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Values of atomic partial charges

Lactide chain

H2¢ H2g
RN - L\ e
C2, Olm ng\HZ
g
Hlm H
L 2 3
3 /C f\ /O ‘f‘\L S //C\lg\ 2
Hlf C3f Im O2m C3g \H3
H N, e :
Ol C2m—_ b ‘
H2m Olg

Atom name
CIf
C2f
C3f
ol1f
02f
O3f
HIf
H2f
H3f
Clm
C2m
C3m
Olm
O2m
Hlm
H2m
Clg
C2g
C3g
Olg
O2g
Hlg
H2g
H3g

Partial charge, e
0.76
-0.17
0.19
-0.47
-0.49
-0.67
0.08
0.09
0.50
0.22
-0.30
0.70
-0.53
-0.44
0.08
0.09
0.18
-0.23
0.62
-0.60
-0.55
0.02
0.05
0.41



Hydroxybutyrate chain
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Clf 0.32
C2f -0.15
C3f 0.71
C4f -0.26
Ool1f -0.59
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Cellulose chain
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Lactide-modified cellulose chain
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Hydroxybutyrate-modified cellulose chain
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Distribution of free ends of grafted OLA chains p(Z,) in the GAFF and PLAFF3 force fields
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Figure S1. Distribution of free ends of the grafted OLA chains p(Z.) with respect to the CNC

surface at various grafting densities ¢ in the systems parametrized using the GAFF! and PLAFF3?

force fields. Note that both force fields provide consistent results.
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Starting configurations of surface-modified cellulose nanocrystals and composites
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Figure S2. Snapshots of starting configurations of (a) modified cellulose nanocrystals with
vertically oriented grafted OHB chains and (b) the corresponding PHB-based composite in the case
of the grafting density o = 1.76 nm2. Carbons, oxygens and hydrogens are colored in cyan, red and
white, respectively. For visual clarity, PHB and OHB chains are drawn by lines and van der Waals
spheres, respectively; cellulose chains are shown in the ball and stick representation. Typical

dimensions of the system components are indicated by black arrows.
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Bivariate joint probability distribution P(Z.|Hni-t0-ena) the OHB and OLA chains
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Figure S3. Bivariate joint probability distributions P(Ze|Hend-t0-end), Where Z. 1s the z coordinate of a
terminal carbon atom of a graft with respect to the CNC surface and Hend-o-ena 1S the end-to-end
distance of the graft in the case of the (a-c) OHB and (d-f) OLA chains in the systems with different

grafting densities o.
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Definition of parameters for the calculation of the intermolecular interaction energy

Figure S4. Definition of the center of mass distance r.om between the monomers of neighboring
grafts and the angle a between the vectors of these monomers connecting adjacent chiral atoms

along the grafts contour for the calculation of the intermolecular interaction energy E(7com|a).
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Intermolecular interaction energy between the OHB or OLA monomers (¢ = 0.44 nm?)
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Figure S5. (a, b) Attractive and (c, d) repulsive parts of the intermolecular interaction energy

E(reom|a) as a function of distance from centers of masses 7c.om of monomers of neighboring grafts

and the angle o between the vectors for these monomers connecting adjacent chiral atoms along the

grafts contour in the grafted layer of (a, ¢) the OHB chains and (b, d) the OLA chains at

o= 0.44 nm™.
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Intermolecular interaction energy between the OHB or OLA monomers (¢ = 1.76 nm?)
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Figure S6. (a, b) Attractive and (c, d) repulsive parts of the intermolecular interaction energy

E(recom|a) as a function of distance from centers of masses 7com of monomers of neighboring grafts

and the angle a between the vectors for these monomers connecting adjacent chiral atoms along the

grafts contour in the grafted layer of (a, c¢) the OHB chains and (b, d) the OLA chains at

o=1.76 nm™.
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Coulomb contribution to intermolecular interaction

monomers (¢ = 0.88 nm2)
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Figure S7. (a, b) Attractive and (c, d) repulsive parts of the Coulomb contribution to the

intermolecular interaction energy E€(rcom|a) as a function of distance from centers of masses 7com of

monomers of neighboring grafts and the angle a between the vectors for these monomers

connecting adjacent chiral atoms along the grafts contour in the grafted layer of (a, ¢) the OHB

chains and (b, d) the OLA chains.
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Lennard-Jones contribution to intermolecular interaction energy between the OHB or OLA

monomers (¢ = 0.88 nm2)
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Figure S8. (a, b) Attractive and (c, d) repulsive parts of the Lennard-Jones contribution to the

intermolecular interaction energy E*/(rcom|) as a function of distance from centers of masses 7com of

monomers of neighboring grafts and the angle a between the vectors for these monomers

connecting adjacent chiral atoms along the grafts contour in the grafted layer of (a, c) the OHB

chains and (b, d) the OLA chains.
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Intramolecular interaction energy between the OHB or OLA monomers (¢ = 0.88 nm?)
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Figure S9. (a, b) Attractive and (c, d) repulsive parts of the intramolecular interaction energy

