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Abstract: Quasi-monodispersed spherical titania particles with variable sizes were prepared by the sol-

gel synthesis with the addition of surfactant. The particles were characterized by the scanning electron

microscope, transmission electron microscope, X-ray diffraction and nitrogen absorption. The influence

of surfactant of ODA, Span-80, F-127 and PEG with various molecular weight on the morphology, the

size, and the size distribution of particles was investigated respectively. The research results show that the

steric hindrance of surfactant is very important to morphology, size and size distribution of titania particles.

Perfect spherical particles can be obtained when the steric hindrance of surfactant is big enough. Nitrogen

absorption measurements reveal that titania particles synthesized by addition of F-127 or PEG-20000

possess meso-pore structure, and the pore diameter is about 3.4nm and 2.6nm, respectively.
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��q��$/oZo*4J�>�
}aQ�-�!v7�j$q��jW!g�L4J℄2�8'��Sooo��M�SojWoo��MjW'+3K7k�}o��MjW!3Bg�oH�
Wg�aQ�-�!v7�j$ TiO2 q�'+Qp
��M>��.[N4��l�� pH ��.[t�*�1%�.[tI�

dl�!TPAx�̂ �W9$�aQ�-�!3S�Z�v7� TiO2 q�B4J�> [3,7]. �D-�℄2*�!
^Zoiw�v��m���DÆ
�D��$1-vO�!℄v7��=3 TiO2
9�{6�S$r/g\_�*�D-*�Cf��r>I
$TE�a+6
)#�-�|9 - H9-��!�3S�Z�7v7�j$ TiO2 q��06℄�3S+6
)#�+6
)#7<��M�" TiO2 q��$/��Z�v7�)�^�

2 ��
2.1 (��� wL;�M (TBT, C16H36O4Ti), �/d�S�s%�T-#N� Pluronic F-127((PEO)106(PPO)70-

(PEO)106), Sigma-Aldrich V8���� (ODA,

C18H39N), �/d�J&+�|
)= 6℄B�_M)
 (PEG, HO(CH2CH2O)nH), S�s%�T-#N� Span-80(C24H44O6), �/d�LI+L�Q��Tk*!��r5M
 (CH3CH2OH), 7wd�x��RQ��TN

2.2 &O\[5G���+6
)#*�1g 100mL r5M
����Q!"W|C�za�Q�*����m	<50:�iw�s{OK�P�y\�=8}:��N4�*� 2.0mL �L;Æ�M (TBT),sK�(�9{O�:��5K�},lPy�N4�V� 8h. .[HtT	�7	�M
|��
yG~{0�*=&!T 200◦C 0.5h � 300◦C 0.5h�
400◦C 1h � 500◦C 2h �I�`��v�� TiO2 q�

2.3 SwR$a JSM-5800 !�7�<�
W (x$) r JEM-

200CX V��<�
W (x$) ^Bq��
^$/�Qa SEM �Aga Data Translation Y��4
(Global Lab Image V. 3.1) 7wq���Z�0E℄

�Z76Y�ax$�/ D/MAX- � C ! X ��9�J"q�M&PÆ7w�a NOVA-2000e !&+6�r|Z7wJ"q��&+6�o|Z76M&B-

