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Abstract: SrTiO3 photocatalysts were prepared by a sol-gel method, and nitrogen-doped SrTiO3 were

further prepared by a solid phase method. Nitrogen-doped SrTiO3 loaded with Pt were prepared by

photodeposition method and hydrogen reduction method. These photocatalysts were characterized by

XRD, SEM, UV-Vis diffuse reflectance spectra, fluorescence spectrum and the photocatalytic hydrogen

generation activities were investigated under visible light irradiation. The effects of different nitrogen

sources, doped content, calcination temperature and the content of loaded Pt on the hydrogen gener-

ation activity of catalysts were investigated. The results indicate that three nitrogen source reagents

demonstrate different doping effect, i.e. hexamethylenetetramine(HMT)>EDTA>urea and the doping

effect of EDTA is slightly lower than HMT. On the condition that the nitrogen source is HMT, the mass

proportion of SrTiO3 and HMT is 1:3, and the calcination temperature is 450◦C, the optimized photo-

catalytic hydrogen generation activity of photocatalysts can be achieved. The photocatalytic hydrogen

generation activity is greatly improved by loading metal Pt. The photocatalytic activity of photocata-

lysts prepared by hydrogen reduction method is better than that prepared by photodeposition method.

On the condition that the optimized loaded content is 2wt%, the hydrogen generation amounts of these

two photocatalysts are up to 6.89mmol and 2.24mmol within 6h respectively, which are 12 times and 4{Huq� 2007–07–28, {;
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times more than that of the unloaded Pt samples.
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2.1 L8RZ?"&

SrTiO3 �j"
 SrTiO3 �j"KCNS#> [9], X 0.02mol �Lq""i* 40mL 
� 40mL7	q�+�"�r�Yf�>
T�"� A, X
0.02mol  qi.#�>P)* 40mL '
	qrYf"� B.IC5�s*^�� 8�X"� B&D&$$"� A r��j�3!4I 40◦C �8�$��K$ 12mL 8(q�-d pH 
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1GaV�
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w�j℄hL��* 800◦C 8%4 2h >�\r


N-SrTiO3 �j"
�/`wj��00�

SrTiO3, P6-C
0� HMT � 1:1 �1:2 �1:3 �
1:4 (m0+) +�qW���Xzg*��r�I���MrP6IC
!48%4 1h, zqW>�\r
P6L gm� EDTA ��
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N-SrTiO3 |r
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 (1) �
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Table 1 The experiment conditions and numbers of as-prepared samples∗

Samples(Experiment conditions) Number Samples(Experiment conditions) Number

SrTiO3(800
◦C) #1 N-SrTiO3 (HMT, 1:3, 450◦C) #2

N-SrTiO3(NH2)2CO, 1:3, 450◦C) #3 N-SrTiO3(EDTA, 1:3, 450◦C) #4

N-SrTiO3(HMT, 1:1, 450◦C) #5 N-SrTiO3(HMT, 1:2, 450◦C) #6

N-SrTiO3(HMT, 1:4, 450◦C) #7 N-SrTiO3(HMT, 1:3, 400◦C) #8

N-SrTiO3(HMT, 1:3, 425◦C) #9 N-SrTiO3(HMT, 1:3, 500◦C) #10

N-SrTiO3(HMT, 1:3, 600◦C) #11 Pt/N-SrTiO3(HMT, 1:3, 450◦C, 0.5wt%) #12

Pt/N-SrTiO3(HMT, 1:3, 450◦C, 1wt%) #13 Pt/N-SrTiO3(HMT, 1:3, 450◦C, 2wt%) #14

Pt/N-SrTiO3(HMT, 1:3, 450◦C, 3wt%) #15

∗HMT, (NH2)2CO, EDTA represent the nitrogen sources, 1:1∼1:4 represent the mass ratio of SrTiO3 and nitrogen sources,

400∼600◦C represent the calcination temperature, 0.5wt%∼3wt% represent the content of loaded Pt

3 aMO}j
3.1 J6PY<*�
3.1.1 XRD C�Æ 1 � #1 � #2 � #13(�#4A) zp� X6Bt6Æt�ErxwlMa�9+/��m
(,�� 86-0178) nZ6Q�e�$��[Rh�� #1 zp_r�m�#5.� SrCO3 ?k�J�
Scherrer uJEr�om�s	(}�r� #1 zp� 38.8nm,#2 zp� 38.4nm,#12zp� 37.5nm,U1R [ - h[Ah ��om(
	�[M?�#2 � #13 zp+ #1 zp� X 6Bt6Æ0'Ej�xoJ#?=��>�}Wt6R�U�aN"(zpo��>��._!�!( XRD �}��!OQ��

