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ABSTRACT

The solid state, hydrothermal, micro-wave assistethods (autoclave and glass
ampoule) were used in the synthesis of transiti@taimborophosphate and boroarsenate
compounds. The products were investigated by XRORFICP, TGA, ESR and SEM
methods. The solid state reactions of several ba@ammpounds with a phosphating /

arsenating agent has been studied in the range $200°C.

Fe[BP;01;] was synthesized successfully by solid state metmati found to be
isostructural with BgBP;O,] which crystallize in the orthorhombic system. Tt cell

parameters were found to beaxs8.0805 and c= 7.424%

(NH4)xM (3-x2(H20)2[BP2QOg].(1-x)H20 (x = 0.5), where M = Mn and Co which is
isostructural with the reported NBd(H.O),(BP.Og).0.72H0, LiCd(H,0),[BP.Os].H-0,
Fe(H.0),BP,0Os.H,O, Sc(HO),[BP,Ogl.H,O was also synthesized successfully by
hydrothermal method and indexed in the hexagongstal system. The unit cell



parameters were found to be as a=9.5104, c=15.A168d a=9.4920, c=15.582R

respectively.

Using hydrothermal method (k§Co;.25H20); §BP,Os].H,O compound was also
prepared successfully and indexed depending orutiitecell parameters given in the

literature.

Na—M-As—B—-O containing compound where M = Mn, Cao, ahd Al-As-B-O
containing compound was tried to be synthesized.tiBir crystal structure investigation

and characterization studies were not successautalthe powder form of products.

All the compounds prepared have been investigayelTIR spectroscopy and the

assignment of the functional BABO,, AsO, and PQ groups were done.

Keywords: Borophosphate Compounds, Boroarsenate Compouhids)sition Metal
Borophosphate Compounds, FTIR and X-ray Powder rduiffon,
Hydrothermal Method, Micro-wave Method, Solid t&ynthesis.
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Geck metal borofosfat ve boroarsenat kikderinin sentezi; kati hal, hidrotermal
(otoklav ve cam ampuil) ve mikrodalga metodlari &ailarak gercekkgirilmistir.
Urlinlerin karakterizasyonu XRD, FTIR, ICP, TGA, ESB SEM metotlari kullanilarak
yapiimstir. Bazi bor bilgiklerinin fosfatlama ve arsenatlama araclari ilecg&lestirilen
kati hal reaksiyonlari 500 — 1260 arasinda gercekirilmi stir.

Bu calsmada FgBP;O;;] baariyla sentezlenmi ve ortorombik yapida
kristallenen BgBPsO15] ile ayni yapida oldiu ispatlanmytir. Birim hiicre parametreleri
a= 8.0805 and c= 7.4244olarak hesaplanstir.

NH4Cd(H0)2(BP,0g).0.72H0, LiCd(H,0)[BP,0g].H-0,
(H)o5Co1 25(H20)1 5[BP,0g].H20, Fe(HO).BP,0s.H,O, Sc(HO),[BP,Og].H,O ile ayni
yapida olan (N&xM )2 (H20)2[BP2Og].(1-x)H2O (x = 0.5), M = Mn ve Co sentezi de
hidrotermal metotla kullanilarak gerceyielmis ve hegzagonal kristal yapisina gore



Vi

indekslenmitir. Birim hiicre parametreleri; sirasiyla, a=9.516415.7108 ve a=9.4920,
c=15.58204 olarak hesaplanstir.

Hidrotermal metot yontemiyle (bi3Co1.25H20)15BP.Og].H20 bilesigi basariyla
sentezlenmgive birim hiicre parametreleri kullanilarak indekshestir.

Na—M-As—B-0O iceren (M = Mn, Co, Zn) ve Al-As—B-Cerien bilgiklerin sentezi
calsilmistir. Fakat Urindn toz olmasindan dolay! kristal 1gapn aragtirmalari ve

karakterizasyon c¢aimalari baarili olmamstir.

Elde edilen bittn bikgklerin aragtirmasi FTIR spektroskopisi kullanilarak BO,,

AsO, ve PQ fonksiyonel gruplarinin analizi yapilgir.

Anahtar Kelimeler: Borofosfat Bilgikleri, Boroarsenat Bilgkleri, Gecks Metal
Borofosfat Bilgikleri, FTIR ve X-ginlari Toz Difraktomu,

Hidrotermal Sentez, Mikrodalga Sentez, Kati Halt8en
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CHAPTER 1

INTRODUCTION

1.1 THE CHEMISTRY OF BORON

The boron atom has the electron configuratiorf; 2&, 2p" and is placed in
Group Il of the Periodic Classification. The ch@fidation state of boron is +3 and the
element normally combines with oxygen (of elect@onfiguration 1§ 2<, 2p") to
form three triangular-planar bonds by?sprbital hybridization. The boron-oxygen
radius ratio is 0.20 and from spatial consideratiatone, boron would be expected to
occur in three- or fourfold coordination. The triios to tetrahedral Sporbital
hybridization is facilitated by the easy acceptaatan electron-pair from a base into
the low-energy fourth orbital of the boron valestell.

The elemental form of boron is unstable in natboepn is found combined with
oxygen in a wide variety of hydrated alkali and aditke earth-borate salts and
borosilicates. Boric acid, derived from weatheraztks or volcanic activity, is
eventually incorporated into marine sediments. Bbeugh the most abundant boron-
containing mineral is the borosilicate toumalinegpdsited during granitic
crystallization, the bulk of commercial boron ig@bed from minerals concentrated by
the evaporation of salt lakes [1].

An important use of boron is to make boron stedbamon carbide control rods
for nuclear reactors. Boron has a very high cressien for capturing neutrons. Control
rods made of boron steel or boron carbide may kered into a reactor to absorb
neutrons and thus slow the reactor down. Boronidarls also used as an abrasive.
Boron is used to make impact resistant steel, axitases the hardenability of steel
[2]. The fifth element in the periodic table, boragreceiving quite a bit of attention in

the world of medicine for the treatment of tumorBoron is an element

1



that can be irradiated with neutrons to releasé@-bigergy alpha particles and gamma

rays that can destroy tumor cells.

Boron has been used as far back in history as Eggtpt. Mummification was a
regular practice for the burial of the deceasedmihification depended upon an ore
known as natron, which contained borates as wedbase other common salts. Natron
was a highly prized substance and was very expenBoron was also used for welding
in China and glassmaking in ancient Rome. Boronenails were discovered in
Southern California about 1869.

Boron likes to combine with oxygen to form seveddferent compounds. One
element over from boron is carbon which, like boralso likes to combine with oxygen
to form compounds such as carbon dioxide. Howesaghon also likes to combine with
hydrogen to form hydrocarbons for fuels such a®lgas In nature there is no known
combination of boron and hydrogen. In 1910, Alfr&tock, began working on
combining boron and hydrogen to make boron-hydraed he succeeded. However,
these compounds were very expensive and very veattiwas not until the U.S. Army
began research on boron-hydrides as a possibletrfwél that this research proved to
be useful. This research continued until 1948 wtherresearch facility was washed out
with carbon tetrachloride, not realizing that carlietrachloride and decaborane form
an explosive mixture similar to nitroglycerine até plant was blown away. Current
stockpiles of pentaborane ) and decaborane {BH1g) are being destroyed because

these compounds are powerful central nervous sytsbeims.

Boron is being used today for the treatment of tamBoron has two isotopes,
boron-10 and boron-11 (Figure 1.1). Boron-10 is tmy light element with an
extremely high propensity to bind with a slow mayimeutron. These slow neutrons are
referred to as thermal neutrons. When boron-10 spigg this thermal neutron it
becomes a high-energy boron-11. This boron-11 ngdke quite unstable, so it fissions
or blows up releasing two heavy particles, a Ifiéd nucleus and a helium-4 nucleus
plus a gamma photon. The heavy lithium-7 and helumuclei exit at a very high
speed making them very deadly to the cell theyimaigd in. If researchers could
selectively incorporate boron-10 into cancer celigy could then irradiate the patient

with thermal neutrons. The destruction of tissueulobe localized to only the



cancerous cells, since they are the only onesciatiain boron-10. The BNC (boron
neutron capture) would Kill the targeted tumor £edhd the body could heal itself,
replacing the dead tumor tissue with normal tisgtigure 1.2). The attractive part of
this treatment is that the length of travel of litlum and helium ions produced from
BNC is only about one cell thick. Due to their waignd energy, they virtually tear the
cell to pieces, but the damage ends there.

Boron-10 and Boron-11
Isetopes of oron

B nucleus

o PIOTONE + 5 neuirons

Nuclear Structure of
the Boron lsorapes

UE nucleus
5 pIotons + 6 neuons
Electronic Structure
af the Boron Atom @ proton e

Figure 1.1 Electronic structure of the boron atom [3].

This therapy is being studied as a treatment fambtistoma multiform, a very
deadly brain cancer. Researchers are also lookiBN&T for treatment of lung and
prostate cancer (Figure 1.3) [3].



Figure 1.2Boron neutron capture reaction [3].

The BNCT Cell-Killing hMechanism

i HE 2+
melens (A Y

cell me mbrane

ortoplasm

'n

glow nentoon

Figure 1.3BNCT cell-killing mechanism [3].



1.1.1 Boron Oxygen Chemistry

Boron, a non-metallic element of low general abuneeés, has little in common
with the other elements of Group lll. Being the mekectronegative element of the
group, it resembles in general the non-metals,iqudatly silicon, far more than
aluminum and the metals of A and B subgroups. Boliga silicon, occurs in nature
exclusively as oxy-compounds, particularly hydroosdies of calcium and sodium with
the formula of; NaB,Os(OH)..8H,0O (borax). The borate iofiB(OH)4]", is found in
ocean4].

In borates based exclusively on B@oordination groups there would be a
simple relation between the O : B ratio and the Ioeirof O atoms shared by each
BOs group, assuming these to be equivalent and eatieldl to 2B atoms as shown in
Table 1.1.

Table 1.1Different types of boratd$].

O:B ratio Number of O atomarsu
3 Orthoborate: discr&@s> ions 0

2% Pyroborates: discret®8 ions 1

2 Metaborates: cycticchain ions 2

1% Boron trioxide 3

All of the above four possibilities are realized @ompounds in which B
exclusively 3-coordinated (n = 3), but there are tfactors which complicate the
oxygen chemistry of boron. First, there is tetdihk coordination of B in many oxy-
compounds, either exclusively or admixed with 3rdamation in the same compound.
Therefore, there is no simple relation between B :ratios and the structures of
borates. Second, there are many hydroxyboratesioomy OH bonded to B as part of

3- or 4-coordination group.

To explain the bonding chemistry and to classify gtructures of other solid

borate compounds the following statements are densd[1].



1)

2)

3)

4)

a) In borates, boron is observed to exist in threkf@ri-angular- planar) and four-
fold (tetrahedral) coordination by oxygen.

b) The ratio of tetrahedral boron to total boron gaiigalent to the ratio of cation
charge to total boron. The postulates are exadh®majority of hydrated borates;
a few high-temperatures phases are exceptions.

The crystalline borates are monomeric or polymerFite existence of monomers,
dimers, trimers, tetramers, pentamers, and polydsoeal networks (including
glasses) has been indicated.

In the higher crystalline polyborates, the basiudtre is a six-atom ring with
alternate boron oxygen aton(Sigure 1.4). Structures for the vast majority loé t
higher crystalline polyborates appear to have trdiguration as an integral part of
the polymer. Also, the predominant polymeric spscn dilute borate solutions is a

trimer probably consistent with the ring structbedow;

B B
/\O/\

Figure 1.4 Structure with six-atom ring with alternate boaomd oxygen atomid].

a) The rings may contain zero, one, two or possibhgdhtetrahedral boron atoms.
Rings with one or two tetrahedral borons are paldrty common under hydrating
conditions and appear to have some special chestaaility.

b) The trimeric rings may be broken at the tetrahedosibn atoms to form higher
polyanions, for example, the tetramer and pentamer.

c) The resultant polyanions may be linked by sharedyer atoms to form chains,
sheets, or three-dimensional networks.

Miscellaneous borates, including some rare or ®tithspecies, have their
structural equivalent in other chemical systemsciviare analogs of the carbonates
and silicates. A few gaseous borate species unyiqlibit twofold boron-oxygen
coordination1,5,9.



Compounds containing monomeric triangular, ;B@Qnits are rare-earth
orthoborates MBO;. Binuclear trigonal planar units are found in thgroborates
[B,Os]*. Trinuclear cyclic units occur in the metaborat¢BzO¢]>. Monomeric
tetrahedra]BO4]> units are found in the Zr-type compounds and imtireerals.

Units containing B in planar B{xoordination, units of containing B in tetrahedB&,
coordination and units containing B in both B&hd BQ coordination are given in the

following section[1].

