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

�����  �����
÷

�" #�� ������$ %&' %" ()*)� #�$�+�
� #��(
�#��,-�./��0�1202	 � #�2� �#��( �32���'4
LaMnO3

�56 789' �#2�� :
%�;�'<∗

;7=��'� >
(/	 �;�*��'� �?�@�'� �?�@�'?'%
' �

;7/=A :�+�
� #��(
�/��0�1202	 � #�2� �#��,-�.#��( 2��� 4'�3LaMn1-xZnxO3)�B/���/���B/���x =(�"C'% D). 20%  '
�E= 
F/GD).#�� ?��'� �7H0
I�2	
��J%.�%	 �/K2=.�%= ��%,=�'��"����+/I�/�'7��F/GD). +7)1'% �#L%�' 20%  X��
F/GD). MN)"'%	 .�%"�7O.#��,-�. D
�,�%*���� J� #<2� <' #��,-�. <�	 �'Q+ R
)�
�S	 ;�%+(�.'� �" �O2+);�%+

 �
�S	Pbnm I(�.' .:/��,�T �
�)*)�)LM (;7))1 �'�7/�' <'/��0�1202	 U
%07�V��1 � U
%0��(;7)
TV W
%�0 #'%" �� �.' ��V #�� .
/��0�1202	 �%=58X U//Y0 #'%"#��( 4'�32���LaMn1-xZnxO3%&' ��.XI�� ��'7� ��0�1/��( �pHZ25[� M"�0 ?��< �0 %" W
%�

 ��'��' I/,� �"V Z25[�)MO ( 25" I/,� �)MB (7O �.�%".�O�/�Zn\/�MnLa W
%�0 #'%"MO �MB %
< 7/O�2- �2� M"�0
/��0�1202	 �
��'20 #��( �" �H�� '� #%0T�"LM ?����'� .�%=58X #'%" ���8,9' ��1�<�.#��(/��0�1202	 ��28� %,�" �'%6 ][" ��2� ��

�	%+ .��28��O�/�Zn\/�MnLa W
%�0 �-%A MO <' E MO �MB ��'%O
^
�?��= �/_`a0' I"�6 �$20'� �?��� �'7�.

#7/51 #�� ;L'�::/��,�T �
�)*)�b�+�
� #��#��,-�.(
�b�+�
�#�2� #��b#��,-�. <�	 �'Q+ bW
%�0#��(/��0�1202	 .

��7�� 
�
�=.�% �� #7/�1' #��' R
 %� �� 7)�'20 #����,-�. <

�.'� ��O2+��A ��HY=�#<2� � �O2+ 7�%/*" I=O J�]��� .[
�LaMnO �"�
�S	 ;�%+ �" �HY=� ��,-�.m�Pm R


�.' E/F�)@��%	��  .()*)� � �HY=� �,-�
 (1%� :/��,�T
��� (1%� ��$��" ;7O �,	%+%" �� '� ?�/�1' ?2
 MO

�� Z�@O' 7))1]�.[�,6�La �
Mn � %e�)X �" U
(*
�$ %*

 7�2O ;���(5	 �'Q+ R
f�� ?��� '� g
�X 7��]�.[I/�� �"
�+�
� #���"7)��� ?�/�1' h%[0 ��=/��%,=�' � i2- �X%.

 �/5�0 � L��OT�"%"' #'%" ��%,=�' ;��� ?'2)X �" W/1%0 U
' �-
�" ?<�- ;�%,�+ �2F�� ��1 �"��� ]B.[

jj&'%C�� �jj�#�-�jj. %jj" �
jj+��#�jj� -�jj.(
�#��, �
#��(/��jj0�1202	 �LaMnO �jj.�%"�jj.' ;7jjO ]kf\.[Wjj5l' 

Ijj. C��f�jj+�
� �jj" %,=A2jj1 4'�32��jj� �-�jj. �� ZL
/��0�1202	#��( ;��N,.' i2-���2jO .<'�j.�%" �
�j� �� �j1 

Z�.�
�)*)� #�� %/-' #��7O m�n�' ���.' ;���j" ?'20
;%/-3 g
%F <' ��2/�V ��" #<�.7�2/  �' �� ?�/j�1' #�j���%,= 

�LaMnO]��[��jjjj
<2o��1 �-�jjjj.�jjjj. #�jjjj� �jjjj��+
/RGO/PANI�LaMnO #'%j" 7j�V��1 ��%,=�' R
 ?'2)X �"

 #L%jj�' ���jj*A M
'(jj	']��[��%jj1 ;��jjO'.�LaMnO #'�'�
 �j���1 M)1'� �� �"2- ��/�" #��(/��0�1 �/��Y	f�j�
��1'

)ORR ( � �.' �n�V <' ?�%j,=�' ;7�%/+ R
 �
�=.�%  U
' �1
 �'�+��2j- %j"'%" �� m��j�� �/je�- ?�H/,�  ;��� R
 p�8�

�.'��
<2o��1 p�8�' #���LaMnO �%j=58XORR #%j,�"
�" �H�� �LaMnO /��j0�1�%,=�' �j/��Y	 � 7j��'�#��( ��/j�"

�� ?��� �2- <' '� �"2- 7)��]��.[
�
�=.�% LaMn1-xZnxO3(,)j. q
�j� r25�� C�� �"

7O�.' ;]��.[�j�2*�' C<'%" #C'%j  2j0%  Xp�j.'%" ?V 
C�� �1 7��'� ?��� 7�2,
� :j0' �j�#�� � (j)*)�#�2jF �j"
	��s0���;�*
�$#�� �����$� <20
q��7�2O.'(j	' �j"
M

∗UN50 �Z2t�� ;7)�
2� :B����\� )����(%"�8� �:B����\� )����(�=/��%,=�' ��  �:gholizadeh@du.ac.ir 

Z�.:=
 � �. u��8O �Z�' ����"����v[Ne <' �wxy �0��k



�\k �56 �#2��;�'< ?'%
' �.�)O ���1 � �.�)O�25" �5n� 

x:n9 ��� M
'(	' �=
 �,-�
 4'%j//@0 �j" �j1 7j"�
�j/*��/U
z�YO ��'2�8� ��'�.�������  %*
�]��[7jO C�'(+ �;
�.' �1J%j.�%	 �j
�2	 I
7H0 G/F (FTIR) ��,-�j. #'%j"

�ABO #'�'�k�O�Y0�' 7�kMnO #��7j� �1 �.'�u��u
Z�Y	 #��7�IR 7),�� .������$ M
'(	' �"+�Zn �O�Y0�' 7� �
e �� ���17O �
2�0 ��	' �[N;|2j� �7jX �8. �" �#�j�

�� I�,)� %0T�" �81�2O .�j� ?�j�� D
�,� �j1 7j��+�Zn ��
�j�� �*
��8� �j�$�kMnO �j�� �j�	' �[Nje ��j�$�

kMnO �jjj� Djjj1 '�7jjj)1 .�jjj�28� ?�jjj�'� Gjjj/F �� #�jjj� 
LaMn1-xZnxO3)�/�f�B/�x=(�jj56 ���7jj9 �� �"Qjj$ #�jj� 

B�� ��fcm k�B ;7jj
� ;7jjO7jj�' #��7jj� �jj" Wjj/0%0 �jj" �jj1
jjO�Y0�'�jjO �?�jj
f%jj50 Ag��jj�N)0 Bg�jj�	' �[Njje ��

 ��'2�8� 7��'�]��.[M
'(	' �"x��7X �8� %//@0 �56 �� |2�-
�� M
'(	' ���V 47O ��' �7)1 ?��� �
2�0 U
' �1 7"�
 ;7j)��

%,�/" M}/ '� ��� ��$�kMnO ��	' �[Ne ���.'.
��28� �� #���RuxOxf�LaMn �"2- �" �/	%~ �'2� �


��1' I/���,  %
<M�O/O�H'� ?�/�1' 7/�20 �1 ��'� �'%6
 �"25�� �2F �"�U=8��7)1]�B.[�" #L%�' `�+ M��1
 ������$ M
'(	'Ru/��0�1202	 ^.20 �2� iQ$ ?'(/� ���( '�

M
'(	' #�2F �" ;�'� ��� W
%�0 �1MO �� '�B/�pH= �"
�� m�n�' �"2-7)�� .p�.'%" C�'(+���/��Y	 �� �#��

#��(/��0�1202	 ��� W
%�0 7��� %" 7)
V%	 7)A��%&' �'��7.
pHR
I��X ��7)
V%	 U/)A �� �.�.'
�" ?V �� �1 �.' �

�'7�� ���� ;7)
TV z2� U,	%+%�� ��pH7
�" W.�)�:/�)0 
�2O .�������  %*
�]�k[/��0�1202	 W
%�0 �#��( ���
/,� 25" U5)MB ( ��/��0�1202	 �" �"V Z25[� ��

�MnO��/�Cak�/�La %
< 7O m�n�' ��%� �2� .U
' ��M���  �
��T �.���5e�	 �" #�2� qH)� ?'2)X �" 4'�cm B��. <'
 Z25[�%&' � 7),O'� �'%6 pHW
%�0 ��MB �.�%"�1 7O 

M/"��28� �
'��1 U
%0 �� ��BpH= 7�V �.7" .?��� D
�,�
�'� �1g/L ��/�/��0�1202	 ��( �0���"V Z25[� 7e��MB '�
���k� �� W
%�0 ��/6�7)1 .:�U/)A?2�<V ;��N,.' �/5"�6

;��"�� ?��� 7��$ ��28� �	�
<�" �" ;7O (,). ��28� <''��1 �
�� ;��� U
' �/��Y	 7�'20#��(/��0�1202	 #'%" '� �2-�.�:1

7)1 �N9 M)1'� �-%A MO]�k.[
��1 U
' ���%&' ������$+�Zn �+�
� %" #��#��,-�.(
� �

� #�2�#��(/��0�1202	 �
�)*)� 4'�32���LaMn1-xZnxO3�"
�.' ;7O �.�%" q��$ �2F .?�)A �� ?��� �
�,� �17���

?2
 ������$ #��Zn2+��2
 z�YO �"��/�" <' %,+�("+�Mn %&'
 #��
<%"�+�
�)� �=
(/	 #����'� :/��,�T �
�)* .U
' ��
M���  �:�� #��%,�'��  %//@0 �"#��(/��0�1202	 ?2A pH�

/��0�1202	 �'7����(� � ����2� ?��< ��'7� R
 �������$ �.�%"
 �+�
�#��(/��0�1202	 �
�)*)� 4'�32���LaMn1-xZnxO3�"

;7O �.�%" I��1 �2F7�' .

C���s��� � �"%n0 #���"�
 
LaMn1-xZnxO3)��/���B/����/���B/����/�=x(��"

4'%,/. C��f4'%,/��/�0 7O7�]�����.[��2�)� U
' �"
 <' W.�)� #�'7���/4'%, ��,�T/:MO��"V�/4'%, ()*)� MO-

��"V�/4'%, ��MO #�'7�� U
%,81 �� R
%,/. 7/.' � �"V
 iV;7O �
'�(�2
 7�7O I9 .E r25�� <' ?�%1 Z25[��8� 

4'%,/�R
%,/. 7/.' Z25[� �" �� ��2� �H�� �"�:��?V'� ��
�'� �'%6 ��/F�)@� ?(8� #��:
�.� �" U*8� Z25[� �0

7
V .Eo. `%~ �"�.� ;7�V '��"47� ��X�. ?��� m�89 
iV m%+ oC�� �*�'�,O:/.E ?V <''%"#I��1 ?7O V%	
7)

�'%,9' ����� #ºC ��'� ?V�"47� �k�X�. ��;�2� �'%6 
�'�:
�m�n�'%. '%"#�51/�)?7O �"47� ��X�. ����� #
ºC �B� �'%6 �	%+ .#��s,-' m�� ��28� ������$ M
'(	' �" ��

 Z�7$ ���;7O ;���V7�' .
#��2*�' E=
' #20%  C'%  (XRD) ��28� C'%  �" ��

 D).Bruker AXS Z7�D8  Advanced �" (�n���T 
Cu-Kα)kV�� �mA �B(Z2F �" M"�0 �" |2�A�B���/�

��	�e ;%,�+ �� I=/��
�'< ##'°��f��=θ�#��� �� �
7O �H& ��0' .�58$ <' �� ��28� #��,-�. I/5[0 g/6� U//Y0

 � #�25" ��,-�.�"�&m%� �,�" �" �=HO #�� #�'(	'Fullprof  
7O m�n�'.G/F �
�2	 I
7H0 J%.�%	(FT-IR) 28����" ��
 ;�*,.�U/1% fZ7� %8�'RXI �� �;%,�+ �$2� �7X��� �0

�cm-���� 7O �H&.U/)}8� G/F ?��'� ��28� ���";�*,.� 
Z�12N��1 �1%O �2�
�H�H& 7�7O .�
��.�)O���28����"

�/K2=.�%= ��%,=�'��"���%��f�/�'7�)FE-SEM (Z7� 
MlRA3 m�n�' 7O�;<'7�' ^.2,� 4'�3 "�m%��'(	' particle 

�H.�[� 7
�%+.�
+��#�� �2�#�#��(/��0�1202	 ��28���
p�.'%" /FG"Q$�(α)'
U4'�32����" ;7O �H& F/GD). 

MN)"'%	f��%� (UV-Vis) Z7����� UNICO �.�%" 7O.
L%�' `�+#��28���� h��0 C�� p�.'%" <'/��%""��M�" 

�-��'�28� �)αhν(�" �H��hν)'L%�#2	?20(�.7" h��0
 7�7�V]�\[.



