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Introduction

analysis are to demonstrate how the structure of these nano-
particles is affected by particle size, thermal treatment, and the
composition of the homopolymer to block copolymer ratio.

Experimental Section

In this study, nanoparticles were prepared from (1) a PCL ho-
mopolymer and (2) a PCL/PCb-PEO having a PCL molecular weight
of block copolymer similar to that of the PCL homopolymer. Nano-
particle sizes were controlled by varying both the polymer concentration
in an organic solvent and the homopolymer to block copolymer ratio.

Materials and Synthesis of Block Copolymer.Polycaprolactone
(Mn ~ 10 K) was obtained from Aldrich, while the poly(ethylene
glycol)-b-poly(propylene glycol)-poly(ethylene glycol) (PE®PPO-
b-PEO) (Pluronic F68) triblock copolymer was obtained from BASF.
PCL-b-PEO was synthesized by bulk ring opening polymerization.
Methoxylated PEGN], ~ 5000, Fluka) was first vacuum-dried at 110

Biodegradable, biocompatible nanoparticles have been used’C with continuous stirring fo3 h and then cooled to room temperature.

in various fields, such as drug delivery systehtmsmetics, Following the addition of stannous hexanoate (Aldrich) arzhpro-
and tissue engineeriﬁg;or such applicationS, these nanopar- lactone (AIdrICh), this letUre.Wa.S then vacuum-dried 3ch atroqm
ticles are usually loaded with water-insoluble drugs. Thus, it is temperature before polymerization at 130 over a 24-h period.
imperative that the internal structure of the nanoparticles is Subsequently, the reactant was solubilized in tetrahydrofuran (THF)
known, since specific drug amounts loaded into the nanoparticlesand transferred into an excess amount of diethyl ether. This purification
and particular drug release patterns are not only dependent or’F\’lrl\c/’ICRess W‘?S r_ep_eated JW'C& The rteSl.‘tlm'ﬁvalu? Calf)lt“atez EO%PC
the hydrophilicity of the drug but also on the internal structure spectra 1S in good agreement with the value obtained by
of the nanoparticles. (Mn ~ 14 000 andMW(Mn ~ 1.1), which was calibrated against a
The internal structure of polymeric particles can be influenced pogféyzgz;;agfdggtgg dHE.CL/PCL-b-PEO Nanoparticles. PCL
by the various characteristics of the polymer, such as chemical P : P ) :
structuret molecular geometr§molecular weight,and crystal- homopolymer nanoparticles were prepared as follows. The appropriate
i ¢ ’t G g” th ’T t f g ’/ ry ticl quantity of PCL was solubilized in 67 mL of acetone, and this solution
Ine structure. enerally, the Sructures ot micro/nanoparnticles aq transferred into 100 mL of a 0.17 wt % Pluronic F68 aqueous
are determined either by analyzing dried (lyophilized) partides

: solution with continuous stirring at room temperature. After 5 min,
or deduced from the properties of the bulk matedatowever, the acetone was removed by vacuum evaporation &€3The size of

most in vitro/vivo experiments are carried out in agueous the PCL nanoparticles was controlled by varying the concentration of
systems, and hence, it would be more desirable to determinepcl in acetone to 1.49, 10, and 20 mg/mL. The final concentration of
the structure in an aqueous environment rather than in the driedthe three PCL homopolymer nanoparticles was 1.3 wt % in Pluronic
state. Such a requirement is more urgent for polymeric nano- F68 aqueous solution.

particles because an anticoagulant agent (i.e. Pluronic) or a The PCL/PCLb-PEO nanoparticles were prepared via the same
hydrophilic part of a nanopatrticle (i.e. poly(ethylene oxide)) in method as the PCL nanoparticles. Known quantities of PCL and PCL-
a dried state might mislead by yielding a different structure for b-PEO (with a combined total weight of 2 g) were solubilized in 67
the nanoparticles. Therefore, it is necessary to find a tool to mL of acetone, and the solution was transferred into 100 mL of distilled
accurately characterize the structure of the nanoparticles in thewater with continuous stirring at room temperature. The acetone was
dispersion state. Recently, Bunjes et al. studied aqueousremoved by vacuum evaporation at3D. The nanoparticle sizes were
dispersions of triglyceride nanoparticles using calorimetry and controlled by varying the weight ratio of PCL to PGLPEO; the ratios
X-ray scattering and showed that the internal structure of a used were 20,3, 1, Q.33, and 0 (no PCL. present). The final concentration
nanoparticle depends on its sifeCastelli et al. conducted a  ©f the five nanoparticle aqueous solutions was 4 wt %.

