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Experimental and Theoretical details.

S1. Mass Spectrometric Analysis：

Figure S1  shows the high-resolution mass spectrum of Aun cluster species synthesized by laser 

ablation in water, where the dominant peaks are assigned to Au5(H2)-, Au5(H3O)-, Au5(H20)10H3
-, 

Au20(H30)8(H2)- and Au4(H20)3(H3O)+H3
+.This is consistent with previous reports which have noted that 

the electrostatic effects can control agglomeration behaviour, enabling these metal hydration clusters to 

attach additional hydrogen atoms and the Rydberg atom (H3O) is stable species in water. It is notable 

that the stability and electrostatic stabilization are experimentally associated with the use of N2–gas in 

the preparation process since the convective current of nitrogen and water benefits thermal 

transmission, as well as separation distances among the gold clusters.

Figure S1.ESI-MS spectra of gold clusters obtained by laser ablation in water followed by filtration.



Figure S2. ESI-MS spectra (positive mode) glycerol without laser ablation at the presence of gold rod at the addition of 0.5 ml 
HCl (1M), as an exclusionexperiment.

S2. Structural Optimization and Energy calculation:

The Sum of electronic and zero point energies for the optimized structuresare calculated. The 
difference of total electronic and zero point energies (ΔE) was used to elucidate the reaction 
coordinates.DFT calculations of the reactants binding shows that both reactants (HCl and glycerol) 
prefer to co-bind on the Au cluster catalyst as it presents a relatively strong binding state as seen in 
figuresS3, S4, S5, S6.

Figure S3. Optimized structures and binding energies of HCl-Au5, Au5-C3H8O3, HCl-Au5-C3H8O3and HCl-Au5-C3H7O2Cl complexes. 
Bond lengths are in angstroms. Atoms in yellow, red, grey, white, green colour represent Au, O, C, H and Cl respectively.



Figure S4.Optimized structures and binding energies of HCl-Au4, Au4-C3H8O3 and HCl-Au4-C3H8O3 complexes. Bond lengths are 
in angstroms. Atoms in yellow, red, grey, white, green colour represent Au, O, C, H and Cl respectively.

S3. HOMO-LUMO gaps:

Figure S5.The HOMOs, LUMOs, and HOMO–LUMO gaps of glycerol, monochloropropanediol, HCl and Aunclusters.Energies 
are in eV. Atoms in yellow, red, grey, white, green colour represent Au, O, C, H and Cl respectively.



S4. NBO Analysis:

Similar to the results for Au5 as given in the main text, dominant donor-acceptor charge-transfer interaction are 

also checked out for the Au4, alongside a summary of natural population analysis indicating natural charge and natural 

bond orbitals. Specifically, LPo→LPAu(0.96 eV) is observed in HCl-Au4–C3H8O3complex (Figure S6). In comparison, we 

find LPO→LP*Au (0.92 eV) and LPCl→LP*Au (0.36 eV) in C3H7O2Cl-Au4-HCl.

Figure S6. Atom labels for all the following analysis. Atoms in yellow, red, grey, white, green color represent Au, O, C, H 
and Cl respectively.

Figure S7. Second order perturbation theory analysis of Fock matrix in NBO donor–acceptor interactions in HCl-Au4–C3H8O3 

(a), and HCl-Au4–C3H7O2Cl (b). Atoms in yellow, red, grey, white, green color represent Au,O,C, H and Cl respectively.The 
inserts indicate atom numbers while BD (bonding orbital), BD* (antibonding orbital), LP (antibonding lone pair), RY (Rydberg 
orbital), RY* (Rydberg antibond) are molecular orbitals.  



S5. Reaction Pathway for Au4 Catalysis:

Bearing in mind that cluster properties are not only dependent on the electronic behaviours but 

also geometric structures, we have compared the dehydrochlorination reaction pathway along with 

planarAu4, as shown in Figure S8.It is worth noting that Au4  shows a higher binding energy (-0.53 eV) 

than Au5. Also found is that, Au5 pathways have smaller activation energy for the first step involving 

hydrogen absorption of HCl to the nearby Au atom (0.01 eV). In the second and third steps, both Au4 

andAu5 pathways have similar single step energy barriers. 

Figure S8. Reaction coordinates of ‘C3H8O3+HCl+Aun’ involving conversion of C3H8O3 to C3H7O2Cl over Au4. Atoms in yellow, 
red, grey, white, green color represent Au, O, C, H and Cl respectively.



S6. FMO Analysis:

Table S1.Summary of Natural Population Analysis for C3H8O3-Au5-HCl complex.



Table S2. Summary of Natural Population Analysis for C3H8O2Cl-Au5-HCl complex.



Table S3. Summary of Natural Population Analysis for C3H8O3-Au4-HCl complex. 



Table S4. Summary of Natural Population Analysis for C3H8O2Cl-Au4-HCl complex 


