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Construction of Molecular Imprinted Electrochemical Sensor Based on
2D Ti,C,T, Nanosheet/Conductive Kochen Black Composite
Polymethacrylic Acid and the Detection of Dopamine
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Abstract In this paper, we constructed a poly (methacrylic acid) molecularly imprinted electrochemical sensor
based on two-dimensional Ti,C,T, nanosheets/conductive carbon black (KB) composite for the detection of dopamine

(DA). In the beginning, two-dimensional Ti,C,T, nanosheets/conductive KB composites were prepared by wet
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etching and ultrasonic mechanical mixing techniques and DA was used as the template molecule and methacrylic acid

as the functional monomer. Afterwards, a molecularly imprinted polymer film selective for DA was fabricated on the
surface of the d-Ti,C,T /KB modified electrode by electrochemical deposition. The composition and morphology of the
materials were analyzed by X-ray diffraction (XRD) , field emission scanning electron microscopy (FESEM) and
transmission electron microscopy (TEM). The electrochemical performance of the modified electrode was investigated
by cyclic voltammetry using potassium ferricyanide as an electron probe. The electrochemical response of the
electrode to DA was examined by pulse voltammetry. The detection conditions such as the mass ratio of the modified
material, the ratio of the template molecule and functional monomer to the cross-linker, the number of
electrochemical deposition cycles, the enrichment time, and pH were optimized. The detection results showed that
the constructed sensor had a high electrochemical response to DA, with a detection range of 1x10™—1x107 mol/L
and a minimum detection limit of 4.228 pmol/L. (S/N=3). The sensor exhibited good anti-interference and
repeatability. DA in urine samples was detected by the standard addition method, with recovery rates ranging from
82.5% to 93.75% and RSDs all below 5%. The DA detection molecularly imprinted electrochemical sensor constructed
in this experiment has high sensitivity and reliability, providing a method and idea for the detection of DA samples.

Keywords Dopamine; Electrochemical sensor; Molecular imprinting; MXenes; Ti,C,T, ; Ketjen black
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VARIGE . B R i 205004 2R 20 B B bR A DGR, MAXAHAE A M AL X e R AR HA A
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B 12 e A oh 22050038 R R M B VAR, B HF | SUIE R B (NHLHF,) LU 4L A R (R R+
)% . BB ARG, BENMIET b2 g B &R, $8—O0H, —F, —03—CI(H
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1AL 2P AR SR AT ARSI U5 22 0 FH M X enes BHBHZ2 J2HEZ 451, iXFhEEH AR BReoE , A5l 5
THRAE . BHEZ AR RE 5870 & 5 MXenes AR 7 J2 4S5 M (19 LU R TR A DLE, A A1) 4600 2R i
FEMEEE . — i, SHE AR, B TETEAE T AR, U2 MXenes AK 75 5 R
HH TR T P AR R SR SR A ), 2 A A M X enes T X3S0, 3T HAR D —4ERRIM: RE
RISy T R R, R A RS 4k MXene #4784, BHIRKRARIE 2 [ 5] 40, o]
DABH LK 22 A PR AR, (]38 5 LU BT AR O 5 | ATE 26 MEAL . Zhang 55 R H S5 45 250 AR
B 7800 R HG 58 TiL,C, L A AT PERR , I & HE — ik 0 o 4 s 2 1) e R BB AR A . Ma S54RI ]
MXene/NH,-CNTs Fl 53+ ER i SR G W 1 —Fhs st sy R B = 0 Ha /0 B A% %At . T AR 2R
BE . Zhao SR T —Fh R 24852 S8 B MXene/Au-Pd)AE R I HEE- G ) — R ME H AL 2 A W A5 Ik
. T APLBEAR 25 R .

