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Abstract  

The cocrystal production and properties are intricate in different ways. It exhibits properties corresponding to 

dissolution rate, melting point, solubility, chemical stability etc. The crystal engineering has been applied to API’s 

as an implication to pharmaceutical cocrystal which has been increasingly recognized as an attractive option to 

polymorph, salts, solvates and crystal habit modifications in dosage form design.  Pharmaceutical cocrystals 

formation has been manifested to influence the solid-state properties (solubility and bioavailability) of poorly water-

soluble drugs without compromising its pharmacological activity. To date, there is no agreeable definition, what a 

cocrystal constitutes. This article intended to presents an overview of pharmaceutical cocrystals with different 

preparation methods, physicochemical properties and analytical characterization methods. 
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1.INTRODUCTION: 
The majority of failures in new drug development 

have been attributed to poor water solubility of the 

drug [1]. Solubility is one of the utmost important 

parameters to attain desired concentration of drug in 
systemic circulation for efficient pharmacological 

response. It is vital to improve the solubility and 

dissolution rate for poorly water-soluble drugs (BCS 

class II & IV) since these drugs possess low 

absorption and bioavailability [2]. 

 

Nevertheless, bioavailability of any API (Active 

Pharmaceutical Ingredient) ultimately depends on the 

solubility of drug molecules. Currently, enhancement 

of solubility is one of the major challenges for 

pharmaceutical industry. Formerly, so many methods 

(micronisation, salt formation, emulsification, 
solubilization using co solvents etc.,) are available for 

improving aqueous solubility of drugs [3].  

Co crystallization has been gained attention by means 

of modifying the physicochemical properties of APIs. 

Cocrystals have emerged as a means of fine-tuning 

solubility, dissolution, bioavailability, and other 

physicochemical properties of drug substances, 
without changing their molecular structure. 

Cocrystals are a class of multicomponent solids 

containing two or more different molecular 

components in a single homogenous crystalline phase 

with well-defined stoichiometry [4]. Figure 1 shows 

multicomponent cocrystal system.  

 

Pharmaceutical cocrystals contain an active 

pharmaceutical ingredient (API) and a co former 

(neutral compound) which may/may not have 

pharmacological activity. Co former generally forms 

ingredient (API) and a co former which may/may not 
have pharmacological activity. Co former generally 

forms hydrogen bond with the API [5,6]. 

Crystallization has been gained attention by means of 

modifying the physicochemical properties of APIs.     

 

 

Figure 1 Multi component cocrystal system 

Crystal engineering depicts the concept of 

supramolecular synthon and the term was first 

introduced by Desiraju. The incorporation of API 

with another pharmaceutically acceptable molecule 

(crystal coformer) i.e. generally recognized as safe 

(GRAS), in the crystal lattice results in 

pharmaceutical cocrystal. Cocrystals are may be 

binary compounds or ternary or quarternary 

cocrystals. Based on molecular existence the 

cocrystals are divided into: cocrystal anhydrates, 
cocrystal hydrates (solvates), cocrystals of salts 

(unsolvated, unhydrated or solvated, hydrated) [6, 7].  

Generally, co crystals are built from intermolecular 

interactions (hydrogen bonding, vander waals forces 

and ᴨ- ᴨ stacking interactions). Hence, hydrogen 

bonded drug-co-former cocrystals are dissociated in a 

short period of time. Physicochemical properties 

(crystallinity, melting point, solubility, dissolution, 
and stability) of APIs are of great importance to the 

development of cocrystals. The solid-state 

characterization of cocrystals can be done by 

following different analytical methods.  
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The sequence of designing and characterization of a cocrystal: 
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  Methods of preparation                  Solvent evaporation method 

       

         Twin screw extrusion method 

 

         Solid state grinding method  

 

 

 

 

 

              

        

 

 

 

 

 

 

 

 

 

 

        Crystallographic methods 

 

         Vibrational spectroscopy   

 

                             

 

Thermal analysis                  Scanning electron microscopy 

 

1.1Advantages with cocrystal: 

 In crystallization, without making/breaking the 

covalent bonds the formation of non-covalent 
bonds between API & coformer consequently 

leads to crystal lattice. 

