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Abstract The thermal techniques of analysis were used to

assess the compatibility between ibuprofen (IB) and some

excipients used in the development of extended released

formulations. This study is a part of a systematic study

undertaken to find and optimizes a general method of

detecting the drug–excipient interactions, with the aim

of predicting rapidly and assuring the long-term stability of

pharmaceutical product and speeding up its marketing. The

thermal properties of IB and its physical association as

binary mixtures with some common excipients were eval-

uated by thermogravimetry/derivative thermogravimetry

(TG/DTG) and differential scanning calorimetry. FT-IR

spectroscopy and X-ray powder diffraction (XRPD) were

used as complementary techniques to adequately implement

and assist in interpretation of the thermal results. Based on

their frequent use in preformulations nine different excipi-

ents: starch; microcrystalline cellulose (PH 101 and PH

102); colloidal silicon dioxide; lactose (monohydrate and

anhydre); polyvinylpyrrolidone; magnesium stearate and

talc were blended with IB. The samples were prepared by

mixing the analyte and excipients in a proportion of 1:1

(w:w). The TG/DSC curves of the IB have shown a single

stage of mass loss between 175 and 290 �C, respectively, an

endothermic peak at 78.5 �C, which corresponds to the

melting (literature Tm = 75–78 �C).

Keywords Ibuprofen � Thermal behaviour � TG/DSC �
Drug–excipient compatibility

Introduction

It is well known that the majority of anti-inflammatory

drugs are carboxylic acids.

Ibuprofen, a-methyl-4-(2-methylpropyl)benzeneacetic

acid, which structural formula is shown in Fig. 1, is a non-

steroidal anti-inflammatory drug (NSAID), which exhibits

favourable anti-inflammatory, analgesic and antipyretic

properties.

The major clinical application on NSAIDs is their action

as anti-inflammatory agents in muscle skeleton diseases [1].

The anti-inflammatory activity of NSAIDs and most of its

other pharmacological effects are related to the inhibition of

the conversion of arachidonic acid to prostaglandins, which

are mediators of the inflammatory process [2, 3].

Ibuprofen is a potent inhibitor of cyclooxygenase (Cox)

in vitro and in vivo, thereby decreasing the synthesis of

prostaglandins, prostacyclin and thromboxane products.

Two different cyclooxygenase isoforms have been char-

acterized, Cox-1 and Cox-2. Inhibition of the Cox-2 enzyme

system results in anti-inflammatory action, whilst inhibition

of the Cox-1 enzyme system results in anti-inflammatory

action as well as gastric irritation. Consequently, research

efforts have been directed towards evolving compounds

which are specific Cox-2 inhibitors [4].

New studies from the past years revealed that in addition

to arthritis and pain, cancer and neuro-degenerative
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diseases like Alzheimer’s disease could potentially be

treated with Cox-2 inhibitors [5].

Studies of drug–excipient compatibility represent an

important phase in the preformulation stage for the devel-

opment of all dosage forms. In fact potential physical and

chemical interactions between drugs and excipients can

affect the chemical nature, the stability and bioavailability

of drugs and, consequently, their therapeutic efficacy and

safety.

Thermal analysis (TA) is a rapid analytical technique

commonly used for evaluating drug–excipient interactions

through the appearance, shift or disappearance of endo- or

exothermal effects and/or variations in the relevant

enthalpy values [6–11].

In our previous articles [12–16] we provided the

importance of the thermal and kinetic analysis in estima-

tion on the thermal behaviour of different pharmaceuticals.

However, the interpretation of the thermal data is not

always easy and, to avoid misinterpretations and mislead-

ing of TA results, it must be emphasized that the interac-

tions observed at high temperatures may not always be

relevant under ambient conditions. Moreover, the presence

of a solid–solid interaction does not necessarily indicate

pharmaceutical incompatibility, but it might instead be

advantageous, e.g. as a more desirable form of drug

delivery system [17–22]. Therefore, the use of other ana-

lytical techniques, such as infrared spectroscopy, X-ray

powder diffractometry and hot-stage microscopy as com-

plementary tools to assist in the interpretation of TA

findings, is greatly advisable [23–25].

