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Abstract The reversible metal electrodeposition (RME) process is used to prepare electrochromic mirrors with reflective-
transparent optical states, by depositing metal particles on transparent conductive substrates. These RME based devices can be
used in smart windows to regulate indoor temperatures and light levels, serving dual purposes as lighting elements. Commer-
cialization efforts are focused on achieving large-scale production, long-term durability, and a memory effect that maintains
coloration without applied voltage. Enhancing durability has received particular attention, leading to the development of elec-
trochromic mirrors that employ gel electrolytes, which are expected to reduce electrolyte leakage and improve mechanical
stability compared to traditional liquid electrolyte devices. The gel electrolytes offer the additional advantage of various colors,
by controlling the metal particle size and enabling smoother, denser formations. In this study, we investigated improving the
durability of RME devices by adding polyvinyl butyral (PVB) to the liquid electrolyte and optimizing the concentration of PVB.
Incorporating 10 % PVB resulted in excellent interfacial properties and superior electrochromic stability, with 92.6 % retention
after 1,000 cycles.

Key words reversible metal electrodeposition, silver, polyvinyl butyral, gel electrolyte, stability.
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2.1. RME AX} M= M=

RME 4A}-8 522 A 2Fs17] 93] 10 mL dimethyl
sulfoxide (DMSO, Sigma-Aldrich) &2} ]| 0.05 M silver nit-
rate (AgNOs, Sigma-Aldrich)2} 0.25 M tetrabutylammonium
bromide (TBABr, TC)Z £-3]at it} o] 23} o] A a2
S A ggl o 2 W3sly] 93 PVB (Sigma-Aldrich)E 10
Wt% (PVB 10 %), 20 wt% (PVB 20 %), 30 wi% (PVB 30 %)
o] s = H7Fstolth PVBE HI &S H7as& « st
Al &3517] §3) stirring bar?} magnetic stirrerE- AF-8-5}
o] Ao Al 8A17F F3F 100 rpm®] 1= 2 wHksEGI Y.

2.2. RME AX} M| =

AR A0 72 AR R =2 cm x4 cm 7] 2] ITO (sheet
resistance < 10 Q/sq) =2 D.I water, acetone, isopropyl
alcohol -g-oof A&t =2 SE7F T8t Z-Su} A& s}t
11, N, 7FAE blowingsto] A 2 2] S 21845} T} Fig. 1(a)

ol ] 5= whe} 7o) % A2 ITOM = Ao] & st 12} o)
0] 9] OCA film (127 pm) 2.2 A 3+}0] 22513} ITO
Ao TS Fo) HAS )5k W] A9
%) 2. RME 4712 A 25tk

23 EHTE U 3315 54 24

PVB o] ujel 7] S38 Age] 0l T2 B43)
71 915 2ol -27 V) 88 302 ek el7helod g

AT AR 242 NG T e 2 Y

Zj_%/\] 7] a1, FAFA A v) 7 (field emission-scanning elec-
tron microscope, FE-SEM, Jeol)& AF-&-51o] S E43}
e Z2hE Ag 30 A4 P& 9 B8ke 24 XA
A B A 7] (X-ray diffraction, XRD, Panalytical)?} XA 337
A}E33-7] [X-ray photo electron spectroscopy, XPS, Thermo
Fisher Scientific (K-Alpha)] 242 &3} <13}t

2.4. RME AXje| M= =t

RME 2:22] 207|348} 2] 542 241517 9]}l elec-
trochemical workstation (PGSTAT 302N, Autolab)S A&
Stk <3 A1
PVB 5= Hislo] o}

