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Table 1  Preparation conditions of titanium-based TiO
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nanotube electrode materials 
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Fig.1  SEM morphologies of original titanium sheet (a) and TiO

2

 nanotubes prepared at different constant voltages: 

(b) 10 V, (c) 20 V, and (d) 30 V 
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Fig.2  SEM morphologies of TiO

2

 nanotubes prepared with different NH

4

F electrolyte concentrations: (a) 0.1 mol/L, (b) 0.3 mol/L, 

(c) 0.5 mol/L, and (d) 1.0 mol/L 
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Fig.3  SEM morphologies of TiO
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 nanotubes prepared with different oxidation time: (a) 10 min, (b) 30 min, (c) 40 min, and (d) 60 min 

 

��AnataseÅ�×¨¬�ORutileÅ§©ª�OBrookite

ÅS×¨��'p°«��×¨/¬ë8l 25.463°�

*w�101�¬Í

[9]

�§©ªl 27.655°/¬�*w�110�

¬Í�Hò®�×�/¬ë8l 38.504°O40.36°O

53.039°O70.846°�¯�]�l�×¨/§©ª¬��

K� 550 �NO�»0� TiO

2

�� éx/_�×¨

/§©ª��(M¬��tu6Þ�M<�§©ª¬�

�°NÑ±l(M¬��M<�°F�<6� TiO

2

�

� ¬��}?¯�¥¦����×¨/§©ª��(

M¬�²��<

[10]

�°�/ 650 �ÅÆÔ�NO6Þ� 

p 4b ÅHOFe-1OFe-5OFe-9 ]É Fe ÝÞ©

[ò®� XRD p��¤XÕð°«�q©[� TiO

2

§©ª¬�/¬ë8Å 27.649°�©[0� Fe-1�/¬

ë8l 27.638°�Fe-5l 27.604°�Fe-9l 27.573°�°

Ftu Fe½¾©[ÝÞ¯w�§©ª/¬³Þ� �

�²´Þµ¶�¬<�tu©[¶,ÝÞ¯w�¯r�

 

 

 

 

 

 

 

 

 

 

 

 

ª 4  «¬��®/]@¯W4°ABC@ XRDª� 

Fig.4  XRD patterns of TiO
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 nanotubes prepared under different annealing temperatures (a), Fe concentrations (b), and 

N concentrations (c) 

b 

a 

b 

c 

d 

20 30 40 50 60 70 80

I
n
t
e
n
s
i
t
y
/
a
.
u
.

 Blank control

 550 �

 650 �

 750 �

 850 �

Anatase

Rutile

Brookite

a

2θ/(°) 

20 30 40 50 60 70 80

 Blank control

 Fe-1

 Fe-5

 Fe-9

Anatase

Rutile

Brookite

b

20 30 40 50 60 70 80

 Blank control

 N-1

 N-5

 N-9

Anatase

Rutile

Brookite

c

2θ/(°) 2θ/(°) 



¤618¤                                           ¦`�§HI$¨©                                           � 50� 

p 4c ÅHON-1ON-5ON-9 ]É N ÝÞ©[

ò®� XRD p��q©[� TiO

2

§©ª¬�/¬ë

8Å 27.649°�©[0� N-1�/¬ë8l 27.642°�

N-5 l 27.550°�N-9 l 27.540°�°F N ½¾�©[

�·¸ Fe ¹É�§©ª/¬³Þ� ��²´Þµ

¶�U��tu N½¾©[ÝÞ�M<�¬ÍQ��

±²�¯� N©[{�G TiO

2

¬¸�}�� 

���  Fe-1�

��

�N-1 ��� TiO

2

����	 XPS � 

p 5a� 0.1%©[� Fe-1TiO

2

�� �XPS���

'p 5a °«�G��®¹�g� FeOTiOO / C ½

¾�̄ � Fe½¾No©[5'®¹�p 5b/ 5cÕÖ

Å Ti 2pº»/ Fe 2pº»�<Õ¼ XPS�p�p 5b

�%M:Å 458.45 / 464.2 eV ��¬Å TiO

2

¬½�

Ti

4+

��Ü¬�ÕÖ*w Ti 2p

3/2

/ Ti 2p

1/2

[10]

