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Abstract

The ionization and transport properties of lidocaine hydrochloride (LidHCl) in aqueous propylene glycol (PG)
containing 20% PG by weight was studied by means of electrical precision conductometry. For drug concentrations
exceeding about 1.7 mM a slight formation of LidH+Cl− ion-pairs is indicated; ion-pair association constant,
Kp=1.73 (molar scale). A two variable analysis of the experimental data yielded Ka=1.5×10−8 for the acid
dissociation constant of LidH+, i.e. pKa=7.82, and the limiting ionic conductivity, lo(LidH+)=21.73 cm2 S mol−1.
To enable evaluation of single ion conductivities the proton transport number of HCl in the present solvent mixture
was determined using the moving boundary method. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

The rate of skin permeation of drugs by trans-
dermal iontophoretic delivery may be significantly
increased by addition of various enhancing agents
to the drug formulation (Potts and Guy, 1997).
Kushla and Zatz (1990) found an enhancing effect
on the flux of lidocaine through human skin using
aqueous propylene glycol (20% PG by weight) as
a base for formulation of this local anesthetic.

Previously the ionization and mobility of
lidocaine hydrochloride in water (Sjöberg et al.,
1996) and in pure propylene glycol (Karami and
Beronius, 1998) as solvent media have been inves-
tigated by precision conductometry. In this paper
the results of a similar investigation of the behav-
ior of lidocaine hydrochloride in aqueous propy-
lene glycol (20% PG by weight) are reported.

Propylene glycol, HPLC grade, minimum
99.5%, and lidocaine hydrochloride monohydrate,
were obtained from Sigma, USA. Analytical
grade Millipore water was used. Properties of
solvent mixture at 25.0°C: electrolytic conductiv-
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ity, k=7.48·10−7 S cm−1; dielectric constant,
o=69.3090.03 (Ferisol M 803A Q-meter); vis-
cosity, h=1.76990.010 cP (Ubbelode viscome-
ters). The dependence of the molar conductivity,
L, on drug concentration for solutions of LidHCl
at 25.0090.02°C were determined as previously
described (Karami and Beronius, 1998). The re-
sults of the conductance measurements are sum-
marized in Table 1.

The following equilibria were assumed in ana-
lyzing the conductance data:

LidH+ U
Ka

Lid+H+ (1)

LidH++Cl− U
Kp

LidH+Cl− (2)

where the K ’s indicated are thermodynamic equi-
librium constants. Estimates indicate that the con-

centration of free protons would be very low.
Hence, any possible formation of H+Cl− ion-
pairs was not considered in analyzing the conduc-
tance data. In calculating Ka it was assumed that
for the five lowest concentration points, c51.682
mM, ion-pair formation according to Eq. (2) was
negligible. On these assumptions we have for this
low concentration range the following expression
for the molar conductivity,

L=m [l0(LidH+)(1−b)+l0(H+)b+l0(Cl−)]
(3)

where b is the degree of dissociation of LidH+,
the l0’s are the limiting molar conductivities of
the species indicated, and m is a mobility correc-
tion factor, correcting for ion atmosphere effects
cf. Karami and Beronius (1998).

At infinite dilution the limiting molar conduc-
tivity of LidHCl is equal to that of hydrochloric
acid, previously determined to 281.55 cm2 S
mol−1 by Venkateswara Sastry and Kalidas
(1985). To separate this quantity into l0(H+) and
l0(Cl−) appearing in Eq. (3) the transport number
of the proton of hydrochloric acid in the present
solvent mixture was determined at 25.090.4°C
using the moving boundary method, cf. Robinson
and Stokes (1965). The equipment used was simi-
lar to that described by MacInnes and
Longsworth (1932). The current was kept con-
stant using a current stabilizer and measured by
means of a Fluke 25 Multimeter. Measurements
were performed for several concentrations of HCl
and extrapolated to infinite dilution according to
Fig. 1. This procedure yielded the proton transfer-
ence number t+ =0.885 and hence, l0(H+)=
249.17 and l0(Cl−)=32.38 cm2 S mol−1.

