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Isotactic Polymers of Silicon-Containing Vinyl' Monomers

The polymerization of silicon-containing vinyl monomers by means of the old conven-
tional processes yields only low molecular weight polymers. In fact, such monomers with
radical injtiators, even if very high pressures in the range of 5,000 atm. are employed,
yield only low polymers, e.g., tetramers or hexamers.! Similarly, with cationic catalysts
only liquid oily polymers were obtained from allyltrimethylsilane.?

We have now prepared high molecular weight polymers from monomers containing
one vinylic unsaturation and one silicon atom for the first time, by using heterogeneous
catalysts which act according to a mechanism of coordinated anionic catalysis. Such
polymers contain linear, head-to-tail macromolecules having regular structure, which
are crystallizable.

Monoallylsilane has been polymerized at 60-70°C. in the presence of catalysts pre-
pared from violet titanium trichloride and triethy! aluminum. The polymer thus ob-
tained is highly crystalline, melts completely at 127-128°C. near the melting point of
polybutene-12 and, when freshly prepared, is completely soluble in boiling n-heptane.
This polymer, owing to the presence of Si—H bonds, can be easily crosslinked by the
action of oxygen at 70-80°C. or by the action of water or alcohols in suitable conditions.

By polymerization of allyltrimethylsilane in heptane solution at a temperature of
70-80°C. in the presence of catalysts prepared by reaction of triethyl aluminum with
titanium tetrachloride (moles Al(C:Hs)s/moles TiCl, = about 2), crude polymers having
high molecular weight were obtained with good conversion yields.

The crude polymers, obtained from allyltrimethylsylane, have a silicon content of
24.359%, (calculated for (CsH.1481)4,81 24.56%) and an intrinsic viscosity in tetraline at
135°C. of about 0.5.

They were fractionated by extraction with solvents, employed at their boiling point,
in the following sequence: acetone, ether, n-heptane, xylene. In Table I the results of
fractionation are reported, as well as some physical properties of the several resulting
fractions. Fractions III and IV prove to be crystalline under x-rays and possess higher
specific gravity and lower solubility than the corresponding fractions I and II, which are
amorphous.

As we have previously found for the crystalline fractions and for the amorphous, non-
crystallizable fractions of poly-a-olefins, the solubility of the different fractions depends
mainly on their steric structure.4
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The highly crystalline fractions possess a very high melting point ( 350-360°C.) and
can be extruded, in the melted state, in filaments and then stretched.

The x-ray fiber spectra indicate a helic structure with a ternary symmetry, and an
identity period of 6.5 A. of the chain, attributable to an isotactic structure.

The fractions possessing higher solubility show lower crystallinity, lower specific
gravity, and lower melting points than those of the highly crystalline isotactic polymers.
The very low melting point of some fractions may depend not only on the lower molecular
weight, but also on the presence of steric irregularities along the chains (stereoblock
polymers).
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Nuclear Magnetic Resonance Absorption in Various
Polytetrafluoroethylenes

We here report a remarkably large effect of crystallinity on the nuclear magnetic
resonance absorption line width of polytetrafluoroethylene (PTFE). We were led to this
study by a reported large discrepancy in measurements on this material.! The difference
is to be seen in Figures 1 and 2 where we show curves of line width (0H) in gauss (defined
as the distance between points of maximum slope on the derivative curve) versus tem-
perature for, among others, the samples of Teflon (Du Pont PTFE) measured by Slichter!
(Sl on Fig. 1) and for samples of Fluon (I.C.I. PTFE) measured by Smith? (Sm on Fig
2). Slichter has suggested that Fluon may contain a mobile impurity which leads to an
apparent line narrowing at a lower temperature than the true one in a manner not un-
known in nuclear magnetic resonance.?

A study of the literature reveals that other measurements, whether on Teflon or Fluon,
agree substantially with Smith’s result. All the available results on Teflon!:*5 are
plotted in Figure 1 including two samples, one slow cooled (ST) and one quenched (QT),
which we have measured ourselves and for which full details of heat treatment and
crystallinity are available and are given in Table I. We have plotted only some pcints
from Wilson and Pake* where they give actual line widths since it is not stated how they
derive T, from dH. .

