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ABSTRACT: Prompted by the studies of Sozzani and co-workers, who have polymerized diene monomers
complexed with perhydrotriphenylene (PHTP) to form inclusion compounds, we have investigated the
conformations and mobilities of the resulting isolated trans-1,4-diene polymer chains confined to the chan-
nels of their inclusion compounds with PHTP. This was achieved by a two-step procedure: (i) from all
the possible conformations available to the free polymer chains, those conformations which fit into the
channels of their inclusion compounds with PHTP were defined; (ii) a test was performed to determine
whether or not it was possible to interconvert between these channel conformations while the trans-1,4-di-
ene polymers remained inside their channels. This procedure was applied to trans-1,4-polybutadiene, trans-
1,4-polyisoprene, and isotactic trans-1,4-poly(penta-1,3-diene) chains confined to the channels of their inclu-
sion compounds with PHTP. We found the channel conformers of the butadiene and pentadiene polymers
able to interconvert while inside their channels. By contrast, the isoprene polymer was not able to inter-
convert between its channel conformers without significant expansion of its confining PHTP channel (ca.
30% increase in channel diameter, compared to the 0-5% increase observed for interconverting butadiene
and pentadiene chains). These results are consistent with the solid-state 13C and 2H NMR studies per-
formed by Sozzani et al. to elucidate the conformations and mobilities of the same trans-1,4-diene poly-

mers when restricted by the channels formed in their PHTP inclusion compounds.

Introduction

When the crystals of perhydrotriphenylene (PHTP)
are exposed to small molecule liquids or gases, crystal-
line inclusion compounds are formed. Farina and
co-workers! have studied many PHTP inclusion com-
plexes, including those with polymers such as polyethyl-
ene. Generally the physical properties of both the PHTP
matrix and the entrained molecules of the inclusion com-
pound are markedly different from their separate pure
phases. As an example, the melting temperature of the
complex formed between the PHTP matrix and the
included molecule is significantly elevated over the melt-
ing points of their pure phases.

Many polymers are easily prepared!? in the channels
of PHTP inclusion compounds. After diffusion of gas-
eous or liquid monomer into the PHTP crystals, the con-
fined monomers of the inclusion compound are polymer-
ized by irradiation of the complex. The polymerization
propagates inside the PHTP crystal, linking together mono-
mers to form high molecular weight polymers. No amor-
phous polymer is produced because polymerization can-
not occur outside the crystal. The constraints imposed
by the PHTP channels lead to a reduction in the side
reactions that would introduce polymer defects;3 thus the
polymers produced in PHTP crystals have highly regu-
lar structures.

The polymerization of 1,3-butadiene in PHTP chan-
nels has been studied by X-ray crystallography* and ESR
spectroscopy.?®5 During the polymerization, which pro-
ceeds through a living radical mechanism,3® the PHTP
crystal structure is not destroyed. Instead the inclusion
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complex of PHTP with monomer is transformed to a crys-
talline complex with the polymer, resulting in signifi-
cant changes in the crystalline lattice parameters. The
X-ray diffraction pattern after polymerization does not
reveal the presence of the trans-1,4-polybutadiene (TPBD)
molecules in the PHTP channels. Similar results were
observed for TPBD polymerized in urea channels.®

It was suggested that either the TPBD repeat dis-
tance, when confined by the channel, was identical with
the PHTP matrix repeat (4.78 A) or the polymer was
disordered and only produced diffuse scattering. Freely
rotating TPBD chains in the PHTP channels would
explain this observation, but the X-ray data could not
distinguish between time-averaged or space-averaged con-
formational disorder. Sozzani and co-workers”: have sub-
sequently employed solid-state 3C and 2H NMR spec-
troscopy in an attempt to resolve the question of disor-
der among the TPBD chains in their PHTP channels.
They have found the TPBD chains to be mobile, proba-
bly as a consequence of intrachannel conformational tran-
sitions. The motions and conformations of TPBD chains
included in the complex with PHTP were found”® to be
very similar to those experienced®1° by pure TPBD above
60 °C in their form II crystals. Unlike pure TPBD, which
transforms!! to rigid form I crystals below 60 °C, TPBD
chains in the PHTP complex remain mobile down to very
low temperature (160 °C).

