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‘This invention relates 10 a new class of linear, regularly
head-to-tail synthetic polymers. More particularly, the
invention relates to such polymers of monomers having
the gepersl formula

These monowers can be regarded as derivatives of
cthyene in which at least one of the hydrogen atoms at-
tached to each earbon is replaced by deuterium, tritium,
alkyl groups containing from 1 t2 14 carbon atoms alkeny!
groups containing from 2 to 10 carben atoms, aryl, alkyl-
aryl, or cyclagliphatic groups or by organic groups con-
taining atoms different from hydrogen, such as O, N, halo-
gen, §, P, Si, and Sa,

In the monomers polymerized according to this inven-
tion, RY is different from RM and R 5 differemt from
R and, furthermore, at least one of the substituents on
the a-carbon atom i different from the substituents on
the S-carbon atom. In other words, RI and/or RT are/is
different from both R and RTV,

It is kaown, from the publications of (i. Natta and his
associates, that higher alpha-clefins such as propylene,
butene-1, ete, can be pelymerized by means of anionic
heterogencous stercospecific catalysts containing transis
tion metal compounds to polymers having an exceptional-
v regular structure which Natta has defined us the “iso-
tactic” structure. These higher alpha-olefin polymers are
characterized in that, at least for long streiches of the
macromolecule, the tertiary asymmetric carbon atoms of
successive monomeric units have the same steric configura-
tion,

In order for the macromolecule to be able to erystallize,
atratehes hiaving that stricture mnst be at least I‘”‘! enough
to be able to participate to the lattice of a crystallite.

An “isotactic” macromolecule of a higher elpha-olefin
polymer such as polypropylene is, mccording te Natta
et al., a macromolecule having substantially isotactic struc«
fure and au “Bolaclic™ polypropylene aceording to Natta
et al. is a polypropylene made up of or consisting of the
isotactic macromolecules, as defined.

No sterically regular polymers of the ethylene deriva-
tives in which both carbon atoms are substituted as in-
dicated have been known heretofore. Moreover, it could
not be foretold, on the basis of the available knowledge,
whether or not sterically regmlar palymers of such mono-
mers could be obtained or what kind of sterically regular
structure such poiymers would have, if they wore obe
tained.

One object of this invention is to provide a new series
or family of sterically regular polymers of the unsaturated
monomers in which both of the carbon atoms sre sub-
stituted as indicated.

Another object of the invention is to provide methods
for producing the new series or family of sterically reg-
ular polymers.

These and other objects of the invention are accom-
plisaed by polymerizing the ethylene derivatives in which
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both carbon atoms are substituted as indicated with sterco-
specific calalysts described more in detail bereinhelow.
We flnd that, using these stercospecific catalysts, we can
obtein isotactic polymers from said monomers
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N

and, morecver, can ablain different kinds of sterically
regular polymers having different types of steric struc-
ture and with a difterent order of regularity. We have,
in fact, produced a “family” of polymers of said mono-
mers, the members of which family are distinctly different
from each other.

Our results were unexpected, since the linear, head-to-
tail polymers obtainable from these ethylene derivatives
contain, in the main chain, a regular succession of the two
different groups

o1} R
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where the arrows indicate the direction of prowth of the
chain to which the group (which is bound to chain por-
tions huving a different length and/or configuration) be-
longs.

The two different groups can assume opposite config-
urations in the polymeric chain. ¥t could have been ex-
pected therefore, that, because of the possible contempora-
neous presence of different steric configurations along the
polymer chain, it would not he possible 1o produce poly-
mers having a high regularity of steric struclure in addi-
tion 10 a high regularity of chemical structure.

Our new polymers have both types of regular struc.
ture; & chemical regularity exhibiled in linearity of the
macromolecules with head-to-tail enchainment of the
manomer units, and a high regularity of steric configura-
tion which exists for at least very long sections or stretches
of the main chain of the macromolecules, and impuorts
crystallizability to the macromolecules.

The series of new polymers which, using stercospecific
catalysts, we have produced from the cthylene derivatives
in which both of the carbon atoms are substituted as in-
dicated include:

(1) Polymers in which the succession, e.g., of all of

the g-groups
B
g

and only of thuse groups is sterleally regular {isotactic)
at least for long portioes of the main chain; in these poly-
mers, the succession of the alpha-groups may be sterically
irregular (atactic) and we define the polvmers os
Ha-atactic, g-isotactic,”

(2) Polymers in which the succession of both the
e-groups and the g-growps is sterically regular (isotactic),
at least for long chain portions, and which we call *di
isotactic™ polymers; two types of di-isotactic polymers can
be obtained, which we call threo-disisotactic wud/ur
erythro-di-isotactic, respectively, and which differ from
each other only because of the relative steric position of
the substitpents.

(3) Polymers in which the succession of e.g., all the
@-groups is sterically regnlar, while the succession of the
w-groups is sterically regular only for limited portions of
the macromolecule and sterically irregular for the rest
{a-stereoblock, fisotactic macromolecules),

Other types of macromaolecules of lower sterical Tegu-
larity arc obtainable, such as =,g-sterecblock mecremole-
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cules, g-stereoblock-a-atactic macromolecules, and a,8-
atactic macromolecules.

In order for the macromolecules of regular structure
to be able to crystailize, stretches of regular structure of
sufficient length for them to be able to participate to the
lattice of a crystallite must be present.

The steric configuration of our polymers can be repre-
sented schematically by supposing the main carbon atom
chain to be extended in a zigzag form on a plane. For a
f-isotactic polymer in which the g-carbon atoms in suc-
cessive monomeric units, making up at least long stretches
of the macromolecule, have the same steric configuration,
the schematic representation shows all of the R™ groups
i the given chain section un vue side of e plave, eg.,
above, and all of the RV groups in said chain section on
the other side of the plane, e.g., below, this order of dis-
position with respect to the plene being reversible along
the chain, so that a section in which all of the RYT groups
ane, e.g., shove the plane may be followed by a section in
which all of the RIV groups are above the plane and the
R groups are below the plane.

In an «-atactic, g-isotactic polymer, the g-carbons have
the regular, ardered steric conflauration while the groups
R and R attached to the «-carbon are randomly dis-
tributed on both sides of the plane, without a particular
order.

