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The examination of an HpOz-initiated hydroxytelechelic polyisoprene by 'H and I3C 
NMR allowed the characterization of the microstructure. The hydroxyl functionality 
(fWH - 2.0) and the fraction of the different units were calculated (trans-1,4: 56%; cis- 
1,4 32%: 1,2-vinyl: 6%; 3,4-vinyl: 6%). Five main primary alcoholic groups were 
identified that clearly show that termination only comes from 1,rl-units and initiation 
process is preferentially due to the 1,2- or 3,4-vinyl units. Signals due to the 1,Zunit were 
assigned, whereas no clear distinction was made up to now in the literature. The 
distribution of head-to-head (4,l-1,4), tail-to-tail (1,4-4,l) and head-to-tail linkage was 
determined. 

Keyword: Polyisoprene; Microstructure; 'H and 13C NMR; End groups 

INTRODUCTION 

Determination of polyisoprene microstructures has been studied 
by different techniques. The first and far most used is infrared 

*Presented at the 12th International Symposium on Polymer Analysis and 

+Corresponding author. 
Characterization (ISPAC-12), La Rochelle, France, June 28 - 30, 1999. 
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194 F. BUREL et al. 

spectroscopy.['-71 To determine the content of different types of unit 
present in the polymer, the authors used the absorption bands of high 
intensity at 11 pm and 11.25 pm for the out-of-plane bending vibra- 
tion of the hydrogen atoms attached to the olefinic structure of the 
1,2 and 3,4 units, respectively.[*] 

For determining cis- and truns-1,4 content different ways are 
given. Richardson and Sacher"] chose the 12 pm absorption band 
but, in this case, the values found are strongly affected by the 
width depending on the nature of the neighboring units. The use 
by Binder and Ransaw['] of the 8.84 and 8.68pm absorption bands 
of low intensity to calculate the cis- and truns-1,4 content is altered by 
the presence of an undetermined interference absorption band at 
8 . 7 7 ~  while the use of the 7.25 and 7.22pm bands of the methyl 
group in the 1,4 unit in Ciampelli et al.Isl method works well only if no 
1,2 structure is present. Moreover, the infrared methods which are 
based on the assumption that the molar extinction coefficient of a 
structural unit is always constant independent of the neighboring 
units, seem inaccurate. This last remark shows the limits of the 
technique. 

Ozonolysisr'03 ''I or pyrolysis['2> 13] can be used to investigate the 
distribution of the isomeric units in polyisoprene. However, these 
methods cannot differentiate cis- and trans- 1,4 units because both are 
converted into the same reaction products. 

So far, 'H NMR has been applied for the determination of the iso- 
meric structure of p~lyisoprene['~ l4-l6] and I3C NMR spectroscopy has 
been used to give detailed sequence structure of polybutadiene~[ '~-~~~ 
and polyisoprenes.r21-261 Moreover, for most of the studied poly- 
isoprenes, the content 1,2 units was negligibly small and controversy 
still remains for peak assignments. 

Nevertheless, the quantitative determination of the 1,2 unit is of 
great interest for modification reaction~.[~'-~~] The main advantage in 
the modification of a preformed polymer is that no changes in the 
microstructure are expected during the process. 

In this work, we report the 'H and 13C NMR study of an H202- 
initiated hydroxytelechelic polyisoprene. The distribution of the 
different units is investigated, as well as the nature of the alcoholic 
groups on the chain. A series of 2D-NMR techniques permitted the 
assignment of all relevant peaks. 
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CHARACTERIZATION OF POLYISOPRENE 195 

EXPERIMENTAL 

Materials 

The low molar mass polyisoprene (PIHT) used in this work (POLY 
IP@) is a commercial hydroxytelechelic polymer synthesized by radical 
polymerization and was kindly supplied by Elf Atochem. Its main 
characteristics are the average molar mass M ,  = 2500 and the average 
hydroxyl functionality fmH = 2.30. 

Measurements 

FTIR spectroscopy was carried out with a Perkin-Elmer Spectrum 
2000 system on an IRTRAN window by transmission mode. 

All NMR experiments were performed in CDC13 solvent at 298K 
using a Bruker AVANCE DMX 500 spectrometer, equipped with a 
5 mm QXI ('H, I3C, I5N, 31P) probe. 

