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ABSTRACT

Study of Smart Windows Using Electrochromic
Materials

Xue-Mei Cui
Advisor @ Prof. Jin-Who Hong Ph.D.
Department of Polymer Engineering,

Graduate School of Chosun University

The purpose of this article is to emphasize that new polymers offer a
number of attractive alternatives to the use of solar energy in
maintaining a benign indoor environment. Specifically, in this study, a
new electrochromic polymer was designed as a material for smart
windows. The monomer used was 3,4-thylenedioxythiophene. The
electrochromic polymer made in this study exhibits good electric

conductivity than Baytron P made by Bayer of Germany.

The 67nm size electroconductive polymer was made from PEDOT, as
a nanomaterial, triethyleneglycol diacrylate contains 3% Li perchlorate
as an Electric-Charge Mobile Layer and LiXV:20s sol as an ion depot.
Compared with the existing organic and conductive materials, the new
polymer exhibits good conductivity and is very stable at room

temperature. It is also better than WOs.
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Figure 1. Prototype electrochromic device, showing transport of

positive ions under the action of an electric field.



Table 1. Ionic conductive clectrolytes of clectrochromic device (257C)

Type Conductivity, S/cm
Agueous
1 M H,S0, + Water 3 x 10"
1 M LiOH + Water 1.5 x 107
1 M LiClO; + water 74 x 107
1 M KOH + water 21 x 10"
1 M LiCIOs4 + water 4 x 107
Hydrated inorganics
HUP,PO; 4H,0 4 x 10°
TaOs 3.92H,0 1 x 10°
Sb,Os 4H>0 1 x 10°
Polymers
Poly-AMPS" 1 x 107
Poly-VAPb
Propylene Carbonate + 1M LiClO, 3 x 10°
r-Butyrolactone + 1M LiClOs4 6 x 10°
Modified a-PEO° +LiCF3S0; 1 x 10° - 10"
Lithium inorganics
LiNbO; 1 x 107
LiO-B,Os 1 x 107
LiAISiO4 4.7 x 10°
“AMPS = 2-Acrylamido-2-methylpropanesulsonic acid. "VAP =
vinylalcohol-phosphoric  acid.  ‘modified a-PEO = poly(ethylene)

oxide-propylene carbonate PEO gel, poly(ethylene)imine PEI, or methoxy
poly (ethlene glycol methacrylate)-polyethlene glycol diacrylate)
MPEGM-PEGD



Table 2. Structure of the electrochromic device

Electrochro Ion
) IC/electrolyte Maker Application
mic Storage
Proton System
Viologen PMMA+organic |None Gentex Auto Mirrors
a-HxWO;  |Tax0s NiO Donnelly  |auto/truck mirrors
a-HxWOs3  |TaxOs IrxSnyO2:F |Nikon Auto mirrors
a-HxWOs; Si0,/ metal WO3 Schott Auto mirrors
a-HxWO3  |Polymer Polyaniline |Toyota Auto mirrors
a-HxWO3  |Polymer Polyaniline |Dornier Aircraft glazing
a-HxWO3  |Poly-AMPS Cu Grid |PPG Aircraft glazing
a-HxWO3  |Tax0s a-IrOs EIC Spacecraft glazing
a-HxWOs3  |MgF Gold film |NREL Building glazing
a-PEO
a-HxWO; NiO LBL Building glazing
copolymer
a-PEO
NiO Nb3Os LBL Building glazing
copolymer
Lithium systems
a-Lix\WOs modified a-PEO |polymer LBL Building glazing
Prussian
a-LixWO; LiClO4 + PC Nissan Auto glazing
blue
Pecox
a-Lix\WO3 LiClO4 + PC Asahi Building glazing
couple
a-Liu\WOs Li-PEO CeOx St. Gobain |Auto glazing
a-LixWO; Li-B-Sio glass IC/LixV20s [EIC Building glazing
PPB-LiClOs-MM Chalmers
a-LixWOs LiyV20s Building glazing
A U.
a-LixWOs Li-PEO NiO St. Gobain |Auto galzing
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Figure 2. The absorption spectrum of polythiophene during

electrochemical doping with perchlorate[9].
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1. 2348 2 EAF 54

