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HEZE Q2R ABT ~1,200 kWh/m’)ol| = B3} 3
B egrar ol o] =AY AbH(oF 23 GW)o] HA| A4
£9] 9F50%0] T 5 43220 1AL Ko x girt?
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Aetds W AL o= AR 4= Q)X E o|eh T2
AP S WPt 52t AGA AAATH B S S
o 5= IEAIE BojEn) x|} 7159 39 37]A]
(integrated energy and climate package)E 7-dsM=t]|
2R0] A2 o4 2] QEH (energy security) ], o] ¢t
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x| A|AH S| F50] Lot AL AP ]
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Shekact SR RE SeslES sk
spetE Aol AR a9 1) 2
L ol¢} Z2 AAFIAIE =Hste] "o,
= OB ERE A/ pEo] 7R Aot vt
Lo FAR(solar fuel)E 3 o] 7le2 vt =
AMESHA] L, AME- H/ - @ HEAL] HAgo] glow, 7]
20| ol i3k, B8R84 (hydrogenation i
methanol-to-gasoline) = AR X2} HEsh= o] 7+
o,

i
Hu)
o
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g
A
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Nt dlo mo o >
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=X DEXt a2l 742 LI0|ERto|E

A3} Blehgo] EEa) W0l o8& ol thtst Holx
£ BlE, B3kE, A3k, HlaE 5] o 8HUARE o
7he] 739 1) FRAL QFSHH FE-&{(quantum efficiency, T
+ solar-to-fuel conversion efficiency)o| ¥11, 2) &-80]
F2 79 ghol MAT QPYelA) BT 3). >

AR Bzalol Bek AT iR 1)) H50] 9
ok BEulo) 58S Sl 29 A9o] e
H2alo] SPgS ol o e gt 7le
of ol Alshe FRohe 71215 1)°) F90] ot
3tk Ak p-enEh2 LA 7R (valence band)
9] Y7} Lo} gl x| 9 o] gamEo] v 2 Ho]
AN, AaE 7HAEH e THEELRE AN S o]
L A& sjdo] 7hsajch

2.1 EtAQ} ZIAO| O 2EHEHE-FH=(V) LIO|E2}0|=(CaNy)

Z71&F AFo] RS YA Z, WSHEL AlsHEo| H]
&) 2zl BEe] 47t Ago|ch® 1)) 2 Wse
o] Ewgt 7| AA e, &= o8t oA, T3 AR
EAo] dHAHA 7]12] 7HE 9 HolF<; AlskE 7wt
Zu}2 BAsAL XS BA o 2 Y= fgh Art
Shats] A8 Folek

JulA o 2 FH(IV) o] Erfo| Sl ehaol Aart ¥
Zot 7FEA AT AT Yl o] SRIES o]
Bh, B 24| Yjof| At Y3 2|2 nitrogen doping

Inefficient light utilization

Light

1. Photon absorption

/ 2. Charge separation
2 3<_ h*+e / 3. Charge transfer
| \
nation

H,0 Charge recombi A 4. Surface reaction

2
A

Catalyst decomposition
, O

Pl

’l
23t olisjekat: ) PR Bo|HR HHS HEE s T
= = = = otocatalys
o] SN S st B e P
I R
B A, ZojlAe] ol EROR oI5 T HA
sic
of o] 217k B, BAIS S-S AT Y 2.
KTa03 STIO; T T | s
0 - iy jz Mo%2 v EaglH2
g ElEF 3 BE R 2,0,
£1.0 L ;[ >T;ngmzo
’20_ 7 el ;Jy; % “L
\ e 4005 o 7 Unstable i
- S .
C°1‘J\I o “OA - o Inappropriate band position
Chemical energy R £G°=237 k)/mol Large bandgap
a8 3, Hh=x| 2219 8i= X 7 Reproduced with permission of Annu,
a8 1, XpAZEMT oIz aEhy Rev. Phys. Chem, Copyright (2012) Annual Reviews,
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= nitrogen containing carbon(N content<10 wt %)}
Wik FH(IV) ol Eetol= 24| 21} Fefe] CN
sjghEolt} Bhaoh Aaz T4E TAKOR TR
(7% 4). Thao} Aomeh T4 o]g ) B EE
019l TEA aHE-L AAAl) 7o) EAfiA] gk, o]
+ gl EAsh= 28717 S frA1=7] o= 7] ol
Folot. YHk& S 2 cyano, isocyano, azido 1|3l diazo
50 2487] ATo] of B opizhwg Aol 2 Ao
2 Yo glon, vkt Ab e A0 AR
cyano 2H-87|%= S| (LA}, 2 aH)E FARI:

E 1. 4o/H Ho|AN S2E 14% YAl MstEut MstEo] 4°

CAS-registry file [427]

C Si Ge Sn Pb
Oxygen 3582 15832 114 103 78
Nitrogen 1601 441 28 4 9

ICSD—database [428]
C Si Ge Sn Pb
14 323 25 20 50
13 456 3 1 5

C/ \C
AN

tricyanamine, C3N,

Molecular CN Graphitic CN

Crystal CN

a2 4. FH=(V) Lo|Ezto|=® Reproduced with permission of Coor,
Chem, Rev, Copyright (2004) Science Direct,

137°C . o 234°C N%\ 7
= under N, \NLW under N, M7NA</N=<"
y .

Cyanamide Dicyandiamide Melamine
~ “Melon” reported in 1834
Berzelius and Liebig

_525°C
-NH;;

under N, under N,

12l 5, DicyandiamideS 028t g-CN2| 5k ™ Reproduced with permission
of Chem, Eur, J Copyright (2008) Wiley—VCH Verlag GmbH&Co, KGaA,
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UREAQ] 24 7HHIV) Uol|Erfo|Ex Tefjuto]
E FH(g-GNy)E 7H of 74 ebgsich! 19220
Franklin®] Mercury(Il) thiocyanate2] E£3} HH-3-5- 9]
85 Melonz} §ARE 722 744 v 71(1V) 1}
o|Eol=g eI, FHa) Uk 27 wel G, N,
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oleks AR WL o]l e That g-GN, 2| THYE
& B3 g-ONojfar gk et A4 £42] d&si
£ 33l g ON2 o] 7hsdt A o= dejA =t 2 %
2-amino-4,6-dichlorotriazine& ©]-&3+ Wolf,” cyanuric

chloride®} potassium malonateE |83+ Komatsu,™*
dicyandiamide S o}-§% Schnicke]" Edo] 7P op=iel
&GNl 77k 728 7 e A 22 A=A Rl Schnick
9] g-CN-2 triazine T+ tri-s-triazine(E+= heptazine) &
2 =] 3l=H, Kroke ] DFT Atto]l wh2H triazine
U N z}2] whhe wj o tri-s-triazineS 7| 222 7}
A} g-CNo| 22 H(2k 30 KJ/mol) QP43 T2 oa}
HcHa 5).

2.2 DEX} Bt H| J2HT|El FH2 LIO|E2L0|=(g—CN)
g-CN2 7|8 5 A4 g=o] 7P =a1(~60 wt),
F3 ¢g4(650 )} sksha QHgAd(pH 1~14) 0] Holrt
o} g-CN-2 ¢k 2.6 eVE] WHEZHS 71| Hlo] g== oF
350 nmoj|A], W& 2F 450 nmof| 4] Jofdt}. £ Alsl/
2H HRE-S WPty of| g e (7= : 1.32
eV, A=t :-1.28 eV. NHE at pH 6.6)& 7}A|H, 3 2=
(450~600 C) o]l whet n)x|z2dsk= A% 7Hs3FcH 1™ 6).
9] o3 of 7| HAN= A9 p, 2 u[EolA] ©AY p, 2

Ag/AgCl, pH=6.6
N

CB IFI ~~~~~~~~~~~~~~ ---1.28V

----------------------------- 059V, H'/H,

............................. -0.64V, OZ/HZO

R ———— ~132v

DCDAg-CN,

12l 6, g—CNo| tHiETX,
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BolM S48 AAsHe FE0) whgol A H29
g-CNZ ¢F0.1%(\ =420 nm) 2] oj$- Lr2 kRt 5 8-
ot FA}F Foi A (triethanolamine) o} W Zw(2k 3
wt%) 5 T ALEBIg ol gl Watd AL 1) £
Zol 28] Agelo] Tl EAfSHe BAHo] vk A1,
2) (Holg< AlekEo] ulaiA RAgh o 15] W =) of
Fol 7PAgAIS] ol 8drgo] wrow, 3) B o] Ak
“NHgr 28717+ 21412} %5:2] A2 charge recombination)
< Z75h 93 87| wjEol}.

