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�0�1@ 2@� �Hitachi s.4160 @L �&�'(.�j� � <1'( �(��
��g/� 2/~ B'*�: �� �! ��/I� <�/nm���� –O�� -1

�0~ ��K�Shimadzu UV-Vis-NIR 1800 
spectrophotometer @L B��C*&1 .�H�" �;�'*;�1 	�"��� <1

)z{& @71" �� �;�'*;�1 	�"��� (��/I�FTO B"�A B�K*&� �(
 2@� ��-/&��SJandel @L <'0: B-1@�1.
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RRP ���I7� �E�0*('? E1'�1 �&�+L ���A " �&�+L�/3( �36� 

2"@g���/I� <�1y: >�� <�!,��=-���TiO �( B@L )*+& ��� 
1 	
�A��': Y"�<1.
E@�� 
1 Y"� �0�"1 2/34� 567 ��,'�- ./� � >����/I 

����$'0e mL ��� 
� 0L NPG200 

FTO NPF200 

����$ 

mL ��� 
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�&�'( " G4( 
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a;�1 /?'$ Y1'$ </K�1)XRD ( ��/I�FTO '( B@L )*+&
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</K�1 ��/I� T�1 a;�1 /?'$ Y1'$ �L1'$ <��1"- �� °}P/OO "
P�/�P =θ�	&1 B@L �� � V;L �� ]��[.
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 �� -�?��D -�
 " �L/:��S°Q/P� "Q/R� ,�/O} =θ�'!��

B@L@�1 )V;L���1.(T�1�3H �! ��1@��*&1 8��A �(JCPDS 
B��IL��P�p��Op��@��1� ��1/�I! ]�O[.�3H �� 'K�� <�!
 V;L��A 	&1 \3H @0�A1 �L/:��S ��*W�& �( �/('� ��1

 V;L ����W�L 	&1 B@L <�1y: .5! T0+�I! E�/( �*&1�
 ��,'�- -�
FTO "TiO2��*W�& @L� GF�(V0?"� @�A1
@L >/0��*0?	&1 B.�� T�1 	&1 ���7 �I! �A ��, @L� <�!

 � 0L ��,'�- '( ����$'0e " ����$ 	��7 "� �� B@L B�1�
 ��*W�& <1�1��(@+*�! V;L�� "</K�1 T�1 a;�1 /?'$ Y1'$

��/I��3H �!	&1 B@ � '!�� �j� � <)V;L�x(.
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V;L�/?'$ Y1'$ </K�1X��, <�!�( B@L �0�? ��� 
1 Y"�����$ �( ����$'0e "�0�"1 2/34� 567 mL��� ")��1 (��,'�-FTO ")x(
� 0L ��,'�-.

V;LO'( �0�"1 2/34� 567 '00�? '91�:#�" <�! <��*W�&
��,<� =-�� <�!�� E� � 1� >/0��*0? @0�A1@!� .�g/? �( �(

��, '*�( f��*� �! ��/I� ����$ ��� ��(567mL OR��
��, ��� ��( ��
 >�6�1 ����$ Y"�@L.�� B@���A �/L <1'(
��/I� B@L �0�? �( � 0L ��,'�- '(U�1)
1 �0�"1 2/34� 567 
���� 
1�3H <1B@L '!�� )V;LO��1("<1'( ��/I� <�!

 ��,'�- '( B@�D 	&@(FTO )0�@L8�3H*
�� U�1)
1 �! �
	&1)V;LOx(.�3H<�! �TiO �( �/('� -�
-�?��D ��*W�& "

�L/:��S " @+*�! 8��A �(JCPDS B��IL �( ��P�p��O p
�� @��1� ��1/�I!.�3H 'K�� �( �/('� �!�SnO ��*W�& ��

FTO ��1@��*&1 8��A �(JCPDS B��IL �(���Rp��
@��1� ��1/�I! .B@�� ���/L�AB@L )*+& ��/I� <1'( '(
 � 0L ��,'�-�(567mL OR� )0� �3H1�� �4g�<�*&1� 
<�/3( 8�4CN)��� (���1'( ��"1-°Q/�R =θ�<1'( �TiO 
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<1'( <�/3( 8�4CN T0( �3N�
 T00M?)d(�1'( E/��H -1 

@L B��C*&1.
2 sin( )hkl hkld nθ λ= (O)

�� T�1�{(1� �dhkl <�/3( 8�4CN T0( �3N�
�W�L �( <�!
'30� hkl �hklθ<�/3( �4CN " /?'$ �/4� T0( ��"1-)��"1-
�1'((�n" Y1'$ �]?'�λ/?'$ o/� 2/~X

Å) R��RP/�λ =(	&1 .( T0+�I!r�&1' �1'( ��"1-�3H �!
=�/3( T0K��0� B-1@�1 �!)D(�{(1� �( �]&�4� �'LL@]�}[:

0.9
cos

D λ
β θ

= (�)

���6+�1 β50� �� �+�$ 8@L �+0 0()FWHM ( �� Y1'$ �3H
 ��"1-θ�	&1 E���1� _�7 '( .

