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Density Functional Theory Study of MXene with Oxygen Functional
Group(M-Ti,Y)for CO,,H,S,COS Gas Sensors "
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Abstract : Two-dimensional materials have great potential as toxic gas sensors due to their high specific surface area. By using first-prin-
ciples calculation based on density functional theory,the adsorption properties of MXenes series of two-dimensional materials covered by
oxygen functional groups for CO,,H,S and COS are investigated. The calculation results show that there is chemical adsorption between
CO, and Y;C,0, and Y,C;0,,and the values of charge transfer are 0.30 e and 0.31 e respectively. There is chemical adsorption be-
tween COS and Ti;C,0, and Ti,C;0,,and the values of charge transfer are 0.16 e and 0.18 e respectively, and the current changes
caused by these adsorption and charge transfer are clearly detected in the calculation. In addition, by analyzing the charge localization
density map and the density of state map,it can be found that among the same metal-based MXene materials covered by oxygen func-
tional groups,the high conductive MXene material is more suitable for gas sensors.

Key words : gas sensor;density functional theory ; two-dimensional material ; MXene

EEACC:7230L doi:10.3969/].issn.1004-1699.2025.06.004

& 8 E 8t H MXene( M-Ti,Y) ## HF CO, .H,S.COS
SEERFBHNZEEZRELEHAR"

Fled, o B R EART R, F
(AT T R 2L T 225 Wiy Bl 310014)

W OB CAMHNRAGHATRMEAEN SR RERBENE AR, RALTEEZGE SN E —WREITHE T &, o
RT WA # H T %t MXenes % 7] Z 4 AT B34 CO, H,S 1 COS B9 R M st itHE LR R 7,00, § Y,C,0, # Y,C,0, %4
FTAENETM, AT LB 95 4 030 e #2031 e, COS 5 Ti,C,0, 7 Ti,C,0, = 8 F BRI, B 5 5B 45 4 0.16 e Fn
0.18e, 1HE W 91 B A B X BR My fn e i B 5 AR R L, WA AR AT AR BT EEMATERTUAAERAE
fie VI B 3% 09 A [F] 4 B 3t MXene 408, 5 AL M BR B MXene bR 3 &8 ARG R
KPR AKRERE, X EZBE D, Z MK MXene
FESES . TP212.2 XERARIZED . A XEHS:1004-1699(2025)06-0977-06
IR 6 Tl Az 7™ A AR DA e N A e By
RARSfeE, Mixsbis eyt THI A RE LR

1 BE=N4E

il

pl

TR R A BRI R 5 R
TV A7 A T o P R TR A, R I oA Ay S S
FARBEARME Y e BB T A SR R
ARGUFARRENL , Sl H LT, KI5 Y s — 4
LA (NO,) . — %A L — A& (NO) . & (NH,) . i fb &
(H,S) . F LA (S0,) . —% fkhik (CO) , A bk
(CO,) HEE(CH,) A MA ML AP (VOCs) 55,
e Tl A= B T LR WL TS G b, i 7=
— BB S Y SR AN (COS) A& Tl A= = v

BF, 23X PR R N At B 7 A R TR S e, PR T &
FEAE (R B ASHI A [R) AR 1 v S8 A B R T b
B X AL AR I ELA 5 R R AR
TEAE IHAEMR (<10 mW) £ 5

[ A5 A% A AN 4 )@ E AL 2k Sk (MOoss)
G IRBALYI A SR D RIBR L A0 K B4R (CNMs ) ')
AT ARSI, B 1962 4F | Taguchi HI i
HAEP R TRAL B T A5 | 2 R AL Bn k R
o, (B4R A ALY R AR A 1 AR IR

T B SRR A A S g TAERE ST H (ZB202202) ; [ 58 [ AR BE 22 5 4 (U22B20138 ) 5 o [ 155 55 0 7 B 2 iF 78 KU R A

(228Y0223)

