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The Table S1 below summarizes the different fractal structures used for gas sensing applications. 

Table S1: Details of fractals used for sensing various gases under specific conditions.  

Shape of Fractal Size or fractal 
dimension 

Material Synthesis 
Technique 

Gas sensed Characteristics Type 
of 

Sensor 

Reference 

Fine 
dendrite-like 
nanocrystals 

 1.896 at 300 °C 
1.884 at 350 °C 
1.865 at 400 °C 
1.818 at 450 °C 

SnO2 Sol–gel method 
& pulsed laser 
deposition (PLD) 
technique 

Carbon 
monoxide 
(CO) 

Conc. Range 25-500 
ppm, the sensitivity 
increases with 
increasing CO conc. 
and decreasing 
fractal 
dimension 

Thin 
Film 

[1] 

Net-like 
nanocomposi
te  
 

 Particle size 10-1000 
nm 

SiO2-
SnO2 
ZnO-
SiO2 

Sol–gel method Acetone and 
ethanol vapors 

Conc. 1000 ppm, 
Sensitivity to gas-
reagents is S > 20  
 

Thin 
film 

[2] 

Fractal-like 
network 
structure 

 ------ TiO2 Chemical vapor 
deposition 
(CVD) technique 

Acetone 
sensing 

Conc. Range 1.2 and 
12.5 ppm, Response 
time 12 s and 
recovery time 174 s, 
High repeatability 
(>98%) in UV- 
illuminated condition 

Conduc
tometri
c 
device 
with 
finger 
electro
des  

[3] 

Fractal 

 1.8 TiO2  A flame spray 
pyrolysis set up 
used for the TiO2 
fractal formation. 
Gold plasmonic 
metasurfaces 
were obtained 
through a hole-
mask colloidal 
lithography 
technique 

Ethanol, 
acetone, and 
toluene  

Localized surface 
plasmon resonance 
shifts against the 
temperature leads to 
an overall 
exponential decay 
trend with decay rates 
depending on the 
analyte 
τ ethanol = 26 ± 3 °C       
τ acetone = 7.4 ± 0.3 °C 
and τ toluene = 12 ± 3 
°C 

Film [4] 
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3D 
hierarchical 
flowerlike 
ZnO 
superstruct
ures (highly 
dendritic 
and loose 
structure) 

  
----- 

ZnO Hydrothermal 
method 

Ethanol and 
methanol 

The flowerlike ZnO is 
more sensitive than 
the ZnO 
microparticles for 
detecting ethanol and 
methanol. It showed 
dynamic response–
recovery curve. It can 
be seen that the 
sensor response 
amplitude of 
flowerlike ZnO to all 
gas concentrations 
are much higher than 
those of ZnO 
microparticles. 

Thin 
Film 

[5] 

Nanodendri
tes and 
nanowires 

 The lengths of 
The nano dendrites 
are in the range 72–
97 nm, which are the 
same as the 
diameters of the 
nanowires. The 
lengths of the 
nanowires are in the 
range of 3–9 µm. 

SnO2 Evaporation–
condensation 
method 
with VLS growth 
technique 

Nitrogen 
dioxide (NO2) 

The highest sensor 
sensitivities for 10, 
15, 25 and 50 ppm of 
NO2 conc. are 40, 56, 
83 and 121, 
respectively & 
response time at 
optimum temp. at 
200°C, to be 39, 27, 
15 and 6 s for same 
conc. 

Thin 
Film 

[6] 

Christmas-
tree-like 
structure 

 The trunks have 
lengths in the range 
6–10 µm with dia. 
varying from 190 nm 
to 200 nm, and the 
branches have 
lengths in the range 
1–3 µm with dia. 
varying from 150 nm 
to 180 nm. 

Zn 
doped 
NiO 

An electrolytic 
approach 
combined with 
subsequent high 
temperature 
oxidation 

Ammonia 
(NH3) 

The sensor with 
doped NiO dendritic 
crystals gave 5–8 
times faster 
responses and 30–50 
times faster recovery 
speeds than the 
sensor with pristine 
NiO 
dendritic crystals 

Interdig
itated 
electro
de 

[7] 
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Dendrites 

          The multilevel 
branches are 
composed of 
well-oriented 
nanorods with 
diameters ranging 
from 
60 to 800 nm 

ZnO Cu catalytic 
Vapor-Liquid-
Solid -VLS-
growth 
process 

Hydrogen 
sulfide (H2S) 

Response for 500 
ppm of H2S is 26.4 at 
30 °C temperature. 
The response time 
and recovery time are 
about 15–20 and 30–
50 s, respectively. It 
also showed higher 
selectivity towards 
other gases. 

Two 
ends of 
the 
single 
dendrit
e 
were 
fixed by 
conduct
ive 
silver 
paste 
on the 
oxidize
d silicon 
substra
te 

[8] 

Dendrites 

 The length of leaf-like 
SnO2 was about 11-
15 μm 

SnO2 Facile template-
free 
hydrothermal 
synthesis 
method 

Nitrogen 
dioxide (NO2) 

Leaf-like SnO2 
materials exhibits an 
excellent selectivity to 
NO2 against the other 
tested gases. The 
response time and 
recovery time to 500 
ppb NO2 are resp. 
about 10 and 46 min. 
The sensor exhibited 
good stability during 
the test for 30 days. 

Alumin
a tube 

[9] 

Dendrite-
like 
hierarchical 
structure 

 The SiNWs with a 
length of about 35 µm 
& WO3 nanowires as 
branches with a 
length of about 0.6-1 
µm  

Compos
ite array 
of 
SiNWs 
and 
WO3 
NWs 

Metal-assisted 
chemical etching 
(MACE), 
through thermal 
annealing of pre-
deposited W film 
(RF magnetron 
sputtering 
technique) 

Nitrogen 
dioxide (NO2) 

Fast response and 
recovery, especially 
transient response 
with response time 
less than 1s are 
achieved upon 0.5-5 
ppm NO2 exposure at 
room temperature. 

Silicon 
substra
te 

[10] 

https://www.sciencedirect.com/topics/engineering/magnetron
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Mixed 
morphology 
of nanowires 
and 
nanodendrit
es 

 The NWs with the dia. 
of 50-150 nm and the 
length of a few 10 µm. 
The nanodendrites 
were about 100-300 
nm in diameter. 

SnO2 
and 
carbon 
powder 

Carbothermal 
reduction of 
SnO2 in closed 
crucible 
(Horizontal 
alumina tubular 
furnace was 
used) 

Ethanol The sensor response 
was 120 for 1000 
ppm of ethanol conc. 
at 360°C. Response 
time was in the range 
of 1-10 s. Recovery 
time was in the range 
of 10- several 
hundred s. 

Gold-
coated 
alumina 
Substra
te 
(Film) 

[11] 

Hyperbranc
hed 
Structure 

 500 nm –1µm Monocli
nic 
bismuth 
vanadat
e 

Hydrothermal 
Treatment 

Ethanol and 
formaldehyde 

Higher sensitive to 
ethanol than 
formaldehyde at 
room temperature 

----- [12] 

Pine 
dendritic 

 400 nm–2 µm  BiVO4 / 
rGO 

Hydrothermal 
Treatment 

Triethylamine Response = 5.9, 
response time = 11.4 
s, recovery time = 
67.2 s at 180°C with 
excellent selectivity 
and long-term 
stability. 

----- [13] 
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