75$��;��8O �����" ����� �" #�� ������$ %&' %" ()*)� #�$�+�
� #��(
�#��,-�.#�2� �. . .�\� 

Z�7$��"�& ��
�S	 ;�%+ ���,-�. z2���28� ���80 ��
 �,-�
 :n9 � �=HO #�� #��LaMn1-xZnxO3.
D (nm) V/z V (Å3) c (Å) b (Å) a (Å) ��,-�.f�
�S	 ;�%+ #��s,-' m�� ��28� 

��/�� �k�/B� ���/�B� �kk�/�� ..... B���/B MO �O2+f LM ��/�x =

��/�\ B��/B� ���/�B� ����/�� ..... B��k/B MO �O2+f LMZ: 0.05 �B/�x =

k�/�� ��\/B\ �B�/��� �BB�/� ����/B B�BB/B Pbnm I �.'� �O2+f LMZ: 0.1 ��/�x =

��/�k kk�/B\ kB�/��� ����/� ����/B B���/B Pbnm I �.'� �O2+f LMZ: 0.15 �B/�x =

�.�%" � ][" 
�+�
� #��#��,-�.(
� 

�jj�28� Ejj=
' #2jj0%  C'%jj  #2jj*�'#�jj� LaMn1-xZnxO3

)�B/���/���B/���x =(I=jjO ����jj.' ;7jjO ;�'� ?�jj�� .
�56 #��;7
� �� ;7jO������������B\�º�\%j� #'%j"

 ��28������ R
 I/=�0 ���- <�	�=.�%  :/��,�T �
�)*)� �

 �.']����.[

� #�25" ��,-�. z2� g/6� U//Y0 #'%"�"�& #' �=HjO #��
��28� ������$ �" ��Zn �2*�'��20%  C'%  #X7j�2,
� C�� �"
m%� �" �'(	'Fullprof 7�7O C<'%" .%
���� �j"�& =HjO #�j��#'

�=
 �,-�
 �,-�.MO #����.'� � �O2+ O2+��";7�V �.�
 #'%"�8� ��28���Z�7$ ���;7O ;���V'7�.;7
� ���j1 �2O

 ?2j
 ���j���$ �"+�Zn ��(j" ��2j
 z�YjO �j" %j0)Å��B/�
=krCN: (�"?2
 #�$+�Mn )ÅkB/�=krCN: ( ��� ;�*
�$ ��

7X �" ��$��:��
'�Vk�,-�
 :n9 ��LaMnO �j� M
'(	'-
7"�
]��.[:�<' U/)A;�'� #�� ��j�� Z�7j$ �j.' �j" �j1

�$ M
'(	'�" ����� M��� I/��I��X `'%[�')t(�>j
 �'7�� <'
T�" ?���0 ��,-�. <' #��,-�. <�	 �'Q+ R
 MjO %j0 �j" �jO2+

 �
�S	 ;�%+U/
�j  ?���0 ��,-�. �" �j.'� %j0 jO2+��j"
 �
�S	 ;�%+Pbnm I ;7
� ���1 �2O #'%j" U
' Wj/1%0 #�j� 

�LaTiO ��LaGaO (/� �.' ;7O C�'(+]��[.
I=O#���Gj/F � ?��'� G/F W/0%0 �" i � G�'FTIR 

��28� #��LaMn1-xZnxO3�j� ?�j�� '� 7j�� .Gj/F �n)j.
 U/j)}8� � #��,-�j. I=jO %j//@0 ��25" ?���0 h�� �� ?��'�

�.' 7/N� ������$ %
���� �" ���V �*,�"'� .�'7Y0 ��51 �2F �"
 � �j)�  �MH�6 �7���" �� 4'%//@0 ��s��� #��7���" 47jO

�56�" ?��'� #�� M�%j1 �j��9 � �'7j�� �Wj/1%0 z2� �" W/0%0
��28� I�5�0 �
 �=HO�8. � ?���0 ��� �j/N/1 �#�2j5" #%j/+

 �25")?���1�� I=O%//@0 �'7�� (� �j,	� ��j1 �j" ;��� �'7�� �
I��X �" �56 #�)�  %//@0 U/)}8� #��/j�" �$��- #�� ?2jA

� �jj"2F� � �jj�28� <' �jj�%+ `Qjj9 ?'(jj/� ��'� �*,jj�" ^/jj[ 
]�����.[�.�%" p�.'%" C�jY0�' �,jOQ+ #�� �=HjO #�j� #'

#<2� �5��X ;�%+ I/5[0 �#��*��25" ��,-�. #'%" J��LaMnO 
)LM (B�.'� <�	 ���9 �� ?��'� Z�Y	 7� �jO2+LM �'7jY0

�� �� ?��� '� ?��'� Z�Y	 ?2�2	7�� .<' ?2�2	 #��7� M
'(	'
B�"����,-�. I
7H0 �"#<2� �.'� �" J� �j. <' �O�� �O2+

�.' %&' :�"�$ �#�25" ?���0 ?7�V U/
� :0' �
�$ ?�/j�1' #��
 �[Ne <' U/
�  ?���0 ;�*
�$ �"La �1 �k?�j�'� Z�jY	 C�Y0�'

�� �	%Y� 7
7$���9 �1 �=
 �,-�
 ?7O %"'%" �� � 7)1 #�j�
 #<2j� ��,-�j. ���)� <%� �j��9 �j" J� <' �j��)� (j1%� #�j�

-�.�.'� ��, ?V W$2� �" �1 �O2+\�� Z�Y	 %*
� 7� �2jO
]�B.[:��.'� ��,-�. U/)A �� '� �O2+ M-%jA �� �j" ?'2j0

��� <' �  �� �  ��$�kMnO �,j.'� ?2�'%/  ��,-�j. #�j�
 ���V �jj.7" �jjHY=�]�k.[#<2jj� <�jj	 �� J�(jj1%� �� �

���)���?V ?�/� �� �1 7��'� �2$� 7� ���B�?�j�'� Z�Y	 7�
�Z�Y	 7�IR 7j� �j/�" �7),j�� Z�jY	%/l C2��j- #�j� .<'

#<2� ��,-�. �j�� M-%jA �j" J� �j�$�kMnO `aj- ��
 #�,.'�]��� [���j� �jHY=� ��,-�j. ?'20 �j.7" ?'2j0 ���V

]����k .[ ��2j
 z�YO �=HO I=O %//@0 ���8,9' I
T� <' �=

 ;�j*
�$ %s)X ^.2,�A�' Ij��X �j" �j1 �j.' Z%j,)1 `'%j[

���2O .�j" Rj
�(� `'%[�' I��X #'%"��
�=j.�%  ��,-�j. �
�� �HY=��2O .z�YO M��1 �" �U
' %" ?�(	'rA`'%j[�' I��X �

(j)*)� 7�2/  �
�'< ?7O %,=A21 �"f<' ?�/j�1'º��� M��j1 �
#<2j� �j" �jHY=� <' �=HjO ��,-�j. � �,	�
 J�)�<t<\k/�(

�� %//@07"�
 .�" ��'�' �� ��,-�j. �`'%j[�' Ij��X %,�/" M��1
�=HO #<2� <' �.'� �" J� �O2+)\k/�<t(�� I
7H0 �1 ��2O

��� %,�/" M}/ '� <'��%+ �� ��n
' ��$� .�j" �Z�j9 %� �"
������$ M
'(	' +�Zn �"#�$?2/0�1 �
��+�Mn �jN9 #'%j" �

��" �
��)- <' #�'7�� �1 �.' <�/� :/��,�T �
�)*)� ��,-�. ��
 #���2
+�Mn �" I
7H0+�Mn �2O .U
'%"�)" �Hj��+�Mn �j"



�\� �56 �#2��;�'< ?'%
' �.�)O ���1 � �.�)O�25" �5n� 

+�Mn �� M
'(	'?2/0�1 �2$� �1 7"�
 �
��+�Mn �X�YjO �j"
 <' %,=A2jjj1 ��2jjj
+�Mn �jjj�� (jjj1%� �� �jjj�$�kMnO 

�
�=.�% �ABO �j�� M}/j '� Rj
 ��jn
' WHj. �j�$�

kMnO �jj" J� #<2jj� <' #��,-�jj. <�jj	 �'Qjj+ �jjn/,� �� �
�� �O2*,.'� �2O]��.[

I=O�#��2*�'XRD ��28� �
�=.�%  #��LaMn1-xZnxO3)�B/����/���B/���x =. (

I=O�)G�' (?��'� G/FLaMn1-xZnxO3)�/���x =(�)i(G/FFTIR ��28� #��LaMn1-xZnxO3)�B/���/���B/���x =(�)K(#2*�'
7� ��2
 �
�n"�$ Z�Y	 #��Au �Eu =.�%  :,�/. �� �
��LaMnO .. 



