
 

~ 24 ~ 

International Journal of Chemical Studies 2015; 3(2): 24-29

 
 
 
 
 
 
 
 
 
 
 
 
P-ISSN 2349–8528 
E-ISSN 2321–4902  
IJCS 2015; 3(2): 24-29  
© 2015 JEZS  
Received: 17-05-2015 
Accepted: 20-06-2015 
 
Nabil A. F. Alhemiary 
(a) Department of Chemistry, 
College of Science & Arts – 
Sharurah, Najran University, 
Sharurah, Saudi Arabia. 
(b) Department of Chemistry, 
College of Science, Ibb 
University, P. O. Box 70270, 
Ibb, Yemen. 
 
Eman. M. Shediwa 
(a) Department of Chemistry, 
College of Science & Arts – 
Sharurah, Najran University, 
Sharurah, Saudi Arabia. 
(b) Department of Chemistry, 
College of Science, Sana’a 
University, Yemen. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Correspondence: 
Nabil A. F. Alhemiary 
(a) Department of Chemistry, 
College of Science & Arts – 
Sharurah, Najran University, 
Sharurah, Saudi Arabia. 
(b) Department of Chemistry, 
College of Science, Ibb 
University, P. O. Box 70270, 
Ibb, Yemen. 

 
 
 
 
 
 
 
 
 
 
 

 
Spectrophotometric determination of metoprolol 

in pharmaceutical formulation by charge transfer 
complexation 
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Abstract 
Two simple and selective spectrophotometric methods are described for the determination of metoprolol 
tartar at as base form metoprolol (MTP) in bulk drug, and in tablets and capsules. The methods are based 
on the molecular charge transfer complexation of metoprolol base MTP with Bromothymol blue (BTB) 
or 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone (DDQ). The yellow and orange colored radical anions 
formed on dissociation, are quantitated at 413 nm (BPB method) or 457 nm (DDQ method). The assay 
conditions were optimized. Beer's law is obeyed in the concentration ranges 2.0-40.0 μg mL-1 in BPB 
method and 5.0-25.0 μg.mL-1in DDQ method, with respective molar absorptivity values of 5.78 × 103 
and 4.05 × 103 L mol-1 cm-1. The reaction stoichiometry in both methods was evaluated by Job’s method 
of continuous variations and was found to be 1:1 MPT-BPB, MPT-DDQ. The developed methods were 
successfully applied to the determination of MTP in pure form and commercial tablets with good 
accuracy and precision. Statistical comparison of the results was performed using Student's t-test and F-
ratio at 95% confidence level and the results showed no significant difference between the reference and 
proposed methods with regard to accuracy and precision. Further, the accuracy and reliability of the 
methods were confirmed by recovery studies via standard addition technique. 
 
Keywords: Spectrophotometry; Charge-transfer complexes; Metoprolol; Pharmaceutical. 
 
1. Introduction 
Metoprolol (MTP) is cardio selective β1 adrenergic receptor antagonist mainly used in 
hypertension, angina pectoris, cardiac arrhythmia, congestive heart failure and myocardial 
infarction [1, 2, 3]. Chemically Metoprolol is (RS)-1-(Isopropylamino)-3-[4-(2-methoxyethyl) 
phenoxy] propan-2-ol (Figure 1) with molecular mass 267.364 g.mol-1. Freely soluble in water 
and elimination half life of 3-7 hrs [4, 5]. Mode of action of metoprolol is by reducing agonistic 
effect of catecholamines on the heart (which is released during physical and mental stress). 
This means that the usual increase in heart rate, cardiac output, cardiac contractility and blood 
pressure, produced by the acute increase in catecholamines is reduced [6]. The drug is quite 
sensitive, even small amount of drug doses giving significant blockade of B1 adrenoreceptors 
[7, 8]. 
Several methods have been reported for determination of metoprolol including gas 
chromatography-mass spectrometry (GC-MS) [9-11], high-performance liquid chromatography 
(HPLC) [12-16], LC-MS [17-19], LC-MS-MS [20] and spectrophotometry [21-25]. 
This study describes simple, direct, sensitive, accurate and precise spectrophotometric methods 
for the determination of metoprolol (MTP) reaction with sigma and pi-acceptors in their 
common dosage forms and irrespective of the presence of contaminants and additives. 

