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Abstract

The application of unfunctionized polymethacrylate resin (TSKgel G300QR\&s a stationary phase in liquid chromatography with
UV detection for G—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 agid);and C
aliphatic monoamines (methylamine, ethylamine, propylamine, isobutylamine, butylamine, isoamylamine, amylamine, 1,3-dimethylbutyl-
amine, hexylamine, 2-heptylamine and heptylamine) was carried out. Using dilute sulfuric acid as the eluent, the TSKgel G3000PW
resin acted as an advanced stationary phase for these Carboxylic acids. Excellent simultaneous separation and symmetrical peaks for
these G—C; carboxylic acids were achieved on a TSKgel G300¢P\wblumn (150 mmx 6 mm i.d.) in 60 min with 0.25 mM sulfuric acid
containing 1 mM 2-methylheptanoic acid at pH 3.3 as the eluent. Using dilute sodium hydroxide as the eluent, the TSKgel G3GPW
also behaved as an advanced stationary phase for thegh @mines. Excellent simultaneous separation and good peaks for theGg C
amines were achieved on the TSKgel G300G£\8blumn in 60 min with 10 mM sodium hydroxide containing 0.5 mM 1-methylheptylamine
at pH 11.9 as the eluent.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction dissociation of carboxylic acids and amines are largely
suppressed and, consequently, these acids and amines are
lon-exclusion chromatography developed by Wheaton mainly separated by both ion-exclusion chromatographic
and Baumanrl] is a simply and convenient analytical process and hydrophobic interaction process. As a result,
technique for the determination of low molecular weak strongly tailed peaks and extremely long retention times for
acids (carboxylic acids]2,3] and weak bases (amines) higher carboxylic acids and amines are obtained. The addi-
[3,4]. The separation of carboxylic acids mainly proceeds tion of organic solvent is one of the most useful ways for
on a cation-exchange resin [low cross-linked styrene— elimination these drawback8-12] However, the concen-
divinylbenzene copolymer (PS—DVB)-based strongly acidic tration of organic solvent in the eluent is strongly limited,
cation-exchange resin] in the*Hform as the stationary  because shrinkage of these low cross-linked PS-DVB resins
phase with acidic solution as the eludbt6]. The sepa- occurs. Therefore, the separations of higher carboxylic
ration of amines proceeds on anion-exchange resin (lowacids and amine are considerably difficult applications in
cross-linked PS—DVB-based strongly basic anion-exchangeion-exclusion chromatography.
resin) in the OH form as the stationary phase with ba- Recently, Li and Frit413] applied unfunctionized high
sic solution as the elueri7,8]. In these conditions, the cross-linked PS-DVB resin was as the stationary phase
in liquid chromatography for various carboxylic acids and
mspondmg author. Tel+81-52-736-7162; am?nes. Good se_parations of several carbc_nyIic acids apd
fax: +81-52-736-7164. amines were achieved on the PS—DVB resin column. This
E-mail address: kazu.ohta@aist.go.jp (K. Ohta). result supposed strongly that carboxylic acids and amines
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were separated by only hydrophobic interaction between degasser and a Rheodyne (Cotati, CA, USA) Model
the PS-DVB resin and carboxylic acids and that between 9125 injector equipped with a 1@0 sample loop. A

the PS—-DVB resin and amines. Unfortunately, due to large Tosoh CM-8020 conductimetric detector was also used
hydrophobicity, aquatic solution containing large amount for the measurement of cation-exchange capacity of an
of organic solvent was required as the eluent for utilizing unfunctionized polymethacrylate resin (Tosoh TSKgel
this type PS—DVB resin. Hydrophilic unfunctionized resins, G3000PWy, ).

such as silica gel and polymethacrylate resin, could be ap- A Toa Denpa (Tokyo, Japan) IM-40S ion meter equipped
plied as stationary phases in LC with aquatic solution as the with a glass electrode was used for the measurement of pH
eluent for both carboxylic acids and amines. However, when of eluents.

using silica gel as the stationary phase, pH range of eluent is

strongly limited. This is because the solubility of silica gel
in aquatic solution as the eluent increases drastically wit
increasing pH of the eluet4]. Therefore, it was expected

that polymethacrylate would be one of the most suitable Slt(ap:raﬁi?]n columrr: (150 m 6mmid., st;ainle;s §tesl)
stationary phases in the LC for both carboxylic acids and packed with a Tosoh TSKgel G3000RW untunctionize

amines. However, the application has not been carried Outpolymethac_wlate resin (particle s_ize (.)f caum) by using
yet. slurry-packing method was used_ in this work. _

