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Abstract

In the view of designing new nanostructured materials aratingjltheir functbnal properties,
understanding theucleation and crystal growth mechanisms is becoming increasingly important.

Nowadays, one of the most addressed scientific and social problems are those facing energy shortage
and global warming. Peaplstarted to realize the value and importance of a clean and healthy
environment. To become independent from fossil fuels and to achieve the EU goal related to zero
emissions of Ceby 2050, intensive efforts are going on in searching for alternativeyessmenges. One
of the sustainable approaches is to use abundant free energy from the environment (sun, wind, waste
vibrations, etc.) to produce renewable fuels through various catalytic or electrochemical processes.

An enormous number of studies have beatone on the topic of photocatalytic and
photoelectrochemical hydrogen evolution from water splitting in the past years. Still, the hydrogen fuel
is not in everyday use yet. Mainly due to the low efficiency of photocatalytic reactions and insufficient
sola energyutilization. The main challenges are related to photon absorption, photoinduced charge
carrier separation, and their transport to the surface, where redox reactions take place.

Size, shape, and type of exposed facets can significantly affeccamaa | 6 s el ectri cal
photocatalytic properties. Compared to large 3D particles, 2D structures with appropriate low
thicknesses are more advantageous for l ower ir
Additionally, the formation of hetestructures is known to be beneficial for the improvement of
photocatalytic performance in many aspects, such as enhancing charge carrier separation, widening of
utilized spectral range, and increasing stability. The photocatalysts in my thesis werd drediggiag
the abovementionedtonsiderations.

In my research, | focused on the preparationeaftdlution photocatalysts based on heterostructural
SrTiOfBisTiz012 nanoplatiets and | studied the mechanism for their formation. The Srai@

Bi4TizO12 were selected based on similar structural elements that allow epitaxial growth and enable the
formation of the heterostructure or pseudomorphic transformation. Additionall,is@b
spontaneously grows in a twdimensional shape, which is not typical &iTiOs. Both materials also

have favorable relative positions of the conduction and valence bands for the formation of hydrogen and
oxygen, respectively.

My studies were performed in several steps. In the first step, the processigDiBiemplate
preparation was optimized. In the second stepliBD:» platelets were used as a template for the
topochemical conversion into different Sr¥igi,Ti;012 heterostructures and pure Srii@n in-depth
study of the transformation mechanism was perforitmetich atomic scale analysis of the platelets at
different transformation stages and Rietveld structural refinements of the 8ni@iTi:O.2 phases.

Based on the latter we examined the misfits in relevant orientation relationships and at actual
temperatures

A combination of various techniques-(y diffraction, electron microscopy,-bdy photoelectron
spectroscopy) enabled me to perform very thorough research on how to steer the topochemical
conversion by balancing the lattice mismatch, template guatitysupersaturation as well as how to
tailor the functional properties of the product platelets by varying experimental conditions. Moreover,
the principles inferred from the study of theTBiO:.»to-SrTiO; conversion were translated for the
transformatio from BiTizO:2to BaTiQs and CaTiQ. Finally, the photocatalytic hydrogen evolution of
prepared heterostructural SrEiBi4TizO12and SrTiQ platelets was evaluated.

This comprehensive investigation of the topochemical conversion mechanism §ios®Bio
SrTiG; with the intermediate formation of 2D epitaxial heterostructures not only contributes to a refined
understanding of thisystermbut also paves the way for the engineering of other new intricate epitaxial
heterostructures in the future. Furthere) insights gleaned from this dissertation offer a fertile ground
for the development of advanced functional materials, characterized by heightened stability, efficiency,
and ecdriendliness. These materials hold promise in diverse catalytic realmsiirgpdnydrogen
evolution, CQreduction as well as pollutant decompositions, among others.
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1.1 Perovskites and Perovskite Titanates
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4 Chapterl. Introduction

crystallinity ofdmat-&einpeéshatguhree crgerrgaaiiers spagov s ki
titanates-tempairatuhe ghrocessing met hods, whi ch
consequently produce high costs;-appcbpmiaatei Abs
| arsgealpd i@amti ons, (i v) t oxi ciistoyneampereowsiki o6 @mmdn tte
show excellent properties and offer great appli
har mful to people or e)n,vi(rw)nneinintheady gspcedPlbavaikldit tByb
titanates show psoaisi,hgwesouh-tap hepmecade remai ns
chall enge due to many reasons, e. g. mai ntai nin
ef fecti venesiss,ev(ewia)l epfafniacviscknatye ¢t isabloex i acn,d enaoshy

to prepare, but suffer from toomplocw idfpfeiacsidad ey,

generfal] .usfe2]

