
Communicatior is to the Editor 
Mechanism of Propylene Polymerization on Single 
Crystals of a-Titanium Trichloride 

In a recent publication' we have shown that the 
polymerization of propylene in the gas phase on dry 
single crystals of a-TiClr activated with aluminum tri- 
methyl vapor occurs along growth spirals, on lateral 
faces, and on surface defects of the a-TiCI3 crystals. 
Initially, the polymer growths appear globular with a 
diameter of 200-500 A. As growth continues these 
globules elongate into fibrils of approximately the same 
diameter with striations approximately perpendicular 
to the fibril axis. This work has now been extended 
to elucidate the mechanism of fibrillar growth. 

Experimental Section 
The polymerizations were carried out in a modified Bakers 

Micro-BA3 high-vacuum coating unit. wTiCla was sub- 
limed onto a thin glass plate and allowed to react with alumi- 
num trimethyl vapor at room temperature. Propylene gas 
was admitted from a storage cylinder kept at low tempera- 
ture to provide propylene pressure at 150-350 Torr. Polym- 
erization was allowed to continue far a period of 10-60 min. 
The reaction vessel was then evacuated and a carbon replica 
of the catalyst surface was made. After removing the glass 
plate from the vacuum chamber, the catalyst was dissolved in 
methanol at 25' and the replica floated off on water. No at- 
tempt was made to remove the polypropylene from the 
replica. The mounted replicas were observed in a Philips 
EM-200 electron microscope. 

Larger amounts of polymer were synthesized in an evacu- 
ated glass tube containing about 2 g of a-TiCIa. The poly- 
mer was washed initially with 1 % HCI in methanol at 25" 
and then several times with pure methanol. About 50 mg of 
polymer could be produced at one time in this manner. This 
polymer was used for dsc studies after it was shown by elec- 
tron microscopy that it contained similar fibrillar structures. 

Results and Conclusions 

The electron micrographs show a large number of 
polymer fibrils on the lateral edges of the catalyst crystal 
(see Figure 1). These fibrils are up to  15,000 A in 

length and 400-600 A in diameter. The fibrils grow 
on a broad base which is usually 1000-1500 A in diam- 
eter (Figures 1 and 2). Most fibrils show striations 
making angles of 75-90" with the fibril axis and with a 
periodicity of 100-150 A. This is approximately the 
repeat distance expected for a folded chain crystal of 
polypropylene. These fibrils appear to  have a struc- 
ture similar to those described by Blais and Manley* 
prepared by slurry polymerizations. Figure 2 shows 
some fibrils which broke roughly perpendicular to  the 
fibril axis. This has a n  important bearing on the 
growth mechanism. The periodicity of the striations 
and the appearance of the broken fibrils suggest that 
the fibrils are composed of stacked highly crystalline 
lamellae. 

Morrowz has reported the existence of three crystal 
forms of polypropylene. a-PP [T,,,(a) = 165"l is 
monoclinic and is produced by melt or  solution crystal- 
lization. This form contains chain folded lamellae. 
0-PP [T,,,(p) = ISO'] is hexagonal and is produced by 
(i) crystallization within a narrow temperature range 
(-100-1304, or (ii) crystallization with nucleating 

:rystallization at  elevated pressure and is triclinic in 
Form. There are two states; the stable state contains 
:xtended chain segments and the metastable stale con- 
tains some chain folded lamellar crystals. A dsc run 
shows a doublet at 152" due to  y-PP and a single peak 
it 160" due to  the transition y-PP - or-PP. 

Our studies of fibrillar polypropylene show a single 
dsc peak at  162-1653' which is indicative of the 01 

form, i.e., chain-folded lamellae. No evidence was 
found for extended chain crystallization. The heat of 
fusion A H ,  for the polymer was obtained from the area 
of the melting peak and was found to  be 25.7 cal/g. 
Wilkinson and Doled estimiltr the heat nf hisinn for 

Figure 1. Polypropylene fibrils growing on the lateral edges 
and on surface defects of the a-TiCIa crystal. Carbon replica. 
Electron micrograph. 
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2.  As the size of the globule increases the rate of 
polymerization decreases (because the monomer must 
diffuse through the polymer), and the temperature of 
the outer surface of the globule is reduced to a point 
where crystallization can occur. 

3. Crystallization occurs at the apex of the globule in 
the form of folded-chain lamellae. As more polymer 
is formed at the base of the globule further crystalliza- 
tion forms additional lamellae which are pushed out in 
the form of stacks of rather uniform diameter platelets. 
The center of each lamella will contain highly crystalline 
polymer, while the upper and lower surfaces will con- 
tain the amorphous polymer associated with the chain 
folds and chain ends. The difference in density of the 
two regions could account for the striations visible in 
the electron micrographs and illustrated in Figure 3a. 