The recording of 'H 1D NMR spectrum between 0 and lOppm 
required the use of a 6009.62 Hz spectral window which was digitized 
with 32 k points. The I3C 1D NMR spectra, J-modulated spin echo 
(J-mod) and inverse gated 'H-decoupling, were recorded between 0 
and 200 ppm, using a 30300 Hz spectral window digitized into 64 k 
points. About 6000 transients were accumulated using a pulse width 
of 9 ps for a 90" flip angle and a relaxation delay of 20 s and 40 s for 
the I3C J-mod and inverse gated 'H-decoupling spectra, respectively. 
Broad band proton decoupling was employed in order to remove 
I3C-lH coupling in all spectra. 

The HSQC spectrum was measured using 512 increments of 16 
scans of 2048 complex points each, with spectral widths i n 5  andfi 
of 22637 and 5000Hz, respectively, and relaxation delay of 2s. The 
HMBC spectrum used similar conditions but with 24 transients per 
increment, and a A delay of 70ms. Both spectra used TPPI phase 
cycling to provide quadrature detection infi; the HSQC spectrum was 
displayed in a phase sensitive mode and the HMBC in absolute values. 
All two-dimensional NMR data matrices were zero-filled in the f~ 
dimension. Prior to Fourier transformation, a phase shifted sine-bell 
filter function was applied. Processing NMR data was performed on 
an SGI Indigo2, using the Bruker program Xwinnmr2.1. 
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196 F. BUREL et al. 

RESULTS AND DISCUSSION 

’H-NMR 

When polymerizing isoprene, three types of addition are possible, 
leading to 1,2 and/or 3,4, and/or 1,4 units (Scheme l), which in our 
case are clearly evidenced by IR spectroscopy (Fig. 1). The ‘H-NMR 
spectrum (Fig. 2) shows that this polyisoprene is highly 1,4 structured 
according to the signals at 5.16 ( -Cu=) ,  2.08 and 2.03 
(-C€l,-tram and cis), 1.72 and 1.63 ppm (C& cis and trans). The 
translcis ratio 1.78 was determined by using the cis-CH, and trans- 
CH3 peaks. The other minor signals are linked to the presence of 1,2 
and 3,4 structures and to alcohol end groups. 

Alcohol End Groups 

According to Fages and Pham,[431 the 3.3-4.3ppm region can be 
attributed to protons -CH@H of a-unsaturated primary alcohol 
(Fig. 2: F and G) and - C W H  (n = 1 or 2) of a-saturated alcohol 
(Fig. 2: H). 

a-unsaturated primary alcohol Having a highly 1 ,Cstructured 
polyisoprene, we may assume that a-unsaturated primary alcohol 
comes mainly from the hydroxylated 1 ,Cend units. Consequently, four 
kinds of signals should be found according to the orientation and 
configuration of the end unit. Firstly, two singlets for the cis and trans 

SCHEME 1 Type of repeating units in polyisoprene chain. 
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CHARACTERIZATION OF POLYISOPRENE 197 

1,2 

I 1 I I 3 I I 

2 3 4 S 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 S  

FIGURE 1 FTIR spectrum of polyisoprene. 

-CH2-CH=C(CH3)Cu@H protons and, secondly, two doublets 
for the cis and trans -CH2(CH3)C=CH-CI&-OH ones. More- 
over, the multiplicity of the peaks can be greater if the effect of 
the penultimate unit is observed as mentioned by Pham[@I in 
the microstructural study of a hydroxytelechelic polybutadiene 
(PBHT ). 

Due to the highest content of trans 1,4 unit, the G undoubtedly 
corresponds to the trans -CH2--CH=C( CH3)CbOH protons 
and shows no penultimate effect. This assignment is confirmed 
on the COSY spectrum that shows no off-diagonal correlation 
(Fig. 3). 

The cis -CH2-CH=C(CH3)CII2OH protons are more diffi- 
cult to locate due to overlapping and these protons correspond 
to the singlet F2 (Fig. 3), as seen subsequently with the help of 
13C NMR. 

Therefore, the I; corresponds to the -CH2(CH3)C=CH-CH2- 
OH protons, and will be subsequently correlated with the ethylenic 
protons. The spectra of nerol and geraniol as models,t451 which are 
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198 F. BUREL ei al. 

