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‘case that 5; =7t = o).

In previous papers, two postulates fit for defining the most probable

* chain conformation of a tactic polymer in the crystalline state, were enun-

ciated: that is the postulate of geometric equivalence of the monomeric
units of a tactic chain with regard to an axis, and the postulate that the
conformation is such that the potential energy of the chain, considered as
not subjected to external forces, is the lowest?).

It has been possible, starting from these 'postulates, and in connection
with analogous work carried out by A. M. LiQUORI2) on many other
polymers such as polyisobutylene and polyvinylidene chloride, to justify
in a simple way the chain conformations experimentally found by us for
different crystalline polymers.

In this communication, we briefly refer on some preliminary calculations
effected by us, in order to foresee from the two above postulates the
possible chain conformations of isotactic and syndiotactic polypropylenes
and to compare them with the known ones.

To gratify the equivalence postulate, the repetition along the axis of
the monomeric units of isotactic polypropylene must take place along a

‘helix (succession of isoclined isomorphous units). The succession of

internal rotation angles*) along the chain is generally bound to be of the
type oy, 64, 61, G, . ... (0, and o, = any value; 6; + o, + 27, except in the

VAN

- *) The convention used to measure the internal rotation angle 1,1,1,1. concerning a 1
g 1lalels g 2

bond of the chain in respect to 1; and l; is as follows: The internal rotation angle is =
for a trans conformation, whereas it is <, if looking along L, from 1, (1,) it is necessary
to rotate l; (1,) by an angle lower than = to make it superpose the 1; (15)%).

') G. Narra and P. CoRRADINI, J. Polymer Sci. 39 (1959) 29. G. NarTa and P. CoRRA-
DINI, Suppl. Nuovo Cimento 15 (1960) 9. '

) A. M. Liquori — Papor presented at the Summsr School in Advanced Inorganic
Chemistry, Varenna 1959; to be published in a book by the Accad. Naz. Lincei.

3) E. B. WiLsoN jr., J. C. DEcins and P. C. CrRoos, Molecular Vibrations, McGRAW-
Hitr Book Comp., Inc., New York, Toronto, London 1955, p. 60.
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The repetition of the monomeric units of syndiotactic polypropylene
may take place according to two different chain types:

a) along a glide plane, the glide defining thus the direction of the axis
(succession of enantiomorphous isoclined units). In that case the suc-
cession of the internal rotation angles must be of the type:

G153 —GC1, Ty G, T """
(0, = any value)

b) along a helix associated with twofold axes perpendicular to the
axis of the chain itself (succession of isomorphous anticlined units). The
most general succession of the internal rotatlon angles is

61, 0'1, 02, 62, X 0'1, 0'1, 62, 62

(01, 03 = any value; o; + 6, ¥ 27 except in the case that O] =T = Gy).

The couples oy, o; (0, op) are adjacent to the same CH, group, through
which the twofold axis necessarily passes.

per

Fig. 1. Convention used to measure ¢ angles of relation (D

An approximate calculation of the potential energy of an isolated chain,
when varying the internal rotation angles allowed by the equivalence
postulate, has been performed in the following way:

With reference to Fig. 1, the energy due to the interaction between
carbon atoms which are separated by three bonds (and between hydrogen
atoms belonging to them) has been approximated to be of the form
(taking the energy difference between a trans and a gauche conformation
equal to 1 Kcal4)

3 2 2w
1) Vip) = - (1 + cos 39) + 5 {2 + cos¢ + cos (cp +~3—) Kecal./bond

The energy (in Kcal/m. u.) due to vAN DER WAALS contacts between
carbon atoms (and between the hydrogen atoms belonging to them)
separated by 4 bonds has been assumed in the simplified form (due to
Mason and KrEEVOY and function of the carbon-carbon distance)s):

*) S. MizusaIMA and I. SHIMANOCHI, J. Amer. chem. Soc. 21 (1949) 1320.
®) E. A. Mason and M, M, KrEEVOY, J. Amer. chem. Soc. 77 (1955) 5808.
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(2) V(&) = 2.390-104/x.7-7 (2.7 <r < 3.24A)
V(r) = 2.739-105 exp(—3.329 r) — 2.942-103/x8 (r>3.2A)
Contacts between atoms separated by more than 4 C—C bonds have
not been taken into consideration (though important for some values of o,

and of o,), because they are negligible in the regions of minimum found

energies. The C—C—C angles (112°) and the C—C distances (1.54 A) have

Fig. 2. Convention used to label ¢ angles for isotactic polypropylene (a) and syndiotactic helicoidal
polypropylene (b) (chains arbitrarily stretched on a plane)

been furthermore assumed constant. The convention used to label the o
angles is shown in Fig. 2. For the chain conformation of isotactic crystalline
polypropylene only two minima of energy are allowed respectively cor-
responding to a threefold right and left-handed helix, as it has been experi-
mentally found (Fig. 3)¢).

For the conformation of the chain of syndiotactic polypropylene, three
equal minima of energy exist corresponding respectively to ¢; = 180°,
oy = 60°; 6, = 300°, o, = 180°; 6; = 180°, o, = 180° (Fig. 4, 5).

The two first conformations correspond to those found for the right
and left-handed helix of syndiotactic polypropylene?).

) G. NaTTA and P. CorrADINI, Suppl. Nuovoe Cimento 15 (1960) 40.

?) G. NarTa, 1. Pasquon, P. CorrapINi, M. PERALDO, M. PEGORARO, and A. ZAMBELLI,
E{ Rend. Acc. Naz. Lincei 28 (1960) 539.

8) G. NatTA and P. CORRADINI, J. Polymer Sci. 20 (1956) 251.
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Fig. 3. Internal energy of an isofactic polypropylene chain for different helicoidal conformations
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Fig. 4. Internal energy of a syndiotactic polypropylene chain for different helicoidal conformations

(04, 04, O3, G2- . +)
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The third one corresponds to the conformation found for syndiotactic
polybutadiene?®). It is interesting to point out that the helices of different
isotactic polymers correspond to values of o; and o, very near to those of
minimum potential energy for polypropylene?).

'Kcal/u_m

10

60° 120° 180° 240° 300° 360° (',

Fig. 5. Internal energy of a syndiotactic polypropylene chain for different glide-plane conformations
(oy, ™, —Op, .. )

Detailed calculations are being made for the 4 crystalline polybuta-
dienes, for the crystalline polymers of alkenyl ethers and for other
polymers, and confirm the results obtained for polypropylene.

We wish to thank Prof. A. M. Liouorit for the helpful advices he gave

us, when preparing this work.

?) G. Narra, P. CorrRADINI, and I. W. Bassi, Makromolekulare Chem. 33 (1959) 247;
P. CorrADINI and P. Ganis, Suppl. Nuovo Cimento 15 (1960) (10) 96; P. CORRADINI
and P. GAnrs, J. Polymer Sci. 43 (1960) 311 P. CorrapINI and I. PASQUON Rend. Acc.
Naz. Lincei 19 (1955) 453.
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