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A method was developed for the determination of tetraethyl ammonium (TEA) by reversed-phase ion-
pair chromatography with indirect ultraviolet detection. Chromatographic separation was achieved on a
reversed-phase C18 column using background ultraviolet absorbing reagent - ion-pair reagent — organic
solvent as mobile phase. The effects of the background ultraviolet absorbing reagents, detection
wavelength, ion-pair reagents, organic solvents and column temperature on the determination method
were investigated and the retention rules discussed. Results found that TEA could be successfully
analyzed by using 0.7 mmol/L 4-aminophenol hydrochloride and 0.15 mmol/L 1-heptanesulfonic acid
sodium mixed with 20% (v/v) methanol as mobile phase at a UV detection wavelength of 230 nm. Under
these conditions, the retention time of tetraethyl ammonium was 2.85 min. The detection limit (S/N = 3)
for TEA was 0.06 mg/L. The relative standard deviations (n = 5) for peak area and retention time were
0.35% and 0.02%, respectively. The method has been successfully applied to the determination of
synthesized tetraethyl ammonium bromide. Recovery of tetraethyl ammonium after spiking was 99.1%.
© 2013 Hong Yu. Published by Elsevier B.V. on behalf of Chinese Chemical Society. All rights reserved.
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1. Introduction

Quaternary ammonium salts are compounds with the four
hydrogen atoms of the ammonium ion substituted by hydrocar-
bon; generally similar with the nature of inorganic salts, easy to
dissolve in the water, and the aqueous solution can be conductive
[1]. As a quaternary ammonium salt, tetraethyl ammonium
bromide is an important cationic surfactant, which is mainly used
for emulsification, sterilization, etc. In recent years, it has also been
applied in organic synthesis as a phase transfer catalyst, and has
been becoming one of the important fine chemicals. The reported
methods for the determination of quaternary ammonium salts
mainly included spectrophotometry [2], high performance liquid
chromatography [3], ion chromatography [4] and capillary
electrophoresis [5]. The determinations of quaternary ammonium
salts by spectrophotometry are generally complicated, while the
determinations by chromatography are simple and have higher
sensitivity. However, indirect ultraviolet detection requires added
materials with ultraviolet absorption as background ultraviolet
absorbing reagents in mobile phase to detect analytes not
exhibiting ultraviolet absorption. The method is simple and fast,
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because the analyte derivatization process is not needed. At
present, indirect ultraviolet detection is mainly combined with
capillary electrophoresis [5-7], ion chromatography [8], ion-pair
chromatography [9], high performance liquid chromatography
[10], for the detection of inorganic ions and aliphatic hydrocarbons.
The analysis of quaternary ammonium salt by ion-pair chroma-
tography-indirect ultraviolet detection has scarcely been reported.

The goal of this work was to develop a method for the
determination of tetraethyl ammonium (TEA), which has no
ultraviolet absorption, by reversed-phase ion-pair chromatogra-
phy with indirect ultraviolet detection. The separation and indirect
ultraviolet detection of TEA were achieved on a reversed-phase
C18 column using 4-aminophenol hydrochloride-1-heptanesul-
fonic acid sodium-methanol as the mobile phase at 230 nm
wavelength. The method has been successfully applied to the
analysis of tetraethyl ammonium bromide samples.

2. Experimental

Methanol and acetonitrile (HPLC grade) were obtained from
Dikma technologies (Shanghai, China). 1-Heptanesulfonic acid
sodium and 1-pentanesulfonic acid sodium (HPLC grade) were
obtained from Tianjin Guangfu Fine Chemical Research Institute
(Tianjin, China). 4-Aminophenol hydrochloride, sulfosalicylic acid,
nicotinamide, phthalic acid and acetic acid (analytical grade) were
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supplied by J&K Chemical, Ltd. (Beijing, China). Tetraethyl
ammonium bromide (>99%), used as the standard substance,
was obtained from Shanghai Chengjie Chemical, Ltd. (Shanghai,
China).

Standard solutions were prepared in 18.2 M{) cm deionized
distilled water from a Millipore Milli-Q water-purification system
(Millipore, USA). Before injection, solutions were filtered through a
0.22 wm membrane filter (Shanghai Xinya Purity Instrument
Factory, China). Stock standard solution of 1000 mg/L concentra-
tion was prepared. Working standard solution from stock solution
was prepared on a daily basis as required.

Milli-Q water was also used to prepare mobile phases. Aqueous
4-aminophenol hydrochloride and 1-heptanesulfonic acid sodium
solution were mixed in the appropriate concentration, and then
acetic acid was added to adjust the required pH. A model PHSF-3F
pH meter (Shanghai Precision and Scientific Instrument, Shanghai,
China) was used for pH measurement. Before use, mobile phases
were filtered through a 0.22 pm filter, and then degassed for
15 min with a Model DOA-P504-BN pump (IDEX, USA).

All experiments were carried out on an Agilent 1200 HPLC
system (Agilent, USA), which consisted of a quaternary pump
(Model Quat pump-G1311A), a detector (Model DAD-G1315D), an
autosample injector (Model ALSG1329A), a column oven (Model
TCC-G1316A) and a degasser system (Model Degasser-G1322A).
The chromatographic system control, data acquisition and data
analysis were performed using the Agilent Rev.B.04.01 workstation
(Agilent, USA).

All separations were performed on a 4.6 mm i.d. x 150 mm
ZORBAX Eclipse XDB C18 column (Agilent, USA). The optimal
mobile phase consisted of 0.7 mmol/L 4-aminophenol hydrochlo-
ride and 0.15 mmol/L 1-heptanesulfonic acid sodium (pH 3.5)
mixed with 20% (v/v) methanol. The flow rate was set at 1.0 mL/
min. Column temperature was 30 °C. Injection volume was 20 L.
Ultraviolet detection (230 nm) was employed.

