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Article history: Accurate determination of limiting molar conductivity (Ae) value for an electrolyte at infinite dilution is
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power law comprised of a double-logarithmic plot of electrolytic conductivity («) and salt concentration
(Csare) has been introduced to determine A, accurately at a corresponding reference salt concentration
(Cref). Furthermore, the reliability of the experimental data is verified after Kohlrausch's law for LiClO4
(aq.) at 25.0°C which is perfectly identical with the reference data. The workability of the power law is

T - tested for LiClO,4 (aq.) and LiClO, in acetonitrile (ACN) at a range of Cg,y at 25.0°C. Thus, the Ag for both
Limiting molar conductivity B 1 . . o
electrolytic conductivity systems correspond at 106 and 177.4S cm” mol " respectively, after the power law deviated only 2% of
reference salt concentration the reported value. From the study, it is noted that the corresponding C.r is approximately half of the
Kohlrausch’s law lowest Cg,; concentration that obeys the power law at infinite dilution which responds to A for an
electrolyte system. This alternative method shows a nice linearity for Csy (107 - 102 molcm™3)
between the experimental and reference data before it deviates from the linearity above
Csare > 107> mol cm 3.
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K
1. INTRODUCTION A= C (1)
S

Electrolyte is define as any substance containing free ions K=e1ec]trolytic conductivity (expressed in siemens per centimeter
(cation and anion) that makes the substance electrically conduc- ~ (S€m™"))Cs=solute concentration (example: inorganic salt (Csait))
tive [1]. An electrolyte solution is normally formed when a solute ~ (expressed in mole per centimeter cubic (molcm™))A =molar
such as inorganic salt is added into a protic or aprotic solvent. The conduzct1v1t¥1(expressed in siemens centimeter-squared per mole
individual components of the solute will dissociate due to (S cm”mol ™)) ) o ) _
thermodynamic interaction with the solvent in a process called An electrolyte is known as strong if it has a high concentration
solvation [2,3]. A stronger interaction between solute-solvent will Of"mﬁ and dlh_lte lf.lt has alow concentration Of.IOI'IS. This is due_to
enhance the solute dissociation in an electrolyte system [4,5]. the different dissociation behavior of the solute in a solvent. Again,

The strength of solute dissociation in an electrolyte solution can a strong electrolyte will act as a good conductor of electric current
be monitored by using the electrolytic conductivity («) data for a in solution as a result of complet.e ionization .of the solute in the
series of conductivity measurement for a wide range of solute solvent. Therefore, the concentration of solute is to be proportional

concentrations [6,7]. Furthermore, quantity « of an electrolyte to the concentration of ions present in the electrolyte system that
depends a lot on the concentration (C) of the total ions presentin  follows an empirical relation between A [Eq. (1)] and C; that fits
the system. Therefore, it is convenient to divide the k by solute ~ the Kohlrausch’s equation [Eq. (2)] for a wide range of Cs and
concentration [Eq. (1)] [8]. temperature [6,8,9].

A = Ay —KG,1? (2)

Unequivocally, Ay denotes molar conductivity at infinite
* Corresponding author. dilution or which is generally known as limiting molar conductivi-
E-mail address: azizan@ukm.edu.my (A. Ahmad). ty. Quantity Ag can be estimated by extrapolation at C'/,=0ofa A
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plot versus Csfo. At Cs/,=0 the electrolyte is assumed to fully
deprotonates, and its molar conductivity is then Aq. Therefore, this
quantity is an important parameter for an electrolyte system to
indicate solute dissociation behavior (degree of dissociation (a))
for a wide range of C; as shows in Eq. (3) [8,10]. Quantity Kin Eq. (2)
is an empirical constant that depends on the type of the electrolyte.

o= (Ao (3)

However, due to partial dissociation behavior of the weak
electrolyte, only a limited number of free ions present in the
electrolyte with a lower A value is observed at a higher Cs and an
exponential increase is noted when C; —0 which deviates from
the linearity approach as mentioned in Eq. (2). This indicate that
the concentration of total ions in a solution of a weak electrolyte is
less than the concentration of the electrolyte itself [6,11]. Hence,
for weak electrolytes, the above equation is not valid while
approaching Cs'/,=0 and will cause a difficulty in determining
accurately the Ay value. This is because the extrapolation is
unreliable for the asymptotic approach for plot A versus Cs'/, to the
y-axis [12-14].

Therefore, the Ay of weak electrolyte is normally estimated
with Ostwald's dilution law Eq. (4).