B A R EA A AR AR L R R TR = & A TG PR 0, T2 I T o R | e e PR
AR i H A 2 A A I e L3 R (KB VE Al R — b, B i 3 B R0 R B A2 A e v
REAS TR ML R A7 1 i A5 BT PERE , DATTTB i A% Jedlie 1) 22 08 ) 07 3 B2 . KB HA BRI L SR THI AR
FE M EREA™, BRASIR B 20 BARsr, IMHE S B8 i R U s KB R ] DU R BRI F g
HRI R 5 HAR o F s B AR EAE T, i — DR M A A AR REPE . D34, KB IR A RAFAIfL
T VAT FE ol e XIS B BB RS AEAS R A PR A5 F A I [ T, M4 i 1 A% e iy 1
FHFg A AT S

A d-TiLC, T, 5 KBS, TE— 1 BA S R AEAAE R IRE RN E S K. ZAaMELEA
PIRAEH: (1) 3RE AL I - KB 15 d-Ti,C,T, 45 4 mT ARSI AL 15 1 L 45 v e Ak AR R 1Y
AR 5 A0 R 3 R 5 (2) GRS AR IR AR AR E PR - KB Y d-Ti,C.T, 456 ] DAy ti Ak A A% Jikdde
RS E M, SEAR A A, SR T s 1) (4 3 2 DU A E s . Ry T [RIERH BT H Ak 2 A e e e
PEVE, 7E KB A1 d-Ti,C,T & G AR R T AT RO RS 20 FERE R G (MIP, RS BN IR TR DI e
R K5y DA) 5 ZUEBLIG , 15300 A 5 DA 20 FAESS G L8 S 28 [ 2546 - ARVCE % B3 2
S S R B MIP . 32 B3 i T DASE 5 AR 55 DA 43— RO RE S B B R B, DA T 3> rE A 2 A
TSR EPEIE N 5 R (Scheme 1).
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Scheme 1 Flow chart of the sensor preparation process and the mechanism of detecting DA
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1 SEIGES

1.1 XK 5

BRERIR (TLALC) Ky, Bk ——FHEABR A5 BRFAER ([Fe(CN)( 7). X LI LM (AP) | i
B (GL) A DA, i Macklin 4= L BHE A BR/A ] 5 LiF, Na,HPO,12H,0, NaH,PO,. KC1, #hE2 (HCl), &
%, JOAKHEE, N, N-—H L B (DMF) FH SE TR (MAA) , [ 2545 Bk 22000 A BR A A 5 R0 96
2N (PVDF) R, 3 A5 bR R AT B 7] 5 Nafion I8 (5%, JRHMIED , Alfa Aesar {27387 47 PR
OS] REE(KB), T A MO BE RN AT BRAS A . S286 K 28 1K, B AL 2438500 2 R 4 b
ali, Rib—Laifh HiEE A .

X'Pert PRO BUK; K X SHAT I (XRD) , faf 2= Mg AL |] 5 FEI TECNAL G2 TF20 Y47 A& 5155 33
T BB (FETEM) , 258 FEIZA H) 5 Carl Zeiss Ultra plus %1 & S0 4948 7 5500085 (FESEM ) , 7 [ 22w 2%
H); CHI6O60E BRI Ab 2= T ARG, i RAEABR AR .

1.2 MXene/KB £ 5 ¥8I$1 %

H 1.0 g LiF iM% T 20 mL 6 mol/L HC1H, &R T /MRS G, 765 min WZZIEAIA 1. 0 g Ti;ALC,,
Bifi J5i 7€ 35 'C L FE 45 h i =4 L8 Tk 2Pk, B2 pH=6. )2 VIIEY i 1d 50 mmx
0. 45 pm BRI LM (PVDF) EAE B2 BB N ad U . i = ifE SR E A A F T 24 h, HlISHAEZ
JEHE B R (T XBELEH ) O Ti,C,T,. 450, 2 ¢ FR TLC,T AEHE T 50 mL 25 B 7K e R AR Tl s
ARER T b, KA E 8 HOR LA 3500 v/min OEEEES 0 1 h, 438 2GR G ISR BT, 15 3IH 2 1)
Ti,C, T 2K A GE A d-Ti,C,T,) /3 B , 2R R T8 48 h, 158 Ti,C,T 49K F.

