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Fig. 1  The polysiloxane-based prepolymer with internal
plasticizing PEO chains
PMHS Si—H
PEO
I |
—H,C—CH,—CH,—C—O0CH,4 —H,C—CH,—C—(OCH,CH,), OCH;
—HZC—HZC—O—HZC—H/C—C\HZ —H,C—CH;—CH5—(OCH,CH,), OCH4
I
(6]
PEO 1.2 PEO
1
1500 2000 PEO DSSC " *®
VO(' sc 1
I FF 7 o
PEO
Table 1  Performace characteristics of quasi solid state dye-sensitized
solar cells with polysiloxane network polymer electrolytes® 2
I 7 B CH; CH; CH; CH;
Electrolytes Vel V » s FF ] | | | |
mA em” %  Sem «v(z\s‘io }—é |SiO 7% |Sio>—$ Tio}ntw
x ¥ n
With PEOsxg”  0.58 2.8 0.60 3.6 5. -3 "
it PEOx00 2.2x10 (CHy; CHy  (CHy, CH,
With PEO;500”  0.60 2.1 0.62 2.9 1.2x107° o
EO N(CH3); 1
Liquid electrolyte® 0.50 3.6 0.63 4.2 43x1073
 Light intensity for the measurement of photoelectrical property is 27 mW PO
em™2 " Preparation of electrolyte containing PEO according to literature on
the composition is 200 wt% EC/PC 3:1 V/V 20 wt% Lil 5 wt%
I, © Composition for liquid electrolyte is 0.3 mol/L Lil/0.03 mol/L I,/PC Fig. 2 Novel polysiloxane-based prepolymer
with internal plasticizing chains and quaternary
1 ammonium groups
PEO
2 A B 1 2
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Table 2 Characteristic of quasi solid state dye-sensitized solar cells with

novel polysioxane network polymer electrolytes®

I 7 o
Electrolytes  V,./V FF
mA em™2 % Sem™! 25C
Electrolyte A 0.77 0.50 0.34 0.13 0.85x1073
Electrolyte B 0.68 5.0 0.60 3.4 1.51x10°3

* Light intensity for the measurement of photoelectrical property is 60

mW/cm?

1.3
DSSC
Lil KI
PEO PAN
1.3.1 PEO
19
3.
R R AN
CHy—8i—O—F8$i=OFrt $i— Ot $i= O Si—Clls
CHs  CHs CH, CH:  CHy
- o
(IZHQ CH3\(|jIj2_
O(CH,CH;0),CH; N1
CH3/ CH3
(PS-nQAS)

Fig. 3 Chemical structure of the polyorganosiloxanes with
oligo oxyethylene side chains and quaternary ammonium

groups

PEO 4% 10°

PEO PS-nQAS
EC/PC PEO
1.34x107° Sem™'.
1.3.2 PAN
20~23 P AN
Nal Lil  Py,N*I
PSQAS .4 PSQAS
CH; CH, CH,
CHS—Sli—O sli—o sli—CH3
CH; CH, | CHs
o,
o,
HC—lr |-
H3C/ \CHs

Fig. 4 Chemical structure of PSQAS

PAN PAN
PSQAS PSQAS/L/EC + PC EC:

PC=8:2 W/W

PSQAS

PSQAS M, = 2000
257°C

's

)

