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Fig. S1. Inner cores of all calculated isomers of Auzs(SR)1s Z cluster (z= 0, 1-, 1+). Colour code: Gold adatoms are
shown in yellow; core gold atoms are shown in orange colour; chlorine atoms in green; sulphur atoms in red
colour. First row stands for core size; second row shows relative energy values; third row indicates the number
of octahedra and tetrahedra; four row provides with number of compact tetrahedra and last row indicates the
symmetry displayed by each inner core.

NEUTRAL/ PBE

\ \‘.’_ <g®

/\
1.Auss 2.Au1z 3.AU12 4.Aug;
0.0 eV 0.014 eV 0.38 eV 0.53 eV
20+8T 15T 10+6T 10+5T
3compactT 9 compact T 6 compactT 4 compact T
Cc1 Cs C5v Cc1
NEUTRAL/ TPSS

\

la. Auis 2a.Ausn 3a.Aun;
0.0 eV 0.039 eV 0.91 eV
20+10T 25T 10T
5 Compact T 22 Compact T 7 Compact T

Cs Cs C1


mailto:tlahuicef@gmail.com

ANIONIC/ PBE

[
1j. Auis 2j.Auss 3j.Ause (Auis changed to Ausg) 4j.Ausz 5j.Auis
0.0 eV 0.2eV 0.34 eV 0.40 eV 1.45 eV
20+10T 40+9T 10+14T 17T 10+5T
7 Compact T 3 CompactT 7 compactT 11 Compact T 3 CompactT
Cc1 Cc1 Cc1 Cs
ANIONIC/ TPSS

1k.Auis 2k.Auss (obtained from opt. of Auii) 3k.Auis

0.0 eV 0.17 eV 0.48 eV

20+15T 20+23T 25T

9 Compact T 19 Compact T 21 Compact T

Cc1 Cc1 Cc1

NEUTRAL/ PBE
1b.Au11 2b.Au1z 3b.AU11 4b.AU1z 5b.AU1z 6b.AU13
0.0 eV 0.12 eV 0.19 eV 0.22 eV 0.26 eV 0.60 eV
10+5T 11T 18T 19T 13T 20+5T
3 CompactT 6 CompactT 8 CompactT 10CompactT 8 CompactT 1CompactT
Cs Cc1 Cs C2v C2v C1

NEUTRAL/ TPSS

1c.Auiz 2c.Aus; 3c.Aumn 4c.Auis 5¢.Aun;

0.0 eV 0.026 eV 0.13 eV 0.16 eV 0.17 eV

10+10T 24T 25T 20+9T 8T

6 Compact T 15 compact T 12 Compact T 4 CompactT 7 Compact T

Cc2 C5v C5v Cc1 Cc1



ANIONIC/ PBE

1f.AU1z

0.0 eV

18T

12 Compact T
C2v

ANIONIC/ TPSS

1g.Aus;

0.0 eV

23T

16 compact T
C5v

NEUTRAL/ PBE

1d.Aui;
10+5T

4 compact T
Cs

NEUTRAL/ TPSS

10 Compact T
C2v

2g.Auis
0.19 eV

10+16T
11 compact T

C1

2d.Au1;

197

3d-AU13

8T

10 compact T
C2v

51 X

4f.AU13 5f.AU11
0.35eV 0.44 eV
10+4T 10+5T
lcompactT 1compactT
c1 Cs

3g.Au14 4g.Au13 58.Au11

0.25 eV 0.34 eV 0.96 eV
30+13T 10+8T 10+10T
5compactT 5compactT 5 Compact T
Cc2 c1 C1

K PR

12 compact T 7 compactT

C2v

C1

5 AL %

le.Aunx

20T
12 compact T
C2v

2e.Aun;

