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PAPER INFO ABSTRACT
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Received: 03 September 2022 Monolayer WS2 offers great promise for use in optical devices due to its
Revised: 22 January 2023 direct bandgap and high photoluminescence intensity. In this way, large-area
Accepted: 29 January 2023 and high quality materials are essential for implementation of technological
applications. In this research, we Synthesize WS2 monolayer under

Keyvvlords: controlled temperature conditions and characterize the films using Fourier-
r&?gg ayer, transform infrared spectroscopy (FTIR), Raman, x-ray photoelectron

’ spectroscopies, and scanning electron microscope (SEM). The results show
CVD method,

that with the introduction of argon gas as a carrier, the quality of the layer
improves and the growth level of WS2 increases, and as a result, the films
show an average coating thickness of 43 nm. By controlling the growth
temperature and timely entry of argon-carrying gas, the WO3 precursor is
more effectively reduced and the oxidative etching of the synthesized
monolayers is protected. The addition of hydrogen more effectively reduces
the WO3 precursor and protects against oxidative etching of the synthesized
monolayers. The obtained results indicate the complete synthesis of a two-
dimensional structure (2D) of a single layer with sheets consisting of a
crystal size of about 26 nm with a thickness of about 43 nm.

Raman spectroscopy.

© 2023 Published by Semnan University Press.

DOI: https://doi.org/ 10.22075/jme.2023.28234.2327

How to cite this article:
Nayeri, M., Taheri, H., & Ostovari, F. (2023). Synthesis of WS2 nanometer monolayer by the chemical vapor
deposition method. Journal of Modeling in Engineering, 21(73), 63-69. doi: 10.22075/jme.2023.28234.2327



\f*v ul—&MﬁJUEVY‘ e)Lo..:: ‘w.i)gwaLM’

ek 50 (S5l Joe aloe

Slows )l gwy gy LWS: (5 g0 gl 44Y G i

¥ 5ol gimwl dabld g yalb vl ) g i v3 0

DA g il SIS ogr Ll Jdo a4 WSp) audlaws (68 inls Y G
ol yo ailise 5,8 lreliws (o colaiul gly 255 Jhww idw dugi YU 20,58
L1, oas adg slaalid 5 yitw oad S bos Laulps o 1, WSp 4 (S5 (gl
sobai g (XRD) uS0) axil (bl (FT-IR) 50,8 ygole (oeiw il 3l oolasu]

PRV alio wledb|
gy llie ggi

VEVENY sallie 2l o
VRN Y alie 6,550
VRN i iy

ol WSz aiy mha g 0ads 0¥ CuisS 090 Sl o Jul> lgie 4 5,1 55 WY Ss
Lo oo plid 1) (5l FY lagie piligy Culies lapld azel )0 5 v o Wl g (69 yinSS
WOs Lo iy 55590 55k 4 55,1 Jel> 55 @dge @ 059 5 0y oles JuS CVD s,
ol oy ls 0l o cdadlons 0ol i SlaasY S gawlanST 5l g asdly als Obely s b
Sgaz b )57 o lasl 5l JSCite Sloio b 4 SO go 90 il JolS i 51 S
il oo yesil FY 090 jo s b el YE
3 yeee oY bl sus aw Sl j0 g Kledged doddo—)

Pl o3gazme el 3 (oudly aily hnd Wisn 32 )b
soleaas & HIS: b sl 5l olge oy S xSl
DS o s (NDS2 5 VSE) 318 5 (WS 5 M0Sy)
Slae 3l atws pl 40 Gamgs 4 gaw aw b 3l LGS
L prdine 4 poiane o Jlgs SIS 4 e solodons
Sodge craed LY g Flud salys alasdle b g5 CBISLE
s s SeieySIl clssl s 1y lapT ) cslinul
b pdyBlasl Segp sl g plae Sl sloygtnm 5l
L TMDC slge Y G 55l co (iduw dug YU o Slas
3l sl 5 sl paY (SHle oy, I esliul
S T sladd g iged plpie 4 gk oo glinl 0oy
Gohy aY by (sog sliie L slaysl 5 TMDC
Sis o ol ez I35 s, b (MC)* (Slfos S
S 4 9 Yl posls L 2 yiie (sladdg sbg, ool o (Al

2 Transition Metal Dichalcogenides
? Flakes
4 Micromechanical Cleavage

\f*v ul—&MﬁJUEVY‘ e)Lo..:: ‘w.i)gwaLM’

