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Abstract

���—�1�•�‘�’�œ�1�Œ�‘�Š�™�•�Ž�›�ð�1�–�˜�›�™�‘�˜�•�˜�•�¢�1�Ÿ�Š�›�’�Š�•�’�˜�—�1�Š�—�•�1�Ž�•�Ž�Œ�•�›�˜�—�’�Œ�1�œ�•�›�ž�Œ�•�ž�›�Ž�1�’�—�1�Š�1�œ�ž�›�•�Š�Œ�Ž�,�–�˜�•�’���Ž�•�1�•�›�Š-
phene are demonstrated by both calculation and experimental results. The results indi-
�Œ�Š�•�Ž�1 �•�‘�Š�•�1 �•�‘�Ž�1 �‹�Š�—�•�1 �œ�•�›�ž�Œ�•�ž�›�Ž�1 �Š�—�•�1 �–�˜�›�™�‘�˜�•�˜�•�¢�1 �˜�•�1 �–�˜�•�’���Ž�•�1 �•�›�Š�™�‘�Ž�—�Ž�1 �œ�‘�Ž�Ž�•�œ�1 �Š�›�Ž�1 �Š�•�•�Ž�›�Ž�•�1
because of changing in the type of hybridization of carbon atoms in the graphene sheet. 
���Œ�Œ�˜�›�•�’�—�•�•�¢�ð�1 �•�‘�Ž�1 �‹�Š�—�•�1 �•�Š�™�1 �˜�•�1 �•�›�Š�™�‘�Ž�—�Ž�1 �Œ�Š�—�1 �‹�Ž�1 �•�ž�—�Ž�•�1 �‹�¢�1 �œ�ž�›�•�Š�Œ�Ž�1 �–�˜�•�’���Œ�Š�•�’�˜�—�1 �ž�œ�’�—�•�1
�˜�›�•�Š�—�’�Œ�1 �–�˜�•�Ž�Œ�ž�•�Ž�œ�ï�1 ���‘�Ž�—�ð�1 �–�˜�•�’���Ž�•�1 �•�›�Š�™�‘�Ž�—�Ž�1 �’�œ�1 �ž�œ�Ž�•�1 �•�˜�›�1 �•�Š�‹�›�’�Œ�Š�•�’�˜�—�1 �˜�•�1 �’�—�•�›�Š�›�Ž�•�1 �•�Ž�•�Ž�Œ-
�•�˜�›�œ�ï�1���‘�Ž�1�™�›�˜�™�Ž�›�•�’�Ž�œ�1�˜�•�1�ž�—�–�˜�•�’���Ž�•�1�•�›�Š�™�‘�Ž�—�Ž�1�™�‘�˜�•�˜�•�Ž�•�Ž�Œ�•�˜�›�œ�1� �Ž�›�Ž�1�Š�•�œ�˜�1�–�Ž�Š�œ�ž�›�Ž�•�1�œ�˜�1�Š�œ�1
�•�˜�1�Œ�˜�–�™�Š�›�Ž�1� �’�•�‘�1�–�˜�•�’���Ž�•�1�•�›�Š�™�‘�Ž�—�Ž�1�™�‘�˜�•�˜�•�Ž�•�Ž�Œ�•�˜�›�œ�ï�1���‘�Ž�1�›�Ž�œ�ž�•�•�œ�1�•�Ž�–�˜�—�œ�•�›�Š�•�Ž�1�•�‘�Š�•�1�–�˜�•�’-
���Œ�Š�•�’�˜�—�1�˜�•�1�•�›�Š�™�‘�Ž�—�Ž�1�ž�œ�’�—�•�1�˜�›�•�Š�—�’�Œ�1�•�’�•�Š�—�•�œ�1�’�–�™�›�˜�Ÿ�Ž�•�1�•�‘�Ž�1�•�Ž�•�Ž�Œ�•�’�˜�—�1�™�Š�›�Š�–�Ž�•�Ž�›�œ�1�œ�ž�Œ�‘�1�Š�œ�1
�•�Š�œ�•�1�›�Ž�œ�™�˜�—�œ�Ž�1�•�’�–�Ž�ð�1�Ž�•�Ž�Œ�•�›�’�Œ�Š�•�1�œ�•�Š�‹�’�•�’�•�¢�1�Š�—�•�1�•�˜� �1�•�Š�›�”�1�Œ�ž�›�›�Ž�—�•�ï�1���˜�›�Ž�˜�Ÿ�Ž�›�ð�1�•�‘�Ž�1�œ�Ž�—�œ�’�•�’�Ÿ�’�•�¢�1�˜�•�1
�™�‘�˜�•�˜�•�Ž�•�Ž�Œ�•�˜�›�œ�1�‹�Š�œ�Ž�•�1�˜�—�1�–�˜�•�’���Ž�•�1�•�›�Š�™�‘�Ž�—�Ž�1� �Š�œ�1�œ�’�•�—�’���Œ�Š�—�•�•�¢�1�’�–�™�›�˜�Ÿ�Ž�•�ï

Keywords: �1�•�Š�‹�›�’�Œ�Š�•�’�˜�—�ð�1�™�‘�˜�•�˜�•�Ž�•�Ž�Œ�•�˜�›�ð�1�˜�›�•�Š�—�’�Œ�1�•�’�•�Š�—�•�ð�1�–�˜�•�’���Ž�•�ð�1�ž�—�–�˜�•�’���Ž�•�ð�1�����ð�1

graphene

1. Introduction

�	�›�Š�™�‘�Ž�—�Ž�1�’�œ�1�Š�1�•� �˜�,�•�’�–�Ž�—�œ�’�˜�—�Š�•�1�œ�™2�,�‹�˜�—�•�Ž�•�1�Œ�Š�›�‹�˜�—�1�Š�•�˜�–�1�˜�—�1�Š�1�‘�˜�—�Ž�¢�Œ�˜�–�‹�1�•�Š�4�’�Œ�Ž�1�ý1]. The par-
ticular arrangement of carbon atoms in graphene leads to a novel energy dispersion relation, 
�–�Ž�Š�—�1�›�˜�˜�•�1�˜�•�1�•�‘�Ž�1�Š�™�™�Ž�Š�•�’�—�•�1�Ž�•�Ž�Œ�•�›�˜�—�’�Œ�1�Œ�‘�Š�›�Š�Œ�•�Ž�›�’�œ�•�’�Œ�ð�1� �‘�’�Œ�‘�1�Œ�˜�›�›�Ž�œ�™�˜�—�•�œ�1�•�˜�1�–�Š�œ�œ�•�Ž�œ�œ�1�•�Ž�›�–�’�˜�—�œ�1
�ý2–4�þ�ï�1���—�1�œ�™�’�•�Ž�1�˜�•�1�•�‘�Ž�1�•�Š�Œ�•�1�•�‘�Š�•�1�•�›�Š�™�‘�Ž�—�Ž�1�‘�Š�œ�1�–�ž�Œ�‘�1�•�Š�Ÿ�˜�ž�›�Š�‹�•�Ž�1�™�›�˜�™�Ž�›�•�’�Ž�œ�ð�1� �‘�’�Œ�‘�1�‘�Š�Ÿ�Ž�1�›�Ž�Ÿ�˜�•�ž�•�’�˜�—-
ized the miscellaneous aspects of science and technology, it could not be an applicable mate-
�›�’�Š�•�1�•�˜�›�1�œ�™�Ž�Œ�’�Š�•�1�™�ž�›�™�˜�œ�Ž�œ�1�‹�Ž�Œ�Š�ž�œ�Ž�1�˜�•�1�’�•�œ�1�œ�‘�˜�›�•�Œ�˜�–�’�—�•�œ�1�•�‘�Š�•�1�‘�Š�Ÿ�Ž�1�•�˜�1�‹�Ž�1�˜�Ÿ�Ž�›�Œ�˜�–�Ž�1�ý5]. Although, 
in the last decade, the unique properties of graphene, namely electronic, mechanical, opti-
�Œ�Š�•�1�Š�—�•�1�Œ�‘�Ž�–�’�Œ�Š�•�1�™�›�˜�™�Ž�›�•�’�Ž�œ�ð�1�Š�—�•�1�’�•�œ�1�™�˜�œ�œ�’�‹�•�Ž�1�Š�™�™�•�’�Œ�Š�•�’�˜�—�œ�1�‘�Š�Ÿ�Ž�1�‹�Ž�Ž�—�1� �’�•�Ž�•�¢�1�’�—�Ÿ�Ž�œ�•�’�•�Š�•�Ž�•�ð�1�•�‘�Ž�1