3,4-ethylenedioxythiophene(EDOT)&A ol H Q3 fYHE =24, thiodiglycolic
acid, diethyl oxalate, Cu powder, ethylene glycol= AldrichAtZ HE¥ +¢
3} t}. 4 ethanol, chloroform, diethyl ether, hydrochloric acid, sodium
carbonate, potassium hydroxide 1# i potassium carbonateE Y Ak3}st
(Korea) = - E T Y8k ZoddER O] E 9 G = <&l A
Cu()Br(Aldrich, 99.999%) ¥ Cu(ID)Br (Aldrich, 99.0%)% Aldrich2 %8
Aste] AL&3UT. S MA AL of poly(ethylene glycol monomethyl ether)
(MW=550)2] 2-bromo-2-methylpropionate ester [1]= Fdo] <&z Y=
stA Btk 18 ©EFA] styrenesulfonic acid sodium salt (SSNa) (Aldrich,
CH2=CHC6H5S03NaxH20) ¥ ]3t= 22 -dipyridyl (bpy) (Aldrich, 99+%)
AA glo] AbgstAT. RE 8 Ao &viE2 AldrichZ25FH Ykl
F7FA ) AA gleo]l AFEsEA

TdAE PSSNa9 #x3%2 2709 Waters Ultrahydrogel (250 and linear)
Ado] A&xd 84 A 53 ARnEIYRIE ALEsto] AU, ol F
42 01 M NaNO3 o] =Zoile "ol 2 0.8 ml/min® £x2 Z2F3
t}. Calibration< PolyscienceAlZ 5 T3 ©E4He] PSSNags A§-314
g 2AE 2 BEEE 9971719 softwares Ab&sto] A4FsES
GPC samplee T@A%d we} Aoz fHsto] Fuf(CullDBr& #17
st7] $lete] Aejst A IA Z T

o
o
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2. 34-ethylenedioxythiophene(EDOT) @ %A A
kA9l 3 4-ethylenedioxythiophene 2  o}#@] Figure 5%
thiodiglycolic acidZ%F ¥ 6 stepoZ ¥4 3t}
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Figure 4. Gel permeation chromatography(GPC) for the

measurement of the molecular weight of the water-soluble

polymer
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7}. Diethyl thiodiglycolate

StFEd A7 AEE 27 ZaFd 250 mlY dErE&S AFYdsha
thiodiglycolic acid (50 g; 333 mmol<S o]i 5-23te 3IAF AFlt. F3
2B (20 mD)& st HA A XS] Zhgkth 24A13F SR & S ES Y7
3t 300 mle] 2o E=v. 2 23 W$ES 33 diethylether® FZ 3t}
F715S WHE Aoz ¥3% sodium carbonate &l s A Al FH S}
magnesium sulfatedl] 9 3|A 8L A AI T rotary evaporaterol] 23| A

F=olo] @A Mo HAE 83% F&S AU

1}, Diethyl 3,4-dihydroxythiophene-2,5-dicarboxylate disodium salt

Yol AL diethyl thiodiglycolate(25. 3g ; 123 mmol)¥} diethyl oxalate
(45.1 ml; 332 mmol)S sodium ethoxide (37.9 g; 558 mmol)°] o}lE= 280
mlo] 75 olghE WA 0C)E & Ao A s shgkh R
SEFES AN B BRI a2 Ay =@ JAHAES FHsta
gl oslA AlHsted 60770 CelA ®F dxerh Diethyl
A-dihydroxythiophene-2,5-dicarboxylate disodium salt ¢ =&229] 1919

b AFH seE AT

N

beb §, Lok

w

t}. Diethyl 3,4-dihydroxythiophene—,2,5-dicarboxylate

471 disodium salt® %4374 g; 123 mmol)< diethyl 3,4-dihydroxy
thiophene-2,5-dicarboxylate®] <3 o] dojgd of 712 X3 FJito =
A st AlZith 28§ 200ml =2 AlF HAS] Al H . Aozl skek 9k¢
HE 100 ColA AFold AZ3 66%F+ (20.7 g; 80 mmol)ZE Lol &

2}. Diethyl 3,4-dihydrothienodioxine-5,7-dicarboxylate

7] dicarboxylate (14g ; 54 mmol)S 270 mle #E ole=2o] =9t}
ethyleneglycol (4.83 ml : 70 mmol) ¥ =
carbonate 15 g (11 mmol)<S 7}gt. 2 TFEL 71Este 37 A7t