75$��;��8O �����" ����� �" #�� ������$ %&' %" ()*)� #�$�+�
� #��(
�#��,-�.#�2� �. . .�\\ 

�;��j� Rj
 �5/j.� �j" �2j� iQ$ �J%.�%	 �N/F �/9�� �
�O��:�%" <'M)1C�Y0�' ?�/� #��#�� �j�28� �
�/8/O 7�2/ 

�.' �2� M"�0 �.#'%j" �jn)
' �� �j.�%" #��,-�j. 4'%j//@0�
I=O�25" #��<�	 #%/+#?�=� �� %e�)X 7�2/  4�76 �#��A

�B�
�=.�%  �� #���ABO <'FG/�n). FTIR ;��N,j.'
7O .�
�=j.�%  �� J%j.�%	 iQj$ G/F I=jO %j//@0 �j" �j�

��� ��$�kMnO �
�=j.�% �ABO �j.' �,j�"'� .Ij��X
?��� `'%[�';7)�� �
�=.�%  I=O %//@0 ?'(/� #�j��9 <' ��

 �HY=��.' .�
�=.�%  ���ABO:0' ������$ �?�j8�� #�j�
;�*
�$ �� #��A�B�+�
�O�Y0�' #�� :j0' �'� ?�j"(/� #�j�

%//@0 �j� 7j�� .I=jO�;�'2j9%F K7j� <' #' �jO�Y0�' #�j�
 ��,-�.�LaMnO �� ?��� '�7�� .J%j.�%	 Gj/F ����7j�

 Z�Y	)EuB+u�A�(��'� �2$� .Z�jY	 7j�7��j�" �� #�j�
;%,�+ �� U/
�  #�fcm �\�f�B� �� J�7�� �j" r2j"%� �1

?2
 ��8- C�Y0�'T #�� �2j[� Z2jF �� :/��j,�Z�j�� �-
��$� #��kMnO �2[� Z2F ��Y�j.' .jO�Y0�' 7j� Uj
'�

I=O %//@0 �" �H�� ��,-�. #<2j� p�j�9 J� �j.' .7j�
<' �O��?2
 C�Y0�'��� � :/��,�T #����$� #��kMnO ��

:jj� �jj�$ `ajj-�jj.' .�jjO�Y0�' #��7jj��� �jj1 �
;%,�+ |2� �7X #�fcm ���f��� �j� J� 7j)�� �j" r2j"%�

 �j�8- C�Y0�'Mn-O ;�2j" <�j	 #���'Qj+ �j" p�j�9 �j1
7),�� #��,-�. .7�#����
�'< ���1 C�Y0�' M-

O;%,�+ �� '� #�7X |2��fcm B��fk�� �� ?���7�� .7�
?�/�1' ��}/  C�Y0�' ��� �� �j� ?��� '� ��$� 7j��

�
�=jj.�%  �� �jj1#<2jj� � �jjHY=� #�jj� �jj� 7jj
7 �� J��2jjO .
m�n�'%. %-V 7�%*����?2
 �1%9 #�j�Mn �j.' .Uj� 

�56 ?7O7���" �� �� %j50 ?�j
 I=jO %j//@0 �" r2"%� T�" #��
 �.']��.[

�j�28� �� ?�j�'� Gj/FLaMn1-xZnxO3)�/���x =(��
,�+;%7���" ##�fcm \��f��� I=O ���;�'� ?�j�� G�'

�.' ;7O .��28� ?��'� G/F ��LM��56 ��7j9 �� 7j)5" �
��
��� )asυ(��fcm kB� )sυ(;7jj
� �jj� �2jjO p�jj.'%" �jj1

C�'(+ ��]����Bf�k[��� '� ��7� U
' ?2j�2	 �j" ?'20 #�j�
#<2� <�	 �'� �H�� J�.�j�28� ?�j�'� G/F ��LMZ:0.1 �7j�

 ?���,� ���1)sυ(��79 ���fcm kB� �'%j6��'� .�� 7j� ��
7���" #�j��fcm B�� �)δ(B�� �j56 �j"�fcm kB� Wj/1%0 

�jj�Djj1 7jj� � 7�2jjO �+7jjO)τ(7��jj�" ���fcm ��� %��jj~

�� �2O]�kf��.[���j���$ �j"Zn ;�j*
�$ ��Mn M��j1 �
�56 47O � 7���" �()*)� ��5l �j� M
'(	' ?��'� #�� j"�
7.<'

�56 47O %//@0�� ?��'� #�� �2jS9 �j1 �j	%+ �jn/,� ?'2j0
+�Zn ��� R
�(� ��$�kMnO D1 WH. ��	' �[Ne �+7O

�� ?V�2O .�/Y62� �� %//@0 �56 ?��'� #�� �" r2"%�C�Y0�'-
#�� �j��1Mn-O �Mn-O-Mn ^H0%j� %j//@0 �j1 �j.'

#<2� <�	 <' ��,-�. O2*,.'� �" J� ��j� �j/$20 '� 7j)1]��f
�� .[U� �56 �+7O �.' U=8� ���1 #<' �O�� I=O %//@0

?�jj��1�� �jj��1 C�jjY0�' ��–O)Zn(Mn C�jjY0�' �#�jj� 
���1Mn(Zn)-O ��� �� ��$�kMn(Zn)O 7O�" ]��.[

�j�28� J%j.�%	 G/F #�j�LaMn1-xZnxO3)�B/���/�
��B/���x =(;%,�+ �� 7���" ##�fcm ����f��� I=O ��

���� i�.' ;7O ;�'� ?.�j�28� iQ$ �56 R
LM ���fcm 
k�� ]��[�j��1 C�jY0�' 7� �" r2"%���js���

(5	f?�/�1')Mn-O ( �.' �
�=.�%  ��,-�.]�\.[?2
 #�j�
 I8X ;7))1 q
<20 I��X ?'2)X �" 4'%,/. ;�%j1 ��jF (,)j.

��28� ��� Z%,)1 �"-'2)=
 ]X�" 4'�3 7O� I=jO � ;<'7�' �� �,
�� 4'�32��� 2O�7.�56 #;7
� �� ;7O�fcm �k�� ;7)�7��j��

 ?���,� M�1OH <'%,/. 7/.' ;�%+
RCOOH �j1 �j.'
�� 7�'207�2/  7/.' R
%,/. 7j)1 7j/
�0 '� 4'�32��j� ��. �"

]�����.[
I=O���
� %
��s0D
�,� U/)}8� � �.�)O G/F�n). 

