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Abstract

— 1 @1IE'S™eZ>81-">™ "e"e¢1YS>'Se’"—1S—el1Z7+ZE*>"—" E1lce
phene are demonstrated by both calculation and experimental results. The results indi-
ESeZ1¢'Sele'71<S—el@e>2Ee72>21S—e1-">™ e 0]l 0]l "0’ Ze1
because of changing in the type of hybridization of carbon atoms in the graphene sheet.

EE >e'—oe0dLle'Z1<S—eleS™] el e>S™ 7 71 ES—1<Z1e72—27¢
“>eS " EL1-"ZEZeZ®il 'Z—081-"9e Zele>S™Z_71'@lZ0eZel">
eTreil 'Z1™>" ™77l el Z——"¢ ZelesS™'7_71 ™' "e"eZ7e7(E":
¢ TIET-—™MSH71 Tetl—"e Zeler S™'7_71 ™ "e"eZe7E">eil ‘ZA>7Z !

ESe'"—17e1e>S™' 7 717@ —+1 >eS—"ELle’'sS—e@l’ —=™>"YZele"
eSeel>Z@™ " — @721 -28172ZE+>'ESeleeSce’e¢1S—ele” 15571
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1. Introduction

>S™Z _71'@1S1le 7,027 07 1EEbE™M 1Se"—-1"—1S 1" I} THetpE"
ticular arrangement of carbon atoms in graphene leads to a novel energy dispersion relation,
—ZS—1>""e17e1e'Z1S™MMZSe’ o177 Ee>"— ELE'S>SEZ> e’
P—A4pil —loe™ ' eZ717ele'Z1eSEele'SelesS™'7__71'Sel1-2E'1SY-
ized the miscellaneous aspects of science and technology, it could not be an applicable mats
5’Sele™>10e™ZE’'Se1™7>™M " eZe1«ZESZ0Z1 1"« 1 ob] Alt@ELgh;
in the last decade, the unique properties of graphene, namely electronic, mechanical, optt
ESe1S—e1EZ-"ESe1™>"™MZ75¢'Z®@ILS—el'e@1™ @e’'<sZ1S™

ImECH i 7KH $XWKRU V  /LFHQVHH ,Q7HFK 7KLV FKDSWHU LV GLVWULEXWHG XQGH!
$WWULEXWLRQ /LFHQVH KWWS FUHDWLYHFRPPRQV RUJ OLFHQVHV E\ ZKLF
open science | open minds GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP O’ KH RULJLQD
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S<eZ—EZ17¢1S1eS™MM™MZeleZ-"E"—eZ2ZE*">1 '¢'1™,"™MZse'Zel
E'See¢l'—1e'Z1e>S™'Z 7 «S@Ze1l™ "¢ eZeZE+"51 "E '1le"1-
> —1£7>71<S—e1eS™1B+18pIA™M A SVl —31S—"e'7Z>1 @S’ Z—-
S™MMe' ESe’” —1S™MM™M7S 01" ' —1e'Z1eZ0e’ +—' —-¢1 19 FraBsistor wadé
<C1le>S™Z 781" —1'721" ,02S+7281'S®e1S1EZ>>Z—e1727114.
EE e’ —2e¢d1le'Z1™" Z51E" —RZ-™e¢'"—17¢1eS>’ ESeZ1E":
of band structure of graphene sheet has been extensively studied. Band gap about 0.5 eV ce
(Z1e™>—=71"—1—S—">"«<"—0el ’«'1«" 72022210 BisThetholl, \tdntolirgythe
VSe7717¢1<S—el1eS™1 "E'l' cele> —ee¢1S ZEeZelct1le'Z1lee
">Z2"YZ>81<'eS¢Z>1>S™ 7 _7Z1ES—1<Z17@Ze1e 510’1 ™Zz>™
Y3, 24. One can manipulate electrical and magnetic properties of graphene by introducing
o' 757 —el1eZ+7E+1ce-S 25 12§-BeeaséallAtontslaye placed on the surface of gr
phene, density of electrons is high on it, so active is the graphene sheet that it can easily reac
'etle'Z1eS®Zel —1e'Z21®2>>"2— —e1Se—"@™ 25271 ‘Z>2">27
leads to use vacuum condition in order to obtain repetitive results.

