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Abstract

Previous crystallographic and spectroscopic data compiled for complexes

of the type (L)HgX, and (L) HgX., (where L= neutral unidentate ligand; X=Cl,

2 27°72
Br or |) have been critically reviewed and indicate that gross assumptions,
often invalid, have been made concerning the relationships between crystal
structure and vibrational spectra.

In an attempt to provide a sound basis from which meaningful structure-
spectra relationships could be drawn and also to improve our knowledge of the

stereochemistry of mercuric halide complexes, the following crystal structures

have been determined.

(1) (PPhy)HCI, (Br®, 19) (6) (2,4-dime+hylpyridine)f:(g:l?g
(2) (l,2,5-1’riphenylphosphole)HgCl2 (Br?) (7 (PETS)ZHgCI2
. n
(3) o= (PBuz)HgCl (8)  (PEtMe,) HgBr,
(4) (PETB)HgCI2 (9) partial analysis of
n
(5)  (PMeg)HgCl, (Br™) (PBuz) HaCl

For the (L)ng2 complexes a variety of structures were observed ranging
from discrete dimers (I and 2), to a discrete tetramer (3) to varied extended
structures (4,5 and 6); Discrete four-coordinate monomers, with varying
degrees of distortion from a regular tetrahedral geometry, were observed for
tThe -(L)2HgX2 comp | exes (7,8.and 9).

The donor stength (which is related to both steric and electronic
characteristics of the ligand) and the 'small size'of the donor | igand appear
to favour extended (L)HgX2 structures, whilst +the same parameters explain
the extreme distortion of the (L)zHgX2 monomers.

Examination of the solid-state vibfafional spectra of the above complexes
and their halo-derivatives have, in spite of problems caused by internal

ligand mode interference,indicated certain structure/spectra relationships.

a = This equivalent halo complex is isostructural on the basis of single
crystal X-ray photographs.

4



These relationships have been applied to a number of related complexes of
unknown structure.

1T was éignificanf that the Vv(HgX) modes found for (L)2H9X2 discrete
monomers fell within the region associated with \)(HgX)b modes observed for
(L)Hng associated structures. Consequently, it has been shown that low
wavenumber V(HgX) modes need not necessarily indicate the presence of Hg-X
bridge bonds.

Finally, the 'ionic! structure of (PEtMe,) (HgC|2)2, consisting of a

2°3

continuous zig-zag chain of [(PETMeZ)ZHgCl]+ and [PEtMe

the first report of a structure of this stoicheiometry.

HgCIS] ions is

2
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l.2. VIBRATIONAL SPECTROSCOPY AS A STRUCTURAL TOOL

Use of both IR and Raman spectroscopic techniques in the far IR region
of the spectrum (<500 cm-l) can indicate the presence of metal - |igand
vibraﬂons.I The number, activities, symmetries and wavenumber positions
of the modes of vibration of a particular compound are characteristic of that
compound’s structure.

Using group theory one may predict the theoretical number, activities
and symmetries of the modes expected for a structure of particular symmetry.
If predicted and experimentally observed data correspond, then in principle,
the structure used to predict the vibrational modes is the correct one. There
are two methods which have generally been employed for this purpose.

(i) ~ Point group analysis36 - where the molecular symmetry (point group)

is used to predict information concerning internal (molecular) modes of
vibration. (Extensions of this method include two procedures for treating
one or two-dimensional polymeric structures i.e. line group analysis, where
one considers symmetry elements of a chain polymer, and plane group analysis,
where the symmetry of a sheet polymer is considered).

37,120

(ii) Factor group analysis - where one considers the symmetry properties

of the primitive unit cell (factor group) of a crystalline substance to gain
information concerning both internal and external (translational and rotation-
al) lattice modes. These considerations involve knowledge of the symmetry
of the molecule (point group), the symmetry associated with the position of
the molecules in the unit cell (site group) and also the possible influence
which molecules in the unit cell may have upon one another (;orrelafion
effects).

