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Supporting Experimental details

To find out the best NC suitable for the fabrication of the luminescent ink, we have synthesized
and studied photophysical properties of a variety of NCs, including [Au(SG)is],!
[Auzs(PET) 5], [Ag2o(LA)12]*,*  [Agoo(BDT)i2o(TPP)]*,°  [Auinz(p-MBA)44],® and
[Aui44(PET)e0].” The synthetic procedure for each NCs is shown below. In the first set of
screening, [Au2s(PET)is]", [Aui02(p-MBA)4s], and [Aui44(PET)s0] were eliminated out due to
their poor PL. Though [Au22(SG)i1s] NC showed better PL, their solubility in water reduced the
importance. In this case, there is a chance to leach out NCs from the printed documents while
wetting. Among [Agxo(LA)12]*" and [Agoo(BDT)i2(TPP)4]*", the second one showed better
photostability and solid-state PL compared to [Agzo(LA)12]*” NC. As a result, we have finally
selected [Ag29o(BDT)i2(TPP)4]* for ink fabrication. The UV/vis absorption and PL spectra of

all NCs are shown in Figure S1.



Synthesis of [Au2:(SG)1s] NCs

[Au2(SG)i3] NCs were synthesized using a reported protocol.! To 23 mL of Millipore water,
HAuCls-3H,0 (10 mg/1.25 mL H>0), and GSH (12 mg/0.75 mL H>O) were added and
vigorously stirred until the yellowish solution turned cloudy. Then, the pH of the reaction
mixture was adjusted to 12 using aqueous NaOH (1 M), making the color of the solution
transparent yellow. The Au-thiolate formed was further reduced by the dropwise addition of
dilute aqueous NaBH4 (3.5 mM, 0.1 mL) solution. During the first 15 min, the solution slowly
turned orange. After 30 min, the pH was adjusted to 2.5 using HCI (0.33 M) to quench the BH4~
activity and stirred slowly (500 rpm) at room temperature for 6 h. The solid crude product was
obtained by adding 0.5 equivalent volume of methanol and subsequent centrifugation at 8000

rpm. Dried [Au22(SG)is] NCs were stored at 4 °C for further characterizations.

Synthesis of [Au2s(PET)1s]” NCs

[Auxs(PET)1s]- NCs were synthesized using a reported protocol.>® To a solution of
HAuCls-3H>0 (20 mg/2 mL THF), TOAB (33 mg/1.75 mL THF) was added and stirred until
the color turned dark red. Then, PET (34 pL; 5 mol equivalents w.r.t. gold) was added and
stirred at 400 rpm for 1 h. The Au-thiolate solution formed was further reduced by injecting a
freshly prepared ice-cold aqueous NaBH4 solution (19 mg/1.25 mL; 10 mol equivalents w.r.t.
gold). The mixture was stirred at room temperature for another 8-9 h to complete the reaction.
Using a separating funnel, the organic and aqueous layers were separated (toluene was added
for good separation), and the organic layer was washed several times with Millipore water.
Excess thiol and other impurities were removed by precipitating NCs by adding methanol. This
washing step was repeated three times. Insoluble Au-S polymers were removed from the crude
mixture by extracting NCs in DCM. Finally, NCs were re-dispersed in acetone to remove
byproducts (Auiss NCs). Dried [Auxs(PET)is]” NCs were stored at 4 °C for further

characterizations.

Synthesis of [Aui02(p-MBA)44] NCs

[Auio2(p-MBA )4s] NCs were synthesized using the reported protocol.® To 51.5 mL of Millipore
water, methanol (75 mL), HAuCls-:3H,O (209 mg/10 mL methanol), and p-MBA (292
mg/18.43 mL of Millipore water, dissolved by adding 57 uL. of 10 M NaOH) were added
respectively. The reaction mixture was stirred at room temperature for 20 h resulting in a white
precipitate. The Au-thiolate solution formed was further reduced by adding solid NaBH4 (20.8

mg; 0.5 mol equivalents w.r.t. gold). The color of the solution immediately turned black, and



the mixture was stirred at room temperature for another 5 h. The solid crude product was
precipitated by adding 800 mL of methanol and aqueous NH4OAc (5 M, 40 mL) solution. The
precipitate was collected by centrifuging at 3500 rpm for 5 min. The supernatant was decanted,
and the precipitate was allowed to dry. To purify further, the precipitate was redissolved in
Millipore water (4 mL) and aqueous NH4OAc (2 M, 10 mL) solution, which was then
reprecipitated by adding methanol (900 mL). The final product was obtained by centrifuging at
3500 rpm for 10 min. Dried [Auio2(p-MBA)s4] NCs were stored at 4 °C for further

characterizations.

