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2.1 INTRODUCTION 

The chemistry of these elements will be reviewed in sections 

which reflect topics of current interest and importance. For those 

subjects which are common to Group I and II elements e.g. cation 

solvation, molten salts, crown and cryptate complexes, the publish- 

ed data are considered in the relevant section in Chapter 1. 

An annual (1976) survey of the orqanometallic chemistry of 

magnesium has been published; 
1 

preparative routes to organomagnesium 

compounds, their spectroscopic and structural properties and their 

chemical reactions are discussed in detail. 

5,6-Dibromo-2,3,4-trihydroxyacetophenone has been proposed as a 

reagent in the spectrophotometric determination of Ca, Sr and Ba 

in aqueous solution. 2 Optimum pH ranges, stoichiometries of the 

complexes, the applicability of Beer's Law and the effect of 

diverse ions were studied in depth. A remarkable reduction in Ca 

interference on Ba determination in atomic absorption spectroscopy 

has been demonstrated using a nitrogen-shielded version of moderate- 

ly fuel-rich flames, 3 The effect was attributed to the suppression 

of CaOH formation (the CaOH green band is responsible for back- 

ground absorption and noise effect) brought about by an improve- 

ment in the reducing nature of the flame. 

2.2 METALS, METALLIC SOLUTIONS AND INTERMETALLIC COMPOUNDS 

Phase transitions of pure Ca and Sr and of hydrogenated Sr have 

been investigated (300 6 T/K < 850) by means of electrical resist- 

ivity and t‘nennopower measurements. 
4 

The pure metals only adopt 

the f.c,c. and b_c,c, structures, the f-c-c, - b.c,c_ transition 

temperatures occurring near 718K (for Ca) and 819K (for Sr). 

hydrogenation of Sr causes a h.c.p. phase to appear: the f-c-c. - 

h.c.p. transition is sluggish and was observed to take place 

between 425 and 500K. 
4 

The thermodynamic properties of Sr have 

been derived (5 c T/K $ 350) from measurements of its heat capacity 

by adiabatic-shield calorimetry. 
5 

Thermodynamic properties of liquid Ca-Ag and Ca-In metallic 

solutions have been determined (T = 1373K) using an e.m.f. technique; 
6 

both components of the two solutions exhibit negative deviations 

from ideality. 

Matrix isolation studies of the diatomic molecules, CaMg, SrMg 
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2.3 SIMPLE COMPOUNDS OF THE ALKALINE BARTH METALS 

In this section, the chemistry of binary and ternary derivatives 

of the alkaline earth metals will be discussed; those ternaries, 

however, which contain both alkali- and alkaline earth-metals are 

considered in the relevant section in Chapter 1. The majority of 

tine papers abstracted for this section reflect the growing interest 

in the binary hydrides, the hydrated binary halides and the ternary 

oxides. 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 their content is of but marginal 

interest to the inorganic chemist. 

2-3-f Hydrides 

BeH2 has been produced by the controlled pyrolysis of dialkyl- 

beryllium etherates in hot oi1.14 It was obtained as an amorphous 

solid, remarkably stable at elevated temperatures and resistant 

to attack by water and common organic solvents. Of the series of 

alkylberyllium homologues subjected to the pyrolysis reaction, 

t-Eu2Be,bt20 gave the highest purity EeH2 (90-98 wt %). Crystalf- 

ine BeH2 was prepared by high pressure compaction-fusion (p > 2.7 

kbar at 473K or p > 6.2kbar at 423K) of amorphous BeE2 in the 

presence of 0.5 to 2.5 mol 'b Li. 15 Two separate crystalline 

phases were identified; although the low temperature phase 

(481 < T/K < 611) could be indexed on the basis of a hexagonal 

unit cell, a = 4.20, c = 6.762, the crystal habit of the high 

temperature phase (568 C T/K b 651) was not conclusively identi- 

fied," 

The kinetics ofthe reaction between hydrogen and Mg have been 

investigated. 
16,17 The results indicate a three-dimensional 

diffusion-controlled reaction. 
16 

The addition of small amounts 

of AIL, Ga ox In (< 1 mol %) to the Mg appreciably lowers the 

activation energy ofthe process: 
17 increasing concentrations of 

these elements, however, lead to activation energies which are 

comparable with that of pure Mg. 

A series of TH?? soluble (dialkylamino)- and (diarylamino)- 

magnesium hydrides, HMgNR2 (typically NR2 = NEt2, NPh2) has been 

synthesised by the reaction of active MgH2 with the corresponding 

bisfdialkylamino)- or bis(diarylamino)-magnesium compounds in TEF. 18 

These compounds could also be prepared by the reaction ofthe 

appropriate amine with MgH2 and by reaction of the appropriate 
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litnium dialkyl- or diaryl-amide with chloromagnesium hydride. 

