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æ^Äu1�5�n�Ý�¼nØ�²¡Å�³�{, é 0.5NdAlO3-0.5CaTiO3 ¬N?1(�`z, ¿éÙU
�(�, ��ÝÚ1Æ5�?1
nØO�. (�`z�¬�ëê�¢�êâ�ÎÜ, Ø��u 1%; U�O�(J
L² 0.5NdAlO3-0.5CaTiO3 �m��Y, �Y�� 0.52 eV; ¤�¡NC�U�d Nd-4f, O-2p, Nd-4p, Al-3p, Ti-4d �
�>f��Ý(½. Ó��O�
T(��0>¼ê, ��ÇÚEò�Ç�1Æ5�.

'�c: 0.5NdAlO3-0.5CaTiO3, >f(�, 1Æ5�, 1�5�n

PACS: 77.84.−s, 31.15.A−, 78.20.Ci, 71.20.−b

1 Ú ó

C 20 c 5, � X £ Ä Ï & E â � u Ð, �
Å 0 > > b 3 Ã � Ï & E â ¥ � � 
 2 � A
^, Ù¥ NdAlO3-CaTiO3 X0�>b±Ù`É�
0>5U [1−3]: �é0>~ê εr = 45, ¬�Ï
ê Q × f = 45000 GHz, §ÝXê τf = 0 ppm/◦C,
É�<��'5. du�Å0>5U�Ù(�
���', Ïd, <�éTNX>b�(�1

2��¢�ïÄ. Kim � [3] ïÄuy, xNdAlO3-
(1 − x)CaTiO3 X>b3 x 6 0.1, 0.3 6 x 6 0.7,
x > 0.9 �©O/¤��!o�!!�Wv¶(
��MN. Grebenshchikov � [4] |^ XRD Ú DTA
é NdAlO3-CaTiO3 X>b?1
XÚïÄ, ±�

 NdAlO3-CaTiO3 �ã, ¿O�
�'�¬�ë
ê, @� NdAlO3-CaTiO3 lp§e%�, ¬N(�
Äku)lá��MN�!��MN=C, �§Ý
?�Úü$�, éu NdAlO3 ¹þ�$�NX, �ò
u)�ü«ØÓ��Wv¶�MN�=C.

8c, IS	é NdAlO3-CaTiO3 X�Å0�>
b�ïÄó�Ì�8¥u(�Ú5U�¢�ïÄ,
�A�nØO�9©ÛK�k��. �©æ^Ä

u�Ý�¼nØ (DFT) �²¡Å�³{éá�(
� 0.5NdAlO3-0.5CaTiO3 �(�?1
`z, 3d
Ä:þO�
U�(�, ��Ý, 0>¼ê, ��Ç
9E0>¼ê�5�, ¿é(J?1
©Û.

2 nØ�.�O��{

2.1 nnnØØØ���...

�â Yashima � [5] ��� X ��û�©Û¢
�(J, CaTiO3 áuá�¬X, �m+� Pm-3m,
¬�ëê a = 3.8873 Å, Ti �f uá�N�º�,
Ca �f3N% �,  O �f uc¥%. NdAlO3

äkaWv¶(�, �á�¬X, �m+� Pm-3m,
¬�ëê a = 3.797 Å. �©O��.ë���R
� [6] Ú$À� [7] �J[¬N�., ^ Materials
Visualizer[8] ¥Jø��fÓ {, ò�� CaTiO3

¬���� NdAlO3 ¬�÷ [001] ��U\ïá�
¬� 0.5NdAlO3-0.5CaTiO3, (�Xã 1 ¤«.

2.2 OOO������{{{

�©O�æ^ Material Studio ¥� CASTEP
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(Cambridge Serial Total Energy Package) ^���
¤. CASTEP ´Äu�Ý�¼nØ�lÞ�þfå
Æ§S, |^oUþ²¡Å�³�{, òlf³^
�³O�, >fÅ¼êÏL²¡ÅÄ|Ðm, >f -
>f���Ú'é�^dÛ��ÝCq (local den-
sity approximation, LDA) ½2ÂFÝCq (general
gradient approximation, GGA) ��, ´8cá��
ÆO�¥¦^�~2��>f(�O��{ [8−13].