�i�������������7�K�H���$�X�W�K�R�U���V�������/�L�F�H�Q�V�H�H���,�Q�7�H�F�K�����7�K�L�V���F�K�D�S�W�H�U���L�V���G�L�V�W�U�L�E�X�W�H�G���X�Q�G�H�U���W�K�H���W�H�U�P�V���R�I���W�K�H���&�U�H�D�W�L�Y�H���&�R�P�P�R�Q�V

�$�W�W�U�L�E�X�W�L�R�Q���/�L�F�H�Q�V�H�����K�W�W�S�������F�U�H�D�W�L�Y�H�F�R�P�P�R�Q�V���R�U�J���O�L�F�H�Q�V�H�V���E�\���������������Z�K�L�F�K���S�H�U�P�L�W�V���X�Q�U�H�V�W�U�L�F�W�H�G���X�V�H��

�G�L�V�W�U�L�E�X�W�L�R�Q�����D�Q�G���U�H�S�U�R�G�X�F�W�L�R�Q���L�Q���D�Q�\���P�H�G�L�X�P�����S�U�R�Y�L�G�H�G���W�K�H���R�U�L�J�L�Q�D�O���Z�R�U�N���L�V���S�U�R�S�H�U�O�\���F�L�W�H�G��



�Š�‹�œ�Ž�—�Œ�Ž�1�˜�•�1�Š�1�•�Š�™�™�Ž�•�1�œ�Ž�–�’�Œ�˜�—�•�ž�Œ�•�˜�›�1� �’�•�‘�1�™�›�˜�™�Ž�›�•�’�Ž�œ�1�•�’�”�Ž�1�•�‘�Š�•�1�˜�•�1�•�›�Š�™�‘�Ž�—�Ž�1�’�œ�1�œ�•�›�˜�—�•�•�¢�1�•�Ž�•�•�ð�1�Ž�œ�™�Ž-
�Œ�’�Š�•�•�¢�1�’�—�1�•�‘�Ž�1�•�›�Š�™�‘�Ž�—�Ž�,�‹�Š�œ�Ž�•�1�™�‘�˜�•�˜�•�Ž�•�Ž�Œ�•�˜�›�œ�1� �‘�’�Œ�‘�1�•�˜�1�—�˜�•�1�Ž�—�“�˜�¢�1�•�Š�œ�•�1�›�Ž�œ�™�˜�—�œ�Ž�1�•�’�–�Ž�1�œ�•�Ž�–�–�’�—�•�1
�•�›�˜�–�1�£�Ž�›�˜�1�‹�Š�—�•�1�•�Š�™�1�˜�•�1�•�›�Š�™�‘�Ž�—�Ž�1�ý6–18�þ�ï�1���—�1�Š�•�•�’�•�’�˜�—�ð�1�Š�—�˜�•�‘�Ž�›�1�œ�Š�•�’�Ž�—�•�1� �Ž�Š�”�—�Ž�œ�œ�1�˜�•�1�•�›�Š�™�‘�Ž�—�Ž���œ�1
�Š�™�™�•�’�Œ�Š�•�’�˜�—�1�Š�™�™�Ž�Š�›�œ�1�’�—�1�•�‘�Ž�1�•�Ž�œ�’�•�—�’�—�•�1�˜�•�1�•�›�Š�—�œ�’�œ�•�˜�›�,�‹�Š�œ�Ž�•�1�•�’�•�’�•�Š�•�1�Œ�’�›�Œ�ž�’�•�œ�1�ý19]. Transistor made 
�‹�¢�1�•�›�Š�™�‘�Ž�—�Ž�ð�1�’�—�1�•�‘�Ž�1�˜���,�œ�•�Š�•�Ž�ð�1�‘�Š�œ�1�Š�1�Œ�ž�›�›�Ž�—�•�1�•�ž�Ž�1�•�˜�1�–�’�—�’�–�ž�–�1�Œ�˜�—�•�ž�Œ�•�’�Ÿ�’�•�¢�1�˜�•�1�•�›�Š�™�‘�Ž�—�Ž�1�ý19]. 
���Œ�Œ�˜�›�•�’�—�•�•�¢�ð�1�•�‘�Ž�1�™�˜� �Ž�›�1�Œ�˜�—�œ�ž�–�™�•�’�˜�—�1�˜�•�1�•�Š�‹�›�’�Œ�Š�•�Ž�•�1�Œ�’�›�Œ�ž�’�•�œ�1�’�œ�1�Œ�˜�—�œ�’�•�Ž�›�Š�‹�•�Ž�ï�1���‘�Ž�1�Ž�—�•�’�—�Ž�Ž�›�’�—�•�1
of band structure of graphene sheet has been extensively studied. Band gap about 0.5 eV can 
�‹�Ž�1�•�˜�›�–�Ž�•�1�’�—�1�—�Š�—�˜�›�’�‹�‹�˜�—�œ�1� �’�•�‘�1�•�‘�Ž�1� �’�•�•�‘�1�Š�‹�˜�ž�•�1�W�V�1�—�–�1�ý20–22]. In this method, controling the 
�Ÿ�Š�•�ž�Ž�1�˜�•�1�‹�Š�—�•�1�•�Š�™�1� �‘�’�Œ�‘�1�’�œ�1�œ�•�›�˜�—�•�•�¢�1�Š���Ž�Œ�•�Ž�•�1�‹�¢�1�•�‘�Ž�1�œ�•�›�ž�Œ�•�ž�›�Ž�1�˜�•�1�—�Š�—�˜�1�›�’�‹�‹�˜�—�œ�1�Ž�•�•�Ž�œ�1�’�œ�1�•�’���Œ�ž�•�•�ï 
���˜�›�Ž�˜�Ÿ�Ž�›�ð�1�‹�’�•�Š�¢�Ž�›�1�•�›�Š�™�‘�Ž�—�Ž�1�Œ�Š�—�1�‹�Ž�1�ž�œ�Ž�•�1�•�˜�›�1�•�‘�’�œ�1�™�ž�›�™�˜�œ�Ž�ð�1� �‘�’�Œ�‘�1�’�œ�1�œ�¢�—�•�‘�Ž�œ�’�£�Ž�•�1� �’�•�‘�1�•�’���Œ�ž�•�•�¢�1
�ý23, 24]. One can manipulate electrical and magnetic properties of graphene by introducing 
�•�’���Ž�›�Ž�—�•�1�•�Ž�•�Ž�Œ�•�1�œ�•�Š�•�Ž�1�’�—�1�•�›�Š�™�‘�Ž�—�Ž�1�ý25, 26]. Because all atoms are placed on the surface of gra-
phene, density of electrons is high on it, so active is the graphene sheet that it can easily react 
� �’�•�‘�1�•�‘�Ž�1�•�Š�œ�Ž�œ�1�’�—�1�•�‘�Ž�1�œ�ž�›�›�˜�ž�—�•�’�—�•�1�Š�•�–�˜�œ�™�‘�Ž�›�Ž�ï�1���‘�Ž�›�Ž�•�˜�›�Ž�ð�1�•�‘�Ž�1�Œ�‘�Ž�–�’�Œ�Š�•�1�’�—�œ�•�Š�‹�’�•�’�•�¢�1�˜�•�1�•�›�Š�™�‘�Ž�—�Ž�1
leads to use vacuum condition in order to obtain repetitive results.