In a di-isotactic polymer according to our invention the
succession of both =- and A-carbon atoms 15 sterically
regular (isotactic) : the schematic planar representation of
a sterically regular section shows either both the RY and
R groups of both the RT and RV groups on one side of
the plane. Depending on whether the starting monomer
has the cis form or the trans form, we obtain the different
types of di-isotactic polymers which have different, distin-
guishing physical properties, such as melting points, den-
sities, X-ray, clectron- or neutron-ray diffraction spectra;
infru-red spectia, wod nuclear nmgueliv jesunsuce,

In an ae-stereoblock-g-isotactic polymer according to
our invention, the succession of the g-carbon atoms is
sterically regular while some of the a<carbon atoms in suc-
cessive monomeric units form isotactic blocks which are
followed by or occur between atactic blocks in which the
R! and RY groups are randomly distributed on both sides
of the hypothetical plane.

Monomers which can be polymerized In accordance
with our invention to give these differemt types of poly-
mers, include mono-olefins having a non-terminal double
bond, such as pentene-2, hexene-2 and other higher
homologs; g-substituted styrenes, e.g., f-methylstyrene and
its nuclearly alkylated, halogenated, etc., derivatives;
alkenyl ethers as Listed further below, alkenyl pyridines
such as the a-, 8- or y-propenyl pyridines, and nuclearly
substituted pyridines, thioethers, such as propenyl or
butenyl-slkyl(aryl) thioethers, wvariously substituted
alkenyl silanes such as propenyl-, butenyl silane and their
higher homologs, and the alkenyl- alkyl silanes, and the
corresponding tin derivatives, and monomers of the type:
DHC=CHR, DHC=CDR, THC=CHR and THC=CTR
in which D and T represent deuterium and tritium,
respectively.

Starting with the monomer DHC=CH—CH,; (a-
dentero-g-methyl-cthylene ), we Lave produced a series of
new, well-defined polymers which are, in general, crystal-
lice by X-rays examination, which show at the X-rays the
same spectrum ns isotactic polypropylene (the different
mass of D and H being not distinguishable by X-rays) and
which give characteristic, distinguishing infra-red spectra.

The invention will be discussed in detsil in coanecton
wth our polymers from a-deutero-g-methyl-ethylene for
purposes of clarity and illustration, reference being first
had to the accompanying drawings, in which

FIGURE 1 is a schematic representation of a portion
of the macromolecules of a polymer according to our in-
vention in which the g-carbon atoms of successive mooo-
meric units have the same steric configuration, the maip
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carbon atom chain being supposed extended in a zigzag
form on a plane, and all of the R™ groups in the partico-
lar case illustrated being found above the plane and all of
the RIY groups being found below the plane;

FIGURES 2{a) and 2(b) are schematic represcntations
of a portion of the macromolecule of a polymer according
to our invention in which @ series of a-carbon atoms hav-
ing all a same steric configuration, and a serics of g-carbon
atoms having all a same steric configuration are present,
that illustrated in FIG, 2(a) differing from that iflustrated
in FIG. 2(b) in the relative positions of the substituent
groups;

FIGURE 3 shows the infra-red spectra of crystalline
polymers of o-deuters-g-methyl ethylene, e spectivm
for the polymers oblained from the cis form of the mono-
mer being shown by the continuous line, that for the poly-
mers of the trans form being shown by the dotted line; and

FIGURES 4(a) and 4(b) show, respectively, the con-
figuration of the two types of di-isotactic polymers which
¢can be obtained from the two forms of a-deutero-g-
methyl-cthyiene.

Referring particularly to FIGURE 3, a comparison of
the infra-red spectra of the crystalline polymer of the cis
form of a-dentero-3-methyl-ethylene (continuous line)
and that (dotted line) of the crystalline polymer of the
trans form of the monomer, shows clearly that the two
polymers are different from each other.

While the spectrum of poly (cis-e-deulero-3-methyl-
ethylene) contains some weak bands due to monomeric
units deriving from trans-s-deutero-g-methyl-ethylene,
and the spectrum of poly (trans-a-deutero-g-methyl-
ethylene) shows some weak bands due to monomeric units
deriving from the cis form of the monomer, these result
from the fact that the starting cis and trans monomers
were not entirely pure; each monomer contained a small
amount of the other monomer.

‘The differencés in structure between v wiystalline
poly( cis-a-deutero-5-methyl-cthylene) and our crystalline
poly{trans-«-deutero-g-methyl-ethylene) resnits from the
fact that, as we have discovered, in the polymerization
of the monomers with the stereospecific catalysts used in
practicing our invention, a given configuration is imparted
not only to the g-carbon atom, but also to the «-carbon
atom, and the configuration of the a-carbon atom in the
polymer main chain depends, surprisingly, on whether, in
the monomer, the deuterium is in the ¢is or trans position
with respect to the methyl groups. .

The differences between the physical properties of our
crystalling  poly(cis-a-deutero - 3 - methyl.ethylene) and
those of our crystalline poly(trans-a-deutero-g-methyl-
ethylene} depend on the existence of two different regulas
and isotactic arrangements of the two groups

!
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as shown in FIGURES 4(a) and 4(&) of the drawing,

As already noted above, we call ihese polymers which
are isotactic in both « and g, of which poly(a-deutero-g-
methyl-ethylene) is & particular example, “di-isotactic™
polymers. In order 1o distinguish the two di-isotactic pol-
ymers from each other we employ the prefixes “erythro®
and “thren” respectively for identifying the structures rep-
reseated in FIGURES 4(a) and 4(b).

In the erythro-polymers of a-deutero-g-methyl-cthylene,
and referring 10 the schematic representation of FIGURE
4(a), all of the CH; groups in a same chain section lie
on onc side of the plane and all of the D atoms lie on
the opposiie side of the plane.

In contrast, in the threo-polymers, the CH, groups and
the D atoms lie on the same side of the plane, and all
of the hydrogen atorns lie on the opposite side of the
chain.,

By polymerizing an equimolecular mixture of the cis
and trans monomers with the siereospecific catalysis, we
eblain a crystallive poiymer in which only one of the two
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asymmetric carbon ntoms, in this case the p-atom, pre-
sents a steric regularity of the isotactic type.

By starting with mixtures of the two monomeric isomers
having a cis:trans ratio different from 1, we obtain poly-
mers in which the regularity of configuration of the a-
groups increases with increase in the distance of the ratio
from unity.

Summarizing, we hove produced, from o-dewtero-g-
methyl-ethylene, the following series of new crystallizable
polymers all of which are isotactic in the g-position:

(1) Ervthro-di-isotactic poly{x-deuters-9-methyl-ethyl-
enc) (FIG, 4a);

(2) Threo-di-isotactic poly(a-deutero-3-methylcthylene)
(FIG. 4b):

{3) g-lsotactic-a-atactic poly(«-deutero-g-methyl-cthyl-
ene);

(4) fg-lsetactic=-stereoblock poly(a-deutero-g-methyl-
ethylene).

