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Analysis of ion-association reactions between quaternary ammonium ions
and monovalent organic anions by capillary zone electrophoresis
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Ton-association reactions in an aqueous solution between monovalent aromatic anions
and quaternary ammonium ions were analyzed by means of the electrophoretic mobility.
The electrophoretic mobility of analytes, such as phenolate, benzoate, benzenesulfonate,
1,3-benzenedisulfonate, 1- and 2- naphtholate, 1- and 2- naphthalenecarboxylate, and 1-
and 2- naphthalenesulfonate, was obtained by capillary zone electrophoresis. The elec-
trophoretic mobility of analyte anions decreased with increasing the concentrations of the
quaternary ammonium ions added in migrating solutions. The change in the elec-
trophoretic mobility was analyzed to obtain the ion-association constants (Kass) by a non-
linear least-squares analysis method, as well as linear-square analysis methods. The
obtained ion-association constants were larger in the anions possessing naphthalene ring
than in those possessing benzene ring. The values of K,ss became larger when more bul-
ky cations were used as a pairing ion, indicating that the hydrophobicity of ions contri-
buted to the ion associability. The ion associablities of B-substituted naphthalene iso-
mers were larger than those of the a-substituted type, which agreed with the acid-dis-
sociation property of the anions. The difference in the Kass values among functional
groups was small, compared with ion-pair extraction constant (Kex) of the ion associates.

Keywords : ion association; aqueous solution; capillary zone electrophoresis; quaternary
ammonium ions; aromatic anions.
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Fig. 1 Electropherograms of aromatic anions
Sample: 6 kinds of 1X107°M anions. Migrating
solutions: a), 5mM NaOH (pH11.7); b), 5 mM
NaOH (pH 11.7)+20 mM TBA™ ‘Br~; ¢), 5mM
NaOH (pH 11.7)+5mM TAA™ ‘Br~. CE condi-
tions: applied voltage, 15 kV; injection period, 3s;
detection wavelength, 230 nm; capillary tempera-
ture, 35°C. 1, 1-NO; 2, 2-NO; 3, 1-NC; 4, 2-NGC;
5, 1-NS; 6, 2-NS; S, ethanol (EOF marker); U, un-
known peak

A v &&RED TBAT (Fig. 1, b)} &5 id TAA™
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BERICLZLOTHS. RISBROERSERL, B
EEMc k3 v E5 ) —AREOLERZHRLLTH
W bz, KPR TIR, A vBEEEANELL,
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Fig. 2 Change in electrophoretic mobility of 1-NS
as a function of salt concentrations

Sample solution and CE conditions are the same as
in Fig. 1. Migrating buffer: O, 10 mM borax (pH
9.2, ionic strength 7=0.020M); @, [J, W, 5mM
NaOH (pH 11.7, 1=0.005M); <, 10mM phos-
phate (pH 11.8, 1=0.037M); &, 10 mM carbonate
(pH 9.4, 1=0.020 M); ¥V, 10mM carbonate (pH
9.9, 1=0.022 M); A, 10mM carbonate (pH 10.8,
1=0.026 M). Salts added in the migrating solu-
tion: O, @, O, &, v, A, TMA™ -Br—; [J, NaBr;
Hl, KBr
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Fig. 3 Change in electrophoretic mobility of an-
ions of benzene derivatives as a function of TBA™
concentrations

Sample solution: 4 kinds of 1X 107> M anions. 'CE
conditions and ‘migrating buffer solution are the

same as in Fig. 1. b), except for TBA™ concentra-
tions. O, BO; 4, BC; [J, BS; O, m-BDS
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Fig. 4 Change in electrophoretic mobility of an-
ions of naphthalene derivatives as a function of QF
concentrations

Sample solution, migrating solution, and CE condi-
tions are the same as in Fig. 1, except for Q™ con-
centrations. Q: a), TBA*; b), TAA*. O, I-
NO; @, 2-NO; A, 1-NC; A, 2-NC; [, 1-NS; H,
2-NS
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Fig. 5 Electropherogram' of aromatic anions with
borax buffer

