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Abstract: Electrochromic materials can be used in new display devices because of their color-changing properties
with applied voltage. The current multicolor electrochromic devices (MCECDs) are mostly prepared using several

organic materials of different colors, and their process is relatively complicated, leaving preparation of simple

MCECD:s is still a challenge. In order to simplify the preparation process, we proposed a Prussian blue analogue
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composite electrochromic (MC PBA) film with four typical color states of red, blue, green, and yellow for excellent
performance ECD. In this work, the preparation of a Zn-Fe Prussian blue analogue composite (Zn-Fe PBA) film
was proposed by a two-step electrodeposition method. It has only one pair of redox peaks in the cyclic voltammetry
curve, which corresponds to the redox reaction between Fe''/Fe". The electrochemical performance of the Zn-Fe
PBA film is excellent, which hardly degrades after 10000 cycles. It is white with almost no color change during
electrochemical redox, and does not affect the color when assembling multicolor electrochromic device (Z-MCECD)
with MC-PBA film. In addition, the Zn-Fe PBA film is used as ion storage layer which can significantly reduce the
overpotential from 4.0 V to 1.5 V in the corresponding ECD. Benefiting from the advantages of Zn-Fe PBA film,
Z-MCECD maintains four typical color states of red, blue, green, and yellow, while the operating voltage is lower
and the cycle stability is also significantly improved. The transmittance control range within 2400 s was almost no
attenuated, and after 3600 s, transmittance still maintained 74.4% of the initial, while the multicolor group

experienced completely irreversible performance loss after 1200 s. Z-MCECD has great application potential in

¥37%

color electrochromic display field.
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Fig. 1 Topography analyses of Zn film and Zn-Fe PBA film
(a) Digital photo and SEM images of Zn film; (b) Digital photo and SEM images of Zn-Fe PBA film
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Fig. 3 XPS spectra of Zn-Fe PBA film

(a) Full spectrum; (b-f) Cls, N1s, Fe2p, Ols, and Zn2p binding energy spectra
Colorful figures are available on website
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(a) Cyclic voltammetry curve; (b) Step cycle stability; (c) Response speed
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ik Z SV 45 B s o BBk, Zn-Fe PBA 7R
—0.8 F1 1.8 V NXIA] WG HIZE L B A Z IR,
B L ANBE A L R AR AT A2 4k . Zn-Fe PBA ¥
JEEZE 1 mol/L LiCl10,/PC HLRF R 2 IR 1 J5 1 FEL 2L
A g N 5 FE R

Lig72Zn 44]Fe; 2(CN)g] -xHQO(colorless)—O.7267—0.72Li+ >
Zn, 44[Feq 72Feq45(CN)] xH,O (colorless) (D
2.3 ET Zn-Fe PBA HEMXEHETERS
4 1Ege

MCECD #H4iil & ifE w Bl 6(a) s, 430l
18 ] ITO B35 Zn-Fe PBA 1F % bl vl LAY 51145
F| I-MCECD £l Z-MCECD. % fl MCECD IRk
Z &Kl 6(b)frzw, AILALFE 2], I-MCECD HHR
EEEN, FAIEJFEA R HAZ 4 V 1
SEZAE B AR % . Z-MCECD fH
M I-MCECD KR %, Ak 5 E, [H
I F B NE 1.5V A4 . IX3K B, DL Zn-Fe PBA
MRS T, WD T B TEP A Bk 18]
FENFIHH P PEAS, $&m 7N e, [
T HBH A B, {15 Z-MCECD #5441 H
AR e I-MCECD 4.

L ERS, Zn-Fe PBA HJE N 1% %52 i 0 € 3%
ABEAEM . E 6(c)4H T HiFh MCECD TEHILAIR
B TFHERL RN, —H7E 500~800 nm B EEA
#HE, 1E400~500 nm 3 B Z-MCECD []3% i 2 1% /)N
T I-MCECD, {Hiz KImZEN N 8%t . Hi X &
UEBH Zn-Fe PBA {85 150 €84S il A0 i e 1 48 4k T
A4k, Bk, AN Zn-Fe PBA TEIEXT 28 1E A5
A RN . Z-MCECD [ Y Fft i 28 B0 € R 2 (1038 1o 26
g 6(d)fR, 43 MAE-1.0. 1.6, 22 f12.8 V
WAL, 5, Sz e, WK 6(f). Lk,
Z-MCECD ¥ B 8K 9 34 A2 @ M B B 2 2 &
Z-MCECD % i 22 4% 6 B fE P R HL £ -1.0/2.8 V 2
[F1) i T[] AR A 0] oh 2, AN B K PR T Tt I o 1] g
30's, WK 6(e)Frr, MRPEEK R 730 nmo. N EHA]



966 T AL A R R ¥37%

DLFE B, 7EHT 2400 s, FIRFETELFERAER & 7 TP ERRZS () 45 i 375 5 26 B 1 18] 2214 1
A, 3600 s JG, VITRAVIMEE] 74.4%, AHEE B2k, MARP KN 730 nm. 28, R4 FER
I-MCECD (£ 1200 s JatE g LT 52 & )M BRAE S U1 s [a) S5 R € s 3] 7353l g 46.2 R 5.5 s; 7
BN Sy ey 2L SRR S U 3 5 € B (1) 5 48 € B 1) 90 531 R 27.3

Z-MCECD (g =& 7 fros, Hhdq  F 39.1 s; fEAEGEARES D)5 (o (7] 5 48 o i)

(@ Paste Install the o —~ I-MCECD
double-side ?ount%r § 12 f(b), — Z-MCECD |,
tape N electrode < 08F €T >
N — _— E oal av T ‘
Inject é’ 0 ------ g
4 electrolyte 85 _04l
Four-side seal | é) 047
—— . g —0.8[
“ 5_1'2—3—2—10 1 2 3 4
Potential / V
100 100
2 t .. —EMCECD(T]) 18 < L(d) P 100 (¢) —ZMCECD  — I-MCECD
~ 80fF Z-MCECD(T2) ]lg -~ < 80} e X g0
8 k. - AT=TI-T2 8 8 | P -LOV,R | 3
2 . 14 g [ -~+1.6V.B ]
3 60 Y s g 60 2 60
£ , \ 1 8 7 [~ — s
R 2 £ £ | ;e ==+22V,6 | £
g 40 1o & g4o~/_/~ S0 R28VY | 40
< r -7 < . / [=|
&= 20 ) 2E E20F  _- N B2
LT e 4 < L ~o
1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
400 500 600 700 800 400 500 600 700 800 00 600 1200 1800 2400 3000 3600
Wavelength / nm Wavelength / nm Time /s

® -1.0V

_==F [MI]
K6 Ftoms st

Fig. 6 Performance of multicolor electrochromic devices
(a) Schematic diagram of MCECD preparation process; (b) Cyclic voltammetry curves of MCECDs; (c¢) Transmittance spectra of
MCECD:s at the initial state; (d) Transmittance spectra under different applied voltages of Z-MCECD; (e) Step cycle stability of
MCECD:s; (f) Digital photos of Z-MCECD under different applied voltages. Colorful figures are available on website
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(e) blue and yellow, and (f) green and yellow, respectively. Colorful figures are available on website
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