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Summary
In this study, zero-, first-, second- and third-order derivative 
spectrophotometric methods were developed for quantitave 
determination of atenolol in pharmaceutical preparation. 
In zero order spectrophotometry, absorbance values were 
measured at 276 nm in zero order spectra of solution of atenolol 
in methanol in the range of 245-310 nm. In first derivative 
spectrophotometry, absorbance values were measured at 273, 
276 and 285 nm. In second derivative spectrophotometry, 
absorbance values were measured at 276, 279, 282 and 287 
nm. In third derivative spectrophotometry, absorbance values 
were measured at 275, 278 and 281 nm. Parameters such as 
linearity, precision, accuracy, specificity, stability, limit of 
detection and limit of quantitation were studied according to 
the International Conference on Harmonization Guidelines. 
Calibration curves were linear between the concentration 
range of 2.5-17.5 μg ml-1. Within- and between-day precision 
values for atenolol were less than 6.04%, and accuracy 
(relative error) was better than 5.12%. The mean recovery 
value of atenolol was 100.9% for pharmaceutical preparation. 
All the methods developed were successfully applied to a tablet 
formulation and the results were compared statistically with 
each other.
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‘’Sıfırıncı, Birinci, İkinci ve Üçüncü Derece Türev 
Spektrofotometrik Yöntem ile Atenolol’ün Farmasotik 
Preparatta Tayini’’ 
 
Özet
Bu çalışmada, atenolol’ün farmasötik preparatta miktar tayini 
için sıfırıncı, birinci, ikinci ve üçüncü türev spektrofotometrik 
yöntem geliştirildi. Sıfırıncı derece spektrofotometride; 
absorbans değerleri metanol içindeki atenolol çözeltilerinin 
245-310 nm aralığındaki sıfırıncı derece spektrumlarında 276 
nm de ölçülmüştür. Birinci derece türev spektrofotometride; 
absorbans değerleri metanol içindeki atenolol çözeltilerinin 
245-310 nm aralığındaki birinci derece spektrumlarında 
273, 276 and 285 nm de ölçülmüştür. İkinci derece türev 
spektrofotometride; absorbans değerleri methanol içindeki 
atenolol çözeltilerinin 245-310 nm aralığındaki ikinci derece 
spektrumlarında 276, 279, 282 and 287 nm de ölçülmüştür. 
Üçüncü derece türev spektrofotometride; absorbans değerleri 
metanol içindeki atenolol çözeltilerinin 245-310 nm 
aralığındaki üçüncü derece spektrumlarında 275, 278 and 
281 nm de ölçülmüştür. Doğrusallık, kesinlik, doğruluk, 
spesifiklik, stabilite, tayin edilebilme sınırı ve miktar 
belirleme sınırı gibi parametreler International Conference 
on Harmonization Guidelines’e göre çalışıldı. Kalibrasyon 
eğrileri 2.5-17.5 mg ml-1 derişim aralığında doğrusaldır. 
Atenolol için gün-içi ve günler arası kesinlik değerleri 
%6.04’den ve doğruluk (bağıl hata) %5.12’den küçüktür. 
Farmasötik preparat için atenololün ortalama geri kazanım 
değeri %100.9’dur. Geliştirilen tüm yöntemler bir tablet 
formulasyonuna başarıyla uygulanmıştır ve sonuçlar kendi 
aralarında istatistiksel olarak karşılaştırılmıştır. 
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INTRODUCTION
β-blockers constitute one of the most frequently 
prescribed groups of cardiovascular drugs. They are 
competitive antagonists at β-adrenergic receptor sites 
and are used in the management of cardiovascular 
disorders, such as hypertension, angina pectoris, 
cardiac arrhythmias and myocardial infarction (1).

Atenolol (Figure 1), [(4-2 – hydroxy-3 – isopro-
pyl - aminopropoxy) phenylacetamide], is a cardi-
oselective β-blocker. It is reported to lack intrinsic 
sympathomimetic activity and membrane-stabil-
ising properties. It may be used alone or concomi-
tantly with other antihypertensive agents including 
thiazide-type diuretics, hydralazine, prazosin and 
α-methyldopa (2).

