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Whereas the dependence of the glass transition tem- 
perature (T,) on polymer tacticity has been well defined 
for certain polymers, notably the poly(alky1 methacrylates), 
the situation for polypropylene (PP) is still ambiguous.lV2 
This may in part stem from a failure to study polymer 
samples that have been carefully characterized with respect 
to both molecular weight and tacticity and in part to lack 
of consistency in Tg measurements. 

Molecular weight determination is crucial since earlier 
work3 has shown that the Tg value for atactic PPs falls 
dramatically in the low molecular weight region (M,  < 
50000). Furthermore, as illustrated below, the steric purity 
of PPs is rarely complete, being determined by catalyst 
type as well as reaction conditions. Consequently, an ab- 
solute method4 for tacticity determination such as 13C 
NMR must be considered mandatory for establishment 
of the stereochemical configuration. 

We now report Tg values derived from standardized DSC 
measurements for well-characterized PP samples of vary- 
ing tacticity. 

Experimental Section 
Polypropylene samples of varying stereoregularity and mo- 

lecular weight were prepared with titanium and vanadium catalyst 
systems as follows: samples 1-4, TiCl4/C6H5COOC2H5/ 
MgC12-A1(C2H5)3 system a t  314 K; sample 5, TiC14/ 
C6H5COOC2H5/MgC12-NaAl(C2H5)4 system at  314 K; samples 
6-8, V ( ~ C ~ C ) ~ - A ~ ( C ~ H ~ ) ~ C ~  system a t  195 K; sample 9, V- 
( a c a ~ ) ~ - A l ( C ~ H ~ ) C l ~  system a t  195 K; sample 10, V(acac),-A12- 
(C2H5)3C13 system a t  195 K; sample 11, Ti(OC4H9)4-A1(C2HS)C12 
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system at  313 K, sample 12, Ti(OC4H9)4-A1(C2H5)zC1 system a t  
294 K, sample 13, VCl4-Al(C2H5),C1 system at  195 K; sample 14, 
VC14-Al(C2H5)3 system at  195 K. Details of the polymerization 
procedure and purification of the polymers were previously de- 
scribed.k7 The stereoregularities of the samples were determined 
by I3C NMR measurements using JEOL FX-200 and JEOL JNM 
PS-100 spectrometers on 1530% (w/v) dichlorobenzene solutions 
a t  413 K as detailed elsewhere."' The molecular weights of the 
samples were measured by GPC (Water Associates, Model 200) 
using five polystyrene gel columns (lo7, lo6, lo5, lo4, and 103-A 
pore sizes) and o-dichlorobenzene as solvent at 408 K. 

DSC measurements were made with a Perkin-Elmer Model 
DSC-2C instrument equipped with a liquid nitrogen subambient 
accessory. In order to ensure good reproducibility, the liquid 
nitrogen reservoir was filled 2 h before calibration and maintained 
approximately three-fourths full throughout measurement. The 
temperature scale was calibrated against mercury (234.28 K), water 
(273.15 K), and indium (429.78 K) a t  a scan rate of 10 K/min. 

Polymer samples (ca. 5 mg) were encapsulated in aluminum 
pans. Samples were pretreated at  473 K for 5 min, quenched (320 
K/min) to about 60 K below Tg, and scanned through Tg at 10 
K/min. Highly isotactic samples were found to crystallize under 
these quench conditions and consequently they were heated a t  
473 K outside the instrument, were quenched by dropping directly 
into liquid nitrogen, and were then inserted into the DSC sample 
holder below Tg and scanned as above. 

Values of Tg were calculated with the Perkin-Elmer standard 
TADS program. The reproducibility of duplicate runs of samples 
with well-defined Tg was better than *0.2 K. 

Results and Discussion 
The thermograms of samples representative of atactic, 

syndiotactic, and isotactic PP are displayed in Figure 1. 
The glass transition temperatures of the atactic and syn-  
diotactic samples were found to be well defined whereas 
invariably the magnitude of the base line shift associated 
with the glass transition was much smaller for the isotactic 
samples and furthermore the transition was partially ob- 
scured by the onset of crystallization. It seems probable 
that the highly isotactic samples were not completely 
amorphous despite quenching directly into liquid nitrogen. 
The rapidity of crystallization for the highly isotactic PP 
samples is illustrated by Figure 2, which shows the onset 
of crystallization at 395 K despite quench cooling a t  320 
K/min. During the course of the heating scan the pre- 
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Table I 
DSC Analysis of Polypropylenes 

stereoregularity 
(steric triad fraction) - 

sample no. [mm] [mrl [rrl Mtl E, E, Tg/ K Tg,b  K 
Syndiotactic 

9 0.04 0.28 0.68 10 600 1.6 264.6 
6 0.03 0.33 0.64 14 800 1.1 265.3 
7 0.03 0.30 0.67 32 800 1.2 267.2 
8 0.03 0.32 0.65 37 500 1.1 267.9 

