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Summary 

The structure of 2.8 M MgI, in diethyl ether solution and that of 1.7 M MgI, in 
tetrahydrofuran solution have been determined by large angle X-ray scattering 
measurements. The measurement on the diethyl ether solution was performed at 
44” C, on a phase crystallizing at approximately 30” C. In diethyl ether a dimeric 
structure is found, arranged in a square-planar fashion. The bond lengths are: Mg-I 
2.65(2), I-I (diagonal) 3.75(2) and I-I (linear) 5.30 A. Three diethyl ether molecules 
are probably coordinated to each magnesium to complete an octahedral arrange- 
ment. In tetrahydrofuran the ion MgI+ from a dissociated complex predominates. 
In the MgI, complex a tetrahedral arrangementOis found. In both the MgI+ and 
MgI, complexes the Mg-I distance is 2.56(2) A. In the MgI, complex the I-I 
distance is 4.44(4) A. In both solutions the Mg-0 and Mg-C distances were kept 
fixed at 2.10 and 3.48 A, respectively. The solubility of MgI, in diethyl ether has 
been shown to be strongly dependent on the water content of the ether; 0.2 M was 
the highest concentration obtained in anhydrous diethyl ether. 

Introduction 

The crystal structures of several magnesium bromide compounds have been 
reported, Table 1. A tetrahedral arrangement around the magnesium atom has been 
established for the solid dietherate of MgBr, [l], and this arrangement has also been 
confirmed for the solid dietherates of phenylmagnesium bromide [2] and ethylmag- 
nesium bromide [3]. In tetrahydrofuran, THF, an octahedral arrangement has been 

* Editorial note. This paper was accepted for this Journal, even though it is not concerned with 
organometallic compounds, because it forms the introduction to a planned series concerned with 

structures of Grignard reagents. 
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TABLE 2 

CONCENTRATIONS (M) OF THE SOLUTIONS INVESTIGATED 

Solution Ws I Solvent 

THF 1.71 3.42 10.18 

DE 2.79 5.58 9.50 

The DE taken straight from the distillation apparatus was taken to be slightly 
aqueous. Dried glass-equipment was still used though, and all preparations were 
carried out in the glove box. In the case where a glove box was not used and the 
glass had not been dried in an oven, the solutions were slightly more aqueous, owing 
to adsorption of water on the glass-surfaces. Water-saturated DE was obtained by 
shaking the ether with water in a separating funnel. 

A few drops of THF or dimethylsulfoxide (DMSO) were added to DE in order to 
compare the solubility of MgI, in these solutions with those in the DE containing 
small amounts of water. These organic solvents had been dried to the same extent as 
the ether to which they were added. Magnesium iodide is readily soluble in both 
THF and DMSO. 

AnaJysis. The solutions of magnesium iodide were analysed for iodide by 
titration with a standard 0.10 M AgNO, solution. 

X-ra_y scattering measurements. The X-ray scattering from the free surface of the 
ether solutions was measured in a 8-8 goniometer of the Seifert GDS type. The 
solutions were enclosed in a cylindrical thin-walled glass container of a type 

previously described [6]. Correction for the absorption by the glass container was 
made. MO-K, (h 0.7107 A) radiation was used as the X-ray source and the scattered 
intensities were measured at discrete points, at intervals of 0.335 in 5,s = 
4a sin 0X-l. between &values of 4 and 62 degrees, where the scattering angle is 20. 
An extrapolation of the intensity data at 8 < 4” was necessary because of the liquid 
meniscus on the glass wall. 40000 counts were collected twice at each point, which 
gives a statistical error of 0.35%. The measurements of the DE solutions were 
carried out at 44 + 1” C and those for the THF solutions at 25 ~fr 1” C. 

Minute droplets on the glass wall are considered to be responsible for the 
somewhat larger than normal spread between data points. 

Datu treatment. The measured intensity data were initially corrected for back- 
ground scattering and polarization, and normalized to a stoichiometric volume, I’, 
containing one Mg atom. The normalization was performed as described before [7]. 
Scattering factors, f, for the neutral atoms were used, except for H, for which the 
spherical form factors suggested by Stewart et al., were employed [8]. 

