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ABSTRACT

FABRICATION of UNDOPED and (Mn, Ce, Eu, Th) DOPED NICKEL
BORATE NANOSIZED CERAMIC POWDERS
MSC THESIS

UTKU YILDIRIM

BOLU ABANT IZZET BAYSAL UNIVERSITY
INSTITUTE OF GRADUATE STUDIES
DEPARTMENT OF CHEMISTRY
(SUPERVISOR: PROF. DR. AYSE MORKAN)
(CO-SUPERVISOR: ASSOC. PROF. DR. BAHADIR ALTINTAS)
BOLU, JULY 2024
(xii + 50)

In this work, the fabrication of undoped and doped nanosized nickel orthoborate
ceramic powders was carried out by high temperature solid state synthesis method.
The nickel orthoborates were prepared in two compositions with various dopant
concentrations: manganese (I1) doped, Nis(BOs)2: Mn?* and 0.01 mol manganese
(11) combined with rare earth metal, Niz(BOs)2: 0.01Mn?*RE®* (RE = Ce, Eu, and
Th).

All the synthesized materials were characterized using X-ray Diffraction (XRD),
Infrared Spectroscopy (FTIR), Diffuse Reflectance Spectroscopy (DRS) and
Thermogravimetric/Differential Thermal Analysis (TG/DTA) to determine their
structural, chemical, optical and thermal properties, respectively.

XRD Data analysis indicated that highly crystalline Niz(BOs)2:Mn?* has an optimall
manganese concentration of 0.01 mol, with no changes in crystal structure upon
doping. Additionally, FTIR techniques revealed that all the characteristic bands of
orthoborates were observed between 2000-500 cm ™1,

DRS studies of Ni3(BOs)2: 0.01Mn**xRE** revealed two dominant reflectance
bands: at around 350-550 nm and 650-850 nm. Europium was found to be the most
suitable co-activator, with an optimum concentration of 0.010 mol. Moreover, the
reflectance bands shifted towards shorter wavelengths, moving from visible region
to NIR-UV due to contributions from cerium, europium, and terbium.
Furthermore, the pure Nis(BOsz)2 compound has a forbidden energy value of Eg =
3.148 eV. For Nis(BOs)2: Mn?*, the values were found to range from 3.330-3.170
eV. In Ni3(BOs): 0.010Mn?* compounds doped with rare earth metals, the values
ranged from 3.16-3.14 eV (cerium-doped), 3.32-3.36 eV (europium-doped), and
3.32-3.34 eV (terbium-doped). The TG/DTA analysis demonstrated an
endothermic peak around 1380°C for all samples.

KEYWORDS: XRD, FTIR, Nickel borate, TG/DTA, UV-VIS, DRS



OZET

KATKISIZ ve (Mn, Ce, Eu, Tb) KATKILI NIKEL BORAT
NANOBOYUTLU SERAMIK TOZLARIN URETIMi
YUKSEK LiSANS TEZi
UTKU YILDIRIM
BOLU ABANT iZZET BAYSAL UNIVERSITESI
LiSANSUSTU EGITIM ENSTITUSU
KIMYA ANABILIiM DALI
(TEZ DANISMANI: PROF. DR. AYSE MORKAN)
(IKINCI DANISMAN: DOC. DR. BAHADIR ALTINTAS)
BOLU, TEMMUZ - 2024
(xii + 50)

Bu calismada katkisiz ve katkili nanoboyutlu nikel ortoborat seramik tozlari,
yiiksek sicaklik kati hal sentez yontemiyle iiretilmistir. Nikel ortoboratlar, farkli
katki konsantrasyonlarmda iki bilesimde hazirlanmistir: mangan (II) katkali,
Nis(BOs)2: Mn?* ve 0.01 mol mangan (II) ile nadir toprak metalinin birlesimi, Nis
(BO3)2: 0.01Mn?*RE®** (RE = Ce, Eu ve Th).

