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Structural Effect on the Oxygen Evolution Reaction in the Electrochemical
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We investigated the overpotential of the oxygen evolution reaction for the FePt catalyst by using a

density functional theory calculation. We conducted the calculation for two types of FePt catalysts:

FePt with an ordered L10 crystal structure and FePt with atoms randomly distributed at the

face-centered-cubic (FCC) crystal sites. First, we investigated the surface energy of the L10 FePt

surface and concluded that the reacting surface was a (111) surface because of its low surface energy.

Next, we calculated the free energy of the oxygen evolution reaction (OER) steps and obtained the

theoretical overpotentials for the two types of FePt catalysts. The overpotentials for the ordered

L10 and the disordered FCC FePt catalysts were found to be 2.26 V and 2.17 V, respectively. The

disordered FCC FePt is expected to have a higher catalyst activity than the ordered L10 FePt.
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]j{9�"é¶o� x9��̧#3��<ÊÃºs��:r >�íß��̀¦ :�xK� &ñ
§>=�)a L10 ���&ñ
½̈�̧_� FePtü< FCC ½̈�̧\�"f "é¶���� Áº

���0A�Ð C�u�÷&#Q e����H FePt 8ú¤B�_� íß��è µ1ÏÒqt ìøÍ6£x õ����·ú��̀¦ ·ú����Ð��¤��. ���ª�ô�Ç ³ð��� ~½Ó0A\� @/ô�Ç

\��-t� >�íß� ���õ�, L10 FePt_� (111)���s� ���©� îß�&ñ

�#� ìøÍ6£x\� ���©� ß¼>� �'a#�
���H ³ð���e���̀¦ ·ú� Ãº

e��%3���. íß��è µ1ÏÒqt ìøÍ6£x_� y�� éß�>�_� ��Ä» \��-t�\�¦ >�íß�
�#� y�� 8ú¤B�_� s��:r&h� õ����·ú��̀¦ >�íß�ô�Ç ���

õ�, L10 ���&ñ
½̈�̧_� FePtü< "é¶�� C�\P�s� Áº���0Aô�Ç FCC FePt_� õ����·ú��Ér y��y�� 2.26 V, 2.17 V�Ð "é¶

�� C�\P�s� Áº���0Aô�Ç FCC FePt_� õ����·ú�s� 0.09 V ±ú�>� >�íß�÷&%3���. s���H íß��è µ1ÏÒqt ìøÍ6£x 8ú¤B��Ð"f

V,�o� æ¼s���H Pt_� õ����·ú���� 2.55 V �Ð�� ±ú��Ér °úכs���.
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I. "e Â]Ø

Ãº�è ��Û¼\�¦ s�6 xô�Ç Ãº�è \��-t���H òøÍ�è\�¦ µ1ÏÒqtr�v�

t� ·ú§�� Ä»§4�ô�Ç 	�[j@/ \��-t�"é¶ Êê�Ð�Ð y��F�g~ÃÎ�¦ e����.
I��ª�F�g�̀¦ s�6 xô�Ç ���l��o�<Æ&h� Óüt ì�rK���H Ãº�è \��-t�_�

���«Ñ��� Ãº�è ��Û¼\�¦ ���©� 8̈��â
�2;�o&h�Ü¼�Ð %3���H ~½ÓZO�Ü¼

�Ð"f þj��H ú́§�Ér y��F�g�̀¦ ~ÃÎ�¦ e����.
{9�ìøÍ&h���� ���l��o�<Æ&h� Óütì�rK� ìøÍ6£xd���Ér ��6£§õ� °ú ��

[1].

2H2O → O2 + 4H+ + 4e− (1)

Óüt_����l��o�<Æ&h�ì�rK���Híß��èµ1ÏÒqtìøÍ6£x (Oxygen Evolu-
tion Reaction, OER)õ� Ãº�è µ1ÏÒqt ìøÍ6£x (Hydrogen Evo-
lution Reaction, HER)_� ¿º >h_� ìøÍAá¤ ìøÍ6£xÜ¼�Ð s�ÀÒ#Q
4R e����HX<, �ª��FG\�"f Ãº�è µ1ÏÒqt ìøÍ6£xs�, 6£§�FG\�"f íß��è
µ1ÏÒqt ìøÍ6£xs� {9�#Qèß���.

