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Progress on modification of PEDOT and its application in human metabolites monitoring
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Abstract : The core characteristics of poly (3, 4-ethylenedioxythiophene) (PEDOT) and its derivatives were introduced, includ-
ing good electrical conductivity, chemical stability, biocompatibility and processability, as well as the performance optimization in
water solubility, film-forming property and other aspects after compounding with polystyrene sulfonate (PSS). The material modifi-
cation strategies such as optimizing electrical conductivity of PEDOT: PSS through solvent doping and acid treatment, improving
mechanical flexibility of PEDOT: PSS by compounding with flexible polymers and preparing hydrogels, and enhancing catalytic
activity of PEDOT: PSS by compounding with metal nanomaterials were sorted out. The application progress of PEDOT and its
derivatives in the monitoring of human metabolites such as pH, glucose, uric acid, lactic acid, sodium ions and potassium ions were
elaborated. The current problems such as insufficient sensor integration and pending improvement in long-term stability for the
PEDOT and its derivatives were pointed out, and the future development directions of PEDOT and its derivatives in sensors for
human metabolites monitoring were proposed.
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Fig. 1 Schematic diagram of molecular structure of PEDOT:PSS
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EG 0 A AL AYRE (23 11 B IR TR IR e AR, 2007 K
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A5 14 = 1) & , DMSO %5 /N 71 4 42 7+ PEDOT:
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S0 - B SEAEAE R (DBS AT PEDOT:PSS &4 (4G Ha,
W HEAT e Ab B, 5 F AR FLBE ML 24 2 000 Q) % 2E 60~100 Q, L
TR THE L 20 f5, HFHE T DBSA 4240 Hnl 5 Al
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Tab.1 Performance parameters of pH sensors with different electrodes

Sensitivity/mV

Incl PANI Elect Material i H Refe
nclude ectrode Materia Scanning pH range (unit pH change) eference
PEDOT-MWCNT/Cotton fiber/PANI 2-12 -6142 [15]
v DMSO-treated PEDOT:PSS fibers (20 wm)/PANI 3-7 -56+7 [18]
es
PEDOT:PSS/PANI/Laser-induced graphene (LIG) 4-17 75.06 [26]
PEDOT:PSS/PANI bilayer film 2-14 58.9 [29]
PEO/PEDOT:PSS electrospun nanofibers 2-8 - [20]
PEDOT:PSS/PVA composite film 1-7 -0.05 dB (unit pH change) [25]
LIG/PEDOT:PSS 1-7 -75.6+9.1 [26]
No Continuous sampling: 93£8;
PEDOT:BTB 1-9 2
© Dynamic detection: 110+30 (271
PEDOT:MO 1-4.5 31£2 [27]
PEDOT:BTB 2-8 124 [28]
Note: MO is an organometallic compound.
TEAN 5 PANI 1 pH A% A AIFFE ST, B X% 43¢ pH. il R AV

Ti TR (UNBE TS AR | b BT FEAER B R (T L B o M LA
le Al ZE i3, H 51— PEDOT #4415 52 Wa B L (FRL k25
22 R B R B — (W ()AL, T 5T N B [RGB R - 45
FRHT- Sl Bl R IT T sk U R B i W e S

Verpoorten 55 %] 14 Jik pH W i 22 M55 5K, 1t i &
il #& PEO/PEDOT: PSS 44 K 21 4 5 , PEO f9m A 23 1T
PEDOT:PSS Bl 1 MEPE , 4H oK £F 2 358 K 1Y) L 2% 1 AU iR
T 5 H W HAER, 456 AL BT (EIS) 20 A AU 2 H
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Vi X 25 ) IO W R AR 1 L 7 pH=1~7 i B P 52 80(75.649.1)
mV (B0 pH {F A5 £6) ) 300 BB 3T e 17, 25 i 5 1 A ik B <
5%, X A EEAE B T PEDOT #4444 pH U | A BY
LIG M550 SCEEAR T T sh R84 Bz sh s VP
Jz IR TT pH. A S EsF W

