
     ���� ���	
����قات  � ع�وم ��ند
ی �
ح   و   ��و �واد                                                                                                   ��� 1�  ���	
1 ���� �1401   1   �������	
 ��
�����
	��� ���
 ���� ����� ��
 ��� ��  �!	" ����� #$��������� ��
%����" &'(   %�) �*��+ ,-��1 /�0�1 ���2( �3�4*2   1  ���� ��	
� 
�
� � ������� ��� ������ �
����� � ��!	�"	 �#	
$	 ���%�	 �	#& �
'��	� �#	
$	 �(	� �)�* ������ 2  !	�"	 �#	
$	 ���%�	 �	#& �
'��	� �#	
$	 �(	� �,"��� ���� ��	
� 
�
� � ������� ��� ������ �
����� � ��   ��7+   -� ��
.��	 �-
� /
$ 0�- 1	
�	 ��-�* �* �
�
  /-��� �23
�� 4"	 -� 5%6	 .8�	 ��9 ��:	��� ;<=��.3
� /
$-
�:
�
�
� ���� 5%6	 � �>"��� ?	
: ������ 8�@ �A
� /
$ 0�- #	 �>" �����@ 
�
�- B�� /
$-
�:
�
�
� �"
�C�9 D<�E� /
$��*-
  -� ��
.��	 8 �6	
: #	 /-
�F* �>�"	 ���	
* �	
�
�
� ���� 5%6	 .�9
* �� 
��& ���� �>��
>���>�� /
$ ��G"� #	 �9
� 
��& #	 ��9 ��$
�� .�9
* 
��& �$�#
* !��*H
* 8�@ -� �C�� 8�
�$- ��	
� �� ��9
* ��
�# �#
* -� ��9 �I	-	 /
$ 0-	�� �23
�� 
* 	J3 /�%�� !�= #	 ��9J� �� K9
� #	 ��
.��	 ��A	 
* � �* /
$#
� ���� /
C�%� /
$ 0�- �L
( 0-	�� �  ����  8"
�� /
$ �"H #	 ��
.��	 � ���"H& !����	 ����
� �* �23
�� 4"	 ��>� .8�	 ����� -	�= -��� � �23
�� �-
� �8�	 ��9<* �>M9 N�
9 �>"��� ?	
: �* 5%6	 4"	 ��A
�- ?	
: �/-
 ���E" � /��� �O��� ��� 
���	 -� .�9
* �� /-
� ,�����>3 � �>"��>3	 �/-
�.8�	 ��9 �I	-	 ������ ����# 4"	 ���"& /	�* /#	��	 B�P   8���
� ����" : �4"
� /
$��*-
  ��>"��� ?	
: ����� 5%6	� 
�
 
$-
�:
�/ ;<= ��.3
�  93��! &4�3�%  :01/11/1400    93��! ��3>? :07/02/1401            A short review on surface modification of tin sulfide (SnS) nanostructures for novel applications  Mohsen Cheraghizade 1, Farid Jamali-Sheini *2 1 Advanced Surface Engineering and Nano Materials Research Center, Department of Electrical Engineering, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran 2 Advanced Surface Engineering and Nano Materials Research Center, Department of Physics, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran  Abstract In this short review study, the various methods used in surface modification of tin sulfide (SnS) nanostructures as novel applications are investigated. Surface modification is one of the effective methods for engineering the physical and chemical properties of semiconductor nanostructures for use in various applications. Surface modification of nanomaterials can be an important approach to increase their performance and efficiency due to the fact that many of the observed properties are due to their microscopic surface properties. Therefore, by studying the reports, the methods of cold plasma, inert and effective gases, using shell coating, adding dopants, and using the buffering layers that have been reported, are studied and reviewed. The focus of this study is on the effect of this modification on physical properties including crystal lattice, morphological, optical, electrical, and optoelectronic properties. Finally, conclusions and perspectives for the future of this field of research for surface modification of the SnS nanostructures are presented. Keywords: Novel applications; Physical properties; SnS nanostructures; Surface modification Received: 2022/01/21      Accepted: 2022/04/27                                                                                                                                                              * ���9 �3
C@ �"�� :S
TF� ���F"
�   ��
��: #	
$	 ��%�	 �	#& �
'��	� �#	
$	 �(	� �,"��� ���� ��	
� 
�
� � ������� ��� ������ �
����� � �� � �>�����>3	 8F�:  faridjamali2003@yahoo.com, faridjamali@iauahvaz.ac.ir    



  �� ����� ����� ��������������� ���������  �! "#$ %&'��� �����()������ *+�� ,-./ 0#(1� �                                                              2            1. #��B�    -	J� U
��� -� �	
� #	 ��
.��	 -���
�	 �
2*	 �* /  8�<*
= 
�
� � ��>��!&
$  V�	�� �* D<�E� /
$��*-
  -� 	- 
* .8�	 ��	� K"	��	 � �
M�*��8���
$���� �-
6 / -� �  S���  ��	
� B<W 
* XM��� /-�
���"�G�
$ /!&
$  �
2*	 -�  !& S
M�� �* � ��9 4>C� ��
>���>�� �"	-
  � �$�#
* ��9 N6
( /���*  S���  .8�	�"�G�
$ Y
'�$ �	
� /  (�9-) 8:
�B����"4  �* ������ � S���  -� -	�*	 4�"
� �
2*	 -� �	
� D<�E� ?	
