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Abstract:

Automation, in situ monitoring, and process control tools are
implemented to understand and control the crystallization of
an active pharmaceutical ingredient in development. As a first
step in the study, the metastable zone is generated automatically
by linking a laser backscattering probe to an automated
laboratory reactor. Using the metastable zone as a guide,
crystallization experiments with varying cooling rates and
seeding protocols are conducted and monitored. The evolution
of solution concentration and supersaturation is determined by
transmitting data from an in situ total reflectance Fourier
transform infrared (ATR-FTIR) spectroscope to the laboratory
reactor. Supersaturation profiles coupled with data from the
laser backscattering probe demonstrate the prevalence of
primary and secondary crystal nucleation in the process. A
cascaded proportional-integral controller is tuned and imple-
mented to promote crystal growth over nucleation by maintain-
ing supersaturation at low constant values. Nonlinear temper-
ature profiles that result in crystals of larger size are thereby
generated.

1. Introduction

Crystallization is widely used in pharmaceutical processes
as a purification operation that results in a solid product. In
the production of the active pharmaceutical ingredient (API),
product properties such as the crystal size distribution,
polymorphism, and morphology are defined in the crystal-
lization step. These properties, in turn, may have a large
impact on the downstream unit operations such as filtration
and drying, as well as the biopharmaceutical characteristics
of the drug product.

Given the importance of crystallization, it is clear that
understanding and controlling the underlying mechanisms
(nucleation and growth) and the principal driving force of
the process (supersaturation) are essential. Recently, the
realization of these objectives has been facilitated by several
factors. On the technological side, advances in the robustness
and accuracy of in situ sensors combined with automation
make it possible to implement real-time process monitoring
and control. The incentive to implement these strategies in
the pharmaceutical manufacturing arena has also increased
following the FDA's initiative on Process Analytical Tech-
nology.

Although the implementation of real-time feedback con-
trol of pharmaceutical crystallization in a manufacturing
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process is not yet commonplace, recent laboratory examples
of supersaturation monitoring and control in the literature
demonstrate the possibilities.!~3

This contribution discusses the cooling crystallization of
pharmaceutical compound N, a Schering-Plough API drug
candidate in the early development stages. During laboratory
process development studies, the crystallization process was
observed to generate material of a wide range of crystal sizes.
The study described in this report was initiated with the
objective of understanding and controlling the crystallization
of compound N to produce material within a desired crystal
size range by applying automation tools, in situ measurement
technologies, and feedback control algorithms.

2. Experimental Methods

2.1. Experimental Procedure. The crystallization pro-
cedure used in this work involved the dissolution of the
starting material in 10 volumes of toluene (i.e. 10 mL of
toluene per gram of starting material) at 70 °C, followed by
cooling to 20 °C. Seeding was performed in some of the
experiments. The resulting product crystals were filtered and
dried in a vacuum tray oven at 20 °C to yield final product.

2.2. Equipment, Sensors, and Communication. Experi-
ments were carried out in a 1-L glass HEL (Hazard
Evaluation Laboratory) AutoLab running under WinISO
2.2.25 software. A custom-designed glass lid supported the
agitator shaft, thermocouple, feed, and in situ probes. All
experiments were agitated at 200 rpm with a retreating curve
impeller. Temperature control was achieved by a Huber
Unistat 360-W heater/chiller circulating through the AutoLab
jacket.

Solution concentration in the reactor was determined via
attenuated total reflectance Fourier transform infrared (ATR-
FTIR) spectroscopy. A Mettler-Toledo ReactIR 1000 running
v2.21 software with a DiComp immersion probe was used.
The probe was introduced into the reactor at an ap-
proximately 18° angle (from vertical) to the agitation flow
to minimize fouling at the probe tip. IR spectra were collected
at intervals of 23 s with each spectrum averaged over 10
scans. A ReactlR software macro produced a digital signal
proportional to a user-selected ReactIR variable (concentra-
tion, in this case). This signal was transformed into an
analogue output via a D/A converter and transmitted to the
AutoLab, where it was scaled and converted back to the
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