
_____________________________________________________________________________________________________ 
 
*Corresponding author: E-mail: hesham.elfeky@fsc.bu.edu.eg; 
 
 
 

Asian Journal of Chemical Sciences 
 
12(1): 45-53, 2022; Article no.AJOCS.89392 
ISSN: 2456-7795 

 
 

 

 

Spectrophotometric determination of Ciprofloxacin 
Hydrochloride, Moxifloxacin Hydrochloride and 

Roxithromycin Hydrochloride in Pure Form 
 

M. S. Mohammed a, H. H. El-Feky a*, T. Y. Mohammed a and S. A. Shama a 
 

a 
Department of Chemistry, Faculty of Science, Benha University, Benha 13511, Egypt. 

 
Authors’ contributions  

 
This work was carried out in collaboration among all authors. All authors read and approved the final 

manuscript. 
 

Article Information 
 

DOI: 10.9734/AJOCS/2022/v12i119139 
 

Open Peer Review History: 
This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers, peer 

review comments, different versions of the manuscript, comments of the editors, etc are available here: 
https://www.sdiarticle5.com/review-history/89392 

 
 

Received 07 May 2022  
Accepted 12 July 2022 

Published 12 July 2022 

 
 

ABSTRACT 
 

A straightforward, sensitive, and quick spectrophotometric approach was created and validated for 
the detection of Ciprofloxacin hydrochloride, Moxifloxacin hydrochloride, and Roxithromycin 
hydrochloride in pure form. These techniques were based upon the fact that these antibiotics 
produced dark yellow ion pairs when combined with bromophenol blue. The binary complex in 
universal buffer solution of the optimum pH values was demonstrated at absorption maxima at 633 
nm, 632 nm, and 633 nm for the three drugs, respectively, with bromophenol blue. Various 
parameters, such as the effect of time and the effect of reagent concentration, were optimized. 
Beer’s law plots were obeyed in the concentration ranges 2– 8 µg ml

-1
, 1– 4 µg ml

-1
, and 1– 6 µg         

ml
-1

, for the three drugs, respectively, with bromophenol blue. The detection limits were found to be 
1.65, 0.83 and 0.79 μg mL

-1
, respectively, for Ciprofloxacin hydrochloride, Moxifloxacin 

hydrochloride, and Roxithromycin hydrochloride with bromophenol blue. The correlation coefficient 
value suggests that all three systems are linearly consistent. 

 

 
Keywords: Ciprofloxacin hydrochloride; moxifloxacin hydrochloride and roxithromycin hydrochloride; 
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1. INTRODUCTION 
 
Ciprofloxacin hydrochloride (CPFX) belongs to 
the fluoroquinolones. The fluoroquinolones are a 
set of antibacterial agents that have been used 
science 1980 as a routine treatment for skin, 
gastrointestinal, respiratory, urinary, bone and 
joint infection. CPFX is an ideal candidate for 
Gastroretentive drug delivery technology. It is a 
broad-spectrum fluoroquinolone antibacterial 
agent that is predominantly absorbed from the 
stomach and the proximal part of the small 
intestine. Oral bioavailability is about 70% and 
reaches the peak plasma concentration 2.5 
μg/ml in 1 to 2 hr after administration of 500 mg. 
Plasma half-life is 3-5 hours which favors the 
development of muccoadhesive tablets. 
Ciprofloxacin is an antibiotic that is useful against 
a wide variety of infections in human [1–5]. A 
fourth-generation synthetic 8-methoxyquinolone 
derivative of fluoroquinolone antibacterial drugs 
is Moxifloxacin hydrochloride (MOXI). It was 
found in 1999 by the insertion of an azabicyclo-
substitution at C-7, which is connected to activity 
against both Gram-negative and Gram-positive 
bacteria as well as a wide range of pathogens. A 
methoxy group at the C-8 position has also been 
linked to improved efficacy against tuberculosis 
and a lower tendency to acquire phototoxicity 
resistance [6–9].  
 
The semi-synthetic macrolide antibiotic 
Roxithromycin hydrochloride (ROXI) is produced 
from erythromycin, which has long been used to 
treat infections in both humans and animals In 
healthy volunteers, single oral dose 
administration of Roxithromycin 150 to 300 mg 
results in high, dose-related plasma 
concentrations of the drug; peak concentrations 
of 6.6 to 10.8 mg/L were recorded over this dose 
range within 1.5 to 1.9 hours of drug 
administration . In recent years, roxithromycin, an 
emerging pollutant, has been frequently found in 
aquatic environments, including surface water, 
ground water, and wastewater [10–14].  
 