10+6T
4 compact T
Cs

3e.Au14

20+9T
5 compactT
c1

4d.Auss

10+2T
1 compactT
c1

4e.Auis

10+10T
1 compactT
c1



ANIONIC/ PBE
F @
N

1h.AU11

0.0 eV

18T

12 compact T
C2v

ANIONIC/ TPSS
X
N\,

1i.AU11

0.0 eV

20T

18 compact T
C2v

CATION/ PBE

6a.Aul2

0.0 eV

18T

12 compact T
Ca

CATION/ TPSS

/

7a.Aul2

0.0 eV

22T

12 compact T
Ca

7

Zh.AU11 3h.Au13

0.42 eV 1.07 eV

10+4T 10+6T

2 compact T 1 compactT

Cc1 Cc1

2i.AU14 3i.AU13 4i.AU11

0.43 eV 0.62 eV 0.69 eV
20+14T 20+9T 20+7T

9 compact T 1compactT 6 compact T
Cc1 Cc1 Cs

6b.Aull
0.31eV
10+5T

3 compactT
C

7b.Aull
0.17 eV
11T

3 compactT
C



CATION/ PBE

8a.Aul2 8b.Aull

0.0 eV 0.53 eV
21T 4T

10 compact T 4 compactT

Ca C



Fig. S2. All calculated isomers of Auas(SR)19 ? cluster (z=0,1-, 1+) displaying comprising tetrahedra (red planes)
and octahedra (green planes). Colour code: Gold adatoms are shown in yellow; core gold atoms are shown in

orange color; chlorine atoms in green; sulphur atoms in red colour. Under each figure is indicated the number
of constituting octahedra and tetrahedra. Same order is giving as in Fig. S1.
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NOTES:

Counting of polyhedra (tetrahedra or octahedra) edges considers bond lengths as larger as 3.4 A.
Compact tetrahedra have edges with bond lengths included in the range from 2.6 to 3.2 A.

ALGORITHM
1. Sortisomers according to number of tetrahedra with bond lengths included in the range from 2.6 to 3.4 A.
2. Form sets with isomers displaying same type of polyhedra (i.e all containing tetrahedra or combination of tetrahedra and
octahedra).
3. Calculate T factor= (#O + #T)/#cT, where O stands for octahedra, T for tetrahedra and cT for compact tetrahedra found in
the inner core. Sometimes is necessary to consider long bond distances to avoid division by zero.
4. Use factor values to sort between sets. Make a general consideration that more tetrahedra is better.
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weight in deciding the energy order than the number of tetrahedra in the full structure.

Minimum has the large T-factor value.
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More stable isomer is contained in the group holding a large T-factor value.
Conclusion: Energy order is given as decrement of T-factor value.
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GENERAL CONCLUSION. For SH-protected the energy order is consistent with increment of T-factor values,
independently of charge-state [z= 0, 1-] and XC functional.



NEUTRAL/ PBE

-CH3-PROTECTED

Tettasios DU 417 —8—

55 5
Humera Teraedto

4cT<3.2

s

4cT<3.2

1cT< 3.2

o =
.o
-
sems
wsme
ese e
e
~-oe
see o
[ErT
P
P
L eee ee o .
i (ngstrom)
-
some
o
oo oo
oo o0
)
-

24 .
bea ases

mmmmmmmmmmmmmmmmmmmmmmmmmmm

1cT< 3.2

Minimum has compact tetrahedra constituting its inner core (around 2.88 A)

PWNRE

STEPS

197

12

1.58
10+5T(1.5)

8T 10+5T 10+2T

6 4 1

1.33 15 3

19T (1.58) 8T (1.33) 10+2T(3)

Small to large values of T-factor in each subgroup gave the correct energy order.



NEUTRAL/ TPSS

E 2 T T T T R S B T 6 s
..........................