Sentezlenen tiim malzemelerin yapisal, kimyasal, optik ve termal o6zelliklerini
belirlemek igcin X-Isin1 Difraksiyonu (XRD), Kizilotesi Spektroskopi (FTIR), Difliz
Reflektans Spektroskopisi (DRS) ve Termogravimetrik/Diferansiyel Termal Analiz
(TG/DTA) teknikleri ile karakterizasyonu yapilmistir.

XRD veri analizi, yiksek kristalli Niz(BOs)s: Mn?* bilesiginin optimal mangan
konsantrasyonunun 0.01 mol oldugunu ve katki sonucunda kristal yapisinda
herhangi bir degisiklik olmadigimi gostermektedir. Ayrica, FTIR teknikleri,
ortoboratlara ait tiim karakteristik bantlarin  2000-500 cml arasinda
gbdzlemlendigini ortaya koymustur.

Ni3(BOs)2: 0.01Mn?*+ RE** boratlarin DRS ¢alismalari, yaklasik 350-550 nm ve
650-850 nm araliginda iki baskin yansima bandi ortaya koymustur. Europyum,
0.010 mol optimum konsantrasyon ile en uygun ko-aktivator olarak bulunmustur.
Ayrica, yansima bantlari, serium, europyum ve terbiyum katkilar1 nedeniyle
gorinur bolgeden NIR-UV’ye dogru daha kisa dalga boylarina kaymustir.

Ayrica, tek faz Ni3(BOs3)2 bilesiginin yasak enerji degeri Eg =3.148 eV'dir. ~ Nis
(BO3)2: Mn?* bilesenleri icin degerlerin 3.330-3.170 eV araliginda bulundugu tespit
edilmistir.. Niz(BOs)2: 0.010Mn?* ile nadir toprak metallerle katkilanmis
bilesiklerde, degerler serium katkili i¢in 3.16-3.14 eV, europyum katkili igin 3.32-
3.36 eV ve terbyum katkili i¢in 3.32-3.34 ¢V arasinda degismistir. TG/DTA analizi,
tim ornekler igin yaklasik 1380°C'de bir endotermik zirve gostermistir.

ANAHTAR KELIMELER: XRD, FTIR, Nikel borat, TG/DTA, UV-VIS, DRS.
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1. INTRODUCTION

In recent years, technological developments and their role in our daily life
led the improvements of the available materials and synthesis of new functional
materials. One of the most important improvements in the electronic technology is
invention of transistor as a result of developments in the semiconductors physics.

The semiconductor device was developed in 1948 at Bell laboratories in
ABD, by John Bardeen, Walter Houser Brittain and William Bradford Shockley.
Transistors that can perform all the functions of electron lamps are devices which
are much smaller and lighter, more resistant to mechanical effects, longer life,
higher efficiency, less heat losses and much less power. With these characteristics,
transistors have led to developments which can be described as revolution in the
electronics industry [1].

The studies on semiconductors have been intensified and the use of
semiconductor materials has been expanded together with transistors.
Semiconductors are currently used as the basic material of the electronics industry
in the production of many important devices including transistors, diodes, LEDs,
gas sensors, processors, electroluminescence and photoluminescence devices,
photodetectors and solar panels.

One of the criteria for the investigation of materials in terms of electrical
conductivity is the energy band model. According to this model, the electrons in the
last orbit of the atomic structure which gain energy are thought to jump to the empty
band and provide conductivity. In the atomic and crystal structures of the metals,
the energy band filled by electrons coincides with the empty energy band, so that
the electrons in the filled band, which gain energy by forming an external electric
field, can easily pass to the empty band and provide conductivity. In the insulator,
the forbidden energy band between the two bands does not allow conductivity. The
atomic structure of the material deteriorates until the electrons that provide the
conductivity gain the energy to exceed this band.

Since the forbidden energy band in the semiconductor is narrow,
conductivity can be achieved by exceeding the atomic and crystal structure intact,
but excessive energies can damage the material. Semiconductors are also affected

by the ambient temperature and gain the conductivity with small energy in hot



environments, while higher energy requirements are required for conductivity in
cold environments.

