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Controllable Synthesis of Vertically Aligned ReS,;-.Sex Nanosheets with
Tunable Chemical Compositions and Bandgaps
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Abstract: 2D transition metal dichalcogenides (TMDs) have been extensively studied in recent years because of
their appealing electrical and optical properties. Both morphology control and bandgap modulation of TMD alloys
are critical for their applications in optoelectronics, photonics and nanoelectronics. In this work, the synthesis of
vertically aligned ReS;(;_ySey alloy nanosheets with tunable compositions on SiO,/Si substrate was achieved via
CVD technology. The resulting ReS,(;_xSesx nanosheets were obtained by selenizing the vertically aligned ReS,
nanosheets at various temperatures for different durations. The ReS,_xSe, samples were characterized by XRD,
SEM, XPS, HRTEM, elemental mapping, Raman spectra, and UV-Vis-NIR absorption spectra. Experimental results
showed that the Se contents in ReS,(;_ySe,« nanosheets can be gradually tuned from x=0 (pure ReS,) to x=0.86, and

the bandgaps of the products were correspondingly modulated from 1.55 eV (800 nm) to 1.28 eV (969 nm). More-
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over, the temperature and duration of selenization have huge effect on the morphology of the resulting ReS;(_xSe,«

alloyed nanosheets, as evidenced by SEM observation. The vertical ReS,_xSe,4 alloy nanosheets may have signifi-

cant application potential, . g. , in the electrochemical catalysis, functional electeonic and optoelectronic devices.

Key words: ReS;1-xSeaxx; ReS,; selenizing; vertically aligned; bandgap modulation

T R U 42 R A S 0 ( MoS,, MoSes,
ReS, Tl ReSey) AR (1) HL - F1' 2 4 i DA S AE 4
KA b BB SR, Bl T R . il
% RS SRR A Y G SRR RT3
PEPERE R — PP BN, Bk, AW ikiE 7=
YRR E & BB & SR, R T e
S FEL B R AT A S S g R T2,

)RR S BRI, BRiEE
AP (ReXo, X=S, Se)EAMEFIIARXSRREH, £
FLAE H R 2R v B B A S R 5 1 e, 7R
R AR AT SR B B K R R T A,
1 B BRRTAR AL SR A O £ R AR AL, FLAS R AR [,
T I R AR AR Ak A A R, AT A A B IR = TR R
B & EL ReSo1xSeaw, AT i S 8L 1 510,

B, Wen 522N 4h 24 SRS S it 4% 1 1k
FHEE ReSyaxSea B &ML, FHIE I HIM RIS J7 %
PAF T HZ AL JZ ) ReSay wSexw & &KL Cui £
W E S TOBNE, EaB A BAMVEAE K &
25 IR BE ReSy(1oxSeax o i Bl o IX il 3 B 45 1 4
K ERE R 5K 1) b R T RRURI 1 5 B () S 5467
FEAE A AN AR AL IR A5 s B T LE 1 S A ANME

RTAEELE L CVD ik, Ll T EELEH
ReSy(1nSeax B E 9K M EH I #H%, =Y AH
Lo =TI S I U ol TR A S i
ReSy1 nSex A& 4K Se JLE M7 E[Se/(Se+S),
FEIR L], HE AR a5 B

1 SEIGAE

1.1 FEERUHERS)MHKEIERK

1%, ¥~300 nm B SiOy/Si 4 KMERE
45 mg = BRR KDY K (Alfa Aesar, 99.999%) /A L4
b, HF—EMEEAEEN R RAE, 5— %
1 600 mg i # (aladdin, 99.99%) )4 AL EH U E 7E
FOEE R A E . SRS, LA 100 scom (13 238
RS RET 15 min, BB U B 2 7E 50 scom.
S LA 20°C/min FHR#EZFE T2 450°C, EUGIRE T
K250 EKEHE, RGRNEER.

