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Figures S1-S5. Comparison of Au-S framework and Aug inner cores of studied structures by including or not
the long range interactions (DFT-D).

Figure S6. Bond lengths of all studied structures.

Figure S7. Relaxed structures by means of DFT calculations of Auig clusters protected by chiral ligands.

Figure S8. Comparison of calculated absorption spectra of the Auss cluster protected by S-c-CeHu1 ligand
based on DFT and DFT-D approach with the experimental curve.

Figure S9. Comparison of CD spectra of Ausg cluster protected by S-c-CsH11 ligands and DFT and DFT-D ap-
proaches.

Figure S10. Contribution of the atoms constituting the thiolated gold clusters to the energy levels of clusters
protected by achiral ligands.

Figure S11. Comparison of CD spectra of Auzg cluster protected by S-c-CsH11 ligands based on DFT-D and
DFT calculations.

Figure S12-S16. Comparison of UV spectra of Aul8 cluster protected by mainly chiral ligands.

Figures S17. C Contribution of the atoms constituting the thiolated gold clusters to the energy levels of clusters
protected by mostly chiral ligands.

Section 2. Cartesian coordinates of some studied clusters.



Figure S1. Comparison of cores (green balls) and Au-S framework of thiolated Auag cluster protected by p-
MBA ligands. Structure with Au atoms in blue corresponds with the un-corrected (DFT) compound. It is easy to
note that the distortion occurs in both the Au core and the staples, but the distortion is stronger in the tetramer
staple (S atoms are indicated with asterisks).

Figure S2. Comparison of cores (green balls) and Au-S framework of thiolated Auig cluster protected by -SPh
ligands. Structure with Au atoms in blue corresponds with the un-corrected (DFT) compound. It is easy to note
that the distortion occurs in the tetramer staple. The orientation is same that the one displayed on Figure S2.

Figure S3. Comparison of cores (green balls) and Au-S framework of thiolated Auzs cluster protected by —
SPhNO: ligands. Color corresponds with Figure S2. The distortion occurs in the tetramer motif mainly.



Figure S4. Comparison of cores and Au-S framework of thiolated Auis cluster protected by cyclohexyl ligands.
Both structures are not indistinguishable despite the bulky ligands, the different orientation of the ligands and
the consideration of the long range interactions. Color of Au ad atoms are in agreement with previous figures.

