zhengzhou University, Zhengzhou 450001, China)

Abstract: Using three-dimensional anatase TiO, microspheres as light scattering overlayer and commercial TiO, na-
nocrystalline as connecting underlayer, novel double-layered TiO, films were prepared by a doctor blade method for
quantum dots sensitized solar cell (QDSSC) application. The graphene quantum dots (GQDs) were introduced by
dripping, and the CdS/CdSe quantum dots were deposited by continuous ion-layer adsorption (SILAR) method, re-
spectively. The prepared quantum dots sensitized thin films were characterized by field emission scanning electron
microscopy, transmission electron miscroscopy, X-ray diffraction, Uv-vis diffuse reflectance spectra, and fluorescence
spectra. CdS/CdSe quantum dots sensitized and GQDs/CdS/CdSe co-sensitized solar cells were fabricated, respec-
tively. And the effects of GQDs and CdS quantum dots with different deposition cycles on the microstructures and the
photovoltaic performance of the double-layered TiO, QDSSCs were investigated and discussed. The results revealed
that the introduced GQDs and the CdS deposition cycle obviously influenced the optical properties of the dou-
ble-layered TiO, film. The electron transfer and charge-recombination process are also affected by the CdS deposition
cycle and the introduced GQDs. Optimally, the conversion efficiency and photocurrent density of the
TiO,/QGDs/CdS(4)/CdSe solar cell is 1.24% and 9.47 mA/cm’, respectively, which are higher than those (0.59% and
6.22 mA/cm’, respectively) of the TiO,/CdS(4)/CdSe cell. This is due to the effective electrons transport and reduced
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charge recombination within the co-sensitized cell.

Key words: graphene quantum dots (GQDs); CdS/CdSe quantum dots; TiO, microspheres; co-sensitized solar cells
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Fig. 1 SEM images of TiO, microspheres (a), surface (b), cross-section (c), and EDX pattern (d)
of TiO, film sensitized by CdS/CdSe QDs in (c)
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Fig. 2 TEM images of TiO, microspheres before (a) and after (b) being CdS/CdSe co-sensitized, and HRTEM image of
QDs deposited on TiO, film (c)
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dot sensitization

TiO,/GQDs-0 L
TiO,/GQDs-25 pL
TiO,/GQDs-50 L
TiO,/GQDs-75 L
TiO,/GQDs-100 pL

Inrensity / (a.u.)

400 450 500 550
Wavelength / nm

Ko Aroelfi T miBULE TiO, MR 1526t ik
Fig. 6 PL spectra of TiO, films sensitized by various GQDs
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Fig. 8 Comparison of the |-V characteristics of QDSSCs
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10 # XK, &5 A SBIGE T 5/CAS/CdSe Fik K FH fE HiL it 1047

*1 BEFFESULEL AR QDSSCsHI 1-V &5 FIF EIS KR QDSSCs 1A &5 HL T1E 5 2
BEAg S, FERH Z-View BEEHEATBLE, A TR

Table 1 Comparison of the |-V characteristics of QDSSCs
made from TiO, photoanodes sensitized by various QDs

(RIS R i 1 10 TR » Hor, ROW FTO 774
(T E IR FLBE, Ry 9 B 55 FL 2R 2 18] F) 5 T P A

J
Samples % VooV FE ey BERSHUIEL, Re Ayt oA 5 o AR Y T P B R
TiO/CdS(2)/CdSe 039 0283 0347 400 BEL. AR 10 AT LU B, JLALRES ROR AR, X
TiO,/CdS(4)/CdSe 0.59 0.297 0.320 6.22 )@J&#ﬂ:wﬁﬁEE?P‘]%%*E%H%@?U%&&}E@@%*E
T0/CIS(O/CaSe 0.62 0341 10371 490 fEsfER . AT CdS BLIEIIA 2 F1 6 [IRES,
Ti0,/QGDs/CdS(2)/CdSe 0.61 0.316 0.342 5.62 cds @M’t}% ,ﬁﬂj\j 4 E"Jﬁét%igﬁ‘ﬁg&d‘ E(J Rpt 15’ JZHEA
Ti0,/QGDs/CdS(4)/CdSe 1.24 0.374 0.342 9.47

#& Ti0,/CdS(4)/CdSe #1 TiO,/GQDs/CdS(4)/CdSe 7]
U 5 L 6 JE R WA 10 36T UL UL
9 41l TR RIBLE N 3\ GQDs fryshgn 1 91\ OQDs FEAM) Nyquist IZLI 01 9442,
(9 —1% IPCE M4k . i & f A PH 6% Bt 1 BB B /N Ryt i . 51 N\ GQDs J&, CdS #fb i H#
TPCE ¢ i3 5 45 41 AT LI A0 S 4 B (P 4)— 8, M9 N2, 4. 6 KN H Ryt {H5 7N 2466, 1298 Fl
ATLAE H, K% CdS UL E MR, Wity pcg 1692 @ 1XKW TiO/GQDs/CAS(4)/CdSe HA kb
i R TR TR T A Ry ORI R T AR TR S, R
SRR R . T 3R B T AR R s, ARG e
ARSER AL B, TPCE A5 1/, JK T it -2 ..
TG, SA LR, WIRET dia S AL

