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ABSTRACT

Herein, we present a convenient method for quantitative spectrophotometric determina-
tion of citrate ions in aqueous solutions in the middle-UV range. It involves measuring the
absorbance of citric acid at 209 nm under suppressed dissociation at pH < 1.0 in the
presence of hydrochloric acid. Validation of the method was performed according to the
guidelines of the International Conference on Harmonization. A very good linear depen-
dence of the absorbance on concentration (r?> = 0.9999) was obtained in a citrate concen-
tration range of 0.5-5.0 mmol/L. This method is characterized by excellent precision and
accuracy; the coefficient of variation in each case is below the maximal permissible value
(%RSD < 2). The proposed analytical procedure has been successfully applied to the
determination of citrates in oral electrolyte formulations.
Copyright © 2017, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
LLC. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

glucose, inorganic sodium, and potassium salts (chlorides or
bicarbonates). In these formulations, citric acid is typically an
acidity regulator. As a rule, citric acid is regarded as a triprotic

Citric acid (CeHgO,) and its salts are widely used in food and
pharmaceutical industries. One of the common pharmaceu-
tical applications of citrates is their use in oral rehydration
treatment [1]. For this purpose, electrolytes are normally
supplied in the form of effervescent tablets or powders for the

acid, having three dissociation constants (pK, = 3.13, 4.76 and
6.40) [2] and forming mono-, di- or tribasic salts. However,
there are some reports of a fourth dissociation constant
related to the deprotonation of the hydroxyl group at the
central carbon atom in strongly basic solutions (pK, = 13.0)

preparation of oral solutions. In addition to the citrate salts

e : ) [2,3]. The unionized acid and related citrates exist in aqueous
(most often trisodium citrate) [1], they usually contain

solutions in specific pH ranges (Figure 1) [2—7].
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Figure 1 — Specific pH ranges of the occurrence of citric acid and various citrates in aqueous solutions (25°C, I = 0.1 M) [2—7].

Aqueous solutions of citric acid and its salts are colorless,
since they absorb in the middle-UV range. This absorption is
attributed to the carbonyl groups (C=0) of unionized or
ionized carboxyl groups (electronic n—=* transitions). The
absorption maximum of citrates in aqueous solutions is
observed at about 200 nm [8,9]. However, because citrates
produce broad UV absorption bands close to the lower
detectable wavelength limit accessible for standard spec-
trometers, the direct spectrophotometric method is rarely
used. Usually, citrates are analyzed using an indirect proced-
ure necessitating their complexation with transition metal
ions [10—12] or enzymatic derivation to achieve clear absorp-
tion bands, preferably in the visible range [13,14]. Rather than
the spectrophotometric method, chromatographic analysis
[6,15—18], capillary electrophoresis [19,20], or classical titra-
tion [18] are typically used.

In aqueous solutions of citric acid and citrate salts, the
processes of dissociation and hydrolysis lead to complex
equilibria which are dependent on nominal concentrations of
solutes, pH, and temperature. Therefore, at a constant tem-
perature, an analyst is concerned with a mixture of various
forms of citrates (HsCit, H,Cit™, HCit?", Cit>") present in the
solution at a given pH. The spectrophotometric determination
of citrates proposed in this paper requires neither complicated
reactions nor the use of specialized reagents. According to the
Le Chatelier—Braun principle, the addition of strong acid to a
solution of citrates shifts the dissociation backwards towards
a less dissociated species. In view of the pK, values of citric
acid, only undissociated HsCit molecules are present in
aqueous solutions at pH < 1.0 in practice. Thus, the spectro-
photometric analytical conditions are significantly improved,
as shown in this paper: the absorption maximum moves to a
higher wavelength and becomes more discernible, while the
absorption bands become narrower.

This study is aimed at the quantitative analysis of citrates
in highly acidic aqueous solutions using UV spectrophotom-
etry. Citric acid and trisodium citrate solutions have been
studied with the admixture of hydrochloric acid to lower the
pH below 1.0. The spectrophotometric analytical procedure is

carefully examined and validated on standards. Following this,
it is verified against five different commercial medications,
which are distributed in sachets as powders containing triso-
dium citrate (oral electrolyte medications for rehydration
therapy). Our method can be applied in pharmaceutical, clin-
ical, and chemical analyses provided that there is no spectral
or chemical interference from accompanying compounds.

2. Materials and methods

The commercial oral electrolyte formulations used in this
study were procured from the local drugstore; they are listed
as follows: Acidolit powder — code E1-AC (Z.F. Polpharma S.A.,
Starogard Gdanski, Poland), composition: trisodium citrate,
glucose, sodium chloride, potassium chloride; Dicodral 60
powder — code E2-DI (Dicofarm S.p.A., Rome, Italy), compo-
sition: trisodium citrate, glucose, sodium chloride, potassium
chloride, banana flavor; Floractin electrolytes — code E3-FL
(Novascon Pharmaceuticals Sp. z 0.0., Warsaw, Poland),
composition: trisodium citrate, tripotassium citrate, glucose,
sodium chloride, orange flavor; Hydronea Baby — code E4-HY
(Aflofarm Farmacja Polska Sp. z o.0., Pabianice, Poland),
composition: trisodium citrate, glucose, sodium chloride, po-
tassium chloride, lemon flavor; and Orsalit — code E5-OR
(Biomed S.A., Cracow, Poland), composition: trisodium cit-
rate, glucose, sodium chloride, potassium chloride.

Validation of the analytical method was performed ac-
cording to the guidelines of the International Conference on
Harmonization [21]. The statistical analysis of the results was
done using STATISTICA software (StatSoft, Inc.; version 12;
2014).

2.1. Preparation of standard solutions for the method
validation

Two series of standard solutions (A and B), each containing 11
solutions, were prepared using anhydrous citric acid (ACS
reagent, >99.5%, Sigma-Aldrich) and trisodium citrate
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