"-721'72S®1'SYZ1<272—1"—YZ®e'+SeZ+1® " 1S®l"1"YZ>E -2
"0l o' Z1ZeZE>"—1>S—@™ 501l ™M, ™70 7101l e>S™Z 7,
>ZSE Le" 1o’ @1>Z0072%01e'Selie’'—el'ZeZ> " @e>2E o257 @17 10>
>’Se@1'SYZ1le’'s—' ES—el1'—-™MSE1"— 185 Z7L3PI™ @S 7'S+1T%4
sional materials, zero- and one-dimensional organic or inorganic materials can be used in the
V7, —Z e 7e1°7+7>32036HE BoTEANL ™M el —1e@l>Zce
the surface of the graphene sheet via zero-dimensional organic ligands. In order to realize the
™Yy EZeoel el-—"¢ ESe " —1"ele>S™'7Z__71@‘ZZd1'1’ @l —™
©"1¢'Z1072>¢SEZ17e1le>S™MZ 71 ®'2ZZ+81 "E'1l’el ' ’e'«¢1E"-
—"YZe1-Se75'Se1”—" —1S®1e>S™'S—781e ~,e'-7Z—@' "—Se1'¢
o> Z E+1<S—e1+S ™7 FHeYaltplafiord in the percentage of hydrogenation of graphene
ES—1+72Sele1e'Z1E>Z2Se’"—17¢1VYS>""2@1<S—eleS™jl —1°
synthesized can be possible by hydrogenation from zero in the graphene to 3.7 eV in the fully
“Ce>"eZ—SeZe1 «> 3 This-ahigvement should broaden the spectrum of photonics
application of graphene.

"1—"e'e¢1027>¢SEZ1"e1e>S™' 77102781 Z1 —e>"e2EZ1+>ST
—7S—0e17¢17>eS—"Ele'eS—e@dl "E'1'—eZ>SEe]l 'e'le>sS™M 7 __
«"51~ ™ 75Se7«1S38 %0 [To achipve this, our focus is oriented to the analysis of alterec
Ce>7E*2>5¢1S>>S—e7—-7—01"el1e'Z17>eS—"Ele'eS—e&*>S™ 7.
7518 —Setoe’ele’” 1e'Sele‘Z1eZ " —Zes¢1 el t—e‘Ze'£Z+1-S
“>eS—"(Ele'eS—e@l1 —1e>S™'7Z__71eS¢7581 >1¢'Z1ES><"—1S~
“Co>"eZ—1Se"—@1 1" >eS—"E1le'eS—eeil "e1"—e¢1 Sel+'Z1lc
—Se7>'Se@1"™Z7>Se7e31<72e1ESeE7eSe’"—1"el1e'71<S—elee>2C
See " 1ES E7e8eZele”"1E — >—1¢'Z1E*S'—1-8¢71S<"7e1-"0" 7o

>SC1e’ >SE"—10 Ud1Se"—"ELleH>EZ1-"E>"cE"™Z10 Ud1lc
S —ke-"ee®'"—1Z¢ZE>"—1 -"E>"eE"™Z1 0 U1 S—e1 727
1'—VYZoee'eSeZ1e'Z1@e>2@Ee72521S—e1—-">™ "e"e¢] ele‘Z]e>8™
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o' Z>Z—¢1E " —EZ—>Se’ " —17¢1YS>"" 71" >¢S—"Ele'eS—eceil
Sel1S—1SE'YZ1eS¢Z517e1—7eSe,e5S™'7Z__7 _7e¢Selll 1G1™:
oS’ _ele'” 1e'SeleZ1eZeZE"—1 ™S8 -7e751"¢1S>"ES
ES—ee¢d1e>17iS—™eZ3d1eZ-™M">Sele’ =71 ¢1eSc>'"ESeZel™ "o
WVVVle' —Z@leSoeeZ>1e'S—1e¢'Z1™ e eZeZEe">14I™ 50711

