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Cuz(HHTP), Film-based lonic-liquid Electrochromic Electrode
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Abstract: Room temperature ionic liquid shows wide electrochemical windows and good environmental stability,
which is expected as an ideal electrolyte for electrochromic devices. However, the small crystal spacing of
traditional electrochromic materials limits the diffusion of large ions in ionic liquid. Repeated deintercalation/
intercalation of large ions could also destroy the structure of traditional electrochromic materials, resulting in
performance degradation. Metal-organic frameworks (MOFs) are topologically porous materials with a large
intrinsic nano to microporous structure in crystalline, which are expected to provide channels for transporting
large-sized ions in ionic liquids. In present work, triphenylene-based MOFs Cu;(HHTP), films were prepared on the
surface of the conductive glass. Electrochemical and electrochromic behavior of Cu;(HHTP), films were studied in
traditional propylene carbonate (PC)-based electrolyte and ionic liquid-based electrolytes. The results show that,

compared with the traditional LiClO,/PC or NaClO,/PC electrolyte, Cu;(HHTP), film displays low contact
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resistance and high ion diffusion efficiency in the ionic liquid [EMIm]|BF, electrolyte. Switch speed of the

electrochromic electrode is significantly improved with coloring time being reduced from 10.3 s to 8.0 s, and

bleaching time being reduced from 23.6 s to 5.2 s. Meanwhile, Cu;(HHTP),/[EMIm]BF, electrochromic system also

shows a larger light modulation range and coloring efficiency. This work demonstrates the potential of MOFs/ionic

liquid electrochemical system in the field of electrochromic device.

K ey wor ds. MOFs; film; ionic liquid; electrochromism

H B3R € DL RE A8 B A 470 I e 7 1R R AR T
W H R E B AR, BTz B T AR
BETT . ShiE e E LB A T 2 i R SR,
B G T E i W AR T AN I ] 3 R T Y
FEL AR 0 T R 2 A R R AL, AR B
P A H e T R B30 (0 J2 A AR R 2 T 1003 L DA %
HLF B AR SRR . PO (0 SRR 1 P A o 32 B4y
K A HL R AR TR RS oK AR ER T
AT SR AL RN AU, DR H A 2 R R 85 2 MR AL
ZPL BB S RS TERRE TES S
A BT TR KA BSOS, 3 RS P I BRE, (R OK
LHENIER B, AL afmlor,

BT A FR A LR B T AN TS HLECA ML BT
B, BA TSR AR O, RN
WAL EAG e ORI AN TR, BRI i B T
FE . AR BE L R A AL S AR,
TAE T BT ERROK, W1 1-25E-3- F R e U 60
WL 25 ((EMIm]BF,) B FH B 7428 4.13 nm, [t
Li*(0.74 nm) LK — A HCE RN, L5 5 takt
B T BERL/N, KA 10 B 7 M DL 4R P bR
WY, FERBCRAEREZR. R KRR
T2 YR S R BL 5 K, (A4 ) 0 L 2
PR IR R R iR 7 R B BOK S AR i
HLTEENES G R LN v o 7 =i B R NG R R v B S e ]
U RE

IR, —MEABLMN =T REERE
HUAE 2244 BH(MOFs) 7E £ 55 7 Fath . fb 5.
I HL A A% DL RO A S A e O BRI B T
U2 R L 43 g A0 AR A S 3 1 {45 = 7 2K
MOFs |73 175 G 85— 10 1A FiL A S5 xoh Hi 35038 € 4 ) (1)
BR,

BEXE BRI R, AR AR S g R A T
= KI5 Cus(HHTP), (HHTP=2,3,6,7,10,11- /%
B = IR AR, I b T T RRAE A% G R R
PR A i HL AR 5T (LiC104/PC F1 NaClO4/PC) 5 2 14K
([EMIm]|BF, FlI[BMIm]BE)H [ H Ak 2 Fl H 55035 £
PERE.

1 EWHE

1.1 Cus(HHTP), #HiRpy &l &
111 FTO EBEBHKESHALE

W 815 42 B AL (FTO) T HL B 38 40 IR I E &£
BFK. CEEFIAE S, A 30 mine HES
W, KBS S HE s LR Hy0, NH;OH Al
H OB 1012 S)PRA R, 75 85 C Fhn#k
30 min, ffiF R EEER .
112 FTO SHEEBERMEN

X AL BRG] FTO 3 LB kAT TR AL 3, =
HA T 5] R VB AE (B3-S B T 26k ) = R S 7k o £ B 7
(3-APTMS)5 ZBE(RFILL 1:100) IR &R,
TFAZE R FALEE 30 min, F ZBEF1 258 F/KIE TG,
£ 70 CEZ A 15 30 min, {F R EA,
RERE AR .
1.1.3 Cuy(HHTP), HEHH &

¥ 0.182 g To/KBEIRHA AN 0.032 g /N FdE =K
FeAA 43 B FFRAE 500 mL JE7K £ A fic ) 4 £ A
BCARVET . FTO SHIIEIIE AR, KRR K KR
WAL 4B TR (20 min) ML /KA (40 min)Hh, 7
B AE B AT IK ARV R AT B, T B K IR I
10 min PAZ:FR 2 RIATIKGE, DLHAE N —NERER.
PEIEAS B EAT BIA R JEFE R Cus(HHTP), %,
HAEIR 104 204 30 F1 40 URFRAG 1 788 JE 4 5l i 44
N 10C. 20C. 30C #1140C.
12 #HmIRESHEEMIK
121 MR

FIH Hitachi 23 7] (H 4%) ) Model S-4800 37 & &t
M R (SEM) ML S HE S JE S . A A Renishaw 2
H](Je [ )inVia-Reflex F7 8 EHHAXAE 532 nm BOE T
MARFLE . A Rigaku 27 (HA)) D/max-
2550 Y X BT BT RE AR DA, B EUE N
CuKa (FEJE 40 kV, HLJi 300 mA, A=0.154056 nm).
FIH ESCA-Lab 250X 24 (35 )X 4 £t B Re 1Y
M E XPS R .



