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Fig.1 Molecular structure of PEDOT: PSS
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HE S %} PEDOT:PSS/WO, & & #4 R} 1 < ik g 5
W, EAEMEERES S S F RS, 55 GH
LA LU A S 25 e LA BT R B A AT A 9 axX ] B 2 B
MR T sk B OB R A BE F SR A A R 1)
HESE A BTN BE . Khasim 2" 5 7 PEDOT:PSS
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I AT DL BT B G bl ok R 2D BT 442K TiOL K
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Fig.2 SEM photos of (a)0.25 g/mL, (b)0.5 g/mL,(c)1.0 g/mL and (d)
2.0 g/mL WO; content of composite
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(a) High columbic repulsion ; (b) Low columbic repulsion
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Fig.3 (a) 0.04% GO doped PEDOT: PSS and (b) 0.08% GO
doped PEDOT: PSS film

33 PEDOT:PSS 5ZEEREH®RILYES
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i At B EENRENY, RSV —
M FR A B B AR ) T BOR KIS SRR, ALY
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JW; 5 4 3.24%~10.09% . Zhang %5 "l i # H 45 44
ARl % 7 PEDOT:PSS/ 5 £ Ji Wit % Jot B (PVP) &
G MBS AE B XK B (5.73~57.3 mg/m®) [¥)
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FIEANE . Zhang 25938 i w5 AU 4 Bh i L 9 2
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Fig.4 (a) PEDOT: SEM photos and average diameter of fibers obtained by PSS/ PVA high pressure air assisted
spinning and (b) PEDOT: SEM photos and average diameter of PSS/ PVA fibers obtained by traditional

electrospinning
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Fig.5 (a) Water molecules diffuse into PEDOT: PSS film to form H;O and (SO;) ~ to expand the film and (b) DMSO

added to PEDOT: PSS to aggregate PEDOT domain
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GURGE T T I 4 I (PVA) B4 1% 1) PEDOT:
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R, M B K 4 7 B, 218 PEDOT 4 5 PSS
BE A 4y B, M PSS B B A B SE K, B A
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# % 1t PEDOT:PSS Z 5 Al AR F+ H ML 3 & Z 1IE 1)
PR, O LA R R AR L LR AR L D ERE, DL
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PEDOT:PSS 94K £k , 5 1% 4t PEDOT:PSS # 5 4 Lt ,
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IR A A M R S8 ST PR AT, T R MR R TE i



(3)7E£ PEDOT:PSS 5 A WL &M E &+ KL J7 1,
BT R AU B 97 2 BOR ) % P B AR EE
R, EEMELZ 85/ EMES, @d =Kk
B2 A M OREEAT S, 7R OR B AR AR 1
TR RIS B AR 23 7 0 A I I P . ARtk B —
AR R B % 2 MK A AR, A% Gt B
Gy 22 R TR BOR A5 R B v RO Bh 4 2
7!< g EANEIES 3 NN VST R A A=W i /TR 2 527 N N

RO A R R B IR A R A A B OROBE 2 1K
P BE IR MR A TR B T R R, AR A R AR R DA R
ﬂiéﬂ%%ﬁ@ﬁ%\%ﬁﬁ@—:’ﬁﬁz,ﬂﬁé%%ﬁﬁ%@

R PR AR AT B 3 T A

S E Wk

[1] TP, Dk, S3AE. 5 (3,4- L0 A MEWy ) L SRR SRR/ TE ML
AR Z AR S B [0]. e, 2021, 33(10): 1841-
1855.
Tan S, Ma J Z, Zong Y. Preparation and application of poly(3,
4ethylenedioxythiophene):  poly(4- styrenesulfonate)/inorganic
nanocomposites[J]. Progress in Chemistry, 2021, 33(10): 1841-
1855.

