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ABSTRACT 

Ibuprofen is a pharmaceutical active compound used to treat mild to moderate pain and fever. However, 
ibuprofen has low solubility in water. One method to increase solubility is cocrystal formation. The ibuprofen 
cocrystal was prepared in this study using caffeine as a coformer at a 1:1 molar ratio via solvent evaporation 
and slurry methods. The results of the XRD and thermal analysis of the sample indicate that a new solid phase 
is formed in the specific sa mple, which is different from both of its constituent components. Morphologically, 
the resulting cocrystals show a change in shape from their constituent compounds as well as a change in size. 
The solubility test results show that cocrystal formation is able to increase the solubility of ibuprofen. The 
conclusion of this study is that ibuprofen cocrystals can be formed with the coformer caffeine at a molar ratio 
of 1:1 using the slurry method and solvent evaporation. 
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Introduction 

Ibuprofen is a nonsteroidal anti-inflammatory drug used to treat mild to moderate 

pain and fever. Based on its solubility and permeability, ibuprofen belongs to 

Biopharmaceutical Classification System (BCS) class II, which are compounds with low 

solubility but good permeability. Ibuprofen is practically insoluble in water, with a 

solubility of 46.9 µg/ml at 37°C and 29.1 µg/ml at 25°C [1]. In BCS class II drugs, drug 

dissolution in gastrointestinal fluids is the rate-limiting step in drug absorption [2]. 

Methods that can be used to increase the dissolution/solubility of ibuprofen  

include solid dispersion formation, inclusion complexation, and salt formation [3,4,5]. 

Additionally, crystal engineering or crystal engineering through cocrystal formation can 

also be used as one technique to improve the dissolution of active ingredients. The 

cocrystal technique is a simple technique performed by combining two or more solid 

molecules to form a single crystal lattice through noncovalent interactions that interact 

via hydrogen bonds (most common), halogen bonds, and π-π interactions [6]. Cocrystals 

offer enhanced solubility without altering the ionic structure of the drug, thereby 

providing better stability. Cocrystals are utilized to enhance the physicochemical 

properties of pharmaceutical active ingredients without altering their molecular structure 

or pharmacological activity. The physicochemical properties that have been successfully 

improved include solubility, stability, bioavailability, and mechanical properties [1]. 

Cocrystals are composed of an active pharmaceutical ingredient and a coformer. The high 

solubility of the coformer is directly related to the increased solubility and dissolution of 

the active pharmaceutical ingredient cocrystal [7]. Caffeine is one of the compounds that 

can be used as a coformer. Caffeine is commonly employed as a coformer in 

multicomponent  crystal  systems  due  to  its  ability to form strong and directional 
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hydrogen bonds through its carbonyl and nitrogen 

groups. Multicomponent investigations of caffeine 

crystals have been extensively explored, including the 

development of caffeine cocrystals with hydroxy-2-

naphthoic acid. These systems exhibit characteristic 

carboxylic acid dimer hydrogen bonding, supported by 

the formation of hydroxyl–caffeine heterosynthons, 

which play a key role in stabilizing the crystal structure 

[8]. Caffeine is an alkaloid derivative compound found 

in coffee (Coffea sp.). Caffeine is soluble in water (1:50), 

alcohol (1:66), or chloroform (1:6), but less soluble in 

ether. The solubility of caffeine increases in hot water 

(1:6 at 80 °C) or hot alcohol (1:25 at 60 °C). The higher 

solubility of caffeine in water compared to ibuprofen 

allows caffeine to be used as a coformer in ibuprofen 

cocrystals. 

The most common method used in cocrystal 

formation is solvent evaporation. In this method, both 

the drug and the coformer are in the molecular phase, 

allowing for molecular interactions between the 

components [6]. However, the use of large quantities of 

organic solvents subsequently became a separate 

consideration in the development of cocrystals. Another 

formation method that can be used is the slurry method, 

which uses a smaller amount of solvent, thus reducing 

the risk of residual organic solvent remaining. 

This study aims to form ibuprofen-caffeine 

cocrystals using the solvent evaporation and slurry 

methods. The cocrystals were prepared with an active 

ingredient to coformer ratio of 1:1. The formation of the 

cocrystals was analyzed using SEM, PXRD, and DSC. 

Methods 

Materials 

Ibuprofen (SI Group, USA), caffeine (CSPC 

Innovation Pharmaceutical , China), ethanol (Merck), 

aquadest (Aneka Kimia), sodium hydroxide (Merck), 

potassium dihydrogen phosphate (Merck), potassium 

hydrogen phosphate (Merck) 

Co-crystal Formation by Solvent Evaporation Method 

The ibuprofen-caffeine cocrystal was prepared in a 

1:1 molar ratio. The required amounts of ibuprofen and 

caffeine were weighed according to their molar ratio and 

dissolved separately in 10 mL ethanol solvent. The two 

solutions were then mixed and stirred using a magnetic 

stirrer (e.g., IKA® C-MAG HS 7) until homogeneous. 

