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Differential electrolytic potentiometry was applied for the determination of ketoconazole (KTZ) in pure and tab-
lets forms. Microtitrations were performed in aqueous and non- aqueous media using gold electrodes, antimony 
electrodes, and silver electrodes coated with carbon nanotubes. The floating catalyst chemical vapor deposition 
(FC-CVD) method was used for coating silver electrodes with carbon nanotubes. A micro injector was designed to 
deliver precise volumes of the titrant at sub micro liter levels. Sharp and clear end points were observed for the 
aqueous titrations of volumes of 2.0 µL and 4.0 µL of 0.1M standard KTZ. The recovery and relative standard de-
viation indicate high accuracy and comparable precession of the method compared to standard analysis method. 
However, in case of the non-aqueous titrations of volumes of 25.0 µL and 50.0 µL of 0.01M standard KTZ samples 
have been found to show sharp end points. Moreover, the samples required for the analysis are much less than 
those required for any other analytical method.

Antimony electrode, Carbon nanotubes, Differential electrolytic potentiometry, Ketoconazole, Microtitrimetry, 
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1. Introduction

Conventional titration methods require large 
chemical volumes. Microtitrimery, will turn titration 
to be green analytical method consumes very small 
amount of chemicals, which will save the environment 
by reducing the quantities of wastes disposed to it.

Differential electrolytic potentiometry (DEP) is 
electrochemical technique used to locate the end-point 
in volumetric titration. DEP electrochemical method 
is based on measuring the potential difference (ΔE) 
between two identical electrodes polarized by stabelized 
current during titration process (Bishop, 1956; Bishop, 
1958). The first differential endpoint is indicated during 
zero current potentiometric curve by the presence 
of sharp peak.  One of the major advantages of DEP 
technique is the absence of a reference electrode, 
where salt bridge in three electrodes system lead to 
various difficulties especially in non-aqueous systems 
(Abdennabi, 1979). 

High specific surface area, in addition to the 
electrical conductivity make carbon nanotubes (CNTs) 
ideal choice for the modefication of the elecrocemical 
sensors. Physical and chemical properties of CNTs 
have been investigated deeply which indicated novel 
properties for these materials (Ajayan, 1999; Odom, 
1998). According to their atomic structure, CNTs showed 
metal or semiconductor elecreical behavior (Jang et al., 
2002; Tekleab et al., 2000). The electronic properties 
of CNTs modefied electrodes enhance the ability of 
charge-transfer reactions (Gong et al., 2005; Merkoc et 
al., 2005;Nugent et al., 2001; Wang, 2005).

Ketoconazole (KTZ), cis-1-acetyl-4- [4- [[2-(2, 
4-dichlorophenyl)-2-(1H-imidazole 1ylmethyl)-1,3-
dioxolan-4-yl] methoxy] phenyl] piperazine (Fig. 1) is 
a highly effective pharmaceutical compound used as 
broad-spectrum antifungal agent. It is an effective 
treatment for wide range of systemic and superficial 
mycoses, furthermore when it is used orally it keeps 
adequate blood levels compared to other imidazole 
derivatives (Sa´nchez-Delgado et al., 1993).

Several methods have been reported for KTZ analysis. 
High performance liquid chromatography (HPLC) was 
used to determine KTZ in human plasma (Andrews et 
al.,1981; Chen et al., 2002; Wang et al., 2016), canine 
plasma (Vertzoni et al., 2006), and shampoo (Heydena 
et al., 2002). Electroanalytical methods have been 
reported for KTZ determination using several kinds of 
bare and chemically modified electrodes (Arranz et al., 
2003; Dantas et al., 2010; El Ries et al., 2013; Saleh et 
al., 2018). Spectrophotometry has been also applied for 
KTZ analysis which showed high performance (Abdel-
Gawad, 1997; Khashaba et al., 2000; Farhadi and Maleki, 
2001; Vojic et al., 2005; Jalali and Afshoon, 2008; Rane 
and Padmaja, 2012; Fraihat, 2014; Fraihat and Bahgat, 
2014). Potentiometric titration is the official method for 

KTZ assay as raw material and in final product (British 
pharmacopoeia, 2007).

Fig. 1 Ketoconazole structure

In present times, a microtitrimetry setup was 
designed by fabricating a microliter injector to deliver 
accurate volumes in microliter level. Pair of metallic 
electrodes were fabricated then accommodated in 
especially designed micro cell to be used for mark – 
space bias AC -DEP. Chemical vapor deposition (CVD) 
method was used to coat silver wire electrode with CNT, 
Ag-CNT electrodes performance was studied in present 
work. 

2. Materials and methods 

The work presented follows ethical standards.

