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Abstract

In recent years, flexible electrochemical sensors have been widely used in various fields because of
their excellent flexibility, extensibility and electrochemical stability. Carbon-based flexible sensors
are made by functionalizing or modifying carbon nanomaterials or their composites on flexible
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substrates. Because of its excellent electrochemical performance, low-cost mass production, high
stability and excellent mechanical properties, it meets the characteristics and requirements of high
sensitivity, miniaturization and integration required by wearable sensors. This paper briefly in-
troduces the construction, development and application of carbon nanomaterial modified flexible
electrochemical sensors in electrochemical detection, and summarizes the research progress of
carbon-based flexible electrochemical sensors in different fields in the past several years.

Keywords

Flexible Electrochemical Sensor, Electrochemical Analysis, Carbon Nanomaterials, Sample Detection

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 53|

AR, MR T RGEERST LA, BV, PLas AHlE UL DA S 08Hs SRR JE . Bk
FETNE AL 2 SR AEAR R A T o R BT R I, KUY E A R S AL A AR 5 S A 2
TG BN A 8% . SRS RIRIVE AR L, BREESENE it A A RS I B AR e Vo . $ir
SR v, AR PIAR A L R AR BN AL SR A, OISR RORT S AR [1] e BRI 1 H 1A%
TERE, R AR R S I PR BOR AL A5 5 R I B AR 5 (4 FLAL S AT st T SR A A 2
X AR SR AL 2 AR IS RES AE S PRl bt R A5 BT R B AR, FoA BUF R IR 5
REUL[2] [3]o FIL, PASRAEFEA R A G BRI R E 9 S8 AR SR rA 2 AR AR )
B 22T S 55 22 U8 A AN T HURI L. A, BATARIEM BRI, BRISRIRL S SR L2 A%
JERER N = AN D5 T H R AT A A IF XTI R A 1 IS

2. RMMBEREE

T RURAR B — E R, ISR, VB AR R PANRE U MR RE RO R . $2 R
HA TR IS AR RETERRH4] . ARX T A= SR R A SERIVE R RLE A 1 2 e, o ff
PEFIBRUREPE 72 R, AR A BT I T R . AR 2P DL R T 2 SRR SRR A5, 320 51 JEE &0
FAN[S]. N TR RN TROR I EOR, R IELr . AREE ] kR SRR RSO TR E FE AR LB
PRI RBE R 2R . FEARZ MR IERE D, B PR AE(PDMS) BN 1 MITHI E k. RIS
LI NR(Ecoflex), A1 PDMS [FI#E LA RAF AIAUBE REMIE AR I 44 o X IR SR AAE B A A RIS
B LR TEAR AN I T _E S0t 17 m BE R AT AR TR AN RF 4k o Aol Dy il e 4 T AT 257 S A IR st o R B A A1
2o BXEHIR L BE(PET) FIFEZ — P IERE UL OSRIE L T8 F R AL AR B AR,
VERERD A, T HEA M ORIRENE . LEPEAMBURITES, Ik DUSKSR AT oo B 0 b — B =
B2 AR RA R, BLE G FE R SERRM A P RARA I F3K, ATEZAN 4 T PDMS, PET,
Ecoflex =RSEEAPRIN A TSRk L T B0 (M . JUILAEF] o BRI R AR ISR U5 S AL, i A
THIG BT B #, S T 2 RV A S R R AR ST A YRR, IR AT ) S M IS [6] [7] 8]

2.1. B-EREES R (PDMS)
PDMS S m v, (R A AAR e TR UL AL, B A AR A SR 2 M ] 2 st % N
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HIFAT TR R A AWEFE T PDMS 5 BIALZEEOR DL R AR 2 BT AR A 1, R DL B I i AR S
PEE & 5 N, w ] T BEST AR 9] . Li 55 AR 1 SR 2 BEBR A0 K A (MWCNT)/PDMS LK.
3K MWCNT-PDMS & £ iR IR IE BB -l h . Sl DNA (& IRES PRk filig, T AR
JAS T FH P22 25 1) DNA AR IR E40SF 7 18 6 [10] . Mao BREZHTT R T —Fh kT PDMS (94 422 5 i B
BR, DA & AT R AR A 4K S5 R G VR AT I NO BRI SR Ha Al . SR PE 4 A ri M B AT Hh g LA
FRENE, AIREE DR AR, DA AUAMOR] B R R A R B A A R R T AL S5 S
iRt T EZHL[11].

2.2. ByAR_FHEEZ —BR(PET)

PET AEy—Fhi DLIRTmT T~ 6 St R 24 ity b (R R AP RN BE A 8, BRI ) T W3 R v i Fog o 8540 o, 3
SRR 2 FH T o R Ak TR AR FRLATER . B, L A AR B SR A AL 2 AR A TR R
BT AR BE IR E 43 EE I B 2R i (PAND @R EAL S (WO Kk B &+ R, I B e 2 PET JER |
DA & TE iR T IB4T 1 NH3 (885 [12]. Chung BRUEIHIRZR T 75 R BEI /58 6 2K — R 2. I8 (PI/PET)
Bebf BB = AR PRI . BRAKE . SRS SRR AR, F T S I RE SR NO, AR /R
AR B AR NO, KIIRE /) BAE =R N A R N UME I AL B RE[13] . Yao PRGIZEAML EE
THT PET M4 AR (PGE) i & i A4 Bak . 5% Gl n of S 4 AR AL IR AR AR L, PGE-H % 1%
TR A 7 B, AR EL P f A A% /D o 76 0.02 & 1.11 mM 281V Bl 3 R B Jy 22.05 pA-mM em 2,
R PRAG 2 2.7 pM (SIN = 3) [14].