1.2THE CHEMISTRY OF BOROPHOSPHATES

The crystal chemistry of borophosphates exhibiterger variety, compared
with purely tetrahedral structures, because boemmbe either three (trigonal-planar) or
four (tetrahedral) coordinated by oxygen, and that BQy and PQ tetrahedra share
corners and build infinite chain and network. Asfiapproach to the development of a
structural chemistry of borophosphates was donedas linking principles of the
primary building units following the general liné silicate crystal chemistry [7-8]. The
studies on the synthesis and structural charaatesiz of metal borophosphates show
that borophosphates have a rich structural chgmigth a large variety in their anionic
[BxPyOz[" structural building blocks [9].

The crystal structures of borophosphates are dingtled into anhydrous and
hydrated phases. Further gradings are based ofmtbiar) B:P ratios [7]. The anion
groups in these compounds should be large enougbparate active ions, in order to
reduce the concentration quenching behavior causedhe ion-ion interactions.
Therefore, the work of exploring and investigatmgyv earth compounds consisting of

large anion groups such as B®Q,, or BO, must be significance [10].

Today, the structural chemistry of borophosphaterenalready extends from
isolated species, oligomers, rings, and chainsayers and frameworks. The existing
minority of compounds containing isolated boratsites isolated phosphate structural
units are regarded as borophosphates as well, uglthdhey actually have to be
classified as borate-phosphates. But this disbnds not pursued any further. Hydrated

borophosphates with a molar ratio B:P>1 have th@nchnions contain boron in a 3-



fold and in a tetrahedral coordination. B@roups are exclusively linked to borate
species. Terminal (non-bridging) oxygen positiorfstlle BO; groups are always
protonated. All the corners of BQ@etrahedra share common corners with neighboring
units within the chains. The crystal structure afB§PO,o(OH)s] (B:P=5) contains a
central tetrahedral borate chain which is loop-bhaa by single B&OH) and
PO;(OH) groups with the sequence B— B— P @ldime chain. Hydrated
borophosphates with a molar ratio B:P=1 and B:P<leaclusively built of borate and

phosphate tetrahedra and do not contain bororriargyul planar coordination [7].

Borophosphate compounds with 3D tetrahedral opmmédwork structures are
difficult to  synthesize. @ Sevov reported first metalborophosphate
(CoB,P3015(0OH).CH10N2) with an open framework structure [11]. Bontcheparted a
few organically templated vanadium borophosphatils @luster aniongl12-13]. The
first tetrahedral framework structural borophosphedmpounds are K[ZnBBg] and
A[ZnBP,08] (A=NH,", Rb’, Cs] published by Kniep’s group [14].

The crystal structure ofi-Zng[BPO;] (=Zn3[(BO3)(PQy)]) contains isolated
planar BQ groups and PPtetrahedra. Trigonal planar borate groups shadng
common oxygen atom with a phosphate tetrahedromvelk as isolated phosphate
tetrahedral are present in the crystal structult@agBP3014] (ECos[(BPOs)(PQy)2]) [7].

1.2.1 The Synthesis of Borophosphates

Borophosphates can be synthesized under mild Hyelmoial conditions using
common starting materials. Other less frequentlydugreparation methods are high
temperature (solid state) and microwave method<Jig of the reason of the preparing
new compound combining both borate and phosphabeipgr is the best known
materials with optical and electro-optical applicas are either borates or phosphates
such as BBO[{-BaB,0,), KDP (KH,PQy), etc. [14]. NHCd(HO),(BP:0s).0.72H0
[15], {(NH4)05C01 25}(H 20)2(BP20g).0.5H:0 [16], LiCd(H:0)[BP20g].H,O [17],
(H)o.sM1.26H20) {BP-Og].H,O (M = Co(ll) and Mn(ll)) [14] , LiBaBO;s, BaBPQ
[18] are the examples of compounds that were sgitbeé by hydrothermal method.
CaBPQ was synthesized by high temperature method [19].



1.2.2 The Importance of Borophosphates

There has been intense research activity in tre@ranorganic open-framework
materials in the past few years. These materigdso&rtechnological importance as
shape-selective catalysts and ion exchange mateaial are widely used in various
industrial and technological processes. BR®elf is a catalyst used industrially for
many reactions including hydration, dehydratiokyktion, and oligomerization [14].
BPQ, itself is a good catalyst (100% conversion) foe tthecomposition of C&i,
(Freon 12) which is a known killer of the ozonedrj20-22]. BPQis, therefore, a very
promising catalyst for fluorine-containing compoanrukcause of its durability towards
fluorine due to its nonmetalic character [23]. Theensiderable efforts have been made
towards the design and synthesis of open-framewor&phosphates [24-31] but only a
few such structures have been found to date [32S38jstitution of some oxygen atoms
with fluorine led to the first fluoro-boro-phospkatGHioN2)[BPO4F,], a compound
with infinite chains of [BPGF;] separated by the protonated organic templatds [34

In addition to these applications, borophosphat@pminds are also used in
polymer chemistry. The Zaidi's study is an attergptmprove the performance of the
sullfonated polyether-ether ketone / polybenzimidaZSPEEK/PBI) blend membranes
by introducing the inorganic proton conducting miale BPQ,. According to Zaidi's
study BPQ under certain conditions reveals the propertiea pfoton conductor and
have a proton conductivity 6 x £®/cm at room temperature under full humidification
Another interesting feature of BR® that it can retain water at high temperaturee
composite membranes were prepared from SPEEK/R8ldbsuspension and boron
phosphate, and their conductivity was monitored ifopedance spectroscopy as a
function of PBI content for the blend and BP@ading for composite membranes

respectively [35].
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1.3ARSENATES

Arsenate (As@) is a predominant species of As in toxic wateesljrments, and
hydrothermal fluids. With the exception of weatltepeofiles containing As sulfides (or
As substituted pyrites), the low natural abundanckesrsenate does not allow its
formation as a pure mineral, and hence As commonbturs as adsorbed species on
sediment or soil minerals such as Fe- and Al-oxybides. As is a labile element and
that changing redox conditions, solution pH, arel phesence of organic ligands in the
environment modify the adsorbed arsenate specjatsofubility, and dispersion.
Vibrational spectroscopy is particularly useful fohe examination of in situ
coordination of arsenate [36]. Arsenate is a teafl molecule and exhibits four
fundamental vibrations, an;Asymmetric stretchy;), an E (symmetric bendig), and
two F vibrations (asymmetric stretching & bending, & v4, respectively). The
vibrations E and F are doubly and triply degenenaiedes, respectively. Metal
complexation of protonates AsO does not significantly change the A£Ogroup
frequencies [37]. While the vibrational spectrogcbps been widely used in examining
the AsQ* coordination chemistry, insufficient knowledge e correlation of Asgy
molecular structure and its vibrational spectra edgd the complete spectral

interpretation [36].
1.3.1 Arsenate Compounds and Their Applications

Chromated copper arsenate (CCA) is a wood preseevaised for timber
treatment, in use since 1930's. It is a mix of ewpghromate and copper arsenate. It
preserves the wood from rotting due to insects mmobes. It is also known under
trade name Tanalith. The chromium acts as a barterithe copper acts as fungicide,

and the arsenate acts as insecticide [38].

Lead arsenate and calcium arsenate are arsenisttigpes used on apple,
blueberry, and potato crops [39].

The main uses of arsenicals, as components ofcfpestiand herbicides, have
been banned in many countries. Arsenicals are atled in leather pigments.

Chromated copper, sodium, and zinc arsenates aeel us antifungal wood
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preservatives, and in some places, arsanilic aciddded to farm animal feed as a
growth stimulant. Metallic arsenic is used in aleoics and as a metal alloy, and
sodium arsenite has been included in drugs fotitiggdeukemia and other diseases.
Arsenic is also used in lead crystal glass manufaxg, contributing to atmospheric

emissions and the generation of highly toxic wapté§

1.3.2 Boroarsenates

Framework materials have been extensively studied w their important
applications in areas as diverse as cation exchgngatalysts, and nonlinear optical
materials. Oxotetrahedral frameworks are the mostgbent structures, as exemplified
by the large number of zeolite, aluminophosphatel, Zncophosphate structures [41-
43]. Recently, significant developments of oxoteédral frameworks have been made
with the synthesis of a generation of structurestaining less common units, for
example, BQ@, FeQ, and NiQ tetrahedra; these normally occur in associatiah thie
more traditional species of SQAIO,, and PQ [44,45]. In some framework structures,
tetrahedra may terminate in oxygen or a protonakggen, for example, NaZnSiOH
[46] and the dumortierite analogues, Ce@H)3(AsO4)(AsOs0H) [47]. The quest for
structural diversity in framework materials hasodksd to the use of borate units, with
their three- or four-coordinate linking abilitiest8-50]. These borate groups in
combination with group 15 oxotetrahedra, such ag, @n produce building blocks
isoelectronic with silicates and lead to analogstisictures, for example, the quartz
analogue BPQ [51], mixed isolated borate and phosphate uni&2-93] chain
structures, [54-55] and fully three-dimensionahieworks [7]. In contrast, the area of
boroarsenate chemistry has been relatively pooxjyloeed, with very few known
examples in the current literature. The mineralsruggite [CaMg(Bes(OH)sOs
(AsO3))2(H20)14 and Cahnite [CaBAsO4(OH),4], which contains discrete B(O,0H)
and As(OH) tetrahedra, are known, as are a few dense boredesemprepared at high
temperature, including Ba(BAsl) PDb(BAsQ), and Pl-AsOy(B(AsOs)s). The
combination of the unique framework forming behawviof arsenate (Asn(OH)n)
and (fluoro)borate (B BOs;, BOsF) has not been studied in any detail up to now.
Investigation of these arsenate species providespaortunity to develop completely
new framework types, quite distinct from borophcael, that can coordinate to anionic

species through the proton of the OH unit or hydrogond within channels [56,57].
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1.4 SYNTHESIS METHODS

1.4.1 Hydrothermal Methods

Hydrothermal method involves heating the reactantsvater/steam at high
pressures and temperatures. The water has twoidoactas a pressure-transmitting
medium and a solvent. The method is quite simglactants and water are placed inside
a teflon — lined cylinderic autoclave (bomb) (homade) (Figure 1.5) which is either
sealed or connected to an external pressure camtrglass ampoule. The autoclave is

then placed in an oven, usually, at a temperatuties range 100 — 560.

Hydrothermal route is one of the most used onem@to its economics and the
high degree of compositional control [55]. In addit the hydrothermal synthesis
requires neither extremely high processing tempegahor sophisticated processing
[58].

Hydrothermal synthesis methods have a wide rangepgfications such as

zeolite synthesis (e.g. aluminosilicate) and simgjestal synthesis (e.g. quartz) [59].

In addition to these advantages, hydrothermal neketiequires long period for
most of the compound synthesis.

The major difference between hydrothermal procgssand the other
technologies is that there is no need for high#ietigies is that there is no need for
high temperature calcination. This eliminates teechfor milling. Powders are formed
directly from solution by taking advantage of tlmnplex reactions which take place in
high-temperature water. By controlling these remdj it is possible to produce
anhydrous crystalline powders with controlled petisize, controlled stoichiometry,
and in some cases controlled particle shape [60].
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Figure 1.5Autoclave used in hydrothermal process.

1.4.1.1 What Happens in a Hydrothermal Autoclave?

To understand the behavior of any dense fluid gh hpressure, it is first
necessary to know how it behaves under variousitonsl of pressure, volume, and

temperature.

The Figure 1.6 below shows the pressure-temperabefeaviour of water
contained in autoclaves filled to various perceesagf fullness. The line A-C is the
vapor pressure curve, along which liquid and gaesxisb. C is the critical point for
water: 374°C, 220 bar. At this critical point, the density lmfth the gas and liquid is
0.32 g/cc.

If an autoclave at room temperature is filled t886f its free volume and then
heated, the pressure inside will rise as indicdigdthe vapor pressure curve. The
density of the liquid water decreases and the teiwater vapor increases as the
temperature rises, as shown (at constant pressute¢ Figure 1.7, causing the liquid
level in the autoclave to rise until the autoclaentirely filled with liquid water at 250
°C. At this point (B in the graph belove), the pressin the autoclave departs from the
vapor pressure curve to rise along curve B-D. Téresity of the water will be 0.80 g/cc

under these conditions. Thus, when the pressureteamgerature are such that only
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liquid or as is present in the autoclave, the dgrddithe fluid is identical to the initial
percent fill divided by 100.

Pressure, hundreds of bars

2 o~
z:) 80% / 50% /
6 / / 32% .-
. [ [/ ~
5 /| [~

BCL L~ 1%

0 200 400 600 800 1000

Temperature, °C

Figure 1.6 Pressure-temperature behavior of water [59].
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Figure 1.Density-temperature behavior of water [59].

Above the critical point, a liquid cannot exist, that the fluid in the autoclave
will be, by definition, a gas. But no discontinutbgcurs when the fluid passes through

the critical point.

