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Figure S1 : UV-Vis absorption spectra of polymeric species of —[Cys—Au(l)],— produced in the first
step at high pH and in presence of TEA, at different times.
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Figure S2 : size distributions for a-Au-Cys, B-Au-Cys, and Ag-doped Au-Cys NPs in aqueous solutions
obtained by dynamic light scattering (DLS). Experimental distributions are fitted with lognormal
distributions. The corresponding full widths at half maximum are 50, 40 and 66 nm for a-Au-Cys, [3-
Au-Cys, and Ag-doped Au-Cys NPs respectively.



Table S1 : Quantitative XPS results of typical NPs samples spectra which has been recorded in order
to determine the effect of X-ray irradiation on the chemical state of the sample.

C (0] Au N S Ag
o-Au-Cys NPs (% content) 37.6 24.4 13.4 14.0 10.8 --
B-Au-Cys NPs (% content) 37.8 23.8 14.5 13.0 11.0 --

Ag-doped Au-Cys NPs (%
content) 35.1 23.7 15.3 13.0 10.8 1.5
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Figure S3 : XPS results showing spectra of all chemical element composition for a-Au-Cys, B-
Au-Cys, and Ag-doped Au-Cys NPs.




E181126-.2.5pe

T
E18-1126-AuLCYS alpha - pt1 \
0.9k E18-1127-AuLCYS beta - pt1 I\ -

Audt e

o
®
T

o
bl
T
1

o
@
T
1

e
S
T
1

Normalized Intensity
o
&
T
1

o
W
T
1

o
)
T
1

01k = " \ ]

——— - —— N

95 90 85 ] 80
Binding Energy (eV)

E181126-.2.spe
T T T

a5 ! E18-1126-AulGYS alpha - ptt
E18-1127-AuLCYS beta - pti

Ag3d

Mormalized Intensity

1 I 1 1 I I 1
382 380 378 376 374 372 aro 368 366 364
Binding Energy (eV)

Figure S4 : (top) Au 4f binding energy (BE) of the a-Au-Cys (red), B-Au-Cys (blue), and Ag-doped Au-
Cys (cyan) NPs. (bottom) ) Ag 3d binding energy (BE) of the a-Au-Cys (red), B-Au-Cys (blue), and Ag-
doped Au-Cys (cyan) NPs.
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Figure S5 : UV-Vis absorption spectra of a-Au-Cys NPs after 3 days under agitation as a function of
pH (HCI/TEA was used for pH controlled experiments and the pH was measured with a pHmeter).
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Figure S6 : TPEF spectra of Ag-doped Au-Cys NPs aqueous solution (NPs concentration of 0.1 nM) at
three different excitation wavelength, namely 720, 750 and 800 nm. The hyper Rayleigh band is also
visible at half the excitation wavelength.
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Figure S7 : (left panels) HRS line intensity for supramolecular NPs in aqueous solutions for different
concentrations. Line: fit to a Gaussian function superposed on a linearly increasing function of the
wavelength accounting for the broadband multiphoton excited emission. (right panels). Plot of the
HRS intensity as extracted from the right hand-side panels for the supramolecular NPs in aqueous
solution as a function of concentration. The continuous line corresponds to a linear fit. a) a-Au-Cys,
b) B-Au-Cys, and c) Ag-doped Au-Cys NPs.
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(upper part) TDDFT OPA spectra for optimized structures A) Au,-Ag-Cysg-CH3 (isomers |

and 1) and B) Aus-Cysg-CH;. The structures involved in the leading excitations to the S, state are given

on the absorption spectra. (lower part) Energies and analysis of the Molecular Orbitals. Broadening

of the lines is simulated with a Lorentzian profile with half-width of 15 nm (blue lines). Metallic bond

lengths of optimized structures are substantially elongated in comparison with bond lengths of

corresponding dimers.
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Figure S9: Energies of one-photon OPA (blue) and two-photon TPA (green) states in nm illustrating
the resonance between S; OPA and S,sq TPA excited states of Au,-Ag-Cyse-CHs.
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Figure S10: TDDFT (upper part) OPA and (lower part) TPA spectra for optimized structures of model
system: A) Au,-Ag-Cys,-CH; (isomers | and Il) and B) Aus-Cys,-CH; Parts of structures involved in
leading excitation of Sig5, S156 and S, states are labeled according to structures shown in upper part.
Broadening of the lines is simulated by the Lorentzian function with half-width of 15 nm (blue lines).
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Figure S11: TDDFT OPA spectra for shown optimized structures A) Au,-Ag-Cys,-CH; (isomers | and Il)
and B) Au;-Cys,-CHjs. Parts of structures involved in leading excitations for S, state are given below
OPA spectra (upper part). Energies and analysis of MO’s (lower part). Broadening of the lines is
simulated by the Lorentzian function with half-width of 15 nm (blue lines).
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Figure S12: Comparison of OPA spectra obtained for optimized structures of two model systems a)
Au,-Ag-Cys,-CH; and b) Aus-Ag-Cyse-CH; in gas phase (blue) and in water (turquoise) using TDDFT
with B3LYP functional and SMD approach for solvent. Comparison of functional CAM-B3LYP (black)
with B3LYP (turquoise) of OPA spectra, c) and d), for two model systems including solvent with SMD
approach. Schematic illustration of interacting cysteine pairs within solvent is shown in lower part.
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Figure S13: Comparison of TDDFT OPA (a) and TPA (b) spectra obtained with CAM-B3LYP (black) and
B3LYP (blue) functionals for model system doped by Ag atom Au,-Ag-Cys,-CH;,



Figure S14: Electron density difference Ap between electronic first excited state and ground state
for a) Au,-Ag-Cys,-CH; and b) Aus-Cys,-CH; at 360 nm, c) Au,-Ag-Cyse-CH; at 378 nm and d) Aus-Cyse-
CH, at 373 nm obtained using B3LYP (isovalue=0.001 a.u.). 2 > 0 (white), 2P <0 (blue)



