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Abstract

Several of the mineral phases used for our commserate available in nature.
However the purity of the natural mineral phaségirtconsistency of properties,
structure, morphology and availability make themsuitable for large scale
continuous use in electronic and other applicatiofiserefore several inorganic
minerals are synthesized to tailor their properfis specific applications. These
minerals, though similar in their structural chaeaistics to the naturally occurring
minerals, gives flexibility in controlling their piy, and crystallographic
characteristics. This in turn helps to develop nmeam®d improved applications like
electronic and magnetic devices for communicatidris article has concentrated on
of some of the major synthetic materials used fecteonic applications with special
ephasis on their mineralogical aspects, strucpeparation and uses. The minerals
covered include: quartz, synthetic Berlinite, swtitth Perovskites, synthetic halites,
synthetic pyrites, synthetic rutiles, synthetic gmrlores, synthetic spinels, synthetic
sphalerites, synthetic wurtzites, synthetic corumdu
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Introduction

The high-technology solid-state materials that iotgaur lives every day are
developed and produced in rapidly growing businesskets around the world.
Everything we see and use is made from materiaisadefrom the earth. Synthetic
materials are materials that have been manufacturedherwise created by human
beings, as opposed to those occurring in naturesthdd the materials used in
industrial manufacturing and engineering are syitheA few natural materials
remain in widespread use. Functional ceramics se€ tor their electrical and optical
properties. They form the basis of many electraoimponents, including gas sensors
and passive infrared sensors for security systdingy are also used for magnetic
devices and modulators in microwave and optical momications. The properties
and behavior of every material is dependant ostiigcture and microstructure, and
these can be controlled by the way in which theyraade. Two familiar materials,
diamond and graphite, provide an easy example of the arrangement of atoms
determine the characteristics of a material. Badmand and graphite are composed
entirely of carbon atoms. A diamond is one hugeetule, very hard, with a very
high melting point. By contrast, the carbon atomgriaphite are arranged in layers of
flat hexagons which can slide relative to each mthe graphite is the soft, greasy
material used in pencils and lubricants.

Several of the mineral phases used for our commserate available in nature.
However there are limitations for their large scabamtinuous use. The purity of the
natural mineral phases, their consistency of ptaerstructure, morphology and
availability make them unsuitable for large scatmtéuous use in electronic and
other applications. Several inorganic mineralssgrehesized to tailor their properties
for specific applications. These minerals thoughmilsir in their structural
characteristics to the naturally occurring minergiges flexibility in controlling their
purity and crystallographic characteristics. Thisturn helps to develop newer and
improved applications like electronic and magndawices for communication.

All synthetic materials are not alike. Selectionogld be based on the
application where their unique properties are qastified. Once the relationship
between the structure and properties is undersib@pften possible to design new
materials, such as capacitors, sensors and sugeictons, which have specific
desired properties. This review has concentratedsane of the major synthetic

materials used for electronic applications with csple ephasis on their the
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minerological aspects, structure, preparation asgs.uThe minerals covered include:
quartz, synthetic Berlinite, synthetic Perovskitegthetic halites, synthetic pyrites,
synthetic rutiles, synthetic pyrochlores, synthesipinels, synthetic sphalerites,
synthetic wurtzites, synthetic corundum.

Synthetic Quartz

The quartz single crystal (silicon dioxide) is usexian important electronic
component in digital equipment such as mobile compations, optical
communications, video equipment and PCs as a prestarce of electrical signal.
Silica exists in a number of different polymorphSilicon and Oxygen are the two
most abundant elements in the earth and they canrbiform SiQ (quartz) which is
the most abundant mineral in the earth’s ctudiasses of granite and igneous rocks
of many geological ages are world-wide in theirwoence and it would be difficult
to find many large areas of metamorphic or oldetireentary rocks free from
innumerable quartz veins. The single crystals earchjuartz are up to several cms. in
length, and little nests of such crystals are amiiegcommonest objects of mineral
collections all over the world.

In the last twenty years quartz has become of denasble importance to the
telecommunications industry, one of its most imaottuses being the control of the
frequency of oscillation of high-frequency trandem$. Although quartz is very
abundant in the earth's crust it is usually foumthie polycrystalline state or as small
crystals. Large crystals, reasonably free from mivig and flaws, are relatively rare
and most of the supply for piezoelectric purposases from Brazil. This paved way
for the development of synthetic quartz crystals.

