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Technobis Crystallization Systems

Welcome
Webinar on:
Influence of polymers on nucleation and growth kinetics of
pharmaceuticals

This webinar is being recorded and will be
made available.
The audience is muted.

A webinar open to researchers interested in crystallization, looking
to solve day to day crystallization challenges and optimize their
best practices.

Please send your questions via the chat function
or to info@crystallizationsystems.com.
This webinar will last 45 minutes.
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Technobis Crystallization Systems

In Business since 2005,
65+ employees on group level
500+ systems in the field,
3 product lines in our portfolio
We have a global reach and presence, including a
service organization

Crystallization, Process development and Formulation
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Active in Pharmaceutical, Agrochemical,
Food and Personal Care and Academia

Products

0.5 – 1 ml
16 reactors

Screen
•
•
•
•

Solubility, MSZW
Phase diagrams
Solvent screening
Polymorphs, Salt and
Co-crystals screening

minerals and organic molecules
crystallize easily, and the
resulting crystals are generally of
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2.5 – 5 ml
8 reactors

defects. However, larger
biochemical particles, like
proteins, are often difficult to
crystallize.

Optimize
•
•
•
•
•

Form control
Habit control
Particle size
Process optimization
Formulation

Your Speaker
Dr Kaoutar Abbou Oucherif

Dr Kaoutar Abbou Oucherif is a senior consultant
engineer at Eli Lilly and she also leads the Bioproduct
Research and Development team at the Lilly Innovation
Centre in Cambridge, MA. Dr Abbou Oucherif received
her PhD in 2014 at the Purdue School of Chemical
Engineering under Prof. Jim Litster and was co-advised
by Prof. Lynne Taylor at the School of Industrial and
Physical Pharmacy.
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Influence of
polymers on
nucleation and
growth kinetics of
acetaminophen
Kaoutar Abbou oucherif
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Research Objectives
• To explore methods for assessing the solution nucleation and growth
behavior of acetaminophen (APAP) using instrumented small scale
crystallization vessels in the presence of various polymers.
• To determine if there are any correlations between the crystallization
inhibition effects of polymers in the solid state and in aqueous
supersaturated solutions.

Reference
Trasi, Niraj & abbou oucherif, Kaoutar & Litster, J. & Taylor, Lynne. (2014). Evaluating the Influence of Polymers on Nucleation and Growth in
Supersaturated Solutions of Acetaminophen. CrystEngComm. 17. 10.1039/C4CE02179G.
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Materials & Methods
Induction time measurements: Crystal16 Parallel Crystallizer

Crystal count measurements: Crystalline
PV
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Theory: nucleation rates from Induction time
measurements
Probability of forming a nucleus follows a Poisson distribution:
𝑁𝑁𝑚𝑚
exp −𝑁𝑁
𝑃𝑃𝑚𝑚 =
𝑚𝑚!
Probability that there is at least 1 nucleus:
𝑃𝑃≥1 = 1 − 𝑃𝑃0 = 1 − exp −𝑁𝑁
Nucleation rate is:
𝑁𝑁 = 𝐽𝐽𝐽𝐽𝑡𝑡𝑗𝑗

Nucleation time

𝑡𝑡𝑗𝑗 = 𝑡𝑡 − 𝑡𝑡𝑔𝑔
𝑃𝑃 𝑡𝑡 = 1 − exp(𝑗𝑗𝑉𝑉 𝑡𝑡 − 𝑡𝑡𝑔𝑔 )

An algorithm was coded in gPROMS ModelBuilder to estimate 𝑗𝑗 and 𝑡𝑡𝑔𝑔

m is the number of nuclei, N is the average number of particles forming within a certain time interval; J is the nucleation rate, V is the solution volume, 𝑡𝑡𝑗𝑗 is the induction time, 𝑡𝑡is the time
interval between the birth of the first nucleus and the growth time 𝑡𝑡𝑔𝑔

Jiang, S., & Ter Horst, J. H. (2011). Crystal Nucleation Rates from Probability Distributions of Induction Times. Crystal Growth & Design, 11(1), 256–261. doi:10.1021/cg101213q
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Induction Time Experiments
Solution prep

Filtration step

Precipitation step

Add polymers at
10 µg/mL

•
•

Stir at 700 rpm and
heat to 70 °C

20 mL APAP in pH
6.8 sodium
phosphate buffer
Supersaturation ratio
of 1.5

Filter

•
•
•
•
•
•

Stir at 700 rpm
Heat to 60°C at 20 °C/min
Hold at 60°C for 4 mins to ensure
complete dissolution of APAP
cool down to 20 °C at 10 °C/min
Repeat the heating and cooling
cycle
80 experiments per polymer were
performed
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Induction time experiments
Clear pt Cloud pt

𝑃𝑃 𝑡𝑡 = 1 − exp(𝑗𝑗𝑉𝑉 𝑡𝑡 − 𝑡𝑡𝑔𝑔 )

• Nucleation induction time: the time elapsed between the onset of supersaturation
and the detection of new nuclei
• Calculated as the time difference between the onset of the initial decrease in
transmission (cloud point) and the time at which the cooling temperature is reached
©2020 Eli Lilly and Company
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Results: Induction time experiments
1

1

P[t]

0,5

0,5

•

The simulated probability
distribution curves show very good
agreement with the experimental
data.
The shape of the curves offer an
indication on the nucleation rate

0,25

0,25
0

APAP
No
polymer
Series3
PAA
Series5
HPMCAS
Series7
HPMC

0,75

P[t]

Zoom
in

0,75

•

0

1000
2000
Time [s]

