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Dè�c�N YFeO3 ¥��Wv¶(�, Ù¬NÚB�¬á�3>4á�!DaìÚ1xz+�äk­��
A^d�. ^²¡Å�³�{, æ^2ÂFÝCq!U?� Perdew-Burke-Emzerhof �� - 'é³!¢�m�^�³
O��Y,ïÄ
 YFeO3 ¬N�AÛ(�!>f(�Ú1Æ5�. O����¬�ëþ����¢�(J��. Ï
LéU�(�!��Ý!0>¼ê!áÂXêÚ1>�Ç�O�Ú©Û, (½ YFeO3 ´��UY��N, UY Eg

�� 2.22 eV, �²
 YFeO3 ¬NÚB�¬äk�Ð���1xz5U.

'�c: YFeO3, 1�5�n, >f(�, 1Æ5�

PACS: 71.20.Nr, 71.15.Mb, 71.20.–b, 78.20.Ci

1 Ú ó

Cc5, 'uDè�c�N (REFeO3) �X�
ïÄ�«ÑÙÕA�Ôn�zÆ5� [1,2] Úp<
�A^cµ, X���N�zÔ-�>³�Ò4á
� [3], ��&ÿ�íÀ/Ô!kÓíNÚÙ¦�-
í�zÆDaì�¹5Ô� [4,5], ^u�¸iÿ�
��á� [6], ^u^1>6Daì [7] Ú^u1�
l�¯�^1m' [8] �, Ïd, ��´c÷ïÄ�
9:�� [9,10].

kc�zÔ (YFeO3) äkÆCWv¶(�,
´ ;.� � c � N. � D Ú � �0� ^ 1 ¬
N YIG (Y3Fe5O12) � ', YFeO3 ´ � � L K z
ÜÔ, á u Fe2O3-Y2O3 N X � p§�, L : p
� 1710 ◦C[11]. ïÄ�«, YFeO3 37Ú-1�
4+ [12]!^|DaìÚ^1êâ�;ì� [13,14]

�¡k­��A^cµ. Butler � [15] �@��

 YFeO3 ´�«­½���Ná�, �Y (Eg) �
� 2.58 eV. duT«¬N��Y�Ä, 31xz
+�äkd3�A^d�. �C, Wu � [16] ��

 YFeO3 B�¬3��1��äk1xz¹5, �
�áÂÅ�� 663 nm. Lü� [17] ��
 YFeO3 B

�¬3b	�Ú��1��äk1xz¹5, Ùá
Â>�� 600 nm. �Í� [18] ��^g)�-�{
Ü¤
²þºÝ� 55 nm � YFeO3 ¬â, �¬�á
Â>� 550 nm. Ù¦ïÄö�3}Áò YFeO3 B
�¬^u1xzEâ [19−21]. 8c'u YFeO3 1
Æ5�91xz�ïÄõ�u¢��¡, þãïÄ
(J�Ñ��Y9�d�'�1áÂêâ�3²
w�Ø��,I�?�ÚïÄ; 
XÚ�nØïÄ,
AO´1�5�nO�ïÄÿ����. �©^Ä
u�Ý�¼nØ�1�5�n�{ïÄ YFeO3 �
¬N(�!>f(�Ú1Æ5�, ¿éÙ1xz5
U?1&?.

2 (��.�O�

é � � W v ¶ ( � � YFeO3 ¬ N, Ù � m
+� Pnma, ¬ � ë þ�: a = 0.5594 nm, b =
0.7601 nm, c = 0.5281 nm; α = β = γ = 90◦[22].
§�¬�do� YFeO3 ©f|¤, Fe3+  u FeO6

l¡N¥%. ^ Materials Studio ^��ïá YFeO3

�(��.Xã 1 ¤«.
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ã 1 YFeO3 �¬�(�

�
¢yO�ïÄ���5, ^Äu�Ý�¼
nØ�²¡Å�³�{, À^ CASTEP[23] �¬!
}Áõ«�Yé YFeO3 �¬N(�?1AÛ`
z. ò`z��¬�ëþ�¢�(J?1é',
À��Ð�O��Y. ¢�L², æ^2ÂFÝ
Cq (GGA)!À�U?� Perdew-Burke-Emzerhof
(RPBE)[24] ��� - 'é³!^¢�m�^ (ultra-
soft) �³ [25] £ã>f�lf¢��p�^�Y�
�J�Ð.