3 lf`���x
3.1 SEM � TEM a
Y 1�27.O℄�ÆSN4�*�3S+6
)#7<B��� TiO2 q�� SEMY�q���Z76Y
iY!vOm℄�*���� (ODA) �
Span-80 � F-127 iv��j$ TiO2 q��{q��
^$/��ZZoo�Z76l}ur�F.
dY 1(a) v1*� ODA B��� TiO2 q��$/3
����g�:7q�3*j$�iY
2(a) v�q��Pi�Zrg 600nm, �Z76<�
Y 1(b) �'*� Span-80 v��$4<
��j$ TiO2 q��q��+6<_}�d�Z76Y (Y 2(b)) v�q��Pi�Zr 800nm, q��Zo76<��Y 1(c) �1(d) rY 2(c) 7.g*�
F-127��� TiO2 q�� SEMY�TEMYr�Z76Y�iY!vm℄q�g
��j$�Pi�Zrg 270nm, �T76u�
}|9 - H9.[!� TiO2 q��$Sv�k5C$or_s�M�L>��+6
)#7<�d5�\Ro[��
TiO2 =3�<Ea�15�\�P�|#H�y-j��"q�_s�M/�r3
�
 TiO2 q��r��$/℄��gr�FUvB)�*dl+6
)#7<�y-j�3SBYY�
 ODA*��7<b7<�<��Wy-j���}o��MjW!℄��q��_�os0�i&"�q��$/3
�b�Zr&76<�� Span-80 �7<!kg$Ld5�\�EvOun�{Dl
TiO2 +6Y���q�_��Ea�i&vO��$/<
��q��{dl Span-80 �7<�<��B$S�y-j�w��}.[jW!o��M:(wj��i&"B���q���Z<r�
F-127 *�_�X_t�W7<�OjG`�7<!3Kkgr��d5� PEO, �kg��uM�15� PPO. E}K�!vO5 TiO2 �h�<g3 ��>&	��o��M:(i"3S�q�r-MG8_�os0�i&"�B��� TiO2q���Z�bv7�)n
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X 1 )�2R*5	("�~� TiO2 p�� SEM X� TEM X
Fig. 1 SEM and TEM images of titania particles synthesized by addition of different surfactant

(a) ODA; (b) Span-80; (c) F-127; (d) F-127(TEM)

X 2 )�2R*5	("�~� TiO2 p���Y65X
Fig. 2 Size distribution of titania particles syn-

thesized by addition of different surfactant

(a) ODA; (b) Span-80; (c) F-127
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X 3 )�2R6;�� PEG �~� TiO2 p�� SEM 	L
Fig. 3 SEM images of titania particles synthesized by addition of PEG with various molecular weight

(a) PEG-400; (b) PEG-4000; (c) PEG-10000; (d) PEG-20000

X 4 )�2R6;�� PEG �~� TiO2 p���Y65X
Fig. 4 Size distribution of titania particles synthesized by addition of PEG with various molecular weight

(a) PEG-400; (b) PEG-4000; (c) PEG-10000; (d) PEG-20000
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2 U �Æe���6u6
i#(<�Kp��u~� 5\ 257e�LE7��5:w+h> o���X�"-�\��n1F_��z5:�1Q�^L'b (PEG400 � 4000 � 10000 p 20000) De}�!����� TiO2 o�� SEMW��X54W~W 3 � 4 �&

W 3(a) t0�(�5:�e 400� PEG ��}�o��"-�1a��V \�,#1Th"�o��o��p�1g�W 3(b) �&(�5:�e 4000� PEG��}�o���Xj#.�agv'p"-e�F
�zV �k{��1Th"�o��hW 3(c)�3(d) tl\�(�5:�e 10000 p 20000 � PEG ��o�ea��h"�o��t5	'Rl
ho���X54W (W 4)t��(� PEG-400�}�o��Ng�Xqe 850nm,Xm54t��(� PEG-4000�}�o��Ng�Xqe 650nm, Xm54;��(� PEG-10000 p PEG-20000 �}�o��Ng�Xqe 450nm, Xm54t�

ft0�}�!5:�w+h>�Zo��\�o��"-��Xp��Xm54
{E��/d?�5:�w+h>sp���o��"-sa���Xs��o��Xm54s�
��.T�)�(�5:�e
10000� PEG m5:�e 20000� PEG �� TiO2o��"-��X�t5	'go8�E,��A68|5:�w+h>p}E��U��y�(w+h>A1� o��"-��X�t5	'G�\�

3.2 XRD ℄�W 5 N\�EA{
QM3�R 500◦C HÆ�
TiO2 o�� XRD WS

Wt0�)4�'!�(� ';~J�?O3FG��\��(�
ODA � F-127 ��� TiO2 o�R 500◦C t^
y"R��J�p��Fw�AR�OJ�z(�
Span-80 � PEG-20000 ��� TiO2 o� J�R��J�OJ�%a8�:�:`>)4�'!

