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1.1 INTRODUCTION

The widespread use of the alkali metals as simple counter-
cations complicates the definition of the limits of the literature
search pertinent to this review. In general, only those data
relevant to a number of broad subject groups, in which the role
of the alkali metals is unigue, have been abstracted. Consequent-
ly the format of this Chapter is such that the chemistry of these
elements is considered collectively in sections which reflect
topics presently of interest and importance.

For certain subjects (eg. cation solvation, molten salts, crown
and cryptate complexes), the chemistry of the Group I and II
metals is closely interwoven; in these cases, the data abstracted
are discussed once only in the relevant section in this Chapter.

The organometallic chemistry of lithiuml

and that of the heavier
alkali metals (Na - Cs)2 has been the subject of separate annual
surveys for the year 1977; structural and spectroscopic studies,
preparative techniques and chemical characteristics are discussed

in detail.

1.2 THE ELEMENTS

1.2.1 General Properties

The lattice parameter (ao) of potassium has been determined
(279 € T/XK < 333) by neutron scattering spectrometry;3 the value
quoted at 273K is 5.32691 * 0.000348.

Theoretical calculations of the equilibrium geometries and
electreonic structures of the dimers, L124'5 and Be24 and of the
trimers, Li3, LizNa, Na;, NasK, Kq and Cs3,6 have been effected
using a variety of models; the trimers are most stable in the
linear symmetric configuration.6

The major products of the reaction of lithium vapour with benzene
and with halobenzenes are polylithiated compounds;7 nevertheless
measurable guantities of multi-substituted benzenes, CGHE—nLin
(1 $ n S 3) are produced. Experiments under extreme reaction
conditions give evidence for the production of small quantities
of lithium substituted species with cyclohexene and cyclohexane

structures.



8-10 have undertaken matrix isolation studies of
the reactions of lithium atoms with H,0,% nuy,8 sir,,% ur,1© ana

UF610 and of the heavier alkali metals (Na,K,Cs) with UF4 and UEG;
8,9

Margrave et al.

10

the products of the reactions have been characterised by e.s.r.
and i.r-lo spectroscopy. Whereas 1l:1 and 1:2 molecular complexes
are formed in the Li:HZO system, the Li:NH3 system only exhibits
a 1l:1 complex; the stability of the complexes is attributed to the
sharing of the Lewis base lone pair electrons with lithium.8
Diamagnetic silicon difluoride and a paramagnetic species, either
tae silicon difluoride diradical or the silicon difluoride anion,
are formed in the Li:SiF4 system.9 MUFn (M = Li,Na,X,Cs,4 ¢ n £ 7)
moieties are formed in the reactions of the alkali metal atoms with
UF, and UFg.'°

A new type of graphite intercalation compound containing both
sodium and barium has been prepared;ll several different stages
of intercalation were observed. X-ray diffraction analysis of
the second stage compound (the one richest in metal with C/(Na+Ba)
= 7 or 8) is consistent with an intercalated triple metallic
layer consisting of a sheet of barium atoms sandwiched between
two outer sheets of sodium (1l); furthermore, this intercalated

sub~layer is hexagonal and parallel to that of the graphite (2).

BA = e = o — - 7.388 ‘ . @ Na-layer 3

Na «cwormae s e e
(::Ba~layer 2
C ’
N
3.358 . . O Na-laver 1
v

~ L

(1) (2)

The reactivity of C8K towards organic substrates has been

12 it undergoes reaction by both one- and

investigated in detail;
two—electron processes. The reaction of weak protic acids (e.g.
hZO,ROH) with CgK proceeds both via simple deprotonation of the

acid to give a partially reduced graphite, and by reduction leading
to hydrogen formation. Study of the products formed on reaction of

alkyl halides with CgK shows that one-electron transfer is an



important reaction pathway for reductions with CBK’ The acid-base
chemistry of the corresponding rubidium and caesium intercalates

was shown to be similar to that for C8'.12

1.2.2 The Alkali Metals as Solvent Media

Several papers, in which aspects of the solution chemistry of

both lithiuml3'14 and sodiumls'16 are described, have been
published; interest in these topics is maintained by their rele-
vance to nuclear reactor technoclogy. Reaction between Li3N and
excess LiZC2 in liguid lithium at 673K gave crystalline LizNCN.IB'lZ
This reaction is of considerable importance since the NCNz_ anion
is thought to be the first example of a covalently bonded polyatomic
anion stable in the presence of liquid lithium. The product,
which was also formed {but as a powder) in the high temperature
{873K) solid state reaction between Li3N and Lizcz,14 was character-
ised by single crystal X-ray diffraction techniques. Modified
preparative routes to crystalline LiBN (obtained from Li-Na solu-
tions by reaction with gaseous nitrogen at 673K) and to L12C2
{obtained by a reaction at 873K of liquid lithium with graphite)
are also described in detail.14

The solubility of Nah in liquid sodium has been determined by
resistivity techniques.15 When the results are comhined with data
from equilibrium pressure—-composition isotherms, sclubility

eguation (1) is obtained.
loglo(mol % H) = 4.82 - 3600/T 613 < T/K < 673 (1)

These results corroborate the composite solubility equation (2)
formulated in a recent review.l7

log; (mol % H) = 4.44 - 3380/T 453 < T/K < 673 (2)

\\The overall phase relationships in the sodium, NaH, NaOH, NaZO
sﬁstem have been elucidated by studying, as a function of composi-
tion, the variation in the equilibrium pressure of hydrogen over

16 The iscthermal

sodium solutionsin the presence of these salts.
sections (633, 673, 723K) of the pseudo-quaternary system so
derived indicate that the two liquid phases, i.e. metallic and
hydroxide, can coexist in either the presence or absence of either

of the two solid phases, i.e. NaH and Na,0. &an unusual feature of



the data is that the solid solution based on Na,0 is very extensive
at the higher temperatures but is quite restricted at 633K.16
The electrical resistivity of solutions of NaH (613< T/K< 703)
and of Na20 (T = 673K) in liguid sodium has also been determined.15
The relative increase in the resistivity of the sodium caused by
the two solutes is thought to reflect the difference in size of the

solvated anions.

1.2.3 Metallic Solutions and Intermetallic Compounds

A survey18 cf the formulae of binary intermetallic compounds
has shown that the vast majority contain not more than five atoms
and can be classified as one of the following nine types:s A4B,
ABB' AZB, A3B2, AB, A2B3, ABz, AB3 and AB4. In most of these
compounds the number of valence electrons per molecule is an even

nunber, not exceeding l6. A surprising observation is the frequent
occurrence of AxBy and AyBx intermetallics in an A-B system;
typical examples are: NazAu, AuNaz; Na3Sn, NaSn3; BezTa, BeTay;
Sr3Ag2, SrZAg3. The minimum internuclear distance in AB intexr-—
metallics with CsC 2~type structure has also been reviewed.19
Lithium rich (1.00 » x;; 2 0.40) phases have been studied in
the Li-B phase system using density, electrical resistance and
hall coefficient measurements.zo The data were analysed cn the
assumption that the alloys contained lithium and two lithium-rich
phases, Li,B and LiSB4. A crystal structure has been prooosed
for LigB,.- 1 1¢ is rhombohedral, R3m, with a = 4.938, a« = 90°
but it is disordered in such a way that its long range symmetry
is b.c.c., I43m, with a = 4.938. Within the short range order,
four boron atoms form trigonal planar clusters; the lithium atoms
cluster in trigonal bipyramids with five atoms at the vertices
{c.f. the configuration found in the low temperature hexagonal

structure of lithium).

22 23

The thermodynamic properties of the Na-T%, Li-Sb and

Li—5123 systems have been evaluated. Those of the Na~-T{ system
have been interpreted satisfactorily using the model of associated
solutions; the compound NaT® has the main influence on the thermo-
dynamics of the system.22 The Gibbs free energy of formation
(AG?) and corresponding enthalpies (AH?) and entropies (Asg) for
intermetallic phases in the Li-S$b and Li-Bi systems have been

determined.23 values {(at 673K) are gquoted in Table 1.



Table 1. Thermodynamic Parameters for LiZSb, Li3Sb, LiBi and Li3Bi

at 673k23
Li,Sb Li,Sb LiBi Li,Bi
862 /KT .mo1 ™t -176.0  -260.1 ~76.0  -215.3
8H /K3 .mo1 "t -220.4 -325.2 ~108.9 -293.5
482/3 .kt mor™t -66 -97 -49 -116
The stoichiometry ranges for Lig, ¥ (X = Sb or Bi) have also been

investigated; whereas that for Li3+6Sb is very narrow, that for
Li3+6Bi is fairly large (48 = 0.22), predominantly on the lithium
deficit side.z3
an analysis of the thermodynamic properties of liquid Na-Sn
solutions (523 € T/K € 723, 0.0 < XNa £ 0.3) indicates that the
solutions are strongly ordered and of partial ionic character.24

7 115

Li and In Knight shifts ~nd the electrical resistivity of a

number of Li—In solutions (1.0 3 xLi ?» 0.0) indicate the possible
formation of a loosely bound Li3In compound in the liquid phase.25
The electrical resistivity of Na-Sr solutions (373 € T/K < 773,
1.00 2 XNa > 0.62) has also been investigated;26 there is no

indication of the formation of any compounds in this system.

1.3 CATIONIC SOLVATION

Cationic solvation both in the gas phase and in solution is only
of peripheral interest to the inorganic chemist. Consequently, for
this section of the review the papers abstracted were restricted
to those in which structural or spectroscopic aspects of the subject
are discussed.

1.3.1 Solvation in the Gas Phase

The equilibrium geometries and electronic structures of the
monoligand clusters, Li(H20)+, Li(NH3)+ and LiN2+ have been
assessed using a FSGO model.27 For LiN;, the perpendicular complex
is predicted to be more stable than the linear one. The predicted

geometries of the other two moieties are as expected, the binding



energies of the Li...0 and Li...N bonds being in good agreement
with other theoretical estimates-27

Gas phase binding energies of Li+ to a number of simple Lewisg
bases have been determined by ion~cyclotron resonance spectrosc09y.28
The strength of the Lewis bases increase in the order: 320 < Hzco <
HCN < CQHG < MeOh < Me,0 < NHy < MeNH, < Me N < Me,NH. The
observation of a non-regular methyl substitution effect on the
binding energies for methyl substituted ammonia derivatives is
unusual. An even more pronounced inversion was noted, however,
for the interaction of these Lewis bases with the more complex
acids cpNi¥t and BMeB, The binding energies of a number of Lewis
acids to NH3 were also determined.28 The strength of the Lewis
acids vary in the order: H+ > CH; > cpNi*> Li+ > K+> BMe3.
Similar, but less extensive, conclusions were reached in a high
pressure mass spectrometric study of the thermochemical properties

29

of alkali metal cations solvated by NHg. Investigation of the

equilibria (3) led to the enthalpies and entropies of the cluster-
MY (NH, ) + NH, == M7 (NH,)
3'n 3 s 3 n+l {3}

ing reactions. Comparison of the data for the monoligand clusters
with similar data for lE,0 clusters, shows that NH, bonds more
strongly than H,0 for all alkali metal ions. Furthermore, the
relative bond strength ©f NH3 to the various alkali metal cations
varies inversely with their size. 1In the ammonia clusters, Lit
and Na* display a tendency for a preferred first solvation shell
coordination number of 4; a similar tendency is not observed for
¥ and Rb+.29

Standard free energies of eguilibria (4} have been computed

MY (H0)  + HyO == MT(H,0) . 4)

using the liguid drop theory.3o Using generally accepted ionic
radaii’l (vit, o.s8; na¥, 0.97; k%, 1.33: RbY, 1.47: cs¥, 1.67R),
values are obtained which agree reasonably well with experiment,
especially for n » 3. 1If, however, the ionic radius is computed
as an empirical parameter (Na®, 0.98; k*, 1.75; Rb*, 2.00; cs",
2.358) then a near perfect fit is obtained for all values of n

for Na* to Cs+.30



1.3.2 Solvation in Solution
23

The use of
32

Na n.m.r. spectroscopy in solvation studies has been
reviewed. It affords direct insight into solvation and ion-
pairing phenomena, by giving access to, inter alia, binding
constants, reorientational correlation times and the microdynamics
of the sodium coordination shell.

A new model for hydration of electrolytes has been developed33
from which it is possible to predict hydration numbers for the
electrolyte from vapour pressure measurements; the theory has been
applied to KCQ solutions. Thermodynamic parameters of agqueous

ele-trolytes have been calculated by two groups of authors using

34,35 35

simple electrostatic models. Extension of one of the models
to include non-agqueous solvents shows that the first solvation
layer of an ion in a non-polar solvent is no smaller than that in
a polar solvent.

Solvation of ions in water has been the subject of both i.r.36
and n.m.r.37 studies of the glasses formed from aqueous electrolyte

solutions. Low temperature i.r. studies36

of glasses formed from
solutions using dilute solutions of HOD in D20 as solvent has

snown that the spectroscopic properties of H,0 molecules bound to
the cations are dominated by the other HZO molecules to which each

2 37 in the

is hydrogen-bonded. The results of “H n.m.r. experiments
liquid and glassy states of concentrated aqueous solutions of
LiCfL in D20 {concn. range: LiCﬁ:DZO varies from 3.5 to 6.3) have
been interpreted to show that the solutions have similar structures
to the corresponding glasses. Small clusters of Li+(H2O)4C£_ are
tnought to exist with excess water incorporated interstitially
and having dynamic properties remarkably similar to those of bulk
watey.

Preferential solvation of electrolytes in H,0-cosolvent systems

has been investigated using both nuclear magnetic re:l_a.xat:‘_on38'"40

(lH, 23 87 133

Preferential incorporation of H20 into the cation's solvation
sphere is indicated for Na' in H,0-MeOH,3® k¥ in H,0-Meon,3%s40
+ 38-40 _ + 2° 738 .+ 2" a1 2+
Rb' in H,0-MeOH, Rb' in H,0-DMF, Cs  in H,0-DMF and Mg
in H20~Me0H39'40 mixed solvent systems. Evidence for significant

incorporation of DMSO, from H20~DMSO mixed solvent systems, into
+38

Na and Rb) and n.m.r. chemical shift ( Cs) techniques.

the solvation sphere of Na has also been obtained. Structural
features of solutions of alkali metal chlorides (M = Li,Na,K,Rb,Cs)

in the HZO—DMSO mixed solvent system have also been elucidated



42 the data suggest there is considerable

using e.m.f. techniques:;
incorporation of DMSO molecules into the solvation shells of Lit.
lh n.m.r. studies of the solvation of Mg2+ in MeOH and in MeOH-
cosolvent mixtures has shown that strongly basic solvents such as
DMF and DMSO progressively displace MeOh molecules from the Mgz+
cation solvation shell.43

A new method for the determination of the solvation number of
Na® in non—-aqueous polar solvents, has been presented.44 It is
based on the distribution of a donor solvent between two liquid
phases - benzene {(or cyclohexane) containing Na{AlEt4} and the
donor solvent. The distribution is strongly affected by solvation
with the salt; a solvation number of 6 is obtained with THF, DMSO,
pyridine and dimethoxyethane.

rhe influence of N-substitution on the solvation interaction of
amides with alkali- and alkaline earth-metal ions has been studied
using 7Li 95e and 23Na n.m.x. techniques.45 The observed shifts
were discussed in terms of the donor abilities of the solvents.

