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INTRODUCTION  

The physicochemical characteristics of active 

pharmaceutical ingredients (APIs), such as stability, 

particle size, powder flowability, taste, hygroscopicity, 

solubility, and compatibility, are crucial factors that 

determine the therapeutic effectiveness and 

manufacturing cost of solid dosage forms.
[1] 

The 

solubility and dissolution rates of drug molecules play a 

crucial role in gastrointestinal absorption in oral drug 

delivery systems. However, at present, approximately 

90% of new chemical entities and 40% of currently 

marketed drugs belong to the Biopharmaceutical 

Classification System (BCS) II and IV classes, which 

have the problems of poor water solubility and low 

bioavailability.
[2,3] 

As a result, there is limited drug 

absorption in the gastrointestinal tract, which hinders the 

clinical applications of the drugs. It is well known that 

the properties of a certain crystalline material are directly 

influenced by the atomic packing in the unit cell and 

crystal lattice. Therefore, by modifying the crystal 

packing arrangements, the physicochemical properties of 

solid drug forms can be modified.
[4,5]

 To date, a number 

of solid-state strategies have been applied to alter the 

characteristics of APIs, such as salts, polymorphs, 

hydrates, solvates and cocrystals. Substantial research 

has been done in recent years on the usage of 

pharmaceutical cocrystals with the primary goal of 

improving the solubility and permeability of poorly 

soluble drugs in order to increase the bioavailability of 

the active drug. Cocystals as a novel crystal engineering 

strategy have been extended as a new approach to alter 

the physicochemical properties of pharmaceutical 

solids.
[6,7]

 Pharmaceutical cocrystals have drawn a lot of 

interest from academia and the pharmaceutical industries 

over the past two decades because they have the potential 

to enhance the physicochemical properties of APIs by 

changing the crystal structure without changing their 

pharmacological setup.
[8] 

 

Cocrystals
 

Cocrystals are defined as solids that are crystalline 

single-phase materials combined of two or more distinct 

molecular and or ionic compounds generally in a 

stoichiometric ratio in the crystal lattice which are 

neither solvates nor simple salts.
 

A pharmaceutical 

cocrystal mainly constitutes two fundamental elements, 
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ABSTRACT 

Solubility is a major parameter for the absorption process of a drug. Therefore, increasing the dissolution rate of 

poorly water-soluble drug is important in enhancing their bioavailability. The present study is aimed to increase 

solubility of Risperidone (RIS) by preparing cocrystals via cocrystallization technique using various coformers. 

The selection of coformers were according to the Hansen Solubility Parameters (HSP) and pKa screening 

methods. The coformers used in the present study are Benzoic acid, Benzamide, Aspirin, Piperazine and 

Benzamide. The cocrystals were prepared by solvent evaporation technique in which drug and coformer were 

dissolved in 1:3 molar ratio in a suitable solvent. The 1:3 ratio were selected based on the hydrogen bond donors 

and acceptors present in the parent drug and the coformers. The prepared cocrystals were preliminarily screened 

for its solubility and dissolution. Among the prepared cocrystals, RIS- Benzamide, RIS-Piperazine, RIS-

Benzamide showed the best solubility and better dissolution rate. Further these three cocrystals were characterized 

with the help of advanced instrumental techniques such as FTIR, PXRD, DSC, and SEM. Thus, it was confirmed 

that the successfully prepared RIS-Benzamide cocrystals had shown a tremendous enhancement in their solubility 

than the API, which was higher when compared to marketed product and all other prepared cocrystals. It was 

concluded that cocrystallization method can be successfully used for improving the solubility of poorly soluble 

drugs. 
 