1.2 EH ReSyuSex MR BIE K

W A K 1) 2 B SS MR A BR AR N A S
HIEES 0.4 g ik (aladdin, 99.99%) M) ALAR FF il
AT AL E . AR A (5% Hy) K
40 min, FRJ57E 50 scem T, LA 20°C/min FHid
HRTE B IR B, WAL T E R, DU R
Too SEEG T2 B ST R4k IR RAR £ B[] X6 0 K
TR & B R R SRR (1) KAk It 18] [ 52 5 0.5 h,
e BLRIAL IR (700 850 A1 920°C)HIFLI; (2) K54k,
B 2N 850°C, HEEHlifLif [/ (0.5. 1 A1 1.5h)
1) 5] o
1.3 MM

FIH XRD(Bruker D8 ADVANCE, CuKa)#/iE
ReSy(1-xSeax GEPKF MR . A SEM
(Philips XL30 FEG)# HRTEM (Tecnai G2 F20, 1
AR, 200 kKV)RAEFE SRS TR EE 1 Bt &
¥ 7£ Thermo ESCALAB 250Xi XPS Y% & 4:
(1489.6 eV) L 5E A i 1) XPS Mk SR LR 2
M R 4t (Renishaw in Via)ill &4 & ) =2 0615 . I
R Ab—n] W—iE L4615 (Lambda 950) i 3 ¥ i
IR SO 1 o
14 Re&(l—x)seZX q:'ﬁ g%ﬂ"]?ﬂ“i

i XPS € B TR FE R A, Bk
SEIEE XPS B (1) 40 1A 75 2 Se 19 3p WETIA Ise
S 1 2p WA 1s, AR T A 15 2

X = ISe / SSe (1)
lge / Sse + 15/ S

Horb S 4 Se 1 3p PUE M RBERH T, B 1.05, S
NS B 2p BUIE I REUE R T, BL0.5484,

2 HERMITL

21 HmH) SEM SR

K 1(a) (b)) NiERE CVD J5 4% 1) ReS, FF &
(AR AI IR SEM [ v, M H ] LA B ReS, A
ARk, AEAEKT SioySi 41K F . Bl 1(c)~
(WA FEA & T3 2 ReSyixSeax A B AK
Fr i) SEM BB F. XFECIE 1(c)~(e)ml LA B, 7E[H &
T AR (8] 49 0.5 h B, 02K (10 RO~ I o5 i A 3 11




10 3

MR, 55 T EHES ReSygSeax £ G K FT I & B A7 B 42 1085

Kl 1 (a)~(b) ReS, 49K Fl(c)~(h) A [FITlAL &4 T 15 2
ReSy1gSeax A K] SEM HE F1

Fig. 1 SEM image of ReS, nanosheets grown at 450°C (a,b)
(2.5 h), and (c-h) SEM images of ReS,;_xSe,x nanosheets se-
lenized at different conditions (¢) 700°C (0.5 h); (d) 850°C
(0.5 h); (e) 920°C (0.5 h); (f) 850°C (1 h); (g) 850°C (1.5 h);
(h) 920°C (1 h).
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Fig. 2 (a) Schematic illustration of the crystal structure of
ReSy1-ySey, nanosheets and (b) XRD patterns of (i) ReS,
nanosheets grown at 450°C; (ii) ReS,(1_xSe, nanosheets sele-
nized at 700°C for 0.5 h; (iii) ReSy_xSeax nanosheets selen-
ized at 850°C for 0.5 h; (iv) ReS,(1_xSe, nanosheets selenized
at 920°C for 0.5 h; (v) ReSe, nanosheets grown at 750°C
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Fig. 3 (a,b) HRTEM images of ReS, and ReS;(;_Se,, nano-
sheets, (c) TEM image of the ReSy(;_ySe,, nanosheets and (d-f)
elemental mapping for the ReS,(; Seox nanosheets
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Fig. 4 Core-level XPS spectra of the ReS,(;_ySe, nanosheets
selenized at different temperatures

(i) ReS; (x=0) nanosheets grown at 450°C; (ii) ReSyiySeax (x=0.21)
nanosheets selenized at 700°C for 0.5 h; (iii) ReSyi-xSex (x=0.47)
nanosheets selenized at 850°C for 0.5 h; (iv) ReSyi Sex (x=0.86)
nanosheets selenized at 920°C for 0.5 h
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Fig. 5 Raman spectra of the ReS;(;_ySe,, nanosheets

(1) ReS, (x=0) nanosheets grown at 450°C; (ii) ReSy_xSex (¥=0.21)
nanosheets selenized at 700°C for 0.5 h; (iii) ReSyixSex (x=0.47)
nanosheets selenized at 850°C for 0.5 h; (iv) ReSyi xSex (x=0.86)
nanosheets selenized at 920°C for 0.5 h; (v) ReSe, (x=1) nanosheets
grown at 750°C
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Fig. 6 (a) UV-Vis-NIR absorption spectra for the ReS;(_ySe,y
nanosheets with various Se contents and (b) relationship be-

tween the band gaps of the nanosheets and the contents of Se in
the products
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