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$^1�5�n��{, O�^5/GPÁÜ7 Mn2NiGe �¬N(�!^(�!>f(�3ê¼N�C¥�
Cz. (JL²: Mn2NiGe 3u)ê¼N�C�, �)
 c ¶.�
 a Ú b ¶ á� Jahn-Teller ÆC, /¤��dü
���Úo�á�|¤�.��l¡N; �� Jahn-Teller ÆC, ?ul¡N¥%� Mn lf�^Ýu)
wÍ�C
z, 
���N� Ni Ú Ge lf�^ÝÄ�ØC; Jahn-Teller �A¥ Mn lf� eg Ú t2g U?�©�, 
gu¬NÆ
C¤�)�� |�UC, �� Mn lf d >f��Ý�­#©Ù, l
3¤�U?üý�m���UY.

'�c: Mn2NiGe, ê¼N�C, � Jahn-Teller �A, 1�5�n

PACS: 75.50.Cc, 71.15.Nc, 81.30.Kf

1 Ú ó

^ 5 / G P Á Ü 7 (magnetic shape memory

alloy, {P� MSMA) ´�«Ó�äkÉ§Ý�
��9�5/GPÁ�AÚÉ^|���^5
/GPÁ�A�#./GPÁá�, oä
DÚ
/GPÁÜ7AC�Ú^�� á��A¯�
`:, ´�«äk�pïÄd�Ú2�A^cµ
�õUá�. Cc5, ®uykõ« Heusler Ü7,

X Ni2MnGa[1−3], Ni-Fe-Ga[4,5], Co-Ni-Ga (Al)[6,7],

Ni-Mn-In (Sn,Sb)[8] �äk MSMA �5U. �C�
nØÚ¢�ïÄL² [9], �«�Ï~ Heusler Ü
7(� (Cu2MnAl .) ØÓ�!äk Hg2CuTi .
(�� Heusler Ü7 Mn2NiGa �äk MSMA �
5U. 3�|kc�ïÄ¥, $^Äu�Ý�¼
nØ�1�5�n, ÏLo�C/!¬N(�!
^5!>f(�!Øå�A��¡�ïÄ, ýÿ


Óá Hg2CuTi .� Heusler Ü7 Mn2NiGe �ä
k MSMA �5U [10].

/GPÁÜ7�Ì�ó�L§´Ü73	.
pÏ (§Ý!Aå½^|) ��^e, u)
��d
á���o���ê¼N�C, ¤±, á�ê¼N
�Cu)�Ån, ´�ã/GPÁÜ7ó�Ån�
'�. éuê¼N�C�ïÄ, å8®�L��­
V, <�®©O3ÄåÆ!9åÆÚ¬NÆ�¡ï
á
ØÓ�g�nØNX [11], éê¼N�C�)
º��
�½�¤õ, �é�
��¯K, Xê¼
N�Cu)�Ån, @£�Ø��!Ú�. éu/
GPÁÜ7ê¼N�C��)Ån, k�ïÄ´l
(��C���nØ�Ý?1�ã [12], k�ïÄ
´^Ô���*�.?1£ã [13], �kïÄ´|
^>f(��ê��[?1©Û [14].

�C��c, éê¼N�C�ïÄ®?\�
�*�¡, <�lÔ��>f(�éê¼N�C
�Ôn��?1©Û, ¿�k<JÑê¼N�C
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� Jahn-Teller �Ak' [13]. kÆöò Jahn-Teller

�A�ÏLê��[���Ô�>f(�©Û�
(Ü,JÑ¤¢�� Jahn-Teller �.5)ºê¼N
�C [15,16]. 3ù��.¥, ¬��ÆC½¦¤�
U?NC d U������Ý¸u)£Ä, ?
�
Ø d U��{¿, �ª¦NX�Uþü$, l
Æ
C����­½�(�. |^ù��., ®¤õ)
º
^5/GPÁÜ7 Ni2MnGa �ê¼N�C,

¿���¢��y¢ [16,17].

