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Experimental Details 

Crystallographic Determination. Crystals of [1](Br3) were grown by vapor diffusion 

of diethyl ether into nitromethane solutions. Relevant crystallographic data are 

summarized in Table S1. X-ray diffraction data were collected at 150 K on a Bruker 

Smart CCD area detector with Oxford Cryosystem low temperature device. The 

structure was solved by a combination of direct methods with subsequent difference 

Fourier syntheses and refined by full matrix least squares on F2 using SHELX-2013 

package.1   The disordered [9]aneS3 ligands, one for each independent molecule of 

13+,  were refined with the methylene groups occupying two alternative positions and 

refined occupancies of 1-x, and x, being x equal to 0.726(13) and 0.701(10) for 

molecules A and B respectively. Hydrogen atoms were placed geometrically and 

refined with a riding model and with Uiso constrained to be 1.2 times Ueq of the carrier 

atom. Molecular diagrams were drawn with Olex22 and PyMOL3 software suites. 

CCDC 1004247 contains the supplementary crystallographic data for this paper. 

These data can be obtained free of charge on application to CCDC, 12 Union Road, 

Cambridge CB21EZ, UK (fax: (+44) 1223-336-033; e-mail: 

deposit@ccdc.cam.ac.uk). 

DFT calculations. All DFT calculations were performed with the Gaussian09 

package4 with the CAM-B3LYP functional.5 which as been shown to perform better 

than B3LYP for a series of properties.6   

Given the size of the system, a standard 6-31G(d) basis set was used for all elements 

except for ruthenium and the halogens. The ruthenium was described using the 

recently developed LANL2TZ(f) basis set7  with the associated ECP. This is a triple ξ 

basis set and includes an f polarization function. For fluoride and chloride, the all 

electron aug-cc-pVDZ was used while for bromide and iodide, the aug-cc-pVDZ-PP 

with the associated ECP was employed.  

In order to try to mimic the conditions of the experimental host:guest studies, the 

geometry optimizations were performed without constraints in acetonitrile using a 

polarizable continuum model8 described with the integral equation formalism variant 

(IEFPCM) as implemented in Gaussian09. 

The molecular electrostatic potential (MEP) and the electron density were calculated 

from a previously CAM-B3LYP optimized structure of 13+ without the presence of 

the halogen anions. The representation of the MEP mapped on the density surface was 

rendered with PyMOL.3 



 
Table S1 - Crystal data and structure refinement details for [1](Br)3 
Empirical formula C36H54Br3N15Ru3S9 

Formula weight 1528.42 

Temperature/K 150(2) 

Crystal system Monoclinic 

Space group P21/c 

a/Å 27.5205(14) 

b/Å 21.6096(12) 

c/Å 21.7526(12) 

β/° 119.123(2) 

V /Å3 11301.0(11) 

Z 8 

ρcalc mg/mm3 1.797 

µ/mm‑1 3.288 

F(000) 6048.0 

Crystal size/mm3 0.43 × 0.32 × 0.32 

Radiation MoKα (λ = 0.71073) 

2 θ range for data collection 1.7 to 53.96° 

Index ranges -34 ≤ h ≤ 30, -26 ≤ k ≤ 27, -27 ≤ l ≤ 27 

Reflections collected 139458 

Independent reflections 24312 [Rint = 0.0548, Rsigma = 0.0631] 

Data/restraints/parameters 24312/32/1187 

Goodness-of-fit on F2 1.090 

Final R indexes [I ≥2σ (I)] R1 = 0.0547, wR2 = 0.1456 

Final R indexes [all data] R1 = 0.1128, wR2 = 0.1645 

Largest diff. peak/hole / e Å-3 1.20/-1.85 

 
 
 

 

 



 
 

Figure S1. Structure built up from an asymmetric unit composed of two 13+ cations 
(A and B) and six bromide counter-ions. 

 

Table S2 - X-ray selected bond lengths (Å) and angles (º) around the three octahedral 

ruthenium centres of [1](Br)3 listed together with those obtained for the DFT/CAM-

B3LYP optimized structure.*  
Metal centre 1 2 3 

 A B DFT A B DFT A B DFT 

Ru-N7 2.167(5) 2.157(5) 2.154 2.153(4) 2.142(5) 2.153 2.146(5) 2.153(5) 2.155 

Ru-N6H 2.146(5) 2.154(4) 2.156 2.157(4) 2.160(4) 2.156 2.153(4) 2.147(5) 2.155 

Ru-N1 2.147(5) 2.155(5) 2.156 2.134(5) 2.151(4) 2.155 2.141(5) 2.166(5) 2.157 

Ru-S1 2.2812(18) 2.2799(18) 2.364 2.2909(16) 2.2798(17) 2.366 2.2797(18) 2.2799(18) 2.363 

Ru-S4 2.2793(18) 2.2825(15) 2.379 2.2768(17) 2.2768(17) 2.379 2.2809(15) 2.2783(17) 2.381 

Ru-S7 2.2625(15) 2.2809(15) 2.368 2.2886(16) 2.2875(16) 2.367 2.2794(16) 2.2639(15) 2.364 

S1-Ru-N1 177.48(14) 176.46(13) 177.7 179.22(13) 179.03(13) 177.5 176.42(13) 177.14(13) 177.7 

S4-Ru-N6H 173.81(13) 175.40(13) 173.5 175.86(13) 175.55(13) 173.3 175.59(13) 174.03(13) 173.8 

S7-Ru-N7 175.05(14) 174.12(13) 177.1 175.57(13) 175.17(13) 177.3 174.22(13) 175.11(14) 176.7 

N6H-Ru-N7 79.72(18) 79.80(16) 79.5 79.95(17) 79.21(18) 79.5 79.98(17) 79.80(17) 79.6 

*The atomic notation scheme followed is depicted in Scheme 1. 

 
Scheme S1.  Atomic notation scheme adopted for [9]aneS3 and 9-methyladenine 

ligands in Table 1, using IUPAC nomenclature. 
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Figure S2. Crystal packing view along the b crystallographic direction showing 

strands of alternating A and B bowls surrounded by bromide anions, that make a 

number of close C-H···Br- contacts with methylenic residues of coordinated 

thiacrowns. Top, a single strand composed by dimers of molecules A (in blue) and 

surrounded by bromide anions (in red). Bottom, strands of molecules A packed in 

alternate fashion with strands of molecules B (in yellow).    

  



 

 
Figure S3. Detail of 1H-NMR spectral changes in the NH6 protons of the 9MA 

bridging ligand of 13+ upon addition of TBACl. Conditions: 400 MHz, Solvent 

CD3CN; temperature: 293 K; [13+] =1.5×10-6mol dm-3. 

 

 

 
Figure S4. Job-plot analysis based on 1H-NMR spectral changes in the NH6 protons 

on addition of chloride 



 
Figure S5. 1H-NMR spectral changes in thiacrown ligand signals of 13+ upon addition 

of TBACl. Conditions: 400 MHz, Solvent CD3CN; temperature: 293 K; [1] =1.5×10-

6mol dm-3. 
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Figure S6. Square wave voltammograms, SWV, for the oxidations of 13+ on the 

addition of (A) TBAI. The peaks marked * are due to oxidations associated with the 

iodide guest. 
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