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Äu CdS ûÐ�1Æ5�Úü9%B�+ (SWCNT) `É�>fÆ5�, ��
B� CdS/SWCNT EÜá�Ú
B� CdS/à¯LæX (PEI) õUz SWCNT EÜá�, ¿|^F1�1�[��1ïÄ
§��1>5�. (J
L², B� CdS/SWCNT EÜá�¥ywÍ�K1>�y�, B� CdS/PEI-SWCNT EÜá�¥yr���1>
�y�. ^>f=£nØéù�(J?1
)º. ü�¬3��Ý�ò��¹e, 1>5�þÄ�vkCz. Ïd,
B� CdS/%B�+EÜá�31>+�, cÙ´#,�R51>fÆ+�kXûÐ�A^cµ.

'�c: %B�+, CdS, 1>á�, EÜá�

PACS: 61.48.De, 78.67.Sc, 72.40.+w, 73.63.−b

1 Ú ó

Uò1&Ò=z�>&Ò½öò1U=z�
>U�1>õUá�, ±Ùã��A^d��É
ïÄö�À. 1>á��A^�~2�, �)
��U>³ [1]!1>m' [2,3]!1�; [4]!1&
ÿ [5]!±91xzÜ¤ [6−8] �. cÙ´Uø�
�5�"y, UI¦�5�!��8U, U

A^u��U�1>á��ïÄcÙÚå<��
'5. Ô�©��B�ºÝò¬Ñy�
ÛA�y
�, òB�á�A^�1>+�´8cB��E�
���ïÄ�� [8−11]. ~X, �ýù� [8] ïÄ

 N �, TiO2 B�âfL¡1)>ÖA5�1
xz¹5, uy·þ� N �,U
Jp TiO2 B�
âf¥1)16f�©l�Ç, lr?Ù1xz
¹5. McDonald � [9] |^ PbS þf:���ù	
&ÿì, ÙSÜ1>6=��Ç'c<�ïÄJp

 3 �þ?. d	, ¦��Äg|^ PbS þf:�
�
5U`É�ù	1Ïì�. Gabor � [11] |^
��Õá�ü9%B�+��
 pn (1Ï�4+,
Ù�Ç!>f��)�Ç4p, k"3#��p�
��U>³¥��A^. �t�� [10] XÚïÄ

ì�ëêé TiO2 /�¯zB�����>³5U
�K�, ¿��
�Çp� 8.95%��`ì�(�.

CdS ´ ��~ � � � � N � �, Ù � Y �
� 2.4 eV[12], éA�1áÂ>TÐ u��1Ì¥.
Ïd, CdS é��1kX�r��A. 8c, ®kØ
� CdS 3��U1Ïì��ïÄ�Ã�� [9,13,14].
ü9%B�+ (SWCNT) �>Æ9>fÆ5�´C
c5ïÄ�9: [15−18]. ü9%B�+�[£Ç�
� 104 cm2/Vs, 16Uå�� 109 A/cm2, Ïd¤�
��p5U>fÆì��`ûá� [18]. ,	, ü9
%B�+duL¡%�fkép�¹5, éN´�
õU©f!B�âf½p©f(UìõUz, Ï
�±���ª���õU>fÆì� [15−18].

Áã��¿ïÄé��1k���A�1>
õUá�, ´À^B� CdS ��1�Aá���
Ï. (Ü CdS AÏ�1Æ5�Ú%B�+`É�>
fÆ5�, �ïÄ��
B� CdS �â�ØÓõU
zG¹�ü9%B�+�¤�EÜá�NX, ¿^
F1�1�[��1ïÄ
§��1>5�. (
JL², %B�+�õUzG¹��K�XEÜá
��1>5�, ½ö`1>5��d%B�+�õ
Uz5N�. ^>f=£nØéù�(J?1
)
º. ,	, �¬3��Ý�ò��¹e, 1>�þÄ
�vkCz. Ïd, B� CdS/%B�+EÜá�3
1>fÆì�, cÙ´R51>fÆì�¥kXû
Ð�A^cµ. �âÙÔnÅ�, ��±æ^ØÓ
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1áÂA5�B�âf, ¢yØÓ�AÅ��1>
õUá�Úì�.

