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Research progress on MXene-based electrophysiological electrodes

LIN Xinyun'?, HU Wenya’, SONG Dekui"*", LIU Nan®>"
(1. Faculty of Arts and Sciences, Beijing Normal University, Zhuhai 519087, China; 2. College of
Chemistry, Beijing Normal University, Beijing 100875, China)

Abstract: Electrophysiological signals, such as electromyogram (EMG), electrocardiogram (ECQ),
electroencephalogram (EEG), and so on, provide critical insights into the state of human muscles,
organs, and neural activities. These signals hold substantial value in applications such as disease
diagnosis, health monitoring, and brain-computer interfaces. However, their high-fidelity acquisition
is constrained by factors including the interface between the electrode and the skin (or tissue), the

intrinsic properties of the electrode, and its biocompatibility. In recent years, transition metal
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carbides/nitrides/carbonitrides (MXene) have ideal materials for

electrophysiological electrodes due to their distinctive structure and properties. MXene exhibits

emerged as fabricating
outstanding electrical conductivity (about 10000 S-cm_l), tunable surface functional groups (—O, —F,
—OH, etc.), mechanical flexibility, and biocompatibility, enabling conformal contact with biological
tissues and reducing interface impedance. This review highlights the unique advantages and potential of
MXene in physiological signal acquisition based on its structural and performance characteristics, the
research progress of MXene in the field of electrophysiological sensing is discussed from both epidermal

and implantable perspectives, the limitations of MXene-based electrodes in in vitro and in vivo

electrophysiological sensing are summarized, and future research directions are proposed.
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Fig. 1 Epidermal ECG signal acquisition using MXene-based electrodes. (a) - (¢) MXene/AgNW ECG electrodem]; (d) fabric-based
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MXene ECG electrodes
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Fig. 2 MXene-based epidermal multifunctional ECG acquisition. (a) Schematic and physical diagram of circuit module of the
defibrillation process simulated using an rGM thin-film AED electrode[m; (b) the obtained ECG signalsm; (c) epidermal

multifunctional electrochemical-electrophysiological flexible sensor array[32

kg S AR 5 1 BELAC £ 2 M F A, FSE 4R L T
2 AL S8 I RO P SR {91 5 A T SR
IR TR W4 R 2, AT SRR R 0 S 1 L
Ps HADBDRHN S i B AW . B F IR RS 48
AL T FH T IR B k- B BELE . SR, b 3 3
T VR SE e | A AR 2 P s AR S 1) S, 7
VRS R, o 5 R I L T AT T VR, 55K
HUB SR R B PERAG . KT IR vt L 2 T
Bl X HhL A A ek 3 RS T S 45, AT A 2
MXene HAT B SHIVE . RIFHIEMAIZNE AT
VAT N T, AR RS A AR e R AR
A, MXene 3 i B A FF it T JHG bRt o 41§ H, P 174 g
3, A B4 SR AR T (97 /7. Song 257
I MXene 3% — 450k, 42 th—Fh Z I A8 . A4 WfT
HE S ELTTWRRS A2 B9 MXene HLAR, 45 L 8.
PR RIS AR & ] —F &, 23T L
P35 (1 — PRI W 5 3A97 (18 3(a)~(c)) o %L

]

DAZI il 5 () BT LA ) R 2 AL R e 25 B 4R,
PEALE S PERE, I8 i B2 B B R 35 MXene il &
T MBE(MXene-based electrode) Fi 2 . Hi THE 4 1Y
KR ZfL45H, MBE HL R AT 38 1 6 404 H Wl
T, TR R 4 R BH B T A 35 Bk MXene 44K
Fr, DT T RAR e A F AR / Bz Bk S T o Xl — A |
AEYRTE B H T RRCE R T, IR H
T U0 PR R 25 W ) 5 4 B0 A o A 2 P T SRR A
PEAE T REE IR, doh A IR TR S =
Shi 457 LA pKAEAR & 4 9 Ti,C,T, MXene “CBEIR
R EEA, RIS FREWER [2-(H BTt
S S ] TR (3-flN BE) AL (PSBMA)
S 8t 56 IO 8 A% L T T SO R
A4 H, 1% ( sweat-absorbable electrode, SAE) ., PSBMA
T B IR 6 TT 55 K IR U, DT S BV U
W, m st 5 R ik 22 8] AT B SR A H A B AR
Fa IR BB A . R, SAE ZE SO R G, HE

033102-6



FRIRHY, 25 MXene F H A= 3L A A0 B 58 F

@ (b)

. Motor neuron

response

(d) (e)

Ti,C,T,array {14

(on back of hand)

Pl 3 MXene FEF LG5 RE.
EMG %45 ""; (d) B 4M¥E% TiyC,T, MXene

Fig. 3 MXene-based sSEMG acquisition. (a) Neuromuscular electrostimulation schematic dlagram
and (c) Ag/AgCl electrode for electrical stimulation therapy and EMG acquisition 8]