similar characterization study of solid lipid nanoparticles using  Measurement of Nanoparticle Size.The nanoparticle size and
differential scanning calorimet. distribution was determined using photon correlation spectroscopy (PCS,

In this work, we prepared two types of nanoparticles Malvern Instrument 4500HS); the principle underlying this approach

polycaprolactone (PCL) homopolymer and PCL/PGpely- is well documenteéd? The aqueous nanoparticle dispersions were diluted
(ethylene oxide) (PEO) nanoparticles, and conducted a structuraltsc::;'tirz dg/l;n L{haengatr';ehlanstevczlsty dgftet(r:]t?a nglteafi:r: Illgtgﬂggzigg)
analysis of these nanoparticles using microcalorimetry and y P 9

¢ - lect . TEM). The obiecti f h specimen, 10 autocorrelation functions were analyzed using the scattered
ransmission electron microscopy ( )- The objectives of suc intensity and the mean diameter of the nanoparticles calculated using

_ the Stokes Einstein equation. The size distribution was calculated using
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T Amorepacific Corporation/R&D Center.
* Pohang University of Science and Technology.
§ Korea National Open University.
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Thermal Analysis of Nanoparticles. The PCL and PCL/PClb-
PEO nanoparticle structures were analyzed using microcalorimetry (VP-
DSC, MicroCal). Microcalorimetry has been very useful in measuring
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the thermal properties of aqueous dispersions, such as synthetic 100 -
polymerst® proteinst* and nanoparticle aqueous solutiéhét Equal - (a)
volumes (0.5 mL) of an aqueous nanoparticle dispersion and reference € 8ol
solution were injected into the sample and reference cells, respectively. =
The cells were then closed tightlyz25—30 psi) so that water could 2
not distill out during the experiment. The nanopatrticle dispersions were ‘m 80
thermally equilibrated to 5C and scanned from 5 to 8@, with a E
scanning rate of 1C/min. During each scan, the heat capacity difference & 40
between the sample cell and the reference cell was plotted as a function —
of temperature. Since the PCL nanoparticles were dispersed in Pluronic 20 |
F68 solution, the reference cell was also filled with Pluronic F68
aqueous solution (without nanoparticles) of the same concentration. 100
The PCL/PCLb-PEO nanopatrticles, on the other hand, were dispersed
in water, and so deionized water was used as the reference solution. . (b)
To compare the microcalorimetry thermograms with those obtained f 80 -
by conventional DSC, nanoparticle solutions of the same concentration 2
were also analyzed using differential scanning calorimetry (DSC Q1000, = &0 |
TA Instrument). The scanning rate and scan temperature range were 2
equal to those used in the microcalorimetry studies. To prevent the 8 a0 |
evaporation of water in the nanoparticle solution and to stabilize the £
baseline, a high volume pan was used and He gas (50 mL/min) was
purged through the system during each scan. 20 ¢

TEM Studies on PCL/PCL-b-PEO Nanopatrticles. The structure ‘_‘III_I_I_I_I_.
of the PCL/PCLb-PEO nanoparticles was observed using transmission 100 -
electron microscopy (TEM, Hitachi H-7600). The nanoparticle solutions (C)
were stained with a 20 wt % aqueous solution of phosphotungstic acid, & 80
and the stained solutions were floated on gold-coated EM grids. These ';:
grids were immediately freeze-dried with liquid nitrogen and then & gg L
lyophilized with a freeze-drier. g