X 5 TiO2 p�� XRD 6vXT
Fig. 5 XRD patterns of titania particles

1QAetpE,�(� Span-80 ��� TiO2 o�� XRD 8�:B��(� F-127��� TiO2 o�� XRD 8�:B`
Q��)4�'!�(��\��O�p�
H` Scherrer U$�_8�:
(_�J�� (101) O4) ��H�L%$<t��(� PEG-20000�F-127�ODA p Span-80���
TiO2 o��O�Xm5,e 27.4 � 40.3 � 30.7p
14.3nm. t0�)4�'!5:1J\�o��"-m�X� o��?O3F�O�p�AeE��\��VbJ�
n1v{CLE7�4[

3.3 W|Æb - �b℄�e��Bo�?9?Y�n1 ���� TiO2o�D�wZyB -^B5u
W 6�&eR 500◦Ct^
� TiO2 8:{ 77K �� N2 yB - ^B�kk
�zX54W
hW 6(a) �DW tNl}�(� F-127��� TiO2 8:� N2 yB�kk
e��� IV�yB�k
�)8E TiO2 o�?9k{Dz
| N2 50 P/P0 <0.4 ��yB�>
P/P0 ��H%�+�(�f� N2 5:NtC
#CyB{z�?)4�| P/P0=0.4∼0.8 �eE8���y���)
j N2 {z� �,�F?D_���68yBp^B1tCiU�5�*
D� BET %)4�e 68.93m2/g, BJH NgzXe
3.4nm. E?e)8{o��"RiU �)4�'!5: F-127 1JyBjo��)4�L��o��?9�h%!o�Rt^
y"R�z3?Y

W 6(a) �tNl\�(���� (ODA) �
Span-80 ���� TiO2 o�/0eG�z?Y�P` BET $<\o��%)4��2I��5,e 4.12 � 2.00m2/g. �tAm)4�'!#��5:?Ye[� ODA � Span-80 �5:���{o� ��`�w+��o�R 500◦C Hk^
yV?YKC?�Vf1bez3?Y
�"℄ASthW 6(b) �}��
{ PEG }! �e(�
PEG-20000 ��� TiO2 o�bez3?Y�zX54;��NgzXe 2.6nm. P` BET 5u�(� PEG-400�PEG-4000�PEG-10000� PEG-20000��� TiO2 o��%)4�5,e 2.41�3.74 �
7.24p 22.51m2/g. 
ft0�A<G�Dz?Y�z�'�p�Am)4�'!5:���K�
w+h>e[�5:�p�)4�'!{o� ��w+p�t^
y}Q��Dz?Y
XX.T�)� PEG-20000�5:�% F-127��p�z
QM3�(� PEG-20000��� TiO2 o��NgzX�%)4�g%(� F-127 ���o��
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X 6 TiO2 p��{Y65X (a) �x[zC - _Cl� (b)

Fig. 6 Pore size distribution (a) and N2 adsorption-

desorption isotherms (b) of titania particles�#
 fn15uue�PEG-20000=q5:�;p�zD)
���n
4�[AR�% F-127)�^�W^s�5: %eK�
4��heK�04���K�04��! F-127 % PEG-20000{o�?9�`�w+p�Vfo�{t^
y�zXp%)4�;H

4 lx>_)4�'!>+�z7	F7+����1Q�X�1b2�5t5	h"';~Jb��4[�}�(??)~�Æ

1. (�)4�'! ODA � Span-80 � F-127 �

PEG gtN��h" TiO2 o��o���Xe
200∼900nm.

2. �(�)4�'!5:�w+h> TiO2o��"-��X�Xm54getp�\�� jQ"5:?Y�)4�'!�5:�w+h>sp���o��"-sa��o���Xs��t5	'sl

3. (�)4�'! F-127 � PEG-20000 �}�o�R 500◦Ct^
ybeDz?Y�NgzX5,e 3.4p 2.6nm; %(�)4�'! ODA �Span-

80 �PEG-400�PEG-4000� PEG-10000�}�o�R 500◦C t^
y1bez3?Y
Tp	�
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