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JÑ
 W .8�c�N BaCoxZn2−xFe16O27 �¬N(��., ¿ÏLÄu�Ý�¼nØµee Hubbard ë
ê U ?��2ÂFÝCq�Ý�¼nØ�{ïÄ
Tá��Ä�>f(�!^5Ú·>0>5A5. Co Ú Zn �
�,Úå BaFe18O27 ��>5l�7á=����N. BaCoxZn2−xFe16O27 �UY� x O\O\, ¬�~êÚ�
�^Ý��C�. 0>~êO�L², BaCoxZn2−xFe16O27 �·>0>~ê� x O\O\, 3 6.2—7.2 ��
�w«��É5. Born >ÖO�©ÛL² Co Ú Zn ��4zéá��0>~êÚÙ��É5K�Ø�.

'�c: W .8�c�N, 1�5�n, >f(�, 0>A5

PACS: 71.15.Mb, 75.50.Gg, 31.15.es

1 Ú ó

gl 20 V 80 c�±5, 8�c�NÏäk
'k¬�c�N�Ð�f�Åã�ÅáÂ5U
É�<�'5. Cc5IS	5muï��«
EÜ W .8�c�NáÅá� [1−3]. 3¢S$^
¥�Uõ��^�ÚJpáÅ5UI���áÅ
á��^5!�>5Ú0>5. BaFe18O27 Ï·d
5Úå��7á.p>�5 [4] ¦á���Ú¢
SA^É���, Ïd^ Co2+, Zn2+ ��d��
�� BaFe18O27 � Fe2+ 5U?§�5U. �Cn
ØïÄ [5] L² Co �,�±UC BaFe18O27 �·
d5. �´'u Co Ú Zn ���� W .8�c�
N BaCoxZn2−xFe16O27 �>f(�9Ù0>A5
�'�nØïÄÿ���.

�©ÏLÚ\ Hubbard ëê U ?��2ÂF

ÝCq�Ý�¼nØ (GGA+U ) �{?Ø Co Ú Zn
���� W .8�c�N BaCoxZn2−xFe16O27 �
Ä�>f(��·>0>A5.

2 ¬N(�9O�[!

2.1 ¬¬¬NNN(((���������...

W .8�c�N¬Náu P63/mmc (194) :

+, zÆª� BaM2Fe16O27, {¡� BaM2-W. Ù
¥ M ´�d7álf, Fe ´nd�. 3��¥LÞ
7áÓâ 7 «ØÓ�é¡5 �: 2d, 4f1, 4f2, 4f3,
6g, 4e Ú 12k  , XL 1 ¤«.

BaFe18O27 � Fe2+ � M2+ ��� W .8
�c�N �� BaM2-W ½ M2-W, 'X Co ��
� BaCo2Fe16O27 {�� BaCo2-W ½ Co2-W,  Co
Ú Zn ����¡� BaCoxZn2−x-W, ��. ¢�
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L², ØÓ����{¥ BaM2-W � M ©Ù�
ØÓ. âïÄ, ^5lf M ��uÓâl¡N 
�, �^5lf M K��uÓâo¡N �.
BaCo2-W � Co �õê (80%—90%) ©Ù3l¡
N � 6g  Ú 4f1  , Ù¥ 70%±þ©Ù3 6g
 ¥ [7],  BaZn2-W � Zn lfÄ�þ (75%±
þ) Óâo¡N � 4e  , Ù{ Zn Óâo¡N
 �4f2   [8,9].

L 1 BaFe18O27 ¥c�f�I

Wyckoff  � mY �
�I (¢�� [6])

x y z

2d 8¡N 1/3 2/3 3/4

4f1 l¡N 2/3 1/3 0.0734

4f2 o¡N 2/3 1/3 0.5927

4f3 l¡N 2/3 1/3 0.7080

6g l¡N 1/2 0 0

4e o¡N 0 0 0.0564

12k l¡N 5/6 2/3 0.14998

W .8�c�N¬N��NXdü�zÆª
� 92 ��fÚ�� 630 õ�d>f|¤. �
�
Ä�,����Å©Ù, �����,�¬N��
æ^A���Uå5�¤��¬� (super cell). �
´duù
 1200 õ�>f�1�5�n¤I�O
�]4Ù
�, ^ 100 õ�?nì�q�ØUO
�ùo�����.

ã 1 BaZn2-W �.¬N(� (a) 4e-Zn �.; (b) 4f2-Zn �.

