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Non-classical synthons: Supramolecular recognition via SO 
chalcogen bonding in the molecular complexes of riluzole 

Sajesh P. Thomas,*a,b,c Vijith Kumar,a,d Khidhir Alhameedi, c and T. N. Guru Row* a 

Dedicated to the 88th birthday of Dr. Kuppuswamy Nagarajan  

Abstract: Classical examples of supramolecular recognition units or 

synthons are the ones formed by the classical hydrogen bonds. Here, 

we report the ubiquity of a S∙∙∙O chalcogen bonded synthon observed 

in a series of supramolecular complexes of the amyotrophic lateral 

sclerosis drug riluzole. While the potential of higher chalcogens such 

as Se and Te to form robust and directional chalcogen bonded motifs 

is known, intermolecular sulfur chalcogen bonding is considered to be 

weak owing to the lower polarizability of S atoms. Here, the 

robustness and electronic nature of a S∙∙∙O chalcogen bonding non-

classical synthon, and the origin of its exceptional directionality have 

been explored. Bond orders of the drug-coformer chalcogen bonding 

are found to be as high as one third of a single bond, and they are 

largely ionic in nature. The contribution of the S∙∙∙O chalcogen bonded 

motifs to the lattice energies of a series of crystals from the CSD has 

been analysed, showing they can be indeed significant, especially in 

molecules devoid of strong hydrogen bond donor groups.  

Introduction 

One of the most significant applications of crystal engineering 

research has been in the solid-state formulation of 

pharmaceutical drugs.[1] Ever since the introduction of multi-

component crystals (MCCs)  of drug molecules termed as 

pharmaceutical cocrystals,[2] a plethora of such crystalline 

systems has been synthesized in the last decade utilizing the 

principles of crystal engineering. It is now well-established that 

generating MCCs is an effective technique to improve the efficacy 

of pharmaceutical drugs, as the MCCs can exhibit better solubility, 

dissolution rate, and bioavailability as compared to the pristine 

crystal forms of the drugs.[3] The MCCs are designed utilizing 

various supramolecular recognition units or ‘synthons’,[4] which 

are the building blocks in crystal engineering. Synthons act as the 

intermolecular linkers between the molecule of interest and the 

coformer molecules. They are characterized by robust and 

directional interaction patterns, and hence, most of the commonly 

known synthons (for eg: carboxylic acid dimer, amide dimer, acid-

amide etc.) are formed by the strong classical hydrogen bonds 

(HBs). However, there is a genuine quest for novel  

Figure 1. Left: the proposed chalcogen bonding (ChB) synthon with 

the sulphur atom acting as the ChB donor towards ChB acceptors A 

(electron donors or nucleophiles) with XS∙∙∙A angle (), and right: the 

two different S···O chalcogen bonded motifs (co-operatively 

supported by CH∙∙∙O and NH∙∙∙O hydrogen bonds respectively) 

observed in the molecular complexes of riluzole. 

supramolecular synthons utilizing intermolecular interactions 

other than classical HBs. Such synthons are essential for 

expanding the applicability of crystal engineering into a wider 

variety of compounds, especially into those molecules which do 

not possess classical HB donor or acceptor functional groups. 

Intermolecular interactions classified as -hole interactions,[5] 

