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2.1} INTRODUCTION

Following the format adopted previously,1 the chemistry of
these elements is reviewed in sections which reflect topics
currently of interest and importance. Some of the topics (egq:
cation scolvation, molten salts, polyether and related complexes)
are common to Group 1 and Group 2 elements; for these, the published
data are considered 1n the relevant section in Chapter 1. The
topics unigue to the Group 2 elements are discussed in this Chapter.

An annual (1977) survey of the organometallic chemlstry of
magnesium2 has been published, together wikth blannual (1977-78)
surveys of organoberyllium3 and of grgano—-calclium, -strontium, and
—barium4 chemistry. As expected, the organomagnesium chemistry
survey is extensive:2 toplics discussed in detall include preparative
techniques, spectroscoplc and structural propertles and reaction
chemistry. Most activity in organoberyllium chemistry has been
concentrated on theoretlcal calculations of both real and fanciful
moleties; the results of but few experimental studies have been
reported.3 Progress in the organometallic chemistry of calcium,
strontium and barium is very slow, presumably because application
of such compounds in organlic synthesis offers no advantages over
that of analogoug lithium and magnesium reagents.4

Improved analftlcal technigues for the extraction of micro-
quantities of Sr> and for separation of trace amounts of Ra EFrom
milligram gquantities of Ba6 have been described.

2.2 METALS AND INTERMETALLIC COMPOUNDS

Electrical resistivity and thermoelectric power data for high
purity liquid calciuom and liguid strontium have been determined.7

The formation of non~crystalline solid phases 1ln the Mg-Ga
system has bheen observed.a A metastable orthorhombic crystalline
phase has been detected as a decomposition productk of the amorphous
material; the structural relations between this phase and MggGa,
are diseussed.a BalOGa has been synthesised in the Ba-Ga system;
1t has been shown to be lsotyplc with u—hllov. {Structural
parameters: cuble, space group Fdim, ao=20.5233.

Aspects of the structural chemistry of the zlkaline earth metal
disilicides and digermanides have been elucldated by Evers et al.lo'll
The compeosition ranges over which the solid solutions, Ml—xsrxsiz
{M=Ca,Ba} and Basii_ Ge, , will adopt the Srsi2—type structure
have been defined: © although it can be prepared for the entire
composition range of the Ba, . Sr Si, system (O<x<1.0), its range
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of existence 1s limited in the Cal_x5r3512 system {0.84x<1.0) and
the BaSiz_YGey {O<y<l) system. The superconducting transition
temperatures of l:he(:—ThSi2 varlants of Casiz, Srsi2 and BaGe2
have also been determined; 1 they increase from 1l.37K (Casiza,
through 3.1K (Srsiz) to 4.93K %BaGez)-

2.3 STMPLE COMPOUNDS OF THE ALKALTNE EARTH METALS

Owing to the marked decrease in the number of papers published
this year, thils section 1s comprised of only two subdivisions:
these relate to the binary and ternary compounds of the alkaline
earth metals, respectively. In the case of the ternary deriva-
tives, the second metal is restricted to a transition metal,
lanchanide or actinpide.

Although many papers have been published in which the catalytic
properties of the alkaline earth metal oxides are described, they
are not included here since they are of but peripheral interest
to the inorganic chemist.

2.3.1 Binary Derivatives

Thermodynamic parameters for a number of these compounds have
been evaluated using either solution calorimetry12-14 or vapour

15-20 technigues, The standard enthalpy of

formation of the aqueous Mgz+ ion has been redetermined by inde-

pressure measurement

pendent authors by acid solution calorimetry of solid magnesium12
i3 The data cktained are compared with

and of anhydrous MgClz.
21 in Table la; the three

that previously quoted by the NBS
values are in excellent agreement. The standard enthalpy of
Table la. Standard Enthalpies of formation, ﬂHfo/kJ mol_l, of
2+
Mg” {aq), MgClz(c), BaHz{c} and Ba(DH)z(g).

AR Ref.
ﬁHfo(Mgz+,aq,298.15K) ~(466.80+1.25) 12
A (Mg®™, aq,298. 15K) -(465.96+1.07) 13
ﬂﬁfo(r‘lgz+,aq,298.15!() -466.85 21
8H 7 (MgC1,,c,298.15K) - (644.28+0.69) 13
a4 % (BaH, , c,298. 15K} -(191.2+3.8) 15
ach’ (Ba (OH), ,g,1500K) +{1014.2+18. 8) 20
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Table 1lb. Standard enthalpy, ﬂH:ub/kJ mo1”t, ana entropy,

n"lsgub,'".]l(-1 mol-l, of sublimation of SrF,1°.

2
o o
anub(IGIIK} Assub(1511K)
Second Law 442.8 208.14
Third Law 444.4 209.4

formation of anhydrous MgCl, has also been derived from the MgCl2
_solution data.l?® It is quoted in Table la together with the
correspondling values for crystalline BaH2 and gaseous Ba(CIH}2
which were derived from the results of a study {1008<T/K<1223) of
eguilibrium hydrogen pressures in the Ba-H, systeml5 and a
transpiration study (1443<T/K<1393) of the hydrolysis of Bal

(equation(l)),zo respectively.