: -� �\� �-
� 8�2L����9
* �
2*	 -� �3���  4��P �* �O�� �  �"
$��"&�� 	J3 . ��
>���>������
9  -	�= !	�'�$�G� �@
� �-
� -
�F* �������	 !
�� #	 .0�-
$ 4"	 -� ��
.��	 �-
� D<�E� / ���� 5%6	 �
��	-1 8�	 B�� -
�F* ] 	�"# #	 /-
�F*  #	 �9
� �	
� ?	
:�"�G�
$ ���� /!&
$  ��%W � ��
* � 	��*	 -� !
�	��� X��� 
* �	
� K� -��	 �4"	 �*�*6�-
  ��� #	 V3
^!&
$  �-
6������ ������ � S���  	J3 .  �	
� 4"	 �������	
� A_���  -� �C��8�� �*  !�-�&  #	 `
<�� ?	
:!&
$  -� �	
� ���� 5%6	 .�9
* ��9	� 4��- H
* �* �@
� 
* 
�
� U
���N*
=�\(%� 8MF�  �* ���  BO(����	
�  -
�F*A_����-	J��  ����Aa� �9
*]4-1[.  #	 ��
.��	 � �2�
� �f�����	
� 
�
� ��B
�
�- � NF� Y
  	- !& N"H� .8�	 ����� �* �- � g"	- -
�F* �#���	��!	
�  �
\(%�#"8F����� �^�� C��  8C�= �!�
*Y
C��9� �  � ��	�	��0�-
$ /��
��� NCW-�&/  �#���	 .8F�	� ...� ,�����>3	 
* XM��� ;"
�6 -� �<C@ #	 �	
� 4"	 /
$��*-
  !
hC$ /-
�S
<�
$ � /-
� /
$�'F( �/��9-
: / � !	�'�2�6 �@
� �-
� -
�F* 8F�3
�
 
�
� �	
� !
�$
'��	����9
*]8-5[;<= ��.3
� .2  �	
� 4"	 #	 �>" ��B
�
�-/  Y
� NF����9
*  V�
�� ��G"� 4�9	� 
* � 8�	 ����� -	�= �@
� �-
� -
�F* �"
�C�9 � �>"���      ]11-9[ !
� 
� .0�-$
 5%6	 � �
M�* 8�@ /��2�� /                                                                                                                                                           1 Superficial modification 2 Tin sulfide (SnS) 3 Cold plasma 4 Doping 5 Buffering layers  D<�E� ?	
:;<=�.�3
� /
$��*-
  -�  �-
� /��2��  8�	 ����� -	�= �@
�]13 ,12[ �
�
  /-��� �23
�� 4"	 -� .  �*0�-
$���� 5%6	 D<�E� / 
$-
�:
� 
�
�/ 3
��. ;<=� ����� -	�= ��-�* �-
� /�%�� �L
( !�= �n  4"	 .8�	0�-
$ ��� /
C�%� #	 ��
.��	 N�
93 /
$#
� ����"H& #	 ��
.��	 ����
� K9
� #	 ��
.��	 ��A	 
* � �*4  � H"�
$����  8"
�� /5 ���9
* 4"	 -� �<6	 �
'� � � �C� . �/-
<* �>M9 ��G"� N�
9 �>"��� ?	
: /-��� �23
�� /-
� ,�����>3	 � �>"��>3	 �/-
� ���E"-���9
* 4"	 .  #	 �  �
�<CW!&
$  ���* Y
� ���� 5%6	 !	
�W 
*���
9 � �"�G�
$ ��� �"
�C�9 � �>"��� /
$-
�:
� 
�
� / �.3
���  ���o� -
P� 	- ;<=� V@
� �-	
� V<^	 -� �  � ��� 
���	 -� .8�	 ��9 ��-
9	 �-
� ?	