The Synthetic Quartz Crystals dates back to 1848.synthetic quartz crystal
is grown by the hydrothermal metHodn order to grow the crystals tlatoclave is
filled with alkali solution of material such as }&0; or NaOH. The autoclave is so
maintained that the temperature of the upper gddwer than that of the lower part.
As a result, materials that dissolved in the lowart under high temperature and
pressure are carried to the upper part by convedtiodeposit on seed crystals,
creating Synthetic Quartz Crystals. The operatimegsure may be between 10,000 psi
and 40,000 psi, depending upon the chemistry optbeess used. There are different
types of Synthetic Quartz Crystals crystal by shape and property. These varieties

can be produced by varying process conditions aieetation or size of seed crystal.
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Synthetic Quartz Crystals grown under good contrave uniform qualities and
appear in well-controlled shape and size.

The piezo-electric property of quartz is mainly disen the electronic
applications. Although Rochelle’s salt has supeniezoelectric properties, the
excellent mechanical and thermal properties andnated stability of quartz make it
very useful for practical applications especiallyr ffilters, oscillators and time
devices. Curie determined permittivity of quartgstal when elastic force was along
Z axis as 4.55 and 4.49 when it was perpendicalraxis® Quartz vibrator is a vital
component for radio and line communication systeBynthetic Quartz Crystals

created from Z-cut or Y-cut seed crystals are usedhigh frequency band

applications.
Table 1. Polymorphs of silica
Name Thermal stability at 1 atmosphere ~ Symmetry
Quartz Below 573 Hexagonal-P; trigonal trapezohedral
High-quart: 57z-87C° Hexagone-P; hexagonal trapezohec
Low-tridymite Below 117 Orthorhombic
Middle-tridymite 117-163 Hexagonal
High-tridymite 1632-117(° Hexagone
Low-cristobalite Below 200 Tetragonal; tetragonal trapezohedral
High-crystobalite | 200-172Qstable 1470-172) Isometric; tetartoidal(?)
Keatite Metastable at ordinary conditions  Tetragonal; tetralgtrapezohedral
Coesite Metastable at ordinary conditionsMonoclinic; prismatic
Stishovite Metastable at ordinary conditic | Tetragonal;ditetragonal dipyramii

Quartz crystallizes in the trigonal trapezohedrdhss (3 2) of the
rhombohedral subsystem. The lattice type is hexalgdrhe trigonal trapezohedral
class is characterized by one axis of three-foldragtry and three polar axes of two
fold symmetry perpendicular thereto and separajedngles of 120C. There is no
center of symmetry and no plane of symmetry. Sitinee crystal possesses neither
plane nor center of symmetry, it crystallizes irotferms called right hand (RH) and

left hand (LH) respectively. Silicon atoms in aaqu crystal is shown in Fig. 1.
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Fig. 1. Silicon atoms in quartz crystal

Changes of crystal structure and electron redigioh induced by an
externally applied field play a fundamental roleciectronic and optical propertiés.
X-ray topography using Lang method has proved toobe of the most powerful
method to visualize and characterize individualedef in macroscopic and nearly
perfect crystals$® Fig. 2. shows the 10.1 topograph of a naturattquaystal and a
synthetic quartz crystal. The defects are minimunthie synthetic quartz crystal.
Fig. 3. shows a typical natural quartz and synthetic quaststal.

(@) (b)

Fig. 3. Photograph showing (a) synthetic quartz crystal(@paehatural quartz crystal.
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Although natural quartz crystals were once usedhy's electronics industries
use synthetic quartz crystals exclusively due teirttconsistent quality. Japan
reputedly produces the majority of the world's bgtic quartz crystals.
Disadvantages of natural crystals include presehdmpurities, cracks, variations in
size and shape as well as twinning; while synthetystals have the advantage the

crystal chips can be efficiently obtained from $wtic crystals.