���˜�–�Ž�1�’�•�Ž�Š�œ�1�‘�Š�Ÿ�Ž�1�‹�Ž�Ž�—�1�’�—�Ÿ�Ž�œ�•�’�•�Š�•�Ž�•�1�œ�˜�1�Š�œ�1�•�˜�1�˜�Ÿ�Ž�›�Œ�˜�–�Ž�1�•�‘�Ž�1�–�Ž�—�•�’�˜�—�Ž�•�1� �Ž�Š�”�—�Ž�œ�œ�Ž�œ�ï�1���¢�1�œ�•�ž�•�¢-
�’�—�•�1 �•�‘�Ž�1 �Ž�•�Ž�Œ�•�›�˜�—�1 �•�›�Š�—�œ�™�˜�›�•�1 �™�›�˜�™�Ž�›�•�’�Ž�œ�1 �˜�•�1 �•�›�Š�™�‘�Ž�—�Ž�,�•�’�”�Ž�1 �•� �˜�,�•�’�–�Ž�—�œ�’�˜�—�Š�•�1 �–�Š�•�Ž�›�’�Š�•�œ�ð�1 �˜�—�Ž�1 �Œ�Š�—�1
�›�Ž�Š�Œ�‘�1�•�˜�1�•�‘�’�œ�1�›�Ž�œ�ž�•�•�1�•�‘�Š�•�1�ž�œ�’�—�•�1�‘�Ž�•�Ž�›�˜�œ�•�›�ž�Œ�•�ž�›�Ž�œ�1�˜�•�1�•�›�Š�™�‘�Ž�—�Ž�1�Š�—�•�1�˜�•�‘�Ž�›�1�•� �˜�,�•�’�–�Ž�—�œ�’�˜�—�Š�•�1�–�Š�•�Ž-
�›�’�Š�•�œ�1�‘�Š�Ÿ�Ž�1�œ�’�•�—�’���Œ�Š�—�•�1�’�–�™�Š�Œ�•�1�˜�—�1�•�‘�Ž�1�Š�™�™�•�’�Œ�Š�•�’�˜�—�1�˜�•�1�•�›�Š�™�‘�Ž�—�Ž�1�ý5, 27–32�þ�ï�1���—�œ�•�Ž�Š�•�1�˜�•�1�•� �˜�,�•�’�–�Ž�—-
sional materials, zero- and one-dimensional organic or inorganic materials can be used in the 
�Š�‹�˜�Ÿ�Ž�,�–�Ž�—�•�’�˜�—�Ž�•�1 �‘�Ž�•�Ž�›�˜�œ�•�›�ž�Œ�•�ž�›�Ž�œ�1�ý33–36�þ�ï�1���1 �•�˜�Œ�Š�•�1 �™�˜�’�—�•�1 �’�—�1�•�‘�’�œ�1�›�Ž�œ�Ž�Š�›�Œ�‘�1 �’�œ�1�–�˜�•�’���Œ�Š�•�’�˜�—�1�˜�•�1
the surface of the graphene sheet via zero-dimensional organic ligands. In order to realize the 
�™�›�˜�Œ�Ž�œ�œ�1�˜�•�1�–�˜�•�’���Œ�Š�•�’�˜�—�1�˜�•�1�•�›�Š�™�‘�Ž�—�Ž�1�œ�‘�Ž�Ž�•�ð�1�’�•�1�’�œ�1�’�–�™�˜�›�•�Š�—�•�1�•�˜�1�”�—�˜� �1�•�‘�Š�•�1�‹�¢�1�Š�•�•�’�—�•�1�‘�¢�•�›�˜�•�Ž�—�1
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synthesized can be possible by hydrogenation from zero in the graphene to 3.7 eV in the fully 
�‘�¢�•�›�˜�•�Ž�—�Š�•�Ž�•�1 �•�›�Š�™�‘�Ž�—�Ž�1 �ý37]. This achievement should broaden the spectrum of photonics 
application of graphene.

���˜�1�–�˜�•�’�•�¢�1�œ�ž�›�•�Š�Œ�Ž�1�˜�•�1�•�›�Š�™�‘�Ž�—�Ž�1�œ�‘�Ž�Ž�•�ð�1� �Ž�1�’�—�•�›�˜�•�ž�Œ�Ž�1�•�›�Š�™�1�œ�•�Š�•�Ž�œ�1�Š�—�•�1�Š�1�‹�Š�—�•�1�•�Š�™�1�’�—�1�•�›�Š�™�‘�Ž�—�Ž�1�‹�¢�1
�–�Ž�Š�—�œ�1�˜�•�1�˜�›�•�Š�—�’�Œ�1�•�’�•�Š�—�•�œ�ð�1� �‘�’�Œ�‘�1�’�—�•�Ž�›�Š�Œ�•�1� �’�•�‘�1�•�›�Š�™�‘�Ž�—�Ž�1�•�˜�›�1�•�Š�‹�›�’�Œ�Š�•�’�—�•�1�œ�Ž�—�œ�’�•�’�Ÿ�Ž�1�’�—�•�›�Š�›�Ž�•�1�•�Ž�•�Ž�Œ-
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2. Experimental
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because the synthesis route plays an important role on the chemical, optical and electrical 
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dried at 100°C and used for further characterizations and treatment. Organic ligands—thios -
emicarbazide, thiophene-2-arbaldehyde, thiophene-2-carboxylic acid and pyridine-4-carbox -
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0.5 mg of thiophene-2-arbaldehyde, thiophene-2-carboxylic acid and pyridine-4-carboxylic 
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2.2. Fabrication of photodetector
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2.3. Characterization
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2.4. Computational details
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3. Results

3.1. Sensitivity

Achilles heel of the current generation of graphene-based photodetectors is their very poor sen-
�œ�’�•�’�Ÿ�’�•�¢�ï�1���‘�’�œ�1�’�œ�œ�ž�Ž�1�’�œ�1�Š�•�•�›�Ž�œ�œ�Ž�•�1�‹�¢�1�Š�•�•�’�—�•�1�˜�›�•�Š�—�’�Œ�1�•�’�•�Š�—�•�œ�ð�1� �‘�’�Œ�‘�1�’�—�•�›�˜�•�ž�Œ�Ž�1�‹�Š�—�•�1�•�Š�™�ï�1���•�“�ž�œ�•�’�—�•�1
�•�‘�Ž�1�Œ�›�Ž�Š�•�Ž�•�1�‹�Š�—�•�1�•�Š�™�1�•�Ž�Š�•�œ�1�•�˜�1�›�Ž�•�ž�Œ�Ž�1�•�‘�Ž�1�•�Š�›�”�1�Œ�ž�›�›�Ž�—�•�ð�1�Š�1�™�Š�›�Š�–�Ž�•�Ž�›�1� �‘�’�Œ�‘�1�™�•�Š�¢�œ�1�Š�—�1�Š�‹�œ�˜�•�ž�•�Ž�•�¢�1
�’�–�™�˜�›�•�Š�—�•�1�›�˜�•�Ž�1�’�—�1�•�Ž�•�Ž�›�–�’�—�’�—�•�1�œ�Ž�—�œ�’�•�’�Ÿ�’�•�¢�ï�1���‘�Ž�1�Ž���Ž�Œ�•�1�˜�•�1�Š�•�–�˜�œ�•�1�Š�•�•�1�˜�•�1�•�‘�Ž�1�˜�›�•�Š�—�’�Œ�1�•�’�•�Š�—�•�œ�ð�1� �‘�’�Œ�‘�1
are used to modify graphene sheet, is clear in the improvement of the sensitivity of fabricated 
photodetectors. A schematic of fabricated photodetector is represented in Figure 1.
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voltage excites the surface plasmon polariton. Therefore, one outcome of this excitation is 
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ity can reach to 1. In this case, the sensitivity of the detector is three times less than our modi-
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�•�‘�Ž�1�‹�Ž�œ�•�1�•�’�•�Š�—�•�1�’�—�1�˜�›�•�Ž�›�1�•�˜�1�’�–�™�›�˜�Ÿ�Ž�1�•�‘�Ž�1�œ�Ž�—�œ�’�•�’�Ÿ�’�•�¢�1�’�œ�1�‘�’�•�‘�,�•�˜�œ�Ž�1�•�‘�’�˜�œ�Ž�–�’�Œ�Š�›�‹�Š�£�’�•�Ž�ð�1� �‘�’�Œ�‘�1�Œ�Š�ž�œ�Ž�œ�1
�[�V�V�–�1�’�–�™�›�˜�Ÿ�Ž�–�Ž�—�•�1�’�—�1�•�‘�Ž�1�œ�Ž�—�œ�’�•�’�Ÿ�’�•�¢�1�Œ�˜�–�™�Š�›�Ž�•�1� �’�•�‘�1�ž�—�–�˜�•�’���Ž�•�1�•�›�Š�™�‘�Ž�—�Ž�1�ý38–40].

Absorption spectrum of thiophene-2-caboxylic acid, thiophene-2-carbaldehyde and pyridine-
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Figure 1. ���Œ�‘�Ž�–�Ž�1�˜�•�1�•�Š�‹�›�’�Œ�Š�•�Ž�•�1�™�‘�˜�•�˜�•�Ž�•�Ž�Œ�•�˜�›�1�ý40].

Organic ligand Sensitivity Responsivity (A/W) Rise time (ms)

���—�–�˜�•�’���Ž�•�1�•�›�Š�™�‘�Ž�—�Ž0.5 10 50

Hydrazine 0.9 14 35

Thiophene-2-carbaldehyde 0.092 0.1 40

Thiophene-2-carboxylic 
acid

0.9 20 ---

���¢�›�’�•�’�—�Ž�,�Z�,�Œ�Š�›�‹�˜�¡�¢�•�’�Œ�1�Š�Œ�’�•1.5 2.5 38

High-dose 
thiosemicarbazide

3 9 18

���˜� �,�•�˜�œ�Ž�1
thiosemicarbazide

1 10 40

Table 1. Sensitivity, responsivity and rise time of fabricated detectors.

