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2-2  FEERGAEK
PR & CO(NH2)2 T 74T AT (HR)
AT IV CsHeNs Wako(#%)
~FH 7 1o {41000 H:PtCls Wako(#k)
ppm)
N)x=X% ) —17 I N(CH2CH20H); X T HALE(RR)
S N2 I PE ZE (BR)
;i%ﬂ( H20
KEE(LT R U oA NaOH T T7AT AT (HR)
Wis H2SO, TG T34 (FR)
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2-3 FEERFIA
2-3-1  g-CsNy DOFHRLIT VA

THNIFTRLOIFIRFE3gE AN, TIAIRAALTLoNY LEZLTED 212D

DNEDST-H LIz,
RFEZ ANILTZ D DIF 2 BRI O HFIZ AL, 560, 580, 600, 620, 640, 660, 680°C D45

HETENE 2 KRR L7z, 7238, ZOBEOFEHEIX 10C/min & L7z,
Tk, BER L THEOLNT-MEEZ A/ THE TR 30 0T 0 iE L. g-CsNy Y filj
1T,

PITIZ, gCsNy OIS ED 7 v —F v — F &R T,

|

Calcination (560~680°C. 2 h)

l

Grinding
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2-3-2 MR FLALPR g-CsNuy DL 74

77 ORI 0.1 M O NaOH KK 90 mL & Afu, % 2~ g-C3N4 40 mg
AT,
TIUYEREA— N L=7ICANT, LR 110°C T 18 K BVLEL L
72
D%, R A BRI NT . KT 3 [EIVES U CHERLUEE g-CaNy 21572,

PITFIC, HHAHR g-CoNy OFFSIGIED 7 i —F v — b &R, M. ARE IR R % i
L7777 74 MRE(LIKFEE pretreated g-CaNy & 57,

0.1 M NaOH aq 90 mL

g-C3Ny

Hvdrothermal treatment
(110°C. 18 h)

l

Centrifugation

W

Drving (80°C overnight)

W

Grinding

l

Pretreated g-C;N,




2-3-3 KFEAETTIE

19

YV aryINR— T ATV ETEZBAL, Xe 7072 NHIRELT, By N7 40

2 —Z W TIRE 420~800 nm D R[4 6 FE ST L 7=,

SHEf L ICRAE LT AEZEZ L ESEb~A 270 ) DR HWTHREITYD ., TR

n~ K777 4 —%HWTHIE LT,

JE 400 nm 1B B4 OB TIEE UL TF O E VT3 L,

QE[%] = number of reacted electrons % 100
number of incident photons

number of evolved H, molecules X 2
= X 100

number of incident photons

(2.3.3.1)

7o, FAHmAE 0 0.0016 m?
Yo%k : 28.13 ymol / sec’ m?
ELTEAE LT,
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W ZE TR R v v 7 A2FHE LT,
hy = A(hy — E )2
v (hv Q (2.3.3.2)

2T, a TR

hv (3= R ¥ —
Eg IFEE N Ry v

ATEETH D,
(R DEA & LT ORE AW TEHR Lz,

Ecy =y — ES — 1/2E,

(2.3.3.3)

Ece 13M=E 4 T i D EAL,
BRIEMEETH Y, ROt ESEIEE O & L TR

X 5 FHEROER
%o XHFFOMERBIEEIL, RTRNETRMOE, B A T b r ¥ —0hi

W E L CTERT D,
EC; KEAF— )L L TCOHHBEBFZXLX—THY, ~45eV THh D,

Eg; N R¥x v 7 Tho,



2-3-4 FERAEE
Fig.2-3-4-1 (2 FEBRIEE M 2R,

- Silicone septum

Reaction solution 40 mL
(TEA 4mL, Pt ion 0.8 mg)

Photocatalyst 40 mg

Xe lamp I

Stirring bar
420 nm =A =800 nm
(

Stirrer

Fig. 2-3-4-1 Photoreacter for photocatalytic hydrogen production.
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FHIFE MREBR