In any autoclave filled more than 32% with watée tiquid will expand to fill
the autoclave at some temperature below the dritemperature. The higher the

percentage of fill, the lower the temperature aiclhihe autoclave becomes filled with
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liquid. If the autoclave is filled initially to 32%he liquid level remains unchanged as
the temperature rises. The liquid-vapor menisceapears at the critical temperature
and classical critical-point phenomena, such asespance, occur. When the autoclave
is filled initialy to less than 32%, the liquid kelvdrops as the temperature increases
because liquid is lost, the autoclave boils dry,teahperatures below the critical

temperature [59].

1.4.2 Microwave Synthesis

In the electromagnetic spectrum, the microwave ataxh region is located
between infrared radiation and radio waves. Micnmgahave wavelengths of 1Imm-1m,

corresponding to frequencies between 0.3 and 300 [6H.

Up to date, a large number of phosphate and aeseonatpounds were prepared
by solid-state reaction (high temperature) or htftgomal process with long period
[62]. Since the reactions are completed in shameti periods (usually between 10-30
min) by applying microwave irradiation, micro-waessisted synthesis reactions have
also been used for phosphate containing matersalgedl as many inorganic materials

in recent years [63-64].

Microwave-assisted synthesis is generally muchefastleaner, and more
economical than the conventional methods. A var@tynaterials such as carbides,
nitrides, complex oxides, silicates, zeolites, mpaetc. have been synthesized using

microwaves. Many of these are of industrial anthmetogical importance [65].

In recent years, much progress has been made isytitkesis of materials by
hydrothermal and microwave methods. Conventionahrigues, such as solid-state
reaction at high temperatures, or photochemicahlytec, ultrasonic and high pressure
reactions are used stimulate chemical reactions ghaceed slowly under ambient
conditions[66, 67].

On the other hand, the use of controlled microwawergy for ceramic
processing, drying and for melting silica, alumaerad aluminosilicate gels have been
reported68].
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The basic idea for a microwave-assisted preparatioborophosphates and
boroarsenates is consistent with the observatiahehigh microwave susceptibilities
of those phosphate, arsenate and borate hydrate69669, 70].

Microwave processing of materials is fundamentdifferent from conventional
processing in its heat mechanism. In a microwavwenpheat is generated within the
sample itself by the interaction of microwaves witie material. In conventional
heating, heat is generated by heating elementstlaew transferred to the sample
surfaces [71]. After the solution reaches the pofrépontaneous combustion, it begins
burning and becomes solid which burns at a temperaver 1000 °C. The combustion
is not finished until all the flammable substanees all burned up and become loose

substances. The whole process takes only a fewtesina yield powders of ferrite.

Preparation of phosphates and phosphate contaimatgrials generally involves
long reaction times and high temperatures in cotiweal methods. But phosphates are
not susceptible to microwaves and therefore itifscdlt to use microwaves for the
preparation of phosphates except when one of ther ateactants is a susceptor.
However, recently it has been found that crystaliNabhPO,.2H,O is a good
microwave susceptor. When MBPO,.2H,O is irradiated by microwaves, heating

occurs initially due to the presence of water gtallization [64].

1.4.3 Solid State Reaction or Shake ‘n Bake Methods

When the solid compounds are employed to react thitheach other at high
temperatures, this does not necessarily imply alatomponents are still in the solid
state at the temperatures required for the reatdioccur. A liquid phase (melt) or even
gaseous intermediates may be involved to providesriransport. An enormous amount
of mixing of atoms or ions between patrticles is¢tiere required, either by solid state
counter diffusion or by liquid or gas phase tramgga order to bring together atoms of

the different elements, and in the correct rabdptm the desired product [72].

The oldest, simplest and still most widely used huodt of preparing
multicomponent solid materials is by direct reactiof solid components at high

temperatures. Since solids do not react with edlcrat room temperature - even if
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thermodynamics favors product formation — high terapures are necessary to achieve
appreciable reaction rates. The advantage of stdid reactions is the ready
availability of the precursors and the low cost powder production on the inductrial
scale. Almost all the new high. Buperconductors were first prepared by solid-state

reaction methodg/3].

1.5MICROPOROUS MATERIALS

Microporous materials are porous solids with pome selow 20A [74-77].
Porous solids with pore size between 20 and 50@Acailled mesoporous materials.
Macroporous materials are solids with pore sizgdathan 500 A. Mesoporous and
macroporous materials have undergone rapid developrin the past decade. A
frequently used term in the field of microporoustenels is molecular sieves [78] that
refer to a class of porous materials that canrdjsish molecules on the basis of size

and shape.

Crystalline microporous materials generally have narrow pore size
distribution. This makes it possible for a micromas material to selectively allow some
molecules to enter its pores and reject some atiodecules that are either too large or
have a shape that does not match with the shathes gdfore. A number of applications
involving microporous materials utilize such sizelahape selectivity [79].

Zeolite molecular sieves are crystalline, highlyqus materials, which belong
to the class of aluminosilicates. These crystatscharacterised by a three-dimensional
pore system, with pores of precisely defined di@metThe corresponding
crystallographic structure is formed by tetrahedo&gAlO4> and [SiQ]* that are
linked by all their corners to form channels andesaof discrete size with no two
aluminum atoms sharing the same oxygen. Due tdlifference in charge between the
[SiO4]* and [AIQy)* tetrahedra, the net framework charge of an alumicontaining
zeolite is negative and hence must be balanced bgtian, typically an alkali or
alkaline earth metal cation. The adsorbed molecateslocated in the cavities of the
zeolites, and access to these cavities is throygdreor window whose size can be the
same or smaller than the cavities. The dimensiahisfpore determines the size of the

molecule that can be adsorbed into these structi8i,]* and [AIQ,]° tetrahedras are
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the basic building blocks for various zeolite stunes, such as zeolites A and X (Figure

1.8, Figure 1.9), the most common commercial adsusy[80,81].

Figure 1.8 Molecular sieve type A Figure 1.9 Molecular sieve type X

[80,81]. [80,81].

The class of molecular sieves has been greatlynd&teduring the last fifteen
years by the discovery of zeolite-like aluminophtaes, metalloaluminophosphates,
gallophosphates, zincophosphates, titanosilicataacosilicates and some other
phosphate-based or silica-based microporous misteffdeir common feature is a
three-dimensional, low-density, and open-framewatridcture consisting of AIQPQ;, ,
SiO, or other metal-oxygen tetrahedra (MQOlinked to each other through bridging
oxygen atoms. Due to their well-defined channel aadity systems with pore
dimensions up to 15 A, they are able to recognigk discriminate molecules with a
precision of less than 1 A, which makes them wiggdplicable in many industrial and

research areas [82].
1.5.1 The Use of Microporous Materials

Zeolites and related microporous materials contagularly spaced molecule-
sized pores and are fascinating examples of maeaegineering. More than just
aesthetically inspiring, as can be seen in Figut@,lthese materials represent billions
of dollars in commerce, as they have widespreadsinil applications [83]. Because
of the presence of stable Brgnsted acid sites (PMJFSi—OH-AI) and Lewis acid
sites (framework defects MQ AlO3) in the negatively charged frameworks of
MAIPQO,, SIAIPO,, MSIO, or AISiO, molecular sieves, they are extensively used as

solid acid catalysts, adsorbents and ion excharngevarious types of organic shape-
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selective conversion and separation reactions & d¢hemical and petrochemical
industries [83]. Materials of this type are usedcasalysts to produce gasoline and
pharmaceuticals. For medical and industrial purpogey are employed to separate N
O,, and other gases. Zeolites are also applied fepuification purposes such as
separation of C®and HO from the air gas mixture, but the main purposeadlite
application in this field is the separation ok @nd N. Formulated in household
detergents, they remove the calcium ions that makser “hard” replacing
environmentally unfriendly phosphates. Zeolites agldted microporous materials are
also employed to sequester radioactive ions farebiediation. Many new applications
are being investigated in areas such as selectermbranes, batteries, and fuel cells
[83-84].

The ion exchange property is the exchange of ioelsl Iin the cavity of
microporous materials with ions in the externalohs. The gas sorption is the ability
of a microporous material to reversibly take in ewmlles into its void volume. For a
material to be called microporous, it is generalgcessary to demonstrate the gas

sorption property [79].

The importance of microporous materials has in@eagcently due to their
activity as hosts to a range of other speciesudiofy small clusters of semiconductors,

coordination complexes or metal clusters for optical electronic applications.
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Figure 1.10Shape of a microporous materials contain regulsphced molecule-sized

pores [83].

The ability to modify their frameworks by transitionetal substitution has
enabled rich compositional and structural divessiti especially in the
metalloaluminophosphate systemg( M = Co, Zn, Mnetc.), and has expanded the
importance of these materials in industrial caialydue to the formation of redox
catalytic sites (M" < M3 [82].

As usual gaseous and fluid hydrocarbons withoutdddlips are non-polar, the
interaction with hydrophilic zeolites like those sed on high Al containing
aluminosilicates is inhibited caused by their higgwvity polarity. In addition, high
alumina zeolites are quite unstable in the proemhdbrm. Therefore, these processes
are optimized reducint the zeolite hydrophility byning the Si/Al ratio and the
development of low-alumina (high silica, all siljcaeolites. In this field, non
aluminosilicate materials mainly based on phosghatiay their dominant role in

applicaton. The most important step in the specdpplication of zeolites is the
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clarification of the fundamental processes and datteractions taking place in the
channel and cage systems related to ions and niedeaccessing the zeolite cavity
system. If these processes are understood, nevcapmh fields will be posseble and
existing fields will be deepened and widened ifltes with the properties needed are
available. Because of their high water sorptiorpprties zeolites are applied in science
for drying purposes of organic liquids. Polarithape selectivity and stability of the
respective zeolite and its cavity system with respe chemical influences make them
very suitable for these purposes. By the modiftcabf these adsorption properties for
specific absorption of polar aliphates like ethanoédolites are applicable for the
removal of alcohol in drinks. Research in thisdiebould be an important step for a
softening of drins as it is assumed that alcolml ie. wine and beer does not influence
the taste of these products if the ethanol comptaseanly removed without any further
process like heating etc. Another new researcddibased on hydrothermally tailored
synthesized zeolites is the storage and crackirig eivo components like e.g. sugars
as additives for food (optimized gain of food). Negearch on zeolite application must

be done in the field of organ substitution in mewdor:

» Self controlled artificial liver (storage and consien of hydrocarbons)

» Artificial lung (“breathing” behavior of zeoliteseversible selective adsorption
of COy)

» Atrtificial heart (use of piezoelectric zeolites)

» Atrtificial blood (transport of hydrocarbons, bodypply with G, and removal of
CO, with much higher efectiveness than hemoglobin)

* Artificial kidney (in vivo membranes which allow éhseparation of blood and
metabolic products like urea)

» Zeolites are until now only applied to regenerat#ieial dialysis solutions.

Optical applications have yet been only for minaterest in zeolite research.
The ion exchange capabilitiy for ions however, comal with their charge distribution
within the void system and the optical transmityivof the alumosilicate framework
makes them very interesting as tunable luminesoetérials and materials with non-

linear optical property [81].
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1.6 MAGNETIC PROPERTIES

Magnetic effects arise mainly from the electronsairmolecule because the
magnetic moment of an electron is about tiles that of the proton. Inorganic solids
that exhibit magnetic effects other than diamagnetiwhich is a property of all
substances, are characterized by having unpaissdra@hs present. These are usually
located on metal cations. Magnetic behavior is tiastricted mainly to compounds of
transition metals and lanthanides, many of whichkspes unpaired d and f electrons,
respectively. Several magnetic effects are possible unpaired electrons may be
oriented at random on the different atoms, in whigise the material possesses an
overall magnetic moment and is ferromagnetic. Aldively, they may be aligned in
antiparallel fashion, giving zero overall magnetitoment and antiferromagnetic
behaviour. If alignment of the spins is antipaidbet with unequal members in the two

orientations, a net magnetic moment result and&mavior is ferromagnetic [81].
1.7 X-RAY POWDER DIFFRACTION (XRD)

The interaction of X-ray radiation with crystallineample is governed by
Bragg’s law, which indicates a relationship amolng diffraction angle (Bragg angle),
X-ray wavelength, and interplanar spacing. Accagdio Bragg's Law, the X-ray
diffraction can be visualized as X-rays reflectifrgm a series of crystallographic
planes as shown in Figure 1.11. The path differenngoduced between a pair of
waves traveled through the neighboring crystallpi@a planes are determined by the
interplanar spacing. As the total path differerscequal to h (as n being an integer and
L being the wavelength), the constructive interfeeerwill occur and a group of
diffraction peaks can be observed and give riseXimy powder patterns. The

quantitative account of Bragg'’s law can be expmrsseequation (1.1):

n= 2dhkl sino 1.1)

where d is the interplanar spacing for a givero$ékl, A is the wavelength, arlis the

Bragg angle.
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The intensity of powder diffraction peaks is inrmmipal determined by the

structural factothkI as expressed in below equation (1.2), which dependke crystal

structures including relative positions of atomghe unit cell, types of unit cells and

other characteristics such as thermal motion apdlption parameters.

hkr =2 nd t(s)f(s) explaii (hX' + ky +2)] (1.2)
i=1

i i th i
wheref (s) is the atomic scattering factgrjs the population factor af atom,t (s) is

the temperature factonkl are the Miller indices, and xyz are the fractiooabrdinates

th
of i atom in the unit cell.
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Figure 1.11Geometrical illustrations of crystal planes anddgy’s law [85].

