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Abstract

Two-dimensional layered TizCz2Tx is considered a very promising negative electrode material for
supercapacitor applications due to its unique two-dimensional structure, metallic conductivity,
abundant chemical surfaces, and negative working potential window. However, the unavoidable
stacking of 2D nanosheets leads to the underutilization of its active surface, limiting its electro-
chemical performance. In this paper, interfacial engineering modulates the TisC:Tx surface to im-
prove its active surface utilization and enhance its charge storage capacity. Firstly, TizC2Tx was pre-
treated with an alkaline solution of KOH to directionally reduce the -F surface functional groups,
obtaining K*-embedded TisC2Tx. Subsequently, through ion exchange, the intercalation of Mn2+ tran-
sition metal ions was achieved, successfully fabricating Mn2+-modified Ti3C2Tx material (Mn2+-
TizC2Tx). Owing to the strong donor effect of the d orbitals of Mn atoms on the surface of the pre-
pared Mn2+-TizC2Tx nanosheets on the surrounding -0 functional groups, there is a stronger adsorp-
tion of electrolyte ions, which promotes the transport of electrolyte ions and facilitates the electro-
chemical reaction on the surface, enabling the Mn?2+-Ti3C:Tx electrode material to exhibit a high spe-
cific capacity of 323 F g-1 when the current density is 1 A g-1. Furthermore, when the current density
is 20 A g1, the capacitance retention rate is 83%. This paper reports a high-performance Mn2+-mod-
ified TizC2Tx material, offering a novel idea for the development of supercapacitor electrode mate-
rials.
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1. 518

B A e 75 SR AN BTG N« AS TR AR B U O Rl s A A5 5 A H 2t 7 E, R IR AL S T R T
FAEE O O8N A FIUHGZ IR E M R BEIR SR R B, SR P A 2 T R AN PRI K R 2 AN SR I
KA 5K BHEAFATE S5 R RIRFHAE . XAE. W RESFTH T REIR M N2 R R 5 B ARSI
BRI B JE 1] [2]. AT, IXLEiE v e B A s BE IR IR ), DRGE 1 X LS Re i it Y 7 OB Xk
AP, 52 AR R R AE s f R a1 . TTARIB N REVR AR AR Pk ik 2 — R W 5 v RR 8 Y RE VR
PR RERL Al A7 5 e AR SEBUR B BE « KUBE S5 135 BEUSAT RO P AN S T @ 7 A B IR AR 22— [3] [4] -

A AR B S DA . PR ST RE U NS IR A i, AERERAF R B & MU 3 R L R k2D
RS TR EAERI[S]. ST, AT (T R A R R A R E O A, i A BRI,
ARG “ARMERINE” SRR IR TS E A S I RE R, WH<10Whkg?, 1/ Hit(H AT
i AR ST BHI A B < 150 mAh gh), #1240 7B Z A S E mRE R TR T AR HI[6]. I, &
AOTF B R AAATRE, A2 OR R T R 58 L ) (RPN 3R A5 e BE B S 5, X eI i 2 2 B )32 B N BAT
T BRI

UTEESR,  —PioR AL U S R B AL S AL (MXene) MR A T FEL A S fi E AT A IE 7T 3K
[71-[10]. ERAEE TR STRAMS N SRR L RIFRINUMIE RESF RS, BN R — Uk RE
FBEVEFACARE, AR AL A 3 WUBRAT BN AV J0[11]-[13]. fEARZ MXene H1, TisCoTx /& 55— Mk
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W50 4 P S R B (MXene), BT EE)RE M. FENRTA . A& T/ERALER DL
T AE B F AR T A e I L S Ve R, R VR R RS S I SrOBORRL R I ) il (4 B TS [14] [15]. B
FLARBA[16]-[18], TisCoTy i T HARTE HoSO4 FEMF T 1T LARINH RiiA 245 F g LA, % (HE S T
B B E AR T ) F S GRS /N T 150 Fgh) [19]-[21], 33 VA PR T8 H 2 B iRk ) 7K - R
5 0 MR b, FEAE Ti mRE NSRS . SR, AHAE TisCoTx GHKE Fr 2 (B A7 7E R 5 B T 4 B /R B
A AR, B0 TiCoTx KA IRE 5 R HEBAE— L. TiaCoTx PR [ EHTHE S ™ EHAG
T T RIEEE, KRR RN, e nl R A, R 251K TisCoTy B 2 M 771
FLBHZE KRG 0, AT sZma FIRR ] 7 TisCoTx HIMRSERR B Ak 2 R e [22]-[24] . PRIk, J8 I S T2 4
TisCoTx RMRIPHNHIES . 52 5 AL E R RLB) I F XA TisCoTx (B A M B B A HE R L