 

 
 

Fig 1: Structure of metoprolol (MTP). 
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2. Material and Methods 
2.1 Apparatus 
A GENESYS 10S UV-Vis double beam spectrophotometer 
(Thermo Spectronic, USA) with a fixed slit width (1.8nm) 
connected to an IBM computer loaded with Thermo 
Spectronic VISION Lite version 4 software and 1-cm quartz 
cell were used for the registration and treatment of absorption 
spectra. 
 
2.2 Materials and Reagents 
All Chemicals used were of analytical reagent grad unless 
otherwise is mentioned, Metoprolol tartrate standard powder 
(purity 99.8%) were kindly supplied by SPIMACO 
ADDWAEIH, Al-Qassim, Saudi Arabia. 
Bromothymol blue (BTB) (Sigma –Aldrich Co), 0.1% (w/v) 
solution was prepared by dissolving 0.01 g of the dye in 
double distilled deionized water was diluted to a final volume 
of 10 ml with distilled water. Working solutions were freshly 
prepared by subsequent dilutions. 
2,3-Dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) (Sigma –
Aldrich Co); 0.1 %(w/v) solution was prepared by dissolving 
0.01 g of the DDQ in 5 ml of acetonitrile and then the solution 
was diluted to a final volume 10 ml with acetonitrile. Working 
solutions were freshly prepared by subsequent dilutions. This 
solution is prepared daily using red- glass volumetric flask 
because it is a light sensitive reagent. 
Phthalate buffer of pH ranging from 2.2-4.0 was prepared by 
dissolving 20.4 g potassium hydrogen phthalate in 1.0 L 
distilled water and pH of solution was maintained by adding 
0.1M HCl. 
 
2.3 Preparation of standard stock solution: 
The stock standard solution of MPT was prepared in methanol 
to a concentration of 100 μg.mL-1 and kept stored at -20 °C in 
dark glass flasks. Working standard solutions were prepared 
from the stock standard solutions. 
 
2.4 Pharmaceutical formulations: 
Twenty tablets were weighed accurately and ground into a fine 
powder. The powder equivalent to 100 mg of MTP was 
dissolved in methanol and shaken well for proper mixing. This 
solution was allowed to stand for 30 min and then sonicated 
for complete solubilization of drugs. Then the contents were 
filtered to separate the insoluble excipients and volume was 
completed with same solvent to get the final concentration of 
1000 μg.mL-1. The procedure was continued as described 
under the procedure for pure MTP. 
 
2.5 Procedure 
 Method for BTB 
MTP solution in the concentration range of 2-40 μg.mL-1was 
transferred in to 10 mL volumetric flaks, to this 3.0 mL buffer 
of pH 3.4 and 2.5 mL BTB solution was added and the volume 
was completed with distilled water. The mixture was then 
transferred into 50 mL separating funnel and extracted with 20 
mL chloroform in two portions. The absorbance of extracted 
organic layer was measured against reagent blank treated 
similarly. The standard calibration graph was prepared by 
plotting absorbance vs. concentration of MTP. 
 
 Method for DDQ 
Aliquots of stock standard solution of MTP in the 
concentration range of 5-25 μg.mL-1was transferred into two 
separate series of 10 mL volumetric flasks; to each flask 1 mL 
of DDQ. These solutions were allowed to react at room 

temperature for 15 min. The volume was made up to the mark 
with acetonitrile and the absorbance was measured against 
reagent blank treated similarly. 
 
2.6 Synthesis of solid CT Complexes 
Solid charge transfer complexes were synthesized by refluxing 
the MTP with each of the complexing agent separately for 2 
hrs in the ratio of 1:1 as found through the stoichiometric 
study by applying Job’s method. The resulting product in each 
case was filtered off and washed with minimum amount of 
methanol. The excess solvent was evaporated to dryness. 
 