KB 75 LA B : K KB A3 ARS8 T 6 mol/LAHFRIA W, &I T 1013 3 h, SR 5 Fl & B 1K VeI
W, HZpH A, B 80 TGS 206 LS 1 KB AR

4 d-Ti,C,T, 5 1% fb 5 19 KB M ke I/ — 58 T i b 7E 25 88 /K 75 HLRTE & 20 min, 15 %)
Ti,C,T/KB IR AW .

1.3 MIP/MXene/KB/GCE & BB R 8 %I &

DA A% (GCE) M FEI AL, d-Ti,C,T/KB 5 K i gl A bRME i Ht , #5331 d-Ti,C,T/KB/GCE
G H A, 7EIZ A6 M F A 22 T3 o) e SR At 4 MIP IS . ELURIRAE TN T « 4 RAB M 1 GCE AR IR TR A%
1.0, 0.05F10. 02 pum FYEALE BT HEA TS A , BRI 25 8 FOK Al A BERE AR Y 1 5 min,
I B Nafion 55K (5%, BT 0850 A& TR BE20. 5%, B 2. 5 WL B 1) Nafion K
510 pL Ti,C,T/KB(Ti,C,T,: KB=1:3, DMF i B ) IR B BOIR A . BB 5 pLIRRHIR T GCE &
1, BJE H AR T8, 53] d-Ti,C,T/KB/GCE MBI . DL DA MEMSF, MAA MINRERAAK, 4 TED
A DA 43T MAA RA P, B MIP . BEH] % 0. 01 mol/L DA F10. 03 mol/L MAA 4 R 2% hh i i
(PBS, pH=6), KM = HMWIAR : d-Ti,C,T/KB/GCEAEMTHN A TAEHM, Ag/AeClAZ HLHML, F1RH
W g5 B AR, FHAEER R 22 8 (CV) 7E 0~1.0 V, 50 mV/s Z5 14 F oL B4 107k, 45 A Bk i /Y MIP/
d-Ti,C,T/KB/GCEME M . EEIE HL iR (NIP) B il 25 15 MIP B R LA SR, () PBS 22 P i Hh AN TS
Bt s>+ DA, R SSERUE A TR /31 Bt , R MIP/d-Ti,C,T/KB/GCE 1 NIP/d-Ti,C,T /KB/GCE &
FICK /2R (RFREE 9: 1) IE W h HEFE 10 min. SRJ5, R8BS PR RS 3 W, 42 RIS /Y MIP/
d-Ti,C,T /KB/GCE F1 NIP/d-Ti,C,T /KB/GCE i 1% .

1.4 BAZENR SR

SEEGAE CHIGO0E FELfb~ T ARl b i AR UE = r il R T LA 2= . DA A BHE AR A
TAHERA, S N AR A KCLE TR TP Y Ag/AgClHLIR , XFHL B AR 1 em® F4A A FEL R .
¥ NaH,PO, Fl Na,HPO, - 12H,0 %% T DIW F1i 45 0. 1 mol/L PBSZEMNR . N 1 7 1L B A T i
fif O, 00 T8, ZERF U AL AR 2 1T, %4 0. 1 mol/L PBS JH N, 3074+4L 30 min. CV IHAE 2 0. 1 mol/L
KC1 #9 5 mmol/L[ Fe (CN) P ¥ ¥ 1 (10 mL) #E47, S HHE R 50 mV/s. 2450 Ik {R % (DPV) S50 7

Chem. J. Chinese Universities, 2025, 46(7), 20250040 20250040(34/41)



Jd B3 s Ky ¥R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

0. 1 mol/L. PBS ZZ mhifi v (10 mL) #47, HLER 14 0.2~0.6 V, HLEIREE 5 0.05 V, FrEREL{Ai 4 0. 004
V, Bk5e}0.06s, ki E 0.5 s.