BaO(s} + H,0(g) —> Ba(OH),(g) S B

2+

Hydrolysis of Be® in both agqueous solution and H,C-dioxane

mixtures has been studied calorimetrically at 298K.id Thermo-—
dynamic data for the formation of a number of Beq{OH)p‘Zq_p)+
complexes have been reported.

The standard enthalpy and entropy of sublimation of SrF, have
been calculated from data obtalned in a vapour pressure study of
SrF, (1529<T/K<1693);% the data are tabulated in Table 1b.

The melting point of SrF, (1736+7K) has been measured by DTA

is 2

technigues.
Schafer and Wagner have undertaken a Knudsen—-mass—spectrometric
study of the vapour in equillbrium with solid MgC1217 and with
Mgclz—NaClla and MgCl,-ScCl,
only of moncmers, dimers and trimers of the constitruent chlorides,
but also of 1:1 1:2 and 2:1 complexes; derived thermodynamic data

mixtures. The vapour consists not

are collected in Tahle 2.

Gaseous electron diffraction studies of MgClz,zz CaI223 and
Sr1223 have shown that the molecules are effectively linear with
r{Mg...Cl) = 2.185, r{Ca...I} = 2.866, r(Sr...I) = 3.0098. The
fundamental stretching vibrationzl frequencies of gaseous sz
molecules {including M=Be,Mg,Ca,Sr,Ba) have been correlated

empirically with their internuclear distances.z4
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Table 2. Thermodynamic data for a number of gas phase egunilibria
involving Mgcl,.

Reaction QH2(29BK) ﬁsg(ZSBK)
MgClz{s) - Mgclztg} 251.5 190.38
2Mg012(5} - Mgzcl4{g) 328.4 256.1
2Mgclz(g) -+ Mg2C14£g} -174.5 -125.5
MgClz(g} + Mgzclq(g) - Mg3C16(g) -191.6 -155.2
O.SNazclz(g) + 0.5Mg2C14{g)+NaﬁgC13(g) -23.8 3.8
Nazc12(g)+o.5Mgzc14(g} + Na,MgCl, (g) -130.1 -
2NaMgC13(g) -+ NaZMgzclﬁ(g) ~187.4 -
0.5Mg,C1, (g} +0.55c,Cl (g} +~ MgScClg(g) -2.9 8.4
MgCl, (g) + ScCly{g} + MaScCl(g) ~190.4 -118.0
Mg,Cl, (g} + ScCl,i{g) + Mg,ScCl,{g) -207.1 -
MgCl, {g) + Sczclstg) - MgScchB(g) ~206.7 -
Several panerszs‘za have been published in which aspects of the

chemical crystallography of alkaline earth metal halides are
discussed. A neutron diffraction investigation25 of HgF2 has been
effected at 52 and 300K to obtain more reliable values for the
position of the F~ anion and for the anisotropic thermal parameters.,
The coordinates of F~ were independent of temperature corresponding
to r{Mg...F)=1.979 and 1.9848 at 52 ana 300K, respectively.

Strong anisotropy of the vibrations of F was observed at 300K
indicating strong excitation of a libration—-like mode of the MgF,
molecule.25 High pressure studies have yielded new polymorphs

of sz {M=Ca,Sr; =C1,Br}26 and of Srszz? which could be quenched
and characterised by X-ray diffraction methods; single crystal
studlies show the Sr‘.[2 phase to be of the PbClz-type. The crystal
structures of, inter alia, MFBr {(M=5r,Ba) have been refined frcm
singlé crystal X-ray diffraction data;28 the analysls of the
structural parameters of these mixed halides shows the influence
aof different bonding types cocn the geometry of the PbFCl-type
structura.

HgC12, when vigorously milled with an aromatic or polymeric
material, e.g5. naphthalene, durene or polyethylene, formed
complexes containing a substantial concentration of free radicals
some of which were highly coloured and all of which were typified

by intense e.s.r. Spectra.29 The most striking feature of the
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complexes is their stability. The radicals were not affected

by 02. co,., R, or Clz: most dry solvents had no effect or simply
dizsolved away the excess of polvymeric material, leaving the
radicals stabilised on the support. Only water and the lower
alecohols succeeded in dissolving away the support and destroying
2 MgT, and MnCl2
as supports but were not as effective as MgClz-

were also shown to function

the complex. MgBr
29

The preparation and characterisation of ngz {X=0,5,8e,Te} has
been underta.ken.30
phases, Mg0,, {a=4.84412) anad MgTe
the Mg2+

atoms with r(Mg...0)=2.083, r(0...0)=1.4878, and r(Mg...Te)=2.941,
10

Structural data for the Feszﬂpyrite type
2 (a=7.0212R} have been reported;
cations are approxilmately octahedrally coordinated by X

r(Te...Te)=2.7368%, respectively.

Interast in the chemistry of the hydrated binary halides has
been maintained during 1979. Analysis of the X-ray diffractiocon
data from liquid CaC12,6H2031 indicates that (i) the liguid is
characterised by a middle range order involving caticn-cation
correlations and {ii} the liguid retains some features cf the
hydrated crystal lattice structure.

