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Table 1-1 Application of sensors in various fields
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/ High sensitivity

High selectivity

Reproducibility

Properties of Rapid response

excellent gas sensor |

Wide range meas.

LLow cost

Small size

Long life

Scheme 1-1 Properties of excellent gas sensor.
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OOrOOy = -OvOvOHO-

Alkali
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OpOyOvCO = -OpOpO1O
emeraldine base emeraldine salt
(<10-8 Scm-1) (=10! Sem-)

Fig. 1-1 The structure of polyaniline.
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to vacuum /// \_;

4 ¢ )
to thermo- i t 51. /
hygrometer L 0 potentio

i T Zi\ galvanostat
$6
<—-—>:I 5
sample gas ckck 4
s
4 - — J

Fig. 2-1 Schematic diagram of apparatus for conductivity measurments;
1 water, 2. gas trap, 3. cell, 4. Pt comb shaped electrode, 5. thermo-
hygrometer probe, 6. lead wire, 7. balloon, 8. manometer.
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744, 690 cn ' OEINNEEINSZ I ENnS [15-17] , PTSAZE R—)X> k&
LTERDAATWSPANDBADMSOIZ AT H D T EARB I N T=(ARRE
0.6 gL™). Fiz, A7 M@, OIF, QEBOMMMELIMTIFEL <,
B-N'H=QO#E{E A% T 1145 cm ORNASEBINZZ &M 5, 55N 7PAn
MIATINY UEHEETH DI EERL TS [13-16] .

AEMHEPAN EPVAB LI UCE SR OFTIRA R Y M)V & Fig.2-31Z7R 7.
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Fig. 2-2 FTIR spectra of the residue(a) and the recrystalized
PAn from the filtrate(b) after the PAn was immersed in DMSO.

_14-
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Q' |£ ! t L S ! |
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Fig. 2-3 FTIR spectra of PAn (a), PAn/PVA composites
(b, ¢) and PVA (d). The weight percentage of PAn in the
composites were 50 (b) and 14 (¢).
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nmiZKNE— I RBEEE N, ThEh, BELEZR—502ENTHY), EE
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INE2DDHMIMNBELITE AL, 630 nmD PN L =, 0.012 gbl b
PVAZEINT % &, 450830 nmOBUITERICHEL, 630 nmDIKRIND &
WREENZ(ARY BU(T) : 14.3 Wt% PAn). 0 & ZERIFATH 2.
630 nmidF /1 RBRICK 2N T, HERMPANICE 5N MR E—I T
H5. LiznioT, PVARINMOBRET, HAOPANIYR A ITHERITETHRIN,
RAEHNICIITERICHEENERREBICTRS ZEERLTVD.

EIREGO BRIDIZCBNT, PVAZPANEZHRMLE EZO BRI EEZH
£ L7z (Fig.2-5). BABEOBELS R EEII14.3 wt% PAn) ZER [ EL TRE
EMIZ ERL, ¥50wtBTPAn & IZIEFRFEOESMEEEEZR L. J3U/N—
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Absorbance / a.u.

1 |
400 500 600 700 800 900

I 1

Wavelength / nm

Fig. 2-4 Change in UV absorption spectra of 3.6 X 102
wt% DMSO solution of pTSA-doped PAn(0.02 g) on the
addition of PVA : 1, 0 wt%; 2, 50.0 wt%; 3, 66.7 wt%;
4.75.0 wt%; 5, 80.0 wt%; 6, 83.3 wt%; 7,85.7 wt%; 8§,
87.5 wt%.
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Fig. 2-5 Dependence of electrical conductivity of the PAn/
PVA composite on the PAn content at 25 °C, 55 %RH.
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2. 3. 2 PAn/PVABAROEIUEE DEEKFNE

2. 3. 1THERIL X RIESHOPAN/PVAIZ DWW TON 5 100%RHE T
DEAIC KT B T SUEBEE L% M7= (Fig.2-6, 2-7). PANO @ TAES
EEEECIIIMICH /2. 23U, MacDiarmid [7] 5 O & —T 5.
BABEOPANEENED T 5 DIZEN (Fig.2-6 0~(d), TxbbPVAZEN
WATSE, BEREEEORMBIIREICHEMLULZ. T, BUKEDPANIZ
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W5, ZLUTPANEEN25 wt%dD & &, 3.0X10 2 50.2Scm ™ £ THRK
AL &R U= (FREE R %%=0.995) [13,14] . S HICPAngEZEWAD I D
(Fig.2-7) L HEHITRTH OO LEMICEVWEREEERBIC 7 L. Z
T, PVASEOBMRICHESESHROEEHOEK NICTERTS. £/, 25
wt% PAN/PVAIZD W TR VRLBEIEZE 7o/ & 25 (Fig.2-8), MEBL L
FRIZIERICBNWTERT Y S AEEFEELEN - 2.

BELORI 2 EEEORERHRE N/ (Fig.2-9). PANFRIITN
ZN50@), 25(0), 14(c) wt%T49-59%RHIZ B\ TIT o7z, IR i#kE T,
WITNOHE BIPLURNERETH - 7243, RiE@ERE Tidehens, 5 104
EPVAS BAMENT 2 ICDONRENEL Ro/z. I, EHAMPVASED
Iz, EEENS DK FORBENREIZ/RS & 2R L TN,

IS OFERNS, HELICEL TPVANPANDERMLEE DREKF T
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S

Fig. 2-6 Dependence of the electrical conductivity of the
PAn/PVA composites on relative humidity at 25°C. The
content of PAn in the composites was varied; 100(a), 88(b),
80(c), 50(d), 25(e) wl%.
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Fig. 2-7 Dependence of the electrical conductivity of the
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IHZ5TRMEE LT, BUKKHEEDOEWPANNDOE KD S, BEZPVA
(FH)DEMIC L B PANDIBRIL BT S5 15, F/z, FROERMSPANE
BEN25 wiXOEAEOBELREENRVENTWS EEZASNS [13] .

—RITRESN TWEESTEAWERBEL Y U 7FNA R, EEA
EOHE, BN TEREZMEHLEDDT, BERICEDAEN D5 OB
PENTENT 51 F D BENEINL, TOM A REEEZRETHENDHDT
Hd [21-23] . TV EFRO LU HICERRENANSGNS DINETH
5. BRETHE, ERMEEEZIZER ZHMNT % EamICENEBRISA
U, BROICEEGETICHEELIE AT UL ANEL 2D THS. &
WA A L TNay o A4 CHEERALESE, EBOANELT 5
TERHSNTVWS. 2T, PVAIKKCI@), H,S0,b)%E FNEN20wt% ik
MUEBEREEZFEHRL, TOBICEEOBEREFEICDODVWTRFLLE
(Fig.2-10). TNL I8N 5 95%RHE TOMIE, BRET 1 27BNV T, @
TI10*M 5107 Secm™ £ T, (D)TIRH10° N 5107 Scm™ £ TH2, 3HOEL%E
RTA, BWEICESMERR SRV, KCESOPVAR@TI, Y17V EE
RBECndYA 7)), EXTFY ANA SN EEERETE, BEokRE
BEVWER TEDNTHEY, KCINEMICH M LIZRTF BRI Z0k
O, ESIHA U NVEERDE, EXATFUIANLEWIHEAL, HEGETP
DHEDNED T ENEHICTFHIENS. £77, H,SO,250DPVAKMDIE, 2nd
HAZIWIRBWTE AT Y RTHEL =0, BREEEE(EIstYA 7))V
&0 H1UFREAD L7200 ~10%Scm ™).

R T o) > EAWEESBICES Y Y VBV TIIERETH - T
b, BREICHLIIRSNT, KERBLEEELLERLA0HH10™ Sem™),
EXFYIANRSNRNI ERBRENS, ERULEA A EEDOHTIRIOE
[UCEEDIHRATE W, £I2T, ZOESEOEEEEZH5HNT,
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Fig. 2-10 Dependence of electrical conductivity of the PVA
film incorporated with KCl(a), H,SO4(b) on the relative
humidity at the moistening(O,/A\) and desiccating(@, A)
stages. The weight percentage of KCI and H,SO4 in the

PVA film was 20. The thickness of the cast film on the
microelectrode was 0.1 pm.
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Fig. 2-11 In situ FTIR spectra of PAn/PVA composite
subjected to various humidities from 100 to 12%RFH. The
weight percentage of PAn in the composite was 25. (thickness,
40pum) The measurement was first performed on a sample that
had previously stood for 10 h in a atmosphere of 98 %
humidity, and repeatedly until the atmospheric humidity

became 12 %.

26-




WET

Conducting ..
(emeraldine salt)

DRY

Insulating
(emeraldine base)

Fig. 2-12 Schemetic representation for the salt-base transition of PAn
in the composite.
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BET(LITES BB EFTIRZ A Win situ TBH L /= (Fig.2-11). 8K %
Fr ARLEZAT 2LV AME100 ¥RHD BHBRRIC—BERFFLZRICAIE

WVICRBEL, GBERERTIETEEZEI2%RAEX TR S /2. 1650 cm”
MHECHOZHED T O— RARNIIKDOO-HEAIZREI N, EEENS DR
HOBFEERLTVWS. 1500, 1600 cm  OEINIIZENEFNPANONE ) A
RB), F /1 RQBEGIREICRBEIND. ZD2DDORINOFELHRE LI,

BRETIIZESEL VWY, EEETIR T /)1 RROBENLEHRE<SZ-D
7. —iREC, EERETHIIAIINY VEFEOPANITEFRENERE
L7t %) o i 2 &5 20, MEORELILIZERL <55, —7,

HBRRETHD AN VHEATIETFRENBELLZEEIZRD, X2
¥ )4 REBOBRENBEN®R LS. Tk BEEEE, Fig.2-12ITR7
AF—ACEoTHET L ENTE 2. T, BBETIEPVALEEDIE
EEABEPICEET S, Z0 L EBHARPANIHEDKICEEL, PARIEIRF—
VoI NEEREGaAtE)ICER>TWS. FAHOBEEZEOIESL L, BGE
NS DKDTOREITHEVENPVARIABEIL TH R—7 2, #RAICPAD
\dbaseiT/z %, ZDEEHEABOBICEEIIE T TS, ZOXIBEEGR
N Dsalt-base BRI IGIC & DFEHET ZPAND R—E 27 L NVOZEICLD,

ZLITHED EEEORTELXGEELNHHATE S [13,14] .

2. 3. 3 PAn/PVARBHOMIBIGEICBIT HHENADOKE

2. 3. 2I2BNT, BbEFBREEREEZRLI25Wt% PAN/PVAES
FEIZDWT, BRBIGEIEADHETAOREZRF Lz, Fig.2-13IZ7 &
=7 (@), HILAZRO)ZEOEHK T TOERISEZRT. iz, HETADR
WIS DREZ SR TRYT. TNEN0XRHICBWTERE A ZEA LR R
204 & L7z, 15000 ppmY Y EZT7 HRAEZBEALRLR, T0EBLZADNS
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BEEHEOBLMEEIRBICK A L. 2, BEENOY BT NES
EEREICHEL, 52N TERERICEET 2INEREEZRL TS HD L
EZ6N5. Thbb, V7OEIT7MREGEZAICKEL T(ZDHE, 5K
NOPANDHISIZEEZ KT, IHMNERNICERET 52 & TOXRHIZS
WTHEFEEL TWHsaltBl OPANDE R — 7, #ERAICHE GEA Dbase BY
DOPANBENMNEMLZZEICXBbD BRI ND. HIZ, 13553%, FAADSE
P& %18 YRHICHHHI T2 &, BREEEIIAMRBMER LR, HEHX
DEELBVBEEBROEID BENEZATESHEICELEZ. BY, 0
YRHICR T E BEEEEIRRL TR L, PHEL D EVEREERLE. =
NEDZENS, BEEMOY CEZTHAOEBREAOIEICED, BEE
WIZ B Bsalt-baseBH MbasefliN 7 hLTWB EEZ NS [24] .
—7, EEBEEBEN A THBHEKFMAO ppmEFUKEKICET ST
L, BRMLEEIIAEIHEMLZ Fig.2-130). B, BEZ0%RHIZEL T
bELSGEERYIEICEE Loz, 2, EEERNOsalt-base BB N
saltfil N7 R L, HEREIZBWTHbaseflil N\OBITHRER/-DTH 5.
ZoXDIZT, B, HEMAOBRNHZ OB ALV ESEFOPANDRHEIC K
XRBEEEZ BT ENGMo 7. LL, HABOEBNE T DILEFEN
ADEEIT TIGRLEBET > B TIE15000 ppm, 1L 7K 3 TI1E4000
oA F TG EAER NN -T2 [24] .
Fig.2-1413b/kFEZ2FOKRLICI S LEERRICD WTREKEFTE &
RARIZbDOTH B, Ist¥1 7IIVHEIEFig.2-8) K THIC, HIKFZFTOKEK
KX 5 L(Fig.2-120b), T0#%, —ERMEZGEL K, BOINE & RiE
VIR L -#R)Fig.2-1402nd~4th TH 5. ZORNSLSNH K DT, #
EHEOERIEEIISABEE TEREERL, BEEEE ENRS I EITER
ﬁ%EM%MLE.:h@,ﬁéﬁ%@h&%@tﬁ%*%ﬁ*ﬁ?t&é
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Fig. 2-13 Response of conductivity of the PAn/PVA
composite upon the humidity change [rom 0 to about
20%RH in the coexistence of NHiy(a) or HCI(b) gases.
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salt-baseBH DEE THRL IENITIEET S Z & TPANIZ F—/N 2> & L TH
DAEN, TOME, BEEEIIB\WTsatZOPANBENEINT 5720 TH 5.
¥z, Ath#llE D60 ¥RHK D S ERITIE, BEAFHITIZEAER SRS
J=. ZHUI, PANMREKRETR—TEImI E2E®RLTWS. ZDOZ &,
BAEREOEBERKCEEN—RICBEINTWVEE L R—TJHOPANOESEE
(~10 Scm D EFEFE-H Lz s bBEIND [24-26] .

