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CNC’s surface modification

(A) FTIR spectra for pristine CNC and oxidized CNC and (B)
conductimetric titration curves of oxidized CNC.

Characteristics of pristine and oxidized CNCs: DO (degree of
oxidation), C6 (signal area ratio at 63/65 ppm from '*C NMR), &-
potential (mV), Tonse°C (temperature of initial degradation),
Tmax°C  (temperature of maximum degradation rate), CI
(crystallinity index), L (length), d (diameter), L/d (aspect ratio).
13C NMR spectra for pristine CNC (black line) and oxidized CNC
(red line).

XRD diffraction patterns for (A) pristine CNCs and (B) oxidized
CNCs.

Images of pristine (A)-(B) CNCs and (C)-(D) oxidized CNCs
obtained by (A and C) atomic force microscopy and (B and D)

transmission electron microscopy.

Synthesis of Poly(2-alkyl-2-oxazoline)s

(A) Illustrative image of polymer color changes as a function of
time reaction. GPC chromatograms for PEtOx: (B) IR and (C) UV
detectors. (D) Maximum of absorbance values (322 — 328 nm) of
PEtOx aqueous solution (20 mg mL-"). (E) Mechanism of chain
transfer reaction. [This is a free domain image].

Molar mass of P(EtOx)s determined by GPC and 'H NMR, yield
over reaction time and thermal properties in bulk and aqueous
solution.

DSC second heating scan at 20 °C min™! for P(EtOx)s.

HSDSC first heating scan at 1 °C min’! for P(EtOx);¢s aqueous
solution (20 mg mL").

"H RMN spectrum for PEtOx in D,0O. PEtOx was obtained with a
molar mass of 10.6 kDa and dispersity of B = 1.20, determined by
GPC in chloroform.
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Figure S9

Figure S10

Figure S11

Figure S12

Figure S13

Figure S14

Figure S15

Figure S16

'"H RMN spectrum for P(EtOx-s-Ei) in D,O. Hydrolysis degree
was calculated from the ratio between CH, protons integral from
the backbone of ethylene imine monomer (c) over the one from
ethyl oxazoline monomer (a). Statistical copolymers were
obtained with a partial hydrolysis degree of 5 and 10 %, named as
P(EtOxys-s-Eis) and P(EtOxgo-s-Eij).

Cell viability determined by MTS assay for P(EtOx-s-Ei)s after 24
hours incubation with fibroblasts cell line NIH 3T3 with
dispersions concentration of 0.1, 1 and 10 wt %. *Columns
followed by the same letters do not differ significantly by the
Tukey test (p <0.05).

POx grafting onto CNC surfaces

Left — FTIR spectra for TEMPO oxidized CNCs and after PEtOx
grafting onto CNCs surface. Right — Ninhydrin test (purple color
indicates the presence of primary amines in solution — free
polymers; yellow color indicates the lack of primary amines —
grafted polymers onto crystals’ surfaces). [This is a free domain
image].

C1s XPS binding energy for TEMPO oxidized CNCs and CNC-g-
PEtOx.

Atomic force microscopy with infrared spectroscopy for pristine
CNCs.

Atomic force microscopy with infrared spectroscopy for PEtOx

(control).

Thermal properties of CNC-g-POx

(A) TGA and (B) dTGA curves for P(EtOxgs-s-Eis);00, CNC-g-
P(EtOxys-s-Eis)100 and pristine CNC.

DSC second heating scan at 20 °C min"!' for P(EtOx-s-Ei)s and
CNC-g-P(EtOx-s-Ei)s.

Cytotoxicity in vitro assay
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Figure S17

Figure S18

Figure S19

Figure S20

Cell viability determined by MTS assay for CNC-g-P(EtOx-s-Ei)s
after 24 hours incubation with fibroblasts cell line NIH 3T3 with
dispersions concentration of 0.1, 1 and 10 wt %. *Columns
followed by the same letters do not differ significantly by the
Tukey test (p < 0.05).

CNC-g-POx particles dispersion
Size distribution for never-dried (A) pristine CNCs, (B) CNC +
CNC-g-P(EtOxy5-s-Eis) (10:1 w/w) at 0.01 wt %.

