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BRALH (CuS ) GR UL B A MR AL W
FAMEACTERE, L AFRAE AR Z W% Z K. H
35 AL 2L ORI | (Y H S R DL R A
R ANE, (AR E R | BEIRAF R FIER
BT Y IA PRAE D7 TR B E LR R Y AR
SCEAERGREL CuS GUORBURL AT FE IR, TRAE
BT He G BT vk B0 FH AT, X A R 1 BIF 5 e 34
JRIT R

1 ENFER

11 MR

CuS 44 AFURLAE I 21 51 X 30 (700~1100 nm) H
A SRR, AR ERARTT FOG A U
AEENHME ST, X—E S
WHR(291.2~2.2 eV) DL S R 1045 25 R 3L PR (SPR)
RO B VIS /N R F (<50 nm) B 4% 1] 5
PEAYIE S Cn Ak . AR ) B8 i 5 T PR B AL N
BRI I A T, R — A I ) 37
SEEEC AT H R B AR R Bk s 5 H B 4l
KA DU AT DA s e M I R A SR i,
W 2E CuS K R il T R R R T T R R L

RS HHE: 2025-03-25; EITHHI: 2025-05-06

], BEMEARBOROCRER L A ARE, DA A
30%~50% ",
1.2 HEEFEMER

CuS BT 77 HH (Cu,S ) 3 HLA 458 5 1 HE S A
FL Ak 2 0 P, o L 7 R 0 P 2 A R R it S BB VR AT
fif A EL A VAR A NS T CuS @ T8 /U
FR(P I TR, FHHL 53857 Tk i 25 46 I
BBE s, ASTE] A 1 2 3 & (A0 Cu, (S F Cu,S)
2 PHUH B S K AR AR gk RSECn
10~20 nm) REAEHE INZ IR F1ERE %, (HRSFd/, o]
fiE PR AL BT
1.3 fEHER

CuS YK FURLE 5 e CHE A I A rh R B 55
MR . HMRR Y 2R S5 49 ( Cu-S J2 (]38 i Yo A
FIEH) WA T MRk 45 1) S 1) H 2 R 2 M
XRPLER SRR BEHF 45 A A T A 80 TR
AT S B/ N R ST TR e R AR (U FLEE )
RENS R 2 HTEPEOT o5, fRIE AR B - 28 O
BB N, A8 40 CuS 4K Hik (<10 nm) 767
DIERRSS T, XA HLTS G Can i B R ) 1 R i e
B AT
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1.4 £9HEBIH

CuS 24 K ST A0 A8 345 P foff LA A ) % 27 45Tk
B2 R, BRI B Cu B AT i 5| Kk A AR
WU, AH CuS BA B E b i e vk, 7E2E R
Bivh Cu™ BB RN R B /INR ST B ok
(<50 nm) A5 2 i AMRAR, 3 T R I FLAE 4 iy
WY FLEAS o il 0B PEG | 72 M sl 7] 4 F
(InnHER FA) 2655, AT ARG CuS 94 K50k 14 e 32
JEPE K LA IV P O A 8 D [R] Ess2 Cu™
AN 38 G B RS 1) A

2w K AORH Y B R T

CuS ZAK UKL I i £ 77 5 £ 5 20, AR A}
B G kK 3 L IR IR
B BB B A R ER, A R ]
FESL) CuS KM RE . A5 BT 15 1 T2 2R A DL
1, ARVRE E A G BOTE MBS o

R1 CoSHWXRBHAEEGHFEHNEERRS
Table 1 Main advantages and disadvantages of different