FEkIC7 )V a—)b, THF, AFH 2R EDOFED T A DEIIREND &
I OWTHANRE., OBV TT I I —IVEKIASY /) —)25000 ppm(a), LT
% ) —)L18000 ppm(b}EAH, BEEEEIR LI LR LA, AKGEH
AT B EENTIKEL[LD B DEREEE I L 7= (Fig.2-15). 372b
5, PIA—)VERKIIKEBKEFRRITHERT 50, T8 =)V OFSIEKESR
CETTRERTELEENINIEZRLTWS. LML, A¥/—)L0H
&, KBRJIEBABRDEKGEE IZENMNIKOBDBEID O HEVWEFEHEERL
7=, MAT, T ) EABDBIUREEITNI0S TEHMITET D2 DITHE
LT, A%/ —)OBETIROINION TEHREIELZ. kDT, A
5 )= )VEEALZEZEERIIKSFERBLENOL D REKELEERL
ERY. ZHUL, AY ) —IRBEAKETHD, FHAAORXTHRDOEN &
RECHELRBWIEIZLDDOTHSD [24] .

—7, THF(10000 ppm), ~\F4H (7500 ppm)BKEAE, WINDHEX
FEEAIIEAERS NN, KBEKEEATD ERBRDIEEEZRL.
THFD & (Fig.2-16(a), KAZEA L &6 ICBIURERIIRITEML 7223,
RARRRAE EDICRLAICEAD UEBMEICELE. ZOZEIROELDICHEMAES
N5, £9, EABERICESE LZEAKMEOTHRIC XD BEKICKS TORAE
MMEEEND. HOEECHMKZBOR, EAMOREEOTFEKIOHINES
BRI —ICHIE L TESEO BREEE IR X ICEFBEIOET 5. BT, B
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Fig. 2-14 Dependence of the electrical conductivity of

the PAn/PVA composite on relative humidity at 25 OC.
2nd, 3rd and 4th measurements of electrical conductivity
were performed after the exposure to HCI vapor.

3.



(a) \l, vacuum
S 0 A
95 -
= | 5
z -
g 105 O !
jon]
2 E
S i 1\ CH3OH ,T 20%RH

I 25000ppm
10-6 I L L I
0 10 20 30
(b) \l/
vacuum
_ 104 F
= -
5 ¥
95) L
o 5
*.-; 10 5 E‘ ________________________________ !
E - ?Csz()H 16%RHT
g L 18000ppm
O 406 || 1 A\ ! 1 l
0 20 40 100 120 140
Time / min

Fig. 2-15 Response of electrical conductivity of the PAn/PVA
composite upon the humidity change from 0 to about 20
%RH 1n the coexistence of methanol(a) or ethanol(b) vapors.
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KEDAFY > (Fig.2- 16NN E SR ERRICRET 5 &, KT OREZHEE
T3, ZDED, K3 FOEBSERNNOH—RIEBHIAKRE LD, EEEOE
RICEEIHREESHIIC L THEONE ERE2RT. £z, Fig.2-1710RY
IO, KBRKEEALLBICEBS THAZEAL TORERECE<EE
BEREEMoTE. LM T, THERAFY 2 13Fig.2-18D L 5 1ZK4rF D IR
FRBICOAEETLIHDEEZIONS. ThbE, EAEEMIIRELIZHE
W FH AN AENIBUKEZEZRETSHZET, KFORE Z{REXZIT,
FETS. Lnl, H2BRERMNRETZE, FHEOEEE OFEIKITD A
MEEHAIC H—IC R L, SeMOBSEEEIEEEICET S (24] .
TR EE(AY ) —)L 25000, L% /—)L 18000, THF 10000,
AFH 2 7500 ppm) AT T, BREOHBIREICIZEAERZE LMo 7.
LAE, &t BEHZOBERBEOHEBREICGX 2HELRLIEN, KRR
DREBICBVWTHET A NS DHAREIEIZ I TRALZH DL DIEZNIZ
BEVWVETHS. REXBW THESINAHTABEOIMIIROEBDTHD !
7EZY, 50 ; #BIKkHKE, 55 A% —)b, 200; =¥/ —)b, 1000 ; THF,
200 ; NFH, 100 [27] . 2O L, ESTEAENEEOREIZEN
TINSOREHAOEERTIEAERITSZ E2<, HBHETDHILER
THOTHS. LEN-T, ZOESBEILER ORKICBTBEL 2T
TNAZRELTHABATES DD EADN S,
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Fig. 2-16 Response of electrical conductivity of the
PAn/PVA composite upon the humidity change from 0 to
about 20 %RH in the coexistence of tetrahydrofuran(THF)
(a) or hexane(b) vapors.
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Fig. 2-18 Schematic diagram of the composite film in the atmosphere
with water vapor and coexisting gases
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BIE HADOYZY VHEEREDTERNWIEGED
BER T

3. 1 #
AU T2 2 (PAN)DEE Y > B AOE A DWTIE, MacDiarmid [1]
SICE->THEINTBY, "TASNY VEBEOBRGEEMNEEITKET
5"ENDBDTHok. (EFEBICL > TERLUEI AT D U HEEHE O ERM

ulil|

RUw b OBKEEE, ¥4 Torr (23 %RH at 20°C) TIdl Sem™, HZEICY
% E#90.3 Scm™ ITIR AT B (HFARE). F7-, 0% ERIIKERICETS L
7z & ETIIH20%, BSRFTIXI0RMTH D, ERAOENSGEZX D ETDHEH
#HEIIEFICRE o N, EBICERETHLEEZ NS, LhL, BEELT
OPAnE, TOBERAECEPLEERENSBEL S YANDOBRAICBW TR
WCHBREWHETDH 5.

JEfER L v RO & B FIIBUK EOPANDIERST S D YIRS Z S 5I0E
LERETVWBESICEDNS. LML, PANRBIRICIFEAERATH D &
MS, ZOXShEREFRSRIIRS Mok, EE TR, H2EOXIICK
ERYA XOR=NC D TERORAEESZ ETHELZD (2], B
RS Y Y BB ESTAREICLOMIHEm LU [3] . st d
5ZET, ZOBRIIAE a—h, T4 v TaA—MEZLTF Y AMEIZED
THBELTERD, MOWE &OESERNESITERT DI EWFARICE 7.

AETIIDMSO I AIELREL DY Z > FEEESFEHR U (-7 b »
U7 3 )(PoPD), RY (-7 3/ 7z /) —IW(PoAP), RUn-7 ==L ¥
7 3 2)PmPD), £ L THRU(o- M1 D2)(PoTD)ERML THEEBEERL,
FTHENDBEY > O VREERAN. £z, BEBITHE S H0FER, #
MEEE 7 — ) TEBRRADHE FTIRB LV E5E /E 20 Hat(TG/MS) &
FAWTEICAN, Lz

41-



3.2 £ B

3.2. 1 ® ®

AR TS R ERAME T EA L, B AERETOT
DEFHEM L. KIZFHBEKHELERE(GS-200, ADVANTEC)THELZH D
EHEALE. SRHAGIEI.09%, HARFLENEEZERPLOHIE IV RICHE
AT DM, MEERTN v T LTRERSERELE. ERB8SR/ERES
FIBIE (TG/MS) Tl v U 7 H R & U CHBE S He H 2 (99.9999%, 51 +
S EMR L. '

3. 2. 2 T HEREDTORFEES EEGEOER

50 MMOD Y =1 U iFEMAZE S $0.1 M ORI /K AR 200 mLICE LA & L
TO0.1 MiahiEE Y > £ 1200 mLZEHNZ, 48R THEALZ. EEDOD
50.1 MEEERKYATR 300 mLT3EIPEE U THUEICTREIRL /2. ZDXDIILT
BoNzHR Y < —(0.01 g ZDMSOG mLIZIEM L 7= [4-6] .

FEFEL 72PVA(0.01 g)ZDMSOG mDIZVAR S K305 M L7z, PVA
MDMSOICSERIC M L IZDE MR LR, —EDhREL/DICRDEIRTT
ZU VB EAES T/DMSOB R LIES L T0.004g/2mL PVA), §—IZ72 %
FTHRI0LMBER L. ZOESDMSOBRKC.omL)E~vA 70202 IT
L5ulEREL, A& UREM LICERAL, MM EZERTLI LTHES
RZR&"z.

3. 2. 3 72U VHEBARSTBIUEGKEOMEFNHE
72U B EEES TOSNENRIEIZDONTIE2. 2. 4EFRKRDGIET

fro7=.
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BEEEZSF Yy ARNLEAT U VAR EIRBRHICRE LT 2 —F D
CRLORBIKE L 7. CNES ) 3 EBRERA =Tty N L, K%
IR & U in situTRIE L 7. IREIES, IVAIEN,H 2% —ERE TEAY
HIZETISMSTE5%BRHE TRA ICE{LEH .

SEMIRZEI3 & B 5 5 T Mok 2 AL 7 — > 7 — 7 Tl 27—V 1c
35 U TSEM-S2300(H L &EFMIC L D fTo 7=

3. 2. 4 FoU VHEEAEST/PVAEAEOBSH

BB SV B RS BTEHS R 5 5 220(TG/DTA-MS)(t o 31— F
JJEOL)ZRAWT, EEHMH500C ETHEEESCmin', Fv U 7HARE
100mLmin " Tfro7-. BEMESF LPVAREN TN RT, FEAEIE—
BT VAL b DENE HATHE L. NI Th ENEZ%R0%,
HREEICEAL TFEy ) T HREN—VUT 32 ETALICHGaE, EREL
MEENRBDETR-. CNETHZRBOERELE. 25LTES
N7REE S BESES0, 30, 50, 98%RH)ICHE Li-fEiE vl O A
N, U10BFRIEICID H L TRk Ic s L CHIE 2 s L 7.

43-



3. 3 WRBIUEE

3. 3. 1 YU VEEARS TOREMGRENT

fLZERICE>THENLETY DY VFEELES T, RU(-T7z 2L 2P
2 2)(PoPD), RU(-7 I/ 7x /) —))PoAP), RU(m-T7z=L V73
2)PmMPD)%E LT HY (0~ bV ¥ 2)(POTD) D (£ $ & SEME H %
FhENFig.3-1 £3-2127R 9. PoPD(Fig.3-2a)ld, %D J4 — & Fig.3-1)
FHFTBEHRKT-& L TSN (7,8] . PoAP BRI S ¥ —RIZER
THEEABNBNEIEID), KEEEHTBIbkRHE L, KT FLH
RICEET 55D EE X 5N 5 Fig.3-2b) [9-11] . PmPD(c), PoTD(@IZD
WTIEBERICEEL CW AT IRBEEI N X2, TORTY 1 X
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Fig. 3-1 Structures of polyaniline derivatives.
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Fig. 3-2 Scanning electron micrograph of powdery polyaniline
derivatives: PoPD (a), POAP (b), PmPD (c), PoTD (d).

46-



Table 3-1 Solubilities of chemically synthesized conductmg

polymers for DMSO2)
Conducting polymer Solubility(g/L-1)
Poly (o-phenylenediamine) 28.3
Poly (0-aminophenol) 33.8
Poly (m-phenylenediamine) 6.3
Poly (o-toluidine) 14.0

a) At room temperature; 25 °C
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Fig. 3-3 FTIR spectra of the chemical synthesized conducting
polymers: PoPD(a), PoOAP(b), PmPD(c), PoTD(d).
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Fig. 3-4 Dependence of electrical conductivity of PAn derivatives in the
moistening(QO)) and desiccating(@) stages: PoPD (a), POAP (b), PmPD (c),

PoTD (d). The thickness of the film cast on the microelectrode was 0.1pum.
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Fig. 3-6 Dependence of electrical conductivity of composite films in the
moistening(O) and desiccating(@) stages: PoPD/PVA(a), POAP/PVA(b),

PmPD/PVA(c), POTD/PVA(d). The weight percentage of PAn was always
20. The thickness of the film cast on the electrode was 0.1pum.
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(a)

conducting polymer
(PoPD, PoAP)

water molecule

PVA
(b)

conducting polymer
(PmPD, PoTD)

Fig. 3-7 Schematic diagram of the existence of sorped water
molecules in the composite films: PoPD/PVA, PoOAP/PVA(a)
and PmPD/PVA, PoTD/PVA(b).
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e (C=N{E#EIRE) O WN O ANELZ XNz [19,20] .

