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Fabrication of compound polymer gas sensor using
electrospinning technology and improvement of the sensor

performance

Student : Chih-Hung Yang Advisor : Ren-Haw Chen

Department of Mechanical Engineering

Nation Chiao Tung University
Abstract

In recent years, with advancements in electrospinning technology, simple
and easy manufacturing equipment has become a crucial characteristic of
nanofiber fabrication. The improved ease of creating fibers with high specific
surface area increased the likelihood of developing superior gas sensors. This
study uses electrospinning technology to develop a gas sensor with high
sensitivity and reproducibility under average temperature conditions.

In this study, PVP was used as the principal material for nanofiber
fabrication. The PVP containing mixed polymer composite PEDOT / PSS that
provide fibers with electrical conductivity enables their use as sensors. In
addition, various proportions of organic solvents (DMSO) were added to
increase the sensitivity and reproducibility of sensors. Experiments using the
electrospinning method were conducted to produce gas-sensing elements with
various wire diameters and DMSO ratios. The sensing characteristics were also
tested. The results generated were: gas sensors with a small wire diameter had
higher sensitivity toward low concentrations of ethanol gas, while gas sensors
with a large wire diameter had superior durability. The addition of an

appropriate proportion of DMSO not only increased the sensitivity and
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response/recovery time of gas sensors during ethanol gas detection, but also
increased the durability of sensors for gas to test. Therefore, DMSO contributed

to improving the performance of gas sensors.
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\ 0 O /M \ o o /n

\__/ \__/

Benzowd structure Chuinoid structure

] 2-7 PEDOT # .5 ##[21]

| | | |
| | | |
| | | |
| | | |
| | | |
] I I

O I I
O R
| | RO
| | | |
| | | |
I I I I
i (a) i (b) i (c) i

] 2-8 (a)(c)&¥_Benzoid structure  (b)%&_Quinoid structure[21]

2-2-3 PEDOT/PSS thig st e
B F A RA o P AR RS RS D - B SR KR .
FIR AR B B 1) e b T T R R T AR S
BoEBHAFEIRARDFR BT ETFAFHPEE L R ER G
Rt o
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%?%béﬁ%?&%*i%@%@’%ﬁ%%$@4%?a

G- Bk ik

LEMBes
Cag SRy P

PEDOT ¥ PSS 4p = & % » i@
f‘S" #é ’5\&//‘ ’%"f'

*dE

13 *%(Il)= % p-type ;
’l}\g//\ ’%?' IFJ\*E F&g XZ—H

# 4 PEDOT/PSS -kiz ik ¥ % A&

A

SIE

= ';0 4“?%/"%" ’ 14 vk £ B &

v P 15 %= (V)R] 5 n-type o & §
° ];%KJ’Q}*%[32]]?IR%F} ;‘J;’%gq;‘ A ® T
i# PEDOT/PSS j¥2f ¥ % (Benzoid) # #-% = ¥ = f~(Quinoid) 5 > I ¥ 123

5 TS TR 422

A

| A

iz ¥ 3 - Bi&|EE e 3 (acetonitrile)~ ¥ F% (methyl alcohol):a» #£2F H Ao

m DMSO /i R #49 5. % * &

% 854 $o~ > & PEDOT £ PSS 2

fF )= - }3']3-;' gt E?]T;‘*I/f&/ﬁ\' 5 PEDOT 22 PSS Ap R R im 8% » 82— h {2
Name Chemical structure 3 m FiScm™")
(D)
Ethylene glycol HO™\___oH 37 236 200
DMSO \5:0 49 396 143
/
NMP N 46
|
Q
N.N-dimethylacetomide )J\N/ i7 i7
|
4-Methoxyphenol® 0H4</—\>700H3 11 20
Acetonitrile CHCN 38 28 04
Cyclohexone <_>:u 18 3325 0.4
Nitromethane CH;NO, k] 04
Methyl alcohol CHyOH 3% 17 04
Pyridine (/ \ H 13 22 04
ERENTHE, VAL FBIEIE, oRLETRE

