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For concentrated mercury(II) chloride solutions

(Cgg=1 M), containing a large excess of chlo-

ride (mol ratios Cl/Hg> 4.5), the data are con-
sistent with a dominant tetrahedral HgCl2~
complex with an Hg — Cl bond length of 2.47(1)
A. The vibration frequency »,(HgCl,™) is found
to be 288 +2 em™.

For solutions with Cl/Hg mol ratios around
three and Cg,=>0.5 M polynuclear complexes
occur, probably with distorted octahedral coor-
dination and with double chlorine bridges be-
tween the mercury atoms. Structural models
for these complexes consistent with the experi-
mental data are proposed.

Dilute aqueous solutions of mercury(II) chloride
complexes, which have been investigated by a
variety of methods,% do not seem to contain
polynuclear complexes in detectable amounts.
A number of suggestions of polynuclearity * has
not been supported by later careful studies.!»*

The distribution of chloride complexes,
HgCL*"*(n=0, 1, 2, 3, and 4), calculated with
the use of equilibrium constants determined by
emf methods in 0.5 M (Na)ClO, medium,’ is
given in Fig. 1.

However, in more concentrated solutions
polynuclear complexes could occur.? The solu-
bility of HgCl, increases rapidly as the tem-
perature is raised — it is 0.265 M at 25°C ¢ and
1.81 M at 100°C.” From an ebullioscopic in-
vestigation it was proposed that for concentra-
tions higher than 0.5 M the dominant complex,
beside the monomeric HgCl,, is the trimeric
Hg,Cl,.8

Structure of the complexes in solution. An 0.23
M aqueous solution of HgCl, was studied by
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X.-ray diffraction in this work, but no accurate
structure information of the complex could be
obtained, since the relatively small effects are
obscured by the water structure.

There is still some ambiguity of the structure
of the HgCl,~ complex in solution. Incomplete
spectra have been reported for several organic
solvents *2; 4 and for a melt.!® It has not been
possible to distinguish between the pyramidal
Cyy or the planar D, symmetries on the basis
of these spectra. Moreover, the possible coor-
dination of a solvent molecule probably de-
termines which structure the HgX,~ complex
assumes in different solvents.®

Pyramidal structures with Cy, symmetry have
been found for the Hgl;~ and HgBr,~ complexes
in aqueous* and DMSO 151 golutions by X-
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Fig. 1. Fraction of Hg bonded in the different
chloride complexes as a funection of the free
chloride ion concentration. The calculated
complex distributions of the solutions investi-
gated by X-ray diffraction, assuming the equi-
librium constants to be valid, are indicated.
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ray diffraction. Preliminary results of X-ray
and Raman studies of 1 M NaHgCl, in DMSO
solution show that polynuclear complexes are
not formed in any large amount. * The bond
length, 2.44 A, found from the sharp Hg—Cl
peak in the radial distribution function (RDF)
is indicative of a pyramidal structure. Thus, by
analogy, HgCl;~ probably also has C;, sym-
metry in aqueous solution.

From X.ray scattering measurements on
approximately 1 M aqueous solutions of
mercury(II) and sodium chloride van Eck
proposed that HgCl2~ is tetrahedral but
highly distorted.’” He found an Hg~—Cl bond
length of 2.51 A.

Raman studies of aqueous HgCl 2~ solutions
frequently are reported as a simple one-line
spectrum. 1881 A complete assignment consis-
tent with a tetrahedral 7'; symmerty has
been made for the spectra of -crystalline
[(CH,)N],HgCl,,** which is isomorphous with
the corresponding tetrahedral bromide.** An
earlier study of HgCl,* in a melt 1® appears to
lead to an incorrect assignment.2?

