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Abstract

Graphene paper as a new form of graphene-supported nanomaterials has received world-
071847 —"—1' —EZ1'el >ae1>Z™ el ' —1XVV]il 72Z1 1",
¢ "1 77 Ee> ESe1IE " —+ZE'Y'eC¢dLle>S™M 771 ™MS™MZ501°SYZ1s
'Sl e H1E>ZE'Se1IS™MMO ESe’"—@®@1l'—1ZZEs> E'Z-"ESeleZ-
“e'Z50eil —1e¢ 1 E'S™eZ>81 Z1™M>70eZ—e10"-217iS-™eZ@l-
»Z@ZS>E LS —eleZYZe"™_7 —e1"ele ~ o7 @ "—Se10X 11+>8™
e 31ZeZEH>"E'Z-"ESel®eZ—0eH>oeil ‘Z1E'S™MeZ>1E"YZr0ele+'Z]
o7 —1S—e1S™MM™MESe" —172YSezSe’ " — At > SSY'ZZI1Z1M S L@
—Ze¢' "e@1 e 51 ¢SH'ESeT—1"elerS™M7_71 MEMZ73,&-7->S—7Za
YS™™751 eZ™ @'’ " —1eZE'—'832Z01S—el @ ez — ™M"EZe®E -
portion of this chapter is ¢'ZteZY " eZele 171  e‘e’e'ee]l el @™ZE’ E1l-
HS™Z _71™MS™MZ501 e 1™ ¢ -7>1S—e1—S—"ESeZlez—E+""-
"ESe,@Z—0®’'—e1™7>™M " ®eZeil —1eZ>—1"e1Z«ZE+>"E'Z-"ES-,
"—11Z—£¢-72,5S™'Z7Z__71S—e1—S—"™MSe'EeZ,e>S™ 771 ™S™
Telee i ET LSRR —EezeZ1le ' 1E'S™eZ51 "o 1¢>'Z21>2-S>"®1S-
Keywords: 1¢>8S™Z —71™S™M7,81X ,eS¢7>72¢1—S—"-S¢7>'SeedlZZ
“ieZd1™ e¢—-7>801—S—"™Sse' EZ

1. Introduction

yZE ' @Z1-"—"¢">"—e1 el E‘Z-"ESe1 >1< "¢ ' ESel™M"EZRce.
S— el e ESe1S™MMOESe'" —eil +ZE>" E'Z-"ESeleZ—ce:
"—e1S1E'Z-"ES*1"51S1< e e’ ESel1>Ze™ " —eZ1’ —"1S1™>"C
o "1e7ESeZ2®@d1l’ —eZ—0'YZ1>7207ZS>E‘'1S—eleZYZe"™M_7 01
¢ 1S ESeZ1le’ Z>7Z—ele¢ ™70l " e1eZY EZil ¢eZ51'7Z12Y7

ImECH i 7KH $XWKRU V  /LFHQVHH ,Q7HFK 7KLV FKDSWHU LV GLVWULEXWHG XQGH!
S$WWULEXWLRQ /LFHQVH KWWS FUHDWLYHFRPPRQV RUJ OLFHQVHV E\ ZKLF

open science | open minds GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP ’_@ KH RULJLQD



(OHFWURFKHPLFDO 6HQVRUV 7THFKQRORJ\

ZeZEe>"E‘'Z-"ESeleZ—r" > el —1«Z1E*Sere EL1E"— ¢7>S-.
S—el1'—E>ZSe’'—eleZ-S—eele >l Z1eZYZe"™M_Z 011 Zi'«
—Z—e17el 7i'<oZ2172ZEe>"E'Z-"ESeleZ—e H>@leZ™M7Z—exelE
“eles77,00eS—e'—e1S—e1 Zj'«eZ21—7 1-Se7Z>'Secei

