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Abstract

Researches on the Efficiency of Dye-Sensitized Solar Cells

Chunfeng Lao (Polymer Chemistry and Physics)
Directed by Professor Dechun Zou

This study concentrates on the efficiency improvement of DSSCs. Compared with Si-based
photovoltaic cells, dye-sensitized solar cells (DSSCs) have attracted more and more attention due
to their advantages including simple process technology, rich material sources, low cost, and wide
applications. In liquid-electrolyte-type DSSCs, conventional TiO;, films have some aspects that
decrease their efficiency, such as the long pass for photo-induced electron moving from the
excited state dye to the conducting FTO (F:SnO;) layer, the strong carrier recombination, and so
on. In solid-state DSSCs, the low hole injection efficiency and carrier mobility limit further lead to
efficiency improvement. As such, we systemically investigate the influences of used materials, the
solar cell structure, and the fabrication techniques on the efficiency of DSSCs by improving
carrier mobility, reducing carrier recombination, and enhancing hole injecting efficiency.

This study contains six parts. In the first chapter, we introduce the theory, history, and
actuality of DSSCs. Emphasis is given on researches that deal with the efficiency improvement of
DSSCs. The objectives of this research are discussed at the end of the chapter.

The second chapter briefly discusses researches regarding the influence of several aspects on
the performance of DSSCs, such as TiO; nano-particle synthesized by different methods, particle
size, and the structure of TiO, layers. First, we investigate the photoelectric property of
nano-ctystalline TiO, synthesized through the mix-solvent-thermal method (MST) with TiCl, as
precursor, the efficiency of DSSCs with this kind of TiO, as cathode electrode reached 9.13% and
improved by 7.5% as compared to that which uses TiO; synthesized by the sol-gel method with
Ti(i-<OC3H;)s as the source material. This is the highest value ever reported for DSSCs fabricated
with TiO; synthesized from TiCl,, The improvement can be attributed to the improved
light-harvest-efficiency based on the high light scattering ability of TiO; layer, and reduced carrier
tecombination due to the decreased TiO, film thickness. Besides this, we come up with TiOy
electrode with strong light scattering by mixing TiO; with different particle sizes or designing it
with multi-layer structures. These approaches can further improve the efficiency of DSSCs. Under
the irradiation of simulated AM 1.5 light, the optimized DSSCs with multi-layer-structure TiO;
show a short-circuit photocurrent density, open-circuit photovoltage, fill factor, and energy
conversion efficiency which reach the value of 22.89 mA/em?, 737.3 mV, 0.6121, and 10.33%,
respectively.

The third chapter discusses the influence of metal doping layers in Cul film on the

m



Abstract

performance of Cul-based solid-state DSSCs and the stability of this kind of DSSCs in different
atmospheres. The results show that doping Au, Ag, Cu, and Al to the Cul layer can improve the
energy conversion efficiency up to some extent. The best performance is achieved with a
three-layer Ag doped cell. The short-circuit photocurrent density, open-circuit photovoltage, fill
factor, and energy conversion efficiency are 11,32 mA/cm’, 393.8 mV, 0.599, and 2.67%,
respectively. The energy conversion efficiency is improved by 49.2%. Experiments reveal that
doping metal could improve hole mobility, enhance the HOMO level of Cul layer, facilitate hole
injection, and ultimately lead to improvement in efficiency. The stability data show that oxygen
was the key factor causing the instability of Cul-based solid-state DSSCs.

The fourth chapter discusses the influence of TiO, electrodes modified with organic
compounds. The self-assembly method is introduced for the first time to adjust the energy level of
TiO; in DSSCs. Three kinds of organic compounds are tried, among which
(3-Aminopropybtricthoxysilane (APTS) is the most effective. The overall conversion efficiency of
liquid-type and Cul-based solid-state DSSCs is improved by 18.8% and 46.4%, respectively. This
improvement can be attributed to the energy level changes at the surface of the TiO, film which
can decrease the back reaction of holes with electrons in the conducting band of TiO;.

The fifth chapter discusses the effects of the hybrid of PMMA-graphed-multi wall nanotubes
(PMMA-g-MWNTs) doped in PEO as solid-state polymer electrolyte. PMMA-g-MWNTs doped
PEO electrolyte is used for the first time for the improvement of cell performance. The results
show that after the hybrid with PMMA-g-MWNTs, the short-circuit photocurrent density,
open-circuit photovoltage, fill factor, and energy conversion efficiency of DSSCs are greatly
improved. The efficiency is improved by a factor of 4.8 times. It is found that the addition of
PMMA-g-MWNTSs can depress the crystallization of PEO, thereby improving the film quality of
the Cul layer as well as regulating the HOMO level for hole injection,

The sixth chapter contains the conclusion and recommendations for future studies on the
improvement of the efficiency of DSSCs.