�p 5c

�ë( 710.6 / 723.6 eV ��¬ÕÖ¨( Fe 2p

3/2

/

Fe 2p

1/2

��� Fe½¾�Â Fe

3+

�Ï¾.�p�Õ Ti

4+

5'p TiO

2

¬½��ÏN Ti-O-Fe¿À

[11,12]

�TiO

2

¬

½�©[ Fe½¾0�Á³wS+,z/_kHë�k

Hë��lÂ²p TiO

2

�Ã��Þ�����u,l

Är�:S��ÌÅ:�}ÆÇ���p
�w��� 

p5d�0.1%©[�N-1TiO

2

�� �XPS��p�

°Âr/�G��®¹�g� NOTiOO/ C½¾�¯

� N½¾No©[5'®¹�)� 280 eV��� C1s

º»�°:��ÈdÉ�ÊË� C½¾

[13]

�p 5e/ 5f

ÕÖÅ Ti 2p/ N 1sº»�<Õ¼ XPS�p�p 5e�

%M:Å 458.55/ 464.35 eV��¬Å TiO

2

¬½� Ti

4+

��Ü¬�ÕÖ*w Ti 2p

3/2

/ Ti 2p

1/2

�Ti 2p

3/2

�%M

:ÑÌÍÎ�458.8 eV�r 0.25 eV�� N©[0|}

Ti

3+

�457.40 eV��¿=

[14,15]

�p 5f Å N 1s l 392 @

408 eV����399.6 eV�ë8� 1Ï���¬�Ä�

9eÐÑr( 400 eV�¬ÒÅN�Ó TiO

2

¬½�OÏ

N� NÔTiÔOÕ

[16,17]

�Éì�N½¾5'Õ,n�0�

��¿ÖÕ,��Hí¿y%&/_×y%&�ØÙp

TiO

2

Õ,í¿��%M	���MÚæ�ÛÜÝ5�Þ

ß�p
�w���'( N

3-

.� O

2-

�Xß�+,lr

:S��ÌÅ°Â�}ÆÇ���p
�w��

[18]

� 

FeON½¾5' TiO

2

¬�n��Ï¾]É�ÏN

�¿y%&�]É�Uà��+,ÆÇ���p)


�w��� 

§n�¤X XPS�Ü�/óFeON½¾�áNo

©[@®¹�� 

��������������

2.4.1  Fe �� TiO

2

������ 

p 6a Å Fe-1OFe-5OFe-9 � I-t èÙ�¨(åæ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ª 5  0.1%<=@ Fe-1mN-1¯W4°ABC@ XPS�ª 

Fig.5  XPS spectra of Fe-1 (a~c) and N-1 (d~f) TiO

2

 nanotubes: (a) XPS full spectrum of Fe-1 nanotubes, (b) Ti 2p orbit high resolution 

XPS spectrum, and (c) Fe 2p orbit high resolution XPS spectrum; (d) XPS full spectrum of N-1 nanotubes, (e) Ti 2p orbit high 

resolution XPS spectrum, and (f) N 1s orbit high resolution XPS spectrum 
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Fig.6  Photoelectrochemical performance test charts of Fe-doped electrodes with different Fe concentrations: (a) transient photocurrent 

curves, (b) open-circuit potential-time curves, and (c) linear voltammetry scan curves 
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Fig.7  Photoelectrochemical performance test charts of N-doped electrodes with different N concentrations: (a) transient photocurrent 

curves, (b) open-circuit potential-time curves, and (c) linear voltammetry scan curves 
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Abstract: In recent years, the research of doped modified TiO

2

 nanotubes as photocatalytic materials has received widespread attention. In this 

research, anodic oxidation method was used to prepare regular and ordered TiO

2

 nanotubes on the surface of Ti plate, and the chemical reagents 

containing Fe and N elements were directly added to the electrolyte to modify TiO

2

 nanotubes. SEM, X-ray diffractometer and X-ray 

photoelectron spectroscopy were used to characterize TiO

2

 nanotubes, and the optimal preparation conditions of TiO

2

 nanotubes were determined. 

Finally, the transient photocurrent curve, open-circuit potential curve, and linear voltammetric scanning curve were used to compare their photo- 

electrochemical performance. The results show that 1% Fe element doped material has better photoelectric response, and the open circuit potential 

can reach 0.345 V under light; 9% N element doped material has the best photoelectric activity, and open circuit potential can reach 0.3 V. 

Key words: anodic oxidation method; TiO

2

 nanotubes; modify; photoelectrochemical performance 
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