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A number of split peaks dependent on both comonomer sequences and stereosequences were observed in 
the 13C nuclear magnetic resonance (n.m.r.) spectrum of ethylene-propylene (E-P) copolymer. The 13C 
chemical shifts of methylene carbon in stereoisomers of the respective hexad comonomer sequences were 
predicted by a chemical-shift calculation using the gamma effect on 13 C chemical shifts and Mark's rotational 
isomeric state model for E-P copolymer. Assignments of the split peaks that arise from different hexad 
stereosequences were given by comparison between the observed and calculated chemical shifts. Reference 
was made to the hexad assignments of comonomer-sequence-dependent peak splittings determined in our 
previous calculation of 13C n.m.r, chemical shifts of stereoregular E-P copolymers. The tacticities were 
estimated for successive (not separated by ethylene units) propylene units in the hexad sequences. 

(Keywords: 13C nuclear magnetic resonance; chemical-shift calculation; ethylene-propylene copolymer; stereosequence- 
dependent hexads; comonomer-sequcnce-dependent hexads) 

I N T R O D U C T I O N  

The mechanical properties of ethylene-propylene (E-P) 
copolymers depend strongly on their microstructures. 
The E-P comonomer sequence distribution and the 
tacticity of the propylene units are very important factors 
in elucidation of the microstructure of E-P copolymer. 
13C n.m.r, is the most powerful method to determine 
these two factors. Owing to improvement in the sensitivity 
and the resolution of 13C n.m.r, spectroscopy, a number 
of split peaks dependent on hexad sequence structures 
have been observed in the spectrum of E-P copolymer. 

The 13C chemical-shift assignments of stereoregular 
E-P copolymer proposed by Ray et a l J  have been widely 
used for sequence analyses 2-4. However, their assignments 
have ambiguities in PPEP,  EPEP,  PPEE and EPEE 
tetrads, owing to the contributions from sequences longer 
than tetrad. The influence of the tacticity of the propylene 
units on the ~3C chemical shifts of methylene carbons in 
the ethylene unit of E-P copolymers with a low ethylene 
content has been investigated by a chemical-shift calcu- 
lation (gamma-effect method) using the gamma effect on 
13 C chemical shifts and the rotational isomeric state (RIS) 
model s. From the 13C n.m.r, spectrum of model 
compounds for the isolated ethylene unit in polypropylene 
sequences, Zambelli et al. 6 have indicated that this 
influence causes the splitting of such methylene peaks. 
Recently, Cheng 7 has characterized the structures of E-P 
rubbers on the basis of the 13C n.m.r, spectra, which 
were complicated as a result of ethylene and propylene 
displacement, the presence of inverted propylene units 
and the tacticity of polypropylene sequences. He has 
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proposed an empirical rule for 13 C chemical shifts of E-P 
copolymer s, which accounts for substituent effects as well 
as for configurational sequences, from a statistical 
treatment of the large amounts of 13 C chemical-shift data 
for E-P copolymer and related compounds. 

Chemical-shift calculation via the gamma effect has 
been applied to the prediction of the chemical shifts of 
pentad, hexad and heptad stereoisomers in atactic and 
isotactic polypropylenes 9'1°. The results confirmed that 
the chemical shift due to the gamma effect is very sensitive 
to differences in stereosequences. In our preceding 
paper 11, we have demonstrated that the chemical shift 
due to the gamma effect is sensitive not only to the 
tacticity of the polypropylene sequences but also to the 
displacement between the ethylene and propylene units. 
The applicability of the gamma-effect method to the 
prediction of chemical-shift differences dependent on the 
comonomer sequences has been confirmed by comparison 
between the observed and calculated chemical shifts of 
model compounds for the E-P copolymer. The 13C 
chemical-shift assignments of the peak splittings dependent 
on hexad comonomer sequences in stereoregular E-P 
copolymer have been examined by a chemical-shift 
calculation via the gamma effect 12. As for the chemical- 
shift, differences of S~r and S~6 carbons (where the 
nomenclature proposed by Carman et  al. 13 is used for 
the designation of carbon types) among the different 
hexad comonomer sequences have been reasonably 
predicted by contributions from the gamma effect and 
the four-bond effect in the Lindeman-Adams empirical 
rule 14. 

