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ïÄ
M�v��Óg|C���¡Èp�þ SiO2 ��x�(�����{. �ü©Ñ�à�¯L (PS) �N
M�¥V\ SiO2 c°ÔM�, ^R�g|C{�Ú���¥�Y¥þ!W¿kv��EÜ PS �N¬N��, 3�
í¥�(�Ø PS ��� SiO2 ��x�(���. ÏLéV\c°ÔM�'~!g|C§Ý±9�(§Ý�ëê
�ïÄ, ^ØÓâ»� PS�¥��
ØÓ�»�p�þ SiO2 ��x�(���. ^×£>fw�ºÚ X ��Uþ
ÚÑÌ¤é��������¬?1w�/mÚ¤©L�, ¿ÿÁ
Ùß�1Ì. (JL²: M�v��Óg|C
{��� SiO2 ��x�(����¡ÈpÝkS, �»�±���ÀJ��°; ���ß�1Ì�Y²w, �Y¥
%Å��nØO�(J�Î.

'�c: ��x���, M�v��Óg|C, 1f�Y, �N¬N

PACS: 42.70.Qs, 42.82.Cr, 81.16.Dn, 78.67.–n

1 Ú ó

äk��x�(��õ�á�31>fì
�!zÆxz!Da!)Ô�Æ!|�ó§Æ
�+�k2,�A^cµ [1−4]. ~^�����
x�(���{��´�N¬N��{, T�{
Ì�©��N¬N����!W¿Ô�!��
�Øn�Ú. 8céõ��x�(����Ñ´
Äuù«�{, XCÏ Kohoutek � [5] k^^æ
��{��
 SiO2 1f¬N��, ,�Ó�^
^æ{3Ù�Y¥W¿ As30S70 B�âfM�¿
^ HF �@¡K���� As30S70 ��x�(�
��; Cai � [6] ^ “Y� - Äý�” ��{±à�
¯L (PS) �N¬N�����
Ãõ{CX�
� TiO2 ��x�(���. ùü«�{¥Ñ´
^M�5W¿��, ù�´8c�~^�W¿�
{. �´, ^M�W¿�W¿þJ±°(��, é
uâ»����¥, M�J±^|'ß���S
Ü, WæØþ!½öØ��¬���(����

x�(��3"�, �v�3ZHL§¥, du
SÜAå�Øþ!�¬O\#��«�"� [7].
~X, ©z [5] ^^æ�{��Ñ���x�(
���k²w�CX�; ©z [6] ^ “Y� - Äý
�” �{����x�(��¬�3SÜW¿Ø
þ!�¯K, �éu�²¡/G�Ä.?n'�
(J. æ^zÆí��ÈW¿{U¼��Ð�W
¿�J, �´T�{é�A��9�A����
¦ép [8,9]. M�v��Óg|C�{´ò���
�ÚW¿á�Ó�?1, ¿�¼��Ð�W¿�
J —— W¿°(!þ!, L¡Ø¬�õ{�v�
CX [7]. Ï�M�k�½�Å5, M�v��Ó�
���N¬N�¿�é���5K, ÏdA^M�
v��Óg|C{�±�����¡È!p�þ
���x�(���. ,	, M�v��Óg|C
{��±ÏLUCV\�M�v�c°NM��
�ØÓá����x�(���, U
3?¿/
G�L¡)�, �ù«�{�äk¢��{{B
´1!¤�$!�E5p�`:, äk¢SA
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^d�.
�©ÏL3 PS ��NM�¥V\�5xzY

)��7�¯| (TEOS) M�, ^R��È{31
À¡þ�����¥�Y¥W¿k SiO2 v��E
Ü�N¬N��, ,�3�í¥�(��� SiO2

���x�(���. 3dÄ:þ, éÙ1ÆB
�A5?1
ïÄ, ��
A«�»� SiO2 ��
x�(���3��19Cù	Åã�ß�1Ì.
�©ó����Äu SiO2 ��x�(����
8¤1>fDaì�!ÈÅì�Jø
�½�ï
ÄÄ:.