2.3. BERRIETS B &L BEE(Ecoflex)

Ecoflex J& —F g i %5 & IR IL KT, 1ENEREANEEREGY, BA A mErEEE, 5 T
1R AR IR [15]. VE N —Fh AR, Ecoflex |32 Fl T & B2 97 0B HLEEAI A B itk 4k, 33 —2B H]
A PR g K 78 T AL R B DL ML A8 N . Sencadas i EEZH I MWCNT 5 Ecoflex 184G, T
—Fh B LR PAR R ES . R AR RS R B, BBH S RTEINR AR Z (R B R R R, &
F ]Ik 200%, FEEA AR RBUE, SO0 TR RS T A A IE 30 I 22 0C 2 [16]. Li PR T 2018
& T B S HUE BN 2 FL MWCNT/Ecoflex SRS A0k DLAE B R e RS A 2
il £ B A% 8 T ARSI 2.6 Pa LARI R ), VR AT 28 SEA0 4 7 i I3 3 ik RH O 6 55 28 38 5 T LA HH
FIPERE[17]. UE4h, Chou iR @I4LiE LK BaTiO; Fikiis N\ Ecoflex JLJii Ay 2 ME ¥ 4% . T Ecoflex ¥
[ A, s B R A0S B R A R e e R, A AT DU RS, I
KATIEBN . IR T 50T B kAR I JC A e B gk R B LRI R LA B Y [18]»

2.4, HbFMHEAR

BT IR AR, R P)IE N —F R = o TR, BA RiFsiktese. PI BAH
R, A s AR ARt R R E S AL, T TR, AR Tk A
[19]. BIHPE)R—FEZENREEY, HTHEIG. 5T, ZIhReNE DL & I s sR B FEE A
FAFERIRE A, B 2R TR [20]. AR A — MR WLSR G, BREABR(PU) B A B H 1] i il &
TR DA R R ISR ItE, 2 AL R T G R [21] o X B2 ARl v] T AL S AR SR A A 2 o
3. BRI

A AL AR AR SR A RS B U R U E REAN HE TR R TR A R AL B B T SRR R AR,
TEERMEME N SRAEAR RS RO 7, JEHGRBRAUK AT BSOS I E SR M AL~ AR AR B BB R 22—
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BRAE N — R ZAFAE R TT R, B 2 N T REARORGUE RAEAE LA R, BREUOKRFIRL T 23 N DYEE:
1) FYELitly, WEEE. R TR 2) 4R, WERGUKE . BRAOKE Sk, 3) 4ELSH, WA S
4) MFYE, Y CAEAMAURTT R =R R, R [22] . ASOR R A RRINKE L AR
il S BNt P ST S

3.1. BRAKE

F 1991 4F lijima 7F B K7 K A0 58 IR = v R BB GN KA DAk, Bt iy K A DR L b e ) 4 e (8,
FL, HUBORIARIR BE 1) 1T 4 32 KIE[23]. BRAKE R EANILOK, KB NEBCKI sp? BT, Ba s
M, AU PERE . I SRR, BOR 2 R A SRR E T DLE M gk, 2
BER AN K R B BE il 49 K B (SWCNT) [24]0 3K 28 F WA K MURR I B IR 45440, Bl oK i B LR i Y
FH A R R AR F AL 2 T AR e S AR, X SR R A AR AN oK A 22 P el AS 21 R AP (R H, R itk
YK AT LA R — s P RS 1 FE A AT £ 50 2800 F b 2 AR IR . Kim S5 B I 22 R AL 2 P AR AT 3
SWCNTS [ 2 i i ffy R T EAT AL, T8I p B445 2% 1T SWCNTSs W48 FERE 1 Fe 25440, il 4% 17— g B
FUEALIRES, HT 2 ERRNI[25]. Bao 25 AT 2019 4Eilid ¥ MWCNT 5 PANI VR & HAS i fE 22 W E
il AR (SPCE)BE AR I, il & A M i 33, b2 AMESE 5 MWCNT/PANI E &K, HTIRE
frAsII[26] .