1.1.1 SITiO3

Strontium i tSalnA)t @ s( Sar Tiy@i cal representative o
Above , 105 eKiciulbbii ts par ovskiRPrm3sptarcuec tqurrceu pwi arhd aa |
constant of 0.3905 n“W.onlsn otchceu pcyr ycsetnatlr osstyrnuncetturriec,
[ TP@ ct ahedrZi,onhirl ees i®doeo ridni ntawdedlvbdnt er sti ces

Sr lsih@s a high tempexr azu8® MAE, meHitdmgmakies it

tempeeatppllilddgThens etragonatosmedcbyreoofi sg ToD
modi ficati on el ow 105 K does nsots @i pprayofeguans
paraelectric or incipisest khemmiogtho ecciietlisecc tnraitce rd can
which makes it suitable for applications in cap
where high dielectric materials are required I
oxi des because ietassipryopneordtiifeisedc anmndbet ai | ored by
stoichiometry, doping with foreign el ements, an:
[ 18], C€dmiorel yf,abirn ctatt i on of thin fil msi &y physic
used as a substrate for-mepchargaprgpewt hesiueexo
guality, flexibility in d&pil8groandumutiaaerateram
gootdatcgtic and photlo6clat gt 2yit]s, @ ngrmpteent esi mi | ar t
Especiabkily,wiSddliyo i nvepti gat a[d2ippadicawaselsar cel |l s
[ 7], [.28]n, c[o2n¥p]ar iSsshTeisG ab®uO 200 mV more negati v
and it shows good ther mal -tamdi wobémirt ale,sbakdi et g
chempt eri al . However phas$ oaebéottchoea anaahilyng $ d roarwb a c k
Sr i ® a wide band gap (3.2 eV indirect or 3.7 eV
is Ilimted mostly to UV | ightt i cHoawetviewi,t yt hcea nb ame
Sr zd®@pending on the preparation method, not onl
phase, mor pho]Mugrye e&ehout the posssinbiphiotioestahgttr
hydrogen evolutindn3will be presented i

It was |l ong believed that the simplest proces
Sr T Oi sstsatléa dsynt hesi s. T-phasmemhodrpabduct&safsr b
met reedgahirgech t emperatures (commonly above 1000 A
Additionally, the reaction pr odasanad larsairHiagchel yara
which 1is not benef i clhthd lastf50 years, a vastinbertof studiesp p |l i cat i
empl oying various synthesis methods, including n

method, ceprecipitation, and microemulsion have been developed to fabricate sSITiO
(nano)crystal$17], [30]i [32]. The SrTiQcompound has been obtained in diffégrehapes, such
as spheref33], dendriteg34], starqd35], fibers[36], and cubef31], [37].

Under thermodynamically controlled conditions, when no anisotropic template or special
structure directing agents are used, SgLiSually crystallizes with a cubic crybs&ructure and
in cubelike shapes, whereby the (100) facets are usually the dominant exposed facets. This arises
from the fact that the (100) facet in SrEi® flat and characterized by a minimal number of
unsaturated bonds and consequently exhibitotliest energy and the slowest growth rate. The
other two lowindex facets in SrTigare stepped (110) and kinked (111) facets, both with a higher
number of unsaturated bonds and higher growth rates, increasing from (110) to (111) facets.
Depending on theeaction conditions (media, concentrations (supersaturation), impurities), which
can retard the growth rates of otherwise fagtewing facets (e.g. low index (110) and (111)
facets or even high index facets (023], [39], SrTiC; crystallites can in addition to prevailing
(100) facets tsome extent expose also another type of facets. For example, slower growth of
stepped (110) facets can be explained by the bunching of monoatomic steps, which can occur due
to local fluctuations in supersaturation or impuritjé6], [41]. Namely, the steps with higher
height require a greater flux of ions for the growth and therefore advance at lower rate than
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monoatomic steps. As a result of the slower growing rate, such stepped (110) surfaces remain
visible in the finalcrystallites[41]. Retarding the growth of loimdex (110) and (111) facets can