�©3kcó� [10] �Ä:þ, é®ýÿ�
^5/GPÁÜ7 Mn2NiGe, $^Äu�Ý�¼
nØ�1�5�n, ïÄ Mn2NiGe ê¼N�C�
� Jahn-Teller �A. ÄkÄu� Jahn-Teller �.�
g��{, �ï Mn2NiGe u)ê¼N�CäN�
� Jahn-Teller �., ,�ÏL1�5�n�{?1
O��y. (JL², O�(J�nØ�.��.

2 O��{ÚnØ�.

�ó�$^Äu�Ý�¼nØ�1�5�n
�{?1O�. äNO�¥, æ^ÝKM\Å (pro-

jector augmented wave, {P� PAW) �{£ãØ
Ú>fm��p�^. ù«�{�±��§Ý/
~�LÞ7á���z��f¤7I�²¡Å
êþ, ¿�éu^5zÜÔ
ó, PAW �{`u
�^�³ (ultrasoft pseudopotential, {P� US-PP)

�{. æ^ Perdew Ú Wang ¤JÑ�2ÂFÝC
q (generalized gradient approximation, {P� GGA)

L«��'éU. �Ý�¼e� GGA ´8c��
O(�>f(�O��nØ�{, §´>f�Ý
9ÙFÝ��¼, ¿r�Ý©Ù��mCz�)
3�{�¥, ¢y
��ÌÝ~�Û��ÝCq
(local density approximation, {P� LDA) Ø��8
�. K :��^ Monkhorst-Pack �{�), µþ
Ú·�O�¦^ 19 × 19 × 19 � K ��, ��Ý
O�¦^ 23 × 23 × 23 � K ��. ²¡Å�äU
� 400 eV,NXoUþ�Âñ��²þz�O�ü
�� 10−4 eV. O�æ^ Vienna ab initio simulation

package (VASP) ^��?1.

Mn2NiGe 3c¼N��O��.Xã 1 ¤«,

Ù(�´á Hg2CuTi .(�. ù«(�´d Wyck-

off ���I©O u A (0, 0, 0), B (1/4, 1/4, 1/4),

C (1/2, 1/2, 1/2), D (3/4, 3/4, 3/4) � Mn, Mn, Ni, Ge

�f, �g�¤¡%á�f¬�, 2÷XNé��
���pB�
¤. 
ê¼N��¬N(�´Ï
L Hg2CuTi á�(��o�(�m�C/, �âU
þ�$�n¼�.

ã 1 Mn2NiGe � Hg2CuTi .(�

Mn2NiGe ´äk^5�l¡N�ÜÔ, éA
Ùê¼N�C, ·�ïáXe�� Jahn-Teller �
.: Mn2NiGe 3c¼N��, Mn (A) Ú Mn (B) l
f©O?3d 6 � Ni lf!6 � Ge lf¤�
¤��l¡N�¥% (Xã 2 ¤«). 3�l¡
N� |��^e, Mn (A) ½ Mn (B) lf d >
f� 5 �;�U?©��ü|: eg(dz2 ,dx2−y2)

Ú t2g(dxy,dyz,dxz). �¬�u)AÛ/C�, �
5��l¡N� |u)Cz, ¦�¥%lf Mn

� d ;�>f­#©Ù, �� eg Ú t2g �U??�
Ú©�, ?
�Ø eg Ú t2g �{¿, ¦NX�Uþ
ü$, �ªÆC����­½�(� —— ê¼N
�. éu c/a > 1 �ê¼N�C, ¬N÷ c ¶.�,


÷ a Ú b ¶Â , ¦� dx2−y2 Ú dxy ;��>f
É��N�í½åO\, U?,p, 
 dz2 Ú dyz ,

dxz �>fÉ��í½å~�, U?ü$ (Xã 3 ¤
«). du¥%lf Mn �^ÝÌ�d§� d ;�>
fû½, ¤±3u) Jahn-Teller ÆC�, �X d ;
�>f�­#©Ù, ¥%lf Mn �^Ý�u)�
A�Cz.