F 
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FIGURE 2 'H NMR spectrum of polyisoprene. 

respectively cis and trans (CH3)2C=CH-CH2CH2(CH3)C=CH- 
CHI-OH, clearly show the influence of a cis- or trans- 1,4 configura- 
tions on chemical shifts and leads to the identification of F, (cis) and 
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FIGURE 3 'H NMR COSY spectrum of the a-unsaturated primary alcohol region. 

F3 (trans). Nevertheless, we have two complex signals for Fl and F3 
instead of two predicted doublets. As mentioned above, this can be 
explained in terms of a penultimate unit effect. Depending on whether 
or not the penultimate unit is trans or cis-1,4, two doublets (four 
peaks) can be expected for each type of proton. In our case, three 
peaks are observed for Fl and F3 which come from the overlapping of 
two doublets. 

a-saturated alcohok Only primary maturated alcohol can be 
observed in the H region (Fig. 2). The HI could belong to the 
H 0 c ~ ~ c H 3 )  protons, because they do not exhibit any off-diagonal 
correlation in Figure 3. On the contrary, the H2 exhibits a correla- 
tion with the signal at 2.50ppm and is therefore assigned to the 
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200 F. BUREL et al. 

H°CaAH-protons of the 3,4-unit. Here again, the multiplicity of HI  and 
H2 can be explained by coupling and the penultimate unit effect. 

Epoxide Region 

The Z region exhibits a signal that can be related to the presence 
of epoxides in the polymer These groups can come 
from side reactions with nascent oxygen during the synthesis of 
PIHT by analogy with PBHTL4'] and according to the following 
scheme: 

1,2 and 3,4 Structures 

According to the literature,[" l4-I6'  the signals in the 4.65-5.05 ppm 
region can be attributed to C=C& protons of polyisoprene vinyl 
units, but without a clear distinction between the 1,2 and 3,4- 
structures. A 'H-'H COSY measurement was therefore performed to 
observe any coupling between ethylenic protons. The Figure 3, shows 
the resolved off-diagonal correlation signal, leading to the assignment 
of the vinyl 1,Zunit protons (A and 0) and, consequently, the 4.65- 
4.80ppm region ( E )  was attributed to the vinyl proton signal of the 
3,4-unit. As mentioned above, there is an off-diagonal correlation 
between F and B that shows that a part of B, according to the 
integration, is the -CH2(CH3)C=CH-CH2-OH proton of the 1,4- 
end units. 

Moreover, the irradiated spectrum (Fig. 4) confirms the correlation 
between A and D showing that the signals of the vinyl 1,2 and 3,4-units 
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C 

20 1 

D E 

lrradiatio 
artefact 

I 

5.8 5.6 5.4 5.2 5.0 4.8 4.6 PPm 

FIGURE 4 ‘H NMR spectra of the 1,2- and 3,4-vinylic regions: (a) nonirradiated and 
(b) irradiated. 

(D and E) are similar leading to the confirmation of similar en- 
vironment, undoubtedly cis and trans 1,4 units. 

Aliphatic Protons 

Finally, two last signals can clearly be attributed to the aliphatic 
region according to the l i terat~re[~”~-’~]:  CH3 of the 1,Zunit at 
0.99 ppm and the CH of the 3,4-unit at 2.27ppi (Tab. I). 
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202 F. BUREL et al. 

TABLE I Chemical shifts of PIHT protons 

Proton type Unit W f t  (nm) 
- - H C == C H 2 

;c=c_H- 
-HC=CElZ 
;c=c& 
:C€J-$%CH2 

1.2 
3.4 

3.4 

- H,c-C=CH-C& 1,4-trans 
1,4-cis 

&C-C=CH- 1 ,4-cis 
1.4-trans 

&C- C =CHz 1,2 
I 

5.8 
5.16 
4.9 
4.7 

2.27 

2.08 
2.03 
1.72 
1.63 
0.99 

Porymer Composition 

The fractions of 1,4, 1,2 and 3,4-structures in the polymer could be 
calculated as follows: 

D + E  Let S = B + C + - 2 

where B, C, D and E are the integrations of the corresponding peaks, 

Yo 1,4 t r ~ n ~  
%1,4cis 

= 1.78 Y O  1,4( cis and trans) = - + with 
S 

The results (Tab. 11) are in agreement with those found previously for 
the polyisoprenes obtained by free-radical p~lymerisation.~~~ 34,49-511 