J T dE— A R B, Mariani %°7K PEDOT 5 pH
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& (OECT) MR DI BE )2 , 1) FH Y Aeh e 1 B i 25 & 4 BFF T 11
HL i A28 K 4% PEDOT i HOMO REZR , T AR RESTHE
Wi 13 4R o 1% OECT-pH A% B%A 16 B A sh A4 5 S M
FIRIRE R R, 43 5052 91.(93+8) mV (B pHAE 28 4k) 5 (1.1+
0.3)x10* mV (S pHAEARfb) A9 o7 R U, 28k T 1655
o HUAL JEAR O RE TR PR . AR T AR 2 e Wt i
Fil(pH=1~9) N ¥R e W Ry, HLAS AR R iR 2, —
BRPET) M I 5 A TIPS PRI R A, BRSPS
F AR 7E pH=2~8 BYTEFINSEFL T 124 mV (A7 pH
(EARAb) I i R, LT 2 RE TR BRI I £
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J PEDOT:PSS/PANI & £ FL IR XF pH [ i 7 M g o 25 2%
/i, PEDOT:PSS/PANI & 4 Hi B 7 pH 1% 2%y TH1 ¢ B B4R
1 RAE T 6 ¥ A3 7E pH=2~14 15 [l 14 52 B0 3T £ 20 5 v
N, AR IR 58.9 mV (A pH (HAEfL), I BAE T —REY
HIM . WFSEatE— 2048 Y, SRR 3 PE B U T PEDOT:PSS 5
PANI Z [A] (BRI RN < 7E R4 1R T, PANT A 2 358 5 11k
F2 I Al AR S 5 1 R R 2R 8% v PEDOT:
PSS 1 PSS 4 |11 SO, FE 1 K HA by RUA B T4 RF il 11
S H P N M AT AR BE T pH N DO R TR
B,

oA T A 1T W IR AT 2 Y 5K, Smiith A5 i AE
FRER LT I 448 PEDOT:PSS 5 Z BERR 41K 45 (MWCNT) &
AR, IR — 25 RS PANT, BN A& e L
PE SRR THRER L 4R pH /&8s . Zahed 2551
— AR T T X RAGIRAS U S 2R A R, TR A
LIG etk 2 FLEL IR , 38 33 Wik PEDOT:PSS &1 5L I8 3=
T, G G T R M S LR M DR AR LSk
LR A PANTA HE pH AL AL, AR AR TE pH=4~7 T[N
FIH A 75.06 mV (BT pH AR AR Ab) 9 A% , i fig s
FRES(E, [l Eas Rk ek Ttk SHiHHiae ot
R FHF AT pH 4 S W
2.2 W EHEEN

PEDOT K H AR A= Wy 548 = Tl M A AR 2 A R AL
M, BB R A G RS A BAE AR . AR IEAS AL B A
Ii] , PEDOT 7 %) B 1% B 28 25 B2 40 hy T2 700 0 9 il 280 196 2
v, AR A% A LR 4 W AL AL B (GOx) o A= U ot
4,38 32k PEDOT B AT AR Ay A 11 5 vl 1) 266 s 850 £ 2ok g A1
BB A AR A SRR R S e

22 HER T AR R AN [R] A 1) R A BRI 1 T BE S
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Tab.2 Performance parameters of glucose sensors with different electrodes

Scanning range/

Sensitivity/ Detectability/

Test type Device structure (umol L) (1WA~ (mol L )] (umol/L) Reference

Hydrogel/PB-PEDOT/SPCE 6.25-800 - 4 [31]

. 100—7 000 100
PEDOT-PAH/IDEs (10 mmol/L KCl/urine) 500—2 000 500 [32]
AuNPs-WS, -PEDOT:PSS/ITO 0.74—440.67 13.1 1 531

Enzymatic AuNPs-GO-PEDOT:PSS/ITO 3.84-373.33 10.59 2.33
Paper/PEDOT:PSS-PtNPs/SPCE+FPCB 0-2 500 325.99 103 [34]

21.7 (1-94 pmol/L)

MXene-PEDOT:PSS-GOx/SPCE 3-1294 1.9 35
ene X 8.3 (94—1294 pmol/L) [35]
Origami Paper/PEDOT:PSS-Ti,C,-MWCNT/Graphite 10—400 - 7 [36]

2.1 (Linear fit 3.2
XSBR-PEDOT:PSS-AMWCNTs-AuNPs/SPE 50-600 (Linear fit) 21]

N 6.5 (Pulse voltammetry) 1.3
on~enzyme Ag/PEDOT:PSS/MXene/CuO/MWCNT 1-2 000 1750 0.01 [37]
Ag/PEDOT:PSS/MWCNT/MoS, 0.01-8 500 1700 0.055 [38]

Note: FPCB is a flexible substrate, the full name of which is flexible printed circuit board.

o v A AR S IR 0 P 4R A PR T 78 7 2 £ J
e AR R ol B TR PRIV S5 AR R AR AR A
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Bl A% g - Lim SRR 1 R T K B S U 7 2 4 EfD
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W HL M (SPCE)-5 PEDOT/ &+ 5 (PB)AN K 52 A b4 AL I
A% SCP T IRCR 4R 1) 2 2 WS T s Montero-Jimenez 255
T 1) BRVBK o 5 T AR B R 2800 s 7 S0 KT REAS , Al
PR FH T AT B Ak 2 AR S 5 3 75 A S it T
PEDOT- 54 A e Eh B2 £k (PAH) 18 15 A4 1 X 45 Fo % (IDEs) , 3
o JR R Bl S 17 S B JR S pH 7 A ke [i] 2 e TN 4 A
Baruah 55 & Xof M Y T A4 2 B v BE AR IR Bk, F R T
AuNPs/WS,/PEDOT: PSS 1 AuNPs/GO/PEDOT: PSS = Jt &
A (GO A A AT 8, BT T I R U