: �
M�*����O���/  �B�P#	��	  ���� 5%6	
$-
�:
� 
�
�/ 3
��.* ;<=� 
 .8�	 ��9 �I	-	 /-
� ,�����>3	 /
$��*-
  �* ��>�  2. ����
 ���
 ���� ����� �	��� �
�����
� ��� ����	
  2 .1 ��2
�? )�  %���
� .%�
       H"�
$ 89
M�	 0�- ,C  
* ;<= ��.3
� p#
� /�"
�C�9���>3	6 !	-
>C$ � ��I	�: X�
�7  ��*-
  8�@ �*!	
�W K9
�
$�"�'*& /8  ��� 
* �L/9  � ��
�� �"H 8��� -	�= ���� 5%6	 �-
� ��� /
C�%� ��"&�� X�
�]14[ .!&
$  � /-
� ���E"- �/-
<* ?	
:`&��"�/ H"�p#
�  �-
� ���� 5%6	 #	 �2* � NM= 	- ;<= ��.3
� ��-�* � �23
�����	�-	�= g"
�� .8�� �*   �	� !
�� ���& � 
� �"H ���� 5%6	 �#	��	 ��� /
C�%� ,C  
* ;<= ��.3 p-
<*
$/10  B 	�� � K$
  	- ;<= ��.3
��=-� 
�
�
$/  N>9 �"H ��� /�- ���
" �9-1  K$
  	-���$� .  4"	 X�
�� �#	��	 �"
C�%� �
�<CW 4��hC$�=-� 
�
�
$ N>9 1 �  �9 tE�� 4"	 �* ��%W .8�	 ��	� K"	��	 	- 6 Electrodeposition  7 Khadayeir et al. 8 Hydrophobic coatings 9 Anti-bactrial 10 Crystallite size 



���2� *	#3 �4/��/ %5/� *�-�/ �/46 ��72�/� ��/�� ���� � 8�� *�%9�� :�#3 �� ;�<&<+� ��� 1�  ���	
1 ���� �1401;�+'. � 1 = 8                               3    8.@ �CW S
n ��� /
C�%� �
�<CWN�
(
$ �>"��>3	 /  K"	��	 	- /-
� ,"��� �A	 -� ��9 ��3
����$�.    N>9 1- ��*�- �����>3	 u
>���>�� �"
v�1 H"�
$ ;<= ��.3
� / ���� /
C�%� �
�<CW #	 �2* (`) � NM= (D3	)]14[.  `& ���= U
C� �"�	# KO�� K"
�#&2  N>92  �	� !
�� �"H ��� /�"�'*& 8�6
: ���� /
C�%� �
�<CW �  K"	��	 	- ;<= ��.3
����$�  � �-�*�
$  ���o� 	- !& 8<W  /-
<* � �"H ���� ?	
: -���
C�
$  !
������$� .  /�� 
* �L 8�6
:H"�
$ #	 �2* � NM= ;<= ��.3
� / ,C  
* �"
C�%� �
�<CW�� 
*/
$ /�
��	�U
 
 
< U
I-�	3  �9�9	�< 
�4  �23
�� �-
� g"
�� .8��� -	�= �* 8��  �L 8�3
2� ��� /
C�%� S
CW	 �  �	� !
�� ���& ���( 	- ;<= ��.3
� �"H /�� 
*5 * ����* �*	����� .    N>9 2-  � NM= (D3	) ;<= ��.3
� �"H `& ���= U
C� �"�	# �"
v� ���� /
C�%� �
�<CW #	 �2* (`)]14[.                                                                                                                                                            1 Scanning electron microscopy (SEM) 2 Water contact angle (WCA) 3 Staphylococcus aureus 4 Escherichia coli 5 Andrade-Arvizu et al. 2.2 .�
� %��  )�C )����D�  �-& ��	-��&"�� !	-
>C$ �5 A_���  
* ���� 5%6	  #
� ,C *��A	  ;<= ��.3
� p#
� �"H /�- �* 	- !
�-& -� `w
@ �"H !	
�W �* ��
.��	 /	�*S
<�
$ /��9-
: /  ���	� -	�= �23
�� �-
�]15[ .!&
$  �"H 
* 	- �23
�� 4"	  ��
��H"�
$ 0�- 
* -
<* x* ;<= ��.3
� p#
� /�	 S
��  -� -
E*��� �<6
�",6  ��9 S���  y%: �\.�� ," -�  N>9 .���	� Y
O�	3  ��*�- �����>3	 u
>���>�� �"
v�  4"	H"�
$  -� 	-
C��-�*�"
$ !
�� D<�E� /���$� 4"	 . !
�� �"�
v� ���$�  #
� ,C  
* ���� 5%6	*��A	 � 	- ��� -� ���
" �9- -
�:
� �#	��	 � K"	��	 	- ����>� K$
 ����$.  N>9 3-  -� ��*�- �����>3	 u
>���>�� �"
v�
C��-�*�"
$ /  ��� #	 D<�E�H"�
$ 
* (� � z) � !��* (` � D3	) ;<=��.3
� /!
