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of Alkali and Alkaline Earth Metal

Compounds

Katharina M. Fromm*

Abstract: This contribution gives an overview on the different subjects treated in our group during the last
four years. First, the concept of cutting out structural fragments from a solid-state structure will be explained
on behalf of Bal,. Oxygen donor ligands, used as chemical scissors on Bal,, enabled three-, two-, one- and
zero-dimensional derived compounds to be obtained depending on their size and concentration. Thus, a
structural genealogy tree for Bal, can be established. A second section deals with the supramolecular ap-
proach for the synthesis of different dimensional polymer structures derived from alkaline earth metal iodides,
and based on the combination of metal ion coordination with hydrogen bonding between the cationic com-
plexes and their anions. Under certain circumstances, rules can be established for the prediction of the
dimensionality of a given compound, thus contributing to the problem of structure prediction in crystal engi-
neering. A third part describes a new synthetic pathway for generating homometallic alkaline earth metal
clusters as well as group 1 and 2 mixed metal clusters as potential precursors for oxide materials. Finally,
some physical properties of these compounds are described qualitatively in order to show the wide spec-
trum of possibilities and potential applications for the chemistry in this field.
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1. Introduction group 11; iv) concerning the ‘covalent’2. Results and Discussion

polymers, the principle of cutting out struc-
We became interested in the non-aqueotigral fragments from a solid-state structur.1. Inorganic ‘Covalent’ Polymers
chemistry of alkali and alkaline earth metalith chemical scissors was to be tested; The aim of this part of the project con-
elements for several reasons: i) the cherand v) we wanted to contribute to the proksists in the principle of cutting out structur-
istry of alkali and alkaline earth metal comiem of structure prediction in the case o&l fragments from a three-dimensional
pounds in water can best be described aspramolecular polymers. Applications focompound, using chemical scissors and by
ionic whereas not much was known abowguch alkali and alkaline earth metal conmaintaining parts of the initial structure [1].
their behavior in more organic solvents; iipounds can be found in many fields, such &s good starting material is for instance
alkali and alkaline earth metal clusters — imetallation reactions and superbases in ddal,, which possesses in the solid state a
the sense of aggregates or cage compourgdmic chemistry, biomineralization as far aBbCl-type structure, with the alkaline
— were observed as by-products in metall&iology is concerned, or precursors for stearth metal ion surrounded by nine iodide
tion reactions in organic chemistry whiclperconductors or other oxide materials réens in form of a distorted, tri-capped trigo-
encouraged us to make such compounds quired for physical applications. For the latnal prism (Fig. 1a). This leads to very dif-
purpose; iii) we wanted to know whetheter, thin films of such materials are currentferent Ba—I distances, seven of which fall
there is an analogy in the clusters of grou in the focus of research, and therefore weetween 3.3 and 3.6 A, and the other two
1 and 2, and transition metal clustésms,of aimed at the synthesis of precursors for thare approximately 4.1 A long. The idea was

film synthesis methods such as sol-gel @0 use chemical scissors in order to ‘cut’

chemical vapor deposition (CVD). along the longest bonds in the structure and
*Correspondence: Dr. K.M. Fromm This article will review the different re- to cut out structural fragments successively.
gn_iversitylf)f Geneva search subjects in our group, starting witmdeed, with HO acting as chemical scis-
30, Qued Ernest Ansermet the inorganic ‘covalent’ polymers, followedsor on Baj, the three-dimensional com-
CH-1211 Geneva 4 by the supramolecular ones, and endimgpund [Bak(u,-H,0),] can be isolated
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whereas the three capping anions are réwee THF-molecules per Balinit, a one- also be transferred to Srand Ba(OTf)
placed by fourp,-bridging water mole- dimensional polymer [Ba(thf),] is ob- (OTf= CFSQ;") [2]. We are now investi-
cules. The remaining Ba—I contacts are thtained, in which only four Ba—Il bonds aregating other binary compounds (also of
shorter ones and are found between 3.3 anwintained, yielding a zigzag chain motifransition metals and lanthanides) in which
3.6 A. Upon substitution of one of the twq(Fig. 1d). The remaining coordination sitesery different bond lengths are observed, in
bridging water molecules by a stericallyon the cation are filled with the bulky THForder to proceed similarly. This is of inter-
more demanding oxygen donor ligandigands to lead to a coordination number a#st as such low-dimensional compounds
like acetone (CH),CO to yield [Bal(u,- seven for barium. Two more Ba-I bondpossess an intrinsic anisotropy, which can
H,0){(CH;),CO}], a two-dimensional can be cut by adding more THF to yield thee fundamental for the expression of their
structure is obtained with the acetone ligzero-dimensional [Bg(thf);], forming a physical properties.
and in a terminal position (Fig. 1c). In factpentagonal bipyramidal structure with the In the case of alkali metal iodides pre-
the bulky CH, groups allow the layers to beanions in axial positions (Fig. 1e). The Ba-¢enting the same M-I bonds in all direc-
separated from each other. The trigon&londs become shorter as their number pégons, crown ethers were used to apply our
prismatic arrangement of the six iodide ionsation as well as the coordination numbestrategy of cutting out fragments from a sol-
around barium is maintained. of Ba and | decrease, to reach 3.374 Ad-state structure. This led to the isolation of
Using a sterically more demandingvhich is consistent if not shorter than thenolecular species [N&§DB18C6)I(L)], L
donor ligand like THF, two derivatives ofsum of ionic Shannon radii. = THF, 1, 3-dioxolane, in which the sodium
Bal, can be obtained depending on the Itwas thus possible to establish a strucations are coordinated in an asymmetric
quantity of chemical scissors used. Witltural genealogy tree for Balvhich could fashion [3].

