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Abstract

The ion-associate complexes of lignocaine hydrochloride (Lig.Cl) with ammonium reineckate (Rk) or sodium
cobaltithiocyanate, and that of amprolium hydrochloride (Amp.Cl) with ammonium reineckate, have been prepared.
The precipitated ion-associates were subjected to elemental analyses, infrared and nuclear magnetic resonance
spectroscopy and determination of the metal content for elucidation of their structures. The solubilities of the solid
ion-associate complexes have been studied and their solubility products were determined at different temperatures at
the optimum pH for their quantitative precipitation. The thermodynamic parameters �H, �G and �S for the
dissolution of the ion-associate complexes were calculated. These ion-associate complexes have been used for the
quantitative determination of the above mentioned drugs by precipitating them with an excess of the inorganic metal
complex ions and determining the excess metal complex ions using atomic absorption spectrometry. The method was
applied for the determination of the above drugs in pure solution and pharmaceutical preparations. 0.135–135.4 and
0.158–157.6 mg of lignocaine and amprolium, respectively, can be determined with mean relative standard deviations
(R.S.D.) 0.92–1.20% and recovery values of 99.18�0.48 to 100.12�0.34% indicating high precision and accuracy.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The investigated drugs are important pharma-
ceutical compounds. Lignocaine hydrochloride
(Lig.Cl) is a local anaesthetic of the amide type
and is widely used by injection and for local
applications to mucous membranes [1]. Ampro-
lium hydrochloride (Amp.Cl2) is an antiproto-
zoal agent used in veterinary practice for the
control of coccidiosis in poultry [1].

The pharmacopoeial methods for determina-
tion of both lignocaine and amprolium depend

on high performance liquid chromatography
(HPLC) technique [2]. Several methods, also,
have been reported for determination of ligno-
caine; they include titrimetry [3,4], spectrophoto-
metry [5–7], HPLC [8–10], TLC [11], GC
[12–15] and potentiometry using ion selective
electrodes [16–18]. Various techniques have
been, also, used for determination of ampro-
lium; including gravimetry [19], spectrophotome-
try [20–22], HPLC [23–25], GC [26], TLC
[27]and potentiometry using ion selective elec-
trode [28].
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Although some atomic absorption spectrometric
methods (AAS) have been reported for determina-
tion of lignocaine [29–31], yet, most of them need
extraction prior to measurement. Also, this tech-
nique has not been applied for the determination
of amprolium. The present work presents a new
atomic absorption method for the determination of
lignocaine and amprolium. Atomic spectrometry is
characterized by high sensitivity and accuracy en-
abling determination of the drugs with simple and
rapid method. The method is free from interference
by excipients present in the drug formulations. The
determination is based on the precipitation of the
ion-associates of the drugs with an excess of rei-
neckate (Rk) or cobaltithiocyanate complexes,
then measuring the equilibrium concentration of
the excess metal ion complexes in the super-
natant solution using AAS. This method of analy-
sis depends on the formation of sparingly
soluble ion-associates containing the studied drugs
and the inorganic metal complex ion. So, it is
worthy to study and determine the solubility of
such solid ion-associates, as the accuracy of
the determination depends mainly on their low
solubility.

2. Experimental

2.1. Materials and reagents

All reagents used were of analytical grade. Lig-
nocaine hydrochloride (C14H23N2OCl, MW=
270.8) and amprolium hydrochloride
(C14H20N4Cl2, MW=315.2) were supplied by AD-
WIC (Egypt). Ammonium reineckate, cobalt sul-
phate, ammonium thiocyanate, sodium chloride,
methyl parapen, propyl parapen, sucrose, glucose
and lactose were Aldrich products. The pharma-
ceutical preparations assayed were purchased from
local market. They include Xylocaine 2% injection
solution (containing 2% (w/v) lignocaine hydro-
chloride, sodium chloride, methyl parapen, propyl
parapen and sterilized water) produced by Astra
(Sweden); Lignocaine cream (containing 5% (w/w)
lignocaine hydrochloride in water washable base)
produced by NILE Co. for Pharm. and Chem.
Industries (Egypt); and amprolium 20% soluble

powder (containing 20% (w/w) amprolium hydro-
chloride in sucrose, glucose or lactose) for veteri-
nary use produced by El-Nasr Pharm. Chem. Co.
(Egypt). The water was always twice distilled from
all glass equipments.