(2] FIFBT, 4, B5As. GUREH R IR I ML E S B 7T
BRI & THEENE S TR, 2010, 26(4): 163-167.
Ying B Y, Li Y, Yang M J. Recent Research Advances in Gas
Sensitive Materials Based on Polyaniline and Its Composites[J].
Polymer Materials Science & Engineering, 2010, 26(4): 163-167.

[3] LiR, Chen S, Lou Z, et al. Fabrication of porous SnO, nanowires
gas sensors with enhanced sensitivity [J]. Sensors and Actuators
B: Chemical, 2017, 252: 79-85.

[4] Tonezzer M. Selective gas sensor based on one single SnO,
nanowire [J]. Sensors and Actuators B: Chemical, 2019, 288: 53-
59.

[5] Yu Z, Gao J, Xu L, et al. Fabrication of lettuce- like ZnO gas
sensor with enhanced H.S gas sensitivity [J]. Crystals, 2020, 10
(3): 145.

[6] Zhang L, Yin M, Qiu J, et al. Mesoporous ZnO nanosheet as gas
sensor for sensitive triethylamine detection [J]. Analytical and

Bioanalytical Chemistry, 2022, 414: 2181-2188.

[7] Shendage S S, Patil V L, Vanalakar S A, et al. Sensitive and

(8]

91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

selective NO, gas sensor based on WO; nanoplates [J]. Sensors
and Actuators B: Chemical, 2017, 240: 426-433.

Tang N, Jiang Y, Qu H, et al. Conductive polymer nanowire gas
sensor fabricated by nanoscale soft lithography [J].
Nanotechnology, 2017, 28: 485301.

En-On J, Tuantranont A, Kerdcharoen T, et al. Flexible alternating
current electroluminescent ammonia gas sensor [J]. RSC
Advances, 2017, 7: 16885-16889.

Zhang Y, Cui Y. A flexible and adaptable ethanol vapor sensor
derived from an adhesive tape[J]. IEEE Electron Device Letters,
2018, 39: 1740-1743.

Rivadeneyra, Bobinger, Albrecht, et al. Cost- effective PEDOT:
PSS temperature sensors inkjetted on a bendable substrate by a
consumer printer[J]. Polymers, 2019, 11: 824.

XU, ERGR, T 2247, & SRS Sk SO U F IR
T FLIR D). 2SR SR 4, 2021, 40(2): 1-3.

Liu H, Wang Q C, Yu LY, et al. Research status of SO, gas
sensors based on metal oxide semiconductor[J]. Transducer and
Microsystem Technologies, 2021, 40(2): 1-3.

Lee M, Bae J. High - performance fabric - based electrochemical
capacitors utilizing the enhanced electrochemistry of PEDOT:PSS
hybridized with SnO, nanoparticles[J]. Bulletin of the Korean
ChemicalSociety,2015,36:2101-2106.

Swapnil Shinde, Jiang C Y, ef al. Room-temperature and flexible
PEDOT:PSS - WO; gas sensor for nitrogen dioxide detection[J].
Modern Physics Letters B, 2019, 33: 1940013.

Ram J, Singh R G, Singh F, et al. Development of WO;-PEDOT:
PSS hybrid nanocomposites based devices for liquefied
petroleum gas (LPG) sensor [J]. Journal of Materials Science:
Materials in Electronics, 2019, 30: 13593-13603.

Ram J, Singh R G, Singh F, ef al. Ion beam engineering in WO;-
PEDOT: PSS hybrid nanocomposite thin films for gas sensing
measurement at room temperature [J]. Inorganic Chemistry
Communications, 2020, 119: 108000.

Khasim S, Pasha A, Hatem-Al-Aoh, et al. Development of high-

performance flexible and stretchable sensor based on secondary

doped PEDOT - PSS: TiO, nanocomposite for room-temperature



(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

detection of nitric oxide [J]. Journal of Materials Science:
Materials in Electronics, 2021, 32: 7491-7508.