�6�X�U�I�D�F�H���0�R�G�L�I�L�H�G���*�U�D�S�K�H�Q�H���I�R�U���0�L�G���,�Q�I�U�D�U�H�G���'�H�W�H�F�W�L�R�Q
�K�W�W�S�������G�[���G�R�L���R�U�J����������������������������

������



�Œ�˜�—�œ�’�•�Ž�›�Š�‹�•�Ž�1�Ÿ�Š�•�ž�Ž�1�˜�•�1�™�‘�˜�•�˜�›�Ž�œ�™�˜�—�œ�’�Ÿ�’�•�¢�1�˜�•�1�•�Š�‹�›�’�Œ�Š�•�Ž�•�1�™�‘�˜�•�˜�•�Ž�•�Ž�Œ�•�˜�›�ð�1� �‘�’�Œ�‘�1� �Š�œ�1�–�˜�•�’���Ž�•�1
� �’�•�‘�1�•�‘�’�˜�™�‘�Ž�—�Ž�,�X�,�Œ�Š�›�‹�˜�¡�¢�•�’�Œ�1�Š�Œ�’�•�1�’�œ�1�•�‘�Š�•�1�–�Ž�—�•�’�˜�—�Ž�•�1�•�’�•�Š�—�•�1�‘�Š�œ�1�œ�•�›�˜�—�•�1�Š�‹�œ�˜�›�™�•�’�˜�—�1�’�—�1�Y�.�[�1�•�–�1
�û�X�V�V�V�.�Y�Y�V�V�1�Œ�–�º�W�ü�1�›�Š�—�•�Ž�1�ý39�þ�ï�1���˜�•�1�˜�—�•�¢�1�•�˜�Ž�œ�1�•�›�Š�™�‘�Ž�—�Ž�1�œ�‘�Ž�Ž�•�1�Š�‹�œ�˜�›�‹�1�•�‘�Ž�1�����1�•�’�•�‘�•�ð�1�•�’�˜�™�‘�Ž�—�Ž�,
�X�,�Œ�Š�›�‹�˜�¡�¢�•�’�Œ�1 �Š�Œ�’�•�1 �•�’�•�Š�—�•�1 �Š�‹�œ�˜�›�‹�œ�1 �•�‘�Ž�1 �����1 �•�’�•�‘�•�1 �Š�œ�1 � �Ž�•�•�ï�1 ���˜�—�œ�Ž�š�ž�Ž�—�•�•�¢�ð�1 �•�‘�Ž�1 �›�Ž�œ�™�˜�—�œ�’�Ÿ�’�•�¢�1 �˜�•�1
�Œ�˜�—�œ�’�•�Ž�›�Ž�•�1�•�Ž�•�Ž�Œ�•�˜�›�1�–�˜�•�’���Ž�•�1� �’�•�‘�1�•�‘�’�˜�™�‘�Ž�—�Ž�,�X�,�Œ�Š�›�‹�˜�¡�¢�•�’�Œ�1�Š�Œ�’�•�1�’�œ�1�‘�’�•�‘�Ž�›�1�•�‘�Š�—�1�˜�•�‘�Ž�›�1�•�Š�‹�›�’-
�Œ�Š�•�Ž�•�1�™�‘�˜�•�˜�•�Ž�•�Ž�Œ�•�˜�›�œ�1�ý40�þ�ï�1���Ž�œ�’�•�Ž�œ�ð�1�•�‘�Ž�1�•�Ž�Ÿ�’�Œ�Ž�œ�1�•�’�œ�Œ�ž�œ�œ�Ž�•�1� �Ž�›�Ž�1�œ�•�Š�‹�•�Ž�1�Š�•�1�›�˜�˜�–�1�•�Ž�–�™�Ž�›�Š�•�ž�›�Ž�1
�•�˜�›�1�–�Š�—�¢�1�•�Š�¢�œ�1�Š�—�•�1�›�Ž�™�›�Ž�œ�Ž�—�•�Ž�•�1�œ�˜�–�Ž�1�Œ�‘�Š�›�Š�Œ�•�Ž�›�’�œ�•�’�Œ�œ�1�•�ž�›�’�—�•�1�›�Ž�™�Ž�Š�•�Ž�•�1�1�–�Ž�Š�œ�ž�›�Ž�–�Ž�—�•�1�ý45].

3.2. I-V characteristic

Figure 2�1�œ�‘�˜� �œ�1�•�‘�Ž�1�‹�’�Š�œ�1�•�Ž�™�Ž�—�•�Ž�—�Œ�Ž�1�˜�•�1�•�‘�Ž�1���,���1�Œ�‘�Š�›�Š�Œ�•�Ž�›�’�œ�•�’�Œ�1�˜�•�1�–�˜�•�’���Ž�•�1�Š�—�•�1�ž�—�–�˜�•�’���Ž�•�1
�•�›�Š�™�‘�Ž�—�Ž�,�‹�Š�œ�Ž�•�1�•�Š�‹�›�’�Œ�Š�•�Ž�•�1�™�‘�˜�•�˜�•�Ž�•�Ž�Œ�•�˜�›�œ�ð�1� �‘�’�Œ�‘�1� �Ž�›�Ž�1�›�Ž�Œ�˜�›�•�Ž�•�1�‹�Ž�•� �Ž�Ž�—�1�V�1�Š�—�•�1�Z�1���1� �’�•�‘�1
�Ÿ�˜�•�•�Š�•�Ž�1�œ�•�Ž�™�œ�1�˜�•�1�V�ï�W�1���ï�1���œ�1�œ�‘�˜� �—�1�’�—�1Figure 2�ð�1�•�‘�Ž�1�™�‘�˜�•�˜�,�›�Ž�œ�™�˜�—�œ�’�Ÿ�’�•�¢�1�Š�œ�Œ�Ž�—�•�œ�1� �’�•�‘�1�’�—�Œ�›�Ž�Š�œ�’�—�•�1
the bias voltage. As stated in Table 1�ð�1�•�‘�Ž�1�™�‘�˜�•�˜�,�›�Ž�œ�™�˜�—�œ�’�Ÿ�’�•�¢�1�Ÿ�Š�•�ž�Ž�1�˜�•�1�W�V�1���&���1�’�œ�1�˜�‹�œ�Ž�›�Ÿ�Ž�•�1
�•�˜�›�1�•�Ž�•�Ž�Œ�•�˜�›�1�•�Š�‹�›�’�Œ�Š�•�Ž�•�1�‹�¢�1�ž�—�–�˜�•�’���Ž�•�1�•�›�Š�™�‘�Ž�—�Ž�1�ý39]. Thiosemicarbazide organic ligands do 
�—�˜�•�1�‘�Š�Ÿ�Ž�1�›�Ž�–�Š�›�”�Š�‹�•�Ž�1�Ž���Ž�Œ�•�1�˜�—�1�™�‘�˜�•�˜�,�›�Ž�œ�™�˜�—�œ�’�Ÿ�’�•�¢�1�ý40]. The responsivity of fabricated detec-
�•�˜�›�1�’�œ�1�Š�ž�•�Ž�–�Ž�—�•�Ž�•�1�Z�V�–�1�û�W�Z���&���ü�1�‹�¢�1�ž�œ�’�—�•�1�‘�¢�•�›�Š�£�’�—�Ž�1�•�’�•�Š�—�•�œ�1�ý38]. By applying thiophene-
�X�,�Œ�Š�›�‹�˜�¡�¢�•�’�Œ�1�Š�Œ�’�•�1�•�’�•�Š�—�•�ð�1�˜�—�Ž�1�Œ�Š�—�1�œ�’�•�—�’���Œ�Š�—�•�•�¢�1�›�Š�’�œ�Ž�1�•�‘�Ž�1�™�Š�›�Š�–�Ž�•�Ž�›�1�˜�•�1�™�‘�˜�•�˜�•�Ž�•�Ž�Œ�•�˜�›�1�ž�™�1�•�˜�1
�X�V�1���&���1�ý39]. On the other hand, some organic ligands can decrease the mentioned param-
�Ž�•�Ž�›�1�ž�™�1�•�˜�1�V�ï�W�1���&���1�ý39].