The contribution from anomalous dispersion, df’ and Af”, was considered for 
all atoms [9]. Incoherent scattering factors [lo-121, corrected for the Breit-Dirac 
effect [13,14], were used. All these corrections were taken into account when 
calculating the reduced intensities, i(s), from the scaled observed intensities, 

I&s(S). 

i(s) = K.&,,(s) -En; [L’(s) + (Af,“)‘+ del(s) .~;nco~(s)] 

where K is the normalization factor, n, is the number of atoms “i ” per stoichiomet- 



ric volume, and del(s) is the fraction of incoherent radiation rwching the counter 
[15]. A Fourier transformation was applied. ah descrilxd prwiou>ly [Ih]. to obtain 
the electronic radial distribution function. RDF. Spurious peaks helon I.5 ,X were 
removed from the RDF bc ;t procedure described elsewhere [IT/. 

All calculations were made with the program KURVL R [ 1 X]. \\hile least-squares 
refinements were carried out uith rho PLTSLR 11x1 and S’TFPI R j 1 ci/ programs. 

Results 
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Fig. 1. D( r)P4nr’po function and calculated peak shape for magnesium iodide in (a) diethyl ether and 
(b) tetrahydrofuran. 

TABLE 4 

INTERATOMIC DISTANCES IN DIETHYL ETHER (ref. 26) AND TETRAHYDROFURAN (ref. 

27). THE LONG O-C DISTANCES IN BOTH SOLVENTS ARE THE RESULTS OF CALCULA- 

TIONS BASED ON THE C-C AND SHORT O-C DISTANCES STATED IN REFERENCES 26 

AND 27 

Interaction 

Diethyl ether 

d (A) u 

b (I?) b 

nc 

THF 

d (A) 

b (A*) 

n’ 

o-c o-c CC 

1.408 2.47 1.516 

0.0005 0.002 0.002 

2 2 2 

1.428 2.37 1.538 

0.0017 0.0017 0.0017 

2 2 2 

u d = distance. ’ b = temperature coefficient. ‘ n = number of distances per molecule 
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because of its donor properties, which result in a very favourable net enthalpy term. 
In water itself the entropy term is usually unfavourable since water is a highly 
structured solvent but for water in an unstructured solvent such as DE, the entropy 
term for solvation of magnesium by water is more favourable [21]. 

The interatomic distances for MgBr, [22] and MgI, [23] in gaseous phase have 
been determined. Both molecules are linear, and the Mg-I and Mg-Br distances are 
2.52 and 2.34 A respectively. There are no structural reports on the etherates of 
MgI, in DE or THF, but the crystal structures of MgBr, in both solvents have been 
determined [1,4]. Schibilla and Le Bihan derived Mg-Br distances in the ethyl 
etherate of 3.18 and 3.32 A, but these seem unreasonably long, and we prefer to 0 
compare our distances in DE with that of 2.44 A found for phenylmagnesium 
bromide by Stucky and Rundle [2]. 

The change in the Mg-I distance on going from DE to THF is due to the fact 
that in the dimer Mg coordinates three iodine atoms, compared with one or two in 
the monomer, and that magnesium is six-coordinated in DE and only four-coordi- 
nated in THF. In both cases the best fit was obtained with all the Mg-I distances 
equal. 

The formation of a monomer by MgI, in THF but a dimer in DE is presumably 
due to the stronger solvating properties of THF [24]. The dielectric constant for 

THF, E = 7.6, is larger than that for DE, which accounts for the large degree of 
dissociation in THF. Solvents with low dielectric constants neutralize charges and 
charge densities within molecules through ion pair or aggregates formation. At 
concentrations in the region of 0.5 M the charge density is, apparently, minimized 
by the formation of dimers. Perhaps at higher concentrations this is achieved by the 
formation of complexes with an even higher degree of association. 

It is not unreasonable that MgI, should form dimers in DE. LiBr, for example, 

forms a tetramer in a cubane configuration in DE [25], and preliminary measure- 
ments lead us to believe that PhMgBr is tetrameric in DE at concentrations in the 
region of 2 M. 
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