The aim of this study was to demonstrate the effective- Trr:e TSKbgiI (?30002% bres_m sho(;/yg sm;mll cation- I
ness of unfunctionized polymethacrylate resin (TSKgel exchangé behavior under basic con .|t|on,' ue to sma
G3000PW, ) as the stationary phase in liquid chro- amo_unt of ca_rboxyllc group on _the_resm, or_|g|nated from
matography with UV detection for carboxylic acids and starting materialgl5]. The determination of cation-exchange
amines. Then, the chromatographic behavior gt capacity of the resin was carried out according to following

aliphatic monocarboxylic acids (formic acid, acetic acid, cation-exchange reaction;

propionic acid, butyric acid, isovaleric acid, valeric acid,

3,3-dimethylbutyric acid, 4-methylvaleric acid, hexanoic resin— COO Na' + KOH — resin— COO K* + NaOH
acid, 2-methylhexanoic acid, 5-methylhexanoic acid and

heptanoic acid) and £5C7 aliphatic monoamines (methyl- A cation-exchange capacitp(meq. mi?) of the resin was
amine, ethylamine, propylamine, isobutylamine, butyl- calculated from the equations:

amine, isoamylamine, amylamine, 1,3-dimethylbutylamine,

hexylamine, 2-heptylamine and heptylamine) on a TSKgel C

G3000PW, column (150mmx 6mm i.d.) was inves- A= (VR— Vo)m

tigated with sulfuric acid and sodium hydroxide as the

eluents. The TSKgel G3000RW resin behaved as ad- whereVr is the breakthrough volume of the column (n},

van_ced stationary _phase for these ca_rboxyllc acids andthe total dead volume (column void volumeonnected tube
amines. Excellent simultaneous separation and symmetrlcak/mume ml),C the concentration of potassium hydroxide

peaks for these =C; carboxylic acids were achieved on solution (mM) andV is column volume (4.24 ml)

the T.Sng.I GSOOO.PW- column in 60min with Q.ZSmM First, the column was equilibrated with 1 mM sodium
sulfuric ?‘C'd containing 1mM 2-methylheptanoic acwb,(c_ hydroxide solution. Sample of 1mM sodium hydrox-
carboxylic acid) at _pH 3.3 as the eluent. Excellent si- jqo 51tion containing 1% methanol was injected. Elu-
mu!taneous separanonl and good peaks for theseCt tion volume of peak corresponding to methanol was
amines were also achieved on the TSKgel G300QPW considered as/o (3.34ml). Next, 1mM potassium hy-

cqll,!mn in_60min WitE |:|I’-IO ml\fl sgdium heroxide cr:)n- droxide solution was passed through the column and the
taining 0.5mM 1-methylheptylamine gCamine) as the o4 ctimetric detector response (breakthrough curve)

h 2:2. Separation column

eluent. was monitored. Volume corresponding to breakthrough
point in the detector response curve was considered as
) VR (49.0ml). The amount of cation-exchange capac-

2. Experimental ity of the TSKgel G3000PW{ resin was ca. 0.011

meq. mi-L,
2.1. Instruments

Liquid chromatograph consisted of a Tosoh (Tokyo, 2.3. Chemicals
Japan) LC-8020 chromatographic data processor, a Tosoh
CCPM-II solvent delivery pump operated at a flow rate  All chemicals were of analytical regent grade were pur-
of 1mimin~1, a Tosoh CO-8020 column oven operated chased form Wako (Osaka, Japan) or Tokyo Kasei (Tokyo,
at 35°C, a Tosoh UV-8020 UV-Vis spectrophotometric Japan). Distilled, deionized water was used for the prepara-
detector operated at 210nm, a Tosoh SD-8023 on-linetion of the eluents and standard solutions.
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3. Results and discussion

3.1. Separation of C1—C5 aliphatic monocarboxylic
acids on TSKgel G3000PWy; column

3.1.1. Effect of concentration of sulfuric acid in eluent
on chromatographic behavior of C;—C7 aliphatic
monocarboxylic acids

The application of an unfunctionized polymethacrylate
resin (TSKgel G3000PY ) as a stationary phase in liquid
chromatography with UV detection (210nm) fon-€Z;
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) was attempted with dilute sulfuric acid
as eluentFig. 1 shows the relationship between the con-
centration of sulfuric acid in the eluent and the retention
volumes of these G-C; carboxylic acids on a TSKgel
G3000PW, column (150 mmx 6 mm i.d.). Fig. 2A-D
show chromatograms of these;€C; carboxylic acids
with: (A) 0.005mM sulfuric acid at pH 5.1; (B) 0.05mM
sulfuric acid at pH 4.1; (C) 0.25mM sulfuric acid at
pH 3.3; and (D) 0.5mM sulfuric acid at pH 3.1 as the
eluents.

