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Abstract Data on the thermal stability of drugs was

required to obtain information for handling, storage, shelf

life and usage. In this study, the thermal stability of two

nonsteroidal anti-inflammatory drugs (NSAIDs) was

determined by differential scanning calorimetry (DSC) and

simultaneous thermogravimetery/differential thermal anal-

ysis (TG/DTA) techniques. The results of TG analysis

revealed that the main thermal degradation for the

naproxen and celecoxib occurs in the temperature ranges of

196–300 and 245–359 �C, respectively. The TG/DTA

analysis of compounds indicates that naproxen melts (at

about 158.1 �C) before it decomposes. However, the ther-

mal decomposition of the celecoxib started about 185 �C

after its melting. The influence of the heating rate (5, 10,

15, and 20 �C min-1) on the DSC behavior of the both

drug samples was verified. The results showed that, as the

heating rate was increased, decomposition temperatures of

the compounds were increased. Also, the kinetic parame-

ters such as activation energy and frequency factor for the

compounds were obtained from the DSC data by non-iso-

thermal methods proposed by ASTM E696 and Ozawa.

Based on the values of activation energy obtained by var-

ious methods, the following order for the thermal stability

was noticed: naproxen [ celecoxib. Finally, the values of

DS#, DH#, and DG# of their decomposition reaction were

calculated.

Keywords Non-isothermal � DSC � TG/DTA �
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Introduction

Naproxen or 2-(6-methoxynaphthalen-2-yl) propanoic acid

(C14H14O3) belongs to a group of drugs called nonsteroidal

anti-inflammatory drugs (NSAIDs). It works by reducing

hormones that cause inflammation and pain in the body.

Naproxen is used to treat pain or inflammation caused by

conditions such as arthritis, ankylosing spondylitis, tendi-

nitis, bursitis, gout, or menstrual cramps [1, 2].

Also, celecoxib (Celebra; Celebrex; Niflam) or 4-[5-(4-

methylphenyl)-3-trifluoromethyl)-1H-pyrazol-yl]benzene-

sulfonamide (C17H14F3N3O2S) belongs to nonsteroidal

anti-inflammatory drugs (NSAIDs). It works by reducing

hormones that cause inflammation and pain. Celecoxib is

used to treat pain or inflammation caused by many con-

ditions such as arthritis, ankylosing spondylitis, and

menstrual pain [3–7]. It is also used in the treatment of

hereditary polyps in the colon. Scheme 1 shows chemical

structures of these drugs.

Thermal analytical techniques can provide important

information regarding storage and stability of pharmaceuti-

cals. Also, kinetic parameters obtained from thermoanalyt-

ical data are highly useful for making predictions of

performance parameters of drugs, for example, ‘‘shelf life.’’

On the other hand, understanding the response of drugs and

their formulations to thermal stresses is an integral part of the

development of stable medicinal products. Thermal analyt-

ical methods have thus become important tools for the

development of modern medicines [8–12]. These are precise

and accurate techniques with low sample requirements, and

can provide detailed information about new chemical enti-

ties even at the very earliest stages of discovery and devel-

opment of the new compositions and drugs [13–16].

One main purpose for the kinetic analysis of solid

decomposition is to determine the reaction mechanism(s)
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and to calculate the Arrhenius parameters [17–20]. There

are two ways to achieve this, one uses isothermal kinetic

analysis while the other uses non-isothermal kinetic anal-

ysis. The disadvantages and advantages of determining

kinetic parameters by non-isothermal methods rather than

by conventional isothermal studies are summarized by

Wendlandt [21, 22].

In this study, the naproxen and celecoxib drugs were

investigated by means of differential scanning calorimetry

(DSC) and simultaneous thermogravimetry/differential

thermal analysis (TG/DTA). The results allowed us to

acquire information concerning these compounds in the

solid state, including their thermal stability and thermal

decomposition. Also, this study seeks for determination of

kinetic parameters of non-isothermal decomposition of the

compounds. To the best our knowledge, there is no pre-

vious report on the thermal behavior of these drugs.

Experimental

Naproxen and celecoxib, pharmaceutical grade min. 99.5%

(Abureihan Pharma, Iran) were used without further purifi-

cation. The DSC graphs were obtained by Du Pont differ-

ential scanning calorimeter model DSC 910S, in temperature

range of 50–500 �C using an aluminum crucible, at different

heating rates (5, 10, 15, and 20 �C min-1), under nitrogen

atmosphere with the flow rate of 50 mL min-1.