In a previous study [26], a study regarding the thermal

stability and kinetic analysis of ibuprofen (IB) under non-

isothermal conditions was realized.

The purpose of this article is to evaluate the compati-

bility of IB with common pharmaceutical excipients, used

in the solid dosage form, by TA, Fourier transformed

infrared (FT-IR) and X-ray powder diffraction patterns

(XRPD).

Experimental

Materials and samples

The IB drug and the excipients: starch; microcrystalline

cellulose PH 101 (MC-101) and PH 102 (MC-102);

colloidal silicon dioxide (CSD); lactose monohydrate (a-

lactose); lactose anhydre (b-lactose); polyvinylpyrrolidone

K30 (PVP K30 or PVP); magnesium stearate (MS) and talc

were obtained from Terapia S.A./Ranbaxy, Cluj-Napoca,

Roumania as pure compounds, able to be used for medical

purpose.

Physical mixtures of IB with each selected excipient

were prepared in the 1:1 (w:w) ratio by simple mixture of

the components in an agate mortar with pestle for

approximately 5 min.

Methods

Thermal analysis

The TG/DTG curves were recorded using a Netzsch-STA

449 TG/DTA instrument in the temperature range

20–500 �C, under a dynamic atmosphere of nitrogen

(20 mL min-1) and at a heating rate (b) of 10 �C min-1,

using platinum crucibles and weighed approximately

20 mg of samples.

DSC experiments were carried out with a Netzsch dif-

ferential scanning calorimeter, model DSC-204, using alu-

minium crucibles with approximately 3 mg of samples,

under dynamic nitrogen atmosphere (50 mL min-1) and a

heating rate of 10 �C min-1, up to a temperature of 500 �C.

Fourier transformed infrared spectroscopy (FT-IR)

and X-ray diffraction

FT-IR spectra of drug, excipients and drug–excipients

blends were recorded on a Perkin–Elmer Model 1600

apparatus using KBr discs in the range 4000–400 cm-1.

X-ray powder diffraction patterns were obtained with a

Bruker D8 Advance X-ray diffractometer using MoKa

radiation (Zr filter on the diffracted beam, 50 kV and

40 mA) in a Bragg–Brentano h:2h configuration, with

Soller and fixed slits and a NaI (Tl) scintillation detector.

The measurements of 2h ranged between 0� and 30�. Data

analysis and acquisition were performed using DIF-

FRACTplus software from Bruker AXS.

Results and discussion

The thermoanalytical curves of IB are presented in Fig. 2.

The TG/DTG curves show that IB is stable up to 175 �C

and presents a single stage of mass loss between 175 and

290 �C (Dm = 98%) and DTGpeak = 282.5 �C.

The DSC curve has shown a sharp endothermic peak

(Tpeak = 78.5 �C; Tonset = 72.4 �C; DHfus = -448 J g-1)

corresponding to the melting point, followed by other

endothermic peak due to decomposition (Tpeak = 271 �C).

O

O

Fig. 1 The chemical structure of the IB

518 B. Tiţa et al.

123



Compatibility study with excipients

Figures 3, 4 and 5 show the TG, DTG and DSC curves of

the substances used in the compatibility study.

The TG/DTG curves of starch show a dehydration

between 33 and 120 �C (Dm = 7.2%; DTGpeak = 65 �C),

followed by the process of decomposition between 295 and

375 �C (DTGpeak = 325 �C; Dm = 79.7%). Initially the

DSC curve exhibits a wide endothermic peak representing

dehydration (Tpeak = 94 �C) [6, 17, 27].

The thermal behaviour of microcrystalline cellulose PH

101 and PH 102 is the same. Absorbed water (about 5%) is

lost below 110 �C, between 35 and 110 �C, apparently in a

single, endothermic and spread-out process (DSCpeak =

72 �C). No other thermal phenomena are observed before

the beginning of decomposition, between 307 and 385 �C

(DTGpeak = 355 �C and Dm = 88%), respectively,

DSCpeak = 320 �C [21, 22, 27, 28].

In the case of the CSD, on the thermoanalytical curves,

no peak was observed in the range 25–500 �C [18, 22, 27].

