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Text S1.

According to the SRIM calculation, all He ions under the ion beam condition used in
this study penetrate through the SnO, nanowire because the average projected range
of He ions in SnO; at the accelerating voltage of 45 MeV is calculated to be ~400 um,
which is far larger than the diameter of the SnO; nanowires. Accordingly, almost no
energy loss of the He ions will be expected. That is, the energy of the ions throughout
the trajectory is continuously about 45 MeV. In this case, one He ion deposits the
energies of 66.78 keV/micron (6.678 eV/Angstrom) and 0.0335 keV/micron
(0.00335eV/Angstrom), by electronic stopping and nuclear stopping, respectively. In
this case, the electronic stopping is dominant, with the nuclear stopping being
negligible. The average atomic density of SnO, is about 10 atoms/nm (or 1
atom/Angstrom). So, 1 atom (O or Sn) on the He ion trajectory gets about 6.678 eV
from one He ion of 45 MeV by the electronic stopping. We think that the formation
energies of O vacancies or Sn interstitials in the SnO; lattice are intrinsic. Formation
energies of intrinsic defects will be dependent on a variety of factors, including the
Fermi energy. For example, under O-poor and H-rich conditions, the formation
energy of Sn interstitials (Sn;) ranges from about -3 to +6 eV, with varying the Fermi
energy in the range of 0-3 eV.' Also, the formation energy of oxygen vacancies (Vo)
ranges from about -1 to +2 eV, with varying the Fermi energy in the range of 0-3 eV.!
Accordingly, with the calculation that O or Sn atoms will get about 6.678 eV from
one He ion, there is a chance that the trajectory energy enforced by one He ion is

greater than the formation energy of tin interstitials and/or oxygen vacancies.
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Figure S1. Peak positions and FWHM values of the main XRD peaks, including
(110), (101), and (211).
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Figure S2. Sensor responses of SnO, nanowires, (a) which were unirradiated, (b-d))
irradiated at a fluence of (b) 1x10™, (c) 1x10*, and (d) 1x10* ions/cm?. (€) Summary
of sensor response curves for 4 samples. The sensing temperature and the NO,

concentration were set to 25°C and 2 ppm, respectively.
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Figure S3. Sensor responses of SnO, nanowires, (a) which were unirradiated, (b-d))
irradiated at a fluence of (b) 1x10™, (c) 1x10", and (d) 1x10* ions/cm?. (€) Summary
of sensor response curves for 4 samples. The sensing temperature and the NO,

concentration were set to 100°C and 2 ppm, respectively.
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Figure S4. Sensor responses of SnO, nanowires, (a) which were unirradiated, (b-d))
irradiated at a fluence of (b) 1x10™, (c) 1x10%, and (d) 1x10 ions/cm?. (€) Summary
of sensor response curves for 4 samples. The sensing temperature and the NO,

concentration were set to 150°C and 2 ppm, respectively.
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Figure S5. Sensor responses of SnO, nanowires, (a) which were unirradiated, (b-d))
irradiated at a fluence of (b) 1x10™, (c) 1x10", and (d) 1x10* ions/cm?. (€) Summary
of sensor response curves for 4 samples. The sensing temperature and the NO,

concentration were set to 200°C and 2 ppm, respectively.
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Figure S6. Sensor responses of SnO, nanowires, (a) which were unirradiated, (b-d))
irradiated at a fluence of (b) 1x10™, (c) 1x10%, and (d) 1x10* ions/cm?. (€) Summary
of sensor response curves for 4 samples. The sensing temperature and the NO,
concentration were set to 250°C and 2 ppm, respectively.
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Figure S7. Dynamic resistance curves for three cycles at NO, concentration and
temperature of 2 ppm and 150°C, respectively, for the sensors fabricated from the
samples, which were unirradiated and irradiated SnO, nanowires. The ion fluences
were set to 1x10™, 1x10%, and 1x10® ions/cm?, respectively.
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Figure S8. Dynamic response curves of SnO, nanowires to acetone, ethanol, H,, NHj3,
and SO, gases, which were unirradiated. The sensing temperature and the gas
concentration were set to 150°C and 2 ppm, respectively.
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Figure S9. Dynamic response curves of SnO, nanowires to acetone, ethanol, H,, and

NHs, and SO, gases, which were irradiated at a fluence of 1x10' ions/cm® The

sensing temperature and the gas concentration were set to 150°C and 2 ppm,

respectively.
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Figure S10. XPS survey spectra of unirradiated and irradiated SnO, nanowires. The
ion fluences were set to 1x10*° ions/cm?.
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Figure S11. Typical TEM image and corresponding EDS patterns of (a) unirradiated
and (b) irradiated SnO, nanowires. The ion fluence was set to 1x10® ions/cm?.
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Table S1. Summary of the sensor responses of various samples to NOz gas at a

concentration of 2 ppm.

NO, Zppm gas response (Rg/Ra)

RT 100°C 150°C 200°C 250°C
As-grown 1.2 1.7 1.8 1.7 1.6
1x10"
2.5 7.2 7.1 6.4 3.8
ions/cnf
1x10"
4.3 8.9 10.0 7.4 4.7
ions/cnf
1x10"
4.9 129 14.2 8.7 7.5
ions/cnf
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Table S2. Summary of the sensor responses of SnO; nanowires without and with

the ion beam irradiation, to NO2, SOz, NH3, Hz, acetone, and ethanol gases. The

concentration was set to 2 ppm.

Gas response (R / Rg or Rg/ R)

NO, SO, NH, H, Acetone Ethanol
As-grown 1.8 1.0 1.1 1.0 1.0 1.0
1x10" cm™ 14.2 1.1 1.3 1.1 1.0 1.0
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Table S3. Gas sensing abilities of the gas sensors activated by the beam-

irradiation.
Sensi Max. Response Increase
Nanostructure type Beam species ngler;g (R/R orR/R) (at in Reference
temp./conc.) sensitivity
- Au heavy ions o
CusS thin films [100 MeV] NH;s 1.28 3.2% - 2
. Gamma ray Acetic
Ag/Ag2Sn0s nanoparticles [400 kGy] acid 2 (400 ppm) 10.6 fold - 3
ZnO nanorods uv 02 ~5.2(50°C) 4.66 fold 4
Polyc1.‘ystalll.ne Sn0: uv Reducing ~20 (grain size = 9 fold 5
[simulation] gas 10 nm)
o Ni*ions [75 4.2 o
Undoped SnO; thin films MeV] NH3 [250°C/1000ppm] 133% 6
Even
o >2400-fold
SnOz thin films uv LPG 64.9 (25m)C/200 ~64 fold increase in 7
pp Sn0,-Pt
structures
In,Tes thin films Au :\22‘/[]130 CO2 ~1.5 (1000 ppm) - 8
1.05 [25°C/5200
) . . Ethylene ppm] 5%
ZnO film Visible light Aceton 1.20 [25°C/900 20% 9
ppm]
o Response
Reduced graphene oxide | Electron beam NO2 1.01(25°C/10 ~1% time ~83% 10
ppm ) decreased
Response
) . - o [recovery]
Au-sputtered Ti0z v H, 9 [19&](:’ 2001 i5fold | time~70 11
pp [83] %
decreased
) Laser ~1.034 o
Carbon nanotube films [Nd:YAG] NO [150°C/200 ppm] 1% 12
Sn0z-reduced graphite o
oxide monolayer-ordered uv ethanol 108 [175°C/400 ~36 fold - 13
il ppm]
porous films
. . 14.24 (150°C/ Present
Sn0: nanowires He ion beam NO: 2ppm) ~ 7 fold work
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