Sozzani and co-workers!213 have also synthesized and
investigated the PHTP channel polymerization of iso-
prene and 1,3-pentadiene to yield trans-1,4-polyiso-
prene (TPIP) and isotactic trans-1,4-poly(penta-1,3-di-
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Table I
Structures of trans-1,4-Diene Polymers

polymer abbreviation structure

trans-1,4-polybutadiene TPBD T
— C==C=—CHp~——CHp—
|

H

trans-1,4-polyisoprene TPIP ?HS
—f—C=?—-CH2—-——CH2+
H
CH,
trans-1,4-poly(penta- TPPD |
1,3-diene) —('C=<|3—CH2—'CH+—
H
O=0

Figure 1. Schematic drawing”® of a TPBD chain in the chan-
nel of its inclusion compound with PHTP.

ene) (TPPD). The backbones of TPBD, TPIP, and TPPD
are identical, while the isomeric TPIP and TPPD can be
considered as methyl-substitituted derivatives of TPBD
(see Table I for structures). Their NMR studies have
revealed that, unlike TPBD, TPIP in the channels of its
PHTP complex is rigid and confined to adopt a confor-
mation similar to its pure 8-form crystalline polymorph.!4
TPPD, on the other hand, appears to exhibit a wide range
of mobilities when complexed with PHTP, with a frac-
tion that is mobile down to -120 °C.

In the present study, we attempt to model the confor-
mations and mobilities of all three diene polymers when
complexed to PHTP by means of confining them to cyl-
inders with radii comparable to the PHTP channels in
which they reside.

Modeling Diene Polymers in Channels. Channel
Conformers. In Figure 1, we reproduce”® a schematic
drawing of TPBD chains in the PHTP inclusion com-
pound, as determined by X-ray diffraction.* The poly-
mer is constrained to lie in channels perpendicular to
the plane of the drawing. To model a TPBD chain con-
fined to the channels illustrated in Figure 1, we have sim-
ply restricted our considerations to any and all TPBD
conformations which fit into a cylinder with a diameter
comparable to the channels (ca. 5.5 A) shown in this fig-
ure. The portion of TPBD considered in our modeling
is drawn in Figure 2 and contains four monomer repeat
units.

We adopt the rotational isomeric state (RIS) descrip-
tion of the conformations of a TPBD chain derived by
Mark,!5 where each =C—CHs bond is permitted to adopt
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Figure 2. Four repeat unit fragment of TPBD used to derive
the conformations of its channel-bound chains.

the skew (s*, £60°) and cis (¢, 180°) rotational states,
while each CHo—CH, bond is restricted to the trans (t,
0°) and gauche (g*, £120°) conformations. Each CH=CH
bond is of course fixed in the trans configuration, and
the following bond lengths and valence angles are adopted?®
and assumed fixed in all conformations: lcy—cnu = 1.34
A, ZCH#CHZ = 1.51 A, lCHZ—CHz = 1.63 A, lc—ug = 1.10 A,
(CH,—~CH=CH = 125°, and «CH—-CH,—CH, =
(H—C—H = 110°.

A Cartesian coordinate system affixed to the middle
of the first CH==CH bond (see Figure 2) is used as a ref-
erence frame for expressing the x,y,z coordinates of each
of the atoms in the TPBD fragment shown in Figure 2.
Of course the atomic coordinates depend on the four sets

of rotation angles CH§:CH2, CHQf*bCHZ, CHQ%%CH

(¢ayPbyPe)1,2,3,4 resulting in [(3)(3)(3)]* = 531 441 total con-
formations for this four repeat unit fragment of a free
TPBD chain. For each of these conformations, the x,v,z
coordinates of all the atoms are calculated and trans-
formed to a Cartesian coordinate system x’,y’,2" whose
z’-axis connects the midpoints (O,®) of the terminal
CH==CH bonds (see Figure 2). The radius of the corre-
sponding cylindrical coordinate system with coincident
Z-axisis r = (x' 2 + y' H)1/2,

In the selection of channel conformations, we simply
check each conformation generated to determine if r =
(x' 2+ y 9V/2 < r,, where r. is the radius of the cylindri-
cal channel. If each atom in the TPBD fragment passes
this test, then the conformation is considered a channel
conformer.

