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Application of ion-pair complexation 
reaction for the spectrophotometric 
determination of clarithromycin in 
pharmaceutical formulations
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Department of Chemistry, Faculty of Education and Sciences-Rada’a, Al-Baydha 
University, Al-Baydha, Yemen

ABSTRACT

Objective: To develop two simple, rapid, sensitive, selective and extraction-free spectrophotometric 
methods for the determination of clarithromycin (CLR) both in pure form and in pharmaceutical 
formulations. Methods: The developed methods are based on ion-pair complexation reaction 
between CLR and two sulphonphthalein acid dyes, bromothymol blue (BTB) and bromocresol 
purple (BCP). The yellow colored products were measured spectrophotometrically at 
416 nm and 418 nm for BTB and BCP, respectively. Results: Beer’s law is obeyed over the ranges 
of 0.5–25.0 µg/ml and 1.0–25.0 µg/ml, for BTB method and BCP method, respectively. The 
apparent molar absorptivities and Sandell’s sensitivities (in L mol–1 cm–1 and µg cm–2 per 0.001 
absorbance unit, respectively) were 2.01 × 104 and 0.0373 for BTB method, and 2.52 × 104 
and 0.0297 for BCP method. The limits of detection (LOD) and quantification (LOQ) for both 
the methods are calculated. Conclusion: The developed methods were successfully applied to 
the determination of CLR in commercial tablets with good accuracy and precision and without 
detectable interference from common excipients. The accuracy and reliability of the developed 
methods were further established by parallel determination by the reference method and also by 
recovery studies via standard addition technique

INTRODUCTION

Clarithromycin (CLR), chemically known as 
6-O-methylerythromycin (Figure 1). It has the empirical 
formula C38H69NO13 with a molecular weight of 

748.0 g/mole [1]. It is a semi-synthetic macrolide antibiotic 
with a broad antibacterial spectrum and it has a good stability 
in gastric acid and a more favorable pharmacokinetic profile 
than erythromycin [2].

A literature survey revealed that several methods to 
determine CLR in pharmaceutical formulations have been 
reported. These include different techniques such as high 
performance liquid chromatography [3-9], ultraviolet (UV) 
spectrophotometry [10,11], visible spectrophotometry [12-37], 
and voltammetry [38,39]. Many of these methods suffered 
from one or other disadvantage such as use of non-selective 

reagents, poor sensitivity, slow reaction, heating or extraction 
step, narrow linear dynamic range, use of expensive chemicals, 
and/or complicated experimental setup as explained in 
Table 1.

This work describes the application of ion-pair 
complexation reaction for the visible spectrophotometric 
determination of CLR in pure drug as well as in tablets. 
The developed methods are based on the formation of 
yellow colored ion-pair complexes between CLR and two 
sulfonphthalein acid dyes, namely, bromothymol blue 
(BTB) and bromocresol purple (BCP) with absorption 
maximum at 416 and 418 nm for BTB and BCP, respectively. 
The formed ion-pair complexes in both of the developed 
methods require no extraction step and measured directly 
in chloroform, confirming the simplicity of the developed 
methods.
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EXPERIMENTAL

Apparatus

A UV-visible spectrophotometer model 752 (Ningbo Hinotek 
Technology Co. Ltd., Zhejiang, China) was used for all 
absorbance measurements.

Materials and Methods

All reagents and solvents used were of analytical reagent 
grade.

Solutions of 0.2% w/v BTB and 0.2% w/v BCP were 
prepared in chloroform.

Standard CLR solution: A stock standard CLR solution 
(100 µg/ml) was prepared by dissolving of 10 mg of pure CLR 
in chloroform in a 100 ml standard flask and diluting to the 
volume with chloroform. The working standard CLR solution 
(50 µg/ml) was then prepared by a suitable dilution of the 
stock standard solution with chloroform.

The pharmaceutical preparation used in this study was 
claromin-250 mg/tablet which is marketed by Modern Pharma 
Company, Sana’a, Yemen.

Procedures

Preparation of calibration curves

BTB method (using BTB)
Different aliquots (0.1, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0 ml) of 
a standard solution (50 mg/ml of CLR) were accurately 
transferred into a series of 10 ml calibrated flasks using a micro 
burette. To each flask was added 1 ml of 0.2% BTB solution 
and after 5 min, the mixture was diluted to the mark with 
chloroform and mixed well. The absorbance of each solution 
was measured at 416 nm against a blank.