Cathode : 2H+ + 2e− → H∗ + H+ + e− → H2 (2)

Anode : 2H2O → OH∗ + H2O + e− + H+

→ O∗ + H2O + 2e− + 2H+

→ OOH∗ + 3e− + 3H+

→ O2 + 4e− + 4H+ (3)

³ðï�r�©�I�\�"f\P�%i��<Æ&h�Ü¼�Ð>�íß�ô�Çíß��èµ1ÏÒqtìøÍ6£x_����

·ú��Ér 1.23 Vs���.Õª�Q��z�́]jÓütì�rK�ìøÍ6£x\�"f��H�Ö̧$í
�o
õ����·ú� (activation overpotential), 0lx�̧ õ����·ú� (concen-
tration overpotential), $��½Ó õ����·ú� (resistance overpo-
tential)1px#��Q��t�"é¶���\�_�ô�Çõ����·ú� (overpotential,
η)s� µ1ÏÒqtô�Ç��.
I��ª�F�g e�¦!3�Û¼ (10 mA/cm2) 
�\�"f õ����·ú��Ér 6£§�FG_�
Ãº�è µ1ÏÒqt ìøÍ6£x�Ð�� �ª��FG_� íß��è µ1ÏÒqt ìøÍ6£x\�"f ß¼>� µ1Ï

Òqt
���H �Ü¼�Ð	כ ·ú��94R e���� [2,3]. ����"f &h�]X�ô�Ç 8ú¤B�\�¦
:�xK� íß��è µ1ÏÒqt ìøÍ6£x_� õ����·ú��̀¦ y���èr�&� Óütì�rK�\� �9�

����¹ô�Ç���·ú��̀¦\P�%i��<Æ&h�þj�è���·úכ 1.23 V\���¾ú�>�±ú�Ø�¦
��¹כ��9 e����.
Óütì�rK�8ú¤B��Ð��¥y���6 x÷&��HÓüt|9�[þt�Ér Pt, TiO2, Co
l�ìøÍ Óüt|9�, Bi 1pxs� e��Ü¼ 9, Õª×�æ Pt��H Z�}�Ér 8ú¤B� ò́Ö�¦�̀¦
�Ð#� \V�ÐÂÒ'� �Ö̧µ1Ïy� ���½̈÷&�¦ e����. Pt��H íß��è Òqt$í

ìøÍ6£x_� ìøÍ@/ ìøÍ6£x��� íß��è 8̈�"é¶ ìøÍ6£x (Oxygen Reduction
Reaction, ORR)_�8ú¤B��Ð�̧Z�}�Ér ò́Ö�¦�̀¦�Ðs���H�Ü¼�Ð	כ
·ú��94R e����. Õª�Q�� �B�è �FK5Åq��� Pt��H �����s� B�Äº q�
�� 9]j�̧ õ�&ñ
s�����\�vl�M:ë�H\�,���«Ñ���t�_�íß��è 8̈�
"é¶ìøÍ6£x8ú¤B��Ð"f��Hí�HÃºô�Ç Pt�FK5Åq�Ð�� Fe, Co, Ni1px_�

���s��FK5Åqõ����½+Ëô�Ç½+Ë�FKs��8 ú́§s���6 x�)a�� [4,5]. þj��H
[þt#Q Ptü< ���s��FK5Åq_� ½+Ë�FKs� �â
]j&h� 8£¤���÷�r ��m��� 8ú¤
B� ò́Ö�¦ 8£¤���\�"f�̧ �8 8A#Q������H ì�r$3�s� ]jr�÷&�¦ e��

