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æ^Äu�Ý�¼nØ��³U�5M\²¡Å��{,ïÄ
zÆO�Ú�\�NÈü¶ (.!Ø) Aåü
«�ªé� Heusler.ÿÀý�N LaPtBi U��K�. O�(JL², ÏL3 LaPtBi Ü7¥^ Sc ��O� La, ½
ö^ Pd O� Pt, Ñ�±¦���Éá�é¡5�o� Γ8 U�3¤�U?NC�m��Y; éu�\�NÈü¶
Aå5Ûá�¬���ª, 3¦� Γ8 U��m�Ó�, ��±¢yé¤�U? �k5Æ/N�, ¦ LaPtBi Ü7
�ª¤�ý�¿Âþ�Ná�´ý�5L¡´7á5�ÿÀý�N.

'�c: 1�5�nO�, ÿÀý�N, � Heusler Ü7
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1 Ú ó

ÿÀý�N´CAcâuy��«þf�#
á�, �²uyÒ×�Úå
ÔnÆ!á��Æ�
+��Æ[�4�,�, ´8cvà�Ôn¥ïÄ
���9:��. �DÚ�ý�NØÓ, duSÜ
r��g^ – ;��p�^, ¦Ù�)
d�m�
üé¡5�o��±�>�L¡� [1,2]. ,, §q
��ØÓuDÚ¿Âþ�7á. Ï�ù«L¡>f
���´dá�N>f��ÿÀ(��é¡5¤
û½, 3L¡þ¥yÑ��«AÏ�>Ån, �L
¡þ�(�Ã'. Ïd>f�D�ØÉNX¥"�
Ú,��K�, ´�«$UþÑÑ�Ñ$�ª. �
±ý�, ÿÀý�Ná��ÕA5�¦Ù3$UÑ
>fì�ÚN�þfO��+�äkd3��
A^d�, §k�Ué�5�&EEâ�)�·5
�K�.

�8c��, <�3õ«NX¥Ñuy
�±
¤�ÿÀý�N�ÿÀá�. X±�Á�(�

� � L � 9 > á � N X ¥ � Bi2Te3, Bi2Se3

Ú Sb2Te[3]
3 ; TlBiTe2 Ú TlBiSe2 �n��Ä1áz

Ü Ô [4]; � W v ¶.� z Ô M3NBi (M = Ca,
Sr, Ú Ba)[5]; ± 9 � Ô ¶ [ x z Ü Ô I-III-VI2
(I = Cu, Ag, Au; III = In, Tl; V = S, Se, Te), II-IV-
V2 (II = Zn, Cd, Hg; IV = Ge, Sn; V = As, Sb)[6]

�. CÏ, �IÚ{IïÄ| [7−9] q¤õýó

äk 18 �d>f�� Heusler Ü7¥��3�þ
d3�ÿÀý�Ná�. � Heusler Ü7´�«
pÝkS�7ámzÜÔ, äk¡%á�� MgA-
gAs (� (�ã 1(a)), ÙzÆÏª� XY Z [10]. Ù
¥ X , Y �±´LÞx��ÚJXDè��, Z K
´ s-p ��, c<®²3� Heusler Ü7¥uy

Nõp<�A5 [11,12]. �C Xiao �< [9] ÏLé
� Heusler Ü7 LaPtBi ÿÀØCþ Z2 �O�, y
²
 LaPtBi ´�«ÿÀý�Ná�. ã 1(b) B´
� Heusler.ÿÀý�N LaPtBi �U�ã. 3r�
�g^ – ;�ÍÜ�^e, ��?u¤�U?þ�
��{¿� Γ6 U�u)�=, /¤¤¢���
(� (Γ6 < Γ8), ùB´Ù/¤AÏL¡����
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7�^�. ,·�w�, éuá�� LaPtBi Ü7
�U�5`, duÉá�é¡5�o� Γ8 U�¿
vU
3¤�¡?�m��Y, =Ná��ý�5
;�
»�, �¿ØU¡��ý�¿Âþ�ÿÀ
ý�N.