2.1    CNT synthesis on silver electrodes surfaces 

CNT were synthesized and deposited on silver 
wires using floating catalyst chemical vapor deposition 
(FC-CVD) technique. The experimental setup for this 
technique was reported by Muataz et al and Amro et al 
(Muataz et al., 2006; Amro et al., 2014). For synthesized 
CNT characterization and optimization scanning electron 
microscopy device (SEM) (JEOL JSM 6460LV) model 
was used. After optimization of coating parameters 
transmission electron microscopy (TEM), model (FEI 
Tecnai G2) was used for CNT characterization.    

2.2    Differential electrolytic potentiometry (DEP)

An electronic circuit was designed and constructed 
similar to that reported by Abulkibash et al (Abulkibash 
et al., 2013). This circuit polarizes electrodes used in DEP 
using an AC current source. (Fig. 2) shows a sketch of DEP 
setup. It shows tip of microliter injector in addition to a 
pair of electrodes accommodated in a small cell. Precise 
volumes are delivered to the cell using microliter injector 
designed and built for this purpose (Fig. 2). “Lab View” 
software was used to monitor the output potential and 
ac source current. 

2.3    Application of ac-DEP for redox microtitration of 
KTZ using gold and Ag-CNT electrodes

Pair a  properly cleaned identical gold wires with 
dimensions (0.17 mm diameter and 20 mm length). 
After cleaning gold wires with aqua regia they were 
rinsed with deionized water. Ce(NH4)(SO4)4.2H2O 
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(BDH)was used for preparation of 0.10 M Ce (IV) solution 
in 0.5 M H2SO4 . A solution of 0.05 M of pure KTZ was 
prepared in 0.05M H2SO4. Commercially available 
KTZ Nizoral® tablets were used in present work, after 
grinding Nizoral® tablets, amount equal to 200 mg KTZ 
powder was prepared by dissolving it in 0.05M H2SO4. 
supporting electrolyte was prepared using conc. H2SO4 
(Fisher Scientific) diluted to 5% v/v. Ce (IV) was used as 
titrant for KTZ microtitration. Ac-DEP technique was 
used to locate titration endpoint using both Ag-CNT and 
Au electrodes.   

2.4   ac-DEP non aqueous microtitration of KTZ 

0.1M HClO4 used as titrant prepared from 72% 
HClO4 (Fluka) mixed with glacial acetic acid (8.5mL in 
500mL), then 30 mL was added to the solution and 
diluted to 1000 mL with glacial acetic acid. ethyl methyl 
ketone (2- butanone) (Fluka) was used as solvent for 
KTZ in non-aqueous titration. ethyl methyl ketone (2- 
butanone) was used as supporting electrolyte. antimony 
and Ag-CNT were used as indicating electrodes.

Standard method for KTZ analysis is based on 
potentiometric titration of KTZ dissolved in a mixture of 
anhydrous acetic acid and methyl ethyl ketone versus 
perchloric acid (British pharmacopoeia, 2007). 

3. RESULTS AND DISCUSSION 

3.1     Characterization of CNT coated silver electrodes

The floating catalyst chemical vapor deposition (FC-
CVD) was used to synthesize CNTs at the silver wires 
surface. The optimum parameters for CNT growth on 
silver electrodes are as follow: C2H2 to H2 gas flow 
rate ratio is 75:25 mL/minute, reaction temperature 
is 700°C, reaction time is 15 minutes, and the best 
electrode position in the reactor in the front 10 cm of the 
quartz tube. Fig. 3 and fig.4 show SEM and TEM images 
of CNT coating silver electrode surface respectively.

3.2    Microtitration of KTZ in aqueous medium using ac-
DEP

Ce (IV) was used as titrant for ac-DEP microtitration 
of KTZ with gold electrodes as indicating electrodes. 
Reaction between Ce (IV) and KTZ is oxidation – 
reduction. Titration curves (Fig. 5a, b) indicated that 
stoichiometric ratio between Ce (IV) and KTZ is 4:1. This 
ration is not affected by the concentration of supporting 
electrolyte.    

(Fig. 5c) showed titration curve of KTZ 200 mg 
tablets which is commercially available with brand name 
Nizoral ®, which have been grinded then dissolved in 
acidified water before titration versus Ce (IV) titrant.

When Ag-CNT electrodes were used as indicating 
electrodes in micro titration of KTZ with Ce (IV) using 

ac-DEP two peaks are formed, the first one at 1:1 
stoichiometric ration and the second one at 3:1 as 
shown in (Fig. 6a, b).

(Fig. 6c) showed the titration curve of Nizoral® 
sample which is almost the same as standard KTZ 
samples titration curves; furthermore, it showed 
remarkable accuracy and precession compared to 
official method of KTZ analysis (Table 1).