Fig.3-10(c)(d)iZ 773 PmPD/PVAE & RPoTD/PVAD 27 MUITIE,
3600, 3200& 1650 cm™ DKIZHEET 5 Y — 27 O ITHERR X N2 AFEFEIT /N
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Fig. 3-10 /n situ FTIR spectra of PoPD/PVA(a), PoAP/PVA(b),
PmPD/PVA(c) and PoTD/PVA(d) composites(thickness, 40um) under
various humidities. The measurement was first performed on a sample
that had previously stood for 10 h in a atmosphere of 98 %RH, and
repeatedly until the atmospheric humidity became 8 %.
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Fig. 3-11 TG/MS spectra of the PVA. Temperature
was changed from 50 to 500 ©C at the programmed

heating rate of 5 °Cmin-!. Initial humidity of the
PVA film: 10, 30, 50, 98 %RH.
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Fig. 3-12 TG/MS spectra of the PoPD/PVA(a) and POAP/PVA(b) composites.
Temperature was changed from 50 to 500 ©C at the programmed heating rate
of 5°Cmin-!. Initial humidity of the composite: 10, 30, 50, 98 %RH.
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Fig. 3-13 TG/MS spectra of the PmPD/PVA(a) and POTD/PVA(b) composites.
Temperature was changed from 50 to 500 ©C at the programmed heating rate
of 5 0Cmin-!. Initial humidity of the composite: 10, 30, 50, 98 %RH.
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Fig. 3-14 Schemetic representation for the salt-base transition of POAP
in the composite.
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BAE REBHEORZLHEBEESS TEHAWCEGRIZLS
BERL> 2T

4.1 # B

bt > Y OZEAICH W HRR BB 75— B ERE#R
BWRE(R S AT 2 — D DORENLETSH S [1] . N8 T
2, ZOZDOKENDEEL TWS. iz, Ja—XFF 5 —FZE1L
BREREILENI-AEHOBRE, LTy —HTERNICREESNSER
YEE-D-7) 32— DDOKBEEANTE > TRAT L TEEIUMLFRICKXD
O, VETLEMTH L TEREINS [2] .

B-D-Z)Va—2Z + HO + O, - D-Z)a ¥ + HO, @

—%, FEEXTA LR ETIIIOZD OMEN—F{L, EEERR
FERBECESHEINSMEEATZOTWS (1] . £, BRAVHERELLES
STFEEEERVDEREYL CYOHE (3-7] , SEMEDIOCIEHEO2ED R
I—OMABDLENSEK-THBY, HEBEN_DOMEEREL TS, #F
I I 3salt-base FENTFEL, BEEICESE LIS LTI O EAHE
MBI THEO(N TOATFT 2—J ), EERICB T2k TORR
RBIRIIEEME S TICL 5. AIETIR, 72U VFEgkesT, RU0-7 3
)71 )=V OPVABEBRORIFIRBEYLY O TRENH S NIZIEo 7.
ZIT, HEEETHEREOL 7Y —HEORBLEZENE LT, BONOD
eSS TEEABEICERAL, ThsoREENESROEBIEEIZSZ S
HEEWNE.
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4. 2 £ B

4. 2. 1 # B

AR TN TR R TH)EM 0, S ARTEFHT T
DEFHA L. ATk BEEEGS-200, ADVANTEC) THE L7 b 0
BRI LT, SRHAGUED.00%, HATMNEHZR B L ORI LIL A E
AT B, WHEERTH 5T LTRERS EREL . £ BOR/HRH
RIS (TG/MS) T v U 7 72 & LT B S He 7 % (99.9999%, 51 ¥
SRR LT ’

4. 2. 2 FExOMBMEESTFERWZEGROER

ABIFE THA LI- g & 9T O #il & 2 ORIEE £ Table4- 1179 . A
DEZN T a—=)WPVA), RUEZ)LEOY R (@PVP), RU YT UL
(PAA), RUIFL o FF RPEO)BLRY AF 7 U )L AF )L (PMMA),
0.01gZZNTNDMSOG mLICAM L, K307ME#RLZ. ER2ITHEELZ
DEMERLZE, 0.004g/2mLIREL, 3. 2. 2TIER L7ZPoAP(0.01g) %
DMSO 5 mLIZ AR & B 72PoAP/DMSOERK SIBA L, ¥H—IZ/2% X TH3057
B L. ZOBESDMSOE®KL.5 uLads ) > o THe LREMICERL,
KSR 28489 5 Z & TPoAP# 20 wtd B O E A ER L7z [8-10] .

4. 2. 3 BEBEOEER b > RIVEMEIC K SREEE

STM#| £V, nanoscope II (Digital Instrument #H)Z AL, HEHITIT
Pt/IrtipZ W=, NA 7 ABEIZ29.9mV, b2 FIIVERIEZNA, XFv >
HEIL1.93Hz Th o 7z,

PoAP/PVP, PoAP/PEO®DMSOA#(0.01g PoAP/0.04g PVP, PEO in
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Table 4-1 Hygroscopic propert-y of insulating polymers

Polymer Structure Water (g) / polymer (g) @)
PAA «CH,- CH)- 3.0
|
COOH
PVA +«CH,- C|3H}n 1.4
OH
PVP +CH, - CIH}n 1.3
rO0
PEO {CH,~ CH,-O)- 0.70
s
PMMA «CH,-C) 0.23
|
COOCHj3

a) The amount (gram) of water that was absorbed by 1 g of
insulating polymers in an atmosphere of 98 %RH for 10 h.
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15mL DMSO)Z N EN150uLER L T, 27 L AHK (®¥1.5cm?) iIcFv
ZAbhL7E. K2HMEBTEZEHE L TDMSOZREL -, BEE, Thth
20um(PoAP/PVP) & 13um(PoAP/PEO) TH - 7z.

OB A2 RIRBEQRSC, 46%RH)TEO £ FH/EL Z0MD). HLWT, &
BEEBEISYRHICHAIL-F > r—FFICHIARE L. ZHhEBMOHL
ATF—2I2ty bLT, ZREBERSTC, 46%RH) THIE L7z (ERI).

73-



4. 3 FRPBIUVEZ

4. 3. 1 #MBEEsTORRME & RIgHE

98, 60, 30, 10%RHOF@EICHRFELZLEDORYE)LE DY R
(PVP)DOTGHI#R 2Fig.4-1@12, 7EEOREZTable 4-2127~r9. 5075110
COFBIZ A SNSBWEITT AARY ML )n 6KICE\EEIN, BEIKRF
T5ZENSFHIE OFHEAKS, 110505 200CHHA E TIHEEITKGFET,
BRETRONDZ EABRELE L TVNBK(E,) DML 2HDTH 5.
20055 350°C, Z U T350CUKE TIZ T A Z 27 Mllt,s, ta) ET U R >
(m/z=85)BL VU EZILE DU RUAIDEFNEDT T 5 AL M E—2(CH,,
CH,CH,CO, (CHp),N : m/z=41, 56, 7TO)DMEHEEND T &N HPVPOHIEH,
BNWTEHONBNEI > TS, X/, BRENRPVPOREILI7.5%TdH -
Iz

Fig.4-1(b), Table 4-212, RU 727 U )L # PAA)DTGHEI R & SR ED I
JBZERT. 507 5120°C, 1204 5200C £ TOEBIE, TNENFHKE DF
iR G (,9) LIRS EHEF LK I DB TH S, 200 5320CETHE, <
AANRY MUt )W2m/7=18, 44 & ENTm/z=28ITE— VIR 6NDH T &Eh s,
< BE LK OREE S MBI (-COOH) ALK FEMERIC LD “BEZFR L
B4 A é@HzowﬁJ@kJim(m/ms), m/z=28, 443RBH-COOH)MN5DCO,
CO,DHIBEICE B HDTHS [11,12] . 320CLULETIE, TRAARY Mb(ty,)
Itm/z=44£41(C,H,), 55(CH,), 69(CH)BEELHD TS AL b E—I )
BHlchizZ &ns [13] , ABHOS BB IUPAATHEHOMEICK SHET D
B ENEZOEND. BERMNIZPAADREIZ86.8%TH o 7-.

RIS, RBEICRFLERVIFL A+ 2 RPEO) OTGH # %
Fig.4-2()IZ 5 fRFE D & ZTable 4-31257 9. 50/ 5 120 CHIOEBRIZ R 5
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Fig. 4-1 TG/MS spectra of the PVP(a) and PAA(b). Temperature was
changed from 50 to 500 °C at the programmed heating rate of 5 °Cmin-!.
Initial humidity of the film: 10, 30, 60, 98%RH.
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Table 4-2 Details about different fragments for the PVP and PAA

Insulating polymer m/z Decomposed fragment
4] C3Hs
56 CH,CH,CO
PVP 70 (CHp)4N
85 O“ﬁj
a8 CZE
41 C3H;5
44 COy
PAA
55 C4q4H7y
69 CsHg
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Fig. 4-2 TG/MS spectra of the PEO(a) and PMMA(b). Temperature was

changed from 50 to 500 °C at the programmed heating rate of 5 °Cmin-
I Initial humidity of the film: 10, 30, 60, 98%RH.
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Table 4-3 Details about different fragments for the PEO and PMMA

Insulating polymer m/z Decomposed fragment
29 CoHs
45 CoH50
PEO 59 CoH5OCH,
73 CoH50CH,CH,
89 CoH50(CH»),0
41 C3Hs
69 C4Hs0
PMMA 4
CH,
100 CH,-CH
COOCH;
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NDHWEIL, YAARY Mlm/z=18 ; t,) LBEIKET 2 ENSFHEKE
DR OBBEC L DD DTH B, 120005200C TR ENS EN 2 EEIT
B E L TWAKOBBEC X 5. 200CLA EOFEBIZT X AT ML
(teV, m/z=29(C,H,), 45(C,H,0), 59(C,H,OCH,), 73(C,H,OCH,CH,),
89(C,H,O(CH,),0) &\ o = BMEED T 5 7 A> NE— 2 HR 5N Z &
SPEODGHRIZEAHWBETH S [13] . £/, PEODERKKZEEIL99.3%T
HoTz.

R RAY 7Y )VEEAF )LPMMA)D TGHIER Tl (Fig.4-20)), il & FE £k,
507 5110C £ TIFHEARSIC X BHEMSBRI . LiL, 110%5300C
ETOEBT, WEEL TWAKOBEMNT E A EBEIE 3720 o 72(t)5)-
300 CLABED FEIRICIZ A 27 U VB A F IV (/2=100) & D 7 57 A > M(C H,,
C,H,0, CH.O :m/z=41, 55, 69)ICEERT 5 B RSN (t,,) [13] .
AR PMMADET99.7% TH - /.

98, 10%RHMDIZEIZLFE L 7=k ODPoAPDTG/MS#% Fig.4-31Z 53 f# F O It
J&%&Tabled-41Z;RL 7z, 110CE TOBEIZ T ARARY MU(t,) KD K@m/z=
18), 250°CE THT A ARY FL(t) & D R—/8> b7 =4 > (HSO,) D4 &
FE(SO, ; m/z=64) & POAPD_&{A(m/z=185), PoAPEIH D/ #&(C H, C.H,,
C,H,NH, ; m/z=51, 78, 93) [13] , 250°C LABEIZ 5 &t ZPoAPFEHD IR IC
RBI Nz, BRAIZPoAPDREIZNSI% TH o 7=,

FEHBEE S TFOFHK & O LHEKSOFBEC KSR EIT, 98%RHTIX
PAAIX75.9%, PVPIZ57.1%, PEOB X UPMMATIZZN£N41.5%&19.4%
Tholz. TNSOENSEN L ZRKIERE ZTable4-11IZFC 9. PAANRDEN
REHEE DS, KWTPVP, PEODJEICEL 72D, BEHENDHDIIPMMAT
Holz. F7=, POAPDIEE KD BBEIC K DI EIL12.2% T dH - 72 (98 %RH).
F3k, RUYZU PANRE OBBESH FIZIBUKRNZ#HEZL TWDLED
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Fig. 4-3 TG/MS spectra of PoAP. Temperature was
changed from 50 to 500 ©C at the programmed
heating rate of 5 °Cmin-l.Initial humidity of PoAP:
10 (a), 98 (b) %RH.
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Table 4-4 Details about different fragments for the POAP

m/z Decomposed fragment
39 C3H3
51 CqH3
64 SO,
78 CeHg
93 CeHsNHy
o
185 @ﬁ ©
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MEHEZIFEAERE LTSRN, LML, PoAPII/KEECOH) ZH DD
ZORBHIIPANRMD Y =V D BEEKES FICHRTENWI EEZRL TNA.