3-1 KFBAERIFEER
3-1-1 KFBARRIZKT B BERIRE & AL oD 5 28

FEERS A & Table 3-1-1-1 1278,

Table 3-1-1-1 Experimental conditions

Photocatalyst g-CsNa(from urea) 40 mg

Medium 10 vol% TEA aqueous solution 40mL
Reactor Pyrex glass vessel (volume: 125 mL)
Temperature Room Temperature

Light source Xe lamp (420~800 nm)

Irradiation time 6 hours

Analysis Gas chromatography (TCD)

BhfifiE & LT Pt &2 V72,
BRI I SOS RIS AN T, ARFEAERR & RIS HIE 2 O T 2wt% iRy L7,

KB % Fig.3-1-1-1 (2R T,
560°C THERK L 72 g-CaNy 2 FHWZIGE T, 12 A EKRBARDBHER TE o7,

580°C THERKL L7z g-CsNy & W =454, ALBRRATT 60 pmol/g » h, 131pmol/g « h D/KFEAE
BB &R | ORITBESAREE D LA > TOKFRAME SR IMERIZH - 72,
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Hydrogen production (umol/g * h)

550 570 590 610 630 650 670 690

Temperature (°C)

Fig.3-1-1-1. Photocatalytic H2 production of g-CsN4 and pretreated g-CsN4 at various

calcination temperatures.
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3-1-2 KRFEAERITKT D8R D pH D2

FEBRSAH & Table 3-1-1-2 127”7,

Table 3-1-1-2 Experimental conditions

Photocatalyst
Medium

Reactor
Temperature
Light source
Irradiation time
Analysis

g-CsNy4 (from urea) 40 mg

10 vol% TEA aqueous solution 40mL
(pH3~14)

Pyrex glass vessel (volume: 125 mL)
Room Temperature

Xe lamp (420~800 nm)

6hours

Gas chromatography (TCD)

g-CsNy 2 W KRBT T 5, Wi O pH 02 % Fig.3-1-2-1 1277,
TEA 10 vol%. Pt 2 wt% % & TR 40 mL 1%, pH9.83 /R L7z,
AER L LT, RO pH 28 12 O & X TKBAEKEDR K E RV . ZOMEITH 390pumol/g +

hTHo7-,

25

B, WD pH % 12 & LT, 680CTHERL L., MR A ) L7- g-CsNs &2 AW =55 D
W 400 nm D& W= KEBARICB T 20T OEFICRIL, 5.54 % TH-o7-,

Ele TR
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Hydrogen production (umol/g

pH

Fig.3-1-2-1. Effect of pH on hydrogen production over pretreated g-CsN4 from urea.
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3-1-3 /KFAA KNSR 2 AL FUEL D 528

Fig.3-1-3-1 12, & MV FokRAERIC KT B AR O BB & T,

HHAER 24T 5 TV 2V g-CaNa 22 IV 723 A T, JRSEFURRS 134 1mol/g - h Dok#/4:
EA R L, ZAUEA T I VEEO 14.7 pmol/g - h O 10 5 TH 5,

Fro, HBEHAE AN L7z g-CaNa 2 W2 35A Tl RFEFEEDS 210pmol/g - h, A7 I
JEUERAY 209umol/g - h L7210 . FOFETIFE A LRI 5T,
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150

100

50

g-C3N4 fom urea

preateated g-C3N4
from urea

g-C3N4 from
melamine

pretreated g-C3N4
from melamine

Fig.3-1-3-1. Hydrogen evolution with g-C3N4 from urea and melamine.
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3-1-4 KFEARRIZ IS 1T D ikl oo BRI A

