








GPC analysis revealed a slight increase in the molecular weight of polymer 2 relative to
polymer 1 with no marked change in the PDI after the free ketone units were completely

derivatized.

'H NMR and GPC characterization of the capped and uncapped PCL-PEO graft
copolymers in aqueous solution

'H NMR was used to investigate chemical changes in the structures of P(CLgy-co-
(OPD-g-PEQ)g-co-(OPD-g-pMeOBnN)s), 2, and P(CLg,-co-OPDs-co-(OPD-g-PEQ)y), 1,
after they were dispersed in aqueous solution. Figure 4-2 (a) (red) shows the *H NMR
spectrum of the fully derivatized amphiphilic graft copolymer, 2, dispersed in D,0O

immediately after the self-assembly procedure had been completed (t = 0 h). The

Figure 4-2. (a)'H NMR spectra of a 0.6 mg/mL solution of P(CLg,-co-(OPD-g-PEQO)g-co-(OPD-g-
pMeOBnN)g), 2, in 9:1 D,0O/d6-THF (v/v) at 0 h (red), 12 h (blue) and 24 h (green) and (b) GPC
chromatograms of P(CLg,-co-(OPD-g-PEO)s-co-(OPD-g-pMeOBn)g), 2 (black), and lyophilized
aliquots of a 0.6 mg/mL solution of P(CLg,-co-(OPD-g-PEO)g-co-(OPD-g-pMeOBn)), 2, in 9:1 D,0/
d6-THF (v/v) taken at 0 h (red), 12 h (blue) and 24 h (green).
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spectrum showed signals representative of the PCL-PEO graft copolymer similar in
chemical shift to those observed in the 'H NMR spectrum taken in CDCl; (Figure 4-1
(b)). H NMR spectra of 2 in D,O were also obtained after the polymer had been
dispersed in aqueous solution at 25 °C for 12 and 24h, and the spectra at 0, 12, and 24 h
incubation time do not show any significant differences in signals or signal intensities
(Figure 4-2 (a)). Additionally, the *H NMR spectra of 2 are absent of resonances
typically associated with backbone degradation. For example, a signal corresponding to
the methylene protons adjacent to a terminal alcohol group, which appear upfield of the
CH,0CO resonances of the CL and OPD groups—a sign indicative of polyester
backbone degradation—is absent.”>*? The series of *H NMR spectra also illustrated that
the derivatized OPD backbone units remain functionalized over a 24 h time period, with
signals at 4.4 to 4.1 ppm corresponding to the CH,OCO protons of the functionalized
OPD unit, peaks at 2.5 to 2.7 ppm representative of the CH,CH,COO and CH,CH,COO
protons in the functionalized OPD units being present in all spectra (Figure 4-1 (a)).
Furthermore, over the duration of this study, of resonances representative of OPD repeat
units bearing an unreacted ketone remained absent. The lack of a signal at 2.7 ppm
diagnostic of the CH,CH,COO protons in the OPD repeat unit demonstrated that the
ketone moieties remained functionalized after self assembly and dispersion in aqueous
solution. As the ketoxime ether linkages were stable at room temperature under aqueous
conditions over 24 h, previously observed degradation of PCL-PEO block graft
copolymers was likely not occurring via hydrolysis of the ketoxime ether groups. It is
important to note, however, that due to polymer self assembly and the solvent

environment used for the experiment, that some proton resonances may not be observable
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by 'H NMR spectroscopy. Consequently, an absence of signals diagnostic of backbone
degradation cannot absolutely confirm a lack of polyester hydrolysis. However, over a
24 h duration, polyester degradation in this sample was not extensive or widespread
enough to be observed by NMR spectroscopy; to further confirm the absence of
backbone degradation, additional analyses were performed.

In order to further evaluate the behavior of P(CLg,-co-(OPD-g-PEQ)s-co-(OPD-g-
pMeOBnN)g), 2, in an aqueous solution, GPC analysis was performed on lyophilized
aliquots of a 0.6 mg/mL solution of 2 in 9:1 D,0/d6-THF (v/v). GPC chromatograms of
the capped graft copolymer, 2, showed very little change over the 24 h period and
showed no signs of significant degradation—changes in the polymer molecular weight—
over the 24 h period. The p-methoxybenzyl-capped graft copolymer 2 displayed a peak
molecular weight that was similar to that of the polymer prior to dispersion in aqueous
solution. The peak molecular weight of the lyophilized samples remained constant and
the chromatograms of these samples presented narrow molecular weight distributions at
0, 12 and 24 h (Figure 4-2 (b)). Some low molecular weight tailing was observed in the
24 h GPC trace suggesting that some degradation of the backbone from the alcohol chain
terminus was occurring. However, after being dispersed in aqueous solutions at 25 °C
for 24 h there were no signs by GPC analysis or *H NMR spectroscopy of significant or
rapid degradation taking place, and if degradation of the polyester backbone was
occurring, it occurred at the polyester chain end, and not via random hydrolysis along the
polyester backbone.*

As the fully capped amphiphilic graft copolymer P(CLg,-co-(OPD-g-PEQ)g-co-

(OPD-g-pMeOBnN)s), 2, showed no obvious chemical or molecular weight changes
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signaling substantial polyester degradation, the PCL-PEO ketoxime ether conjugate, 1,
bearing unfunctionalized OPD units along the polyester back bone was transitioned from
d6-THF to D,O to afford a 0.6 mg/mL solution of 1 in 9:1 D,0/d6-THF (v/v). The
dispersion of 1 in aqueous solution was monitored by *H NMR spectroscopy and
analyzed by GPC over a 24 h period to respectively observe chemical and molecular
weight changes occurring in the polymer system over time.

