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Modification of Polymers Using
lodine Isocyanate. |. Addition of lodine
Isocyanate to Polyisoprene

CHARLES G. GEBELEIN

Department of Chemistry
Youngstown State University
Youngstown, Ohio 44503

SUMMARY

Iodine isocyanate was added to polyisoprene and converted to the
methyl iodocarbamate derivative and the iodourea derivative. The
thermal stability of these modified polymers was compared to poly-
isoprene using simultaneously run thermogravimetric analysis and
differential thermal analysis. Both modifications showed initial weight
losses starting at about 125°C which correspond to cyclization reactions.
Beyond 350°C, the iodourea derivative showed greater thermal stability
than the polyisoprene or the methyl iodocarbamate derivative. This
enhanced thermal stability is believed due to the formation of a semi-
ladder polymer structure.

INTRODUCTION

The modification of unsaturated polymers by chemical reactions
such as halogenation, hydrogenation, epoxidation, cyclization, isomeriza-
tion, and the addition of thiols has been known for many years [1, 2].
Some recent workers have considered the addition of dichlorocarbene and
4-jsocyanatophenyl-sulfenyl-chloride [4] to unsaturated polymers. The
pseudohalogen iodine isocyanate (INCO) is known to react with a wide
variety of unsaturated compounds [5-9], but this reaction has not been
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examined with polymeric materials. The addition of iodine isocyanate to
unsaturated polymers would provide a route for the introduction of a wide
variety of polar, nitrogen-containing functional groups to the polymer
backbone. These groups include carbamates, ureas, amines, aziridines,
oxazolidones, and oxazoles. These reactions are illustrated for polyisoprene.
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We have made exploratory studies to determine 1) whether INCO can
actually be added to unsaturated polymers and 2) whether the resulting
polymers exhibit any unusual thermal characteristics,

EXPERIMENTAL

Materials

The polyisoprene sample used in these studies was obtained from Shell
Chemical (Shell Isoprene Rubber 309) and had a cis-1,4-content of 91.5%
(balance, 1,2-structure) with a molecular weight of about two million.
Eastman grade silver cyanate and a resublimed grade of iodine were used
in these studies. All other chemicals and solvents were reagent grade or
better.

Addition of lodine Isocyanate to Polyisoprene

In this study, preformed solutions of INCO were mixed with a solution
of the polymer. The generation of INCO follows the procedure of Rosen
and Swern [8]. lodine (16.5 g, 0.065 mole) was dissolved in 300 ml
tetrahydrofuran and cooled to -30°C. Silver cyanate (20.0 g, 0.130 mole)
was added in one portion and the system was stirred mechanically for 2
hr at -30°C. The stirring was stopped and the supernatent liquid was trans-
ferred via a Filterstik to a solution of 6.8 g polyisoprene in tetrahydrofuran/
benzene (37.5/62.5) at -=30°C. The solution was stirred 3 hr to ensure
complete addition of the INCO to the polyisoprene. Subsequent elemental
analysis showed that 41% of the monomer repeat units reacted to form
Structure [,

The above solution was divided into three portions. Portion A was
treated with 100 ml methanol for 24 hr at room temperature to convert it
to Structure II. The solvents were removed from this solution to give
4.0 g modified polymer (theory, 4.9 g). The polymer was soluble in the re-
action mixture, and slightly soluble in methanol, diethyl ether, tetrahydro-
furan, and dimethyl sulfoxide. It was insoluble in benzene, petroleum ether,
chloroform, methylene chloride, and acetic acid.

Portion B was treated with 20 ml concd aqueous ammonia for 24 hr at
room temperature to convert it to Structure 1V. Initially, the reaction
solution gelled but complete solution occurred overnight. The solvents
were removed under vacuum to give 3.3 g modified polymer (theory, 4.7 g).
The polymer did not appear to be completely soluble in any common solvent
although it was soluble in the reaction mixture.
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Portion C was treated with 20 ml concd aqueous hydrochloric acid and
the entire rubber sample coagulated. Complete reaction to Structure III
was not achieved in this case and the polymer was not studied further.

Physical Tests

Infrared spectra were obtained on solid films of polyisoprene and the
modified polymers using a Perkin Elmer Infracord Model 137. Some
selected spectra were also run on a Beckman IR-S.

Differential thermal analyses (DTA) and thermogravimetric analyses
(TGA) were run simultaneously on a Mettler Thermoanalyzer 2 in aluminum
crucibles using 6 liter/hr air flow atmosphere, 10 mg sample, 10°C/min
temperature rise, and alumina references. The thermal analyses were run
from ambient to 600°C.

Polymer Composition

Elemental analyses of the polymers were used to determine the extent of
addition in each polymer studied. The analyses were run by Crobaugh
Laboratories.

3

3000 2000 1500 1000 900 800 700
-1
cM

Fig. 1. Infrared spectra for solid films of the methyl iodocarbamate deriva-
tive of polyisoprene (A), polyisoprene (B), and the iodourea derivative of
polyisoprene (C).
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Fig. 2. Thermogravimetric analysis (- - -) and differential thermal analysis
(-) curves for polyisoprene.