G A Slied 4 S |) s leite JL3; (Gangd Slge
gae oyl Olye 4 BIS )IS e led 4 09>
bt 2l ol bl wgangs Slge eslsils
oo )l B ST el (S 5SUl5 () o Sl
Sgaze  Soig mSUl Dlgol o I8 5o 1) o 5l eolal o315
Tabaoly 318 wb3sSIS 6o olge Tost [1-0] s5le e
s 4 wolgls ol lael S5 5 (TMDCs)
S93 4 1) liione 4z g5 Soig Sl wlio po plis )5
Jse sl 5 e TMDC slge .ailesges >
S8 casasnlis M T o o5 siee MX2 ol
55855 6 X 9wl 0 VIB VB VB 64 5 5l alaily
sl Lo gl Slge ol ool TE s SE S wiie

el 31 a¥es le jo 38 slaes! o] jo a5 as
B edVlgeS Wgm aSG L og wilaid 5 )18 56U

nayeri@iauyazd.ac.ir: Jgtue odinn g g xS sy #

Oyl @ coodal o131 ol8ils w055 Ay 5y owdige 09,5 il -
o2l (&) (e plol (538 008501 43 2 (smiges 05,5 105 553 (sgztilo-Y
Olaleop bl gl 4> 5 (28

Ol i i olKails (S0 b 0aSails wala > 09,5 Loliwl-Y

ek 50 S5l Joe aloe



0

SO s g gl Gidgy p bl o e g de sled
Seolatwl L CVD g, a0 oo yiw WS2 slaasy

Sl (e g 00d gy ool Il o Yl
o g ol cwdS e L WS s ¢l
g LWS: ¥ ) bl b (g5lwaige b 09 o

sl St 1) 5 sl Shg L (A UM~) S5

&2 0y Y
a0 dgo —V-Y
JRUIVR CE RN VOWL 1 IR PR TV DA -0 S S
Os Sy 5l ead gl B (S) 555 o5 5 (WO3)
el 0358 ,5 oolinl ahas
‘5)7‘:")"&‘ olliws -Y-Y
ool Cewdy aigai JLSlo 5 5B e (GRaghy a0
Philip ziw 3l,) XRD) LS5l axisl (il lawgs
A= zse Jsb s e il L XPert X-ray
Olrio Cwlbes 03l ¢ g55)s8 90 yenes «(1.54184°
oRiws b CEM) (paug; (S97S)l oSy Son Lanss
5T paiomad 28,8 418 sy y1 0590 SEM HV:15KV
slavisny lolbs @ln 03 gl e Ab
P FT-IR) 503 fgole ouiw b 5l LSCis o leons
oKiws 55, » 200—4000cm™ ik
&y oy i cinbs 51 g Shimadzu 470 FT-IR
b ooliinl (6598 9 (IS0 09,0 lasign (asuas
WY 5 i —F-Y
VS b llas 55,15 alg) 0,68 10 WSp a3 oS5 5
IO~ ol 35,leS Bl Sy 055 35 e 50 D9b e plox]
9, (gl Yo +) SI/SIO2 Hau9.0,00 ,1,E3WO3 o4 oS
3555wl a3 S 18 5l Gy 6V ot sl &
0,85 ibe S adhaie 5l )l Vb ys (o5 Ol @)
B Gln ook s oS ol S8 @ p3Y oS e 8
3 0,855 xie g by WOz oole i ob
1y wedee plml wl) o ln Gy slacaadye
S U oled oS g 0B p Cenl (e CaaBge
$50sS da) )0 giiud ceny 3l eytew 5l i [VF g V0]
SRS @ &S CBleSh gl e S obml Gl
Shams o e il gl ol sl WS 0 S

