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Ionic liquids (IL) have been known for nearly a century but are recently garnering increased interest 

due to their unique characteristics.  The term “room temperature ionic liquid” (RTIL) is often used 

interchangeably with “ionic liquid” and is by convention defined as an organic salt with a melting 

point ca. 100 °C or less.  RTILs are considered part of the green chemistry paradigm due to their 

negligible vapour pressure and ease of recycling.  A broad spectrum of tunable properties arises from 

the customizability of the organic cation and the variety of cation-anion pairings.  A great deal of 

recent effort has gone into the characterization of ionic liquids in order to determine if they have 

properties that are uniquely different from other liquids.  Evidence of liquid state order, observed by 

IR and Raman spectroscopy, diffraction studies, and simulated by ab initio methods, has been 

reported in the literature.  

In this project we investigate the environment of IL halide counterions in the solid and liquid states 

by multinuclear quadrupolar nuclear magnetic resonance (NMR) spectroscopy [1, 2].  Resolving the 

field-dependent spectral features of the solid-state samples at lower fields remains a challenge and 

so high-field spectra at 21.1 T, both MAS and static, were used to determine both quadrupolar and 

chemical shift parameters.   

Solid-state NMR spectra of quadrupolar nuclei involve a number of spin interactions and one of the 

tools we use to help tease out information from the nuclei is Magic Angle Spinning. For example, MAS 

Figure 1: 21.1T 35Cl NMR static and MAS spectra of powdered solid ionic liquids containing chlorine, Butyl-

dimethyl-imidazolium (top) and Butyl-methyl-imidazolium (bottom). Dashed lines are best-fit calculated 

spectra illustrating significant CSA effects in static spectra, which can easily be detected at higher magnetic 

field strengths.
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eliminates anisotropic chemical shielding interactions. By examining spectra under static and MAS 

conditions, it is possible to determine both quadrupolar and CSA parameters, which provide 

information as to the local electronic environment of the nuclei. Also, the strength of the magnetic 

field will affect the lineshape; increasing magnet strength decreases the quadrupolar contribution to 

the line width, and increases the effect of chemical shift anisotropy (Fig.1). Gathering spectra at 

different field strengths is an effective way to refine the parameters used in simulating and verifying 

parameters. For halogen nuclei having large quadrupolar moments the 21.1 T instrument is an 

essential asset.  

It was discovered that for chloride, bromide and iodide ILs in the solid state, the quadrupolar and 

chemical shift interactions of the halide nucleus are consistent with those found in other solid organic 

chloride, bromide and iodide salts. Theoretical simulation of the NMR interaction tensors showed 

reasonable agreement with experimental findings [2]. In addition, our relaxation time measurements 

demonstrate a lack of significant order on a timescale of ~10-8 sec.  The results suggest that reports 

in the literature of observed “structure” must exist on a shorter timescale. 
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The success of our research program is strongly dependent on the results of multiple-field strength 

NMR studies of solid materials.  Ongoing NMR investigations include the study of novel materials that 

exhibit colossal thermal expansion [1], carboranes and their transition metal complexes [2], as well 

as Group-13 phosphine complexes.  In addition, we are interested in studying applications of solid-

state 75As and 121/123Sb NMR – isotopes traditionally investigated by nuclear quadrupole resonance 

(NQR) techniques [3].  For many of these studies access to NMR spectrometers operating at 

ultrahigh field strengths is absolutely essential. 

Recently we demonstrated the importance of high-field strengths in carrying out 115In NMR studies of 

several indium complexes [4].  This research has been extended to a series of indium(III) trihalide-

phosphine adducts [5].  As well, we have undertaken 69/71Ga NMR studies of analogous gallium(III) 


