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æ^ü«ØÓ�MJ9´»Ü¤Ñ
ØÓ/mÚº�� CdS B�¬, �«´±ÃY¯�X (en) �MJ,
CdCl2·2.5H2O Ú1P (H2NCSH2N) �6Ú1, 3ØÓ�A§Ý (160 ◦C—220 ◦C e��Ñ
 CdS B�¬, ?
Ø§Ýé CdS B�¬)��K�; ,�«´± en �MJ, ò3 160 ◦C eÜ¤��Ô3 200 ◦C e� 2(¬)
� 2—8 h, ©Û� )��mé CdS B�¬)��K�. ÏL X ��û� (XRD)!×£>f>º (SEM) Úß�>f
>º (TEM) �L��Ô�Ô�!/mÚ�(�, ©Û��: ü«´�Ü¤��Ôþ�8�� CdS; �§Ý� 160 ◦C
�, �Ô/m�B��âG, �§Ýpu 160 ◦C �, �Ô� CdS B��G; Ó�, 3 200 ◦C e� 2(¬)�ØÓ�
m�uy�Ô/mdB��â=C�B��, ÏL|u�×£>º (HRTEM) ©Û��: B��´d"�B��â
g|C¤. ��, ?Ø
K��Ô CdS B�¬/m=C�Ï�ÚB���)�Ån.

'�c: CdS B�¬, MJ9, 2(¬, g|C

PACS: 81.07.−b, 81.07.Bc, 81.16.Dn

1 Ú ó

��NB�âf´�â»3 1—100 nm �m
���N�â, duB��âäkNõ`É�5
�, lÚå
<��4�'5. Ù¥, / - 3x
1ázÜÔ��N CdS B�á��´duäk
þfº��A!L¡�A!0>���A, Ó�
LyÑNõ#Û�1!>!^!xz!��51
Æ�5�, Ï3��51Æá� [1−4]!)Ôu
ÿ [5−7]!u1á� [8−10]!1xzá� [11−12]!^
5á� [13] �+�äk2��A^. 8c, Ü¤ CdS
B�á���{éõ, ~X: �NzÆ{ [14], �Z
�{ [15], Y9 - MJ9{ [16], c°Ô9){ [17], g
|C{ [18,19] ��, �«/m� CdS B�¬�Ñ
k¤��, Yao�| [20] ��
^MJ9��{3
¯�XMJ¥ PVA 9ÏÜ¤
 CdS B��; Zhang
�< [21] �^¯�X�MJÜ¤
p(¬Ý�8�
� CdS B��, �[?Ø
 CdS B���1Æ5
�; Xie �< [22] ���
3`U/YNX¥Ü¤


ä{G CdS ��. ù
þ`²
Y9 - MJ9Eâ
´�«Ü¤$�1ázÜÔ�k��{.

CdS ´�«��1>á�, �Xº��~
�Ú/m�Cz, §òLyÑØÓu¬á�5U.
Ïd, éÙ/m!º�Úâ»©Ù���5ïÄ
´��k¿Â�ó�. 3�¢�¥, ±ÃY¯�
X(en)�MJ, CdCl2·2.5H2OÚ1P(H2NCSH2N)�
6Ú1, 3ØÓ��A§Ý(160 ◦C—220 ◦C)
eÜ¤
8��CdSB�¬; Ó�, ± en �MJ,
ò160 ◦CeÜ¤��Ô3�p§Ý200 ◦Ce?1
ØÓ�m2—8 h �� 2(¬)�, uy�Ô/
md�â=C�B��, ÏL�(�©Û: B��
´d"�B��âg|C¤; ��, ?Ø
K�
�ÔCdSB�¬/m=C�Ï�ÚB���)�
Ån.

2 ¢ �

¢ � Á J Å z 6 (CdCl2·2.5H2O), 1
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P (H2NCSH2N), ÃY¯�X (H2NCH2CH2NH2),
Ã Y ¯ U (CH3CH2OH) þ � © Û X (A.R) Á
J, ¢ � ^ Y � � l f Y. Ä k ò 5 mmol
� CdCl2·2.5H2O Ú 8 mmol 1P�uNþ� 50
ml �S��àoÍ¯L�ØCgpØ�A;¥, 2
\\ÃY¯�X�oNþ� 80%, ¦�N¿©M).
,�, òpØ�A;�µ, �uð§ZH�¥�A.
�A(å�g,e%�¿§, ��©l, �ÈÔ©
O^�lfY!ÃY¯U�EÄÈ�W, ����
Ú�N�Ô3 60 ◦C ó�¥ZH 4 h ����¬.