The interactions, in polar aprotic solvents, of alkali metal

4Gand vibrational

thiocyanates have been studied using both n.m.r.
spectroscopicqj techniques. Analysis of the results of 7Li and
15y n.m.r. studies?® of the association of Li¥ with SCN™ in DMF,

THF, ether and dimethylcarbonate indicates that a free ion - ion

pair equilibrium occurs in DMF and a free ion - ion pair -
dimerization quilibrium occurs in ether and dimethylcarbonate;

in all three solvents N-bonded species are formed. In THF,

however, equilibrium between ion pairs, dimers and S-~bonded species
occurs. The occurrence of Li...S interactions in THF is attributed

to its higher dielectric constant with respect to the other solvents.46
I.r. and Raman spectra of the ion pairs MNCS (M = Li,Na,K,Rb,Cs)

in DMF have been measured;47 force constant calculations have been

undertaken using a solvated ion pair model.

1.4 MOLTEN SALTS

Recent interest in the field of molten salts has centered on
their structural characteristics and on their solution chemistry
(particularly that of LiC2-KCi, NacZ—AQCQ.3 and LiNOB—-KNO3
mixtures). The spectroscopic properties (i.r., Raman, e.s.r.

and n.m.r.} of molten salts have been reviewed.48
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1.4.1 Structural and Thermodynamic Properties

The development of X-ray diffraction techniques for the study
of high temperature liquids has resulted in structural analyses
for molten halides,49—52 sulphate553 and nitrates;s4 the analysis
is based on the derivation of the radial distribution functions
for the liquid from X-ray diffraction data. Two groups of Russian
authors??790 have established that the structure of molten
individual alkali metal halides, at temperatures close to their
melting points, is not homogeneous but can be described in terms
of a cluster nmodel. The short range order in the clusters is
reminiscent of the ionic packing in the corresponding crystals,
i.e. NaCfl~ or CsCl-type. Russian worker551 have also studied
the structures of molten binary mixtures of alkali metal halides
e.yg. NaC&-KC&®, KI-CsI. Their analysis of the X-ray diffraction
data indicates that the ions are randomly distributed in these
melts., Molten LiCZ%, PbCJl2 and their mixtures have been examined

52 The Li+ cations in

in detail by a group of Japanese authors.
molten LiC% are coordinated by four C& anions at a Li...C! peak
position of 2.40R. Addition of LiC% to molten PbC:, leads to a
decrease in the coordination of the lead atoms, from 8 (for pure
PLCZZ) to 6 (for LiC?, PbCQz); there is little evidence for the
presence of the rigid pyramidal PbCLj anion in these solutions.>2
The Japanese authors have also undertaken structural analysis
of the mglten alkali metal sulphates, Lizso4, Na280g and their
mixtures 3 and of the molten alkali metal nitrates. 4 The exist-
ence of the tetrahedral soi’ and trigonal planar Nog ions in these
melts has been demonstrated. A close packed arrangement of soi“
ions seems to be the configuration realised in molten Li,50,.
In molten Na,S80,, Nat ions probably occupy a position intermediate
between the edge and face sites of the 503 ion.”3 Molten MNOg
(M = Na,K,Rb,Cs) may have a diamond- (or zinc blende-) like arrange-
ment of NO, anions and MY cations with 25% random vacancies,

whereas LiNO., could have a simple cubic-{or NaC&-)type arrangement

of ions.s4 ippropriate M...0, M...S and M...N distances are
quoted for all sulphates and nitrates studied.

Thermodynamic parameters for the molten alkali metal nitrates
have been derived from P-V-T relationships (500 < T/K < 800,
p ¢ 1400 kbar). Thermodynamic properties of liquid mixtures of
AF(A = Li,Na,K) with BF2(B = Mg,Sr,Ba)57 and with A1F358 and of

ABr{(A = Na,K) with BBr, (B = Ca,Sr,Ba)59 have been derived from
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calorimetric57's8 and e.m.f. measurements,59 respectively. Enthal-

pies of formation of the solid phases, AMgF4 (A = Na,K) and A5ARF,
{A = Li,Na,K) are included in Table 2. 1In the case of the fluoro-

Table 2. Enthalpies of formation (AH?) for a number of ternary

fluorides
AF + Mng AM9F3 3AF + A2F3 A3A£F6
Fluoride T/K AHZ/kI.mol™! | Fiuoride T/k  ANO/kJI.mol”?
LiA2F, | 298 -19.08
NaMgFB 1300 -12.1 Na3AQF6 298 -74.22
KkmgFy | 1130 -22.6 K ALF 298 -118.0

aluminates the A£F2~ion is thought to exist in the liquid mixture.58

Thermodynamic properties of the KC2~AgC£,60 LiCQ—ZnClZ,Gl
NaCﬂ—YC23,62 and MCZ—GdCZ3 (M = Na,K,Cs)63 molten salt mixtures

have also been investigated.

l.4.2, Solution Properties

The behaviour of hydrogen in LiF-NaF-KF molten eutectic mixtures
has been investigated.64 Whilst studying the diffusion coefficient
and the solubility of hydrogen in the melt (723 < T/K < 923), the
production of CHy., presumably by reaction of hydrogen with carbon
impurity in the molten mixture, was observed.

A number of reactions have been studied in the LiCfL~KC2 eutectic
molten s:alt.ss-68 Interpretation of electronic absorption spectra65
has shown the dominant telluride species present in this medium
{and LiF—BeF2 molten salt mixtures) to be the Te ion, formed
presumably via reaction (5); the presence of higher tellurides

Li,Te (c) + gweztg)-—>2ni+<soln.) + 2Te (soln.) (5)

such as Te; is also suggested. Hydrolz:is of Cx{(III) in LiC2Z-KCZ
mixtures occurs via a 3-stage process. The initial stage involves
reversible hydrolysis to form [CrC23(OH)]3~; this is followed by a
slower polymerisation reaction to form a bridged species such as
{ClSCr~O—CrC£5}6-. The process culminates in irreversible forma-
tion of an insoluble chromium (IXII) oxychloride phase. Redox

reactions of Cr(III)/Cxr(II), Fe(IIX)/Fe(Il), Cu(II)/Cu(l), Pt{IV)/
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Pt{(II) and kBu(IIXI)/Eu(II) have been studied at n-type semi-
conducting SnO2 electrodes in LiCf%-KC2 melts. (T = 723K).67

The reactions are found to be reversible, indicating no effect of
electron depletion on the electron transfer kinetics. The solubil-
ity of Liz
in LiC.-KC® melts (673 < T/K < 773).
cells at relatively high s2-

S and the solubility product of FeS have been determined
68 During operation of the
concentrations, the complex phases

LizFeS2 and LiK6Fe24SZGC2 are formed; these phases are shown to

have marginal stabilities in this melt.68

69 70 71

Aspects of the chemistry of sulphur, selenium and tellurium

in solution in NaCl—A£c23 melts have been elucidated. In an

electronic absorption spectrophotometric study69 of the oxidation
of sulphur by chlorine in these melts, four different cationic
sulphur species were observed; the most probable formulations for

these moieties are S4+, 52+, s%* and Si+ (ie. sulphur in oxidation

states IV, II, I and %). The electrochemistry of selenium,70
SeC247O 71

a variety of techniques. Selenium can be reduced in both basic

and TeCP,4 in NaCZ—A2C£3 melts has been investigated by

and acidic melts by a single 2 electron step to selenide which

exists in the melt as either ALSeCl or AiSeciz (or the analogous
solvated species, Af,SeCf; or Aizseclgn) depending on the acidity.’©
The Se-Se (IV) oxidation mechanism is dependent on melt acidity.

In acid melts oxidation occurs in a single 4-electron step; in

basic melts, however, it occurs in 2-electron steps via Se (II).
Reduction of Se{IV) to Se always occurred in a single 4-electron
step. ’h a study of SeCS?.4 solutions it was found that two Se(IV)
species exist in the melt, SeC%2” and SeCi;, linked by the acidity

dependeni equilibrium (6). Tellurium(IV) exists in NaC!L—AP.Cl3

secty + CQ_e=éSeC2§_ (6)

melts as TeCR;.7l

Reduction of this species is dependent on the
acidity ofthe melt. In the most basic melts, reduction to Te
occurs via a soluble Te(Il) species, i.e. via two 2~electron steps;
in more acidic melts, however, reduction occurs via a 4-electron
step. Elemental tellurium undergoes a complexation reaction with
Te(IV) to form Tei+. The mechanism of this reaction has been
investigated in detail; it is thought to occur via reactions

(7) ana (8).’%
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Teczg + Te —» 2rectt + ca” (7)
Tectt + 3Te—>-re§* +co” (8)

The electrochemical reduction scheme of Cr(III) at a glassy
carbon electrode in NaCP.—AJ‘.CP.3 solutions has been established:72
it occurs in two successive steps (to Cr(II) and Cr metal,
respectively). The results also indicated that a reversible
chemical step, in which an electroactive species was produced,
preceded the electron transfer; the exact identity of this step
could not be ascertained.72

The i.r. emission spectra of the Alcﬁz ion in MC2 (M = Li,Na,K)-
AQC%B melts have been reported.73

Several features of the chemistry of nitrite and nitrate molten

salts have been investigated.-m_79

Controversy still surrounds
the nature of the basic species in these melts. Further data on
this problem has now been obtained, however, by studying equilibrium

{(9) in a NaN02-KN02 eutectic medium.74 Experiments in glass,

- 2_ - 2_
NO, + 05 == NO5 + O (9)
zirconium and platinum containers point to the strong possibility
of the formation of peroxynitrate anions in the medium.

The behaviour of Co, Ni and Cu (in nitrite melts)75 and of Co,
Pt,77 Ag78 and Ca79
(as Na, [Co(NO,) ] or [Co(NH;) ]CL;) reacts with both LiNO,-KNO,

eutectic and LiNO,-KNO

76

(in nitrate melts) has been examined. Co(III)

3 3 eutectic, 6 ultimately producing C0304.
In the nitrite melts, reaction occurred via the more stable
complex, K3[C0(N02)6}, whereas in the nitrate melts, the inter-
mediate products included CoO (from the nitro-complex) and CoCIL2
and NH4C2 (from the ammino-~complex); the Co(II) moieties are
readily oxidised to Co304 by the nitrate melt. Electronic
absorption spectra of the solutions formed on dissolving CuSO4 and
NiC£2 in LiNOz—KNO2 eutectic at 393K indicate the formation of
moieties containing both nitro—~ and nitrito- ligands (i.e.
[cumo,), 0n0) 147 ana [ni(NO,) 5(0N0) ;]#7). At higher temperatures
the cations are precipitated as the oxides by Lux-Flood acid-base
reactions with the medium. The preoxidised platinum electrode

has been shown to respond to the presence of CO, and of C0§” in
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77

pure NaNO; or KNO3 at 623K; the electrode reaction (10) was

established. The solubility equilibrium (11) of Ag,0 in molten
Pt + CB"—»Pto + CO, + 2e (10
%Ag,0(c) + %H,O(soln.) = ag* (soln.) + OH™ (soln.) (11)

LiNOB-KNO3 {0.30 ¢ XLiN03 € 0.59; 415 £ T/K < 525) in the presence
of water at controlled activity, has been investigated by e.m.f.
methods.78 Electrochemical and calorimetric studies of the

3¢ KNO3 and their
mixtures) have shown that a protective surface film (probably

behaviour of calcium in molten nitrates (LiNO
oxide) is generated on the metal, which prevents further reaction.79

In the presence of halide impurity salts, however, reaction (12)

14ca + 6NO3—>14Ca0 + 2N, + N0 + 302~ (12)

occurred quite readily; it is assumed that the protective film is

depassivated by the displacement of Nog ions by X~ ions.’?

1.5 SIMPLE COMPOUNDS OF THE ALKALI METALS

In this section, recent developments in the chemistry of the
simple binary and ternary compounds of the alkali metals are
discussed. There is a general paucity of information for the
binary compounds; that which has been published, however, is mainly
associated with oxides and halides. The range of ternary compounds
considered is restricted to avoid unnecessary duplication with
other chapters of this review; thus, the majority of the data
abstracted for this sub-section describe the chemistry of ternary
oxides, chalcogenides, hydrides and halides containing alkali-

and elither alkaline earth- or transition-metals.

1.5.1 Hydrides

Theorectical calculations have been undertaken for NaH,So’el

KHSl and the pathways associated with the formation and dissocia-
tion of LiZH.82 Using a minimal basis INDO method, developed for
molecules containing elements from Na to C&, molecular parameters

for Nahr (as well as Na,, NaF and NaCf) have been computed.80
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Unfortunately these molecules are predicted to have lower bond
lengths than experimentally determined; the magnitude and variation
in dipole moment, however, is correctly predicted. The extent of

interaction between ionic and covalent configurations of NaH and KH

has also been assessed.81 Analysis of reaction (13) has revealed
extensive charge transfer intermediates of the type Li;...H— and
H + Li, & Li,H ¥2LiH + Li (13)

82

Lit, .. LiH". Calculations of a number of parameters of isotopic
6 7

LiH crystals (PLiH, 'LiH, °LiD and 3

LiD) have also been effected.8
The reaction (in THF) of LiH and NaH with representative tri-
alkylboranes (EtBB, n—Bu3B, i—Bu3B, sec—ngB) of increasing steric

requirements has been examined in detail. It proceeds in 1:1
stoichiometry; the products of the reaction, alkali metal tri-
alkylborohydrides have been characterised by chemical analysis,
i.r. and llB n.m.r. spectroscopy. The rate of the reaction 1s
strongly influenced by the steric requirements of the trialkyl-
borane; furthermore NaH exhibits greater reactivity than LiH in

these reactions.