Synthesis of [Au144(PET)s0] NCs

[Auis4(PET)e0] NCs were synthesized using the reported protocol.” To a solution of
HAuCls-3H20 (118 mg/10 mL methanol), TOAB (190 mg/5 mL methanol) was added and
vigorously stirred for 15 min until the color turned from yellow to dark red. Then, PET (213
uL; 5.3 mol equivalents w.r.t. gold) was added to the reaction mixture, which rapidly produced
white Au-thiolate. After ~15 min, it was further reduced by injecting a freshly prepared ice-
cold aqueous NaBHj4 solution (113.5 mg/6 mL, 10 mol equivalents w.r.t. gold) under vigorous
stirring. The color of the solution immediately turned black and stirred for 5 h to produce Aui44
NCs as a black precipitate. Excess thiol and other impurities were removed by multiple washing
with methanol. Insoluble Au-S polymers were removed from the crude mixture by extracting
NCs in DCM. Finally, dried NCs were washed with acetone to remove byproducts (Auzs NCs).
Dried [Aui144(PET)s0] NCs were stored at 4 °C for further characterizations.
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Figure S1. (A) UV/vis absorption and (B) PL spectra of [Auxn(SG)is], [Auzs(PET)is],
[Agzg(LA)lzP_, [Agzg(BDT)lz(TPP)4]3_, [Auloz(p-MBA)44], and [Au144(PET)60] NCs.
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Figure S2. Time-dependent PL spectra recorded from (A) [Ago(BDT)i2(TPP)s]*>~ and (B)

[Ag29(LA)12]>” NCs under 365 nm illumination.

Figure S3. The photograph shows the transparency of the printed band. Low concentration
ink (7mg NC/24 mL PU) has been used in this case.
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Figure S4. (A) Zoom-in and focused TEM image captured from the NC-based ink shows the
self-assembly of NCs. (B) PL spectra recorded from (b) NC-based ink and (a) NC solution
(same concentration) shows a four-fold enhancement for NC-based ink.
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Figure S5. XPS spectra of (A) P 2p, (B) O 1s, and (C) N 1s recorded from the printed band.

Elements Weight %

CK 74.63

N K 8.08

OK 11.1

PK 0.06

SK 1.17

AglL 4.96

0.5 1.5 3.0

keV
Figure S6. The EDAX spectrum collected from the printed band (shown in the inset). The

elemental composition is also shown.

PL Intensity
£
g
=

——92 min

——108 min
124 min

—— 140 min

T
500 6(I)0 700 800
Wavelength, nm

Figure S7. Temporal-PL spectra recorded from the printed band illuminated under 365 nm
light.
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Figure S8. (A) UV/vis absorption spectra recorded from the printed band kept at different
temperatures. (B and C) The photographs of the printed band under UV light (B) before and

(C) after dipping in liquid nitrogen.
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Figure S9. Five-cycles of PL spectra recorded from the printed band soaked at 50 °C (red), 25
°C (blue), and -70 °C (green).
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Figure S10. Water drop-profiles on (A) PU-alone and (B) NC-PU printed bands.
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Figure S12. (A) Photographs of the printed band captured during the wincing under UV light.
(B) The photographs showing the restoring ability of NC-based printed band after stretching.
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Figure S13. The stress-stain curves recorded from the NC-PU (red) and PU-alone (green)
printed band. The photographs taken during the measurement are shown in the inset.



Figure S14. (A and B) Photographs of the printed QR code on A4 paper under (A) visible and
(B) UV light. (C) Photograph of the QR code-printed currency (printed portion only has shown)
under visible light. The photographs of the QR code and currency were blurred to avoid
copyright issues.

Folding under UV Wetting under UV

Figure S15. Photographs of the QR code-printed currency captured during (A) folding and (B)
wetting assay under UV light. The photographs of the QR code and currency were blurred to
avoid copyright issues.

Figure S16. Photographs captured during the synthesis of [Ag2o(BDT)12(TPP)4]*” NC.
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