ã 2 Ni, Ge lf|¤��l¡N(�
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ã 3 Mn � d ;�3l¡N|Ú Jahn-Teller �A�^eU?
�©�

3 (J�?Ø

3.1 ccc¼¼¼NNN���ÚÚÚêêê¼¼¼NNN���¬¬¬NNN(((������­­­½½½
555999���CCC���ØØØååå^̂̂���

�
©Û Mn2NiGe 3c¼N�Úê¼N�
e¬N(��­½5, ©OO�
 Mn2NiGe 3
ü«N�eNXoU���NÈ�Cz, ¤�
�êâ2^ Murnaghan G��§?1[Ü, [Ü
��NXoU���NÈ�Cz­�Xã 4 ¤
«. O Ú M ¤�«�­�©OéAc¼N�Ú
ê¼N�. 3O�ê¼N�eNXoU���N
È�Cz�, c/a �½� 1.34[10]. lã 4 �wÑ,

�X��NÈ�Cz, ü«N�þÑyoU�
��. éuc¼N�, 3��NÈ� 198.3593 Å3

(¬�~ê� a = b = c = 5.832 Å) �oU�
��� −113.3236 eV, 
éuê¼N�, 3��
NÈ� 196.7171 Å3 (¬�~ê a = b = 5.273 Å,

c = 7.075 Å) �oU���� −113.5912 eV. dd
��, ê¼N��oU���'c¼N���$,

=ê¼N��¬N(�'c¼N���­½. �´,

lü��­½����NÈ�wÑ, lc¼N��
ê¼N�,NÈCzØ�.

�â9åÆnØ, �ü��3Ùd¼ê

G = E + PV − TS (1)

���u)�C. A^ù��n� T = 0 ��/,

��ÑØåpu�C´÷Xü�oU­���Ó

��, l
���Cu)�Øå´�Ó���Ç�
K� [18]. 3ã 4 ¥, ·��Ñ
 Mn2NiGe c¼N
�Úê¼N�oU­���Ó��, Xã¥�J�
¤«. lã 4 �wÑ, �ØåÅìO\�, �XNÈ
�~�, ¬N(�ò÷X 1 → 2 → 3 →4 ´»Cz,

Ù¥�Cu)3 2 → 3, l¥��Ñ�Cc��N
È (=ã¥ M �éA 2 :!O �éA 3 :�NÈ)

©O� 177.1588 Ú 172.5186 Å3, �Cu)�Øå
� 90.7 GPa.

ã 4 Mn2NiGe ©O3c¼N� (¢�) Úê¼N� (:x�)

��oU (E) ���NÈ (V ) �Cz, J�´üoU­���
Ó��

3.2 ¬¬¬NNN(((���!!!^̂̂(((������ Jahn-Teller ���AAA

^5á�3u) Jahn-Teller �A�, Ù¬N(
�¬�)��AÛÆC, ^(��¬u)�A�
Cz. �
á� Mn2NiGe 3u)ê¼N�C�´
Ä��u) Jahn-Teller �A, ©OO�
 Mn2NiGe

3c¼N�Úê¼N�e�¬�~ê!l¡N
� Mn—Ni (Ge) ��9Ù¥%lfÚ�Nlf�
^Ý, �L 1.

lL 1 �wÑ, Mn2NiGe 3u)ê¼N�C�,

AÛ(�u)²wCz, a Ú b ~�, 
 c O\, =
3 Mn—Ni (Ge) l¡N¥, /¤
dü��� (�
�þ´ 3.538 Å) 9o�á� (��þ´ 2.637 Å) |
¤�.�l¡N. dd��, Mn2NiGe 3u)ê¼
N�C�¬N�)
��AÛÆC.