synthesis methods of CuS nanoparticles

HHIT K 1R e TR
s ZE I AR Dy
B, AedE WRGHE BRI AR

2.1 K/BFIIGE

TK 1 TG H R DK 30 TR A B A I
T A R A S N B L N s ] RNV R pHLAEL, AR A
MEVA Y T R T SRS A, 1 R P Y RN A AR
HARAS RSE 2 — 4 CuS A K WUk 3% 7 5 384
i BN i AR H R B, o BAT 4
L o AP SR A, TR B TS e,
H A 7ESE 50 2 P gl )32 W CuS 94K JB0RL 14 &
L 20144F, Saranya%‘m VLAl P ) 0B R AV g )
JEFGRIE, 32 K IEE BT i 45 T CuS 40 KSR
AATT R FHIE HH 3L 5 (MB ) JLRHZE T DO RS (4 %
i 15 0 R DA T o) £ A B AR TS . S5 R B
N, 87% MY RHBE AR, 2B CuS 98 K kL 7E YLk
ot i AT ELI FH R 5% 20174, Liu %™ IR IR
VE R IR R LA, ) 75 8 ) — i 7K A B 1
T CuShGO B AR, TEiZA LS, A&

5 (GO) (38 I 5 CuS 4 K UKL TE I8 I A Ak A 28 4
(xGO) R VTR 2L & A . Frifil 48 (7 CuShGO 2
BPRHE E D T CuS YRR AT R &, #2771
TAHEACTE M. T R A 00 JE B A A AR
IR PEREIE 5, A R HE I HL0, 15 8% i FAR
Wbk, 20194F, Yang %7 40 LA SRR | B K BB
R OBEEAE R ER, TR L B (PEG) fFE R &1
T, SERKIGE, B AR RN G RERIR
fEER L. BFFE R, LAGRIK A JFORHE 45 A9 CuS &
BREALRILA, MEMFE RN AT, Do
JHE SR BV B IR oS DU 52 B HE AN [] P10 40 K RS
S5 o X PR [FIE S CuS N T-81 25 7tk
MR, B TESREEM2ZS, UG Sk
) CuS B E AL PRI ERE . P, B IRAE
140 ‘CH LY CuS, TEZIR . HLIUAE 30 mA/g FlIHL
1.8~2.6 VIO, HA 187.1 mAh/g Y HL 24 4
it SORAERR G, R AN RE IR FFTE 71.72 mAb/g,
2024 4F, Sree Sesha Sudha Gayatri B. %[Hjﬂﬁﬁfﬁi
B X CuS ARG F 52 m, SR KA G R T —
ZIVBEBALHT(Cu, Gd.S) AKEEH , X Eby k2
FRE T AEANTA] G MR BE Rl ik, &5, Bt
G BE B, MBI B K, [RlEt 4845 Gd 1y
CuS YA ZER G R Az 37 o WEPE D S 7 T
2 HORE S BB IR
22 EFEREE

A2 TUTE % 1) FR AR D 2 o ) A P 4
ST VS B e CandiAesh) I WOR A, TE—
FE AT KA I TTTE SO, AT A B Ak R 40 oK
R T R R B AR L R, H
TEAE JURE 25 S V3R LA OB AR 40 A e LIRS Aff 42 1 A9
[P/, SR v e 2™ s i SR AR 3R Y pHAE
20164F, Yang 45" iz FIAL AU A R T HA B
PEAL I P FTRS 22 T () CuS 4K BURL(CuS NPs), F£44
HAE Ry i F AL RGBT, BTt — R R ToAR
ek : ZOG(CL) e i ik . SEGmbRic Y
CLASE M AR L, 2R 5 X A By fy i
BCAS TG | A0 i B bR, [ s B A A R o e
Al E A PEFERPE . 20204F, Wang%uqﬁy\ﬁﬁ%T
M 1 S AR AT CuS K ZE AT 2SR, At
A28 3 35 A [ 18 S g s 0] R Sz oy 3 B 2% A, -39
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B LT AR BRI G K R P FIE S CuS. S T
GE AT M, BT T JEREM LI, SRR,
TEBBEE IR T, CuS Ak i MKIE B =B %
FHEH B(RhB) 19 G R i R BEAR T CuS K ik, J5
Sz, A AT I Bk 98 K 8 (CNTs) Xt B R JE 59 CuS
S EATIEM, 2005 KB, MR T CuSgk
WKL A B 3% CNT/CuS & A9 (17 120 min, [
fif % 1=89.4%), H& T YK KA Wil 3% CNT/CuS &
G BA T = OGP RE(n=92.4%) . 20224F,
Cheng 25 0y gt P S RE RS YT HOMERSL, ¥ T H
FahAs it W R N 24 AR SR A )R YT T
RGP G o RHILTIEER A T Cu,wWS-Gd, JFTE
FLR MR (FA) B4, 14 T Cu,oS-GA@FA #1
Bl AR EIR, R ILDITED T 1Y Cu, 0 S-Gd@FA
BA S 0 LM CMSE F A A 2k, bt
BHE FL I G HGE T (PTT) v J2 B B4 1 i
Wi,
2.3 iR EN X