The capacity of these polymers to crystallize and to
exhibit crystallinity at the X.rays under pormal conditions
is associared with regularity of structure with respect to
the configuration of the g-carbon stom. Those polymers
in which a high percentzge of successive monomeric units
muaking vp the macromolecule show a regular steric con-
figuration of the g-carbon atom are (he most highly crys-
tallizable, exhibit the highest percent crystallinity at the
Xereys, and are insoluble in organic solvents which dis-
solve the pulymers bavisg o less cegular struvture with
respect to the configuration of the g.carbon atom and less
ability to crystallize.

Therefore, the more highly crystullizable polymers hav-
ing the greater repularity of steric structure with respect
to the gcarbon atom can be separuled from the polym-
erizate by extracting the latier with organic solvents which
dissolve the less highly crystllizable polymers,

Muostrstively, by polymeriziag either of the pure forms
(cis or trans) of a-desiero-g-methyl-sthylens, and then
exlracting the polymerizate successively with boiling ether
and boiling a-heptane, or with boiling n-heplane only, we
obtain a residue of the heptane extraction which consists
of crystalline erythro-di-isotactic poly (a-deutero-g-methyl.
ethylene) or of crystalline threo-di-isotaclic poly(a-den-
tero-g-methyl-ethvlene), which polymers have, in both
cases ,a highly regular structure, pronounced crystallinity

by X-ray examination, and a high melting point (> 160" -

C.).

The polymers which are insoluble in ether but extract-
able from the polymerizate with n-heptane compriwe a
f-sterecbiock structure and cxhibit less crystallinity at the

N-rays than the heptane extraction residues. The hep- ¢

wac-¢xiracioblc  polymers comprizving the stcrcoblock
structure have different physical properties, such as dif-
ferent infra-red specira, depending on whether the start-
ing monomer is the cis or trans-isomer. On the basis of
the infra-red examination, those polymers comiprise di-
isotactic dlocks which bave, depending on the monomer
used, either an erythro-di-isotactic structulre or a threo-di-
isotactic structure.

In addition to the crystalline polymers, we have ob-
tained amorphous, non-crystallizable polymers of both cis
and trans e-dentero-g-methyl-ethylene. The amorphous
polymers differ from the crystalline polymers and have
physical properties which vary depending co the particular
isomer which is polymerized.

The ether solable fractions of the polyuer ale we nul
crystalline by X-ray examination and have different infra-
red spectra depending oa whether they are obtained from
the cis monomer or from the 1rans monomer, The dif-
ferences in the infra-red spectra are altributed to the dif-
ferent structures of the di-isolactic segments present, and
which are not sufficiently long to permit crystallization of
the macromolecule to a degree that crystallinity therein is
observable by X-rays examination. In one case, the di-
isotactic segments have the erylhro structure and in the
other case the threo structure,
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Yhen the monomeric matesial pulymerized in contact
with our stereospecific catalysts is an equimolar mixture
of the two isomers (cis and trans), and the polymerizate
is extracted successively with boiling ether and n-heptane,
the ether-extricted polymers are atactic in both « and p.
On infra-red examination, these ether-soluble polymers
cblained starting with equimalar mixtures of the ¢is and
trans monomers are found to be different from the ether-
extractable polymers obtained starting with either the
substamtially pure cis monomer or the substantially pure
trans monomer, The ether-extractable polymers obtained
from the monomer mixtures do not show the presence of
the di-isotactic segments present in the ether-cxtractable
polymers obtuained starting with the individual monemers,
except for & castial and scarcely probable statistical com-
bination.

The heptanc-extractable fraction or component of the
polymerizate obtained from the equimelar mixtures of
the monomers consists of polymers which are stereoblock
n # and atactic in a.

The residue of the heptane extraction of the polym-
erizate obtained from the equimolar mixtures of the cis
and trans monomers consists of G-isotactic-a-atactic poly
{n-deutero-g-methyl-¢thylene),

When mixtures of the cis and trans monomers other
than ¢guimolar mixtures are polymerized according 1o this
invention, and the resulting polymerizate is cxtracted with
n-heptane, the residue of the extruction consists of g-iso-
tactic-w-stereoblock poly(a-deutero-@ melhyl-cthylene).

Our pew hydrocarbon polymers having a molecular
weight in excess of 20,000, a highly regular structure,
more particularly the di-isotactic polymers, are useful,
becavse of their particular structure and crystailinity, for
the preparation of plastics, fibers and films having excep-
tional mechanical characteristics and a high melting point.

We have discussed the invention in detail in terms of
the polymers of monomers of the type of a-deutero-fi-
methylcthyiene for purposes of iHustiativa.

Polymers having a regularity of structure of the same
type and similar to those listed under (1) and (2) above
are, also obtained from monomers of the same general
formula

»i

\L‘au

Rs‘f \ulv
and containing oxygen atoms and in which R and R
are hydrogen, R! is an aliphatic, cyclosliphatic or aro-
matic hydrocarbon radical containing from 1 to 10 car-
bon atoms, and RIV is a radical ORY, where RV is a hy-
dracnrbon radical which is the swmwe as or dilfsieot from
RL The polymers of the last-mentioned monomers are
ohtained by stariing with one of the sterecisomers (c.g.,
the trans-monomer) in a bigh state of purity, ond using
a stereospecific catalyst which is net inactivated by com-
pounds contuining etheric oXygen atoms.

The highly regular structure of these polymers is due
to the fact that the carbon atoms of the

"
Aéﬁq
W
type which are present in the macromolecules of the
pelymer have the same sterie confirurstion, at least for

long portions of the chain and, also, the carbon atoms
of the

i1t

H
*‘1(}"’
GRv
type present the same steric coafiguration, that is, the
polymers have di-isotrctic structure.

Neither isotactic polymers of monomers containing an
internal double bond, nor di-isotactic polymers of non-
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hydrocarbon monomers of this type have ever been de-
scribed heretofore.

The polymers having such regularity of structure are
oblained by starting with -the substantially pure cis or
trans form of the piven oxyvgen-containing moenomer in
which R is the radical ORY.

1f mecessary, the starting cis monomer can be pufified
by separating it from ony trans monomer present with it,
by physical means, and vice versa.

When mixtures of the two sterecisomeric forms (cis
and trans) of the cxypen-containing monomers are polym-
erized by our method, the polymers obtained have, in
general, an irregular structure and possess different physi-
crl cherncteristics, depending on the composition of the
starting monomer mixture.

Mixtures of the cis and trans forms of the oxygen-con-
taining monomers in a molar ratio of about 1:1 yield
polymers which have a disordered steric structure and
which are, therefore, amerphous.