The *H NMR spectra obtained immediately after the addition of D,O was complete (t
= 0 h) contains signals characteristic of the PEO-PCL graft copolymer, 1, but also
showed peaks diagnostic of polyester backbone degradation (Figure 4-3 (a) (red)). The
resonance at 3.90 ppm had a chemical shift consistent with that of methylene protons
adjacent to an alcohol group, and there are shoulders or small peaks at 2.15, 1.55, and
1.30 ppm, slightly upfield of signals associated with the e-caprolactone (CL) repeat units
at 2.30, 1.60, and 1.55 ppm respectively (Figure 4-3 (a) (red)). Subsequent ‘H NMR
spectra taken at t =12 and 24 h showed no appreciable changes over time, but each
spectrum contained resonances characteristic of the graft copolymer and indicative of
polyester backbone degradation (Figure 4-3 (a) (blue) and (green)). The presence of
peaks at 3.90, 2.15, 1.55, and 1.30 ppm is consistent with resonances observed by *H
NMR spectroscopy for the monomer unit 6-hydroxycaproic acid as well as terminal CL
repeat units observed in other studies investigating PCL backbone degradation.’® *
While NMR resonances demonstrating backbone degradation were observed, the signals
did not significantly increase in intensity between t = 0 h and t = 24 h indicating that
chemical changes to the polymer structure caused by degradation was negligible or not

guantifiable by NMR spectroscopy under these experimental conditions. Resonances
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indicative of degradation were present at t = O h, which established that the chemical
mechanism contributing to backbone degradation occurred rapidly upon dispersion of the
amphiphilic block graft copolymer in aqueous solution (Figure 4-3 (a) (red)). Since PCL

is known to take a considerable amount of time to degrade and produce monomers units
(on the order of weeks and months in bulk or in micellar assemblies with PEO),*" it is
unlikely that the peaks in the *H NMR spectra representative of polyester degradation are
caused solely by the formation of 6-hydroxycaproic acid, and are instead the result of
hydrolytic cleavage at OPD subunits in the backbone resulting in lower molecular weight
amphiphilic graft copolymers with terminal CL repeat units possessing a hydroxyl end
group.

GPC analysis of the aqueous solution of polyester 1 over time further supports the
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Figure 4-3. (a)'H NMR spectra of a 0.6 mg/mL solution of P(CLg,-co-OPDs-co-(OPD-g-PEQ),), 1, in
9:1 D,O/ d6-THF/ (v/v) at 0 h (red), 12 h (blue) and 24 h (green); (b) GPC chromatograms of P(CLg,-
co-OPDs-co-(OPD-g-PEO)g), 1 (black), and lyophilized aliquots of a 0.6 mg/mL solution of P(CLg,-co-
OPDs-co-(OPD-g-PEQ)y), 1, in 9:1 D,0/d6-THF (v/v) taken at 0 h (red), 6h (purple), and 12 h (blue);
and (c) GPC chromatograms of P(CLg,-co-OPDs-co-(OPD-g-PEO),), 1 (black), and lyophilized
aliquots of a 0.6 mg/mL solution of P(CLg,-c0-OPDs-co-(OPD-g-PEO)y), 1, in 9:1 D,O/ d6-THF (v/v)
taken at 12 h (blue), 18 h (orange), and 24 h (green).

98



hypothesis that that degradation occured predominately at the free OPD subunits along
the backbone. The hydrolysis of the amphiphilic graft copolymer, 1, was monitored by
removing and lyophilizing aliquots from a 0.6 mg/mL solution of 1 in 9:1 D,0/d6-THF
(v/v) followed by GPC characterization of the aliquots in THF. The GPC chromatograms
taken at 0, 6, and 12 h show a successive decrease in peak molecular weight relative to
the GPC trace of P(CLg,-c0-OPDs-co-(OPD-g-PEO)g), 1, prior to dispersion in aqueous
solution (Figure 4-3 (b)). An observable increase in the PDI moving from 0 to 12 h was
also observed, and a low molecular weight shoulder appeared causing the chromatogram
to take on an asymmetric shape that suggested a bimodal molecular weight distribution.
Chromatograms of polyesters possessing these characteristics is an analytical indicator
signaling that degradation is occurring by hydrolysis at random locations along the
polyester backbone (Figure 4-3 (b)).** Since previous studies have shown that the rapid
initial hydrolysis of bulk P(CL-co-OPD) was a result of the enhanced hydrophilicity of
the OPD repeat unit relative to the CL repeat unit,” this initial degradation in conjunction
with *H NMR analysis is consistent with hydrolysis occurring at the OPD units randomly
dispersed throughout the polyester backbone.

After being dispersed in water at 25 °C for times greater than 12 h, the degradable
block graft copolymer, 1, displayed a successive increase in the apparent peak molecular
weight by GPC, and the low molecular weight shoulder observed at 12 h began to
disappear giving way to a more symmetric chromatogram by 24 h incubation time
(Figure 4-3 (c)). The behavior observed in the GPC traces from 12 to 24 h is
counterintuitive for polyesters undergoing hydrolytic degradation. However, an apparent

increase in molecular weight by GPC can be correlated to a change in the architecture of
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the polymer transitioning from a morphology with a smaller hydrodynamic volume (like
a grafted or highly branched polymer) to a morphology with a larger hydrodynamic
volume (a linear or star-shaped polymer).** *® An example of this phenomenon has been
demonstrated in the hydrolytic degradation of cyclic PCL where the initial hydrolysis of
the PCL backbone resulted in a change in morphology from a cyclic to linear
architecture; this morphological change was accompanied by an apparent increase in
molecular weight by GPC analysis due to an increase in the hydrodynamic volume of the
polyester upon transition to a linear polymer chain.*” It is plausible that hydrolysis of the
polymer backbone in the PCL-PEO ketoxime ether conjugates resulted in the initial
decrease in the peak molecular weight and increase in molecular weight distribution
observed during the first 12 h, and was caused by the random breakage along the
polyester backbone affording degradation products that strongly resemble the architecture
of the original graft copolymer. However, after being dispersed in water for times greater
than 12 h, the polyester continued to hydrolyze at the remaining OPD units, and the
resulting polymeric degradation products became amphiphilic copolymers that more
closely resembled amphiphilic star or block copolymers, thus producing a chromatogram
that exhibited an apparent increase in molecular weight due to a change in morphology
accompanied by an increase in e hydrodynamic volume and not an increase in the actual
molecular weight of the polymer.

GPC analysis of the degradable polyester, 1, after 48 h incubation time (not shown)
produced a trace with the same peak molecular weight and distribution as that observed at
t = 24 h. Since no clear change was observed in the GPC traces between 24 h and 48 h,

no additional degradation resulting in an observable molecular weight occurred after 24
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h, suggesting that the chemical process contributing to the short-term degradation was
complete after approximately 24 h. Since no further signs associated with degradation
were observed and because the polymer solution contained amphiphilic polymer species
of high molecular weight, it is unlikely that the degradation mechanism was a result of
hydrolysis at purely random locations along the backbone as the polyester would have
continued to undergo rapid degradation at times greater than 24 h. Instead, the
observations support rapid cleavage of the backbone at the free OPD subunits present in
the polyester backbone, and, once hydrolysis had occurred at these sites, the rapid
degradation observed by GPC over 24 was complete and no additional degradation by

this mechanism occurred.

