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A -1-DOSY experiments

The potential formation of a metallacycle in solution and the relationship between the concentration and the
formation of some specific species was studied by NMR techniques such as DOSY. Experiments were
performed in samples containing the ligand L and AgNO; in different concentrations. THF-d8 was used as
solvent. The NMR tubes containing the samples for the DOSY-NMR measurements were prepared and

sealed under argon atmosphere (Table 1).

Table 1. Hydrodynamic radii calculated based in DOSY-NMR experiments

Solvent used, DC (x 10" m?/s) Hydrodynamic radii (A)
Temperature

L DMSO-d6, 3.23 3.55

L+AgNO; 298 K 2.46 4.66

L THF-d8, 15.12 2.37

L+AgNO; 235K 8.89 4.02

The radii calculated possess a +5% error. Measure times from 15 to 20 ms.

Based on the diffusion coefficient (DC), the molar mass or hydrodynamic radii of species
present in solution can be determined with a reasonable degree of error and consequently the
molecular structure of these species derived. A limitation of this technique is that reliable
diffusion coefficients can only be determined for well-resolved resonances. This can be
problematic in the analysis of complex mixtures where signal overlapping can complicate the
spectra.

The experimental diffusion coefficient (DC) obtained allows via the Einstein-Stokes equation
DC = kgT/(6mnr,) the calculation of the hydrodynamic radii. In this formula kg is the
Boltzmann constant, T the temperature in Kelvin, ) the viscosity of the solvent employed and
1, the hydrodynamic radii (Table 1).

The DC of the solvent used are in the range reported in the literature (about 8-10 x 10™° m’s™

for DMSO-d6 and THF-d8).

Differences above the limit of error were found for the sample containing the ligand L alone and the samples
where the silver(I) complexes were formed. Differences in the mobility of the species were also found for
the compounds when different concentrations were used.

The relation in the hydrodynamic radii ligand/complex in both cases implies the presence of oligomers (—-L—
Ag'-), (n=1,2) rather than polymeric species in solution in this range of concentration.

Although minimal, these differences may indicate the presence of a compound similar to the metallacycle in
solution " 2. Some studies are being carried out in our group in order to get an insight into the process

occurring in solution before the crystallization takes place.

A - 1I - Fluorescence in compound 2
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Some silver complexes have been reported as being weakly fluorescent at room temperature, with some
notables exceptions®®. Recently Janiak et al. characterized a new silver(I) complex which exhibited
fluorescence around 495 nm and related this phenomenon with weak Ag:Ag contacts in silver complexes’.
On irradiation at a wavelength value correspondent to its maximum absorption value, compound 2 shows
some weak fluorescence (measurements were performed at 77 K) (Figure 1). In this compound inter- and

intra-metallacycles Ag:--Ag interactions are present within the crystalline structure (Figure 2).

Ligand L (ex. 391 nm)
Metallacycle obtained using SO3CF3' as anion

Compound 2 (ex. 223 nm)
reported metallacycle using the anion ClO4

Rel. intensity (a.u.)

20
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Fig. 1 Fluorescence measures in the solid state using crystals of compound 2 ({[Ag;'L,](NOs),}, in orange
colour). Blue and red colour represent the fluorescence for the crystals of the metallacycles

{[Agy'L,](Cl0,),} and {[Ag, L,](SO;CF3),} respectively. The measure was performed at 77 K.

Despite usual assignments of weak fluorescence to LMCT processes, it is still quite difficult
to establish a relationship between the results obtained here and the crystalline structure.
Assigning the shape, intensity and location of peaks present in the curve for 2 to the presence
of some type of {-*Ag:-Ag}, nanowires in the crystalline state is an attractive concept, but it

clearly needs more experimental evidence.
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Fig. 2 Silver(I)---silver(I) interactions in compounds 1-3 (in red colour). The silver(I) atoms coordinated by NO;
counterions belong to the same metallacycle. (a) In compound 1, the Ag-*Ag interactions are between different
metallacycles; (b) both endo- and exo-metallacycles Ag--Ag interactions are present in compound 2; (c) in
compound 3, these interactions are longer compared to those present in compound 2 (#1 -x, -y, -z, #2 -X, 1-y,-z, #3

X,-1+y, z, #5 -1-x, 1-y, -z, #7 1-x,1-y,-z, #13 1+x, y, z, #14 -1+x, y, 7).