07i'«2Z2172¢7ZEe>"— EL1ZY EZedl Zoe™ 7 BeBsorddll SYVAT 17E&Za
YS—EZeleZE ' — e"et1l '0'1¢'7Z1S’—1Sele oY —ele " —Z1>72-7-
" le'ezleZ—0e —el1e" 3178018 —e17—V'>"——7—0Se1 ™ (e7.
Zi'<0Z2172¢Z@Ee>"¢7 ,<S0Z1ZY ®Z01S>721Y7Z>00S¢’¢7Z1S—e1""e"
"EEZ™MC1e7Z00el1e™SEZLIS—e1E " Z2ee1«Z1E " —™Se’¢e71 "¢'1S-
<Te 1S —e15"7e'1"51'5>77¢S>, ®@'S™MZeleZcee>SeZeil «ZSe1 Zj’
E" —e7Ee'Y'otlerleZ—0e' —e1Z¢ZEe>"—@1S—el1e¢'Z>-Se172—17
cal strengthil —1e¢’015>72¢S>¢81 ES><«"—1—S—"e72¢Z10 {i,<SeZ-1
S—eleZVZe"™M_7 «1S4IPTI<«AITESTEBIY 01 2172—"82721"—7, ¢
—7ZE'S— ESeleesZ—ee'il ~ 2YZ>01"—721'Se1E"-21"1>2S'£7
eSreZetle’ —"eZele le7—eS_7 _eSel’ —e75700°@1«ZESZeZ1"1cC
Sl ' 1E " el el ™ e7E —el ©ILE"—-™eZij1l™>"EZoeel 1’

ECOLE'Z-"ESe1S—el¢"E"-™Se' ("o’ e 1E" —EZ>—0e1S—ele ¢
"Bl "E'1ES—1'Sr>ee¢1"YZyE" =211 —1e‘Z17¢'7>1'S—e81e'721
“ele " o7 —@'"—Se10X U1le>S™Z—71S—el1'e0eleZ>'YSe'YZel
¢"31eZYZe" ™' _e1S1 —"YZelEeSceml el Zj'<eZ1ZZEe>"oZcel-
ESel ™" ™MZ75¢'Z0il >S™M 771 ™ME™M7,81S0e1 " —Z1 ele'Z1e7Z>'
0 U,Z™™ e7e] 7’00’ —elce"E"@IL Sl —e>"e7EZ1¢ApET
"1 7'51572-S5>"S<e7Z1-7ZE'S—"ESel ™M>"™M75e¢31e72—SceZ1E"
> S™M 7 __7Z1™ME™MZ,001E " Z2eel1™>"—"e71'721>7207ZS>E'1S—172VYz
o> 07 «SeZeleZ—e >0e1S—e1"e'Z517¢7ZEe>"— EL1ZY' EZRil ‘'«

~

iS—™e/Zpl7’ —ele>S™‘ 7 71™ME™M7,01S0elZ¢ZEe>"¢Z1-Se7Z>"!

2. Synthesis of graphene paper-based electrodes
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2.1. Chemical vapour deposition
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2.2. Solution-processed assembly
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2.3. Electrophoretic deposition
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2.4. Other methods
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3. Structural and morphologic characterization
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4. Functionalization of graphene papers
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4.1. Metallic nanostructures
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4.2. Metallic compound nanostructures
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4.3. Polymers
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5. Applications of graphene paper as electrochemical-sensing platforms
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PBNPS/GP GOD 6-8 mM 10 M 25 [36]
GOD

MnO,/PINPIGP RNPs 10-46000 pM 20 pM 52.% [60]
AuNPS/GP AuNPs 100-30000 uM 5 M 58.54 [61]
AuNPs/PANY GOD 200-11200 pM 100 pM [88]
GP/GOD

Fc/GPIGMD GOD 100-15500 puM 5uM 345 [95]
CuO NC/GP Cuo 2-4000 puM 0.7puM 1360 [100]
CuO/S-GP Cuo 100-10500 pM 0.08 pM 1298 [101]
CSIN-GP/GM@ GOD 200-1800 pM 64 M 10.5 [111]
AuNPS/GRP GOD 20-2260 pM 41 M 3855 [112]
GOD

Zr0,/GP/GCD GOD 200-1600 pM 45.6 M 76 [113]
AUNPs/PBNPs/ GOD 25-3200 puM 10 M 58.7 [114]
CSIGP/GOD

GOD/CS/Fc/GO GOD 20-6780 pM 7.6uM 10 [115]
TEOS/APTES/Fc/ GOD 20-5390 puM 6.5uM 19.5 [116]
CSIGP/GOD

NiNPs/GP NiNPs 1-110 M - 813 [117]
NiO/GP NiO 20-2100 pM 0.1 M 1020 [118]
PINPS/GP PINPs 2-2100 puM 1uM 1508 [119
CuO/GP Cuo 1-8000 pM 1M 1065 [120]
C0,0./gP G050, up to 80 M 25 nM 669.78 [121]
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5.1. Enzyme-graphene paper sensors
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5.2. Non-enzymatic sensors for detection of small biomolecules
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5.3. Electrochemiluminescence sensors
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6. Concluding remarks and outlook
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