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2.1 INTRODUCTION

The pattern adopted previouslyl for reporting the chemistry of these
elements has been retained for the present review. Thus, the
abstracted data are considered in sections which reflect topics
currently of interest and importance, Some of the topics {e.g.
melten salts, acycllc and macrocyclic polyether complexes} are
common €0 Group I and Group II elements; for these, the published
data are considered in the relevant section in Chapter 1. The
topics unigue to the Group II elements are discussed in this
Chapter.

3, of the organcmetallic

Annual surveys, covering 19?82 and 1979
chemistry of magnesium have been published during the pericd of
this review; preparative routes to organomagnesium compounds, their
spectroscopic and structural properties and their reaction
chemistry are discussed in detail.

Ultrapure samples of Ca, Sr and Ba have been prepared4 by
metallothermic reduction of their high purity oxides with high
purity aluminium in ultrahigh vacuum. Unfortunately, the vapour
pressure of aluminium at the reduction temperature results in
contamination of the alkaline earth metal condensates. Subsequent
ultrahigh vacuum distillation, however, markedly reduces the
aluminium impurity content. The metals were characterised by
trace analytical techniques, the major impurities being the other
alkaline earth metals and alumipnium (Table 1)

Table 1. Non-metallic and metallic impurities in high purity

alkaline earth metals.4

Impurity* Alkaline earth metal

Ca Sr Ba

WPPR appm Wppm apprm wppm appm
H 17 680 42 370 15 2100
N 5 14 5 71 5 49
Mg <1 <1 <1 <1 <1 <1
Ca L= - 46 100 <1 <1
St 16 7 - - <1 <1
Ba 1 <1 <1 <1 - -
Al 22 33 13 42 <2 <10

* oxygen lmpurity was not determined.
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The caplllary-tube isotachophecresis technique has been developed5
a2+, Sr2+ and Ba2+ at
electrolyte pH 25.5; the relative standard deviations were 1.7 -
2.2% for the determination of 15-25 nmel of the cations at

electrolyte pH = 5,70,

for the simultaneous determination of Mgz+, C

Calcium lsotope separation has been studied in detail by
Heumann et al.s'? 40Ca/48Ca and 40Ca/“Ca separatlon has been
assessed in the H20—CHC13 liquid-liquid extraction system both én
the presence and absence of C221 and C222 as complexing agents.
In the absence of a complexing agent, 40Ca is enriched in the
CHCl3 phase (o=1.011 for 4OCa/wCa; u=1.004 for 4OCa/“Ca).
Although €221 has only marginal effect on the separation
(=1.011 for *%ca/*%ca; a=1.006 for %cas*dca), with c222 the
separation is markedly higher (o=1,015 for qua/QBCa: a=l. 008 for
40c, /44ca) . 40
the strongly acldlc catien exchanger-agqueous BaC12 solution resin-
7 43Ca is enriched in the liguid phase,
Ca is enriched in the resin phase; the separation effect

Ca/48Ca separatlion has also been investigated in

liquid extraction system.
whereas 40

increases with both decreasing BaCl2 concentration and temperature.

2,2 METALS AND INTERMETALLIC COMPOUNDS

In contrast to the 1980 reviewl, far fewer papers hawve been
abstracted on these topics. Consequently the format adopted for
thi= section is similar to that for the 1979 review8 where the
data were considered en bloc rather than in a series of subsections
as in the 1980 review.l

Charge transfer calculation39 in Mg=5n soclutions indicate that
the elctron charge transfers from tin to magnesium; at the
MgO'ESnO'S stolchlometry it 1s ca. 0,85 electrons per atom,

Phase relaticnships have been elucldated in the Ca-Pt
(0.00 € Xp, € 0.50) ,10 sr-pt (0.00 ¢ xﬁs 0.50) ,1? sr-sn
(0.00 ¢ xg_ €0.67511 0.65 sxg, < 1.001%) and sr-pb (0.00¢ %y <1.00) 3
binary systems. The corresponding phase diagrams are shown in
Figure 1; although those for the ca-pt, C sr-ptl® ang sr-ppl?
systems are as published, that for the Sr-~Sn system is a composite
11,12 Availakle
structural data for the various intermetallic compounds formed in

of those in the two original publications.

the four systems are summarised in Table 2,
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Structural studies have also been effected for CaBZn,l4

CaZn,14 u-—-CaCu,15 B-—CaCu,l5 SrRg and BaAg:lS

unit cell parameters
are collected in Table 3. The structures of the eguimolar
intermetallic compounds are very similar; they are all based on
the same trigonal prismatic coordination around the noble metals
and differ only in the arrangement and segquence of the prisms
along the a axis.l5
Pearson has undertaken a dimensional analysis of Laves phases
with the Mgcu,1® 17

dinensions of the two structures are shown to vary regqularly with

and Man2 structures. The unit cell

the CN12 diameters of the component atoms; equations are derived
for the calculation of unit cell parameters from ionilc
diameters.l6 Pearson has also shownl8 that the unit cell
parameters of triads of intermetallic phases, MxNy' where M is Ca,
Sr and Ba {or Sc, Y and La), follow more closely a linear function
of the M component atamic numbers than of their CH12 diameters.
This is shown to be a triviality resulting from the fact that the
atomic arrays which control the cell dimensicns of phases
containing barium {or the rare earths) are different from those
that contrcl the cell dimensions of phases containing calclium and
strontium (or scandium and yttrium).l8

The magnetic properties of Mg Eu have been determined
(3. 74 T/K¢% 295).19 Above 20K it exhibits Curie-Weiss behaviour
with u=7.9uB and 6=+7.5K; at low temperatures, magnetic ordering
of the antiferromagnetic type occurs.

Standard thermodynamic parameters for the formation of wvarious
calcium-containing intermetallic compounds have alsoc been
evaluated from hydrogen titration20 and potentiometric21
measurements; the data are ceollected in Table 4.

22-26 pove investlgated the reaction of hydrogen

Several authors
wlth intermetallic compounds containing alkallne earth metals.
Relationshlps between intermetalllic compound structure and
hydride formation have been considered22 for hexaganal ABg {Dzd) '
cubic ABz(CIS), hexagonal ABz(Cld) and orthorhombic AB(BY)
campounds. The structural analysils inveolves the number, size,
position and symmetry properties of tetrahedral interstitial holes;
holes and clusters of holes are considered in terms of thelr
suitability for hydrogen occupancy in the formation of
intermetallic compound hydrides.

