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Abstract

Melting-point determination is an important analytical technique for the identification of
crystalline pharmaceutical substances and the assessment of their purity. This study aimed to
investigate the effect of heating rate on the measured melting point of paracetamol using a
Stuart SMP3 melting-point apparatus. Three commercially available paracetamol products
collected from the local market in Tobruk, Libya, were coded as Brand A, Brand B, and Brand
C and analyzed. Melting points were determined using the capillary method in accordance with
British Pharmacopoeia (BP) and United States Pharmacopeia (USP) procedures. Three
replicate measurements were performed for each brand at different controlled heating rates, and
the onset and completion temperatures of melting were recorded. the results were expressed as
Mean + Standard Deviation (SD), and One-way Analysis of Variance (ANOVA) was used to
evaluate differences among the different heating rates. The measured melting points were
compared with the reference melting range of paracetamol (approximately 168—172°C). The
results showed that increasing the heating rate generally increased the observed melting
temperatures and broadened the melting range, particularly at the highest heating rate of
10°C/min. Lower heating rates produced melting-point values closer to the reference range and
generally showed better measurement consistency. these findings indicate that heating rate is
an important experimental factor affecting the determination of paracetamol melting point
using the Stuart SMP3 apparatus. therefore, an appropriate heating rate is recommended to
achieve a balance between analytical efficiency, accuracy, and reproducibility in routine
melting-point determination and pharmaceutical quality-control testing.
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Introduction

Melting point is one of the most important physical properties used in organic and
pharmaceutical chemistry for the identification of crystalline solid substances and the
assessment of their purity. Melting occurs when a substance changes from the solid state to the
liquid state as a result of an increase in its thermal energy and reaches a specific temperature.
A pure substance generally melts over a narrow temperature range, whereas the presence of
impurities may disrupt the crystal lattice, resulting in a decrease in the melting point and
broadening of the melting range. Therefore, melting-point determination is widely used as a
preliminary test for assessing the purity of organic compounds and pharmaceutical substances.
Pharmacopeial methods commonly employ the capillary method for melting-point
determination, in which a small amount of finely powdered sample is placed inside a narrow
capillary tube and heated under controlled conditions. Paracetamol, Chemically, it is N-(4-
hydroxyphenyl) acetamide; (acetaminophen), figure (1) 1is one of the most widely used
medications worldwide. It is commonly used as an analgesic and antipyretic and is widely
administered orally. The Libyan pharmaceutical market contains numerous pharmaceutical
products containing paracetamol. Paracetamol has a well-defined crystalline structure and
thermal behavior that can be readily evaluated using melting-point determination apparatus. Its
commonly reported melting point is approximately 169—170°C. Studies have demonstrated that
paracetamol can exist in more than one crystalline form. Therefore, the crystalline form, sample
purity, and thermal history may influence the thermal behavior of the material (Qi et al., 2008).
one of the most important factors affecting the accuracy of melting-point determination is the
heating rate. Rapid heating may cause a difference between the temperature of the sample and

Journal of Libyan Academy Bani Walid Page 140




Journal of Libyan Academy Bani Walid 2026

the temperature of the heating block inside the apparatus. This phenomenon is known as
thermal lag. when the apparatus is heated too rapidly, the temperature of the heating block may
exceed 170°C, while the temperature of the material inside the capillary tube remains lower.
Consequently, when the sample actually reaches its melting point, the apparatus may record a
temperature higher than the true melting temperature. therefore, careful control of the heating
rate is an essential factor in obtaining accurate, reliable, and reproducible melting-point

measurements.
OH
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Figure 1. Structural formula of Paracetamol

Aim of the Study:

The aim of this study is to investigate the effect of different heating rates on the measured

melting point of paracetamol and to compare the experimentally determined melting points

with the reported reference value. The study also aims to determine the heating rate that

provides the highest accuracy and reproducibility of melting-point measurements using the
Stuart SMP3 melting-point apparatus.