lead to various cublike shapes of SrTi@with different ratios of (100), (110), and (111) exposed
facetg41]. Moreover, the selective adhesion of surfactants on the specific crystal facet can also
| ower the facetods surface energy aondiwdlence it
defined SrTiQ crystallites, exposing other facets in addition to (1p00)], [42]. By this
mechanism, versddi SrTiQ; crystallites with the shape of cubes, truncated cubes, and
dodecahedra form under hydrothermal or solvothermal and molten salt confB&png39],
[41]i[47]. In general, none of these SrEi@ystallites possess very anisotropic morphology. For

the preparation of SrTiJin more anisotropic shapes (2D (nano)platelets), the topochemical
conversions of platelet templates were reportdthis was intensively studied for the
transformation of Aurivillius phase platelets (i.e4B§O12 [46] and SrBiTi4O15[45]) and (001)

TiO2 [30], [48] mesocrystalline platelets into SrTi@latelets under moltesalts and alkaline
hydrothermal conditions, respectively. We have developed an alternativeerigyerature
hydrothermal topochemical transformation approach for the preparation ok@n@i@)platelets

from the BiTizO12 nanoplatelets. We have also penfied indepth mechanistic study of the
process and identified the key parameters for steering the morphological development and
transformation pathwayyhich can lead to very versatile functional properties of the platelets.

1111 SrTiOsby hydrothermal synthesis

ConsiderimgntdhiatsStadarm@ati on under hydrothern
of the present di ssertation, the gener al pri
expl aifedl foiwesglt by a short s usmmoafriSooTimaldt h e nl iutne
hydrot her mal conditions.

Hydr ot her mal synt hesi s waesmpdeervaet!uorpee da tatse r nmae
state asdlmosyenhéaygdsotWdae matkirgnn nal ly introdu
Roderi ck tMurdehsicsroinbe the action of water at e
eaft crust and the formation of wvarious miner e
met hod experienced i19Bld40el bpmehe naixntdqlde yead
crystal and polycrystalline materials were obf
phosph&agles

Hydr ot her mal synthesi s tihger asdredcdeerofgeamroague
under ftiughe m@mmas at el [ed.@f])tTehde rtee napreer asttuirlels no of
i mit values for the reaction temperature an
concentration of the reafcitlanitisg ca@adci oyn. t Mo
temperatures between 150 AC and 250 AC and pr
Howevemwer temperatures bhearapmldi eed.0 [A@)itlihdiasn cad
hydrothermak csoméd i messuse

Hydr ot hermal technique has undergone a major
i ndustry, originating from a variety of di f f
stabilization of new complexieal spargamiatioar p:
we-defined size and morphol ogy for specific ap
decomposition, altefd®]iBnpmcoheodmelnt aifreyttchhd h
hydeomh!| technique was used for various pur po:
chemical substances, and organic and phar mace
related compoun i) pbsAel ectively, etc.

The maismdvafnttalye hydr ot her fiall a ctkencdhtowirgeu eo fw atsh
apparatus. Due to the c¢closed steel vesswwhsope
i mpossible to observe the crystallizati on al
researchers hgamouser mpeciaat ocl av elsh ef ommai wi sguoaal |
the hydrot her mal techni gque naraen db ectrtyesrt au n dgerroswt
mec harkiissmganad st her modynami ¢cs, and pushing reac¢
temper at ur els#s alhydd rpa telsesrumeel. t echni ques are attr
[ 4.9]

Process kinetics and properties of prepared materials are influenced by the initial pH of the
solution, reaction time and temperature, and the pressure inside the autoclave. Under
hydrothermal conditions, the solubility of many oxides in salt solution is tmigtler than in pure
water; such salts are called mineralizers. When used in small concentrations, mineralizer plays
the role of a catalyst. Thwaost usednineralizers are hydroxides NaOH and KOH. However, the
difficulties related to controlling the reaoti and the morphology of the target material were
commonly reporte@49]. In comparison to some other methods such as chemical precipitation,
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Typically,
K e,

better control over the shape and size, narrower size distribution, lower reaction temperature, high
The

solid-state reaction, sa@el method, et¢cthe hydrothermal method has many advantagebas
crystallinity and high purity, lower costs in comparison to solid state or molten salt synthesis.

