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3©få	ò (MBE) XÚ¥, |^Ôní��È (PVD) ��{3�4�z¾ (AAO) ��þ��
kÅ/�©
ffo`��� (PTCDA) �ØÓB�(�; ¿¦^×£>fw�º (SEM)!ß�>fw�º (TEM)!p©Eß�
>fw�º (HRTEM) ±9À«>fû� (SAED) Eâ?1
XÚ�ïÄ. (Juy, ��.§Ý (Ts) � 330 ◦C �
���´B�j!�!�±9�; Ts � 280 ◦C, 230 ◦C, 180 ◦C ����Ì�´B��, ¿�B����Ý� Ts �
ü$Cá; Ts � 50 ◦C ��U��ëY� PTCDA ��. HRTEM ±9 SAED (Jy¢
B�����ü¬. �
â SEM (J, JÑB�(��)¤Ì�É Ts ±9�.L¡Ç�K�.

'�c: fo`���, kÅü¬, B�(�, Ôní��È

PACS: 81.10.Aj, 81.15.Kk, 81.10.Pq, 81.05.Lg

1 Ú ó

C
cõUkÅ©f, AO´ÙB�(��
É<�'5 [1,2]. dukÅB�(�k´zÆ�
, [3,4]!ûÐ�\ó5U [4] ±9p��A5 [5] �
`:, ¦�§�3Ãõ+�å�
ÃÅB�(�
Ø�'[��^. 8c, kÅB�(�®²�2�
/A^u1u��4+ [6,7]!|�A¬N+ [8,9]!
zÆDaì [10,11] ±91Å� [12,13] ���. �,,
<�3ÃÅB�(����9A^�¡®²��

²w�?Ð, ~XéB�(��/m!)� 
�±9)��Ý�±\±�½��� [14−18], ¿3
1>�+�LyÑ
4��A^cµ [17,19−21], �
´ékÅB�(�����A?Ð%Øõ [22,23].
8c, 3õ«�.þL¡U (Es) �p?� “ �
ÀJ”(site-selective) )��y²´��kÅB�(
��k��{ [24,25]; ¿�kÅ©fm��p�
^�f, Ùí�©f3�é�$�§Ýe=��
� [22,23]. ávuþã^�, �±3·^uì��E
��.þ����kÅ©f�B�(�, ùòék
ÅõU©fA^�uÐå�ã��íÄ�^.

�¢�¦^{ü� PVD {, ÀJA^2�
� AAO ����., ÏLé Ts ���3 MBE X
Ú¥��
 PTCDA ØÓ«a�B�(�. ¿�¦
^ SEM, TEM, HRTEM ±9 SAED EâéB�(
�?1ïÄ, JÑ
B�(��)¤Ån. þã¢
�(JòéõUkÅ1>ì����kX�~
��¿Â.

2 ¢ �

AAO � � 3 2 ◦C, 0.3 mol/L ú � M � ¥
u 40 Vdc ^ � e � g � 4 � z � �; PTCDA
B�(�ÏL PVD {3 MBE XÚ¥ (�ã 1)
) ¤. X Ú � � . ý � Ý Ð u 5.0 × 10−9 torr
(1torr = 1.33322× 102 Pa), 3�¬��L§¥XÚ
ý�©ªÐu 5.0 × 10−8 torr.

ò AAO 3ý�¥u 350 ◦C ò» 30 min. �
�, Ts �ü�B�(�)���§Ý. \9å¬,
l>bl�¥�u� PTCDA í�©f3 AAO �
.þ�È¤Ø, )¤B�(�. ØÓ�¬��L
§¥� Ts ©O�: 1) 330 ◦C, 2) 280 ◦C, 3) 230 ◦C,
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ã 1 ¢�C�«¿ã

4)180 ◦C, 5) 50 ◦C, 6) 50 ◦C; 1—5 Ò�¬� AAO �
¡�È PTCDA, �
Ó 5 Ò�¬�'�, 6 Ò�¬

3 AAO �¡�È PTCDA; 3¤k�¬���L§
¥ PTCDA ��u�ÇÑ�Ó, �� 13 Å/min, �u
�m� 40 min.

��¬�êèì¡¦^L¬ S2600HD êè�
Åû�. SEM L�3 Sirion200 |u�×£>fw
�ºþ?1, TEM, HRTEM ±9 SAED (Jþ´
3 JEOL-2010 �p©Eß�>fw�ºþ��.

3 (J�?Ø

3.1 ������¬¬¬���ôôôÚÚÚ���///mmmééé'''

ã 2 �ò»�� AAO ±9 1—6 Ò�¬ôÚ
Cz�ì¡, ã¥�IºÑ� 0.5 mm. lTãw�
ò»�� AAO E�ÃÚß², 1—5 Ò�¬�ôÚ
Åì\�, 5 Ò� 6 Ò�ôÚ�fÄ��Ó. ù��
.L¡)¤�B�(�k'.