Synthetic Berlinite

Berlinite, AIPQ, is a crystal isostructural to quartz but with sumer
characteristicS.Berlinite is a rare phosphate mineral first discedeat the Vestana
iron mine, Nastum, Sweden. It is the only known enah to be isostructural with
guartz. The reason that berlinite is able to hheesame structure as quartz is because
the aluminum and phosphorus ions are of similag gizsilicon ions. Thus the same
structure can be achieved since the aluminum andgftorus can completely replace
the silicon without alteration of the quartz sturet Fig. 4 shows a typical X-ray

topography of berlinite crystal. The hair like ddirles are due to dislocations.

Fig. 4. X-ray topography of berlinite grown in$0, by hydrothermal method.
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Synthetic Perovskites

Perovskite is the name given to a large familynwdterials, synthetic and
natural, crystallizing in similar structures. A nber of synthetic perovskites are of
major technological importance. The perovskaenily of materials is important in
many electroceramic applicatiohs.Perovskite based ceramics are used in
ferroelectric, pyroelectric, piezoelectric, superoctor, thermoelectric, dielectric,
magnetic, linear and nonlinear electro-optic desice

Barium titanate (BaTig) and lead zirconate-titanate (PZT) ceramics fdmm t
basis of a sizable industry in ferroelectric anézpelectric materials crucial to
transducers, capacitors, and electronics. Baridemdte is the most widely used
dielectric material for applications in multi layeapacitors (MLC). The ferroelectric
nature of barium titanate related to its tetragamgbtal structure results in a high
dielectric constant that makes it attractive to us&ILC's. Perovskite materials are
also widely known for their dielectric properti®sMaterials with high dielectric
strength and low dielectric loss are ideal for asecapacitor materials and electrical
insulators. Above the Curie temperature, as thestalystructure change from
tetragonal to cubic, (for pure barium titanate ladwt 130°C), the dielectric constant
drops down strongly. The capacity of these devaa@sbe greatly increased through
the inclusion of certain materials. In order to fpen acceptably in tuning or
resonance circuits, the dielectric must also hawdiesectric constant that exhibits
minimal temperature dependence; otherwise, smahgés in ambient temperature
will throw the circuit out of resonance. Other apations require a dielectric constant
that exhibits minimal frequency dependence. Itls® alesirable to have the loss or
dissipation factor as small as possible. For maigrawave devices, the important
material features are the dielectric tunability, ibe change in dielectric constant with
applied voltage, and low dielectric loss. Bariumostium titanate, BaSKTiO3, has
been used in some such applications. It has beserwdd that the Curie temperature
decreased with the increase in the strontium confdnis compound as well as other
familiar perovskites, such as Cagi@nd SrTiQ, may achieve impressive dielectric
constants, which makes them well suited for ussapacitors, components in electric
circuits that temporarily store energy. Lanthanulmomate (LaCrg) and related
perovskite materials find applications in fuel selind high-temperature electric

heaters.
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The discovery of perovskite superconductors rdumtized the field of super
conductivity. This significant advance made supedttors cheaper to cool to their
critical temperature, since liquid nitrogen is ddesably less costly than liquid
helium. In 1975, BaRhBi O3 (0.05 <x < 0.31) with perovskite structure has shown
a critical temperature (Tc) of 13 X.Since then, high Tc (> 77 K) superconductors,
including the well known YB#CusOg.q Superconductors have been discovefed.

Complex perovskite oxides are playing an importesie in the area of
wireless communicatior$.In the form of ceramic dielectric resonators thaye had
a great impact on the microwave-based wireless aamwations industry by reducing
the size and cost of filter and oscillator compdsen products ranging from cellular
telephones to global positioning systems.

Perovskites derive their name from a specific nahé€aTiQ) due to their
crystalline structure. The mineral perovskite, vihwas first described in the 1830’s
by the geologist Gustav Rose, who named it afterffmous Russian mineralogist
Count Lev Aleksevich von Perovski, typically exligha crystal lattice that appears
cubic, though it is actually orthorhombic in symmedue to a slight distortion of the
structure. Although the term “perovskite” was ially reserved for CaTig) it was
later applied to synthetic compounds with a simskaichiometry and crystal structure
to the mineral. Goldschmittextensively studied the first synthetic perovskisad
pioneered many principles that remain applicablethte structure toda¥’. The
characteristic chemical formula of an ideal periteskeramic is ABX%, where the A-
site cations are typically larger than the B-satians and similar in size to the X-site
anion. In this structure the A cations are surr@shdby twelve anions in cubo-
octahedral coordination and the B cations are saded by six anions in octahedral
coordination. The X anions are coordinated by twsitB cations and four A-site
cations. Perovskites having the ideal structu@pathe cubic space grolgm3m*’
SrTiO; is commonly regarded as the archetypal cubic pdites as its structure
approaches closely to ABOThe ideal ABQ perovskite structure showing the
octahedral and cubooctahedral coordination of tren& A site cations respectively

can be seen from Fig.5.
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Fig. 5. The ideal AB@perovskite structure showing the octahedral and

cubooctahedral coordination of the B and A sitéocat respectively.