ã 1 (a) � Heusler Ü 7 ¬ N ( �; (b) � Heusler Ü
7 LaPtBi �U�(�

c<é� Heusler .ÿÀý�N�nØïÄ
�õ�éþãJÑ����^� (^±�)7á
5�L¡�) ´Ä÷v, mkrïÄ:8¥3
XÛ¦ÿÀý�N�Ná�¢yý�5���.
¼�� Heusler .ÿÀý�NNá��ý�5
I�»�á��k�á�é¡5. ©z [9] {ü
J9�\ü¶Aå�± LaPtBi Ü7� Γ8 U��
m, duÙó�:Ø3ud¿vk?1�¦/
ïÄ. Ó�·�5¿�, � Heusler X�á�äk
��éáÚ<�A�: ^Óx�Ù¦��O�,
«�f, �±3ØUCd>fßÝ'�cJeU

C>K5Ú¬�~ê. ¤±·��Äæ^zÆO
�Ú�\�NÈü¶ (.!Ø) Aåü«�ª5
»�� Heusler .ÿÀý�N LaPtBi �á�é¡
5, ±Ï¢yéÙU��N�: ��¡¦���É
á�é¡5�o� Γ8 U��m/¤�Y; ,�
�¡, N!¤�U?� �, ¦ÙTÐá3�m�
�Y�¥. ùéu� Heusler .ÿÀý�Ná�
���Ú#.ÿÀý�N�&¢ÑkX���
¿Â.

2 O��{

� ó � ¥ ¤ k ¤ © � U � ( � Ñ æ
^ WIEN2K[13] O�§S^��O�. 3 WIEN2K
§SO�¥, æ^± Kohn-Sham �Ý�¼nØ�
Ä:��³U�5M\²¡Å (full-potential lin-
earized augmented planewave, FP-LAPW)[14] � {.
T�{ò¬�y©�U� muffin-tin ¥«Ú�{
�mY�m«. 3 muffin-tin ¥«S, >Ö�ÝÚ
³U¼êU¥�¼êÐm, Ä¼ê��f»�Ú
¥�Ü©�¦È; 3mY«, du³|Cz'�²
�, >Ö�Ý!³¼êÚÄ¼êKæ^²¡ÅÐm.
¿�3O�¥�Ä
g^ – ;�ÍÜ [15] ��^.
�� - �'³æ^Û�g^�ÝCq (LSDA)[16]

��{?n. Å¥È©æ^o¡N��{, 31�
Ùp�« k :��� 12 × 12 × 12. ��äëê:
Rmt×Kmax = 8, Ù¥, Rmt ´©f¥��� muffin-
tin ¥�», Kmax ´²¡ÅÐª¥�����f¥
þ. gUO��Âñ°Ý�� 1 × 10−4 e/cell.

3 (J�?Ø

3.1 zzzÆÆÆOOO���

lã 1(b) ¥·�w� LaPtBi Ü7�äk¤
¢� “��” (�, ´ÙäkÿÀ5�����
*�N, ,§¤�U?NC� Γ8 U�´ÉÙ
� Heusler (��á�é¡5�o�, ¦ÙNá�
¿�Uäký�N�5�. ùÜ©ó��8�B
3uØ»�Ù “��” (��cJe, ÏLzÆO
���ª�»á��k�á�é¡5, ¦§� Γ8

