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Development of bio-based elastomer with cellooligosaccaharide derivative as the hard segment

We synthesized cellooligosaccharide-based block copolymers (cellulose-based BCPs) through enzyme-mediated
oligomerization, ring-opening polymerization, and click reaction to investigate their microphase-separation behavior
and mechanical properties in detail. For the comparison purpose, the maltooligosaccharide counterpart,
maltooligosaccharide-based BCPs (amylose-based BCPs), was also prepared in a similar manner. Small angle X-ray
scattering experiments revealed that cellulose-based BCPs are more likely to microphase-separate into ordered
nanostructures than amylose-based BCPs despite their comparable chemical compositions and molecular weight. In
addition, cellulose-based BCPs showed superior mechanical properties to amylose-based BCPs under tensile testing.
These dramatic differences in their self-assembled behavior and mechanical properties were attributable to the
stiffness and crystalline nature of the cellulose segment due to -1,4 linkages of glucose unit. This research will pave
the way to create novel bio-based functional elastomeric materials.
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Figure 1. Schematic image of thermoplastic elastomer.
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Scheme 1. Synthesis of ethynyl-functionalized cellooligosaccharide triacetate and maltooligisaccharide triacetate
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Table 1. Molecular characteristics of AcCel,-b-PDL,-b-AcCel,s and AcMal,-b- PDL,-b-AcMal,s

polymer M, b feor!
AcCel,~C=CH 2,090¢ 1.06 -
AcMal,—C=CH 2,020¢ 1.09 -
AcCel,-b-PDLek-b-AcCel, 10,100” 1.04 0.65
AcCel,-b-PDLk-b-AcCel, 14,500” 1.04 0.77
AcCel,-b-PDLy-b-AcCel, 26,100 1.06 0.87
AcMal,-b-PDLg-b-AcMal, 9,900” 1.04 0.64
AcMal,-b-PDL-b-AcMal, 14,300" 1.04 0.76
AcMal,-b-PDLyy-b-AcMal, 25,900° 1.04 0.87

“Determined by "H NMR spectroscopy in CDCls. *Calculated from the molecular weight of AcCel,~C=CH or AcMal,—~C=CH
determined by MALDI-TOF MS measurement and the molecular weight of the corresponding N3-PDL-Nj3 determined by 'H
NMR spectroscopy in CDCls. “Determined by SEC in THF using polystyrene standards. “Calculated using the density of each
block: 1.29 g cm™ for AcCel,~C=CH, 1.20 g cm™ for AcMal,~C=CH, and 0.97 g cm™ for PDL.
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Table 2. Tensile properties of the block copolymers specimens’

BCP young’s modulus strain at break stress at break toughness

(MPa) (%) (MPa) MIm )

AcCel -b-PDL -b-AcCel 69+5.1 209+17.6 5.84+0.082 8.9+0.90
AcCel -b-PDL,  -b-AcCel 13£1.7 356+8.99 7.1+0.47 15£1.2

AcCel, -b-PDL,, -b-AcCel, 1.3+0.062 385+16.0 1.740.047 3.8+0.17

AcMal -b-PDL -b-AcMal 61+6.8 150+14.6 2.8+0.12 4.240.48

AcMal -b-PDL,  -b-AcMal 5.6+5.1 198+13.6 1.6+0.14 2.2+0.29

“Tesile properties are shown as average values (with standard deviations) for three specimens.
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