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1. Experimental section

Synthesis of HAuCls.3H20

A 24 karat gold coin, weighing 2 g, was taken in a round bottom flask and added 10 ml of
conc. HCl into it. Then it was heated at 60°C for 5 minutes. Into the hot solution, 4 ml of conc.
HNO3z was added dropwise, and bubble formation was observed. Continue the addition of
HNOs until the bubbles are not formed. The solution was heated until the gold dissolves
completely. After the complete dissolution of gold, the solution was cooled down to room
temperature. Then it is further cooled at 0°C for 24 h, to precipitate out the impurities. The
precipitate were removed by filtration, and 5 ml of distilled water was added to the filtrate.
Further the filtrate was kept for slow evaporation, in presence of the drying agent phosphorus

pentaoxide, to get the crystalline product HAuCl4.3H.0.

2. Instrumentation

UV-Vis absorption spectra of the cluster in their respective solution were optimized using a
PerkinElmer Lambda 25 spectrophotometer in the 200-1100 nm wavelength range. The slit
width used for the measurement is 1 nm.

Mass spectra of all the clusters were measured using Waters Synapt G2Si HDMS instrument.
The instrument is equipped with an electrospray ionization source, mass selected ion trap, ion
mobility cells, and time of flight mass analyzer. All MS measurements were acquired in the
negative ion mode. An optimized operating conditions such as flow rate 15-20 uL/min,
capillary voltage 2-3 kV, cone voltage 20 V, source offset 10 V, desolvation gas flow 400
L/min and source temperature 80-100 °C were used for the measurements.

The interaction between the clusters lead to the formation of multiple polymeric species as
observed in ESI-MS (see Figure 1, 2), making it difficult to assign charge states in the case of

metal-exchanged alloy clusters and their polymeric entities, especially when isotopic resolution



is lacking and charge states overlap within complex mass spectra. Experimentally acquired ESI
MS spectra were analyzed using UniDec software to address these challenges. This approach
allowed for a clearer visualization of the relative intensities of cluster ions, including the less

intense polymer ions, in a ‘Heat map’ plot, and helped to reduce mass uncertainty in the

spectrum.
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Figure S1. UV-Vis absorption spectra of (a) [Auzs(PET)1g], and (b) [Ag2s(DMBT)1g] ™~ clusters
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in acetonitrile solvent.
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Figure S2. ESI-MS of (a) [Ag2s(DMBT)1g], and (b) [Auxs(PET)1s8]™ cluster, measured in

acetonitrile solvent.
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Figure S3. Time-dependent ESI-MS, after grinding 1:3 mixture of Agzs(SR)1s:Au25(SR)1s, in
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Figure S4. Heat map plot obtained from the mass spectra of grinding 1:3 mixture of

AQ25(SR)18:Auzs(SR)1s, in the solid state.
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Figure S5. Time-dependent ESI-MS, after grinding 3:1 mixture of Ag2s(SR)1s:Au2s(SR)1s, in

the solid state.
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Figure S6. Heat map plot obtained from the mass spectra of grinding 3:1 mixture of
AQ25(SR)18:Auzs(SR)1g, in the solid state.
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Figure S7. Time-dependent ESI-MS, after grinding 1:5 mixture of Ag2s(SR)1s:Au25(SR)1s, in

the solid state.
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Figure S8. Heat map plot obtained from the mass spectra of grinding 1:5 mixture of
Ag25(SR)18:Auzs(SR)1s, in the solid state.
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Figure S9. Time-dependent ESI-MS, after grinding a 5:1 mixture of Ag2s(SR)1s:Au25(SR)1s in
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Figure S10. Heat map plot obtained from the mass spectra, of grinding 5:1 mixture of
AQ25(SR)18:Auzs(SR)1s, in the solid state.
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Figure S11. ESI-MS showing various homopolymers of Aus(SR)1s at m/z 7393, i.e.,
[Au125(SR)90]*, [Au100(SR)72]*, [Auzs(SR)s4]*, and [Auso(SR)2s]*, and Agzs(SR)1s at m/z
5167, i.e., [Aglzs(SR)go]S', [Agloo(SR)72]4', [Ag75(SR)54]3', and [Agso(SR)zs]z'.
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Figure S12. ESI-MS of the hexamer species [Ag72Aurs(SR)108]%, along with its theoretical
fitting. The instrumental resolution was poor at high mas range to clearly resolve all the peaks.
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Figure S13. Solid state UV-Vis absorption spectra upon mixing the clusters in the solid state.
Due to the limitation of the instrument, we could not measure the spectra above 800 nm.
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Figure S14. The time-dependent UV-Vis absorption spectra measured by dissolving the
ground mixture in cold acetonitrile.
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Figure S15. The degradation peaks after the reaction, for different ratios of Ag2s(SR)1s and
Auzs(SR)1s.

