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Thallium-205, carbon-13 and proton NMR spectra have been determined for 
the dimethylthallium(II1) derivatives (CH3)2T1X (X = NO3, I, OC6H5) as a func- 
tion of solvent and concentration. The NMR parameters most sensitive to 
changes in the environment of the thallium nucleus are the ‘OsTl chemical shift 
and ‘J(205T1-‘3C)_ The thallium-205 chemical shift varies within a 300 ppm 
range as anion, solvent and concentration are changed, demonstrating the poten- 
tial of this parameter as a probe for the environment of thallium. The nature of 
the solvent is the strongest influence on ‘J(“’ Tl--‘3C), the greatest change being 
observed for (CH&T1N03 between water and pyridine. The solvent dependence 
of 1J(zosT1-‘3C) and 2J(20sT1-*H) is discussed in terms of the approximate ex- 
pression for the Fermi contact mechanism for spin-spin coupling. 

Introduction 

Studies of thallium-205 NMR parameters of thallium compounds in solution 
are rather few in number. The available results, however, indicate the consider- 
able potential of the technique as a probe for the environment of thallium. In 
particular, ion-pairing [1,2], complex formation [3] and oligomeric behaviour 
[4,5] have been detected. For organothallium compounds, 13C and ‘H NMR 
spectra offer additional means of probing molecular structure and bonding and 
the combined study of NMR spectra of all three nuclei imposes the important 
requirement that interpretation must be consistent with all the NMR param- 
eters. Consequently, we have commenced a study of the NMR spectral charac- 
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lx&tics of thallium compounds with alkylthallium derivatives. A necessary 
first step in a systematic study is the determination of the effects of solvent 
and concentration changes on the NMR parameters-‘We report here preliminary 
results which demonstrate the striking effects of solvent and concentration 
changes on the spectra of dimethylthallium(II1) species, (CH&TlX (X = N03, 
I, OPh). 

Experimental 

Preparation of compozmds. The compounds (CH&TlX were prepared by pub- 
lished methods; X = N03, O&H5 [6], I [7]. 

NMR spectra. The 205~isotope (spin, I = l/2; natural abundance, 70_5%) was 
used for the thallium NMR measurements in preference to the less abundant and 
slightly less sensitive thallium-203 (spin, I= l/2; natural abundance, 29.5%). 
Frequency swept thallium spectra were obtained at 34.73 MHz using field mod- 
ulation on a modified Varian HA-6OIL spectrometer fitted with a Varian XL 
probe. The field was locked using time-shared modulation to the proton reso- 
nance of either the solvent or TMS. The latter was sealed in a 5 mm diameter 
concentric insert in the 12 mm diameter tubes. All spectra were obtained for 
spinning samples at approximately 29” C. 13C and ‘H NMR spectra were obtained 
at 22.63 MHz on a Bruker HX 90E spectrometer and at 60 MHz in lock mode on 
a Perkin-Elmer R12B spectrometer respectively. ‘05T1, 13C and ‘H NMR spectra 
were determined in several solvents and, where possible, at two concentrations 
representing, respectively, the limit of solubility and the limit of 205T1 NMR 
signal detection obtainable in one scan. 

Results and discussion 

The dimethylthallium group is remarkably stable. The particular derivatives 
studied were selected as representing three different types of behaviour in solu- 
tion, hence optimizing the chances of observing variations in NMR parameters. 
The presence of linear CH,-Tl-CH; ions in solid (CH3J2TlN03 and in aqueous 
solution has been established by infrared and Raman spectroscopy [6,8,9]. 
Conductivity data [lo] supports the ionic formulation for (CH3)2TlN03 in 
aqueous solution but indicates only slight ionization in pyridine. Dimethylthal- 
lium iodide is sufficiently soluble for NMR studies only in dimethylsulphoxide 
and pyridine, reflecting a less ionic nature compared with (CH3)2TlN03. The 
more polarizable iodide ion is expected to interact with (CH,),Tl’ more strongly 
than in the case of the nitrate ion. Certainly the crystal structure [II] does not 
rule out a reasonable degree of covalency in the thallium-iodine interaction. 
Conductivity studies show [12] that (CH3)2TlI is partially dissociated in dimeth- 
ylformamide- Dimethylthallium phenoxide is dimeric in the solid state with 
bridging phenoxide groups and slightly bent C-Tl-C units (C-Tl-C angle is 
approximately 170”) [13]. It seems likely that this structure is largely retained 
in benzene solution because similar IR spectra are observed for (CH3)2T10C6H5 
in the solid state and in benzene solution [6,14] and molecular weight measure- 
ments indicate predominantly dimeric behaviour in benzene 1141. 

The NMR data are summarized in Table 1. The parameters most sensitive to 
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