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The effect of analogue ions of ion-pair reagents in the normal-phase
ion-pair chromatographic behavior of quaternary ammonium
compounds is shown. Different analogue ions can have a
significant impact on the chromatographic behavior of quaternary
ammonium compounds. Among the ion-pair reagents investigated
(sodium bromide, tetramethylammonium bromide,
tetraethylammonium bromide, tetrapropylammonium bromide,
and tetrabutylammonium bromide), tetramethylammonium
bromide proves to be the most effective reagent for both reducing
retention time and eliminating peak tailing. The influence of
analogue ions on the chromatographic behavior of quaternary
ammonium compounds correlates well with their affinity for
normal-phase silica gel.

Introduction

Quaternary ammonium compounds are an important class of
chemicals, because they are widely used as cationic surfactants,
fabric softeners, and antimicrobials (1,2). Because of the formal
positive charge of the nitrogen atom, these compounds possess
many unique properties that have been utilized in numerous
other applications. For example, a number of molecular recogni-
tion systems for nucleotide triphosphates are based on quater-
nary ammonium compounds (3,4,5). Because quaternary
ammonium compounds can interact with many polar and even
some nonpolar functional groups of proteins (6), they show
promise as useful drug candidates (7).

In terms of chromatographic separations, ion-pair reagents
are often required as mobile phase additives for quaternary
ammonium compound analysis, especially with silica gel-based
stationary phases (8). These additives can eliminate the severe
peak tailing and irreversible adsorption of quaternary ammo-
nium compounds on silica gel-based stationary phases. In addi-
tion, these ion-pair reagents modulate the retention time of the

cationic analytes. A number of theories have been proposed to
explain the effect of ion-pair reagents. For example, theories
such as ion pairing, dynamic ion exchange, dynamic complex
exchange, and the electrostatic model have been frequently dis-
cussed in the context of reversed-phase ion-pair chromatography
(IPC) (9). In comparison, relatively little discussion of the mech-
anism of normal-phase IPC exists in the literature. In these dis-
cussions, the importance of counter ions is often emphasized,
whereas the role of analogue ions receives less attention (when
NaBr is used as the mobile phase additive for the separation of
cations, Br– is considered to be the counter ion and Na+ serves as
the analogue ion). In a related study of the chromatographic
behavior of certain aromatic amines, the effects of certain buffer
cations were found to have a significant influence on the chro-
matographic behavior of these basic analytes (10). The influence
of buffer cations on the chromatographic behavior of various
oligopeptides has also been studied (11). In this article, observa-
tions concerning the effects of analogue ions are discussed for
the retention of 2 representative quaternary ammonium ions in
normal-phase IPC (12,13).

Experimental

General supplies and equipment
All chemicals and solvents were purchased from Aldrich

(Milwaukee, WI), Fluka (Milwaukee, WI), or Fisher Scientific
(Pittsburgh, PA). All solvents were high-performance liquid
chromatography (HPLC) grade, and solutions prepared with
each additive were filtered using FP-Vericel membrane filter
paper (0.2 µm, Gelman Sciences, Ann Arbor, MI). HPLC-grade
Allsphere silica gel (5-µm particle size, 80-Å pore size, 220 m2/g
surface area) was purchased from Alltech (Deerfield, IL). Thin-
layer chromatography (TLC) was completed using EM silica gel
60 F-254 TLC plates (0.25 mm). A standard column packer was
purchased from Alltech. Empty stainless steel HPLC column
hardware was purchased from Separation Technologies
(Hopedale, MA). HPLC analyses were carried out on a Beckman
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(Fullerton, CA) analytical gradient system (System Gold) with
ultraviolet (UV) detection at 254 nm.

Column packing
The normal-phase silica gel HPLC column required for this

study was packed in-house using the standard slurry packing
method at 7000 psi with ethanol as both the slurry and pressur-
izing solvents. The Allsphere silica gel (5 µm, 80 Å) was acid-
washed following the procedure in the literature (14,15) prior to
its use.

Dead time t0 was measured with 1,3,5-tri-t-butylbenzene as
the void volume marker according to literature procedure (16).

Results and Discussion

The chromatographic behavior of 2 quaternary ammonium
ions, benzyltrimethylammonium bromide (ion 1, a monoquater-
nary ammonium ion) and gallamine triethiodide (ion 2, a
trisquatemary ammonium ion) was studied (Figure 1). Both ana-
lytes are commercially available, and their chromatograms can
be monitored readily using a UV detector. Five ion-pair reagents
were employed for this study: sodium bromide (NaBr), tetra-

methylammonium bromide (TMABr), tetraethylammonium
bromide (TEABr), tetrapropylammonium bromide (TPABr), and
tetrabutylammonium bromide (TBABr). In these ion-pair rea-
gents, the counter ion (bromide) is kept the same; therefore, any
difference in the observed chromatographic behavior must
result from the influence of the analogue ions.