2.2. Preparation of the ion-associate complexes

Lignocaine–cobaltithiocyante ion-associate
(2:1) was prepared by mixing an aqueous solution
containing 0.1 mole of Co(II) ion with an equal
volume of a solution containing 0.4 mole of ammo-
nium thiocyanate, then adding the formed
cobaltithiocyanate complex to a solution contain-
ing 0.2 mole of lignocaine hydrochloride. Ligno-
caine–reineckate ion-pair (1:1) and amprolium–
reineckate ion-associate (1:2) were prepared by
mixing one volume of a solution containing 0.1
mole reineckate with an equal volume of a solution
containing 0.1 mole lignocaine hydrochloride, or
0.05 mole amprolium hydrochloride, respectively.
The formed precipitates were filtered, washed with
distilled water till free from the soluble ions that
may be leached (free from chloride ion), and dried
at room temperature. To elucidate the formation
and structure of the ion-associate complexes, the
products were subjected to elemental analysis at
the Microanalytical Center of Cairo University,
infrared and NMR spectroscopy and determina-
tion of the metal ion content.

2.3. Effect of pH on the solubility of
ion-associates

The suitable pH values at which the ion-associ-
ates exhibit the lowest solubility were determined
by saturating a series of solutions of different pH
values, ranging from 1 to 10 (adjusted with HCl or
NaOH), with the solid ion-associates. The solu-
tions were left to stand for a week, with occasional
shaking, to attain a stable equilibrium. Thereafter,
the saturated solutions were filtered in dry beakers,
and the equilibrium concentrations of the metal
ions, present in the form of soluble inorganic
complex ions, were measured using AAS. The
solubility and solubility product of the ion-associ-
ates were calculated, from the concentration of the
metal ions.
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2.4. Effect of temperature

The effect of temperature on the solubility of
the ion-associates was studied by saturating a
series of solutions of different temperature, at the
optimum pH, with the solid ion-associates. The
metal ion content, present in the form of soluble
complex ion, was measured using AAS, and hence
the solubility and solubility product were calcu-
lated at different temperatures.

2.5. Preparation of standard solutions

Standard solutions containing Co or Cr ions
were prepared by weighing 1.000 g of highly pure
Cr-metal or Co-powder (Aldrich), dissolving in
concentrated HNO3 and completing to 1 l with
distilled water. The 1000 �g ml−1 solutions were
stored in plastic bottles, which have been pre-
soaked in diluted HNO3. The solutions are stable
for approximately 1 year.

Aqueous solutions containing 0.1 M ammo-
nium reineckate or 0.1 M cobaltithiocyanate com-
plexes were always freshly prepared and
standardized using AAS. 0.1 M solutions of the
investigated drugs were prepared and standard-
ized [17,28]. The solutions were stored in dark
bottles. Dilute solutions were prepared by accu-
rate dilution.

2.6. Apparatus

The IR-absorption spectra were obtained by
applying the KBr-disc technique using Shimadzu
FTIR-8201 PC Fourier Transform Infrared Spec-
trophotometer. The proton nuclear magnetic reso-
nance spectra (1H NMR) were scanned using
Varian Gemini 200, 200 MHz (H-NMR) spec-
trometer, the solvent used was DMSO, using
TMS as internal standard. The pH values of the
solutions were measured using CHEMITRIX
type-62 digital pH-meter. The determination of
metal ion content was carried out using Perkin–
Elmer 2380-AAS. Air–acetylene was used as a
fuel under the recommended conditions [32] (Co
and Cr were measured at 240.7 and 357.9 nm with
slit width of 0.2 and 0.7 nm, respectively). Cali-
bration graphs were constructed using standard

ammonium cobaltithiocyanate or ammonium rei-
neckate complexes, by performing triplicate mea-
surements using solutions containing 0, 10, 20, 30
and 50 �g ml−1 of the respective inorganic com-
plex ion. The calibration graphs are straight lines
passing by the origin.

