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and slowly evaporated. In the case of R4DB (M,, 50000)
no change in 7, was observed. It is concluded that the
observed melt viscosities of the lightly entangled rings
(MW < 10%) are probably true values. R19D was treated
similarly. When the polymer content reached 90%, the
sample was placed for 3 h at 150 °C in a pressure vessel
in a benzene atmosphere. All residual benzene was re-
moved under vacuum at room temperature. After this
treatment the melt viscosity of R19D increased by a factor
of 2 (arrow in Figure 3) and (Gy°), had risen from 0.5(Gy°),
to 0.7(Gx°),. Unfortunately, the ultracentrifuge pattern
of the sample indicated that some degradation had oc-
curred during the treatment and subsequent measure-
ments (30% linear polymer with the same molecular
weight as the ring and 20% low molecular weight material).
Nevertheless, the increased melt viscosity indicates that
the increased entanglement of the rings outweighs the
effects of low molecular weight linear material in the
sample. Of course, it is not established that in the limit
(GN®): = (G

Ring polymers with MW > (M,),/g, = 7 X 10* are ex-
pected to be effectively entangled. However, because of
the low values of (Gx°); the measured viscosities of the
large entangled rings are probably only minimum values
that differ increasingly from the true », as the molecular
weight increases. For the same reason, the values of the
recoverable compliance J,° of the rings (J,° = 1/9,% lim_ .,
(G’/«?) given in Table I are probably only apparent. Note,
however, that for the lowest molecular weight ring J,° ~
1/4(J,°)}, in accord with the Rouse model.*

In conclusion, it can be said that the observed melt
viscosities are minimum values which show enhanced 7,
over linear polymers of the same size. Therefore, these
data provide partial indirect evidence for the tube model
and reptation.
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Observations of a “Gel” Phase in Binary Mixtures
of Semifluorinated n-Alkanes with Hydrocarbon
Liquids

Semifluorinated n-alkanes, F(CF,),(CH,),,H (FrHm in
our notation) have been the subject of a number of recent
studies in both the melt! and solid state.>* Results in-
dicate that only partial disordering of the molecular chain
occurs in the melt, with a partial ordering maintained in
the fluorocarbon portion of the molecule. When these
materials crystallize, several different morphologies result,?
depending on the fluorocarbon-to-hydrocarbon ratio (n/m)
in the molecule.

An investigation of binary mixtures of semifluorinated
n-alkanes in hydrocarbon liquids has revealed® the exist-
ence of a new phase which exhibits gel-like characteristics
and henceforth will be referred to as a “gel”. This phase
results when a mixture of an FnHm compound and various
hydrocarbon liquids (see Tables I and II) is heated above
the melting point of the corresponding FnHm to form a
homogeneous fluid and then allowed to cool to room tem-
perature. Once the gel is formed, the transition between
the gel phase and an isotropic, transparent fluid is re-
versible. The temperature, T,, at which this transition
occurs and the opacity of the gel phase depend upon the
concentration of the components in the mixture. This
transition temperature above which the mixture is visibly
transparent also corresponds (£2 °C) to an endotherm
easily measured by differential scanning calorimetry
(DSC). However, in comparison to the melting endotherm
observed for the neat FnHm, the endotherm of the gel
transition is broad (extending over some 40 °C compared
to 10 °C for the solid) and skewed toward the low-tem-
perature side, indicating that a gradual disordering occurs
over this range prior to the temperature of the endotherm
minimum. In addition, the enthalpies (per mole of FnHm)
of the observed gel transitions have been found to be
consistently larger than that found for the melting of the
pure solid.

Macroscopically the “gel” phase is manifested by an
extremely large zero-shear viscosity, which reverts to that
of a low-viscosity liquid upon heating above T,. When this
“gel” phase was vigorously shaken it remained intact. In
fact, it could also be inverted in a tube and left for several
days without any noticeable flow. Microscopically the gel
was observed to exhibit birefringence between crossed
polarizers which disappeared above T,. Under high
magnification the presence of what appeared to be a mi-
crofibrillar morphology was also noted.

Table I
FnHm + Decane
n m gel formed
12 2 no
12 4 no
12 6 marginal
12 8-20 yes
14 0 no
Table 11
F10H12 + Solvent
gel gel
solvent formed solvent formed
octane yes  perfluorooctane no
decane ves cyclodecane yes
dodecane yes  caprylic acid yes
tetradecane yes PEO-400 no
hexadecane yes 2-methylnonadecane  yes
perfluorocyclohexane no decalin yes
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Figure 1. Phase diagrams of F10H12 in octane, decane, hexa-
decane, and cyclodecane. Transition temperature corresponds
to the endotherm minimum obtained from differential scanning
calorimetry measurements in a sealed sample pan. Sample weights
were checked before and after heating cycles in order to ensure
that no loss of sample occurred.

Shown in Figure 1 are phase diagrams which have been
determined through a series of DSC measurements on
F10H12 in n-octane, n-decane, n-hexadecane, and cyclo-
decane. There is a clear dependence on concentration of
F10H12 (weight percent) which affects the transition
temperature, T, where the opaque, viscous gel transforms
into a low-viscosity transparent fluid.

It is interesting to note the shape of these phase dia-
grams and how they vary with the nature of the cosolvent.
At high concentrations, a linear portion of the curve is
observed and is similar to what would be expected for a
simple melting point depression. At intermediate con-
centrations (<90%) the positive curvature toward higher
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temperatures reflects the intermolecular interaction be-
tween F10H12 and the alkane, indicating that the gel
disorders at a temperature much higher than would be
expected from a depression of the melting point of F10H12
due simply to concentration. The fact that this interaction
is dependent on the nature of the cosolvent is exemplified
by the change in shape of the phase diagram in going from
linear to cyclic alkanes. This suggests that the interaction
parameter may be sensitive to the shape of the cosolvent
molecules as dictated by the allowable conformations.

These results taken collectively strongly suggest that the
structure of the gel phase is considerably different from
that of the solid state. In fact, preliminary wide-angle
X-ray diffraction measurements (WAXD) revealed that
in a gel of F10H12/hexadecane, many of the strong in-
tersegmental d spacings increase above that of the neat
solid, while others disappear. An extensive systematic
study (including WAXD, SAXS, IR spectroscopy, and
Raman spectroscopy) has been undertaken to determine
the precise structure of this gel phase, and the results will
be the subject of a future publication.’
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