Thermogravimetry (TG) and differential thermal anal-

ysis (DTA) were carried out using a Stanton Redcroft,

STA-780 series with an aluminum crucible, applying

heating rate of 10 �C min-1 in a temperature range of 50–

600 �C, under nitrogen atmosphere with the flow rate of

50 mL min-1. The sample mass used was about 3.0 mg.

Results and discussion

The thermoanalytical graphs of naproxen are presented in

Fig. 1a. The TG/DTA graphs obtained in nitrogen

atmosphere showed an endothermic behavior commencing

near 158.1 �C, which is the melting point of naproxen. Up

to the melting point, the naproxen is thermally stable.

However, at higher temperatures, naproxen presents a main

mass loss step between 196 and 300 �C, which in this step

Dm = 100%. The DTA curve showed a broad endothermic

behavior in this temperature range, which is the decom-

position of this drug (Tpeak DTA = 290.9 �C).

The simultaneous TG/DTA curves obtained in nitrogen

atmosphere for the celecoxib are shown in Fig. 1b.

According to the TG/DTA data, an endothermic peak was

observed about 165.1 �C corresponding to the melting

point of celecoxib. The mass loss (Dm = 76.5%) is in the

range 245–360 �C, which occurs in a single step. During

this step, a relatively sharp and continuous mass loss over

250 �C was observed until 360 �C. Table 1 summarizes the

experimental results of TG/DTA obtained for each

compound.

Effect of heating rate

Table 2 shows DSC curves for the decomposition of

naproxen and celecoxib at several heating rates. It was

found that, by increasing the heating rate, the melting peaks
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Fig. 1 TG/DTA curves for drug samples a naproxen and b celecoxib;

sample mass 3.0 mg; heating rate 10 �C min-1; nitrogen atmosphere
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and the decomposition temperature of the drugs were

shifted to higher temperatures.

Kinetic methods

The ASTM method E698 [23] occupies intermediate

position between the model-fitting and model-free meth-

ods. It uses a model-free estimate for the activation energy

which is evaluated from Kissingers plot of ln (b Tm
-2)

against 1/Tm [24], where Tm is the temperature corre-

sponding to the maximum of da/dT. In this study, ASTM

method was used to determine the Arrhenius parameters

for the thermal decomposition of naproxen and celecoxib.

In order to calculate the pre-exponential factor (Z), it was

assumed that the decomposition followed first-order

kinetics. Table 2 summarizes the experimental results as

well as the maximum peak temperatures (Tm) for each

compound and heating rates (b) used to perform the cal-

culations in the ASTM E698 method.

The plot of the ln (b Tm
-2) against 1/Tm was straight lines

(Table 3) for naproxen (r = 0.9975) and celecoxib

(r = 0.9951), which indicated that the mechanism of

thermal decomposition of these compounds over this

temperature range did not vary. The slope of the lines was

equal to -Ea/R. Therefore, the activation energy (Ea) was

obtained from the slope of the graph while the log of the

pre-exponential factor, log (Z/s-1) was calculated from

the expression given in ASTM E698: Z = b (Ea/RTm
2 ) exp

(Ea/RTm). Table 3 contains the calculated values of acti-

vation energy and frequency factors for both compounds.

Activation energy (Ea) for these compounds was cal-

culated by Ozawa method [25, 26].

In this method, activation energy could be determined from

plots of the logarithm of the heating rate versus the inverse of

the temperature at the maximum reaction rate in constant

heating rate experiments. The activation energy can be

determined by Ozawa method without a precise knowledge of

the reaction mechanism, using the following equation:

log bþ 0:496Ea=RTm ¼ C: ð1Þ

The plot of logarithm of heating rates versus reciprocal

of the absolute peak temperature for naproxen and

celecoxib was straight lines with r = 0.9985 and 0.9961,

respectively. On the other hand, frequency factor (Z) was

found for both compounds from the following relation [27]:

Z ¼ bEexp E=RTmð Þ�=RT2
m:

All resulting data are summarized in Table 3. Comparing

the results of the application of the two methods, we observe

that values calculated for both compounds by Ozawa

method are slightly higher than those of ASTM method.