In situ X-ray diffraction studies of the product of the reactlon
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of hydrogen with MgzNi23 and with CaN152

The hydride phase formed by Mgzﬂi is tetragonal { a=1139.4,

4 have been effected.

c=749.9 pm}; it undergoes a polymorphic phase transition at 503K
to form an orthorhombic structure {a=1139.4, b=1119.6, c=%16.5pm).
The hydride phase formed by CaNig is orthorhombic (a=525.0,
b=81%,4, c=804.2 pm). The compositions of the products conform
to the stoichiometries, M92N1H4 and CaNisHs, respectively.23'24
Alloying of small amounts of nickel or indiuwm with Mg-Al

25 to cause a significant

intermetallic compounds has been shown
increase in the hydrogenation rates of these compounds.

The material formed when Hg35n was treated with anthracene in
thf at room temperature for several days readily absorbs hydrogen
at room temperature and catalyses the hydrogenation of ethene.26
It is concluded that complexing MgBSn with anthracene gives rise
to sites available for hydrogen activation as in the alkali metal-

anthracene systems.

2.3 SIMPLE COMPOUMNDS OF THE ALKALINE EARTH METALS

The change of emphasis adopted for the 1980 review, in which
separate subsections were devoted to binary, ternary and
guaternary derivatives of the alkaline earth metals, has been
retained. Once again, the majority of papers abstracted describe
the chemistry of novel guaternary oxldes based on the perovskite
structure.

2.3.1 Binary Derivatives
Although many papers have been published on the catalytic

properties of the alkaline earth metal oxides, they are not
considered here, since their content is of only peripheral
interest to the inorganic chemist.

The cchesive energies of the alkaline earth metal chalecogenides
MX {M = Mg-Ba; X = O0-Te)} with the NaCl structure have been
evaluatedz7 within the framework of the Born model; the resulting
values are in close agreement with avatlable experimental
thermodynamic data. The structures of Ba58b4,28 BaSez,29 Ba59329
and a high pressure polymorph of Ba1230 have been elucidated by
X-ray diffraction methods; pertinent unit cell parameters are
collected in Table 5. The crystal and molecular structures of
MgIa.GHzoal and CaIlO.7H2032 have also been determined. Whereas

the structure of the former polvicdide consists of [Mg(H20}6]2+
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and Iaz' ions, that of the latter polylodide consists of
[Ca{H20)7]2+ and I; ions., The Mg2* coordination polyhedron is
a slightly distorted octahedron, r(Mg.,.0) = 203.8-206.8; that
of the Ca2+ lon is a disteorted monocapped trigomal prism,

riCa...0) = 233.5-2434.8 pm.

Table 5. Crystallographic data for several barium salts,

Compound Symmetry Space a/pm  b/pm c/pm B/0 Ref,
Group

Bassb4 orthorhombic Pnoma 901.,2 1782.3 904.1 28

Ea5e2 monoclinic c2/c 3B2.0 492.9 933.5 118.48 29

BaSe, tetragonal P421m 728.0 425.0 29

Bal, hexagonal Pe2m  914.7 517.3 30

Mechanistic 5tud1e533 of the formation of alkaline earth metal

“fluorides MF, {M = Ca-Ba) by reactiocn of NH4F or NHd.HF2 with MO
{M = Ca-Ba) have been undertaken. Both materials can act as
fluorinating agents but at high temperature {(>{Q53K} the reaction
involving NH,F is complicated by its decomposition to NH4.HF2 and

NH3.

The photolytically induced decomposition of Ba(N3)2 (173 < T/K%
373),%% sr(ny), (183 /K <363),%% and mixtures thereof
(408 <T/X ¢ 463)35 have been studied in detail; kinetic analyses,
the determination of activation energies and studies of the effect
of light intensity have been undertaken.

A scheme for the hydrolytic precipitation equilibria of Mg2+ in
agqueous NaNO3 {1.0 mol dm-3} at 29BK has been presented.36 -
When the solution is saturated with Mg(OH)z, species such as Mg ,
[Mg, (0H) ,1%*, (Mg, (0H) ]?* and [Mg(on),] are thought to be present
in solution; their stability constants and solubility products were
determined. Transpiration studies37 of the calcium oxide-water
vapour system (1678 <T/K <20163 1.2 x 10 24P,  /atm¢ 4.7 x 1071
have shown the predominant reaction to be thatzdescribed by
equation (1): derived thermodynamic data for this reaction aret

q

caDi(s} + Hzo(g) = Ca{OH)z(g) sew {1}
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8H,(298K) = 261.9£3.3 kd.mol™, a5 ©(298K) = 58.2:2.1 JK 'mor™t,
ﬂGrO(EQBK) = 244.6%3.3 kJ.mol-1.37 2H double resonance n.m.r.
studies38 of some anhydrous and hydrated alkaline earth metal

{Sr,Ba} hydroxides have been undertaken; the 2H quadrupole
coupling constants of the OH  1on are correlated with the
stretching force constants,

2.3.2 Texmary Pnictides
39,40

Schafer et al have reported the preparation and
characterisation of a number of ternary prnictides containing an
alkaline earth metal and a transiticn metal; typical unit cell
paramaters for coampounds of stoichiometry Angxg and ABX2 {Ah = Ca,

Sr, Ba; B = Mn, ZIn, Cd; X = Sb, Bl) are ccllected in Table 6.

2.3.3 Ternary Oxides and Chalcogenides

Ternary oxides in the BaD-Fe203 system have bheen chjiacterised
by X-ray diffraction and chemical analytical methods. Five of
the six oxides (BaSFezoa, Ba3Fe206, BazFeZOS' BaFe204, BaFel2019)
are readily synthesised by heating approprilate steichiometric
mixtures of BaCO3 and Fe203. The sixth oxide (BazFeeoll) could
not be synthesised directly, presumably owing to the similarity
of 1ts stability with that of the mixture BaE‘elzol9 + 9BaFe20 H
it was eventually prepared from 8203—Fe203-Ba0 terzgry melts.

and FeV, 0O

274
in both inert and oxldising atmospheres has been investigated.