Phase relat;gnships in the Beclz—HzO, CaClz-Hzo56 SrClz—Hzo
and BaClz-Hzo binary systems, the CaCI?-SrClz—Hzo * rnary
system and the CaClz-Srclz—BaC12-H2036'3
been elucidated. The results of an investigation of the compound
which is formed by direct hydration of BeCl, are consistent with
the formulation ([Be(OH)(Hzo}é]+Cld}n:32 a cyclic trimer (l)is
assumed and a simplified coordinate analysis 15 performed to

32 a3 34

quaternary System have

H
]

0

HO a7 T Be Ot
- o

H,0 l ' OH,

o
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support these assignments. The crystal structure of u—CaClz.dﬂzo
has been redetermined”> (triclinic, space group P1, a=6.5932,
b=6.3673, c=8.5606%, a=97.83, B=93.50, y=110.58°); the calcium
coordination has been shown to be 7-fold and not &—fold as
described in a previous study:38 the coordination sphere comprises
three chlorine atoms, r(Ca...Cl)=2.845 to 2.2338 and four oxyden
atoms, r(Ca...O)=2.354—2.4682.

Thermal decomposition of SrC12.6H20 leads to SrCl2 via SrC12.2H20
and SrClz.HZO: at high temperatures (>328K) and in the presence
of water, Srcl2 reacts to form Sr40c16. Simiiarly, thermal
decomposition of BaC12.2H20 leads to BaCl2 via BaClz.Hzo and
BaC12.¥H20.35 All products and intermediates have been character-
ised by X-ray diffraction, i.r., Ramanr and DTA technigues.

In the CaClz-SrClz—H2O ternary 5y5tem,36 two stoichiometric
compounds,'a—CaC12.4H20 and SrC12.2H20 were observed together with
the l?rl—x Cax]C12.6H20 solid sclution, These materials were
also isolated from the CaClz—SrClz—BaClz—Hzo quaternary system
together with the compcounds, 2BaClz.H20, EaClz.H20 and BaC12-2H20.

Structural investigations of the pyridine and urea solvates,
Mquz. 4C6H5N39 ' MgBr2 . lOCO(NHz) 2 ,40 MgIz. 2H20. GCGHSN' 41 and
BaBrz. 3C0 (NH2) 2
derivatives, the cations are effectively octahedrally cooxrdinated;
the structures contain trans—[hg(py}4cié],[Mg(urea)é]2+ and trans-—
[ﬂq(by)4(H20)é]2+ meieties, respectively, with r{Mg...N)=2.26-
2,288, r{Mg...Cl)=2.463, 2.483R,39 riMg...0)=2.054-2.0848,%9 anq
r(Mg...N)=2.20-2.288, ri{Mg...0}=2.00,2.128,%" respectively.

36,37

have also besen undertaken. For the magnesium

2.3.2 Ternary Derivatlives

The structural properties of MgNiH4 have been investigated over
a wide temperature range (298<T/K<?73?.43
have been identified; the low temperature orthorhombic variant
(space group P2221, a=11l.36, b=11.16, c=9.12%) is transformed at
T=483-518K (AHO = 6.7 + 0.4 k3 mol™?) into a cubic variant
(pseudo-CaF,, a=6. 4908) 33.

HanHql has been prepared as a THF-disolvate, ManHd.zTHF, by a
varletvy of synthetic routes utilising either highly reactive MgH2
2Hg or Ph,Mg with LiAlH, in ether) and
Znﬂz(prepared by reaction of thzn, MEZZn or InBr, with LLA1H4 in
ether). The disclvate has heen characterised by complete
alemental analysis, X-ray diffraction and DTA-TGA studies.

Two structural forms

{prepared by reaction of Et

44
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Ternary halides containing the alkaline earth metals have been
the subject of a small number of papers.45_49 The crystal
structure of (NH,},BeF, has heen shown to be corthorhombic, space
group Pnma, with a=7.6367, b=5.9072, ==10.4316%.%7  The Ber, %~
tetrahedron is almost regular; the average r(Be...F} after
correction for thermal vibration is 1.551% and the average F-Be-F

angle is 109.5°. The NH + tetrahedron is not regular.45 The

4 -
thermal decomposition (373<T/K<453, 1x10_3¢PH O/Nm 2¢2.7 x 103)

a6

of (NH,4}MgCl,..6H,0 has been elucidated. At low temperatures

MqC12.2H20 ig foimed by a phase boundary controlled process. At
higher temperatures, and low water vapour pressures, Mgc12 is
formed in a single stage; intermediate temperatures and water
vaoour nressures cause the latter reaction to proceed in two
stages both of which are controlled by phase boundary processes.46

When introduced into crystals of Cngx3 (¥=Cl,Br} trivalent ions
tend to cluster in pairs which act as magnetic dimers.47'50 The
e.p.r. spectra of the Cr(IIT}-Cr{ITI}) and Mo{(ILI})-Mo{IIL) pairs
have been carefully analysed in terms of exact solutions of a
spin Hamiltonian written for systems which contain two magnetically
coupled S5=3/2 ion5.47

The polymorphism of MNbFT(M=Mg,Ca) has been studied in detail;48
the fluorides adopt both f.c.c¢. structures {isostructural with
NaNbFG) and rhombohedral structures ({isostructural with LiNbF.)
which are characterised by the presence of interstitial F anions.
Phase relationships (limiting solubilities, thermal stabilities)
in the Can—HF3 {M=Y, La-Lu) systems have also been assessed:49
in general, the phases are non-stoichicometric with statistical
distributions of various valency cations on the lattice sites of
the Car, and LaF,~structure types.

