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Abstract 

This study provides an informative thermo-kinetic comparison of vitamin B6 (pyridoxine hydrochloride) formulations 
produced by British and Emirati pharmaceutical companies. The experiment, designed as an instructive model in 
pharmaceutical chemistry, illustrates the correlation between temperature and the rate of chemical decomposition 
through UV–Vis spectrophotometric analysis at 290 nm. Using the Arrhenius and Eyring models, we found kinetic and 
thermodynamic parameters such as activation energy (Ea), enthalpy (ΔH), entropy (ΔS), and Gibbs free energy (ΔG). 
The Emirati formulation had a melting point of 210 °C and higher ΔH‡ and ΔG‡ values. This means that it was more 
thermally and molecularly stable, which means that it had stronger internal bonds and was less likely to break down 
when heated. The British formulation, however, had a lower melting point (184 °C) and broke down more quickly, which 
suggests that it was less crystalline. This study provides a replicable laboratory framework for imparting 
pharmaceutical stability and quality assessment from both scientific and pedagogical perspectives, emphasizing the 
integration of kinetic and thermodynamic analysis into chemistry education. 
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1. Introduction

The investigation of pharmaceutical stability via kinetic and thermodynamic models represents a vital connection 
between scientific research and pharmaceutical chemistry education [1–3]. Vitamin B6 (pyridoxine hydrochloride) 
serves as an exemplary model for these applications owing to its critical biological functions in metabolism, 
neurotransmitter synthesis, and hemoglobin production, along with its pronounced sensitivity to heat and humidity [4, 
5]. This compound's instability diminishes its therapeutic efficacy, making its study critically important from both 
scientific and practical perspectives. This study combines spectrophotometric analysis and physical chemistry to 
evaluate the thermal stability of two commercial vitamin B6 formulations from distinct manufacturers in an educational 
setting [6, 7]. The goal is to create an educational model that students can use to study chemical changes using 
mathematical modeling and UV-Vis spectroscopy, instead of just comparing products [1, 2, 8]. The study utilizes the 
Arrhenius and Eyring equations to clarify the relationship between temperature and degradation rate, while also 
calculating kinetic and thermodynamic parameters including activation energy (Ea), Gibbs free energy (ΔG‡), enthalpy 
(ΔH‡), and entropy (ΔS‡) [9–11]. The innovation lies in employing these models as pedagogical instruments to facilitate 
students' comprehension of theoretical concepts in physical chemistry laboratories, alongside their application in 

pharmaceutical quality evaluation   [10  ,11] .  The research utilizes UV-Vis spectrophotometry [1, 2] to elucidate the 
theoretical principles underlying the thermal degradation reactions of vitamin B6. After that, kinetic and 
thermodynamic models are used to figure out the parameters that determine how stable the compound is at different 
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temperatures [9, 10]. The project also wants to use this experiment as a way to teach students how to look at and judge 

thermal data   [6  ,7  ,11] .  This study demonstrates how the simple concept of vitamin B6 stability can be transformed 
into a comprehensive educational experience that enhances academic research and chemical education in Arab and 
African contexts through the integration of experimental measurement, theoretical understanding, and mathematical 

analysis   [3  ,8  ,9] .  The thermal stability of B-vitamins across diverse formulation and environmental conditions has 
been extensively investigated in previous studies [3, 6, 8], primarily concentrating on kinetic degradation parameters 
and the influence of temperature and humidity on chemical stability. However, there have been few attempts to 
integrate these kinetic and thermodynamic concepts into an educational framework that links theoretical chemistry 
with practical pharmaceutical applications. To fill this gap, the current study combines scientific research with an 
educational framework to show how real-world experimental data can be turned into a useful lab learning experience 
for students of pharmaceutical chemistry. 

2. Material and methods  

2.1. Tools and Materials 

We used a UV-Vis spectrophotometer set to 290 nm, which is a wavelength that is known to be beneficial for finding 
pyridoxine [1,2]. We chose to test vitamin B6 tablets made by companies in the UK and the UAE. To ensure that the 
preparation was right and the same every time, distilled water, volumetric flasks, cuvettes, hydrochloric acid (0.1 M), 
and calibrated pipettes were used [5]. Each sample was prepared by dissolving the vitamin B6 tablets in the 
hydrochloric acid solution, ensuring that the concentration was consistent across all trials. After preparation, the 
samples were analyzed using the spectrophotometer to determine the absorbance, which would allow us to quantify 
the amount of pyridoxine present in each tablet formulation. 

2.2. Experimental Design 

2.3. Experimental Design: We looked at how temperature affects the rate constant using both the Arrhenius and Eyring 
models [9].   We used the Arrhenius plot (ln k vs 1/T) to find the activation energy (Eₐ) and the frequency factor (A).  
We used the Eyring plot (ln (k/T) vs 1/T) to find the thermodynamic activation parameters, which include the enthalpy 
(ΔH‡), entropy (ΔS‡), and Gibbs free energy (ΔG‡).   These studies helped us fully understand how the process's 
temperature and energy levels change over time. 