2. Experimental

XiWil ¢ —e'Ze’'elS—el—"e¢" ESe'"—

—17i'@eS—EZ17e1Seel1eS>' ESe’"—1-7Z¢'"e@l™ele>S™ 771"
because the synthesis route plays an important role on the chemical, optical and electrica
™" ™M Z5e' 7001 el e>SMOWL-BE™ $ZAY j’«Z10 U1l Scelet—eZce’
¢l 7Z——7>0 1-Z8PPLYLE e " eSel®ezee™Z—®r'"—1 " ¢let—'Ze
SeZ51 Sel™>Z2™S57¢1¢¢le™—"ESe'"—17¢1 1'—1 SeZ>10Y1-
OW1— 1¢51Y1—-e1"¢1 81 "—081 s>’ E‘'U1l Selez«wZizZ—eC¢1
yZ-"YZ1"j¢eZ—1E " —-™"—7 —ee1lcC1e"73840,>Adblitiondl BtirZing Ean 0i-
¢Se'1'Zee1Se1AVU 1eH>1WX11¢'ZeeZe1S1<eSE"1™>ZE" ™ eSe’"_
“ceS'—7¢1-Se7>'Seel Z>Z1EZ—e>'e7e7¢1<¢1 SeZ>1¢">10ZVYZ>¢
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 -
Co'ELSE' s/ 252129« £Z201e 1 -"e"'e¢1e5S™Z 71 @25+SEZil "1
0.5 mg of thiophene-2-arbaldehyde, thiophene-2-carboxylic acid and pyridine-4-carboxylic
SE’'+1 SeleZ™S>SeZe¢le™eYZel'—1[V1- 1 SeZ5il1 “>2°YZ>81
o7 ™7 o7 —eetloe eYZel —1]1— 1Z¢'S—"eil SE'17¢1'Z1™>
Slezee™Z—@'™"—d1 "E'1E " —e’' ®@eZe1 +1X]1-21"e1"¢eS'—Z71
eel17el1e' 71 7¢eS'—Zel®2ze™Z—0'"—0@l Z>Z1e'>>Z1">1XZ1"
¢ 717¢eS" —Z7e1-SeZ>'Sel 2521 —e' Y’ e7See¢1SeeZele"1YV1I- 1
Sl1e’—10'ZZ+1 Sele ™ >—Ze¢1"—1¢"™17e¢138AQ)E "+ '¢eSeleze™Z

2.2. Fabrication of photodetector

‘710271 Sele>S—0eeZs>>7¢1"—1e'Z1 —e7>¢’¢’eSe/e]l ~M™M7,
<3Z,22Seelez«ee>SeZ1'SY’ ' —el —eZ>@]l '¢‘181eZ—ee'1"e1V]
W[V1le—il ‘Z1le" E"—Z0eel e1+'7138140.¢72>1 Scel[VV1I—-1y

2.3. Characterization
—1 e "®@1E'S™e7581 Seel e>72E*72>Se1 E‘'S>SE+Z>'£S+'"—1 8
le“ee™ '—eleZY' EZ®H

‘Z1E>¢0eeSeleerZ2@Ee2>21 el —"¢" Ze1S—el7——"¢ 7eleS™'7
>S¢C1le’ >SE'"—110 U1"—1S1 'Z-7Z—0el [VVellieod Wi{Z & I'#.01
>Se’Se’”"—1 Sel1™Zse"5-7e1l7 —e1 ZVVel Z>-S—¢10ViY1E
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‘Z1®7>*SEZ1-">™ "e"e¢t1"elet—e'Ze'£Z21-S*Z>'Seel Scel”
™" ¢Z1S—el1—"E>"E " ™MZ1 1Se"—"ELleHEZ1-"E>"cE"™Z1
Sceloee7¢’7¢1Y'S1S1 ZoeES—1-"9e7¢1 Y1 Zee,Z—"0ee’'"—1lce
SEEZeZ>Se’—el1VY " eeSeZ71"e1WV1”" i1l 1'—-SeZcel 75721 <eS"—%
' T—1Z¢ZE>"—1—"E>"@E"™Z1 '«+'1S—1SIB@DF 7>Se’—e1Y o

2.4. Computational details

“e‘le‘'717Z¢ZEe>"—"EL<S—elee>?Ee7>21S8S—eleZ—e’'e¢1 eloee

il Se@EzeSe'"—l Z>Z1ES>>'Z¢17 71 "o'1e'71 1E~«Z17ce
0 U1S—ele'Z1—"— ¢ ESele>Se’'Z—e¢ E>>ZEZ2+12;{E'S—7,C
<C1le'Z1 Z>e7 |, 2—e7Z>10E'Z-210 , 001 "E‘'172Z0e1S1 ™S
ZeZEe>"— 1S —el7ee>S e eel™M@EZ7e 1™ 7 _o'Sele™>1e'Z1E
" EezeZe1 —1'Z1<Se’el SeleZeZ>—"—7e1<C1EZe,” 1Z2—7>¢
o' 71 >'ee” 7' —1£"—71 Sl KMF3SeZ21be S Il —e17e ' —+151 ~—
™SS 77517 ADY1Y1Y1Y41W1y