2.7. Procedures for determination of the drugs

Aliquots (0.1–10 ml) of 0.01 M solution of the
drug were transferred to a 25 ml measuring flask.
To each flask, a known excess (1–5 ml) of 0.1 M
solution of the inorganic complex ion (ammonium
reineckate or cobaltithiocyanate) was added, then
completed to the mark with distilled water. The
solutions were shaken well, left to stand for 30
min, to assure complete precipitation, and filtered.
1 ml of the filtrate was diluted to 10 or 25 ml with
distilled water, then the metal ion concentration
was measured using AAS. The excess metal com-
plex ion was determined; from which the con-
sumed metal complex in the formation of the
ion-associate was calculated and the drug concen-
tration was, thus, determined indirectly.

For analysis of the drugs in the pharmaceutical
formulations, aliquots equivalent to (0.20–100.0
mg) of lignocaine hydrochloride or amprolium
hydrochloride were transferred quantitatively and
dissolved in 100-ml measuring flask and treated as
previously described.

3. Results and discussion

3.1. Preparation and characterization of the
ion-associates

The ion-associates were prepared as described
in the experimental part and subjected to elemen-
tal analysis, infrared and nuclear magnetic reso-
nance spectroscopy, for elucidation of their
structure.

The metal content of the ion-associates was
determined by AAS after their digestion with
concentrated nitric acid. A calibration curve was
constructed for each metal ion using standard
solution of the metal ion. The results of elemental
analysis for C, H, N, S and metal content are in
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good agreement with those required by the sug-
gested formulae, i.e. formation of 1:1 Lig–Rk
ion-pair, 1:2 Amp–Rk and 2:1 Lig–Co(SCN)4

ion-associates.
Table 1 lists the important IR-bands of the

drugs under investigation, together with their as-
signment. Beside these bands, a new strong band
was observed in the spectra of the ion-associates
at 2073–2083 cm−1 region. The appearance of
this band, which is assigned to �NCS of the ion-as-
sociate, can be taken as an evidence for the for-
mation of the ion-associates.

A substantial support for the structure of the
ion-associates is gained by considering the NMR-
spectra of some ion-associates. The NMR spec-
trum of Lig–Co(SCN)4 ion associate shows a
triplet at 1.09–1.30 ppm assigned to the aliphatic
CH3 group (Table 1). The integrated area of this
signal is equivalent to 12 protons. The signal of
the aromatic CH3 is shown at 2.12 ppm, with
integrated area equivalent to, also, 12 protons.
The aliphatic CH2 attached to methyl group
shows a quartet at 3.09–3.16 ppm, with inte-
grated area equivalent to eight protons. Also, the
CH2 attached to both nitrogen and carbonyl
groups shows a signal at 4.1 ppm equivalent to
four protons. The integrated curve shows six CH-
aromatic protons at 7.1 ppm and two NH protons

at 9.4 ppm. The results obtained from the NMR-
spectrum indicate the presence of two Lig+ ions
within the structure of the ion-associate, and
confirm the formation of 2 Lig:1 Co(SCN)4 ion-
associate, which is consistent with the results ob-
tained by elemental analysis.

3.2. Solubility of the ion-associates

The choice of a suitable pH value at which the
ion-associate exhibits the lowest solubility is of
prime importance in the use of such compounds
in quantitative analysis. To determine this pH
value, the solubility and solubility product of the
compounds were determined at 25 °C in solutions
of varying pH values (pH 1–10). It was found
that, for all the studied ion-associates, by increas-
ing the pH value of the medium, the solubility of
the ion-associates decreased slightly until pH 4–5,
then it remained constant from pH 5 to 9. Above
pH 9, the solubility of the ion-associates contain-
ing reineckate anion increases again, while that of
the Lig–Co(SCN)4 decreases. This can be ex-
plained by considering the solubility equilibrium
of the ion-associate.