In principle these techniques are very useful; however, in practice,
because of difficulties which arise while interpreting vibrational data, their
full potential is often not realized. Difficulties arise mainly because

results derived from the group theory approach give no information about

12
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| igands for which Equation | holds true. In subsequent discussion we shall
use Equation | loosely to describe the requirements necessary for a mercury/
ligand long range interaction. (N.B. The sum of the van der Waals' radii
of mercury and the halogens are,>> 3.30-3.53, 3.45-3.68, and 3.65-3.88 A
for Hg-Cl, Hg-Br and Hg-Il, respectively.)

The mercuric halide complexes give rise to a wide and varied range of
structures containing halogen-bridges. There are two main classes of such
compound, 'viz. the halomercurate(ll) complexes and the addition complexes
formed between the mercuric halides and unidentate ligands. |In the next two
sections an attempt will be made to give a general indication as to the div-
ersity of halogen-bridged structures found, as well as providing a detailed
structural review of systems relevant to the present work.

I.3.2. Halomercurate(ll) complexes

Polymeric structures are often formed as a result of mercury-halogen
bridging. A very common coordination arrangement observed for these polymers
finds mercury in a distorted octahedral environment with an effective co-
ordination number of six (n=6) and a characteristic coordination number of
two (m=2). The structure of the K2HgCI4, H20 complex38 contains distorted
[HgClsl?ocfahedra which share opposite edges; there are two short apical
Hg-Cl bonds and two pairs of longer equatorial contacts (Figure |.1) which
give rise to a continuous two-dimensional chain.

The NaHgCl 2H20 complex39 has a structure which consists of two

39
chains, similar to that found in the previous structure, |inked together via
a third edge of the [HgCIG] octahedra (Figure |.2). A similarly arranged
chloromercurate(l|) skeleton has been observed for NH4HgCI3,H20,40 but with
a different cation environment to the Na salt.

An infinite Two-dimgnsional sheet structure, in which [HgCI6] octa-
hedra share all four equatorial chlorine atoms, and contain two colinear Hg-

Cl bonds, is found for g -NH4HgCI34| (Figure 1.3). The corresponding Rb

14
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Table |.|
2- . *
Bond parameters for some [H92X6] species.

Terminal Bridge Terminal | Bridge
Compound bonds bonds angle angle
a,b/R c,d/R g/° ale
[NEt,1,, [Hg,Br 1" 2.521, 2.500 | 2.721, 2.749 | 122.3 | 89
[Ph3ASO-——H--—OASPh3][H928r6]5' 2.51 , 2.52 2.75 , 2.76 127 87
52
[Hg(3,2,3-N5)Br‘]2[H928f‘6] 2.49, 2.5| 2.65, 2.86 124.4 89.3
53
[S5C,NET,1 Hg, I ] 2.701, 2.582| 2.897, 2.950 | 118.5 | 86.4
53
[SSCZNZE'I'4].[H92|6] 2.697, 2.669{ 2.880, 3.044 126.7 86.4
[(CUZAU)(Buzd'fc)6],[ngBr6}54 2.522, 2.513) 2.731, 2.717 122.3 89.1

¥ All these [H92X6]2- species contain a cenfre of symmetry

Fig.1.7 The structures of some [532_)_(6]2_ species
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analogue, RngC!3 has been reported to be isostructural from X-ray powder
pattern sfudies.42
Distorted octahedral geometries based on digonal characteristic co-

ordination have also been found for the solid state extended structures of

HgClz,35 HgBr243 and the metastable yellow form of Hglz.44
Different polymeric arrangements have been found for the complexes

[SMe3][HgX3] (X=CI45 or 146) anda-[NET4][HgCI3J,47 each contain columns of
planar [HgX3]— units held together by relatively weak api?al contacts giving
rise to continuous chain structures (Figure |.4) in which mercury lies in a
distorted trigonal bipyramidal environment. A similar coordination poly-
hedron, but totally different packing arrangement of [HgCI3]- units, is found
for [S,N5] [HgCI;1*® (Figure 1.5).