1.5.2 Carbides, nitrides, cyanides, etc.

A monomeric substance of empirical formula CyLiy has been
85 The
white powder, which is sensitive to air and moisture, decomposes

obtained by irradiation of Li,C, in liguid NH; at 228K.

slowly at room temperature but is stable under argon at 253K.
13C n.m.r. and field-desorption mass spectra are compatible with
a derivative of the long-sought species tetrahedrane. Ab initio
M.0. calculations on isoclated CyLi, isomers show the face-centered

structure (3), with Li atoms on the faces of a tetrahedron of C
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atoms, to be more favourable than other structures of high
symmetry. This structure is reminiscent of the X-ray structure
of MeqLi4.85
The free energy and entropy of formation of Li3N (AG?

(Li3N,c,298.1SK) = —{(128.6 * l.lO)kJ.mol."l, &S?(Li3N,c,298.15K) =
~(120.46 = 0.54)3.K. T mol. 1) have been derived®® from a study

(5 £ T/K < 350) of the heat capacity of a well characterised
sample of Li3N using recently determined enthalpy data (AH?(L13N,
c,298.15K) = —-(164.56 = 1.09)kJ.mol.-l).87
aspects of a number of alkali metal azides MN3 {M = Li,Na,K,Rb,Cs)

have been elucidated from studies of their magnetic88 and thermo-

89

Structural and chemical

cnemical properties.
The room temperature crystal structure of NaCN,2H20 has been

refined.90 It is monoclinic, P2l/a, a = 6.622, b = 10.561,

c = 6.0643, 8 = 103.06°. The results are generally in agreement

with those of a recent 150K study,91

appear to be partially disordered at room temperature. High

pressure Raman spectra of NaCN and KCN have been measured;92

except that the CN groups

characterisation of the various polymorphs of these compounds was
readily achieved using this spectroscopic technique. A computer
simulation of the molecular dynamics of liquid KCN has also been

23 good agreement between computed and experimentally

carried out;
determined thermodynamic data has been obtained.

In a study of the alkali metal salts of cvananide (HZNCﬁ), the
crystal structures of LizNCN94’95 {(tetragonal, I4/mmm, a = 3.687,
c = 8.6688) and of NaHNCN®® (orthorhombic, Pbem, a = 3.531,

b = 10.358, c = 6.4868) have been determined. In Li,NCN, the Li®
cation is surrounded by four nitrogen atoms in a distorted tetra-
hedral environment (r(Li...N) = 2.0682). The larger Na+ cation,
in NaMNCN is surrounded by four nitrile-nitrogen atoms (r(Li...N)
= 2.495, 2.693) and 2 ammino-nitrogen atoms {(r{Li...N) = 2_.483) in

a pseudo-octahedral arrangement.

1.5.3 Oxides
Simon and his coworkers have continued their studies of
alkali metal suboxides. Partial oxidation of Rb-Cs alloys leads

to the formation of ternary suboxides.97 Rb—]CsllO3 has been

87,98

prepared by reacting stoichiometric amounts of the elements;
oxygen is introduced by thermal decomposition of mercury oxide.

It forms needle-shaped metallic crystals of violet-bronze colour
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melting at 251K. Single crystal (183K) studies have shown that
the compound crystallizes in the orthorhombic space group
P2,2,2, with a = 32.281, b = 21.877, ¢ = 9.0258, and z = 4. It
contains clusters of composition Cs4404. which also occur in the
caesium suboxides. The Rb atoms are arranged in close-packed
wavy sheets filling the space between columns of Csll°3 clusters.
The chemical bonding within the clusters is predominantly ionic,
wnereas bonding between the clusters and the Rb atoms is purely
metallic.97 The electrical resistance of the binary suboxides,
RbGO, Rbgoz, Cs70 and CsllOB has been determined (1.6 < T/K < 350)
by means of a contactless eddy current meathod;g8 the resistivities
of the suboxides are ca. 50% greater than those of the pure metals.
Metastable species obtained by quenching of the melts exhibited
irreversible resistivity—temperature behaviour, which is thought
tc be indicative of a complex ordering process leading to the
crystalline phases.98

6Li(n,a)3H in

Lizo, containing trace quantities of LiOH and LiZCO3, has been

The chemical behaviour of tritium produced by

examined by observing the tritiated species (HTO, HT, Ty, CH3T)

released from the target over the temperature range, 373 < T/K ¢
99

873.

in the solid phase; as the temperature is increased it is then

The tritium is thought to be stabilised initially as LiOT

released, predominantly via reaction (14). Temperature dependent

LiOT (¢) + LiOH(c) ﬂ:"i)LiZO(c) + HTO(g) (14)

(298 ¢ T/K < 673) X-ray analysis of KZO and of Rb20 has confirmed

the fact that for both oxides there is only one crystallographic

form, the f.c.c. antifluorite type.loO

1.5.4 Halides

The ionic radii of alkali metal halidelel’lo2

earth metal halideslol and chalcogenideslo2

(and of alkaline
) have been considered
by two groups of authors. An empirical soft-sphere model for

ionic crystals has been developed;lol

it is proposed that inter-~
nuclear distances (d) are related to soft sphere radii for cations
and anions (M and X, respectively) by equation (15) where k is a

constant characteristic of the class of compound. Internuclear

ak = M¥ 4+ ¢k (15)
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distances in Groups I and II metal halide crystals (for which

k = 5/3) are reproduced with remarkable accuracy (t0.00BR). It is
interesting to note that soft sphere radii for the metal ions are
identical to metallic radii for 12 coordination.lol A theoretical
analysisof short range interactions in binary crystals has also been

undertaken.102

Ionic radii and internuclear distances in Group I
metal halides and Group II metal chalcogenides have been calculated.
The ionic radii derived, agree closely with experimental values from
electron density measurements. They are additive in that they produce
internuclear distances which agree viell with observed values
(x0.108) . The calculated radii differ from Pauling's values in
being larger for cations and smaller for anions by ca. 0.258.102

A theoretical study of the energies of sclution and association
for univalent substitutional anion impurities (e.g. F ,Br ,I ) in
crystals of alkali metal chlorides (MC®; M = Li,Na,K,Rb) has keen

undertaken.lo3

The calculated data are discussed with respect to
ion size, polarisation effects and the diffusional properties of
the univalent impurity in the host crystal. The electrical
conductivity and heat capacity of single crystals of LiF, Nack,
NaBr and KCf have been investigated near their melting points.lo4
Premelting surface phenomena, commencing about 6K below the bulk
melting points, were observed in both properties, although no pre-
melting effects (to within at most O.5K) were identified within
the crystal bulk.

105 and

Mass spectroscopic studies of the vapour phase over LiF
over RbIlO6 have been the subject of separate investigations.
Although monomers, dimers and trimers were observed in the LiF
system, only monomeric and dimeric moieties were identified in the
Rbl system. Thermodynamic data for the formation of vapour phase
RbI and Rb212 were also determined.lo6

Heat capacities of RbHF2 and of CsHF2 have been measured
(5 < T/K < 533); 107

transitions in these compounds are quoted.

thermodynamic data for the various phase

Matrix isolation studies of the reactions of alkali metal halide
molecules with HZO,lOS NH3,109 UF4110 and UFsllO have been under-—
taken; i.r. spectroscopic techniques were used to identify and
characterise the products. Analysis of the Mx—H20 system108
indicates that a pyramidal structure is formed in which the metal
cationis bound to oxygen of H,0 and that the anion sits as a

counterion at the base of the pyramid and interacts through hydrogen
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bonds to the water molecule. On the other hand, it is proposed
that the product of the Mx—NH3 systemlo9 has a structure of the
form NH3M+.x_ with the interaction involving the attraction of the
alkali metal cation to the nitrogen lone pair; a hydrogen bonding
interaction is not indicated. Cocondensation in the MF-UF, and
MF--UF6 systems led to the ternary products MUF_, (4 € n < 7).llo

The double salts, KCF.,KZMon7 and KBr,K2M0207, have been
crystallised from molten 1l:1 mixtures of KCL or KBr with
K2M0207.lll Csx,C52M0207 (X = C% or Br) can also be prepared in
the same way. These compounds are decomposed by both water and
liguid NHB‘ Theig Raman and i.r. spectra have been assigned
assuming the Mozo7 ion to have D34 Oor D5, sSymmetry. A single
crystal structure determination of KBr,K,Mo,0.. {hexagonal, P63/
mmc, a = 6.017, ¢ = 15-6242) has also been u.nderta.kc—zn.]‘12

Single crystal structural analysis of the complex salt
NaC1,25202,4Na2504 (tetragonal, P4/mnc, a = 10.53, ¢ = 8.428)
has shown the coordination of one of the Na' ions to be unusual.ll3
Although eight ofthe nine Nat ions possess the expected distorted
octanedral coordination (five oxygen atoms, r{Na...0) range from
2.25 to 2.658 and one chlorine atom, r(Na...C%) = 3.0162}, the
other has a coordination number of eight — a tetragonal prismatic
array of oxygen atoms, r(Na...0) = 2.5658 ~ not hitherto reported
for Na' ions in such simple compounds. The crystal and molecular
structure of the NaBr complex of monensin (orthorhombic, P212 2.,
a = 16.618, b = 18.702, c = 12.9238) have also been exam:;med.ili
In this compound, the Na+ ions are coordinated to six oxygen
atoms in a distorted octahedral fashion at distances ranging from
2.349 to 2.5038.

The free energies of interaction of MCZ (M = Li,Na,Cs) with

315 and of NaCf with a number of a-w amino acids116 have

glycine
been calculated from e.m.f. measurements on appropriate cells with

transference at 298.15K.

1.5.5 Ternary Hydrides

Hartree-Fock-Roothaan theoretical calculations fqQr the ternary

hydrides LiBeH3,117 LiBH4lls and LiAlH4119

have been undertaken;
energetic, geometric and force characteristics and electron
density distributions have been determined.

120 Li-Ir-H and Li-Pt-H
systems have been characterised. In addition to LiH, the compounds

121 122

Phase relationships in the Li-Rh-H,
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which exist in the rhodium and iridium systems are the inter-—
metallics LiRh and LiIr and the ternary halides Li4MH4 (M = Rh,Ir),
Li = i, 1 -
14RhH3 and114;rﬁ6
ratios of LiH and Rh (or Ir) in an inert atmosphere. In the

Li4MH4 wexre prepared by heating stoichiometric

presence of hydrogen, Li4MH4 absorb hydrogen to form the higher
hydrides. X-ray powder diffraction studies indicate Li4RhH4 is

120,121 Reaction of

tetragonal, the other three are orthorhombic.
Lih with platinum at 873K under hydrogen atmospheres, has produced
a ternary hydride (and corresponding deuteride) with limiting phase

122 The structure of this material, studied

composition, LiPthO.66.
by X-ray and neutron diffraction techniques, has been shown to be
based on a sheetwise ordered hexagonal close packing of lithium and
platinum (in alternate sheets) in which hydrogen atoms occupy

tetrahedral holes {(hexagonal, P3ml, a = 2.728, ¢ = 4.2263).122

1.5.6 Ternary Oxides and Chalcogenides

For reasons noted previously, the only ternary oxides considered
in this section are those containing both alkali- and transition-—
metals., The preparation of a vast number of these compound5123-14o
has been reported, principally by Hoppe and his co-workers. In
general classical solid state reactions (e.g. high temperature
reactions between alkali metal oxides, carbonates or nitrates
with transition metal oxides) were used as preparative routes.
The tetratitanates, MZTi409 {M = Li,Na,K,Rb,Cs), however, were

prepared by reaction of the MCL with T22Ti409 at 733K under

vacuum, the volatility of TeCf favouring the reaction (16).123

2Mc + T&,Ti,Of ——>M,Ti,0f + 2TRC2 (16)
27459 2449

The most salient features of the chemistry of the ternary oxides
are their crystallographic properties; these are summarised in
Table 3. The single crystal X-ray diffraction study of u-KZCrO4126
was undertaken to assess the electron density distribution in this
material. The effective charges of the atoms were estimated to be
Cr +0.1, O ~0.5, K +1.0; the neutralised charges of the chromium
and oxygen atoms indicate a significant contribution of the
3d atomic orbitals of the chromium atoms to the Cr - O bonding
orbitals.126

The structures of molten Na,W0, (1033kK)'*! and Na,w,0, (1083K) 142

have been investigated by analysis of the radial distribution
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/0
Y/

105.7
106.2
106.4
106.2

12,06
11,99
12,01
12,05

3.84

3.784
3.791
3.797

15.89
17.38
18,25
18,92

C2/m
C2/m
c2/m
c2/m

monoeclinic
monoclinic
monoclinic
monoclinic

Crystallographic parameters for a numbexr of ternary oxides

Table 3
LizTi409
NaZTi409
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Rb2T1409
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functions derived from X-ray scattered intensity data. Molten
Na2WO4 is thought to be composed of Na atoms and wo, tetrahedra;l4l
coexistence ofWO4 tetrahedra and WO
is considered plansible.l42
Several investigations of the wvanadium
128,146

6 octahedra in molten Na2W207

143-145 ,.39 tungsten

have been effected. X-ray diffraction analysis of
143 has defined the
limiting composition of the 6-type lithium vanadium bronzes,

Li V_O and the region of Li V_,O solid solutions. Similar

x 5712zy 144% 27 3+y
studies of the Na-V~-0 system have resulted in the identifica-

bronzes
the phase equilibria in the Li~V-O system

tion of a new series of p'~type sodium vanadium brones, Nal+xV5013
and the definition ofthe limiting compositions of the x—type
sodium vanadium bronzes, Na2+2xv6016—2y' The thermal stabilities
of the p'-type and x—type bronzes have been ascertained in both

144 145

air and argon. Electrochemical studies of the K-V-0 system

have delineated the region of the Y-type bronzes, K2v8-x021—y'
¢o-type bronzes, vazos and of potassium hypovanadate, K2V307.

The crystal structures of the rubidium tungsten bronze,
Rbo.3OWO3128 and the potassium ruthenium bronze, KRu408,135 have
been examined; relevant details are included in Table 3. Poly-
morpnism in the alkali metal tungsten bronzes, NXWO3 (M = Li,Na,K,
Rb) has been investigated as a function of pressure.146 No
evidence for phase changes were observed for Naxwo3 and bewo3;
in contrast, LixW03 and wa03 show properties which may indicate
some sort of transition.

