Chinese Physical Society
Mﬂ#ﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

2rs, BT A B, BHREEE

Bl ZXEW FF4 B B RR

ZrS, quantum dots: Preparation, structure, and optical properties

Zhou Liang-Liang  Wu Hong-Bo  Li Xue-Ming  Tang Li-Bin  Guo Wei  Liang Jing
5] F{& & Citation: Acta Physica Sinica, 68, 148501 (2019) DOI: 10.7498/aps.68.20190680

TELERE View online: https://doi.org/10.7498/aps.68.20190680
AN View table of contents: http://wulixb.iphy.ac.cn

AT RE RSB HAN S R

Articles you may be interested in

(Ti02) 1245135 Sl i 4 J& A 5 W45 0] Hor 1M BURA IR 19 7 B2 12 pR BB IS
Density functional theory studies of (Ti02)12 quantum ring and its electronic properties when doped with transition metal compounds

YrHE2E4R. 2015, 64(7): 077102 https:/doi.org/10.7498/aps.64.077102

SnO21  mi/A1 S5 2 B A B0 A U OB REIEPEREDT ST
Synthesis of Sn02 quantum dots/graphene composite and its photocatalytic performance
YA 2015, 64(7): 078102  https:/doi.org/10.7498/aps.64.078102

ZnSetetF S HULAK TIO2HERE S F FHEMERRF 5T
Photoelectron characteristics of ZnSe quantum dots—sensitized mesoporous La—doped nano—TiO2 film

YA 2017, 66(6): 067301  https:/doi.org/10.7498/aps.66.067301

AN A S R B R E PR T S — PR R

Stability and electronic structure of hydrogenated two—dimensional transition metal dichalcogenides: First—principles study

PPz 2019, 68(3): 037102 https://doi.org/10.7498/aps.68.20181597

ZnSe/ZnS/L-CystZ 54t 1 OL R 5 R ED LR bR E
Photoacoustic and surface photovoltaic characteristics of L—Cysteine—capped ZnSe quantum dots with a core—shell structure

YIBR2E4f. 2016, 65(3): 038101  hitps:/doi.org/10.7498/aps.65.038101

XL F- A 45 HE T Majorana 2 K - [ M R
Shot noise characteristics of Majorana fermions in transport through double quantum dots

YIBR2EA. 2015, 64(16): 167302 hitps://doi.org/10.7498/aps.64.167302


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.68.20190680
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.64.077102
https://doi.org/10.7498/aps.64.078102
https://doi.org/10.7498/aps.66.067301
https://doi.org/10.7498/aps.68.20181597
https://doi.org/10.7498/aps.65.038101
https://doi.org/10.7498/aps.64.167302

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 14 (2019) 148501

IrS, =F = & E A FHE

& KD

2 4 00

FERR DT DT R ED

1) (ZMITERE, ATHARREA R TR AR S S HE T E A%, BY 650092)
2) (EEHIYHETSERT, Bl 650223)
3) (AL HE TR, Jb5T 100081)

(2019 4£ 5 A 6 HIkF; 2019 4F 5 H 11 B Y& N%H)

PEAER, H TR A H 25 4 S P S e L R o U 4 R B R A (TMDs) W51 TR E )12 56
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2.1 1T-ZrS2 QDs By%I&

AWK R 75 ] 25 1T-ZrS, QDs 18}
B, REL 0.5 g ZrS, MR (21 = 99.99%) FHf
b, RS IR R S 0HE 2 by BfJS, 1A WP I (S
AEES A 50 mL 1) 1-F 5e-2-mE g Bl (NMP,
afifiy = 99.9%) fE o aoh, KRGS, fif Bk
TRAWCE THA (210 W) Hi, Bt 4 h;
R 75 J5 R RS B B D LR AT B0, B0
WLFE B E A 6000 r/min, B0BHEA 25 min; £
Ja , W 2. NMP 78 $i &5 7 b vE A,
BEA FI T sl RIS A g, ST DB 1k - A A
B, JEMAF 8 S O