� 1 #1 � #2 � #13 {q� XRD �u
Fig. 1 XRD patterns of the samples #1, #2 and #13

3.1.2 SEM C�Æ 2uL�#13(�#4A)zp� SEMÆK�xÆo�℄uh � #13 zp�(gM�X�(
ND_�	=�#MEN��Æz+ #1 � #2zp�1OXH0'Ej�"( Pt �.5�GÆtoJ#?=>�(�
3.1.3 UV-Vis lBwJpC�Æ 3 � #1 �#2 �#3 �#4 �#12 �#13 �
#14 � #15 zp� UV-Vis ED6�tÆ�xÆo�
Ælu#zpG 400nm 
6���Æ�.UEÆ�;G�R�Æ�.U�2M#_R;�V�� #1 zp6�R�0'J#.U�Æ #1 zpy
A��8W?d℄��xD6AG 400∼700nmG�^	#A�h2�Y!�dRGt<^G�^6�R��.U�2	#A�h2��i�xo HMT ���8u�� #2 zp_xx��iX2_��G 400∼700nm n#%.U�U}}N�� N EN�� O �� N � p ��+ O � 2p ��

� 2 #13 {q� SEM Rn
Fig. 2 SEM image of the sample #13
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� 3 {q� UV-Vis FE7�uO,�
Fig. 3 UV-Vis diffuse reflectance spectra of the sam-

ples?��Hx�4.O [10]. ;
[M?�#4A�_B>�D6AR;Y!�6�.U�2N��s�>_B.�NJ�6��.U�2~s^N���_B.
�D�"(|�B1O
9%&>(
\g��f|�BY�WQ�#N1O�*Q5��8?Z<�*
 - �h6a.Q5��f�|�,℄�6YÆt��
9�>�(~�aAEN*
��h��/?��D;e�*
 - �h6�℄�oT [11], A%(�|�,℄�
3.1.5 �JJpC����t (FS) Nn����[MF4�*
ex��d℄a�#NJA�9�az/��<B<
�����/�℄��V1 [12]. |�B���?6�tN"(*
 - �h6�℄��{��x���2D�|�Bo*
 - �h6℄�A�i! [13]. Fvu
�8?<^� 250nm, 8?�?65U	� 5nm.Æ 4� #1�#2�#12�#13�#14 � #15zp����tÆ�xÆo�℄� #1 zpy
�W?d℄��x���2#�/h2�Y!�#2 zp�#4A_BA�.�>��x���2	#_�X2�Y!�UdR�W?�>a51#�aQ5*
�h�℄��#%(�|�,℄��i��aN"(�W?��x�*Z<x�h�;Q.�x�hN#%(�|�,℄��i [14]; ;
Pt )t6�<*
{�~Z℄�/���G�|�D�
ho�e��<*
��/oT�#N%�h1�<*
��h�℄��x;�i1zp��|�,℄�
3.2 J6PYf℄J�3sS

3.2.1 .�9�AJ6PS
<��

Æ 5 � #1 �#2 �#3 � #4 zpG�R�6�|�Z�,℄)_�xÆo�
Æl�nzp��|�,℄1#A�h2��i�xo�>ukL0g����8u� #2 zp��|�Z�,℄�Æ� EDTA u^�+>ukL0g��N�bs�ek�V�U+nzp� UV-Vis ED6�t�2.�EZ��KeUtV��4��aN"(uH��&t�8B�#A��N
ex�x�Nh�2~�GV��fHx�NhZ<�
NH3 .A���;�f.bG SrTiO3 1O9+x?<W�D�� NH3 .A��{W#����.�?k��.*�GV��x;6�R�1=lA�h2�.Ua) [8].

3.2.2 1�iAJ6PS
<��Æ 6 � #2 �#5 �#6 � #7 zpG�R�Q66Z�,℄)_�"Æ�℄�G℄�)� 1:2 �
1:3 62eu�� #6 � #2 zpZ�. 6h ^��E��N4� 0.475 � 0.525mmol, ;℄�)� 1:1� 1:4 D� #5 � #7 zp|�,℄_!�U�h