Tnese hydrides were characterised by elemental analysis, i-r,, 

n.m_r _ and x-ray powder diffraction studies, Molecular weight 

studies in refluxing TtiF have been carried out and probable 

structures of these compounds are discussed. 
18 

2.3.2 Oxides and Hydroxides 

liinetic studies of the dissolution, in water, of well character- 

ised perfect MgO crystals have shown that surface potential barrier 

modification is the most likely rate determining step when solution 

diffusion is not limiting. 
19 

Electron microscopic studies of 

changes in surface structure of partially dissolved crystals have 

been related to rate changes during ciissolution. 19 
The standard 

enthalpy of formation of SrO, 
-1 

&HF(SrO,c,298_15K) = -590.53 5 1.00 

kJ.mol , has been derived from the enthalpies of solution of Sr 

and SrO in I mol.dm -3 aqueous HCL at 298.15ii.20 

Tne electronic structures of Mg(OH)2 21 
and of MgAfi204 

22 
have been 

investigated by means of x-ray emission, X-ray photoelectron and 

Auger spectroscopy. Models for the bonding in these compounds 

are derived using the spectra and simple El.0. theory. Although 

the strongest covalent interaction in Mg(OH)2 exists between the 

oxygen and hydrogen of the OH group, the Mg-0 bond does exhibit 

some covalent character, The necessary conditions (high partial 

pressure of C02, dense packing of the specimen powder in the 

specimen container and a high heating rate) for the occurrence of 

the previously ill-characterised exothermic phenomenon in the 

thermal decomposition of hydromagnesite, Mg(OH)2,4MgC03,4H20, have 

been established. 23 The exothermic phenomenon occurs at ca_ 783K - 

and is independent of CO2 partial pressure.23 

2.3.3 Halides 

Studies of the Raman spectra of crystalline and molten anhydrous 

BeCR2 (293 G T/Ii $ 733) have‘shown that the molten salt consists 

of polymeric chain molecules of varying complexity, 
24 

Single crystal structural analyses of B-CaCIL2, 4H20, 
25 

12t1*0,26 CaCY.(N03),2H20,27 28 CaBr ,~E+zOH,~~ 

Ca2CdC&6, 

CaBr2,4MeOH, and 

BaCL2,2h2029 have been undertaken using X-ray 
23-28 

and neutron 
29 

diffraction techniques_ Pertinent unit cell parameters are 

collected in Table 2. Ca2CdCR6, 12H20 is isomorphous with P-CaCR2, 

4H20. The latter contains two crystallographically distinct 



Table 2 Unit cell parameters for several alkaline earth metal halides 

Halide S)QNlletry Space 
Group a/g b/a c/g is/O l7eEerence 

8-CaCR2 ,4H20 monoclinic P21/c 8.923 10.221 12.787 114.68 25 

Ca2CdCR6,12H20 monoclinic P21/c 8.839 lO.lOG 12.714 134.21 26 

CaCR (NO~);21~20 orthorhombic Pbca 9.052 6.676 19,797 27 

Cabr2,4McOH monoclinic P2l/C 6.240 11.869 8.640 92.76 28 

CaBr2,4EtON monoclinic P21/o 9,717 7.827 11.260 96.38 28 

SrCR2,H20 orthorhombic Pnma 10.881 4.162 8.864 32 

BaCR2,2H20 monoclinic P21/n 6.722 10.908 7.132 91.10 29 

BaC II 2, 2H2C monoclinic P21/n 6.738 l.O.8GO 7.136 90.95 33 

BaCR2,H20 orthornombic Pnma 11.28 4.51 9.02 33 

BaCR2 orthorhombic Pnma 7.878 4.714 9.415 33 

BaCR2 hexagonal PZ2m 8.113 - 4.675 33 

BaCR2(L.T.) cubic Fm3m 7.311 - 33 

baCR2(H.T.) cubic Fm3m 7.60 33 
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calcium atoms: Ca(1) is octahedrally surrounded by six chlorine 

atoms, r(Ca...CP.) = 2.73-2.74a, whereas Ca(2) is surrounded by 

seven water molecules, r(Ca... 0) = 2.38 to 2.852 and one chlorine 

atom r(Ca...CK) = 2.87R in a distorted coordination sphere- *' In 

the ternary chloride, the cadmium atoms occupy the Ca(l) positions, 

r(Cd... c.C) = 2.61-2.662, and the calcium atoms occupy the Ca (2) 

