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3-GPTS
85°C, 12h

OH OH OH = 0

48h

Chitosan/PVA cladding

ﬂI CH H

1 6% Glutar dehyde OH

50°C, 12h

Teflon membrane

Scheme 4-1 Preparations of the chitosan/PVA cladding and Teflon membrane
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Fig. 4-1 (a) Construction of the fiber-optic sensor and (b) schematic
diagram of the optical fiber. A, Teflon jacket; B, inner stainless
tube; C, optical fiber; D, flow of the sample; E, flow of the
thermostated water; F, incident light; G, SiO, cladding; H, SiO,

core; I, chitosan/PVA cladding
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Surface of chitosan/PV A cladding

Chitosan / PV A cladding of ca. 1um in thickness

Teflon membrane of ca.
0.1um in thickness

Fig4-2 SEM image of the cladding membrane and Teflon protective coating
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\’leOH\EtOH \I-PI'OH

Fig. 4-3 Typical responses of the sensor to 0.5 mol dm-3
aliphatic alcohols.
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Fig. 4-4 Relationship between the response and diclectric
constant of organic solvent. Each sample solution contains

0.5 mol dm3 of organic solvent appended beside the circle.
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Shrinking index

Fig. 4-5 Relationship between the response and the shrinking index.
The test piece used for the determination of the shrinking index
is a separately-prepared chitosan/PVA membrane. Each
sample solution contains 0.5 mol dm3 of organic solvent
appended beside the circle.
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Fig. 4-6 Relationship between the refractive index and the shrinking
index. The test piece used for the determination of the shrinking
index is a separately-prepared chitosan/PVA membrane and
each sample solution contains 0.5 mol dm-3 of organic solvent
appended beside the circle.
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4.3.3 EHRBORI

FRETHR S NZBEEEIE, miiioaErs Iy RIZRLEZEEONT 71
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% oY OBER E & bicFig. 4-7 1R L. DMSOKIERD T 513
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1. $990% F TR L 7=. DMSO70%DIEDRITRIT1.446TH Y, it
#07y ROBITE Ny = 1.440GEVETH B, F7z, DMSOI0%DIED E i
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NETERH L TWEXDO—S (FRE— RDOX) @FAICRENHIS Z &I
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Fig. 4-7 Plots of the response and refractive index vs. the
concentration of DMSO. An optical fiber without
the chitosan/PVA cladding is schematically illustrated
over the figure.
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Fig. 4-8 Relationship between the response time and vapor pressure
of organic solvent. The vapor pressures are at 25.0 °C and
are calculated from Antoine equation. Each sample
solution contains 0.5 mol dm-3 of organic solvent appended
beside the circle.

0.01

72]

o2

<

<

2

=

I

2

é 0.005 L
5 min

0 10 20 30 40 50

[CHCl;]/ mmol dm™3

Fig. 4-9 Typical response and a calibration curve for chloroform in water.
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5ER5DTHEICRS . S0v/vRIBE TITo -BHRME EMAMICEET 244
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Fig. 4-10 Typical response of the sensor to ethanol. The values given
in % are the ehanol concentration introduced into the cell.
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Fig. 4-11 Reproducibility and durability of the sensor. Fifty
times measurments were carried out during 4 weeks for 50
v/iv% of EtOH. At the 25-44th data points, the set position
of the cell was left intact and at the other data points, the
cell was resetted for every run.
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Fig. 4-12 Effect of crosslinking with GA on the response. GA was added
to the chitosan/PV A stock solution prior to the coating. The molar
ratios of GA to the chitosan glucosamine unit were 0:4 (H), 1:4 (O),
2:4 (@) and 3:4 (O).
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Fig. 4-13 Effect of crosslinking with GA on the response. No
crosslinking (H), crosslinking with 1.6 wt% of GA at 50°C
for 12 h (O) and for 5 min (@). Responses with claddings

prepared with chitosan alone (A) and with PVA alone (V)
are supplemented.
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W, ZEEMNESICE> T 2 JHEHED1592cml (N-HEAIRE) &
1124cm™! (C-N{H#EIRE) OWINAMETL, #H/2i21665cm-FiicC=N =
EREGICHETEEBONDSw TEHAORRBON TS, Z0%, 120FH
WZHizo T, v 7EED1665cm IO L, AFL 2 HH
FkD2909cmt, EHFET VT REFD1725cm 1B LK, 1100cm HHE D
BIPIRZ IR B TWD, ZDZ &L, FIWINTITE REPVAEDY
T IIERICLDEEZTORE, 7ITEREOBANRI > TWEZE%E
RLTWS., ZoZ LD, EREEEORIIF N OT7I JHEDI v T
WEIERITE > THF MY EMLORENEEMITR Z > TV, JLEEERHAH
E<R2EPVADEBHEREI ST, BRI DEITELBKEIIEETSZHD L
BEbhs.