such as halogen bonding,[6] chalcogen bonding (ChB),[7] carbon 

bonding,[8] pnicogen bonding,[9]etc., essentially represent 

electrophile···nucleophile type attraction.[10] Among the -hole 

interactions, the potential of halogen bonding has been widely 

recognized and utilized in crystal engineering and supramolecular 

chemistry.[6a] Lately, chalcogen bonding (S/Se/Te···A, where A = 

ChB acceptor such as O, N, F, Cl etc) has become a prominent 

topic in structural chemistry, and it has been recognized that ChB 

exhibits distinct directionality features as compared to halogen 

bonds.[7a, 7b, 11] Our recent study on the unusually short Se···O 

chalcogen bonds in the organoselenium antioxidant ebselen and 

its polymorphs using X-ray charge density analysis and the FT-

IR spectral evolution (upon the formation of ChBs during crystal 

nucleation) revealed the potential role of Se···O chalcogen 

bonding in the SeN bond cleavage mechanism during the drug 

action of ebselen.[7b] Our results also established the occurrence 

of a robust and directional supramolecular synthon formed by 

Se···O chalcogen bonded ring motif (analogous to the one in 

Figure 1). However, corresponding intermolecular ChB involving 

sulfur remains underexplored, especially in the intermolecular 

context of crystal engineering of multi-component crystal 
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systems. This may be due to the lower polarizability of S (making 

it a relatively less effective -hole donor atom and implying a 

weaker ChB donor), compared to higher chalcogens such as Se 

and Te. Gleiter et al have recently reviewed the supramolecular 

implications of various ChBs.[12] Statistical analyses of the protein 

databank (PDB) combined with computational studies have 

revealed the significance of intermolecular S···O interactions in 

biomolecules.[13] However, most experimental reports on sulfur 

chalcogen interactions in molecular crystals are either on intra-

molecular S···O interactions[14] or the weak S···S homo-

chalcogen interactions[12, 15] - including our own previous studies. 

While intra-molecular S···O ChBs are well studied,[14, 16] they can 

be quite different from corresponding intermolecular S···O ChBs 

for the following reasons: (i) intra-molecular S···O ChBs are often 

constrained by geometry/connectivity and stabilization arising 

from molecular planarity, and (ii) they have no direct significance 

in the context of crystal engineering. A recent study by by Hobza 

et al[17]  on S…π ChBs in 2D and 3D aromatics showed that 

sulphur interactions may be explored towards crystal engineering.  

The fact that a large number of drug molecules and organic 

optoelectronic materials contain S atoms makes it imperative to 

explore supramolecular synthons involving sulfur interactions.   In 

this paper, we report the ubiquitous occurrence of a S···O 

chalcogen bonded supramolecular synthon in a series of 

molecular complexes (salts and cocrystals) of the amyotrophic 

lateral sclerosis (ALS) drug riluzole (Figure 1). Recently, a series 

of cocrystals of riluzole were shown to exhibit promising 

improvement in their solubility and dissolution rate.[18] Whereas in 

this report we examine the molecular complexes of riluzole as a 

rare series of examples for MCCs that recurrently exhibit S···O 

chalcogen bonded supramolecular recognition units, with focus 

on their strength, nature, electronic origin and potential 

implications in crystal engineering and supramolecular chemistry.  

While this study is a thematic continuation of our recent work on 

Se···O chalcogen bonded R(5) ring motifs[7b] in the 

organoselenium antioxidants, to our knowledge, this is the first 

experimental report that shows analogous sulfur chalcogen 

bonding forming a robust and directional intermolecular 

interaction motif (supramolecular synthon). Since the sulfur ChBs 

are obviously secondary interactions as compared to the strong 

classical HBs present in this series of crystal structures, we have 

also analyzed the role of S…O ChBs in the packing of crystal 

structures which are devoid of such HBs.   

Results and Discussion 

SO chalcogen bonded supramolecular synthon and its 

analogous motifs involving F and Cl atoms 

The molecular complexes of riluzole discussed in this study 

include salts, cocrystals, and an ionic cocrystal (multi-component 

crystal formed by a salt and neutral molecular moieties). Crystals 

of these complexes have been synthesized via slow evaporation 

and solvent-drop grind using the solvents ethanol, methanol and 

acetone. Table1 shows the list of molecular complexes with their 

respective stoichiometric ratios and the identification codes used 

here. The crystal structures were determined using  

single crystal X-ray crystallography at 100 K. The complexes 

RSAC and RCIT exhibit crystallographic positional disorder with 

respect to the OCF3 group in the riluzole moiety. Of the 13 

crystal structures we obtained, 9 were found to be salts (as a 

result of proton transfer from the more acidic co-former molecules  

 

Table 1. Molecular complexes of riluzole analyzed in this study (R- 

riluzole;  S- salt, C- cocrystal, IC-ionic cocrystal). 

