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ABSTRACT: OBJECTIVE  To improve the poor water solubility of single-walled carbon nanotubes(SWNTs) by using 

chitosan(CHI). METHODS  Carboxyl SWNTs were obtained by mixed acid methods(sulfuric acid and nitric acid 3�1). CHI 

modified SWNTs(CHI/SWNTs) were prepared with ice bath ultrasonic dispersion method and characerized by UV, FT-IR and 

DSC. The dispersibility of CHI/SWNTs in water, PBS(pH 7.4) and acetic acid-sodium acetate buffer(pH 4.0) was determined 

with constant temperature oscillation methods. RESULTS  The maximum dispersion concentration of CHI/SWNTs in water, 

PBS (pH 7.4) and acetic acid-sodium acetate buffer (pH 4.0) were 1.99, 2.04 and 1.76 mg·mL

−1
, respectively, much higher than 

SWNTs. CONCLUSION  Chitosan can significantly improve the water dispersibility of SWNTs. 

KEY WORDS: single-walled carbon nanotubes; chitosan; water dispersibility 
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�)����A��=>CCHI�r���q NH
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y`YZ�� SWNTs ��-COOH ������

�=������C����> CHI � SWNTs

������> UV�IR�DSC���)��#��

 �S-K>I�¡,¢I�pH 7.4 PBS� pH 4.0

£b¤¥¦���§���¨��©ª	«

SWNTs¬©5623��­"�®¯°±Z²
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1  ����� 

1.1  ³´ 

BP211D µ�ro¶(·¸ Sartorius ¹º)»

Z323K µ¼½¾¿q�M (·¸ HERmLE)»

KQ-500D µÀÁÂÃÄÅÆ´(ÇÈÉÂÃ³´

�Q¹º)»THZ-312µÊËÌÍÎÏ´(�ÐÑÒ

ÓÔÕÖ�Q¹º)»SHIMADZU AUY120�ro

¶(A×Ø³M�ÕÖ�Q¹º)»UV-2102P µÙ

ÚyL�  ÛÜ(ÝÞß�Ð³´�Q¹º)»2.5 

Plusµ¾¿àáM(Labconco Corporation�USA)»

DSC-60âãäå¨�³[æç¸èéê(�Ð)�Q

¹º]»NICOLET iS10 µëìíîïðÚ ñ³

(ò¸ Thermo Fisher¹º)»DZF-6020µó
àá

ô(�ÐÑÒÓÔÕÖ�Q¹º)»Nano-ZS90µõ

 öÛ���÷³(ø¸ùúû¹º)C 

1.2  üN 

������(SWNTs�ýÛ>90%��¸þ!

����M�!�Q¹º)»hij(���Û�

85%���WOLSEN¹º)»ÂýI(Millpore¹º

ÂýIMRÖ)»�	b��
b)�©�÷ýC 

2  �� 

2.1  CHI�� SWNTs�RÖ 

2.1.1  SWNTs�YZ�  Ñ�
� 198.95 mg�

SWNTs� 250 mL�������X 100 mL��

	bJ�
b��1("�$ 3�1)��FI�ÂÃ

��� 4 hC_�=¦¤��X%¨�qrI��

�� 0.22 µm!"#$%#&���#'- 60 �

ª-ó
àá´�àágYZ�� SWNTs

[9-10]

C 

2.1.2  CHI��SWNTs�RÖ  
�10 mg YZ

�� SWNTs��X 10 mLÂýI��I�ÂÃ�

ÂÃ 30 min��X 10 mLG(�Û�hij/£b

-£b)¤¥¦�*Í+, 24 h�_�Å¦�F

10 kDaÂ#q��q�(4 000 r·min

−1
�1 h)-.�

�q�hijC_Rg� CHI/SWNTs��¾¿à

ág/¿à0

[11-12]