In this study, we calculate the chemical shifts due to 



the gamma effect of methylene carbons in stereoisomers 
of the respective hexad comonomer sequences using the 
gamma-effect method, t aC chemical-shift assignments of 
the split peaks that arise from different hexad stereo- 
sequences are given from comparisons between the 
observed and calculated chemical shifts, with reference 
to the hexad assignments 12 of comonomer-sequence- 
dependent peak splittings in the ~aC n.m.r, spectrum of 
stereoregular E-P copolymer. The tacticities of successive 
propylene units in hexad sequences are estimated on the 
basis of the hexad assignments of the resonance regions 
of S=~ and S~ carbons. 

EXPERIMENTAL 

Material 

The ethylene-propylene (E-P) copolymer of low 
ethylene content, sample PEW*, prepared with a 6- 
TiC13/Et2A1C1 catalytic system, is a generous gift from 
Tokuyama Soda Co. Ltd. The other sample, PES7, is 
the fraction of the whole polymer (PEW) soluble in 
n-heptane at room temperature (23°C). It was confirmed 
that head-to-head and tail-to-tail arranged propylene 
units are not detected in l aC n.m.r, spectra of these 
samples, referring to the study of regio-irregularity in the 
chain ~s-17. The ethylene contents of PEW and PES7 
were determined to be 7.0 and 21.7 mol% from the 
relative peak areas of methylene resonances. 

13 C n.m.r, measurements 

13C n.m.r, spectra were recorded at 120°C on a JEOL 
GSX-270 spectrometer operated at 67.8 MHz. Sample 
solutions in a 10 mm o.d. glass tube were prepared in 
o-dichlorobenzene (90vol%)/benzene-d 6 (10vol%) to 
give 0.1 g polymer/cm 3 solvent. Benzene-d6 provided the 
signal for the 2H n.m.r, internal lock. In all measurements 
broad-band noise decoupling was used to remove 
13C-1H couplings, the pulse angle was 90 °, the pulse 
repetition time was 15 s and 10 000 free induction decays 
were stored in 32 000 data points using a spectral window 
of 10000Hz. Hexamethyldisiloxane was used as an 
internal reference (2.03 ppm downfield from the resonance 
of tetramethylsilane). 

~ 3C n.m.r, chemical-shift calculation 

13C n.m.r, chemical shifts of the methylene carbons in 
the stereoisomers of hexad ethylene-propylene co- 
monomer sequences were calculated using the gamma 
effect on z3C chemical shifts and Mark's 18 RIS model 
for E-P copolymer. In the RIS model, the value of the 
statistical weight r/was taken to be 1.0, and the values of 
four-bond pentane interference 09 and three-bond gauche 
interactions z ~ 9 were characterized with Eo, = 8400 J mol- 1 
and E~=2100Jmol -x, respectively. Schilling et al. 9 
proposed that the value of the gamma effects of methine 
carbons on methylene carbons is - 3.7 ppm in their study 
on the chemical-shift calculation of various stereoisomers 
of atactic polypropylene. In this study, the value of 
- 3.7 ppm was assumed for the gamma effect of methyl 
and methine carbons on the t3C chemical shifts of 
methylene carbons. The temperature assumed in the 

* Sample PEW is identical with the sample PE-2 in our preceding 
paper 12 
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calculation was 120°C, corresponding to the experimental 
conditions. 

RESULTS AND DISCUSSION 

In Figure 1 are shown the la C n.m.r, spectra of PEW 
and PES7, respectively. In the spectrum of the whole 
polymer, PEW, split peaks dependent on only comonomer 
sequences are observed, l aC chemical-shift assignments 
of the methylene carbons in the pentad and hexad 
comonomer sequences of stereoregular E-P copo~ymer 
were provided from the chemical-shift calculation via the 
g a m m a  e f fec t  12. The observed and calculated chemical- 
shift differences of Sap and S=r carbons among methylene- 
centred pentad and hexad comonomer sequences are 
illustrated as stick spectra in Figure 2, on the basis of 
the expanded resonance regions and the calculated 
chemical shifts of these carbons previously reported 12 (in 
Figures 4 and 7 and Tables 5 and 7 in ref. 12). In this 
figure are also shown the chemical-shift differences of Spa 
and S~r carbons calculated by using the empirical rule 
proposed by Cheng s. As for the Spa carbon resonances, 
both calculation methods reasonably predict the chemical- 
shift differences. However, the empirical rule cannot 
predict the chemical-shift differences among EPEP- 
centred hexads (peaks 15-18), and those between 
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Figure 1 ~aC n.m.r, spectra of PEW (a) and PES7 (b) 
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Figure 2 The observed and calculated chemical-shift differences of S## and S=r carbons among methylene-centred pentad and hexad comonomer 
sequences 

PPPEPP and PPPEPE hexads (peaks 11 and 12) and 
between EPPEPP and EPPEPE hexads (peaks 13 and 
14) for the S~ carbon resonances. The reliability of our 
assignments of S=v and S=6 carbons has been supported 
by the good correspondence between the respective 
fractions of PE-centred hexads and those predicted 
by the two-site model for the E-P copolymerization 
mechanism 12. 