Figure 2 shows results on Fluon, including our own for two well-defined samples. one
slow cooled (SF) and one quenched (QF), and Smith’s results (Sm) already referred to.?

A comparison of Figure 1 and 2 show that the results for Teflon and Fluon are sub-
stantially the same with the exception of Sl and other smaller differences discussed below.



184 JOURNAL OF POLYMER SCIENCE VOL. XXXI, ISSUE NO. 122 (1958)

0

SH IN GAuUSS

ANAN

TEMPERATURE

0. B .
D
1 1 1 WE 1 1 N

™. TEFLON

-100 -75 =50 -25 0

25 50 75

Fig. 1. Nuclear resonance absorption line width versus temperature for various samples

of Du Pont PTFE. 8l from ref. 1.

paper, see Table 1.

N from ref. 5. W. P. from ref. 4. QT from this

ST from this paper, see Table 1.

TABLE I
Crystallinity
by x-ray
Sample Manufacturer per cent Heat treatment
QT (Fig. 1) Du Pont 42 Sample melted and plunged in water
at room temperature
ST (Fig. 1) ¢ 55 Melted and cooled from 360°C. to
room temperature
with time constant of 80 min.
QF (Fig. 2) 1.C.L 58 As for QT
SF (Fig. 2) “ 76 As for ST
V (Fig. 3) o 90 None
M (Fig. 3) “ - 55 Held at 365°C. for 15 min. and cooled

to room temperature with time
constant about 15 min.

[}
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! | A i
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Fig. 2. Nuclear resonance absorption line width wersus temperature for various
samples of 1.C.I. PTFE. Sm from ref. 2. QF from this paper, see Table I. SF from
this paper, see Table I.



Journal of POLYMER SCIENCE

continued from inside front cuver

P.L.JamN: Paramagnetic Resonance Absorption in High Polymer.............- .o
MomoTaro Suzukt, Hasmme MivaMa, and Sziro FusiMoto:  Study on the Heat of Vinyl

COPOLYMETIZALON . - -+ oo s s o2 as s o Gl e "ol vatyrenes b
H. Z. FriepLanper and W. M. Tromas: Preparation of Crystalline Polystyrenes by
Use of Acid Catalysts . .. . oo« onereesnarnie e s g of S
C. G. OVERBERGER, EL1 M. PEARCE, and N. Maygs: Polymerization of Methaeryloni-
il WAth LADIIUID -« - oo oo ne g st 2o S e G G S tion.

7. D.Gupra: Decrease of Lateral Order in Jute Treated with Caustic Soda Solution. . .
¥. B. Wappingron: The Electron Crosslinking of Polypropylene and High Density
Polyethylenes...........- .........
Masagazu MaTsumoro and Y asusl Omyanaci: Refractive Index of Dilute Aqueous
Solution of Polyvinyl Aleohol. ... ooovesooesrees i oo e’ Poly
Wirriam J. BURLANT and DouGLAS H. Green: Some Gamma-Ray Initiated Poly-
IROEIZALIONS  ~ o« + <o s e e et se ettt e e L B Theory t
T. E. Heminiak and L. CERNY: Application of Ree-Eyring Generalized Flow Theory to
Dilution Solutions of Potassium—p-polyst{rene SuHonate. . ....ovveererar e

