
)����� �	�
��:�/��/������
��� ����:��/�/����(

������ ����� ÷

!�"#�"$% &'(��( ����)	% ��* +�� ,+)-	 "#�.�
�+�� +�'� �
/ +��01�! �TiO2�
/ 2%'34 �#
5��0�% 5'-! �� 2�"06�% 783�� �0
�6!�"� 9�-�0� +8:;�'1 +�� 

�<= �>':# ��-�%"�%��4��� 8?=% ��+8��@ ����"# �'?A� �*�

B,7�C��%� ��
�� D'-4 786��%� �E
):	 7�". 2%"�F �G�8� �:#"F 
H,�)
 ��)
 7�C��%� �E
):	 786��%� ���'I�'� � �?F% 7�". 

78:6( :J
% ��K���� ��* &'(��( +���'-#'���,2'
 �
�� "# +)-	 +)-	 +�� � D':��0:F �L-M �N� �D�"O ����PO �Q'?�:# �D':3:�'�*
 +�� �#��0�
� �1%'36
���# � 78; )03! �
��". 5R= S
%"; 2%'34 �� ����)	% ����� �
/TiO22%'34 �# 5��0�% �
/ 783��

 2�"0I�% �� �0
�I!�"� +8:;�'1 5'-!8; 7��T0!%8�.�
/ ���@�# "$% ��TiO2# 78:
/*��* &'(��( �,K�# �%'� S:A� �� +)-	 
9�-�0� ��01�! � 78; VW= 2* ��*TiO2K
/* 8�* �!� �# �0	�
 .�!�"# X
�0�� �.�
�+�+�'� � �
/ +�'-# ��01�! �9�-�0

TiO2�%� 2��� �O��* &'(��( �# K
/*,&WY �+)-	+�'� 9�-�0� �
/TiO2�:=�� ���Z"� ,KT3#%"	 )Uv-Vis(� K
%)	% %�
 +�%'� V�.%�@% "0?O �#eV [/HK��O �!% 7�%� .�!�"# \:] +���#�F�'� 2��� 783��K��O � ���"0I�% 5��0�% K
%)	% ^:O"F@�#

5'-! 2%'F 9
8PF ���@�# K
%)	% �<:0� �� �5'-! �# ��
��� �� ��0
�I!�"� +8:;�'1 +����+��3F9�-�0� �"	 �
/ �
��"# )TiO2(
�!% .

7_%�+8:-O +��:`a! bRc%d
�0��'0	 �"I-?4 �'P�#�d�
�6!�"�d&'(��( ��* ��01�!'��� +�� ,+)-	d+8:;�'1 5'-!.

�8���
5'-! ��+�� �0
�6!�"�^-e% Q%�f'��� 7�"�	 �
/ @%TiO2�#

5��0�% �
/ 2%'34 �� 7��T0!% 2�"06�% 783�� +%�%� �'1 �O �';
7"T= �'Y� � `a! gM%'� 2'h?� �P
�i� �O �!% ���1 +��

�� 5'-! ���@�# K��O ^Y'� ��". .jRF +%"# +��:�# +��
5'-! �
��� �"6-?4 K
%)	% ;�'1 +�� �# �0
�6!�"� +8:

9��= 5��0�% "# )O"?F�
/ �� 78; 8:�'F ��# +�� �# &f�Y
 7833O L?Y +����"06�% �?!#`a! bRc% �-:!'TiO2�#

����)	% �k�)# +�%'� V�. +�3�� �# ^!�3� +��78; �!%
]���[.�#7�
� �# �j"0�. j�� @% 7��T0!% �)03! 8
8Y +��

�
@'n��O'��� �# �%'� o'� J
% +��TiO2p
 ��:�# &��0�%
&'1 �3
)C
�Y +%"#TiO2g��1 �'q3� �# �# �#�:0!�
�.�
�+�� 
�0��'0	 +���"#��O �� �3:�#830�� �.'] �# �

r0�� �5�s�+�� ��!� 9:�� �# LM%� �� J	%"..83���4 ��`a!
V�ai�% � /�# "$t� 7�
� +���%)#% �� &'1 ��:�# +"
W�


�0��'0	�7�
� 7�C
�Y +%8��%� ]�[.5'-! �3:�@ �� +��
jRF ��0
�6!�"� +8:;�'1 +%"# �� 7�
'# ���# u%"�0!% �'P�#

9��= ^:O"F@�# K��O ��'� �� "0�# 5��0�% �'q3� �# ��# +��
2* ��%� ��%�% 2�3h?� ���]�[.@% 7��T0!% 7):C�%

�
@'n��O'��� r0�� � J	%". +��+�� �� 2*TiO22%'34 �#
5��0�% 9�-�0� �
/ p
 K
%8Y �'P�# V8� �# ���"06�% 783��

9��= ���"06�% "0�# 5��0�% � ��# +���!% "<3� �<:0� �� �O
�-F K��O �# �� �!% J6?� �O �P:O"F@�# v"� � ���"06�% +��

 `a!TiO2� v�8����'; ]w[.
X
%�J
"F �
/783�� 5��0�% +5'-! �� 2�"06�% ++��

�0
�6!�"� +8:;�'1 TiO2��8= 2* +_"�% V�. �O �7�'#

∗JT-F �5'x�� 783�
'� :yzB{B|Hyy{}"#�?� �:y{|{~HyyB{H�6:��"06�% ��� �:mborhani@yazd.ac.ir  

5�!D% �! ����?;D'! �):
�������ATc @% �|}[ �Fw��

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

0.
3.

56
7 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

01
.3

0.
3.

14
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

01
 ]

 

                             1 / 14

http://dx.doi.org/10.52547/ijcm.30.3.567
https://dor.isc.ac/dor/20.1001.1.17263689.1401.30.3.14.2
http://ijcm.ir/article-1-1793-fa.html


w�� �>':# ��-�%"�%+8��@ ����"# ��4��� �2%"
% �!�3; ���O � �!�3;�'-# �-<� 

eV �/��� �O �!%7"0�. 'F"�%"	��%� �%"M KT3# .V�. J
%
 +_"�% �#C�%"# K��> �4�# ��
@ �P�� 2�"0I�% r
�)F � �C0�:

�"AF �<:0� �� � 78; 2* K��!� �%'� �# �.83��!� � +"
W�
�� K��> 2*8#�
 ]�[.7%� @% +_"�% V�. K��> +��

��!"?:� 2'h?� �
���TiO22'
 @% 7��T0!% +)-	 +���!% �>
@% 2�"06�% 5��0�% K
%)	% J:3h?� � �'� &WY K
%)	% �4�#

 �
/ �# �
�I!�"�TiO2�� ';�8]���[.2�)	% J
% "#�K
/*
TiO22'
 �# ��* +�� ,u�@ ^:>"F@�# v"� K��> �# "<3� +)-	

2�"0I�%,�-F ��<
% "$% �� 7"T= ���"0I�% @%"F �� �Aa! +��
TiO2�� �';]����[.
"#G�!% ��#��� ��a3� � ��0�
� �'P�# �# @�:� �# �Y'F �#

 `a! bRc%5��0�% �
/ 2�"06�% 783��TiO2K��O +%"#
2�"06�% ^:O"F@�# ,7"T= �
�6!�"� &f�Y �
/ �� ����3�:� ��

&'(��( @% 7��T0!% ��* +��,+)-	)MOF ( p
 2%'34 �#
 �
/ ��01�! �� ����)	%TiO2�!% .�K���� J
% ���.�
�

+�� �+��01�!+�'� �@�� �
/ ���"06�% �9�-�0� �"	TiO2

(mp-TiO2)�# 78:
/*MOF �Q'?�:# �D':3:�'�* �
�� "# +��
 +�� � D':��0:F �L-M �N� �D�"O ����PO �!�"#78; ��
��� �

�D�<�%"! +���'-#'��� ^:>"F "$% MOF �
/��01�! ��mp-
TiO25'-! �"6-?4 "# 9�-�0��)� +8:;�'1 +�� �!�"#
���';.

