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ABSTRACT The semiconductor properties of the passive film on Ni201 formed by anodic passivation
in pH=8.4 buffer solution and the oxide film on Ni201 formed by thermally grown in air at 500 C
were investigated by photoelectrochemical response and Mott—Schottky response analysis. The Mott—
Schottky plots for both the passive film and the thermal oxide film on Ni201 demonstrated that the
two films exhibited p—type semiconductors with different values of flat band potential: 0.40 V for the
passive film and 0.15 V for the thermally grown NiO. The photocurrent spectra of the passive film on
Ni201 were derived into two peaks for inner NiO and outer Ni(OH), layers, respectively. The band gap
energy E, for the inner NiO was 2.8 eV and the E, for outer Ni(OH), was 1.6 eV, respectively. The
E, of the inner NiO of the passive film on Ni201 (2.8 eV) was closed to that of the thermally grown
oxide of Ni201 (2.4 eV), indicating that the inner NiO in the passive film is crystalline structure. An
electronic energy band model of both p-type semiconductors of inner NiO and outer Ni(OH). layers
was proposed to explain the photocurrent and Mott—Schottky plots for the passive film on Ni201.
KEY WORDS Ni201, passive film, Mott—Schottky plot, photoelectrochemical response, semicon-
ductor property
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AL A A Ni201 78 pH {Eh 8.4 @y g
WA BUEAR LR Ton MR Mott—Schottky BZEHFST
T Ni201 R A IR = AT, @2 T Ni201
FE ARG AR R A B AL R L T RE A A AR, AT
T 2 PRI SR R A A AL B IR B T4
PEIR.

SEES BT A Tk 2l Ni201 fymisrh (4L
%): C 0.011, Si 0.12, Mn 0.23, P 0.002, S 0.001,
Fe 0.16, Ni &&. #EZ2L4Ly#EH 3 mmx10 mmx
12 mm R{#E)E, & SiC EBRFTEE 2000 5, F&
0.5 pm Al Oz #i136, 1E ZEERIEAK 2 7 ik g e Js
BT TRAEPEH.
1.2 SETSEKR

Ni201 i&#£4E 500 ‘C Muflle 47k 2 h.
1.3 EB{L3ah

AL B IATE B ] A A SR E R 0.5 L
R T o R MR R R T REAT, SCRRIEWCM pH {EA 84
RITERZE wiEW (0.15 mol/L H3BO3+0.0375 mol/L
NayB4O7-10H20), iX#% PTFE RirsEEREH
0.28 cm® B TAETER, FFHIRFESE & T Bt 4 a2
W e B e ALE by ISR R Bk (SCE) fEH
ZH MR, Pt BARSE B AR, SCRAT SRR P E A
B4 Ny Bk Oz 1 h. T (450 W, A >200 nm) ¥EN
JEUE, RHEDEEEA 2.4 mm BegERy CT110 AL
(1/8 m) 43Jt)s, @it b A S g i BT EIK
FERME, SEHEMA 24 mmx3.0 mm. FH 200 nm DX
1.33 nm/s #EHELELHEZR 800 nm. HiREE TR
¥, MLERTE TR IR — M E E S,
FeH RN 2 — @ H )5 LR #EAT A LA RN,
Parstat2273 {5 AL 57 M = B AR AR 2R 5 6 HL 37T IR Y.
Ni201 R IR EATE BB R A R XA SR
W RBRAE (-1.0 V) 10 min, R)5HEMM—AL THELIX
HIRUEERL . B 29 10 h, Rei BB RER & Sk IS 7EAR
E 0 HL e

Mott—Schottky fiZRillif7E_ LR S W F#1T, =i
FAE AR IR B 2 h JEAEHE, e X =B AL
R TSRS, B ER 10 mV, JHiE 1000 Hz, By
BRELJE 20 mV.

