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Abstracts In the present study, vanadium oxide(V,0s) films for electrochromic(EC) application are fabricated using sol-gel
spin coating method. In order to optimize the EC performance of the V,0;s films, we adjust the amounts of
polyvinylpyrrolidone(PVP) added to the solution at 0, 5, 10, and 15 wt%. Due to the effect of added PVP on the V,0s films,
the obtained films show increases of film thickness and crystallinity. Compared to other samples, optimum weight percent(10
wt%) of PVP led to superior EC performance with transmittance modulation(45.43 %), responding speeds(6.0 s at colored state
and 6.2 s at bleached state), and coloration efficiency(29.8 cm?/C). This performance improvement can be mainly attributed
to the enhanced electrical conductivity and electrochemical activity due to the increased crystallinity and thickness of the V,0s
films. Therefore, V,0;5 films fabricated with optimized amount of PVP can be a promising EC material for high-performance

EC devices.
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Fig. 1. (a-d) Top-view and (e-h) cross-view FESEM images obtained from bare V,0s, SPVP-V,0s, 10PVP-V,05 and 15PVP-V,0s,

respectively and (i) EDX spectrum obtained from 10PVP-V,0s.

A ZEE AL 0T 7 YL dF 2EFAo] UE
dt} o]F 10PVP-V,0s, 15PVP-V,0s[Fig. 1(c, d)]°IA]
= PVP F7tee] A S7rdrs 54 W wUEe A

Zlo] 2R Eo] BegY o AAo] AX AA AAs=
g I o, o] P45 vhtFitst
= 2E 7 Jfﬂ&Ol AH AAA €. o= AEE
o] & &4 o|m|A|[Fig. 1(e-h)]dIM % g 4= 9]
th FEZOE 650nm FEe FTO Z°| Ho|x 1 ¢
o 24 Awol wel 5PVP-V,0s= 84.17 nm, 10PVP-

V,0s5= 124.05nm, 15PVP-V,0s= 181.64 nm 77| 2] u}
vgatstEo] 2zt PJAE Ao Z YeRdtt Fig 1()=
FTO #]°] 5¥" 10PVP-V,05 =
X-ray spectroscopy(EDX) spectrum 4] A& UERY
o, FTO 73] 3|93sle= Sn 3= 2 B4 4 =43
2125 A V.08l BHE dehdhe Vet O 312
gel3t 4 9t} 15PVP- VZOS‘J < AX AA u}
v ARSHE Abelo] Rl o] ‘%‘H oju|Z] A T
=SHsA veh, o]l B At v 94 A
AEEE As7le Ao RaEy ok uah

2+o] energy dispersive

N oo an =

=4

=
—1}\7_< = o

e

-

PVP H7tEe] ¥ish= whe] 4
718t Z71A sl ZA
2 gekEn

Fig. 2(a)= FTO 713 flol ¥ ¥ bare V,0s, SPVP-
V,0s, 10PVP-V,05, 15PVP-V,05%+¢] X-A 3| dael s
BHoyFEm HuE 93} reference SnO, M=) A&
gz st YERHATHICPDS No. 41-1445). 2E
/\ﬂEEO .T'_Exq oz 7]_\7}0; /\]_ % FTO UL_C;] ﬁ;ﬁ
o] Yep=dl, ZHE =e] 7 ztol= <lal up
wHAshE B BHop Aoz o g & Fo] Yehbes AS
ﬂo@ %= 9tk Fig. 2(b)= FTO 7|9+& A8t E
H vhEAbskE o] XA 3RS AAE] A8k
7] 98t sgE = HAE g HolEE BolEh
PVP7} H7FEA] %2 bare V,0s5 A|9)3l BE A
oA orthorhombic HFF4FSHE-(JCPDS No. 89-0612)2]
(001)Hl sFsh= 31 937t HEEATH20.2°). Bare
V,059] gl ZAFYA Zol] PVP7F F7bEA] ok
7] W FE7F FSste] wro] & AR KIPAL
PVPe] H7hgo| F7iEkrs slld F=7t HAAH AXA |

0 &

filo folt

o2 oX
Oﬂ.', oL
" g
o

XN
=



388 At -
a l l 15PVP-V,0
RO
=)
« il sy | . 1opvvo,
> l 1| l |SPVPV,0,
by — A A
2 l | l l . BareV,0,
£ |
c J»..wﬂ _! ) BareFTO
- (101) 211 SnO,(JCPDS#41-1445)
‘ (110) e ( l f({”) ey
10 20 30 40 50 60 70 80

2Adegree)

S
=
rH
r.O
)

b I

—_ ( ) » A| 15PVP-V,0,
= A A=)

. 1
3 ~ 10PVP-V,0,|
> !
= 1
2] l 5PVP-V,0,
: oy " s
[ 1
- I
c . . Bare V.0

V,0 (JCPD$#89-0612) (001)
14 16 20 22 24

18
2Adegree)

Fig. 2. (a) XRD curves and (b) magnified curves of bare V,0s5, SPVP-V,0s, 10PVP-V,05 and 15PVP-V,0s on FTO substrate.
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Fig. 3. XPS spectra obtained from V 2p;, for (a) bare-V,0s and (b) 10PVP-V,0s.
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Table 1. Summary of the EC performances for all samples.

Thieached Teolored Modulation Switching speed Switching speed CE
(%) (%) (%) (Colored) (Bleached) (cm*/C)

Bare V,0s 76.93 60.32 16.61 15.8 14.7 19.8

5PVP-V,0s 70.73 35.50 37.23 8.2 9.5 21.4

10PVP-V,05 65.79 20.35 4543 6.0 6.2 29.8

15PVP-V,05 56.52 11.07 45.45 6.8 7.5 24.5
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