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@ NaOH, HCl, NaCl <4 70 Xy b T 50ml D A
A7 5 AZEY, GC ZMATH 40ml L THFRL /-
%, GC IZME®D PVSNa b L < i DBSNa %X T/K
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Fig. 1 Typical potentiometric curves for NaOH-
HCI solutions

(a): none, (b): glycolchitosan, (c): (b)-+sodium

poly(vinyl sulfate)

K= ([Ri-NH,],— [Ami]) [H] (3)
[an]

Z ¢, [Ry-NH,l, i GC ORBETH 5.

X, B pH KB HHIMR a SHIR ¢ EDE Apy
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[Amol = [R,-NH; 1+ [R;-NH;-03S0-R,]  (4)

R(2)» D, AFVEAEHK ZROEHITERES.

K=
[An2] — [Ri-NH;™]
[R,-NH;5 %] ([Re-0SO5~],— [Am2] + [Ri-NH3*])
(5)

Z Z 7T, [R["NH3+] =( [Rl“NHQ]t" [AHQ] ) [H+] /Ka
T [Ry-0SO;7 1, & PVS™ ORBETH 5.
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31 JUa—LXx MY OBBRMER

R(3)ICH->TRIELIZE & D pK, @ pH HKTFH%
Fig. 2 I0Rd. BHaI N5 pK, & BBE /2 0N
ULBWEEDSFIEEHO & DT pH I U T—EMHE I
Bmorn. BYTEREOHERETEL, BRESLZOD
AF MERIEET B3 E<AB N TNEY, %
ZTAF VERIZHT B pK, DE{b% Fig. 3 IR,
FNEFROEBEICBY A4 4 VLRIZTHT S pK, D
fEIFFEROICELL, FoMEX EREREMNE LD
NS L8, HBBEORZLZNFAOEREA AV

Fig. 2 Dissociation constants of 5X10 *equiv of
glycolchitosan at various pH and concentrations of
sodium chloride

Concentration of sodium chloride: O, 5X10™* mol
dm™% &, 1X10 % moldm™2; [0, 5X107*mol
dm™ 3 O, 1X10 ?moldm™®; @, 5X10”?mol
dm™3; A Imoldm™?
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Fig. 3 The dependence of dissociation constants
on the degree of ionization

Concentration of sodium chloride: O, 5X10™* mol
dm™ % &, 1X10*moldm™®; [, 5X107*mol
dm™®; O, 1X1072moldm™3;, @, 5X107%mol
dm™3; A 1moldm™?®

b3 0 £ THEL UH X, pK,=6.510.1 T, FiF—
FEDEICERT 5.

FIZ, GCRBEL IXI0O*HEE 5X107° HEE L
frEED K, BEIELZ. FBHBED 1X10 2 ¥ED L
XL 5XI0 P HBELL—HBUKERSB LN Y,

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

780 BUNSEKI

P~
=)
T
O
L

log Ki
O
gl

.}
ﬁ

5.0 6.0 7.0 9.0 10 0 11.0
pH

Fig. 4 Formation constants of glycolchitosan-

poly(vinyl sulfate) at various pH and concentrations
of sodium chloride

Concentration of glycolchitosan and poly(vinyl
sulfate); 5X10” *equiv; Concentration of sodium
chloride: O, 1X107 3 moldm™*; &, 1.5X10™° mol
dm™3; [0, 5X10 3 moldm™3; Q, X107 % mol
dm™®; @, 5X10 ?moldm *

5X10 P HBICL L LIBREZRMIEREED LD I
pK, fHIX 2fRfIc k&< Y, FOB{LIFNs< K-
7z.

3.2 KRUEZLFHEBEDERTESR
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nidissgwn, 22T, BREE pH OXEFR U
o1 K EZEESREZERL TS GC ZFD & xL[HE
1%0_/:; LbOEREL. Tabb, WET 5 &ERE
BB Fig. 2 IK/RULZ pHIZXT 5 K, DAV
f. HBREAEZATCHUELLEED pHIINT S K %
Fig. 4 IZR9. X, pH iZX ¥ 5 RKIERDER% Fig. 5
WY, WRERIE, WThoEREOHEYS pH 8 L
TeEshl. BBEMEVE X K 13 pH ODIAWE
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RIGRIE pHS5 IK2->Th 100% ICELEL 5B, 2
DRIGEDREFR L, NaCl D k> 5—lOEEIETH -
THERBIIHEHAETHEIU4 FHEOEEESEL LS
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a0/ FEEOEMRESEL 25 L, EENERIG
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Fig. 5 Reaction ratio of glycolchitosan-poly(vinyl
sulfate) at various pH

