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a b s t r a c t

Using a hyperbranched poly(glycolide) (hbPGA) macroinitiator the synthesis of poly(L-lactide) (PLLA)
multi-arm star polyesters has been achieved via a core-first approach. The star-shaped copolymers were
prepared in a one-pot two-step process via Sn(Oct)2-catalyzed ring-opening polymerization (ROP)
conducted in the melt. Complete conversion of the end groups of the hbpolyglycolide polyester polyols is
ensured by the reactive primary hydroxyl termini. By adjusting the monomer/initiator ratio a series of
star copolymers with varying PLLA arm length has been obtained with molecular weights in the range of
1500 to 10,000 g/mol (SEC). The successful coupling of the PLLA arms to the hbPGA core has been
confirmed via detailed 1D and 2D NMR spectroscopy. Because of the different hydrodynamic volume of
the star polymers in contrast to their linear analogs, the weight-average molecular weight (Mw) was
determined both by SEC and static light scattering (SLS). The star-shaped poly(lactide)s reveal different
thermal properties in comparison to linear poly(lactide) homopolymers.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Aliphatic poly(ester)s are well-known materials in the field of
medical applications and drug delivery systems [1e3]. Especially,
poly(L-lactide) (PLLA) is a widely used material with regard to its
biodegradability and biocompatibility [4]. The critical issues of
petroleum-based plastics together with the fact that the mechan-
ical properties of PLLA are comparable with those of poly(styrene)
(PS) or poly(ethylene terephthalate) (PET) have led to revived
interest in polymers based on renewable resources [5]. Although
the popularity of PLLA increases, this material bears some disad-
vantages, i.e., a high degree of crystallization leading to a low
degradation rate, which limits the field of application. Several
strategies have been developed to optimize the materials proper-
ties of PLLA, such as copolymerization, stereocomplexation, varia-
tion of polymer architecture or blending. Copolymers of D- and L-
lactide [6] as well as PLLA star polymers [7] are well-known to
reduce the degree of crystallization of PLLA. In addition, blending
with poly(ε-caprolactone) provides commercial PLLA blends with
an improved toughness [5].
All rights reserved.
In the last decades, the interest in complex macromolecular
architectures increased, particularly with regard to hyperbranched
[8e12], star-shaped [13e16], brush-like [17] or dendrimer-like
polyesters [18]. One major advantage of dendritic polymers is
their high number of functional end groups, which provide an
excellent platform for the introduction of various functionalities via
post-polymerization modification. The branched topology leads to
improved solubility, low melt viscosity and altered thermal prop-
erties [19e22]. In addition, hyperbranched polyols are favorable
macroinitiators for the synthesis of multi-arm star copolymers due
to their facile one-step preparation [23]. Hyperbranched poly-
glycerol (hbPG), a widely used polyether polyol, has been employed
in the synthesis of coreeshell architectures based on a grafting-
from approach via atom transfer radical polymerization (ATRP) or
ring-opening polymerization (ROP). Multi-arm star copolymers of
hydrophobic ε-caprolactone (εCL) [24], glycolide (GA) [25], methyl
methacrylate (MMA) [26] or L-lactide (LLA) [7,27] with various arm
lengths have been prepared with a hydrophilic hbPG or a hyper-
branched poly(ethylene glycol) (PEG) core to obtain reverse
micelles capable of encapsulating and releasing drugs. Besides PG,
dendritic core molecules such as hyperbranched polyester polyols
or dendrimers like poly(amido amine) (PAMAM) and poly(ethylene
imine) (PEI) have been used [28e30]. Derivatization and func-
tionalization of the hydroxyl end groups provide various
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interesting carrier systems [31,32]. The synthesis of star copolymers
may be pursued in two different ways: (i) linear polymer chains are
chemically coupled to the core molecule e the “grafting through”
method. Alternatively, (ii) the polymer chains grow directly from
the initiating core with its multiple functionalities in a “grafting-
from” approach [16,33]. The unique properties of star-shaped
polyesters in comparison to their linear analogs, particularly with
regard to their thermal behavior and crystallization tendency,
motivate further research in this area [34].

In the current work, we present the rapid, one-pot two-step
synthesis of PLLA multi-arm stars based on a hyperbranched pol-
y(glycolide) (hbPGA) copolymer core via solvent-free, Sn(Oct)2-
catalyzed ROP (Fig. 1). The polyol macroinitiator was prepared by
combining ROP and melt AB2-polycondensation, as described
recently by our group [35]. The obtained star block copolymers
were investigated with respect to their molecular weight, the
average PLLA arm length and their thermal properties.

