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æ^Äu�Ý�¼nØ�²¡Å�^�³{ïÄ
 Magnéli �æ�zv Ti8O15 �>f(�Ú1Æ5U. O�
Ñ�U�(�w« Ti8O15 �'bv. TiO2 B�°Ý�ÌÝü$. ��Ý©ÛL², Ù�Ï3u Ti8O15 � O �f
� 2p ;�±9 Ti �f� 3p, 3d ;��éu TiO2 ��A;����)
 £, Ó�du O �f�"�¦� Ti �
f� 3d, 3p ;�õ{>f3 Fermi U?NCà8/¤#�>fU?. ��Ý©Û(J�w«, �éu TiO2, Ti8O15

Fermi U?NC>f�Ûu)
XeCz: O �f� 2p ;�>f�z~�, Ti �f� 3d ;��>fé Fermi U?
�zO�. 1áÂO�ãÌL², TiO2 =3b	1«k�p�1áÂUå, 
 Ti8O15 duB�°ÝCÄÚå1áÂ
��ù£���1«, l
3b	1«Ú��1«Ñk�p�1áÂUå, O�(J�¢����b	 - ��û�
�áÂ1Ì(J��.

'�c: 1�5�n, Magnéli �æ�zv Ti8O15, >f(�, 1Æ5U

PACS: 71.15.Mb, 71.15.−m, 71.20.−b

1 Ú ó

Magnéli �æ�zv´�X�"�v�zÔ�
Ú¡, ~��� TinO2n−1(4 6 n 610)[1]. Magnéli
� æ � z v L y � � Ú $ � ´ ç Ú. Siracusano
� [2] 9 Mohammad � [3] ïÄ
 Magnéli �æ�
zv����{. ©z�Ñ Magnéli �æ�zv�
�¡äk TiO2 ��
`ûA5, 'X`É�|�
z5 [4]!ûÐ�|>zÆ@¡5 [5]!)Ô�N5
Ð!´uL¡U5 [6] �A:, ,��¡�äkÃ
^5!p>�Ç [7−9]!1Æ5UÕA [10] �`:.
Chen �@� TinO2n−1 ���n���Nz�Ì
�-�>³�>4á� [11]. Ioroi �ò Magnéli �
æ�zv Ti4O7 � Pt EÜ���f���-�>
³�Ò4á�, �'DÚ� Pt/XC72 Ò4á�, ­
½5k��J,, ¿� Pt/Ti4O7 Ò4á�é>³
�>³��K��� [12]. TinO2n−1 ¤LyÑ�`
É5UÅìÚå
<��'5. TiO2 �1�5�
n�¡�ïÄ [13−17] �õ, ,
�é Magnéli �æ
�zv�1�5�n�ïÄ%��, =� Liborio

Ú Harrison[18] �$^1�5�nïÄ
 Magnéli
�æ�zv�ØÓ©f/ª�9åÆ5U�m�
�É. Äud, �©[lnØþé Magnéli �æ�z
v�>f(�Ú1Æ5U?1ïÄ. ± Ti8O15 �
�L, æ^Äu�Ý�¼nØ�1�5�n²¡Å
�^�³�{5©Û Magnéli �æ�zv�bv¶
. TiO2 �>f(��1Æ5U��É, �ÙA^
Jø���g�nØ| Ú�â.

2 O��.ÚO��{

2.1 OOO������...

~�� Magnéli �æ�zv�) Ti4O7, Ti8O15

Ú Ti9O17 �. À^ Ti8O15 �(�/ª5ïá¬
�. bv. TiO2 ����¥¬�¹k 4 � Ti �f
Ú 8 � O �f, 
�©ò 4 ��m+� 141/AMD

� TiO2 ���¥¬�Ü¿� 2 × 2 × 1 ��¬�,
�¬�¥¹k 16 � Ti �f!32 � O �f. ,�U
Ó���{2ïá���Ó��¬�¿l¥�Ø 2
� O �f, �¬�¥¹k 16 � Ti �fÚ 30 � O
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�f, ,�é�Ø O �f���¬�?1(�`
z, `z��¬�Ò´ Magnéli �æ�zv Ti8O15.

2.2 OOO������{{{

æ ^ Accelrys ú i � Materials Studio ¥
� Castep [19] �¬?1O�. äN¢��Y´æ^
2ÂFÝCq (generalized gradient approximation,
{P� GGA) 9²¡Å�^�³ (Ultrasoft) é¬N
(�?1`z [20], ,�3`z�Ä:þé�¬�
?1>fUþÚ1Æ5�O�, ©ÛÙU�(�!
��Ý©ÙÚ1áÂÌ. d>f²¡¼ê��äU
��� E = 380 eV, gUÂñ°Ý� 5×10−7 eV, �
�'éUA^ GGA ¥� PW91 ¼ê, ¤kO�Ñ
3�´�m¥?1. Brillouin «�È©æ� 3×3×3
�AÏ K :é� Brillouin «?1��¦Ú, ¯
� Fourier C������� 50 × 50 × 64, S�L
§¥�ÂñIO���: ü��fUþÂñIO�
z�f 5 × 10−6 eV, �fm�p�^åÂñIO
� 0.01 eV/nm, �fm�SAåØ�u 0.02 GPa, �
f £Ø�u 5 × 10−4 nm. �
JpO��Ý, æ
^ü�Ì�±Ï(���{?1O�.