�#"<F K�# 
&'(��( )-	 +�� ,D':3:�'�* Q%)-	 �
�� "# ��*)Al(Q'?�:# �

)Bi(����PO)Co(�D�"O)Cr(N� �)Cu(�L-M)Sn(D':��0:F �
)Ti(+�� �)Zn(@% 7��T0!% �# �w5'� �-:�78�@�! �%'� +

� �)-	 Q%"0:� )-	 )O"�w5'� �-:�+� 2)3# 8��C:� -
8:!% E:-:�>'#">)BDC (w5��F% 2%'34 �# 5'� �-:� 783��

 �� ��01�! ��*�w+��� �� "a�� &* "0:� �-:�°C��� �#
�� �
��". 5R= j��Q8� �w8; )03! �4�!8�.�
��� ��'�

 N����� 28; �"! @% "0-:	 �#�/�V�c 2�"6:�;� 78
 �:��% �%'� �F 8; 7�%� '�0�; 5'��F% � &* �# ��# �! Nn!

 � 8�'; u��1 K3O%� 2�8#D�<�%"! +��� ��°C�� Q8� �#
�w 8; p�1 �4�!.

�%8���@% ��@� 8c�� MOF 5'-A� �# 78; �:�F +��
 ":?1TiO25'��F% �# 78; r:M�)�P�� �#�:�(8; �	��% .�
/ 

mp-TiO2"0�# "# ��1"( j�� �# L-M 8:�O% V�T; +���!�
J
�'-	 �# 78:
/*(FTO)  �
/ +��� �� Nn! � 8
�". �����

°Cw�� #+%" ��8; ��� ��:M� .�-="� J
% ���+��8��C:�
5��F% +)-	 )O%"� 783��MOF � +)-	 )O%"� � 78; ^
"�F
0����<: �0��+�� )-	+����O% Q%�f'�+8: �� ��<
%';�8.

+%"# "$% �!�"#MOF "#����� +8:;�'1 5'-! +��
 +���'-#'��� @% �0
�6!�"�Cr-MOF �Cu-MOF �Ti-MOF 

#\-0�� ��@� +��8c�� �)�����8c�� (�
/ ��01�! ��
5��0�% �
�� "# �0
�6!�"� +8:;�'1 5'-! 2�"06�% 783��mp-
TiO28; 7��T0!% .1 5'-!&f�Y �
/ �# �0
�6!�"� +8:;�' 

8
8
 &"! D':�'�* 9:0� )CH3NH3PbI3(j�� �#
�-="��� J:n!% +% ,�]'e +��j�� �# LY"�]��[���2�8#

5��0�% �
/ @% 7��T0!% 7"T= 783��8; �01�!.
%"#+!�"#� �K;' !`a��0�
� ��6!�"�
�%
��< 78;
� @%:�'6!�"6 ��"06�%��#�� �)SEM d58�Vega3  

(TESCAN,  8; 7��T0!% .�
/ &WY \:] \:] �# �� X3! 
UV-Vis  )58�(Analytik Jena, SPECORD 250  �P$

8
�". .# ��01�! 'F"� j%"� +'C�% S!'F ����01�!'��� +�'-
 N6
%)j%"� �# 78; �P$ X3! 58�Bruker, Advanced 

D8 (8; �!�"# .�#�� ^:O"F@�# 2%):� �!�"# �'q3�
5'-! �# 78; bRc% +��MOF @% LY"� 5'-! �# ��
��� �
\:]�#�F�'� X3! )58�FluoTime 200, PicoQuant (

8; 7��T0!%.����� 
#����+2�
"Y–_�0����%8� _�0�� 9��;
 @�#)Voc(7�F'O 5��F% 2�
"Y ���C( �)Jsc(�^
"� �.8;"�

)FF ( 2%'F 9
8PF 7�@�# �)PCE (5'-! �#\:]AM 1.5G 
�P; 7�C0!:�;�'1 5'-! @�!:8+)58�(Sharif solar, 

SIM-1000 ��#K#�F Q8;mW/cm2��� 7�C0!� � �
Q�0!%':���0�)Keithley 2400 (%�D�< 8;.

