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EFFECT OF D~, L-PHENYLALANINE ON GROWTH RATE AND
MORPHOLOGY OF o L-GLUTAMIC ACID

MITSUTAKA KITAMURA AND TAKESHI YAMANAMI
Dep.Chem.Eng., Hiroshima University,
1-4-1, Kagamiyama, Higashi-Hiroshima 724, Japan

Abstract The effect of L-and D-Phenylalanine({Phen) on

the growth kinetics and morphology change of o L-
Glutamic acid(L-Glu) was investigated using the method
of single crystal in the flow system. With L-Phen the
growth rate of L-Glu crystals in the direction
parallel to the main plane decreased and the growth
became to be irreqular. However, no influence was
observed in the direction of thickness. New face
determined as ( 110), indicating that L-Phen adsorbs
on that face. From crystallographic data the effect

of L-Phen could be explained. However, more
complicated mechanism for the morphology change was
suggested. No effect of D-Phen means that the

additive effect is highly stereo-selective.

INTRODUCTTION

Some  special additives influence on the precipitation
and transformation behaviors of polymorphs. This is due to
that the nucleation and growth rates of the polymorphs are
changed by the additives differently. Furthermore, since
the growth rates of each face of a crystal are differently
influenced, the morphology change occurs. However, these
behaviors are usually not treated quantitatively and the
mechanisms are not known. ‘

Recently, the effect of additive on crystal growth is
frequently discussed using crystallographic data and
structures of additive moleculel/2, An additive molecule,
which has a similar molecular structure with the solute,
adsorbs on a crystal surface through a common part with the
solute, however, the substituted bulky group of the
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additive molecule is excluded on the surface and it
inhibits the growth.

L-aminoacids are composed of the common part including a
chiral carbon(oa~carbon) and the other substituted part.
We reported previously3r4that L-phenylalanine  (Phen)

influences on the precipitation behavior of L-glutamic
acid(L-Glu) polymorphs(a and f§). In the crystallization at

25 °c, although only o L-Glu (Orthorhombic; P212121°) tends
to precipitate4, L-Phen retards the precipitation rate and
effects on the morphology of o L-Glu crystals, depending
on the crystallization conditions.

In this paper the effect of L-Phen on the growth kinetics
and morphology change mechanism of L-Glu is investigated
using the method of single crystal in the flow system.
Furthermore, stereo selectivity of the additive effect 1is
examined using D-phenylalanine(D-Phen).

EXPERIMENTAL

A single crystal of o L-Glu (seed) was fixed on the end
of steel wire in the growth cell. Solution of L-Glu
containing L-Phen was circulated with a pump from a
dissolving tank to the growth cell through a heat exchanger.
The size of the crystals were measured by the microscopic
measuring gauge and video-TV system. Temperature in the
growth cell was controlled to be 25 °C and the solution
velocity was varied between 0.05-0.25 m/s. Seed crystals
of o L-Glu were prepared by Dbatch crystallization. The
shape and face index of them are shown in Fig.l. The seed
crystal was set in the growth cell as shown in Fig.2( flow
direction is shown with an arrow). The crystal size
change (AL)) in the directions of parallel to the main plane
(Al,A2,A3) and thickness(D1,D2) were measured with elapsed

time. The growth rates(G) were estimated from the
relationship between AL vs time. The measurement was
carried out in solutions without additives and in

solutions including D- or L-Phen.
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(111) Flow
D2

Fig. 1 Seed crystal Fig.2 Set of crystal in growth cell
RESULTS AND DISCUSSION

Growth rate in solutions without additive

In Figs.3 (a) and (b), typical results of relationships
between crystal size change (AL) and time(t) for A and D
directions are shown, respectively (concentration of IL-
Glu(c)=0.091 mol/1l; solution velocity(v)=0.056 and o0.148 m/s
). The good linear relationships between AL and time were
observed in all cases and from these results the growth
rates were estimated. In A direction almost the same
inclinations i.e. the same growth rates, were obtained for
Al, A2, A3. This seems to correspond to the same face
structure as the space group of o L-Glu is P23212]1. The
growth rate in D direction is about 2/3 of +that in A
direction. The crystal size was measured in different
solution velocity for the same L-Glu concentration
(c=0.091mol/1l). 1In the velocity range of 0.05-0.25 m/s in
our experimental little influence was observed on the growth
rates in both directions. The results suggests that the
growth process is mainly controlled by the surface reaction
process and the contribution of diffusion in solutions is
small.
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Fig.3 Relationships between crystal size(AL) and time(t)

