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Abstract

The application of unfunctionized polymethacrylate resin (TSKgel G300QR\As a stationary phase in liquid chromatography with
conductimetric detection for £C; aliphatic monocarboxylic acids (formic acid, acetic acid, propionic acid, butyric acid, isovaleric acid,
valeric acid, 3,3-dimethylbutyric acid, 4-methylvaleric acid, hexanoic acid, 2-methylhexanoic acid, 5-methylhexanoic acid and heptanoic
acid) and G-C; aliphatic monoamines (methylamine, ethylamine, propylamine, isobutylamine, butylamine, isoamylamine, amylamine,
1,3-dimethylbutylamine, hexylamine, 2-heptylamine and heptylamine) was attemptedyalipi@tic monocarboxylic acids (2-propylvaleric
acid, 2-ethylhexanoic acid, 2-methylheptanoic acid and octanoic acid)galipBatic monoamines (1,5-dimethylhexylamine, 2-ethylhexyl-
amine, 1-methylheptylamine and octylamine) as eluents, respectively. Using 1 mM 2-methylheptanoic acid at pH 4.0 as the eluent, excellent
separation and relatively high sensitive detection for thes€gcarboxylic acids were achieved on a TSKgel G300@P@blumn (150 mnmx
6 mm i.d.) in 60 min. Using 2 mM octylamine at pH 11.0 as the eluent, excellent separation and relatively high sensitive detection for these
C,—C; amines were also achieved on the TSKgel G300QP¥élumn in 60 min.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction [2,4,5] Largely fronted peaks of carboxylic acids and
amines were obtained. This is because carboxylic acids
lon-exclusion chromatography developed by Wheaton and amines were well dissociated, consequently, carboxylic
and Baumann[l] is commonly employed as a simple acids and amines were strongly excluded from stationary
and convenient analytical method for the determination phases by electrostatic repulsion. Acidic and basic solutions
of low-molecular-mass organic acids (carboxylic acids) were utilized as the eluents for improving peak shapes of
[2,3]. Low cross-linked styrene—divinylbenzene co-polymer carboxylic acids and amines, respectividy/]. Peak shapes
(PS-DVB)-based strongly acidic cation-exchange resin in of hydrophilic carboxylic acids and amines were improved
the H™-form is mainly utilized as the stationary phase in for drastically. In contrast, largely tailed peaks and extremely
carboxylic acids. lon-exclusion chromatographic separation large retention volumes for hydrophobic carboxylic acids
of low-molecular-mass organic bases (amines) is also pos-and amines were obtained, because of suppressing their dis-
sible. The separation mainly proceeds on low cross-linked sociation. The addition of organic solvent to the eluent was
PS-DVB-based strongly basic anion-exchange resin in thevery effective way for improving peak shapes and reduc-
OH~-form as the stationary pha§2,4]. ing the retention volumes for hydrophobic carboxylic acids
In early works, water was used as the eluent in ion- [8-10] and amineg[4,7]. However, the concentration of
exclusion chromatography for carboxylic acids and amines organic solvent added to eluent is strongly limited, because
shrinkage of these low cross-linked PS—DVB resins occurs.
mspondmg author. Tel£81-52-736-7162: Recgntly, Li and Fritz gpplied an unfunctionized .hig_h
fax: 181-52-736-7164. cross-linked PS-DVB resin as the stationary phase in lig-
E-mail address: kazu.ohta@aist.go.jp (K. Ohta). uid chromatography (LC) for carboxylic acids and amines
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[11]. Good separations of several carboxylic acids and polymethacrylate resin (particle size of cgum) by using
amines were achieved on the resin by only hydrophobic slurry-packing method was used in this work.

interaction process. This result suggested that hydropho- The TSKgel G3000PW{ resin shows small cation-ex-
bic interaction would be main separation mechanism in change behavior under basic condition, due to small amount
ion-exclusion chromatography for carboxylic acids and of carboxylic group on the resin, originated from starting
amines. Unfortunately, due to large hydrophobicity, aguatic materials[12]. The determination of the cation-exchange
solution containing large amount of organic solvent was re- capacity of the resin was carried out by use of the following
quired as the eluent for utilizing this type resin. Hydrophilic cation-exchange reaction;

unfunctionized polymer resin (polymethacrylate resin) was _ n . "
expected to be one of the most suitable stationary phases ifkesin-COONa" + KOH — Resin-COOK™ + NaOH

LC with aquatic solution as the eluent for carboxylic acids The cation-exchange capacity, (meq. mil) of the resin
and amines. However, the application has not been carriedyas calculated from the equations:
out yet.