The di-isotactic structure may allew the polymers to
assume a crystalline form in the solid state. However,
this docs not mean that both the polymers obtained from
the substantially pure cis monomers, and those obtained
fram the substantially pure trans monomers, are capable
of crystallizing readily under zll conditions.

The polymers obtained from the respective, individual
cis and trans forms of the monomers are diastereoisomers
ul euch viher, the (sl Leing of e eiytuo Jisisotactic
type, and the other of the threo-di-isotactic type. The
respective polymers therefore have a different steric struc-
ture, with a different relative orientation of the side groups
the steric encumbrance of which ¢an present a different
hindrance to ¢rystallization of the mucromolecules,

We have found that the macromolecules having threo-
di-isotactic structure crystallizes more readily than the
magromolecules having  erythrodi-isotactic  structure.
This can be explained by, e.g., the fact that when the
polymeric chain is wound in @ temary spiral of the type
characteristic of isotactic polypropylene, the threo-di-iso-
tactic structure is much less hindered than the erythro-
di-isotzctic structure,

Examination of the Infra-red spectra of the polyme:s
obtained, respectively, from the substantially pure cis
and trans forms of the monomers, shows that the poly-
mers are different from each other, und from the poly-
mers obtained from mixtures of the cis and trans mono-
mets.
tures have infra-red spectra which are intermediate be-
tween the spectra of the polymers from the pure cis
monomers and the spectra of the polymers from the pure
Wans munoinses,

The X.rays examination of polymers obtained from
monomers which introduce bulky side groups of consid-
erable steric encumbrance into the polymer chain shows,
in general, that only the trans forms of such monomers
yield polymers which exhibit marked crystallinity at the
Xerays.

The monomers containing oxygen and which are po-
lymerized to polymers of this type can be defined as 1-
alkenyl ethers or as l-alkyl-(or l-cycloalkyl-, or l-aryl)-
2-atkoxy (or 2-cycloalkoxy- or 2-aryloxyh-ethylenes,
specific monomers of this type include the following—-

1-methyl-2-methoxy-cthylene (propenyl methy! ether);
1-methyl-2-elhuxy-ethyleue (popeayl ethyl ethen ):
1-methyl-2-isopropoxy-ethylene (propenyl isopropyl
ether);
1-methyl-2-butoxy-cthylene (propenyl butyl ether);
1-methyl-2-isobutoxy-ethylene (propenyl isobutyl ether);
1-cthyl-2-methoxy-elhyiene (butenyl, methyl ether);
1-ethyl-2-isobutoxy-cthylene (butenyl isobutyl ether);
1-ethyl-2-butoxy-ethylene (butenyl-butvi ether);

and other higher homologues in which R and RV are
aliphatic substituents.
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Other specific oxygen-containing monomers which can
be used include

The alkyl phenoxy ethylenes in which RI is CHy or
C,Hg, and the corresponding derivatives containing var-
jously substituted pheny! groups;

Monomers in which RV is an alkyl or aryl group and
RI is an aryl group, e¢.g., phenyl-methoxy cthylene and
its higher homaologues.

When, R and RY uare aliphatic groups, the separation
of the cis and trans forms by physical means is accom-
plished more easily if RY and RY contain a small sumber
of carbon atoms, such as from 1 1o 6.

When polymers having high melting point are desired,
the monomer palvimerized to polymers haviag a high de-
gree of steric regularity is preferably a mosomer of the
formula given in which RY is a methyl or a branched
alkyl group and preferably is a symmetrical group, c.g.,
RY is an isobutyl or neopentyl group.

The monomers of the lype

R*CH=CHORY

generally occur as mixtures of the cis and trans isomers,
i differest ratios depending on the method wsed for
producing the monomers and on the equilibrium between
ibe two forms. The polymerization of said mixtures
leads, gencrally, 1o amorphous polymers, even when the
catalyst used is one which is stereospecific with respect to
Ono"of the 1somers, when such isomer is polymerized by
tself.

However, we have discovered, as an additienal feature
of our present invention, a methed by which a mixture
of the stereoisomeric monomers can be completely trans-
formed into a crystalline or crystallizable polymer. This
method invelves adjusting the compesition of the mixture
to values corresponding to Or approximating the values
of thermedynamic equilibrium between the two isomers.
The adjustment of the mwixture compositiung cas ke seeoim-
plished by separating the cis monemer from the trans
monomer by physical methods, such as rectification, crys-
tallization, chromatography, elc., subjecting the undesired
monomer to a thermal or catalytic isomerization, and re-
cycling it.

For instance, if the monomer l-methyl-2-isobutoxy-
ethylene is to be polymerized, and only the trans form is
desired (boiling point 118-118.5" C. under atmospheric
pressure) it is possible, by either a continuous or a batch
process, lo separate the cis form of the monomer from
the trans form in a rectification column, by passing the
vapors of the cis form (boiling point 110-111° C.) leav-
ing the top of the column, through an oven heated to
300" ., in order (0 convert [t into & clis-trans mixmure
having the ratio 70-30, and then feed this mixture to the
rectification column.

By controlling the size of the plant, the cis-trans mix-
ture can be converted, in the maoner described, into the
trans form only, the latter having the desired degree of
purity. The trans form of the i-methyl-2-isobutoxy-ethyl-
ene can then be polymerized to a crystalline or crystal-
lizable di-isclactic polymer in accordance with the present
nvention.

Whereas the starting mixture of the cis and trans-
stereoisomers normally polymerizes to an amorphous
polymerizate, it can be transformed by the method just de-
scribed into monomeric material which polymerizes to a
crystaltine polymer having a high melting point and suit-
able for the prodection of commercially valvable articles
such as textile fibers and films which can be oriented by
stretching.

The O-contsining monomers of this type cannot be
polymerized by means of the catalysts which are effective
fer the polvmerization of vinyl hydrocarbons.

The stereospecific polymerization catalysts which are
used in practicing our invention, when the monomer com-
prises organic groups containing atoms other than hydro.
gen atoms, inchnde compounds of highly electropositive
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polyvalent mctals having a small jonic diameter, such as
Al Be, cte,, and compouvnds having properties intermedi-
ate the properties of polymerzation catalysts which act
with anicnic mechanism (e.g., alkyl metal compounds)
and the propertics of polymerization catalysts which act
with typically cationic mechanism (e.g., the halides of the
metals),

Catalysts having such intermediste properties and which
are sterecspecific cutalysts for our purpose of polymeriz-
ing the monomers containing O or other atoms other than
hydrogen, include

(1) Dialkyl aluminum monochlorides
(2) Monoalkyl aluminum dichlorides
(3) Mixturexnf (1) and (2)

(4) Beryllium alkyl chiorides

Certain transition metal compounds which have less
cationic sctivity than the pure halides of the transition
metals also fonclion as stereospecific catalysts in the
polymerization of the present monomers.