1.1.2 BisTizOr
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1.2 Nucleation and Crystal Growth

1.2.1 Nucleation
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Fi géareSchematic representation of processes |
of solute to the vductn‘musuyonoﬂhrbeghulhaceb,ouh )a
onto a crystal surface, (4) diffusion ver t he
(5) attachment to the step or edge, (6h)e di ffu
kink sitdg9dr vacancy

Terrace
Surface
Edge
vacancy
Growth
unit

Figbhrdlbnsoftaaiomic sites on the [swI]f ace a

Onceataonm sticks to the surface, it creates t
broken bond energy of exposed surface at oms
substrate. Overall surfacaidriansdhwyniagdstoh dre dmian
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| edge or[ 2 ]sAeswhenree | edges vary with the crysta
vary on d|ffetrdnesfnotrmjrnygstdallfffearoeenst surface stru
classification of crystal faces Fiimge)d 6f3ljan ( F)
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1.2.5 Tailoring the morphology of MTiO 3 by topochemical conversion
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1.3 Hydrogen Production for Energy
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1.3.1 Hydrogen classification
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Current colour coding model
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1.3 Hydrogen Production for Energy

1.3.3 Photocatalytic hydrogen evolution
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1.3 Hydrogen Production for Energy
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Chapter 2

Aims and Hypothess

2.1 Aims of the Doctoral Dissertation
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2.2 Hypotheses of the Doctoral Dissertation
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Chapter 3

Materials and Methods

3.1 Chemicals

Al'l chdmabd alwere of analytical gr ad and wer

purification. Water used f ot ot pewldpmoa ywavtaesr p
(Purel a®@7 OpEL GA) .
Tabst eUskeemi cal s.
Chemical Manufactu Decl ared
A g NsO Al fa Aes 99. 9 %
B a &H0 Sigma Ald 99 %
BiOshanopow Al fa Aes 99. 8 %
C a eAH:0 Sigma Ald 099 %
C:HsOH , EMEU Supelco Absol ut e,
Reag.
HF Carl o Er 96 %
HN® V WR 68 %
KCI Sigma Ald 099 %
NaCl Mer c Kk 099.7 %
Na OH Fi scher CH 098. 7 %
Pr o2ah Carl o Er 99. 7 %
(CBQ.STr Sigma Ald 99.995 9
S r #H-0 Sigma Aldr 099.0 %
Sr (sNO FIl uka 099.0 %
Ti@natase | Sachtl eben 99 %
Ti@anopowd Degussa 099.5 %
TioOutil e Al fa Aes > 99 0%

3.2 Processing Methods

3.2.1 Molten salt synthesis for BiTizO1. template platelets preparation
BiTiOist empl ate pl atelets were synthesized by

t he reds)elartcihhe (proces sipntgl nd azreadme tTehres swaelrtes o K C|
wei ghted (Mettler Tol edo%wtXSN&GI)) itno lenls umoel as
composikdiF o885 7)TACThe salts were grounded and mi
a homogeneous dmmpdsalqt gsiunretwdMes B dded and the m
mi xed well agal P25 ,Fiamdtlgse TorO rutil e) was
homogeneous mixture of powder @acsr uscu tbhsheeq uveintth
di ametem arMd 5a chmeiagrhd odverr ed. Thel gacedi bheow
| arger crucictnl,eh(aitigmmet@e)rﬁeiﬁed with a |id, an
furnace (Nabertherm LTH AICE Aji.n,Theheh aataicrtg orna tt
80AC. Hol ding time and coheliregcriavte, wehe prOd
washed with deionized water until all salts wi
the addition of az) fewordropkeet dent i fAigdNadt i on ¢
mor phol ogi cal pobdacvawasendri etdeat this point
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3.3.4 X-ray photoelectron spectroscopy (XPS)
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3.3.5 Brunauer-Emmet-Teller (BET) Specific Surface Area Analysis
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3.3.7 Thermal analysis
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3.3.8 Photocatalytic testing of the BisTizO12 particles for Rhodamine B dye
degradation
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3.3. Characterization Methods