Average Properties of Channel Conformers. Matrix
multiplication techniques!7 are used to calculate various
properties of the TPBD chain fragment, averaged over
all conformations and averaged over just the set of chan-
nel conformers found. The averaging is made possible
by Mark’s RIS model!® for TPBD. The average proba-
bility or population of channel conformers and the bond
conformations averaged over all conformations and just
the set of channel conformers are obtained in this man-
ner for channels (cylinders) of various radii.

The RIS models!517:18 for TPBD and the two methyl-
substituted polydienes, TPIP and TPPD, are presented
in Figure 3, where one olefinic and one paraffinic carbon
in TPBD are methyl-substituted in TPIP and TPPD,
respectively. Statistical weight matrices U, Uy, and U,
for the three single C-C backbone bonds in each repeat
unit are also presented in this figure. The columns of
Uab,e are indexed by the rotational states of bonds a, b,
or ¢, while the rows correspond to the rotational states
of the preceding bonds CH=CH, a, or b. Summation of
the elements of the matrix product U,U,U, yields the
partition function Z, of a repeat unit. For the four repeat
unit fragment considered here, the configurational par-
tition function is simply Z, = (Zp)*.

Let us suppose that the TPBD fragment in Figure 2
adopts the (s*ts™)(cg c)(sts*)(cg*c) conformation. Its
probability of occurrence is obtained from [Ua(l)-
Uy(1,1)U.(1,3)U.(2)Up(2,3)U(3,2)Ua(3)Un(3,DU(L,1)-
U.(2)Up(2,2)U.(2,2)]/ Z4, where for example U.(1,3) is the
1,3 element of the U, matrix (see Figure 3). To deter-
mine the probability of finding the second CH,—CH,
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Figure 3. Summary of the statistical weight matrices U,, Uy,
and U, of the RIS models for TPBD, TPIP, and TPPD, which
were used to calculate the conformational properties of their
channel conformers.

bond in the TPBD fragment of Figure 2 in the g* rota-
tional state, or conformation, we simply divide the matrix
product (UUpU)(UaUs(gH)U)(UgUpU)(U.UpU,) by Zy,
where Up(g*) is the statistical weight matrix for bond b
with first and third column elements, which correspond
to the t and g~ conformers, replaced by zeros.

Similar searches for channel conformations were con-
ducted for TPIP and TPPD, but in these cases either
one olefinic proton in each repeat unit was replaced by
a methy! group {TPIP) or one paraffinic proton was
replaced by a methyl group (TPPD). Of course the sta-
tistical weight matrices appropriate to TPIP and TPPD
were substituted for those of TPBD. At room tempera-
ture, the following rotational-state statistical weights appear
appropriate!®17.18 (see Figure 3): a = o’ = 0.96, 8 = 0.24,
¢ = 1.0, ¢ = 0.54, and ¢” = 0.15. Bond rotational-state
probabilities were calculated only for the two central repeat
units in the four repeat unit fragment of each polydiene.

For each channel conformer generated, the angles
between the 2’-axis of the channel conformers and the
C—H bonds belonging to the olefinic carbons of the cen-
tral CH=CH bond of the TPBD fragment in Figure 2
and the adjacent methylene carbon C—H bonds were cal-
culated. In addition, these angles were averaged over all
the channel conformers generated for each channel or
cylinder size r.. It was hoped that this information might
eventually be used to interpret the 2H NMR studies®12.13
of these polydienes when complexed to PHTP.

Mobility of Channel Conformers. In an attempt to
characterize the mobility of these polydiene chains when
confined by the channels of their complexes with PHTP,
we sought to determine the possibility of interconvert-
ing between channel conformers without any part of the
chain leaving the channel during any step in the inter-
conversion process. Only that portion of the TPBD chain
fragment in Figure 2 between the vertical dashed lines
was considered, because its conformation depends solely
on the C—C bond rotations in two consecutive repeat
units, i.e., six rotation angles compared to the 12 bond
rotations necessary to define the conformation of the entire
fragment. Because the CH;—CH; and CH,—CH(CHj3)
bonds in the channel conformers of all three polydienes
were found to be almost exclusively trans for cylinders
with r. near the channel size of their PHTP inclusion
compounds (vide infra), ¢, = ¢, = 0° £ 30° (see Figure
2) was assumed during all conformer interconversions.
Each of the other four rotation angles (¢a,, ¢c,s @ay @c,)
was stepped sequentially in 20° increments throughout
their complete range.