õ¬®"�¬�û�êâ´3F� Mac Sci-
ence 18 kW =q X ��û�¤þÂ8�, æ^�
$üÚì, CuKα Ë�, 40 kV, 200 mA, Ú?×£�
Ç� 0.02◦/s, ¿^ Scherrer úªO�
B�®¬�
²þ¬âº�; |^ Philips XL-30 ×£>fw�
º (SEM) ÚF� Hitachi-600 ß�×£>º (TEM)
*	�â�L¡/m.

3 (J�?Ø

3.1 ØØØÓÓÓ§§§ÝÝÝeeeÜÜÜ¤¤¤���ÔÔÔ��� XRD ãããÌÌÌ©©©
ÛÛÛ

ã 1 � 5 mmol CdCl2·2.5H2O Ú 8 mmol 1P
± en �MJ3 160◦C—220 ◦C e�A 12 h �Ü¤
�Ô� XRD ãÌ. lã¥�±wÑÜ¤��Ôþ
�8��, �IOk JCPDS No.65-3414 ¸ ��

�, �vk?Û,�¸�3, `²
�Ôäk�
p�XÝ. ��A§Ý� 160 ◦C Ú 180 ◦C �,û�
¸�3²w�°z, ^ Scherrer(D = 0.89λ/B cos θ)
úª���Ñ CdS B�¬�²þâ»����
� 15 nm, (002) ¬¡�û�¸²w' (100), (101)
¬¡�û�¸r; ��A§ÝÅìO\, �û�¸
rþOr, °z�û�¸²wkbz, ¬â(¬5
O\, ¬/�\�Ð. Ó�, (100), (101) ¬��)�
¯u (002) ¬��)�, (102), (200) Ú (201) ¬��
û�¸bz, �A�¸ �5Æ5/�p��) 
£, `²¬NâÝO�, ¬¡må �. nÜ±þ©
Û��, §Ý�JpkÏu�Ô¬â���, Jp
�Ô�(¬5, ¿��Ôk�½�J`)�.

ã 1 ± en �MJ, ØÓ§Ýe�A 12h Ü¤� CdS �¬
� XRD ãÌ, §Ý©O� 160 ◦C, 180 ◦C, 200 ◦C Ú 220 ◦C

ã 2 ± en �MJ, ØÓ§Ýe�A 12h Ü¤� CdS �¬� SEM ã�, §Ý©O� (a) 160 ◦C; (b) 180 ◦C; (c)
200 ◦C; (d) 220 ◦C
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3.2 ØØØÓÓÓ§§§ÝÝÝeeeÜÜÜ¤¤¤���ÔÔÔ��� SEM ããã���©©©
ÛÛÛ

ã 2 ´ 5 mmol CdCl2·2.5H2O Ú 8 mmol �1
P (H2NCSH2N) ± en �MJ3ØÓ�A§Ýe�
A 12h �Ü¤� CdS �¬� SEM ã�. lã 2(a)
¥*	�, ��A§Ý� 160 ◦C �, Ü¤��Ô´
d�þ�B�¬âìà|¤, ìàº��� 80 nm.
|¤�Gìà�B��â©Ñ��â»���A
B�, � (ã 6(a)); �A§ÝO\� 180 ◦C �, �Ô
/mÑy
Cz, dB�ìà�â=C����B
�� (ã 2(b)), B���²þ�»�� 120 nm, ²
þ�Ý� 900 nm, Ùpî'�� 7.4, ��ANX�
§ÝUYO\, �Ô�þ!�B�� (ã 2(c), (d)),
�A�pî'k¤Jp, ©O� 19 Ú 33, Xã 3 L
¥¤«. lã 3 ¥�±�ßw�, �A§Ý�Jp
kÏu�Ô���)�.

ã 4 ´± en �MJ, ò 160 ◦C e�A��
� CdS B��â3 200 ◦C e� 2(¬)� 2—
8 h �� SEM ã�, lã¥�±wÑ2(¬���
Ô/mþ�(¬5ûÐ�B��. lã 4(a) *	�
�Ôdìà�â=C�[��B��, Ùpî'�
� 13.8, ßÿ CdS B���U´dìà�B��â

g|C¤; � 2(¬)� 4 h, 6 h, 8 h(ã 4(b),
(c), (d)) �, �Ô/mE�B��, �´B���
â»9�ÝÑk¤O\, pî'�g� 17.4, 18.1
Ú 20.8. ÏL©Û��: MJ9� 2(¬��
B���»Ú)��Ç���3 200 ◦C MJ9�
A 2 h Ü¤�B���', �»���)��Ç�
ú, Xã 5 ¤«. dd��, �A§Ý3�Ô/mC
z¥åX'�5�Ï�, Ó�æ^MJ92(¬E
â, �±Ü¤ÑØÓº�Ú/m� CdS B��.