5cT< 3.2 1cT<3.2

STEPS
1. 20T 10+10T 20+9T 10+6T
2. 12 1 5 4
3. 1.67 11 2.2 1.75
4. 20T (1.67) 10+6T(1.75) 20+9T(2.2) 10+10T(11)

Isomer constituted by 1 O + 10 T has a T-factor value of 11 then it is changed to last place.
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Minimum has smaller factor value. It means that for this ligand XC functional and charge-state the energy
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GENERAL CONCLUSION. For SCHs-protected the energy order is consistent with increment of T-factor values,
independently of charge-state [z= 0, 1-] and XC functional.
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GENERAL CONCLUSION. For cationic SH-protected, the energy order is consistent with increment of T-factor
values, independently of XC functional.
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Fig. S3. Comparison of UV and CD spectra of second in energy isomer (PBE) and the energy minimum (TPSS
optimization) of Auzs(SCHs)19!® cluster. Black lines correspond with PBE calculations and red lines are lineshapes
of optimized isomer with TPSS functional. UV spectra show major coincidence in position and intensity of their
peaks. However, CD spectra show differences in the range from 1.0 to 2.0 eV. Three peaks included in mentioned
energy range correspond with featured by enantiomers (1.55, 1.71, and 1.92 eV). Peaks located at 0.60, and 3.36
eV are common to both isomers. First inner core corresponds with Aui1 core and Coy symmetry, calculated with
PBE functional. This comparison allows us to know about XC-functionals effect on optical and chiroptical
properties. (2d, 1e)
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Fig. S4. Comparison of UV and CD spectra of a pair of Auas(SCH3)19!% clusters optimized with PBE and TPSS XC
functionals. Black lines correspond with PBE calculations and red lines are lineshapes of optimized isomer with
TPSS functional. Absorption spectra display a peak width of 0.1 eV. The isomer constituted by one Auii inner
core and sustaining Cs symmetry is found as second in energy during TPSS calculations, but it corresponds with
the energy minimum during PBE calculations. Their UV spectra show differences in intensity. However, their CD
spectra feature major coincidence along lineshapes. This comparison is done to get insight into XC functionals
effect on optical and chiroptical properties. (1d, 2e)
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Fig. S5. Comparison of calculated UV and CD spectra of anionic isomers comprised by one Auii inner core (Cay
symmetry) and protected by -CHs ligands. Anionic/PBE (Black line; C,y point group), anionic/TPSS (Red line; Cy\)
clusters. Absorption spectra display a peak width of 0.1 eV. This comparison let us get insight into the XC
functional effect on optical and chiroptical properties. Both isomers are constituted by 12 tetrahedra. For
anionic clusters, is obtained large coincidences in their UV spectra and slightly different CD spectra. (1h, 1i)
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Fig. S6. Comparison of calculated UV and CD spectra of isomers comprised by one Aui1 inner core with 0 and 1-
charge-states and protected by -CHjs ligands. Neutral/PBE (Black line; Cs point group) and anionic/PBE (Red line;
C1) clusters. Absorption spectra display a peak width of 0.1 eV. The anionic cluster displays peaks under 2.0 eV,
while neutral cluster features peaks in agreement with experimental values. First inner core corresponds with
neutral/PBE case. It is evident that for this kind of isomers, anionic structure shows less tetrahedra. This
comparison let us get insight into the charge-state effect on optical and chiroptical properties. (1d, 2h)
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Fig. S7. Comparison of calculated UV and CD spectra of isomers comprised by one Aui1 inner core with 0, 1- and
1+ charge-states and protected by -CHs ligands. Neutral/PBE (Black line; Cs point group), anionic/PBE (Red line;
C1) and cationic/PBE (Blue line; C;) clusters. Absorption spectra display a peak width of 0.1 eV. The anionic cluster
displays peaks under 2.0 eV, while neutral cluster features peaks in agreement with experimental values. First
inner core corresponds with neutral/PBE case. This comparison let us get insight into the charge-state effect on
optical and chiroptical properties. Inner cores displaying tetrahedra (red color) and octahedra (green color)
constituting Auaii inner cores. It is evident that cationic cluster holding one Auii core is more distorted and only
tetrahedra are found. (1d, 2h, 8b)
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Fig. S8. Comparison of calculated UV and CD spectra of isomers comprised by one Auii inner core (Czy symmetry)
and protected by -CHs; ligands. Neutral/PBE (Black line; C,v point group), anionic/PBE (Red line; Cy) clusters.
Absorption spectra display a peak width of 0.1 eV. This comparison let us get insight into the charge-state effect
on optical and chiroptical properties. It is evident that despite change in their charge-state, this pair of isomers
show similar UV and CD spectra. Both isomers are constituted by 12 tetrahedra. (2d, 1h)
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-6.972545
0.953309
-2.573660
-0.424998
2.069747
5.467178
-3.569542
-4.820471
4.514164
0.404876
-4.388892
-2.160417
0.015109
5.798260
3.651725
-4.022146
3.093403
3.402327
1.730197