Figure S5. Comparison of cores and Au-S framework of thiolated Auzs cluster protected —-SCHz ligands. Both
structures are not indistinguishable. Color of Au ad atoms are in agreement with previous figures.
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Figure S6. Bond lengths of all studied structures. Left panel corresponds with uncorrected structures (DFT cal-
culations) and right panel are structures calculated by a DFT-D approach. It is notable that all structures feature
more ordered bonds than the experimental one (right panel and bottom graph). a) Compounds including p-MBA
or PhNO; show their major differences in the Au-Au and Au-S bonds. b) The structure protected with bulky S-
c-CsH11 ligand shows almost the same Au-S and Au-Au bonding of the SCH3 ligand which means that both the
core is intact and Au-S framework is similar independently of the correction (DFT-D).
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Figure S7. Relaxed structures by means of DFT calculations. Chiral ligands were considered. 2-PET and MPA
are achiral ligands.
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Figure S8. Calculated absorption spectrum of the Auig cluster protected by S-c-CeH11 ligand (left panel) based
on DFT-D approach. The used Gaussian broadening is of 0.22 eV. The experimental spectrum is shown at right
panel. It is important to note that the same ligand is found in both spectra. Interestingly the relative intensity of
first two peaks is better reproduced by considering the ligand used during experiments. See reference 16 for a
comparison with the structure protected by SCHj3 ligands.
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Figure S9. Comparison of calculated absorption spectra of the Auis cluster protected by S-c-CsH11 ligand based
on DFT (black curve) and DFT-D approach. The used gaussian broadening is od 0.22 eV. It is evident that DFT-
D approach enhances the agreement between calculations and experiment.
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Figure S10. Contribution to the energy levels from atoms constituting thiolated Auig clusters protected with
achiral ligands. In three upper figures is depicted the energy levels of relaxed structures with and without con-
sideration of the correction of long range forces. It is important to note that p-MBA structure has contribution
from the Oxygen atoms (cyan color) in such manner that oxygen atoms are modulating its electronic structure.
The lower figure depicts the energy levels of the Auig cluster protected by SPhNO: ligands. Again, it is obtained
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Figure S11. Comparison of CD spectra of Auzs cluster protected by S-c-CsH11 ligands. Red curve corresponds
with DFT-D calculation. Minor differences are found in a range from 2.25 to 2.8 eV approx. between both spec-
tra.
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Figure S12. Comparison of UV spectra of Auzs cluster protected by 2-PET (S-CH»-CH»-Ph and black curve),
and SCHs ligands (red profile). Both structures were obtained by DFT calculations. In this case both ligands are
achiral but is evident that the ligand including phenyl rings feature a slight more intense profile.
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Figure S13. Comparison of optical absorption spectra of Auis cluster protected by S-Ph (Black line) and S-CH»-
CH(CH3)-Ph. Is evident that the achiral ligand (S-Ph) features a slightly stronger signal than the chiral one (Red
line). Both calculations do not include van der Waals interactions. However, Fig. 8 in manuscript shows that S-
Ph ligand holds a similar profile for DFT and DFT-D calculations.
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Figure S14. Comparison of optical absorption spectra of Auisg cluster protected by achiral S-CH,-CH»-Ph (Black
line) and chiral S-CH>-CH(CH3)-Ph ligands. Profiles are similar and chiral ligand (red curve) does not feature a
strong profile.
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Figure S15. Comparison of optical absorption spectra of Auis cluster protected by p-MBA (red curve)
and mercaptopropionic acid (MPA) ligands. The distinct profiles must be ascribed to the presence of
the phenyl ring in p-MBA.
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Figure S16. Optical absorption spectra of Auis cluster protected by L-cysteine (red curve) and SPh
ligands. The more intense profile of SPh can be ascribed to the presence of phenyl rings. L-cysteine
was calculated by considering water as solvent. Noteworthy is the enhanced HOMO-LUMO peak in L-
cysteine which might result in the observed fluorescence of the Auis cluster protected by glutathione (
Ref 4).
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Figure S17. Contribution to the energy levels from atoms constituting thiolated Auzs clusters protected with
chiral and achiral ligands (m-MBA) shown in Figure 9. Oxygen atoms contribute to the frontier orbitals of m-
MB, MPA and L-cysteine. This contribution is indicated as cyan lines. Noteworthy is that for L-cysteine, the
contribution of oxygen atoms up to the HOMO level is larger than for the cluster protected by m-MBA ligand.



Section 2

Cartesian coordinates of relaxed Auis cluster by means of DFT-D calculations and protected by
p-MBA ligand.
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0.080020 -0.700653 1.768084

-2.389579 0.884136 0.593372

0.480115 1.570992 0.247726

0.977367 -1.010295 -0.933620

-3.323028 -1.572421 2.576851
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-1.365316 0.624016 -1.919047
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3.261437
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-1.352154
-3.122894
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3.728648

3.523556
-1.522635
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1.672531
-1.697200
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1.092964
-0.002104

-1.324784
1.121346
-0.404758
-3.185840
-1.664730
2.270229
-0.459801
-2.730575
1.223050

-1.984041
-1.676560
-4.030464
1.770521
3.923687
-3.875970
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-4.184765
-2.343669
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4.858757
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5.400269
5.301767
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2.020868
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2.359220
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3.458100
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1.094099
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-0.674509
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-5.833630
-4.473192
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2.939254
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-5.495011
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4.834256
4.640711
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