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TABLE S1. Crystal data and data collection parameters for 2-Mercapto-4-methyl-5-thiazoleacetic acid Ha-(mmta).

Compound reference 4

Chemical formula CgH,NO,S,
Formula Mass 189.25
Crystal system Monoclinic
a/A 7.3214(6)
b/A 14.1820(13)
c/A 15.5197(10)
af° 90

B/° 95.774(7)
/° 90

Unit cell volume/A3 1603.3(2)
Space group I12/a

No. of formula units per unit cell, Z 8
Radiation type MoKa
Absorption coefficient, p/mm~* 0.61

No. of reflections measured 3825

No. of independent reflections 1816

Ring 0.0344
Final R; values (I > 20(1)) 0.0387
Final wR(F?) values (I > 20([)) 0.0944
Final Ry values (all data) 0.05

Final wR(F?) values (all data) 0.1017
Goodness of fit on [ 1.08

TABLE S2. The assymetric unit, selected bond lengths [A] and angles for 2-Mercapto-4-methyl-5-thiazoleacetic

acid.
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I. ADDITIONAL INFORMATION ON MATERIALS

Hydrogen tetrachloroaurate(III) hydrate (HAuClyx xH50, 99.9% (metal basis), Au 49% min) was pur-
chased from Alfa Aesar. 2-Mercapto-4-methyl-5-thiazoleacetic acid, 98% and thiourea, > 99.0% were pur-
chased from Sigma Aldrich. Methanol (ultrapure, HPLC grade, 99.84+%) and acetonitrile (ACS, 99.5+%)

were both purchased from Alfa Aesar.



TABLE S3. Hydrogen bond network in (1)
D-H---A D-H(A)H---AA)D---A (A)D-H--- A ()

NI-HI-O4'  0.85(5) 1.95(5) 2.774(6)  164(6)
N2-H2A-Cl12 0.85(5) 2.31(5) 3.163(5)  176(6)
02-H2-03%*  0.85(2) 1.73(3)  2.540(6)  159(8)
012-H12-05* 0.84(2) 1.84(3)  2.661(7)  164(8)
03-H3A-O11 0.85(2) 2.09(8)  2.762(7)  135(9)
O3-H3B-04 0.85(2) 2.17(3) 2.974(9)  158(8)
O4-HAC-O5° 0.85(2) 1.92(2) 2.763(6)  176(8)
O4-HAD-C11® 0.85(2) 2.31(4)  3.106(5)  157(9)
O5-H5A-CI1  0.85(2) 2.21(2)  3.059(5)  177(6)
O5-H5B-Cl117 0.85(2) 2.28(3)  3.107(5)  163(7)

Symmetry codes: 1 1-x,1-y,1-z; *-14+x,+y, 42, > 14T, +y, +2;
40-a,-y,2-2; P Ha,- 14y, +2; S 1-3,1-,2-2; " 2-x,1-7, 22

TABLE S4. Characteristic of 7 — 7 stacking interactions in (2) and (3). All distances given in A, all angles given

in degrees.

(2)

Plane 1 52-C1-N1-C2-C3
Plane 2 532-C31-N31-C32-C33
Plane 1 to plane angle 4.9(4)
Plane centroid to plane centroid distance 3.615(5)
Plane [1] to plane centroid distance 3.472(7)
Plane [2] to plane centroid distance -3.529(7)
Plane 1 N21-C21-522-C23-C22
Plane 2 N11-C11-S12-C13-C12
Plane 1 to plane angle 6.3(5)
Plane centroid to plane centroid distance 3.645(5)
Plane [1] to plane centroid distance 3.481(8)
Plane [2] to plane centroid distance -3.502(7)
(3)

Plane 1 S1-C1-N1-C2-C3
Plane 2 (S1-C1-N1-C2-C3)"
Plane 1 to plane angle 3.4(3)
Plane centroid to plane centroid distance 3.635(6)
Plane [1] to plane centroid distance -3.413(8)
Plane [1] to plane shift 1.250(15)

i=T7/4—2,3/4—vy, +=



TABLE S5. A schematic representation of the structure of (1) and (3). Interaction energy components between
different components of the (1) and (3). All interaction energies are given in kcal/mol and were calculated with
the CP correction.

Ecomplex = EABCD - EA - EB - EC - ED

B
E{°" = Eapcep — Eas — Ecp D
Epi "™ = Exp — Ba — B
(1) Ecomplex B ™™ Eiﬁ}cl_dim Ecl?ig; am
PBE0-D3! 2091 2571 2018 -6.48
PBEO-MBD 2053 -257.3 2436  -2.30
MCSh-D3 -205.5 -252.8 19.68 -8.93
MCSh-MBD -201.9 -254.7 25.18 -3.43
HF -170.7 -232.9 34.72
MP2 -208.4 -254.8 18.85
SCS-MP2 -198.9 -249.0 22.62
DLPNO-CCSD(T) -200.0 -251.0 23.52
(3)
PBEO0-D3 -216.7 -287.9 40.76 -6.46
PBEO-MBD -212.6 -287.1 44.11 -2.56
MCSh-D3 -215.1 -286.4 40.94 -8.88
MCSh-MBD -211.6 -287.8 45.90 -3.91
HF -173.2 -263.1 59.14
MP2 -207.1 -277.1 39.53
SCS-MP2 -197.9 -272.7 44.36
DLPNO-CCSD(T) -199.8 -275.4 45.24

I The discrepancy between different DFT approaches should
be attributed to the D3 correction overestimating the dis-
persion energy between the charged aurophilic units due
to the positive partial charge on gold atoms [Hansen et al.
ChemistryOpen, 3, 177 (2014)].