E(reom|a) as a function of distance from centers of masses 7com 0f monomers of within grafts and the

angle a between the vectors for these monomers connecting adjacent chiral atoms along the grafts

contour in the grafted layer of (a, ¢) the OHB chains and (b, d) the OLA chains.
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Coulomb contribution to intramolecular interaction

monomers (¢ = 0.88 nm2)
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Figure S10. (a, b) Attractive and (c, d) repulsive parts of the Coulomb contribution to the

intramolecular interaction energy E€(7.om|a) as a function of distance from centers of masses 7com of

monomers of within grafts and the angle a between the vectors for these monomers connecting

adjacent chiral atoms along the grafts contour in the grafted layer of (a, ¢) the OHB chains and (b,

d) the OLA chains.



Lennard-Jones contribution to intramolecular interaction energy between the OHB or OLA

monomers (¢ = 0.88 nm2)

>()
150+ 1
-3
-5
o 100+
= -7
-9
50+ 11
-13
0 0.4 0.6 0.8 1.0 >
¥ ,nm
COm
(C) OHB, repulsive part  EY/, kT
1501 3
o 1001
o
1
l
<0
0 . . ‘ |
04 0.6 0.8 1.0
com’

(b)

150+

o 100+

o

50+

(d)

150

o 100

50

_EY, KT

>()

_1
-3
-5
7
-9
-11
-13
» Sl » _ 1 5
04 0.6 0.8 1.0
¥ ,nm
com
OLA, repulsive part  E% kT
I3
I 1
<0
0.4 0.6 0.8 1.0
com’

Figure S11. (a, b) Attractive and (c, d) repulsive parts of the Lennard-Jones contribution to the

intramolecular interaction energy E™/(7com|) as a function of distance from centers of masses 7com of

monomers of within grafts and the angle a between the vectors for these monomers connecting

adjacent chiral atoms along the grafts contour in the grafted layer of (a, ¢) the OHB chains and (b,

d) the OLA chains.
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Calculation of the persistence length

To calculate the persistence length of the PLA chains without partial charges and the freely

rotating PLA chains, we evaluated the characteristic ratio C, defined as®

_[R*(N)
o (R “)

where R*(N) is the square distance between two monomers of a chain separated by N chemical

bonds, |, is the mean length of the backbone bond, and the angular brackets indicate an average

over all the chains in the system.

Figure S12 shows the obtained C, dependence on the inverse number 1/N of backbone

chemical bonds.

(a) PLA chains without partial charges (b) Freely rotating PLA chains
81 simulation data 3 simulation data
----- fitting by 8.3-(1-1.6-N"'?) - - - - -fitting by 5.8-(1-1.4-N"%)
6 4
.
©

000 025 050 075  1.00 000 025 050 075  1.00
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Figure S12. The dependence of the characteristic ratio C, on the inverse number 1/N of the

backbone chemical bonds for (a) the PLA chains without partial charges and (b) the freely rotating
PLA chains. The solid line indicates the dependence calculated using the simulation trajectory,

dashed — the approximation using Eq. 2.

The C,, dependence was used to calculate the characteristic ratio C_, of an infinite chain as®
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Cy=C,-(1-a-N™"), 2)
where N is the number of backbone chemical bonds and a is the fitting parameter.

The fitting of the C,, dependence using Eq. 2 yields the values of the characteristic ratio

C,=8.3+0.1and 5.8 +0.1 for the PLA chains without partial charges and the freely rotating PLA

chains, respectively.

Thus, the persistent length |, can be calculated as*

l,-(C,+1
=), G

The value of the mean bond length of PLA is equal to |, =0.143 nm according to the

parameters of the force field. Therefore, one can find that the value of the persistent length is equal
t0 0.7+ 0.1 nm and 0.5 + 0.1 nm for the PLA chains without partial charges and the freely rotating

PLA chains, respectively.
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