PROBLEM DESCRIPTION

How does microgravity influence crystal growth and
polymorphism, and why do otherwise identical phar-
maceutical crystal manufacturing processes produce
different crystal structures (polymorphs) on Earth and
in space?

CHALLENGES AND GOALS

v Understand the interplay of gravity, sedimentation and
crystallization;

v Predict crystal growth and polymorphism of a test
molecule;

v Support development of in-space pharmaceutical
manufacturing platforms.

The launch of W-2 capsule as part of
the Transporter-12 rideshare mission
with SpaceX on Jan. 14, 2025.

MATHEMATICAL AND
COMPUTATIONAL METHODS

Crystallization was modelled by coupling nonlinear
hyperbolic partial differential equations computing the
evolving number of crystal polymorphs of each size with
an ordinary differential equation for solute concentra-
tion. The method of characteristics is used to analyze
moving shocks while a high-resolution Godunov-type
method is used to obtain accurate numerical solutions.

The interplay between sedimentation and crystalli-
zation was modelled with coupled nonlinear ordinary
and integro-differential equations. Asymptotic analysis
is used to identify distinct physical regimes and pro-
vide simplified analytical solutions.
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MEDICINES FROM SPACE

Understanding and controlling polymorphism in crystallization for
pharmaceutical production in space.

Relative change in mass yield of a polymorph for crystallization at varying gravities. Comparison of numerical and asymptotic particle radius (rp) and velocity (Up)during
sedimentation.

RESULTS AND BENEFITS

The framework provided insights on polymorph nuclea- Numerical simulations are

tion and the impact of gravity on growth and sedimen- d . derstandi
tation processes relevant to pharmaceutical crystalli- advancing our understanding

zation. The adopted methodology reduced simulation of gravity’s role in drug

costs while preserving accuracy. manufacturing and providing a
The models also revealed critical distinctions between framework that may shorten R&D
concurrent and sequential sedimentation-growth re- cycles and reduce experimental
gimes and explained how gravity intensity may alter costs

crystallization pathways.
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