In addition to the primary structural factors, timensity of diffraction is
dependent on other factors, which are not onlyvesieto sample effects such as its
shape and size, grain size and distribugtim but also with the instruments including

detector, slit and / or monochromator geometry.[85]
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1.8 INDUCTIVELY COUPLED PLASMA EMISSION SPECTROMETRY

ICP optical emission spectrometry is based on dloe that atoms are promoted
to higher electronic energy levels when heateddb temperatures. In fact, the plasma
temperature is sufficient to ionize most atoms. &wout three-quarters of the elements
amenable to the technique, the most sensititive dinses from an ion rather than an
atom. As the excited species leave the high-temyreraegion, the absorbed energy is
released as ultraviolet and visible photons when dkcited atoms decay to lower
energy lecels or the ground electronic state. Usghission lines generally occur in the
region between 160 and 900 nm. Atomic and ionicssion lines are narrow, typically

less than 5 pm, and their wavelengths follow welllerstood selection rules [86].

1.9 PURPOSE OF THE WORK

The importance and the aim of this work will be soanized briefy in this
section. Preparation of new metal borophosphatestmdtural investigation of these
compounds are very important since these compoweds found to have very useful
properties that can be applied to high technoloBgsides, the synthesis and
characterization studies of borophosphates, bagnate compounds were also studied
in this work. Boroarsenate compounds have simitendcal and physical properties
with that of borophosphates due to arsenic andpitasus are in the same group in

periodic table. The aim of this research is tHaessified as:

a) Attempts to prepare and characterize new metal phmgphate and
boroarsenate compounds by Solid State, HydrotheaméIMicrowave Asissted
Methods.

b) Attempts to find the structures by X-ray diffracti®XRD), refine their unit cell
parameters with the existing computer programauml@boratory: Infrared (IR),
Scanning Electron Microscope (SEM), Thermal Gratnn Analysis (TGA)
studies have a great deal of help in the discussitime probable structures.

c) Quantitative analysis of the produced materialsqaiite difficult in some cases
since they are not soluble in any solvent. Howeateempts to analyze these
compounds have been made using Inductively Couplagdma. The formulas

are proposed depending on these techniques.



CHAPTER 2

EXPERIMENTAL TECHNIQUES

2.1 CHEMICAL SUBSTANCES

The following substances were used in the syntlwgisoducts:
AICI3.6H,0, As0s (synthesized in our laboratory), Cd(OA@H,O, CoCh.6H,0,
CrCl3.6H,0, FeC}.4H,O, FeOs H3BO; KBO,.1.5H0, K,CO; KHyPQ4, LiB4O7,
LIOH.H,O, MnChL.2H,O0, NaBQ.4H,O, N&B;0;.12H,0, NaHAsO,.7H;0,
(NH4)2B407.4H,0O, NHHPOQy, (NHg)HPO,, ZnCh, H:AsO, (as prepared in our
laboratory), HPQ,, HCI, HNG;, (From Merck, Aldrich).

Spectroscopic KBr was used for making IR pelletsvas dried at 80C for 2
hours before using.

2.2 INSTRUMENTATION

2.2.1X-Ray Powder Diffractometer

During the characterization, three kinds of X-ragfrdctometer were used.
Huber JSO-DEBYEFLEX 1001 Diffractometer (Cu)Kin KOC University. Philips
diffractometer with PW 3020 goniometer (Cyd)Kn Royal Institute of Technology in
Sweden (KTH), Rigaku diffractometer with D/max RI#200 (Cu kK ) in Gebze
High Technology Institute.
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2.2.2 Infrared Spectrophotometer (FTIR)

Mattson Satellite Infrared Spectrometer FTIR wasdus the region 400-4000
cm’. Spectra of solid samples were obtained from K@eps using KBr / sample ratio
=100/3 (wiw).

2.2.3 Furnaces

The solid state reactions have been carried oairiwith the aid of Carbolite
Temperature Programmer Eurotherm 2416CG, 2416R&der Heating ranges were
300 — 2500C with Rh-Pt-Rh thermocouple.

Memmert Model 500 oven (heating range; 0 — 209 and Ecocell MMM-

Group oven (heating range; 0 — Z&) were used for the hydrothermal synthesis.

2.2.4 Inductively Coupled Plasma (ICP) and Nitrogenalyzer

Inductively coupled plasma (ICP) atomic emissioecspscopy was used for
the elemental analysis (B, Mn, P, Co, As, Zn) of firepared sample using Perkin
Elmer Optima 4300 DV type ICP instrument.

The nitrogen content was analyzed with a carries pat reaction method
(LECO, CHNS-932).

2.25ESR

ESR measurements were performed using a commetdiaind (£ 9.7 GHz)
Bruker EMX model spectrometer equipped with a cylindricabifEavity. The powder
sample was placed into a quartz sample holder foleinto the cavity. ESR spectra
were obtained by sweeping the magnetic field froto 06 kOe. The magnetic field was
calibrated using a, a-diphenil{3-picryl hydrazyl (DPPH) sample (g= 2.0036). The
field derivative of microwave power absorption, dif/ was registered as a function of
DC magnetic field H. To obtain the intensity of nowave power absorption, P, digital

integration of the EPR curves was performed bygiBimuker WInEPR software.
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2.2.6 SEM

Scanning electron microscopy (SEM) analysis wadop®ed, in order to
investigate the microstructure and morphology efshmple, using an FEI XL40 Sirion
FEG Digital Scanning Microscope. Samples were abaii¢h gold at 10 mA for 2 min.
prior to SEM analysis.

2.2.7 TGA

Thermal gravimetric analysis (TGA) was used to sssdéhe thermal

decomposition behavior of the sample using a NETZJIA 409 system.
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2.3 EXPERIMENTAL PROCEDURE

Hydrothermal synthesis had been used to synthes&xe borophosphate /
boroarsenate compounds using different chemicald wsrious compositions of
reactants. To perform hydrothermal reactions, thé&cutated amounts of starting
materials were put into a 50 mL beaker. Then wét&rmL) and concentrated HCI,
concentrated HN@or concentrated #0, (5 mL) was added in order to dissolve the

solid mixture completely in a minimum amount oftgan.

After dissolving the mixture completely in orderdbtain concentrated solution,
the volume of the solution was reduced to 20 mLevwaporation at 85C. After
obtaining clear and concentrated solution, it wassip a Teflon coated autoclave (TF,
home made, 20 mL) (degree of filling 60 %), closedy tightly, and heated at 16Q
in an oven for several days (Table 2.1). After lleating process, the autoclave was
taken from the oven and opened after cooling tanréemperature. In order to take its
solid part, it was filtered by Whatman-1 and washath hot distilled water and
ethanol. The precipitate was put in an oven at@@or drying about 2 hours. After the
drying process, FTIR spectra and X-ray powder adffion patterns of the sample were

recorded.

As it is explained above, Teflon coated autoclaes wsed in order to obtain the
solid inorganic product (Figure 2.1). On the othand, sealed glass ampoule (Amp)
(vol. 10-12 mL, degree of filling 25-30%) was algsed instead of Teflon autoclave
(Figure 2.2). To perform hydrothermal reactiong, $karting materials and solvent were
put into the glass ampoule. The glass ampoule waked and heated at 180 in an

oven again for several days (3-15 days).



Metal salts (chlorides or nitrates) H,O
| |
A\ 4
Acid (H3PQy, HCI, HNG; or HzAsOy)
To adjust the pH (2.0-2.5)
Hydrothermal Synthesis
I
“” i
16d°C, hours or Annealing Product
days —  100°C, 3h >
A 4
\4
Characterizations

(XRD, FTIR, SEM, ESR)

Figure 2.1Flow chart of hydrothermal procedure using tetaroclave.
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H.O + Acid

Hydrothermal Synthesis

Metal salts l

H20

A 4

—» Metal salts

Sealed under vacuum

Metal salts <—

A4

160°C, hours or Annealing Product
days 100°C,3h |

v v
v

Characterizations
(XRD, FTIR, SEM, ESR)

Figure 2.2Flow chart of hydrothermal procedure using glaspaute.



31
2.3.1 Synthesis of (N0 5C0y 26(H20)2[BP20g].0.5H,0

The procedure which was explained in Sec. 2.3 ywa$ied for the synthesis of
(NH4)0.5C01.24H-0),[BP,0g].0.5H,0. The experimental details are given in beloweabl
(Table 2.1).

Table 2.1Experimental conditions for (Nfih sC0y 2H20),[BP,0sg].0.5H;0.

(NH4)0.5C01 25(H-0),[BP,Og].0.5H,0

EI\)I(cFJ). Starting Materials (g) TF/Amp Solvent DL(Jéaagl/?n
CoCl,.6H,0 | (NH4),B407.4H,0 | (NH,),HPO,
20 0.238 0.487 0.792 Amp HCIB 15
26 0.476 0.974 1.584 TF HN®1,0 7
38 6.77 1.758 7.55 TF AO/H0 7
38a 6.77 1.758 7.55 TF 3AQYH,0 15

2.3.2 Synthesis ofNH 4)0.sMn 1 25H,0),[BP,0g].0.5H,0

The procedure which was explained in Sec. 2.3 ywa$ieal for the synthesis of
(NH2)Mn(H20),[BP,Og].H,O. The experimental details are given in belowddhlable
2.2).

Table 2.2Experimental conditions for (Nfb.sMny 25(H20),[BP20g].0.5H,0.

(N H 4)0.5'VI n 1,25(H zo)z[B ong] .0.5H,0

Exp. Duration
No Starting Materials (Q) TF/Amp Solvent (day)
MnCl ,.2H,O H3BO;3 (NH4),HPO,
35 4.876 0.744 2.384 TF HCl,B8 7
35h 4.876 0.744 2.384 TF HClha 15

MNCl ,.2H,0 | (NH.),B407.4H,0 | (NH,),HPO,
40 6.769 1.758 7.55 TF | JAOQ/H.O0| 15




2.3.3 Synthesis of NaMn(kKO);[BAs,Og].H O

Hydrothermal synthesis of NaMn{8),[BAs,Og].H,O was carried out with
starting materials of MnGRH,O, N&B4O;.12H,0 and NaHAsO,.7H,O (Table 2.3).

All experiments were done in Amp and HCi(®imixture was used as solvent.

Table 2.3Experimental conditions for NaMn{B),[BAs,0s].H20.

NaMn(H,0),[BAs,0g].H,O
Exp. No Starting Materials (g) Duration (day)
MnClI ,.2H,0 | Na,B407.12H,0 | Na,HAsO,.7H,0
73 0.322 0.383 2.184 7
73a 0.322 0.383 2.184 15

2.3.4 Synthesis oNaCo(H,0),[BAs,0g].H,0

NaCo(HO),[BAs,0s].H,O was tried to be synthesized with Ca6H,0,
NaB40;.12H,0 and NaHAsO,.7H,0 in stoichiometric amounts as given in Table 2.4.

The reaction was performed in Amp and HC}OHmixture was used as solvent.

Table 2.4Experimental conditions for NaCof8),[BAs,0g].H-0.

NaCo(H,0),[BAs,0g].H,0O
Exp. No Starting Materials (g) TF/Amp| Duration (day)
CoCl,.6H,0 | Na,B407.12H,0 | Na;HAsO,.7H,0
61 0.744 2.115 5.616 TF 15
6la 0.5 1 0.9 TF 15
71 0.237 0.708 1.87 Amp 7
71a 0.237 0.708 1.87 Amp 15
71b 0.237 0.708 1.87 TF 21
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2.3.5 Synthesis oNazZn(H»0);[BAs,Og].H,O

The procedure which was explained in Sec. 2.3 watiea for the synthesis of

NazZn(H0O);[BAs,Og].H,O. HCI/H,O mixture was used as solvent for all experiments

(Table 2.5).

Table 2.5Experimental conditions for NaZn{B),[BAs,0sg].H20.

NazZn(H,0),[BAs,0g].H,0O
Exp. No Starting Materials (g) TF/Amp | Duration (day)
ZnCl, | Na;B4O7.12H,0 | Na,HASO,. 7H,O
64 0.35 0.491 2.805 TF 15
64a 0.35 0.491 2.805 TF 7
72 0.273 g 0.383 2.184 Amp 15
72a 0.2726 0.383 1.87 Amp 15
72b 0.2726 0.383 1.87 TF 15

2.3.6 Synthesis of (H)sCo;.29H20)1 {BP,Og].H,0

The synthesis of (H)}Co129H20)14BP,Ogl.H,O was carried out by
hydrothermal method starting from mixtures of Co&@,O, HsBO3 and (NH,),HPO,

(Table 2.6).

Table 2.6Experimental conditions for (l3Co; 25(H20); f{BP2Og].H20.