2 ¢ �

2.1 ²²²���þþþ������ SiO2 ������xxx���(((���������

3V\ SiO2 c°�� PS �NM�¥^R

��È{g|C PS �N¬N. ±�lfY�©
ÑJ, ©O���¥â»� 390, 580, 690 nm, N
È © ê þ� 0.1%� PS �¥ � N M �, 3 � N
M�¥\\ÙNÈ 1%�²�5xz� TEOS M
� (TEOS M�¥ TEOS!ßÝ� 0.1 mol/L � HCl
ÚÃY¯Unö��þ'� 1 : 1 : 2), ¿�(©
Ñ 20 min. Xã 1 (a) ¤«, ò©O²LZÑ!¯
U!�lfY�(�W�ZH��1À¡R�
�\M�¥, ¿òM��u 35 ◦C �ð§�ºZ
H�¥. �XM���u, PS �¥g|C¤�N
¬N31À¡L¡, Ó�k SiO2 �c°N±v�
�/ªW¿3�N¬N�¥�mY¥, Xã 1 (b)
¤«. ò�kEÜ�N¬N���1À¡�u
�ª¬¥Uã 2 ¤«�§Ý?1�(, �(��
Ñ=�31À¡L¡�� SiO2 ���x�(�
��.

ã 1 )�C�9)��n«¿ã (a) )�C�«¿ã; (b) )��n«¿ã

ã 2 �(EÜ�N¬N���§Ý�Cz�

2.2 ÿÿÿÁÁÁ���LLL���

æ^F�>fúi)�� JSM-6360LV .×

£>fw�º (SEM) *	�¬�/m. ^{I9
>úi)�� VANTAGE 1. X ��UþÚÑÌ
¤é�¬¤©?1½5½þ©Û. ^{I Varian ú
i)�� Cary 5000 .b	 - �� - Cù	©11
ÝOÿÁd 390 nm PS�¥����� SiO2 ��
x�(����ß�1Ì. æ^F� Yokogawa >
ìúi)�� AQ4305 .x1Ú AQ6370 .1Ì
©Û¤�ïXã 3 ¤«�ÿÁ1´, ÿÁd 580,
690 nm PS�¥����� SiO2 ��x�(��
��ß�1Ì. 1´¥^��õ�a�òx1�
&Ò1ÑÑ, ²ßº 1 Úßº 2 O��ÏL���
»� 0.2 mm ��»1<ì���¬L¡, ÏL�
¬�dßº 3 ¬à�1Ì¤Ñ\à?1ÿþ. ¤¦
^�x11Ì��� 400—1800 nm, 1Ì©Û¤
ÿþ��� 600—1750 nm.
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ã 3 SiO2 ��x�(���ß�1ÌÿÁXÚ«¿ã

ã 4 ØÓ DPS � SiO2 ��x�(����L¡Ú�¡ SEM ì¡ (a) DPS = 390 nm, L¡; (b) DPS = 390 nm, �¡;
(c) DPS = 580 nm,L¡; (d) DPS = 580 nm, �¡; (e) DPS = 690 nm, L¡; (f) DPS = 690 nm, �¡
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3 (J9?Ø

3.1 ���***(((���ÚÚÚ¤¤¤©©©©©©ÛÛÛ±±±999������óóó²²²ééé
(((������KKK���

3.1.1 �*(�©Û
M�v��Óg|C{��¤���� SEM

ì¡Xã 4 ¤«. ã 4 (a), (c), (e) ©O´ PS �¥
�» DPS � 390, 580, 690 nm � SiO2 ��x�(
����L¡ SEM ì¡, Ù¥ã 4 (c) Ú (e) ¥�
þ���ã´L¡ÛÜ��ã. ã 4 (b), (d), (f) ©
O´ DPS � 390, 580, 690 nm � SiO2 ��x�(
�����¡ SEM ì¡. lã 4(a), (c), (e) �±w
�, SiO2 ��L¡���3²1u�.��¥8
��ü/ª, lþL¡���¥ SÜw, z��
SÑkn����e¡����ë. ù´du PS
�¥g|C�, ����m��¥;;b3�å,
vk SiO2 v�W¿, � PS p§�(�u����
/¤�ëÏ!kS(�. ±daí, ��SÜ�z
���L¡k 12 ���, ©O�þ��ë 3 �, �
e��ë 3 �, Ó���±� 6 ����ë 6 �.
lã 4 (b), (d), (f) �¡ SEM ì¡�±w�, dØ
Ó DPS ����� SiO2 ��x���SÜü�p
ÝkS, �ÀæÄ¡(Ü;�, `²M�v��Ó
g|C�, SiO2 v�W¿��!þ!. l��L¡
Ú�¡� SEM ì¡��, ^M�v��Óg|C
{�����´p�þ���x�(���.

