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Abstract
Interest in the use of poly(ethylene glycol)-b-polycaprolactone diblock copolymers in a targeted,
magnetically triggered drug delivery system has led to this study of the phase behavior of the
polycaprolactone core. Four different diblock copolymers were prepared by the ring opening
polymerization of caprolactone from the alcohol terminus of poly(ethylene glycol)
monomethylether, Mn ~ 2,000. The critical micelle concentration depended on the degree of
polymerization for the polycaprolactone block and was in the range of 2.9 to 41 mg/L. Differential
scanning calorimetry curves for polymer solutions with a concentration above the critical micelle
concentration showed a melting endotherm in the range of 40 to 45°C, indicating the
polycaprolactone core was semicrystalline. Pyrene was entrapped in the micelle core without
interfering with the ability of the polycaprolactone to crystallize. When the polymer solution was
heated above the melting point of the micelle core, the pyrene was free to leave the core.
Temperature dependent measurements of the critical micelle concentration and temperature
dependent dynamic light scattering showed the micelles remain intact at temperatures above the
melting point of the polycaprolactone core.

Introduction
There is a vast and growing interest in the medical applications of polymer micelles
containing diblock copolymers that consist of hydrophilic and hydrophobic blocks. In
aqueous media, the hydrophobic block forms the core and the hydrophilic block provides a
shell that disperses the micelles. Diblock and triblock copolymers containing a
poly(ethylene glycol) hydrophilic block and a hydrophobic block of either poly(propylene
glycol) (PEO-PPO-PEO),1 poly(L-histidine) (His-PEG),2 poly(lactic acid) (PEG-PLA),3–6

poly(D,L-lactide-co-glycolide) (PEG-PLGA),7,8 poly(β-benzyl-L-aspartate) (PEG-PBLA),9

or polycaprolactone (PEG-PCL)10–16 form micelles in aqueous solution. The micelle cores
can be loaded with a hydrophobic cancer drug, such as taxol3,5 or doxorubicin.9,12 The drug
can be released by a change in pH for pH-responsive poly(L-histidine)-PEG polymer
micelles.2 For polymer micelles containing polyester blocks (i.e. PEG-PLA,4 PLA-PEG-
PLA,5,6 PEG-PLGA,7 or PEG-PCL10–16), hydrolytic degradation of the ester block erodes
the polymer core, affecting release of the drug. For a PEG-PCL diblock where the degree of
polymerization for the PEG block was 113, the micelles degraded over a period of days to
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tens of days, depending on the degree of polymerization of the PCL block.15 For all polymer
micelles once they are injected into the bloodstream at concentrations below the CMC,
thermodynamics dictates that the micelles will fall apart by dissolution of the polymer
chains, albeit at a slow rate. In both cases, there is a possibility for premature release of the
cancer drug. This is not desired, especially since these drugs are toxic and premature release
would cause undesirable side effects. This motivates our search for a means of triggering
release by an external stimulus.

We envision a polymer micelle drug delivery system with cancer drugs trapped in the
micelle core. Heating the core above a critical temperature would cause a transformation
allowing the drug to be released. The transformation in the core may be a glass transition, or
a phase change, such as melting, or phase separation. The prototype thermoresponsive
polymer system is based on copolymers of N-isopropylacrylamide (NiPAAm), having a
lower critical solution temperature (LCST) in aqueous solution17. This transformation
involves going from a homogeneous solution in water at temperatures below the LCST to a
two-phase mixture above the LCST. Diblock copolymers of NiPAAm and
poly(methylmethacrylate) gave micelles that showed enhanced drug release when heated to
40°C, above the LCST18. Poly(ethylene glycol)-poly(lactic acid) diblock copolymer
micelles show a glass transition for the hydrophobic poly(lactic acid) block at 60°C19 and
one envisions enhanced drug release from the core when the it was heated above the Tg for
the poly(lactic acid) block. We prefer thermoresponsive micelles containing a crystalline
micelle core with a moderate melting point. We expect the crystalline core will provide a
well-defined, sharp transition allowing release at temperatures above the melting point.

