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���� :�����  �?����%?$� 423 : a.aezami@gmail.com First principle calculations to determine enthalpy and the effect of pressure on electronic, electrical and magnetic properties of MoS2 compound  ,1 * Azadeh Aezami, 1 Karim Menahisar sI 1romeileh Mohammad Moarrefi 1 Department of Physics, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran. Abstract In this research, we investigate the effects of pressure and enthalpy on the composition of molybdenum disulfide in the framework of the density functional theory and with the Espresso quantum code with flat waves and the exchange potential of the generalized slope approximation of the stationary charge. The lattice constants of the hexagonal structure of molybdenum disulfide compound were calculated and compared with other works and we have seen the agreement of the results. The electronic properties of the compound were plotted and calculated for comparison with pressure application. The band structure of molybdenum disulfide shows the semiconducting nature with a gap of about 2.27 electron volts, which is larger than the results of other researches. The density of states is plotted for the molybdenum disulfide compound and confirms the semiconducting nature of the compound. The gap obtained from the density of states is more consistent with the results of other works and its value is about 1.3 electron volts. It draws the density of partial states and shows the role of d orbital of molybdenum atom and p of sulfur atom in the overall state density. In the following, we apply different pressures, by applying constant positive pressures, the network increases, and first the bandgap decreases, then increases a little in energy, and then decreases again until the structure changes from a semi-conducting nature to a metal, and by applying pressures. The lattice constant negativity is reduced and the bandgap is reduced, and in the same application of the initial pressures, it is out of the semiconducting nature and tends towards the metallic property. Keywords: Quantum espresso code, MoS2, enthalpy, Density Functional theory, Density of state, band Structure Received: 15/01/2023 Accepted: 27/02/2023



������ ���� ����� ���� ������� ����� ���� � � � ���!"� #�$% �� &�'(')* �	$% +,-�� ��� 1�  ���	
4� ����� 1401&�)./ � 54 1 63                      55     1 .���E�  �	 @���' <��
� 	'�U�?$� ���'1 "Z��� O��R� (TMD)   "!�$	7 ��?� =��<�?�
 $�8%��� ��� �' �N�9��� "%��� ���[ "N�( 	���] ���1 .[�?� O��*( ���' �:A^ ��_ � _���� �! 	����_ "  4��  TMD���	 �' ���� F��'  7!�[ `N�(� �8� �	�"2 ���� F�� �!'  "  
�K%2 _���� �	 �*V ��_ ���I�  TMD��! �� �' 0��(/ ���%�	�' ���%?$��?� ��� �' �N�� )$�N)��K� � �(� �(��K  ]2.[ h-BN 
�� 	��^ �0!�	' P�"�' ���� F�� �!' _`3 )5/9 �$���%?4$�(
 "!�$	7 e�� fZ�	 4!�& 
F�V �	�0$�'�%?$��� �3��_  � �3����' (����� ��?� ��?� "! 
P�! ���KA�� 	'�%?$��� �����	�' ��!' ���%�	�' ���%?$��?� K%+�� ���� �! 