KEYWORDS: Cocrystal, Coformer, Hydrogen Bonding, Hansen Solubility Parameter, pKa Screening. 
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Active Pharmaceutical Ingredient (API) and benign 

substance called a coformer.
[9,10] 

 

A cocrystal usually incorporates API with a coformer in 

their crystal lattice without any structural modification of 

the parent drug.
[11] 

The cocrystals are held together by 

supramolecular heterosynthons that links the functional 

groups like carboxylic acid–aromatic nitrogen, 

carboxylic acid–amide and alcohol–pyridine, with non-

covalent forces, often including hydrogen bonding. The 

strong hydrogen bond comprises (O-H---O), (N-H---O), 

(O-H---N) and (-N-H---N). The weak hydrogen bonds 

include −C-H---O and C-H---O=C. Other forces such as 

ionic and Van der Waals forces, lipophilic-lipophilic 

interactions and pi-pi interactions are also involved in 

cocrystallization.
[7,12,13] 

 

MATERIALS AND METHODS  

Risperidone drug was procured from Yarrrow Chem 

Ltd., Vapi. All other chemicals and excipients used in 

this research were obtained from Hi-Media Ltd, and were 

of analytical grade. 

 

Prediction of risperidone cocrystals
[14]

 

HSP is a tool that can be used for screening the 

coformers from the GRAS list as well as in the 

prediction of cocrystal formation. The solubility 

parameter (HSP) for the drug and coformers, namely, 

Benzoic acid, Aspirin, Benzamide, Piperazine and 

Nicotinic acid, was calculated using group contribution 

methods such as Hoy’s method, Fedors method, and Van 

Krevelen method, and listed in Table 1. 

 

Preparation of cocrystals  
The method employed for the preparation of Risperidone 

cocrystals was, “Solvent Evaporation method”.  

 

Cocrystals were prepared by dissolving and coformers in 

ethanol by selecting suitable molar ratio. The ratio of 

drug to that of coformer was optimized by considering 

the number of theoretical hydrogen bond donor sites and 

hydrogen bond acceptor sites in Risperidone and 

cocrystal formers. The drug to coformer ratio used in the 

preparation is 1:3. The solvent was allowed for slow 

evaporation at room temperature. The excess solvent was 

removed by keeping the cocrystals in hot air oven at 

70ºC for 30 minutes. By storing the cocrystals in 

desiccator containing calcium chloride for two weeks, 

the remaining solvent was removed.  

 

Characterization of risperidone cocrystals 

Cocrystal characterization is the major part in cocrystal 

development and it involves structural assessment and 

properties evaluation. 

 

Melting point
[15]

 

The melting point of Risperidone cocrystals were 

determined with help of open capillary tube method. One 

end of the capillary tube was sealed. By the other end, 

the fine powder of the prepared cocrystals were filled. 

Temperature was slowly increased as per the pre-set 

conditions. The temperature at which the sample in the 

capillary tube melted was noted in 
0
C.  

 

Saturation solubility studies
[16]

 

The saturation solubility of cocrystals were studied in 

Phosphate buffer pH 6.8. Excess amount of the prepared 

cocrystals were added to 25 ml conical flask containing 

10 ml Phosphate buffer pH 6.8. Then flask was kept in 

rotary shaker for 24 hrs at 25±0.5
0
C. Aliquots were then 

withdrawn and filtered through Whatman filter paper. 

The concentration of Risperidone was determined by 

using UV visible spectrophotometer at 277 nm after 

appropriate dilution with Phosphate buffer pH 6.8. 

 

In-vitro Dissolution studies
[17]

 

In-vitro release study of pure drug and prepared 

cocrystals were carried out using Phosphate buffer pH 

6.8 using USP paddle type apparatus. Pure drug and 

prepared cocrystals were weighed about 25 mg each, 

further filled in hard gelatin empty capsules. Phosphate 

buffer pH 6.8 (900 ml) was measured and transferred 

into dissolution flask, rotated at a speed of 50 rpm and 

temperature was maintained at 37±0.5ºC. 5 ml of sample 

were withdrawn at 10, 20, 30, 40, 50 and 60-minute time 

interval, and immediately Phosphate buffer pH 6.8 was 

replaced into the dissolution flask to maintain sink 

condition. The samples withdrawn were filtered through 

0.45μm filter paper, further diluted with Phosphate 

buffer pH 6.8 and analysed spectrophotometrically at 

obtained 277 nm. 

