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In the low strain portion of the curves, all the films obey Hooke’s law to a reasonable
approximation, such that stress is proportional to strain. Therefore, it is represented as a linear

region in the curve (See insets in Figures S3-S7). The slope of this linear region is quantified

as F, as seen in Equation S1:

E =

(2
&

(Equation S1)

where E is Young's Modulus (MPa), ¢ is the uniaxial stress (MPa), and & is strain

(dimensionless).
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Figure S3. Stress-strain curves for pure BMF, PVA and PEO.
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Figure S4. Stress-strain curves and linear fitting (insets) of composites A, B and C.
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Figure S5. Stress-strain curves and linear fitting (insets) of composites D and E.
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Figure S6. Stress-strain curves and linear fitting (insets) of composites A1, B1 and C1.
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Figure S7. Stress-strain curves and linear fitting (insets) of composites D1 and E1.
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Figure S8. Thermograms for (a) pure BMF with A-E composite films and (b) pure PVA with

A-E composite films.
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Figure S9. Thermograms for (a) pure BMF with A1-E1 composite films and (b) pure PEO with

A1-El composite films.
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Figure S10. Images depicting the visual transparency of films A-E and AI1-EI.
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Figure S11. Transmission spectra of films (a) A-E and (b) A1-E1 compared to pure BMF, PVA

and PEO.
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Figure S12. TEM micrographs of AgNWs with a scale bar of 2000 nm (a and b) and size
analysis distribution graphs of the (¢) AgNW widths and (d) AgNW lengths.
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Figure S13. MCE membrane filters with AgNWs.

Figure S14. Transfer paper with AgNWs.

Figure S15. BMF-polymer composite film, (C and C1) coated with varying AgNW loadings.
12
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Figure S17. FT-IR spectra of the pure BMF, pure PVA and composite films A and E.
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Figure S18. FT-IR spectra of the pure BMF, pure PEO, and composite films Al and E1.
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Figure S19. XRD diffractogram of BC and BMF.

AgNW UV-vis Charcerisation:

UV-vis spectroscopy is a simple and sensitive technique used to characterize the formation of
synthesized Ag nanoparticles.'! A unique phenomenon called surface plasmon resonance
(SPR) occurs when Ag is exposed to incident light. Surface plasmon resonance arises when free
conduction electrons on the silver metal surface collectively oscillate when excited by light at
specific wavelengths.?l The collective oscillations of the free electrons can either cause strong
scattering or resonate with the light wave, resulting in the absorption of light at a particular
wavelength.l!3] The absorption profile of Ag nanoparticles depends upon the size and
morphology of the synthesized nanoparticle, i.e., sphere, rod, cube, wire, film, etc.!?] Figure S20
displays the UV-vis spectra of AgNWs in EtOH at different concentrations. An absorption peak
at 453 nm and a characteristic shoulder at 355 nm confirmed the formation of the AgNWs.[4>]

These peaks were observed for all concentrations and showed increased absorption with

increasing AgN'W concentration.
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Figure S20. UV-vis spectra of AgNWs in EtOH at varying concentrations.

(ahv)" = K (hv — Ey) (Equation S2)

where a is the absorption coefficient, h is Planck’s constant, v is the photon’s frequency, K is

an energy-dependent constant, Eg is the bandgap, and the exponent n represents the nature of
the transition and may take on values n = %, 1,% or 2, depending upon the nature of the

electronic transitions (i.e., allowed or forbidden) responsible for the absorption. The direct
optical energy bandgap (Eg) was estimated by extrapolating the linear portion of the curve
(ahv)? against (hv) for direct allowed transition to the point where ahv = 0 as shown in Figure

S21. Using n = 2, the Eg of the AgNWs was observed at 2.01 eV.
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Figure S22. Optical transmission of BMF-polymer-AgNWs films with different Ag loadings.
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Figure S23. XRD diffractogram of AgNWs.

The FCC theoretical lattice constant (a) was calculated for the AgNWs using the following

formula (6!