ã 5 ¢������x��¬ X ��UþÚÑÌ

3.1.2 ¤©©Û
¢���¤����¬� X ��UþÚÑÌ

Xã 5 ¤«. lã 5 �±²ww� Si ��Ú O �

�� K ?¸, L²�¬¥Ì�k Si Ú O ü«��.
½þ©Û����¥ Si �fÚ O �f©OÓ�
foê� 36.64%Ú 63.36%, Si ��Ú O ����
þ©ê©O� 50.37% ± 0.54%Ú 49.63% ± 1.40%.
XÀ SiO2 ¥, Si �fÚ O �f©OÓo�fê
� 33.3%Ú 66.7%, Si ��Ú O ����þ©ê©
O� 46.7%Ú 53.3%. ²é'��üöê��C, Ó
��Ä¤ì�ÿÁ�ÅØ�, ��¬²L 500 ◦C
�( 1 h, Ï�±(½¤�����Ì�¤©
� SiO2.5

3.1.3 M��'é��(��K�
� PS �NM�¥V\�5xz TEOS M��

'~¬��K������ SiO2 ��x�(��
���þ. �NÈ©ê� 0.1%� PS �NM�Ú
�5xz TEOS M��NÈ'�u 90 : 1 �, ��
� SiO2 ��x�(���L¡����� SiO2

�CX, Xã 6 (b) ¤«; �NÈ'�u 120 : 1 �
��� SiO2 ���Ø��ü, Xã 6 (c) Ú (d) ¤
«. �©¢�¥, �NÈ©ê� 0.1%� PS �NM
�Ú�5xz TEOS M��NÈ'� 100 : 1 �,
��� SiO2 ��x�(����þ�é�Ð. M
�v��Óg|C{¥T��M��'Ø=U

¦�����M�W¿�Ú�¤, ����EÜ
�N¬N�þ�p, U
¼�p�þ���x�(
���.

3.1.4 � ( § Ý é � � ÷ * Ú � * ( �
�K�

du3 PS�¥�Y¥W¿�´v�, �Xv
��ZH, ��¬u)NÈÂ ±9m�. �(
§Ýþ,�ú�±~�v�m��u), �´3
80—220 ◦C �� PS ?uLKG�, äk�½�
6Ä5, ¬K�� SiO2 ��x�(���¥�
�/�, Ï3d§Ý«mÀ^ 8 ◦C/min �,§
� Ç. Ï L SEM * ÿ L ², U þ ã � � ( ë ê
����� SiO2 ��x�(�����þ��
n�.

3.1.5 ����»Â Ç� PS �¥�»�
'X

ÏL SEM *ÿ��, DPS � 390, 580, 690 nm
� SiO2 � � x � ( � � � � � � � » r © O
� 312, 498, 614 nm, �±í����(c���
�»�ýéÂ � (DPS − r) ©O� 78, 82, 76 nm,
�éÂ Ç ((DPS − r)×100%/DPS) ©O� 20%,
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14.1%, 11%, Xã 7 (a), (b) ¤«. lã 7 (b) �±w
�, �©¢�^�e�(��� SiO2 ��x�(
�����é�»Â Ç� PS â»¥�5'X,
�X PS â»�O\, �éÂ Ç¥�5~�.