The principal contribution to the chemistry of ternary and
higher oxides of the alkaline earth metals has been made by
Kemmler-Sack and his co-workers. In an extensive series of
papers he has described the synthesis and characterisation
{principally structural and spectroscopic) of a2 number of novel
hexaqonal stacking polytypes with rhombohedral layer structures.
Structural énalyses of oxides with gg{Ba4 8/3 34/3012],'51,52
12L(Ba4[nnewg1012 « M=S5c,In,Lu,Yb)}, 18L(Bg [M4/3wc12/3012],

M=¥, Gd-Lu)}, and 24L(Ba4[3ew3/2£33/2012]} structures have been
accomplished. The structural properties of these varlous stacking

polytypes are shown in Figure 1 and unit cell parameters are
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121, 18L 2LL

Figure 1. Hexagonal stacking polytypes with rhombohedral
structures. {Reproduced by permission from 2.Anorg.
Allg.Chem., 448(13791119, 451{(1979)129}.

collected in Table 3. Vibrational spectroscopic studies of

- 56 =
5L{Ba4[mlﬁ/504/5012] . M=tWb.,.Ta), of 12L(Ba4[MRe:_,El 012155 M=Mq,
ca,Co,2n,Cd and Ba, M Re, O o} , M=5c,¥Y,Pr,sm—Lu) and of
24L (Ba ,[ReW a 4(!: 2/3anc21 B:/EREJ Nb L] O )56 variants

a(ReV3, 59 3,5015] alRey /58Py /5T 5 ,50,5]

have been undertaken and factor group analysls completed.
Kemmler-Sack et al. have also shown that oxides with composition

Ba4[M4/3T82132/301iLé (M=Y,Pr,Nd,Sm—Lu) crystallise with a cubic

perovskite lattice; the unit cell parameters decrease with
decreasing size of M{(III) from Pr{IIT) (a=8.528) to Y(III) (a=
8.33%). They have alsc undertaken vibrational analysis of the

ordered perovskiltes Baészﬁezolil and Sr4[ﬂzRe201 1 (M=L1,Na)-59

The conditions for the preparation of Ca,Ti 0., M V.0 and
61 62 2775 276 1663

M,V 5057 (M=Mg,Ca,Sr,Eg.;, cam:.ot.:;é BagNb, O, , BaSszolo,Gs
Ba4Nb209, Ba3Nb208&6 Baszos, HgFe204, Sr20..'='.2':)6_4:(._,.2
and HUO4(H=Ca,Sr,Ba) have been defined. The effect of molten

salts, e.g. M2C03 or MCl {(M=Na,K), on the preparation of alkaline
earth metal titanates and zirconates by reaction of MCO3 {M=Ca,5r,
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Table 3. Unit cell parameters for a number of hexagonal
stacking polytypes with rhombohedral layer structures.

Oxide gggﬁg a/R c/R Reference
Baq[“a/3“4/3°12] R3c 10,13 13.96 51,52
Ba, [ScRew DO, ] R3Im 5.75 27.80 53
Ba, [InRew 0O, ] R3m 5.78 27.90 53
Ba, [LuRew nolﬂ R3m 5.81 28.05 53
Ba, [¥YbReW 00, ;] R3m 5.81 28.06 53
Ba, [Lu, 39,0, /30 5] R3m 5.84 42.56 54
Ba, [ReWy /503 /501 7] R3m 5.81 55.52 55
Ba) with T102 or 2r0, has been assessed;67 the molten salts were
found to have an appreciable accelerating action. Reaction of

titanium and zir onium hydroxides with aquecus solutions of barium
and sodium hydroxides vields amorphous mixed hydroxides with
M{II})/M({IV) ratios between 0.9 and 1.5:68 on ageing crystallii-
sation leads to the hydrated titanates and zirconates. The
thermodynamic characteristics of possible redox processes in the
Mg0~V205—V02 system have been elucidated using e.m.f. and X-ray
diffraction technigues.

Structural properties of a number of ternary oxide560'65'70M76
have been evaluated; relevant unit cell parameters are collected

in Table 4. X-ray diffraction studies of Ca0O-#Mn0O samples,

Table 4. Unit cell parameters for a number of kternary oxides.

Space e
Oxide Symmetry Groun a/R b/& c/& B/ ref.
CazTiBO12 cubic - 4.31 - - - 60
BazTi5_5013 monoclinic C2/m 15.160 3.893 9.093 98.6 70
Baano3 orthorhombic Immm 10.967 4.385 3,552 - 71
n-BaCr,0, monoclinic C2/c 16.31 16.67 9.474 95.33 72
sr205206-419-2 cubic - 10. 340 - - - 65
SrzcanO6 hexagonal P3 5.416 - 6.640 - 73
BaFel.5A10-504 hexagonal P63 10.81 - 8.707 - 74
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prepared by thermal decomposition of mixed carbonates, have
confirmed the presence of a single phase of rock salt structure
(Cal_anxo) across the entlre composition range.?s High
temperature X-ray diffraction analyses have revealed that whereas
CazFezos retaing its oathorhombic oxygen—~deficient perovskite
structure up to ca.lB?%K, SrzFezos undergoes a transitig: to a
cubic oxygen-deficient perovskite structure at ca.973XK.

