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ABSTRACT. Ketoprofen is a non-steroidal anti-inflammatory drug with poor water solubility, so the absorption is less than 

optimal. One method to improve the solubility of ketoprofen is through the formation of multicomponent solid forms. The 

success of the formation of the multicomponent solid forms is strongly influenced by interactions between components in 

their solids. In this study, the analysis of the interactions in solid form of ketoprofen-coformers was carried out using the 

differential scanning calorimetry (DSC) and hot stage microscopy (HSM) with adipic acid and isonicotinamide as 

coformers. From the experimental results, the mixtures of ketoprofen-adipic acid show a solid-liquid phase diagram that 

indicates a simple eutectic system with eutectic points on the molar fraction of ketoprofen 0.9 and temperature at 92.9 °C. 

The ketoprofen-isonicotinamide mixtures have a eutectic system with the peritectic point. The solid-liquid phase diagram 

has indicated that the ketoprofen-adipic acid in eutectic composition forms a miscible liquid phase without interaction in its 

solid form, whereas the ketoprofen-isonicotinamide forms a miscible liquid phase accompanied by interaction with the 

excess component. The results of the HSM analysis showed the same phenomenon as the result of the DSC experiment 

and have confirmed with the FTIR analysis.  

 

Keywords: Solid-state interaction, phase diagram, the eutectic composition 

 

INTRODUCTION 

The compounds can form interactions with others 

to produce various types of multicomponent solid 

forms (Shayanfar & Jouyban, 2013; Haneef & 

Chadha, 2017). New solid forms resulting from 

intermolecular interactions between solid compounds 

will have physicochemical properties that are 

significantly different from the starting compounds 

(Moore & Wildfong, 2009; Klimova & Leitner, 2012). 

This phenomenon can be used to design the new 

solid forms of an active pharmaceutical ingredient in 

order to improve physicochemical properties (Bartsch 

& Griesser, 2004). Therefore, data relating to 

interactions between solid compounds are essential 

in the formation of multicomponent solid forms of 

active pharmaceutical ingredient (Cysewski, 2017; 

Yamashita, Hirakura, Yuda, & Terada, 2014). 

Ketoprofen is an ibuprofen-type drug regarded for 

treatment and management of pain or inflammatory 

caused by a condition such as dysmenorrhea, 

postoperative, and rheumatoid arthritis. This drug 

has potent pharmacological effects with low side 

effects (Shohin et al., 2012). However, ketoprofen is 

poorly water-soluble, causing its solubility to be a 

limiting step in the absorption process (Rençber, 

Karavana, & Ozyazici, 2009). One technique to 

improve the solubility properties of ketoprofen is by 

modifying its solid forms into a multicomponent 

system (Perpetuo et al., 2017; Wicaksono, Setyawan, 

& Siswandono, 2018). The multicomponent system of 

ketoprofen solid forms is carried out by combining 

ketoprofen with other solid components known as 

coformer. (Sarma, Chen, His, & Myerson, 2011; 

Haneef & Chadha, 2018). However, ketoprofen does 

not always create solid-state interaction with the 

coformer to form the required multicomponent solid 

forms (Cysewski, 2017; Perpetuo et al., 2017). 

Therefore, analysis of the solid-state interaction of 

ketoprofen with coformers that underlies the 

formation of multicomponent solid forms is 

fundamental in the modification of physicochemical 

properties of ketoprofen. 

Differential scanning calorimetry (DSC) is an 

analytical technique for understanding the thermal 

properties of materials related to phase transitions 

(fusion, crystallization, and glass transition). DSC 
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works by heating or cooling the sample as a function 

of time to obtain heat flow compared to references. 

The results of DSC can be used to describe the 

thermodynamic and kinetic processes of the sample 

quantitatively. From the DSC thermogram, the 

transition points of samples, such as the melting and 

glass transition temperatures can be determined 

(Zajc & Srcic, 2004). The main advantages of DSC 

are the sample required for testing relatively small (2-

20 mg), and the test can be done quickly for the 

whole reaction kinetics simultaneously (Trace, 

Khimeche, Benelmir, & Dahmani, 2013).  

