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CRYSTALLOCHEMICAL PECULIARITIES Of METASILICATES
STRUCTURES FORMATION

A.F.Shirinova
(Presented by Academician of ANAS A.J.Ismayilzadeh)

This work is represented by results of crystallochemical study concerning the role of metal cati-
on, parent structural minals and structural units during formation of metasilicates structures. Study of
metasilicates structure allowed to define: 1) if chemical composition meets the requirement of definite
structure in this case there is no need to crystallize it in the form of other phase; 2) if there are small
and large cations in composition of metasilicates in this case trade-off appears, i.e. chain consists of
sorogroups and triorthogroups; 3) if different type structural units form in the same structure in this
case they can form crystalline structure with mixed structural types; 4) if (OH)-group includes silicon
coordination in this case by temperature increase Si-O radical complicates at first stage and further it
becomes simpler; 5) there are K, Ho-triorthosilicates and Ca-hydrosilicate-afwillite in hard phase

reaction in this case their derivatives remain inheritance of structural peculiarities.
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In work (Chiragov M.I, 2002), the method
of comparative crystal chemistry first identified the
parent structural minerals: in the ortho- and diorto-
silicate structures discrete Ca and TR and polyhed-
ra (coordination number) bound along the edge of
the SiO, tetrahedron, in the structures of silicates
with condensed radicals isolated Ca and TR octa-
hedra bound along the vertices with triorthogroups
of Si3010. The revealed crystallochemical regulari-
ties are used for controlling the processes of phase
transformation, phase formation and modeling of
new mineral structures.

Goal of research-revealing by method of
comparative crystal chemistry the following:
role of metallic cation, parent structural minal
and structural unit during metasilicates formati-
on. It is known formation of silicates structures
mainly depends on Mp,O,: SiO, correlation,
ionic radiuses of metallic cations and physico-
chemical conditions of phase formation. To de-
fine dependence between stoichimetric compo-
sition and structure of different phases it is ne-
cessarily to study their structures formed in par-
ticular physicochemical systems. On examinati-
on the silicate phases formed in system M,O,-
SiO; it was defined that atoms of Na, Ca, Mg,
Fe, Co, Ni, TR are typical for metasilicates. In
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structure Na-metasilicate (McDonald and Cru-
ickshank, 1967) - Na,SiO3 and Li - metasilicate
(Hesse, 1977) - Li,SiO3 values of ionic radiuses
Na’ (0.99 A) and Li* (0.68 A) reflects as oxy-
gen silicon chains. In structure Na-metasilicate
distance between the same oxygen 4.81A cor-
responding distance in structure Li-metasilicate
~4.67 A. These two structures differ according
to zigzagging Si-O chains. Deformation of Si-O
radical in structure Li-metasilicate shows that
oxygen has maximum density which reflects in
values Vj (the volume of one oxygen ion) for
Na-metasilicate Vo = 25.40 A® (p na-form = 2.68
g/cm?®), for Li metasilicate Vo = 19.6 A® (pLi-form
= 2.52 glcmd).

Crystallochemical formula for pyroxene —
Mg / MgSi;Og/ or M2 / M1 Si,Og/ shows that
part of magnesium atoms substitutes by cations of
other size. In position M1 magnesium atom subs-
titution is followed by change of form and com-
position of Si-O radical and therefore structural
unit with / M1Si,Og / composition can be distin-
guished here. This explains the existence of do-
uble salts with composition CaSiO3;xMgSiO; —
Ca /Mg Si,O¢/ (Shirinova and Chiragov, 2012).
In this case crystallographic positions of cations
differ sharply. Mentioned structural peculiarities
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can be observed in structure of wollastonite —
Ca,/ CaSizOg/ (Hesse, 1984) as well where two
atoms of calcium can be substituted by other
cations.

It is known in structure of pyroxene-jo-
hannsenite CaMnSi,Og (Freed and Pealov, 1967)
cations of calcium and manganese don’t form py-
roxene chains separately. In these structures Si-O
radical distinguishes according to its activity
which doesn’t depend on ionic radiuses of metal-
lic cations, but connects with particular conditi-
ons providing radical existence. This can be ob-
served in structures of clinopyroxene. For instan-
ce, in structures of spodumene — LiAISi,Og or ja-
deitie — NaAlSi,Os Li* and AI** or Na"and AI®
together meet a demand of pyroxene radical.

In nature Ca, Mn containing metasilicates
form minerals of two structural types — pyroxe-
ne-johannsenite — CaMnSi,Og and pyroxenoid —
bustamite — Mn3Cas /SizOo/, (Aksenov et al.,
2015). In the first a structural unit is represented
by pyroxene structural block with composition
IMny(Si206),/, in the second — wollastonite struc-
tural block with composition - /Ca; (Si3Og), /.
In structure of johannsenite there are calcium
atoms between structural units and in structure
of bustamite three atoms of manganese and one
atom of calcium distribute in four positions and
this is followed by reduction of structure sym-
metry.