Our interest in poly(ethylene glycol-b-caprolactone) diblock copolymers arises from their
potential use in a targeted, magnetically-triggered drug delivery system.20 Such a drug
delivery system consist of a polymer micelle loaded with magnetic nanoparticles and anti-
cancer drugs trapped in the semicrystalline polycaprolactone core. A targeting moiety, such
as an RGD peptide, can be conjugated to the micelles through the terminus of the
poly(ethylene glycol) block. These targeted magnetic micelles can be injected into the blood
stream and localized to cancer cells through a combination of the enhanced permeation and
retention (EPR) effect and the binding of RGD peptides to integrin receptors, which are
heavily expressed in many kinds of cancer, including breast and prostate. An external radio
frequency AC magnetic field can be used to heat the magnetic nanoparticles21 in the core of
the micelles and, in turn, melt the polycaprolactone core, thereby allowing the trapped drug
to be released at the cancer site. For such a drug delivery system to be realized, we must first
understand the phase behavior of the polycaprolactone core and demonstrate that a small
molecule trapped in the core can be released when the core is heated above its melting point.
The state of the micelles when heated above the melting point of the polycaprolactone core
is of particular interest. If the micelles fall apart, then the encapsulated drug will be released
in one burst. If the micelles remain intact, then the drug will diffuse out of the micelle core
at a rate dependent on core size and the porosity of the molten polycaprolactone core. Here
we report experiments to determine structural changes of the polymer micelles when they
are heated above the melting point of the polycaprolactone core.

Methods
All chemicals were reagent grade or better and were purchased from the Sigma-Aldrich
Chemical Company. The chemicals were used as received, except for poly(ethylene glycol)
monomethyl ether and ε-caprolactone. The ε-caprolactone was freshly distilled from
calcium hydride. The poly(ethylene glycol) monomethyl ether, Mn ~ 2,000, was dried by
heating to 60°C in the vacuum oven overnight. The dried polymer was stored in a desiccator
over indicating Drierite.
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MeO-(EG)43-(CL)19-OH
The diblock copolymers were prepared by the tin catalyzed ring-opening polymerization of
ε-caprolactone using a procedure adapted from Sosnik and Cohn.22 The ratio of the number
of moles of ε-caprolactone to poly(ethylene glycol) monomethylether was either 5 to 1, 10
to 1, 20 to 1, or 40 to 1. The polymerization was initiated from the alcohol terminus of
poly(ethylene glycol) monomethylether. The catalyst was dibutyltin dilaurate, instead of
stannous 2-ethylhexanoate. The crude polymers were first recrystallized from acetone/
hexane. The filtrate was evaporated and 1H NMR showed the residue mostly contained
unreacted caprolactone. The polymer was recrystallized a second time from acetone/ether.
The synthesis, isolation and purification of one of the diblock copolymers are described in
detail.

The procedure was the same for all block copolymers, except the mole ratio of ε-
caprolactone to poly(ethylene glycol) monomethylether was varied. The glassware was dried
in an oven at 120°C. A 250 mL round bottom flask was equipped with a condenser,
magnetic stirring, an oil bath and a nitrogen atmosphere. To the flask was added 17.17 g of
poly(ethylene glycol) monomethylether (8.6mmol), 19.59 g ε-caprolactone (172 mmol) and
0.2 mL dibutyltin dilaurate. The mixture was heated to 140°C and allowed to stir at 155 to
160°C for three hours. The reaction mixture was allowed to cool over night. The polymer
was dissolved in just enough warm acetone to give a homogeneous solution. Hexane was
added until the polymer just began to precipitate. The solution was placed in the freezer
overnight. The next day the polymer had precipitated and was isolated by suction filtration.
The polymer was rinsed with hexane and allowed to dry. Yield 28.53 g.

The polymer was recrystallized from acetone/ether. Six grams of polymer were dissolved in
9 mL hot acetone. Diethyl ether was added (~4 mL) until the point of imminent
precipitation. The mixture was slightly heated to give a homogeneous solution. The solution
was allowed to cool to room temperature and then placed in a freezer (−20 °C) to chill
overnight. The next morning the polymer had crystallized from the solution and was isolated
by suction filtration. The polymer was rinsed with cold ether and allowed in dry in vacuum
at room temperature.

Characterization
Micelle solutions were prepared using Type I 18 MG pure water from a Thermo Scientific
Barnstead Easypure II Ultrapure water purification system. Polymer micelles were prepared
by direct dissolution in H2O for dynamic light scattering (DLS) by heating a solution of
ultrapure water with the diblock copolymer up to 60 °C. The solution was allowed to cool
back to room temperature and was then diluted to the desired concentration.