2 ¢ �

2.1 ÌÌÌ���ÁÁÁJJJÚÚÚ¤¤¤ììì

¢�¤^�Ì�ÁJkµü9%B�+ (¤Ñ
kÅzÆk�úi, XÝ�u 90%, �» 1—2 nm,
�Ý 5—30 µm); B� CdS âf�â (dY9{�
�, ¥¥/, �» 10—200 nm); à¯LæX (PEI,
©fþ� 8000—20000, ©ÛX); ¯U (©ÛX). ¤
^�Ì�¤ìk: Ö=� FEI Sirion 200 .×£>
fw�º, {I� Keithley 2410 .pØL, ¥I
� Bailiwei MT360A .F1�1, {I� Coher-
ent 09407F06 .1õÇO.

2.2 ���¬¬¬������

òü9%B�+3vþ�Ë°M�¥�(©
Ñ 4 h, ,�\\�%B�+�þ'� 7:1 � CdS
® ". U Y � ( 20 min �, ^�� È � (� »
� 0.22 µm) ?1ÄÈ. /¤�EÜá�NXu�
�È�þ. Ë°M�g,�u�, B� CdS/SWCNT
EÜá�=���.. �¦����¬31>ÿÁ
�U���Ý/�>�1, ¤��A¦þ�. ¢S
þ, du��ÃI�l��È�, á���U/¤
�>�ä=�. ùp����¬á�¿�/¤��
��´¤�äG.

B� CdS/à¯LæXU5ü9%B�+ (PEI-
SWCNT) E Ü á �, Ù � � L § � þ ¡ ¤ ã B
� CdS/SWCNT EÜá����L§Ä��q.
ØÓ�?´ò�(�¤^�Ë°M�U�à¯L
æX�Ë°M� (�þßÝ� 0.02 g/mL).

òü«EÜá�©O}à¤Ý/, 13 mm ×
3 mm, �uÀæ¡þ. ��B?1�G��1
>ÿÁ, ���¬�, �à��3�½uÀæÄ.
þ��Àæ¬þ, ,�à��3�±wÄ��À
æ¬þ. ,�÷�Ý��þ^Õ�ò�¬�Ô�
ÊÜ. ��Ñ©O� CdS/SWCNT EÜá�Ú CdS/
PEI-SWCNT EÜá�éA��¬ I Ú�¬ II.

3 ¢�(J9?Ø

3.1 ///mmmLLL���

é ü « á � � / m ? 1 
 × £ > f w�

º (SEM) L�, (JXã 1 ¤«. lã¥�±w
Ñüaá�ÑEÜ�éþ!. %B�+/¤�äG,
B�u CdS B�âf¥. %B�+kXûÐ�>Æ
5�, >�Ç4�, EÜá�Ò´�d%B�+�
ä�>. 3ã 1(b) ¤«� SEM ã�¥, �±w�k
²w��ÅGÔ�à¯LæX�3. CdS B��â
�%B�+;��(Ü, ¦�>f3ü«Ô�m�
=£¤��U,�á�`É�1>5�C½
Ä:.

ã 1 B � CdS/ü 9 % B � + E Ü á � (a) ± 9 B
� CdS/à¯LæXU5ü9%B�+EÜá�; (b) �×
£>ºì¡

3.2 111>>>���ÿÿÿÁÁÁ

1��[��1�F1�1. 1ål
�¬�� 10 cm, ì��¬�õÇ�Ýd1õÇ
O(½, � 4.1 mW/cm2. ã 2 (a), (b) ©O��¬ I
éu1ì�Ä�Cz (>Ø�½3 0.01 V) ±93
ØÓ1ìG�e� I-V ×£ã�. lã 2(a) ¥�
±wÑ, �¬ I k²w�K>�y�, =3ð½>
Øe1ì¦��¬�>6C�. Ù 20 s ��1>
� P = (Ilight − Idark)/Idark �ê��� 5%. á�
�1>5�kéÐ��E5. 1ì 20 s �, ÿÁ
Ù I-V �, Xã 2(b) ¤«. lã 2(b) ¥�±��
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Ó��(Ø. ,	, Ù I-V �����, w«Ñ�
¬�>4m/¤ûÐ� Ohm �>.

ã 2 (c), (d) ©O��¬ II éu1ì�Ä�C
z (>Ø�½3 0.01 V) ±93ØÓ1ìG�e
� I-V ×£ã�. à¯LæX�\\¦��¬�1
>5�u)
ã�Cz, dK1>�=C��1>

�. 1>�ê��� 26%. Ù1>5��kéÐ�
�E5. ùL²%B�+�õUzG¹��K�
XEÜá��1>5�. =, EÜá��1>5�
�d%B�+�õUzG¹5N�. ùØ=´�ï
Ä��¢�(J, �´)ºá�1>5��>f
=£nØ���y.