The aim of this study was to demonstrate the effective- 4 — (v — VO)L
ness of an unfunctionized polymethacrylate resin as the sta- 1000V
tionary phase in LC for carboxylic acids and amines. Then, whereVr is the breakthrough volume of the column (rnv),
the application of this type resin (TSKgel G3000RVY the total dead volume (column void volumeonnected tube
column (150 mmx 6 mm i.d.) in LC with conductimet-  volume, ml),C the concentration of potassium hydroxide
ric detection for G—C7 aliphatic monocarboxylic acids  solution (mM) anaV is column volume (4.24 ml).
(formic acid, acetic acid, propionic acid, butyric acid,  Fig. 1shows a titration curve of the TSKgel G3000RW
isovaleric acid, valeric acid, 3,3-dimethylbutyric acid, column. First, the column was equilibrated with 1 mM
4-methylvaleric acid, hexanoic acid, 2-methylhexanoic acid, sodium hydroxide solution. Sample of 1 mM sodium hy-
5-methylhexanoic acid and heptanoic acid) ang-G droxide solution containing 1% methanol was injected.
aliphatic monoamines (methylamine, ethylamine, propyl- Elution volume of peak corresponding to methanol was
amine, isobutylamine, butylamine, isoamylamine, amyl- considered asv, (3.34ml). Next, 1mM potassium hy-
amine, 1,3-dimethylbutylamine, hexylamine, 2-heptylamine droxide solution was passed through the column and the
and heptylamine) was attempted. Excellent separation, rela-conductimetric detector response (breakthrough curve) was
tively high sensitive detection and symmetrical peak shapesmonitored. Volume corresponding to breakthrough point in
for these G—C7 carboxylic acids and those for thesg-C7 the detector response curve was considere¢ka@9.0 ml).
amines were achieved in 60 min with 1 mM Carboxylic The amount of cation-exchange capacity of the TSKgel
acid (2-methylheptanoic acid) at pH 4.0 and 2mM C G3000PVy, resin was ca. 0.011 meq. .
amine (octylamine) at pH 11.0 as the eluents, respectively.

T B
2. Experimental 10 S cm?

2.1. Instruments l

The liquid chromatograph consisted of a Tosoh (Tokyo,
Japan) LC-8020 chromatographic data processor, a Tosoh Vr
CCPM-II solvent delivery pump operated at a flow rate
of Imimin~1, a Tosoh CO-8020 column oven operated at

35°C, a Tosoh CM-8020 conductimetric detector, a Tosoh A
SD-8023 on-line degasser and a Rheodyne (Cotati, CA, Vo
USA) Model 9125 injector equipped with a 100sample J
loop. 3.34 49.0
A Toa Denpa (Tokyo, Japan) IM-40S ion meter equipped ‘ +
with a glass electrode was used for the measurement of pH L . . 1 . 1 .
0 10 20 30 40 50 60

of eluents. A Toa Denpa CM-30S conductimetric detector
was also employed for the measurement of conductivities of
the eluents. Fig. 1. Titration curve of TSKgel G3000PY column. Conditions: col-
umn: TSKgel G3000PW , column size: 150 mnx 6 mm i.d., column
temperature: 3%C, eluents: (A) 1mM NaOH, (B) 1mM KOH, flow
rate: 1mlmin®, detection: conductivity, injection volume: 20, sam-

. . . ple: 1% methanol in 1 mM NaOHy,: total dead volume (column void
A separation column (150 mm6 mm i.d., stainless steel)  yojume+ connected tube volume, 3.34mlyx: breakthrough volume

packed with a Tosoh TSKgel G3000Ry unfunctionized (49.0ml).

Elution volume (ml)

2.2. Separation column
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2.3. Chemicals

All chemicals were of analytical regent grade and were
purchased form Wako (Osaka, Japan) or Tokyo Kasei
(Tokyo, Japan). Distilled, deionized water was used for the
preparation of the eluents and standard solutions.