Most perovskites are considered to be ionic com@surand the ions
comprising them can be regarded to a first appration as spheres with ionic raéi
(A). In order to have contact between A, B andnoas, R\+Rx should be equal to
C2(Rs+Rx), where R, Rg and R are ionic radii. Goldschmidt has related the sitgbi
of cubic perovskite to a tolerance factor, t dediby

- Ry + Ry
" V2 (R +R)

For ideal structures, t is unity, although divepsgovskite structures of lower

symmetry can exist for values of t greater than Gr&l somewhat larger range for
distorted perovskite structures. For A(BB”1)Os type complex perovskites the

above equation modifies to
R,+R, -1
t=—2A_—2|05R, +0.5R,. +
75 2 [05Rs +05R, +Ry]

For cubic SrTiQ on the other hand= 1.002. The tolerance factor may be treated as a
measure of the stability of a given material witkrgvskite structure and to

discriminate different octahedral distortion boumels
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Octahedral Tilting

Fig. 6. Tilted BQ octahedra

Octahedral tilting distortions occur in perovskiteben the A-cation is too
small for the 12-fold site within the Bpolyhedral framework. To accommodate
such cations the octahedra tilt about pseudocutes & achieve the lowest energy
mode for the crystal and thus, it is less efficiantl energetically less favorable to
allow the A-cation to either “rattle around” in thmuboctahedral hole or force
significant expansion of the B-O bonds in the¢Bigtahedra. Tilting distortions can
significantly change the coordination environmerduad the A-cation, leading to
large changes in A-O bond lengths as shown in@&igt is this flexibility in the A-O
ionic interaction that allows tilting to occur whilmaintaining a regular, rigid
coordination environment around B.

Ordered Perovskites

Ordered perovskites are derivatives of the simpl@yskite structure formed
when either or both of the A- and B-site catiors @placed by combinations of other
cations located at specific crystallographic sitesations are ordered at only one site
the compounds are commonly termed double perosskitbereas if ordering occurs
at both sites they are referred to as complex @adguple perovskites. Majority of
ordered perovskites studied to date are oxide g&i@vwhich exhibit B-site ordering
due to their industrial importance as dielectreomators at microwave frequencies.
1:1 type double perovskite

These types of perovskites are derived from theplginperovskite structure
ABOs3; by substituting a mixture of two cations on thetabedral B-site. The
perovskites represented in the form A(EB”1,2)O3 or Ay(B'B”")O¢ are termed as 1:1
type double perovskite perovskite where B’ is aatient ion and B” is a pentavalent
ion. It has a stoichiometry of BB'Os, where the two different B-cations are ordered

in a rock salt fashion. The A-cation is typicallyaage, low oxidation state iore @,
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ce’, SP, BaY, P, La*, other trivalent lanthanides) that resides in tivelve-
coordinate cuboctahedral hole formed by the cosharing (B,B')X% octahedral
network. B can be a wide range of cations includiikali metals €.g, Li* in
La,LiSbOg)'® alkaline earth metale(g, SF* in BaSrUQOs)'®, transition metalse(g,
cr* and T&" in CaCrTaQ; Y* and RA" in BaYRuO:)***' main group metals
(e.g, SB* in SEFeSbQ)? and f-block elementse(g, U®* in BaSrUQs; EF” in

SrzErRuQ).23 Ordering of the two B-cations in a rock salt fashcauses a change in

space group symmetry from3r in the ideal simple perovskite Fon3m?*,

Cation deficient perovskites

Galasso and Katz reported the existence of ceraaterials such as
BasTa,O15 BasNb,O15 and SgTa,O;15 which are known as cation deficient perovskites
in the sense that if written in the perovskite fo(ABOs), AsB4Ois reduces to
AB( g0s. Hence there is a vacancy of 0.2 B cation perfopation, i.e., overall one B
cation vacancy per 5 A cations. These compound® Heexagonal structure and
crystallize in the P-3m1 space group with one fdemunit per cell (Z=1). The
compounds have five layer closest packing of oxyaeae barium ions. The tantalum
or niobium ions are located in the octahedral holesveen layers with one layer of
octahedral holes are missing tantalum ions to aovodate the charge neutrality.

