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B7áB�âfduÙ�~ÕA�1ÆA5ÚL¡¹5, 31fÆ!xzÚ)ÔI£��¡Ñk�~­��
A^. æ^lfí�Ú�Y9?n�(Ü��{3ÀæL¡/¤
º���� 60—80 nm �ü©Ñ�¥/7B�
âf. 3·��§Ý^�e, æ^Ú?ªO\�r�6>|, ¢y
7B�âf�>|9ÏM)L§. 3ÀæL¡�
ØÓôÚ«�, Ð©¥/�7B�âfM)¤�¡G/m. (ÜØÓôÚ«�S7B�âf�L¡�lfN��á
Â5�Ú×£>ºì¡, ïÄ
¢�^�é7B�âf5��K�. (Ü>|9ÏM)¢�L§¥�>6 - >ØA
5, ©Û
7B�âf3r�6>|9ÏeM)�ÔnL§: 7âf¥ÄÑ�>f��4��BL§��m©, �
�´7�lf�ÀæÄN¥�DÑL§ÚÒ4Jø�>f��k�>Ö�7âf�(Ü�L§. �[?Ø
>|
9ÏM){¢y7B�âf/m���ÔnÅ�.

'�c: 7B�âf, >|9ÏM), L¡�lfN��, >6 - >ØA5

PACS: 42.70.–a, 78.67.Bf, 73.90.+f, 81.15.Cd

1 Ú ó

1Æ8¤>´Eâ3DÚ�>fÆ+�k�
~­��A^, �±7áB�âf�áÂOr�
A�Ä:uÐå5��lfNÆÑy��, ù�E
â��
�����uÐ [1]. 7áB�âf�1
áÂÔn¢�´37áL¡�)��Z>f��,

�¡�L¡�lfN. C
cB7á�,�EÜá
�duÙg�äkOr�n���5^zXêÚ
L¡�lfN�� (surface plasmon resonance, {P
� SPR) ��©ÕA���51Æ5� [2−4], ¦�
Ù31Æêâ�;!1Å�ì������¡Ñ
k­��A^. Ó�, B7áB�âfduÙ`û
�L¡¹5, 3xz�^Ú)ÔI£��¡�k­

��A^ [5,6]. éu¤k�ù
A^, B7á�,�
B�EÜá��1ÆÚL¡5�Ñr�/�6u
NX¥7áB�âf�º�!/G!�ÝÚ�m
©Ù [7,8]. Ï
XÛ��B7áB�âf�/m�
'��«5��¯KÒ¤�C
c�ÆïÄó�
��:.

3ù�ïÄµee, Äuc<3Àæ¥p��
)����5�4zEâ¥�éu, uÐ
�«{
ü¢^Ú$¤���{, =>|9ÏM) (electric

field assisted dissolution, {P� EFAD)[9,10]. ù«�
{L², 3��r�6>|Ú·Ý�§Ý�Ó�^
e, �±¢yNX¥7áB�âf�©�ÚM).

î8��, |^d�{®²¤õ¢y
õ«7áB
�âf� EFAD, ~XÕ [11,12]!Ô [13]!7 [14,15]
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�, ¿���
3��ÚB�ºÝe�¡È���
1f¬N(� [16,17]. ,
du�c�ïÄ¥7á
B�âfõê��¹3ÀæÄN¥, ¦�7áB�
âf� EFAD y�éJ���*	�, ¿��[�
7áB��âM)Å��3?Ø¥.

�©æ^lfí�Ú�Y9?n�(Ü��
{3ÀæL¡/¤
ü©Ñ�¥/7B�âf. 3
·��§Ý^�e, æ^��r��6>|, ¢y

7B�âf� EFAD, 3�4e��¬L¡�Ø
Ó«�/¤
õ«/m�7B�âf. �¬ØÓ
?n«�S7B�âf�×£>ºì¡(J�Ñ

 EFAD y���*(J, (ÜL¡�lfN��
áÂ5�, ïÄ
¢�^�é7B�âf�/m�
��K�. ¿��â¢�L§¥�>6 - >ØA5,

JÑ
7B�âf3r�6>|9ÏeM)�Ô
nL§, �[?Ø
 EFAD �{��7B�âf/
m�ÔnÅ�.

