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Preparation of PLA-based surfactants. PEG-b-PLLA was synthesized from L-lactide
(17.58 g; 121.5 mmol) and poly(ethylene glycol) monomethyl ether (8.61 g; 4.3 mmol). Im-
PLLA was prepared from L-Lactide (17.60 g; 121.5mmol) and from 1-(11-hydroxy-undecyl)-
3-methylimidazolium bromide (1.43g; 4.3mmol) which was prepared by refluxing reaction
between 1-methylimidazole and 11-bromoundecanol in chloroform as previously reported in
the literature.' The L-Lactide and the initiator (PEG or Im) were first dissolved in chloroform
(~ 65 mL) under magnetic stirring. Then, 132 pL (1.075 mmol) of DBU was added and the
reactions were conducted for 5 min in the case of Im-PLA and 10 min in the case of PEG-g-
PLLA at ambient temperature. Then, 3 drops of glacial acetic acid were added to the resulting
mixture and PEG-b-PLLA or Im-PLLA was collected by precipitation in heptane and
filtration. The white powders were dried at 90°C under vacuum overnight. The yield was

nearly complete for PEO-b-PLLA and Im-PLLA.
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Figure S1. '"H-NMR spectra for (a) PEG-b-PLLA and (b) Im-PLLA surfactants.

PEG-b-PLLA: Mnps) determined by SEC= 10,000 g/mol'l, b=1.77, '"HNMR (CDCl3): 6
5.16 (g, CH-CHs), 3.64 (t, CH, (PEO block)), 3.37 (s, CHj chain-end PEO), 1.58 (d, CH3

PLLA block).

Im-PLLA: Mnps, determined by SEC= 1,300 g/mol™', B=3.7, "H NMR (CDCl): & 10.80 (s,
CH), 7.20 & 7.18 (d, CH=CH), 5.16 (q, CH), 4.31 (t, O-CH,)1.62 (m, CH2), 1.58 (d, CHz),

1.3 (m, CH,).

S3



c$ S >
Det| HV | Spot .Prsssure Mag | Temp| WD | Det HV | Spot|Pressure| Mag |Temp| WD —10.0pm———
ETD|10.0kV| 3.0 __1200x| --- |10.0mm ETD|10.0kV| 3.0 3000x| --- 110.1 mm

i s . 2z
HV  |Spot| Pressure| Mag | Temp| WD | ———200.0pm——— | Det| HV |Spot Pressure| Mag |Temp| WD ——10.0pm——
ETD|10.0kV| 3.0 - | - 6 mm ETD|10.0kV| 3.0 3000x| --- |9.7 mm

Det < Tem;; WD ——200.0pym—— Det HV | Spot|Pressure| Mag |Temp ) ——10.0pm——
ETD|10.0 kV X --- 110.0 mm ETD|10.0kV| 3.0 300 --- |10.0 mm

S4



2y d ¥ . / S woeA s ;
Det| HV |Spot Pressure|Mag Temp| V | | Det HV | Spot|Pressure| M Temp| WD —200.0pm————
ETD|10.0kV| 3.0 200x, --- 9.1 mm ETD|10.0kV| 3.0 pi - 9.8 mm
0 r

4 -
Det HV | Spot|Pressure| M p| V Det HV | Spot|Pressure Temp, WD ——10.0pm——
ETD|10.0kV| 3.0 g (| .- ETD|10.0kV| 3.0

~ > . B 1 i
Det HV | Spot|Pressure Temp| WD ——10.0pym——
ETD|10.0kV| 3.0 ETD|10.0kV 3.0 K - |91 mm

S5



Figure S2. Typical SEM images of the tensile fracture cross-section for (a) PLA, (b)

PLAscne, (€) PLAm-prrA, (d) PLAm-prLA+100NC, (€) PLAPEGb-PLLA, and (f) PLApEG.b-

PLLA+10CNC-
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Figure S3. Comparative relaxation spectra for (a) PLA (0), PLApgg.bpLLA (0) and PLA [, pLLA

(A); (b) PLApgGb-pLLA cOntaining 5 (00), 10 (A) and 20 wt% (0) CNC, and (¢) PLAmpLLA

containing 5 (0), 10 (A) and 20 wt% (¢) CNC.

The analysis of the relaxation spectra, together with shear viscosity, provides information

about polymer chain stiffness. In the case of PLA, a deeper study of these parameters can be

found, such as in Dorgan ef al” and Al-Itry et a
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In the work of Dorgan et al, the relaxation of linear and branched PLA chains has been
analyzed and it was concluded that increasing the number of branches leads to very different
behaviors of polymer chains for longest relaxation times. Similar effects are founded here
(Figure S4a), where PLA chains show longer relaxations times when compared to PLApgg.b.
prLa and PLA, pra samples. A remark should be made for PLA, pr 14 Where the presence
of much shorter chains of Im-PLLA seems to cause a meaningful effect on polymer
entanglement.

Figures S4b and S4c show the effect induced by the presence of nanoparticles for both
systems. No significant effect can be observed at lower relaxation times, but the presence of
nanoparticles causes differentiation among the particles at longer relaxation times, where the
particles-polymer chains interactions can influence the polymer chains relaxation.

For PLApgg.hrLa samples (Figure 4b), the entrapment effect is observable and a higher
amount of nanoparticles seems to lead to a H(A) increase for a certain . However, the same
effect is remarkably stronger for PLA,pLra samples (Figure 4¢), where a clear (and CNC
content-dependent) transition region can be found around 107 s. It corroborates that for this

system the surfactant could trap CNC in polymers bulk, increasing their compatibility.
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Figure S4. FTIR curves for PLA, PLApgG.bpLLa and PLA, pr1a after theological tests.
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Figure SS. X-ray diffraction pattern for CNC extracted from ramie fibers.
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