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Abstract: The poor oxidation resistance and structural stability of TisC,(OH), largely limit its wide applications. In
this work, the surface adsorption behaviors of oxygen atoms on TisC,y(OH),, polyaniline (PANI) and
PANI/TizC,(OH), composite were systematically studied and compared by first-principles calculation method. The
simulation results suggest that the existence of —OH functional group can change the active sites on TizC, matrix.
Thereby the oxidation resistance and the structural stability of TisC, matrix can be improved in some extent.
Furthermore, after modifying TizC,(OH), by PANI, the adsorption activity of PANI is much larger. Meanwhile, the
adsorption energy of oxygen on the TisC,(OH), end is significantly decreased, which is caused by the electron
transfer from PANI to Ti3C,(OH),, as confirmed by the Bader charge calculation. Therefore, the oxidation resistance
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and the structural stability of the PANI modified TisC,(OH), composite are improved by sacrificing PANI, since

oxygen prefers to adsorb and attack PANI firstly. This work provides theoretical guidelines for the improvement of

oxidation resistance, structural and chemical stability of M Xene.
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2.1.2 PANI &#3

PANI HH% & 58 — W3t R AR, 45 &
RUAER T B HL, Bl CE ARG
P R 2R 2R T B IR JR SR &5 - 2R A B 1
Ao B IE IR AR A A s 1 o i & AR AL,
RARMEMENREEANFE. AT R LR A
ik R 3 (red-PANI: CgHsNy), o J5l 5~ Z5 4 A5 R g 1E AR
B AT A B 23 0l an 1 2(ay b) T o AR 90K FH I
red-PANI #5781 25 b0 & 4 ANIRIRGER, TR B AT 20
Wl 48 Fll 49 AN JET- .

F 1 TisCy TigCy(OH), %0 TisC,0, BhE RS EFn Ti-C |
Tablel Lattice parametersand Ti—C bond lengthsin TizC,, TisC,(OH), and TizC,0,

&/Stem aIA dTi 1—C/A dTi 2—C/A
TizCy 3.10™1, 3.061%%, 3.10%Y 2.14I™W1 2 201301 2 2ol31 2.00™1 205139, 2 0534
TizC,(OH), 3.08™1 30003 30903, 31103 2.18™1 221081 219081 2 2081 2 0gl™1 2 o83l 2.06%U, 2,071

Ti3C,0, 3.04™1 3,008 3,083, 31003

2.23M1 2 203 2 2231

2.16'™1 2,143 2 05131 2,11131

Note: [TW] stands for the calculation results, comparison with reference results
The subscripts of Til-C and Ti2—C denote two types of Ti—C bonds with different atomic environments

O Hatom @ O atom

(@Y

Tiatom @ C atom

1 MXene 442K v /2 3 44 B4 1) J 1~ 45 4 IERL AN L =5
Fig. 1 Front and top views of the atomic structures of nano-slabs of M Xene
(a1, a2) TisCy; (b1, b2) TisCo(OH); (c1, c2) TisC.02
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Fig. 2 Front (a) and top (b) views of the atomic structures of
red-PANI (CGHle)
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OH atom @ O atom « Ti atom @ C atom @ N atom
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Fig. 3 Front (a) and top (b) views of the atomic structures of
red-PANI/Ti3C,(OH), composite
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W B d v, X AT AE S TR O Z ) [ R SR A A
Ko X R AARITER IS T R ) Ti-O B, thdn,
Tias Tig M Tic A7 B Ti-O 545714 2.05,
2.05. 2.02 A, HI TisC, 3% 1 % 55 7E AN () O W Bt
B o s 2= W
222 O@TizC,(OH), BB &k

TisCo(OH) 2 I 1 WK P e 35 N 7 fE, K&
W Bt s 350 B R AT S AT . Horb, 3R He
H He A B W REAIS, 431 9—3.44 F1-3.61 eV/O.
[FIIST, 2 TR PR AL R 5t PR 5 23 0 i 1) H-O S, S
¥1°40.98 A, Hi T Hc Wi B 4 74 £ 30 1 ot 2 WAL S5 380 A1

