Supplementary Information (Sl) for Materials Advances.
This journal is © The Royal Society of Chemistry 2025

Supplementary Information

Sensing of ultra-ppm level NO, gas via synergistic effects of Cr Doping and

E-Beam Irradiation in WQO; nanostructures

Anushal, Poornesh P'*, Vikash Chandra Petwal?®, Vijay Pal Verma?, Jishnu Dwivedi?
'Department of Physics, Manipal Institute of Technology, Manipal Academy of Higher
Education, Manipal, Karnataka, 576104, INDIA

Industrial Accelerator Section, PSIAD, Raja Ramanna Centre for Advanced Technology,
Indore 452012, M.P., INDIA

* Corresponding author.

Email addresses: poornesh.p@manipal.edu, poorneshp@gmail.com (Poornesh P)

S1. Structural insights from XRD
Various structural parameters, including crystallite size, strain, and dislocation density, were
calculated using the eqns. (S1)-(S3). Scherrer’s equation [1] was utilized to determine the

crystallite size (D), expressed as follows:

0921
D = fcoso (S1)

B denotes full-width half maximum (FWHM), @ is angle between the incident X-ray and the
crystal plane, and 4 is given as 0.154 nm for Cu-Ka source.

Dislocation density (6) and strain (€) [2,3] was computed using the following formulae,

1
§=D’ (S2)
B
€=4tand (S3)

S2. Bandgap studies
Absorbance studies of the Samples A, B and C were performed using UV-Visible

spectrophotometer. Fig. S1(a & b) indicates the absorbance spectra in the visible region and
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corresponding Tauc’s plot. Band gap values of the films were evaluated via Tauc’s relation,
wherein (ahv)? is plotted against incident photon energy [4]. Energy band gaps were estimated
as 3.22 eV, 3.10 eV and 3.13 eV for WO; (Sample A), Cr-WO; (Sample B), and EBI Cr-WO;

(Sample C), films, respectively.
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Fig. S1. (a) Absorbance spectra (b) Tauc’s plot of Samples A, B and C.

S3. NO, sensing measurements
The theoretical limit of detection (LOD) for the EBI Cr-WOs sensor was calculated by plotting

the sensor response against various NO, concentrations using linear regression (y = a + bx) and

applying eqn. (S4) [5].

LOD = 3%/s (S4)

Where, D is the standard deviation of the y-intercept and s is the slope of the calibration curve.
The results indicated that the theoretical limit of detection for the EBI Cr-WO; (Sample C)

sensor was 0.4 ppm.



Table S1. Comparison of NO, sensing data with literature.

Material Method Gas Operating Sensor Reference
Conc. | Temperatur | Response
(ppm) | e (°C)
In,O3 decorated | Hydrothermal & 200 300 28 [6]
WO, Thermal evaporation
Mesoporous One-step 200 250 99.78 [7]
WO; precipitation
Ag doped WO; | Soft chemical route 100 200 1.5 [8]
WO; Hydrothermal 100 200 2.25 [9]
nanoflowers
Annealed + RF Sputtering 0.5 200 6.7 [10]
Laser irradiated
WO;
EB irradiated Solution processing 10 RT 1.05 [11]
Pd-rGO & Thermal annealing
EB irradiated Spray pyrolysis 5 200 3.43 Present
Cr-WO; work
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