 

FTIR spectroscopic studies of cocrystals
[18] 

FTIR studies were conducted for the Risperidone 

cocrystals using FTIR Spectrophotometer (Jasco 

International Company Ltd., Japan) and the spectrum 

was recorded in the wavelength region of 3000 to 500 

cm
-1

. The intensities of absorption bands were expressed 

as % transmittance. Sample preparation was done using 

the potassium bromide pellet method. To the powdered 

potassium bromide, Risperidone cocrystals were added 

in the ratio of 1:100. Under pressure of 5 ton for 5 min 

the mixture was compacted in a hydraulic press and in IR 

chamber the pellet of sample was placed. Spectrum was 

obtained and the peak intensities were recorded. The 

peaks in the spectrum were compared with the obtained 

spectra of the pure drug Risperidone.  

 

Differential Scanning Calorimetry (DSC) studies of 

cocrystals
[19]

 

Risperidone cocrystals were subjected to Differential 

Scanning Calorimetry using SDT Q600 V20.9 Build 20 

calorimeter. The instrument comprised of calorimeter, 

flow controller, thermal analyser and operating software. 

The instrument was designed to supply heat to the 

sample, so that its temperature was raised precisely. The 

sample was heated in sealed aluminium pans under 

nitrogen flow (30 ml/min) at a scanning range of 30 to 

800
o
C. Empty aluminium pan was used as a reference. 

The heat flow as a function of temperature was measured 
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for the cocrystals. The DSC of each cocrystals were 

obtained from which melting point was recorded. 

 

Powder X-Ray Diffraction (PXRD) studies
[20]

 

Risperidone (API) and prepared Risperidone cocrystals 

were subjected to X- Ray diffraction and patterns were 

observed with a Ni filtered Cu K α-radiation. 1.542˚A 

was the radiation wavelength. From 0° to 100° (2-theta) 

with speed of scanning 5
o
 /min the samples were scanned 

at 40 kV and 40 mA. 

 

Scanning Electron Microscopy (SEM)
 

The scanning electron microscope (SEM) studies the 

surface morphology of Risperidone (API) and its 

cocrystals. An electron gun was placed on the top of the 

SEM from which an electron beam was thrown onto the 

sample. Around the surface of the sample moiety, 

electromagnetic coil pushed the beam back and forth in a 

series by which the sample was scanned.  

RESULTS AND DISCUSSION 

Prediction of Risperidone cocrystal formation by 

HSP  

Cocrystals are formed when the difference in the 

solubility parameter (Δδ) of the drug and coformer is less 

than 7 MPa
1/2 

as suggested by Greenhalgh. The Δ δ for 

Risperidone-Benzamide cocrystals (4.82MPa
1/2

, 

5.26MPa
1/2

, and 0.21MPa
1/2

) based on Fedors, Hoy’s and 

Van Krevelen methods, respectively) and Risperidone-

Nicotinic acid cocrystals (3.08MPa
1/2

, 5.46MPa
1/2

, and 

0.18MPa
1/2

) based on Fedors, Hoy’s, and Van Krevelen 

methods, respectively were found less than 7. This 

revealed the possible cocrystal formation of Risperidone 

with Benzamide and Nicotinic acid. Similarly in case of 

Piperazine, Benzoic acid and Aspirin, the Fedors, Hoy’s 

and Van Krevelen methods showed the possible 

cocrystal formation with the pure drug Risperidone.  

 

Table no. 1: HSP values for Drug and Coformers.  

