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-ÆJV0?�)H�5`h|�-}?�1��d75qpd-*X-Æpd�^�s�GH�Rpd�#��d7n�pd-k=�Rpd�#}�)s$��G
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1 	�?�u#;Lf" z�f�r�2
	�
;L..�'�':�rK	�r�.�2iKdim��f9�KfaWH�
+�_bg3JL�.�\Y(�b�aI� �u#;Lr�2
/pj	~_W�VB��9(B��%�9zt�hr_b>.
wB �+�b [1] �S�A$ [2] �j)rn [3] �℄P [4] t
+Ypm�f�r;_F�.>tr�a;L
�Mr�.;LO+b.qe�_3t�HI�SqeA$
/�gFK~�(��*)+�L		qeA$r"|��.b&��
�Y(r}��?�m�
b,} - w}�HIJ�KW;�;eFF�KW1�e8
/~�KW1�e8�t��"J�qeA$ [5].(�\�m<+��^.~�̂ ~��̂ g�1*9�̂ .~K}�r+���2
dQ�!r~�&�2I
�S�f#L� (3∼ 5µm, J�k), ���*}��Hr 10%∼15%, �f�Nr>t
m+Yvo�3rZ
�R~�/Z�Y�r��^~��i^.~rr>
dCfK4br&4+��&�*ImK}�r�N*I9�
hQ�}��Hr 85%∼90%[6]. ^g��i}�r�9
KCf6?K4bA$r,�>r&�dHt}�r_&I�K~�j�
2I~�j�r�_eF6r�_�2_t5t�+YF1℄;r��t�_
wB0rx4�m}�.h [5], �S8�_pm�a���wB(�#7R�m�
g+pm}�r�a �B�
2 n�
2.1 lB?{SE�

(1) �KW;�e8r�"pGmi� 2005–12–05, p=�FGmi�2006–02–27Q[�f� ?n%"'A^� (20471065); �?'Av��'jU���?'AvvD^��ÆUY� XP( (1977– ), x�3JG�>� s�a}k�J!\� E-mail: jhhe@mail.ipc.ac.cn
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1314 � ` : K � � 21 �{#u/&�r}�M�~��t (100mmol/L 
;eW4 / q%,Q℄ 30% Y1C,Q) �{ 30min, #Pb1_,i#u
,Æ��� 30min, �,&�BP~℄�Y�Y 5◦C/min r�\L��� 600◦C, /~Y��*�L 4h YR�fa*�
(2) �.�KW1�e8r�"}�M�bob22#uPb�VY#�
L�&�P~ 100mmol/L r1e_W4 /q%,Q�{ 30min, q%#uG[ (a[ 1min), O&
i,Æ��� 30min F	�?Y�pmrM��,&�BP
#P~℄�Y�Y 5◦C/minr�\L��� 800◦C, /~Y��*�L 4h YR�fa*�

2.2 \he`�?�w�5{ 800◦C #7Pr�KW1�e8M�~ 5mmol/L r HAuCl4 ,Q�{ 10min, WU#u
#Pb 200mmol/Lr NaBH4 Zt 10min, �VY#u
pmrM�~L�*�,&�BP
2.3 :|8�3jz�EI~*?/\ W ℄7C3jz� S-4300 6�=
M���|�T;�:z�M��"�{8H�KW1�e8�i4��
p/8HWU
F<P�T��fonrz
6
�,&� TEM EI~*&z$ JEM200CX 6�=
pzD 150 kV. �o X:0H:~ Rigaku Dmax-2400 H:U6�=%�� ~b� Dupont /\ Dupont 1090B%� U6�=
3 WKMrb
3.1 tB?XHN��.� 1 lI
}��� 50∼100µm(� 1(a)), ^.~d?��h~�&�Z[�b*

� 1 (a) E (b) &�q=g2iy���
Fig. 1 (a) and (b) SEM images of side views of human hairI
6ai��6r���ba*�Q��r+u9��f��r�h (� 1(b) �4y}lÆ9� )[7] , 5.�Q��r�t9��Ta*^4~&�rO�� 0.5∼1.0µm, Ew

