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1 Ú ó

IrTi ´�«­��Ü7á�, ÚÙ¦vÄÜ
7�� [1], dupL:!��5U!ûÐ�åÆ
5UÚF@¡5, 3Å�!ÊU!>fÚU
�
Ãõ+���
2��A^. ,
¢�þéù
«á��p§(�Ú$§(�±9�CÅ��
¯K���3X�Æ [2−4]. �Ð, ÊH@�3§
Ý�u 2130 ◦C �, IrTi �¬N(��á� B2 (
� (Pm-3m), 3¿§NC, §�¬N(�=C�ü
�(� [2]. ,
, Raman Ú Schubert[3] ��, �ò»
� 820 ◦C �, IrTi ´�«��(�. �dÓ�, Chen
Ú Franzen[4] ±9 Okamoto[5] uy�¢�y��Ø
Óu©z [2] ���(J, ¦�uy IrTi �p§�
´o�(� (P4/mmm) 
Ø´á�(� (Pm-3m),
$§�´��(�
Ø´ü�(�. �)ù«�Æ
��Ï´@Ï�¢�Eâ3*	 IrTi Ü7$§(
���U*ÿ�ù«(�´áu�o¬X, 
ÿØ
�äN��m+Ú�f �, ù����$§�(

���vk��. IrTi Ü7�X§Ý�Cz¬u)
ê¼N�C, ù«�C��X¬¡�w£Ú�f 
��£Ä. (f^�nØ���«ïÄÔ�(� 
£.�CÅ�Úýÿ#��Ãã®²�2�A^
uvÄÜ7 [6,7] ÚÙ¦á��¥ [8,9]. �©O�

p§(��(fÌ, eÈØ­½�(f�ª, Ïé
Uþ�$�­½�(�. O�(JL²3¬�6Ä
�L§¥, p§o�(� (L10) òk�U=C�ä
k��é¡5Ú�m+� Cmmm (#65) �(�. Ï
Léù�(�±ØÓ��ÝÀ�¤�¬�Ú¢�
þ*	��ü�Ú��¬�ëêÑÎÜ�éÐ, l

�Ñ IrTi Ü7�$§(�´��(� (Cmmm),
�CÅ��á��o�2���, )û
¢�þ'
u IrTi Ü7�CÅ�±9$§�(�/ª��Æ.

2 O��{ÚO�[!

� © O � æ ^ Ä u � Ý � ¼ n Ø ² ¡ Å
� ³ � { � VASP[10,11] ^ � �, � � Ú ' é ¼
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ê æ ^ � ´ Perdew � J Ñ � Ä u GGA � ¼
ê [12], d>fÚ��>f��p�^æ^ÝK
M \ ² ¡ Å (PAW) � { 5 £ ã [13]. ¤ ¦ ^ �
l f � > f | � � Ti:3d34s1 Ú Ir:6s15d8; é u
á� (B2), o� (L10) Ú��(�, 3�yNX
o U þ Â ñ � 1 meV/atom, z � � f � � { å
�u 10−3 eV/Å��¹e, ²¡Å�äU©O�
� 500 eV, Ùp�«S k :È©3 Monkhorst-Pack
�ä [14] þ?1, ÙpdÐ° [15] � 0.02 eV, éuá
�!o�Ú��(�, Ñæ^ 20×20×20 ��ä.

( f Ì � O � æ ^ � ¬ � � � {, é o
� (L10) ( � Ú � � ( � © O ï á 3×3×3
Ú 1×2×3 ���, ¦�S�fu)�� £, ,
�|^ Hellmann-Feynman ½n���fm�p�
^�å~ê, 2ÏLFp�C���ÄåÆÝ
,
l
��Ùp�«S?¿(fÅ¥�ªÇ. 3ùL
§¥, æ^ VASP[10,11] (Ü phonon ^�5¢y.

3 O�(J�?Ø

3.1 ááá��� (B2) ���ÚÚÚooo��� (L10) ���

©z [2] ¥®��, 3§Ý�u 2130 ◦C �,
IrTi �¬N(��á� B2 (�, �m+� Pm-
3m (#221), Ir ?u 1a  , Wyckoff �I� (0.0 0.0
0.0), Ti ?u 1b  , Wyckoff �I� (0.5 0.5 0.5),
XL 1 ¤«. �§Ýeü�¿§�, §¬��=C
�ü�(�. ©z [3] ��, §Ý�u 1020 ◦C �,
IrTi Ü7¬±o�(� (L10) �3. ·�ÏLéá
� (B2) �Úo� (L10) (�?1(�`z, ��§
��²ï(�ëêÚ­½Uþ, XL 1 ¤«. Ù¥
`z�á� (B2) (��¬�ëêÚ¢�ëê�'
Ø�� 0.53%, 
`z��o� (L10) (�ëê�
¢�(J�', Ø��u 0.24%, dd`²·�À
J��³Ú��'éCq´Ün�. O�(JL²
o� (L10) �'á� (B2) �Uþ$ 0.1633 eV/©f
ª. ùý«X�X§Ý�ü$, IrTi ��C´»Ø´
�©z [2] ¤`�lp§á� (B2) ���=C¤
$§ü�(�, 
´�k²Lgp§o� (L10) �.