The process occouring when CaCO3 is heated with FeO 9

In an inert atmosphere, interaction takes place as a direct redox

, +
process between the reagents. In an oxidising atmosphere, Fe2

o+ 3+

and V are initially oxidised (to Fe and V5+, respectively) and

then there is successive interaction of the oxidation products with

CaCOB.

The magnetic properties of the ternary oxides conforming to the

KZNiE‘4 and a-NaFeO2 structural types has been reviewed:44 the

relationship between structure and magnetic behaviour is stressed.
ra 10015,45 Ser.:'nzOG,aG‘Bazbm03,47 and
BeqPrgo20 have been obtained from X-ray diffraction data; they
are collected in Table 6. Isomorphism of alkaline earth metal
orthovanadates MB(V04}2 {M = Ca~Ba) has been discussed in detail?9
Although Sr3(VO4)2 and Ba3(V04)2 are mutually soluble in the solid
state, Ca3(v04}2 exhibits limited sclid selubility with both

Sr3(V04)2 angd Ba3(VO4)2.

Structural parameters for SrV
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Non-stolchiometry of polycrystalline SrTiO

3 has been studied
50

using a resistivity technigue. Reductlon processes, excess
Tio2 and acceptor impurities all contribute to oxygen vacancy
cantent, The effect of donor Impurities is dependent on the
presence of excess T102.50
The enthalpy cof formation of the bronze, u-MgVBOB
{Aﬂfo{uﬂﬂgvios,c,ZQGK} = =2917.53+0,45 kJ mol—l) has been
determj.ned5 from an emf study of the thermodynamic characteristics
of the oxidation of the bronze, u—Mgl+§§v3oa}2. The electrical
properties of BaL.:nO4 {Ln = Ce=-Lu,Y,In) and the luminescence of
Mn(IV) in Cazr0353 have also been investigated. Thermal
treatment of BaLnO, in a reducing at?OSngre (Hz} leads to a
=1C “); thermal treatment in
a vacuum, however, leads to a much lower decrease 1n resistance
(xlo_l}.
Thermal decomposlition of SrOsO3 in alr can be represented by

marked decrease in resistance (x10

equation {2}.54 The reacticn 1s complex, however, involving a

25r0s0 + 25r0 + 0Os + Q=0

3 Pl saw 2}

phagse transition in Sr0503 (orthorhombic to ¢ublc at 1033:10K),
formation of Sr, 05,0, ,.n , (In the range 1243-1293K) and subse-~

quent decomposition of Sr205206.410.2 to Srl, Cs and OEO4 {at 1338+
6K} .

The synthesis and structural characterisation of three temary
sulphides,BaVS3?5 Bazﬂgs356 and BaHgSZST have been reported; unlt
cell parameters for these three materials are included in Table 6.
BaVS3,which is hexagonal at room temperature (ggble 6} undergoes a
crystallographlic phase transition at ca. 250K, The crystal sym-
metry becomes orthorhowbic and twin formation (by pseudo-merchedry?
is observed at the transition. Precession photographs of twinned
crystals have been indexed in an orthorhombic cell with
a, v oa, b0 " /Eah and c, u S the possible space groups are

Crnc21 or C2221.

2,3.4 Ternary Halildes

The formation of ternary compounds containing MgF2 and MFn has
bean reviewed;sa a correlation is shown t0o exist between ternary
fluoride formation and the physicochemical properties (generalised
moment, electronegativity) of the second compeonent, M.

Solid sclutians, (Ca,Ln)3F7 {Ln = ¥, La~Lu), hawve bggn formed by

annealing 2:1 CaPzanF3 molar mixtures at 1223-1273K. X-ray
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powder diffraction studies have shown that guenched samples have
a cubic anion excess fluorite structure. Annealing at 773K,
howevar, resulted in {(for Ln=Y,Er-Lu) tetragonal superstructure
phases, CayLnF .. Typical unit cell parameters {for (Ca,Y)3F7
and Ca2YF7)59 are gquoted in Table 6 together with similar data
for the room temperature monoclinic structures of BaLn2F8 {Ln=Y,
Dy-Lu)60 and the high temperature orthorhombic structures of
Baln,Fg {Ln=Yb,Lu) .go

McPherson, Atwood et alGl have undertaken a detailed
investigation of the structural chemistry of RngCls. Schematic
diagrams of the variocus lattice types exhlbited by Amx3 termary
halides are shown in Figure 2a. Of these, the perovskite, 3C,
and the CsNiCl3 type, 2H, are structural extremes; the perovskite
consists of occtahedra joined at corners while CsNiC13 consists of
octahedra joined only at faces. The other lattice types contain
both corner- and face-shared octahedra. Pure RngCl3
crystallises in a hexagonal lattice, 6H (Figure 2a}, in which
there are two crystallographically distineot Mgz+ lons. The
coordination spheres of one Mg{l) cation and twoc Mg(2) cations are
shown in Figure 2b. The six chloride ions surrounding Mg{l} are
equivalent and form a regular octahedron r{Mg{l)...Cl) = 249.4 pm.
This octahedron jeilns corners with six octahedra containing Mgi{2)
cations. Each of the Mg{2) octahedra also shares a face with a
second Mg{2} occtahedran: the Mg(2) coordination sphere thus
contains two distinct groups of chloride ions with r{Mg(2}...Cl)=
247.0, 250.7 pm. In contrast to the environment of Mg{l}, the
coordination sphere of Mg(2) is noticeably distorted from that of
a regular octahedron. When a small concentration of Niz+
{0.4 - 0.8 mol%) is introduced, RngCl3 crystallises in a
different hexagonal lattice, 4H {(Figure 2a}. This structure

contains only one type of Mg2+

cation; it is similar to the Mg{2)
ion of the 6H-structure,. At higher N12+ concentrations {4 mol%),
a third hexagonal lattice, 9R, {(Figure Z2a) resulis. This
structure contains two distinct types of Mg octahedra; one is
similar to the Mg{2} octahedron of the 6H structure, the other,
designated Mg (3}, shares two trans-positioned faces with adjacent
Mg{2} octahedra. Unit cell parameters for the three structural
modifications of RngC1361

spectra of Rng013 crystals doped with Mn2+ ions indicate that
2+

are included in Table 6. The epr

suybstitution for Mg readily occurs in all three structural



91

(a)

Figqure 2. Structural chemistry of Rb“9013= {a} schematic
diagrams of the lattice types for AMX salts (M2+ ions
lie at the centre and X 4ons lie at the corners of
the octahedra); (b) ortep drawing of the coordination
spheres of Mg(l} and Mg{2} ions in 6H--RngCl3
{reproduced by permission from Incrg. Chem.,
20(1981)140}.