3. Results

3.1. Sensitivity

Achilles heel of the current generation of graphene-based photodetectors is their very poor sen-

®'e’Y'eCil "el'®e®zZ1l’'e1Ses>ZweeZe1ct1Ses’ —e1"5eS—"(ELle's
' Z1@E>72SeZe1<S—eleS™1e7Sele 1>Z¢7@EZ1'Z1S>"1EZ>>Z—"
M eSS _e157eZ1’ —1eZeZ>—"— —eleZ—c 'Y '+Cil ‘Z1Z ZE1""
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.

eloe'” Fabletdle'Z1-ZScez>Z+1leZ—ce's'Y ¢ R -®/R o' VESAE
R1S>Z1Z«ZE*>"ESe1>Z@' 0*S—EZ17—7Z>15>"1S—e1"—>S>7Ze
<SZe1™ "e"eZe7M8PIL XZ2YFRY1e'Z1l®Z—0’'e Y oGl el™ “e s,
*SH'ESeZe1<¢1l S—e1S—e1E", >"Z>081' —1'Z1" ' ZeelS™’
'—1e""el1Se>s77-7—e1 'e'1e'Z1Z—0'e'Y'eC 17017 725>1eS<>'ESeZs
17, 40pi1 ‘Z1leZ—ce’'s'Y'e¢1'Sel«ZZ—1¢ " eeZelctlzm —el el
voltage excites the surface plasmon polariton. Therefore, one outcome of this excitation is
Z—'S—EZ-7Z—e1"e1le'Z1@Z—ce’'*’ Y «¢17 ™40, 48sThist Tneahs thd Serkits
ity can reach to 1. In this case, the sensitivity of the detector is three times less than our modi
ZeleZeZEe">10¢"" ®@1ES—1<¢Z1Se“7@eZelct1" —el el S™M™,' 7
—Ze' el el ™ Y71 @Z—0' 'Y e 01'S®el«ZZ—1"—e>"e72EZ126
— 1o @IE"—'e'"—81le'Z1" ' ZeeleZ—e 'Y’ ¢ ¢C1ES——"+1>7S
"1SE 'ZYZ1e " e1e”Seil 7S—e7—1e"e@1l "E'1eZE " >SeZ1'Z1e
—SeZ>'Semle’e— ES—ee¢1S ZE+1e'Z1leZ—c@’'+'Y’'+¢il "eleSH
“e187S—e7-35ptte1§e1 —S—">"ee1S®el" —Z, —-7Z—@'~—Se+1-Se..
MY —ele'Zl@Z—'e'Y 01 e1eS> ESeZe1e728FE ">l @1
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Figure 1. E‘'Z-Z1"¢1+S<>' ESeZe1M0Te"sZeZE">1y

et ESe T —1701e>8™ 7 __71007>¢SEZ1<¢t1">eS—"Ele'eS—eeloe’
SE'e1S8—ele” o"@Z1e"""®Z-"ES>«SE'e721'"—E>Z2S®Z®ele‘Z1le’Z-
™M ~e“eZeZEe " >1-"90" Zelct¢1™¢>'¢'—7 Z ES>j¢e’'EL1SE’'*1’1W
e'Z1<Zeele’sS—el'—17>e7Z>1e"1'=™>"Y71e‘Z1leZ—0e'¢'Y'o¢1l 001"
[VV-1'=™ Y7 _7—e1'—1e¢'Z1@Z—@ '+’ V' e¢C1E " -™S3Z40]. ¢ 17 —-

Absorption spectrum of thiophene-2-caboxylic acid, thiophene-2-carbaldehyde and pyridine-
Z,ES><"jCe’ E1SE +1'S®1<«Z2Z—18APN D> eZ¥N' ™M er'Zs 72 1"EE