45µm[8]. ,��- [9], ^.~Kd 6∼10 �O�r^4~&�*I
(O�w� 3∼5µm.}�d+�!j��*I� 85%∼93% K α- ~�j��K4b (4�eH?r�H�),Y (3%∼5%), �� (1%∼9%), �aWH� (0.25%∼0.95%)[10]. QY>�_e�7~~�j�r��
8H�Y>�_ef_��-i/xfj��3srr9
/F�t;I?��Ux
Jj!�2
>�'��� [8].
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6 � WO'�I [Æ&�q�`��e�pd�#qs�GH 1315	}��=%�� 
�A.k (� 2):

90◦C D�HhA� 7.6%, �NKY���℄�r� 330◦C D�HhA 38.6%, +Y<\���F4�$HI�r�R
Y��~�j�,I�4rj��EhrF0!z7r/F! [8]; 480◦C D�HhA� 44.7%,+Y<\�j��EhrF/Fr�R�
600◦CYP�H_&�L5,
+P<j�Hw 10%.

3.2 lB?��PJNJq�E�YY1CF
;eW4 (TEOS) .��t	}��2�= �
�pm�KW;�e8 (� 3). 	�YY1C���t�pr�KW;�e8r.h���T (� 3

� 2 |�q$����/
Fig. 2 Thermal analysis of hair

(a)), \�f!Ur�� (� 3(b)) +Y#Q
�e8dA�w 1µm r;eF&A�bI
8r.h&A�bO�5y
6a}�^.~Q�!zNr�� (� 3(a) � (b) y}lÆ9�). Y TEOS ���tlpr�KW;�e8r�9�KW;&A�bbZ
~�Q������r&AA��f
FB 2µm. 'HY6�A
�+Ypm.*�[�YY1CF
TEOS .��t	}��2r ��
�?J.hGbBK
lp;eFF�KW;�e8r�*l}�.~�2zN�H1a
i}�^.~�2`fpm�Dr �

� 3 XX0B (a)∼(b) E	:dV3 (c) Æ��sGHq SiO2 �d7q2iy���
Fig. 3 SEM images of SiO2 microtubes synthesized with silicate (a)∼(b) and TEOS (c) as precursors

3.3 tB?��P�E�Y1e_}4 (Ti(O-nBu)4) ���t
}��2pmJ�Dr ���B 10 *,} -w}CY�_/~ 800◦C *#7
pmJS��4r�KW1℄ (� 4(a)), �6℄El6Kd�KW1&A*Ir�e8
8rr�� 40µm(� 4(b)), l}�℄rtG0� 70µm(�
1(a)) 1'flw4�lM666AmrNai4S�
[k�B#7R�m�PM��?JtbMi(!U3jz���.k
8r.hd�KW1��b*I
�6�Yl8r�9�7r�HzN (� 4(c)). ,#
�S�rr;_3&i}�r.~�2
ga*.~&��=��	fzN-(!U3jz���.k
a*�KW1�Q���KdA�� 50∼100nm rA$*I
A$�t(YE�
�t;I 20∼100nm r. (� 4(d)). pmr�KW18*Ow 3µm(� 4(e)), 1ki.~�rO� (3∼5µm). ,#
~��F^g��
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1316 � ` : K � � 21 ��`fF Ti(OnBu)4 �_
m~#7BK�$	�R�-(!Ur�� (� 4(f)) .k

