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S ~  
The 300 MHz IH-NMR and 75.5 MHz 13C-NMR spectra of poly(2-iodostyrene) 
were recorded and analyzed in terms of polymer stereoch~aistry. 
The aromatic protons were insufficiently resolved for any reasonable 
peak assignments to be made, but the methine proton resonance could 
be interpreted in terms of a pentad stereosequence sensitivity. 
The 9~alysis suggested poly(2-iodostyrene) was an atactic polymer. 
The '~C-NMR spectrum was somewhat better resolved and analysis 
supports the results from the H-NMR i.e. poly(2-iodostyrene) is 
an atactic polymer. 

Introduction 
In previous studies concerning the tacticity of free radically initi- 
ated polymers, we found that substitution of the benzene ring moiety 
can simplify complex spectra by reducing signal overlap; particularly 
signal overlap that might be due, at least in part, to the ring cur- 
rent effect exerted by the benzene ring (I-3). We have found that 
the position occuppied (o, m or p) and the typ~ of substituent has 
a significant effect on the appearance of the H-NMR spectrum. For 
example an acetyl group in the 4- (para) position effects the methine 
resonance in such a way that three peaks of 1:2:1 relative intensity 
ratio are readily discernable in a polystyrene where both methylene 
protons have been replaced by deuterium. This relative intensity 
ratio is that expected for the triads of an atactic polymer. A 
bromine in the meta or para position (2,3) makes possible the inter- 
pretation of aromatic proton resonances in terms of pentads. In 
order to further investigate the effects of ring substitution on 
the nmr spectra of free radically initiated pelystyrenes, we decided 
to synthesize poly(2-iodostyrene), and examine the high field nmr 
spectra of this polymer. 

Experimental 
The 2-iodostyrene was obtained from Polysciences. The monomer was 
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purified by distilling it twice from CaH 7 . All solvents used were 
reagent grade and were used without furt/~er purification. AIBN~as 
recr~tallized from CH_OH and stored at -5~ until needed. The 'H- 
and C-NMR spectra were obtalned wlth a Varlan Geminl 300 operatlng 
in the FT mode. The polymers were dissolved in CDCl3at 7-9% w/v 
and TMS was added as an internal standard. All specEra were recorded 
at ambient temperature. Relative peakareas were determined by 
electronic integration and by tracing the peaks on high quality paper, 
cutting out and weighing the tracings on a 5-place analytical balance. 
Polymermolecularweights were measuredwith a Waters 150ALC/GPC 

equipped with 106, 105, 104, 103, 500 and 100A ultrastyragel colunm~. 
Numerical values for the molecular weights were obtained by comparison 
to a polystyrene calibration curve. 

Polymer Synthesis 
Monomer (2.0 g) was weighed into a clean, dry screw cap vial. AIBN 
(0.8 wt %) was added and the resulting solution was sparged with 
dry N_ while cold for 3 min. The vial was then placed in a water 
bath Zmaintainedat 65~ for the desired length of time. For the 
thermal polymerization a 3.0g sample of monomer was heated at 110~ 
for 4h. 

In both cases the vials were removed from their respective baths 
and allowed to cool to ambient temperature. Approximately 5 ml of 
cold CH_OH was then added to precipitate any polymer formed. The 

J 
crude polymers were isolated by filtration and were purified by 
reprecipitating them twice from CHCl~ solution into CH~OH. The 
polymers were dried at 27~ in vacuo~for 72handconve~sions were 
determined gravimetrically. The conditions used and the results 
obtained are listed in Table I. 

T~RLF. I 

Molecular Weights and Conversions for Poly(2-Iodostyrene) 

PZN % 

Polymer a Time (h) Conversion M s M w Mw/M n 

2IS a 5.5 2.6 13000 22000 1.69 
2isT 4 7.5 5800 1o2o0 1.76 

a. 2IS = poly(2-iodostyrene) AIBN initiator; 2IST = poly 
2-(iodostyrene) thermal initiator 

Results and Discussion 

The IH-NMR spectra are shown in Figure I. The peaks are assigned 
as shown in the Figures (4,5). The aromatic proton resonances display 
a multiplicity that could indicate a sensitivity to polymer stereo- 
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chemistry. However, the patterns displayed by the aromatic protons 
of 2IS (AIBN and thermal) are complex and lack sufficient resolution 
for any reasonable assignments, in terms of stereochemistry, to be 
made. 