Fig.3-1-4-1 |\ZKFERIC T O BRI AMEEZ ~T, ZOFEERTIL, 680°C THEK
L. SEEALFR 2 Hii U 7 PRIEIFAEL D g-CaNa & VT2,
6 RFfl A2 1A 7L & LT, 6 M T LITERZ/ N— T &7V, AFF 30 KA U % AW T
IKFBERFERZIT -T2,
fES L LT, 30 BB S 1% & AL D KB AERIEME D & 2372 J0E I 3MERE T & 37, At
BRRMENR T,
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3-2 R
3-2-1 XRD &

it XRD HIE OfE R % Fig.3-2-1 7”7,

EORBHZB W T, HELHEIZ X D727 B — 7 OERCHIBIIMER S e ho Tz,
JREFEIOEA, WERLHEIZ L > T gCNa D 27 fHIOE— 7 MENEM Lz, Zh
%, g-CaNa OFEEMEN A L35 2 &2 BEWT 5,

F7-. AT I UFEIOBRA T EAFEIC X > T XRD /3% — U DO SR BAGITHER T X 7
Mo T,

JRFBFEEIE AT I VFERIZHKT 2L, AT IVEROFNE—7BEIIRERLOTH

-7z,
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Fig.3-2-1-1. XRD patterns of g-CsNs(blue line) and pretreated g-C:Na(red line) (from
urea, heated at 680°C), g-C3sN4(blue line) and pretreated g-CsN4(red line) (from urea,
heated at 660°C).
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Fig.3-2-1-1. XRD patterns of g-CsNs(blue line) and pretreated g-C:Na(red line) (from
urea, heated at 640°C), g-C3N4(blue line) and pretreated g-CsN4(red line) (from urea,
heated at 620°C).
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Fig.3-2-1-1. XRD patterns of g-CsNs(blue line) and pretreated g-C:Na(red line) (from

urea, heated at 600°C), g-C3:N4(blue line) and pretreated g-CsN4(red line) (from urea,
heated at 580°C).
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Fig.3-2-1-1. XRD patterns of g-C:Na(blue line) and pretreated g-C:Na(red line) (from

urea, heated at 560°C), g-CsN4(blue line) and pretreated g-C:N4(red line) (from
melamine, heated at 680°C).
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3-2-2 SEM HlE

g-CsNys DIFREZ MR T D72, SEM O#EZE AT 72,

fil IR BERRIRE . HEALER DO F MR EDiEVIZ K D g-CsNy ORL1-H A X OE I
RTEIRINoT,

REVEEZBIZET DL RFEFETILEDBESIREIZ W T S ELPIZ 1> T g-CsNy
KA REOMIMBRADT D Z Lo ole, TALEITRBRIIZ, 2T I UJREFCITE A
RLERIZ X o T g-CaNy R 7RI OM Y2835 2 & BBl iz, Ziud, %idkd %
BET MIE Dt Rz BT DR L VR D,
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"

011972 25.08kV X5.08

Fig.3-2-2-1. SEM images of g-C3N4(a) and pretreated g-C3N4(b)( from urea , heated at
680°C).
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1206011

Fig.3-2-2-2. SEM images of g-C3N4(c) and pretreated g-C3N4(d)( from urea , heated at
620°C).
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-

811978 25.0kV X5.0

Fig.3-2-2-4. SEM images of g-C3N4(g) and pretreated g-C3sN4(h) (from melamine, heated at
680°C).
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3-2-3 TEM &

Fig.3-2-3 [C & fikff:> TEM [Eif4 % 779,

FERND, TRTOMBENZIVE - ZfEtEiEL &5 2 PR TE T,

REFEIOEA . BT 250 LT WEWIRD X 5 22845 OBE DS ERFIZ L - THAD L
T2 E MR TE T,
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200 nm




Fig.3-2-3-2. TEM images of g-C3N4(k) and pretreated g-C3N4(l) (from urea, heated at
620°C).
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200 nm

Fig.3-2-3-3. TEM images of g-C3N4(m) and pretreated g-C3zN4(n) (from urea , heated at
560°C).
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Fig.3-2-3-4. TEM images of g-C3N4(0) and pretreated g-C:N4(p) (from melamine , heated at
680°C).
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3-2-4 DRS #iliE

Fig.3-2-4 |2 & filit > DRS JI7E OFE R %~
JRFBIFEIOLE . BERIEE DY 680~620°C Dfil il I FLAMER|IZ K > TRV R¥y v 7= 3L
=288 U, BERIEEAY 600~560°C DI L 2N RF v v 7= 3L — 3 L7z,



47

1.6

1.4

0.8

0.6

Absorbance (a.u.)