BCP method (using BCP)
Different aliquots (0.2, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0 ml) of a 
standard CLR (50 mg/ml) solution were accurately transferred 
into a series of 10 ml calibrated flasks. To each flask, 1 ml of 0.2% 
BCP solution was added. After 5 min, the mixture was diluted Figure 1: Chemical structure of clarithromycin

Reagent/s used λmax nm Linear range, mg/ml 
and ε (L mol−1 cm−1)

LOQ µg/ml Remarks References

a) BTB 410 0.1-20

ε=2.01×104

0.1 Extraction step is required [12]

b) Cresol red 415 2.0-20

ε=4.378×103

2.0

P-dimethylamino benzaldehyde 600 10-70

ε=6.8313×103

- Less sensitive and use of 
concentrated H2SO4, narrow 
linear range

[13]

a) O-nitro benzaldehyde 480 0.5-3.0

ε=1.063×105

- Use of concentrated HCl and 
slow reaction in method (a), 
heating step is required for 
methods b and c

[14]

b) Fe (III) 480 0.5-3.0

ε=1.032×105

-

c) DDQ 450 5-30

ε=4.951×103

-

Alizarin 546 1-100

ε=7.31×103

- Less sensitive [15]

Chloranilic acid 491 8-40

ε=1.67×104

1.12 Narrow linear dynamic range [16]

Haematoxylin reagent/Boric acid 587 0.2-4.0

ε=1.552×105

0.142 Slow reaction (stand for 30 min) [17]

DDQ/microwell assay 450 20-850 51.2 Less sensitive [18]

FeCl3/KSCN 445 2-22 1.75 heating step is required, slow 
reaction (60 min)

[19]

Table 1: Comparison of performance characteristics of the developed methods with the existing visible spectrophotometric methods

(Contd...)
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Table 1: (Continued)

Reagent/s used λmax nm Linear range, mg/ml 
and ε (L mol−1 cm−1)

LOQ µg/ml Remarks References

Thymol blue/ethanol 442 8.278-57.59

ε=1.66×104

- Narrow linear dynamic range [20]

Purpurin/alcohol 548 10-150

ε=4.49×103

- Less sensitive [21]

a) Fe (III)/potassium 
ferricyanide

740 12.5-75.0

ε=1.166×104

- Slow reactions [22]

b) Folin-Ciocalteu 775 25-125

ε=4.368×103

-

FeCl3/1,10-phenanthroline 515 0.05-0.25 - Narrow linear dynamic range [23]

Tropaeolin 500 10-40

ε=1.975×103

- Less sensitive, narrow range [24]

Marquis 495 10-70

ε=7.5045×103

- Narrow linear dynamic range [25]

2-nitrobenzaldehyde 486 10-45 - Slow reaction [26]

Rose Bengal/copper 557 7.5-40

ε=1.47×104

2.8 Extraction step is required [27]

Eosin Y 542-544 3-30

ε=4.367×104

0.906 Narrow linear dynamic range [28]

BCG 415 - - Extraction step is required [29]

2,4-dinitrophenylhydrazine 523-526 5-35 - Narrow linear dynamic range [30]

KBrO3 – KBr

a) Methylene blue 678 3.2-16

ε=4.04×107

3.2 Non-selective [31]

b) Methyl orange 510 6.4-19.2

ε=2.66×107

6.4

a) BCP 390 12-28

ε=1.31×107

7.95 Extraction step is required [32]

b) BCG 413 4-20

ε=1.1×105

15.8

a) Concentrated HCl/acetone 485 50-500 - Extraction step is required in all 
three methods

[33]

b) BCG 414 0-60 -

c) BPB 414 0-60 -

HCl/Folin-Ciocalteu 760.5 20-120 - Slow reaction [34]

a) I2 363 35-135

ε=2985–3497

- Less sensitive [35]

b) TCNE 420 15-95

ε=6877–9872

-

Quinalizarin 580 0-100

ε=3.74×103

- Less sensitive [36]

BPB 414 10-40 - Extraction step is required [37]

a) BTB 416 0.5-25

ε=2.01×104

1.10 Simple, sensitive, 
extraction-free, only one reagent 
required

Present 
methods

b) BCP 418 1.0-25

ε=2.52×104

0.72

DDQ: 2,3-dichloro-5,6-dicyano-1,4-benzoquinone, TCNE: tetracyanoethylene, BTB: Bromothymol blue, BCP: Bromocresol purple, LOQ: Limit of quantification, 
BCG: Bromocresol green, BPB: Bromophenol blue
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to the mark with chloroform and mixed well. The absorbance of 
each solution was measured at 418 nm against a blank.