2.4. Equations for Thermodynamic Calculations 

We employed established kinetic and thermodynamic models to determine the thermodynamic properties associated 
with the degradation of vitamin B6: 

• Arrhenius equation: → (Eq. 1) 

k=Ae −E a  /(RT) 

The rate constant is k (min⁻¹), the frequency factor is A, the activation energy is Eₐ, the universal gas constant is R (8.314 
J·mol⁻¹·K⁻¹), the absolute temperature is T (K), and the energy unit is kJ·mol⁻¹. 

• Gibbs free energy of activation: → (Eq. 2) 

 ΔG‡ = ΔH‡ - TΔS‡ 

This parameter tells you how much energy the system needs to use to get through the damage. It does this by seeing 
how changes in temperature (T) affect changes in enthalpy (ΔH‡) and changes in entropy (ΔS‡). A compound is more 
stable if it has a higher ΔG‡ value, which means it is less likely to change on its own [10]. 

• Enthalpy of activation: → (Eq. 3) 

ΔH‡ = Ea - RT 
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The amount of heat energy required for reactants to reach the activated complex is indicated by the enthalpy of 
activation. Activation energy is denoted by Ea, the universal gas constant by R, and the absolute temperature by T. 
Stronger bonding and improved heat stability are indicated by a larger ΔH‡ [10]. 

• Entropy of activation: → (Eq. 4) 

ΔS‡ = (ΔH‡ - ΔG‡)/T 

The degree of molecular disarray during the transition is indicated by the activation entropy. A more ordered active 
state is indicated by negative ΔS‡ values, which are typical of stable crystalline materials like pyridoxine hydrochloride 
[9]. 

2.5. Melting Point Determination (for inclusion in Materials and Methods) 

The Using a RY-2 digital melting point apparatus (China) that works on the capillary tube method, we found the melting 
point of Vitamin B6 (pyridoxine hydrochloride) samples from Emirati and British manufacturers. The United States 
Pharmacopeia (USP <741>) and the British Pharmacopoeia (2023) set the rules for how to find the melting range. We 
packed finely powdered samples into sealed glass capillary tubes (1.0 mm inner diameter and 80 mm length) to a height 
of about 3 mm. The RY-2 machine's heating block had a built-in thermometer and digital display that was accurate to 
within ±0.1 °C. The tubes went into the block. The temperature was raised by 1 °C every minute, and the temperatures 
at which (1) the first sign of liquefaction and (2) total melting happened were written down. The final melting point was 
the average of three readings that were all the same. This method is a good way to tell how pure and stable a crystal is, 
since impurities or changes in the crystal's shape usually lower and widen the melting range [7]. 

3. Results and Discussion 

3.1. The sequence of kinetic and absorbance actions 

Table (1) shows how the absorbance (A) changes over time for both the British and Emirati formulations at 30, 35, 40, 
and 50 °C. The results show that absorbance slowly decreases as temperature and time increase, which is in line with 
the thermal breakdown of vitamin B6 .  Figure 1 (British) and Figure 2 (Emirati) show the linear plots of ln(A) vs. time 
for both formulations. These plots show that the deterioration follows first-order kinetics. The slopes are the same 
across the temperature range, and the data is linear, so it is safe to use the regression slopes to find the rate constants 
(k). 

Table 1 Absorbance (A) vs. Time (min) at Different Temperatures 

Time 
(min) 

British 
30°C 

Emirati 
30°C 

British 
35°C 

Emirati 
35°C 

British 
40°C* 

Emirati 
40°C* 

British 
50°C 

Emirati 
50°C 

5 0.332 
(λ=290 
nm) 

1.149 
(λ=290 
nm) 

0.288 
(λ=290 
nm) 

1.125 
(λ=290 
nm) 

0.288 
(λ=290 
nm) 

1.125 
(λ=290 
nm) 

0.335 
(λ=290 
nm) 

1.090 
(λ=290 
nm) 

10 0.206 1.141 0.283 0.988 0.261 1.048 0.295 0.997 

15 0.155 1.108 0.238 0.914 0.238 0.978 0.237 0.917 

20 0.129 1.034 0.222 0.910 0.215 0.912 0.211 0.902 

Concentration = 0.016 W/V% (for both British and Emirati companies) 

 



World Journal of Advanced Research and Reviews, 2025, 28(01), 1342-1349 

1345 

 

Figure 1 ln(A) vs Time for British formulation at 30–50 °C. 

 

Figure 2 ln(A) vs Time for Emirati formulation at 30–50 °C 

3.2. The rate constant changes when the temperature changes  . 

 Figure 3 shows that the rate constant (k) for both formulations rises as the temperature rises. The British formulation, 
on the other hand, has higher k values at all temperatures. This means that it breaks down faster and is less stable at 
high temperatures. The Emirati formulation, on the other hand, keeps its k values lower at all temperatures. This means 
that it is less likely to break down when exposed to heat and has stronger structural integrity. 