F71H 0 & potassium carbonate (0.8 g : 6 mmol) ¢ ethyleneglycol (842 g

80 mlell o9l potassium



mmol)& 747t 7hekeh, 72A1 ks SR $ Wz gtk 28 i 5% HCI
o & 300 mlel = 1 23 &4 200 mle] chloroform® & 2H
=3tk f71=& potassium chloride 5% Fgdo=z 2 W A H 3o}
Magnesium sulfate® 2 AZ & &WELE ¥ rotary evaporationo] <] 34
Al A et Aol 1A E 100 mlel diethylether2 A ZAA I F a}eka] 9

=&
a4 18% Tz AT

u}l. Diethyl 3,4-dihydrothienodioxine-5,7-dicarboxylic acid

1154 g (36 mmol)®] dicarboxylic acid & potassium hydroxide (12 g:
214 mmol)o] =olsle= 250 mle 8 fo 7pgrh wHEEo] hHs] HS
2A1 gt SRy g SRl o & FI7F 100mI7kA A AR]
A A4k24 mDE AEHQ wwk st Wz &9 (ice bath)ell Hz s 7}

of A HEF F 80 TeolA & stol

% B

mal

v}, 3 4-ethylenedioxythiophene(EDOT)
DMSO 1200g, 3,4-ethylenedioxythiophenedicarboxylic 460g 1@ i & ¥
D d6gs EHetadAo] mYstal R EAH] &8 H F Uew T
o WkS FEfaAe F71E JhebH A 120 Coll A 3A3HEer stEgth &%
B W4 F, od3ste o FEEds AAT F 2 Fo =2 23
Al st o A5 =S S=okd TE 95% 9] 34-
ethylenedioxythiophene (EDOT) 283g%] AAES AT o] AAHES UF
2% 120 ColA WH 71 30 mmHg A+S 2o F73t ¢% 99%2] i
NMR % 13C-NMR& 3
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Figure 6. IR spectrum of the 3,4-ethylenedioxythiophene

monomer



Figure 7. 13C NMR spectrum of the 3,4-ethylene
dioxythiophene monomer.
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Figure 8. 1H NMR spectrum of the 3,4-ethylene

dioxythiophene monomer.
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AT FAH niEAR 7je9 FAHL ‘stable free radical polymerization
(SFRP)’ [22], 'reversible  addition—fragmentation  chain  transfer
polymerization’[23] L8] I ’atom transfer radical polymerization’ [24-25] 3}
22 Fad Yy’ A Ay el FdE AT 19959 o] Keoshkerian
ethylene glycol (80%) & dolA glo]alE&E Yl AYs d9
SFRTE 2%sAr. a8 Aol A TEMP(2,2,6,6-tetramethyl-1
-piperidinyloxy) 2} ¥ EFAl & HAHo|EY} gt 2wl A e A A =R 217
ARSE AT 2y 2EfoldE X YA AR do SPRPE WHgo] =g
E2 W=7t Fastth 2001l McCormick’s & RAFTeOl oA &
(ZgolllEx YA 2Hw )2 TASATE. RAFT 98 Zgoldllaxy
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Armes 52 Z (e =g ol F) WElTHYolES 4-udwlz A 4T
A3 2o HAFA A ATRPE R ustgon EEo A wmzA =
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T dte As BAT27-28]. 2y AEoldlEXYA Avw e ATRP
= deAA FdT. 2o & A= ZEloldlExY

ATRPE Alkdte] S2d& At g dA & A=ssith

o= 9 ATRP
+ 9, 485 mmoD)& Ful(E £ =3} 1
Bk o227t AE EHEY MAE AA

al
gk}, o2 JAE EHEUWE F vl (copper (I) bromide (0.8 mmol)



352 copper()@} copper(Il) bromides (0.8 mmol of total copper) €3 & 1
23 bpy (1.6 mmol)E 7Fgtth. REG§do] ZAMo=m Wl e w2 ¢
] 25 CE F=3d99. STEMAIA, 2-bromo-2-methylpropionate (1) 0.8

mmol& FA/IZ 7hete] FHUWESL AT RegAo] o) FE Ao

zetolAEE YA AUFAY FFLS A¥ AU ATRP =71 (Cu(DBr/
bpy @zt= &= 1/2 H &, MAIAE 2-bromo-2-methylpropionate (1)) °}
g 29 9 B o] AAFSA
Table 3. °o a&zbe] Faw, AR a1 F&& Qs
SSNa/(1)/Cul)Br/bpy=60/1/1/2 vl &3} 16.7%2 =& Al& Ll 4
30+t 95% HE&S AU
gk 2 e Fe SXvt VdEe U2, A3 2wz FHEAE 145 T

