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Abstract 

The stereochemistry around mercury(I1) in the 
Hg(SR)a-, R = “C4H, and C6H5, and Hga(SC4H9),“, 
complexes in pyridine solution has been studied by 
means of large angle X-ray scattering (LAXS) 
technique. The Hg(SR),- complexes were found 
to be trigonal planar with mercury in the center of 
gravity and the sulfurs in the corners of an equi- 
lateral triangle. The Hg-S bond distances were 
refined to 2.454(11) and 2.475(7) A in the Hg- 
(SnCqH9)a- and Hg(SC6H5)s- complexes respective- 
ly. The 1-butanethiolatomercury(I1) complex is 
monomeric in dilute pyridine solution, but it 
dimerizes in concentrated solution. The Hg-S bond 
distance is 2.48(2) A and the Hg-Hg distance is 
3.69(5) A in the Hgz(SnCqH9)22+ complex. One or 
two pyridine molecules are, most probably, loosely 
coordinated to the mercury atoms, completing a 
distorted tetrahedral arrangement. 

have indicated predominance of dimeric Hg,- 

K,$ 

2+ complexes. In dilute mixtures, the Hg,- 
2+ complex dissociates to mononuclear com- 

plexei zith increasing pyridine content [7] _ 
The structures of (C2H5)4NHg(SC6H,)3 and 

((C2H,)4N)2Hg(SC6H&l-p)4 contain mononuclear 
tris and tetrakis(thiophenolato)mercurate(II) com- 
plexes respectively [ 10, 111. The Hg(SC6H5)3- 
complex is in the solid state trigonal-planar, while 
the Hg(SC6H,Cl-p),‘- complex is pseudotetrahedral. 
The structure of (C2H5),NHg(SCH3)3 is reported to 
consist of dimers with two bridging and four terminal 
thiolate groups [ 121. 

Introduction 

Mercury(H) is well-known for its ability to form 
stable complexes with thiolates. The first mercury(I1) 
thiolate complex was discovered by Zeise as early as 
1834 [l]. The structure of the Hg(SC,H2.+ 1)2r 
n = 2, 3, 5-7, complexes were in principle solved 
by Wells [2]. That work contains, however, only 
basic information like the coordination numbers of 
mercury. Detailed structures including one of those 
compounds, have later been reported for Hg(SCH,), 

[31, Hg@Wh [41, HgWWW~ [51 and Hg- 
(StGW2 [61. 

The structures of the compound series Hg(SR)- 

The purpose of this work was to examine the 
structures of some mercury(H) thiolate complexes 
of varying stoichiometry, in solution. Pyridine 
was chosen as the solvent since mercury(I1) thiolate 
compounds are sufficiently soluble only in strongly 
donating aprotic solvents. Moreover, the complex 
formation thermodynamics of some mercury(I1) 
thiolate systems have recently been investigated 
in pyridine [ 131. That study showed that three very 
strong mononuclear mercury(H) thiolate complexes 
are formed in pyridine solution; there are no indica- 
tions of a fourth complex. The first and third com- 
plexes are predominating in large ranges of free ligand 
concentration, while the second complex, normally 
the most stable one never exceeds 45% of the total 
mercury(H) concentration. 

(CH,CO,) have been reported for R = CHa [7], 
R = nCaH, and nC4H9 [8], and R = C6H, [9]. The 
alkanethiolate compounds consist of sulfur bridged 
(-Hg-SR-Hg-SR-) zig-zag chains linked to sheets 
by acetate bridges. It is noticeable that no mono- 
meric HgSR’ complexes have so far been found in 
the solid state. 

Three mercury(I1) thiolate complexes in pyridine 
were examined by means of large angle X-ray scatter- 
ing (LAXS) technique on liquids. Two tristhiolato- 
mercurate(II) complexes, Hg(SC6H5)3- and Hg- 
(SnCqH9)3-, and the l-butanethiolatomercury(I1) 
complex, Hg(S”C4H9)+, have been studied in con- 
centrated pyridine solutions at 25 “C. 

Experimental 

Raman spectroscopic studies on aqueous solutions 
and aqueous/pyridine mixtures of HgSCH,(CH,CO,) 

Preparation of Solutions 
The Hg(SR)3- complexes were prepared by adding 

an equivalent corresponding thiol to a mercury(I1) 
thiolate solution according to 
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TABLE I. Composition (mol dmP3), Linear Absorption Coefficients, ~(Mo Kcz) (cm-‘) for the Investigated Solutions 

Solution Hg C&N SR Cl04 C&N P 

WzSWWClOd 0.600 0.600 0.600 9.2 15.5 
CsH,NHg(SC&I,), 0.962 0.962 3.036 9.0 24.2 
C&NHg(S&$Is)3 0.889 0.889 2.909 9.0 22.3 

Hg(SR),(py) + HSR + C5H,N - 

Hg(SR),-(py) + C,H,N+ 

The HgSR+ complex was prepared by dissolving equi- 
molar amounts of Hg(SC,H,), and Hg(&H,N)z- 
(C104)2 in warm pyridine, 60 OC; the mixture was 
slowly cooled down to room temperature. The 
composition of the studied solutions is given in 
Table I. 