Molecular complex ratio Code Chalcogen 

bonding 

R: oxalic acid S 4:2 ROXA SO 

R: methyl sulfonic acid S 2:2 RMSA SO 

R: saccharin S 2:2 RSAC SO 

R: phosphoric acid S 1:1 ROPA SO 

R: succinic acid C 1:1 RSUC SO 

R: malonic acid S* 1:1 RMAL SO 

R: dihydroxy benzoic acid S 1:1 RHBA SO 

R: citric acid IC 1:1 RCIT SO 

R: hydrochloric acid S 1:1 RHCL SCl 

R: salicylic acid S 1:1 RSAL S 

R: p-nitrobenzoic acid S 1:1 RNBA S 

R: nicotinamide C 1:1 RNIC S, SF 

R: trimethoxy benzoic acid C 1:1 RMBA Absent 

* Identical to the structure reported by Chopra et al.[18a] 

 

to the riluzole moiety), and three were cocrystals. The remaining 

one structure (RCIT) was identified to be an ionic cocrystal - 

based on the location of protons from accurate difference Fourier 

maps around the short NHO hydrogen bonds. The crystal 

packing in all of these structures, salts and cocrystals, show the 

presence of strong NHO, NHN and OHN hydrogen-

bonded motifs. CHO hydrogen bonds and weak interactions 

such as and CHN/F etc. further stabilize the crystal packing. 

Interestingly, we find short intermolecular SO chalcogen 

bonding as a ubiquitous feature in these structures. More 

importantly, these SO chalcogen bonds were found to be 

forming R(5) ring motifs co-operatively  with either a CHO or 

NH…O hydrogen bond (shown as motif I and motif II in Figure 

1). The recurrence and  modularity of this interaction motif in these 

crystal structures suggest the possibility that it could be treated as 

a supramolecular recognition unit (synthon). Figure 2 shows the 

crystal packing of representative examples highlighting the SO 

chalcogen bonded synthon regions in RSAC, ROPA (salts), 

RSUC (cocrystal), and RCIT  (ionic cocrystal). The structures 

ROPA, RMSA, RSAC, RMAL, RHBA, and RCIT exhibit both 

motif I and motif II.  ROXA, which contains oxalate dianion, 

exhibits only motif II involving SO chalcogen bond and strong 

NH…O HBs (see Supporting Information). 
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Figure 2. Representative examples of the SO chalcogen bonded 

motifs in the salts (RSAC, ROPA), a cocrystal (RSUC), and an ionic 

cocrystal of (RCIT) riluzole. Analogues R(5) motifs formed by SF 

and SCl ChBs in RNIC and RHCL are also given. Atom colours: C-

grey, H-brown, S-yellow, O-red, F-light green, N-blue, P-orange, Cl -

green; the arrows highlight the S···O/F/Cl ChBs. 

 

 

Intriguingly, RHCL containing a chloride anion forms an 

interaction pattern analogous to motif I, with a SCl- chalcogen 

bond (3.32 Å) supported by CHCl- interaction. Similarly, in 

RNIC, the R(5) motif is formed by a SF ChB (3.27Å) and 

supported by CHF interaction. This substantiates the 

generality of the R(5) motif formed by the ChB synthon, 

irrespective of the nucleophile/ ChB acceptor atom (see 

Supporting Information for a general CSD survey on SX ChBs, 

where X= N, O, F, Cl, etc.). In the cocrystals RSAL and RNIC,  

electrons from the aromatic ring act as the ChB acceptors.  

Nature and origin of intermolecular S···O chalcogen bonds: 

Bond order estimations, electron density topology and NBO 

analysis.   