# 2-2 PEDOT/PSS "= #v 2 4 81+ & 4 16 2 F L 4£[21]
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23$ﬁﬁwﬁiﬁﬁ

BitaEe 7 iR Hid B £- BEA I BT FE)LY - &

BT F@)I sl o @R had e dEfihie- T 4§
BRAT3AHRTFIPRIWN-O-F)ERpE > d it iv* 3 A+ B3R
EICRR i}‘ugi’ ¥ - o3 e m@@) gl o 2R ag g LA o
4 & ’J"“*‘v\ + A 2 AR A R A S ARSI E R 4 AR [33] -
LR PIM(FM)EE g A g A IS kRS 2R
14 @ﬂﬁﬁ4ﬁ+ﬂm?4°e%ﬁ%%iﬁwﬁf R A
T L LT A0 A e B R R RPAND) R - § 1 RL(CO)
2 & (NH3)E " 7 fo 2538 KR F B3P er2] -

ot o3 - F P E(CO) e B T BT 48 T F 48 - Densakulprasert et al.
i UV-vis %3 e X 440 4854 B 3% (XRD) > PANi %% & & CO # 13 eh
Ri©o RFREHDLR o TFRPIE RB 4B 2-9 - BIESF - F AL
(CO)& PAni 274 B JHF K4t NBANETF 2 TS
IN AP kRKRE > ETRAF[34]

40 2-10 477 o f PAni J 04 F BN AL 3 - TS
PAni 1481 7 N o enfrs (H) g 24 § 4+ (NH)# 2 § B R F i %
X+ (NH, ) BoF 2,2 H 3 2555 (B 2-11) 8 42 87 35 ch0[2][35][36] -

F(3.4-2 4 = F R R(F ¢ A L) K % (PEDOT/PSS) R AT47
B $0 § HR B F] (& A F ¥ & Jaewon Choi et al. 3 # PEDOT/PSS
g o e ik (PVP) » A4S 2 7 A7 fRve(DMF) - BRI § 48 5 3 405

F_\.
-.3' Ry
,aa

&
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; Y

.

F_&

e on A URE o~ vk (THR)fo@ Bk o 7 F @Rl 28 % 23
&z n‘f\«a;ﬂ b ﬁwc fafd T RILE —ru%(glz 12,2-13)> % % &
& vk fed B PE o T IR 2 (F) 2-14,2-15)

. , Array of Fiber Gases Operating Detection
Types Materials , temperature . Ref.
fibers diameter tested ¢C) limit
Acoustic wave PAA-PVA Nonwoven 100-400 nm NH; RT 50 ppm [47]
PAA Nonwoven 1-7 um NH; RT 130 ppb [48]
PEI-PVA Nonwoven 100-600 nm H,S RT 500 ppb [50]
Resistive HCSA- Single 100-500 nm NH;: RT 500 ppb [52]
PANI/PEO
PDPA-PMMA Nonwoven ~400 nm NH;: RT 1 ppm [53]
PANI Nonwoven | 0.3-1.5 um Amines RT 100 ppm [54]
PMMA-PANI Nonwoven | 250-600 nm | (C.Hs):N RT 20 ppm [55]
HCSA-PANI Single 20-150 nm | Alcohols RT No data [56]
HCSA-POT/PS Nonwoven 02-19 um H,O RT No data [57]
MWCNT/nylon Nonwoven 110-140 nm VOCs RT No data [58]
CB-PECH, Oriented ~3 um CH;OH RT 1000 ppm | [59]
PEOQ. PIB, PVP CsHyCl 5 ppm
CsHsCH; 250 ppm
C-.HCl: 500 ppm
T10, Nonwoven | 200-500 nm NO, 150-400 °C 500 ppb [62]
Ti0, Nonwoven 120-850nm | CO,NO, 300-400 °C 50 ppb [63]
LiCl-Ti0, Nonwoven 150-260 nm H,0 RT 11% [64]
S$n0, Single 700 nm H,0 RT No data [65]
Sn0; Nonwoven ~100 nm C,H:OH 330°C 10 ppb [66]
MWCNT/Sn0; Nonwoven | 300-800 nm co RT 47 ppm [67]
WO; Nonwoven 20-140 nm NH; 350°C 50 ppm [68]
SrT1psFep0s; Nonwoven ~100 nm CH:0OH 400°C 5 ppm [69]
Photoelectric Co-ZnO Nonwoven 50-400 nm 0; RT 0.32 Torx [70]
Optical Oxides-PAN Nonwoven 50-200 nm CO, RT 700 ppm [71]
%023 % R AT Ag A W R E(1]
X X X