Sample solution and CE conditions are the same as
in Fig. !. Migrating solution: 10 mM borax (pH
9.2). 1, 1-NO; 2, 2-NO; 3, 1-NC; 4, 2-NC; 5, 1-
NS; 6, 2-NS; S, ethanol (EOF marker)
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&%, a-77 bXE (pK,=3.70) & B-+7 b T
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T, i BVEMOEL A Y ELTHEETS. B
BAAY (A", n=1, 2) 44 VREEEK (QY) &
OMT 1:1 04+ YRERKBEFRL, Ehb04+
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Table 1 Ion association constants of anions
logKa,s‘)

Cation BO BC BS m-BDS  1-NO 2-NO 1-NC 2-NC 1-NS 2-NS
TMAY®  — o —_— ——  0.75£0.20 0.79£0.08 0.64£0.10 0.71%0.23 0.74%0.19 0.74=%0.19
TBA* ™ 0.3+£05 0.5+0.3 05202 —— 0.91%0.11 0.9820.11 0.8740.12 1.17+0.06 1.06+0.11 1.13+0.06
TBAY 9 0.3+£0.5 0.5+0.3 0.530.2 1.1840.140.92+0.11 1.00=:0.12 0.8840.12 1.2140.05 1.08+0.11 1.16+0.05
TBATY® — — —_ _ 0.89 0.95 0.86 1.16 1.03 1.11
TBAY® — —_ —_ —_— 1.64 1.94 1.21 1.49 1.72 1.59
TBAY? — —_ —_ —_ — —_ — —  1.13%0.14 1.18%0.10
TAAT®  — —_ —_ —  1.15£0.13 1.25%0.10 1.14:0.03 1.43£0.02 1.334+0.05 1.3740.05

a) Error: 30. b) Values were obtained by a least square method with fcp1a=0 using Eq. (5). ¢) Values were
obtained by a least square method using Eq. (5), when gep1a was also optimized d) Values were obtained accord-
ing to the plots of Eq. (7). e) Values were obtained according to the plots of Eq. (8). f) Values were cited from ref.
11 (borax buffer, pH 9.2).

Table 2 —pep and —fep1a values obtained in the non-linear least square method
, Mobility’/10™* em® V™' s
Cation BO  BC BS m-BDS 1-NO 2-NO 1-NC 2-NC 1-NS 2-NS

_ b) 3.43%0.06 3.481+0.06 3.76£0.06 6.24+0.15 3.38+0.06 3.28£0.08 3.31 +:0.06 3.301+0.06 3.49+0.08 3.521+0.05
Hep (3.41) (3.47) (3.76) (6.28) (3.40) (3.32) (3.32) (3.32) (3.54) (3.54)
. ¢ 0.041+2.470.03%1.470.03£1.23 1.970.93 0.071£0.69 0.10£0.67 0.05%0.70 0.23£0.32 0.12+0.60 0.2240.31
S e N e SRR o N o N o NN e MR v N o MO e RO )
a) Error: 3 0. Values in parenthesis are experimental results. b) Optimized values were obtained by a least square
method with ge,14=0 using Eq. (5). ¢) Optimized values were obtained by a least square method using Eq. (5).
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3:2:2 1HEBAEBORE FhFhof+>
SERTEO NI Ky DIE#% Table 1 12, Uepr Hepla
DfE% Table 2 ILE EHTRUT. NaOH 2 & L9kE
WTE/oNIz NS BiEfED TBAY &0 4 + v 2E8EH
1& borax BMEHR TH/ONIBERVERABETH D, ¥k
BRICKTFLSVWRIETH 5 Z LR & . Figs. 3,
4 FPOER (M) B4+ V2 EOBRBEEZ 075
FBERN_RECEILOTHY, & pp BHED
—BEBBEFTHS. X, —fli-—fiETOBITT, fepra
EOEULZVEBINTY, 44V 2EEHIBREOHHE
HT—HU T3 (Table 1). EIZ, Table 2 55
BRI, BONIE p, HITEREE K <—FKL,
B lepia BISEBRBENT 0 EABTENTE .
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IR (2) TRENE A+ VERARISRUOEKEDRE
MEOR LU 2ERETHLDTHS. m-BDS &
TBA* LDORIETIE, £RT 54+ v &AKOER X
—1 LB EINBD, BONLK fepia B (Table 2) &
BN -HE2ZRULIBBEL LTRYLETHS.
m-BDS TEOLNIZA L VREEREF 7LV Y I AN
AVEDO 10097 LU THEIETH 03 BE
MNEV, Thix, RVEVERET 79V VYROBKED
BOICERbDEEZLN, AIRTESNIRVEY
BEFTT7IVVROE04~06 LIFIZ—HULUTWAS.
—HDRY ¥V FEEA AV TCRBHEOELEINE
WD T Koy BAEBEZEETA, TBAT ED4 A Y
SEERET 75V VFEEE, m-BDS &0 H/NSLE
ERLTVA. Thik, EVBUKEEEEHOBSEAH, S
FHTHENTES. /A VEEMBRTE, 14V
DOHHEDEF X, -S03” >-C0,” >-07 ThHo Iz
M, KBBARICBIZ44 v 2eCRPEVRELE
REEH oy, Thix, BERICETIBEHOSEK