TR B, PRI B ik, 2 A AR Bk
WA LIRS 25, ARIEAb A N A HEA T, AT
il & 0 B R BRI A P BT AN KA R, L
PAET SONARBEARY, A R, (BAATEAK
R I R R A L5 5 A R I, 2014 4F,
Ye 25 LU WA FGT 2 IR R JF0RE, H AR SERR MR M
RGP, AR e 5 4 1 B oK CuS i
T, B 38 0 0 B — T o R — oK kB 2R,
Ty ] 4% 1R A2 29 100 nm 1Y 35845 CuS 44 5k & 4 1
kho 2016 4F, Borthakur 55 32 FH MO Hl Bh 75 & WL T
CuShGO YK & M kL. WFFR 45 SRR, 2 Rl 7E
H KB YE B T, XFRIERZI(CR) Yokt A Ml
AL MRVE T, R AR 0% 535 98.76%, 2022 4F,
Kalyan 2 38 13 S0 4 B L 146 T CuS/IGO 9K 2
BFEME A, R TR B 2 v SR
JRBLI = LA L RS A ARk e DA SRS T B 0
CuS HE m M E I FaE M. BT R M, HAERH
fEAPERERS 25 T CuS 1 GO Z [ A DM RIRLY .

3 NG

3.1 £EMEZF
FeHGRYT (PTT) J&— P 24 849 i 6 97 F B,
68

Ho P Bl ok e R £L AN RE L AL FARE
i AR DX 3™ A e R PR, T SIS X 24 L 1
FEWEIE ™ HRT, BHFA R CIRARR T UK
QUK EME R G0 0 i R 7. SH0OGIE
FIfe TR 2Z A NLREY . LI Re 8K
PR Tk 35 Y R AOK B ) DA B AN A 578 5 1Y) 5 4 T 3ok
P KRR L, L CuS AR 3 12 SR 3l #4
YUK R RA DGR AR S L AR . 24t
JECNIR ) DX W W AT ] 0 45 b 2 L34, 76 PTT
IR ELAT NS 20104F, Li%E Ml T
3 nm [ CuS PR UKL, 1ZM RHE T 2141 X A7 7
— W, Fe RIS T 900 nm &b, AnET 1
Jim, MR YR E A 24 Wiem® |, P 4 808 nm
HTOE IR 5 min J5 , WWGRE THm 1127 °C, %
WL EA R AP ROG I RE . SR, B
TR AT REX AR YA AR RIVE T, B, anfar e
RO T 3T 5230 5 0 P 46 53 1k F 5
o [A4E, ZhouZs #1457 PEGALE A 11 nm
PEG-CuS NPs. Q2 7R, EPRE R 16 Wiem’,
A A 808 nm 11 L I FE ) 5 min Ji5, ¥ IR FE
25 CHEFF 280 °C, TEREMRBOGYI AR [ i s 1
TR BOR , WSS — E R . 2015 4F,
Hu %6 i % 7 38 5 A Ak 47 8 05 /CuS 2 & 8
(+GO-CuS), i CuS K v BLEIMHE 7R rGO KM . 4N
FI3 PR, #EBETK(DW), BTty 4 200 pg/mL
(1) CuS Fl rGO-CuS 43 HII7E 980 nm ILZLAME T IR

BT CuSYRBURHATRAE DR E 24 W/em” | 1K 808 nm
FIZ&AE T HEST 15 min B9 FHE 2R
Fig. 1 Temperatures measured over a period of 15 min of
exposure to 808 nm near infrared light at an output power of
24 W/em’. The concentration of CuS NPs in water

was 770 uM equivalent CuS "
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B2 (a) NEHSE PEG-CuS NPIFRRETE TILLAMEIE T 9 min WA THEINZ , (b) Y22 A T) ££ 9 min NBfZ PEG-CuS NP
CuS 4T BATCHe JE AL Y Hh 28