Lig–Rk � Lig++Rk−

Lig2[Co(SCN)4] � 2Lig++ [Co(SCN)4]2−

Table 1
Assignment of the most important IR-bands of the investigated drugs and NMR-signals of lignocaine–cobaltithiocyanate
ion-associate

IR-bands (cm−1) NMR of Lig–Co(SCN)4

AssignmentChemical shift (ppm)Lig.Cl Amp.Cl2 Band-assignment Number of protons

1.09–1.3012�NH–3386 Aliph. CH3

29802976 �CH asym. 12 2.12 Arom. CH3

2920 �CH symm.2922 8 3.09–3.16 Aliph. CH2

2617 �NH2+
2618 4 4.10 CH2 group

CH-aromatic�NH+ 6– 7.102362
NH group1672 – �C�O 2 9.40

1655 1645 �C�C

1545 �C�C1529
1450 �C�C1477
1494 �C�N–
1373– �NH2

1271 �C�N arom.1305
–1197 �C�N aliph.
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Table 2
Effect of temperature on the solubility of lignocaine hydrochloride and amprolium hydrochloride ion-associates

Ammonium reineckateT (K) Sodium cobaltithiocyanate

pKSP �G �S �H pS pKSPpS �G −�S �H

Lignocaine hydrochloride
3.50293 7.00 39.26 13.04 43.081 3.07 8.62 48.35 90.34 21.88

6.90 39.36 12.48 3.053.45 8.56298 48.83 90.44
3.38303 6.76 39.21 12.77 3.03 8.49 49.25 90.33

6.66 39.27 12.37 3.02 8.45308 49.823.33 90.71
6.51 39.01 13.00 2.993.26 8.38313 50.21 90.51
6.38 38.84 13.33 2.97318 8.313.19 50.59 90.28
6.30 38.96 12.76 2.963.15 8.28323 51.20 90.77

328 6.203.10 38.93 12.65 2.94 8.22 51.61 90.64
6.07 38.70 13.15 2.923.04 8.17333 52.08 90.69

338 6.003.00 38.82 12.60 2.90 8.10 52.41 90.33

Amprolium hydrochloride
11.19 62.77293 111.533.93 95.74
10.95 62.47 111.643.85298
10.65 61.78 112.08303 3.75
10.41 61.38 111.563.67308

3.56313 10.08 60.40 112.91
9.78 59.54 113.843.46318

3.42323 9.65 59.67 111.67
9.39 58.96 112.13328 3.33
9.15 58.33 112.343.25333
8.94 57.85 112.10338 3.18

pS, −log of solubility; pKSP, −log of solubility product; �G (kJ mole−1); �S (J K−1 mole−1); �H (kJ mole−1).

In acid medium, the hydrogen ions may react
with the complex anion to dissociate it, while in
basic medium, the hydroxyl ions may react with
the drug ion. Thus, the equilibrium is shifted
toward the direction of increasing solubility. In
case of ion-associates containing [Co(SCN)4]2−,
the decrease in solubility above pH 9 may be
attributed to the hydrolysis of [Co(SCN)4]2−.
However, it is to be mentioned that the effect of
pH is rather weak, and the present study can be
applied safely over a wide range of pH values.

The solubility and solubility product of the
ion-associates were determined at different tem-
peratures (25–65 °C). The results (Table 2) show
that by increasing the temperature, the solubility
increases indicating that the process of dissolution
of the ion-associates is endothermic because the
lattice energy is usually greater than the solvation
energy. The heat of solution of the ion-associates
was calculated by applying the Van’t Hoff iso-
chore relation, thus

pKSP=
�H

2.303RT
+constant

where, KSP is the solubility product of the ion-as-
sociate; �H is heat of solution (kJ mole−1); R is
universal gas constant (8.31 J mole−1 K−1); and
T is absolute temperature.

Thus, a plot of pKSP against 1/T is a straight
line with a slope equals to (�H/2.303R), from
which �H can be calculated.