ã 2 (a) B� CdS/ü9%B�+EÜá�é1ì�Ä�Cz (>Ø�½3 0.01 V) ±9 (b) 3ØÓ1ìG�e� I-V ×£ã
�; (c) B� CdS/à¯LæXU5ü9%B�+EÜá�é1ì�Ä�Cz (>Ø�½3 0.01 V) ±9 (d) 3ØÓ1ìG�e
� I-V ×£ã�

3¢�¥, ÀJ1Ì�C��11Ì�F1�
��1. �¬éuF1�wÍ�1�A¿�Xá
�é��1�kwÍ��A. ¢Sþ, ��^��
1��1é�¬?1¢�, ¤��(JÄ��Ó.
ù´Ï� CdS �B�°Ý� 2.4 eV[12], ÙáÂ>T
ÐéAu��1Ì¥rÝ����É1. ù�(J
w«EÜá�3��1&ÿ�¡kX`É�5U.
Äu ZnO `É�b	1Æ5�, Vietmeyer � [19]

|^B� ZnO/%B�+EÜá����b	1Ï
ì�, ÙSÜ1>6=��Ç�� 16%.

3.3 ÔÔÔnnnÅÅÅ���???ØØØ

e¡, éùü«á��1>�y�?1?Ø.
du�í¥ O2 ©f�g,áN, �k¿�,�%
B�+¥y p ., =��Ç�> [20]. CdS �>f

�Ú³�� 4.0 eV[21], ü9%B�+�õ¼ê�
� 4.7—4.9 eV[22], = CdS ���.pu%B�+
� Fermi U?. CdS É1ì�, >fld��[��
�. duB� CdS âf�%B�+�;�(Ü, Ü
©-u>féN´�%B�+Ó¼, ��3u%B
�+¥��ÇEÜ. ù�, %B�+�>�äNX
¥�À16fßÝC�, l>6C�. ù�L§
�±^ã 3(a) \±`². ±c<�  ÏLE,�
zÆ?»U5B�âf½%B�+¢yá�EÜ,
l¢y1>f�=£ [19,23−25]. �¢�y²{ü
�Ôn·Ü�U��Ó���J. �3¢�¥I�
5¿, ü«á�I���m��(©ÑÚ���Ä
ÈØå, ±�yü«á�m�¿©�>Ú;�(Ü.

Ón, �±é�¬ II �1>�y�\±`².
®²y², à¯LæX�±ò%B�+l p .=z
� n . [15−18]. ù´duæXÄ¥�>f5\%B
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�+, Ø=EÜ
®²�3��Ç, ��kL{
�>f��16f. Ó�, CdS É1ì�, >fl
d��[����5\%B�+, ¦�%B�+¥
�>fê8Oõ, l>6O�. ù�L§�±^
ã 3(b) \±`². ù�(JÓ��¤��©>f=
£nØ��y. �,à¯LæXU5%B�+®²
2�A^u�� n .|�A¬N+�ïÄ¥, �´
dEâA^u1>fì�¥8cÿÃ��. �ïÄ
�(JL², d�{��^5��%B�+õU1
>á�.

ã 3 (a) B� CdS/ü9%B�+EÜá�É1ì��>f
=£9>6Cz«¿ã; (b) B� CdS/à¯LæXU5ü9
%B�+EÜá�É1ì��>f=£9>6Cz«¿ã

�? � Ú ` ² ù « Û A � 1 > 5 � ( ¢
´ CdS âf�%B�+EÜ�(J, ÿÁ
Xü9
%B�+ÚX CdS âf�1>5�. X%B�+Ä
È�w«Ñ�f��1>�5�,  CdS Ø¡3k
Ã1ì��¹eþØ�>. ÏX%B�+��1>
�5�uÙ1�9�A (%B�+>��§Ýþ
,O� [26]), ÊÏ CdS ´�>{Çé����
N. ù2g`²EÜá��1>5�uü«|©
m>f�=£.

lã 3 ¥�±w�, B��â´1�A1N,
%B�+�ä´>61N. Ïd, �±ÀJØÓ1
�A�B�âf¢yØÓ�1&ÿ½Ù¦1>õ
U. ~X, �±À^B� ZnO ½ TiO2 5¢yb	1

>õU, �±ÀJB� PbS 5¢yù	1>õU.
,	, ��±�âI�ÀJ´Ä�é%B�+?
1 PEI U5, ��ØÓ�AÅ�!ØÓ�A�ª�
1>õUì�.