Semiconductor materials are materials with a forbidden energy range of 1-
4 eV. They are located between the conductor and the insulator. Because the
forbidden energy gaps are large, electrons in the valence band cannot pass into the
conductivity band without external influence (heat, light, etc.). When the electrons
in the valence band gain enough energy, from heat, light or magnetic effect, to
exceed the forbidden energy range, they pass through the conductivity band and
provide the transmission.

UV-Vis diffuse reflectance (DRS) studies allow the optical properties of
semiconductor powders to be examined. The results of the DRS studies can be used
in Kubela Munk equation to calculate the optical forbidden energy range (Eg). In
the Kubela Munk equation, F (R) is directly associated with the absorption constant
(o) and the value of the absorption constant (o) is determined using the following

equation;
F(R)=a=(1-R)?/2R  (R: reflectance)

The forbidden energy range (Eg) is calculated from the (F(R)hv)? versus hv graph.
The energy value of the point where the linear part of this graph intersects the hv

axis at (ohv)? = 0 gives the forbidden energy value of the synthesized materials.

1.1 Literature Survey Related to Borates
Boron is an element commonly found on earth, rocks and water. The

different properties of compounds made with various metal or nonmetallic elements
allow the use of boron compounds in many industries [3]. Boron acts as non-metal
in its compounds, but pure boron is an electrical conductor such as carbon. Borates
are of great importance in the production of new nonlinear optical materials such
as magnetic, catalytic, optical, fluorescence, phosphorescence and luminescence
due to their unique crystal structure, highly polarized, excellent transparency and
non-linear properties, good mechanical and chemical parameters [4-10]. Therefore,
considering the properties of boron, it is understood that boron based materials are
suitable for use in the production of semiconductor technology. The studies and
research on use of boron is very important both in terms of technology and because

of our country have 70% of boron reserves. Transition and rare earth metals have



great importance as additives to this type of material because of their structures and
potential applications such as magnetics, optics. In addition, it is reported that
significant improvements have been observed in the absorption properties of
borates by the addition of these types of metals to borates and these compounds are
used in making high-definition televisions plasma panels, electroluminescence
instruments, fluorescent lamps, high pressure mercury lamps, UV lamps,
fluoroscopic displays, condensed displays and storage panels [11-13].

Luminescence spectrum changes were examined when Eu?* is added to
Ba,Cd (BOs)2 and luminescence peak was observed at 606 nm, stock shift was
determined to be 11,000 cm1- [14].

The luminescence properties of the SroMg(BOs). compound were
determined by UV excitation using Eu®" and Eu?* additives [15,16]. The
photoluminescence properties of the phosphors prepared by Eu?* doping of BaZr
(BOs). and SrAlLB,07 by classical solid state method were investigated. Eu®* ions
in both compounds have been reported to emit a strong emission of 615 nm from
the Do — ’F- transition and so can be used in plasma imaging panels [17].

Luminescence activate lithium tetraborate, LisB2O7 was synthesized by
Czochralski technique using Cu and Eu additives , and in the luminescence studies
with Eu doped lithium tetraborate compound, blue emission peak at 370 nm in
single crystal structure and red emission peak at 615 nm in glassy structure were
determined. [18].

Ca3(BOs), was synthesized by solid state reaction by adding Ce** ion at
0.00005 and 0.0001 ratios. Since undesired phases were observed in the high-
concentration phosphorus, only the luminescence properties of the low-
concentration were studied, and two emission peaks were reported at 392 and 420
nm [19].

The thermoluminescence properties of the compounds obtained by adding
Tm3* Tb*" and Dy** to Sr.Mg(BOs)> compound prepared by high temperature solid
state synthesis method were examined and emission bands of SroMg(BOs).: 0.04
Dy compound were determined at 480, 579, 662, 755 nm [20].

The luminescence properties of another metal borate, BaZr(BO3)2: Eu, were
investigated using vacuum UV and UV energies and reported that very different

emission bands were observed at different excitation energies (VUV, UV) [21].