ã 2 �¬�ôÚCzì¡ (Iºþ� 0.5 mm)

ã 3 AAO ò»�� SEM ì¡ (�ã�ä¡ã) (a) �¡; (b) �¡

ã 3 �Ñ
 AAO ò»�� SEM ì¡. l
ã 3(a) w � AAO � � » Ä � � �, ¿ � 3 �
� 1 µm2 ��SB��ü�¤kS
�, �»�
�må©O� 35 nm ±9 83 nm �m; ã 3(a) ¥
�ã�Ñ
��� 45◦ � AAO ºÜä¡ì¡, T
ãL²3 AAO L¡9B��ºÜÇCz��.
ã 3(b) ¥�ã� AAO .Ü�ä¡ì¡, lTã�

±�Ù/wÑ{	�þÝ��� 59 nm, 9Ù¥G
�/mA�. ò»?n�±�' AAO L¡¿©)
í{�ú�,�, ��UC AAO /m.

ã 4(a), (b) � 1 Ò�¬�¡�ä¡� SEM ì
¡. lã 4(a) �±w� PTCDA B�j!�!�
£��ã¤±9�3 AAO L¡)¤, ¿�¤Øþ
!©Ù; ã 4(b) w����Svk²w� PTCDA
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B�(�, ù�´dB�(�©ÙØþ��. 3�
é�p� Ts ^�e, PTCDA ©f�U3 Es �p
?�È¿¤Ø, �¤Ø�Ç�ú. du¬Øêþ
�, ¦ü NÈ�¬ØU
¼��õ� PTCDA ©
f¯�)�, B�j�)¤`²
 PTCDA ©f
�ü�k��ÀJ5. �� �/¤�¬Øé(
��å¿UY��K��
;.��G(� (�
ã 4(a)�ã).

ã 4(c), (d) � 2 Ò�¬�¡�ä¡� SEM ì
¡. lã 4(c) �±w� PTCDA B��3 AAO L¡
)¤, ÙNÈ²w�uã 4(a) þw��B�(��
NÈ, �´B�(��êþ²wOõ, �©Ùþ!.
c[*	ã 4(c) �ã�±uy�õêB���.
Ü u AAO �B��þ; �
��B���ºÜ

Ü¿)�, /¤��/�¡. 8cÎGB�(��
p²1�ü�¡�ål3 100 nm �m, �u AAO
��»±9�må. dã 4(d) wÑ, AAO L¡Ì�
)¤
ü«pÝ�B�� (= 200 nm ±9 700 nm
�m), Ù¥cö3êþþ²wÓ`. êþ���
´��B���/¤´du PTCDA ©f3�.
þ Es ��?`k¤Ø¿)���. c[*	ä¡
ì¡�uy PTCDA N�?\�
�¥��Ý�A
�B�, ÎÜB��.Ü�á3 AAO B��þ�
ù�y�, Ïd�±�ä PTCDA ��u3 AAO �
�m�NCAO´�� “>� —– ü�B���Ñ
� �” ±9 “kà —– ��� 3 �B���ú�
º:?” ?¤Ø, ��â¬Ø(�kS)�, ù�
��`û�ü¬B�(�Jø
k|�^�.
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ã 4 �¬�¡±9ä¡� SEM ì¡, �ã�ÛÜ�� (1 µm × 0.75 µm) ã (ä¡ì¡��� 30◦)

ã 4(e), (f) � 3 Ò�¬�¡�ä¡� SEM ì
¡. ã 4(e) L²�þ�B��3 AAO L¡)¤, ¿
�;�ü�. ã 4(f) �±w��õê�B���p
Ý� 150 nm, �ê�B���pÝ�L 200 nm, =
B���Ý�' Ts = 280 ◦C �)¤�B��á.

ã 4(g), (h) � 4 Ò�¬��¡�ä¡� SEM
ì¡. Ó�, PTCDA B��3 AAO L¡)¤¿;
�ü�, �B��?�Ú á.

ã 4(i), (j) � 5 Ò�¬, ã 4(k), (l) � 6 Ò�
¬��¡�ä¡� SEM ì¡. lã 4(i), (k) w
�, 3 Ts = 50 ◦C �, AAO þ)¤�Ñ´ëY
� PTCDA ��, �3é�§ÝþE�
�.L¡

�/m. 3ä¡ SEM ì¡þþÑ 5, 6 Ò�¬L¡
� PTCDA ��þÝ��, ��� 53 nm.

nÜ SEM (J, PTCDA 3 330 ◦C �� AAO
�.þ�±/¤B�j!�!�±9�; 3 280 ◦C,
230 ◦C ±9 180 ◦C �� AAO �.þ�/¤B�
�, ¿�B����Ý�X Ts �ü$Åì á;
� Ts � 50 ◦C �, �U��E�
�.L¡/m
� PTCDA ��. =B�j!�!���u3�é
§Ý�p��.þ/¤, �X Ts �ü$ PTCDA �
�u)¤B��G(�, � Ts ü$��½§Ý�
�U��þÝþ!�ëY��. ù`²
 Ts �±
3�½§ÝþNCB�(��/m.
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3.2 BBB ��� ((( ��� ��� TEM, HRTEM ±±±
999 SAED LLL���

ã 5 � B � � � TEM(a), SAED(� ã) ±
9 HRTEM (b) ì¡. lã 5(a) �±w�B���
�Ý±9°Ý©O� 950 nm ±9 85 nm �m, ¿�
L¡²w, SAED ì¡L²B���ü¬. HRTEM
ì¡�«
)����¬¡må� 3.72 Å, ù�
©z [26] ¥J��ü�¬� a ¶��¬�ëê
� 3.72 Å(J�Î, `² PTCDA ©f÷XB��
�)����G²Áü�.