TiO,/QGDs/CdS(6)/CdSe 1.05 0.395 0.324 8.23

e AR - ‘ o
KHME TiO, YeBHtk: I ERGKERL, G’
—8— Ti0,/CdS(2)/CdSe . . .
Lof o Toscasycase KRR, FRHER S BRI 5 L2 1E
g —&— Ti0,/CdS(6)/CdSe . - .
08 - NN v Tio/GQDs/CAS(2)Case B2, Bk FEBRMAS SN SEERMS; k
[ I W\, —¢ TiOJ/GQDs/CdS(4)/CdSe . R N
g o W\ > Ti0/GQDSICAS(6)Case JEAHIE) 3D RURGPKRERGE R, RA R HE R T
g | FAAT DAWR PR B2 22 6 BAL 77, LIRS kit A A T He
Fal) Tt e 3 T B B R R o 6 e Tl b B 9
“ 02 CdS AR A S 51N S 57 RO s R
ool S g fofemn . WEFCEERRY], = CdS Bie 4 4 i 4
. | N 1 L 1 L | L b frs B Mo ] E f = 5 e
T T IR AL, SRR AP, BT A
Wavelength / nm HH K, X6 RIE RS 5RAH 2, BEE LA
o SEFR RS EHE R QDSSCs (1 IPCE il SR bR, R ERE PR, X T RER
Fig. 9 1IPCE spectra of QDSSCs prepared with various R BMERE, T E4590, AFF B TAE .
QDs-sensitized TiO, photoanodes SEHL SILAR 3> /i 2l A&%Eﬁﬁ%%ﬁ, AT LA
o TiO,/CdS(2)/CdS H Wit ge I3 =) ) — &
ool & CPELCPE2 © TEOZ.’CgSE‘d!CdSE TR ERE, X EER B TR T T A
4 Ti0,/CdS(6)/CdS v HE a3
i Re R, v T}OJGQ[()s}CdS(;}ICdSe ESLYAIRE N
e
'E | nnnuun;:llo (6)/CdSe 2 ik
S 800 o° 9,
:N“ DD [1] LEE Y L, LO Y S. Highly efficiency quantum-dot-sensitized solar
nnu cell based on co-sensitization of CdS/CdSe. Advances Materials,
% 2009, 19(4): 604-609.
0 1 L ! 1 [2] LUO S P, SHEN H, HU W, et al. Improved charge separation and
0 1000 2000 3000 4000

7' (Q-em?) transport efficiency in panchromatic-sensitized solar cells with

B 10 TR R 1R R QDSSC ¥ EIS [Eii co-sensitization of PbS/CdS/ZnS quantum dots and dye molecules.
25 NICI H 7Y s TE

Fig. 10 EIS spectra of QDSSCs prepared with various RSC Advances, 2016, 6(25): 21156-21164.

QDs-sensitized TiO, photoanodes [3] PAN Z X, ZHANG H, CHENG K, et al. Highly efficient inverted



1048

WL MR

i F32E

type-I CdS/CdSe core/shell structure QD-sensitized solar cells.
ACS nano, 2012, 6(5): 3982-3991.

YU J G, FAN J J, LV K L. Anatase TiO, nanosheets with exposed
(001) facets: improved photoelectric conversion efficiency in
dye-sensitized solar cells. Nanoscale, 2010, 2(10): 2144-2149.
ZHAO L, YU J G, FAN J J. Dye-sensitized solar cells based on or-
dered titanate nanorod films fabricated by electrophoretic deposi-
tion method. Electrochemistry Communications, 2009, 11(10):
2052-2055.

YU J G, FAN J J, CHENG B. Dye-sensitized solar cells based on
anatase TiO, hollow spheres/carbon nanorod composite films.
Journal of Power Sources, 2011, 196(18): 7891-7898.

DING Y, Ma Y M, TAO L, et al. TiO, nanocrystalline layer as a
bridge linking TiO, sub-microspheres layer and substrates for
high-efficiency dye-sensitized solar cells. Journal of Power
Sources, 2014, 272(7): 1046-1052.

SOMMELIGN P M, OREGAN B C, HASWELL R R, et al. In-
fluence of a TiCly post-treatment on nanocrystalline TiO, films in

dye-sensitized solar cells. Journal of Physical Chemistry B, 2006,

[

[10]

[1

—

[12]

[13]

110(39): 19191-19197.

CHENG P F, DU S S, CAI Y X, et al. Tripartite layered photoa-
node from hierarchical anatase TiO, urchin-like spheres and P25: a
candidate for enhanced efficiency dye sensitized solar cells. Jour-
nal of Physical Chemistry C, 2013, 117(46): 24150-24156.

YU J G, FAN J J, ZHAO L. Dye-sensitized solar cells based on
hollow anatase TiO, spheres prepared by self-transformation me-
thod. Electrochimica Acta, 2010, 55(3): 597-602.

FANJ J, LIU S W, YU J G. Enhanced photovoltaic performance of
dye-sensitized solar cells based on TiO, nanosheets/graphene
composite films. Journal of Materials Chemistry, 2012, 22(33):
17027-17036.

ZHU G, PAN L K, XU T, et al. CdS/CdSe-cosensitized TiO,
photoanode for quantum-dot-sensitized solar cells by a micro-
wave-assisted chemical bath deposition method. ACS Applied Ma-
terials, 2011, 3(8): 3146-3151.

ZHAO L, FAN J J, L1J, et al. Preparation and photoelectric prop-
erties of ZnO/TiO, nanotubes film electrodes. Journal of Inorganic

Materials, 2012, 27(6): 585-590.



