
Abstract 

 

The main goal in early drug development is to gain a comprehensive understanding of the drug. 

This work is often limited by the availability of drug when the synthetic route and final purification 

steps are not yet optimized. While exploring the physical stability a drug, an ever-present challenge 

are water-solid interactions. During drug development, manufacturing and storage there are 

varying temperature and humidity conditions that can result in the formation of hydrates of these 

drug compounds and their subsequent dehydration. This can interfere with the bioavailability of the 

drug. It has been experimentally demonstrated using various thermal methods, that organic 

hydrates and their dehydrated products often have different properties. However, these thermal 

methods are typically used for bulk level analysis and do not consider the differences associated 

with the dehydration pathways of single particles as they measure the ensemble of particles. This 

may result in unwanted phase transformations later in drug development that can make 

development times longer and in some cases even result in the withdrawal of an existing drug 

product from the market. Therefore, in this thesis, the differences in the dehydration pathways of 

single hydrate particles were investigated by determining the spatial distribution of solid forms 

during dehydration by Raman line focus microscopy. Thermomechanical characterisation of these 

single particles of drug was also demonstrated by treating these particles as resonators using an 

approach named Particle Mechanical Thermal Analysis (PMTA). The model compounds used were 

theophylline monohydrate (TP MH), nitrofurantoin monohydrate (NF MH II) and carbamazepine 

dihydrate (CBZ DH).  

In this thesis, it was found that, in contrast to bulk thermal methods, it was possible to spatially 

resolve the presence of different solid forms during dehydration and visualise the differences in the 

dynamics of single particles related to the presence of metastable intermediates of TP MH, CBZ 

DH and NF MH II. This was further demonstrated using 3D volumetric Raman imaging with TP MH 

and CBZ DH, where the presence of metastable intermediates was visualised specifically at the 

end of these single particles and at the surface, surprisingly already in the room temperature 

conditions. In addition, complex dehydration pathways for a channel hydrate (TP MH) and an 

isolated site hydrate (NF MH II) were determined, where these structural differences influenced 

their dehydration. These particulate level differences were not captured with bulk level analysis.   

Using multiple single particles from the same batch as used for the Raman measurements, 

thermomechanical characterisation of TP MH and NF MH II was performed. This approach 

indicated changes in their Young’s modulus (E) during thermal cycling that were proposed to be 

linked to the observed phase transformations using Raman microscopy. In comparison to the bulk 

thermal methods, thermomechanical characterisation showed additional thermal transitions that 

were undetected at the bulk level. A model tablet formulation was also prepared in order to 

visualise single particles of CBZ DH at the bulk level and determine their crystallographic 

orientation on the surface of the tablet for the first time. Multivariate data analytical approaches 

based on multivariate curve resolution and non-negative least squares were applied to decompose 

the hyperspectral Raman data for visualising the different solid forms at the particulate level. The 

data generated from PMTA was initially manually processed. This lead to the development of a 

new machine learning approach for analysing thermomechanical data that was based on Bayesian 

peak modelling.    

Overall, the thesis proposes new approaches for fast, spatially resolved determinations of solid 

forms during a phase transformation of single particles, as well as the possibility for performing 

thermomechanical characterisation at the particulate level. These approaches can be applied not 

only in the early stages of research where material saving approaches are in need but also for on-

site material testing in manufacturing environments.   