In the crystal structure of the salt (AH),HgCl,-
2H,0 (where A is the alkaloid perloline,
Cy0H,N,0;) discrete HgCl~ groups with an
average Hg—Cl bond length of 2.50 A occur.
The slight deviation found from a regular
tetrahedral structure is probably due to non-
bonded compression.2

EXPERIMENTAL

Dried and weighed amounts of mercury(II)
chloride (Mallinckrodt, analytical reagent) and
lithium or sodium chloride (Merck, suprapur)
were dissolved in distilled water and diluted to
a known volume. The compositions of the

Table 1. Compositions at 25°C in mol 1" of the
solutions investigated by X-ray diffraction.

Sol. Hg Cl Li Na H,0 Ratio
Cl/Hg
Cl1 1.000 5.83 3.827 -— 48.1 5.83
Cl12 1.000 4.50 2495 — 49.7 4.50
Ci3 0.999 4.50 — 2.499 52.7 4.50
Cl4 1.000 2.80 0.798 — 51.7 2.80
Cl5 5.000 15.00 5.002 — 35.2 3.00
Cl6 3.400 17.01 10.21 — 33.8 5.00

solutions investigated by X-ray diffraction are
given in Table 1.

The diffracted intensity of MoK« radiation
(A=0.7107 A) was measured at 25+ 1°C from
the free surface of the solutions in the same way
as described previously.1¢

Raman spectra were obtained with a Cary 82
Spectrophotometer using the 4880 A Art+ —Kr+
lager excitation. Slit widths corresponded typi-
cally to 5 em™. The solutions were contained
in a quartz capillary.

DATA TREATMENT

The processing of the X-ray data was per-
formed as described before.l* The additional
scattering factors needed for Li(0) and Cl(0)
were taken from the same sources as before.¢
The calculated double scattering¢ did not
exceed 3 9%. All curves are calculated for a
stoichiometric unit of volume corresponding to
one mercury atom.

Least squares refinements of parameters for
intramolecular interactions * in the mercury(II)
chloride complexes were performed. A minimum

s(2)
was sought for the function U= w(s)[4ops(8) —
s(1)

tcac(8)]®. Due to the relatively larger influence
of intermolecular intensity than in the iodide
and bromide solutions,’ only the outermost
parts of the reduced intensity curves, 4., (8),
could be used. The contribution of the intra-
molecular Cl—Cl interaction is too small, how-
ever, to permit its parameters to be independ-
ently refined in these intervals.

Two models were used for the refinements:
(@) allowing only for the Hg — Cl interaction and
(b) a regular tetrahedral HgCl,*~ complex where
the temperature coefficient for the Cl— Cl inter-
action was kept constant at the mean value,
bx-x=0.028 A%, which was obtained for the
HgBr#~ and Hgl,* complexes.’* This corre-
sponds to a root-mean-square variation of 0.24
A in the distance r¢y ¢y, which can be compared
to the mean amplitude of vibration 0.1932 A,
calculated for HgCly;~ in TBP solution from
spectral data.® The parameters refined in the
models are the distance, rg, ¢y, the number of
Hg - Cl distances per mercury atom, ng, c1, and
the temperature coefficient, by, . For the
solutions C14 and C15 no least-squares refine-
ment results are given, since they contain
mercury chloride complexes with several dif-
ferent Hg — Cl distances.
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Table 2. Results of least squares refinements for an
Hg— Cl interaction; r is the distance, n the number
of distances per mercury atom, and b the tempera-
ture coefficient.

Sol. Interval r/A n bjAz

8y t0 8y .
cn 8—15  2.460(3) 4.3(3)  0.006(1)
Iz 8—15  2.454(4) 4.0(4)  0.007(1)
i3 8—15  2.436(2) 3.3(2)  0.004(1)
16 6—16  2.469(3) 3.7(3)  0.009(2)
RESULTS