�!�"# � �A# 
!�"#�"$% &'(��( ����)	% ��* +��,+)-	 "#�.�
�+�� +�'� �

�
/ ���"06�%mp-TiO2

�
/ �6
):	 �:��� �O �<�* @%5��0�% 2�"06�% 783�� K��
�0��'0	 �"6-?4 �� �?���
5'-! +8:;�'1 +�� �
�6!�"�

��%� ��
/ �:T:O �!�"# +%"#'��� 96; � 7@%8�% ��� +����01�!
 "$% �!�"# ):� � 78; ����� �
/ ����)	%MOF �:T:O "#

�
/ �78; �:�F +�� "
���FSEM �
/ `a! @% 8; �0	". �� .
2�3( 96; �� �O ��� 78
���'; �
/ ��# � �#'1 �# ��

78; 9:6�F 7�"�	 8�% .Q%�f'��� @% 78; 9:6�F +)-	8:�O%
MOF "$% ����� Q�:-?4 '# )
� ��:�# 9#�M �0�! �# � 7�

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

0.
3.

56
7 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

01
.3

0.
3.

14
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

01
 ]

 

                             2 / 14

http://dx.doi.org/10.52547/ijcm.30.3.567
https://dor.isc.ac/dor/20.1001.1.17263689.1401.30.3.14.2
http://ijcm.ir/article-1-1793-fa.html


8-Y��7��?; ��):
�� ����� !�"#�"$% &'(��( ����)	% ��* +�� ,+)-	 +�� �.�
� "#. . .w�� 

830�� g:��F .�
/ 78; �:�F +��78��%�"#�� '���Q%�f 
96; +�"O ��P
"�F830�� 7@%8�% �J:C��:� +J:# Q%�f{|�F

|y "0�'������*"# ���'; .�� �J:3h?� �
/78; �:�F +�� 
Cr-MOF �Bi-MOF;'1 ������ 78
� +"0.�)# +8�'; .

�30T. �� J
% @% p
 "� �O �!% J0!':� ��# @% �'1 Q%�f'�
78; 9:6�F "06('O +���'-#'���8�% .J
% "# 2�)	% @% "q3	"c

 o'�MOF �0	� ��6# ��
/ `a! �� �# �P��JC?� � �1%'36
 
7�'# �
/ ��# 78:
/* +��MOF �
/ �# �P��mp-TiO2�#

7�'F "q� �# �O ��
��3F Q%�f�'��� +��TiO2"# �q3��� �'] �#
"� `a!78; 783O%8�%�1%'36
 �"F830�� .��:�# j�� p


7@%8�% +%"# +�"#��O `a! �01%'36
 � +"#@ +":.�
�� "# 
SEM��!% v"?:� @% +��C� �0�Y"# .j�� J
% ����#

@% +8i# �! "
'�F E
 �\-0�� +�
%�@ 2��)?� +�%�"#"
'�F
�� �!� �# ��'?� `a!�� �> 8
* �P��Y �%)	% D"� �# 2%'F

I:� %� �Aa! +"#@ ���"0I�% &'I!�"�"O �!�"# .@% �<3
% ��
)
"	 j�� �:-#�M @% �> ��'��F%D"� +�� 7�C0!� �P��Y�%)	%

SEM ��7��T0!% 8;�#8;.�j�� J
% �� �# ��'?� `a! @%

2%8:� r?4 �\-0�� +���#2�"0I�%
'��$ +���"
'�F �+�%�"# 
`a! �� ��� "::�F �# � 78;7�"0�.+%� @% ��'? ���
���

�-� +��)
"	 � �0�� @% +��:i� 9c% �� �> 78; ��<
% +��
 `a! +83-# 2%'F �� 830�� �P�� ��:i� �:�0��":e �'] �#

���* �!� �# `a! �	�c @% .J:3h?� G�!%"# J:# �-c�	
"	)
�����2%'F%7@%8� �� ):� %� 7�f �"O J::iF 2%'F .J
% X
�0�

 �!�"# 96; ��B�� Q�'c �#��
� �
/ �# +%mp-TiO22���
�!% 78; 7�%� .2�3( �O78
� ���';�2��)	%MOF �#

�
/ ��01�!mp-TiO2��P
"�F 78; "0�:# �01%'36
 �4�#
�!% .