As shown inFig. 1, with increasing the concentration of
sulfuric acid in the eluent, the retention volumes of these
C1—C; carboxylic acids increased. The degree of the in-
crease in the retention volumes was formic acid)(&
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Fig. 1. Effect of concentration of sulfuric acid in eluent on retention
volumes of G—C; aliphatic monocarboxylic acids. Conditions—column:
TSKgel G3000PW ; column size: 150 mnx 6 mm i.d.; column temper-
ature: 35C; eluent: 0.0015-0.5mM sulfuric acid; flow rate: 1 mimin
detection: UV at 210 nm; injection volume: 100 sample: 1mM G-C;
carboxylic acids in eluent. Symbols@®) formic acid; (A) acetic acid;
(M) propionic acid; ®) butyric acid; ) valeric acid; @) hexanoic
acid; and [J) heptanoic acid.
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acetic acid (@) < propionic acid (@) < butyric acid (G)

< valeric acid (G) < hexanoic acid (g) < heptanoic
acid (G). These results indicated that (a) the increase
in the retention volume of these;€C; carboxylic acids
was due mainly to an increase in hydrophobicity of these
carboxylic acids, caused by suppressing their dissociation
and (b) these carboxylic acids were mainly separated by
hydrophobic interaction process. As shownHig. 2A-D,

with increasing the concentration of sulfuric acid, peak
shapes of these 1€C; carboxylic acids changed drasti-
cally. As shown inFig. 2A, when using 0.005 mM sulfuric
acid as the eluent, strongly fronted peaks of thegeGz
carboxylic acids were observed. This is because these
carboxylic acids were well dissociated under the eluent
condition. With increasing the concentration of sulfuric
acid, peak shapes of1E€Cs carboxylic acids (formic acid,
acetic acid, propionic acid, butyric acid, isovaleric acid
and valeric acid) were improved. Symmetrical peaks of the
C1—Cs carboxylic acids were obtained at the concentra-
tion of sulfuric acid in the eluent 0.25mM. In contrast,
peaks of G—C; carboxylic acids (3,3-dimethylbutyric acid,
4-methylvaleric acid, hexanoic acid, 2-methylhexanoic
acid, 5-methylhexanoic acid and heptanoic acid) were

: t
23 0.03 AU
1 5S¢ 7 *
89 10 11 12
(a) S
23
5
1 6., o
0, .,
®) MU}
13
2
S,
i 89 10 17 g2
(©) —,
1
2, .
67
J 89 10 37 45
(D)
L 1 1 [ | 1 [ [
0 10 20 30 40 50 60

Time (min)

Fig. 2. Chromatograms of /=C; carboxylic acids with various concen-
trations of sulfuric acid as eluents. Conditions—eluents: (A) 0.005mM
sulfuric acid at pH 5.1; (B) 0.05mM sulfuric acid at pH 4.1; (C) 0.25mM
sulfuric acid at pH 3.3; (D) 0.5mM sulfuric acid at pH 3.1. Other chro-
matographic conditions as Fig. 1 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
and; (12) heptanoic acid.
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tailed largely. This is due mainly to strongly hydrophobic
interaction between the resin and the hydrophohbie G
carboxylic acids. Peak resolution between theseG3 car-
boxylic acids was improved at the concentration range of
sulfuric acid in the eluent between 0.0015 and 0.25 mM.
Good separation of these€C; carboxylic acids was
achieved in 50 min with 0.25 mM sulfuric acid as the eluent.
Considering peak shape and peak resolution, it was con-
cluded that a reasonable concentration of sulfuric acid in
the eluent was 0.25mM for these-€C; carboxylic acids
(Fig. 20). However, a further investigation was required for
improving peak shapes of the;&C; carboxylic acids.