H(cyclic voltammetry, CV)& 3}
7} 42} 0] Absl/eh Wh2-S 31915}
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Step 3: Voltage Application
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Step 2: Electrolyte Injection
“s4. Electrolyte materials
// 3mLDMSO
. ITO glass 50mM AgNO,
"/ ) J 250mM TBABr
e OCA film { 10, 20, 30 wt.% PVB
/ ITO glass :
Fig. 1. (a) Schematic illustration of the fabrication process and (b) operation mechanism for RME device
QL -2.7 VO Al +0.9 V  £1(0.05 Vis)oll A =afatdeh. A [4] (4)]2 o] T o Al RME 2H= yhakel 1 AJef 7F
738} o) 1] el 2 B34 (electrochemical impedance spectro- 9] 33512 WS LEhd
scopy, EISy& A5t A 5HS 24517 18] 28 =9t
RME 42}9] Z7|HAl EAJL Autolabi} UV-Vis/NIR AgBrt " +e” — Ag(s)+nBr : working electrode (1)
EFEA(V-770, Jasco)E S8l ST Albo] wh
E E3g 4 UAESS A5 3 Al 7] A=
- &S SAs] gistel Alktel i 3p lBr5 +e” : counter electrode )
(chronoamperometry, CA)S AF8-5lo] Bl 24 Alof| = 2 2
2.7 VeF+0.9 VO A2 2+ 302 5o wHE el7ts
T, U 2L 0lE) 2.7 VE 100X, 0.9 VE 302 & Ag(s)+nBr~ — AgBrl "+e¢” : working electrode  (3)
ot WHE Q17}8h3iTh PVB g0 w2 RME £:2t9] i+t
Ao 2P ALe| oF A AYE| & HEE SLsske] S 5T Bry +e  — %Br : counter electrode 4)
21 e % 47517 $18) 2.7 V (4A] Hh), 2.6 V
(PVB 10 %), -2.5 V (PVB 20 %)& 30% 52 2759 L . e o
o, =0 Alel 2 391 2] 7] 7] 914 +0.9 VE 302 Eot ol 7} S2E Ag®] /42 SEM olm| A& F3f ehlshl)
shodet Fig. 2(a)oll A H= H}e} o], PVBE 3 7FshA] 92 4
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3.Znt 2 nEt 7} 52 57 9k AL shelskqich v, PVB7} H7hE
off whe} Ag YA A7)+ F4skal ITO A= o H]
RME 2310] Ag 28t ere] stpol i 21 S S2HE1908-2 9 5 alek. ol PVBe] o
Qe A (s go] O SIS WA S5, A U] ol.2.f ol ol
onlo] o] Zab] 1w, Alt) Ao 80 HAEC Ag T2 A o] o] Freet T2
copme  SEHERIAT, olol e % 2 usha U YA
© 5 T =
a0 Aoy ma  BHE AR BEEL I Fig 205, o W71 FHE
2 3=} Ag®] XRD % XPS 4] Auto|r}. oA 9 PVB7} 37}

Fig. 1(b)=

Aot 2] A=l 2.7 VE

Ag' o]o] &

Br o]- o] AFSHEITH A (2)]. We 2 A Ao,
At 0.9 VE 217lallsEd 4] (3)3) 2ol

Hl Ag7t Ag'=2 A8tE] o] 8fj2] &1L, Bry o] Br
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Fig. 2. (a) SEM images of Ag layers deposited at -2.7 V for 30 s with a different PVB concentration. (b) XRD patterns of Ag layer deposited

in a liquid and gel electrolyte. (c) XPS spectrum of Ag layer.
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Fig. 3. (a) CV graphs, (b) Nyquist plots, (c) optical transmittance spectra, (d) optical reflectance spectra, (¢) transmittance switching response

obtained at 600 nm, and (f) coloration efficiency for RME devices at different PVB content.

Table 1. Data summary of electrochromic properties for RME devices.

Electrolytes R (Q) Ty (%) T. (%) AT (%) ty (S) te () CE (cm?/C)
Liquid 72 82.0 0.3 81.7 114 7.34 51.4
PVB 10 % 7.9 82.9 6.3 76.6 13.6 13.0 49.8
PVB 20 % 11.3 85.2 1.9 83.3 17.1 16.3 452
PVB 30 % 18.2 74.5 4.1 70.4 335 15.2 33.1

Table 2. Optical transmittance and reflectance modulation for RME

devices.
Electrolytes AT (%) AR (%)
Liquid 83.5 71.6
PVB 10 % 83.5 75.2
PVB 20 % 83.2 77.0
PVB 30 % 83.2 74.5

7F Aol w2 -0 W3t I Z[Fig. 3(e)]E 71N
2, WA A2 3 AR E1HE0] 90 % A ol mLeh o
Ae)l A7HE whg £E 2 Ho)akoT). Fig. 3(e)oll A &

018} 4= Q)= 0], PVB &gFo] Z7}3H4=E A Wl A Ao
2R E= A7Ho] 7}&% I 4= 9J o, o] Table 19]
AR Z AIZHt) B 2 A17HE) gholl A BhelEic),
PVB o}efo] ol A4S 1= o) 23] Aol 4] 734291 v
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of w2 e 5442 HA §%°ﬂ£ P &= 3l Fig.
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HHH, PVB 9t S7te] whaf HAY %Ol Hasto] PVB
30 %0l Al= CEZLo] 33.1 em’/CE Hol= A& o 4= 9l
webA], s A SHE 98l A A3t o] PVBE A5
A 21 sk 2ol B asioh
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AOD _ g(Tc
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®)



405

Reflectance(%)

300 600 900 1200 1500 1800
Wavelength(nm)

—_—
0
~—

a
o
=3

Reflectance (%)

o 50 100 150 200 250 300
Time (s)

Fig. 4. (a) Photographic images of the RME devices operated at different applied voltages, (b) reflectance spectra of the RME device with
PVB 10 % at various applied voltages, and (c) in situ optical response of the RME device with PVB 10 % at various applied voltages.
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Fig. 5. Cycling performance of liquid, PVB 10 %, and PVB 20 %-
based RME devices.
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