I-=+
=+

eViesietier

O+ —=-— . 2Z72-T

O+ = (Z-T
It
Ol

Il
']

Bl 2-9 F F '<(PANI)E - ¥ i s (CO)2 Rt RI8 #1[2]
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H

<

O

# (NH3) e ipl 48 41[2]

H
N

»talf
=3
H

H
H

[DUBLIR]Y \— |

Bl 2-10 % ¥ "=(PANi)
OO

A )
s )

= = = = =

- P =] _

(LI 22ueIsisdy

B 2-12 7 A& R R BI[9]
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[ouey

20
5 b
0
5

(TN duessisay

®[9]

5 R IR

B 2-13 ¢

ali el B b g

auolaaY

SOy

(5N Aue)sisay]

&®1[9]

|

i

14 i

)2

g 8§ 8 8§ 8

(UN) Puesisay

(Tetrahydrofuran) g 7| B][9]

a vy

-15 »

] 2
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FZE AKLFMAREUR 2 Hian

31 A B A

g Y * PVP F»L*%il’k %’féé«‘&m R 2SR
PEDOT/PSS 4§ & & 4+ » rpa S ¥ @ o i Rplig ¥ 4R 5
RN ﬁ% (DMSO)%?{@}&?E‘JEEIE‘.?@ Tt o

B B ALAC B 3-1 9 F 0 F L#-PVP & & 5 » B R (EHF 2 k) £
® % A3 PEDOT/PSS Kia i G A ie® »BEXFLEFAIT AR L U
V'J/fl‘ﬁ 7 ’]ﬁki/ | DMSO - 7-4? ] "‘:}i,{h—\:ﬁ ﬁ,«J‘g\. gk ta‘_ﬂbﬁi-}g'\—i& &
et o £ 1% SEM 2 OM L% & A5 % S50 X ] » Botd #ff 15 e
fr 87 5 BRlEE o

PVP+« Ethanol/Water- PEDOT/PSS« DMSO«

Compound-Polymer

Solution~

l

Electrospinning«

l

Nanofibers«

|

SEM. OM. —————>

- Depositing on-the:
Intedigited Electrodes —*
Intedigited Electrode.
Ethanolease ——* Gas-Sensitivity«

Bl 3-1 7 %428
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32 % RAR

A BE BB R

1. Poly(3,4-ethylenedioxythiophene) (PEDOT/PSS) ; Sigma
3] 5.: CLEVIOS™ P VP AI 4083
¢k BELAC B 3-2 Pror

2. Polyvinylpyrrolidon(PVP) ; Aldrich
Average M. W. =360,000
‘h BELAC B 3-3 Ao

3. e BPL
h AT 3-4 P1oT

4, L33k FpPita
h BLACR) 3-5 fror

5. Dimethyl sulfoxide (DMSO) ; Sigma
h BLACB) 3-6 ProT

PVP | » B3 odAag JI* L2 g » ERAMPRER - k&L HE
NARERWHRE A EG 113:2:2530 @ B & L5 WIE3-W2E2 »
W3El Bk & & 52 PVPIRR R E & 5] > 54 P12 WIE3 % 5% PVP
R G 12% 33 ke pE=113s L pdpde o 4 T F 4 F PEDOT/PSS
KRR Sg B AR A DMSO M B2 131140 1RE S EFRT R