To prepare micelles via solvent evaporation for DSC and DLS the appropriate amount of
copolymer was dissolved in THF (2 mL, filtered through a 0.2 μm filter) in a volumetric
flask so that the final concentration would be 0.05mM. Ultrapure water (20 mL) was then
added dropwise using an addition funnel at the rate of 1 drop every 10 seconds while stirring
the solution. The solution was then allowed to sit overnight and then kept at reduced
pressure for a week or until all of the THF was gone. Finally the solution was heated to 60
°C for 5 min to clear turbidity, allowed to cool, and diluted to the final concentration using
ultrapure water.

Polymer micelle samples for TEM imaging were prepared by the solvent evaporation
method, described above. The micelle solutions were dropped onto silicon monoxide coated
copper TEM grids and allowed to dry overnight. The micelles were stained with
phosphomolybdic acid and imaged using a FEI Technai F-20 transmission electron
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microscope. ImageJ software from the NIH was used to obtain histograms of the micelle
size distributions.

Differential scanning microcalorimetry experiments were performed using a MicroCal VP-
DSC microcalorimeter at a temperature range of 10 °C to 90 °C at a ramp rate of 60 °C per
hour. Ultrapure water was used in the reference cell. From DSC thermograms, values of
enthalpy of fusion (ΔHf) for melting the PCL cores were determined in Joules per gram of
polymer in solution. The degree of crystallinity of the polycaprolactone core were
determined by dividing the heat of melting determined from the endotherms of the micelles
by the product of the polycaprolactone weight fraction in the sample and the heat of fusion
for pure polycaprolactone (139.5 J/g).23 Dynamic light scattering data was collected with a
Malvern Zetasizer Nano ZS at a scattering angle of 173°. All measurements were taken at
25°C and were performed in triplicate with an average of 18 runs per measurement. Data
were analyzed using Malvern software. Temperature dependent DLS data was obtained
from 20 to 60 °C with a heating rate of 1 °C per minute.

Fluorescence measurements were made using a Varian Cary Eclipse fluorescence
spectrometer with a water-thermostatted cell holder for variable temperature measurements.
To determine CMCs, pyrene, a hydrophobic probe that resides in the core of the micelle,24

was added at 0.010 mM to an aqueous solution of 2 mg/mL MeO-PEG36-PCL16-OH (0.59
mM). The critical micelle concentration was determined by measuring the fluorescence of
pyrene in aqueous solutions containing the diblock copolymers at 25°C. Pyrene (61.0 mg,
0.302 mmol) was diluted to 100 mL with acetone to make a 3.02 mM solution. One milliliter
of the acetone solution was placed in a 500 mL volumetric flask and the flask was filled with
Type 1 water to give a 6.04 × 10−6 M stock solution of pyrene in water after evaporation of
the acetone. The aqueous pyrene solution was used to prepare a series of solutions
containing different concentrations of the diblock copolymers. The fluorescence intensity at
an emission wavelength of 390 nm was measured for excitation wavelengths of 333 nm
(I333) and 338 nm (I338). The ratio of I338/I333 was plotted as a function of polymer
concentration. For each polymer solution the temperature was ramped from 10 to 70° C at a
rate of 10°C/min. Measurements of I338 and I333were made at one degree intervals. This
provided data for determining the temperature dependence of the CMC.

The capability of the micelles to release a drug when heated was demonstrated using pyrene
(0.010 mM), a fluorescent probe, which was added to an aqueous solution of MeO-PEG36-
PCL16-OH (0.59 mM) and allowed to equilibrate overnight. The fluorescence intensity at
373 nm was measured using 330 nm excitation during a 10°C/min ramp. This gave a plot of
the fluorescence intensity at 373 nm as a function of temperature.

Results and Discussion
The degree of polymerization for the diblock copolymers was determined by 1H NMR,
Table 1. The degree of polymerization for the poly(ethylene glycol) block was determined
by integrating the terminal methyl peak at 3.33 ppm (3 protons) and the methylene peak at
3.64 ppm. As purchased from Aldrich, the PEG oligomer was specified to have Mn ~ 2,000,
with a degree of polymerization of ~45. For the diblock copolymer the presence of a triplet
at 4.22 ppm (2 protons) arising from the terminal methylene from the poly(ethylene glycol)
block as it links to the ester group in the polycaprolactaone block confirmed the formation of
the diblock. The degree of polymerization for the polycaprolactone block was determined
from the integration of the triplet at 2.30 ppm for the methylene peak at next to the carbonyl.
Since the caprolactone polymerization was incomplete (as indicated by the presence of some
unreacted caprolactone), the average degree of polymerization for the polycaprolactone
blocks were less than the target, i.e. n = 5, 10, 20, 40.
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Critical micelle concentrations (CMC) were determined from measurements of the
fluorescence intensity of pyrene as a function of polymer concentration, Fig. 1. The
fluorescence intensity was measured at an emission wavelength of 390 nm for excitation
wavelengths of 333 nm (I333) and 338 nm (I338). The ratios of I338/I333 were plotted as a
function of polymer concentration. At low concentration, below the CMC, the ratio was less
than 1, while at concentrations above the CMC the ratio was greater than 2. As expected, the
value of the CMC decreased when the length of the polycaprolactone block increased, Table
1. The values obtained at 25 °C were in agreement with published values for other
poly(ethylene glycol)-b-polycaprolactone diblock copolymers.14,25 Dynamic light scattering
for polymer solutions having concentrations well above the CMC showed that the polymers
formed micelles. The values of average hydrodynamic diameter are reported in Table 1.

