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The packaging and release of guests from nanoscopic hosts is
an area of active research that holds promise in controlled delivery
applications. Peppas has developed a number of novel polymeric *
systems for controlled and targeted drug delivery and has studied
extensively the diffusion of small molecules in these systefis.
such systems, the ability to control the path length of the diffusing
guests (e.g., by creating increasing path lengths with increasing
crystallite size)* provides for alteration in the uptake and release
properties. Liu and co-workers have created thin membranes
containing hexagonally packed and uniformly sized nanochannels
that behave as “chemical valves”, which have demonstrated
potential as drug delivery candidafeghe self-assembly of di- and
triblock copolymers into a wide array of unique nanoscale mor-
phologies is now a well-known method to create interesting

0 F
materials3 which, for example, has been used as thin film templates Hg“od ?T:
intramolecular ¢ F _,°<L
34

HBFP-PEG
Crosslinked Network

and scaffolds for the fabrication of flash memory devité3ur

interest is in the study of robust composite polymer systems as crosslink ‘):5(‘ NH;
hosts for volatile guests in numerous applications and in the Y singly attached
preparation of the host system having nanoscale differential domains f dangling amine
produced by the in situ cross-linking of incompatible polymer ",“r’\

components as they undergo phase segregation. o

Amphiphilic and morphologically complex nanostructured ma- ‘ ,/)&3‘ \M/\/OH
terials were designed as novel hosts for the packaging, partitioning,

and release of volatile guests and guest mixtures. These materials
were prepared by cross-linking in situ phase segregating mixtures
of a hydrophobic hyperbranched fluoropolymer (HBFP) and a Figure 1. Structures of HBFPPEG hosts and geraniol guest.
hydrophilic poly(ethylene glycol) diamine (PEG) via reaction of
the terminal amines of the PEG component with the labile para
positions of the pentafluorophenyl chain ends of HBFP (Figufé 1).
Characterization of the subsurface nanoscale features of the
HBFP—PEG cross-linked networks was performed using transmis-
sion electron microscopy (TEM). For example, the TEM images
in Figure 2 show the selective staining of PEG-rich domains with
ruthenium tetroxidé® 1?2 in contrast to the HBFP-rich domains  Figure 2. TEM images of an ultramicrotomed HBFPEG29 (29 wt %
stained selectively with osmium tetroxiéeThese network poly- PEG/HBFP) cross-linked network film (ca. 80-nm thickness) stained with
mers having complex surfaces and morphologies exhibited high ruthenium tetroxide (a) and osmium tetroxide (b) vapors for 20 min.

loading capacities but also unusually rapid kinetics for the release loss regions. The first region, ca. X0200°C, corresponds to the

of guests of hydrophobic, hYdroph”‘C' or a"?Phiphi”C charagtgr. loss of geraniol from the polymer network and the second region,
'(Ij'hermogrgwmetrlﬁ a_1na|yS|s (TGA) wahs Ut'rl:zed ZS a se_nsmved above 300°C, to the decomposition of the polymEr.The
and convenient technique to monitor the thermodynamics an temperature at which half mass loss of geraniol occurred (peak

kl_ne_tlcs of the terpene geraniol as a volatile guest_undergomg uptakeminimum observed in the DTGA curve) from these samples is
within and release from from HBFFPEG cross-linked networks defined asTgPynamc1s

of [\:/gryingscgmﬁositiohns._rGA d DTGA (first derivati fTGA The TsPyramicywas dependent upon the composition of the host
igure 3 displays the an (first derivative o material (Figures 3 and 4). Only small depressions in the geraniol

curve with respect to time) curves for geraniol-loaded—(aa wt TePMamicwere observed in the bulk homopolymer samples, whereas
%) HBFP, PEG, and HBFPPEG cross-linked networks. The TGA significant depressions iiisPY"amic occurred upon sequestration

profile for each geraniol-loaded material exhibited two distinct mass within HBFP—PEG cross-linked networks. From bulk PEG, the

t Washington University in Saint Louis magnitude ofTs,Pynamic decreased linearly with decreasing wt %
* National Starch and Chemical Company. PEG-HBFP within the cross-linked networks, reaching a minimum

intermolecular geraniol
crosslink
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Figure 3. TGA profiles (a) and their corresponding DTGA curves (b) for
HBFP-PEG29 (black line), HBFPPEGA45 (green), HBFPPEGS55 (blue),
HBFP (orange), and PEG (red) loaded with—8® wt % geraniol. The
data for neat geraniol (black dashed line) are also included.
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Figure 4. Plot of TsePynamic of geraniol in HBFP-PEG cross-linked
networks Q) of varying wt % PEG/HBFP. Th&ss®"amicvalues for geraniol
in both HBFP @) and PEG [{J) as well as the neat liquid®) are also
included.

at 5 wt % PEG-HBFP, and undergoing a subsequent increase in
TsoPynamic for cross-linked networks of 3, 2, and 1 wt % PEG
HBFP.

Kinetic data from isothermal (78C) TGA studies (see Sup-
porting Information) for the release of geraniol are summarized in
Table 1. The release data fit well to first-order kinetics, and from
these data, the first-order rate constamdsand tsqs® (amount of
time required for half mass loss of geraniol) values were calculated.
The first-order rate constants increased, and tge® values
decreased for the volatilization of geraniol from HBAPEG cross-
linked networks, each by 1 order of magnitude when compared to
neat HBFP or PEG. In agreement with the dynamic TGA observa-
tions, thek andtsgs° values increased and decreased, respectively,
with decreasing wt % PEG relative to neat PEG.

We have demonstrated via the use of dynamic and isothermal
TGA studies the ability of HBFPPEG cross-linked networks to
sequester significant quantities of geraniol and yet also promote

its release as a volatile compound. These results are contrary to

Table 1. First-Order Rate Constants (k) and Time at Half Mass
Loss (50'%°) Values for Thermally Promoted Release of Geraniol
from HBFP—PEG Cross-Linked Networks at 75 °C

network polymer PEG wt % 5% (s % 1079) k(s™t =109
HBFP 0 22.0+0.2 3.1+ 0.3
HBFP—-PEG10 10 2203 31.4+0.2
HBFP—PEG29 29 3102 22.6+0.3
HBFP—-PEG55 55 3.8:0.7 18.2+ 0.1
PEG 100 18.6: 0.2 3.9+ 04
- neat geraniol 24.6 0.2 2.9+ 0.3

*t5050 is the amount of time required for loss of geraniol 50% mass.

common encapsulation/release systems such as cyclod&dfins
and zeolites® which commonly inhibit release, due to favorable
interactions within the host matrix. However, precedence for such
behaviors does exist for porous inorganic substrates (zeolites and
diatomaceous earth) loaded with thermally stable volatile com-
poundst®20although not with the remarkable temperature depres-
sions or rate enhancements observed for the HBFPG am-
phiphilic, morphologically complex nanostructured networks. We
are currently investigating the roles played by each parameter of
the cross-linked network structure, the morphology, and the
interfacial interactions, toward the onset of this interesting phe-
nomenon, and expanding the study to a broader range of volatile
guest molecules.
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Supporting Information Available: TGA thermograms, isothermal
TGA kinetic plots, and a detailed Experimental Section. This material
is available free of charge via the Internet at http:/pubs.acs.org.
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