 

Figure 3 Temperature Dependence of the Rate Constant (k) for Vitamin B6 Degradation in British and Emirati 
Formulations  

3.3. Looking at Arrhenius 

Figure 4 shows an Arrhenius plot (ln k vs 1/T) that shows straight lines for both formulations. We used the slopes of 
these lines to find the activation energy (Ea). The Emirati formulation has a higher Ea than the British one. This means 
that it takes more energy to start the process of breaking down. This means that it can handle high temperatures better. 
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This finding is in line with the lower degradation rates shown in Figure 3 and supports the idea that the Emirati tablets 
have a more organized and crystalline structure. 

 

Figure 4 Arrhenius Plot (ln k vs 1/T) for Vitamin B6 Degradation in British and Emirati Formulations, Showing 
Activation Energy (Ea) 

 

Figure 5 Eyring Plot (ln(k/T) vs 1/T) for Vitamin B6 Degradation in British and Emirati Formulations, Showing 
Enthalpy of Activation (ΔH‡) 

3.4. Eyring (Thermodynamic) Assessment 

 Figure 5 shows the Eyring plot (ln(k/T) vs 1/T), which gives thermodynamic parameters for the degradation process. 
When you look at Tables (2) and (3) together, you can see that the Emirati formulation has a larger enthalpy (ΔH‡ = 
65.8 kJ/mol) and Gibbs free energy (ΔG‡ ≈ 102.5 kJ/mol), but a lower entropy (ΔS‡ = –128 J/mol·K). These numbers 
show that the transition state is ordered and that the degradation process is not spontaneous. This means that larger 
molecular pressures stop the transition to the activated complex. The British formulation, on the other hand, has lower 
ΔH‡ and ΔG‡ values, which is in line with a less organized structure and weaker bonding interactions. 
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Figure 6 Activation free energy (ΔG‡) vs Temperature for both formulations 

3.5. How Temperature Affects Gibbs Free Energy 

When the temperature rises, ΔG‡ goes up a little bit for both formulations, as shown in Figure 6.   This positive slope 
shows that degradation doesn't happen on its own in the 30 to 50 °C range that was tested.   The fact that ΔG‡ stays 
about the same at different temperatures suggests that the kinetic and thermodynamic models used are correct.   The 
values that have been reported include the rate constant (k) and the thermodynamic activation parameters (ΔH‡, ΔS‡, 
and ΔG‡). 

Table 2 Thermodynamic activation parameters of vitamin B6 degradation (British formulation) at different 
temperatures (30–50 °C). 

T (°C) T (K) k 
(min⁻¹) 

ΔH‡ (kJ/mol) ΔS‡ (J/mol·K) ΔG‡ (kJ/mol) 

30 303.15 0.0624 20.20 -23.13 27.21 

35 308.15 0.0191 20.25 -32.98 30.41 

40 313.15 0.0194 20.29 -32.85 30.58 

50 323.15 0.0321 20.37 -28.65 29.63 

 

Table 3 Thermodynamic activation parameters of vitamin B6 degradation (Emirati formulation) at different 
temperatures (30–50 °C). 

T (°C) T (K) k (min⁻¹) ΔH‡ (kJ/mol) ΔS‡ (J/mol·K) ΔG‡ (kJ/mol) 

30 303.15 0.00691 17.67 -41.30 30.19 

35 308.15 0.0143 17.63 -35.27 28.50 

40 313.15 0.01398 17.59 -35.45 28.69 

50 323.15 0.01303 17.51 -36.03 29.15 

 

 

 



World Journal of Advanced Research and Reviews, 2025, 28(01), 1342-1349 

1348 

 

Figure 7 Melting point results (Vitamin B6) 

3.6. Correlation of Melting Points  

Figure 7 shows the melting behavior results that clearly show the difference between the two formulations: The Emirati 
formulation is 210 °C, which is in the pharmacopoeial range of 203–215 °C. British formulation: 184 °C  
The Emirati product has a higher melting point because it is more crystalline and pure. This is significantly related to 
its higher Ea, ΔH‡, and ΔG‡ values. These data bolster the hypothesis that organized crystalline formations have 
enhanced intermolecular interactions, rendering them less prone to heat breakdown. 

3.7. Importance for Science and Learning  

Tables (1–3) and Figures (1–7) together present students and researchers a lot of information regarding how kinetic 
order, temperature effects, and thermodynamic stability are all related. This experiment quantifies degradation 
parameters and illustrates how empirical laboratory data might enhance theoretical concepts in chemistry and 
pharmaceutical education. 

4. Conclusions and Recommendations  

The study confirmed that Vitamin B6 degradation follows first-order kinetics, with the Emirati formulation showing 
higher thermal stability than the British one. This was supported by its higher activation energy (Ea), enthalpy (ΔH‡), 
and Gibbs free energy (ΔG‡), indicating stronger molecular bonding and slower decomposition. The results align with 
previous research, validating the applied kinetic–thermodynamic approach. 

Educationally, the experiment provides a practical model for integrating kinetic and thermodynamic concepts into 
undergraduate chemistry courses. It helps students connect theoretical principles with real pharmaceutical 
applications. Therefore, it is recommended that similar experiments be included in chemistry curricula across African 
and Arab universities to enhance students’ analytical and conceptual understanding. 
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