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Experimental Section 

SI1.1 Reagents and Materials 

All the chemicals, excluding NCs and R1S2H2, were commercially available and employed without further 

purification. Silver nitrate (AgNO3, 99.9%) was procured from Rankem, India. Sodium borohydride 

(NaBH4), 1,3-benzene dithiol (1,3-BDT), benzene-1,4-dicarbaldehyde, and ortho-aminothiophenol were 

obtained from Sigma-Aldrich. Triphenylphosphine (PPh3) was purchased from Spectrochem, India. All the 

solvents, methanol (MeOH), dimethylformamide (DMF), acetonitrile, and ethanol (EtOH) were of the 

HPLC grade (≥ 99.9%) and used without further purification. 

 

SI1.2 Synthesis  

SI1.2.1 Synthesis of [Ag29(BDT)12(PPh3)4] nanocluster 

[Ag29(BDT)12(PPh3)4] cluster was synthesized following the reported method with slight modification.1 

About 20 mg of AgNO3 was dissolved in a mixture of 5 mL MeOH and 7 mL of DCM. About 13.5 μL of 

BDT ligand was then added to the reaction mixture. Due to Ag-S complex formation upon addition of the 

thiol, the color of the solution turned yellow. The mixture was kept under stirring condition and shortly after 

this, 200 mg of PPh3 dissolved in 1 mL of DCM was added. This addition led to a transition in the color of 

the solution from yellow to colorless, signifying the development of Ag-S-P complexes. After ~15 min, 10.5 

mg of NaBH4 dissolved in 0.5 mL of water was added. After the addition of NaBH4, the solution immediately 

turned a dark brown color, which further changed to orange gradually indicating the formation of the 

nanoclusters. The entire reaction was carried out under dark conditions to avoid oxidation of silver. After 4 

h of continuous stirring in the dark, the reaction mixture was centrifuged and the supernatant was discarded. 

The dark brown precipitate was washed repeatedly with ethanol to remove all of the unreacted compounds 

and complexes to get a purified nanocluster, which was further dried using rotavapor to obtain a powder.1,17    
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SI1.2.2 Synthesis of secondary ligand -2,2′-[1,4-Phenylenebis(methylidynenitrilo)] 

bis[benzenethiol (R1S2H2) 

The R1S2H2 secondary ligand was synthesized through a thermal condensation reaction following an earlier 

report.18 In brief, ~500 mg (~3.5 mM) of benzene-1,4-dicarbaldehyde was dissolved in EtOH. ~1.125 g (~9 

mM) ortho-aminothiophenol was also dissolved in MeOH-EtOH (2:1, v/v) solvent mixture. It was added 

dropwise to the solution at inert argon closed condition, which resulted in some yellow precipitates. As-

synthesized yellow precipitates are kept for 1 day under reflux conditions. Recrystallized sample from hot 

DCM/hexane mixture was used for further studies. The yield of the product is 85 %. The product was soluble 

in various organic solvents such as DMF, DCM, MeOH, and acetonitrile. 

Figure S1.(A) Negative mode full range ESI MS of [Ag29]3-. (B) Overlapped isotopic distributions of experimental 

(color: Purple) [Ag29]3- with theoretically (color: Pink) calculated one.  
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(A) 

Figure S2.(A) Experimental and theoretical isotopic distribution of (i) [Ag29]3- NC without R1S2H2, and (ii)-(xii) 

[Ag29](R1S2H2)n
3- , respectively {[Ag29](R1S2H2)n-xH}3- , adducts with n and x as indicated. Peaks in vivid pink and 

dark gray represent the experimental and theoretical isotopic distribution, respectively. Partial ESI-MS correspond to 

a [Ag29]3-:R1S2H2 (0.14) solution in acetonitrile sampled within 60 s of mixing.  
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Figure S3.(A) Full range negative mode ESI MS spectra of (i) [Ag29]3- solution without additional ligand R1S2H2 and 

(ii) [Ag29]3-:R1S2H2 (0.14) solution (60 s after mixing). Inset (i) shows no additional peaks at m/z range 3100-5000. 

Inset (ii) shows the NC-R1S2H2 adduct ions as monomers and dimers.  
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Figure S4. (A) Theoretically calculated isotopic distribution of [Ag29](R1S2H2)16 -xH}3- - monomer (i), and 

{[Ag58](R1S2H2)32-yH}6-  dimer (ii) under the assumption of given x and y as indicated, matched with experimental 

peak distribution. Cross symbol (×) denotes the theoretical isotopic distribution, highlighting its mismatch with the 

experimentally observed isotopic pattern. (B) Theoretically calculated isotopic distribution of {[Ag29](R1S2H2)17-

xH}3- monomer (i), and {[Ag58](R1S2H2)34-yH}6- (17,17) dimer (ii), well-matched with experimental peak distribution. 

(C) Isotopic distribution of the (17,18) dimer along with its theoretically calculated distribution. Calculated isotopic 

distribution of monomers with the assumption of x = 4 shows slight shifts in the overlay plot, while the experimental 

distribution suggests that x may differ from, but remain close to, 4. 
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Figure S6.(A) HRTEM micrographs of (i) [Ag29]3- NC, (ii) [Ag29]3-:R1S2H2 (0.14), (iii) [Ag29]3-:R1S2H2 (0.02), and 

(iv) [Ag29]3-:R1S2H2 (0.01) solutions (after drop coating the respective solutions onto TEM grids). Values in 

parentheses indicate the ratios of [Ag29]3-:R1S2H2 in solution.  

(A) 

Figure S5. (A) Full range ESI MS recorded within 60 s after mixing for a molar ratio of 0.02 of [Ag29]:R1S2H2. (B-

C) show the expanded ESI MS of (A). I corresponds to the Zoom factors. The intermediate peaks between 

[Ag29](R1S2H2)n
3- adducts are labelled with nα, nβ, nγ, nδ indicating fragmentation. n is the nominal number of 

R1S2H2 ligands in [Ag29](R1S2H2)n
3-.  
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Figure S8. Structure of [Ag29](R1S2H2)4
3- as received from aISS docking shown for two different orientations (A-B). 

Color code: iAg (icosahedron Ag) – dark prussian blue; tAg (tetrahedral Ag) – pink; cAg (crown Ag) – grey, C and H 

of the BDT ligands of [Ag29]3- – dark gray; C of R1S2H2 – light green; S – yellow; H of R1S2H2 – light gray and N - 

blue. 

Figure S7. GFN2 xTB structures of the ligand R1S2H2 
in (A) cis and (B) trans configuration. 
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Figure S10. (A) DFT optimized structure of [Ag29](R1S2H2)3- with one “tangentially” oriented, physisorbed ligand. 

(B) DFT optimized structure of {[Ag29](R1S2H1)+H}3- where the H+ of the ligand was transferred from the right -SH 

group to a BDT S-atom (see red circle).  

 

Figure S9. GFN1-xTB structures of a ligand dimer (R1S2H2)2 (A), and a tetramer (R1S2H2)4 (B) from 

aISS docking. The latter was calculated by docking two (R1S2H2)2 dimers.   
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