Yet another polymeric arrangement is found for [NMe4][HgBr3],49 in which
a continuous chain of non-planar [HgBr3]- ions share a bromine atom with the
mercury of an adjacent anion (Figure 1.6). Mercury lies in a very distorted
tetrahedral environment. 7

Quite recently a number of hexahalodimercury(1l) anions [ngx6]2-, in
which mercury lies in a distorted ftetrahedral environment (Figure |.7), have
been reported. Table I.| contains relevant bond parameters for these comp-
lexes, 20754
Before concluding this section on halomercurate(l!) complexes it
should be noted that unassociated structures containing discrete [HgX4jz-
tetrahedra have been observed for [SMeS]z[Hgl4]55

and [NMe,],[HgX,] (where

, 412
X=Cl or Br) 0 (Figure 1.8).

I.3.3. Addition complexes

Considering the vast number and varying stoicheiometry of the complexes
formed between the mercuric halides and neutral unidentate ligands, little
" sound structural data are available. The majority of previous data, concerned
with the |:1 and 2:1 systems, indicate a tendency for mercury-halogen

associated structures fo be formed. A comprehensive survey of each of these

18
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systems will be given.

(L)HgX., complexes. Many vibrational spectroscopic data reported for

the (L)HgX. system suggest the presence of discrete dimeric halogen-bridged

2
structures (Figure 1.9) in which mercury lies in a tetrahedral environment
and the ligands are mutually trans to one another. However, at the outset

58 were known to have

of this project only (PhSPSe)HgCIZ57 and (MPC)HgCl2
this structure, which, together with the recently reported structures of
(l-me'fhylcyfosine)HgClz59 and (cycfopenfadienylide)Hgl2,50 makes only four
occasions when it has justifiably been cited.

Table 1.2 contains relevant bond parameters for all four complexes.
It should be noted that the mercury atom always lies in a very distorted
tetrahedral environment and that each halogen-bridged four-membered ring is
asymmetric.

6l has also been reported as having a

Although the complex (AsE+3)HgI2
discrete dimeric structure the evidence presented is not conclusive; no bond
parameters were quoted.

The (2,4,6—+rime1'hylpyridine)HgCI2 complex62 gives rise to a more
associated structure. Thus 'NHgClz' units are packed one upon another and
Jjoined via two long range Hg - Cl contacts resulting in a polymeric chain in
which mercury lies at the centre of a distorted trigonal bipyramid (Figure
1.10).

The (guanosine - N7)HgCI2 comp|ex63 gives rise to another type of chain=-
like arrangement (Figure 1.11). There are two short bonds fo a chlorine and
to a nitrogen atom of the ligand, and two longer bonds to chlorine atoms
completing an irregular four-coordinate environment about mercury resulting
in an infinite [- Cl - Hg = Cl = Hg -1 n zig-zag chain,

The sulphur-donor complex (C#H8S)HgCI264 has been described as a sub-
stitution complex rather than an addition complex and consists of a zig-zag
ribbon of alternating [C4H83HgCI]+ and Cl~ ions (Figure 1.12).

It has been found that oxygen and sulphur atoms may compete with the

21
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halogen to become the bridge atom. The (dehydrodi‘fhizone)HgCl2 complex65
has a polymeric chain structure containing sulphur-bridges.

Approximately trigonal planar 'SHgCIZ' units are joined via two long
range mercury/sulphur contacts completing a ftrigonal bipyramidal polyhedron
about mercury and giving a continuous structure (Figure 1.13).

'"Mercury-oxygen' bridging has also been reported. For example

(PhSASO)HgCI consists of discrete oxygen-bridged dimeric molecules (Figure

2
1.14) in which mercury lies in a very distorted tetrahedral environmenT,66
whereas (cyclononanone)HgCl2 consists of a continuous chain of cyclonanone
molecules and virtually undistorted HgCI2 units held together by oxygen=-

bridges (Figure I.I5).67

In (pyridine—N-oxide)HgClz68 and (quinoline—N-oxide)HgClZ69 both
oxygen and chlorine bridges are obéérved. The structures of both complexes
are similar and are shown in Figure |.l6 together with relevant bond para-
meters. The oxygen-bridges appear to be of comparable strength in both comp-
lexes. The Cl-Hg-C! angle in (pyridine—N-oxfde)HgCl2 (163.1°) and (quinol ine-
N-oxi‘de)HgCl2 (171°) both approach |inearity which suggests weak Hg-0 inter-
action. Both complexes may be described as having 'net like' structures in
which mercury lies in a very distorted octahedral environment.