A

o %ol ®AE wFo] who] g (bimodal ¥ %%

-

g9 wtsow 4 detolur BH AYEH= A SuZel G A%
=

47 ATRPoIA 33 Hu
A

[ A
JAEE @ Be FAH FFel oA AmE & Aok AHw, B
Cu(DBre] @otgh elzr=olw Cu(l) Bre @ $4% 2=



oA L WYHE LEHOSE o]FAA EAAA copper Fu gt Z T ol A
e S£xo #AAEY, HlEY, HIYS LEFHOE olFd dissociated
species [Rx] @Ael #AE L, 232 FAA2=FAA Aoj=A] ke ATRP
o] felo] #Hr}.

TEole Eel o Cu(lDe =YL vhex7|dAdA s 9F o=
o] 5 Al A dissociated species [Rx] A4S 9 o
o AojHA ke wRA AYFAIIA v ® AFe A Cu(DBre #H7b
= A=A gL vEES 9T F dvh. Cu(DBr/CuDBr= 1 =3
Cu(X)Br=0.8 mmol & FA & 9F 60&lA 100% & Ays A
Al AL o]&Z kel JH EAtEE 129 AHE LAt (Table 3).
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Figure 9. Syrenesulfonic-acid sodium salt polymerized by
ATRP condition



Table 3. Result of styrenesulfonic-acid sodium salt ATRP with various
solvents(a)

Entry Solvent Time Conversiof Mn Mw/Mn
(min) (%) (SEC) (SEC)
1 H,O 30 >05 22000 1.56
2 H.O 60 92 14500 1.20
3 H.O/MeOH(38/12) 40 98 14900 1.33
4 H.O/MeOH(30/20) 80 >05 13800 1.21
5 H,O/MeOH(27/23) 360 50 6300 1.16
6  H,O/MeOH(25/25) 360 19 2500 1.18

a Reaction conditions : SSNa/(1)/Cu(I)Br/bpy=48.5/0.8/0.8/1.6 mmol in 50

ml of water or the mixture of water and methanol.

b Conversions were determined by precipitation into a methanol/acetone

solution by filtration.

¢ Catalyst was used a mixture Cu(I)Br (0.4 mmol) and Cu(Il)Br (0.4

mmol).



(B)(A)

(A ):15m in
(B ):30m in

12 15 18 21
R etention Tim e (m in)

Figure 10. The SEC spectrum of SSNA polymerized
by ATRP.
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Figure 11. The ATRP polymerization mechanism
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Figure 13. The SEC spectrum of the ATRP polymerized

styrenesulfonic-acid sodium salt in various solvent at 25C.
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Figure 14. Synthetic  scheme of poly(styrenesulfonic
acid)-bloc—poly(styrenecarboxylic acid) synthesized by ATRP.
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(48 mg; 0.48 mmol; 1 equiv) % bpy = (152 mg; 0.97 mmol; 2equiv)E
DA A A JtEo 2 HEERES AT AMoR Hu 24AFeh W

vtk A3 WG ol 32 m&e Bowe §olo] Holgl AEolds B

. poly(styrenesulfonic acid)-block—poly(styrenecarboxylic acid)®] wfo]Al

94

<

A7 A" F5TA poly(styrenesulfonic  acid)-block-poly(styrene-
carboxylic acid)© E€Xx Y4ty 74 EAM 258 223 glo] o]o uigk o] 23}
Aol g2y, o 9 pH 2 AXolAN &xYae ddgz =4840t
7HE LS AR AT webA pH 2014 7] A E &
2]

) B F
sepolalEEte AIRES A5 Aw FelaroldBaAe] A
E

Stal 2441 3bE ¢ wdkekd aE Ak 3 gkel ol wpojdo]l FAHEG. A

nlo] A Cullter N4 Q] =AFo] Aol 93] QAFALO] = 40 nmZ =4 ¥ 9o}



S0 €0 5ha

pky <1 pk, < 4.4

L_HL’RE\\\PSSNa
acid

“\ /—\/
base

PSCO0OMa

PSSk a arms

Figure 15. Mimetic diagram of pH-induced micelle formation by
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Figure 18. TEM image of the electrochromic nano

particle.
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different voltages.