DLS and TEM characterization of the solution state aggregates formed by the
capped and uncapped PCL-PEO ketoxime ether conjugates

Investigations analyzing PCL-b-PEO assemblies have shown that the aggregates
formed in aqueous solution can undergo changes in size and morphology as a result of
PCL degradation.** *> Additionally, previous reports have shown that amphiphilic block
graft copolymers composed of PCL with PEO grafts undergo multi-molecular self-
assembly to afford nanoobjects with interesting and varied morphology when dispersed
in water.?

As such, the fully functionalized P(CLg,-co-(OPD-g-PEO)g-co-(OPD-g-pMeOBnN)g),
2, was allowed to undergo self assembly in aqueous solution, by transitioning from THF
to water. Light scattering measurements performed immediately after the addition of

water was complete (t = 0 h) showed that this polymer formed micellar aggregates with a
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bimodal distribution observed in the intensity- and volume-averaged histograms (Figure
4-4 (a)). A bimodal distribution of this sort is not uncommon and has been previously
observed in the DLS characterization of aggregates formed from PCL-g-PEO copolymers
synthesized by various routes and techniques.” * At 't = 0 h, the smaller aggregates
displayed an intensity-averaged Dy of 28 £ 9 nm, a volume-averaged Dy, of 22 + 6 nm,
and a number-averaged Dy of 18 + 4 nm; the assemblies corresponding to the larger
diameter distribution had an intensity-averaged Dy, of 293 + 109 nm a volume-averaged
Dy, of 201 + 70 nm, but was not present in the number-averaged histogram (Table 4-1,

Figure 4-4 (a)).

Table 4-1. Particle analysis of aggregates formed from 2 in aqueous solution.

Time Dy (intensity)? Dy (volume)? Dy (number)? Da”
(h) (nm) (nm) (nm) (nm)
0 28+9 293 + 109 22+6 201+ 70 18+4 16 +3
12 27+9 380 +194 20+6 200 + 88 17+4 15+3
24 25+8 281 + 104 20+6 194 + 66 17+4 17+3

 Hydrodynamic diameters of aggregates in aqueous solution as determined by DLS analysis.
® Average diameters of particles measured by TEM from the values for 250 particles.

This solution was analyzed after incubating for 12 and 24 h in aqueous solution at 25
°C. DLS analysis at these time points revealed that there was essentially no change in the
intensity averaged, volume-averaged, and number averaged Dy, of the smaller aggregates
over 24 hours. Though there were changes in the intensity- and volume-averaged Dy,
corresponding to larger solution state assemblies, these changes were not significant

given the large standard deviation in aggregate size (Table 4-1 and Figure 4-4 (b) and
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(c)). The regularity of the hydrodynamic diameter over 24 h as measured by DLS
combined with the consistency observed in the 'H NMR and GPC measurements
performed on aqueous dispersions of the fully derivatized amphiphilic graft copolymer, 2,
further confirmed that no rapid degradation of the polyester backbone was occurring.
Transmission electron microscopy (TEM) was employed to analyze the size and
shape of the aggregates formed by the PCL-PEO ketoxime ether conjugate, 2.
Immediately after addition of water was complete (t = 0 h), TEM samples were prepared
by drop deposition of a 0.6 mg/mL solution of 2 in 9:1 water/THF (v/v) onto a glow
treated carbon-coated copper grid. The TEM images obtained at t = 0 h showed globular,
particle-like aggregates with an average diameter of 16 + 3 nm posessing a narrow size
distribution observable in both the micrograph and the histogram analysis (Table 4-1 and
Figure 4-5 (a)). The average diameter calculated from TEM measurements agreed with

the number-averaged hydrodynamic diameter obtained at t = 0 h by DLS measurements.
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Figure 4-4. Intensity averaged, volume averaged, an number averaged histograms from dynamic light
scattering analysis of a 0.6 mg/mL solution of P(CLg,-co-(OPD-g-PEO)s-co-(OPD-g-pMeOBn)g), 2, in
9:1 water/THF (v/v) at (a) 0 h incubation time, (b) 12 h incubation time and (c) 24 h incubation time.
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Similarly sized particle diameters and narrow distribution were observed in TEM
micrographs prepared at t = 12 and 24 h, and showed aggregates with a D, of 15 + 3 nm
and 17 + 3 nm respectively. While the size and shape of the aggregates remain relatively
constant during the duration of this study, the aggregates present in the TEM images
obtained at 24 h possess a more defined and distinctly circular shape when compared to
the aggregates visualized at 0 and 12 h.The PCL-PEO graft copolymer with
unfunctionalized ketone moieties, 1, was dispersed in water to afford a 0.6 mg/mL
solution of 2 in 9:1 water/THF (v/v), and was immediately analyzed (t = 0 h) by DLS.
DLS analysis of the self-assembled nanostructures at t = 0 h, revealed a bimodal
distribution of aggregate sizes (Figure 4-6(a)). The resulting nanostructures
corresponding to the smaller diameter distribution had an intensity-averaged Dy of 25 + 8
nm, a volume-averaged Dy of 17 + 6 nm, and a number-averaged Dy of 13 + 3 nm. The
assemblies possessing a larger diameter displayed an intensity-averaged Dy of 513 + 218
nm, a volume-averaged Dy of 248 + 116 nm, and were not observable in the number-

averaged histogram (Table 4-2 and Figure 4-6 (a)).

Table 4-2. Particle analysis of aggregates formed from 1 in aqueous solution.

Time Dy, (intensity)® Dy, (volume)? Di, (number)? Da’
(h) (nm) (nm) (nm) (nm)
Oh 25+8 513 +218 17 +6 248 £ 116 13+3 15+4
12h 26+9 574 + 376 19+6 226 £ 115 16+6 18+7

24 h 27+ 9 491 + 245 206 269 + 114 17+4 22+5

# Hydrodynamic diameters of aggregates in aqueous solution as determined by DLS analysis.
® Average diameters of particles measured by TEM from the values for 250 particles.
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Figure 4-5. TEM images and corresponding histograms for solution state aggregates formed in a 0.6
mg/mL solution of P(CLg,-co-(OPD-g-PEO)g-co-(OPD-g-pMeOBn)g), 2, in 9:1 water/THF (v/v) at (a)
0 h incubation time, (b) 12 h incubation time and (c) 24 h incubation time. All samples were drop
deposited onto glow treated TEM grids and were stained with a 2 % solution of uranyl acetate.