KIZGA BEBUENEOIZERICE X 2 E % Fig. 4-151R L7z, WTho
EHEtOHRENEMNT 21> T BN <R, E2oYHhor Ty R
EO%EY & E X 7B EEOHIBE QIR > TIESNHET 5 Z &b n 5.
HTHEEL TWRWVEE () TIRZOEMMNAE L, EtOH100% Dk &K
100% D% LT 5 &8 2 {EOREDOEVWNAE 2. 2720, ZoiRi
EtOHBERTO%B LA LN SIEEEZRT LR DZ I ENS, KBEMTOLRE
RECITEEGEICEE L TWERWI EiZk5. —F, BEROZMERIISS
ZAFEILEE (@) LI12BFRIEMBILIE (O) Tlr&dbiIIMROBIIT/NEL,
WE CHELEVIASNEN 20, WTNHEBEENSINEEZRT I &
NEKBEROBHBRIIAEY Ty FOEHIE ny, = 1.4491TEWAD, ThLL
THDHIEERLTVNS.

GA BREAUEN BT RICEZ 587 Fig. 4-161TR L7z, WIhoED
EtOHBE MMM > THIFRMEML TW5S. £z, 0%EtOHIIHB W T 12k
BEEODDIIMhD 2 DX D EIFRNE N> 7/7=. LML  FlZIE20%EtOHIZ
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Fig. 4-14 Effect of crosslinking with GA on the IR spectrum of chitosan/
PVA membrane. The membrane was crosslinked with 1.6 wt% of

GA at 50°C. Values on the spectra showed the crosslinking time in
minutes.
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Fig. 4-15 Effect of crosslinking with GA on the swelling index.
No crosslinking (H); crosslinking with 1.6wt% of GA at
50°C for 12 h (O) and for 5 min (@®).
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Fig. 4-16 Effect of crosslinking with GA on the refractive
index. No crosslinking (H); crosslinking with 1.6
wt% of GA at 50°C for 12 h (O) and for S min (@).
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PNT, BIFROMEEL TIREZRLHDDTHA D n=1.449& DK #
THolh, o HOREFIBRRESNL. £z, BROEEZRT EEDNS
n=1460A L TH XZWED LRANA SNz, TNIF4.3. 28 TRk S
i, B0y Iy RREBHFRAERHRIER L ZRICIIEXICENDH
D, FLXTDEXI > TEBELIHERANEL TNDZDTHD, ZOERT
BoNTBFTRE L YIRS EOEBENRBBRININETDH 5.

4.4.3 BEANDEH

BEPOIY /—NVERBET7OA—FT4 2T LEDD (Y1) &,
T702aA—T4 2L TWRNHD (E2H2) O28ROEHZRANT
FRLUEREZTabled- 1 ICEEH. WINH Y T v RIF50°C12FFHIGASE

L. BRI ANCEBE R TR MRKMLE L7z, oY > 7 INiZDdn

TIIATLEZZ LICE)VICEA L 7=,

BEEHZ DWTIIA, B, CEBERRME HEETKROZMEB LY 1 DI

Table 4-1 Determination of ethanol in alcoholic beverages

Alcoholic Concentration of ethanol / v/v %
beverage
Certified value Specific gravity Sensor 12 Sensor 20
method
Shochu A 20 19.9 19.8=0.1 20.91+0.6
B 25 P41 2 25.5+04 27.1570.0
C 35 354 345+0.2 FTHOH2
Sake 15-16 [ESR 18.0+0.7 40.7+2.2
White wine 14 =€ 142+0.2 28.6+33
Red wine 14 =@ 12953 =t
Whiskey 43 43.1 42.7+0.3 77.4+2.1
Beer 5 4.4 5.1+0.6 -

a. The cladding was coated with a Teflon membrane.
b. The cladding was bare.
c. Not determined.

