a0 30 (4 (2lo 5380 95398 (39 iy 9 CWS G Sl ol
9,99y

§99 k0 Akl g iy 5 M ¢ Slo S jleo Loyl ¢ "y 38 jguaio

Slpl leal Glaal )l e aupd oBisls (pgle 00Sisls « S5 508 09,5

P9y 4 sl muliinn il (6)lg BB (gl g Cunl owsyf 5 P g SUloyes S & CunS (la Sob 5 ol )5 04y
UV-Vis 3l g,b 5 bl 655 ols cipmpmr w545 bl FESEM g XRD cslolll b 5l 5 5tk 35l Il
oo A olal FT-IR )JU il ele slrog S 08 asuie g (lwlid 5 (il cign awyp slyp g9 g pSojlul
9 32 2 b Sel cpl ol (Ui @bt .cd)S 8 () 3)50 Epwg8 5 (Sre sg 03980 )3 L SGL pl le)S e Lelss
ol o 010l Sy ye8 LB L Spe Al 3 amd oo (U 38 Sl gt 2le)S)95 Rl Epwg g (Fre 9 B39
9 Lod Ll 31 VY °C CusS 1Y g/l (gols o Jglomo 4y atds £+ o & Voo o W/m? us b Olg Foe Gl badla Jle

CupS 51y g/l clale (ol aado VO loj e )0 (glan o ¥F i8] G jagll AcA j5d (il b 50,8 ygole asb jo

ol cdale Jol8l b as oy lis g A wyyp Sy y9 G L Sel pl jeas p o e pnd Cpoed WA ol line
b Gial3El Gall Of ) G plp ¥ U oxdaw s '+ g/L G S5l

*farbod_m@scu.ac.ir

©bid OMase (py5 )5 5L [V Sl cwl 85 )8 465 590
) dLbai caSin dujp g Cames ASyd gy Ny oa
Ot ol @l po p iz g (laod g9y lp |y b LSS

ol dhad 1> (63,8 o3l (slaely 51 (SO ol o3l Lialj8l

sl cpped O Wl Ol Yo 5l eoliel (g ps
g ol s Gy 5l 5l eolitl (YL duie 4 deg b Lol
S5 )4 pdbnies GGyl glie jl ag) 0 olitul (rizen
G e g Gl LS 0 oS djon fgike by,
Oy o ey $ipl wle phnses 65yl gl

Bras p (pprddpo g dija (a5 lp (0l Sy

VNN edly gl
VNI ANE 2 i pds G,

s 5 2loS )9 (Sl LS 1 ealS” 55l

doddo —)

e 69 il | ol gy (b b 2leyS)e S
S Cunl o Ol (publineg ySIl (6551 (b 3o b5 2
Sy (Soliie g V] 2gd o0 e slod Gl 4 i
Gl Gygo 4 2leS G55l 03 o ogdle o5 )l
ool Glagge Jsb whg syl gile cpuily s 4 S
8] yS slo)lsLugil g [F] (gp0ady dlge [Y] bl [V]
Al g lize sazge Job g ol gy 4 dta
Ol dbar 5 (S des ) il glaaie) 1 2lo)S)y

p2d Jlos | ¥ oyled V¥ by YA


mailto:farbod_m@scu.ac.ir
mailto:farbod_m@scu.ac.ir

lo b9, g dlgo =¥

Slgo -Y-)
top b CuCL2H,0  jl e Silow &5 ol
Ao booyed g olpl Q-lab S, cals JAYA yogls
Q7Y Jobl (pldl Spe c8ys cole S ANer pogls
oolizel oas s o 5 ohal UK ke eS8 cale

CusS 45 Y-

igd e Mg alo = I sl S > CwrS s S5l
9 iy 095 )5 WY 9 CuCL.2ZH20 25V cnl sl
S o 4 palls Jpbl il oo Ve g Jiie Tiome B0 93 &
A sl 59y el Sy Sdo 4y g 9500 039381 3l ]
b ] 4 1) CUCL2H0 (ol Jobme « g 515 oo
4 g bl Cunds 3)5 g o oguy S5 B o938l 0y05 Jolore
Jobre b Lgdi o 02jed crjod (9) S0 Cebor b ko
A Gl V0 DT 4 ]y Jole 358 (Kot 9 S5 i
Oyl celw £ i 4 YA °C slod cod g 008 Jdte
S ol BUT (slod 4y ey 5 3D 3y Sl ey a0
5 03d bios o dhusgas |) Couy 291 meals 0y g
293 b &l )5 5l oalatl b g ooy sdgcund Sl cpaiz Jibl