O��Y¥²¡Å�äU Ecut À� 540 eV,
Brillouin « k :ê��� 6×6×6. ¬N¥ë�O�
�d>f� O-2s22p4, Fe-3d64s2, Y-4s24p64d15s2.
Â ñ ° Ý X e: � f ² þ U þ� 5.0×10−6 eV;
�fm���p�^å� 0.01 eV/nm; ��Aå
� 0.02 GPa; �f�� £� 5×10−4 nm. ��Ð
©ëþ�, é YFeO3 ¬N?1AÛ`z, ����
ÂñIO��. éÙ¦5U�O�ïÄ��d�Y
?1.

3 (J�?Ø

3.1 AAAÛÛÛ(((���

�â²¡Å�³�{, ¦^ CASTEP ^��
é YFeO3 �AÛ(�?1`z, ���¬�ëþ
�: a = 0.5563 nm, b = 0.7536 nm, c = 0.5185 nm;

α = β = γ = 90 ◦. ¢��¡, ØÓïÄö^Ø
Ó��{��
 YFeO3 ü¬N½B�¬, Boulay
� [22] ^Y9{)�Ñ YFeO3 ü¬N, ¿?1

L�; Shen � [26] ^1Æ2«{)�Ñ YFeO3 ü
¬N, ¿ÿ½
¬�ëþ; Maiti � [27] ^M�v�
{��Ñ YFeO3 B�¬N, ¿ÏL X ��û�¼
�¬�ëþ; Scola � [28] |^óÀ-1�D{�
� YFeO3 ¬N, �ÿ�Ù¬�ëþ, ��L 1. é'
��, �©O�(J����¢�(JU
�p�
y. ù�L²�©�O�ïÄ�Y'�·Ü YFeO3

¬N, �´·�O�ïÄÙ¦5��Ä:.

L 1 ¬�ëþ�¬�NÈ

ïÄ(J
¬�ëþ/nm ¬�NÈ/nm3

a b c V

�©O� 0.5563 0.7536 0.5185 0.21737

¢� 1[22] 0.5594 0.7601 0.5281 0.22439

¢� 2[26] 0.55946 0.76056 0.52817 0.22474

¢� 3[27] 0.5584 0.7597 0.5274 0.22405

¢� 4[28] 0.55953 0.76054 0.52818 0.22477

3.2 >>>fff(((���

±O����¬�ëþ�Ä:, ^¤À�YO
���� YFeO3 ¬N�U�(� (band structure)
Ú��Ý (density of states, DOS) ©OXã 2 Ú 3
¤«. /Ïã 2, ¿²LäNUþ�é'��, ��
. (0.81918 eV) Úd�º (0.19023 eV) þ u Bril-
louin «� Γ :, ù`² YFeO3 ¬N����Y�
�N, UY (Eg)� 0.629 eV.©z [15] �� YFeO3

¬N�m��Y��N, UY�� 2.58 eV.½¡�
� [20] 3%@ YFeO3 ¬N´���Y��N�Ä
:þ, �ÑÙN�UY� 2.14 eV. w,, nØO��
¢�ÿþ(Jk²w�É.

du�Ý�¼nØ´��Ä�nØ,ÃØ´Û
��ÝCq (LDA) �´ GGA, ��Ñü>fUþ
����, §  ¬$�á��UY. ù3�zÔ
��Ná��ïÄ¥4�ÊH, ~X�û� [29] '
u ��zÔ���. Ïd, Ï^��{´æ^}

�ÎéO�(J?1?� [30]. �â½¡�� [20]

�¢�(J, �?��� 1.52 eV, Ò�±���Ù
(J���UY. ÏL?�, �±N!�Y�°Ä,
�ØUUCd� (½��) ¥��U?�ÿÀ©Ù.
�â²¡Å�³�{�A:Ú�þ�O�ïÄ¢
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�²�, ·�(@ YFeO3 ¬N����Y��N,
ù�½¡�� [20] �(J��.

ã 2 YFeO3 ¬N�U�(�

ã 3 YFeO3 �o��ÝÚ©Å��Ý

ã 3 ¥�o��ÝÚ©Å��Ý (PDOS) �A

��>f�é��Úd���z. dã 3 �w
Ñd�doÜ©|¤, 3 –42.5— –41.3 eV, Ì�´
Y-5s ;���z; 3 –23— –21 eV, Ì�´ Y-4p
; �� � z Ú O-2s ; �� � þ � z; 3 –19—
–17.5 eV, Ì�´ O-2s ;���zÚ Y-4p ;���
þ�z; 3 –7—0 eV, Ì�´ O-2p ;�Ú Fe-3d ;
���z, ±9 Y-4d ;���þ�z. ��Ü©K
Ì�d Fe-3d ;�Ú O-2p ;��z, ±9 Y-4d ;
���þ�z.

