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The growth of the NiO ALD film was initially monitored by spectroscopic ellipsometry (SE) on the
well-cleaned silicon wafers, which were coated in the ALD chamber at the same time as the SnO,
nanowires. The obtained data were fitted to the optical model using the SpectraRay 4 software. A
statistical correlation exists for metal-based thin films between the optical constants and thicknesses
when fitting an optical model to the ellipsometric data values.! The comparison and the fits of
ellipsometric data obtained by the NiO coated silicon wafers and the non-coated silicon wafer
confirmed the success of the ALD process. It can be seen, in the data fits, that the curves move
consistently to a comparatively lower delta (A) values with increasing the number of ALD cycles. The
growth per cycle (GPC) was calculated by the slope of the linear fit of the thickness of the NiO film
deposited vs. the number of ALD cycles on Si/SiO, wafers. It shows a linear growth (R? = 0.976),
evidencing the linear behavior with a growth per cycle (GPC) of 0.37 A/cycle (Figure S1b).
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Figure S1. (a) Spectroscopic ellipsometry curves (Delta 4(A)) for the non-coated and the NiO coated
Si/SiO, wafers with various numbers of NiO ALD cycles, showing the systematic film thickness
increase with increasing the number of ALD cycles, (b) linear fit of the NiO thickness with the number
of ALD cycles estimated on the silicon wafers and SnO, nanowires by spectroscopic ellipsometry
(Blue) and the transmission electron microscopy (Black), respectively.
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The crystalline structure of the pristine SnO, NWs and SnO,/NiO-X CSNWs was further investigated
by GIXRD. The as-synthesized SnO, nanowires show a diffraction pattern, which matched-well with
the cassiterite phase of SnO, (ICDD 00-001-0625). The SnO,/NiO-X samples shows diffraction pattern
mainly attributed to the SnO, and alumina substrate (Figure S2). The XRD peaks of NiO are less
pronounced due to the low film thickness (ca. 1.9 8 nm) and the small crystallite sizes. This is
consistent to the already reported XRD patterns for the NiO coated carbon nanotubes (NiO/SCCNTSs),
where the CNTs coated with 25 100 ALD cycles (ca. 0.8 4 nm) showed no clear reflections of the
NiO, whereas the sample with 200 ALD cycles showed some week reflections that were assigned to
the NiO rock-salt structure.?3 Moreover, the most intense 111 and 200 reflections of the rock salt
structure overlap with the reflections from SnO, and alumina substrate. On the other hand, the peak
at 27.8° can be distinguished in the Sn0,/NiO-200 samples measured at low incident angle, w=0.5
(ICDD 01-075-0197). The signals marked with asterisks (*) are the background traces by the alumina
substrate.
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Figure S2. GIXRD traces for the pristine SnO, NWs and NiO coated SnO, CSNWs with 100 and 200 ALD
cycles.
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Figure S3. Gas-sensing response of the sensors fabricated with pristine SnO, nanowires and

Sn0O,/NiO-X CSNWs heterostructures towards acetone (50 ppm), ethanol (300 ppm) and H, (200
ppm) in dry air at various temperatures.
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Figure S4. Response of the sensor fabricated with SnO,/NiO-100 CSNWs heterostructures towards

200 ppm of hydrogen, (a) at various operating temperatures for the relative humidity levels (RH) of
0% and 40% () and (b) at different humidity levels (RH, 0 75%) for a fixed temperature of 500 °C.
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Figure S5. Calibration plots (sensing responses vs. hydrogen concentrations) for the sensors
fabricated with SnO,/NiO-100 CSNW:s heterostructures at 0% and 40% relative humidity levels at an
optimum temperature of 500 °C.
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Figure S6. (a) The dynamic transient response for the SnO,/NiO-X CSNWs sensor towards hydrogen at (a)
0% RH and (b) 40% RH, showing a repeatability of the signals (for 50 ppm of hydrogen) and a proportional
increment in the response with respect to the analyte concentration.
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Figure S7. The response transient for the response time and recovery time of the SnO, NWs and
Sn0,/NiO-X CSNWs towards hydrogen (500 ppm at 500 °C) at 0% RH (panel a, c, e, g) and at 40 % RH (panel

40% RH
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b, d, f, h). The legends for all the panels are shown at the bottom.



Table S1. The response and recovery time of the SnO, NWS and SnO,/NiO-X CSNWSs towards hydrogen
(500 ppm at 500 °C) at 0% RH and 40 % RH values conditions.

Sensors 0% RH 40 % RH
Response Recovery time | Response Recovery time
time (tres) / (trec) / time (tres) / (trec) /
minutes minutes minutes minutes
Sn0O, 5 23 8 21
Sn0,/NiO-50 5 20 6 18
Sn0,/NiO-100 | 2 11 5 9
Sn0,/NiO-200 | 7 12 6 9

Table S2. Representative parameters and detection limits obtained by fitting of the calibration curve,
Response = A [C]®.

Sensors A B Detection limit

SnO, NWs 0.95 0.53 1.1 ppm

Sn0,/NiO-50 0.76 0.47 1.8 ppm

Sn0,/Ni0-200 0.15 1.00 6 ppm

Sn0,/NiO-100 (RH 0%) 1.06 0.77 0.9 ppm

Sn0,/NiO-100 (RH 40%) 0.51 0.72 2.5 ppm
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