2. Experimental section

2.1. Reagents

L-Lactide and glycolide were purchased from Purac (Gorinchem,
Netherlands) and used as received. Tin(__)-2-ethylhexanoate
(Sn(Oct)2, 95% Sigma Aldrich) and 2,2-bis(hydroxymethyl)butyric
acid (BHB, 98% Sigma Aldrich) were used as received. All solvents
were of analytical grade and used as received.
Fig. 1. Synthesis of PLLA multi-arm stars based on a hyperbra
2.2. Instrumentation

1H NMR spectra were recorded at 400 MHz on a Bruker AMX400
and are referenced internally to residual proton signals of the
deuterated solvent. 13C NMR spectra were recorded at 75 MHz and
referenced internally to the solvent signals (1HNMR signal: 2.50 ppm
(DMSO-d6), 7.27 ppm (CDCl3); 13C NMR signal: 39.52 ppm (DMSO-
d6), 77.00 ppm (CDCl3)). For SEC measurements in DMF (containing
1 g/L of lithium bromide as an additive), an Agilent 1100 series
was used as an integrated instrument including a PSS Gral column
(104/104/102 Ǻ porosity) and an RI detector. Calibrationwas achieved
with poly(styrene) standards provided by Polymer Standards Service
(PSS).

Differential scanning calorimetry (DSC) analysis was per-
formed on a PerkineElmer 7 Series thermal analysis system with
autosampler in the temperature range of �100 to þ180 �C with
heating rates of 40 �C/min. The melting points for indium
(T0 ¼ 156.6 �C) and Millipore water (T0 ¼ 0 �C) were used for
calibration.

Dynamic and static light scattering (DLS and SLS)measurements
were performed with a helium-neon laser of 623 nm wavelength
operating at 22 mW, an ALV/CGS-3 MD goniometer with 8 APD
detectors and dual ALV-7004 Multiple-Tau digital correlator. For
SLS angle dependent measurements were carried out between 25�

and 152� in steps of 1� at a temperature of 23 �C. The DLS
measurements were carried out in the range of 26� and 138� in two
different angle steps (8 detectors with 16� difference) with 4�
nched PGA copolymer core via a grafting-from approach.



Table 1
Characterization of the hbPGA-g-PLLA multi-arm stars and the hbPGA copolymer
core.

Sample Mn
a

(g/mol)
Mw/Mn

a Tg
b (�C) Tm

b (�C) DHm

(J/g)
LA unitsc

hbPGA0.6
d 1000 2.33 19.1 e e e

hbPGA-g-PLLA5 1500 2.17 29.8 e e 5
hbPGA-g-PLLA8 4800 1.57 42.1 119.0 35.6 8
hbPGA-g-PLLA9 6500 1.36 49.0 126.5 44.7 9
hbPGA-g-PLLA10 10,000 1.40 49.4 145.6 50.9 10

a SEC: DMF as eluent with 0.1 g/L LiBr PS standard for calibration.
b Determined from the 2nd heating scan.
c Average number of L-lactide units per PLLA arm, calculated from inverse gated-

decoupling 13C NMR spectra.
d Hyperbranched PGA copolymer (60 mol% glycolide, DB ¼ 0.43).
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difference (26, 42, 58, 74, 90, 106, 122, 138 und 30, 46, 62, 78, 94,
110, 126, 142).

Angular dependent DLS data analysis was done according to
literature using cumulant fitting functions [36].

SLS-data evaluation was achieved with the ALV-STAT Software
for Multi-Detector Goniometer Systems (for WINDOWS-2000/
2003/XP/Vista/7). Prior to both DLS and SLS measurements, all
the solutions were filtered through 0.02 mm Anotop membrane
filters. The refractive index increment, dn/dc, has been measured
with a PSS dn/dc detector (DnDc2010) with a 620 nm light source.
The determined dn/dc value of hbPGA-g-PLLA10 has been used as
reference for all measurements (see Table 2).

The Zimm equation has been used for the calculation ofMw from
SLS measurements [37,38]:

Kc
DRq

¼ 1
Mw

"
1þ q2R2g

3

#
þ 2A2c (1)

with the optical parameter K ¼ 4p2n2ðdn=dcÞ2=NAl
4, the scat-

tering vector for vertically polarized light q ¼ 4pn0sin(q/2)/l, the
refractive index of the liquidmedium n, the Avogadro’s constantNA,
the wavelength of the laser l and the excess Rayleigh ratio
[DRq ¼ Rq(solution)-Rq (solvent)]. Mw is determined by extrapola-
tion of the concentration c and the angle q to zero.