SEMG electrode array[ H

H AR BRAE  i0 S BE ) 1, R M b (K F 40 dB,
K H 20 1g(Vy/ Vi) WAL, o v, vy 4 50 LR A
SHELMENYTRE) RERE. #-P0
Hr EMG R PFAG LA 9% 55, Jf-38 F LSTM #2845 7R
T EMG H5&fE% REREZENLR,

o JE R M WL ( high-density surface
electromyogram, HDSEMG ) 5 K 7 T v [l 1 =5 18 iﬁ
BT EL A RS, LR R A 5 R TR TR A R A S
SRR A R S R e, SR, jT:f%f
Ji& HDSEMG 4% A7 [) A S 39041 55 1 BE e A o 0 2
JoR st 7 4 7 T AT 1T I Pk R . MXene R H: 3 & 1)
—O F—OH K v 5, GEME R If 438 T /K,
X — R A ) L ST R s AR
Murphy 25" ¥4 Ti,C,T, MXene 3% F 2 1 %t —
FH 2K -C(parylene-C) 7, 3454 Ti,C,T, MXene W =5
FHM . REPUEE M DL parylene-C 1A P4,
FFk& T —Fh & % B . JCBEE B SEMG B B3, 1%
W 1) TG 5 3 PRI JC 18 B2 DR AR B 55 4 T RS 1) 4
FEL B K it A 5 8 L AR A9 X Bb T4 3R B, THLCL T,
MXene HLH 7R LRI F 32 55 U5 4 19 1] R 20 i B sy
) SNR((39+16) dB) Fl 7 S B, HL /17 Jik BH T 2
F A% (0.55 kQ-cm® vs 4 L% 2.9 kQ-cm®), I HA
KGR 23 18] 4 B R, A E 3(d)~(f) Ff7” . Cheng

© =Peak of evoked J

|
A~ »
! \qf\" Vil response 2 !
1 I/ ! I I
| ¥ I | “ V

Pinch grip ®

11% of F,,(t=20 s)

; () - (f) changes in HDSEMG signals during the grasping phase

\.,..,/‘

10 ms

MBE 1 H k ’“f\: Ag/AgCl ' :
{mV] : - Ay *w

(] : © =Peak of evoked :

Loading start
56% of F,,(t=21.5s)

(a) %2 WL P F s 2 11 Y5 (b) % 2 MBE HLBE AT () Ag/AgClHLHR Y L TR BLI4 7 5
B 5 SEMG HLRIES] Y (e)~(f) S4B B HDsEMG{

/E,ﬁﬁlzé—][}ﬂ

; (b) epidermal MBE electrodes

; (d) high-resolution Ti;C,T, MXene high-density
[34]

A0 SRR RS IR 1 41 R A T 64 IE =
Yk Ti,C,T, MXene/CNT 2 & HIM . 7ERETFE sEMG
B, 1% FL AR AE 100 Hz 45055 T 04 422 fi BEL B 4 A 7
Ag/AgCl BE I LI 1Y 1/10, [R] 2 B HH B4 A k2
Mg RO 2 S MR L . S A LRSS T, X L g
PP [R F-3 1 SEMG, TR 9IHERG 255 90%.,

1.3 RERBES

FMAE R AR B AL BRI FE A% 38 A% L, 7
H A AR GIRRIE ) EEG. $2HUREE 19 EEG A Bl
THA T NN F S FE AN R4 . BT, EEG
KA FE AR LR, 8 e T R PR ARk K
W Z [ BT o AR, 3 B J 2 i 400 o 2 S, fiff
FRE AR 2%, BRI T EEG 9 H 3 R4 o
£ G AL % 19 5t T ( brain-computer interface, BCI) 1£
EEG RAE i ] S 0, A4 e 4% HAR e il 7
MZEXCEZ, LR EEG REAN T il sh &
ANV I s B 68 7 A R LA K A% i A ot 25 5 5%
[R] R

Luo % 4Lt T —Fi b T MXene Pk 521 85
F SIRA R N KR B1-MXene 7K EEHE (polyacrylamide
sodium-MXene hydrogel, PAAS-MXene) , 1 i AL
ST EE B, A 4Ca) o . FERTIEIRATE,

033102-7



DIRERTBLS A2 4

PAAS-MXene 78 9 1 S (RUR A 9 4 BT, AT 55 B 3

HiE B R Mk B L. MJGTE S s PGS EE

JBEAK., B el B N T R AR S TR BT . MXene 1 R 38

I 72 G W stk v A2 L Sh A A0 BLA/E L, f PAAS-

MXene Ji& 3t A 5 19 iz JoR G057 4 | A A 3G I

AE RN 75 B PEBE . K PAAS-MXene f£ 4 BCI #1
(a) OF vy,

(d)

—~
J
~

Amplitude/(arb. units)

BT 3 Sk i A2 B, X B R RS S AT
ST . i BEG 5 il ft i T R R R (4 A [7] 35
T R MR R B ELR LA 5, SE B B HUB I
Fr ol fs bk AT AP o X AL T 50 g A S Rk
Wy B A5, 90240 7R T MXene BE 42 178 T Sl il
PLAZH T

REST
Beta
; Gama

— Theta
Alpha

m Beta
b ,! i Q | Gama

— Theta
Alpha

20 40 60 80
Frequency/Hz

Bl 4 MXene 535 INHL(E 5 R4, (a) PAAS-MXene SN L 5 (b) TiyC,T -1 4 22 S 88 I = 4 MO8 A T30 EEG [491)
b s MPET WEIALHE HI T () INIRS, (d)MRI Al (e) R i £ 5 o s flei

Fig. 4 MXene-based EEG signal acquisition. (a) PAAS-MXene gel EEG electrodes
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Fig. 5 MXene-based ECoG electrode. (a) MXene implantable multi-channel ECoG electrodesm]; (b) raw EEG signals recorded from

anesthetized micem]; (c) power spectral density of ECoG signals[49
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Fig. 6 MXene-based deep cortical microelectrode. (a) Implantable cortical microelectrodes composed of MXene[Sl]; (b) raw spike band

(300-6 000 Hz) signal[m; (c) signal in the grey area of (b)[m; (d) schematic diagram of MXene fiber electrode for cortical recording
(e) LFP changes of MXene fiber and Ptlr electrode with stimulation
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Fig. 7 MXene-based cardiac patchm]. (a) - (b) Schematic diagrams of an OBXene patch deployed onto a porcine heart; (c) - (d) optical
images of the OBXene patch onto the porcine heat near the left ventricle; (e) optical image of the composition of an OBXene patch
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