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Diffusive mixing in antisolvent crystallisation. 

Background Theory

Methods

❖ Driving force for crystallisation is supersaturation

❖ Addition of antisolvent generates supersaturation by lowering local solute 

solubility in solvent mixture

❖ Macro-mixing can be described by two sequential processes: bulk 

rearrangement of fluid elements & diffusive mixing

Results

Water/Antisolvent/Glycine
ternary system

Initial volume fraction profile Predicted phase diagram

❖ Interdiffusion between fluid elements modelled as ‘channel’ filled with Aqueous 

glycine solution and antisolvent.

❖ Mixing modelled using the ternary component Maxwell-Stefan diffusion 

equation [3]

❖ Equations solved using finite volume approach

❖ Two antisolvents compared – methanol and ethanol

❖ Thermodynamic non-ideality predicted via Scatchard-Hildebrand approach [4]

❖ Activity model allows for calculation of phase diagram and correct driving force 

for diffusion based on activity gradients instead of concentration gradients

❖ At low length scales mixing becomes important consideration

❖ Antisolvent choice can impact diffusive mixing profiles and the resulting 

supersaturation profiles in strongly non-ideal solvent mixtures 

❖ Crystallisation outcomes strongly influenced by supersaturation profiles [2]

Comparison of mixing profiles

Liquid-liquid Phase Separation

❖ Comparison of mass 

fraction and supersaturation 

profiles for methanol/ethanol 

antisolvent systems

❖ Solid lines indicate 

methanol, Dashed depict 

ethanol

❖ Methanol system mixes 

quicker due to higher 

diffusivity

❖ Composition at peak 

supersaturation varies 

between systems

❖ Solute-solvent  interactions 

effect crystal properties, 

such as morphology or 

shape

❖ Localised liquid-Liquid phase (LLPS) separation spontaneously occurs when 

local solution composition enters spinodal region

❖ Complicates nucleation as co-existing phases have different solute 

concentrations, significantly affects crystal growth and nucleation

❖ Antisolvent choice influences occurrence of LLPS

❖ Composition profiles across channel shown below for the two antisolvent 

systems. ‘channel’ filled with 80% antisolvent and 20% aqueous glycine 

solution and pure antisolvent was used.

❖ Ethanol antisolvent results in local LLPS, as local composition enters 

spinodal region. LLPS does not occur in methanol system

Mass fraction profiles plotted on ternary phase diagrams at 1 and 150s.
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❖ Diffusive mixing simulated for aqueous glycine solution with two different antisolvents with thermodynamically correct driving force for diffusion based on activity

❖ Supersaturation overshoots are artefacts of ideal Fickian diffusion models and do not occur in real non-ideal mixtures in antisolvent crystallisation

❖ The prediction of LLPS is influenced by antisolvent selection and offers a novel explanation for effects of various antisolvents on crystallisation outcomes 

o To model diffusive mixing in multicomponent in highly non-ideal antisolvent crystallisation processes using physically correct driving forces
o Implement model to gain insight into the effect of both non-ideality and antisolvent choice on crystallisation outcomes
o Investigate the occurrence of liquid-liquid phase separation during the diffusive mixing process
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Conclusions Future Work
• Computational optimisation study to assess which waveguide materials and properties lead 

to most sensitive detection of concentration enhancement at a solution/surface interface.

• Experimental measurements across range of various solutions and interfaces.
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Methods
• Critical angles of aqueous glycine solutions on the surface of a bare prism were compared against simulations, using input parameters obtained from literature.1,4

• Compared experimental SPR scans against simulations of glycine systems with a uniform, bulk concentration profile and glycine systems displaying interfacial concentration enhancement.

• Simulations performed using the “Winspall” program3, which implements a standard transfer-matrix calculation of light propagating through the glass/prism-metal-(waveguide)-glycine-solution 

“multi-layer”.
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Measuring Interfacial Concentration Enhancement
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Introduction
Primary nucleation of crystals from solution typically proceeds heterogeneously at interfaces present  in 

crystallisation processes. Comprehensive understanding of the underlying mechanisms and their control has not 

yet been achieved. 

• Internal collaborators identified that glycine nucleation is rapidly accelerated at a hydrophobic oil-solution 

interface, which is most likely due to the formation of a concentrated interfacial layer of solution.1

• Through use of widely available surface measurement techniques, such as surface plasmon resonance 

(SPR) spectroscopy and optical waveguide spectroscopy (OWG), expected changes in reflectivity, θcritical and 

θcoupling of aqueous glycine solutions can be determined on a variety of different surface substrates.

• “Multi-layer” optics computational analysis of the interface has shown that the predicted interfacial 

concentration enhancements are within the sensitivity range of SPR and OWG. 

• Experiments “close the loop” and facilitate understanding of the underlying drivers of heterogeneous 

nucleation from solutions by quantifying changes between bulk and interfacial system properties.

Figure 2: Image depicting current 
experimental setup (above) and a schematic 
of the SPR spectrometer setup adapted from 

literature2 (below).

Figure 1: Molecular dynamics screenshot 
of oil-glycine (307 g/kg) system1 with 
accompanying concentration profile inset.
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• The position of the critical angle is dependent on the bulk solution properties and is sensitive 

to temperature and incident light wavelength.

• The optical waveguide reflectivity minimum is sensitive to the interfacial concentration 

enhancement, and relative changes with respect to overall solution concentration are most 

promising for detecting interfacial concentration enhancement.

• Cr-Au-OWG sample surface promises greater sensitivity for observing the phenomenon.

v

What Influences the Position of the Critical Angle?

• Wavelength of the incident light source, 

solution temperature and composition all 

contribute to the observed responses.

• Small changes in these properties can lead 

to changes in the position of the critical 

angle, so corrections for temperature and 

incident light wavelength need to be 

implemented.

Figure 3: Experimental response when 
aqueous glycine solution is placed in 
contact with a prism in the Kretschmann 
configuration and excited by a 633 nm 
He/Ne monochromatic light source.

• Critical angle is observed at the point 

where the most light is reflected from the 

prism-solution interface.

• Critical angle depends on bulk solution 

properties and is directly related to solution 

concentration.

Figure 4: Relationship between 
experimentally observed critical angles for 
aqueous glycine solutions (0, 100 & 200 g/kg) 
and those obtained from literature.4 

• Concentration profiles from internal collaborators1

proportionally scaled to generate profiles spanning 0-300 g/kg 

concentration range.

• Discretization of profiles generates input parameters to enable 

simulation of bulk and interfacially enhanced concentration 

profiles.

• Simulations carried out on two sample substrate surfaces: Al-

SiO2 and Cr-Au-OWG.

Figure 5: 0-300 g/kg Raw 
and discretized 
concentration profiles 
generated from lierature.1,4

• Reflectivity change observed in Cr-Au-OWG sample at higher concentrations is considerably 

larger than that of Al-SiO2 (0.25% versus 0.11%).

• Change being observed in both angle position and reflectivity is comparable.

Figure 6: Comparison between Al-SiO2 and Cr-Au-OWG surfaces and the magnitude of change in 
reflectivity (Left) and position of angle minima (Right) observed for each respective case.
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1.Macroscale Mixing 

Fluid motion spatially rearrnnges 
fluid elements 

1 
--- Glycine 
--- Water 

2.Microscale Mixing 

Species exchange between 
elements occurs vie diffusion 

--- Antlsolvent 
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3.Effect on crystal properties 

Crystal properties influenced by resulting 
supersaturation profiles during mixing 

Supersa turation 
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