However, both methods reveal the same trend of activation

energies for the whole conversion range studies.

After obtaining the kinetic parameters E and A, the

thermodynamic parameters of activation can be calculated

from the following equations [28, 29]:

Table 1 Summary of TG/DSC results

Component Transition temperature/�C Mass loss/%

Melting Decomposition T* Dm

Naproxen 158.1 (±0.1) 290.9 (±0.2) 196–300 100

Celecoxib 165.1 (±0.3) 352.1 (±0.1) 245–359 76.5

T* is the temperature when there is fall in a sample’s mass

Table 2 Melting point and decomposition temperature of naproxen and celecoxib obtained by DSC at various heating rate

Compound Naproxen Celecoxib

Heat flow/�C min-1 Melting point/�C Decomposition temperature/�C Melting point/�C Decomposition temperature/�C

5 152.0 (±0.2) 268.5 (±0.1) 159.1 (±0.2) 337.5 (±0.2)

10 158.1 (±0.1) 290.9 (±0.2) 165.1 (±0.3) 352.1 (±0.1)

15 166.1 (±0.3) 299.6 (±0.3) 169.5 (±0.2) 363.5 (±0.1)

20 173.0 (±0.2) 308.7 (±0.2) 175.5 (±0.2) 368.7 (±0.2)

Table 3 Comparison of kinetic parameters of the drug samples obtained by ASTM and Ozawa methods

Drug sample Method Ea/kJ mol-1 Log Z/s-1 Linear regression (r) DG#/kJ mol-1 DH#/kJ mol-1 DS#/J mol-1 Log K/s-1

Naproxen ASTM 81.4 (±0.2) 7.1 (±0.02) 0.9951 146.3 76.7 -123 -7.18

Ozawa 86.7 (±0.3) 7.6 (±0.04) 0.9961 146.0 82.0 -113 -7.61

Celecoxib ASTM 130.9 (±0.4) 10.5 (±0.05) 0.9975 161.8 125.7 -58 -12.46

Ozawa 134.1 (±0.2) 10.8 (±0.02) 0.9985 161.8 128.9 -53 -13.24

r Linear regression coefficient

DG#, DH# and DS# are given at decomposition temperature of drugs
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A exp
�E

RT
¼ m exp

�DG
#

RT
ð2Þ

DH
# ¼ E � RT ð3Þ

DG
# ¼ DH

# � TDS
# ð4Þ

where, DG#, DH#, and DS# are free energy, enthalpy, and

entropy of the activation, receptivity. t is the t = KBT/h

(where KB and h are Boltzmann and Plank constant

respectively). Table 3 gives the computed thermodynamic

parameters for both the compounds studied.

Reaction rate constant determination

Assuming a first-order decomposition, the rate constant (k)

for decomposition reaction could be calculated by the

following equation [30]:

logk ¼ logZ � Ea=2:3RT

which is for the temperature of 25 �C, and using activation

energies (Ea) and frequency factors (Z) obtained in the

above, the equation was solved for k. Table 3 listed the log

k for each compound. By considering reaction rate constant

calculated for naproxen using kinetic parameters obtained

by different methods, naproxen reaction rate constant was

compared with celecoxib reaction rate constant. It was

found that the reaction rate constant of naproxen is lower

than that calculated for the celecoxib.

Comparison of thermal behaviors of drug samples

In this study, the thermal behavior of two drug samples

belonging to nonsteroidal anti-inflammatory drugs (NSAIDs)

group was studied in identical conditions. For naproxen, as

seen in Fig. 1; Table 1, melting phenomena occurred at about

7 �C lower than celecoxib sample. Also, for naproxen sample,

the decomposition happened at about 60 �C lower than cele-

coxib. These results show that celecoxib with higher molec-

ular weight is more stable than the naproxen. A comparison of

decomposition temperature of these samples is shown in

Table 1.

The values of the kinetic parameters that were obtained

by the ASTM and Ozawa methods for these samples

confirm the higher thermal stability of celecoxib in com-

parison with naproxen. The values of kinetic parameters

(activation energy and frequency factor) of celecoxib are

about 1.5 times higher than those values for naproxen. On

the other hand, from the data presented in Table 3, it was

found that the ratio of decomposition rate constant for

naproxen to celecoxib is about 2 9 105 and hence, rate of

decomposition for naproxen is considerably higher than

celecoxib. These results show that naproxen in comparison

with celecoxib is a heat-sensitive drug and needs more care

during storage period.