. . 2 sl

Results and Discussion £

Effect of Nanoparticle Size on the Crystalline Structure 20
of PCL Homopolymer Nanoparticles. Generally, polymeric
nanoparticles are prepared via one of two methods: solvent 0 s s
evaporatio® or the solvent displacement methdVhen using o 100 Igu;rticsr: D?;?n ef:: (n?':'; 700
a water miscible solvent such as acetone, THF, or ethanol, the
solvent displacement method is usually the most useful in 500 |
preparing nanoparticles. The main factor in controlling the size ’é‘ (d)
of the nanoparticle is reported to be the concentration of the £ 50| +
polymer in the organic solveft.Therefore, the PCL concentra- %
tion in acetone was varied (1.49, 10, and 20 mg/mL) to produce 4 400}
PCL nanoparticles of different sizes. Figure—Ta shows £
histograms of the size distribution of the as-formed PCL .8 350l
nanopatrticles. In general, the particle size was found to increase g
as the PCL concentration increased; however, the particle size G 300 o
did not change significantly in the concentration region between £ /
10 and 1.49 mg/mL, as shown in Figure 1d. Furthermore, below g 250
a concentration of 1.49 mg/mL, it was not possible to repro-
ducibly generate nanoparticles of a particular size (average sizes 2°°0 5 10 15 20

ranged from 200 to 100 nm for a certain concentration). A
certain quantity of surfactant can be added to prepare the smaller
nanoparticles; however, this method is inappropriate for the

PCL concentration in acetone (mg/ml)

Figure 1. Size distribution histograms of the PCL nanoparticles as
a function of preparation concentration: (a) 1.49 mg/mL; (b) 10 mg/

present work becaus_e the surfactant could affect the structurey, . (c) 20 mg/mL. Average diameters of the PCL nanoparticles are
of the PCL nanoparticles. plotted in (d).

Before reporting on the structure of the PCL nanopatrticles,

it is first necessary to investigate the thermal properties of the the melting and cooling processes, when comparing the heat of
bulk PCL. Figure 2a shows the DSC thermograms (TA DSC, 1 fusion of the melting peak for the first (90.7 J/g) and second
°C/min from 0 to 80°C) of the PCL homopolymen\,, ~ 10 (95.6 J/g) scans. It is reported that wide-angle X-ray scattering
K). A single endothermic peak around 8Q in the first scan shows that PCL has an orthorhombic crystalline structure with
could be resolved into two peaks following cooling and (110) and (200) plané&!8and that the double melting point is
reheating (second scan). Further, the single peak in the first scardue to the presence of crystalline lamellae with different fold
is shifted to a lower temperature after rescanning, indicating numbers'® The two endothermic peaks in the PCL thermogram
that different crystalline structures (i.e. different lamella orienta- might therefore originate from the different orientations of this
tions and fold numbers) exist after the melting and cooling orthorhombic crystalline structure and from crystalline lamellae
processes. In addition, PCL has a slight higher crystallinity after with different fold numbers. CDV
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(c) two instruments recorded similar thermograms for the PCL
nanoparticles, it is likely that a notable amount of water in the
nanoparticle solution was distilled out when using TA DSC,
because a baseline drift was detected in some cases. Therefore,
we believe that microcalorimetry can provide more accurate
structural information about nanopatrticles in solution.
Microcalorimetry samples of three PCL nanoparticle solutions
(particle sizes of 244, 301, and 463 nm) were scanned from 5
to 80°C with a scan rate of 1C/min. After the first scan, the
solutions were cooled to 8 and then rescanned from 5 to 80
°C at the same scan rate (second scan). The corresponding
microcalorimetry thermograms for the first and second scans
: L : L L are shown in Figure 3a,b, respectively. The largest of the three
20 30 40 50 60 70 80 nanoparticles (463 nm) exhibited two separate peaks in the first
Temperature ("C) scan; however, these two peaks were not clearly developed for

|:0.2kJ/mol/°C

Heat Capacity

Figure 2. Thermograms of PCL and PCL nanoparticle aqueous
solutions: (a) PCL in the bulk determined using conventional DSC;
(b) PCL nanopatrticle aqueous solution determined using conventional
DSC; (c) PCL nanoparticle aqueous solution determined using
microcalorimetry. The average particle diameter is 301 nm and
nanoparticle concentration is 1.3 wt %.

nanoparticles of 244 and 301 nm. On the other hand, two
separate peaks were clearly observed in the second scans of all
three nanoparticle solutions (Figure 3b). A third scan (data not
shown) for the three particle solutions, however, showed no
peak shift or further peak separation from those seen in Figure

3b.

