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1. Introduction

Crystallization is a widely used purification technique for manufacturing of active 

pharmaceutical ingredients (APIs) as well as intermediates. Crystallization being a final step in the 

manufacturing of APIs plays an important role in obtaining the desired critical quality attributes 

of APIs, which are very important for subsequent formulation processes and performance of the 

final drug products.1 The critical quality attributes of APIs that are important for the drug product 

performance includes chemical purity, optical purity, solid form (crystalline or amorphous), 

particle size and shape. Generally, the amorphous form of APIs exhibit better dissolution 

properties, which are important to achieve high bioavailability for drugs with low aqueous 

solubility.2,3 However, the crystalline form is mostly preferred over the amorphous form for 

development of drug products due to the stability issues associated with the amorphous form.4 The 

amorphous form of an API is a metastable form and tends to crystallize upon storage, which may 

change its physical properties such as solubility, dissolution rate etc. leading to a change in 

bioavailability.3 When it comes to the use of crystalline form for the drug product development, 

polymorphism plays an important role. There are several examples of the API polymorphs 

exhibiting significantly different physical and chemical properties leading to the varied dissolution 

properties as well as stabilities.5–7 Therefore, the selection and reliable production of a suitable 

polymorph of an API is very important for pharmaceutical industry. Similarly, the particle size 

and shape of APIs are crucial quality attributes that are known to influence not only the 

downstream processing such as filtration or drying, but also the formulation processes and drug 

product attributes such as the rate of drug release, bioavailability etc.8–11 Therefore, control of 

polymorphism and particle size and shape during crystallization of APIs assumes great 

significance for the pharmaceutical industry. Moreover, it is also important for the pharmaceutical 
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Exp. 
No

Seed load 
(%)

Seed mass 
(mg)

Initial Conc. (Co)        
(g/100 g solvent)

Water 
added (g)

Final water 
content (wt%)

1 0 0
2 0.75 20
3 1.5 40
4 3 80
5 4 110

13.5 12 28.5

6 0 0
7 0.75 28
8 1.5 56
9 3 112
10 4 150

20 9 23

2.4 Implementation of Dissolution-Growth Cycles

Temperature cycling is a widely used strategy to tune the particle size and shape through the 

dissolution and growth cycles during crystallization of APIs.26 In this work, we have investigated 

the feasibility of solvent-antisolvent addition cycles to effect the dissolution-growth cycles to 

optimize the particle size distribution of IMC. Effective application of dissolution-growth cycles 

through the addition of solvent-antisolvent needs a better understanding of the crystallization 

mechanisms such as crystal growth, secondary nucleation, breakage, attrition etc. occurring during 

the process. In addition, the required amount of solvent and antisolvent, the timing of addition and 

the number of cycles strongly depend on the understanding of these mechanisms. Advanced 

Process Analytical Technology (PAT) tools such as Focused Beam Reflectance Measurement 

(FBRM) combined with ATR-FTIR are necessary to extract such information and subsequently to 

develop the strategy for effective solvent-antisolvent addition cycles. In this work, we have 

performed one cycle of the solvent-antisolvent addition for an antisolvent crystallization of IMC 

carried at low initial concentration. However, due to the lack of real time data from FBRM, the 

solvent-antisolvent addition cycle was applied when enough crystals were present in the 
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