APAP/PAA
APAP/ HPMCAS
APAP/ HPMC
APAP
APAP/ PVP & APAP/
PVPA

𝐽𝐽(#/𝑚𝑚3 𝑠𝑠)
3820
81.86
40.68
1465

3000

0

0

95 % confidence
Interval
106.6
0.02
0.11
31.5

10000
Standard
Deviation
53.6
0.01
0.05
15.8

20000

30000
Time [s]
𝑡𝑡𝑔𝑔 (𝑠𝑠)

7.8
928
350.1
40.4
>2
days

40000

95 % confidence
Interval
2.5
1.2
34.5
5.9

50000

60000

Standard
Deviation
1.2
0.6
17.3
2.9

This methodology allows us to estimate nucleation rates from induction times only measured at the initial
supersaturation at which nucleation takes place.
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Results: Induction time experiments
• PAA promoted APAP nucleation
• PVP and PVPVA were the most effective polymers at retarding nucleation;
no nucleation for up to 2 days
• HPMCAS and HPMC had an intermediate inhibition effect
• Nucleation inhibition effect likely due to intermolecular interactions
between the solute molecule and the polymer
• Drug-polymer interactions that can compete with solvent–drug
interactions are likely to be important.

14

Crystal Count Experiments: CrystallinePV
Goal: obtain nucleation rates as the system precipitates
• 4 mL solutions prepared following the methodology used in
the Crysal16 experiments
• All experiments were done in triplicates

• Crystal images were captured every one second during the
course of precipitation
• Image thresholding was done in ImageJ using the Yen
algorithm to extract particles from the background.

• Thresholded images were analyzed to count # of crystals
per 2D image as a function of time

• Key assumption: the change in the number of counts as a
function of time is directly proportional to the nucleation rate.
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Crystal Count Curve & Image Analysis
• Increasing crystal count change as a function of
time (upward slope) is a measure of the nucleation
rate.
• In the absence of polymer and only in the
presence of PAA, crystal count increases
dramatically once nucleation induction has
occurred, reaches a peak, then decreases quickly.

1000

Crystal count #/ 2D image

• Stochastic nature of nucleation demonstrated by
variability in induction times

800
700
600
500
400
300
200
100

• The decrease in crystal count in the latter part of
the curve is due to agglomeration
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APAP in absence of polymer
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Example of a) original and b) thresholded images
16
using the Yen algorithm

Results:
nucleation rates
from image
analysis
Crystal count as a function of
time for APAP in:
a) the absence of polymer,
b) HPMCAS,
c) PAA,
d) PVP,
e) PVPVA
f) HPMC.
All measurements are shown in
triplicate.
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Results: Crystal count time series
• PAA has a negligible impact on the overall nucleation rate of APAP
• PVP is the strongest polymer at slowing the nucleation rate
• PVPVA while it retards the onset of nucleation, it is not the best at
slowing the rate of nucleation in comparison to cellulosic ploymers.
Sample

Slope (nuclei/sec)

Detection Time (sec)

HPMC

0.56

700, 750, 1300

0.93

100, 125, 290

APAP

13.2

PAA

11.3

PVPVA

5.4

HPMCAS
PVP

0.19

150, 415, 785

100, 240, 620

1070, 1925, 9700
570, 1550, 8000
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Impact of polymers on crystal growth
• Assume crystal growth of the added
seeds is largely responsible for
desupersaturation
• PAA had very little effect on APAP
crystal growth
• Other polymers were more effective
at inhibiting crystal growth,
especially HPMC and PVP.
• The apparent effect of the polymers
on growth rate is much lower than
their effect on nucleation.
3/30/2021
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Desupersaturation profiles of APAP in the
absence( ) and presence of PAA ( ), HPMCAS
( ), PVPVA ( ), PVP ( ) and HPMC ( ).
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Impact of polymers on crystal morphology
•
•
•
•
•
•
Micrographs of APAP crystallized from buffer (a) and solutions of HPMCAS
(b), PAA (c), PVP (d), PVPVA (e) and HPMC (f). The scale bar represents
500µm.

Pure APAP grew to produce thin, flat and
elongated crystals (Fig a)

PVP did not change the morphology but the
crystals were distinctly smaller (Fig d).
In PAA crystals were rather large, prismatic
and polyhedral in shape (Fig c).

In HPMCAS long, rod shaped crystals formed
(Fig b).
In PVPVA, crystals were large and
parallelepiped in shape (Fig e).

In HPMC, which had the greatest inhibitory
effect on crystal growth, very small crystals
formed with poorly defined morphology (Fig
f).

• Polymers are adsorbed preferentially onto specific faces depending on the direction of the strongest H-bonds.
• Attachment of the polymer to the faster growing faces can result in a decrease in the measured desupersaturation
rates
3/30/2021
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Key Conclusions
•
•
•
•
•
•

Crystalline PV offers better insight on secondary nucleation kinetics: PVPVA may be good at inhibiting primary
nucleation, but not as effective at preventing or decreasing the rate of secondary nucleation

Considering impact on crystal growth: PVP, HPMC > PVPVA >HPMCAS > PAA, in solid state, the rank order is PAA >
PVP > PVPVA > HPMC > HPMCAS.
PAA is ineffective in solution due to its ionization of at pH 6.8 and inability to form hydrogen bonds= important in
inhibiting growth rate in the solid state.

The crystallization inhibitory ability of a given polymer for the amorphous drug in the solid state may be quite different
from its effect in solution.
A combination of polymers may be a useful approach to prevent crystallization both in the solid amorphous
formulation and from the supersaturated solution created upon dissolution.

The effectiveness of different polymers at stabilizing supersaturated solutions is highly compound dependent

Reference
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Thank you! Hope to see you back at our next webinar!
CrystallizationSystems.com

