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Preparation of Au/g-CsN, composite particles and
photocatalytic reduction of p-nitrophenol

YIN Rong, YANG Qifan, AN Jing, LUO Qingzhi, LI Xueyan, WANG Desong
(School of Science, Hebei University of Science and Technology, Shijiazhuang, Hebei 050018, China)

Abstract : In order to solve the problem of photo-generated electron-hole separation which affects g-C; N, photocatalytic acti-
vity, Au/g-c3N, composite particles are in situ prepared. The morphology, microstructure and composition of as-prepared
Au/g-C;N, composite particles were characterized by TEM, SEM., XRD, XPS and FTIR, the photoelectric property of the
composite particles is also characterized by UV-vis DRS, PL and EIS, and the catalytic activities were examined using the
reduction of 4-NP as a model reaction. The results show that the laminated g-C; N, is hexagonal crystal, while the gold nanop-
articles dispersing between the lamella of the g-C; N, are face-centered cubic crystallites. The visible-light absorption and elec-
tron-hole separation efficiency of g-C; N, matrix are improved by the introduction of gold nanoparticles. When the mass fraction
of Auis 0.5%, the amount of substance ratio of sodium chloroaurate and sodium citrate is 1 * 3, the Au/g-CsN, composite

demonstrates the best photocatalytic activity. The composite catalyst has strong visible light responsiveness and significantly

WA H 41 :2018-09-19 34 I8 H 81 . 2018-10-31; STAE S 4« 3K L%
FEEWH R A RPHA I 4 (51203042) s W JL 4 [ SR 36 4 (E2016208030)
F—AEE RN B w1978 L b A F N YRR 851, 322 AR GOk 525 b ) D5 T R T 5E
WASVEE  THEMEFZ, E-mail:dswang06@126.com
JBEAR M WL 22 A A/ g Cy Ny S5 TRURE A9 1 48 B Ol A8 A 38 JEUXT iR SR 3 [0 ] ) L B R 2 24312, 2019, 40(1) : 24-31.
YIN Rong, YANG Qifan, AN Jing,et al.Preparation of Au/g-Cs N, composite particles and photocatalytic reduction of p-nitrophenol[]].
Journal of Hebei University of Science and Technology,2019,40(1) :24-31.



55139 B LA A/ g-Cy Ny S A TORE ) 1) 4 KO A 8 Ji X i 22 % 19y 25

higher catalytic activity than pure g-C;N,, which provides a theoretical basis for the synthesis of g-C;N, photocatalyst with

high photocatalytic activity.

Keywords : catalytic chemistry; carbon nitride; gold nanoparticles; composite particles; p-nitrophenol; photocatalytic reduction
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1.1 FEER

AR (NaAuCl, « 2H, O) XAl A Wi, o0 B &, Bl 57 T 35500 A BR 28 5] B2 438 5 A7 R IR A, 40 A 4, K
A K A2 A B A w4 L s = SR EUe I AR . 3 B 2l 1 24 4 T A 2 ) A R R 4RI
1.2 g-C,N, Bl &

TE B TR FRI 5.0 g = RGN, 8 T Lok b A7 b3, DL 2.0 °C/min B FHREE T2 520 °CIFAE
IS ORI 2 e FARV A 500 B FE L IO S S L 19 8] g-Co Ny B R .

1.3 Au/g-C,N, EERMPHIH &

K A A8 6 45 Au/g-CoNy E AR, # 0.5 g R E Tl 41 ¢-Co Ny #K & A 25 mL
WEESN 1.5 mmol/ L AR RR SR W, 75 43 HE 20 min, {51 708004 25 mL MBS 0.1~0.7 mmol/L
(G 4 TR ANV WO T A g-Co N, 20 BOR P, F 60 CORIB &M FHERZEHERE 2 ho gt B 28 Tk f 2
BEVE U T EE L BB ] Au/g-Co N, B G0k,

1.4 Au/g-C,N, E &P ELIEE 4-NP AR

B 50 mL ¥ A 0.002 5 mol/L % 4-NP Al 50 mL ¥ A 0.25 mol/L i NaBH, . & T 250 mL AEEHR
W FEFRRSEEERE T A 10 mg (19 Au/g-Co N, E ARk, RHIEER 400 nm 38N H 11 300 W TG
BRI FH S T4 R AR R AR MG IR A B AT RN . AE 8 B R TR & R AR R AR B 1 mL
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AR RO F . KA R B A ORI TG K 2B RS 43 L 30 min S5 T I A B B A 4R
R TS TE S RUBE T LSRR S 1 T A RO 25 4

K H A B F 2 7 HITACHI A 7= () S-4800-1 BY 375 & 55 1 $ii f 85 (SEMD . X 28 1 % 4 4b H i
Au/g-Cy N, B & Wohi 2 TH AT WL