dimensional

a)

Figure 1

[Bal,(OH,)(OC;sHg)], two-dimensional, ¢) [Bal,(thf)s], zero-dimensional, €)

Fig. 1. Structural genealogy tree of Bal,
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2.2. Supramolecular Inorganic with one water molecule, like [Ba(trigly-with MX, being an alkaline earth metal
Polymers me),(H,0)]l, has a zero-dimensional struciodide, LIOR being either the hydroxide or
In this part, the interest focuses on thtre, one with two water molecules form&.iO'Bu, and L an oxygen donor ligand like
formation of different dimensional polymera one-dimensional chairi,e. [Ca(digly- THF.
structures obtained by the combination ahe),(H,0),]l,, three water molecules pres-  Using Cal, under the above conditions,
two binding modes: firstly the metal ionent will give a two-dimensional double-lay-we were able to isolate the largest Ca-clus-
coordination, and secondly the hydrogear as in [Ba(diglymefH,O),]l,, and four ter so far, Li[Calg(s-OH)g(thf), ],(Hy-
bonding. The aim of this project is to conwater molecules bonded to the catiofj(THF), with a unique structure of two
tribute to the field of structure predictionwill lead to a three-dimensional compoundjouble-hetero-cubanes linked togethier
or, at least, the prediction of the dimensiori-e. [Ca(triglyme)(H,0),]I, or [Ca(dme) hydrogen bonds to a central iodide, yielding
ality of a compound in the solid state. SomgH,0),]l .. a dumb-bell-like cluster of fourteen calci-
first experiments led to the conclusion that We are now investigating how this conum ions (Fig. 2a) [8]. The cluster is made up
itis only possible to predict interactions beeept can be generalized for other metal ionsf OH-bridged Catriangles, and such a
tween complex cations, the counter ionégands and anions in order to contribute tbuilding block could be isolated when
and solvent molecules under very restrictettiis important field of fundamental re-using Sr} as the starting material under

conditions [4]. For instance, the compoundearch [7]. similar conditions to yield [Skt;(s-

of the general formulatrans[Ca(L), OH),(thf)g]l (Fig. 2b) [9]. This seems to be
(H,0),]I, does not form similar solid-state2.3. Clusters of Alkali and Alkaline a fundamental unit for the construction of
structures even when different ligands of Earth Metals higher aggregates, since most of the alka-

with similar size, and the same donor atoms Looking for an analogy to transitionline earth metal clusters form polyhedra or
are used [5]. Thus, the compound in whichetal clusters (in this case, clusters are dgheet structures in which triangles of alkali

L = THF forms a two-dimensional networkfined as aggregates without necessarilyetal ions are fused together.

via hydrogen bonds, whereas for L = ethyinetal-metal bonds), the following general These two homometallic alkaline earth

acetate (CHCOOGCH;), one-dimensional reaction scheme for obtaining alkalinenetal clusters are not volatile, and can thus
chains are observed. These, together widarth metal clusters was applied: not be used as CVD (chemical vapor depo-
other results, lead us to fix several condi-

tions under which at least the dimensional-

ity of a compound can be predicted. The —{[LiX][ nBuLi]}
following conditions are required in the nMX; + n"BuLi + n LiOR [(LYMMPXn(OR)n]
case of structures of supramolecular poly- + Ligand L

mers of alkaline earth metal iodides: i) the
cations form complexes charged 2+ with
polyether ligands and water molecules, i
the counterions, charged 1—, are the on