OB TREW—ZR/). £-E—IZONTHIFIE—HKL-ENE SN
2. o0 aA—F4 728 LIaWE Y 21XBAM, 71 XML TER
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LD KRERMEZRLIZ. IS DOEFKIITable 4-2ITRLTWAH L D1, B
EEDEOHEPY X/ BI EOTERMERENZZTATEOD) , Zhok

Table 4-2 Amounts of non-volatile coexistents in
alcoholic beverages / ppm2%)

Component Japanese sake wine
Reducing sugar /%  2.0~4.0 0.1~0.8
Lactic acid 135~650 1000~5000
Aspartic acid 290 76
Glutamic acid 420 334
Glycine 290 12
Proline 400 331

ZBICEEL TWAZENRREINS. FITHINVO—R, VY I, Al

NDOEER R, Fig. 4-17T I RTEIDICETOREYNIEOREE B Z /-.
ZOEEIITT7OA—FT 4 > JI2L& > TFig. 4-18 I RT I D ITIFIETELRIC
BRETERE. 202 &, FMEREOFHESCHEICH L ThbEAE > HIInE %

WHEBREZAL TNWLED, KBEROTHEREELEWMD Y 5 v EADBREZE;
WTWBZEZRLTWS., £k, 77020—74 712K TRERW
WL /) —I)VEBNUREICR S bDERbNS. £/t DA ZAF—ITHLT
W3t oY 213 ERBICKERMEZRL, LB —RBERTS L HOBEENR
T, £FEMOY Ty FEANORFERZRENR > TSI EZRBLTE.
CORBEBT IO VEEFHTLZETHETER. LT, 70>
dA—F4 2713 FrH2/PVAY Iy REANOEREH DD OARAL#HH
MAMEDM & BREOFRERIC & BEREEZ R/
LTWwasbDEELNS.
LEDEDIT, A HIEIT7NI-INREELZSOZEOT7II—)JEICH
WTLEERICEMIREZDD EBbN//20, FIFHBELRBIINE2 &
EE{TEET 5.
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Fig. 4-17 Interferences from glucose and organic acids in the response
of a sensor without Teflon coating. Each solution contains 30
g dm-3 of glucose (A), 0.4 g dm-3 of glutamic acid (M), 0.7 g dm-3
of lactic acid (@) and none of the additive (O) .
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Fig. 4-18 Response of the Teflon-coated Sensor. Each solution contains
30 g dm™3 of glucose (A), 0.4 g dm3 of glutamic acid (M), 0.7 g dm-3
of lactic acid (@) and none of the additive (O).
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BT 7ANEHOFREICHT HLERE

RIETF hY > /PVARZ Y S5y RETLHIHRAFERFABN T 71N Y
DIKPEEBENDIRERMEICDONWTERL., 75y REOBFrBOELIT
IERADOENREEBIERIT I EE2WASMI L. —RITF MY 38k
BEHTHZ), AREOBEKERZEZRAVDEBRTLHIENTES. Zhid
FRYOTI ) EEAKEEE THEMNERIND ZEICLDRERF MY D
DTEKFEHENYMIND/=DEINTNS. ZDLDIZ, AHEERIZF Y
K UTHIMENE WD, RIETRRENT 714N\ YORIENSRY &
LTHEKEBZRMNT 2 EIRESHZ L THS. 22T, AVATY 74
STV ABINT s ANOEEEZZEE, V5 yv REROBEOHNENRY
Ty FERLDS/NIREHRBZFDE, THIIRT IS, ARy RO
AR TR K4 %
wZL, XABHACZDS NP7
NTEET 5, DEDY
v RE— ROKXDEFE
MHEIENTNVWS., 2Dt
SHDY Ty REEBRRETHREEM L 2HE, 2THEMICL>TROE
EMNBIEFR I INBBSHIROBERADEBICLBINEIC, X SITHTN DR
BEHMbsizd, BN DBREDBHNE > ANORBMHETES. FET
1%, BICKDZWMNAXRY MIVOERENFRREINSBEEZ Y 5y FEBPICEEL
Uizt U ZERL, TOARBERICHT 20EREEZRE L.

REHEIZER L DITON TS ARG HETH 22, HFEOBHREME
FORERBANDOELOBEONSBEEBZRN TN, 207D, KEE
IREGRREY AMEENAERETOIREEREOLENSH L RBEIN
TW3L23) | ZOBE UT7INIYA LARBEREBEOERNTIEEELC 70 AD
HEMLR EITARRRETIRSTL 5.

BE, BREBROERBITA 7O NS 7 —PEEBKZ7 O TS
T4—MMERTH2. BRPOFKEERICBRERZFAAL7O—1 222V
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HRFERNDHAERS 2HVEDD, HDNETINA L1 BOIEEE
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HB. INSDHEEINA )T U5 —aL2@iny > 7)) b OF KER 2 /i
WL LT TE 2 AIREMN B 228, HIZVE, BT REER & 2 YdfEFH
DEBERIRIDZLY , KA T 7 A NGOEE U9 BREYOUIFZ R
SRFLZREINDS.