� 4 {q����u�
Fig. 4 Fluorescence spectra of the samples

� 5 B		9X� SrTiO3 �}�[�-^
Fig. 5 Photocatalytic hydrogen generation activities

of SrTiO3 doped by different nitrogen sources
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Fig. 6 Photocatalytic hydrogen generation activities

of N-SrTiO3 with different nitrogen-doped contentsS�s� HMT .�N9�u<e� N-SrTiO3 s+{VJ9�"�(+�.�(+�9(+`d�(�+��℄u<e� N-SrTiO3 o��.NJ��W?��ENwlxZ<x���x��sW?.N�;N9�x�h#%(�|�,℄��i��x��
9'*zn�h�*
�wR℄��x;Y!�|�,℄��t#��Hb [14,15];8��Æ℄�)G 1:4 D� HMT .E6_��5.O:�#3)J#J�Nh�#?k;fH�|�,℄D;6Y�
3.2.3 'v��AJ6PS
<��Æ 7 � #1 �#2 �#8 �#9 �#10 � #11 zpG�R�Q66�|�Z�,℄�xÆo�
Æl��W?�i1 SrTiO3 |�B��|�,℄�GA��26#2u���W? SrTiO3 zp��|�,℄1)�W?d℄�#A�h2��i�xoG 450◦C #2�zp|�,℄�Æ� 6h ^�Z�.� 0.475mmol, ; SrTiO3 � 0.164mmol, x�|�Z�,℄��W?� 2.9��U�aN��y�Q�2#2��Q.��4
��1 SrTiO3 wlo�x4
��G�m�Q���W?.�x;Y!1����q��2��{�W? SrTiO3 6�R��H� [8]; Æ#2�2_!D�"(�G�/.�O:#3)?k�Hx�W?N�Y!ÆÆ#2�2i( 450◦C D�s��2�2��i��3kGJ�
hox�
lfHW# SrTiO3 wlo���.Y!��Dw(N��)1O5Q5�UQ1�f�W? SrTiO3 ��R�,℄R;Y!�
3.2.4 -F�iAJ6PS
<��Æ 8(a) � 8(b) N4��#4��#4A�>_B.6u� #2 � #12 � #13 � #14 � #15 z

� 7 B	$3 3 N-SrTiO3 �}�[�-^
Fig. 7 Photocatalytic hydrogen generation activities

of N-SrTiO3 calcined at different temperatures

� 8 �$5 (a) ��$5 (b) B	?`C N-SrTiO3�}�[�-^�C�
Fig. 8 Photocatalytic hydrogen generation activities

of N-SrTiO3 deposited with different contents of Pt

by photodeposition (a) and hydrogen reduction (b)pG�R�Q66�|�Z�,℄�Æ|�B_B. Pt ��x�|�Z�,℄	#_�h2��i�G�H_B.	� 2wt% D� 6h ^�Z�.N4� 2.24mmol � 6.89mmol, N�_B>�Z�



448 & 4 G 5 e � 23 �.� 4 �� 12 �9�s� Pt _B.�NJ��|�Z�,℄~N��G_B.� 2wt% DZ�.����b�F`NJx_B.��|�Z�,℄D;6Y�U~xzp�ED6�t����t�2.���1[F�x4��hS�Æ Pt _B(
N-SrTiO3 1O��G.U�R�D��<*
*��d Pt N\*
{�H� Pt .�*
N2N��*
����
H�<*
 - �hN �G�/h2.�h1*
 - �h6�℄���i1�|�,℄ [16]. �D�"( Pt ��G�~��Y!1�G N-SrTiO3 1O+l�
*� [17], �t�Q.� Pt _B.a#N%zn�|�Z�D��G!
Pt _B.6�_B Pt � N-SrTiO3 (
a_5�Uz�,℄(5�{Z�nA_!ÆÆ Pt _B.
iD�Z�,℄D;Y!�Æ 8(b) + 8(a) )_��Æl��#4A>_B)��#4A>_BZ�,℄i�x4��hS���#4n"�|�B�D#aZ<x�h�;x�h�XeN#%(�|�,℄��i [18];t��y
�#4n"��#�ajÆ1�<B<
p\
ho�1O{�a#N%r^xXV��;HB<
N J� [19].

4 aj
1. UV-Vis DRS N+1R��
A���8W?H SrTiO3 G�R�Æ�.U	#A�h2��i�_B>�x.U�2��q���iÆ FS N+1R��
�W?d℄� SrTiO3 �|�B�*
 - �h℄�A#uY!�_B>�x*
 - �h℄�A�X2Y!�
2. J� HMT �ek� EDTA &t)k���8B�xW?N�� HMT>EDTA>ek�; EDTAW�N�0!( HMT; Æ�8B� HMT, SrTiO3+ HMT k.)� 1:3, #2�2� 450◦C D�uh ��|�B�#�H��|�Z�,℄�

3. G�R�6���#4A_B�>)��#4A#qi�Z�,℄�G�H_B.	�
2wt%, 6h^�Z�.N4� 6.89mmol� 2.24mmol,N4N�_B>zpZ�.� 12 �� 4 �9�0e��
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