%8

TR T, & BT Cus(HHTP), I A 5 1 VA R 35038t LA 885

122 BAeFENKXSHE

PA 1 mol'L™" LiClO4/PC. NaClO,/PC F15 ¥k
YR[EMIm|BF,;. [BMIm]BF, {E A AR, 1 cmx1 cm
BARIAE 0 R, Cus(HHTP), ¥ JEAE A T A B bk,
Bl Ag/Ag E NS L H (R HE), RH
= HR AR RO AL A S . A Perkin Elmer 22
"] (32 [H) ) Lambda 950 4 #h—nT WL 4356 36 B 1
R O M BB . 8 PR Tk 2% T4 3 (Biologic,
VSP-300)#ll £ A4 5 FH 4T 3 (E1S) A1 B AR 22 il 2%
(CV), FHJLEN 100 mHz~1000 kHz.

T WAL D Ron L EUE 5 2 A 8 1 78
(R B R, R R AR o I 8] AN R () SR B S 8
D AT LAy 5l LK 27 BE B 15 AN R AR 22 A i B
.

FUWE T HUREL Deis 7 LA EIS B rh 4 B
15 31101,

Dris=R*TY/(2S*n*F'C*GY) (1)

Hob, R NAREE, T RAXTRE, S & H W TAEmH
L n i T3, FRVERCE T, CRBETIRE, G2
Warburg 5 %1.

T TV BRE Doy AT EAIEIAR 2203
R 3,

Horp, i AR ELIE SR I i =y R IRAE, n 2 S 5
2E RN L8, C O LT TR BE R, v AR
FHMHER.
H BRCE(CE) & TR 6% B (AOD) I U (HR th 3
A 25 2 (A AR 4k ) 5 A7 B AR T Ay N B i
(QIA AR, 8 A R R PR
CE=lg(Ty/T.)(O/A) 3)
AOD=1g(Ty/T.) 4)
K, T, M Tl ATERE— KR, ECE AR
FHITERR S TE BSINEL R, O NS H
far 48, 4 ATHIA

2 HR5HE

21 Cus(HHTP), H#iR Kk ERIRRA
Cus(HHTP), HM 1 FTO SHILIE R R HR
Y00 = 30 2T A VR T 1 R A L g2,
Bl 1(a)tdi B2 AN [F) il 25 3 Cus(HHTP), B () i
Jr, LA W, BEAE H A IE IR REOEm, R
FEAS WG, L€ R 3g W 3R ) R R AR, B
Je I R, JF H TR 800 nm Ab RO JE 5
JER)ERE R IELLE R 451 278, Cuy(HHTP), #ifiE

. 50 302 12 12 NN , N N
i,=2.687x10° x> “x Dy, ' *x CxAxVv () (1) 5 5 AT LI ok 1 3 2 2 A0 PR Ik 0K )
(@) = Absorbance
12+
-J 0.49 pm Fitted line
310l 07
S| E
g u.
s - l 1.81 um
O
g
-<° 0.6
041 -
400 600 800 1000 1200 1400 1600 1800
Thickness / nm
© G
[200] [001]
~ [210] _ / \
= Experimental 3 Cu,(HHTP),
S 3
g 8
k| £
Simulated
= . HHTP
1 1 1 1 1 1 1 1 1
10 20 30 40 50 500 1000 1500 2000 2500 3000

20/ )

Raman shift / cm™

Bl 1 Cus(HHTP), I R AL L
Fig. 1 Characterization of Cu;(HHTP), films
(a) Change of absorbance at 800 nm wavelength with film thickness, inset showing the pictures of Cus(HHTP), films
obtained in different growth-cycles; (b) Surface SEM image of the Cu;(HHTP), film obtained from 20 cycles;
(c) XRD patterns of Cus(HHTP),; (d) Raman spectra of Cus(HHTP), and HHTP ligand
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Fig. 2 XPS spectra and pore size distribution of Cu;(HHTP),

(a) XPS full spectrum; (b) High resolution XPS spectrum of Cu2p;;
(c) Pore size distribution diagram with inset showing N, adsorption isotherm curves for Cu;(HHTP), powders measured at 77 K
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Fig. 4 Cyclic voltammetry curves of 20C films at scan rates from 10 to 70 mV-s " in (a) LiClO4/PC, (b) NaClO,/PC solution,
(c) [EMIm]BF,, and (d) [BMIm]BF, with insets showing peak current at different scan rates (i,) as a function of
square root of the scan rate (V'%)); (e) Nyquist impedance data (dots) and corresponding fitting results (lines) of
20C films in various electrolytes, respectively with inset showing corresponding equivalent circuit; (f) Calculated
diffusion coefficients of 20C films in various electrolytes from electrochemical impedance
spectroscopy and cyclic voltammetry, respectively
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Fig. 6 (a) Structure diagram of Cuz(HHTP), and poly
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multiple device, and (b) UV-Vis transmission spectra of
multiple devices at voltages of +3 and -3 V
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