Distribution of metallic cations concer-
ning chains is taken into account by observation
of dependence of ionic radiuses values upon pa-
rameters of chains. In pyroxene chain general
oxygen of two tetrahedral are in the same line
and octahedral of metallic cations create zigzag
columns. This connects with the following: the
component part of chains is sorogroup Si,O>,
height of which correspond to ribs of octahedral
and equal ~ 3 A and period of chains is 5.2 A.
Unlike the pyroxenes in structure Li and Na
metasilicates zigzag-formation is found in Si-O
chain and in distribution of metallic cations. In
structure of wollastonite the chain of wollasto-
nite forms from triorthogroup Si3O10. INnasmuch
height of sorogroup out of proportion concer-
ning ribs of calcium octahedra in this case tri-
orthogroups as U-shaped adjust to borders of
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calcium octahedra and wollastonite chain with pe-
riod 7.2 A forms from equivalent triorthogroups.

Dependence of ionic radius value on tem-
perature (qualitatively and quantitatively) is un-
derstudied during phase-forming. In the same
structural types according to temperature devia-
tion from gravity centre for different atoms will
be various, i.e. dependence of effective ionic ra-
diuses upon temperature will be different. The
following crystallochemical features mainly af-
fect it: 1) atom radius during ordinary tempera-
ture; 2) crystallochemical position of atom; 3)
structure and weight of atom; 4) coordination
number of atom: 5) energy of structure.

These features affect greatly on tempera-
ture expansion of effective ionic radiuses. By
temperature increasing atoms oscillation occurs
around its own gravity centre. In this case each
atom has corresponding temperature of oscilla-
tion sphere. It’s difficult to connect these struc-
tural features with atoms specific character. Ho-
wever, one can correlate ionic radiuses of two
atoms being in different crystallochemical posi-
tions.

Atoms of manganese and ferrum are bet-
ween atoms of magnesium and calcium accor-
ding to radiuses values. By crystallization of
manganese and ferrum silicates a compromise
derivative appears — chains consist of sorogro-
up and triorthogroup as in structures of rhodo-
nite — CaMn,SisOs5 (Leverett et al., 2008) and
pyroxmangite — Fe;Si;O2; (Zanazzi et al.,
2008). It’s noteworthy there are octahedra of
two types in octahedra column within structures
of these minerals, they are: octahedral the ribs
of which are connected with three similar octa-
hedra and their general tops tie with sorogroup.
The second type — octahedra connected with
two octahedral, i.e. octahedra connected with
triorthogroup. It shows according to temperatu-
re atoms oscillation sphere will be different, i.e.
values of effective ions of cations radiuses
connected with triorthogroup will be more
than radiuses of metallic cations connected
with sorogroup. Therefore crystallochemical
formula of minerals can be represented as
rhodonite CaMnSiss; O15 and pyroxmangite
— Fe;Sig42420,;. Probably rhodonite and pyrox-
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mangite with structural type of wollastonite can
appear by high temperatures.

These patterns are not found in silicates
where value of ionic radius of metallic cation is
more than calcium size. For instance, strontium
(Rs*" =1.18 A) regardless of temperature do-
esn’t form structural type of calcium metasili-
cate. In structures of silicates with more con-
densate Si-O radicals calcium are not substitu-
ted by strontium ions.

Additional anions or anionic groups play an
important role in structure of silicates. Structures
of hydrosilicates according to structural peculiariti-
es are divided into two different groups: the first
(OH) includes coordination of metallic cation and
silicon, and H,O includes coordination of metallic
cation. The second group oxygens of tetrahedral
substitute (OH) group. For instance, in structure of
afwillite — Ca, / Ca (SiO3 OH), / x 2H,O (Malik
and Jeffery, 1976); synthetic K, Ho — triorthosili-
cate Ho - K3HSizOg (OH), (Chiragov et al. 1979).
In structure K, Ho — triorthosilicate Ho — octahed-
ral and triorthogroups SizOg (OH), form holmium
oxygen silicon heterogenetic layer which con-
nects with hydrogen bond where in O - H ... O'
distance O - O' between adjusting layers 2.9 A
and length O - H=0.98 A forms structure Ho-sili-
cate, and potassium atoms are in its cavities.
By temperature 580-650°C and as a result of
OH —O? substitution mixed layer condensates
and triorthogroup transforms to wollastonite
chain. As a result of it a composite frame appe-
ars and potassium atoms with chemical compo-
sition K3 / Ho Siz Og / (Chiragov and Ragimov,
1986) fill its empties.