Phase relationships in the Cs-U-O system have been investigated;
ten crystallographically distinct caesium uranates have been
defined. Thermodynamic data for this system have also been
examined in detail.

knthalpies of formation of K3Cr04148 and of LiZZrO3, Li4ZrO4
and LiSZrOG149
spectroscopic measurements, respectively; the data are summarised

in Table 4.

have been determined from calorimetric and mass

Table 4 Enthalpies of formation of a number of ternary oxides

147

oxide k.cro, 48 wni_zr0,1%% i 2ro,1%° 149

3 22103 4279, LigZrC,
T

AH?(298.15H)/kJ.m01- -1548.1 -1755.6 -2364.0 -35€2.3
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Thermal analysis of a number of anhydrous ternary oxides of

A 150
general formulae AMO,, , A2M03 and A2M3O4

ar 2520 (M = Tc,Re)lsl have been

and of the iso-
structural dihydrates, LiMO
effected.

A small number of ternary chalcogenides have been prepared
recently. MCrS8 (M = K,Rb,Cs) were obtained by reaction of
chromium powder with the corresponding alkali metal carbonate in
a current of dry st at ca l320K;152 MSHgX4 (M = K,Rb; X = §,8e)
were formed in the high temperature (613K) solid state reaction of

Table 5 Crystallographic parameters for a number of ternary
sulphides and selenides

Compound | Symmetry észﬁg a/R b/ /8 8,/° gigzr—
KCrSS8 monoclinic c2/m 17.798 3.447 8.598 105.00 152
RbCrSS8 monoclinic c2/m 17.835 3.452 8.654 104.74 152
CsCr588 monoclinic Cc2/m 17.915 3.464 8.732 104.62 152
K HgS, hexagonal Pé mec 9.98 - 7.65 - 153
K HgSe, hexagonal F6;mc  10.3 - 7.88 - 153
Rb6HgS4 hexagonal 963mc 10.3 - 7.94 - 153
RbGHgSe4 hexagonal P63mc 10.7 - 8.19 - 153
the appropriate sulphides or selenides.153 Unit cell parameters

for both sets of compounds are collected in Table 5. The magnetic

and electrical properties of polycrystalline samples of Nal_xvx2

(X = §,Se) have been measured as a function of temperature.154

The stoichiometric compounds are semiconductors with localised
magnetic moments of the V3+(dz) ions; they undergo a clear para-—
magnetic-antiferromagnetic phase transition at ca 50K with a
simultaneous first order cooperative Jahn-Teller lattic distort-—
ion. The non-stoichiometric compounds are metallic and exhibit

several anomalies in their magnetic and electric behaviour.ls4
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1.5.7 Ternary Halides

Yne only ternary halides considered for this section are those

containing alkali metals and either alkaline earth, transition
or lanthanide metals; the major interests in these compounds have
been of a crystallographic and spectroscopic nature. The pseudo-
binary phase diagrams of the NaCR-Nb,CR ,155 RbI-CxI ,156

157 158 3°78 2159
CsCl—FeClg, NaF~ZnF2, MF~PrF4 (M = Na,K,Rb,Cs),
hF—DyF3,l o and LiE‘-—TbE‘4 systems have been investigated using

d.t.a. and X-ray crystallographic techniques. The only compounds

159

observed in the systems containing transition elements were
Na,Nb,C% . (d. peritectically, 863k),1°° RbCrI, (m.p. 773%) , 1>
CsFeC24 {m.p. 655K), Cs3FeC26 (d. peritectically, 754K), Cs3Fe2C29

(d. peritectically, 544K)1%7 and NaznF, (m.p. 1056k) . 138 a

plethora of compounds was identified in the systems containing
lanthanide metals:; they include K3PrF7, M2PrF6 {M = Na,K,Rb,Cs),
_ . 9
M7Pr6F3l (M = Na,Kk), MPrFS (M —lgg,Cs), Rb2Pr3Fl4, K ggF
K,DYF, ., KDyF4, kDy2F7, KDyBFlo’ L14TbF8 and L12TbF6.
Crystallographic data for these compounds, where available, are

6

6'

collected with those for a number of other ternary halides in
Table 6. The effect of pressure (1 < p/kbar < 28) on the
structure of the mixed valence ternary chloride,CsAuC13, has

165

been studied using neutron diffraction techniques:; no clear

transformation in structure was observed.

Folarised Raman spectra of single crystals of Rbcdx3(x = CZ,Br),l

167 and CsNiCt 168 and fari.r. reflection spectra of single

CstaCly 187 167 168
crystals of CsMgCEB, CsCaCl3 and CSNiCA3

examined. A normal coordinate analysis of the data for CsMgc13
and CsCaC£3
Mg-Cf and Ca-Cf bonds.

E.p.r. studies of crystals of CsMgCRB, CsMgBr3 and CstBr3 doped

have been

indicates that some covalent character exists in the
167

with Cr(III) ions, have shown that there is an extraordinary
tendency of Cr(III) ions to form exchange coupled pairs (even at
Cr{IIl) concentrations of 1 in 1000).169 The host materials have
the linear chain CsNiCl3 structure; the pairs consist of two
Cr(III) ions located in Mg or Cd sites situated on either side of
a vacant Mg or Cd site (Figure la). The stability of the Cr(III)-
vacancy-Cr (III) system appears to result from the charge compens-—
ation requirement of a linear chain CsNiCﬁl3 lattice. The form-
ation of Cr(iIi)~vacancy—-Cr{IIlI) pairs in CsMX3 crystals is

dramatically reduced by the presence of Li+, Na® or In3+. The

66
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Table 6. Crystallographic parameters for a number of ternary halides

Compound Symmetry mwwmm a/R b/’ o\w a/° B/° v/°  Reference
wuononwﬁm@mxw monoclinic C2/m 12.224 7.040 6.250 - 93.34 - 161
omouopmnmoxv monoclinic C2/m 12,523 7,152 6,171 - 91.38 - 161
RbCriy triclinic Pl 8.047 8,057 7.261 90.38 95.69 120.70 156
nmoHMa hexagonal P62m 9.650 - 3.857 - - - 162
mvwzzwn»q tetragonal I4/mmm 5.08 - 26,14 - - - 163
wuwz:Mm\mmo orthorhombic Cmcm 9.383 8.214 8.348 - - - 164
Ommz:Mm-:mo orthorhombic Cmmm 9.727 8.686 4,254 - - - 164
nmummmn&m hexagonal P6,/mme  7.235 - 17.780 - - - 157
omwcnmu tetragonal 14 /mmm 7.495 - 10.880 - - - 165
wdnmonu orthorhombic Pnma 8.949 4.026 14,93 - - - 166
KqPrF, cubic - 9.23 - - - - - 159
wwmeMm orthorhombic - 6.906 11.92 7.532 - - - 159
zmqmanwp hexagonal - 14.47 - 9.63 - - - 159
KoPr Fay hexagonal - 15.09 - 10.27 - - - 159
xuummmﬁr.e.v monoclinic mmp\a 6.381 6.590 9,131 - 90.76 - 160
waKMmﬁm.a.v cubic Fm3m 9.201 - - - - - 160
mmUWMm orthorhombic msmww 10.762 6.597 7.300 - - - 160
wc«mg hexagonal - 14.143 - 10,151 - - - 160
nuxuwwmqﬁhev monoclinic c2 14.430 8.071 12,077 - 125,53 - 160
mlxcxmmqﬁmev cubic Fm3m 11.438 - - - - - 160
xomumwo cubic Fm3m 11.616 - - - - - 160
ww»eUMm orthorhombic Pnma 9.68 2.70 5.70 - - - 159
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(a) (B}

Figure 1. Perspective views of a [Mx;]n chain showing (a) the

proposed structure of the Cr(III)-Cr(III) pair and (b)
the proposed structure of the Cr(III)-Li(I) centre.

The corners of the octahedra are occupied by halide
ions. Reproduced by permission from J. Am. Chem. Soc.,
100 (1978) 469.

presence of the small monovalent ions is thought to provide an
alternative mode by which the Cr ions can be incorporated into
the CSMX3 lattice. It seems 1likely that a Cr(III) and a Li(I) ior
enter adjacent metal ion sites within the same [MX;] chain
(Figure 1lb). The presence of In(III) ions is thought to lead to
a decrease in Cr(III)-vacancy-Cr(III) pairs because of the form-
ation of mixed Cr (III)-vacancy-In(III) pairs as well as homo-

nuclear pairs.l69

The thermal stabilities of xzz:czs,lm Kzﬁﬁcgi'uo
Na,K,Rb,CS),l7l’l72 MTacge (M = Na,K,Rb,Cs)l 1,172 .

(M = K,Rb,Cs)l73 have been examined. Fluorination of complexes

in the ME‘-—UF4 (M = Rb,Cs) systems has been studied.”4 In all

MNbC2 5
and MTcBr

(M =

cases, U{(VI) was formed, usually as MZUFS; oxidation of MBUF7,
nowever, yielded M3UF9-

1.6 COMPOUNDS OF THE ALKALI METALS CONTAINING ORGANIC MOLECULES
OR COMPLEX IONS

To simplify the text in this Section, noncyclic polyether
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complexes, crown complexes and cryptates are considered in

special subdivisions. The majority of the data, however, are
discussed in subdivisions devoted to derivatives of the individual
alkali metals. For those data pertinent to several alkali metals,
they are described once only in the subdivision of the lightest
metal considered.

1.6.1 Non—cyclic Polyether Complexes

Recent investigations of the chemistry of the crown complexes
of alkali- and alkaline earth-~metal salts has generated interest
in the possibility in the formation of analogous non-cyclic poly-
etier complexes. Several papers 175-1£84 describing the preparation
and characterisation of such complexes both in solution and in the
solid phase have been published during 1978,

Comprehensive lH n.m.r. studies of the interaction of noncyclic
poly (oxyethylene) derivatives, i.e. polyethylene glycols,
H(OCHZCHZ)nOh (1 £ n < 8) and their dimethyl ether derivatives,
so-called "glymes", Me(OCH2CH2)n0Me, (3 £ n< 8), with alkali and
alkaline earth metal thiocyanates have been undertaken by Yamagida
et al. in 64—methanol,175 175 176

d,-water, d,—acetone and 4.,-
176 2 6 3

acetonitrile. In d4—methanol solutions the ethylene proton
signal of hexa-ethylene glycol (n = 6) was affected by addition
of nat or Ca2+, that of heptaethylene glycol (n = 7} was affected

by addition of Na+, K Srz* 2+

, Rb+, Cs+, oxr Ba and that of octa-
etiiyleneglycol (n = 8) was affected by the addition of K+, Rb+,
+ 2+ 2+ - .+ 2+ i
Cs , Sx or Ba ; neither Li nor Mg altered the "H n.m.r.
signals of any of the glycols studied.l75 Similar observations
175

were made for solutions of glycols in water. The changes in

the spectra on addition of the cations were assumed to be a mani-
festation of a complexation interaction between the cation and the

polyether derivative. Similarly, in d6—acetone and d3— acetonitrile

solutions,176 interpretation of the 1H n.m.r. spectra indicate

specific complexations of tetraethylene glycol (n = 4) with Mgz+,
hexaethylene glycol with Na® ana Ca2+ and heptaethyleneglycol with

. . +
kK¥. o specific interaction was detected for Rb* and cs” in these

176 I.r. and lH n.m.r. studies of the tetraphenylborates

solvents.
of complexes of poly(oxyalkylene) derivatives, i.e. non-cyclic
polyethers with the recurrent - CHRCH20 - unit, with Na+, Mgz*,
Ca2+, Sr2+ and Ba2+ have indicated similar complexation inter-
actions-l7?

The thermodynamics for the complexation of Nat (from
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NaCZO4) by (4) in pyridine solution have been determined by
23Na n.m.r. spectroscopic techniques.l78 A strong complex is

formed (Ah(;, = —nkJ.mol"l, AS? = -201J-K"1m01'1) in which the

R
AARVERYER VI VY Y Y

ox o :
(5)

(4)

interaction is best described as a wrapping of the heptadentate
ligandaround the Na+ cation.

In a careful study of the crystallisation of noncyclic polyether
complexes of alkali and alkaline earth metal thiocyanates, Vogtle
et al179,180

polyetner to bear two rigid donor end groups, e.g. (4), for

have concluded that it is not necessary for the

crystallisation of such complexes. Crystalline complexes of
polyetners with a single donor end e.g. (5) have been produced
with alkali and alkaline earth metal salts.179 It is thought

that tne chain segment adjacent to the donor group can enclose

the cation in a planar fashion. Careful crystallisation experi-
ments have also shown that polyethers bearing two donor free but
rigid aryl groups at their ends and containing at least five ether

oxygen atoms e.g. (6) give crystalline complexes, especially with

NN\ \/ "\ /N N/ \
o o & b o o

g 0, .

(6) (7
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alkaline earth metals. The crystallisation of 1l:1 complexes

of simple "glymes" with these salts has been claimed by Yanagida
et al; however, few experimental details are quoted.l76

The crystal structures of four examples of complexes formed by
noncyclic polyethers with two rigid donor end groups have been
published:181_183
of NaSCN with (8},
1:2 complex of KSCN with (3}.
anions provide the coordination for the sodium cations in NaSCN,

(7) and NaSCN.(8). In NaSCN, (7) the cation is coordinated by all

they are the 1:1 complexes of NaSCN with (l),lsl

182 of potassium picrate with (2)183 and the

182 The open chain polyethers and
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o/ \
. ava
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SIS B R, &

OCH2COOH HOOCCH20

(8) (2)

six oxygen atoms, (r{Na...0) = 2.33~2.S4R), and the nitrogen atom
oftne thiocyanate ion, (r(Na...N) = 2.338) (Figure 2a).181

Starting with one oxyanisole residue the polyether ligand is
wrapped around the Na® ion in a planar annular structure with -0
torsion angles trans and ethylenedioxy C-C angles gauche. To avoid
a ccllision between the two oxyanisole residues, the two C-0 bonds
near the second oxyanisole residue are gauche, giving rise to a
helical ligand structure with the normals to the phenyl rings
forming an angle of 116°. NaSCN.(8) contains two independent Nat
182 A1l

tne oxygens of the noncyclic polyether bind to Nat ions; five of

cations (Figure 2b) which are almost identically bound.