U��m/¤�Y. �
;�UCNX��U�
�=�A5, �Ð�O�æ^Ó�U
u)U�
�=� ScPtBi Ü7Ú LaPtBi Ü7�m?1zÆ
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O�. ã 2(a), (b), (c), (d), (e) ©O�3 LaPtBi Ü
7^Óx� Sc ��5O� 0%, 25%, 50%, 75%,
100%� La ���U�(�. I�`², �ó�¥
O�U�¤æ^�¬�~êÏLUþ`z�Ñ.
±� Heusler Ü7 LaPtBi �~, `z���²ï¬
�~ê� 6.90 Å. lã 2 ¥�±w�, LaPtBi Ü7
Ú ScPtBi Ü7�3¤�U?NC�U�vk��
��É, �â Oguchi[17] JÑ�nØ, LaPtBi Ü7¤
�U?NC Γ :�U�Ì�d PtBi |¤�ð 
¶f¬�¤û½,  La ��Tf¬��W¿��
�´é��U�kX�	��z, ¿Ø¬��K
��·�¤'5� Γ6 Ú Γ8 �, ù�´·��Ð
À� Sc ��O� La ��Øé PtBi ��?1O
��,����Ï. �X·�Ï"�@�, 3�
�O��L§¥, ùX�Ü7� Γ6 Ú Γ8 U�¿
vku)���Cz, �{¿� Γ6 U��� 
uo{¿� Γ8 U��e�. �Ò´`, ùX�
Ü7¥U��=�A5���±X, ��ûÐ�
7áL¡�¿Ø¬�XO��?1;�»�. �

´�ã 2(a) Ú (e), n��,¤©� Γ8 U�þ�
Ñy
�
�	�U�, Ì�´du Sc �f!La
�f±9 Pt �f�m��d,z�^±9á�¬
�é¡5�UC��
U���. e¡'5�
ã¥�üé Γ8 U� (��ãÜ©), O� 25%Sc �
�� La0.75Sc0.25PtBi Ü7� Γ8 U�E,�U3
�å, � LaPtBi Ü7¿u)vk���Cz. a
q/, O�?1 75%� La0.25Sc0.75PtBi Ü7U��
A/� LaPdBi �±
����q5. ,, �O
� 50%Sc ��� (�ã 2(c)), �±�Ù/w�, ü
é Γ8 U��m��Y, ¦+�k�f� 14 meV.
3dI�J9�´, ?1O� 25%ÚO� 75%�,
Ü7á���m+ [18] d�5� 216 (F 4̄3m) C
� 215 (P 4̄3m), é¡5�keü; O� 50%�)
¤(���m+� 115 (P 4̄m2), á�é¡5;�
»��§Ý��r�. ù�TT)º
�kã 2(c)
��Y�m, éuã 2(b) Ú (d) ��¹5`, ��
�é¡5UCØv±¦���U�'�x³��
üé Γ8 U��m.

ã 2 (a)—(e) é LaPtBi Ü7^ Sc ��ÅìO� La ������«¤©�U�(�

�
&ÄUC PtBi ð ¶f¬�éÿÀý�
5�K�, ·��
,�NX�zÆO�. ã 3(a)—
(e) � LaPtBi-LaPdBi X�?1zÆO��¤©�
U�(�. Òüà¤©ó, Ó�À�
U
u)
U��=%3¤�U??�Ñy�Y� LaPtBi Ü
7; ,	�àKÀ�
���ûÐ�ý�N%Ø

Uu)U��=� LaPdBi ¤©, �´ù«ý�N
3©z [7,8] ¥�¡� “²�” ý�N. Ó��p�
g?1 25%, 50%, 75%�O�. lù
¥m¤©�
U�(� (ã 3(b)—(d)) ¥�±w�, Úc�X�z
ÆO�¤©�', Ø=l¤�U?��Ü©�U�
u)
U��y�, duUC
 PtBi ð ¶f
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¬�, ¦�§�¤�U?NC� Γ6 Ú Γ8 U��
üà¤©u)
���Cz, cÙ´�éu “²�”
ý�N LaPdBi: n«¥m¤©� Γ6 U�Ã�~	
/Ñ�=�
7Ú� Γ8 U��e�, =¦´�é
u LaPdBi �O�
 25% Pt ��� LaPt0.25Pd0.75Bi
¤©, ¦�§� LaPdBi Ü7�U�u)
���
Cz. �Ò´`, ÏLzÆO�, �±¦��� “²
�” ý�N�¤©, C�k"¤�äkÿÀ5�
� “�²�” ý�N. ,, �)ù«y����
�Ï3u: 3 LaPdBi ¥Ú\
�fSê��� Pt
5O� Pd ��, lOr
XÚ�g^ – ;�
ÍÜrÝ, ¦��� u¤�U?þ�� Γ6 U�

u)�=. aqù«y� Chadov �< [7] �kL
��, Ó�¦��Ñ
,	�« (Cz¬�~ê)
5UCg^ – ;�ÍÜrÝ��ª. ,	, *	
ã 3(b)—(d) ¥��ã, Úþ¡� LaPtBi-ScPtBi X
�k¤ØÓ, �O� 25%Ú 75%�Ò�±¦ u¤
�U?NC� Γ8 U��m¿/¤�����Y.
�Ò´`, 3ù�X�Ü7¥, ���¬�é¡5
»�Òv±¦� Γ8 U���Y�m. ,EÎ´
O� 50%� LaPt0.5Pd0.5Bi ¤©��Y�m���
²w, �TT`²
U��m�§Ý�´�6uá
�á�é¡5;�»��§Ý, ùÚc¡�O�(
J�ÎÜ.

ã 3 (a)—(e) é LaPtBi Ü7^ Pd ��ÅìO� Pt ������«¤©�U�(�

�I�5¿�, ¿Ø´¤ké Heusler Ü7?
1zÆO�ÑU/¤½��. �
�y LaPtBi-
ScPtBi Ú LaPtBi-LaPdBi X�Ü7´Äk"3¢S
)�á�¥¢y, ·�O�
��¤©�(ÜU.
�ó�¥(ÜU�O�æ^e¡úª [19]:

Eb =(Etol − m1 × EX1 − m2 × EX2

− n1 × EY 1 − n2 × EY 2

− p × EZ)/(m1 + m2 + n1 + n2 + p),

Ù ¥ Eb � L ( Ü U, Etol L « Ü 7 N X o U,
 EX1, EX2, EY 1, EY 2, EZ ©O�LØÓ X , Y ,
Z ���g/¤ü¬��Uþ; m1, m2, n1, n2 Ú p

K����3Ü7¥�¹þ, �z©êL«.

ã 4(a), (b) �O����ü�zÆO�NX�
(ÜU. �±wÑ, z«¤©�(ÜUþ�K�, `
²�f(Ü¤Ü7���XÚòäk�$�Uþ;
Ó�, ���,�¤©, ?1zÆO��¤©äk
���(ÜU: 3ü�X�Ü7¥O�?1 50%�
¤©�(ÜU�u −6 eV , O� 25%Ú 75%�(
ÜU��, þ��
 −12 eV ±þ. �±wÑæ^z
ÆO�5N!ÿÀý�N LaPtBi �U�´Ün�,
�l(ÜU��Ýù, 3ù
²LzÆO���
¤©k"3¢S¥Ü¤Ñ5.

ùÜ©ó�Ì�8¥3ÏLzÆO���{
5UCg^ – ;�ÍÜrÝ�Ó�, »�� Heusler
.ÿÀý�Ná��á�é¡5, l¦��É�
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o� Γ8 U�3¤�U?NC�m/¤�Y. �X
Úó¥J��@�, ù
3kc�©z¥�kJ9,
�Ñ�U�Ñ�¦���. I�Úå·�5¿�´,
ùpÏLzÆO���ª´3�yá�U
u)
U��=�cJe, ¦� Γ8 U���Y�m, l·

�¢yÿÀý�NÒ�C�Ú
; ,d�¤�U
?� �%vkU
?u�m��Y�¥, ù�Ò
»�
Ná��ý�5, ¤±¿vU¢yý�¿Â
þ�L¡´7á5¬NSÜ´ý�5�ÿÀý
�N.