We wanted to develop new spectrophotmetric 
methods for the quantitative determination of 
atenolol in pharmaceutical preparation without the 
necessity of sample pre-treatment. After developing 
zero-, first-, second- and third-order derivative, 
derivative spectrophotometric methods were also 
carried out and all optimization parameters were 
also considered. Also, the developed methods were 
applied to commercial preparation (Tensinor) as 
tablet. The results obtained by these four methods 
were statistically compared.

MATERIALS and METHODS
Chemicals
Atenolol standard (99.6% purity) and Tensinor 
tablet (100 mg) were kindly donated from Abdi 
Ibrahim Pharmaceutical Industry (Istanbul, Turkey). 
Methanol was purchased by Sigma-Aldrich (St. 
Louis, MO, USA).

Instrument
A Thermospectronic double-beam UV-Visible 
spectrophotometer (HElIOSb, Thermo Spectronic, 
Cambridge, UK) with the local control software was 
used. Zero-, first-, second- and third-derivative spectra 
of reference and sample solutions were recorded in 1 
cm quartz cells at a scan speed of 600 nm min-1, a scan 
range of 245-310 nm and fixed slit width of 2 nm.

Preparations of the standard and quality control 
solutions
The stock standard solution of atenolol was prepared 
in methanol to a concentration of 100 mg ml-1 and kept 
stored at -20°C in dark glass flasks. Working standard 
solutions were prepared from the stock standard 
solutions. A calibration graph was constructed in the 
range of 2.5, 5, 7.5, 10, 12.5, 15 and 17.5 mg ml–1 for 
atenolol (n = 6). For quality control samples containing 
concentration 4, 8 and 16 mg ml–1 of atenolol, the stock 
solution was diluted with methanol.

Assay sample preparation
The average tablet mass was calculated from the 
mass of 10 tablets of Tensinor (100 mg atenolol 
tablet, which was composed of atenolol and some 
common excipients). They were then finely ground, 
homogenized and portion of the powder was 

Figure 1. Chemical structure of atenolol.

Several methods have been reported for quantitative 
determination of atenolol including first-order de-
rivative spectrophotometry (3-6), spectrofluorimetry 
(7), high performance liquid chromatography (8-10), 
voltametry (11) and potentiometry (12) in pharma-
ceutical preparations.

However, to our knowledge, there is no individual 
zero-, second- and third-order derivative spectro-
photometric method for the quantitative determi-
nation of atenolol in pharmaceutical preparation in 
literature. Derivative spectrophotometry is an ana-
lytical technique of great utility for extracting both 
qualitative and quantitative information from spec-
tra composed of unresolved bands, and for elimi-
nating the effect of baseline shifts and baseline tilts. 
It consists of calculating and plotting one of the 
mathematical derivatives of a spectral curve (13). 
Last year, this technique rapidly gained ground 
in application in the analysis of pharmaceutical 
preparations.
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weighed accurately, transferred into a 50 ml brown 
measuring flask and diluted to scale with methanol. 
The mixture was sonicated for at least 20 min to aid 
dissolution and then filtered through a Whatman 
No 42 paper. Approximate dilutions were made at 
concentrations of 7.5 and 15 mg ml–1 with methanol. 
Zero-, first-, second- and third-order derivative 
spectra were recorded against methanol.

Data analysis
All statistical calculations were performed with the 
Statistical Product and Service Solutions (SPSS) for 
Windows, version 10.0. Correlations were considered 
statistically significant if calculated P values were 
0.05 or less.

RESULTS and DISCUSSION
Method development
The derivative wavelength difference (Δλ) depends 
on the measuring wavelength range and n values 

(smoothing factor). Generally, the noise decreases by 
increasing Δλ. Optimal wavelength range should be 
chosen since the broad peaks become sharper, the 
ratio of signal/noise elevates and the sensitivity of 
the method increases by controlling the degree of 
low pass filtering or smoothing. Therefore, a series 
of n values (n = 1-9) were tested in the first-, second- 
and third-order derivative spectra of atenolol in 
methanol. Optimum results were obtained in the 
measuring wavelength range 245-310 nm, n = 5 (Δλ = 
17.5 nm) for first-, second- and third-order derivative 
spectrophotometric methods.