_ � "N�(�	�' "! �� 	�< )RN 	�  .g5�� �9 "  ���%�	'� ���%?$��?� K����� "%<�� h��! 4��2� �! �� �! ��9' �%2! h-BN �8� �	�"2 ���%�	 �!�' ���%?$��?� K����� ��' ��%2!' 	'�2 �� ��R���? ) 2(SiO7��� i�B(�' h��! �� ���%�	 �%`! 	�?R:A � �( 3 �	� "%9�	���TMD . �' P �(�" P �K. �(�" j�� �!�' *R%5�� P "R:N ���" ��	�!' ����?���?�?� 	�  ��N �! � P�"'� :(�� ���R! ��' k��; P -��� 
"l�!���" ��' P�" ��� m��(��K 9 ��5! -����:����2 
����	' P�"�  �� �l�n  �(�) $�%�1� P ��" ��	�!' ���o P�"� @�� �	�' $�� ��� 4B(��K `( O�V����" ��9QR%5� =��< .��� TMDP 	��0( "! ��"� U�$����� � ���%<������ �' ��� ��%2! ��! "  	��	' 	�����'� 	�!�� '  .�K%2 ;`� 2 � 
_������ _����(GO) 2 � 
�� �� _������ ��93(RGO)  ��#�� ���� ��4�' K%+�� �� �!� �! O��p���� '�R�
 R3���:' ".��3 
�����"$�$���� 
��' K!� �  
O�K!� 2 ����' �R�' q ��
�� ��!' ���%�	 4<���' ���%?$��?� "R:N �� FET�' F�Z0��r3�
� �:��
���� ���%�	�' ���2� 
",���' ���2� 
����'  � ��� 9�:����
 ���2�' ��%2�
 ���2�' ���K9 )2.�!��                                                                                                                                                             1 Transition metal dichalcogenide 2 Chemical Vapor Deposition(CVD) 	�� T�� ������4 
 ���<�!�@�R� 
��' 9��<��'
 ����- l�Kt���%?$� 7<��( u��B� 
���(���U�2� �(�! �'�' $�%���� "%��� ���[ "0$�Z� 	��� U��9 7!�[�� ".��� .��� v�� `!���� �	�!��  ��' ��%�	� ���K� �	'�' ���%?$��� ��!' TMD�' :(� i����  ��9 "%��� �,� �	4��
 TMD���	 ��� �' 3 �	�H �%: �( ����	' �� "!���". '��! K%+� 	���� �� �	 _���� �!�"K ���%?$��� Z0��r3 F��� ���9 
4�� ��9 1�k��]2.[ �	 "	 @�l�' � �	 "%9r���� l�Q v�K%�TMD 3 
��4��� ���0� 0$�Z� �	/ P�" i���  2MoS "!�$	7 $�A =��<� �%?$��?�
 ���'
 ��?��?�  � (����� ��! 
��' � 1�q	��_ "! �wBK� =��< 	�� ��;R P�" i��� 2MoS �0! 72� �	' ���%�	�' ���%?$���  � ���%?$��� ���' ] 4�� "%��� O��V2: "! .[�_ $	�7 	'�*$���$�����+  ���� @�� �	�?� )$�N ���(�_  	��� ��!' ���%�	 �	 	�!�� �' ���%?$� �����?�  � ���%?$��%3��?� "!�$	7 :�_ ���%?$� )$�N =��<�?�
 ��?��?�
 7:� � ��� � 78�' �wBK� "! 4�� 	�� .2MoS �?� �3 ����(����_ 	'�U�?$� ���' Z��� O��R�/ P�"�' ��� �! "  4���H H9�0R� _���� ;(� �� �K����' Mo �  S "%��� ���[ ; ��K  �	 " ?�( 
����7 ��	�9  �( ������x�' S–Mo–S "! �����K� O��V' SRS�� 7?9) �K  yK�:1��%<�� .( S-Mo-S � m��(����' 0��Q ��T$�����  ?�(�7 ] 4�� ��93�+�� .[/ 2MoS �� ��":'	� P�" P�" �z� ���� �!�� (P63mmc)  ���� � "Z8��' D6h 4��]4.[ 	'�*$���$�����+ H9 ��%<�� �!- �0R� �� 	��^ ��":'	� � =��< �! ;`����?� 9 ��:���� �	�!��  � 4�� 	�� "! �wBK�' *R%5�� $�( "R:N ���� �
�U��� @�R��' 9��<��'
 $�(� �
� ��42 ?9�3�
 M�%$��%� 
HkK��� ��?���� e�� �' ] 	��	7-5<� .[�
|�� 2MoS P �(�" !��' ����( 4<������%2' � �&������ )FET��9 �	�*%��  ( � "  4�������( U��� F�w�' %: �' ����( "! 4+2�����%2' �� �� ] �	 "M���9 ,8; .[K.�_ ����(�(�����%2 �N��' K%+�� P �( �!/� 2MoS  ��9 "%<��3 Reduced Graphene Oxide 4 RFID 



 45��� 67�� +8 ��8� &�9��)�� :;* �(- ��-<5� =��> -8 ���?�� -<5�,<� @�!A� �(�� 7-*(B 2MoS   56  �8� �	 "  4���"2 K%+� ���%�	 �!� �5��3 
_���� �!���  "! ! ����%`' � ���� 	�< ����	 ]10 O�0$�Z� �N "! .[ !�k(�
 ��� ' �,�' ��	�' ��!' ���!� P �( =��<�" 2MoS .4�� ��9 1�k�� ��yK  ] ����?: �11 @�� �	 [ 2020��K`� 
� ���� ��%<��' ���%<�� �	'  ��2:�� K%+��  �!2MoS ����(�(�� 4<�� �	����%2' ���  �!��  P�! ���!� "! .��	�:���l 
"V�< '������?9� ���' 2/MoS3BaTiO ���  �!�� �l �� P�!�n ��K`��  ��%<�� ����' BZ�� ��%<�� .����� 4�	 "!�'  v�� ���:��I 8� �	��� :(�� �l ���n ����	 H9�3�  O��p����3BaTiO �� �!' "[���' �0! �	' 2MoS ���K9��  "  
���9 �����K	^ ���I� BZ�� "w5���'  m��( "  4�����������'�' ���'  .4�� 	�`��A$�A 	�?R:� �%?$��(���� ��� "! |�(�:A��K ��( � 6��5%���n � ��! 7�� 	�	 4+2�� ��	�9  " i�%�� 7w� �	 2MoS/3BaTiO  �� 0:N � �	�	�4  @���  �	 �� 7���2MoS �����H ���	 . ��!�K!�
_ j���' BZ� @�%K �
 	���' !��%�' ��!'  �	 "R<���`!�"K���' ���I��' ���%?$��� ���' TMD ��	�k ���K . �! � �	 ��9 "%*� 	���� "! "N�(�_ n�8B(  �w[ ���!� ���I�'� ��%<��' ���! �� +��B� �! ���� �&�/ #$�%��� �� �!' ��%<�� =��<'  �(�) 2MoS  �	�*%�� �! �� �,� ��/� 0!�(� $��.� 2��%3 "+9 j�� ��7 B� �  �!(�+���  ���#�� 1�%��� ;���< 49�	     7?91- +9 ��%<���" ���' ��92 MoS  ��:� �	' QR%5�  ����� 1�� �� �	�*%�� �!xcrysden  .4�� ��9 �	�	 ���� 2 . ���
��� F�G� @��  � �	 ��9 1�k�� O�+��B��_ ������	�< v�� �� "0$�Z� �	�! (�+��B� �  �	 "  �k�� �� .4���  ���#�� 1�%��� ]12 [�� ���( �8( ���)�' A�K%�� 4[	 �!�' ��! � O��*%�' ���%<��' ��0� 
	�  �	�*%�� QR%5�� �8( v���) ! ��  " :� �M�� O�+��B� �	 "%���4 � �	 .4���_  �� "0$�Z� �8(�) �� "%��� ;�:0( )�9 1GGA 4�� ��9 �	�*%�� 4[	 .  ��B$ �� O�+��B� 1�:(���!� U���' �( Ry 12-10 ;�,K(��9 : "! .4���_ (�(�) �K+�' ���:�� � ��!�� �( Ry 3-10�	 �� �,� .�9 "%��?� ;`� ����(_ +9 �	 ��%����3�"'���                                                                                                                                                             1 Generalized Gradient Approximation ���! � ��%<���  �( ������� =��<�
O�+ 4!�&'�  "?+9 %[� .4��� :  �	 "?+9 " �K/ U���' 9�! "%��� ���[ 	�< � 4!�&'� ?+9/ $	�0(� � "+��B����	��4!�& .'�  �	 "?+9 <�!� "! 	����O��V �!�k( ��9 "+��B����. '��! `!�"K '��� ��_ "! �%����3O��V '���N� $��%� ������	�<� � O��V O�+��B����	� �3 �	 ���� "! O�+��B�'���  �  "?+9 4!�&�� U���' � "+��B��	�9 . �I�� ��8�k  �	���/� �! @���_M�R ���8� �� 1×6×6   �9 '��� "K�`!_�K�: U���' oZ[2 ��!'  �(�) 2MoS  �!��!Ry55 "K�`!'���  .�9 ��_ t%� 	�������' ����� � O�+��B���9�! �8( " �|�+  �	2 Ecut 