 All types of API (ionizable or non-ionizable) 

molecules are suitable for cocrystals. 

 Can exist in stable crystalline form and no 

need of other excipients and additives in 

formulation. 

 Improvement in physicochemical properties 

along with pharmacokinetic properties of an 

API without any change in its pharmacological 

activity. 
 Presence of numerous potential counter 

molecules (coformers like food additives, 

preservatives, pharmaceutical excipients and 

APIs). 

2. PHYSICOCHEMICAL PROPERTIES OF 

COCRYSTALS  

 2.1Solubility : 

API CO FORMER 

COCRYSTAL 

ANALYSIS 

CHARACTERIZATION  
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Solubility is defined by the theromodynamic 

equilibrium of a solute between two phases,  i.e. a 

solid phase and solution phase[3]. Solubility is one of 

the important parmeter to achieve desired 

concentration of drug in the systemic circulation. The 
solubility of a cocrystal can be determined by two 

independent factors : the strength of the crystal lattice 

and the solvation of cocrystal components. Hence, 

either by lowering the lattice energy or by increasing 

the solvent affinity, the solubility of cocystal can be 

increased. The thermodynamic relationships between 

cocrystals and their individual components can be 

depicted by the phase diagrams which are often 

classified in three types: i) Binary phase diagrams 

(BPDs), ii) phase solbility diagrams (PSDs) and iii) 

ternery phase diagrams (TPDs)[8].  

The relative solubilities of cocrystal and coformer 
can be depicted by ternary phase diagram (Figure 2) 

for the equilibria involving in the solvent (if present) 

and two solute mixture [9].    

 

 

 

 

Figure 2. Schematic representations of isothermal 

ternary phase diagrams with (a) similar 

solubilities between two co-crystal-forming 

components (1 and 2) in solvent S and (b) different 

solubilities of 1 and 2 in S. Region A, component 1 

and solvent; B, component 1 + co-crystal; C, co-

crystal; D, component 2 + co-crystal; E, 

component 2 and solvent; F, solution. [10]. 

 

2.2Stability:  

Stability is the one of the important parameters 

during the development of new dosage parameters. 
Several aspects have been performed during the 

development of pharmaceutical cocrystals such as 

relative humidity stress, chemical stability, thermal 

stability and photostability studies. An extensive 

study has been undertaken to study the behavior of 

cocrystals under relative humidity (RH) stress 

conditions. In relative humidity stress automated 

water sorption or desorption studies are performed to 

determine the effect of water which helps to reduce 

risk during development [11]. 

Limited water sorption/desorption data were found 

for cocrystals of glutaric acid and 2-[4-(4- chloro-2-

fluorphenoxy) phenyl] pyrimidine-4- carboxamide 

sorbet less than 0.08% water up to 95% relative 

humidity over repeated sorption/desorption cycles 

[12]. The racemic cocrystals like caffeine and 

theophylline using malic and tartaric acid as 

coformers exposed to 43, 75, and 98% RH for up to 7 

days. The racemic cocrystals found to be resistant to 

hydration than the single enantiomer, which reflects 

the stability of theophylline cocrystals [13]. 

2.3Melting point: 

Melting point is the physical property of solids, 

which governs the purity of the product with sharp 

melts and narrow ranges. High melting point 

confirms the thermodynamic stability of the new 

materials i.e. thermal stability of an API can be 

increased by selecting the coformer with higher 

melting point. Cocrystals with low melting points can 
also be advantageous when dealing with thermolabile 

drugs. Differential scanning calorimetry (DSC) and 

thermal gravimetric analysis (TGA) are the most 

commonly used techniques in the determination of 

melting point and thermal analysis [14]. Based on 

this the cocrystals of sildenafil and acetyl salicylic 

acid indicated their melting point approximately 143  ̊

C, and t remains thermodynamically stable up to 165  ̊

C [15]. Melting point of cocrystals can be modified 

by proper selection of the conformers. Cocrystals 

with high melting point range should include with 

high melting point coformers [16, 17].   