71

The three complexes (Te+rahydrofuran)HgBr2,7o (coumarin)HgCl2 and

69 all exhibit the 'prefered' distorted octahedral effect-

(azoxyanisole)HgCl2
ive coordination behaviour (Figure |.17), There are two short mercury-
halogen bonds within an almost undistorted HgX2 unit (X-Hg-X angles are ca.
I70°), an apparently weak Hg-O bond and three further long range mercury-
_halogen contacts at ca. 3»?.

A slight modification of the previous structure has been observed for
(Ph,S0)HgC, "% and (3,5-dibromopyridine-N-oxide)HgCl, > (Figure 1.18). Agaln,
the HgCl, units are only slightly distorted by Hg-0 interactions. However,

only two long range mercury-chlorine contacts are present here, the third

contact being seemingly hindered by the position of the donor ligand in

23
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L = Coumarin, X=ClI L = Azoxyanisole ,_X = Cl
a= 2.33 .28 x

a=248

L=Tetrahydrofuran , Xz Br

az=2
b= 233 . a™b b=2.29 . a™b o b= 247 . a’™b °
c= 294 . =171° ¢=3.10 . =175 c=315 . =1748
d=3.18 . d: 315 " d=327 "
e= 3.34 .. e= 3.18 . o= 347 .
f= 238 « t= 260 « f= 287 .
FIG.1.18 1ue stRucTURES OF SOME (LIHgCI, COMPLEXES

_L=Diphenylsulphoxide
Distances (8)__
a=z 229
b= 2,29

c= 328 Ph\

d= 3.23

S=0-p

o= 258 P

Angles (°)
© a”~b=172.4
b~ e= 94.3
b~d= 825
a~d= 94.7

L =3,5-Dibromonyridine-n-oxide

Distances (&)

a= 229

b= 231
c=3.21

d= 3,12

e= 251
Angle (°)_
a2  b=1735

B,QB,
v

FIG.1.20 1HE STRUCTURE OF (THIOUREA), Hgly_

a,a’= 2.84
b,b= 3.86
c,c’= 2.46
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a~a’= 102

a”c= 121
a~c’z 95
a”¢ = 95
a”¢’ = 121
c~c’= 124
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Table 1.3

Bond parameters for some discrete monomeric (L)Zﬂgxz tetrahedra

Compound d(Hg-X)/A | d(Hg-L)/A S /o B /o
(PPhy) Hgl, " 2,733, 2.763| 2.574, 2.574 |  110.43 | 108.95
(O-ethyl thiocarbamate) HgCl,'” | 2.62 , 2.58 | 2.45 , 2.43 96.2 129.9
(1, 4~thioxan) HgCl,'® 2.43 , 2.52 | 2.54 , 2.59 114.0 115.0
(Ph5ASO) HCl, "’ 2.33, 2.32 | 2.32 , 2.37 146.6 92,5
8 2.622, 2.622 | 2.460, 2.460 | Not reported

(6-mercap1‘0purine)2HgC|2

139.8

Fig 1.19 The structures of some (L)zl_-l_g)_(2 complexes
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L = Thiourea X=8r = i =

H N\,
=S—>
Hzn’c
Distances !Rl Angles () Djﬂmu_!ﬂ Angles (°)
az 2.81 a~b:= 84 as 2.82 a*b= 96.6
b= 3.00 c"d=145 b= 2.82 c~d=180.7
c= 242 c= 242
d= 242 d= 242
ez 3.32 o= 3.25
f= 3.41 t= 3.25
F1G.1.22 TRUCTUR THIOUREA), HaCly_
-]
_Distances (A)
a = 257
b =242
c = 3.22
d= 3.34
_Angles{?)
b~b= 1386
a”b= 1108

FIG.1.23 1hE STRUCTURE OF SOME (L),HgCl, COMPLEXES

CH30H
v

Distances(A) Angle(°) Distances (] Angle(®)  Distances () Angle{’]
a=-234 a™a=180 a=233

a”a=180 az 231 a~a=180
b= 2.60 b=3.12 b= 282
c=325 c=3.08 c = 3.07
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F1G.1.24 THE STRUCTURE OF (cis-4- CHLOROPHENYL