The vibrational spectra (isr. and Raman} of a number of alkaline
earth metal uranates?7 and of MGA,0, (M=Sr,Ba)?8 and the magnetic

bhehaviour of MFe04{H=Sr,Ba)79 and of BaRuQ 80 have been examined

3
and discussed in terms of thelr structures. Standard thermo-
dynamic parameters of formation of barium tungstates have been
ascertained from electrochemical measurements (1000<T/K<1400);81
data are collected in Table 5.
Table 5. Standard thermcdynamic parameters of formation of
several barium l:ungstate.f:‘..-‘?9
o o o
aHf {298. 15K} be {298. 15K} Asf (298.15K}
Oxide -1 -1 -1 -1
kI mol kJ mol JK mol
Bawo4 -{(1680.1 + 10.5} -{1573.4 + 10.9} 151.5 + 7.5
Ba, WO, -(2367.7 + 10.5) ~(2225.7 + 12.5) 201.7 + 6.7
Ba3w06 -{2008.3 + 12.5) -({2835.5 + 13.4) 268.4 + 9.6

2.4 COMPOUNDS CONTAINING ORGANIC OR COMPLEX IONS

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. There
is, however, an iniltial subsection in which recent advances in the
field of alkaline earth metal salts of carboxylic acids are

described.

2.4.1 Salkts of Carboxylic Acids

Particular interest has been shown in the salis of hydroxy-—
82-86

carboxylic acids, presumably because of their unusual
affinities for alkaline earth metal ions in agueous solution.

The complexation of Be2+ with 3-hydroxybutancic acid,Bz 2-hydroxy,
2—-methylprepanocic acid,82 and 4- and 6—hydroxysalicylic acids in

aguecus solutions has been studied potentiometrically:; complex



formation is found to be very sensitive to the pH of the system.

The crystal structures of three hydroxycarboxylates
a4

malate asntahvdyrats calocinm dAi-DT—mlucarats Aihodr
maiate ancanyarate, calcrom Q2-Ul—~glycerate dinydr

calcium bromide D-pantothenate86 have bheen elucidated. Whereas
HOOCCH{OH)CH2COOH CH2(DH)CH(OH}COOH CH2(OH}C(CH3}2CH(0HJC(=0}
NHCEZCHECOOH
Malic acid Glyeceric acid Pantothenic acid
HOOCCH(SH)CH2COOH HOOCCH{NHz}CH2CH2C00H

Thiomalic acid Glutamic acid

the Mq2+ ion is six—-coordinate, the Ca2+ ions in both salts are
seven-coordinate. The approximately octahedral coordination
sphere of Mg2+ in the malate is formed by two oxvgen atoms of a
chelating carboxylate anion and four water oxygen atoms, r{Mg...0)=
2.045—-2.125&.84 The Ca2+ coocrdination shell in the glycerate is
effectively pentagonal bipyramidal, two chelating carboxylate
anions, one monodentate carboxylate anion and two water molecules
providing the seven oxygen atoms, r(Ca...0)=2.346—2.443R.85 The
Caz+ coordination shell jn the pantothenate is composed of six
oxXxygen atoms from three carboxyiate anions {one tridentate., ane
bidentate and one monodentate}, r{Ca...0)=2.291-2.613% and a

single bromine atom, r{Ca...Br)=2. 8878, 8%
S5ix-coordinate Ca2+ ions are foung7in the crystal structure of
. : :

[
n atoms from both carboxyl groups, the
-+

JE N R R PR S, - T R s R T, S LI
ULDLUL LEd DL Ldliglradi o LUOLUIAINALIOn pPLAYIIEeQL O Daing o

of four oxyden atoms from independent carboXylate anions and two
wvater oxvgen atems, riCa...0)=Z_292-7, 348A.

2+ o 2% o 2%

Er . BaZ+

So0lid state 1l:1 salts of Mg with thiocmaliec

actd have heen isclated and characterised by elemental analysis,
i.r. spectra and thermal studies:88 the latter show that desul-
phurisation preceeds decarbonylation leading to the formation of
metal carbonates in all cases, except the magnesium salt for which
MgO 1s the end product.

Complexation of Hg2+ 7Ca2+, Sr2+, Ba2+ with 1,4-diaminobut—2~
ynetetraacetic acid (2} % and with [bis{2—aminoethy1)ether]—N,N'—
dimalonic acid (2190 in aqueous solution have been studied using
potentiometri ¢ techniques at 298K; the stabilities of the resultant

[+ 1Y
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HOOC.CH CH.,,CO0H BOOC COOH
2, -~ 2 \ rd
NCH2C CCH2N /pHNHCH2CH20CH2CH2NHCH

HOOC.CH2 CH2COOH HOOC cood

(23 {3)

complexes have been established and the influence of the structures
of the hvdrocarbon chains discussed.