3.1.2. Effect of Cg aliphatic monocarboxylic acids added
to sulfuric acid as eluent on chromatographic behavior of
C1—C7 aliphatic monocarboxylic acids

In previous study, we demonstrated that &liphatic
monocarboxylic acid (5-methylhexanoic acid) was very
effective eluent in ion-exclusion chromatography with a sul-
fonated styrene—divinylbenzene co-polymer resin (TSKgel
SCX) column for G—Cg aliphatic monocarboxylic acids
(formic acid, acetic acid, propionic acid, isobutyric acid,
butyric acid, isovaleric acid, valeric acid, 4-methylvaleric
acid and hexanoic acid16]. 5-Methyhexanoic acid in the
eluent was adsorbed on the resin at first and then reduce
hydrophobic interaction between the resin and theseOg
carboxylic acids. Hence, the addition of @liphatic mono-
carboxylic acids (2-propylvaleric acid, 2-ethylhexanoic acid,
2-methylheptanoic acid and octanoic acid) to 0.25 mM sul-
furic acid as the eluent was carried out, for improving peak
shapes of the £-C; carboxylic acidsFig. 3A—Dshow chro-
matograms of these€C; carboxylic acids with 0.25 mM
sulfuric acid containing: (A) 1 mM 2-propylvaleric acid; (B)
1 mM 2-ethylhexanoic acid; (C) 1 mM 2-methylheptanoic
acid; and (D) 1 mM octanoic acid as the eluents.

As shown inFig. 3A-D, when using sulfuric acid con-
taining the G carboxylic acids as the eluents, peak shapes
of the G—C; carboxylic acids were improved drastically

A 1039 (2004) 161-169
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ig. 3. Chromatograms of GC; carboxylic acids with 0.25mM

ulfuric acid containing various  carboxylic acids as eluents.
Conditions—eluents: (A) 1 mM 2-propylvaleric acid in 0.25mM sulfuric
acid at pH 3.3; (B) 1 mM 2-ethylhexanoic acid in 0.25mM sulfuric acid
at pH 3.3; (C) 1mM 2-methylheptanoic acid in 0.25mM sulfuric acid
at pH 3.3; (D) 1 mM octanoic acid in 0.25mM sulfuric acid at pH 3.3.
Sample: 1mM G-C; carboxylic acids in 0.25mM sulfuric acid. Other
chromatographic conditions as Fig. 2 Peaks: (SP), system peak corre-
sponding to @ acid in eluent, other peaks identification is asFig. 2

ca. 67 min, it took ca. 70 min for each chromatographic
run.

Considering peak shape, interference of system peak and
chromatographic time, it was concluded that 2-methylhepta-
noic acid was the most suitables €Carboxylic acid added

and their retention times decreased largely. These resultso 0.25 mM sulfuric acid as the eluent for these-C; car-

indicated that the gcarboxylic acids acted as an advanced
elution modifier for these hydrophobic carboxylic acids.
Unfortunately, system peaks corresponding to tlec@r-
boxylic acids in the eluent appeared. As showrFig. 3A
and B when using 0.25 mM sulfuric acid containing 1 mM
2-propylvaleric acid or 1mM 2-ethylhexanoic acid as
the eluents, system peaks corresponding to thea€ids
(2-propylvaleric acid or 2-ethylhexanoic acid) interfered se-
riously for the determination of heptanoic acid. In contrast,
as shown inFig. 3C and D when using 0.25mM sulfuric
acid containing 1 mM 2-methylheptanoic acid or 1 mM oc-

boxylic acids Fig. 30.

Next, the effect of the concentration of 2-methylheptanoic
acid in 0.25 mM sulfuric acid as the eluent on the chromato-
graphic behavior of these1€C; carboxylic acids was in-
vestigated in detailFig. 4 shows the relationship between
the concentration of 2-methylheptanoic acid in the eluent
and the retention volumes of these-C7 carboxylic acids.
Fig. 5A-D show chromatograms of these-C; carboxylic
acids with 0.25 mM sulfuric acid containing: (A) 0.125 mM;
(B) 0.25 mM; (C) 0.5 mM; and (D) 2 mM 2-methyheptanoic
acid as the eluents. A chromatogram with 0.25 mM sulfuric

tanoic acid as the eluents, no interferences of system peakscid containing 1 mM 2-methyheptanoic acid as the eluent

corresponding to thegxarboxylic acid (2-methylheptanoic
acid or octanoic acid) for the determination of these G,
carboxylic acids were observed. However, when using
0.25mM sulfuric acid containing 1 mM octanoic acid as

has been already shown ffg. 3C

As shown inFig. 4, with increasing the concentration of
2-methylheptanoic acid in the eluent, the retention volumes
of these G—C; carboxylic acids decreased. The order of

the eluent, since the retention time of the system peak wasthe decreased in the retention volumes was formic acid



70

60

50

40

30

20

Retention volume (ml)

10

K. Ohta et al./J. Chromatogr. A 1039 (2004) 161-169 165
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Fig. 4. Effect of concentration of 2-methylheptanoic acid in 0.25mM
sulfuric acid as eluent on retention volumes of-C; carboxylic acids.