Fig.2 (a) Temperature rise curves over a period of 9 min of exposure to NIR light at various PEG-CuS NP concentrations;

(b) Temperature change ( A T') over a period of 9 min as a function of PEG-CuS NP concentration expressed as CuS molecular units *’

3 (a) DW KN 200 pg/mL B4 CuS Fl rGO-CuS IFRAE 980 nm ITZLAMEIAGT 5 min 5 97 EEZEAL ML 5 (b) HeLa 205351175
CuS Fll vGO-CuS X HAZH F A7 1 4 B HERS ot ] )22 f 1 2
Fig. 3 (a) Temperature change curves of DW, 200 pg/mL CuS and 200 pg/mL rGO-CuS solutions under 980 nm NIR irradiation for

5 min; (b) Cell viability of HeLa cells as a function of irradiation time with or without the presence of CuS or rGO-CuS '

55 minJ5 , vGO-CuSTEWIRLE L F+ 1757 °C, T
CuS I AT BRI RE

| iF, 7E 43 B AEAE CuS A rGO-CuS Y L T,
B #0985 410 Mi(HeLa) 7E rGO-CuS H 19 17 1 R e 1%,
F W rGO-CuS & A A BLFE PTT H A S 4 RUR
2020 4F, A B G 4T OR A AR U TE B R & T
CuS-gelatin KA1 8}, 12058 B9 B Hr 2 Ab7E F 16 H
A i (gelatin) FE M PO, WF9E 3R, 76O TRE K
80 ‘C. HfEI 6 h 25T, FF5 Wi CuS-gelatin & &
FHRBHRE S B o 19 I Z0 AN RE . DA K
1064 nm , FIREE A 1.0 Wem’ (OGRS 5 min
J5i . YJE 0.4 mg/mL Y CuS-gelatin & 454 BHE G

JEFLH LS B kR, TRE TR 30 °C,
TR 35% . BEAL, BARRIE T AR
TET ARG AR, A — R ERRR T H
e, 20224F, DunZE"™ DLAE IV 18 11 (BSA)
BRI, AT RAE R 30 nm 4 R CuS-BSA
NPs. “ATFAL CuS NPs 78 41 Hg 8 (HCC) A& N
7 FH I R Bl FE R ML, AT LA/ N BR R S 56
P4, R RS IR T A E AR R e
5% )5 K FH CuS-BSA NPs(600 pg/kg) 18 i B2 i bk al i
TS, TEIELTANEOCIRGT T, P2 S5 008 21 i
JE LUK FUIAAE, 0 CuS-BSA NPs Bt HUAYT
SR REAN LV 1 (0 63
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H T CuS AR E A M RHIESL S TR d, TR
WA RAFHOECIEEARRE )T, B T 1E6HGR YT S
WAL, 2530k 8 1) BT T A JRe B8 11 1o FH
WS, 20204F, SRENSE " A fi ke R A 2 B2 )
B8 2 (DOX) TEIR N By Bl bR )&, FIH PEG &
T JE7 1A CuS KR AL 28 DOX, LS B 24 4 0[] 5
%, CuSHLEDOXH ., Jif 5 DOXH , 250 CuSH XS
i B9 A0 L 1) 5 473 32 (45 45 PPT) 1A LR 45 SR B
CuSH2k DOX LA 5% =1k 88.3% , 6 i 450> CuS
ZH 1) 52.04% F1 DOX 2H 1) 45.58% . 2022 4, Swaroop
S T IR R N 40.5% 1) 1 20 25 v A
25 CuS P A FURIFE (CuS NC), iZARHEA B IF R
YIAZYE. K DOX WS I 2 2 A Y (DOX@
CuS NC), TEHREE 20 pg/mLINF, b 7L sa 20 i 5%
B A1 70%, [R4E, DingZ5 &8 T CuS/PdE &
MEE, 5 CuSHIIL, CuS/PdE &M RHEA AL HE
PERERIAE AR ENIR BB T, 712849 DOX
LA R . — RYVAHRRTE T 5550 3R, CuS/Pd/
TD/DOX Ab 34 1) 98 240 BLAF 15 AR 22 20%, SE3 T
PLUTEAIR LA B A R W Bk 1 B bR, A B4
5 NIR 175 5 (1) 25 338 26 FEIE TR Y7 0 . 2023 4,
Yang 252 4 T 6 PG B R Ol 42.42% 1 b 2
CuS K URL, 38 4o & i ] 20 256 7 ¥ 7E CuS R T
TR IKAT (HAP) RN IA FRR (HA ), il % i .
A ] P 2 M RO E BE Y CuS@HAP/HA 49K 4% . CuS
1) v 23 25 74 FTHAP 19 K L 2% 18 ARl CuS@HAP/HA
KR EAT 99.2% 1Y 1 TR . HAT B A 2L
FELZE T DOX B W) ke A BRI, JFf Ok T 9K i B
AR EWHE M. o CaSEHA AT
SMRREE ST, HHAPFERRYESRMF T B Wi i, (Hif5
CuS@HAP/HA HA5 B . ()35 21 A1 pH XU 1, 245 4
B e DL B85 3R Rz 07 IR AR 7 PTT & 3k
HATHN T WM BT . 20244, Gupta 25 LU
= REEMREN(LP 73 1) fE R ELL ], JFRIE
ARG K 0 B A R 2 T 1 e M SR B R TR T
fEfl CuS A K JHUK: (LP-CuS NPs), BFZE k3, LPHY
I A 5 il T % FROBCAR 19 75 5K, B8 T CuS f
A, T T 198 AU KM e A 8 A e 1k
LP-CuS NPs 7K B AE 980 nm NIR JESTT, JEH
R IR, I H S P0ER DOX AR
70