%5 H #8.2023-07-23 &2 B H#9.2023-09-19



R

#HOA F R

978 chinatransducers.seu.edu.cn

% 38 %

FALE (100 °C ~300 °C) , 5 I FERR il I itk — 25 )i
Y, 4 E s AL RS AT =R TR, B
A BACHTIFE , (AR T 4 8 b 2 T AR A% J%
e IF HA R B A o B A K HL AT X A
UL AR FH T A AR 7, 2R B0 LR Il R 1) A% R A T
R MoS, SBRMEIRAAT T NO, SR
FRAEIRE] 20x 10711 7 BRI B AT A= AR 44 K
& (CNTs) HA LT K 2 AR A o 1
1B SRR WA I WS TR 2 SRR I3 2 1 ]
fEbEl" ) WFSE A LA R AL A1 BB U (vGO) 1T LUKS:
I NH, A1 NO'™) | 2 i 2803 Th g 18 i i A I R AL A
RN (vGO/Zn0,rGO/Pt, vGO/Ni ) 1l LLA&G I VOCs
PR R AR ) [

TEAR B T, A BB AR B Wik B J a1k B
W B, FERIACER FL AR A BRI 4R & 4 S5 1B i fk
VR R STIOR A S 5T e N NG B =W S e R s
FI% MXenes M4 B R 32 2] AATTH )2 6,
MXenes J&—FP 3 T2 8 42 & o Ak 90 Fn =LAk 9 10 8
M HETHRL SRR R R S
SERVEYIPERE AR S S R K K R
T AR, BL B P R AH R T B RN S BE A
T ERE, MXenes f7A7E £ T BER, HA £ E
1) 22 Ak 2 P TR 75 19062 HLAE L F - A
RT3k BTG AV A 45 b SIS R A R T
MXenes i ELA KA 7K 43 8PE £ F Hom T fn;
FHUT ) R, MXenes J&— Rl A B 10 1% B A% 5
FAPRL, A2 52 IR /55 7 B ARAS I A FR A 53 B
{18 S A1 T ARG

T4k MXenes PRHE il £ A P AR 2R
HF MitA7ih %], i # iz b k2 5 -F . -OH -0
FLFERERSE AT IR Y MXene E A
B O 7 35 1 MXene-O 26 30 H 22 TR 5T, MXene
MXene-F, Fl MXene (OH) , &I 4 @AL' |
U, WL R R AR, 6 O B REH H & 1
MXene 7] fi€ Fb HAh B 6 A1 8 55 19 MXene B A H K
(v AE R FANE

SRS FHE G K b AL 2% 1T HE AT B Ak 2
BF o R REAR B, 3R SRS 5 4 4 ) A
BREAR P P Y 3 gk 5 2 BRI (DFT) 2k
PRS2 G B b AT R R e
FHis 8l , Wi+ R L3R R 50170, © %
NV A9 KA RG R A RE B — B RO
— B WF 5% Al R DFT 3-8 35 S 80 < A A
MXenes #OEHRIY R N RE (E,,) (A (DQ) |
SRAHTBR (Eg) | HLfa % £ 22 (CDD) | L ¥ Ryl 4k

PRI (ELF) 125 % B (DOS) S PEAl b R} £ i
BB F 4 B R G dh Iy 20 e
Ti,CO, A7 & W, 715 -0.37 eV 1Y 5 W fff
AE, 7T LA T N-Ti B B0 0.174e AT %
BB, Se,CO, T HoAh 7 % B BEIA] MXene Xf T
SO, HLA e (14 W B BE 0 I 8 Y H fur A B Rl 0
FEF Z WO AN [A] R TH B RE A1 28 B A9 MXenes RS
@%%ﬁﬁ%,&ﬂ]ﬁ\ﬁﬁdﬁ%lﬁ@%ﬁﬁ%@ MXenes
Xt €O, \H,S.COS IX =R B B LI A SR
KT MXenes T HAEHR CO, H,S,COS [ AL
JERAS TS IR
2 HERIE