(2) (v)

Figure 2 The coordination spheres of the Nat cations in {a)
NaSCN. (7) and (b) NaSCN. (8). Reproduced by permission
from (a) Acta. Cryst., B34 (1978) 2752, (b) J. Chem.
Soc. Chem. commun., (1978) 1001.

the oxygen atoms of one ligand form the equatorial plane of a
pentagonal bipyramid and the sixth (diol) oxygen atom is coordinated
to a symmetry related sodium jon. Seven coordination of each Na+
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ion is completed in one apical position by the nitrogen atom of
the NCS~ ion and in the other by the diol oxygen atom of another
symmetry-related ligand, thus forming two independent chains of
molecules along the glide planes parallel to the c-axis (Figure 2b).
The crystal structure of K[CGHZ(N02)3Qj.(2) shows the complex
cation to be dimeric; the two monomeric units are held together
by a centrosymmetric bridge formed by two bridging carbonyl oxygen
183 The K’ ions are eight-coordinate, the two carbonyl and
five ether oxygen atoms of the noncyclic polyether carboxylic acid
forming, with the bridging carbonyl oxygen of the symmetry related
ligand, a shallow helix around each k* ion, r{(K...0) = 2.729-2.903.
The coordination of the two independent K' ions in the structure
of the solvated species [KSCN.(B)ZIZ.CHCQ3 is established by two
polyether ligands; five oxygen atoms from each ligand complete the

10-coordination of the K+ ions which are not coordinated by the
182

atoms.

anions or further oxygen atoms from other ligands.
A tetraglyme coordination complex of potassium, bis (tetraglyme)
potassium biphenyl, has been crystallised by slow cooling of a
solution of potassium biphenyl in tetraglyme.lg4 The crystal
structure of this moiety, determined bty X-ray methods at 120K,
shows that the ten oxygen atoms of the two tetraglyme molecules
spherically surround each Kt ion, such as to give a solvent
separated ion pair structure. The magnetic properties of this

material have also been examined in detail.lg4

1.6.2 Crown Complexes

Interest in crown and related complexes of alkali- and alkaline
earth-metal cations has been maintained during the period of this
review. A new class of crown ethers containing or attached to

1,4-dihydropyridine rings have been synthesised; the crown ether

)

[:O O:] O,N O/r—\b/F~\b
oS <, )
Y e N\

(10) (11)
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1,4-dihydropyridine (10Q) complexes with NaCJ‘Lo4 and forms crystals
containing a molecule of acetone, NaC£O4.(;Q), Mezco.l85 Singie
crystal X-ray diffraction analysis has established that the Na’
ion is located in a pseudo-pentagonal bipyramidal coordination
sphere. The five equatorial positions are occupied by the five
oxygen atoms of the crown ether ring; the coordination is completed
by the carbonyl oxygen of the acetone molecule and by the
percnlorate anion. o
Crystallographic investigations of complexes of BlScS,186 of
518c6187+188 L1 its 4-nitro-derivative (11),1%° ana of pB24csl®®
have been undertaken. Huml et a1188,189 have examined the effect
of nitro-—substitution in the 4-position of the benzene ring of
B18C6 on the structural properties of RbNCS.B18C6. The unsubstitu-
mmetric sandwich-type dimer with the

1 D L cne

rb* ions in centrosymmetrically related positions separated by two
ti th

ted complex forms a centrosy

anlons.lsa Thus, each cation in e dimer is bound by the ion-
dipole interaction with six oxygen atoms of the crown ether ring,
r(Rb...0) = 2,913-3.1328 (the distance of the ion from the weighted
mean plane of oxygen atoms is 1.248) and by electrostatic interaction
i ety v NG 5 e - Dl MY — 2 nel® 188 mi A § o mrnlumd 3 e sede

VEL LAk VLT AT AAIRLID 4 RiNiS e & a iN ) - [T R = Y LtE A AL U SUOoLALLWULCEWK

£=4
+

182 The Rb ion is bound by an

complex has a monomeric structure.
ion-dipole interaction with the six oxygen atoms of the crown
ether ring, r(Rb...0) = 2.96-3.088 (the distance of the ion from
the weighted mean plane of oxygen atoms is 1.178) and by electro-
static interaction with the nitrogen atom of the NCS™ anion and
one oxygen atom of tne nitrogroup of the centrosymmetrically
related macrocycle, r(Rb...0) = 3.098. The second oxygen atom of
the nitrogroup is slightly more remote from the Rb+ ion, r(rRb...0)
= 3.818_189

The crystal structures of Mg(NCS}Z.BlSCS, Ca{NCS),.B15C5.
186 186

MeOHi, Ca (NCS). .B15C5.H.,0, Sr(CR0,)..BL8C6. (H,0) 287 Ba(cto,), .
818C6.(H20)2187 and Ba(c204)2.13824cs196 have been determined by

Truter et al. The coordination of the Mg2+ ion is a pentagonal

186

bipyramid with the nitrogen atoms of the NCS anions in axial
positions.186 The Ca2+ ion in the methanol complex has irregular

eight coordination which includes the five ether oxygen atoms,

the two NCS nitrogen atoms and the oxyvgen atom of the methanol

molecule.lg6 The coordination of the Ca2+ ion in the analogous
i -
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strontium compound, there are separate perchlorate ions and
complex cations having strontium in nine-coordination by six

oxygen atoms from the crown ether ring, two water oxygsn atoms on
187

one side of the ring and one water oxvgen atom on the other. in the

187,190

barium compounds, the cations are coordinated hy ten cxvgen

atoms. Peor the B1l8C6 complex, the coordination sphere consists of six

oxygen atoms from the crown ether ring, two water oxygen atoms andéd one

oxygen atom from a perchlorate ion on one side of the rinsg3 and one

el n

oxygen atom from the second perchlorate ion on the other side of the

* i ey 187 my +1 nn@nerArQo el r +h A G +3 An T Ivved 14 v Tyer 1 29

rong. (o] Cne Wns4Uo ComPbagsy, Thne Coordinactiin 1s a2uiait up DY uwne

gight oxygen atoms of the crown ether ring, which cradles but does not
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one possibly bidentate,

= . 1. . -
Solution "H n.m.r. spectra of the crown ethers B13C5 and B2IC7
as free ligands and in mixtures with alkali metal iodides or thio-

cyanates have been measured.” An empirical explanation of the
effect of complexation on the spectra is given in terms of electric
field effect, ring current variations and specific ion pairing.

Tne stabilities of a number of complexes formed between alkali
metal cations (M = Na,K,Rb,Cs) and crown ethers (B15C6, Bl8Ce,
DCH18C6, DB18C6) has been studigéﬂin methanol and in acetonitrile
19z

using polarographic techniques. The character of the solvent

was found to be an important factor in view of its ability to
solvate the cation.192
The distribution of alkali metal picrates (M = Na,K,Rb,Cs)

193 .nd of alkali metal halides (M = Na,K)
1924

between water and benzene
has been invest-—
igated in the presence of 18C6 and DB18C6 or DCH1BC6, respectively.

between water and a number of protic solvents

The overall eguilibrium constants for the partition of the picrates
+.193 ;

pass through a maximum at K ; this observation mirrors the

correlation between the stability of the complex and the size of

the cation. The order of extractability of the halides was found

P —_ -
- = - - oS

to be F > I > Br > C& , apparently reifilecting the efficacy of

the solvation of the ions by the protic solvents.194 Ultrasonic

2+
absorpt;on studies of the kinetics of the complexation of Sr
+
and Ba with 15C5 and 18C6 crown ethers in aqueous solution have

105
195

also been undertaken.
The effect of crown ethers, 18C6 and DCH18C&, on the rate of
reaction of MeOK with l-chloro-2,4-dinitrobenzene has been assessed

in several methanol-benzene mixtures.196 It is inferred that the
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observed variations in rate are derived from the ability of the
crown ethers to dissociate ion pairs.196 The influence of cation
binding (M = Li,Na,K) on the photochemistry of 4-valeroyl-
substitued DB18C6 has been investigated:lg?

: s +
specific for K ions.

the effect is moderately

In a study of the cation binding properties of crown ether acetals
(compounds related to crown ethers in which one (or more) of the
—~OCH,CH,~ groups is replaced by an -OCHR- ?roup), the effecgg?f
alkali metal cations on the hydrolysis of OCHMe(OCHZCHZ)nOCHZCHZ,

O < n £ 5, has been ascertained.l98 Although the ions have no

real effect for n < 3, large reductions in rate are observed by
acetals containing 17- and 20-membered rings, n = 4,5. These
observations are thought to be consistent with selective cation
binding and a resultant lowering of the basicity of the acetal
oxygen atoms.198

The complexing abilities of a series of crown compounds, in
which one ether function has been replaced by -NR- e.g. (12) and

(13), have been examined.199

L
C

The effects of replacing one or two

(13)

ether functions by ~NH-~, increasing ring size in nitrogen crowns
and change in the imino function -NR- (R = H, Opr or COCHzcnchZH)
were all investigated. Although possible, it was generally found
more difficult to prepare sodium iodide complexes of these nitrogen
crowns than of crown ethers, and replacement of -0~ by —-NH- in
crown ethers resulted in a reduction of extracting power.199

The synthesis of alkaline earth metal complexes of the unusual
200,201

(o]

macrocycles (14) and (15) has been reported. Single crystal
X-ray diffraction studies of SrCL,.(14),2H,0°°C have shown the Sr®”
ion to be B8-coordinate, the six nitrogen atoms of the macrocycle
defining the equatorial girdle, r(sr...N} = 2.71~2.74R, and the
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halide ions occupying the axial positions, r(Sr...Ccf) = 2. 93R.
The X~ray structures of Ca(NCS)z.(IS) and Sr(NCS)?.(lS) H,O have

also been determlned.201 While the metal ions in both eomplexes

are found to be ccordinated to the macrocyclic ligand, the

smaller Ca2+ is located much more within the cavity of the macro-

cycle compared to Sr2+. Thus the Ca2+ ion lies in the mean plane

of the macrocycle oxygen and nitrogen atoms whereas the Sr2+ is

displaced by 0,532 from this plane. Both metals appear to b

equally disposed to the

;.4.
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eignt wnile the coordination of 5r is increased to nine by a
vater molecule.zol

1.6.3 Cryptates and Related Complexes

Cryptate formation in non-agueous solvents has been studied by
Schneider et 31.202'203 Stability constants of the complexes
formed by cryptands (16)-(18), i.e. C211, €221 and C222, with K

have been determined in methnanol and several aprotic polar solvents

a b c
r ~FA ”7.3\' (16) 1 0o o c211
!
8 A~ol /~o) A (17) 1 1 o0 cz221
A 1 1 1 c222

. 202 . .
as a function of temperature. Free energies, enthalpies and
entropies of complexation have been computed from the experimental

data. The rates of dissociation of a variety of alkali metal
Lryptdt(:!b have DEEIl measured in methanol. 203 These have been
combined with the measured stability constants to give correspond-
ing formation rates. The pronounced selectivity of the cryptands
for alkali metal cations is found to be reflected entirely in the
rates, with the formation rate increasing monotonically with
increasing cation size. For a given cation, the formation rates
increase with increasing cryptand size.203 The crystal structures
of two alkalli metal ion cryptates NaNCS.C221 and KNCS.C221 have
been determim:d.zO4 In both compounds the alkali metal cation is

held inside the molecular cavity of the bicyclic ligand by ion-
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dipole interactions. In the sodium cryptate the cation is not
coordinated by any other donor atoms and is thus seven-coordinate.
In the potassium derivative, however, the cation also interacts
with the NCS~ ion giving it an eight-fold coordination sphere.Z20?
The gradation of the ion selectivity of macrocyclic ligands
through conformational changes produced by homologous bridges has
been studied for alkali-(M = Na,K) and alkaline earth-(M = Sr,Ba)

205

metal ions in MeOH—H20 solutions at 293K. The complexation

o\ /ﬁ

N R

N

\/

()

O(CHy)n0
2 <ng6 (20) R = Me
(19) (21) R = CH,CMe,
(22) R = CH,Ph
(23) R = CH,Ph(4-OMe)

constants for (19) are almost independent of n and are low compared
with those for (20). Values are close to those for (21): in (19) and
{21) steric restraints seem to inhibit a perfect donor participa-
tion of the triply bonded N atoms. On the other hand, compounds
(22) and (23) seemed to be sterically less strained; although they
exnibit lower complexation constants than (20), they coordinate
much more strongly than conformationally restricted bridged
ligands (;2)-205

Crystalline complexes of alkali~ and alkaline earth-metal cations
with branched glycols such as the tripod ligand (24), e.g.
NaCf0,.(24) and Ca(NCS)z.(gg)z, the tetrapod ligand (25), e-g.
Ca(NCS)Z-(gé), and the pentapod ligand (26}, e.g. BaIZ.(gﬁ),

OH !/\OH oH HO oH HO
L » AN A YA
" Ho.> <__on HO-—> Hos <—on

(24) (25) {26)
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have been prepared and characterised; the data are compared with

those of simpler ligand systems.zo6

1.6.4 Iithium Derivatives

The results of several ab initio MO calculations on small organo-
lithium moieties have been presented;207~21l the majority describe
the structural properties and stabilisation energies of oligomers
of dilithiomethane, CHZLiz. wWhen solvent~free methyl lithium is
heated to 523K, methane is lost and CHZLi2

brown amorphous, presumably polymeric, powder. This moiety has

remains as a light

not been studied to any significant extent physically, and its

structure is unknown. Recent calculations by Pople and 8ch1eyer207
on CHZLJ‘.2 monomer have revealed remarkable features: the cis—-planar
form (27) is found to be only 8-40kJ.mol ™t

"tetrahedral” (C, ) geometry (28). The authors conclude that

less stable than the

because of their w-acceptor and o~donor character, electropositive

substituents, especially lithium, are particularly effective in

stabilising the planar arrangements.207 In an extension of these

208

calculations, Laidig and Schaefer have shown that the lowest

energy singlet and triplet states of both planar and tetrahedral
Ch Li2 are almost degenerate; structural parameters for all four

2
states are guoted in detail.208 As a further step in investigating

the structure of polymeric CH2L12, Pople and Schleyer,209 have
presented the results of a study of the dimer, (CH L12)2 Two

types of dimer structures were considered. In the first, designated

Li
N / H-%C/ Hell Ll\ " N / \ ,/H
c
H/ AN RN '/ \/ Ny ‘i/\ /\
Li Li
(27) (28) (29) (30)

"head to tail", the Li atoms of one molecule interact with the
hydrogens of the other; in the second, designated "head to head",
the four lithium atoms are adjacent. Of the many structures
considered, (29) with four lithium atoms bridging two perpendicular
CH., units (i.e. two perpendicular planar CH2L12 monomers) was shown

2
to have the most stable geometry for (CH2L12)2.
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Pople and 5chleyer210

have also examined the methyl-lithium

dimer (CHBLi)Z' Five geometries were optimised in the calculations;
the C,, structure (30) was found to be the most stable conforma-
tion. The results of these calculations wer= used to ascertain a
mechanism for the inversion of alkyl-lithiums; a possible invers-
ion transition state was considered to be the CS structure,

derived from (30), in which one methyl group is constrained to lie

in a plane bisecting the Li-C~Li angle.zlo Streitwieser21l

has
developed an electrostatic model of the methyl-lithium tetramer
(Ch3L1)4. A collection of four positive and four negative point
charges arranged as two interpenetrating tetrahedra, subject to
Coulombic forces alone, has a minimum energy at a ratio of the
two tetrahedra sides of 0.783, a value consistent with the
observed Li-Li to C-C distance ratio of 0.73 in the structure of
CERES PN

Methyl-lithium tetramer and N,N,N', N'~tetramethylethylenediamine
(tmeda) react to form (CH3LJ'.)4(trneda)z.zj‘2 A single crystal
X-ray diffraction study of this material shows that the methyl-
lithium tetramers persist. These units show almost ideal Td
symmetry and are linked through Li-tmeda~Li bridges. Significant
interatomic distances are: r(Li-Li) = 2.568, r(c-Li) = 2.258.

lH n.m.r. spectra of ether and pentane solutions of lithium
di{n-butyl)lcuprate with n-butyl—-lithium have been examined as a
function of temperature.213 In ether, the spectra are consistent
with a dimeric 1l:1 RCu:RLi complex, (R2CuLi)2 and a monomeric 1:3
complex, R4CuLi3, while in pentane trimeric 1:1 and dimeric 1:2
complexes are proposed, (RZCuLi)3 and (R3C“Liz)2' respectively.
Structures, based on metal octahedral and tetrahedral aggregates
are proposed for these complexes; although speculative, they do
form an internally consistent picture which is supported by
chemical evidence. The influence of tri-n-butylphosphine and LiI
on the solution 1H n.m.r. spectra of certain lithium organocuprates
has also been studied.213 The 13C n.m.r. spectra of (CH3)CCH2CH =
CHCH2~M and of (CHB)BCCB2CH = C(CH3}CH2£?4(M = Li,Na,K,Rb,Cs)
have been measured in several solvents. It is concluded that
all these compounds are delocalised ionic compounds with the
charge favouring the oa-position over the y-position.