The diblock copolymers were dissolved in water at a concentration of 2 mg/mL, well above
the CMC. The DSC curves in Fig. 2 show melting endotherms for all four polymers in the
temperature range of 40 to 45 °C. This gives strong evidence that polycaprolactone blocks in
the core of the micelles were semicrystalline. Melting endotherms were also reported for
liposomes made from poly(ethylene glycol)-b-polycaprolactone, where the average
molecular weight of the poly(ethylene glycol) block was 2,000 and Mn for the
polycaprolactone block was 12,000.26 For the polymers reported here the degree of
crystallization decreased with increasing polycaprolactone content. This decrease in the
degree of crystallization and consequent increase is the amount of amorphous phase for the
higher polymers, provides the promise of increased capacity for cancer drugs. This assumes
that the cancer drugs are trapped in the amorphous regions of the polycaprolactone, an
assumption to be examined in future work.

The TEM image in Fig 3a shows the micelles for the diblock MeO-EG42-CL19-OH. The
micelles were spherical with a rather large distribution of diameters. There are some
nonspherical structures that are attributed to a coalescing of the micelles when the sample
was dried. The histogram in Fig 3b represents the size distribution of 227 micelles taken
from seven different TEM images. The average diameter was 67 ± 25 nm. Dynamic light
scattering gave an average hydrodynamic diameter of 122 nm, which is much larger than the
sizes observed by TEM. It is expected that the DLS determination of the hydrodynamic
diameter includes the poly(ethylene glycol) corona in its hydrated state around the
crystalline polycaprolactone core. The TEM images in Fig. 3c and 3d show that the micelles
made from MeO-EG44-CL3-OH and MeO-EG53-CL49-OH were also spherical with a broad
distribution of micelle diameters. The literature suggests that when the polycaprolactone
core crystallizes, the micelles may assume shapes other than spherical, depending on the
relative length of the coronal block and the core block.27 For a series of diblock copolymers
containing a poly(ethylene glycol) block with Mn ~ 2,000 (n ~ 44), when the degree of
polymerization for the polycaprolactone block was 40, or less, the micelles had a spherical
structure.28,29 For diblocks having a higher polycaprolactone to poly(ethylene glycol) ratio,
other structures, including worm-like micelles and vesicles were observed.

Pyrene-loaded micelles were also investigated by microcalorimetry. The dashed DSC curve
in Fig. 4 shows the same sharp melting endotherm seen in the DSC curve for the micelles in
the absence of pyrene, solid curve. Indeed, the curves were almost superimposed. Clearly,
the pyrene did not interfere with the ability of the polycaprolactone core to crystallize. This
leads us to expect that a cancer drug would also not interfere with the ability of the
polycaprolactone core to crystallize. However, this may not be the case with high drug
loading and experiments with higher loading will be the object of future work.