Application of DSC to evaluate the solid-state 

interactions of drugs in the multicomponent system 

through thermal analysis as well as to study 

compatibility and stability is widely used 

(Wadolkowska, Winnicka, Koanik, Czyzewska, & 

Miltyk, 2013). From the DSC thermogram, the 

possibility of interaction between components can be 

determined, which is marked by changes in the 

phase transformation, usually such as shifts in 

endothermic or exothermic peaks along with 

differences in the reaction enthalpy values (Zajc & 

Srcic, 2004). DSC can also be used to analyze the 

solid-state interactions in binary mixtures through 

samples testing in several conditions so that the 

construction of the solid-liquid equilibrium phase 

diagram is obtained. The equilibrium phase diagram 

is a very suitable tool for analyzing the phase 

transitions of multicomponent systems because it can 

simplify complex phase diagrams of many mixtures 

simultaneously in one phase (Bruni et al., 2019). 

Thus, the solid-liquid phase diagram is an interesting 

and flexible method because it allows the 

measurement of complex phase diagrams for binary 

or multicomponent systems totally in one phase 

(Coutinho & Meray, 1998).  

Hot-stage microscopy (HSM) is an analytical 

technique that combines thermal and microscopy to 

evaluate the behavior of mixture samples due to 

heating and cooling treatments. The HSM shows its 

advantages in the analysis of solid-state interactions 

because it can visually identify the in-situ interactions 

of binary mixtures. Thus, this technique strongly 

supports DSC analysis when used to evaluate the 

solid-state interactions in the multicomponent 

systems. The application of HSM in the field of drug 

development is mostly used in conjunction with DSC 

to confirm interactions and thermodynamic 

properties of drugs in mixtures with drugs or other 

substances (Bakar, Nagy, & Rielly, 2010). 

The purpose of this study was to analyze the solid-

state interactions of ketoprofen with coformers in 

binary mixtures using differential scanning 

calorimetry (DSC) supported by hot stage microscopy 

(HSM) techniques. Combined or coupled both 

techniques can quickly and accurately to analyze the 

solid-state interactions and phase transformation of 

solid materials in binary mixtures (Wadolkowska, 

Winnicka, Koanik, Czyzewska, & Miltyk, 2013; 

Trache, Khimeche, Enelmir, & Dahmani, 2013; Zhou, 

Chan, Sung, Tong, & Zheng, 2016; Wicaksono, 

Wisudyaningsih, Widiarthi, & Siswoyo, 2017).  

The coformers used as a model for binary 

mixtures with ketoprofen are adipic acid and 

isonicotinamide. Both of these compounds are 

soluble in water and do not cause adverse effects on 

the human body thus it is often used as coformer of 

the multicomponent system to increase the 

physicochemical properties of active pharmaceutical 

ingredients (Ghosh & Ali, 2012; Sowa, Slepokura, & 

Jon, 2013; Yamashita, Hirakura, Yuda, & Terada, 

2014; Kerr et al., 2015; Wicaksono, Wisudyaningsih, 

Widiarthi, & Siswoyo, 2017). Adipic acid is a 

dicarboxylic acid compound that is often used as a 

coformer in multicomponent systems. It has two 

hydrogen bond donors and four acceptor sites, so it 

is easy to form intermolecular interactions with other 

compounds. Adipic acid has been used for the 

modification of solid-state properties of chitosan, 

indomethacin, and tenoxicam (Ghosh & Ali, 2012; 

Yamashita, Hirakura, Yuda, & Terada, 2014). 