The resulting mixture was then evaporated at room 

temperature for 72 hours. The crystals obtained are then 

stored in a desiccator [9]. 

Co-crystal Formation by Slurry Method 

The slurry method was performed by making a 

physical mixture of ibuprofen and caffeine in a 1:1 molar 

ratio, totaling 1 gram. 20.0 ml of ethanol solvent was then 

added to the physical mixture until a suspension was 

formed. The suspension was then stirred using a 

magnetic stirrer and evaporated at room temperature. 

The crystals obtained are then stored in a desiccator [9]. 

Crystalinity 

Crystallinity analysis was performed using X-ray 

diffraction (PXRD) (Empyrean, Netherland). The testing 

was conducted at angles of 2θ 5-60°. The formation of a 

new solid crystal phase or cocrystal can be indicated by 

the appearance of a diffractogram profile that differs 

from the pure diffractograms of the two constituent 

materials [9]. 

Thermal analysis 

Thermal analysis was performed using a 

Differential Scanning Calorimeter (DSC). A 5 mg sample 

was weighed, placed in a sample pan, and then inserted 

into the DSC instrument. The instrument was set to a 

heating rate of 5°C. The melting point of the sample is 

observed thru the resulting thermogram profile. The 

formation of cocrystals is indicated by the formation of a 

new solid phase on the thermogram with a melting point 

different from that of its two constituent materials [9]. 

Surface morphology 

The crystal morphology of each sample can be 

observed using a Scanning Electron Microscope (SEM). 

The powder samples were placed on an aluminum 

sample holder and coated with platinum to a thickness 

of 10 nm. The samples were then observed at various 

magnifications using the SEM instrument. The voltage 

was set to 15 kV and the current to 12 mA. Cocrystals 

form when a new crystal morphology is observed that is 

different from the crystal morphologies of its two 

constituent materials [10]. 
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Solubilty test 

The determination of solubility was performed on 

ibuprofen samples and ibuprofen-caffeine cocrystal 

samples. A quantity of sample equivalent to 20 mg of 

ibuprofen was weighed and placed into 50 mL of buffer 

phosphate medium in the solubility testing chamber. 

The testing was conducted at a temperature of 37±0.5 °C 

with constant stirring. Samples were taken at hours 1, 2, 

3, 4, 5, and 6, each 5 ml, and then their concentration was 

determined using a UV-Vis spectrophotometer (Genesys 

10S UV Vis) at a wavelength of 222 nm [11]. 

RESULT AND DISCUSSION 

Cocrystals are one form of solid modification used 

to alter the physicochemical properties of drug 

substances, particularly their solubility [9]. Increasing 

drug solubility thru the cocrystallization method has 

been widely studied and proven successful. A cocrystal 

is a crystalline complex consisting of two or more neutral 

molecular constituents bound together in a crystal lattice 

thru noncovalent interactions (hydrogen bonding is 

often used). Ibuprofen is a pharmaceutical active 

compound that is effective as an analgesic and 

antipyretic. The structure of ibuprofen has one hydroxyl 

group and one carbonyl group, which have the potential 

to bond with the methyl group on caffeine, forming 

hydrogen bonds and thus creating a cocrystal. 

The formation of ibuprofen-caffeine cocrystals was 

carried out at a 1:1 molar ratio and using two methods: 

solvent evaporation and slurry. In ibuprofen–caffeine 

cocrystals, a 1:1 ratio is selected because it corresponds 

to the most stable intermolecular interaction 

stoichiometry, particularly the formation of hydrogen 

bonds between the carboxylic group of ibuprofen and 

the acceptor sites of caffeine. This ratio facilitates the 

formation of an ordered heterosynthon within the 

crystal lattice, resulting in a stable cocrystal phase. The 

crystal characterization performed includes crystallinity, 

thermal analysis, and crystal morphology. 

The results of the thermal analysis using DSC show 

the presence of a new endothermic peak that is different 

from the constituent compounds. The presence of the 

new endothermic peak indicates the formation of a new 

solid phase in the sample. The formation of a cocrystal is 

indicated by the formation of a new solid phase on the 

thermogram with a melting point different from that of 

its two constituent materials. Based on Figure 1, the 

melting point of ibuprofen is 75.7°C and caffeine is 

237.5°C. This is consistent with the literature, which 

states that the melting point of ibuprofen ranges from 75-

78°C, while caffeine is 235-239°C [12,13]. The melting 

point of the cocrystal obtained from the slurry method is 

181°C, while the cocrystal formed from the solvent 

evaporation process has a melting point of 147.5°C. In 

the cocrystallization process, most cocrystals will have a 

melting point between the melting points of the 

coformer and the active ingredient [14,15]. The peak at 

point c at the end of the graph represents an endothermic 

event at a higher temperature, typically associated with 

the melting of a crystalline structure. This indicates 

enhanced thermal stability, suggesting the possible 

formation of a new phase, such as a cocrystal, with 

stronger intermolecular interactions than the original 

components. 