ã 5 B��� TEM (a), HRTEM (b) ±9 SAED(�ã) ì¡

ã 6(a), (b) ±9�ã©O�B��� TEM,

SAED ±9 HRTEM ì¡. lã 6(a) w��B��
��Ý±9°Ý©O� 200 nm ±9 50 nm �m.
SAED ì¡�«
B���ü¬. d	, d HRTEM
ì¡�±�Ù/©EÑ��¬�(�, ¡må©O
� 5.98 Å±9 6.49 Å. ã 6(a) �Ñ
B���L�
c��é'ì¡, �±w�²L>fåì���B
���(�®²î�).

ã 6 B��� TEM (a), SAED (b) ì¡, ±9 HRTEM ì¡ (�ã)

3.3 BBB���(((������///¤¤¤ÅÅÅnnn

ã 7 �B���)¤Ån«¿ã. lã 7 �
±�Ùw�, AAO õ�(���B��ºÜ� “>
�” ±9 “kà” ÇCz��, Ïd Es ���. �
â©z [24] ±9 [25] �(J��, ÇCz��?
ò´ PTCDA ©f`k¤Ø�|¤.
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ã 7 B��)¤Ån«¿ã

3 Ts �é�p� 1 Ò�.þ, �kÇ�»
��� �U� PTCDA ©fJø¤Ø¤I�|
¤, Ïd)¤�¬Øêþ�é��, ù¦�ü N
È�¬Ø�±¼��õ� PTCDA ©f, lB�
(�)�¯�!NÈ��. éu 2—4 Ò�¬, Ts Å
ìü$, PTCDA ©f�N´3 AAO �.L¡�È
¿¤Ø, Ïd/¤�¬ØêþÅìO\. Ó 1 Ò�
¬�', 2—4 �¬L¡¬Ø�ü NÈ¤U¼�
� PTCDA �©fê~�, Ïd PTCDA B�(�
)���ÇCú, )¤�Ì�´�G(�, ¿��
X Ts �ü$, �G(�ªuCá. � Ts � 50 ◦C
�, PTCDA ©f3 AAO L¡�ÈÅ¬�Ó, Ø2
É Es ���, ¤±)¤ëY¿�E��.L¡/
m���.

�âþã©Û��, B�(��/¤Ì�É Es

±9 Ts �K�.

4 ( Ø

¦^{ü� PVD {3ØÓ Ts � AAO þ��

kÅ/�©f PTCDA �B�(�. d SEM (
JwÑ, PTCDA B�j!�!�±9�3�p Ts

(330 ◦C) e)¤; 3 280 ◦C, 230 ◦C ±9 180 ◦C �
�.L¡�)¤ PTCDA B��, ¿�B���
�Ý�X Ts ü$Cá; � Ts �$� (50 ◦C),
� U � � E �
L ¡ / m � PTCDA � �. Ï
L TEM ±9 SAED (J�äB�����ü¬,
¿� PTCDA ©f3B���)����G²Á
ü�. Ts �p� site-selective �^�²w, PTCDA
©f3�. Es ��?`k¤Ø¿)�. �p� Ts
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��¤Ø�Çú!¬Øêþ�, �´B�(���
��Ç�¯, �±�����B�(�; ��, �$
� Ts ��¤Ø�Ç¯!¬Øêþõ, �´B�(
�����Ç�ú, ���B�(�NÈ~�. �

$� Ts ^�e, du PTCDA ©fvkÀJ5/�
È, �U)¤��. þã(JòékÅ1u��4
+!|�A¬N+±9zÆDaì�ì��ïÄ
k��¿Â.
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Abstract
Different types of nanostructures of an organic dye compound, perylene-3,4,9,10-tetracarboxylic-dianhydride (PTCDA), are pre-

pared on anodic alumina oxide (AAO) at different values of substrate temperature (Ts) by a facile physical vapor deposition (PVD)
method in a molecular beam epitaxy (MBE) system. Scanning electron microscopy (SEM), transmission electron microscopy (TEM),
high resolution transmission electron microscopy (HRTEM) and selected area electron diffraction (SAED) techniques are applied to
the systematical characterization of the nanostructures. It is found that the PTCDA nanofibers, nanoneedles, nanobelts, and nanorods
are produced at 330 ◦C Ts; Only nanorods are formed at 280 ◦C, 230 ◦C, and 180 ◦C, and their lengths become short as Ts decreases;
the continuous films are obtained on 50 ◦C AAOs substrates. HRTEM and SAED results show that the nanoneedle and nanorods are of
single crystal. According to SEM results, the formation of PTCDA nanostructures should be mainly affected by surface curvature and
Ts.

Keywords: PTCDA, organic single crystal, nanostructures, physical vapor deposition
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