Isonicotinamide is the monocarboxylic acid amide 

derivative, which is a favored coformer in 

multicomponent systems. Isonicotinamide is very easy 

to form intermolecular interactions with other 

compounds because it has one hydrogen bond 

donor and two acceptor sites. The multicomponent 

system that uses isonicotinamide as a coformer is 

genisteine-isonicotinamide, furosemide-

isonicotinamide, and atorvastatin calcium-

isonicotinamide. (Sowa, 2013; Kerr et al., 2015; 

Wicaksono, Wisudyaningsih, Widiarthi, & Siswoyo, 

2017). The molecular structures of ketoprofen, adipic 

acid, and isonicotinamide are shown in Figure 1. 

 

 

Figure 1. Molecular structures of (a) ketoprofen, (b) adipic acid, and (c) isonicotinamide 
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EXPERIMENTAL SECTION 

Materials  

The materials used in this study were 

pharmaceutical grade ketoprofen (PT Dexa Medica, 

Indonesia), analytical grade adipic acid (Merck, 

Germany), analytical grade isonicotinamide (Sigma-

Aldrich, USA), and analytical grade methanol (Merck, 

Germany). 

Preparation of the binary mixtures 

The powder of ketoprofen, adipic acid, and 

isoninicotinamide is sieved first (80 mesh sieve) to 

obtain the same size range of particles. A binary 

mixture of ketoprofen-adipic acid and ketoprofen-

isonicotinamide each made with a molar fraction of 

ketoprofen 0.1; 0.2; 0.3; 0.4; 0.5; 0.6; 0.7; 0.8; 0.9 

and 1.0. The components of each binary mixture are 

carefully mixed using a porcelain mortar and spatula 

to obtain the homogeneous mixtures. Each mixture is 

then analyzed for the phase transformation to 

construct the solid-liquid phase diagrams using a 

differential scanning calorimeter. 

DSC experiment  

About 2.0 mg of sample was weighed in an 

aluminum container equipped with a sample lid. The 

sample in an aluminum container were then sealed 

tightly using a pressure tool. DSC test performed at 

the temperature range of 30-200 °C (Thermo Plus 

EVO II). The scanning of the sample by DSC was 

carried out at a heating speed of 10 °C/minute in the 

dry nitrogen atmosphere. The data from DSC tests 

are used to construct the solid-liquid phase diagrams 

and to analyze the behavior of solidification of each 

component under both equilibrium and 

nonequilibrium conditions (Zajc & Srcic, 2004; 

Klimova & Leitner 2012; Benessam, Khimeche, 

Djellouli, Benziane, & Dahmani, 2013). 

HSM experiment  

HSM experiment was conducted to analyze the 

interaction of solid-state ketoprofen and coformers 

visually. A polarized microscope (Olympus BX41) was 

used for the HSM experiment. In the experiment, the 

Scilogex MS7-H550-Pro and Olympus DP21 camera 

were used to heat the sample and to record the 

observation, respectively. Ketoprofen powders (about 

2 mg) were sprinkled above a glass plate and then 

heated using heating equipment (Scilogex MS7-

H550-Pro) until the powder’s meltdown. The melt 

was then cooled, so the ketoprofen was recrystallized. 

In the next step, the coformer powders are sprinkled 

beside the crystal of ketoprofen. The glass plate is 

heated again, so the ketoprofen and coformer melt 

together. The melt on the object-glass is then cooled, 

so the system solidified. Observations were made in 

the contact zone to examine the interactions that 

occur between the solid-state indicated by the 

existence of a new solid. The observations are 

documented with a camera with the appropriate 

magnification (Zhou, Chan, Sung, Tong, & Zheng, 

2016; Wicaksono, Wisudyaningsih, Widiarthi, & 

Siswoyo, 2017). 

Fourier transform infrared (FTIR) analysis 

The FTIR analysis (Bruker Alpha FTIR spectrometer) 

was performed to confirm the interaction between 

ketoprofen and coformer in the solid-state. Samples 

for FTIR analysis were prepared by dissolving the 

equimolar mixture of ketoprofen and coformer in 

methanol. Then the solvent of the solution was 

evaporated at room temperature to produce dry 

solid. The solid is then crushed with a mortar and 

analyzed. The scanning by FTIR was carried out at a 

wavenumber 4000 – 600 cm
-1
 with a resolution of 4 

cm
-1
. 