The chromatograms of benzyltrimethylammonium bromide
(ion 1) with these different mobile phase additives are shown in
Figure 2. As can be seen clearly from these chromatograms,
using the same solvent and mobile phase additive concentration,
TMABr was more effective than TEABr in both eliminating peak
tailing and reducing the retention time of this analyte. TEABr
was more effective than NaBr, which was in turn more effective
than TPABr. Following a similar trend, TPABr was more effective
than TBABr as a mobile phase additive. In these experiments, no
elution of the analyte could be observed in the absence of these
mobile phase additives.

With gallamine triethiodide (ion 2), a similar series of elution

Figure 1. Representative quaternary ammonium compounds benzyl-
trimethylammonium bromide (ion 1) and gallamine triethiodide (ion 2).

Figure 2. Chromatograms of benzyltrimethylammonium bromide (ion 1)
with various ion-pair reagents. Conditions: concentration of ion-pair
reagent, 0.0500M; column size, 50 × 4.6 mm;mobile phase, MeOH; flow
rate, 1.0 mL/min; UV detector, 254 nm; t0 = 0.61 min.

Figure 3. Chromatograms of gallamine triethiodide (ion 2) with various
ion-pair reagents. Conditions: concentration of ion-pair reagent, 0.100M;
column size, 50 × 4.6 mm; mobile phase, MeOH; flow rate, 1.0 mL/min;
UV detector, 254 nm; t0 = 0.61 min. No elution could be observed with
either TPABr or TBABr. Peaks with retention times less than 1 min are
caused by iodide.

Figure 4. The influence of the concentration of ion-pair reagent TMABr on
the chromatographic behavior of benzyltrimethylammonium bromide
(ion 1). Conditions: column size, 50 × 4.6 mm; mobile phase, MeOH;
flow rate, 1.0 mL/min.
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profiles were observed (Figure 3). Once again, TMABr proved
more effective than TEABr, which was much more effective than
NaBr. For this particular analyte, no elution could be observed
when either TPABr or TBABr was used as the mobile phase addi-
tive. It is apparent that the chromatographic behavior of gal-
lamine triethiodide is much more strongly dependent on the
choice of mobile phase additive than the monoquaternary
ammonium compound benzyltrimethylammonium bromide.

As expected, the chromatographic behavior of these quater-
nary ammonium compounds also depended on the concen-
tration of the mobile phase additive. For example, when the
concentration of TMABr was increased from 0.0125 to 0.100M,
the retention time of benzyl-trimethylammonium bromide
decreased from 1.48 to 0.88 min (Figure 4).

The chosen solvent also has a role in the retention of these
compounds. Interestingly, the retention times actually increased
in this normal-phase ion-pair experiment with more-polar sol-
vents (Figure 5). One possible explanation for this somewhat
surprising result is that in a less-polar solvent, quaternary
ammonium compounds have a greater propensity to exist as ion-
pair complexes rather than discrete ionic species. Compared
with discrete ionic species, the polarity of ion pairs is smaller,
thus the retention to normal-phase silica gel might be weaker.

The effect of the counterion on the chromatographic behavior
of these 2 quaternary ammonium compounds was also briefly
examined. As shown in Figure 2, for benzyltrimethylammonium
bromide, tetramethylammonium chloride (TMACl) was slightly
more effective than TMABr as a mobile phase additive. However,
for trisquaternary ammonium gallamine triethiodide, TMABr
was more effective than TMACl (Figure 3). A reasonable explana-
tion for such conflicting phenomena has not been postulated.

The effectiveness of these mobile phase additives correlates
well with their affinity toward normal-phase silica gel. On
normal-phase silica gel TLC plates with 0.1M LiCl in MeOH as
the developing solvent, the Rf values of TMABr, TEABr, NaBr,
TPABr, and TBABr are 0.24, 0.29, 0.65, 0.67, and 0.76, respec-
tively. These results clearly indicate that the order of binding
strength of these mobile phase additives to silica gel is TMABr >
TEABr > NaBr, TPABr > TBABr, an observation that parallels
their ability to reduce the retention time and peak tailing of ben-

zyltrimethylammonium bromide and gallamine triethiodide.
The TLC plates of TMABr, TEABr, TPABr, and TBABr are visual-
ized with bismuth subnitrate (17), a quaternary ammonium
selective stain, whereas TLC plates of NaBr are visualized with
tetrahydroxy-1,4-benzoquinone, a sodium-selective stain (18).

Conclusion

Different analogue ions can have a significant impact on the
normal-phase IPC separation of quaternary ammonium com-
pounds. Among the 5 ion-pair reagents investigated (TMABr,
TEABr, NaBr, TPABr, and TBABr), TMABr proved to be the most
effective reagent in reducing the retention time and eliminating
peak tailing. With increasing mobile phase polarity, the retention
times of quaternary ammonium compounds actually increase
under these experimental conditions. Also, the influence of each
type of analogue ion on the chromatographic behavior of quater-
nary ammonium compounds correlates well with the affinity of
each analogue ion with normal-phase silica gel.
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