The SO chalcogen bonds are further verified and evaluated in 

terms of the electron density distribution in these interaction 

regions via quantum theory of atoms in molecules (QTAIM) 

analysis.[19] Topological analysis of electron density in the synthon 

regions shows bond paths and (3,-1) bond critical points (bcp) 

corresponding to the SO chalcogen bonds and the co-operative 

CHO or NHO hydrogen bonds, in addition to the (3, +3) ring 

critical point corresponding to the R(5) motif that represents the 

synthon. The electron density at the bcp (bcp) values for the  

Table 2.  Geometries of SO chalcogen bonds, percentage ionicity (%i), Roby-

Gould bond orders and the NBO donor-acceptor orbital interaction energies, 

ENBO (n*)/ kJ.mol-1. 

 

 

d(SO) 
/ Å 

C-S∙∙∙O 

angle,  () 
%i Bond 

order  
ENBO 

(n*) 

ROXA 2.898(3) 164.7(1) 80.4 0.24 1.9 

 2.998(3) 162.4(1) 81.3 0.23 1.5 

 2.905(3) 166.4(1) 78.7 0.24 1.8 

 2.962(3) 165.1(1) 80.7 0.24 1.7 

RMSA 3.116(1) 164.02(7) 75.3 0.14 2.1 

 3.061(1) 178.64(7) 72.6 0.18 4.3 

 2.999(1) 177.43(7) 83.2 0.33 4.1 

 3.215(1) 169.89(7) 80.0 0.14 1.6 

RSAC 3.112(2) 167.5(1) 82.6 0.16 3.0 

 3.288(2) 164.3(1) 78.1 0.15 3.0 

ROPA 2.997(1) 169.28(6) 88.9 0.35 4.1 

 3.267(1) 166.54(6) 76.6 0.16 1.5 

RSUC 3.280(1) 159.69(6) 94.9 0.10 1.4 

RMAL 3.123(1) 168.96(6) 86.7 0.17 3.3 

 3.134(1) 162.43(6) 59.9 0.11 0.5 

RHBA 3.397(5) 169.1(2) 95.4 0.14 0.9 

RCIT 3.119(5) 169.0 (3) 80.7 0.24 0.9 

 3.199(5) 166.9(3) 88.1 0.13 0.9 

 

SO ChBs range from 0.03–0.09 e/Å3 for the structures 

discussed in this study (Supporting Information, Table S3). 

Apparently, the ‘lone pairs’ in the divalent oxygen (or the charge 

density distribution corresponding to the non-bonding molecular 

orbitals, NBMOs) makes it an effective ChB acceptor that form 

both SO and CHO interactions in a bifurcated manner to 

stabilize the R(5) synthon motif. These R(5) motifs are similar to 

the Se···O ChB synthons we reported in the polymorphs of the 

anti-oxidant ebselen.[7b] However, the SO distances we find here 

are longer than those for Se···O chalcogen bonds, and hence, the 

extents of van der Waals interpenetration are relatively less for 

these SO chalcogen bonds. While the occurrence of strong 

Se···O and Te···O chalcogen bonds can be understood in terms 

of the metal-like nature and high polarizabilities of Se and Te 

atoms, the corresponding interactions formed by organic sulfur 

need to be explored in terms of their strength and electronic 

nature. In the series of complexes presented here, the SO 

interaction distances range from 2.9 Å to 3.4 Å (Table 2). Although 

these observations might appear to be sporadic short contacts  
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Figure 3. Pair of ‘-holes’ on S atoms visualized as the electropositive 

regions (blue patches) on ESP surfaces for the (a) neutral, and (b) 

protonated riluzole moieties (mapped on electron density isosurfaces 

of 0.5 e/Å3). The localization of LUMO densities near S atom on the 

Hirshfeld surfaces; (c) RCIT (LUMO+2), and (d) ROPA (LUMO+1) 

densities, plotted with a cut off +/- 0.05au.  

forced by the crystal packing, a systematic analysis shows 

otherwise. Importantly, the CSO interaction angles in all these 

cases were found to be close to linear geometry (see Table 2). 