On the other hand, the values of the kinetic parameters

obtained for the studied NSAIDs samples in this study was

compared to the results obtained for ibuprofen as another

member of NSAIDs group [31]. This comparison showed

that the value of activation energy (for zero-order reaction

of vaporization) of ibuprofen (82–87 kJ mol-1) is similar

to the activation energy of decomposition for naproxen and

about 1.5 times lower than this value for celecoxib. These

results show that thermal stability of ibuprofen as anti-

inflammatory drug is comparable to the thermal stability of

naproxen. However, ibuprofen in comparison with cele-

coxib is a heat-sensitive drug and has a shorter shelf life.

Conclusions

The thermal stability of the two drug samples was deter-

mined by differential scanning calorimetry (DSC) and

simultaneous thermogravimetry and differential thermal

analysis (TG/DTA). Also, the influence of the different

heating rates on the DSC behavior of the compounds was

verified. Activation energies and frequency factors for the

decomposition were calculated by different methods.

According to the TG/DTA data, it was verified that the

thermal decomposition of naproxen started after its melting

point at approximately 196 �C. However, celecoxib was

decomposed at about 352 �C, after its melting at temper-

ature of 165 �C.

The values of the kinetic parameters that were obtained

by the ASTM and Ozawa methods for naproxen and

celecoxib showed good correlation, but the values obtained

by the Ozawa method were slightly higher compared to

those obtained by the ASTM method. On the other hand,

the values of DS#, DG#, and DH# of the decomposition

reaction of drugs were computed. Our finding showed that,

the values of the DG# for the decomposition of naproxen

and celecoxib are comparable. However, the values of the

activation enthalpies (DH#) and activation entropies (DS#)

for the decomposition of celecoxib are considerably higher

than naproxen.

References

1. Kosaka T, Miyata A, Ihara H, Hara S, Sugimoto T, Takeda O,

et al. Characterization of the human gene (PTGS2) encoding

prostaglandin-endoperoxide synthase. Eur J Biochem. 1994;221:

889–97.

2. Ravikumar K, Rajan SS, Pattabhi V, Gabe EJ. Structure of

naproxen, C14H14O3. Acta Crystallogr. 1985;C41:280–2.

288 M. R. Sovizi

123



3. Tseng PH, Wang YC, Weng SC, Weng JR, Chen CS, Brueggemeier

RW, et al. Overcoming trastuzumab resistance in HER2-over-

expressing breast cancer cells by using a novel celecoxib-derived

PDK-1 inhibitor. Mol Pharmacol. 2006;70:1534–41.

4. Li J, Zhu J, Melvin WS, Bekaii-Saab TS, Chen CS, Muscarella P.

A structurally optimized celecoxib derivative inhibits human

pancreatic cancer cell growth. J Gastrointest Surg. 2006;10:

207–14.

5. Tong Z, Wu X, Ovcharenko D, Zhu J, Chen CS, Kehrer JP.

Neutrophil gelatinase associated lipocalin as a survival factor.

Biochem J. 2005;391:441–8.

6. Zhu J, Huang JW, Tseng PH, Yang YT, Fowble J, Shiau CW,

et al. From the cyclooxygenase-2 inhibitor celecoxib to a novel

class of 3-phosphoinositide-dependent protein kinase-1 inhibi-

tors. Cancer Res. 2004;64:4309–18.

7. Kulp SK, Yang YT, Hung CC, Chen KF, Lai JP, Tseng PH, et al.

3-Phosphoinositide-dependent protein kinase-1/Akt signaling

represents a major cyclooxygenase-2-independent target for

celecoxib in prostate cancer cells. Cancer Res. 2004;64:1444–51.

8. Barbas R, Prohens R, Puigjaner C. A new polymorph of nor-

floxacin. J Therm Anal Calorim. 2007;89:687–92.

9. Pentak D, Sułkowski WW, Sułkowska A. Calorimetric and EPR

studies of the thermotropic phase behavior of phospholipid

membranes. J Therm Anal Calorim. 2008;93:471–7.

