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æ^ KKR-CPA-LDA �{ïÄ
ØÓ·ÏÓ � Fe2CrGa Ü7Ä��>f(�Ú^(�. Ä�UþL
² Fe2CrGa Ü7���u/¤ Hg2CuTi .kS(�, Ø´ L21 (�. U��Ý (DOS) ©Û?�Ú�«É¬N
|K��^5�fSÜ���^´¦ Fe2CrGa Ü7/¤ Hg2CuTi .kS(��Ì��Ï. ÿþ
ØÓ9?n¤
� Fe2CrGa Ü7�Øp§ÝÚ©f^Ý, uy�fÓ kSz�±3 137K§Ý��SN�Ü7�Øp§Ý. ©f
^Ý�kSzÓ �k�ACz, ©Ù3 2.28µB/f.u.—2.48µB/f.u. �m. nØO�Ú¢�é'�y² Fe2CrGa Ü
7´ Hg2CuTi . Heusler Ü7.

'�c: Fe2CrGa, ^5�(�, �Z³Cq, Heusler Ü7

PACS: 75.50.Bb, 81.40.Rs, 75.30.Cr, 71.20.–b

1 Ú ó

Heusler Ü 7 [1] ´ � « ä k X2Y Z . z Æ
©fª�n�7ámzÜÔ, Ï~äk Cu2MnAl
. (L21) (�, Xã 1(a) ¤«. Ù¥,X Ú Y ��
�LÞx7á��,Z ´ III-VA ��. T(��¡
%á�:
, Ä�d 4 ��f�¤, �÷Né�
���^gIP� A,B,C,D, Ïd Heusler Ü7(
����w�´d A,B, C,D o�g¬��pi
@/¤�pkS7ázÜÔ. Ù¥,X �fK>
5�r, Óâ A,C �� , /¤äká�é¡5
�¬N|, K� B   Y �f>fÅ¼ê��m
©Ù;Y �fÓâ B g¬�, Ï~´Ü7©f^Ý
�Ì�«1ö [2,3];D  �Ìx�� Z �ÏL p-d
;�,zN�^5�fm��p�^ [4] ±9Ü
7NX�k� d >fê [5]. ��5¿�´, � X

�f�K>5�u Y �f�, Ü7Ï~¬/¤

Xã 1(b) ¤«� Hg2CuTi .kS(�. TkS(
�¥,X �fÓâ A,B  ,  Y Ú Z �f©OÓ
â C  Ú D  , X Mn2CoZ [6] Ú Mn2FeZ [7] X�
Ü7. ù
Ü7�^5r�/�6u§��(�
kS, Ï´��ïÄ�fm���^�n�á
�NX.X2MnZ [8−10] Ú Co2Y Z [11−14] . Heusler
Ü7´�ïÄ�õ�üa^57ámzÜÔ. Ù
¥,X2MnZ .Ü7 (X=Cu,Ni ½ Pd) �@�´n�
�Û�^ÝXÚ [15], Û�^ÝÌ�5ud Mn
�f�¤�g¬�. Äu�Ý�¼nØ (density
functional theory,DFT) �O�(J,KuBle � [4] �
Ñ�f�¥r��>fü½�^´ Mn �f±�
Ñi>f4z/¤Û�^Ý�Ì��Ï.Co2Y Z

. Heusler Ü 7 © f ^ Ý � ~ Ð / Î Ü Slater-
Pauling {K,B  � Y �fÚ Co �fÏ~Ñä
k^Ý [3],Galanakis � [5] QÄuU�nØÚ¬N
(��é¡5éd��)º.
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é Heusler Ü7^5�ïÄr?
7á^5
Ä : n Ø � u Ð, ´ L 
 < � é u á � ^ 5 �
n), Ï3^5á�+� Heusler Ü7±YÉ
�2�/'5.Burch � [16] QïÄ
LÞ��O
� Fe3Si(D03 (�) ¥ Fe ��Ó , uy��±Ï
L¥ Fe �>�����u�� B  � Fe(� B

  Fe ��Ü��±�Ò¤� L21 (�); m>�
������ A ½ C  � Fe(�Ù¥��¬ �
�Ü����Ò¤� Hg2CuTi (�), ¿æ^�f
º�Úd>fê�Ån��)º. Ó�,Fe2YSi
. Heusler Ü 7 � n Ø O � [17] � Ð / Î Ü 

�A�^ÿþ¢�(J. �´, �éÙ¦ Fe2Y Z

. Heusler Ü7�ïÄ%�é��. UìþãÓ 
5Æ,Fe2CrGa Ü7Aäk L21 (�, �´Äu L21

(� Fe2CrGa Ü7�k'nØO� [18] %²wØÓ
u¢�(J [19]. Ïd,Fe2CrGa Ü7^(��8c
��ÿØ²(.

