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1 ZVRF TiO2 V<%W���B����Ga;�E82al��#3~u_38Vay\ [1∼5]. V��5;��~0Dy�*h'�5�e**};B�d
&��11"*Q�.6aN�1�/��9� G*k�d [6] �A��d [7] U�T - �eh'd  h [8]. G*k�d4n*S~8ha.6 Gk!��5S~*	W1a'n�J_*h'
l [9]. ���J_a"��>ak
3�'Wmp�>.6*};
l	A��d [10] I0�4)aJ��)laaA��<6! �>.6*h'
l�"0{oA*a	E.6*�B�4%X-	�T - �e�**r["0{I0`4*S~r8�k	RkaW15W<y��f4%a9����4%M&Jr.5A��d$5�+9�G���ZE.6a*h'Bh [11].wG
Ea*};Bh h���Vg#��V�G3~E3oxa��	� G*k�dVB�[ro��8T�y�I[Wo�ZEah'�
l [12]. A��*d�G hmh'.6a*�h'B��d6oV [13,14]. �T - �e�**r[4nRF�ZE+	�
Ena*h'Bh��qEV��O�Gh'aq�r�h'tyya�*r/� �Ah*r [15]. zwG7W.6;K4%Gg'Kz8h*};Bh'K��'G%{	O (BA��d h�5rb?%{	Oh'd) 5RF�+k�
- (B�T - �eh'*d h�5rb?�
-h'd) V*};Bhas!5-n�Ga�℄o
	�\I0EQ�Z1}�J_3V�e*%t
E};aRF TiO2 	E [16∼19]. )�%{	Oh'd5�
-h'd�!4n3�#)aV%{	O5�
-0{'K4%GB#?<�2005–07–16, B�S"#?<�2005–09–22,2P:�nK*:�E,~N��ioMv (SRF for ROCS, SEM, No. 2003-14); dj�nKH~P (20030265);,\
z��Mv (50472062)
^-1�}�� (1981– ), S�3 ���� GU6L>� :℄.� E-mail: hong zhanglian@zju.edu.cn
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784 ` O , 4 � � 21 Ægra*h'Bh�#wNdr.y�3w��f�>�3.6���='Kwg*};Bha<}Ugh7	
2 �W��)�EQ�Z1}�7ARF TiO2 *Q�Z (5rb?W�#)a�Nd/�� Hy-

drothermal  �). i�8l��G4L�"J5��aG7�Z�#uG�;Æa�9U>y�T>℄
11	�;Æ�[r 210◦C >9[ 6h y��;��;8
�4Lmf�~
50◦C e��X 24h, J_aRF TiO2 	Ey� X �y!��L�k�5�7}�fd4%�f [17,18].u 3g 	O�wA_��VE PELA-1020 R�r�ga Lambda-900 A��*d2 (C-) 	4n%{	Oh'd	V Lambda 20 �T - �e�**r[	4n�
-h'd	wG�
-h'da4%�J_L*�W/2a�
-"lCGg [15]. 
+"��77<}�a�M.6 [20,21] 5lE.6 [22,23] o�64%aM7	1� Cabrera[24] a�#X-#w4%0D�3+��y�
E2�0D�r�u
1)a��\v%	1y�=��u�J_�
-	4%�sV0���Iy�!��f91y��H��J1h'5��I G��wr.WAa<}	{>u	5Ep�
-��gy0���I��HJ_�
-h'd	%{	Oh'd5�
-h'da4%qu P25 	E�W1a	
3 0')C7
3.1 XRD � TEM*b+= KN 1 W XRD �fr.�O�Nd�k�#)aWX{���nr}�W2	B (101)a������"!��5#9}+FSPW 10nm. N 2 W�#)aa TEMa_���I�#)aa���o2	O TEM a_#[}+V�PW 10nm �F�J XRD Nd#[ab�+�r.0t	 DTA-TG �7}�fr. L�#)a1EP (4∼5)% a Gh�EQ
�
��[R�a GEQ
5 TiO2 ÆAbQ - EQT�"
{	� TiO2 
E�e*};a�Wh7 [16,18,19]. �# Lw�a TiO2 *Q�Z�W^n�V��
-=�K&+'F~�EQ
xaLtR�	
3.2 &TER Kw�#)a5 P25y�%{	Oa*};B� h	A��d" h*h'W,a0{oA*nE�a�#(t��x��)����  h	�*Q�Za*};Bh [25∼27].N 3 W�#)a (Hydrothermal) 5 P25 a%{	OA��d	�� Kubelka-Munk &?U{' U��

(1 − R∞)2

2R∞

=
K

S

R∞ oVbw=5	a��<� K oh'n/� S o��n/ [28]. iN 3 a��d�DAh'd�r.�N 4 ;�� P25 a*};BhJ Lettmann[29] a��r.{K�V�e*%tBE*h'ÆwG�#)a�V�e*%t
Eomah'�J�� TiO2 $5 [30].N 4 r.+J�e*S~*Q�ks^N�ar.0t��e*S~r�#)a
Eo�aks�<� P25 aks�<p{W7 [16,18]. )� DTA �A��*d (DRS) 5*k�dd(t��~v [18,19]: �#)aa�e*};5U�e**Q�H�Jg GEQh�
�=laE�t�'-Æ�WJg Gh�
r"�NOJgT�dE0n'n	��g2�O)a
A�f��#)a'RV (0s) w,%	7T��ZE�7�Kb�w,%	y
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4 e |�
�b
.z�d)|:QE TiO2 �D`)|:A��g 785a S �N �P 7Ta�W�ÆgNO)aw��}K&Gg�f��w)aa*Q�H�J G C 5J� /C 7T+BE'n	�f�W��#)a#',G7T��a|'���z�W"7VEQ�ZB�yy�1}7A��|'��)a GRVaEQ - bQT�r"ÆAWa G= [16,18]. V Niederberger a�� �y [30], +J_3$5Bha
E�e*};a|'��	

M 1 �"(`` XRD M

Fig. 1 XRD pattern of an experimental sample

M 2 �"(`` TEM `^
Fig. 2 TEM photo of an experimental sample

M 3 P25 4�"(``���)

Fig. 3 Diffuse reflectance spectra of P25 and an

experimental sample

M 4 �
 Kubelka-Munk �T�A P25 4�"(``���M
�?`���g&M

Fig. 4 Diffuse reflectance absorption spectra

of P25 and an experimental sample transformed

from diffuse reflectance spectra according to the

Kubelka-Munk expressionBN 4 �#9 P25 5�#)aah'W�th�iw;%; λonset(5rb�W λos) �!W 390.6nm(3.17eV) 5 401.3nm(3.09eV). �#)ah'�o P25 ~�3�<1�	wG$5 G��8ha�ZEh'��<1�av�E{'s$	 Zou[31] �W" GaZT58ha�ZEzW�ra
�	3E�#r. L��#)aa�<1�"BGEQ - bQT�8ha Gr"a�� [16,18], z
{��8�6ÆAWa G= [32]. 
{�;V�#)ayom��N 4 h'�aX=h'0m 
\ 700nm. �B�5 Niederberger[30] w�abQ - EQT� TiO2 a*};Bh{5	'K%t=*ksEQ
r. L�ks<:�=
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786 ` O , 4 � � 21 Æ*%t��a+;5�e%tah'Bh0t	+2L%{	Oh'd�>3�#)aa*};Bh�n�#)aV�e*S~�E�8��Bk	5��	��T - �e�**r[w�#)a5 P25 aRF�+k�
-y� h	J_a�
-h'd�N 5 ;�� P25 a*};Bh5%{	Oh'dya0t�Bpkh'�y�'no2a+� (N 5 Ua�N) �Vt#9 P25 )aa λos nW 392.7nm(3.16eV).Y�#)aa*};Bh5N 4 a%{	Oh'dUw'K	O�e*+�ah*r��J P25{5�[u�gV�e*+�+3~' vh'	0bV�e*+�h*r'W7"BG�
-Ggr4naW�**dz'"h'*d [24]. BG_D~*��a"h'�aZu�V�#y�I0=��ua��J_Ep�-�|�Wg
�3��a<}	zn��� Cabrera[24] a�#r.��*h':%;a��{wGh'n/a��*bCax	7M�MK�+�'WUw�Ja��77#'<}wh'�Zua�y[u	
+ L����
-ah'*d�J_L*�W2a�
-"s�Gg	'Gh'�a{wZu��#)a5 P25 VN 5 yar.JN 4 a%{	Oh'dr.i2{���#)ao P25

M 5 P25 4�"(``��, UV-Vis g&)
 (�M
hx
)��:I^L�g&�`qp$:)

Fig. 5 UV-Vis absorbance spectra of P25

and an experimental sample (Inset: the linear-

ity part is extracted for estimating the onset

wavelength of fundamental absorption edge)

)a vIoLta!1Bh	By�o2a�N#9�#)aa λos nW 376.4nm(3.29eV).O	.�f�_�k�
-h'd3~' vI�� TiO2 a*};B��x�>3$5�h TiO2 a*};Bh	��1	FS�;��hRF�ZE.6JE{.6{�gh'�:��+FSa��FIv0nDra!1	h'�Zua��1 ∆E �5)� Brus !�#9 [33]:

∆E =
h̄2π2

2R2

[

1

m∗

e

+
1

m∗

h

]