The amorphous form of lactose was identified by the

presence of an exothermic peak at 167 �C, which represented

the transformation of amorphous to crystalline form. It is

followed by two endothermic peaks, one at 210 and the other

at 216 �C. These melting peaks belong to a- and b-lactose,

respectively. It confirmed the transformation of the amor-

phous form of lactose to the two types of crystalline form by

heating [29–31].

The 100% crystalline lactose, according to XRPD,

contains a and b forms.

According to the thermogram, the water-content

(Dm = 4.5%) of a-lactose monohydrate is evolved between

100 and 170 �C (DTGpeak = 161 �C). The water-free

compound is stable up to about 265 �C, then it decomposes

up to 365 �C and DTGpeak = 315 �C. The DSC curve

shows a first sharp endothermic peak (Tpeak = 145 �C)

corresponding to the dehydration reaction, followed by two

endothermic peaks, from the first sharp endothermic peak

(DSCpeak = 215 �C), which corresponds to the melting of

a-lactose, the second weak peak (DSCpeak = 224 �C) rep-

resents the melting of b-lactose [22, 27, 30, 31].

On the DSC curve, the b-lactose presents a small endo-

thermic peak (Tpeak = 145 �C) with an insignificant mass loss

on the TG curve, followed by two peaks, the first light cor-

responds to the melting of a-lactose (Tpeak = 215 �C),

respectively, the second represents the melting of the

b-lactose (Tpeak = 224 �C). The decomposition process takes

place in the temperature range 275–365 �C (DTGpeak =

312 �C), accompanied by an endothermic event on the DSC

curve (Tpeak = 318 �C) [22, 27, 32, 33].

The TG/DSC curves of PVP, below 150 �C, display an

initial mass loss of &9%. This mass loss is accompanied

by a broad endothermic phenomena (DSCpeak = 82 �C)

over an ill-defined baseline which makes evaluation of the

dehydration enthalpy quite uncertain. The sample readily

dehydrates and its initial mass depends upon the moisture

content of the atmosphere. Apparently, dehydration is

completed at 110 �C (DTGpeak = 164 �C) in N2. However,

a second loss stage (&2%) begins past 150 �C and
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completes around 250 �C. TA, SEM and XRPD all show

that the compound is in a vitreous phase with glass tran-

sition near 200 �C. Decomposition begins around 384 �C

(DTGpeak = 442 �C, Dm = 86%) up to 485 �C [21, 28,

34–36].

Simultaneous TG/DSC curves of MS show several

dehydration stages below 110 �C. The first endothermic

effect is due to release of a small amount of surface water.

Around 50 �C begins the first dehydration stage of struc-

tural water, which partially overlaps with a second stage at

higher temperature. The overall mass loss due to surface

water and to the first stage is &3%, whilst the amplitude

of the second stage is &1.5% of the initial mass. DSC

curve of MS initially shows wide endothermic effect

(Tpeak = 75 �C), representing dehydration. Melting begins

at &110 �C and produces an endothermic peak with a

shoulder in the high temperature side which is caused by

melting of magnesium palmitate or high-melting poly-

morphs. The decomposition of the sample begins around

311 �C (DTGpeak = 362 �C) and at 480 �C, 92.5% of

sample mass is lost. Corresponding to the decomposition

process, the DSC curve presents a sharp endothermic peak

with Tmax = 372 �C [21, 27, 28, 32, 33, 36].

The TG/DTG and DSC curves of talc present any sig-

nificant events under the conditions in this study [22, 27,

32, 33, 36].

TG, DTG and DSC curves of the pure IB and the 1:1

drug:excipient physical mixture are shown in Figs. 6, 7 and 8.