�
~�O�]¿^����O�, ·�J
Ñ
�
{z�¬N(��.. BaZn2-W �.�
��kü«: 4 � Zn �fÓâ 4e  �Ü (ã 1(a))
Ú 4 � Zn �fÓâ 4f2  �Ü (ã 1(b)).

2.2 OOO���[[[!!!

O�æ^
 VASP (Vienna ab initio simulation
package) §S� [10] Jø�ÝKM\²¡Å (PAW)
�{±92ÂFÝ (GGA) Cq, À^T§S�J
ø� PAW-PBE �³ [11]. d�>f©OÀ� Ba
5s25p66s2, Fe 3d74s1, Co 3d84s1, Zn 3d103p2 ±9 O
2s22p4. ²¡ÅÄU��Uþ�½� Ecut = 520 eV.
Ù p � « È © � K : À ^ 
 Gamma : ¥ %
� 8×8×2 Monkhorst-Pack ��. �
�ÄcxL
Ý�� 3d >fr'éK�, À^
 GGA+U O
�. 3 GGA+U O�¥æ^ Dudarev � [12] �k
�ëê Ueff = U − J , Ù¥ U Ú J ©O� Hub-
bard ëêÚ��Uëê. �{üå�, ©¥^ U

�O Ueff . ¤k GGA+U O�æ^
 Wang � [13]

ÏL�X� 3d ��zÜÔ�z�AU¢��Ú
�þ�1�5�nO�(Ü��� U �, = Fe
3d ;� U = 4 eV, Co 3d ;� U = 3.3 eV. �

��½(�, ±¢�¬�~ê [6−9] Úe¡òJ
Ñ� BaCoxZn2−xFe16O27 ¬N(��.����
Ð©(�¿òz�^5�f�Ð©^Ý��U
ì Gorter �. [7] ü��, é��?1
�¡�l
fµþ (�)�f�I!��NÈ±9Ù/G),
��lf�m�å�� 0.01 eV/Å±e��. 3`
z(��Ä:þO�
>f(�Ú0>¼ê. ·
>0>¼êO�æ^ VASP §S�Jø��Ý�
¼�6nØ (density functional perturbation theory,
DFPT)�{ [14].

3 O�(J�©Û

�âØÓ(��., ?1(�µþ`z���
� BaZn2-W ¬NoU±9¬�~êXL 2 ¤«.

lL 2 ¥�±wÑ, Zn2-W �ü��.¥, 4e-
Zn �.' 4f2-Zn �.�½ 0.495 eV, �§�¬
¶' c/a ��C¢��. Ïd, �©± 4e-Zn �.À
� BaZn2-W ��..

207102-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 20 (2012) 207102

L 2 BaZn2-W �oU±9¬�~ê

�. oU/eV·(f.u.)−1 ©f^Ý/µB·(f.u.)−1 a/Å c/Å c/a

4e-Zn –306.424 40.0 5.9710 33.242 5.567

Zn2-W 4f2-Zn –305.929 40.0 5.9785 33.177 5.549

¢�� — 33.7[9] 5.9109[8] 32.985[8] 5.580[8]

e¡òcÏó� [5] Jø� BaCo2-W � 6g-
Co � . Ú BaZn2-W � 4e-Zn � . ( Ü �
ï BaCoxZn2−xFe16O27 (x = 0, 0.5, 1, 1.5 Ú 2) ¬
N(��., XL 3 ¤«.

L 3 3 BaCoxZn2−xFe16O27 ��¥�� 6g   Fe Ú 4e   Fe

� Co Ú Zn ê8

x zÆª
�� 6g   Fe �� 4e   Fe

� Co ê8 � Zn ê8

0 BaZn2-W 0 4

0.5 BaCo0.5Zn1.5-W 1 3

1.0 BaCo1.0Zn1.0-W 2 2

1.5 BaCo1.5Zn0.5-W 3 1

2.0 BaCo2-W 4 0

é�½�|© x, ÷vL 3 �^�� ���
kA«�U. @o��¥ Co Ú Zn �f� �No
��âÐQ? ·�ÏLO�uy, �� Fe ��÷v
3��¥ 6g   Co �ê8ÚT �C�� 4e   Zn
�ê8�ÜO�u 2 (±B¦ 6g   Fe �·d5�

�), ¿�3 Co Ú Zn �m¦þ;�p��C��
KþéÑ Co Ú Zn �f�pé¡ ��ï�.,
ÄK�.éJÂñ, ½=BÂñÐ��Ø�oU
þþ�½�¬N(�. 'Xã 2 � BaCo0.5Zn1.5

�ü��.¥, ã 2(a) �.� Co e¡=k�� 4e
  Zn �. �´ã 2(b) �.� Co þe¡kü� 4e
  Zn �, T�.��¥%�� 6g  � Co �fê
8ÚNC� 4e  � Zn �fê8�u 3, ®�L 2.
O�L², ã 2(a) (�'ã 2(b) (��½, Ùz
����(ÜU'ã 2(b) $ 0.8 eV. ã 2(c) ¤«
� x = 1, �Ò´ BaCo1.0Zn1.0-W �¬N(��.,
ùpÓ���5¿ Co �Ú Zn �*d�l�:�
�.�½. ã 2(d) ¤«� x = 1.5 �A�¬N(
��..

