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Abstract

Discovering new ternary two-dimensional (2D) materials with unique structure and properties is a
hot research topic, for it is a good candidate for investigating high-performance devices. In this paper,
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anew ternary 2D SeC:0 crystal was theoretically predicted based on density functional theory. Its
excellent stability has been verified from multiple aspects, that is, from thermodynamics, mechanics,
molecular dynamics, and high-temperature environments. It is found to be an indirect semiconduc-
tor with a band gap of 2.79 eV. Under the action of applied biaxial strain (-20%~+20%), its electronic
band structure exhibits rich variations. For example, the band gap changes continuously from 1.60 to
3.27 eV. Next, the effect of hydrogenation on its electronic band structure was investigated. The band
gap values of the 2D SeCz0 crystals obtained from three hydrogenation schemes (including one full
hydrogenation and two semi-hydrogenation) are 4.10, 2.63, and 3.33 eV, respectively. Excitingly, it
is found that among the three hydrogenated structures of the 2D SeC:0 crystals, two structures have
good kinetic stability, and one semi-hydrogenated 2D SeC:0 crystal is found to be a direct band gap
semiconductor. Finally, the optical properties of pure and hydrogenated 2D SeC:0 crystals were stud-
ied and analyzed. Our results indicate that the 2D SeCz0 crystals have application prospects in the field
of blue light photodetectors.
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HA SR — RIARR I LAR, i 2 4R MR KRR R B . FEE MRS Z et
FUL UL T R YRR R L FE R e . 4RI R B RS SR 0 5 KA L BN HESh 1B 2
AR AT T B BB MR 1] X — S8 2R R BRI T e 1%, (15 —4EM B N T 2 Mg
Sto METHS Zon S 4EAPRNI S 5 R R FT R AT i, =00 & VU os 4EA R AT Ak Tk
B AR TR S A B [2].

AR, 2R =J0 YRR B GE[3]. = JT SnSaSex A &K R I H P 1RGSRt 5
Ty, st SR AN R A 0 6AR 8 M R B 2 BEE S FR BRI 45 55 2 B B 23 B R 1(3].
fifi S AL B (Bi202Se) B 3l N BETE 25 S P AR E A FE 1 41 Sk, I mE B 2R L A3 7 MR = A LR 2
Pl R N — A RETHE M RIE A R . WSSe HLUZBIESE R HA 1.63 eV A BRI B4 344, HA R
BRI ST T 18 016 2 i SR P A5l HLAE O 22 SR AR IR S UM, FH AT 5t i« InXO (X = Se, Te) ¥ /=21 H —4E
A Sk, AR v 5 AP R el P AN AR B 2L, FER SR A RS AN E . PdaSsSes
B R A B S AA TR ' R A HLAE T D e 88 SO S T2 o E e B M SR B S AT
2D XWAZ, (X =S, Se, Te; A =Si, Ge; Z=N, P, As) L JZF0E M. oA E IR, R Gl
YRR B EM B . =0 4R LG BB R 2 B EH B, SR 4R &
FEfE . ZARLEE S RS EHRRAEY . SudESERBLEY. SESEm AL SR 4 =0
FMEIG . BT HARRN AR 5PERE, Zn T 4EARHESGFERIES . RBHAEHIL. REEAFME. HLELL
F AR IR RO, A S g N B T R B T, o ke as R i 46 oA L

A, T YERRARAL YDA AE AT AL 0 ORI FE RN, B TN B R G s A R B M R (4] [5]. MR
HIRHT A IR KR, B TE 3 SEI0 R 2 B X 2K Z4EMRL6]-[8]. AR SCHRIE T — R =Ju
4t SeC,0 HZARL, HRA REFrfeEtt . vl aer SRR ROSCRE: « J8 I EAk SeC0 HZ, FATER
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Figure 1. Structures of the SeC20 ML from the top view (a) and side views (b). The green parallelogram represents the unit
cell. The thickness is represented by A symbol
1. SeC20 ML Y& () MMM (). R EBEFITHBF R TR, BERAFSRT
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Table 1. Structure parameter of the SeC20 ML, black hosphorus, three types of hydrogenated SeC20 MLs, pure CSe ML, and
two types of hydrogenated CSe MLs. The unit of length is A

£21.SeC20 B2 black hosphorus. =FE K SeC.0 B2, 4l CSe BEERMMEL CSe BEMEMESH . KEHM