4. 3. 2 BEBEOBEL> I UM
POAPE:PEOB L UNPVPEE AL I B LE DB CEELRLERT
(Fig.4-4). 21340, 70 ¥RHTENEN—EICL7z. PoAPEFEN7.5, 16.5
wt%Ll £ TPEO, PVPOEBSEEEIX FAL, ThEh16.5, 25.0 wt%LiH¥
—FEDEZERT. Tabled-15bbn5L512, PEOEPVPE TIHHA LMK
HEENRZD , PVPRA S HVWEEH T 5725, PEOL D HPoAPHEINIC &
HEERBEERVRETHDZ Ebhoz. £, WITNORBEIIBWTDH
N—=alb—a LEWMEREIZRSN AW, BEREEEIREIKEF L
=, TIT, {EBEESFEHWCESEOBEIREME 2R,
PoAP%20 wt%& A3 5PVP(@), PAAD), PEO(C)BLUPMMAWDD &
BAEOBEICHTIELKCEEREDORK R £Figd5, 46I1IIR7.
POAP/PVP(@)TlZ, 1275 98%RHET OMiE, %L TI19%RHE TORIEIC
L TAstY A ZIVNERF Y P RRRSNT, 2.4X10°7150.8 Sem™ £ TD5
HCHOZDERICE(L Lz, BOMNE REZEDERLTHEndY -1 7)),
Ist 1 ZIIVDOEEE - L 7=. PoAP/PAADIL, 1st, 2nd¥Y 1 7 IV EBHIT
12%RH 5 70%RHE T131.5X 102 50.8 Scm ™ & T4HT O EAR M2 ZE(LHT R
5NN, TO%RHLABISEEIC T 2 EEIIR SN T —EDEERLZ.
PEODOH A (O, 127598 ¥RHE T, 5E =19 %RHETO R
BIZPNT, BRIZBE TIIERRICED LA, INEEE TO BNLERN T
i372<, Zo200@EOMICE ZFU Y ZXNAsN. LaL, 2nddA( 2
IV (Fig.4-6MNIZIE, Mg, BREBBICBNTEAFT UL AR SNT, 44
(7.7X10°2 51.1 ScmHOEMRK 2Lt ERL 7z. PoAP/PMMAWDIZ &
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Fig. 4-4 Dependence of electrical conductivity of the POAP/PVP
(A, A) and PoAP/PEO(O,@®) composites on the POAP content.
Humidity, 40%(@,A); 70% (O,4). Temperature, 24 °C.
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Fig. 4-5 Dependence of electrical conductivity of the composites (20wt%
PoAP + 80wt% PVP(a), PAA(b), PEO(c) or PMMA(d)) on the relative
humidity at 24°C. The curves were measured at the moistening (O) and
desiccating (@) stages on the first run.
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Fig. 4-6 Dependence of electrical conductivity of the composites (20wt%
PoAP + 80wt% PVP(a), PAA(b), PEO(c) or PMMA(d)) on the relative
humidity at 24°C. The curves were measured at the moistening (O) and
desiccating (@) stages on the second run.
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POAP/PEORME, Ist# 27 VKb A5 L AMASNIA, 2nd¥A 2V iT
FEATU AR SNEM ST, LL, TOBSUEEELITA8X 105
51.4X10 2Scm " ETOMICE EEH T7.

Pl ED#R & DPEO EPMMA QB AT Istd 1 7 Wk A5 1 & X% 57
Uiz, —%, PVPEPAARIIAY A ZVICE X5 ¥ AR5 Nah o 72,

PoAP/PVPOS &, i (Fig.A-7a)i#f2 T/ 51 7=STME I 1E, 46%RH
KB EEHEOEEFRICHET2HVEENE-ED LRSS [14] .
F/-, BIEEO8%RH)IC L=, B U46%RHIZ L THHWHS OEmEIZIZIE
=L NbOTH -7 Fig.d-Th). =i, SEMOBERENSINE, BB
BRICBVTABYRHTIFFE L <, EAFY VANV E2FEHRL TN S,
—7%, PoAP/PEODINE (Fig.4-8a)lZB VW TEBMZ RITHWVEBNEI-ED
ERHNT, PRHNADEERKEZRTREENEEMICESNS. LirL, B
AR DA6%RH T B WE BT > 2 ) S BB T2/~ (Fig.4-8b). T72bb,
B T E A S OPOAP M ENIC L NEEBILINTH ST, RERLZD,
BEEEEL TCOBKEEIIEL, —F, BREIBE CIIEE| I NI AE
ETHY, EHEWTHEED, BEEHEOBR CEEIIINGARE S HRL T,
ZERERLTWVWS, LENST, ZOBELATFTUIANELS (8] .

4. 3. 3 HEEEORRRME

98, 60, 30, 10%RHMDEZILEIC REF L ZPoAP/PVPOTGHI#R % Fig.4-9
@IZRYT. BEMNS1I0CHIEETELL02 5190CHHEDEROBRIITNT
NDRAARYT M,y te)MEKOBIBEIC LSS DT, ATEITREIKT T
52 EMSHMKEDOFHEKS, BETBEICKFET, SR TEEINL Z
EMEHMIHELEZKITREBEEINS. 19007 5390CIHEETOREL, F—
N> N7 =3 2 (HSO,)B K UNPoAPD 43 R & PVPORISH D BB K N R IC &
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Fig. 4-7 STM images of the PoAP(20wt%)/PVP composite. The
sample was sufficiently exposed to the atmosphere lower than 5%
humidity(a) or higher than 95%(b) at least for one day, and both STM
measurements were performed at the humidity of 46%RH at 24°C.

-

axia. [nml

_87-



STM data

Distance:
0.000
0.000

Nanoscope II
Parameters:

Bias 3.9 mV
Setpoint 2.0 nA
5

XY

1000 €000 S ies

Data taken Sun Mov €2 10:45:12 1933

Nensscope II
Parameters:

Bias
Setpoint
! i
1000 ‘ Ky J
Samples £00/scan |

|

Fig. 4 8 STM images of the PoAP (ZOwt%)/PEO composite. The
sample was sufficiently exposed to the atmosphere lower than 5%
humidity(a) or higher than 95%(b) at least for one day, and both STM
measurements were performed at the humidity of 46% at 24°C.
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Fig. 4-9 TG/MS spectra of the PoAP/PVP(a) and PoAP/PAA(b)
(20/80wt%) composites. Temperature was changed from 50 to 500 °C at

the programmed heating rate of 5 °Cmin-!. Initial humidity of the
composite: 10, 30, 60, 98 %R H.
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BUER(,.), 390CLUKE TIXPVPO SR & 5 R E 5 hiz.

POAP/PAA(Fig.4-9(b) TH 100 F3 £ T DEBIC, BESK &0 Tk
T & BEENE SN, 1000 5270C TR < B L TWHKITMA T,
kK—/% > R HSO, & PAA ORI B(-COOH) D S il 1= & 5 e B S h iz
(tyer). 27070 5350°C F TOEMITIZHSO, & POAPD &, &L T350°CLAKE
T TV —BLUPAAEHDMRIC & 5 MEBH TN ENBERS Nz ().

PoAP/PEODOTGH # % Fig.4-10@1Z5Rr 9. 110°C £ THEHEKG ITL D
BNESN(t,), FNWT200CTE TR WEELEKTH 5. 20075350
CHIEE TIE R—/%> k EPOAPOA IFES LUV RADE — I R 515 &
£ 5POAP DAMRIC L 2 BT H 5(,,). 7z, 350TLL ETIRPEODS &
MEZ->TW5A.

Fig.4-10(b) DPOAP /PMMA Tl E#i/K 53 (t o) DR Z =3 100°C £ TD
ST BIE g, BB L K OBBIIIEE A SRS ko 72(-2000).
2002 5300°CE T K—/%> h3 L UPoAP D4, 300°CE L0 iR BRI
PMMADSRIZEAEETH 5.

WTNOESEDHINTCTE TIKAS NABEIIEEICEKELTHBD, 5l
EHEE RSN B KOMBITREIKT LA - 7. 98%RHTORIE DK DM &
13PoAP/PAAT69.0%, PoAP/PVPTI351.7%, PoAP/PEO &PoAP/PMMA
TRENTN, 413, 27.5%TH1, BEESEVERIEES T 2RV ES
BIEEBERE OTHEAS EE <BBEL TV, £, BEORSEFLTL
2K D &S PoAP/PAA T6.8%, PoAP/PVP Tld3.4%, PoAP/PEO &
POAP/PMMATIZZNFH, 1.3%, 0.6% & F#iksy LR CHERNR SN, #
S5 T ORIBIEITR T B HERAME 5 Nz (Table 4-5).

RO K EVPVP, PAADEEEOTGHRIT, SHMICHEE 25 /-
RIE SIS TH D, PoAP &M M T & ORI AR AETE L
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Fig. 4-10 TG/MS spectra of the POAP/PEO(a) and PoAP/PMMA(b)
(20/80wt%) composite. Temperature was changed from 50 to 500°C at

the programmed heating rate of 5 °Cmin-!. Initial humidity of the
composite: 10, 30, 60, 98%RH.
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Table 4-5 Amounts of the weakly and strongly bound water for the four compositesa)

Composite ~ Temperature ~ Weakly bound water  Temperature  Strongly bound water

/°C Weight loss / % / °C Weight loss / %
PoAP/PAA ~100 69.0 100-190 6.8
PoAP/PVP ~100 51.7 100-270 3.4
PoAP/PEO ~110 41.3 110-200 1.3
PoAP/PMMA ~100 27.5 100-200 0.6

a) Humidity; 98%RH
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TR ENRBEINE., 20D, BSEE LEKSFERBICRIFTS Z
EMTES. UL, REHEOEWPEO, PMMADTGHI#RIZPOAP EPEO %
L<WEPMMADZENZTNOTGHBRO B2 LEbETHD, WHE DMEIZIE
EAEMBEERANGEELRVWDDEE Z5NS [8-10] . LR->T, <K
B LUIKRDBELUNFELRN.

Table4-1,4-51C88 9 & 5 ICPEO & PMMA DR HIFPAARPVP & HE& L
TEL, BSEELKITDOTNCRSNZE T TH o7z, BIETERNZD,
Z DR TFE U 7= KRB REE TPOAPD 5 I K — 7 a /=7 =4 > (HSO,)
RRET HBEERS, BESITE S salt-base BY DB EI2HT D & &
26N TWBFg3-13) [7,9] . Lo T, ZOKOFENDIZVWPEOR
PMMADOHE &K TIE, {KIBE CIIENERETICS ¥ LAFEL TS 72D,
POAPA®D R—Y » ZABIZfTONT, st V)V OIMEBRICBNTES
GHEEME<MIEN TS, L, —HEBEICRD EFEHEKINRS K
FLEKERBICEL =D, REBRICBWTITERNICENLT S, 2ndY 1
DIVEAETIL, BEEIE S TWAFHK E OFE/K D DEREMILICFEL,
B LK EFRRICEL 2O AT Y Y ANBEINZNDHDEEZ SN
% (Fig.4-11). 7=, PMMAZEESMEL, SEEICBNTHPoAP)salt#E
IR D DI+ 7R FlK Dy 2 H£D 5N N0, BREEERH S
N5 (Fig.4-5, 6(d)). MiZ, PAATIIRIBHENIEREICEWZD, T0%RHIZH N
THEIC £ TOPoAPY salt Iz > TH D, BREEEIEMIZELTND
(Fig.4-5, 6(b)).
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BHEBRME R FORFNSENS OF DB HEAL, PAASPVP>
PEO>PMMADIETH o 7z. £z, FESEICRET 5FHKE OFEKT D
BEBIUVHRSKEL TWEHKOERIS, &S S FOREBEICEKGFTLZZEN
bholz. 517, BEHEOBWPVPBIUPAADEAIE, T O TGHIME M
SEMIIRBEZESNTH S I En5, POAPE OO WHEER D= D < I
ELTWBKOENE L, #IZ, REHEDEN S DT ZDTGHIFRIPOAP & D
Bs 5 LEDE THSD 2 &b 5PoAPE DREIDHEERMNIEFICNE L, #
SHEELTWSKOENDIZWZ ERbh-oTz.