Äu(��.?1(�µþ`zO�, ��

½(��¬N, ¬�ëêÚ��^ÝXL 4 ¤
«. lL 4 ¥�±w�¬�~ê a Ú c � x C�
C�, ^Ý���C�, �©z [15, 16] �(J
�Î.

ã 2 BaCoxZn2−xFe16O27 �¬N(��. (a), (b) x = 0.5; (c) x = 1; (d) x = 1.5
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L 4 BaCoxZn2−xFe16O27 �¬�~êÚ^ÝO��

BaZn2-W BaCo0.5Zn1.5-W BaCo1.0Zn1.0-W BaCo1.5Zn0.5-W BaCo2-W

(x = 0) (x = 0.5) (x = 1.0) (x = 1.5) (x = 2.0)

a = 5.970 Å a = 5.966 Å a = 5.963 Å a = 5.954 Å a = 5.955 Å

¬�~ê c = 33.237 Å c = 33.231 Å c = 33.189 Å c = 33.261 Å c = 33.133 Å

c/a = 5.567 c/a = 5.570 c/a = 5.566 c/a = 5.587 c/a = 5.563

©f^Ý/µB·(f.u.)−1 40.0 36.5 33.0 29.5 26.0

^Ý¢�� [9]/µB·(f.u.)−1 33.7 33.1 32.1 28.6 27.1

UYO��/eV 0.83 0.67 0.83 0.95 1.35

¬ � ~ ê � ù « C z ´ Ï � � , Zn2+

Ú Co2+ ��»A���, �´§�3¬NSÓ
â �ØÓ, Co2+ ��uÓâl¡N  Zn2+

��uÓâo¡N . 3¬NÔn¥��l¡N
 �mY'o¡N �mY��, Ïd BaCo2-W
' BaZn2-W k|u/¤���(�. L 4 �L
² Zn ¹þ�p BaCoxZn2−xFe16O27 ���^Ý
��. ù´Ï� Zn �� 4e   Fe ¦g^�e� Fe
ê8~�.

ã 3 ¤«�UYNC BaCoxZn2−xFe16O27 �
o��ÝÚ©��Ýã. dã 3 ��, ÃØg^�
þ�>f�´g^�e�>f, Ø+ Co Ú Zn ¹þ
õ�, Ñw«Ñ²w���N.UY. �X x O\,

�Ò´ Co ¹þO\� Zn ¹þ~�, á��UY�
�O\. ��Ì�d Fe 3d >f|¤, d�ºÌ�
d Fe 3d Ú O 2p >f�,z¤, Zn éd�ºÚ
��.��zA��".

ã 4 �Ñ
ØÓ|© x �A� BaCoxZn2−x-
W �·>0>~êO��. ��·>0>~ê
3 6.2—7.2 ��SCz. 0>~ê� x O\
ÅìO\, �Ò´`�X Co ¹þO\� Zn ¹
þ ~ � > 4 z � N ´ u ). l ã 4 ¥ � w �
� c ¶R���0>~ê εxx Ú εyy ' c ¶�
� εzz ��, w«0>~ê��É5. ùL«3
	\>|e¬NS�lf� c ¶R�¡S £�
' c ¶��� £�N´Úå. â¢��w [16],

ã 3 ØÓ|©� BaCoxZn2−xFe16O27 (x = 0, 0.5, 1, 1.5) �o��ÝÚ©��Ý, ã¥o��Lo��Ý, [��L©��
Ý (a) BaZn2-W; (b) BaCo0.5Zn1.5-W; (c) BaCo1.0Zn1.0-W; (d) BaCo1.5Zn0.5-W
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BaCoxZn2−xFe16O27 �0>~ê�¢Ü3 0.5—
16.5 GHz ªÇ��SCz� 7.0—7.8, ¿w«A�
Ø� x CzCz. BaCoxZn2−xFe16O27/SiO2 E
Üá��¢� [17] L², 3 0.1—6 GHz ªÇ��S,
0>~ê�¢ÜCzÌÝ� 7.5—8.5 ¿w«Ä�
þ� x O\��O�. ��ü¬á��·>0>
~êk'�¢�êâÿ���. O��Ú¢���
�ÉÌ��õ¬N¢��¬�.¡Úí�k'.

