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Table S1: Hyperpolarizability values for Au25 and Ag25 nanoclusters.1, 2 The plot of the HRS 
intensity for Au25AcCys18 nanoclusters as a function of concentration is given in Figure S12.

Nanoclusters
Excitation 
wavelength 

(nm)
β(2ω) (10-30 esu) references

Ag25(DMBT)18 950 516 This work

Au25SG18 802 128 Ref. 1

Au25Cys18 802 163 Ref. 1

Au25AcCys18 800 138 This work

Au25p/m/oMBA18 800 179, 203, 214 Ref. 2
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Scheme S1: Resonant behavior of HRS if only two electronic excited state contributes.
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Figure S1. Absorption spectra of Ag25(SR)18 in CH2Cl2, CHCl3, THF, DMSO, DMF after fresh 
preparation (A) and after 1 day (B). Ag25(SR)18 concentration: 2.74μM. Ag25(SR)18 in DMSO 
degraded within 10 mins; Ag25(SR)18 in THF degraded after 1 day; Ag25(SR)18 in CH2Cl2, 
CHCl3, DMF can retain absorption feature after 1 day. (with SR=DMBT).

Figure S2: Absorption spectra of Ag25(SR)18 before and after 2 mins laser irradiation. 
Ag25(SR)18 was dissolved in DMF at 2.74 μM. (A) 473 nm continuous laser, 250 mW. (B) 532 
nm continuous laser, 250 mW. (C) 800 nm femtosecond pulse laser, 400 mW. (C) 950 nm 
femtosecond pulse laser, 400 mW. (with SR=DMBT).



4

Figure S3: Absorption, excitation, and emission spectra of (A) Pd1Ag24(SR)18, (B) Ag25(SR)18, 
(C) Au1Ag24(SR)18, and (D) Pt1Ag24(SR)18 nanoclusters in DMF. (with SR=DMBT)
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Figure S4. 2PEPL spectra with excitation at 780 nm of the synthesized Ag25, Pt1Ag24, and 
Au1Ag24 nanoclusters dispersed in DMF. Inset 2PEPL spectrum of fluorescein for comparison. 
Of note, for Au25SG18 nanoclusters, a known 2PEPL cross section of ~5 GM was reported at 
755 nm1. (with SR=DMBT and SG=glutathione)

Figure S5. Absorption spectra of Pt doped silver nanoclusters. (cluster concentration 1mg/mL).
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Figure S6. Plots of hyperpolarizability (β(2ω)) values and some relevant properties of 
M1Ag24(SR)18 nanoclusters, leading to charge transfer and resonance effects. Relevant 
properties: (A) NPA charge of the Ag12 inner shells; (B) Electron affinity of Pd/Ag/Pt/Au; (C) 
Aginner shell−Sterminal bond lengths average; (D) Resonance factor |1/[(E2-E0-2ω)(E1-E0-2ω)]|. E1, 
E2 represent the energy of 2 absorption bands of M1Ag24(SR)18 nanoclusters, and E0 represents 
the energy of excitation light. Charge factors are obtained from previous report.3
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Table S2: Calculated frequency-dependent hyperpolarizabilities obtained from the TD-DFT 
approach for Ag25(SR)18 and doped M1Ag24(SR)18 nanoclusters at different wavelengths (with 
simplified SCH3 and fully explicit DMBT ligands). Results for Ag25(SR)18 and doped 
M1Ag24(SR)18 nanoclusters with full ligands in DCM solvent (CH2Cl2 – Dichloromethane) are 
highlighted (blue).  Components are expressed in the molecular frame, using the formula given 
by “Clays and Persoons Hyper-Rayleigh scattering. Opportunities for molecular, Wavelength 
(nm) supramolecular, and device characterization by incoherent 2nd-order nonlinear light 
scattering: Academic Press”, 2001, are transformed in β(2ω) value which is therefore in the 
laboratory frame.
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Figure S7. TD-DFT linear absorption spectrum for Ag25(SR)18 and doped M1Ag24(SR)18 

nanoclusters at different wavelengths with simplified SCH3 (upper panel) and fully explicit 

DMBT ligands (lower panel).
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Figure S8. TD-DFT linear absorption spectrum for Ag25(SR)18 and doped M1Ag24(SR)18 

nanoclusters in DCM solvent (CH2Cl2 - Dichloromethane) at different wavelengths with fully 

explicit DMBT ligands.
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Figure S9: Representation of Au1Ag24(SR)18 metal core and staple motifs from different DFT 
geometries of the same nanocluster. Au1Ag24(SR)18 (I) is the DFT-optimized geometry from 
crystal structures in the present paper. Au1Ag24(SR)18 (II) is the DFT optimized geometry 
from Olesiak-Bańska et al.4 Dark grey for silver atoms and violet for sulfur atoms are chosen 
for geometry (I) and grey and magenta for geometry (II). Gold in the center is presented in 
yellow.
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Figure S10: Plot of the HRS intensity for Pt-doped silver nanoclusters as a function of 
concentration. (with SR=DMBT and SG=glutathione)
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Figure S11: Plot of the HRS intensity for DMF and water as a function of (laser power)2 (at 

800 nm laser excitation). 
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Figure S12: Plot of the HRS intensity for Au25AcCys18 nanoclusters as a function of 

concentration.
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