3. Results and Discussion 
MTP, being a nitrogenous drug is present in the positively 
charged protonated form. It is reported to form charge transfer 
complexes with many of compounds. In the present study, 
efforts have been made to develop the complexes of MTP with 
BTB and DDQ. It was observed that MTP interact with all of 
these agents in the stoichiometric ratio of 1:1 as determined by 
applying Job’s method of continuous variation [26] leading to 
the formation of yellow and orange charge transfer complexes. 
In all resulting product, MTP is in positively charged 
protonated form, whereas BTB forms sulfonephthalein group 
and DDQ forms radical anion Scheme 1 and 2. The newly 
formed complexes show intense absorption bands at 413, and 
457nm respectively. The electronic absorption spectra of these 
complexes are given in Figure 2 and 3. 
Different parameters influencing the intensity of absorption 
bands were investigated to establish the optimum experimental 
conditions for the assay. It was observed that the complete 
complexation occurs instantaneously for DDQ and absorbance 
remains constant for 24 hrs. The optimum reaction time for 
MTP-BTB complex was determined by investigating the 
absorbance of complex at every minute while shaking the 
reaction mixture. It is apparent from the Figure 4 that complete 
interaction occurs after proper shaking of mixture for 3 min 
and it also found to be stable for 24 hr. 
 

 
 

Scheme 1: MTP-BBT charge transfer complex 
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Scheme 2: MTP-DDQ charge transfer complex 
 

 
 

Fig 2: Absorption spectra of A: 20 μg.mL-1 MTP –BTB charge 
transfer complex against reagent blank, B: reagent blank against 

chloroform, under optimum conditions. 
 

 
 

Fig 3: Absorption spectra of A: 15 μg.mL-1 MTP–DDQ charge 
transfer complex, against reagent blank, B: reagent blank against 

acetonitrile, under optimum conditions. 
 

 
 

Fig 4: Effect of shaking time on MTP-BTB complex 

The effect of reagent concentration was examined by adding 
different volumes of 6.2×10-3 M BTB and 2.7x10-3 M DDQ in 
to a fixed amount of MTP. The 2.5 mL BTB and1 mL DDQ 
were found to be appropriate for complete complexation. For 
BTB method, buffer of suitable pH was selected by testing 
them in the range of 2.0-4.0 and the maximum absorbance was 
obtained at pH 3.4 Figure 5. For proper extraction of complex, 
solvents like benzene, carbon tetra chloride, dichloromethane 
and chloroform were tested. Double extraction with 
chloroform was supposed to be adequate for maximum 
recovery. 
 

 
 

Fig 4: Effect of pH on MTP-BTB complex 
 
3.2 Method validation 
 Analytical data 
At the established experimental conditions, standard 
calibration curves for MTP with BTB and DDQ were 
constructed by plotting absorbance verses concentration. The 
linear regression curves were obtained in the Beer’s law range 
of 2.0-40 and 5.0-25 μg.mL-1 with correlation coefficient 
0.9999 and 0.9991 in each case respectively. Regression 
characteristics including slope, intercept, correlation 
coefficient and also the molar absorptivity values for each 
proposed method are given in Table 1. The detection limit 
(LOD) and quantification limit (LOQ) were calculated by 
using the following equations [27]: 
 

 
 
where, σ is the standard deviation of seven replicate 
determinations under the same conditions as for the sample in 
the absence of the analyte and S is the slope of the calibration 
graph. The LOD values were calculated to be 0.363 and 0.746 
μg.mL-1respectively (Table 1).  
 