3.2 111ÌÌÌ©©©ÛÛÛ

� \ � 1 R � u � � L ¡ \ � �, ¢ � ÿ
� DPS � 390, 580, 690 nm � SiO2 ��x�(
����ß�1ÌXã 8 ¤«, Ù¥ã 8(a) ´^
b	-��-Cù	©11ÝOÿÁ��, 1<�»

� 1 mm, ã 8 (b) Ú (c) ´^ã 3 ¤«�1´ÿÁ�
�, 1<�»� 0.2 mm, 1Ì¤©EÇ� 2 nm. l
ã 8 �±w�, n«�» (312, 498, 614 nm) � SiO2

��x�(���3R�u{111}¬¡����
YÅ�©O� 570, 910.2, 1121 nm, �nØO�
� (569.5, 908.8, 1120.5 nm) Ä��� (O�¥ SiO2

�ò�Ç� 1.4[10]). ÿÁ(JL², ¤��� SiO2

��x�(���SÜü�pÝþ!kS. é'n
«�»� SiO2 ��x�(����ß�1Ì��,
�X�»�O�, Ï�ÚB��ßLÇ�'��X
O�.

ã 6 d PS � N M � � � 5 x z TEOS M � Ø Ó N È ' e � � � � � SiO2 � � � SEM ì ¡ (a) 100 : 1;
(b) 90 : 1; (c) 120 : 1; (d) 120 : 1

ã 7 PS�¥â»ÚdÙ��� SiO2 ��x�(����»�m�'X (a) â»��»ýéÂ ��'X; (b) â»��»
�éÂ Ç�'X
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ã 8 n« DPS � SiO2 ��x�(����ß�1Ì (a) DPS = 390 nm; (b) DPS = 580 nm; (c) DPS = 690 nm

4 ( Ø

�©ïÄ
M�v��Óg|C�{���
¡Èp�þ SiO2 ��x�(�����{, ¢�
��Ñn«�»��¡Èp�þ SiO2 ��x�(
���, ¿ÿþ!©Û
¤� SiO2 ��x�(�
���¬�ß�1Ì. ÏLé'3ØÓëêe��
���n«�»� SiO2 ��x�(���, ?Ø


M��'!�(,§!ü§�Ç�ó²ëêé
�� SiO2 ��x�(����K�, ©Û
 SiO2

��x�(������»��� PS�¥â»�
'X. ß�1Ì�ÿÁL², ^M�v��Óg|
C�{����� SiO2 ��x�(���äkû
Ð�1Æ5U, �±^u�E8¤1>fDaì�
ÚÈÅì�.

[1] Rinnie S A, Garcia-Santamaria F, Braun P V 2008 Nat. Photon. 2
52

[2] Kwak E S, Lee W, Park N G, Kim J, Lee H 2009 Adv. Funct.
Mater. 19 1093

[3] Chen J I L, von Freymann G, Choi S Y, Kitaev V, Ozin G A 2008
J. Mater. Chem. 18 369

[4] Lee J, Shanbhag S, Kotov N A 2006 J. Mater. Chem. 16 3558
[5] Kohoutek T, Orava J, Sawada T, Fudouzi H 2011 J. Colloid Interf.

Sci. 353 454
[6] Cai Z Y, Teng J H, Xiong Z G, Li Y Q, Li Q, Lu X M, Zhao X S

2011 Langmuir 27 5157

[7] Hatton B, Mishchenko L, Davis S, Sandhage K H, Aizenberg 2010
Proc. Natl. Acad. Sci. USA 107 10354
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Abstract
The method of sol-gel co-assembling high quality, large area silica inverse opal films is studied. Hydrolyzed sol-gel precursor

solution is added in monodisperse polystyrene (PS) colloidal solution to co-assemble composite colloidal crystal film which is infiltrated

with silicate gel simultaneously. PS colloidal crystal template is removed by calcining the composite colloidal crystal film to obtain

the silica inverse opal film. Silica inverse opal films of different pore sizes are fabricated by this method after researching the ratio of

added hydrolyzed sol-gel precursor solution, the temperature of vertical evaporation, and the sinter temperature. The structures and the

elements of fabricated silica inverse opal films are characterized by scanning electron microscope and X-ray energy spectrometer, and

their optical transmission spectra are measured. Research results indicate that silica inverse opal films fabricated by sol-gel co-assembly

method are highly ordered in large area, and the pore sizes are controllable in a wide range; measured transmission spectra show an

evident band-gap, whose central wavelength is coincident with calculated result.

Keywords: inverse opal film, sol-gel co-assembly, photonic band gap, colloidal crystal
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