3 Fermi U?NC, O-2p ;�Ú Fe-3d ;�U
þ�C, u);�,z. Ïd, O � Fe �(Ük�
r��d5. ù��±d Mulliken zÆ�ÙØê

y¢,·�O�Ñ O—Fe zÆ�ÙØêp� 0.29—
0.35.

3.3 111ÆÆÆ555���

3�5�A��S, �Né>^Å�÷*�
A¼ê�^E0>¼ê ε(ω) = ε1(ω) + iε2(ω) £
ã, Ù¥ ε1 Ú ε2 ©OL«0>¼ê¢ÜÚJÜ,
ω �>^ÅªÇ. §´ë��N>f(�!�*
ÔnL§�á�1Æ5��xù, Q��NÑ>
f3U?m��[, ��dd¼�¬N��«1
Ì&E. 3ÀJ½K�Ä:þO�Óâ�Ú�Ó
â�Å¼ê�Ý
�, Ò�±�� ε2(ω), ?
|
^ Kramer-Kröning ÚÑ'X¦Ñ ε1(ω). 0>¼ê
JÜ�L«� [31]

ε2(ω) =
e2π2

ε0m2(ω − ∆c/h)2

×
∑
V,C

{ ∫
BZ

2dk

(2π)3
|a · MV,C|2

×δ [EC(k) + ∆c − EV(k) − hω]
}

, (1)

ª¥: k �Å¥; a �L«¥þ³ A ���ü 
¥þ; MV,C �ó4�[Ý
, eI C L«��, V
L«d�; BZ� Brillouin «; ∆c�}
�Î�þ
�; e �Ä�>Ö; m �gd>f��þ; ε0 �ý
�0>~þ; h� Planck ~þ. �âò�Ç!��
Xê!áÂXêÚ1>�Ç�E0>¼ê�'X
�±¦��A�ÚÑ'X. ·��}
�Îþ�
� 1.6 eV, O�Ñ YFeO3 ¬N�E0>¼ê!áÂ
Xê!1>�Ç, Xã 4—6 ¤«.

ã 4 YFeO3 ¬N�E0>¼ê

ã 4 �Ñ
\�1fUþ3 0—12 eV ��S,
>¥þ÷¬� a ¶ (100), c ¶ (001) ��� ε1(E)
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Ú ε2(E) ÚÑ'X. ã 4 L², ·�0>¼ê¢
Ü ε1(0) 3 (100) ��Ú (001) ���þ�©O
� 27.32 Ú 24.8. �X\�1Uþ�O�, ε1(E) ¯
�O\, Ó�3 1.04 eV ?�����; ,�¯�e
ü, qÓ�3 2.45 eV ?�����. ùÌ�´Ï�
 ud�ºNCÚ��.NC�>f�[¤�.

é0>¼ê�JÜ ε2(E), YFeO3 ¬N3 (100)
��Ú (001) ���¸�Ñ3 1.74 eV ?, ùÌ�´
du>f3 Fe-3d ;�� O-2p ;��mkr��
�[. 3¸�üý, ε2(E) ¯�eü.

ã 5 �Ñ�áÂXê α L², YFeO3 ¬N3
�����1��Ñk�r�áÂ.÷ (100) ��,
1��¸� u 2.45 eV, 1��¸� u 9.05 eV;
÷ (001) ��, 1��¸� u 2.42 eV, 1��¸�
 u 9.64 eV. dd�±�ä, UY�u 2.4 eV. ù�
©z [16—18, 20] �¢�(J��.

ã 5 YFeO3 ¬N�áÂXê

ã 6 YFeO3 ¬N�1>�Ç

1>�Ç σ �d σ(E) = σ1(E) + iσ2(E) L
«, Ù¥1>�Ç�¢Ü σ1 �U
�N1áÂÚ

UY��¹. ã 6 L² YFeO3 ¬N31fUþ�
u 0.5 eV �, 1>� σ1�";÷ (100) Ú (001) ü�
��, σ1 Ó�3 1.81 eV ?�����.