i 225 mol/L

g 1.0 mol/L

2 0.6 mol/L
4.5 mol/L

| | . ‘0.3 molI/L
29 30 31 32 33 34 35
1T X107 (K'Y

0.5 1

Fig. 5 Temperature dependence of the ionic conductivity for

the electrolytes with different concentration of PSQAS

5 PSQAS
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PAN 10 wt% ~ 15
Ino-1/T Arehenius wt% . PSQAS 0.1~2.3 mol/LL
o=Aexp - K,/RT . PSQAS 1.0 mol/L PSQAS
o PAN
4.96%107 S em™ c PAN 10 wt% /PSQAS 1 mol/LL /I, 0.05 mol/
PSQAS 1, L /EC+PC EC:PC=8:2 W/W
0.05 mol/L.  EC/PC EC:PC=8:2 W/ 2.97x107° S
w em™ .
3. <2 min
Table 3  Photoelectrochemical data of the dye-sensitized solar cells
assembled with electrolytes of PSQAS/L,/EC + PC* TiO,
PSQAS , .
concentration * Vel V 7 FF 100 mW cm™’
mA cm™? %
mol/L. 2.67%. 0.3 mol/L KI/0.3 mol/L
0.3 9.7 0.59 3.92  0.69 ”
0.6 11.7 0.59 4.57 0.68 PSQAS B PSQAS 1
1.0 17.4 0.64  6.83 0.62 mol/L
2.3 16.7 0.66  6.49 0.59 3.62x107°S em™!
4.5 15.0 0.51 6.21 0.64 449 .
* Light intensity for the measurement of photoelectrical property is 60
mW/em? . 2
3
PSQAS .5
P
SOAS DSSC
PSQAS =2.3 mol/LL
b DSSC :
L DSSC
PSQAS DSSC
PSQAS 1.0 mol/L
KI
I, 18.5
mAem> V, 0.65V 5 6.6% FF 0.55 .
PSQAS
PAN-PSQAS
PAN PSQAS
PAN <5 wt% DSSC
PAN 2.1 225
PAN
= 25 wt% _
6
Tio, 370
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DHD ) DSSC
1:1 90% 98% . 0.1 mol/L
7b . PPDD  DHD 1:2 Ll 0.1 mol/LT, 0.5 mol/L NMBI 0.6 mol/L HMI,, 1
Ta . DSSC
DSSC 7.90%
DSSC 7.72%
100 mW cm™’ 98% .
10°S cem™'.
RHNCHZCHZNHCOCHZCHZ>NCH2CH2N < CH,CH,CONHCH,CH,NHR
RHNCH,CH,NHCOCH,CH, CH,CH,CONHCH,CH,NHR

3.61%
DSSC 92%
100 mW cm™?
PPDD  IPEOPO
0.3 mol/L, Lil 0.5 mol/L 1,

107*S em™ DSSC
2.20% 100 mW cm™’
20% *° .
2.2 7
DSSC 3% * .
P VP-co-AN
P VP-co-BA
- 7 a AFM of chemically cross-linking polymer gel
electrolyue  PPDD/IPEO = 1:2 by molar ratio and b AFM
of linear polymer gel electrolyte PPDD/IPEO =1:1 by molar
ratio 70% ~75%
P VP-co-AN 1 6-
3% ~5%
0.5 mol/L KI 0.05 mol/LL I, EC PC
11
PPDD P VP-co-AN
IPEOPO M, =
1020 0.3 mol/L Lil 0.5 8 9