Significance of the Study:

This study is important because accurate determination of the melting point is essential for the

identification and purity assessment of pharmaceutical substances. Although the melting point

of paracetamol is well established, the experimentally measured value can be affected by

several factors, particularly the heating rate used during the measurement.

The significance of this study can be summarized as follows :
1-The study investigates how different heating rates affect the measured melting point of
paracetamol and determines the extent to which rapid or slow heating influences the obtained

results.
2-The study provides a better understanding of thermal lag, which occurs when the temperature
of the sample inside the capillary tube does not immediately follow the temperature of the
heating block.
3-Identifying an appropriate heating rate can help obtain melting-point values that are closer to
the accepted reference value of paracetamol ( approximately 169—-170°C ).

Materials and Methods

Study Samples

three different commercially available paracetamol products were collected from the local
pharmaceutical market in Tobruk City, Libya for melting-point analysis. Each commercial
product was assigned a coded letter to ensure consistent identification throughout the study, as
presented in the corresponding table(1).The samples were analyzed by determining their
melting points using a Stuart SMP3 Melting Point Apparatus. The experimental procedure was
conducted in accordance with the relevant procedures described in the British Pharmacopoeia
(BP) and United States Pharmacopeia (USP). The experiments were conducted in the chemistry
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laboratories at the Faculty of Science at the University of Tobruk, which have the materials and
the Stuart SMP3 Melting Point Apparatus.

Tablel : Brand, Dosage, Origin , Expiration Date of paracetamol

Brand Origin Dosage Expiry Date
A 500mg Ireland 9/2028
B 500mg USA 4/2027
C 500mg UK 10/2027
Materials

The following materials were used in the study :

Commercial paracetamol powder samples with known pharmaceutical specifications. Capillary
tubes (lcm) for melting-point determination. Laboratory tissues and suitable cleaning
materials.

Mortar and pestle for grinding and homogenizing the samples. Analytical balance. Stuart SMP3
Melting Point Apparatus Country of manufacture: United Kingdom. as shown in Figure 2.

t’"y ‘

Figure 2. Stuart SMP3 Melting Point Apparatus.

procedures

The apparatus is designed for controlled heating and melting-point determination. During the
experiment. For each measurement, a finely powdered paracetamol sample was carefully
introduced into a capillary tube. The capillary tube was then placed into the melting-point
apparatus, and the sample was heated at the predetermined heating rate. The melting behavior
was observed through the optical system, and the melting temperature was recorded. The use
of different heating rates allowed the effect of heating rate on the observed melting point to be
investigated and enabled evaluation of the relationship between heating rate, thermal lag,
and observed melting point. The accuracy of the melting-point measurements was evaluated
by comparing the experimentally determined melting-point values with the reported reference
melting-point range of paracetamol. The commonly reported melting point for the predominant
crystalline Form I of paracetamol is approximately 169—-170°C.

Statistical Analysis:
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All data were statistically analyzed using SPSS software. Three replicate measurements (n = 3)
were performed for each paracetamol brand at each heating rate. The results were expressed as
Mean + Standard Deviation (SD). One-way Analysis of Variance (ANOVA) was used to
compare melting-point measurements among the different heating rates. Pearson’s correlation
coefficient was used to assess the relationship between heating rate and melting temperature.
Percentage deviation from the reference melting point was also calculated. Statistical
significance was considered at p < 0.05.