3. Results and discussion

3.1. Chromatographic behavior of C1—C7 carboxylic acids
on TSKgel G3000PWy;, column

3.1.1. Effect of Cg carboxylic acids as eluent on
chromatographic behavior of C1—C7 carboxylic acids

Firstly, the application of an unfunctionized poly-
methacrylate resin (TSKgel G3000RW as a station-
ary phase in liquid chromatography with conductimetric
detection (LC-CD) for @-C; aliphatic monocarboxylic
acids (formic acid, acetic acid, propionic acid, butyric
acid, isovaleric acid, valeric acid, 3,3-dimethylbutyric acid,
4-methylvaleric acid, hexanoic acid, 2-methylhexanoic acid,
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heptanoic acid). These results indicated that (a) the resin was
a very suitable stationary phase for the separation of these
C1—C7 carboxylic acids and (b) these;G&C; carboxylic
acids were mainly separated by a hydrophobic interaction
process. Unfortunately, (a) a system peak corresponding to
sulfuric acid in the eluent appeared and interfered seriously
for the determination of formic acid and (b) peaks of higher
carboxylic acids (@ acids) were tailed largely. Therefore,

a further investigation was required for eliminating these
above drawbacks.

In previous study, we demonstrated the effectiveness of
C7 carboxylic acid (5-methylhexanoic acid) as the eluent in
ion-exclusion chromatography with conductimetric detec-
tion for C;—Cg carboxylic acids (formic acid, acetic acid,
propionic acid, isobutyric acid, butyric acid, isovaleric acid,
valeric acid, 4-methylvaleric acid and hexanoic acid) on
a sulfonated PS-DVB resin (TSKgel SCX) colurfi8].
5-Methylhexanoic acid in the eluent was strongly adsorbed
on the resin at first and then reduced hydrophobic interaction
between the resin and these carboxylic acids. As a result,
although a system peak corresponding to 5-methylhexanoic
acid in the eluent appeared, excellent separation, relatively

5-methylhexanoic acid and heptanoic acid) was attemptedhigh sensitive detection and symmetrical peaks for these

with dilute sulfuric acid as an eluerfig. 2 shows a chro-
matogram of these {=C; carboxylic acids on a TSKgel
G3000PW, column (150 mmx 6 mm i.d.) with 0.05mM
sulfuric acid at pH 4.0 (eluent conductivity: 3% cnt 1)
as the eluent.

As shown inFig. 2, excellent separation of thesq-<C;
carboxylic acids was achieved in 50 min. Elution order was
C; acid (formic acid)< C, acid (acetic acidx Cs3 acid
(propionic acid)< C4 acid (butyric acid}x Cs acids (isova-
leric acid < valeric acid)< Cg acids (3,3-dimethylbutyric
acid < 4-methylvaleric acid < hexanoic acid)< Cy
acids (2-methylhexanoic acig 5-methylhexanoic acid<

20 30

40
Time (min)

Fig. 2. Chromatograms of 1&C; carboxylic acids with sulfuric acid as
eluent. Conditions: eluent: 0.05 mM sulfuric acid at pH 4.0 (eluent conduc-
tivity: 39 uScnt1), injection volume: 10Qul, sample: 0.1 mM for formic
acid and 0.2mM for other carboxylic acids in water. Other chromato-
graphic conditions as ifrig. L Peaks: (1) formic acid, (2) acetic acid,
(3) propionic acid, (4) isobutyric and butyric acids, (5) isovaleric acid,
(6) valeric acid, (7) 3,3-dimethylbutyric acid, (8) 4-methylvaleric acid, (9)
hexanoic acid, (10) 2-methylhexanoic acid, (11) 5-methylhexanoic acid,

C1—Cs carboxylic acids were achieved on a TSKgel SCX
column (150 mmx 6 mm i.d.) in a reasonable chromato-
graphic time £25min). Hence, the application ofgCar-
boxylic acids (2-propylvaleric acid, 2-ethylhexanoic acid,
2-methylheptanoic acid and octanoic acid) as the eluents
in the LC-CD was carried outig. 3A-D show chro-
matograms of these;EC; carboxylic acids on the TSKgel
G3000PW, column with (A) 1 mM 2-propylvaleric acid
at pH 4.0 (5QuScntl), (B) 1 mM 2-ethylhexanoic acid at
pH 4.0 (49uScnTl), (C) 1 mM 2-methylheptanoic acid at
pH 4.0 (46u.S cnml) and (D) 1 mM octanoic acid at pH 4.0
(43uScntl) as the eluents.

