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Figure S1. Schematic illustrations of expected galvanic replacement process. (a) When the reaction
occurs in weak acid condition, both Pt reduction on Cu20 surface and replacement for Cu20 occur
due to the mild limitation of galvanic reaction. On the other hand, (b) in strong acid condition without
adding NaOH, galvanic reaction process predominates resulting in complete replacing Cu20 with Pt.

Sensors 2018, 18, 4438; doi:10.3390/s18124438 www.mdpi.com/journal/sensors



Sensors 2018, 18, 4438 2 of 5

[<W8 hour reaction w/o NaOH

=W 4 hour reaction

Figure S2. SEM images of (a) 4 hour reaction in pH 5 solution (with NaOH), (b) 8 hour reaction in pH
5 solution (with NaOH) and (c) 8 hour reaction in pH 2 solution (without NaOH). In a mild galvanic
reaction condition, Pt particle aggregation occurs allowing the reduction of Pt rather than replacing
Cu20 with Pt. In a strong condition, however, all Cuz20 replaced into Pt wire.

— Before Oxidation
— After Oxidation

Substrate (Thermal Oxidation : 450 °C for 3hr)

Cu,0 (111)

Intensity [CPS]

Cu (200)

A

20 25 30 35 40 45 50 55 60
Two-theta [°]

Figure S3. XRD spectrum of the Cu20 nanopattern before and after thermal oxidation.
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Figure S5. Elemental distribution analysis of the fabricated Pt/Cu2O pattern array by energy-
dispersive X-ray spectroscopy (EDS). (a) Left figure shows high-angle annular dark-field scanning
transmission electron microscopy (HAADF-STEM) image of selectively Pt functionalized Cu20
nanopattern and its elemental mapping analysis is shown sequentially.
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TEM Sample Preparation

For preparation of TEM sample, poly(methylmethacrylate) (PMMA, Sigma-Aldrich) was coated
on synthesized Cu20 line pattern on SiO: substrates (3000 rpm, 45 s). After thermal treatment at 180°C
for 3 min to evaporate the solution, the substrate was immersed on potassium hydroxide (KOH) 2M
solution at 95°C for separating the line pattern from the substrate. After 2~3 hours, line pattern film
was floating which means separation from the SiO:z substrate. Once the film was cleaned with acetone
and water, it was transferred to Ni TEM grid and washed with acetone once again and then dried in
the oven overnight.
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Figure S6. The composition analysis of over-galvanic reacted sample (complete reaction from
Cuw20 to Pt) in low magnification. (a) Scanning electron microscopy (SEM) image in low
magnification. Point spot energy-dispersive X-ray spectroscopy (EDS) analysis for (b) the space

between the line patterns and (c) line pattern surface itself.

Table S1. NO: gas sensing performance comparison based on CuO or Cu20 materials.

Sensing Material NO, cc(a;;;r;tration Sensor response | Response definition temgggtaut;zg(%) ref
Cu,0 thin film 1.5 3 (RRIR, 150 1
CuO particulates 50 0.036 (R-R)R, 150 2
CuO nanowires 4 1.17 R/R, ~370 3
CuO plates 50 2.2 R/R, 200 4
p-CuO nanowires 10 0.55 (RyRIR, 300 5
2.2 Cr-CuO 100 134.2 R.J/R, 250 6
Cu,0/Cu0-10 0.001 13.5 (8 RT 7
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Figure S7. Schematic of the overall gas delivery system. NO2 and synthetics air was introduced in
a controlled manner into the reaction chamber by using the MFC, tubing system, and multi-
position valve. The serial dilution system was also used to obtain 1-100 ppm concentrations of the
NOa.

S . : .
2100 100ﬁ
"% 80 1 - 80 "%
G s
o 60 1 r60 o
£ S
© 40 1 F40 S
& g
S 20 A F20 3
g k>
X g . : . : 0

1 2 3 4
NO, concentration [ppm]

Figure S8. Response and recovery time of the Cu20/Pt nanopattern sensor to 1-4 ppm NOz.
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Figure S9. Selectivity characterization of the Cu20/Pt nanopattern sensor. (a) Real-time response
behavior of the sensors to various analytes including hexane, toluene, ethanol, propanal, acetone,
hydrogen, NO2 (all 5 ppm). (b) Maximum response amplitudes of the sensors to each analytes.
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Figure 510. Long-term stability of the Cu2O/Pt nanopattern sensor (Real-time sensing signals to 1-5
ppm NO: with sensors fabricated three years ago).
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