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7�fW¿ç¸.�$LB�� (ZGNRs)¥V� (��>

^ÆA5. O�(JL²: >� �´7�f��½�, �, ,��f�Ú\���,>��^5�³�, ØL

�,Çv
��, �,>��^5�¡E
. 7�,B���U�(�é�,Ç¯a: �X�,Ç�O�, �,B

��©OLy��NA5!�7áA5±97áA5. �©�O�L²7�f�,�±N� ZGNR �^5±9U

�A5,��Y¢�å���^, k|uíÄ�$Lá�3g^>fÆ�¡�A^.
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1 Ú ó

���#uy�%�Ó�É/N, �$L��

´¢�ÚnØïÄ�9:�K [1]. �$Läk�

�p16f[£Ç [2,3] ±9¿§e���Ñ$ [1]

�ÕA5�¦§3B>fÆ¥äk�A^d�,

ØLÙ"�Y�U�A�{N
§3|�A¬N

+½Ù¦>fì�¥���A^. ��éÐ�)û

�{´r�$Là�¤O���B�^�, î��

þf���Aò3�$LB�� (GNR) �U�(

�¥�m���Y [4]. 1�5�nO� [5,6] L²,

ÉÃ«.�$LB�� (AGNR) ´��N5�, �

Y��°ÝO���~�, ç¸.�$LB�

� (ZGNR) �>�äkg^4z, Ù�c^ (AFM)

Ä����N5, UþÑp�c^� (FM) K´

7á5�.

,�½(Uì�Ú\´N� GNR 5U�k�

Ãã, ¯¢þdu�Eó²����éJ��;�

,��B�Ô. k' GNR >^Æ5��N��¡

®²kLNõó�, X�.�K�: SiC �.þ¡

�1���$L��.�f¤�, /¤�À� [7,8],

2 þ�1���$LâLyü��$L�5�.

 BN �.»��$L¥ü�f��é¡5, 3Ù

U�(�¥�m�½��Y [9]. �$LL¡�±á

N NO2, H2O, NH3 Ú CO �©f(Uì [10], �)

>Ö=£, lUCÙ>�Ç. ©f(Uì��$

LL¡��p�^�f [11],  ZGNR >��zÆ

¹5K��õ, �N´áN(Uì. Cervantes-Sodi

�< [12] O�uy NH2, OH, COOH, NO2 �©f

(Uì3 ZGNR >��áN�»U��g^{¿

5, �´ØUCÙ��NA5, >�áN��f

K����N — 7á�C. 7á�f��±áN

3�$Lþ, w7áÚwè7á3 AGNR ½ ZGNR

¥äkØÓ��½áN � [13,14], ¢�þ�±

^5�äB���>�Ã5. Ã	\^��, 7á

�fgu3ü>�/¤�fó, 	\»Ø¦7

á�f�=£��ý>�, l¢y»4°Ä�

g^zì� [14]. d	, Ni, Ti, Cr, Mn, Fe, Co�L

Þ7á [15,16] 3 ZGNR L¡�áN�ÑUCB�

��k�^z�, ¦�,B��Lyg^�6�

Ñ$A5.

ØL, 7á���zÆ¹5�, áN3�{�

�$LL¡��(ÜUÚ[£³^Ñé� [17],

3¿§�¸e,��f¬÷L¡[£, ��Ù

> ^ Æ 5 � Ø½, l  K � § � ¢ S A ^.
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áìq�N´áN3�$LL¡. ·�cÏ�¢

� [19] ®²L², 7�fÚÉ�f�±áN3�$

L�� "�?, ¿�3p§e,��f - "�é

k >�[£���, �ª�>�¤Ó¼. Zhang

�< [20] A^�Ý�¼nØ, O�
7�fW¿�

$LB��¥ü� "���(ÜUÚ[£³^,

)º
¢�¥*	��7á[£y�. Äué

�$L¥V� �(ÜUÚ[£³^�O� [21],

7�fW¿3V� ¥��Ju)[£, k|u

�,B���±½�>^ÆA5. nþ, �©

ïÄ7�fW¿ ZGNR ¥V� /¤�(� (¡

� Au-ZGNR),©Û,��fé ZGNR >^A5�

K�.