These perovskite oxides thus have very significaes in electronic industry.

Synthetic Halites
The general formula of crystals with the halitaisture is MX. Many halides,

oxides, sulfides, selenides, nitrides and intertliesa which combine in a 1:1 ratio,
form this structure. Sodium chloride is a speakample for this structure. It belongs
to cubic unit cell and the atomic positions are:

Na: %2, 0, 0; 0, 0, ¥2; 0, Y2, O; Y2, 12, Y2

Cl: 0, 0, 0; ¥2; ¥2; 0; Y2, 0, ¥2; 0, V2, 12
The sodium ions are at the points of a face-cedteubic lattice. They are at the
corners of a unit cell and chlorine ions are atdéeter of the cube and center of the
edges. There are four sodium and four chlorine ationthe unit cell. For all materials
with the halite structure, Z=4. In this structueach atom is surrounded by six atoms

of the opposite type at the corners of a reguléatedron as shown in Fig. 7.
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Fig. 7: The ideal halite structure

Some of the nitrides and carbides such as NbC, d@af NZr with this
structure have been found to have high supercoimdut@nsition temperaturés?®
Many of the oxides, carbides and nitrides with folem MX are often
nonstoichiometric. This affects their electricaloperties and in the case of
superconductors can reduce their transition tenwpes drastically. The compounds
such as TbN, DyN, HoN, ErN, EuO, EuS and EuSe lggimilar structure are
ferromagnetic with Curie points of 2226, 18, 5°, 77, 16’ and 6 K and MnS,
MnSe, FeO, CoO and MnO are antiferromagnetic wittelNemperatures of 11
165, 247, 198, 273 and 122 K carbides with the sodium chloride structure are
characterized by hardness and refractoriness. &neychemically inert and have

melting points which range from 24’5 to 4006 C.

Synthetic pyrites

Pyrite is the classic "Fool's Gold". It can haveeautiful luster and interesting
crystals. It is so common in the earth's crust thest found in almost every possible
environment, hence it has a vast number of fornus\amieties. Pyrite (iron pyrites,
FeS) can be used as a photoactive material in sols emd in optoelectronic
components. It is possible to use both naturallpuoing pyrites, after a material
treatment to improve the photosensitivity, as vesllsynthetically produced, single-
crystal and polycrystalline pyrite. Photoactive ifgydayers, whose preparation and
use represent a commercially highly interestingraltive to materials hitherto in
common use. The semiconductor material chiefly usad now, e.g. for solar cells,
is silicon. However, its costs of manufacture are high to allow solar cells to be

made at favorable cost. The significance of theldssire and development of pyrite
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as a semiconductor material, especially for soklisclies in the fact that it is

plentifully occurring and cheap, as well as envinemtally compatible.

It has been shown that natural pyrite crystalsnfadves often show a small
photoeffect, whose magnitude is highly dependenthensite where they are found.
An improvement in photosensitivity was achieved thyermal treatment of the
material. Here the natural pyrite was annealedieaacuated quartz ampoule for one
week at 500° C. As a result, the photocurrent imessamples was increased by a
factor of 100. Various processes exist for pregasimgle crystal and polycrystalline
pyrite (bromide or PbGImelt). One process is the preparation by meansasf g
transport reactions with halogens as the transmgpedgent. lodine and chlorine have

already been used as transporting agents.

Pyrite is a polymorph of marcasite, which meanst tihahas the same
chemistry, Feg as marcasite; but a different structure and thezedifferent
symmetry and crystal shapes. Pyrite is difficultistinguish from marcasite when a
lack of clear indicators exists. Pyrite's structisranalogous to galena's structure with
a formula of PbS. Galena though has a higher symymete difference between the
two structures is that the single sulphur of galsneeplaced by a pair of sulphur in
pyrite. The sulphur pair is covalently bonded thgetin essentially an elemental
bond. This pair disrupts the four-fold symmetrytthasingle atom of sulphur would
have preserved and thus gives pyrite a lower symyfedn galena.