Procedure for tablets

The content of seven tablets of claromin-250 was weighed 
accurately and ground into fine powder in a mortar. A portion 
of the powder equivalent to 20 mg of the active component 
(CLR) was accurately weighed and transferred into a 100 ml 
calibrated flask, and dissolved in about 50 ml of chloroform. 
The solution was shaken thoroughly for 20 min, diluted to the 
volume with the same solvent and filtered using a Whatman 
No. 42 filter paper. The first portion of the filtrate was rejected 
and aliquots of this filtrate were subjected to analysis by the 
procedure described above after its dilution to 50 µg/ml in 
CLR with chloroform.

Procedures for method validation

Linearity, limits of detection (LOD) and quantification (LOQ)
Linearity was assessed by analyzing a set of seven calibration 
standards. Calibration curves for both methods were prepared 
as described under “Preparation of calibration curves.” The 
linearity of both the methods was determined by the method 
of least squares and plotting of the absorbance (Y) against 
the concentration (X) of CLR. The LOD and LOQ values were 
calculated using the formulae [40]:

LOD =
3 3. S
b

 and LOQ =
10S
b

Where S is the standard deviation of seven replicates for 
the absorbance of blanks and b is the slope of the calibration 
curve.

Precision and accuracy
To evaluate the precision and accuracy of the developed 
methods, solutions containing three different concentrations of 
CLR were prepared and analyzed in five replicates on the same 
day (intra-day) and on 4 consecutive days (inter-day). Mean 
and standard deviations were obtained by back-calculated 
CLR concentration at each level. Precision and accuracy were 
calculated in terms of relative standard deviation (RSD) and 
relative error (RE), respectively.

Robustness and ruggedness
The robustness of the developed methods was examined 
by evaluating the influence of small incremental changes 
in two experimental variables, namely, volume of the 
dye and the reaction time, on the performance of the 
developed methods. The analysis was performed at the 
altered experimental conditions by taking three different 
concentrations of CLR and studying the effect of the 
changes on the absorbance reading of the formed ion-
pair complexes in both the methods by calculating the 
%RSD each time. Method ruggedness of the developed 
methods was examined by performing the analysis by three 
different analysts and also by a single analyst using three 
different cuvettes. These assays were performed at three 
concentration levels of CLR.

Procedures for Selectivity Study

The effect of common excipients added to pharmaceuticals 
was examined by the developed methods for their possible 

interferences with the determination of CLR by placebo blank 
and synthetic mixture analyses. A placebo blank containing 
starch, talc, lactose, calcium gluconate, magnesium stearate, 
and sodium dihydrogen phosphate was extracted with 
chloroform and solutions were made as described under 
“Procedure for tablets.” A suitable amount of solution was 
analysis by both the methods following the procedures 
described under “Preparation of calibration curves.” 10 mg 
of pure CLR was added to the placebo blank of similar 
composition described above and mixed well. The solution 
of the synthetic mixture equivalent to 100 µg/ml of CLR was 
prepared as described under “Procedure for tablets.” The 
filtrate was collected and 1.0 ml of the resulting solution was 
assayed (n = 5) by both the methods.

RESULTS AND DISCUSSION

Absorption Spectra

The reaction of BTB or BCP with CLR in chloroform medium 
results in the formation of yellow colored ion-pair complexes. 
The absorption spectra of the yellow colored products were 
recorded at 380-480 nm against the corresponding blank 
solutions and are shown in Figure 2. The yellow colored ion-
pair complexes showed maximum absorbance at 416 and 
418 nm for CLR-BTB and CLR-BCP, respectively.

Reaction Pathway

CLR contains tertiary amino group, nitrogen atom bonded to 
electron donating methyl groups, which can be protonated and 
formation of ion-pair complexes with dyes such as BTB and 
BCP. BTB and BCP are examples for dyes of sulfonphthalein 
type, and the color of such dyes is due to the opening of 
lactoid ring and subsequent formation of the quinoid group. 
It supposed the presence of the equilibrium between the two 
tautomers but due to strong acidic nature of the sulfonic acid 
group, the quinoid body must predominate [41]. Finally, the 
protonated CLR forms ion-pair complexes with the dyes. The 
possible reaction pathways are proposed and presented in 
Scheme 1.

