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Pyrophosphates, like other phosphates, have many applications, including uses
in the foodstuffs industry. On the other hand, condensed cyclic polyphosphates are
considered to be potentially detrimental to health. Hence a requirement has arisen for
the selective determination of cyclic triphosphate (trimetaphosphate) in foodstuff-
grade pyrophosphate.

A number of procedures for the determination of phosphates have been
described, including gravimetric, titrimetric and spectrophotometric! methods. These,
however, do not permit individual types of phosphates to be determined selectively.
Paper!'2, thin-layer*-3, ion-exchange! *® and ion chromatography® make it possible in
some instances to separate and identify the phosphates but they are inadequate when
a small amount of one type of phosphate is to be determined in the presence of a large
excess of other phosphates.

Papers dealing with the determination of various phosphates by capillary
isotachophoresis have been published (e.g., refs. 7-9).

Yagi et al.'® have described the separation of different phosphorus oxo acids,
together with trimetaphosphate and pyrophosphate, using capillary isotachophoresis.
The separation and determination of trimetaphosphate in a mixture with other
phosphates has been reported!!-'2,

In the above studies chioride served as the leading ion in most instances and
a histidine buffer solution was used to maintain the required pH value. In this system
the effective mobility of the trimetaphosphate anion is close to that of the leading ion,
which makes detection and identification difficult. Motooka et al.'® were successful in
altering the effective mobility of condensed cyclic phosphates by the addition of
bivalent inorganic cations (cations of alkaline-earth elements). In this study we have
attempted to influence the effective mobility of the separated ions by addition of
organic cations (quaternary ammonium bases) with the objective of developing
a method for the determination of trimetaphosphate in pyrophosphate.

0021-9673/90/%03.50 © 1990 Elsevier Science Publishers B.V.
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Apparatus

The measurements were carried out on an Agrofor isotachograph (JZD Odra,
Krmelin, Czechoslovakia) equipped with a PTFE separation capillary (300 x 0.4 mm
1.D.), a 20-ul sampling valve and a conductimetric detector connected to a TZ 4620 line
recorder (Laboratorni pfistroje, Prague, Czechoslovakia). The pH of the solutions was
checked with an OP-211/1 pH meter (Radelkis, Budapest, Hungary) with an
Orion 81-02 combined electrode.

Chemicals

The leading electrolytes were prepared by combining the following stock
solutions in appropriate proportions: 0.1 mol/l hydrochloric acid (Merck, Darmstadt,
F.R.G.), 0.1 mol/l hydrobromic acid (Lachema, Brno, Czechoslovakia), 0.1 mol/l
tetrabutylammonium hydroxide (Fluka, Buchs, Switzerland) and 0.01 mol/1 cetyltri-
methylammonium bromide in methanol, 1% poly(vinyl alcohol) (purified on a mixed
ion exchanger). The solutions containing cetyltrimethylammonium bromide were
always prepared a day in advance and were filtered prior to use.

As terminating electrolytes 0.1 mol/l solutions of 2-thio-6-azathymine, caproic
acid (Serva, Heidelberg, F.R.G.) and potassium hydrogentartrate {(Lachema) were
used.

Histidine (Reanal, Budapest, Hungary) was adopted for adjusting the pH value
of solutions.

All the chemicals used [except poly(vinyl alcohol)] were of analytical-reagent-
grade. Water deionized on a mixed-bed ion-exchange column served for preparing the
solutions.

RESULTS AND DISCUSSION

Trimetaphosphoric acid is a comparatively strong acid. At pH > 3 it is
dissociated almost completely to the third degree of dissociation. Therefore, it is not
possible to influence the effective mobility of the trimetaphosphate ion by the method
that is most commonly applied in isotachophoresis, i.e., by a change in the pH of the
leading electrolyte. This may be demonstrated with published isotachophoretic
indices'*. Within the pH range 3-10 the relative detector response (Rg = Rx/Rc)
ranges from 1.088 to 1.061, i.e., it differs from the Rg value of the chloride ion less than
required for a successful separation’* (ARg > 0.15).

In spite of this, it has been demonstrated!®~*? that trimetaphosphate can be
determined in the normal HCl-histidine system, provided that the content of the
analyte in the sample is not too high. According to Hirokawa et al.'®, the effective
mobility of the trimetaphosphate anion decreases owing to the formation of an ion
pair with the histidine cation. In spite of this, however, difficulties were encountered
when working with this system, as proper functioning of the Agrofor instrument
requires that there should be a sufficiently large difference between the effective
mobilities of the leading ion and of the first of the separated ions.

The effective mobility of cyclic polyphosphates can be influenced by addition to
the leading electrolyte of, e.g., Ca?*, Mg?*, Sr** or Ba?* 3. If, however, in addition
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to the trimetaphosphate that is being determined, the sample also contains a large
amount of pyrophosphate, there is a risk of precipitation of sparingly soluble salts of
these =lements'®.

We examined the effect of the presence of quaternary ammonium bases in the
leading electrolyte on the isotahophoretic behaviour of trimeta-, pyro- and ortho-
phosphate anions. Tributylammonium cation (TBA ™) and cetyltrimethylammonium
cation (CTMA 1) were selected as they are frequently used in ion-pair reversed-phase
chromatography (see, e.g., ref. 17). The measurements with TBA * were carried out in
an operating system employing Cl~ as the leading ion and those with CTMA™ in
a system with Br™ as the leading ion in 25% (v/v) methanol (because of the limited
solubility of CTMA-Br in water).