2 ¢�C�9�{

ÀæÄN´º�� 8 mm×8 mm×1 mm �1À
¡ (Said Brand, CAT. No.7101). lfí�¤ (SBC-

12, KYKY) �^����7qål�¬� 6 cm, À
æó�¿SØr� 5 Pa, ó�>6� 8 mA, í�
�m� 15 s. 7lfí���1À¡3�íí¨
e 650 ◦C 9?n 30 min, �¬L¡�ôÚd7�Ú
C¤®ùÚ.

g1�O�¢�C�Xã 1 ¤«. Ù¥: 1) �
=+��pF§� 1000 ◦C, �y3>|9ÏM)
¢�¥��\9«��­½5; 2) IO�6>

�ÑÑ>Ø��� DC 0—30000 V, S��>6L
��w«� 1 µA; 3) �4á��ØCgá�, º�
� 2 mm×2 mm, þÝ� 1 mm, 3¢�c¦^ß�
?1��, 3�½§Ýþ�±�y�4�²�5;

4) Ò4æ^Ó��ØCgá�, ��y>|v
r
Ú�¬�­½5, 3Ò4þ�½���»� 2 mm

�ØCg\, \�,�à��@Ø��¬�eL¡;

5) �z'1Ô²��þÝ� 8 mm, §��¡�±
k�/;�>|9ÏM)¢�L§¥��>y�,

,��¡��±å��½�¬��^.

(Üc<�ïÄ(J [9], 3�¬� EFAD ¢
� ¥ æ ^ Ú ? ª \ Ø � ó ² 6 §, ¿ Ó � P ¹

>6Ú>Ø��m�üzL§. EFAD ¢��?
n§Ý´ 300 ◦C, O\>Ø�ó²6§´ 200 V-

20 min, 400 V-20 min, 500 V-20 min, 600 V-30 min,

700 V-70 min, 800 V-90 min, 900 V-100 min, 1000 V-

120 min. �£´¥�>6P~��u 1 µA �, >
Ø2?�ÚO\. �
;��¬�>ÂB, 3�±
ð½��6>ØL§¥, �yz�Ú£´¥�>6
ÑØ�L 120 µA.

ã 1 >|9ÏM)�¢�C�«¿ã 1 �=+, 2 IO�6
>
, 3 9>ó, 4 �4, 5 ØCg�, 6 �z'1Ô²�, 7 �½3
Ò4þ�ØCg�, 8 �¬

�¬��3��d>M���n�Ú?>Å
²�þ. ¦^Å�©EÇ� 1 nm �b	 - ��1
1Ì¤ (Ocean Optics Spectrasuite, Sun Microsystem

Inc.) ÿþ�¬� SPR áÂ1Ì. \�1
�IO�
x11
. ×£>fw�º (SEM, Hitachi S-4800)

*	 EFAD ¢�c��¬¥7B�âf�/m. ^
IO�pØ>
Jø?nL§¥��6>|, £´
¥�>6^IO��SL?1ÿþ.

3 (JÚ?Ø

ã 2 �7í�Ú�Y9?n���¬� SPR

áÂ1ÌÚ SEM ì¡. ã 2(a) ¥, 7í����¬
vkwyÑ7B�âfAk� SPR áÂ¸, 9?
n����¬wyÑ¸ 3 561.05 nm �áÂ�,

ù�(JÚc<�Ñ�S¹3ÀæÄN¥�7B
�ìq�L¡�lfN��A�¸´��� [18].

c<�ïÄL², Ü©i\�7B�âf�A�¸
�éu�Ü�K3ÀæÄN¥�7B�âf�A
�¸�m�´k�þ�7£ [19], `²ã 2(a) ¥�
­� 1#U
�N7B�âf��). ã 2(b) ¥, 7
B�âf�º���� 10 nm, ù�º��7B�
âf� SPR áÂ¸� �3 520 nm �m [18], 3
ã 2(a) ¥�­� 0#¥vkÑyù�A�¸, ù�
y��)��Ï´�pßÝ�7¬Úå1Æ0>
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�~���, l
ÚåL¡�lfN��¸��
� [20]. ã 2(a) �­� 0#�´�N
du7B�â
f�pßÝÚå�L¡�lfN��¸���y
�. 3�íí¨e 650 ◦C 9?n 30 min �, du
Àæ�^z!7B�âf�L¡[£ÚKz��
Ï [21,22], 3ÀæL¡/¤Ü©i\�ü©Ñ�¥
/7B�âf. Xã 2(c) ¤«, ¥/7B�âf�
�»��� 60—80 nm.