EEEEOBEI CEERITERM S5 T O TRHEICE U TR
ZRL7=. PVPRPAADEAEELL, Ist¥A( ), 2ndYA Z)VEBELTED
ELSGEERLICE AT IS ARRENEN 528, RiEHAIEWPEO,
PMMAD#E S BT 1stY 1 7 W BV TE X5 ) P ANEBE Nz Zhid,
FEPRIC R < 35 L TW A K O RINT & 5 PoAPDsalt-base BE D BHIZL 2
DTH5.
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EH5E HCOR—THRUTZVEHAW-ERKD
BER>IY

5. 1 &

RENDEREEHFTHE2 R 72U CEBRBH R /ET TR
<, 7B HMELRXNVOEIC > THBIWHEZIEMICHBETES. &
FIRSBLREBORY 72U O OfER#E, BT AIIY VIERIERT E
DA R =N MK DEBLIN(ET A T)IVY VHEFig.5-1a), HITT > EZ
THEEFHK T TGRS, 0l ERRY T OBKHNSEE
APpHIZ K > TEHEZEEZ T LI LE2ERL THD, L OBHEIIRBETHS
REF, ZORAKEINEDHBINSFERICHE>TWS. ZOMEZ R
fR9 27=HIZ, Yue&Epsteinid®R U7 =1 > D) MIITAIVR > Btz E
ATBHIEREST, BHOTOMBRAC N —THMOWEEEEERGS T2
BRL, TOBKUREENLHFICHKE > ToHIKEFELIBW I EZ AL
[1] . Rk, FHFRICBT 2B TH 2R T > M I ZIVEPANANL, =
WHRICANRF L NEEZSDHCO R —THEEERD TO—DTHD

i

(Fig.5-1b). PANAIZ MG 2 /Y —, TRbLEY VNI I)IVEE /X —%
RUTZ) D ERROAETIUERERTE LK VBEBITERTEDL LN D
ﬁT,%tﬁ&txw$>@QEF~iﬂ®ﬁUY:ino%ﬁﬂf%%
[2] . &7z, ATO N B R-—THOEEHES FOHEIR, TOEXR
BEORICHT Z2HEIT SO CEBEOBEICEKEL, RUY—BHEINRD
HRGOC)ETEETHDN (3], RUTY FIZIIBOBEIEI -2k
MRV —D—FIZ/2>THBD, TORBEIR YT —DoBEFIEREITLED
NET O N B R—-TROBEMEES TICRNEM R BEEZRL, ERONK
BICHL TRERZEEH5ZLIENTREINS [4] . AHFETIE, mMEAL

_97.



A" A-

COOH COO EOO ifoo-
(b) =

Fig. 5-1 The structures of polyaniline(a) and self-doped PAn(b) .
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RUTY NS ZIIVEBOEERLE 7 — ) TEBIRN S FTIREIC K DET
95 EII, BB/ EAERMMTG/MEEFRTFTE S 1 EHL, EX
CEELIOMGEER L. £z, 72U CHEKES T EEEERIEIL
IV A=)V EVAIN S RHE GROEBEIREENF M KOREECIZSRBUTIN
BB ENS [6-7T] , PANALPVAEL OBESEO BEXGEE OREKFH
KOWTHRE L7z, RUTYZ Y CORBIIRENE SEEM PANAIKDNT
A, KEENETHD. D END, PANAZHRERYY—&T 53, A
A TREEEZRTRI YU Dol EH S, ZORSKROEERESEZ
R AT '
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5. 2. £ &

5. 2. 1 & #

EFETIITRNCEEREREMETR)ZA Y, BBz ThTE
DEFEMALE. KITEEKEEEE(GS-200, ADVANTEC) THELZHD
EHEALE. ERTAGIE.99%, ARAENMEZEERBIRHIELINICE
ATBE, MEABHETI Sy T UTARERSERELE. £, RUT RS
ZI)VEE(PANA) DB B K OB ME / EEBS TG/ MS)TIEF ¥y U T HAEL
TSI He /T Z(99.9999%, 5 ¥ M) % L=, '

5. 2. 2 PANAD{LHEE & EEBOMESRL

AU T > NI ZIVEEPANAITE ) < —50 mM % & 100.1M B /KiE# 200
mLIZE/EAIE L T0.2 M @Y > T 20 L/ HEE/KEKRLIOO mLZERLIZE
&L, FRTISRMHEIRL TER L. TOBRESIABEL, &5128300mL
DO0.IM BBk AR T3 EH Lz, IO L THENEMERENIAMTHICE
B RS B 2 LTk o TPANARYKE B & L 7=, PANAIZD A FIL AV HRF &
R (DMSO)NZ5E& I iM L7=(32.0 gL ™) [9] . PANA(0.01g)/ DMSO (10 mL)
1 mLE6 mLOPVA.01g/10 mLAEZES L TH—REEHRERT
(14.3 wt% PANA). Zh#%, <1702 > TLEuLED, H&< LEER
CERL, EEHRICE> TDMSO%BRELEZ. 25U T, BEKO. lumdD&E
AEEBNE SN [10] .

5. 2. 3 PANABKLUPANA/PVAEGIEDE T
MR/ E BOWTEH A T 1220(TG/DTA-MS)(t2 1 a— &1 /JEOL) % A
W, BBl ERMBERTE T2 &3k, BBRANRY MU LD B RF
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BOFy o505 VtE—a&ffolz. #lEHE, PANAOBEIIMKT, #HE
BOBET—E T4 NLCLELOEMSKATHERALE. Zho0ukz
TG/MSHTEB DA ICEEL, NUDLAHATHEHAKIDOKFICL S E
MASNBRLBRLETEEL, HEABE L THTmeMD -7z, HIER, i
£100 mLmin " OAY T AHZAFHK T, iR, 5500CETHIBHEST
min? TfTo/k. 7z, 5. 2. 20HETHERML ZPANAMKAEIZANY T LA
AFFKTL50, 200, 250°C T2REMHIMARF L TRAM L7 [9,10] .
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5. 3 WRBIUBE

5. 3. 1 PANA®D M

PANAMEKZRRB N S5250 CETORIRET 2 KR T 2 J & TEULE
L7 BIOFTIRAR Y MV % Fig.5-212R79. BRTOARY MUV@IZAES 1
%1690, 1450 cm™ OB, FNEFNC=OMfE, C-OHBREICFET S
EMTE, —COOHMNHEET S &%RY. £/z, 1570, 1380 cm™ ORIRIE
—COO DRI SNIZIERMKIREIE— RickRESI NS [89] . &o T,
PANAD JVRF LIV EM 2D ORIETHET 5 ZENRBREND. —F,
1600, 1510, 1250 cm @ E—ZIMEEMICERLEZIA T D VE#ED R
DY ZUDARY MLEBEW—8ZEFRT [4,11] . 1600, 1510 crn™ DY
BRUS—FH#HOF /1 R, X¥/ 1 RORMBHRBICENENRESIN,
1250 cm™ @ 70— REBRRIIEE DR S C-NHBEREOF 5 TH 5. 2 &
DIIVRFIIVEITE D 4 FORIN(—COOH : 1690, 1450, -COO™: 1570,
1380cm™MiE, WIFNH 150 THr SFERITABIFENS <72>THO, ALK
FUNENDEL TND I ERHERIND. 250 CTIRIFIIR Y v —FEHDO H
WCERLEARY MUk Tz,

Fig.5-3IZPANADTGH#R %R 9. BRI EIC 3D DEDRT v TH 5 Bk
D, BINIEENS 130 CRHEETERSMTEAL, KiZ130CTHh5350C X
T30.1 XDWENBEEIN, 517, B0CLVER TERONITOMLTIZ. ty
BN Tm/z 18IFH,OICIREE N, 1stAF v T TIIPANAIZHGE L 72k i
BLIIHBEL, WAL ETERICHRLEEEZZEND. ART Mlty,® 1D
DR EREIZ L 52D DT, m/z4413COUHMIET 5. Fig.5-2icB WV TH IV
REVIINEOBOVESNEREFRBERS —RLTWEIENS, Z0TT
FIVIZPANADY =V > DIIVERF VB BREN EBEL - R EEREI N
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Transmittance / a.u.

16Q0
1250~

1510

| L 1

|
2000 - 1800 1600 1400 1200 1000
Wavenumber / cm!

Fig. 5-2 FTIR spectra of PANA(a) and heat-
treated PANAs(b~d) in the transmission mode as
KBr tablets. The treatment temperature of PANA:
150(b), 200(c), 250(d) oC.
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Weight loss / %

T

20

100 200 300 400 500
Temperature / °C

18 tgs
44 200
66 93 {450

76

50 100 150 200 250 300
m/z

Fig. 5-3 TG/MS spectra of PANA. Temperature was
changed from 50 to 500 °C at the programmed
heating rate of 5 °C min-!. MS spectra were taken at
three different temperatures(85, 200, 450 °C).
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% [9,10] . HIRFIIVEDSEIT L DCO,DHERIZIS0CHIUTE TH .
AR NIVt e TIBIE W /z RIS O S 7 VRSN, 3rdATy 7
Tld2nd A5y TOHIVRF DIV FisEIC 5 & giE, PANAEENSREL -
EEZOLND. ZONMBRBEEIIRY Y U D OTGRIEIIBNTHREEINT
WaHEEIFIE—E L= (3] .

PANAH DAV RF I BEOS R EEREENICEEL, m/z440MS7 0%
TS AEBREOBEKE UTRLEFg5-4). Fig5-3m2ndA T v 7 &Rk
ICE— 212100 CEB A= H-0 N BE(LL, 220CE THA L. 220CL
ETOBARBRET HHNRELNEEDOODAFD LIl EEZ5ND.
V—VEMREE EHIHATHREBICBNT, 170CHIETEER all
¥ —inBRx Nz, :mbi?::)wﬁ#wygb\ 5 COND RN 2B TR %
TERBEWRLTBD, HIVRFIIVENEEORE THEET 2 &R E
N5, ZORERIIFTIROFERFig5-2)ERMUTHY, 1DM-COOHELT,
55 1 DM —COO ELTHETS. DED, FiFENT7 U —RBEHREELTHE
L, BENTFHOTFEREMEMEATLIZEICL> THE R—THEZ R
LTWB HDITIET % && A 5015 (Fig.5-5) [9,10] .

FARE TALEE U 7-PANAD B SnE % Table5-11T/R9. 150 CTUE L
J=PANATIIRBUIED b D E1FF—B L2 E(~10°ScmDERLE. 5
IZ, 150C K VERICARD ERENLERTAHICONEIMEHEE T DL, 300
CTIX10° Scm™ & THEg(L L7z, 2 OEIZS5EE Mg THEICEL /2T A
SN Y UHBIHL THRES N TWAEEEER%STH S [12] . LENST,
150 CT& D &iR TIZPANAD BT R— 7N EN S Z i L > TPANAD &
[UREENMET L, BROICKEBEOEBERR Y 7Y BT LEERAS
N, Fig. 5-blIIRTHEELANRREINS.

BEICHR N =& 512, PANAD BEAE FITER £150C & TRIFFRU TS
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10%

MS Fragment intensity / %

100 200 300 400

Temperature / °C

Fig. 5-4 MS fragment intensity for the peak at m/z=44.
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COOH o0 COOH

COO~ O

Fe +e
:“N N "‘-" N N_—

H H

PANA
N\ -CO,
(1707C)
COO- COO”
+ +-
~CHOCHFO
H H
A "CO2
(230C)

OOy O -

PAn (emeraldine base)

Fig. 5-5 Structural change of PANA with the heat-treatment.
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Table 5-1 Solubility and electrical conductivity of PANA, heat-treated
PANA and PANA-SA®)

Polymers Solubility / g L™! Conductivity / Scm!
PANAY 32.0 3.5% 10-2
heat-treated PANA

at 150 °C 31.2 17X 102

200 26.9 2.3%10-3

250 18.4 3.8X 104

300 8.4 5.3X10°5
PANA-SA” 15.0 6.2

a) Solubility was measured in DMSO, and the electrical conductivity
under a constant relative humidity of 30%.

b) Poly (anthranilic acid)

c) Poly (anthranilic acid) externally doped with sulfuric acid. PANA
powders were first heat-treated at 250 °C, and then dispersed in 0.1
M H,SOy4 solution.
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WXL, 200CLAETIHRENR LA THDITHE> TRALEZ. 2o &,
IS0CHIETHET 2 VAR F DIIVEN R I —DEBESUEEHICHF S L TV
WZEZEKRLTWS., LEN-T, Fig.b-5I2 R L D12, PANAD B
BICBWTERIINVAFINEDS B 7Y I RETEET S HD(—COOH)
MR LU (SH 170 C), Fig.b~4izBn T allF—DRENZ170CED
FETHE R—ECI/EEZEZERL TS HD(—CO0), kbbb R—/)I> k
ELTHELTWADDNRLIIOMT B EEZLNS [9] .