4xr 4 x0.144

Theoretical lattice constant,a = D= g = 0.4073 (Equation S3)

where 1 is the atomic radius of the atoms in the unit cell. The atomic radius of Ag is 0.144 nm.
The experimental a is calculated using the d-spacing parameter from the most intense peak

(111) of the diffractogram using this formula reserved for cubic structures:

2 2472
Lo hlerl (Equation S4)

d? a?
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Table S1. Diffraction peaks for pure BMF, pure PVA, composite films A-E and crystallinity

index of cellulose in BMF and composite films A-E.

20(° Crl (%)
Films PVA peaks Cellulose peaks (for cellulose)
(101 and (101) [ (200) | (101) | (101) (200)

BMF - - 14.45 16.78 22.94 99.00
PVA 19.48 20.84 - - - -

A 19.89 - 15.22 16.55 23.01 83.75

B 19.80 - 15.08 16.60 22.83 81.49

C 19.72 - 15.00 16.76 22.74 78.12

D 19.80 - 15.36 16.76 22.86 76.48

E 20.13 - 15.25 17.10 23.08 72.30

Table S2. Diffraction peaks for pure BMF, pure PEO and composite films A1-E1.

200
Films PEO peaks Cellulose peaks
(120) (111) (101) (101) (200)
BMF - - 14.45 16.78 22.94
PEO 19.35 23.59 - - -
Al - - 15.06 16.59 22.88"
Bl - - 15.19 16.84 23.07"
C1 - - 15.04 16.37 23.11°
D1 - - 15.09 16.66 23.14"
El 19.66 - 15.18 16.66 23.16"

*peaks could not be deconvoluted for accurate plane assignment between the (1 1 1) plane of PEO and the (2 0 0)

plane of BMF.

The crystallinity index (Crl%) evaluates the amount of crystalline and amorphous content
within the cellulose samples.[”! The method used was developed by Segal ef al. and calculates
the percentage crystallinity by using the ratio of the height of the most intense peak (Zmax, which
represents the crystalline part of the BMF film) and the minimum height between the /. and
the adjacent peak (/um, represents the amorphous part of the BMF film).[!) From Table S1,
although the samples show high crystallinity percentages, a decrease in crystallinity is observed
with an increase in the PVA weight percentage, which is expected. The Cri% of cellulose in

films A1-E1 could not be calculated due to the ambiguous nature of the (2 0 0) peak.

Table S3 further displays calculated d-spacing (d) and crystallite size (L) parameters of the BC

and BMF films. These parameters could not be accurately determined for the other films due to
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their composite nature. Although there has been precedent for calculating the average crystallite
size using the Scherrer equation, there are issues concerning the curve fitting ranges and the
size and placement of the amorphous halo of the cellulose.[! The d-spacing between the BC
and BMF displays little variation and indicates that the planes of the BMF remain relatively
unchanged after alkaline and acid hydrolysis treatment. The Scherrer equation (Equation S5)

was used to determine crystallite sizes:

Using the (0 0 2) diffraction peak for BC and BMF, the crystalline sizes were evaluated using

Scherrer’s equation:

K.A
T. cos@

B = (Equation S5)

Where B is the full width at half maximum (FWHM) of the XRD peaks, k = 0.94
(dimensionless shape factor), A is the wavelength of the incident X-rays, 7 is the crystallite size,

and 0 is the diffraction angle corresponding to the planes.

The BC presented with a crystallite size of 6.09 nm. In comparison, BMF had a decreased
crystallite size of 4.54 nm, suggesting that the concentration of H2SO4 (60 wt.%) and/or the
hydrolysis duration affects the crystallite size of the resultant BMF.[1%] The molecular chains of
the BC may be rearranged during acid hydrolysis, and these rearrangements could result in

smaller crystallite sizes.[!!]

