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Abstract 
This study focuses on the quantification of acetylsalicylic acid (ASA) in aspirin tablets using two analytical 
approaches: back-titration and spectrophotometric analysis. Significant variations in ASA concentrations 
were observed across different samples. The back-titration method recorded concentrations ranging from 
33.68% to 75.27%, while spectrophotometric analysis yielded values between 26.27% and 74.65%. These 
discrepancies highlight potential factors such as formulation inconsistencies, manufacturing quality, or 
chemical interactions during analysis. A comparative evaluation of the two methods reveals that the 

spectrophotometric method demonstrated higher precision and ease of execution, making it suitable for 
routine pharmaceutical analysis. However, both methods showed limitations in accuracy. The findings 
suggest variability in ASA concentrations among different commercial brands, which remain largely within 
official standards but warrant further investigation to ensure consistency and efficacy. The study underscores 
the need for refining analytical methods to enhance reliability and calls for improved manufacturing protocols 
to maintain quality control in pharmaceutical products. 
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Introduction 

Drug analysis is an essential component of ensuring the quality of pharmaceuticals worldwide, helping to 

ensure the safety and efficacy of medications before they are used in patient treatment. Over the years, 

analytical techniques have developed to include a variety of methods that contribute to determining the 
active ingredients in drugs. High-performance liquid chromatography (HPLC) is one of the most precise and 

widely used techniques for drug analysis. However, the high cost and technical demands of HPLC can make 

it inaccessible in certain laboratories, leading to a need for alternative, cost-effective methods that provide 

accurate results [1]. Aspirin, or acetylsalicylic acid, is one of the most widely used medications globally for 

treating pain, fever, and inflammation, in addition to its preventive role in reducing the risk of cardiovascular 

diseases [2]. For ensuring its therapeutic efficacy, it is crucial to determine the concentration of its active 
ingredient, salicylic acid [3]. Therefore, determining the purity of aspirin using precise techniques has 

become necessary to ensure its quality in the market. This study involves the collection of aspirin samples 

from pharmacies in Tripoli, Libya, to assess the quality of aspirin and determine the concentration of its 

active ingredient (salicylic acid) in these samples. Volumetric methods (direct and back titration) and 

spectrophotometric methods were employed as alternatives for aspirin analysis, due to their lower cost and 
simpler implementation compared to more complex analytical methods [4]. The volumetric method, whether 

direct or back titration, is one of the oldest and most widely used methods for drug analysis, where a 

standard solution is added gradually to the unknown solution until the equivalence point is reached, 

allowing for the calculation of the active ingredient concentration [5]. Meanwhile, spectrophotometric 

methods rely on measuring the absorption of light at specific wavelengths, providing a fast and accurate 

way to determine the concentration of salicylic acid in aspirin. This method is straightforward to apply and 
less expensive compared to others, as it does not require complex setups or costly equipment [6]. 

The primary aim of this study is to use volumetric methods and spectrophotometric techniques to determine 

the concentration of salicylic acid in aspirin samples collected from local pharmacies in Tripoli. The study 

will evaluate the accuracy and reliability of these methods in estimating the active ingredients in aspirin, 

providing a cost-effective and efficient alternative for drug quality control. This study contributes to offering 
practical solutions for laboratories facing economic challenges in using complex techniques, striving to 

enhance drug quality control and ensure the safety and efficacy of pharmaceuticals in the market. 

 

Methods 
Equipment  
Various equipment was used in the experiment, including conical flasks, volumetric flasks, burettes, 

pipettes, glass stirring rods, and flasks. A sensitive balance was employed to accurately measure the masses, 

in addition to a spectrophotometer used for measuring light absorbance. 

 

Materials 
The materials used in the preparation and reactions included phenolphthalein, ethanol, sodium hydroxide 

(0.1M), salicylic acid, ferric chloride (0.02M), and aspirin tablets. 
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Sample collection and preparation 

Fourteen samples of aspirin were collected from various pharmaceutical companies, both European and 

Arab, from pharmacies in the city of Tripoli, including those located in Souq al-Jummah, 11 June Street, 

and Al-Nasr Street. 
 

Preparation of Standard Solutions 

The standard solutions were prepared as follows: 

• Preparation of Phenolphthalein Indicator: 0.5 grams of phenolphthalein were dissolved in 50 mL of 

ethanol (95%), and the volume was made up to 100 mL with distilled water. 

• Preparation of Sodium Hydroxide Solution: A 0.1M sodium hydroxide solution was prepared by 

dissolving 4 grams of sodium hydroxide in a 100 mL volumetric flask. 