Drug/Coformer 
Solubility parameter (MPa

1/2
) 

Fedors Hoy’s Van Krevelen 

Risperidone 24.03 20.25 23.77 

Benzoic acid 23.61 13.88 23.37 

Benzamide 19.21 14.99 23.56 

Aspirin 22.36 13.93 20.23 

Piperazine 21.76 18.14 21.42 

Nicotinic acid 20.95 14.79 23.59 

 

Melting point 

The melting points of the drug and its cocrystals 

determined by open capillary tube method were shown in 

the Table 2. As seen in the Table 2, the difference found 

in the melting point of cocrystals corresponding to the 

drug might be due to the changes occurred in the crystal 

lattice of the cocrystals because of the intermolecular 

interactions. This change was further evidenced by DSC 

studies. 

 

 

Table no. 2: Data of melting point of pure Drug, Coformers and Cocrystals. 

Sl. No. Drug and Coformers 

Literature melting point 

of Drug and coformers 

(
0
C) 

*Observed melting 

point of Drug and 

cocrystals (
0
C) 

1. Risperidone 172-174 173±0.11 

2. Benzoic acid 122.3 120±0.17 

3. Benzamide 127-130 125.7±0.25 

4. Aspirin 135 131±0.05 

5. Piperazine 187-189 162.9±0.20 

6. Nicotinic acid 236-239 175.3±0.1 

 

Saturation solubility  

Solubility data of pure drug and cocrystals in water have 

been obtained and are shown in the Table 3. A 

significant increase in the solubility of RIS-Benzamide 

cocrystals (12.30mg/ml) was found corresponding to the 

pure drug (0.66mg/ml). Solubility of RIS-Piperazine 

(10.62mg/ml) and RIS-Nicotinic acid (6.34mg/ml) has 

also increased respectively compared to the pure drug. 

This pattern was also observed later in the dissolution 

studies. The increased solubility of the drug was huge in 

case of the cocrystals especially with RIS-Benzamide 

cocrystals. This highlights how crucial it is to create API 

cocrystals in order to improve solubility behaviour. 
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Table no. 3: Data of saturation solubility of Risperidone and Cocrystals.  

Sl. 

No. 
Name of Drug and Cocrystals 

*Solubility of Drug and 

cocrystals (mg/ml) 

1. Risperidone 0.66 ± 0.03 

2. Risperidone – Benzoic acid 2.83 ± 0.0754 

3. Risperidone – Aspirin 3.21 ± 0.1032 

4. Risperidone – Nicotinic acid 6.34 ± 0.0403 

5. Risperidone – Piperazine 10.62 ± 0.1008 

6. Risperidone – Benzamide 12.30 ± 0.2001 

 

Dissolution of risperidone cocrystals 

The dissolution patterns of the Risperidone (RIS) and its 

cocrystals are shown in the Fig. 1. A faster release of the 

drug was observed in case of RIS-Benzamide (73.91% 

release within 60 min). The RIS-PABA and RIS-

Nicotinic acid have shown higher drug release of 61.57% 

and 50.98%, respectively, at 60 min, in contrast to the 

solubility of the pure drug (28.0% at 60 min) and to that 

of marketed product (52.95% at 60 min). Further, a drug 

release (44.96% and 39.83% at 60 min) for RIS-Aspirin 

and RIS- Benzoic Acid was found as well. This data was 

also supported by the solubility data. 

 

Table no. 4: Dissolution profile of pure Risperidone and Its cocrystals. 

Sl. 

No 

Time 

(min) 

Percentage Cumulative Drug Release (% CDR) 

Risperidone 
RIS-Benzoic 

acid 

RIS -

Aspirin 

RIS - 

Nicotinic acid 

RIS -

Piperazine 

RIS – 

Benzamide 

1. 0 0 0 0 0 0 0 

2. 10 11.830 15.830 19.920 22.848 30.268 34.054 

3. 20 14.640 18.561 25.185 30.874 36.188 39.886 

4. 30 21.052 24.835 28.934 33.188 40.069 45.119 

5. 40 25.300 29.386 35.822 39.273 47.459 54.295 

6. 50 27.361 35.786 40.974 45.435 53.139 64.887 

7. 60 28.996 39.830 44.960 50.985 61.57 73.91 

 

 
Fig. no. 1: Dissolution profiles of Risperidone cocrystals in comparison with Risperidone and Marketed product 

(Risdone). 