[2-Methylheptanoic acid] (mM)

(C1) < acetic acid (@) < propionic acid (@) < bu-
tyric acid (G) < valeric acid (G) < hexanoic acid (€)
< heptanoic acid (& < system peak corresponding to
2-methylheptanoic acid . The order indicated clearly
that 2-methylheptanoic acid was strongly adsorbed on the
resin and acted as an effective elution modifier for higher
carboxylic acids including 2-methylheptanoic acid itself. As
shown inFigs. 3C and 5A-Dwith increasing the concen-
tration of 2-methylheptanoic acid, peak shapes of the(@
carboxylic acids were improved. Symmetrical peaks of
these G—C; carboxylic acids were obtained at the concen-
tration of 2-methyheptanoic acid in the eluenti mM. Ex-
cellent simultaneous separation and symmetrical peaks for
these G—C; carboxylic acids were achieved in 60 min with
0.25 mM sulfuric acid containing 1 mM 2-methylheptanoic
acid as the eluent. In contrast, with increasing the concen-
tration of 2-methyheptanoic acid, UV detector responses
of these G—C; carboxylic acids somewhat decreased at
210 nm.

Considering peak shape, UV detection sensitivity and

Conditions—eluents: 02 mM 2-methylheptanoic acid in 0.25mM sulfuric  Chromatographic time, it was concluded that the optimum

acid. Other chromatographic conditions are asFig. 3. Symbols: ¥)

concentration of 2-methylheptanoic acid in 0.25 mM sulfu-

system peak corresponding to 2-methylheptanoic acid in eluent, other ric acid as the eluent was 1 mM for thesg-C; Carboxylic
identification symbols as ifrig. 1
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Fig. 5. Chromatograms of {5C; carboxylic acids with 0.25mM sulfu-

ric acid containing various concentrations of 2-methylheptanoic acid as
eluents. Conditions—eluents: (A) 0.125mM 2-methylheptanoic acid in
0.25mM sulfuric acid at pH 3.3; (B) 0.25mM 2-methylheptanoic acid
in 0.25mM sulfuric acid at pH 3.3; (C) 0.5mM 2-methylheptanoic acid
in 0.25mM sulfuric acid at pH 3.3; (D) 2mM 2-methylheptanoic acid
in 0.25mM sulfuric acid at pH 3.3. Other chromatographic conditions as
in Fig. 4 Peaks: (SP), system peak corresponding to 2-methylheptanoic

Time (min)

acid in eluent, other peaks identification asHig. 2

acids fig. 30.

3.1.3. Analytical performance parameters

Table 1 shows the detection limits (UV detection at
210 nm, signal-to-noise ratio of 3 and injection volume of
100ul) of these G—C; carboxylic acids. Unfortunately,
due to low molar extinction coefficients of these carboxylic
acids at 210 nm, detection sensitivities were moderate.

Calibration graphs were obtained by plotting the chro-
matographic peak area against the concentration of these
C1—C; carboxylic acids. Linear calibration graphs® (>
0.99) were obtained in the concentration range between 0.03
and 2 mM for these carboxylic acids.

The relative standard deviations of the chromatographic
peak area of these;€C; carboxylic acids, whose concen-

Table 1
Detection limits (UV detection at 210 nm, signal-to-noise ratio of 3 and
injection volume of 10Qul) of C1—C; carboxylic acids

Carboxylic acid Detection limit

Y pgmi~?

Formic acid 2.3 0.11
Acetic acid 3.0 0.18
Propionic acid 29 0.21
Butyric acid 3.2 0.28
Isovaleric acid 3.6 0.37
Valeric acid 4.3 0.44
3,3-Dimethylbutyric acid 4.4 0.51
4-Methylvaleric acid 6.5 0.76
Hexanoic acid 6.8 0.79
2-Methylhexanoic acid 6.7 0.87
5-Methylhexanoic acid 11 1.4

Heptanoic acid 11 15
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trations were 1 mM, were less than 0.9%=¢ 10). Repro-
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G3000PVW resin showed small cation-exchange behav-

ducible chromatograms were obtained during repeated chro-ior under basic condition (cation-exchange capacity: ca.

matographic runs.