S Sas b °C dbba%&kﬁgd}bb}\c"' rpm

Ldiges  abdasuio V-

Fx olp ool g Hle (Shy wrp sle
Ao = 1.5418 ) Lo 351 | (AW-XDM300) usslid o]

L CurS (sladiges UV-Visible Lis cab b ool (A
48,5 (Photonix Ar (P.P CO.Ltd)) UV-Vis _sxwcab
Leo 1455 VP g, (33280l osSus S | ciopad 45
bdges ldlop, ¢ wldcsy, olli slp (SEM)
pb 4 SEM paa Slbo & 5l oolawwl b oslal
Sl bwgie 3311 5 (5 uS03l0] 0,356 A+ 3;l1 Digimizer

g1 yiogl Y dg0n 3 800 £ pSouil o U 0 )sS

ey anl )l edlial Wby, ol 5 (So il (555
by iz dlge [A] conl Ol p5ud ey S0 lp
Lllo )y olge (pl 51 (S did byS 4 ye Jad casls
diad 3 dlge cpl | ooy ln cpingk cnl e
oxd odlitul CusS (slo S5l 5l (cadyss )l g 5 o
2 55 ol 3)90 odlogil (gols Ol @ glate yl gl sl
0By Vb el g ol (b9 )98 Sl 4nd) (Jpe 0394
S il osdie ol (aw y Gl g Ol sl
0P O 3 Sb i &ej 3 (2le)S)9 mree s p)S1 S0
ogale (ped 4 Ll (25 68l 5 Sy sl
by bl zeos 8k b jgeg SLbI > jlai )90 5,350
lo> (ul38l ccly (NIR) <S03 35 ¢ puog 3 0398500 3 )5 (y5L6
S asb ol jlas 3)00 55b g s9e95 () o 3l 4o )
£ Gbloyass ploS g oole Ky CusS [ A] 36 il
02t gl & sl WYY eV s e (g)lg BB Lp

b Jobs daw & plee el cwl (San &S sl (653
w25 Gl Gldsl 4l Seewdly wads SISy 0sd
S5 Shy o Lole cpl [N] S sbml ) Sgendly
» ol ) el el ot cuple (uizen 9 b
sshe W] (Ko Comj dor ) Lile laap)l8
DO] () lo S 9 VY] b 9558 W] ()55
M ole ol il gl (ol sla gy eST cusl 0
Wilo izt glacsy, > ol SIS Gjgod g odd 03
a3 le V] paogil VA] Sad gl [VWV] dolgil [VF] lyd gl
Sy & ol oo cul Calo sy by I cunl ord
Y] (S gy 5 VY] olpom ol Y] o S— 0>
— I ) & CwaS s S5 (iaggy ol ) )5 o)Ll
SEM 3 XRD (slagilejl abwsgas o i )l
-l Sl ookl b ol (6)9 Sy compm SIS olhaasue
UV- g puluieglgioh FT-IR 4,58 Jiasi=g jwgd (oniw
Gockle b ol ale)S)5 (S «aloiyd 5 5xSojlul Vis
5 sa SOP Emgd g Sy 09 Bgaome > Ol > il

Sl 04 JSU L‘j C"L‘"

VFo¥ lasls] ¥ ojlass | pod Jls &}



coy 9 o =Y
ol 4xpd (sladigel (gldasubio —Y-)