�-& #
� K�� ]15[.    N>94 
� -	�
C�p7  4"	H"�
$  /{��	 4�CE� 8�@ 	-  !
�� /-
� ��
* |
>9���$� .!
C$-
n  !
�� N>9 4"	 � ���$� #
� ,C  
* ���� 5%6	 �*��A	  /{��	 !
�-&  /-
� ��
* |
>9H"�
$ .8�	 ��	� K"	��	 	- ;<=�.�3
� /  4"	 �* ��%W�#	��	���/ �vE��/
$  �	� !
�� �>"��>3	  �3
'P !
�-& #
� K�� � N�
(
$�>"��>3	 /8  8�<*
= � /�"J� p���9 !&
$  K$
  � K"	��	 V���� �* 	-���$�.  6 Close-spaced vapor transport (CSVT) 7 Tauc plot 8 Carrier concentration 9 Mobility 



  �� ����� ����� ��������������� ���������  �! "#$ %&'��� �����()������ *+�� ,-./ 0#(1� �                                                              4             N>9 4- 
� -	�
C� /-
� ��
* |
>9 /{��	 4�CE� 8�@ pH"�
$ /  ��-�* /	�* ;<=�.�3
� p#
�A_���  !
�-& #
� K��]15[.  2 .3�D� �� )�C )�  %���
� .        -��23
��	 �'"� /��S
 
F 
F��F� !	-
>C$ �1 A_��� !{�-��$ ��.3
� �A	 
* #
� ,C  
* ���� 5%6	2  �* 	-  �>"��� ?	
: /�-H"�p#
�  �* ��
.��	 8�@ ;<=�.�3
�  -� `w
@ �"H !	
�WS
<�
$ ��-�* �-
� 	- /��9-
: /  ���	� -	�=]16[ .!&
$  !��*) D<�E� X"	�9 -� 	- ��
C� ��  K�� #
� K�� 
* �#
�*��A	  �A	 
* #
� K�� 
* � !{����� .3
��� $�!{�-� �"H 0�- ,C  
* ��9 S���  X"	�9 -� ( �C�	 ��
��3  �23
�� �-
� � ��
�& N>9 .���	� -	�=5  �"
v�  ��*�- �����>3	 u
>���>����
C�
$  !
�� 	-���$� . !
C$��
�  ��$
�� � ���
9 #
� ,C  
* ���� 5%6	 .3
��� $�!{�-�  ��
C� 89-� 	- B<�� ��� /
$-
�:
� 4"	 �* ��%W .8�	�#	��	���/ �"�G�
$ �>"��>3	 /H"�
$  S��@ -� � 1  !
�� 8�	 ���&���$�  #
� K�� � .3
��� $�!{�-�  ���� 8��
��H"�
$�.3
� / K$
  	- ;<=��� �$� . �3
'PN�
(
$ /�"J� p��� 8�<*
= � �>"��>3	 / !&
$  #
� X�
� ���� 5%6	 
*.3
��� $�!{�-� � �* V���  � K"	��	K$
 "���
  �3
'P K"	��	 .8�	N�
(
$ /  �>"��>3	����	
� -
.3
� �3
: /
$
@ K$
  
* XM���4  -�  #
� K�� 
* ;<= ��.3
� /-
<* �>M9.3
��� $��!{�-  .�9
*                                                                                                                                                           1 Sinsermsuksakul et al. 2 H2S 3 Atomic layer deposition (ALD) 4 Sulfur vacancy (Sv) 5 Donor levels 6 Trap sites 7 Hole -
.3
� �3
: /
$
@  � �����	
� ���$� 5
�� �
O"	5  -�  ;<= ��.3
� �>�����>3	 ��
* -
�:
���
C�"�� ������	
� �*!	
�W  � 	���<�	/6  /#	��	 Y	� �* 8�@N�
(
$ 8"�} 	 / ��.()7.���  /#
* K�� (  -
.3
� �3
: /
$
@ 4"	 �* ��%W �CW S
n8 N�
(
$!���>3	) 8�<=	 /9 K$
  	- (����$�  �  8 �9 S
C�(	!&
$  K$
  	- �>"��>3	 !
"�@ -�����$� .  K$
  	J3!&
$ ����	
�  4��2� N�
W���� 	 �
M�* -� /  �>"��>3	 ?	