Percentage Deviation = Measured Melting Point — Reference Melting Point /
Reference Melting Point x 100

Discussion of Results

Table (2) illustrates the effect of heating rate on the thermal behavior of paracetamol in by
comparing the mean onset melting temperature, mean end-of-melting temperature, and melting
range at different heating rates ranging from 0.5 to 10.0 °C/min. The results showed that the
mean onset melting temperature was 169.2 = 0.10 °C at a heating rate of 0.5 °C/min, followed
by a slight decrease to 169.0 + 0.10 °C at 1.0 °C/min. Thereafter, the onset melting temperature
gradually increased to 169.4 £ 0.10 °C at 2.0 °C/min, 170.3 £0.10 °C at 5.0 °C/min, and finally
171.5 £ 0.10 °C at 10.0 °C/min. Thus, the onset melting temperature increased by 2.3 °C
between the lowest and highest heating rates. This indicates that increasing the heating rate
tends to increase the apparent temperature at which melting begins. Similarly, the mean end-
of-melting temperature increased from 170.2 +0.10 °C at 0.5 °C/min to 173.1+0.10 °C at 10.0
°C/min, representing an overall increase of 2.9 °C. The increase became more pronounced at
the higher heating rates, particularly between 2.0 and 10.0 °C/min. This behavior may be
associated with thermal lag, whereby the internal temperature of the sample does not
immediately reach the temperature indicated by the instrument during rapid heating. The
melting range also increased progressively from 1.0 °C at 0.5 °C/min to 1.6 °C at 10.0 °C/min.
This broadening indicates that the sample requires a longer thermal period to complete the
melting process at higher heating rates. It may reflect thermal non-uniformity within the sample
or delayed heat transfer from the heating medium to the sample. It is noteworthy that heating
rates of 0.5 and 1.0 °C/min produced relatively narrow melting ranges, while the melting range
at 2.0 °C/min remained close to these values at 1.1 °C. In contrast, the range increased to 1.3
°C at 5.0 °C/min and to 1.6 °C at 10.0 °C/min. This suggests that low to moderate heating rates
provide better conditions for obtaining a clear and accurate melting point. Overall, the results
presented in Table (2) demonstrate that heating rate clearly affects the measured melting
behavior of Brand A. Higher heating rates may result in an increase in the apparent melting
temperature and broadening of the melting range, whereas slower heating rates, particularly
0.5-2.0 °C/min, appear more suitable for obtaining accurate and reproducible measurements.

Table 2. Melting Behavior of Paracetamol Brand A at Different Heating Rates.

Heating rate Mean onset melting | Mean end-of-melting Melting range
(°C/min) temperature (°C) temperature (°C) O
0.5 169.2 +£0.10 170.2 £0.10 1.0
1.0 169.0 £ 0.10 170.1 £0.10 1.1
2.0 169.4 +0.10 170.5+0.10 1.1
5.0 170.3 +£0.10 171.6 £0.10 1.3
10.0 171.5+0.10 173.1£0.10 1.6
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Melting Temperatures of Paracetamol Brand A at Different Heating Rates
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Figure 3. Melting Temperatures of Paracetamol Brand A at Different Heating Rates.

Table (3) shows that the melting temperatures of Brand B were slightly higher than those
observed for Brand A at several corresponding heating rates. The results indicate a general
relationship between increasing heating rate and increasing onset and end-of-melting
temperatures, accompanied by a broadening of the melting range. The mean onset melting
temperature was 169.8 = 0.10 °C at 0.5 °C/min and decreased slightly to 169.5 +0.10 °C at 1.0
°C/min. Thereafter, it increased to 169.9 £0.10 °C at 2.0 °C/min, 170.8 £ 0.10 °C at 5.0 °C/min,
and finally 172.0 £ 0.10 °C at 10.0 °C/min. Thus, the difference between the lowest and highest
heating rates was 2.2 °C. The slight decrease between 0.5 and 1.0 °C/min does not contradict
the overall trend and may be attributed to normal experimental variation. Beyond 1.0 °C/min,
a clear increasing trend was observed with increasing heating rate. The mean end-of-melting
temperature increased from 170.9 = 0.10 °C at 0.5 °C/min to 173.7 £ 0.10 °C at 10.0 °C/min,
representing an overall increase of 2.8 °C. This increase indicates that rapid heating results in
a higher recorded temperature at the completion of melting compared with slower heating. The
melting range also showed a gradual increase. It was 1.1 °C at both 0.5 and 1.0 °C/min,
increased to 1.2 °C at 2.0 °C/min, 1.3 °C at 5.0 °C/min, and reached 1.7 °C at 10.0 °C/min. The
broadening of the melting range with increasing heating rate is an important indication of
reduced sharpness in the melting transition at higher heating rates. The results demonstrate that
heating rates of 0.5—1.0 °C/min produced a relatively narrow and stable melting range, whereas
differences became more apparent at 5.0 and 10.0 °C/min. This can be explained by the fact
that rapid heating does not allow the sample to reach thermal equilibrium before the instrument
temperature continues to rise, resulting in delayed melting of some portions of the sample and
consequently higher recorded temperatures. Therefore, the results in Table (3) demonstrate a
pattern consistent with the expected effect of heating rate: as the heating rate increases, the
apparent melting temperatures increase and the melting range becomes broader. Accordingly,