When the micelles are heated above the melting point of the polycaprolactone, the crystals
melt, giving micelles with viscous, liquid cores. This would allow the contents (such as a
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drug) entrapped in the micelle to slowly diffuse out of the core, thereby releasing at a rate
dependent on void space within the micelle core and the concentration gradient between the
micelle and the surrounding fluid. Alternatively, the micelles may fall apart thereby
releasing the contents in one burst. There was a concern that this would be the case for the
diblock MeO-EG43-CL3-OH, having a small polycaprolactone block. To gain insight into
the events that occur when the cores of the micelles are heated above their melting point,
data were collected for the temperature dependence of the value of fluorescence intensity for
pyrene in the micelles as well as the temperature dependence of micelle size as determined
by dynamic light scattering. Data for the intensity ratio (I338/I333) as a function of
temperature were used to determine the temperature dependence of the critical micelle
concentration, Figure 5. At any temperature there is an equilibrium between the polymer
molecules bound in the micelles and individual polymer molecules dissolved in the
continuous aqueous medium. As the temperature increases, entropy favors movement of the
polymer molecules from the micelles into the aqueous phase. Accordingly, it is expected
that the CMC will increase with increasing temperature. Indeed for all four diblock
copolymers the CMC slightly increased in the temperature range below the melting point of
the polycaprolactone core. For the case of MeO-EG43-CL3-OH (Fig. 5a), having the lowest
polycaprolactone content, this gradual increase in CMC with increasing temperature
continued throughout the entire temperature range (10 to 70 °C), even at temperatures above
the melting point of the polycaprolactone core. For MeO-EG43-CL9-OH (Fig. 5b), MeO-
EG42-CL19-OH (Fig. 5c), and MeO-EG53-CL49-OH (Fig. 5d), there was a significant jump
in the value of the CMC as the temperature increased through the range where the
polycaprolactone core melted, Fig. 2. At temperatures above the melting point of the core,
the CMC continued to increase with increasing temperature. The observation of well-
defined CMC’s at temperatures above the melting point of the polycaprolactone core
indicates that the micelles remain intact when the core is melted. This was also the case for
diblock copolymers containing poly(ethylene glycol) and poly(L-lactic acid)30. There was
little variation in the value of critical micelle concentration in the temperature range from 5
to 35°C. The critical micelle concentration increased greatly as the temperature was
increased above 35°C, indicating an increase in the mobility of the poly(L-lactic acid)
blocks.

Further insight into the events that occur when the micelles are heated above the melting
point of the polycaprolactone core comes from observing the temperature dependence of the
dynamic light scattering. In Fig. 6 are double plots of the temperature dependence of the
hydrodynamic diameter and the scattering intensity. The micelle diameter decreased slightly
with increasing temperature, but did not go to zero when heated above the melting point of
the core. The micelles remained intact when heated above the melting point of the
polycaprolactone core. The derived count rate is related to the scattering intensity and, as the
temperature was increased to above the melting point of the micelle core, the count rate
decreased dramatically for MeO-PEG44-PCL3-OH, MeO-PEG43-PCL9-OH and MeO-
PEG42-PCL19-OH. We attribute this decrease to the melting of the polycaprolactone core
and speculate that the melted micelle had a refractive index closer matched to the continuous
aqueous medium. The scattering was due to reflection of photons off the interface between
the surface of the micelle and the continuous aqueous phase. According to the Fresnel
relation for reflection, the reflectivity depends on the difference in refractive index between
the two media. The closer the two refractive indices, the lower the reflectivity, hence the
lower the scattering intensity.31 For the case of MeO-EG52-CL49-OH, the polymer having
the lowest degree of crystallization, the change in the micelle size and in the scattering
intensity were relatively small.

The capability of the micelles to release a drug when heated was demonstrated using pyrene
(0.010 mM), a fluorescent probe, which was added to an aqueous solution of MeO-PEG42-
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PCL19-OH (0.59 mM). The fluorescence spectrum was measured during a 10°C/min ramp,
with the fluorescence intensity at 373 nm shown as a function of temperature in Fig. 7. In
hydrophobic environments (e.g., inside the micelle), pyrene has a high fluorescence
intensity, while in hydrophilic environments the fluorescence intensity decreases.32 In the
diblock copolymer the pyrene is largely in the micelle core, but as the temperature is
increased above the melting point of the micelle core, the fluorescence intensity decreased,
indicating that the pyrene has moved to a hydrophilic environment, the aqueous medium.

In order to determine the dynamics and reversibility of pyrene release, the fluorescence
emission at 373 nm (I1, using an excitation wavelength of 340 nm) was plotted as a function
of time (Fig. 8) while the temperature was varied. The polymer concentration was 0.576 mM
(well above the CMC) and the pyrene concentration was 0.550 μM. Beginning at a
temperature of 25°C, the temperature was raised to 37°C, whereupon I1 decreased rapidly.
After 17 minutes, the temperature was further increased to 60°C and I1 further decreased in
an exponential fashion. The temperature was then decreased back to 37°C and finally to
25°C, when I1 increased. At any temperature there is a dynamic equilibrium between pyrene
bound in the micelle core and pyrene dissolved in the continuous aqueous phase. When the
temperature was raised, the value of I1 decreased, indicating that pyrene was leaving the
micelle core and entering the aqueous phase. However, when the temperature decreased the
value of I1 increased, indicating that pyrene was returning to the micelle core. The time
scales for these processes (leaving the micelle core and returning to the micelle core) were
on the order of 1 to 3 minutes. Although these time scales included the time required by the
instrument to reach the new temperature, these results indicate the potential for fast release.
Furthermore, this suggests the possibility of temporal control of the release. Heating above
the melting point of the micelle core allows release. Discontinuing heating, thereby allowing
the core to recrystallize would stop the release. Further heating and cooling cycles would
allow more pulses of release.