3. Results and discussion

Because TEA has no ultraviolet absorption group in its
molecular structure, the addition of background ultraviolet
absorbing reagents to the mobile phase is needed for detection
using the indirect ultraviolet detection method. The detection of
TEA was investigated using 4-aminophenol hydrochloride, phtha-
lic acid, nicotinamide and sulfosalicylic acid as background
ultraviolet absorbing reagents at their respective maximum
wavelengths. With the 0.5 mmol/L background ultraviolet absorb-
ing reagent aqueous solution (adjusted to pH 3.0 with acetic acid)
mixed with 20% methanol as the mobile phase, no chromatograph-
ic response for TEA was observed. Concerns that the appropriate
ion-pair reagent in the mobile phase may act on the determination
of TEA, further, 0.5 mmol/L background ultraviolet absorbing
reagent and 0.1 mmol/L 1-heptanesulfonic acid sodium (pH 3.0)
mixed with 20% methanol was used as mobile phase. The results
showed that only when the determination of TEA was performed
using 4-aminophenol hydrochloride aqueous solution/1-heptane-
sulfonic acid sodium/methanol as mobile phase at 240 nm, we can
clearly observe the chromatographic peak of TEA in the chromato-
gram. Therefore, in following investigations, we used 4-amino-
phenol hydrochloride as the background ultraviolet absorbing
reagent.

In the investigation on detection wavelength, the flow rate was
1.0 mL/min, the column temperature was 30 °C, and the mobile
phase was 0.5 mmol/L 4-aminophenol hydrochloride and
0.1 mmol/L 1-heptanesulfonic acid sodium (pH 3.0) mixed with
20% methanol. It was found that using the detection wavelength at
230 nm, the baseline noise was the minimum with well-shaped

peaks. Therefore, the detection wavelength of 230 nm was selected
in the following investigations.

The effects of two ion-pair reagents 1-pentanesulfonic acid
sodium and 1-heptanesulfonic acid sodium on the determination
of TEA were also investigated. When using 1-pentanesulfonic acid
sodium as the ion-pair reagent, the determination of TEA was not
achieved. Therefore, 1-heptanesulfonic acid sodium was chosen
as ion-pairing reagent. In order to investigate the effect of 1-
heptanesulfonic acid sodium concentrations on the determina-
tion of TEA and choose the optimal concentration, the concentra-
tions of 1-heptanesulfonic acid sodium were varied from
0.05 mmol/L to 0.30 mmol/L using 1-heptanesulfonic acid sodium
and 0.5 mmol/L 4-aminophenol hydrochloride (pH 3.0) mixed
with 20% methanol as mobile phase. It was found that the
retention time of TEA was lengthened with increasing concentra-
tions of 1-heptanesulfonic acid sodium. As described in some
reversed-phase ion-pair chromatography studies, the formation
of neutral ion pairs is enhanced with increasing concentration of
the ion-pair reagent (1-heptanesulfonic acid sodium), which
strengthens the interaction between neutral ion-pair and
stationary phase and thereby increases the retention of analyte
(TEA). While the concentration was 0.05 mmol/L, the retention
time of TEA was so short that the system peak interfered with the
determination. When the concentration was 0.15 mmol/L, the
baseline noise was the minimum with well-shaped peaks.
Consequently, the appropriate concentration of 1-heptanesulfo-
nic acid sodium was 0.15 mmol/L.

The effect of 4-aminophenol hydrochloride concentration on
the determination of TEA was investigated using 4-aminophenol
hydrochloride and 0.15 mmol/L 1-heptanesulfonic acid sodium
(pH 3.0) mixed with 20% methanol as mobile phase. The
concentrations of 4-aminophenol hydrochloride were investigated
at 0.3, 0.5, 0.7 and 1.0 mmol/L. The results showed that the
retention time of TEA was shortened with increasing the
concentration of 4-aminophenol hydrochloride. Because the 4-
aminophenol with positive charge in the mobile phase has the
function of elution ion, so as its concentration increases, the elution
ability of the mobile phase will also be enhanced. This phenome-
non explains that the dynamic ion exchange mechanism exists in
the process of TEA retention. At the concentration of 0.7 mmol/L,
the baseline noise and the detection limit were the minimum.
Therefore, the appropriate concentration of 4-aminophenol
hydrochloride was 0.7 mmol/L.

The effect of the mobile phase pH on the determination of TEA
was investigated using 0.7 mmol/L 4-aminophenol hydrochlo-
ride and 0.15 mmol/L 1-heptanesulfonic acid sodium mixed with
20% methanol as mobile phase. The result indicated that with the
increase of aqueous solution pH of the mobile phase, the
retention time will extend gradually from pH 3 to 4.5 and then
reduce in pH 5. However, generally it will not significantly
change, and when at pH 3.5, the baseline noise reaches the
minimum level. Therefore, pH 3.5 was found to be suitable and so
was used in further work.

Methanol and acetonitrile were used as organic solvents for the
determination of TEA. When using acetonitrile as organic solvent,
the peak of TEA was not observed. Therefore, methanol was
selected as the organic solvent. In investigating the effects of
methanol concentration, the volume fractions of methanol were
10%, 20%, 30%, 35% and 40% with 0.7 mmol/L 4-aminophenol
hydrochloride and 0.15 mmol/L 1-heptanesulfonic acid sodium
(pH 3.5) as the mobile phase, the determination of TEA was
performed. The results showed that the retention times of TEA
were decreased with increasing methanol volume fractions. With
increasing concentrations of methanol, the surface tension of the
mobile phase is reduced, which in turn reduced the solvophobic
adsorption of the neutral ion pair on the stationary phase, thus
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