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Abstract 

Glutamic acid is an amino acid widely used in the food and pharmaceutical industry. Its 

polymorphic nature leads to difficulties in industrial crystallisation as only the more 

robust crystals are suitable for filtration processes. The metastable phase forms first as it 

is kinetically favoured, followed by the stable phase which is thermodynamically 

favoured. The polymorphic transformation is solvent mediated and does not occur in the 

solid phase, once the crystals have been dried. Broad experimental work has been 

undertaken to understand the factors that influences the polymorphic transformation, but 

the molecular mechanism is still unknown. In an attempt to understand the molecular 

behaviour of such a transformation, molecular dynamics simulations were performed on 

glutamic acid in solution, using a range of concentrations, and on the polymorphic 

crystal surfaces. 

The conformation of the amino acid is studied, as well as the interactions with the 

aqueous solvent and it was found that the geometry of the molecule is close to the 

conformation found in the stable form of the crystals. The variations applied to the 

system do not vary the preferred conformation. Strong interactions occur between the 

glutamic acid molecules and the solvent, located on the functional groups of glutamic 

acid, i.e. the carboxylic groups and the amine group.  

The molecular packing arrangement is studied for supersaturated solutions and the 

behaviour of the solute molecules shows that they tend to form clusters. Different 

molecular arrangements are observed due to the strong interactions between the 

functional groups of glutamic acid. 

The behaviour of interfacial molecules at a crystal surface is investigated for both 

polymorphs. The conformation of the molecules that lies at the metastable crystal 

surface adopt conformations that are close to that found in the other polymorphic 

crystal, which hint towards a molecular explanation into the polymorphic 

transformation of glutamic acid. This may also be due to the nature of the force field 

used, but the results clearly show that the conformation of the glutamic acid molecule is 

affected by its environment. 
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Table 5.2: coordination number for some of the atoms pairs for the three concentrations 

Table 5.3: approximate 3D diffusion coefficients (x10-9.m2 / s) 
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Table 5.4: approximate 3D diffusion coefficients (x10-9.m2 / s) for the 10 glutamic acid 

system 

Table 6.1: T1, T2 and T3 combinations and their frequencies for glutamic acid 

molecules at the interface and in the crystal bulk 

Table 6.2: parameters of the ρ(x) function fitted to the density profile of the water 

molecules and the glutamic acid molecules for the β ( 101 ) surface. See 

Equation (6.1) and Figure 6.4 for a description of the symbols. 

Table 6.3: parameters of the ρ(x) function fitted to the density profile of the water 

molecules and the glutamic acid molecules for the β (101) surface. See 

Equation (6.1) and Figure 6.4 for a description of the symbols. 

Table 6.4: water layer properties. Superscripts: a: averaged number of water molecules 

over the number of saved frames. b: averaged number of non-hydrogen 

glutamic acid atoms present in the layer. 

Table 6.5: distribution of the hydrogen bonds between the interfacial glutamic acid 

molecule and the water molecules (in % of the total number of hydrogen 

bonds). 

Table 6.6: T1, T2 and T3 combinations and their frequencies for glutamic acid 

molecules at the interface of α crystals at 240K  

Table 6.7: parameters of the equation fitted to the z density of the water molecules for 

the α (111) surface at 240K. See Equation (6.1) for a description of the 

symbols. 

 

 