6l

phases, The magnetic properties of RbCaF_ hawve also been

87 >

Rb-) n.m.r. techniques.62

studied using multinuyclear (lgF- and

2,.3.5 Quaternary Derivatives
63-78

Once again, Kemmler-Sack has written an amazing number {16}
of papers on quaternary oxides with variants of the perovskite
structure, A major proporticn describe the synthesis and
characterisation (principally structural and spectroscopic} of
hexagonal stacking polytypes with rhombohedral structures; the
materials studied, their structural characteristics and unit cell
parameters are summarised in Table 7. The structures of the 3L
and 6L stacking polytypes are shown in Figure 3; those of the 9L,
79,80 The

remainder of the papers deal with compounds which adopt distorted

121, and 24L variants are shown in earlier reviews.

perovskite structures and which crystallise in different symmetry
classes {cubic, tetragonal, orthorhomble and moncelinic); these
compounds are listed in Table 8 together with pertinent unit <ell
parameters, Kemmler-Sack has also shown that the
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lZL-BazL_az_anx[MgWZElOlz] {Ln=Pr,5m,Eu,Tb-Tm} and the
lGL-BaGLYz_anxWBEBOIS] {In=8m,Eu,Dy~Er) stacking polytypes,
together with the peolymorphic perovskites,
SraLSerz_anxW4E|0 4] {Ln=Sm,Eu,Dy~Er}, exhibit visible

photeluminescence.

C) Ba
o B
« M

L

Figure 3. Hexagonal stacking polytypes with rhombohedral layerx
structures (reproduced by permission from z. Anorg.
Allg, Chem., 479(1981)}177}.

Several other authors have made contributions to the chemistry
of quaternary oxides; without excepticn they have covered facets
of the structural chemistry of these materials, Unlt cell
parameters for zirconalite, CaerTi:“_xo.!ll {0.B5¢ x 51.30),81

_ 82 _ 83 84
SrNdMO4 {M=Cr  Mn} , BaSran6012 {Ln=Y,Er,Tm}, Ba A12T110027,

4

85 ol 86 -
BaGCoNbgo3o and BaLn2T14012 {Ln=La=-G4}, determined in X-ray
diffraction studies, are collected in Table 9. Aspects of the
structural chemistry of BaLn2T14012 {Ln=La-Gd) , BaLn2T13OlO {Ln=
La-Eu) and BaLa2T120a have also keen eluctdated from i.r. and

Raman spectroscoplc data.BT

The structural changes accompanying
l-bex)207 (x =0,
C.12) have been studied using temperature dependent single c¢rystal
X-ray diffraction metho-::ls.88 Above the Curie peoints (166K for

x =0, 675K for x = 0,12) the space group of the orthorhcombic
structure is Cmem. At lower temperatures, the structures lose

the mirror planes at z = 0,25 and z = 0,75 and the metal atoms

the ferroelectric phase transitiona in Srz{Ta

move along the ¢ axis onto mirror planes at 2z = 0 and z = Q.5;
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thus although the orthorhombic symmetry is retained the space
group changes to Cmc2l.ae
2.4 COMPQUNDS OF THE ALKALINE ERRTH METALS CONTAINING ORGANIC
MOLECULES CR CCMPLEX ICNS

In general, the recently reported chemistry of these
compounds is considered in subsections devoted to individual
alkaline earth metals; data pertinent to several elements are
discussed once only in the subsection of the lightest metal
considered. To acccommodate the increasing awareness and interest
in the rcle of the alkaline earth metals in bicinorganic chemistry,
however, subsections covering salts of carboxylic acids and
derivatives of nuzleotides and related moietles, have been
included.

2.4.1 Salts of Carboxylic Acids

The gecmetry of calcium~carboxylate interactions in crystalline
- complexes has been reviewed.ag They fall inteo three main
categories: a unidentate mode (1) in which the Ca cation binds to
only one ¢f the carboxylate oxygen atoms, a bidentate mode (2} in
which the carboxylate ion uses both oxygen atoms to chelate the
Ca cation and an additional bidentate chelation mode, the a-mode
(3) that is observed when a sultable ligating atom for the Ca
caticn 15 attached at the a-position and in which chelation of the
Ca cation is achieved by the a-substituent together with one of

the carboxylate oxydgen atc:ms.B9
0 Ca o} ca
R-—'C::: R--C’/’ \\\Ca Q’/’ \\P
o o~ e c
uf \
R o]
() (2) (2)

The molecular structures of calcium oxalate monohydrate
(whewellite}90 and of calclum 2-ethoxybenzoate monohydrate91 have
been elucidated from single crystal X-ray diffraction data. The
ca®t ions eight coordinate in both salts, That in the oxalate is
surrounded by seven monodentate oxalate groups, r{Ca...0} = 242.5-

246.9 pm and one water molecule, r{Ca...0) = 243.5; that in the
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2-ethoxybenzeate is surrounded by twe monodentate, ri{Ca...C} =
231, 234 pm, and two bildentate, r{Ca...0} = 240-287 pm,
carboxylato groups, one ether molety, r{Ca...0} = 246 pm and one
water molecule, r(Ca,,.0) = 238 pm, Although the Ca2+
coordination polyhedron 1s deseribed as a distorted bicapped
trigonal prism for the 2—ethoxybenzoate,91 no description is
proposed for the oxalate.90

Alkaline earth metal cations {Mg-Ba} readily form l:1 complexes
with N-{2-hydroxyethyl)ethylenediamine-¥,N',N'-triacetic acid.92

Whereas the dianion is formed for Mg2+ and Ba2+, the monoanion is

formed for Ca2+ and Sr2+. Stabllity constants and free energiles
of complexation have heen evaluated; the order of the stabilities
is

