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is to be expected that E’ and tan 6, for example, will depend
somewhat on time, as well as temperature and frequency,
when they are determined on a polymer whose temperature
has been changed rather quickly within the glassy state.
The extent of the time dependence will depend on many
factors, including the time to reach the desired test
temperature, the time thereafter before measurements are
begun, and the needed time to obtain the data. If
measurements are taken during the continuous heating
from a low temperature as is often done, the data will be
perturbad somewhat by .he effects discussed here.
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Low-Temperature Crystal-Crystal Phase
Transitions in Triblock Semifluorinated
n-Alkanes

Temp«rature-induced phase transitions have been
observed and characterized in n-alkanes,! perfluoro-n-
alkanes,? and a number of long-chain polymers.?% In a
limited number of cases, phase transitions have also been
observed when these materials are subjected to high
pressure.®’ In general, phase transitions may be classified
into at least two groups: order-disorder and crystal-
crystal transitions. In the former, the lattice structure is
preserved, but the conformational order of the chain is
altered at the phase transition. On the other hand, at
crystal-crystal transitions lattice structural changes occur,
but conformational order is preserved although it may
change from one ordered form to another. In many cases
a crystal-crystal transition gives rise to a different
symmetry of the unit cell, which, in turn, manifests itself
as a change in the spectroscopic selection rules.

Rerently, a series of semifluorinated diblock,3-11
F(CF3)n(CH2)mH [FnHm], and triblock,!2
F(CF2).(CH2)m(CF2),F [FnHmFn], copolymers have been
synthesized and characterized in the solid state and in the
melt. Inthe FnHm diblocks,? a high-temperature crystal-
crystal phase transition was observed, which was very
similar to the “rotator” phase found for many n-alkanes.
No such transition was observed for their triblock Fn-
HmFn analogues. The purpose of this paper is, however,
to report the first observation of a low-temperature phase
transition in a triblock compound during which a
rearrangement of the chains within the unit cell occurs.

The triblock semifluorinated n-alkane, F12H10F12, used
in this study was synthesized from perfluorododecyl iodide
and 1,9-decadiene in a procedure analogous to that utilized
for the preparation of other F12HmF12 compounds.i2 A
detailed description of the instrumentation used for the
variable-temperature measurements contained in this work
has been given previously.?

As shown in Figure 1, the room-temperature Raman
spectra of F12H10F12 can be understood as a simple
composite spectrum originating from a superposition of
a fluorocarbon and a hydrocarbon spectrum. The sharp
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Figure 1. Raman spectra of F12H10F12 obtained as a function
of temperature. Data were obtained at 2-cm-! resolution using
200 mW of laser power at 488.0 nm.

bands between 1000 and 1500 cm~! shown in Figure 1 are
characteristic of vibrational motions of the ~-CHo-
hydrocarbon segment with the exception of the narrow
symmetric ~CFy— stretching band at 1380 cm™! and the
broad feature at 1215 cm™! attributable to CC stretching
and CCC bending.13:¢ Ag can be seen in Figure 1, the
spectra at 60 and 14 °C are identical since no high-
temperature phase transition, like that which occurs in
certain of the diblock FnHm molecules,® exists in the tri-
block F12H10F12. However, in this case a substantial
change in the Raman spectrum is observed instead at sub-
ambient temperatures. A phase transition occurs below
14 °C (a weak DSC transition is observed at 14~18 °C upon
cooling at 10 °C/min) and is manifested by a change in
relative intensity of the CC stretching bands in the 1050—
1150-cm™! region and the appearance of a sharp band in
the ~CHz~ bending region at 1415 cm™!. The latter feature
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Figure 2. Raman spectra of the CH stretching region of
F12H10F12 as a function of temperature.

is known!® to reflect the lateral packing of -CHg— groups
in an orthorhombic subcell of the crystal lattice arising from
a factor group splitting of a -CH,- bending mode (1440
and 1415 cm=1). This only occurs when the subcell
symmetry is orthorhombic and contains at least two
molecules.1®

This behavior is reminiscent of that found for the odd
n-alkanes, which exist in an orthorhombic phase at room
temperaturel” (as indicated by the presence of the 1415-
cm! band) but undergo a transition to a hexagonal phase
within a few degrees of their melting point. It appears that
the F12H10F12 exists in the hexagonal phase between
room temperature and its melting point and has a second,
perhaps orthorhombic, phase below room temperature.

This premise is further supported by examination of the
~CH,~ stretching region in the Raman spectrum of the tri-
block shown in Figure 2. At room temperature, the
asymmetric -CH;- stretching vibration near 2880 cm™! is
somewhat broad (bandwidth = 15 cm™; peak position =
2884 ¢cm~1) and only slightly higher in intensity than the
symmetric stretch at 2850 cm™!. An identical intensity
pattern has been observed!® for the hexagonal n-alkanes
and attributed to the absence of intermolecular coupling
and the presence of molecular mobility due to the loose
packing of chains in the unit cell. As shown in Figure 2,
this pattern in the F12H10F12 compound changes
dramatically at low temperatures. Upon lowering the
temperature to -95 °C, the 2880-cm™! band becomes quite
sharp (bandwidth = 7 em™1; peak position = 2882 cm™)
and assumes the band shape and intensity pattern
generally analogous to that found in the room-temperature
orthorhombic phase of the odd n-alkanes. Recent studies
by Zerbi et al.!® reported similar results for n-alkanes that
undergo an orthorhombic to hexagonal phase transition.
They attributed the changes in bandwidth and peak
position of the asymmetric -CHjy- stretching mode
observed at the phase boundary to librotorsional motions
of the n-alkape chains. The longitudinal motion generated
in these chains is believed to bring about the formation
of the new phase via a surface disordering mechanism.2°
It should be noted that, in the case of F12H10F12, the
bands above 2900 cm~! arise from overtones and/or
combinations of methylene bending vibrations since no me-
thyl groups are present in the triblock compounds.
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Figure 3. Infrared spectra of F12H10F12 obtained at ambient
and low temperature. Spectra were obtained in KBr pellets by
using a resolution of 2 cm™! with the coaddition of 256 scans.