The structural characteristics of calcium ion binding to the
aminocarhoxylates, ethvlenediaminetetraacetate (EDTA) and nitrilo-
triacetate {(NTA} have been assessedgl in a single crystal X-ray

diffraction study of Ca[CaEDTA].7H,0 and NafCaNTA]. The coordin-
2+

ation pelyhedra of the Ca ions in these two moleties are shown
in Figure 2. In Ca[CaEDTA] «7H,0, there are two crystallographi-
cally distinguishable Ca?% ions (Figure 2a). <Ca(2} is coordinated

by a hexadentate EDPA molecule, r(Ca...0}=2.370—2.473R, rf{Ca...N}=
2.623, 2.7113, the square antiprismatic 8-fold coordination being
conpleted by a water molecule, r(Ca...0)=2.47OR, and a symmetry
related EDTA oxygen atom, r{ca...0j=2.5268%. Ca{l) has a pentagonal

binyramidal 7-fold cocordination sphere furnished by five oixygen

(2) (v

Figure 2. The ca?* coordination polyhedra in {a} Ca[CaEDTA].?H20
and (b} Na[CaNTA] - {Reproduced by permission from
Inorg.Chem., 18{(1979)2674).
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atoms from four different but symmetry related EDTA ligands,
r(Ca...0}=2.327—2.5812, and two water molecules, r{Ca...0}=2.355§,
2.3638.%91  The 7-fold coordination of the ca®* ion in wa[canta)
{(Figure 2b} is in the form of a capped trigonal antiprism which
consists of the tetradentate NTA ligand, r(Ca...0)=2.365%,
r{Ca...N)=2.629% and three non-chelated oxygen atoms from symmetry
related NTA ligands, £{Cca...0)=2.3923. The scodium atoms, solely
serve to balance the charge; they are in a trigonal antiprismatic
coordination environment of six oxydgden atoms from six symmetry
related NTA ligands, r(Na...0)=2.349, 2.431.°1

2.4.2 Peryllium Derivatives
9294

Haaland and Lusztvk have reoorted the results of an extensive
study of the molecular structure of beryllocene, szﬂe. Novel
gas phase electron diffraction92 and He{I) photoelectron spectro-
scooic93 data are presented together with licuid (338K) and solid
phase (113,298K) Raman specl:roscopic94 data. Ab initio M.O.
calculations using a double-¢ basis have also been completed for a
numbgr of gsze structgges including the DSd' CSv' CS.SLIP, and
Cs.h™=-Cp~h -Cp models. The lowest energies calculated were
those for the Doy and Cs.hS"Cp—hl-Cp mociels.93 The gas phase
92,93 however, are consistent with the slip sandwich model of
CS symtetry derived from the CSV model bv moving sideways the ring
which is at the greater distance from Be, while keeping the two
rings essentially parallel. The best fit between experimental
and calculated electron diffraction intensity curves is ohtained
with a model with a sideways slip of 0.88.%2 {cf. the similar
struckture, with a 1.28 sideways s5lip, derived by Wong et a1.95 from
their single c<rystal X-ray diffraction investigations). A
similar model can be used to account for the liquid and solid
phase Raman spectrag4 which give rise to the following conclusions:
(i) there are two different Cp rings in the molecule of liguid and
solid szﬁe, (ii) one of the rings possesses CSV local symmetry,
and {iii) the second ring deviates from the C5v lccal symmetry and
is probably polyhapteo-bonded to the metal.

M.Q. calculations have also been undertaken for the complexes

formed between mono- and dibenzocyclopentadienyl anions, i.e.

indenyl{4) and fluorenyl{(5S) anions, and BeH+ or BeC1+.96 Three
stable structures were found for the indenyl derivatives correponding
to hG—, h5 and l—hl—bonding types. Only two stable structures

were found for the fluorenyl derivatives corresponding to h®- ana
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9/ O

(4) (5)

9—hl—bonding types; all attempts to locate the hs—honding type
resulted in the locaticon of the 9—h1—bonding type.g6 The two
most stable structures were calculated to be those with hl—bonding.

The electronic structure of polymeric beryllium borohydride has
been modelled by performing M.0O. calculations on (BeBzHa)n{1<n<6)
fragments.97 Consideration of the data indicates that the
material is best viewed as nearly ionic BeBH4+ and BH4- ions;
this view is consistent with previous crystallographic and i.r.
work.97

M.0. studies of the nido-beryllckoranes, BSHlOBex (X=BH4,
BgHy s CHy, hS‘CSHS)Shave been undertaken.”® The bonding at the
Be atom in Bsﬂloﬂe(h —CSHS) was found to differ significantly
from that in the other compounds, the charge on Be being positive
for the three ligands BH4, BEH10 or CH3 but s5lightly negative for
CSH5.98 The synthesis and structural characterisation of the
corresponding berylloborane, BSHBBe{hS—CSHS) has been reported.
Whereas the {h5—C5H5)Be moiety in B_H Re(hS—CSHS) is incorporated
as a vertex in a BeBg six—atom framework, in BSHBBe(h -CSHSJ, the

99
5710

(hS—CSHSJBe moiety resides in a nonvertex bridging position
hetween two adjacent basal boron atoms in a sguare pyramidal
framework.99

Centrosymmetric (BeN)2 four membered ring systems have been
shown to be present in the molecular structures of the di-t-butyl-
methyvleneamino derivative of beryllium, [Be(N=CBu2t)2']2,loU and
the cyclic beryllium silylamide,[#S.NR.5iR,.NR.SiR, VK] ,.1%1 The

geometries of the two rings are very similar; details are compared

in Table 6. These compounds were actually prepared as part of a
series of methyleneaminoberyllium compounds,loo [BeCl-(N=Ct:-Bu2}] 2
Li[Be (N=Ct—Bu2}3] . [Bei-Bu{N=Ct-Bu2}] ot Be(N=Ct—Bu2}[N(51Me3)2'| .
[Bei-Bu(N=CPh2)]? and [Bet—-Bu(N=CPh2)] o, and a series of cyclic
beryllium silylamides (6)—(9});: all products were characterised

by elemental analysis, i.r. and 1H n.M.r. spectroscopy.
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Table 6. Molecular Geometries of the (BeN)z rings in
[Be(N=Ct-Bu,},], and [FeNrSiR,NRSiR,NE] ,.