ã 1 0.5NdAlO3-0.5CaTiO3 ¬N(�

O�¥Ø�Äg^�K�, æ^ BFGS[14−17]

�{?1(�`z, ��'éUæ^2ÂFÝCq
¥� PW91 ³, �¦þ~�²¡ÅÄ¥�ê, æ^�
^ (ultrasoft) �³ [18] 5£ãlf¢�d>f�m
��p�^³, À� Ca 3s23p64s2, Ti 3s23p63d2 4s2,
Nd 4f45s2 5p66s2, Al 3s23p1, O 2s22p4 |�>f�
�d>f, Ù{;�>fÀ��>f?1O�. O
�¥²¡Å�äU�� 400 eV, gU|$�¥, g
U°Ý��z��fUþÂñ� 1.0 × 10−6 eV, �
^3z��fþ�åØ�L 0.03 eV/nm, SAåØ
�u 0.05 GPa. Ùp�«æ^ Monkhorst-Pack[19] /
ª�pé¡AÏ k :�{, k :����� 7×7×3,
UþO�3�´�m¥?1.

2.3 111ÆÆÆ555������nnnØØØ£££ããã

¬N¥1fÚ>f��p�^�±^Ä�
>f�Å¼ê�¹��6�5£ã. 1f�>
|6ÄÚåÓâ�Ú�Óâ��m�1Æ�[,
3 � 5 1 Æ � A � � S, Ï ~ d 1 � E 0 > ¼
ê ε(ω) = ε1(ω) + iε2(ω) 5£ã�N�÷*1

Æ�A, Ù¥ ε2(ω) �0>JÜ, ÏLÓâ�Ú�Ó
â�Å¼ê�m�ÄþÝ
� [20,21] ¦Ñ, deª
L«:

ε2(ω) =
π

ε0

(
e

mω

)2

×
∑
V,C

{ ∫
BZ

2dk

(2π)3
|α

× MCV(κ)|2 × δ[EC(κ) − EV(κ) − ~ω]
}

,

(1)

ª¥ e, m ©O�>f�>þÚ�þ, ω ��ªÇ,
C, V ©OL«��Úd�, BZ �1�Ùp�«, κ

���¥, |α ·MCV(κ)|2 �Äþ�[Ý
�, EC(κ),
EV(κ) ©O���Úd����U?.

(1) ªL²�N�÷*1Æ5��Ù�*U�
(�, �[Ý
�ÚG��Ýk', |^�N�U
�(�Ú Kramers-Kronig ÚÑ'X�±O���
Ç, Eò�Ç��«÷*1Æ5�.

3 O�(J�?Ø

3.1 AAAÛÛÛ(((���`̀̀zzz(((JJJ

AÛ(�`z�, 0.5NdAlO3-0.5CaTiO3 ¬�
NX��$Uþ� −6879.91 eV, d�¬�?u�
�. ¬�ëê`z(J�¢�(Jé'�L 1, �
±wÑ, AÛ`z���nØ¬�ëê��¢��
ÎÜéÐ, Ø��u 1%, L²nØO�°(Ýp,
O��.��.