Figure 4. Schematic of the mechanism of the observed phase
transition. Cross section of flucrocarbon helix and planar zigzag
hydrocarbon: (a) room-temperature phase (chains highly mcbile);
(b) low-temperature phase {increase in intermolecular forces
reduces chain motion and “locks” them into registration, in this
case an orthorhombic unit cell).

Additional insight into the origin of tl.is low-temperature
phase transition is obtained from the infrared absor-
bance spectra shown in Figure 3. In this case the -CH-
rocking region (720~730 ¢cm™) and the -CHy— bending
region (1460-1470 cm™!) of the F12H1CF12 are shown at
both ambient and low temperature. In the latter case the
temperature was estimated to be lower than -50 °C, well
below the observed phase-transition temperature. As can
be seen both the -CHz— rocking and bending vibrations
are broad at room temperature, with the bending vibration
containing, perhaps, a second component. Upon lowering
the temperature these bands are both observed to split into
at least two components, giving further evidence for a
change in the subcell symmetry. The splittings observed
in the low-temperature IR spectrum shown in Figure 3 are
analogous to that observed for the room-temperature or-
thorhombic phase of odd n-alkanes!® and, therefore, suggest
that a change in subcell symmetry has occurred in the
F12H10F12 below its phase transition.

One possible mechanism for such a crystal-crystal
transition in the F12H10F12 is schematically illustrated
in Figure 4. In this case the circles represent the cross
section of the fluorocarbon helix while the interior structure
of the circle represents the planar zigzag conformation of
the hydrocarbon chain. At room temperature (Figure 4a)
there is considerable mobility of the hydrocarbon chains
and they pack into a unit cell, with that angle between their
backbone planes being random as shown. At low
temperatures, this rotational mobility is considerably
reduced due to intermolecular interactions and the
symmetry of the unit cell becomes orthorhombic as shown
in Figure 4b. This would then explain the change in
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bandwidth and intensity of the -CHjy- stretching bands,
the appearance of the 1415-cm™ band in the ~-CH,-
bending region of the Raman spectrum, and the splitting
observed in the IR spectra at low temperature. A phase
transition having many structural similarities has been
recently observed in the n-alkane clathrates?! where at low
temperature a contraction of the urea lattice increases the
intermolecular interaction between n-alkane chains, thus
also changing the subcell structure.

The exact mechanism of the transition is unclear, but
an analogy to that observed by Zerbi et al.20 for n-al-
kanes may not be drawn due to the thermodynamic
incompatibility of hydrocarbon and fluorocarbon chains.
Any surface disordering mechanism in the F12H10F12 tri-
block crystals would involve the longitudinal motion of
fluorocarbon segments through a hydrocarbon lattice,
which is highly unlikely due to the incompatible nature
of these chemical species.

Thus, it has been shown that the F12H10F12 triblock
molecule exists in a hexagonal-like structure at room
temperature similar to that found for odd n-alkanes a few
degrees below their melting point. At low temperatures,
the F12H10F12 undergoes a transition to a new phase
characterized by a decrease in molecular mobility due to
an increase in the intermolecular coupling. Spectral
observations indicate that this new phase is similar to the
orthorhombic phase that exists in the odd n-alkanes at
room temperature. No specific information was obtained
from the Raman spectra of the fluorocarbon portion of the
molecule to suggest that it has undergone a conforma-
tional change at low temperature, although here some
subtle change to allow closer proximity of the hydrocarbon
segments may not be spectroscopically detectable. Future
studies will address this aspect in more detail.
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Enhanced Stability and Facilitation in the
Oxygen Transport through Cobalt Porphyrin
Polymer Membranes

We describe herein the polymer-bound cobalt porphy-
rin derivatives with large oxygen-binding kinetic constants
and with extraordinarily prolonged lifetimes through which
oxygen permeates with high selectivity (Po,/Pn, > 10).

Metalloporphyrin and cobalt-Schiff base chelates with
oxygen-binding ability have been applied to an oxygen-
transporting fluid! and to an oxygen-enriching liquid
membrane.? But these oxygen-carrying metal chelates in
solutions are often irreversibly oxidized and their lifetimes
as an oxygen carrier are quite limited. We have recently
reported measurements of facilitated oxygen transport in
dry (or solvent-free) polymer membranes containing a
cobalt porphyrin and a cobalt-Schiff base chelate as a fixed
carrier which sorbs oxygen selectively and reversibly.? We
intended here to enhance the efficiency of this facilitated
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transport and to prolong the lifetime of the metal che-
late as an oxygen carrier. We synthesized the following
polymer-bound cobalt porphyrins: meso-mono(a-o-
methacrylamidophenyl)tris(a,a,x-0-pivalamidophenyl)-
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