DLS analysis of the polymer solution after it had incubated at 25 °C for 12 and 24
h shows a small increase in the hydrodynamic diameter of the smaller micellar
aggregates. At 12 h the intensity- volume- and number-averaged diameters increased to
16 + 6, 19 + 6, and 26 + 9 nm respectively (Table 4-1 and Figure 4-6 (b)). The
assemblies present at 24 h were larger still and displayed diameters of 27 + 9 nm for the
intensity-averaged Dy, 20 + 6 nm for the volume-averaged Dy, and 17 + 4 nm for the
number-averaged Dy (Table 4-1 and Figure 4-6 (c)). The diameters of the larger
aggregates do not appear to change significantly over the duration of analysis, but the
standard deviation of the larger diameter aggregates by DLS were substantial, making it
difficult to assess whether any changes in the average diameter corresponding to these

larger aggregates is significant.
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Figure 4-8. (a)'H NMR spectra of a 0.4 mg/mL solution of P(CL3,7-c0-OPD,,-co-(OPD-g-PEO);5-co-
(OPD-g-pMeOBnN)y), 3, in 9:1 D,O/d6-THF (v/v) at 0 h (red), 12 h (blue) and 24 h (green); (b) GPC
chromatograms of P(CL3y7-c0-OPD,,-co-(OPD-g-PEO);s-co-(OPD-g-pMeOBn)g), 3, (black), and
lyophilized aliquots of a 0.6 mg/mL solution of P(CL3y;-co-OPD,,-co-(OPD-g-PEO);5-co-(OPD-g-
pMeOBnN)g), 3 in 9:1 D,0/d6-THF (v/v) taken at 0 h (red), 12 h (blue); and 24 h (green).

time, were either negligible or undetectable by 'H NMR spectroscopy due to the
conditions under which the experiment was performed.

GPC analysis of the degradable graft copolymer, 3, further confirmed rapid
degradation occurring at sites along the PCL backbone. The GPC trace obtained from an
aliquot removed and lyophilized immediately after completion of D,O addition (t = 0 h),
displayed a peak molecular weight lower than that of the PCL-PEO conjugate, 3, prior to
dispersion in aqueous solution; additionally, the chromatogram was asymmetric in shape,
displayed a large molecular weight distribution, and possessed a low molecular weight
shoulder (Figure 4-8 (b) (red)). The characteristics observed in the t = 0 h GPC trace are
all qualities indicative of PCL degradation by hydrolysis at random locations along the
backbone, and since degradation was so significant t = 0 h, this trace also suggested that

hydrolysis was very rapid.
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Subsequent GPC analysis of aliquots removed from the solution at t = 12 and 24 h
presented traces that exhibited a successive increase in the apparent peak molecular
weight along with a transition to a more symmetric shape with a less pronounced low
molecular weight shoulder (Figure 4-8 (b) (blue) and (green))..This same phenomenon
was observed in the GPC analysis of P(CLg,-c0-OPDs-co-(OPD-g-PEQ)g), 1, and was
probably caused by highly branched or graft-like structures with possessing a smaller
hydrodynamic volume present early in the degradation process transitioning to
architectures that were less branched and more strongly resembled amphiphilic star or
block copolymers with a larger hydrodynamic volume.

The GPC trace obtained for the PCL-PEO graft copolymer, 3, after being dispersed in
aqueous solution for 48 h, was identical in shape, peak molecular weight, and molecular
weight distribution to the GPC analysis performed at 24h (not shown). Consequently, it
appeared that the rapid chemical process contributing to early degradation was completed
at 24 h, and that no significant hydrolysis of the PCL backbone that affected molecular
weight occurred between 24 and 48 h. This initial degradation was rapid, and the
chromatographic data supported degradation by random chain scission. The results were
very similar to be the behavior observed in the degradation of the shorter PEO-PCL
ketoxime ether conjugate, 1. These data in conjunction with previous literature
implicating free OPD units in PCL-co-OPD polymers as a site of enhanced degradation,
support a mechanism whereby the PCL backbone breaks apart rapidly at the OPD units,
and, once hydrolysis has occurred at these sites, degradation of the remaining ester

moieties along the PCL backbone proceeds at a significantly slower rate.
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TEM and DLS analysis

P(CL37-c0-OPD4;,-co-(OPD-g-PEQ);5-co-(OPD-g-pMeOBnN)g), 3, was allowed to
undergo assembly in aqueous solution, and immediately after the micellization process
was complete, DLS measurements were performed. A 0.4 mg/mL solution of 3 in 9:1
water/THF (v/v) produced a bimodal distribution of nanoscale aggregates where the
smaller structures had an intensity-averaged Dy of 29 + 10 nm, a volume-averaged Dy, of
21 + 7 nm, and a number-averaged Dy, of 17 + 4 nm, while the intensity- and volume-
averaged Dy, for the larger aggregates were 429 + 186 nm and 260 + 103 nm respectively
(Figure 4-9 (a)). Over an 18 h period, the DLS measurements showed the same bimodal
distribution and no obvious change in diameter (Figure 4-9). While GPC and *H NMR
analysis clearly demonstrated that the amphiphilic graft copolymer, 3, was undergoing
degradation, no noticeable changes in the hydrodynamic diameter of the smaller
aggregates due to degradation were observed, and changes in the size of the larger self-

assembled structures were not conclusive due to the broad size distribution.
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Figure 4-9. Intensity averaged, volume averaged, an number averaged histograms from dynamic light

scattering analysis of a 0.4 mg/mL P(CLj3,7-c0-OPD,,-co-(OPD-g-PEO);s-co-(OPD-g-pMeOBn)g), 3, in
9:1 THF/H,0 (v/v) at (a) 0 h incubation time, (b) 6 h incubation time, (c) 12 h incubation time, and (d)
18 h incubation time.
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Figure 4-10. TEM images of the solution state aggregates and corresponding histograms for the
spherical particles present in a 0.4 mg/mL solution of P(CLg,7-c0-OPD;,-co-(OPD-g-PEO);5-co-(OPD-
g-pMeOBn)g), 3 in 9:1 water/THF (v/v) (a) 0 h incubation time, (b) 6 h incubation time (c) 12 h
incubation time, and (d) 18 h incubation time. All samples were drop deposited onto glow treated TEM
grids and were stained with a 2 % solution of uranyl acetate.