Key words: dye-senized solar cells, titanium oxide, light scattering, mix-solvent-hydrothermal
method, surface modification, PMMA-g-MWNTS
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Figure 1.1.1"", Photovoltaic annual module shipments as reported by the industry.
Shipments for U.S., Japan, Europe, and rest-of-world sectors have been identified.
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Figure 1.2.5, Energy level scheme of Cul-base DSSCs.
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Figure 1.2.6° Scheme for the electron-transfer processes (inj., injection; reg.,
regeneration; rec., recapture; hopping) occurring in the dye-sensitized heterojunction.
Also shown are the approximate redox potentials and band energies of the different

components.
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Figure 1.2.7.'% Shematic structure of a solid-state dye-sensitized solar cells using

PVK as the hole transporting layer.
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Figure 1.2.8.1""1  Process for fabrication of quasi-solid DSSCs.
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14, poly(ethylene oxide-co-propylene oxide) trimethacrylate (oligomer)

Table 1.2.1 Diffirent kinds of ionic liquids that were used in dye-sensitized solar cells

as components of electrolyte.
Overall Conversion
Solvent Electrolyte ] Dye
Efficiency () (AM1.5)
EMIm-F-2.3HF  0.9M DMHImI, 30mM I, 2.1%!107 Ru535
PMIVEMIDC 0.1 M1, 0.1 MLil, 0.45 (109]
6.6% 7907
N (viv=13:7) M NMBI
C12MImI L (0.65M) ~29110 Ru535
C11MIml I; (0.65M) ~1.7%10 Ru535
4.5%( 9mm X Smm)
1.5MPMIL 0.15M b, i
EMIm-TFSA . (12 794(100mm X Ru535
0.1 M LiL, 0.5 M TBP
100mm)
t-BPy = IM, Lil = 0.5M 5.5%!"2
EMImDCA Fy=1M, ’ 7907
EMIml=1.3M L,=0.18M
w2MeSN:Aghl, =
(Bu2MeS)I ® J:Aell, 3.1% 13 N719
(1:0.03:0.05)
0.15 M K(SeCN)s, 0.1 M Z-907+3-phe
. 3, U.
EMISeCN 7.5% U4 Ipropioni
GuSCN, 0.5 M MBI ° w pmf’; e
aci

EMIm-F-2.3HF, 1-ethyl-3-methyl imidazolium Fluoride;

PMIL, 1-methyl-3-propylimidazolium lodide;

EMIDCN, 1-methyl-3-ethylimidazolium dicyanamides; GuSCN, guanidinium thiocyanate;
DMHIm], 1,2-dimethyl-3-hexylimidazolium iodide;

C11Miml, 1-undecyl-3-methylimidazolium iodide;

C12Miml, 1-dodecy!-3-methylimidazolium iodide;

EMIm-TFSA, 1-ethyl-3-methylimidazolium bis(trifluoromethanesulfonyl) amide ;
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NMBI, N-methylbenzimidazole; TBP, 4-tert-butylpyridine
EMImDCA, 1-ethyl-3-methylimidazolium dicyanamide;

EMISeCN, 1-cthyl- 3-methylimidazolium selenocyanate.
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Figure 1.2.9. The cross-sectional illustration of the tandem cell.
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BB EFIL¥B (EPFL) : Swiss Federal Institute of Technology,
Switzerland.

% [ 5 0] 754 B 5 S2 % T (NREL): National Renewable Energy Laboratory,
USA

NIMC: National Institute of Materials and Chemical Research, Japan (former
name of PCRC/AIST).

INAP: Instit fur Angewandte Photovoltaik Gmbh, Germany.

ECN: Energy research Center of the Netherlands, Netherlands,

Imperial College, Department of Chemistry.

HAKR A2 (Osaka Univ.)

Léclanche 8.A, Swiss,

Solaroinix, Swiss; http://www.solaronix.com.

. Uppsala Univ., Sweden.

. I8C: Ishihara Sangyo Co. Ltd., Japan.

. BKF|IESTA A7 : hitp://www.sta.com.au
. XEKonarkaAF]; http://www.konarka.com

HAELAF;: http://www.fujitv.co.jp
BA&HIL /A% (Hitachi, Japan)
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Table 1.2.2.1%9 Performance characteristics of dye-sensitized solar cells in the world.

Instimte Coll sie (cm?) o (MAfemY  Vodm¥) Fillfactor  #(%) Light source
EPFL 6.31 18.2 ) 0.1 96 AMLS
EPFL-NREL 0.17 18.8 M0 0.n 100 AMLS
Uppsals University, 100 W00 610 037 69 ELM lamp
Uppsala/EPFL - 20.%0 m 0.74 104 AMLS
I15C 0.50 4.0 630 0.71 63 AMLS
Osaka University, 0.50 3.90 sn 0.67 61 2imWem™
MREL 028 17.90 156 0.68 82 AMLS
NIMC 0.13 14.5 98 on 72 AMLS
EPFL-NIMC o 15.20 750 on 84 AMLS
INAP 1440 — - — 10 AMLS
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Figure 2.1.1  MALDI-TOF mass spectrum of Ru535
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Figure 2.1.2 Scanning electron micrograph showing cross sections of Ti0h
doposited on FTO glass. (a), low resolution; (b), hiph resolution.
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Figure 2.1.3.  Spectra Comparison of Xe lamp and AM 1.5 solar emission in
the region 300 nm-1000 nm.
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