3.3.9 Photocatalytic hydrogen evolution

S
I
Y
V

¢

s
(
a

of
|1

oFxi yngae
. Al
a
mend
' h

wi t h
i ght

at mosr
o inl

orhien stuc
was

WU aer-tcza rrrd Le!
and
e
4
®
[
er
t
i
P

me n t-rsl
erature
o 4
a
e
e
t

o

under
a
i vi tpyu rdiettye criotrr d gr

—~0NT TOOG®. E©
O S CcCcoOcCcc ___ . 0C
ONBED i ut—e O






43

Chapter 4

Results and Discussion

4.1 BisTizO TemplatePlatelets

a templ at
s cad@rp\ueSdsTi i oG
for i o
hic ]
eat i
p &

i nO0geodd gi &KCI /
as

initial precursors (TiO2) in the formation of non-aggregated, defeefree

4.1.1 The importance of morphology, crystal structure and aggregation stage of
Bi4TizO12 platelets with the narrow size distribution
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Tabd e Compat heo sl : (sBiedne@tnil) specific surface

val ue s sfoaurr cTeisO a ns@l iOpyp leptaa leat B.i

Ti-B8Bourc P25 nanog Anat as Rutil e

Di amet]er 20 5a00 502000
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Mean [ O 1.17 0.70 0.60

St. Deyv 0.57 0.60 0. 33

Medi an | 1.02 0.52 0.50

Speci fic

Ar e d d]m 3 4 3

A ETBIT (P2s) B BT (an)| C BIT (rut)]

i 8

FiguB8eSide | engt hTiGiippsatrrtiibcu tkiso opmroefphaBéee, di f f er
precur sor s: P25 nanopowder (A), anatase (B) a

!‘
Fi g10r eSEM i mageacbanTisO( P2 (A), anatase (B)
BiTiO.pl| atel ets prepared from P25 nanppwddes (D
in molten salt at 800 AC for 2 hours
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Washing and drying procedure
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Tablloe Used washi ng aogfe nstesc of nodra rt yT ép:.beagsnebsh aasfi tse r
in mehVYehume of added washing agent was 20 ml

Sampl € Waagsehr: N(Ionioalrll Contact t (BHEE)

B1I-0-0 H-0 / 15

BIl-I-5 HN® 1 5 3

BI-TI-1 5 HN® 1 15 3

Bl-Z-1 HN® 2 1 3

BI-Z-10 HN® 2 10 2

BI1-Z-3 0 HN® 2 30 3

BI-315 HN® 3 15 3

FigRdaeSEM micr Qlgi©igpp hast edfetBi after different
cid as paélslented in
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Some characteristics of the selected 8Bi:0:> platelets: Photocatalytic activity for
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Rhodamine B dye degradatiorand phase transition behavior
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4.1.3 Compositional and structural studies of BiTizO1.template platelets
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4.2. Topochemical Conversion of Bi4Ti3012 Platelets to SrTiO3 Platelets under Hydrothermal
under Hydrothermal Conditions

4.2 Topochemical Conversion of BilizO12 Platelets to SrTiQ; Platelets

Conditions

n

. )Om”‘r
OL VI 0o
om0 T3H
oI p Sl

bt D) ebl

é
!
@
0
n{
;
el
a
t
|
|
R
t

of

c yBdachhd minsalas

temperatur e,

t
P
mm

fccramatoit o eoff usd @0 avoid

er
Nevert heérlieosnss, mabfyb omrsoovfi d$Shme@ O

aghte
ca
a
r
t her

t

bai
werklbi
r
mp
e
as
e

choynapr | oet xh

from 1
e

i poHh.
asd
e peH
r N
A ng
of

he p
d yet ha
removed

n
g
t
Bay tlh
pler fo8iABT | &3
g
am o
H o
t
a
wseorl, u
p Hi

t bd
ro
_kf apl _ri nmaet
| ack
roomqtut
ol
&
r

r
t
ehemistri®as

taenndp ecroant suur nees
sh y( dLrGd2t OheQr An@)l .

