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Development of Lithium Conductive Polymer Electrolyte

for Smart Windows
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Abstract

Various polymeric electrolytes were prepared from PEG, PEO and PMMA with LiClO. to
develop lithium conductive electrolytes for smart windows. The complementary electrochromic
devices were fabricated with these electrolytes involving cathodically coloring WO; and

anodically coloring V305 thin films.

The performance of electrochromic device with

PMMA/LiClO;s electrolyte was found to be excellent
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A BE4& Holl: Aoz Bumy ¢t uab
¥ A7 ME PEG, PEQ, PMMAE ¢ 43 a&
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Auto 306, Edward) W¥<& Al&3lo
atomsphere 2$7]94 base pressureE ¢ 8 X
10° Torrdx Golmd ¥ o 10 ¥3b o Fdto
working pressure® ¢ 10 x 10° Torr A==
A% g TS et AEE WO 6N,
powder, 2% 38H9 V05 (4N, powder, 1
= ghHE AMgstgen 7183 sourced Arle
15em® A 38l3, heating sourceZE Ta boatE
ALgstgt. Z1RLEE 100CoAAN ZEFstgon,
deposition rate™ thickness monitorE& A}-£3}e]
4~7 nm/secE #FAT F WO; 9% FAE
4000 A, V205 299 SAE= 1000 A2 & 3
At

TEA HgAe AZE PEG(polyethylene
glycol, powder(m.w=2%10%, Aldrich Chemical)),
PEO(polyethylene oxide, powder(m.w= 5x10°,
Aldrich Chemical)9}  LiClOs (m.w.=106.3916 :
STEM Chemical)& Li : O 9 atomic ratio’} 1 :
8 ~1:12 7t 9=% weighting ¥ ¥ 27 30cc
9] ACN £ 9% (Acetonitril m.w.=41.05 : YAKURI
Chemical)e] 4o} 948 WET o] 948 He

(model :

. Glass Substrate

. Transparent Conductor (ITQO)

. Working electrode (400nmWOs3)

. Electrolyte (Lithium polymer electrolyte)
. Counter Electrode (100nmV20s)

. Transparent Conductor (ITO)

. Glass Substrate
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Fig 1. Schematic configuration of complementary
electrochromic  devices investigated in this
work.
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stirring 3tAA FH3ln FHE Ad £9L UHE
% magnetically stirring W 2 of 24X 7+ F¢F
At = PMMA(polymethyl methacrylate,
m.w.=120,000 Aldrich Chemical)$} 40ml®] ACN
£ o (Acetonitril m.w.=41.05 : YAKURI Chemical)
& 49 stirring® |43} LiClOs ¢+ PC(propylene
carbonate)E 4o} 1lmol& THE % stirring 8 T
= F £9& Mo LiCIOs 9 w3 PMMAY
weight ratio’} 02 ~ 0.8 ¢o] %2 AZstw 94
ko)’ stirring & THEUTH