Ü¼ 9, Õª×�æ Feü< Pt�� 1@/1�Ð ���½+Ëô�Ç FePt ���̧ {9���_�
�â
Äº í�HÃºô�Ç Pt 8ú¤B��Ð�� íß��è 8̈�"é¶ ìøÍ6£x �Ö̧$í
�̧ (ORR
activity)��8A#Q������H���½̈���õ�[þts�µ1Ï³ð÷&%3��� [6–8].
z�́+«>&h�Ü¼�Ð ½+Ë$í
�)a FePt��H ���d��{9�~½Ó (FCC) ���&ñ
 ½̈
�̧ (s�
� d-FePt) ?/\�"f �����&h�\� Feü< Pt "é¶���� Áº|9�
"f
�>� ì�r�í�)a ���&ñ
½̈�̧ �©�I�\�¦ s�ê�r��. ½+Ë$í
�)a FePt\�
530 ◦C s��©�_� \P��̀¦ ��
���� �©����s��� {9�#Q�� 9, "é¶�� C�
\P�s� Áº|9�"fô�Ç FCC ½̈�̧\�"f Fe "é¶�� 8£xõ� Pt "é¶�� 8£x
s� (100) ���õ� (200) ���Ü¼�Ð ���°ú��� ��������H �̂d��&ñ
~½Ó
(FCT) ½̈�̧ (s�
� o-FePt)�Ð ��7
>� �)a��. s��Qô�Ç +þAI�
_� ½̈�̧\�¦ L10 ½̈�̧���¦ t�g�Aô�Ç�� [9–11].
�&³F���t� íß��è 8̈�"é¶ ìøÍ6£x 8ú¤B��Ð"f FePt\� @/ô�Ç ���½̈
��Hz�́+«>&h�,s��:r&h�Ü¼�Ð ú́§s����'��÷&%3�Ü¼��,íß��èÒqt$í
ìøÍ
6£x_� 8ú¤B��Ð"f_� FePt��H �©�@/&h�Ü¼�Ð ���½̈�� p�f�̈ô�Ç �©�
S!�s���. ����"f �:r ���½̈\�"f��H Ptü< Fe�� 1@/ 1�Ð ���½+Ë
ô�Ç FePt 8ú¤B�\�"f_� íß��è µ1ÏÒqt ìøÍ6£x�̀¦ s��:r&h�Ü¼�Ð ì�r$3�
Ùþ¡��. FePt_� íß��è 8̈�"é¶ ìøÍ6£x 8ú¤B��Ð"f_� %i�½+É�̀¦ ì�r$3�ô�Ç
���½̈\�"f��H Áº|9�"fô�Ç FCC ½̈�̧_� d-FePt�Ð�� L10 ½̈�̧

_� o-FePt_� 8ú¤B� ò́Ö�¦s� �8 8A#Q������H ���õ��� �Ð�¦�)a
�� e���� [7]. s�\� s���� ���½̈\�"f��H o-FePtü< d-FePt\�
@/K� x9��̧#3��<ÊÃºs��:r (Density Functional Theory) >�íß�
�̀¦ Ãº'��
�#� FePt_� ½̈�̧�� 8ú¤B� ò́Ö�¦\� p�u���H %ò
�¾Ó�̀¦
·ú����Ð��¤��.

II. 4���m Uês0nÉ

�̧��H x9��̧#3��<ÊÃºs��:r >�íß��Ér EDISON ��\O� ×�æ�©�G'p'�
\�"f ]j/BN
���H Linear Combination of Atomic Orbitals
l�ìøÍ Density Functional Theory �����½̈�̧>�íß� SWõ�
[12] VASP (Vienna Ab initio Simulation Package) [13]
�ï×¼\�¦ :�xK� >�íß��̀¦ Ãº'��
�%i���. {9�ìøÍ�o�)a l�Ö�¦l� ��H��
ZO� (Generalized Gradient Approximations, GGA) [16]�̀¦
s�6 xô�Ç PAW Ä»�� (�J$�[>� (Projector-augmented Wave
Pseudopotential) ~½ÓZO��̀¦ ��6 x
�%i��� [14,15]. ³ð��� �̧4Sq
a�A�Ér 8úx 8>h_� FePt 8£xÜ¼�Ð s�ÀÒ#Q��� _þtêÁ��̀¦ ��6 xÙþ¡Ü¼
 9, ���/BN _þtêÁ��̀¦ 15 Å�Ð [O�&ñ

�#� ÅÒl��â
>��̧|	� (Peri-
odic Boundary Condition)\� _�ô�Ç Ã»(�!sq çß�_� �©� ñ���
6 xs� þj�è�o÷&�̧2�¤ Ùþ¡��. î̈
����� ���>h\�¦ 0Aô�Ç \��-t� ô�Ç
>�u��Ð í�HÃºô�Ç FePt ½̈�̧��H 300 eV\�¦, ìøÍ6£xÓütõ� ���½+Ëô�Ç
½̈�̧��H 400 eV\�¦ ��6 x
�%i�Ü¼ 9, %i������ /BNçß�\�"f_� k-
point Ò�re�¦a�A�Ér Γ �í���àÔ\�¦ ��6 x
�%i���. o-FePt_� _þtêÁ�
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Table 1. Surface energy and surface energy per fomular
unit of d-FePt with different surface coordinates.

