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viously.®® A sample of N3PsF5(CeHj) (13) (6.0 g, 1.95 mmol) was
vacuum-transferred into a small Pyrex tube and the tube was
sealed. The tube was then heated in a thermoregulated oven at
290 °C. The contents of the tube gradually polymerized over a
48-h period to give the elastomeric polymer [N3P3F5(C¢Hs)], (14)
in almost quantitative yield.

Thermal Polymerization of N,P;F;(C;H;) (13) with (a)
1% (NPCl,); and (b) 10% (NPCl,); as Initiator. The polym-
erization reactions with performed as above for N3P;F5(CgHj) (13),
(13), that (NPCl,); [(a) 1%, 0.06 g, 0.01 mmol; (b) 10%, 0.60 g,
1.0 mmol)] was added as initiator. The tubes were heated to 290
°C in a thermoregulated oven. The contents of the tube a po-
lymerized during a 6-h period, while the contents of tube b po-
lymerized within 20 min to yield [NgP3Fs(CeHs)10.90[N3P3Clglo.01
(16) and [N3P3F5(CeHg)]0s[N3P3Clelos (17), respectively, in almost
quantitative yield.

Attempted Polymerization of N;P F;(CgH;) (13) with 18
mol % of Fe(n-CsH;),. This reaction was carried out as described
above for NyP3F5(CsH;) (13), except that Fe(n-CsHj), (0.065 g,
18 mol %) was added. The tube was heated to 290 °C in a
thermoregulated oven. An orange, nonviscous, homogeneous
solution was obtained. After 30 h, the contents of the tube
appeared unchanged. However, after 36 h, the color darkened
and after 40 h the contents of the tube became dark brown and
immobile. After being cooled, the tube was found to contain an
acidic gas. The dark brown, brittle, solid material in the tube
was insoluble in all common solvents.

Thermal Polymerization of N;P;F;(CsH;) (13) with 18 mol
% of Ru(n-CsH;),. The polymerization reaction was performed
as above for NP,F5(CgHj) (13) except that Ru(n-CzHj), (0.82 g,
18 mol %) was added. The tube was heated at 290 °C in a
thermoregulated oven. The N3P3F5(CeHg) (13) gradually polym-
erized over a 48-h period to give a mixture of [NyPsFs(CgHj)],,
(14) and Ru(n-CzH;),. These were separated by dissolving the
mixture in THF (150 mL) and precipitation of the polymer into
hexane (2 L). The ruthenocene was recovered quantitatively from
the hexane.
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Recently we described a tractable matrix formulation
for the intramolecular transition from a statistical coil to
a 3 sheet with tight bends (8 bends). The formulation can
be specialized so that all strands in a particular 8 sheet
have the same number of residues, but in general there is
no artificial restraint on the number of residues in a strand.
Recently the method has been extended so that contigous
strands in a particular 8 sheet may be connected by loops
of arbitrary size.® Although statistical weight matrices may
become extremely large under some circumstances,* com-
putations required for extraction of the statistical me-
chanical averages of configuration-dependent physical
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properties require remarkably little memory or execution
time. Two features of the matrix formulation are re-
sponsible for the ease of implementation: (1) The matrices
are sparse, and (2) simple summarizing statements provide
the location and identity of all nonzero elements. The
computational algorithm is based on the simple summa-
rizing statements. The huge statistical weight matrices
need never be formulated and manipulated.

Figure 1 depicts an example of the type of chain that
is included in the ensemble that was described in the or-
iginal formulation.! This chain contains three intramo-
lecular 3 sheets. One “sheet” consists of a single extended
strand. Strands in the two multistranded sheets are con-
nected by tight bends. The statistical weights assigned to
each of these sheets are noted outside the parentheses in
Figure 1. Residues in the disordered regions contribute
a factor of 1 to the statistical weight. Each residue in a
sheet contributes a 8-sheet propagation factor denoted by
t. Two additional parameters arise from edge effects. Each
sheet residue that does not have a partner in a preceeding
strand contributes an additional factor of 7, and each tight
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Figure 1. Diagrammatic chain with three ordered regions.
Statistical weights outside parentheses are those assigned when
the ordered regions are 3 sheets. Inside parentheses are statistical
weights assigned when the ordered regions are comprised of «
helices.

bend contributes an addition factor of §. The weight as-
signed to the entire chain is the product of the weights for
the constituent sheets. One or more additional weighting
factors are required when the treatment is generalized so
that strands in a particular sheet may be connected by
tortuous loops as well as by tight bends.?