As shown in Figure lb, further complicated split peaks 
attributable to the different stereosequences are observed 
in the spectrum of PES7. In order to assign these 
complicated split peaks, the chemical shifts due to the 
gamma effect were calculated for the methylene carbons 
(S~, S~r, S~a and Sap) in the stereoisomers of the respective 
hexad (S~=, S~v and S=6) and pentad (Sap) comonomer 
sequences. In Figure 3 are shown the model compounds 
used for the calculation of the chemical shifts of hexad 
and pentad methylene-centred sequences of Sap, S=r and 
S~6 carbons, respectively. Model compounds for the 
respective comonomer sequences are shown in Table 1. 

Since the sample PES7 is a propylene-rich copolymer, 
these model compounds have isobutyl end groups as an 
analogue to the elucidated chain-end structures of this 
copolymer. The chemical shifts due to the gamma effect 
of the carbons marked by asterisks were calculated for 
all types of the stereoisomers of these model compounds. 
The assignments of methylene carbon (S~r, S~ and Spa ) 
resonances in the spectrum of PES7 are given from com- 
parisons between the observed and calculated chemical 
shifts, referring to the assignments of comonomer- 
sequence-dependent peak splittings in the spectrum of 
PEW. 

In Figure 4 is shown the Sap resonance region in the 
spectrum of PES7. The observed and calculated chemical- 
shift differences are shown in Table 2, where the 
designations P*~P or prp and PEmP or P E T  mean that 
the configuration determined by the steric relationships 

between the successive propylene (P) units and those 
between the propylene units across the ethylene (E) unit 
are meso (m) or racemo (r), respectively. (In Figure 2, 
the superscript 'm' is omitted, because such configurations 
in the sample PEW are only mesol2.) In Figure 4 are 
also shown the observed and calculated chemical-shift 
differences as stick spectra. The peaks 1, 2 and 3 that 
arise from the different pentad comonomer sequences, 
Pr~pEmpmp, pmpEmpE and EPEmPE, are observed in 
spectra of both PEW and PES7. Thus, the calculated 
chemical shifts of the methylene carbons in the stereo- 
isomers of PPEPP, PPEPE and EPEPE pentad sequences 
are shown with reference to the peaks of PmPEmpmp (1), 
pmpEmpE (2) and EPEmpE (3). Broken lines on the stick 
spectra show the chemical shifts of pentad comonomer 
sequences observed in the spectrum of PEW. The 
calculated spectra correspond well to the peak splittings 
in the observed spectrum. In Table 2 are shown the assign- 
ments of the split peaks made from comparisons between 
the observed and calculated chemical shifts. 

Figure 5 shows the spectrum of the resonance regions 
of S=~ and S=~ carbons. Referring to the spectral analysis 
of E-P copolymers by Cheng 7, stereosequence-dependent 
split peaks are observed in the region from 38.3 to 
39.1 ppm. Using a similar method for the Sap resonance 
region, the calculated chemical-shift differences listed in 
Table 3 are shown as stick spectra. The calculated results 
indicate that each peak numbered 27, 28 and 29-34 may 
arise from different stereoisomers of the respective hexad 
sequences. Thus, these peaks are composed of a number 
of methylene resonances that arise from different hexad 
comonomer sequences and stereosequences. For example, 
peak 34 is composed of the respective methylene 
resonances in PmprPEPP and PmprPEPE hexad sequences, 
where the designation pmprpEPP means that the triad 
structure of PPP sequence is mr and other tactic 
structures of PEP and PP sequences are meso or racemo 
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4. Model compounds for PPEE-centred hexads of Sc¢ 6 carbons 
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Figure 3 Model compounds used for the calculation of chemical shifts 
of the pentad (1) and hexad (2-5) comonomer sequences of Sap, S~r 
and S=~ carbons 