The uniformity in size of the globular base of the 
fibrils suggests that their size is controlled by com- 
petition between the rate of nucleation of crystallization 
and the rate of diffusion of monomer through the 
globule. Both of these processes might be expected to 
depend only on  the dimensions of the globule. The 
absolute rate of growth of the fibril, which is clearly 
different at  different locations on the catalyst surface 
(Figure l), may depend on the number or activity of the 
catalyst sites located at  the base of the fibril. 
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Polymerization of Alkyl Vinyl Ethers by 
Tricyanoethenol in Tetrac yanoeth ylene 

Vinyl monomers containing electron-donating sub- 
stituents are known to polymerize in the presence of 
a n  organic electron acceptor cia a charge-transfer 
mechanism of initiation. Tetracyanoethylene (TCNE) 
is a strong electron acceptor which has been reported 
to  initiate the polymerization of N-vinylcarbazole" 
and ketene diethyl acetals4 TCNE also affords cyclo- 
butane derivatives in reactions with N-vinylcarbazole 3,5 

and alkyl vinyl ethers.6 
Both the initiation of the polymerization of N-vinyl- 

carbazole and the formation of the cyclobutane deriva- 
tive have been postulated to take place through a 
charge-transfer complex of the N-vinylcarbazole donor 
with an  acceptor such as TCNE3 or acrylonitrile.6 
Both the reaction path (to cyclobutane or polymer) 
and the ease with which it takes place depend on such 
factors as the molar ratio of donor to acceptor, the 
solvent, impurities, etc. 

When the reaction of an  alkyl vinyl ether with TCNE 
(2  : 1) was carried out at  25 O, the cycloaddition product 
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TABLE I 
POLYMERIZATION OF ISOPROPYL VINYL 

ETHER BY TCNE" 

TCNE Polymer yield, 
sourceb Solvent z vsPiC 

A (CHKla 63 .4  0.31 
A CHaCN 85.1  0 .  I O  
A CHaNOy 70.0 0.11 
B CH,CN 42.2 
B CHaN02 39.7 
C (CHdaClz 0 
C CH3CN 10.8 
C CHaNO, 4 . 5  
[C3H;OC2H3] = 2.0 molil., [TCNE] = 5 X lo-$ niol/l., 

25", 20 hr. Polymerizations were carried out in an ampoule 
using a vacuum line and employing carefully purified 
monomer and solvents. TCNE purified by three recrystal- 
lizations from chlorobenzene followed by two sublimations 
at 1.0 mm was colorless, mp 205-206". and did not initiate 
polymerization of the monomer. b A ,  purified by one 
recrystallization from chlorobenzene followed by vacuum 
sublimation, pale yellow crystals, mp 201-203"; B, A after 
3 months aging at 25" in the atmosphere; C. obtained from 
Aldrich Chemical Co. Inc., and used without further purifi- 
cation, light brown crystals, mp 197-200". Determined 
in benzene at 30" (C = 0.5 g/dl). 

Mas obtained. The red-orange color of the charge- 
transfer complex appeared immediately and, from the 
rate of disappearance of the color, it was observed 
that the rate of cyclobutane formation followed the 
order GH5- < (CH&CH- < r-C4Hg-. The reaction 
in a polar solvent, acetonitrile, was faster than in a 
nonpolar solvent, toluene. 

Highly purified TCNE would not initiate polymer- 
ization, even in polar solvents such as acetonitrile and 
nitromethane. However, when a catalytic amount of 
TCNE which was incompletely purified was added 
([TCNE]/[alkyl vinyl ether] = 1 :400) polymerization 
took place, depending on  the solvent and purity of the 
TCNE. The polymerization of isopropyl vinyl ether, 
as well as n-butyl, isobutyl, and t-butyl vinyl ethers in 
polar solvents, was found to be initiated by incompletely 
purified TCNE. The results of polymerization of 
isopropyl vinyl ether are given in Table I .  

This effect of impurities on  the polymerization is 
similar to that found for the polymerization of N- 
vinylcarbazole initiated by p-chloranil. In  this case, 
the initiator was found to  be an  acidic impurity, 3,5,6- 
trichloro-2-hydroxy-l,4-benzoquinone, in the chlor- 
anil.7 

In  these polymerizations, the red-orange color of the 
charge-transfer complex did appear immediately on 
mixing the TCNE and isopropyl vinyl ether in acetoni- 
trile, but disappeared within a few seconds. Precipita- 
tion of the polymer from the solvent, however, did not 
occur until 10-30 min after mixing and polymerization 
continued in the colorless media. Thus it appears that 
the charge-transfer complex is not responsible for 
polymerization, since the color of the complex is not 
present throughout the polymerization, and it is un- 
likely that any cationic species formed aia the charge- 

(7) N. Natsume, Y .  Shirota, H. Hirata, S. Kusahayashi, 
and M. Mikawa, Chem. Commun., 289 (1969). 