1 1 AC

A7 Ao KAy @

K.=equilibrium constantFrom Eq. (4), a plot of 1/A against AC,
the values of A and K. can be obtained from the intercept and
the slope of the plot. Nevertheless, determination of A, after the
Eq. (4) especially for organic electrolyte solution still could not
achieve a good approximation as expected and subjected to
numerous assumptions [15-18]. Aprano et al., [12] studied the ion
dissociation behavior of LiClIO4 in tetrahyrofuran (THF) by
conductivity measurement for the salt concentration below
10 ®molcm™3 at 25°C after Lee-Wheaton equation. However,
the estimated value of Ag=32.1+£0.3S cm?mol—' as compared to
that of the expected value of Ay ~ 155.3S cm?mol . The
difference between estimated and expected value was suggested
due to inaccuracies in extrapolation of the molar conductivity to
the infinite dilution.

Das et al., [15] estimated quantity A for LiClO4 in THF at the salt
concentration range of 10~6-10~4mol cm 3 at 25°C using conduc-
tivity measurement. The A of the system was determined though
an extrapolation of a double logarithmic plot of A as a function of
salt concentrations to infinite dilution. The estimated Ag for this
electrolyte is 140.8S cm?mol~!, the authors highlight the
uncertainties up to 3% in estimation of Ay as a result from
the formation of ion-pair that predominate in the system.

Chagnes et al., [17,19] studied the conductivity behavior of LiClO4
in y-butyrolactone at 25°C after a cube root law by modifying
Kohlraush's equation for the salt concentration between 3.5 x 104~
1.3 x 103> mol cm 3. The A, of this electrolyte is estimated though
the extrapolation of plot of A against the cube root of LiClO4
concentrations. The estimated A, for this electrolyte is a good fit for
the expected value. However, the proposed model is only valid for
limited organic electrolyte system at a range of temperatures.

Therefore, important theoretical progress was made in recent
years by developing empirical and chemical models for electrolyte
solution. The low-concentration chemical model is used to
improve the accuracy of the determination of Ag for a weak
electrolyte system which is produced by modifying Kohlrausch's
equation or Ostwald's dilution law [12,15,20,21]. Thus, in this study
a new approach known as power law is used to determine the A,.
This model might serve as a general model for the estimation of A
for different weak organic electrolyte systems with a better

accuracy that might be valid for a large range of salt concen-
trations. The critical point is the accurate determination of
electrolytic conductivity («) at a sufficiently low solute concentra-
tion at constant temperature (25.0 °C). It is important since this is a
prerequisite for extrapolation of molar conductivity to zero solute
concentration.

Therefore, in an attempt to choose an adequate system to test
the power law, lithium perchlorate (LiClO4) acts as an inorganic salt
(Csarr) and is used to prepare the aqueous (aq.) solution. Thus, a
series of conductivity measurements were carried out at
25.0+0.4°C for this system. LiClO4 (aq.) is chosen as a strong
electrolyte as a reference system for power law. Hence, the same
approach is further adapted for an organic weak electrolyte
system, which consists of LiClO,4 in acetronitrile (ACN) to test the
validity and the workability of the power law proposed in
the determination of A,. Theoretically, the power law proposed
should be linear for a certain range of salt concentrations (Caye).

2. THEORETICAL BACKGROUND: POWER LAW

The power law introduced in this study is due to the inadequate
adaptation of Eq. (4) in the estimation of molar conductivity at
infinite dilution (A) for organic weak electrolyte systems. It is a
double-logarithmic plot of x versus salt concentrations (Csay).
Power law is proposed because electrolytic conductivity's (k) of the
electrolyte became almost constant below a certain concentration.
However, the quantity A does not tend under these circumstances
to a limiting value for G, =~ 0. The constancy of k over a certain salt
concentration is a physically relevant effect, such as limits of the
measurement of the instrument used [22].

This double-logarithmic plot of x versus Cs,, in Eq. (5) may be
the best solution to recalculate the Ag value for organic electrolyte
systems.

logk = K' 4 yNoyCayie (5)

K' is the intercept and vy is the slope of the double-logarithmic
plotUpon rearranging Eq. (5),

/ C It
Kk =K( CS_Z ) (6)
Which yields immediately after Eq. (5) and Eq. (1),
y—1
A=K (%) (7)

(?=1mol cm3, itis introduced to keep the exponential expression
dimension-less. K' denotes ion mobility is a constant.

From Eq. (7), the molar conductivity of the electrolyte system is
calculated. Hence, the A, for the system is also calculated after
Eq. (7) at a selected salt concentration known as reference salt
concentration (Cref). This will be discussed later in details.

Thus, by using the electrolytic conductivity data, quantity Ay
can be determined using the power law. For the first part of this
study the Ag value for LiClO4 (aq.) at 25.0 °C is determined by a set
of reference system that can serve as a strong electrolyte. Then, this
value is further compared with the reference data to test the
workability of the power law. From the proposed method, this
might contribute to a simple alternative yet with an acceptable
accuracy in the determination of quantity Ao, for both strong and
weak electrolyte systems.

3. EXPERIMENTAL
3.1. Chemical

The inorganic salt anhydrous LiClO4 with purity >99% was
obtained from Acros Organic. It was kept in the electronic
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