Figure 2A presents the overlay of UV spectra of atenolol 
in methanol and gives two maxima peaks at 276 and 
282 nm. These two shouldered peaks were separated 
by using derivative spectrophotometry. Figures 
2B-D demonstrate the overlay of first-, second- and 
third-order ultraviolet spectra of atenolol standard 
samples in methanol respectively. As demonstrated 

Figure 2. Spectrum of obtaining calibration graph point: (A) Zero-, (B) First-, (C) Second- and  (D) Third-order derivative 
spectrum of standard solution of atenolol.

!
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in the Figure 2B, maximum peak is represented at 
273 and minima peaks are shown at 276 and 285 nm. 
As demonstrated in the Figure 2C, maxima peaks are 
represented at 279 and 287 nm and minima peaks are 
shown at 276 and 282 nm. As demonstrated in the 
Figure 2D, maximum peak is represented at 278 nm 
and minima peaks are shown at 275 and 281 nm.

As no difference was observed between the spectra 
of atenolol standard and tablet solutions and in the 
maxima and minima wavelengths of all spectra, 
it was suggested that the developed methods 
allowed complete elimination of the background 
absorption due to the tablet excipients at the chosen 
wavelengths both in zero-, first-, second- and third-
order derivative spectra of atenolol.

Method validation
Linearity
For quantitative analysis of atenolol, the calibration 
curves were plotted for each spectrophotometric 
method over the concentration ranges cited. The 
peak to zero method for calibration curve in the 
first-, second- and third-order derivative spectro-
photometric methods were used. The linearity rang-
es of all spectrophotometric methods were found to 
be 2.5-17.5 mg ml–1. (Figures 3A-D). The statistical 
parameters and regression equations which were 
calculated from the calibration curves along with 
the standard error of the slope and the intercept are 
given in Table 1.

!

Figure 3. (A) Zero-, (B) First-, (C) Second- and (D) Third-order derivative calibration curves of atenolol.
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Limits of detection (LOD) and quantitation (LOQ)
The LOD and LOQ of atenolol by the proposed 
methods were determined using calibration standards. 
LOD and LOQ values were calculated as 3.3 σ/S 
and 10 σ/S, respectively, where S is the slope of the 
calibration curve and σ is the standard deviation of 
y-intercept of regression equation (n = 6) (14) (Table 1).

Specificity
Comparison of the zero-, first-, second- and third-order 
derivative spectrum of atenolol in standard and drug 
formulation (Tensinor tablet) solutions show that the 
wavelengths of maximum and minimum absorbance 
do not change (Figures 4A-D). According to the 
results obtained, the zero-, first-, second- and third-
order derivative spectrophotometric methods are able 
to access the atenolol in the presence of excipients and 
hence, methods can be considered specific.

Accuracy and precision
The precision of the analytic methods were de-
termined by repeatability (within-day) and inter-
mediate precision (between-day). Three different 
concentrations which were quality control samples 
(4, 8, 16 mg ml–1) were analyzed six times per day 
for within-day precision and once daily for three 
days for between-day precision. Repeatability was 
≤2.37%, ≤2.48%, ≤6.04% and ≤3.06% (n = 6) and inter-
mediate precision was ≤3.54%, ≤3.86%, ≤4.23% and 
≤3.84% (n = 6) for zero-, first-, second- and third-or-
der derivative spectrophotometric methods, respec-
tively (Table 2). Within- and between-day accuracy 
of zero-, first-, second- and third-order derivative 
spectrophotometric methods showed acceptable 
relative error values were ≤2.75%, ≤3.38%, ≤5.12%, 
≤4.25%, ≤3.25%, ≤4.25%, ≤4.88% and ≤5.12% (n = 6), 
respectively (Table 2).