X ~Ray data. The addition of the intra-
molecular Cl—Cl interaction, which is the only
difference between the refined models, gave
slightly lower error square sums, U. However,
no significant differences occurred in the param-
eter values for the two models (Table 2) in the
same ¢ interval. The standard deviations given
are the ones calculated in the least squares
process for a weighting function, w(s), pro-
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Fig. 2. Reduced intensity values, #(s), multi-
plied by s, (dots), for the solutions containing
an excess of chloride ions. The solid lines give
calculated si(s) values for a regular tetrahedral
HgCl,*~ complex.
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Fig. 3. Experimental D(r)—4nr%, functions
for the solutions (solid lines), compared with
peak shapes calculated for a regular HgCl2~

tetrahedron (dotted lines). The difference is
shown by the dashed lines.

portional to cos 6/I%.,1* The systematic
errors seem to be of at least the same order of
magnitude as estimated from the variation of
the parameter values from refinements in
various s intervals.!

Fig. 2 shows the experimental si(s) curves
compared with the calculated curves for a
regular HgCL?*" tetrahedron for the solutions
Cl1, C12, C13, and C16. The parameters used are
rag-c1=2.4T A, bgy ¢=0.006 A2, ny, y=4
and be ¢ =0.028 A2 The corresponding ex-
perimental D(r) — 4nr2g, functions and the peak
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shapes for the HgCl,2~ complex, obtained by
Fourier transformation of the intensity curves,4
are shown in Fig. 3.

In solutions Cl4 and Cl5 (Fig. 7), with mol
ratios Cl/Hg< 3, a minor peak at about 2.9 A
is observed in addition to the larger peaks at
2.44 and 2.45 A, respectively. A large peak at
4.2 A also occurs for both solutions.

Raman measurements. Two series of solutions
were studied. In the first the Cl/Hg mol ratio
was varied from 2 to 9, keeping the total
mercury concentration, Cgy, at 1 M in most of
the solutions. The results are given in Table 3.
In the second series the Cl/Hg mol ratio was
kept constant at 3.0, while Cyg Was varied from
0.050 to 5.00 M. The spectra obtained are
shown in Fig. 10.

DISCUSSION

X ~-Ray data

The peak at 2.4—2.5 A, corresponding to
Hg — Cl distances, is of approximately the same
gize for the solutions Cl1, Cl2, CI3, and Cié,
but is smaller in the cases of solutions Cl4
and Cl5, which have much lower Cl/Hg mol
ratios. However, the broad peak at 4 to 4.5 A
grows larger as the Cl/Hg mol ratio is reduced.

In the previous study of iodide and bromide
complexes 1* Nat+ was the cation. However,

in this study Li+ was used, except for solution.

C13, in order to avoid overlap between the peaks
corresponding to the Na+—-H,0 and Hg—Cl
distances.* The difference between the D(r)—
4nrig, functions for solutions CI3 (Nat) and
Cl2 (Lit), which have the same mercury and
chloride concentrations, demonstrates the effects
of the strong Li+ —H,0 coordination 2¢ (Fig. 4).
In this difference curve the Nat—H,O inter-
actions give rise to a peak at 2.4 A. In solution
CI3 the remaining water structure is less
disturbed and this appears as broad peaks at
about 2.8 and 4.5 A.2

The Cl-H,O distances at about 3.1—3.2
A2 and O—O distances at about 3.27 A
within a Li(H,0),t tetrahedron,* can explain
the peaks found at about 3.2 A in solutions
Cl1, CI2 and Cl16. This is demonstrated in Fig.
5, where the hydration model proposed for the

* This overlap probably also affects the param-
eter values obtained for solution C13 in Table 2.
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Fig. 4. The difference (dotted line) between
D(r)—4nr?p, functions for solutions Cl3 (solid
line) and C12 (dashed line).