positions, r(Ca...O) = 2.35-2.838, and r(Ca...CR) = 2.88a. 26 

Structural and chemical changes accompanying the thermal 

uenldration of NgCZ ,nH 0, 
30,31 

2 2 
SrCR 

2 
,nH2032 and BaCQ.2,nH2033 have 

been studied using i-r. spectroscopy, 3o d,t.a.,31 and high temper- 

ature S-ray powder diffraction techniques. 
32,33 Full details of 

tne intermediate hydrate formation and, where appropriate, the 

Fhase transitions of the anhydrous chlorides are quoted; relevant 

crystal structure parameters have been abstracted and are included 

in 'xable 2. The mechanism of the dehydration of 6aC112,2H20 has 

also been established 
34 

from the results of a microscopic invest- 

igation of the dehydration kinetics of BaCR2,2H20 single crystals 

(313 i T/K < 3361, 

colvates of formula, MF2,CZi3COOEi (M = Ca,Sr,Ba) have been formed 

in systems of the type MF2-Ch3COOH-ii20; 
35 

they have been character- 

ised usingthermogravimetric and i-r. spectroscopic methods. The 

thermal stability of the solvates increases with increase in the 

radius ofthe alkaline earth metal ion. The stabilities of alkaline 

earth monofluoride complexes, KF 
-I- 
, in H 0, 

2 
MeOEi and their mixtures 

have been studied by use of fluoride-ion selective electrode potent- 

iometry. 
36 

In water they follow the trend MgF+ > CaF + > SrF+ > 

BaF+. Tile same trend is observed in Ca!eOH but the complex stabil- 

ities are greatly ennanced compared to the aqueous cases: this 

enhancement decxeases as the atomic number of the alkaline earth 

increases.36 

2.3.4 Ternary Oxides, Sulphides and Halides 

The ternary compounds considered in this section are those 

containing an alkaline earth metal and a transition metal;. ternaries 

of the alkali and alkaline earth metals are discussed in Chapter 1, 

those of the alkaline earth and p-block metals in the appropriate 

subsequent Chapter. several X-ray diffraction studies of the 

structural properties of ternary oxides have been accomplished: 
37-42 

the relevant details are summarised in Table 3. A number of oxides 

have been characterised in the BaO-Ta205 system: 
38 

of these several 



Oxide 

Ba6Ta2011 

Ba6Ta20Ll 
ba6Ta20L1 

Ba6Ta2011 
ct-Ba4Ta209 

8-Ea4Ta209 

y-BaqTa209 

Ba3Ta208 

6a5Ta4015 
a-BaTa 

&-BaTa 

y-BaTa 

BaTa4011 

Ca5Re2012 

Sr5Re2012 
Sr3Re2010 

Ka3Re2010 
*a3Re2_x09* 
Ca20s207 

za20s20G, 5 
cr-SrU04 

y-SrUO4 

l3-SrU04 

cuoic 
tetragonal I 

tetragonal II 

tetragonal III 

hexagonal 

Symmetry 

orthorhonbic 

monoclinic 

hexagonal 

ortnorhombic 

tetragonal 

hexagonal 

tetragonal 

hexagonal 

hexagonal 

hexagonal 

hexagonal 

rhombohedral 

orthorhombic 

CUMC 

P5ml 

c2221 

P2/m 

Space 
Group 

PG#NTlC 

1’6 pmc 

l-‘6/i7lCC 

l?G/lTlcc 

R?m 

a/R 
8.68 

6.18 

6.22 

G.28 

5.952 

12 l 19 

12.15 

10.14 

5,008 

12.33 

12.552 

21.14 

12.51 

5.532 

5.156 

10.533 

10.935 

5.7699 

3.145 

LO.24 

Table 3. Unit cell parameters for a number of ternary oxides 

25.1 

Y/O Reference 

8.59 

8.52 

0.47 

4.25 

16.12 

3.6 $07 

5.815 

11.82 

7.67 

3.945 

3,917 

3.914 

18.28 

X9,03 

7.512 

7.795 

20.799 

5,492 

117.72 

37 

37 

37 

37 

38 

38 

38 

38 

38 

38 

38 

38 

38 

39 

39 

39 

39 

40 

41 

43. 

rhombohedral R?m 6.53 (cL=35.53) 42 

orthorhombic Pbcm 5.480 7.956 a.112 42 

I 

*This compound was indexed on the basis of a hexagonal. triple cell. 
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exhibit complex polymorphism. 
37,38 Polymorphism of SrU04 has also 

been studied. 
42 

Ttiree pol.ynorphic forms occur, equation (1); the 

crystal structures of the u and y polYmorphs are the same although 

u-SrUu 
10532, 15531; 

c3.5 
Ed B-SrU04 \---\ y-sruo,3 S 

. (1) 

slight differences in lattice parameters are observed- During tha 

two pase transformations, composition changes occur: the ct+S 

transformation is accompanied by an oxidative process, whereas the 

E+y transformation is accompanied by a loss of oxygen. 
42 

The high temperature phases of SrZrO 
43 

have been studied by neutron 

powder profile refinement techniques. The phase transitions are 

described by the condensation of soft vibrational modes, The 

structures of the three known ternary phases of the CaO-bfO2 system 

(Ca2Eif7016, Ca6Eif190q4 and Calif409) have been interpreted in terms 
44 of the coordinated defect model of defect fluorite-type structures. 