2.3 g-CN2| Z0f 42 =0I= WH

718 Aola4 AekE FEHet vy A =2 QHgsti
A ol & g-CN2 F1fj 2] B4& wole Bz d+
7F A= ok ofl= 7] A5E Al 7 B4 S 8h
As}7] R S 27Nt

AR EEY g N2 et 2E sl B4%e
£ 58 U™ 7). 24 3hY AAY
cyanamidet} dicyandiamide S A2j71e} Z- th3 Al &
Aol YFEAIA 24550 C)ahd mlz 7188 7H= gCN
o] F/d=lk=d] ol W °F 0.7 nm F=9 FA7|E 7Hle
tri-s-triazine®] &7} 7Fs3l=SE A7} 7] (primary
pore$} complementary pore)] 37]& 2~3 nm o4+
2 7|9 o] Za35}c} SBA-1537 KIT-6 22 A7t
FYog o8 A¢ g-CNO| EHHo] 8 m'/golA
200~300 m*/g 2 Z7}30, o wf R} FE-L oF 5uf 7}
ST} JAER(A=420 nm)o] EHZT} wlsto] A
S7FHA] o= 22 A o] Sofdol weh 243 3
A ZAxtet BE2 e Sshs 23] o= JAl S7F
517] wEolth. &, A2 H719] g-CNo| FA= A I
TEHE ] o8 HEAE SRR

Self-assemblv and template removal

Carbonization of precursor

Template removal

93t wiex| nEX JLE 2 Lolatols

g-CN 2| 7HAI3A o] 8882 tri-s-triazine 2] aromatic
n-conjugation localization(®E+ delocalization) 3}
243 4= Aok Cu, Fe, Zn 59 HolF42 g-ON9]
‘nitrogen pot’ ol W{JAEAZ|AY tri-s-triazine®] N&
C=Z &, E+= phenylene group 59| H3H(grafting)S
23| tri-s-triazine Y] A9} 24 0] sp2 hybridization&
23k Aolth, S8 J2j7Hy glo] dicyandiamide
£ 35U ([FeC, CuCl 5), E= EAFFE S monomer
(barbituric acid, 2-aminothiophene-3-carbonitrile 5+
23tete] E58 8 localized(FE+= delocalized) g-CN
< A 4= 9tk Amino T cyano group 7HAl=
monomer+ dicyandiamide®] carbon centerE 323
melamine™} AR -2.9] cyclic compound & F433tH
tri-s-triazine 9] F-2of] AFYHTH 1Y 8). m-conjugation
9] 248 53l g-CN2| <=5 (absorption edge) S oF
650 nm71A] e 4= 31.2™, monomer®] FFo w2t
QAR &R (=420 nm) & o 5104 7}tk

Melamine, tri-s-triazine 5 Z{HIAAE 7He] 1A)-114
Y- 53l 1-2(450~600 C)of|lA T g-CN2 = 5

237} 7)%|(ammonia) 47} %3Kmelamine)ol] 215 <

a)

Ay ——

a8l 8, Mx|el HMIIE E§t aromatic n—conjugation system?2| sl
Reproduced with permission of Angew, Chem, Int. Ed. Copyright (2010)
Wiley—VCH Verlag GmbH&Co, KGaA.
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A-2(<350 C)oflA] £ 418 ut31, hexagonally ordered,
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ox ot [
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olg 2 AASEE 2ASHE Zo] 7153 e
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o] A7-2 221 sheet 2] g-CN-S F/d5hHH, 93
He] 242 FEFH S E4S AT gAaE AE
graphene?] 7§ restacking®] 23t E4Ak4lo] BA)7}
E|Z]9E MCA-g-CN 2] 74-9-MCA A7 o 21 e Eoir2
32 F27}-FA = B2 restacking & AT 227} gich

Ol

3. 28

g-CNS o] &3t HigollrA] g/ A% Al2=9] A&
= flsiA= @A oF 15%(h=420 nm)°f| M= = At
983 IA7|IL HESH AS eSS /IS 2avt 9l
ok 94 A B St B SY Y AR =
A 59 o]8% hard templating, co-monomer control,
molecular cooperative assembly 52| W2 A5 H ot
2 o2 3 ol 8E o] F7HAQl A5 S 7IHE 5
T o] jol= Mol g<: AShE i J#ju o] 5
o] o] &% heterojunction, doping 2] ¥Ho] Qul=X]
Xg rhehez ¥ oju] eteil ceret 57 24
HE- 53| Y5l=1E3{(hydrogen evolution, oxygen reduction,
oxygen evolution, CO, reduction, dye degradation,
NOx oxidation 5)°f| A3t viE1x, EHZTA, AR
¥ G 4 3tk

g-CONS| 4558 FAHAI717] Sfol M EE e =
UHom 9 A BAE 2Psh) mek 24, AATE,
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