SRIVES G 1. TR S (DOX@LP-CuS NPs) H
A pH R ) 25 ) REICREEE , EIR RN IR M R BT
LGP REICHE R R . RAMIFRE R, S A0 R )
DOX@LP-CuS NPs K& M I, ZeNIRJGIRGT S, &
AR AN A 7 e, P EUB AN K R
BT,
3.2 BERSUE

CuS HA i b L 25 F R4 (06 R RS 1, 2
— A A EEAEL A H AR A ), 7 S A A I A
ez T, 2019, @Zheng%[m Ay ) A
e A 75 19 NipCuo ,-S 8 % HL 25 4 40 K FEL IR A B C@
NiosCuo,-S, HAl &5 B an & 4 FroR . i T%F % Bk
AR B L AH A ) AR X Bk G F 25 4 %) L b2 M
FEWF5E, & IAE6 mol/l KOH AW HY, ML [1h
0~0.49 VI, X P BB L HE 28 AT 3K 1986 Flg, LA
C@Ni,yCu,,-S M IEM 75 P o AC by 14 41 %6 i
PP A S, B IAERERIZEL6 VA,
HLZ5 0 184.4 ¥/g, REm %153 65.6 Whikg, N T
MRV, 161.6 VHLER 8 A/gH %
JET #4771 10000 K FERCHAE IR, HH AT R 50
TATE 1Y 80.6% ., 20204, RaghavendraZE™ W3yl 4
= 20K CaS YRR, I43 B4 T RO Ry
5, 10120 h ) CaSHLM . BFFE AN, CuS-10 h HiHK
TE1 Alg TR BE T, LA 5 164.053 mAh/g, fif
FNMERE A 82.54%, 453 4000 RGN G, 2 B8+
RN 9T.12%, VEREDL T CuS-5 hHE L A1 CuS-20 h i,
Moo 20224, Shah %538 i Ak 2 0 3 VA - 8 e
RS G Jr, FH ZAABER(TIO,) 90K il 46 T
TiO/CuS & G Mk, MATHEFE T CaSHREEXS H T4
9 HL 25 7 A TiO,/CuS 4 >k B A 4 ) i A el Ak 2 1
RERYRZIR, & B2 CuS S AT, %R A MR
1 Alg L ST, UL 28 0] 35 853 F/g, i
T Ho Al v & F 9 535 F/g 1672 Flg, 7E 8150 W/kg
Uy BT, Hfg i % B 68.4 Whikg, 7E6 Alg
FR) v FL UL 8 G BR 25000 Y i, HeFE HL S AR R
N 87%. 2023 4F, Chen %" F) F M5 47 oL £ 1) 2D ik
A6 Bk MXene A 2 547 1E B, faf ) CuS 44 K J50kE 22 (1]
M ER LI ER, AT Ak Bk MXene/CuS & &
ML, BRI, MXene BN ATEE T MXene/CuS
HL A 1 3 R PR R B TR, I TR 1 A/ L O
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14 C@Ni, ,Cuy,-S ] %’ZT_\‘%% &
Fig. 4 Schematic diagram for the preparation of C@Nji,,Cu,,-S