R RIS T B — R R R Vienna
ab-initio B ( VASP) 521" R T Perdew-
Burke-Ernzerhof ( PBE ) J7 & S 4 i Hi 728 H.AH A
JH, 324 BE AR DG RE FI ) SCER FE AL ( GGA) R4
WP B INT- T )5: (PAW) IR RAE T
R HL XA Hi R A s 0 1R T T U S 4
MABIERERL S 400 eV, 2R FHLH0RE B2 v k17 st B0t
BONEEN0.01 eV/A BNRTFHEEREEN
1x107° eV, i LK IX H Monkhorst-Pack MR
K s B A 3x3x 1, XY S A 3x3x1 AN ERIT
Lo A T IR B S A AR BAE T Z B
FIEAT —A15 A B A0, a5 TRk
SrFAERPRE R AT X Y, OF HR 2t &
rh BRI T e i R IR R AR A

WA (1) T8 T ARG T AE A AR R
MXene LE@WW@E(EM) :

Ep=Ey . ~Ep o, (1)

KL B, MR 146 R R E W
SRR R BB T, B, MXene 2178 3
O B REM M ERE .

3 #HR5ITE

AL AR FH A BRI AS [F] A 1y i
BAYRE 22 S, 368 3 R o 5 355 ok 3k 2 ) SR AR 2R ) H
i3 lﬂﬁ,&ﬂ]u MXene 1F M 5% 14 22 , TZET
BT A7 Z21H O ‘B REA 7 35 1) MXene X} CO,,COS . H,S
AR RE, N2 1 Fras ., 2B Y,C,0,.Y,C,0, Xf
CO, A1k M, Ti,C,0, . Ti4C,0,. V,C,0, X
COS A 1k2= W B, LA S A i e 4R %E H,S 3
WA WM, Y,C,0,.Y,C,0,. Ti,C,0,. Ti,C,0,
M1V,C,0, X FLFH BT CO,.COS F1 H,S A A
()R BB T3, A VR R A AL AR I FT BE



o6 FHE,F BT AAFEAD MXene(M-Ti,Y)#AA T €O, H,S.COS AREAENEELIELRL 979

x1 FAXRE O EsEEER MXene 3 CO,.COS H,S KR &E B eV
gas gas
support C02 COS HZS support COZ cos HZS
Cr,CO, 0.013 0.146 -0.180 Ti,C,0, -0.019 0.911 -0.066
Hf,CO, 0.008 -0.006 -0.026 V,C,0, 0.078 -0.007 -0.036
Mo, CO, 0.013 -0.012 -0.129 W,C,0, 0.011 -0.005 -0.047
Nb, CO, -0.037 -0.006 -0.027 Y,C,0, 0.140 -0.030 -0.138
Se, CO, -0.035 0.576 0.119 7r,C,0, 0.003 -0.007 -0.036
Ta,CO, 0.011 -0.006 -0.026 Cr,C,0, 0.013 -0.028 -0.227
Ti, CO, 0.013 -0.005 -0.028 Hf,C,0, 0.003 -0.008 -0.033
V,CO, 0.014 -0.007 -0.375 Mo, C,0, 0.012 -0.009 -0.089
Ww,CO, 0.014 -0.006 -0.078 Nb, C;0, 0.013 -0.006 -0.026
Y,CO, -0.062 -0.078 -0.152 Se, G0, -0.007 -0.019 -0.058
Zr,CO, 0.004 -0.008 -0.036 Ta,C;0, 0.010 -0.006 -0.025
Cr,C,0, 0.012 -0.031 -0.226 Ti, C,0, -0.008 0.994 -0.053
Hf,C,0, 0.006 -0.007 -0.033 v,C,0, 0.012 1.195 -0.040
Mo, C,0, 0.012 -0.006 -0.095 w,C,0, 0.011 -0.006 -0.040
Nb,C,0, 0.010 -0.005 -0.029 Y,C,0, 0.120 0.259 -0.134
Se,C,0, 0.024 -0.033 -0.045 7r,C;0, 0.003 -0.008 -0.048
Ta,C,0, 0.006 -0.012 -0.036
MEBEHE 3T T Y,C,0,.Y,C,0,.Ti,C,0,.  0.12 eV, @i BRI, CO, 7 T4 TF