:H"�
$.�9
* ��9	� ;<=�.�3
� /  S��@ 1-  �>"��>3	 ��G"�H"�
$ ��-�* 8�@ ;<= ��.3
� p#
� / A_���  �A	 
* #
� K��.3
��� ��!{��� ]16[.    N>9 5-  ��� #	 ��*�- �����>3	 u
>���>�� �"
v�H"�
$/ ��.3
� ;<=)) � !{����� (`) #
� K�� 
* � #
� K�� !��* (D3	z ( .3
��$��!{�-� ]16[.  2 .4#�
	? F1	? )�  %���
� .       !	-
>C$ � ~�P10  K9
� #	.3
��� �-/11  /�- �* �
�� ��
��	
 12  5%6	 8�@ ���
� !	
�W �* ;<= ��.3
�  ����!&  8����F$ /
$-
�:
� !	
�W-���
�13  ��
.��	  ���� ]17[ ���� 5%6	 4"	 .A_���  N*
=�\(%�	 �* /  /-
� ?	
: /�-!&
$ � !
�� N>9 .�	6  � �*J@ D�n 
� -	�
C� !
�� 	- ��
C� 4"	 p���$���F$ /
$-
�:
� .-  -� ���
�8\<^
$ � ;<=�.�3
� #	 �.<�E� /.3
��� �-/ 8 Carrier lifetime 9 Electron 10 Cheng et al. 11 Zinc sulfide (ZnS) 12 Quantum dots (QDs) 13 Core-Shell 



���2� *	#3 �4/��/ %5/� *�-�/ �/46 ��72�/� ��/�� ���� � 8�� *�%9�� :�#3 �� ;�<&<+� ��� 1�  ���	
1 ���� �1401;�+'. � 1 = 8                               5    g"
�� .������ -	�= �23
�� �-
� � ��
�&8�� �* ���& �� !
 �.3
� K9
� !����	 �  ���	��  �
�� `J@ �"
�	
� /�- K"	��	 	- ;<= ��.3
� ��
��	
 ���$� 4"	 �* ��%W .  ���
� !����	.3
��� �-/ 
��	
  �
�� ��
* |
>9 /{��	��  K$
  	- ;<= ��.3
����$�.    N>9 6-  /-
� ?	
: �23
�� 8�@ p
I
� -	�
C� � `J@ D�n��F$ /
$-
�:
�-;<= ��.3
� ���
�- -� /�- ��.3
�8\<^$
 /  D<�E�]17[.   �#	��	���/  8�<*
= 
�*
� -
��1 ��
C�
$  -� N>97  !
�� ��� 
* ;<= ��.3
� ��
��	
  �
�� ���� 5%6	 4"	 �  �	�� ,C  ���
.3
��� �-/  D�n ��9 
�*
� -
�� &!
$  	-  K"	��	���$� .����
$ ,C  
* ��� /�'"� ��$�G� / ���
�
$���
C$ �" ��.3
� � 4>�<����F 	 * B"��"	 5%6	 �  ����
$-
�:
� 
�
� ���:	��� ;<= ��.3
� /]19 ,18[.     N>9 7-  D�n 
�*
� -
�� ��F$ /
$-
�:
�-;<= ��.3
� ���
�-  -� /�- ��.3
�8\<^
$/-
� ?	
: �23
�� 8�@ D<�E� / ]17[.                                                                                                                                                              1 Photoluminescence (PL) 2 .5 �03HI )�  %���
� .   !����	H&"���
$ �'"� #	 �>" D<�E� /0�-
$ g"	- /  -� ���� 5%6	�	
� 
�
� ���9
* � ���9 �3
C@ . !	-
>C$2  �* B��<� ���"H& !����	 
*H"�
$ � p#
� /�
� 
 -
�:
�  �23
�� �* ;<= ��.3
�A_��� "��� ?	
: �* !& #	 �>  �<C@�"�G�
$ ���� /H"�
$  ���:	���]20[ 4"	 .H"�
$  89
M�	 0�- ,C  
* Y
��<� #	 D<�E� 8\<^ �� -� K"H& !��* ��
C� 
* � ��9 ��	� �9- �"
�C�9���>3	 0	�� /
$
'3	 .���9 �F"
�� (;@��)	
���"x> C$ /	�* �  	- ;<= ��.3
� -
<* x* ,�M��-
�-�	 #
� N�>�� ��
C��I
�� �<� ���"H& !����	 .���� Y
�  ���� 8E"-H"�
$ )>9 N 8(  X�
�� ��= 
�	 �8�	 ��	�� ���o� 	-!&
$  8\<^ �� -� 	-  8\<^ -� � K"	��	 S�	*����� .8�	 ��	� K$
     N>9 8-  ��*�- �����>3	 u
>���>�� �"
v�H"�
$��.3
� /  ;<=  
* �F"
�� -� (D3	 t3
:��
C�
$ -� Y
��<� 
* ���"H& /8\<^
$/ ` D<�E� (z ����C  8\<^ ( � X�
�� 8\<^(� <^\ �����* 8]20[.   N>99  4"	 �*J@ D�n D3	H"�
$  !