ã 1 Cu2MnAl . (L21) Ú Hg2CuTi .(�

�©æ ^ 1 � 5 � n O � � { KKR-CPA-
LDA[20] ïÄ
 Fe2CrGa Ü7�Ä�Uþ!�f
Ó Ú©f^Ý, ±9§��m��p'é. O
�(Jw« Fe2CrGa Ü7¿��ÌþãÓ 5Æ
¤ L21 (�, ´du�f^5���^��u
/¤Uþ�$�a Hg2CuTi .¬N(�, Äuù«
(�O��©f^Ý�¢�(J���. �d, ·
��ïÄ)º
± ��¥nØO��¢�(J
m�ã��É, Ó��?�Ú�«Ñ�f^5é
¬N(�äk�K�. d	, ·��¢�(JL
²:Fe2CrGa Ü7�Øp§Ý¯a/�6�f�k
SÓ , �|^9?nUC�fkSÝ��{, ¦
Øp§Ý3 308—445K ���§Ý��SëY�
N; Ùm©f^Ý3 2.28µB / f.u.—2.48µB / f.u. �
mCz. �©(Ü1�5�nO�?Ø
�fÓ 
é Fe2CrGa Ü7^5K��ÔnÅn.

2 O��{�¢��{

Äu�Z³Cq (CPA)[21] �1�5�nO�
�{ (KKR-CPA-LDA), ±�Ý�¼nØ�Ä:, |
^ü��f�>f�5?nU�(�, ¿ÏLé
ØÓ�f�>f(�\�²þ5¼�Ü7¥�²
þ>f(�, �ªÏLgU$�¼�Ä�Ü7¥Ø
Ó�fNC�>f(�Ú^Ý&E [22], Ï�~
·ÜO��«�,±9·ÏÓ éÜ7^5�K
� [23,24]. Äuù«�{,·��	
 Fe2CrGa Ü7
Ä�UþÚ©f^Ý��f·ÏÓ �Cz, Ó�
�'�
���^é L21 Ú Hg2CuTi .ü«pk
S(�Ä�UþÚ>f(��K�.

¢�^ Fe2CrGa Ü73�í¨��oe|^
>lLõ��. �¦�¬¤©þ!, Ü7��E
Lõ 4 g. ¤��¬ (IP� as-casted) �µC3
�=+¥?1ØÓ�9?n:1093K �§ 3 d g,
e%�¿§ (¤��¬IP� 1093K-3d-s); ©O
3 1473K,1093K Ú 773K �§ 3 d ,�Ý\XY·
ÜÔ¥?1|»?n (¤��¬©OIP� 1473K-
3d-q,1093K-3d-q Ú 773K-3d-q);1093K �§ 3 d 2
ü� 703K �§ 3 d ���|»?n (¤��¬I
P� 703K-3d-q). æ^�9©Û¤ (DTA) ÿþ
�
fkSz§Ý. ^ X ��®"û�Eâ (XRD) u
ÿÜ7�¬N(�. ß�>fw�º (TEM) ^ué
Ü7�¬�(�L�. ©Oæ^��þfZ�^r
O (SQUID) Ú�Ä�¬^rO (VSM) ?1
ØÓ
§«�'^5�ÿþ.

3 O�(J�?Ø

Heusler Ü7�^5UÏ~�ÙkSG���
éX, ?Øù«�'5éu Fe2CrGa Ü7c�7
�, Ï� X �f� Fe ½ Z �f�10 A x��
� Heusler Ü7Ï~�\ª�uÃS [25]. ,, n
� Heusler Ü7�·ÏÓ �'ü�Ü7E,, �
Kþ£ãäk XY Z n«��Ú ABCD o«¬ 
��© Heusler Ü7�Ó �¹��I� 6 �Õá
�Cþ, ü«kSG�mkÃê^Ó ´»�Ï.
Ïd, ïÄn� Heusler Ü7�fÓ �¹7LÀ
Jäk��¿Â�{z�ïÄ�{. �©¥, ·�
3�U� 11 «kSG�¥ÀJ L21 Ú Hg2CuTi ü
��pkSÝ�G� (A—D o�¬ þ�kSÓ
â) Ú 6 �a B2 .�g�?kSG� (A—D o�
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ã 2 8 aü«�fp�Ó �ÃSG�e Fe2CrGa Ü7Ä�Uþ (?) �©f^Ý (©) �nØ� (Ù¥, ç�?�L21,Hg2CuTi
½a B2 .kS(�!:, §�dü«ØÓ�f�p� ¢yë�, Xz�ã¥¤5², ·ÏÝëþ´�A¬ þ,�f��
fz©'. �
�B£ã�fÓ �·Ï,·�5½ L21 (�¥ ABCD ¬ éA FeCrFeGa,  Hg2CuTi .(�¥ ABCD

 éA FeFeCrGa. �f·ÏÓ £ãÄu±þü«pkS(�, �I�Þ�«Ñ·ÏÝO����, ØÓ�ªüz¤�(�
3!:?��.(b) ¥�Ñ A/C   Fe ��f^Ý (¨) Cz, ��©¥SN. ÒK«���¡¢�Ü©ÿ��ØÓ9?n�{¤
� Fe2CrGa Ü7�¢S©f^Ý�Cz��)

¬ �kü�kSÓâ) ��!:, �ÑÙ{ 3 �
1n?kSG� (�k��¬ kSÓâ). 3�!
:�m±ü«�fp��·Ï/ª��´», O�
Ü7�Ä�UþÚ^5. ù«O�´�äk���
L¿Â, §v±�NÜ7kSz?§¥��Ônþ
�Ä�Czª³. Ïd, �©± L21 Ú Hg2CuTi ü
«kS(��Ä:, ©O?Ø
 Fe-Cr, Fe-Ga Ú Cr-
Ga �ü«�f�«ØÓ·ÏÓ G��Ü7Ä�
Uþ9Ù©f^Ý�Cz, Xã 2 ¤«.

