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Fig.1 Schematic diagram of preparation for NiO and Sr-doped NiO films



34

PFAIREE: HEES B0 NiO TR B 3~ S A i B2 (ke ) o A )

* 1165 ¢

XRD Elif. B2%00 5 KR E 20 4 37.3°, 43.3°,
62.9°. 75.2°F1 79.5°4bAG B B IIAT UG, XE RS T
#H NiO (PDF#47-1049) fA(111). (200). (220). (311)
A(222) 8k, H#Q00)fm A KL, [, %
AR 2 F A 2 i U, BBV BT AR . % XRD
B HEAT R AR OR JG /T AR . BE# 15 44 & R,
NiO HI(111)F(200) & T (AT 5 06 7] /8 £ P A, 3 2 [
9 SrPAR(118 pm) KT NiZ'H2FE42(69 pm), Sr* &4 |
A P NI S EEEAN T NiO g IR, 55
NiO f [ (B BEAE Ko 73 025 A LA &85 SR 1] 2F A1 2¢g
FIi7R, KRB NIiO 5 & [ (] 254 0.198 nm, 10%%H
B2k 5 S A BEAS 9 0.210 nm, 10 18] 20 5 35 A8 Ok,
X 5 XRD %5 B AH— 5?8, % F NiO §Ia7 7 s M 454,
HEFEmIEREZ, ahsm AR B S8 Nio M &
TAERI RS, A 38 T 327 NiO JH I fr) B B0A8 €00 o 38
RAHEORE.

N TS5 20 5 NiO 38 R (¥ 70 2 4L 548
&, X NiO FI Sty NigoO FEiii#E4T 7 XPS Wik, Frfd

é,

TP e rey
%'-! ‘ (&"‘ y s

K2

B8 H C 15=284.8 eV AT ME - B 3a Al 3b 73 K¢
B Ni 2psn A1 O 1s IE 0 R i, 7T LA H Ni 2Ps,
Bnl oy 4 A, o, 7 854.2 Fil 856.3 eV L)
PN 2 AU B T NP NS TR IR, A Ah 2 g
NTRIE, O 1s BET 430 3 AN, Hodh 529.7 F1531.3 eV
B A 2 S04 B JE T Ni-O Fl4E 25 A7 4R IR IS, 5
Ah 1A IR B SRR AR I P B T B Ak e,
JEEF) Ni 2psn £ O 1s BIFFIEWER A KA BN, &
BB T 8 E X Ni F1 O TR S~ B
M. XPS 253454 NiO MIRHIENE, 454 XRD 453
URIE B T T 1] 4 B ) 3 B2 49 NiO
2.2 BRAREERMNBLAZEERTEMERE

Kl 3c AMRE T B AR CV k. fEnE
IE R A s R A R AR T, BB T — X R
(SR AU RIIE JR 06 o XoF B NPRT NP2 ] 1 S8 Ak A
W JFL TR, (R A BE A A A LS IR (28 IR
AP0 B TR, W CV il 2 i AUE K,
S I T I0 Ji 0eg U 1 FL YR 2 FE R R B v . BB R

(200) ) (200)
i) St.15Nig 550 atn
A (311)(222) h |
1 .
ﬂ " St Ni, ;0
| A Tp.1 N1 o \ |

|
| 0.05Nios
NiO
| | ol A bt

I |PDF #47-1049 Cuibc Fm-3m (225)

Intensity/a.u.

e

20 30 40 50 60 70 80
26/(°)

90 36 40 44
20/(%)

BRI 5 HAE S SEM I, XRD K% & HRTEM M
Fig.2 SEM images of NiO (a), Srg.0sNig.950 (b), Sro.1Nig9O (c) and Sry 15NipgsO (d), XRD patterns (¢) and HRTEM images of NiO (f, f})
and Sro_lNioAgo (g, gl)



- 1166 * Wi e B RS T %53 %
o 10
NiO NiO Olsb g gl c
. é ol

A g Oxygen vacancy =47
> Satellite > % 2+
2 z Adsorbed-O A of
3 s 2
= = S -2t
=l E £

q 5 Ar

313eV | 15297 eV 6r , R .
- - - — — -1.5 -1.0 -0.5 0.0 05 1.0 1.5
Sr, Nig 40 | 120 Potential/V (vs.Ag/AgCl)
| —o— NiO P
5 . 100F —= StoNigy0
< = —o— Sr, Ni, ,O
= < 9= Srp.sNigys
£ Satellite E 8O T eeteO
g z g T
g g N GOV—A/—m—wﬂ—m
— E ' Jd ¢
q 40+ o e 4
200 SENAN 4
1 1 1 II | 1 1 1 1 TR 1 Il 1 0 . 3 . . ""
868 864 860 856 852 536 535 534 533 532 531 530 529 528 527 0 20 40 60 80 100120 140

Binding Energy/eV

¥l 3 NiO 1 St NigoO #/E ] Ni 2ps» 1 O Is H] XPS
XPS spectra of Ni 2ps3» (a) and O Is (b) of NiO and Sr ;Nig 9O films; CV (c) and EIS (d) curves of films with different doping ratios

Fig.3

Pem T HEARF R, 58T RN 10%B 8 E
AR EIRE TENER K, S5BEUE MR
TETEYI I B %, (RIS AR R B R 2 PR R 8L )
VA b 3/5

FL A, 2 B B o FH T 000 AR B SORD LA
FeRrE B 3d R T BB 45 Ak 5 S ) EIS #h 2k .
EIS 4k i B 1) o [ R e ff i A% B, AR 11
HERRNREE S TS AR 2 Y HeH it
HRBENEFEMEL, 57585 BIS k)
[ B2 W 2/, Hod St NigoO JH 242 B0/,
EIS MiZk RIS 15 4 BRAK T NiO IR 1 B8 1% fa
BH7J, HREEF T He S RN EE. KA Randles-
Seveik HHELE A CV fIZiH5E T NiO MR 79
ﬁ&/z%\%&[ﬂ-%]:

1,=(2.69 X 10°)n 2 AD,; AC 1" (1
o, RGBT, BN A, nu NS 5 Cf
THE T, ne=1) : A AHEZS 5B N 2L
F(6 em?), Dy 8 87 75 R (1 1k 22 9 HUR 5
(em® s™) o ACLA BRI JE 81 B TR B AL R AR
LU E R RS v AFEIER 0.1 Vs,
NiO 1 Sro NipoO ¥ JE K £ & ¥ ¥ 8 R #7 A
1.25x10° F1 2.56x107 cm?-s™!, A W, 10%48 8 115 24
JEMAL S P9 LR EUR T T 1 f5. EIS BhR A4 &+
P HR B G Rt — 0 R B PR AR T A 1
Ty HCBERE, AT E YRR, S T ERE
AP0 | ) A A=

Binding Energy/eV

Z1Q

REVE LA S A A 45 2% L JE FG CV 250 EIS Hh 48

Bl 4a NEBEEAFRES THBEE ), Y4k
SMERELSERL, HEOSHBNRNELNE
o, fREEN REEFEPRS, BERENEDS
2, A (B 25 AR U ZS 1 R O o 2R i 4R o 18
4b it , A5 4 = 1) AR 035 1% 1 2 9 7E 80%
A, HEOZBEBLRE S%HIT, 6 H e E Y
ER T 70%Lh Eo EEETE 650 nm Ak (1 JFEALE T F
A2 W B 4c Fion o T8 IR AL AR E Ik AR Ak
FEAIE T FEE 11 R 35038 £ o B B[] o 35 2% A NHO 9 JiSE 11
HAROI T 29 6.5 M1 4.3 s, 5 4% J5 48 (0 0 3 5 8]
ATHERF, BEBRENIGIN, 586 E R
B4 % SroNigoO 5 1) 5 B (i (B 29 4.5 F
2.7s, Srg15NiggsO R K5 4R (0N [A] e T, 29K 4
2.5 so JF PR R e Mt el 3508 0 S T FR A 8 A
KA S B . AR5 2 B2 T BT 8 A o 45 it 42 dn 1
4d~4g Frow, DL 6 I )5S B AR B 80% MK
KB RM NIO M BEALIEH 7 2800 &, HA
Sto.15Nig.g5O 7 f 25 4B €00 i R) 5 J, H 270 28 Ik 5
WAL 2850 K, XAREEFNEEMNE FEHE
KM 5182 T NiO A 25 1) (1 3o B Wi A%, DA Tf 7™ 5%
M 7 AR IR AR . T St Nip.oO T 1 8 1K
HOAF T 10 120 K, NiO G H e A 3 T
KIEHRTE . £ 1 XF 7 A8 705 Sk #E (9 Nio
JEL T FELBOAR B PR R, T LLE B R T 95 2 0 NiO
A 25 RE) TR S P TE 50 TR A FR e M T TR HE T
HEMEM



PFAIREE: HEES B0 NiO TR B 3~ S A i B2 (ke ) o A )

* 1167 *

Transmittance/%

S1,05Nig 95O
I S'o 15Nipss O

Transmittance/%

|

I

I
; . RN
600 700 13 57

Transmittance/%
Transmittance/%

400 500 9 11 13 15 17 19 21 23 25
Wavelength/nm Time/s
— SrgsNig 450 € Sty sNiggsO

Transmittance/%

1 1 1 0 1
0 1000 2000 3000 4000 0 1000

2000

L 1 L | I
3000 4000 Yo 1000 2000 3000 4000
Number of Cycles Number of Cycles Number of Cycles
90
80 = Sr,Ni; ,0 g

Transmittance/%

12000

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000
Number of Cycles
B4 IR AN [FDIRZS T A e 35038 1 g

Fig.4 Digital photos of the film in different states (a), optical transmittance spectra (b), color change in-situ transmittance curve (c), and

light transmittance versus cycle number of the films (d-g)
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Table 1 Comparisons of electrochromic properties of NiO
films

NiO films t/s t/s Cycle number
Porous Co-NiOP** 71 59 2000
e 11 a6
NiO nanotube arrays''® 3.92 343 1000
Nanoflakes Sr-NiO 45 27 10 120
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Effect of Sr 1on Doping on lon Transport and Electrochromic Properties of NiO Films

Xu Kejun, Wang Liuying, Liu Gu, Ge Chaoqun, Wang Long, Wang Bin, Li Muhe
(Rocket Force University of Engineering, Xi’an 710025, China)

Abstract: Electrochromic materials have very important application prospects in the fields of intelligent display and military camouflage.
In order to improve the long response time and poor cycling stability of NiO film in alkaline electrolyte, strontium doped nano-sheet NiO
electrochromic films were prepared by hydrothermal method. The lattice distortion caused by ion doping and the synergy of micro-nano
structure make NiO thin films exhibit excellent electrochromic properties. Strontium ion doping improves the electrochemical
characteristics of NiO film, thus improving the electrochromic response time (coloring time is about 4.5 s, bleaching time is about 2.7 s)
and the coloration efficiency (CE, 85.2 cm®-C™"). On the other hand, it provides support for the NiO crystal structure, strengthens the
stability of the crystal structure in the electrochromic process, and significantly improves the cycle stability of the film (the cycle number
exceeds 10 000). The research results have certain reference and guiding significance to promote the engineering application of

electrochromic materials.
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