2 #HREITE

2.1 HIFHERMLERE ST

B 1A H RS XRD 3SR T AT SRR AR Ti,ALC, . 38 )2 Ti,C,T, . KB % d-Ti,C,T /KB £} 1 A%,
Ay . SR AR R %) K H,0 2 T B A BT L Ti, ALC, FOATT 5% 8 AR T 5 20=39. 8°4b U1 J& T (104)
Al AT %2 20=9. 45° 40 (001 ) & T BRS04 . d-Ti,C,T 48K F 19 XRD 1% B H OULER 21| 20=6. 7° 4k (001) & T
AT s, R PH Ti, ALC, BB B /D2 Ti,CLT 44K A . KB ) XRD 1% K 7E 20=20"~30° F1 260=40"~50°" 35 [l
P B 2 A4 BE FLARX A0 B AT S0, SR H R SRS AR, X 2 N6 KB N R P IX S ik
A7 BLER Y (200) F1(100) 4 T BOAT S 502,

A)

A, KB

|
TiC, Ty
* Ti:AlC,

10 20 30 40 50 60 70 80

Folds of TisC,T.

sheets

Fig. 1 XRD patterns of the prepared material(A), FESEM images of d-Ti,C,T,(B), KB(C) and d-Ti,C,T /
KB(D), the high-magnification FESEM image of d-Ti,C,T /KB(E) and the FETEM image of
d-Ti,C,T/KB(F)

E1(B)~(E)"H T d-Ti,C,T,, KB Al d-Ti,C,T/KB #1 ¥} i) FESEM P |-, 28 3 inft 21 54 J2 4k ¥ )5 1)
d-Ti,C,T R I FEE54 [ 1(B) . KB FEEH H AR 50 nm IERIEAUK BRI 1(C) ], I HASURLR /N
XS] A HUMIR S5, BOE KB AURBURES &) 0 A5 T d-Ti,C,T R JZ 3R R R A J=2 Z ) 1(D) il
(E) ], SXFhESHE R T By 17 JZHEF VR T, A7 B T2 s AR FERTEAR , AT RO8 I 1 R AR & 1w f BN
MRS, T4 B 1 G iy SR A . FETEM B [ 1(F) JifE— 2B 3830F T d-Ti,C,T /KB A RO 4G
FRpt . £T IR R BRIE KB AHOKRIBURL . 4 (0 17 3k I8 0 B2 d-TLCT 0K A & th IR i 4. ]
WL, 5 FESEM FRAEASRIEAR—EL, KBFORII S 0 B7E d-Ti,C,T 40K A |
2.2 {EimEARAI AL FAHE

PALFe(CN)( i fbaa O BREt, R CV 548 T A FME i Rk 0 - S ERE . anf&l 2(A)FI(C)
PR, 25 56 ) AR B — X S Al Jit0ee , {HLAR GCE FEURR AR I L IR AR, KB B M R AT A8 L DA R
R, d-Ti,C,T, F d-Ti, G, T /KB S 5 A4 R HE Ui FU R A e L AR 22 AN, 249 U RRFELACRT KB 4B Wi L AR
I, S AR LR AR B TR B T3 i A s i v, 4R Al R0 . R e OB TE
T LB R T ] A MIP RS [ 2 (B)AT(C) |, e FL 30 G B A S0k, MITP e NTP 48 i v Al 5
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(MIP2 1 NIP2) f% H, 3t HE 6 A6 BT (MIP1 A NIP1) &5, MIP & 4 Bt #% Ho NIP 45 i B #% A 06 B, 3 755
[E2(C) ], R T EEARME I AR A AR X R4 DA (I R, 558 176 0. 1 mol/L PBS 28t
B AR AN 0. 1 mmol/L DA [ HELAb24ma i 1 . & 2(D) i, #f GCE [hmi o7 FL it dee (1%, 5 FL 2k it
LB F M 14 P R v, LR MIP YD) (MIIP2) FL R, MLTP 63 RS 0 NP 5 B8 R I Fh % 194 P 7 A
EAZ, HMIP2AL. PEBEETEC BRS80S GPIRE, Stz 2], i S NIP Y
JE LB, I F NIP R S BT FIEDIE 25 s, TR iz BH, W H S A I, MIIP R B3 /s Bl i
BRI 07 FL 3 HE GCEAIG, IR FENIC AR R S Wretk, RS W SRR AW, (BHAKRR S W E—
SEFRE L 2ssg il 1L 0T, e HpE, Ir LA R F A R S PR A A B R 14 i 7 L 3