In the 1:1 physical mixtures when there is no interaction

between drug and excipient the Tpeak value of melting

event (DSC curve) and the first stage of the decomposition

(Tonset and Tpeak of TG/DTG curves) should remain prac-

tically unchanged, similarly when the drug is alone. In this

case the thermal profiles of the mixture can be considered

as a superposition of the curves of the IB and excipients. In

the DSC curve the Tpeak value of melting of the drug is

alone, or in its mixtures when there is no interaction

between drug and excipient.
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According to the thermal curves (Figs. 6, 7, 8), espe-

cially DSC curves that provide the most complete infor-

mation, it is found some smaller or larger differences (the

case of the mixtures with PVP and MS) in terms of the

melting temperature values and those of the thermal

decomposition ranges. Basically, all the other excipients

present some differences, however small, on the melting

temperature, respectively, the value of the melting enthal-

pies (Table 1). These differences may be due to the small

interactions that have not been confirmed by FT-IR spec-

troscopy and XRPD.

In the case of mixtures with povidone (PVP) and MS,

the DSC curves demonstrated differences in the thermal

profile of the IB, such as absence of drug’s melting event.
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The TG curves demonstrated that excipients influence the

decomposition process of the IB by displacing the Tonset,

respectively, DTGpeak of the first mass loss event at a lower

temperature than the isolated drug. Frequently, this dis-

placing is due to structural change and indicates interac-

tion, incompatibilities between the compounds.

The DSC curve of the physical mixture of IB with PVP

demonstrated the disappearance of the characteristic IB

fusion peak. Initially, the curve presents a broad and weak

peak which corresponds to the elimination of the adsorbed

water, between 40 and 95 �C with DSCpeak = 51.6 �C.

This event is followed by a sharp peak with a shoulder on

the left side which corresponds to the dehydration process

of PVP, between 95 and 150 �C (DSCpeak = 115.4 �C)

(Fig. 9).

The PVP interaction with IB takes place by so-called

dissolution of IB in the presence of humidity. This process

is met in the speciality literature for the cases of other

drugs too (naproxen, captopril and cetoprofen) [21, 27, 28,

36–38].

For the IB mixture with MS, the DSC curves (Fig. 10)

show the disappearance of the melting peak of IB (Tpeak

fusion = 78.5 �C) and a new one appears at 20 �C below.

Also, the decomposition intervals are wider. These differ-

ences are attributed to the interaction between the two

components as happens in the case of MS’ interaction with

other drugs [6, 17, 22, 28, 34].

The results taken from the TG and DSC curves for the

binary mixtures are collected in Table 1.

Decreasing values of DHfus suggest that the process (in

this case melting) takes place with low intensity or even

disappears (the case of IB with povidone mixture for which

DHfus was not calculated).

Unlike the small differences of the melting tempera-

tures, the values of DHfus even less than half of the value

corresponding to the IB show the possibility of interac-

tions, especially for the CSD and b-lactose.

The FT-IR spectroscopy was used as a supplementary

technique in order to investigate the possible chemical

interaction between drug and excipient and to confirm the

Table 1 Thermoanalytical data of IB and drug:excipient physical mixtures

Samples DSC DHfusion/J g-1 Tpeak DTG/�C Dm/%

Tonset (fusion)/�C Tpeak (fusion)/�C

Drug

IB 72.4 78.5 448 282 99

Drug/excipient

Starch 71.1 77.1 198.8 255 5; 55; 30

MC-102 71.2 77.7 172 259 1; 41; 48

MC-101 71.3 76.5 188.2 258 1; 54; 40

CSD 66.9 76 109.7 253 55

a-lactose 71.0 77.1 185.3 259 3; 55; 32

b-lactose 72.3 77.5 159.1 256 2; 51; 32

PVPa 266 10; 50; 35

MS 50.0 58.8 336.6b 285 5; 53; 38

Talc 70.5 76.8 183.9 259 50

a The value not calculated due to absence of drug’s melting event or undefined peak
b The value represents the sum of two or more processes not only drug’s melting event
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results obtained by the TA. It is the most suitable technique

of the non-destructive spectroscopic methods and has

become an attractive method in the analysis of pharma-

ceutical solids, since the materials are not subject to ther-

mal or mechanical energy during sample preparation,

therefore, preventing solid-state transformations. The

appearances of new absorption band(s), broadening of

band(s), and alteration in intensity are the main charac-

teristics to evidence interactions between drug and excip-

ients [22, 27, 32, 39–41].

