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Figure S1. XRD analysis of UV sintered molecular ink traces on PET showing conversion to silver

metal (peaks denoted with “Ag”). Note that the only other peaks present in the spectrum is that
for PET substrate (denoted “PET”).
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Figure S2. UV sintering vs thermal sintering for silver oxalate molecular ink. Note that under
similar timeframes, the UV sintered traces have resistivities ~1x10° times lower (i.e. uQ-cm vs
Q-cm) than those of the thermally sintered traces. Also note that the as printed ink is colorless, so
the traces are outlined with a black square in the top image.
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Figure S3. A plot of the temperature (°C) vs. time (s) for the UV sintering process for a 2cm
diameter screen printed circular trace of silver nanoparticle ink using the D-UV system. Note that
the lamp was turned off after 600 seconds. When the lamp is turned off the temperature of the
substrate under the silver nanoparticle ink traces rapidly decreases.

Table S1. Light dose from the DYMAX 5000-EC Flood Lamp System (UV-D System) 10 cm
from the lamp as measured by the Accu-Cal 50 radiometer over several time frames.

Light source Light Category wavelength Dose (J/cm?) Total time (s)
13.4 60
20.2 90
D-UV System UVA 320-395 269 120
60.5 270
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Figure S4. A photograph of the traces that have been printed, exposed to thermoforming
temperatures but have not been elongated to produce a 3D circuit. Note that the traces positioned
at least 6¢cm from the thermoformed feature are cracked.



Table S2. Light dose from the dual lamp UV conveyor system (C-UV System) fitted with gallium-
doped and iron-doped as measured with a UV Power Puck II radiometer.

Light Light Wavelength Irradiance .

sougrce Categgory (nm) ’ (mW/cm?) Time (s) Dose (J/em’)
uvv 320-395 1.788 + 0.005 1 1.788 +0.005

C-Uv UVA 320-395 0.867 + 0.009 1 0.867 +0.009

System UVB 280-320 0.554 +0.003 1 0.554 +0.003
UvC 250-280 0.130 £ 0.001 1 0.130 £ 0.001




Table S3. Measured Line Widths, Resistances, Sheet Resistances, and Volume Resistivities and
Relative changes in Resistivities for the Thermoformed ~550 um and ~400 um Traces following
UV treatment.

Elongation Trace Sheet Volume Relative
treatment ((5 ) linewidth  resistance  Resistivity change in
° (pm) (mQ/0) (p-cm) resistivity
0 549 + 5 108 + 12 157+1.8
5.3%
UV-D 18 534+ 15 109 + 12 16.8 +1.8
System 0 449+ 11 136423 209435
5.8%
18 370 £ 14 168 + 55 222+7.0
0 547 +£20 68 + 8 9.4+12
2.0%
UV-C 18 515+6 62 £5 9.6+0.7
System 0 454+27 79410  11.5+08
1.7%
18 370+ 7 86 £10 11.3+1.3
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Figure S5. A 3D profilometer image of the traces that have been UV treated and thermoformed,

indicating that the ridge-like structures present on the traces are protruding out of the trace are not
cracks going into the trace toward the substrate.
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Figure S6. A photograph of the capacitive touch sensor traces that have been directly
thermoformed over the 1 cm high domed shape. Note that the regions of interest (ROI) for further
microscopic analysis are highlighted with yellow boxes.



ROI 1
EELL &R OISR

Figure S7. A photograph of the capacitive touch sensor traces that have been thermoformed over
the 1 cm high domed shape following treatment of the traces with the UV light from the C-UV
system, where the region of interest (ROI) are defined in Figure S6. Note that there is significantly
less cracking in the traces produced following treatment with the C-UV system.
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Figure S8. A photograph of the capacitive touch sensor traces that have been directly
thermoformed over the 1 cm high domed shape without any UV light treatment, where the region
of interest (ROI) are defined in Figure S6. Note that in all cases there is significant cracking of
the thermoformed traces due to the elongation experienced by the traces.
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Table S4. The components of the ink utilized for UV sintering, and UV treatment for IME
applications.

Component Weight %
Silver oxalate 34.45
aminoalcohol 53.28
Surface tension modifier 1.53
Hydroxyethylcellulose 0.72
Dipropylene glycol monomethylether 8.81
Antifoam agent 0.01
Thixotropy modifier 0.29
Long chain carboxylic acid 0.92

12



5750
5500 k
5250 "\ —&— Shear Stress ‘1, —
5000 \\

4750 N

4500 X

4250

—B- Shear Stress T —

Viscosity (cP)

4000 L) L L) L Ll L L} L Ll 1
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Shear Stress (Pa)

Figure S9. Rheological properties of the screen ink formulation, where it is shown to shear thin
(viscosity decreases) when the shear rate (and shear stress) is increased (blue trace). The original
viscosity is recovered when the shear stress is removed (red trace).
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The addition of amines to silver oxalate salts can depress the decomposition temperature
of the parent silver oxalate to temperatures as low as 120-130°C.['3] However, a TGA-IR-MS
analysis has not been reported for these complexes. This analysis is important to carry out as our
group has also recently demonstrated the value of correlating the release of CO> and amine from
copper formate/amine based complexes in developing an understanding of the decomposition
mechanism of the copper salt to metallic copper.[*7] As highlighted in the TGA-DTGA analysis
presented in Figure S10a (blue traces), in the absence of amine and solvents, silver oxalate itself
decomposes sharply at a temperature of 180°C and IR analysis of the products liberated from the
salt correlates to the release of CO> concomitant with this mass loss (Figure S10b). The addition
of aminoalcohol to the silver oxalate ink serves to decrease the decomposition temperature of the
silver oxalate salt, where TGA analysis of the formulated ink shows the onset of a mass loss at 50
and 130°C, and DTGA analysis indicates that there are distinct processes occurring at ~90 and
~110°C, respectively (Figure S10a, red traces). IR analysis of the decomposition products indicate
that the onset of amine liberation occurs at ~75°C and the onset of CO; is liberation occurs at
~105°C. This indicates that aminoalcohol is capable of lowering the decomposition temperature

of silver oxalate by 50-60°C
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Figure S10. The TGA and DTGA (a) curves for silver oxalate (blue) and the formulated silver
oxalate molecular ink (red), and the TGA-IR analysis (b) of silver oxalate (blue) and the screen-
printable silver oxalate ink. Note that the TGA experiment was run with a ramp rate of 5°C/min.
The TGA and DTG curves for a carbamate formed between a carboxylic acid and 1-amino-2-
propanol (c) shows that the salt decomposes at 180°C.
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Table SS. The elongation of the substrate (and the traces) following thermoforming over the oval
and wedge molds.

Maximum
Mold Elongation (%)
Oval 18%
Wedge 52%
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Figure S11. A circuit diagram of the 3 button capacitive touch-based Human-Machine Interface
(HMI) switch driven by an Arduino Micro with an MPR121 Capacitive Touch Sensor Breakout
board.
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Figure S12. A circuit diagram of the 8 button capacitive touch-based Human-Machine Interface
(HMI) switch driven by an Arduino Micro with an MPR121 Capacitive Touch Sensor Breakout

board.
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