Growth rate in solutions jincluding L-Phen

The growth rate of IL-Glu

crystals in A direction
decreased by adding L-Phen
in the solution. When L-
Phen concentration exceeded
7.7x10~4  mol/1 the plots
deviated from the linear

relationship of AL and
time(t). In Fig.4 the result
at L-Phen concentration(cp)
of 1.3x10-3 mol/l1 is shown.
The growth
irreqgular,

became to be
i.e. temporarily
the growth stopped and after

some interval it grew again.
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Fig.4 AL versus time(t) in
the presence of L-Phen
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Dependence of growth rate in A direction (G(A)) on the
concentration of L-Phen(cp) is shown in Fig.5. Disperse in
the growth rate was observed among seed crystals as shown
by vertical bars in Fiq.5. The growth rate completely
stopped at the value (cp) of 1.8x10-3 mol/l.

On the other hand, in D direction the growth rate did
not decrease by adding L-Phen, even when the concentration

C=0.091 mol/l
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Fig.5 Relationship between the growth rate and ZL-Phen
concentration in A direction
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Fig.6 Relationship between the growth rate and L-Phen
concentration in D direction
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of L-Phen(cp) was increased up to 1.8 x10=3 mol/1(Fig.6).
These results indicate that the shape of L-~Glu crystal
becomes thicker with L-Phen concentration.

Morphology change and the mechanism
It was expected from the results that L-Phen adsorbs on

(111) face and disturbs its growth. However, from the
microscopic observation it was confirmed that in the growing
process new face appeared as shown in Fig.7. With X-ray
diffraction analysis, the new face was decided to be (110).
These results indicate that L-Phen adsorbs on (110) face
selectively and not adsorbs on (001) face.

Crystallographic data shows that (001) face is very rich
in carboxylic acid group (Fig.8). Accordingly phenyl

(001)
(110)
(110
Fig.7 Morphology obtained Fig.8 Packing arrangement
after growth in (001) surface

(110)surface

Fig. 9 Packing arrangement in (110) surface.
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group of L-Phen may be repulsed in (001) face and so L~Phen
molecule can not adsorb on (001) face. On the other hand in
(110) face molecular arrangement of L-Glu seems to be
partly suitable for the adsorption of L-Phen(Fig.9), i.e. L-
Phen can adsorb on the surface of (110) through the common
part of amino acid including chiral carbon.

On the other hand, in the batch crystallization other
morphologies of L-Glu were observedf, i.e. the morphology
changed dynamically with crystallization conditions
containing L-Phen concentration. This means that the
mechanism of morpholbgy decision is more complicated and the
morphology depends on the competitive growth rates of
individual face and characteristic interaction between the
mother crystals and additives. The morphology shown in
Fig.7 was scarcely appeared in the batch crystallization,
suggesting that the morphology in Fig.7 can be obtained
only in the narrow condition. <Under this experimental
condition, the growth rate of (110) face may be slower than
the other faces as (111) face,

Effect of D-Phen
When D-Phen is added in the solutions, no effect on the
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Fig.10 Dependence of the growth rate on D-Phen
concentration
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growth rates was observed in both directions of A and D at
least up to D-Phen concentration of 7x10~3 mol/1. In
Fig.10 the results for A direction is shown. These
results indicates that the additive effect in this case is
highly stereo-selective.

CONCTLUSION

The growth rate of o L-Glu crystals in A direction

(parallel to the main plane) decreased with L-Phen
concentration and the growth became to be irregular. On
the other hand, no influence was observed in D-direction.
New face appeared and the face index was determined as (
110). From crystallographic data the effect of L-Phen on
(110) was explained in comparison with (001) face.
However, more complicated mechanism for the morphology
change was suggested. No effect of D-Phen on the growth
rates means that the additive effect is highly stereo-
selective.
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