2.2 1T-ZrS2 QDs il 5 RAE

AT H & S B F W B (transmission
electron microscope, TEM, Tecnai G2 TF30 S-
Twin) . Jii F 71 Bl 5% (atomic force microscope,
AFM, SeikoSPA-400). 37 % Gt -4 i 7 . 1 6%
(field emission scanning electron microscope, FE-
SEM, SUPRA 55VP) fil fig i {¥ (energy
dispersive spectroscopy, EDS, X-Max20) fiff 5%
1T-ZrS, QDs W45 JES . JTCER A 53 Fokide KDy,
i X 5 £kt B 7 B 3% (X-ray photoelectron
spectroscopy, XPS, PHI Versa 4 1), X 247
BHY (X-ray diffractometer, 4 XRD, Ultima IV,
X FFEJR: Cu Ka, A = 0.15406 nm) ., & B IH-25
4 4 St 3% AL (Fourier transform infrared
spectrometer, FTIR, Nicolet iS10) Fl$i7 & Y6 i X
(Raman spectrometer, Raman, Renishaw-InVia)

I3 AT 1T-ZrSy QDs B Y AR L I b SR A5 5 £ ]

(a) Zr@ S

Bulk 1T-ZrS,»

o
)“&-3 w Centrifuged V]

1T-ZrS; Nanosheets

LHN-TT WA B EE T (ultraviolet-visible spectro-
photometer, UV-Vis, Shimadzu UV-3600) FlZ¢t
He i (F-4600 Fluorescence Spectrophotometer
Hitachi, F-4500) 4 1T-ZrS, QDs MG

3 #R53

1T-ZxS, HA L2454, 2N d = 5.83 A,
Zr—SHEEK 1=257T A, Zr—Zr []JEE d, = 3.66 A,
H RSB 1. nE 1(a) iR, 1T-Z1S,
TRPEHZ ] R 557 TE FLE- A EAEH, T
2R S FLE I 7, 1T-ZeS, AR REBF I R
FAEH R e 1T-ZeS, 40k A (K 1(b)). £k
Ji, B S A Y, BRAIE A 1(c)
FIRif) 1T-ZeS, QDs. TEfil 451 QDs h, i A%
HED, 3F H A 1T-ZrS, WA I 4548 25 Al B,
T LA 45 19 1T-ZrS, QDs BA BRIEIESR, K 2
i TEM FiR.

 2(a) A 1T-ZrS, QDs 5 ) 52 56 il 45 i it
. f 1T-ZrS, QDs IR i 19 T HE (100) FEJE
I, DMESEFT QDs MZ5 AT M B, o T4
5% 1T-ZrS, QDs MZ5HIFIESR, FRA18CT TEM i
RS, QiR 2(b) B, P A G20 00 [ B FE ) o5
TR 1T-ZrS, QDs. i ¥HE a5 R F A ik A 1
ST RIL, R RT3 A A5 e i IE S A A

R AT-ZrS, WAL S HL
Table 1.  The crystal parameters of 1T-ZrS,.

S PDF#00-011-0679% %
TS AVRTE
23 [E) R P3m1(164)
A H AL a=2366A0=2366A c=58A
AR a=90° 8 =90°y=120°
Pk 1.5406 nm
AR TR Z 1

(c)

Sonicated

—> &

1T-ZrS» QDs

Bl 1 1T-ZrS, QDs B4 75 2 i 45 HLE R 2K

Fig. 1. Schematic illustration of ultrasonic preparation mechanism of 1T-ZrS, QDs.
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thinfilm
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Tonc )“—"W';H)}'IHII
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Kl 2 1T-ZrS, QDs Ml 850 RS LA RAT  (a) WA & AR A (b) TEM B KRR 010 5 (¢) HR-TEM K (#1514
FFT [A); (d) HR-TEM & ({ &} Line-Profile); (e) SEM [&; (f) EDS fEi%El; (g) AFM &l
Fig. 2. The preparation, structure, morphology, and component characterizations of 1T-ZrS, QDs: (a) The flow chart of thin film

preparation; (b) SEM image and particle size distribution diagram; (¢) HR-TEM image (inset: FFT image); (d) HR-TEM image (in-

set: Line-Profile); (e) SEM image; (f) EDS spectrum; (g) AFM image.

