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Basic Studies on the Separation by Paired-Ion Chromatography

Tohru TAKAMATSU
Kenichi MATSUBARA
Masuo UMINO

Hideo WATANABE

Basic elution behavior of anionic and cationic samples in paired-ion chromatography (PIC) on TSK-GEL

has been investigated. PIC has more parameters than conventional reverse phase chromatography and so

is suited to the separation and analysis of biochemical substances. Examples of applications to the

separation of bile acids and catecholamines are presented,
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Table 1 Cationic and anionic samples

and pairing ions

Sample

Naphtalene Sulfonic
Acid Isomers
Phthalic Acid Isomers
Benzoic Acid

Bile Acid

Pairing ion

Tetra-n-buthylammonium
[(C4Hg)aNI®
Cethyltrimethy lammonium

[(CH,;(CH,) sN®(CH;);]

Benzalkonium Chloriae
Benzethonium Chloride

Chlorhexidine

Hexane Sulfonic Acid
Octane Sulfonic Acid
Decane Sulfonic Acid

Hydrochroride

Perchloric Acid
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Table 2 Isomers of Naphtalene Sulfonic
Acid Sodium Salt

H

(1) 1-Naphtalene Sulfonic Acid
Sodium Salt (1-NMSS)

@) 2-NMSS SO:H

g 8,

SO;H
(3) 1,5-Naphtalene Sulfonic Acid
Disodium Salt (1,5-NDSS)

H

(1) 1,6-NDSS
HO,S

(5) 2,6-NDSS SO.H

g 88

HO,S

HO,S SO.H

(6) 2,7-NDSS

&

SO;H

(7) 1,3, 6- Naphtalene Sulfonic
Acid Trisodium Salt HO.S

3

SO.H
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TBAC Conc. (mol in H,0)
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Mobile Solvent : CH3CN 30 : 70 TBAC aq. soln.
Flow Rate : 0.55 m{/min
Fig. 1 Elution volume c¢f Naphtalene
sulfonicacid sodium salt isomers
versus TBAC concentration
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Flow Rate : 0.55 mf/min

Fig. 2 CSeparation of a mixture of Naphtalene
sulfonic acid sodium salt isomers by
paired ion chromatography
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Mobile Solvent : CH3CN 30 : 70 0.01 M-CTMAC

aq. soln.

Flow Rate : 0.57 m¢/min

Fig. 3 Separation of a mixture of Naphtalere
sulfonic acid sodium salt isomers by
paired ion chromatography
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Column : LS 170 STARCH, 4 mm ID, 60 cm

Mobile Solvent : CH;CN 10 : 90 KCI aq. soln.

Flow Rate : 0.68 mf/min

Fig. 5 Elution volume of Naphtalene sulfonic
acid sodium salt isomers versus KClI
concentration in conventional reverse
phase chromatography
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Mobile Solvent : CH3CN 1:9 0.2 M-KCI aq. soln.

Flow Rate : 0.57 mg/min

Fig. 4 Separation of a mixture of Naphtalene
sufonic acid sodium salt isomers by
conventional reverse phase chromatography
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Flow Rate : 0.68 mf/min

Fig. 6 Separation of Naphtalene sulfonic acid
sodium salt isomers by conventional
reverse phase chromatography
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Mobile Solvent : CH;CN €0 : 10 0.05%; H3PO,
soln. (Pairing ion cone, 0.01 M)
Flow Rate : 0.68 mf/min
Fig. 7 Effect of carbon number of paring ion on

elution volume of cationic sample in

paired ion chromatography
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Sulfonic Acid (0.05% H3;PO,) aq. soln.