T R o

B e @idp

1. /BT k&R R ; Matsusada Presition,Inc.
A5 0 AU-50*%1.2
o BLhe ] 3-7 7

2. A+ FF 422 F 5 KD Scientific
3152 : KDS100
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# BLho ] 3-8

3. b BT A L
5L 1 23 5L
o e ] 3-9

4. BIGEE A Iy
)55 ¢ 10ml
b BLAC 8] 3-10 #7or

BT % LR o ELC-R 3-11

Poly(3 :
Cth

Yene
Vi Hl.(].o.vm >0

yre

Nesulfonate) :

Bl 3-2 PEDOT/PSS *} ji
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] 3-3 PVP ¢

@ 3- g
4 ¢ pe
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] 3-5 4 =K

i SIGMA-ALDRIC H

Lot¥BCBB98SS ..’

Dlmeuwl sulfoxide

| EEEEL

& 3-6 DMSO
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T

996 KEES

¥
0905 \

B 3-10 L3y 4§
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B 3-11 FRF %L LR
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3-

248

SHERVUFHET R LA FWIT2 K82 AT
BECHUIARE BT o HFLERRLIIE REF LR
PR TR BB TREF RS T RBRT S TSR

THRFY CHEHA IR FEENPELEFA T I AR R BT

B30 iR BER PR % FECLY)

g ik | TR R SR | ey
(%) |(mh) | (V). [(C) | (%RH) |(cm)

P7 WIE3
W2E2
W3El

P9 WIE3
W2E2 | 23 . | 1.0ml/h |- 16kV %) 25°C | 55%RH | 15cm

W3El

P11 WIE3
W2E2
W3El
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%32 TREFLFHR FHK T
TR BR R
2ol T IPIOE B R o e
(32) |(ml/h) | (C) (%RH) | (cm)
12kV | P8 WI1E3
W2E2
W3El1
P10  WIE3
16kV W2E2 |23 % | 1.0ml/h | % 25°C | 55%RH | 15cm
W3El1
P12  WIE3
W2E2
20kV W3El
F3-3 TRaR AR Sk T
IR 3 Solution CG IS S 1
RO TR IR R fo f FEHE
(5) | kV) | (C) (YoRH) | (cm)
1.0ml/h | P8 WIE3
W2E2
W3El1
P10 WIE3
5.0ml/h W2E2 |23 55 | 16kV | 5 25°C | 55%RH | 15cm
W3El1
P12 WIE3
W2E2
9.0ml/h W3El
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PEDOT/ | Solution '7;", S S
PSS $RER | ni TR ORER AR o &
et (52) | (mlh) | (V) |(C) (YRH) | #E4t
| (cm)
P8  WIE3
9:1 W2E2
W3E1

6:1 P10 WIE3
W2E2 |23 5. | 1.0ml/h | 16kV | 5 25°C | 55%RH | 15cm

3:1 W3EI

P12 WIE3
W2E2
W3EI

3-4 F MR RIEHF K

FHREREGR*AHEZ AT UTIRITREZ LRI E Ty -
AR RHRE G YR LTS A P AR e R EAR S £
Bdk  GlaE E e B RIT Rl A o A AR

3-4-1 & % iF ik
(1) % 283 kit 54048
(2) @ rFREEE EF K(HSO04 HyOp = 3: 1) ¥ 22 » Fi£ 10 - 20 4 48
peng 3 "$ Water + 2. & £ Hip+ 2 5 #8545 -
(3) * IRk 544
(4) ¥ pedrz 4 f(HF : HyO=1: 100)#-§ * * jTjz > 58 E 3| & 7 7
kG e BRI KB AG 2 D F P -

32



(5) *2EIFoRFE S L

(6) * NH,OH : H;O, : H,O 17 0.25:1:5 &8 &3 % -k
»Fie o BT ",’T? PE g+ o

(7) *2EF Rk Sadso

(8) KBAL~iEF M@ ER BIR £ (1:1:6) 0 KP F3kor R 10~20 A
4 0 e 70°C o p P ﬁmiéw%r%agi Na’ ~ KTk o