#20%  #L%�' �+7)1'% x(EDS) ��28� �� 
LaMn1-xZnxO3)�/���x =(�� ?��� '�7�� .,�
�����28�

�LaMnO �,-'2)=
 q
<20 I��O <' �.' #�%1 �H
%�0 4'�3
 ������$ �" �1Zn�� ��n
' (/� �[�. I�5�0 ��2O .�'7��

 ;<'7�' q
<20 :.� <' ;��N,.' �" ;7�V �.7" 4'�32��� U/*��/�
20 q"�0 �" C<'%" � 4'�38,
��*� q
<�f�� Z��%�%�%
2s0

;�'� �.' ;7O .��(" %
���� U
' �.� �" h�25" ;<'7�' <' %0
;�'� <' ;7�V 20%  C'%  #��X��"'� ��%O7),�� ?��� �1

�� 7�� �1�.' ;7O I/=�0 h�25" 7)A <' ;�3 %� .p�.'%"
;7�V �.� �" D
�,� �M
'(	' �" 4'�3 ;<'7�' � h�25" ;<'7�'

�����$ �+�Zn 7"�
 �� M��1 .T�
I�7Y,�#'%"#M��1 
;<'7�' 4'�3 ��?'20  /���)� �%1b�����4��N0 <
��"/U
z�YO#�� 
�2�+�Zn )Å��B/�=krCN: ( �+�Mn )ÅkB/�

=krCN: (]X�" '
��n M)0 ������ ���
���=HO LM ��-
�2O �1<'7O� "/%,� 4'�3 +25$/%#��7)1 .�m�� <'�n�V �1



��� �56 �#2��;�'< ?'%
' �.�)O ���1 � �.�)O�25" �5n� 

 /7�2 Zn-O 26#0%<' /7�2 Mn-O �.' )��%,=�'�����= Zn 
<' %,�/" �81Mn �.'(��$
(*
)�
?2l/F�)@�%/��+�Zn 

�"�$#+�Mn ��LM %n)� �"M��1 ��5l #���n/�0 
�1'/?��n/,� �� ��1%9 %,81���V "/U4'�3 ;7O �1U
'

W$2� M��1 ;<'7�' 4'�3 �"'(	'
M������$+�Zn ���2O 
]��.[2.�m����
%.'/7./%,
R����28� ���"?'��H8" 4'�3 
��7�'20 �"=�0/I4'�32��� %,=A21 LM R81 7)1 ]��.[

I/5[0 D
�,�G/F #��EDS I=O �.'� �8. ���;���V 
�.' ;7O .�56 ^�	 �2S9 %e�)X �" r2"%� #��O�Zn �Mn 

�La U
' ��G/F U/)}8� � ����'2�8� ;�'�0 #�� �5/5[
EDS �80' 7e�� ��2� �� ���28� �� %e�)X U
' ��<� 7e�� ��
%*��/" �.' �
�)*)� :/��,�T 4'�32��� g	2� �-�..

�+�
� #�2� #�� 
#L%�' `�+(Eg) ��28� iQ$ �)[)� p�.'%" ��)A(?V�" � ��

 7O ���V%" h��0 ��"'� <' ;��N,.']�\:[
)w(

?V �� �1�?202	 #L%�')��� ?�%,=�' W�9%"(�W
%j�
 � iQ$B�.' �"�& R
 .n�j" %j"'%" :/�,j�� �'Qj+ #'%"��

�" %"'%" :/�,��%/l �'Q+ #'%"�/��.' .#L%j�' `�+ �1 �n�V <'
��28� #L%j�' `�j+ %
��j�� �7),j�� :/�,j�� M���  U
' #��

 �'�28� ��- M�" �"�/��%" <' �� ��28��2j[� �j"
7�V �.7" .I=O �� �1 ?�)A��j� ;7
� `�j+ %
��j�� ��2jO

��28� #L%�' ������$ M
'(	' �" ��+�Zn �"#�$+�Mn j	' M
'(
��7"�
 .C�'(+ p�.'%" %//@0 ]X�" �N5,�� I
T� �U/�/  #��

�� #L%�' `�+ ;<'7�'7�2O :�f�4'�3 ;<'7j�'�fMj
TV �j�5l
]��[��f?�j
 #�2j5" I=jO %//@0f�%j50�f�j�/F�)@� :j��
]��[�Bf?�%,=�' ���*Af�;%N9kf:j0' ����=��%,=�' `a,-'

 ������$]�B[��f%,=�' �'7Y0 %&' �j���Y� �
�  %" M��.� #����
U
�,O%"fp2�(B-M) ��f7�2/  Z2F)�j��1 7j� z2� �.

����� %&' 7�2/  Z2F %" ��$�7��'Q+] (�B.[

I=O�%
��s0FESEM p�/�� �� ��nm B�� � ��D
�,� �EDS ��28� ��LaMn1-xZnxO3)�/���x =. (



75$��;��8O �����" ����� �" #�� ������$ %&' %" ()*)� #�$�+�
� #��(
�#��,-�.#�2� �. . .��� 

I=O��)[)��" �H����28� #'%" #��LaMn1-xZnxO3)�B/���/���B/���x =.( 

U
' �� �M���  �8� 4'�3 ;<'7�' ;<'7j�' %j//@0 I/�� 7�'20
7O�" #L%�' `�+�;<'7j�' �j" 4'�32��j� ;<'7�' '%
< �j1 �j�/� #'

7jj�� J� ��2jj,�'21 �
��7jj[� ;7jj
7 bUjj
' ��2jj� �� ;7jj
7 
'�32��� 4<' %,=A21���.' %H,Y� %,�2��� .p�j.'%" C�'(j+-

#�� �U/�/  �/	%~ �'2�LM Z�,/"�' <'p�O-��j1 ���j9 ��
 M��.� �'2� ?V Z�,/"�' <'d�Mn- �n/,� �� ��.' ;7O I/=�0
 #L%�' `�+LM Z�,/"�' U/" �� #�j�p��d��j� %j//@0 7j)1

]�Bf��.[Z�jj,/"�' U/jj" #�jj� d Z�jj,/"�' � (jj)*)� (jj5	 #�jj�
p�?�/jj�1' Ijj/�� �jj"�jj=
�(� :jj� � #L%jj�' ���jj=� �jjO2 

7
%H/��+7jjO �jj� J�7jj� .��%,=�' M
'(jj	'���jj�= ]jjX�" (jj5	
7
%H/� ?'(jj/� M
'(jj	' ?V �+7jjO ?�jj=� %jj//@0 �jj" ?�/jj�1' �

Z�,/"�'d(5	 Z�,/"��' �p�?�/�1' Rj
�(� #L%�' �� %j0 �j�-
�2O .7
%H/� 4�76�+7O �+�
� �'2j� Uj
' �=/��%,=�' #�� '�

�� Z%,)17)1 .��%,=�' �j1 �jn�V <' ���j�= Zn <' %,j�/" �j81
Mn �.'��8� ���,�' ���j���$ �1 ���Zn �j" #�j$Mn %j&' 

��'7)A%"7O�" �,O'� #�'2� `�+]�B.[Z�j9 %j� �"�M
'(j	'
� '� #L%�' `�+�?'20 �'2� %&' �"B-M ?�j
 I=O %//@0 �f%j50

 ������$ �" ;7O ;7����Zn �'� �H�� .�j1 �0�2je �� ��j.