3.2 ooo��� (L10) (((������ÄÄÄåååÆÆÆØØØ­­­½½½ÚÚÚ###
������ÑÑÑyyy

ã 1 �^�¬��{���o� (L10) (�
�(fÚÑÌ, p�I�LªÇ, ü � THz, î

�I�LÙp�«. lã 1 �(fÚÑÌ¥�±
wÑ, 3 Z-A-R-Z ù
«��(fªÇÑyK�,
¿3 R[0, 0.5, 0.5] :Ñy��K�4��. (f
ªÇéANXUþ�éu�f�Ä £����
ê!Jª���:, ò��NXUþü$�¯, k
�U¬��#��Ñy [16−22]. Ïd·��'%
(fªÇ�K�4��:, éo� (L10) ��ï
�� 1×2×2 ���, ÏL©Û��Jª R :�
�Ä��¥, ·�����S���f��Ä�
�. ã 2(a) �Ñ
�^z�ª R ��¥þéA�
���f3��S��Ä��. 1×2×2 ���¥
���f3 (011) ¡þ�Ä, Ù¥ Ti �f��Ä
��÷ [010] �� (Y ¶��), Ir �f��Ä��
÷ [001] (Z ¶��), Xã 2(b) ¤«. ù«�f�Ä
�ª, »�
�k�o�é¡5, üC¤
��ä
k��é¡5, �m+� Cmmm (#65) �#(�,
Xã 2(c) ¤«. ·��±ÏLUþ�Cz5n)ù
«�C1�. ã 3 ��fU��Jª R :�Ä�
�¥£Ä�NXUþ�Cz, ��3£Ä�´»þ
k��²w�Uþ�, Ù¥ λ1 � L10 Ú L12 (�
�m�C�ëê, λ1 = 0 �L L10 (�, λ1 = 1 L
« L12 (�; λ2 � L12 Ú Cmmm (��m�C�
ëê, λ2 = 0 �L L12 (�, λ2 = 1 L« Cmmm (
�. ·�^ L12 5L«?uUþ��(�. N´�
�, ��Uþ�$�­½�(�B�±lù�$�
?�C/�o� (L10) �¬�ÏL(�`z¼�.
ÏLé#(��½�m+?1(�`z, ��
"
§"Øe��(� (Cmmm) �(�ëê, XL 1
¤«. #��(� (Cmmm) �Uþ'o� (L10) (
�$ 0.0336 eV/©fª, Ïd'§�­½.

¬N��5L«Ù�)AC�¡E¤�©/
G�Uå. Ïd, �51�3n)¬N(�­½5

���� � ��� �
� � 	 � 
 � � 

�� �

ã 1 o� (L10) (��(fÌ
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ã 2 o� (L10) → �� (Cmmm) (��C�«¿ã (a) �
��f3 L10 ��¥U R :Jª�ª�Ä; (b) 3o� (L10)
(� 1×2×2 ��¬�¥÷ [100] ���:Àã, Ù¥ Ti (x¥)
Ú Ir (ç¥) 3 (011) ¬¡S©O÷ [010] Ú [001] ���Ä; (c)
Uì R :^z�ª�Ä���� (Cmmm) ��(�; (d) �
� (Cmmm) (����/ª

��äk­���^ [23]. ¬N��5~ê�±
ÏLé²ï¬�(��\��AC5O�ÙUþ
�UCþ, éu��(�5`, §��3 9 �Õá
�5~ê: C11, C12, C13, C22, C23, C33, C44, C55

Ú C66. O���(��5~ê¤æ���{3©
z [24] ¥k�[�`², �©O�����5~ê
XL 2 ¤«.� � � � �� � � � �� � � � �� � � � ��

� � 	 � 
 �
 � �
 � � 
 � � � � � ��� ���� ����
ã 3 o� (L10) 1×2×2 �¬�± R :��Ä��¥£Ä�
NXUþ�üz­�

L 1 á� (B2), o� (L10) Ú�� (Cmmm) (��nØ`z(�~ê (ü :Å) Ú�A¢��

(� a b c Wyckoff E(eV/©fª)

B2(GGA-PBE) 3.1226 3.1226 3.1226 Ir(1a):(0.0 0.0 0.0, Ti (1b): (0.5 0.5 0.5) –18.2820

B2[2] 3.1060 3.1060 3.1060 —

L10(GGA-PBE) 2.9416 2.9416 3.4974 Ir(1a):(0.0 0.0 0.0, Ti (1b): (0.5 0.5 0.5) –18.4453