[24]

JET, AR IK2569.3 Flg, £:5d 10000 KAEH)S,
1L FEIR 6.6% (2 IR FEHR 93.5%) . ILAb, flfiTid il
£ T Fe, 0, 90 K UKL/ 38 J5 Ak A7 3805 (1GO ) 4K R
(Fe,0,@GO) &5 MLt FFHf Fe,0,@GO IR f 11,
2] 2% i MXene/CuS//Fe,0,@rGO M L 25 g o o 1%
PUFRE R A 74.1 Whikg, THHRE5E ) 849.8 Wikg,
£ 10000 WX 1 3 J5, Faa Pk O it O 4R R
91.3%). 2023 4F, Zhang %™ FE R A b A WL T i
T4 /3 B HES A0 850 40k B 9ok A RH CC/
VAGN/CuS), M THEXT PR HL 75 4%, 1545 T CC/
VAGN [} 5 3% ZFLE5 ), Z AR e itk Re LS, T
SEIER I T PGHE AL T . CC/VAGN/CuS FLARTE 1 Alg
HLURAE T, H A8 342.6 mAh/g, HARMRE
PERAF. DA RHMER IERAR, PLCC/VAGN AR
R, ZH A AR R FR AR S L AR, 1£800.2 W/kg
FREDIRT, Higm® B ik$]76.7 Whikg, H 10000
UAEAG , A RA75IA 83.6%.
3.3 IR

JCHEAC R A AR T B i A LTS B Fi
TR DAPLG YRR, PP, B
L7 R A T A A i A el
PEAKAR 255 HEAMIREEE Ts Y >, (HiX
S AL W] S 3 ' T A A R . CuS A0 K4 R
P i e AL PR RE, 7R PR BE ERAS 2 T 12 1
9S50 . 2017 4F, B/ 45 SR K Gk &
BT 7S T5 CuS AR AR, JF4rSA 4, 8, 12 mL
% 2, ZFE400(PEG 400), il % T #£ i S1~83, Xf
HEARE B SA R TR AN 20 Z 2400, FE 5150 Fr W,
PEG 400 [ HI X6 CusS 44K FIURL 14 T 55 285 44 52 1
F, Hrp STz 0geREREM, S2, S3HER
GF AR IBORL, S4 TR U8 i PEG 400 11 ™ 5 A1 5 .

] 5~6 i 7R T CuS 94K Joi ki S1~S4 XF %7 1+ B B Fil H
TR AL IR RCR . IR, Hil 41 CuS A
KRR S1) TEE MG, T ALY RS FF
BB . PP LA 1 R A A5 SR I S A T b 2% 1 T 1 45
[ CuS AN K UKL, FEST 140 min Ji5 , FEARRI> Bk 2]
81.5% F1 87.5%., 2019 4, Mahanthappa 2§ &
T CuS-CAS K BT, B b K %
AMREA KRR, 7ERT WIS, Dt
FLE(H,0,) R E AR, 2 B 0 H L i (MB) 3
MHESCARIE T, Z5R B8, 10 min N, CuS, CdS
F1 CuS-CdS =P K & 45 4 KEXT 10 mg/L MB #Y [
i 2R354 80% , 59% F1199.97%., XMW, 5 CuS
FICASHI L, CuS-CdS 4K & A AR C AL TG M
o R RMBL, 22 BE . X YRk e b e