1 3  0.00 0.24 0.7 6 35 800 1 .7  267.2 
10 0.03 0.28 0.69 86 900 1.9 268.5 

11 0.35 0.37 0.28 3 800 1.8 249.2 
1 2  0.49 0.31 0.20 3 700 1.9 250.2 
1 0.43 0.30 0.27 1 2  000 5.1 263.1 

1 4  0.28 0.39 0.33 7 54 000 3.3 266.2 

Atactic 

Is0 tactic 
2 0.78 0.13 0.09 18 000 3.3 255.9' 
3 0.93 0.05 0.02 45 000 5.3 254.5' 
4 0.94 0.04 0.02 75 000 4.8 255C,d 
5 0.99 0.01 0.00 413 000 5.2 259C,d 

T ,  midpoint value. 
Glass transition indistinct; Tg 

a Tg onset measured at  10 K/min after quenching (320 Kimin) from 473 K. 
directly with liquid nitrogen and introduced into DSC cell a t  200 K. 
80 Kimin. 

t 
SYNDIOTACTIC 

lbmplc No91 

2 IO 230 250 270 290 310 
TEMPERATURE 1 K I 

Figure 1. DSC thermograms of PP samples of varying tacticity 
in the Tg region. (Scan rate 10 K/min.) 

300 340 300 420 460 
0 

TEMC€RATURE 1 K ) 

Figure  2. Crystallization during quench cooling of isotactic 
polypropylene. 

dominantly atactic samples also show a tendency to 
cry~tallize,~ albeit to a much lower extent than the isotactic 
samples and some 30 K above the Tg. The syndiotactic 
samples show no such tendency. 
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Figure  3. Dependence of Tg on the reciprocal of A?, for PP 
samples of varying tacticity. 

Table I1 
Summary of Limiting Tg Values a t  High Molecular Weight 

tacticity T c ,  K 
syndiotactic 269.2 0.2 
atactic 267 i 1 
isotactic 255 i 2 

The values of T ,  for the various PP samples examined 
are summarized in Table I. On average, a t  a heating rate 
of 10 K/min the midpoint of the glass transition is ap- 
proximately 1.6 K higher than the onset value for the 
atactic and syndiotactic samples. The midpoint value for 
the isotactic samples could not be accurately determined 
because of concomitant crystallization. 

Consistent with earlier studies213 t h e  number-average 
molecular weight A?,, of the polymer is seen to have a 
pronounced influence on T . The data show a reasonable 
correlation between Tg and the reciprocal of A?n (Figure 
3) except for the isotactic samples, where the precision of 
Tg measurement was reduced because of the factors al- 
ready discussed. 

On comparison of the limiting values of Tg at high mo- 
lecular weight (Table 11) a clear dependence upon tacticity 
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may be discerned. The Tg decreases in the series TgI d i ~  

> Tga EtlC >> Tg. Et, This exactly parallels the trend 0%- 
serve$ &th poG?methyl methacrylate),lJO where again the 
isotactic configuration is characterized by a significantly 
lower T,. The results are in contrast with earlier predic- 
tions" that monosubstituted polymers such as poly- 
propylene should show no significant dependence of Tg 
stereoregularity. The difference in glass transition tem- 
perature ( AT,) between the syndiotactic and isotactic 
forms of polypropylene of -14 K is, however, much 
smaller than that for poly(methy1 methacrylate),'O AT, - 
81 K. 

These results also cross correlate with the recent ob- 
servations that 13C NMR spin-lattice relaxation times, Ti's, 
are considerably longer for isotactic than for syndiotactic 
PP sequences. Taken together, these findings appear to 
indicate a greater freedom in the segmental motion of the 
isotactic polymers. 