Organic ligand Sensitivity Responsivity (A/W) Rise time (ms)
——"e ZelesS™Z__@5 10 50
Hydrazine 0.9 14 35
Thiophene-2-carbaldehyde 0.092 0.1 40
Thiophene-2-carboxylic 0.9 20
acid
¢>'e'—7,Z,ES><"|CITELISE - 2.5 38
High-dose 3 9 18

thiosemicarbazide

T eTeZ1 1 10 40
thiosemicarbazide

Table 1. Sensitivity, responsivity and rise time of fabricated detectors.
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E~"— @’ *Z>S<eZ1YSeZ7Z1 e1l™ “e"5Z@™" —@’'Y'e¢1 ¢1¢S«>'ES
et let ' TMIZ 7 X, ESr><"jte’ELSE'e1'ele'Sel—Z—e'"—7e]s’
OXVVV.YYVUYASEIOWiNYy el " —eCle"Zle>S™'Z —7Z10'ZZ1S<c
X, ES>c"j¢Ce’ELSE 's1le’eS—e1S<ce™>cel1e'Z1 1e'e‘'e1Scel Z
E~"—@'eZ>7¢1eZeZEe">1 "9 Zel ’etle "™ 7 __7 X ES>cjCe-
ESeZel™ " e e ZOPWHE D@2y @1 Z1ZY EZele' cEZmelZ-l
¢"51-8S—¢1+S¢@1S—el1>Z2™>7@7Z—eZ100"-Z1E 'S>SE-+7>45 -

3.2. |-V characteristic

Figure 21 o'~ ®@1e'Z1<’SeleZ™Z —eZ—EZ1 121 , 1E*S>
>S™ 7 7 «SeZe1SH'ESeZel™ "e"eZe7E">®@dl “E'L Z57
Y eeSeZ1leeZ™el1 +1ViFylrd2 o2 d'@E1™"3" e ™" —@’'V'+¢1Sc
the bias voltage. As stated inTable 1831 ¢‘Z1 ™ "¢~ 70 ™~ —@’'Y’'e¢1YSe27
e s1eZeZEe"51eS>’ESeZ+1ct 1739 Thicsemicabha?itg ergandi§ ligands do
—"e1'SYZ152-S5>"S<e7217 7ZE-+1"~—A0VTHe Fespbusiiity of-fabiivdted dstec-
51 w1S7e7-72—71ZV-10WZ & U1l<¢1z2B§.By apmyingthiophZres
X, ES>c"j¢e’ EL1SE e1¢’'¢eS—e31 " —7Z1ES—10e’'e—' ES—eetl>!
XV 1 &39]YOn the other hand, some organic ligands can decrease the mentioned param
Ze7>12™1«"139IW1 & 1y
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Figure 2. 7>57Z—¢, Y eeSeZ1 E'S>SEeZ>' e’ Erl +1+¢S>' ESeZeleZeZE">1<SeZe1"
“Ce>SE'—Z810EUL-"9" Ze1<C1-Z>ES™e 1S EZ EL1SE ' +010cU1l—"9" Zelctle™ 1o
e " /Z—"ES><«SE eZB10cUL =" Zoelctle' "M 77 X ES><SeeZ¢eZ1S—e10lil-"0
TeeF ' —Se’" 171V . [10—13840B>7Ze1e’e'ely
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3.3. Response time

Figure 31 '~ ele'Z1>7Z0™ " —@Z1e'—Z1 el ™ “e“eZe7Ee " >017—07
o717 el ™ " e"eZeZEe">1<SeZe1"—17——"'38p13> SEZ MaTeIS 02’1
<S@Ze1™—1e>S™'7Z__71—-"e" 7l 'l " ™M Z7__7 X ES><"jCe’E1LS
>’ Z1e'—781Seel@zecZeeZel ™ TeTeZeZEe">®@1<SRZe1"—1 "0’
E"-™S> " —1 "¢ 1™ "e"eZeZ(E+">0e 1<S e 7« 13840 2Amerigrall tentiored
™~ e e7e7ZE">001L™ “e"eZeZE+ >1eSH>'ESeZelctle>S™M 771 -
"eZ-"ES><SE£’eZ1'@le'Z1eSeeZe 1l 40l Figlieo3d®@ 1™ el "1 W kR
“el'—VYZcee'eSeZel ™ “e"e7e7Ee>eil 01 -72S0eisZ-7—el 757

1eS—™1 "e*1 ™™ 751%7e1ViW1 1'—1¢'Z1 SYZeZ—ee'1>S—3BUY].[:
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Figure 3. ‘Z1>Z@ ™" —@Z1 ' =71 "¢l ¢S<>’ESeZe1 »
o' ReZ—"ES><SE e ZBLU0EUL-"9" Zelct1l et e"0Z1
<G1™¢E> e’ —7,Z ES>< ¢’ ELSE +1S—«1038H40}"