Table 1. Results of regression analysis of atenolol by the proposed methods

Methods
Range

(mg ml-1) LRa Sa Sb R2 LOD LOQ

Zero-order 
Spectrophotometric 
Method

2.5-17.5 A
276 nm

 = 0.0059x-0.0015 0.0029 0.0014 0.9945 0.78 2.37

First-order 
Spectrophotometric 
Method

2.5-17.5

1D
273 nm

 = 0.0129x-0.0089 0.0057 0.0028 0.9902 0.72 2.17

1D
276 nm

 = 0.0277x+0.0011 0.0049 0.0058 0.9980 0.69 2.09

1D
285 nm

 = 0.0523x-0.0017 0.0112 0.0109 0.9985 0.69 2.08

Second-order 
Spectrophotometric 
Method

2.5-17.5

2D
276 nm

 = 0.0026x+0.0025 0.0003 0.0006 0.9924 0.76 2.31

2D
279 nm

 = 0.0019x+0.0003 0.0005 0.0003 0.9914 0.52 1.58

2D
282 nm

 = 0.0026x+0.0025 0.0006 0.0005 0.9924 0.61 1.92

2D
287 nm

 = 0.0016x-0.0007 0.0003 0.0003 0.9967 0.62 1.88

Third-order 
Spectrophotometric 
Method

2.5-17.5

3D
275 nm

 = 0.0032x+0.0021 0.0073 0.0007 0.9916 0.72 2.19

3D
278 nm

 = 0.0058x+0.0031 0.0039 0.0011 0.9948 0.63 1.89

3D
281 nm

 = 0.0087x-0.0059 0.0148 0.0016 0.9904 0.61 1.84

λ: Wavelength, aBased on six calibration curves, LR: Linear regression Sa: Standard deviation of intercept of regression 
line, Sb: Standard deviation of slope of regression line, R2: Coefficient of correlation, x: atenolol concentration (mg ml–1), 
LOD: Limit of detection, LOQ: Limit of quantitation, A: Absorbance, 1D: First-, 2D: Second-, 3D: Third-order absorbance.
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Recovery
To determine the accuracy of the zero-, first-, second- 
and third-order derivative spectrophotometric 
methods and to study the interference of formulation 
additives, the recovery was checked as three different 
concentration levels (2.5, 7.5, 12.5 mg ml–1) and 
analytical recovery experiments were performed by 
adding known amount of pure drugs to pre-analyzed 
samples of commercial dosage form (Tensinor 
tablet). The percent analytical recovery values were 
calculated by comparing concentration obtained from 
the spiked samples with actual added concentrations. 
The recoveries of zero-, first-, second- and third-order 
derivative spectrophotometric methods were 101.4%, 
100.9%, 100.2% and 101.2 (Table 3).

Stability
To evaluate the stability of atenolol, standard 
solutions were prepared separately at concentrations 
covering the low, medium and higher ranges of 
calibration curve for different temperature and times. 
These solutions were stored at room temperature, 
refrigeratory (4°C) and frozen (–20°C) temperature 
for 24 h and 72 h. Stability measurements were 
carried out with zero-, first-, second- and third-order 
derivative spectrophotometric methods. The results 
were evaluated comparing these measurements 
with those of standards and expressed as percentage 
deviation and atenolol was found as stable at room 
temperature, 4 and –20°C for at least 72 h (Table 4).

!

Figure 4. Spectrum of solutions of Tensinor tablet containing atenolol (7.5 and 15 mg ml–1): (A) Zero-, (B) First-, 
(C) Second- and (D) Third-order derivative spectra
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Ruggedness
In this study, zero-, first-, second- and third-order 
derivative spectrophotometric determination of 
atenolol were carried out by a different analyst in 
same instrument with the same standard (Table 5). 
The results showed no statistical differences between 
different operators suggesting that the developed 
methods were rugged.

Comparison of the methods
Zero-, first-, second- and third-order derivative 
spectrophotometric methods were applied for the 
determination of the commercial tablet (Table 6). The 
results show the high reliability and reproducibility of 
four methods. The best results obtained at 276 nm, 285 
nm, 282 nm and 281 nm for zero-, first-, second- and 

Table 2. Precision and accuracy of atenolol by the proposed methods

Method λ (nm)
Added

(mg ml-1)