(H)0.5C01 2dH20)1 §BP>0g].H,0
Exp. No Starting Materials (g) TF/Amp | Solvent | Duration (day)
CoCl,.6H,0 | H;BO; (NH4) HPO,
37 6.770 1.758 7.550 TF HPOy/H,0O 15
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2.3.7 Synthesis oLiMn(H ,0),[BP,0g].H,0

The procedure which was explained in Sec. 2.3 \watiea for the synthesis of
LiMn(H20),[BP,Og].H20. All experiments were done in TF (Table 2.7).

Table 2.7Experimental conditions for LiMn(}D),[BP.Og].H20.

LiM n(H 20)2[8 PzOg] H go

Exp. No Starting Materials (g) Solvent Duration (day)
MnClI,.2H,0| Li,B4sO; | (NH4),HPO,
70 0.5 1.584 0.974 JRO/H,0 7
70a 0.6 1.584 0.974 sAQYH,0
70b 0.7 1.584 0.974 ;AQYH,0

MnClI ,.2H,0 | LiOH.H ,0 H3BO;
59 0.476 5.042 1.568 sAOYH0 7
59%a 0.476 5.042 1.568 sPIO/H0 15

2.3.8 Synthesis oLiCd(H 20);[BAs,0g].H,0O
LiCd(H20),[BAs,0g].H,O was tried to be synthesized with Cd(OA2H,0,
LiOH.H,0 and HBOs in stoichiometric amounts as given in Table 2.B.eXperiments

were done in TF and4AsO4/H,O mixture was used as solvent.

Table 2.&xperimental conditions for LICd@®),[BAs,Osg].H20.

LlCd(H 20)2[8A3208] .H>0O

Exp. No Starting Materials (g) Duration (day)
Cd(OAC),.2H,0 | LIOH.H ,0 | H3BO3
75 0.603 5.042 1.568 6
75a 1 4 1.568 6
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2.3.9 Synthesis o€r(H ,0),[BP,0g].H,0
The procedure which was explained in Sec. 2.3 \watiea for the synthesis of
Cr(H20),[BP2Og].H,0. All experiments were done in TF andR®,/H,O mixture was

used as solvent (Table 2.9).

Table 2.9Experimental conditions for Crgd),[BP,Osg].H20.

Cr(H ;,0),[BP,0¢].H,0
Exp. No Starting Materials () Duration (day)
CrCl 3.6H,0 | H;BO3 | (NH4),HPO,
50 5.675 1.758 0 7
51 5.675 1.76 7.55 7

2.3.10 Synthesis dfe(H.0),[BP,0g].H,0
Fe(H0),[BP,Og].H,O was tried to be synthesized with Fe@H,0O, H;BO; and

(NH4),HPQO, in stoichiometric amounts as given in Table 2.T@e reaction was

performed in TF and #Qy/H,O mixture was used as solvent.

Table 2.10Experimental conditions for Fe{B),[BP,Og].H-0.

Fe(Hzo)z[BPZC)g].HzO
Exp. No Starting Materials (g) Duration (day)

FeCl,.4H,0 | HsBO3 | (NH4),HPO,
53 5.675 1.76 7.55 7
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2.3.11 Synthesis OA|(H QO)z[szog].Hzo
Al(H ,0),[BP,Og].H,O was tried to be synthesized with A{®H,O, H;BOz and
(NH.)2HPO, in stoichiometric amounts as given in Table 2 All.experiments were

donein TF.

Table 2.11Experimental conditions for Al(#D),[BP,Og].H-0.

Al(H 20),[BP;0¢].H,0O
Exp. No Starting Materials (g) Solvent | Duration (day)
AICI3.6H,0 | H3BO3 | (NH4),HPO,
56 5.675 1.76 7.55 #AO/H0 7

2.3.12 Synthesis oAl(H 20),[BAs,0g].H,0

The procedure which was explained in Sec. 2.3 watiea for the synthesis of
Al(H20),[BAs;0g).H20. All experiments were done in TF.

Table 2.12Experimental conditions for Al(}D),[BAs,Og].H-0.

Al(H ,0),[BAs,0g].H,0
Exp. No| Starting Materials (g) Solvent Duration (day)
AICI3.6H,O | H3BO;
65a 2.993 2 BASO,/H,0 3

65b 2.993 2 EASO,/H,0 6
65b.1 Product 65b annealed at’°80




2.3.13 Synthesis ofFe,BP3012

The reactants E©3, H3BO3; and NHH,PO, were heated at temperature given in

Table 2.13. The expected chemical reactions wik®éhe following:
FeOs(s) + HBOs(s)+ 3 NHiHPOy(s) —— FeBP;015(s) +3 NHy(g) + 5 HO(g)

Table 2.13Experimental conditions for the solid state sysihief FeBP;O;,.

Fe,BP30;,
Exp. No Starting Materials (g) Temperature & Duration
FeO; | H3BO3 | NH4H,PO,
48 1 0.5 2.15 180C / 12 hrs - 1000C / 5 hrs
48-1 Exp.48 was heated at 10@for 5 hrs
48-2 Exp.48-1 was heated at 10@for 5 hrs
48-3 Exp.48-2 was heated at 10@for 5 hrs

2.3.14 Synthesis 0KsB,P3013

2.3.14.1 Hydrothermal Reactions

37

The procedure which was explained in Sec. 2.3 \patiea for the synthesis of

KsB2P3013. All experiments were done in TF.

Table 2.14Experimental conditions for the hydrothermal sesib KB2P;O;3.

KSBZP3013
Exp. No Starting Materials (g) Solvent | Duration (day)
KBO,.1.5H,0 KH,PO,
67 4 5 HO 11
67a 9.61 12 20) 11
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2.3.14.2 Solid State Reactions

In order to perform high temperature reaction, sk@chiometric amounts of
reactants were weighed and ground well in an agat¢ar. The mixture was heated to
750°C in porcelein crucible. After the heating procegjithe FTIR spectrum and X-Ray
diffraction pattern were recorded. The expectedniba reaction will be as the
following:

750C
5K2CO0s (s) + 4HBOs (s) + 6(NH)HPO, (s)————> 2KB2P3015(s) + 5CQ(9) +
12NH(g) + 15H0(g)

Table 2.15Experimental conditions for the solid state sysifi&sB,P;0;3.

KSBZP3013
Exp. No Starting Materials (g) Temperature & Duration
K,COs H3:BO3; | (NH4),HPO,
46a 0.2175 0.1 0.5 75C€ / 5 hrs

2.3.15 Synthesis olag(B2Asz015)

2.3.15.1 Hydrothermal Reactions

The procedure which was explained in Sec. 2.3 yatieal for the synthesis of
Nas(B2As30:3). All experiments were done in TF aodly H,O was used as solvent

(Table 2.16). The expected chemical reaction vélbl the following:

18C
4NaBO.4H,0O (S) + 3/2As0s (S) + 3NaHAsQO,.7H,0O (S)—> ZMBZAS::,OB) (S) +
7712 HO(Q)

Table 2.16Experimental conditions for the hydrothermal sysik ofNas(B2AS30:3).

Nas(B2Asz013)
Exp. No Starting Materials (g) Duration (day)
NaBQO,.4H,0 | Na,HAsO,.7H,0 | As,Os
3 1.13 2.39 1.5 6
4 2.71 5.74 3.55 6
6 1.81 3.83 2.36 6




2.3.15.2 Microwave-Assisted Synthesis

Metal salts
(acting as cation source and oxidjzer

!

Mixing/stirring/dehydration

A 4

Ignition/Combustion Synthesis

A 4

As synthesized
products/grinding

Heat treatment

(600°C, 51

Annealed powders

4

A4

Characterizations
(XRD, FTIR)

Figure 2.3Flow chart of microwave synthesis.

The crucible containing the solid solution wasadirced into microwave oven.
Initially, the solid solution undergoes dehydratiotiowed by decomposition with the
evolution of large amounts of gasesCH After the solid solution reaches the point of

spontaneous combustion, it begins burning and sekedots of heat, vaporizes all the

water instantly and becomes solid burning at a teghperature.

Table 2.17 summarizes the experimental conditidisxp.2.
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Table 2.17 Experimental conditions for the microwave-assistegnthesis of
Na5(BzAS3013).

Nas(B2AS;013)
Exp. No Starting Materials (g) Duration (min.)
NaBO,.4H,0 | Na,HAsO,.7H,0 | As,O5
2 0.132 0.558 0 ~5




CHAPTER 3

RESULTS AND DISCUSSIONS

3.1 NH;~Co-P-B-O-H CONTAINING COMPOUND

When HCI was used as solvent to dissolve the reta¢Exp.20), product was
NH4CoPQ. The FTIR spectrum and XRD powder pattern of pobcf Exp.20 were
given in Figure 3.1 and Figure 3.2 respectivelye Phesence of NFl peak was marked
with an arrow in Figure 3.1. All the peaks in thRX powder pattern match well with
the NH,CoPQ (JCPDS Card No: 18-0402). Qualitatively, the pneseof Co, NH™ and
P in the product was confirmed.

100
Exp.20
95 —
90 -

85 -

80

Transmittance %

75

70

65 T I T I T I T I T I T I T I
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm™)

Figure 3.1 The FTIR spectrum of the product of Exp.20.
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Figure 3.2The XRD powder pattern of the product of Exp.20.

When HNQ and HPO, were used as solvent, purple colored new compound;
(NH4)xCazxy2) (H20)(BP.Og)(1-x)H.O (x=0.5) was synthesized. The experimental
details of this synthesis are given in section12.Bhe results of these three experiments
(Exp.26, 38 and 38a) were same which was ANED3.x)2) (H20)2(BP2Og)(1-x)HO
(x=0.5). This shows that it is not important whethNO; or HsPO, is used as solvent.
The powder XRD data of the product was indexed IhedRcell program in the
hexagonal crystal system with the unit cell parameta = 9.4920(x0.0002), c=
15.5820(+0.0003) (Table 3.1). This titled compowvas synthesized before by Schafer
et al. in 2001 [16] as single crystal. Our cellgraeters are in good agreement with

Schafer’s study.

In order to check the reproducibility of the protueo additional experiments
were done (Exp.38 and Exp.38a). Their XRD powddtepas (Exp.38 and Exp.38a)

were given in Figure 3.3.



Table 3.1 The X-ray powder diffraction data of Exp.26.

Intensity | 2Th(obs)| 2Th(Calc)| d h k |
32 10.750 10.754| 8.1820 1 O
74 12.160 12.163| 7.2630 1 1
63 15.720 15.658| 5.6790 1 2
23 18.630 18.681| 47191 1 O
45 19.600 19537 45211 1 1
15 21.720 21.604| 4.0840 2 O
64 22.470 22.352| 39550 2 1
100 24.490 24.467| 3.6300 2 2
20 25.150 25.279| 35540 1 4
71 27.610 27.654| 3.2260 2 3
37 28.770 28.709| 3.0881 2 O
68 29.430 29.287| 3.0301 2 1
36 30.600 30.656| 29450 1 5
30 31.050 30.961| 28751 2 2
22 31.500 31.619| 28370 2 4
41 32.700 32.654| 2.7460 3 O
27 33.610 33.584| 26621 2 3
55 34.250 34399| 26301 1 5
14 34.680 34.675| 25730 3 2
32 37.120 37.065| 24180 3 3
27 37.760 37.884| 2.3882 2 O
36 39.950 39.932| 22541 3 1
21 41.350 41.223| 21761 3 2

9 41.750 41.818| 2.1522 2 3
5 41.980 42.017| 21520 1 7
7 43.400 43.305| 2.0811 3 3
37 44.470 44.429| 2.0340 4 1
15 47.410 47544 19170 4 3
14 48.080 48.159| 1.8912 2 5
15 48.500 48.590| 18742 3 1
8 49.440 49.496| 18401 3 5
23 50.060 50.148| 18230 4 4
13 53.330 53.357| 1.7160 4 5
18 54.200 54.088] 16920 1 9
12 57.060 57.034| 16112 3 5
12 57.060 57.034| 16112 3 5
12 57.240 57.221] 16000 5 2
13 60.590 60.635| 15252 3 6
23 62.960 62.919| 14741 4 6
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14 63.620 63.510| 14590 3 9
9 66.030 66.033| 14130 4 8
9 67.410 67.356| 1.3870 5 6
6 70.250 70.224| 13370 2 11
6 70.650 70.691| 13333 4 2
8 73.640 73.565| 1.2801 3 10
11 73.880 73.822| 12800 1 12
Exp.38
(72}
o
o
Exp.38a
| ! | | |
20 40 60 80
2 Theta
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Figure 3.3The comparison of XRD powder patterns of the potglofExp.38, 38a.
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The products of the experiments containing sJNKCo, P, B and O are
summarized in Table 3.2.

Table 3.2Products of Exp.26, 38, 38a.