Concentration of sodium chloride: O, 1X10~2 mol

dm™3; A 1.5X10” moldm_3 O, 5X107% mol
dm™?; O, 1X10 ?moldm™*; @, 5X10 2mol
dm™3
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Fig. 6 Formation constants of glycolchitosan-

dodecylbenzene sulfonate at various pH and concen-
trations of sodium chloride

Concentration of glycolchitosan and dodecylbenzene
sulfate: 5X10” * equiv; Concentration of sodium
chloride: O, 1X10™*moldm™%; &, 1.5X10™ > mol
dm™?; [J, 5X10 *moldm™®; Q, 1X10 ?mol
dm™ % @,5%X10 2moldm 3

5X107° KBTI, pHS5 THRIGED 100% iZFEL K
»ot.

33 KFIIANRELANKFABEDERTES

GC-PVS D K, #BH 352D EBUFHETEH L2
GC-DBS O K; @ pH #KFH: % Fig. 6 1289 . WA
BEWTNOEBREDOHES PVS D& & LRI pH
SLLTFTH UK. BEVWERED K 1L PVS OBELE
NTREL AL, RpH KR UT—FEITE 550,
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5X10 3 moldm ™ IFORBEICH TS pH KXT 5
K 3EEESEDL->THIEEALRALUTHS. DR
JoE L, BN 5X10 *moldm ® LLF/s 51X pH 5
T 100% WELT.

GC & DBS OREBIEE # NS & 123BEI121& PVS
EREREICERIEE ORINE & B2 pH T B K 130
X< ot X, BEBEY S5X107°PHETIE pH 5
CRIGERN 100% 1T LE» 12

4 & ®

41 GC OMMEREEH

HNKRF I NERT I BEFOES TEREORME
BETE5 1L, ETNVEROIBNESEOPBESNT
W58, EER & U T Henderson-Hasselbach @D
(6)8E<HVLNS.

pH=pK,+nlog (6)

1—a
T, aldf A VLET pK, & n i, —ERHTT
DEMTHAH. HLU, aP 00X 1IKANEZITEIOD
KRILERMEE—HE T, GC O pH 7.5 ML ET O
BBAEETICEAENTHD. A+ V{LRE 0, T5b
EENTLOBREMS L 25 E, K, \($IRRE I LICH
W BB FORMAMEREICERTSIBDOEEZI LN
5. X b VO—BTHB 2T I /2TAXF VLT
Va—AD pK, & 747 THHH, TIVFNVEZEAL
RE MO pK, 1, FOREHOBME E b ICHAD
T30 o) a-VEEEFEORMEOREIT L
D GC D pK, WZN L V/PNS3 pK,=65 12125 HD
LEZLND.

K, 2R dEEITE, KK EEEKEZERLTVD
CExDOK EEHAVWEIRARERL S LV, UL L GC-
PVS OREEMED A POBALDRESL 5L K4
@ pH IKX4 5 K, & K, ZRIRICHRET 5 < &3 HEE
THDH. GC IHEHEIC—DDT I/ EHULLEELRVE
W, ZORBEMEEISEVOTERES T E L HA
TES T LOBRBEIED. 20728, 4+ bR
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BLTH, GC DT I /JEHIILKEE K, OB(EPR 6N
HWHLDEHEINE, F27T, EH5H513, BREL
pH OFEENR L% 51E K, BESEEERL TS GC
RIRZBELLEXZD K, ERBICEE2BDEREL
T, 31 TR K, OREZDEEHLL.
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PEcBEHINAERER TS T LOBRPIZEAL
BlUTWRENWEESBOINLIEREHEEZONS. 1§
BEOEMIZELY pH XX T 289 FEMEESRKOD
RIGHRIIET T 555, pH 7.5 FTOFNEFhDORIGR
13 GC-PVS T 90~50% T& Y, GC-DBS T 80~50%
TH5DH. BITHBEOED & X ITENRIGERN 90% R
80% ¥TGC HWIEFEAEHBLTLENEEZZ LA
5. #2T, BohKEHOERERE, BT LD
FHEBICLD GC OELL2 T s VWHE cEH s
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520 % FE SR O A& OB EBITIIGH S Wz
HETHB., COEFVICEINE, BAERK) &
B/ ST A =5 —(u) »HA(7)EHWONTEIhLDHE
EHOMTVAEETH 5.