B2, FNESEZRAFAERRITOEAEAE AR T, BCTEE I 0 7 B 22 2 s m i 9 oK 7E
AW 2R G5 P IR 2 e . A 9 R B R T R R A A LA N R R N K VA A R IR R A A T
REARFIE (0 T2 A5 F G 3805 VR (270 BRAh, B 90 8 KR K B AN oK 5 A 4 4 e (191 2 4 4 K S
T REY . EVMEE) G S . FERIEBRAKE R 7 AL G M TR R, R & A8 BB R 08,
DS BRGKERAARE, Eom It s ik 22 A [28]

3.2. AEME(Graphene)

A SBIRAEN R RGN KR, 2 sp? 244k A T LB N AT HESU G B2 0 R T o B TR
oW REEFDREERE, A SN R 2 KRR BRGUKRM B A SRR m e,
FEAEH DG TR . X G387 T F Ak 22 R AR A% S 3 1) 2 B AG W 7E IR
51770 BRI T A0 880 v )2 Z IV - SR A ELAE FH DL AR PR, iz 5 kAR TR B8k &
RS 7 SRR TR, RBARTEARZR RN IR FN ORI 2 5 i A1 3800 AT oot
LR & U E RE I ST RO AT AB 1, TR B SR AT AR ECH SBIR R A MR, IR A0k N 3
LA 27 A A SRR A ) % v . Wang 25K A 2 S TR I 48 Au GKORE 1B 116 [ F 5847 (AUNPS@Gr)/
BIERGIKE S MR (AUNPS@GI/NIF), # R AR H0, AL AR EEE, R I = 5 Bt AR e
[29]. Zhou &8 NJT R 1 — e T4 2738 JF A A7 52075 (C-rG O) ¥ il 67 W 2L W0 A% JRalie RIS U 67 0
ZAL RS B 0.01~10 mM K52kt JE L, 20.21 pA-mM-cm ™ 17 REBUEAT 2 pM (S/N = 3) R I PR
[30]. Tig FlI RGN KR (AgNPs). S84k A7 8075 (GOY I B LA Ul il 45t AT DA BEfth kg 2 ] ARG I 6 1
g, 20, RERM L-OZRRNEYALRE, RS54 0.984 umol/L, 0.01 pmol/L, 0.142 pmol/L
H10.122 pmol/L [31].

3.3. BREF /= (CQD)

VRN — R R e oK AT RL, BT R(CQD)RS/INT 10 nm, B #ORILLICRIS 2 1T 2 M 5T
FERTIN U, K2 Bt FE AR AR AE CQD HIZOEHiE b SEPR b, CQD IEBA it i B 5 R B B K
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RRpE, XS S AR EAN . HEPEKIAERE CQDs Kl A F KEMRIEMEELE., CQD HT AW/ H
TR IE , AN AT DARE S8 /K VA AR 1 4 a8 R, g L 38 AT 38 o e b A L A P 3 5 ok B e ) G 41 3 B
[32]. Hand %5 A& T —FpE T Ag@CQDs-rGO YK E & Akl mn REUEALKES, F T2 ekl . 76
BREEZM T, ZEMEIMLNIERN 0.1 % 300 uM, KEHIFR Y 1.59 nM (S/IN = 3) [33]. Deng i A T
E T USSR A2 1 ENI R R A Zh gL SiO,@CQDS/AUNPS/MPBA 40K &2 4 A1 7 AL FELAK 27 Rk e A
o AR E AR R, A R B AT URR T B IS R ARG A e
[34]. Muthusankar 25 AJEF N-CQD@Co0;0/MWCNTSs Z: ik 94K 5 &k BHE 3R AR T & 1 —F]
7 B 000 5 7008 24 A fre RO A 2 K 22 IR 1) 397 28 P 4K 25 A T2 [35]

4, REFZEMBUFEERFZNONA
4.1. BfH. ARAFRERN

M2 RS R S 2, SRR 2. A 200 AR R AG I T L B R R 22 A
DA% PPt 2 f 2 R 110 970 T e RS ) 8 56 E o (ELE: FR TAR B8 00 W 5 R T 7 1 4 B SRR PR AR I 2%
LN AT RESZ B PR A o B IS T M AL 2 AR AR F AR DU AT e R A MR L ARSI T R S R A
SEAR RO TR A . E B AR AT, Raymundo-Pereira 25 A\ i 22 [ BRI R AERS IS FE 1)
=ANTFAR EEIRIRR b, BB ER 75 (CSS) B Printex % 44K BR(PCNB) M 2 HERE 2 Bk s AL J s
TR S FLAN 2 A R T DA 3 Bt ) 7 2 A 8 SRR 4550 332 110 7 Y O R 568 S £ it v 7 B ) 2 —
B, 2R, T BORG (BCE e ) R A W B B (A HLBE IR BE) DU 2R R 24[36]. Wang R M T HT PDMS
PP — VR 22 W BB A, K BRI HE PR [ 7E Fes0,@AU RERR I il 5 M AL IREE, %32
D B Rl B FEL AR P A WA b, IS T Inbs e AR R B i B #E R By(AFBy) 12 AT [37]. 7EZ4
WEFE4iEF, Khosrokhavar 25 A3 T 2T MIP/F 58 47 A5 11 1) 22 I IR fsk i B T 3 6 4k PR ARG I 0 400 T
2y Ak, KRy 1.99 x 107° M [38].