X-ray Scattering Measurements 
The X-ray scattering from the free surface of the 

solutions was measured in a large angle theta-theta 
diffractometer [14] of Seifert CDS type. In order 
to avoid contact with the atmosphere and to avoid 
evaporation, the solutions were enclosed in a cylin- 
drical thin-walled glass container, which was exactly 
half-filled. The absorption of the glass container 
and its angle dependence have previously been de- 
termined [15]. MO Kol (h = 0.7107 a) radiation was 
used as the X-ray source. The scattered intensities 
were determined at discrete points in the interval 
4”< B < 60”, separated by 0.0335 in s, where s = 
47rh-’ sin 8, and the scattering angle is 28. An extra- 
polation of the intensity data at 0 < 4’ was necessary 
due to the upward meniscus in the glass container. 
A counting error of 0.35% was achieved by measuring 
40000 counts twice at each sampling point. The 
fraction incoherent scattering contributing to the 
intensities has been estimated in the usual manner 

1161. 

Data Tkeatment 
The same data reduction procedure and correc- 

tions as described previously were applied [ 161. 
The experimental intensities were normalized to a 
stoichiometric unit of volume, containing one 
mercury atom. The scattering factors, corrections 
for anomalous dispersion and values for incoherent 
scattering were the same as used before [ 161. The 
electric radial distribution functions (RDF), D(r) - 
47-rr2p0, were obtained by Fourier transformation 
from the intensity functions. The RDFs for the 
studied solutions are given in Fig. 1. Spurious peaks 
below 1.5 .& which could not be related to inter- 
atomic distances within the pyridine molecule or the 
perchlorate and thiolate ions have been removed by 
a Fourier transformation procedure [ 141. 
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Fig. 1. Experimental radial distribution function. D(r) - 

4nr2p0, for the 1-butanethiolatomercury(II)pcrchlorate, 
pyridinium tris(l-butanethiolato)mercurate(II) and pyridi- 
nium tris(thiophenolato)mcrcuratc(II) in pyridine solution 

(solid lines), model functions with parameters from Table II 

(dotted lines) and the differences between them (dashed 
lines. 
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TABLE II. Interatomic Distances, d (A), Temperature Factor 
Coefficients for the Distances, 6 (A’), and Frequencies of 

the Distances Relative to One Mercury Atom, n, for the 

Hgz(SGH& 2+, Hg(SC4Hs)s- and Hg(SCsHs)s- Complexes 
in Pyridine Solution. The Refined Parameters are those with 
e.s.d.s in Parentheses 

Complex Distance d b n 

Hgz6C&,)z2+ Q-S 
Hg-Hg 
s-s 
Hg-C 

Hg(S,H&- Hg-S 
Hg-C 

s-s 

Hg(SCeHs)s- Hg-S 
Hg-C 
s-s 

2.48(2) 

3.69(5) 

3.36 
3.15 

2.455(11) 

3.69(7) 
4.25 

2.475(7) 
3.76(4) 
4.29 

0.012(3) 2.0 
0.023(5) 0.5 
0.020 0.5 
0.022 2.0 

0.0179(18) 3.1(3) 
0.023(g) 3.0 
0.020 3.0 

0.0072(g) 3.0 
0.033(7) 6.0 
0.020 3.0 

All calculations were carried out by means of the 
computer programs KURVLR [ 171 and STEPLR 

1181. 

Results 

For the tristhiolatomercurate(I1) complexes a 
major peak in the RDFs is found at 2.5 A. These 
peaks correspond to Hg-S bond distances, and the 
integral of the peaks indicates three Hg-S distances 
per mercury. Two minor peaks at about 3.8 and 4.3 
A correspond to Hg-C and S-S distances respective- 
ly, within the Hg(SR),- complexes. The distances, 
the temperature factor coefficients of the Hg-S 
and Hg-C distances and the number of Hg-S dis- 
tances were refined in the range 3.5 <s < 13.5 by 
a least-square refinement procedure. For the number 
of Hg-C distances and for the S-S distance, the 
pyridinium and thiolate ions and for free pyridine, 
fixed parameters were introduced. The parameters 
for the tristhiolatomercurate(I1) complexes are 
given in Table II. 