Journal of Libyan Academy Bani Walid Page 144




Journal of Libyan Academy Bani Walid 2026

low to moderate heating rates, particularly 0.5-2.0 °C/min, appear more suitable for obtaining
accurate and reproducible melting-point measurements.

Table 3. Melting Behavior of Paracetamol Brand B at Different Heating Rates

Heating rate Mean onset melting | Mean end-of-melting Melting range
(°C/min) temperature (°C) temperature (°C) (9]
0.5 169.8 £0.10 170.9 +0.10 1.1
1.0 169.5+0.10 170.6 £0.10 1.1
2.0 169.9 £0.10 171.1 £0.10 1.2
5.0 170.8 £ 0.10 172.1 £0.10 1.3
10.0 172.0+0.10 173.7£0.10 1.7

Melting Range of Paracetamol Brand B at Different Heating Rates
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Figure 4. Melting Range of Paracetamol Brand B at Different Heating Rates

Table (4) demonstrates the effect of heating rate on the thermal behavior of paracetamol Brand
C. The results show a general trend of increasing melting temperature and broadening of the
melting range as the heating rate increases. The mean onset melting temperature was 170.0 +
0.10 °C at 0.5 °C/min and decreased slightly to 169.7 + 0.10 °C at 1.0 °C/min. It subsequently
increased to 170.1 £ 0.10 °C at 2.0 °C/min, 171.0 = 0.10 °C at 5.0 °C/min, and finally 172.3 +
0.10 °C at 10.0 °C/min. Therefore, the increase between the lowest and highest heating rates
was 2.3 °C. The mean end-of-melting temperature increased from 171.1 £ 0.10 °C at 0.5 °C/min
to 174.1 = 0.10 °C at 10.0 °C/min, representing an overall increase of 3.0 °C. This was the
largest increase in end-of-melting temperature among the three brands presented in the tables.
The melting range also showed a clear change with heating rate. It was 1.1 °C at both 0.5 and
1.0 °C/min, increased to 1.2 °C at 2.0 °C/min, 1.4 °C at 5.0 °C/min, and reached 1.8 °C at 10.0
°C/min. Thus, the melting range increased by 0.7 °C between the lowest and highest heating
rates. This broadening of the melting range indicates that rapid heating reduces the sharpness
of the transition from the solid to the liquid state. At high heating rates, the temperature of the
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instrument may become higher than the actual uniform temperature within the sample.
Consequently, the instrument continues to record an increasing temperature before all portions
of the sample have completely melted. This results in a higher apparent melting temperature
and a broader melting range. The results obtained at 0.5-2.0 °C/min were more closely grouped,
with melting ranges between 1.1 and 1.2 °C. This suggests that slow heating allows more
uniform heat transfer throughout the sample and provides a clearer determination of the melting
point. Furthermore, Brand C exhibited the largest melting range at the highest heating rate,
reaching 1.8 °C, compared with 1.6 °C for Brand A and 1.7 °C for Brand B. This suggests that
the effect of high heating rates was most pronounced in Brand C. Overall, the results indicate
that the three paracetamol brands exhibited a similar general response to increasing heating
rate. However, the magnitude of the changes differed slightly among the brands. These
differences may be related to variations in sample purity, excipients, particle characteristics, or
solid-state properties among the commercial formulations. The overall findings support the use
of low to moderate heating rates, particularly 0.5-2.0 °C/min, when accurate and reproducible
determination of the melting point of paracetamol is required.