(namely, pmprpEPP corresponds to the sum of 
pmprpEmpm, PmprpErpmp, pmprpEmprp and pmprpErprp 
hexads). The broader linewidths of these peaks than those 
of peaks 11-20 support the occurrence of overlaps of 
a number of resonances. The chemical-shift differences 
of S~r carbons in PEPEPP (Table 3) and other 
EPEP-centred hexads dependent on stereosequences are 
negligibly small. Similarly, the chemical-shift differences 
of S=a carbons in EPEE-centred hexads dependent on 
stereosequences are also negligible. In Tables 3 and 4 are 

given the resultant assignments of these split peaks in S~r 
and S~ regions. The peaks 27 and 29-31 are assigned to 
the resonances of S~ carbons and the peaks 28 and 32-34 
are assigned to the resonances of S=~ carbons. Our 
assignments agree with those proposed by Cheng T with 
regard to the carbon types of the peaks 29-34. There still 
remains an ambiguity in the assignments of the peaks 29 
and 30, because the calculated chemical shifts for the 
stereoisomers of PrP'PEEP and PrP~PEEE hexads and 
those of EP'PEEP and EP'PEEE hexads are very close 
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Table 1 Model compounds for comonomer sequences 

Pentad 
Carbon Model and Carbon Model 
type compound hexad type compound Hexad 

Spp A-1 PPEPP S=~ D-1 PPPEEP 
A-2 PPEPE D-2 PPPEEE 
A-3 EPEPE D-3 EPPEEP 

D-4 EPPEEE 

S=~ B-1 PPPEPP 
B-2 PPPEPE S~ E-I PEPEEP 
B-3 EPPEPP E-2 PEPEEE 
B°4 EPPEPE E-3 EEPEEP 

- EEPEEE* 

C-1 PEPEPP 
C-2 PEPEPE 
C-3 EEPEPP 
C-4 EEPEPE 

* Omitted from the calculation, because no stereoisomers are defined 
for a model compound of EEPEEE sequence 

Table 2 Calculated and observed chemical-shift differences of Spa 
carbons among the stereosequence-dependent hexads 

Pentad Calc.° Obs. = Peak no. 

pmpEmpmp 0 0 1 
pmpErpmp 0.003 0 1 
pmpEmprp 0.069 0.054 4 
pmpE~prp 0.076 0.090 5 
P~pEmprp 0.147 0.162 6 
prpErPrP 0.157 0.162 6 

pmpEmpE 0 0 2 
P~PErPE 0.008 0 2 
prpEmpE 0.078 0.084 7 
prpErpE 0.082 0.120 8 

EPEmpE 0 0 3 
EPErpE 0.005 0 3 

a Expressed relative to the chemical shifts of S pp carbons in 
pmpEmpmp, pmpEmpE and EPEmpE sequences, respectively, which 
are set to be 0 ppm 

; A P E s 7  

2 ] SBB 

8 7  6 5 q 1 
I I  I I I I Obs. 

,, 

It II II PPEPP, C a l c  

II Jl PPEPE, Calc.  

EPEPE, Calc, 

a J f I 

25 24 
6 (ppm} 

Figure 4 ~ 3C n.m.r, spectrum of the Sa~ region of PES7. The observed 
and calculated chemical shifts are shown as stick spectra at the bottom 
of this figure 

to each other in the region from 38.3 to 38.5 ppm. Peak 
30 was tentatively assigned to the stereoisomers of 
EprpEEP and EPrPEEE hexads and peak 29 to the 
stereoisomers of p rprpEEP and P'P~PEEE hexads 
because of closeness in their predicted chemical shifts. 
For the same reason, a similar ambiguity also remains in 
the assignments of peaks 32 and 33. 

Table 3 Calculated and observed chemical-shift differences of S=v 
carbons among the stereosequence-dependent hexads 

Hexad CalcY Obs. a Peak no. 

pmpmpErprp - 0.052 0 11 
pmpmpErpmp - 0.040 0 11 
pmpmpEmprp - 0.030 0 1 1  

pmpmpEmpmp 0 0 11 
prpmpErprp 0.216 0.224 28 
P¢pmpEfpmp 0.228 0.224 28 
PepmpEmPrP 0.236 0.224 28 
prpmpEmpmp 0.265 0.224 28 
PrprpErprp 0.793 0.799 32 
PrprpE'pmp 0.807 0.799 32 
PrPrPEmprp 0.808 0.799 32 
P~PrpEmpmp 0.835 0.854 33 
PmprPE~P~P 1.009 1.034 34 
Pmp~PEmprp 1.022 1.034 34 
pmprpErpmp 1.025 1.034 34 
pmprpEmpmp 1.047 1.034 34 

pmpmpErpE -0.027 0 12 
pmpmpEmpE 0 0 12 
prpmpE'PE 0.242 0.278 28 
PrpmpE"~PE 0.266 0.278 28 
PrprpErpE 0.819 0.853 32 
PrprpEmpE 0.837 0.853 32 
pmprpErpE 1.035 1.088 34 
Pmp~PE~PE 1.050 1.088 34 