ZDEIIT, AHEEET > S HIVIAEBKNTZEDEERNTESL LD
IR YR AT LADOEEICE L TRBED & A XK T2IRIRR TR0,
LEDZEEZERL TAETIITEERICHATRIZEHE L > JOEMZR
B, TOINERMERET L.

5.1 B

5.1.1 HE

IROMEMIC AN AEDRIRICTONTIE, BICKB2TINARY ML OEEH
MFTE2b0, BAMEOEWF MY /PVARREERMMEN 5 2 BN 5K
B ERTZE, F Y2 /PVAERDOY I ) EBIUE FOFIIVE LB
KEMBEZRTHRT 2 Z & TEMEIRY) T —HORENE Z D IROREM
T ZE, TNERARICBREBFBREICERICEAEINS Z & EEELR
WEA, FEBERM, 2K EBEMBLOKREEHLEH TS, 5,5'-2
JOoEPOHO—INANKII LA (FoxrEoo—ilL v K; BPR)

& M =N RN R T D D S B IS S e s L PV
NTZ. Tz, BERBBROREZRZITTHAS, 1,2-Yk RoFRo¥
=3,5-CZINKE2F NI LE—KY (102 ; TR) , 8-t RoF
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Fig. 5-1 Chemical structures of the dyes and sulfonates used in this work.

>-1,3,6,-EL > b 2R B (HPT) BXU1,3,6-F 7% L > b ALK
CEE=FRNUTLE (NT) OEEHOLEMIIONTHHEDOLOITRETL

7z. AE®DBPR, PV, TRIZFE{CILEHFEm NS, HPTIE 732 k=t
ZTLUTNTIZZ WV RU v FhsZNTEA L. s OISR % Fig.
5-LCR L7z, BHERISFCREREZZDEFERDOBEITIKTHRL THW

J. EXBIELTOU O, XKBE, 8WBE, RN BEXPREFERE W
FhY, PVA, 70 @ls, VI NTILVTER (GA) ZDENIAERS
Ev o —TEMIIHEREFBII4ETRRZHDEFRUTH 5.

5.1.2 U UEREKREBEHRIS L CREFIR
TIH O — T34 2 2HTRNRIZHE L ZIEF CFIRTER LA, K

JyANOy BIZF MY /PVAEZRIIEL 2%, XTCARBORUEEX
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S DEFKIBIKIC 6 ERIB TRIR L ARRFWE LT 70— IO
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Fig. 5-2 Typical responses of the sensor to organic acids.
The cladding of the sensor is without Teflon protective
coating and without dye treatment. The samples are S
v/v% of (a) formic acid, (b) acetic acid, (c) propionic

acid and (d) lactic acid.
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Fig. 5-3 Responses to aqueous formic acid. The
sensor probe was crosslinked with 3.2
GA (O) and 1.6 wt%GA (@) at room
temperature for 12h.
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Fig. 5-4 Responses to aqueous acetic acid (O,A) and
EtOH (@,A). The sensor probe was crosslinked
with 1.6 » GA at room temperature for 20h (O,
®) and 6h (A, A).
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Fig. 5-5 Typical responses of the sensor upon successive
introduction of various concentrations of acetic
acid into the cell. The arrow indicates the
admittance of water.
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IOt Y ORI T ZINE R E Fig. 5-512, ERLTORORERZ T4

)= xd HRERE & HICFig. 5-61Z7RT .

JIREISAEANCE D, [EFRE & SIS EREIIHI0M THo 2. Fiz,
1 AMICH 72> THOEAIE®E b RO DRIEMEDT5% Z &S (Fig. 5-7) , Mz
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7 L7z DI 1AM 100ERIE # b ¥ DI5% DInE Z R B AYEA £ L
7z, 1212, TDBFE, BERIIHEVREZZIRN o120, INEEENKW
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HbEMTH o7,

—7%, BFREENERBRERMEICEZ 53R 13Fig. 5-4& Fig. 5-6% [L#d
5T ETHNSD. Fig. 5-613GAIC K 2EBDOE S VIMEWNIZ O IZ2ERMICINE
REOETNR SN SH, BPREAMZ XL DEFRADBZEERENKIBIZHNT
LTENDMoTz. B, T —IV10% LT TidiZ & A ERERRIRIRMZIN
BaRUERED, I5 ) =)V aEF & T 5HEmAERR EEBO TRERANDOH
FMNAIREICR 2 Z B EI N, T TUTOHIIRRS XD ITARFKEIC
FRAERT D RN R % FEHICARET L 7.