L 1 0.5NdAlO3-0.5CaTiO3 ¬�ëê`z��¢��

Ônëþ O�� ¢�� [2] �éØ� /%

a/Å 3.7968 3.8060 0.24

b/Å 3.7951 3.7951 0.00

c/Å 3.8133 3.8026 0.28

α/(◦) 89.90 90 0.11

β/(◦) 90.04 90 0.04

γ/(◦) 90.00 90 0.00

3.2 >>>fff(((���©©©ÛÛÛ���???ØØØ

ã 2 �Ã�,á� CaTiO3 �U�ãÚ��
Ýã. dã 2(a) �±wÑ, á� CaTiO3 �m��
Y, Ù°Ý� 1.87 eV, ù� Wang �< [22] O��
�� 1.8 eV '�ÎÜ. lã 2(b) ¥�±wÑ, 3
¤«Uþ��So>f��ÝA���5g Ti-d
Ú O-p >f��Ý��z. d Ti-d Ú O-p >f�
©��ÝwÑ, �, Ti-d >f���Ý3¤�¡±
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e (=d���) �u O-p >f���Ý, 3¤�
¡±þ (=����) '�öp�õ, �üö���
Ý©Ù%�~�q. ùL²Ü© Ti-d >f=£�
d�, Ü© O-p >f=£���, Ti-d >fÚ O-p
>fu)r��;�,z, = Ti �fÚ O �f�
m�3r���d�^.

ã 2 (a) CaTiO3 U�ã; (b) CaTiO3 ��Ýã

ã 3 � CaTiO3 �, NdAlO3 ��U�(�Ú
��Ýã. dã 3(a) ��Ù�Y�m��Y�°Ý
� 0.52 eV, 'Ã�,á� CaTiO3 �Y°Ý 1.87 eV
��õ, ùÌ�5u Nd ��,, Nd-4f �>fé
U��ÝK���, ��¤�¡��� £, ü$

UY°Ý. ,	, du Nd Ú Ti �Ø	>fu)
;�,z, >fU�{¿Ý²wO�, 3¤�¡N
C, U��U¸ (½U�) ê8Oõ. (Üã 3(b) �
�, d�Ì�dnÜ©�¤: −1—0 eV �U�Ì
�d Nd-4f ��z; −8—−1 eV Ì�d Nd-5p �
û½, d	�k O-2p �, Al-3p �Ú Ti-3d ���
z, ù
U�p��U, L² Nd-5p >f� Al-3p
>f, Ti-3d >f±9 O-2p >f�mþ�3r��
;�,z, §��,zåXü$lfmá§½å
��^. −22—−16 eV Ì�d Ca-3p, Nd-5p, Nd-6s,

O-2s, Al-3s, Al-3p �z. �'Ã�,á� CaTiO3,
0.5NdAlO3- 0.5CaTiO3 �>f(�u)²wCz,
ùòé0>5UÚò�Ç�)wÍK�.

ã 3 (a) 0.5NdAlO3-0.5CaTiO3 U � ã; (b) 0.5NdAlO3-
0.5CaTiO3 ��Ýã

3.3 111ÆÆÆ555���

0 > ¼ ê � N 
 � N U � ( � 9 > f (
�, �^uL��«1Ì&E. ã 4(a) Ú (b) ©
O � 0.5NdAlO3-0.5CaTiO3 3 ü « Ø Ó 4 z �
� (100) Ú (001) \�1�^e�1Æ0>¼ê
�. lã¥�wÑ, ü��þ���Ü, (100)
��0>¼ê¢Ü���p¸ u 2.12 eV, JÜ
��p¸ u 6.99 eV;  (001) ���¢Ü��
p¸ u 2.23 eV, JÜ�p¸Ñy3 7.17 eV, ùL
² 0.5NdAlO3-0.5CaTiO3 ¬N´C��Ó5�, 1
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Æ5����É5Ø´ér.

ã 4 0.5NdAlO3-0.5CaTiO3 1Æ0>¼êã (a) (100) ��
(b) (001) ��

ã 5 0.5NdAlO3-0.5CaTiO3 ��Çã

dã 4(a) ��, 3 (100) �� 0—40 eV Uþ
���\�1�^e, ε2(ω) kÊ�²w�0>
¸, �¸éA�1fUþ©O� 4.45, 7.00, 23.25,
26.84, 36.15 eV, §�Ñ´dU?m��[�)�,
Ì�5u Nd-f, Nd-p, Nd-s, Ca-s, O-p, Al-p, Al-s,
Ti-d ;�þ�>Ö=£. Ó��±�� 0.5NdAlO3-
0.5CaTiO3 ·�0>~ê ε1(ω) ≈ 5.87. aq/, d
ã 4(b) �±��3 (001) ��þ�·�0>~ê
� ε1(ω) ≈ 5.46.