EpmpEmprp -0.028 0 13 
EpmpEmpmp 0 0 13 
EpmpE'pmp 0.037 0.071 28 
EpmpErp~p 0.049 0.071 28 
EP~PEeprp 0.630 0.646 32 
EP~PE'pmp 0.644 0.646 32 
EPrpEmprp 0.644 0.646 32 
EP~pEmpmp 0.670 0.701 33 

EpmpErpE -0.025 0 14 
EpmpEmpE 0 0 14 
EP~PEePE 0.655 0.691 32 
EprpEmpE 0.673 0.691 32 

pEmpE ~prp - 0.041 0 15 
pEmpEmPrP -0.026 0 15 
pEmpErpmp -0.026 0 15 
PE~PE'PrP - 0.007 0 15 
pEmpEmpmp 0 0 15 
PEePE~pmp 0.007 0 15 
PE~pEmprp 0.007 0 15 
PE~pEmpmp 0.033 0 15 

= Expressed relative to the chemical shifts of S~r carbons in pmpmpEmpmp, 
pmpmpEmpE, EPmpEmpmp, EPmpEmpE and pEmpEmpmp 
sequences, respectively, which are set to be 0 ppm 
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Figure 5 13C n.m.r, spectrum of S=~ and S=~ regions of PES7. The observed and calculated 
chemical shifts are shown as stick spectra at the bottom of this figure 

In Figure 6 is shown the spectrum of the S~ carbon 
resonance region. Chemical shifts due to the gamma effect 
of S=~ carbons in the stereoisomers of PPPPPP, PPPPPE, 
EPPPPE, PPPPEP, PPPPEE and PEPPEP hexads 
were calculated for the model compounds (not listed in 
Figure 3) corresponding to these hexad sequences. The 
calculated results are shown as stick spectra referring to 
the chemical shifts of the S~ carbons in the hexad 
comonomer sequences 12. The calculated (stick) spectra 
indicate that the chemical-shift differences due to the 
hexad stereoisomers should be estimated by the contri- 
butions from the stereoisomers of not only PPPPPP 
hexad but also PPPPPE, EPPPPE, PPPPEP, PPPPEE 
and PEPPEP hexads. The only possible explanation for 
the broad peaks observed at 47-47.8, 46.3-46.5 and 
45.6-45.7 ppm is overlapping of a number of resonances 
that arise from different hexad comonomer sequences 
and stereosequences. Therefore, it is impossible to resolve 
PPPP, PPPE and EPPE tetrads from the 13C n.m.r. 
spectrum of PES7. It is remarkable that only the fraction 
of PP dyad is determined from the S~ resonance region. 

On the basis of the hexad assignments in this study, 
the dyad and triad tacticities of successive (not separated 

by ethylene units) propylene sequences in PPEP- and 
PPEE-centred hexads were determined from the relative 
peak areas of S~r " and S~ carbons, using the curve 
resolution method 2°. In Table 5 are shown the values of 
tacticities and numbers of the peaks corresponding to 
the respective sequences. The fraction of tactic dyad 
pmpEP is larger than that of pmpEE. The sum of the 
fractions of tactic triads pmpmpEPP and pmpmpEPE is 
also larger than that of the fractions of pmpmpEEP and 
pmpmpEEE. These results indicate that the propylene 
tacticity in the propylene-rich sequences is more isotactic 
than that in the relatively ethylene-rich sequences. 

CONCLUSIONS 

13C chemical shifts of methylene carbons in stereoisomers 
of the respective hexad E-P comonomer sequences were 
predicted by a chemical-shift calculation via the gamma 
effect. Referring to the assignments of the hexad 
comonomer-sequence-dependent peak splittings in stereo- 
regular E-P copolymer, 13C chemical-shift assignments 
of the split peaks dependent on hexad stereosequences 
were given from the observed and calculated chemical 

POLYMER, 1988, Vol 29, December 2213 



N.m.r. studies of  a copolymer." T. Hayashi e t  a l .  

S CICl 

PES7  

I I I I ! ! I 11 O b s .  

[ I II I I I I I I I III il I I I I P P p p p p ,  C a l c .  

l I I J l l  I I ' II I I I I P P P P P E ,  C a l c .  
I 

t I I I I  J E P P P P E ,  C a l c .  
i I 
I I 

II II II II I l~l I I  P P P P E P ,  C a l c .  