It was found that TBA™ does not affect the migration of ortho- and
pyrophosphates; only in with the trimetaphosphate anion at concentrations of TBA *
higher than about 3 mmol/l was a certain decrease in effective mobility observed
(Fig. 1).
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Fig. 1. Effect of TBA* concentration on the PU values of separated ions. Leading electrolyte (LE):
0.01 mol/IC1~ + TBA™ + histidine + 0.05% poly(vinyl alcohol), pH = 5.5. Terminating electrolyte (TE):
0.01 mol/l 2-thio-6-azathymine. PU = potential units!# calculated from responses of the conductimetric
detector; PU = (Rx — R)/(Rr — Ry). Ry, R and Ry are zone heights of the analyte, leading and
terminating ions, respectively. 1 = Trimetaphosphate; 2 = pyrophosphate; 3 = orthophosphate.

It is probable that the trimetaphosphate anion, P;03~, forms an ion-pair with
TBA™ in a similar manner to the histidine cation'®, whereas ortho- and pyro-
phosphate anions do not form ion-pairs.

It can be seen in Fig. 2 that trimeta-, pyro- and orthophosphates can be separated
effectively in the HBr-histidine system in 25% (v/v) methanol. The influence of
CTMA™ is more pronounced than that of TBA™ and manifests itself at CTMA™*
concentrations as low as 0.5-1 mmol/l. Fig. 3 shows the isotachophoretic separation of
trimeta-, pyro- and orthophosphate in the presence of TBA ™. Tt can be seen in Fig. 4
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Fig. 2. Effect of CTMA™ concentration on the PU values of separated ions. LE: 0.01 mol/l Br™ +
CTMA™ + histidine + 0.05% poly(vinyl alcohol) in 25% (v/v) methanol, pH = 5.3. TE: 0.01 mol/i
2-thio-6-azathymine. 1 = Trimetaphosphate; 2 = pyrophosphate; 3 = orthophosphate.

Fig. 3. Isotachopherogram of the separation of a model mixture of trimeta-, pyro- and orthophosphates
(system with TBA™*). LE: 0.01 mol/1 C1~ + 0.004 mol/l TBA* + histidine + 0.05% poly(viny! alcohol),
pH = 5.5. TE: 0.01 mol/! caproic acid. Driving current intensity during recording = 60 nA. | = Trimeta-
phosphate; 2 = pyrophosphate; 3 = orthophosphate; I = unidentified impurities. R = Resistance.
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Fig. 4. Isotachopherogram of the separation of a model mixture of sulphate and trimeta-, pyro- and
orthophosphates (system with CTMA *). LE: 0.01 mol/1 Br~ + 0.001 mol/t CTMA™ + histidine + 0.05%
poly(vinyl alcohol) in 25% (v/v) methanol, pH = 5.3. TE: 0.0l mol/l caproic acid. Driving current intensity
during recording = 60 ¢A. 1 = Sulphate; 2 = trimetaphosphate; 3 = pyrophosphate; 4 = orthophosphate;
1 = unidentified impurities.

Fig. 5. Analysis of commercial pyrophosphate. LE: as in Fig. 3. TE: 0.01 mol/l potassium hydrogentartrate.
Sample: (a) Na,H,P,0, (Ladensburg, F.R.G.), 0.2 g per 100 ml; (b) same as (a), spiked with ca. 0.5% of
trimetaphosphate. Driving current intensity during recording = 60 pA. 1 = Trimetaphosphate;
2 = tartrate; 3 = terminating zone, mixed zone of tartrate and pyrophosphate.
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that trimeta-, pyro- and orthophosphates are separated very effectively in a system
with CTMA™ in a mixed aqueous-methanolic medium. This system can be considered
optimum for separating the above phosphates together with sulphates (which can
serve as an internal standard). In this instance probably both the influence of the mixed
solvent and the formation of ion-pairs of the ions to be separated with CTMA™* are
combined to give this final effect. A disadvantage of this system for practical use in the
limited stability of the leading electrolyte solution.

Therefore, we adopted the system with TBA™ for routine determinations of
trimetaphosphate in pyrophosphate. Tartrate was chosen as the terminating electro-
lyte. Its effective mobility in the given system is close to that of pyrophosphate and
hence the terminating zone during an analysis is formed by a mixed zone of tartrate
with pyrophosphate. The selection of the faster moving tartrate (compared with
hexanoate) makes it possible to use a higher intensity of the driving current and thus
shorten the duration of analysis. The composition of the leading electrolyte is
0.01 mol/1C1™ + 0.004 mol/l TBA™* + 0.05% poly(vinyl alcohol), pH = 5.5, adjusted
with histidine.

An example of the analysis of commercial pyrophosphate used in the foodstuffs
industry as an additive to baking powders is shown in Fig. 5. Under the conditions
specified trimetaphosphate in pyrophosphate can be determined at concentration
levels down to 0.1%, which satisfied the given application.

The equation of the linear calibration graph for the determination of trimeta-
phosphate is y = 0.0340x — 0.0089, where y (s) is the zone length (at a driving current
of 60 #A) and x (mg/1) is the concentration of trimetaphosphate for an injection of 20 ul
(correlation coefficient = 0.9996, n = 9). The detection limit, established under the
conditions specified in Fig. 5 and defined according to ref. 18 as the absolute amount of
the analyte that will give a zone passing through the detector during 1 s, is ca. 0.5 ug.
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