HgX,*~ complexes in the preceding article,
has been used for solution Cl1 together with
independent Li(H,0),* and Cl(H,0),~ groups.?®
The small amount of free residual water struc-
ture was approximately accounted for by assum-
ing a tetrahedral arrangement in (H,0); units.*
Remaining interactions in the solution were
approximated to even electron distributions
around these groups.* The radii used were
4.95, 3.4, 4.0 and 2.6 A for the hydrated
HgCl -, Li(H,0)*, Cl(H,0),~ and H,O species,
respectively. A much larger variation in the
distances between the HgCl3- complex and
the water molecules in its surrounding hydra-
tion layer had to be assumed than for the
bromide and iodide solutions, thus indicating a
more irregular hydration sphere. This is prob-
ably an effect of the much stronger coordina-
tion of water by Lit+ than by Nat.2®

The described model gives a reasonable
account of the experimental intensities and
RDF’s (Fig. 5). The Hg—H,0 interactions for
the hydrated complex give a large and broad
peak at about 4.1 A, which overlaps the intra-
molecular Cl— Cl interactions. Thus, the direct
use of the observed peaks at 4.2 and 4.1 A in
solutions Cl1 and Cl6, respectively, to detect
irregularities in the structure of the tetrahedral
HgCl,*~ complex is of little value, especially
as intramolecular Cl—Cl contacts also can
contribute to this peak in the very concentrated
solution Cl6. However, the temperature coeffi-
cients, by, ¢ (Table 2), are of the same magni-
tude as found for the HgI;* and HgBr/2~
complexes,’* which indicate all the Hg—Cl
bond lengths to be equal. The subtraction of the
peak shapes calculated for a regular HgCl2
tetrahedron leaves a rather smooth back-
ground curve (Fig. 3). A regular tetrahedral
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Fig. 5. (a) Comparison between the experimental RDF’s for solution Cl1 (solid lines) and the cal-
culated D(r)— 4nar?g, function (dotted curve) and D(r) curve (long dashes almost coinciding with
the solid line), containing both intra- and intermolecular interactions. The difference is shown by
the dashed curves. The dotted curve, a, shows the peak shapes calculated for an HgCl 2~ tetra-
hedron, b shows the interactions between the HgCl,>~ complex and its surrounding hydration layer
and ¢ the peak shapes for the interactions within the Li(H,0)*, and Cl(H,0),~ groups and for the
residual water structure. In addition, the calculated D(r) curve contains contributions from the
even electron distributions assumed to surround these groups. (b) Comparison between the corre-
sponding experimental (dots) and calculated (solid lines) si(s) curves. The difference is marked

by dots below.

structure thus seems to be probable for the
HgCl,*~ complex.

Polynuclear complexes. The large peak at
about 4.2 A in solutions Cl4 and Cl5 with mol
ratios Cl/Hg< 3 must, because of its size, be
due to intramolecular Hg—Hg and Hg—Cl
interactions, which means that polynuclear
complexes are formed. However, at longer dis-
tances no pronounced peaks, indicating distinct
intramolecular interactions, are present.

The two distances observed at about 2.4 and
2.9 A in both solutions correspond approxi-
mately to Hg— Cl bond lengths found in erystal
structures.s0-3°

Another indication of polynuclearity is the
considerable solubility of mercury dichloride in
these almost saturated solutions. If the equi-
librium constants used to calculate the distri-
bution of complexes (Fig. 1) are reasonably
valid even for these concentrated solutions and
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assuming no polynuclear complexes are formed,
then the calculated concentrations of the HgCl,
complex should amount to 0.55 M and 2 M in
solutions Cl4 and Cl15, respectively, This greatly
exceeds the solubility of HgCl, at 25°C, which
is 0.265 M.®

Comparisons with crystal structures. In most
mercury(II) compounds the mercury atoms
are joined by double chlorine bridges. Only in a
few adducts of HgCl, double oxygen bridges
are known to occur.%:4 The oxygen atoms then
belong to strongly polar groups in the adduct
molecules and have a high electron density
which favours bridge-formation.t®4 In the
aqueous solutions studied here, where chloride
ions have been added to mercury dichloride,
water molecules should not be expected to take
part in any bridge formation.

