Supporting Material

Hydrogen gas sensing performances of p-type MnsO4
nanosystems: the role of built-in Mn3:O+/Ag and MnsO4/SnO:
junctions

Lorenzo Bigiani !, Dario Zappa 2, Chiara Maccato *, Alberto Gasparotto !, Cinzia Sada 3, Elisabetta
Comini 2 and Davide Barreca ¢

1

Department of Chemical Sciences, Padova University and INSTM, 35131 Padova, Italy;
lorenzo.bigiani@phd.unipd.it (L.B.); alberto.gasparotto@unipd.it (A.G.)

Sensor Lab, Department of Information Engineering, Brescia University, 25133 Brescia, Italy;
dario.zappa@unibs.it (D.Z.); elisabetta.comini@unibs.it (E.C.)

Department of Physics and Astronomy, Padova University and INSTM, 35131 Padova, Italy;
cinzia.sada@unipd.it

CNR-ICMATE and INSTM, Department of Chemical Sciences, Padova University, 35131 Padova, Italy;
davide.barreca@unipd.it

Correspondence: chiara.maccato@unipd.it; Tel.: +39-0498275234

51



S1. Chemico-physical Characterization
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Figure S1. Surface silver Auger signal for the Mn3Os-Ag specimen.
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Figure S2. Deconvolution of surface Ols XP spectra for MnsOs (a), MnsOs-Ag (b), and Mn3Os-SnO2

samples.
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S2. Gas Sensing Performances

Response times (zesp, maximum estimated uncertainty = +10%) were defined as the times required
for the sample resistance to reach 80% of the equilibrium value following hydrogen injection ( zesp) [1-
3]. For a hydrogen concentration of 200 ppm at a working temperature of 200°C, typical zesp values were
360 s, 240 s and 120 s for Mn3Os, MnsOs-Ag and MnsOs-5nO2 specimens, respectively. These results, in
line with response data reported in Fig 8 at the same temperature and hydrogen concentration, indicate
that functionalization with Ag and SnO: produces a faster response with respect to bare Mn3sOa. The
obtained values were lower than the ones previously reported for hydrogen detection by CosOs [4], NiO
[5,6], CuO- [7,8] and MnO2-based nanosystems [9] under analogous conditions, and comparable to those
reported for Pt-Fe20s, Ag/Fe20s [10] and Ag/ZnO nanomaterials [11]. Nonetheless, the minimization of
these values undoubtedly deserves additional research efforts in view of a possible practical use of the
developed sensors.

The width of the hole accumulation layer (HAL) in pure p-type MnsOs can be expressed as follows

[12-14]:
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where @is the height of the potential barrier established by oxygen adsorption (1.1 eV) [15], emnsos is the
permittivity of MnsOs (7.94xa, where & is the vacuum dielectric permittivity = 8.854x102 C2xN-1xm2)
[16], Nmnsos is the hole density in MnsOs (2.25x10%* m?3) [17], and g is the electron charge (1.602x10° C).
Using the above values, the calculated width is Wwmnsos = 20.6 nm.

Upon functionalization of MnsOs systems with SnO, the formation of p-n MnsO4/SnO2 junctions is

responsible for the modulation of HAL thickness according to the equation [12,13]:
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Here, Vo=0.5 eV is the contact potential difference between SnO2 and MnsOs, calculated as the difference
between the single oxide work function (WF) values [18,19], whereas o2 (18.2x&) and Nsnoz (3.6x10%
m-) are the permittivity and the electron concentration in SnO, respectively [20]. The calculation yields
W'Mns0s = 12.4 nm.

In the case of Mn3O+-Ag systems, the occurrence of a finite metal/semiconductor junction [21], as
well as the partial Ag oxidation (as demonstrated by XPS analyses, see the main paper text), prevent

from a detailed and straightforward numerical calculation.
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Response
Sensor H: concentration | Temperature (°C) <RG — RA) % 100 Ref.
(ppm) A
MnsOs-Ag 200 300 15 Present study
Mns0s-SnO: 200 200 19 Present study

CuO 200 300 10 [22]

NiO 1000 150 ~0 [23]
BiFeOs 500 300 5 [24]
C0304 200 600 ~0 [25]

NixC03xO4 200 600 1 [25]
MnO2-rGO 500 85 0.4 [26]
MnO:-MWCNTs 3x10% 220 7.5 [27]
MnO2-WO:s 50-200 200 0 [28]

Table S1. Comparison of hydrogen sensing properties of the present MnsOs-based sensors with selected
representative literature works. rGO = reduced graphene oxide;, MWCNTs = multi-walled carbon

nanotubes.
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Figure S3. Gas responses as a function of Hz concentration for bare and functionalized MnsOx
sensors. Working temperature = 200°C for MnsOs-SnOz; 300°C for Mn3Os: and MnsOs-Ag.
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Figure S4. Gas responses to fixed CO2, CHs, and Hz concentrations (500 ppm, 250 ppm and
200 ppm, respectively) for MnsOs-Ag and Mn3Os-SnO: sensors.
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