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The °°Hg chemical shifts of HgX, (X = C1, Br, I)
in @ number of nonaqueous solvents cover a range of
2400 ppm. Solvent and temperature dependence and
the difference of 5(Hg) for HgX, can be related to
the donor abilities of the solvent. The solvent effects
upon b(Hg) are smallest for HgCl, and largest for
Hgl, (over 1800 ppm).

Introduction

Mercury(II) halide solvent adducts [1] in solution
have been studied recently by vibrational spectro-
scopy [2—4], thermochemical [5—7] and solution
X-ray methods [8, 9] . The sensitivity of §(**°Hg) of
mercuric cyanide upon solvents was noted very early
[10] and '°°Hg NMR has been used to investigate
interactions between solvents and organomercurials
[11-14].

In view of the intensive and successful application
of metal NMR to solvation topics [15], **°Hg NMR
studies of HgX, (X = Cl, Br, I) could be expected to
allow interesting comparisons and to complement
conclusions obtained by other techniques.

Bonds in HgX, are of rather covalent character.
Mercuric halides preserve molecular structure in the
gas phase, in solution, and with the exception of the
red modification of Hgl,, in the solid state. As can
be seen from numerous crystalline solvates [1], mer-
cury(II) halides are tractable Lewis acids.

After some controversy [16], linear X-Hg-—X
groups seem to be accepted in noncoordinating sol-
vents (e.g. benzene [17]). Solution X-ray[8] and
Raman [3, 4] data (appearance of »;) indicate bent
structures in donor solvents, the deviation of linear
geometries being proportional to donor abilities of
the solvent. Bent HgX, groups of solvates in the solid
state are often associated with two ligands forming a
distorted tetrahedron [18], but the number of
coordinating molecules in solution is not definite.
Four DMSO ligands were assumed for example in
solution X-ray on HgX, [8]. On the other hand only
crystalline solvates of stoichiometries HgX,L, (n =
2) are known, whilst for ionic mercuric compounds,
whose octahedral coordination in solution is

established, compounds of composition Hg?'Lg can
be isolated.

In addition to solvent coordination, association
via halogeno bridged species has to be taken into
account [19-22].

Experimental

The mercury compounds used in this investigation
were of reagent grade and not further purified before
use. The solvents were either of spectral grade and
not purified further or of reagent grade and distilled
and dried prior to use.

199Hg NMR spectra were recorded in the FT mode
on a Bruker WP-80-DS multinuclear magnetic
resonance spectrometer operating at 1.88 T. The
spectrometer was interfaced to a Bruker Aspect 2000
(24 K 24bit words) computer. Quadrature phased
detection was used. The stability of the applied field
was ensured by the use of external deuterium (D,0)
field frequency lock. Except where indicated,
measurements were carried out on 0.5 m solutions
at 308 K. Temperatures were adjusted using a Bruker
B VT-1000 variable temperature unit with a tempera-
ture stability at the sample better than +0.3 K.
Samples were measured in 10 mm OD tubes with
coaxial 4 mm tubes containing the reference
substance. The spectral resolution was 2.44 Hz per
data point or better.

Chemical shifts in this work have been measured
using an aqueous mercuric perchlorate solution (2
mmol HgO/ml 60% aqueous HCIO,) as a reference.

The ‘high frequency-positive sign’ convention of
chemical shifts according to the IUPAC convention
has been employed [23] . Corrections for bulk suscep-
tibilities were not made.

Results and Discussion

Large solvent effects upon 8(*°°Hg) have been
observed (Table I). In general more polar solvents
cause decreased shielding of the '*Hg nucleus. This
corresponds with predictions of the paramagnetic
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TABLE 1. Chemical Shifts of HgX, in Different Media.?

HgCl, HgBr, Hgl2
Ethylenediamine 1112.0 566.2
Pyridine 1104.8 762.1 29.2
Aniline -346.8
Hexamethylphosphoramide 951.2 —-694.0
Methylsulfoxide 887.5 322.2 -734.7
Methylsulfoxided 885.5 316.9 —746.8
N,N-Dimethylacetamide 888.5 280.3 --873.0
N,N-Dimethylformamide 859.9 265.7 —853.3
1-Methyl-2-pyrrolidinone 876.5 258.6 -905.9
1,1,3,3-Tetramethylurea 877.5 245.2 -930.5
N-Ethylacetamide 873.7 240.0 -976.3°
Ethyl alcohol 894.2 229.6
Methyl alcohol 870.6 2225
2-Ethoxyethanol 861.1 208.9 -992.8
Triethyl phosphate 860.7 201.9 -1034.0
Tributyl phosphate 865.7 191.0 -1062.1
Tributyl phosphate® 864.9 184.7 ~1076.1
Tetrahydrofuran 839.5 171.2 -1062.6
2-Methoxyethylether 808.6 160.1 -1026.9
Acetonitrile 826.9 115.7°
2-Butanone 804.9 84.5
n-Butyl acetate 812.3 84.0P
Ethyl acetate 804.5 81.5P
p-Dioxane -1109.2°
Tetramethylene sulfone 772.6b 64.0 ~1205.2°
Nitrobenzene -1298.1%¢
20.5m, 308K, in ppm to high frequency of aq. Hg(ClO4),. bSupersaturated (0.5m). “Saturated. 9 m  °408K.