Tllermal transformations of CaOs03 in air have been the subject of 

d-t-a., t-g-a. and S-ray diffraction studies. 
41 

Two intermediate 

phases (CaOs207 and Ca20s206_5; structural parameters are quoted 

in Table 3) are formed during the decomposition (2) which event- 

ually yields a mixture of CaO, OS and 0~0~. 

4Caos03 i 202' 4CaO + 0s i 3UsO$ (2) 

Tne magnetic properties of a wide range of ternary oxides of 

formula AB03 (A = flg,Ca,Sr,Ba; b = Ti,Zr,&!n,Fe,Co) have been 

measured (60 s P/Ii < 300).45 The vibrational spectra of BaLn204 

have been determined and compared with theoretically 
and Da3=n409 46 
derived data. 

High teaserature electrical conductivity studies of the defect 

cnemistry of EiaFe204_g have snown it to be an oxygen-deficient 

n-type semi-conductor: 
47 

the data are adequately analysed in terms 

of a simple defect model. 

khermodynamic data for the solid solutions, NgO 3Uo 7O2+x 

(1473 4 T/Ii c 1773t48 
. I 

(c323 < T/K c 943)" 

and the vanadium oxide "bronzes", SrxV205, 

have been determined in separate studies. 

The results for the magnesium-uranium oxide solid solutions suggest 

tne existence of U(V) and U(VI) in the solid solution despite the 

mean valenceof uranium ions being less than V, e-g, for Mgo 3Uo 7 

O2 o tne mean uranium oxidation state is 4.857.48 
. * 

The phase 
* 
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diagram for the vanadium oxide "bronzes" has been constructed from 

the thermodynamic data. 49 The solid solution of Sr in V205, the 

u-pnase, exists at O-00 c x $ 0.02; the C-phase actually consists 

of two isostructural phases c(O.15 < x c 0.26) and E'(0.28 6 x d 

0.30L4' 

In a series of papers, 
50-52 

Meullemeestre has described the 

preparation and cnaracterisation (by i-r_ spectroscopy, X-ray 

powder diffraction, t.g_a. and d-t-a. techniques) of ~gNo3010,nR20 

(n = 5,7,10),50 ~~g21rr0-,0-,~,~~ C*103010,nR20 (n = 1,3,6),'1 ErMo3010, 

nh20 (n = 1.75,3,4),51 BaNo3010,3h20,51 BaPJ!0207 
51 and EtC?o04 (M = 

Ca,Sr,Ba). 
52 

An analysis of the crystal structure data was not 

reported. 

Reaction of LaS-Fe-S ternary mixtures at pressures to 60kbar and 

temperatures over 1273;; produced the previously described compound 

Ea3FeS,-. 
53 Increasing pressure to 70kbar and reacting a 3:1:2 

mixture at 1198X yielded Ba9Fe3S11(S2)2. Single crystal studies 

revealed that the structure (hexagonal, Pcc2 a = 9.218, c = 18_042g; 

is composed of close-packed layers of ba and S atoms, the octahedral 

interstitial positions of whic'n are occupied by Fe atoms. Strings 

of S;- units are located in trigonal channels created by columns of 

face-sharing FeS6 octahedra. The two crystallographically indep- 

endent ba atoms are surrounded by 9 sulphur atoms, r(Ba...S) = 3.03 

to 3-65 and 2.93 to 3.75; the coordination polyhedra are distorted 

tricapped trigonal prisms_ 
53 

Four fluorite related superstructure phases have been found in the 

CaF2 -YbF3 System. 
54 

The phases Ca2YbF7, CagYb5F33 and Ca8_gYb5+6 

F 
31-i-3 

are members of the homologous series (Ca,Yb)mF2m,5 (m = 15, 

14,131 and Ca17Yb10F64 is a combination ofthe phases :Iith m = 13 

and m = 14. In the fluorine-rich region of the system. there exists 

a solid solution with tysonite structure and a related ordered 

phase with the formula, Ca3Yb7F27. 
54 

2.4 CONPOUNDS CONTAINTWZ ORGANIC OR COMPLEX IONS 

In general, the chemistry of these compounds will be considered 

in subsections devoted to individual alkaline earth metals; data 

whicn are relevant to several elements are discussed once only, in 

the subdivision of the lightest metal considered. There is, however, 

an initial subsection in which the recently reported chemistry of 

the alkaline earth metal salts of carboxylic acids is described. 
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2.4.1 Salts of Carboxylic Acids 

In a vibrational (i-r. and Raman) spectroscopic study 
55 

of the 

formation of complexes of Be 
2t 

with oxalic acid in aqueous solution, 

three moieties were found: [Be(C204)], [Be(C204)2] 

clq)3]3-. 