Conclusions
Polymeric micelles made from poly(ethylene glycol-b-caprolactone) diblock copolymers
have crystalline cores with melting endotherms in the range of 40 to 45°C. Pyrene, a
fluorescent probe and surrogate for a cancer drug, can be incorporated into the core without
interfering with the ability of the polycaprolactone core to crystallize. The micelles remain
intact upon heating to temperatures above the melting point of the polymer core. When
heated above the melting point of the core, pyrene was released from the core with a time
frame for release on the order of seconds. These observations indicate that a drug delivery
vehicle can be built around these diblock copolymers. Incorporating a magnetite
nanoparticle into the polycaprolactone core may allow for magnetic triggering of drug
release. Application of a radio frequency AC magnetic field will heat the particles by
magnetic induction,33 thereby heating the polycaprolactone core above its melting point,
allowing the cancer drug to be released.
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Figure 1.
Plot of the pyrene fluorescence intensity ratio as a function of concentration for MeO-EG42-
CL19-OH.
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Figure 2.
DSC curves for the diblock copolymers in water at concentrations above the CMC, MeO-
EG44-CL3-OH (Fig. 3A), MeO-EG43-CL9-OH (Fig. 3B) and MeO-EG42-CL19-OH (Fig. 3C)
and MeO-EG53-CL49-OH (Fig. 3d). The temperature is in degrees centigrade.
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Figure 3.
In Fig. 3a is a TEM image of polymer micelles made from MeO-EG42-CL19-OH (scale bar
200 nm) and histogram of micelle diameters (Fig. 3b). The number of micelles measured to
determine the histogram was 227. In Fig. 3c is a TEM image of polymer micelles made from
MeO-EG44-CL3-OH (scale bar 200 nm) and in Fig. 3d is a TEM image of polymer micelles
made from MeO-EG53-CL49-OH (scale bar 50 nm).
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Figure 4.
DSC curve for a 0.59 mM aqueous solution of MeO-PEG42-PCL19-OH, solid curve. The
dashed curve is the DSC for the 0.59 mM MeO-PEG42-PCL19-OH solution containing 10
μM pyrene. The temperature is in degrees centigrade.
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Figure 5.
Temperature dependence of the CMC for the diblock copolymers,MeO-EG44-CL3-OH (Fig.
5A), MeO-EG43-CL9-OH (Fig. 5B) and MeO-EG42-CL19-OH (Fig. 5C) and MeO-EG52-
CL49-OH (Fig. 5d). The temperature is in degrees centigrade.
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Figure 6.
The temperature dependence of the dynamic light scattering for MeO-EG44-CL3-OH (Fig
6a), MeO-EG43-CL9-OH (Fig 6b), MeO-EG43-CL19-OH (Fig 6c) and MeO-EG53-CL49-OH
(Fig 6d). Plot of the hydrodynamic diameter (closed circles) and derived count rate (open
squares) as a function of temperature. The temperature is in degrees centigrade.
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Figure 7.
Fluorescence emission intensity at 373 nm as a function of temperature for 10 μM pyrene in
the presence of aqueous 0.59 mM MeO-PEG42-PCL19-OH micelles. The temperature is in
degrees centigrade.
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Figure 8.
Response of a solution containing 0.533 mM MeO-(EG)42-(CL)19-OH and 0.550 μM
pyrene to changes in temperature. Plot of the pyrene fluorescence emission intensity (I1) as a
function of time while the temperature was raised from 25°C to 37°C, then to 60°C. The
temperature was lowered from 60°C to 37°C and finally to 25°C.
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Table 2

Melting points and enthalpy of melting for the polycaprolactone cores in the diblock copolymer micelles

Polymer Concentration (mg/L) Tm (°C) ΔHf (J/g) Degree of crystallinity

MeO-EG44-CL3-OH 208 42 7.1 45%

MeO-EG43-CL9-OH 410 44 12.7 28%

MeO-EG42-CL19-OH 242 43 16.3 21%

MeO-EG53-CL49-OH 590 45 14.3 14%
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