• Preparation of Salicylic Acid Solution: A 0.1M salicylic acid solution was prepared by dissolving 1.38 

grams of salicylic acid in a 100 mL volumetric flask. A series of diluted standard solutions was then 
prepared with concentrations ranging from 0.001M to 0.006 M. 

• Preparation of Ferric Chloride Solution: A 0.02M ferric chloride solution was prepared by dissolving 

1.6 grams of ferric chloride in a 500 mL volumetric flask. 

 

Titration process for the sample 

To determine the concentration of acetylsalicylic acid in the aspirin samples, an aspirin tablet was weighed, 

then finely ground and dissolved in 10 mL of ethanol. After that, 25 mL of distilled water and 3 drops of 
phenolphthalein indicator were added. The solution was titrated with sodium hydroxide solution until a 

pink color appeared, and this process was repeated three times for each sample. 

The titration process involves the oxidation of salicylic acid, where the solution is initially acidic. With the 

gradual addition of the base, the pH increases until it reaches the endpoint, where the number of millimoles 

of the base equals the number of millimoles of the acid. At this point, the color changes from colorless to 
pink, and the pH of the solution reaches. The following equation was used to calculate the concentration of 

salicylic acid: 

𝑀𝑁𝑎𝑂𝐻 × 𝑉𝑁𝑎𝑂𝐻 = 𝑀𝑆𝐴 × 𝑉𝑆𝐴 

 

The concentration of the acid was then converted from mol/L to mg/L (PPM) using the formula: 

𝑝𝑝𝑚 =
𝑚𝑜𝑙𝑎𝑟𝑖𝑡𝑦

𝑀. 𝑤𝑡 × 1000
 

 

To calculate the purity, the following equation was used: 

𝑝𝑢𝑟𝑖𝑡𝑦% =
(𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑐𝑖𝑑)

(𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑠𝑝𝑖𝑟𝑖𝑛)
× 100 

 

The reaction equation between salicylic acid and sodium hydroxide was as follows: 

C7H6O3+NaOH→C6H4(OH)CO2Na+H2O 

 
Spectrophotometric analysis of the sample 

This technique relies on converting acetylsalicylic acid into salicylic acid by adding sodium hydroxide. After 

breaking the bond, salicylic acid and acetic acid are formed. A complex is then formed with iron salt, which 

appears purple. This complex is subjected to ultraviolet light in the range of 200 to 800 nanometers to 

determine the maximum wavelength. 

 
Procedure 

The sample measurement process using the spectrophotometer was divided into two parts. In the first part, 

a series of concentrations of the original salicylic acid solution (0.1M) were prepared in 100 mL volumetric 

flasks, with concentrations ranging from 0.001M to 0.006 M. Then, 20 mL of ferric chloride solution was 

added to each flask, and the volume was made up to the calibration mark with distilled water. The 
absorbance of each prepared solution was measured. Using the straight-line equation derived from these 

measurements, the concentration of acetylsalicylic acid in the samples was determined. In the second part, 

the sample was dissolved in 5 mL of sodium hydroxide in a 100 mL volumetric flask, and the volume was 

completed with distilled water. Then, 49 mL of ferric chloride solution (0.02M) was added, resulting in a 

purple-colored solution. The absorbance of this solution was measured, and the previous equation was used 

to calculate the actual concentration of the active ingredient in the samples. This process was repeated for 
each of the studied samples (Chiriac, A., & Rusu). 
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Calibration Curve  

A calibration curve was constructed to determine the concentration of acetylsalicylic acid (ASA) in the aspirin 

samples. Standard solutions of salicylic acid with known concentrations ranging from 0.001M to 0.006M 

were prepared and reacted with ferric chloride. The absorbance of each solution was measured at the 
maximum wavelength of 530 nm, and the results were used to plot the curve. The curve exhibited a strong 

linear relationship between absorbance and concentration, as indicated by the equation 0.1593x + 1.5057y 

and a correlation coefficient (R2 = 0.9676). This curve served as the basis for determining ASA concentrations 

in the test samples by comparing their absorbance values to the calibration line. 

 

 
Figure 1. Spectrophotometric calibration curve. 

 

Results and discussion 
A total of 14 samples of aspirin tablets were analyzed to determine the concentration of acetylsalicylic acid 

using two methods: Back-Titration and Spectrophotometric Method. The results are presented in Table 1. 
 

Table 1. The results of the Back-titration and Spectrophotometric method 

Number Weight g/tablet % Back titration % Spect. 