A - III - Principal hydrogen bond interactions in compounds 1 and 3

Table 2. Hydrogen bond present in 1 [length (A) and angle (°)]

D-H-Acceptor d (D-H) d (HA) d (DA) Angle D-H-+A
0(9)-H(9E)--0(6) 0.81(6) 2.37(6) 3.072(5) 147(6)
0(9)-H(9E)--0(8) 0.81(6) 2.23(6) 2.984(6) 157(5)
0(9)-H(9F)--0(10) 0.82(6) 1.98(6) 2.788(6) 169(5)
O(10)-H(10E)-~-0(8)" 0.94(9) 1.98(10) 2.842(6) 152(9)
O(10)-H(10E)--O(8)™ 0.71(7) 2.08(6) 2.760(5) 158(7)

Symmetry transformation used to generate equivalent atoms: #3 x,-1+y,z, #4 1/2-x,-1/2+y,1/2-z.

Table 3. Hydrogen bond [length (A) and angle (°)] present in complex 3

D-H---Acceptor d (D-H) d (H-+A) A d (D--A) A Angle D-H-A
C(2)-H(2)0(5)" 0.93 2.37(0) 3.045(4) 130
Cl12-H12--01™ 0.93 2.43(0) 3.132(5) 132

C5-H5--07" 0.93 2.51(0) 3.185(5) 129
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Symmetry transformation used to generate equivalent atoms: #6 -x, -y,1-z, #7 1-x,1-y,-z, #8 -x,1-y,1-z.

A -1V - Disorder in compounds 1-3. Problems found in the refinement of the crystal
structure of compound 2

In compounds 1-3 a positional disorder is present in the oxygen atom O3, located in the
diethylene glycol chain. This disorder was mathematically modeled using the SHELX
package in the three structures. The positions of the hydrogen atoms of the methylene carbon
atoms (C8 and C9) adjacent to these oxygen atoms were modeled taken into account the
disorder (for O3A the relate hydrogen atoms are H§A-B and H9A-B, and for O3B, H8C-D
and H9C-D). In the particular case of compound 2 the R; factor is rather high (R;=0.1237 for
1360 and R;=0.2719 for all 3804 data). There is not any remaining electronic density
unassigned in this structure (the higher is 0.47 ¢/A%). This high R, factor value may be related
to the absence of an appropriate correction of the diffraction data or the low amount of peaks
collected during the measurement (due the poor diffraction of the crystal). The fact that these

crystals were measured under room temperature may contribute as well to this value.

A -V - TG/SDTA data for compounds 1-3

To avoid ambiguities between compounds 2 and 3, TG/SDTA techniques can be used to

unequivocally differentiate these compounds in the solid state (Figure 3 and Figure 4(a) and

(b)).

- SDTA curve of complex 1

Endothermic process

”

Melting point of complex 1
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Fig. 3 SDTA curve for crystals of compound 1.
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Fig. 4 SDTA curves for (a) compound 3 and (b) compound 2.

A - VI - Main crystallographic symmetry operations for compounds 1-3

#1 -x, -y, -z #x, 1+y, z

#2 -x, 1-y,-z #10 -1/2-x, -1/2+y, -1/2-z
#3 x,-1ty, z #11-1/2-x, 1/2+y, -1/2-z
#4 1/2-x,-1/2+y, 1/2-z #12x,y, -1+z

#5-1-x, 1-y, -z #13 1+x,y,z

#6 -x,-y,1-z #14 -1+x,y, z

#7 1-x,1-y,-z

#8 -x,1-y,1-z
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