5. 3. 2 PANA/PVAMAEOYL > > /Kt

REBUEPANADERSHE EPANA/PVAO BRI EE & DBfRZFig.5-6
IORT . REMEPANA/PVADOBERCEEITILIL wtB ZERRELTOWDLP
MIZERL, 33wt% TPANALIZIZRISOESGEEEZ RLZON—aL—2 3
CEE). I TRBUHEPANAZ AW TPVAL DREAHEE(LTIE TESGL
U, MsHEE I U TEKBEEZJE L 2R 2Fig.5-TITRd. PANAS
BN26WtX D E R @ IIPANADA I — R T2 BRCEELR{LZRL .
Lwt% (@ TIIERNREIIR S 50, 2EMICEVWEIEEEZRL, &
BERIPH AV (20~98%RH). 14 wt%DEAEDIZ DWW TIE, 8%7h 598%RH
DEBELCICBWTERNLZELZRL, EXATUAFRAS N7z, &
UL, PVARINC X D8k & BEKEDRN XD RETHHOT, Fig.2-6,
2-TOHEAE—HTHHDOTHS. LEN-T, ThEDUTFOERTIE, 14
wt% PANADE ABZERA T2 Z &0 Lz, REMEPANAR L UENEN
150, 200, 250°C THEALHE L 72PANA EPVADEA O E KzmEE & HXHE
izl 7oy hLEHDEFig.5-8I0RY. REYLEPANA/PVA @138 7
598 % RHDIE A LICR LT, 3X10°250.5 Sem™ £ THSHT ICH 72 5 ##
e bZERL 7. 150CTUE L ZPANAIC L 2BAEOICBNTHEBRD
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Fig. 5-6: Dependence of the electrical conductivity of the PANA/PVA
on PANA content. Relative Humidity : 37%
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Fig. 5-7 Dependence of the electrical conductivity of the
PANA/PVA composite on relative humidity at 25°C. The content of
PANA in the composite films was varied; 25(a), 14(b), 11(c) wt%.
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Fig. 5-8 Dependence of electrical conductivity of PANA/PVA(a) and heat-
treated PANAs/PVA(b~d) composites on the relative humidity at the
moistening(Q) and desiccating(@) stages at 25°C. The treatment temperature of
PANA:150(b), 200(c), 250(d) oC. The weight percentage of PANA and heat-
treated PANAS in the composite was always 14.3. The thickness of the cast film
on the microelectrode was 0.1 um.
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HRMNMEONZ. —H, 2000), 250A)CTEIUEL =HEBETIE, Thth
75, 65%RHE D EWRBEICBNWTEEKFHRIIZEEA RSN/,
T, BUET 52 E12E> TPANADOHEHBE R—/N > M TH B AV RF 2 )VE
(-COONMBMRL, BEWEPIZBNT R—/X> MNBENR DT 5720, @RE
HIZ BN T Hsalt M OPANABEIEWN Z LICER T2 [10] .

5. 3. 3 PANA/PVABESIEOHMMHE

AR ITARES L T RBAEPANA /PVADTG/MSHIE %17 o 72 (Fig.5-9).
MSZ XY MUt 5, B S 120°CHHE £ TOEMRIC RS 13 Wik
(m/z=18)ICRE S, BRI L7z B ORE & OF#ks OBk
LD THD. 1204 5210°CE TOEMICE 50 2 BEldk(m/z=18) & CO,
(m/z-4)IRBE N, EABICH EE L KOS S PANAD T Y —72 )L
REVNEOHMERECERT 250 EEZ5N5. ZOFKRTIE, 8%RHIC
BELUF-ESE@IIBITAEEIZ16.9%, 98%RHA)TIF12.3% TH D, BE
ANOEREEFRL TS, ZOMERICE TN < W3 LIk OR BT & 5
B4R I T LW [13,14] . LA T, 2 O TOE RED O
BRI IZPANAD 7 U — 720 VR F L IVEDO MBI E 25D TH 5.
ThE, 7oV EEAkES TEABEARE (13,141 , PANA/PVAD BRI
B O BEK Y 3salt-base BB RINICE VRBETH I EE2RBT 5
(Fig.5-10). T72bb, HREICEFLZHE, PANATsaltIz/z->THY,
FIVRF VIVE(COONTEHR ONE F &< MEEML TS, —F, K
BT R—7 S hbase® 12725 THD 7Y —mA VRF IV EE L THEL
TWBY, BEBEEHELT, I ORETOREIIKRE1(8.9% at 98%RH,
13.5% at 8%RH) [10] . F£/-, 300CETIIHOC R—EVHEZERT SN
WRFVIVEDNR, LI, PANA, PVAOEHENGET 5.
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Weight loss / %

Fig. 5-9 TG/MS spectra of the PANA/PVA composite.
Initial humidity of the composite: (a)8, (b)30, (¢)60,
(d)98%RH. MS spectra were taken at four different
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200 300 400

Temperature / °C
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temperatures (85, 150, 250, 300 ©C).
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Fig. 5-10 Schemetic representation for the salt-base transition of PANA
in the composite
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5. 3. 4 SA-PANA/PVADt >3 > 7%

PANAZ%250°C THALHE LT 5N /-2 BPAn 0.1 MBBE/KIE I 5
BLTHER—72R% 7. Fig5-111I32 0 & EOFTIRBIEDFETH 5. 250
CTHUHE L 72PANAWTFIE.5-5 TR & D IR GG R BPAN) 2 RM T 5 AR
MVIEENT=(a). TREEZKBERICHBLIZBDART MLOIZIE@IZMA T,
1180, 1080 con MIZH =R BINAHER SN, NS I ENTNS=OMHHEIR B
WIRB SN, A OFERZRRTLHDTHS [15] . Fig.5-121R#
A (a), 250 CUEDOL)IBIOBRBEICHB LB CQODUVARY bV THS. A
RZ MU @®D390 nifEI RSN 5 K- 0> ORIULBLEE /N <720,
ZRUTHES TE550 nfHE D RN O K B N, FTIROERF K, HEEM
PANDHISE R HEREZRLEAXRY MLVD). UL, AXRZ ML
i, B340 nmiZR—5 0> EFHEHERERLER—S O OFEAEZERT
830 nmOENAE N [16] . D EZOBELKREEN6.2Scm ' & FEHEDE
BMOPANIZ DOV THREIN TS EE —FKL 722 & M5 (Table 5-1) [17] ,
250 C T U718, BREEZKISRFICH B S B/-PANAREFRIDO PANIZ/2> T
W3 ZENRBEIN-. HAMPAN/PVAD ELREE 2 HHEE I8 U TEIE
LR % Fig.5-13127 7. 19.0/5 591.0%RHOBELLITHB W T4.2X10°
M 510.5 S F THOHICH = 2 ERNIR e RL, NG, FREIZHBITS
EXATFU T RER SN .

HAWPAN/PVADTGHIR ZFig.5-1410R9. K500 5120°C X TOFIK T
WX ZARY MLt )M EKO BB K 2ENRREIN, BEICEKEFELTOY
52EME, FHKEOFEHKDPITEIDBWETHS. 120/ 5300CE TDH
MOBWENINL, TAARY MLt )N 5B <BEFELZKOEREE F—N2 hT =
% > HSO, D4MEIZ & 5 (m/z=80(S0,), 64(SO,), 48(SONHBDTH 5. Fi,
98%RH® & 13 15.5%, 10%RHD & I 17.5%D B 5 DN /2 i@ EEKFHE 2R L

-116-



Transmittance / a.u.
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2000 1800

| {
1600 1400 1200
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Fig. 5-11 FTIR spectra of heat-treated PANA at
2500C(a), PANA-SA(b) in the transmission mode

as KBr tablets.
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Absorbance / a.u.
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1
300 400 500 600 700 800 900
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Fig. 5-12 UV-vis spectra at room temperature of PANA (a),
heat-treated PANA at 250 °C(b) , and PANA-SA(c) in DMSO.
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Fig. 5-13 Dependence of electrical conductivity of the PANA-
SA/PVA composite on the relative humidity at the moistening
(O) and desiccating(@) stages at 25°C. The weight% of
PANA-SA in the composite was 14.3. The thickness of the
cast film on the microelectrode was 0.1pum.
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Fig. 5-14 TG/MS spectra of the PANA-SA/PVA
composite. Initial humidity of the composite: (a)8,
(b)30, (c)60, (d)98%RH. MS spectra were taken at
four different temperatures (75, 150, 310, 410 oC).
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ToFER=N2 P EUTPARICED AENTB D R L Y, K
ETIER<EELEKIZEEESDTBY, ZOKDOBEBEICHES THBHEET S.
KEIPANA/PVAGIAH) & B LT, T OHRIPAN/PVAIEEE I %
TBBMENIERITE < 2o (6. “DXSic, AEMEETHPANICHE
EHEMNETHIET, BELL VO /EBNTRETEEEES TBLUHE
BEEERT S ENTERESZS (10] . '

-121-



(@)
N
2t
il

PANA®D ViR F VIV EIZZ D ORE(-COO, -COOH) THEL TWa.

FBAIEPANA/PVADES 28 1 18/5 VB EEURIC B\ CERIICE
L, ZOmEREEsalt-baseBYRISICHETNT NS,

PANA#250C T L /-1, BiBETR—YE 9 5 Z & TrlEHEPAD
1857 ENTE, BREEEILEEOHEPANLA%ETH ok

AU HEPAN & PVAE OBA TN, 185 WIREEIRIC B TRI6H b D E &
ML ER L. THUd, PANAOROMAM 2R - £ BEEte M5
THIEMTERT EETL.

-122-



23E HR
[1] J. Yue, A. J. Epstein, J. Am. Chem. Soc., 112, 2800 (1990).
[2] H. S. O. Chan, S. C. Ng, W. S. Sin, K. L. Tan, B. T. G. Tan,
Macromolecules., 25, 6029 (1992).
[3] H. S. O. Chan, S. C. Ng, S. H. Seow, W. S. Sim, T. G. A. Hor, Themal.
Anal., 39, 177 (1993).
[4] N. Toshima, H. Yan, Y. Gotoh, Chem. Lett., 2229 (1994).
[5] K. Ogura, H. Shiigi, M. Nakayama, J. Electrochem. Soc., 143, 2925
(1996). '
[6] K. Ogura, H. Shiigi, M. Nakayama, K. Kuratani, DENKI KAGAKU
(Presently Electrochemistry), 64, 1327 (1996).
(7] HER BA, ARULCHERE, /NVETBUKER, HA(L2ERES, 12, 847 (1997).
[8] L.J. Bellamy, "The Infrared Spectra of ComplexMolecules"”, 3rd ed.
Chapman and Hall, London (1975), p183.
[9] MER BA, /NIER, KRS, /NEBKER, J. Spectrom. Soc. Jpn.,
46, 353 (1998).
[10] K. Ogura, H. Shiigi, M. Nakayama, A. Ogawa, J. Polym. Sci. Part A:
Polym. Chem., 37, 4458 (1999).
[11] L. Harada, Y. Furukawa, F. Ueda, Stnth.Met., 29, E303 (1989).
[12] J.-C. Chiang, A. G. MacDiarmid, Synth. Met., 13, 193 (1986).
[13] K. Ogura, H. Shiigi, M. Nakayama, A. Fujii, J. Electrochem. Soc.,
145, 3351(1998).
[14] K. Ogura, A. Fujii, H. Shiigi, M. Nakayama, T. Tonosaki, J.
Electrochem. Soc., in press.

[15] O 1, FRIVEOERAE, =tk (1973), p373.

-123-



[16] M. Inoue, R. E. Navarro, M. B. Inoue, Synth. Met., 30, 199 (1988).
[17] &HH &, BEEMEED T, HITHAR (1987) pb.

-124-



EOE HWEMRYYZU HEAGKRZHAWDS
R A 0 OFF

6. 1 #&
TRCONEERATATH D, TOEGRAICDNWTHEDE DRAINT
BET, EOHICLXORAARTRER AT ABEO—DE L TRASNTERZ. Ly
L, ENREOFH, EYREE, HEOHERTICBABOm L, 51T
FEHFRPOE B ZED TS HEREEE S OB ETRKPICHFET 5CO,H
ADEFGEH L AT LRE, CONA Y OMBBNTEINTNS. 19844

T

izGauthier 5 [1] MK,CO, # V7= COL M & > H iz D WTEE LT,

BABMREY YRR BERIFTINTER [2-8] . EFEERETORIH)
A F VIR ENEDT, ZORRDOE > FIE—RITH A ERENIEH I
BT &M 5NTW S, Yamazoe 5 13Na,CO, & BaCO,D2R A BB E AT 5
NASICON(Na,Zr,Si,PO,) % fi T [2-4] , Narita® & Li,CO,, Li,PO,&
ALOMN B BEEERE = AN TKRIICEEINRWRTFEERLE [6] .