The thermograms of the first scan for the PCL nanoparticle  The above results demonstrate that the crystalline structure
solutions (average diameter of 301 nm) are shown in Figure 2b of the nanoparticles is influenced by both particle size and
(TA DSC) and Figure 2c (microcalorimetry). A single endo- thermal history. From Figure 3, it can be seen that the larger
thermic peak was detected in both thermograms at 52.4n nanoparticles (463 nm) reach the two crystalline forms faster
Figure 3, it can be shown that this peak corresponds to the right-than the smaller particles. However, thermal treatment enables
side peak of bulk PCL), where the peak positior&°C lower the smaller particles to have the same two crystalline structures
than that of the bulk PCL (as determined by a second scan ofas the large particles.
bulk PCL). From these thermograms, it can be said that the For the smaller PCL nanopatrticles, despite observing different
lower peak temperature of the PCL nanopatrticles (as comparedthermograms after the second scan, the size of the PCL
to that of the bulk PCL) is due to the difference between the nanoparticles was not observed to change. Following the second
structures of bulk PCL and the PCL nanopatrticles rather than scan, the nanoparticle solutions were removed from the micro-
from the use of different analytical instruments. Although the calorimetry cell and the diameters measured using PCS'CTIS‘\e/
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Table 1. Thermal Analysis of the Bulk PCL and PCL corresponding X-ray scattering results suggested that this
Homopolymer Nanoparticles phenomenon was due to a change in the crystalline and
peak temp (°C) multilayer structure of the triglyceride. In a simulation study,
first scan second scan Fukui et al. found that the melting and glass transition
sample first peak? second peak first peak second peak temperatures of semicrystalline nanoparticles decrease as the

bulk PCL 10 K 61.5 ND? 58.2 54.4 particle diameter decreas&sFor example, as calculated from
PCL10K,463nm  54.1 50.6 53.9 50.9 their linear relationship, the melting temperature of polyethylene
PCL10K,301nm  54.4 NDb 54.5 51.0

(PE) nanoparticles decreases linearly such that when the particle
diameter reaches40 nm, the melting temperature is equal to
aThe first and second peaks are assigned in Figure 3b. ® ND = not that of bulk PE.

detected; shoulder around 50 °C was detected for the PCL particles of . .
301 nm. ¢ Peak was not clearly separated for the PCL partigles of 244 The melt'_ng temperaturg dgpressmn can be also observed for
nm, as shown in Figure 3a. the crystalline polymer thin films. Wang et & showed that

o . the melting temperature of ethylene vinyl acetate (EVA)
results indicated that the PCL nanoparticles have the samegopolymer films starts to drop significantly when the film
hydrodynamic diameters before and after the experiment within nickness falls below~200 nm. For low-density polyethylene,

experimental errors. It is expected that the smaller PCL the melting temperature drops when the thickness is below 150
nanoparticles (244 and 301 nm) have different diameters beforep, Wang et al. also commented that the melting point

and after the microcalorimetry experiment, because the CrySta"depression of thin films could be a function of both film
line structure of these particles has changed (Figure 3). To clarify ihickness and the interaction with the substrate.