dã 2 ��, Ä�Uþ��fØÓ·ÏÓ 
�Cz¥ÅÄG�, ¿äkXeA::1) '�ü�
�pkSG�, Hg2CuTi .(�äk�$�Ä�U
þ. ù¿�X Fe2CrGa Ü7���u/¤ Hg2CuTi
(�. 2)L21 (��UþCzäk4���A:,
?¿ü«�fk�§Ý�·ÏÓ þ¬��Ù

Ä�Uþþ,. Ïd,L21 (�´���U�æ
�.3) AO��5¿�´,Hg2CuTi .(��Ä�
Uþ3,«kS?§¥¿ØäkUþ4���A
: (ã 2(g),(h) �m). �±w�, ã 2(g) ¥ Ga[A]%
� 30% �, Ü7äk¤kO��¹¥�$�Ä
� U þ. Ï d, Ü 7 X Ú � �½ G � A T a
q Hg2CuTi (�¿�3�½�·ÏÝ.

lã 2 ¥��±wÑ,Fe2CrGa Ü7�©f
^Ý��f·ÏÓ �Cz��~²w. 3¤
O���«�¹¥, ©f^Ý���� 0.44µB/
f.u.(ã 2(g) ¥ Ga[A]%=90% ?), ���� 3.59µB/
f.u.(ã 2(h) ¥ Cr[D]%=50% ?). ·�O�� L21

(� Fe2CrGa Ü7�©f^Ý�� 0.97µB / f.u.,
�C Ishida � [18] �O�(J 0.98µB / f.u., � l

 Buschow � [19] �¢�(J 2.6µB/ f.u.. ·�
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O�� Hg2CuTi .(�Ü7�©f^Ý� 2.35µB

/ f.u., �\�C¢��. Ïd, ò L21 Ú Hg2CuTi ü
«pkS(�Ü7©f^Ý�nØ��¢���
'�, �`² Fe2CrGa Ü7���u/¤ Hg2CuTi
.(�� L21 (�.

��5¿�´,L21 (�±ã 2(b),(c) �´»
� Hg2CuTi (�=C�,B   Cr �f� Fe �f�
� 42% �XÚUþÑy���, � B   Fe �f
UYOõ� Fe[B]=44% �XÚUþâ,ü$. d
�, ©f^ÝÑy
��â,. lã 2(b) ¥�±
wÑ, ©f^Ý�ù�Cz, Ì�5u A Ú C

  Fe �f^Ý3�ÓkSG���×�O�. a
q�Cz�3,
Ù¦·ÏÓ ��¹Ñy. ù
« Fe �f^Ý¯a�6Ù±��f�¸�5�Q
3 Fe1−xMx(M=Co,Ni,Cr Ú V) Ü7 [26] ¥uy. A
O/, 3 Fe-V Ü7¥, |^ Mossbauer ÌQ*	�
�ã 2(b) ¥ Fe �f^Ý4�aq�Cz1�. ù

O�(JL²
ù��«ª³:1) �C� Fe-Fe
éê8�Oõ��
 A/C  Fe �f^Ý�O�;2)
ù« A/C   Fe �f^Ý�â,O�¤�Ü7©f
^ÝÍO�ÌÏ;3) ùÓ���
XÚUþ�ü$.
��, l L21 (�Cz� Hg2CuTi .(�,ÃØ±
=«·ÏÓ �ªüz, ^Ýo¬3�C Hg2CuTi
.(��¯��C¢��, ù«CzÌ�d A/C
  Fe �f^Ý�Czª³û½. Ó�, ��d? Fe
�f^Ý�:ìO�, XÚUþÏ~kü$�ª³,
L²�f^5�XÚ�Ä�Uþ���'.
�
�Ð/n) Fe2CrGa Ü7^5�(��

'X, �©:�	
 L21 Ú Hg2CuTi ü«n��
pkSÜ7>f(���É. ã 3(a) Ú (b) ©O�
��Ä>f���^�¹e L21 Ú Hg2CuTi .(
� Fe2CrGa Ü7�U��Ý (DOS). ü«(�¥ B

 �fþw«
²w�V¸(�, ÙUþm�©O
�� 0.181Ry Ú 0.153Ry, ÏdÙ>f3Uþ�m
¥©Ù��8¥, Û�5�r, ù´Ï�¬|�^
ü$NXé¡5��U�3��n{¿� t2g �
Ú�{¿� eg �¤�.L21 (�¥ B   Cr ±�
k 8 � Fe ���C�/¤äká�é¡5�¬N
|,  Hg2CuTi .(�¥ B   Fe ±�k 4 � Fe
Ú 4 � Cr ���C�/¤o¡N¬N|,3d >f
m�r��p�^¦ B  � Fe �f½ Cr �fÉ
�C� 8 �LÞ7á�f/¤¬|�K�w«

�q�>f(�. �d�', ü«kS(�¥ A/C

 �f±��k 4 ��C�LÞ7á�fÚ 6 �
gC�LÞ7á�f, ¬N|��É5\r9gC
�m�p�^r¦U?ò{¿, Ïd A/C  �fU
��Ý�éE,, ¥y�õ��Ý¸. ù«¬N|
Úå�U�3�Ï~C½
 Heusler Ü7¥ B  
�féÜ7^5åÌ��z�Ä:, �K�NX^
���^�rÝ.