2-r fBefh30) (C2 

The concentrations of the three complexes could be follow- 

ed as a function of pK by measuring the intensities of certain 

characteristic bands in the Raman spectra. 
55 

Kinetic studies 
56 

-nave shown t‘hat Be 2t ions form both [Be(kiL)]+ and [Be(L)] complexes 

with several dicarboxylate anions fL2-) (oxalate, malonate, succ- 

inate and maleate); rate and equilibrium constants have been 

obtained for the formation of both types of complex. For the 

corresponding systems containing hydroxycarboxylate anions, how- 

ever, only [Be(hL)]+ complexes were observed: no evidence was 

found for the existence of [Be(L)] complexes.56 

The stabilities of the Ba 2-P complexes, [Ba(L)]+ and [Ba(L)2], of 

several monocarboxylate anions (L-) (formate, acetate,proprionate 

and butyrate) have been estimated; 
57 

they decrease with increasing 

chain length of the anion. These results are similar to those 

observed for the corresponding complexes of Hg 
2-t 

, Ca2+ and Srztl 

The solvates, [Ba(CE3C00)2],3H20, [Ba(Cti3COO)2f,2Ch3COOH.4H20 and 

[Ba(Ch3C00)2],2Ch3COofi, have been isolated from the reaction of 

barium acetate with aqueous acetic acid; 
58 

they were characterised 

by chemical and thermal analyses and by X-ray diffraction tech- 

niques. 

The crystal structures of alkaline earth metal salts of formic, 
53 

malonic, 60,61 
maleic, 

62 
phthalic63'64 and ascorbic acid 65 have 

been determinedby single crystal X-ray diffraction methods. That 

of u-calcium formate has been compared with revised data for a- 

strontium and barium formates. 59 
Although the forrrates are not 

isostructural there are marked similarities between the compounds. 

The number of oxygen atoms around, and their average distance from, 

tne cations increase from e-calcium formate (7+1, r(Ca...O) = 

2.42x), through a-strontium formate (8, r(Sr_..O) = 2.6fi) to 

barium formate (8+1, r(Ba.,.O) = 2,792). 59 The structure of CL- 

calcium formate is in good agreement with that derived from a 

recent neutron diffraction analysis of the same compound. 
66 

The slightly distorted octahedral coordination of Mg 2+ in 

magnesium bis(hydrogen malonate) dihydrate is composed of oxygen 

atoms from two water molecules, r(Mg.,. 0) = 2.06g3, and four 

carboxylate groups, r(Ca...O) = 2.058. 
60 

Each Ca2+ ion in the 
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related salt, calcium malonate dihydrate, is coordinated by two 

water oxygen atoms, r(Ca... 0) = 2,4fi, and five carboxylate oxygen 

atoms, r(Ca.,_ 0) = 2.32 to 2.588;= the coordination polyhedron is 

a pentagonal bipyramid. Seven coordinate Ca 2+ . 1s also observed in 

calcium bischydrogen maleate), pentahydrate: 62 
the distorted 

monocapped trigonal prismatic geometry is generated by five water 
; 

oxygen atoms and one maleate anion, r(Ca... 0) = 2.36 to 2.472, 

T'ne cationsin calcium phthalate monohydrate 63 and strontium 

bis(hydrogenphthalate) dihydrate 64 are seven- and nine-coordinate, 

respectively. The coordination sphere of the Ca 
2+ . 

Ion is formed 

by seven oxygen atoms, six from phthalate ions and one from the 

water molecule, r(Ca... 0) = 2.30 to 2.60a;63 that of the Sr2+ ion 

is formed by nine oxygen atoms, six from phthalate ions and three 

from water molecules, r(Sr...O) = 2.49 to 2.76a. 64 

Two independent determinations 67,68 
of the crystal structure of 

calcium L-ascorbate dihydrate have been compared and reassessed by 

the authors using normal probability plots; the results are report- 

ed in a joint comntunication- 
65 

It is concluded that the structure 

is bestrepresented by the weighted mean of the two independent 

parameter sets; the Ca 
2+ _ 

ions are coordinated by eight oxygen atoms 

in a slightly distorted square antiprismatic arrangement, r(Ca...O: 

= 2.41 to 2.522, Six oxygen atoms are furnished by three ascorbate 

anions, the other two by water molecules. 65 

Analyses of single crystal X-ray diffraction data for the oxalato- 

and malonato-species, K2[Be(C204)2] 69 and K2[Be(C02CH2C02)21 .+H207' 

respectively, have shown that the [Be(C204)2]2- anion has Cs symm- 

etry (although S4 symmetry is approached) and the [Ee(C02CH2C02)212- 

anion contains a distorted tetrahedrally coordinated beryllium 

atom, rfBe...O) = 1.609 to 1.6238. 