A0 o s 1y CunS &ges X g5y il oS Y S
@ odd bl dB s ] asuie S 1 &S WsS e
oebadl (VYY) 5 (YY) Y+ +) (M)Y) lrasas I oly
dylailiwl y8 L CunS (oo B 4 bgsye oS dgui 0 030
8 4 dgpg winps Aiwa (JCPDS PDF# 84-1770)
alo b CupoeS B a4 by ged oly 0 oo,k
2o W56 ol Jhde (1) iy Bl &5 cl a2g)lea
CurS oS 1 cdle 51 s o lis a8 [YY] i duwlro
Bgos YL Hols bamd s Sl g 30 Sy sladd el
dayly buwg S )5l $b 351l igad (pl )0 .l odd i

W (65503l agil YR ¢ i

100 (V)

EI{phase)
—x

phase present = 3

laals JS i A g (L35 30 56 gloald coais T (1) byl 5o

PDF# 84-1770
* Cu, 68

{2200))

intensity (a.u)

(311)

PR IR U R T I T PR U T
20 25 30 35 40 45 50 55 60 65 70 75 @&
20 (degree)

LS sladigei X gy oly oY S

ol &yl onds adle sladiges FESEM pglas F S5 )
(@hY JSs) asle 8 @lyd a8 de 0 odnlie Ll

Se Sl S 09 2 2l sbsSollul sl (osimen
Cambgo 1 odlil g Feo als Jlo ca¥ b S5 081,
o > oY (g o5 Wb mlaS 8 4 Ol Wiged
xS0l lys gy S il 3yse i L g Verr W/m®
Ah 93923 55 51 NIR) S0355 Eywgyd a4l ) (ale)S)95

A5 oolawl yiegil

tle)Sy9 Sy s pSojul -F-¥

Cod ua)l.’> W) LS"")U?’ u] )MJ u.l.uc Yo ).Ow )]J&o ‘I.\»l
lge 96 b g dmslie sl ol 31 9 255 o0 S8 Ll
w0900 Ly ol 51y e YO s ans (Y g/l g Yo )
S Sdo 4 Ve oo W/m? S0 39 ol Cod wizy, Yo ml
O slod 55905 dlwg 2 4855 0 j2 g o> 0 yl,8 ol
O9ole Bgaee ) (2lo)S 555 (S 0jlul sl 295 00 (6T 0j
(Ve g/l 90 ) ) dilie glackle L CuS @l g oy
25 &5y 5l e 09 |y ol 55 e S esd g
boysd ol cod adds VO Gae & (gyio il VO Aol
2ol slod 93,5 0 B g\ ol g teglh AcA oo Jsbo
Fgled V IS 5800 pS0jlul LgS9e 5 bawgs 4l 10

A3 e oLl 1y (Sye y9 53 (2lo)S )98 6 pSojll

P
Reflector «—/ D Y
- e

Light bulb +—

Beaker (25 ml) «——

Sample ¢+———

oy

Thermometer

e 9 Jlogssh pSodal  olos ) UK

VY liast] ¥ s | o2 Jlo -



oy 5l b S5l ol us sdel Sl a8 sl cowday

<) S odlinal b oS (¥ JS3) wlond St cloati uy
= OFEY  Bob cpl sddyy cwls Digimizer )ljéle
) 7o .l
g
]
—
-
g
=
-

460 430 560 550 660 650 '1"00 750
Wavelenght (nm)

<)
a
-
@
o
E Eo=1.85 eV
s
=
-—
g

g

2 3 4 5
hv (eV)

Cu,S o 55l ST Jhges (o s UV-Vis Qs cals (il :F S

oy ol il G g cudl P gs (olb das Sy CunS

2,5 g pj e b ol

_ Blwv—Eg)™ .
@ - ) Ldiges (5y9 Slasuie (g pSojlul -Y-Y
duobre (gl [YF] Canl By ST Asolro 4y &5 dlro -yl B ‘
& SRy 08 pasde Glp UV-Vis ol
ok ) ST jhges =¥ S 0l edlaiwl CunS (590 S5 i .
il b (@) G cwl oud edlatwl CunS wilydgils
MY g oplo)ly8 g abaly ol 5l eolawl b (g)e8 BB om0
odalie a5 job ylen wad o lis |y CupS slb 54l (5)9
P &S AE Ao VAQ €V (s pf BB D39 Jdow
e . : 5 29850 odaliie (Jye B3gaoxe 33 (i il Sy 9 0
&S ol opl Sl BB Hlade )l 418 Sy y9 Cds B9 ) ;
Wl B olg o]y ol &S cwlOVO nm Jlgs > glald oyl