WL S BRI SE a(A)
Table2 Lattice parametersa (A) for three kinds of
adsor ption sites on surfaces of TizC,, TisCo(OH),

and TizC,0,

Position Tia/Ha/Op Tig/Hg/Og Tic/Hc/Oc
@TisCy 3.10 3.08 3.09
@Ti3zC,(0OH), 3.10 3.07 311
@Ti3C,0, 3.04 3.04 3.04
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® O atom

(1) Tic: —9.08

Ti atom @ C atom

Bl 4 4 TigCo 9K Fy 2 2T 10 S0 PR A7 At TE R I R4 A ] B LT i B (e 10)
Fig. 4 Front and top views of the oxygen adsorption sites on TizC, surfaceand their adsorption energies
(al, a2) Tia, the atop site, (b1, b2) Tig, the bridge site and (c1, c2) Tic, the hollow site of Ti atoms located on the Ti;C, surface

(al) H, —0.82

(b1) Hy:—3.44

(c1) He: -3.61

® O atom o Tiatom e C atom O H atom

KI5 TisCo(OH), 442K Jv J2 2 T8I 11 4R B A7 50 TE AR Pl AR R 1) B EC W B i (eV /O)
Fig. 5 Front and top views of the oxygen adsorption sites on TizC,(OH), surface and their adsorption energies
(al, a2) Ha, the atop site, (b1, b2) Hg, the bridge site and (c1, c2) Hc, the hollow site of H atoms located on the TizC,(OH), surface

B S FBCAT o B IR B B2 7T %, O 7E TisCo(OH),
R THT IR BRATLARATS A 2 Bt o BRI, W RAA Y
AR T M B TisCo(OH), MR RTINS, O 5 H
JE R AR AL OB, T HR B S R . X H T
AN B B B R HE AT LR S, H JET Hollow
7 W B P A i, SN-3.61 eV
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il #d FE A PRI VR CEAE 5] N-OH B fig
[, A FIF st MXene £5 44 1) Fa e I BT A 1 BE .
2.2.3 0@TizC,0, W pHaE

FH ] 6 A 67 AU PR e T, TiaCoOp AR THI . 1T

B R IEAT WP o Horfr, R Tia A Tic Az & B b
AR, 2 9 h—3.71 F1-2.37 eV/O. i O " fi7 &
IR B BB, N—0.70 eV/O. AT, 4405 145 fih
Bl TizCoOp MR TH I, —O ‘B At B1X A3k 4 1) FHLAS
REJIE IR, SbREDIILES Ti i1 R AR .
IXAN[ETF TigCy(OH), E Hi—OH & fig o H J& 14 %
RABMAT R, TEHFEOMIFIRS, nfLAXS AR F]—
SE MR ER . a2, -OH B ft H1 -0 & e 4
FIARY SN BA . R ST 0K T TiaCo(OH),
AT ST AR
224 O@red-PANI IR Bft&E

28 )7 50 red-PANI R =285+ C N F1 H
AR AR . e dmii)E, R C R =
ML AL 2T 45t 75 2 B A7 AT, a2 Cgo M—NH I
—CH 1ENZRIARIBCAL IR 1, [R5 1A B 7 dl
R, MFZHREZET A WAL A, 250N
NHa F Hao THEZE K, Hav Cg Fl NHa =FhfiL
RS IRI [F fiE  Sil —4.56. —3.01 A1—2.01 eV/O, [FIFE
A& T b 22 B . w] WL, C-C g0 FfI—CH Ji 1
TR B BE K, XRH T CIEFMHJEFS O
(AL oE A Sh e s . R, Ha WP B 2K T
TizCo(OH), R THI 4= 0 W B AL pii IR B R o A2 00,
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Tiy: —3.71

(cD)

(dn

- Tii~137

® Oatom @ Tiatom @ Catom

K6 TisCoO, 92K i JZ= 2R T 1A S B B 7 i A P AT 4L Pl S FL R BfS i (eV/O)
Fig. 6 Front and top views of the oxygen adsorption sites on TisC,0, surface and their adsorption energies
(al, a2) O, the atop of —O functional group, (b1, b2) Tia, (c1, c2) Tig, and (d1, d2) Tic, are respectively the atop,
the bridge and the hollow of Ti atoms located on the Ti;C,O, surface