Table S3. d-spacing and crystallite size computed from the XRD patterns for BC and BMF

films.
Films Peaks (26)° d (nm) L (nm)
14.67 0.6081
BC 16.79 0.5319 6.09
22.76 0.3894
14.45 0.6124
BMF 16.86 0.5255 4.54
22.94 0.3872
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Table S4. Young modulus (£) and yield strength (cY) derived from stress-strain curves of all

films
Young modulus | Yield strength | Film | Young modulus | Yield strength

(MPa) (MPa) (MPa) (MPa)

BMF 74.13 73.96
A 54.56 41.36 Al 62.34 36.12
B 41.02 16.32 Bl 57.38 21.79
C 22.70 12.39 Cl1 46.58 17.66
D 15.84 9.544 Dl 39.14 8.643
E 14.22 8.715 El 35.45 7.497
PVA 2.155 4.122 PEO 4.303 5.583

Table S5. Major decomposition temperatures extracted from TGA thermograms.

Films Major decomposition temperature (°C)
BMF 220
PVA 227
A 190
B 188
C 188
D 188
E 187
PEO 339
Al 216
BI 213
Cl 213
D1 213
D1 213
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Table S6. Diffraction peaks for AgNWs, BMF-polymer films (C and C1) and, BMF-polymer-
AgNWs films (C+0.20 AgNWs, C+0.40 AgNWs, C1 +0.20 AgNWs and C1 +0.40 AgNWs).

20(°
Sample PVA peaks PEO peaks Cellulose peaks Ag peaks
101) [ 200 [a20) [ @1 |[@aon [ @01 [@o00)| (111)[200)
(101)
AgNWs 38.29 | 44.50
C 19.72 - 15.00 | 16.76 | 22.74
Cl - - 15.04 | 1637 |23.11"
C+0.20 19.71 - 15.03 | 16.73 | 22.73 | 38.20 | 44.45
mg Ag
C+0.40 20.03 - 15.13 | 17.10 | 23.08 | 38.22 | 44.43
mg Ag
Cl1+0.20 - - 15.00 | 16.31 |23.07° | 38.18 | 44.47
mg Ag
C1+0.40 - - 15.03 | 16.39 |23.07" | 38.27 | 44.47
mg Ag

*peaks could not be deconvoluted for accurate plane assignment between the (1 1 1) plane of PEO and the (2 0 0)

plane of BMF.

Table S7. Ratios of BMF to polymer in the composite films.

) BMF Polymer Total weight of film
Ratio of 1
(10 mg mL") (5 wt%) Expected Actual
BMF: Polymer
Polymer mL mg pL mg mg mg

Reference | 100: 0 5.0 50 0 0 50 49.84 £+ 0.06
A 90: 10 4.5 45 100 5 50 49.89 £ 0.01
B 80: 20 4.0 40 200 10 50 49.95 + 0.05
C 70: 30 3.5 35 300 15 50 49.97 £ 0.06
PVA D 60:30 3.0 30 400 20 50 50.02 £ 0.05
E 50:50 2.5 25 500 25 50 50.06 £+ 0.06
Al 90: 10 5.0 50 100 5 50 49.83 £ 0.06
B1 80: 20 4.5 45 200 10 50 49.93 + 0.06
PEO Cl1 70: 30 4.0 40 300 15 50 50.03 + 0.06
D1 60:30 3.5 35 400 20 50 49.87 £ 0.05
El 50:50 3.0 30 500 25 50 50.07 £ 0.06
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Table S8. Varying amounts of AgNW used to coat the optimised BMF-polymer films (C and

Cl).
Amount of AgNWs to be | Volume of AgNW stock | Volume of ddH20 | Final volume

transferred to film (mg) soln. required (puL) added (mL) (mL)

0 0 25.00 25.0

0.10 100 24.90 25.0

0.15 150 24.85 25.0

0.20 200 24.80 25.0

0.30 300 24.70 25.0

0.40 400 24.60 25.0

0.50 500 24.50 25.0

Table S9. Elemental composition of the BMF-polymer-AgNWs films.

[1]

Films Elemental composition (%)
C O Ag
C+0.20 mg AgNWs 8.22 1.89 89.89
C + 0.40 mg AgNWs 3.94 - 96.04
C1 +0.20 mg AgNWs 9.51 - 90.49
C1 +0.40 mg AgNWs 3.98 - 96.02
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