ã 2 (a) SPR áÂ1Ì 0#Ú 1#©OéAX7í��Ú9?n
���¬; (b) Ú (c) ©O´éA� SEM ì¡

ã 3 � EFAD ¢����¬�1Æì¡ÚØ
Ó«��×£>ºì¡. ã 3(a) ¥, EFAD ¢�?
n�, �4e���¬�1Æì¡¥yÑØÓôÚ

�«�, `²3 EFAD ¢���¬�ØÓ«��7
B�âf�/mk¤Cz. Ê��Þ�«�ã´�
¬L¡ØÓôÚ«�� SEM ì¡ (Xã 3(b)—(j)

¤«). �¬ØÓ«��×£>ºì¡�±©�n
a: 1�a´ã 3(a) ¥� 1 «�, =7B�âf
�u)M)«�, 3ù�«��7B�âf�º
���� 60—80 nm (ã 3(b)), §�º�Úvk?
1 EFAD ¢���¬L¡�7B�âfº�Cq
�Ó; 1�a´ã 3(a) ¥� 2, 3, 4, 5, 6, 7, 8 «�,

�7B�âfÜ©M)«�, 3 EFAD ¢�L§¥,

�4e��«�S�?�Û�|©ÙäkØþ!
5, ù«Øþ!5��ØÓ«�� EFAD �Aäk
�É5, l
¦��?�7B�âfäkØÓ�/
m (ã 3(c)—(i)); 1na´ã 3(a) ¥� 9 «�, ´
7B�âf��M)«�, ã 3(j) w«ÑB��(
�, ù«�(�´dT«��Ð©¥/7B�âf
���M)�)�. ùna×£>ºì¡�Ñ
7
B�âf�>|9ÏM)y���*£ãÚØÓ
��ã. Ó��4e���¬L¡�7B�âf
3 EFAD �^e�)�ØÓ/m�5
u�4L
¡Ø�;��o÷ÝÚ�4�ÀæL¡�Øþ!
�>.

ã 4 � EFAD ¢���¬L¡ØÓ«��1
Æ5�. ã 4(a) �[�Ñ
�¬L¡ØÓ«�
� SPR áÂ1Ì. ­� 1 ´Xã 3(b) ¤«��u
)M)«�S�áÂ1Ì, ­� 2 � 8 ©O´X
ã 3(c) � 3(i) ¤«�Ü©M)«�áÂ1Ì, ­
� 9 ´Xã 3(j) ¤«���M)«�áÂ1Ì. Ê
^áÂ1Ì�áÂ¸¸ ©O´ 1, 561.05 nm;

2, 559.25 nm; 3, 557.45 nm; 4, 553.33 nm;

5, 545.86 nm; 6, 548.69 nm; 7, 553.59 nm;

8, 556.42 nm Ú 9, 581.86 nm, § � � ' � 3
ã 4(b) ¥ � Ñ. l ù Ê ^ Ì � � á Â ¸ ¸  
� ± w Ñ: Ü © M ) « � é u � M ) « © O k
� � � 2, 4, 8, 15, 12, 7 Ú 5 nm � 7 £, � �
M ) « � é u Ü © M ) « k � � 25 nm � ù
£. Ê ^ Ì � � á Â ¸ r Ý © O � 1, 1.008;

2, 0.979; 3, 0.936; 4, 0.888; 5, 0.743; 6, 0.714;

7, 0.655; 8, 0.542 Ú 9, 0.464, §��'�3ã 4(c)

¥�Ñ. lùÊ^Ì��áÂ¸rÝ�±wÑ, l
�M)«�éu�M)«3áÂÇþÑk�½§
Ý�eü.
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ã 3 EFAD ¢���¬�1Æì¡Ú SEM ì¡ (a) 1Æì¡, êi 1 � 9 I5
�¬L¡�ØÓôÚ«�; (b) � (j) éA
«�� SEM ì¡

c<�ïÄ�Ñ, B�âf� SPR áÂ¸¬
�âfº��~�
u)7£�y� [18], Ó��
â>f4z�²;nØ [23], ·����7B�â
f�à8�Ýü$�áÂ¸�rÝ�¬��eü.

