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Towards Controlling Crystallization Using Liposomes: 
Manipulation of Liposome Size Through Microfluidics 
Greg Chambers, PhD student, CMAC & SIPBS
Supervisors: Joop ter Horst, Yvonne Perrie

Crystallization plays an important role in defining the physico-chemical characteristics of pharmaceuticals. The ubiquity of crystal nucleation 
reactions - as well as the strong influence on product quality - emphasises the importance of understanding and controlling the process. Within 
this project, we are investigating the use of liposomes to control crystallization. Due to their nano-scale size and ability to facilitate well-controlled 
process conditions, liposomes present an excellent vehicle for crystallization studies. It has been shown that nanocrystalline precipitates of drugs 
such as doxorubicin, topotecan and idarubicin can be encapsulated inside liposomes for drug delivery purposes; however, the formation of these 
nano-crystals has never been extensively studied. In order to control the particle size of liposomes and to establish transmembrane gradients, we 
have used microfluidics.

Background

Characterise liposomes of 
varying size and composition on 
their suitability as crystallisation 
vehicles

Closely study nucleation behaviour 
within liposomes, eventually 
relating the rate of nucleation to 
process conditions and liposome 
characterisation

Control the crystallisation of a 
loaded pharmaceutical 
compound in drug delivering 
liposomes

Aims Results 

The size of liposomes can be easily manipulated by adjusting microfluidic parameters such as flow rate ratio and total flow rate (Fig. 1A, 1B). The 
final lipid concentration was also tested and at concentrations of 5 mg/mL and 10 mg/mL liposomes of consistent size (≈ 75 nm) and polydispersity 
index (< 0.2) were produced (Fig. 1C). For drug loading, encapsulation efficiency was typically high (>85%), with particle size having no notable 
impact (Fig. 1D). We can conclude that liposomes produced via microfluidics offer in-process size control and high reproducibility, therefore 
providing an ideal format for studying crystal nucleation behaviour.

Ongoing Research

Before analyzing crystal nucleation within liposomes, 
we must first identify suitable model compounds to 
use. We developed a decision tree to aid model 
compound selection by predicting a compounds 
encapsulation probability (Fig. 2).
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Fig. 1A Fig. 1B

Fig. 1C Fig. 1D

Is the molecular mass 
of the compound less 

than 500 g/mol? 

Is the compound a weak acid 
(pKa > 3) or a weak base 

(pKa ≤ 11)?  
Is the compounds logP 

between 0 and 3.5?
Is the logD at pH 7.4 
between -2.5 and 2?

Is the compound’s solubility 
pH dependant?

Is the compound 
attainable and affordable?

Compound would be an 
ideal candidate for remote 

loading. Despite the compounds trait 
it is not a viable option due 

to cost or supply issues. 

The compound will not be 
able to be loaded via pH 

gradient.

logD > 2 indicates  the compound is lipophilic and has poor 
aqueous solubility. LogD < -2.5 indicates the opposite and 

therefore poor membrane permeability.

If logP < 0, the compound is too hydrophilic and will not 
permeate the membrane. If logP ≥ 3.5, the compound will be 

too lipophilic and will become entrapped in the bilayer. 

Compound is unlikely to 
readily ionize upon 

encapsulation.
Compound is realistically too 

large for membrane 
permeation.

Fig. 2

Using the decision tree, we have selected aceclofenac as the current model compound for our crystallisation 
studies. We will encapsulate aceclofenac inside liposomes of varying size and composition, calculate the rate of 
nucleation as a function of process conditions and liposome characteristics and eventually develop new crystal 
nucleation theories.
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Nucleation and Crystal Growth of α-glycine: 
Classification of Crystallisation Behaviour

Solubility and Metastable Limit

Lmin and Secondary Nucleation Kinetics

▪ Assessing nucleation and growth kinetics at small, laboratory scale can rapidly and economically enable the optimization of crystallization processes
by providing the tools to make more informed decisions early in process development.

▪ With a good understanding of the nucleation and growth kinetics, crystal size distribution and solid form can be controlled.

▪ A rapid small-scale workflow enabling the assessment of secondary nucleation and
crystal growth kinetics has been developed.

▪ Absence of crystal growth dead zone and secondary nucleation threshold.
▪ Classification system has been developed for nucleation and growth kinetics.
▪ Glycine classified with primary nucleation slow and secondary nucleation fast with

moderate growth rates up to S = 1.2.

Conclusions

Introduction

1. Briuglia, Sefcik and ter Horst. Cryst. Growth Des. 2019, 421, 423–4. 
2. Brown et al, Mol. Syst. Des. Eng. 2018, 3, 518-548. 

Growth Kinetics

Classification of Crystallization Behaviour

Growth rates
Growth rates estimated using an image
analysis algorithm. The data was compared
with literature values and are seen to be in
good agreement.

