
INTRODUCTION

Differential electrolytic potentiometry (DEP) is a tech-

nique used to locate the end-point in titrimetric reactions and

to study the electrode processes. It consists of passing a heavily

stabilized current in two identical electrodes and measuring

the potential difference (∆E) between them during the course

of the titration. At the end-point a sharp peak is resulted which

represents the first differential of the zero current potentiometric

curve. The end point is easily located from the tip of this peak.

The differential electrolytic potentiometry technique does not

require a reference electrode, whose salt bridge is causing

various difficulties especially if non-aqueous systems are

considered. Moreover, polarization usually enhances the

response of the electrodes which will remain active during the

course of the titration and equilibrate in a short time. This

introduces differential electrolytic potentiometry as a suitable

detector for most of the titrimetric reactions, flow injection

analysis (FIA), sequential injection analysis (SIA) and possibly

for ion-chromatography or even high performance liquid

chromatography.

Differential electrolytic potentiometry has been applied

to all types of ion-combination and redox reactions in aqueous

media using different types of electrodes. Silver electrodes

and silver-silver halide electrodes have been found to be

suitable for precipitation reactions while antimony oxide
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electrodes for acid-base reactions1-7. Platinum electrodes have

been applied in oxidation-reduction reactions8-10 and gold

amalgam electrodes are appropriate for complexation

reactions11,12.

Differential electrolytic potentiometry has also been

applied to different types of titrimetric reactions in non-

aqueous media using various types of solid electrodes13-17.

In an attempt to apply differential electrolytic potentio-

metry as a detector for ordinary flow injection analysis

systems a set up that uses a computerized motor-driven injector

has been designed and applied for precipitation reactions18-20.

However, this system was not practical enough to allow for

the developments of rapid analytical procedures. This system

was replaced with FIA 3500 which is more reliable and

delivers precise volumes which was found to be extremely

important for the application of differential electrolytic

potentiometry. This technique has not been applied yet as a

detector in normal flow injection analysis and sequential

injection analysis instruments.

Ciprofloxacin [l-cyclopropyl-6-fluoro-l,4-dihydro-4-

oxo-7-(l-piperazinyl)quinolone-3-carboxylic acid] is a

broad-spectrum antibiotic which is effective against Gram-

positive and Gram-negative bacteria. This antibiotic is

usually used in the treatment of respiratory as well as urinary

tract infections, sexually transmitted diseases and gastro-

intestinal21-24.



Ciprofloxacin has been determined by applying different

methods. These methods include differential pulse polaro-

graphy and cathodic stripping voltammetry25-27. Chromato-

graphic methods28-30, a potentiometric method based on

preparing a coated wire ion-selective electrode has been

developed for the determination of ciprofloxacin31. A flow

injection spectrophotometric method has been reported for the

determination of ciprofloxacin using iron(III) as a complexing

agent in sulfuric acid32. A conductometric titration has been

applied for the determination of ciprofloxacin which was

titrated with silver nitrate33. Ciprofloxacin has been determined

by fluorescence detection using isocratic reversed-phase

HPLC34. Flow injection combined with chemiluminescence

has been applied for the determination of ciprofloxacin

hydrochloride35. Electroanalytic methods like polarography36,

differential pulse polarography37 have been employed for the

determination of ciprofloxacin.

The technique of differential electrolytic potentiometry

(DEP) has not applied so far for the determination of

ciprofloxacin by FIA/SIA technique. This work describes the

application of differential electrolytic potentiometry as a

detector for FIA/SIA. For the first time, this combination is

applied for the determination of ciprofloxacin.

EXPERIMENTAL

The FIALab 3500 (USA) was employed during this work.

The apparatus consists of a syringe pump, a multi-position

valve and a peristaltic pump. Three types of cells were fabri-

cated from PTFE and Perspex glass. Precise grooves were

made in these cells and fit in covers which have holes were

made to accommodate the electrodes. The cell was connected

to the flow injection analysis apparatus through plastic tubing

in a way to allow these electrodes to meet the flowing solutions.