t4h6€; ir;e)slej):é tgﬁnt:;e: d Z\?I(_iifr]fgpeoni)t{jltretlrgs;lefti?e(sz?:(’),35001, ' ;:g The_ results of the above stl_Jdies s_ugg_est that, in the current
60 °C, respectively) over a 24-h period, and the sizes of the ﬁ)r;per:;g;né,eth; sﬁgrgin?gaéggsrsv\gm&:'Z(?Eai%%ss?i' ?nneollti?
resulting nanoparticles were measured using PCS. Similar S.Izetemperature. To establish whether the melting temperature of
measurements were also performed for as-prepared nanopartlclet?1e PCL nanoparticles changes with particle size, a further
at the same three annealing temperatures. On the basis of thes&ecrease in nanoparticle size is required ’
results, it is thought that the crystalline structure of the PCL . . o
nanoparticles (244 and 301 nm) changed while the particle ,Effect of Nanoparticle Size on the CI’ySta||In82082t2rl2,I?f:ture
diameter remained the same. However, it was not possible to®f PCL/PCL-b-PEO Nanoparticles. Past result$20.2223sug-
exclude the possibility that the PCS study could not discriminate 9€St that a further reduction in nanoparticle size is needed to
between the changes in particle size with changing crystalline NVestigate the size-dependent structural change of the nano-
structure. As such, a further study using X-ray scattering should Particles in more detail. For this purpose, nanoparticles com-
be carried out to clearly explain the relationship between particle PoS€d of @ PCL homopolymer (10 K) and PCL(9 IKREO(S
diameter and structure change due to annealing of these particled<) Plock copolymer were prepared, where the PCL component
Table 1 summarizes the peak temperatures of the bulk CL N Poth the homopolymer and block copolymer is assumed to
and PCL nanoparticles. In a comparison of the corresponding participate in the crystal formation inside the nanopatrticle core.

second scan peaks of the PCL nanoparticles and bulk PCL, itAnother objective for the preparation of mixed PCL/PGL-

is shown that the first and second peak temperatures of the PCLEEO nanoparticles is to investigate the structural differences
nanoparticles decreasedd °C (first peak) and-3 °C (second etween the homopolymer.nanoparﬂcles anq hqmopolymer/
peak), respectively. Similar decreases in melting temperature ¢0Polymer nanoparticles. Since the PEO chains in the block
have been reported for the crystalline nanoparticles. WesteserfOPOlymer stabilize the nanoparticles in water, Pluronic F68

and Bunjes compared the melting temperatures of solid lipid Was not necessary for the preparation of these nanoparticles.

nanoparticles with the bulk lipid and reported that the melting 1€ nanoparticle size was reproducibly controlled from 62 to
temperature of the triglyceride nanoparticles decreasedtes 255 nm by adjusting the homopolymer to block copolymer ratio

°C compared to the bulk triglycerid® Westesen et al. also (see Fig_ure 4),_ vv_here nanoparticles of certain si'zes were
found in their X-ray diffraction studies that the crystalline Symmetrically distributed from the most probable point.

structure of the solid lipid nanoparticles was different from that ~ The microcalorimetry thermograms and thermal properties
of the bulk lipid2* In addition, Bunjes et al. recently reported ©Of the aqueous dispersions of PCL/PGIREO nanoparticles
that the melting temperature of the triglyceride nanoparticles are shown in Figure 5 and Table 2, respectively. As shown in
of size 365 nm decreased4®—3 °C, as compared to the bulk ~ Figure 5a,b, the melting temperature of the nanoparticles did
triglyceride® The aforementioned reports indicate that the solid not change with decreasing particle size (255, 206, and 155 nm).
lipid nanoparticle melting temperature decreased due to differ- The main melting temperature is around 34, which is the

ences in crystalline structure between the nanoparticles and thesame temperature as that observed for the PCL homopolymer
bulk material. nanoparticles. In addition, the heat capacity different€

It is worth noting from the results in Figure 3 and Table 1 betweenC, of the peak around 54C andC, of the baseline at
that the melting temperatures of the three PCL nanoparticlesthe peak temperature was found to decrease as the nanoparticle
are almost the same regardless of the particle size. There are &ize decreased. Furthermore, the nanoparticles with sizes 104
few reports on the size-dependent melting temperature andand 62 nm did not show a melting temperature peak during the
structural changes of the crystalline nanopartiéfe8:22\Wes- first and second scans (Figure 5c).
tesen and Bunjes reported that the melting temperature of the It seems from the results in Figure 5 and Table 2 th@}
solid lipid nanoparticles did not change for particle sizes between decreased as the nanopatrticle size decreased. However, it can
140 and 60 nm? In contrast, recent reports by Bunjes et al. also be said that the increase in the block copolymer caused
showed that the triglyceride nanoparticles became lowered in AC, to decrease. Therefore, before we discuss the size-
the melting temperature as the particle diameter decrédsed. dependent decrease i&C,, it is worth investigating whether
In addition, the single endothermic peak associated with the this decrease iAC, is due to a reduction in the total amount
larger nanoparticles was split into small multiple peaks. The of PCL in the small nanoparticles. Here, the experimentaj CDV