mol/L. I, 0.5 mol/L. NMBI

10
107°S em™! DSSC
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9 x 107" em’/S. DSSC
7 7.01% 100 mW cm ™
11.4% 16% .
42 16 1 EO 1 M, =620
o0
~ 36t ~ 1 6-
'e ; \o Dapp 112 o
RV 5
o o N\ O—g -8 ~
= L =)
X 24r ~O X
S AN ,
L ) Q
18 \ P VP-co-MEDMA I EO ,4-co-
(o]
tep, o, 740 PO ,, ,I M, = 1000 CH,0 EO ,-co-
0 4 8 12 16 20
P (VP-co-AN) concentration (%) PO ,, ,I M, =900
' . - e 2.3x107*S
Fig. 8 Dependence of conductivity and diffusion coefficient |
- o
of triiodide on P VP-co-AN  concentration in EC/PC/KI/1, cm 200°C 1.8% 287°C
electrolyte DSSC
2.36% 100 mW
25 8 -2 29
cm
O 30
2 -
U ine n 1 2.3
“ O0q
ERE o R
5 c \ — g Yanagida 1-
E 10r ‘:' 0
) \D 3 3.
= 12
st
0L ] ] ] ] L 10 1.3% 3 .
0 4 8 12 16 20
P (VP-co-AN) concentration (%)
P VIM-co-AN
Fig. 9 Dependence of J,. open square and 7 filled
square of DSSC on P VP-co-AN concentration in EC/PC/ P VIM-co-BA I CH2 (’I 1 EO n I
KI/T, electrolyte
650 B o0 DSSC
oc O /
/O |:\><B\
- =gt 040.65
7 600r f FF =
< / - = 1:1 EC PC 0.5
EN —10.60
mol/L. KI 0.05 mol/L I,
>30r] 1055 P VIM-co-AN I CH, ,I1EO I
(I) 4It é 1I2 1I6 2I() GelA, GelA, P VIM-
P (VP-co-AN) concentration (%) co-BA I CH (I IEO,I
Fig. 10 Dependence of V,. filled square and FF open GelBl GelB, 4
square of DSSCs on P VP-co-AN  concentration in EC/PC/ 4
KI/T, electrolyte
Table 4  Electrochemical property of chemical cross-linked gel electrolyte
based on P VIM-co-AN and P VIM-co-BA
P VP-co-BA 1 6-
EC/PC/0.5 mol/L K1/0.05 mol/L 1, Blectrolyte o mSfem Dy X107 17 /s
GelA, 6.66 2.43
GelA, 6.81 2.52
_3 1 _ GelB, 6.75 2.44
2.57x107" Sem™ [ 9.20 GelB, 7 48 555
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6
P MAOEMImX 1 x 10*
I CH,CH,0 1 EC  PC
L~ EC/PC 8:2 0.5 mol/L Lil
4 DSSC 0.05 mol/L 1, 10%
5
. . . 12
Table 5 Photoelectrical property of chemical cross-linked gel electrolyte
based on P VIM-co-AN and P VIM-co-BA * C|H3
J v N —-CH,—C— TRSI(CI)
Electrolyte FF |
mA cm”> mV % % " 0=c¢ N\‘*D/N\
. _ /
L 19.45 540 0.57 6.02 O—(—CHZCHZO-)TCHZCHZ CH,
GelA, 15.50 686 0.64 6.84 13.6
GelA, 16.10 684 0.64 7.17 19.1 P(MAOEMImX)
GelB,; 16.10 667 0.62 6.71 11.4
GelB, 16.85 667 0.61 6.84 13.6 Fig. 11  Structure of P MAOEMImX

* Light intensity for the measurement of photoelectrical property is 100
mWien? " Ap = 9 = Drigid /7 hqa X 100 ¢ L EC/PC
0.5 mol/L KI 0.05 mol/L L,

composite solvents weight ratio is 5:5

P VIM-co-AN 1 CH,CH,0 ,I
P VIM-co-AN I CH, (1 T EO ,1
HMIml/I,
GelC, GelC, P VIM-co-BA
I CH, (I TEO ,I
GelD, GelD, DSSC 6

Table 6 Photoelectrical property of quasi solid state solar cell based on

solidification of ionic liquid electrolyte using imidazole co-polymer®

Je Ve 7 X
Electrolyte FF
mA em™2 mV % % *

L,¢ 12.45 575 0.63 4.40 —
GelC, 11.20 579 0.65 4.30 98
GelC, 11.65 580 0.64 4.35 9
GelD, 9.25 585 0.65 3.51 80
GelD, 9.70 582 0.66 3.71 84

* Light intensity for the measurement of photoelectrical property is 100

mW/en? " x = pea/qr x 100% L, 1 mol/L Lil 0.5 mol/L L in
HMImlI
P VIM-co-AN
P VIM-co-BA
9% .
3
3233

11

00 nm

500 nm

500 nm

- 12 Cross-sectional SEM images of the nanocrystalline
TiO, electrode *
a Before filling b After filling with the gel electrolyte
containing HMIml and 10 wt% P MAOEMImCl ¢ After
filling with the ionic liquid polymer of P MAOEMImCI