Ca2+ > Sr2+ > Hg2+ > Ba2+

The solution conformaticn of the complex formed between Ca2+ and
ionomycin {a carboxylic acid lonophore} in CDCl3 has been studied
by 1H—n.m.r. spectroscopic techniques.93 It is almost identical
to that observed in the crystal;94 only minor confermational
differences in the structure of the lonophore were obserwved. The
significance of these results in the field of cationic transport
is discussed.93

2.4.2 Complexes of Significance in Bloinorganic Chemistry
The majority of the papers abstracted for this subsecticn of the

review, report on some aspect of sclution interaction between
alkaline earth metals and bilologically significant molecules;
ligands studied are many and diverse, varying from nucleotides
such as ionosine and cytidine to tetracyclin antibiotics.
Complexation of alkaline earth metal cations (Mg,Ca,Ba) by
ionosine and its moncanion has been investigated in agueous
golution at 298K.95 Comparison of stability constant data with
those for 1- and 7-methylinosines and those for gquanosine
indicates that the preferential binding site of inosine is the
N{7} atom cf the guanine ring; that of the anion, however, 1s the
Ni{l} atom of the other ring.95 Equilibrium constants for the

complexation of Mgz+ and Ca2+ with cytidine96 and with

thiaminemcnophosphate and thiaminediphosphateg7 have been

determined potentiometrically at 318K. Derived thermodynamic
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data indicate that the formation of the complexes with the thiamine
derivatives 1s favoured by a large positive entropy
contribution.g?
Interactions between Mg2+ and guanosine-5'~menophosphate—
[5‘—GMP]2-,98 guanosine-S'—triphosphate[B‘—GTP]4-,99
1nosine-5'—triphosphate[S‘—ITP]4- 99 and adenosine-5'-triphosphate
-[S‘—ATP]" 99 have been investigated using sophisticated
physicochemical metheds, The effect of Mgz+ on the conformation
of [S'-GHP]Z_ has been assessed. Evidence that the N{7} atom of
the guanine ring is the preferential binding site of guancsine {(as
for inosine) for Mgz+ ions is also reported.g8 The self
assoclation tendency of [5'-AT{]4_, [5'-11e] 4" ana (s5t~are] I~ 1s
promoted by a factor of 3-5 by Mg + coordination;99 the effect,
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which is attributed to a partial neutralisation effect at the
phosphate side chain, is much smaller tham that caused by elther
Zn2+ or Cd2+ lons. Conformational changes of the ~S5H group
environment in sarcoplasmic reticulum Caz+-ATPase, induced by the
synergistic action of Ca2+ and [5'-ATE]4- have also been studied

by e.s.r. methods.100

Electronic absorption, circular dichrolism and 1H-n.m.r.
spectroscopic studieslo1 of chlorophylls a and a' and of their
Mgz+—free derivatives, pheophytins a and a' and pheophorbides a
and a', indicate that the Mgz+ ion confers rigidity on the
macrocycle. The @ifference in the spectra of the two groups of
compounds are interpreted as arising from both configurational

and conformational alterations.lOI

102 2+

Caleorimetric studies of the interacticn of Ca ions with
various methylglycofurancsides {4} 1in agueous solutions strongly
suggest the formation of 1:1 complexes; the stabilitles of these
complexes is markedly greater than those of the corresponding Nat

102 13

ion derivatives. Ultrascnlc absorption and € chemical
103

shift data both provide evidence for weak complex formaticn

CH.,CH

rodn
_~0 o HOCH
OH HCOH
HOéH
OH OH éHZOH

{4) (53

between Ca®’ and D-sorbitol (D-glucitol) (5) in aqueous solution.
Although definitive structural data cannot be derived, the 13C-
n.m.r., results indicate that the solution structure of the Ca2+—
D-sorbitol complex is different from those of the Ln3+-D-sorbita1
complexes which bond at the hydroxyl groups of the C(2}, C(3) and
C{4) atoms of the hexose residue.lo3

Complax formation between Ca2+ and the tetracyclines,
tetracycline{g}, oxytetracycline, doxycycline and minocycline has
been studiedlo4 potentiometrically at 310K in agueous NaCl

solution (0.15 mol dm-a). The significance of the results to
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OPO3H,

O

(63 (73

the mode of action and the distribution of these antikbiotics in
the human body 1s discussed.

The binding of Ca2+ to humlie acids has been studied
{3.9 ¢pH £5.0 275 €«T/K¢ 307)105 using a radiotracer (45Ca}/
solvent extraction technique; the resultant thermodynamic
parameters indicate that a large positive entropy change accounts.
for the favourakle free energy of complexation,

The only complex to be studied by single crystal X-ray
diffraction methods 1s the penta-aquc magnesium salt of

106 The molecular structure of the

flavone—~3-monophosphate (7).
complex consists of hydrophobic layers, which centain the

aromatic portions of the flavone residue, and hydrophilic layers
which contain the M92+ iocn, the phosphate group and ketonic

oxygen of the flavone mclecule and the water molecules. The Mgz+
lon is octahedrally coordinated by six oxygen atoms derived from
four water molecules, r{Mg...0) = 205,8=-20%.8 pm, the ketonic
function, r(Mg...0) = 206.8 pm and the phosphate residue,
ri{Mg...0) = 203.1 pm, of different anions. Coordination of the
Mgz+ lon by the ketonic oxygen and the phosphate oxygens results

p———— 10§
in a seven-membered cis-coordinated chelate ring, MgOCCOPO.

2.4.3 Beryllium Derivatives

Theoretical {ab initlo} calculations have been undertaken for a
numker of relatively small, beryllium=-containing molecules}07-l11
Von Schleyer et a1107 have shown that of the variocus structural

possibillities for LiBe.x3 {X=H,F) monomers, there is a distinct

preference for attachment of lithium at the edges of BeX,
triangles {8) rather than to corners or to faces. Von Schleyer
et all07 and Charkin et allo8 have reported complementary results

for the minimum energy structure of the LizBex4 (X=t,F) molecule.
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x——Be<I>Li x—Be<:—:/x L{//E‘BEX\/L‘L
/ \x'
(8) 9) (10)
108

Although Charkin et al

planar six-membered cyclic structure {9} is the most favourable
107

reported without gqualification that the

configuration for LiBeH4, von Schleyer et al noted that optimum

geometries were dependent on the lewvel of the ab-initio MO theory;
at the highest level employed LizBeH4 prefers lithium attachment

P tetrahedron (10}; at lower levels, the
planar structure (%) 1s prefered for both LizBeH4 and L1293F4
{this molecule cannct bhe studied at the higher level}.