5.2.2 BEZEOENTRBPARY ML
RTL7Z5BEOAFZEDOIINARY KV %Fig. 5-8IZRxL7i-. Thth, &

EA1.0x1074 mol dm3DKEWK TH 5. BPRIIpKa, =4.39DEfRAEE = F
THIENHSNTHED, Fig. 5-9a IR LD IZpHOE T IZ & D 558nm ki
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Fig. 5-6 Calibration curves for acetic acid (O) and ethanol (@).
The cladding of the sensor was crosslinked with 1.6 wt %

GA at 5°C for 30 min and successively treated with 1.0x10-4
mol dm-3 of BPR for 6 h.
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Fig. 5-7 Response reproducibility and durability
of sensor cladding to S v/v% AcOH.
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Fig. 5-8 UV/VIS absoprtion spectra of 1.0x10-4 mol dm-3 of
aqueous (a) BPR, (b) PV, (c) HPT, (d) NT and (e) TR.
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O ERD E438nm TOWRIEMMNR Z 57z, £z, 476nmilE RIS
NES5N, pKafhETHRINANRY MVOKERELEFIESRI L. BFEOWR
ML > THRKEEILEZRLZ (Fig. 5-9b) . ZOHFEETFRINSLD
2% DEERREINC Ko TRBRARY MIVEEZR I LE®IE, 2~20% &
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—7%, FbY 2 /PVARRICEZE S B2 REOBPRIZBEIIUBANE T L v K
ThLTWSED, 2~20%DBEEEEDHRIMICE > TERT ERBED> <D &L
AR MIVERZERL, ZOHE510nmICERINEZH L, 575nmBINH; D
WIEEER A & 440nm BRI O ERE MBS S e (Fig. 5-9¢) . 7272
U, ZOFFRBELHEDAKEOPHIZ2.7~2.0TH D, BH—AEEFP DOBPROK
AR SIVOPHEL E1E—B Lizho Tz, T, BFERDIEADELD A A
ERIBICIEAPDF NI DT7 I ) BEEDOBEERINCIZEOERNEZ > T
WasizoEEbhs.

5.2.3 HRiiERNME
AT TR N7z BRIC K 2BPRIEINA R Y bIVOEENS 275y RE—RDNA

BRI Z > TnBies, 4B TRREERADOEICEZREIIL, KRIND
DROMDD LR IWEOREREKENASND ZEIXikD. TOHEE
575nm TIIEE DAY, 440nmTRHT 2 EREOEINMERIE N, i
FRIHOS510nm TIHSENERI S NZ W &2/ 5. BIE O RFig. 5-10
WWRLZEEDIZ40nmTOIREN S > EHE <, 510nm, 575nmEEFKIC
BRAHIFEELS B TBOHBRNDONENH D LDICEDLNDD, 2 TOREK
ECTEDOREZRLE. BIIS75nmTEDOREERLIEZEE, 759 R
E— ROABRDIEENDEFGIH > TobITNEND T ELE2RRT S, 20D
BE, At UbEELTYZ Iy REOEFROBAENSEICEEL TS Z
EITR5.

AEOINERBICHES S5 Bl HICAWEY Ty RIEO B RN
AR Ty ROBHFERN,=1.449FEICHBH T E, DX D, BPROEMHIZKD,
WNEZRIGBEHETY Iy ROBIFRNEML TNWEIENNETHD. =D
ZElE, FVWGARKEIETHE I/ -> T, BPRIEFUEZ L TWianwt YT
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I, AMERICEo TSI Iy ROBHROENMAN.44901 5 1.460D &FH
NTEERIINTNDHIED2HTHS.
BPRIZ/KFEHESATRER SBDO 7 = / — )it ROF )V & S HEWHEIER
MAJREE LD AN T3 D BEEZFEL TS, ZOZEIF, 77y REDOF K
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BITROEMZSIZR L TWEEEZSNS. iz, Fig.5-6TRLZELD
12, T =)L THERRICKH T 2 INEMNERITKREN > &E, BE
5<, BEREF MY PO I ) A LDEEANBHRROEMEZSIEREIL T
HDTHAD. £lexD I &M, BPREF Y27 I ) HEDKERESDOTIW
EHBIERILTHED, INSOERAVEBADLDEBVIREESIERILT
NWHEEZLNS. NS5O E%E BPRUNDABRZEHFOTUTFTDEHITE 5IZ
BEt L7z,