DL R A BT RS SR E AR, B ROt
REML SR 2R . k2= BABT(ELS) MR g R 4%
B, 5 CuSHICASHIHL, CuS-CAS4N k42 & 41 k1t
AR TR EE P, 1Ah, ZE SR EE M
G, ABEAT RAFR AL TE . 20204F , Dutta 25"
W& T Z RS R] BiFeO,/CuS/SiO,, FF7E 1]
DT $EAT F OGRS . 255w, 99% 1
FH 35 2% e BLAE 60 min P % A, DAL TS P T
BiFeO, Al CuS, +OH 10, &R A F v i) 322 )
Z 54, BRI T, FohH
FEIVER BT - 25 O o0 i o B (Y TR B, A RORI T
ALULOEM . BEAh, A BRI BiFeOy/CuS/SiO,
TEANMEIER P RCR B3 . 2023 4F, Tripathi %
P CuS BV R SCAEAL T, W52 W H 635 (MB) 1
SRR AR . AR AR AR IR K, R
FH 4= A Simiss $AREOR , 6T VEBE 3 Hepl b il 2
Z & CuS TF, il %15 4 250~400 °C. FE 5 Hr &
B, il 45 14 CuS TF 2657 J7 #Hh 45 5, T3 45 ok
22 2~30 nmo B i EE T A 4K CuS TF (1 b 48 32
H 1%, FIRMIRFER, 400 CF I EA B
IERE R TR, SERPEREMSC IR, CuS TF
AETE 160 min NG RLFE AR I BE#E (MB) . 202448,
Shyagathur 5 il & T — Fl #7 5 CuS/g-C,N./rGO —
TCE AR, TR Rl B . SR KA
AT CuSH K AL L B CuSiGO, CuS/g-C,N, I
CuS/g-C.N/IGO B G KL, Frax et i 1 L8 A
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KI5 CuSHENS S1~S4 X B FHI B (a) SEAEMLIERERCE S (b) — 28 77t 4

Fig. 5 (a)Degradation efficiency curvers and (b) first-order kinetics graph for photocatalytic degradation of RhB by CuS samplesizg]

16 CuSHER S1-S4 % RS () (a) SEHEALIREARECR K (b) — 28 T3~ 2
Fig. 6 (a)Degradation curvers and (b) first-order kinetics graph for photocatalytic degradation of methyl orange (MO ) by CuS samplesmg'

LE(MG) FTFE 5 v VG A (MX) B 6 b F A S 56
SRR, EUAEEART, CuS/g-CNAGO =TT HE
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Research Progress in Synthesis and Application of CuS Nanoparticles

XU Lei', YANG Zhi', ZHOU Zixuan®
(1. Chengdu Huachuang Xingke Technology Development Co., Lid., Chengdu 610041, China; 2. School of Electronic
Information, Xijing University, Xi'an 710123, China)

Abstract: CuS nanoparticles have attracted extensive attention in many fields due to their unique optical, electrical and catalytic properties.
This review systematically reviewed synthesis methods, physical properties, and applications of CuS nanoparticle materials in various
fields. Firstly, the basic principles and research progress of three main synthesis methods of CuS, including water/solvothermal method,
chemical precipitation method and microwave-assisted method, were systematically summarized, and the advantages and disadvantages of
each method were summarized. Secondly, the unique optical, electrical, catalytic and biocompatibility of CuS nanoparticles stemmed from
the crystal structure of CuS nanoparticles were introduced. Furthermore, the research progress in fields of biomedicine, environment and
supercapacitors based on their unique physical properties were summarized. Applications in photothermal therapy, drug delivery carriers,
organic pollutant degradation and supercapacitor electrode materials were mainly discussed. Finally, the challenges faced by development
of CuS nanoparticle materials in various fields were summarized, and future research directions were prospected. It was pointed out
that optimizing synthesis method and deep understanding of properties are key factors in effective applications of the materials. CuS
nanoparticle materials were expected to play a greater role in future scientific research and industrial applications. This review provided
some references and inspirations for promoting the in-depth research and wide application of these materials in various fields.
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