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First-principles calculations on the electronic structures

and optical properties of Cu/N-codoped ZnS
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Abstract: Using the pseudo-potential plane-wave based on the density functional theory (DFT), the

band structures, electron densities of states and optical properties of intrinsic ZnS, N-doped, Cu-N and

Cu-2N co-doped ZnS were calculated. The calculation results show that the co-doped systems can reduce

the band gap and enhance its photocatalytic properties. According to the analysis of the density of

states, the co-doped system of Cu-2N makes the state density become more diffuse and more state densi-

ty through the Fermi level, which obviously result in formation of p-type ZnS. At the same time, Cu/N

co-doping greatly increase the absorption of visible region owing to the lower transition energy of co-

doped systems.
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Fig. 1  The structure model of Cu-N co-
doped ZnS
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Fig. 2 The structure model of Cu-2N co-
doped ZnS

3 HRETR

3.1 ZnSHEFLEHMEETE

J T XA AT Cu-N 4B 42X ZnS HLF 4544
FISEIE e T ARIEZS ZnS B ML F 454 4045 B

TR AAE ZnS A BR A 2. 134 eV, 5
SEHE 3. 68 eV AH /N o {H 5 S A A 2. 30
eV AR B AT 31X 32 N R A % R I pR R SR
ik AT BN 23 45 B bE S IR /N A5 2R 3R — A i
FEAER ) R R Ry A B ot A T T Zn
3d AW F R, 1 B ZnS M FAH B R 1K ff



% 54

IH,E . Cu/NEBEInSEFLEMFXFERAME —BREHHE 1021

T A AT 8 G A Al B O AL (R R ] GGA
RIJF R 2350 %) HL T~ 25 K 1 43 A . NIET 3 TRl LU
th o ZnS JE—Fh 5 4 AR 2 SRR R A Al TR
R AL T Brillouin X G Ak, TR T Zn
3d AW TR e R AL AR 2 LTS 3p &
0N 1 1 D R L o S = 2/ A S 1
Ml 25 sCEA KB A B8 i 53X 1 02 SE I ZnS
fn A p- A5 Z% IR 1Y) 2 2L R 22—

N 4 AL ARAE ZnS BT FEAR N
WA TEE LB —6.3~—4.6 eV [ FHraff, —4. 6~
0 eV LM X, ZnS 1) B0 th S 3p &k s
T EER A Zn 3d A vTEk. XFFSH RS E
BIERA Znds B HBETFHAWHBHM Zn 4s &
F) S 3p BEGE R, G T S A7 B R %
S ) AR RE 4% J5 0] #% 2, AT 3K A AR ZnS
A B A T AL B 5 1 TR A R A R
1L TR R

Energy(eV)

A3 KAIEZnSfeir&#M
Fig. 3 The energy band structure of pure ZnS
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Fig. 4  The total density of states and partial
density of states of pure ZnS
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Fig. 5 The partial density of states of N doped
ZnS
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Fig. 6 The energy band structure of N doped ZnS
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Fig.7 The energy band structure of Cu-N doped
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doped ZnS
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Fig. 11 The total densities of states of three types
of ion-doped ZnS
3.0x10°F L ZnS
c Cu-N
2.5x10°F -~ —-Cu-2N
5 2.0x10°F
= :
VO < .
2 15x10°f ;
2 1.0x10°F
l."
5.0x10'} \
A \\
0.0 Lo
) 2 4 6 8 10 12 14 16 18 20
E(eV)

B 12 % ZnS Fe B 455 ZnS 69 FOKk

Fig. 12 Optical absorption curves calculated for

the pure ZnS and two Cu/N co-doped
ZnS

4 & i

AR SCR Yk 145 HE U pR RS 0 5 — 7 DB
T B R ARG #4325 W98 T ZnS(Cu, ND A R Y fig 4l
S5RGBT LA RO M e TS R R
Cu Ml N 4278 ZnS KR 1L N B35 7% ZnS (K R B
A R E M EE A B 2%, p BUARIE I AR X T
L ZnS R AR p MBI AAEENE L. PR
B KB Cu Fl N 51242 2 ZnS K & 19t 2 Wik
WAL R 2] WO X A ) R e Cu2N JE 48 2
ZnS IR Z O E WG LR BLLAMDOEIX B, £ 2
TELLAME X BOE B 18 9 W e i, Cu Al N 48 2%
ZnS fh AR ZR ) 258 R A R AR AL Al R /D
B T AT LA A BN A B BR AT 2 el

Cu-2N 4B J0 A 22 7 m] DLl DX 30T 50 R 1 2 e &%
B B 1 0 K O B T,

S % Uk

[1] Dong M, Zhou P, Jiang C, et al. First-principles
investigation of Cu-doped ZnS with enhanced photo-
catalytic hydrogen production activity [ J]. Chem
Phys Lett, 2017, 668 1.

