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Abstract

Copper sulfide as an important transition metal sulfide is widely used in catalytic, nanoswitch and
energy storage. In this paper, CuS nanoparticles were successfully synthesized by a facile hydro-
thermal method, using citric acid as surfactant and copper sulfate and thiourea as raw materials.
The as-prepared samples were characterized by XRD and SEM. And the photocatalytic properties
of CuS nanoparticles were investigated by using methyl orange as pollutant under ultraviolet and
visible light irradiation. The results show that the size and dispersibility of CuS nanoparticles is
determined by the citric acid concentration. And the CuS nanoparticles exhibit photocatalytic ac-
tivity under both ultraviolet and visible light irradiation.
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1. 5|

ARk, S0 o AR A A0 D5 LR TR I 5 4 AN S RO D B AL 25 P R 4% 52 D508, 140 CuS [1]. ZnS [2]
Al CdS [3]1%%. Hirh, A S4k CuS (Eg: 1.2~2.0 eV A—F EE & B ALY, TEMIL[4]. 99K
SR[S1FIfi RE[6] ARG T )32 I3, oA TR FU R . CuS A% 1A R DA S AT DL S5 3 R i i )9z,
3 ILAE A B AT e D AT T T8 AR AL AL BRI R 5 SR, RS R R AR 5
YR AT IRBA RSB GORARE, B BIF R T 2075, i, KEGE[7]. th
SYUEVE B ALY IRNE[9) %5 . Horp, /K& TR A 4R E R BEWE. rHErSRa. £
AS[10]155 NHRIE ) CuS K AR FIBHORER G W F R W B — E DR A CR . SB[ 11 AR &
NRTE T, LSS ABR C B IR BRI, 75 160°C R /K= B %43 BRI 77 M CuS.
A 6 P B R R B B R A O AR . TR, $RE CuS W& ik, IR I Ok
AR IR 7L, R BRATR TR R

AL LB AR AN BRR A JERE, — KA R R a7, i — B e S /K GE R4 T CuS gk
Kt I AL H bS5, o BIE T OGRS GRS R 588 7 CuS 4K et b fg .

2. LW
2.1. R

—IKBRER i (CuSO4H,0) HilR(CHAN,S) A A AL (NaOH) Fl— 7K & 4716 B2 (CeHg O7-H,0) W 3L F- [E 24
M ERFN AR AT« A 255 .
2.2. SLITEE

TR =R R, AR RN 86.00 mg (Y TLKERR M, 39.60 mg HIBRARAN 1.12 mg FI S E AL,

BHMNFREARK—/KEFFERR, 7052 157.60 mg. 105.10 mg. 52.50 mg. /50 HIIMARI &N
100 mL R, A 50 mL £EBT 7K. HE T4 30 min HIE &5, HIVEMILER .. H TS
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RLE 160°C 26 R /KHURNL 10 he B ENS, BUL ERTER, OB, MRS 72 56 T
i, IR BRI

2.3. STHTRAE
FIH X §F &A1 (PANalytical B.V. X’Pert PRO) 114 B 7 5 43 8% (Nova NanoSEM 450)F A #7444 )
TESRIEE .

2.4, FelELEMNE

FREX 50 mg %5 1¥) CuS ¥ AR I Z 50 mL BTEM Ay 10 mo/L FHEEFE VAT, 78 RIS PR g b A
P it 5 VRS 3 RIS B P-4 o SR U5 TE 350 W 4 i KT HELS R ASEHBL AT ok, 76 400 W ZRAT HESR R SRS A1
HEIA]RE 10 min HUFE, 8000 rpm S50 HIEWR . 35 AT W43 )0 vH(UHB5300, Hitachi)ill e Mot
o HTCHEA L RE .

3. &RV

CuS HPCHEALIEMA DS B AT I 1 T3] 2OlR)E, CuS GRKL 1 AR A EHL T -
2O, HETFRS R BER BRI R T, e ER TS O, A AAE H HEO0), MtES RS
Ho0 P AE 325 [ B3R (COH). R4 1 AR AR IE [ PR B LA TR SR IR R BE 71, 7T LIS Yt fh P Ak
TE .

2 NANIFIFTRE R MR 5 141 46 1) CuS FE 1) XRD . 1 8 MIgf, 27.608°. 29.104°, 31.613°,
32.620°. 38.844°, 47.974°, 52.654°F11 59.221°, 43| 545K [ (JCPDS No. 06-0464) 1 /1) # 11 (101) (102)-
(103). (006). (105). (110). (108)FI(L16)AHM) &, XK WG RUPHE S H7/STiAH CuS. [FI7E XRD K1 th
B RILEADAIAR G Z 06, X U8B 4 BOFE S A CuS.