5.2.4 @EOBELIEDRR

AR TR R RO BB O Y%, BPREASMIPYV, HPT, NT,
TR AWNWTEI SR L. Fig. 5-1113, T T aFEOEEREEZEZ
TER L2 YD 5v/vREERRICH T 2B ThS. BPREFUL 1ED A
V7% BEEIFEOLE FOFIINEEFTHPVTY T v REZEERGL /215
&, BPROBEEFMULDICKRERINEZG A, —4, HPT, NTZREX
Bz bDITFTTVRE LRSS, WERHED 3RFHILL LIC &R <725 EBITRE
MMETLRZ. U, 75y RIROBHBNATDENLID bR BT EE
WRAISNAIHKRTRNWBENIRE > TWE I EZRBT 5. Zid, HPT,
NTIE3BDAN T+ D BEEZRAL TWSED, VI3V RDT7I /) HEINT
DAF MBI LDBERRBERRLBLIEEFELRY. £F20LD
12275y RTIE, BFRREDHEEROREIT/S 2 EBIRENFNRERRO—DIC
BoTWVWBDTHAD. Flz, TRTUE L 2o Y3 BB ZREIRMND
=, ZHUT, AN T# CEEEZDAT SO THAEFICER DA EN S ATAEH
WHzan, XECVRNB—DEVNIHEEDRZD, BEHRICERDIAENTHEHKY
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Fig. 5-10 Responses to acetic acid at 440 (O) , 510 (O) and
575 nm (@). A curve represented by M is the response
at 440 nm of a sensor having no dye.
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Fig. 5-11 Plots of the response to 5 v/v% acetic acid vs.
immersion time. The cladding was immersed in an

aqueous solution of 1x10-4 mol dm™3 BPR (O), PV (@),
NT (O), HPT (A) or TR (H).
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HRIL, EREOGALEOAICL2EFHEEZBLIZEBVWEBTIIRIL X
T, TOHAE Fig. 5-4TRLIZEDIZ, EBBICNT 2RBRENR SN aho/z
Grlbk H=<H N

5.2.5 EADEZRE

Fig. 5-12i27 9 v RIRICBRZRFE I HZHED, RERHE EEANDOGFER
REROEBEZ R, AWERIZEROE TR/ L S IZOHPY — M
FRER L7z bDZ2 MWz, BPROFE, 6 KHELERIZH0.47umol K& L

11.2 ymol) D4.2%ITHHH L, EFICDROEFELNMTHNTNRNT E&R
9. 72/EL, GARBHBRIETS vy 7THAFKIMER I NZT 2/ EOERMIRY]
ROTHRECERICEL TEHMEIIRETH 25, GABRBORAEMNST, 304
MEVnWS T EE2EZXDEy VHEBEICHERAINLEY IV ERBPBRTEEERIC
BHUEOY I JEMREL TWSZ ENTFEINS. £z, —BERFEOK
WNTOHETDH 6 K TH0.32umol (FINVaAHV I a=v b ENEKD2.9%
ICHY) BEFLTHY AWESEEOBROEFRIIBB LTI~ 4 %D
FRICAD TR Z ENDND. COMWRBRENREICEDLDITHEL TN
DNARHATH %08, Fig. 5-11TRLUENT, HPTOBRZEDEK FIZBPR, PV&
DHERBOBENBICEE L ZER T3, HICKERIZID R VWIBRE
BTIHZEBL TVWLIBRTHL I EEZRL TS, £k, REEZELIRIR
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Tidiz<, BFBOEMEFIZRITLOREBELZL TWRRWEDEER DS
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Fig. 5-12 Plots of immersion time vs. the amount of dyes
adsorbed on the chitosan/PVA membrane. The
membrane was immersed in an aqueous solution of

1x10-4 mol dm-3 BPR(O), PV(®), HPT(A), TR(H) or
NT(O).
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Fig. 5-13 Plots of swelling index vs. the concentration of
AcOH. The membrane was treated with TR (W),