HT TS A0 B B (1TO) B 38 i A AR i, LS AR TR v e
B ARSI TR S . LiECTF R T —Fh LT
LK B - ARV 5 (HLPP) VTR0 4 W A s . %o
T AEARLT 4 - J5 57 A4 13 PEDOT: PSS S H /K BEE , HA%EAE N
1o RABE A AL AR RIS . BT, A e Lk B TR
PtNPs [ & GOx , I 4 £ (A4 A X IR A b R B =
RAEE(3.259 9 A-m/mol) F AT FR(10.3 pmol/L), iZ Lk
XoF A% G 14 s P EL AR, ZE (IR AR X G % AR AU BB . Pan %07
T UK Mxene FH T 0] 20T IRCRT 46 8 1 IR0 i A IR X A
PRI UL T AR ERR , R UE R4 0.217 A-m/mol , K
TIBRAE % 1.9 wmol/L, Moradi 53— % il PEDOT:PSS/
Ti,C/MWCNT Z &4, B EFRTL T o PR IR T
VERLOIRE 22 0.37 V., ARGk T TR Y %4k, Fang %
i 13 /L PEDOT: PSS 7 4L I Ay i T-25 , # A Skt
TR R AU (10.58 A - m/mol) 4[R2 B R A0 S5 B AL A
FetkE Rk

ity fie 78 PEDOT i 25 1% Jekeis B AR LA R R 5
BEFENE (A DA M)t ——GOx &) 32 1 pH (453458
PR 2 R A T AR 5, BIRTh 1 % e ) R AR e M Rl 5 o
Sy i X — R 3 ) S, A 75 PEDOT ) 45 WAL B4 2 18 38 111
A X Fp L AR i PEDOT 5 A E i r AL in M A 4l K
MR A, T EES Sk R AL A AR Uik T 7E 52 24k
RIS rp R B AR A KRR E M . Chen 8525 i3 /K #47k
TE R B Ak £ BERR 9 K4 (AMWCNTS) | JBA7 4 8 AuNPs, #4)
BT ERAEAL AT ; FER] H XSBR #2355 AMWCNTS (1)
W HETE B AC e 2% , I 55 1 S LAY PEDOT:PSS B &, & 4E
T 22 B AR (SPE) I, FF & T —F 5 T XSBR-PEDOT:
PSS-AMWCNTSs/AuNPs & & A H19 n] 2R s AR AL R3S . 1%
& RS AE TR S5 T (pH=7.4) BV AT S5z 30 %o 75 7280 M 11 492 1
ik E AL, £ P75 Bl R 50~600 pmol/L, 6 PR AIK = 3.2
wmol/L, R 0.021 A -m/mol.

H T e SRR R BHIE A SO AN IR AR T 2
JGE A , Farahmandpour 55748 H 1] 2 il 4L (1) MXene 1
SRR LRSS (FET) 28 , R Fl MXene/CuO/MWCNT =
JUEAIEIE, S T A 5 0.01 wmol/L [ A
PR, HAE Il pH 538 B2 AL BT, 5 84 IR IBOA B v 240 i
T4t . Farahmandpour 258 - & 1 IHT (1) e Y040 78] 280 ARG 11
MWCNT/MXene/MoS, = JC & £ FET & i& 4% , i s 1 B &

1 700 pA/(mmol/L) A RAKEE 500 pmol/L Ay KM T FR £ 0.01
wmol/L~8.5 mmol/L ) F& £ k5 il .
2.3 JRBR N

PEDOT B AT Az 4 %oF R i 19 Wi 0 356 1 el A b 4 fb 2
N, PR R AE F AR 2R T 2R 2 L T AR IR R 5 CO,,
KN : UA+2H,0—Allt+CO,+2H +2e”, ot UA Jy JRTR | Allt

BN, Xu SE5R F LA 2R BE T | 7 A 2 T D (v A
T 2L PEDOT:PSS/KEENE o X FhEE L5 I im e 5k
FE R AR, (AL A TR IR R L 8.75 A - m/mol 1Y 1 R
O 1.2 wmol/L AEAG I B K2 2.0~250 wmol/L f) FiE et il
[l JF7E 25 d IEREE95% DA L MfE SRt . HRITFRRG:
ISR 5 bR T i s BE W) & (P E R R=0.993) , )l 52 3K
T iR AR B A T SRR R R M

R T B R R IR AR IR VR RE  BHIF D15 A Al A Rl
TE 4, Huang 559 % T —Fh PEDOT-GO(E ML A1 88475) &
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Fig. 2 Fabrication and mechanism of PAA:PEDOT-PB composite sensor
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FHE 1~1 000 nmol/L Y& J3£ 715 Bl PN R 30 HE 2 R A, A6 N BRAIK
2 Inmol/L, R IRl /NT 23 s #5345 T8 e, B (it
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