3.2. Sgparation of C1—C7 aliphatic monoamines on
TSKgel G3000PWy; column

3.2.1. Effect of concentration of sodium hydroxide in
eluent on chromatographic behavior of C1—C7 aliphatic
monoamines

The application of the TSKgel G3000By column
in liquid chromatography with UV detection at 210 nm
for C1—C; aliphatic monoamines (methylamine, ethyl-
amine, propylamine, isobutylamine, butylamine, isoamyl-
amine, amylamine, 1,3-dimethylbutylamine, hexylamine,

0.011meq.mit! at pH 11.0)[15], it was expected that
these G—C; amines were separated by not only hydropho-
bic interaction process but also cation-exchange process.
As shown inFig. 7A-D, these chromatograms were quite
different. As shown inFig. 7A, when using 2 mM sodium
hydroxide as the eluent,1€C, amines (methylamine and
ethylamine) were detected indirect-photometrically and
C3—C; amines (propylamine, isobutylamine, butylamine,
isoamylamine, amylamine, 1,3-dimethylbutylamine, hexy-
lamine, 2-heptylamine and heptylamine) were detected
direct-photometrically at 210 nm. The;€C, amines were
detected direct-photometrically at the concentration of
sodium hydroxide in the eluent 3mM. With increasing

2-heptylamine and heptylamine) was attempted with dilute the concentration of sodium hydroxide, peak resolution

sodium hydroxide as the elueriiig. 6 shows the relation-

between these {C; amines was also improved. Good

ship between the concentration of sodium hydroxide in the separation of theseEC; amines was achieved in 60 min

eluent and the retention volumes of these-C; amines on
the TSKgel G3000PW_ column. Fig. 7A—C show chro-
matograms of these,€C; amines with: (A) 2 mM sodium
hydroxide at pH 11.3; (B) 5mM sodium hydroxide at pH
11.6; and (C) 10 mM sodium hydroxide at pH 11.9 as the
eluents.

As shown inFig. 6, with increasing the concentration
of sodium hydroxide in the eluent, the retention volumes
of these G—C; amines decreased drastically. The reten-
tion behavior of these C; amines on the column with

with 10mM sodium hydroxide as the eluent. Unfortu-
nately, peaks of g-C; amines (1,3-dimethylbutylamine,
hexylamine, 2-heptylamine and heptylamine) were largely
tailed, due to strongly hydrophobic interaction between
these hydrophobic amines and the resin.

Considering peak shape, peak resolution and chromato-
graphic time, it was concluded that a reasonable concentra-
tion of sodium hydroxide in the eluent was 10 mM for these
C1—C; amines Fig. 70). However, a further investigation
was also required for improving peak shapes of the@G

sodium hydroxide as the eluent was completely different amines.

from that of these ¢-C; carboxylic acids on the column
with sulfuric acid as the eluenf{g. 1). Since the TSKgel
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Fig. 6. Effect of concentration of sodium hydroxide in eluent on re-
tention volumes of g-C; aliphatic monoamines. Conditions—eluents:
1-10 mM sodium hydroxide, sample: 1 mM-@C; aliphatic monoamines
in eluent. Other chromatographic conditions asFig. 5. Symbols: @)
methylamine; &) ethylamine; M) propylamine; #) butylamine; Q)
amylamine; Q) hexylamine; and[(l) heptylamine.
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Fig. 7. Chromatograms of C; amines with various concentrations
of sodium hydroxide as eluents. Conditions—eluents: (A) 2mM sodium
hydroxide at pH 11.3; (B) 5mM sodium hydroxide at pH 11.6; (C)
10 mM sodium hydroxide at pH 11.9. Other chromatographic conditions
as inFig. 6. Peaks: (1) methylamine; (2) ethylamine; (3) propylamine;
(4) isobutylamine; (5) butylamine; (6) isoamylamine; (7) amylamine; (8)
1,3-dimethylbutylamine; (9) hexylamine; (10) 2-heptylamine and; (11)
heptylamine.
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3.2.2. Effect of Cg aliphatic monoamines added to sodium seriously for the determination of heptanoic acid. As shown
hydroxide as eluent on chromatographic behavior of in Fig. 8B, when using 10 mM sodium hydroxide contain-
C1—Cy7 aliphatic monoamines ing 0.5 mM 2-ethylhexylamine as the eluent, a system peak