−
1.786e2

εR
− 0.248ERY

RW�+���m∗

e 5 m∗

h �!Wk	5��aE�x1�ε Wuk9/�ERY WE� RydbergW1�gnW e4/(2ε2h2(1/m∗

e +1/m∗

h)). ��	.a'n�}+V�W (5∼10)nm a����
TiO2 g ∆E nPW 0.1eV.E{����5w<�� TiO2 aWo�!W 3.2 5 3.0eV[34]. %{	Oh'd5�
-h'd�Ia P25 *�Wo{0t�W 3.17±0.01eV, �nVGw<�� TiO2 aWo�>�G���� TiO2 aWo	
{WoBh�W"BG}�;8h [35,36]. wG 10nm a�h��� TiO2, &?L4WoPW 3.3eV. 8T��h�ZE.6V*	W1VGzW�rK+' vh'	7MO1	FS�;amr�f�N 5 y�#)aa�
-h'd vW$5�h TiO2 a*};Bh	wG h.6�Tr�e%ta*};Bh 2�A��d5�T - �eh'*daM&{5�q"NG*�k	Rk�7M'V�W7W h��'Kz8h*};Bh'K	z	.a�#y+~v��#)aa�
-h'd5%{	Oh'd�>3'Ka*};Bh	G(�f�W�
�W"7WRF�+�
-5%{	O0{'Ka���=; vI'Ka*};Bh;t	 Kormann[22] ~v�
-h'd vIaB)*�v�	

Serpone[37] dZ~vVk�
-Ggr�	1Ja*tk	Rk~�Q�av�	_D�W�wG�#)aV�e*S~rak	Rk�W+�:��	ah'5~�0D�zV
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4 e |�
�b
.z�d)|:QE TiO2 �D`)|:A��g 787k�
-y�$*tk	Rk~�Q��OzE)G v$5GY��RF TiO2 a*};Bh��wG P25  2�7Wg�Æ	"0{Y���ZE�7M�
-h'd5%{	Oh'dy*};Bh0t	8T��#)a�
-EnV�e*Ggr
EksEQ
aW,�YN 5 a�
-h'd#BE vILta�e*h'Bh�
"7W�G�e*ksEQ
a�
-YrJ4%�T - �eh'*da�
-Yr{�*�_x	+	"2��	1Jak	RkQ�JYrE'	
i5 Serpone[37] V�YrGgrY~v
{*tk	RkQ�ar.℄7	 Serpone ar.y��aWr}�W'"82a�l.6
(VPE 70%∼80%abn�{), z�#)aar}�W82 (N 1 a XRD Nd), 7M�
'K�+jL3�BhVr}�W2a.6yRV	n_0Ca"��h���}� TiO2 ÆeW1RkWapRk�+��	1J�VYrTe�~�Q� [37]. Y�#)a5 P25 a�h*�BhY~�Lt����WBGV�K;�a�
-Yro�	z{w 2��#)a�e*};5h'��<1�+�ak	Rkw
{Q��W�J��	_D)�B)aw���+J_38eYra�#)a�
-�#4%3�
-h'd�r.5�L6a0)	�+�r.FV80℄\^ypt�?	5	�f L�BG�	1Jk	RkVk�
-yF~�Q��RF�+k�
-5%{	O vI'Ka*};Bh��!�>3�$.6$5G�h TiO2 5�� TiO2a*h'Bh	��r.wK$.6a h
E1�_n	
4 07

1. )�EQ�Z1}�w�3
E�e*};B�aRF TiO2 	E*Q�Z	
2. %{	OA��d�>3� TiO2 
E�e*%ta*h'B�Jh'�a<1B�ÆzVRF�+k�
-Ggr��T - �eh'*dY�>3$5G�h TiO2 a*};Bh	
3. 	.r.�WJVRF�+k�
-
{.6���=y��	1J*tk	RkBh~�3Q�E'Æ7M�
-h'dq�I3$5�hRF TiO2 a*};Bh	�� L�Vr}r2a TiO2 )ay+RV�	1Jk	Rk0DaQ�v�	�3IM
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Characterization of Optical Response Properties for a Nanosized TiO2

with Visible-light Response

ZHOU Shi-Feng1, HONG Zhang-Lian1,2, ZHAO Fu-Rong1, FAN Xian-Ping1,2,

WANG Min-Quan1,2

(1. Department of Materials Science and Engineering, Zhejiang University, Hangzhou 310027, China; 2.

State Key Laboratory of Silicon Materials, Zhejiang University, Hangzhou 310027, China)

Abstract: Nanosize-TiO2 podwers with visible-light response and photocatalytic capability

were synthesized by hydrothermal process with organics as solvents. Results of diffuse reflectance

spectra (DRS) for solid TiO2 powders show that the visible light response properties of present

nanosize-TiO2 are similar to that of modified TiO2, which have strong visible-light response in

visible-light region. On the other hand, UV-Vis absorption spectra of TiO2 suspensions show that

the optical properties of present nanosize-TiO2 are similar to that of intrinsic TiO2, and no obvious

visible light absorption detected. Such difference in optical properties via DRS and UV-Vis spectra

for present nanosize-TiO2 is attributed to the difference status of nanosize-TiO2 existing as solid

powder or dilute suspensions. Under the conditions of extreme dilute suspensions, photon induced

electron transition accompanied by phonon excitation may be degenerated while it is not the case

for solid powders. For present photocatalyst with high activity under visible light irradiation, it

is necessary to combine two methods to evaluate the accurate information of the absorption edge

and optical response properties.

Key words titanium dioxide; visible light photoresponse; diffuse reflectance spectroscopy; UV-

Vis absorption spectroscopy