[Be(N=Ct—Bu2}2]2 [BeNRSiR2NRSiR2NR] 3
r (Be...N) /R 1.682 1.714
r (Be...N") /R 1.674 1.683
N-Be-N' /° 96.9 99.8
Be-l-Be* /° 83.1 80.1
H R o
/,c%hh PN
azsi———Tlnz sti Tle sti Tle sti Tlaz
RN NR RN NR RN NR RN NR
\/
Be Be -] Be

2.4.3 Magnesjum Derivatives
The papers abstracted for this section of the review are

selective; organomaghesium chemistry is the principal omissicn
since it is the subject of a separate annual review.

A new series of THF complexes including [ﬁ(THF)é](SbCls)zf
M=Mg,Sr and [?a(THFJs]{SbC16)2.THF have been reported. Analysis
of the spectroscopic properties of these complexes indicates that
the M?% cations are octahedrally coordinated by THF molecules.
Distorted octahedral Mg2+ coordination polyhedra are also found in
[ﬁg{hfac)zp] {hfac=hexafluoroacetylacetone, L=o-phenanthroline or
bipyridyl)lo3 and in [ﬂg(Ar0)2L£%4(Ar0 is 2,4-dinitrophencxide,

L=methylimidazole or pyridine). The [Mg(hfac),L] complexes
are tris-bidentate, the distortions from octahedral symmetry being
103

greater for the bipyridyl than the o—-phenanthroline complexes.

In the [Mg(ArO)zLZJ complexes (Figure 3}, tweo o-nitrophenoxide
bidentate ligands (trans phenoxides)} and two heterocyclic mono-
dentate ligands (cis heterocycles) form the inner ccordination
sphere.1®?  In the N-methylimidazole complex, ¥ {(Mg...0)=1.962-
2.1522, r{Mg...MN)=2.111, 2.1192; in the pyridine complex, r{Mg...0}=
1.940-2,186R, r{Mg...N)=2.156, 2.177. It is suggested that the
N-methylimidazole complex is a model for the possible coordination

of histidine and N-methylhistidine in certain MgATPases: the
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e

(=114

(=123

(a) (v)

Figure 3. The molecular structures of (a) the bis-methylimidazeoline
and (b)) the bis-pyridine complexes of magnesium bis-—-
dinjitrophenoxide. ({Reproduced by permission from
J.Am.Chem, Soc., 101{1979}5015).

uncoupler role of 2.4-dinitrophenol may be related to the stability
of its Mq2+ complexes.lo4

Isonicotinate N-oxide (L)—alkaline earth metal complexes,
Mng.Gﬂzo, CaL2.2H20, BaL2.3H20, have been prepared and
characterised by i.r., thermogravimetric and differential scanning
calorimetric studies.los

A series of alkoxy and aroxy magnesium hydrides, HMgQOR, has been
synthesised either by redisttibution of bis({alkoxy—- or aroxy-)
magnesium moieties, Hg(OR}z,'with HgH2 in THF, or by reaction of
MgH_ with the appropriate alcchol at 195K foliowed by warming to
ZBEK.IOG All compounds were characterised by elemental analyses,
i.r. and n.m.r. spectroscopy, ebullioscopic molecular weight
etudies, X-ray powder diffraction metheds and vacuum DTA-TGA

techniques.lo6
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Mg2+ {and Mn2+) 2-oxoimidazolidine-l-carboxylato complexes,

L —
C(=0}NHCH2852NC02M9(OMe} have been isolated from the reaction of
the metal dimethoxides, imidazolidin-2-one and CO2 in DMF at 223K;
tha transcarboxylating activity of these compounds to an active

hydrogen has been demonstrated using cyclohexanone.lo7

Equilibrlum constants for the interaction between ng+ and a
number of mono—~ and di-nucleotides have been determined using pH
titration techniques; the data are consistent with inner sphere
binding of the M92+ ion with the phosphate group.lo8