3 O�(JÚ©Û

3.1 >>>fff(((������OOO���(((JJJ

O����bv. TiO2 Ú Ti8O15 �U�(
��ã 1 ¤«. lã¥�±wÑ, �Ø O �f
���"�¦�¬N�é¡5eü, l
¦¬N
U?�{¿Ýü$. O�Ñ�X TiO2 �B�°Ý
� 2.159 eV , �u¢Sÿþ� 3.2 eV, Ti8O15 �B�
°Ý� 0.014 eV. ù´du MS ^�æ^� Castep
�¬3?1O��vk�ÄNX�-u�, ¦�d
���9Ù±þ�U? � $¤�.

lã 1(a), (b) �±wÑ TiO2 ¬�3�Ø O �
f����é Fermi U?u)
²w�e£, 

d�%CzØ�. Magnéli �æ�zv�B�°Ý
�' TiO2 �ÌÝü$, `²Ùld����-u
>f�[C�N´, >�Çò��,p. Walsh �
�Ñ Magnéli �æ�zv Ti8O15 �>�Ç σ = 25
S/cm[21], 
 TiO2 �>�Ç σ = 10−10 S/cm, ·��
nØO�(J¤í�Ñ�á�>�ÇA5�Ð�
��ÎÜ.

ã 1 (a) TiO2 �U�(�; (b) Ti8O15 �U�(�

ã 2 TiO2 Ú Ti8O15 �o��Ýé'ã

�Ä�U�(�©Û¥�Y'¢S��, Ú\
}
�Îé��ÝO�(J?1?�, ?�Ïf
� 1.041 eV, ã 2 ´?��O�� TiO2 Ú Ti8O15

>fo��ÝãÌ. l¥�±©ÛÑ TiO2 �B�
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°Ý�� 3.2 eV, �¢S���, `²?�Ün, ?
�� Ti8O15 �B�°Ý� 1.055 eV. ,	lã 2 ¥
�±wÑ, Ti8O15 ���Úd��' TiO2 ���
Úd�þ�e£, �3��Úd��mq�)
#
�>fU?, �´ù�#�>fU?��)±9�
��e£â��
B�°Ý���ü$.

ã 3 (a) TiO2 � O �f���Ý; (b) Ti8O15 � O �
f���Ý

e¡·�d���f�©��Ý5©Û#�
>fU?´XÛ�)�. ã 3 Úã 4 ©O´ TiO2

Ú Ti8O15 � O �f��ÝÚ Ti �f��ÝO�
é'ãÌ. dã 3(a) Úã 4(a) � TiO2 �©��
ÝO�ãÌ�±wÑ, bv. TiO2 �d�Ì�
d O �f� 2p ;�Ú Ti �f� 3p ;�Ú 3d ;
�|¤; bv. TiO2 ���Ì�d O �f� 2p
;�Ú Ti �f� 3d ;�|¤. ã 3(b) Úã 4(b)
©O´ Ti8O15 ©��ÝO�ãÌ, lã¥�±w
Ñ Ti8O15 �d��Ì�d O �f� 2p ;�Ú Ti
�f� 3p ;�Ú 3d ;�|¤; Ti8O15 ����
Ì�d O �f� 2p ;�Ú Ti �f� 3d ;�|
¤. �,��|¤vkC, �´ Ti8O15 � O �f
� 2p ;��éu TiO2 � O �f� 2p ;��e�
)
 £, Ó� Ti �f� 3p ;�!3d ;��Ó�
u )
 £. ¿� O �f� 2p ;�3�5�d�

>f�Ú��>f�¥mq�)
��#�>f
�, �Ø²w; Ti �f� 3d ;�Ú 3p ;��Ñy

Ó���/, ¿�' O �f� 2p ;��)��
²w�õ. ùL²c¡¤©Û� Ti8O15 o��Ý
ãÌ¥ Fermi U?NC#�>fU?Ì�d Ti �
f� 3d, 3p ;�>f�¤, Ù¥ Ti �f� 3d ;�
�Ì��z. Ù�Ï´du O �f"��� Ti �
f�õ{� 3d, 3p ;�>fà83 Fermi U?NC
¤�. ,	, ù«Cz�Ò��
 Fermi U?NC>
f�Û�Cz, TiO2 Fermi U?NCÌ�´d O �
f� 2p ;�>fÚ Ti �f� 3d ;�>få�^,
Ù¥ O �f� 2p ;�>f�z��. 
 Ti8O15 d
u O �f� 2p ;�u)
� £, ¦ Fermi U?
NC O �f� 2p ;�>f�z~�, 
Ó� Ti �
f� 3d ;��>f%A��Ñ©Ù3 Fermi U?
NC, Ti �f� 3d ;��>fé Ti8O15 Fermi U
?�z��. Ù�Ï�U´du Ti8O15 ¬�u)Æ
C�� Ti �f� 3d ;�>f�þ/[£� Fermi
U?.