Kuwata® [7,8] 134727 ) h) @B+ HEERKERNTE Y ZEEHL,

FNSORMEE I R ERE LTS, £z, BaliO gk ED&ERL
PICEER)E A WEFEDFREL TH D, HFE Tldlshiharab [9] ©Haeusler
5 [10] Itk THIMICHREINTWS. LiL, Z50WoZEEERER
CLEEBIMESHEEOBRTIE, BEEELEDIEREICHVEREREC
400C) R EEEINS. LENST, BETIERIUIY—T4IINLERNT,

CO,TH TS EIAR, FFERBEMQCME)ELET D Z & TERTIHEF
DCOBEMNER TES AT LAREMRF SN T WS [11,12] . LaL,

BHEOBASKICSENDEIMNCE > TCOMEMAEIN, FICQCMIETIIE
BERKEND T, HERENREINLRELOMEZATNS.
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HOETIE, RU Y2 NS TIEEPANA)ZBYHET A Z LiICk> TR N
HFHAOR) 7= DPANER Y EZ NN TN aA—)VPVA) OB GEE A
WT, BRTHRIEMEERCO A HOEFEEZHAAT.
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6. 2% R

6. 2. 1 & ¥

AP T IET TR EFAR TR\, BEI sz Fh T2
DEFMEM LI, KIEBA WS E(GS-200, ADVANTEC) THE L=
B L. BHRAAGIEI.00%, BATHNEMERBLORE LA E
ATHH, WAERTRI v 7 LTRERDERELE. £k, BUT PRI
VD UL KOS R/ ST (TG/MS) T F v ) 7 H X & LT
B He H (09.9999%, 51 H )% R L 7-. '

6. 2. 2 HEBPAN/PVAESBEO/ER

RU 7 >+ I Z)VEEPANANTE / ©—50 mMZ & 0. 1M il /kiE#200
mLIZE{EEI & L T0.2 M@k Y > T2 A /B /KEKRLI00mLZ R & ITRES
U, BB TI8RMEHT S LIk DARLEZ. ZOBEFIZEL, I5ITH
300mL?0.1M B /KSR T3EBEH L 7. 5 L TR SN KREZFNSHE T
SICHEZE L. PANAYRZEAY D AN XAFRKT280C TReflfRRF L T
EOLEE L 7. 280°C TSR BULEE L /- PANA ODMSON DM EIZ3.0 gL " T
Hol-. Th#ES. 2. 2EFBOHETPVALOBESEEZE- L7z, PANA
(0.01g)ZDMSOI0 mL)IZ &ML, Z DK EPVA0.0062)/DMSO &FTE D
EREIKQ IR LIICHRRLTRAL, H—2#EARKREZRZ(14.3wt%
PANA). Zh#, A< LBEMICF vy A ML, BEZEICX> TDMSOZREL
7=, ZO5LT, BEELIumOESHERNE SN

6. 2. 3 FEKENABERFT TOBRKUSEEAE
IBEPBLUCO N A BEREIIFig.6-LITRTREAWVWTIT> /2. BEITH
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EEIVERICEY NUETF O IVREBESTO)FRE)Z AW THRLZ. 27
MISAAMNFOEKBKDOBEFET ABERET 5720, HEICLUTHKT 5 #
EZEVIRLZ. BIVNOEEILX, EZRREBICLUERE, BRI TS AORNDK
RRIEEFRBEATAHIETHELE. —F, WIRNOEBED FEITIEZRER T
THRUKRKDEZBDIE L ETHAEIL =, £z, WTNOHEEHRE
A EREERITED F 5o TSR A2 AL TELNEISE L.

CO N ABEE RN EHZIC LIS, <) A—F BHHICED NV—> 11
EROCOL%)EHAL, BEHATERAKE TS &> TCOH> T
WHRE L. Nb—> 2 AFABED HET, 5~100 %DCO > FIVH 2 %
B L7z,

HZEICLERIZ, Y/ A—IHRAIEIVESEZEA, AL /NVL—2AF
320w I ERECOMNAZEATS. 3512, MAERZBLEZEEN
AZBEALTEIAZIKEICLT, THNOFHKIEZERL . & REAE
T, N —2 DOy I EBRT BT ET, YT AABRNICEA SN,
IDEE, ) A—IHRMHMIEVORANOREN ABE, BEF TREZHD
EINTES.

6. 2. 20HETHEHRLEESRERBASH) ZEILBICEY LT,
POTENSIO/GALVANOSTAT HA-501 (It 3HE Tz U — R 253 % Ei 2
T EICKDEBEREEEZRE L.
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6. 3 FRBIUEE

6. 3. 1 HERMPAN/PVAESEOEIERE

SREQLEPANA B L8200, 250°C (&8 T 2hB4LE L 7= PANA & 280
CTSh#LE L - PANADFTIRZA XY 1)L % Fig.6-2107T. KEMLEPANA
DARY ML @IZE 5N 51600(C=OMKERED), 1450(C-OM#E #EE) cm™ ®
WISV REFIIIVECCOOH)DEREERLTWVWS. £/-, 1570, 1380 cm’”
AR FE 2 L— h (-COO)DRFRE 5 I ERFHEDIC BET 5 2 EATE
3 [12,13] . D0, HER—/X> h ELTHEL TR RF )L
(-COO)E 23 T/ b DCOOH) & A LTHD, T 5 DRINIALIEE
EOLRE EBICEL <BAL TWAFig.6-20)@). 1600, 1500 cm™i3 %
NENEY Y — EROF 1 K, N2/ K ORMRHERIC BET 5 &
TE, 1250 om0 70— K AR IRIEC-NRERESICRIET 52 &ANTES
[14,15] . 280°C T8h#WLHE L /=PANAD A7 ML) T3 Iz Nz —#
FOHINRFIIVEICET2HRMUIIZIZTHEEL, BFEOEEMOPAnNDOFTIRA
R MVEFRIZABITED, 0EE, ELVESEEEOROBRSN
%2 &5 (Table 6-1), PANAZMEMEDRY 7= ) S ICERENTNS T
EEFRLTW(Fig.6-3) [14] .

RBULIFPANAB X U280°C TSh#LE L 7= PANA L PVADE AR DA 4
BEICHT 2 BEEEE % 7Oy kLE(Fig.6-4). 7125, ZIZTRLEEAHE
IIPANAZ 14 Widsh S 5. REIUIPANA/PVADES ZEREL, 875
98 B RHODIZE 2Lzt L T3X 1077 50.5 Scm ™ & THISHTIZH 7= B EHRH /2
ZAbER LA A). TOBREEEHRICIDODWVWTIE, ES5ETHN TN S, B
T L T Bsalt-base BB SICE 200 TH S [16,17] . —F, 280C
T8hE L L 7PANA/PVA(Q,@NZ, 1005100 RHETEILIZA SN
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Fig. 6-2 FTIR spectra of PANA before(a) and
after the heat treated at 200(b), 250 oC for
2h(c) and at 280 °C for 8h(d).
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Table 6-1 The electrical conductivities of PANA with and without
the heat treatment

Treatment Electrical conductivitya
/ Sem-!
as prepared 3.5X10-2
150°C for 2 h 1.7X10-2
200°C for 2 h 2.3X10-3
250°C for 2 h 3.8 X104
280°C for 2 h 5.1 X105
280°C for 8 h 3.1 X105

a) The electrical conductivities were measured at 30%RH.
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Fig. 6-3 Structural change of PANA with heat-treatment.
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Fig.6-4 Humidity-dependence of the conductivity of
the composites at 25 °C. The composites consist of
PVA and PANA without(a) and with the treatment at
280 oC for 8h(b).
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Mo Tz. IS, BB DT RTODIVERF I IVENBEE L TPANAD
HERPANIZR > TWAH T, BERITHE D salt-baseBB KGN £ <E D
SHIRNWZ EEEKRLTWVWS [17] .

6. 3. 2 HEMPAN/PVABAEOREI AL 0

REYILIE B L 18250, 280°C T2hEAMLE L 7-PANA&280°C TSh #LHE L
THRLNIHENPANOPVALDERE OBKBZEELLEZCOBEICHL T
T (Fig.6-5). BB, BEIITRNTI0L2%RHICERE L. RALE@ T
5075 10° ppm E THOCO,H ZAMWEEICH L, 13&E A EBRIZRS Ao 7=
LD L, 250(0b), 280()CEABIEEZ LRSI BAHICDONTEENDAREL 2>
7. A5, HEMPAN(QOEABEIL50H 5 10° ppmE TOCO,H A BRI ¢
L, 6X10°756X10° Scm™ ORI2HTIT D= 5 EENRE{LER L. Ta2b
b, MENEENEL, NEERDEWPANAZGH L= AEIEECO,H A
DICEBENGEGRDIEEZERL TS, £, EAEWMIIDNT COR
EBERLICEDIETHEMI B EOERE K LEELEZRL, CO,BR
Eo®EM, BOOBEREBICE A7) AN NI &%2RT (Fig.6-6).

HEME OISR M £ Fig.6-712 7% L7z . CO,(3000 ppm) & H,0(34
URHDBEESEN SR DB T A& BAL RO 0%NE KT, HART
1.4s, BI&BE6.0sTH oM. £, 2EORFI BV TRBDOEEIESN,
BOWERMEEZHEL TVWD Z LSRRI N,

COEEBEERAWT, 20005100 ¥ RHETORBEICBIT2BLKMEEHED
CO, N R BEKREN 2 N/=(Fig.6-8). 7B, BEIIXRTOHETENETN
FIF— B (£ 2 %R IR S 7=. 20, 30%RHTIIEMK LMK 5. 50
%RHLA - TIIERHBELIIR SN 200, TNENOBKRERE KT X
10° Sem™MHET—EIE L. £z, BENEI BRI IFEEABEOEBEREE
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Fig. 6-5 Dependence of the conductivity of PANA/PVA
composites on the CO, concentration. The PANA was not

treated(a) and treated at 250 oC for 2h(b), at 280°C for 2h(c),
and at 280°C for 8h(d). The environmental humidity was
30%RH.
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Fig. 6-6 Dependence of the conductivity of PANA/PVA
composite on the CO, concentration. The PANA was treated

at 280 oC for 8h. The environmental humidity was 30%RH.
Increasing (O), decreasing ( @).
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Fig. 6-7 Response of the PANA/PVA composite to CO, (3000 ppm) +
H,0(34 %RH at 27.0 °C) and to dynamic pumping. The PANA was
treated at 280 °C for 8h.
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Fig. 6-8 Dependence of the electrical conductivity of the PANA
/PVA composite on the CO, concentration under the humidities

of 100(a), 90(b), 70(c), 50(d), 30(e) and 20(f) %RH at 25°C.
PANA was heat-treated at 280°C for 8h.
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EFid@m<zs, HERREEIIBHWTIRIEFFLWL.

UEDHERNS, HERMPAN/PVABEEIRORY CO, N A IHEMITFig.6-9
WRT AF—LZFANWTHHTES.

BEERITHE N 5 DCO,NEEL, FEHOBEICRU TEGRICEET S
KPR 5. ZDEE, HEBENIIIMETEK =10°%, K,=10 ")D&

K, K,
CO,+H,0 2 H" +HCO, 22H"+C0O,”

Eﬁ?%éhéﬁ,@%ﬁﬂm&&*ﬁfﬁét@%—%%@&ﬁsaﬁzK
EITTHEEZLND. T DOEEEU BKEEAKHRA T 2 HCO,)MH EMPAN
R—E2rah, HELTL2BOEEZILND [18] .

AR DOPAN, PVAMMRILEZILE B/ & FDCOMREMEIT DV TR A
L7z, B\EAMPANSEI100 wtBPAN D H) TIZCO,MN A NDIRE MRS N7
Mo 72 (<10° Sem™). ZHUd, PVAREFE LARWEDRNITKNEEAETF
R, REAKEAFDHCOOINERL BVWED EEZS5NS5. PANGEN
75 wt%d EE, 10075 25000 ppmd CO, M E I3 L T6.9 X107/ 5 3.6 X
107 Scm™ & THEHGENEE(LE R L= (Fig.6-10@). PAnZE50 wtXdIiZ Uiz &
ZA, EMTHEENAZELIARD, 33wt T D E3.6X107056.3X 107
Scm ' TOLERL, ISHIEXIFIREL x>/, PAnEEZ25(d),
14@e), 11O Wt ERDEE B E, HERFLEWIIKELZD, COHRITH
T B EREO R AR N, T NUTBUKMPYADRINC RS A S
BNERC % < FET 5728, Fig.6-90 F#(H,0 + CO, @H" + HCOHAVA i
TN, KEEKFEA A DHCOOMER LT REHEEZILBND. T,
25(d), 14(e), 11(f) wt%TlZ, FHZ10° 3000, 1000 ppm TEILE S
M—EIZHE->TBY, EEERTBTE =2 FORDAAGEEZEY A bE)
NPANEBOBEDIZME > THRO L TS ETFNEEINZ. ZOLEDERR
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Fig. 6-9 Schemetic representation for the mechanism of CO, sensing.

-141-



10 '

T 17T T1T7TT

(a) 75 wt%
(b) 50 wt%
(¢) 33 wt%
(d) 25 wt%
(e) 14 wt%
) ' wt%

Conductivity / Scm'!

e O N[O » D

I]lll

lllllll[ 1 1 lllllll 1
102 10° 104

CO, concentration / ppm

Fig. 6-10 Dependence of the CO, response of PANA/PVA

composites under the humidity of 50%RH at 250C. The
content of PANA in the composite was changed; 75(a),
50(b), 33(c), 25(d), 14(e) and 11(f) wt%.
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WEES F ZPANS BOBM AT > TI.0X107°, 7.5X10%, 2.2X10°Scm™ &
WAOLUR., Ziud, COMNAFETF BT 5 EAE P OEEHYE(HEAPAN)
BEMETT 5720 T, FiZ, PANEGENMHE S N v 7 AR TOEEYE O
HEEERICBIAEASR(TRbBE/)N—aL —2 a3  LEWETICHHL T
WBZENS, COMNANDREMENE GEDOHARIZKEEKEL TVWBET
MR IND.