=THIAN -1-OXIDE), HgCl, _

Distances (f\l Angle (°)

a= 2.28 a”™b=164.0
Y/ b= 2.30
Lo o O_}J c=12.70
— d=248
e= 297
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observations and it can only be deduced that the small d'g-a-dgs separation

is not an over-riding consideration. However, Grd;nic35 has made the empiri=-
cal observation that the electronegativity of the ligands attached to mercury
(11) is a major factor influencing the resultant coordination number. A
critical value of electronegativity X (L) is 2.5. Generally when x(L) 2.5
digonal characteristic coordination is prefered, whereas when X (L) <2.5
tetrahedral characteristic coordination is prefered. At the time this
observation was made (1965), there were a number of violations of this rule
which Grdénic explained in terms of crystal packing and steric requirements.
90,91

Certainly the results of some recent reliable spectroscopic studies

on the complexes [NR4]2HgX4 and [NR4]HgX (R= alkyl; X=Cl, Br or 1) indicate

3
steric requirements are very important. For the tetrahalomercurate(il)
species, when [NR4]+ is a large cation the [HgX4]2- ions exist as discrete

tetrahedral units where m=n=4.9|

This is frue even for the [HgCl,1° anions
where X(Cl) = 3.5. It is found for the trihalomercurate(Il) salts that
small cations are conducive to extended structures of the type [H9X3]2-
(where n is an integer), whereas larger cations give rise to discrete dimeric
units of the type [H92X6]2-.9| We should perhaps up-date Grdenic's rationale
for the factors influencing Hg(1!) coordination therefore, by including
steric requirements as justas significantaparameter as electronegativity.

As already indicated in Section 1.3.2, for addition complexes there is
the possibility of long-range inferacffon via any of the coordinating groups.
Consequently in this situation the electronegativity of the donor atom of the
organic ligand also becomes Important in determining the resultant solid-

state structure.

I.4. 'A SURVEY OF MERCURY(I!) - HALOGEN STRETCHING MODES

I.4,1, 'Halomercurate(!ll) complexes

The vibrational spectra of halomercurate(ll) complexes, to some

extent corroborate the wide range of structures shown. The data presented
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in Table 1.4 consist of what are felt to be the more reliable spectroscopic
studies, i.e. those based on sound crystallographic evidence. (N.B. only
stretching modes are presented as in the main only these have been reported).
These data are by no means comprehensive but will serve as general indicators
of specific mercury-halogen coordination behaviour.

It should be realized that the notation \)‘(HgX)Jr used in Table 1.4 does
not refer to a specific type of terminal mercury-halogen stretching mode but
rather refers to stretching of what is the shortest Hg-X bond e.g. the term-
inal Hg=X bond in a discrefe;[H92X6]2- dimer, and even then [as there are a
number of (HgX)y modes in such speciesl the nature of the vibration is not
specified.

As one might expect the highest observed wavenumber positions for
mercury-halogen stretching modes are found for the mercuric halides them-
selves.gz-94 Further, there is a trend whereby the highest observed mercury-
halogen modes decrease in wavenumber in a diminishing sequence for structures
containing X-Hg-X units, to [HgX3]- units, to [HgX4]2— units, respectively.
This observation is not surprising when one considers the effects of Increasing
coordination upon the original HgX2 unit. Therefore some indication of the
characteristic coordination about mercury can be obtained by study of the
higher wavenumber region of the mercury-halogen vibrational spectrum. Further
information with respect to the way in which individual units pack together
(or not) to give extended (or monomeric) structures is contained in the lower
wavenumber regions of the spectrum where v(HgX)b modes occur,

Unfortunately, low wavenumber data available for mercury-halogen bridge
stretching modes are rather limited. Only for the dimeric systems such as
those presented in Table |.4 have valid assignments been made. For example,
\)(HgBr)b modes have been assigned at 128 and 25 cm-I in the IR spectrum of
the [Hg28r6]2- species contained in [NE+4]2[ngBr6]. The chloro and lodo
complexes show analogous spectra.