2 Silicon Carbide

\f*v uLMM)lJ‘VY‘ o)L.o.mspSg‘jwMJLw

Solgl g ol (s 5

SorSl Slgsl cole glp a5 Wedoo W seed
) s pdylide Ghgy orl S el ool
2,5 U5 589 5sba plgieed | 49 ojluil g Cualid
Tob yo boaY iiw ol atdyig slaghy, 6055
30l Gl @y Lo )5 jolare 42455 slaceS
S Slal g pSdlgnl 5 iy dllasil Soip iSUl lgol
Sty 55 (BLS 950 50 el 10,55 5 Slofag Cooal
b9y S5 sowlde jo adsl Cuz adiin i
S ey 55, (CVD) ploonds Jbu Lawgs Cogm)
oyt & Tl molis 51 )8 ilelaz L5 (4]
3,5 adsi el iy oo 4 Cedd Y glos b opole 5
36 aY M0S; wi, sl CVD slede, [Ve] 05
lasls 3l by, ool yo [NV wleas )15 Sk
dyul 06 oo oolaiwl YU slos jo oaubosls Lo )3 Calizxs
Ol MOS, b aslin jo 1) s 69 Lole WS
Sai cax slls WSy (ol poodle [1Y] el ools
oSes WSz ams o ylis a5 VY] ol 55,5 6 )lae
Ol SISy 25,5 ad S sl el
5 S ySllgnl slos Sloe sl 1) 5658 (smabline
and lis Siig !

2 olgee !, [VE 6#] TMDC ¥ 5 slse CVD s
WSz jiw sl Sl 0 55 olyz wo 35,18 algl 058
3> B 5,565 1w ol plxil S g WO3 slajlus i b
P leS 5 ams o Lials YU slales o 1) WO3
> b, R gy &5 oo JoSas |, WOsx
35 WS; 5 ams e (2iSly 0,555 | Ldlaie g 00
S e

Soslanul b 1, WSz 30 s (i 09,5 i
Sz s wlesS 55 S 5 WOs slajlo s
) HLad ) pis Gl (g Hlade alea 5l ) o>
@ olRalosl )o Wlgs oo 0708 5 Gl Ol a8 oo
Y S5 kS Sge sl bl Dglite Lo oSl
Lyli cow aS (golge oy CVD L ons 3 WS,
Wigh oo JyiS 295 4 CVD s S o il
ool oo

S5 R Joe dbex Sl 58 ulpd (Bedod cnl o
S ded Gl Gloj (ol 587 09,9 (o dlwosle i

! Chemical Vapor Deposition

ek 50 S5k Joe aloe



ot o Csw,y (9, LWS2 (6 segil Y U s

LY S ey bl el glos Judoay a5
sloals ples leo ,0 2H jlslo gl [¥Y-1 V] wib oo
039 Bad oy i LIS (1)) 5 (4 VA) amio (Bl
Glp Gl o) cpm Slrao opl &5 cal ) Sl g
Ll o WSz (sl Jlims S ez 5 g oSt
Sooliiul b S sl lawgio ple s oo lis 1) yiw
@ gl V8 sga 0 W32 ¥ S5 sly 500 Jgo b
ool 5l ool dwle sl el bV Jga 50 el Caws
LS y5b plo ojlasl sl ool WSz Y 5 WSOl 45
VAZ sga> ;0 (CVA) Gl stz 5 0l Sbraos sl

A dwle yogl YF 0ga> (4 V) gl g ogls

44000

33000 -

018)Ws2

22000 -

11000

Intensity (a.u.)

(111)Si02

> (011 WS2

. R M
1015 20 25 30 35 40 45 50 55 60 65 70 75 80

20(deg)

6000
5500

5000 ¢

(018)WS2

4500
4000
3500 [
3000
2500 [
2000 |
1500 b
1000 |

500|

©1HWS2

Intensity (a.u.)

002 ws2
(004) WS 2
(010)WS2
(012)Ws2

o o~ (017)Ws2

3
10 20 30 40 50

20(deg)

(o5 WSs Y oS5 (il LSl 55 by loges =Y S

@
~
=
-3
=3

S eSSl g5y ol o] Cass byl =Y Jgus

WSoa¥
9) 595 2 gSwg ;S olwd jIUI-T-Y

1| Peak pos. | d-spacing B obs. crystallite | Mean crystallite | Lattice

[*2Th]=2e [A7] [*2Th|=FWHM (hi) size [nm] size[nm] strain[%)]
nH T AFYTAT -0 I TAY
wyr ATy FoAFaF «81 (SR} s TN
FAM AN ALY <Aar AT T
2K re TebeAF -1 e f) A Riid
AAS) Tr THAFY T4 1 Th Rids
Hf-q YEM TARATF (AL [CAR)] Yra TRV «YFY
FAVA | TAFIF TATTET -TAY 1N TAY BT
TOAT | FLA LA Ry i W ~IFY
FLTAFY | ARV \rara 1T [ e -
TYFLAY yra lAsiag] “AAF (YY) "y ATY
TYFALF | VTNY ATATE HY (- SI0r | Ter TAR