Ü7¥õ>f^5�f����^�)üÜ
©:1) Ó��fS>fm����^, Ù��È©
ð��, Ï~´�f/¤^Ý�Ì��Ï;2) ØÓ
�fm>f����^, Ùû½
Ü7¥�f^
Ý�kSü��ª. ã 3(c) w«
c^� L21 (
� Fe2CrGa Ü7���Ý©Ù,B  Cr �fU?3
��'Ã���^�¿Ã²wCz, Ù��ÝV¸
éAUþm��� 0.187Ry, ��fSÜ���^
��
r��g^3�, ¦ Cr �fäk 1.6µB �
^Ý, ´Ü7©f^Ý���zö. Ó�,A/C   Fe
�f^Ý��3���, ^Ý� 0.33µB, � Cr �²
1ü�. ù«^(���
 0.97µB / f.u. �©f^
Ý. ã 3(d) ´ Hg2CuTi .Ü7c^����Ý, Ù
V¸Uþm�� 0.145Ry, �'ã 3(b) Cz¿Øw
Í. ��fSÜ���^¦ B   Fe �f3��U
�?�Úu)g^3�, ¦õf�¥>f�A��
� u¤� (Fermi) U?±e�f���� u
¤�¡±þ, Ï�� B   Fe �fäk 2.52µB �
^Ý. �c^� L21 (��',A  Fe �fg^3
��²w\ì, ^ÝO�� 1.74µB. ù��^(�
¦� Hg2CuTi .(�� Fe2CrGa Ü7©f^Ý�
� 2.35µB / f.u.. Ó�,A Ú B  Fe �f^Ý�O�
��U�� Fe-Fe �C����^Or, ?�Úü
$XÚUþ.C   Cr �f^Ý� 1.69µB, � L21 (
�¥ Cr �Ó, du Fe-Cr m����^�±� Fe
�f�c^ü�. Ïd, 3 Hg2CuTi (�¥, ü«
¬ þ� Fe �f�^Ý, ¤�©f^Ý���z
ö. ��,Fe �f� Cr �f3ü«pkS(�¥
þ¤�c^ü�, ��'u L21 (�,Hg2CuTi (�
¥ Fe �f�^Ý²wO�. ü«(�¥ Cr �f^
Ý�,�Éé��Ù��Ý²wØÓ, ùA8Ïu
¬N|��^. d	, ü«(�¥, Ga �f s >f�
�Ý¿ÃwÍCz,p >f���ÝCz���. �
��5¿�´, ã 3(d) ¥�Þ¤IÑ� Ga �f p
>f��Ý�¸�, 'Ù¦ã¥��²w, §� Fe
Ú Cr �f d >f��Ý3¤�¡±þ����
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¸��éA, ¿�X3 Hg2CuTi (�¥du p-d ,
z Ga �f� Fe �fÚ Cr �f�m����^k
¤\r, k|u(��½.

é'ã 3(c) Ú (d) ��,Hg2CuTi . Fe2CrGa Ü
7¥ A,B   Fe �f���3���u L21 (�
¥ A, C  Fe �f, Ù¥ A  Fe �fõf���Ý
A��� u¤�U?±e,  B   Fe �f DOS
¸�éAUþ3¤�U?±e –0.23Ry ?, pu(
�¥ Cr �f DOS ¸�?Uþ –0.18Ry. ��Ý�
ù
Czþk|u Hg2CuTi .(� Fe2CrGa Ü7
�Uþ�$. L 1 �Ñ
� Fe2CrGa Ü7Ä�U

þ�nØ�, �±w�: éu Fe2CrGa Ü7, XJ
Ø�Ä>fm���^,L21 (� Fe2CrGa Ü7Ä
�Uþ�nØ�´$u Hg2CuTi .(��. �X
J�Ä���^, �Ò´�Ä^5éXÚUþ�K
�, K¬uy: ���^¦ü«kS(��Ü7N
XUþÑü$, � Hg2CuTi NXUþ�ü$ÌÝ
�u L21 (�NX�. ùL² Hg2CuTi . Fe2CrGa
Ü7¥���^U��. �Ò´`, O9XÚ�^
5,Hg2CuTi (��Uþ$u L21 (�. Ïd,·�
@��´^���^û½
 Fe2CrGa Ü7ª�u
/¤ Hg2CuTi (�.