(o)
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One of the channel conformers was selected as the start-
ing conformation. As each rotation angle was incre-
mented, the x’,y",2’ coordinates of each atom in the frag-
ment between vertical dashed lines were calculated and
checked to see that all atoms remained inside the cylin-
der of the starting channel conformer. This procedure
was repeated until one or more atoms passed through
the cylinder wall or another channel conformer was
reached. If the former occurred, then another channel
conformer was selected as the starting conformer, and
the channel conformer interconversion procedure was
repeated. When another channel conformer was reached,
all rotation angles were reinitialized to the values of the
new starting channel conformer, and the interconver-
sion process was restarted. The test for interconversion
between channel conformers was complete after each cyl-
inder conformer had been used as the starting conforma-
tion.

Results and Discussion

Channel Conformations. The channel conformers
found for all three polydienes are partially characterized
and described in Table II, where their numbers and bond
rotational state probabilities are presented for cylinders
of various radii. Because in the search for channel con-
formers each atom was considered a volumeless point, a
channel conformer found to fit in a cylinder of diameter
D’ = 2r. would actually fill a cylinder with a diameter D
=D’ + 1 A if van der Waals spheres of radius 0.5 A were
assigned to each proton. All cylinder diameters given in
Table II reflect the steric requirement of 0.5-A van der
Waals spheres placed on each proton.

Not surprising is the observation that TPBD chains
fit into channels smaller than the methyl-substituted TPIP
and TPPD chains. Also, more different TPBD conform-
ers fit into a cylinder of a given D than was found for
TPIP or TPPD (see Figure 4). For D <4.5 A, even TPBD
does not fit into the cylinder. In a cylinder with D = 4.5
A, only two different TPBD conformers are allowed,
=g*ts¥= and =ctc==. The first conformer is the low-
temperature form I crystalline conformation?® found to
be stable!! below ca. 60 °C. The alternating cis, trans
conformer (=ctc==), also able to fit in a D = 4.5 & cyl-
inder, has a higher energy and lower probability (0.25 vs
0.75) than the form I crystalline conformation. Expan-
sion of the cylinder diameter to D = 5.0 A results in the
incorporation of additional TPBD conformers of the type
(=cts*=) suggested by De Rosa et al.18 for form II crys-
talline TPBD stable!! above 60 °C.

The channel conformers found for all three poly-
dienes have trans (¢, = 0°) CH,—CH(H or CHj3) bonds
until the cylinder diameter exceeds 7-8 A and gauche
(¢p = £120°) conformers are accommodated by the
expanded channels (see Figure 5). At the same time, chan-
nel conformers have a higher content of cis bonds than
the free polydiene chains (see Figure 6). (Note that ¢,
= ¢ is not allowed in the TPIP chain (CH3)C=CH

—?—CHz—C*H2~C(CH3)=CH because of the steric over-

lap between CHj and C*Hj in this conformation.) Thus,
as the channel diameter increases more gauche and fewer
cis conformers are allowed.