9) LT RIPE S A4 o

(10)  Spindry °

Yy
>
Ae 9
=t
~F
N
H

3-4-2 § 1
FLUAARE AU PP LYRBELEF F AN IRERE &S 4
B RFEEFFMF BRSNS EROEFEF ST > RE AR T

26 Ed- K= F K (SIO) - fbﬂﬁyfﬁ‘é?%ﬁ AF s § iR K (SIO)P i
£

3-4-3 #cH & e

BBl ER R T ALY OPUS 4048 2 Auto CAD % ) - #-k §
éﬁ@ﬁﬁﬁﬁwﬂ@a%%wj’éi'%%awﬁiﬁéﬁﬁﬁemwwﬁm%
FomEFZsmE I EmS ey o QNI B iTEak Y
J%Eaemﬁ%-eﬁﬁ%—aﬁﬁw»iﬁ%%-gOM—+@¢%°%%3

() PR dr Z3pi > MR P A @B B TR F o L kA
B Y1223 BREEER T AIE FER -

(2)  f¥ R E T ARE A MUR 80C s 30 5 5] 60 F
E A Bk Ak .

B) RE:PHERLPFARERIEE RN E o MEFRVEE B o
B VB A ES TR o
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(4)

()
(6)
(7)

3-
l.

2
3
4.
5

Bl ke BB AR NS HEBRNZBERIF A A
D

T aw%m—: =is PRk > - G Ko
7 OM: i lAREL T RYRF AT RERSIZY -
%4 Zfi R E B E 0 - SRR K 120~ = Ak o
4-4 & B3
Bt kT A A
. REE
. FaEs(T)E v £(PY)
Fir pEred ke g A ke g
L ERATRF Y 2R ERE

B 3-12 T 1Bl & R4 R
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3-5&&5?']%#'&—&z];ﬁ€5?']
e 1 mf@mﬂ,’fﬁ’lﬁ;"t’i’}%i'f?u—r B e ‘J’E'z:tu‘«‘fi”"t’”

1. ;ﬁngﬁﬁ:l,“:ﬁ“z\» ; B 3 uigb—a- E,tlj,”ﬁ LR A

TR Rl 0.002~40.000MQ > f247 & 0.01Q - Brg &k ¢ 5$0.25

% % ¥ 8 ﬁ:tl‘"; @pmh’léﬁ;ﬁ%?ﬁr"&%p%ﬂ'alé7 1:,\,]'4]

2. & kg piess (Optical Microscope,OM)

% F B A (OM) 1 * LR SRS RIY > BEG R PSR -

PSP AR L 10X 2 48F SX 10X - 20X ~ 50X ~ 100X » gk 4 T ik

L E -

3.4F 5 ¥ = + B ks (Scanning Electron Microscope,SEM)
FhaoF s (SEM) ZUEFRARF £

EIRAE CE T SRALN C o
ST IR AT T AL AR EA TS F S o g A
LA B MR B ERM B G &% S
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B 3-13 % 5 i 2 T
v ¥ Ay l._'q,%\'

] 3-14 5 B ek
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AR PIBRILE

BB PRE R

Gas Outlet.
." ] e
- ] EHIE =S
Kas
Gas Inlet. —
RS R |

Bl 3-16 # MR Bl 4 X ¥ B
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i oF REHE RS2 LR

4-1#F RN TEHRLERFEPPEE
* a:;gd T E B WA s K asd OM 2 SEM M e i & 5
° gk SfcheT

48 1 23 BL

swig 1.0 ml/h

TR 16KV

EREH25C

B A 50 %RH

Yo EEHE © 15 cm

4-1-1 PVP ik B 05 58

i s 1A AR RKTEL w%*”vﬂggﬁﬁz%%

(R R IR - SRR % R Sl W SR
Ko AFHR T FAF PVP(Mw=360,000)> 3k s €27~ kR 7
%~9%~11% B HWEKREZTEm W65 13 A58
4-1 &7 o Bl 412 G EEPFARERTY% 7 9% T 11%5H5 & F 3Rk
i * & 5 kg gk (Optical Microscope) Bl 24 AT H Si /S FIPVP E R ¥ % @
NP RERE c B ERMPE > w42 ARERMET §F RS T -
RoOBPEAERIPEF AT FAFAL - 300 LG RDEHE o wA