Orientation Slab Energy Surface Energy

[eV/fomular unit] [meV/Å2]

(100) -12.02 32.80

(110) -11.83 42.41

(111) -12.09 26.98

�Ér ·ú��9��� L10 ½̈�̧_� FePt _þtêÁ�\� ����� ½̈�̧ü< "é¶�� ½̈
�̧\�¦þj&h��or�&�%3�%3���.þj&h��o�)a ½̈�̧_�������©�Ãº a��H
3.91 Ås� 9 ����� �©�Ãº c��H 3.74 ÅÜ¼�Ð c/a q�Ö�¦�Ér 0.95s�
�� [17]. d-FePt _þtêÁ��̀¦ ëß�[þt M: ·ú��9�������� �©�Ãº 3.84 Å
\�¦ °ú���H FCC ½̈�̧_� _þtêÁ��̀¦ +þA$í
ô�Ç Êê èß�Ãº Òqt$í
�̀¦ :�x
K� y�� ����� &h�\� Fe "é¶��ü< Pt "é¶��\�¦ Áº���0A�Ð C�u�
�
%i��� [18]. s�M: "é¶��[þt_� ����̂ q�Ö�¦s� 1@/1s� ÷&�̧2�¤ Ùþ¡
��.>�íß�\���6 x�)a �̧��H ½̈�̧_�þj&h��o��Hy��"é¶����~ÃÎ��H
jËµs� 0.02 eV/Å s�
��� ÷&�̧2�¤ 
�%i���. W. H. Butler 1px
_� ���½̈ ���õ�\� ��ØÔ��� y©���$í
 �©� ñ���6 x (Ferromagnetic
Coupling)�̀¦ s�ê�r FePt�� \��-t�&h�Ü¼�Ð ���©� îß�&ñ
ô�Ç �	כ
Ü¼�Ð ·ú��94R e���� [19]. ����"f s� ���½̈\�"f��H �̧��H Û¼
�2;_� ~½Ó�¾Ós� (001) ���\� Ãºf����� ~½Ó�¾ÓÜ¼�Ð &ñ
§>=ô�Ç y©���$í

+þAI�_� Û¼�2; C�\P�\� @/K� >�íß��̀¦ Ãº'��
�%i���.

III. +sÇÊÝ õmÍ �º8ý

íß��è µ1ÏÒqt ìøÍ6£x\� ���©� ß¼>� �'a#�
���H o-FePt_� ³ð���
~½Ó0A\�¦ ·ú�l� 0AK� o-FePt ³ð���_� ~½Ó0A\� ���Ér ³ð��� \��-
t�\�¦ ��6£§õ� °ú s� >�íß�ô�Ç��.

γ =
Eslab − Ebulk

2A
(4)

Eslabõ� Ebulk��H y��y�� _þtêÁ�õ� ZO�ß¼_� \��-t�\�¦ ����?/

 9 A��H ³ð���&h��̀¦ >pwô�Ç��. y�� ~½Ó0A\� ���Ér ³ð��� ½̈�̧��H
Fig. 1õ� °ú Ü¼ 9, y�� ½̈�̧_� ³ð��� \��-t�ü< "é¶�� {©� ³ð���
\��-t�\�¦ Table 1\� ����?/%3���.
>�íß� ���õ� (111) ���s� ���©� ±ú��Ér ³ð��� \��-t�\�¦ ��f��
�̀¦ ·ú� Ãº e��Ü¼ 9, s�
�_� >�íß�\�"f��H (111) ����̀¦ t�&ñ

�
#� >�íß��̀¦ Ãº'��
�%i���. o-FePtü< d-FePt_� ����� ½̈�̧��H
Fig. 2\�����?/%3���. o-FePt��H (111)����̀¦³ð���~½Ó0A�Ð��
t���H �̂d��&ñ
~½Ó (FCT) ����� ½̈�̧\�¦ ��t��¦ e����.
Óüt ì�rK� ìøÍ6£x\�"f íß��è µ1ÏÒqt ìøÍ6£x�Ér #��Q éß�>�\� ���5g

{9�#Q����HX<. y�� éß�>�\� K�{©�
���H ìøÍ6£xd���Ér ��6£§õ� °ú ��.