The T value reported here for atactic polypropylene 
(267 f 1 k) is close to the value recorded earlier2" by DSC 
measurements for high molecular weight atactic poly- 
propylene (266 K), but the isotactic Tg value (255 f 2 K) 
is a t  variance with the earlier2 value of 272 K. The dis- 
crepancy may be due to inadequate characterization or 

quenching of the PP samples in the earlier work, since the 
presence of crystallinity tends to increase the Tg of the 
sample. 

Registry No. Syndiotactic polypropylene, 26063-22-9; atactic 
polypropylene, 9003-07-0; isotactic polypropylene, 25085-53-4. 
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Communications to  the Editor 
Soluble Polyacetylene Graft Copolymerst 

Polyacetylene, a semiconducting organic polymer, un- 
dergoes dramatic changes in conductivity upon appropriate 
doping. Inspired by the expectation of producing a com- 
mercially viable conducting plastic, various workers have 
devoted extensive study to this polymer for more than 2 
decades.l Among known conductive polymers, poly- 
acetylene exhibits the potentially most useful electrical and 
electronic properties; however, all previously reported 
forms of the material have undersirable physical properties 
such as complete insolubility and decomposition without 
melting.2 

Recent experimental work has focused primarily on 
silvery, free-standing films prepared by polymerizing 
gaseous acetylene on a layer of concentrated Zieglel-Natta 
catalyst solution, as reported by Shirakawa in 1971.3v4 
While macroscopically homogeneous, such films are mi- 
croscopically inhomogeneous, consisting of a tangled mat 
of fibers approximately 15 nm in diameter, in which 
polymer chains reportedly orient along the fiber axis."7 
Film densities are typically -0.4 g/cm3.',' 

Understanding the fundamental electronic properties 
of polyacetylene necessitates the separation of intramo- 
lecular, or single chain, effects from those induced by in- 
termolecular, or chain-chain interactions. Attempts to 
solve this problem, usually by modifying the monomer, 
have in all cases resulted in materials with inferior elec- 
trical properties."'-12 We have prepared a new type of 
polyacetylene which is soluble in various common organic 
solvents by incorporating the polyacetylene into a graft 
copolymer. 

I t  has been known for over 2 decades that block and 
graft copolymers exhibit unique properties, unlike those 

'Presented in part at the International Conference on Low Di- 
mensional Conductors, Les Arcs, France, Dec ll, 1982. 
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of homopolymer blends. In particular, these systems ex- 
hibit significantly altered phase diagrams, characterized 
by an elevated critical point13 and phase morphologies that 
are restricted in size to molecular dimen~ions. '~J~ With 
this in mind, we have prepared several copolymers con- 
taining a single block of polyacetylene grafted to various 
carrier polymers in an effort to exploit the solubility that 
results from block or graft cop~lymerization.'~ Two such 
graft copolymers are discussed in this communication, one 
prepared with polyisoprene (80% cis 1,4, 15% trans 1,4, 
15% 3,4) at  -78 O C  and the second with polystyrene at  25 
"C, denoted PI2,-PA and PS2,-PA, respectively. Both 
the polyisoprene and polystyrene carrier polymers are 
nearly monodisperse with a molecular weight of 2 X lo5 
and have been modified through oxidation to contain 
electrophilic sites. 

The graft copolymers were synthesized by polymerizing 
acetylene with a Ti(OC4Hg)4/A1(C2H5)3 catalyst3 in a 
toluene solution containing the carrier polymer. Intensely 
maroon or blue solutions were formed, characteristic of the 
cis and trans isomers of polyacetylene, respectively. These 
solutions are stable but sensitive to degradation by oxygen. 
We believe the grafting step to be the result of nucleophilic 
attack of the growing polyacetylene chains on electrophilic 
sites on the carrier polymer, which also terminates poly- 
acetylene chain growth. These sites can be introduced onto 
polyisoprene with molecular oxygen to give aldehydes and 
ketones or, more selectively, with m-chloroperbenzoic acid, 
which introduces epoxides without chain scission. Unox- 
idized polyisoprene is ineffective as a carrier polymer. 
During the polymerization of the polystyrene carrier chains 
a small proportion of butadiene was introduced to provide 
sites for subsequent oxidation or epoxidation. The ep- 
oxidized styrene-butadiene copolymer is particularly useful 
for morphological work since polyacetylene can be selec- 
tively stained with osmium tetraoxide.16 

The molecular weight of the polyacetylene units was 
estimated by infrared analysis on samples that had been 
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