Maryniklo9 has calculated the relative stabilities of

RtBeRgBeRt dimers and the corresponding moncmers, RtBeRb (Rt = H,
b _
CH3,F,BH4,C5H5,C6H5, R™ = H,CH3,C6H5}. The effect of

substituents in the RT position has been assessed; whereas C.H

to two faces of a BeH

groups strongly disfavour dimerisation, and CH3 or F substituents
5lightly destabilise the dimers, BH,
dimer stabilisation. Furthermore, phenyl bridging is shown to be

substlituents provide a small

highly favoured vis-a-vis methyl bridging.lo9

Glidewell et al have repcorted the results of theoretical
calculations on BeR2 and BeHR (R = ME,CH=C36,CECH,CN and CSHS),]‘10
CH,_,(BeH)  and [cH,_(Bem) 1* (0< i< 4),110 ana the beryllium
derivatives of (CH)n (3sn<g 8) carbocycles.ll1 Optimum
geome tries calculated for BeR2 and BeHR have symmetries in precilse
agreement with the predictions of the Jahn Teller theorem.llo
For the CH, . (BeH} and [Cﬁq_n(BeH)n]+ serles, the calculated
barriers to inversion via a plapar intermediate are lower for the
cations than fer the melecular species and decrease with
increasing n until they are zero for [CH(BeH)3]+ and [C(BeH)4]+.
Indeed the minimum energy of these two cations occurs when

110

strictly planar at the carbon atom. Optimum gecmetry

calculations for the beryllium derivatives of (CH)n {3 £n< 8)
n, at (h*-c,u,)Be of ¢
H 44 474

symmetry, (h'-C,H,},Be (D, )} and {h"-C,H,}, Be (C

2 2 1
th ~CgHg}Be (sz)' {h“-Cc_H_}_Be (D {h =c_H_} (h -CGHG)BE (cs)

265 696’ 2 2d)'3 616
and (h™,h -CGHG)Be2 (Cs), for C H7 at ¢h —C7H7)BEH (CS) and for

2 2
CBHG at (h —CBHS)Be (Cs) and {h”,h -CBHB)BQ2 (Czh). 03H3 does

moieties, glve stable minima for C v

Zh)' for CGHG at
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not glve any h3—der1vat1ves, the beryllium atom always undergoing
insertion into the ring to form a beryllaheterocycle.lll
112 of the reaction of Bez+ with a

nurber of monoazo-derivatives of pyrocatechol (11) have been

OH

Spectrophotometric studies

X N=N OH

X=H; CHB; C1l; SO.H; HO

3 2°

(11}
effected. A complex with a 1:1 Be:ligand ratio is formed; 1t is

thought to contain a Be202+
molecules through the functional dihydroxyl grouping.

cation coordinated by two ligand
112

Partition coefficients of the complexes formed between Be2+ and
the B-diketonates, acetylacetone, proplonylacetone, 3-methylacetyl-
acetone and 3-ethylacetylacetone have been determinedll3 in agueous
NaClOa/n—hexane systems as a function of temperature
(278< T/K £ 318) and of NaClO4 concentration (0 € o/mol dm-as 3.
The results are interpreted in terms of water structure changes
(i.e.,, hydrophoblc hydration) amd of specific hydration in the
outer coordination sphere of the coordlnatively saturated
chelates {l.e., hydration of the bonded ligands).ll3

Solvent extraction of alkaline earth metal lons in agqueous
NaClO4 or NaSCN {(1lmol dm-3}/hexane systems using trioctylphosphine
oxide (topo) has been studled at 2981{.114 The extracticn in both
systems improved in the sequence:

Be2+ > Ca2+ > Sr2+ W Mg2+ u Baz+

The poor extraction of ng+ salts was attributed to their strong

. +
hydratiocn. For equivalent topo concentrations, Bez+ and Caz ware

extracted more effectively as the perchlorate and Ba2+ was
extracted more effectively as the thiocyanate; the cholce of anion
was immaterial for Mg2+ and Sr2+. These results are thought to
show that (i) M{ClO )2 (M=Ba=RBa) and M{SCN} {M=Sr,Ba) are
extracted as ion pairs, [y{topo}4] (x~ )5 (x Cl0, or SCN),

{ii} Be(SCN)2 is extracted as solvates of neutral specles,

Be(SCN)z(topo)n {n=2,3), and {iii) H(SCN}2 {M=Mg,Ca) should
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exhibit both ilonic and cocrdinative properties in the organic
114

phase.

Metallation of borato{phosphoniomethanide) (phosphonicoxide} (12}
with tertiary butyl lithium at 195K in thf/pentane leads to a
lithium complex (13) which reacts in situ with BeCl to form the

115 this latter complex has

spirocyclic beryllium complex (14);
13

Leen characterised by i.r,, multinuclear (lH— and C=) n.m.r. and

mass spectroscopic methods.

t = -KBr +
(CHj) P-BH,Br + K [(CH3}290] ——5 (CHy) 3P—BH2-E{CH3) )
5 (12)
Hc CH +t~Buli | -BuRB
3\ 3
P
hc  CHs o - \Bﬂz
v/ ' BH
P BeCl2 2\\
™~0---Be P—CH, =% (CH,)} P{CH.)
\\\Clﬁ1 3 3 2ll N 372
HB-aP - . H, CH, HyC o {13
/\ H, a7
H,C CH,
(14) Scheme 1

Reaction of {h -CSH )BeCl with K[bsﬁé] in a pentane slurry at
233K has afforded [u- (h -Cg )Be] B Hi;l 116 2 jow temperature
{173K}) single crystal x—ray diffraction study has shown that the
structure of this product is similar to that of [BgHg] with a
hydrogen bridge replaced by a bridging {hS-CSHS)Be molety,
r(Be...B} = 204.,5, 205.5 pm. The beryliium atom is centred above
the cyclopentadienyl ring with r{Be...C} = 187.7-189.4 pm.116

The molecular structure of the diethyl ether sclvate of
discdium di~p~-hydrido-bis{diethylberyllate} has also been
117 It is composed of [BezEt(u—H)zj anicns with
palrs of Na® cations, each coordinated to one disordered scolvate
molecule, r{Na,..0} = 235.0 pm, lying about alternate centres cf
syfmmetry along a {(Figure 4). The anions are isoelectronic with
[BzEt4(u-H)2] and contain Be-H-Be three centre two electron pair
bonds, r{Be...H) = 144, 153 pm, which are analogous to those in

ascertained.
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Figure 4. Perspective view of the molecular structure of
Naz[bezEt4(u-H)2].2H20 (reproduced by permission from
Acta Crystallogr,, B37(1981}68).,

in boren hydrides. The pseudc tetrahedral coordination poly~-
hedron of the Be atom is completed by two carbon atoms of the
ethyl residues, r{Be.,.C}) = 176.6, 181.C pm. The similarity in
the environment of the bridging hydrogen atoms vis—a=-vis beryllium
and sodium (Figure 4) suggests that the Na...H and Be...H

interactions may be similar in character.ll?