ã 3 ØÓG� Fe2CrGa Ü7���Ý9�LÞ7á�f d >f���ÝÚÌx���f¥ s Ú p >f���Ý (a) Ú (b)
©O���Ä���^� L21 Ú Hg2CuTi .(�Ü7���Ý;(c) Ú (d) ©O´�Ä���^� L21 (� Hg2CuTi (�Ü7
���Ý

�
)º��o Fe2CrGa Ú Fe2CrSi ¤�u
ØÓ�(�, L 1 Ø
�Ñ Fe2CrGa �'&E	
��Ñ
 Fe2CrSi Ü7ØÓ(��'Ônþ�n
ØO��Ú¢��. �±w�:1) Ø�Ä���^,
ü«á�¥ L21 (��¤éA�Ä�Uþþ$

u Hg2CuTi .(�;2) �Ä
���^, Kü«(
��XÚUþÑü$;3) Ù¥ Hg2CuTi (�E¤�
Uþü$3ü«Ü7¥Ñ�u L21 (�;4) ��
��^E¤�Uþü$éü«Ü7�K�´ØÓ
�: éu Fe2CrSi Ü7,Hg2CuTi .(�Uþ�,ü
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$, ��ª�U$u L21 (�; éu Fe2CrGa Ü7,
Hg2CuTi .(��Uþü$�
 L21 (��e. Ï
d, Fe2CrSi� L21 (�, ÎÜ�fº�Úd>fê
Ån'uÜ7/¤(��²�5Æ.  Fe2CrGa K
du^���^��Ï, ª�u/¤ Hg2CuTi(�.

lL 1 ��, éu Fe2CrSi Ü7, ü«(�c
^�©f^Ý�C, ©O� 1.97µB / f.u. Ú 1.86µB

/f.u., ü(�m Fe Ú Cr �fÓ CzÚå�^
Ý C z � ª ³ � Fe2CrGa a q. � Fe2CrSi e
¥ Hg2CuTi . ( �, K A/C   Fe � f ^ Ý =
� 0.9µB, ��uÓ�(�� Fe2CrGa Ü7� A/C
  Fe �f^Ý (1.74µB). ù`² Fe2CrSi ¥ Fe �
fSÜ����^' Fe2CrGa �. ùü«Ü7��
O=3uÌx���ØÓ. Ïd, ·��O�(J
L²,Fe Ä Heusler Ü7¥�Ìx��ÏL¬|�
Aé A/C   Fe �fSÜ���^�±å���
N��^, '�wÍ/UC
>fÅ¼ê��m©

Ù. ù�:�dã 2 ¥ Ga �f p >f��Ý�C
z¤�N. Ïd,·��±�Ñ(Ø: ÉÌx��K
>5�K� Hg2CuTi .(� Fe2CrGa Ü7¥ A/C
  Fe �fSÜ���^±9 Fe-Fe �fm� “	
Ü” ���^�ru Fe2CrSi Ü7. �´ Fe2CrGa
Ü7¥���^���^¦ÙØÓu Fe2CrSi /
¤ L21 (�, ´��u/¤ Hg2CuTi .(�.

��5¿�´, éu Hg2CuTi . Fe2CrGa Ü
7, ���^¦XÚUþü$� 0.06143Ry, XJ
@�Øp§Ýe�fm����^U��Ó§Ý
e9Þá��, @o 1000K Øp§ÝéA�9Þ
á kBT =� 0.00637Ry, ��¦Ä�Uþeü�Ì
�5AT´�f�SÜ���^, ù´Ï��f
SÜ>fÅ¼ê��U��u�fm>fÅ¼ê
��U. Ïd, ù«�fSÜ���éJ�96Ä
»�, ù�´��op§e�,�3�f^Ý��
Ï.

L 1 Fe2CrGa Ú Fe2CrSi Ü73 L21 Ú Hg2CuTi ü«ØÓ(�¥�'Ônþ�nØO��Ú¢��

Fe2CrGa Fe2CrSi

L21 (� Hg2CuTi (� L21 (� Hg2CuTi (�

En/Ry –11083.75179 –11083.69728 –7724.27084 –7724.24551

Ee/Ry –11083.75614 –11083.75871 –7724.28487 –7724.27920

MA/µB Fe:–0.33 Fe:1.74 Fe:–0.01 Fe:0.9

MB /µB Cr:1.6 Fe:2.52 Cr:1.97 Fe:2.37

MC /µB Fe:–0.33 Cr:–1.69 Fe:–0.01 Cr:–1.23

MD /µB Ga:–0.005 Ga:–0.04 Si:–0.028 Si:–0.014

Mcal/(µB /f.u.) 0.97 2.35 1.97 1.86

Mexp/(µB /f.u.) 2.28—2.48 2.05[17]

En Ú Ee ©O´��Ä���^Ú�Ä���^�XÚ�Ä�Uþ; MA, MB , MC Ú MD ©O´�A(�¥éA�f�^

Ý; Mcal Ú Mexp(Fe2CrGa ¢�êâ��1 4 Ü©) ©O´NX©f^Ý�nØ�Ú¢��.

4 ¢�(JÚ?Ø

ã 4 «Ñ Fe2CrGa Ü7�'�ÿþ(J. 3C
§�Ç� 5 K/min � DTA �ÿÁ¥,·�*	�3
,§L§ 806 K Úü§L§ 765 K ?©OÑy

á9¸Ú�9¸, ¿äk9¢ (ã 4(a) ��ã). ù
L²Ü7u)
,«�C.�
�°(/ÿ½�C
§ÝÚ9¢���,·��
ØÓC§�Çe��
9©Û, Xã 4(a) ¤«. á/�9¸�§Ý�C§�
Ç¥y
Ð��5'X,	í� 0 K/min, O·�L
§�ü�¸�§Ý�©O(½� 799 K Ú 777 K,
9¢� 22 K, Ïdù´�«�?�C. âdæ^