0.493881
3.742072
-4.682718
-3.642568
1.366519
-0.341460
-0.456281
1.658465
3.815311
-3.852236
-3.274777
1.586996
0.798028
5.177700
-5.353572
-4.064981
-0.967545
2.671036
-0.920709
-0.654145
5.486944
-2.811427
-1.696536
-0.117274
1.135374
3.312749
2.747224
5.292708
-5.511825
-4.238200
2.374449
-0.144007
5.847496
-6.336111
-5.520436
-1.869719
2.654754
-2.197070
-2.310318
6.935872
-4.606609
-2.475211
-1.670677
2.141580
2.810937
3.639498
5.044354
6.110295
5.581408



Irr r r r r r r r r r r r r r rI rIr r r rrIrII>IIIIIIIIIIIIIIIIIIIIIIITIT

-0.322665
-1.904405
-1.445133
3.394641
2.245732
4.005437
0.939531
0.151272
1.867746
-6.459059
-5.787638
-7.054124
2.581258
2.418603
3.093013
-0.391826
0.933075
0.479116
-5.533439
-4.431774
-6.116814
-3.169419
-1.797566
-2.009516
5.484250
4.752344
3.842616
4.661902
3.133882
4.659116
3.525957
1.753616
2.873166
0.841759
-0.761110
-0.372214
0.436925
1.990354
0.472830
-4.477758
-3.711081
-5.365164
7.011424
5.673576
7.307913
-2.652660
-1.273599
-2.067006
5.167331

3.174371
3.607184
1.887468
-0.993657
-1.669616
-1.930148
-7.742451
-7.261267
-6.840811
0.359023
1.919123
1.098082
-3.583128
-1.858769
-2.285356
-0.078447
-1.087871
0.425737
1.383100
2.712083
2.684464
6.103293
4.938865
6.077365
-3.521168
-3.909131
-4.251399
-4.349210
-5.205552
-5.642964
5.229158
5.033421
3.759705
-0.147322
-0.297667
1.148850
-5.227721
-4.397168
-3.448508
-2.336567
-1.311082
-1.951892
0.734465
-0.425347
-0.765052
5.997083
6.740183
5.254386
3.026885

-6.270078
-5.541603
-5.691770
-5.298321
-4.085143
-3.894346
1.596017
3.134246
2.837487
-1.022496
-0.474971
0.501902
6.215283
6.677762
5.077997
-7.252633
-6.591369
-5.755784
-6.327685
-5.844354
-5.236956
-2.498201
-2.483953
-1.125724
3.234449
1.634984
3.137502
-2.999272
-2.598267
-1.762489
-2.272724
-2.519181
-3.084238
7.413592
6.641265
7.636084
-5.130227
-4.797416
-4.959203
-3.552237
-2.291892
-2.040442
-2.374108
-2.099901
-1.428830
1.525324
2.408725
3.040396
2.916261



4.331867
4.180065
-3.889824
-2.447180
-2.266681

4.510048
3.995393
-4.505947
-3.780690
-4.682277

3.490069
1.776895
3.809402
4.597863
3.062779