FT-IR spectra were drawn for IB, excipients, respec-

tively, for the corresponding mixtures. Further, it will be

presented only the spectra for the cases where the TA

indicates a possible interaction, namely: IB, povidone and

the mixture IB:povidone (Fig. 11), respectively, IB, MS

and the corresponding mixture (Fig. 12).

For the other mixtures, the FT-IR spectra can be con-

sidered as the superposition of the individual ones without

absence, shift or broadening in the vibration bands of IB. It

demonstrated the absence of chemical interactions between

IB and the corresponding excipients.

The IB spectrum was in accordance with the literature,

which describes in the region of 3500 cm-1 a large

attributed to the OH group present in the IB molecule

(carboxyl group). In the region of 2977–2866 cm-1 there

are three bands that correspond to the methylene and

methyl group. The most intense band appears at 1742 cm-1

and represents the carbonyl vibration band. The methine

group has a characteristic band in the 1338 cm-1 region,

and the methylene group in the 1462 cm-1 region. The

region of 1422–1241 cm-1 showed bands which corre-

spond to the methyl symmetric C–H bending (ds CH3),

respectively, to the C–O stretching from carboxyl group.

The band at 780 cm-1 corresponds to the out-of-plane C–H

bending from phenyl ring.

In respect of the povidone, it presents the bands at:

– 3460 cm-1—a large band attributed to the OH group

from the crystallization water;

– 2977 cm-1—that corresponds to the C = O binding;

– 1669 cm-1—that corresponds to the carbonyl amidic

group;

– 1495; 1465; 1422 cm-1—these correspond to asym-

metrical vibration (das CH3);

– 1291 cm-1—that corresponds to the in-plane C–H

bending.

For the binary mixture, it shows the following

differences:

– The disappearance of the bands at 2738, respectively at

2636 cm-1 from the IB0 spectrum;

– The appearance of a broad band between 2572 and

2500 cm-1;

– It appears a triplet at 1733, 1692, 1633 cm-1 instead of

the bands from 1721 cm-1 (IB) and 1669 cm-1 (PVP);

The FT-IR spectrum for the physical mixture between

IB and PVP suggests some chemical interactions.

Magnesium stearate presents a strong ethyl vibration in

the region of 2921 up to 2850 cm-1. In the

1569–1468 cm-1 region, it showed an asymmetric stretch

corresponding to the carboxyl anion.

Other bands that must be maintained have their peaks at

2958 cm-1 corresponding to asymmetric vibration of C–H

bond in methyl group, respectively, those at 721 cm-1

which corresponds to ‘‘rocking’’ deformation (H–C–H)n

n [ 3.

FT-IR spectrum of IB–MS mixture shows the following

changes:

– The band at 3461 cm-1 is more intense and less broad;

4006008001000120014001600180020002200240026002800300032003400360038004000
T

ra
ns

m
ita

nc
e/

ar
bi

tr
ar

y 
un

its
 

Wavenumber/cm–1

IB + PVP

IB

PVP

Fig. 11 IR spectra of PVP, IB

and 1:1 blend as simple mixture

of IB and PVP

Compatibility study between ibuprofen and excipients 523

123



– A new band appears at 3284 cm-1, not very intense;

– The band at 1721 cm-1 is more intense (&20%);

– A new band appears at 1638 cm-1, relatively intense;

– The bands at 1380 and 1269 cm-1 are more intense

(&15–20%);

– The bands at 938, 780 and 669 cm-1 are more intense

(&10–15%).

From the above observations obtained after comparing

the spectra, it may be considered that MS interacts with IB.

To investigate the possible interaction of IB with povi-

done and MS, besides the FT-IR spectroscopy which is a

qualitative analysis technique, the X-ray powder diffraction

has been used for qualitative and quantitative identification

of crystallinity. The number of the speciality articles which

uses the X-ray powder diffraction is growing [29, 31, 34,

35, 38, 41].

The XRPD of IB, povidone and IB–povidone mixture,

respectively, IB, MS and IB–MS mixtures are shown in

Figs. 13 and 14.