2H2O + ∗ → OH∗ + H2O + e− + H+ (5)

OH∗ + H2O → O∗ + H2O + e− + H+ (6)

O∗ + H2O → OOH∗ + e− + H+ (7)

OOH∗ → O2 + e− + H+ (8)

Fig. 1. (Color online) Lattice structure of o-FePt with
(a) (100), (b) (110), (c) (111) surface coordinates.

Fig. 2. (Color online) Lattice structure of (a) o-FePt and
(b) d-FePt.

y�� ìøÍ6£x éß�>�_� ��Ä» \��-t���H ��6£§õ� °ú s� ����è­q Ãº

e���� [20].

∆G1 = E(OH∗)− E(∗)− E(H2O) +
1
2
E(H2)− eU (9)

∆G2 = E(O∗)− E(OH∗) +
1
2
E(H2)− eU (10)

∆G3 = E(OOH∗)− E(O∗)− E(H2O) +
1
2
E(H2)− eU

(11)

∆G4 = E(O2)− E(OOH∗) + E(∗) +
1
2
(H2)]− eU (12)

U��H ³ðï�r�©�I�\�"f &ñ
�©� Ãº�è ����FG (Normal Hydrogen

Electrode, NHE)\� @/K� 8£¤&ñ
ô�Ç (�J$�[>�s���. d�� (9)-

(12)_�½+Ë�Érz�́+«>&h�Ü¼�Ð ½̈½+ÉÃºe����H¿ºÓütì�r��_�Òqt$í


��Ä»\��-t���� 4.92 eV_� 6£§_� °úכÜ¼�Ð �¦&ñ

�%i���. s���H

GGA-DFT>�íß�_��â
Äºì�r��çß����½+Ë\��-t�\�¦õ��èî̈
��
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Table 2. Free energy of reactant and product with o-FePt and d-FePt catalyst.

Free Energy [eV] ∗ O∗ OH∗ OOH∗ H2O H2

o-FePt -782.70 -788.04 -792.45 -796.45 -14.03 -6.72

d-FePt -769.19 -774.88 -779.05 -783.38 -14.03 -6.72

Table 3. Free energy of reaction steps in 0 V and 1.23 V
when o-FePt catalyst is used [eV].

Voltage Step 1 Step 2 Step 3 Step 4

0 V 0.92 1.05 2.26 0.70

1.23 V -0.31 -0.18 1.03 -0.54

Table 4. Free energy of reaction steps in 0 V and 1.23 V
when d-FePt catalyst is used [eV].

Voltage Step 1 Step 2 Step 3 Step 4

0 V 0.80 0.81 2.17 1.14

1.23 V -0.43 -0.42 0.94 -0.09


���H �â
�¾Ós� e��l� M:ë�Hs���. >�íß�\�"f pH\�¦ 0s��� ��&ñ

Ùþ¡Ü¼Ù¼�Ð H+ü< �'aº���)a ��Ä»\��-t���H 0s���. ¿º ³ð��� ½̈
�̧\� y��y��_� ì�r��\�¦ f�̈�ÃÌr�&� ��Ä» \��-t�\�¦ >�íß�
�%i�

Ü¼ 9 (Table 2), OH∗�� f�̈�ÃÌ�)a C�u�\�¦ @/³ð&h���� \V�Ð"f

Fig. 3\�����?/%3���.>�íß��)a��Ä»\��-t�ü<·ú��94Re����H
H2O, O2, e−_� ��Ä»\��-t�°ú̀�כ¦ s�6 x
�#� y�� éß�>�\�¦ >�
íß�Ùþ¡Ü¼ 9, Õª ���õ�\�¦ Table 3ü< Table 4\� ����?/%3���.
0A d��\�"f s��:r&h�Ü¼�Ð >�íß�½+É Ãº e����H õ����·ú� °úכ�Ér ��

6£§õ� °ú ��.

η = max[∆G1,∆G2,∆G3,∆G4]/e− 1.23[V ] (13)

Table 3ü< Table 4\�"f 1.23 V ���·ú��̀¦ ���%3��̀¦ M: 3éß�
>�_� ìøÍ6£x \��-t��� �ª�Ãºe���̀¦ SX����½+É Ãº e��Ü¼ 9, ����"f
3éß�>� ìøÍ6£x_� ìøÍ6£x \��-t�\�¦ 0Ü¼�Ð ëß�×¼��H ���·ú�õ� 1.23
V ���·ú�_� 	��� õ����·ú�s���.