Ti,C;0, F1 V,C,0, F R BHE R SARAL JRAS 1 7]
REME IS 3 5 FL 45 1 43 BT . 65 T 4 3t 390 A A1 ) 4
J& A [ 2 B0 MXene X1 W BfF 09 52 i, 4
Y,CO0,,Y,C,0, LA K Y,C,0, X} CO, Flm Bt & i ok
AL XS B, W E 1 TR, Y,C0,,Y,C,0, KLK
Y,C,0, % CO, HMHHBE 4314 -0.06 eV,0.14 eV,

WL BN 2 2 iR, 7E Y,C0, |, CO, B& ik fir i
HLRPECh 0,168 CO, 7E Y,CO, M5 Y,Co,
B RARATEERS . 53—J7 T, CO, 78 Y,C,0, DI K
Y,C,0, FIEEHE504 0.30e DL 0.31e (14 HL 17 DA
Y,C,0, F1Y,C,0, T CO, b, ik F4s
R~

(a) COMZIfHEY,CO, |-

(b) CO,WHTEY,C,0, I

(c) CO, W fft#EY,C,0, I

E1 Y,CO0,.Y,C,0, MK Y,C,0, Xt CO, I B FnRK b 5E

F2 WHMSMEERE R bader BB

Bader charge C 0 S 01 02
Ti,CO, 0.57¢ -1.03¢ 0.46e
Ti,C,0, 1.20e -1.07e 0.03e
Ti, C,0, 1.18¢ -1.04e 0.04e
Y,CO, 2.10e -1.05¢ —1.05¢e
Y,C,0, 2.04e “1.17e -1.17¢
Y,C,0, 2.03¢ ~1.17¢ -1.17¢

F 1A 2 Hfer R 3% BE IR B T LA $ o, 5
Y,CO, Z B ANAFTE R HE F =, 1 Y,C,0, FI
Y,C,0, 5 CO, ZEAFAEM WM R H F =, ELF
S 4 R 5 Bader HLfar 15—, U] Y,CO, 5
CO, Z[FEANAFAE TR T 20T H A5 14 W Bt
fit(-0.06 V), Mi%Z 1M 5, Y,C,0, fl Y,C,0, #f5
CO, ZIAIfFIE R R Y HL A 6 B8 B 8 T BT TXT €O,



% OB B K F R
980 chinatransducers.seu.edu.cn % 38 &
HgEARE 1, XoAIESE Y,C,0, LI Y,C,0, 1E BB Y H MXene 1ER CO, SR IEES AT BEYE

N CO, TRME AR BN BE A TRl

@Y.co. (b)Y.C0, ©Y.CO,
2 Y,C0,.Y,C,0, UK Y,C,0,
Bt CO, MR TR E E

B4 B 5 ik, % Ti,CO, . Ti,C,0, Ph K& Ti,C,0, XF
COS 11 Wz BiF 4=t o Bpoph 0 47 %6 L, il 3 i,
Ti,CO,,Ti,C,0, DL K Ti,C,0, % COS Bzt e 251
$70.01 eV,0.91 eV,0.99 eV, 3@l B ITE,
COS M F 25T Bl s A BN 3% 2 B, 78
Ti,CO, |, COS A& s fif &0k 0, BB COS 7E
Ti,CO, WKt 5 Ti,CO, WA KAEHRMEER, 5
—J7 1, COS 7E Y,C,0, UM Y,C,0, 0% past4351
£ 0.16e UL & 0.18e 4 HL fif A COS #5785 2] T
Ti,C,0, 1 Ti,C,0, I,

Ti,CO,
(a) COSHEfH7ETI,CO, I+

Ti,C,0,
(b) COSWZIfH#£Ti,C,0, I

Ti,C,0,
(c) COSIZ £ Ti,C,0, -

3 Ti,CO,.Ti,C,0, K Ti,C,0, Xt COS kIR Bt £+ B Fn 0K, Bl &

K 4 Frs, 5E 2 482l Ti 5t MXene [
21 JZARE5H Ti,CO, 5 COS AW R g 55 9 K F
HZM TR =310, N2 T 0 Rl C