As larger changes for the assemblies formed by P(CLg,-co-OPDs-co-(OPD-g-PEQ)y),
1, were noted by TEM analysis, samples were prepared from a 0.4 mg/mL solution of 3
in 9:1 water/THF (v/v) by drop deposition onto a carbon coated copper grid immediately
after water addition was complete (t = 0 h). The nanoscale aggregates visualized by TEM
at t = 0 h were globular and possessed a Dy, of 16 + 4 nm (Figure 4-10 (a)). The aqueous
solution of P(CLaz7-c0-OPD3p-co-(OPD-g-PEO);5-co-(OPD-g-pMeOBn)g), 3, in 9:1
water/THF (v/v) was stored at 25 °C, and subsequent TEM analysis showed a transition
from spheres to rods over an 18 h period. The solution state assemblies of polymer 3 at 6

h were globular and possessed a D,, of 17 + 5 nm, the histogram of particle sizes at this
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time point displayed a large population of particles with a diameter of approximately 15
nm, but also indicated the apresenence of pareticle-like aggregates with a larger diameter
(Figure 4-10 (b)). Att =12 h, the TEM images displayed circular aggregates of two
different sizes; additionally, cylindrical aggregates that appear to be forming from the
globular aggregates were also present at t = 12 h (Figure 4-10 (c)). The circular
aggregates at t =12 h displayed a larger Dy, of 20 + 6 nm due to the presence of two
different populations of globular aggregates, which is clearly illustrated in the histogram
analysis, and the rod-like aggregates had a Dy, of 15 + 2 nm—similar to the diameter of
the smaller particle-like aggregates observed at 0 and 6 h—and an Lo, of 184 + 88 nm
(Figure 4-10 (c)). After being dispersed in aqueous solution at room temperature for 18
h, the TEM micrograph showed the both globular nanostructures with a D, of 20 + 6 nm
and cylindrical aggregates with a D,y of 14 + 2 nm and an L,, of 203 + 124 nm (Figure 4-
10 (d)).

While the DLS measurements showed no changes in size over an 18 h period, TEM
analysis showed that the self-assembled structures changed dramatically in both shape
and size (Figure 4-10). The D, of the globular aggregates by TEM analysis were similar
in diameter to the number-averaged Dy. However, the D, was greater than the diameter
of the micellar aggregates observed in the solution state by DLS indicating that the
assemblies deformed or reorganized upon deposition and drying. The presence of both
the cylindrical and circular aggregates in the TEM micrographs is consistent with the
bimodal distributions present in the DLS analysis as the L, and the distribution of
lengths amongst the cylindrical aggregates by TEM corresponded to the volume-and

intensity-averaged Dy, of the larger assemblies present in solution.

114



Experimental

Materials

The synthesis of 1,4,8-trioxaspiro-9-undecanone (TOSUO)** %, and PCL-co-OPD**®
has been described elsewhere. e-Caprolactone (CL) (Aldrich Chemical Company) was
distilled from CaH, and stored under argon. Toluene (Aldrich Chemical Company)
was dried by heating at reflux over sodium and distilled under argon prior to use.
Aluminum triisopropoxide AI(OiPr); (Aldrich Chemical Company) was purified by
sublimation and dissolved in dry toluene prior to use. Polyethylene oxide (3 kDA
PEQO) was purchased from Nektar and was dried by azeotropic distillation of toluene
(3 x) to dryness to remove residual water.  All other reagents (solvents,
p-toluenesulfonic acid (p-TsOH), etc.) were purchased from Aldrich and used as

received.

Instrumentation

'H NMR (300 MHz) and *C NMR (75 MHz) spectra for characterization of
synthesized polymers were acquired in CDClI3 on a Varian Mercury 300 spectrometer
using the residual solvent signal as the internal reference unless otherwise noted. ‘H
NMR (600 MHz) spectra to monitor polymer degradation were acquiree in 9:1
D,0/d6-THF (v/v) on a Varian Unity-Inova 600 spectrometer using the residual water
pead as the internal reference. Infrared spectra were recorded on a Perkin-Elmer
Spectrum RX FT-IR system by film deposition onto NaCl salt plates. Differential
scanning calorimetry was performed under nitrogen atmosphere using 40 pL

aluminum pans on a Mettler Toledo DSC822 with heating and cooling at 10 °C/min
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from —100 °C to 100 °C. T, values were obtained from the third heating scan as the
peak values from the thermogram. Gel permeation chromatography was performed
on a Waters Chromatography, Inc., 1515 isocratic HPLC pump equipped with an
inline degasser, a model PD2020 dual-angle (15° and 90°) light scattering detector
(Precision Detectors, Inc.), a model 2414 differential refractometer (Waters, Inc.), and
four PLge polystyrene-co-divinylbenzene gel columns (Polymer Laboratories, Inc.)
connected in series: 5 um Guard (50 x 7.5 mm), 5 um Mixed C (300 x 7.5 mm), 5 um
10* (300 x 7.5 mm), and 5 um 500 A (300 x 7.5 mm) using the Breeze (version 3.30,
Waters, Inc.) software. The instrument was operated at 35 °C with THF as eluent.
Data collection was performed with Precision Acquire 32 Acquisition program
(Precision Detectors, Inc.) and analyses were carried out using Discovery32 software
(Precision Detectors, Inc.) with a system calibration curve generated from plotting
molecular weight as a function of retention time for a series of broad polydispersity

poly(styrene) standards.

DLS sample preparation and analysis

Samples for light scattering analysis were performed without filtration and without
centrifugation in order to maintain counts high enough for analysis. Hydrodynamic
diameters (Dp) and distributions for the PCL-g-PEO ketoxime ether aggregates in
aqueous solution were determined using a Beckman Coulter Delsa Nano C particle sizer
with a pinhole of 50 um. Measurements were made at 25 °C. Scattered light was
collected at a fixed angle of 165° and the digital correlator was operated with 440 ratio

spaced channels. Only measurements in which the measured and calculated baselines of
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the intensity autocorrelation function agreed to within 0.5% were used to calculate
particle size. Particle size distributions were performed with the Delsa Nanoversion 2.31
software package (Beckman Coulter, Inc.), which calculated size based upon the time
domain method using cumulant analysis and the CONTIN method for determining

particle size and distributions.