5 8game jd 2leyS g5 odle S sl S5g CunS ladiges
)9’°9 P& )5)9"0 AN ﬂ;ﬁa 20§ P ad .[YY:] .)‘.) ..' ‘Cu+14es-2 )lJ. Jl.ii.b" 3&»\943)95 &7-’33.-

V¥ iasl] ¥ opless | oo Jls )



YO ml 4 cels G Gte a4 ,b SO g g g0 odalie
Mado &y (el Of slos Gal3El o] o g 0 el (el
Gobs Ol w4 celo K Gle a4 g e sl WY OC
ol ¥ g/l ¥ e Gilisee glacdale b CusS ol St
ol s o ey Ay g ead o o les Liljél
b ol oo ilisl e g/l clile 5 oS cagSa b o

.Aw)un Yy °C

—v— walerl
T T

0 10 20 30 40 50 60

Time (min)
-
0 = . = o = = =
e = = m
B
- = S 3
LR ~. -y e
& 4 ~a. .- —a—®
B L
2 A
% A
.2 A
= .
o .
5 A
- . A
:_; -3 e
—8— dark -_‘--._‘
*— water ~ -
44 d— Cu,5 (20 g/L)
#— Cu,S (30 g/L)
0 10 20 30 40 50 80
Time (min)

Pgei (o S p9 3l ool L CusS (o S5l lo )5 jlages (W1 F S5

LS s b jgan )3 g aw g Slil 4 (g Sluss
$U yga 3 g gaw 3l 1 (g Sl Jloged () S8
Gdo & Sy y9 Ll b alize glacdle L CusS «ly
danl 5 a3 e s |y Yeor WM? il cos el
s3> ool ¥o g/l clale b diged g ad ploml (0,6 iale]

s o VL Gl o J) Glgie 5 851 1 By
2,5 odlaul

e 5 gl sl {FT-IR) dyy93 o= o i
G aee 5k 5l CuoS plesd Son 9 olo slaog)S (35
OVe em™ AL cul s a3l olis & S5 3 em Fe
ol (CU-S) oo 388 L 3558 Ngny 23S 5] & ogsyo
ol CU-S S slells Baimd L £V em™ s 45
Gl Shs 4 VeV cm’ g AVe o SOV s cloals
sldld g 0 03 s CupS & o b yats (5l lw s,
damd  lis ded o odalie VIVY cm’! 03gdxe ) &S
25 ol (80) 038l 5 255 o Jilse i)
ol )l sy lis VFYO cm’ 03945ty da dlB ol
PP e b 5 (H-O-H) i pmn 5 o5ens] o (s
S slaslge o S 4 OH Wy oiiS (3l 4

IYF VO] Canl oas 031y Caas

3440

Transmittance (T%)

—F77——
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)
LCusS 56 slod uiluiseggigd s Ui
i 2le)S )95 (S 59 S yS0jlSHY-Y
H (5o yed 5 505« Fpm Aol 3 (aleySyh Y1)

Slae gly ) Wy (aleySyy o p) s jl S
Pages (ill=F) S5 canl OF (giluocy b comizmon g (ko
b Sye y9 L0 Aamges f > CuzS (o 5L Jloyigigd
IS 5 a8 jebilen ay e plis |y Verr WM s