Exp. No Product
26 (NH;)0.5C01 24H20):[BP;0s].0.5H,0
38 (NHy)0.5C01.25(H20),[BP,0g].0.5H,0
38a (NHy)0.5C01 25H20)2[BP20g].0.5H,0

FTIR studies exhibit the presence of water and latkydroxyl bands are
common in most of the hydrothermally synthesizedopbosphate compounds. The
bands at 3238, 3041, 2845 and 1436"arorrespond to the stretching and bending
vibrations of N-H groups demonstrating the presesfddH," in these compounds [87].
The bands in the region 1066-524 toan be assigned to the asymmetric stretching and
bending vibrations of POBO, and B-O-P groups (Figure 3.4). An unambiguous peak
assignment of the modes in the lower range couidb@anade.

Exp.38a
S
o)
o
c
S
% Exp.26
c
o
|_
T T v T v T v T v T v T v T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm™)

Figure 3.4 The comparison of FTIR spectra of the products>qf.26, 38a.
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The ICP results of Exp.38a are summarized in Ta8Be In order to perform
ICP analysis the sample was dissolved in aqua.regia

Table 3.3CP results of (Nk)xCoyz-xy2)(H20)2[BP2Og].(1-x)H20O (x = 0.5).

Cobalt % | Boron % | Phosphorous %

Theoretical 17.50 3.22 18.70
Experimental 16.30 3.30 17.9

As it can be seen from the below figure (Figure, 3% XRD powder pattern of
Exp.26 and Exp.38a are matching very well. But ¢hestallinity of Exp.26 is higher
than that of Exp.38a.

Exp.38a

Cps

WJJ W Exp.26

T T T T T T T T
20 40 60 80

2 Theta

Figure 3.5The comparison of XRD powder patterngloé products of Exp.26, 38a.
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3.2 NH~Mn-P—B—-0O-H CONTAINING COMPOUND
For the synthesis of (N#bsMnj25H20),[BP2Og].0.5H,0 compound, three
experiments were done at different conditions &ermgin section 2.3.2. The products of

the experiments are given in below table (Tabl¢. 3.4

Table 3.4Products of Exp.35, 35h, 40.

Exp. No Product
35 (N H4)0.5|\/| n1_25(H20)2[BP208].0.5H20
35h (NHy)o.sMn; 25H20),[BP,0g].0.5H,0
40 (NHy)o.sMny 25(H20),[BP2Og].0.5H,0

ICP results of Exp.35 performed to reveal its cloaincomposition. The results
are listed in Table 3.5. In order to perform ICRilggis the sample was dissolved in
aqua regia. Composition calculations based on thalsees confirm the composition of
the title compound with x = 0.5, (N4.sMn1 25(H20),[BP,Og] [0.5H,0.

Table 3.5Elemental and ICP results of (MWjsMny 25(H20),[BP20g].0.5H;0.

Manganese % Boron % Nitrogen % | Phosphorous %
Theoretical 21.2 34 2.2 19.1
Experimental 20.9 3.5 1.9 20.1

The obtained powder product (Exp.35) was analyzgdXBD to reveal its
crystalline contents and crystal structure. XRigrat given in Figure 3.6, was indexed
by TREOR program in hexagonal crystal system wli tinit cell parameters of a =
9.510(x2) A, ¢ = 15.710(x1) A, Z = 6 and the spgoeup P& (No.176). According to
the crystal model done by Kniep et al. [88], theadrensation of P©and BQ tetrahedra
through common vertices leads to tetrahedral ribB8[BP,Og]*>, which are arranged
around 6 screw axes to form helices. The spiral ribbonstané from four rings of
tetrahedra in which th80, and PQ groups alternate. Each B@etrahedron also
belongs to the adjacent four-ring of tetrahedra@lthe ribbon, in such a way that all
vertices of the B® groups participate in bridging functions with P@trahedra as

shown in Kniep et al. [16, 89].
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011
110
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024
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028
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Figure 3.6 The XRD powder pattern of the product of Exp.35.

In order to check the reproducibility of Exp.35,08rer experiment (Exp.40)
was done and the same product was obtained. Thpar@on of their XRD powder
patterns are given in below figure (Figure. 3.7)eDo the low crystallinity of product

of Exp.35h, its XRD pattern is not given in Fig®&.

Cps
-
m
x
©
w
(6]

J * H ‘ | Exp.40

10
2 Theta

Figure 3.7The comparison of XRD powder patterns of the potslof Exp.35, 40.
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The indexed results of Exp.35; (MWblsMn1 25(H20),[BP20s].0.5H,0, is given
in Table 3.6.

Table 3.6 The X-ray powder diffraction data of Exp 35.

>
=~

Intensity | 2Th(obs)| 2Th(Calc) | d-spacing I

36 10.600 10.733 8,32
100 12.080 12.123 7,37
66 15.620 15.576 5,72

50 18.510 18.645 4,818
48 19.380 19.488 4,604
47 21.950 21.831 4,037
35 24.290 24.385 3,689
25 25.110 25.098 3,558
73 27.430 27.532 3,266
18 28.450 28.381 3,139
79 28.740 28.653 3,092
8 29.130 29.222 2,987
46 30.430 30.423 2,944
28 31.400 31.450 2,863
26 32.500 32.589 2,742
16 33.190 33.097 2,702
71 34.250 34.216 2,623
24 36.760 36.811 2,451
17 39.310 39.246 2,293
7 41.210 41.119 2,19
16 41.620 41.675 2,171
24 43.870 43.937 2,062
32 44.530 44.508 2,037
8 45.490 45.503 1,996
24 47.460 47.404 1,915
23 47.880 47.942 1,904
9 49.920 49.971 1,831
13 51.470 51.514 1,777
13 52.690 52.629 1,735
17 53.200 53.166 1,722
13 53.650 53.625 1,722
11 55.180 55.261 1,668
15 57.060 57.083 1,613

P N OWo~NoOoPdodwNMNMNONNMNMOPMMNOGPERPOMNOOPRP, OO0 WRADNDDNPEONDNPRLDO

RINIOwo|kr|lOolRr|lololOoO|vV/oO|lO|dV/o|loP|kRr|kRr|lolO|lO|lO|lO|FR|kR|lOlO|lO|O|FR |- |- |O|O|O
PRI NIRPwWwNIDRINIDMIRARINIDIRP|IWOIRLRINVOIWIWINILRININOIN|(FLRIN[FR([FR|FR|FP|Rk|[PF

6 58.550 58.476 1,577

7 59.830 59.886 1,546 10
9 60.560 60.598 1,53 2
12 62.180 62.177 1,494 X0]




15 62.790 62.762 1,479 1 510
8 66.320 66.374 1,409 0 1 1
8 68.310 68.271 1,38 0O 6 |0
7 69.360 69.346 1,387 3 4|0
5 70.260 70.276 1,338 1 515
10 72.950 72.945 1,297 0O 6 |4

50
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The FTIR spectrum of the product of Exp.35 is givenFigure 3.8, which
showed that two water bands at 3354 and 3558 ttrat can be assigned to water
molecules occupying different positions in the stuwe. The band at 3558 &nis due to
hydrogen bonding between the hydrated moleculesgtendther at 3354 cishows the
bond between anion and coordinated water. The absainband for P-O-P (at around
740 cn) is in agreement with the postulate by Kniep ef#lclaiming the absence of
P-O-P linking in borophosphate compounds. Theditnety modes of a free RDanion
with T4 symmetry has four internal modes of vibrations-§30, vz (PQ;) = 1107, 1024
cm?, v1 (PQy) = 954,04 (PQy) = 576, and), = 482 cn that are also observed in the IR
spectrum of the product. The presence of peakfienHTIR spectra of the product
between 850-1200 chproves B-O stretching of BQunits [94]. FTIR spectrum of the
product confirms the presence of O-H and N-H vibrat by the following absorption
bands with assignments: O-H stretching 3482*cms (N-H) (3267 cnit), O-H
deformation (1643 cif), andvs (N-H) (1448 cn1). These assignments verify the
presence of NI ion which is necessary for the charge balancethegewith the

manganese present in mixed states, as alreadsusad by the product color alone.

100

95

90

85

80

Transmittance %

75

70 S

! | ! | ! | ! | ! | ! | ! |
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm™)

Figure 3.8 The FTIR spectrum of the product of Exp.35.
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3.2.1 ESR Measurements on Experiment 35

Since EPR is able to detect paramagnetically isdlaspecies and gives
information about the coordination of isolated siti# can be used to detect fMrand
Mn**, where as M# is usually not detected due to complete splitbhgnergy levels
(no ground-state degeneracy) [95, 96]. Figure B@wvs the EPR spectrum of Exp. 35
showing a typical signal of Mii EPR measurements have been carried out by garyin
external magnetic field. A strong and broad micregvaiesonance absorption signal
which shows the collective behavior of magneticnspwithout hyperfine splittings
(with approximately isotropic Lande factor g= 2.Q4¢hich is close to g-value of the
free electron 2.0023, and peak-to-peak line widthls G) at X-band is observed at
room temperature as seen in the Figure 3.9. A vafuabout 2 for g is commonly
expected from an S state ion like f(5=5/2) [97].

NH,Mn(H,0) [BP,O,JH,O0 S$35-1 Powder

o Experimental
— - — Theoretical

9=2.0400
H=3430 G
dH=515G

dP/dH (a.u.)

T T T T T T
3000 4000 5000 6000

Magnetic field (G)

T T
1000 2000

Figure 3.9 Room temperature ESR spectrum and computer siimulat Exp.35.
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Normally, one should expect any electron paramagn@PR) spectrum,
coming from the transitions between the electranagnetic states (|JMs>_|Ms_1>), to
split into 6 hyperfine components separated abOut BLOG in field from each other.
Since paramagnetic Mh spins sees their own nuclear spins distributedioary
between 6 nuclear states from one ion to anothen each individual M# electronic
spin in the sample would resonate independentiy feach other. If the intrinsic line
width is larger than this splitting, then the somgponents overlap giving broader (at
least 500-600 G) single line [97].

3.2.2SEM Analysis

Morphology and microstructure of the product wasgestigated by SEM and
micrographs are presented in Figure 3.10. Therénigidy faceted crystals in the form
of elongated hexagonal bipyramids, Figure 3.10(&ese crystals have length in the
range 2-5um and width in the range 1-2/5m. Overall, micrographs show the same
polygon crystal form with different sizes, mostlg atergrown twins. In some parts
spherical particles in the range 100-150 nm wesepnked that were beginning to sinter
and probably fuse to already existing crystalsufeg3.10(b). Since the growth takes
place via the formation of these polygonic crystals hard to estimate a grain size for
this system.
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AccV SpotMagn Det WD
500kv 3.0 6500x TLD 59, H35 S

Figure 3.10aSEM photograph of the compound (NbEMn; 25 H20),[BP2Og].0.5H,0
showing hexagonal unit cell by 6500 mhaggiion.

0 35000x SE 4.8

Figure 3.10bSEM photograph of the compound (l5EMn; 25(H20),[BP,0s].0.5H,0
showing hexagonal unit cell by 35000 magnification.



AccV SpotMagn Det WD
500kv 3.0 12000x SE 6.0

Figure 3.10cSEM photograph of the compound (WksMny 25(H20),[BP,Og].0.5H,0
showing hexagonal unit cell by 12000 magnification.

=="Acc.Y ,\Sput Magn = Det WD % A0 gm— = x:_\\“b‘ > B 8
500kV 20 2000x SE 43 H35 =0 5 - = :q_ 2 = e
& NS TR - =T

Figure 3.10dSEM photograph of the compound (BkEMn1 25(H20),[BP20g].0.5H,0

showing the structure with 2000 magnification.
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Flgure 3.10eSEM photograph of the compound (N5EMn; 25H20)2[BP20g).0.5H,0
showing a nice morphology of hexagonal structuriis 8000

magnification.
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Figure 3.10fSEM photograph of the compound (Nb—lsl\/lnl 25§(H20),[BP,0g].0.5H,0
with 2000 magnification.




Acch SpotMagn Det WD 5 um
500kvY 3.0 5000x SE 60 H35 =

Figure 3.10gSEM photograph of the compound (N5EMn; 25(H20),[BP,0g].0.5H,0

with 5000 magnification.

AccyY SpotMagn Det WD —] 1 um
500kY 3.0 20000x SE 6.1 H35

Figure 3.10hSEM photograph of the compound (WkkMn; 25(H>0),[BP,Og].0.5H,O
showing hexagonal structure with nanoparticles.
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Acc. MV Spot Magn
500 kv 2.0 5000x

Figure 3.10i SEM photograph of the compound (NEMn1 25(H-0)[BP,Og].0.5H,0
with 5000 magnification.

AccV SpotMagn Det WD —— 2 um
500kV 3.0 8000x TLD59 H35

Figure 3.10] SEM photograph of the compound (N§EMn; 25(H20)2[BP2Og].0.5H,0
with 8000 magnification.
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3.2.3 Thermal Gravimetric Analysis

The thermal stabilities of compounds were analywdtth thermogravimetric
analysis (TGA) and is shown in Figure 3.11. Theraydrations of the compound
takes place in several steps. In the first step@nedion of adsorbed water is observed
around 100C. Around 270°C crystalline water and 1 mol water coordinatednttal
center were released, thereafter the last moleatémin the coordination was lost at 360

°C. The final loss around 561C is assigned to the decomposition of ammonia én th

structure.