Figure 2: Absorption spectra of ion-pair complexes of: Clarithromycin 
(CLR)-bromothymol blue and CLR-bromocresol purple against reagent 
blank
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Optimization of Reaction Conditions

To study the effect of the dye concentration on the intensity 
of the yellow colored complexes, the absorbances of solutions 
containing a fixed concentration of CLR (12 mg/ml) and 
different amounts (0.25-2.5 ml) of the respective dyes of 
0.2% BTB or 0.2% BCP solutions were measured. Maximum 
absorbances of both complexes were achieved with 1 ml of 
each BTB and BCP solution and excess dyes did not affect the 
absorbance of the complex. The formed ion-pair complexes 
were stable for at least 1 h in both the methods.

The Japanese Pharmacopoeia [42] reported that CLR is 
soluble in acetone and in chloroform. To select the suitable 
solvent for preparation of CLR and dyes solutions, CLR and 
both dyes were prepared separately in two solvents, namely, 
acetone and chloroform; the same solvent was used as diluting 
solvent. Then, the reaction of CLR with BTB or BCP was carried 
out in the solvents mentioned above and the absorbance of 
each solution was measured against the corresponding blank 
at the selected wavelengths. The results showed that the 
chloroform is a suitable solvent for ion-pair complex formation 
in both the methods because it gives the maximum sensitivity 
when compared with acetone.

The effect of the time on the reaction of CLR with BTB 
or BCP in chloroform medium was studied at different values 
(0-45 min) by continuous monitoring of the absorbance at 
the selected wavelengths. It was found that the reaction is 
complete and quantitative when the reaction mixture was 
allowed to stand for 5 min and any delay in the absorbance 
measurements of the formed complexes up to 1 h had no effect 
on the reaction stoichiometry which is determined to be 1:1 
(CLR:dye) for the ranges studied.

Stoichiometric Relationship

To determine the stoichiometric ratio between CLR and 
BTB/BCP, Job’s method of continuous variation was employed. 
In this method, solutions of 6.68 × 10−5 M standard CLR 
and 6.68 × 10−5 M dye (BTB/BCP) were mixed in varying 
volume ratios in such a way that the total volume of each 

mixture was kept the same. The absorbance of each solution 

was plotted against the mole fraction of the drug, CLR

CLR dye

V
V V+

 

(Figure 3). As shown in Figure 3, the molar ratio which gave 
maximum absorbance was 0.5, indicating the formation of 1:1 
(CLR:dye) ion-pair complexes and confirm the presence of one 
basic nitrogen-containing group in the drug. The formation 
constants (Kf) of the formed complexes were calculated from 
the data of continuous variations method using the following 
equation [43]:

K
A
A

A
A C n

f
m

m

n
M

n
=

− +( ) ( )1 2

Where, A and Am are the observed maximum absorbance 
and the absorbance value when all the drug present is 
associated, respectively. CM is the molar concentration of drug 
at the maximum absorbance and n is the stoichiometry. The Kf 
values were found to be 1.37 × 107 and 1.42 × 107 for CLR-
BTB and CLR-BCP complexes, respectively. The high values of 
Kf confirm the expected high stabilities of the formed ion-pair 
complexes.

Method Validation

The developed methods were validated according to the current 
ICH guidelines for validation of analytical procedures [40].

Linearity and sensitivity

A linear correlation between the absorbance of the formed 
ion-pair complexes CLR-BTB and CLR-BCP at the selected 
wavelengths, and the concentration of CLR was found in the 
ranges presented in Table 2. The linear regression equations 
for both the methods were obtained and the Beer’s law range, 
correlation coefficient, molar absorptivity, Sandell’s sensitivity, 
LOD, and LOQ values for both the methods are presented in 
Table 2. The linearity of the calibration curves was confirmed 
by the high values of correlation coefficients and low values of 
LOD and LOQ.

Scheme 1: The possible reaction pathway for the formation of clarithromycin (CLR)-bromothymol blue and CLR-bromocresol purple ion-pair 
complexes
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Precision and accuracy

The results of intra- and interday precision and accuracy for 
the developed methods are presented in Table 3. The low 
values of the percentage %RSD indicate the high precision, 
and the values of percentage %RE show the good accuracy of 
the developed methods.