2.4Tabletabilty: 

Cocrystallization of drug and conformer plays role in 

the crystal packing, tabletability and compaction, 

which are important parameters during 

Preformulation study [14]. Cocrystals of paracetamol 

with trimethyl glycine and oxalic acid was found 

with better compaction Behaviour of than pure drug 

[18]. Cocrystals showed higher tabletability than 
either pure drug or conformers i.e. the greater tablet 

ability of resveratrol exhibited by formation of 

cocrystals with 4-aminobenzamide and isoniazid 

[19]. 

2.5 Bioavailability: 

Bioavailability is defined as the rate and extent of 

pure drug that reaches into systemic circulation [20]. 
Poor oral bioavailability of APIs is a major challenge 

during the development of new formulations. 

Pharmaceutical cocrystals have been prepared with 

the help of crystal engineering mainly to enhance 

aqueous solubility and oral bioavailability. A drug 
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study, Carbamazepine : Saccharin(1:1) cocrystals 

found with greater in vitro dissolution and oral 

bioavailability [21]. Pharmacokinetics study of 

apixaban-oxalic acid cocrystals in beagle dogs 

showed that increased oral bioavailability by 2.7 
times as compared to pure drug [22]. Cocrystals of 

Meloxicam with aspirin exhibited better oral 

bioavailability as compared to pure drug in rats. [23]. 

 

3.PREPARATION METHODS FOR 

COCRYSTAL 

Cocrystallization is such an effective method for the 

synthesis of co-crystal from solution. It is a 

contemporary process for both purification and 

isolation of single component crystals. 

3.1Soild state grinding method: 

Benzoic acid cocrystals were formed by wetting an 

equimolar mixture of benzoic acid and   the 

carboxylic acid coformer in a mortar with methanol 

and grinding it to dryness [11]. Liquid assisted 

grinding involves the addition of a solvent, typically 

in a very small amount, to the dry solids prior to the 

initiation of milling. The solvent has a catalytic role 

in assisting cocrystal formation and should persist for 
the duration of the grinding process.  The technique 

of cocrystal formation via grinding method can be 

demonstrated by two methods namely (Figure 3) neat 

grinding or dry grinding and liquid assisted grinding  

neat grinding  consists of mixing the stoichiometric 

cocrystal components together and grinding them  

either manually, using a motor and pestle or 

mechanically using a ball mill or a vibratory  mill. 

This method requires one or both the reactants 

exhibiting significant vapour pressures in the solid 

state. Two sulphathiazole: carboxylic acid cocrystals 

were prepared by grinding stoichiometric equivalents 

of sulphathiazole with the required carboxylic acid 

for 90 min in a Retsch mixer mill at a 25 Hz 

frequency with the temperature not allowed to exceed 
37 °C [24]. 

 

 

 

 

 

 

 

 

 

 

Figure 3: solid state grinding 

 

3.2Antisolvent addition method: 

Solvent molecules may also play a dynamic role of 

space fillers in the crystal lattice without forming 

strong interactions with host molecules.  The method 

involves precipitation or recrystallization of the 

coformer on the API. Solvents include buffers and 

organic solvents. In the preparation of cocrystals, the 

coformer solution is prepared by soaking coformer in 

the suitable solvent and weighed amount of the API 

is dispersed in the coformer solution by using high 
dispersion homogenizer. This dispersion is added to 

the distilled water or other suitable solution to 

precipitate coformer on an API (Figure 4). Example 

for this technique is the preparation of cocrystals of 

Aceclofenac and chitosan as a coformer [25].  