As shown inFigs. 2 and 3A-Dthe retention times of
higher carboxylic acids (§&-C; acids) with the @ car-
boxylic acids as the eluents were considerably shorter than
those with 0.0 mM sulfuric acid as the eluent. System peaks
corresponding to the gCcarboxylic acids in the eluent ap-
peared and their retention times were longer than that of
the G carboxylic acid (heptanoic acid). These results in-
dicated clearly that the gCcarboxylic acids were strongly
adsorbed on the TSKgel G3000RW resin at first and
then reduced hydrophobic interaction between the resin and
these carboxylic acids, effectively. As shown kig. 3A
and B when using 1mM 2-propylvaleric acid or 1 mM
2-ethylhexanoic acid as the eluents, system peaks corre-
sponding to 2-propylvaleric acid or 2-ethylhexanoic acid
interfered for the determination of heptanoic acid. As show
in Fig. 3C and D when using 1 mM 2-methylheptanoic
acid or 1mM octanoic acid as the eluents, no interfer-
ences of system peaks corresponding to 2-methylheptanoic
acid or octanoic acid were observed. However, as shown

(12) heptanoic acid, SP, system peak corresponding to sulfuric acid in IN Fig. 3D, since the retention time of the system peak

eluent.

corresponding to octanoic acid was ca. 66 min, it took
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Fig. 4. Effect of concentration of 2-methylheptanoic acid in eluent
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Fig. 3. Chromatograms of 1C; carboxylic acids with various &£car-
boxylic acids as eluents. Conditions: eluents: (A) 1 mM 2-propylvaleric
acid at pH 4.0 (5@Scnl), (B) 1mM 2-ethylhexanoic acid at pH 4.0
(49pScntl), (C) 1 mM 2-methylheptanoic acid at pH 4.0 (46 cn 1),

(D) 1mM octanoic acid at pH 4.0 (48S cni1). Other chromatographic
conditions as inFig. 2 Peaks: (SP), system peak corresponding go C
acid in eluent. Other peak identifications asHigy. 2

a very long time (ca. 70min) for each chromatographic
run.

Considering peak shape, interference of system peak
and chromatographic time, the most suitable eluent was
2-methylheptanoic acid in LC-CD for thesg~«C; car-
boxylic acids Fig. 30.

3.1.2. Effect of concentration of 2-methylheptanoic acid in
eluent on chromatographic behavior of C1—C7 carboxylic
acids

The effect of the concentration of 2-methylheptanoic
acid in the eluent on the chromatographic behavior of these
C1—C; carboxylic acids was investigatelig. 4 shows the
relationship between the concentration of 2-methylheptanoic
acid and the retention volumes of these-C; carboxylic
acids.Fig. 5A-D show chromatograms of thesge-«C; car-
boxylic acids with (A) 0.125 mM 2-methylheptanoic acid at
pH 4.5 (15uS cnTt), (B) 0.25 mM 2-methylheptanoic acid
at pH 4.3 (221.S cnT1), (C) 0.5 mM 2-methylheptanoic acid
at pH 4.1 (3uScntl) and (D) 2mM 2-methylheptanoic
acid at pH 3.8 (62.S cnm 1) as the eluents. A chromatogram
with 1 mM 2-methylheptanoic acid as the eluent has been
already shown irFig. 3C

As shown inFig. 4, the retention volumes of thesg-&-;
carboxylic acids were almost no variations at the concen-
tration range of 2-methylheptanoic acid between 0.125 and

as inFig. 3. Symbols: @) formic acid, (@A) acetic acid, W) propionic
acid, (@) butyric acid, (O) valeric acid, {) caproic acid, [(J) heptanoic
acid, &) system peak corresponding to 2-methylheptanoic acid in eluent.
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Fig. 5. Chromatograms of {C; carboxylic acids with various con-
centrations of 2-methylheptanoic acid as eluents. Conditions: elu-
ent: (A) 0.125mM 2-methylheptanoic acid at pH 4.5 (@Scnt?),

(B) 0.25mM 2-methylheptanoic acid at pH 4.3 @3cnt?l), (C)
0.5mM 2-methylheptanoic acid at pH 4.1 @$cnt?l), (D) 2mM
2-methylheptanoic acid at pH 3.8 (6% cnT1). Other chromatographic
conditions as inFig. 4 Peaks: (SP), system peak corresponding to
2-methylheptanoic acid in eluent. Other peak identification aBign 2
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2mM. This might be due to (a) narrow pH range of eluent 0.99) were obtained in the concentration range between

