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Synthesis of optically active lactide catalyzed by nanocrystals of
LaTi composite oxides
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Abstract: With sol-gel method, nanometer La-Ti composite oxides were prepared. By means of atomic force microscope, the surface
pattern, particle size distribution and specific surface area were studied. The newly prepared nanocrystals of La-Ti composite oxides
were used as the catalysts to catalyze the dehydration of external compensated lactic acid to lactide. The lactide product was
measured by polarimeter and micropolariscope. The results demonstrate that the ratio between D-lactide and L-lactide will not be
equal to 1:1 if nanocrystals of La-Ti composite oxides are used as the catalysts, which implies, that nanocrystals of La-Ti composite

oxides may be potential catalysts with a good selectivity.
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1 Introduction

Due to good hioconsistence, biodegradability, and
without poisoning side effect, polylactide (PLA) has
attracted much attention recently. It shows wide
applications in the field of drug controlling release
system, tissue engineering, environmental materials, and
so on®. Currently, PLA is synthesized mainly by the
direct condensation polymerization of lactic acid or the
ring-opening polymerization of lactide® .

In order to get PLA with a high relative molecular
mass, the method of the ring-opening polymerization of
lactide is usually required. Recently, much research has
been devoted to the increase of the productivity of lactide
under the catalysis of various oxides by means of
improving the synthesis of lactide® ', choosing better
solvent for lactide purification™ 4, and trying different
catalystd 9,

In this work, nanocrystals of LaTi composite
oxides were prepared via a sol-gel route, and then the
newly prepared composite was used as catalysts to
synthesize lactide. The crystal section features, optical
rotation, and polarity of the lactide were studied. The
phenomenon of micro-phase separation in the lactide was
observed, which demonstrates that the nanocrystals of
LaTi composite oxides enjoy the ability of selective
catalysis. The improvement of productivity of lactide
will bring a bright future for the broad application of
poly lactic acid.

2 Experimental

2.1 Materials

Lanthanum oxide, titanic butonate, polyethylene
glycol (PEG) with a relative molecular mass of 5 000—
10 000, D-, L-lactic acid, acetic ester and zinc oxide were
purchased from Shanghai Chemical Reagent Company.

2.2 Preparation and characterization of La-Ti

composite oxides

The synthesis procedures were as follows: a
weighed amount of La,0O; was first dissolved by nitric
acid, and an appropriate amount of PEG was added into
this La,Oz solution under stirring at ambient temperature,
then a transparent solution sol (S1) formed. A stoichio-
metric amount of (C4HgO)4Ti dispersed in ethanol by
swift stirring, and a light yellow transparent solution sol
(S2) formed. S2 was added dropwise in S1. After
complete mixing, the sol was distilled to remove water
entirely at 90 by vigorous stirring throughout the
whole evaporation process. After dehydration, the
residue formed a complete homogeneous transparent sol.
The sol was dowly cooled to ambient temperature to
form a milk white gel. The gel was desiccated in air at
100 for 10 h and the dry gel was obtained. Then the
dry gel underwent subsequent heat treatment in air at 750

for 3 h, and bright white well-crystallized and
ultrafine La-Ti oxides particles were obtained. The crystal
structure and surface topography of the compound particle
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were investigated by (Rigaku-D/Max-RA) X-ray
diffraction meter and CSPM-2000 atomic force

microscope individually.

2.3 Preparation of lactides

In a typical process, 300 g D-, L-lactic acid was
added to a 500 mL three-necked flask equipped with
stirring system, vacuum-pumping system and cooling
system. After removing most of free water at 60 and
in vacuum, catalysts (zinc oxide or nanocrystals of La-Ti
composite oxides) with a mass fraction of 1%—5% were
added to the system. Then, the temperature of the system
was increased to 120 to promote the formation of
oligomer and the removal of the generating water. This
process was continued until no water was distilled. After
that, the temperature of the system was increased to
180200 quickly. It can be found that large amount
of yellow liquid was distilled and they crystallized into
needle-like crysta after cooling. The products were
re-crystallized for at least 4 times in order to get
high-purity and colorless lactide. The reaction
mechanism is as follows.

HO—?H—COOHM
CH;

Decomposition
—_ -

H—(O—(liH—CO—)EOH

CH;
O
/ N\
0=C C—CH,
\0/ (1)

2.4 Characterizations of lactides

IR spectrum of the asprepared lactide was
recorded by a Nicolet-IR550 infrared spectrometer. The
measurement of the optical rotation of the lactide was by
a Rudolph-Autopol 1V fully-automatic polarimeter (t=
26 , A=589 nm). The analysis of polarization of the
lactide was performed by a Nikon eclipse-E400 micro-
polariscope. SEM iamges of the lactide were taken by a
Hitachi X-650 scanning electronic microscope(SEM).

3 Results and discussion

3.1 XRD pattern of La-Ti composite oxide

Fig.1 shows the XRD pattern of LaTi composite
oxides, the location and strength of the sample are in good
concordance with the data of monoclinic crystals La,Ti,O;
and orthogonal crystals of La,TigO,4 based on the JCPDS
card, without any feature peak of other crystal.