Table S1. The detailed information of all the polymeric species observed in mass

spectrometry studies of 1:1 Ag2s5(SR)1s:Auzs(SR)z1s.

m/z Monomers | m/z | Dimers m/z | Trimers | m/z | Tetramers
7393 | Auzs(SR)is J350 | ABAU(SR)is + 5345 | AgsAun(SR)n
Auas(SR)1s
7305 AgAu,4(SR)18 7308 2[AgAU4(SR)1s] >>%0 Ao Al
AgAU,4(SR)1s + >634 AgrsAuziSR)7
7216 Ag,Auys(SR 7260
82AU23(SR)1s Ag>Au,3(SR)1s
AgsAu2;(SR)1s + >679 AgrAuzlSRlz
7127 AgsAux(SR 7172
g3AU2(SR)18 AgaAU3(SR)1s
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Table S2. The detailed information of all the polymeric species observed in mass spectrometry
studies of 1:3 Agas(SR)1s: Auzs(SR)1s.

m/z Monomers | m/z | Dimers m/z | Trimers m/z | Tetramers
5167 | Agss(SR)is 6280 | AuasAgas(SR)ss | 5167 | 3[Agas(SR)1s] 5167 | 4[Agas(SR)us]
5256 | AuAg2(SR)1s | 6235 | AuAgas(SR)ss | 7216 | 3[Ag2AU3(SR)1s] | 7393 | 4[Auas(SR)is]
5345 | AuAgx(SR)1s | 6324 | AuasAg2a(SR)ss | 7305 | 3[AgAuU24(SR)1s]
5434 | AusAg»(SR)1s | 6189 | AuAga7(SR)ss | 7393 | 3[Auzs(SR)us]
5702 AueAgi15(SR)1s | 6144 | AuzAgas(SR)ss
5792 AusAg18(SR)1s | 6100 | Auz1Agas(SR)s6
5970 AusAgi1s(SR)1s | 6369 | Auz7Ag23(SR)36

6414 | AuzsAg22(SR)ss

6459 | AuzsAgo1(SR)s6

Table S3. The detailed information of all the polymeric species observed in mass spectrometry
studies of 3:1 Agas(SR)1s: Au2s(SR)s.

m/z | Monomers | m/z | Dimers m/z | Trimers m/z | Tetramers
6324 | Agi2Aus(SR)is | 6324 | 2[Ag12Au1s(SR)1s] | 6324 | 3[Ag12Au1s(SR)1s] | 6324 | 4[Ag12Au13(SR)1s]
6413 | AgiAui(SR):s | 6370 ﬁgiﬁzfggf 6413 | 3[AguAua(SR)1s] | 6347 f[:ggllf:l‘jj((sss))j:]
6504 | Aguus(sh)a | 613 | po et | 626 | e | 2% | T ageuioRs
6593 | AgshuslsRls | 6459 | L 6350 | ot | 5 | Aot
6683 | Agsnus(sRla | 6549 | LBSECD T | 6aa | e e | 5950 | S agaione
6771 | Agustsiis | 6638 | pee il | 6472 | e | 5255 | L AgaundoRe
6860 | AgsAuss(SR)is | 6683 ﬁgzﬁﬁizggf 6530 i[:gg;/iﬁl:;é;?};g] o213 i[:ggllj:tljllf((gs))ll:]
6145 | Agsaus(SRe | 6771 | 8T | 6a0a | e | 6168 | o
6234 | AguhusisRls | 6817 | LS | 6176 | S |52 | Aot
6056 | AgushunisRls | 6851 | LESIE T | 6114 | SR | %70 | Aot
5967 | Agw(sRln | G1ds | (B0

5678 | Agrau(sRn | G189 | BT
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5790

Ag13AU7(SR)18

6234

Agi13Au1(SR)1s +
Agi13Au1(SR)1s

6279

Agi13Au1(SR)1s +
Ag1,Au13(SR)1s

6324

Ag1,Au13(SR)1s +
Ag1,Au13(SR)1s

6102

Agi14Au11(SR)1s +
Agi1sAu1o(SR)1s

6011

AgisAu1o(SR)1s +
Ag15AU9(SR)1g

5967

Ag15AU9(SR)1g +
Ag15AU9(SR)1g

5922

Ag15AU9(SR)1g +
Ag17AU8(SR)1g

5878

Ag17AUs(SR)18 +
Ag17AUs(SR)18

5833

Ag1gAU7(SR)18 +
Ag17AUs(SR)18

5790

2 [AglgAU7(SR)18]