ZeZEe>1 «SeZel " —10Su1z—-""
" Z—"ES><SE ZB10UL=-"9" Zo1
" Zel<t1'¢e>SE—7Z1y

3.4. SEM
Figure 41~ cele'Z1 1'—SeZ0l el7——"¢ Ze¢1S—el—-"0¢" 7Zele>S"

from the Figure 481 ¢*Sel e Z1e>S™'7 71 0‘'ZZ°01S>721<Z—eZ+1"—
EZ&Eily ' el™' 7 —"-7—"—1"c1l"—1SEE">S—@h11'¥18'41d
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(Z—e¢'—e]l ™M " (EZ®El ele'Z1le>S™'Z—Z1®'ZZo01le " 1<>ZS" —=e?2
bond after the formation of C-Hsp31 <~ — 4&pliy celce Figwd 581 ‘Z—1Ce> e Z-
S4SE 1¢"1e>S™ ' 7 _781ES><«"—1Se"—1-"YZ1 217 «1™S__Zp]
—Z1ES—1E " —e>"ele'Z1>SeZ1 el —e —el"el@'ZZel—"01"
dose of the organic ligands. As illustrated in Figure 481«'Z1e¢—e'Z'£217—-—
Zi'"<eel1Se—"0pele”—e1S—el17—"0">-1eS8¢7Z>i1 ‘Z1e>S™'7 71—
E " —e'eerel el —S—"®'ZZeel '*'1e'Z2'51® £Z001" —1S< 21~
graphene using thiophene-2-carboxylic acid leads rolling of micro-sized sheets and forms
©'Z21 S"Z,9"21—S—"5"e®il —Z1®Se'Z—+1Zi{S-™eZ1 e1E " —s:
¢ 717021717 5eS—"ELle'eS—e@1'@1S™MM™e¢’'—ele’ Z57Z—0le"(
>S™ 7 __ 77U UIZ1Ye1 <Y "Zoele'Sel ‘Z—1e'Z1e"®@Z1 el "7
(Z1<Z—e7+1S—e1—S—"<Zeeel Z5Z1¢C—e'Z0 £Zi1 ‘ZZe1
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Figure5. E'Z—-Z1"¢177¢, "¢ ™eS __Je’0ee 5’ —17e1e>8™ 7 _ABLc¢1'Ce> o7 —Se'"—1™,
3.5. TEM

1'-SeZ®dl “"E'1S>ZAgarg 68NE=L >—1¢" " @1E*S ' —1+'Sele'Z-
¢ —17e1e>S™'Z _71<Z—eZ91S—el —SeeGl>"eeZele'Z1le'ZZ 21
information of the synthesized materials. Figure 6(a)1 ‘'~ celZ——"e’ Zele>S ™'}
Se—"@elZ—"¢"5-1 "e'1l®™=Z1 >'—"eZ@il 'Z1 1'-SeZel el+'Z
eeZle' " eZ-"ES><SEFigUres (b)S1L E 1>Z™>7ZZ—1-">721 >'-
in the sheet. Figure 6(c) 1 cel1e'Z1 1’ —SeZoel ele'Z1' e e"Z, ="' Zs
thiosemicarbazide. It is obvious that thiosemicarbazide ligand completely rolled the sheet,
S—el—S—"e7¢Z@1 'e'1e'71'S—-775>1S<A0]1XV1—-1S>Z1SE"".

Figure6. 1'—S¢Z717¢10S017——"¢" Ze1e>S™‘7Z _7810¢01="90" Zelctle™ ,e"Z1le"'"Z
e“@Zle''"eZ-" E&<SE 71y
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3.6. AFM