Also, the Gibb’s free energy change (�G) and
the entropy change (�S) of the dissolution were
calculated at different temperatures using the fol-
lowing equations.

�G= −RT ln KSP

�G=�H−T�S

The values of the solubility (S), solubility
product (KSP), �G and �S at different tempera-
tures, and �H have been calculated and listed in
Table 2. The free energy change (�G) increases
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with decreasing the solubility of the Lig–Rk and
Amp–Rk ion-associates, while it increases with
increasing the solubility of the Lig–Co(SCN)4

ion–associate. In the latter case the entropy
changes (�S) have negative values.

3.3. Determination of the drugs in pure solutions
and pharmaceutical preparations

Lignocaine and amprolium were determined
precisely and accurately in pure solutions by ap-
plying the proposed method. Calibration curves
were constructed using standard ammonium
cobaltithiocyanate or ammonium reineckate solu-
tions by plotting their concentrations (in �g ml−1)
versus absorbance. The calibration curves are
straight lines passing by the origin having slopes
of 0.025 and 0.045, respectively. From these
curves, the concentration of the excess metal com-
plex ion was determined; from which the drug
concentration was determined indirectly. The re-
sults given in Table 3 reveal that the recoveries are
100�0.34 and 99.65�0.32% in case of ligno-
caine using reineckate and cobaltithiocyanate, re-
spectively; and the recovery for determination of
amprolium using reineckate is 99.74�0.34%. In
order to establish whether the proposed method
exhibits any fixed or proportional bias, a simple
linear regression of the observed drug concentra-
tion against the theoretically taken values was
calculated. The slope of the regression lines
amounts to 0.994–0.997 and the intercepts are in
the range −5.71×10−3 to 3.62×10−3. The cor-
relation coefficients are always 0.999 indicating
that there is no systematic difference between the
determined and true concentrations over a wide
range. Also, the Student’s t-test was applied. The
calculated t-values range from 2.06 to 3.64, which
are lower than the tabulated value at 99.9% confi-
dence level and eight degrees of freedom (5.04).
All the above results reflect the high accuracy of
the proposed method.

The reproducibility of the method is shown by
calculating the relative standard deviation
(R.S.D.). The very low values of R.S.D., ranging
from 0.92 to 0.98%, indicate the precision of the
present method.

The F-test was applied to indicate whether
there is a significant difference between the pro-
posed method and the official ones [2,7,22]. The
F-values were found to be in the range 2.88–3.55,
which are lower than the tabulated value at 95%
confidence level and four degrees of freedom in
the numerator and denominator (6.39). This
means that there is no significant difference be-
tween the proposed method and the official ones.

The validity of the method for application for
real substances was tested by using it for determi-
nation of the cited drugs in their pharmaceutical
preparations. Preliminary experiments show that
the excipients, which are present in the pharma-
ceutical preparations (sodium chloride, methyl
parapen, propyl parapen, sucrose, glucose and
lactose) do not interfere with the determination of
the drugs, as there is no interaction between them
and ammonium reineckate or ammonium
cobaltithiocyanate.

The results of determination of lignocaine in
Xylocaine 2% injection solution and Lignocaine
cream 5% and determination of amprolium in
20% amprolium powder for veterinary use, are
given in Table 3. The results indicate good recov-
eries (99.18�0.48 to 99.61�0.36%), reflecting
the high accuracy of the determination, in addi-
tion to the precision indicated by the very low
value of R.S.D. (0.88–1.2%). The excipients of
the formulations did not show any effect on the
determination, which reflect the high selectivity of
the method. Also, the sensitivity of the method
can be revealed by the very low concentration,
which can be determined by this method (as low
as 0.2 mg ml−1 of the drug can be determined
with fair accuracy).