An alternative set of statistical weights is noted inside
the parentheses in Figure 1. The propagation parameter
is now symbolized by s. Each tight bend still contributes
a factor denoted by 3. The factor 7 has been replaced by
w. The exponent for w is n, — n,, where n, and n, are,
respectively, the exponents for ¢t and 7 in the weights
outside the parentheses. Therefore a factor of w is con-
tributed by every ordered residue that does have a partner
in a preceding strand. (A factor of 7 was contributed by
every ordered residue that did not have a partner in a
preceding strand.) Finally, there is a new statistical weight,
denoted by ¢. Each strand contributes a factor of o. The
symbolism has been transformed to that used to describe
the transition from a statistical coil to a set of interacting
helices.> The conventional Zimm-Bragg statistical weights
are denoted by ¢ and s, w arises from the helix—helix in-
teraction, and ¢ arises from the special circumstance where
a bend is used to connect two interacting helices. The
transformation requires the following four steps: (1) re-
place each t by ws; (2) replace each = by 1/w; (3) replace
each & by ¢8; and (4) incorporate one additional o for each
distinct sheet (or set of interacting helices). Steps 1-3 are
trivial; they require nothing more than a change in nota-
tion. The fourth step is nearly as simple. It merely re-
quires multiplying the second element in the top row of
the statistical weight matrix by ¢. (It is this element that
is used at the beginning of each distinct sheet.) This
change is simply implemented, but it may have far-
reaching consequences for the manner in which order is
developed in a chain. With these changes, the metho-
dology developed for the treatment of intramolecular an-
tiparallel sheets can be directly applied to the study of
systems of interacting helices. The number of helices in
an interacting cluster is not artificially restricted to two.
Its upper limit is instead the largest integer in n/2, where
n is the number of residues in the chain. The statistical
weight matrix can be modified so that contiguous helices
in a cluster are connected by loops of arbitrary size.?

Acknowledgment. This Note was supported by Na-
tional Science Foundation Research Grant PCM 81-18197.

0024-9297 /85/2218-1346$01.50/0

References and Notes

(1) Mattice, W. L.; Scheraga, H. A. Biopolymers 1984, 23,
1701-1724.

(2) Mattice, W. L.; Lee, E.; Scheraga, H. A. Can. J. Chem. 1985,
63, 140-146.

(3) Mattice, W. L.; Scheraga, H. A. Biopolymers 1985, 24, 565-579.

(4) Mattice, W. L.; Scheraga, H. A. Macromolecules 1984, 17,
2690-2696.

(5) Skolnick, J.; Holtzer, A. Macromolecules 1982, 15, 303-314.

Conformational Properties of
Poly(1-octadecene/maleic anhydride) in Solution

KEIZO MATSUO'! and W. H. STOCKMAYER*

Department of Chemistry, Dartmouth College, Hanover,
New Hampshire 03755

FELIX BANGERTER

Swiss Federal Institute of Technology,
Technisches-Chemisches Laboratorium, ETH-Zentrum,
CH-8092 Zurich, Switzerland. Received October 2, 1984

The regularly alternating copolymer of 1-octadecene and
maleic anhydride, hereinafter POMA, has a rather large
dipole moment within each repeat unit (over 4 D), and
therefore a study of its dielectric behavior in solution has
intrinsic interest. This interest is heightened by the fact
that alternating copolymers of various 1-olefins with sulfur
dioxide show rather unusual dielectric behavior in solu-
tion:*3 a considerable part of the dipole polarization re-
laxes slowly, with a peak frequency that varies strongly
with molecular weight and has a magnitude corresponding
to overall tumbling or to the terminal relaxation time of
the Rouse~Zimm model. It is believed®™ that the large
electric moment and the large steric interactions of the long
side chains combine to induce helical structures of mod-
erate stability. We therefore thought it worthwhile to
examine the behavior of POMA in solution, and we have
found somewhat surprising results which, though frag-
mentary, are reported at the present time in this note since
we have no prospect of being able to extend the work in
the near future.

Experimental Part

A commercial sample of POMA was obtained from Gulf Oil
Chemical Co., which provides a pamphlet PA-18/78-12-500 de-
scribing the general chemical and physical properties of the
polymer and its many esoteric® uses. Eleven fractions were ob-
tained from ethyl acetate/methanol at 30 °C and dried in vacuo
to constant weight. Viscosities in ethyl acetate at 25 °C were
measured in Cannon-Ubbelohde viscometers. Weight-average
molecular weights were determined from light-scattering mea-
surements in ethyl acetate with a Brice-Phoenix photometer, and
the refractive index increment at 546 nm of POMA in ethyl acetate
at 25 °C was measured to be dn/dc = 0.119 mL/g with a
Brice-Phoenix differential refractometer.

Low-frequency dielectric response of POMA solutions in di-
oxane or benzene (freshly distilled over sodium) was measured
with a General Radio 1620-A assembly and a cell described
previously.® At frequencies above 100 kHz the resonant circuit
method” was used at the MIT Laboratory for Insulation Research,
through the kindness of W. B. Westphal.

For !3C spin-lattice relaxation measurements, a solution of
fraction F5 (30% w/w) in toluene-dg (Merck Sharp and Dohme
Canada Ltd.) was sealed in a 10-mm NMR tube after five cycles
of freezing, pumping, and flushing with dry nitrogen to remove

'Present address: Technisches-Chemisches Laboratorium, ETH-
Zentrum, CH-8092 Zirich, Switzerland.
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