0.4

0.2

200 300 400 500 600 700 800
Wavelength (nm)

2.5

=
LA

=

(ahv)2(ev)1/2

0.5

ol

2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4
hv (eV)

Fig.3-2-4-1. DRS spectra of g-CsN4 (blue line) and pretreated g-CaN4 (red line), Tauc plots
of g-C3N4 (blue line) and pretreated g-C3N4 (red line) (from urea, heated at 680°C).
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Fig.3-2-4-2. DRS spectra of g-C3N4 (blue line) and pretreated g-C3N4 (red line), Tauc plots
of g-C3N4 (blue line) and pretreated g-C3N4 (red line) (from urea, heated at 660°C).
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Fig.3-2-4-3. DRS spectra of g-C3N4 (blue line) and pretreated g-C3N4 (red line), Tauc plots
of g-C3N4 (blue line) and pretreated g-C3N4 (red line) (from urea, heated at 640°C).
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Fig.3-2-4-4. DRS spectra of g-CsN4 (blue line) and pretreated g-CaN4 (red line), Tauc plots
of g-C3N4 (blue line) and pretreated g-C3N4 (red line) (from urea, heated at 620°C).
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Fig.3-2-4-5. DRS spectra of g-C3N4 (blue line) and pretreated g-C3N4 (red line), Tauc plots
of g-C3N4 (blue line) and pretreated g-C3N4 (red line) (from urea, heated at 600°C).
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Fig.3-2-4-6. DRS spectra of g-C3N4 (blue line) and pretreated g-C3N4 (red line), Tauc plots
of g-C3N4 (blue line) and pretreated g-C3N4 (red line) (from urea, heated at 580°C).
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Fig.3-2-4-7. DRS spectra of g-C3N4 (blue line) and pretreated g-C3N4 (red line), Tauc plots
of g-C3N4 (blue line) and pretreated g-C3N4 (red line) (from urea, heated at 560°C).



54

2.5
2
3
3
> 1.5
[«
<
g1
2
<
0.5
0
200 300 400 500 600 700 800
Wavelength (nm)
35
3
2.5
i 2
=15
=
=
1
0.5
0
2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4

hv (eV)

Fig.3-2-4-8. DRS spectra of g-CaN4 (blue line) and pretreated g-CaN4 (red line), Tauc plots
of g-C3N4 (blue line) and pretreated g-C3N4 (red line) (from melamine, heated at 680°C).
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3-2-5 PL &

Fig.3-2-5 (T8 AT M OFERZRT,

JRFEFEN, AT 2 VRS BICHEEAEIC L Y B — 7 OIBIRIZEIL L T oz, L
L. A7 VFEHZE L A L > TE— BT L—3 7 FLTWD Z & AR
T&72, ZHu. DRSOFERE S LWV —EE 7,
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Fig.3-2-5-1. Photoluminescence spectra of g-CsN4 (blue line) and pretreated g-C3N4 (red
line) (from urea, heated at 680°C)(above), g-CaN4 (blue line) and pretreated g-C3N4 (red

line) (from urea, heated at 660°C)(below).
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Fig.3-2-5-2. Photoluminescence spectra of g-C3N4 (blue line) and pretreated g-C?‘N4 (red
line) (from urea, heated at 640°C)(above), g-CaN4 (blue line) and pretreated g-C3N4 (red
line) (from urea, heated at 620°C)(below).
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Fig.3-2-5-3. Photoluminescence spectra of g-C3N4 (blue line) and pretreated g-C?‘N4 (red
line) (from urea, heated at 600°C)(above), g-Ce‘N4 (blue line) and pretreated g-C3N4 (red

line) (from urea, heated at 580°C)(below).
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Fig.3-2-5-4. Photoluminescence spectra of g-C3N4 (blue line) and pretreated g-C?‘N4 (red
line) (from urea, heated at 560°C)(above), g-CaN4 (blue line) and pretreated g-C3N4 (red

line) (from melamine, heated at 680°C)(below).
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3-2-6 XPS &