w AR ER W, = 3.1 nm, &5 E (full
width at half maximum, FWHM) 24 1.3 nm. I
AT M B R 45 1 1T-ZeS, QDs HYkIAE AL
EPTE 3 nm 2y, HA RAFA v, anf&l 2(c)
B, JATT R s o PSS 7 WM (HR-
TEM), %t 1T-ZrS, QDs 47 P fd B 45 46 43
Mr (fast Fourier transformation, FFT), M F|75
IR EHE, W 1T-ZrS, QDs Fl ZrS, 1A i 2544
FEARL, [R)AE S B 7S B R AR S5 4. e Ab, dE 5
Profile 43 1 (& 2(d) 4 I f ), 13 2 1T-ZrS,
QDs [T EE R d = 0.278 nm. SEM M FIf
1T-ZrS, QDs fife HAZ (K 2(e)) Al TEM FAE K
SEERIAR EAE 3.1 nm A3 K] 2(f) 2 1T-ZrS,
QDs 1) EDS figii, &M Zr JTTHEM S TR MR T

BTN 9.23%:24.78%, £ 0 1:2.7, % S
1T-ZrS, BB R H (1:2) WA 2253, X AT RE/2H
T Zr F1S TTHR N X554 1y i o7 8 A0 2 51| I .
K 2(g) AFM FAF 45 5, 0 & th 1T-ZrS, QDs
1) 15 B A3 AR HEA T 43T, [RIREUE S T it 0 e B A
GEiortn, HVP&EN b, = 3.1 nm, 5§ TEM
MY RAEGE R —F, i —PIEW] 1T-ZrS, QDs B Ay
IAUERIE (5 R TE 5.

K 3(a) A 1T-ZrS, HY XPS 2% &, WAl LA
THMT A 2] S 2p A1 Zr 3d (19 XPS . Zr 3d 1Y
XPS #EmE 3(b) Fras, A 5 Ml sy, 55
i Zr 3dss (178.2 eV), Zr 3dy (180.1 eV), Zr
3d;5(182.7 V), Zr 3d5,, (EAR) (181.2 eV) RL K
Zr 3dy(WHi) (186.1 V). Mg XPS Weff 5 i vl
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& 3(d) A 1T-ZrS, QDs [ XRD &, # i 2 B
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8 CH1679em~!| «_o_c¢ 3
Bt > ]
3 a0 £ 2440
@ g
:
& 01 aubem 1423cm-1,”” 648 cm-! = 2400+
O—H S=0 Zr—S
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Wavenumber/cm ™! Raman shift/cm~!
— 3.4 fold dilution AEx (300 — 500
2 41 (&) —— 51 fold dilution 0.8 " nil | nm)
g p —— 7.6 fold dilution -
3 283 nm 7 fold dilution
45 31 —— 17.1 fold dilution 0.6 q
o - u
Q 336 nm 25.6 fold dilution
g 2 g 0.4
=t i
g !
2
5 17 0.2
2
k-
< 0 . = . .
200 400 600 800 0 0.2 0.4 0.6 0.8
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2001 (i)
T, 150
g
Q
2 1007
>
3 501
= E,=3.15 eV
04 _J
1 2 3 4

Bl 3 1T-ZrS, QDs [ %) #H . XPS BE i M O 2% 1 i

hv/eV

(a) XPS [&; (b) Zr 3d XPS [#l; (c) S 2p XPS [&; (d) XRD fif 41 &l ; (e)