&WY \:])α(�
/ +%"# �Z"� �:=�� �� �@�� +��mp-
TiO2�# 78:
/*MOF \-0�� +��)96;�\�%(2���
�� 7"0�. �� &WY �P� �O 8�� u'� 5']nm ���,�w� v�

�!% 7�%� .2��)	% �#MOF �
�� "# 2'
 �+)-	 +�� 7"0�.
�� "# �� ):� %� "F83-# +�� u'� 5'] &WY J
"0�:# �O �":.

 S!'F �Z"� �'� &WY �� p
"AFCu-MOF �Zn-MOF 
�� D�<�% �';.

96;�"
���FSEM �
/ `a! @% +��mp-TiO2�# 78:
/*�%��@�MOF �L-M �N� �D�"O ����PO �Q'?�:# �D':3:�'�* +��)-	 �
�� "#
+�� � D':��0:F .

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.3

0.
3.

56
7 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

01
.3

0.
3.

14
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

01
 ]

 

                             3 / 14

http://dx.doi.org/10.52547/ijcm.30.3.567
https://dor.isc.ac/dor/20.1001.1.17263689.1401.30.3.14.2
http://ijcm.ir/article-1-1793-fa.html


w�� �>':# ��-�%"�%+8��@ ����"# ��4��� �2%"
% �!�3; ���O � �!�3;�'-# �-<� 

96;�)\�% (�Z"� �'� u'� 5'] 7"0�. �� &WY \:],�KT3#%"	)&(�%�'?�(αhν)2�# �P��hν�
/ +%"# +��mp-TiO2�# 78:
/*�%
��@�MOF \-0�� +��)-	 �
�� "# 

�
/ J
% +�%'� V�. ��^:O"F "0�:# +%"# �� ��7"0�. eV 
�/�,�/��� �!� �#*��> 82�6�% 783�� 2��� @% 7��T0!%
2* 5��0�% 2%'34 �# �� +8:;�'1 5'-! �� 2�"0I�% 783��

 �0
�I!�"��!% .�%�'?� @% 7��T0!% �#(αhν)2+_"�% �# �P��
 2'F'	(hν)2�"# ��#�
K�# �a1+%"# 2* hν=0 )96;�

\�% (V�.�
/ +_"�% ��8�* �!� �# �M� �# �� 2* X
�0� �O
 5�8Y��!% 78; 7���* .2�3( �O�� 78
���'; +_"�% V�.

 �
/mp-TiO2�# ^:O"F ��MOF K��O�!% �0	�
 �O
�� �-F � g
��� �-4 �# 8�%'F ��01�! �� ���:�O% +��MOF 
8;�# .J:3h?��� %� "�% J
% -#'��� 7@%8�% K
%)	% �# 2%'F � ���'

��%�@"� 9:6�F +��783���
/ +� ���<:0� �� 7@%8�% K��O +
2* +_"�% V�. �%� �P�� ��]��[.
��01�!+�'-# Q%�f'����
/ ����� ��'?� @% 78;mp-TiO2

+��'C�% G�!%"# �XRD ��'?� �# 78:
/* +��Cr-MOF �Ti-
MOF �Cu-MOF 8; �!�"# .96;�\�%]:\+�� j%"�
 'F"�N6
% �
/ +��mp-TiO2�# 78:
/*MOF @% N�
�-="� +���@�# �� 2��� %�8�� .�?� �-M @�	 �# �'#"� ��

 �;'.��(TiO2830��"�F �# �O
^�#:���# �#'1 Q��O
JCPDS 01-073-1764 @�F��* @�	 �#8��%� ��%'�?�.78
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/* �g��1Cr �# 78; 78:
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 �6P; +�'-# �:T:OTiO2�!% 78
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 �6P;TiO2"<3� �# ���C( K��O�C0	��� ��)2
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�� ��q0�% �O�����<�* @% K
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%"#�3# �� �-O �'] 2%'F�T. K
/* �O D�"O
 N� ��6P; ��TiO2K
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%
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�-F �� &'1 +�� +8:;�'1 5'-! ���@�# K
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