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Structure of Ag44(4-FTP)30 cluster
Au12Ag32(SPhF)30(PPh4)4



Crystal structures of Crystal structures of 
[Au13Cu2(PPh3)6(SPy)6]+ (a,b) and
[Au13Cu4(PPh2Py)4(SC6H4-tert-
C4H9)8]+ (c,d) clusters. (b,d) 
Structures showing only metal 
atoms.



In this paper……

Cluster Gold precursors Counter ions
Au12Cu32(SPhCF3)30·4PPh4 AuPPh3Cl PPh4Br

Au14Cu32(SPhCF3)32·4PPh4 AuPPh3Cl NBu4Br

Au16Cu32(SPhCF3)34·4PPh4 AuPPh2PyCl PPh4Br

Au16Cu32(SPhCF3)34·4PPh4 AuPPh2PyCl NBu4Br16 32( 3)34 4 2 y 4

[Au12+nCu32(SR)30+n]4− (n = 0, 2, 4, 6)



The average Cu···Cu distance in six
ÅCu2(SR)5 units is 2.763 Å 

(2.761−2.781 Å), 8% l onger than the 
sum of Cu atomic radii (1.28 Å), 

Ag···Ag distance in
[Au12Ag32(SR)30]4− was averaged as 
2.978 Å, only 3% longer
than the sum of Ag atomic radii (1.44 
ÅÅ).

Crystal structure of the [Au12Cu32(SR) 30]4– cluster. (a) Overall structure of the [Au12Cu32(SPhCF3)30]4– cluster. All hydrogen and 
trifluoromethyl groups are omitted for clarity. (b) Two-shell Au12@Cu20 core of the cluster. (c) Structure of the cluster with the 
Au12@Cu20 two-shell cores in the space-filling style (d) Structure of the surface [Cu2(SPhCF3)5] motif Color legend: orangeAu12@Cu20 two shell cores in the space filling style. (d) Structure of the surface [Cu2(SPhCF3)5] motif. Color legend: orange 
spheres, Au; blue spheres, Cu; yellow spheres, S; gray sticks/spheres, C.
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Surface structures of Au12Cu32@Aux (x = 0, 2, 4, 6) nanoclusters: (a) [Au12Cu32(SR)30]4–. (b) [Au12Cu32Au2(SR)32]4–. (c) 
Schematic diagram of the formation of the Cu2Au(SR)6 unit from Cu2(SR)5 unit. (d) [Au12Cu32Au4(SR)34]4–. (e) 
[Au12Cu32Au6(SR)36]4– Color legend: gold spheres Au; blue spheres Cu; yellow spheres S All hydrogen fluorine and carbon[Au12Cu32Au6(SR)36] . Color legend: gold spheres, Au; blue spheres, Cu; yellow spheres, S. All hydrogen, fluorine, and carbon 
atoms are omitted for clarity.
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HOMO−LUMO HOMO−LUMO 
energy gaps
are 0.72, 0.72, 0.79, 
and 0 93 eV for n = and 0.93 eV for n = 
0, 2, 4, and 6





Optical absorption spectra of [Au12Cu32(SPhCF3)30]·4PPh4+, [Au14Cu32(SPhCF3)32]·4NBu4+, [Au16Cu32(SPhCF3)34]·4PPh4+, and 
[Au18Cu32(SPhCF3)36]·4NBu4+ in CH2Cl2 and the computed absorption spectrum for [Au12Cu32(SR)30]4–. In the theoretical 
spectrum the individual optical transitions have been folded into a smooth curve by using a Gaussian width of 0 1 eVspectrum, the individual optical transitions have been folded into a smooth curve by using a Gaussian width of 0.1 eV.
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UV Vis spectra of DMF solutions of (a)Au Cu (SPhCF ) ·4PPh +  UV-Vis spectra of DMF solutions of (a)Au12Cu32(SPhCF3)30·4PPh4 , 
(b)Au14Cu32(SPhCF3)32·4NBu4+,(c)Au16Cu32(SPhCF3)34·4PPh4+, and (d) Au18Cu32(SPhCF3)36·4NBu4+ heated in air at 
50oC for different times.



The comparative change of the absorption at 504 nm with heating time. 



Crystal structure of the [Au13Cu12(SPhCF3)20]4– cluster. (a) Overall structure of the cluster. (b) Side view of the capping of two 
Cu6(SR)10 units on the Au13 core. (c) Top view showing how Cu2Au(SR)6 is sitting on the Au6 unit of the Au12 shell. Color legend: 
gold spheres Au; blue spheres Cu; yellow spheres S All hydrogen atoms and trifluoromethyl groups in (a) and fluorine andgold spheres, Au; blue spheres, Cu; yellow spheres, S. All hydrogen atoms and trifluoromethyl groups in (a) and fluorine and 
carbon atoms in (b) and (c) are omitted for clarity.
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A series of all-thiol capped bimetallic Au−Cu nanoclusters, [Au12+nCu32(SR)30+n]4− (n = 
0, 2, 4, 6), have been successfully prepared.



The metal distribution and the surface structure of the bimetallic nanoclusters were 
found to be highly sensitive to the Au precursors and countercations



found to be highly sensitive to the Au precursors and countercations.

E h [A C (SR) ]4 (   0  2  4  6) l t  i t  f  K l t t h ll  Each [Au12+nCu32(SR)30+n]4− (n = 0, 2, 4, 6) cluster consists of a Keplerate two-shell 
Au12@Cu20 core protected by (6 − n) units of Cu2(SR)5 and n units of Cu2Au(SR)6 (n = 
0, 2, 4, 6) on its surface.



Structural determination of the degradation product of the [Au12+nCu32(SR)30+n]4−

clusters clearly indicated that the poor stability of thiolated Au Cu bimetallic 


clusters clearly indicated that the poor stability of thiolated Au−Cu bimetallic 
nanoclusters was mainly due to the easy oxidation of zerovalent Cu by air.