VFo¥ lasls] ¥ ojlass | pod Jls vy



S5 =¥

S 4 Se bl b CuoS laSeb piaggy ol 5
b 33lul s daly 5l eolatwl b sas Wy ol S I
M58l oy 5l edlatwl b g A (6 pS05l00 YA N S5k
A (6 yS03ll egilh OFEY aadyg o 35l0l Hule (> (60
5 or CS sl S5l ()6 Sig UV-Vis ilejl
D)3 2539 Sy y55 B3gae 1> (& ymlpw i S A oamliis
ddles jl oolasiwl b .l YA NM 8350500 40 ald ©uds (glyly 4
03950 ;> 45 del Cavdy VAD €V b Sl (o9 BB (SU
Sly Ol Sy 9 il e Ll g Cunl (S 9 Gl
9 Gl )5 odlitl ole)S )9 sladp)l5 4 (ol
Do 55 i b CwS oS b 5 sslizal b Ul (gle
3 a8 gl cdale Il L oS 05 oralia g b )y
55w g5 (gl 45 3y 0 plowl (VL ey b Ol s
O L 2lo)S)55 i omizman .l Sge o (gl e
Sy Sy Sl (p om il Glp & AA nm 3
L CusS (o Sob 5ol (2bslome & 25 oo 1,3 ooliul
5 A oanl odd ol ol Ve g/l g0 ) slacdale
ErS iz ik 4 ol 3 b Sl clle [l ab ssalis
Slo Sl Ve @/l ke gl g amd e Lhlidl ]y o lod
ol sedgize jl (S ) ¥F °C & Lo il 38ICU,S
“ar s (g e Gl bgleil o g ol g
g )3 Codgione Jdday &5 i pbol plojen e
il (50 Hlade (6 pSoslul ¢ puioen LI Bl o Sl
2 olgise 4ot nl 3l ags oSl ptaleil Jo o Gl
el iy Codgisme Lol 5,5 oalil Ol (gl s
Ay by S5 ey srb ag B pleer
ol 1 015 o3lizul le S5

ol @l b awlio 3 1) oy Sl 1 3)00 wa O Jgi>

Dy o

D o g e85 L hlejl 350 (78 °C) Ul sbod 5 )95
e ke & 0l jaslie g 0 (g ySejll ol p o 4B
&S yoblen Caul 03 <Y kg/m® oo o) Iy
ol el ol ;5 CuwS @l gl joas gy il
oy ol JSKib 50 a5 65 e g dgd 0 Ol o s
L CusS sl IS b jpin > O ooy sl 0l
Mo 4y g 038 Ly Gl plp ¥ a4 Soop ¥ g/l clale

Gl 0y ¥ VF kg/m2
S35 30,8 yeole Al o ole)S )9 —Y-Y-Y

olitl b (2lo)S)5 b (loyd (2le)S)95 waee o3 )8 1 (S
259 Shy shaie s 4wl (Sdy 5
A-A DM zgo Jsbo ¥ W 34 5l o3lizl L CuoS (la Sl
igi ol 3 S epSojlul agl Aee 3 ) Wem® g g
2 CwS a5 gl Ve gl 50 O clacdale | oo Jobxo
O 5 e Led ialel & IS ad agd ead olsjoe o
dgd s odalio oS jobailan a3 oo Ui |y olej Jgb 5 53
B °C 4 ¥Y °C 51 CS sloJS ol jpin ot ol (slod
clle b CS sloJS gl jpdn )5 Lol .l aly i3l
4 g 4Bl il Bl 4 YA °C (5SS main joba o> ) g/l
Jaie CrS (gla Sl cdale L3l b .l odsus, YY°C
ey oialsdl ol ol Ll loj 5k lan 3 oo gl
A5 5ySojul FF °C e 4 )+ g/l cale

Sy [ Cu,S (10 g/L)

o— Cu,S (5 g/L)
70 |—a— Cu,8 (1 gIL)

60

504

Temperature (°C)

40

304

0 100 200 300 400 500 600 700 800 900
Time (s)

o34 3l edlael L NIR 83945 ;3 CunS sla S ol Jloygigd Hloges ¥ S5

VFo¥ lasls] ¥ ojlass | pod Jls Y



antibacterial nanocomposite membrane triggered
by single NIR light source. ACS applied materials
& interfaces. 2019;11(30):26581-9.

10. Wang X, Geng Z, Cong H, Shen Y, Yu B.
Organic semiconductors for photothermal therapy
and photoacoustic imaging. ChemBioChem.
2019;20(13):1628-36.

11.Sun Y, Gao J, Liu Y, Kang H, Xie M, Wu F, et
al. Copper sulfide-macroporous polyacrylamide
hydrogel for solar steam generation. Chemical
Engineering Science. 2019;207:516-26.

12. Roy P, Srivastava SK. Nanostructured copper
sulfides: synthesis, properties and applications.
CrystEngComm. 2015;17(41):7801-15.

