
Accepted Manuscript

Optimization of experimental conditions for the monitoring of nucleation and

growth of racemic Diprophylline from the supercooled melt

Aurélien Lemercier, Quentin Viel, Clément Brandel, Yohann Cartigny, Eric

Dargent, Samuel Petit, Gérard Coquerel

PII: S0022-0248(17)30191-4

DOI: http://dx.doi.org/10.1016/j.jcrysgro.2017.03.034

Reference: CRYS 24109

To appear in: Journal of Crystal Growth

Received Date: 25 October 2016

Revised Date: 17 March 2017

Accepted Date: 20 March 2017

Please cite this article as: A. Lemercier, Q. Viel, C. Brandel, Y. Cartigny, E. Dargent, S. Petit, G. Coquerel,

Optimization of experimental conditions for the monitoring of nucleation and growth of racemic Diprophylline from

the supercooled melt, Journal of Crystal Growth (2017), doi: http://dx.doi.org/10.1016/j.jcrysgro.2017.03.034

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers

we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and

review of the resulting proof before it is published in its final form. Please note that during the production process

errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.jcrysgro.2017.03.034
http://dx.doi.org/10.1016/j.jcrysgro.2017.03.034


  

1 

 

Optimization of experimental conditions for the monitoring of nucleation 

and growth of racemic Diprophylline from the supercooled melt 
 

Aurélien Lemercier
a
, Quentin Viel

a,b
, Clément Brandel

a*
, Yohann Cartigny

a
, Eric Dargent

b
, 

Samuel Petit
a
, Gérard Coquerel

a
 

 

a
 Normandie Université, Laboratoire Sciences et Méthodes Séparatives, EA 3233, Université de ROUEN, 

Bâtiment E. Blondel, F-76821 Mont-Saint-Aignan cedex, France 
b
 Normandie Université, Laboratoire AMME-LECAP, EA 4528, Université de Rouen, F-76801 Saint Etienne du 

Rouvray Cedex, France 

 

ABSTRACT 

 

Since more and more pharmaceutical substances are developed as amorphous forms, it is nowadays of 

major relevance to get insights into the nucleation and growth mechanisms from supercooled melts 

(SCM). A step-by-step approach of recrystallization from a SCM is presented here, designed to 

elucidate the impact of various experimental parameters. Using the bronchodilator agent Diprophylline 

(DPL) as a model compound, it is shown that optimal conditions for informative observations of the 

crystallization behaviour from supercooled racemic DPL require to place samples between two cover 

slides with a maximum sample thickness of 20 µm, and to monitor recrystallization during an 

annealing step of 30 min at 70 °C, i.e. about 33 °C above the temperature of glass transition. In these 

optimized conditions, it could be established that DPL crystallization proceeds in two steps: 

spontaneous nucleation and growth of large and well-faceted particles of a new crystal form (primary 

crystals: PC) and subsequent crystallization of a previously known form (RII) that develops from 

specific surfaces of PC. The formation of PC particles therefore constitutes the key-step of the 

crystallization events and is shown to be favoured by at least 2.33 wt% of the major chemical 

impurity, Theophylline. 
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1. Introduction 

 

The crystallization of organic compounds from an amorphous state is still poorly 

predictable and insufficiently understood [1-3]. This topic is of great relevance during the 

pharmaceutical development of potential new drugs and solid dispersions, in relation to the 

dissolution advantage [4-6] and therefore higher bioavaiability provided by amorphous forms 

[7,8]. However the current knowledge in this area mainly relies on case-by-case observations 

and lacks a widely accepted methodology [9-11]. Crystallization events are obviously 

expected in the temperature range of the supercooled melt, i.e. between the glass transition 

and melting [12] but have also been reported in the glassy state, being then called 

devitrification [13-16]. Beyond the well-established impact of temperature [17] (since the 

driving force for crystallization is proportional to Tm-T), many other interdependent 

parameters were shown to be involved in the so-called ‘tendency-to-crystallize’, including the 

amorphization method [18-22], the presence of additives and excipients [23,24], the 

molecular mobility [25-28], the density [29], the primary and secondary relaxation 

phenomena [30-32], the fragility [33], the interface energy [34], surface effects [35-36], 

relative humidity [37], etc. This non-exhaustive list highlights the importance of reaching a 

better knowledge about the physico-chemical properties of amorphous materials but it should 

be kept in mind that nucleation and growth mechanisms also play a decisive role in the 
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