Table 1: Optimum conditions and analytical parameters 
 

Parameters 
MTP-BTB 
complexes 

MTP-DDQ 
complexes 

λmax (nm) 413 457 

Linearity range μg.mL-1 2.0 - 40 5.0 - 25 

Molar absorptivity 5787.6 4051.3 

Slope 0.020 0.014 

Intercept 0.037 0.012 

Correlation coefficient 0.9999 0.9991 

LOD μg.mL-1 0.363 0.746 

LOQ μg.mL-1 1.10 2.286 
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 Accuracy and precision 
In order to determine the accuracy and precision of the 
proposed methods, pure drug MTP solution at three different 
concentration levels (within the working range) were prepared 
and analyzed in seven replicates during the same day (intra-
day precision) and on five consecutive days (inter-day 

precision) and the results are presented in Table 2. The 
percentage relative error (RE%) was ≤ 1.04 which indicates 
that the accuracy of the methods is satisfactory. Percentage 
relative standard deviation (RSD%) for intra-day was ≤ 0.2.10 
and for inter-day it was ≤ 1.25 indicating repeatability and 
usefulness of the proposed methods in the routine analysis. 

 
Table 2: Evaluation of intra-day and inter-day precision and accuracy. 

 

Method MTP taken μg.mL-1 
Intra-day (n=7) Inter-day (n=5) 

Found a µg.mL-1 %RSD b % RE c Found μg.mL-1 %RSD % RE 

BTB method 
5 4.95 1.35 1.04 4.96 1.23 0.70 
10 9.93 1.41 0.68 10.03 1.25 0.30
30 30.21 1.83 0.68 30.15 1.14 0.49 

DDQ method 
5 4.96 1.83 0.76 4.98 1.02 0.38 
10 9.96 1.78 0.43 9.97 0.77 0.29 
20 20.18 2.10 0.91 20.09 0.85 0.92 

aMean value of five determinations; bRelative standard deviation (%); cRelative error (%). 
 

The assay results were in good agreement with the label claim. 
Also, the effect of commonly found excipients was determined 
by scanning the blank solution of MTP and the placebo 
solutions. The percent recovery values given in Table 3 
indicate that excipients of tablet did not found to interfere 
during the assay. 
 
Table 3: Percent recovery for 20 μg.mL-1 of MTP in the presence of 

250 μg.mL-1of Excipients. 
 

Excipients 
Recovery% * 

BTB method DDQ method 
Lactose 98.89 99.14 
Sucrose 101.15 100.98

Talc 100.40 99.29 
Starch 99.44 101.51 

Magnesium stearate 101.58 99.31 
Sodium Citrate 99.01 101.25 

Sodium chloride 101.67 98.99 
*Average of three determinations. 
 
 Robustness and ruggedness 
To evaluate the robustness of the methods, two important 
experimental variables volume of reagent and reaction time, 
were slightly altered and the effect of this change on the 
absorbance of the Charge transfer complexes was studied. The 
results of this study are presented in Table 4 and indicated that 
the proposed methods are robust. Method ruggedness was 
evaluated by performing the analysis following the 
recommended procedures by three different analysts and on 
three different spectrophotometers by the same analyst. From 
the %RSD values presented in Table 4, one can conclude that 
the proposed methods are rugged. 

Table 4: Robustness and ruggedness. 
 

Method 

MTP 
taken 

µg.mL-

1 

Method robustness 
Method ruggednss 

Parameters altered 
Reagent 
volume, 

mla 
RSD% 
(n=3) 

Reaction 
time b 

RSD%, 
(n=3) 

Inter-
analysts 
RSD%, 
(n=4) 

Inter-
cuvettes 
RSD%, 
(n=4) 

BTB 
Method 

5 0.96 1.18 1.42 1.05 
10 1.06 0.92 1.04 1.23 
30 0.81 1.29 1.16 1.09 

DDQ 
Method 

5 1.22 0.79 1.56 1.27 
10 1.18 1..27 1.33 1.34 

20 1.35 1.28 1.46 1.10 
a In both methods, the volume of reagent was 0.8, 1.0 and 1.2 mL. b 
The reaction time was 4, 5 and 6 min. 
 