4.2. E£BERPEYS FROEM

AW FRIZEAE 55 S, DNARNA E il RUFEEHE b h R SCBEER . W0 T RE Rk
A RESE T E T IOAEIR o B S 14 P A 23 A TR DR O e R LR %, 3 R AN/ N R SR A AE A W oy
TR S W A3 202 R o BN, Kim SRR T — PR g 08 0 O I IR PR BR /K ST R 43 s =0
Vs . PRGBS 1 22 I BRI AE 1% Ba% 22 Gonek N Ml i+ 11 PRI A U LA AR i 1 R %, e e e
PE, R TR PR R IUE 2R IR VB I [39] . Park BREEZLT 2017 4E2H T — AT Pt-Au gk
Fi T (Pt-AUNPS) IS [ 0 55 T 40 B2 J75 (LIG)/PDMS  FEAR (1 75 5 RIE A BRI (0 it 2R ias, T2 e
JE A [40] - Oliveira-Jr MR L 7E R A DA K T 4 3 b 22 ) Bk FELAR ) 4% 17— P2 itk vl 5 iR I P &
A BT s P o] 4% 110 22 X LR Btk AR R R T U\ SRR PRI 1R 25 42 SR AR AN, A i R 4370 A
1.01 F110.43 uM, 16 A1 385 SH AR Tt Ak BE Ty A4 22 9 B3R Bi AR T FH A I\ 3 v B PRI R 17 8- — I,
KR 329 1.8 uM A1 0.58 uM [41]. Miao 55 A3RIE T — Pl R B B S b 77id, A Bk Bk v A
TR B 4 B (SDR)R IR miRNA.  HeAME 51N T 3 SR 7146 B (1) FELAG S OB AR R AT e 145 5 5
& o EZINEEEYREA PRI R AT, HAESZER R s (1 X 4398 AFEARIMg FERT iR . DR, X T T A
AN MIRNA ST AL T —FiE B Se Mk, R 2 b A BRI e B 5 [42] -

4.3. ApRITAMER
EAMHAT, WsT NEE RES S TER, XEES0 T2 NEYEEYR, HBlnEak, ik
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NG T ST BRAT RO TR 2 TR AR aiE s R, ISR, W FE 29I Th R UL R g i
P AR 7 R R SIRAKHE « B I r AL AR S LA AR DR S 1 o SRR R A R ARG W 2
WORALRIPE S, TR SRAEAN AT AR o 4% 2 AL . Xiang PR E4L 1 ] DNA BEbR JE AL & ik, fERIB 2
FraRI B I AR & O VERI S YUK E SRR BRI S R A Lae 7, DU
T A ORI NO [43] . Islam WREZHE 1T 78 Z2 M PET bk A 2 7% 36 ELHES A BR 48K 1T 1) 45— Fh
FME B RO ) 2 R AR SRS, AR ) Ji8E AR WFR 124 CEACAMS KA R A I 45 i 4 e [44] - Salimi
WL TF R T —FhJE TR 5 2 BE B GNOK E 10 Ji7 B S8 A A 3 075 1140 3 20007 i A 57 11 30 280 2 1Ak b R IS
FRIRES . ZE AR ERAR A SRS, PR, ARE MR T B SRR A, AT TR I AR R A4
W) CAL25 FFLARERE A= obsic ), BT R i S A 5 [45]

4.4, IREENS

H TGRSR, BSOS R R EENRE —. AFEGIINEER, E8E, K
ZiRNZG S E R AEAS R G0 B AR5 e H 2 M, AR G I I TR R A R U =
T TCIE R MR FERE o RISV Mk 2 A B8 1T DUSE IR AR . G355 22 T Re bRkt v 25k ) E AR
JRTE bR AEFCE R T — MR SRR AR A, %A% S R R A A SRR K A
Y e KA GEH S ARG RTHMEZR T NO, (13.6%@1 ppm)XKILH R BRI, X KR E4&
TEBA H L] SEVE[46]. Wang BREEZATH £ —Ji&x PET £R4ERp AT 1, 4 2 BEBR 9K B R 3R
R HIMABTRLE PET Lo i i) PET-NH,-MWCNTS/PANI 4% 2% 2 AT 5 25 18 35 10 20 (N Hi) B 14: fi
[47]. Kanoun UREZH 8 76 2 1 S e W B FOE i S S8BIE,  IHBI 2 BERR AR E T S 9K K Tk
P e B A 2 AR RS . SRR AE 10 uM~140 uM IR TSR P Reis POk, e BRI K RE b 13
HER £5[48],

5 GRS RE

RIS F AL A AR S 1 TR R . i de g . i URE B LA S 5 SR M) AR R D A 2 A TR e
IR FRIT 40 73BT AOTE B o AR SE B 75 SROT R AN RIR A 45 B B 5 S 1A% SRS REAT AU ok L AL 2 AG
MIHERR L, R E LR S FOME o XS AL SR AR AR S AU )z . RO ftt, B mT
FEAC AR ot 283 ) T Al Bl i S A R R TS AR iR AR AR R PR 1)L, tBAEAE FAS, A P 7 i A
NGS5 R . MEAEARR, B X FE AL 2 A R DU AT T SEINTR N B S A TR g DA BE S 1E )
A MFRALTVEAE R PR 2 W PRSI | 2 4255 5 AT ARE B R DR 5 T 45 21 BE 4 R K R AN T

SE WK
[1] Economou, A., Kokkinos, C. and Prodromidis, M. (2018) Flexible Plastic, Paper and Textile Lab-on-Chip Platforms
for Electrochemical Biosensing. Lab on a Chip, 18, 1812-1830. https://doi.org/10.1039/C8L. C00025E