Examples of operative transition metal compoands in-
clude dihalo-dizlkoxide or dikalo-dicarboxy denivatives of
Ti, Zr or V, epg, TICLIOR); or VClL(OOCR),,
TICIOR ), TICKOR and similar compounds of zirconis
um, where R can be alkyl groups with 1 to 6 carbon
atoms, or aryl groups.

Finally, cyclopentadienyl complexes of the type

(Cally)aTiClaMeCly

where Me can be Al, Fg or Ti, can be employed.

In gencral, the lower the polymerization temperature,
the more stereospecific is the polymerization, Thercfore,
it is preferred to operate at temperatures hetween about
+30* C. and ahout —120° C.

The polymerization is generally carried out in solvents
which are inert foward the catalyst, and which may con-
sist may consist of pon-polymerizable hydrocarbons, ez,
aliphatic, naphthenic or aromatic hydrocarbons. It is
also possible to effect the polymerization in the absence
of solvents,

The crystallizable polymers obtained by our process are
thermoplastic, After being melted, the polymers can be
restored to more or less completely crystalline solid state
by annealing them, and depending on the duration of the
annealing treatment.

Many of the polymers become aumorphous when they
are heated to a temperature substantially higher than the
crystalline melting point and then quenched with cold
water. The conversion to the emorphous state by guench-
ing takes place without loss of the di-isotactic structure of
the macromolecules and the macroemolecales can be re-
erystallized by heating the quenched polymer to a tem-
perature a few tenths of a degree helow the melting point.
Such re-crystallization 1s favored if the beating is effccted
in the presence of small amounts of substances which are
solvents or swellants for the polymer.

The crvstallizable polymers of the monomers compris-
ing the O-.containing arganic groups, and which have
motecnlar weights in excess of 5,000, can be nsed as plastic
materials in the usual processes of die-vasting, injection
melding, extrusion molding, rolling, etc.

The polymers which show the highest crystallinity at
the X-rays, such as those obtained by the polymerization
of a monomer having a very high content of the trans
form can be used for the production of textile fibers by
melt-extrusion. The polymer melt-extruded is preferably
one having an intrinsic viscosity between 0.5 and 2.5 % 100
ce./g., determined in toluene at 30" C., and may have
been freed of any sterically less pure fractions present
therewith in the polymerizate, by solvent extraction of the
less pure fractions.

The fibers can be oriented by stretching and show in-
creased crystallinity after annealing thereof under tension.

OQur crystallizable polymers can also be formed inte
fibers by wet and dry-spinning methods, by dissolving the
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polymer in a snitable valatile solvent such as benzeoe, car-
bon disulfide, etc. and extruding the resulting solution of
appropriate spinning viscosity through spinncrets into an
evaporative atmosphere for the solvent, or into a coagulat-
ing liquid such as methanol which extracts the solvent fram
the extnuled streams issuing from the orifices of the spin-
nerets, thus precipitating the polymer in fiber form.

Mechanical mixtures or biends of polymers producad
separately from the cis and trans forms of the monomers
also have various uses in practice, such as in molding and
coating operations. The blends obtained by mixing a
poiymer from a trans monomer with a polymer from the
cis monomer arc helerogencous in the solid state and ex-
hibit crystallinity at the X-rays if ot least one of the two
polymers of the blend is crystalline. The blends may com-
prise the polymers of the two different monomer forms in
varying proportions of from 5% to 95% by weight of the
one polymer to, conversely, 95% to 5% of the other.

Both the amorphous polymers and copolymers of the
two different stercoisomeric forms of the monomer
(stereocopolymers) are uscful in the clastomer field. In
general, all of the statistical copolymers containing more
than 25% of the cis form of the given stanting monomer
arc amaorphous.

The following examples are given lo illustrate the in-
vention, it being understood that these examples are in-
tended as fllustrative only,

Example 1

Cis-a-dentero-g-methyl-gthylene (cis 1d, propvlene) was
prepared from cis-1-bromopropylene by reacting it with
metal lithium fnely divided in cold ether and then decom-
posing the propenyl lithium thus formed with heavy water.
The configuration of the product is determined by ex-
amination of the infra-red spectrum of the hydrocarbon (a
vary intense absorption at 12.50u is observed) and from
the configuration of the propenyl lithinm derivatives {see
E. A. Brande et al., . Chem. Soc, 2078, 2085 (1951)).

52 N ¢e, of the cis Id, propylenc are introduced, in the
absence of uir and humidity, into a glass vial containing
0.225 g. AN{CyHy)s, 0.065 g TiCly and 30 cc. n-heptane,
The vial is agitated at 20° €. After 36 bours the vial is
opened and 0.087 g. polymer, which is fractionated by ex-
traction with boiling sol vent, is obtained.

Extraction: Percent
Ether extract ..o oo 328
Heplane eXtract o wve oo cmcmmccccmne e 4.2
Residue after heptane extraction - __________ 63.0

Example 2

Trans-a-deurero-f-me thyl ethylene (trans Id, propylens)
was prepared, as described in Example 1 for the cis isomer,
starling from trans-1 bromo propylene. The gascous
monomer presents a very iatense absorption at 10,254 in
the infra red spectrum.

257 N. ce. trans Id; propylene are polymerized accord-
ing to the process deseribed in Example 1.

0.287 g. polymer is obtained, On fractionation of the
polymer with boiling solvents the following resulis are
cbtained:

Extraction:
Fther extract o
Heptane extract
Residue

Example 3

A mixture of trans-« and cis-a-dentero-g-methyl-cthyl-
ene (14, propylene) in the ratio of 1:2, is obtained accord-
ing 1o the method described in Example 1 from a mixture
of trans- and cis-1-bromo-propylene.

82 N. cc. of this gas are polymerized according to Ex-
ample 1, thus obtaining 0.131 g polymer which is frac-
tionated with boiling sclvents and yields—
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Extraction: Percent
Ether extract
Heptane extract .o . _
P P T SO L

The structures of the polymers oblasined according to
the gbove examples have been discussed hereinabove and
are reported in the accompanying figures.

Example 4

1.8 g 1-methyl-2-methoxy-ethylene (propenyl methyl
ether) having 2 boiling point of 48.3-48.4" C. (760 mm.)
and containing more than 96% of trans form (desermined
by infra-red analysis) are polymerized at —-70° C. under
an inert atmosphere and in an snbydrous medium, using
as a catalyst 0.2 g ANC;H;)Cl and as a solvent anhy-
drous toluene (30 cc.).

The monomer is added over a period of one hour and
the rexction is continued for 15 hours.