Bazi - xCexNaxCa(BOs). and BarCai-«CexNax(BOs). phosphors were
obtained by high temperature solid state synthesis method and Na* ion was used as
auxiliary activator here. The optimum concentrations were determined and the
excitation and emission wavelengths of Ce®*" ion from two different lattice
directions (Ba%* and Ca?* directions) were determined [22].

Th*" doped NaSrBOs phosphorus was synthesized by combustion method,
thermoluminescence peak was observed at 161°C and it was reported that its
intensity increased as the amount of doped ion increased. In addition, intense yellow
emission band was observed at 544 nm when the photoluminescence property was
examined under 236 nm UV light [23].

The present properties of these compounds for use in the above mentioned
technologies are improved in a variety of ways. Sometimes morphological
properties are changed by synthesis methods and sometimes they are applied to the
required technological fields by adding different materials or metals with various
properties. In this work, it was aimed to synthesize new compounds by adding
cerium, europium and terbium rare earth metals together with manganese to nickel
borate and to investigate the effects of these additives on the optical properties of

these compounds.



2. AIM AND SCOPE OF THE STUDY

In this study, nanosized ceramic powders were synthesized by adding
manganese (1) metal at a 0.01 molar concentration and rare earth metals such as
cerium (111), europium (111), and terbium (I11) at specific ratios to nickel borate. The
effects of these additives on the optical properties of the nickel borate were
investigated.

For this purpose, undoped nickel borate and doped with manganese and
some rare earth metal nickel borate ceramic compounds were fabricated using the
high-temperature solid-state synthesis method. The structural and optical properties
of the resulting compounds were analyzed using various methods. These methods
included X-ray diffraction (XRD), Infrared Spectroscopy (FTIR),
Thermogravimetric/Differential Thermal Analysis (TG/DTA) and UV-Vis Diffuse
Reflectance Spectroscopy (DRS). Additionally, crystal structure and surface area
calculations were performed using Jana2006 software program.

The overall aim of this study is to understand the optical properties of rare
earth metal-doped nickel borate compounds and to provide insights that could

contribute to their potential application areas.



3. MATERIALS AND METHODS

3.1 CHEMICALS

The following chemicals were used in the synthesis of the products:
Nickel (I1) nitrate hexahydrate, Ni(NO3) 2.6H20 : Merck, 99.00%

Manganese (I1) sulfate monohydrate, MnSO4.H,O : Merck, 98.00%
Europium (111) nitrate pentahydrate, Eu(NO3)3.5H.0 : Fluka, 99.99%
Cerium (I11) nitrate hexahydrate, Ce(NO3)3.6H.O  : Merck, 98.50%
Terbium (I11) nitrate pentahydrate, Tb(NOz) 3.5H20 : Aldrich, 99.90%
Boric acid, HsBO3 : Fluka, 99.50%

Potassium Bromide, KBr (in spectroscopic grade) : Merck, 99.90%
It was used for making IR pellets. It was dried at 180°C about 2 hours

before using

3.2 INSTRUMENTS

3.2.1 Fourier Transform Infrared Spectrophotometer
Infrared spectra of the final products were recorded by Shimadzu Fourier

Transform Infrared (FTIR) spectrophotometer in the region of 4000-400 cm™. The
spectra of the products were obtained by preparing the pellets that are consisted of
0.1500:0.0010 (wt/wt) of KBr:product ratio.

3.2.2 X-ray Powder Diffractometer
Rigaku miniflex and multiflex X-ray powder diffractometer were used to

provide the structural properties of products using CuKa (30-40 kV, 10-20mA,
A=1.54056 A) radiation. The data of each XRD pattern were obtained by using
Rigaku programs and checked by using ICDD data card.

3.2.3 UV- VIS Spectrometer
Perkin Elmer Lambda 35 UV-VIS Spectroscopy was used to determine the

optical properties of the samples. The spectra were recorded at wavelength range

of 200-900nm. The data was plotted by using Data Processor WinLab.