200 200 200
(A)—GCE (C) Anode current (D) —GCE
KB, 150 30F —d-TizC,T/KB
d-TisCo T [ | MIP1
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< < 3 sof, S20f —NIPI
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Fig.2 CV curves of electrodes modified with different conductive carrier materials(A) and MIP and NIP
membranes(B), CV peak currents of electrodes modified with different materials(C), DPV curves of
different modified electrodes for the detection of 0. 1 mmol/L DA(D), CV curves of GCE at different
scan rates(E), CV curves of the electrode modified with d-Ti,C,T /KB at different scan rates(F), the
linear relationship between the CV peak current of GCE at different scan rates and the square root
of the scan rate(G) and the linear relationship between the CV peak current of the electrode
modified with d-Ti,C,T /KB at different scan rates and the square root of the scan rate(H)

MIP1: MIP membrane before elution; MIP2: MIP membrane after elution; NIP1: NIP membrane before elution; NIP2:

NIP membrane after elution.

h 7% 555 BB A-TiL,C,T/KB/GCE TEFREH W [Fe (CN) ¢ [ i M Ak 27 Sk 3 i s s 3l 77 27 3k
&, FIH CV J5 843 3% GCE M Ti,C,T/KB/GCE 7E 50~550 mV/s 75 [l P -4 73345 . MR 2(E) F1(F) Af DA
Filh, BE AR, SR F I R R K, JF B R EaE K, B AR . AT
A S W IR LG O R TP AT LI, 0 (o) 55060 0 A9 AU T e W A (1) 2Z (R FE 2R
P g . E2(E) %, EALH I 1,=682.9 v - 76. 46, R*=0.9978; if JF HL i : 1,=—635.7 v"*+58. 21,
R>=0.9976, £ [Fe(CN), P WAL A BEA-Ti,C,T /KB/GCE 18/ Fo A 2 T G P B L] . A
B, AR A R d-Ti,C,T/KB/GCE #2417 85K M Ak 2436 P 1 A, R Randles-Seveik /7 f2 —#1&
s EEL R P R AL 2 M TR R = T

1,=2. 69x10°N*D"*Acv'”

K NR[Fe(CN) P B ROV L 50 A HALEIE YRR s D R SRS ¢ [ Fe(CN) 17
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B RE . N Lo 2R A BER AT LU H 2 A AR d-Ti,C,T/KB/GCE i HL AL 2236 PE TR AR 0. 1263 em?,
5 GCEAM (0. 034 em®) P K T 271. 5%, 8 d-Ti,C,T /KB &G RREa] LUK H Ak 27 2 b 4R A4 K Al i v
L, Ay i R ORI DA B9 SEA

2.3 fRREEHTI DA £H4Rf K

N T Ak MIP/A-Ti,C,T /KB/GCE F 7 i A #64k , A CV 2%t d-Ti,C,T, 5 KB B it e kAT 1
Ak s R DPV LX) MIP SR A PR . A 43+ 5 T BB BLAAR Y SR L] | B 20 DR MG ] | A )
T 995 75 IS 1A K2 2% w5 U pH (%5 2 5046 % 0. 1 mmol/L DA f4 PBS ¥ W& P % A [A) 45 248 F il 45 19
MIP/d-Ti,C,T/KB/GCE #EA T UL ALIMIA FAc e 88, FrAa B3 7 3 R DL B PAT 5255, AR UEECHE i 1
B T E A
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Fig.3 CV peak currents of d-Ti,C,T, and KB with different mass ratios(A), DPV peak currents of
electrodes modified with different ratios of monomers to templates(B), DPV peak currents of MIP
membrane electrodes with different numbers of polymerization cycles(C), DPV peak currents of
the MIP-modified electrode at different elution time(D), peak currents of the detection of DA
after the modified electrode was incubated in DA solution for different time(E), DPV curves of the
detection of DA at different pH in PBS(F), the relationship diagram between the DPV peak current
of the detection of DA at different pH values in PBS(G) and the relationship diagram of the change
of the DPV oxidation potential of the detection of DA with different pH values in PBS(H)

The insets are the corresponding CV or DPV curves.