Fig. 4��Hy�� ½̈�̧_�ìøÍ6£xéß�>�\����Ér��Ä»\��-t�����o
\�¦ �����·p �.���s	כ Fig. 4\�"f SX����½+É Ãº e��1pw o-FePtü<
d-FePt8ú¤B�_�õ����·ú��Éry��y�� 2.26 V, 2.17 V�Ð d-FePt��
0.09 V ±ú��Ér õ����·ú��̀¦ �Ð%i���. s���H Rossmeisl_� ���½̈\�
"f ·ú��9��� Pt 8ú¤B�_� íß��è Òqt$í
 ìøÍ6£x õ����·ú� 2.55 V�Ð��
±ú��Ér °úכÜ¼�Ð, íß��è 8̈�"é¶ ìøÍ6£x÷�r ��m��� íß��è Òqt$í
 ìøÍ6£x
\�"f�̧ FePt�� B�Äº Z�}�Ér 8ú¤B� �Ö̧$í
�̧\�¦ ��f���̀¦ >pwô�Ç��
[1]. ¢̧ô�Ç íß��è 8̈�"é¶ ìøÍ6£x (ORR)\�"f o-FePt�� d-FePt
�Ð�� �8 Z�}�Ér 8ú¤B� ò́Ö�¦�̀¦ �Ð��� ��\	כ ìøÍK�, íß��è Òqt$í
 ìøÍ
6£x\�"f��H d-FePt_� 8ú¤B� ò́Ö�¦s� �8 Z�}6£§�̀¦ ·ú� Ãº e����.
����"f FePt ���̧{9���\�¦ íß��è Òqt$í
 ìøÍ6£x 8ú¤B��Ð+� ��6 x
½+É �â
Äº Z>��̧_� \P�%�o� /BN&ñ
s� \O�s��̧ Z�}�Ér 8ú¤B� ò́Ö�¦�̀¦

l�@/½+É Ãº e���̀¦ �Ü¼�Ð	כ \V�©��)a��.

Fig. 3. (Color online) OH− molecule’s position on the
surface of (a) o-FePt and (b) d-FePt during OER.

Fig. 4. (Color online) Free energy variation through OER
with (a) o-FePt and (b) d-FePt catalyst.

IV. +sÇ Â]Ø

{9�ìøÍ�o�)a l�Ö�¦l� ��H��ZO� (GGA)�̀¦ ��6 xô�Ç x9��̧#3��<Ê
Ãºs��:r�̀¦ :�xK� &ñ
§>=�)a L10 ½̈�̧_� o-FePtü< FCC ½̈�̧
\�"f "é¶��_� C�\P�s� Áº���0Aô�Ç d-FePt_� íß��è µ1ÏÒqt ìøÍ6£x
_� õ����·ú��̀¦ ·ú����Ð��¤��. �o�<Æ ìøÍ6£x\� �'a#�
���H &ñ
§>=�)a
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o-FePt_� ³ð��� ~½Ó0A��H ³ð��� \��-t��� ���©� ±ú��Ér ~½Ó0A���
(111) ���Ü¼�Ð >�íß�
�%i���. õ����·ú� 8£¤&ñ
 ���õ� o-FePtü< d-
FePt_� õ����·ú��Ér y��y�� 2.26 V, 2.17 Vs�%3���. íß��è 8̈�"é¶
ìøÍ6£xõ� ²ú�o� íß��è Òqt$í
 ìøÍ6£x\�"f��H d-FePt_� 8ú¤B� ò́Ö�¦
s� �8 Z�}�Ér �Ü¼�Ð	כ ����z�¤��. s� ���½̈��H Ptü< ���s��FK5Åq
½+Ë�FKs� �Ð�� $�§4�
��¦ Z�}�Ér �Ö̧$í
�̧_� íß��è Òqt$í
 ìøÍ6£x 8ú¤

B��Ð &h�6 x ��0px�<Ê�̀¦ �Ð%i���.

Pcp��8ý òk>

�:r �7Hë�H�Ér 2015�̧��̧ &ñ
ÂÒ (p�A��½Ó�̧õ��<ÆÂÒ)_� F�"é¶Ü¼
�Ð ô�Ç²DG���½̈F�éß� '��éß� ��s����Û¼·�§¹¢¤ )�ÚÔ >hµ1Ï ��\O�_�
t�"é¶�̀¦~ÃÎ��Ãº'���)a���½̈{9�m��� (No. NRF-2012-M3C1A
6035302).
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