The kinetics of the disproportionation of (azobenzene)-....Li+

ion pairSZlS and of the formation of the dimers of the alkali

netal salts (M = Li,Na,K,Cs) of diphenylethylene radical anions216
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have been studied by polargraphic and flash photolysis techniques,

respectively. The chelating properties of biuret,217

218 219

l,4-diaza-

butadienes for alkali metal salts have

217

and 1,2~semidiones

been the subject of both theoretical

and experimental studies.
218,219

A series of N,N-dimethylformamide, N-methylformamide and
N,N,N',N'~tetramethylurea solvates of a number of alkali metal

salts have been prepared:zzo

characterisation of the hygroscopic
products has been effected by chemical analysis and i.r. spectros-~
copy. Coordination is thought to occur through the oxygen atom

of the solvate molecule.220

221

The crystal and molecular structures of the monohydrate and

monomethanol solvate222

of lithium hydrogen phthalate have been
examined by single crystal X-ray diffraction methods. Two
crystallographically distinct it ions exist in each structure.
All four Li+ ions are 4-~coordinate, their distorted tetrahedral
environments being composed of oxygen atoms from both the anions
and the solvate molecules.221'222
The reaction of ferrocene with n-butyl-lithium-pentamethyldiethyl~-
enetriamine (1:3 molar ratio) results in a dilithicated ferrocene
derivative.223 The molecular structure of this complex, which
contains only one triamine ligand per two lithium atoms and has
the empirical formula (hS-C5H4)2Fe(N3C9H23)L12, has been deter-
mined in the solid state and has been found to be dimeric,
crystallographic symmetry 1, with the lithium atoms in the two
types of environment (Figure 3a). All three pentamethyldiethyl-
enetriamine nitrogen atoms are coordinated to one of the unique
I,i atoms whnile the second unsolvated Li atom bridges between one
carbon atom of a cyclopentadienyl ring from each ferrocene
monomer to form the dimer. A four-centre electron-deficient
bridge group is thus observed consisting of the two unsolvated
lithium atoms and two carbon atoms from two different ferrocenyl
groups (Figure 3(a)). The Li-Fe distance is short, 2.678, and is
ascribed to bonding between the ferrocene e_ molecular orbital
and the unsolvated lithium atom.223 K
The crystal structure of the trimeric N-lithiohexamethyldisil-
azane [LiN(SiMe3)2]3 has Zeen determined from single crystal
X-ray diffraction data. The compound exists in a trimeric
configuration with a planar Li3N3 ring (Figure 3(b})}; the
average Li-N distance is 2.0028 and the ring angles are N~Li-N =

147°, Li-N-Li = 929,



40

(a) (v)
Figure 3. Molecular structures of (a) [(hS—C5H4)2Fe(N3C9H23)L12]2
and (b) [LiN(SiMe3)2]3. Reproduced with permission

from (a) J. Am. Chem. Soc., 100 (1978) 6382 and (b)
J. Organomet. Chem., 157 (1978) 229.

1.6.5 Sodium Derivatives

In biological systems, the interactions between macromolecules
and their surrounding ionic media are of great importance; the
results of several diverse investigations of these phenomena,
mainly involving Na¥ cations, have been published recently.Z22> 227
X537A (Lasalocid), an ionophore antibiotic of the monensin series
reacts with various metal ions giving complex salts which are
225 A sodium - X537A - water

(2:2:2) complex has been crystallised from 95% ethanol. The

highly soluble in organic solvents.

structure of the complex, which appears to be an intermediate in
the monomer to dimer transition that accompanies ion capture and
transport, consists of two sodium and two water molecules
enclosed by both X537A ions. Six of the seven oxygen atoms
coordinated to one sodium ion are contributed by both XS537A ions;
a water molecule provides the seventh site. The other sodium ion

is coordinated to four oxygen atoms of a single X537A ion and both
225

water molecules. The behaviour, in CDC£3 solution, of the
free acid X537A and of its sodium (and thallium) salts, has been
ascertained from 13C n.m.r. measurements.226 The spectra indicate

that the sodium salt exists as a dimer in CDC23 solution, while

the free acid is present as the monomer.
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lH n.m.r. spectra of the alkali metal salts of 5'-guanosine
monophospate in concentrated DZO solutions show that Na+,K+,Rb+
form slowly exchanging ordered structures with the nucleotide,

.+ . . R
whereas Li and cs* provide little or no evidence for structure

formation.227 Alkali metal ion (Na+,Cs+) bkinding to aggregates of
amphiphilic compounds has been studied by 23Na and 133Cs n.m.r.
228

techniques. Counterion binding does not change appreciably
with the alkyl chain length but varies very sensitively with the
polar head group. The interaction between Na+ ions and poly
(methacrylic acid) in aqueous solution have been examined using
23Na n.m.,x. techniques.229 poth carboxylate and carboxylic acid
groups are thought to be involved in the ion binding. The results
are compared with those of the Na+-poly(acrylic acid) system and
marked differences are found between the two polyanions.

The crystal structures of a number of sodium salts of organic

230

moieties, sodium uridine—S'—O—methylphosphate.CH30H, sodium

5,6—dihydro—z—thiouracil—G—sulphonate.HZO, and disodium
malonate-H20,232 have been determined by single crystal X-ray
diffraction methods. UWhereas the Na* ion is five coordinate in
the uridine derivative, r(Na...0) = 2.31 to 2.41%, with contact
to a sixth oxygen atom at 3.213, the Na+ ions in the thiouracil
derivative, r(Na...0) = 2.36 to 2.49R8, and in the malonate salt,
r{Na...0) = 2.29 to 2.58%8 are six coordinate. The coordination
geometry of Nat ion in the uridine derivative is ill-defined, but
tnat in the other two salts is distorted octahedral.

Stability constants of alkali metal (Na,X,Rb,Cs) complexes of
organic acids (phenol, o-cresol, p-bromophenol, butyric and
caproic acids) nave been determined by potentiometric pk titration
in agueous solutions.233 The stability constants increase with
increasing pKa of the organic acid.

A THF solution of sodium N,N'-ethylenebis(salicylideniminato)-
cobaltate, Na[Co(salen)] reacts reversibly with CO giving a mono-
carbonylic species, Na[Co(salen)CO], rapidly evelving under a CO
atmosphere to a compound containing NaﬂCo(CO)43 as a complexed ion
pair, [(Co(salen)),Naco(cO),THF].?3*

material (Figure 4) has been solved by single crystal X-ray
234

The structure of this
diffraction methods. Its most interesting feature is the fact
that it is a complex of Na+ octahedrally surrounded by six oxygen
atoms, r(Na...0) = 2.38 to 2.468, provided by two Co(salen) groups,
acting as bidentate chelating ligands, THF and Co(CO); bonded to
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al view of the [(Co(salen)), NaCo (CO)

L ii2 4
molecule, showing a selection of bond distances involv-
ing mainly Na and Co atoms. Reproduced with permission
from Inorg. Chem. 17 (1978) 3002,

THF]
THF |

nat through one of the carbonylic oxygen atoms ({Figure 4). The
Co(CO); unit has essentially an undistorted tetrahedral symmetry.
- -+
A novel method for the location of supercage Na' ions and water

234

molecules in hydrated NaX zeolite using X-ray powder diffraction

b Rr 18
P v g

methods has been developed. The procedure utilises micro-
densitometrically collected photographic intensity data. These
are prepared for input into normal programs for crystal structure
solution by a routine for unscrambling multi-indexed reflections,
which use a heavy atom method based on the zeolite framework sites.
The results are compared with those of earlier workers. Two
additional Na+ sites {designated IV and V) have been found; the
octahedral coordination of these sites c¢learly indicate the

presence of [Na(H20)6]+ cations.?23?

1.6.6 Potassium and Rubidium Derivatives

Tne crystal structures of three potassium salts of complex

organic acids have been determined by X-ray diffraction methods.
236-238 .

Five coordinate potassi

2.64~-2.88, in a distorted square based pyramidal geometry) is
: . R 2 . .
found in potassium benzilate. 36 The potassium ion in potassium

hydrogen furan-3-4~dicarboxylate is surrounded by seven oxygen atoms
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r(K...0) = 2.65 to 3.02R, and by an eighth at a longer separation,
r(K...0) = 3.258; the coordination geometry is that of a bicapped
trigonal prism.237 The two crystallographically distinct K+ ions

in the monopotassium salt of 2i-1,2,6-thiadiazine~3,4 (44, 6H)-dione~
1,1-dioxide monohydrate have seven and eight coordination.238
K(1) is surrounded by eight atoms (two nitrogen atoms, r(K...N) =
2.918 and six oxygen atoms, r(K...0) = 2.80 to 2.868) which form

a distorted hendecahedron: K(2) is at the centre of a monocapped
face of a trigonal prism formed by seven oxygen atoms, r(K...0) =
2.80 to 2.94R.238

Crystallographic studies have been undertaken of 7,7,8,8-TCNQ
complexes of both K+ and Rb+. The 1:1 K+:TCNQ complex contains a
k" cation surrounded by eight nitrogen atoms in a cubic arrange-—
ment, r(K...N) = 2.86 to 2.978.%23% A similar arrangement is found
for the Rb'cation in the 2:3 Rb+:TCNQ complex; the cations are
surrounded by a distorted cube of eight nitrogen atoms, r(Rb...N)
= 2.89 to 3.408.2%%°

The effect of DCH18C6 and C222 on the kinetics of the protonation
of potassium anthracenide by ethanol in THF has been ascertained;241
the studies emphasize the important role played by contact ion-
pair formation.

Tne reactions of potassium salts e.g. KBPh4, KC&lO4 with N-donor
ligands such as 1, l0~phenanthroline and 2,2'-bipyridine has been
examined in dry acetone.242 3:1 phenanthroline:!(+ adducts
(K(phen)3BPh4, K(phen)3C£O4} and a 1:1 bipyridine:K+ adduct
(K(bipy)BPh4) have been isolated; these products have been
characterised by analysis and i.r. and Raman spectroscopy.242

The synthesis of MEAQ(CH3)6N03] (M = K,Rb,Cs) has been accomp-
lished by addition of stoichiometric ratios of (CH3)3A2 to the
corresponding nitrate in benzene.> 43 KLA&(CR3)3N03],C6HG vas
obtained by the addition of DB18C6 tc the liquid, K[AlZ(CH3)6N03],
7.0C H.. The crystal structures of KEAKZ(CH3)6N03] and of
K[AQ(CH3)3NO3],CGHG have been determined from single crystal X-ray
diffraction data. In the dialuminium complex, the nitrate ion
bridges the two (CHB)BAQ units together via separate oxygen atoms.,
There are two formula units in the asymmetric unit and the two
independent k¥ ions differ markedly in their environments: K(1)
is surrounded by five methyl groups, r{K...C) = 3.18—3.448, one
bidentate, r(K...0) = 2.92,3.118, and one monodentate nitrate

ligand, r(K...0) = 2.82&, whereas K(2)} is surrounded by five
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methyl groups, r(X...C) = 3.11—3.448, and a single bidentate
nitrate ligand, r(K...0) = 2.80, 2.988. The environment of the
k" ion in the benzene adduct is somewhat more unusual (Figure 5a);
the cation is symmetrically disposed over the benzene molecule,
r{k...C) 3.29 to 3.462, with two bidentate nitrate groups,
r{(h...Q) = 2.75 to 3.048 and two methyl units, xr(K...C) = 2.27,

2.28 completing the coordination sphere.

R T e om"
(= (v}

Figure 5. The coordination spheres around the potassium iong in

(a) K[Az(cn3)3wo3],c6ﬁs and (b) x[(csslz)zmj.
Reproduced with permission form (a}) J. Organomet. Chem.,
155 (1978) 1, (b) J. Organomet. Chem., 152 (1978) 367.

1,3-cyclooctadiene reacts with (CH3)3AZ and potassium in THF to
give potassium bis(3,8-cis~cyclooctenyl)aluminate, K[(Cgﬁlz)zAQ}.
The structurecf the complex was determined using single crystal
X-ray diffractometer techniques. The two crystallographically
distinct k7 ions (Figure 5b) are centrosymmetrically sandwiched
between two bis(3,8-cis-cyclooctenyl)aluminate groups, each
group providing five carbon atoms for the pseudo-pentagonal
prismatic coordination spheres, r{(kK{(1)...C) = 2.95-3.38, r{XK(2)
...C) = 3.00-3.438.



wN e

[V

26
27

28
29

30
31
32
33
34

35
36
37

38
39

£n
wn

E.M. Kaiser, J. Organomet. Chem., 158(1978)1.

E.M. Kaiser, J. Organomet. Chem.,, 163(1978)1.

G. Stetter, W. Adlhart, G. Fritsch, E. S$teichele and E. Luscher,
J. Phys. F, Metal Phys., 8(1978})2075.

S.P. Mehandru and N.K. Ray, Indian J. Chem., 16A(1978)247.