 �1 ���� %0'%	 �s��� 79 <' M
TV"7�'2,���9 �8� I"�6 #��
,.� p% %0T�j" #L%�' �" ��%	 ��. �7)1 %  '� M��.� �'2� %
<

 I�,)�7O;�j� �j�28� Uj
' #L%j�' `�j+ M
'(	' ]X�" ��2jO
]�B.[

�+�
� #��#��(/��0�1202	 
�jj�'��' Ijj/,�)MO ( 2jj5" Ijj/,� �)MB (
'%jjO �� �jj�)- ^

)�pH= (;���#�� � 7),�� �'7
�  ��/�" �*���"<' �j81 �'7��
iV �� ���V��" �
 W
%�0 �j.' ��j. �j��V ?�%j1 ���]�k.[

pHI��X 8����.' 7��$ z'2�' �[�. iQ$ Z%,)1 �� .%j&'
pHiQ$ �� G5,�� #��ppm�� <'Z25[� #�j� �j"VMO �

MB ��28�LM �.�%"�1 7O I=jO �� D
�j,�Bj�'G?�j��
;�'� �.' ;7O .;<'7�' �" �j)[)� #%j/+ iQj$ #�j�UV-Vis �

U
%,�/" Z25[� �s��� iQ$#�� �"VMB �MO W/0%0 �"
 #��$2� Z2F ��k�� �B�� %,�2���;7
� 7jO .�Z�j9 %j� �j"

M/" Z2j5[� iQ$ U
%0 #�j� �j"VMB �MO �� Wj/0%0 �j"
�pH= ���/�pH= 7�V �.7" .

Z25[� W
%�0 #��MO �"�pH= �MB �"��/�pH= �"



��� �56 �#2��;�'< ?'%
' �.�)O ���1 � �.�)O�25" �5n� 

Gjj5,�� #���'7jj�� ?��(jj	'��������k�����B/����B/�
�5/� �
�  ��28� <' m%+LM %
< �j.�%" �j�%� �2j� M"�0 7jO .
?�)A I=O �� �1#�� BK � i;7
� ���'7�� M
'(	' �" �2O

 ��� W
%�0 ���28�MB �MO �� M
'(	'7"�
 .��,H�' �j$20 �"
)[)� �"��� iQ$ #�� U
'I=O����(/��0�1 �'7�� M
'(	' �" ��

#���'7�� �����j0k�j5/� `a,j-' m%j+ ��'7j)A ?'(j/� ��
Z25[� W
%�0#�� �"VMB �MO ;7
� Uj
' <' ��j.' ;7��

 ��k�j5/� �� ��(/��jj0�1 #'%j" i2j5�� �'7j�� ?'2jj)X �j" m%j+
M
��<V7O �,	%+ %�� �� #7Y" #��.

I=O#��k� G�' ��� W
%�0 �iD)�6�" ��5l �H��-
;7���Ct�/��' ��5l �"Co?��< 79'� �� (Z2j5[� #'%" #�j�
 �jj"VMB �MO �jj�28� ^jj.20 #�jj�LaMn1-xZnxO3)�B/�

��/���B/���x =(�� ?��� '�7�� .�8���28� #^
'%jO �� �j�
;7O �.�%" ?��=
7�' .�� �� �j*�� Z25[� �� �2$2� ��(/��0�1

 �j�< ;%,�+ �����j�/6� :j� �=
��j0 �� #' %j//@0 � ;7jO ;�<
 7jO ;7/n)j. 7/O�2- �2� M"�0 �2H� �� ��5l .�j" �j$20 �j"

 �j�' ��O'� ��2H6 I"�6 �%=58X �=
��0 �� W
%�0 7)
V%	 �I=O
��28� ?�j�� �2j- <' 7/O�2- �2� �2S9 �� '� #%,�" W
%�0 ��
7��'� .�
�=j.�%  �j/��Y	 �%j*
� ?�j/" �"LM ���j���$ ���

;�*
�$Mn ��� W
%�0 #'%" ?VMB �MO � Z�jY	 #%/��
�.' �2� #'%" W.�)�.

I=O#��k�'7j�� M
'(j	' �j" �j1 7)�� �� ?��� 4 � K
���j���$Zn �Ij�5�0 M
'(j	' � 4'�3 ;<'7j�' ?7jO RjA21 �

Z25[� W
%�0 �"V #��MB �MO �j� M
'(	' (/� �j" �7j"�
-
��28� �1 #�2FLMZ: 0.1 
��� �� �j�28� %
�j. �j" �� �j" �j�

�� W
%�0 �X%.7)1 .;7j
� #��,-�j. <�j	 �'Qj+ �Z�9 %� �"
 ��28� �� ;7OLMZ: 0.1 <�j	 �� ?�j�(8� �2jS9 Z�j8,9' �

#<2� �H�� ��28� U
' W
%�0 7e�� M
'(	' �" �O2*,.'� � J�
 ��28� �"LMZ: 0.15 �� R81 7)1]��.[Ij�5�,� ��,-�j.

 iQ$ Z2t�� i2- %&2� ��. �" M/j" Z2j=�2� %j0 �j�� #�j�
?�=� ��'�' �" � �.' M/" M)1'� #�� ;�<�j" �" M)1'� ?'(/� �%0

�� M
'(	' '� ;7j)
TV Z7� �� %� #'%" U
' � 7��MB �MO 
�.' ���e.

Z2=�2� iQ$ 7)
V%	 �. � �j�%� �2j� iQj$ ��j�� #�j�
 M)jj1'� �� �jj8�� Mjj�� ��jj" #<�jj.'7$ � Z�jj�,�' ��1�<�jj.

��(/��jj0�1202	 7jj��'� #]��.[�jj/��Y	 ��1�<�jj. h�� #'%jj"
 �j�� 4'�3 U/j" I��Y0 �#��(/��0�1202	MO �MB �2j� %j
<

 I=O �" �$20 �" 7/O�2-k7O �.�%" �.M)j1'� :,�/. ��
M/" �2� #L%�' �W
%�0 #'%" �j.' ���,j.V #L%j�' <' %0 .iQj$

 ��28� ^.20 M"�0LM ?�%j,=�' Rj
%[0 ]X�" �j� �j� �2jO .
�'%" ?�%,=�' �� � �,	� M��.� �'2� �" �/	%~ �'2� <' ;7O �,�/*

�� ��n
' ;%N9 �/	%~ �'2��2O .;%N9 �'2j� �� ;7jO 7/�20 #��
Z2=�2� �" #�2	 �/	%~ ;�%j+ ^j.20 �
 ;7O 7/�1' ��� #��-

�" �)Y
 ��[�. I/�1��7/� #��O�H�
fOH �j� iQj$-
Z�j=
�'� �j0 7�2O I/j�1��7/� #�j�)1 7j/�20 7j) .Uj
'

Z�=
�'� #���j�V �j�� %j//@0 � �j
(n0 Z2tj�� %,j�/"
 7),��]�k���.[?�%,=�'R
%[0 #�� �j" M��.� �'2� �� ;7O

�O�� M)1'� iQ$ ��(/��0�1202	 ��. �� ;7O iQ$ �0 7)��
 7/�1'%"' Z�=
�'�)(�%/+ I=O.

I=OB)G�'(%&'pH iQ$ %"MO �MB �)i(iQ$ %" ��(/��0�1202	 �'7�� %&' �)[)�MO �)K(MB ��28�LM .



75$��;��8O �����" ����� �" #�� ������$ %&' %" ()*)� #�$�+�
� #��(
�#��,-�.#�2� �. . .��� 

I=Ok)G�' (�)i(�)[)� �W
%�0 #��)K(�)4(�)[)� W
%�0 7e�� #��Z25[�#�� "V�MB �MO ��28� #��LaMn1-xZnxO3)�B/�
��/���B/���x =(�)�(;�'29%F %�0 #'%" #���)�/  ��1�<�. <' #' � #��(/��0�1202	 W
)|(�-%A ��28� `%s� #LMZ: 0.1 �� W
%�0 ��

 ���MB �MO .