Within-day Between-day

Found (mg ml-1)
X ±SE; SD Accuracy

Precision
R.S.D%a

Found (mg ml–1)
X ±SE; SD Accuracy

Precision
R.S.D%a

Zero-order 
Spectrophotometric 
Method

A276 nm

4 4.02 ±0.019; 0.046 0.50 1.14 3.97 ±0.034; 0.083 -0.75 2.09

8 8.09 ±0.079; 0.192 0.75 2.37 8.16 ±0.115; 0.281 2.00 3.44

16 16.44 ±0.152; 0.371 2.75 2.26 16.52 ±0.239; 0.584 3.25 3.54

First-order 
Spectrophotometric 
Method

1D273 nm

4 4.02 ±0.021; 0.052 0.50 1.29 4.08 ±0.038; 0.093 2.00 2.28

8 8.12 ±0.073; 0.178 1.50 2.19 8.21 ±0.107; 0.262 2.63 3.19

16 16.46 ±0.147; 0.359 2.88 2.18 16.61 ±0.167; 0.408 3.81 2.46

1D276 nm

4 4.13 ±0.032; 0.078 3.25 1.89 4.17 ±0.044; 0.109 4.25 2.61

8 8.15 ±0.078; 0.190 1.88 2.33 8.12 ±0.104; 0.254 1.50 3.13

16 16.54 ±0.188; 0.458 3.38 2.77 16.68 ±0.264; 0.644 4.25 3.86

1D285 nm

4 4.07 ±0.028; 0.068 3.25 2.13 4.17 ±0.053; 0.129 4.25 3.09

8 9.11 ±0.073; 0.179 1.75 1.96 8.19 ±0.104; 0.254 2.38 3.10

16 16.31 ±0.166; 0.405 1.94 2.48 16.53 ±0.190; 0.464 3.31 2.81

Second-order 
Spectrophotometric 
Method

2D276 nm

4 3.95 ±0.029; 0.072 -1.25 1.82 4.09 ±0.036; 0.089 2.25 2.18

8 8.18 ±0.108; 0.264 2.25 3.22 8.16 ±0.107; 0.261 2.00 3.19

16 16.37 ±0.190; 0.464 2.31 2.83 16.53 ±0.199; 0.487 3.31 2.95

2D279 nm

4 4.11 ±0.384; 0.937 4.00 2.75 4.17 ±0.053; 0.129 4.25 3.09

8 8.21 ±0.116; 0.282 2.63 3.43 8.32 ±0.144; 0.352 4.00 4.23

16 16.55 ±0.256; 0.624 3.44 3.77 16.47 ±0.254; 0.621 2.93 3.77

2D282 nm

4 4.18 ±0.036; 0.088 4.50 2.11 4.13 ±0.053; 0.129 3.25 3.12

8 8.17 ±0.069; 0.168 2.13 2.06 8.22 ±0.138; 0.336 2.75 4.09

16 16.66 ±0.207; 0.505 4.13 3.03 16.78 ±0.257; 0.626 4.88 3.73

2D287 nm

4 3.93 ±0.036; 0.087 -1.75 2.21 4.12 ±0.049; 0.121 3.00 2.94

8 8.41 ±0.053; 0.129 5.12 1.53 8.21 ±0.105; 0.257 2.63 3.13

16 16.31 ±0.404; 0.985 1.94 6.04 16.45 ±0.212; 0.518 2.81 3.15

Third-order 
Spectrophotometric 
Method

3D275 nm

4 4.17 ±0.052; 0.126 4.25 3.02 3.89 ±0.053; 0.129 -2.75 3.32

8 8.19 ±0.103; 0.251 2.38 3.06 8.29 ±0.125; 0.305 3.63 3.68

16 16.47 ±0.197; 0.481 2.94 2.92 16.59 ±0.211; 0.516 3.69 3.11

3D278 nm

4 4.12 ±0.034; 0.084 3.00 2.04 4.19 ±0.057; 0.138 4.75 3.29

8 8.30 ±0.062; 0.152 3.75 1.83 8.41 ±0.101; 0.247 5.12 2.94

16 16.49 ±0.191; 0.467 3.06 2.83 16.72 ±0.263; 0.642 4.50 3.84

3D281 nm

4 3.87 ±0.023; 0.056 -3.25 1.45 4.09 ±0.023; 0.057 2.25 1.39

8 8.20 ±0.088; 0.214 2.50 2.61 8.35 ±0.131; 0.319 4.38 3.82

16 16.25 ±0.193; 0.471 1.56 2.89 16.47 ±0.243; 0.593 2.94 3.60

X: Mean, SE: Standard error of six replicate determinations, SD: Standard deviation of six replicate determinations, 
R.S.D: Relative standard derivation, aAverage of six replicate determinations, Accuracy: (%relative error) (found-added)/
addedx100.
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third-order derivative spectrophotometric methods 
were statistically compared using the F-test. At 95% 
confidence level, the calculated F-values do not 
exceed the theoretical values (Table 7). Therefore, 

there is no significant difference between zero-, first-, 
second- and third-order derivative spectrophometric 
methods.