Although pyrite is common and contains a high petage of iron, it has
never been used as a significant source of iran bxides such as hematite and
magnetite, are the primary iron ores. Pyrite isasweconomical as these ores possibly
due to their tendency to form larger concentratiohsnore easily mined material.
Pyrite would be a potential source of iron if theses should become scarce. Pyrite is
often described as having a modified halite stmgcttdowever, iron atoms alternate
with pairs of covalently bonded sulfur atoms. Theirg of atoms are skewed in
alternate directions, so pyrite has lower symmttan halite. Other Compounds with
this structure and similar properties are AYSEaG, CoS, MnS, NiS;, NiSe, 0sS,
OsTe, PdAs, PtAs, PtBkb, RhSe, RuS. Structure contains groups of iron atoms,
each bonded to 6 sulphur atoms which are arrangdteacorners of an octahedron.
Pyrite unit cell is cube-shaped with iron atomshat corners and centres of each face.

Resultant crystal consists entirely of EeStahedra. Each S atom (at corner of each
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octahedra) is shared between three octahedra (ffeps) so the overall formula for

pyrite is Fegas shown in Fig. 8.

Fe S2
Fig. 8. Schematic representation of the struabiggyrite.

Synthetic rutiles

Rutile is one of the crystalline forms of T which the radius ratio (0.49)
with octahedral coordination of titanium by oxygand hence threefold coordination
of oxygen by titanium. The general formula of caystwith the rutile structure is
MX,. The rutile structure is also adopted by gdFek, MnO,, SnGQ and PbQ,
although the c/a ratios differ slightly from eadhar and from Ti@. TiO, adopts this
structure with tetragonal unit cell. In this sturet, each titanium atom is surrounded
by six oxygen atoms at the corners of an octahedunoth this 6:3 coordination

achieved in the tetrahedral unit cell is shownig B.

Fig. 9 Schematic representation of the structtiratde
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In the rutile structure titanium ions occupy tlerers and body centre of the
cell, with the oxygen ions forming an approximatefgular octahedron round the
centre titanium ion. The body centre titanium at ¥%22) is coordinated octahedrally
to six oxygen atoms. Four of these (two at O armlaivl directly above the two at 0)
are coplanar with titanium. Two oxygens at z=1/2 aollinear with titanium and
form the axes of the octahedron. The corner titasiuare also octahedrally
coordinated but the orientation of their octahedradifferent. The oxygens are
coordinated triagonally to three titaniums. Foulygen ions at the corners of a
rectangle are 1.88 A away from the centre titaniom while the other two are 1.97
A away. It can be seen that a similar octahedromxgfien ions surrounds each of the
other titanium ions. The oxygen - oxygen distarmes2.89 A and 2.41 A along the
edges of the rectangle and the outer pair is 2.7awAy. The smallest of these
distances is significantly smaller than the ioni@ndeter of oxygen. Two of the three
titanium ions coordinated to each oxygen ion am® distance of 1.88 A, and the other
one is 1.97 A away. They lie at the vertices ofsmsceles triangle with two sides of
3.49 A and one side of 2.89 A. The materials WK, rutile structures are prepared
as oxides or flurides and as used as sensors.

Synthetic Pyrochlores

Pyrochlore is the name given to naturally occurrmmeral discovered by
Woehler, having the formula ,B;O;. In Greek, “pyro” means fire and “khloros”
means green. Pyrochlore turns green on heafingumber of compounds such as
CdNb,O7, CadTa,0; and CaTaO; which contain a large divalent cation and a
smaller pentavalent cation form the pyrochlore cttrre. Many rare earth titanates
also have this structure. The pyrochlore structlrews varied physical properties
ranging from electronic insulators, 12,0, ionic conductors, G@dCay 1Ti20g g,
metallic conductivity, BiRwO-.,, Mixed lonic and Electronic Conductivity, spin ice
systems DyTi,O;, spin glass systems,Mo0,0; and superconducting materials
CdRe0;. Some of the very important properties of the merstof the pyrochlore
group are low thermal conductivity, high meltingirgo high thermal expansion
coefficient and high stability. They can be usedyas turbines and diesel engines as
thermal barrier coatings. Some of the pyrochlorenpounds exhibit high ionic
conductivity and can be used as electrodes for ¢edls. Pyrochlore oxides also
exhibit catalytic properties and are used as gufidto catalysts, oxidation catalysts