FTIR &l; (f) Raman [&]; (g) UV-Vis WO & (3 4 B AROLHIEESMT IREEF B9 7 sUB RIEHR); () G ARFR ) (i) Tauc &
Fig. 3. The phase, XPS spectra and optical properties of 1T-ZrS, QDs: (a) Full-scan XPS spectrum; (b) Zr 3d XPS spectrum; (c) S
2p XPS spectrum; (d) XRD diffraction pattern; (e) FTIR spectrum; (f) Raman spectrum; (g) UV-Vis absorption spectra; (h) color

coordinate; (i) Tauc plot
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T I VR AL AT S, 3R i AT A I AR R
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AAFAE— A5 PO ATT ST, XoP I TRE A (103) & IHT
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D= Foosd' (1)
Hor Do SRLRSE B oA SR il A 5 W~ 1
B, 0 WA, A X SR, TSR fk
RoFHR 2.9 nm, 5 TEM FAF4E BIEAAMAE.
FTIR %5 R a0 & 3(e) iR, 7E 648 cm ' bW
WE) Zr-S W44 shig. & 3(f) A 1T-ZxS, QDs
) Raman 3% , 1T-ZrS, QDs A7 W Ff #iz 5l £ =X
Ej Ml Ay, Hoh By, 885K (507.3 cm ) XFR TF 1A
PR, Ay, B (520.1 em ) X R TP HAMR S,
BTSRRI A B B, BEER. E 3(g)
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|
53]
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W (365 nm), RIS HAZERCRE. B T
TV 718t A [ B0 T R A i i 01 ) 8 o o
T2, =B A S X A bR A T T IR

X =k ZA ©(A\T(N)AN,

Y=k) oNFA)AN

Z=k ZA ©(N)Z(A)AN, (2)

o\ M ERIFLREL, o(\) =T(\) - S(\), T(\)
R R, S(N) A T S T R A A pR
T(N), T(N), 2O\ 55 bRt B AR 1 =
WHAE, Rt RS R 0% RISk A (3) 2%t
FERIDOEHEAT T AR AR R AR 1)

r=X/(X+Y+2),

y=Y/(X+Y + 2),

2=Z/(X +Y + Z), (3)
HP X+ Y+ Z=1. gz vy 2z HOREME, KA

E)./eV
3.5 4.0 4.5 5.0
T T T T 3.4
4504 (b) (]
m—0 [ | O
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EAEX'E/\pmk >
25 @-[ <
3.0 2
Q
4001 0o—e
2.8
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{4.2
AEm-Apea
330 @ —( e d
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(a), (¢) PL 1 PLE [&; (b), (d) PL I§F PLE W 5 g ) 56 &

Fig. 4. The photoluminescence properties of 1T-ZrS, QDs: (a) and (¢) PL and PLE spectra; (b) and (d) the relationship between

the peak and energy of PL and PLE, respectively.
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—Ab iy PL B, H 35 ok i = R A 5 4 ik
RGB 4 #5. E 3(h) ' A—J £ /R C I M
300 nm—"500 nm (4 20 nm) A9 € A bR AR fb i
e, MR RBE A T I Ak B Aok
OO0, T 1T-ZrS, QDs BYE2%
B, SR (4) 2P L ARG #E AT T Tauc
K734, S52R LI 3(3).

(ahv)? = hv — E, (4)

Forpr o A WAE, B, B, THE R, 1T-
ZrS, QDs M i Bk E, = 3.15 eV. L5 0R, H
T BRI, 1T-ZrS, QDs HIRET R 441k
K.