Modes arising from weaker bridge interaction, i.e. from contact approach-
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ing the sum of the van der Waals' radii of mercury and the halogen, have only
been assigned on a few occasions. The reasons for this are two-fold. Firstly,
there is a problem of definition. The difficulty in defining a mercury-halogen
bridge bond (Section 1.3.1) again manifests itself when trying to explain what
is a mercury-halogen bridge mode. It will be remembered that a wide range

of mercury-halogen bridge distances are observed so we may similarly expect

fo find a wide wavenumber range within which \)(HgX)b modes will lie. For the
lower wavenumber bands arising from mercury-halogen vibrations, a problem

of interpretation arises as to whether or not to call these bands \)(Hg-X)b
modes, where there is still considered tfo be some bonding interaction, or to
call them external lattice modes where there is no longer any bonding inter-
action, Unfortunately there is no clear change over point from one to the
other and it appears from the literature that definition is left to the
spectroscopist’s discretion, apparently on a structure-to-structure basis.
Consider for instance some of the associated structures presented in Table 1.4,
Mercury-halogen bridge stretching modes, or more correctly in-plane or out-

of-plane deformations, have been assigned for 0‘-[NH4][HgCI3] at 92 em_ (IR),"

and for K,[HgCl,1,H,0 at 168 and 125 cm™'

(IR). However, no such \)(HgX)b
modes have been assigned for.fhe comp lexes a-[NE+4][HgCISJ,[SMeS][HgCIBI,
[NMe4][HgBr3] and [SMe3][Hgl3]. All these complexesf in both groups, are

known to contain bridge bonds as defined by Equation | (Section 1.3.1). Barr
and Goldstein s+a+e95 that bridge interactions present in the latter group

of structures are "so weak as to have little or no influence on the vibrational
spectrum." Presumably the modes of vibration arising from these 'bridge'
interactions are interpreted as external la++jce modes. External lattice
modes have not been assigned for these complexes, probably as a result of

the complexity of the Iower wavenumber regions of the spectra. The complex

nature of the lower reaches of the vibrational spectra is the second reason

for the lack of low wavenumber mercury-halogen bridge s+re+ching mode data.
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Using the point group approach one may predict the following stretch-
ing modes for a molecule of this symmetry (CZh):-

v (Hgl) v (HgX) 2 xv(HgX)b IR-active

-l-’ 1-)

v (Hgl.) v (HgX) 2 x-\)(HgX)b Ra-active

-’-) -t-’
The evidence for the inferences made in Table 1.5 have, in many cases,
been based on the assignment of a single Q(HQX)T IR-active mode. For example,

2,10,19

the considerable work on N-donor complexes, some work on P(As)-donor

! and RZS(Se, Te) complexes.14

complexes,s’6 'pyridine-N-oxide type' complexes
Clearly this situation is not satisfactory because halogen-bridge inter-

actions have been inferred without actually observingv (HgX), modes. I is

also interesting to note the surprisingly wide wavenumber ranges within which

V(HgX), modes for a dimer have been assigned for complexes of reportedly

1.
similar structure, i.e. 273-349, 179-253 and 123~160 cm"| for chloro, bromo
and iodo complexes respectively.

There have been studies where the THD structure has been inferred in

which \J(HgX)b modes have been assigned, notably some P(As)-donor complexes, "’

5,7,80,90, 95 10,19 14,16 Generally

N-donor complexes, and S-donor complexes.
the basis for these assignments is poor; they are usually no more than
guesses, Furthermore, the wavenumber positions of the assigned bands cover
surprisingly wide ranges when one considers their supposedly similar origin,
viz., 83-230, 61-195, and 34-137 cm_l forvchloro, bromo and iodo complexes
respectively. Point group analysis predicts two sets of\,(HgX)b modes, each
set consisting one IR-active and one Ra-active mode. On the few occasions

where modes from both sets have been assigned there appears to be some

controversy as to their relative wavenumber positions. For example, we

find for (PBu;)HgXZ90 and (PPhS)ngz8 (X=Cl, Br or 1) a relatively small
wavenumber separation is given, whereas for (PCy3)H9X2,6 (AsPhB)HgXZ,5
(SbPh_Me)HgX,” and (PPh,)HgX,  (X=CI, Br or 1) a relatively large wave-

number separation is proposed.
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Only the studies of (PhsPSe)HgX,,® (dehydrodithizone)HgX,'*