�� 	-���$� . !
C$-
n �   !	��� B��<� ���"H& !����	 8�	 tE�� .8�	 ��	� K"	��	 	- `J@�*-
n/�   4"����* 
* ��
C� ̀ J@ ��9 4"����* /	-	� ���"H& #	 8\<^���9
* N>9 . 9 `  K*
� �* ��
� -� 	- ��
C� /-
� �$� !
"�@ ��� `�
���) !
�# -
� �*�!� U
"
* S
CW	 !
�� (���$� 4"	 . � ��3
� 8�<*
= B��<� ���"H& �  8�	 4"	 ���$� !
�� -	�
C�F"
�� -� 	- /-
� !
"�@  ��	� K"	��	 t3
: ��
C� 
* *.8�	 �>�"	 �* �@
� 
!
�
�
$  �"H ��� f"�n #	 `J@��9  �N�
(
$ ��3
� �>"��>3	 /�����  5%6	 � �"�G�
$ ���� /H"�
$ ���"H& X�
� ;<= ��.3
� /2 Jamali-Sheini et al. 



  �� ����� ����� ��������������� ���������  �! "#$ %&'��� �����()������ *+�� ,-./ 0#(1� �                                                              6             Y
��<�����	
�  /-
� �$� !
"�@ �
M�* 4"	 -� �C�� K��  .�9
* ��9	�H&"���
$ ?	
: 5%6	 8�@ ��� �'"� /  ����
$-
�:
� 
�
�/  �'"� X�
� ��� ;<= ��.3
� ����
$ ��$�G� /0-	��  8�	 ��9]24-21[.     N>9 9-  /-
� �$� !
"�@ (` � �*J@ D�n (D3	H"�
$ ��.3
� / ) ;<=Se0 �t3
: ��
C� :Se1 ����C  8\<^ 
* ���"H& ��
C� :Se2 :  � X�
�� 8\<^ 
* ���"H& ��
C�Se3�����* 8�<^ 
* ���"H& ��
C� :( ]20[.   2 .6 )�  %���
� .H3#�
 �	B!3& �00"   ,C  
* !	-
>C$ � ���9 �3
C@H"�
$ %n ����  8"
�� / ���� ?	
: 5%6	 � ��-�* �* ���� �H"�
$�.3
� / � �"
�C�9 ��-	�( ��EM� 0�- X�
� �  ;<=1  ��9 ��
�� �"H  ���:	��� ����
*]25[ .H"�
$ ��F* /�- �* -
 J� /9���	 / #
� K�� 
* � ��9 S���  y%: 8�� ���	 �-
  ," -�!
�-&  N>9 .���9 ��	� �9-10 ���>�� �"
v� u
>  4"	 ��*�- �����>3	H"�
$  �"H !��* ��
C� 
* �F"
�� -� 	-  !
�� ����  8"
�����$�. �  8�	 4"	 �'�
�* �"�
v� 4"	 H"�
$ 
�
� B 	�� ���� � %n ����  8"
�� /�=-�
$� / N�>�  ��� /�- �* ��9H"�
$  8�
EL � K"	��	 	-!&
$  	-  K$
 ����$� 8E"- -� ���o� 4"	 . ����H"�
$ ����	
�  �"	-
  � ��	� K"	��	 	- ��� �(	� -� !
�
� ̀ J@ �"
�	
�                                                                                                                                                           1 Chemical vapor deposition (CVD)  /-
� ,�����>3	!&
$  4"	 ,C  
* .�$� K"	��	 	-H"�
$  -	�= �*
" �vE�� �-
� � ��9 ��:
� /��9-
: S
<�8���.     N>9 10-  ;<= ��.3
� �"H ��*�- �����>3	 u
>���>�� �"
v� 
* � ����  8"
�� �"H !��* (D3	H"�
$ (z � ���� (` ����  8"
�� /  %n]25[.   N>911  /	�* 	- /��9-
: S
<� �����!&
$  !
���� �$� !
�� 
$-	�
C� 4"	 .����$�  � H"�
$ ����  8"
�� /  /��9-
: S
<� �"	-
  ���� � %nH"�
$- ;<= ��.3
� / 	 K"	��	 ����$� ����  8"
�� �"H 
* ��
C� -� K"	��	 4"	 .  -	��� -� ����*����� %97/0  �"
� 
* �F"
�� -���
C�
$  �
:  !
�� 	-���$� ,C  
* ��� �"H �>"��>3	 ?	