I I I I I I P P P P E E ,  C a l c .  

i l l  r iJ  P E P P E P ,  C a l c .  

I ' i i i i i a i J j = i i i i , = i I i = J i i J ~ i i I 

48 117 46 45 
6 ( p p m )  

Figure 6 t aC n.m.r, spectrum of the S== carbon region of PES7. The observed and calculated 
chemical shifts are shown as stick spectra at the bottom of this figure 

Table 4 Calculated and observed chemical-shift differences of S~ 
carbons among the stereosequence-dependent hexads 

Table 5 Dyad and triad tacticities of successive propylene units in 
PPEP- and PPEE-centred hexads in PES7 

Hexad Calc. ° Obs. a Peak no. Peak no. Sequence type Fraction 

PmpmPEErP - 0.002 0 20 P ' P E P  0.858 
pmpmpEEIp 0 0 20 prpEP 0.142 
P'pmpEE'P 0.265 0.298 27 pmpE E 0.774 
P'pmpEEmp 0.267 0.298 27 P'PEE 0.226 
P'P~PEE'P 0.841 0.936 30 
prprpEE=P 0.842 0.936 30 11, 12 pmpmpEPP, pmpmpEPE 0.674 
Pmp'PEErp 1.056 1.086 31 28 prpmpEPP, P'pmpEPE 0.184 
pIprpEEmp 1.057 1.086 31 13, 14 EpmpEPP, EpmpEPE 

32, 33 prprpEPP, P'P'PEPE 0.115 
pmpmpEEE 0 0 19 EP'PEPP, EP'PEPE 
PrpmpEEE 0.267 0.298 27 34 pmprpEPP, Pmp'PEPE 0.027 
P'P'PEEE 0.842 0.936 30 
Pmp'PEEE 1.057 1.086 31 21, 22 EpmpEEP, EpmpEEE 0.356 

29 EP'PEEP, EPrPEEE 0.067 
EpIpEE'P  -0.002 0 21 
EpmpEEmp 0 0 21 19, 20 pIpmpEEP, pmpmpEEE 0.356 
EP'PEErP 0.675 0.710 29 27 PrpmpEEP, P'pmpEEE 0.063 
EP'PEEmp 0.676 0.710 29 31 Pmp'PEEP, Pmp'PEEE 0.054 

30 P'P'PEEP, PrprPEEE 0.105 
EpmpEEE 0 0 22 
EprpEEE 0.676 0.710 29 

pEmpEErp -0.002 0 23 
pEmpEEmp 0 0 23 
PErPEErp 0.032 0 23 
PE'PEEmp 0.033 0 23 i r regu la r .  T h e  d y a d  a n d  t r i ad  tact ic i t ies  o f  success ive  

a Expressed relative to the chemical shifts of S,~ carbons in pmpmpEEmp, 
PmpmpEEE, EP=PEEmP, EpmpEEE and pEmpEEmp sequences, 
respectively, which are set to be 0 ppm 

shifts. T h e  o v e r l a p s  of  a n u m b e r  o f  r e sonances  tha t  ar ise  
f r o m  different  h e x a d  c o m o n o m e r  sequences  a n d  s te reo-  
sequences  resul t  in b r o a d  m e t h y l e n e  peaks  w h e n  the  
s t e r e o s e q u e n c e  o f  success ive  p r o p y l e n e  uni t s  is r a t h e r  

p r o p y l e n e  uni t s  in E - P  c o p o l y m e r  were  e s t i m a t e d  o n  the  
basis  o f  the  h e x a d  a s s i g n m e n t s  o f  S~r a n d  S=6 c a r b o n s  for  
the  first t ime.  I t  was  f o u n d  tha t  the  tac t ic i ty  o f  success ive  
p r o p y l e n e  uni ts  in P P E P  sequences  is m o r e  i so tac t i c  t h a n  
tha t  in P P E E  sequences .  The re fo r e ,  the  13C chemica l -  
shift  a s s i g n m e n t s  p r e s e n t e d  in this p a p e r  a re  useful to  
e luc ida t e  the  inf luence  o f  coex i s t en t  e thy l ene  m o n o m e r  
on  the  s ter ic  c o n t r o l  in p r o p y l e n e  p o l y m e r i z a t i o n .  

2 2 1 4  P O L Y M E R ,  1 9 8 8 ,  V o l  2 9 ,  D e c e m b e r  
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