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The liquid chrornatographic determination of aliphatic amines has mainly 
been performed by ion-exchange chromatographyf -3 and ion chromatography’*s. 
The amines have been separated exclusively on cation-exchange resin columns. In 
ion-exchange chromatography, the amines eluting from a separating column have 
been monitored by a spectrophotometric detector based on the reaction of ninhydrin 
with amines. In ion chromatography, the amines eluting from a separating column, 
followed by a stripper column, have been monitored by a conductimetric detector. 
However, no reports have considered the chromatography of aliphatic amines using 
a system other than the separating column-detector systems mentioned above, 

In this work, the chromatogaphy of aliphatic amines was studied with a 

system consisting of a hydroxide-form anion-exchange resin column and a flow 
coulometric detector_ We have previously used a hydrogen-form cation-exchange 
resin column and a ff ow couiometric detector for the analysis of acidF9. The detector 
was based on the electrochemical reaction of p-benzoquinone and hydrogen ion 
formed by the disscrciation of acid as follows: p-benzoquinone + 2Hi f 2e- -+ 
hydroquinonelopll. The detector used in this work is baaed on the efectrochemical 
reaction of hydroquinone and hydroxide ion formed by the hydrolysis of amine as 
follows: hydroquinone + 2QH- -+ p-benzoquinone + 2H,O _t 2e-. This paper dis- 
cusses the chromatographic results with methyl- to octylamine obtained on an anion- 
exchange resin column with the coulometric detector system_ 

EXPERIMENTAL 

A Hitachi 034 liquid chromatograph was used for isocratic elution and a 
Spectra-Physics 3500B liquid chromatograph for gradient elution.’ Each chromato- 
c@eph was equipped with a Hitachi 030 flow coulometric detector. Detai!s of the 
detector have been described by Takata and co-workerslo*ll_ The electrolytes for flow 
coulometric detection were as follows: 0.01 M hydroquinone-O.OOl M p-benzo- 
quinone-O.l M potassium chloride for the working electrode reaction and 0.5 M 
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potassium iodide for the reference electrode reaction. A glass-jacketted Cohen 
(550 x 9 mm I.D.) packed witha Hitachi 2632 hydroxide-form anion-exchange resin 
@rticle size IS f 2 pm and degree of cross-finking 8%) was used. The coIumn was 
thermostated at 50” except far experiments on the e&ct of column temperature. En 
genera!, a hydroxide-form anion-exchange resin is uns*sbIe af eIev&d temperature. 
However, of column temperatures up to 6Q”, reproducible chrom&ograms could be 
obtained in repeated chromatographic runs without re-packing the cofurrm. Deionized 
water or deionized water-acetone was used as the eluent at a fiow-rate of L ml/m+. 

The aliphatic amines studied were methyl- to octy!amine of reagent grade. 
All stock solutions of these amines were prepared by dissohing the amine in deionized 
water or 50 y0 ethanol. The sample solution (0.5 ml) was injected into the column with 
a loop injector. A chromatogram was recorded with a National V??dSLA st&-chart 
recorder. The peak areas and retention times of the amines were recorded by an 
Auto Lab System I computing integrator. 

RESULTS AND DISCUSSION 

How coulometric detection of amines 
An afiphatic amine eluting from a separating cohunn is in equilibrium with 

protonated amine and hydroxide ion: 

RN& -i- Hz0 s RN&’ f OH - w 

where R represents an alkyl group. The eiectrochemicall reaction of hydraquinone 
and the hydroxide ion takes place at the working electrode of the flow coulometric 
detector : 

H,Q t 2QH- +Qf2H,Q+2e- (2) 
‘ 

where Hz0 and Q represent hydroquirrone and p-benzoquinone.. respictiuely. %e 
amine is determined by measuring the current resulting from the eEectro&tic otidation 
of hydroquinone according to eqn. 2. 

For the electrochemical reaction represented by eqn. 2, a potentigf applieii 
between the working and reference electrodes is an important factor. Patentiafs were 
applied to the working electrode in the range 0.2-Q.? V rerms the reference electrode; i 
and the optimal potential was determined by measuring the peak atea Of ~3%~ 
hydroxide liberated by. anion exchange of sodium chloride. 

Fig. I shows the relationship between the applied pote;W, and- the detector 
response (peak area). As shown, the optimal potential was 0.45 V- SK~SWU~~ eX- 
periments were carried out at 0.45 V. 

Retention volumes 
Table I shows the. retention volumes of aliphatic amines tested with water as 

the eluent. The retention volumes of n-a&y! amines increased with mcrease in carbon 
number or boiling point. The detector responses obtained decreazz -with increase in 
carbon number. The peak of oG-tylanaine was not detect& becau% af the 2dsOrPtiOn 
effect oc the resin bed. The retentian volume of isopropylamine -was Eower thhan th& 
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Fig. 1. Relationship between peak area and applied po:ential. SampIe concentration: 100 mg/l of 
scdium chloride; OS-m1 injection. 

