Appendix



Appendix

Al: Fractal dimensions

Table Al. Fractal dimensions were calculated from the local fractal dimension vs.

frequency plot using the box-counting method through the FE-SEM images.

Concentration Fractal Dimension

1 wt.% (24 h) 1.83
1.94
1.98
1 wt.% (48 h) 1.84
1.96
2 wt.% (48 h) 1.79
1.93
1.98
4 wt.% (48 h) 1.60
1.83
1.90
1.96

A2: Tensile measurements

Stress-strain plots of pure NaCMC, un-irradiated (0 kGy) and irradiated WS; at 10 kGy
and 35 kGy. The ultimate tensile stress (MPa), elongation (%), and modulus (MPa) of pure
NaCMC films are 3.59 MPa, 206 5, and 0.508 MPa, respectively.
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Figure Al: Stress vs. strain plot at a strain rate of 5 mm/min of WS,/NaCMC nanocomposite films
are plotted for (a) un-irradiated WS,, and vy-irradiated WS, at (b) 10 kGy, (¢) 35 kGy for pure

NaCMC and different concentrations of WS,/NaCMC nanocomposite films at 5 wt.%, 1 wt.% and
5 wt.%.
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A3: f-decay mechanism
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Figure A2: Decay scheme of f-source (Cesium-137).

A4: Raman spectra of f-irradiated WS: system
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Figure A3: Deconvoluted Raman spectra of f-irradiated WS, system fitted with a Lorentzian
function.
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AS: Pore size distribution analysis using BJH model
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Figure A4: Pore size distributions of bulk WS, exfoliated WS,, UV- and f-irradiated W'S,.

A6: Schematic representation of 15 keV He?" irradiated WS: system at normal and

oblique angle incidence
Schematic diagram of normal (vertical) incidences making an angle of 0° onto the sample

surface and oblique angle incidences, that was placed on a 35° slanting stand, creating a

55° angle between the incoming beam and the sample surface as shown in the scheme

below.
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Figure AS: The schematic representation of normal (0°) and oblique angle incidence (55°) of

projectile ions.
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A7: AFM details
The surface topography of the films was exploited by an atomic force microscope (AFM,
NTEGRA Prima®, ND-MDT Technology). The scanning was done in a semi-contact mode

with a Si tip of dia. 10 nm and with 2.5%2.5 um? scan area.

A8: SRIM/TRIM calculation details

The effects of collision cascades caused by ion irradiation were studied using TRIM
calculations, which trace the trajectory of each recoil atom until its energy falls below the
displacement threshold of the target atoms. In a WS, target, an energetic incident ion
generates a primary knock-on atom (PKA), which then initiates a cascade of atomic
displacements. This process results in the creation of vacancies and interstitial atoms. For
15 keV He?*" and 15 keV C** ions, calculations were carried out considering ~99,999 atoms
and a depth window of ~5000 A to predict the projectile ion range, ion concentration and
distribution profile, straggling effect and damage events, etc. TRIM simulations were
carried out for U** ions in a WS, target, considering full damage cascades involving

~5,000 atoms. The simulation utilized a plot window of ~40 pm and a cell width of 4000
A.

Here, WS> is the target matter whose density, considered for TRIM calculations, is
7.83 g/cm?, and the displacement energy of W and S in WS is ~25 eV. In the WS; system,
tungsten (W) constitutes 33.3% of the atomic composition and 74.1% of the mass, while
sulfur (S) makes up 66.6% of the atomic composition and 25.8% of the mass. Throughout

the calculation, the stoichiometric ratio of W to S in WS, was maintained at 1:2.
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Figure A6: SRIM/TRIM simulations of 15 keV He ions in WS, (a,b) lon distribution profile, (c,d)
total displacements/vacancies created with plot windows of depth 0 A to 5000 A (towards right)
for 0° and 55° incident angle, respectively. The red and cyan colour in the figure represent the
moving atoms, while the stopping atoms are denoted by green and blue. Note that the plot window

is considered up to a depth of 5000 A, as the incident ions penetrate from the left onto a target.
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Figure A7: SRIM/TRIM calculation with 15 keV C?* ion irradiation, 3D plots of (a) target
displacements and (b) recoil distribution vs. target depth. Note that the plot window is considered

up to a depth of 5000 A, as the incident ions penetrate from the left onto a target.
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A9: Migration barrier calculations
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Figure AS8: Migration of S (a-d) and C (e-h) atoms in the WS, system. Panels (a—d) and (e-h)
illustrate the initial, intermediate (4™ and 7™ out of 10 total images), and final stages of the

migration process for sulfur and carbon atoms, respectively.

A10: XPS survey scans of bulk and exfoliated WS: before and after irradiation with
0.85 GeV U?* ions

(a)

(b)

J1x10""ions/cm? .
] 11x10'ions/cm?
(&)
™~
<
- a2 = -
[7,]
“ ~
(%]
- (&) <t
- J 3
s =
4 wv
- -
3 3
A &
> PR SR WU RS 2‘ 1 e
2 |Pristine WS, (bulk) a
9 & | Pristine WS, (exfoliated)
£ £
1 L L 1 1 4 1 L 1 L L
1200 1000 800 600 400 200 O 1200 1000 800 600 400 200 O

Binding energy (eV) Binding energy (eV)

Figure A9: XPS survey scans of (a) bulk and (b) exfoliated WS, with 0.85 GeV U**ions at fluence

1x10" ions/cm?.

224



Appendix

A11: Deconvoluted plots of steady state PL spectra of bulk and exfoliated WS: before

and after irradiation at a fluence of 1x10'!ions/cm?, acquired at specific temperatures
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Figure A10: Deconvoluted plots (using the Gauss fitting function) of (a-c) exfoliated WS, without

irradiation (pristine), and (d-f) bulk and (g-i) exfoliated WS; after irradiation at a fluence of 1x10!"!

ions/cm?, acquired at 10 K, 90 K, and 160 K, respectively.
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A12: Bar plot of power law index, m, against different shear rate ranges of un-
irradiated WS: and y-irradiated at 10 kGy and 35 kGy
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Figure A11: Bar plot of (a) power law index, m against different shear rate ranges, (b) showing
variation of power index m of exfoliated WS, system both before and after y-irradiation till 20 s,

40!, 605!, 120", 460 s, and 1000 s
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List of Conferences/Workshops attended
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