Figure 2. ���ž�›�›�Ž�—�•�,�Ÿ�˜�•�•�Š�•�Ž�1 �Œ�‘�Š�›�Š�Œ�•�Ž�›�’�œ�•�’�Œ�œ�1 �˜�•�1 �•�Š�‹�›�’�Œ�Š�•�Ž�•�1 �•�Ž�•�Ž�Œ�•�˜�›�1 �‹�Š�œ�Ž�•�1 �˜�—�1 �û�Š�ü�1 �ž�—�–�˜�•�’���Ž�•�1 �•�›�Š�™�‘�Ž�–�Ž�ð�1 �û�‹�ü�1 �–�˜�•�’���Ž�•�1 �‹�¢�1
�‘�¢�•�›�Š�£�’�—�Ž�ð�1�û�Œ�ü�1�–�˜�•�’���Ž�•�1�‹�¢�1�–�Ž�›�Œ�Š�™�•�˜�1�Š�Œ�Ž�•�’�Œ�1�Š�Œ�’�•�ð�1�û�•�ü�1�–�˜�•�’���Ž�•�1�‹�¢�1�•�˜� �1�•�˜�œ�Ž�1�•�‘�’�˜�œ�Ž�–�’�Œ�Š�›�‹�Š�£�’�•�Ž�ð�1�û�Ž�ü�1�–�˜�•�’���Ž�•�1�‹�¢�1�‘�’�•�‘�,�•�˜�œ�Ž�1
�•�‘�’�˜�œ�Ž�–�’�Œ�Š�›�‹�Š�£�’�•�Ž�ð�1�û�•�ü�1�–�˜�•�’���Ž�•�1�‹�¢�1�•�‘�’�˜�™�‘�Ž�—�Ž�,�X�,�Œ�Š�›�‹�Š�•�•�Ž�‘�¢�•�Ž�1�Š�—�•�1�û�•�ü�1�–�˜�•�’���Ž�•�1�‹�¢�1�•�‘�’�˜�™�‘�Ž�—�Ž�,�X�,�Œ�Š�›�‹�˜�¡�¢�•�’�Œ�1�Š�Œ�’�•�1�ž�—�•�Ž�›�1
�’�•�•�ž�–�’�—�Š�•�’�˜�—�1�˜�•�1�Y�.�[�1�•�–�1�’�—�•�›�Š�›�Ž�•�1�•�’�•�‘�•�1�ý38–40].
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3.3. Response time

Figure 3�1�œ�‘�˜� �œ�1�•�‘�Ž�1�›�Ž�œ�™�˜�—�œ�Ž�1�•�’�–�Ž�1�˜�•�1�™�‘�˜�•�˜�•�Ž�•�Ž�Œ�•�˜�›�œ�1�ž�—�•�Ž�›�1�’�•�•�ž�–�’�—�Š�•�’�˜�—�1�˜�•�1�����1�•�Š�–�™�ï�1���‘�Ž�1�›�’�œ�Ž�1
�•�’�–�Ž�1�˜�•�1�™�‘�˜�•�˜�•�Ž�•�Ž�Œ�•�˜�›�1�‹�Š�œ�Ž�•�1�˜�—�1�ž�—�–�˜�•�’���Ž�•�1�•�›�Š�™�‘�Ž�—�Ž�1�’�œ�1�[�V�1�–�œ�1�ý39�þ�ï�1���¡�Œ�Ž�™�•�1�•�Š�‹�›�’�Œ�Š�•�Ž�•�1�•�Ž�•�Ž�Œ�•�˜�›�1
�‹�Š�œ�Ž�•�1�˜�—�1�•�›�Š�™�‘�Ž�—�Ž�1�–�˜�•�’���Ž�•�1� �’�•�‘�1�•�‘�’�˜�™�‘�Ž�—�Ž�,�X�,�Œ�Š�›�‹�˜�¡�¢�•�’�Œ�1�Š�Œ�’�•�1� �‘�’�Œ�‘�1� �Š�œ�1�•�˜�˜�1�œ�•�˜� �1�•�˜�1�›�Ž�Œ�˜�›�•�1
�›�’�œ�Ž�1�•�’�–�Ž�ð�1�Š�•�•�1�œ�ž�•�•�Ž�œ�•�Ž�•�1�™�‘�˜�•�˜�•�Ž�•�Ž�Œ�•�˜�›�œ�1�‹�Š�œ�Ž�•�1�˜�—�1�–�˜�•�’���Ž�•�1�•�›�Š�™�‘�Ž�—�Ž�1�‘�Š�Ÿ�Ž�1�œ�’�–�’�•�Š�›�1�›�’�œ�Ž�1�•�’�–�Ž�1�’�—�1
�Œ�˜�–�™�Š�›�’�œ�˜�—�1� �’�•�‘�1�™�‘�˜�•�˜�•�Ž�•�Ž�Œ�•�˜�›�œ�1�‹�Š�œ�Ž�•�1�˜�—�1�ž�—�–�˜�•�’���Ž�•�1�•�›�Š�™�‘�Ž�—�Ž�1�ý38–40]. Among all mentioned 
�™�‘�˜�•�˜�•�Ž�•�Ž�Œ�•�˜�›�œ�ð�1�™�‘�˜�•�˜�•�Ž�•�Ž�Œ�•�˜�›�1�•�Š�‹�›�’�Œ�Š�•�Ž�•�1�‹�¢�1�•�›�Š�™�‘�Ž�—�Ž�1� �‘�’�Œ�‘�1� �Š�œ�1�–�˜�•�’���Ž�•�1�‹�¢�1�‘�’�•�‘�,�•�˜�œ�Ž�1�•�‘�’-
�˜�œ�Ž�–�’�Œ�Š�›�‹�Š�£�’�•�Ž�1�’�œ�1�•�‘�Ž�1�•�Š�œ�•�Ž�œ�•�1� �’�•�‘�1�•�‘�Ž�1�›�’�œ�Ž�1�•�’�–�Ž�1�˜�•�1�W�^�1�–�œ�1�ý40]. Figure 3�1�œ�‘�˜� �œ�1�•�‘�Ž�1�›�Ž�œ�™�˜�—�œ�Ž�1�•�’�–�Ž�1
�˜�•�1�’�—�Ÿ�Ž�œ�•�’�•�Š�•�Ž�•�1�™�‘�˜�•�˜�•�Ž�•�Ž�Œ�•�˜�›�œ�ï�1���•�•�1�–�Ž�Š�œ�ž�›�Ž�–�Ž�—�•�œ�1� �Ž�›�Ž�1�™�Ž�›�•�˜�›�–�Ž�•�1�ž�—�•�Ž�›�1�•�‘�Ž�1�’�•�•�ž�–�’�—�Š�•�’�˜�—�1�˜�•�1
�����1�•�Š�–�™�1� �’�•�‘�1�™�˜� �Ž�›�1�˜�•�1�V�ï�W�1���1�’�—�1�•�‘�Ž�1� �Š�Ÿ�Ž�•�Ž�—�•�•�‘�1�›�Š�—�•�Ž�1�Y�.�[�1�•�–�1�Š�•�1�›�˜�˜�–�1�•�Ž�–�™�Ž�›�Š�•�ž�›�Ž�1�ý38–40].

3.4. SEM

Figure 4�1�œ�‘�˜� �œ�1�•�‘�Ž�1�������1�’�–�Š�•�Ž�œ�1�˜�•�1�ž�—�–�˜�•�’���Ž�•�1�Š�—�•�1�–�˜�•�’���Ž�•�1�•�›�Š�™�‘�Ž�—�Ž�1�œ�‘�Ž�Ž�•�œ�ï�1���•�1�’�œ�1�˜�‹�Ÿ�’�˜�ž�œ�ð�1
from the Figure 4�ð�1 �•�‘�Š�•�1 �•�‘�Ž�1 �•�›�Š�™�‘�Ž�—�Ž�1 �œ�‘�Ž�Ž�•�œ�1 �Š�›�Ž�1 �‹�Ž�—�•�Ž�•�1 �’�—�1 �•�‘�Ž�1 �Œ�˜�ž�›�œ�Ž�1 �˜�•�1 �–�˜�•�’���Œ�Š�•�’�˜�—�1 �™�›�˜-
�Œ�Ž�œ�œ�1�ý40�þ�ï�1���‘�’�œ�1�™�‘�Ž�—�˜�–�Ž�—�˜�—�1�’�œ�1�’�—�1�Š�Œ�Œ�˜�›�•�Š�—�Œ�Ž�1� �’�•�‘�1�•�‘�Ž�1�Œ�Š�•�Œ�ž�•�Š�•�Ž�•�1�›�Ž�œ�ž�•�•�1�ý40�þ�ï�1���Ž�1�Š�4�›�’�‹�ž�•�Ž�1�•�‘�Ž�1