Interference studies

Suitable aliquots of placebo blank solution prepared under 
“Procedures for selectivity study” was subjected to analysis by 

both the methods, and the results showed that the absorbance 
almost equal to that of the reagent blank confirming the 
absence of the interferences from the added excipients. 
A suitable volume of synthetic mixture solution prepared 
under “Procedures for selectivity study” was also subjected 
to analysis by both the methods and the percent recoveries 
of CLR were calculated and found to be 101.9 ± 2.03 and 
99.64 ± 1.97 (n = 5) by BTB and BCP methods, respectively. 
The calculated percentage recoveries are good and revealed 
that no interference was observed from any of the added 
excipients in both of the developed methods.

Robustness and ruggedness

The results of the robustness and ruggedness of the developed 
methods are shown in Table 4 and confirm that the developed 
methods were robust as well as rugged.

Applications to Analysis of 
Pharmaceutical Formulations

The developed methods were successfully applied for the 
determination of CLR in claromin-250 tablets. The results 
shown in Table 5 indicated that the developed methods are 
successful for the determination of CLR and the excipients in 
the dosage forms do not interfere. A statistical comparison 
of the results for the determination of CLR by the developed 
methods and British Pharmacopeia reference method [1] 
is shown in Table 5. Statistical analysis of the results using 
Student’s t-test for accuracy and F-test for precision confirmed 
that no significant difference between the developed methods 
and reference method at the 95% confidence level with respect 
to accuracy and precision (Table 5).

The accuracy of the developed methods was further 
ascertained by performing recovery experiment using the 
standard addition procedure. The results of this study were 
presented in Table 6 and reveal that the various excipients 
present in the formulations did not interfere.

CONCLUSIONS

This article describes the application of ion-pair complexation 
reaction for the visible spectrophotometric determination of 
CLR in bulk drug as well as in tablets. The developed methods 
have the advantages of simplicity, sensitivity, extraction-free and 
wide linear dynamic range, over most of the previously reported 
visible spectrophotometric methods for the determination 
of CLR in pharmaceuticals as can be seen from Table 1. The 

Figure 3: Job’s continuous - variations plots

Table 2: Analytical parameters for the determination of CLR using 
the developed methods

Parameter BTB 
method

BCP 
method

λmax, nm 416 418

Beer’s law limits, µg/ml 0.5-25.0 1.0-25.0 

Molar absorptivity, L mol−1 cm−1 2.01×104 2.52×104

Sandell sensitivity*, µg/cm2 0.0373 0.0297

Limit of detection, µg/ml 0.36 0.24

Limit of quantification, µg/ml 1.10 0.72

Regression equation, Y**

Intercept (a) 0.0053 0.0024

Slope (b) 0.0232 0.0322

Correlation coefficient (r) 0.9998 0.9997

Standard deviation of intercept (Sa) 0.00312 0.00474

Standard deviation of slope (Sb) 0.00022 0.00034

Variance (Sa
2) 9.73×10−6 2.25×10−5

*Limit of determination as the weight in µg per ml of solution, which 
corresponds to an absorbance of A=0.001 measured in a cuvette of 
cross-sectional area 1 cm2 and l=1 cm. **Y=a+bX, where Y is the 
absorbance and X is the concentration in µg/ml

Table 3: Evaluation of the precision and accuracy for the analysis of CLR in pure form using the developed methods

Method CLR taken (µg/ml) Intra-day (n=5) Inter-day (n=4)

CLR founda (µg/ml) %RSDb %REc CLR founda (µg/ml) %RSDb %REc

BTB method 5.00 5.08 0.97 1.60 5.10 1.86 2.00

10.00 10.12 1.23 1.20 9.77 2.07 2.30

15.00 15.31 1.45 2.07 14.66 1.98 2.27

BCP method 5.00 5.05 1.56 1.00 5.06 1.77 1.20

10.00 9.73 1.29 2.70 9.72 2.14 2.80

15.00 14.67 2.25 2.20 15.40 2.30 2.67

 aMean value of n determinations, bRelative standard deviation (%), cBias (%): [(found – taken)/taken] ×100. CLR: Clarithromycin, BTB: Bromothymol blue, 
BCP: Bromocresol purple, RSD: Relative standard deviation, RE: Relative error
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developed methods are based on the simple mixing of CLR 
solution and dye solution in chloroform medium and measuring 
the absorbance. The statistical parameters and the recovery 
data reveal good accuracy and precision of both the methods. 
Moreover, the developed methods can be performed at room 
temperature and are suitable for application in laboratories 
when chromatographic techniques are not available.
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