� â E 0 > ¼ ê � ¦ Ñ � � Ç r, ã 5
� 0.5NdAlO3-0.5CaTiO3 ���Ç�1fUþC
z�'Xã, ã¥w«
�X����¸: 4.23,

8.92, 11.54, 23.61, 28.70, 36.87 eV. ��Ì´U�N
X����Ly/ª, ��Ì¥���¸8áuØ
Ó��m�[. ã 5 ¥�����ã 4(a) ¥�0
>JÜ�Ä�éA, ù´�N>f31>^|�
6�^eu)�m�[�÷*Ly, =��¸��
[Ån�0>ÌáÂ¸�[Ån���.

ã 6 0.5NdAlO3-0.5CaTiO3 Eò�Çã

�âEò�ÇÚ0>¼ê�'X: n2−k2 = ε1,
2nk = ε2, ��� 0.5NdAlO3-0.5CaTiO3 �ò�
Ç n Ú � 1 X ê k, X ã 6 ¤ «. · � ò �
Ç n0 ≈ 2.42, ò�Ç n ���1Xê k �
/G�q, �¸ k¤ £. �1fUþ� 2.12 eV
�, ò�Ç����� 2.56; �1fUþ� 9.11 eV
�, �1Xê����� 1.43; �1fUþ���,
ò�ÇÚ�1Xêªu²�, ò�Ç�C 0.96, 
�1Xê~�� 0.

4 ( Ø

�©æ^Äu1�5�n��Ý�¼nØ
� ³ ² ¡ Å � { é 0.5NdAlO3-0.5 CaTiO3 ¬ N
(�?1
`z, 3dÄ:þO�
U�(�,
� � Ý Ú 1 Æ 5 �. ` z � � ¬ � ë ê � ¢
� � ' � Î Ü; U � O � ( J L ² 0.5NdAlO3-
0.5CaTiO3 ä k 0.52 eV � m � � Y, ¤ � ¡ N
C � U � ( � d Nd-4f, O-2p, Nd-4p, Al-3p, Ti-
4d ��U���Ýû½; 0>¼êO�(JL
², 0.5NdAlO3-0.5CaTiO3 1 Æ 5 � � � � É 5
Ø ´ é r, � â O � � U � ( � Ú � � Ý, é
1 Ì � A � Ú / ¤ � Ï 9 k ' 1 Æ ~ ê ? 1

©Û; é4z��� (100) �\�1, ·�0
> ~ ê ε1(ω) ≈ 5.87, · � ò � Ç n0 ≈ 2.42.
� 8 c � � k ' 0.5NdAlO3-0.5CaTiO3 U �
( � Ú 1 Æ 5 � � ¢ � � � � � �, � ©
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( J k Ï u � \ n ) 0.5NdAlO3-0.5CaTiO3 1
Æ 5 � � � * Å n Ú � � � ' � ¢ � ï Ä.

�ó���
Ü�ó��Æp5UO�ïÄ�uÐ¥

%�|±��Ï, 3dL«©%�a�.
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Abstract
The optimized crystal structure, energy band, density of states, and optical properties of 0.5NdAlO3-0.5CaTiO3 are calculated

by the plane wave ultrasoft pseudopotential method based on the first-principles density functional theory. The optimized crystal
parameters are in good agreement with the experimental ones and the errors are less than 1%. The calculated energy band results
indicate that 0.5NdAlO3-0.5CaTiO3 has an indirect band gap of 0.52 eV. The energy band near Fermi level is determined by the
density of states of Nd-4f, O-2p, Nd-4p, Al-3p, Ti-4d electrons. Moreover, the dielectric function, reflectivity and refractive index of
0.5NdAlO3-0.5CaTiO3 are also calculated.
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