Figure 71 00~ 1 Z1Se"— E1eH>EZ1-—"E>"cE"™¢10 (ULl ™
E"— >-1 1S—el 15Z0eZeeceil ‘Z1 1'-SeZ®l’' —e«' ES+Z1+'¢
S4SE ' Zele"1e'Z1e5S™ Z—7Z1@‘'ZZei11 "¢'1E " -™S5 —el 017 ——
can conclude that the surface morphology of the graphene sheet become more and mor
uneven by applying organic ligands and using high concentration of them. Comparison of
Z——"e" ZelesS™Z 71 "e'1e' 215727 @EZe1e>S™'Z—717'eZ217%ce
o'Z71'Z'¢' 0170l > —"eZ BBPLIEYDSI0SAEAHZ 1" 121572 -"Y —-1
71 > —"eZ0e1’'—1'Z1E " 2>07Z1 1 E"'Z-"ES 140 The&Euirfacelof ¢1e
—S—">"e@d1le 2157070017 el —"¢’ ESe’ " —1"ele>S™ 7Z__71 'e‘1e
®eZ7—1'—1 1’ Fguwedlidde Bod1Sece™loe'” —1'39]1 1'-SeZcely

Figure 7. 1'—=S¢7Z17¢10S01e>S™'Z _710<il1-"¢" Zelctle™ ,e"@Z1e"" " @Z-"ES><SE’"
ES><SE'eZ310U1="e" ZelcC1™¢s o' —7,Z,ES><"j¢Ce’ ELSE’+d102Z0U1e"""™ 27 X,
$8-40].

3.7. XRD

‘Z1™~ o751 >S¢le’ >SE'"—110 U1™S47>—0el1 ele'Z1le>S™!L
' Ze1e>S™ 7 7155717 Figuree8i S @l va7lee>Se el —1e' el o
Zi'"<ee1Sloeer>"—e1S—e1l™MSFEHBLIWISVIXWASIESLEXL —eZ>¢S¢
»S™ U e71 §"7Z@1Zi 181> —e1S—@EHEEBXWBY Z2IELB1&
“yeZ>1er7Ee2>721 o118 —1"—e7>0S5¢7Z>1@eS—EZ1"+1\EYThe
E"-™S>' " —1%e1 1™MS47>—1"e1e>S™e7]1 "e‘1e'Z1e>S™ 7 _
e™SE’—+17¢1 81 "E'1’01S<"72¢1Vi]]ll—-081'1“«Z>1'S—
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Figure8. 1™S4Z7Z>— 1 «10Si1e>S™ ' Z—71"j'«Z810<0i1e>S™'Z_71S—+10E0840F ™

S"Zel<«ZES720eZ1 17217’ ceeZ—EZ1 o1 j¢eZ—SeZele7—(E-~

7eZel —1e>S™'7 717’71 “"E'1S>Z1¢'Z1>7Z 071" «1E" 'Z-
i'eZ1° 01 Z1e>S™'7Z_71e7Z—0ZC1E"YZ>Z+1 ’«*45¢By Teheuirs:
o'ZZ1e>"2™@le> —1¢'7Z1002>¢SEZ1 " e1e>S™'Z__71ce'ZlE=8P>i
o' —e'Zeil eleeeS™MMZS, S _EZ1ET— >—ele'Z1e >-Se "o
"—1eeSE"Zel@eSE @1 e1e>S™Z__71e7Seele"1e'Z1¢>"SeZ—"
>S™ U e7i1 ‘Z1 1™ZS"17¢1e>S™M AUANXIHBEE>YIE1ISETX>Zoe ™ ™.
' eS—EZ17e1ViY]l——081'loes’s‘setloe ’seZele 1o 71" 751

1™S47>—1oeeZ—0ele> " —1¢'7Z1>72-S" —"—el1~ele>'Y'Se1S_"7—
>TZ™1 517 751 ee>7 EALABrleZeZE 1y

‘21 1™S47>—17ele'Z1-"9e ZelerS™'7__71 ’e'1Figireedi+1 ES»
o"Zeloe'” 1le'Zloee'e'eloe'’'eel e le'Z1e7Zeedlc7elSe@ ™1l —e' (E!
S—eeZ@il —Z1™"ee’'<eZ1>Se’"—SeZ1e¢ 51’ @@1E'S—eZ1'cels
£'eZ,e>8™M'7__71™M'S@Zd1l “"E'1'—1e2>—1E " 20012185 —172Y"
<Zeo 7272—10'21>272172¢ZEe>"— @1 ¢1e>S™'7__71S—el17¢ZE*>"—
<"—ed1l "E'1>Z0eZec@]l’ —1e' 71 >-Se'"—140]11—7 1E>CaeSee’—