AALIER RS E H] ESCALAB 250 & X S48
TREEAX (XPS) 43, 4iaraelh Cls [y 284.8 eV
WERRIE, TREEZMTIA Art JRST.
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Fig.1 Potentiodynamic polarization of Ni201 in deaerated

buffer solution with pH=8.4 at room temperature

with 1 mV/s scan rate
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Fig.2 Mott—Schottky plots for NiO thermally grown in air
for 2 h at 500 C and passive film formed on Ni201 at
form potential Ef=0.4 V for 2 h in deaerated buffer
solution with pH=8.4 (Cs. indicates the capacity of
space charge layer)

Ni201 7E pH {EH 8.4 VW % MU HliL
B Na, Z31825% 5.99x10%2° ecm 3, & Ni201 7£ 500 C
2SS H N 2 h AEREARIE Na (1.76 101 em™3) 1 34
%, ROEL A B G R mR A B . AR R R
B, SACIE N s SR IEE I PE I TR 3, AL IR BL
BEIRE SR 56, SRELIEP S AR A&
BB T, MR A § i k52 Ek R, Hfe—
E B TR 5 HAH R AT B TR, S AR
T (W CI7) 3EiH, SifbBRREA 5 Z B BR.
2.3 R {LFEmEL

B 3 R T E=-0.2 V B33 Ni201 REH
R (Ion) W B 3a i Ni201 ZEFEiRESH
SEACE B EAL IR Ton 3%, BAISREW E 300 nm JF4, 7€
370—400 nm JERL I, X—FALBEESCER (23] FEZ
#okE N NiO. B 3b Jy Ni201 ££ pH {2l 8.4 gy
G Br=0.4 V X4 TIRBREALIERY Ton 35,
R H 260 nm FFEEHEINE 340 nm RS 4>,
HIEZWH 0, B 470 nm JFERHEME 510 nm FEREE —
A % Ni201 BRI Ton WERH 2 410N
TFERIEFr ok, BZEACIE BUZ S BL, S 24
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¥ (NiO), Hif/MEERER B FAMLE RS O FE’
JERME. iR 3b #r 510 nm gAYt SNZ Ni(OH)o
;K4 NiO.
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Fig.3 Photocurrent (I,,) spectra for NiO thermally

grown on Ni201 for 2 h in air at 500 C (a) and
passive film formed on Ni201 at F¢=0.4 V for 10 h
in deaerated buffer solution with pH=8.4 (b) (Ipn
spectra were measured at applied potential E=
-0.2V)
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Fig.4 (Iphhu)1/2 vs photon energy plots to determine the
Eg for NiO thermally grown in air for 2 h at 500 C
(a) and passive film formed on Ni201 at E¢=0.4 V for
10 h in deaerated buffer solution with pH=8.4 (b),
tested at E=-0.2 V

15 2.0 25 3.0 35 4.0 45 50 55 6.0 6.5
Photon energy, eV

B 5 Ni201 7€ pH {4 8.4 Ay PLL 0.4 V RS

10 h EREMLER RTINS F XA
Fig.5 Effects of applied potential E on the photocurrent

spectra for the passive film formed on Ni201 at
E¢=0.4 V for 10 h in buffer solution with pH=8.4
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1€ pH (N 8.4 By AW LABIAL L E 0.4 V fifk 10 h
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pH Hl 8.4 AW AL HEIE 0.4 V £k 10 h
HIBEALIE, HANZEZRSH Ni(OH)o, JEEEZ) 1.5 nm,
WEN NiO, BEEY 2 nm. 5L 5 Hrh R
—5.

3 Shitie

o RSz 45 WANHE T 40, Ni201 78 pH (R
8.4 WG EW FIE B EALIE, WEH NiO FfISMNER
Ni(OH), ¥12k p BG4k, XHWVHY B, 43514 (2.840.1)
M (1.620.1) eV, HIEHFEmRNEIE F=0.2 V BtH 0.
Mott—Schottky RiZk3B Ni201 FREEALIER En 290
0.4 V. [HIl, %t Ni201 FTH FHR A B A S iy
M p Bl QARE R AR B 22 S S AL IR I T /Y
H T RE AR k.

Bl Ta ;R T Ni201 SRSB4 AT B
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Fig.6 XPS plots of thermally grown oxide film on Ni201 in
air for 2 h at 500 C (a) and passive film formed on
Ni201 with Ey=0.4 V for 10 h in buffer solution with
pH=8.4 (b)
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Fig.7 Electronic energy band model at equilibrium (a) and
the relationship of the electronic energy level of the
conduction band Ec, valance band FEvy, Fermi level
Er of each compound, redox potential E,.eqox of the
electrolyte and different E (b—e) of the passive film
formed on Ni201 at E¢=0.4 V (SCL indicats the

space charge layer in the passive film)
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