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M The role of terminal groups of cis-1,4-polyisoprene chain in the formation
of physical junction points in Natural Rubber
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BXREDOKICDOWNT
B The role of terminal groups of cis-1,4-polyisoprene chain in the formation of
physical junction points in Natural Rubber

The terminal structures of cis-1,4-polyisoprene chains play an important role in the formation
of natural networking structure of natural rubber which provides excellent mechanical properties
to Hevea Natural Rubber (NR) such as crack growth resistance, good elasticity and strain
induced crystallization. The terminals of cis-1,4-polyisoprene chain of natural rubber consists of
two types of terminal groups i.e. w and a terminal groups. The structures of w terminal (dimethyl
allyl-(Trans-1,4-isoprene),) and six types of a terminals of NR have been investigated by using
solid state NMR study. We investigate seven types of cis-1,4-polyisoprene (Pl) melt systems
with different combination of terminal groups: Hydrogen, dimethyl allyl-(Trans-1,4-isoprene) as w
and ester-terminated isopentene ( a 1), hydroxy-terminated isopentene ( a 2), ester-terminated
isobutane ( a 3), hydroxy-terminated isobutane ( a 4), ester-terminated 1,4- cis-isoprene ( a 5)
and hydroxy-terminated 1,4-cis-isoprene ( a 6) i.e., 4Ply (Ply) : pure Pl (Hydrogen terminal), , Pl o
(P, wPlaa (PL), wPlas (Pl), wPlas (Ply), oPlys (Pl) and ,Pl,s (Ply). In the above Figures (A) and (B),
we show snapshots of the systems Pl and Pl at equilibrium as typical cases, where main cis-
1,4-polyisoprene chain part is drawn by gray color, ester-terminated isopentene ( o 1) by blue
color in Figure (A) and hydroxy-terminated isopentene ( a 2) by red color in Figure (B). By using
the potentials of mean force W(r) between terminals, we calculated the cluster-formation-fraction
of terminal groups associated in clusters of given size in the seven systems. We found that in
the Ply, ,Plg1, wPlys and ,Pl,s systems no firm cluster formation is observed (Figure (A), no
cluster formation between a 1 terminals), in the ,Pl,,, ,Pl,4 and ,Pl,s systems, on the other
hand, stable clusters of a 2, a 4 and a 6 terminals with a size s (2 < s < 6) are observed (Figure
(B), the cluster formation between «a 2 terminals is shown red color spheres), which supports
the formation of physical junction points in between hydroxy terminated polyisoprene chains
through a 2, a 4 and a 6 terminals of them. These physical junction points might be crucial for
superior properties of NR such as high toughness, crack growth resistance and strain induced

crystallization.

[1 Mayank Dixit and Takashi Taniguchi, Macromolecules 55, 9650-9662 (2022).
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