TEM sample preparation and analysis

Samples for transition electron microscopy (TEM) measurements were prepared under
ambient conditions by drop depositing 5 uL of sample onto glow discharged carbon
coated copper grids. The sample was allowed to incubate for 3 min, excess sample was
removed by wicking the liquid away with filter paper, and the grids were allowed to dry
in air for 1 min. Following that process, the grids were stained with 5 uL of 2% uranyl
acetate for 15 sec. Excess stain was wicked away using filter paper and the grids were
allowed to dry in air in a desiccator. Specimens were observed on a JEOL 1200EX
transmission electron microscope operating at 100 KV and micrographs were recorded at
calibrated magnifications using an SIA-15C CCD camera. The final pixel size was 0.42
nm/pixel. The number average particle diameters (D,,) and standard deviations for
spherical aggregates were generated from the analysis of 250 particles. The number
average diameters (D), lengths (Lay) and standard deviations for cylindrical aggregates

were generated from the analysis of 100 aggregates.
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Polymer synthesis

P(CLg,-co-OPDs-co-(OPD-g-PEO)g)  (1). A solution of a-methoxy-w-
aminooxy(poly(ethylene oxide)), (237 mg, 0.083 mmol) in THF (1.0 g) was added to
a solution of P(CLg,.c0-OPD14), (104 mg, 0.0086 mmol) in THF (0.5 g). The reaction
mixture was allowed to stir at RT for 1 min, after which four drops of a solution of p-
TsOH (75 mg) in THF (20 mL) was added. The reaction was stirred at RT for 24 h.
The polymer was purified by precipitation into hexanes, the stringy white solid was
isolated via vacuum filtration with a coarse glass frit, and was dried in vacuo for 12 h
(275 mg, 77% yield). GPC: M, ps = 45,200 Da, My, ps = 53,000 Da, PDlps = 1.2. M,
(*H NMR) = 39700 Da. T =53 °C. IR (NaCl) 2950-2800, 1733, 1726, 1465, 1456,
1384, 1357, 1342, 1278, 1239, 1193, 1145, 1109, 1064, 961, 842 cm™. *H NMR (300
MHz, CDCl3) 6 4.34 (t, J = 6.9 Hz, 2H of OPD units, CH,0CO), 4.3-4.1 (pair of
multiplets, 2H of ketoxime ether isomers of OPD-g-PEOQ units, CH,OCO), 4.06 (t, J =
6.6 Hz, 2H of CL units, CH,OCO), 3.64 (bs, 4H of PEO repeat unit), 3.38 (s, 3H of
OCH3 PEO end group), 2.76 (t, J = 6.6 Hz, 2H of OPD units, C(O)CH,CH,COO0),
2.74 (t, J = 6.1 Hz, 2H of OPD units, C(O)CH,CH,0OCO), 2.62-2.50 (m, 2H OPD,
CH,COOCH,; m, 6H of OPD-g-PEQO), 2.31 (t, J = 7.4 Hz, 2H of CL units,
CH,COOCH,), 1.65 (m, 4H of CL units, OCH,CH, and CH,CH,COO0), 1.38 (m, 2H
of CL units, CH,CH,CH,COO), 1.22 (d, J = 6.4 Hz, 6H of initiated chain end
(CH3)CHO) ppm. *C NMR (75 MHz, CDCls) & 205.8, 173.5, 173.3, 172.6, 156.4,
155.5, 77.2, 71.8, 70.5, 69.5, 64.7, 64.5, 59.0, 41.4, 37.4, 34.1, 33.8, 30.0, 28.9, 27.7,

25.5, 24.5ppm.
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P(CLg;-co-(OPD-g-pMeOBnN)g-co-(OPD-g-PEQO)g) (2) P(CLgz-co-OPDs-co-(OPD-
g-PEQ)g 1 (63 mg, 0.0017 mmol), was dissolved in THF (0.50 mL). The solution
was stirred at RT for 10 minutes to ensure complete dissolution of the polymer. A
solution of O-(4-methoxybenzyl)hydroxylamine (3.3 mg, 0.022 mmol) in THF (1.0
mL) was added to the reaction mixture, and then four drops of a solution of p-TsOH
(75 mg) in THF (20 mL) was added. The reaction progress was monitored by ‘H
NMR spectroscopy, and was stirred at RT for 10 h to ensure the complete
functionalization of all free OPD repeat units. The polymer was purified and isolated
by precipitation into hexanes. The white solid was collected via vacuum filtration
with a medium porosity glass frit, and was dried in vacuo for 12 h (54 mg, 86%
yield). GPC: M, ps = 43,600 Da, My, ps = 52000 Da, PDlps = 1.2. M, (*H NMR) =
37,3000 Da. T, =52 °C. IR (NaCl) 2950-2800, 1726, 1466, 1456, 1360, 1342, 1280,
1240, 1149, 1110, 1061, 963, 842 cm™. *H NMR (300 MHz, CDCls) & 6.86 (d, J =
7.7 Hz, 4H, aromatic), 4.97-4.95 (two singlets, 2H, Ph-CH,), 4.3-4.1(pair of
multiplets, 2H of ketoxime ether isomers of OPD-g-PEO units, CH,OCO, and pair of
multiplets, 2H of ketoxime ether isomers of OPD-g-pMeOBnN units), 4.06 (t, J = 6.5
Hz, 2H of CL units, CH,OCO), 3.80 (s, 3H, CH30-Ph) 3.65 (bs, 4H of PEO repeat
unit), 3.38 (s, 3H of OCH3; PEO end group), 2.63-2.50 (m, 6H of OPD-g-PEO; m, 6H
of OPD-g-pMeOBn), 2.31 (t, J = 7.5 Hz, 2H of CL units, CH,COOCH), 1.65 (m, 4H
of CL units, OCH,CH, and CH,CH,COO), 1.40 (m, 2H of CL units, CH, CH;
CH,CO0O0), 1.22 (d, J = 6.3 Hz, 6H of initiated chain end (CH3)CHO) ppm. *C NMR
(75 MHz, CDCl3) 6 173.7, 173.4, 172.8, 159.4, 156.4, 156.3 155.7, 155.3, 130.1,

130.0, 129.9, 128.7, 113.8, 77.4, 75.6, 74.2, 72.9, 72.1, 71.8, 70.5, 69.7, 64.6, 64.3,
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61.1, 60.7, 59.2, 55.4, 59.0, 34.2, 33.9, 30.2, 30.0, 29.0, 28.5, 25.7, 24.7, 24.4 ppm.