2.3. General synthesis of the hbPGA-g-PLLA multi-arm stars

The preformed hbPGA macroinitiator has been prepared
according to literature procedures [35] and has been used in the
subsequent ROP of lactide without further prior work-up. To a one-
necked Schlenk flask, charged with the precursor and equipped
with a magnetic stir bar as well as a rubber septum, L-lactide has
been added in the quantities required. The flask was evacuated for
10 min, purged with argon and completely immersed in an oil bath
preheated to 120 �C. To the homogenous melt 0.1 mol% Sn(Oct)2
were added as a catalyst for the ROP. The mixture was stirred at
120 �C for 3 h under argon atmosphere. After cooling, the mixture
was dissolved in chloroform (CHCl3) and precipitated twice in
methanol. The purified polymer was isolated by decantation of the
solvent and dried in vacuo at 40 �C. The obtained colorless waxy
solid (for a shorter PLLA chain length) or powder was soluble in
a broad range of solvents, i.e., chloroform and tetrahydrofurane
(THF). The synthesis has also been performed in a one-pot proce-
dure without transferring the macroinitiator to a different flask by
successive addition of the amount of lactide and catalyst (at room
temperature) in the quantities required in the same flask and
subsequent stirring of the reaction mixture at 120 �C.

1H NMR (DMSO-d6): d (ppm) 5.47e5.49 (OH); 5.11e5.21 (CHLA,

linear); 4.78e4.91 (CH2ORGA; CHLA, terminal); 4.10e4.35
(CH2ORBHB); 1.35e1.70 (CH3,LA, linear; CH2,BHB); 0.70e0.90 (CH3,BHB).

13C NMR (DMSO-d6): d (ppm) 174.05 (COLA terminal); 173.07
(COOHBHB); 170.82 (COORBHB); 169.23e169.71 (COLA linear); 166.70
(COGA linear); 68.51e67.76 (CHLA linear); 65.52 (CHLA terminal);
63.28 (CH2ORBHB); 60.70e60.79 (CH2ORGA); 49.84 (Cq, dendritic);
49.21 (Cq, focal dendritic); 23.10 (CH2,BHB); 20.33 (CH3,LA terminal);
16.46e16.57 (CH3,LA linear); 7.73e7.86 (CH3,BHB).

3. Results and discussion

The hyperbranched poly(glycolide) copolymers with various
poly(lactide) arms have been prepared in a one-pot two-step
approach as shown in Fig. 1. First, the hyperbranched poly(-
glycolide) (hbPGA) core was synthesized by the combined ROP/
AB2-polycondensation in melt using 2,2-bis(hydroxymethyl)
butyric acid (BHB) as a branching unit, as described previously
[35]. The polymerization starts with Sn(Oct)2-catalyzed ring-
opening polymerization of glycolide, initiated from BHB, fol-
lowed by a melt polycondensation of the in-situ preformed AB2
macromonomers. In contrast to the linear PGA homopolymer,
the hyperbranched copolymers are soluble in a wide range of
organic solvents as for example acetone, ethyl acetate and
dimethyl sulfoxide (DMSO). In addition, the introduction of
branching points in the polymer backbone results in an amor-
phous material with low glass temperatures (Tg) ranging from 19
to 26 �C [35].

In a subsequent step, the polyester polyol formed was used
directly as a macroinitiator for the ring-opening polymerization of
L-lactide by Sn(Oct)2-catalysis without further purification steps.
All polymerizations were carried out in bulk within 3 h at 120 �C
by addition of a 10 vol%-solution of Sn(Oct)2 in toluene (present
for transfer of the catalyst). By varying the monomer/initiator
ratio a number of PLLA stars with different average PLLA chain
length were obtained. With increasing lactide content, the
hydrophilicity decreased and as a consequence PLLA stars with
molecular weights >2000 g/mol were insoluble in DMSO. As it is
shown in Table 1, the polydispersity indices (PDI) of the prepared
star polymers are in the range of 1.26e2.17. These values arise
with regard to the non-monodisperse macroinitiator (PDI ¼ 2.33)
obtained by a polycondensation reaction (Fig. 2). Probability
theories have shown a relation between the polydispersity index
of star polymers and the polydispersity index of the arms,
resulting in a reduced PDI for the star polymer after grafting
a number of f polydisperse arms to a multifunctional core mole-
cule [39]. This effect and the increase of molecular weight
contribute to the reduced polydispersity of the obtained star
copolymers. Comparison of the SEC traces of the PLLA stars with
the hyperbranched macroinitiator evidences the absence of pre-
polymer after ROP of L-lactide.