4. Conclusion

Finally, it can be concluded that the proposed
method can be applied satisfactorily for the deter-
mination of lignocaine and amprolium in pure
solutions and in their pharmaceutical prepara-
tions. Amprolium can be determined with fair
accuracy after precipitation as Amp(Rk)2. Ligno-
caine can be determined accurately after precipita-
tion either as Lig–Rk or Lig2[Co(SCN)4].
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Table 3
Determination of the investigated drugs in pure solutions and pharmaceutical preparations and statistical treatment of the results

Slope ofTaken (mg) Intercept of CorrelationSample t-Value (5.04)c F-value (6.39)dRecoverya (%) R.S.D. (%)
regression lineb coefficient ofregression line

regression line

Lignocaine–reineckate ion-pair
3.62×10−30.135–135.4 0.999 2.06 3.25100.12�0.34 0.98 0.997Pure sample

1.12Xylocaine 99.21�0.360.200–100.0
injection

Lig. Cream 0.500–100.0 99.4�0.52 1.20

Lignocaine–cobaltithiocyanate ion-associate
0.994 −5.71×10−3 0.999 3.64 3.551.354–135.4Pure Sample 99.65�0.32 0.92

Xylocaine 0.9899.61�0.362.00–100.0
injection

Lig. cream 5.00–100.0 99.58�0.28 0.88

Amprolium–reineckate ion-associate
Pure sample 0.9990.158–157.6 2.90 2.8899.74�0.34 0.96 0.996 −2.26×10−3

99.18�0.480.200–100.0 1.18Amp. powder

a Mean recovery of five determinations.
b Determined mg vs. theoretically taken mg.
c t-Tabulated at 99.9% confidence level and eight degrees of freedom.
d F-tabulated at 95% confidence level and four degrees of freedom in the numerator and denominator.
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However, the precipitation as Lig–Rk is superior
over that as Lig2[Co(SCN)4], as the former has a
much lower solubility and, so, a lower concentra-
tion can be determined.

The presented methods for determination of
lignocaine and amprolium are simpler than the
official methods [2], which depends on use of
liquid chromatography. The liquid chromatogra-
phy is non-available technique in all chemical
analysis laboratories. The official methods involve
usage of many reagents and several preparations.
Also, a pure drug samples should be available for
preparation of standards. As low as 2.0 and 0.5
mg ml−1 of lignocaine and amprolium, respec-
tively, can be determined with the official meth-
ods; while the presented methods can be used for
determination of as low as 0.2 mg ml−1 of both
drugs. The R.S.D. of the presented methods are
comparable with that of the official ones (1.5 and
1.0% in case of lignocaine and amprolium,
respectively).

It is convenient to compare the presented meth-
ods with the published spectral methods. Most of
the published spectrophotometric methods for de-
termination of lignocaine [6,7] use non-aqueous
solvents and need extraction prior to the determi-
nation. Also, the produced colored compounds
are non-stable over 3 h, or need long time for
developing their maximum color intensity [7]. The
narrow concentration range, which can be deter-
mined by these methods (up to 0.40 mg ml−1 [6]
and 0.9–10.0 mg [7], compared with the presented
method 0.2–135.4 mg) is another disadvantage.
The AAS method used by El-Ries [29] for deter-
mination of lignocaine is very sensitive (1–10 �g
ml−1 can be determined), but it is subjected to
many interfernces. The AAS methods of Lei [30]
and Nerin [31] need extraction with non-aqueous
solvents and measuring the absorbance in the
organic phases, which need special precautions.

All the spectrophotometric methods used for
determination of amprolium [20,22] need extrac-
tion with organic solvents. The method of Severij-
nen [22] involves long time pretreatment, and
narrow concentration range can be determined
(0.5–2.0 mg of amprolium). Although the method
developed by Shoukry [20] is sensitive, but the
stability of the colored products is low (about 6

h.), as well as it requires extraction of the prod-
ucts with chloroform. There are no AAS-methods
found in literature for determination of
amprolium.

Comparing these methods with the presented
ones reveals that, although the presented methods
are more time consuming than some other meth-
ods, yet they exhibit fair sensitivity and accuracy,
and they are very simple methods for determina-
tion of both of lignocaine and amprolium. More-
over, they have no interferences from the
excipients present in the drug formulations, thus
no extraction is needed, and the reproducibility of
the results is superior to that obtained from other
methods.
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