2.4.4 Magnesium bDerivatives
Although there are a vast number of publications dealing with
magnesium chemistry, but few are abstracted for this review; the

majority of published papers are igncred as they are associated
with crgancmagnesium chemistry, a subject reviewed in detail
elsewhere.2‘3
L recurrent feature of the structural chemistry of inorganic
magnesium derivatives 1s the [Mg(HZO)é]2+ cation; it occurs in
the structures of both [Hg(Hzo}é]z[tdclﬁqllB and the 2:1 molecular
complex of caffeine with [Hg{HQO)G]Brz. 19 the former complex
consists of two crystallographically distinct [ﬂg(H20)5]2+
octahedra, r{Mgi{l)...0) = 204,1, 20%.6 pm, r(Mg{2}...0} = 207.1 pm
jolned by hydrogen bonds and [CdC16]2- octahedra.ll8 The latter
complex contains [Mg(l-lzo)ﬁ]z+ octahedra, ri{Mg...0} = 206,6-208,4pm,
uncoordinated caffeine molecules and bromide anions held together
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by a network of hydrogen bonds.119

Dissoctation enthalptes for [Mg(H,0) JCl, (n=4,6) have been
calculated120 from dissociation pressure data for these materials;

they are collected in Table 10.
Complexation of Mg~'

monoximelzl

122

by 3-hydroxy-2-methyl-1,d-naphthoquinone

and of Mgz+ and Ca2+ by ethylenediamine tetra-acetic

121 and n.m.r.122

acid has been studied by potentiametric
maethods. The n.m.r. results suggest that a pH-dependent
equilibrium is set up between the uncomplexed catlon and the
edta-metal cation complex. The kinetics of ligand exchange on
[ﬁg(OPPh3)5]2+ has been studied by p nom.r. techniques;l23 the
process is thought to proceed via a dissoclative mechanism, the
rate being independent of free ligand. The results are compared
with corresponding data for exchange on [Zn(OPPh3)4]2+.123
Cyclopentadienyl magnesium hydride, has been prepared

124

conveniently by reaction of MgH, with cyclopentadiene in thf.

It is readily soluble in thf ané is thought to adopt a dimeric
structure with bridging hydrogen atoms {153}; the pseudo-
tetrahedral cocrdination of the Mg atom is completed by the
cyclopentadienyl ring and a thf sclvate molecule, Its reactions
with selected aromatic ketones, trityl halides and polynuciear

hydrocarbons are described.124

— — —

MgPh |’ mMgPh | t*

N /th '{'\ 'i“

AN [ J [ ]
the H N N
|

{(15) L . | MgPh |
(18) (17)

A reinvestigation of the reduction of pyridine by MgHz, effected
125

by de Konig et al, has proven unambigucusly that the final

preduct is the bis{pyridine) complex of bis({l,4-dihydro-l-pyridyl}
magnes fum. The claim of Ashby and Goel126 that the product of
thie reaction also contains 1,2~dihydro-l-pyridyl moieties after
extended reaction perlods has been traced, by de Konig et al, to
the presence of aluminium bound hydrogen in the MgH2 used by Ashhy
and Goel.

Treatment of pyrazine with diphenyl magnesium in thf leads, via

an electron transfer reaction, to the 1:1 radical complex (;ﬁ).lz?
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In the presence of sodium or potassium a persistent 1:2 radical
complex (17) is formed. Although diphenyl beryllium does not
undergo the former reaction, a beryllium analogue of the 1:2

o e | . T
JQlirb-al

The complexes were characterised by e.s.r. spectroscopy.

Ashby and Goe1128—130 have continued their studies of the
chemistry of magnesium methylcuprates, Mixtures of “CH3MgBr“ and
CuBr in thf (the so-called Normant reagent) hawve been found teo
contain, depending on the time and temperature of the reaction, the
following magnesium methylcuprates: MgCu(CHS)z, M92Cu3(CH3}7,
MgCuz(CH3)4, MgCuB(CHB)S, MgCu4(CH3)6 and MgCuS(CH3)8.128
Characterlsation of complexes was established by complete elemental
analysis of both solutiocn phase and solid products at selected
temperatures and after certain reacticn times. Their identity was
confirmed in a comparative study of the n.m.r. spectra of the
solutions with those of authentic samples prepared independently by

reactions of CuBr or MeCu with Me_Mg in appropriate stoichiometric

128

(%]

ratios as shown in scheme 2.
d CuMgMe
L=
CusMgMea CuBMgzMe7

2/3 f
3/2 6/7
+0.5

Me2Mg {-2Melu} CuBr + Me,Mg +0.3Me2Mg +0.5CuBr

a +0

I

/1

6/5

s
S
w

/

6 ‘3 e N * . Mgimq CuzMgMe4
‘N
CuaMgMes

Scheme 2

\

The species in the Normant reagent responsible for addition to
phenylacetylene (which was used as a model system} were found to be

129
MgCua(CH3)6 and MgCuG{CH3)8.
MgCu(CH3)3 and MgCuz(CH3)4 have also been identified as products of
the reactions of [(COD)CuBr]2 with Me,Mg and “RMgBr“.lBo

The magnesium methylcuprates,

2
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MgCu(CH3}3, a previously unknown complex, is stable in thf for
over 48 hours at ambient temperature {(298K) and for at least 168
hours at 273K,