The electrodes were connected to both the constant current

source (Keithely 224 programmable current source) and to an

XY recorder. The FIALab was interfaced with a pc.

RESULTS AND DISCUSSION

Ciprofloxacin reacts with iron(III) in a 1:1 ratio to form a

complex and the reaction is reported to be fast32. Iron(III) is

coordinated with the active carboxylic acid and the adjacent

keto group in the 3- and 4-position respectively, forming six-

membered ring (Scheme-I).

Scheme-I

In a study, ciprofloxacin has been found to bind with

iron(II) and iron(III) as bidentate ligand through the oxygen

atom of the carbonyl group and one oxygen atom in the

carboxylate group38.

Several experiments have been carried to find the appro-

priate manifold to be followed during this work. Different

concentrations of Fe(III) as well as different concentrations

of sulfuric acid were used with different manifolds. However,

it was found that coupling flow injection analysis with

sequential injection analysis is the most appropriate configu-

ration due to the fact that the reaction between Fe(III) and

ciprofloxacin is expected to be fast and that necessitates

passing the reaction mixture as fast as possible through the

cell, other wise the difference in potential between the two

electrodes will not be significant if it is measured towards the

end of the reaction. A program was written based on the soft-

ware provided by flow injection analysis lab. manufacturer

and applied during optimization of coil length, sulfuric acid

concentration, types of electrodes, flow rate and volume of

sample. Responses of polarized silver electrodes, slver amalgam

electrodes, platinum electrodes and platinum amalgam

electrodes were all examined. The univariant method was

employed to find the optimum conditions.

Fig. 1 represents the type of signal obtained when

polarized silver electrodes were used as an indication system.

Changing the flow rate, the path length, the concentration of

sulphuric acid or the concentration of Fe(III) were found to

have no significant effect on the resulting signal. However, on

changing the current which was employed to polarize the

silver electrodes, a slight improvement was observed espe-

cially on the heights of the peaks. Fig. 2 shows the peaks

obtained at different values of the current employed to polarize

silver electrodes using a flow rate of 300 uL/s and a concen-

tration of 0.05 M sulphuric acid. It is obvious from these

figures that the response of polarized silver electrodes was

not satisfactory and therefore they can not be used as an

indicating system for the reaction between ciprofloxacin and

Fe(III). The resulting signal has increased slightly even at

higher levels of currents.
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Fig. 1. Effect of path length on the height of the signal; a- 8 cm, b- 6 cm, c-

11 cm, d- 10 cm, e-9 cm, f-4 cm
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Fig. 2. Effect on changing the current on the signal of polarized silver

electrodes; a- 1 µA, b- 3 µA, c- 7 µA, d- 10 µA, e- 15 µA
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Platinum electrodes were also applied and different

parameters to optimize their response were investigated. It was

noted that the response of these electrodes was similar to that

of silver electrodes. Fig. 3 showed that changing the current

has no effect on the response of the platinum electrodes.

Similar peaks were also obtained when the flow rate, the

volume of the sample and the concentration of sulfuric acid

were all changed, however no effect was noted on the resulting

signal.

a

b
c

d

Fig. 3. Effect of changing the current on the response of platinum

electrodes; a- 0.1 µA, b- 0.5 µA, c- 1.0 µA, d- 1.5 µA

Silver amalgam electrodes were also applied in order to

investigate their behaviour. In fact these electrodes have been

found to exhibit an excellent response during the titration of

ciprofloxacin with iron(III)39. Two identical silver amalgam

electrodes were polarized by a current of 0.50 µA and a coil

length of 3.1 cm was used to connect the cell with the

FIA/SIA instrument. Changing the flow rate or the volume of

the sample or the length of the coil were found to have no

effect on the height of the signal. However, a slight effect was

observed by changing the current employed to polarize the

electrodes (Fig. 4). Extensive investigation was made to

explore the abnormal behaviour of silver amalgam electrodes.