3.2.4 Furnace
The reactions during the preparation of metal borates were carried out at

heating range between 400-900°C by the aid of Nuve MF 120 furnace.

3.3 SYNTHESIS METHODS

3.3.1 Synthesis of Niz(BO3)2 by Solid State Synthesis Method
Nickel (1) borate (Ni3(BOz)2) was synthesized using nickel (I1) nitrate

hexahydrate (Ni(NO3).-6H20) and boric acid (HsBOz), as starting materials
through the conventional high temperature solid state synthesis method.
Ni(NO3)2-6H.0 and HzBOs were used as the nickel and boron sources, respectively,
with a Ni : B molar ratio of 3:2.

Stoichiometric amount of nickel (I1) nitrate hexahydrate (Ni(NO3).-6H-0) and
boric acid (HsBO3), were mixed and grinded together in an agate mortar. A
homogenized mixture was transfered into a convenient porcelain crucible and
placed into the furnace. The main products were obtained in four steps;

Firstly, the temperature was raised up to 450°C with an increase of 15°C per
minute. After being held for 4 hours at 450°C, the mixture was taken out from the
oven and cooled down and placed to the oven back again after crushing and
blending well.

Secondly, the temperature was raised up to 600°C with an increase of 1°C per
min and the mixture was held for 3 hours at 600°C. In the third stage, the specimen
was heated four times to 900°C with an increase of 1°C per min and was held for
12 hours.

Finally, the product was cooled down to the room temperature with a decrease
of 1°C per min.

At the end of each heating period, the mixtures were weighed, ground well
and subjected to X-ray and IR analysis. A small amount of the precursor gel was
set aside for further thermal analysis. The crystal structure and phase purity of the
synthesized Niz(BOz)2 were examined by X-Ray Diffraction (XRD). The chemical
bonds were analyzed using Fourier Transform Infrared (FTIR) Spectroscopy, and
the optical properties were evaluated by UV-Vis Diffuse Reflectance Spectroscopy.

The theoretical reaction for the preparation of undoped Niz(BOs) is considered as

follows;



> Solid State Reaction of Undoped Ni3(BOs),
Ni(NO3)2-6H20(s) + H3BO(S) —Niz(BO3)2(s) + 3N2(g) + 6H20(g) + NO2(qg)

» Solid State Reactions of (3-xX)Ni(NOz3)2.6H.O+ xMnSO4.H20 + 2H3BO3
The amounts of starting materials calculated with the molar ratios changing

x values, Ni(NO3)2.6H20 : MnS04.H20 : H3BO3=3-x: x : 2 (x=0, 0.01, 0.05, 0.10).
Taken stoichiometric amounts of these powders were weighted separately and
homogeneously mixed in an agate mortar with a pestle. Each homogenized
mixtures was transffered into a convenient porcelain crucible and placed into the
furnace. The main products were obtained with four periods explained in previous

section. The following reactions are predicted:

For x=0,
3Ni(NO3)2.6H20(s) + 2H3BO3(s) — Niz(BO3)2(s) + 6NO2(g) + 21H20(g) + 1.502(g)

For x=0.01,
2.99Ni(NO3)2.6H20() + 0.01MnS04.H20() + 2H3BO3(s) — Ni2.99Mno.01(BO3)2s) +
5.98NOzg) + 0.01SO2g) +20.95H20g) + 1.50(g)

For x=0.05,
2.95Ni(N0O3)2.6H20() + 0.05MnSO4.H2O(s) + 2H3BO3(s) — Ni2.95Mng.05(BO3)2(s) +
5.9NO2(g) + 0.05S02(g) + 20.75H20(g) + 1.502(g)

For x=0.10,
2.90Ni(NO3)2.6H20() + 0.1MnSO4.H20(s) + 2H3BO3(s) — Ni2.00Mno.10(BO3)2(s) +
5.8NOz(g) + 0.1SO2() + 20.5H20(g) + 1.502()

Manganase and rare earth element doped nickel borates given by the
formula Nis(BOs)2: 0.01Mn?* xRE®** (RE = Ce*, Eu*", Th* x = 0.000, 0.005,
0.010, 0.020) NisREx(BOs)2 (RE= Ce**, Eu®*, Th**) were also synthesized by using
the similar procedures with various concentrations of each rare earth element
(x=0.005, 0.010, 0.020).