(pH 4.5-3.8) and (b) relatively weak hydrophobic interaction 0.005 and 1.5 mM for these carboxylic acids.

between the resin and thesg-C7 carboxylic acids. In con- The relative standard deviations of the chromatographic

trast, with increasing the concentration of 2-methylheptanoic peak area of these1E€C; carboxylic acids, whose concen-

acid, the retention volume of the system peak correspondingtrations were 0.1 mM for formic acids and 0.2 mM for the

to 2-methylheptanoic acid decreased remarkably. As shownother carboxylic acids, were less than 0.686= 10). Re-

in Figs. 3C and 5A-Dwith increasing the concentration of producible chromatograms were obtained during repeated

2-methylheptanoic acid, peak shapes of thegeGz car- chromatographic runs.

boxylic acids were improved. As shownhig. 5A, when us-

ing 0.125 mM 2-methylheptanoic acid as the eluent, largely 3.2. Chromatographic behavior of C;—C7 amines on

fronted peaks of these16C; carboxylic acids were ob-  TSKgel G3000PWYx, column

served. This is because these-C; carboxylic acids were o )

well dissociated in the conditions. Symmetrical peaks of 3-2.1. Effect of Cg amines in eluent on chromatographic

these G—C; carboxylic acids were obtained at the concen- Pehavior of C;—C7 amines _

tration of 2-methylheptanoic acigd 1 mM. In contrast, with The application of the TSKgel G3000RW resin as the

increasing the concentration of 2-methylheptanoic acid, the Stationary phase in LC-CD for,C7 aliphatic monoamines

detection sensitivities of these;€C; carboxylic acids de- ~ (methylamine, ethylamine, propylamine, isobutylamine,

creased. This is due mainly to (a) an increase in the eluentPutylamine, isoamylamine, amylamine, 1,3-dimethylbutyl-

conductivity and (b) a decrease in the conductimetric de- @mine, hexylamine, 2-heptylamine and heptylamine) was

tector responses of these-&; carboxylic acids caused by ~ attempted with dilute & aliphatic monoamines (1,5-

suppressing their dissociation. dlrn.ethylhexylamme,. 2—ethylhexy|am|ng, 1-methylheptyl-
Considering peak shape, peak resolution detection sen-2mine and octylamine) as the eluentsg. 6A-D show

sitivity and chromatographic time, the optimum concentra- chromatograms of these;€C; amines on the TSKgel

tion of 2-methylheptanoic acid was 1 mM in the LC—CD for G3000PW column with (A) 2mM 1,5-dimethylhexylami-

these G—C; carboxylic acids Kig. 30. ne at pH 10.9 (14f.Scnt1), (B) 2mM 2-ethylhexylamine

3.1.3. Analytical performance parameters

Table 1shows the detection limits (signal-to-noise ratio
of 3, injection volume of 10Q.l) of these G—C; carboxylic
acids. Relatively high sensitive conductimetric detection was
achieved by the proposed LC—CD method. The main rea-
sons were that (a) the eluent conductivity was considerably
low (46p.ScnT !, noise 13 x 103 uScntl) and (b) these
carboxylic acids were partly dissociated under the optimum
LC conditions.

Calibration graphs were obtained by plotting the chro-
matographic peak area against the concentration of these
C1—C; carboxylic acids. Linear calibration graph& (>

Table 1
Detection limits (signal-to-noise ratio of 3, injection volume of 10D
of C1—C; carboxylic acids

Carboxylic acid Detection limit
SP

M ngmi~t L 1 1 1 1 1 1
Formic acid 0.057 2.6 o 10 20 30 40 50 60
Acetic acid 0.26 15 Time (min)
Propionic acid 0.37 27 ) ) ) . . .
Butyric acid 0.50 m Fig. 6. Chrom_a_tograms of ©C; amines Wlth_varlous g:amme_s acids as
Isovaleric acid 0.55 56 eluents. Conditions: eluents: (A) 2mM 1,5-dimethylhexylamine at pH 10.9
valeric acid 0.66 67 (148uScntl), (B) 2mM 2—§thy|hexylamine at pH 10.9 (155 cntl),
3,3-Dimethylbutyric acid 13 1.5 102 (C)'2 mM 1-methy|heptylam|r1e atpH11.0 (163 cm‘l_), (D)_2 mM octyl-
4-Methylvaleric acid 11 1.2 1% amine at pH 11_.0 (17Q$ cnt-); gample: 0.2mM amines |n_ water. Other
Hexanoic acid 11 1.3 102 chromatographic conditions ashiig. 5. Peaks: (1) methylamine, (2) ethyl-
2-Methylhexanoic acid 1.8 2% 1% amine, (3) propylamine, (4) isobutylamine, (5) butylamine, (6) isoamyl-
5-Methylhexanoic acid 20 2.6 102 amine, (7) amylamine, (8) 1,3-dimethylbutylamine, (9) hexylamine, (10)
Heptanoic acid 22 28 107 2-heptylamine, (11) heptylamine, (SP) system peak corresponding to C

