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Abstract 

Biomass-derived materials possess vast potential for material science and industry in the next decades. 

An increasing environmental awareness increase the demand for sustainable feedstock-based 

alternatives. In addition to natural rubber (cis-polyisoprene), the class of terpenes offers a large variety 

of renewable monomers, like the 1,3-diene monomers β-myrcene and β-farnesene. Living anionic 

polymerization of bio-based 1,3-diene monomers enables the synthesis of well-defined, high 

molecular weight block- and copolymers with unique control over polymer architecture and polydiene 

microstructure. The reactivity of the bio-based monomer β-farnesene in the statistical anionic 

copolymerization with styrene and the effect of the bottlebrush-like polyfarnesene structure on phase 

separation behavior were investigated. Furthermore, thermal and material properties of β-farnesene-

based thermoplastic elastomers (TPEs), based on tri- and pentablock copolymers with styrene, and 

their processing behavior were investigated [1]. As shown by 1H NMR online kinetics, the direct (i.e., 

statistical) anionic copolymerization of β-farnesene and styrene in cyclohexane affords block-like, 

tapered copolymers due to the highly diverging reactivity ratios (rFar = 27; rS = 0.037). The one-pot, 

tapered copolymer approach was used to synthesize series of tri- (ABA) and pentablock (ABABA) 

copolymers of styrene (A) and β-farnesene (B), varying the polydiene volume fraction between 0.50 
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 and 0.68, respectively. Depending on the polydiene volume fraction, the tapered multiblock 

copolymers showed phase separation in lamellar or hexagonally packed cylindrical structures, as 

determined by small-angle X-ray scattering. Well-defined tapered tri- and pentablock copolymers with 

molecular weights of 120 kg∙mol-1 and low dispersity (Ɖ = 1.05–1.16) were generated. The order of 

the poly(styrene-co-farnesene) copolymers bears many similarities (same morphology, practically the 

same domain spacing) to the corresponding polyisoprene copolymers with the same polydiene volume 

fraction. The impact of the long alkenyl side chains of the polyfarnesene middle blocks on the 

mechanical properties of the multiblock copolymers was investigated by tensile testing. The respective 

tri- and pentablock copolymers of isoprene (C5 unit) and β-myrcene (C10) with styrene were 

synthesized as well, containing equal polydiene volume fractions as their β-farnesene-based (C15) 

analogs. Mechanical toughness of the polymers increased with decreasing length of the alkenyl side 

chains (from β-farnesene to isoprene). 
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