VEY oliasls e V¥ o )led (050 5 S oo

55

0,55 oo g 5T ¥ °C oo b adgl ois, WSy jiss
Syl aids 0 V0°C cew LV C b ey
°C).) 4.9.5.5 I\ Bl Jal.»...a
C 5l ey 4055 slod Sy JSas 3

¥ootC slos o gl oo tals aids ;0 V0°C e s b

g oo AlS a5 Ve

S jo oS conl ol Coenl Plo 4SS 000 o0 alils 455
o e85 ol il a0 00+ °C sles o 8,
JSems 53 55 g oo Jloel V -+ SCCM (65 )T pglae b >

g o gdad 65T 55 FOC sles jo csS

Ar Gas Flow in 500°C

\ S Powder Wafer Sl/Smz

\y ﬁ- l\

Vacuum Pump

300°C 300°C

WSz i 558 Jolyo 3l Sl -1 Jss
oy g gl -Y

oSl ¢ Gl Jelo g 4 pmi -)-Y

P9y b oad 3w WSz a¥ S5 (oSGl 5. 5l 595
ax 0 A BV 0 20 Gllgs ,e 9 36! ks ,0 CVD
aS apad ol sleald .ol oo eols ylad (V) JSo o
Gosk Cale cawl oad ools oled Y SO ol 6l
S (o0 350 ) diged 9>

TAUTE DO L ol WSy ¥ S5 Lol il sloals
4 az,0 YY) £A/F- FVAN XO/FY YF/AL XY P
CARDRCARD RICEN SITCRR D RUAT.T WIRVIR ISP RO 1
o b @llae (YY) g CYA) «(CVY) (NY) (- 1))
@H) JUsS1Se sl 4 bgye 45-0%)-c--¥
boiye Golp ald izres allige aillsw (o0 S
amio atwd LYYV agly 3o SeSilow ,au9 SIO2 o
soolin 55 +AFAN V-8 e e b llae (V- F)
3 IS e 0d o canlive a5 jghailen 09l 0
ez 50 BR) Jlomge; oS5 (ol S18 Sl
aes o plis |y 2H Jbsle Kes g 05 cod canliv

ek 50 S5k Joe aloe



Y

s W-S lasis 4 basye OVF o #1 CM™L osgums
S-S Wgw 4 bgrpe FF1 s 005050 40 (sl il )|

Iyyavvl e
o9 sl (W0 IS8 Gll) (riw b bl
3 e |y Arg g Blog wamio 5l )5 5 axio (590
ol opdle ms e plas F1gem? vas cm?
ollr o LA (M) M abais o Jsbo Jgo 2>
0l pasie laged (g5, SISO 50 aS jshiles alike
JeSas 1, Elyg ald 1o o8 olaws b slailes g adl oo Sgguiee
&1y VYgono Agg 5 Elog oy (AK) S5 Sy a3 o0
P AK olie 5gs o 0olaiwl WS2 0¥ o less olulis
S o Y g0 gl Y cm? s Y S lp PY squ
S Gilwlas ol g 4o Iyvvslosee as 8
0wl 1, Y SEWSp i a8 w6 5 o5l £ cmt

4000
3800 |- ,Si
~% 3600 g
3 i g
] g <
2> sa00 ﬁ% % 5
‘A [} * ]
- H E] ] 3
2 ; ! i ae &
E mor |8 ‘il
' ¥ oA
\\‘J/\M} .
3000 M " A

8
=3
N
H
8
H
8
3
a
H
3
=3
~
8
-3
g
"
g

Raman Shift (cm-1)

oo Soiled (0 5 bol, b loged (Gl -0 S
WSz &Y S5 51 el Js 4o Jlad

e sy aly Gles o S sles S oVl b gillae
2l ey Gled JyS g Sl 8l bl ppe )L WS
295 3l bl ojlail jo nwgie ilidl alol> WS,
@ty (Sapsb )l g Fplaiel JSG g aims oo olis
5 Elag b, b jo LIl slaald ool ogdle ol
4{}1&) s_i) 9 QJLOQSA (5’3[4 d5>. LSL“’Q 00gda 4O Alg