The chemical nature of the multiple hydroxyl end groups at the
hbPGAmacroinitiator plays a key role in the further functionalization
step. Preceding work in our group ascertained a consid-
erable difference in the reactivity of primary and secondary hydroxyl
groups in the ring-openingmultibranching polymerization (ROMBP)
of lactide and 5-hydroxymethyl-1,4-dioxan-2-one (5HDON) [8]. The
ROP of lactide is initiated first by the primary hydroxyl site of the
5HDON lactone, generating secondary hydroxyl termini. The ring-
opening of 5HDON, which leads to new initiation sites, occurs
mainly until the conversion of lactide is completed. In our case, the
primary hydroxyl termini of the poly(glycolide)-based polyester
polyol are considerably more reactive than the secondary hydroxyl
groups formed upon ring-opening of the lactide monomer. This
should lead to a quantitative end group functionalization with PLLA
chains and also aid to avoid transesterification reactions upon
grafting of lactide.
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3.1. Structural investigation by 1D/2D NMR analysis

The 1H NMR spectrum of a multi-arm star copolymer in
comparison with the hyperbranched PGA polymers is shown in
Fig. 3. Evidence for the successful linkage of the PLLA arms to the
hyperbranched PGA core is obtained from the disappearance of the
signals corresponding to the terminal glycolic acid units (CH2OHGA:
4.00 ppm; 4.10 ppm) and the free hydroxymethylene protons of the
bishydroxy acid (CH2OHBHB: 3.49 ppm). The signal assignment was
confirmed by detailed 2D NMR spectroscopy and is consistent with
our previous work [35].

NMR studies also allowed for the determination of the molec-
ular composition and the average PLLA arm length. Unfortunately,
the signal of the terminal lactic acid unit is superimposed by the
signals of esterified BHB hydroxymethylene protons in the 1H NMR
spectrum, and therefore the average PLLA chain length had to be
calculated from the inverse gated-decoupled 13C NMR spectrum. In
Fig. 4 1H NMR spectra of the star copolymer samples with different
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Fig. 3. 1H NMR analysis (400 MHz, DMSO-d6) of the polyol macroin
monomer compositions are shown. As expected, the signal inten-
sity of the hbPGA core decreases with increasing content of L-lac-
tide. The NMR spectra measured in CDCl3 show a characteristic
splitting of the signal of the BHB methyl group (A) associated with
the presence of only two different BHB units (focal dendritic (Fd)
and dendritic (D) unit). The main resonances of the linear PGA units
are in the range of 5.20e5.50 ppm (F). The signals of the lactide
backbone (CHlin, E) are well separated from the other lactide arm
related signals E’, B and B’. In addition, the 1H NMR spectrum
measured in DMSO-d6 (Fig. 3) shows a signal due to the protons
of the terminal hydroxyl group of the lactide arms at 5.50 ppm. This
signal assignment was confirmed by an 1H COSY NMR experiment
(s. Supporting Information S2), relying on the cross correlation of
themethyl (B’) ormethine (E’) protonwith the hydroxyl proton and
by an 1H, 13C COSY NMR experiment (HMBC) (Fig. 7) referring to the
cross correlation of the carbonyl carbon (K’) with the hydroxyl
proton.

Evidence for the successful linkage of the PLLA arms with the
hbPGA core is as well given by the 13C NMR spectrum in Fig. 5. The
presence of only two BHB repeating units (Fd, D) underlines the
successful conversion of the focal linear (Fl) and linear (L) BHB
units. 13C NMR signals arising due to non-esterified terminal gly-
colic acid units with regard to the carbonyl carbons resonating at
172.16e173.16 ppm and the methylene carbons at 59.32 and
59.43 ppm have not been identified, which confirms quantitative
lactide grafting.

For the sequential synthesis of the PLLA stars it is essential
that no transesterfication rearrangements between the pre-
formed PGA core and the lactide monomer occur during the
polymerization process. Therefore 2D NMR spectroscopy experi-
ments (HMBC) were performed to exclude such side reactions.
Fig. 6 shows a section of the heteronuclear multiple bonds
coherence (HMBC) spectrum with zoom into the region of the
carbonyl carbons.