The additional proeminent DSC peaks in the mixtures of

the drugs and excipients are a positive indication of

chemical interaction of the drugs with excipients. Such

interaction should result in the partial or complete disap-

pearance of the reactant phases and appearance of new
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phases, which can be inferred from XRPD. XRPD of the

mixture, prepared at room temperature, when compared

with those of its individual components showed appearance

of new lines and disappearance of some of the lines present

in the individual components.

The X-ray patterns of IB–povidone mixture prepared at

room temperature did not show the lines in addition to

those present in patterns of the individual components

(Table 2). However, the number of lines present in the

XRD patterns of the individual components was found

missing in the similar pattern recorded for the mixture. The

significant difference in the X-ray patterns of the drug–

excipient mixtures compared to those of individual drugs

and excipient indicates possible incompatibility of the

drugs with the excipient, even at room temperature. The

presence of majority of the lines of the parent substances in

the thoroughly ground mixture prepared at room tempera-

ture, however, suggests the interaction of the drug with the

excipient at room temperature, which could increase with

the increased temperature.

The number of new lines appeared in IB–MS mixture is

shown in Table 3. The same table indicates disappearance

of some of the diffraction lines of higher, moderate and

lower intensities in the mixture which are originally present

in the XRPD of the individual components, which indicates

the interaction of IB with MS.

Conclusions

This article presents an issue of great importance, met more

and more often in the speciality literature: the compatibility

of the drugs with different excipients.

The study refers to the compatibility of the IB with a

range of excipients mentioned in the article. As methods of

study, the following were used: the thermal methods of

analysis, the FT-IR spectroscopy and XRPD.

Table 2 X-ray diffraction data for IB, povidone and IB–povidone

(1:1) mixture

IB IB7 7

2h I% 2h I% 2h I%

2.156 27.7

2.553 37.3

2.812 71.6 2.799 100

4.824 100

5.648 17.3 5.603 47.6

6.437 10.6 6.412 39.2

6.802 11.1

7.685 100 7.633 83.9

8.119 24.7 8.108 52

8.628 60.5 8.733 55.4

8.975 34.5 8.958 61

9.295 68.8 9.256 82.4

9.717 55.2

10.255 80.2 10.225 72

11.29 16.3

11.521 14.5 11.473 33.1

12.708 11.5 12.639 27.8

13.033 15.8 13.015 23.3

13.397 9.9 13.398 20.1

14.127 10.2

14.589 8.3

15.508 12.3

16.199 9.4 16.106 16.6

Table 3 X-ray diffraction data for IB, MS and IB–MS (1:1) mixture

IB IB8 8

2h I% 2h I% 2h I%

2,156 27.7

2.401 96

2.459 100

2,553 37.3

2,812 71.6 2.81 100

4.095 27.6

5,648 17.3 5.627 30.7

6,437 10.6 6.423 24.9

6.722 24.3

6,802 11.1

7,685 100 7.65 69.6

8,119 24.7 8.111 34.6

8,628 60.5 8.623 49

8.769 51.2

8,975 34.5 8.969 63.4

9,295 68.8 9.232 63.8

9.725 60.2

10.043 48.4

10,255 80.2 10.227 78.9

10.729 43.1

11,29 16.3

11.466 23.5

11,521 14.5

12,708 11.5 12.642 17

13,033 15.8 13.04 16.5

13,397 9.9 13.355 14.8

14,127 10.2 14.094 13.1

14,589 8.3

15,508 12.3

16,199 9.4 16.088 11.4

16.695 10.4
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According to the thermal curves, especially DSC curves,

one can say that all excipients present lower or higher

interactions, with IB. This fact is supported by the differ-

ences between the values of Ttop and of the enthalpies of

melting.

Considering that the enthalpies of melting are quanti-

tative data since they may be expressed as a fractional

change, it could be said that PVP and MS certainly interact

with IB. In the same context, the CSD and b-lactose

interaction occurs in a certain extent, whilst other excipi-

ents’ interaction is unlikely.

The interaction of PVP and MS with IB was confirmed

by FT-IR spectroscopy and by XRPD. In terms of b-lactose

and CSD interaction with IB, this was not confirmed by the

two techniques mentioned, probably because of limited

modifications.

This study shows the incompatibility of IB with PVP

and MS.
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