ã 4 (a) �¬3²¡G�Ú�G�e�1>ÿÁ«¿ã;
(b) B� CdS/ü9%B�+EÜá�3ü«G�eé1ì�
Ä�Cz; (c) B� CdS/à¯LæXU5ü9%B�+EÜ
á�3ü«G�eé1ì�Ä�Cz

î8, �Æ.é��NB�âf/%B�+EÜ
NXÐm
Ø�ïÄ [19,23−25], cÙ´§��1Æ
½1>5�, ��
éõ��ïÄ¤J. ~X, Liu
� [24] ��
Äu TiO2 B�âf/%B�+EÜN
X�b	1>¬N+. ·þ TiO2 B�âf��3
¦��5 p .%B�+¬N+=C�V4.¬N
+. ÏL�\�!K»>Ø, TiO2 B�âf/%B�
+¬N+©OLyÑ p, n .A5, l©O¢yb
	1�K!�1>��A. Wang � [25] ÄuB� Si
âf/%B�+EÜá����4, ¤õ��
pN
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þ!�Æ·��lf>³.

3.4 ���òòòééé111>>>555������KKK���

%B�+ÏÙ�p��»'ÚûÐ��5
k"A^uR5>fÆá�+�. ~X, Dang
� [27,28] |^%B�+p©fEÜá���ÑR
5p0>~êEÜá�, É�4�'5. ·��}
ÁïÄ
ò�¬�ò�, Ù1>5�´ÄÉ�K�.
¢�Xã 4(a) ¥¤«. �¬²¡G��1>5�ÿ
Á�, ò�£Ä��Àæ¡�S£Ä 4 mm, �¬�
î�k��Ýd�5� 12 mm C� 8 mm. d�, �
¬�þÿå, =?u�òG�. duÿå�pÝ�
��u1ål�¬�pÝ, Ïd1ì��õÇ�
Ý�±@�Ä�vkCz.
�òéuü�¬�1>5��K�¢�(J

Xã 4(b) Ú (c) ¤«. �±wÑ,�òc�, ü�¬
�1>5�Ä�vkCz, �þkûÐ��E5.
�CAcduéR5>fw«ì��I¦, éuR
5>fÆÚR51>fÆ�ïÄ�¢�,�M [29].
ã 4 �(JL², B� CdS/SWCNT EÜá�±9

B� CdS/PEI-SWCNT EÜá�3R51>fÆì
�¥kûÐ�A^cµ.

4 ( Ø

Äu CdS ûÐ�1Æ5�Ú%B�+`É�
>fÆ5�, ��
B� CdS �â�ØÓõUz
G¹�ü9%B�+ (SWCNT) �¤�EÜá�N
X, ¿^F1�1�[��1ïÄ
§��1>
5�. (Jw«, B� CdS/SWCNT EÜá�¥y
wÍ�K1>�y�, B� CdS/PEI-SWCNT E
Üá�¥yr���1>�y�. ù¿�X, %B
�+�õUzG¹��K�XEÜá��1>5
�, ½ö`1>5��d%B�+�õUz5N
�. ^>f=£nØéù�(J?1
)º. ,	,
�¬3��Ý�ò��¹e, 1>�þÄ�vkC
z. (JL², B� CdS/%B�+EÜá�±9B
� CdS/PEI-SWCNT EÜá�31>fÆì�, c
Ù´R51>fÆì�¥kXûÐ�A^cµ. �
âÙÔnÅ�, �±æ^ØÓ1áÂA5�B�â
f, ¢yØÓ�AÅ��1>õUá�Úì�.
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Abstract
Based on the outstanding optical properties of CdS and excellent electronic properties of single walled carbon nanotube (SWCNT),

nano-CdS particle/SWCNT composite materials and nano-CdS/polyethyleneimine (PEI) functionalized SWCNT composite materials
are prepared. Their optical and the electrical properties are investigated by using fluorescent light simulated sunlight. The results
show that nano-CdS/SWCNT composite material displays a significant negative photo-conductivity phenomenon, while nano-CdS/PEI-
SWCNT composite material displays a positive photo-conductivity phenomenon, which can be were explained by using electron-
transfer theory. The optical and the electrical properties of two samples are unchanged in the case of large angle bending. Therefore,
the nano-CdS/SWCNT composite materials in optical and electrical areas, especially in the emerging field of flexible opto-electronics
have a good prospect.

Keywords: carbon nanotube, CdS, opto-electronic materials, composite
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