& BKMOBREBESINOHRBBENITITEH UL -

BoTAF Y EEBDOENPELBobDEEZ LN
5. WBAAYOT LI NVEDBNICEE A 4+ V&8
EHBE, PBOPITVFVEENEL LB EE, 71
DEA 4 Y DOBKENETIEE, 442K KEL
BoTWE. COBEE, KERKOA 42tk 4
TV OBKENEDTFEEZTEILE2RBRLTEY, N
VEVREFTIVVROBELE—ETS. LLL, O
FThOBARKLA 4 VEERICRETHFEDOERIZA &
VESRMEOBEICEATIHEL. TBAT 2HV 3
BO, BC, BS D7 T UORIVAADA * v EEHMHOH
HEBME (Ko log ) &, ZhEh —030, 0.68,
1.72 TH 5. ThbDfERE Table 1 @ TBAT Dk
BERAAL *+ VEREAEROBR 2K T 1L, BO, BC
TIKBEAA + &t crZ0ESLTY
BEMahBE. X,

log K.x=log K.ss+1log Kp (6)

DA% 5, log Kp (Kp: 4 71"/%%{2&0)%&2{%%{)
B3 5&, BO, BC, BSIZ2WT, #hFh
—0.60, 0.18 RUF1.22 &2 0, BA A DKEILBE
BHEAOBITOULRTEINEIVBEY £5&45.
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Fig. 6 Linear analysis plots for the determination
of ion association constants

a), plots based on eq. (7); b), plots based on eq. (8).
O, 1-NO; @, 2-NO; A, 1-NC; A, 2-NC; [, 1-
NS; W, 2-NS

APRTE S KBEA[ + VY EERBITBVTYH, HE
R(5) 2BFT B &LV HEOHORIEBITELZ
2bhs. P, A+ RERROBRELBHE LD
BRERTR(5) £0R(7), R(8) »¥FHI I3,

. S T (7)
Hep —Hepia
Q* _ 1 1

= 4 —
ﬂep,—uep Hepta—Hep [Q (ﬂepIA""ﬂcp) Kass
(8)

w5, R(7) EAVEIBER, pgon=0 LELTE
%55 VEERI pps ZROONBRICRES 1
3. R(7) T, QNlEMULTEADEEZTT Y MY
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NEEROEE PS4+ Y AEERNRD >N 3 {Fig.
6,a)}. Fig. 6,a) IKRT &5, QF DEBEBICH Y
BEEKEEDDVTVEY, B/ _RETROIE
BOBEED D Koy 2RO L, BRI _FETK
BIEEREBFE-BLTIVS. Bohi K., BZE
Table 1 IZHFETE L. X, R(8) ZHWVWBHET
¥, [QF] EMUT [QT)/ (' —tep) 270y FF B
EHEE/PR DAL Y REEREL 555, Fig. 6,b) I
T &I, BERBFRIEIEL, BohsERSHEHOZ
DOAEEHEVRV—FHERE 2V, PlEBR~R7ES
IZ, BBIETIE, ERRICB I3 &) ICBBEDOE
fEANEVBEIIE, QY DEBREEBTOSDEHK
<50, BEROYA, HEPRDIZL L, K O
BENELBBREVIRRHPELS. -T, FKHRTIE
A4 v REAEHRE UTIHERERTETROLEEZFIAT
&L