AA
a b lec les, leo oy A E,, E g
SeC.0 ML 5.65 4.03 1.35 (double) 1.92 1.38 — 292 -7.02 2.79
FH-SeC20 ML 5.49 4.40 1.54 (single) 2.01 1.41 1.10 2.96 —6.00 4.10
SH-SeC.0 ML 1.38 (double) _
(1) 5.30 4.30 .54 (single) 1.97 1.38 1.10 3.01 6.42 2.63
SH-SeC.0 ML 1.36 (double) _
(11 %) 5.44 432 1,53 (single) 1.96 1.40 1.10 3.06 6.42 3.33
CSe ML 6.15 4.70 1.37 (double) 1.91 — — 2.36 -5.96 2.31
FH-CSe ML 6.41 4.67 1.53 (single) 1.98 — 1.10 2.50 -5.03 2.78
SH-CSe ML 6.16 5.00 1.36 (d(.)Uble) 1.96 — 1.10 2.21 -5.78 2.52
1.52 (single)
Black hosphorus 3.31 438 lp-p=2.17 — — — 1047  —-5.23 1.73

YRR AR E MR PUE HERE RIS (R B R 2R . IR RE R 4RI EM R EE S —
W R BE N TE R BARPRL A O R e I, S G Re et (iR, HAT)F ke M . ABFFT SeC20
HERIRIERRE M, BADTTE T HAERE. 03 1 For, HNERN-7.02eV, KT8 —4ib k] Bk
A ERE-5.23 eV, RTEEMISEH SeC0 HJZ B RIFMHATIFREN. SeC0 =N KRR LX)
KT CSe H1)2, [Hik SeC.0 HLZHA L CSe HLZ AR 7 1 # 1 2: 82 E P
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Figure 2. The phonon spectrum of the SeC20 ML and corresponding density of states
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Figure 3. The MD simulation results of the SeC20 ML under the temperature of 300 K
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Figure 4. The pictures of the final frame of the SeC20 MLs at the end of 1 ps for the MD simulation at 300 K with dense gas
environments of (a) Hz, (b) H20, (c) Oz and (d) N2
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RPHERR [P AR RREN. BT ZMIEE SeC0 HEMEHIIRIF, TATHIMZMEARE
TR0 = S A AR

3.2. BT

THEM R LT R AR R T LAE SR IR A T TE R o AR BN E, SRRk AT
I RNAEGR, SRS R = KK T S B/ME(CBMY R 7 i KAE(VBM)E B & 25 (R R AL B, —
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Figure 5. Band structures of SeC20 ML and partial projected densities of states
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Figure 6. Band gap of the SeC20 ML with the applied biaxial strain calculated by GGA and HSE methods
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Figure 7. Electronic energy band structure of the SeC20 ML under different biaxial strains
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Figure 8. The lattice configurations of (a) FH SeC20 ML, and (b) (c) two types of SH SeC20 MLs
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Figure 9. The phonon spectra of (a) FH SeC20 ML, and (b) (c) two types of SH SeC20 MLs
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Figure 10. The band structures of (a) FH SeC20 ML, and (b) (c¢) two types of SH SeC.0 MLs
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Figure 11. Absorption spectra of pure and two types of hydrogenated SeC20 MLs
11. SRFAFEN SeC20 B R AR IE

Table 2. Absorption peak parameters of the three ty types of SeC20 MLs
2. =¥ SeC20 BERARIIES

Material Peak one Peak two Peak three Valid absorption range

Position 3.53 6.84 9.27 2.81~13.21

Pure SeC>:0 ML
Strength  2.15x 10*  4.22 x 10* 3.36 x 104 1.4 x 10*
Position — 6.30 11.2 4.41~12.83

SH SeC.0 ML
Strength — 4.64 x 10* 2.29 x 10* 1.4 x 10*
Position 2.71 7.00 10.58 2.16~3.25; 4.77~12.95

FH SeC.0 ML
Strength  2.15x 10*  3.49 x 10* 2.39 x 10* 1.4 x 10*
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B Z M e M b S R I L S iR se B S, BATTIRATEFL T SeCL0 HLJZ [ HL 7 BETT &5 44,
RINHAE P BN 2.79 eV I TE AT B Sk, TEThEE s 7284 BRI & AR AR e AL A VB 7E
REFE o 1 — AL T IN—20%~20% H XU S ) 4% SeC,0 Bz () HL T S5 M A BE T RRAE, R IWAMSE )
S HATR A NTB, KA ETEEE 1.60~3.27 eV, A, R T SN SeC0 R
M AR I SeCo0 HUE RAGARREM:, M 1 AL E Mk SeC0 HUZ NE BB Tk, WEY
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FKRIIIR 55

WAIE S A RAF# M8 )R . Ba X 74 A8 EE A SeCo0 HLZ IRRICR
P, RIL=E IS ERIA 5RIR U, A IB AL SeCo0 HZ IR 5 40/ XA I H 825 WRSCRe i, Tl
AN AR N J7 . AR RIRIE T =0 HEMRHMA R, SeCo0 4EMRHI IR A iR 4ot ik
B PRI 25 st it 50T A SR R T

EHEWH

WAL K2R NI ZR it R 55 H (S202410927011).
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