P MAOEImX
7
Ccl” P MAOEImX
TFSI™
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Ti0, P MAOEImTESI Ti0,
th Emdox 137
. 13
P MAOEImCI]
Table 7  Electrochemical and photoelectrical property of gel electrolyte based on P MAOEImX  with different anions
Electrolytes 6 mSem™! Dx10° em? 57! Joe mA em™? Voe mV FF 7 %
P MAOEImTFSI 2.89 1.04 16.90 580 0.67 6.58
P MAOEImCI 2.69 1.03 13.70 750 0.74 7.55
Voltage/V PAN
0.0 0.2 0.4 0.6 0.8
o 0 T T T T
g — Electrolyte A
E =5 «....Electrolyte B
E -10f '-:
E i
215t Y
5 :
A K
& -0t :
- 13 Dark current density-voltage curves of DSSCs with
the quasi-solid-state electrolytes containing 0.5 mol/L lithium
iodide ¥ DSSC
0.05 mol/L iodine in EC/PC mixed solvent EC:PC=8:2 V/
V and 10 wt% P MAOEMImICl electrolyte A or 10 wt%
P MAOEMImI TFSI  electrolyte B
P MAOEImCI]
10% P MAOEImCl 60% HMImI
30% EMImBF, 1 mol/LL Lil 0.5 mol/L I,
2.0x107 Sem™ I,”
_ _ 8% 4.5%.
2.13x 107" em® S7'. DSSC
5.34% . 0.5 mol/L
1- 72 mV
DSSC
6.10% .
6.10%
200°C 200
~300°C 7%

PEO


Absent Image
File: 0


515

14
15

16
17

18
19
20
21
22
23
24
25
26

27
28
29
30
31
32
33

REFERENCES

0" Regan B Griitzel M. Nature 1991 353 737 ~ 740
National Science Library Chinese Academy of Sciences
2007 24 46 1~2

Nogueira A F Durrant ] R Paoli M A D. Adv Mater 2001 13 826 ~ 830
Matsumoto M Miyazaki H Matsuhitok. Solid State lonics 1996 89 263 ~ 267
Li B Wang L D Kang BN Wang P Qiu Y. Solar Energy Materials&Solar Cells 2006 90 549 ~ 573
Zhang 7. C Fang S B. Electrochimica Acta 2000 45 3131 ~ 3138
Hu Shuwen Zhang Zhengcheng Fang Shibi . Polymer Bulletin 2001 24 9~15
Jiang H Fang S B.J Power Sources 2006 159 673 ~ 678
Jiang H Fang S B. Polym Adv Technol 2006 17 494 ~ 499
Zhou S H Fang S B. Eur Polym J 2007 43 3695 ~ 3700
Zhou S H Fang S B. Polym Adv Technol 2006 17 518 ~ 522
Wang X J Kang J J] Wu Y P Fang S B. Electrochem Commun 2003 5 1025 ~ 1029
Zhou Shuhua Xiang Wanchun Fang Shibi Lin Yuan . Acta Polymerica Sinica

in press
Ren Y J Zhang Z C Gao E Fang S B Cai S.J Appl Electrochem 2001 31 445 ~ 447
Li Xueping Zhang Zhengcheng Li Weiying Fang Shibi Lin Yuan Zhang Dongshe

Xurui . Acta Energiae Solaris Sinica 2002 23 2 281 ~284
Ren Y J Zhang Z C Fang S B. Sol Energy Mater Sol Cells 2002 71 253 ~ 259
Li Weiying Kang Junjie Li Xueping Fang Shibi Lin Yuan Wang Guiqiang

. Chin Sci Bulletin 2003 48 2 129~ 131

Kang J J Fang S B. Polymer Bulletin 2002 49 127 ~ 134
Kang JJ Li WY Wang X Lin Y Xiao X R Fang S B. Electrochimica Acta 2003 48 2487 ~ 2491
KangJJ LiWY Lin Y Li X P Xiao X R Fang S B.Polym Adv Technol 2004 15 61 ~ 64
Kang JJ Li WY Wang X Lin Y Li X P Xiao X R Fang S B.J Appl Electrochem 2004 34 301 ~ 304
Wang G Q Zhou X W Li MY Zhang ] B Kang J J Lin Y Fang S B Xiao X R.Materials Research Bulletin 2004 39 2113 ~ 2118
LiWY KangJJ Li XP Fang S B Lin Y Wang G Q Xiao X R.]J Photochem and Photobio A Chem 2005 170 1~6
Wang L. Fang S B Lin Y Zhou X W Li M. Chem Commun 2005 5687 ~ 5689
Wang L. Fang S B Lin Y.Polym Adv Technol 2006 17 512 ~ 517
Wamg Li Novel Polymer Electrolytes for Dye-Sensitized Solar Cells