P(CL327-c0-OPD,7-co-(OPD-g-PEO);5-co-(OPD-g-MeOBnN)s (3). A solution of a-
methoxy-w-aminooxy(poly(ethylene oxide)), (128 mg, 0.042 mmol ) in THF (1.2 g)
was added to a solution of P(CL327-c0-OPDys) (66 mg, 0.0017 mmol) in THF(0.5 g).
The reaction mixture was stirred at RT for 1 min. to ensure the dissolution of both
polymer species. A solution of O-(4-methoxybenzyl)hydroxylamine (2.6 mg, 0.017
mmol) in THF (0.5 g) was added to the reaction mixture, and then four drops of a
solution of p-TsOH (75 mg) in THF (20 mL) was added. The reaction was stirred at
RT for 24 h and the polymer was purified by precipitation into hexanes. The stringy
white solid was isolated via vacuum filtration with a coarse glass frit, and was dried
in vacuo for 12 h (180 mg, 89% yield). GPC: M, ps = 74900 Da, M, ps = 97600 Da,
PDIps = 1.3. M, (*H NMR) = 89700 Da. Ty, = 49 °C. IR (NaCl) 2950-2800, 1733,
1466, 1456, 1360, 1342, 1280, 1240, 1149, 1110, 1061, 963, 842 cm™. "H NMR (300
MHz, CDCl3) 6 6.86 (d, J = 8.8 Hz, 4H, aromatic), 4.94-4.96 (two singlets, 2H, Ph-
CHy), 4.33 (t, J = 6.2 Hz, 2H of OPD units, CH,0CO), 4.3-4.1(pair of multiplets, 2H
of ketoxime ether isomers of OPD-g-PEO units, CH,OCO, and pair of multiplets, 2H
of ketoxime ether isomers of OPD-g-pMeOBn units), 4.05 (t, J = 6.7 Hz, 2H of CL
units, CH,OCO), 3.80 (s, 3H, CH30-Ph) 3.64 (bs, 4H of PEO repeat unit), 3.37 (s, 3H
of OCH3; PEO end group), 2.79 (t, J = 6.3 Hz, 2H of OPD units, C(O)CH, CH,COO0),
2.74 (t, J = 6.6 Hz, 2H of OPD units, C(O)CH,CH,0CO), 2.62-2.50 (t, J = 6.6 Hz, 2H
OPD, CH,COOCHj3; m, 6H of OPD-g-PEO; m, 6H of OPD-g-pMeOBn), 2.30 (t, J =

7.5 Hz, 2H of CL units, CH,COOCH,), 1.64 (m, 4H of CL units, OCH,CH, and
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CH,CH,CO0O0), 1.37 (m, 2H of CL units, CH, CH, CH,C00), 1.22 (d, J = 6.3 Hz, 6H
of initiated chain end (CH3)CHO) ppm. *C NMR (75 MHz, CDCls) § 205.9, 173.7,
173.4,172.8, 157.8, 156.2, 129.5, 113.8, 77.4, 72.2, 71.0, 70.7, 69.5, 64.7, 64.5, 64.3,

59.1, 41.6, 37.6, 34.3, 34.1, 28.5, 27.9, 25.7, 24.6, 24.5 ppm.

Self assembly procedures

Preparation of solutions for '"H NMR and GPC studies

Approximately 5 mg of the graft copolymer being analyzed was massed into a vial
equipped with a magnetic stir bar. Tetrahydrofuran-ds (1.0g) was added to the flask, and
the solution was stirred at RT for 10 min, after which, the reaction was cooled to
approximately 0 °C in an ice/water bath. Using a syringe pump, D,O was added to the
polymer solution at a rate of 10 mL/h until a total volume of 10 mL was obtained. The
resulting solutions were used subsequently in GPC and *H NMR studies without further
purification. Upon warming to RT for ten minutes, A 1 mL aliquot was removed an
transferred to an NMR tube for analysis every 6 h (the NMR sample and solution were
kept next to each other to maintain a consistent temperature for both samples. Every 6 h,
a 'H NMR spectrum of the solution was obtained. Additionally, every 6 h, a 0.5 mL
aliquot was removed, lyophilized for 3 h, dissolved in 0.60 mL of THF and analyzed by

GPC.

Preparation of solutions for DLS and TEM measurements
Approximately 5 mg of the graft copolymer being analyzed was massed into a vial

equipped with a magnetic stir bar. Unstabilized tetrahydrofuran (1.0 mL) was added to
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the flask, and the solution was stirred at RT for 10 min, after which, the reaction was
cooled to approximately 0 °C in an ice/water bath. Using a syringe pump, nanopure
water was added to the polymer solution at a rate of 10 mL/h until a total volume of 10
mL was obtained. The solution was allowed to warm to room temperature for 10
minutes, and samples for the first analyses (t = O h)were prepared.  The resulting
solutions were used to prepare TEM samples and were used in DLS analysis without
further purification. Every 6 h, the solutions were analyzed by DLS to obtain average
hydrodynamic diameters in solution as a function of degradation, and every 6 h TEM
samples were prepared to compare morphology and particle diameter as a function of

degradation.

Conclusions

Rapid hydrolytic degradation of PCL-PEO ketoxime ether conjugates synthesized
from a P(CL-co-OPD) platform was found to occur as a function of having OPD units
along the polyester backbone. Two different PCL-PEO graft copolymers of differing
lengths, P(CLg,-c0-OPDs-co-(OPD-g-PEQ)g), 1, and P(CLjz,7-c0-OPDy,-co-(OPD-g-
PEO);5-co-(OPD-g-pMeOBnN)sg), 3, displayed degradation behavior that was consistent
with rapid hydrolysis at various points along the polyester backbone. GPC analysis of
the degradable graft copolymers as they remained in aqueous solution over 24 h also
revealed unique behavior (an initial decrease followed by an apparent increase in peak
molecular weight) that indicated that the polyester back bone was not only undergoing
hydrolytic degradation, but that changes associated with molecular architecture had also

occurred.
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By comparison, no degradation was observed over a 24 h period for, P(CLg,-CO-
(OPD-g-PEQ)g-co-(OPD-g-pMeOBnN)s), 2, a PCL-PEO graft copolymer where all of the
OPD units had been derivatized. This investigation in conjunction with prior studies that
described OPD as a site of enhanced degradation strongly supports a mechanism whereby
the PCL backbone of the graft copolymer undergoes a rapid and selective chain scission
at the more hydrophilic OPD units statistically dispersed throughout the backbone.

Morphological changes associated with degradation were also observed in the
amphiphilic block graft copolymers possessing unfunctionalized OPD units. P(CLg,-co-
OPDs-co-(OPD-g-PEQ)qy), 1, formed spherical aggregates that increased in size as a result
of hydrolytic degradation of the hydrophobic PCL-based core. More interestingly,
P(CLj327-c0-OPD2,-co-(OPD-g-PEQ);5-co-(OPD-g-pMeOBn)g), 3, displayed a change in
morphology shape as a result of the degradation occurring at the OPD units. This
particular polyester exhibited a transition from spherical aggregates to self-assembled
structures possessing rod-like or cylindrical morphology as hydrolysis of the PCL
backbone progressed.