3·��¢�¥, 7B�âf� SPR áÂ¸�7
£L², 3 EFAD ¢�L§�7B�âf��©º
�C�. 7B�âfº��~�Ly�Ð©¥/�
7 B � â f 3 ? n � � C ¤ � « a q � ¡ �
/ G, k � $ � � � M ). M ) « á Â ¸ ¸  
Ø Ó § Ý � £ Ä, ¢ S þ ´ EFAD ¢ � ¥ �
4 e � « � � Û � | © Ù � O ¤ Ú å � M
) � A � O. M ) � A � r � M ) « � á Â
¸ ¸   v k ? � Ú � 7 £ y � ± 9 � � M
) « S 7 B � â f � SPR á Â ¸ � � y �,

Ñ´duB����3. �âc<�ó�, ·�
��3ÀæL¡duB����3, �±3 600 nm

NC�)Ak��¼Ñ�¸ [24], ù«�¼Ñ�
¸��3�½§Ýþ�f
áÂ¸¸ �7£�
J, $�Úå
7B�âf� SPR áÂ¸���.

·�ÿ��áÂ1Ì�&EÚù�(J´���.

7B�âf� SPR áÂ¸rÝ�eüL²7B�
âf�Ð©�Ý3 SPR ¢��ü$
, ù�(Ø

�×£>ºì¡�(J´���.

ã 5 � EFAD L § ¥ � > 6 - > Ø A 5.

ã 5(a) ¥, >Øæ^�´Ú?ªO\��ª, ä
N�6§3¢�Ü©®²�Ñ; >6´�>ØÓÚ
ÿþ�, 3�mþ�>Ø��, §��m�üz­
�dã 5(b) �Ñ. éìã 5 ·��±w�, 3>Ø
$u 200 V �, &ÿ��>6$u 3 µA; �>Ø�
u 200 V ��, ÿþ�>6¥yÑ���ß�P~
L§, ¿���X��#�p>Ø, >6Ñk��
¯��þ,L§, ��q��X��#�P~L§.

3��­½�>Øe, >6ÅìP~�L§L²¤
ÿþ�>´XÚ¥�>{3ÅìO\. ÏLù�Å
ìCz�>ÆXÚ, ·�@�3ù�­½�>Øe
7B�âf©ª?uM)G�, ¿�§��M)3
�ú/��.


)3(½>Øe>6��mP~�Ì�±
Ï¥�[!éu�\ïÄM)L§�Ån´�©
7��. ·�lã 5(b) ¥J�Ñ£´>Ø� 800 V

�¹e£´>6��m�üz­�, Xã 6 ¤«.

37�,�7�íÀæ�>|9ÏM)L§¥, >
f�>é>6�UCå��~­���^ [25]. 3
z���½>Øe, Ð©>6�Í,L²l7âf
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ã 4 EFAD ? n � � ¬ L ¡ Ê � Ø Ó « � � 1 Æ 5 �
(a) SPRáÂ1Ì 1 � 9 éAXã 3(a) ¥éA�«�; (b) Ú (c)

©O´ØÓ«� SPR áÂ¸¸ ÚrÝ�'�­�

¥ÄÑ�>f�>�m©, §8Ïugd>f��
4�B�>�Or. 3­½>ØeP~�>6�L
X37B�âfM)L§¥>f��>!7lf
ìq�ÅÑÚ7lf�ÀæÄNSÜ�DÑL§,

