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MOLEKULARE SIMULATIONEN VON
KRISTALLWACHSTUM:

SALZ-ABHÄNGIGE WACHSTUMSKINETIK
VON GLYCIN

Kristallisation aus einer Lösung ist eine wichtige Grundoperation, die in vielen In-
dustriezweigen eingesetzt wird, um beispielsweise Pharmazeutika oder Spezial-
chemikalien herzustellen. Eine a priori Vorhersage der Kristallwachstumsraten
und der Kristallform würde die Auslegung von derartigen Prozessen entscheidend
verbessern. In dieser Arbeit wird die Methode der Molekulardynamik (MD) verwen-
det um die Kristallisation von Glycin aus seiner wässrigen übersättigten Lösung
zu simulieren. Das Ziel der Arbeit ist den Einfluss von anorganischen Salzen (e.g.
NaCl, Na2SO4) auf die Wachstumskinetik von α- und γ-Polymorphen von Glycin zu
untersuchen.

optical polarizing microscope (Olympus, BX51, equipped with a CCD
camera) at a magnification of 4×. The images of the growing seed
crystal were acquired at regular time intervals using Analysis (Soft
Imaging Systems) image capture software. The linear displacements
along a given axis (e.g., the c-axis) of the acquired images of the seed
crystal were measured and they were plotted against time. The slope of
the resulting linear plot (typically R2 > 0.99) gave the corresponding
growth rate along the axis at a fixed supersaturation σ (σ = C/Csat,
where C and Csat are the actual glycine concentration and γ-glycine
solubility respectively). A similar experimental procedure was applied
to obtain the growth rate of a DL-alanine seed crystal.

■ RESULTS AND DISCUSSION
Solubilities of γ-Glycine and DL-Alanine. The measured

solubility data of γ-glycine in aqueous solutions in the presence
of common inorganic salts at 23 °C are presented in Figure 2,

and DL-alanine solubilities measured in this study (in the
presence of KCl and Na2SO4) and in our previous study13 (in
the presence of other salts) are presented in Figure 3. The
standard deviation of a measured solubility is typically 0.04 g/
100 g H2O. The effects of salts on solubilities of γ-glycine and
DL-alanine crystals are similar, with both salting-in and salting-

out effects observed. Specifically, the two acetates, NaAc and
KAc, have a significant salting-out effect, while the divalent
cation salts (Ca(NO3)2, CaCl2, and MgSO4) exert a
pronounced salting-in effect on each of the two crystals, with
the salting effects of other salts generally between these two
extremes. These salting-in and salting-out effects may be
explained based on the competition of various additive-solute
interactions (e.g., ion-dipole interaction)13,27,30 in a solution.

Effects of Salts on c-Axis Growth of γ-Glycine and DL-
Alanine. The growth of single needle-like seed crystals of γ-
glycine and DL-alanine in their supersaturated solutions in the
presence of common inorganic salts was studied. It was found
that the growth along γ-glycine intrinsically fast growing c-axis
remains too slow to be detectable, regardless of the presence of
various inorganic salts. As typically illustrated in Figure 4, the γ-

glycine c-axis in the presence of a salt exhibits the same growth
behavior as in pure solution. Such a growth behavior of the γ-
glycine c-axis is in contrast to the significant growth acceleration
at both −c and +c ends of DL-alanine c-axis in the presence of a
salt (Figure 5). Note that, in pure aqueous solutions, neither
DL-alanine nor γ-glycine exhibits any appreciable growth along
their polar c-axes at a supersaturation within their dead
supersaturation zones (dead zone σ < 1.38 for γ-glycine4 and
dead zone σ < 1.76 for DL-alanine6).
Since, at a low supersaturation of σ = 1.3, the development

along the γ-glycine c-axis is practically undetectable in the
absence or in the presence of a salt, no clue is provided to
reveal whether a salt inhibits or promotes the growth of γ-
glycine c-axis. In order to confirm the nature of the effect of
salts on γ-glycine c-axis growth, supersaturation of γ-glycine was
increased to a high level of σ = 1.5. At this high level, in the
absence and in the presence of a salt, the development of γ-
glycine c-axis becomes measurable, primarily from its −c end.
Our measured growth rates of γ-glycine c-axis in the presence of
various salts are presented in Figure 6. For comparison, the
growth rates of DL-alanine measured in this study (in the
presence of KCl and Na2SO4), together with the selected
growth data reported in our previous study,13 are presented in
Figure 7. These growth rates clearly show that inorganic salts

Figure 2. Solubilities of γ-glycine at 23 °C, showing that inorganic salts
exert salting-in and salting-out effects on γ-glycine.

Figure 3. Solubilities of DL-alanine at 23 °C, showing that inorganic
salts exert salting-in and salting-out effects on DL-alanine.

Figure 4. Images of growing single γ-glycine seed crystals in solutions
of supersaturation σ = 1.3 at 23 °C in the absence and in the presence
of a typical inorganic salt, NaCl, showing that the growth of the γ-
glycine c-axis is too slow to be observable in either case.
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Figure 1: Quelle: Han, G.; Chow, P. S.; Tan, R. B. H. Cryst. Growth Des. 2015

In dieser Arbeit lernt der/die Student/in mit der MD Simulationsmethode umzugehen,
welche in den Life Sciences über die letzten Jahrzehnte zunehmend an Bedeutung
gewonnen hat. Außerdem bietet die Arbeit einen detaillierten Einblick in Kristallisa-
tionsprozesse und die zugrunde liegenden molekularen Phänomene.

Dr. Ekaterina Elts
Tel.: 08161.71.3727

Email: ekaterinaelts@mytum.de