3.3 Application to analysis of formulations: 
The proposed methods were applied to the determination of 
MTP in tablets and capsules (Table 5). The results obtained 
were statistically compared with those of the official method [5] 
by applying the Students t-test for accuracy and F-test for 
precision. The official method describes a potentiometric 
titration of ethanolic solution of MTP with sodium hydroxide. 
As can be seen from the Table 5, the calculated t-test and F-
value at 95 % confidence level did not exceed the tabulated 
values of 2.78 and 6.39, respectively, for four degrees of 
freedom. The results indicated that there is no difference 
between the proposed methods and the official method with 
respect to accuracy and precision. 

 
Table 5: Results of analysis of tablets by the proposed methods. 

 

Tablet brand name Labeled amount mg/tablet Method Amout found* ( in mg) %Recovery ±SD* T-test** F-test*** 

Lopresor 50 
BPB method 51.05 102.11± 0.98 1.05 2.34 
DDQ Method 50.50 101.00 ± 1.03 1.03 2.59 

Official method 50.82 101.56 ± 0.64 - - 

Metoprol 50 
BPB method 50.81 101.63 ± 1.25 1.64 2.78 
DDQ method 50.64 101.28 ± 1.08 1.22 2.07 

Official method 50.28 100.56 ± 0.75 - - 

Metoprol 100 
BPB method 100.99 100.99 ± 1.59 0.94 2.25 
DDQ method 99.07 99.07 ± 1.30 1.49 1.50 

Official method 100.19 100.19 ± 1.06 - - 
*Mean value of five determinations. 
**Tabulated t-value at the 95% confidence level is 2.78. 
***Tabulated F-value at the 95% confidence level is 6.39. 
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3.4 Recovery studies 
Accuracy of the proposed methods was further confirmed by 
standard-addition procedure. Pre-analyzed tablet powder was 
spiked with pure MTP at three different concentration levels 

(50, 100, and 150 % of the quantity present in the formulation) 
and the total was found by the proposed methods. The result of 
the recovery study is shown in Table 6. 

 
Table 6: Results of recovery study by standard addition method. 

 

Tablets 
studied 

BPB method DDQ method 
MTP in 
tablets 
μg.mL-1 

Pure MTP 
added μg.mL-

1 

Total found 
μg.mL-1 

%Recovery* 
±SD 

MTP in 
tablets 
μg.mL-1 

Pure MTP 
added 
μg.mL-1 

Total found 
μg.mL-1 

%Recovery* 
±SD 

Lopresor 
20 10 33.66 102.2± 0.83 10 5 15.29 101.9±1.52 
20 20 39.70 99.25 ± 0.54 10 10 20.16 100.8±0.97 
20 30 50.55 101.1 ±1.21 10 15 25.55 102.2±0.96 

Metoprol 
20 10 30.90 103.0 ± 0.83 10 5 14.88 99.22±0.87 
20 20 40.80 102.0±1.64 10 10 20.48 102.4±0.56
20 30 50.80 101.6±0.74 10 15 25.45 101.8±0.48 

Metoprol 
20 10 29.40 98.00±2.17 10 5 14.76 98.39±0.87 
20 20 39.63 99.08±0.82 10 10 20.38 101.9±0.56 
20 30 50.70 101.4±27 10 15 25.23 100.9±0.28 

*Mean value of three determinations. 
 

4. Conclusion 
Formation of n-π charge-transfer complex between n-electron 
donor MTP and π-acceptor BPB or DDQ was used to develop 
two rapid, accurate and precise methods for Metoprolol tartrate 
MTP in its dosage forms. Possibly, these are the simplest 
methods ever for MTP since they involve simple mixing of the 
drug and absorbance measurement. Both methods are 
absolutely free from any critical experimental variables. This 
is reflected in high accuracy and precision of results (intra-day 
%RE and %RSD being <1%). The methods follow a single 
step reaction and use a single reagent unlike the reported 
methods. The methods are characterized by wide linear 
dynamic ranges, and are far more sensitive. The principal 
advantage of the proposed methods is their suitability for the 
drug alone and in its dosage forms without fear of interference 
caused by the excipients expected to be present in tablets. 
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