ã 4 (a) TiO2 � Ti �f���Ý; (b) Ti8O15 � Ti �
f���Ý

3.2 111ÆÆÆ555UUU���OOO���

3>f(�O��Ä:þæ^�4zõ¬�
.5O� TiO2 Ú Ti8O15 �áÂ1Ì, O�¥æ^
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}
�Îé1Æ5UO�(J?1?�, }
�Î
��� 1.041 eV. ã 5 ´O���� TiO2 Ú Ti8O15

�b	 - ��áÂ1Ì. lã 5 ��, TiO2 Ú Ti8O15

3b	1«Ñäk�p�áÂ�; 3��1«,
TiO2 1áÂ���ü$, 
 Ti8O15 E,äk�p
�áÂ�. ã 5 �O�(JL², TiO2 =3b	1
«k�p�1áÂUå, 
 Ti8O15 ÃØ´3b	1
«�´��1«Ñäk�Ð�1áÂUå. Ù�Ï
´ Ti8O15 /¤�#U?¦�d�¥�>f�I�

ã 5 TiO2 Ú Ti8O15 �áÂ��[O�ãÌ

ã 6 TiO2 Ú TinO2n−1 �b	 - ��û��áÂ�ÿ
ÁãÌ

áÂUþ���1fÒ�±ld��[�#U?,
U
2gÏLáÂ��Uþ1f
�[���, l

¦ Ti8O15 �B�°ÝCÄ, 1áÂ��ù£��
�1«.

ã 6 ´¢�¿±bv¶. TiO2 ������
õ«©f/ª·Ü� Magnéli �æ�zvÚbv
¶. TiO2 �b	 - ��û��áÂãÌ. lã¥
�±wÑ TiO2 =3b	1«k�p�á15U,

 Magnéli �æ�zvÃØ´3b	1«�´3�
�1«Ñäk�Ð�1áÂ5U, 1áÂÌ½5¢
��nØ�[�Î.

4 ( Ø

1) æ^Äu�Ý�¼nØµee2ÂCq
²¡Å�^�³�{, $^ GGA+PW91 ¼ê3
é TiO2 9 Magnéli �æ�zv Ti8O15 �¬N(
�?1
`z�Ä:þ, é TiO2 � Ti8O15 ?1
>f(�±91Æ5U�O�©Û. U�(�w
« Ti8O15 �' TiO2 B�°Ý�ÌÝü$.

2) d��Ý©Û��, Ti8O15 ���Úd�
�' TiO2 ���Úd�þ�e£, Ó�du O �
f�"�¦� Ti �f� 3d, 3p õ{;�>fà8
3 Fermi U?NC/¤#�>fU?. �´du
#�>fU?��)±9���e£â��
B
�°Ý���ü$; Ó�ù«Cz��
 Ti8O15

Fermi U?NC>f�Û�éu TiO2 u)
Cz,
Fermi U?NC O �f� 2p ;�>f�z~�, Ti
�f� 3d ;��>fé Fermi U?�zO�.

3) 1Æ5UO�L²bv. TiO2 �´3b	
1«k�r�1áÂUå, 
 Ti8O15 du/¤#�
U?¦B�°ÝCÄ, ÏdÃØ3b	1«�´�
�1«þäk�r�1áÂUå, 1áÂÌ½5¢
��nØ�[�Î.
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First principles study of the electronic structure and
optical properties of Magnéli phase titanium

suboxides Ti8O15
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Abstract
The electronic structure and the optical properties of Magnéli phase titanium suboxide Ti8O15 are studied by using the plane-wave

ultrasoft pesudopotential method based on the density functional theory. The band structure reveals that the energy band gap of Ti8O15

is reduced a lot compared with that of anatase TiO2, which is due to the fact that O 2p, Ti 3p and Ti 3d of Ti8O15 shift toward the left
compared with those of TiO2, and a new electron energy level formed by the redundant electrons of Ti 3d and Ti 3p of Ti8O15 due to the
lack of oxygen atom in lattice. The results from DOS analysis show that electron distribution near the Fermi level of Ti8O15 is different
from that of anatase TiO2, contribution of O 2p to Fermi level decreases and that of Ti 3d increases. Compared with anatase TiO2

which only has high ultraviolet light absorption, Ti8O15 has high light absorptivity both in ultraviolet spectrum and visible spectrum,
because its narrow forbidden band width results in the red shift toward visible-light region. The light absorptivity calculated results are
consistent with those from UV-vis diffuse absorption test results of anatase TiO2 and Magnéli phase titanium suboxides.

Keywords: first principles, Magnéli phase titanium suboxides Ti8O15, electronic structure, optical properties
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