� 4 (a) R℄
-ÆJV0�d7qT\��� (b) E (c) 4x�e T)ÆJV0�d7q=g2iy���� (d) �eqÆJV0P�q2iy���� (e) E (f) ÆJV0�d7�g�e��
Fig. 4 (a) Digital image of an array of porous titania mcirotubes, (b) and (c) SEM side views of a

titania microtube at various magnifications, (d) magnified image of a titania platelet, (e) and (f)

cross-sectional view and magnified image of a titania microtube8rr�OKd�KW1qeA$*I
l�9r�KW1�6qeA$1'
r9rqeA$A�S� >100nm, �f9�D�ISt
;I 100nm ,gr.%	lp�KW1�e8M��= X :0H:� .k
� 800◦C #7r�KW1�e8d�NB (Rutile)F0n1 (Anatase) G1*I
	��NB / 0n1'>w� 2:1(� 5).
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6 � WO'�I [Æ&�q�`��e�pd�#qs�GH 1317�$AJqT;BK	B�;_r`3b%vQ (pH 11,70◦C) 	}��=qT;
lp�KW1�e86r�KW1�J��!
zN'�RZ (� 6(a)). �K\�~%v>vz*
}�.~�Q��d";���
\Y �P�KW18.h�Q��O�LJ1_r�2v>vz* (pH 11,70◦C) b 0.6% rWKYT;}�M�
#PY Ti(OnBu)4 ���t	T;Pr}��2�= �
 800◦C#7PM��f.� 6(b) �2diWKY+YF}�.~�~�j�rWUx�O
 � 5 ÆJV0�d7q XRD ��
Fig. 5 XRD analysis of titania microtubes

� 6 �u (a) EVJX / u (b) pS:|�L�koÆJV0�d7q2iy���
Fig. 6 SEM images of titania microtubes with hair pretreated with alkaline (a) and H2O2/alkaline (b)

� 7 !{hÆJV0�d75q�pd%�q~9y��� (a) e�M`�6 (b)

Fig.7 TEM image (a) and histogram (b) of gold nanoparticles in titania microtubes

The specimen was briefly sonicated before transferred to TEM grid\F.~��2Nm�fK�r�X
\Ypmr ��2.hff�!�b
i}�.~�rÆ&�2f9�A�
+Y6Am.~�rfHhX (� 6(b) y}lÆ9�).

3.4 \he`�?�w�5=b�KW1�e86rqe..�qe�_
t��"J�qeA$\� 7(a)+Y#Q
�"r�qeA$�y�7i�KW1�e8�
A�{k.k�qeA$r
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1318 � ` : K � � 21 ���A�� 23nm, ~�KW1�e86rqe..�� (20∼100nm)�r
[kJ�qeA$K~�e8r.�;Ir [11].

4 WbY(��?�m�HIJ�.qW�e8	�Y
;eW4FY1C���tHIr�KW;f;eF�e8r�*f#S�K�66ai}�r^.~�2
i	E�K�KW;℄;eF&A~}�.h�=r&#�b
}�.~rÆ&�2`fpmf5w �Y1e_}4���t
pm�KW1�e8
8r.hd�KW1�*I
�6�Yl8r�9�7r�HzN
�S�rr;_3&i}�.~�r�2a*�KW1�Q��dA�� 50∼100nm rA$*I
A$�t�t;I 20∼100nm r.lp�e8r;_FNa+YwB%,M�qT;�HF,} - w}BK[U�={/=b�e86rqe.��_t�HIJ�qeA$��8;L{�e8�qe.F>�SqeA$f5�H�3
~_W�"$l�9tTn+t�f�~r_b��9℄x~
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Facile Fabrication of Porous Titania Microtube Arrays by Replication of

Human Hair

LIU Shu-Xia, HE Jun-Hui

(Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, Beijing 100080, China)

Abstract: The structure of hair was replicated via a sol-gel process using human hair as the

template. When using silicate and TEOS as the precursor, the cell structure of hair cuticle was

not well replicated. When using Ti (OnBu)4 as the precursor, however, titania microtubes were

obtained, with nanopores in their wall and nanoporous platelets on their outer surfaces, which

were derived from cuticle cells on hair surfaces. The nanopores in the microtubes acted as an

effective nanoreactor for in situ synthesis of Au nanoparticles. The microchannels, nanopores and

noble metal nanoparticles may provide a unique combination that would be attractive in such

applications as catalysis, adsorption, and separation.

Key words titania; sol-gel method; gold nanoparticles; in situ