2.4.2 Beryllium Derivatives 

Several theoretical. analyses of the properties of beryllium 

compounds have been accomplished. 
71-74 

Of these, three have 

concentrated on the molecular structure of beryllocene. 71-73 Ab 
- 

initio S.C.F. - M-0. (Schleyer, Streitwieser et al.) 71 and M.G,D.O. -- 

(Dewar and Rzepa)72 studies of various structures of beryllocene 

have shown that its most stable form has one pentahapto and one 

monohapto ring. Such a structure is obviously not in agreement 

with the suggested C5v off centre double well potential gas phase 

structure; indeed, even the symmetrical D5d sandwich structure was 
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found to be more stable than the C5v form. 
71,72 

Although Dewar 

and Rzepa 
72 

conclude that the suggested "slipped sandwich"crysta1 

structure is in approximate agreement with the calculated mininum 

energy structure, Schleyer, Streitwieser et al. 
71 

do not consider -- 

it to be favourable. In a separate ab initio S.C.F.-M-0. study, - 

Chiu and Schafer 
73 

specifically investigated the two experimental 

models. The results of these calculations indicate that the gas- 

pnase structure is less stable than a symmetrical sandwich or a 

model which is similar to the crystal structure, but has non- 

parallel rings. It is speculated that the vapours of beryllocene 

consist of a complicated conformational equilibrium with u-r and 

G-G tautonerism which contains conformers in which the Be atom 

forms a r-bond to one ring and a u-bond to the other. It is not 

unlikely tnat the radial distribution of this equilibrium is 

compatible with the experimental radial distribution observed by 

gas electron diffraction. 73 

Cyclopentadienyl beryllium hydride, 
71 

beryllium cyclooctatetra- 

enide7* and beryllium borohydride 72 have also been the subject of 

theoretical studies. Ab initio S.C.F.-M-0. calculations 71 have 

shown that cp3eh strongly prefers Csv symmetry and pentahapto 

bonding witn a high degree of covalent character. 'Ilhe direction 

of the dipole moment, revealed to have the negative end towards 

the Beh group, argues against ionic bonding, cp-BeH+, and implies 

considerable electron donation from the ring into the Ee p-orbitals- 

An ab initio S.C.F,-M.O. study 74 of beryllium cyclooctatetraenide -- 

has snown that a "Saturn-like" structure is less stable than 

alternative non-planar and polymeric structures. In the "saturn- 

like" structure the Ee atom lies in a number of nodal planes and 

bonding is largely ionic. Moving the Be atom out of the ring 

plane permits covalent bonding interactions as well. 
74 Using a 

FI.N.D.0. model 72 the two most stable structural forms of Be(BH412 

were calculated to be of D 3d (UBH3BeE3BH) and D2d (H2BE2BeH2BH2) 

geometry. A definitive decision concerning the structure of this 

species could not be made on the basis of these data since the 

difference in energy (ca. 6 kJ.mol -l) is obviously smaller than 

the accuracy of the calculations. 
72 

Gas phase "B and 'tinmr . . . 

spectra ;I Ee(BI-ig)2 show that only one monomeric species is 

present. A linear B-Be-B framework is inferred and the hydrogens 

of each tetrahydroborate undergo rapid local internal exchange. 

Tne preparation and characterisation of Be(B3H8)2, (cSES)Be (B3H81 
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between alkaline earth metal cations, principally Mg 
2+ 

and Ca2+, 

and ATP (1, are described. Na2M(ATP),nE 0 

Ca, n = 2) complexes have been prepared. 86 
(M = Mg, n = 3; E? = 

Their i-r. spectra 

suggest that the metal ions are linked to both the phosphate and 

base functional grcups of the ATP molecule. The formation of 1:l:l 

ternasy comple;;s between [Mg(ATP)J2- (M = Mg,Ca) and either l,lO- 

phenanthroline or the catecholamines, dopamine and norepineprine, 
82 

has also been established. Potentiometric titration and u-v_ 

difference spectroscopic studies 
81 

of equilibrium (3) have shown 

[M(ATP)]~- + [M(phen)12+e [N&hen) (ATP)12- + E12+ (3) 

that the phenanthroline derivatives are much more stable than 

expected: indeed, the ATP 
4- 

binds more tightly to &l(phenJzc than 

to P12+ (M = Mg,Ca). ‘fi n.m.r. 

anthroline 81 
and Mg 2+,(ATP)4-, 

studies of th;2M;~+,(ATP)4- phen- 

catecholamine ' systems confirm 

the t;resence of intramolecular stacking in the ternary complexes; 

it is this stacking which is thought to lead to the increased 

stability of the complexes, Analyses of 1 h n.m.r. data of the 

Mg 2*,(ATP)4-, catecholamine systems indicate that the binding of 

the catecholamine molecule in the ternary complexes occurs via 

its association with ATP alone; there is no direct interaction 

with the metal ion. 
82 

Furthermore, these 
1 
H n,m.r. data suggest 

that van der Kaals-London interactions provide the major stabilis- 

ing force for ring stacking. 83 Hydrophobic and charge-transfer 

interactions as well as hydrogen-bond formation and electrostatic 

interaction are also considered to contribute to the stability of 

the association. 83 

Peripheral magnesium complexes of a number of chloroi;hylls have 

been preparedaX characterised by u-v.-visible, i.r., h n.m.r. 