Table 3. Recovery values of atenolol in pharmaceutical preparation

Commercial 
Preparation Method λ (nm)

Added
(mg ml–1)

Found (mg ml–1)
X ±SE; SD

Recovery
(%)

R.S.Da

(%)

Tensinor tablet
(5 mg ml-1)

Zero-order 
Spectrophotometric 

Method

A276 nm 2.5
7.5
12.5

2.53 ±0.047; 0.114
7.61 ±0.104; 0.256
12.71 ±0.122; 0.298

101.2
101.4

4.51
3.36
2.34

First-order 
Spectrophotometric 

Method

1D
285 nm

2.5
7.5
12.5

2.54 ±0.044; 0.109
7.53 ±0.099; 0.243
12.62 ±0.107; 0.261

101.6
100.4
100.9

4.29
3.23
2.07

Second-order 
Spectrophotometric 

Method

2D282 nm 2.5
7.5
12.5

2.47 ±0.043; 0.106
7.52 ±0.096; 0.234
12.67 ±0.089; 0.219

98.8
100.3
101.4

4.29
3.11
1.73

Third-order 
Spectrophotometric 

Method

3D281 nm 2.5
7.5
12.5

2.55 ±0.047; 0.115
7.54 ±0.098; 0.238
12.65 ±0.116; 0.282

102.0
100.5
101.2

4.51
3.16
2.23

X: Mean, SE: Standard error of six replicate determinations, SD: Standard deviation of six replicate determinations,

R.S.D: Relative standard derivation, aAverage of six replicate determinations.

Table 4. Stability of atenolol in solution

Stability (%)
Room temperature stability

(Recovery% ±SE)
Refrigeratory stability, +4°C

(Recovery% ±SE)
Frozen stability, -20°C

(Recovery% ±SE)

λ (nm)
Added

(mg ml-1) 24 h 72 h 24 h 72 h 24 h 72 h

A276 nm
5 99.6 ±0.652 100.1 ±1.982 102.2 ±1.942 99.6 ±2.411 98.6 ±0.742 99.5 ±0.724

10 101.2 ±0.047 98.6 ±0.155 102.6 ±0.084 101.6 ±1.844 102.2 ±0.087 101.8 ±0.088

16 99.8 ±0.236 101.9 ±0.178 99.9 ±1.218 99.8 ±0.737 101.1 ±2.842 101.1 ±2.564

1D285 nm
5 99.7 ±0.374 101.7 ±0.189 101.3 ±0.087 99.6 ±0.345 102.5 ±0.465 102.3 ±2.135

10 99.6 ±0.762 103.0 ±1.218 99.1 ±1.234 100.6 ±0.641 98.5 ±0.847 101.0 ±2.423

16 98.7 ±0.462 101.1 ±1.987 103.5 ±1.310 101.3 ±0.097 99.1 ±0.578 101.4 ±0.549

2D282 nm
5 101.1 ±1.521 98.87 ±0.167 102.5 ±0.193 101.6 ±0.547 99.4 ±0.178 99.7 ±0.098

10 98.7 ±0.247 101.5 ±0.194 98.7 ±1.045 99.6 ±0.097 102.2 ±0.474 101.9 ±0.249

16 99.8 ±0.064 100.2 ±0.329 102.1 ±2.421 101.2 ±0.028 98.7 ±0.124 101.8 ±0.072

3D281 nm
5 99.5 ±0.412 101.3 ±0.087 98.6 ±0.742 99.5 ±1.052 100.6 ±0.094 98.9 ±3.547

10 101.3 ±0.164 99.7 ±0.173 100.8 ±0.094 99.3 ±0.041 100.2 ±2.955 101.1 ±2.464

16 99.6 ±0.246 99.1 ±1.225 98.5 ±0.213 101.1 ±1.062 102.7 ±0.064 102.1 ±2.655

SE: Standard error of six replicate determinations.
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Table 5. The results of analyses of standard atenolol by a different analysta

Method λ (nm)
Added

(mg ml-1)
Found (mg ml-1)

X ±SE; SD
Recovery

(%)
R.S.D

(%)