The melting point of cocrystals produced by slurry 

and solvent evaporation methods can differ. This 

difference is caused by variations in crystal morphology, 

crystal size, and purity levels resulting from each 

method. The slurry method tends to produce larger and 

more uniformly sized crystals, while solvent 

evaporation can yield smaller and less regular cocrystals 

or may not form them perfectly. Consequently, the 

melting point of cocrystals made by the solvent 

evaporation method is lower compared to cocrystals 

made by the slurry method [16]. 

 

Figure 1. Thermogram of ibuprofen (a), caffeine (b), 
ibuprofen-caffeine cocrystal by slurry method 
(c), ibuprofen-caffeine cocrystal by solvent 
evaporation method (d) 
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To determine the crystal morphology, an SEM test 

was conducted. The crystal morphology obtained from 

the SEM results, as shown in Figure 2, indicates that 

ibuprofen has a present as block-shaped particles [17]. 

Meanwhile, caffeine exhibits a powder-like morphology, 

as stated that caffeine has a description of being a white 

powder [18]. Morphologically, the resulting cocrystals 

show a change in shape from their constituent 

compounds. The results of this SEM analysis indicate 

that there is an interaction between the two substances, 

affecting the crystal morphology of each substance [19]. 

The purpose of powder X-ray diffractometer 

(PXRD) characterization is to determine the solid-state 

interaction between two solid components and whether 

a new crystalline phase will form. If the X-ray diffraction 

pattern shows a diffraction pattern different from its 

constituent components, such as comparing the position 

and intensity of the lines on the diffractogram, it can be 

concluded that a new solid phase or cocrystal has 

formed (20). The process of cocrystal formation causes 

changes in the XRD pattern, which will show some new 

peaks and peaks that identify the formation of the 

cocrystal. The PXRD results can be seen in Figure 3. 

From Figure 3, in the cocrystals made by the slurry 

and solvent evaporation methods, new peaks and spikes 

appear on the diffractogram at angles of 2θ 6.01°; 14.01° 

and 31.01°. The appearance of new peaks on the 

diffractogram indicates the formation of new crystal 

planes as a result of the interaction between ibuprofen 

and caffeine. From Figure 3, differences in peak intensity 

were also observed between the cocrystals produced by 

slurry and solvent evaporation. The XRD results of 

cocrystals made by the slurry method and solvent 

evaporation can differ due to variations in crystal 

arrangement (orientation), particle size, and sample 

density, which affect the recorded diffraction pattern. In 

the slurry method, crystals are produced with particles 

that are not uniformly oriented, resulting in diffraction 

patterns that tend to show lower, broader, and less 

defined peak intensities. Meanwhile, cocrystal formation 

by solvent evaporation allows particles to precipitate 

and arrange themselves more regularly as the solvent 

evaporates, resulting in better crystal orientation and 

sharper peaks [16]. 

The results of the sample solubility test, as shown 

in Figure 4, indicate that cocrystal formation can 

improve the solubility of ibuprofen. The solubility of 

ibuprofen cocrystals prepared by the solvent 

evaporation method is higher than that of those 

produced by the slurry method, which is related to 

differences in the quality of crystal phase formation. 

Based on XRD and DSC results, crystals obtained from 

the slurry method tend to have non-uniform particle 

orientation, resulting in diffraction patterns with lower 

intensity, broader, and less sharp peaks, indicating the 

 

Figure 2.  Crystal morphology of Ibuprofen (a), Caffeine (b), Ibuprofen-Caffeine Cocrystal by Slurry Method (c), Ibuprofen-
Caffeine Cocrystal by Solvent Evaporation Method (d) 

 

 

Figure 3.  Diffractogram of Ibuprofen (a), Caffeine (b), 
ibuprofen-caffeine cocrystal by slurry method 
(c), ibuprofen-caffeine cocrystal by solvent 
evaporation method (d) 
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possible formation of an incomplete cocrystal phase or 

the presence of residual starting components. In 

contrast, in the solvent evaporation method, particles are 

able to precipitate and arrange more regularly during 

the evaporation process, producing sharper diffraction 

peaks that reflect the formation of a more homogeneous 

and well-defined cocrystal phase. The difference in 

results between cocrystals made by the slurry method 

and solvent evaporation is due to the incongruent 

solubility of ibuprofen and caffeine in ethanol. Ibuprofen 

is readily soluble in ethanol (1:1.5), whereas caffeine is 

considerably less soluble, with a solubility of 1:66 in 

ethanol [21]. Cocrystal formation between two 

components with incongruent solubility in a solvent will 

be difficult to form, because as the amount of solvent 

decreases during the evaporation process, the 

component with lower solubility will precipitate [22]. 

Cocrystal formation between two components with 

incongruent solubility will be easier to form using the 

slurry method, which involves adding the component 

with lower solubility to a saturated or near-saturated 

solution of the other component [23]. 

 

CONCLUSION 

The conclusion of this study is that ibuprofen 

cocrystals can be formed with the coformer caffeine at a 

molar ratio of 1:1 using the slurry method and solvent 

evaporation  
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