ØÓ��ªé Fe2CrGa Ü7?19?n, äN
�ªX¢�Ü©¤ã.1093K-3d-q Ú 1473K-3d-q ü
�|»�¬AT�±
Ü7�p§�,  1093K-
3d-s ù��g,e%�¬3²L$§«�ATu
)
éAX 777K ��?�C. ã 4(b) w«
ù
n��¬� XRD ãÌ, û�¸�éÐ/�Iz
� (220),(400),(422) Ú (440), L²�¬þ�±�N
%á�(��X�, ¿Ã�*	��1��Ñy,
`²3 777 K u)��?�C¿��)
1��,
knd@�´kSz=C. Ï~^5L��fk
S��¬�û�¸�"��U´|©�fÑ�Ï
f�É��¤�.
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·� ^ TEM ? � Ú ( ½ 
 1093K-3d-q
Ú 1093K-3d-s ü��¬�(��O. ã 5 w«

ü��¬ØÓ�¶���À«>fû�s�. �
±w�, Ó�´3 1093K 9?n 3 d, |»�¬=
w«
�f� (200) Ú (111) �¬�û��, g
,e%�¬�Ó��:%wÍ²b. ù�y�`
²,1039 K p§e, Ü7�N?u�«$kS�, 
g,e%�¬¥pkSz. nÜ DTA Ú TEM �*
	(J,·�@�u)3 777—799 K ��?�C,
=� Fe2CrGa Ü7�kS —ÃS=C.

ã 4 Fe2CrGa Ü 7 ( � ÿ þ ( J (a)DTA ÿ Á ( J (�
ã´ 5 K/min C§�Çÿþ�); (b)1093K-3d-q,1093K-3d-s
Ú 1473K-3d-q n��¬� XRD ãÌ

Ó�,·�3>fû��*	¥w�g,e%
�¬3 {4

3
00} ?Ñy�	��:, §éA�¬¡m

å� 3/4 ¬�~ê. ùL²�¬3g,e%L§¥
÷{100}¬¡kÛÑÔ�), aq�y�Q²3é
õ¾Ü7¥�uy [27,28]. Ïd·�@� Fe2CrGa
�kSz��aq, 3kSz�Ó�÷ {100} ¬
¡ÛÑ�DÔ. c¡�O�(JQ�Ñ, ��kS

� Hg2CuTi .(�¿� Fe2CrGa Ü7��½G
�, ��ª� Hg2CuTi .(��kSzò�Uu)
�½�ÃSL§. ·�@�ù«½�ÛÑ�U�ù
«ÃSk'. �´,XRD ¿vkw«Ñ�AÛÑÔ
�û�¸, `²ÛÑÔ�¹þé�, ¿vkwÍU
CÜ7ÄN�¤©.

ã 6 w«
²L�«ØÓ9?n¤� Fe2CrGa
Ü7�¬^zÇ�§Ý�Cz, l¥�¼��«�
¬�Øp§Ý (TC). �¬ as-casted Ú�¬ 1093K-
3d-q w«
�Ó�Øp§Ý, ��� 308 K, 3¤
ÿþ�¬¥�$.1093K-3d-s �¬�Øp§Ýp
� 445 K,�¤k�¬¥��p�, ü�Øp§Ý�
� 137 K. 3$u 777 K �?�C§Ý� 703 K �
§ 3 d ¿|»��¬ 703K-3d-q, Øp§Ý� 430 K,
���Cg,e%��¬. Ïd, (Üc¡'uk
SzL§�?Ø, ·��±�Ñ(Ø, kSz§Ý
r�/K�
 Fe2CrGa Ü7¥�fm����^,
kSz�r, Øp§Ý�p. 3kS —ÃS�.§
Ý 773 K 9?n��¬, Øp§Ý� 413 K, $ug
,e%Ú 703 K 9?n�¬. ù�U´du9?n
§Ý�CkSz�.§Ý���¬ÏÄåÆ�
Ï�¢y��kSz�(J.

��5¿�´,703K-3d-q �¬9?n§Ý²
w$ukSz�C§Ý, 9?n�m��ug,
e%, U`kSz§ÝATpug,e%�¬. �
´§�Øp§Ý'g,e%�¬$� 15 K. T�
¬� XRD ��*	�ÛÑ��,�, Ä��±ü
ØT�¬Ñy
�õ�ÛÑÔ, édò3e¡?
�Ú?Ø. d	,1473K-3d-q |»�¬K3 343 K
Ú 375 K ü?Ñy
gu^zy�, ²wL²3ù
�p§�9?n¥u)
�©l. ·�@�, ù�
U� Fe-Cr ��Ü73 1370 K—1720 K§«SÛ
Ñ��y�aq [29,30], ÑyL Fe ÚL Cr �ü«
^5�.

nþ¤ã, ØÓ9?n�ª���ØÓkSz
§Ý�¦ Fe2CrGa Ü7�Øp§Ý3�� 137 K
§Ý��SëYCz, ù«²w�=ÏL9?n=
�¢y�^5N�5�3Ù¦^5 Heusler Ü7¥
ÿ���. Ó�, �?�Úy² Fe2CrGa Ü7�k
SzA:�~aqL Fe � Fe-Cr Ü7. ù«aq
5L² Fe2CrGa Ü7�(�Ì�É Fe Ú Cr ��
K�, V«X^5�fwÍK�XTÜ7NX�¤
�, �·�O�¤�Ñ��f^5�Ü7(���

027502-7



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 2 (2012) 027502

�'�(Ø´���.
ã 7 w«
ØÓkSz§Ý� Fe2CrGa Ü7

3 5 K ��^z�. �¬ as-casted w«
�$�
'^zrÝ 53.94 emu/g, Ù©f^Ý�Ü 2.28µB /
f.u.;1093K-3d-q �¬�'^zrÝ� 55.36 emu/g,
©f^Ý� 2.31µB / f.u., ��uLõ�¬. ù�
�É�±8ÏuLõ�¬��þ!z.773K-3d-
q �¬'^zrÝ� 56.57 emu/g (2.37µB / f.u.),
�' as-cast Ú 1093K-3d-q Ù©f^Ýþ�kO
�.  1093K-3d-s �¬w«
�p�'^zrÝ
� (58.87 enu/g,2.46µB / f.u.), ��C Bushow � [19]

���ê� (2.6µB / f.u.)[19], �é�C·�O�¥
Uþ�$?G� (A/D   Fe-Ga ·Ï 30%?) ¤é
A�©f^Ý (2.56µB /f.u.). �'êâIP3ã 2
¥¿3L 1 ¥�Ñ. dd��, �XkSzY²�
Jp, á����^Or, ©f^Ý�ª�C�. �
�~	,703K-3d-q �¬'^zrÝ� 55.36 emu/g,

©f^Ý�Ü� 2.31µB /f.u., �g,e%�¬�©
f^Ýk���å. Xc¤ã, ù��¬ATäk
��p�kSÝ, �©f^Ý%k¤ü$, ���
ÃS�|»�¬ 1093K-3d-q �Ó. c¡ XRD qü
Ø
�þÛÑÔK���U5, (Üc¡J��ù
��¬�Øp§Ý�' 1093K-3d-s �¬�$�(
J, ù�U¿�X 703K 9?nL§¥ka L21 (
�æ��)¤.

¦+�ó�¥ØÓ9?n� Fe2CrGa Ü7
� © f ^ Ý w « 
 þ ã � É, � � ± � ½ �
´ Fe2CrGa Ü7�¢S©f^Ý���u Ishida
�'u L21 (� Fe2CrGa �O�� 0.98µB /f.u.
[18], �Cu·�Äu Hg2CuTi .(� Fe2CrGa
Ü7�O��. Ïd, (ÜnØO�Ú¢�ÿþ(
J,·�@� Fe2CrGa Ü7/¤�´a Hg2CuTi .
(�, � L21 (�. ù�´± Äu L21 (�O
� Fe2CrGa Ü7^5�¢��ØÎÜ��Ï¤3.

ã 5 Fe2CrGa Ü7 TEM û�ÿþ(J (a) Ú (b) ©O� 1093 K |»�¬÷ [100] Ú [110] �¶���À«>fû�s�;(c)
Ú (d)� 1093 K g,e%�¬÷ [100] Ú [110] �¶���À«>fû�s� (�A�¬¡�ê�IP3ã¥)
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ã 6 ØÓ9?n� Fe2CrGa Ü7�¬^zÇ�§Ý�C
z (ÿþ|� 50 Oe(1 Oe=79.5775 A/m), ^zÇê�®8�z)

ã 7 ²LØÓ9?n� Fe2CrGa Ü73 5K ��^z� (�
ã¥´8�z��(J)

��AO�Ñ�´, u)�©l� 1473K-3d-q
�¬äk�p�©f^Ý (59.3 emu/g,2.48µB /f.u.).

8�z¤k^z� (ã 7 ¥�ã), �±w�, T
�¬�^z1�²w�ØÓ, LyÑ$��É5^
z1�. ù?�ÚL²3ù�p§eu)
�©l,
/¤L Fe �ÚL Cr �ü�. L Fe ��Ñy´Ü7
©f^ÝO�Úã 6 ¥Øp§Ý,p�'�Ï�.

5 ( Ø

|^1�5�nO�, ·�uy Heusler Ü
7 Fe2CrGa �Ä�Uþ!©f^ÝÚ���^é
¬N¥�fkSÝ�Cz�~¯a. òO�(J
�¢�ÿþé', ·�y²
 Fe2CrGa Ü7¢S
A� Hg2CuTi .(�, ����d>fêÅn
��nØ¤ýÿ� L21 (�. Ó�, ü«kS(
� DOS �'�?�Ú�«
^5�fSÜ>fm
����^´û½ Fe2CrGa Ü7/¤ Hg2CuTi .
� L21 (��Ì�Ï�. æ^ØÓ9?n�{N
�Ü7�kSÝ,·�uy Fe2CrGa Ü7�Øp§
Ý�±3 137K ��§Ý��SëYUC, Ü7�
©f^Ý�k�ACz. ïÄ(J�?�Ú�Ñ:
�fkSÝK����^�ÔnÅn, ´¬N|
Ú�C� Fe-Fe �fm���^�nÜ(J.B  
� A/C  � Fe �f�C� Fe-Fe �fé�ê8�
XkSÝ�CzUC, ��
�fm���^�
UC, lUC
Ü7�Øp§Ý.