shielding term. Equation (1) of Jameson and
Gutowsky [24] simplified in neglecting d-orbital
terms states:

0p = (2%, /127AEM2 X )P, 1)

P,. representing the p-orbital populations, depends
largely on the donor qualities of the ligands: P,
has a maximum of 1 for linearly bonded mercury
whilst being 3/2 for 3 or 4 coordinate mercury.

A good correlation can be found between the sol-
vent dependence of §(**°Hg) and the solvent depen-
dence of vibrations of HgX, [2—4]. In analogy to the
stretching modes, the solvent shifts can be related to
Gutmann’s donor numbers [25] of the solvents.
Shifts to lower frequencies with increasing solvent
polarity have been observed on the other hand for
various organomercurials [12-13]. Solvent mercury
coordination has been suggested for explanation [14]
(solid solvates are known for diorganomercurials
R,Hg with electron withdrawing groups R [26-27])
although the direction of shifts is opposite to that
expected from eq. (1). In a recent compilation of
data for Me,Hg and MeHgCl this effect was therefore
discussed in terms of interactions of the quadrupolar

Me,Hg with the fields produced by the polar sol-
vents in a solvation shell [28] .

The solvent effects for HgX, are larger than for
organomercurials according to the smaller polarity
of the Hg—C bond. Along with the diminishing
positive charge of the mercury atom the molecule
should be less sensitive to perturbation upon inter-
action with donor molecules.

The ionic character of the Hg—X bonds, estimated
from the classical electronegativity scale of Pauling is:
Hg-Cl 26%, Hg-Br 19%, Hg-1 9%. The usual
tendency to solvate formation is HgCl, > HgBr, >
Hgl,. For example Hgl, can be recrystallized from
DMSO, whilst HgCl, and HgBr, form crystalline sol-
vates. Accordingly heats of solvation were determined
[S] to increase in the order Hgl, < HgBr, < HgCl,
and the solvent dependence of the HgX, stretching
modes is largest for HgCl, and smallest for Hgl,
[2-4]. Rather surprisingly therefore the NMR effects
for HgX, are largest for Hgl, and smallest for HgCl, .
Similar results have been obtained for mixed cyano—
halogeno—mercury compounds XHgCN (X = Cl, Br,
I) [29]. The situation may be compared with the
effect on 8§(**°Hg) going from HgX, to RHgX (R =
alkyl, aryl, CN).Formation of a C—Hg bond results
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TABLE II. Shifts of HgX,, Hg(CN), and XHgCN.?

Hg(CN); 1034°
CIHgCN 997°
HgCl, 887°¢
BrHgCN 828"
IHgCN 520°
HgBr, 322°¢
Hgl, -735°¢

20.5 m in DMSO, 308 K, in ppm to high frequency of aq.
Hg(Cl04),- BTaken from Ref. 29. SThis work.

in confining the chemical shifts of RHgX to a range
of only a few hundred ppm (Table II). The size of
this range depends on the nature of R (Me: 305 ppm
[30], Ph: 270 [31], CN: 477 [29],) but no
theoretical explanation seems to exist for this trans
influence.

The shift associated with the introduction of the
Hg—C bond appears to be largest for Hgl, > HgBr, >
HgCl,.

The differences of §(*??Hg) of HgX, (X = Cl, Br,
) in some definite solvent decreases with increasing
solvent—-HgX, interactions (Pyridine: 1076 ppm, Tri-
butyl phosphate: 1925, Tetramethylene sulfone:
1975).

As has been already noted for ionic mercury
compounds [33], ¥PHg chemical shifts are very
sensitive to temperature and concentration. Some
examples for the concentration dependence of
5(**°Hg) are given in Table 1. Table III shows the
rather complicated temperature dependence of
5(*°°Hg). The effects are again largest for Hgl,
and smallest for HgCl,. For HgBr, and Hgl, solvents
with increasing donor numbers lead to increasing
shifts to lower frequencies while the opposite was
observed for HgCl,. Several factors are expected
to contribute to these effects. Firstly, alteration of
the separation of the ground and excited states [34],
secondly, alteration of the number of solvating

TABLE III. Temperature Dependence of Chemical Shifts.2
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molecules and thirdly a competition of solvation and
molecular association.

In solution (as in the gas or the molten state)
mixtures of HgX, and HgY, (X, Y=CL, Br,[; X #Y)
are known to be in equilibrium with the respective
mixed species [35],e.g.:

HgCl, + Hgl, = 2Hg CII

According to preliminary results exchange of these
species is rapid on the NMR time scale.