13. Wang J, Rahman MM, Ge C, Lee J-J.
Electrodeposition of Cu,S nanoparticles on
fluorine-doped tin oxide for efficient counter
electrode of quantum-dot-sensitized solar cells.
Journal of industrial and engineering chemistry.
2018;62:185-91.

14. Sithole RK, Machogo LF, Moloto MJ, Gqoba
SS, Mubiayi KP, Van Wyk J, et al. One-step
synthesis of CusN, Cu,S and CueSs and
photocatalytic degradation of methyl orange and
methylene blue. Journal of Photochemistry and
Photobiology A: Chemistry. 2020;397:112577.

15. Fu Y, Jin W. Facile synthesis of core-shell
CuS-Cu,S based nanocomposite for the high-
performance glucose detection. Materials Science
and Engineering: C. 2019;105:110120.

16. Li D, Ma J, Zhou L, Li Y, Zou C. Synthesis
and characterization of Cu,S nanoparticles by
diethylenetriamine-assisted hydrothermal method.
Optik. 2015;126(24):4971-3.

17. Wei Y, He W, Sun P, Yin J, Deng X, Xu X.
Synthesis of hollow Cu/CuyO/Cu,S nanotubes for
enhanced electrocatalytic hydrogen evolution.
Applied Surface Science. 2019;476:966-71.

18. Uthirakumar P, Devendiran M, Kim TH,
Kalaiarasan S, Lee I-H. Fabrication of flexible
sheets of Cu/CuO/Cu,0 heterojunction nanodisks:
A dominant performance of multiple photocatalytic
sheets under natural sunlight. Materials Science
and Engineering: B. 2020;260:114652.

19. Chen C-Y, Jiang J-R, Chuang W-S, Liu M-S,
Lee S-W. Development of Crystalline Cu,S
Nanowires via a Direct Synthesis Process and Its
Potential Applications. Nanomaterials.
2020;10(2):399.

wlie gloingh b pols Jimoh Ol oy jusd jlde duglie =V Joi>

pr Sl 5 0 o
&r Jhergsh bole
(kg/m?) (kW/m?)
[yv] A ) Plasmonic TiO,
[YA] \/\c; \ CUZO/CUQO/CF
[Y‘\] Y/\:ﬂ \ Ag/CuO-GO
ol 8 hias ) CuS
&l

1. Wu X, Chen GY, Owens G, Chu D, Xu H.
Photothermal materials: A key platform enabling
highly efficient water evaporation driven by solar
energy. Materials Today Energy. 2019;12:277-96.
2. Vines JB, Yoon J-H, Ryu N-E, Lim D-J, Park H.
Gold nanoparticles for photothermal cancer
therapy. Frontiers in chemistry. 2019;7:167.

3. Namboorimadathil Backer S, Ramachandran
AM, Venugopal AA, Mohamed A, Asok A, Pillai
S. Clean water from air utilizing black TiO,-based
photothermal nanocomposite sheets. ACS Applied
Nano Materials. 2020;3(7):6827-35.

4. Sun H, Lv F, Liu L, Gu Q, Wang S. Conjugated
polymer materials for photothermal therapy.
Advanced Therapeutics. 2018;1(6):1800057.

5. Farbod M, Sharif L. Dye adsorption and superb
NIR photothermal conversion property of carbon
spheres. The European Physical Journal Plus.
2022;137(6):1-7.

6. Xi Y, Du C, Li P, Zhou X, Zhou C, Yang S.
Combination of Photothermal Conversion and
Photocatalysis  toward =~ Water  Purification.
Industrial & Engineering Chemistry Research.
2022;61(13):4579-87.

7. Wang X, Zhong X, Lei H, Geng Y, Zhao Q,
Gong F, et al. Hollow Cu,Se nanozymes for tumor
photothermal-catalytic  therapy. Chemistry of
Materials. 2019;31(16):6174-86.

8. Ibrahim I, Seo DH, McDonagh AM, Shon HK,
Tijing L. Semiconductor photothermal materials
enabling efficient solar steam generation toward
desalination and wastewater treatment.
Desalination. 2021;500:114853.

