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METHODS

Carbothermal reduction synthesis

The starting material was a 1g mixture of SnO, powder (Sigma-Aldrich, Sdo Paulo, Brazil, 99.9% purity)
and carbon black (Union Carbide, Sdo Paulo, Brazil, >99% purity) in the molar ratio of 1.5:1. The crucible
containing the initial mixture was inserted into the center of the tube furnace which was heated to 1135 °C using
a heating rate of 10 °C min’. The furnace was then held at that temperature for 75 min. In order to obtain the
reduced SnO nanobelts, a constant flux of N, (150 cm3 min) was used; and, to obtain the Sn;0, and SnO,, a
constant flux of N, (160 cm3 mint) was upheld during the entire synthesis together with an oxygen counter flow
(0.6 cm3 min-1) starting when the temperature reached 900 °C. At the end of the synthesis, the materials were
retrieved from inside the alumina tube. The SnO nanobelts formed during the synthesis under reducing
atmosphere were separated from the SnO micro-disks by a decantation process, and the Sn;0, and SnO, formed
in a mixed atmosphere were separated by their color and final position. The Sn;0, presents itself as a yellowish
material which has been formed closer to the center of the tube, while the white colored Sn0O, nanobelts were
closer to the O, gas inlet. In addition, a greyish SnO, was also formed and was located in a region between the

Sn;0,4 and the white colored SnO..
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EXTRA RESULTS

Band-gap determination by photocurrent measurements

Photocurrent measurements are a powerful tool to obtain the optical properties of semiconducting
materials since it does not require the need to find the intercept of the linear part of the graph with the energy
axis (as in the Tauc-plot 1) once the band-gap is obtained by the mean value of the Gauss fitting on the
photocurrent peak. This current peak appears as a result of the stimulation of the electrons lying at the valence
band maximum to the conduction band minimum, where the delocalized carriers will be contributing to a

conductivity increasing at wavelengths corresponding to the band-gap value.?

Comparing Fig. S1a with Fig. S1b, one can see a behaviour difference between the SnO, and the Sn;0,,
respectively, in which the later presented the so-called persistent photoconductance.3 This effect can be a result
of the band bending generated when the material was exposed to the dry air flow - allowing the
adsorption/chemisorption of molecules on its surface - and it is highly sensitive to the diameter of the nanowires,

which is smaller for the Sn;0,.4°
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Fig. S1. Photocurrent measurements for the (a) white colored SnO, nanobelts, and (b) Sn;04 nanobelts. Optical
band-gaps of 3.6 eV and 2.5 eV have been obtained for the SnO, and Sn;0,, respectively.



Raman measurements of the SnO, and the grey SnO, nanobelts

The Raman spectrum of the SnO nanobelts can be seen in Fig. S2. One can see a majority of the SnO
phase, indicated by the E;; and Ay, vibrational modes at 114 cm™ and 211 cm™, respectively, and another E;,
mode at 450 cm™.5® The peaks assigned as Sn;0, (two A, modes at 77 cm™ and 141 cm™, and two B, modes at
94 cm? and 170 cm?) and Sn,0; (a B; mode at 160 cm™) are most probably related to oxygen
adsorbed/chemisorbed on the SnO surface.®~20 It is possible to see the mentioned minor phases on the Raman
spectrum because it is affected by both the local bonding and the long-range arrangement.® Further
characterization (XRD and TEM) of the SnO nanobelts obtained by the carbothermal reduction method can be

found in the works of Suman et al.1* and Orlandi et al.12.
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Fig. S2. Raman spectrum for the SnO nanobelts showing a major SnO phase indicated by the A;; and Ej,
vibrational modes, and minor Sn30, and Sn,0; clusters indicated by the “!” and “*”, respectively.