Acid phthalein dye bromophenolblue (BPB) is a 
blue colour. It serves as a pH indicator and is 
categorised as a Bronsted acidic or basic dye 
with a transition range of pH 3 to 4.6. (proton 
acidity and hydrogen bonding). The literature 
advises using bromophenol blue, which displays 
colours of yellow at pH 3.0 and blue at pH 4.6, 
for the titration of strong alkalis with strong acids. 
BPB is employed as a sensor to measure a 
variety of substances, including ammonia, 
medications, proteins, and amino acids [15–23]. 

Azo dyes have a high-water solubility and limited 
biodegradability, which negatively affects aquatic 
life by lowering dissolved oxygen levels and 
reducing light influx [24–27]. Several methods 
have been done in literature for the analysis of 
Ciprofloxacin hydrochloride, Moxifloxacin 
hydrochloride and Roxithromycin such as 
Colorimetric Method, Spectrophotometric 
method, Voltametric methods, Potentiometric 
determination HPLC, Capillary zone 
electrophoresis method, etc. 
 
The research method relies on the development 
of colored (charge transfer or ion-pair) 
complexes between the drug and reagent that 
may be detected by a visual spectrophotometer. 
In an ion-pair complex, ions with opposing 
electric charges are attracted to one another in 
solution to create a unique chemical compound. 
It acts as one cohesive entity. Physical chemistry 
first looked into ion pair production, but chemical 
analysis, notably pharmaceutical analysis, has 
found it to be quite intriguing. Herein, our work 
aims to determine different drugs in their pure 
forms such as Ciprofloxacin hydrochloride, 
Moxifloxacin hydrochloride, and Roxithromycin 
drugs, successfully using bromophenolblue as a 
reagent. The schematic structures for the three 
drugs are presented in Scheme 1. 
 

2. EXPERIMENTAL 
 

2.1 Apparatus 
 
All the absorption measurements are carried out 
using a Jasco UV/Vis spectrophotometer (model 
V-670, Jasco, Tokio, Japan) with scanning speed 
400 nm/min, band width 2.0 nm, and equipped 
with 1.0 cm pair-matched quartz cells. The pH of 
all solutions was adjusted using a pH-meter (HI 
8014, HANNA Instruments, Woonsocket, RI, 
USA). Spectrofluorimetric measurements were 
carried out using a spectrofluorometer 
(Fluoromax-4, Horbiba Scientific, Kyoto, Japan), 
with the slit widths for both excitation and 
emission set at 9 nm. 
 

2.2 Materials and Reagents 
 
All materials used were of Analytical Reagent 
grade, double distilled water, and methanol were 
used throughout the work. 
 

2.3 Preparation of Solutions 
 

Stock solutions of Ciprofloxacin hydrochloride, 
Roxithromycin and bromophenol were prepared 
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a b 
 

c 
 
Scheme 1. Chemical structures of Ciprofloxacin hydrochloride (a), Moxifloxacin hydrochloride 

(b) and Roxithromycin (c) 
 
in methanol while, Moxifloxacin hydrochloride 
solution was prepared in distilled water (dist. 
Water). The solutions were further diluted as per 
requirement. 
 

2.4 Procedure for Calibration Curve 
 
Suitable aliquots of ciprofloxacin hydrochloride or 
roxithromycin solutions in methanol or 
moxifloxacin hydrochloride in dist. water were 
transferred into 10 ml volumetric flasks. To it, 1 
ml of 2x10

-3
 M bromophenol blue solution for 

ciprofloxacin hydrochloride, moxifloxacin 
hydrochloride and roxithromycin hydrochloride 
were added and volume was made up to 10 ml 
with respective solvents. This made the final 
concentration of bromophenol blue to 0.2 mM. 
The absorbance of dark yellow solution was 
measured at 633 nm for ciprofloxacin 
hydrochloride or roxithromycin solutions, and 632 
nm for moxifloxacin hydrochloride against the 
appropriate bromophenol blue. As a reagent 
blank. 
 