9. Sun J, Song L, Fan Y, Tian L, Luan S, Niu S, et
al. Synergistic photodynamic and photothermal

VY ] ¥ ojled | pas Jlu Y



20. Huang W, Liu F, Huang Y, Yang W, Zhong H,
Peng J. Facile one-pot synthesis of hollow-
structured CuS/Cu,S  hybrid for enhanced
electrochemical  determination of  glucose.
Electrochemistry. 2021;89(4):340-7.

21. Durai L, Badhulika S. Hydrothermal Synthesis
of Non-noble Hybrid Cu2S Decorated Nickel
Foam and Its Enhanced Electrocatalytic Activity
for Direct Aluminum Fuel Cell Application. ACS
Applied Energy Materials. 2022;5(8):9343-50.

22. Farhadi S, Siadatnasab F. Copper (I) sulfide
(CuzS) nanoparticles from Cu (1)
diethyldithiocarbamate: synthesis, characterization
and its application in ultrasound-assisted catalytic
degradation of organic dye pollutants. Materials
Research Bulletin. 2016;83:345-53.

23. Sheikhi S, Aliannezhadi M, Tehrani FS. Effect
of precursor material, pH, and aging on ZnO
nanoparticles synthesized by one-step sol—gel
method for photodynamic and photocatalytic
applications. The European Physical Journal Plus.
2022;137(1):60.

24, Hemathangam S, Thanapathy G,
Muthukumaran S. Tuning of band gap and
photoluminescence properties of Zn doped Cu,S
thin films by CBD method. Journal of Materials
Science: Materials in Electronics.
2016;27(2):2042-8.

25. Al-Jawad SM, Taha AA, Redha AM, Imran NJ.
Influence of nickel doping concentration on the
characteristics of nanostructure CuS prepared by
hydrothermal method for antibacterial activity.
Surface Review and Letters. 2021;28(01):2050031.
26. Wu D, Zhao C, Xu Y, Zhang X, Yang L, Zhang
Y, et al. Modulating solar energy harvesting on
TiO, nanochannel membranes by plasmonic
nanoparticle assembly for desalination of
contaminated seawater. ACS Applied Nano
Materials. 2020;3(11):10895-904.

27. Ying L, Zhu H, Li H, Zhu Z, Sun S, Wang X,
et al. Heterostructure design of Cu , O/Cu , S
core/shell nanowires for solar-driven photothermal
water  vaporization  towards desalination.
Sustainable Energy & Fuels. 2020;4(12):6023-9.
28. Kospa DA, Ahmed Al, Samra SE, Ibrahim AA.
High efficiency solar desalination and dye
retention of plasmonic/reduced graphene oxide
based copper oxide nanocomposites. RSC
advances. 2021;11(25):15184-94.

VFo¥ lasls] ¥ ojlass | pod Jls Yo



Fabrication of Cu,S nanoflowers and investigation of its
optical and photothermal properties in both visible and
infrared regions

Mansoor Farbod*, Alireza Mobarakmoab, Leila Sharif, Fatima Matroodi

Department of physics, Faculty of science, Shahid Chamran university of Ahvaz, Ahvaz, L.R. Iran

Abstract: In this work, Cu,S nanoflowers, which is a non-toxic p-type semiconductor and has an indirect
band gap of 1.21 eV, were synthesized by solvothermal method and characterized through XRD and
FESEM analyses. Then, their optical properties were measured through UV-Vis, FT-IR analyses. Also, the
photothermal properties of these nanoflowers were investigated in the range of visible and near-infrared
light. The results showed that these nanoflowers have good photothermal properties in both visible and
infrared light ranges. In the visible region, by irradiating a water solution containing 20 g/l of Cu,S, a
temperature increase of 23 °C was observed during 60 min. and in the infrared region, with 808 nm laser
radiation, a 44 °C increase was observed for a concentration of 10 g/l of Cu,S. Also, surface evaporation
of water in the presence of these nanoflowers was investigated with visible light irradiation and showed
that the water evaporation increases up to 4 times with increasing the concentration of these nanoflowers.

Keywords: Cu,S, Nanoflowers, Photothermal, Surface evaporation
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