B:% 4 K, [A] -1

V(1—K,[A])?+4K [A]
FIT, COBERTETNERICHIREL TESTER
BROESEOBITICEFA L. $hbb, BOFEMR
HEOBRZFHOKGERE [A] KT HRIGEK B &

LTR(7) =0T,

K #BHUREXDEIITK, ZIRELVTCEHEUL
OB GC ODBREITT 5 PVS ORIGE% Fig. 7
ICRE. 1X10 *moldm™ DEBEED & & ORIGERIE
log[GCH™ ] ik U Tz oIzl TWna. 20k
%D Fig. 7 DEHIE, logK=62,u=1 L LIEEDD
DTHB. ZOBE, R(7)IR(8)D &I IKEHRT
%, Langmuir OFREEMBICHEHNET 5.

(7)

K[A]

B=1Tx1Al (8)

ThbhBL, GC D4 DRICEDREE I/ RICHEICHEE
RTHbH. COIEE, BHTEREL ZOESENIHE
W—TEUREFREZERLUCRIELTVS 2 L 2R
ER

—7, PVS OEBESHEING 5 LHE GC DBRED
KEL BT HRIGESEMLIZUD, X, Z O
DL EBODBL KD, TONLL W BABEISEER
GC OEBEMIcT NS Z &, HEHILL-T7 -1
VABEANEIN, A X VRERIEPEIVIILLLIES
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Fig. 7 Binding Isotherms, degree of reaction ratio
(B) vs. log [GCH™] for glycolchitosan with poly-
(vinyl sulfate)

Concentration of sodium chloride: O, 1X 1072 mol
dm™3% A, 5X10 3 moldm™%; [0, 5X1072 mol
dm ™3, Solid lines: calculated isotherm from Eq. 7
with log K;=6.2 and u=1 for 1X107°mol dm™?
NaCl, log K;=4.0 and u=20 for 5X10" > mol dm™*
NaCl, log K;=2.9 and u=>50 for 5X1072 mol dm ™3
NaCl, respectively.

HTHH. X, ZOMBONTE EVYPRIZKEED
W, BAREBRSZORGEEEBIEEINE DT
HHEBRTEB.

RIZ, GC-DBS O RIGH AR % Fig. 8 IZ/R3. DBS
DORIGEMARIE PVS DFELERL Y, BREMSELT
HHBOT L LAV, ol EIcELT, 9
DBS HE®D I t VERPEEHRERZIHI 45 LE X
HELTEHY, EHZERUCERIHBE X
DBS ORI L VEE® (1X107* moldm ™ Bl L,
25°C) K V&V, BRI, 4 4 vHERIEEROESTIC
W BHEATEON TS LT, DBS ME 4 ITHK
5350 TId% <, DBS ORRAMESE < KBtz -
BELRILHB O THHEMIRTE 5.

4-3 04 FEEDERMDOKRE
ARERZREHBLULZ X107 4EBEORBEEILT X
BEfTbhs 204 FEERBANTHS. €2 T GC
& PVS TELNIEIE—FED K % - hE CHES
NTWB 04 FEEDOHKERL SFHM U /2. Fig. 5 DA
B3 pH 5 TRIGEM 100% 12755 & %KL, pHS
DIFcauf FEEMI—EI L BRI E—HT
B, EZAN, GCBE SXIO*'UYED LDV HED
PVS & 99% DL ERIE$ 5 iT1E, GC 3 XT
R;-NH;" 272> TWTHAERERIE log K,=7.3 Ml E
WMEEIZL, UL, BERETESNS —EDERE
¥ (log K;=6.2) 3z kv 10 FLLENIV. ThE

Fig. 8 Binding Isotherms, degree of reaction ratio
(B) vs. log [GCH™] for glycolchitosan with dodecy-
Ibenzene sulfonate

Concentration of sodium chloride: O, 1X1072 mol
dm ™% &, 5X10 °moldm™3; [, 5X1072 mol
dm™3: Solid lines: calculated isotherm from Eq. 7
with log K;=3.6 and u=50 for 1X107* moldm™?
NaCl, log K;=3.5 and u=50 for 5X10™ > mol dm ™
NaCl, log K;=3.0 and u=50 for 5X 10~ ? mol dm *
NaCl, respectively.

Tauf FEETZOERBES+HICHERIINTE 2
GC-PVS OHED, € OAHEWERED ZERT 5
&, REESHEL VWS &L ->TULES.