4. RESULTS AND DISCUSSION

4.1. XRD Characterization of Ni3(BO3)2: Mn?* and Niz(BOs)::
Mn?*, RE®** (RE= Ce, Eu, and Th)
In the first stage of this study, it was planned to synthesize nickel

orthoborates with manganese (I1) and cerium (111), europium (l111), terbium (I11)
doped by conventional high temperature solid state method. In order to make this
synthesis, Ni(NOz3)2.6H20 (Merck), MnSO4.H.O (Merck), Ce(NO3)3.6H.O
(Merck), Eu(NO3)3.5H20 (Fluka) and Th(NOz)3.5H.0 (Aldrich), H:BOs (Fluka)
were used. The substances were weighed separately in stoichiometric proportions;
agate mortar was mixed homogeneously and crushed. Then, the mixtures were
synthesized by heating in high temperature furnace at 450°C for 4 hours, 600°C for
3 hours, and 900°C for 48 hours. At the end of each heating, the materials were
cooled to room temperature, homogeneously mixed and crushed. Characterization
of the resulting products was carried out using X-ray powder diffraction and
infrared spectroscopic techniques.

First, the pure nickel borate and only manganese doped nickel borate were
obtained from the solid state reaction and the XRD patterns of the products obtained
are given in Figure 4.1. When XRD pattern of synthesized nickel borate was
compared with ICDD 75-1809, it was observed that single phase nickel borate
compound was obtained. Then, the optimum concentration value in moles for
manganese (I1) in manganese (I1) doped nickel borate synthesis by the same method
with at 0.01, 0.05 and 0.10 moles was determined as 0.010 mole, in other words,
when the manganese (I11) metal was added at 0.010 mole the nickel phase did not

cause any change in the crystal structure.



% Ni10
x=0.10 *
s | =o00s | l l -
2
7
£
S
4
x=0.01 l l
x=0.00 l A J
-=- ‘f": _ﬂ ::
= - 8" ce
— e~ Sl - ~ _c - 1
o 8 R b= a9 823
ICDD 75-1809 | P 21 Y ...-,I i °3
al 2
) 20.00 40.00 i 60.00
2theta (deg)

Figure 4.1. The XRD patterns of Nis(BO3)2, Nis(BOs)2: XMn?* (x= 0.01, 0.05,

0.10)

In the continuation of the study, cerium (I11), europium (I11), terbium (111)

rare earth metals were added separately with manganese (I1) contribution. The XRD

patterns of the products obtained are shown in Figure 4.2, Figure 4.3 and Figure
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4.4, respectively. Nis(BOs)2: 0.010Mn?*, Ce®** was added to the moles of 0.010
moles of manganese together with 0.005, 0.010, 0.020 moles of cerium oxide nickel
borate. It is clear that the product obtained by adding cerium oxide in the ratio of
0.005 moles has the same diffraction peaks of the pure nickel borate compound with
the XRD pattern given in Figure 4.2 and all belong to the nickel borate compound
(ICDD no: 75-1809). Very little diffraction peaks of cerium oxide were observed
in XRD patterns of the compounds added with 0.010 and 0.020 ratio of Ce®* (Figure
4.2).