A two parameter analysis of the conductance
data in the LidHCl lower concentration range
(c51.682 mM), cf. Karami and Beronius (1998),
yielded the acid dissociation constant, Ka=1.5×
10−8 of LidH+ (pKa=7.82), and l0(LidH+)=
21.73 cm2 S mol−1.

The upper curve in Fig. 2 shows that Eq. (3) fits
the five lowest concentration points quite well.
For increasing concentrations, the experimental
points show an increasingly negative deviation
from the calculated curve indicating significant
formation of LidH+Cl− ion-pairs.

Table 1
Molar conductivity of LidHCl in aqueous propylene glycol
(20% PG by weight) at 25.0°C

L (cm2 S104×c (M) 104×c (M) L (cm2 S
mol−1) mol−1)

4.141 54.964 50.498 52.197
6.205 54.713 51.96060.147

54.464 71.6318.808 51.642
54.134 51.32512.423 84.337
53.82316.824 98.405 51.001

21.960 53.484 113.47 50.612
27.949 53.100 128.93 50.289

52.80734.730 145.00 49.955
52.552 163.00 49.62642.132

Fig. 1. Dependence of cation transport number of hydrochlo-
ric acid on concentration in H2O/PG solution (20% PG by
weight) at 25°C.
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Fig. 2. Dependence of molar conductivity on concentration for
LidHCl in H2O/PG (20% PG by weight) at 25°C according to
Eq. (3) fitted to the five lowest concentration points in Table 1.
The upper curve refers to the right hand side y-axis and is an
enlargement in the vertical direction of the bottom curve.

and subsequently, l0(LidH+), and also the ion-
pair association constant, Kp, for formation of
LidH+Cl− ion pairs according to the equilibrium
(2). An iterative procedure, similar to that out-
lined for LidHCl in pure propylene glycol
(Karami and Beronius, 1998) based on the FHFP
conductance equation (Fuoss and Hsia, 1967,
1968; Fernandez-Prini, 1969), yielded Kp=1.73 to
be compared with Kp=40 for pure propylene
glycol as solvent medium (Karami and Beronius,
1998). The value l0(LidH+)=23.37 cm2 S mol−1

obtained from the higher concentration range is
not far from the corresponding value, 21.73 cm2 S
mol−1, derived above from the data in the lower
concentration range.

In designing an optimal iontophoretic drug
reservoir it is necessary to consider the extent of
ionization as well as the mobilities of the drug
molecules in the reservoir medium. As indicated
in Fig. 3, the fraction of the drug in the form of
LidH+ at first increases with increasing total Lid-
HCl concentration. However, this effect is coun-
teracted by the gradual increase in formation of
electrically neutral LidH+Cl− ion-pairs. As a con-
sequence, the fraction of the drug in the form of
LidH+ reaches a maximum and then decreases
(Fig. 3). The maximum of this curve, correspond-
ing to a fraction of 99.5% of the drug in the form
of LidH+, appears at a total drug concentration
of about 1 mM.

Summing up, in this study the various species
of lidocaine hydrochloride present in aqueous
propylene glycol (20% PG by weight) have been
identified and also quantified by electrical preci-
sion conductance measurements. Furthermore,
the effect of the total drug concentration on the
relative amounts of the various charged and un-
charged species present has been established.
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Estimates indicate that any dissociation of
LidH+ into neutral Lid molecules and protons in
the higher concentration range studied (c]2.196
mM) might be neglected. Hence, using the data in
this concentration range it is possible to estimate
the limiting molar conductivity, L0 of LidHCl,

Fig. 3. Dependence of the fraction of LidH+ ions on total
LidHCl concentration in H2O/PG solution (20% PG by
weight) at 25°C.
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