L 1 Mn2NiGe 3c¼N�Úê¼N�e�¬�~ê!l¡N� Mn—Ni (Ge) ��9Ù¥%lfÚ�Nlf�^Ý

a/Å b/Å c/Å Mn—Ni (Ge)/Å Mn (A) ^Ý/µB Mn (B) ^Ý/µB Ni ^Ý/µB Ge ^Ý/µB

c¼N� 5.832 5.832 5.832 2.916 –2.286 3.057 0.107 0.027

ê¼N� 5.273 5.273 7.075
2.637

–2.421 2.689 0.055 –0.005
3.538
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�âL 1 ¥ Mn �^Ý, �íÿ: 3c¼N�
�, Mn 3 Mn2NiGe ¥�d�� +3 d, 4 � d >f
Óâpg^�, >f�.� (t2g)3(eg)1; 
3ê¼
N��, Mn 3 Mn2NiGe ¥�d�� +4 d, 3 � d

>fÓâpg^�, >f�.� (t2g)3(eg)0. d¬
N|nØ��, (t2g)3(eg)1 �.´��U
�)r
� Jahn-Teller �A��., Ûê� eg >fE¤l¡
N|�)Øé¡, l
�����Cz. Ïd, þã
���ê¼N�C�)�AÛÆCÒ´ Jahn-Teller

ÆC.

lL 1 ��wÑ, 3u)ê¼N�C�, �
� Jahn-Teller ÆC�u), ¥%lf Mn �^Ýu
)
wÍ�Cz, 
���N� Ni Ú Ge lf�^
ÝCzé�. Ù�Ï��^¬N|nØ?1)º:

�â¬N|nØ, ¥%lf��N�m��p�^
Ì�5
uaqlf¬N¥�Klf�m�·>
�^, ù«>|�^òK�¥%lf�>f(�,


ØK��N. ¥%lf>f(��Cz, �ª¬
��Ù^Ý�Cz.

3.3 >>>fff(((������ Jahn-Teller ���AAA

3� Jahn-Teller �.¥, eg Ú t2g ;�U?�
?�Ú©�´du¥%lf d ;�>f­#©Ù
¤�. �
á� Mn lf� d >f©Ù�Cz[!,

·�©OO�
 Mn2NiGe � Mn (B) lf3c¼
N�Úê¼N�e� d ;�©Å��Ý, Xã 5 Ú
ã 6 ¤«. dã 5(a) �wÑ, 3c¼N��, eg ü�
;� (dz2 Ú dx2−y2) ���ÝA�´©Ù3�Ó�
Uþ«�, �üö�/G�N­Ü, ù`²ù� dz2

Ú dx2−y2 {¿3Ó�U?þ. ��
ê¼N�, d
ã 6(a) �wÑ, eg ü�;����Ý�m
©Ù,

3¤�U?±e�Óâ�«�, dx2−y2 ©Ù3�p
�Uþ«�, 
 dz2 ©Ù3�$�Uþ«�. ��
­��´, 3g^�eÜ©, dx2−y2 � dz2 �m�
m
���� 0.8 eV ��UY (©Ø¤�U?üý
�ü���Ý¸�m��Ø�"). ±þ��Ý�
Cz, `² dx2−y2 � dz2 �U?®©�m, = eg �
U?©�¤
ü�U?. ù�©�L§lã 5(b) �
ã 6(b) ��wÑ: c¼N�� u 1.04 eV ?��
�¸, �
ê¼N�©�¤©Ø¤�U?üý©O
 u –0.19 eV Ú 0.58 eV �ü�¸. éu t2g �n�
;� (dxy,dyz,dxz) ���Ý3ê¼N�Cc��

ã 5 Mn2NiGe 3c¼N�� Mn (B) lf� d ;�©Å��
Ý (a) dz2 , dx2−y2 ; (b) eg; (c) dxy , dyz , dxz ; (d) t2g

ã 6 Mn2NiGe 3ê¼N�� Mn (B) lf� d ;�©Å��
Ý (a) dz2 , dx2−y2 ; (b) eg; (c) dxy , dyz , dxz ; (d) t2g

Cz�dã 5 Úã 6 � (c), (d) wÑ: 3c¼N��,

n�;����ÝA�´©Ù3�Ó�Uþ«�,
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�nö�/G�N­Ü, ù`²ù�n�;�{¿
3Ó�U?þ. ��
ê¼N�, dxy � dyz , dxz �
��Ý�m
©Ù, 3¤�U?±e�Óâ�«�,

dxy ©Ù3�p�Uþ«�, 
 dyz Ú dxz ©Ù3
�$�Uþ«�, = t2g �U?©�¤
ü�U?.