33 AALLATEHEBMBRETH & DA
FRETCH/ONIIA A VRAER 2K TH L, B
ABETI, F7 =N, 7B, 7LV ALK
VEEE D afBERALY L BNBEREDIEZIMSKEL
A4 VEEERETRYT. hid, BEELLY BB
BEDIIOPREVWVEEE—HT . MEDL A V2E
R BT H5I5EE UTBRBERZAVTERLL.
T7 b VOBBREER (pK.) i 9.51 (2-NO) >9.34
(1-.NO) TH 0, +7 bxEDZhiE, 4.17(2-NC)
>3.70(1-NC) T» 5", BFHLIZ<» (pK, K&
V) FBEEREEAF VREFEBRKRELLL>TVS. T
b, BEEOERESEVEERIA Y HT,
QY) LOMEERANSKELLBIEERLTHY, &
A A y2AECB T 2HBREEROTFSZRKL
T3,

KBBRAICBI B4 A V&I >VWTHRETLE. &
HMRTHRELIA F VRERKTIE, BEEORE
(-07, -CO,7, -8037) KK&B4 4 vLRAEEDIEFIX
A4 v OMBEOERFE IFIF—BULTWAY, wMmbED
ZIHARTAF Y REHOZEI LB Y/NS VI EHHD
ofc. Thik, 44 &M By sMmbtEoERE
IZAKE- RO RGEBICE S L ERLTHS.
X, EBAF VD4 + 2%, BEEESR (pK)
Bk EEME OBV BHEGE & [ 4 Y RAENSAE L
EWVHERESBI. Thid, BESIHOBOICEILD
D LFRE NIz,

Vol. 46 (1997)

B, RVEVBRET7IVUREHETSE, 77
FSUVVBDIESIHBESLIIL L Y REEHEMKEV.
X, A+ ERBETEHE, {44241 TMAT
TBAT<TAA® &£8-TWA. ChoORERE, 44
v OBAMES 4 4 v RARICFES L, BAEOREVS
DIFEAF Y ERABDIREVWIEARLTNS.

KPR THEE Lc—li-—HOBHEA AV HoD 4
FVEARISEID TR SN b DTH Y, KEKA
DA A VEERIGEBBTALHIBHTEGRNTEE
BERESATVS. X, hHOKEERNLAVRE
RISOBHRER I, 44 v REMBICHB T 2KEEAD
A4V 2EDESE2EAD LTHLBOTREKENVDDE
EXTWVW5.
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BEERL, —f-—ffi{ A VEORBHNBVA + v EEREZBITAIEICHHTRIILEZ. 44
VERARELT, RVEVE, TIIVVRBRERTS IBEOEREA 4+ », MO 1,3V ¥
VIANK VAV E, EART VEZTLA XV EOBTORIGERE LIz, Tva ) (pH
11.7) OREEPICBIT B h B4 4 v OBKKEBEE L, KEBICHRMULBOKT €=U AL
A4 VBEOEMIE-STETLL. COBHEOEE, FrET) —BREKBETRDZ. BEE
DAL Z BB N _RERUCE P OFEEC L VBITL, §404+ vy 2EEHERI. Bohi
A VEEEREIT 7V VEBREBTHALDNERVEVERZETALDLDLKREL, LIFLX
A4+ vEROEBAICKENI &L S, BAEOFSESRBEIN. X, 775V yREFOARE
4 AV OREERTE, aUBHRELDD B-MEREDIZI N4 VREEBFSKEV. THIHREE
EM (pK) DREIOFFE—HUT. BREOBHEICES A+ 28K 0ER, 14 v2EHHIC
BIFBELVBNIVIENTD o1, 4 F Y REAMBOBRIZAEGDES L, 72/ V-1, NV
VI— b4 A YT, KEBRRA L Y REOFEESPEZOREVI ENTP ST
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