BPR (O), and NT (O). The symbol © represents
values obtained with a membrane without dye.
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Fig. 5-14 Plots of the refractive indices of chitosan/PVA
membranes modified with NT (O0) and TR (H) vs.
the concentration of acetic acid. The refractive index
of the unmodified membrane was marked with @.
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Fig. 5-15 Semilogarithmic plot of the response
time vs. A, —A,.
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120 e & EDWNEAL R t ITBTDIIEEA  DEZRRICH L TH XK
JOy hEEDEERBENSE SN (Fig. 5-15) . 2070y b 56E5
NDERH t 1,5 k=0.693/1t,,0BFERLD, HEREEHEL Tk ERF
7=. REMGIEFIIVIR > B DR FER EKDBIRZ Fig. 5-1610RT. £z, RAIEI
RW=IBIFRTE /) VR > B D25TIC BT B RKE ZAntoine DR 10 /5t
B Table 5-1DMEZF/. JFONRIEEABEDORFEROBHRBF LU <
Fig. 5-16i2 70w kL 7=,

Table 5-1 Vapor pressure of aliphatic acids calculated
from Antoine's equation

R-COOH H- CH 3- CH 3CH2— CH 3CH2CH2-
‘Vapor pressure 42.8 15.5 345 0.80
(mmHg)

B HE EAMEEORKIEIIRFEROEME & BICRBEOMEM THAD L T
5. IO &L, AREOBREOAMETRNZARABAREEFMLCISITHAKT
T7OVEZBBL TR, EYIRERELT 70 EEEREICEKFEL T
WasbnEEHLNS.

5.2.8 FHEOBEERE

MERAIE VR D B DB, REFEENE 25 LBEBRMEMT 5 2 & %Fig.
5-2TRLIEMN ZNLMCEREORECERREICL ST BREBEICEDLS
REBEVWNEL DN ERET LIz, AWt 2 HI3GAZRER X UBPRKFH I
ToTWANT 7O REEDI—F ¢ > JUEIIIT> TWRNBDZEHAL
ol

Fig. 5-17TIZIBIARE / WV R BEOREBRERY. REROEIMCL ST
REBROBEZNKRZ D, REKRENLERL TS, B, JOEA 8O
KREFEE ROFIONETERLEEMTHS S ) a—)VEE, HAETIIZ
NENFBEOKE LEANR SNz (Fig. 5-18) . ZHudk ROF U EETIX
MMz ROFIONEEI Ty RBEEDOKERESZEL TLDM<EDAE
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Fig.5-16 Plots of the response rate constant (O)

and the vapor pressure of aliphatic acids (@)
vs. the carbon number.
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Fig. 5-17 Responses to aqueous formic acid (@),
acetic acid (O) and propionic acid (O).
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Fig. 5-18 Responses to aqueous lactic acid (O),
propionic acid (H) , glycolic acid (O) and
acetic acid (@).
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Fig. 5-19 Responses to aqueous oxalacetic acid (A),
glyoxylic acid (A) , glycolic acid (O) and acetic
acid (@).
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G, KICKDR—ASA HBEOHENEBN S /LIEBIDIEEZRFLTW
5. 7 MEBICHT 28NRE (Fig. 5-19) BREERZERNKLDILDAN, D
BEISIRBRETDHD, F hENKFEREEGOKEREHRELTEHIEN, F

N T7I)REEDA I IHEHERBEED D —DORBERFNELEL TS Z
EHEZLNS.

Fig. 5-201Ti3ZAHD )V R BT 2 InEZBH AR Lz, Wb 116
DIEMIEFI VIR BRI R T1000F A WKEZ IR L. M TS, #ilEhS
FHINDEBOI@OANRFIINEEE FOFIIEEGDEFEDIIZ >
BBICH L TEWREZRLEZ. 2L, ARBEGMHIZ 1 mmol dm3LLF
MEYT, THEIDERBEOHEIZIIEL TWRWREREE Xz, ZORKRE
M EDRRNE, ZRTAFHET 2RITIEDOLEENR Z > THERICEX
LDHEENRENIEE, ROERTHLENMIT LRI, AR EITKR
HIFEBEANORDAHBEIEZ DI ED 2 DOMNFERELTEZSNS.