and gas monitoring sensors. They have the abdiggctommodate defects and act as
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possible host for radioactive wastes and as hodtuiorescence centers. Some of the
pyroclore materials also show superconductivity amafnetic properties including
colossal magnetoresistant behavior.

Synthetic pyrochlore has a great variety of chemaanpositions due to
substitutions at the A and B sites. Over 450 swyithpyrochlores have been
synthesized with this structure tygé.Radiation effects in pyrochlore-based titanate
ceramics have been extensively studfed.The pyrochlore crystal structure generally
describes materials of the typeBAOs and AB,O; where the A and B species are
generally rare-earth or transition metal speciag, ¥ Ti,O;. Stoichiometry of ideal
pyrochlore will be AB,XgX'. The structure can be regarded as an anion idetic
fluorite structure which retains a face-centerebiclattice. Two types of pyrochlores
of these forms are available: {Bx(B**)-XeX’ (IlI, IV-pyrochlores); (A%)x(B%)2XeX'

(I, V-pyrochlores)

In these structures A-sites are occupied by ldme,oxidation state cations
such as lanthanide ions, Y, Bi, In, T, Pb(ll), &, Hg(ll), Ca, Sr, Mn(ll), Sn(ll) etc.
X, X' anions could be &, F, OH, N*. The pyrochlore structure is a super structure
derivative of the simple fluorite structure (A© A4Og, where the A and B cations are
ordered along the <110> direction. It is formed whg8 of the oxygen atom is
removed from ideal fluorite structure. The addiibmanion vacancy resides in the
tetrahedral interstice between adjacent B-siteonati For an ideal pyrochlore
structure the Afrg ratio should be in the range of 1.45-1.8. Thesstesys are
particularly susceptible to geometrical frustrataomd novel magnetic effects. Fig. 10
(b) shows the structure of an ideal pyrochlore ismidomparison to flurite. The B-site
ions are octahedrally coordinated by X ions andit&-®ns having distorted cubic
coordination by X and X'. X-site ions are tetraledtyr coordinated by 2 A and 2 B

ions while X’- site ions are tetrahedrally coordedby 4 A ions.

Fig. 10. Cell of pyrochlore.
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Synthetic Spinels

The spinel structure has the form of AR [A=Zn, Mg, Ni, Co; B=Al, Ga,
Fe], where A is a metal ion with a +2 valence and B metal ion with a +3 valence.
They have the face centered cubic structliféhe natural minerals of the spinel group
are rarely seen in pure form and minor impuritigsstein most cases. The common
spinel is magnesium aluminium spinel (Mg®}). Natural and synthetic spinels were
used as catalysts for catalytically cracking petnat for more than 50 years. They
were employed because they have catalytically @etoid sites distributed over their
extensive pore surfaces. Synthetic spinels, asiden ftheir petroleum cracking
capabilities, are also used as catalysts in reddewels of noxious sulfur oxides such
as SQ and SQ, which are emitted in the course of burning fo$séls such as
petroleum. In this application magnesium-rich sfgireere used in preference to those
rich in alumina. Natural and synthetic spinels al& used as a colour pigment in
plastics, paint and ceramics industries. The celdwynthetic spinels are usually
prepared by heating magnesia, alumina and the kotpuagent at elevated
temperatures in the presence of mineralisers ssialtkali chlorides and fluorides.

Solid state and hydrothermal processes are thertajor routes to synthesize
spinels. Most procedures employ metal oxides odisable compounds, both of
which are converted to a spinel by firing or fusieith or without pressure. In solid
state spinel making processes, a magnesium com@mhdn aluminium compound
are mixed to give the requisite molecular constitut ground wet, and fired at
temperatures up to about 1660°C.