K H H 7 Rigaku 22 A D/max 2500 % X §F 47 L (XRDY X Au/g-Cy N, 5 A SORL v b 44 1) & 780 45 4
PEAF A IR 25 Cu #B  Ka $14% .4 =0.154 06 nm, FHH N 0.05 °/s,

X SR L T RE TS (XPS) A 22 J2: 46 Y6 B T AE G AL (PHI-1600 B, 92 [ Perkin Elmer A &l $246) b iE4T
[, L Meg-Ka 1EH X LB IR RN 15 KV, T3R8 250 W, I H 481 58 A floki 218 i e R 4.
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Fig.1 TEM micrographs of Au/g-C;N,-0.5% and electro-diffraction

diagram of selected areafor the formed Au nanoparticle
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Fig.2 SEM micrographs
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FL M Au/g-CoN-05 Y HBR T A X 3 FL RN B & H AudtHE., Hp C M NITERET ¢-CN, . Au
TCEKIE TR AR T, O TLEKE T AP & . N Au 0B HhaT LA H L 7E 83.98 eVl 87.43
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Fig.3 XRD patterns of g-Cs;N,; and Au/g-C;N,

with different contents of Au

Au/g-C:N-0.5%

iyl

B4 g-CN, foRE ZAH Au/g-C;N,
4 1 51 e % B
Fig.4 FTIR spectra of g-C;N, and Au/g-C; N,

with different contents of Au
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Fig.5 XPS survey spectra of g-Cy;N; and Au/g-C;N,-0.5% and XPS spectra for Audf of Au/g-C;sN,-0.5%
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2.3 Au/g-C;N, & &AL A ¢ R 414 g

LA S E FEF AR AR L EE N 1 30, 0028 Au 5 g-Co N, BB A L), 6l & R R 4
T Au/g-CN, AR, MRFIHE S DRSYGIENE 6 ) s, 2l g-Co N, 16 7] W% XG55
TE 52 A6 DA B A W B 490 oK 4 5 B O30 s - G N TR 28 A0 UL XA IR ' 5 38 38 A 2 v K1 Ut
K4 1) BB T I R g-Co Ny OGRS sR B . B R 550 nm BRFIE R 4 0 AR B T W R0 A
= 0.5% L L, Au/g-CoN, B AP BRI R 1, FBE S fndah 0.5%, BRSNS E
TR 44 B 5 L) L 45 3] 4 A TR R [R) 0 B 9 2 HE B Au/g-Co Ny B OkE ., Ik R 9IRE 5 AY DRS 63 an 151
6 DR, Au/g-CyN, &G HURL B 424077 WG W s T4l g-Co N, o B & 380 5500 A 68 2 40 P & 1 4 v
Au/g-Cy N, A WORLAE 58 A0 1T TG DX W5 g 326 97 348 ok o T A1 2 21 30 T 7] vy A 1 4 P o K o) 38 T I o
A A 1Y) BRSNS, B AR D T RN AR R A TR AR R . RE SRR R T AR L
T 28 A Y 4 OB RS K 3 B304 8 0007 A A1 5 T 224 4 A6 T B ) 08 22 W) 3 DBt s o7 PR R A R Y
G fi A% s AT AR B RST 30/ DN | T 45 1 58 B 9 0 oK 4 0RE  DUTT 8 Aw/ g~ Co Ny 265 0K 19 58 A0-11 DL 6 I i
JE R0,
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Fig.6 UV-vis DRS spectra
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BERA.

Pure g-C3N,

Au/g-C3N,-0.5%
1 | |
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2.4 Au/g-GN, EEWMHM AR L F MR

JAEAR TR 9 ' Az v 128 7003 B AR S DI AL R R AT 5
PR —ADEETTW . T TSR i R e AT R AR R
JFH e A 2 BB T ) 4 1) 52 6 ORL BEAT 0 . TRL 8 ) S 4
g-CyNy Al Au/g-CsN,-0.5 %0 2 G ORI B AL 7 BE AT 38 1
XFRL Au/g-Cs Ny-0.5 Yo F) L BT iy 2 (51 90~ 428 B St /s T 4
g-Cy Ny UL S 45 SOk 2 1T 5 A7 /0N 19 BEL T A0 458 B ) el £y

| |
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B 7 g-CyN, # Au/g-C;N,-0.5%
o 5% % k% H