B E kR 1%(P11)7 4 PEDOT/PSS 4f & A+ Sgie 78 # it
4 o
L)
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Bl 4-2 B A F 354
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4-1-2 TR h PP
Bima s 0 FRSUIERT > TRAEIPATRE > FHH 0G0
P RER S SRR EA D - R R B ETE  P AR
Lo R JI7 LEMMBBRZFRZHAT  HFAFT S {* - B43 5=
B s ST RT ATE AT L F A RS o F 4-4 éﬂ’*’ﬁ#ﬁ'; s
BAAL(SEM)fEB-= AT RET chi % 2 10% B > P17 TR EHTE 5
R RELEATE IS R o d BT L TRACI2KV AT 16KV 0 ST
R o @ 16kV I 20kV S BT Y A ERIR L 0 Tl feg A3 A
FEIH O FIRRRREASSASAIIZI B %\s;\«‘/a%f)iw%w

ST
-—

B4-3 = 484 I ch 57 R A8 g A3 iz B 5 (a)12kVo (b)16kV >
(C)20KV o #i% 45 & B A F AR kA L 1Iwt%
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2000

1600
_ 1400
E 1200
-

P11 (5.0ml/h)

+ 1610 * 1530

1190

12kv 16kV 20kV
EEE (kv)
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4-1-3 3% i v ik R

e » PEDOT/PSS * % A F A 5 AR H 6 R @ Bimd M g 18 2
@ﬁ@ﬁiﬁ%*’ﬁvi%%iéﬁﬂ’ F AT B A A ®BG
BREFAT LB > IR YRR N R R R T LR
BEFE AR FRMDEE > R REELFRGFES o P
PRITIE S ¢ T J/% ek if o 4o 4-5 0 HgR T RN R L 0 T A

S

4»

T RCE BRI PIRF S ldy o Ao Bl 4-6 0 Ao L B IE B 4-7 0 B iR n
ﬁﬁO&mm%%F%é6mmy1mmm%x@ﬁé9mesmmm%ﬁ
IS5 1530nm o SR SHBIEF R AR AAEIILE T > T Find e g

52
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Fl4-6 * SEMB %4 27/

P11 (16KV)
2000
1800
1600 *
_ 1400
E 1200
= 1000
iw | t
600
400
200
0
e i 5.0
sk (mi/h)

Bl 4-7 2 inBenghas iS4 % B

—_
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42 g RIREBEFRBEALS S
AF TP &HF(110)T5 A ok d x4 2‘"@%’}{? Fﬁé?}*kﬂ#érﬂ
4-8 » & * Autocad E Rl 2 d W7ZE A ¢ Wi > H- T T 150um - i
BTARDTE S 2em s B 5 600um o A IF“‘}J?*/?%%@%E#@—%?&V@%@
25 =N —ﬁﬁ.;:k%py B J;lﬂ:;:)\{j;ér‘g I BRRF LR HFIE
- % ¥ 400nm ¢ SiO, &R HE T R i @i o B F s B e
(Lift-off) » F ke » @ * kL F HRERELPR I T2 B VET IR EFHE
- K &x(Ti)) 10nm f7 1k & i » £ 74— K 4a(Pt)s) 30nm » 5723 &
e &7 Bl % WE 2 B RT IEE 4oBl 4-9 #-T &7 2 & OM(R) 4-10)
= R ,%’—*{-FI-EL—E ¢ Rhn o d L F iR o gd o PR PR T
BRSNS ARt R ST RE L 0 B S MR RIF
& o

B 4-8 7 RER BT HEAF % W
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B 4-9 & BHEH Ay o

it 7

B 4-10 ¢ &R BT &
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4-3 BRI BHIEHE F R Rl