The expanded aliphatic resonances of 2IS and 2IST (Figures IB 
and 2B) show at least one resonance well downfield from the bulk 
of the aliphatic resonance (peak A in both cases). For both 2IS 
and 2IST this peak is part of the methine resonance as are peaks 
B + C for 2IS, and peaks C + D for 2IST. 

However, the total area of peaks A-C for 2IS and A-D for 2IST 
is not I/3 of the total aliphatic resonance. This means that some 
of the methine resonance is hidden under the methylene resonance. 
For 2IS the amount of resonance hidden is 22% of the total methine 
resonance, for 2IST the hidden amount resonance is 28% of the total 
methine resonance. The relative intensity ratio of the peaks in 
the methine resonance of 2IS is I :I :1 :I, A:B:C:overlapped resonance. 
The corresponding fractional intensities are A = 0.24 _+ .01, B = 
0.25 -+ .02, C = 0.28 + .03 and overlapped resonance = 0.22 _+ .02. 
These fractional intensities are each approximately four times the 
expected fractional intensity of a singlet pentad in an atactic 
polymer (0.0625). A reasonable approach might be to multiply each 
of the relative intensities by four, yielding a relative intensity 
ratio of 4:4:4:4. This ratio sums to 16 and, since there are 16 
pentads of equal intensity in an atactic polymer, it is likely that 
the observed resonance pattern is reflecting a sensitivity to pentad 
stereosequences and that 2IS is an atactic polymer. While no specific 
assignments can be made at this time because no stereoregular polymer 
has been synthesized; previous results (6,7) have indicated that 
in general the pentad resonances progress from mm centered to rr 
centered in order of increasing field i.e. m~mx--~xrrx. For the 
2IST material the downfield methine resonance occurs as two peaks, 
A+B in Figure 2. The total area of A+B is only 15% of the total 
methine resonance. Meanwhile peak C = 30%, peak D = 27% and hidden 
resonance = 28% of the total methine resonance. Calculation of a 
relative intensity ratio yields I :2:2:2, A+B:C:D:hidden resonance. 
This relative intensity ratio and the corresponding fractional 
intensities indicate that this resonance pattern is not du~qto the 
pentad stereosequences of an atactic polymer. Or is it? ~C-NMR 
spectroscopy strongly indicated that 2IST was an atactic polymer 
(see below); it therefore seems likely that the methine proton 
resonance pattern was that of an atactic polymer. If the resonance 
pattern observed was due to pentads then the sum of the relative 
intensity ratios must equal 16. In the present case this is 
apparently not so, however, note that the separation of A+B from 
the remainder of the aliphatic resonance is greater than for peak 
A in the 2IS case. This may be the reason that a small shoulder 
at = 2.69 ppm is visible on peak C. If the area of this small 
shoulder is added to the area of A+B then A+B+ shoulder = 20% of 
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the methine resonance. Peak C now = 26% of the methine resonance 
(the other parts of the methine resonance remain the same). Within 
experimental error the relative intensity ratiobecomes 1:1:1:1, 
A+B+shoulder:C:D:overlappedresonance. The same interpretation of 
this resonance pattern that was made for 2IS can now bemade for 
2IST. The fractional intensities of peak A and the shoulder on C 
indicate they may be due to heptads, but the resolution is insuffi- 
cient for any assignments to be made. It should be noted that the 
explanation of the methine resonance pattern of 2IST given above 
is most probably not unique i.e. some others maybepossible. In 
any case, while no detailed assignments of the methine proton 
resonances in terms of pentads can be made at this time for either 
2IS or 2IST, the resonance patterns strongly indicate that beth of 
these polymers are atactic. 
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Figure I 

A) 300 MHz IH-NMR spectrum 
of 2IST; B) Linear expansion 
of the aliphatic proton 
resonances 
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Figure 2 

A) 300 MHz IH-NMR spectrum 
of 2IS; B) Linear expansion 
the aliphatic proton resonances 



