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ISOTACTIC CIS-1,4 POLY(1,3-PENTADIENE)

It was foreseeable that cis-1,4 polymers of 1,3-pentadiene, owing to
the presence of an asymmetric carbon atom in each monomeric unit,
could exist in different stereoisomeric structures; e.g., isotactic, syn-
diotactic, atactic. Of these possible stereoisomers only the syndiotac-
tic cis-1,4 polypentadiene was known until now (1).

We have recently obtained a new cis-1,4 polymer of 1,3-pentadiene
which, on the basis of x-ray analysis, appears to have an isotactic
structure of the asymmetric carbon atoms. The new polymer was ob-
tained with the aid of catalysts prepared from AI(C,H;); and a titanium
tetraalkoxide (Al/Ti from 3 to 10) in hydrocarbon solvents.

In a typical run 15 ml. of the trans isomer (99% pure) of 1,3-penta-
diene were introduced into a catalyst solution, prepared by reacting at
ordinary temperature 0.6 ml. of titanium tetra n-butoxide with 1.8 ml. of
Al(C,Hjg); in 80 ml. of anhydrous benzene.

After 15 hr. of polymerization at about 0°C. 3 g. of polymer were obtained.
In order to remove the less stereoregular low molecular weight macro-
molecules the crude polymerization product was repeatedly dissolved in
benzene and reprecipitated with methyl ethyl ketone; after 3 dissolu-
tions and reprecipitations a polymer was obtained, highly crystalline to
x-ray, having m.p. ~44°C. (polarizing microscope) and [5] 7 d1./g. (in
toluene at 30°C.).

The prevailingly cis-1,4 enchainment of the new polymer is revealed
by the presence in the I.R. spectrum of the molten or dissolved polymer
(Fig. 1, solid line) of an intense band at about 13.3 y, characteristic
of the cis internal double bonds; far less intense bands are present at
10.35 u, (trans internal double bonds) and at 11 y (vinyl groups).

By assuming, as absorption coefficients for the bands at 10.35, 11,
and 13.3 y, the values of 10 x 10%, 12 x 10*, and 6 x 10*
moles ~'cm.~!ml. (2), respectively, we have calculated a cis-1,4 con-
tent of 85-90% for the polymer we have isolated. Such a value might be
slightly modified when an improved method of analysis is available.

The L.R. spectrum of the new polymer in the crystalline state (Fig. 1,
dashed line) shows new bands with respect to the spectrum of the molten
or dissolved polymer, the most intense of which are at 13.40, 11.85,
10.80, 9.95 u, while others, less intense, are at 8.85, 8.99, 8.15, 7.60,
6.91 p.

With regard to the differences between the I.R. spectra of the isotac-
tic and the syndiotactic cis-1,4 polypentadienes, these appear small in
the spectra of the dissolved or molten polymers, whereas they appear
noticeable in the spectra of the two polymers in the crystalline state.
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RELATIVE INTENSITY
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Fig. 2. X-ray powder spectra (CuKa), registered with a Geiger counter,
of samples of cis-1,4 polypentadienes: (a) isotactic, (b) syndiotactic.

Noteworthy in the spectra of the two polymers in the crystalline state is
the different position of the band of the cis double bonds, which is at
about 13.2 y in the case of the syndiotactic and at about 13.4 i in that
of isotactic polymer (whereas in the spectra of the molten or dissolved
polymers this band is at about 13.3 y both for isotactic and syndiotactic
polypentadiene).

The structural regularity of the new polymer, which is revealed by the
differences between the I.R. spectra of the solid and the molten polymer,
is also confirmed by the x-ray spectrum, which shows the presence of a
crystalline structure. From the examination of the x-ray Geiger spec-
trum (Fig. 2a), it has been observed that the most intense maxima corre-
spond to layer distances d = 5.17 and 4.71 A; such distances are very
close to those observed for the most intense maxima of the syndiotactic
polymer (Fig. 2b), but the ratios between the corresponding diffraction
intensities are different in the two polymers.

From the fiber spectrum of the new polymer an identity period of
about 8.15 * 0.05 A. was measured, which is slightly smaller than that
of the syndiotactic polymer (8.50 * 0.05 A.). In a previous communica-
tion (1) on the basis of a conformational analysis of the chains of the
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Fig. 3. Chain models of the cis-1,4 isotactic (left) and the cis-1,4
syndiotactic polypentadienes.

cis-1,4 polypentadienes, we foresaw that the identity period of the
cis-1,4 isotactic polypentadiene, at that time unknown, could have been
about 8.1 A., which is very close to that actually found. We assume,
therefore, for the cis-1,4 isotactic polypentadiene in the crystalline
state, a chain model shown in Figure 3, already reported in our previous
communication (1). Such a model is characterized by the presence of a
screw twofold axis, while the chain model of the cis-1,4 syndiotactic
polypentadiene is characterized by a glide plane (1)..

The isotactic structure of the new polymer is further confirmed by the
behavior of the x-ray diffracted intensity on the non equatorial layers of
the fiber spectrum. In the spectrum of the isotactic polymer the amount
of the total intensity diffracted on the first layer is about the same as
that on the 2nd, whereas in the spectrum of syndiotactic polymer it is -
much lower, as already reported (1). Also the total intensity diffracted
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ing, will be reported in a subseq
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