Rheological properties

Tan J values for (A) CNCs, (B) CNC + CNC-g-P(EtOxos-s-Eis)
(10:1 w/w) dispersions at CNC concentration of 5 wt %.

(A) Complex viscosity, (B) storage (G”) and (C) loss (G’*) moduli
as a function of oscillatory frequency for pristine CNC dispersion,
CNC dispersion with 10 wt % CNC-g-P(EtOxgs-s-Eis), CNC
dispersion with 10 wt % CNC-g-P(EtOxgs-s-Eis) dispersed after
freeze-drying and CNC-g-P(EtOxs-s-Eis) dispersion, at a CNC
final concentration of 5 wt %. * Dash dot are just a guide to the

eyes.
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CNC'’s surface modification

The CNC'’s surface modification by TEMPO-mediated oxidation was completely
characterized concerning its physicochemical properties in order to guarantee inner
characteristics of pristine crystals. The exact determination of sample degree of oxidation
(DO) is decisive for the next step, wherein polyoxazoline chains will be grafted onto the
CNC:s surface via peptidic coupling reaction and different approaches were explored to
ensure DO accuracy. FTIR and conductometry analyses were used for this determination
(Figure S1, Table S1).
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Figure S1. (A) FTIR spectra for pristine CNC and oxidized CNC and (B) conductimetric

titration curves of oxidized CNC.

Table S1. Characteristics of pristine and oxidized CNCs: DO (degree of oxidation), C6
(signal area ratio at 63/65 ppm from '3C NMR), &-potential (mV), Toyse°C (temperature
of initial degradation), T,;°C (temperature of maximum degradation rate), CI

(crystallinity index), L (length), d (diameter), L/d (aspect ratio).

Sample DO' DO* C6 £ Towe®C Tpin®C  CI(%) Lé(mm) D*(mm) L/
CNC - - 258 -63.9 205°C  302°C 83 105435  4.7+1.1 22
Oxidized CNC  0.049 0.051 1.26 -71.6 200°C  302°C 76 101420 5.2+1.1 19

* Determined by: ' conductometric titration, 2FTIR, SDRX, *AFM.
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Owing to oxidation, the presence of a signal at 173.8 ppm in the 3C NMR
spectrum (Figure S2) corresponding to the carboxyl groups introduced onto CNC’s
surface confirms the hydroxyls modification by TEMPO reaction. A decrease of the
signals area ratio C6amorphous / COcristaliine (63 ppm / 65 ppm) was observed due to the
decrease of primary hydroxyl groups on the surface and in amorphous domains, since it

is known that the oxidation occurs mostly in the disordered regions of the sample.!

190 180 170 160

.........

: - :
180 120 100 80 60
ppm

Figure S2. 13C NMR spectra for pristine CNC (black line) and oxidized CNC (red line).

Pristine CNCs are highly crystalline and have been used as reinforcing agents for
innumerous polymer matrices.2 The diffractograms in Figure S3 show the (110), (110),
(002) and (040) reflections, which corresponds to cellulose I diffraction peaks. Besides,
cellulose II is also present as one can observe in the CNC pattern at 26 = 12.5, 20.1, 22.7
and 34.4.3* The coexistence of cellulose I and cellulose II in CNCs is well known in
commercial samples, and probably arises from the use of harsh conditions during particle
obtainment by acid hydrolysis (or post-hydrolysis neutralization), causing the

transformation of cellulose I into cellulose II within the crystalline domains.>
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Figure S3. XRD diffraction patterns for pristine (A) CNCs and oxidized (B) CNCs.

Pristine CNCs present a needle-like structure with an average length (L) of 105 +
35 nm, a diameter (d) of 4.7 = 1.1 nm (height measured from z-scale), and a resultant

aspect ratio of 22 (based on 100 measurements from 5 micrographs) (Table S1).