3.3    Microtitration of KTZ by ac-DEP in Non-Aqueous 
medium

Perchloric acid (HClO4) was used as a standard 
titrant in non-aqueous acid – base microtitration of 
KTZ by ac-DEP. The stoichiometric ratio According to 
traditional method between HClO4 and KTZ is 2:1. 

(Fig. 7a, b) showed KTZ ac-DEP microtitration 
curves using antimony electrodes; table 1 shows a 
good presession of the method. According to (Fig. 7a, b) 
different sample volumes of 0.01M KTZ were studied. 
(Fig. 6c) shoed microtitration curve of 5.0µL 0.01M 
Nizoral® 200 mg using the same conditions of standard 
KTZ. 

Fig. 2  DEP system block diagram

When Ag-CNT electrodes used for microtitration 
of KTZ they showed almost the same peak shape of 
antimony electrodes (Fig. 8a, b). Microtitration curve of 
0.01M Nizoral® 200 mg using Ag-CNT electrodes are 
shown in (Fig. 8c).

Fig. 3   SEM image of CNT on silver electrode surface 
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Fig. 4   TEM image of CNT which has been grow on silver 
wire by CVD  

Fig. 5   Ce (IV) 0.1M vs. standard KTZ 0.05M (a) 4.0µL and 
(b) 2.0 µL (c) KTZ (Nizoral ® tablets 200 mg) 0.04M 5.0µL 
Gold electrode ac -DEP 5% bias

Fig. 6    Ce (IV) 0.1M vs. standard KTZ 0.05M (a) 4.0µL 
and (b) 2.0 µL (c) KTZ (Nizoral ® tablets 200 mg) 0.04M 
5.0µL Ag-CNT electrode ac -DEP 5% bias

Fig. 7    HClO4 (0.1M) vs. standard KTZ (a) 25µL (b) 50µL 
0.01M (c) 30µL Nizoral® 0.01M (non-aqueous) ac -DEP 
5 % bias Antimony electrode

Fig. 8    HClO4 (0.1M) vs. standard KTZ (a) 25µL (b) 50µL 
0.01M (c) 30µL Nizoral® 0.01M (non-aqueous) ac -DEP 
5 % bias Ag-CNT electrode

Table 1 exhibits a five replicates statistical 
comparison for KTZ quantitation methods at different 
medium, according to the table a big difference in 
sample quantity reaches a thousand-fold between 
standard official method and the ac-DEP method. 
Although there is a huge difference in the quantity of 
the samples, but the recovery and RSD values showed 
no significant difference in accuracy and precession 
between them. Usually, decreasing sample volume 
and mass, increases relative error, but table 1 shows 
no significant difference in recovery and RSD between 
studied methods, although the differences between 
analytes masses reach a thousand-fold between the 
official method and the developed method. The reason 
behind this high performance of microtitration using 
DEP method comes from the accuracy of developed 
micro liter injector used in this study and the sensitivity 
of DEP electrodes especially Ag-CNT electrodes. 
According to table 1 Ag-CNT electrode showed a better 
accuracy than gold electrode for KTZ microtitration and 
comparable precession.      
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Method Sample Sample mass (mg) Recovery % RSD Standard deviation

Official method* Standard KTZ 100 99.1 2.04 2.021

ac-DEP aqueous gold 
electrode Standard KTZ 0.106 101.5 1.61 0.002

ac-DEP aqueous Ag-
CNT electrode Standard KTZ 0.106 99.8 4.99 0.005

Official method* Nizoral® tablets 100 99.2 1.48 1.461

ac-DEP aqueous gold 
electrode Nizoral® tablets 0.106 101 5.16 0.006

ac-DEP aqueous Ag-
CNT electrode Nizoral® tablets 0.106 99.5 2.75 0.003

ac-DEP non-aqueous 
Antimony electrode Standard KTZ 0.133 99.2 1.80 0.0025

ac-DEP non-aqueous 
Antimony electrode Nizoral® tablets 0.159 98.0 2.80 0.004

ac-DEP non-aqueous 
Ag-CNT electrode Standard KTZ 0.106 101 1.36 0.001

ac-DEP non-aqueous 
Ag-CNT electrode Nizoral® tablets 0.159 99.7 4.64 0.007

 *British pharmacopeia 

4. CONCLUSIONS

Differential electrolytic potentiometry Microtitration 
of KTZ exhibited high performance regarding sharp 
endpoints, high accuracy and precession compared to 
the official method. Silver electrodes coated with CNT 
showed comparable recovery and RSD, in addition to 
sharp endpoints for both aqueous and non-aqueous 
microtitration of KTZ. Microtitrimetry by DEP using CNT 
modified silver electrodes is highly recommended for KTZ 
assay because its green analytical method consumes 
small amounts of chemicals with high performance.        
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