The addition of @ amines (1,5-dimethylhexylamine, corresponding to 2-ethylhexylamine also interfered for the
2-ethylhexylamine, 1-methylheptylamine and octylamine) determination of heptanoic acid. As shown fig. 8C
to 10mM sodium hydroxide as the eluent was carried when using 10 mM sodium hydroxide containing 0.5mM
out for improving peak shapes of theg€Z; amines. 1-methylheptylamine as the eluent, excellent simultaneous
Fig. 8A-D show chromatograms of thesg-€; amines separation and good peak shapes for theseCz amines
with 10mM sodium hydroxide containing: (A) 0.5mM were achieved in 60 min with no interferences of a system
1,5-dimethylhexylamine; (B) 0.5mM 2-ethylhexylamine; peak corresponding to 1-methylheptylamine. As shown in
(C) 0.5mM 1-methylheptylamine; and (D) 0.5mM octyl- Fig. 8D, when using 10mM sodium hydroxide contain-
amine as the eluents. ing 0.5mM octylamine as the eluent, since the retention
As shown inFig. 8A-D, when using 10mM sodium time of a system peak corresponding to octylamine was
hydroxide containing the £amines as the eluent, peak ca. 90 min, it took very long time (ca.100 min) for each
shapes of the §&-C; amines were improved and their re- chromatographic run. Furthermore, peak of methylamine
tention times decreased largely. This is because the C disappeared at 210 nm.
amines in the eluent were strongly adsorbed on the resin at Considering peak shape, interference of system peak and
first and then acted as an effective elution modifier for the chromatographic time, it was concluded that 1-methylheptyl-
Cs—C7 amines. Unfortunately, system peaks corresponding amine was the most suitableg@mine added to 10 mM
to the G amines in the eluents also appeared. As shown in sodium hydroxide as the eluent for thesg-C; amines
Fig. 8A, when using 10 mM sodium hydroxide containing (Fig. 80.
0.5mM 1,5-dimethylhexylamine as the eluent, a system Next, the effect of the concentration of 1-methylheptyl-
peak corresponding to 1,5-dimethylhexylamine interfered amine in 10 mM sodium hydroxide as the eluent on the
chromatographic behavior of thesg-; amines was in-
vestigated in detailFig. 9 shows the relationship between
? the concentration of 1-methylheptylamine in the eluent and
the retention volumes of thesg-€C; amines.Fig. 10A-C

0:08 AU show chromatograms of thesg-€; amines with 10 mM
11 sodium hydroxide containing: (A) 0.1 mM; (B) 0.3 mM;
(A)J % and (C) 1mM 1-methylheptylamine as the eluents. A
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Fig. 8. Chromatograms of =C; amines with 10 mM sodium hydroxide 0 0.25 0.5 0.75 1
containing various gamines as eluents. Conditions—eluents: (A) 0.5 mM [1-Methylheptylamine] (mM)

1,5-dimethylhexylamine in 10mM sodium hydroxide at pH 11.9; (B)

0.5mM 2-ethylhexylamine in 10 mM sodium hydroxide at pH 11.9; (C) Fig. 9. Effect of concentration of 1-methylheptylamine in 10mM
0.5mM 1-methylheptylamine in 10mM sodium hydroxide at pH 11.9; sodium hydroxide as eluent on retention volumes af@ amines.

(D) 0.5mM octylamine in 10 mM sodium hydroxide at pH 11.9, sample: Conditions—eluents: 0-1 mM 1-methylheptylamine in 10 mM sodium hy-
1 mM C;—C; amines in 10 mM sodium hydroxide. Other chromatographic droxide. Other chromatographic conditions asFig. 8 Symbols: )
conditions as inFig. 7. Peaks: (SP), system peak corresponding g0 C system peak corresponding to 1-methylheptylamine in eluent, other sym-
amine in eluent, other peaks identifications asig. 7. bols identification as irFig. 6.
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Table 2
3 Detection limits (UV detection at 210 nm, signal-to-noise ratio of 3 and
2145 . 0.03 AU injection volume of 10ul) of C;—C; amines
JJ‘M 9 10 * Amine Detection limit
11
(A) J\_/\ SP M ng mi—1
23 Methylamine 11 0.33
45 Ethylamine 45 0.21
78 o 10 Propylamine 3.6 0.22
11 Isobutylamine 4.7 0.34
(B) ~ Butylamine 4.6 0.34
s SP Isoamylamine 5.7 0.50
45 Amylamine 8.3 0.72
5 1,3-Dimethylbutylamine 6.9 0.70
Hexylamine 12 1.3
2-Heptylamine 13 15
Heptylamine 20 2.3
SP Pty
L 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70

