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Electronic structures and optical properties of
the surface regulated two-dimensional ZnS
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Abstract: We study the electronic structures and optical properties of two-dimensional ZnS modified by
H and F. Based on the first-principles of density functional theory (DFT), the crystal structures, stabil-
ity, electronic structures and optical properties of these two-dimensional materials are calculated. The
results show that the two-dimensional ZnS is a quasi-planar structure, which can transform into buckling
six-membered ring structure after modification. Phonon dispersion and formation energy analysis reveal
that all the chemically decorated ZnS are energetically favorable and could be synthesized. The electronic
structures indicate that the two-dimensional ZnS is a direct bandgap semiconductor with energy gap of
2.625 eV. In addition, H modified ZnS will increase its energy gap and turn it into an indirect band gap
semiconductor, while F modified or H-F co-modified ZnS will reduce its energy gap. The effective mass
shows that the two-dimensional ZnS is a light-hole, heavy-electron type semiconductor. After H or F

modification, the electron effective mass of ZnS increases significantly, but the change of electron effec-
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tive mass is relatively small. Optical properties show that ZnS modified by H and F will lead to blue

shift of its absorption edge, among them, the F modified and H-F co-modified (H and Zn on one side, F

and S on the other) ZnS significantly enhance the absorptions of short-wavelength and middle-wave-

length ultraviolet, rendering new promises in next generation high-performance electronic devices.

Keywords: Two-dimensional ZnS; First-principles; Electronic structures; Effective mass; Optical proper-

ties
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Fig. 1 The optimized geometric structures of (a) side

view of ZnS, (b) top view of {H-ZnS, (¢) side
view of fH-ZnS, (d) side view of hH-ZnS-hF,
(e) side view of hF-ZnS-hH, (f) K point path
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Fig. 2 Phonon dispersions of (a)ZnS, (b) fH-ZnS, (¢) {F-ZnS, (d) hH-ZnS-hF, (e) hF-ZnS-hH
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Tab. 1 Structural parameters for all chemically decoratedZnS

Structure a /A 0/deg 1/A L/A /A o/ A E:i/eV
ZnS 3. 88 119. 99 2.25 — R 0. 02 —
fH-ZnS 3.90 105. 62 2. 45 1. 54 1.35 0. 97 —5.98
fF-ZnS 3.98 109. 84 2.43 1.78 1. 65 0. 80 —7.12
hH-ZnS-hF 3. 89 106. 56 2.40 1. 54 1. 65 0.91 —5.73
hF-ZnS-hH 4. 01 110. 17 2. 44 1.78 1.35 0.79 —7.49

H 5 F &4 ZnS i 52 bt i b 7e
B ZnS R —MUE L. O T o i B 45

FabRasE e . 5 AR B RE RO & T T A A2 R
LR M5 I L 763K ML S MR E™

014004-3



% 58 &

v K FRCH KA F O

%14

E,=E,—nE, —n,E, (D
X EChWMERE, E A Eo 43 3 48 1 i S BRI )
e, E, B E 1 (H.F) B8 . Al 0o AN
J BB IR 5388 i/ ) s U AR 3R 45 5 T 1l
ghiklta . HTARDOIEERMEWE ZnS 1)
W R REanER 1 B s NP AT LUE Y, PO A 1A
RUTHER R i W B BB 34 O T fE, SR W1 2 H B F ik
FNTE ZnS 2% 18 B A OO BB 5 1Y ZnS 45
¥ o R AR g, R B, hF-ZnS-hH % [ 68 & 1%
(—7.49 eV) , UL X Fh 48 18 75 52 95 h 31 25 5y S B
3.2 HBTFEH

’l 3 IAE o Hy FAEM G )2 ZnS 1 6E
WL, L 3Ca) W LR B, HUZ ZnS B Hr s TFT 5
WIREIALT G A IR ZnS O BT B &
A, HAT S REBR B 2. 625 eV, X 5 Shahrokhi-® 4§
NITELER (2. 65 eV)EAR—F Y4 H =k F B
ZnSJE, Hagw e L k4 T B E WA e, Hop fH-
ZnS Fl hRH-ZnS-hF ik G S E K &, 2F
S BT IR AR Ry A4 BRRRAE  HL TH-ZnS
FIE B S 14 O 5 HAAG T 1A 2R MR 9K S B 450 B
TR, HREBR BRI R B . (HAR T AR 4
B G - ZnS W0 TRESR R AL FE A T 1

6

R, ST T R R A E RN R N
Zn(4, 45)<<S(6. 22)<<H(7. 18)<F(10. 41), Bl H
FE a2 HR BN AE Zn B S IR
B Zn B0 S BBUE B R HE(F, I H
(F)F Zn(S) Z 8] 32 DA g T3 A7 7 i S Pk il 22
SRR B TR M, ) L A 0 A Jey AR TE
BRI, Bin, F A Zn 6 PE 25 R K IF-ZnS
A hF-ZnS-hH $9774E F-Zn 8, AN T 9 iE
PR BARR BE f i AL S ORI S, A 3
AT A& B B~ R TR I BE QT R X R b i
P 5 (Saddle point), Ul ZnS il hH-ZnS-hF 7E
G.K i BB A 3K BB RRAE A5 25 1A RAE S oK m
BRHE ) LT 2 B 3 RO AR B 22 1 L T 3 R BR
TR X AR HD A B A R, R
P EBOCRIE T LIE L &5 B 1 5 . ZnS 4 Ti
B0 R0 2R AR A5 B AINSF-2H T S i 1 6 R R AH
XFARARA 7N 5 B T TOURT Sk TS 1) 600 02 S 1 A B
K, TP SR R RS R 5 0 TR el
JIEHY €6 106 R B AR OC. Rk, H 8 F & i
ZnS SR SR B A U R R R 25 R
AR BB TS A R AR, 2 RS T A s
K.

N

)

2L
(a) Zns

=

——
RN

=]

2L
(b) fH-ZnS

Energy/eV
Energy/eV

o

b
A

Energy/eV
s
%
rg
[ w
1
U
£
e

G M G G
6
L — |
% (d) hH-ZnS-hF < ol e
I ot
“6 M G

Energy/eV

]
T

A

2F
(e) hF-ZnS-hH

0

X+

[ G

B3 #%B (a) ZnS, (b) fH-ZnS, (¢) {fF-ZnS, (d) hH-ZnS -hF, (e) hF-ZnS-hH
Fig. 3 Energy band structures of (a) ZnS, (b) fH-ZnS, (¢) {F-ZnS, (d) hH-ZnS-hF, (e) hF-ZnS-hH
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Fig. 4 Density of states of (a) ZnS, (b) fH-ZnS, (¢) {fF-ZnS, (d) hH-ZnS-hF, (e) hF-ZnS-hH
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Tab. 2 The effective masses for all chemically decorated
ZnS

Effective mass ZnS f{H-ZnS {F-ZnS hH-ZnS-hF hF-ZnS-hH

my/mo 0.74 4.18 13. 21 2.62

34. 33

me/mo 1.07 0.91 1. 30 1. 29 1.13
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Fig. 5 Absorption spectra of all chemically decorated ZnS
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