(t2e-)red.| | ox. (-2 e ")

“ﬁsf Sy ’:‘ qu_-w

Figure 22. Redox reaction of switching the EC

device.



08 T v 1 § L | v ] |
17 s
8 | iz -—PEQ
g o07r ? | L
e =
g | l |
© i [ .
—
06 -
1 A 1 i 1 N 1 i 1 1
0 100 200 300 400 500
Time (sec)
Figure 23. Electrochromic transmittance changes during

repeated redox switching of EC device



A2 A depoles AA #E wMFdrls A

I A&

Bk dsk olsFel XA Table 40l LER mpel 3o
tri(ethyleneglycol) diacrylate (TEGDA, Aldrich, MW=400.25 ) 33 7]A] A
(darocur 1173, ciba specialty), propylene carbonate®] %& IAHAT]L
lithium perchlorate 2 lithium triflate®] %S W3A] 7| HA] Thekgk o] A
Tuts Azxsdn FrtuAd A dfdeS FAE 130 ym 7F H=E 5
A

APuEe et g

1) X 49 ZAUYWE 4 FU/tuA ZEASENS F2oA 247 Fot
Ao A w kST
ii) ITO glassE Z<3 AMH7IZ A2 & 7Ax% ITO glassd A=

=

Aol 7] Figure 249F #Zo] HA3t= T4 PI filmEs Fi MAIAZE LT
o] 9l UV-curable 1L # 2} §4& "ojrmgr},

i) " E=HE A7 Zdo] " H ITO glass® &2 WS %4
ZFA] Z1 T

iv) cell> Aadi7lete] UV @A oA 53 7 10 &3 A9dS
ZAFaE T

v) AA cellE 3719 HAEHS Fet7] st ciba-geigyAhe] epoxy
adhesive(araldite) 2 v} 2] 3} %

2. Ast olFF9 =4

Tri(ethyleneglycol) diacrylate (TEGDA, Aldrich, MW=400.25 )¢] 337 3}
g FAe AedA FYd dES AxT & JdAJrh. EF Lithium
perchlorated @} lithium triflated S #7}sk Fol= Tgole & W7 gl o
H, DSC 443 2% -35 C 7o v fFedeo]l2=s vy, «
3 o] % wo] 3 XRDEANAE 2T HAA S Jeh ot ol ¢



e Ane 99 PEO Systemdl A AAs WEe] 471t AEE ARE
=
[¢]

AE wRAoR A2W AowA FF A o

&1}
A = AAD SHEEE wEkzth ol Figure 25% #F 3 ddt ol F

& Agstded deHA" Lio] e
7hE4E A4S 245 A0. %9 lithium perchlorate®} lithium triflate
He 2 A ol2HAEEE FA L o, lithium perchlorate®] 7
7F ol EETF o A JERS T (Figure 25). o] & A oA & o] A3
A= lithium perchlorateg AF&3IATH g FJINA| Al Q] o] FI7lEF =
AA RS Fr7tetd = ol FAA &E&o] Frhete] Liol 9 ols =7t 3

2% Aow HHHT

3. Photo-differential scanning calorimetry(Photo-DSC)E o] &3 #¢A 74
3k As AR
AbEE = B A8 A A A (gel electrolyte) S AF] A

=
ZAbel o b F YA =ure] HF Aol wE WA 5 7] Al

CgRtH o g FAs A2Fe Aot Aol FUNAAY T
AT RN o] FolX=H, & AlAF A
deve /AL @3 A A Q] Darocur 11735 A1 ®
4% Tl A3es AolerlZ sk ol Hsl FIHA
Al gheFel wE FAsE A A A Astx Wstel dig A7E YA
=3
FWAIA QD Darocur 11739 & @t 2 A wigtel 3 7bskad
om Table 50 L ¥l ES ettt o] & BIIAAE FHT
29 d sty A dajde] 35 A dobr 7] 938 photo-DSCE AH&
gtol A3 AF S ZAFSEA T Photo-DSC A ¥ S 53514 43 Afel wd



t
il
k3
t
R
it
i)
4>
¥
_0|L
2
rEl
e
[40
RN
=2
2
>
o
i)
oN.