L1[3]
0 2.9484 3.9484 3.4986 —

Cmmm (PBE) 6.8821 5.9711 2.9399 Ir(4h):(0.226 0.0 0.5), Ti (4i) (0.0 0.732 0.0) –18.4789

L 2 ��(� (Cmmm) ��5~ê (GPa)

(� C11 C22 C33 C12 C13 C23 C44 C55 C66

�� (Cmmm) 334 333 394 195 144 145 62 65 69

I�5¿�´, ¢�þvk�A�(J�ø
é', 
�5~ê�O�3ùp�´½5�`²
#� (Cmmm) �Å�­½5. �â��(�¬
N��5­½5OK [24]: (C11 + C22–2C12) > 0,
(C11 +C33–2C13) > 0, (C22 +C33–2C23) > 0, C11 >

0, C22 > 0, C33 > 0, C44 > 0, C55 > 0, C66 > 0,
(C11 + C22 + C33 + 2C12 + 2C13 + 2C23) > 0, �
�, O������(���5~ê÷v±þ­½
5^�, ý«X§�5­½. �
�y��(��
ÄåÆ­½5, ·�^�¬��{O�§3"§"
Øe�(fÌ, Xã 4 ¤«. ¿vkuykJªÑ
y (3��Ùp�«S?1
u�), `²ù�(�

39åÆþ´­½�.

������ �
�� � �� 	 
 ��
� �

ã 4 �� (Cmmm) (��(fÌ
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¢�þ [3] *	� IrTi Ü7�$§�´��
äk��é¡5�(�, lÙ¬�ëê (XL 3 ¤
«) ¥�±wÑ, ùØ´��(����À�/ª.
·�ÏL©Û#� (Cmmm) �(�ëê, éÑ

�|Ú¢��éA�ëê, �¢�ëêØ���
� 4.19%. éu,�¢�þ [2] *	��ü�(�,
·��l#� (Cmmm) ¥éÑ
�|�éA�¬
�ëê�¢�ëê��Ø�� 4.02%. ¤±·��
±�Ñù#(� (Cmmm) Ò´¢�þ*	��(
�. ,	, #� (Cmmm) ���/ª´: a = b =
4.5557 Å, � a 6= b �, §´�«ü�(�, ¯¢þ,
3é#� (Cmmm) �(�`z�, �r¬�ëê
�°Ý�3��ê:� 6  �, a 6= b, ���(�
äkü�é¡5, �m+� P2/m (#10). ��Äk
�°Ý�, ·��@� a = b, =��(�. ¤±·
��±�Ñ, ¢�þ'u$§(�´��½´ü�
��Æ, ´du¬�À��ªÚ°Ý�À�Ø��
¤�.

L 3 ��(� (Cmmm) lØÓ�ÝÀ�

¬�ëê (ü : Å) �¢�é'

�m+ a b c β

��(� 4.349 4.037 3.448 —

��(� [3] 4.174 4.107 3.460 —

ü�(� 2.940 2.767 3.448 90.0◦

ü�(� [2] 2.990 2.883 3.525 90.2◦

4 ( Ø

æ^Äu�Ý�¼nØ�1�5�n²¡Å
�³�{é IrTi Ü7��CÅ�?1
ïÄ. gp
§o� (L10) (��(fÌO�L²§ÄåÆØ­
½. ÏL©Û3 R :?�(f^z1�, ·�ln
Øþ�Ñ
§�$§�´��äk��é¡5!
�m+� Cmmm (#65) �(�, ¿JÑ
 IrTi Ü7
á� → o� → ����CÅ�, l
)û
¢�
þ'u�CÅ�Ú$§��3/ª��Æ.
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Abstract

The structural behaviors of IrTi are studied using first-principles density-functional theory with pseudopotentials and a plane-wave

basis. Phonon calculations indicate that the tetragonal (L10) structure is dynamically unstable. We obtain the orthorhombic structure

(Cmmm) which is shown to be a global energy minimum by the frozen phonon method. The resulting structure is mechanically and

dynamically stable and its lattice constant is similar to the experimentally observed lattice constant of low-temperature structure, which

demonstrates that the low-temperature phase of IrTi is the orthorhombic structure (Cmmm). Thus, we put an end to the experimental

debate regarding the low-temperature phase: whether it is orthorhombic or monoclinic, and demonstrate theoretically that the IrTi

alloys will undergo a cubic → tetragonal → orthorhombic transformation.

Keywords: Martensitic transformations, phonons and vibrations in crystal lattices, density functional theory

PACS: 81.30.Kf, 63.20.–e, 71.15.Mb

* Project supported by the National Natural Science Foundation of China (Grant Nos. 10647008, 50971099), the Research Fund for Doctoral
Program of Higher Education, China (Grant No. 20096101110017), and Key Project of Natural Science Foundation of Shanxi Province of China
(Grant No. 2010JZ002).

† E-mail: jiangzy@nwu.edu.cn, jiang zhenyi@hotmail.com

148105-5