 

 
Figure 4: Antisolvent addition method 
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3.3 Solvent evaporation technique 

This technique is the common way to synthesize co-crystals. In this method co-crystal components or co-crystal 

formers are taken in stoichiometric ratio and solubilize in a common solvent. The resultant solution is allowed to 

evaporate slowly (Figure 5). This technique works on the principle that, when different molecules of complimentary 

functional groups afford hydrogen bonds that is more favorable than each of the individual molecular components. 
In this case, the co-crystal is likely to be thermodynamically favored [26]. 

 
Figure 5:solvent evaporation method 

 

3.4 Twin screw extrusion method: 

Extrusion carried out by using a co-rotating twin screw pharmaceutical grade extrudes to prepare cocrystals is 

known as Twin screw extrusion. The method involves the mixing of starting materials in a molar ratio and fed to the 
heated extruder(Figure 6). Melting occurs, facilitating intimate mixing of the starting materials. The cocrystal 

nucleates directly in the melt, and pure cocrystal extrudate is isolated from the extruder continuously [27]. 

carbamazepine (CBZ) and nicotinamide (NIC) as a model drug and coformer, respectively, to manufacture an 

amorphous CBZ-NIC cocrystal solid dispersion via the HME method. 

 

 

Figure 6:Twin screw extrusion method [28] 
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4.ANALYTICAL CHARACTERIZATION: 

Characterization of co-crystals is of utmost 

importance and there are different analytical methods 

ranging from simple melting point determination to 

complete structural determination several methods 
have been applied for characterization of 

pharmaceutical co crystals an elucidation of inter 

molecular interactions. The present review covers in 

brief techniques for characterization of co crystals 

especially those that are routinely used in drug 

delivery and development laboratories. 

 

4.1Crystallographic methods: 

Crystallographic methods depend on analysis of 

diffraction pattern of a sample targeted by a beam of 

some type. Powder X- ray diffraction studies using 

microcrystalline sample became a major tool to 
ascertain solid nature and purity of synthetic drugs. 

Powder X-ray diffractometer is a compact advanced 

instrument that has various salient features and 

accessories like variable temperature, assembly and 

humidity chamber etc. when X-ray falls over a crystal 

it diffracts in a pattern characteristic to its structure. 

Power diffraction is often easier and more convenient 

than single crystal diffraction as it does not require 

individual crystals. A diffraction pattern plots 

intensity against angle of detector 2θ and the graph 

obtained is called diffractogram. The powder X-ray 
diffraction study is performed to determine the 

intensities of pure drug, control batch and cocrystal 

formulation at different 2θ values to characterize the 

crystalline behavior of respective samples. Currently, 

software programs allow structural determination and 

refinement based on rietvield analysis. They are also 

routinely used to assess the yield of cocrystallization 

by being able to quantify the percentage of cocrystals 

and their components in a mixture [25, 26, 29]. 

  

4.2Vibration spectroscopy: 

The study of molecular motions by the use of 
vibrational spectroscopy is also sometimes employed 

in characterization of polymorphs. Vibrational 

spectroscopy is a nondestructive identification 

method available that measures vibrational energy in 

a compound even a carbon carbon bond will be 

different from one compound to another due to this 

unique vibrational energy, we can determine 

compound structure identified and characterize 

compounds and identify impurities. This method 

includes infrared spectroscopy and Raman 

spectroscopy. 

 

a.Fourier transform Infrared Spectoscopy: 

The infrared spectra of the pure drug, control batch 

and cocrystals can be analyzed by using fourier 

transform infrared spectrometer. The infrared spectra 

of the crystals in KBr pellets where recorded from 

400-4000 cm-1 at room temperature usually at spectral 

resolution of 2cm-1. Compatibility study of the pure 

drug, conformer and physical mixture of both is done 

by FTIR spectrophotometer in order to assess the 
possible inter molecular interactions or compatibility 

between pure drug and coformer. FTIR study is also 

done to characterize the cocrystal formulation by 

interpreting and comparing the functional group 

present in the pure drug, conformer and control 

batch. It is also used to assess the possible 

intermolecular interactions or incompatibilities 

between drug and coformer [30, 31].  