TPIP may be obtained in two crystalline polymorphs:14:20
the o and @8 forms with =s*tc= and =s*ts*= confor-
mations, respectively. For cylinders with D < 6.0 4, no
channel conformers with cis CHs—C(CH3)= bonds are
found. Only 3 conformations fit into cylinders with diam-
eters corresponding to the channels in the TPIP inclu-
sion compound with PHTP.
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Table 11
Polydiene Channel Conformers
no.of channel conformers P(¢.=c) P(¢p=t) P(¢.=c)
D, A TPBD TPIP TPPD TPBD TPIP TPPD TPBD TPIP TPPD TPBD TPIP TPPD
4.5 3 0 0 0318 1.0 0.318
5.0 11 4 3 0.26-0.36 0.0 0.263 1.0 1.0 1.0 0.26-0.36 0.0 0.263
5.5 109 14 39  0.32-0.33 0.0 0.376 1.0 0.99 1.0 0.31-0.34 0.0 0.327
6.0 511 54 315  0.28-0.31 0.0 0.427 1.0 0.99 1.0 0.28-0.31  0.0-0.077 0.345
6.5 126 0.0 0.97 0.068-0.110
7.0 3211 336 2416 0.292 0.0 0.400 0.96 0.96 0.99 0.292 0.138-0.157 0.352
8.0 10021 1540 7914  0.305 0.0 0.330 0.92 0.92 0.92 0.305 0.255-0.295 0.315
9.0 52 691 7496 39146  0.293 0.0 0.295 0.88 0.89 0.85 0.293 0.264-0.281 0.286
10.0 100 849 15710 90822 0.273 0.0 0.285 0.77 0.85 0.78 0.273 0.251-0.283 0.279
11.0 163 727 27760 149113  0.253 0.0 0.263 0.67 0.80 0.71 0.253 0.242-0.271 0.258
13.0 333 857 60959 314380 0.221 0.0 0.226 0.54 0.68 0.56 0.221 0.229-0.255 0.225
free chain 531 441 104976 531441 0.210 0.0 0.204 0.47 0.55 0.45 0.210 0.226 0.206
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Figure 4. Fraction F. of all polydiene conformers which fit
into a cylinder of diameter D. The upper (lower) curve corre-
sponds to TPBD (TPIP) channel conformers, while the chan-
nel fractions for TPPD lie within the shaded region.
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Figure 5. Probability P(¢p=t) of finding the —C—C— bonds
in the trans conformation for the channel conformers of TPBD
(—), TPIP (-+), and TPPD (-.-).

The fractions of all TPPD conformers which fit into
cylinders, F, fall between those of TPBD and TPIP (see

Figure 6. Probability P(¢q4 or c=¢) of finding the =C—G and
—C—C= bonds in the cis conformation for the channel con-
formers of TPBD (—), TPIP (-}, and TPPD (- - -).

Table IIT
Average Angle between C-D Vector and z-Axis of
Polydiene Channel Conformers#

<C‘D>Wb

D D

I
—C—C—C—C= —C==Cz==C~—C—
I !

polydiene D D D
TPBD 53-57° 53-59°
TPIP 63° 81-82°
TPPD 46-55° 58-64°

o) =55 A. ® Averaged over the 109-, 14-, and 39-channel con-
formers of TPBD, TPIP, and TPPD, respectively, which fit into a
cylinder with D = 5.5 A.

Figure 4). Like TPBD, but not TPIP, some TPPD cyl-
inder conformers with diameters in the range of the chan-
nels in its PHTP inclusion compound do possess cis
=C—C bonds.

In Table III, the angles made by the C-D bond vec-
tors of the olefinic and paraffinic carbons with the 2’-axis
of the cylindrical coordinate system are presented. These
C-D vector angles have been averaged over all the poly-
diene conformations which are able to fit in a cylinder
with D = 5.5 A. We hope to eventually attempt a simu-
lation of their observed 2H NMR spectra by means of
modeling the motions of their channel conformations in
terms of the allowed interconversions between cylindri-
cal conformers generated here for each polydiene (see
below).

Mobility of Polydiene Channel Conformers. The
11 TPBD conformers that were found to fitina D = 5.0
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A cylinder could not be interconverted by the procedure
outlined above. However, a 5% expansion of the cylin-
der diameter to 5.25 A did permit their interconversion.
TPIP conformers derived for 5.0-A cylinders could not
be interconverted until the cylinder was expanded 30%
toD =6.5A. The D = 5.0 A conformers found for TPPD
could not be interconverted even after expansion of the
cylinder diameter to 7.0 A. On the other hand, those
additional TPPD conformers found to fit in a cylinder
with D = 5.5 A could be interconverted without any chan-
nel expansion.

On the basis of these observations, we would expect
that, in the channels of their inclusion compounds with
PHTP, TPBD chains would exhibit the greatest mobil-
ity, TPIP chains would be the most rigid, and TPPD
chains would have mobilities somewhere in between the
mobilities of TPBD and TPIP chains. Sozzani et al.”
have observed by high-resolution 13C NMR that the chem-
ical shifts and the spin-lattice relaxation times T'; of TPBD
in its inclusion compound with PHTP are very similar
to those exhibited by pure TPBD in its form II crystals
above 60 °C. Neither form II nor the PHTP inclusion
compound of TPBD exhibits spinning side bands in their
CPMAS/DD 13C NMR spectra. The 2H NMR studies
of TPBD complexed with PHTP performed by Sozzani
et al.? also indicate that the mobilities of TPBD chains
in pure, bulk form II crystals and isclated in the PHTP
channels are very similar.