TU Y, CHEN S Q, LI X, et al. Control of oxygen vacancies in
ZnO nanorods by annealing and their influence on ZnO/PEDOT:
PSS diode behavior [J]. Journal of Materials Chemistry C, 2018,
6: 1815-1821.

Zhu Z, Liu C, Jiang F, et al. Flexible fiber-shaped hydrogen gas
sensor via coupling palladium with conductive polymer gel fiber
[J]. Journal of Hazardous Materials, 2021, 411: 125008.

Khalil R, Homaeigohar S, HéuBBLer D, et al. A shape tailored
gold- conductive polymer nanocomposite as a transparent
electrode with extraordinary insensitivity to volatile organic
compounds (VOCs) [J]. Scientific Report, 2016, 6: 1-10.

Xu S, Fan Z, Yang S, et al. Flexible self- powered and
multifunctional strain sensors comprising a hybrid of carbon
nanocoils and conducting polymers[J]. Chemical Engineering
Journal, 2020, 404: 126064.

Kim H, Jang Y, Lee G W, et al. Tunable chemical grafting of
three- dimensional poly (3, 4- ethylenedioxythiophene)/poly(4-
styrenesulfonate)- multiwalled carbon nanotubes composite with
faster charge- carrier transport for enhanced gas sensing
performance[J].Sensors, 2020, 20: 2470.

Alshammari, Abdullah S, Alenezi, et al. Inkjet printing of
polymer functionalized CNT gas sensor with enhanced sensing
properties [J]. Materials Letters, 2017, 189: 299-302.

IR, FRREDR, TR oA, 55 SRR IR AL RG] B R,
2017, 62(27): 3121-3133.

Wan S, Shao Z Q, Zhang H T, ef al. Graphene-based gas sensor
[J]. Chinese Science Bulletin, 2017, 62(27): 3121-3133.

Sayyad PW, Khan S S, Ingle N N, et al. Chemiresistive SO, sensor:
graphene oxide (GO) anchored poly (3, 4- ethylenedioxythiophene):
poly (4styrenesulfonate)(PEDOT: PSS)[J]. Applied PhysicsA,2020,
126:1-8.
Park C, Yoo D, Lee J J, et al. Enhanced power factor of poly (3,4-
ethyldioxythiophene):poly (styrene sulfonate) (PEDOT:PSS)/
RTCVD graphene hybrid films[J]. Organic Electronics, 2016,

36: 166-170.

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Pasupuleti K S, Reddeppa M, Nam D J, et al. Boosting of NO,
gas sensing performances using GO-PEDOT:PSS nanocomposite
chemical interface coated on langasite- based surface acoustic
wave sensor[J]. Sensors and Actuators B: Chemical, 2021, 344:
130267.

Pasha A, Khasim S, Al-Hartomy O A, et al. Highly sensitive
ethylene glycol-doped PEDOT - PSS organic thin films for LPG
sensing[J]. RSC Advances, 2018, 8: 18074-18083.

Amirhossein H, Hamed S D, Milad A L, et al. Ammonia -
sensing using a composite of graphene oxide and conducting
polymer [J]. Rapid Research Letters, 2018, 12: 1870317.

Qin R, Shan G, Hu M, et al. Two-dimensional transition metal
carbides and/or nitrides (MXenes) and their applications in
sensors[J]. Materials Today Physics, 2021, 21: 100527.

Jin L, Wu C, Wei K, et al. Polymeric Ti;C,T, MXene composites
for room temperature ammonia sensing[J]. ACS Applied Nano
Materials, 2020, 3: 12071-12079.

Wang X, Sun K, Li K, et al. Ti;C.,T/PEDOT:PSS hybrid
materials for room- temperature methanol sensor[J]. Chinese
Chemical Letters, 2019, 31: 1018-1021.