. C. Kung WEr: Molecular Termination by

p-Xylenein Cationic Catalyzed Polymerization . . ... ... ceereeey-romrrssrmttt
Howarp C. Haas and NORMAN W.ScruLeEr: Polyvinylene Carbonate.............--
G.S. Trick: The Crystallization of Chemicall%Modiﬁed Natural Rubber.............
A ielectric Constant and Loss of Polypro-
pylene..... O S R Rt S Ao A W
G. Mino and S. KAIZERMAN: A New Method for the Preparation of Graft Copolymers.
Polymerization Initiated by Ceric Ion Redox SYSLEMS. « ..o vveuenn s
RyurcHr NAKANE: A Memory Phenomena in the Volume Change of Crystalline Polymer
K. Kawagara, M. UEDa, Y. Oxka, and T. KUROIWA: Molecular Weight-Intrinsic Vis-
cosity Relationship as a Function of Shearing Stress. ... ......o.cooorrtanp s - p
Junst Furukawa, Tew1 TSURUTA, Tagayukl FuENo, RY0zo SAKATA, and Kazuo Ito:
Co-catalytic Action of Quinones and Phenols in Methyl Methacrylate Polymerization
by Diethylcadmium. ... ... -oooeseeo oo e s e Rt Ratios i th
NopuYUkl AsHIKARI and AKIO NisuiMura: The Monomer Reactivity Ratios in the
Copolymerization of Vinyl Compounds with Trialkylboron Catalysts...............-
W. F. Busse and G. H. BowERs: G Yield for Crosslinking of Low Density Polyethylene
by Electron T T L Ry PR P AL P
Davip S. BaEsLow and ABRAHAM Kurner: Reactivity Factors of Sedium Ethylenesul-

C. G. OVERBERGER, EL1 M. PeAsRcE, and

E. W. Anperson and D. W. McCaru: The

BOOK REVIEW

Recent Advances in Gelatin and Glue Research, G. Stainsby, ed. Reviewed by Herbert
NVEOTAWELZ o « « - o e s s e er e e e e s e e s s s

ERRATA

Canro Mussa, LY.: Some Considerations of Fractionation, Viscometry, and the Molec-
ular Weights of Linear and Branched Polymers (article in J. Polymer Sct., 25, 441-451,

BO5T) .+ weeseseeee e s e e 8 i ctionation

CarLo Mussa, LV.: A Suggested Method of Plotting the Data of Fractionation and
Viscometry (article inJ. Polymer Sci., 26, 67-79, o 8 Y
Mitsuru Nagasawa and Ixuml Kacawa: Colligative Properties of Polyelectrolyte
Solutions. IV. Activity Coefficients of Sodium Ion (article in J. Polymer Set., 25,

i S T A

J. BergowITcH, A. CHARLESBY, and V. DESREUX!: Radiation Effects on Aqueous Solu-
tions of Polyvinyl Alcohol (article in J. Polymer Sei., 25, 490-492,1957). .. ..o o e n

ADDENDUM

A. V. TosoLsky: Equilibrium Polymerization in the Presence of an Ionic Initiator
(article in J. Polymer Sei., 25, 220-221, 1957 ). oo cvvoeneee e

34

Manuscripts should be submitted to one of the members of the Editorial Board

or to the

Editorial Office, ¢/o H. Mark, Polytechnic Institute of Brooklyn, 333 Jay
Street, Brooklyn 1, New York. Those in Europe should be submilled o Professor
G. Smets, University of Louvain, Louvain, Belgium. Address all other
correspondence 10 Interscience Publishers, Inc., 250 Fifth Avenue, New York

1, N. Y.




“IG“ P OLYMERS A Series of Monographs on the Chemistry, Physics, and Technology
of High Polymeric Substances.

Editorial Board: H. MARK, C. S. MARVEL, H. W. MELVILLE, G. S. WHITBY.

Volume {: s

COLLECTED PAPERS OF WALLACE HUME
CAROTHERS ON HIGH POLYMERIC SUB-
STANCES

Edited by H. MARK, Institufe of Polymer Re-
search, Polylechnic Instilute of Brooklyn, and
G. STAFFORD WHITBY, Universily of Akron,
Ohio. With a biography by Roger Adams,
University of Illinots.