�*Í�1�Ö>C 

2.2  CHI/SWCNTs�#� 

2.2.1  UV2  � CHIH¦�YZ� SWNTsH¦�

CHI/SWNTs H¦- 200~900 nm Ä3456��

7Ä3äå�89 UV ñ:C 

2.2.2  FT-IR2  �;¨ CHI�YZ� SWNTs�

CHI/SWNTs ¿à0�<>=�>?@A��Fë

ìíîïðÚ ñ³�Õ�äå45 4 000~ 

500 cm

−1
�äåBÀ 32��CD 2.0 cm

−1
�89ð

Ú ñ:C 

2.2.3  DSC 2  �;¨ CHI�YZ� SWNTs �

CHI/SWNTs ¿à0�<�Fâãäå¨�³��

Õ�äåÍÛ 20~500 ��EÍ½Û 20 �·min

−1
�

89�÷ÀFC 

2.2.4  ���G±  � CHIH¦�YZ� SWNTs

� CHI/SWNTs�§H¦��> Nano-ZS90µõ 

öÛ�÷³G±S Zeta��C 

2.3  CHI/SWNTsI�§��G± 

2.3.1  SWNTs HIJK�LM   Ñ�
�

5.09 mg YZ� SWNTs �F 5 mL ¨����

2 mg·mL

−1
�NOPQ 188H¦�ÂÃ�§A±x

&RÛ�¬©SÖ¦C�SÖ¦±¨��� 169.67�

162.88�127.25�101.80�81.44�50.9�25.45�

12.73 µg·mL

−1
�H¦�F 808 nmG±' ÛC-

�ÛJ' Û��K�TU�LMK�TU;VC 

2.3.2  CHI/SWNTs I�§��G±  Ñ�
�

CHI/SWNTs¿à0 3W��<�X/;¨I�pH 

7.4� PBSH¦�pH 4.0�£b-£b)¤¥¦�

�X�YR�VZJH¦C*ÍÂÃ 1 h�25 �Ì

ÍÎÏ 24 h�12 000 r·min

−1
q� 0.5 h���ÅF

808 nm Ä3ªG±' Û�[XHIJKÜ\

SWNTs�Û� Ü\�§�ÛC 

3  �	 

3.1  SWNTs�YZ� 

]^ 1 700 cm

−1
(_&�`a©YZ� ν

c=o

'

ba�3 400~2 400 cm

−1
cd© ν

O-H

�'ba

[13-14]

C

SWNTs YZ�A�ðÚ ñ:`YZ�?w$�

- 1 717.76 cm

−1
J 3 440.11 cm

−1
efYZ�*�

'ba�ghSWNTsYZ��\��iL:1 A-BC 
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� 1  FT-IR ��� 

A−SWNTs
B−'�() SWNTs
C−CHI/SWNTs
D−CHI 

Fig 1  FT-IR spectrogram  

A−SWNTs; B−carboxyl SWNTs; C−CHI/SWNTs; D−CHI 

3.2  CHI/SWNTs�RÖ 

0.1%� CHI H¦j��������¨k

%�klm±n> 0.1%� CHI£b¤¥H¦C�

iL: 2C�ý SWNTsopGHFI» VYZ

���-A� SWNTsI�§��jq��Dr�

	stdA�iufv»w Vhij���

SWNTs �I�§�h7q��xy±���C�

iL: 3C 

 

� 2  ���� CHI �	
� SWNTs �
�� 

Fig 2  Combined rates between different concentrations of 

CHI and carboxyl SWNTs   

 

� 3  ������� 

A−SWNTs
B−'�() SWNTs
C−CHI/SWNTs 

Fig 3  Water dispersity comparison chart 

A−SWNTs; B−carboxyl SWNTs; C−CHI/SWNTs 

3.3  CHI/SWNTs�#� 

3.3.1  UV2  CHI- 200~900 nmÄ36z'b»

YZ� SWNTs-{456�'b�k%'bÄ3

© 270 nm»CHI/SWNTs-{456�'bx¼F

YZ�� SWNTs�x- 270 nm��'ba|vî

��}hYZ�� SWNTs` CHI�����\C

�iL: 4C 

 

� 4  UV �� 

A−CHI/SWNTs
B−'�() SWNTs
C−CHI 

Fig 4  UV spectrum  

A−CHI/SWNTs; B−Carboxyl SWNTs; C−CHI 

3.3.2  FT-IR2  E: 1 C-D�y-~e�CHI-

1 598.10�1 654.26 cm

−1
�©aZa�CHI/SWNTs

��efYZaJaZa�-1 579.30�1 412.15 cm

−1

�ef 2 ���'ba�{a©���*�'b

a

[15]

�gh CHI JYZ�� SWNTs �=v��

���C 

3.3.3  DSC 2  UV:�����$y-~e�

CHI/SWNTs-COOH ��� CHI � 307.02 ���

�'�a�î�G%�68.92 ��r�a|v���

w SWNTs-COOH� 340.64 �'ba���53.04 �

r�a�& 59.07 ��}h CHI` SWNTs-COOH

|v��!d�w�¬>C�iL: 5C 

 

� 5  DSC �� 

A−CHI
B−'�() SWNTs
C−CHI/SWNTs 

Fig 5  DSC spectrum  

A−CHI; B−Carboxyl SWNTs; C−CHI/SWNTs 
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3.3.4  ���G±  ��G±�i7ã�YZ�

SWNTs ���©(−18.78±0.24)mV�CHI/SWNTs

¶���©(+55.8�0.79)mV�}h SWNTs ��

��� CHI��A��7�����iL: 6C 

 

 

� 6  ����� 

A−'�() SWNTs
B−CHI/SWNTs 

Fig 6  The Zeta potential distribution 

A−Carboxyl SWNTs; B−CHI/SWNTs 

3.4  CHI/SWNTsI�§��G± 

YZ� SWNTs- 12.73~169.67 µg·mL

−1
�Û

456K���u��K�TU;V A=0.005 3C+ 

0.005 3(r=0.999 9)CSWNTs V CHI\����

A-I�pH 7.4� PBSH¦�pH 4.0�£b-£b

)¤¥¦���§Û��h7q��k%�§�

Û�<© 1.99�2.04�1.76 mg·mL

−1
C 

4  
� 

SWNTs ��*+����,�DIH�â�

ê]iC�¼ SWNTs�I�§����FSý��

 WX�����--v1�0��fg=>C

�ûUV�b��g/YZ�� SWNTs��`

CHI ��CÓÔ�i#h�CHI/SWNTs -I�¡

,��y±��¼��§Ûq�C�Ú�EF`

���� CHI ���CHI/SWNTs ¶���©

(+55.80�0.79)mV����� SWNTs `#<��

��������

[16]
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