Considering peak shape, peak resolution, UV detection
sensitivity at 210 nm and chromatographic time, it was con-
Fig. 10. Chromatograms of €C; amines with 10mM sodium hydrox-  cluded that the optimum concentration of 1-methylheptyl-

ide containing various concentrations of 1-methylheptylamine as eluents. gmine in 10 mM sodium hydroxide as the eluentwas 0.5 mM
Conditions—eluents: (A) 0.1 mM 1-methylheptylamine in 10 mM sodium for these G—C; amines Fig. 8C).

hydroxide at pH 11.9; (B) 0.3 mM 1-methylheptylamine in 10 mM sodium

hydroxide at pH 11.9; (C) 1 mM 1-methylheptylamine in 10mM sodium

Time (min)

hydroxide at pH 11.9. Other chromatographic conditions a&im 9. 3.2.3. Analytical performance Parama?rs .
Peaks: (SP), system peak corresponding to 1-methylheptanoic acid in Table 2 shows the detection limits (UV detection at
eluent, other peak identification as fig. 7. 210 nm, signal-to-noise ratio of 3 and injection volume of

100pl) of these G—C; amines. Unfortunately, due to both
(a) high UV adsorption of the 10 mM sodium hydroxide

chromatogram with 10mM sodium hydroxide containing containing 0.5mM 1-methylheptylamine as the eluent at
0.5mM 1-methylheptylamine as the eluent has been already210nm (ca. 0.8 AU, noise 0.031 mAU) and (b) low molar
shown inFig. 8C extinction coefficients of these amines at 210 nm, detection
As shown in Fig. 9, with increasing the concentra- Sensitivities for these amines were moderate.
tion of 1-methylheptylamine in the eluent, the retention  Calibration graphs were obtained by plotting the chro-
volumes of these G-C; amines decreased. The order Matographic peak area against the concentration of these
of the decreased in the retention volumes was methyl- C1—C7 amines. Linear calibration graphe’(> 0.99) were
amine (G) < ethylamine (G) < propylamine (G) obtained in the concentration range between 0.05 and 2 mM
< butylamine (G) < amylamine (§) < hexylamine  for these amines.
(Cs) < heptylamine (§) < system peak corresponding The relative standard deviations of the chromatographic
to 1-methylheptylamine (§). This order indicated that Peakarea of thesei€C; amines, whose concentrations were
1-methylheptylamine functioned as an effective elution 1 MM, were less than 1.1 % (= 10). Reproducible chro-
modifier for higher amines including 1-methylheptylamine Matograms were obtained during repeated chromatographic
itself. As shown inFigs. 8C and 10A—-Cwith increasing runs.
the concentration of 1-methylheptylamine, peak shapes
of the G—C; amines were improved largely. Good peak
shapes of these 1€C; amines were obtained at the con- 4. Conclusions
centration of 1-methyheptyaming 0.5mM. Excellent
simultaneous separation and good peak for theseCg The application of unfunctionized polymethacrylate resin
amines were achieved in 60 min with 10mM sodium hy- (TSKgel G3000PW{ ) as a stationary phase in liquid chro-
droxide containing 0.5mM 1-methylheptylamine as the matography with UV detection (210 nm) for both-€C;
eluent. In contrast, with increasing the concentration of aliphatic monocarboxylic acids (formic acid, acetic acid,
1-methylheptylamine in the eluent, the UV detection sen- propionic acid, butyric acid, isovaleric acid, valeric acid,
sitivities of these @-C; amines slightly decreased at 3,3-dimethylbutyric acid, 4-methylvaleric acid, hexanoic
210nm. Furthermore, as shown kfg. 10G when using acid, 2-methylhexanoic acid, 5-methylhexanoic acid and
10 mM sodium hydroxide containing 1 mM 1-methylheptyl- heptanoic acid) and =C; aliphatic monoamines (methyl-
amine as the eluent, peak of methylamine disappeared atamine, ethylamine, propylamine, isobutylamine, butyl-
210 nm. amine, isoamylamine, amylamine, 1,3-dimethylbutylamine,
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hexylamine, 2-heptylamine and heptylamine) was car- References
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