Table 4. Melting Behavior of Paracetamol Brand C at Different Heating Rates

Heating rate Mean onset melting | Mean end-of-melting Melting range
(°C/min) temperature (°C) temperature (°C) (9
0.5 170.0+0.10 171.1 £0.10 1.1
1.0 169.7 £ 0.10 170.8 £0.10 1.1
2.0 170.1 £0.10 171.3£0.10 1.2
5.0 171.0£0.10 172.4+£0.10 1.4
10.0 172.3 +£0.10 174.1 £ 0.10 1.8
Melting Range of Paracetamol Brand C at Different Heating Rates
1.8 A
1.7 4
1.6 1
Eg 1.5 1
g 1.4 A
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Figure 5. Melting Range of Paracetamol Brand C at Different Heating Rates.
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Conclusion

The present study demonstrated that the heating rate is an important experimental factor in the
determination of the melting behavior of commercial paracetamol using the Stuart SMP3
apparatus. The three investigated paracetamol brands showed a general increase in the observed
melting temperatures as the heating rate increased. In addition, higher heating rates, particularly
5 and 10 °C/min, were associated with broader melting ranges, whereas lower heating rates
produced narrower ranges and values generally closer to the reference melting range of
paracetamol. the observed differences in melting behavior may be attributed mainly to thermal
lag during rapid heating, in which the temperature of the sample does not immediately reach
thermal equilibrium with the surrounding heating medium. These findings indicate that the
selection of an appropriate heating rate is essential for obtaining reliable and reproducible
melting-point measurements. overall, lower heating rates, particularly within the range of 0.5—
2.0 °C/min, appear to be more suitable when accuracy and reproducibility are prioritized, while
higher heating rates may be useful when rapid screening is required but can result in an
overestimation of the apparent melting temperature and an increased melting range. Therefore,
careful control and standardization of the heating rate and sample preparation conditions are
recommended for routine melting-point determination of paracetamol using the Stuart SMP3
apparatus.

Summary

This study investigated the effect of heating rate on the melting point of three commercial
paracetamol brands using the Stuart SMP3 apparatus. Melting points were measured at 0.5, 1,
2, 5, and 10°C/min using the capillary method. The results showed that higher heating rates
generally increased the observed melting temperature and broadened the melting range,
particularly at 10°C/min. Lower heating rates produced values closer to the reference range
and better reproducibility. These findings indicate that heating rate is an important factor in
obtaining accurate and reliable melting-point measurements.

Recommendations

1-Periodic calibration of the Stuart SMP3 device should be performed to ensure measurement
accuracy and reliability. The results obtained using the SMP3 should also be compared
periodically with those obtained using Differential Scanning Calorimetry (DSC) as a reference
thermal analysis technique.

2-High heating rates should be avoided when accurate and precise melting-point measurements
are required, as rapid heating may result in higher observed melting temperatures and broader
melting ranges.

3-The height of the sample inside the capillary tube should be standardized during all
measurements to minimize variations in heat transfer and ensure better reproducibility between
measurements.

4-Future studies should include a larger number of paracetamol brands and commercial
formulations, with particular attention to the effects of excipients, impurities, polymorphic
forms, particle characteristics, and other physical and crystalline properties on the observed
melting point.

5-Comparative statistical analyses should be performed between heating rates and commercial
brands to determine whether differences in the onset and end-of-melting temperatures are
statistically significant, rather than relying solely on descriptive differences between the
measured values
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6-Further research is recommended to investigate the relationship between heating rate, sample
purity, polymorphism, and thermal history in order to better understand their combined effects
on the melting behavior of paracetamol.
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