Table S4. The detailed information of all the polymeric species observed in mass spectrometry studies
of 1:5 Ag2s(SR)1s: Auzs(SR)1s.

m/z | Monomers m/z | Dimers m/z | Trimers m/z | Tetramers
AUAg49(SR)36 3[AUAg24(SR)1g]
5167 | Agas(SR)s 5212 | AuAgas(SR)ss 5227 | + 5278 | +
AUAg24(SR)18 [AUzAgzg(SR)lg]
3[AU2Ag23(SR)1g]
5256 | AuAg.4(SR 5300 | AusAgss(SR 5323
g24(SR)18 3Ag47(SR)36 + [AUAE24(SR) 1]
3[AU2Ag23(SR)1g]
5345 | Au,Ag23(SR)1s | 5390 | AusAgas(SR)se 5367 | +
[AU3Ag22(SR)18]
3[AU3Ag22(SR)1g]
5434 AU3Ag22(SR)18 5480 AU7Ag43(SR)36 5412 | +
[AUzAgzg(SR)ls]
3[AU4Ag21(SR)1g]
5523 AU4Ag21(SR)13 5968 AulsAggz(SR)36 5501 +
[AU3Ag22(SR)13]
AU21Ag29(SR)35 +
5612 | AusAgo(SR 6013 | AuisAgsi(SR 6080
5Ag20(SR)1s 19Ag31(SR)36 AuzoAgs0(SR)3s
AU21Ag29(SR)35+
6058 | AuAgso(SR 6125
20Ag30(SR)36 Auz2Ags(SR)3s
AUzzAgzg(SR)35 +
6102 | Au1Ag9(SR 6169
21Ag29(SR)36 Au3Ag7(SR)3s
AU23Ag27(SR)35 +
6147 | AuxAgas(SR 6213
22\8s(SR)3s Au2aAga6(SR)36
6191 AUnggz7(SR)36 6258 AUzsAgzs(SR)35 +

13




Au24Ag26(SR)36

6236 | Au2uAg2s(SR)ss 6303 QEEZQZZEEE;?
6280 | AuxsAgas(SR)ss
6325 | Auz6Ag24(SR)36
6369 | AuxAgx(SR)ss

Table S5. The detailed information of all the polymeric species observed in mass spectrometry
studies of 5:1 Aga2s(SR)1s: Auzs(SR)1s.

m/z | Monomers m/z | Dimers m/z | Trimers m/z | Tetramers
[AuAg24(SR)1s] [AusAga7(SR)36]
A R
5167 | Agas(SR)us 5211 Aﬁi(s ()518R)+ 5285 | + 5322 | +
824 18 [Au3Ag47(SR)36] [AU4Ag46(SR)36]
[AU3Ag22(SR)18] [AUSAg45(SR)36]
AuA R
5256 | AuAg2(SR)is | 5300 AE /524((55;;“ 5344 | + 5410 | +
2A823(5R )18 [AusAga7(SR)s6] [AusAgaa(SR)s36]
[Au2Ag)3(SR)1s]
5344 | AuAgxs(SR)is | 5388 ﬁﬂzﬁgnggl’” 5373 | +
382 e [AusAgas(SR)ss]
[AusAg>1(SR)1s]
5432 | AusAgn(SR)is | 5477 233ﬁgzzgglg+ 5432 | +
A8 [AusAgas(SR)ss]
[AusAg>1(SR)1s]
5521 | AusAgxu(SR)is | 5566 2342g21g§;18+ 5489 | +
5 gZO 18 [AU7A343(SR)36]
[AusAg20(SR)1s]
AusA R
5610 | AusAgx(SR)is | 5656 AESAgng;M 5521 | +
6 g19 18 [AU7A343(SR)36]
[AusAg20(SR)1s]
AugA R
5699 | AusAgis(SR)1s | 5745 AEGAgng;18+ 5582 | +
7A818 18 [Au9Ag41(SR)3e]
AU7Ag1g(SR)18 +
5788 AU7Ag13(SR)13 5833 Au8Ag17(SR)18
AusAgi17(SR)1s +
5877 | AugAgi7(SR 5922
8 g17( )18 AU9Ag15(SR)1s
AusAgis(SR)1s +
6055 | AuioAgis(SR 6011
10 g15( )18 AU10/-\g15(SR)1s
6144 AU11Ag14(SR)1g
6233 AU12Ag13(SR)1g
6322 | Aui13Agi12(SR)1s
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