and luminescence spectroscopy. 84 The data demonstrate that the 

PIga+ is bound to the peripheral f%-keto ester system present in 

most chlorophylls rather than to the central tetrapyrrole cavity 

as in the chlorophyll proper, 
84 

E-p-r. studies of 
25 Mg hyperfine 

coupling in the fully deuterated bacteriochlorophyll radical 

cation containing both naturally occurring Mg (10% 25Mg abundance) 

and isotopically enriched samples (92% 
2s 

Mg) have also been under- 

taken. 
85 

The stability of the 1:l magnesiumztetrabenzophorphyrin complex 

has been ascertained in mixtures of pyridine and acetic acid and 
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and of t-butanol and trichloroacetic acid. 86 A comparison of the 

dissociation constants of the magnesium complexes of phorphyrins 

and benzophorphyrins shows the stabilisinq effect of the benzo- 

substitution. 

Dimesityl magnesium has been isolated as the THF adduct, Mq(C9El1)2 

(THE)*, from solutions of Mg(C9Hll)Br in THF.a7 Its thermal and 

coordinative behaviour with pyridine and N,N,N',N'-tetramethylethy- 

lenediamine is discussed_ 87 Ir _ _ and Raman spectra of the ether 

addition compounds, Et2Mg,nEt20 (n = 1,2), crystallised from 

solutions of Et2Mg in Et20 have been measured (4000-200 cm -1) 88 
. 

The monoetherate is apparently a centrosymmetric dimer with bridq- 

inq ethyl groups between magnesium atoms. The dietherate is a 

monomer with tetrahedral configuration of the ligands about the 

central magnesium atom- 
88 

ThF soluble magnesium alkoxides and aryloxides,Mq(OR)2, have 

been prepared by reaction of My?12 
89 

or (CEJ)2Ng with the appropriate 

alcohol or phenol. They have been characterised on the basis of 

elemental analysis, i-r., n-m-r-, and X-ray powder diffraction 

data; ebullioscopic studies indicate that they are monomeric in 

solution. 
89 Reactions of alkaline earth metals with aluminium 

isopropoxide in boiling isopropanol in the presence Of HqC%2 

catalyst gave the corresponding double alkoxides [M[AL(Oi-Pr)4]2]n, 

(M = My, n = 1; M = Ca,Sr,Ba, n = 2).90 1H and 13C n-m-r- spectra 

of some of the double isopropoxides suggest rapid interchange of 

bridging and terminal isopropoxy groups. 

Intensely coloured solutions of pyridinyl diradical complexes 

with alkaline earth metal halides (_3)have been produced by re- 

action of the corresponding bispyridinium halides (2) with the 

alkaline earth metal in CH3CN under oxygen-free conditions 

(equation 4).'l Most of the complexes are characterised by strong 
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intraE,ol.ecular charge-transfer bands and intensified pyridinyl 

radical. absor@zions. Titeir reaction chemistry has been studied 

&etaiZ. 91 

The reactions of the alkaline earth metals with DMSO-SO2 

solvent systems have been investigated; 92 359 reack3 to form the 

xn 

r%etal disulphate, Sx and Ea react ta form the metal sulphate, Ee 

and Ca dissolve in the solvent but the products of the reaction 

rxave yet to be elucidated_ The reaction mechanism is thought to 

inv0Lve the formation of the rretaf dLthionites via the dimerisation 

of tne so; radical ion (equation 61 obtained in the initial react- 

icon f51, Tne metal dithionites are then osidised (equation 7) to 

fG + XSOa j HX' f x&502J" (51 

metal disuIphires and subsequently disulphates by a 1-1 DHSCWXIa 

adduct. (This species has been tentatively tharacterised by 

pnase equilibria and Rantan spectroscopy studies). It appears that 

neither single component can bxing about; the oxidation. It is nut 

clear, however, exactly how the DMSO-SO2 adduct releases its 

osygen in the oxidative process. 
92 

'I'he crystal sfzrw.zttEres oE the trimethylphosphate complexes of 

Ny a+l Lli\lgt~le,~Q),h,0]ICi?o,)293 and ~~fg(~~e3PO)5](CB04)224 have been 
determined by singfe crystal X-ray diffraction methods, The stxuc- 

ture of the monoaquo complex consists of an assembfitge oE octa- 

hedrczf [Ng(%k~~PU)~h~0~ cations r[Sg...Uj = 2.05 to Z,X.S~, each 

nydrogen bonded to two CRU, anions via the coordinated water 

mrrlecule. 93 In that u,f the anhydrous species, however, the Mg 

atam is coordinafied by oxygen atoms of the five Me3P0 ligands in a 

square pyramidal arxangement. 94 The axial oxygen x(Mg,,.O) = X.942, 

is signiEicant3.y efoser tu the Rg atom than the basal ~xygens, 

rlXg.* e U> = 2.00 to Z.Cd?, presumably drte tC n-bundknq in the 

axial. direction. The perchlorate anions occupy isolated positfons- 
9lt 

I'he kinetics of the exchange of rCIejPO on [Rg(EIejPO)6]2f has been 

investigated in dZ-CbZCZ2 and d6 -tCli3f2C0 diluents using 31P n,m.x- 

spectroscopy. 9' 