(al) NH,: —2.01 (b1)

Hy: —4.56

(el Cy: -3.01

(2)

(a2) (b2) : :
® Oatom O Hatom @ Catom @ N atom
Bl 7 4k )55 red-PANI 92K F J2 2% THI 00 4800 Bt A7 o 1 40 P 04 4R ] T FE R it e (e /O)

Fig. 7 Front and top views of the oxygen adsorption sites on red-PANI surface and their adsorption energies
(al, a2) NH,, the atop site of -NH, (b1, b2) Ha, the atop site of —-CH, and (c1, c2) Cs, the bridge site of C atoms located on the red-PANI surface

Al TiaCo(OH), F A EL, red-PANI 1% Bf 375 14 5 1,
KRmaEHfeEEEEZ. B4, R red-PANI 1
TisCo(OH), E4, &AM T3 TizCy(OH), MIFi
AN R T 25 M AR E TR ?

2.25 O@PANI/TizC(OH), W B &

NEZE LR E, KHFRITET O fE
PANI/TizCo(OH), Z &ML LRI BE, 45Kl 8
. EAEME TisCy(OH), Hifi i HE W ML 5 He
[ W% B BE 9 —0.02 eV /O, LT 5 & 1l 5
TizCo(OH), H He IR B fiE—3.61 eV/O 75 2 K i 42

(al) Hy: —4.52 (b1)

Cp: —2.31

Ft, H H SR A A R B AR Sy ) BB . T
Bader i /3 #T, T LUK I PANI 5 TigCy(OH), A
J&, TisCo(OH), Wi i (1) Ti JR 7 #14M53 5] 0.07 e,
5] J2 Ti J7F15 25 2 [ 21 (0.25 €), TM—OH H fig
i H R85 0.07 e, O T2k % 0.08 e(3k 3). AR
TisCo(OH), ML S5 M R 2 R A5 31 2
., HE S ILFER, PANI P, T B4
WIRF, ikffbefa et %,

SAMEF PANI B B2 B AL Ha A1 Cg 1
WS B i 23 5 N—4.52 Fil—2.31 eV/O, 3SR 7E smAk 0

(cl) Hc: —0.02

@seadjporsesiiye

© Hatom e O atom « Tiatom e C atom e N atom

K18 Red-PANI/TisCy(OH), 5 b4 K4 T A 480 R B ALl LE AW PEURI A 4R 1 B W B € (eV /O)
Fig. 8 Front and top views of the oxygen adsorption sites on red-PANI/Ti3C,(OH), surface and their adsorption energies
(al, a2) Ha, the atop site of H atoms, (b1, b2) Cg, the bridge site of C atoms located on the red-PANI end surface,
and (cl, c2) Hc, the hollow site of H atoms located on the TizC,(OH), end
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% 3 TisCy(OH), 5 PANI E&RI/EH) Bader BB K
RIEH B BEAER
Table3 Bader charge of Tiz;C,(OH),and PANI before

and after their combination, together with the
electron transfer information

System Atom label Before After  Transfer
C1 -0.01 -0.02 -0.01
C2-N +0.45 +0.44 -0.01
PANI N -1.22 -1.23 -0.01
H1-N +0.42 +0.42 0
H2 +0.04 +0.04 0
Ti1(End) +1.57 +1.50 -0.07
Ti2(Middle) +1.44 +1.19 -0.25
TisCx(OH), H +0.55 +0.48 -0.07
(@) -1.23 -1.15 +0.08
C -1.62 -1.42 +0.20

BEYEmE 2 . BT 8 PANI MiE, E&MEH
PANI 35 2 [1] 280 P61 A8 A0 AS K o B A2, TigCo(OH)2
Pt T Ti J5 1A 45 S Re e, R PR P R AR R e
BEAR . IR, M4 RAE S 5 &M BRI, 2k
%65 PANI R A EAL N, 24 PANI 2T 35 M AL 55
HAEFAR G, 15 TisCy(OH), KAEE RN . FH
PANI 211 TisCo(OH) i 2 B & ARG, Al 474
PANI SR AR FEAK TisCo(OH) MK}, By 1k Hidk B3 &
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