(X=Cl, Br or |) and (PhBASO)HgCI227 have been based on known crystal

structures. Only in the first of these cases did the author study the
Raman as well as the IR spectra and then, even with the crystal lographic

knowledge, it was concluded that complete assignment of v (HgX) modes was

not possible.96

101

Other studies, notably on (RZSO)HgCIz, complexes of the type

(pyridine—N-oxide)HgXZ,l02 and (RZS)HgCIZ|03 have been interpretéd bearing

in mind related crystal structures. Generally however, relevant crystallo-

graphic data, which indicates a variety of structures for the |:| system,

2,10,14,19

has been ignored. The majority of vibrational spectroscopic data

presented in Table 1.5 has been interpreted using the partial crystallo-

61

graphic analysis of (AsETs)Hgl2 as a basis.

The reliability of v(HgL)T assignments is questionable. There appears
to be a general uncertainty as to their wavenumber position  as indicated

by the wide wavenumber ranges within which they have been assigned viz.

10,30, 96 4,7,97 ¥

v (HgN), at 104-420, V(Hg-0), at 95-414, '’

13,30, 101, 102

v(HgP)T at 110-364,

and v (HgS), at 209-347 cm™ ', '4»16,103

1.
(L) HgX. complexes. Although there appears to be better use of

available crystallographic data for these compounds, the vibrational data

used to make structural inference are generally incomplete (Table 1.6).

98 © 90 100 .
Only the reports on (Py)zHgXZ, (PR3)2H9X2, [(NMez)HCSJZHgX2 and
[(ETNH)ZCS]ZHQXZ|6 (X=Cl, Bror | ; R3=Bug or ETMeZ) have contained both

I

IR and Ra data covering all the far-IR region (<500 cm ').

The (Py)zHng2 complex, known to have a polymeric structure with

mercury in a distorted octahedral environment, has been studied by various

2,5,8,98

workers. The most recent and most thorough of these studies is that

by Barr and Goldsfein,98 which indicates that the previously reported da‘i’az’I8

are erroneous due to decomposition during experiments:
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(Py) HgCl, —w= (Py)HgCl, + Py

2 2
As the spectral interpretation of several substituted pyridine
complexes2 has been based on erroneous results for (Py)zHgC|2, such assign-
ments must be in quesfion. The assignment of Barr and Goldsfein98 is very

interesting because although the structure of (py)zHgCI2 contains short
Hg-C! distances of 2,34 R, no v(HgCl) modes are observed above ca. 200 cm_|
(Table 1.5). The 3.25 R bridging interactions in this structure are said
to have considerable influence on the vibrational spectra. All modes are

described as w(HgCl),  of the [(Py)ZHgCIZ]n chain, with motion of both short

b
and long Hg-Cl bonds contributing to all these modes.

The discrete tetrahedral monomer is known to be a common structure
for this system (Section 1.3.3, Table 1.3)., Table |.6 indicates the numer-
ous occasions for which vibrational spectra have been used to infer this
type of structure. It is surprising to note the very wide wavenumber ranges
over which the W(HgX) modes have been assigned, viz. 200-335, 128-235 and
105-200 cm‘-l for the IR-active modes of chloro, bromo and iodo complexes
respectively. Another surprising observation (Table 1.6) is that complexes
of very similar v(HgX) spectra have been inferred to have totally different
structures. For example, [(MeNH)ZCSIZHgBrZ, which has v(HgBr) at 145 cm-l,

is said to have a distorted octahedral polymeric structure whereas

which has v(HgBr) at 152 cm-| is said to have a tetrahedral
16

[(MeZN)ZCSIZHgBr2
monomeric structure.
Reports of other structural types inferred from vibrational data in-
clude studies of (PM63)2H9X2 (X=Cl, Br or l),4 where ionic structures con-
taining linear IP-Hg-P]2+ and 2X_ ions are suggested, and of (PEtMe, ) HgX,
(X=Cl, Br or I),go where polymeric structures are tentatively proposed in
which there are l|inear [P-Hg-P] units surrounded by four halogens at longer
distances in an equatorial plane. Although solution-phase studies employ-

31

ing measurements of conductivity and “' P n.m.r. spectra have been cited in
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