13C_NM R 

The 13C-NMR spectra of 2IS and 2IST are shown in Figures 3 ~d 4. 
The signals are assigned as shown in the Figures (9). The '~C-NMR 
spectra of the other polymers used in this study showed resonances 
that displayed multiplicity that indicated a sensitivity to polymer 
stereochemistry. However, none of the resonances displayed sufficient 
resolution for any reasonable assignments to be made, with the 
exception of the C~ resonance of 2IS and 2IST. The resonance occurs 
as a five peak pattern for 2IS (Figure 4A) and a four peak pattern 
for 2IST. For 2IS the small peak at 31.0 ppm is considered as part 
of peak A. 
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Figure 3 

75.5 MHz 13C_NM R spectra of 
A) 2IS and B)2IST 

Figure 4 

Linear expansions of the C 5 
carbon resonance of A) 2IS 
and B) 2IST 

The relative intensity ratio for the peaks in the C 5 resonance of 
2IS is 1:6:7:2 the sum of which is 16. This result strongly suggests 
that this pattern is reflecting a sensitivity to the pentad stereo- 
sequences of an atactic polymer. The small peak at 131.0 ppm most 
probably is due to a higher order stereosequence, possibly a heptad, 
which would be part of the further splitting of the pentad represented 
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by the area labeled A, hence this small peak was included as part 
of peak A's area. The fractional intensity of this area is 0.065 
+ .007 (peak a) which means it should be assigned to a pentad of 
singlet intensity. Recent reports in the literature suggest the 
rmmr pentad (7, I 0 ). Tentative assignments for the other resonances 
in terms of pentads are given in Table 2. For the C~ carbon resonance 
of 2IST (Figure 4B) the relative intensity ratio of K:B:C:D is 3:2:2:1 
which sums to 8. However, the fractional intensities and the results 
from the C 5 resonance of 2IS strongly suggest that this pattern is 
displaying a pentad sensitivity. 

Therefore, it is reasonable to multiply each relative intensity 
by two and obtain 6:4:4:2 as a revised ratio of A:B:C:D. This ratio 
sums to 16 reflecting the pentad sensitivity of this resonance 
pattern. The proposed assignments for these resonances are given 
in Table 2. 

TABLE 2 

Chemical Shifts, Intensities and Tentative Assignments 
for the C 5 Resonance of 2IS and 2IST 

Chemical 
Polymer Peak Shift F. I. a R. I. a Proposed 

(ppm) Assignment 

2IS B 129.88 0.38 • .04 6 ..[.LLLL[LLiL + I[B[KLL.[', [[L.--~f6i~ 

+ ~ ,  ~ + m r ' m r  

2IS C 128.19 0.44 • .05 7 rr~n + mmrr, rrmr 
+ rmrr, rrrm + [[KIK[MLL 

2IS D 126.95 0.13 • .02 2 rrrr, mrrm 

2IST A 129.20 0.39 • .04 6 rmm[r + ZIIUL~Li, mrmm 
+mmrm, mm~ll~ 

2IST B 127.80 0.22 • .03 4 rrmm + n~nrr 
mrmr + rmrm 

2IST C 127.38 0.27 • .04 4 mrrr + rrrm 
l-fTC~ + rmrr 

2IST D 126.35 0.12 • .02 2 mrrm, rrrr 

a. F.I. = fractional intensity; R.I. = relative intensity 

It should be emphasized that the assignments provided in Table 
2 are tentative and the peaks are assigned as containing the pentad(s) 



listed. No specific order can be assigned in the absence of a stereo- 
regular polymer and epimerization studies, or model compounds. 
Precisely why the resonance patterns are not exactly the same for 
2IS and 2IST is not known at the present time. Perhaps the differ- 
ences in the molecular weights and the corresponding effect on 
solution viscosity may be partly responsible for the observed 
differences in the spectra but more detailed experiments are necessary 
before any reasonably accurate explainations can be advanced. In 
any case P values can be calculated from the fractional intensities 
of some ofmthe signals. The values are Pm = 0.51 + .06 for 2IS and 
P = 0.49 -+ .06 for 2IST. 
m 

Conclusions 

The I H-NMR and 13C_NM R spectra of free radical and thermally initiated 
poly(2-iedostyrene) have been recorded. A preliminary analysis of 
the methine proton resonances of these polymers and the C~ carbon 
resonances of revealed patterns that could be interpreted-in terms 
~f pentad stereosequence sensitivity. While the resolution of the 
H-NMR spectra is not that good, the analysis strongly indicates 

that these polymers ~e atactic. This contention is supported by 
the analysis of the C-NMR spectra of 2IS and 2IST. 
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