 

FTIR Spectroscopic Studies  
The FTIR spectroscopic studies were carried out for pure 

drug Risperidone and the best three cocrystals (RIS-

Benzamide, RIS-Piperazine, and RIS-Nicotinic acid) 

among all the prepared cocrystals. The obtained IR 

spectrum of RIS-Benzamide, RIS-Benzamide, and RIS-

Piperazine and RIS-Nicotinic acid cocrystal are shown 

below: 

The hydrogen bonds that occur in the cocrystals were 

examined by FTIR spectroscopic studies. The spectra of 

the Risperidone and cocrystals were depicted in Figures 

2,3,4 and 5. The FTIR spectrum of pure drug had shown 

the characteristic stretching bands of C-H at 2887 cm
-1

, 

C=O at 1644 cm
-1

, O-H at 3080 cm
-1

, C=C at 1610 cm
-1

, 

-C-F at 1131 cm
-1

 and -C-N at 1075 cm
-1

. In the 

spectrum of RIS-Benzamide, the shifts were occurred in 

the stretching bands of C-H (2966 cm
-1

), C=O (1645 cm
-

1
), O-H (3163 cm

-1
), C=C (1622 cm

-1
), -C-F (1141 cm

-1
) 

and -C-N (1071 cm
-1

) respectively. Similarly, the 

spectrum of RIS-Piperazine showed changes in the peaks 

of bands of C=O (1642 cm
-1

), O-H (2558 cm
-1

), C=C 

(1642 cm
-1

), -C-F (1180 cm
-1

) and -C-N (1050 cm
-1

). In 

addition to this, the spectrum of RIS-Nicotinic acid also 

showed the shifts in the stretching bands of C=O (1667 

cm
-1

), O-H (2454 cm
-1

) C=C (1645 cm
-1

), -C-F (1136 

cm
-1

) and -C-N (1135 cm
-1

). All these shifts in the 



Chandur et al.                                                                European Journal of Biomedical and Pharmaceutical Sciences 

  

 

www.ejbps.com        │        Vol 9, Issue 12, 2022.         │          ISO 9001:2015 Certified Journal        │ 

 

 

458 

vibrational frequencies of the stretching bands might be 

due to the intermolecular interaction such as hydrogen 

bonding of the drug and coformer via the formation of 

supramolecular heterosynthons between the partners, 

thus indicated the formation of cocrystals.  

 

 
Fig. no. 2: FTIR spectra of risperidone. 

 

 
Fig. no. 3: FTIR spectra of Risperidone–Benzamide cocrystal. 

 

 
Fig. No. 4: FTIR spectra of Risperidone–Piperazine cocrystal. 
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Fig. No. 5: FTIR spectra of Risperidone–Nicotinic acid cocrystal. 

 

X-Ray Diffraction Studies 

The diffractogram of Risperidone and its cocrystals were 

shown below in Figures 6,7,8 and 9. The peak 2θ; 20.12, 

14.65, 19.58 and 5.21 with an intensity of 100, 32.67, 

26.58 and 23.32% respectively, were found in the pure 

drug. In case of RIS-Benzamide cocrystals, additional 

peaks (2θ; 12.55, 27.36 and 19.44 with an intensity of 

73.56, 59.32, and 50.41% respectively) were found along 

with the parent peak. The additional peaks might be due 

to the presence of new crystalline phase that formed 

because of cocrystal formation. The diffractogram of 

RIS-Piperazine cocrystals showed additional peaks of 2θ; 

28.16, 24.79 and 29.35 with an intensity of 70.24, 51.32 

and 48.12% respectively along with the parent peak. 