 

RESULTS AND DISCUSSION 

DSC analysis 

DSC is a sufficient method to analyze the 

interactions between materials in the multicomponent 

systems. The solid-state interactions between the 

materials that constitute the multicomponent system 

can be characterized based on the phase 

transformation resulting from the DSC thermogram 

(Zajc & Srcic, 2004). In this study, DSC testing was 

performed on each material and ketoprofen-

coformers binary mixtures. The DSC curves from the 

experiment are shown in Figure 2.  

From the result of DSC testing, ketoprofen 

exhibited a sharp endothermic peak (ΔfusH=94.8 J/g) 

at a temperature of 96.2 °C. Adipic acid and 

isonicotinamide showed DSC curves with one 

endothermic peak at 153.8 (ΔfusH=213.4 J/g) and 

158.0 °C (ΔfusH=182.1 J/g), respectively. The 

summary of the thermodynamic data of each 

material is shown in Table 1. The thermodynamic 

data indicated that each material has the phase 

transformation from solid to liquid, which indicated 

the melting point. The thermodynamic data from 

DSC experiments of ketoprofen, adipic acid, and 

isonicotinamide showed agreement with previous 

reports (Ng, Kwek, Yuen, & Tan, 2010; Tita, D., 

Fulias, & Tita, B.,, 2011; Yadav, Kumar, Singh, Bhat, 

& Mazumder, 2013; Holanda et al., 2019). Besides, 

the DSC curve of each material showed only one 

endothermic peak indicating that the material used 

was stable in the test temperature range and not 

undergo decomposition (Trache, Khimeche, Enelmir, 

& Dahmani, 2013). 

The DSC curves of binary mixtures of ketoprofen-

adipic acid and ketoprofen-isonicotinamide have 

thermodynamic  data, as  shown in Table 2 and 

Table 3. The binary mixtures of ketoprofen-adipic 

acid and ketoprofen-isonicotinamide mostly showed 

DSC curves that have two endothermic peaks. The 

temperatures of the first endothermic peaks of the 

binary mixtures of ketoprofen-adipic acid (at a lower 

temperature) are at the temperatures range 90.9-
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92.9 °C. In contrast, the binary mixtures of 

ketoprofen-isonicotinamide showed the first 

endothermic peaks at the temperatures range 66.3-

80.4 °C. The endothermic peaks of each curve at 

lower temperatures have almost the same value 

indicating the eutectic melting point of each mixture. 

The mixtures also have the peaks at the higher 

temperatures than the eutectic melting point, which 

indicated the melting point of the excess components 

in the mixtures as a function of the composition 

(Marinescu et al., 2015). Based on thermodynamic 

data from the DSC curves of ketoprofen-adipic acid 

and ketoprofen-isonicotinamide binary mixtures, the 

plotting of the molar fraction of ketoprofen versus 

temperature obtained the solid-liquid phase diagram 

(Sharma, Shakya, & Rai, 2012). 

  

 

Figure 2. DSC curves of pure materials and binary mixtures 

 

 Table 1. Thermodynamic data of ketoprofen and coformers 

Compounds Tfus (°C) ΔfusH (J/g) 

 Observation Report Observation Report 

Ketoprofen 96.2 96.7
a 

94.8 113.1
b
 

Adipic acid 153.8 152.4
c 

213.4 232.9
c 

Isonicotinamide 158.0 160.0
d 

182.1 204.6
d 

a
 = Tita, D., Fulias, Tita, B., 2011   

b
 = Yadav, P. S., Kumar, Singh, Bhat, & Mazumder, 2013 

c 
= Ng, Kwek, Yuen, Tan, & Tan, 2010  

d
 = Holanda et al., 2019 

 