[2] Sonug Karaboga, M.N. and Sezgintiirk, M.K. (2018) A Novel Silanization Agent Based Single Used Biosensing Sys-
tem: Detection of C-Reactive Protein as a Potential Alzheimer’s Disease Blood Biomarker. Journal of Pharmaceutical
and Biomedical Analysis, 154, 227-235. https://doi.org/10.1016/j.jpba.2018.03.016

[3] Shrivas, K., Ghosale, A., Bajpai, P.K., Kant, T., Dewangan, K. and Shankar, R. (2020) Advances in Flexible Electron-
ics and Electrochemical Sensors Using Conducting Nanomaterials: A Review. Microchemical Journal, 156, Article ID:
104944, https://doi.org/10.1016/j.microc.2020.104944

[4] %K=, wEoE, Fheh. g m BT NAME G [J]. BlaEiEk, 2017, 62(7): 635-649.
https://doi.org/10.1360/N972015-01445

[5] HERE, #E. ATFESEARESTE. kAR RN BHSR, 2017, 35(2): 19-32.
[6] Zhou, H., Zhang, Y., Qiu, Y., Wu, H., Qin, W., Liao, Y., et al. (2020) Stretchable Piezoelectric Energy Harvesters and

DOI: 10.12677/aac.2021.113012 113 it it e


https://doi.org/10.12677/aac.2021.113012
https://doi.org/10.1039/C8LC00025E
https://doi.org/10.1016/j.jpba.2018.03.016
https://doi.org/10.1016/j.microc.2020.104944
https://doi.org/10.1360/N972015-01445

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]
[24]

[25]

Self-Powered Sensors for Wearable and Implantable Devices. Biosensors and Bioelectronics, 168, Article ID: 112569.
https://doi.org/10.1016/j.bi0s.2020.112569

Xua, J.W., Zhang, X.H., Liu, Y., Zhang, Y., Nie, H.-Y., Zhang, G., et al. (2020) Selective Coaxial Ink 3D Printing for
Single-Pass Fabrication of Smart Elastomeric Foam with Embedded Stretchable Sensor. Additive Manufacturing, 36,
Article 1D: 101487. https://doi.org/10.1016/j.addma.2020.101487

Ren, X., Pei, K., Peng, B., Zhang, Z., Wang, Z., Wang, X., et al. (2016) A Low-Operating-Power and Flexible Ac-
tive-Matrix Organic-Transistor Temperature-Sensor Array. Advanced Materials, 28, 4832-4838.
https://doi.org/10.1002/adma.201600040

Yim, E.K.F., Reano, R.M., Pang, S.W., Yee, A.F.,, Chen, C.S. and Leong, K.W. (2005) Nanopattern-Induced Changes
in Morphology and Motility of Smooth Muscle Cells. Biomaterials, 26, 5405-5413.
https://doi.org/10.1016/j.biomaterials.2005.01.058

Toworfe, G.K., Composto, R.J., Adams, C.S., Shapiro, I.M. and Ducheyne, P. (2004) Fibronectin Adsorption on Sur-
face-Activated Poly (Dimethylsiloxane) and Its Effect on Cellular Function. Journal of Biomedical Materials Research
Part A, 71A, 449-461. https://doi.org/10.1002/jbm.a.30164

Zhao, X., Wang, K.Q., Li, B., Wang, C., Ding, Y., Li, C., et al. (2018) Fabrication of Flexible and Stretchable Nano-
structured Gold Electrode Using a Facile Ultraviolet Irradiation Approach for Nitric Oxide Detection Released from
Cells. Analytical Chemistry, 90, 7158-7163. https://doi.org/10.1021/acs.analchem.8b01088

Li, S., Lin, P., Zhao, L., Wang, C., Liu, D., Liu, F., Sun, P., et al. (2018) The Room Temperature Gas Sensor Based on
Polyaniline@Flower-Like WO5; Nanocomposites and Flexible PET Substrate for NH; Detection. Sensors and Actua-
tors B: Chemical, 259, 505-513. https://doi.org/10.1016/j.snb.2017.11.081

Yaqoob, U., Uddin, A.S.M.I. and Chung, G.S. (2016) A High-Performance Flexible NO, Sensor Based on WO3; NPs
Decorated on MWCNTSs and RGO Hybrids on PI/PET Substrates. Sensors and Actuators B: Chemical, 224, 738-746.
https://doi.org/10.1016/j.snb.2015.10.088

Wang, Y., Wang, X., Lu, W., Yuan, Q., Zheng, Y. and Yao, B. (2019) A Thin Film Polyethylene Terephthalate (PET)
Electrochemical Sensor for Detection of Glucose in Sweat. Talanta, 198, 86-92.
https://doi.org/10.1016/j.talanta.2019.01.104

Hoeksema, H., De, Vos, M., Verbelen, J., Pirayesh, A. and Monstrey, S. (2013) Scar Management by Means of Occlu-
sion and Hydration: A Comparative Study of Silicones versus a Hydrating Gel-Cream. Burns, 39, 1437-1448.
https://doi.org/10.1016/j.burns.2013.03.025

Mai, H., Mutlu, R., Tawk, C., Alici, G. and Sencadas, V. (2019) Ultra-Stretchable MWCNT-Ecoflex Piezoresistive
Sensors for Human Motion Detection Applications. Composites Science and Technology, 173, 118-124.
https://doi.ora/10.1016/j.compscitech.2019.02.001