4. Simulation

“ele’—eleZ>eSEZL1 el t—e'Z@ £Ze1e>S™'Z 71 'e'1">eS—"
™ e @7 —e'e’'Y'e¢t1S—ele'e—" ES—eetleZE>728S0Z0e1'Z1>7
S—1"7ee>” ‘176l —"e" (ESe'"—1™"EZe®dl' —1Z+ZE+>"—' Ela
—Z—e1"—157Z0™ " — @'Y e C1E  —™MSATP Ll 1oy ZAS » ¢ 72112 (e & B ‘L
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o’eS—e@]1’'l1"EEZ>>Ze]l 'Z—1'Z1®eZ2>SEZ1Se -1l ele>S™
“>eS —'(E 1« 405 Fhedermation of the defect electron trapping centres is the outcome of
Z1®7>*SEZ1-"+" EREPSFINIU@G@Y ZIE 172Seeles"1<S—eleS™1
surface of hybrid material.

Figure 9. E‘'Z—-Z1"e1e>S™ 'S _731e7ee¢1'Ce>3Wf—SeZelesS™MZ__71y

Figure 10. E‘Z—-Se’'E1"el>"ee’—e 0k le>S™ 7 71y

Figure 11. E‘Z-Se'E1>Z2™>70@7Z—+Se’"—1"e1«S—el1eS™M1"™M7_ ' o1 SU1Z——-"0" Z4
emicar<SE£’¢Z1S—e10EU1-"¢" ZelcCl' o' e @74} "Z-"ES><SE’«Z1y
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Figure 12. E‘Z-Se E1>Z2™>707Z—+Se’ " —17e¢1«S—e1eS™M1"™MAQL’ —e1’'—1e¢'Z1-"0" Ze1

1E " —™Z2eSe' " —1S>Z172ZiZE2eZ¢1e"1" ™' "£71¢'Z1E " — 7>
S 1e>S™ 7 _ bl ZZ4T e, e, ™MeS—Z71e’ e " ESe " —1"eler S™M 7.
e Z-"ES><SE’ 705 1Figuiec®2T1—d 1l —1' —1e"@l *72>7281+'71
' Z71e>8™7 7102721001 1<¢Z17™ Sse1e"1Ce>"eZ—1Se¢"—0e1
ES><SE£'e71'@18e' 7571”1 2Z1e58™' 72 _710'221Y'S1 , 185>"-
CELe 21 e Z-"ES><SE 71’ AB1I ™ eSs1-"eZEZZ1y

1ES*E7+Se’ " —@1 —+' ESeZ1e'Sele'Z1 >eS—"ELes'sS—-1
state of graphene. Band length is changed due to the fact that hybridization of graphene
change from sp?to sp?1<¢1S4SE " —ele'Z1'Ce>"eZ—1Se " —1le"1>ST
leads to form the band gap. Figure 131 ‘'~ cele'Z1l®@¢—e'Z®@'E£EZ+1-Se7>:
E"—eZEe">1 ’o'1e'Z1<¢S—e14GpMN ~ZIVEW 1L ZELF—+1 ™MS>e1 "
the photo-sensitivity of graphene-based photodetector is a band gap creation in the band
diagram of it.
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Figure13. Se@E7+SeZ¢1¢S—el@e>7E*2>721S—eleZ—@’'s¢1 " el@eSeZ0e1le " >10SU1e>S™"Z
0]

5. Conclusion

—1e+0l ">"81e>S™'Z 71 S®elZ E'Z—e+e¢1l™>Z2™S57i1 ‘Z1
Ze'—ele’ Z>Z—+1"5eS—"E1le'*S—eeil 'Z1E'Z-"ES+1S—elce-
>'Seel Z>721'—YZoee'eSeZeil "572°YZ>81—2Se,e5S™7__7 78
CE Lo Z1@C—e'ZR EZedL "0 Ze1lS—el-_"e ZelerS™M'7Z_717c
cated and analysed at room temperature. The organic ligand used to modify graphene sheel
ES—1E>72Se71S—ele7—71¢'71<S—eleS™j] ™M7__* __e]%e]e‘71
>S™' 77, «SeZel™ "e"eZeZEe"51®ZE‘1SeL1 e 1eS>"1EZ>>
©'Z17Z ZEe1"elez>>"2—e —eleSeZeil e"81leSeel>Ze™ —ce.
¢'SelesS™ 77 «S@Ze1l™ ' "e"eZeZEe">®1S>21' 217" 2512 —7
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GO Graphite oxide
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