2 �.�O��{

�©�O�¦^Äu� Ý �¼ nØ (DFT)

� DMol3 �¬ [22,23], AÛ`zÚ>f(��O�

æ^ PBE�¼/ª [24] �2ÂFÝCq (GGA) ?

n��'é³, Vê��f;�\4zÄ| (DNP)

?n>f, ²¡Å�äål� 4.5 Å. Ùp�«È©

ÏL Monkhorst-Pack�{�), ^n×1×1 �k:Ä

��ÝéA{�Ùp�«, Ù¥n����yzü

���:�må�u 0.01Å−1. S�O���Uþ

Cz�u 1×10−5 Ha(1 Ha≈27.2114 eV),�fm�

^å�u 0.002 Ha,±9�f £�u 0.005Å�,

@�S�Âñ, O�¤õ. O�U�(��, ÷��

Ùp�«�åÀ� 21 �k:.

oUé'L²,ÃØB��°ÝXÛ, >� 

�Ñ´7�f��½�, �, ��c©z�

(Ø�� [20]. �z� ZGNR ���±Ïü��

,��7�f�, ·�½Â�,Ç� 100%,z

ü� ZGNR ���±Ïü��,��7�f�,

�,Ç� 50%, ±daí. �©O�©Û
 20%,

25%, 33.3%Ú 50%ùo«�,Ç� ZGNR �>Æ

Ú^ÆA5. ã 1 ¤«� 25%�,Ç�, Au-8ZGNR

��¬�(�«¿ã, �¬��¹ 4 � ZGNR �

��±Ïü�, ¤k�f?u��²¡S, 7 – %

����� 2.1 Å, �ý,��f�Ú\��>�

ÑkC/.

X

    Nz
⊲⊲⊲

Y

ã 1 �,Ç 25%�, Au-8ZGNR�(�«¿ã (Nz � ZGNR

�°ÝXê, Y ���\±Ï5>.^�)

(a)
(b)

(c) (d)

20%   m=1.0µB     25%   m=1.0µB     

33%   m=1.0µB     
50%   m=-0.1µB     

ã 2 o«ØÓ��,Ç^�e, Au-8ZGNR�UþÄ��g^>f�Ý©Ù
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3 O�(J�?Ø

®��� ZGNR �UþÄ�´�c^� [5],

¥y��NA5. 3ØÓ��,Ç�¹e, Au-

8ZGNR �UþÄ��g^>f�Ý©ÙXã 2

¤«. �,Ç� 20%�, �c^�´ Au-8ZGNR

�UþÄ�, Ù¥ùÚ�Lg^�þ>f, 7Ú

�Lg^�e>f, �U¡ê�� 0.02µB/Å3, X

ã 2(a)¤«. mý>�%�f�^Ý��� ZGNR

����, �ý7�f�,>�%�f�^

Ý~�
, ¿��7�f¤��ü�>�%�

f�^Ý�Ñ�uÙ¦A�>�%�f�^Ý.

d	, ,��f�³�
�,>��^z� B

��¥
�ò�, ¦üý>�^z�m�ÍÜÄ�

��. ��,Çþ,� 25%�, �ý>�%�f�

^Ý�³���²w, mý>�%�f�^ÝÄ�

�±ØC, Xã 2(b) ¤«; �,Ç�� 33.3%�,

�ý>��^Ý®²���³�, ØL�7�f¤

��o�C�%�fNC�3�f�^Ý. ±þn

«�¹e, �¬�¤¹�À^ÝÑ´ 1.0µB. k¿

g�´, O�uy�,Ç�� 50%��ÿ, �ý>

��^Ýq¡E
, $�'�� ZGNR �>�^

Ý���, Xã 2(d) ¤«, d��¬��À^ÝC

� −0.1µB.

e¡©Û,��fé ZGNR U�(��K

�, ã 3 (a)—(d) ©OéAã 2 ¥o«�¬��

U�(�ã, du,��fé ZGNR ¥f�é¡

5�»�, U�g^{¿5��, ã¥©O^¢

��J�L« α Ú β g^U�. �±w��,

Ç� 20%Ú 25%�, α Ú β g^Ï�þ���N

5, Ù¥ β g^U���Y��~�; �,Çþ

,� 33.3%�, β g^U�4Ü,  α g^U�

äk 0.15 eV��Y, Ly�7áA5; �,Ç

� 50%�, ü«g^þkU�BL¤�U?, ´7

á5�. nþ, �X�,Ç�O\, Au-8ZGNR²{


��N — �7á — 7á��CL§.
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�
�\n) 33.3%�,Ç� Au-8zNGR�7

áU�A5�5,·��O�
Ø�Äg^4z

�§�U�(�, Xã 4(a)¤«, k�^U� (·¶

�U� a �²�Ü©�Ðá3¤�U??. ã 4(b)