Figure S4. Images of pristine (A)-(B) CNCs and oxidized (C)-(D) CNCs obtained by (A

and C) atomic force microscopy and (B and D) transmission electron microscopy.
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It is worth mentioning that crystals’ diameters calculated from TEM images is
according to those obtained from z-scale, from AFM micrographs. The CNC used in this
work were provided by the University of Maine, and the aspect ratio value obtained was
consistent with the values reported in the literature by other research groups using the
same source.® The micrographs shown at Figure S4 confirm that TEMPO-mediated
oxidation preserves the integrity and shape of the CNCs by introducing carboxylate
groups at their surface. Needle-like structures with an average length (L) of 101 + 20 nm,
a diameter of 5.2 £ 1.1 nm and a resultant aspect ratio of 19 were observed to oxidized
CNCs, meaning that the degradation of the crystals is negligible during oxidation

reaction.”’
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Synthesis of Poly(2-alkyl-2-oxazoline)s

Poly(2-ethyl-2-oxazoline) (PEtOx) polymerization targeting a DP of 100 unimers was performed at 120 °C in acetonitrile in different
reaction times: 1h, 3h, 16h and 24h. After 1 hour, one can assume the polymerization reaction is completed (> 95% of yield). Increasing the reaction
time, yellowish polymers are obtained (Figure S5A) as a consequence of chain transfer reactions.® Figure S5 summarizes homopolymers molar
mass distributions determined by GPC. Chromatograms obtained from refraction index detector (Figure S5B) for PEtOx after 16h and 24h of
reaction showed a defined shoulder at shorter retention times, indicative of bimodal molar mass distribution and the presence of high molar mass
polymers. On the other hand, when UV detector is applied (Figure S5C), the intensity of this shoulder increases as longer is the reaction time
(Figure S5D), suggesting the presence of chromophores in the polymer chains responsible for UV absorption (Figure S5E). Moreover, a slight

bathochromic shift occurs by increasing reaction time, from 322 nm (1h) to 328 nm (24 h).

C e
——16h
——24h
16 18 20 22 24 26 28 30 16 18 20 22 24 26 28 30 ) .
Retention time (min) Retention time (min) Figure S5. (A) Illustrative image
E NI ] of polymer color changes as a
) R/\(o 1?\1 1]\ R, °o l R function of time reaction. GPC
- 0 AR, LN - HO, /(N\/*NIO chromatograms for PEtOx: (B) IR
) | / \__/ Protontransfer '\ _/ _/ and (C) UV detectors. (D)
g R1/Yo ! I ) M\ Maximum of absorbance values
<
£ AN g “/_\Q el U AN (322 — 328 nm) of PEtOx aqueous
21 / I\’) S;( R/J%o 5 solution (20 mg mL"'). (E)
- R o 1 ol Mechanism of chain transfer
0 10 1 20 2 E, .
Time reacﬁo,f(hours) : ] /Q’o reaction, adapted from ref 8.
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Table S2. Molar mass of poly(2-ethyl-2-oxazoline)s determined by GPC and 'H NMR, yield over reaction time and thermal properties in bulk and

aqueous solution.

Target polymer Polymer Reaction Yield M, M, M,, D Toneti®C Trax’C Ty LCST*
time (h) (%) (HNMR) (GPC) (GPC)
PEtOx 00 PEtOx;¢6 1 96 5.000 10.604 12.831 1,20 344 421 54 87
PEtOx¢0 PEtOxs 3 95 7.000 10.545 11916 1,13 342 417 56 85
PEtOx¢0 PEtOx5; 16 95 6.100 12.376 14.480 1,17 342 426 45 84
PEtOx PEtOx33 24 97 5.900 13.379 14984 1,12 338 411 40 82

M,: number average molar mass, M,,: weight average molar mass, D: polydispersity index. Ty,°C : initial thermal degradation at the point of 5
% degradation. Ty, °C : temperature of maximum thermal degradation. T, : glass transition. LCST : lower critical solubilization temperature

* 20 mg mL-! aqueous solution

'"H NMR was also used to calculate molar masses of PEtOx and values estimated by NMR were remarkable lesser than those calculated by
GPC (Table S2). The molar mass determined by '"H NMR was estimated based on the integral ratios between 3.3 — 3.7 ppm (-CH,- of backbone)
and 2.7 ppm (-CHj; of initiator) (Figure S8). Results determined by GPC, in its turn, were recorded from a multidetector system using an absolute
pattern of polystyrene for calibration. These differences could be related to possible polymer aggregation in aqueous solution as concluded by Chen

et al. (1994)° from static light scattering (SLS).
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Figure S6. DSC second heating scan at 20 °C min™! for P(EtOx)s.
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Figure S7. HSDSC first heating scan at 1 °C min™! for P(EtOx);s aqueous solution (20
mg mL).