Both distorted tetrahedral 2,34 and dis-
torted octahedral 30-37:42~44 coordination around
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mercury, have been observed in crystal struc-
tures. Tetrahedral coordination with double
chloride bridges, which has been found in a
few discrete dimeric complexes,’® does not
seem to be consistent with the present scattering
data since: (a) the Hg—Hg distances at about
3.9 A would be too short to explain the observed
peaks at 4.2—4.3 A, (b) the area of the peak
shapes calculated for a dimeric complex is too
small to account for the large peaks observed
and (c) this type of coordination seems to occur
only when some of the non-bridging ligands are
bulky.

A single chloride bridge between four-coor-
dinated mercury atoms is found in very few
compounds.?:%7;¢ In single-bridged chains short
Hg—-Hg distances of suitable length could
occur. However, to explain the size of the ob-
served peaks the chains must be rather long,
since the average number of Hg-neighbours at
about 4.2 A around each Hg-atom including
mononuclear complexes, seems to be approxi-
mately 1.5 and 1.8 in solution Cl4 and Cl5,
respectively, as is shown in the subsequent
calculations. These chains would then have to
be rather flexible to account for the absence of
pronounced peaks at longer distances in the
RDF’s.

A more probable structure is the distorted
octahedral coordination around mercury, with
two short bonds in an approximately linear
arrangement which is found, for instance, in a
number of complex halides, MHgCl, and
MHgCl,, and in hydrates of these, where M is
an alkali or ammonium ion.?-2,4 In the crystals
the double chloride bridges can be formed both
by chlorine atoms in the linear HgCl, units and
by other chloride ions with the HgCl, units
perpendicular to the plane of the bridge (Fig. 6).

The Hg—Cl bond lengths in the linear
HgCl; unit are fairly constant. With few excep-
tions they fall in the range 2.30 to 2.36 A. They
increase when the donor atoms of the other
ligands have a high electron density, especially
a negative charge.’®®

Calculations of peak shapes for the polynuclear
complexes. Peak shapes calculated for dinuclear
complexes could not entirely account for the
4.2 A peak in the RDF’s of solutions Cl4 and
Cl5. The use of a fragment of a double chain
structure * (Fig. 6) to form a triangular tri-
nuclear complex of octahedra with common

Fig. 6. The double chain, (HgCl;™),, from the
crystal structure in Ref. 30. The Hg—Cl bond
distances are given in A. The trinuclear chain
fragment used in the calculations for solution
Cl4 is outlined by the dotted line, and the
tetranuclear fragment used for solution Cl5
is contained within the dotted and dashed
lines.

edges, gave a satisfactory agreement with the
RDF’s and intensity curves for solution Cl4.
For solution Cl5 a tetranuclear chain fragment
had to be assumed to account for the relatively
larger 4.2 A peak (Figs. 7 and 8). As shown in
Fig. 7, complexes of higher nuclearity than
three would be expected to give rise to peaks at
larger distances in the RDF, where no distinct
experimental peaks are found. However, fre-
quent intermolecular interactions in this very
concentrated solution (6 M LiHgCl,;) could not
only obscure such effects but also give sub-
stantial contributions to the 4.2 A peak. This,
thus, prevents more definite conclusions about
the average nuclearity.

The models used for the final calculations
consisted of a trinuclear complex (0.25 M) and
a tetranuclear complex (0.9 M) for solutions
Cl4 and C15, respectively. The remaining amount
of mercury, 25 and 28 9, respectively, was
assumed to be present in pyramidal HgCl,~
complexes, with an assumed bond length of
2.45 A. The peak shapes calculated for these
ratios between linear HgCl, units in the poly-
nuclear complexes and the pyramidal HgCl,~
complexes were found to reasonably account
for the first Hg—Cl peak in the RDF’s of the
two solutions. The possible occurrence of some

HgCl2~ complexes instead of HgCly,~ will not
affect the results significantly. As before