All the parameters that can affect the response of the

electrodes were changed and studied. A solution of 0.10 M of

potassium chloride was used as a carrier and at the same time

as a supporting electrolyte to avoid the effect of sulphuric acid

on the response of the silver amalgam electrodes. Different

concentrations of ciprofloxacin were employed and it was

noted that the height of the resulting signal for all of these

solutions were almost the same. This could be attributed to

the structure of the silver amalgam layer and a reaction

between mercury in this layer and ciprofloxacin is inevitable.

This point needs further investigation because silver amalgam

is usually used in manufacturing the dental fillings and if such

a reaction can occur, then those fillings could endanger the

people’s health.

As a result of the abnormal behaviour of the silver amalgam

electrodes, it was decided to use platinum amalgam electrodes.

Different parameters were considered such as the length of the

coil, the flow rate, the volume of the sample, the concentration

of the reagent and the concentration of the acid used as a

carrier. Fig. 5 shows the effect of the coil length on the signal. It

can be seen that any employed coil length was found to give a

considerable signal compared to the results of the other

electrodes like Ag, Pt or Ag/Hg which were studied earlier.
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Fig. 4. Effect of changing the current: a- 0.1 µA, b- 0.2 µA, c- 0.5 µA, d- 1

µA, e- 5 µA and f- 10 µA
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Fig. 5. Effect of changing the coil length a- 6 cm, b- 8.5 cm, c- 11 cm, d-

13; cm, e- 2 cm, f- 3.1 cm on the response of the Pt/Hg electrodes

The effect of changing the volume of the sample on the

response of platinum amalgam electrodes has also been

studied. This is obvious from Fig. 6 where the volume of the

sample has found to exhibit a significant effect on the shape

of the resulting differential curve. The effect of the current

used to polarize these electrodes has also been investigated

(Fig. 7).
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Fig. 6. Effect of changing the volume of the sample on the resulting signal

of the cm. On the height of the signal obtained by Pt/Hg electrodes;

a- 300 µL, b- 2000 µL, c-1500 µL, d- 100 µL, e- 600 µL
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Fig. 7. Effect of changing the current on the resulting signal of Pt/Hg

electrodes at a flow rate of 150 µL, sample volume of 300 µL,

concentration of 0.01 M of Fe(III) and a sulfuric acid concentration

of 0.05; a- 0.10 µA, b- 0.5 µA, c- 1.0 µA, d- 2.0 µA, e- 5.0 µA

Fig. 7 showed that an excellent signal has been obtained

by applying different currents at constant parameters of flow

rate, volume of sample and concentration of both the reagent

and the sample. Peaks presented in Fig. 7 are typical peaks

which are usually expected from the normal response of the

polarized electrodes employed in the technique of differential

electrolytic potentiometry.

The effect of changing the concentration of Fe(III) on the

resulting signal of the polarized Pt/Hg electrodes is presented

in Fig. 8. Changing the concentration of iron(III) was found

to have a slight effect on the height of the resulting peaks and

a concentration of 0.010 M Fe(III) was considered to be

optimum for this work.
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Fig. 8. Effect of changing the concentration of Fe(III) on the resulting signal

of Pt/Hg electrodes at a current of 1 uA and acid concentration of

0.075 M and a flow rate of 300 uL; a- 0.05 M, b- 0.04 M, c- 0.03

M, d- 0.02 M, e- 0.010 M, f- 0.005 M, g- 0.002 M

The following are the optimum conditions for the FIA/

SIA-DEP method for the complexation of ciprofloxacin and

iron(III). The concentration of iron(III) was 0.01 M in 0.024

M H2SO4 and the concentration of ciprofloxacin was 500 ppm.

The current employed was 0.5 µA and coil length was 3.1 cm.

The flow rate was 150 µL and the volume of the sample was

300 µL. Fig. 9 shows the calibration curve using the optimized

conditions above.

Time (sec)

Fig. 9. Calibration curve using the optimized conditions
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