RICFEBEIIINARBIIOWTHRIHM L (Fig. 5-21) . ZOHPEHLTK
BEBRTRERGEZRLESMOANRCEIIETN . FIZTIBD AR
FINEEFTSH YA w M (1,2,4-benzenetricarboxylic acid ) XX
2ET 277 )NETIZ1I05mol dm3DF —4 —TOEERMNARETH D (
Fig. 5-22) , hU A Y vw FEDBHE10umol dm=3 (S/N=4.2) DR IR 5 % 1%
7. BROFEEIIVE EOBVWREDRREIL, BUKKNRFERNY v B
NIZRAT 2 ZET, KOFEBRIZHES KD KEREELABITROLE( %5
FERILTVWEIHDEEREDND. X5, FEENINRCEBEDEES TFig. 5-
2ITHIRLIZE DT, 75y REEANORERDENHEETHD, HlZIE, 3
BMBAOHEBENINRCBOFERORERIILEERE, THIVE, FUAYY
NEEDNEIZF bY > /PVARR 1 75 A %7=00.16, 0.43, 0.90 mmol D% 1%
7z, 2L, BROF SO/ aET ) =22y YD ICHBET S
L, TIENG.5, 17.8, 37.3% & HDHTWNWDH I EITRD, NRDZEDHFH
BOERBENREI > TWE., ZOLII, BMICRZIIESRBICEVAEN T
L5Z2EMS, ZMMOBRIIHT HIREDRZIITIEY Ty RIENORFEZN R K
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Fig. 5-20 Responses to aqueous citric acid (O), tartaric
acid (W) , oxalic acid (A) and fumaric acid (@).
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Fig. 5-21 Responses to aqueous trimellitic acid (O),
phthalic acid (@) , benzoic acid (O) and
glycolic acid ().
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Fig. 5-22 Responses to aqueous trimellitic acid (O)
and phthalic acid (@) .
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Fig. 5-23 Plots of immersion time vs. adsorption of
aromatic carboxylic acid on the BPR-modified
chitosan/ PVA membrane. The membrane was

immersed in an aqueouse solution of 1.0x10-4
mol dm-3 trimellitic acid (O), phthalic acid (@)
and benzoic acid(O).
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Table 5-2  Responses to organic acids (RCOOH)

Response / A Absorbance

R B .

1x10-2 1x10-4
CH;- 0.0062 TP
HOCH - 0.017 0.0047
HOOC- ==t 0.030
(HOOCCH,),(OH)C- " 0.045
HCO- 0.031 b
HOCH,CO- 0.036 =
(CH3),CHCO- 0.042 o=
HOOCCH,CH,CO- 0.114 =t

<:>THQC0 0.137 =
<)F =t 0.019

=" 0.083

/1:):C00H
—b 0.116

COOH

a. Concentrations of substrates in mol dm-3.
b. Not determined.

Table 5-2ICRERIZEHEEICHN T 2 IRBE DL E L&D/, LD &h
5, AVKRFINEDOK, TINFNHEOKREIBIUOR VY BOFEIIRE
SNZEBREOBKEOBES, BIUKEEGHEEA T 2EREOR ENGH
B DINERICEVERNH D T ENHSMNIRo 7.

529 F7A>A—-T4 /L UBHTPOEHEBESROTE
TFIOMRBEZE LIt o HIdEREICHINEEZ R L. B, Fig.

5-241Z5k L& D121.0x1072 mol dm=3DHHE I L T5 v/v%DEEE: & [F#2
EDRENH-=. LhL, F70>0—F4 > %{T> =7 0— 7 TliFig.



H,0

Fig. 5-24 Responses to (a) 1.0x10-4, (b) 1.0x10-3 and (c) 1.0x10-2 mol dm-3
HCl and (d) 5 v/v% CH3COOH with the probe without Teflon
membrane, and those to (e) 1.0x10-3 mol dm-3 HCl and (f) 5 v/v%
CH;3COOH with a Teflon-coated probe. In cases of the responses to
HCI without the Teflon membrane, sample solutions were

successively admitted into the cell. The arrows indicate the
admittance of water.

5-24ell R 5N 5L 517, 1x10-3moldm=3 DEREICE S IEE Liaho =it
S5V/VBDEFEIIIINE LTz, BFRICH T SIRERBMN T 70 VENTZNWEHE (
Fig. 5-24d) IKHARTKELZ>TWSA, ZHUIEINANORD fFIFALED
LS00y hDOEWVWICELDEDDERDONS. Fig. 5-24 eDEBE NN EZ R TR
MolzZ &M F7OVBEIZHASMIEROEEZHBATNSZ EEZRLT
W5, £/, 770 VREEABETERERLELDICAEREOHELTY =/ BiTxt
LTHEZMILT5BBZRET ZENHSMNIIRoTNS.

BEEOSITICH W, #R%ZTable 5-31T/R9 . BWEE, V2 O/, KEFEH
KREBEXI D EFREWNVMEZRLZ. BREFCIBAEEREEOY IV TEER, X
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Table 5-3 Determination of acid contents of vinegars

Concentration of acid /

Vinegar

Proposed method Certified value Titrimetric method
Grain vinegar SRE02 42 42110.02
Apple vinegar 55+0.1 5.0 5.08+0.02
Rice vinegar 57x04 4.5 4.54+0.02
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