%j�� <' ����(/��0�1202	 ;��"�� ;��N,.' �/5"�6 � #�'7
�  �%=58X
 7),�� :�� �58X � #��s,6' #���%"��1]�k.[;��N,.' �/5"�6

��28� ;��"�� <' Ej  7j��$ �j�28� �j	�
<�" �j" ;7jO (,)j. #��

%�0Z2=�2� ��(/��0�1202	 W#��MB �MO �2j� M"�j0 %j
<

7O �.�%" ��%� .Rj
 �� ;7jO ;��N,j.' �
�=j.�%  4'�32��j�

 ;�*,.� �" �"V #�� Z25[� #��(/��0�1202	 W
%�0 I��1 �-%A
7�7O �	�
<�" #(
%+(1%�'%	 .��28� qj8$ ��" %� <' E  �� #��V

7�7O �,�O ;7O �
'�(�2
 iV W.�)� �'7�� �" .�"�j1 ��
'%O
 7j��$ �j�28� ��(/��j0�1202	 �j/��Y	 �j59%� %j� �� �7jO �,N+

7O �.�%" .I=Ok�� ?��� |�j� ;��j� Uj
' �j1 7j�� 7j�'20



��� �56 �#2��;�'< ?'%
' �.�)O ���1 � �.�)O�25" �5n� 

#'%" '� �2- #��(/��0�1202	 �/��Y	k7)1 �N9 M)1'� �-%A.

�O'�%" 
�
+����##��,-�.(
���2�#�#��(/��0�1202	 2���4'�3 

LaMn1-xZnxO3�0/�;7O �"C�� ./4'%,f�/4'%, .�%"�
7O .#��2*�'XRD ��28����� ��%*:,�/. R
 I/=�0

7),�� �s��-�� <�	 �2S9 ?�7" :/��,�T �
�)*)� �
�=.�%  .
?2
 �2S9 #��+�Zn �"#�$+�Mn D1 WH. �[Ne �+7O
��� ��	' ��$�kMnO ��<�	 <' #��,-�. �'Q+ �1 �2O

#<2� O2*,.'� �" J���� �/$20 '�7)1 .%
��s0SEM ��28� ��
 #�
2+ M
'(	' �" 4'�32��� ;<'7�' M��1 � I�5�0 ?'(/� M
'(	'

 ������$+�Zn �.' .�"�$ #��7� �'7Y0 M
'(	' � �
�$
��28� ?��'� G/F �� �O�Y0�' '� #��,-�. <�	 �'Q+ U
' ��

�� �/�207)�� .��28� #L%�' `�+ M
'(	' ������$ M
'(	' �" ��
+�Zn � '��?'20 �'2� %&' �"B-M ?�
 I=O %//@0 �f%50;7
� 

�'� �H�� ;7O .��28� W
%�0 7e�� M
'(	' M
'(	' �" ��
 ������$+�Zn �� '� #��,-�. <�	 �'Q+ �" ?'20;7
� � ;7O

 I�5�0 M
'(	'^"� �'� .

��'��76 

�;�*��'� �����  m%,[� ����Y� �
�89 <' ����� ?�+7)�
2
' m�n�' #'%" ?�@�'��� ��'��76 � %=�0 ��1 U
7)
�8�.

q$'%� 
[1] J. B.Goodenough, I. Kazeminezhad, “Colssal 
Magnetorestance in La1-xAxMnO3 Perovskites.”
Aust. J. Phys, (1999). 
[2] A. Gholizadeh, “The effects of A/B-site 
substitution on structural, redox and catalytic 
properties of lanthanum ferrite nanoparticles.”
Journal of Materials Research and Technology 8 
(2019) 457-466. 
[3] Mo, H., Nan, H., Lang, X., Liu, S., Qiao, L., 
Hu, X., & Tian, H. “Influence of calcium doping 
on performance of LaMnO3 
supercapacitors.” Ceramics International, 44 
(2018) 9733-9741. 
[4] Supelano, G. I., Barón-González, A. J., Santos, 
A. S., Ortíz, C., Gómez, J. A. M., & Vargas, C. A. 
P. “Effect of Mg addition on LaMnO3 ceramic 

system.” Journal of materials research and 
technology 7 (2018) 77-81. 
[5] Mefford, J. T., Hardin, W. G., Dai, S., 
Johnston, K. P., & Stevenson, K. J. “Anion charge 
storage through oxygen intercalation in LaMnO3

perovskite pseudocapacitor electrodes.” Nature 
materials, 13(2014) 726. 
[6] T. Raoofi, M.H. Ehsani, D. Sanavi khoshnood, 
“Investigation of particle size effect on structural 
and magnetic properties of La0.6Sr0.4MnO3

manganite”, Iranian Journal of Crystallography 
and Mineralogy 24 (2017) 691-702. 
[7] Ahmad Gholizadeh, “Structural and magnetic 
investigations of LaMn1-xCoxO3 (x = 0.00, 0.25, 
0.50, 0.75, 1.00) perovskite nano-particles”,
Iranian Journal of Crystallography and Mineralogy 
22 (2015) 599-606.  
[8] Sh. Abarashi, N. Tajabor, M. Rezaei, M. 
Behdani, “Synthesis of La0.7Ca0.3-x SrxMnO3 
nano-crystallites by mechanical activation and 
study their microstructure and magnetotransport 
properties”, Iranian Journal of Crystallography and 
Mineralogy  18 (2010) 301-312. 
[9] M. R. Alinejad, N. Tajabor, S. Masoomi, 
“Effect of substitution of cobalt on crystal structure 
and magnetoresistance of La0.75Sr0.2Mn1-
xCoxO3 compositions prepared by sol-gel 
technique”, Iranian Journal of Crystallography and 
Mineralogy 14 (2006) 413-430.  
[10] Tian, H., Lang, X., Nan, H., An, P., Zhang, 
W., Hu, X., & Zhang, J. “Nanosheet-assembled 
LaMnO3@ NiCo2O4 nanoarchitecture growth on 
Ni foam for high power density 
supercapacitors.” Electrochimica Acta. (2019) 318 
(2019) 651-659. 
[11] Shafi, P. M., Ganesh, V., & Bose, A. C. 
“LaMnO3/RGO/PANI Ternary Nanocomposites 
for Supercapacitor Electrode Application and 
Their Outstanding Performance in All-Solid-State 
Asymmetrical Device Design.” ACS Applied 
Energy Materials, 1 (2018) 2802-2812. 
[12] Huang, H., Liu, Q., Lu, B., Wang, X., & Hu, 
J. “LaMnO3-diamond composites as efficient 
oxygen reduction reaction catalyst for Zn-air 
battery.” Diamond and Related Materials 91 
(2019) 199-206. 