ã 4 é LaPtBi Ü7?1zÆO��¤©�(ÜU (a) La1−xScxPtBi (x = 0.00, 0.25, 0.50, 1.00) X�Ü7; (b) LaPt1−xPdxBi
(x = 0.00, 0.25, 0.50, 1.00) X�Ü7

3.2 ���\\\üüü¶¶¶AAAååå

ã 5 L«é� Heusler Ü7 LaPtBi 3�yNÈ
ØC�Ä:þ÷ [001] ���\ØÓ�ü¶.Aå
ÚØAå, �Ä�¢Sá�)�, �O�
 10%±
Sü¶Aå�U�Cz. ã¥� −2, −4, −6, −8
©OL«éÙ�\ 2%, 4%, 6%, 8%�ü¶ØAå,
+2, +4, +6, +8 KL«�\�A���ü¶.A
å. lã¥�±w�, ÃØ´�\.Aå�´Ø
Aå, �U��N�/G� ��á�� LaPtBi
Ü7 (ã 1(b)) ¿vku)���UC, ùÚ� Γ6

U���?u7Ú� Γ8 U��e�, U��=
�A5���±X, ù´Ï�==éá��\�
�ü¶Aå, ¿vkUC���«a, ���f
�±��¸�vku)���Cz. ,, l�
\ 2%�ü¶ (Ø½.) Aåm©, á��¬�d
�5�á�é¡5ü$�o�é¡5, ¦�¤�
U?NCÉ�o� Γ8 U�²w�m/¤�Y. Ó
�, ��´du¬�é¡5�CzK�
 La �

fÚ Pt ��d,z�^, ¤�U?Ñy� �
�u)
�½�Cz. éuØAåó, �XØ
Aå�O�, ¤�U?Åì�Xd�º���£
Ä, �ØAå� 6%Ú 8%�, ¤�U?TÐ u Γ8

U��m��Y�¥. 3ù«�/e, ·�B�
�
ýÏ��J: 3�yU��=�cJe, »
�¬�é¡5¦�É�o� Γ8 U�/¤��Y,
Ó�N!¤�U?��Y�¥, l��
ý�
¿Âþ�ÿÀý�N. ,�\Ó����.A
å%�U��Ó���J, �)�\ 2%Ú 4%�
. A å, ¤ � U ? � Ø � ; � / � � 
 Γ8

U�.
�
�\�ßÐ«Ñ¤�U?3 6%Ú 8%Ø

A å N C � C z, · � Ö ¿ O � 
 é LaPtBi
� ± 5%Ú 7%�ØA å � U � ( �, ¿ Ó �
ò 6%Ú 8%ØAå�U�ã��8¥3�å, X
ã 6 ¤«. lã¥�±wÑ, 3ØAå� 5%�, ¤
�U?m©?\�m�UY�¥, �, �X.A
å�O�, �XpU?���£Ä, ���\ 7%�
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ØAå�, ¤�U?�N u�m���Úd�¥
m; ��\���.Aå (ã 6 ¥��\ 8%ØAå
��/) �, ¤�U?qm©�$U?��£Ä. l

, ÏLé� Heusler Ü7 LaPtBi �\ØÓ���
�NÈü¶ØAå, Ò�±é¤�U?� �?1
k5Æ/N�.

ã 5 é LaPtBi Ü7÷ [001] ���\ØÓ��NÈü¶ØAåÚ.Aå�U�(�

ã 6 é LaPtBi Ü7÷ [001] ��©O�\ 5%, 6%, 7%, 8%��NÈØAå�U�(�
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?�Ú?Ø�NÈü¶Aåé LaPtBi U��
K�. ã 7(a) �*/�Ñ
¤�U?3ØÓ�ü
¶AåeÑy� �. Ù¥î�I� 0 :�L�
�±ü¶Aå��¹. ã¥¢%Ú�%�:©O
�L3ØÓAåe Γ :?��.Úd�º�Uþ
 �. �±é�*/w�, ÃØ�\õ��ü¶.
Aå (ã 7(a) ¥�î¶ 0 :�m�), ¤�U?��
 ud�º�e�; éuØAå�¹, ¤�U?
3 5%.Aå�m©?\��Úd�¥m, ù�´
c©¤J��. ,	, I�5¿�´, Γ ��þ�
�.Úd�º�Uþ�B´dü¶Aåp��m