(a) Ti,CO,

(b) Ti,C,0, (¢) Ti,C,0,
4 Ti,CO,.Ti,C,0, MR Ti,C,0,

% Ft COS KT BiE = E B

JRFas G Re 1 2, B2 A, 32 F1 43 J2IRGE
FXF COS A WK aE 1, 2R B T 0-C Z ]
) JR 3k L 1 2. U B RE R E T 45 A BT R
Ti,C,0, 1 Ti,C,0, REMCH COS UKL IRAT I K
bR TSR 2 2 A, SR PR RE R I A RE
A A S AR AR AR, SR B A
B HEH] MXene 1) DOS &, 1T L&A E 1) MXene 2
AT SRR, B S5(a) B 6(a) h Ti,CO,,
Y,CO, WHFHIERA 250 SR ARG, /I T T
R, TE S(b) B 5(c) LIKE 6(b) JE 6(c)
¥ Ti,C,0,,Ti,C,0,,Y,C,0, M Y,C,0, fH FHLiA
S THORRES, RBU T &8 (5, T e A1
HVERRTE SRS MRS 1, [FIRS, & AU E e
A MXene W [t <44 J5 1) DOS EIB A E 5(a) 5
& 6(a)H Ti,CO, W COS.Y,CO, e[ CO, BifFuE
WAHES, UL MXene FI143 M2 0] A AH HAE .,



% 6 4

FhE 2 BF AATHRE MXene(M-Ti,Y) #4 R T €O, H,S.COS AMEEEN BT ELZHEARL 98]

MES(b) 5E 5(e) ALE 6(b) 5 6(c)H
Ti,C,0, 5 Ti,C,0, 7EW [t COS.Y,C,0, F1 Y,C,0,
TEWZIY CO, i 5 281 5 B H 5, BB 1 B MXene

AR Z A A AR
< 150 — Ti,CO,
o 2 100 — COS on Ti,CO,
g2
SE 50
2
QL 0 I 1 I )
-8 -6 -4 -2 0 2 4
Energy/eV
(a) Ti,CO,
< 150 — Ti,C,0,
. 2 100 — COS on Ti,C,0,
g2
85 50 ]
2 )
I : )
-8 -6 -4 -2 0 2 4
Energy/eV
(b) Ti,C,0,
< 150
2 100
g s
|E 50
2
L 0 ]
-8 4

Energy/eV
(c) Ti,C,0,

B 5 COS Wpit7 Ti,CO,.Ti,C,0, &
Ti,C,0, LMEZERE

— Y,CO,

150
ﬂ i‘ | — CO,onY,CO,

100
q I Jﬂ,} ‘

oL AL i

-6 -4 -2 0 2 4 6 8

DOS
(electrons/eV)

Energy/eV
(a) Y,CO,
< 150 — Y.C,0,
. 2 100 — CO,onY,C,0,
2t
85 50
E 0 A \ﬂ I )
-6 -4 -2 0 2 4 6 8
Energy/eV
() Y.C0,
< 150 — Y,C,0,
o J—
8 g 100 CO,onY,C,0,
]
5 50
2
L 0 h\ ! )

-6 -4 -2 0 2 4 6 8
Energy/eV
(©) Y.C0,

6 CO, WM Y,CO,.Y,C,0,.
Y,C,0, FHIEHEE

4 #Hig
AWFFGE DFT THAG I & 42U F BER] MXenes 28
MRHERAENE N CO, H,S LA COS SMAL IR AT KL,

2E R E AU E REATY) MXenes ANBERSILIH H,S A&,
Y 3 MXenes HAA1EN CO, SARLIEARAITE 1T Ti 3&

MXenes HAVER COS S AL IEES I 771 .

TE =M Y 3 MXenes (Y,CO,. Y,C,0, DL K
Y,C,0,) ", B HA Y,C,0, KL Y,C,0, 1] L%
T FE CO, 1M Y,CO, RfE, Xt i T bt
£ Y,C,0, #Y,C,0, F4r514 0.30e LIK 0.31e 1Y
ML 6 7% 78 Y,CO, FIRA AR, #id DOS it
FEBLY,CO, LI TR MR, T Y,C,0, K
K Y,C,0, JEBLH 48 bR, 15 Y,C,0, LA
Y,C,0, HATEN CO, ML A Hv 11,