Table 2. Thermodynamic data from DSC experiment of ketoprofen-adipic acid 

binary mixtures 

Molar fraction of 

ketoprofen (X) 

peak 1 peak 2 

Temperature 

(C) 

ΔH  

(J / g) 

Temperature  

(C) 

0.0 - - 153.8 

0.1 90.9 16.8 149.2 

0.2 91.3 28.4 145.6 

0.3 91.6 45.3 143.4 

0.4 91.8 57.5 137.2 

0.5 92.2 68.7 140.2 

0.6 92.1 74.4 133.0 

0.7 92.1 86.3 124.4 

0.8 92.8 97.9 117.7 

0.9 92.9 98.4 - 

1.0 - - 96.2 
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Table 3. Thermodynamic data from DSC experiment of ketoprofen isonicotinamide 

binary mixtures 

Molar fraction of 

ketoprofen (X) 

peak 1 peak 2 

Temperature 

(°C) 

ΔH 

(J/g) 

Temperature 

(°C) 

0.0 - - 158.0 

0.1 66.3 13.3 150.6 

0.2 67.1 25.7 145.2 

0.3 68.5 35.0 134.8 

0.4 69.2 56.3 124.1 

0.5 71.1 56.7 120.4 

0.6 73.1 59.0 113.0 

0.7 73.5 15.5 - 

0.8 77.2 19.9 83.2 

0.9 80.4 2.3 90.6 

1.0 - - 96.2 

 

 

 

Figure 3. Solid-liquid phase diagram of binary mixtures of (a) ketoprofen-adipic acid and (b) 

ketoprofen-isonicotinamide systems 

 

The solid-liquid phase diagrams of ketoprofen-

coformers were shown in Figure 3. At temperatures 

below the solid curve, the phase diagram of 

ketoprofen-adipic acid mixtures indicated only an 

immiscibility solid mixture of ketoprofen and adipic 

acid. At temperatures above the liquid curve, there 

was only a liquid phase complete miscibility mixture 

of ketoprofen and adipic acid. In the area between 

the solid and liquid curves, there was equilibrium 

between the solid phase and the liquid phase of the 

component (Sharma, Shakya, & Rai, 2012; Rice & 

Suuberg, 2010). The solid-liquid phase diagram 

showed that a eutectic mixture was formed from the 

ketoprofen-adipic acid mixture at the composition of 

ketoprofen molar fraction 0.9. The mixture at the 

eutectic composition was a miscible liquid phase of 

ketoprofen and adipic acid, and they would solidify 

at 92.9 °C. 

The eutectic mixture of ketoprofen-adipic acid 

formed a solid microstructure with a lower melting 

temperature than each component. The solidification 

process of the eutectic composition, the components 

must be mutually miscible as liquids, but the solid-

state of them showed immiscible. In a molecular 

interaction perspective, the non-bonded interaction is 

formed if the interaction between ketoprofen and 

adipic acid is higher than the interaction between 

similar molecules in the liquid phase. The phase 

diagram of ketoprofen-adipic acid has a solid-curve 

and a liquid-curve indicating a simple eutectic system 

related to the non-bonded interaction between 

components. A simple eutectic system of binary 

mixtures was indicated that the mixtures in the liquid 

phase were completely miscible, but in the solid 

phase, the mixtures were no soluble (Gorniak, 

Wojakowska, Karolewicz, & Pluta, 2011; Singh & 
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Singh, 2016).  