FHERE SR PR BT i 3R T (Response time) 2 7 7

pF B (Recover time) » H g Jp| & 47 & (Sensitivity) T_& >

S = (Femm) X 100%

air

H? Ry s BB BT F P T IE Ry 6 RBIE L

RPIETEFRFHERY » e ER T

(1
L5 %K & ¥ ¥ (Response time) » . & B P Bk * 5 § Tk

I T 90%pFF £ 5 wARPF R (Recovertime) e

Resistance

Air

(4-1)

FRlg Y 7

T 90% pF £

B oo RIEEYR

Time

Response Recover
Time K Time 3

Bl 4-11 ATk T & B
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4-3-1 T W2 FRHRIERFRE R DT
d o R Ag Mg R T A 5 B g LG R 5 A HETR P
B ORFHERAFTERI GBI TR IES - J Y T A
ERIFRTIEPRETEAL A o d el B2 DB F A AR EFR
g v 2o fRbsd? oY HERIES T o BOAR TR S

ER
F’

FH o AL FEH I RSET W MR RIGRAE -
i

P
ohid
e

AAGHAF Al SIS 41373 BRI B LIS AT AR
FC Bt A w2 660nm ~ 950nm ~ 1530nm = ST R S F ME R R 0 P F
FER & B E_1% >~ 4% ~ 10% ~ 19% > BAKRERERE T - AR R
-1 %‘zf‘]ﬁt/}%&m FrEd o FmEmt - F WE R FEE P F 47
EETIE > B 412-4-13 4147 BRIEE 5 A2 5 (AID? > @ ME R
s » P # 48 (Ethanol)¥ o
Bl 4-12 ~ 4-13 ~ 4-14 5 7 H?'/%)i/ﬁ%iﬁ WRPITIER 2 R RB >
FOF D] O F AR R P (1%) 7P R B30T 660nm R R E & AT R
FEOS%RE A FFo H IR G RIAPHEIRGIR S F o B
FRED| S EAR] v DA R RS
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660nm

e 1 4% 10% 19% conon

P
L

[
L

Resistance (M)
Pt
o

=
=1

[= TN, |

0 100 200 300 400 500

Time (sec)

(a)

660nm

100 - Ethanol _— 10% 19%
EE 1%

Sensitivity (%)

0 100 200 300 400 500

Time (sec)

(b)

B 4-12 35/% 660nm e ) B4 7 Ik BIFH F W eana)R BT g (b) &
AR B
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950nm
10% 19%

M L
noQ

Ethanol

=
L
T

Resistance (M)
]
=]

=
=1
T

Al L——
u 1 i i
4] 100 200 300 400 500
Time (sec)
(a)
950nm
sy 10% 19%
Eﬂ -
i Ethanol
g 60 4%
= 1%
£ 20 iR
& 0 it
-30 CAir
—4‘] L
(0] 100 200 300 400 500
Time (sec)
(b)

B 4-13 35/% 950nm R B B4 7 Ik B IFH F Wen(a)R BT e (b) &
AR %
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1530nm

10% 19%

B L
(S =]

[
[}

Resistance (M)
Pl
=]

Ethanol

=
=1

5 -
o
o 100 200 300 400 500
Time (sec)
(a)
1530nm
10% 19%
100
Ethanol 4%
m =
i 1%
£ 60
£ 40
= 20 |
B O |
=20 ¥y
-40
o 100 200 300 400 500
Time (sec)
(b)

B 4-14 502 1530nm shg Rl B3 ok B OFF F ()R BT R (b) %
AR %R
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4-3-2 THGERTHFHERFAEREEL
AR PR AR R F WE > LR AR R g BRI

B - 8o AFHRE T BT LBR P BRE NS F 2 Y -
Adh o R r kR 8% P A MR FEEY c EAERe IRBTIEE

B 4153 RERBEFRENLTF P ~ FFHERF WY ’T_M;aﬂ?iﬁ?
TR EE D T RAE o TR FACRE N mE A
@;ﬁ_-ﬂu CHERVEARFAARGR FH L €3 jéé@\iéﬁ*ﬁé‘ﬁi&‘?«
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