TE = Fh Ti & MXenes ( Ti,CO,. Ti,C,0, LI K&
Ti,C,0,) o, K FEFE B A Ti,C,0, LA Ti,C,0, 7]
DL S H B COS, T Ti,CO, AAE, XA T4k
Wk 78 Ti,C,0, A1 Ti,C,0, /434 0.16e LI K
0.18e HYHLfaf i 7 , M 7E Ti,CO, b 1%A A%,
it DOS JHE T #E— L K I Ti,CO, I 21k
FITERT, Ti,C,0, DL & Ti,C,0, I 4@ 11k i,
FAEH COS [RGB T,

Wt DL EBEEST M, CL,0, A M,C,0, 255
K5 B e MXenes #HEL T M,CO, A ERSK
fEIRERITE J1, A TAEN MXenes 1E24 CO, H,S LA
e COS MU AR S ARAL SRR AR AIF 5T $2 it — 2 B
ol e =2
B ik
[1] ZhangJ,Liu X,Neri G,et al. Nanostructured Materials for

Room-Temperature Gas Sensors[ J]. Advanced Materials,
2016,28(5) :795-831.

[2]  Z5pres, X, B, s MiBR R AR T]. B4k
1.,2004,24(8) :19-22.

[3] Feng S,Farha F,Li Q,et al. Review on Smart Gas Sensing
Technology[ J ]. Review on Smart Gas Sensing Technology,
2019,19(17) :3760.

[4] Korotcenkov G. Metal Oxides for Solid-State Gas Sensors ;
What Determines Our Choice? [ J]. Materials Science
and Engineering:B,2007,139(1) :1-23.

[5] KimT H,Kim Y H,Park S Y, et al. Two-Dimensional
Transition Metal Disulfides for Chemoresistive Gas
Sensing ; Perspective and Challenges [ J]. Chemosensors,
2017,5(2) . 15.

[6] Sacco L,Forel S,Florea I,et al. Ultra-Sensitive NO, Gas
Sensors Based on Single-Wall Carbon Nanotube Field
Effect Transistors : Monitoring from ppm to ppb Level[ J].
Carbon,2020,157:631-639.

[7] Deng Y H. Sensing Mechanism and Evaluation Criteria of
Semiconducting Metal Oxides Gas Sensors [ A ]//Semi-
conducting Metal Oxides for Gas Sensing[ M ]. Singapore
Springer,2019. 23-51.

[8] LeeE,Yoon Y S,Kim D J. Two-Dimensional Transition
Metal Dichalcogenides and Metal Oxide Hybrids for Gas



982

#HOA F R

chinatransducers.seu.edu.cn

% 38 %

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Sensing[ J]. ACS Sensors,2018,3(10) :2045-2060.

Lai C H, Lu M Y, Chen L J. Metal Sulfide
Nanostructures ; Synthesis, Properties and Applications in
Energy Conversion and Storage[ J]. Journal of Materials
Chemistry,2012,22(1) :19-30.

Donarelli M, Prezioso S, Perrozzi I, et al. Response to
NO, and Other Gases of Resistive Chemically Exfoliated
MoS,-Based Gas Sensors[ J]. Sensors and Actuators B
Chemical ,2015,207.:602-613.

Gabal E, Chatterjee S, Ahmed F K, et al. 7-Carbon Nano-
material Applications in Air Pollution Remediation[ A ]//
Abd-Elsalam K A. Carbon nanomaterials for Agri—Food
and environmental Applications| M ]. Amsterdam, Nether-
lands ; Elsevier,2020;133-153.

Minitha C R, Anithaa V S,Subramaniam V ,et al. Impact of
Oxygen Functional Groups on Reduced Graphene Oxide-
Based Sensors for Ammonia and Toluene Detection at
Room Temperature [ J ]. ACS Omega, 2018, 3 (4).
4105-4112.

Kubendhiran S, Sakthinathan S, Chen S M, et al. Green
Reduction of Reduced Graphene Oxide with Nickel Tetra-
phenyl Porphyrin Nanocomposite Modified Electrode for
Enhanced
Environmentally Pollutant Nitrobenzene [ J]. Journal of
Colloid and Interface Science,2017,497(1) :207-216.
Naguib M, Mochalin V N, Barsoum M W, et al. 25th An-
niversary Article; MXenes: A New Family of Two-Dimen-
sional Materials[ J |. Advanced Materials,2014,26(7) :
992-1005.