The binary mixtures of ketoprofen-isonicotinamide 

showed the solid-liquid phase diagram with a 

eutectic point in the molar fraction of ketoprofen 0.7 

and a eutectic temperature at 73.5 °C. The 

ketoprofen-isonicotinamide mixtures indicated a 

trend of increasing the eutectic melting point as a 

function of the molar fraction of ketoprofen. In the 

range of ketoprofen molar fraction 0.1-0.6, the 

eutectic temperatures were 66.3-73.1 °C, while in the 

range of ketoprofen molar fraction 0.8-0.9; the 

eutectic temperatures were 77.2-80.4 °C. The 

mixtures of ketoprofen-isonicotinamide with a molar 

fraction under the eutectic mixture showed a 

significant difference in the eutectic temperatures 

compared to the mixtures of ketoprofen-

isonicotinamide with molar fraction above the 

eutectic mixture. The differences in the eutectic 

temperatures are expected because the liquid phase 

of the eutectic mixture of ketoprofen-isonicotinamide 

interacts with excess components (Coutinho & Meray, 

1998; Cherukuvada & Row, 2014). From the phase 

diagram, the liquid phase of the eutectic mixtures of 

the ketoprofen-isonicotinamide was indicated 

interacting with excess components to form the 

intermediate  compound. The intermediate 

compound  caused molecular rearrangement in 

solid-state to produces a new solid phase of a 

multicomponent system with different molecular 

networks and new eutectic point at temperature 

range 77.2-80.4 °C (Haneef & Chadha, 2017; 

Cherukuvada & Row, 2014). The new eutectic point 

in the  mixtures of ketoprofen-isonicotinamide 

thought  to be the cause of the formation of a 

eutectic system with a peritectic point in the phase 

diagram (Coutinho & Meray, 1998).  

HSM analysis 

The hot stage microscopy (HSM) is a visual 

analysis used to examine the interaction between 

ketoprofen and coformers with treatment heating and 

cooling. The existence of the solid-state interactions 

between ketoprofen and coformers is indicated by 

the appearance of a new solid in the contact zone 

from the recrystallization process between 

components (Zhou, Chan, Sung, Tong, & Zheng, 

2016; Wicaksono, Wisudyaningsih, Widiarthi, & 

Siswoyo, 2017). The results of the hot stage 

microscopy of the ketoprofen- adipic acid systems 

are shown in Figure 4a.  

The result of the hot stage microscopy of the 

ketoprofen-adipic acid system indicated that 

ketoprofen and adipic acid during the heating 

process  melted  at  temperatures around 96 and 

154 °C,  respectively. These results showed 

agreement with the results from the DSC experiment. 

During the heating process, the ketoprofen-adipic 

acid system not showed morphological changes 

within each phase observed. On cooling, the 

ketoprofen-adipic acid  system  showed that each 

component solidified in the contact zone with 

morphological differences between the components. 

These results suggested that the  ketoprofen  and  

adipic  acid  in  the  mixing zone have not solid-state 

interactions to form a new solid phase (Zhou, Chan, 

Sung, Tong, & Zheng, 2016). 

Figure 4b  shows  the  hot  stage microscopy of 

the ketoprofen-isonicotinamide systems. On the 

heating process, the ketoprofen showed a melting 

point of around 96 °C, according to the ketoprofen-

adipic acid system. The isonicotinamide showed a 

melting point at a temperature of about 158 °C, 

according  to  the results DSC experiment. The 

contact zone of the ketoprofen-isonicotinamide 

system has shown the solidification of the 

components providing a new solid which 

morphologically different from the individual 

components. The new solid in the contact zone of the 

ketoprofen-isonicotinamide system indicated that the 

each other of the components have made a solid-

state interaction in the solidification process (Zhou, 

Chan, Sung, Tong, & Zheng, 2016; Wicaksono, 

Wisudyaningsih, Widiarthi, & Siswoyo, 2017). The 

solid-state interaction of the ketoprofen and 

isonicotinamide produced a new solid phase as a 

ketoprofen-isonicotinamide complex, which physically 

different from each primary component. The results 

of the hot stage microscopy of ketoprofen-adipic acid 

and ketoprofen-isonicotinamide systems have been 

shown following the results of the solid-liquid phase 

diagram through DSC experiments. 