PCL 10 K, 244 nm 53.8 51.4¢ 54.2 51.0
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Figure 4. Size distribution histograms of the PCL/PCL-b-PEO
nanoparticles for different homopolymer to block copolymer ratios: 1
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Figure 5. Microcalorimetry thermograms for PCL/PCL-b-PEO nano-
values for two of the smaller PCL/PCh-PEO nanoparticles  particle solutions: (a) first scan from 5 to 80 °C; (b) second scan
(206 and 155 nm) are 0.40 and 0.39 kJ/(rt@)/ (first scan), from 5 to 80 °C after cooling from 80 to5 °C for the particles of size
and 0.30 and 0.28 kJ/(md) (second scan), respectively. When 255: 206, and 155 nm. (c) shows the first and the second scans for
one calculated\C, on the basis of the relative PCL content in the particles of size 104 and 62 nm.
the nanoparticles (i.e., comparedA&, for the 255 nm sized
particles), the estimatefiC, is determined to be 1.26 kJ/(mol/
°C) (88.3% of PCL relative to 255 nm) and 1.13 kJ/(rGly

|:1kd/mol,_ /°C

Effect of the Block Copolymer on the Crystalline Struc-
ture of PCL/ PCL- b-PEO Nanoparticles.Another suggestion
) is that the PCL component in the P@LPEO block copolymer
5,79'6% of PCL) for the first scan and 0.93 and 0.84 kJ/(mol/ does not participate in crystallization within the core. This can
C) for the second scan. be proven by the fact that particles of sized 104 and 62 nm did

The difference between the experimental and calculated not show any melting peak in the thermograms. Since hydro-
values indicates that other factors besides the decrease in th(philic PEO chains generally extend out from a nanoparticle
total amount of PCL in the nanoparticles are involved in the toward the water phase, it is expected that PCL molecules linked
decrease oAC,. One possible scenario for the large drop in to the PEO chains are not free to fold and are thus unable to
AC, is that the reduction in particle size causes the crystalline form lamella structures. Figure 6 shows TEM micrographs of
core of PCL to become disordered. This idea is supported by the PCL/PCLb-PEO nanoparticles with sizes of 62 nm (Figure
Bunjes et al., who reported that both the peak temperature andéa,c) and 255 nm (Figure 6b,d). From Figure 6a, it can be seen
the heat of fusion of triglyceride nanoparticles decreased with that some of the particles (62 nm) are gathered together with
decreasing nanoparticle si¥e. many of the tails located outside of the particle (core). T&]BV
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Table 2. Thermal Analysis of the PCL/PCL-b-PEO Nanopatrticles
AC,b at 54 °C

peak temp (°C)

oav (first scan ) (kJ/(mol/°C))
composn [PCL)/  diameter
[PCL-b-PEG] (nm) a? b c first¢  second

20 255 542 517 484 143 1.05
3 206 53.8 51.7 484 0.40 0.30
1 155 54.0 52.79 484 0.39 0.28

0.33 104 e e e e e

0 62 e e e e e

2a—c represent the peak assigned in Figure 5a. ? AC, is the heat
capacity difference between the peak around 54 °C and the baseline value
at peak temperature (Figure 5a). ¢ First and second indicates the first and
second scan of the nanoparticle solutions. @ Shoulder was detected. € Not
detected.

Notes

However, the experimentahC, values for these smaller
nanoparticles are still lower than tieC, values estimated from
the remaining PCL homopolymer relative to the slightly larger
nanoparticle (255 nm). The above estimation might support our
ideas: the decreasing particle size and the blending of amor-
phous PCL with crystalline PCL further decreases the crystal-
linity of PCL in the nanopatrticles.