¤«�B����,>�Ú�,>��©Å��

Ý, �±uy¤�U??���ÝÌ�dcö�z,

=ã 4(a)¥�²� a Ì�d��,>��z, Ïd

^5Ì�5u��,>�, �g^>f�Ý©Ù

�(Ø��. dug^4z��^, ²��g^{

¿5�»�, Ù α g^Ü© (ã 3(c) ¥� a↑) e£,

 β g^Ü© (ã 3(c) ¥� a↓) þ£, ØLU� a

3 Γ :NC���Ü©©���, ©��ü«g^

�U�þ?u¤�U?±e, l��U� a↑ �

N u¤�U?±e, U� a↓ �NBL¤�U

?. d	, ��k�Ü© u¤�U?±þ���

U� b 3g^©��, α g^Ü©Ñkeü, ¦U

� b↑ ü�¤�U?±e,  β g^Ü©þ£, ¦U

� b↓ BL¤�U?. �ª��J´¦ 33.3%�,Ç

� Au-8ZGNR�U�(�¥kü^ β g^U�B

L¤�U?.

��, ·�ïÄ
�,B��¥�°Ý�A.

O�uy, 3k��°ÝCz��S, �,B��

��Y�Cz��, �±ÙU�A�ØC. ã 5 ¤

«� 20%, 25%±9 33.3%ùn«�,Ç�¹e,

Nz l 7 O�� 12 �, Au-ZGNR ��Y��°Ý

�¼ê'X, ¢�ÚJ�©OL« α g^Ú β g^

�êâ. �X�,Ç�O�,ÃØ α g^��Y�

�´ β g^��Y�Ñ´±Y~��. l α g^

�Y�5w,ÃØ�,ÇXÛ, §Ñ�°ÝO�

~� (Ø
 25%�,Ç�k��kO��~��L

§);  β g^�Y��Cz5ÆKÚ�,Ç�':

�,Ç� 20%�, �X°ÝO�, β g^��Y�

ÅìO�; �,Ç� 25%�, β g^�Y��°Ý

O�~�, 3v
�°Ý�k�Uü� 0 eV; �

,Ç� 33.3%�, β g^�Y�K©ª´ 0 eV,Ù�

7áA5ØÉB��°Ý�K�.
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z'X

4 ( Ø

|^1�5�nO��{, ïÄ
3ØÓ�,

Ç�, 7�fW¿3 ZGNR >�V� (��>Æ

Ú^ÆA5. O�(JL²: 7�f³�
�,>

�%�f�^Ý, �,Ç��, >�%�f�^Ý

�³���²w; ��,Ç�� 50%�, �,>�

%�f�^Ý�¡E
. U�(��¡, 7�f

�,»�
U��g^{¿5, �X�,Ç�O�,

�,B��²{��N — �7á — 7á��C

L§, Ù¥ 33.3%�,Ç�¥y�7á5,  25%�

,Ç�, 3v
�°Ý�ék�U��±¼��7

áA5. nþ,�¼��7áA5� Au-ZGNR, I

�O(���,��¸, ù3¢�þ�ké��´

�r.
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Research of electronic and magnetic properties on
gold doped zigzag graphene nanoribbons∗
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Abstract

Using first principle based on the density functional theory, we have studied the the electronic and magnetic propertiesof zigzag

graphene nanoribbons (ZGNRs) doped by gold atoms in divacancy. Our calculations show that edge site is the most stable doping site

for gold atom, and the magnetism of ZGNRs is inhibited by the introduction of impurities. However, in the case of large enough doping

ratio, the magnetic moment of doped edge restores anomalously. The band structure characteristic of gold doped ZGNRs issensitive to

doping ratio. As the doping ratio increases, Au doped ZGNRs show semiconducting, half-metallic and metallic properties, respectively.

Our calculations prove that gold atoms doped ZGNRs could modulate the magnetic and band structure character, guiding the follow-up

experiments, and promoting the application of graphene in spintronics.

Keywords: zigzag graphene nanoribbon, gold atom, doping, half-metal
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* Project supported by the National Basic Research Program ofChina (Grant Nos. 2011CB707601, 2009CB623702), the National Natural Science

Foundation of China (Grant Nos. 51071044, 60976003, 61006011), the Program for New Century Excellent Talents in University (Grant No.

NCEF-09-0293), and the Research Fund for the Doctoral Program of Higher Education (Grant No. 20100092110014).

† E-mail: slt@seu.edu.cn The first and second authors contributed equally to this work.

047106-5