VEY Lals e VY oo (o5 g o Jlos

Solgl g ol (s

3 sgy S9SN sSg S 5l g pasbas (F) JS3 0
L glamio S5 aY auS o canlin |, WSy &Y G
Glige o FY- 00 M 0 0900 0 Y Culs Sl

QB.HJGA oo lie [)l,lm \)5&9 ‘S.a]c

WS,

FT-IR s b 36T ¥

Sl (B bt laisn 5 (ole 09,5 a1
FT- b 59Silow you5 (59, oo ol WSz Y G
FT- Gl s a3 S+ G Fe - ML osgums o IR
ol 0 00l lid (F) U o 40 STl 1R

35

30 ¢

10 ¢

1’ 4
Carboxyl group

Transmittance (%)

Cc=s

0 1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm-1)

WSz 4 S5 5l 503 (gole (i isbs jloges -F S5

O 09995we 0 ul.....al;u)| ‘05‘:}&5‘ cdplin as )914.»@
il o O-H wign Lol & bgy o Y0+ L YF-- cm™E
Wee 5 VOYs oMt asgame o sail olils)
2 kS s JeeS0)S 095 (S8 slade 4 bgy e

ek 50 S5k Joe aloe



ot LBy gy g, b WSZ&P?U LY S o

S S 4zl ¥
2L e S LWS; aY 6 Glxangl o iagh opl 4o
Sl 315 5 3 CVID J 55 5 ity sy o
ol SO g Wgdge S w59, Sola 9k 4 WS2
15b @ 1, WS5 (sla g5 lsico 45 S e olo] WS,
02:25,Les WSz oole ¢ golaill ad 0 g slss slaacs
(69 LaES i A 5 605 slaaslp o
ol u.)L.oM W 9 )J..\.M_QLE.’.:‘ é&sfﬂ‘ oo

FA

Voot TG 5l YL slalos yo o, ST ien O3l o
Ay s pSadz yab & 0,8 Oy 55,15 Bl
o5l s Gy azdd p0 g 4l ials WS,
Olely ald 90 0529 L LS slaa¥ ST 09l oo ol
551 59 SUSIO2 (555 yiumw whaw (55, (Pag 5 E'2g)
b shls g aie YU Gulacwg) @l gl s YL
TMD slge 508 a5 o Jle (558 (05lsS o203,

oxis Hlas ald 9o pl o (ped DA Ho 0L L

&=l

[1] F. Akbar, M. Kolahdouz, S. Larimian, B. Radfar, and H.H. Radamson, "Graphene synthesis, characterization
and its applications in nanophotonics, nanoelectronics, and nanosensing™ ,Journal of Materials Science: Materials
in Electronics, VVol.26, No.7, 2015,pp.4347-4379.

[2] M. Nayeri, P. Keshavarzian, M. Nayeri, "A Novel Design of Quaternary Inverter Gate Based on GNRFET",
International Journal of Nanoscience and Nanotechnology, Vol.15, No.3, 2019, pp.211-217.

[3] S. Fotoohi, "Design and Atomic Modeling of Multimode Sliding Electromechanical Switch Based on Bilayer
Armchair a-Graphyne Nanoribbons”, Journal of Modeling in Engineering, Vol.18, No.62, 2020, pp. 71-82.

[4] M. Nayeri, M. Nayeri, "Design and simulation of Penternary adder based on GNRFET", Journal of Modeling
in Engineering, Vol.18, No0.63, 2021, pp. 41-50.

[5] S. Fotoohi, S. Haji-nasiri, "Design of seamless graphene inverter together with its transfer matrix modeling™,
Journal of Modeling in Engineering, Vol.18, No.61, 2020, pp. 121-137.

[6] Y. Yuchen, J. Chen, Y. Zhang, S. Ding, F. Zhao, Y. Wang, D. Zhang et al. "Two-dimensional high-quality
monolayered triangular WS, flakes for field-effect transistors”, ACS applied materials & interfaces 10, No.26,
2018, pp.22435-22444.

[7] M. Nayeri, M. Fathipour,"A numerical analysis of electronic and optical properties of the zigzag MoS;
nanoribbon under uniaxial strain®, IEEE Transactions on Electron Devices, Vol.65, No.5, 2018, pp.1988-1994.

[8] J. P. Wu, L. Wang, L. Y. Zhang, "Rapid and nondestructive layer number identification of two-dimensional
layered transition metal dichalcogenides”, Rare Metals, VVol.36, No.9, 2017, pp.698-703.