: .vE�� � �*
" �
�-�>�
92 �#	��	���/  4"	 �  �9 tE�� � �"�G�
$  !����	 
* ���H"�
$ ���� � %n ����  8"
�� /  �
M�*��"��*
.   2 Mott-Schottky 



���2� *	#3 �4/��/ %5/� *�-�/ �/46 ��72�/� ��/�� ���� � 8�� *�%9�� :�#3 �� ;�<&<+� ��� 1�  ���	
1 ���� �1401;�+'. � 1 = 8                               7     N>9 11:  !��* � 
* ;<= ��.3
� �"H /��9-
: S
<� �����H"�
$ /  ���� � %n ����  8"
�� ��9-
: -
� �-	��
��	 K*
� 8��]25[.  3. ���#KC���  �LM+)����  0-	��
$ !
�� �L
( �23
�� -� ��9 -��� /����$�  �  ���� 5%6	
$-
�:
� 
�
�/  #	 ��
.��	 
* ;<= ��.3
� 0�-
$ /
$#
� K�� ���� /
C�%� !
hC$ �"*��A	  
* �  #	 ��
.��	 ��A	K9
�
$ 4��hC$ � ���"H& !����	 ����
� /  #	 ��
.��	H"�
$ /
��"8����  = ���o� ����� � %n ���
� N*
  .�-	� �>"��� ?	
: -� /-	�
�2� � �@
��*-
n  4"	 ?
: K"	��	 	- -
� N�F� � `J@ 8�6
: ���� 5%6	�� �$� 8��
�� ���.6	K$
  	- /  �3
'P �N�
(
$ /  K"	��	 	- �>"��>3	���$� � N2� #	 �9
� �	���o� 4"	 . 
�C�9 � �>"��� �H
2.�	 ���� 5%6	 #	 �9
� �"�� �9
* �* �@
� 
* .A_���  -� � ���
� 4��hC$ � �\(%� N*
=  !�
* U����0�-
$ /	�* ���� 5%6	 / 
�
� 
$-
�:
�/  �;<= ��.3
���!	
�  !
hC$ �'"� /
$��"&��  �
�<CW ��
.��	K*
�$��  ���
C$ D<�E� /
$
��� 
* /-
�  � K.�*	��!��
����= #	 ��
.��	 �H"�
$� ���2� ��
" /  �
�<CW ����2���^�-	�(�  	- ... � Y�� /
C�%� �����  /	�*K$�G�
$.��  �
����� ���"& / ���NO
�P
    ��%�	 �	#& �
'��	� #	 �
: �>�� � ��	�-�= V�	�� !
���F"
� � ������� ��� ������ �
����� � �� 4��hC$ � #	
$	 �(	��	
� 
�
� �	� 8"
C( � ��
M���� -� #	
$	 �(	� ��%�	 �	#& �
'�  Y%W	 	-����-	�.  �(���
 ]1[     
���
3& �	-w 
�
� ���� 5%6	 �A	 ��-�* �����	 .- ��C��- .Y ,���	 N��"� 4"#- �>��
>� �>"��� ?	
: �* !%�� N��"� 
*W Y
< ~�- /-�
�� � �10 )1395 (233-246.  ]2[  ��A
� ��-�* �/#-�
� .� ��><� .| ��	G��o6	 .S ��O'�	 �*	�� .Y �	-w
�
� ���� 5%6	2TiO  8"#
��
 
�
� ?	
: /�- �* 2UP/TiO ��	
�
�
� �3 )2011 (1-7.  [3]    C.R. Vandenabeele, S. Lucas, Technological challenges and progress in nanomaterials plasma surface modification – A review, Materials Science and Engineering: R: Reports, 139 (2020) 100521. [4]    C. geor malar, M. Seenuvasan, K.S. Kumar, A. Kumar, R. Parthiban, Review on surface modification of nanocarriers to overcome diffusion limitations: An enzyme immobilization aspect, Biochemical Engineering Journal, 158 (2020) 107574. [5]   M. Cheraghizade, F. Jamali-Sheini, P. Shabani, Annealing temperature of nanostructured SnS on the role of the absorber layer, Materials Science in Semiconductor Processing, 90 (2019) 120. [6]   D.G. Moon, S. Rehan, D.H. Yeon, S.M. Lee, S.J. Park, S. Ahn, Y.S. Cho, A review on binary metal sulfide heterojunction solar cells, Solar Energy Materials and Solar Cells, 200 (2019) 109963. [7] T. Lange, S. Reichenberger, S. Ristig, M. Rohe, J. Strunk, S. Barcikowski, R. Schlögl, Zinc sulfide for photocatalysis: White angel or black sheep?, Progress in Materials Science, 124 (2022) 100865. [8]   M. Mohl, A.-R. Rautio, G.A. Asres, M. Wasala, P.D. Patil, S. Talapatra, K. Kordas, 2D Tungsten Chalcogenides: Synthesis, Properties and Applications, Advanced Materials Interfaces, n/a (2020) 20000. [9] ]٩[   M. Cheraghizade, F. Jamali-Sheini, Photovoltaic behavior of SnS solar cells under temperature variations, Optik, 254 (2022) 168635. [10]   R.E. Banai, M.W. Horn, J.R.S. Brownson, A review of tin (II) monosulfide and its potential as a photovoltaic absorber, Solar Energy Materials and Solar Cells, 150 (2016) 112-129. [11]    N. Koteeswara Reddy, M. Devika, E.S.R. Gopal, Review on Tin (II) Sulfide (SnS) Material: Synthesis, Properties, and Applications, Critical Reviews in Solid State and Materials Sciences, 40 (2015) 359-398. ]12[  �;<= ��.3
� ����9 �3
C@ .|
$��*-
  � �"
� ?	