1940. 479 pages, 38 illus., 51 tables, 2 ‘S)llalt?o

Yolume Hi:
PHYSICAL CHEMISTRY OF HIGH POLY-
MERIC SYSTEMS

Second Edition by H. MARK, Instituie of Poly-
mer Research, Polytechnic Instifule of Brooklyn,
and A. V. TOBOLSKY, Frick Chemical Labora-
tory, Princeton University.

1950. 520 pages, 155 illus., 107 tables. $8.50

Volume lil:

MECHANISM OF POLYMER REACTIONS

By G. M. BURNETT, Chemistry Department, The
Universily, Edgbaston, Birmingham, England.
1954. 509 pages, 86 illus., 110 tables. $12.00

Volume |V:
"NATURAL AND SYNTHETIC HIGH POLY-

MERS

Second Edition. By K. H. MEYER, Professor of
Organic Chemisiry, University of Geneva, Switzer-

lard.
1950. 911 pages, 186 illus., 80 tables. $15.00

Volume V: .
CELLULOSE AND CELLULOSE DERIVATIVES

In Three Parts. Second complelely revised and aug-
menied edilion.
Prepared under the editorship of EMIL OTT,
HA%LOLD M. SPURLIN, and MILDRED W.
GRAFFLIN, Hercules Powder Co., Wilmington,

Del.

Part I: 527 pages, 139 illus., 11 tables. $13.00
Part II: 555 pages, 118 illus., 54 tables.  $13.00
Part III: 556 pages, 127 illus., 41 tables.

With Indexes to Parts I-III $13.00

Volume Vi
MECHANICAL BEHAVIOR OF HIGH POLY-
MERS

By TURNER ALFREY, Jr., Associale Professor
of Polymer Chemistry, Polylechnic Inslitule of

Brooklyn. .
1948. 595 pages, 245 illus., 27 tables. $12.50

Yolume Vii:
PHENOPLASTS—
Their Structure, Properties and Chemical Tech-

nology
By T. 8. CARSWELL, Manager, Research and
Development Departmenls, Commercial Solvents
Corp., Terre Haule, Ind. With the collaboration
of Donald S. Herr and Carl H. Whitlock.
1947. 279 pages, 80 illus., 74 tables. $6.50

Volume VIli:
COPOLYMERIZATION

By TURNER ALFREY, Jr., Physical Research
Laboratory, The Dow Chemical Co., Midland,
Mich., JOHN J. BOHRER, Inlernational Resist-
ance Co., Philadelphia, Pa., and HERMAN
MARK, [Institule of Polymer Research, Poly-
technic Institute of Brooklyn, N. Y. ,

1952. 279 pages, 77 illus., 41 tables. $9.00

Volume IX:

EMULSION POLYMERIZATION
B}' FRANK A. BOVEY, Minnesota Mining and
Manufacturing Co., St. Paul, Minn., . M. KOLT-
HOFF, Universily of Minnesola, Minneapolis,
Minn.,, AVROM 1. MEDALIA, Boston Uni-
vcrsli\t‘y. Boston, Mass., and EDWARD J. MEE-
HAN, University of Minnesola, Minneapolis,

Minn.

1955. 457 pages, 104 illus., 79 tables. $13.50

Yolume X:
POLYMER PROCESSES

Edited by C. E. SCHILDKNECHT, Stevens
Institute of Technology, Hoboken, New Jersey.
1956. 932 pages, 171 illus., 139 tables.  $21.00

Yolume Xi:

POLYETHYLENE
By R. A. RAFF, Manager, Technical Develop-
menl Section, Chemical Division, and J. B. ALLI-

SON, Technical Information Branch, Research De-
1I))artment, Koppers Company, Inc., Pitlsburgh.

a. ) v
1956. 564 pages, 228 illus., 123 tables. $17.50

Yolume Xli:
IN PREPARATION:

CHEMICAL ANALYSIS OF PLASTICS

A Collective Volume edited by GORDON M.
KLINE, National Bureau of Standards, Washing-
ton, D. C. 1In two parts. ‘

INTERSCIENCE PUBLISHERS, INC.

250 Fifth Avenue,

New York 1, N. Y.