���$'( B�1� �( �/('� <�!V034? �� <��*W�& E1/?
	0IA <'K�� <�!E/S )0� 1� �K*
� �� ���KS " U�'A

�'A �]&�4� .(r�&1' E/���03�" Y"�–U�'A �2�!)ε(
( -1 <�/3( <�! �3��A�� -1 �L�� 50� �� �+�$ �:�) 8@L �+0 0(

�3H L1'$ <�!���/I� 	&� �( �! D�@]��[:

4tan
βε
θ

= (R)

�K*
� �� ���KS T0+�I!)δ(�( �A �� �/{W 2/~ E1/+F
�� ��'M? �/3( 567 @71" �� �K*
� �{(1� -1 �/L'�- �]&�4�

 @L]�R[:

(P)
���$'( �_0?'? T�@( B�1� /?'$ Y1'$ </K�1 <�!X�B-1@�1

=�/3( �!)D(�K*
��� ���KS ��!)δ(U�'A �<�/3( <�!)ε("
8�4CN �3N�
 <�/3( )dhkl (��/I� <1'( @�@L �]&�4� �! �A
g �� f��*� 2"@O	&1 B@L Y�1): .B@�� ���/L �A ��

��/I� ����$ <B@L �0�? ��,'�-FTO�=�/3( B-1@�1 	]�� �!
��/I� �( ����$'0e <B�/( '* 0( <�/3( 	0C0A B@+!@�� � �A

	&1 ��/I� T�1 '?,�( .��/I� �� T0+�I! 567 �( B@L �0�? <
mL ��� ��,'�- '(FTO��/I� �( 	]�� =�/3( B-1@�1�<
mL OR� '* 0( 	&1 .��/I� U�'A 	&1 B�/( 	(�9 �]�'�? �! .

�K*
� �� ���KS ��1 �A 	&1 B�/( '?,�( ����$'0e ��/I� �� �!
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RR} ���I7� �E�0*('? E1'�1 �&�+L ���A " �&�+L�/3( �36� 

2"@gv=�/3( B-1@�1 '����� �!)D(�K*
��� ���KS ��!)δ(�U�'A <�/3( <�!)ε(8�4CN �3N�
 ")dhkl (��/I� <1'( -�?��D -�
 �� B@L �]&�4�
<�! B@L )*+& 

δ
�p)nm(

dhkl 
(Å)εD (nm) FWHM 2θ

(deg.)��/I� 

���Q/��O�/�����/�R}/�� ��RP/���/�� NPF200 

����/��OR�/�����/���/O� ��R�/��}/R� PF200 

����/��OR�/�����/���/O� ��R�/��}/R� PF350 

����/���P�/�����/��R/�P ��R�/�P�/�� PG350 

V;Lv/?'$ Y1'$ </K�1X��, <�!�( B@L �0�? "� �( ����$ ��� 
1 Y"��0�"1 2/34� 567 ��� "mLvu� ")��1 (� 0L ��,'�-")x(
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 �( �6+C&1 ��*W�& n� 8�/N
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�:#�"<�! <�/� 
�&�'( <1'( #�"�:��/I� <�/� <�! ��K� �0~ -1 �!UV-Vis.-

NIR ��B'*�: �g/� 2/~nm���� –O�� @L B��C*&1 .
V;L���, -1 �/� �/]F �0~FTO �( B@L �0�? Y"� ��':

 
1 	
�A��� <1�� E� � 1�@!� .B@�� ���A �/LFTO ��
o/� 2/~( <�!U0-1nmO����/� UV �� �/]F �/W -1 1�

S '! " @+!��o/� 2/~ n��)� �^'� �07�� -'� �(�� '?/L��
U0( �/]F E1)0� '?@LB�� "o/� 2/~nm P�� �( �/� �/]F

(-1 U0Q�%)*+& ��/I� <,�( 	0C0A B@+!@�� � �A @&'0�
	&1 B@L .'� �07�� �� �/� 5A xyg^�*;� �<15�� ( ��G4

2/3& ��1@K�� <@0L�/W <�! 	&1 <1 .B-1@�1 	�"��� '0: B@L <
(�	�"��� �"@7 `�CL <���&� ��,'�- T�1 <1'( f+&Ω/□�R 

	&1 .�"@7 �� ��/I� xyg �]� �;+�1 �( �g/? �( �T0+�I!nm
O�� �"@7 " T�$ ED 50�*�� �;0*$1 `�: ���1� �1'HeV 
�O/�	&1 .<,�( �/]FQ�'� �07�� �� @N��^	�"��� " �

-1 B��C*&1 5A �;�'*;�1FTO 1� B@L )*+& �(�"'*;�1 E1/+F
� `�CLT;I���-�& .
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