H-bond acceptors, here two iodides pe | CNTHF} - dr £
complex cation, iii) the water ligands, if ‘:"_,E.}/ ‘--‘\ / :'E- /_. /
several, are arranged in vicinal position s i o o 1.,-"'I

iv) only the water molecules are involved if L }-‘:} ,i‘i% ; = g%; ,.-"'"' "‘51-‘-
hydrogen bonding, and v) each hydrogen H O _'i,..-"'" x‘;\{”}g & T T ..-"’I.rm-ﬁ
all water molecules forms a single hydrg f, B, - /f‘ }1‘}* 11'::. e
gen bond to iodide, except when two hy \'\ ’_/ r;;.\ / \_L .-""f R“:‘-:

e

drogen atoms of the same water molecu "u"f
bind to the same iodide [6]. So, the onl
variable is the bridging functionality of io-
dide and the number of water ligands pq @ Unigue smacture of the Caje-cluster
cationic complex. It was found that unde
these conditions, the number of water mo
ecules coordinated to the alkaline eart

metal cation, directs the dimensionality o
the final compound. Thus, a compoun
=, 0K hI'|- /J

@T‘_'

i
L
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Fig. 2. Examples of homometallic alkaline PP Diace Myanit [ LI

earth metal clusters as precursors for sol-gels
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sition) precursors. However, they form exelogical systemsi.e. the alkali metal ion clusters were not only shown to form sols
tremely stable sols in THF upon hydrolysisransport antibiotics in cell membranes. on hydrolysis, but also the corresponding
with, in the case of the calcium compound, carbonates on reaction with air. We now in-
a particle size of 100 nm and a particle con2.4. Applications (Scheme) vestigate the formation of CaGGn the
position of Ca(OHYH,0),, which can be Among the above results, some concontext of biomineralization.
used to synthesize thin films of halide-fre@ounds were found to exhibit interesting
CaO. In order to introduce volatility, weproperties. Thus, the one-dimensional
aimed to replace LiOH by LiBu which is [Ca(diglyme)(H,0),]!, crystallizes in the Acknowledgement
volatile. Under the above reaction condipolar space grou@c, leading to the physi- I amindebted to Prof. A.F. Williams for hav-
tions and with Cglas starting material, on-cal properties ofi.e. non-linear optics g accepted me in his group and for giving me
ly a homometallic lithium cluster [L{u;- (NLO) and piezoelectronics. For this com%ﬂgr?kp%%rttﬁn'gé? dﬁ mev(\)/\i/l\llg :T?;e:r:gh;r‘gf's%to
O'Bu),(thf),I] with a distorted cubane pound, we were able to show that it is Casiguet for their most Qenerous support durin@
structure was obtained [9]. With SAnd pable of producing second harmonics whefy hapilitation. The Swiss National Foundation
Bal,, the mixed metal clusters [IM{O irradiated with a laser. The effect is weakeag thanked for continuous funding of this re-
Bu),{Li(thf)} ,(u,-OH)], M = Sr, Ba, were than in the classically used KPO,, how- search project. K.M.F. and E.D.G. thank the So-
isolated (Fig. 3a and b) [9][10]. Calculatingzver, good materials for NLO based ofiété Chimique de Geneve, the Fonds Firmenich
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case, one has to take into account theng-time resistance against heat and light N
Sr—O(OH) contact in addition to the fowaregthe focus of curre%t research for cger- Recelved: October 3, 2002
Sr—0O(0Bu) and the Sr—I bonds to coorditain applications. The compounds [Bla
nate the cation to satisfaction. This is ndDB18C6)I(L)] crystallize in acentric space
necessary for the Ba cation, so that the cgroups as well, and the crystals are ob-
ordination number for Sr in the Sr-comserved to be birefringent under the polariz-
pound is six, whereas it is five for Ba in théng microscope.
heavier analogue. This is expressed in the Since [IBa(CBu),{Li(thf)} ,(1,-OH)]
much more compressed and flat clustér ‘BaLi4’) is volatile, it seemed to us a
core in the Sr-cluster compared to the barsuitable precursor for barium oxide. Solu-
um one. Another difference is the rathetion studies of the cluster, especially by
good volatility of the barium compound adNMR, revealed that the cluster retains its
observed by the mass peak in the electrostructure in solution, except for a fast ex-
ic impact mass spectrum, whereas for thehange of THF ligands ingdrHF. We then
Sr-compound, only fragments of the strudsrought the BalLi4 cluster onto a substrate
ture can be detected under the same condf-SrTiO, viaa dip-coating method consist-
tions. We were thus able to synthesize ing of slowly withdrawing the substrate
new precursor for halide- and carbonatdrom the solution and letting the solvent
free barium oxide. evaporate. At room temperature, the par-
Recently, we started investigating théially crystalline material was shown to be
structures of alkali metallated calixarenesnhdeed the Bali4 cluster. After thermal
as they are used as intermediates in the syreatment as used in the synthesis of super-
thesis of transition metal derivatives of caleonductors, only BaO was left on the sur-
ixarenes, which are studied in the context dace, thus proving the possibility to use
metal ion adsorption on an oxide surfacBaLi4 as precursor for CVD of metal ox-
[11]. Calixarenes are also used to model bides. The two pure alkaline earth metal

Fig. 3. Comparison of the molecular structures
of [IM(O'Bu) ,{Li(thf)},(LL,-OH)], M = Sr, Ba.
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