M.A. Ratner, A.A, Frost, S. Topicl and J.R. Sabin, J. Chem. Soc.
Faraday Trans. 11, 74{(1978) 324.

S.N. Mohammad, Bull. Chem. Soc. Jdpn., 51(1978)1062.
IL..A. Shimp, C. Chun and R.J Lagow, Inorxg. Chim. Acta, 29(1978)

L.A. =himp, - 3 ad < - ANnoY

g
R.H. Hauge and J.L. Margrave, J. Am. Chem. Soc.,
o
¥

.L. Perry, P.F. Meier, R.H. Hauge and J.L. Margrave, Inorg.
Chem., 17(1978)1364.

K.R. Kunze, R.H. Hauge, D. Hamill and
Soc. Dalton Trans., (1978)433.

D. Billaud and A. Herold, Bull. Soc. Chim. Fr., {(1978)1-131.

D.E. Bergbreiter and J.M. Killough, J. Am. Chem. Soc., 100(1978)
2126.

H.G. Down, M.J. Haley, P. Hubberstey, R.J. Pulham and A.E. Thunder,
J. Cnem. Soc. Chem. Commun., {(1978)52.

1.G. Down, M.J. Haley, P. Hubberstey, R.J. Pulham and A.E. Thunder,

J.L. Margrave, J. Chem.

J. Chem. Soc. Dalton Trans., (1978)1407.

Cc.C. Addison, P. Hubberstey, J. Oliver, R.J. Pulham and P.A. Simm,

J. Less-Common Met., 61(1978)123.

N.E. Zhivolup and B.A. Shikhov, Russ. J. Inorg. Chem., 23(1978)

g902.

A.C. whittingham, J. Nucl. Mater., 60(19763)119.

N.V. Kazitsyn and V.A. Yurkov, Russ. J. Phys. Chem., 51(1977)

1636.

T.L. Liu, J. Phys. F, Metal Phys., 8(1978)717.

M.A. Mitchell and R. A, Sutula, J. Less~Common Met., 57(1978)161l.
.E. Wang, M.A. Mitchell, R.A. Sutula, J.R. Holden, L.H. Bennett,

F

J. Less-Common Met., ©1¢(1978)237.

E.A. Maiorova and A. G. Morachevskii, Russ. J. Phys. Chem.,

S1(1L977)141l6.

W. Weppner and R.A. Huggins, J. Electrochem. Scc., 125{1978)7.

M. Rivier and A.D. Pelton, J. Electrochem. Soc., 125(1978)1377.

C. vander Marel, E.P. Brandenburg and W. van der Lugt, J. Phys.

F, Metal Phys., 8(1978)L273.

Hubberstey and P.R. Bussey, J. Less~Common Met., 60(1978)10%.

Bhargava, S.P. Mehandru, R.C. Rastogi and N.K. Ray, Indian

Chem., 168A{1978)156,

.L. Woodin and J.L. Beauchamp, J. Am. Chem. Soc., 100{197850]1

.W. Castleman, P.M. Holland, D. M. Lindsay and K.I. Peterson,
Am. Chem. Soc., 1l00{(13878)6039.

Heicklen, J. Phys. Chem., B2(1978)2136.

Dzidic and P. Kebarle, J. Phys. Chem., 74

Laszlo, Angew. Chem., Int. Ed. Engl., 17({

Pan, J. Phys. Chem., 82(1978)2699.

. Tremaine and S. Goldman, J. Phys. Chem., 82(1978)12317.

. Abraham and J. Liszi, J. Chem. Soc¢. Faraday Trans. I,

1978)1604, 2858.

I.M. Strauss and M.C.R. Symons, J. Chem., Soc. Faraday Trans. I,

74 (1978)2518.

N. Boden and M. Mortimer, J. Chem. So c¢. Faraday Trans. II,

74(1978) 353.

M. Holz, J. Chem. Soc. Faraday Trans. I, 74 (1978)644.

A.L. Capparelli, D.S. Gill, H.G. Hertz, R. Tutsch and H.

Weingartner, J. Chem. Soc. Faraday Trans. I, 74{1978)1834.

.

466 .
4.

D =

970
78)

®
N =
Ut

e~
[

.

SETAURHULGIWLGNY

-

R
H
(



46

40

42
43
45
46
47
48
49
SO
S1
52
53
S4
55
56

58
59

61
62

63
64
65
66
67
68
69
70
71
72
73

74

A.L. Capparelli, D.S. Gill, H.G. Hertz and R. Tutsch, J. Chem.
Soc. Faraday Trans. I, 74(1978)1849.

#. Gustavsson, T. Ericsson and B. Lindman, Inorg. Nucl. Chem.
Lett., 14(1978)37.

D. Feakins and D.A. O'Shaughnessy, J. Chem. Soc., Faraday Trans.
I, 74(1978) 380.

M.C.R. Symons and V.K. Thompson, Rev. Chim. Min., 15(1978)113.
N. Ahmed and M.C. Day, J. Inorg. Nucl. Chem., 40(1978)1383.

B.M. Rode, T. Pontani and G. Heckmann, J. Chem. Soc. Faraday
Trans. I, 74(1978)71.

J. Vaes, M. Chabanel and M.L. Martin, J. Phys. Chem., 82(1978)
24 20.

p., Paocli, M. Lucon and M. Chabanel, Spectrochim. Acta, 34A(1978)
1087.

$.V. Volkov, Rev. Chim. Min., 15(1978)59.

B.D. Antonov, J. Struct. Chem., 18(1977)573.

N.I. Gulivets and N.F. Ogdanskii, Russ. J. Phys. Chem., 52(1978)
292,

B.D. Antonov, V.A. Sakulin and L.G. Zorikhin, J. Struct. Chem.,
19(1978)75.

H. Ohno, M. Yoroki, K. Furukawa, Y. Takagi and T. Nakamura, J.
Chem. Soc. Faraday Trans. I, 74(1978)1861.

H. Ohno and K. Furukawa, J. Chem. Soc. Faraday Trans. I, 74(1978)
795,

H. Ohno and K. Furukawa, J. Chem. Soc. Faraday Trans. I, 74(1978)
297.

J.E. Bannard and A.F.M. Barton, J. Chem. Soc. Faraday Trans. I,
74(1978)153.

J.E. Bannard, J. Chem. Soc¢. Faraday Trans. I, 74(1978)163.

K.C. Hong and 0.J. Kleppa, J. Phys. Chem., 82(1978)159%96.

K.C. Hong and O0.J. Kleppa, J. Phys. Chem., 82(1978)176.

W. Voigt and H.-H. Emons, Z. Anorg. Allg. Chem., 443(1978)159,
169.

Z Moser, M. Kucharski and K. Rzyman, J. Electrochem. Soc.,
125(1978)692.

$. Benhenda and J.B. Lesourd, Rev. Chim. Min., 15{(1978) 35,

K. Igarashi, J. Mochinaga and S. Ueda, Bull. Chem. Soc. Jpn.,
51,(1978)1551.

F. Dienstrach and R. Blachnik, Z. Anorg. Allg. Chem., 442(1978)
135.

H. Katsuta and K. Furukawa, Rev. Chim. Min., 15(1978)49.

L.M. Toth and B.F. Hitch, Inorg. Chem., 17(1978)2207.

H.A. Laitinen, Y. Yamamura and I. Uchida, J. Electrochem. Soc.,
125{(1978)1450.

I. Uchida, R. Niki and H.A. Laitinen, J. Electrochem. Soc.,
125(1978)1759.

M.-L. Sabungi, J.J. Marx and M. Blander, J. Electrochem. Soc.,
125(1978)1567.

R. Fehrmann, N.J. Bjerrum and F.W. Poulsen, Inorg. Chem., 17
(1978)1195,

J. Robinson and R.A. Osterxryoung, J. Electrochem. Soc., 125(1978)}
1454.

J. Robinson and R.A. Osteryoung, J. Electrochem. Soc., 125(1978)
1784.

C.L. Hussey, L.A. King and J.K. Erbacher, J. Electrochem. Soc.,
125(1978)561.

N.R. Smyrl, G. Mamantov and L.E, McCurxy, J. Inorg. Nucl. Chen.,
40(1978)1489.

S$.S. Al Omer and D.H. Kerridge, J. Inorg. Nucl. Chem., 40(1978)
975.



75
76

77
78

79
80
81

83
84

85
86
88
89
j21e]
91
92
a3
24
95
26
7

98
a9

100
101
102
103
104
105

106
107

io8
109
110

47

S.S. Al Omer and D.H. Kerridge, J. Chem. Soc. Dalton Trans.,
{1978)1589.

H. Frouzanfar and D.H. Kerridge, J. Incrg. Nucl. Chem., 40(1978)
1327.

A. G Keenan and T.R. Williamson, J. Phys. Chem., 82(1978)46.
G.G. Bambi, G.A. Sacchetto and C. Mecca, J. Chem. Soc. Faraday
Trans. Y, 74(1978)1.

M.H. Miles, D.A. Fine and A.N. Fletcher, J. Electrochem. Soc.,
125(1978)1209.

M.S. Gordon, M.D. Bijorke, F.J. Marsh and M.S. Koth, J. Am. Chemnm.
Soc., 100(1978)2&670.

R.W. Numrich and D.G. Truhlar, J. Phys. Chem., 82(1978)168.

W. England and N.H. Sabelli, J. Am. Chem. S$Soc., 100({1978)4953,
J.D. Pandey and U.R. Pant, J. Inorg. Nucl. Chem., 40(1978)1184.
H.C. Brown, S. Krishnamurthy and J.L. Hubbard, J. Am. Chem. Soc.,
100(1978) 3343.

G. Rauscher, T. Clark, D. Poppinger and P. von R. Schleyer,
Angew. Chem. Int. Ed. Engl., 17(1978)276.

D.W. Osborne and H.E. Flotow, J. Chem. Thermodyn., 10(1978)675.
P.A.G. O'Hare and G.K. Johnson, J. Chem. Thermodyn., 7{({1975)13.
W. Dobramysl and H.P. Fritzer, Inorg. Nucl. Chem. Lett., 14
(1978) 269 .

R.W. Carling and E.F. Westrum, J. Chem. Thermodyn., 10(1978)
1181.

C. van Rij and D. Britton, Acta Crystallogr.. B34(1978)2080.
J.W. Bats, Acta Crystallogr., B33(1977)466.

pD.M. Adams and S.K. Sharma, J. Chem. Soc. Faraday Trans. II,
74{(1978) 1355.

S. Miller and J.H.R. Clarke, J. Chem. Soc¢. Faraday Trans. II,
74(1978)160.

M.G. Down, M.J. Haley, P. Hubberstey, R.J. Pulham and A.E.
Thunder, J. Chem. Soc. Chem. Commun., {(1978}52.

M.G. Down, M.J. Haley, P. Hubberstey, R.J. Pulham and A.E.
Thundeyx, J. Chem. Soc. Dalton Trans., {(1978)1407.

#4.G. Barker, P. Hubberstey and A. Harper, J. Chem. Res. (S},
(1978)432.

A. Simon, W. Br8mer and H.-J. Deiseroth, Inorg. Chem., 17(1978)
875.

W. Bauhofer and A. Simon, Z. Anorg. Allg. Chem., 447(1978)29.
H. Kudo, K. Tanaka and H. Amano, J. Inorg. Nucl. Chem., 40(1978}
363.

F. Chastagnexr, M. Soulard, H. Kesslex and A. Hatterex, Rev.
Chim. Min., 15(1978)459.

J.B. Holbrook, F.M. Khaled and B.C. Smith, J. Chem. Soc. Dalton
(1978)1631.

§$.C. Agrawal, G.C. Agrawal and J. Shanker, J. Inoxrg. Nucl.
Chem., 40(1978)173S.

J. Corish, B.M.C. Parker and P.W.M. Jacobs, Can. J. Chem., 56
(1978)1668.

J.L. Tallon, W.H. Robinson and S.I. Smedley, J. Phys. Chem.,
82(1978)1277.

R.T. Grimley, J.A. Forsman and Q.C. Grindstaff, J. Phys. Chem.,
82(1978)632.

R.M. Biefeld, J. Chem. Thermodyn., 10(1978)907.

E.F. Westrum, C.P. Landee, Y. Takahashi and M. Chavrxet, J. Chem.
Thermodyn., 10(1978)1835.

B.S. Ault, J. Am. Chem. Soc., 1l00{(1978)2426.

B.S. Ault, 3. Am. Chem. Soc., 100(1978)5773.

K.R. Kunze, R.H. Hauge, D. Hamill and J.L. Margrave, J. Chem.
Soc. Dalton Trans., (1978)433.



48

111

112
113

114

115

116

117
118

119
120
121

122
123

125

126
127

128

129
130
131
132
133
134
135
136
137
138
139

140

141

142

143

144
145

146

147
148

H.-J. Becher, H.-J. Brockmeyer and U. Prigge, J. Chem. Res.
(s), (1978)117.

H.~J. Becher and D. Fenske, J. Chem. Res. (S), (1978)1167.

J.M. Adams, R.G. Pritchard and J.M. Thomas, J. Chem. Soc. Chemn.
Commun., {(1978)288.

D.L. ¥Ward, K.-T. Wei, J.G. Hoogerheide and A.I. Popov, Acta
Crystallogr., B34(1978)110.

B.P. Kelley and T.H. Lilley, J. Chem. Soc. Faraday Trans. I,
74(1978)2771.

B.P. Kelley and T.H. Lilley, J. Chem. Soc. Faraday Trans. I,
74(1978)2779.

A.X. Boldyrev and D.P_. Charkin, J. Struct. Chem., 18(1977)6213.
A.I. Boldyrev, D.P. Charkin and V.I. Andreev, J. Struct. Chem.,
19(1978) 301.

A.I. Boldyrev, O.P. Charkin, N.G. Rambidi and V.I. Andreev,

J. Struct. Chem., 19(1978)179.

H.G. Wheat, C.~-¥. Cheng, R.J. Bavvzick, R.W. Sullivan and

CcC.B. Magee, J. Less-Common Het., 58(1978)P13,

S.K. Varma, F.C. Chang and C.B. Magee, J. Less-Common Met.,

60 (1978)ypP47.

B. Nacken and ¥W. Bronger, 2. Anorxrg. Allg. Chem., 439{(1978)29.
M. Dion, Y. Piffard and M. Tournoux, J. Inorg. Nucl. Chem.,
40(1978)917.

J.C. Dewan, A.J. Edwards and G.R. Jones, J. Chem. Soc. Dalton
(1978)968.