The solution is then poured into 200 ¢e. methanol thus
precipitating the polymer which is washed with methanol
and dried,

1.45 g solid polymer are obtained in addition to 0,15
8 oils recovered by distilling the soivents,

The polymer is crystalline nt the X-ravs (see¢ FIGURE
S(a}); powder spectrum CuK o) recorded with n Geiger
counter and has a melting point of about 200° C, (polar-
izing microscope).

The infra-red spectrum is reported in FIGURE 6, dotted
line. The crude polymer has an intrinsic viscosity, deter-
mined in toluene at 30 C., of 0418 x 100 cc./p.

Example 5

The polymerization is carried oul as in Example 4 but
using 1.3 g. 1-methyl-2-methoxy-ethylene with a boiling
point of 44.7-44,8° C, at 764 mm., containing about 90%
of the cis form. 0.8 g. sold polymer and 0.3 g. oils are
obtaincd.

The polymer is amorphous at the X-rays (FIGURE
5(b)), and presents an infra-red spectrum (FIGURE 6,
continuous line) different from that of the polymer of
Example 4. Intrinsic viscosity, in toluene at 30° C.;
0.44 % 100 cc./g.

Example 6

The polymerization is carried out as in Example 4 but

using 2.3 g l-methyl-2-methoxy-ethylene, boiling point

46.1-46,3° C. at 760 mm., containing about 509% of cis-
form. 1.8 g solid polymer and 0.27 g. oils are obtained.

The polymer is amorphous at the X-rnys and presents
an infra-red spectrum (FIGURE 6 dot-and-dash line)
different from those of the polymers reported in Examples
4 and 5.

Intrinsic viscosity in tolueme at 30° C.: 0.535x 100
ce./g.

Example 7

The polymerization is carried out as in Example 4 but
using 3.9 ¢. 1-methyl-2-methoxy-ethylene containing more
than 90% of trans-form, and 0.1 g. AI{C,H,).Cl.

3.0 g white crystalline polymer and 0.27 p. oils are
obtained.

Intrinsic viscosity (in toluene at 30* C.) of the crude
(vnfractionated ) polymerizate: 0.28%100 cc./g

The polymer Is fractionated by <olvent extraction.

The following fractions are obtained:

Percenit by welght in} in tolucne
| wmarC.

| 25t crpstalline

e a4
Eoialile in Loling areto 310 solid erystaliine, a4.33
Insoluble in avetoe. .. 42.5 501k erystalitnae, 033

Example 8
The polymerization is carried out 2 in Example 4 but
using 1.62 g. l-methyl-2-butosy-ethylene, boiling point

a0
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§ (FIGURE $(a)) are obiained.
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127.1° C. at 764 mon., np®® = 1.4143, containing 97% of
trans-form.

1.50 g. solid polymer, which is crystalline at the X-rays,
are obtained. Intrinsic viscosity in folvene ot 30° C.:
079 100 ce./g.

The infra-red specirum is shown in FIGURE 7, dotted
line,

Example 9

The polymerization is carried out as in Example 4 but
wsing 1.7 g l-methyl-2-butoxy-cthylene, boiling point
120.8° C. at 768 mm., np*™=1.4126, containing more
than 94% of cis-form.

1.50 g. amorphous polymer the infra-red spectrum of
which s diterent trom that of the polymer obtained ac-

% cording to Example 8. are obtained (FIG. 7, continuous

line).
Intrinsic viscosity in toiuene at 30° C.: 0.68x 100 cc. /.
Example 10

The polymerization is carried out by cperating as in
Example 4 but using 3.05 g 1-methy)-2-iscbutoxy-ethyl-
ene, boiling point 117.1°-118.0* C. at 760 mm.,
™= 1. 4099, contuining 91% of trang form.,

3.0 g. solid polymer which is crystalline at the X-rays
The infra-red spectrum
is shown in FIGURE 9, dotted line.

The polymer has a melling point higher than 180° C.
The ¢rude product 1s subgected Lo solvent extraction thus
obtaining the following fractions:

| Poreesit by weight |41 in tsluene
' ut 3 C
Swluble I holling rectone (4]
Sal ik ool methyl- ERESJoes )
Kot
i isatling mothyl- | 6.6 eryatallinamelid.. ... Q.52
1 ketonn, i
0 b ethrl avotndo. .. L 3B oryatalline aolid, .. L]
:‘::\m besidig sthyl | 7.2¢ryatatiine solld....... 1
ot
Residue feoms the ethar | BT eewstolline xolid, ... fGRUH
wxtraction !

"_;?vm ‘ ')e-i‘.t.r'mir.l‘l!‘

Fibers were obtained from both the crude fraction and
from the less soluble fractions by extrusion of the molten
polymerizate or fraction through spinnerets. The fibers
thus obtained were hot stretched and crystailized by an-
nealing,

The X-rays spectra of the stretched fibers show an ori-
entation of the crystals with the chein axis parallel 1o the
fiber axis. The fiber obtained from polymers of the same
steric structure have better mechanical properties the
higher the molecular weight of the fraction which is melt-
spun. These fibers, because of their high melting point
gg good mechanical characteristics, are escful as textile

£
Example 11

The polymerization is carried out by operating as in
Example 4 but using 4.2 g, [-methyl-2-isobutoxy-cthylene,
beiling point 110.8° C. at 762 mm., np*=1.4079, con-
taining 97% of cis-form.

4.1 g. solid hard polymer which is amorphous at the
?(-rays (FIG. 8(b)) and the infra-red spectrum of which
is different [rom that af the polymer obtained in Example
4 (FIG, 9, continuous line) are obtained.

Intrinsio viscosity in toluene at 30" C.; 0.49 2 100 ce./g.

Example 12

The polymerization is carried out by operating as in
Example 4 but using 4.1 g. I-methyl-2-isobutoxyethylene,
bc'xl.ing point 114-115° C. at 760 mm., np®= 1.4089, con-
taining equal proportions of the cis and trans-form,

3..8 & of a solid polymer amorphous by X-rays exam-
ination, and the infra-red spectrum of which is different
from the spectra of the polymers of Examples 10 and 11,
are obaamcd .( F !q. 9, dot-and-dash line ).

Intrinsic viscosity in toluene a1 30° C.: 1,10 100 ee/g.
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Exampie 13

The polymerization is carried out by operating as in
Example 4 bot using 1.9 g l-ethyl-2-butoxy-ethylene,
boiling point 138.5° C. under atmospheric pressure,
== 1.4180, containing more than 93% of cis form.

0.64 g. solid polymer, amorphous by X-rays examina-
tion are oblained.