TABLE I 

RETENTION VOLUMES AND DETECTION LIMITS OF AMCNES 

Amine Reterrtfon volume 

(m!) l 

Boiling point Detection fimit 

(“Cl C&O l = 

Methylamine (MeA) 17.3 -6.6 0.05 
Ethylamine (EtA) 17.4 16.6 0.11 
Diethylamine (E&A) 1S.O 56 0.23 
Triethyiamine (EtaA) 91.5 89.5 0.30 
n-Propylamine (PrA) 19.3 48.7 0.16 
Isopropyiamine (i-PrA) 15.3 33 0.16 
n-Eurylamioe (BuA) 23.6 76 0.19 
n-Amylamine (AmA) 30.0 104 0.24 
fl-Hexylamine (HxA) 49.5 129 0.26 
n-Heptylamine (HpA) 76.0 153.5 0.29 
n-Octylamine COCA) - IS0 0.32 

a Eiuent : water. 
l l Eluent : water- % acetone. 

of n-propylamine; those of di- and triethyiamine were higher than that of ethylamine. 
These results suggest that the separation of the amines on the hydroxide-form anion- 
exchange resin column is based on the adsorption effect on the resin matrix. 

Eflect qf column temperature 
The effect of co!umn temperature on the retention volumes of n-alkylamines 

was investigated in the temperature range 30-60” (Fig. 3). The retention volumes of 
methyl and ethylamine were hardly affected by the cotumn temperature, whereas 
those of propyi- to heptylamine slightly decreased with increase in column temper- 
ature. .It is coasidered that the increase in the soiubilities of the amines in water at 
ekvated temperature decreased the retention volumes. 
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Fig. 2. Effect of column temperature on retention volumes of amines. 

Egect of acetone concentration in water-acetone eluent 
The solubilities of aliphatic amines are higher in water-acetone than in water 

as the eluent. Mixtures containing water and up to 40% (v/v) of acetone were used 
as eluent. The peak heights and areas of methyl- and ethylamine did not vary with 
an increase of aceto&?‘Concentration in the eiuent, whereas those of propyl- to actyl- 
amine increa+& with an increase in acetone concentration in the eluent. In particular, 
the peak o&ztylamine, which was not detected with water as the eluent, could be 
observed irj an eluent containing 10°TO of acetone. 

Fig.3 shows the effect of acetone concentration on the retention volumes of 
n-alkylamities. The retention volumes of methyl- to propylamine -were not affected 
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Fig. 3. Effect of acetone concentraion on retention volumes of amines. 
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by the acetone concentration, whereas those of butyl- to octylamine decreased with 
increase in acetone concentration in the eiuent: This behaviour shows that the 
solubilities of amines increased with increase in acetone concentration. 

The volume of the ion-exchange resin bed in the column gradually decreased 
with increase in acetone concentration in the eluent. When water-40°A acetone was 
used as the eluent, a shrinkage of about 3% was observed. However, the resin bed 
returned to its original volume after passing water into the column. The column 
could be used again without re-packing. 

Separation of sew-al amines 
A mixture of several aliphatic amines was separated by isocratic elution with 

water as the eluent and by gradient elution with water-acetone. The gradient profile 
was linear with a continuously increasing acetone concentration from 0 to 20% 
during the first 30 min. Fig. 4 shows the chromatograms obtained by both methods. 
Although methyl- to heptylamine were separated by isocratic elution with water, the 
peak pattern was not clear (Fig. 4A). The chromatogram obtained by gradient elution 
showed a good separation of methyl- to octylamine (Fig_ 4B). 

The column used for gradient elution could be used again without re-packing, 
because the decreased volume of the resin bed was hardly noticeable. Reproducible 
chromatograms could be obtained on repeated chromatographic runs. 
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Fig. 4. Chromatograms of a mixture of n-alkyl amines. (A) Isocratic elution method; CB) gradient 
elution method. 
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Calibrarion graph and detection limits 
A calibration graph was constructed for propylamine in the concentration 

range l-200 mg/l (Fig. 5). Bouyoucoss has pointed out that the response of a con- 
ductimetric detector in ion chromatography is non-linear for amines at concentrations 

over 100 mg/l. However, as shown in Fig. 5, the present method gave an excellent 
linear response at concentrations up to 200 mg/l. 

Csncn. of propyl amine, mg II 

Fig. 5. Relationship between peak area and concentration of n-propylami7e. 

The detection limits of the aliphatic amines were determined with water-40% 
acetone as the eiuent, an injection volume of 0.5 ml and a column temperature of 50”. 
The detection limit was defined as that concentration which gave a signal twice as 
strong as that produced by the background noise. 

These limits are shown in Table I. The detection limits for the lower amines 
were lower than those for the higher amines. 
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