Wen Y P, Jing K. Scientific Importance of water- processable
PEDOT-PSS and preparation, challenge and new application in
sensors of its film electrode: a review [J]. Journal of Polymer
Science Part A: Polymer Chemistry, 2017, 55: 1121-1150.
Chuang WY, Wu C C, SuY C, et al. A low-power PEDOT:PSS/
EB- PANI for CO, sensing material integrated with a self-
powered sensing platform[J]. IEEE Sensors Journal, 2019, 20:
55-61.

Zhang H D, Yan X, Zhang Z H, et al. Electrospun PEDOT:PSS/
PVP nanofibers for CO gas sensing with quartz crystal
microbalance technique[J]. International Journal of Polymer
Science, 2016, 2016: 1-6.

Zhang Q, Wang X, Fu J, er al. Electrospinning of ultrafine
conducting polymer composite nanofibers with diameter less
than 70 nm as high sensitive gas sensor[J]. Materials, 2018, 11:
1744.

Morais R M, Klem M S, Nogueira G L, et al. Low cost humidity



[38]

[39]

sensor based on PANI/PEDOT:PSS printed on paper[J]. IEEE
Sensors Journal, 2018, 18: 2647-2651.

Almukhlifi H A, Khasim S, Pasha A. Fabrication and testing of
low-cost and flexible smart sensors based on conductive PEDOT-
detection of liquefied

PSS nanocomposite films for the

petroleum gas (LPG) at room temperature[J]. Materials
Chemistry and Physics, 2021, 263: 124414.

Khasim S, Pasha A, Nacer Badi, et al. PVA treated PEDOT-PSS:
TiO, nanocomposite based high- performance sensors towards
detection of relative humidity and soil moisture content for
agricultural applications [J]. Journal of Polymers and the

Environment, 2021, 29: 612-623.

[40]

[41]

Li S, Chen S, Zhou H, et al. Achieving humidity- insensitive
ammonia sensor based on Poly(3,4- ethylene dioxythiophene):
poly(styrenesulfonate) [J]. Organic Electronics, 2018, 62: 234-
240.

RAEDY, BRI, A, S RTINSO 2R (3,4 £ 7 S EW) ):
R 0 R A Y T 9 K P 0k Jee (). R A 272, 2020, 37
(12): 1343-1356.

YuJ R, Chen S, Xin X, et al. Research and application progress on
dimethyl sulfoxide modified poly( 3, 4- ethylenedioxythiophene) :
poly( styrenesulfonic acid) films[J]. Chinese Journal of Applied

Chemistry,2020,37:1343-1356.

Progress on Research of Gas Sensing Properties of PEDOT:
PSS and Its Composites

Yu Shi', Xue Li', Huiyu Wang', Weiyue Hu', Minghao Wang’, Shufen Chen’
(1.School of Mechanical Engineering, Nanjing Institute of Engineering, Nanjing 211167, China, 2. State Key

Laboratory of Organic Electronics and Information Displays & Institute of Advanced Materials, Nanjing University of

Posts & Telecommunications, Nanjing 210023, China)

ABSTRACT: As an important conductive polymer, poly (3,4-cthylenedioxythiophene) : poly(styrenesulfonate) (PEDOT:

PSS) has been gradually applied to the field of gas sensors due to its simple preparation method, high conductivity,

stable chemical properties and unique sensing mechanism. However, the preparation of PEDOT:PSS-based gas sensing

materials with high sensitivity and good selectivity is still a huge challenge. At present, a lot of research work on this

subject is in progress. On the basis of related research work, the research progress of gas sensors based on PEDOT:PSS

and its composite materials in recent years was reviewed, and focused on the gas sensing properties and mechanism of
pure-phase PEDOT:PSS, PEDOT:PSS and polymer composites, PEDOT:PSS and inorganic semiconductors (metals and

metal oxides), and carbon materials. As well as, the development trends of PEDOT:PSS and its composite materials in

structure and process were summarized and prospected.

Keywords: PEDOT:PSS; composite; gas sensing mechanism; gas sensor



