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Preparation and characterization of CuBi,O4 powders by organic acid complex method
Akane DOI - Kenji OBATA - Shigenori MATSUSHIMA

Abstract

CuBi,O, powders were prepared from a malonic acid complex and characterized by X-ray diffraction (XRD), X-ray photoelectron

spectroscopy (XPS), UV-vis diffuse reflectance spectra (DRS) measurements and scanning electron microscope (SEM) observation. The single

phase of CuBi,O, crystal was formed even after heated at 500 °C in air.

The obtained CuBi,O, powders had a crystallite size of 47.3 nm and a

specific surface area of 2.89 m*g. The mean particle size of CuBi,O, was ca. 0.2 um from a SEM observation.  The electronic structure of

CuBi,0,4 was calculated by using the generalized gradient approximation considering on-site Coulomb interaction between d-electrons (GGA+U).

As the result, it was found that CuBi,O, is an indirect gap material and the band gap energy is calculated to be 2.4 eV.
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Fig. 1 Crystal structure of CuBi,O,.

ME AL T 24

2. RBRAE

~ 0 UEESEMRIE T, HRIEEEE L TBI(NO3)3 5H,0,
Cu(NO;), 3H,0 kU~ um fgafv, Znbx2:1:3
DE/NITIM-HNO;HICIEfR STz, Z OB E A >
N7 L— b ETIMENL., Bk, RRELEEIT 72, A
J UL b O R EIRER R L Lz, 51
ToHTBRRRY R A . FIREEEL0 °Clmin, 225 1215 [H,
500~800 °COiR FEEHHPA CheRk L7z, — 7. BEMRIGE
TIXHEFEHZa-Bi,0; & CuO%E Ay, 1: 1OEIA TR
AL, RCEMEThER LT,

FREL L 7o Bk o A SRR T R R XGRR [B BT I E
(XRD) 12 XV Fli L7z, MIEICIL, XRDERE (MR
LU H 78 Ultima IV) ZEH L, XHRIE : Cu-Ko #%,
BEIE-E B - 30 kV-20 mA, EAHIPE 0 10 °- 80 °, *
Xy VA 2.0 %min, Y 7 AEE 0010, FEE
B 3EOPESRM L Lz, HFREREIL, R miLE
& (QUANTACHROME INSTRUMENTS %!, NOVA
1200e) % VT, BET (Brunauer-Emmett-Teller) %12 &
DINEZAT o7, TEIX. WAE T AN A (99.999 %
PLE) AW, ik (FHXE0.L <P/Py<0.3) TIHHEL
Too BYREELOIEBSH A7 FOVBIEIL, UV-vis 43
YEEEERE (AARS LR, JASCO V-550) % VW THTLV,
ME LT MEE— K Abs, L 2R A : Medium,
NV RIE 5.0 nm, EAEE : 400 nm/min, B4 E :
800 nm, #& TI%E : 250 nm, T — & BGARIE : 1.0 nm&
L7z, F72. CuBiOqDEAE FHEIEIZE 25 H 215
572012, dETR L0 7 —1 v KR K O #uH B AE A
#EE LT-GOA+UEIC IS 3 21T 7250, =% L
F— N\ REFRIL, &b SR EE 22 FLAPW (full-potential
linearized augmented plane wave) #:C3EfE L 7=,

3. BRRUEER

Fig. 2ici%. B SER O~ 0 U RIEIC X » T
SO EHIBE T AXRDANY — &R L TW5, [EH



40

O CuBi,O, = _ (a)

® B0, - a

A CuD = = 1=

~52 _ & ~|T a & - o,
© |aEtad a\ g 58 3 e

5 l 1] lrf = S 'Y IR
o o]
=
ol
= M 600°C
g °© oo ? o 2 o 0
= ]o OJOA | a (=] [} o o0 %0 o

O CuBi,O, S - (b)
@ Bi0, a
A Cu0O _ -~ 1=
= g4 =zF- 248 = 700°C
¢ |as3gs 5\”5 2B g
j | ll"’l Wl

500°C

wh A n

Intensity / a. u
(=2
(=3
<
(n

00 . 400°C
Mo A

30 40 50 60 70 80
20 / degree

L)
AA

!

<
(3]
<

Fig. 2 XRD patterns of CuBi,O, powders prepared from the
solid-state reaction (a) and the malonic acid complex (b).
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Table 1 Specific surface area of CuBi,O, by BET method.

Temperature Specific surface area

Preparation method /oC I mélg
Malonic acid complex 500 2.89
Solid-state reaction 700 0.33

Fig. 3 SEM images of CuBi,O, powders from the malonic
acid complex method (a) and the solid-state reaction method
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Fig. 4 XPS spectra of CuBi,O,.
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Fig. 5 UV-vis diffused reflectance spectrum for the
precursor powders calcined at various temperature in air.
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Fig. 6 Energy band structure of up-spin states for
antiferromagnetic CuBi,O,.

JETUIN T2 v 5 B P 2RI e

#4645 (20134E1H)

<BEIHR>

1) T. Arai, Y. Konishi, Y. lwasaki, H. Sugihara, K. Sayama,
J. Comb. Chem. 9 (2007) 574.

2) J.P. Attfield, J. Phys.: Condens. Matter 1 (1989) 7045.

3) E.W. Ong, G.H. Kwei, R.A. Robinson, B.L.Ramakrishna,
R.B. Von Dreele, Phys. Rev. B 42 (1990) 4255.

4) K. Yamada, K. Takada, S. Hosoya, Y. Watanabe, Y.
Endoh, N. Tomonaga, T. Suzuki, T. Ishigaki, T.
Kamiyama, H. Asano, F. Izumi, J. Phys. Soc. Jpn. 60
(1991) 2406.

5) C. Marcilly, P. Courty, B. Delmon, J. Am. Ceram. Soc. 53
(1970) 56.

6) P. Blaha, K. Schwarz, G. K. H. Madsen, D. Kvasnicka, J.
Luitz, WIEN2K, An Augmented Plane Wave + Local
Orbitals Program for Calculating Crystal Propaties
(Karlheinz Schwarz, Techn. Universitat Wien, Austria)
(2001) ISBN 3-9501031-1-2.

7) V. I. Anisimov, F. Aryasetiaman, A. I. Lichtenstein, J.
Phys.: Conders. Matter 9 (1997) 767.

8) B.D. Cullity, “Elements of X-ray Diffraction” ; 2"
Edition, Addison-wesley Publising Company, Inc.,
reading, MA (1978).

9) J.F. Moulder, W.F. Stickle, P.E. Sobol, K.D. Bomben
"Handbook of X-Ray Photoelectron Spectroscopy",
Perkin-Elmer Corporation, Physical Electronics Division,
Eden Prairie, Minn. (1992).

10) J. Ghijsen, L. H. Tjeng, J. van Elp, H.Eskes, J.Westerink,
G. A. Sawatzky, Phys. Rev. B 38 (1988) 11322.

11) Demiryont H and Sites J R, J. Vac. Sci. Technol. A 2
(1984) 1457.

12) A. Goldoni, U. D. Pennino, F. Parmigiani, L. Sangaletti,
A. Revcolevschi, Phys. Rev. B 50 (1994) 10435.

(2012411 H 120 =)