The hydroxyl functionality ( fnoH)  calculated from Figure 2 accord- 
ing to: 

F + G + H M n  
2s 68 fnoH = 

TABLE I1 Microstructural composition and functionality of PIHT 

Microstructure Average hydroxyl 

cis- 1,4 trans- 1,4 4 2  3 4  functionality 

0.32 0.56 0.06 0.06 2.0 
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CHARACTERIZATION OF POLYISOPRENE 203 

was found close to 2.0. This value is lower than the manufacturer's 
data. The difference can be due to the fact that the manufacturer's 
value is determined by back-titration with KOH of the carboxylic 
functions from the reaction between acetic anhydride in excess and 
PIHT. Indeed, by this way, the epoxy groups can react and the 
hydroxyl functionality value is overestimated. 

Initiation and Termination Mechanisms 

The alcohol formed from the initiation or termination step in the 1,4- 
polymerization are the most abundant ((F+ G) / (F+  G+ H) = 68%). 
Nevertheless, this ratio is lower than the one of the 1,4-unit in the 
polymer ('%0~,4(cis and trans) = 88%). Moreover, in our experimental 
conditions, no secondary and tertiary alcohol functions were revealed 
which only involve the termination between 1,4- and OH radicals. As a 
matter of fact, the termination reaction from 1,2- or 3,4-radicals would 
lead to secondary or tertiary alcohol functions: 

Thus, as 50% of 1,4-units are due to the termination process 
(fn,, N 2.0), only the remaining 18% participate to the initiation step 
and therefore 32% results from 1,2- or 3,4-units that only lead, in that 
case, to the primary alcohol according to the following scheme: 
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204 F. BUREL et al. 

The preferential initiation by 1,2- or 3,4-vinyl units was also 
observed by Pham[441 in the microstructural study of a hydroxytelec- 
heiic polybutadiene (PBHT). 

13C-NMR 

In order to label the position of a particular carbon atom, the ith C 
atom of 1,2-(W), 3,4-(7/) and 1,4-(C) units is marked by Wi, V j  and 
Ci, respectively (i = I to 5)  where the carbons are numbered according 
to the following scheme: 

Aliphatic Carbons 

The I3C NMR spectrum of the aliphatic region is shown in Figure 5 .  
The peaks were identified according to the literaturer2'-261 and by 
HSQC and HMBC experiments (Tab. 111). 

To confirm the above assignments, we have used a predictive model 
for the linear saturated hydrocarbons.[521 In this model, the chemical 
shift Si of the ith C-atom is expressed by the following relationship: 

The constant B is almost equal to the chemical shift of methane, 
- 2.5 ppm, nil is the number of carbons in the Zth position relative to 
the ith carbon and Al is the chemical shift parameter assigned to the Zth 
C-atom. The five AI values: a, 0, y, 6 and E found by the regression 
analysis of the chemical shifts of linear alkanes and the correction for 
branching effects, are given in Table IV. The chemical shifts of 
polyisoprene evaluated only on the basis of these parameters by means 
of Eq. (1) are far from the experimental values. Dorman et Q Z . [ ~ ~ ]  
reported that a double bond in a mono-olefin had influence on the a 
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CHARACTERIZATION OF POLYISOPRENE 205 

, , 1 , , , , , , 1 1 1 1 1 1 1 1 1  

48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 I4 

PPm 

FIGURE 5 J-modulated spin echo I3C NMR spectrum of the aliphatic region. 

TABLE I11 Calculated and observed chemical shifts of PIHT carbons 

I3C Chemical shift (ppm) 

Signal Assignment Calc. Obs. Appm 

01 

02 

P 

c4 

V30H 
c,t-v3-c,t 
c,t- W,-c,t 

cl T,c 
cl T,f 

C I ~ , ~  (head-to-head) 
Cl T,c (head-to-head) 

c1 c,c 

CI C,, 
C1c,c (head-to-head) 
C,  C,f (head-to-head) 

C,  (tail-to-tail) 
C4, (tail-to-tail) 

c4tm.s 
G c i s  
C5Cb 

C J -  Ws-c,t 
v5 

Cs**ans 
t ,  C50H 

41.1 
45.2 

39.1 
39.7 
36.7 
36.7 
32.1 
32.1 
29.0 
29.0 
29.3 
29.6 
27.0 
26.1 
23.5 

19.5 
16.0 
13.1 

- 

- 

47.8 
45.3 
45.1 
40.46 
40.18 
38.93 
38.67 
32.69 
32.43 
31.21 
31.1 
28.70 
28.70 
27.13 
27.02 
23.88 
22.54 

18.4/19.2 
16.64 
14.1 

0.1 
0.1 

0.76 
0.48 
2.23 
1.97 
0.59 
0.33 
2.27 
2.1 

- 0.6 
- 0.9 

- 

0.13 
0.32 
0.38 
- 

- l.l/-0.3 
0.64 
1 .o 
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206 F. BUREL et al. 