TABLE S6. The Mulliken (Mull.), NBO and AIM charges in the S-Au-S region of (1) — (3).
(1) (2)
S2 Aul S4 Cl S1 Aul S11
Mull. -0.26 0.09 -0.26 -0.73 -0.39 0.08 -0.40

NBO -0.02 0.13 -0.03 -0.85 -0.17 0.05 -0.15
AIM 0.14 0.14 0.10 -0.83 -0.15 0.10 -0.14

(3)
S2  Aul S2% Na2'

Mull. -0.39 0.12 -0.39 0.64
NBO -0.15 0.10 -0.15 0.75
AIM -0.14 0.13 -0.15 0.90

II. CHARGE ANALYSIS IN THE SELECTED (1) — (3) MOTIFS

Although similar in magnitude, the Na™-mediated intermolecular attraction obtained in the case of (3)
is larger than the Cl~—mediated case of (1). To understand this effect we examine the electronic charge
distribution for (1) and (3) in the vicinity of the stabilizing ions by performing Mulliken, NBO and QTAIM
charge analyses (see Table S6).

As one can infer from the data in Table S6, the accumulation of a negative charge on the Au-ligating
sulfur atoms in the [Au(H-mmta)s]~ anion in (3) should result in a pronounced electrostatic attraction
with the sodium cation. On the other hand, in the case of the [Au(Hy-mmta)s]™ cation in (1) both NBO
and Mulliken analyses imply the presence of the electrostatic repulsion in interaction of the S atoms with
the C1™ anion, whereas only QTAIM points to electrostatic attraction.

Finally, both NBO and QTAIM analyses evidence that the deprotonation of the Hy-mmta ligands
in (2) and (3) with respect to (1) results in the increased negative charge on the Au-ligating sulfur
atoms and a slightly diminished charge on the Au(I) centre. Moving from (1) to (3) we observe that
the charge drop on gold atoms accompanied by the increased dispersion energy in the MBD picture (see
Table S5) corresponds to the shortened Au(I)-Au(I) distance (see Table 2) which points towards the

stronger unsupported aurophilic interactions.



e : 4,
¢ .’ K ’.‘ . .
! ; . N H
U"-- .,»‘, 10078 +0g22 ! w
+0.024 “ RN “E“
H [ « o
» . ‘
e g %,
. d P L]
b__'."— Y 0
j +0.163 * .
i @ ¥0.163 ﬁ‘;,,grmss y .
¢ : : ’
H 0.037 ¢ : :
: +0.0 . +0.g39 . 40037 :

FIG. S1. Molecular graph of (1) and (3) with BCPs marked as green spheres and RCPs marked as red spheres.
The values denote V2p.(r).



TABLE S7. The fragment PBEO-D3 dispersion energy analysis of (1) and (3). Labels 2 and 4 denote the Au(I)
centers, 1,3,5,6 the mmta rings and 7,8 refer to the respective counterions and water molecules. All energies given

intermonomer
w (1) (3) (1) (3)
@ 24  -148 -0.92 15 -0.62-0.59
: 1-4  -0.78 -1.01  3-6 -0.62 -0.59
34 -0.96 -1.00 16 -0.14-0.17
25 -0.96 -1.01 3-5 -0.16 -0.17

26 -0.78 -1.00 S -1.54-1.52
S -4.96 -4.94

in kcal/mol.

c-ions intramonomer
3-8 -1.38 -3.36 12 -1.77-1.67
5-7  -1.38 -3.33 2-3 -1.79 -1.66
6-8 -1.53 -3.36 1-3 -2.65-1.72
1-7 -1.53 -3.33 > -6.21 -5.05
> -5.28 -13.41

FIG. S2. A drawing of a portion of the structure of [Au(Hg-mmta)2]Cl-3H20 that shows the parallel stacking of
the [Aug(Ha-mmta)4)** dimers. Color code: Au - navy blue, S - yellow, O - red, N -blue, CI~ - green.



FIG. S3. A drawing of a portion of the structure of Nag[Au(mmta)s]-6H20 that shows the m — 7 stacking of the
dimers along the b axis. Color code: Au - navy blue, S - yellow, O - red, N -blue, Na - cyan.

FIG. S4. A drawing of a portion of the structure of Nag[Au(mmta)s2]-10.5H20 that shows the m — 7 stacking of
the dimers along the a axis. The helical structure formed by sodium cations along the a axis is also presented.
Color code: Au - navy blue, S - yellow, O - red, N -blue, Na - cyan.
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FIG. S5. Left: The reduced density gradient versus the electron density multiplied by the sign of the second
Hessian eigenvalue. Marked are the peaks corresponding to the Au-Au interaction. Right: Gradient isosurfaces
plotted in 1 A radius around the midpoint of the Au-Au line with s=0.5 a.u.
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FIG. S6. Molecular graph of cluster (2) with BCPs marked as green spheres and RCPs marked as red spheres.
The values denote V2p.(r).
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