AT WFFE 1T-ZrS, QDs B CHFE, AT
FEIET TIRARDEBUR AT, B 4(a) FIE 4(c)
391 1T-ZrS, QDs 1 PL Fl PLE [, 24 & %
P 240 nm F] 360 nm RIKASL, & SFHEREK
M 380 nm H1E] 500 nm (2B A 20 nm). PL i
PLE PREINHLIREEI4, 7390 PL 379 nm—408 nm
—454 nm; PLE 285 nm—329 nm—364 nm, [¥] 4(a)
FE 4(c) ek 2] R a7k B2 @5 k48
AT BRI R, B 4(b) FE 4(d) 4350 R I
K HRE BRI ) PL A1 PLE g, 3 &Gk K408
(B e VB BN 3.27 eV 3] 2.75 eV, T k4156
WK ABMEERTEEM 4.37 eV 3 3.43 eV. Bk
gEILERIH, 1T-ZrS, QDs HYEEUR XTI KA 1 .
PIHHPE. R T 38T 1T-ZrS, QDs [ZEEHERE, ffi
HZET (24.9% S Q. = 0.54) ENZ L, If
BT 1T-ZrS, QDs MZOGHF77 % (Q,), ITHEA
=y 21

Qs = Qr x (I/1;) x (A;/As) x (ns/nr)Q, (5)
HH bR s #aakidh, r #R/2H, Q& PL & Fr~
R DBV R ICIETE R, A SRR A K
RSB, n RATHRR. PR BoR, 1T-Z1S,
QDs M2t it F 7 F w3k 53.3%, KU 1T-ZrS,
QDs HA M R 7o Re.

4 % #
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Abstract

In recent years, transition metal chalcogenides (TMDs) have attracted extensive attention of researchers
due to their unique electronic structure and excellent photoelectric properties. In this paper, hexagonal structure
1T-ZrS, quantum dots (QDs) having a monodisperse grain size of around 3.1 nm is prepared by the ultrasonic
exfoliation method. The preparation includes the following steps: ZrS, powder is ground, followed by ultrasonic
exfoliation in 1-methyl-2-pyrrolidone (NMP), and 1T-ZrS, QDs are collected after centrifugation. The structure,
morphology and optical properties of the QDs are studied in detail. The structure, morphology, size
distribution, and elemental composition of 1T-ZrS, QDs are studied by using X-ray diffractometer (XRD),
transmission electron microscopy (TEM), atomic force microscopy (AFM), and scanning electron microscopy
(SEM). The chemical bonds of 1T-ZrS, QDs are characterized by X-ray photoelectron microscopy (XPS) and
Fourier transform infrared spectrometer (FTIR). The TEM and AFM results show that the 1T-ZrS, QDs are
spherical in shape with uniform size distribution. The sizes of the 1T-ZrS, QDs follow a Gaussian fitted
distribution with an average diameter of Wy = 3.1 nm and the FWHM is 1.3 nm. The XRD diffraction pattern
of 1T-ZrS, QDs show wide dispersed diffraction peaks, which is the characteristic of QDs. The diffraction peak
at 20 = 32.3° (d = 0.278 nm) corresponds to the (101) crystal plane, and the weak diffraction peak at 20 =
56.8°(d = 0.167 nm) belongs to the (103) crystal plane. The grain size is also calculated by using the Debye-
Scherrer formula, and the calculated value (2.9 nm) is consistent with the result of TEM (3.1 nm). Two Raman
vibration modes (E;, and Aj,) are observed. The E;, (507.3 cm ') and A, (520.1 cm ') modes relate to the in-
plane and out-of-plane vibration respectively. The Raman intensity of the A;, vibration mode is stronger than
that of Ey,. The UV-Vis and photoluminescence (PL and PLE) characterizations exhibit that the 1T-ZrS, QDs
have two UV absorption peaks at 283 nm and 336 nm, respectively. The Stokes shift is ~130 nm, the
fluorescence quantum yield reaches up to 53.3%. The results show that the 1T-ZrS, QDs have the excellent
fluorescence performance and unique optical properties, which make the 1T-ZrS, QDs an important material for

developing photodetectors, multi-color luminescent devices, and other devices.

Keywords: transition-metal dichalcogenides, ZrS,, ultrasonic exfoliation method, quantum dots
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