In case of undesired transesterification reactions (1) a cross
correlation of the glycolide carbonyl carbon and the lactide
methine protons should be observed (visualized in Fig. 7). Instead,
only the cross correlation (2) between the glycolide methylene
protons and the lactide carbonyl carbon (K/f) is detectable, which
confirms the attachment of PLLA to the hydroxyl-terminated PGA
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core (Fig. 6) and the absence of comonomer sequences one would
expect from transesterification.

Furthermore, 1H and 13C NMR analysis give distinct information
of the sequence distribution of glycolyl and lactyl units as
170 160 150 140 130 120 110 100 90

Chemical S
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50 45
)
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D

Fig. 5. 13C NMR spectrum (75 MHz, CDCl3) of the synthesized hbPGA-g-PLLA5 mu
described in literature [40]. Especially the carbonyl carbon signals
are very sensitive to sequence effects. After polymerization
glycolyl-lactyl sequences (LLG, GLG, LGL, LGG) associated with
a random incorporation of the lactone monomers due to
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Fig. 6. 13C, 1H-correlation: Zoom into HMBC NMR spectrum (full spectrum, see Supporting Information Fig. S1) of hbPGA-g-PLLA5 measured in DMSO-d6.
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transesterification rearrangement are absent. In addition, the
carbonyl carbon signals belonging to the GLL, LLL and GGG
sequences can be clearly assigned.
o 
up

Sample 

hbPGA-g-PLLA10

hbPGA-g-PLLA9 

hbPGA-g-PLLA8 
3.2. Thermal properties

The thermal properties of the hbPGA-g-PLLA star copolymers
have been investigated by DSC analysis. In Table 1 the results ob-
tained from SEC and DSC analysis with respect to the average PLLA
arm length are summarized. The hbPGA macroinitiator is an
amorphous material, which exhibits a glass transition temperature
(Tg) at 19.1 �C. In contrast, the linear PLLA homopolymer possesses
a Tg of 55 �C and amelting temperature (Tm) of 175 �C [41]. PLLA star
copolymers withmore than 5 lactic acid units per arm showa sharp
melting point, which increases with increasing PLLA chain length.
As expected, crystallization of the PLLA blocks is possible above
a critical chain length. The glass transition temperature of the
prepared multi-arm stars is lowered (29e49 �C) in comparison to
linear PLLA, and an increase of the Tg with increasing PLLA arm
length is observed (see Fig. 8). This dependency is known aswell for
linear polymers [41]. For all star copolymers an increase of the
melting enthalpy (DHm) with increasing PLLA chain length per arm
is obtained. In contrast to the copolymers quenched from melt, all
of the star copolymers precipitated from solution show a Tm in the
first heating scan, indicating a lowered crystallization rate of the
PLLA chains (see Fig. 9). This observation emphasizes that the prior
thermal treatment of the sample exerts an important influence on
thematerial properties. In addition, the large number of end groups
also has a great influence on the thermal behavior of polymers,
Fig. 7. Visualisation and identification of a sequence pattern in the case of trans-
esterification rearrangements.
which was studied on the basis of PLLA stars with different number
of hydroxyl termini [14]. In the second heating run, the sample
hbPGA-g-PLLA10 shows the characteristic transition curves,
including the glass transition, the cold recrystallization and the
melting. The phenomenon of two melting peaks results from the
two different crystal structures (a/a0) formed by PLLA. The
a0 structure is the thermodynamically less preferred structure
[42,43]. This observation might be due to the slow crystallization
rate of the PLLA chains, which leads to an inhomogeneous crys-
tallization upon quenching. In fact, the star topology with the
hyperbranched PGA core contributes to a depressed melting point
compared to the linear PLLA homopolymer. Due to the lowered
crystallization rate the morphology of the star copolymers strongly
depends on the prior thermal treatment of the sample ranging from
amorphous to crystalline materials.
3.3. Solution properties

The hydrodynamic radius (Rh) was determined by Dynamic
Light Scattering (DLS) measurements, no angular dependence was
observed. Static Light Scattering (SLS) measurements were carried
out at different scattering angles (25�e152�) and different
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Fig. 8. DSC heating traces of the PLLA multi-arm stars and the polyester polyol
(hbPGA) obtained from the 1st heating scan with a heating rate of 40 �C/min.
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concentrations (2e10 g/L) to determine the weight-average
molecular weight (Mw) of the star copolymers. 1,1,1,3,3,3-
Hexafluoro-2-propanol (HFIP) was chosen as a standard solvent
for the SLS measurements because of the low value of the refractive
index increment (dn/dc) of PLA in tetrahydrofurane (THF) and
chloroform (CHCl3) [41]. Due to undesired aggregation, other
possible solvents, as for example acetone or pyridine, were not
used. Table 2 shows the hydrodynamic radii of the different multi-
arm stars obtained by DLS measurements in HFIP. As expected, the
size of the particles increases with increasing PLLA arm length.