Fig.3-2-6 [Z & filfi > XPS A7 ML Z7RT,

EOfBEIC BT, MR SN HEIZ C,N,0 D 3 THEZDALTH Y . NI E EN2)
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Fig. 3-2-6-1. XPS survey spectra of g-CsN4 (below)and pretreated g-CsN4 (above)(from
urea, heated at 680°C).
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Fig. 3-2-6-2. N1s XPS spectra of g-CsN4 (below)and pretreated g-CsN4 (above)(from
urea, heated at 680°C).
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Fig. 3-2-6-3. C1s XPS spectra of g-C:N4 (below)and pretreated g-C:N,4 (above)(from
urea, heated at 680°C).
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Fig. 3-2-6-4. O1s XPS spectra of g-C:N4 (below)and pretreated g-C3:N4 (above)(from
urea, heated at 680°C).
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Fig. 3-2-6-5. XPS survey spectra of g-C:N,4 (below)and pretreated g-C:N4 (above)(from
urea, heated at 620°C).
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Fig. 3-2-6-6. N1s XPS spectra of g-C:N,4 (below)and pretreated g-C:N4 (above)(from

urea, heated at 620°C).
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Fig. 3-2-6-7. C1s XPS spectra of g-C:N,4 (below)and pretreated g-C:N4 (above)(from
urea, heated at 620°C).
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Fig. 3-2-6-8. O1s XPS spectra of g-C3sN, (below)and pretreated g-Cs:N. (above)(from
urea, heated at 620°C).
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Fig. 3-2-6-9. XPS survey spectra of g-C:N4 (below)and pretreated g-C:N4 (above)(from
urea, heated at 560°C).
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Fig. 3-2-6-10. N1s XPS spectra of g-C:N,4 (below)and pretreated g-C:N,4 (above)(from

urea, heated at 560°C).
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Fig. 3-2-6-11. C1s XPS spectra of g-C3:N4 (below)and pretreated g-Cs;N, (above)(from
urea, heated at 560°C).



72

560 O1s

Counts (a.u.)

AN

545 540 535 530 525 520
Binding energy (eV)

Fig. 3-2-6-12. O1s XPS spectra of g-C3sN, (below)and pretreated g-Cs;N, (above)(from
urea, heated at 560°C).
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Fig. 3-2-6-13. XPS survey spectra of g-CsN,4 (below)and pretreated g-C:N4
(above)(from melamine, heated at 680°C).
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Fig. 3-2-6-14. N1s XPS spectra of g-CsN,4 (below)and pretreated g-C:N,4 (above)(from
melamine, heated at 680°C).
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Fig. 3-2-6-15. C1s XPS spectra of g-C:N4 (below)and pretreated g-C:N4 (above)(from
melamine, heated at 680°C).
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Fig. 3-2-6-16. O1s XPS spectra of g-C3sN4 (below)and pretreated g-CsN4 above(from
melamine, heated at 680°C).
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Fig.3-2-7-1. FT-IR spectra of g-C3N4 (blue line) and pretreated g-C3N4 (red line) (from urea,

heated at 680°C)(above), g-CaN4 (blue line) and pretreated g-C3N4 (red line) (from urea,