3.4 ���YYY���111xxxzzzAAA555

¯¢þ, 'u YFeO3 ¬NÚB�¬�UYkA
�ØÓ�¢�(J. Butler � [15] ��� YFeO3 ¬
NUY´ 2.58 eV;½¡�� [20] ���N� YFeO3

U Y ´ 2.14 eV; Wu � [16] � � YFeO3 B � ¬
áÂ¸ u 663 nm, âd�±�äá��UY
3 1.88 eV NC. Lü� [17] �� YFeO3 B�¬�û
��A�áÂ>3 600 nm NC, âd�±�äá
��UY�� 2.07 eV. �Í� [18] �� YFeO3 ¬
N�û��A�áÂ>� 550 nm, âd�±�äá
��UY�� 2.26 eV. ù
(J��ÉI�Ú��
Ä, ¿?1©Û, ±|u1xzá��ïu.

Äk, ��Ná�UY Eg �\�1f�U
þ hω �'X�±L«�

Ahω = b(hω − Eg)n/2, (2)

ª¥ A ´á1Ý; b ´'~Xê, �±�� 1; n ´
��[A��'�~ê, éu���[ n = 1, éu
m��[ n = 4. 3 Butler � [15] ���¥, ¦��
ä>f�[�m��[, Ï
À� n = 4 5íä, �
�UY� 2.58 eV. �â�©�O�, YFeO3 ¬N�
���Y��N. XJâdÀ� n = 1, Butler �'
uUY�O�(JÒ¬UC.½¡�� [20] �ó�
w,�
 n = 1, %@
 YFeO3����Y��N.
ù��©�nØO�´�±p��y�. 3ù�¿
Âþ, ½¡���(J'�Ün. �âþã¢�(
J�±�ä, YFeO3 ¬N��YØ¬�u 2.58 eV.

ã 7 YFeO3 ¬N�áÂXê�?���'X

·�À�}
�Î?�� ∆c 3 1.2—2.0 eV
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�m, O� YFeO3 ¬N�áÂXê, (JXã 7 ¤
«. �±wÑ, }
�Î?�¦1�áÂ¸ �m
£!¸�,p,áÂ>¯�/O�.
�
'�,·�^Ó«�Yé α-Fe2O3 �AÛ

(�?1`z, ,�O�
U�(�Ú��Ý, �
�ÙUY� 0.62 eV. ù�(J�¢�� (2.21 eV)
�� 1.59 eV. òù�����}
�Î?��,
�±(½ YFeO3 ¬N�UY�� 2.22 eV. ���
¹eB�¬�UY�¬N�UY�OØ�, �±
± 2.20 eV�ë�.

�âO�(J, ¿(Ü®���¢�(J, �
±(½ YFeO3 ¬NÚB�¬�UY��, 3��
1��äk�Ð�áÂA5. ù«áÂA5L²,
YFeO3 ¬NÚB�¬3��1ì�e¬�)�
þ�>f - �Çé, d�á��1>�¢Ü²w
O �,  u L ¡ � � ! K l f zÆ¹5² w O

r. Ïd, YFeO3 ¬NÚB�¬NäkûÐ��
�11xzA5.

4 ( Ø

�âÄu�Ý�¼nØ�²¡Å�³�{,
3 GGA ^�e, ÀJ RPBE �� - 'é³!¢�
m�^�³O��Y,ïÄ
 YFeO3 ¬N�AÛ(
�!>f(�Ú1Æ5�. O����¬�ëþ�
���¢�(J��. ÏLéU�(�!��ÝÚ
¢�(J�©Û, (½ YFeO3 ´���Y��N,
UY Eg �� 2.22 eV. ÏLé0>¼ê!áÂXê
Ú¢�(J�©Û, �²
 YFeO3 ¬NÚB�¬3
��1��äk�Ð�áÂA5, ´d3���1
xzá�.
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First-principles study on the electronic structure and
optical properties of YFeO3
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Abstract

Rare-earth orthoferrites (such as YFeO3) with orthorhombic perovskite-type structure are promising candidates in the fields of

electrode materials, gas sensors and photocatalysts. The geometric structure, the electronic structure and the optical properties of YFeO3

crystal are investigated by using the plane-wave pseudo-potential method, with the scheme of generalized gradient approximation,

revised Perdew-Burke-Emzerhof exchange-correlation potential and ultrasoft pseudopotential. The obtained lattice parameters are in

good accordance with experimental results reported. The results confirm that YFeO3 crystal is a direct semiconductor with a gap

(Eg) of about 2.22 eV, based on the analyses about band structure, density of state, dielectric function, absorption coefficient, and

photoconductivity. It is clarified that YFeO3 crystal and nanocrystalline possess good photocatalytic activities for visible light.
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