Data is plotted on a log scale to highlight the
absence of a ‘dead zone’. Instead, it may be
better to think of this as an insignificant
growth region.

(B) Secondary nucleation rates from
seeded and unseeded experiments.
Secondary nucleation rates from unseeded
experiments compared well with those
from seeded experiments. Their similarity
provides support for the single nucleus
mechanism.

▪ Solubility recorded using the Crystal 16 at different heating rates. There is a clear
dependence of solubility on the heating rate and as a result extrapolation to 0°C/min
enables determination of true equilibrium solubility.

▪ Equilibrium solubility was then compared with metastable limit at 0.1 and 0.5°C/min to
determine the metastable zone width.

▪ S (= C/C*) at 25°C calculated using a-glycine solubility concentration C* = 249.5 mg/g - best
estimate from literature (Rowland, J. Phys. Chem. Ref. Data 2018, 47, 023104) (black line).

Seeding Procedure

Single seeds were grown, characterised (optical microscopy and Raman spectroscopy) and
washed before addition to a supersaturated solution (3 mL) mixed using a magnetic stirrer (700
RPM).

0

10

20

30

40

50

60

0 0.1 0.2 0.3 0.4

Gr
ow

th
 T

im
e 

[m
in

]

1/ Growth Rate [µm/ min]

y = 152x

A(A) The inverse of growth rate is shown
against tg at the same supersaturation. It
was then possible to estimate the
minimum crystal size required to initiate
secondary nucleation (Lmin). This value
was estimated to be 152 µm.
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Induction Time and Primary Nucleation

Unseeded Isothermal 
Experiments

Single Crystal 
Seeding Isothermal 
Experiments 

1. Induction Times / Primary 
Nucleation Kinetics

2.  Growth Kinetics
3.  Secondary Nucleation Kinetics

4.  Delay Times
5.  Growth Kinetics
6.  Secondary Nucleation 
Kinetics

Classification of 
crystallization behavior
and process conditions

Crystalline

8 individual 3 mL agitated vials 
with precise temperature control
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Maria L. Briuglia, Jan Sefcik, J. H. ter H. Measuring
Secondary Nucleation through Single Crystal
Seeding. Cryst. growth Des. 2019.
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0

200

400

600

800

0 20 40 60

Co
nc

en
tra

tio
n 

[m
g/

g]

Temperature [°C]

1

1.05

1.1

1.15

1.2

0 50 100 150 200 250

Su
pe

rs
at

ur
at

io
n 

[S
]

Time [mins]

0.01

0.2

4

80

0.01 0.1 1

Gr
ow

th
 R

at
e 

[µ
m

/ m
in

]

Supersaturation [S-1]

Singapore C axis
Singapore b-axis
Manchester c-axis
Manchester b-axis
Dowling - c-axis
Dowling - b-axis
Sultana_CGD_2012 (011)
Li-1992 (011)
Shiau
Lung
Offiler - Manchester (011)
This Work - Seeded
This Work - Unseeded

0.1

1

10

100

1000

0.01 0.1 1

B 
 [1

03
#/

 m
l/ 

m
in

]

Supersaturation [S-1]

Unseeded - SNR
Seeded - SNR

y = 21339x2.93

B

1

Induction time probability measurements recorded
under isothermal conditions. With an increase in
supersaturation the probability of nucleation taking
place within a given time also increases.

The black curve indicates the estimated induction time.
Nucleation rate: fast/slow vs 1/tt

Crystal growth rate: fast/slow vs L/tt

Characteristic time: tt
(e.g., crystallizer residence time)

Characteristic length: L
(e.g., target particle size)

0

10

20

30

40

50

60

70

0

5000

10000

15000

20000

25000

1.05 1.1 1.15 1.2

Gr
ow

th
 T

im
e 

[m
in

]

Pr
im

ar
y 

Nu
cle

at
io

n 
Ra

te
 [#

/ 
m

L/
m

in
] 

Supersaturation [S]

Primary Nucleation Rate
Growth Time

Induction time data was plotted as
probability distributions (P(t)) and the
primary nucleation rate (J) and growth
time (tg) were estimated.

Forsyth, C.; Mulheran, P. A.; Forsyth, C.; Haw, M. D.; Burns, I. S.; Sefcik, J. 
Influence of Controlled Fluid Shear on Nucleation Rates in Glycine Aqueous 
Solutions. Cryst. Growth Des. 2015. 
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Secondary nucleation many orders
of magnitude faster than primary
nucleation at all supersaturations

S. Jiang, J.H. ter Horst, Crystal Growth Design
11, 2011 256-261

y = 4040x2.83

T=30 min T=32 min T=34 min
1.5 mm (±0.5 mm)
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