100 4 o
10 "C/min.

95

90

% Weight

85

80 T I T I T I T I T I T I T I T I T
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Figure 3.11TGA analysis showing the thermal behavior of
(NH4)0,5Mn1,25(H20)2[BP208][0.5H20.
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3.3 Na—Mn-As—-B-0O-H CONTAINING COMPOUND

The products of Exp.73 and 73a are summarized deTa7.

Table 3.7Products of Exp.73, 73a.

Exp. No Product
73 NaMnBAs,O,
73a BAsQ(03-0314)

The presence of Na and Mn in the product of Expw&s confirmed
gualitatively. The results of ICP analysis showleat the product of Exp.73 contains B,
As and Mn (Table 3.8) also. In order to perform I&Rlysis the sample was dissolved
in aqua regia. By using these results the closeduta of the product of Exp.73 can be
written as NaMnRAs,O,.

The XRD powder pattern of the product of Exp.73gigen in Figure 3.12.
According to the XRD powder pattern the charactgiin studies were done. The XRD
pattern verifies that the parameters of the prodictnot match with any known
compound in the literature. FTIR spectrum of pradifdExp.73 is given in Figure 3.13.
FTIR spectrum shows the presence of peaks arouddcA? v,(BO,), 554 cm

V4(BOy), 724 cnit vz (BASQy), 816 cmt* L1(AsOy), 850 (B-O-As), 103D (BOy).
900

800 — Exp.73

700 H

600 —
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200 : . : . :
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2 Theta

Figure 3.12The XRD powder pattern of the product of Exp.73.
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Figure 3.13The FTIR spectrum of the product of Exp.73.

Table 3.8ICP results of the product of Exp.73.

Manganese % | Arsenic % | Boron %

9.3 5 0.13

3.4 Na—Co0-As—B—-0O-H CONTAINING COMPOUND
For the synthesis of NaCof8),[BAs,0g].H,O compound, five experiments
were done at different conditions as given in se&ct2.3.8. The products of these

experiments (Exp. 61, 61a, 71, 71a and 71b) aengivbelow table (Table 3.9).

Table 3.9Products of Exp.61, 61a.

Exp. No Product
61 BAsQ
6la BAsQ
71 NaCoRAs,O,
71a NaCoRAs,O,
71b NaCoRAs,O,
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For the product of Exp.61, qualitative cobalt asaywas showed the presence
of Co in it. XRD powder pattern of Exp.61 (Figurd®) showed that the major product
was BAsQ (denoted by black point) and minor product wasc@otaining compound

(denoted by arrow).

3500 °
Exp. 61
3000
2500 -
2000 -

1500

1000

500 H

2 Theta

Figure 3.14The XRD powder pattern of the product of Exp.61.

The XRD powder patterns of Exp.71, 71la, 71b wenreemiin Figure 3.15.
According to these XRD powder patterns, productExy.71, 71a, 71b are exactly the
same. Unfortunately crystal structure investigatibithis product was failed due to the
lack of single crystal product. But our investigas on the single crystal synthesis of
these compounds are going on.
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Figure 3.15The comparison of XRD powder patterns of the poatslof Exp.71, 71a,
71b.

The product of Exp.71 was analyzed by ICP. Thidysmashowed the presence
of Co, As, B in the product. Results are summariretlable 3.10. In order to perform
ICP analysis the sample was dissolved in aqua.rébe presence of Na in the product

was proved qualitatively.

Table 3.10ICP analysis results of the product of Exp.71.

Cobalt % Sodium % Arsenic % Boron %

22.3 7.55 0.4 0.24

The FTIR spectra (Figure 3.16) of the reaction potsl were collected to
confirm the presence of B-O and ASOThree spectra verify the presence of 430
(vi= 808 cnt', v,= 737 cni) [36] and BQ (Table 3.11)The band around 3500 ¢his
assigned as O-H stretching mode of water [14]. Aanobiguous peak assignment of

the modes in the lower range could not be made.
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Table 3.11The FTIR frequencies for Exp.71, 71a, 71b [98-100]

Assignments| Frequency (cr)
V3 (BOg) 1232
V1 (BOg) 1067
V2 (BO3) 714
Exp.71b
~
[
Q
C
S
I=
[0}
S
= Exp.71a
Exp.71

T T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm™)

Figure 3.16 The comparison of FTIR spectra of the productsxqd.71, 71a, 71b.

According to the above explanations, closed formafldhe products (Exp.71,
71a, 71b) can be given as NaGAB,0,.



65

3.5 Na—Zn-As—-B-O-H CONTAINING COMPOUND

The results of the Exp. 64, 64a, 72, 72a, 72bamensarized in Table 3.12.

Table 3.12Products of Exp.64, 64a, 72, 72a, 72b.
Exp. No Product

64 BAsQ
64a BAsQ
72 NaZnBAs,O,

72a NaZnBAs,O,
72b NazZnRAs,O,

Qualitative elemental analysis (Na, Zn) for Exp.aé#l 64a showed the absence
of Zn and Na in the product. During washing progcesmpounds containing Na and Zn

dissolved and discarded.

All lines in XRD pattern of product of Exp.64 andeématch very well with the
line of BAsQ (JCPDS Card No: 03-0314) (Figure 3.17).

Cps

Exp. 64a
] ﬂ Exp. 64

20 40 60 80
2 Theta

Figure 3.17The comparison of XRD powder patterns of the prtglo€ Exp.64, 64a.
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The ICP analysis result of Exp.73 is given in TahlE3. In order to perform ICP
analysis the sample was dissolved in aqua regiauddyg these results the closed

formula of the products can be written as NaZ§O,.

Table 3.13ICP analysis results of the product of Exp.73.

Zinc % Arsenic % | Boron %

15 4.6 0.0076

Due to the lack of single product, assignment ofezi chemical formula could

not be done. But the experiments on the singletalngynthesis of this compound are

continuing.

Exp.73

2]

o

@)
Exp.72
Exp.71
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20 40 60 80 100

2 Theta

Figure 3.18The comparison of XRD powder patterns of the préeslo€ Exp.71, 72, 73.

The FTIR investigation of product of Exp. 71, 72dar3 revealed that in all
FTIR spectra, B@and AsQ* functional groups are present.
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Figure 3.19The comparison of FTIR spectra of the productSxqd.71, 72, 73.

In conclusion; according to the XRD and FTIR spatis (Figure 3.18, Figure
3.19) the products of experiments 73, 71, 71a, 72b72a, 72b are same. They all have
the same formula of NaMBs,O, (M=Zn, Mn, Co).

3.6 H-Co-P-B—O CONTAINING COMPOUND

Actually, we tried to obtain (Nko.sCo129H20)15BP.Og].HO other than
Exp.26, 38, and 38a just by changing the reactddts. we obtained completely
different product which was (blCo24H20) §BP,Og].H,O. On the base of the
literature survey, we understood that this titl@npound was previously synthesized
by Aysen et al [81] through hydrothermal method. We gminpared the d-values of

our product (Figure 3.20) with that of 4gn’s product. Also, qualitative Co analysis
was done and its presence was observed.
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Figure 3.20The XRD powder pattern of the product of Exp.37.

3.7 Li-Mn-P-B-0O-H CONTAINING COMPOUND

Unfortunately, all experiments related with the togsis of
LiMn(H20),[BP,Og].H,O were failed (Table 3.14). All the products ardyoBPO,
(JCPDS Card No: 34-0132) (Figure 3.21). Most propabetal ions were discarded

during hot water washing treatment.

Table 3.14Products of Exp.70, 70a, 70b, 59, 59a.

Exp. No Product
70 BPQ
70a BPQ
70b BPQ
59 BPQ
59%a BPQ
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Figure 3.21The comparison of XRD powder patterns of the prtsla¢ Exp.59, 59a,
70, 70a, 70b.

3.8 Li-Cd-As-B-O-H CONTAINING COMPOUND

The products of Exp.75 and 75a are summarized bleTad.15. Their XRD

pattern (Figure 3.22) match completely withAsO, (JCPDS Card No: 13-432). The

gualitative analysis proves us that there is nantach and boron in the products.

Table 3.15Products of Exp.75, 75a.

Exp. No Product
75 LizAsOy
75a LBASOy
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Figure 3.22The comparison of XRD powder patterns of the préglo€ Exp.75, 75a.

The FTIR spectra of Exp.75 and 75a are given iruf@d3.23. According to
FTIR, the presence of AsO (850 cni) and OH (3588 cn) in the sample was
confirmed. In addition to this, the presence of @aon in the samples was also

confirmed qualitatively.
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Figure 3.23The comparison of FTIR spectra of the products»gf. 5, 75a.

3.9 Cr-B-P-O-H CONTAINING COMPOUND

Cr(H,0),[BP,Og].H,O compound could not be synthesized although it evas
main goal in this section. Instead of this compqume obtained well-known
borophosphate compound, BPOQCPDS Card No: 34-0132) (Figure 3.24).

The products of the compounds that were synthesizedxp.50 and 51 are
listed in Table 3.16.

Table 3.16Products of Exp.50, 51.

Exp. No Product
50 BPQ
51 BPQ
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Figure 3.24The comparison of XRD powder patterns of the préeglo€ Exp.50, 51.

3.10 Fe-B-P-O-H CONTAINING COMPOUND

Table 3.17Products of Exp.53.

Exp. No Product
53 NH,Fe(II1)[BP,Og(OH)]

The hydrothermal reaction of Fe@H,O, HsBO3; and (NH,),HPO, did not give
the expected product FefB),[BP,Og].H-0 as given in the experimental section 2.3.10.
According to the investigations that were done miyitihis study, it was identified that
the product of Exp.53 (Table 3.17) was isostrudtuvaith the compound,
NH4Fe(llI)[BP.Og(OH)], which has already been synthesized by Mtikos et. al. in
2001 [9].

The peaks in FTIR spectra (Figure 3.25) were oleskat (crit); 980, 1065,
1124, 1444, 3170, 3240. Stretching and bendingugrgies of B-O and P-O groups are
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observed up to 1445 émThe band at 3240 chwas assigned as a O-H stretching

mode. An unambiguous peak assignment of the mad#wilower range could not be

made.
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Figure 3.25The FTIR spectrum of the product of Exp.53.

The XRD powder pattern of Exp.53 shows also sintylawith that of the
compound NHFe(lll)[BP,Og(OH)] (Figure 3.26).
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Figure 3.26 The XRD powder pattern of the product of Exp.53.
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The products of experiments 48, 48-1, 48-2, 48@ la@ted in Table 3.18.
Fe,BP;0;, was synthesized by solid state method as explamselction 2.3.13.

Table 3.18Products of Exp.48, 48-1, 48-2, 48-3.

Exp. No Product
48 FeBP;01,
48-1 FeBP;0:,
48-2 FeBP;0;>
48-3 FeBP;0;>

The FTIR band frequencies of B#50;, are as; 1427, 1386, 1193, 1081, 989,
898, 633, 600, 523 in chas shown in Figure 3.27.

Exp.48-3

Exp.48

Transmittance %

T T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm™)
Figure 3.27The comparison of FTIR spectra of the products>qf. &3, 48-3.
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The XRD pattern of the product of Exp.48 and 488dven in Figure 3.28.

NW«W ex0.48
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Exp.48

I T I T I T I T
20 40 60 80 100

2 Theta
Figure 3.28The comparison of XRD patterns of the products>qi.&8, 48-3.

The compounds MBP;Os; (such as B@BPs;0:] [98], Py[BPsO;5] [101] and
Sr[BP3017] [98]) in which cation was alkaline metal, has rear shared BQand PQ
tetrahedra in orthorhombic crystal structure. FesBIP;O;2, [BP:O12] is built up by
central trigonal planar BOgroup sharing common corners with three phosphate

tetrahedral in trigonal crystal structure.

Compound F&8P;0;,, which has also been synthesized by S.Tuncel, is
isostructural with GBPsO;, which was synthesized by Mi et al [102]. Cell paeders
of F&BP;0;,, CrBP30;2, and Bg[BPs0;,], Ps[BP3012], Sr[BPs0;,] are summarized
in Table 3.19 and 3.20 respectively.

Table 3.19The comparison of cell parameters of BP301,] (M=Cr and Fe).

Parameters | FeBP301,[99] | CroBP3;0:,[102] | Fe;BPs01, (This Study)
a (A) 8.0881 7.95419(6) 8.002

c (A) 7.4334 7.36130(1) 74.144

Space Group| P3(143) P3 (143) P3 (143)
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Table 3.20The comparison of cell parameters of BPs01,] (M=Ba, Pb and Sr).