[9] X.Li, et al," Large-area synthesis of high-quality and uniform graphene films on copper foils", Science 324,
2009, pp.1312-1314.

[10] Y.Wu, et al, "High-frequency, scaled graphene transistors on diamond-like carbon", Nature 472, 2011, pp.74—
78.

[11] N.Kumar, R.Tomar, N.Wadehra, M.M.Devi, B. Prakash, S.Chakraverty, "Growth of highly crystalline and
large scale monolayer MoS; by CVD: the role of substrate position", Crystal Research and Technology, Vol.53,
No.6, 2018, p.1800002.

[12] J.Qian, Z. Peng, P. Wang, X. Fu, "Bulk fabrication of WS2 nanoplates: investigation on the morphology
evolution and electrochemical performance" , ACS applied materials & interfaces, Vol 8, N0.26 , 2016, pp.16876-
16884.

[13] W. Yang, J. Wang, C. Si, Z. Peng, J. Frenzel, G. Eggeler, Z. Zhang, "[001] preferentially-oriented 2D
tungsten disulfide nanosheets as anode materials for superior lithium storage", Journal of Materials Chemistry,
Vol.A3, No.34, 2015, pp. 17811-17819.

[14] Y. Y. Yeh, W. H. Chiang, W. R Liu, "Synthesis of few-layer WS2 by jet cavitation as anode material for
lithium ion batteries", Journal of Alloys and Compounds 775, 2019, pp.1251-1258.

\f*YuL,M)L‘V\“o)LAN‘ﬁ,SﬂsMJLM wwjdd)bdmm



A Solgl g ol (s

[15] A.R. Tenne, L. Margulis, M. E. Genut, G.Hodes, "Polyhedral and cylindrical structures of tungsten
disulphide", Nature 360(6403), 1992 , pp.444-446.

[16] C. Altavilla, M. Sarno, P. Ciambelli, "A Novel Wet Chemistry Approach for the Synthesis of Hybrid 2D
Free-Floating Single or Multilayer Nanosheets of MS2@ oleylamine (M Mo, W)", Chemistry of Materials,
Vol.23, No.17, 2011, pp. 3879-3885.

[17] J. Bradford, M. Shafiei, J. MacLeod, N. Motta, "Synthesis and characterization of WS2/graphene/SiC van
der Waals heterostructures via WOs. thin film sulfurization", Scientific reports, Vol.10, No.1, 2020,pp.1-10.

[18] F. offredo, L. Tammaro, T. Di Luccio, C. Borriello, F. Villani, S. De Vito, J. A Kornfield, "Effect of
tungsten disulfide nanotubes on crystallization of polylactide under uniaxial deformation and
annealing", Functional Composite Materials, Vol. 2, No.1, 2021, pp. 1-11.

[19] J. Hou, G. Zhao, Y. Wu, J. He, X. Hao, "Femtosecond solid-state laser based on tungsten disulfide saturable
absorber", Optics express, Vol. 23, No.21, 2015, pp.27292-27298.

[20] J. Cheng, C. Wang, X. Zou, L.Liao, "Recent advances in optoelectronic devices based on 2D materials and
their heterostructures”, Advanced Optical Materials, Vol.7, No.1, 2019, p.1800441.

[21] P. Sharma, A. Kumar, S. Bankuru, J. Chakraborty, S. Puravankara, "Large-scale surfactant-free synthesis of
WS, nanosheets: an investigation into the detailed reaction chemistry of colloidal precipitation and their
application as an anode material for lithium-ion and sodium-ion batteries", New Journal of Chemistry, Vol.44,
No.4, 2020, pp.1594-1608.

[22] K. M. McCreary, A. T. Hanbicki, G. G Jernigan,. J. C. Culbertson, B. T.Jonker, "Synthesis of large-area WS,
monolayers with exceptional photoluminescence", Scientific reports, Vol.6, No.1, 2016, pp.1-7.

[23] S. S. Ggoba, R. Rodrigues, S. L. Mphahlele Z. Ndala, M. Airo, P. O. Fadojutimi, N .Moloto, "Hierarchical
Nanoflowers of Colloidal WS, and Their Potential Gas Sensing Properties for Room Temperature Detection of
Ammonia", Processes, Vol.9, No.9, 2021, p.1491.

\f’YuLMM)L‘V\ND)LAN‘pS_stJLM wwjdd)bdmm