Example 14

The polymerization is carried out by operating as in
Example 4 but gsing 2.7 g of a mixture of cis- and trans-
T-cthyl-2-butoxy-ethylene in the ratio of 1:3,

1.06 g. pelymer (white powder) amorphous by X-rays
examination, and the ifra-red spectrum of which is differ-
ent from that of the polymer of Exampie 13, are obtained.

Example 13

The polymerization is carried out as in Example 4, em-
ploying 3 g. 1-methyl 2-ethoxy-ethylene containing 98%
of trans form, and 0.12 g. Al{C,H,),Cl.

2.6 g. solid polymer and 0.07 g. ¢ils are obtained. The
polymer is crystalline ut the X-rays, and has an intrinsic
viscosity, in toluene at 30° C, of 0.21 X 100 cm.*/g,

Example 16

5.5 g i-methyl-2-ethoxy ethylene containing 94% of
cis form are polymerized as in Example 4, employing
0.06 g. AI(Cslly)sCl as a catalyst.

1.08 g. emorphous polymer and 0.12 g. oils are
obtained.

The intrinsic viscosity of the amorphous polymer, in
toluene at 30* C., is 0.44 X 100 cm.3/g.

Example 17

4.2 g. l-cthyl-2-methoxy-ethylene comtaining 98% of
trans-form are polymerized as in Exampie 4, with the aid
uf 0.2 ' M(C;lf.):CI.

23 g of cysalline polymer and 0,12 g oils are
oblained.

Example 18

2.5 g 1-cthyl-Z-methoxy-ethylene cortaining 93% of

cis-form are polymerized with the aid of 0.2 g,

Al(C3H;)5C1
037 g amorphous solid and 0.21 g oils are
ohtained.

Example 19

Polymerizing 1.6 g. of 1-methyl-2-methoxy-cthylene cise
form with the aid of 0.1 g. Al(CaH;)Cly, under the con-
ditions of Example 4, 1.4 g amorphous polymer are
obtained.

Example 20

1.2 g. l-methyl-2-methoxy-ethylene containing 979
ol lrans-form zre polymeried as wn Example 4, with the
aid of 0.05 g. AI(C;H;)Cl,.

0.6 g. of crystalline polymer are obtained.

Example 21

L4 g I-methyl-2-methoxy-ethylene containing §2%
of trans and 18% of cis-form is polymerized as described
in Example 4, with the oid of 0.3 g, AI{C,H,),C). 0.7 g
of a weekly crystalline polymer are obtained, which
shows an inliusic viscosily (in toluene at 30° C.) ot
0.3,100 cm.*/g.

It will be apparent from the examples that the kind
of stereospecific catalyst used depends on the starting
monomer, When the monomer contains, as the substitu-
ent groups, only hydrogen atoms and hydrocarbon radi-
cals, we can use the stereaspecific catalysts which, when
used with e.g., propylene, orient the polymerization to a
bighly isotactic, crystallizable polypropylene. Such
stereospecific catalysts are obtained by (1) starting with
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n substantislly solid, hydrocarbon-insoluble crystalline
low valency halide of a tramsition metal, such as the
erystalline chlerides of Ti, V and Zr, and (2) mixing the
crystalline halide with 8 metal alkyl such as, e.g., metal
alkyls of Al, Be, Mg and Zn, in which the alkyl radicals
contains 2-5 carbon atams,

In contrast, whea the monomer comprises organic
groups containing oxygen or other atoms different from
hydrogen, the metal alkyl compounds, boron triffuoride
etherate and the Lransition metal compounds of reduced
cationic activity, discussed hersin, are wsed as sterco-
specific polymerization catalysts.

It will also be evident, from the examples given, that
the solvents which are meost efficient for use in fraction-
ating the poiymerizates to separate the polymers of lower
steric regularity and jower crystallizabiity from the
highly regular, highly crystallizable polymers, will de-
pend on the sterting mopomer,  For instance, when the
monomer is «-deutcro-jg-methyl-¢thylene, the frecliona-
tion is generally most efficiont when ether and n-heptane
are used successively, or when n-heptane is used directly.
On the otber hand, when the monomer is 1-methyl-2-jso-
butoxy ethylene the preferred solvents for use in the
froctionation are acetone, methylethyl ketope, ethyl ace-
tate and ethyl ether im that order, it being understood
that the more readily soluble fractions will dissclve in
and be extracted by the solvents for the more difficultly
soluble fractions so thal more readily soluble and less
soluble fractions can be extracted simultancously by
means of the solvents for the more difficultly soluble
{ractions.

It is not possible to state, for the polymers from every
monomer, and from both the cis- and trans-forms of
every monomer, the exact orgenic solvent or series of
arganic solvents which will function most efficiently in
the fractionation process. However, illustrative ex.
amples have been given for treating polymerizates of
typical monomers and the organic salvent or solvents to
be vsed in other given cases can be readily determined
empirically, it being undersiood that the separation is
by fractional dissolution on tbe basis of the steric struc-
ture and/or the degrve of regularity of the steric struc-
ture of the macramolecules making up the different frac-
tions, The fractions made up of macromolecules hav-
ing the highest sierie regularity and crystallizability are
less readily soluble or remain as residue after the frac-
tional dissclution.

In general, the fractionation can also be effected using
the sume solvent at different, progressively increasing,
temperatures as shown in Example 7,

The oreferred polymerization temperature depends on
the starting monomer and the stereospecific catalyst em-
ployed. When the steorspecific catalyst is one prepared
by mixing a crystalline halide of, e.g., Ti, with a metal
atkyl such as tricthyl aluminum, the polymerization is
carried out at a temperatuie iu the range —20° C, and
+4-150* C. On the other hand, using metal alkyl com-
pounds per s, or transition metal compounds per se as
the stercospecific catalysts for the polymerization of
monomers containing ofganic groups such as ORY, the
polymerization temperature is preferably lower, and in
the range +30° C. to — 120" C,

It will be apparent from the foregoing discussion and
examples that this invention provides a wholly new class
of polymers derived from ethylenc derivatives in whicl
both of the C atoms are substituted as indicated, Various
modifications may be made in practicing the invention,
with respect Lo the monomer selected for polymerization,
the isomeric form of the monomer selected, and the
stereospecific catulyst wsed, without departing from the
spirit of the invention and, therefore, we intend 1o in-
chude in the scope of thee appended claims ull such varia-
tions and changes in details as may be appatent to thowe

in the art from the description snd exampics as
disclosed herein.
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What is claimed is:

1. Normally solid, normully crystalline poly(alpha-
deutero-beta-methyl-ethylenes), said polymers corsisting
prevaiiingly of macromolecules in which both of the two
asymmetric carboa atoms of each successive mono-
meric unit making up the chain show isotactic stereoregu-
larity, at least for long portions of the chain.