The radial distribution function for the HgSC4H9- 
(C104) solution shows two distinct peaks at 2.5 and 
3.7 A, Fig. 1. These peaks correspond to Hg-S 
and Hg-Hg distances respectively. The peak areas 
indicate two Hg-S and half a Hg-Hg distance per 
mercury. The peak at 3.7 A, being somewhat un- 
symmetrical, also incorporates the expected Hg-C 
distance at around 3.8 A. The distances and the 
temperature factor coefficients of the Hg-S and 
Hg-Hg distances have been refined in the range 
4.0 Gs G 13.5. The quality of the experimental 
intensities is not good enough to determine if any 
pyridine is loosely coordinated to mercury. The 
parameters for the bis( l-butanethiolato)dimercury- 

(II) complex are given in Table II. The parameters 
for the thiolate and perchlorate ions, and free 
pyridine have been taken from the literature and 
further refinements on these parameters have not 
been made. 

Discussion 

The Hg(SC,Hs)s- complex is found to be trigonal- 
planar in pyridine solution as well as in the solid 
state [lo]. In the structure of (C3H5)4NHg(SC6Hs)3 
the HgSs entity is strongly distorted, but the 
average S-Hg-S angle is 120” and the average Hg-S 
bond distance is 2.455 A [lo]. The Hg-S bond 
distance in the Hg(SC,Hs)a- complex is 0.020 A 
longer in pyridine solution than in the solid state. 
This increase in the Hg-S bond distance is certainly 
due to the solvation of the Hg(SC,H,),- complex 
in pyridine. Pyridine is a strong donor to the soft 
acceptor mercury(I1) [ 191, though pyridine is a much 
weaker donor than thiolate ions.a It has not been 
possible from current X-ray scattering data to de- 
termine whether or not pyridine molecules are coor- 
dinated to mercury in the Hg(SC,Hs),- complex. 
Pyridine has the possibility of solvating the mercury 
atom through the nitrogen atom and the phenyl 
rings through pi-interactions. The lengthening of 
0.017 8, of the Hg-S bond in pyridine indicates that 
weak interactions between pyridine and mercury 
indeed occur, as only n-interactions should give a 
smaller effect. A similar lengthening of Hg-X bonds 
has been reported in the complexes HgXs-, X = Cl, 
Br, I, where solvent molecules are coordinated to 
mercury [20, 211. Two pyridine molecules are prob- 
ably coordinated in the axial positions of a trigonal 
bipyramid. 

The Hg-S bond distance is 0.02 A shorter in 
Hg(S”C,H,)s- than in Hg(SC6Hs),-, Table II. This 
is somewhat surprising since the Hg(SC6Hs)s- com- 
plex is the most stable of these complexes in pyridine 
solution [ 131. The solvent interaction with a phenyl 
group is approximately twice as strong as with a 
butyl group [22,23]. It is hard to tell if the Hg-S 
bond distance depends on either substantially weaker 
solvation of the butyl groups, or on smaller atom 
radius on the sulfur atom in the SC4H9- ion than in 
SC6H,- ion, or in fact, whether it depends on both 
factors. 

The mononuclear HgSC4H9+ complex exists in 
dilute pyridine solution [ 131. This complex dimerizes 
when the concentration is increased. The structure 
of the Hg2(S”C4H9)22+ complex is very similar to 
the units building the infinite chains in the structures 
of Hg(StC,H9)2 [6] and Hg(SnC4H9)2 [5]. The 
Hg-S bond distance is 2.48(2) A and the Hg-Hg 
distance is 3.69(5) A. This means that the Hg-S-Hg 
angle is 96(3)“, and the S-Hg-S angle is 84” if the 
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Hg,& entity is co-planar, or somewhat smaller if 
the Hg,S, entity is slightly out of planarity. Pyridine 
is definitely coordinated to mercury atoms in the 
Hgz(SnC~H&2+ complex. This study did not allow, 
however, the determination of either the number of 
coordinated pyridines or the Hg-N(pyridine) dis- 
tance. 

A change in the complex distribution can occur 
when the concentration is increased. The neutral 
copper(I) and silver(I) halide complexes in tetra- 
hydrothiophene are monomeric in dilute solution 
while dimers or tetramers are formed in concentrated 
solution [24]. Already at 0.1 M this reaction starts, 
A mixture of Hg,13+ and HgI, complexes is formed 
in concentrated DMSO solutions with the Hg/I ratio 
one [20]. This reaction also starts at around 0.1 M. 
It is plausible that the HgSR+ complexes in pyridine 
behave in a similar way. 
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