10. Picker-Freyer KM. An insight into the process of tablet formation

of microcrystalline cellulose. J Therm Anal Calorim. 2007;89:

745–8.

11. Santos AFO, Bası́lio ID Jr, de Souza FS, Medeiros AFD, Pinto

MF, de Santana DP, et al. Application of thermal analysis in

study of binary mixtures with metformin. J Therm Anal Calorim.

2008;93:361–4.

12. Michalik K, Drzazga Z, Michnik A. Calorimetric characterization

of 20,30-dideoxyinosine water solution. J Therm Anal Calorim.

2008;93:521–6.

13. Pourmortazavi SM, Hajimirsadeghi SS, Hosseini SG. Charac-

terization of the aluminum/potassium chlorate mixtures by

simultaneous thermogravimetry-differential thermal analysis.

J Therm Anal Calorim. 2006;84:557–61.

14. Lever SD, Papadaki M. Study of condition-dependent decom-

position reactions: Part I. The thermal behaviour and decompo-

sition of 2-nitrobenzoyl chloride. J Hazard Mater. 2004;115:

91–100.

15. Pourmortazavi SM, Hosseini SG, Hajimirsadeghi SS, Fareghi

Alamdari R. Investigation on thermal analysis of binary zirco-

nium/oxidant pyrotechnic systems. Combust Sci Tech. 2008;180:

2093–102.

16. Hosseini SG, Pourmortazavi SM, Hajimirsadeghi SS. Thermal

decomposition of pyrotechnic mixtures containing sucrose with

either potassium chlorate or potassium perchlorate. Combust

Flame. 2005;141:322–6.

17. Kohsari I, Pourmortazavi SM, Hajimirsadeghi SS. Non-isother-

mal kinetic study of the thermal decomposition of diam-

inoglyoxime and diaminofurazan. J Therm Anal Calorim.

2007;89:543–6.

18. Pourmortazavi SM, Hajimirsadeghi SS, Kohsari I, Fathollahi M,

Hosseini SG. Thermal decomposition of pyrotechnic mixtures

containing either aluminum or magnesium powder as fuel. Fuel.

2008;87:244–51.

19. Lehmann B, Karger-Kocsis J. Isothermal and non-isothermal

crystallisation kinetics of pCBT and PBT. J Therm Anal Calorim.

2009;95:221.

20. Azimfar F, Kohsari I, Pourmortazavi SM. Investigation on

decomposition kinetic and thermal stability of metallocene cat-

alysts. J Inorg Organomet Polym Mater. 2009;19:181.

21. Wendlandt WW. Thermal analysis. 3rd ed. New York: Wiley;

1986. p. 58, 70.

22. Fathollahi M, Pourmortazavi SM, Hosseini SG. Particle size

effects on thermal decomposition of energetic material. J Energ

Mater. 2008;26:52.

23. ASTM E698-05. Standard test method for Arrhenius kinetic

constants for thermally unstable materials. doi:10.1520/E0698-05.

24. Kissinger HE. Reaction kinetics in differential thermal analysis.

Anal Chem. 1957;29:1702–6.

25. Ozawa T. A new method of analyzing thermogravimetric data.

Bull Chem Soc Jpn. 1965;38:1881–6.

26. Eslami A, Hosseini SG, Pourmortazavi SM. Thermoanalytical

investigation on some boron-fuelled binary pyrotechnic systems.

Fuel. 2008;87:3339–43.

27. Pourmortazavi SM, Kohsari I, Teimouri MB, Hajimirsadeghi SS.

Thermal behaviour kinetic study of the dihydroglyoxime and

dichloroglyoxime. Mater Lett. 2007;61:4670.

28. Criado JM, Perez-Maqueda LA, Sanchez-Jimenez PE. Depen-

dence of the preexponential factor on temperature. J Therm Anal

Calorim. 2005;82:671–5.

29. Pourmortazavi SM, Hosseini SG, Rahimi-Nasrabadi M, Ha-

jimirsadeghi SS, Momenian H. Effect of nitrate content on

thermal decomposition of nitrocellulose. J Hazard Mater.

2009;162:1141–4.

30. Krabbendam-LaHaye ELM, de Klerk WPC, Krämer RE. The
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