±þ'u eg Ú t2g �©��ã 3 � Jahn-Teller ©
�����.

éu Mn (A) lf d ;�©Å��Ý3ê¼N
�Cc��Cz� Mn (B) lf��/aq, 3d
Ø2Kã.

4 ( Ø

Heusler Ü7 Mn2NiGe 3u)/C�, �)

��dá���o���ê¼N�C, 
ê¼N�

C´d� Jahn-Teller �A5°Ä.ÏLé Mn2NiGe

�¬�~ê!^Ý!>f��Ý3ê¼N�C¥
Cz�©Û, uy Mn2NiGe 3u)ê¼N�C�,

�)
 c ¶.�
 a Ú b ¶ á� Jahn-Teller ÆC.

3.��l¡N¥, ü������� 3.538 Å, o
�á����� 2.637 Å; �� Jahn-Teller ÆC, ¥
%lf (Mn) �^Ýu)
wÍ�Cz, 
�Nl
f (Ni, Ge) �^ÝÄ�ØC; Jahn-Teller �A¥ eg

Ú t2g U?�©�, 
gu¬NÆC¤�)�� 
|�UC, �� Mn lf d >f��Ý�­#©Ù,

l
3¤�U?üý�m���UY. 
 eg Ú t2g
U?�©�, ?�Ú�ØNXUþ�{¿, ¦NX
¼����$�UþG�. ¤±, lá�c¼N�
Ñu, ?1o�C/, �ª¬ÆC�Uþ�$�o
�ê¼N�.
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[8] Moya X, Mañosa L, Planes A, Krenke T, Acet M, Wassermann E

F 2006 Mater. Sci. Eng. A 438–440 911

[9] Liu G D, Dai X F, Yu S Y, Zhu Z Y, Chen J L, Wu G H 2006 Phys.

Rev. B: Condens. Matter 74 054435

[10] Luo L J, Zhong C G, Quan H R, Tan Z Z, Jiang Q, Jiang X F 2010

Acta Phys. Sin. 59 8037 (in Chinese) [Ûr?, ®ÂB, �÷a,

 �¥, ö�, ôÆ� 2010 ÔnÆ� 59 8037]

[11] Xu Z Y 1999 Martensitic Transformation and Martensite (Bei-

jing: Science Press) (in Chinese) [My� 1999 ê¼N�C�ê
¼N (�®: �ÆÑ��)]

[12] Vasil’ev A N, Bozhko A D, Khovailo V V 1999 Phys. Rev. B 59
1113

[13] Labbe J, Friedel J 1966 J. Phys. 27 153

[14] Zayak A T, Entel P, Enkovaara J, Ayuela A, Nieminen R M 2003

Phys. Rev. B 68 132402

[15] Suits J C 1976 Solid State Commun. 18 423

[16] Fujii S, Ishida S, Asano S 1989 J. Phys. Soc. Jpn. 58 3657

[17] Brown P J, Bargawi A Y, Crangle J, Neumann K U, Ziebeck K R

A 1999 J. Phys.: Condens. Matter 11 4715

[18] Yin M T, Cohen Marvin L 1982 Phys. Rev. B 26 5668

207503-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 20 (2012) 207503

A band Jahn-Teller effect in the martensitic phase
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Abstract

The changes of crystal structure, magnetic structure, electronic structure in the martensitic phase transition for magnetic shape

memory alloy Mn2NiGe are calculated by first-principles method. The results show that in the martensitic phase transition for

Mn2NiGe, there is produced a Jahn-Teller distortion, in which the c-axis becomes longer but a-axis and b-axis turn shorter, form-

ing an elongated octahedral geometry. There is a significant change in magnetic moment for Mn ion in the centre of octahedron, but a

little change happens to the Ni and Ge ions that are regarded as a ligand. The energy levels of eg and t2g are split by redistributing the

density of states for d electrons and so opening a pseudogap near the fermi energy due to lattice distortion.

Keywords: Mn2NiGe, martensitic phase transition, band Jahn-Teller effect, first-principles
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