IO OR—HZ, SN TEREESERERIFICR S
NBHEEFERICBEFRLTVAEEZEZ SRS, 20/ Fig
ECRYBRAMICEEVBRIING. Tabhb, 4E
BT AE/ENIIFNETCOESEOE L KX
<ESH, 100% ODRIGRETED O NEHLDEEX
Hnb. EKIERET T GC-PVS OARBEH log K;=6.2
I3 lbicindEd5E, FOREELOHHRT AN
F—ZEiE —6.3kJmol ' LLEICHYT 5. FLOH
RIIBA 4 v REEER S B4 A v REESERIOA £+~
KEERTHRLIN, COLIBEEICLEI T ANVY -
EWRIGEE UL TBBII N TV 529,

KT T DOEAERIRICB T HUWBOEEL LK 5
&, pHOFNWEZATHELSNAUWRIZFEIRT, pH O
BnEZhrTcHoNHEREZROUBRIIBRTH 12, B
DFEMEDOZEINA 4 v 220 FEIIF[ DT T
B (A A VEE). Do, 100% IZEL TN
EE5ERICBVT PVS FORIGE L TV OEREEEIIRER
EUT NaAAVEAFZIIFIEDTITVELDEEZD
NB. IhoDIEh b, BIEIZLA2EEEROELI,
EEEAD 5 OEEIEDBERR % 5 AFHO S BEI & 5
LBbhs.

Z I TAMRTORN FEREESHRRIGDET IV E
Fig. 9 /R Y. pH AEWVE & GC BEHEEBE L T/
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Polyelectrolyte
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Fig. 9 Model of polyelectrolyte aggregate reaction

B PVS ERIGLIEN. CDEE, ZhENOEHT IR
KHILTHED, PVS OIFEIZ Na 4 & v HSERET S &
EZAoONB. RICpH PEL 2B EKFRA A VBT 3
JBEICEAL GC O—E B L, PVS ERIGT 5.
ZDEE, GCOT I /VEEFEALTHLZWL PVS OFf
BMEERE LT Na 4 4 Vv REHBIZE|I DT THO,
EaKEIkLLEETHEHLEEFEALNS. BT pH
BETTEE, GCOT I/ BETRTHHEBEL, H¥ED
PVS & EfET 5. Z DK, PVS OiFfEIZH 572 Na A4
+ v HRI T, EEEKROKIMREL L nbEBbh5.
Pk, A TOES FEMBEESEDRISIIKEA &
VIEBEICIRTEL THEITT A5, MERIOMMEIC LYK
JEAHEITS a0 4 FEEIRBOTHEMRERIZ T Fig. 9
CRBOZEDSRETVALDEEZHNS.

—7, BEESENE S PRBBENBRO & XTI,
au4f FEERERBNZERSBONLV. AHEKTH
ZORIGEIL 100% ITZELE DS, DI &I,
KA+ VDS EETLHLHIC -0y HERI A
K WNSL 2B EN—D20RATHD. X, HEH
FHETRI2EELEZRT 5, RS EERICHREA
AV EROAATEREPMUCHBLTLES> 2 &S
ZOEEO—ICH T HNB.
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The stoichiometric accuracy and formation constants of colloidal titration:
Polyelectrolyte aggregate reaction of glycolchitosan-poly(vinyl sulfate) and glycol-
chitosan-dodecylbenzene sulfonate. Toshiaki HATTORI, Sadao HAaTTORI, and Masanao
Karto, (Research Center for Chemometrics, Toyohashi University of Technology. 1-1
Hibarigaoka, Tempaku-cho, Toyohashi-shi, Aichi 441)

The formation constants of glycolchitosan-poly (vinyl sulfate) (GC-PVS) and glycolchi-
tosan-dodecylbenzene sulfonate (GC-DBS) were determined by pH measurement. Their
reactions were analyzed by an expansive application of the Zimm-Bragg model. When
the concentration of coexisting salt (NaCl) was low, the apparent formation constant of
GC-PVS was independent of pH and the reaction ratio, except for the coagulation region
near 100% of the reaction ratio. In spite of the reaction between the two polymers, the
reaction conditions did not change over a wide range of the reaction ratio. With increas-
ing concentrations of coexisting salt, the formation constant varied with pH and the reac-
tion ratio, and the ion-association reaction was depressed. On the other hand, the appar-
ent formation constant of GC-DBS varied and was smaller than that of GC-PVS. It was
considered that DBS did not bind alone to GC, but rather reacted with GC as an
aggregate. The stoichiometry of colloidal titration of GC-PVS was estimated using the
formation constant, log K;=6.2, in which the total concentrations of GC and PVS are
5X10™* equiv (chemical equivalent per dm™ °), respectively. The value of the formation
constant was far smaller than a sufficient value consistent with the result of the colloidal
titration of GC-PVS. The inconsistency was made up by considering the coagulation
which occurred near 100% of reaction ratio. That is, the stoichiometric accuracy of the
colloidal titration may be due to the coagulation of a polyelectrolyte complex with remov-
al of coexisting ions and dehydration.
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