Similarly, the diffractogram of RIS-Nicotinic acid 

cocrystals showed additional peaks of 2θ; 17.94, 26.18 

and 8.46 with an intensity of 46.38, 39.78 and 33.26% 

respectively along with the parent peak. By comparing 

respective peak heights in the diffraction patterns of the 

cocrystals crystallinity was determined for the pure drug. 

From the diffractogram, it was found that the 

crystallogram patterns of cocrystals showed variation in 

formed peak intensity when compared to that of the pure 

drug. Along with the peaks of Risperidone showed some 

new peaks as well. The additional peaks might be due to 

the presence of new crystalline phase that formed 

because of cocrystal formation. 

 

 
Fig. No. 6: PXRD diffractogram of pure Risperidone. 

 

 
Fg. No. 7: PXRD diffractogram of Risperidone–Benzamide cocrystal. 
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Fig. No. 8: PXRD diffractogram of Risperidone–Piperazine cocrystal. 

 

 
Fig. No. 9: PXRD diffractogram of Risperidone–Nicotinic acid cocrystal. 

 

Differential scanning calorimetry studies 
The DSC thermogram obtained for the pure drug and 

cocrystals is shown in Figures 10,11,12 and 13. The 

thermogram of the RIS- Benzamide cocrystals, RIS- 

Piperazine and RIS- Nicotinic acid shows endothermic 

peaks at 126.46
o
C, 160.63

o
C and 169.67

o
C respectively. 

These melting peaks obtained was less than the melting 

point obtained for the Risperidone (173.28°C). The 

decrease in the melting point of the cocrystals might be 

due to the less cohesive force energy of crystal lattice of 

the cocrystals.  

 

 
Fig. no. 10: Thermogram of pure risperidone. 
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Fig. No. 11: Thermogram of Risperidone–Benzamide cocrystal. 

 

 
Fig. No. 12: Thermogram of Risperidone–Piperazine cocrystal. 

 

 
Fig. No. 13: Thermogram of Risperidone–Nicotinic acid cocrystal. 

 

CONCLUSION 

The present study demonstrated a simple and successful 

method of preparing Risperidone cocrystals with 

coformers using the Solvent evaporation method to 

improve their solid-state properties. Hansen solubility 

parameter and pKa based methods were used for 

selecting the coformer that can be formulated as a 

cocrystal with the drug. Coformers such as Aspirin, 

Benzamide, Benzoic acid, Nicotinic acid and Piperazine 

were used to modulate the solid-state properties of 

Risperidone crystals. 

 

From the reproducible results of the executed 

experiments, it can be concluded that: 

 The melting points of Risperidone cocrystals 

indicated variations in the melting range, suggesting 

the possible formation of cocrystals.  
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 The solubility and dissolution studies showed that 

all the prepared cocrystals have shown higher 

aqueous solubility and improved dissolution rate 

than the commercial sample.  

 The results of FTIR showed significant changes in 

their bands in prepared Risperidone cocrystals.  

 In all the DSC endotherms, the melting peaks 

obtained for the cocrystals was less than the melting 

point obtained for the Risperidone and is due to the 

less cohesive force energy of crystal lattice of the 

cocrystals. 

 PXRD pattern of the Risperidone cocrystals 

indicated the presence of additional peaks compared 

to bulk drug. The additional peaks are due to the 

presence of new crystalline phase that formed 

because of cocrystal formation. 

 The topography studies revealed that surface of 

Risperidone pure drug was different from the 

surface of its cocrystals.  

 

It was concluded that cocrystallization method can be 

successfully used for improving the solubility and 

dissolution of poorly soluble drug Risperidone, since 

there were remarkable changes in the physiochemical 

properties of Risperidone in the form of cocrystals. 
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