M. Serafin and R. Hoppe, Angew. Chem. Int. Ed. Engl., 17(1978)
354.

K. Toriumi and Y. Saito, Acta Crystallogr., B34(1978}) 3149.

K. Okada, F. Marumo and S. Iwai, Acta Crystallegr., B34(1978)
2193,

P. Labbe, M. Goreaud, B. Raveau and J.C. Monier, Acta
Crystallogr., B34(1978)1433.

G. Brachtel and R. Hoppe, 2. Anorg. Allg. Chem., 438(1978)97.
G. Brachtel and R. Hoppe, 2. Anorg. Allg. Chem., 446(1978)6G4.
G. Brachtel and R. Hoppe, Z. Anorg. Allg. Chem., 446(1978B)77.
G. Brachtel and R. Hoppe, 2. Anorg. Allg. Chem., 438{(1978)15.
G. Brachtel and R. Hoppe, 2. Anorg. Allg. Chem., 446(1978)87.
G. Brachtel and R. Hoppe, 2. Anoxrg. Allg. Chem., 446(1978)97.
M. Wilhelm and R. Hoppe, 2. Anorg. Allg. Chem., 438(1978)9%0.
K.~R. Wambach and R. Hoppe, 2. Anorg. Allg. Chem., 444 (1978) 30.
“.~R. Wambach and R. Hoppe, 2Z. Anorg. Allg. Chem., 445(1978)91.
G. Brachtel and R. Hoppe, 2. Anorg. Allg. Chem., 441(1978)83.
E, Gebert, H.R. Hoekstra, A.H. Reis and S.¥W. Peterson, J. Inorg.
Nucl. Chem., 40(1978)65.

H.R. Hoekstra and E. Gebert, Inorg. Nucl. Chem. Lett., 14(1978)
189,

K. Okada, #M. Miyake, S.-I. Iwai, H. Ohno and K. Furukawa, J.
Chem. Soc. Faraday Trans. II, 74(1978)1141.
M. Miyake, K. Okada, S.-I. Iwai, H. Ohno and K. Furukawa, J.
Chem. Soc. Faraday Trans. ¥I, 74(1978)1880.

A.A. Fotiev, L.L. Svrat, L.F. Mal'tseva and V.L. Volkov, Russ.
J. Inorg. Chem., 22{1977)1411.

L.L. Svrat and A.A. Fotiev, Russ. J. Inorg. Chem., 23(1978)1254.
E.V. Babenko, A.A. Fotiev, A.N. Baraboshkin and K.A. Kaliev,
Russ. J. Inorg. Chem., 23(1978)1241.

J.E. Ostenson, H.R. Shanks and D.K. Finnemore, J. Less—-Common
Met., 62(1978)149.

D.C. Fee and C.E. Johnson, J. Inorg. Nucl. Chem., 40{(1978)1375.
L.H. Johnson, L.G. Hepler, C.E. Bamberger and D.M. Richardson,
Can. J. Cham., 56(1978)446.



149
150

151
152

153
154

158
159
160
161

162
1863

164
165
166

167
168

169
170
171
172
173
174
175
176
177
178
179
180
181
182
183

i84

49

A Neubert and D. Guggi, J. Chem. Thermodyn., 10(1978)297.

V.B. Lazarev and I.S. Shaplygin, Russ. J. Inorg. Chem., 23(1978)
802.

L.L. Zaitseva, M.I. Konarev and A.V. Velichko, Russ. J. Inorg.
Chem., 22(1977)1269.

J. Huster, Z. Anorg. Allg. Chem., 447(1978189.

H. Sommer and R. Hoppe, Z. Anorg. Allg. Chem. 443(1978)201.

C.F. von Bruggen, J.R. Bloembergen, A.J.A. Bos-Alberink and

G.A. Wiegers, J. Less—-Common Met., 60(1978)259.

E.I. Snezhko, E.N. Ryabov, A.S. Kuz'menko , R.A. Sandler and

E.F. Klyuchnikova, Russ. J. Inorg. Chem., 23(1978)141.

L. Guen, R. Marchand, N. Jouini and M. Tournoux, Rev. Chim.
Min., 15(1978) 340.

M.T. Kovsamechan, J. Roziere and D. Mascherpa-Corral, J. Inorg.
Nucl. Chem., 40(1978)2009.

G.A. Komlev, B.I. Lyazgin, Yu. A. Nikitin, Russ. J. Inorg.
Chem., 23(1978)1253.

D. Avignant and J.-C. Cousseins, Rev. Chim. Min., 15(1978) 360.
A. de Rozak andM. Almai, Rev. Chim. Min., 15(1978)139.

W.J. Crama, W.J.A, Maaskant and G.C. Verschoor, Acta Crystallogr.
B34 (197831973,

D. Babel and G. Knoke, Z. Anorg. Allg. Chem., 442(1978)151.

J. Goodyear, E.M. Ali and H.H. Sutherland, Acta Crystallogr.
B34(1978)2617.

V. Kaucic and P. Bukovec, Acta Crystallog., B34(1978)3337,3339.
P. Day, C. Vettier and G. Parisot, Inorg. Chem., 17(1978)2319.
M. Natarajan, H.E. Howard-Lock and 1I.D. Brown, Can. J. Chem.,

56 (1978)1192.

Y. Morioka and I. Nakagawa, Bull. Chem. Soc. Jpn., 51(1978)2467.
K. Akiyama, Y. Morioka and I. Nakagawa, Bull. Chem. Soc. Jpn.,
51(1978)103.

G.L. McPherson, W. Heung and J.J. Barraza, J. Am. Chem. Soc.,
100(1978)469.

G.J. Kipouros and S.N. Flengas, Can. J. Chem., 56(1978)1549.
D.R. Sadoway and S.N. Flengas, Can. J. Chem., 58(1978)2013.

D.R. Sadoway and $.N. Flengas, Can. J. Chem., 56{(1978)2538.

I.V. Vinogradov, M.I. Konarev and L.L. Zaitseva, Russ. J. Inorg.
Chem., 23(1978)975.

M. Iwasaki, N. Ishikawa and K. Ohwada, J. Inorg. Nucl. Chem.,
40(1978)503.

5. Yanagida, K. Takahashi and M. Okahara, Bull. Chem. Soc. Jpn.,
51(1978)1294.

S. Yanagida, K. Takahashi and M. Okahara, Bull. Chem. Soc. Jpn.,
51(1978)3111.

P. Delduca, A.M.Y. Japer, G.J. Moody and J.D.R. Thomas, J. Inorg.
Nucl. Chem., 40(1%978)187.

J. Grandjean, P. Laszlo, F. Vogtle and H. Sieger, Angew. Chem.,
Int. E4d. Engl., 17(1978)856.

U. Heimann and F. Vogtle, Angew. Chem., Int. Ed. Engl., 17(1978)
197.

H. Sieger and F. Vogtle, Angew. Chem., Int. Ed. Engl., 17{1978)
igsg.

I.H. Suh, G. Weber and W. Saenger, Acta Crystallogr. B34{(1978)
2752.

D.L. Hughes and J.N. Wingfield, J. Chem. Scc. Chem. Commun.,

(1978) 1001.

D.L. Hughes, C.L. Mortimer and M.R. Truter, Inorg. Chim. Acta,
28(1978)83.

J.H. Noordik, J. Schxeurs, R.O0. Gould, J.J. Mooij and E. de Boer,
J. Phys. Chem., 82(1978)1105.



50

185

186
187

188
189

190
131
192
193

194
195

196

197
198

199

200

203
204

205
206

207
208
209
210

211
212

213
214
215
216
217

218

R.#. van der Veen, R.M. Kellogg, A. Vos and T.J. van Bergen,

J. Chem. Soc., Chem. Commun., (1978)923.

J.p. Owen, J. Chem. Soc. Dalton Trans., {(1978)1418.

D.L. Hughes, C.L. Mortimer and M.R. Trutexr, Inorg. Chim. Acta,
29(1978)43.

J. Hasek and K. Huml, Acta Crystallogr., B34(1978)1812.

D. Hlavata, J. Hasek and K. Huml, Acta Crystallogr., B34(1978)
416.

D.L. Hughes, C.L. Mortimer and M.R. Truter, Acta Crystallogr.
B834(1978)800.

J.C. Lockhart, A.C. Robson, M.E. Thompson, P.D. Tyson and
I.H.M. Wallace, 3. Chem. Soc. Dalton Trans., (1978)611.

A. Hofmanova, J. Koryta, M. Brezina and M.L. Mittal, Inorg.
Chim. Acta, 28(1978)73.

T. Iwachido, A. Sadakane and K. Toei, Bull. Chem. Soc. Jpn..,
$51(1278)629,

Y. Marcus and L.E. Asher, J. Phys. Chem., 82(1978)1246.

L.J. Rodriguez, G.W. Liesegang, M.M. Farrow, N. Purdie and

E.M. Eyring, J. Phys. Chem., 82(1978)647.

C. Mariani, G. Modena and G. Scorrano, J. Chem. Res. {S) {1978)
392.

R.R. Hautala and R.H. Hastings, J. Am. Chem. Soc., 100(1978)648.
V. Gold and C€.M. Sghibartz, J. Chem. Soc. Chem, Commun., (1978)
507.

J.R. Blackborrow, J.C. Lockhart, M.E. Thompson and D.P. Thompson,
J. Chem. Res. (S} (1978)53.

J. de O. Cabral, ¥M.F. Cabral, W.J. Cummins, M.G.B. Drew, A.
Rodgers and $.M, Nelson, Inorg. Chim. Acta, 30(1978)L313.

D.E. Fenton, D.H. Cook, I.W. Nowell and P.E. Walker, J. Chem.
Soc. Chem. Commun., (1978)279.

J. Gutknecht, H. Schneider and J. Stroka, Inorg. Chem., 17(1978)
3326.

B.G. Cox, H. Schneidex and J. Strocka, J. aAm. Chem. Soc., 100
{1978)4746.

F. Mathieu, B. Metz, D. tloras and R. Weiss, J. Am, Chem. Soc.,
100(1978)4412.

N. Wester and F. Vogtle, J. Chem. Res. (S), (1978)400.

F. Vogtle, H. Sieger and W.M. Muller, J. Chem. Res. (s), (1978)
3e8.

J.B. Collins, J.D. Dill, E.D. Jemmis, Y. Apeloig, P. von R.
Schleyer, R. Seeger and J.A. Pople, J. Am. Chem. Soc., 98(19786)
5419.

W.D. Laildig and H.F. Schaefer, J. Am. Chem. Soc., 100{1978)5972.
E.D. Jemmis, P. von R. Schleyer and J.A. Pople, J. Organomet.
Chem., 154(1978)327.

T. Clark, P. von R. Schleyer and J.A. Paople, J. Chem. Soc.
Chem. Commun., (1978)137.

A. Streivwieser, J. Organomet. Chem., 156{(1978}1.

H. Koster, D. Thoennes and E. Weiss, J. Organomet. Chem., 160
{1978} 1.

J. San Filippo, Inorg. Chem., 17(1978)275.

S. Bywater and D.J. Worsfold, J. Organomet. Chem., 159(1978)229.
A. Kapturkiewicz and M.K. Kalinowski, J. Phys. Chem., 82(1978)
1141,

H.C. Wang, G. Levin and M. Szwarc, J. Am. Chem, Soc., 100(1978)
6137.

B.M. Rode and K.H. Gstrein, J. Chem. Soc¢. Faraday Trans. II,
74(1978)889.

L. Pasimeni and C. Corvaja, J. Chem. Soc. Faraday Trans. ITI,
74(1978) 380.



219
220
221
222
223
224
225

226
227

228
229

230
231

232
2133

235
236

237
238

23¢9
240

241
242

243

244

51

G.A. Russell, G. Wallroff and J.L. Gerlock, J. Phys. Chem.,
82(1978)1161.

J.P. Kohut, K.S. pahl and D.C. Luehxs, J. Inorg. Nucl. Chem..,
40{1978)697.

H. Kuppers, Acta Crystallogr. B34(1978)3763.

G. Adiwidjaja and H. Kuppers, Acta Crystallogr. B34(1978)2003.
M. Walczak, K. Walczak, R. Mink, M.D. Rausch and G. Stucky,

J. Am. Chem. Soc., 100(1978)6382.

R.D. Rogers, J.L. Atwood and R. Gruning, J. Organomet. Chem.,
157(1978)229.

G.D. Smith, W.L. Duax and S. Fortier, J. Am. Chem. Soc., 100
{1978)6725.

J.Y. Lallemand and V. Michon, J. Chem. Res., (s), (1978)162.
T.J. Pinnavaia, C.L. Marshall, C.M. Mettler, C.L. Fisk, H.T.
Miles and E.D. Becher, J. Am. Chem. Soc., 100(1978) 38625,

H. Gustavsson and B. Lindman, J. Am. Chem. Soc., 100(1978)4647.
#. Gustavsson, B. Lindman and T. Bull, J. Am. Chem. Soc., 100
{1978)4655.

J.D. Hoogendorp and C. Romers, Acta Crystallogr. B34(1978)2724.
N.B. Jain, B. Lee, K.B. Mertes and I.H. Pitman, Acta Crystallogr.
B34 (1978927,

A. Oskarsson, Acta Crystallogr. B34(1978)1350.

A, M. Reznik, L.I. Pokrovskaya and W.D. Doroshenko, Russ. J.
Inorg. Chem., 23(1978)22.

G. Fachinetti, C. Floriani, P.F. Zanazzi and A.R. Zanzari,
Inorg. Chem., 17{(1978)3002.

B Beagley, J. Dwyexr and T.K Ibrahim, J. Chem. Soc., Chemnm.
Commun,., (1978)493.

M. Vyas, T.D. Sakore and A.B. Biswas, Acta Crystallogr., B34
(1978)1345.

S. Jaulmes, Acta Crystallogr., B34(1978)1l1l6.

M.D. Cabezvelo, C. Foces-Foces, F.H. Cano and S. Garcia-Blanco,
Acta Crystallogr., B34(1978})3069.

P. Richard, J.-C. Zanghi, J.-F, Guedon and N. Hota, Acta
Crystallogr. B34(1978) 788.

R.J. van der Wal and B. van Bodegon, Acta Crystallogr.,B34
(1978) 1700.

N. Papadakis and J.L. Dye, J. Phys. Chem., 82(1978)1111l.

M.D. Grillone and M.A. Nocilla, Inorg. Nuc'. Chem. Lett.,
14(1978)49.

J.L. Atwood, K.D. Crissinger and R.D. Rogers, J. Organomet.
Chem., 155{(1878)1.

A.M. McPherson, G . Stucky and H. Lehmkuhl, J. Organomet.
Chem., 152(1978)267.