amine in eluent.
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at pH 10.9 (152.ScnT 1), (C) 2mM 1-methylheptylamine
at pH 11.0 (162.S cnt 1) and 2 mM octylamine at pH 11.0
(170pS cntl) as the eluents.

As shown in Fig. 6A and B when using 2mM
1,5-dimethylhexylamine or 2 mM 2-ethylhexylamine as the

eluents, the retention times of system peaks correspond-

ing to 1,5-dimethylhexylamine or 2-ethylhexylamine in the

eluent were closed to that of 2-heptylamine and so the
system peaks interfered seriously for the determination of
2-heptylamine. Both extremely low detector response of

heptylamine and completely overlapped peaks of amylamine

and 1,3-dimethylbutylamine were observed. As shown in
Fig. 6C when using 2 mM 1-methylheptylamine as the elu-

ent, although no interferences of a system peak correspond-

ing to 1-methylheptylamine for the determination of these
C1—C; amines were observed, peak resolution between
amylamine and 1,3-dimethylbutylamine was still very poor.

Heptylamine was detected indirect-conductimetrically. In

contrast, as shown iRig. 6D, when using 2 mM octylamine

as the eluent, excellent separation and symmetrical peaks

for these G—C; amines were achieved in 60 min with no
interferences of a system peak corresponding to octylamine

Considering peak shape, interference of system peak and”

chromatographic time, the most suitable eluent was octyl-
amine in the LC—CD for these;EC; amines Fig. 6D).

3.2.2. Effect of concentration of octylamine in the eluent
on chromatographic behavior of C;—C7 amines

The effect of the concentration of octylamine in the
eluent on the chromatographic behavior of these @G
amines was investigatedzig. 7 shows the relationship
between the concentration of octylamine and the reten-

70

60

S0

40

30

20

Retention volume (ml)

10

0 1 1 L
1 2 3
[Octylamine] (mM)

P By

Fig. 7. Effect of concentration of octylamine in eluent on retention vol-
umes of G—C; amines. Conditions: eluent: 0.25—4 mM octylamine. Other
chromatographic conditions as fig. 6. Symbols: @) methylamine, &)
ethylamine, l) propylamine, #) butylamine, ©) amylamine, £) hexy-
lamine, (J) heptylamine, X) system peak corresponding to octylamine
in eluent.
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ig. 8. Chromatograms of 1&C; amines with various concentrations of
octylamine as eluents. Conditions: eluents: (A) 0.25mM octylamine at
pH 10.2 (37uScntl), (B) 0.5mM octylamine at pH 10.5 (58S cnT 1),

(C) 1 mM octylamine at pH 10.8 (1Q¥S cni 1), (D) 4 mM octylamine at

pH 11.2 (25QuScnTl). Other chromatographic conditions asFig. 7.
Peaks: (SP), system peak corresponding to octylamine in eluent. Other
peaks identification is as iRig. 6.

tion volumes of these =C; amines.Fig. 8A-D show
chromatograms of these;&C; amines with (A) 0.25mM
octylamine at pH 10.2 (3gScni?!), (B) 0.5mM octyl-
amine at pH 10.5 (6pS cnT 1), (C) 1 mM octylamine at pH
10.8 (107uScnt!) and (D) 4mM octylamine at pH 11.2
(250uS cnl) as the eluents. A chromatogram with 2 mM
octylamine as the eluent has been already shoviAign6D.