diluent9j5 

The observation of [Eng~Kejp@2fS]2t fn d2-CIi2CR2 

lends support to the postulation of a dissociative Me3P0 
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exchange process for [Mg((Me PO)612+ as also does the observation 

of 5coordinate CMg(Me3PO) 1 ?+ . in the solid state. 94 

An i-r. and Raman study 36 of the Mg(NOj12-SnCB4-MeCN system has 

snown that the species which occurs both in solution and in the 

solid state is [Mg(~IeCN)6]2*~SnC2q(Ei03)ZJ2-, the hexa-solvated 

cation being octahedral, the anion centrosymmetric trans-octahedral. 

Tne preparation and characterisation of [(C5H5)2"oEElg(THF)2Zr] 

has been described: 97,98 _ 
its reactions with CO2, PhCH2Br, C3H56r, 

Me1 and MeCOCZ are also discuss&d. Single crystal X-ray diffract- 

ion data 
98 

have shown the Mg atom to be coordinated by the oxygen 

atoms of two THF molecules, the bromine atom and the bis(cyclopent- 

adienyl) molybdenum hydride moiety; the Mg...EIo bond distance 

(2.73Z.g) is the same as that reported previously for a Mg-..lrIo 

bond in which the MO acts as a one-electron donor. 

2.4.4 Calcium, Strontium and Barium Derivatives 

The crystal and molecular structures of a miscellaneous select- 

ion of calcium compounds, tetrakis(diacetamide)calcium(II) 

chlorate,monohydrate, 99 calcium(II) DL-glycerate dihydrate 100 and 

vacuum dehydrated fully calcium exchanged zeolite A 101 have been 

elucidated from single crystal X-ray diffraction data. In the 

diacetamide complex, 
99 

the Ca 
2t 

ion is 8-coordinate. Its coordin- 

ation sphere can be described as a square antiprism formed by 

eight carbonyl oxygens# r(Ca... 0) = 2.41 to 2.442, from four di- 

acetamide ligands; two of these ligands are related to the other 

two by a C2 axis. In the carbohydrate derivative, 
100 

the Ca2+ ion 

is bound to three glycerate anions and two water molecules, two of 

the glycerate anions chelating the cation with the a-carboxy 

oxygen and a-hydroxy oxygen and the third bonding to the cation 

with the 6-hydroxy oxygen only. Thus, seven oxygen atoms surround 

tne Ca2+ ion in a distorted pentagonal bipyramidal arrangement, 

r(Ca._. 0) = 2.32 to 2.478?" 

Near zero-coordinate Ca 
2t 

and Sr2+ have been observed 
101 

in the 

crystalkructures of vacuum-dehydrated fully Ca 2+ -exchanged 

zeolite A (cubic, Pm3m,a = 12.278g) and the corresponding Sr 
2-t 

compound (cubic, Pm3m, a = 12.3162). In both Ca6-A and Sr6-A, five 

alkaline earth metal cations are located in normal positions on 

threefold axes near the centres of 6-oxygen rings. The sixth Ca2+ 

ion is located at an unusual position in the plane of an 8-oxygen 

ring, and the sixth Sr 
2+ ion occupies a similar site near this plana. 
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This Ca2+(Sr2+ )ion is 3.082 (2.96a) from its nearest neighbour, a 

single oxygen atom of the aluminosilicate framework - this exceeds 

the sumcf the respective ionic radii by 0.772 (O_!X&). Two other 

oxygen atoms are 3.13a (2.982) from this Ca 2+(~r2+) ion. Presumably 

one M2+ . ion is located in an a-ring in each structure because this 

allows a more satisfactory distribution of positive charge than 

would be possible if all six cations occupied threefold axis sites. 101 

Alkyliodostrontium and barium compounds of composition (RMI),nTHC‘ 

(Fi = Sr, R = 2 or 3, R = Me,Et,Pr" or Bu n ; &l = Ba, n = I, R = Et) 

have been isolated from THP solutions at 195K.lo2 Alkylhalogeno- 

metal moieties have also been produced by cocondensation of Ca,Sr 

or ba metal vapours with excess alkyl halide (MeI, EtI, n-PrI, 

n-Buf, i-PrI, i-BuI, NeBr, EtBr, n-PuCIL, t-BuCa) at 77K_ These 

compounds are very reactive solids decomposing rapidly in moist 

atmospheres and slowly in vacua at ambient temperatures. Reactions -- 

between various unsaturated organic molecules and iodomethyl- 

strontium and -barium are also reported together with the thermal 

decomposition of C'tISr.lo2 
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