After the maximum (Figure S7), the curve decreases and do not return to the base
line. The same behavior was observed for thermoresponsive poly(diethylene oxide)
methyl ether methacrylate.!? Proteins have shown similar response, and this effect suggest

protein aggregation, followed by precipitation of the protein.!!
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Figure S8. 'H RMN spectrum for PEtOx o in D,O.

PEtOx was obtained with a molar mass of 10.6 kDa and dispersity of b = 1.20,
determined by GPC in chloroform.
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Figure S9. 'H RMN spectrum for P(EtOx-s-Ei) in D,0.

Hydrolysis degree was calculated from the ratio between CH, protons integral
from the backbone of ethylene imine monomer (Hc) over the one from ethyl oxazoline
monomer (Ha). Statistical copolymers were obtained with a partial hydrolysis degree of

5 and 10 %, named as P(EtOxgs-s-Eis) and P(EtOxgy-s-E1().
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Figure S10. Cell viability determined by MTS assay for P(EtOx-s-Ei)s after 24 hours
incubation with fibroblasts cell line NIH 3T3 with dispersions concentration of 0.1, 1 and
10 wt %. *Columns followed by the same letters do not differ significantly by the Tukey
test (p < 0.05).

POx grafting onto CNC surfaces
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Figure S11. Left — FTIR spectra for TEMPO oxidized CNCs and after PEtOx grafting
onto CNCs surface. Right — Ninhydrin test (purple color indicates the presence of primary
amines in solution — free polymers; yellow color indicates the lack of primary amines —

grafted polymers onto crystals’ surfaces).
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Figure S12. C1s XPS binding energy for TEMPO oxidized CNCs and CNC-g-PEtOx.
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Figure S13. Atomic force microscopy with infrared spectroscopy for pristine CNCs.
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Figure S14. Atomic force microscopy with infrared spectroscopy for PEtOx (control).

Thermal properties of CNC-g-POx
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Figure S15. (A) TGA and (B) dTGA curves for P(EtOxys-s-Eis)109, CNC-g- P(EtOxgs-s-
Eis)00 and pristine CNC.

S15



lendo

-0,2

-0,4

-0,6 4 —— P(EtOx,,-s-Ei,)
—— CNC-g-P(EtOx -s-Ei,)
— P(EtOx -s-Ei, )

—— CNC-g-P(EtOx,-s-Ei, )
-0,8 T T
50 100

Heat Flow (mW/mg)

Temperature (°C)

Figure S16. DSC second heating scan at 20 °C min! of P(EtOx-s-Ei)s and CNC-g-
P(EtOx-s-Ei)s.

Cytotoxicity in vitro assay
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Figure S17. Cell viability determined by MTS assay for CNC-g- P(EtOx-s-Ei1)s after 24
hours incubation with fibroblasts cell line NIH 3T3 with dispersions concentration of 0.1,
1 and 10 wt %. *Columns followed by the same letters do not differ significantly by the
Tukey test (p < 0.05).
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CNC-g-POx particles dispersion
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Figure S18. Size distribution for never-dried (A) pristine CNCs, (B) CNC + CNC-g-

P(EtOxos5-s-Eis) (10:1 w/w) at 0.01 wt %.
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Figure S19. Tan J values for (A) CNCs, (B) CNC + CNC-g-P(EtOxgs-s-Eis) (10:1 w/w)

dispersions at CNC concentration of 5 wt %.
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Figure S20. (A) Complex viscosity, (B) storage (G’) and (C) loss (G’”) moduli as a
function of oscillatory frequency for pristine CNC dispersion (0) CNC dispersion with
10 wt % CNC-g-P(EtOxys-s-Eis) (0), CNC dispersion with 10 wt % CNC-g-P(EtOxgs-s-
Eis) dispersed after freeze-drying (A) and CNC-g-P(EtOxgs-s-Eis) dispersion (V), at a

CNC final concentration of 5 wt %. * Dash dot are just a guide to the eyes.
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