PANEE %75 wt% L7z & & DE SBDOCOMN AL % FA~R/-(Fig.6-11).
2B, BEFTXTORET, TNTNEEF—E(L2 BRIDIE 2. 30 BRH
TIE100 ppmr 5100 %CO,F TOUGE VBT, 1.4X1053.0X10°
Scm M E TH T O ERA 722 L 2R L /2. 50 $RHIZT 5 £6.9X107 M 51.1
X10% Sem™ E TEBIZELL /=, 70%RHTIEK10* ppmE THE RN ZE1L
DRENZH, THLEL00%E T—EEMA.0X10*Secm D ERLZ. TOLD
EAD COSBEMIIFig.6-912 & 0 FHIAREET, Fig.6-8DO#MIC—&T %
HDTHD. COMNAND HLEREIIFig. 6-8(F247) & L U TR W G 14D B
DTH - 7=H%, 100 ppmr 5 100 %F TOWEWCO,BEMETO > > Y
MAJRETH 5. INH5DOFERMN S, BRTERT S Z LITMA T, EAFSFHES,
BRIEC TERABEOMREL 2D Ty v o R RE(ET 5 2 &N
AEETH O, tMOFRICE D T o TITHAGERICERTH 5.
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Fig. 6-11 Dependence of the electrical conductivity of
PANA/PV A composite on the CO, concentration under the
humidities of 70(a), 50(b) and 30(c) %RH at 25 oC. The
composite was composed of 75Swt%PANA and 25wt%PVA.
The PANA was treated at 280 oC for 8h.
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6. 4 & =B

HER—T7RY 72D > 0—DTHSHPANA%280C TR HFAME T 5 &
WHRPANIT/R 5. HENPANN SR AEGEDCO,INEL, =ik T50ppm
MNE1%ETOCOMEHFICH W TERINICELT S, £z, COMEDIM,
BADOBBIZE AT U > AE7R0.

BEABEDOCO,NDINVEFEL, SR TREHMBUEL ZPANAZRNZ D
DIFEHEL 2D, 280°C TSRFHIZULEE L THE S NIZEERPANTRA LS.
:hm,ﬁﬂEHmAﬂﬁEEWmtﬁﬁ<ﬁET§®ﬁ4F@%MKE@L
TW5,

BEEBEDCO,ANDIEENL, EEERDOBIICCONBHRTHI ETELR
REEKFEA 4 2 HCO,(CO, +H,0 2 (H,CO,) = H" + HCO, )M EAPANIC
WORAENHEE LT EH(R—TT5)T L2 5.

CO,(3000 ppm) &H,0(34 %RH) DR A RAEZEA L7z & & DI0%IEE K
fld1.4s, KK T6.0sTH D, 2EDRAITICB W THEBROME RS 5Nz C
ENG, SVHEENEZET 3.

EEEDCOMEMEIZPANERICKETS. PAnGRZBOSEDIIDON
T, HERLAWIIKELS D, COHANDRERENEAR L. i
PVASBOEMITHE WK NESENTICEFEL, REKRAT >
HCO)BEMNEML, BBUWPANTMHERTIZOTHS.

75wt%PAN % & O A 13 100ppm A 5 100% D CO, BEE ITxt U T EARK
IREALEIRT.
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%32 TlX, PoPD/PVA, PoAP/PVAD EBX 8 EI3F K DR EICH
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PoAP®Dsalt-base BHKIGICEKRT 5. /-, #EBICIE2ED K, FHRE
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salt-base BB K DI #4269 5. PmPD/PVA, PoTD/PVAIZ DWW T,
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251 ¥ RN
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PRBNER SO TFESREZAVIBEBI VKRBT AL YD
BAFEICBE S 2 HH5T
BR%  WEIHFHER WERISTERHEE
Er i NN

EEMREIITY O3>, BERBCEMOMEAEHREDRLIZSEFICBVWTARRIRT
B5. LNLENS, HRINTWSEBEY I EE TR BEGEIR, KEht
ATYANEET DR EMET DD TIZARN. KFRRL, ZORSBHEZBRL,
BN P UMBIORREZENELEZDDTH S,

AT ZU 2 (PAN) DBIGEEIIARKEITKRET A2 EMHENTNS. Ll
1BING, TOBKKEEEND S TERGEEZCIFEFITNE @D, Bt
SV UM EEEVEN. 72T, PAnBLUPANEEAEEAMO R Y E LTIV a—
IWEPVA)EEET S I ETIOMEORRERALTZ. ChS5OEERITEBEL 22T
WBWTEHEREBEKEESE LFAEEZBEL TS, BRBEOE 2 VTR HIIEREEE
BIEIZEDFAN, 77— TEBRIHEETIRS #0fF/ EES ITETG/ ML 5 #ll
EDRERMOBIBAN X LZEHSNTL .

PAn/PVADOBLREEEL, K100 5100%RHE TOBEICBVWTEXT U YA RA
5NT, EHEMRBREERLE. ZOBSEOBNEERNEMHL, BELLIZESPAN
Dsalt-base BRICE D WTHBH EINS. Fiz, HIKE TOEDY, AF ./ —I)ILeA
FYUREDHAKETIZBVWTD, COEGEICEIBEL L VIR EEZZTN
ZEMNbho Tz,

IHIC, BRBEOBEL O /R 2 EERES TOREELRARDL DI, R
(o7 L >P7I)PoPD), hU(o0-73I/7x/—)VPoAP), RU(m-T7x=
L2272 2)PmPD)RRY (o~ b1 P 2)PoTD)iR EDY =) VFEEE S FITDW
TPVALDHEABEEER L=, PoPD/PVAB L UPoAP/PVAIZZE NLEN4, 5HIICDT:

ERNZREREZRLUZ. Z0&E, NE, BREOCHBEOMICE AT P AFEEL R
W, L, L, PmPDRPOTDZEAWEESE CIIERWRELIIR ST, KEAELAT



JIANReNE. chsotl o o Ut EE 8%/ E ' TG/ MSIZX D H
ML, TG/MSO# R L&D, PoPD/PVABIUPOAP/PVAIL, 60CTHigET 555
SEFEFL 2KGF E130CU LTHBET 2 <ZE L KRG T O2REOKZEZFTDHZ &
bhinofz. FLEELEKS FIIEBEOEEICEKEL, BEE LK FIIABEOE
FEICIKTE Lz, —%, PmPD/ PVABXUPOTD/PVAIZIZZ O < B L 72K T
2EEAERD NN, PoPD/PVABEUPOAP/PVAIC RS N2 ERLEEDE
RTBEKRENER, OB EELZKOFECEFRTIHOEEZEZASNS. BERD
DBET, BEEHELTHLEBLZ 7O BIIPVAOKEEAFEOERS TKE LK
DHENBE}TS. M, INBAETHE, B BWELZKCETASL, EEERTTOLIN
B UTRDAENS. TS CHBILEATO K-> 2 L)L ERORE I 5
KETHHDEEZSNS.

#LOMOHBEMERS TEESKICGEAL, et FOREBENEGROREE Y >
SUURMICEZ DB OWTHMICRA Lz, EEESSFELTRUY ZUIVER
(PAA), RUEZILED Y RU(PVP), RUZFL >FFT RPEO), £LTRIY AT Y
U)VEE AF IUPMMA) Z /=, R OEWMEEER ST 5 HWEEEPoAP/PAA,
POAP/PVP) TIZEBEICH LU THRAMITOEIERNBENESNZ. LrL,
PoAP/PEOPoAP/PMMATZ & DIIEM DK WM S 5 F L OB BEOBIUREEIZ
IR ERBORICE AT YU Y ANEELE. Zhud, EEBEPICBIT M BE LK
DEEICERTLZHDOTHS.

4R, COMEEMEELTHERINTVS, KEBAA L FIOVWTIEZBICE D
WMEND DN, EWITEM KBTHoEZD, FEHEICHRBRCI00CT)ZHELT DD
BREH A DESRANCITEL TWizl., FIT, AR TIREERNPANNSRLOELKEE
AWT, SRTESARERRET AL YORFEERB. ®KEEH X BE 25005 10°
ppm £ TET 2 & &, BEBEOBELEEEILLI0 ) 56X10°Scm £ T2HThZDE
WAICEL, BRIIBWT, BLERYE, BEMEEZRLEZ REAAOEETTHE, &
B A DA BT RS T B K (BB & O MEKIMITVER U TRBEKE A 2 2 (HCO,)
ZHU%(CO,+H,0 2H +HCO,). Zh&E, HERPANIIREIKEA A > ZHDA
B EIR 2720, BEABIHEBRRBICRS.



Studies on Humidity and CO, Sensors Derived from Polymer Composites

Material Engineering course

Hiroshi SHIIGI

The control of humidity is necessary in variety of fields such as air conditioning systems, electric
manufacture, quality control for foods and so on. Although, several commercial humidity sensors are
available in the market, they are very far from satisfactory since response of humidity is valid only in
a limited range and a large hysteresis is often involved in the measurement. In order to obtain the
suitable material for a humidity sensor, we have made attempts to solve these problems in the present
work.

It has been reported earlier that the conductivity of polyaniline(PAn) increases with an increase of
water vapor pressure. However, the change in the conductivity of pure PAn due to its hydrophobic
property, was found to be rather small (one order of magnitude), and therefore PAn alone cannot be a
suitable candidate as a sensing material for humidity. Therefore, we have decided to prepare
composite films of PAn and its derivatives with insulating polymer like poly(vinyl alcohol)(PVA).
These composites are especially advantageous since they possess both the properties of electrical
conductivity and hydrophilicity which is found to be important to yield a linear response of
conductivity as a function of humidity. The sensing property of the composites was measured with
the help of electrical conductivity measurements. The results obtained from fourier transform infrared
(FTIR) and thermogravimetric /mass (TG/MS) analysis were used to support the proposed humidity
sensing mechanism.

The conductivity of the PAn/PVA was found to be linearly related with the atmospheric humidity
in the range of 10 to 100%RH without any hysteresis. The excellent behaviour of this composite
towards humidity is explained on the basis of salt-base transition of PAn and this transformation as a
function of humidity has been monitored by in situ FTIR analysis. It is worth mentioning here that
these composites response selectively to humidity and the effect of coexisting gases like HCl, NH,,
MeOH and hexane hardly affects the sensing property.

Furthermore, to investigate influence of nature of conducting polymer on sensing properties, we
have prepared series of PVA composites containing different PAn derivatives, particularly poly

(o-phenylenediamine)(PoPD), poly(o-aminophenol)(PoAP) poly(m-phenylenediamine)(PmPD) and
poly(o-toluidine)(PoTD). The PoPD/PVA and PoAP/PVA exhibit linear dependence of conductivity
(about 4 and 5 orders of magnitude) as a function of atmospheric humidity without any hysteresis.

On the other hand, the conductivities of PmPD/PVA and PoTD/PVA show nonlinear dependence on



humidity accompanied by hysteresis in the measurement. The differences in the humidity sensing
property of these composites have been elucidated with the help of TG/MS studies. The TG/MS
analysis reveals presence of two types of water molecules, i.e. weakly bound water (expells out at 60
°C) and strongly bound water (loses at more than 130 °C) in the PoPD/PVA and PoAP/PVA. The
weakly bound water was found to be considerably dependent on the initial humidity. On the other
hand, the strongly bound water hardly seems to be affected by the humidity. The nonlinear behavior
of PmPD/PVA and PoTD/PVA has been attributed to lesser amount of strongly bound water in these
composites. The linear dependence of the conductivity on the humidity found for the PoOPD/PVA and
PoAP/PVA seems to be related to the existence of the strongly bound water. This can be concisely
explained as follows: during desiccating stage, the protonic acid expelled from the conducting
polymer may take refuge in the water strongly bound arround the -OH unit in PVA, and conversely
the acid may dissolve in the weakly bound water and diffuse toward the conducting ;;olymer in the
moistening stage. Thus, the doping level of the conducting polymer varies directly with the humidity,
resulting into change in the conductivity.

The effect of hygroscopicity of insulating polymers, like poly(vinyl pyrrolidone)(PVP), poly
(acrylic acid)(PAA), poly(ethylene oxide)(PEO), and poly (methyl methacrylate)(PMMA), on their
responses to humidity has been also investigated. The conductivity of the POAP/PVP and POAP/PAA
which were composed of highly hygroscopic insulating polymers, was found to be proportional to
humidity covering more than four orders of magnitude. Contrary to this, a hysteresis in the change of
conductivity was observed for the POAP/PEO and POAP/PMMA and it is attributed to lesser amount
of strongly bound water in the composite.

Recently, considerable attention has been given to CO, being a noxious substance. Number of
commercial CO, sensors are available for CO, sensing however these are expensive and unportable
which makes them unsuitable for routine operation of CO, detection. Moreover, some CO, sensors
require an operation at high temperature (at least 300 °C) to follow a rapid change in concentration of
CO, rendering the CO, sensing at ordinary temperature difficult. In the present work, we have found
that the composite film of base-type PAn with PVA serves well as a CO, sensor at room temperature.
The conductivity of the composite film was found to be proportional to a wide range CO,
concentration (50~10* ppm) covering 2 orders of magnitude (10°~6 X 10® Scm™). This sensing
element responds to CO, with high sensitivity and sufficient reproducibility at room temperature. The
mechanism of CO, sensing was based on formation of the carbonate ion formed by the hydrolysis of
CO, (CO, + H,0 Z H" + HCO,) which dopes conducting polymer as a protonic acid and the
base-type PAn (insulator) is transformed to the salt-type (conductor), leading to show observed in

conductivity of the composite film.