r etapcrtei soenrsv dwietk hee ppel

reod daretrench |l one@poch
[ 289 BiMO d

range
e

h
nrd Bfior mati on

aand cobl leaguess

ppb
con
high

aft mgpsphebex aoe
easily
H

C
I I i ngf rfoom

rygzi sthl

pH
e
t
e
(]
[
c

pS.O.e © © m

t o
S
o
c
p
2
f
a
n

T o c

hien ef omeldoiva n g

Esudy
e

i

i bhi By

es
Lencka asbrid i Riymald ,a gwhaan

em,@d[l1dmBdt adgda 88ild algy cdamo

ilngf ofromma & h p @ mootéhi BB 1Td OT i
K & In[yw4a8s]i

]
V]
y
S
le
(
a
I
a
di |

T oo—FS0n> SgcO®o

Sese@anche

t

Se.ly O oo —— He
go IthmrnQdemmhi 1 Q- &hrco&
o—-5 cocs8TCc ¥ L rQ, Q9 . =
Or— =, 248 45 wg | . CMii
OrinOMHOtaO Ccoog- -
®coT 0 TQ Com .+~ .—_+F "o
~ © +— N © Zl_m
o> - 08->0.1 ) FL=0 T gio -

@Oaru rmm@ o
) Bo+~wnw E+~o0voa
¥ 9B O ®c
_NaeerrOtCIte
E0gso0._ o c
@ s c

Q O+ = C C -
L 0—0O0ono._
dp_
- —o—OCwnwno+ T

cao O_E >0
nmer Q — o etr
@naeh © -S_o0o

was

hydrot her
0

tfytr&tttp

To-—eBads._ _ 2-"g- g0 "o~ovggoT =
- riaetco.ewlah&tna..mut
coo._0c .©QGao.. ._®c mntUiiSL%C
VScQew—=53.00E _Lc"® Ko TGO

2 @ WLF_ 3> Qeentgternevnmp
P E X O N LD L OV O L CC > ihSOhnOCX
OFVNSVNO_LNNELNOLNE w0 OC o

e
d

d
i

Topsthpotel
m o OoE&Ewn >a
- CC 50—y OX
coaoaoa_No<oco

conditions
Thermodynami c

ecur sor s

i

¢

(0]

w

u

t

y

h

t

b

4.2.1 The background of the SrTiQs formation and the selection of reaction

de

e
O y
|

d

S

a
4

t

S

Cc

$

a

quantit

1y
1%

(

preserf@aeado fTd g OHY DEssgHIBTPOeci pitate
2G( I13)H

quation:

preseng e Sl Gdoi sfsooalmsed nCG& mal |

(BHaq)*(8YPr Tsf O)
Sr( dH)q) 2(+¢)SAQ( s ) 0¢ | K

t he
he e
Ti

t he

t

n
n

o

t



Chapterd. Results and Discussion

60

(P Iy = ..I_ll - [ -— () S c <O ™= I \J.l — qu - me erc.|<\ n. em
so* o%® %o cPp<c o VT —pn T o, 22 g -~ ¢
© c n =S o c -t Q@ -c_o © © @
vz " QLo m - < 8- BO “8°Fo0 g®f,pfo- 0 0ELS =
~——8o, 9274 P OO g 20 p2m B0 _Egl-®epn_0T— < B
- = ) oo o c=Cong V= _— < o g o2
et o> — 8003 _— °lgB.,z Q< coEB3= 8 o+ i
VO d, V= cocwn, =TT =8 TR0t e-0 LT T o c Yo —+o
— +—
nocrvn..w_wah s Q0 Oewunaaem tm..wo e/\.muenlm pW.m mn_.ve Omo...l o =
Ctnuemem mma — 8 >" & O aogﬁoe m..“| drorurgg..ra @ Ur
aﬂt.".muhe m.vs - Sentl@e pn_r.v..w tee%rm e.$b.00 2 ..I.mw&vl (¢} m
- - o 8— » —2o_+=3 o
Sm@_a.wmw.m B._m,r emwem.lwmﬁd Imr.mxl.mm twaumts .th/.\S.n.ee M @
~T oG _-Eg .%D. () dnmaauo . 2 - o .W.mmw.ar,m o o e, S
v ©° By as S 2] 8~ O B5cP8R0o =cl coroge -Tol
<0 QS S EoS gao+=o =, ? - @ = 0 @ 5 o mS =
~-Ta0f"2 87 quze@is’sy ¢ nBlwngnfefs olp-Jou.oscfuEF
.%_S Uﬁiww c.2 ra&ngnSEn = aagE|ES” B ® T = .B&SDJSH;@FW
o< - ol g7 «o_8= o CoFgHBOL - O _ — ve.?o o¥X
HFoO% © O © O c S~ o -° o B R°p02 _ovzo® Bl
o~ Q (- — -0 c O—O= 0D o O @-c* Em S — 2 () - ) £ © —
“po@® oS 92 m .8 S ocolBami-=Ho® vo- QT ol TP
— s.sem S g o, an = ©c © (@) -] - b= © o o &
T vco cg o enm.IrISaWﬂ T @+~ E HMEUSmMngdE hSOOXBms.IA =
o) ftﬁW,ta amg Ilamulm.hnw msmms SMMsemeSeMMchmeBSIM%M.G
Q— S o - =oaT — =5
o 8_0 D O gD o_"*&so N onco*+§ . = c Beg o
© @_9o [ oFfF s © 7 @F—b=o > ._ o ._
E.Ctd oE e negﬂ.SIne ® = Ercewdm_mt@ﬂgnm;maﬂo.nt.mqm\) 8 C:@lt&
e} — -
m.in.lmeo.m emh Ihdm - e o= o ®0° 5 @CaSAmpd.p .III.M T 8o e
geolw _02 T o 0o E . mhft|.m.ﬁar.lf B.Gpmmd_l Oeme)ket
—_ - — +— = J—
w0 o "o ©>E - _bttm. £ o~oc€8-pw ve%m.B@emooonvmoOnﬁco
Lo R eC SE 28 5-0 g T Waamlwﬁa “g-2.oBE SovT 58 CSagmsT
FooCommo i3 %f .WMHBGOrS T =< .@mwrfMCWd.m5m$e$ rtL.mG\eN%.nt
— o Q = © - N -
oB c+BE c ZSR2-c = S 8Icg 20" 3, 202 =g _gB8 _
g0 o= BT~ g =28 _Rep CLE - o R =
~glo & =. 8 =-o82~."UE. §iE-Trfn oo saf®30. o O g
(Y C_h.adan Mlpd MChmws.I@ae = - UO.I@VJhph.M.mC| nneomadb|06h
ﬂ_e.mtlw_epo eaae c esmWIW,metn = Mmtmmnﬂwc tZQmesaerN n._/._rm oeg=32°
‘®clR™ “ox_ 2., S+ «o8 ©_ - O <S8 Ea c gosS-o EV%0 _ gTEgo-
~—
@ _04 -Sow O w “n_ _od <o mmphmammMIosﬁ .@aisiw cEe— &_C
- g> ~© “woo o eidlﬂmOeeem ,.M D.fta =0 C_=M_B—_ md90u6e =
th.aryaa ,.mhl.l — Cm 1thMd e} 0@ Q= OnOEg T@2pVonescs .0 _o?
- —@-0-0 T 0T wn %hncr Ms ®°N mtendem ~“oEQ0 _0oT-UXxcO © ~5.oE
v g~>E v Lo Q0 og@ T .—-Q._ % o B8-0T-T or+~TE_,vv—voBN —wadc
NeCBnc._0c., "0 > £ -—c “won & thonwoedloaeeavta ESHd~c.on oo
S5 © O w+.— MVJV,n Q "+~BeWOoL.® _ E "T2a_0cc0or—wcoro—ue_BN1%cc._ovooO
O—- - TOSovy N e G _m ¥ oo sSco,. n O 0w oNBTLENROUOVOVTBCILV e OV
Q00 —S0—" O e D0O~08 nwnbonpianeorSere.Jtht/th
rmmseCQIO._He n 2._Ha.|durmh S 6 M NERECTOOLBFOODOBTO QA= Cwn " Ouw
So_cexZom ce® NN £e>00- o__ § —=0@-s00osmxooickhi xS 00T L
S Qo000 . ~03 < 2 _covlDomeoac < Cn3coooEcNomcooDNoaonNTone. o