¿���>�7lfìq�5guÒ4�gd>
f�p(Ü�¦�7��lfu)�ú��ÑL
§, ��>6��úP~. 3z��O\>ØÚ�
±>Ø�L§¥Ñ�±*	��Ó�>6��m
üz�Ì�L§ (>6��¸G�O\Ú����
u)���m�P~L§�oÚ). ù���>6P
~L§�­EÑyL²
3z������p>
Øe, 7B�âf�M)L§¬­#�). du�

k�~��7lfìqâ�±ÏLÀæÄN?1
DÑ, 
�Ê33ÄN¥��(½� �þ, ¤±
z�g>Ø�O\Ú�±L§¢Sþ´Úå
�
©��7lfìq�­#ÅÑ, l
¦�{�7B
�âfC���. �Xz�Ú,ØÚ­ØL§�?
1, 7B�âf¬�)ØÓ§Ý�M), �ª¢y
��M). ù«ØÓ§Ý�>|9ÏM)�A�±
k�/��ÀæL¡þ7B�âf�/m.

ã 5 EFAD ¢�L§¥�>6 - >ØA5 (a) V -t ­�;

(b) I-t­�

ã 6 EFAD ¢�L§¥3(½>Ø 800 V �>6��m
�üz
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4 ( Ø

3·��§ÝÚr�6>|^�e, �±¢y
ÀæL¡þü©Ñ¥/7B�âf� EFAD L§,

l
3�¬�ØÓ«�/¤õ«/m�7B�â
f. �â¢�(J, ïÄ
¢�^�é7B�âf
�/m���K�, ¿�[?Ø
 EFAD �{��
7B�âf/m�ÔnÅ�. é�4>|©Ù�?

�ÚïÄ, òk|u?�Ú`z EFAD �{�?n
ó², ¢y�\`û����J. ù« EFAD �{
Ø��±ÏL��7áB�âf�/mÚ©Ù, ¢
yB7á�,Àæ�1Æ5U�k�N�, 
�é
u±B7á�,Àæ�Ä:�1Æêâ�;Ú1
f¬N�n�(����, ±9¦^B7áB��
â��xzJ���NB�á��õ/m��Ñ
äk�~­���^.
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B 98 93

[13] Lipovskii A A, Melehin V G, Petrikov V D 2006 Tech. Phys. Lett.

32 275

[14] Baresna M, Kazansky P G, Deparis O, Carvalho I C S, Takahashi

S, Zayats A 2010 Adv. Mater. 22 4368

[15] Zou Z Y, Chen X J, Wang Q, Qu S L, Wang X Y 2008 J. Appl.

Phys. 104 113113

[16] Abdolvand A, Podipensky A, Matthias S, Syrowatka F, Gösele U,
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Morphology control of gold nanoparticles on glass
surface realized by electric field assisted

dissolution method∗
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Abstract

Noble metal nanoparticles have potential applications in photonics, catalysis, and bio-labeling, owing to their much unique optical

properties and surface activities. Monodisperse spherical Au nanoparticles with sizes in a range of about 60–80 nm are formed on the

glass surfaces via ion sputtering and follow-up heat treatment. At an appropriate temperature, the electric field assisted dissolution

process of Au nanoparticles is realized by the strong direct current electric field in step-like feature. In the different color areas of

glass surface, it can be found that the original spherical Au nanoparticles are dissolved into the particles with the shape of a lunar

eclipse. From surface plasmon resonance absorption properties and scattering electron microscopy images of Au nanoparticles in the

different color areas, the influence of experimental condition on property of gold nanoparticle is demonstrated. From the current-

voltage characteristics in electric field assisted dissolution experimental process, the physical process of Au nanoparticle dissolution

under strong direct current electric field is analysed: the tunneling process of ejected electrons from Au particles to the anode starts, then

followed by transfer process of Au cations to the glass matrix and the combination process of electrons from cathode with a positive

charge Au particles. The physical mechanism of morphology control of Au nanoparticles realized by electric field assisted dissolution

method is discussed in detail.

Keywords: Au nanoparticles, electric field assisted dissolution, surface plasmon resonance, current-voltage char-
acteristics

PACS: 42.70–a, 78.67Bf, 73.90+f, 81.15Cd
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