Dissertation of Institute of Chemistry Chinese Academy of Sciences 2006
LiMY Feng SJ Fang S B Xiao X R Li X P Zhou X W Lin Y. Electrochimica Acta 2007 52 4858 ~ 4863
Murai S Mikoshiba S Sumino H Kato T Hayase S. Chem Commun 2003 1534 ~ 1536
Yin X Tan W W Xiang W C Zhang ] B Xiao X R Li X P Zhou X W Fang S B Lin Y.Polym Adv Technol 2008 6 in press
LiMY FengSJ Fang S B Xiao X R Li X P Zhou X W Lin Y. Chin Sci Bulletin 2007 52 2320 ~ 2325
Suzuki K Yamaguchi M Hotta S Tanabe N Yanagida S.J Photochem and Photobio A Chem 2003 160 171 ~ 179
Wang M Lin Y Zhou X W Xiao X R Yang L. Fen S J Li X P.Materials Chem and Phys 2007 1 61 ~ 66
Wang M Yin X Xiao X R Zhou X W Yang Z Z Li X P Lin Y.] Photochem and Photobio A Chem 2007 94 20 ~ 26

. Science Research Dynamic Monitor Rapid Communication

2008 8

Xiao

Xiao Xurui

. Doctoral



516 2008

POLYMER ELECTROLYTES FOR DYE-SENSITIZED SOLAR CELLS

FANG Shibi LIN Yuan ZHOU Xiaowen ZHANG Jingbo LI Xueping XIAO Xurui
Key Laboratory of Photochemistry ~ Molecule Science Center  Chinese Academy of Sciences  Beijing 100080

Abstract Recent studies of our group on polymer electrolytes for improving the long-term stability of dye-sentitized
solar cells DSSC are summarized. We designed and synthesized a series of novel network gel polymer electrolytes
having soft polyorganosiloxane main chains with grafted polyether as inner plastisizer or at the same time with
quaternized ammonium side groups. We also synthesized PEO-based gel polymer electrolytes and PAN-based gel
polymer electrolytes containing polyorgano siloxane quaternized iodine salt. These electrolytes were successfully
employed in dye-sensitized solar cells. The ionic conductivity electrochemical stability and mechanical processibility
of these electrolytes meet the requirement of practical applications. Through optimization of the electrolyte
components the photoelectrical conversion efficiency can be improved further.

A novel system of in situ solidifiable polymer electrolytes was developed. The quaterization reaction of liquid
latent chemical cross-linked precursors was used to prepare polymer electrolytes. This method can realize the in situ
solidification of polymer electrolytes and facilitate the industrialization in a large scale. Chemical cross-linked
precursors with low viscosity can easily penetrate into the electrode which can reduce the contact resistance
dramatically between electrolyte and electrode and favor the improvement of photoelectrical properties of solid state
DSSC. Several types of dendritic oligo-polymers and co-polymers containing pyridine groups and co-polymers
containing imidazole groups as latent chemical cross-linked precursors were designed and synthesized and they
reacted with multi-halogen compounds to prepare all solid state polymer electrolytes. Also the gel polymer
electrolytes and quasi solid state polymer electrolytes were prepared in cooperation with liquid electrolytes and ionic
liquid electrolytes. The photoelectrical conversion efficiency of dye-sensitized solar cells constructed by gel polymer
electrolytes and quasi solid state polymer electrolytes basically maintain the level of corresponding solar cells
constructed by liquid electrolyte and ionic liquid electrolyte. The optimum values are close to 8% and 4.5%
respectively .

The poly ether methacrylate grafting ionic liquid groups at the end of the polymer chain was designed and
synthesized . DSSC using quasi solid state eletrolyte with such polymer and multi-composed ionic liquid electrolyte
can reach the photoelectrical conversion efficiency of 6.10% and possess good thermal stability.

Keywords Dye-sensitized solar cell Polymer electrolyte in situ Solidification