Drawing from the conformational energy calculations
of De Rosa et al.,16 Sozzani et al.”8 have interpreted their
solid-state 13C and 2H NMR observations of TPBD-
PHTP complexes as providing strong evidence that the
conformations and motions of the TPBD chains in both
environments are very similar, where a rapid intercon-
version of s*ts* and cts* conformations is believed to
occur along the TPBD chains. This description is con-
sistent with the TPBD conformers generated here for cyl-
inders with diameter similar (5.5 A) to the channels of
the PHTP inclusion compound (see Table II). These con-
formers all have trans CHo—CH; bonds and an ca. 30%
probability for cis =CH—CH; bonds. Furthermore, it
was found that these channel conformers were able to
interconvert without any significant expansion of the cyl-
inder from which they were derived.

Sozzani et al.12 have also studied the PHTP inclusion
compound of TPIP by solid-state 13C and 2H NMR spec-
troscopy. They found the 6 13C values and their associ-
ated T, values to be similar to the values observed!22!
for bulk TPIP when crystallized into its § form. Unlike
TPBD, the TPIP chains in their inclusion compound with
PHTP were observed to be rigid. These observations are
consistent with the TPIP conformers generated in cyl-
inders with D = 5.5 A. All these conformers (14) are of
the sts types, and they were found not to be inconvert-
ible uniess the cylinder was significantly expanded (30%).

Bruckner et al.!® have performed a 2H NMR study on
isotactic TPPD when complexed to PHTP. They con-
cluded that more than 20% of the C-D bonds are highly
mobile, like TPBD, while the remainder of the C-D bond
population exhibits increased rigidity, with a substan-
tial portion exhibiting a Pakelike pattern associated with
arigid C-D bond orientation on a time scale of the order
10-% s. They attributed this behavior to different local
environments experienced by the TPPD chains inside
the PHTP channels. However, they assumed that the
TPPD chains are adopting only sts conformations by anal-
ogy to their crystalline conformation,?2-23 and did not con-
sider the possibility of cis =CH—CH, or C(CH3)H—
CH= bonds. As seen in Table II, both of these bonds
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in the D = 5.5 A conformers possess a substantial amount
of cis character.

If the PHTP channel conformers of TPPD also pos-
sess some cis bonds, then its solid-state 13C NMR spec-
trum should show resonances that are substantially
shielded from those observed in the spectrum of pure
crystalline TPPD, as was observed for TPBD. A recent
13C NMR study?* of pure TPPD and its inclusion com-
pound with PHTP confirms this expectation. It may be
possible that the rigid C-D bonds belong to those chan-
nel conformers that are not able to interconvert, while
the mobile C-D bonds are part of the rapidly intercon-
verting channel conformers. If these two populations of
conformers have different numbers of cis =C—C— bonds
(compare D = 5.0 and 5.5 A TPPD channel conformers
in Table II), then we might expect to observe at least
two resonances for each carbon type in the 13C NMR
spectrum of the TPPD-PHTP inclusion compound. This
expectation is confirmed.?*