t

best
show

hi ghhiss pRil #Oatt m& ag fi @mmed ntdo t ( DO
al mo s.T iOftud rhpyl aptree spelr avteall esthsa

¢ LERBS5 ) r mannFdBpgadlv@deeing23( Bl T 8)

Famg@d a&EMgBRer espectivel y,

d

p aprreedc uf rrsoomr sd,i ftfheirse nitd eTalO wa's
wi t h

pre

sy are

C). XRD

moder ate an

ori ent epdl aStreTlieQ s

S
e



4.2. Topochemical Conversion of Bi4Ti3012 Platelets to SrTiO3 Platelets under Hydrothermal

Conditions

61

S
i

A — (@] v ™

5 ©o®®_ eaWhyssmoaumStnS
Y- — %)

DhMdem%ﬁr:Vu - o= 2

ey S -

H)Y empl at e i
gaihple rTuhiid e)
dIreetes ewietr ly
y hileniigthiearl
|l atel ets

b,
p

— © () —

2O -B-0882 —n PO D70 THop.2
o hmd ..l_,e . o mhr.lmeeueaeve
Pt e it b

£5-8nC g8 oo eBn,egt"H M.@..mn
223522 ®%-0 >c@p Clk g 0T
LB 8T o--0_000gH 83y _8/. 20O
”mdwewae@\elah.e.htges SM%.bo -
.m@e.w.mchlhnttmt .Ire ,.E.ED,.Bena
3$tmwl.ltbt9ﬁ UeEOFd.m@?_tgag
nmc-e” o E .z.m.m.M.rmRmD.eﬂlmv_.a oo

- o g X o
I_m.IaS .mmssm@r W O flaexr).._ub. (O e))
—®OO ™ _ - kg wo® _oF —~g ©OC
o— ~QO5- Cgg CR>To. . —B. Ao
OQimc® nOantmluun Wa o =0 >so0o
0o EorLOcE 6e._m;ﬂowu,ceaam.\ )
c® oo o, _—wao.,® . *aon >

B = Co n ©
—8oo ¢ w O F O € |naew,nn noo
Bow elO_@o 8" o0 200 0>0
LE_0ELTcTST® 0nCo0c_® SOW.IIft.Il
0P B Vo c o2 Veo_Bo._. —0O_ ovoc
CnBeLlennon - nrslwaoﬁadeiep
o080 Vo NVVVBTCVFOEN '¢=C VT o

—BVO0O@B._ CCCVECC w0 _V_C=0T@E VO
CONEZTFHFZ2 _ Vsl e TOT O O.T E

P T N PO I I Y U P T N U T
n

40

30

w
c
g
3 Soka ‘l
o,
=
o, g
m
w10 .J Fe
* * 4
__
<
T
5 (oL) u
© - * *
z
=
o & }
h =) —_ wn
312 & o
£ | o (00w = =
clg™ag S
v | [2] w o
T T T T T T T T T T T T T T o~
m ['n-e] Aususiu|
1 1 1 1 L L L 1 1 1 1 1 1 ] w
2 |0 —
(1]
1S
o
o,
= 10 =
m *
o)
R
H-.S:
(@]
(1]
=z
= o
o ] = -
o W\A ) fm. DZ(.\
A (11"
S §:
v T T T T T T T T T T T T T T T
< ['n"e] Ayisuaju|

2-Theta [°]

2-Theta []

e

268 1D
at

— ) =

O - C

FigaeeXRD

i ff
upe
rig

T N~



62 Chapterd. Results and Discussion

STO (anatase)| C
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