Figure 3. ���‘�Ž�1 �›�Ž�œ�™�˜�—�œ�Ž�1 �•�’�–�Ž�1 �˜�•�1 �•�Š�‹�›�’�Œ�Š�•�Ž�•�1 �•�Ž�•�Ž�Œ�•�˜�›�1 �‹�Š�œ�Ž�•�1 �˜�—�1 �û�Š�ü�1 �ž�—�–�˜�•�’���Ž�•�1 �•�›�Š�™�‘�Ž�—�Ž�ð�1 �û�‹�ü�1 �–�˜�•�’���Ž�•�1 �‹�¢�1 �•�˜� �,�•�˜�œ�Ž�1
�•�‘�’�˜�œ�Ž�–�’�Œ�Š�›�‹�Š�£�’�•�Ž�ð�1�û�Œ�ü�1�–�˜�•�’���Ž�•�1�‹�¢�1�‘�’�•�‘�,�•�˜�œ�Ž�1�•�‘�’�˜�œ�Ž�–�’�Œ�Š�›�‹�Š�£�’�•�Ž�ð�1�û�•�ü�1�–�˜�•�’���Ž�•�1�‹�¢�1�•�‘�’�˜�™�‘�Ž�—�Ž�,�X�,�Œ�Š�›�‹�Š�•�•�Ž�‘�¢�•�Ž�ð�1�û�Ž�ü�1�–�˜�•�’���Ž�•�1
�‹�¢�1�™�¢�›�’�•�’�—�Ž�,�Z�,�Œ�Š�›�‹�˜�¡�¢�•�’�Œ�1�Š�Œ�’�•�1�Š�—�•�1�û�•�ü�1�–�˜�•�’���Ž�•�1�‹�¢�1�‘�¢�•�›�Š�£�’�—�Ž�1�ý38–40].
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�‹�Ž�—�•�’�—�•�1�™�›�˜�Œ�Ž�œ�œ�1�˜�•�1�•�‘�Ž�1�•�›�Š�™�‘�Ž�—�Ž�1�œ�‘�Ž�Ž�•�œ�1�•�˜�1�‹�›�Ž�Š�”�’�—�•�1�˜�•�1�•�‘�Ž�1�•�›�Š�—�œ�•�Š�•�’�˜�—�Š�•�1�œ�¢�–�–�Ž�•�›�¢�1�˜�•�1���,���1�œ�™2 
bond after the formation of C-H sp 3�1�‹�˜�—�•�œ�1�ý45�þ�ï�1���œ�1�œ�‘�˜� �—�1�’�—�1Figure 5�ð�1� �‘�Ž�—�1�‘�¢�•�›�˜�•�Ž�—�1�Š�•�˜�–�œ�1
�Š�4�Š�Œ�‘�1�•�˜�1�•�›�Š�™�‘�Ž�—�Ž�ð�1�Œ�Š�›�‹�˜�—�1�Š�•�˜�–�œ�1�–�˜�Ÿ�Ž�1�˜�ž�•�1�˜�•�1�™�•�Š�—�Ž�ï�1���‘�Ž�›�Ž�•�˜�›�Ž�ð�1�•�‘�Ž�1�•�›�Š�™�‘�Ž�—�Ž�1�œ�‘�Ž�Ž�•�œ�1�‹�Ž�—�•�1�ý45]. 
���—�Ž�1�Œ�Š�—�1�Œ�˜�—�•�›�˜�•�1�•�‘�Ž�1�›�Š�•�Ž�1�˜�•�1�‹�Ž�—�•�’�—�•�1�˜�•�1�œ�‘�Ž�Ž�•�œ�1�—�˜�•�1�˜�—�•�¢�1�‹�¢�1�•�¢�™�Ž�1�‹�ž�•�1�Š�•�œ�˜�1�‹�¢�1�Š�™�™�•�¢�’�—�•�1�•�’���Ž�›�Ž�—�•�1
dose of the organic ligands. As illustrated in Figure 4�ð�1�•�‘�Ž�1�œ�¢�—�•�‘�Ž�œ�’�£�Ž�•�1�ž�—�–�˜�•�’���Ž�•�1�•�›�Š�™�‘�Ž�—�Ž�1
�Ž�¡�‘�’�‹�’�•�œ�1�Š�•�–�˜�œ�•�1�•�˜�—�•�1�Š�—�•�1�ž�—�’�•�˜�›�–�1�•�Š�¢�Ž�›�ï�1���‘�Ž�1�•�›�Š�™�‘�Ž�—�Ž�1�–�˜�•�’���Ž�•�1�‹�¢�1�™�¢�›�’�•�’�—�Ž�,�Z�,�Œ�Š�›�‹�˜�¡�¢�•�’�Œ�1�Š�Œ�’�•�1
�Œ�˜�—�œ�’�œ�•�œ�1�˜�•�1�—�Š�—�˜�œ�‘�Ž�Ž�•�œ�1� �’�•�‘�1�•�‘�Ž�’�›�1�œ�’�£�Ž�œ�1�’�—�1�Š�‹�˜�ž�•�1�–�’�Œ�›�˜�–�Ž�•�›�Ž�œ�ï�1�
�˜� �Ž�Ÿ�Ž�›�ð�1�–�˜�•�’���Œ�Š�•�’�˜�—�1�˜�•�1�•�‘�Ž�1
graphene using thiophene-2-carboxylic acid leads rolling of micro-sized sheets and forms 
�•�‘�Ž�1���Š�”�Ž�,�•�’�”�Ž�1�—�Š�—�˜�›�˜�•�œ�ï�1���—�Ž�1�œ�Š�•�’�Ž�—�•�1�Ž�¡�Š�–�™�•�Ž�1�˜�•�1�Œ�˜�—�•�›�˜�•�•�’�—�•�1�˜�•�1�‹�Ž�—�•�’�—�•�1�™�›�˜�Œ�Ž�œ�œ�1�Ÿ�’�Š�1�Œ�‘�Š�—�•�’�—�•�1
�•�‘�Ž�1�•�˜�œ�Ž�1�˜�•�1�˜�›�•�Š�—�’�Œ�1�•�’�•�Š�—�•�œ�1�’�œ�1�Š�™�™�•�¢�’�—�•�1�•�’���Ž�›�Ž�—�•�1�•�˜�œ�Ž�1�˜�•�1�•�‘�’�˜�œ�Ž�–�’�Œ�Š�›�‹�Š�£�’�•�Ž�1�œ�˜�1�Š�œ�1�•�˜�1�–�˜�•�’�•�¢�1
�•�›�Š�™�‘�Ž�—�Ž�1�œ�‘�Ž�Ž�•�1�ý40�þ�ï�1���•�1�’�œ�1�˜�‹�Ÿ�’�˜�ž�œ�1�•�‘�Š�•�1� �‘�Ž�—�1�•�‘�Ž�1�•�˜�œ�Ž�1�˜�•�1�•�‘�’�˜�œ�Ž�–�’�Œ�Š�›�‹�Š�£�’�•�Ž�1�’�œ�1�•�˜� �ð�1�œ�‘�Ž�Ž�•�œ�1� �’�•�•�1
�‹�Ž�1�‹�Ž�—�•�Ž�•�1�Š�—�•�1�—�Š�—�˜�‹�Ž�•�•�œ�1� �Ž�›�Ž�1�œ�¢�—�•�‘�Ž�œ�’�£�Ž�•�ï�1���‘�Ž�Ž�•�œ�1� �’�•�•�1�‹�Ž�1�›�˜�•�•�Ž�•�1�Œ�˜�–�™�•�Ž�•�Ž�•�¢�ð�1� �‘�Ž�—�Ž�Ÿ�Ž�›�1�‘�’�•�‘�1
�•�˜�œ�Ž�1�˜�•�1�•�‘�’�˜�œ�Ž�–�’�Œ�Š�›�‹�Š�£�’�•�Ž�1�’�œ�1�Š�™�™�•�’�Ž�•�1�ý40].