2.5 Procedure for Dosage Form 
 
The contents of 5 tablets were weighed, ground 
into a fine powder and mixed. An accurately 
weighed portion of the powder equivalent to one 
tablet was transferred into a 50 ml volumetric 
flask. The volume was made up to the mark with 
water. After 30 min of mechanically shaking, the 

solution was filtrated in a 50 ml calibrated flask 
through Whatman No. 42 filter paper. Necessary 
amounts of filtrate were diluted to a 50 ml double 
distilled water and the same procedure were 
applied as described under the procedure for 
bulk samples. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Effect of Solvent 
 
Various solvents like methanol, ethanol, acetone, 
dimethylsulphoxide, chloroform and acetonitrile 
were used to check the solubility, complex 
formation, to achieve maximum sensitivity and 
product stability. Methanol for ciprofloxacin 
hydrochloride, roxithromycin and bromophenol 
blue and distilled water for moxifloxacin 
hydrochloride and methyl orange were found to 
be most suitable solvents. 
 

3.2 Absorption Spectra 
 
Solutions of ciprofloxacin hydrochloride or 
roxithromycin and bromophenol blue in methanol 
and moxifloxacin hydrochloride in distilled water 
were prepared. Absorption spectra of these 
solutions were recorded individually. When the 
drug solutions were mixed with BPB solution, 
dark yellow complexes were formed with 
absorption maxima at 633 nm for ciprofloxacin 
hydrochloride, 632 nm for moxifloxacin 



 
 
 
 

Mohammed et al.; AJOCS, 12(1): 45-53, 2022; Article no.AJOCS.89392 
 

 

 
48 

 

hydrochloride and 633 nm for roxithromycin 
respectively. In experimental settings, the 
medication and the reagent both had little 
absorbance, whereas the complexes displayed 
maximal absorbance at these wavelengths. 
Hence, it was established that the investigations 
for quantitative analysis could be carried out at 
these wavelengths.  
 

3.3 Effect of pH 
 
After a universal buffer solution was                   
prepared different values of pH from 2.0 to 12.0 
was added to fixed of studied drugs test and 
blank to select optimum pH (Fig. 1). The 
optimum pH values were 5.12, 8.26 and 6.56 for 
CPFX, MOXI and ROXI (100 ppm) with BPB, 
respectively. 

 
3.4 Effect of Time 

 
Mixtures of drug and reagent were prepared; the 
optimum reaction time was determined by 
recording the absorbance of the formed 
complexes at different time intervals. The 
variation has been shown in Fig. 2. After studying 
the effect of time on the complexes under 
consideration as shown (Fig. 2), it was found that 
CPFX, MOXI and ROXI complexes with BPB 
were formed instantaneously having maximum 
absorbance and the ROXI and CPFX have stable 

absorbance for 30 min while MOXI lower 
abosorbance to reach 0 after 10 min.  
 

3.5 Effect of Reagent Concentration 

 
The optimum concentration of bromophenol blue 
was determined by adding various volumes (0.5- 
5 ml) of 2 mM bromophenol blue to the drugs. 
The color intensity and the absorbance were 
found to be maximum for ciprofloxacin 
hydrochloride, moxifloxacin hydrochloride and 
roxithromycin by using 1 ml of 2mM BPB. 
Consequently, the calibration curve was 
prepared using these concentrations (Fig. 3). 
The means of the three values were presented in 
each graph after each observation was made in 
triplicate.  
 

3.6 Effect of Sequence of Mixing 
 
The results of different sequences of addition to 
select the most suitable one for developing the 
concerned complexes is investigated by 
measuring the absorbance of solutions prepared 
by different sequences of addition in the visible 
region against a blank solution prepared in the 
same manner. Experiments showed that the 
order "reagent-drug-buffer" gave the best results 
for all complexes. Other sequences gave lower 
absorbance values under the same conditions 
(Fig. 4). 
 

 

 
Fig. 1. Effect of pH on ion pair complexes of Ciprofloxacin hydrochloride (CPFX), Moxifloxacin 

hydrochloride (MOXI) and Roxithromycin (ROXI) (100 ppm) with Bromophenol blue (BPB) 
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Fig. 2. Effect of time on the absorbance of ion pair complexes ciprofloxacin hydrochloride 

(CPFX), Moxifloxacin hydrochloride (MOXI) and Roxithromycin (ROXI) with Bromophenol Blue 
(BPB) 

. 
 