Summary

Cylindrical conformations have been derived for the
three trans-1,4-polydienes TPBD, TPIP, and TPPD as
models for these chains when confined to the channels
of their inclusion compounds with PHTP. In agree-
ment with the solid-state 2H and 13C NMR studies of
Sozzani et al.,7812:13.24 the conformational and motional
behavior of the derived channel conformers may be char-
acterized in the following ways: (i) all three polydienes
are able to adopt conformations which fit onto cylinders
with diameters (D = 5.5 A) comparable to the channels
they occupy in their inclusion compounds with PHTP;
(ii) all channel conformers have trans —C—C— bonds;
(iii) both TPBD and TPPD can adopt channel conform-
ers with cis =C—C— bonds, while all TPIP channel con-
formers are of the sts type; (iv) TPBD and TPPD chains
are able to interconvert between several of their channel
conformers without any significant expansion of their con-
straining cylinders, while TPIP chains cannot.
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ABSTRACT: Inclusion compounds formed by linear polymers and host clathrates, such as urea and per-
hydrotriphenylene (PHTP), provide a unique environment for the included polymer chains. We have inves-
tigated the conformations and mobilities of isolated polyethylene (PE) and poly(oxyethylene) (POE) chains
when confined to the channels of their inclusion compounds. This was achieved by a two-step procedure:
(i) from all possible conformations available to the free polymer chain, those conformations which fit into
the channels of their inclusion compounds were defined; (ii) a test was performed to determine whether or
not it was possible to interconvert between these channel conformations while the polymer chains remained
inside their channels. Though several PE and POE conformers with diameters appropriate to the chan-
nels in their urea and PHTP inclusion compounds (D = 5.25-5.50 A) were found, it was not possible to
interconvert between them without some portion of each polymer chain leaving the channel. This is in
marked contrast to the behavior of trans-1,4-polybutadiene and isotactic trans-1,4-poly(penta-1,3-diene),
which were previously found capable of conformational interconversions in their inclusion compounds with
the same host clathrates. On the basis of a comparison of the channel conformers derived for PE and POE
with X-ray diffraction studies of their urea and PHTP inclusion compounds, we conclude the following:
PE, as it does in its pure crystalline phase, assumes the all-trans, planar zigzag conformation in both clath-
rates. (ii) POE in the PHTP clathrate adopts several extended conformations, some with a few gauche
bonds, in addition to the all-trans conformer. (iii) In its inclusion compound with urea, only more compact
conformations with significant gauche bond contents are permitted. (iv) The POE chains in both clath-
rates adopt conformations that are more extended than the ..g*tt... conformer found in POE crystals,

which does not fit in either clathrate channel.

Introduction

Formation of inclusion compounds between small-
molecule, host matrices and polymeric guest molecules
permits the study of the conformations and motions of
polymer chains confined to the channels of their inclu-
sion compounds, where each chain is well-separated from
neighboring chains by the host matrix. Two such host
matrices are formed by the crystals of urea and perhy-
drotriphenylene (PHTP). In Figure 1, the inclusion com-
pounds of urea with n-hexadecane! (a) and PHTP with
trans-1,4-polybutadiene? (b) are illustrated as viewed down
the channels of both complexes. Though the channel inte-
riors are polar for the urea complex and nonpolar for the
PHTP complex, each is nearly cylindrical in shape with
diameters in the range 5.25-5.50 A.

Though some polymers may be prepared directly in
the channels of their inclusion compounds by irradia-
tion of the inclusion compounds formed by their
monomers,? the inclusion compounds of polyethylene (PE)
and poly(oxyethylene) (POE) with both urea and PHTP
are obtained4® from solutions or melts of host matrix
and guest polymer mixtures. X-ray diffraction studies®¢
of the PE-urea and PE-PHTP clathrates reveal an
extended, all-trans planar zigzag chain conformation was
found in pure crystalline PE. In the POE clathrates with
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urea and PHTP, however, X-ray diffraction meas-
urements®’ indicate unique chain conformations, both
of which are different and more extended than the
..g*ttg*tt... chain conformation observed® for pure crys-
talline POE.

As an extension of our previous investigation, the pre-
ceding paper in this issue,® of the conformations and mobil-
ities of trans-1,4-polydienes confined to the channels of
their inclusion compounds with PHTP, we report here a
similar modeling study for PE and POE chains in the
channels of their urea and PHTP clathrates.

PE and POE in Clathrate Channels. Channel
Conformers. To model PE and POE chains confined
to the urea and PHTP clathrate channels illustrated in
Figure 1, we simply consider only those PE and POE
conformations which fit into a cylinder with a diameter
comparable to these clathrate channels (5.25-5.50 A). The
portions of PE and POE considered in our model are
drawn in Figure 2 and contain four and three repeat units,
respectively. Below each drawing are the statistical weight
matrices (U)° corresponding to the constituent bonds
of PE and POE. These matrices embody the rotational
isomeric state (RIS) descriptions of the conformations
of PE! and POE!2 chains, and their elements are appro-
priate to room temperature.
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