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1. SANS and VSANS studies of native BC

The g-dependences of the SANS/VSANS cross-sections for the NGF of native BC are
presented in Figure 2 (in the paper body text) in log-log scale. As can it be seen from this
figure, the neutron scattering curves of the native cellulose show two sections obeying the
power law and a well-defined peak.

In SANS experiment, the power-law dependence of cross section is observed in a
certain g-region g>1/R, where R is the characteristic scale of a structure level of the system.
At this time, its fractal dimension is determined by the exponent of power m, or, more
precisely, by the deviation from the Porod asymptotic dependence (m = 4) [S1]. Mean-
while, the crossover point g allows to calculate the characteristic scale R of scattering het-
erogeneity of observed structure level. It could be done by using the Guinier approxima-
tion [S2,53].

Generalized Guinier/Porod approximation

For an approximation of the SANS data, we used an empirical model [S4], in which
multiple Guinier and Porod regions can be identified, as:
_ R5Q?
Q) =160 ew (-5) 0@ (S1)
be™ Q=20

where G is the exponential (Guinier) prefactor, s is a dimension variable, R, is a
Radius of gyration, m is a Porod exponent. I
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The prefactor D, and together with the quantity @, are obtained from the continuity
conditions of the Guinier and Porod terms as well as of their derivatives. They can be
written explicitly as:

1
Q= V=53 -5)/2
9

and respectively:

D= Gexp (— Rf_iz) .

The first term in Eq. El is the generalized Guinier law, which is a determining
method for calculating the sizes of scattering objects of any shape in the region of small Q
(QR,4 < 1). For 3D globular objects (such as spheres), s = 0, and one recovers the standard
Guinier formula. For 2D symmetry (such as for rods) s = 1, and for 1D symmetry (such as
for lamellae or platelets) s =2 [S5,56]. The fractal dimension, D, and equilibrium structure
qualities were evaluated from a relatively larger Q region using the Porod low — the sec-

ond term in Eq. S1

Unified global scattering function

The data from VSANS, SANS and SAXS demonstrate a behavior that is typical for
scattering of systems with hierarchical multilevel structure [S3,57]. In such structure, large
particles are formed by smaller particles or systems consisting of a few different types of
heterogeneities. Therefore, for the analysis of neutron data the following formula was
used in the frame of the unified global scattering function for three structural levels, and

for the general case can be written as [S3,58]:
2p2

dx(@) a*Rg; PR3-\ [Cerf(aRgi/NE)?|™
2 = 3G exp (5 + Brewp (- T ) [ )+ line, (82)

where i is the hierarchical level in the system (from 0 to ) [S8]. In the common case
formula (6) stipulates availability of four free arguments for each structure level: Rqi — ra-
dius of gyration of i level, ni — power exponent which corresponds to the fractal dimen-
sion of i-level heterogeneity, Gi— Guinier prefactor, Bi — power prefactor. The experimental
curves of the differential cross sections dX(q)/dQ2 versus q were fitted by the least mean
squares method over the entire measured g range. Variables g and 4" are renormalized
using the error function, erf (x), in the power laws as follows:

q; = q/[erf (kqRg;/N6)]*. (S3)

This procedure allows one to correctly describe the behavior of the neutron scattering
intensity, I(g), in the “intermediate” interval between gqR; <1 (Guinier approximation) and
gRg >> 1 (asymptotic g). The experimental data are approximated using the method of
least squares.

Quadratic Lorentzian function

It can be seen that in small g at the second structural level (see Tables 1 and 2 in the
main paper), linear dependencies on a double logarithmic scale are observed (see Tables
1 and 2), with the slope of n2 for the curves from 1.95 to 2.86. The model of the Porod
exponent, 1z, in the interval of minimum transmitted pulses was used. The scattering in-
tensity I(g) is calculated as [47]

I(q) =A/(@R)™ + C/[1 + (19 — Gmax|RI?)* + B, (§4)

where A is the Porod law scale factor; m is the Porod exponent; R is correlation size of
Porod-law scattering inhomogeneities; C is the Lorentzian scale factor; R, is the screening
length, and B is the flat background.

2. SEM

As can be seen from the SEM images in Figure Sla, the morphology of the air-dried
NGEF of BC constitutes a dense network [46] with BC nanoribbons tightly adhering to each
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other. The nanoribbons themselves are on the order of micrometers long, representing
nanofibrils assembled in bundles. In width, the nanoribbons vary up to hundreds of na-
nometers. It can be seen in the micrograph that the nanoribbons are twisted along their
length. This allows ones to estimate their thickness to be a few tens of nanometers. Figure
3a (in the main paper) shows the several structure elements obtained from VSANS/SANS
for the NGF of bacterial cellulose in a native state. So, the SAS data obtained are in good
agreement with the electron microscopic study.

Figure S1b shows a surface micrograph of the BC/PVT composite obtained by drying
the corresponding hydrogel.

TM3000_0453 2023/10/03 F D72 x1.0k 100um

Figure S1. The SEM microphotograph for an air-dried nano-gel film of BC (a) and a composite of
BC and PVT (b).

Based on SEM image mapping data by EDX method (Figure S2), the elemental com-
position of BC/PVT composites obtained by air-drying from hydrogels was calculated.
Table S1 shows the results of the elemental composition calculation for the elements: C, N
and O from the distribution (Fig. S2b).
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Figure S2. The SEM microphotograph for a composite of BC and PVT (a) and element distribution
plot for this composite (b). Orange stands for C, green does for N, and lilac for O.

Table S1. Element distribution for a composite of BC and PVT

Element Series | Norm. wt.% | Atom. wt.%
Carbon K 45.1 49.7
Nitrogen K 40.4 38.2
Oxygen K 14.6 12.1

Figure S3 shows the mapping results for each of the three elements: C, N and O for
the BC/PWT composite for the selected site (Fig. S2a).
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Figure S3. The mapping SEM microphotograph for a composite of BC and PVT with color high-
lighting (a) and the element distribution maps for the selected region (b). Orange (C-KA)) stands
for C, green (N-KA) does for N, and lilac (O-KA) for O.

2. XRD for composite nanogels

Air-dried native bacterial cellulose nano-gel film was investigated by XRD method
(Fig. 54). BC displays characteristics of highly crystalline, Ia-rich cellulose [S9]. Iat corre-
sponds to a one-chain triclinic P1 unit cell: a=6.717A, b=5.962 A, c=10.400 A, o = 118.08°,
3 =114.80° and vy = 80.37° (4114382.cif store at COD) [S10].
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Figure S4. XRD an air-dried nano-gel film of BC (a), PVT (b), and a composite of BC and PVT (c).
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X-ray diffraction for the PVI/BC composite obtained by air drying of the composite
hydrogel is shown in Fig. S4c. Against the background of the amorphous signal from the
PVT film (Fig. S4b), the presence of crystalline BC reflections (Fig. S4a) is hardly visible
due to the insignificant by volume cellulose content in the composite — about 4%.
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