This is significant, for a favourable donor-accepter type orbital 

interactions, considering the n* picture[7a, 7b, 20] widely ascribed 

to interactions such as chalcogen bonding. While the n* nature 

of these types of interactions have been suggested in a number 

of computational studies,[12] the systematic trend in the linearity of 

CSO interaction angles  observed here establishes the strong 

directionality associated with chalcogen bonding, first time in a 

series of experimental crystal structures of MCCs.  

Our recent quantum crystallographic study on the drug 

acetazolamide[14a] and charge density analysis of 

sulfamethizole[14b] revealed a pair of ‘-holes’ (electropositive 

regions formed in the direction of -bonds) on sulfur atom leading 

to conformation-locking intra-molecular S···O chalcogen bonding. 

Similarly, the salient directionality of sulfur-chalcogen bonding in 

riluzole must be linked to the positioning of ‘-holes’ along the 

directions of SC covalent bonds in this molecule.  These ‘-

holes’ can be visualized on the electrostatic potential (ESP) on 

the electron density isosurfaces as a pair of electropositive 

regions around the S atom (Figure 3a,b). If ‘-hole’ interactions 

are to be conceived as n* interactions, it is logical to examine 

corresponding frontier molecular orbitals (MOs), such as the 

HOMOs and LUMOs. We looked for those frontier MOs, or near 

frontier MOs that has spatial correspondence with the sigma holes 

around S atom (electropositive regions in the ESP maps). Further, 

we plotted the molecular orbital densities on Hirshfeld surfaces 

(intermolecular boundary surfaces in crystals)  of the riluzole 

moieties in these complexes. Notably, the density distribution of 

some of the low lying unoccupied molecular orbitals (LUMOs) 

showed remarkable spatial correspondence with the ‘-hole’ 

orientations. The occurrence of these LUMO density maxima in 

the direction of the SO chalcogen bonds may be conceived as 

corresponding to the ‘* orbitals’ localized around S atom, in a 

simplistic picture (Figure 3c,d). Thus it provides insights into the 

chemical origin of the directionality associated with chalcogen 

bonds. Natural bond orbital (NBO) analysis performed on SO 

chalcogen bonded molecular pairs in these complexes showed 

that the NBO(n(O)*(SC)) orbital interaction energies to be 

ranging from 0.5 to 4.3 kJ/mol (Table 2), substantiating the donor-

acceptor nature of these interactions.   

 

To examine the ionic or covalent nature of these ChBs, we 

evaluated  Roby-Gould bond indices (RGBIs), which are 

separately defined for ionic, covalent and total bond orders 

between bonded atoms.[21] The RGBI values allow us to compare 

the bond orders of ChBs in comparison with those of typical 

chemical bonds in terms of electron sharing (covalent part) and 

electron transfer (ionic part). The bond order values for SO 

ChBs range between 0.10-0.35 (Table 2). This is remarkable, as 

it indicates that these ChBs can be as high as one-third of a single 

bond in terms of bond order. Moreover, Roby-Gould method 

provides quantitative information on percentage covalency (%c) 

and ionicity (%i) associated with bonds. The percentage ionicity 

values from this method have been shown to be comparable to 

Pauling’s ionicity estimations.[21] For the SO ChBs in complexes 

of riluzole, percentage ionicity values range between 60-95 % 

establishing that these interactions are essentially ionic in nature 

(Table 2). These bond order values are in accordance with range 

of values reported in our recent computational study on halogen 

bonds and ChBs.[20]   

Interaction strengths and the contribution of S···O chalcogen 

bonds to lattice energies 

Since the molecular complexes of riluzole presented here have 

the SO interaction pairs dominated by huge coloumbic attraction 

between cations and anions, it is hard to realistically estimate the 

robustness of the SO ChB motifs in terms of their interaction 

energies. Evaluation of the interaction energy values using CE-

B3LYP method[22] suggests that the ChB motifs constitute the 

strong binding motifs (around 200-380 kJ/mol) next only to the 

NHO hydrogen-bonded motifs (380-560 kJ/mol) in these 

molecular complexes of riluzole (See Supporting Information). 