A SR BRI KOH TALEE TisCoTy, JE MR TH-F HREH], 132] KHRAR TisCoTy: Fiif
R FAH, SEPULE SR Mn B TS, Rl Mn2HE R TisCoTx MENMNZ-TisCoTy). BT Firiil
£ M2 -TisCoTyx 40K 3R TH 1) Mn JRF d P nd E FE-O B GBI IR SR I3 RN, X FLA i &5 14 S ik
(IR BRHE T BERE A 0 FER TR 25 7 10%nE , (edk AL IRONLAESR T BgEAT, 145 M2 -TisCoTy FAFRATRILE
RN LA g R 323F g Mmi th A 2. JFEH, fEHIRE AN 20 Ag iy, HALRFFER N 83%.
AARIE T — Pl PERE I M2 TisCoTu KL, Do 2 Fo 25 35 B AR R FE R SR 1t 1 3 i JEL 2%

2. SCUGER4Sy
2.1, #F

BREBER(TiAICS) « S AL (LIF) . SALEL(LICT) . S (KOH). /N /K & LR %R (Mn(CH3COO0)2-6H20)
iR, ZEFDI)K.

2.2. Ti:C Ty BYHI &

HY 1.56 g SALEEON 20 ml EhER R i £E 5], ABiEEA N 1 g BReaRER, FREFIR ST 38°C /KIS ik
48 h )5, MR 9 ml ThER 5 96 ml 2 B /K FC i F 2h R . 3.815 g &AL HE S 90 ml ¢ B 1 /K i) &k
BVAT . 2B TR =, SOEE FEBR.
2.3. Mn2*-TisC, T, BI& R

B S ml ¥ 8 mol/L S AL HGE IR 15 ml KN 5 mo/ml BB ERIE R, 185 HE 4
ho 2eEF/KPREZ RGN 10 mlRIE N 5 mg/ml () ZBRELVE W, BEFES) G 1E 40°CILE &k & 48 h,
IR F BT OK P I 1S i E R

24. HEREHIMBALF Y RFIE

JE AR BB (SEM, SUT0, HAz, HAR)FE B T 258 (TEM, FEI, Tecnai TF20)X1 £ 5 )
ROESAT 7 RAE. Za AR S iE X 247 (XRD) B (D/max2600, H 7 Rigaku, HA)HAT [
FAE. T X B LT HE 1% (XPS, K-alpha, Thermofisher Scientific Company) 7 R i (4L 223855

HLAb 220 2R A VMP3 B2 T E3k (BioLogic, v2: ) ARAER = F bl AL S35 B, DURRFE F /X
W, Ag/AQCI fERZ LR, DL 1 M IRERIE M. 7£-0.6~0.2 V IR TR, DA% FE 1 fL i
W EA IR F AT 7RI 70 L (GCD) Ml & AE MR 2215 (CV) . 4, #E 0.01 Hz~200 kHz ()55 % 76 [#]
PR T ALY T GCD gkt s k7. AR F[25]:

i-At

CI’TI
AV
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XE Co 2l AR g, | AHREEAGY, At AR E(S), AV AHBALE (V).
3. GREITE

Bl 125 H T TisCoTx Al Mn2*-TisCoTx it (1) SEM & LA K Mn?*-TisCoTy £ 5t 1) TEM E% . A 1(a)
ATLAEH, il BB Z K TiaCoTo T R G o K FHIIEIE I KOH T HE TisCoTy, JE Ik K 1 -F
HREH], 193] KR TisCoTw: PR B 728, SEILId I &8 Mn2H4i /= (M- TisCoTy) o H /2 K
&R (1] 1(b)) - 25 RR B, Mn? B4 )5 (1) TisCoTy 8 v 72 7% Hi 77 /E FH R W B A0 58 i 55 %5 (141 1(d), & 1(e)),
AT PHEB M B IMEIE T TisCoTx Rill. K 1(0)BR T MnZ -TisCoTx YK A K 0 HE R & F R K
%, HATIHRIFE A 0.265 nm [ % 25805 TisCoTy [19(010) SA THIR iF o B, 31X A~ &8 Fn) DLIERH TisCoT
MR A B ) L(F) P % X HE AT 5 (SAED) B 28 2 s HE — SS i A B,  R7R HE MIn2*-TiisCo Ty 1 H1 8
F5E[26]

(2)

51/nm
|

Figure 1. (a) (d) cross-sectional and Top view of SEM image of TisC2Tx film; (b) (e) cross-sectional and Top view of SEM
image of Mn?*-TisC2Tx film; (c) HRTEM image and (f) corresponding SAED pattern of Mn?*-TisC2Tx nanosheets

B 1. (a) (d) TisCoTx PEMEEL SEM EfF; (b) (€) Mn?*-TisCoTx EEFMEEAI SEM ElfF; (c) Mn2*-TisCoTx UK H
B HRTEM EfRF1()MERIHY SAED [El#