1 0.204 66.17 55.07 

2 0.182 75.27 74.65 

3 0.132 73.48 63.66 

4 0.148 52.70 42.15 

5 0.174 67.24 38.64 

6 0.160 41.87 49.06 

7 0.134 47.01 66.55 

8 0.138 57.14 55.89 

9 0.115 44.66 63.14 

10 0.133 41.35 53.05 

11 0.156 40.38 54.78 

12 0.317 47.63 68.84 

13 0.110 66.36 55.62 

14 0.187 33.68 26.27 

 

The findings reveal a notable variation in the concentration of acetylsalicylic acid (ASA) across the analyzed 

samples. For example, sample 2 exhibited the highest percentage of back titration at 75.27%, whereas 

sample 14 showed the lowest percentage at 33.68%. These discrepancies may be attributed to differences 
in manufacturing quality, formulation composition, or variability in active ingredient distribution within the 

tablets [7,8]. Similarly, results obtained from the spectrophotometric method indicate that the highest 

recorded concentration was 74.65% (sample 2), while the lowest was 26.27% (sample 14). These variations 

suggest potential factors such as the presence of impurities, inconsistencies in tablet dissolution, or 

chemical interactions that could impact concentration estimations [9].   

When compared with previous studies, such as Smith et al., which reported an average ASA concentration 
of 78% in aspirin tablets, it is evident that several samples in this study yielded lower values [7]. This 

deviation highlights the need for a comprehensive assessment of manufacturing protocols and quality 

y = 1.5057x + 0.1593
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control measures to ensure consistency in drug formulation [10,11]. Additionally, results confirm that back 

titration demonstrates lower accuracy relative to the Spectrophotometric method, which has been widely 

recognized for its precision in pharmaceutical analysis [12]. Prior research by Jones & Lee established that 

spectrophotometric analysis produced results comparable to back titration but with improved accuracy, 
further supporting the reliability of this method for ASA quantification [13].   

 

Conclusion 

This study underscores the variability in ASA concentrations across different aspirin samples, which may 
have implications for the effectiveness of the medication. To ensure consistency in pharmaceutical 

formulations, future research should investigate the factors contributing to these discrepancies, refine 

analytical methodologies to enhance precision, and optimize manufacturing and storage conditions to 

maintain product quality. 
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 الملخص
ر الحع سرة العتكةةةةم   الل  مس   تركز هذه الدراسةةةة  حد ت دمد  حم  أحي يسةةةةالمس الكةةةة ل كةةةةم م  ي ي ت  م ملي اس خ سةةةةليدا  حليلي ي يقراص الأسةةةة ب
في

ات أحي يسةةةةةةةةةالمس الكةةةةةةةةة ل كةةةةةةةةةم م  ح ب حمس ت  يل   خ سةةةةةةةةةي     ا   الحع سرة العتكةةةةةةةةةم    ي ي ترك ي
ة في خ لظأت  ايلة  ت كت ي ي

ي الضةةةةةةةةةظت 
الطمفي

ات ت ي ي  ترك ي ا ح بلي
ي  27خ75٪    68خ33 ر ا ح بلي

ي حس قمر ت ر
ي الضةةظت 

٪خ تكةة ه هذه اللس قضةة ت  65خ74٪    27خ26٪، باسح  يسةة ر الل  مس الطمفي
كمو  ي   ظلة الل ةة مل ي  الل  حةت اليمحم نم  يلس ع الل  مسخ متقةةم الل ممر الح  ر  ل ط ي  الضةةظع حد حظا س   لح     س حد  اتكةة ت ال ر  ا للي

خ   ل  ل ، يعلرت   ل     ي  الط ا   ي
ي الر تم ي

ي اللس مذ،  ح  ميع ل   س سةةةةةةةةةةو  ل ل  مس ال ةةةةةةةةةةمد تي
الطم م  الضةةةةةةةةةةظنم  يعلرت لق  يحد  سةةةةةةةةةةلظل  في

ي 
ي العة  ت اللي را  الحيل   ،  ال ر ات أحي يسةةةةةالمس الكةةةةة ل كةةةةةم م  بلي ي ي ترك ي

ي الدق خ تقةةةةة ي السل نو ود   ظل تو سس في
ا في
ً
ي قمظل    تزال الط ا للي

ي  ود  أد كت ي ضةةةةةةةةحس الحع س ي الرسةةةةةةةةحم   ليسل  تكةةةةةةةةل ا الحقاد  س الو . لضةةةةةةةةح   ا تكةةةةةةةة ت  ال ع لم خ  ت كد الدراسةةةةةةةة  حد ال     ود ت كةةةةةةةةلي
ي الحسلي ت ال مد حم 

ي بر تظكظ ت الل  مل ل    ظ حد  راقو  اليظلة في  .الأس لمب الل  م م  للعقاز الحظلظقم   تدحظ ود ت كلي
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