Structural analyses have been performed on [Lng(CH3}3tmen],
[MgTicl (CH,COOC, K, ) 4]132 and [_Mg(C‘CPh)z{t.men)zj 337 “Reaction of
{CH3L.1.)4 with (CH3} Mg in dry ether containing tman gave hoth
[LiMg(CH,)} stmen] and [Li,Mg(CH,), (tmen),]. !  The structure of
the former complex was elucidated from single crystal X-ray
diffraction data and that of the latter inferred by comparisoni:
details are given in Section 1.5.8. Single crystals of
DﬂgTiCl {CH C0002H5)4] were obtalned by reaction of MgC12 with
TiCl, in dry CH,C00C,H. 3  X-ray diffraction studies showed
that the complex has a chlorine bridged structure (18} in which
both metal atome are octahedrally cecordinated. The Ti atom is

131

CHaiiZOCzH5
o

CH30002 5 c1

O\Mg - 1\
/ \c1

C0C2H5

'-,-—"
N

cl

CcH
3 o

]

CH3COC2H5

(18)

surrounded by six chlorihe atoms, r(Ti...Clt} = 229.3, r(Ti...Clb)
= 248.C pm and the Mg atom ls surrounded by the two bridging
chlorine atcms, r(Ti...Cl } = 252.8 pm and the carbonyl oxygen
atoms of the four ester molecules, r(Mg...0} = 203.8 pm.l32
[Mg(c=cPh), (tmen),] has been prepared from Mg(C=CPh), i:;g tmen in
toluene and lnvestlgated by X-ray diffraction methods. The
structure is shown in Figure 5; it 1s sald to represent the first
example of an organcmagnesium compound with occtahedral coordination
of the Mg atom. The phenylethynyl ligands are in trane positions,
r{Mg...C) = 217.6, 220.0 pm, as are the bidentate tmen ligands,

r{Mg...N} = 237.5% pm,



110

-~

N

Figure 5. Schematlc representation and ortep diagram of the
molecular structure of [Mg(CiCPh),(tmen),] (reproduced
by permission from Chem. Ber. 114(1$81}2640C).

2.4.5 Caleclum, Strontium and Barium Derivatives
The application of 43Ca—n.m.r. techniques to an elucidation of

the immediate chemical environment of Ca2+ ions in agqueous and
134

non-aquecins sclutions has been attempted.

low natural abundance of the 43Ca isotope (0.13%)} and the low sen-—

2

Unfortunately, the

sitivity of the nucleus (I=7/2; sensitivity = 6.4 x 10 “ c.f,
1H at constant field) renders it Adifficult to work with these
sclutions. Nevertheless, it has been shown that the 43Ca

resonance in these solutions is gulte sensitive to the immediate
chemical environment of the Ca2+ ions.134

interaction between CaCl2 and formamide leads to three complex
compounds , CaClz,(HCONﬂz)n (n:2,4,6};135 they have ail been
characterised by chemical, X-ray diffracticn, i.r., "H=-n.m.r, and
dta—-tga analyses.

Distorted pentagonal bipyramidal Ca2+ coordination polyhedra are
observed in the structures of calcium methanedisulphonate
trihydratel36 and tris(glycine) calcium dilodide monohydrate.l37
That in the methanedisulphonate consists of seven oxygen atams,

three from water molecules, r{Ca...0) = 224.2-240.0 pm and four
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from one bidentate and two monodentate aniens, The ligand forms
a six-membered ring with one Ca2+ ion, riCa...0) = 237.0, 244.6pm,
and is linked to two other Ca2+ lons by unidentate bonds,
ri{Ca..,.0) = 234.9, 241.3 pm.136 That in the tris(glycine}
complex consists of seven oxygen atoms, two from water molecules,
r{Ca...0} = 241, 257 pm, and flve from monodentate glycine
molecules, r(cCa,..0} = 228=-250 pm.la?

The structures of [Ca(NH,)gjCl, and of [Ca(NH,)},]Cl, have been
derived from X-ray powder diffraction data {(obtained using a
Guinler-Hogg camera and a computer based film scanner system} and
refined using the Rietveld full-profile technique.138 Whereas
the Ca2+ environment in the octa-ammine 1s a distorted triangular
prism of NH, molecules, r{Ca,..N} = 252-272 pm, in the diammine 1t
is an irregular anahedron of two NH3 molecules, r(c?éé.ﬂ) = 237,
274 pm and four €1 anions, r(Ca...Cl) = 274-282 pm. )
Disscciation enthalpies for [Ca(NHa)r;]Cl2 {n=1,2,4,8) have been
calculated from dissoclation pressure data for these materlals;
they are collected in Table 1l0.

Seclutions of hexaphenylethane {hpe) in arcomatic sclventa,
{benzene, toluene) react with strontium and barium mirrors forming
deep red-brown solutions of bis(triphenylmethyl)strontium and
bls(triphenylmethyl}barium.139 The products can be isoclated as
stable sclid compounds by removal of solvent under vacuum,
Although reaction with barium occurs at room temperature (298K),

significant reaction does not start with strontium until 333K;
139

120

with calcium no reacticn was observed even at 373K.

N
|
N
¢
[:IQH HN
N N
H} N.\ |
l e
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Reaction of 2,6~dlacetylpyridine with diethylenetriamine in the
presence Of alkaline earth metal {Mg~Ba} salts in methanol at room
temperature ylelds complexes of the open-chain Schiff-base ligand
(12).140 The use of higher reaction temperatures affords
complexes (Mg2+ excepted) of the macrocyclic ligand (20}, The
intermediacy of the (19) complexes in the (20) macrocycle
formation has been proven by their subseguent ring closure
reactions both in the presence and absence of added diketone.
Single crystal X-ray diffraction studies have been effected on
[(29}.Ba(ClO4)2].140 The Ba2+ ion is ten-coordinate being bonded
to the six nitrogen atoms of the macroecyclic ring in an
approximately planar array, r{Ba...N) = 284.1-28%,1 pm, and to
four oxygen atoms of two perchlorate anions in pseudo axial
pesitions, r{Ba,..0) = 292,3-306.0 pm. The single coordinated
alkaline earth metal ion in the (20) complexes may be replaced by
two Cu2+ or two Ag+ icns with accompanying expansion ©f the
macrocycle to the 24 membered (tetraimine} form (213}, The
reversibility of the (20)2{2l1) expansion/contraction has been
established.
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