The very high interaction energy values in these ionic complexes 

originate from the coulombic attraction between charged moieties, 

and hence these values should not be mistaken for the localized 

intermolecular interactions such as ChBs or HBs. Nevertheless, it 

is remarkable that even in the presence of these exceptionally 

strong ionic interactions the specific directionality of the SO 

ChBs is conserved (as evident in near linear CS∙∙∙O angle), 

confirming the modularity of this non-classical synthon.  

 While the molecular complexes of riluzole presented here 

are obviously dominated by very strong Coulomb interactions and 

strong hydrogen bonds, it is important to analyze the potential of 

SO ChBs to stabilize crystal packing in the absence of such 

strong interactions. Hence, we analyzed the interaction energies 

and their components for SO ChB synthon motifs in a small 

series of crystal structures formed by neutral molecular species 

selected from the Cambridge Structural Database (CSD) based 

on the criteria that they are small molecules devoid of classical 

HBs (see Supporting Information for the CSD search criteria). The 

interaction energies of the SO chalcogen bonded molecular 
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dimers are found to be in the range of 12-45 kJ/mol for the series 

of crystal structures analyzed (see Figure 4, and Supporting 

Information Table S6). Analysis of the electrostatic, dispersion 

and exchange-repulsion components of these pairwise interaction 

energies show that the contributions from electrostatic and 

dispersion terms are comparable. For a quantitative 

understanding of the role of the SO ChB synthons in crystal 

packing of these structures, we further examined the contribution  

Figure 4. Lattice cohesive energies (long maroon bars) for a selected 
series of crystal structures and the interaction energy contribution 
from SO ChB synthon motifs (blue bars). CSD codes and 
percentage contributions of SO ChB motifs into lattice cohesive 
energies are indicated.  

from the SO ChB synthon interaction energies to their lattice 

energies. SO ChB synthons were found to contribute from 8-

34% of the lattice cohesive energies[23] in these structures, with 

an average  contribution of around 20 % (Figure 4). To put this 

into perspective, the robust classical synthon carboxylic acid 

dimer is found to contribute around 44% to the lattice energy of 

benzoic acid crystal structure, and amide-amide dimer in 

benzamide contributes around 28% to its lattice cohesive energy 

(here only crude estimates of lattice energies are used, as 

detailed in the  Supporting Information Table S6).  

Generality of the S···O chalcogen bonded motif in the solid-

state and implications to solvent interactions 

  Finally, we examined the generality of the ChB motif in the CSD. 

In total, 2054 crystal structures were found in the CSD exhibiting 

the SO ChB synthon motifs, which include neutral and ionic 

species and structures of MCCs. Notable among these are the 

structures of the sulfadrugs sulfamethizole, meloxicam and their 

cocrystals. Moreover, we found 714 crystal structures containing 

the common organic solvent DMSO, anchored by SO chalcogen 

bonds.  Among these, 440 structures exhibited the proposed ChB 

synthon ring motif with a co-operative a CHO hydrogen bond 

(Figure 5). We found a number of structures where carboxyl or 

nitro functional groups of molecules and lattice solvent molecules 

such as water or interact with DMSO via the ChB synthon (Figure 

5). These observations point to the relevance of SO ChB 

synthon in understanding solvent interactions and the 

supramolecular clusters formed in liquids – a significant topic in 

chemistry. They also underscore the generality of the SO ChB 

synthon as a supramolecular building unit which may be utilized 

in crystal engineering.   