Effect of Thermal Treatment on the Crystalline Structure
of the PCL and PCL/PCL-b-PEO Nanoparticles.When one
compares the thermograms of the PCL homopolymer nanopar-
ticles (Figure 3) with those of the PCL/PQLPEO nanoparticles
(Figure 5 and Table 2), it can be seen that the heating and

cooling of these nanoparticles caused different results. For the
PCL homopolymer nanoparticles, like the bulk PCL (Figure 2a)
and PCL microparticleit is thought that the annealing process
causes PCL to crystallize, forming a more stable structure
without significantly changing the crystallinity. In contrast, the
AC, value for the PCL/PCIb-PEO nanoparticles decreased to
~20—25% during the second scan (as compared Wit for

the first scan), without a change in melting peak temperature.
As in the case of the PCL homopolymer nanopatrticles, the sizes
of the PCL/PCLb-PEO nanoparticles before and after the
experiment have the same hydrodynamic diameters within
experimental errors. Here, the same particle diameters were
observed for these nanoparticles after annealing at 40, 50, and
60 °C.

The above results imply that some part of the crystalline core
in the nanoparticles becomes disordered during the heating and
cooling processes. One possible explanation that would account
for this is that the PCL homopolymer and the PCL component
in the block copolymer become more homogeneous as the
temperature increases beyond the melting temperature of PCL.
This homogeneous mixing of the two molecules might hinder
. PCL from recrystallizing during the cooling process, because
so-called cores_hell (tail) structure can be cI_earIy seen forthe ihe PCL chain in the block copolymer is not crystallizable
!arger nanqpa}rncles (255 nm) in Figure 6b. Smce PEO is soluble (Figure 5 and Table 2) and thus might serve as a “defect site”
in water, it is thought that the PEO chains in the block qring crystallization of the PCL homopolymer. This would
copolymer are “tailed” around the nanoparticle PCL “core™ agitin a decrease in thieC, for the second scan, as compared
From the magnified images of Figure 6a,b, shown in Figuré i the AC, of the as-prepared PCL/PQPEO nanoparticles.
6c,d respectively, it can be seen that the core structures of the
two nanoparticles are different. For the smaller nanoparticles conclusions
(62 nm), a number of holes can be seen in the nanoparticle cores ] ] ) )
that are not present in the larger nanoparticles (255 nm). These We have investigated the structure of semicrystalline nano-
holes indicate that the nanoparticle core structure is not compact,pa”'dest.blll Dfepég mF?é\II_V/% g{f_gggt types: Ptql_ hor?rcr)]polglmer

roviding further justification for why the thermograms of the nanoparticles an nanoparticles. 1he two
22 nm r?anopartiiles do not show}; crystalline ?nelting peak. nanoparticles exhibited an identical melting peak temperature,
Under these conditions, the PCL homopolymer could be only @nd this temperature was3—4 °C lower than the melting
involved in the formation of crystalline domains in the PCL/ temperature of the bulk PCL. We did not observe any size-
PCLb-PEO nanoparticles. dependent melting temperature change for the two nanoparticle

The possibility that the PCL in the block copolymer cannot tYPes. Instead, for the PCL/PQE-PEO nanoparticles, a part
crystallize in the PCL/PCIb-PEO nanoparticle might also of the crystalllqe core was found to decrease as the particle size
suggest that the blending of PCL homopolymer and amorphousde‘?reased- Th|§ result is thought to be due to that the noncrys-
PCL decrease the crystallinity of the PCL homopolymer. This tallizable PCL in the block copolymer affects the decrease in
suggestion is supported by the observed decrease in crystallinitythe crystallinity of PCL nanoparticles and that the decrease in
of PCL in the miscible blended systems of PCL/poly(styrene- the size also affects the decrease in the crystalline region. Our
e T, o e ey e oy Sinoogn i o he
ggcl}f;zirﬁg' é?zg“?srﬁﬁf;;t’ézee OE)S?LV: %:;Cer:;;g g&%\lggnt of produces different results for each of the two nanoparticles.
amorphous PCL in the PCL/PCh-PEO block copolymer,
where amorphous PCL hinders crystallization of the PCL
homopolymer.

The PCL homopolymer content in the PCL/PGIREO
nanoparticles of size 206 and 155 nm is estimated at ap-
proximately 75% and 50%, respectively, as compared to the
PCL content in the slightly larger nanoparticle (255 nm).

~ . 100nm . - R
Figure 6. TEM micrographs for the nanoparticles of size (a) 62 nm
and (b) 255 nm. (c) and (d) are magnified images of (a) and (b),

respectively.
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