The ability to control and manipulate both the degradation and the micellar
morphology of polyester-based materials through the incorporation or derivatization of
OPD units is a valuable tool for altering the physical and chemical characteristics of the
resulting nanoobjects. This unique degradability provides a compelling approach for the
creation and application of unique hydrolytically degradable materials based upon PCL-
PEO ketoxime ether conjugates synthesized from a P(CL-co-OPD) platform. Further
exploration of PCL-g-PEO copolymers produced from this system and the specific

mechanism of micellar degradation resulting in morphological changes should be
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investigated further as these materials provide a modular method for the creation of a

variety of complex functional nanostructures with the potential for tunable degradability.
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Chapter 5
Conclusions

Using poly(s-caprolactone-co-2-oxepane-1,5-dione) (P(CL-co-OPD)) as a platform
polyester system, a series of functional, degradable polyester materials were synthesized
and characterized. Taking advantage of the electrophilic ketone moiety present in the
OPD units, a “grafting onto” approach using nitrogen-based nucleophiles was employed
for the incorporation of chromophores, small molecules, and hydrophilic polymer grafts,
and provided a versatile functionalization strategy for the creation of a diversity of
materials. The work in this dissertation took advantage of hydrazone and ketoxime ether
formation to create and study functional, degradable poly(e-caprolactone)-based
materials with unique solvatochromic, thermal, and hydrolytic degradation

characteristics.

As a first step towards incorporating functionality onto a PCL backbone, multiple
dansyl moieities were reacted with the electrophilic ketone units present along the
backbone of P(CL-co-OPD) with a 58% grafting efficiency. Derivatization of the
polyester backbone was confirmed by the appearance of aromatic resonances in the *H
NMR and *C NMR spectra, which displayed resonances indicative of hydrazone
formation.  Analysis of the resulting fluorescent polymer by gel permeation
chromatograpy equipped with an inline UV-visible detector, showed that chromophore
absorption and the retention time of the polymer converged, thus verifying that

covalently bound dansyl groups were the source of absorption and emission.
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The dansyl-functionalized polymer was also characterized by fluorescence emission
spectroscopy in a series of organic solvents, and displayed solvatochromic behavior with
a general increase in the maximum emission wavelength (Aem) wWith increasing solvent
polarity. The Aem Of the dansylated P(CL-co-OPD) and the Ay Of a dansyl-derivatized
small molecule analog were plotted against three solvent polarity parameters: the
dielectric constant, Dimroth’s E1(30), and n*. From these analyses it was determined
that the Aem of the polymer-bound dansyl fluorophore did not display as marked a
sensitivity to the polarity of the surrounding solvent as did the small molecule.

While hydrazone formation was not a highly efficient method for the derivatization of
the P(CL-co-OPD) backbone, a highly efficient strategy taking advantage of ketoxime
ether formation, was employed to yield a functional amphiphilic graft copolymer system,
with up to 90% grafting efficiency. This methodology was used for the incorporation of
both hydrophilic poly(ethylene oxide) (PEQO) grafts and p-methoxybenzyl (pMeOBnN) side
chains onto the backbone of P(CL-co-OPD) allowing for the creation of functional PCL-
g-PEO ketoxime ether conjugates that self assembled in aqueous solution. An
amphiphilic block graft copolymer system bearing only PEO grafts formed spherical
aggregates in aqueous solution, whereas a copolymer system derivatized with both PEO
and pMeOBn grafts was found to form rod-like or cylindrical aggregates.

These same amphiphilic PCL-PEO ketoxime ether conjugates were found to undergo
rapid hydrolysis upon dispersion in aqueous solution. The degradation of PCL-g-PEO
polymer systems synthesized from a P(CL-co-OPD) platform was found to occur as a
function of having uncapped OPD units present along the polyester backbone. Two

different PCL-PEO graft copolymers of differing lengths, P(CLg,-co-OPDs-co-(OPD-g-
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PEO)g), and P(CLjzp7-c0-OPDy,-co-(OPD-g-PEQ);5-co-(OPD-g-pMeOBnN)g), displayed
degradation behavior that was consistent with rapid hydrolysis at various points along the
polyester backbone. GPC analysis of the degradable graft copolymers as they remained
in aqueous solution at room temperature over 24 h also revealed unique behavior (an
initial decrease followed by an apparent increase in peak molecular weight) that indicated
that the polyester backbone was not only undergoing hydrolytic degradation, but that
degradation resulted in an alteration in polymer architecture observable by GPC. By
comparison, no degradation was observed over a 24 h period for P(CLg,-co-(OPD-g-
PEO)s-co-(OPD-g-pMeOBn)g, a polyester where all of the ketone moieties had been
derivatized. This investigation in conjunction with prior studies that described OPD as a
site of enhanced degradation supports a mechanism whereby the PCL backbone of the
graft copolymer undergoes a rapid and selective chain scission at the more hydrophilic
OPD units statistically dispersed throughout the backbone.

Morphological changes associated with degradation were also observed in the
amphiphilic block graft copolymers possessing unfunctionalized OPD units. P(CLg,-co-
OPDs-co-(OPD-g-PEQ)y) formed spherical aggregates that increased in size as a function
of hydrolytic degradation of the hydrophobic PCL-based core. More interestingly, the
larger P(CLj327-c0-OPD2,-co-(OPD-g-PEO);5-co-(OPD-g-pMeOBn)g) displayed a change
in the shape of the solution state aggregates as a consequence of degradation. A
transition from spherical nanostructures to self-assembled aggregates possessing a rod-
like or cylindrical morphology was observed as hydrolysis of the PCL backbone

progressed.
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The ability to control and manipulate both the degradation and the micellar
morphology of polyester-based materials through the incorporation or derivatization of
OPD units is a valuable tool for altering the physical and chemical characteristics of the
resulting nanoobjects. This unique degradability provides a compelling approach for the
creation and application of unique hydrolytically degradable materials based upon PCL-
PEO ketoxime ether conjugates synthesized from a P(CL-co-OPD) platform. It is
important to continue to explore the chemistries involving the grafting of polymer chains
and small molecule ligands onto P(CL-co-OPD) copolymers, and efforts to better
understand the way in which the density of PEO grafts and the incorporation of small
hydrophobic side chains affect the self-assembly and degradation process should be
pursued. Further exploration of PCL-g-PEO copolymers produced from this system and
the specific mechanism of micellar degradation resulting in morphological changes
should be investigated in more depth as these materials provide a unique modular
platform for the creation of a variety of complex functional nanostructures with the

potential for tunable degradability.

135