As shown inFig. 7, with increasing the concentration of
octylamine, the retention volumes of thesg-C; amines de-
creased drastically, whereas the retention volume of system
peak corresponding to octylamine increased. The retention
behavior of these -C; amines and the system peak on the
TSKgel G3000PW. column with octylamine as the eluent
was quite different from that of thesgq-&C; carboxylic acids

and the system peak corresponding to 2-methylheptanoic
acid on the column with 2-methylheptanoic acid as the elu-
ent (Fig. 4). The drastic decrease in the retention volumes
of these G—C; amines might be attributed to (a) an increase
in concentration of octylammonium ion as competing ion in
the eluent and (b) the low cation-exchange capacity of the
TSKgel G3000PW{_ resin (cation-exchange capacity: ca.
0.011 meq. mt! at pH 11.0) under basic eluent condition
[12]. These results suggested that these@ amines were
separated on the TSKgel G3000RWcolumn by not only
hydrophobic interaction process but also cation-exchange
process. A detailed study on the clarification of the reten-
tion behavior of these C; amines will be the subject
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Table2 ' _ o The relative standard deviations of the chromatographic

Detection Ilmlts (signal-to-noise ratio of 3, injection volume of 10P peak area of these;6GC; amines, whose concentrations were

of C1-C7 amines 0.2mM, were less than 0.6% & 10). Reproducible chro-

Amine Detection limit matograms were obtained during repeated chromatographic
de ng m|—1 runs.

Methylamine 0.23 7.3

Ethylamine 0.27 12 .

Propylamine 0.32 19 4. Conclusions

Isobutylamine 0.50 36

Butylamine 0.40 29 Chromatographic behavior of;€C; aliphatic monocar-

Isoamylamine 051 44 boxylic acids (formic acid, acetic acid, propionic acid, bu-

Amylamine 0.58 51 tri id i leri id leri id. 3 3-dimethvibutvri

1,3-Dimethylbutylamine 0.68 69 yric acid, isovaleric acid, valeric acid, 3,3-dimethylbutyric

Hexylamine 0.90 91 ac!d, 4-methylvaleric aqd, hgxanmc acid, 2—m¢thylhgxan0|c

2-Heptylamine 0.99 1% 107 acid, 5-methylhexanoic acid and heptanoic acid) and

Heptylamine 12 13 107 C1—C; aliphatic monoamines (methylamine, ethylamine,

propylamine, isobutylamine, butylamine, isoamylamine,
amylamine, 1,3-dimethylbutylamine, hexylamine, 2-heptyl-
amine and heptylamine) on an unfunctionized polyme-
thacrylate resin (TSKgel G3000Ry) column (150 mmx
6 mm i.d.) was investigated, for demonstrating the effec-
tiveness of this type resin as the stationary phase in LC of
organic compounds. The resin behaved as an advanced sta-
tionary phase for these;€C; carboxylic acids and =-C;
amines with @ carboxylic acid and gamine as the eluents,
respectively. Excellent separation, relatively high sensitive
conductimetric detection and symmetrical peaks for these
C1—C; carboxylic acids were achieved in 60 min with 1 mM
increasing the concentration of octylamine, the detection 2-me_:thylhe_ptan0|c ‘fi_c'd as the e_Iuent_. Excelle_nt separation,
relatively high sensitive conductimetric detection and sym-

sensitivities of these £-C; amines decreased. This is due ical ks for th cc . I hieved
mainly to (a) an increase in the eluent conductivity and (b) Metrical peaxs for these;6C; amines were also achieve

a decrease in the conductimetric detector responses of thest! 60 min with 2 mM o.c'tylamm'e as the elgent. These r.esults

C1—C; amines, caused by suppressing their dissociation. expanq largely the.utlllty of '[h.IS type resin as the stationary
Considering peak shape, peak resolution, interference ofphase in LC of various organic compounds.

system peak, detection sensitivity and chromatographic time,

the optimum concentration of octylamine was 2 mM in the

LC—CD for these @-C; amines Fig. 6D).

of future work. As shown irFig. 6D and Fig. 8A-D, with
changing the concentration of octylamine, the chromato-
graphic behavior of these;€C; amines changed dramat-
ically. With increasing the concentration of octylamine,
peak shapes of thesg-€C; amines were improved largely.
Symmetrical peaks of these;-dC; amines were obtained
at the concentration of octylamine 2 mM. Peak resolu-
tion between these©€C; amines and the system peak was
also improved. No interferences of the system peak for the
determination of these /C; amines were observed at the
concentration of octylamine= 1.5mM. In contract, with
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