RESULTS AND DISCUSSION

Figure | shows the IR spectra for polyisoprene and modifications of
Types 1l (carbamate) and IV (urea) where INCO has been added to 41% of
the double bonds followed by subsequent chemical conversion to the final
modification. These spectra are consistent with the proposed structures.
The bonds due to unsaturation were reduced, adsorption bands due to OH
and NH, groups appear at 3400 and 3350, and bands due to C=0 appear
at 1710 and 1740 for Types il and 1V, respectively. These spectral assign-
ments are in accord with the literature values for derivatives of simple
alkenes [7, 9].

Physically, these modified polymers bear little resemblance to the
starting polyisoprene. Both Types Il and IV were orange-brown, brittle
materials. The three materials differ significantly in thermal stability.
Simultaneously determined TGA-DTA curves are shown in Figs. 2, 3, and 4
for polyisoprene, the iodocarbamate derivative (Type I}, and the iodourea
derivative (Type V), respectively, Figure 5 compares the TGA curves of
all three samples.

Polyisoprene, Fig. 2, showed a rapid weight loss beginning at about
275°C, and this was accompanied by a DTA exotherm which shows a max-
imum at 350°C. Approximately 50% of the material was lost by 375°C.
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Fig. 3. Thermogravimetric analysis (- - ) and differential thermal analysis
() curves for the methyl iodocarbamate derivative of polyisoprene.
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Fig. 4. Thermogravimetric analysis (- * ) and differential thermal analysis
(-) curves for the iodourea derivative of polyisoprene.
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Fig. 5. Comparison of the thermogravimetric curves for polyisoprene (),
the methyl iodocarbamate derivative (- -), and the iodourea derivative (- - *).

A second, more massive, exotherm occurred at 530°, corresponding to the
final oxidative degradation of the last 15% of the polymer. The TGA shown
here is in good agreement with literature results on natural rubber [10].

The thermal degradation of the iodocarbamate derivative, Fig. 3, is more
complex. The initial weight loss began at about 125°C and was slightly
exothermic. Approximately 30-35% of the weight was lost gradually up to
350°C where a moderate exotherm occurred followed by a rapid weight
loss to a total of about 75%. The remaining 25% weight loss occurs at
about 500°C and is accompanied by a massive exotherm. The first weight
loss probably corresponds to a ring closure with the elimination of methyl
iodide to form structure Type V. This ring closure is known to be facile
at moderate temperatures for low molecular weight iodocarbamates [11].
The conversion of the polymer with 41% Type 1l repeat units to the Type
V structure would result in a weight loss of approximately 35%, which is
in agreement with the observed weight loss. Structure Type V is a semi-
ladder polymer, and some thermal stability enhancement might be expected.
The massive exothermic reaction at about 500° may be indicative of en-
hanced thermal stability. Above 375°, the degradation is slightly slower
than that of polyisoprene.

Figure 4 shows the DTA-TGA curves for the iodourea derivative, Like
the iodocarbamate, a weight loss begins at about 125°C and was associated
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with a mild exotherm in the DTA. A substantial exotherm occurred at
about 218°, and this was followed by a series of at least four exotherms
with the last one occurring at about 515°C. During this period the sample
showed a continuous weight loss but the entire sample did not degrade
completely. At 600°C approximately 28% of the polymer remained. The
initial weight loss is probably due to the cyclization of structure Type IV to
Type VI with the loss of hydrogen iodide. This reaction is known to occur
at moderate temperatures [S, 12], and in the case shown here would lead
to a weight loss of approximately 35%. The resulting semiladder structure
might be expected to show greater thermal stability than polyisoprene.

Figure 5 compares the TGA curves for the initial polyisoprene and the
two modifications studied. It is apparent that both derivatives are less
stable than polyisoprene below 350° due to an internal cyclization reaction.
Above this temperature the iodocarbamate does not show any appreciable
improvement in thermal stability compared to the parent polymer but the
iodourea is more stable. The most probable explanation for this increase
in thermal stability is due to the formation of a semiladder oxazole
structure Type VI. Alternate possibilities include cross-linking and other
cyclization reactions. The oxidative degradation of polyisoprene is a
complex process and can produce cross-linking [13, 14]. However, under
the' thermal analysis conditions used here, chain scission should be the
major reaction for the polyisoprene. The presence of iodine on the polymer
backbone in Structures II and IV could lead to increased cross-linking, but
the TGA data is more consistent with the cyclization reactions to the
iodine-free Structures V and VI. At the present time it is not possible to
determine whether Structures V and/or VI would tend to cross-link to a
greater extent than does polyisoprene.

Polyisoprene is known to undergo chemical cyclization reactions and such
processes are conceivable during the addition of iodine isocyanate. In its
simplest form (monocyclic system) this possible side reaction can be written
as shown.

Both Structures VII and VIII would be semiladder polymers and could
lead to enhanced thermal stability compared to polyisoprene. Each structure
contains an iodine atom bound to a six-membered ring. lodocyclohexane
shows C—1I stretching bands at 642-657 cm™ [15]. Since no IR adsorption
peaks were observed in this region, the presence of Structures VII and VIII
is unlikely. In addition, neither structure would account for the low temper-
ature weight losses observed with the iodocarbamate and iodourea derivatives.

The most reasonable explanation for the greater high temperature thermal
stability of the iodourea derivative of polyisoprene appears to be the
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formation of the semiladder polymer Structure VI. Further studies are
planned on this semiladder polymer.
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