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ABSTRACT 

The main objectives of this study are to predict the dissolution of carbamazepine- fumaric 
acid (CBZ- FUM) Form B polymorph in ethanolic solution by using molecular modelling 
approach and to establish the interaction of ethanol molecule with co- crystal 
carbamazepine- fumaric acid (CBZ- FUM). In order to achieve the objectives of the 
research, the simulation was carried out by using Material Studio (MS) 4.4 software. The 
dissolution behavior of CBZ- FUM in ethanol solvent was simulated by molecular 
dynamic (MD) simulation. MD simulations were carried out at 571 oC and 788 oC in the 
NVT ensemble with simulation time of 5 ps and time step 0.1 fs, using the Berendsen 
thermostat. The predicted morphology has a good agreement to the experimental 
morphology of CBZ- FUM with 0.0020% deviation of lattice energy value between the 
predicted and the experimental lattice energy. For this work, the results show that the 
dissolution favours to occur first at the corners and edges of the crystal morphology 
followed by the flat surfaces of the crystal. Facet (1 1 -2) molecules located at the corner 
edges leave the crystal surface first into ethanol solvent phase followed by facet (1 0 -2) 
and lastly facet (0 1 2), and this result signifies the favourable interactions between the 
morphology of the crystal and the solvent is the major contributor to the dissolution 
process. The dissolution result also supported by coefficient diffusion and surface energy 
result calculated. 
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CHAPTER ONE 
INTRODUCTION 

1.1 BACKGROUND STUDY 

Solubility is a crucial property of drugs as the drugs must be dissolved so that 

they can reach the site of action by absorption mechanism through membranes. Drug 

solubility is one of the most crucial parameter influencing the drug bioavailability, the 

availability of drugs in a correct concentration at the site action (Khadka et al, 2014). 

However, amongst major problems arise during the development of new drugs in 

pharmaceutical industry nowadays is poor aqueous solubility. In recent years, poor 

water solubility number of drugs has increased for about 70% (Censi et al, 2015). This 

problem becomes the main reason why pharmaceutical compounds introduced into the 

marketplace are less than 1% (Abd Rahim et al, 2015). The drug substances are 

classified into four classes according to Biopharmaceutical Classification System 

(BCS), based on their aqueous solubility and intestinal permeability (Khadka et al, 

2014) as follows: 

Table 1.1: The classification of drugs solubility according to BCS according to BCS 

BCS Class 

1 

2 

3 

4 

Solubility 

High 

Low 

High 

Low 

Permeability 

High 

High 

Low 

Low 

The pharmaceutical co- crystal is a single crystalline solid that combines two 

neural molecules, which are an active pharmaceutical ingredient (API) and a co-

crystal former (Khadka et al, 2014) that are constructed through several types of 

interaction such as hydrogen bonding, pi- stacking, and van der Waals forces (Sekhon, 

2009). Co- crystal former may be an excipient or another drug (Khadka et al, 2014). 

This method is an effective mean in modifying the physical and chemical properties of 

drugs including solubility and dissolution rate but not altering their pharmacological 
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