It is seen from crystallochemical formula
of afwillite that its composition possesses water
molecules of two types: as (OH)" group and
H,0. There are (OH) groups in tetrahedra in si-
licon coordinations and (OH)" and H,O — in
calcium coordinations. Therefore, in afwillite
structure water molecules are lost within wi-
de temperature range 250-450°C by low tem-
peratures water molecules are lost and by
high temperatures (OH)" groups transform to
0%, i.e. 2 / SiO30H / transforms to / Si,O; / as
a result of it rankinite structure appears which
finally transforms to mennonite — y-Ca,SiOs.
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Chemical activity of transformation can be
represented as: 4Ca3z(SiO30H), x 2H,0) —
4Cas (SIO3OH)2 + 8H,0 — CapSig0y; +
4(OH) =4 Ca3Si207 — y-4CaZSiO4 + 4S|02

It is found that during solid-state reaction
K, Ho triorthosilicate and Ca — hydrosilicate-af-
willite inheritance of structural peculiarities re-
mains in the products of transformation.

Thus, studying structures of metasilicates
we can conclude: 1) cations with onion form co-
ordination polyghedra and parent structural mi-
nals form from it and further structural unit, by
its different polymerization different structural
types form; 2) if chemical composition meets
demand of particular structure there is no need
of its crystallizing as another phase; 3) if diffe-
rent type structural units form in the same struc-
ture in this case crystalline structure with mixed
structural types forms; 4) if in tetrahedra (OH)-
group includes silicon coordination in this case
Si-O radical complicates by temperature increa-
se at first stage and further it will be simplified.
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METASILIKAT QURULUSLARININ FORMALASMASININ KRiSTALLOKIMYOVi
XUSUSIYYOTLORI

A.F.Sirinova

Isdo metallik kationlarm, ilkin qurulus minallarimn va qurulus vahidlerinin rolunun Kristallokimyavi arasdirma-
siin naticalari oksini tapmisdir. Miiayyan edilmisdir: 1) agor kimyavi torkib miiayyan qurulusun talablorini 6dayirss,
onun basqa fazada kristallasmasi miimkiin olmur; 2) ogar metasilikatin tarkibinds Kigik vo iriolgiilii kationlar istirak
edirss, bu halda kompromis yaranir — tetraedr radikallar1 diortoqrup va triortogruplardan togkil olunur; 3) bu va digar
quruluslar mixtslif qurulus vahidlarindon amola gslirss, bu halda garisiq qurulus tipli kristal quruluslar1 formalasar;
4) ogor tetraedrdo (OH)-qrupu silisiumun koordinasiyasina daxil olursa, bu halda temperaturun artmasi ilo Si-O radikali
miirokkablogir vo sonra sadslosir; 5) barkfaza reaksiyasinda K, Ho —triortosilikat vo Ca —hidrosilikat — avfillitin qurulus
xuisusiyyatlorinds irslilik prinsipi saxlanilir.

Acar sozlar: kristallokimya, metasilikatlar, qurulugun formalasmasi

KPUCTAJJIOXUMHUYECKHUE OCOBEHHOCTH ®OPMHUPOBAHUA
CTPYKTYP METACUJIUKATOB

A.®.IllupunosBa

B pabote mpeacTaBieHBl pe3yiIbTaThl KPUCTAIIOXUMHUYECKOTO HCCIIETOBAHUS POJIU METAJUIMYECKUX KaTHO-
HOB, POJOHAYAIBHBIX CTPYKTYPHBIX MHHAJOB M CTPYKTYpPHBIX €JHHHI] B Tpouecce GOpMUPOBAHHS CTPYKTYp MeETa-
CHWJIMKATOB. YCTAaHOBJIICHO, YTO: 1) €ClIn XUMHUYECKUH COCTaB yJIOBJIECTBOPSET TPEOOBAHMIO ONPENEIEHHON CTPYKTY-
PBI, TOT/Ia HET HEOOXOIMMOCTH €€ KpPUCTAJUIM3ANH B (hopMe Apyroi (asbl; 2) eciii B COCTaBE METACHIMKATOB UM e-
IOTCSI M MEIIKUE, ¥ KPYTTHBIE KATHOHBI, TO TOSBIISETCS KOMIIPOMHCC — [IENOYKa COCTOUT M3 AMOPTOIPYNIT U TPHUOPTO-
rpymi; 3) B OAHOW U TOH ke CTPYKType 00pa3yloTcsl pa3HOTHITHBIE CTPYKTYpPHBIE €HHUIIBI, U3 KOTOPHIX (POPMHUpYETCs
KPUCTAJUTHYECKAs! CTPYKTYpa CO CMEUIaHHBIMH CTPYKTYpPHBIMH THIaMu; 4) eciu B Terpasape (OH)-rpymma Bxoaur B
KOOPJMHAIIMIO KPEMHHs, TO C YBEIHMYCHHEM TEeMIICpaTyphl Ha mepBoM dtame Si-O pagukan yCIOXKHSICTCS W Jaee
ympoiuaercsi; 5) B TBepaodasznoii peakuun K, Ho — tpuoprocunukara u Ca — rugpocuiiukara - aBQuiuinra B UxX npo-
JTyKTaXx TPEBPAIIeHHUs COXpaHsIeTCs yHacIeJ0BaHUE CTPYKTYPHBIX OCOOCHHOCTEH.

Kniouegvle cnosa: kpucmaniioxumus, Memacuiukameol, popmuposanue cmpykmyp
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