Figure 4. �������1�’�–�Š�•�Ž�œ�1�˜�•�1�û�Š�ü�1�•�›�Š�™�‘�Ž�—�Ž�1�Š�—�•�1�•�›�Š�™�‘�Ž�—�Ž�1�–�˜�•�’���Ž�•�1�‹�¢�1�û�‹�ü�1�™�¢�›�’�•�’�—�Ž�,�Z�,�Œ�Š�›�‹�˜�¡�¢�•�’�Œ�1�Š�Œ�’�•�ð�1�û�Œ�ü�1�•�‘�’�˜�™�‘�Ž�—�Ž�,�X�,�Œ�Š�›�‹�Š�•�•�Ž�‘�¢�•�Ž�ð�1
�û�•�ü�1 �•�‘�’�˜�™�‘�Ž�—�Ž�,�X�,�Œ�Š�›�‹�˜�¡�¢�•�’�Œ�1�Š�Œ�’�•�ð�1 �û�Ž�ü�1�‘�¢�•�›�Š�£�’�—�Ž�ð�1�û�•�ü�1 �•�˜� �,�•�˜�œ�Ž�1�•�‘�’�˜�œ�Ž�–�’�Œ�Š�›�‹�Š�£�’�•�Ž�ð�1�û�•�ü�1 �‘�’�•�‘�,�•�˜�œ�Ž�1�•�‘�’�˜�œ�Ž�–�’�Œ�Š�›�‹�Š�£�’�•�Ž�1 �Š�—�•�1 �û�‘�ü�1
�–�Ž�›�Œ�Š�™�•�˜�1�Š�Œ�Ž�•�’�Œ�1�Š�Œ�’�•�1�ý38–40].
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3.5. TEM

�������1�’�–�Š�•�Ž�œ�ð�1� �‘�’�Œ�‘�1�Š�›�Ž�1�œ�‘�˜� �—�1�’�—�1Figure 6�ð�1�Œ�˜�—���›�–�1�•�‘�’�œ�1�Œ�•�Š�’�–�1�•�‘�Š�•�1�•�‘�Ž�1�™�›�˜�Œ�Ž�œ�œ�1�˜�•�1�–�˜�•�’���Œ�Š-
�•�’�˜�—�1�˜�•�1�•�›�Š�™�‘�Ž�—�Ž�1�‹�Ž�—�•�Ž�•�1�Š�—�•�1���—�Š�•�•�¢�1�›�˜�•�•�Ž�•�1�•�‘�Ž�1�œ�‘�Ž�Ž�•�œ�1�‹�¢�1�›�Ž�Ÿ�Ž�Š�•�’�—�•�1�•�‘�Ž�1�•�Ž�•�Š�’�•�Ž�•�1�œ�ž�‹�,�œ�•�›�ž�Œ�•�ž�›�Ž�•�1
information of the synthesized materials. Figure 6(a)�1�œ�‘�˜� �œ�1�ž�—�–�˜�•�’���Ž�•�1�•�›�Š�™�‘�Ž�—�Ž�ð�1� �‘�’�Œ�‘�1�’�œ�1
�Š�•�–�˜�œ�•�1�ž�—�’�•�˜�›�–�1� �’�•�‘�1�œ�˜�–�Ž�1� �›�’�—�”�•�Ž�œ�ï�1���‘�Ž�1�������1�’�–�Š�•�Ž�œ�1�˜�•�1�•�‘�Ž�1�•�›�Š�™�‘�Ž�—�Ž�1�œ�‘�Ž�Ž�•�1�–�˜�•�’���Ž�•�1�•�˜� �,
�•�˜�œ�Ž�1�•�‘�’�˜�œ�Ž�–�’�Œ�Š�›�‹�Š�£�’�•�Ž�1�œ�‘�˜� �—�1�’�—�1Figure 6 (b)�ð�1� �‘�’�Œ�‘�1�›�Ž�™�›�Ž�œ�Ž�—�•�1�–�˜�›�Ž�1� �›�’�—�”�•�Ž�œ�1�Š�—�•�1�‹�Ž�—�•�’�—�•�1
in the sheet. Figure 6(c)�1�’�œ�1�•�‘�Ž�1�������1�’�–�Š�•�Ž�œ�1�˜�•�1�•�‘�Ž�1�‘�’�•�‘�,�•�˜�œ�Ž�,�–�˜�•�’���Ž�•�1�•�›�Š�™�‘�Ž�—�Ž�1�œ�‘�Ž�Ž�•�1� �’�•�‘�1
thiosemicarbazide. It is obvious that thiosemicarbazide ligand completely rolled the sheet, 
�Š�—�•�1�—�Š�—�˜�•�ž�‹�Ž�œ�1� �’�•�‘�1�•�‘�Ž�1�•�’�Š�–�Ž�•�Ž�›�1�Š�‹�˜�ž�•�1�X�V�1�—�–�1�Š�›�Ž�1�Š�Œ�‘�’�Ž�Ÿ�Ž�•�1�ý40].

Figure 5. ���Œ�‘�Ž�–�Ž�1�˜�•�1�˜�ž�•�,�˜�•�,�™�•�Š�—�1�•�’�œ�•�˜�›�•�’�˜�—�1�˜�•�1�•�›�Š�™�‘�Ž�—�Ž�1�‹�¢�1�‘�¢�•�›�˜�•�Ž�—�Š�•�’�˜�—�1�™�›�˜�Œ�Ž�œ�œ�1�ý45].

Figure 6. �������1�’�–�Š�•�Ž�1�˜�•�1�û�Š�ü�1�ž�—�–�˜�•�’���Ž�•�1�•�›�Š�™�‘�Ž�—�Ž�ð�1�û�‹�ü�1�–�˜�•�’���Ž�•�1�‹�¢�1�•�˜� �,�•�˜�œ�Ž�1�•�‘�’�˜�œ�Ž�–�’�Œ�Š�›�‹�Š�£�’�•�Ž�1�Š�—�•�1�û�Œ�ü�1�–�˜�•�’���Ž�•�1�‹�¢�1�‘�’�•�‘�,
�•�˜�œ�Ž�1�•�‘�’�˜�œ�Ž�–�’�Œ�Š�›�‹�Š�£�’�•�Ž�1�ý40].
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3.6. AFM

Figure 7�1 �œ�‘�˜� �œ�1 �•�‘�Ž�1 �Š�•�˜�–�’�Œ�1 �•�˜�›�Œ�Ž�1 �–�’�Œ�›�˜�œ�Œ�˜�™�¢�1 �û�������ü�1 �•�˜�™�˜�•�˜�•�¢�1 �’�–�Š�•�Ž�œ�1 �˜�•�1 �•�‘�Ž�1 �œ�Š�–�™�•�Ž�œ�1 �•�‘�Š�•�1
�Œ�˜�—���›�–�1�������1�Š�—�•�1�������1�›�Ž�œ�ž�•�•�œ�ï�1���‘�Ž�1�������1�’�–�Š�•�Ž�œ�1�’�—�•�’�Œ�Š�•�Ž�1�•�‘�Š�•�1�•�‘�Ž�1�˜�›�•�Š�—�’�Œ�1�•�’�•�Š�—�•�œ�1�‘�Š�Ÿ�Ž�1� �Ž�•�•�1
�Š�4�Š�Œ�‘�Ž�•�1�•�˜�1�•�‘�Ž�1�•�›�Š�™�‘�Ž�—�Ž�1�œ�‘�Ž�Ž�•�ï�1���’�•�‘�1�Œ�˜�–�™�Š�›�’�—�•�1�˜�•�1�ž�—�–�˜�•�’���Ž�•�1�Š�—�•�1�–�˜�•�’���Ž�•�1�•�›�Š�™�‘�Ž�—�Ž�ð�1�˜�—�Ž�1
can conclude that the surface morphology of the graphene sheet become more and more 
uneven by applying organic ligands and using high concentration of them. Comparison of 
�ž�—�–�˜�•�’���Ž�•�1 �•�›�Š�™�‘�Ž�—�Ž�1 � �’�•�‘�1 �•�‘�Ž�1 �›�Ž�•�ž�Œ�Ž�•�1 �•�›�Š�™�‘�Ž�—�Ž�1 �˜�¡�’�•�Ž�1 �ž�œ�’�—�•�1 �‘�’�•�‘�,�•�˜�œ�Ž�1 �‘�¢�•�›�Š�£�’�—�Ž�1 �œ�‘�˜� �œ�1
�•�‘�Ž�1�‘�Ž�’�•�‘�•�1�˜�•�1� �›�’�—�”�•�Ž�œ�1�•�Ž�Œ�›�Ž�Š�œ�Ž�œ�1�ý38�þ�ï�1���‘�’�œ�1�Š�4�›�’�‹�ž�•�Ž�œ�1�•�˜�1�•�‘�Ž�1�›�Ž�–�˜�Ÿ�’�—�•�1�˜�•�1�–�˜�’�œ�•�ž�›�Ž�1�•�›�Š�™�™�Ž�•�1�’�—�1
�•�‘�Ž�1� �›�’�—�”�•�Ž�œ�1�’�—�1�•�‘�Ž�1�Œ�˜�ž�›�œ�Ž�1�˜�•�1�Œ�‘�Ž�–�’�Œ�Š�•�1�›�Ž�•�ž�Œ�•�’�˜�—�1�˜�•�1�•�›�Š�™�‘�Ž�—�Ž�1�˜�¡�’�•�Ž�1�ý40]. The surface of the 
�—�Š�—�˜�›�˜�•�œ�ð�1�•�‘�Ž�1�›�Ž�œ�ž�•�•�1�˜�•�1�–�˜�•�’���Œ�Š�•�’�˜�—�1�˜�•�1�•�›�Š�™�‘�Ž�—�Ž�1� �’�•�‘�1�•�’�˜�™�‘�Ž�—�Ž�,�X�,�Œ�Š�›�‹�˜�¡�¢�•�’�Œ�1�Š�Œ�’�•�ð�1� �‘�’�Œ�‘�1� �Š�œ�1
�œ�Ž�Ž�—�1�’�—�1�������1�’�–�Š�•�Ž�œ�1�û�œ�Ž�Ž�1Figure 4�ü�ð�1� �Š�œ�1�Š�•�œ�˜�1�œ�‘�˜� �—�1�’�—�1�������1�’�–�Š�•�Ž�œ�1�ý39].