Acknowledgments

I would like to thank professors A. Engelbrecht
and K. E. Schwarzhans for making this work possible
and the Fonds zur Forderung der Wissenschaft,
Vienna, for making available the NMR instrument.

References

1 P. A. W. Dean, Prog. Inorg. Chem., 24, 109 (1978).
2 K. Sone, M. Aritaki, K. Hiraoka and Y. Fukuda, Bull.
Chem, Soc. Jpn., 49, 2015 (1976).
3 D. N. Waters and Z. Kantarci, J. Raman Spectrosc., 6,
251 (1977).
4 J. H. Smith and T. B. Brill, Inorg. Chim. Acta, 18, 225
(1976).
§ S. Ahrland, L. Kullberg and R. Portanova, Acta Chem.
Scand., A32, 251 (1978).
6 Y. Farghani and D. P. Graddon, Aust. J. Chem., 27, 2103
(1974).
7 Y. Farghani and D. P. Graddon, Aust. J. Chem., 26, 983
(1973).
8 M. Sandstrom, Acta Chem. Scand., A32, 627 (1978).
9 M. Sandstrom, I. Persson and S. Ahrland, Acta Chem.
Scand., A32, 607 (1978).
10 W. G. Schneider and A. D. Buckingham, Disc. Faraday
Soc., 34, 147 (1962).
11 A. J, Canty, A. Marker, P. Barron and P. C. Healy, J.
Organomet. Chem., 144, 371 (1978).
12 M. A. Sens, N. K. Wilson, P. D. Ellis and J. D. Odom,
J. Magn. Res., 19, 323 (1975).
13 L. A. Fedorov and E. 1. Fedin, Dokl. Akad. Nauk SSSR,
195, 856 (1970).

chlz HgBl’z Hgl,
Pyridine 0.5mP 68 -92 ~283
Methylsulfoxide 0.5 m® 19 —74 241
Methylsulfoxide 0.5m° 15 -15 —235
Methylsulfoxide 1 m® 17 -1 -243
Methylsulfoxide 1m® 15 -73 -234
Tributyl phosphate 1 mP -3 -68 ~176

®InHz. ®»318K — 308 K.

°,328 K —v318 X.



70

15
16
17
18
19
20

21
22

23
24

J. D. Kennedy and W, McFarlane, J. Chem. Soc. Faraday
Trans. I1, 72, 1653 (1976).

R. K. Harris and B. E. Mann, ‘NMR and the Periodic
Table’, Academic Press, 1978.

A. Reger and 1. Eliezer, J. Chem. Phys., 54, 3902
(1971).

C. L. Cheng, R. K. Pierens, D. V. Radford and G. L. D.
Ritchie, J. Chem. Phys., 59, 5209 (1973).

A. F. Wells, ‘Structural Inorganic Chemistry’, Claredon
Press, Oxford, 1975.

F. Gaizer and M. T. Beck, J. Inorg. Nucl. Chem., 29, 21
(1967).

J. Lamure, in ‘Nouveau Traité de Chimie Minérale’,
Vol. 5, P. Pascal, ed, Masson, Paris, 1962.

R. 8. Satchell, J. Chem. Soc. 5963 (1963).

P. Biscarini, L. Fusina and G. D. Nivellini, /norg. Chem.,
10, 2564 (1971).

Pure Appl. Chem., 29, 627 (1972).

C. J. Jameson and H. S. Gutowsky, J. Chem. Phys., 40,
1714 (1964).

25

26

27

28

29
30

31
32
33
34

P. Peringer

V. Gutmann, ‘The Donor—Acceptor Approach to Molec-
ular Interactions’, Plenum Press, New York, 1978.

J. E. Connet, A. G. Davis, G. B. Deacon and J. H. S.
Green, J. Chem. Soc. C, 106 (1966).

M. Cano Esquivel, A. Santos Macias and L. Ballester
Reventos, An. Quim., 73, 1051 (1977).

R. G. Kidd and R. J. Goodfellow, ‘NMR and the Periodic
Table’, eds. R. K. Harris, B. E. Mann, Academic Press,
1978.

P. Peringer, unpublished results.

G. E. Maciel, ‘Nuclear Magnetic Resonance Spectroscopy
of Nuclei other than Protons’, eds. T. Axenrod, A. Webb,
Wiley—Interscience, New York, 1974.

P. Peringer and J. Eichbichler, unpublished results.

H. Kiriiger, O. Lutz, A. Nolle and A. N. Schwenk, Z.
Physik, A273, 325 (1975).

C. Deverell, K. Schaumburg and H. J. Bernstein, J. Chem.
Phys., 49, 1276 (1968).

L. Ammlung and T. B. Brill, Jnorg. Chim. Acta, 11, 201
(1974).