Wen, Z., Yang, J., Ding, H., Zhang, W., Wu, D., Xu, J., et al. (2018) Ultra-Highly Sensitive, Low Hysteretic and Flex-
ible Pressure Sensor Based on Porous MWCNTSs/Ecoflex Elastomer Composites. Journal of Materials Science: Mate-
rials in Electronics, 29, 20978-20983. https://doi.org/10.1007/s10854-018-0242-3

Yu, J., Hou, X., Cui, M., Zhang, N., Zhang, S., He, J., et al. (2020) Skin-Conformal BaTiO,/Ecoflex-Based Piezoelec-
tric Nanogenerator for Self-powered Human Motion Monitoring. Materials Letters, 269, Article 1D: 127686.
https://doi.org/10.1016/j.matlet.2020.127686

Ding, Y., Hou, H., Zhao, Y., Zhu, Z. and Fong, H. (2016) Electrospun Polyimide Nanofibers and Their Applications.
Progress in Polymer Science, 61, 67-103. https://doi.org/10.1016/j.progpolymsci.2016.06.006

Charoonsuk, T., Muanghlua, R., Sriphan. S., Pongampai, S. and Vittayakorn, N. (2021) Utilization of Commodity
Thermoplastic Polyethylene (PE) by Enhanced Sensing Performance with Liquid Phase Electrolyte for a Flexible and
Transparent Triboelectric Tactile Sensor. Sustainable Materials and Technologies, 27, Article No. e00239.
https://doi.org/10.1016/j.susmat.2020.e00239

Yao, Y.Y., Jin, S.H., Ma, X., Yu, R, Zou, H., Wang, H., et al. (2020) Graphene-Containing Flexible Polyurethane
Porous Composites with Improved Electromagnetic Shielding and Flame Retardancy. Composites Science and Tech-
nology, 200, Article ID: 108457. https://doi.org/10.1016/j.compscitech.2020.108457

Georgakilas, V., Perman, J.A., Tucek, J. and Zboril, R. (2015) Broad Family of Carbon Nanoallotropes: Classification,
Chemistry, and Applications of Fullerenes, Carbon Dots, Nanotubes, Graphene, Nanodiamonds, and Combined Super-
structures. Chemical Reviews, 115, 4744-4822. https://doi.org/10.1021/cr500304f

lijima, S. (1991) Helical Microtubules of Graphitic Carbon. Nature, 354, 56-58. https://doi.org/10.1038/354056a0

Carrell, R., Evans, D. and Stein, P. (1991) Mobile Reactive Centre of Serpins and the Control of Thrombosis. Nature,
353, 576-578. https://doi.org/10.1038/353576a0

Oh, JW., Heo, J. and Kim, T.H. (2018) An Electrochemically Modulated Single-Walled Carbon Nanotube Network
for the Development of a Transparent Flexible Sensor for Dopamine. Sensors and Actuators B: Chemical, 267, 438-447.

DOI: 10.12677/aac.2021.113012 114 it it e


https://doi.org/10.12677/aac.2021.113012
https://doi.org/10.1016/j.bios.2020.112569
https://doi.org/10.1016/j.addma.2020.101487
https://doi.org/10.1002/adma.201600040
https://doi.org/10.1016/j.biomaterials.2005.01.058
https://doi.org/10.1002/jbm.a.30164
https://doi.org/10.1021/acs.analchem.8b01088
https://doi.org/10.1016/j.snb.2017.11.081
https://doi.org/10.1016/j.snb.2015.10.088
https://doi.org/10.1016/j.talanta.2019.01.104
https://doi.org/10.1016/j.burns.2013.03.025
https://doi.org/10.1016/j.compscitech.2019.02.001
https://doi.org/10.1007/s10854-018-0242-3
https://doi.org/10.1016/j.matlet.2020.127686
https://doi.org/10.1016/j.progpolymsci.2016.06.006
https://doi.org/10.1016/j.susmat.2020.e00239
https://doi.org/10.1016/j.compscitech.2020.108457
https://doi.org/10.1021/cr500304f
https://doi.org/10.1038/354056a0
https://doi.org/10.1038/353576a0

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

https://doi.org/10.1016/j.snb.2018.04.048

Bao, Q., Yang, Z.,, Song, Y., Fan, M., Pan, P., Liu, J.,, et al. (2019) Printed Flexible Bifunctional Electrochemical
Urea-PH Sensor Based on Multiwalled Carbon Nanotube/Polyaniline Electronic Ink. Journal of Materials Science:
Materials in Electronics, 30, 1751-1759. https://doi.org/10.1007/s10854-018-0447-5

Sui, G., Liu, D., Liu, Y., Ji, W., Zhang, Q. and Fu, Q. (2019) The Dispersion of CNT in TPU Matrix with Different
Preparation Methods: Solution Mixing vs Melt Mixing. Polymer, 182, Article ID: 121838.
https://doi.org/10.1016/j.polymer.2019.121838

Pantano, A. and Cappello, F. (2008) Numerical Model for Composite Material with Polymer Matrix Reinforced by
Carbon Nanotubes. Meccanica, 43, 263-270. https://doi.org/10.1007/s11012-008-9121-y