ã 4 ØÓ|© x �A� BaCoxZn2−xFe16O27 �·>0>
~ê

�
��Ù/
)34z¥z��f��z,
ã 5 �Ñ
 BaZn2-W, BaCoZn-W Ú BaCo2-W �
A� Born k�>ÖO��. Born k�>ÖÜþ
½Â� [18]

Z∗
iαβ =

Ω

e

∂Pα

∂uiβ
|Emac=0,

Ù ¥ Ω � � � N È, e � > f > Ö � ý é þ,
Pα(α = 1, 3) �>4zrÝ¥þ� α ��©þ, uiβ

����1 i ��f÷ β ���� £, Emac �÷
*>|, =	\>|, ¦È ΩP �±)º��L�
��ó4Ý. lã 5 ¥��, ?Û|© BaCoxZn2−x-
W � Co lf� Born >ÖÙ©þÑÄ�þ�±
3 1.72—2.15 ��, �Cn�lf Co2+ �>Ö
� 2.00, � Born >Ö©þ�m�É'��. Zn2+

� Born >Ö©þ�±3 2.46, ' Co2+ �, Ä�þ
ØC, Born >Ö©þ�m��É�é�.

lã 5 ��w�, 12k  � Fe Ú O � c ¶
R���� Born >Ö� c ¶²1��� Born
>Ö�É'��, ù
 12k  �lf¬Úå0>
~ê��É5. ,	, lã 5 ��, �X x O\,
BaCoxZn2−xFe16O27 ¥ Fe lf�4z��O\,
X Fe � Born >ÖÜþ zz ©þoÚl x = 0 �
� 104.4 O \ � x = 1 � � 106.5 Ú x = 2 �
� 108.2. �´�X x O\, Born >Öþ' Co �

�� Zn ¹þ�~�. ùL²0>~ê� x O\
O\��ÏØ´u Co lf���4z, ´
u Co �,Úå�ÆC¦�¬N�lf�N´u
)4z.

ã 5 BaCoxZn2−xFe16O27 (x =0, 1, 2) � z � � f Born
k � > Ö (a) BaZn2Fe16O27; (b) BaCo1.0Zn1.0Fe16O27;
(c) BaCo2Fe16O27

4 ( Ø

|^ GGA+U �{ïÄ
 BaCoxZn2−xFe16O27

� > f ( � ! ^ Ý Ú 0 > A 5. � �
BaCoxZn2−xFe16O27 ¬ N � ., J Ñ 
 BaCo2-
W ¬ N ( � � . Ú BaZn2-W ¬ N ( � � . (
Ü  ¤ � ( �. > f ( � O � w «, ? Û x �
� BaCoxZn2−xFe16O27 Ñ¥;.���NA5, U
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Y� x �O\C°. ¬�~êÚ��^Ý� x �
O\C�, Ù�Ï3u Co2+ ��uÓâl¡N
  Zn2+ KÓâo¡N .

O�L², 0>~êäk��É5. �X Co
¹þO\� Zn ¹þ~�, ·>0>~ê��O\,
3 6.2—7.2 ��SCz. ÏL Born >ÖO���,

Co Ú Zn ���4zé�N�4zÚÙ��É5
�K�Ø�, ùÌ�� Co Ú Zn �� Fe �Úå�
¬NÆCk'.

a�E��ÆÔnX�·1�Ç�ïÆÚ|±.
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Electronic structures and dielectric properties of
BaCoxZn2−xFe16O27 from first principles∗
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Abstract

On the basis of the crystal structure model of BaCoxZn2−xFe16O27, their ground electronic states and dielectric properties have

been investigated using the generalized gradient approximation plus Hubbard U approach. The co-substitutions of cobalt and zinc

cause the electrical conductivity of BaFe18O27 to change from a half-metallic to semiconductive. With the increase of Co content x,

the energy gap of BaCoxZn2−xFe16O27 increases but the lattice constants and the magnetic moment of the unit cell decrease. The

calculations of dielectric constants show that the static dielectric constants increase with x, lie in a range of 6.2–7.2 and appear to

be anisotropic. Through the Born electric charge analysis it is shown that the polarization of Co and Zn itself has little effect on the

polarization of the material and the main polarization may be related to the polarization of the iron and oxygen ions, caused by the

crystal distortion.
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