The synthesis of four hetercbinuclear complexes incorporating
Mg2+ has been reported:log_ll2 the molecular structures of three
of these products have been ascertained:log-lll those of
[CuMg(fsaenﬂ.3H20109 and of [hu(salen}Hg(hfac)z]llo (H,fsaen and
Hysalen are the Schiff bases of ethylenediamine with 3-formyl-
salicyclic acid and salicyclic acid, respectively, and hfac is
hexafluorocacetylacetone) are depicted in Figure 4a and 4b,

respectively. The fsaen anion acts as a binucleating chelating

{a) (v}

Figure 4, Partial views of the molecular structures of the Mg-Cu
binuclear complexses (a)[puMq(fsaenﬂ »3H,0 and (b} .
[Cuisalen)ﬂg(hfac]zl{Reproduced by permission from {a)
Inorg.Chim.Acta 33{(19793113 and (b) J.Chem.Soc., Chem,
Commun. {1979} 39).
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ligand by providing a planar Nao2 donor grouping for the

ce?* ion in [Cung(fsaenﬂ,aﬂzol % r(cu...w)=1.9178, r(cu...o}=
1.92¢8% and a planar 0, donor grouping for the Mg2+ ion, r{Mg...Q)=
1.978, 2.0493: two axial water molecules complete the octahedral
cooxrdination of the Hg2+ ion, r(Hg...0)=2.llSR {Figure -4a}.
Although the salen anion provides a similar planar N202 donaor
grouping for the Cu2+ ion in [?u{salen)Mg{hfac)llllo, r{Cu...0}=
1.913, 1.9218 {r{Cu...N} is not gquoted), the Mg ¥ jon achieves
octahedral coordinative saturation from the two oxygen atoms of
the salen ligand and the four oxygen atoms of two hfac anicns,
r{Mg...0)=2.053—2.1093 {Pigure 2b). The structure of the binuclear
Mg-Mo complex, (hS—CSHS)2Mo(H}Mg{THP)2Br has been reported in a

full paper:llo since this structure was discussed in the previous

113 {from abstraction of 2 preliminary paper) it will not bhe

review
considered in detail.

Tha reaction of [cis-(Co), Re(CH,CO) (RCO)] H (R=methyl or iso-
propyl} with (CGHS)EMg has been shown to afford the neutral
metalla-g-diketonate complex of the metal ion, [cis—{C0)4Re{CH300}—

(RCO{]nMg, with elimination of benzene.ll2

2.4.4 Calcium, Strontium and Barium Derivatives
The crystal and molecular structures of a numher of diverse

calcium derivatives have been elucidated during the period of the

114-118 has been prepared

review. The ternary amide, RbCa(NH2}3,
by the reaction of the metals with supercritical NH3{T=573K,
p=5kbar).l14 ‘The atomic arrangement consists of one dimensional
infinite face-sharing anion octahedra cccupied by Ca2+ ions; the
Rb' cations connect the octahedral chains. Octahedral Ca
coordination is also found in the calcium salt of ionomycin, a
novel diacidic polyether antibiotic.115 The polyether wraps
around the (:az+ ion, the six ligating oxygen atoms being furnished
by the cisoid enolised B~diketonate aniecn, the carboxylate group,
twe hydroxyl groups and a ring ether moiety.

Seven-coordinate Ca2+ ions are found in the choline phosphate
salt [CcH,4M0,F] “ca®¥Br™,¢ H,
ated by three water oxygen atoms, r(Ca...0)=2.3?4—2.465R, and

O. The cations are tightly coordin-—

three phosphate ocxygen atoms, r(Ca...0)=2.316-2.4302; the monoc—
capped octahedral coordination polyhedron is completed by a

second oxygen atom of a bidentate phosphate group, r{Ca...0)=2.63%,
This structure iszzhought to provide a model for the mode of

interaction of Ca and H20 with phospholipids at the surface of
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OH OH

[(CH3; 3NCH2CH20PD3] | iy |

choline phosphate

H,salpd
HOOC o OH OH  OH 5 CHi o OH s
\/\‘/\‘/\M-\NV‘\/I\CH{WGI:;
CH3 CH3 CH3 CH3 CH3 CH3 CH3 CH3‘
ionomycin
116

biclogical membranes.
Distorted hexagonal bipyramidal and square antiprismatic 8-
coordinate Caz+ ions are found in Ca(stalpd)(N03)zll7
Ca(pic)z.SHzoll8 respectively. The Schiff's base in Ca(stalpd)-
{NO,), is present in an hitherto unreported charge separated form
with the ligand bridging two Ca2+ ions through negatively charged
oxygen atoms, r{Ca...0)=2,247, 2.319&; the azomethine nitrogen

and

atoms are not coordinated (they carry protons which are transferred

from the phenolic groups on complex formation). A bidentate

2+

chelating NO. anion is coordinated to each Ca ion, r{Ca...Q)=

2.450, 2.474K, while a pair of equivalent bridging NO, anions

complete the 8 coprdination abont Ca2+ by formation of chelate

rings to the separate Ca2+ ions, r(Ca...0)=2.552—2.585R.117 The

2+ 118 is generated

stereochemistry of the Ca ien in Ca(pic)2.5H20:
by a pair of bidentate picrate ligands and four water molecules
in an array in which three of the water molecules occupy a
triangular face of a square antiprism; the remaiﬁing water
molecule occupies a lattice site with no cilose interaction with

the other species.ll?

1y n.m.r. spectroscopic methods have been used to study the

2+ and sucrose in agueous solution:ll9 no

interaction between Ca
evidence for complexation was found.
|j13u"l\l_-|Ela{Rz!\;IC:Sz)3 {R=Et ,Me} have been prepared;
and electrochemical studies have shown that in acetone sclution,
Ba(Et2NC52)3— is completely dissociated into the bis complex

Ba(Et2NC82)2 and a ligand anion, Et2N082 .

120 conductivity
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