Fig.7 FL spectra of g-C;N,and Au/g-CsN,-0.5%

composites

TR H R I, Au/g-CyN,-0.5 %0 BY G A B 25 50 43 B R0CR 3 T4l g-CoN,
Kl 8 b) Rl g-CsN, Al Au/g-CsN,-0.5 % BB A G H Gk B, 24 0] WLOE I8 4 5 B g £ 4l g- C, N, Al
Au/g-CsN,-0.5 %52 A ok i . B A OB = A G L 48 g-Co N, B a8k, b IR IR 32 B 42 & Ok 19 %
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< 300001 . 2037
R\‘ -I : % . . ® 0 4 . & . {2{
20000 = ,° i = 02F \
2o AwgCNA0.5% e N
10 000 |5 B o1t
, Il Il I Il ]
0 20000 40000 60000 80000 100 000 0 50 100 150 200 250 300
70 5 (5] /s ) )
a) 2l g-CaN, I Au/g-CaN-0.5% 1) 42 Wi L Pl 3 b) BRSO L

B8 #hg-CyN, 7 Au/g-CsN,-0.5 % 8 3k FALAT B 3% Fo F & 6 & il 3K
Fig.8 EIS nyquist plots of pure g-Cs;N, and Au/g-C;N,-0.5% and transient

photocurrent responses of the above two samples

2.5 Au/g-GN, E 5RAEENIER 4-NP R PERE

TR Au M Au/g-Co Ny B AR 7E o] W% BB T B IL iR 7 4-NP ke . i F 76 ) g ad
T Pl Ak BN A B 9T DA AR G D N AR — G R B, IR EE A R : R R AR A (D,
4-NP SeHEAIRJF Sy 4-AP 2 B b, i Ak 50 Y 38 PR P AR 4 Sz 07 2 238 0 850 o SR DEHI e B BR K, 08 I3 A4 £ 551 1 7
PEBR 5

In(A,/A) =1In(c,/c) =kt (D

KA HRNARRWICEE ;¢ AR 4-NP R EE .,

K9 hal g-CoN, W R AR K S S8R Au/g-CoN, AR InCe, /o)~ KFRE MY 400 nm
Jb W A W i RE AR AR AR B InCeo /e~ MIHE—ZR N ) 12, B 9 WL, Au/g-Co N, &G kL
TEAEAL A IR A-NP {1 21V 38 56 Bl 25 4 2K 4 5 HE 16 19 00 2200 4G KL 7E Au & Ol 0.5 Y0 B A OB 3R B A
FER G TG R s (H 2 Au & 5 46 223 2 i) 25 3 SU0OK 0N T R L33 KL BRIRE & AL R s k. 4l
g-Cy Ny, ORTA & & 1 Au/g-Cy N, B A UK TE 6 AT DL S AL 38 TR 4-NP A9 i — S8 R 0 800+ 3% 1.
2 1 Al A, Au/g-CyN,-0.5 % & A ORI 1 DL 6 A6 16 % (k. =5.14 X 10 % s D J& 4l g-Cy N, (k. =0.04 X
10°° s M 1285 5. A0k & 5T A B E 5 T4 g-Co N, MGG P, 55— J7 . st Ak 57 78 ]
WG TF B AL TR PE L A T4 T (R =1.72X10 % s~ ) 3 4%, U B L 3 J5UZ 0 52 86 v 4-NP J27E Au/
g-Co Ny AR T &4 T AL I, 0 IF A2 ] B b g NaBH, fh2#38 5,

i 1 é% g_C3 N,] &Z: ]"ﬂ é}é\é% AU/g‘Cg Nq E\{E\ﬁi*ﬁ 4.0 " Pure g—C3N4
R A T AR R A-NP 6 — ik £ F H B e N0
-UsINg-0.2%
Tab.1  Photocatalytic reduction rate of 4-NP using pure g-C; N, 307 v Aw/g-CN-0.3%
, o ~ sl * AugCN-0.4%
and Au/g-C3;N, composites with different contents of Au \i: : < Aw/g-C:N,-0.5%
sts ~= 2.0 » Au/g-C;N,-0.6%
catalysts = s e Au/g-CN-0.7%
M — SRR X107 /s '
o 1.0
SR ETF TOFAMT 05
pure g-C3s Ny 0.04 0.01 0
s * * * "
Au/g-CsNy-0.1% 0.58 0.16 0 2 4 6 8 10
J2 N7 B} [A] /min
Au/g-C3N,-0.2% 2.66 0.87
Au/g-CsNi-0.3% 2.89 0.93 B9 % gCN ARRAEESEN Au/g-CN,
Au/g-CsN,-0.4% 4.70 1.39 Loe do# L MR E R NP &
Au/g-CsN;-0.5% 5.14 1.72 InCeo/e)~1 X % B
Au/ - CoNs-0.6% 201 Lo Fig.9 Plots of In(c,/c) versus time for catalytic reduc-
u/ g-Ls Ny -0, 0 . .
tion of 4-NP using pureg-C; N, and Au/g-C;N,
Au/g-C3N,-0.7% 2.12 1.05

composites with different contents of Au cata-

lysts
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Fig.10 Cycling tests and reusability of Au/g-C;N,-0.5% as catalyst for thereduction of 4-NP under visible light
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