������ ���� ����� ���� ������� ����� ���� � � � ���!"� #�$% �� &�'(')* �	$% +,-�� ��� 1�  ���	
4 ������ 1401&�)./ � 541 63                    57   (�:9 O��V "! .4�� �	�! �	�*%�� 	��� ��  1�:(��  ��%<��'��R!  )� �(2MoS  QR%5� O�`N �	  7?9 �	1  �	�	 ����4�� ��9.  3 .I"��� � J��  `! 1�k�� �� T3�"K���' ��%����3' $���" �  �� �	�*%�� �!  )� �( =��< ����! "! ��%!� ���#�� 1�%���  �(�+��B�2MoS �� ��' ���� ��%<��' %<�	�3�9 ���< "��! .' ��_ ��� 7?9 �� /� �! @���_M�R �3 ��8� ����8(� 2� �	 " �� ���� ��%<�� �`��' 2! �9 ���< ;����� :��4  �r$ .	��	 �%!�� 1�� �� �	�*%�� �! �����XCrySDen ��_ ����"  ��8� � ��N� �	 �	�*%�� 	���' 0( "l�!�� ������	�<��_ ��	�9 . +��B� �� �� T3O� �%� �� �	�*%�� �! � �	�	 1�k�� ���G ! " ���� ��%<�� ���� 4�	'  �( ��:�) ����� ��' U���' 2� �	�� 	���� ;�� 
�,��		�� �R� ��%<�� ��� . �9�+��� ! F���_ �����' ����4  .�9 ���< ����� H���� � �	 ! '���� ��%<�� ��	�:���' �	��
� U��� ���(' ���� ��' F�� v���� � ��9 �	�	 ���[ �*V�' 8%2��; q ��� 8%2��; ������ ��' RV� F��) ��� F�� 	�N� O��V �	 ��' ���&�" 	 ����0( (��_ ��		�� .    7?92- ���� ��%<�� ��	�:�' �8( �	�) 9�) :0(�; �"%�� �� �� �� ��.�	  ��� ���(�  �	 7?92 : 4�� ��9 78%K� �*V "!� "  ��Z� � ���������( 	�9�' ��� � H�����4 ��� ���(�  �� :� oZ[���� ���( F��l� � �K � "A�K:� �	��B��' ���� "  ��K	'  F�� '�������:� �9�!��� F�� .4������' ��! ��9 "+��B�' ��_  �(�) �8( �	�) 9�) :0(�; �"%�� 62/2 ���%?$�Z8� �	 4$�/ 8%2� O��V "! �����; ���9�! "  �%� �!�G ��� ' 3���_  F�%<� 	��	]17-1
13.[  �	 $��. "��	�� � 4$��' U���' R  O��V "!� M�N �� ���!� ��.	�9 $��.� 4$�� ��k� 	��0( "! o[�� �	 � 4$���' ���%?$�� � .	��	 ���9����	�; U��� ���� � " ' ���� ��%<�� �	' ; �� o[�� �	��9�3�  4 ���� � ��!��@�%�' :(��  �(�) ��	�k ����. .4�� ��9� � ����� ��_ ���	�:� �	 4 ����' $��.� 4$���' R � M�N �� 5�( 7!�[�g ; � 4��K.�_ �� ��' ��� �����( M�N�O� ���� F��' � ���� $��. ��	�:� .	�:� g5��� � 4$��' R � U���'  7?9 �	3 .4�� ��9 ;��     7?93- $��. ��	�:�� R  4$��� �8( �	�) 9�) :0(�; �"%�� � � �� ����.�	   7?9 �	3 ��� ���(�  ��	�:� .4�� ��9 78%K� ��B� �*V "! $��.� U��� 4$��' ��! �	 ̂4-  �(2  4$� ���%?$� ��9 ;�� � �	 4���_ � ��	�:��� ��� ���(� ����� m��(' U���' ���	 � 4�� ���� oZ[' � F��� 4�	 "! F�� ��� �9�! � F�%<� �����	�'  �! O�+��B� �	 ��9 ���	 '���� F�� ���� ��%<��' 	��	.  OP�� �$��. �� "  '���� F�� ��� 
4�� ���� 4��! �%� "!�G � ��' 3���_ 	����� �(4�.  ���� 4�	 "! F�� ���8�34/1 ���%?$� "  .4�� �	�! 4$� �%� �!�G ��� ' 3���_ ������' ] 	��	17-1
13.[  
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