Zero-order 
Spectrophotometric 
Method

A276 nm 5
10
15

5.13 ±0.047; 0.115
10.17 ±0.128; 0.312
14.91 ±0.175; 0.428

99.4
99.8
99.5

2.27
3.17
2.13

First-order 
Spectrophotometric 
Method

1D
285 nm

5
10
15

4.89 ±0.056; 0.138
10.14 ±0.173; 0.421
15.18 ±0.222; 0.541

98.4
101.7
100.9

2.96
2.89
1.91

Second-order 
Spectrophotometric 
Method

2D282 nm 5
10
15

4.97 ±0.046; 0.113
9.98 ±0.129; 0.316
14.93 ±0.130; 0.318

102.6
101.7
99.4

2.24
3.07
2.87

Third-order 
Spectrophotometric 
Method

3D281 nm 5
10
15

4.92 ±0.059; 0.146
10.17 ±0.120; 0.294
15.93 ±0.118; 0.289

97.8
101.4
101.2

2.82
4.15
3.56

X: Mean, SE: Standard error of six replicate determinations, SD: Standard deviation of six replicate determinations, 
aFound results are mean six separate measurements of zero-, first-, second- and third order derivative spectrophotometric 
methods.

Table 6. Determination of atenolol in pharmaceutical preparation

Commercial 
Preparation Method λ (nm) n

Found (mg)
X ±SE; SD

Recovery
(%)

R.S.Da

(%)
Confidence 

Interval

Tensinor
(100 mg/tablet)

Zero-order 
Spectrophotometric 

Method
A276 nm 6 101.4 ±1.326; 3.235 101.4 3.19 101.2-101.7

First-order 
Spectrophotometric 

Method
1D

285 nm 6 100.9 ±1.187; 2.896 100.9 2.87 99.9-101.6

Second-order 
Spectrophotometric 

Method
2D

282 nm 6 100.2 ±1.306; 3.186 100.2 3.18 98.8-101.4

Third-order 
Spectrophotometric 

Method
3D

281 nm 6 101.2 ±1.543; 3.764 101.2 3.72 100.5-102.0

SE: Standard error of six replicate determinations, SD: Standard deviation of six replicate determinations, R.S.D: Relative 
standard derivation, aAverage of six replicate determinations.
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The proposed methods were compared with first-
order spectrophotometric method (6) in literature. 
In this study, the method is based on the formation 
of phenolsulfothaline complex by derivatization. 
The concentration of atenolol was determined at 
558.4 nm by first-order spectrophotometric method. 
In this study, linearity range was determined as 
0.05-0.4 mg ml–1. In this present work, developed 
zero-, first-, second- and third-order derivative 
spectrophotometric methods have small linearity 
range (2.5-17.5 μg ml–1). As the LOQ of the proposed 
the methods are lower than the earlier reported work 
(6).

Also, the suggested zero-, first-, second- and third-
order derivative spectrophotometric methods were 
compared with the official method (15) (Table 7). 
There was no significant difference between the five 
methods with respect to mean values and standard 
deviations at the 95%confidence level (Table 7).

CONCLUSION
Zero-, first-, second- and third-order derivative 
spectrophometric methods were developed for the 
determination of atenolol in tablet dosage form. 
Atenolol can be directly determined in tablets 
in presence of excipients without sample pre-
treatment procedures by using spectrophotometric 
methods. The apparatus and reagents used seem to 
be accessible even for the simple laboratories. Also, 
no significant difference was found between the 
proposed spectrophotometric methods. Therefore, 
developed methods can be recommended for routine 
and quality control analysis of atenolol.
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Table 7. Statistical comparison (F-test) of the results obtained by proposed methods

Commercial 
Preparation Method λ (nm) n

Found (mg)
X ±SE; SD P value F-test

Tensinor
(100 mg/tablet)

Official method - -
97.87 ±0.230

0.289 Fc = 1.43
Ft = 3.00

Zero-order 
Spectrophotometric 

Method A276 nm 6 101.4 ±1.326; 3.235

First-order 
Spectrophotometric 

Method 1D
285 nm

6 100.9 ±1.187; 2.896

Second-order 
Spectrophotometric 

Method 2D
282 nm

6 100.2 ±1.306; 3.186

Third-order 
Spectrophotometric 

Method 3D
281 nm

6 101.2 ±1.543; 3.764

n: number of determination, SE: Standard error of six replicate determinations, SD: Standard deviation of six replicate 
determinations, Ho hypothesis: no statistically significant difference exists between four methods, Ft >Fc; Ho hypothesis 
is accepted (P >0.05).
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