The spinel structure is viewed as a combinatiorthef rock salt and zinc-
blende structures. Spinel structure can be dividezltwo types: normal and inverse
spinel. In normal spinels (eg. Mg&l,), A% ions are on tetrahedral sites and tié B
ions are on octahedral sites. In inverse spinkés A" ions and half the B ions are
on octahedral sites; the other half of thé &e on tetrahedral sties, B(AB)O

In spinel, the cubic cell contains a close - pachady of 32 oxygen atoms
with magnesium ions in the 8 tetrahedral sites aladhinium in the 16 octahedral
sites. As there are 64 tetrahedral and 30 octahsitiea available in the unit cell, the
way in which they are occupied is governed by tbBquirement that the bond
strengths to each oxygen ion must be correct. freagth of each magnesium bond is

Y% and that of each aluminium bond is also %. Eagjgen is coordinated by 3
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aluminium and 1 magnesium ion, making a bond stred 2, appropriate to the

divalent oxygen ion.

Fig. 11: The structure of an ideal spinel.

Synthetic Sphalerite

Compounds of the AB type which have covalent baaa$ some of the most
important semiconductor compounds form this stmectibemiconductor materials
such as CdS, InSb, and CdTe have a narrow forbideleergy gap and are
photoconductive in the infrared. These materiads@gwith PbS, PbSe and PbTe have
been used in infrared detectors, photoresistorstogklls and transistors. High
temperature rectifiers, diodes and microwave detedtave been made from GaAs,
InSb, InP, InAs, AlSb and GaP.

Zinc-blend structure has a tetrahedral coordinatiostrated in Fig. 12 (a).
Anions occupy the FCC unit-cell atom positions arations occupy half the

tetrahedral interstitial positions of the FCC wtl.

(a) (b)
Fig. 12. (a) The Sphalerite and (b) Wurtzite st
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Synthetic Wurtzite minerals

Wurtzite is a less frequently encountered minesainf of zinc sulfide, named
after the French chemist Charles-Adolphe Wurtz. tAfigr structure and Zinc blende
structure are geometrically related to each othea isimilar way as the cubis and
hexagonal close packing of spheres. They also fr@gmorphic relationship to each
other. BeO is one of the most important oxides whih wurtzite structure. It exhibits
very high thermal conductivity and very low elec#ti conductivity. It has been used
in crucibles, in high temperature insulators andase caps for certain types of re-
entry vehicles. The compound ZnS is capable oftiegsn these two forms with
different crystal structures under different coidis. In the zinc blende structure, half
of the tetrahedral sites formed by the cubic clpseking of sulphur atoms are
occupied by the zinc atonis.Both the anions and cations are tetrahedrally
coordinated with respect to each other. The Werilitucture on the other hand has a
hexagonal close packing of sulphur atoms with bathe tetrahedral interstices filled
by zinc. Fig.12 (b) shows the unit cell of Wurtzite

Synthetic Corundum structured minerals

Corundum is found in metamorphic rocks, including aluminum-rich
limestone near the seashore which has been methasizpd. This makes it common
in rift zones. It is also found in source regiorfisaomelt with low Si and high Al
content. Corundum is one of the primary materialsctystallize in deep-seated
basalts. Aluminium oxide is the most widely usednpound. It is used in watch
bearings, phonograph needles and pressure-resigtaddws, scratch-resistant optics,
scratch resistant coatings on expensive watchesespaft and satellite windows
(because of its transparency from the UV to IR)d &s an abrasive. The most

common impurity in corundum is the colorless &an.

The corundum structure is a general structureass of minerals consisting
of hexagonal close packed O atoms with cationsndillup 2/3 of the central
octahedral sites. The cations occur two in a rdve, skip a site. This pattern is
staggered for adjacent rows. The formula for commmds ALOs. The Al atoms occur
two in a row, then skip a sit&.he oxygen ions are located at the lattice sitea of
hexagonal closed-packed unit cell. In the HCP atystructure as in the FCC
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structure there are as many octahedral intersgiias as there are atoms in the unit

cell.

Fig. 13. The corundum structure.

Conclusion
Several inorganic minerals are synthesized tort#tleir properties for specific
applications. These minerals though similar in thetiuctural characteristics to the
naturally occurring minerals, gives flexibility imontrolling their purity, and
crystallographic characteristics. This in turn Isetp develop newer and improved

applications like electronic and magnetic deviagscbmmunication.
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