heated at 660°C)(below)
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Fig.3-2-7-2. FT-IR spectra of g-C3N4 (blue line) and pretreated g-C3N4 (red line) (from urea,
heated at 640°C)(above), g-C3N4 (blue line) and pretreated g-C3N4 (red line) (from urea,
heated at 620°C)(below).
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Fig.3-2-7-3. FT-IR spectra of g-C3N4 (blue line) and pretreated g-C3N4 (red line) (from urea,
heated at 600°C)(above), g-C3N4 (blue line) and pretreated g-C3N4 (red line) (from urea,

heated at 580°C)(below).
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Fig.3-2-7-4. FT-IR spectra of g-C3N4 (blue line) and pretreated g-C3N4 (red line) (from urea,
heated at 560°C)(above), g-C3N4 (blue line) and pretreated g-C3N4 (red line) (from

melamine, heated at 680°C)(below).
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Fig.3-2-8-1. Nitrogen adsorption-desorption isotherms of g-C3N4 (above) and pretreated g-
C3N4 (below)(from urea, heated at 680°C).
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Fig.3-2-8-2. Nitrogen adsorption-desorption isotherms of g-C3N4 (above) and pretreated g-
C?’N4 (below) (from urea, heated at 660°C).
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Fig.3-2-8-3. Nitrogen adsorption-desorption isotherms of g-C3N4 (above)and pretreated g-

C?’N4 (below)(from urea, heated at 640°C).



86

500
450
400
350
300
250
200
150
100

50

1

Va/em3(STP)g

0 0.2 0.4 0.6 0.8 1 1.2
p/p0

0 0.2 0.4 0.6 0.8 1 1.2
p/p0

Fig.3-2-8-4. Nitrogen adsorption-desorption isotherms of g-C3N4 (above) and pretreated g-
C?’N4 (below) (from urea, heated at 620°C).
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Fig.3-2-8-5. Nitrogen adsorption-desorption isotherms of g-C3N4 (above)and pretreated g-
C3N4 (below)(from urea, heated at 600°C).
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Fig.3-2-8-6. Nitrogen adsorption-desorption isotherms of g-C3N4 (above) and pretreated g-

C3N4 (below) (from urea, heated at 580°C).
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Fig.3-2-8-7. Nitrogen adsorption-desorption isotherms of g-C3N4 (above) and pretreated g-
C?’N4 (below)(from urea, heated at 560°C).
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Fig.3-2-8-8. Nitrogen adsorption-desorption isotherms of g-C3N4 (above) and pretreated g-
C?’N4 (below) (from melamine, heated at 680°C).



Table 3-2-8-1. Surface area of g-CsN4 from urea, heated at each temperature

91

560 580 600 620 640 660 680

g-CsN4 46.4 64.1 47.8 81.6 79.6 82.5 67.0

Pretreated 35.8 25.6 29.4 14.4 29 2.85 3.44
g-CsNy

Table 3-2-8-2 .Surface area of g-CsN4 from melamine, heated at 680°C

680
g-CsNy 22.1
Pretreated g-CsNy 41
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Fig.3-2-8-9. Micro size pore distributions of g-C3N4 (blue line) and pretreated g-C3N4

(red line) (from urea, heated at 680°C) (above), g-CsNs ( blue line) and pretreated g-
C:N4 (red line) (from urea, heated at 660°C)(below).
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Fig.3-2-8-10. Micro size pore distributions of g-C3N4 (blue line) and pretreated g-C3N4

(red line) (from urea, heated at 640°C) (above), g-CsNs ( blue line) and pretreated g-
C:Ns (red line) (from urea, heated at 620°C)(below).
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Fig.3-2-8-11. Micro size pore distributions of g-C3N4 (blue line) and pretreated g-C3N4

(red line) (from urea, heated at 600°C) (above), g-CsN4 ( blue line) and pretreated g-
C:N4 (red line) (from urea, heated at 580°C) (below).
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Fig.3-2-8-12. Micro size pore distributions of g-C3N4 (blue line) and pretreated g-C3N4

(red line) (from urea, heated at 560°C) (above), g-CsN4 ( blue line) and pretreated g-
C3N4 (red line) (from melamine, heated at 680°C) (below).
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