75$��;��8O �����" ����� �" #�� ������$ %&' %" ()*)� #�$�+�
� #��(
�#��,-�.#�2� �. . .��B 

[13] I. Alvarez-Serrano, C. Pico, and M. L. Veiga. 
“Structural characterization, electric and magnetic 
behaviour of Zn-doped manganites” Solid state 
sciences 6 (2004) 1321-1326. 
[14] S. Hu, L., Tong, W., Zhu, H., & Zhang, Y. 
“The effects of Jahn–Teller distortion changes on 
transport properties in LaMn1−xZnxO3.” Journal of 
Physics: Condensed Matter, 15 (2003) 2033. 
[15] E. A. S. Patra, G. Gogoi, R. K. Sahu, and M. 
Qureshi. "Modulating the electronic structure of 
lanthanum manganite by ruthenium doping for 
enhanced photocatalytic water oxidation." Physical 
Chemistry Chemical Physics 19, no. 19 (2017): 
12167-12174 
[16]  A. Arabi, M. Fazli, and M. H. Ehsani. 
"Synthesis and characterization of calcium-doped 
lanthanum manganite nanowires as a photocatalyst 
for degradation of methylene blue solution under 
visible light irradiation." Bulletin of Materials 
Science 41, no. 3 (2018): 77. 
[17] Esmaili L., Gholizadeh A., “Effect of 
temperature and concentration of bismuth nitrate 
mole on structural, magnetic and photocatalytic 
properties of bismuth ferrite”, Iranian Journal of 
Crystallography and Mineralogy 26 (2019)1013-
1026.
[18] A. Gholizadeh, and M. Beyranvand, 
“Structural, magnetic, elastic, and dielectric 
properties of Mg0.3−xBaxCu0.2Zn0.5Fe2O4

nanoparticles”, Physica B: Physics of Condensed 
Matter, 584 (2020) 412079. 
[19] Gholizadeh A., Tajabor N., “Influence of N2- 
and Ar-ambient annealing on the physical 
properties of SnO2:Co transparent conducting 
films”, Materials Science in Semiconductor 
Processing 13 (2010) 162. 
[20] Gong, F., Tong, W., Tan, S., & Zhang, Y. 
“Large effect of small Zn doping on the electric 
and magnetic properties in 
LaMn1−xZnxO3”.  Physical Review B, 68 (2003) 
174410.
[21] R.D. Shannon, “Revised effective ionic radii 
and systematic studies of interatomic distances in 
halides and chalcogenides”, Acta Crystallogr. A 
32 (1976) 751–767 
[22] M. Dokiya, O. Yamamoto, H. Tagawa, S.C. 
Singhal, “Proceedings of the fourth international 
symposium on SOLID OXIDE FUEL CELLS 

(SOFC-IV)”, THE ELECTROCHEMICAL 
SOCIETY,INC., (1995). 
[23] Dodiya, N., & Varshney, D. “Structural 
properties and Raman spectroscopy of 
rhombohedral La1−xNaxMnO3

(0.075≤x≤0.15). Journal of Molecular 
Structure 1031 (2013) 104-109. 
[24] Martín-Carrón, L., De Andres, A., Martínez-
Lope, M. J., Casais, M. T., & Alonso, J. A. 
“Raman phonons as a probe of disorder, 
fluctuations, and local structure in doped and 
undoped orthorhombic and rhombohedral 
manganites”. Physical Review B, 66 (2002) 
174303.
[25] Gnezdilov, V. P., Yeremenko, A. V., 
Pashkevich, Y. G., Lemmens, P., Güntherodt, G., 
Shiryaev, S. V, & Barilo, S. N. Phonon Raman 
scattering in LaMn1−xCoxO3 (x= 0, 0.2, 0.3, 0.4, 
and 1.0). Low Temperature Physics, 29 (2003) 
963-966. 
[26] Gao, F., Chen, J., Farhoudi, M. M., Wang, X. 
L., & Dou, S. X. “Structures, and far-infrared and 
Raman spectra of GdMn1−xCoxO3 (x=0–1.0).” Thin 
Solid Films 518 (2003) e24-e27. 
[27] De Marzi, G., Popović, Z. V., Cantarero, A., 
Dohčević-Mitrović, Z., Paunović, N., Bok, J., & 
Sapiña, F. “Effect of A-site and B-site substitution 
on the infrared reflectivity spectra of La1−yAy

Mn1−xBxO3 (A= Ba, Sr; B= Cu, Zn, Sc; 0 < y ≤ 0.3; 
0 ≤x ≤ 0.1) manganites.” Physical Review B 68 
(2003) 064302. 
[28] Van Minh, N., Kim, S. J., & Yang, I. S. 
“Effect of Ni on structure and Raman scattering of 
LaMn1− xNixO3+ δ.” Physica B: Condensed 
Matter, 327(2003) 208-210. 
[29] A. Ahmad, H. Bae, and I. Rhee. “Silica-
coated gadolinium-doped lanthanum strontium 
manganite nanoparticles for self-controlled 
hyperthermia applications.” AIP Advances 8 
(2018) 015108. 
[30] S. Farhadi, F. Mahmoudi, M. M. Amini, M. 
Dusek, and M. Jarosova. “Synthesis and 
characterization of a series of novel perovskite-
type LaMnO3/Keggin-type polyoxometalate hybrid 
nanomaterials for fast and selective removal of 
cationic dyes from aqueous solutions.” Dalton 
Transactions 46 (2017) 3252-3264. 



��k �56 �#2��;�'< ?'%
' �.�)O ���1 � �.�)O�25" �5n� 

[31] Z. Sihaib, F. Puleo, G. Pantaleo, V. La Parola, 
José Luis Valverde, Sonia Gil, Leonarda Francesca 
Liotta, and Anne Giroir-Fendler. “The Effect of 
Citric Acid Concentration on the Properties of 
LaMnO3 as a Catalyst for Hydrocarbon 
Oxidation.” Catalysts 9 (2019) 226. 
[32] N. Shamgani, A. Gholizadeh, “Structural, 
magnetic and elastic properties of Mn0.3-

xMgxCu0.2Zn0.5Fe3O4 nanoparticles”, Ceramics 
International 45 (2019) 239–246.  
[33] Thakur, P., Thakur, A., & Yadav, K. “Study of 
variation in the band gap with concentration of 
TiO2In (LaMnO3)1-x/ (TiO2x (where x= 0.0, 0.1, 
0.2, 0.3 and 0.4) nanocomposites.” AIP Publishing 
LLC. 1728 (2016) 020414. 
[34] T. Hamada, N., Sawada, H., & Terakura, K. 
“Electronic Band Structures of LaMO3 (M= Ti, V, 
Cr, Ni, Cu) in the Local Spin-Density 
Approximation In Spectroscopy of Mott Insulators 

and Correlated Metals.” Springer, Berlin, 
Heidelberg 119 (1995) 95-105. 
[35] Arima, T. H., & Tokura, Y. “Optical study of 
electronic structure in perovskite-type RMO3 (R= 
La, Y; M= Sc, Ti, V, Cr, Mn, Fe, Co, Ni, 
Cu).” Journal of the Physical Society of Japan, 64 
(1995) 2488-2501. 
[36] M. Satpathy, S., Popović, Z. S., & Vukajlović,
F. R. “Density�functional studies of the electronic 
structure of the perovskite oxides: 
La1−xCaxMnO3”, Journal of applied physics, 79 
(1996) 4555-4557.  
[37] Kumar, S. R., Abinaya, C. V., 
Amirthapandian, S., & Ponpandian, N. “Enhanced 
visible light photocatalytic activity of porous 
LaMnO3 sub-micron particles in the degradation 
of rose bengal.” Materials Research Bulletin 93 
(2017) 270-281. 