K 3 AR FIFT IR BRI BE 451 N Ak CuS 1) SEM I, AT L, 7RI MR 3] T FESHAS U ) CuS 4k
KLy o B E oS EE R R B, KIS R R, AR BRIK R, Ty 1.05 g/L I, 74 CuS Bk R
Bk, HERIS™E. Y ERAIKER NS 2.10 o/L i, CuS Bk R, SEMRIT, 2k
ARhf . AREEIGINFT IR IR LR 3.15 o/L, TR/ RO 540 BihE SHr BRI 2 2.10 /L N 225 A K.
FRATHEM,  H AR R B R F2 R s TR KA NI B, BRR 1 S R A KA

NH,CSNH, +4H,0 — 2NH, -H,0+H,S+CO,

AR HLS S K Cu & AR e S A i CuS
CuSO, +H,S+2NH, -H,0 — CuS +(NH, ), SO, +2H,0

RGBT N 2 5 4 JR PH B 777 A LU S I B A R AR 110 8 I mT DA 3
BHTE CuS FRIHI[12], MMMl T CuS A% A KIHE . Ftk, BEEAEIRIKE N, CuS Fiki R~
N, PHOPEART o T MR IR BRIR I T, 7E CuS @RI AE KB B, HLAR TR B AT AR R 1) R O R A,
HAR AR TR IR I R, X RS 2 B (1 3 s AN K

K 4 AR E A L CuS 7E 58 AN AT WG RE SR R X6 A AT e H 08 1) o e 1 e A it 2%
K. a2k CuS 76T WG ST T afiAb Fefd F R it 28, 485y CuS TE RSB IRS T el 1h e i H
Sepshsk, AL AR CuS I H AL S AN v WG TRt 2. 250 KB CuS A
IAERAMDE R T BA I RE ), i HAE AT WORRRS Tt B el fbae fr. KA CuS & — Mgl
WM R . HFFERRIKIE N 1.05 /L iF, CuS 7EFRFAS R 6 IR IR S T F0 e (b A4 P4 i HP S A il 2 32
AMIE, TE 20 5r%h o] DO RSB R R— o 4 . AT IERRIRIE N 2.10 g/L A1 3.15 g/L B, FifS
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Figure 1. The principle diagram of photocatalysis by CuS
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Figure 2. XRD patterns for CuS using different citric
acid concentration
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Figure 3. The scanning electron microscope (SEM) images of CuS us-
ing different citric acid concentration (a and d) 1.05 g/L, (b and e) 2.10
g/L, (cand f) 3.15 g/L
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Figure 4. The photocatalytic properties of CuS pre-
pared by different citric acid concentration under Ul-
traviolet/Visible light irradiation

B 4. TRIFTHREGRE & A CuS fE £ 50T WL RSt
THYE T RE

CuS FKAL 1T LLFE 10 70 B 2 Ao H R B — - 2o Aa o HHBLIX P S R R PT e S ARAT AR IR
WP 2% H ) CuS BE AR EL, fEFFBRRIR A 2.10 g/L Al 3.15 g/L FI& A4 T il 4 Hi KK CuS gk T H
AN RS RUE G (R 0, AR T ORI R th ek T RO RN, PRI I LR AL AR e i A P e

4, g5ig

AR FER T S KEGE, FIEAERENREEMNER, #& T7 CuS 99Kk 7. @it XRD RAEIE
B = N 7N 5 ARt CuS. SEM 45 R, Frg il Xt CuS IR ~FAIZr BihE A B2 5o my, RIK AT IR
ZAE KA B CuS & 5 R HRSTEOR, MRS E R A N & ) CuS RFH/h HAar st s, 4
FAEBRIR FE IR B — e H I, RS IE IAT AR BRI BE XS P2 RSH I AR AL e AN K Db B Al R RS & Sk
B, CuS gyKki 1 [F i FL A AT WA TG o AT IR BRI 1) 4% HH 1K) CuS B S 38 B BB AR 1K) e A
thERE .
S

X I T AE 2 i At B AR B 5L 4 T H (2014CFB631, 2015CFB498), it # & T B F it %1

(Q20141802, Q20111801) FHiBA LI ZE Tolk 5= B 1 - 3 3 B 4:(BK 201301, BK201503) 3 ¥« A8 TAEZ 6 HL T
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