Looking at Fig. S3 one can observe that in addition to the vibrational modes assigned to the white SnO,
in Fig. 1a, the grey SnO, presents extra peaks corresponding to Sn;O, clusters at 94 cm™ (Bg), 132 cm™® (B,), and
170 cm® (By); besides Sn,0; clusters at 235 cm® (A), and 542 cm™® (A,). Liu et al. 13 showed that after annealing
Sn0, particles with oxygen flow, the peak attributed here to the Sn,0; A; mode (235 cm™!) disappears, while the

peak at 170 cm? for the white SnO, (B, mode) shifts to lower Raman shift values.!® Those differences are



attributed to O, vacancies,3 which is reasonable bearing in mind that the grey SnO, was formed in inner regions

of the tube with lower amount of O, available.
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Fig. $3. Raman spectra comparing the white and grey colored SnO, nanobelts. The measurement shows that in
addition to the expected vibrational modes of the SnO,, the grey nanobelts present a few peaks attributed to
oxygen vacancies.

SnO nanobelt single-devices nanofabrication

Fig. S4 shows 6 devices containing a single-SnO nanobelt. Although the devices look to be well
connected to the electrodes, none of them presented a considerable signal to noise ratio regarding the

resistance measured before and after the NO, release.
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Fig. S4. SEM images of the nanofabricated SnO single-nanobelts. Fig.s a-f correspond to six different nanobelts
prepared on distinct electrodes.



XRD of the white and grey colored SnO, nanobelts

Fig. S5 presents the XRD pattern for both white and grey coloured SnO,. Even though the Raman
measurements shows a higher amount of oxygen vacancies for the grey SnO,, the XRD still shows only the
Cassiterite phase of the SnO, (Space group P4,/mnm, Rutile-type Tetragonal structure, PDF #41-1445).1415 This
supports the evidence of having oxygen vacancies mainly on the surface, once differently from the Raman

technique, the XRD is concerned with the long-range 3D arrangement of atoms.®
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Fig. S5. X-ray diffraction pattern (XRD) of the white and grey SnO, nanobelts. Both of them presents only the
Cassiterite phase wherein the planes were indexed.

Self-heated gas sensor measurements using multi-element devices: sensor signal versus temperature.

During this study, gas sensor measurements were carried out at 150 °C, 200 °C, 250 °C, and 300 °C, all
of which used a constant flow of 200 cm? min! and similar NO, concentrations. Figure S6 presents the sensor

signals obtained under 100 ppm NO, exposure, showing best response (highest sensor signal) at 150 °C.

Typically, semiconducting metal oxides (SMOs) require relatively high operating temperatures due to
the fact that slow kinetics prevents a decent signal-to-noise ratio at room temperature, being the limiting step
the charge transfer from the SMO surface to the chemisorbed molecule. On the other hand, temperatures too

elevated cause enhanced desorption and no charge transfer occurs at the interface.'® Besides, carrying on the



measurements at temperatures above 150 °C prevents a thin layer of adsorbed water molecules to cover the

SMO surface in case humidity is present, allowing a direct measurement of the sensor signal to NO, molecules

without any cross-sensitivy.'”
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Fig. S6. Multi-device (“carpet” mode) sensor signals as a function of temperature for 100 ppm of NO,.

The temperatures were reached via self-heated electrodes.

Self-heated gas sensor measurements using multi-element devices: grey colored SnO,nanobelts.

Finally, Fig. S7 shows the gas sensor measurements using the multi-devices mode. The difference
between Fig. S7 and Fig. 6 is that the grey SnO, nanobelts is included here. Fig. S7 is used to support the sensor

signal trend based on the stoichiometric and reduced surfaces of the Sn-O system, as discussed in the main

manuscript.
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Fig. S7. Multi-devices (“carpet” mode) gas sensor measurements showed as sensor signal versus analyte gas
concentrations ([NO,] from 2 to 100 ppm). Black circles correspond to the white colored SnO,, orange circles to
the Sn;0,, and purple to the SnO nanobelts. In addition to Fig. 6 of the main manuscript, the grey circles show
gas sensor signals for the grey coloured SnO,. Sensor signals for the grey SnO, can be found between the SnO
and the Sn304 NBs. The temperature was kept at 150 °C by self-heated electrodes.
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