[2] Lahiji M A, Ziabari A A. First-principle calculation
of the elastic, band structure, electronic states, and
optical properties of Cu-doped ZnS nanolayers [ J].
Physica B, 2016, 501 146.

[3] Mahmood Q, Murtaza G, Ahmad R, er al. First
principle study of vanadium doped ZnS: structural,
electronic, elastic, magnetic and optical properties
using mBJ approximation [ J]. Curr Appl Phys,
2016, 16 361.

[4] Yin Z H, Zhang ] M, Xu K W. Structural, elec-
tronic and magnetic properties of transition metal
atom-doped ZnS dilute magnetic semiconductors: a
first-principles study [J]. Mater Chem Phys, 2016,
183 201.

[5] Kumar S, Verma N K. Structural, optical and mag-
netic investigations on Fe-doped ZnS nanoparticles
[J]. J Mater Sci: Mater El, 2015, 26 2754.

[6] Zhao W, Wei Z, Zhang L, et al. Optical and mag-
netic properties of Co and Ni co-doped ZnS nanorods
prepared by hydrothermal method [J]. J Alloys
Compd, 2016, 698; 754.

(7] XliE4. Y.Zr.Nb $8%¢ ZnS 2k S K195 — 1 )5 1
RO EF 550 FYREA . 2017, 34 969.

(8] E&H. KA, BE M, %. Zn, Mn, S HORFRH
il B R e BT LT ], M K22 4. A ARBE 2 0R
2016, 53: 152.

(9] Xa%, T Cutsle ZnS 28— JE T4 [T,
BROR TR E M ASRBEARR, 2008, 28 85.

[10] Yan H, Li Y, Guo Y, et al. Ferromagnetic proper-
ties of Cu-doped ZnS: a density functional theory
study [J]. Physica B: Condens Matter, 2011, 406
545.

(110 raemy. PRECEE. PUIB 2 1h 5 A1 7 Bk o i 1
BEFsE I 555 Ty RAE . 2016, 33: 627,

(121 JABR. PRELEE. JEREE. CHB 4 ZnS 4K &LHF
PERAEEE R LT ] W R4 A AR,
2016, 53: 1307.

[13] Deshpande M P, Patel K, Gujarati V P, etal. Pho-
toluminescence study of Mn doped ZnS nanoparti-

cles prepared by co-precipitation method [J]. AIP



1024

Wl X FFROARAF R % 55 %

[14]

[15]

[16]

[17]

Confer Proc., 2016, 1728 020406.

Pejjai B, Reddy V R M, Seku K, et al. Chemical
bath deposition of Mn-doped ZnS thin films using
greener complexing agents: effect of Mn-doping on
the optical properties [J]. Optik: Int J Light Elec-
tron Opt, 2016, 130: 608.

Anku W W, Oppong S O B, Shukla S K, etal. In-
fluence of ZnO concentration on the optical and pho-
tocatalytic properties of Ni-doped ZnS/ZnO nano-
composite [ J]. Bull Mater Sci, 2016, 39 1.
ZHEE. X, B, & ALN LB 2250 p-
R ZnS 18— MR AT S LT ] R A A R,
2011, 25: 519.

Yan H, Li Y, Guo Y, et al. Ferromagnetic proper-

(18]

[19]

[20]

ties of Cu-doped ZnS: a density functional theory
study [J]. 2011,
406; 545.

Sain S, Kar A, Mukherjee M, et al. Structure, op-

Physica B: Condens Matter,

tical and magnetic characterizations of Mn doped
ZnS dilute magnetic semiconductor synthesized by
mechanical alloying [J]. Adv Powder Technol,
2016, 27. 1790.

B, SR, Rpeh, 5. NS ILEEx
TiO, BT &5 50F MR m LT ] P %
2. HARBIER, 2012, 49 1291,

Chen K F, Guang H, Zhang Y, et al. First princi-
ples study of In-N codoped ZnO [J]. Acta Phys
Sin: Ch Ed, 2008, 57 3138.

3

NGRS S E |
Pobosce EAF . BRI WO, S Cu/NSEBZE ZnS BTSSRI VE IR 05 — PR REL) ], DO R
E FARBF R, 2018, 55 1019,

—~+

; P . Wang Q, Zhao W G, Dai ] F, etal. First-principles calculations on the electronic structures and optical prop- }
+ erties of Cu/N-codoped ZnS [J]. J Sichuan Univ: Nat Sci Ed, 2018, 55: 1019. +

B e S S e e e S S e S a e B B T e e T e e st SR S S S