Wang, X.J., Guo, X.L., Chen, J., Ge, C., Zhang, H., Liu, Y., et al. (2017) Au Nanoparticles Decorated Graphene/Nickel
Foam Nanocomposite for Sensitive Detection of Hydrogen Peroxide. Journal of Materials Science and Technology, 33,
246-250. https://doi.org/10.1016/j.jmst.2016.11.029

Zhou, M., Zhai, Y. and Dong, S. (2009) Electrochemical Sensing and Biosensing Platform Based on Chemically Re-
duced Graphene Oxide. Analytical Chemistry, 81, 5603-5613. https://doi.org/10.1021/ac900136z

Tig, G.A. (2017) Development of Electrochemical Sensor for Detection of Ascorbic Acid, Dopamine, Uric Acid And
L-Tryptophan Based on Ag Nanoparticles and Poly(L-Arginine)-Graphene Oxide Composite. Journal of Electroana-
Iytical Chemistry, 807, 19-28. https://doi.org/10.1016/j.jelechem.2017.11.008

Tan, A., Yang, G. and Wan, X. (2021) Ultra-High Quantum Yield Nitrogen-Doped Carbon Quantum Dots and Their
Versatile Application in Fluorescence Sensing, Bioimaging and Anti-Counterfeiting. Spectrochimica Acta Part A: Mo-
lecular and Biomolecular Spectroscopy, 253, Article ID: 119583. https://doi.org/10.1016/j.saa.2021.119583

Han, G., Cai, J., Liu, C., Ren, J., Wang, X., Yang, J., et al. (2021) Highly sensitive Electrochemical Sensor Based on
Xylan-Based Ag@CQDs-rGO Nanocomposite for Dopamine Detection. Applied Surface Science, 541, Article ID:
148566. https://doi.org/10.1016/j.apsusc.2020.148566

Mo, G., He, X,, Zhou, C., Ya, D., Feng, J., Yu, C., et al. (2019) A Novel ECL Sensor Based on a Boronate Affinity
Molecular Imprinting Technique and Functionalized Sio,@CQDs/AuNPs/MPBA Nanocomposites for Sensitive De-
termination of Alpha-Fetoprotein. Biosensors and Bioelectronics, 126, 558-564.
https://doi.org/10.1016/j.bios.2018.11.013

Muthusankar, G., Devi, R.K. and Gopu, G. (2020) Nitrogen-Doped Carbon Quantum Dots Embedded Co;0,with Mul-
tiwall Carbon Nanotubes: An Efficient Probe for the Simultaneous Determination of Anticancer and Antibiotic Drugs.
Biosensors and bioelectronics, 150, Article ID: 111947. https://doi.org/10.1016/j.bi0s.2019.111947

Raymundo-Pereira, P.A., Gomes, N.O., Shimizu, F.M., Machado, S.A.S. and Oliveira Jr., O.N. (2021) Selective and
Sensitive Multiplexed Detection of Pesticides in Food Samples Using Wearable, Flexible Glove-Embedded
Non-Enzymatic Sensors. Chemical Engineering Journal, 408, Article ID: 127279.
https://doi.org/10.1016/j.cej.2020.127279

Wang, C., Qian, J., An, K, Ren, C., Lu, X., Hao, N., et al. (2018) Fabrication of Magnetically Assembled Aptasensing
Device for Label-Free Determination of Aflatoxin B; Based on EIS. Biosensors and Bioelectronics, 108, 69-75.
https://doi.org/10.1016/j.bios.2018.02.043

Khosrokhavar, R., Motaharian, A., Milani Hosseini, M.R. and Mohammadsadegh, S. (2020) Screen-Printed Carbon
Electrode (SPCE) Modified by Molecularly Imprinted Polymer (MIP) Nanoparticles and Graphene Nanosheets for
Determination of Sertraline Antidepressant Drug. Microchemical Journal, 159, Article ID: 105348.
https://doi.org/10.1016/j.microc.2020.105348

Kim, J., Imani, S., de, Araujo, W.R. and Warchall, J. (2015) Wearable Salivary Uric Acid Mouthguard Biosensor with
Integrated Wireless Electronics. Biosensors and Bioelectronics, 74, 1061-1068.
https://doi.org/10.1016/j.bios.2015.07.039

Hui, X., Xuan, X., Kim, J. and Park, J.Y. (2019) A Highly Flexible and Selective Dopamine Sensor Based on Pt-Au
Nanoparticle-Modified Laser-Induced Graphene. Electrochimica Acta, 328, Article ID: 135066.
https://doi.org/10.1016/j.electacta.2019.135066

Silva, R.R., Raymundo-Pereira, P.A., Campos, A.M., Wilson, D., Otoni, C.G., Barud, H.S., et al. (2020) Microbial
Nanocellulose Adherent to Human Skin Used in Electrochemical Sensors to Detect Metal lons and Biomarkers in
Sweat. Talanta, 218, Article ID: 121153. https://doi.org/10.1016/j.talanta.2020.121153

Miao, P. and Tang, Y.G. (2020) Cascade Toehold-Medicated Strand Displacement Reaction for Ultrasensitive Detec-
tion of Exosomal MicriRNA. CCS Chemistry, 2, 2331-2339. https://doi.org/10.31635/ccschem.020.202000458

