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Highlights
· Freeze drying, a pharmaceutical unit operation to ensure prolonged product stability during storage
· Model study of sucrose, as one of the main excipients used in pharmaceuticals
· Importance of ice nucleation for freeze drying and final product structure

1. Introduction
Freeze-drying is a process, where a solvent, e.g. water, is removed from a frozen product under vacuum. Such a process, also called lyophilisation, is widely used in pharmaceutical industry to improve stability and long term storage of labile drugs [1]. Freezing and drying are the main two steps of the process, among which the latter can be further divided into primary and secondary drying. Controlling ice nucleation temperature during the freezing step is one of the most challenging aspects of the development of a lyophilisation cycle and it affects drying time, product morphology, protein preservation, intra-vial and vial-to-vial heterogeneity and process performance [2].  In order to overcome this challenge, understanding thermodynamics and kinetics of the product is of great importance.
In addition to being bulking agents, disaccharides, like sucrose, have proven to be most effective in stabilizing products such as liposomes and proteins during lyophilisation [3]. Since in many pharmaceutical preparations the bioactive content amounts to no more than a few percent, the freeze-drying characteristics of such formulations are often governed mainly by the physical and thermomechanical behaviour of the excipient mixture [4]. In the present work, sucrose-water solution has been chosen as a model solution to be freeze-dried regarding its wide usage in pharmaceutical formulations.

2. Methods 
The basis to investigate thermodynamics and kinetics is the state diagram of sucrose-water solution with experimentally driven equations of solubility, solidification and glass transition temperature [5], which is shown in Figure 1. 
Experiments were performed to investigate the effects of different thermal treatments, drying conditions and solution volume on the final freeze-dried product. XRD and TGA were used to study crystallinity and water content of different experiments.  

3. Observations and discussion
Freeze-dried sucrose of all experiments were amorphous, as expected [5]. Samples with the same freezing treatment but different drying conditions resulted in very different specifications of the final product related to cake appearance, colour and stickiness. Regarding their characteristics, some of the products were classified as totally or partially collapsed cakes. These observations further clarified that sucrose, as an important component in pharmaceutical formulations, can present various states.
[image: ]
Figure 1. State diagram of sucrose-water [5] 
4. Conclusions
In this work, it has been discussed how better understanding of the state diagram for a formulation to be freeze-dried can lead to a successful process. The importance of thermodynamics and kinetics is crucial to improve the design of a lyophilisation cycle of a formulation in a more predictable way.
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