Li(H,0),* tetrahedra were assumed and for
solution Cl4 the contributions from the residual
free water structure were approximated by a

Acta Chem. Scand. A 31 (1977) No. 2
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Fig. 7. The experimental D(r)— 4nr3g, functions
(solid lines) for solutions Cl4 and Cl5, compared
with the calculated D(r)— 4nr2g, curves (dotted
lines), containing both intra- and intermolecular
interactions. The difference is shown by the
dashed line. The solid lines below are calculated
peak shapes. For solution Cl4 they correspond
to: a, the trinuclear complex (Fig. 6) of an
average composition HgyClg ,(H,O)” (0.25 M);
b, the HgCl,~ complex, with its surrounding
hydration layer (0.25 M); and ¢, the Li(H,0),*
tetrahedron (0.80 M) plus the residual water
structure. For solution Cl5 they are: a, the
tetranuclear complex Hg.CIu(H,O), (0.9 M);
b, the HgCly,~ complex (1.4 M); and c, the
Lx(H,O).‘l' tetrahedron (5.0 M).

The calculated D(r)—4ar?g, curves also con-
tain contributions from the even electron
distribution assumed around the complexes.

| i
0 2 4 6 8 10

tetrahedral arrangement in (H,0); groups,”
which also gives a contribution to the experi-
mental peak at 2.9 A. The remaining diffuse
interactions in the solutions were approximated
as even electron distributions 4 around the
assumed complexes and molecules outside radii
approximately corresponding to the radii of the
species.

In the polynuclear complexes all bndgmg and
linearly coordinated atoms were assumed to be
chlorine. The octahedral coordination was com-
pleted by the remaining chloride ions and by
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water molecules placed about 2.6 A from the
mercury atoms. 3¢ Stoichiometric considera-
tions then ' give average compositions for
the polynuclear complexes corresponding to
Hg,Cly 4(H,0),, for solution Cl4 and
Hg,Cl,,(H,0); for solution Cl5.

For solutions CI2 and CI3 (mol ratios Cl/Hg=
4.5) the peak at 4.2 A is somewhat larger (Fig.
3) and the Hg — Cl bond length is slightly shorter
(Table 2) than for solution Cl1 (mol ratio
Cl/Hg=15.8). These effects indicate that poly-
nuclear complexes, containing roughly 10 to
20 9% of the mercury atoms, are still present.
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Fig. 8. Comparison between the experimental
(dots) and caleulated (solid lines) si(s) curves
corresponding to the RDF’s in Fig. 7. The
difference is shown separately underneath
(dots).
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Table 3. Raman frequencies found for some mer-
cury(II) chloride solutions.

Sol. COgg/M Ratio: p/em™
Cl to Hg
1.00 9.0 270(s)
1.00 7.4 270.5(s)
cl1 1.00 5.83 270(s)
Cl6 5.00 5.00 270(vs)
Cl2 1.00 4.50 270(s)
Cl3 1.00 4.50 270(s)
1.00 3.00 2175(s),
~ 312(m,br)
Cl4 1.00 2.80 ~270(w),
~ 285(m,br),
~ 312(m,br)
0.25 2.80 ~ 270(vw),
~ 288(w),
320(m)
0.23 2.00 322(m)

Raman data

For the first series of solutions where the
Cl/Hg mol ratio is varied from 2 to 9, the results
in Table 3 show the », symmetrical stretching
frequency to be 270+ 1 cm™ for the HgCl2~
complex and 32241 em™ for the HgCl, com-
plex in good accordance with previously reported
values.’*~21,7 No other frequencies could be
observed in these spectra. The results support
the conclusions from the X-ray investigation
that the HgCl*~ complex is dominating in the
solutions Cl1, Cl12, C13 and C16. The presence of
a minor amount of polynuclear complexes in
solutions CI2 and Cl3, as indicated by the X-ray
data, is supported by the asymmetrical broad-
ening towards higher wave-numbers observed
for the Raman bands of these solutions.

