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Table IV
Side-Group Orientations at Minimum Energy
Conformations of the Skeleton and Side Groups

Mini-
Polymer ma® R; Ry R3 Ry¢ T; Ty Ty Ty
[NP(OCH3)q},-A 160:200 C C C C
0200 C A C C
0320 C B C C
[NP(OCH3y)9],-B 160:200 C C C C
0:200C A C C
0320 C B C C
[NP(OCH;- 30:330 C C C C A A A A
CHs)s].-A
0220 C C C C A A A A
160:210 C C C C A A A A
[NP(OCH,- 200340 C C C C A A A A
CH.‘%)Z]H_B
0:180 C C C C A A A A
160:2100 C C C C A A A A
[NP(OCH,- 30330 C C C C A A A A
CFB)Q]n
180 C C C C A A A A
150210 C C C C A A A A
[NP(OCgH5)9] 10270 A B C B B C C B
16150 A ¢ ¢ C B C C C
150210 C ¢ C€C C€C C B C B

¢ Skeletal torsional angles ¢ and ¥, respectively. ® Positions A,
B, and C are depicted in structures VI and VII. Groups Ry, Ry, T,
and T are assumed to be represented by mirror images of VI and
VIL

is generally believed to be a function of the flexibility of the
polymer chains. A low glass transition temperature is an in-
dication of a high chain mobility. High chain flexibility may
be a function of two factors: the breadth of the minimum en-
ergy wells and the presence of low barriers between the prin-
cipal wells. Hence, it was of interest to examine the energy
surfaces calculated for [NP(OCHzs)g],, [NP(OCH2CHy)o),,
and [NP(OCHCF3)s], in a search for clues to the reasons for
the low T’y values of these polymers.

The energy surfaces calculated for all three polymers show
both broad areas of low potential and low barriers between the
main wells. Extensive conformational changes can apparently
occur within the wells for all three cases without the sur-
mounting of barriers greater than 1-2 keal/mol residue. Fur-
thermore, the energy barriers to the transition from one
minimum conformation to another are not excessive (<3
kcal/mol residue) for these three alkoxyphosphazene poly-
mers. On the other hand, the surfaces for poly(diphenoxy-
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phosphazene) showed more restricted low-energy areas, with
higher barriers (3-5 kcal/mol residue) between conformational
minima. Thus, the presumed conformational mobility derived
from the energy surfaces, which decreases in the order
[NP(OCHj)z], = NP(OCgHs)s], > [NP(OCH:CFy)s), »
[NP(OCgHs)2],, roughly parallels the change in T, values in
the order: =76, —84, —66, and —8 °C. The reversal of the ex-
pected order for the methoxy and ethoxy derivatives probably
reflects the influence of the longer ethoxy units on reducing
intermolecular chain—chain interactions.
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Communications to the Editor

Solubility of Hydrogen in Single Crystalline
Polyethylene

In a previous research! we were able to demonstrate a far
higher solubility of hydrogen in single crystalline mats of
linear polyethylene (PE) than in ordinary bulk PE. Per gram
of sample the hydrogen solubility was fivefold greater in the
single crystalline mats than in the bulk PE, but per gram of
amorphous phase in which the hydrogen is believed! only to
dissolve (studies on cyclopropane solubility? in PE agreed also
with this conclusion) the solubility in the single crystalline

mats at 25 °C and 1 atm of pressure of hydrogen was tenfold
greater. (Lowell and McCrum? did not observe any enhanced
solubility of cyclopropane in their single crystal sample as
compared to bulk PE.)

Now, however, we have studied hydrogen solubility3 in some
freeze-dried single crystalline samples which became available
to us.4 Much to our surprise no solubility of hydrogen at all
could be detected in these rather fluffy crystals although two
attempts at 25 °C and one at 35 °C were made to measure the
solubility.

Previously,” we had thought that the greatly enhanced
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solubility of hydrogen in the single crystal mats prepared by
hot-filtering was a true solubility because the catalytic effect
of hydrogen in promoting alkyl radical decay was tenfold
greater than in the case of bulk PE. Now, however, we shall
have to withdraw this criterion of true solubility because as
shown in another research® hydrogen catalyzes the alkyl decay
to the same extent in the freeze-dried single crystals as it does
in the hot-filtered single crystal mats.

The observation of no hydrogen solubility in the freeze-
dried samples indicates that the surface amorphous layer of
the single crystals, although serving as the location for the
alkyl free radical decay reaction, is not of sufficient depth in
these freeze-dried samples to retain molecular hydrogen when
the solubility cell is evacuated at 77 K to remove the ambient
hydrogen.” Apparently, two surface layers of the single crystals
have to be in contact to provide suitable sorption sites for the
molecular hydrogen to be retained.®
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