F X SR AT 5 (XRD) 7 00 50 T FF & (1) db R 5 A AL 22 R . Wil 2(a) i TisCoTxT 1) XRD K5
ZRTHROE L 1) TisCoTx 1) XRD ELE A HHALKIE[27], XK TisCoTy fill & M. Mn25%t TisCoTx 49K i3
HEJG, FES I XRD 1%(002) I AH BT TisCoTx HI(002) U [ A5 fmFe , X UERH Mn BB TisCoTx 49K
FRIH, R ERR, TisCoTu 9K Fr Wb 8 %5,

FIH X HH26 T B 1% (XPS) 4T T Mn2*-TisCoTx Fl TisCoTx M 1L Z2 0 R AR . &5 R an <] 2(b) it
s M2 -TisCoTyx FAFI T 5 TR F R BRGSOkl i = MR BB AH LU T TisCoT R 8/, JFH
M RN, SXAEE T Mn2* (1 R E

it CV 4 GCD HhZ A EIS JGi A 1 M B F g 5T It 1 TiaCoTo A MnZHE M 1) Mn2*-TisCoTx
HR A R . 14 3(a) 2 BB Mn2*-TisCoTy FUIRTE 2~100mV st T CV HiZk. CV HiZk3 LRI HAH
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TR AR A AR R 0, 3R I L B AR R ) b 25 1 (28] 534k, AR#E GCD MiZkit5H 7 AR H
MEE TR, BAZEMNLAgEME 20 A g, Mn?-TisCoTx HEARZIEL A2 78 323, 311,
299, 292, 291 F1 270 F gt (& 3(b))o MnZ* IS AT FLT HiL AR o 55 A7 SE st R BRHVE Y, BR 82 3 HL At I
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Figure 2. (a) XRD patterns and (b) High resolution XPS spectrum of TizC2Tx, Mn?*-Ti3C2Tx
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Figure 3. (a) CV curves and (b) GCD curves of Mn?*-TizC2Tx; (c) EIS spectrums (d) specific capacitance versus at different
current densities of TisC2Tx and Mn?*-TisC2Tx samples prepared in different proportions; (e) cycling performance of Mn?*-
TisC2Tx electrodes at a current density of 10 A g~ (30000 charge—discharge cycles)

3. (a) Mn?*-TisCoTx BB AR AU CV BhZLFN(b) GCD FhZk; (c) EIS i (d)ERFIRREE TRILLEBE AL X Z; (e) NiCo-
LDH-100 EBAR7E 10 A g* (30000 YR FERUEB & 3F) T AITE IR BE

BT EIE, (e RN AER T BT, AR TR T 8l 12 [29]-[31] . EIS HiAR T
DA 7068 40 FEL 25 98 FEARA R I R AR AR AT o O T S L M B AR RO B B TR R AR ELVE T, RATIHE
0.01 Hz 1 100 kHz ARG E N HEAT T EIS MIE A8 (14 3(c). B, 5 TisCoTxAHEL, Mn2*-TisCoTy
FRR Y Rs (BRUFEFH) AN Ret (FA %42 A BH) B/, UEBZ AR i S B0 47, AT & 7 109 #of 1
M Psis . A2 TR IR I T B MR 3 1 FE AR 1

K 3(d) AT LAE H, MmN 1A g BInE] 20 A gt i, Mn?-TisCoTx B A 83%IH LL L B {45 %
T TisCaTx (1) 59% L A LRFFZE, FF HAEAF HFTH LN Mn?*-TisCoTx LU LA T TisCoTx, £ 1 A
gL R TisCoTx L LR 264 F g Y I T-AH A R FE R 1 Mn2*-TisCoTyo I8 IS LI A BN 10A g
17 30,000 X IEFRI] GCD MR, PEAl T Mn2*-TisCoTy FIKAS HIFE FR AR E M« &l 3(F)Fr, Mn2*-TisCaTyx
FLRAE 30,000 WRIGIR GG Fa e, HAARIERN 97.5%. Mn?*-TisCoTyx 49K H R Mn JE T d $i
Xof JE - B g HA AR SR IR i 32 RS, %) LA B A SE SRR RHE AR (it FRUAR D S s, (R
BEHAL A S SR R T . 5 TisCoTx AHEL, Mn?-TisCoTyx B B IFH AL AR . SRR, BT
ACH IR N KRR i S AR IR L5, A MIn?*-TiaCoTo 3R1F T 58 = 1 L L2

4, g5ig

25 F TR 8BS A, SR E 428 M2t )2, D8 Mn2 B 1 1) TisCoTx M EH(Mn?*-TisCoTy)«
113 Mn?*-TisCoTx UMM RHE IR By LA g IN R 323 Fgt I mitb A & JF H., 7E IR BN 20
A g, HEIRRER N 83%. 7E 30,000 KIEHEIEAFaE, HARFERA 97.5%. ARSCET Mn? &
Ui TisCoTo M RHIE A 138 ik S TR A% TisCoTx KM, AEUEHE = Fvm MR R FH SR AN A A A RE o IX
BT P Mn?*-TisCoT, FARM BRI — AN RLH AT AE REA R, g f 254 AR AT RHI TE R
AL T B R
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