 

 

Figure 4. Hot stage microcopy of (a) ketoprofen-adipic acid and (b) ketoprofen-

isonicotinamide system 
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Figure 5. FTIR spectra of (a) ketoprofen, (b) isonicotinamide and (c) ketoprofen-isonicotinamide 

 

Confirmation of the solid-state interactions by FTIR 

The DSC and the hot stage microscopy 

experiment suggest that the components in the binary 

mixtures of ketoprofen-isonicotinamide form the 

solid-state interactions. The FTIR analysis has been 

carried out to confirm the presence of the solid-state 

interactions. FTIR spectra of ketoprofen, 

isonicotinamide, and ketoprofen-isonicotinamide are 

shown in Figure 5. 

The FTIR spectra of ketoprofen have characteristic 

bands with the absorption peaks at 1655 cm
-1

 

(corresponding to carbonyl -C=O stretching), 1695 

cm
-1
 (carboxylic -C=O stretching), 2938 cm

-1
 

(carboxylic -OH stretching) and a broad absorption 

peak at 3200-2500 cm
-1
 (group -COOH stretching). 

Isonicotinamide has a FTIR spectra with specific 

absorption peaks at 3368 and 3185 cm
-1
 (-NH2 

stretching), 1658 cm
-1
 (-C=O carbonyl stretching), 

and 1393 cm
-1 

(-CN stretching). Both FTIR spectra 

have similarities with previous research reports 

(Wicaksono,  Setyawan, & Siswandono, 2018; 

Galvao et al., 2019). In the FTIR spectra, the 

absorption peaks of ketoprofen-isonicotinamide 

showed shifting of absorption peaks of functional 

groups  of each material. The shifting of the 

functional group’s absorption of the FTIR spectra 

indicated the intermolecular interaction between 

functional  groups  of  the components of the 

mixtures (Wicaksono, Setyawan, & Siswandono, 

2018). Based on the functional groups involved, the 

intermolecular  interactions  are thought to be 

formed among others through the intermolecular 

hydrogen  bonds. The results of the FTIR analysis 

have  confirmed  the  results of the DSC and hot 

stage microscopy experiments.  

CONCLUSIONS 

The DSC experiments have shown that the solid-

liquid phase diagram of the ketoprofen and adipic 

acid in binary mixtures have a simple eutectic system. 

The eutectic point of ketoprofen-adipic acid mixtures 

showed a molar fraction of ketoprofen 0.9 with the 

eutectic temperature at 92.9 °C. From the phase 

diagram indicating that mixtures of ketoprofen-adipic 

acid were completely miscible in the liquid phase but 

showed the absence of the solid-state interaction of 

each other in the solid phase. The ketoprofen and 

isonicotinamide in binary mixtures have shown a 

eutectic system with a peritectic point in the solid-

liquid phase diagram. The eutectic composition of 

the ketoprofen-isonicotinamide mixtures was in the 

molar fraction of ketoprofen 0.7 with a eutectic 

temperature at 73.5 °C. The binary mixtures of 

ketoprofen and isonicotinamide have indicated that 

the interactions of the liquid phase of ketoprofen-

isonicotinamide with excess components have formed 

the intermediate compound.  The intermediate 

compound has a new eutectic point at the 

temperature range of 77.2-80.4 °C. The hot stage 

microscopy showed that the contact zone of the 

ketoprofen-adipic acid system did not show 

morphologically changing during the heating and 

cooling process. The results of the hot stage 

microscopy have indicated that the ketoprofen and 

adipic acid have not the solid-state interactions 

between the components. However, the contact zone 

of the ketoprofen and isonicotinamide has shown the 

formation of a new solid indicated the interaction 

between components. The FTIR analysis has 

confirmed the solid-state interactions in the 

ketoprofen-isonicotinamide binary mixtures. Overall, 
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the DSC experiment and the hot stage microscopy 

have successfully identified the presence or absence 

of solid-state interactions in the ketoprofen-coformer 

binary mixtures. 
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