3.7. XRD

���‘�Ž�1�™�˜� �•�Ž�›�1���,�›�Š�¢�1�•�’���›�Š�Œ�•�’�˜�—�1�û���������ü�1�™�Š�4�Ž�›�—�œ�1�˜�•�1�•�‘�Ž�1�•�›�Š�™�‘�Ž�—�Ž�1�˜�¡�’�•�Ž�ð�1�ž�—�–�˜�•�’���Ž�•�1�Š�—�•�1�–�˜�•-
�’���Ž�•�1 �•�›�Š�™�‘�Ž�—�Ž�1 �Š�›�Ž�1 �•�Ž�–�˜�—�œ�•�›�Š�•�Ž�•�1 �’�—�1Figure 8�ï�1���œ�1 �’�•�•�ž�œ�•�›�Š�•�Ž�•�1 �’�—�1 �•�‘�’�œ�1 ���•�ž�›�Ž�ð�1 �•�›�Š�™�‘�Ž�—�Ž�1 �˜�¡�’�•�Ž�1
�Ž�¡�‘�’�‹�’�•�œ�1�Š�1�œ�•�›�˜�—�•�1�Š�—�•�1�™�Š�›�•�•�¢�1�‹�›�˜�Š�•�1�™�Ž�Š�”�1�Š�•�1�X�Œ�1�½�1�W�X�ï�V�X�Ú�1� �’�•�‘�1�Š�—�1�’�—�•�Ž�›�•�Š�¢�Ž�›�1�•�’�œ�•�Š�—�Œ�Ž�1�˜�•�1�V�ï�]�]�1�—�–�ï�1
�	�›�Š�™�‘�’�•�Ž�1���Š�”�Ž�œ�1�Ž�¡�‘�’�‹�’�•�1�Š�1�œ�•�›�˜�—�•�1�Š�—�•�1�œ�‘�Š�›�™�1�™�Ž�Š�”�1�Š�•�1�Š�‹�˜�ž�•�1�X�Œ�1�½�1�X�\�Ú�ð�1� �‘�’�Œ�‘�1�’�—�•�’�Œ�Š�•�Ž�1�Š�1�‘�’�•�‘�Ž�›�1
�˜�›�•�Ž�›�1�œ�•�›�ž�Œ�•�ž�›�Ž�1� �’�•�‘�1 �Š�—�1�’�—�•�Ž�›�•�Š�¢�Ž�›�1�•�’�œ�•�Š�—�Œ�Ž�1�˜�•�1�V�ï�Y�Z�1�—�–�1�Š�•�˜�—�•�1�•�‘�Ž�1�û�V�V�X�ü�1�˜�›�’�Ž�—�•�Š�•�’�˜�—�1�ý46]. The 
�Œ�˜�–�™�Š�›�’�œ�˜�—�1�˜�•�1�������1�™�Š�4�Ž�›�—�1�˜�•�1�•�›�Š�™�‘�’�•�Ž�1� �’�•�‘�1�•�‘�Ž�1�•�›�Š�™�‘�Ž�—�Ž�1�˜�¡�’�•�Ž�1�›�Ž�Ÿ�Ž�Š�•�œ�1�•�‘�Š�•�1�•�‘�Ž�1�’�—�•�Ž�›�•�Š�¢�Ž�›�1
�œ�™�Š�Œ�’�—�•�1�˜�•�1�	���ð�1� �‘�’�Œ�‘�1�’�œ�1�Š�‹�˜�ž�•�1�V�ï�]�]�1�—�–�ð�1�’�œ�1�‘�’�•�‘�Ž�›�1�•�‘�Š�—�1�•�‘�Ž�1�’�—�•�Ž�›�•�Š�¢�Ž�›�1�œ�™�Š�Œ�Ž�1�˜�•�1�•�‘�Ž�1�•�›�Š�™�‘�Ž�—�Ž�1
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�ý38–40].
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4. Simulation
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Figure 8. �������1�™�Š�4�Ž�›�—�œ�1�˜�•�1�û�Š�ü�1�•�›�Š�™�‘�Ž�—�Ž�1�˜�¡�’�•�Ž�ð�1�û�‹�ü�1�•�›�Š�™�‘�Ž�—�Ž�1�Š�—�•�1�û�Œ�ü�1�•�›�Š�™�‘�Ž�—�Ž�1�–�˜�•�’���Ž�•�1�‹�¢�1�•�‘�’�˜�œ�Ž�–�’�Œ�Š�›�‹�Š�£�’�•�Ž�1�ý38–40].
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�˜�›�•�Š�—�’�Œ�1�•�’�•�Š�—�•�œ�1�ý40]. The formation of the defect electron trapping centres is the outcome of 
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surface of hybrid material.

Figure 9. ���Œ�‘�Ž�–�Ž�1�˜�•�1�•�›�Š�™�‘�Š�—�Ž�ð�1�•�ž�•�•�¢�1�‘�¢�•�›�˜�•�Ž�—�Š�•�Ž�•�1�•�›�Š�™�‘�Ž�—�Ž�1�ý37].

Figure 10. ���Œ�‘�Ž�–�Š�•�’�Œ�1�˜�•�1�›�˜�•�•�’�—�•�1�˜�•�1�•�›�Š�™�‘�Ž�—�Ž�1�ý40].

Figure 11. ���Œ�‘�Ž�–�Š�•�’�Œ�1 �›�Ž�™�›�Ž�œ�Ž�—�•�Š�•�’�˜�—�1 �˜�•�1 �‹�Š�—�•�1 �•�Š�™�1 �˜�™�Ž�—�’�—�•�1 �û�Š�ü�1 �ž�—�–�˜�•�’���Ž�•�1 �•�›�Š�™�‘�Ž�—�Ž�ð�1 �û�‹�ü�1 �–�˜�•�’���Ž�•�1 �‹�¢�1 �•�˜� �,�•�˜�œ�Ž�1 �•�‘�’�˜�œ-
emicar �‹�Š�£�’�•�Ž�1�Š�—�•�1�û�Œ�ü�1�–�˜�•�’���Ž�•�1�‹�¢�1�‘�’�•�‘�,�•�˜�œ�Ž�1�•�‘�’�˜�œ�Ž�–�’�Œ�Š�›�‹�Š�£�’�•�Ž�1�ý41].
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state of graphene. Band length is changed due to the fact that hybridization of graphene 
change from sp2 to sp3�1�‹�¢�1�Š�4�Š�Œ�‘�’�—�•�1�•�‘�Ž�1�‘�¢�•�›�˜�•�Ž�—�1�Š�•�˜�–�œ�1�•�˜�1�•�›�Š�™�‘�Ž�—�Ž�1�œ�‘�Ž�Ž�•�ð�1� �‘�’�Œ�‘�1�’�—�1�•�ž�›�—�1
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the photo-sensitivity of graphene-based photodetector is a band gap creation in the band 
diagram of it.

Figure 12. ���Œ�‘�Ž�–�Š�•�’�Œ�1�›�Ž�™�›�Ž�œ�Ž�—�•�Š�•�’�˜�—�1�˜�•�1�‹�Š�—�•�1�•�Š�™�1�˜�™�Ž�—�’�—�•�1�’�—�1�•�‘�Ž�1�–�˜�•�’���Ž�•�1�•�›�Š�™�‘�Ž�—�Ž�1�ý40].
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5. Conclusion
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