�ö©%a�¥��ÔnïÄ¤^ÆI[:¢�¿

�¾�!oBôÚa7Â, ¦����©éõ�B�ïÆ.

[1] Webster P J 1969 Contemp. Phys. 10 559
[2] Felcher G P, Cable J W, Wilkinson M K 1963 J. Phys. Chem.

Solids 24 1663
[3] Umetsu R Y, Kobayashi K, Kainuma R, Yamaguchi Y, Ohoyama

K, Sakuma A, Ishida K 2010 J. Alloys and Comp. 499 1
[4] Kubler J, Williams A R, Sommers C B 1983 Phys. Rev. B 28 1745
[5] Galanakis I, Dederichs P H, Papanikolaou N 2002 Phys. Rev. B 66
[6] Liu G D,Dai X F,Liu H Y,Chen J L,Li Y X,Xiao G,Wu G H 2008

Phys. Rev. B 77
[7] Luo H Z, Zhang H W, Chen J L, Wu G H, Dai X F, Zhu X X, Jiang

C B, Xu H B 2008 Funct. Mater. Lett. 1 115
[8] Noda Y, Ishikawa Y 1976 J. Phys. Soc. Jpn. 40 699
[9] Hurd C M, Shiozaki I, McAlister S P 1982 Phys. Rev. B 26 701
[10] Deb A, Sakurai Y 2000 J. Phys.: Condens. Matter 12 2997
[11] Webster P J 1971 J. Phys. Chem. Solids 32 1221
[12] Carbonari A W, Pendl W, Attili R N, Saxena R N 1993 Hyperfine

Interact. 80 971

[13] Fecher G H, Kandpal H C, Wurmehl S, Felser C, Schonhense G
2006 J. Appl. Phys. 99 08J106

[14] Kandpal H C, Felser C, Fecher G H 2007 J. Magn. Magn. Mater.
310 1626

[15] Ishikawa Y 1977 Physica B&C 91 130
[16] Burch T J, Litrenta T, Budnick J I 1974 Phys. Rev. Lett. 33 421
[17] Luo H Z, Zhu Z Y, Li M, Xu S F, Liu H Y, Qu J P,Li Y X, Wu G

H 2007 J. Phy. D: Appl. Phys. 40 7121
[18] Ishida S, Mizutani S, Fujii S, Asano S 2006 Mater. Trans. 47 464
[19] Buschow K H J, Vanengen P G 1981 J. Magn. Magn. Mater. 25

90
[20] Ogura M, Akai H 2007 J. Phys.: Condens Matter 19
[21] Elliott R J, Krumhans.Ja, Leath P L 1974 Rev. Mod. Phys. 46 465
[22] Hasegawa H, Kanamori J 1971 J. Phys. Soc. Jpn 31 382
[23] Feng L, Zhu Z Y, Zhu W, Liu E K, Tang X D, Qian J F, Wu G H,

Meng F B, Liu H Y, Luo H Z, Li Y X 2010 Acta Phys. Sin. 59
6575 (in Chinese) [¾�, Á�], Á�, 4��, /¡û, a7

027502-9



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 2 (2012) 027502

Â,Ç1ð, ��R, 4Ûÿ, Ûõ�, o�p 2010ÔnÆ� 59
6575]

[24] Qian J F, Feng L, Zhu W, Liu E K, Tang X D, Wang W H, Wu
G H, Meng F B, Liu H Y, Luo H Z 2011 Acta Phys. Sin. 60 (in
Chinese)[a7Â, ¾�, Á�, 4��, /¡û,�©ö,Ç1ð,
��R, 4Ûÿ, Ûõ� 2011ÔnÆ� 60 056402]

[25] Lakshmi N, Venugopalan K, Agarwal V K 2004 Hyperfine Inter-
act. 156 563

[26] Cadeville M C, Moranlopez J L 1987 Phys. Rep. 153 331
[27] Ringer S P, Hono K, Polmear I J, Sakurai T 1996 Acta Mater. 44

1883
[28] Yoshimura R, Konno T J, Abe E, Hiraga K 2003 Acta Mater. 51

4251
[29] Ustinovshikov Y, Pushkarev B, Igumnov I 2002 J. Mater. Sci. 37

2031
[30] Ustinovshikov Y, Pushkarev B 2005 J. Alloys Comp. 389 95
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Fe2CrGa∗
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Abstract

The KKR-CPA-LDA method was used to calculate the electronic and the magnetic structures of Fe2CrGa alloy. The results

indicate that Fe2CrGa alloy prefers to crystallize in Hg2CuTi-type structure rather than L21 one. The analysis of density of states

reveals that the intra-atomic exchange splitting affected by crystal field plays an important role in forming the Hg2CuTi-type structure.

The molecular magnetic moments measured experimentally are in a range of 2.28—2.48µB / f.u., which is very close to that expected

theoretically by the calculations based on the Hg2CuTi-type structure, but not based on the L21 structure. The experimental results

also show that the Curie temperature of Fe2CrGa alloy can be continuously manipulated from 308K to 445K by heat-treating under the

various conditions, indicating a high sensitivity of the exchange interaction to the atomic ordering in this system.

Keywords: Fe2CrGa, magnetic properties and structure, coherent potential approximation, Heusler alloy
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