
 

 

 

 

 

Figure S1. Sensors performance measurement setup. 
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Figure S2. FTIR spectra of the (A) synthesized ZnO nanostructures, i.e., nanoflowers (N.F.), 
nanosheets (N.S.), nanorods (N.R.), and nanoparticles (N.P.); (B) candle soot, and (C) purchased 
cellulose acetate respectively. 
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Figure S3. BET isotherm. 

 
UV-vis diffuse reflectance  
 

The UV-vis diffuse reflectance spectra and respective bandgap energies of the as-
synthesized ZnO nanostructures are shown in Figure S3a and b, respectively. The dif-
fuse reflectance spectra of the nanoparticles, nanorods, nanosheets and nanoflowers 
showed a sharp increase in reflectance at 378 nm, 374 nm, 371 nm, and 381 nm, respec-
tively. The measured reflectance spectra were transformed to the corresponding absorp-
tion spectra by applying the Kubelka−Munk function (F(R) = (1 − R)2/2R) and plotted 
against the photon energy [1]. The bandgap energy was estimated from the x-axis inter-
section point from the extrapolation of the linear increase of light absorption with in-
creasing energy, as displayed in Figure 4. The estimated band gap energy of the nano-
particles, nanorods, nanosheets and nanoflowers ( see Table S1) corresponds to the vio-
let-blue region of the electromagnetic spectrum [2]. The band gap of ZnO crystal at room 
temperature is 3.3 eV [3]. As expected, though, the band gap energies of the different 
morphologies of the ZnO nanostructures were not the same because band gap energy 
depends on the morphology and crystal size [4]. The band gap energies of the ZnO 
nanostructures show an increase with a decrease in crystal size (calculated from the XRD 
results). The results agree well with the reported values [5]. At the nanoscale, the over-
lapping energy levels spread to become more quantized, widening the band gap in the 
materials [4]. 

Table S1. Band gap energy (Eg), Average crystallite size (d) and surface area (A) of nanostruc-
tured oxides. 

ZnO morphology 
Bandgap 

(eV) 
The average crystal-

lite size (nm) 
surface area (m2g-

1) 
Nanoflower 3.20 44 1.3 

Nanoparticles 3.27 35 6.7 
Nanorods 3.29 41 12.7 
Nanosheet 3.32 28 26.8 

 

The UV-vis diffuse reflectance spectrum of the generated candle soot shows a 
broader reflectance band and a band gap energy of 2.92 eV (Figure S3). The diffuse re-
flectance spectrum of the purchased cellulose acetate demonstrates a sharp increase in 
reflectance at 227.8 nm, corresponding to an estimated band gap energy of 5.35 eV (Fig-
ure S3). 



 

Figure S4. UV-vis diffuse reflectance spectra and bandgap energy values of the (a) synthesized 
ZnO nanostructures, i.e. nanoflowers (N.F.), nanosheets (N.S.), nanorods (N.R.), and nanoparticles 
(N.P.); (b) candle soot, and (c) purchased cellulose acetate. 
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Figure S5. Dynamic response and recovery curves 3:1:1 mass ratio towards ethanol vapor (a) na-
noparticles and (b) calibration curve; (c) nanorod and (d) its calibration curve;  (e) nanoflower (f) 
its calibration curve;. 
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Figure S6. Dynamic response and recovery curves 2:1:1 mass ratio towards ethanol vapor (g) na-
norod and (h) calibration curve; (i) nanosheet and (j) its calibration curve;  (k) nanoflower (l) its 
calibration curve;. 
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Figure S7. Dynamic response and recovery curves 1:1:1 mass ratio of towards isopropanol va-
por(a) nanorod and (b) calibration curve; (c) nanosheet and (d) its calibration curve;  (e) nanoflow-
er (f) its calibration curve;. 
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Figure S8. Static response and recovery curves 1:1:1 mass ratio of towards methanol. 

 

Table S2. Summary of the performance of the fabricated sensors when detecting ethanol vapour. 

Sensor name Sensitivity 
(Ω ppm-1) 

Response time 
(min.) 

Recovery time 
(min.) 

3:1:1-NP 4.3204 2.97 2.19 
3:1:1-NR 0.3966 6.38 1.20 
3:1:1-NS 0 0 0 
3:1:1-NF 0.8520 2.41 2.81 

    
2:1:1-NP 0 0 0 
2:1:1-NR 1.3350 3.33 3.10 
2:1:1-NS 0.3362 1.86 3.52 
2:1:1-NF 0.5643 1.46 3.34 

    
1:1:1-NP 0 0 0 
1:1:1-NR 2.3007 2.92 2.09 
1:1:1-NS 1.1067 2.08 3.35 
1:1:1-NF 1.9670 3.50 3.39 

 

Table S3. Summary of the performance of the fabricated sensors when detecting isopropanol va-
por. 

Sensor name Sensitivity 
(Ω ppm-1) 

Response time 
(min.) 

Recovery time 
(min.) 

3:1:1-NP 3.4539 1.73 2.25 
3:1:1-NR 0 0 0 
3:1:1-NS 0 0 0 
3:1:1-NF 0 0 0 

    
2:1:1-NP 0 0 0 
2:1:1-NR 0.8077 2.38 2.72 



2:1:1-NS 0.5070 2.48 1.45 
2:1:1-NF 0 0 0 

    
1:1:1-NP 0 0 0 
1:1:1-NR 0 0 0 
1:1:1-NS 0,8780 3.35 3.28 
1:1:1-NF 2.4753 3.07 3.00 
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