ã 3 ØÓ�A§Ýe¤� CdS B����Ý/�»'Czã

ã 4 160 ◦C e�A 12 h �¤��Ô3 200 ◦C ²LMJ9� 2(¬ (a) 2 h; (b) 4 h; (c) 6 h; (d) 8 h �Ô� SEM ã�
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ã 5 MJ9� 2(¬)�ØÓ�me CdS B����
Ý/�»'Czã

3.3 ���ÔÔÔ������(((���©©©ÛÛÛ

ã 6(a), (b) ´ 160 ◦C eÜ¤� CdS B��
â� TEM Ú HRTEM ã�; ã 6(c), (d) � 200 ◦C
eÜ¤�ü� CdS B��� TEM!HRTEM ã�;
ã 6(e), (f) �B��â� 2(¬�� CdS B��
� TEM!HRTEM ã�. lã 6(a), (b) ¥�±wÑ,
CdS B��âÑy�þ�ìà, ©Ñ��â²þâ
»��AB�,/mØ5K, �3âÑ�>�, ´(
¬5�Ð�ü¬, éA�8�� CdS(0002) ¬��
¬¡må� 0.334 nm, â�'©z��: ìà�B
��â/¤�L§�U´ Oriented attachment(OA)
)�Ån [23] (OA ¬N)�ÅnÌ�?Ø/mØ5
K!â»���B��â�/¤L§). lã 6(c)
¥�±wÑ, CdS B��kX�~þ!�»�°
Ý (� 35 nm); l�þ��À«>fû� (ED) ã
��, Ü¤� CdS B��´8�n ¶(��ü
¬, O�¬�ëê a = 0.428 nm Ú c = 0.697 nm;
ã 6(d) ´ CdS B��� HRTEM ã�, ?�Úy
²
B��´(¬ûÐ�ü¬, ¬N� (0002) ¬¡
�¬¡må�� 0.335 nm, B���)�÷ C ¶
� [0001] ��, � Xie � [24] ���(J���.
ã 6(e) ¥�B���L¡1w�B�� (ã 6(c))
�(��,ØÓ, MJ9� 2(¬�� CdS B
���L¡NXX�þ� CdS B��â, ¿�B
��âüÙ�Ø´é;�, l HRTEM ã�ã 6(f)
¥uy, B��SÜ�(¬)�÷ C ¶� [0001]
��, éAu (0001) ¬¡�må� 0.66 nm, L
¡NX�B��â�¬�,ÏÃÙ, ¬¡må�
� 0.25 nm, �	�Ñy
õ¬�, ±þ©Û?�Ú
y²
 CdS B��´dìà� CdS B��âg|

C¤.

3.4 ���ÔÔÔ///mmm///¤¤¤���ÅÅÅnnn???ØØØ

Ð © � A N X d u § Ý � $, 1 P Ø U ¿
©Y), S2− lf�ßÝ�$, en ��V¸Ä�
  N � Cd2+ N ´/¤  ½ � E Ü N ( ½ ~
ê logβ = 10.09)[25].

��ANX§Ýúú,p, 1Pº� S2− ��
Ý\¯, S2− lf�ßÝ×�O�,  Cd2+ �E
ÜN�½5ü$, 3�½�§Ýe, en ©fÒú
ú�lEÜN¥ºÑ [26], /¤ Cd2+, ¯�� S2−

(Ü,/¤ CdS ¬� (¬Ø), �X�A�m�ò�,
¬� (¬Ø) úú)��¬â, �§ÝUY,p, Ü
¤� CdS B�¬âÒ¬u)ìàg|C¤þ!
� CdS B��. CdS B��dB��âg|C�/
¤L§Ì��)n�L§: (1) ¬� (¬Ø) �/¤
L§; (2) ¬�)�¤"�B��â; (3) "��âg
|C¤B��, «¿ãXe¤«:

²L�©z��, oæÅ�< [23] ÀJ CdCl2
Úü� S �6Ú13¯�XMJ¥, ��A
§Ý$u 120 ◦C �, ¤õ�Ü¤
kÅ - ÃÅ
�G(�zÜÔ CdS·(0.5en), 3�Ô� XRD ãÌ
¥�3²wzÜÔ CdS·(0.5en) �rû�¸, ¸ 
3 2θ = 10.66◦, �Ô/m�¡G(�, �§Ýúú
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ã 6 ØÓ^�eÜ¤��Ô� TEM!HRTEM 9 ED: (a), (b) 160 ◦C eÜ¤�B��â; (c), (d) 200 ◦C eÜ¤�B�
�; (e), (f) 2(¬�� CdS B��

�,p, en ©fl�G(�¥ºÑ, /¤�5/
m CdS, ù«/m�@�´ CdS B���m;�(
Ü/¤�B��
�. ��, CdS B���/¤´
l¡G� CdS·(0.5en) =C5�. CdS B���/
¤ÅnXeã:

3·��ó�¥, ±ÃY¯�X�MJ, À
^1P (H2NCSH2N) �1, 3 160 ◦C eÜ¤â
»�A�B�� CdS B��âìàN, l XRD
ãÌ¥vk*	�zÜÔ CdS·(0.5en) �rû�
¸ (2θ = 10.66◦), ��, ·�¤õÜ¤
X�8�
� CdS, �±@�3,��§Ýe, en ®²l¥<
ºÑ5
. �NX3 160 ◦C e�A 12h ��Ô²L
MJ9 (en)200 ◦C 2(¬� )� 2—8 h �, Ü¤

þ!� CdS B��, ù�oæÅ�< [23] é CdS
B���/¤L§���k¤«O, CdS B��Ø
´d CdS·(0.5en) ¡G(�=CL5�, ´dìà
�B��âg|C¤�B��. TL§é�U´
±cïÄövk5¿��, éun) en �¸¥ CdS
B���/¤´ékÃ�. ÏL¢�é'�±w
Ñ, ÀJØÓ�1, Ü¤�8I�Ô/m�/¤
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Ån�k¤«O. ÏLéMJ92(¬B��âÜ
¤� CdS B��� TEM 9 HRTEM ©Û��, CdS
B��´d�þ� CdS B��âg|C¤.

4 ( Ø

æ^DÚ�MJ9�{, ± CdCl2·2.5H2O Ú1
P (H2NCSH2N) �6Ú1, 3 160 ◦C—220 ◦C
� A 12 h � ¤ õ Ü ¤ 
 CdS B � ¬, XRD ã

Ì©ÛL²
�Ôþ´8�� CdS, SEM, TEM
Ú HRTEM Ð«
�Ô/m: 3 160 ◦C eÜ¤
� CdS B�¬��âG, �§Ýpu 160 ◦C �, �
Ô�B��G; ¢�æ^MJ92(¬� )�E
â, òÜ¤� CdS B��â2(¬ 2—8 h �, uy
�Ôd�âG=C�B��G, ÏL�Ô��(�
©Û: �� CdS B��´d CdS B��âg|C
¤.
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Solvothermal recrystallized synthesis of
one-dimensional CdS nanorods self-assembled from

nanoparticles∗
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Abstract
Two different solvothermal synthesis routines are used to fabricate CdS nanocrystals with different morphologies and sizes.

Anhydrous ethylenediamine (en) is chosen as solvent, CdCl2. 2.5H2O and thiourea (H2NCSH2N) as the cadmium source and sulfur
source respectively in the first method. CdS Nanocrystals are prepared at different reaction temperatures (160 ◦C–220 ◦C) and the
influence of the reaction temperature on the growth of CdS nanocrystals is discussed. In the other routine, anhydrous ethylenediamine
(en) is also chosen as solvent. The synthesized products at 160 ◦C are recrystallized under 200 ◦C for 2–8 h. The influence of the
recrystallisation time on the growth of CdS Nanocrystal is discussed. The in-situ analysis of effect of the growth time on the growth
of CdS nanocrystals is performed. The phase, morphology and crystallographic structure of CdS nanocrystals are investigated by X-
ray diffraction (XRD), scanning electron microscopy (SEM) and transmission electron microscopy (TEM) respectively. The results
show that both products exhibit pure hexagonal structures, the morphology of the product is nanoparticles at the temperatures below
160 ◦C, when the temperature is rasied to higher than 160 ◦C, the products are CdS nanorods. Meanwhile, the morphologies of
the recrystallisation products under 200 ◦C for different times are found to convert from nanoparticles into nanorods gradually. The
nanorods are composed of zero-dimensional particles through self-assembly process which could be demonstrated by field emission
scanning electron microscopy (HRTEM) analysis. Finally, the factors that influence the morphology changes of CdS nanocrystals and
the mechanism of the growth of nanorods are discussed.

Keywords: CdS nanocrystals, solvothermal, recrystallization, self-assembly

PACS: 81.07.−b, 81.07.Bc, 81.16.Dn
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