A% S TA InstrumentsAte] TA 5000/DPC System 7171&
o] g3l H M FUL 200 W 19t & FWxzojy FFL 35 mW/em2
mg AERoH AL 7] sl 2Ll A skE

ok 9.0
t}. Photo-DSC 2@ A3+ TA Instruments SoftwareE o] &3to] B3¢

Figure 262 A9 73sd A A vidEES FFH FAHAA EA
_]

gt A IS 47 Ho]FEY. Figure 262 %8 dojz b

o\
rN
Fﬂ e
6\
3
=
<
I
—
a,
o
3
[U

ZF(induction time), ¥ 3 # 3 (peak maximum), # &
Table 6 YEFU ATE ¢ 7] A induction timee 1%9] H3&o] 7|74 4
Y= AIZES or gkt Table 6914 A A d vigdEs9] vleoly Axs &
HEW ooz FIHAAl FFo]l Boldas A=t ddyd 5 48E)
7b Y kst BEt SRR AR v=2 Hay) E=9 g Wy s o
T Ak olgd A= FAAAA o]l WoltAFE FINA E&o] FrtE
7] wioltt. AR FAAA T 3 wtk o]l A= HolE e F WE o
fes & T AUk

Figure 278 #F/AA A ko] W& 29 Astd At o539 WA
= SAT g zolrt. adolA FINAIA o] Boeldags WAYE Tt
Fes & Aded ole A Astd dst olF5 Y AA Azt Frtst

of Li ol &9 o]%A4el Pa® Ao dAAch ww BoAAA FeFol Ho}

hul

2

AW AAGFE A AT FAAA TFF 3wtk olstell A= ITO F2 714
ske] H=o]l dA kA= EAl BAHHAT. o= FIWAA el
Zadbe]l  wet dAA AdEsr A woz AZEn. o]
photo-DSC, |A4& Z4 9 7IA<te] F24 H7F 43 2435 &

M oAsE A olgFe AN AY FFES 3 wind e FAR

ol



Table 4. Composition of the Charge transfer Layer with amount and type

of the lithium salt

Component Al B1 C1 D1 E1l F1 G1 H1
TEGDA ° 80 8 8 8 8 8 8 80
P ° 3 3 3 3 3 3 3 3
PC © 20 20 20 20 20 20 20 20
LiClO, “ 1 2 3 5 - - - -
LiSOsCF; ¢ - - - - 1 2 3 5

a Acrylate oligomer (Aldrich).

b Photoinitiator (Darocur 1173, Ciba-Geigy).

¢ Plasticizer (Propylene carbonate, Aldrich).

d Li perchlorate (Aldrich).
e Li triflate (Aldrich).
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Figure 24. Process of the photo cross-linkable polymer for EC device
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Figure 25. The surface resistance of the charge transfer layer with

the various lithium concentration



Table 5. Composition of the charge transfer layer with various

photo initiator concentrations

Component A2 B2 Cc2 D2
TEGDA *° 80 80 80 80
PI ® 1 2 3 5
PC © 20 20 20 20
LiClO, ¢ 3 3 3 3

a Acrylate oligomer (Aldrich).
b Photoinitiator (Darocur 1173, Ciba-Geigy).
¢ Plasticizer (Propylene carbonate, Aldrich).

d Li perchlorate (Aldrich).
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Figure 26. Heat flow of the charge transfer layer with the

various photo initiator concentration.



Table 6. Kinetics Date from the Heat flow curve(Figure 26).

Formulation A/ (J/g) Induction time(s) Peak maximum(min) Conversion(%)

A2 163 1.52 0.060 70
B2 169 1.24 0.055 73
C2 184 0.99 0.050 79
D2 187 0.98 0.050 80
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Figure 28. Long-time switching stability of the smart-window cell with

and without ion storage layer
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electrochromic device.
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Figure 30. Characteristics of the electrochromic device

during the coloring and bleaching process.



Figure 31. Electrochromic device in bleached(left) and

colored(right) states.



Table 7. Electrochromic characteristics regarding to the driving voltage

change of the smart driving Circuit

\Y% A0OD Teol Thi detd 2 g &
(mC)
0.3 0.014 7.3 11.3 0.1 46
0.4 0.08 6.7 6.1 0.75 37
0.6 0.19 4.4 3.1 1.5 41
0.9 0.3 2.8 1.7 2.1 47
1.2 0.33 1.6 14 2.4 45
14 0.33 0.9 1.0 2.5 43
1.6 0.32 0.7 1.8 2.7 39
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Figure 32. Long-time switching stability of the electrochromic

device.
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