Flow Rate : 0.68 m{/min

Fig. 8 Separation of a mixture of cationic samples
a, b, ¢ by paired ion chromatography
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Flow Rate : 0.68 mf/min

Fig. 9 Effect of NaClO, concentration on elutjon
volume of cationic samples a, b, ¢ in
paired ion chromatography
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Mobile Solvent : CH;CN 30 : 70 0.005 M-TBAB

aq.+KCl

Flow Rate : 0.70 mg/min

Fig. 10 Effect of KCI! concentration on elution

volume in paired jon chromatography
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aq.+KCl

Flow Rate : 0.57 m{/min

Fig. 11 Effect of KCl concentration on elution
volume in paired ion chromatography




28 PRI H24% $15 (1980)

Table 3 Benzoic acid and Phthalic acid isomers

COOH
(1) Benzoic Acid
COOH
(2) Phthalic Acid COOH
COOH
(3) Isophthalic Acid
COOH
COOH
(4) Terephthalic Acid
COOH
701 2
601
1
501
. 3
E
[} 40""
E 4
[
5 30
2
2]
20}
10}~
0 | | | 1 | | | | | | |
0 5 10

Mobile Solvent : CH3CN 15: 85 0.01 M-TBAB

+0.01 M-phosphate buffer

Flow Rate : 1.2 m{/min

Fig. 12 Effect of pH on elution volume of weak
acid samples in paired ion chromatography
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pH
Mobile Solvent : CH;CN 15:85 0.01 M-TBAB
+0.05 M-phosphate buffer
Fig. 13 Effect of pH on elution volume of weak
acid samples in paired ion chromatography

I [

|
0 15 30 45
Elution time (min)

Mobile Solvent : CH;CN 45 :55 0.01 M—TBAC

aq. soln.

Flow Rate : 0.70 m{/min

Fig. 14 Sepration of Taurine-conjugated Bile
Acids by paired ijon chromatography
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Table 4 Taurine-conjugated Bile Acids

(1) Tauro-Chenodeoxycholic Acid

(2) Tauro-Cholic Acid

(3) Tauro-Deoxycholic Acid

(4) Tauro-Lithocholic Acid

(5) Tauro-Ursodeoxycholic Acid

H,C.
CH,
CH, CONHCH.CH,S0,H
HO~ H “OH

ONHCH.CH.SO,H

HO~ ~OH

H

HiC
HO
ICH,
CH, CONHCH,CH,S0,H
HO~
10 A
H.C
CH,
CH, CONHCH.CH,SO,H
HO-
H,C
CH,
CH, CONHCH,CH,SO,H
HO OH
H
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Table 5 Catechol amine

NH,
DOPA (3-(3, 4-Dihydroxyphenyl)L—Alanine] }[OQCH,—éH— COOH

D M Dopamine HO

(4- (2-Aminoethyl) pyrocatechol) HO@»CH;— CH,—NH,
N E  Norepinephrine

(6-Hydroxy dopamine) CH CH.~NH,

.\

N M Normetanephrine

(a- (Aminomethyl) vanillyl alchol) H CH,—NH,

E Epinephrine
(Methyl aminoethanolcatcchol) CH CH,—

M Metanephrine OCH—CH; N}l

(a- (Methy! aminomethyl) vanillyl alchol] H,

10
8_
DOPA 100}— DM@ -
DOPA & _—-_—""""-U\\-...__D
= 6 ~
f DM :E; Octane Sulfonic Acid
g g —-—-—-Hexane Sulfonic Acid
° = B
] - 4
£ 50|
kS DHBA 5
3 ey
= B o
i E & Ef— O—
¢ NE DM 85 8T iy
. \&
| D R — e P
NE O==—eue o R =
| ! | | 0 ! ’
% 2 1 6 8 0 2 &5
pH pH
Mobile Solvent : CH,CN 2:98 0.1 M-Phosphate Mobile Solvent : CH;OH 10 : 0 0.05M Phos-
Buffer phate  Buffer4+0.01M Hexane Sulfonic Acid
Fig. 15 Elution volume of Catechol amines (Octane)
versus pH in  conventional reverse Fig. 16 Elution volume of Catechol Amines
chromatography versus pH in paired ion chromatography
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Acid

Fig. 17 Separation of Catechol amines by paired
ton chromatography
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Fig. 19 Elution volume versus NaClO, conzent-
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Fig. 18 Elution volume versus concentration of
CH3CN in Mobile Solvent (0.1 M Phos-
phate Buffer4+0.01 M Hexane Sulfonic
Acid)
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