 

 

Figure 5. Representative examples of SO ChB synthon motifs 
formed by the common solvent DMSO in (a) DMSO-DMSO, (b) 
DMSO-water, (c) DMSO-carboxyl and (d) DMSO-nitro interactions, 
alongside the interaction energies and the CSD codes. 

Moreover, the potential extendibility of the SO ChB synthon 

motif beyond small molecule crystals into biological structures is 

substantiated by a recent report by Trievel et al., which shows the 

role of S···O ChB in mediating the S-adenosylmethionine 

(AdoMet) recognition in the methyltransferase active site.[24] 

 

Conclusions 

In summary, despite the lower polarizability of S as compared to 

Se and Te atoms, the significance of SO ChBs cannot be ruled 

out in supramolecular recognition, and in crystal packing. In the 

presence of strong classical HBs these SO ChB motifs play only 

a secondary role in stabilizing crystal packing. However, in the 

absence of classical HB donors or acceptors, the SO ChBs can 

act as the main structure guiding motifs with significant 

contributions to lattice cohesive energies. The exceptional 

directionality of the SX ChBs observed in the complexes of 

riluzole correlate well with the n* orbital interaction picture. 

They are found to exhibit bond orders ranging 0.11-0.34 and are 

predominantly ionic in nature. While their potential implications in 

the crystal engineering of sulfa drugs and organic functional 

materials is evident, more experimental studies are needed to 

unambiguously establish the utility in designing novel MCCs. In 

addition, the role of SO ChB motifs in solvent interactions and 

biological structures need to be explored further, specifically in the 

context of drug-receptor interactions.  
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Experimental Section 

Crystallization experiments. Riluzole was obtained from Rilutek and 

used without further purification. All other chemicals used were of 

analytical or chromatographic grade.  

Preparation of MCCs by direct reaction of base and acid. Riluzole and 

the salt-forming acids such as hydrochloric acid, methane sulphonic acid 

and ortho phosphoric acid (in a 1:1 molar ratio for diacids and a 1:2 molar 

ratio for monoacids) were separately dissolved in acetone and kept in ice 

bath. After incubation for 10 min, the two solutions were mixed and stirred 

for 5-10 min in an ice-cold condition. The product salt was obtained as a 

white precipitate and filtered on a 2.5 μm Whatman filter paper and washed 

with acetone and dried. Colourless crystals of RMSA, ROPA, RHCL were 

synthesized this way.  

Solvent drop grinding. The mixtures of riluzole and corresponding acids 

(in a 1:1 molar ratio for) were subjected to grinding using a mortar and 

pestle for 3-4min by adding solvents ethanol and methanol. After thorough 

grinding into slurries, these mixtures were dissolved in methanol-ethanol 

solvent mixture and kept for crystallization for 1-3 weeks. All complexes 

other than RMSA, ROPA, RHCL were synthesized this way.  

X-ray crystallography. The crystals were cooled to 100 K with a liquid 

nitrogen stream using an Oxford Instruments Cryojet-HT nitrogen gas-

stream cooling device. X-ray diffraction data were collected on an Oxford 

Xcalibur (Mova) diffractometer equipped with an Eos CCD detector using 

MoKα radiation of wavelength 0.71073 Å.  The scan width was chosen to 

be 1 per frame and the crystal to detector distance was fixed at 50 mm 

during the data collection. Cell refinement, data integration and reduction 

were carried out using the program CrysAlisPro.[25] Crystal structures were 

solved by direct methods and refined using SHELXS97[26] accessed by the 

WinGX[27] and OLEX2 packages.[28] Details of crystal structure refinements 

(CCDC 1499934-1499946) are given in the Supporting Information.   

Computational details. Details of calculations of Roby-Gould bond orders, 

QTAIM electron density analysis and molecular graphs, interaction 

energies and lattice cohesive energies using CrystalExplorer package and 

CSD analysis etc. are given in the Supporting Information.   
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