Dou, B, Li, J,, Jiang, B., Yuan, R. and Xiang, Y. (2019) DNA-Lated in Situ Synthesis of Highly Dispersed AuNPs on
Nitrogen-Doped Graphene for Real-Time Electrochemical Monitoring of Nitric Oxide Released from Live Cancer
Cells. Analytical Chemistry, 91, 2273-2278. https://doi.org/10.1021/acs.analchem.8b04863

DOI: 10.12677/aac.2021.113012 115 it it e


https://doi.org/10.12677/aac.2021.113012
https://doi.org/10.1016/j.snb.2018.04.048
https://doi.org/10.1007/s10854-018-0447-5
https://doi.org/10.1016/j.polymer.2019.121838
https://doi.org/10.1007/s11012-008-9121-y
https://doi.org/10.1016/j.jmst.2016.11.029
https://doi.org/10.1021/ac900136z
https://doi.org/10.1016/j.jelechem.2017.11.008
https://doi.org/10.1016/j.saa.2021.119583
https://doi.org/10.1016/j.apsusc.2020.148566
https://doi.org/10.1016/j.bios.2018.11.013
https://doi.org/10.1016/j.bios.2019.111947
https://doi.org/10.1016/j.cej.2020.127279
https://doi.org/10.1016/j.bios.2018.02.043
https://doi.org/10.1016/j.microc.2020.105348
https://doi.org/10.1016/j.bios.2015.07.039
https://doi.org/10.1016/j.electacta.2019.135066
https://doi.org/10.1016/j.talanta.2020.121153
https://doi.org/10.31635/ccschem.020.202000458
https://doi.org/10.1021/acs.analchem.8b04863

[44]

[45]

[46]

[47]

[48]

Gulati, P., Mishra, P., Khanuja, M., Narang, J. and Islam, S.S. (2020) Nano-Moles Detection of Tumor Specific Bio-
marker DNA for Colorectal Cancer Detection Using Vertically Aligned Multi-Wall Carbon Nanotubes Based Flexible
Electrodes. Process Biochemistry, 90, 184-192. https://doi.org/10.1016/j.prochio.2019.11.021

Mansouri Majd, S. and Salimi, A. (2018) Ultrasensitive Flexible FET-Type Aptasensor for CA 125 Cancer Marker
Detection Based on Carboxylated Multiwalled Carbon Nanotubes Immobilized onto Reduced Graphene Oxide Film.
Analytica Chimica Acta, 1000, 273-282. https://doi.org/10.1016/j.aca.2017.11.008

Park, H.J., Kim, W.J., Lee, H.K., Lee, D.-S., Shin, J.-H., Jun, Y., et al. (2018) Highly Flexible, Mechanically Stable,
and Sensitive NO, Gas Sensors Based on Reduced Graphene Oxide Nanofibrous Mesh Fabric for Flexible Electronics.
Sensors and Actuators B: Chemical, 257, 846-852. https://doi.org/10.1016/j.snb.2017.11.032

Ma, J., Fan, H., Li, Z., Jia, Y., Kumar Yadav, A., Dong, G., et al. (2021) Multi-Walled Carbon Nanotubes/Polyaniline
on the Ethylenediamine Modified Polyethylene Terephthalate Fibers for a Flexible Room Temperature Ammonia Gas
Sensor with High Responses. Sensors and Actuators B: Chemical, 334, Article ID: 129677.
https://doi.org/10.1016/j.snb.2021.129677

Nasraoui, S., Al-Hamry, A, Teixeira, P.R., Ameur, S., Paterno, L.G., Ben Ali, M., et al. (2021) Electrochemical Sen-
sor for Nitrite Detection in Water Samples Using Flexible Laser-Induced Graphene Electrodes Functionalized by CNT
Decorated by Au Nanoparticles. Journal of Electroanalytical Chemistry, 880, Article ID: 114893.
https://doi.org/10.1016/j.jelechem.2020.114893

DOI: 10.12677/aac.2021.113012 116 it it e


https://doi.org/10.12677/aac.2021.113012
https://doi.org/10.1016/j.procbio.2019.11.021
https://doi.org/10.1016/j.aca.2017.11.008
https://doi.org/10.1016/j.snb.2017.11.032
https://doi.org/10.1016/j.snb.2021.129677
https://doi.org/10.1016/j.jelechem.2020.114893

	基于碳基材料的柔性电化学传感器研究进展
	摘  要
	关键词
	Research Progress of Flexible Electrochemical Sensors Based on Carbon-Based Materials
	Abstract
	Keywords
	1. 引言
	2. 柔性材料基底概述
	2.1. 聚二甲基硅氧烷(PDMS)
	2.2. 聚对苯二甲酸乙二酯(PET)
	2.3. 脂肪族芳香族共聚酯(Ecoflex)
	2.4. 其他柔性材料

	3. 碳纳米材料
	3.1. 碳纳米管
	3.2. 石墨烯(Graphene)
	3.3. 碳量子点(CQD)

	4. 碳基柔性电化学传感器的应用
	4.1. 食品、药品的特异性检测
	4.2. 生理样品中生物分子的检测
	4.3. 细胞行为研究
	4.4. 环境监测

	5. 结论与展望
	参考文献