Anasori B, Lukatskaya M R, Gogotsi Y. 2D Metal
Carbides and Nitrides ( MXenes ) for Energy Storage[ J].
Nature Reviews Materials,2017,2(2) :16098.

Ho D H,Choi Y Y,Jo S B, et al. Sensing with MXenes
Progress and Prospects[ J]. Advanced Materials,2021,33
(47) :2005846.

Nan J, Guo X, Xiao J, et al. Nanoengineering of 2D

Electrochemical Determination of

MXene-Based Materials for Energy Storage Applications
[J]. Small,2021,17(9) :1902085.

Naguib M, Gogotsi Y. Synthesis of Two-Dimensional Ma-
terials by Selective Extraction[ J]. Accounts of Chemical
Research,2015,48(1) :128—-135.

Kurtoglu M, Naguib M, Gogotsi Y, et al. First Principles
Study of Two-Dimensional Early Transition Metal Carbides

BEEB(1979—) 55 L RIBFSE Bt
WFFETT o) o PG T 5 S e
# dhq98@ zjut.edu.cn;

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[J]. MRS Communications,2012,2(4) :133-137.

Come J,Naguib M, Rozier P et al. A Non-Aqueous Asym-
metric Cell with a Ti,C-Based Two-Dimensional Negative
Electrode[ J]. Journal of The Electrochemical Society,
2012,159(8) :1368-1373.

Wu P,Huang M, Yin N, et al. The Modulation Effect of
MoS, Monolayers on the Nucleation and Growth of Pd
Clusters ; First-Principles Study[ J]. Nanomaterials,2019,
9(3):395.

Chen L, Liu Z,Guo Z,et al. Regulation of Intrinsic Physi-
cochemical Properties of Metal Oxide Nanomaterials for
Energy Conversion and Environmental Detection Applica-
tions[ J]. Journal of Materials Chemistry A,2020,8(34) .
17326-17359.

Choudhury R K, Bhagat B R, Mali K H, et al. Effect of
Surface Functional Group over Tungsten Carbide Mxene
for Efficient NH; Gas Sensing Using Density Functional
Theory[ J]. Applied Surface Science, 2022, 603 (30) .
154426.

Hajian S, Khakbaz P, Moshayedi M, et al. Impact of Dif-
ferent Ratios of Fluorine, Oxygen, and Hydroxyl Surface
Terminations on Ti;C,T, MXene as Ammonia Sensor:
A First-Principles Study [ C ]//2018 IEEE SENSORS,
New Delhi,India,2018;1-4.

Yu X F,Li Y C, Cheng J B, et al. Monolayer Ti,CO, :
A Promising Candidate for NH; Sensor or Capturer with
High Sensitivity and Selectivity [ J ]. ACS Applied
Materials & Interfaces,2015,7(24) :13707-13713.

Ma S,Yuan D, Jiao Z,et al. Monolayer Sc,CO,: A Prom-
ising Candidate as a SO, Gas Sensor or Capturer[ J]. The
Journal of Physical Chemistry C, 2017, 121 (43):
24077-24084.

Kresse G, Furthmiiller J. Efficient Iterative Schemes for Ab
Initio Total-Energy Calculations Using a Plane-Wave Basis
Set[J]. Physical Review B,1996,54(16) :11169-11186.
Perdew J P, Burke K, Ernzerhof M. Generalized Gradient
Approximation Made Simple[ J]. Physical Review Letters,
1996,77(18) :3865-3868.

Blschl P E. Projector Augmented-Wave Method [ J].
Physical Review B, 1994 ,50(24) :17953-17979.
Monkhorst H J, Pack J D. Special Points for Brillouin-
Zone Integrations[ J]. Physical Review B,1976,13(12) .
5188-5192.

FOW(1982—) 5 WIRMEH, WA,
WL Tl R~ B Ho2, W15 7 16) 4 A
ALHT B, fleng@ zjut.edu.cn,