All obtained results for the star copolymers derived from SLS
and DLS are summarized in Table 2. The SEC data for the stars (see
Table 1) are based on a poly(styrene) (PS) standard and therefore
are not comparable with the SLS-data. In fact, it is known that
conventional SEC has limited suitability to determine themolecular
weight of star copolymers due to their compact structure and
therefore smaller hydrodynamic volume compared with linear
copolymers. Hence, it is appropriate to determine the absolute Mw

by SLS instead of SEC in order to gain information about the actual
dimensions, regardless of the macromolecular architecture. SLS is
known to lead to poor resolution for low molecular weight poly-
mers; therefore no SLS and DLS data have been obtained for the
macroinitiator and the star copolymer with the lowest molecular
weight. Since we were not able to determine the radius of gyration
(Rg) due to low resolution capacity; the calculation of the Rg/Rh ratio
has not been possible, a valuable parameter in the characterization
of star copolymers.

Surprisingly, the weight-average molecular weight, which
has been determined by SLS measurements in HFIP (Mw, SLS) is
similar to the values obtained from SEC analysis (Mw,SEC). The
Table 2
Hydrodynamic radius (Rh) and weight-average molecular weight (Mw) of
hbPGA-g-PLLA star copolymers.

Sample Rh
a/nm (DLS) Mw

b/g mol�1 (SLS) Mw
c/g mol�1 (SEC)

hbPGA-g-PLLA5 n.d. n.d. 3300
hbPGA-g-PLLA8 2.6 7570 7540
hbPGA-g-PLLA9 2.9 10,200 8840
hbPGA-g-PLLA10 3.1 12,200 14,000

a Determined by DLS measurements at 23 �C in THF.
b DeterminedbySLSmeasurementsat23 �CinHFIPwithdn/dc(mL/g)¼0.162�0.0022.
c Determined from SEC analysis in DMF with PS standard calibration.
hydrodynamic radii (Rh) of the star copolymers, which have
been determined by DLS in THF, are in the range of 2.6e3.1 nm,
indicating the absence of aggregation and thus the suitability of
the utilized solvent. Generally, star polymers obtain smaller radii
in comparison to their linear analogs with identical molecular
weight. The effect of the topology on the solution behavior
increases with increasing number of arms as described by
Burchard [44]. In our case, the solution properties might be influ-
enced both by the number of arms and the hyperbranched core.

4. Conclusion

Poly(lactide) multi-arm stars have been synthesized in a graft-
ing-from approach by Sn(Oct)2-catalyzed ring-opening polymeri-
zation using a hyperbranched polyester polyol, obtained from
poly(glycolide) in a solvent-free procedure in bulk as a macro-
initiator. Importantly, a detailed 1D/2D NMR analysis confirmed
successful conversion of all hydroxyl termini and permitted the
identification of a single glycolyl-lactyl sequence, which excludes
possible transesterification rearrangements during the ROP of L-
lactide. By varying the monomer/initiator ratio, a systematic series
of star polymers with varied molecular weights was obtained in
a controlled fashion. The glass transition and the melting point
were found to be lower in comparison with linear PLLA due to the
influence of the hyperbranched PGA core on the crystallization of
the PLLA arms. In fact, the crystallization of the PLLA arms was
effectively adjustable by the prior treatment of the samples. As
expected, both DLS and SLS measurements revealed an increase of
Rh andMwwith increasing PLLA block length. Due to the degradable
PGA core and the biocompatible PLLA side chains, these polyester
star block copolymers possess promising potential for biomedical
applications. Further current studies are focused on the effect of the
PLLA chain length on the degradation time of the star polymers. The
merely aliphatic polyester structure of the materials might be
useful for controlled release systems, since a wide range of degra-
dation rates should be achievable by simply adjusting the hbPGA/
PLLA molar ratio.
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