TABLE IV Chemical shift parameters for predictive model 

Values for alkanes[521 Correlation parameters[26, 521 

ff +9.1 ClCl.9 - 5.4 
+ 9.4 CI tram + 2.2 
-2.5 c,,, + 1.9 B 

6 + 0.3 C,t,am + 2.2 
E +0.1 C S C S  + 3.4 
l"(4") - 3.4 v3 + 3.4 
2"(3") - 2.5 v4 0.0 

3"(2") - 3.7 Terminal OH, + 48 
3"(3") - 9.5 Terminal OH, + 10 
4"(1") - 1.5 Tenninal OH, -5 

Y 

l"(3") - 1 . 1  C5trms -4.1 

2"(4") - 7.2 v5 - 0.6 

4"(2") - 8.4 C(OHj - 1.6 

a Determined in this paper. 

aliphatic carbon and had little effect on the p aliphatic carbon. As a 
result, Sat0 et a1.[261 determined the shift factor related to the influence 
of a double bond by comparing the chemical shift of a carbon atom in 
polyisoprene to the corresponding one in hydrogenated polyisoprene 
(Tab. IV: correction parameters). Finally, the calculated chemical 
shifts are in good agreement with the experimental ones (Tab. 111). A 
maximum Appm N 2 is only observed for nl ,  nz and 01, 02 but, in that 
case, there is no ambiguity for their assignment. 

By using C5 integration, translcis ratio was found to be 1.68, which 
is 5% lower than the 'H value. The fraction of the different units 
cannot be calculated by using V, and W, signals because their 
integration values are not accurate because of the presence of 
neighboring peaks. Finally, the distribution of head-to-head, tail-to- 
tail and head-to-tail linkages was determined (Tab. V )  using the 
following 

1,4- 1,4 trans = ( Cltrans/C) % 1,4 
1,4-1,4 cis = ( Clch/C) % 1,4 
4,1-1,4trans = ((nl +n2)/2C)%1,4 
4,1-1,4cis = ((01 +02)/2C)%1,4 

1,4-4,1 = ( p / 2 C )  % 1,4 

where C = C1 trMS + ClCk + (nl+ nz)/2 + (01 + 02)/2 +p/2 .  
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CHARACTERIZATION OF POLYISOPRENE 207 

TABLE V Distribution of 1.4-linkages in PIHT 

Linkage 

1,4-1.4 (tail-to-head) 

F F: -c-c=c-c4~~c=c-c- 

4,l-1,4 (head-to-head) 

F F --c-c=c~i-ci-c=c--c- 

1,4-4,1 (tail-to-tail) 

F F 
-C--C,=c--c4-C4~%-C- 

Sequence 

cis-% 
trans - tranS 
cis-cs 
trans - & 

trans - 
cis-% 

trans - @ 
cis -cis - 

Chemical % linkage 
shift (ppm) in PIHT 

40.46 36.9 
40.18 
32.69 19.1 
32.43 

38.93 8.9 
38.67 
31.10 6.6 
31.27 

28.70 16.5 

Epoxy and Alcohol Carbons 

The assignment of carbon signals between 55 - 70 ppm was performed 
by using 13C NMR (Fig. 6) and 'H-13C 2D NMR techniques (Fig. 7). 

Partly epoxidized cis- and trans-1,4 polydiene studies by "C 
NMR,[477 543 indicate characteristic epoxy carbon resonances in the 
55-65ppm region leading to the attribution of c, e and g signals 
(Tab. VI). Good agreement with calculated values can be noticed. No 
epoxides originating from the 1,2- and 3,4-units were found because 
these are less reactive1391 and less abundant in the polymer chain. 

b 
r u I I 4 ' I  I I I I 

72 70 68 66 64 62 60 58 56 54 

PPm 

FIGURE 6 J-modulated spin echo I3C NMR spectrum of the epoxy and primary 
alcohol regions. 
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G c 

4.s d . 0  3.5 1.0 D R  

FIGURE 7 'H-I3C 2D NMR spectrum of the epoxy and primary alcohol regions. 