Parameters | Ba[BP3015] | Pbs[BP3012] | Sr3[BP301]

a (A 22.211 69.460 22.25
b (A) 14.285 14.990 14.32
c (A) 7.102 21.116 39.393

Space Group| Ibca (No:73) Pbca (No:6ibca (No:73)

FeBP;0O;, was indexed, Table 3.21, in the trigonal systemhwinit cell
parameters of a = 8.002(2), ¢ = 7.4144(5) and space group is P3.

Table 3.21The X-ray powder diffraction data of Exp.48.
Intensity | 2Th(obs.)|2Th(Calc.)| d h k |
38 12.730 12.639 | 6.9480

8 17.400 17.400 | 5.0920
31 21.990 21.982 | 4.0381
5 23.960 23.952 | 3.7110

100 25.120 25.073| 3.542
38 27.180 27.170 | 3.2780
20 28.140 28.171 | 3.1680
45 32.750 32.734 | 2.732
11 33.830 33.863 | 2.641
18 35.250 35.219 | 2.5440
6 36.350 36.270 | 2.4690
15 38.600 38.565 | 2.3300
11 40.460 40.503 | 2.22/0

6 42.780 42816 | 2.1121
14 44.860 44830 | 2.01&
5 46.500 46.554 | 1.9512
8 49.070 49.039 | 1.85%0

14 50.400 50.461 | 1.809
13 52.090 52.246 | 1.75%40
6 53.860 53.975 | 1.7010
3 59.020 58.973 | 1.5632
18 60.950 60.928 | 1.5181

N N Wl B N O N N R W w o N N R N R R O R R -
A W W O W M R O W R O W N o N R NN O O
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3.11 Al-B-P-O-H CONTAINING COMPOUND

Actually, our purpose was to synthesize the titlesbmpound of
Al(H20),[BP,Og].H-0O. But products of experiment were completely ddfe as it is
given in Table 3.22. If we could success on thistlsgsis, it would be the first

Aluminum borophosphate compound with microporouscstire.

Table 3.22Products of Exp.56.
Exp. No Product
56 BPQ + NH,AIP,0O,

The XRD powder pattern of product (Figure 3.29)c¢has very well with BPQ
(JCPDS Card No: 34-0132) and NKIP,O; (JCPDS Card No: 49-0557). The presence
of NH,AIP,0; was also proved with FTIR spectra (Figure 3.3t N(v= 1414 cn,
3170 cm), PO, (b=740 cm'). In addition to these observations, the preseiidd in

the product was also confirmed qualitatively.

900
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Figure 3.29The XRD powder pattern of the product of Exp.56.
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Figure 3.30The FTIR spectrum of the product of Exp.56.
3.12 AI-As—B-0O-H CONTAINING COMPOUND
The results of the Exp. 65a, 65b, 65b.1 are sunzmedrin Table 3.23. The
products of Exp. 65a, 65b, 65b.1 were highly ctiis& and the new compound

containing minor amount of AIOOH), (JCPDS Card No: 05-0190).

Table 3.23Products of Exp.65, 65a, 65b, 65b.1, 65c, 65d, 65k

Exp. No Product
65a New Compound
65b New Compound
65b.1 New Compound
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Figure 3.31The comparison of FTIR spectra of the productsxqf.65a, 65b, 65b.1.

Figure 3.31 gives the FTIR spectrum of the prodettthe same experiments.
The FTIR studies exhibit the presence of water #oedlack of hydroxyl bands are
common in most of the hydrothermally synthesizetbarsenate compounds. A large
number of bands observed in the region 1300-408 where B-O, As-O stretching and
bending modes are expected. Bands of Asfde given in Table 3.24.

Table 3.24Vibrational spectra of Asg.

Vibrational Spectra of AsO,> [36-37]
1= 818 (A) - 858

v3= 786 (F-stretching) - 744

v4 = 405 (F-bending)

v5 = 350 (E)




Cps

Exp.65a

M

Exp.65b-1

20

2 Theta

40

80

Figure 3.32The comparison of XRD powder patterns of the potglof Exp.65a, 65b,

65b.1.

The X-ray powder diffraction pattern of the productf Experiment 65a, 65b

and 65b.1 are given in Figure 3.32. The crystaés\eary small to do single crystal
structural analysis. The lines of powder X-ray mdition data do not match with the any

known Al, B, As, Cl and O containing compounds.

As it is seen in Figure 3.31 and Figure 3.32, tlulpct of Experiment 65a, 65b
and 65b.1 are exactly the same. The results ofal@ysis of products of Exp. 65a are

summarized in Table 3.25. In order to perform I@RIgsis the sample was dissolved in

agua regia.

Table 3.2&8P analysis results of the products of Exp.65a.

Aluminium %

Boron %

Arsenic %

11.83

7.54

10.75
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3.13 K—P-B—-0O CONTAINING COMPOUND
3.13.1 Hydrothermal Synthesis

In this study KB,Ps;O13 was tried to be synthesized by hydrothermal metmd
explained in section 2.3.14.1. According to theestigations that were done for the
products of Exp.67 and Exp.67a, it was proved ttaistructure of the products was not

in the form of target compound. The products ated in Table 3.26.

Table 3.26Products of Exp.67, 67a.

Exp. No Product
67 BPQ + K3Hs(P.O7), (JCPDS card No: 25-0638
67a BPQ + K3Hs5(P.Oy), (JCPDS card No: 25-0638

The XRD powder patterns and FTIR spectra of Exjpud 67a are compared in
Figure 3.33 and Figure 3.34 respectively.
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Figure 3.33The comparison of XRD powder patterns of the potslof Exp.67, 67a.
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Figure 3.34The comparison of FTIR spectra of the productsxqd.&7, 67a. The peak
denoted by an arrow corresponds tg04y”.

3.13.2 Solid State Synthesis

In this study KB,P;O;3 was tried to be synthesized by solid state metmod
explained in section 2.3.14.2. But the synthesi&4®,P;0:3 was failed, the obtained

product was identified as KRQIJCPDS Card No: 35-0819) according to its XRD
powder pattern (Figure 3.35).
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Figure 3.35The XRD powder pattern of the product of Exp.46a.



83

3.14 Na—As—B-0O-H CONTAINING COMPOUND

3.14.1 Hydrothermal Synthesis

The synthesis of N@BAs;013) was tried hydrothermally by using the
chemicals NaB@4H,0, NgaHAsO,.7H,O and AgOs as given in section 2.3.15.1. The
XRD analysis for these products were also faildte XRD pattern given in Figure 3.37
do not matched with any known Na-As-O-B-H contaghadompound (Table 3.27). Due
to the lack of single crystal product for theseaxpents, only possible way to identify

the crystal structure is Rietveld analysis. Thiscgsss is continuing.

1000 Exp.4
Exp.6
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G600
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Ahsolute Intensity
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Figure 3.36 The comparison of XRD powder pattern of the prasliof Exp.4, 6.

Table 3.27Products of Exp.4 and 6.

Exp. No Product
4 New Compound
6 New Compound

The FTIR spectra of products (Figure 3.37) werentbto be in good agreement
with the bands of Asg>, B-O-As, and BQgroups given in the literature. The weak
band at 1211 cihis characteristic peak of tetrahedral B@50 -1200 cril) and the
band at 948 cthis assigned to B-O-As asymmetric and symmetricatibns [103].
And the characteristic band of tetrahedral A$®, va) are at 800 cih Other bands
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around 1640, 3450 chare the OH vibrations of absorbed water and H-boetveen
H,O and AsQ>.
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Figure 3.37The comparison of FTIR spectra of the productsxqd.4, 6.

3.14.2 Microwave-Assisted Synthesis

The XRD pattern of Exp.2 given in Figure 3.38 iy the same with the
XRD pattern of Exp.4 and 6. The only differencevsn them is the low crystallinity
of Exp.2. This showed that annealing must be damehfe product of Exp.2 for the
exact formation of crystalAt the same time their FTIR spectra (Figure 3.3d@ Bigure
3.39) are also matching to each other. As a resafte unknown compound was
obtained both by hydrothermal and microwave methods
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Figure 3.38The XRD powder pattern of the product of Exp.2.
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Figure 3.39The FTIR spectrum of the product of Exp.2.



CHAPTER 4

CONCLUSION

In this work several borophosphate compounds whkmhtain BQ, BO, and
PO, complex anionic structures were synthesized bysal)d state reactions, b)

hydrothermal methods, ¢) micro-wave assisted sglend identified.

a) Solid State Reactions
As a part of systematic investigation of boroph@dphstructures of transition metal,
first some of the known compounds were prepareqdgusie conventional and the new
solid state methods such asy[B#:;0:7]. An X-ray powder diffraction analysis was
undertaken. The unit cell parameters are refinedcampared with the previous data if
available.

In addition the functional complex anions suchB#3, BO, and PQ in the
form of isolated triangle, unbranched, loop bramkclee open branched chains are

investigated by IR spectroscopy.

b) Hydrothermal Reactions

A new borophosphate compound with the compositiddH§xMns-
»12)(H20)2[BP2Og].(1-x)H.O was prepared under mild hydrothermal conditions a
characterized by X-ray powder diffraction (XRD) amidurier Transform Infrared
Spectroscopy (FTIR) methods. The title compound syashesized from MnGRH,0,
H3BOs, (NH4).HPQO, with variable molar ratios by heating at 18D for 7 days in an
autoclave. The X-ray diffraction data of water ildbe polycrystalline powder was
indexed by TREOR program in hexagonal system wighuinit cell parameters of a =
9.5104, ¢ = 15.7108 A, Z = 6 and the space group (R®.176). (NH)Mngs.
%2 (H20)[BP20g].(1-x)H.O is isostructural with (NE)xM" (z.x2)(H20)[BP2Og].(1-
x)H,0 (M" = Co, Cd, Mg; x = 0.5-1). Its unit cell parametersd hkl values were in

86
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good agreement with the other isostructural comgeunThis is the first report
presenting on the synthesis details and indexedyXppwder diffraction pattern of this
compound as well as analysis results using setechhiques as FTIR, TGA (Thermal
Gravimetric Analysis), SEM (Scanning Electron Miscopy) and EPR (Electron
Paramagnetic Resonance).

(NH4)xCqzx)2)(H20)2(BP20g)(1-x)H.O  (x=0.5) was also synthesized by
hydrothermal method. For this synthesis, HNBd HPQO, are used respectively. The
powder XRD data of the product was indexed by Cbeltlorogram in the hexagonal
crystal system with the unit cell parameters a4920(+2), c= 15.5820(%3). This titled
compound was synthesized before by Schafer e1.2D01 as single crystal. In order to
check the reproducibility of the product, two aduial experiments were done. SEM
analysis showed that both (MRCQzx)2)(H20)2(BP2Os).(1-x)HO and (NH)xMna-
2)(H20)2[BP20g].(1-x)H.O where x=0.5, have the hexagonal shape.

Open framework (H)sCo;25(H20)15BP2Og].H,O compound was synthesized
hydrothermally by using the chemical compounds; IG6E,0, H:BOs, (NH4),HPQ,.
The structure of compound was characterized by yXpewder diffractometer. The
compound is in the hexagonal crystal system, asduitit cell parameters are a =
9.4960(6) A, ¢ = 15.6230(13) A, Z=1. FTIR spectamc was also used for
characterization. Stretching and bending frequena@é B-O and P-O groups are
observed up to 1400 ¢éhmand the band around 3500 ¢tmvas assigned as O-H
stretching mode.

NH4Fe(ll)[BP.Og(OH)] was synthesized in this study. Compound regmés
new members of the hydrated phosphate rich borgbfadss. Characteristic structural
features are infinite one dimensional branched renimonsisting of alternating corner
sharing tetrahedral B{IOH) borate and POphosphate groups with an additional
branched phosphate group linked to the boratehitiran. Octhahedrally coordinated
transition metal ions connect the anionic chainsrédver, ammonium ions or alkali

ions occupy interchain cavities.

New Al-As—-B—-O containing compound was also syn#ees with unknown

composition. Unfortunately it was not possible twve the crystal structure of this
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compound in the powder form. Attempt on the synthed single crystal of this

compound is going on.

NaM(H,0),;[BAs,0sg].H,O where M = Mn, Co, Zn was tried to be synthesired
this study. The powder patterns of obtained pralindicate that the structures are not
identical with the compound NaMg{B),[BP.Os].H,O that had already been
synthesized before. Crystal investigation of Na—B+B—O containing compound
where M = Mn, Co, Zn haven't completed yet. Accaglito the FTIR spectrum the

presence of As§’ and BQ units were confirmed.

c) Microwave Assisted Reactions

Nas(B2As30;3) was proposed to be synthesized with microwavestessmethod
by using NaBQ4H,O, As0s and NaHAsO,.7H,O according to the following
chemical reaction;
4NaBQ.4H,0 (s) + 3/2As0s(s) + 3NaHASO,. 7H,0 (s)—>  2N#B2As:019) (S) +

77/2 HO(g)

An unknown compound was obtained but its X-ray pemdiffraction data
could not be indexed. Its IR data suggested tleastitucture is composed of Asénd
BO, tetrahedra alternatively.
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