3.2 Surface feature of La-Ti composite oxides
Fig.2 shows an ideal representation of the composite

oxides surface. The surface sheet consists of well-shaped
even particles, which appear in the form of round shape
with clear-cut brim and accumulate closely to form an
even flake (see Fig.2(a)). The three dimensional surface
topography pattern shows the fluctuation of the
compound surface (see Fig.2(b)), the surface is smooth
and fluctuates a little and the largest height of the surface
outline is 6.96 nm and the mean height of the outline is
4.69 nm, suggesting an accumulation of La-Ti composite
oxide nanocrystals with a narrow and homogeneous
particle size distribution.
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Fig.1 X-ray powder diffraction pattern of nanometer LaTi

composite oxides

Fig.2 AFM images of LaTi composite oxide with scanning
scope of 530.77 nm>=530.77 nm: (a) Two-dimensional AFM
image; (b) Three-dimensional AFM image
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3.3 Catalytic activity of La-Ti composite oxides

Table 1 summarizes the experimental results in the
preparation in the presence of ZnO or nanocrystals of
LaTi composite oxides and without any catalysts. In the
experiments, if ZnO powder was selected as the catalysts,
it could not be dispersed well in the reaction system and
was inclined to aggregrate. This is not advantageous to
the dehydration, and in particular, the viscosity of the
system israther large. So, in order to remove the water in
the system, it is necessary to increase the temperature,
which usually leads to the carbonization of parts of lactic
acid. As a result, the producivity of lactide is decreased.
However, contrary phenomena were observed if nano-
crystals of LaTi composite oxides were used as the
catalysts. In the presence of La-Ti composite oxides, the
time of dehydration of the system was shortened
obvioudly and the viscosity of the system was decreased
greatly. The producitivity of the lactides is about one and
half times of that catalyzed by ZnO. It is becasue
nanocrystals of La-Ti composite oxides can be dispersed
homogenusously in the system and they did not
precipitate from the solution. And every nanocrystasl can
act as the boiling center, which increases the mobility of
the system (namely decreases the viscosity of the system)
and diminishes side reactions.

Table 1 Catalytic activity of oxidesin preparation of lactide

Particle  Specific surface  Reaction
Catalyst szehm  aed(m’g)  timeh
Without - - 10
ZnO 845.00 10 8
La-Ti composite
oxides 25.38 62 7
Viscosity Splitting Productively
Catalyst inquality temperature/  of lactide/%
Without large 200-290 385
ZnO large 200-280 60.2
La-Ti composite
oxides small 180-240 90.0

3.4 Chemical structure of lactide

Fig.3 shows the IR spectrum of the lactide. The
peaks around 3 009.9 and 2 925.0 cm* originate from
the dilation vibration of methine group and the
symmetrical dilation vibrationand of methyl group,
respectively. The peaks centered at 1 759.6 and 1 258.0
cm *are known as the dilation vibration of carbonyl and
alkoxyl groups, respectively. In the fingerprint region
more absorption bands were found, which is consistent
with the structure of cycloester. Consequently, IR
analysis confirms that the products are pure lactides.

3.5 Optical activity of lactide
Table 2 summarizes the optical activity of standard
lactides and those prepared using ZnO and nanocrystals
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Fig.3 IR spectrum of lactide crystals

of LaTi composite oxides as catalysts. It is interesting
that the optical activity of the lactide catalyzed by
nanocrystals of LaTi composite oxides is about
—-20.015°, which demonstrates that the content of
L-lactide is larger than that of D-lactide. The chirality of
the  asprepared lactides is confirmed by the
measuements of polarization. As shown in Fig.4, the
phenomenon of polarized light of the crystals is rather
obvious.

Table 2 Optica activity of lactide catalyzed by different
catalysts

Lactide Lactide catalyzed
Sample catalyzed by La-Ti composite
by ZnO oxides

Standard D-, Standard
L-lactide L-lactide

(]2 —~0.005° ~20.015° 0 ~250°

3.6 Morphology of lactide

Fig.5(a) shows the SEM image of the cross section
of lactide crystals catalyzed by ZnO; it presents a regular
dendriform, and the edge is concave. Fig.5(b) shows the
SEM image of the cross section of lactide crystals
catalyzed by nanocrystals of La-Ti composite oxides; it
presents a feature of perforated fracture with pores
embedded. By comparision of Fig.5(a) with (b), it can be
learnt that the crystal planes of the lactides catalyzed by
ZnO and nanocrystals of LaTi composite oxides are
different and the grain-boundary strength of the latter is
stronger than that of the former.

3.7 Discussion

Generally, for the purpose of preparing D-, or
L-lactide, D-, or L-lactic acid is usually used as the raw
material. However, herein, chiral lactides were obtained
with D-, L-lactic acid catalyzed by nanocrystals of La-Ti
composite oxides. The appearance of chirality is due to
the microphase separation or the change of the ratio of
D-lactide to L-lactide. It can be attributed to the unique
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Fig.4 Micropolariscope photos of lactides catalyzed by La-Ti
composite oxides in different solvents: (a) Ethanol as solvent;
(b) Acetic acid as solvent

catayst: (@) ZnO as catalyst; (b) LaTi composite oxide as
catalyst

catalytic activity of the catalysts. It is well known that
there are many hollow orbits (La 4f °5d'6s%) in the outer
electron structure of lanthanum. And the composition of
titanium oxide will generate numerous oxygen vacancies.
Consequently, the catalysts can selectively combine with
D-, L-lactic acid to form chiral complex. This may lead
to the change of the ratio of L-lactic acid to D-lactic acid
in the oligomers. And as a result, the splitting of the
oligomers will lead to different ratios of D-lactide to
L-lactide. Actually, it is necessary to study the formation
process of oligomers to confirm the above reasoning.

4 Conclusions

1) The LaTi composite oxides with a narrow and
homogeneous particle size distribution are prepared by
sol-gel method.

2) The activity of nanocrystals of La-Ti composite
oxides prepared via a sol-gel route towards the catalysis
of D-, L-lactic acid to prepare lactide is studied. The
results demonstrate that the ratio of D-lactide to L-lactide
is not equal to 1:1, which suggests that micro phase
separation might occur in lactide crystals.

3) The as-prepared nanocrystals of La-Ti composite
oxides may be potential catalysts with agood selectivity.
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