2. Polymers according to claim 1, characterized in
comprising di-isotactic macromolecules,

3. Poiy(alpha-deutero-beta-methyl-cthylencs) accord-
ing to claim 1, characterized in predominantly consist-
ing of monomeric units deriving from one of the ¢is and
teansforms of alpha-deutero-beta-methyl-cthylene.

4. Noarmally solid, normally crystalline poly (eis-alpha-
deutero-beta-methyl-ethylene ), said polymer consisting
preveilingly of substantizlly lincar, regularly head-to-
tuil macromelecules in which both of the two asymumetric
carbon atoms of each successive monomeric unit making
up the chain show isotactic stereoregularity, at least for
long portions of the chain.

5. Normally solid, normally crystalline poly{trans-
alpha-deutero-beta-methyl-ethylene), said polymer con-
sisting prevailingly of substantially linear, regularly head-
to-tail macromolecules in which both of the two asym-
metric carbon atoms of each successive monomeric unit
making up the chzin show isotactic stercorcgularity, at
least for long portions of the chain,

References Cited by the Examiner

UNITED STATES PATENTS
2,104,000 12/1937 Reppe et al, woeaneen 260--91.1
2,457,661 12/1948 Grosser —eeeeeemem- 260--91.1
2,773,052 1271956 Cohenetal. oo _ 260—91.1
2,827,447  3/1958 Nowlin et al. wanans 260—94.9
2,880,199  3/195% Jezl

10

15

20

23

30

35

16
2,886,561 5/1939 Reynolds et al. ____ 260949
3,048573 8/1962 MHeck ______.______ 260--91.1
3,067,185 12/1962 De Coene et al. ... 260—91.1
FOREIGN PATENTS

549,638 12/1957 Belgium.
1,019,090 1171937 Germany.

807,204 1/1959 Great Britain.

820,469 9/1959 (Great Britain,

OTHER REFERENCES

Wall et al.: Oxidative Degradation of Styrene and a-
Deuterostyrene Polymers, J. of Physical Chemistry, 60,
1306-1311 (1956).

Schitdknecht et al.: Ind, and Eng. Chem., 1998-2003,
41, 1949,

Vandenberg: J. Pol, Sci. 41, 519-20 (1959).

Semon et al.: Rubbers and Plastics Ape 40, No. 2, pp.
139-142, February 1959,

Schildknecht et al.: Ind. & Eng. Chem., February 1947,
pp. 180-186.

Schildknecht: Vinyl and Related Polymers, John Wiley
& Song, Inc., New York, pp. 609-614 relied upon.

Saltman et al.: JACS, Nov. §, 1958, vol. 80, pp. 5615«
5622,

Gaylord et al.: Linear and Stercorcgular Addition
Polymers, Interscience Publishers, Inc., New York,
1959, pp. 371-71.

JOSEPH L, SCHOFER, Primary Examiner.

MILTON STERMAN, HAROLD N. BURSTEIN,
WILLIAM H. SHORT, Examiners.

H. D. ANDERSON, L. M. MILLER, W. G. GOODSON,
M. B. KURTZMAN, Assistant Examiners,




Feb. 7, 1967 G. NATTA ET AL 3,303,177
SUBSTANTIALLY LINEAR, REGULARLY HEAD-TO-TAIL POLYMRRS

OF DEUTERATED AND TRITIATED MONOWEAS

AND PROCHSS FOR FRODUCING THE SAME

Filed Dec. 11, 19%9 B Shosto-Sheet o

|
I
I 3
R R R R™ RE

) INVENTURS

F ;9_2 GIULIO NATTA
MARIO PERALDO
MARIO FARINA

ATTORNEYS




Feb. 7, 1967 G. NATTA ET AL 3,303,177
SUBSTANTTALLY LINEAR, REGULARLY HEAD-TO-TAIL POLYMERS

OF DEUTERATED AND TRITIATED MONOMERS

AND PROCESS FOR FRODUCING THE SAME

Filed Dec. 11, 1959 & Sheets-Sheet

100

T %

- 3 SR

b
I
|
I
|

H

L ! s ()

{ H i i

i | ' |

H H H H

" INVENT 6
Flg.4 GIULIO NATTA

MARIO PERALDO
MARIO FARINA

BY Spamim..

ATTOHNEYS




Feb. 7, 1967 G. NATTA ETAL 3,303,177
SUBSTANTIALLY LINBAR, REGULARLY HEAD-TO-TALL POLYMERS
OF DEUTERATED AND THITIATED MONOMERS
AND PROCESS FPOR PRODUCTNG THE SAME
Filed Dec, 11, 1959 & Sheeta-Sheet 3

i i 1 i 3 A .

5° 10°  15° z20° 25 30°
26
INVENT RS

Fig.s GIULIO NATTA
MARIO PERALDO
MARIO FARINA

ny Locztmen. ﬁﬂ%

ATTORNEYS




Feb. 7, 1867 G. NATTA ETAL 3,303,177
SUBSTANTIALLY LINEAHR, REGULARLY HEAD-TO-TAIL POLYMERS
OF DEUTERATED ANO TRITIATED MONOMERS
AND PROCESS FOH FRODUCING THE SAME
Filed Dec. 11, 1959 6 Sheats-Sheet 4

6 X 7 (u) B ) 10 1" 12 3 14

100

T %

INVENT:

GIULIO NATTA
MARIO PERALDO
ARIO FARINA

vy Sptelnn L pelrim_

ATTEHN NS

S




Feb. 7, 1967 G. NATTA ETAL 3,303,177
SUBSTANTIALLY LINEAR, RESULARLY HEAD-TO-TA1l, POLYMERS
OF DEUTERATED AND TRITIATED MONOMERS
AND PROCESS FOR PRODUCING THE SAME
Filed Dec. 11, 1950 & Sheots~Sheei 5

s L L 'l )

& 10° 15° 20  25°

26 ‘
INVENTORS

Fi 98 GIULIO NATTA
MARIO PERALDO
MARIO_FARINA

oy JBmnim.

ATTORNEYS




Feb. 7, 1967 G. NATTA ETAL 3,303,177
SUBSTANTIALLY LINEAR, REGULARLY HEAD-TO-TAIL POLYMERS
OF DEUTERATED AND TRITIATED MONOMERS
AND PROCESS POR PRODINCING THE SAME
Filed Dec. 11, 1959 6 Sheets-Sheet 8

il

INVEL T 08
GIULIO NATTA
MARIO PERALDO
. MARIO FARINA
BY paimin b Toetlnin

ATTORNEYS