:� � �-
  �
9
C�1398.  [13]   J.A. Andrade-Arvizu, M. Courel-Piedrahita, O. Vigil-Galán, SnS-based thin film solar cells: perspectives over the last 25 years, Journal of Materials Science: Materials in Electronics, 26 (2015) 4541-4556. [14]   A.A. Khadayeir, F.A. Najim, A.H. Wanas, Modification in morphological, structural, photoluminescence and antibacterial properties of SnS and CdS thin films by cold plasma treatment, Chalcogenide Letters, 18 (2021). [15]    J. Andrade-Arvizu, M. Courel, M. García-Sánchez, R. González, D. Jimenez, I. Becerril-Romero, A. Ramirez, O. Vigil-Galán, Argon vs. air atmosphere in close spaced vapor transport deposited tin sulfide thin films, Solar Energy, 208  (2020) 335. [16]    P. Sinsermsuksakul, L. Sun, W. Lee Sang, H. Park Helen, B. Kim Sang, C. Yang, G. Gordon Roy, Overcoming Efficiency 



  �� ����� ����� ��������������� ���������  �! "#$ %&'��� �����()������ *+�� ,-./ 0#(1� �                                                              8            Limitations of SnS‐Based Solar Cells, Advanced Energy Materials, 4 (2014) 1400496. [17] H.-Y. Cheng, O. Acar, W.Y. Shih ,W.-H. Shih, Enhancing the photoluminescence of SnS quantum dots by ZnS treatment, Chemical Physics Letters, 754 (2020) 137696. [18]    W. Yang, J. Liu, X. Lai, Z. Zhang, B. Du, J. Wu, J. Jian, Self-confined vapour-liquid-solid growth of SnS/SiOx core/shell nanowires, Journal of Crystal Growth, 548 (2020) 125839. [19]    C. Prastani, M. Nanu, D. Nanu, R.E.I. Schropp, J.K. Rath, Synthesis of SnS/In2S3 core–shell nanoparticles, Chemical Physics Letters, 612 (2014) 306. [20]    F. Jamali‐Sheini, F. Niknia, M. Cheraghizade, R. Yousefi, R. Mahmoudian Mohammad, Broad Spectral Response of Se‐Doped SnS Nanorods Synthesized through Electrodeposition, ChemElectroChem, 4 (2017) 1478. [21] S. Lavanya, T.R. Kumar, A.V. Juliet, J. Hakami, I.M. Ashraf, M. Shkir, Noticeable photo-sensing properties of SnS:Cu thin films fabricated by thermal evaporation technique, Solid State Sciences, 128 (2022) 106889.                        [22]   X. Guo, Y. Wang, A. Elbourne, A. Mazumder, C.K. Nguyen, V. Krishnamurthi, J. Yu, P.C. Sherrell, T. Daeneke, S. Walia, Y. Li, A. Zavabeti, Doped 2D SnS materials derived from liquid metal-solution for tunable optoelectronic devices, Nanoscale, 14 (2022) 6802. [23] J.F. Serrano-Claumarchirant, A.M. Igual-Muñoz, M. Culebras, M.N. Collins, A. Cantarero, C.M. Gómez, Electrochemical Synthesis of Hybrid Layered Thermoelectric Materials Based on PEDOT/SnS Doped with Ag, Advanced Materials Interfaces, 8 (2021) 2100951. [24]   S.L. Mousavi, F. Jamali-Sheini, M. Sabaeian, R. Yousefi, Correlation of Physical Features and the Photovoltaic Performance of P3HT:PCBM Solar Cells by Cu-Doped SnS Nanoparticles, The Journal of Physical Chemistry C, 125 (2021) 15841. [25]   F. Jamali-Sheini, M. Cheraghizade, R. Yousefi, SnS nanosheet films deposited via thermal evaporation: The effects of buffer layers on photovoltaic performance, Solar Energy Materials and Solar Cells, 154 (2016) 49.      