20tE ARS8 A7y 2x9 AMFe A=z
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active area ol Azd HANAL 74zt 10cc7}
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% a9y 13 Ze] ITO glass/ WOz 240004 )/
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A)/ ITO glass 72 & Zs AnE 4294
71RA AzE Azegch AFE 2z R
epoxy & A48l 7[AA 4=E FAANZeH 4
ZA WRE FYHE F2E Adsidz Agd &
Aol HMYE 2VE QUA7E F double beam
spectrophotometer (UV-3101 PC, SHIMADZU)E&
o] &t H{AESI 7 200~3100 nme] FHlA
# FAE& ¢ 3 WzxFE £As93 coulomb
meter (HF-201, HOKUTO DENKO)E <¢43lo
g FYZFE A
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432%2 F5 82 PEOS %% automic ratio’} &
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B =3 PMMAY A% LiClO,
} PMMAS®S] weight ratio?} 0.4¢) Az}71=]
2ol Tty Fasle Rez vey
weight ratio7} 049 A217} 385%, 43.6%=
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M Ee B A2FL ¥AT ¥ 2% PEG dF 1A Asia FoM 73
2 BFH=2ZE Yeld automic ratio’t LiO =
1129 2% & AsAd 4000 A9} wH=A
Table 1. Optical modulation of WOz / Lithium WO; 2Hets 1000 A9 B]AA V05 wehe o)g
polymer electrolyte/ V05 device as a o] A AU L] 2AE FFge wa
function of charge injection at A= 850nm % B3g W3E Jed adoltd AztAYg 2V
2 38T 9718E 9 15mC/em’y 3% 2 Qe
. X Optical Modulation BHR o] W 200nm~2600nm7tA 2] o}Ato) A
Atomic ratio & AT6) charge FUo] W B Brg Wa: B
Wolght ratlo [ 5mC 550nm o)A 44%, % 850nm oA 57%¢) B W
Li:0=1:8 143 17.9 Z2Z3& Yo
Li:0=1:9 136 156
PEG Li:0=1:10 111 9.4 100
Li:0=1:12 372 43.2 || PFOC(LiO=1:12)
Li:0=1:8 44 19.8
Li:0=1:9 9.2 11.3 ~ T
FEO Jli:0=1:10 18.0 20.3 § b
Li:0=1:12) 313 396 § wl
PMMA/LiCl04=0.2 24.7 271 g
PMMA/LICIO=04| 385 436 § S
PMMA PMMA/LiCIO.=06| 310 374 § wl _ e
PMMA/LICIOs=08] 135 160 &
20 1=
100 "
PEG (Li:O=1:12) ° L L N o
500 1000 1500 2000
80 | Wavelength (rnm)
~
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© Fig 3. Transmittance as a function of
§ 6o | wavelength from 200 to 2600nm for WOQs/ PEQ
= polymer electrolyte/ V205 device at charge
§ T St injection  of  5mC/cm® and  7.1mC/em?
oer e respectively
ol | Ny 79 3% PEO ¥F A Asld FAA 7y
N e 2 ¥¥2Fe JYehd automic ratior} LiO =
N\ 11290 2% ZEx A=) 4000 A9 wAg=
R s - 02N WOs 2tebst 1000 A9 H1AA V05 wete o &
gte] A AN Axe] BF 22U nE
Wavelength (nm) _
% —‘T—ﬂ}% WEE JEld agelt) sbAg 2v
Fig 2. Transmittance as a function of 2 32 INAE | 75mC/em’s] AF FIFL
wavelength from 200 to 2600nm for WOy ERL o] e} 200nm~2600nm7tA 9] 5ol 4
PEG polymer electrolyte/ V.05 device at charge charge FUFel we F F34& A H3
injection of 5, 10 and 15mC/cm? respectively 550nm ol A 22%, %3 850nm oA 40%<} F @

%3¢ vehio,
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Fig 4. Transmittance as a function of

wavelength from 200 to 2600nm for WO/

PMMA polymer electrolyte/ V20s device at
charge injection of 5, 10 and 15mC/cm’
respectively
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PMMA =& ¥z d&d F 713 & Fazxag
£ vEld AL LiCIo«o] Wd PMMAY
weight ratio’t 0431 A71¥4 2x42 2F F4
ol 15mC/cm2 d o BF @EF| 57%(A=
850nm)E 7}g 48 F ME BEHE HYL o
A7IHA iZMl A7MASY 2VE 387 AE
w34 550nmol A 43%, I 850nmel A 57%9)
I ¥EgS Ushig

ita]
e

L

1) A. Hagfeldt, N. Vlachopoulos and M. Gritzel,
J. Electrochem Soc. 141(7) (1994)

2) K. Hinokuma, A. Kishimoto and T. kudo, J.
Electrochem Soc. 141 (4) 876~879 (1994)

3) R. D. Rauh and S. F. Cogan, J. Electrochem
Soc. 140 (2) 378~385 (1993)

4) S. K. Deb, D. K. Benson, C. E. Tracy and ]J.
G. Zhang, J. Mater. Res. 8 (10) 2649~2656
(1993)

5) S. K. Deb, D. K. Benson, C. E. Tracy, J. G.
Zhang, A. W. Czanderna and R. S. Crandall, J.
Electrochem. Soc. 141 (10) 2795~2800 (1994)

6) S. F. Cogan, R. D. Rauh, T. D. Plante, N. M.
Nguyen and J D. Westwood, Proc
Electrochem Soc. 90 (2) 99~115 (1990)

7) V. Truong, F. E. Girouard and P. V. Ashrit,
SPIE, IS 4 386~401 (1990)