TABLE VI Chemical shifts of carbons and protons of epoxy units and alcohol end 
units 

13c ' H  

Shift ( P P ~  Shift 

Structure Signal Obs. Caka Signal (Ppm) 
e (2) 63.7 63.5 

c (2) 65.0 64.5 
g (1) 

0 61.3 60.0 I 2.7 

0 61.3 60.0 I 2.7 

* g (1) 

+ 7' i 59.4 59.7 F3 4.12 

h 59.8 60.0 4 4.17 
Am 

L O 1 '  

f 62.0 61.8 F2 4.13 

d 64.1 64.1 HI 3.5-3.6 

69.4 69.4 G 4.0 

a 70.4 71.3 H2 3.3-3.5 

* Determined in this paper. 

According to our assumptions in the 'H NMR part, Figure 7a 
should exhibit eight correlations (3 for F, 1 for G, 2 for Hand 2 for the 
Z region). 
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CHARACTERIZATION OF POLYISOPRENE 209 

Firstly, b is correlated with G and, therefore, corresponds to trans- 
CH2--CH=C(CH3)CH20H. Likewise, in the F region, F2 signal is 
correlated withfand has a very close structure to the G signal (Fig. 7b). 
We can then assume thatfis related to the same kind of end unit as b 
(-CH2-CH=C(CH3)CH20H) but in a cis- configuration. Finally, 
F l ,  F3, H I  and H2 are associated, respectively, to h, i, d and a. 
Calculated and observed chemical shifts are reported in Table VI. In 
order to obtain the best fit, we have introduced a new parameter C p H )  
by taking b signal as a basis, which involves a correction on CH20H of 
a-unsaturated primary alcohol. This correction parameter was 
introduced in Table IV. 

Olefinic Region 

Figure 8 exhibits the 13C NMR spectrum of the olefinic region arising 
from different types of structures in the polymer. The chemical shifts 
for the 1,4- (C2, C3) and 3,4-units (Vl, V,) are close to the report- 
ed ones [21 -261 but still some signals remain undetermined, mainly 
those corresponding to the 1,2-unit and those of the end units. More 
details are obtained with the corresponding 'H-13C HSQC experiment 
(Fig. 9) which shows clearly that V1 and W4 have overlapping chemi- 
cal shifts (correlation with respectively, E and D)  and that W, (cor- 
relation with A )  is strongly affected by its environment leading to 
two signals. Consequently, by using CZ, C,, V2- W,  and V1- W4 

wr c, 
I 

I50 145 140 135 130 125 120 115 110 

PP* 

FIGURE 8 J-modulated spin echo 13C NMR spectrum of the olefinic region. 
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I10 

115 

120 

125 

130 

135 

140 

145 

150 

PPm 

FIGURE 9 'H- I3C 2D NMR spectrum of the olefinic region. 

integrations, the 1,Cunit content was found to be 89% which is 
similar to the 'H value. 

Finally, we can notice that the B region is correlated with three 
different carbons. According to the attribution made by 'H-NMR, two 
of them correspond to cis- and trans-CH2 (CH3)C=CH-CH2-OH 
carbons of the 1,4-end units. The third signal is due to the 
trans-CHz-CH=C(CH3)CH20H carbon (Fig. 7b : correlation with 
C30H). 

CONCLUSION 

The microstructure of a hydroxytelechelic polyisoprene was char- 
acterized by NMR techniques. The fractions of 1,4,1,2 and 3,4-units 
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were determined as well as the distribution of head-to-head (4,l-1,4), 
tail-to-tail (1,4-4,l) and head-to-tail (1 ,444)  linkages. The hydroxyl 
functionality was found to be close to 2.0, which is lower than the 
manufacturer’s value. Only primary alcohol functions were found, 
with a majority on 1,4-end units (68%) but a preferential initiation 
by 1,2- or 3,4-vinyl units was observed. By using the correction 
parameters, the predictive model provided very close agreement of the 
experimental and calculated values. 
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