�NUY���, 3d·�^ ∆E 5L«, Ù¥á
� LaPtBi � ∆E � 0. ã 7(b) B�3ØÓ��N
Èü¶Aåe ∆E �Cz, l¥�±wÑ, �\ü
¶Aå¦� Γ8 �Y�m�~k�, Ù¥�± 8%�
ü¶ØAåp��m�NUY�±p� 0.18 eV. 
�ØØ´ü¶.Aå�´ØAå, �XAå�O�,
LaPtBi ¬�Û�§ÝÅìO�, ∆E Ñ¥y
Ñ
Cq�5O��A:. �ÏLlã 7(b) ¥��^
Uþ�p�'�Ó����.AåÚØAå�¹
é ∆E �K�, uyü¶ØAåéu¦� Γ8 U�
�m��Ç�.Aå�p.

ã 7 (a), (b) ©O� LaPtBi Ü7�¤�U? �Ú ∆E �ü¶AC§ÝCz�¹

3�±�NÈ�cJe, ÏL�\ü¶Aå,
ÃØ´é LaPtBi Ü7�NUY�´¤�U?� 
�Ñ�±��N!, �ª¤õ¢y
ý�¿Âþ�
ÿÀý�N. ,, ¢S)�á��L§¥, 3ü¶
AåeØ�½U
�±¬���NÈCz. éut
µNÈ�±ü¶Aå�¹·��?1L�[?Ø
Ú�� [20]. uylUþ�$�n��Ýù, tµN
È�ü¶Aåéu¢Sá��)���Ün, �E
�±ÏL�\�½���ü¶ØAå¦� LaPtBi
Ü7¤�U?� � u Γ8 U��m��Y�¥,

�Ú�ó�¥�y���.

4 ( Ø

$^1�5�nO�,ïÄ
zÆO�9�N
Èü¶ (.!Ø) Aå5¢yé� Heusler.ÿÀý
�N LaPtBi U��N�.ïÄuy, éuüà¤©
� LaPtBi Ú ScPtBi �XÚ5`, � La Ú Sc �p
O� 50%�, 3�yU��=�cJe, Γ8 U��
m�f��Y¶éu LaPtBi-LaPdBi X��zÆ
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O�, �pO� 25%, 50%, 75%Ñ�±¦�þ¡¤
`��Y�m, �E´O� 50%��m�ÌÝ��,
�Ï´?1 50%�O�éá�¬�é¡5»��
§Ý��; Ó�ÏLO����¤©�(ÜU�K
�, `²l¢S)�á��Ýùùü�X��zÆ
O�k"3¢�¥¢y. ÏL�\�NÈü¶A
å5¦�á�¬�Û��ª, ��±¦ LaPtBi �
U�3¤�¡NC²w/�m�UY. O�(JL
², 3 10%���S, ÃØ´�\ü¶.Aå�´

ØAå, Ùp��mNUY (∆E) ����XAå
�O�¥yCq�5O��y�, ü¶ØAå
éu¦� Γ8 U��m��Ç�Ó����.Aå
�p. ÏLù«�ªØ=�±UC ∆E ���, 
���±¢yé¤�U?� �k5Æ/N!: �
�\ 5%—8%�ü¶ØAå�, ¤�U?TÐ u
�m�NUY�¥, l¢y
ý�¿Âþ�ÿÀ
ý�N. ùéu� Heusler.ÿÀý�Ná���
�Ú#.ÿÀý�N&¢�Ñk����¿Â.
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Abstract

Using the full-potential linearized augmented plane-wave method based on the density functional theory, we investigate the

influences of chemical substitution and uniaxial strain on the topological electronic structure of the half-Heusler compound LaPtBi. It

is shown that the Γ8 band which is protected by the cubic symmetry of the C1b structure can open and form a gap by substituting Sc

element for La or Pd for Pt in LaPtBi compound. However, in the case of distorting cubic lattice by using a uniaxial strain, not only the

gap mentioned above appears, but also the Fermi level can be tuned regularly. Thus the LaPtBi compound becomes a real topological

insulator.
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