For the second series of solutions with con-
stant mol ratio Cl/Hg = 3, the principal shape of
the Hg—Cl band should not change if the
relative complex distribution remains the same.
This would be the case if only mononuclear
complexes are formed and the free chloride con-
centration is negligible. Fig. 9, calculated with
the equilibrium constants in Ref. 5, shows that
this should be approximately valid at least for
concentrations Cy,> 0.5 M, but at lower con-
centrations, where the free Cl— concentration
cannot be neglected, the HgCl, complex would
dominate.

The spectra of this series (Fig. 10) can be
interpreted in the following way. At the lowest
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Fig. 9. Relative distribution of mercury(II)
chloride complexes at constant mol ratio
Cl/Hg=3, as a function of the total mercury
concentration, Cyg. The curve with symbols 4
gives the ratio [HgCl,]/Cye the symbol O
denotes [HgCly"1/Che, and A [HgCld~)/Chyg.
The free chloride ion concentration in mol/l is
given by the curve marked with the symbol @.

concentration studied, Cg,=0.05 M, only the
HgCl,; band at 322 em~! can be seen. When the
concentration is raised, first a band at 288 + 2
em™ assigned to »,(HgCl;~) and then the band
v,(HgCl ) at 270 cm™ start to contribute. No
contributions from polynuclear complexes could
be detected for concentrations Cgy < 0.6 M. At
0.5 M, however, two new bands at 305+ 3 and
275+ 1 cm™ appear and become dominating at
higher concentrations. These frequencies must
arise from the polynuclear complexes observed
by X-ray diffraction.

Raman and IR studies have been made of
crystalline salts, §-NH HgCl; and 8-ND HgCl,,
with the double chain structure (Fig. 6) proposed
for the polynuclear complexes in solution.! Two
Raman bands at 297 and 262 cm™ and at 300
and 265 cm-!, respectively, were found. They
were assigned to the symmetrical terminating
and bridging Hg —Cl frequencies, respectively.
That the same assignments can be made for the
two new bands observed for concentrated solu-
tions is supported by the measured depolariza-
tion ratios g=1Iy,/I;. For the 0.23 M HgCl,
solution ¢=0.14 was obtained, which is com-
parable to the values found by Brill for the
HgCl, complex in other solvents.** Approxi-
mately the same g-value was found for the band
at 305 ecm™!, which thus should correspond to
the symmetrical stretching frequency of the
HgCl; unit. The other Hg—Cl frequencies
observed have much lower depolarization ratios,
which was helpful in determining the position
of this band.

Acta Chem. Scand. A 31 (1977) No. 2
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Fig. 10. The Raman bands observed for the
series of solutions with constant mol ratio
Cl/Hg=3. The total mercury concentrations
were 0.050, 0.10, 0.25, 0.50, 1.00, 2.50, and
5.00 M for the solutions 1 to 7, respectively.

The relative intensity scales used for the

curves 1 to 7 correspond approximately to the
ratios 1:2:4:8:20:40:100, respectively.

300

CONCLUSIONS

The experimental data are consistent with a
regular tetrahedral structure for the HgCl2~
ion with a bond distance of 2.47(1) A. It has
not been possible to obtain any direct informa-
tion about the structure of the HgCl,~ complex
in aqueous solution.

In concentrated solutions with Cg,>0.5 M
and a Cl/Hg mol ratio around three, polynuclear
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complexes occur. The X-ray diffraction data are
reasonably well explained by assuming the
dominating complex to be tri- or tetranuclear
fragments of a double chain structure with
double chlorine bridges between the mercury
atoms. The coordination around mercury in
these complexes is that of a distorted octahedron
with two shorter bonds forming a linear unit.
Such a model is also compatible with the Raman
frequencies observed.

Note added in proof. The crystal structure of
Cs,HgCl; contains distorted tetrahedral HgCl2~
ions, with an average bond length of 2.464 A.%
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