232 BERGHERGMA FETEMS T (DA) STRERAR(MAA) ANFERAEEHI(1:1, 1:2, 1:3,
1:4, 1:5)BF ) DPV HLGRMN; , PAPEH MIP 25 A4 R B s B A . an® 3(B) iR, 7E1:1~1:5
(5B ELAISE FBL N, DPV I FEL i) 1 1 Bl 2R 7 B A9 3S R T o . LT R, B i — s £l i 2
RE L RREA RSB > T-456, TERUHE Z I ENE 25 i, MIMTHE5R T MIP X H AR 431 1 1 A A 5 s
J1. [FES, B DIREERAR RGN, AW YN s ISR 2, (B3 B T A S SREW
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LRI A EL A 1:3.
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Fig. 4 DPV response curves at different DA concentrations(1x1072, 1x1073, 1x107%, 1x10~® and 1x10~° mol/L)
(A), the linear relationship fitting diagram for DA in the range of 1x10"—1x102 mol/L(B), the DPV
curves of MIP and NIP sensors toward DA(0. 1 mmol/L) and structural analogs of acetaminophen
(AP), glucose(GL)(0. 1 mmol/L)(C), bar chart of peak current(D), the DPV response diagram using
5 parallel MIP/d-Ti,C,T /KB/GCE in PBS solution containing 0. 1 mmol/L DA(E), bar chart of peak
current (F)
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T Al MIP/A-Ti,C,T/KB/GCE X DA FY4E S e PEbE , SEFFAS I S WAB RN LT 2 S
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Table 1 Determination of the concentration of DA and the calculated recovery in human urine by MIP/d-

Ti,C,T/KB/GCE
Simulated sample Added/(mmol-L™") Detected/(mmol - 1™") Recovery(%) RSD(%, n=3)
0 0 0 0
0.100 0.087 87.00 2.7
Human urine 0.040 0.033 82.50 4.3
0.016 0.015 93.75 4.5
. S2BR EUCRE A T 82, 5%~93. 75% 2 1], % T ——
2% A% T R 6 4 1 3t Sz I H DRIBUFEAS Hf DA i5 =0kl
FO TS S ik LA, i 3 R SLB 1 RSD < ol
EIHMET 5%, dF—UESE T MIP/d-Ti,C,T /KB/ E
GCE 75 DA Kl 1 BL 4 5 BUAE B2 ME . 59 g
—J7 1, WEISTTLAA Y, ZERLII DA () L or Blank
FTIN, AR EEE BH I 1) PR IEFEAS A Al ) 5 1 e YT
T4, K, MIP/A-Ti,C,T /KB/GCE 7E 52 br R Potential/mV

e 1 P LR TN N J
VRO At PN DA s AT A e 1 3 A Fig. 5 Representative DPU curves of human urine after
GICIERRES

3 %

adding DA using standard addition method
A
e

ST —FP LT d-Ti,C,T /KB S HL E A B 737 B L A . DA MAA DIBEEAIAR, DA SR 43
¥, FIFH R UTBE AR G4 T 0 FENBASE, PeIBi)s 15 2 BB A2 [RIRHR B A e AT DA i MIP . d-Ti,C,T/
KB & & RHEAT K HL R HARAL S0 S R PERE , KB 9K A AT S0 T d-Ti,C,T, 49K H o
B MR, d-Ti,C,T/KB 5 MIP 25 &t e 3 R AT A PRFEIRON , BEASAEIE DA (1% 552 R B i e A~ i
ORI, A5 B THE M R i R B . 2l il a8 S5 F AR AL, Firke 1% MIP/d-Ti,C,T /KB/GCE f% s H.
H R DA A3 bEfE , HEZRPER NG Bl R 1x107°~1x107 mol/L, 45 HBR A 4. 228 wmol/L. 1% J8ss H AT
ROF R ReRert | S A RN AR, T b PRIGRE ARG I B A R4 1 [l SO AR R v 22 . TR
JEF d-Ti,C,T/KB M RHY) 43 B uA% B4 B v R AR R e ek, TP T B | AIRAS | B e
AL DA .
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