 

b.Raman spectroscopy:  

Raman shows better accuracy and sensitivity, which 

has been used in monitoring the crystallization 
process. It is a valuable analytical tool for 

differentiating between polymorphs, salts, cocrystals, 

solid solutions and hydrate salts because it requires 

minimal sample preparation and uses only a small 

amount of sample. Furthermore, it is a non-

destructive technique for the characterization of 

compounds since the intensity of the Raman scattered 

radiation is low. They also assess whether the 

researched complex is a cocrystal or compound is in 

ionized state [28]. 

  

4.3Thermal analysis: 

Thermal analysis refers to a group of techniques that 

record the physical or chemical changes to the 

sample. Thermal properties via programmed 

temperature change (eg. Heating, cooling, alternating 

or maintaining at a constant temperature) vs. time and 

in a controlled atmosphere mass, heat, heat flow, 

enthalpy etc. can be the measured properties. For 

cocrystals DSC is useful for determination of degree 

of crystallinity. The molecular state and 

thermochemical properties of drug in cocrystals were 

evaluated by performing DSC analysis of pure drug. 
The thermogram curves of the samples were obtained 

by Differential Scanning Calorimetry about 2mg of 

the test sample was weighed using a microbalance 

the sample was placed in an aluminium pan with a lid 

and the pan was sealed an empty aluminium pan with 

its lid is used as a control. The samples were purged 

with pure dry nitrogen. The temperature ramp was set 

and the heat flow was recorded [28, 30].  

 

4.4 Scanning electron microscopy: 

Scanning electron microscopy was conducted to 
characterize the surface morphology of particles. 

SEM uses a focused beam of high energy electrons to 

generate a variety of signals at the surface of solid 

specimens. The signals that derive from electron 

sample interactions reveal information about the 
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sample including external morphology, chemical 

composition and crystalline structure and orientation 

of materials making up the sample. The SEM is also 

capable of performing analysis of selected point 

locations on the sample this approach is especially 
useful in qualitatively or semi quantitatively 

determining chemical compositions, crystalline 

structure and crystal orientation. Here, powder 

samples were mounted onto aluminium stab using 

double side adhesive tape and sputter coated with a 

thin layer of gold. The specimens were scanned with 

an electron beam of acceleration potential of 20 kb 
and the images were collected as secondary electron 

mode [25, 30, 31]. 

 

                                  Table 1 shows some of the Marketed multidrug co crystals [32] 

 

Drug combination Therapeutic category 

 

ASA–theanine NSAID and psychoactive 

 

Cyprodinil–dithianon Fungicides 

 

Duloxetine–naproxen Antidepressant and NSAID 

 

Venlafaxine–celecoxib Antidepressant and NSAID 

 

Ciprofloxacin and norfloxacin with various co-crystal 

formers 

Antibacterial 

 

Mesalamine with alpha amino acids, flavones, and 
nutraceuticals 

Anti-inflammatory 
 

Metformin–oleoylethanolamide Antidiabetic and antiobesity 

 

Quercetin– metformin Antioxidant and antidiabetic 

 

Telmisartan–beta blockers Antihypertensive 

 

Ticagrelor–aspirin Antithrombotic 

 

Tramadol–paracetamol Analgesic and NSAID 

 

Tramadol–naproxen Analgesic and NSAID 

 

Tramadol–celecoxib Analgesic and NSAID 

 

 

 

5. CONCLUSION: 

From the crystal engineering viewpoint, the drugs 
which are very safe as an individual component could 

be selected for co crystal formation for enhancing 

solubility of new chemical entities. The 

pharmaceutically acceptable conformer also has 

greater influence on physicochemical properties of 

API. Co crystals offers a tremendous alternative way 

to change the physicochemical properties of API 

thereby involving in context of pharmaceutical drug 

development and delivery and are competent to the 

drug processing like wet granulation as well as direct 

compression. Therefore, we can say that 

pharmaceutical co crystals plays a key role to 

enhance the bioavailability of drugs with increasing 

therapeutic efficiency and with no toxicity. 
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