 
Fig. 3. Effect of Bromophenol blue (BPB) concentrations on ion pair complexes of 

Ciprofloxacin hydrochloride (CPFX), Moxifloxacin hydrochloride (MOXI) and Roxithromycin 
(ROXI) (100 ppm) with Bromophenol blue (BPB) 
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Fig. 4. Effect of sequence of addition on ion pair complexes of Ciprofloxacin hydrochloride 

(CPFX), Moxifloxacin hydrochloride (MOXI) and Roxithromycin (ROXI) (100 ppm) with 
Bromophenol blue (BPB) 

 

3.7 Stoichiometric Relationship and 
Stability Studies 

 
By using Job's continuous variation method, 
these complexes' composition and stability 
constants were determined. Different ratios of 
equimolar solutions of the medication and the 
reagent were combined, and the absorbance of 
each mixture was measured under ideal 
circumstances. The findings showed that the 

complexes are formed in the ratio of 1:1 (D:R) for 
BPB (Fig. 5). Mechanism of formation of                  
such complexes with composition (DH)

+2
 (R)

2-
 

has been discussed by Gainza and Konyeaso 
[28]. The stability constants (log K) values were 
found to be 6.34 ± 0.03 for ciprofloxacin 
hydrochloride, 5.22 ± 0.04 for moxifloxacin 
hydrochloride and 4.53 ± 0.06 for roxithromycin 
respectively showing high stability of the 
complexes. 

  
 

 
Fig. 5. Continuous variation plots for the ion pair complexes of CPFX, MOXI and ROXI  

(100 ppm) with BPB (2×10
-3
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Table 1. The analytical parameters obtained for the formed complexes between CPFX, MOXI 
and ROXI with BPB 

 

Reagent 
Drug  

Bromophenol blue 
(5×10

-3 
M) 

C19H10Br4O5S 
670 g/mol 

Ciprofloxacin hydrochloride 
(100 ppm) 
C17H19FN3O3CL 
367.802g/mol 

pH (5.12) 
Volume of buffer (4ml) 
Volume of reagent (1ml) 
λ max (633 nm) 
Color of complex (dark yellow) 
Sequence (Reagent-Drug-Buffer) 
Range of Beer

,
s law= 2– 8 µg ml

-1
 

Limit of detection= 1.65 
Correlation coefficient= 0.9955 

Moxifloxacin hydrochloride 
(100 ppm) 
C21H25CLFN3O4 
437.892 g/mol 

PH (8.26) 
Volume of buffer (4ml) 
Volume of reagent (1ml) 
λ max (632 nm) 
Color of complex (dark yellow) 
Sequence (Reagent-Drug-Buffer) 
Range of Beer

,
s law= 1– 4 µg ml

-1
 

Limit of detection= 0.83 
Correlation coefficient= 0.9949 

Roxithromycin 
(100 ppm) 
C41H76N2O15 
837.058 g/mol 

PH(6.56) 
Volume of buffer (4ml) 
Volume of reagent (1ml) 
λ max (633 nm) 
Color of complex (dark yellow) 
Sequence (Reagent-Drug-Buffer) 
Range of Beer

,
s law= 1– 6 µg ml

-1
 

Limit of detection= 0.79 
Correlation coefficient= 0.9911 

 

3.8 Analytical Parameters 
 
Calibration curves for ciprofloxacin hydrochloride, 
moxifloxacin hydrochloride and roxithromycin 
were plotted between absorbance and 
concentration. A linear absorbance-concentration 
correlation was found to be 2– 8 µg ml

-1
, 1– 4 µg 

ml
-1

, and 1– 6 µg ml
-1 

with correlation coefficients 
0.9955, 0.9949 and 0.9911 respectively for 
CPFX, MOXI and ROXI with BPB, respectively. 
The limit of detection and limit of quantitation 
were calculated in accordance with equations, 

 
LOD = 3σ/S 
 
LOQ = 10σ/S 

 
The σ is the standard deviation of the response 
and S is the slope of calibration graph. The 
detection limits were found to be 1.65, 0.83 and 
0.79 μg mL

-1
, respectively for CPFX, MOXI and 

ROXI with BPB (Table 1). The value of 

correlation coefficient indicates good linearity for 
all the three systems.  
 

4. CONCLUSION 
 
The spectrophotometer is easy to use and 
inexpensive, in contrast to gas chromatography 
and HPLC methods. The significance is not in 
the instrument's complexity, but rather in the 
chemical processes that underlie the methods. 
The ability to evaluate a specific component in 
complicated dose makes this element of 
spectrophotometric analysis of great interest to 
analytical pharmacists. The procedures don't 
require any difficult sample preparation or crucial 
reaction conditions, and the reagents used in the 
proposed methods are less expensive and more 
easily accessible. Small changes in experimental 
parameters like pH and reagent concentration 
have no impact on the procedure. Additionally, 
the procedures are devoid of influence from 
typical excipients and additives, accurate, 
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reproducible, and sensitive enough. The assay of 
CPFX, MOXI, and ROXI in pure form has 
successfully demonstrated the broad applicability 
of the novel methodologies for routine quality 
control. 
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