In the XRD patterns of nickel borate compounds doped with manganese (I1)
at a ratio of 0.010 moles to europium (111), terbium (I11) with 0.005, 0.010, 0.020
moles, the diffraction peaks all belong to the nickel borate compound only (ICDD
75-1809).
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Figure 4.2. XRD patterns of Niz(BO3).: 0.010Mn?*, xCe ** (x= 0.000, 0.005,
0.010, 0.020)
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Figure 4.3. XRD patterns of Niz(BO3).: 0.010Mn?*, xEu** (x= 0.000, 0.005,

0.010, 0.020)
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Figure 4.4. XRD patterns of Niz(BO3)2: 0.010Mn**, xTh*" (x= 0.000, 0.005,

0.010, 0.020)
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4.2. Infrared Spectra Characterization of the Ni3(BOs)z2: Mn?*

and Ni3(BOs)2: Mn?*, RE3* (RE= Ce, Eu, Th)

The infrared spectra of the products obtained are given in Figure 4.5, Figure
4.6 and Figure 4.7. When infrared spectra are examined, it is seen that there are
vibration bands of nickel borate compound parallel to XRD patterns. Inthe infrared
spectra of borates, the vibration bands are concentrated in the range of 2000-500
cm™ ! and the vibration modes of the borates are in three regions. The first region is
in the range of 1200-1600 cm™, where there are vibration bands resulting from
asymmetric stretching relaxation in the B-O bond in the BOs unit. The second zone
is in the range of 800-1200 cm™ !, where the vibration bands are stressed by B-O
bonds in the tetrahedron BO. unit. The last zone is about 700 cm™, where the
vibration bands are due to B-O-B bonds in the crystal [24-28]. Based on this
information, infrared results appear to be parallel to XRD patterns. The frequencies

of the infrared vibration bands are given in Table 4.1.

Table 4.1. Infrared vibration band frequencies of the products obtained

Assignment

Ni3(BOs)2

Ni3(BO3)2: 0.010Mn?**

Niz(BO3)2: 0.010Mn?*,0.005 Ce**
Niz(BO3)2: 0.010Mn?*, 0.010Ce**
Niz(BO3)2: 0.010Mn?*,0.020 Ce**
Niz(BO3)2: 0.010Mn?**,0.005 Eu®*
Niz(BO3)2: 0.010Mn?**, 0.010EU**
Ni3(BOs),: 0.010Mn?*, 0.020 Eu**
Nis(BOs),: 0.010Mn?*, 0.005 Tb**
Ni3(BOs),: 0.010Mn?*, 0.010Tb**

Niz(BO3)2: 0.010Mn**, 0.020 Tb**

v2(BO3) v1(BOs3) v5(BO3) vOH
514 721,632 o 20t a1
514 7zer o 0
513 717,628 oo 0" 3429
513 715, 628 128fi81§57’ ]
515 717, 628 128&8156& 2452
514 719, 627 128&81563, ]
513 715, 628 1281281555, ]
515 717, 630 129121’2260, )
517 719, 629 128&31563, )
509 715, 628 128%81560, )
518 715, 628 128&812257, 2450
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Figure 4.5. Infrared spectra of Niz(BO3)2: xXMn?*, (x= 0.00, 0.01, 0.05, 0.10)
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Figure 4.6. Infrared spectra of Ni3(BOs)2: 0.010Mn?*, xCe** (x= 0.000, 0.005,
0.010, 0.020)
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Figure 4.7. Infrared spectra of Ni3(BOs)2: 0.010Mn?*, xEu* (x= 0.000, 0.005,
0.010, 0.020)
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4.3. Thermogravimetric-Differential Thermal Analysis (TG/DTA)
Data of Ni3(BOs)2: Mn?* and Nis(BOs).: Mn#**, RE** (RE= Ce, Eu,
and Thb)

When the thermogravimetric analysis-differential thermal analysis

(TG/DTA) data given in Figure 4.9 are examined, it is seen that there is only
endothermic peak around 1380°C. This observed endothermic peak is thought to be
the melting point of the nickel borate compound.

Figures 4.10, 4.11 and 4.12 show the results of thermogravimetric analysis-
differential thermal analysis (TG/DTA) of nickel borate compounds with
manganese (I1) and cerium (111), europium (111), terbium (I11), respectively. As a
result, it is clear that there is no significant change in the value of the endothermic
peak, which is considered to be the melting point when rare earth metals are added,

since the amounts added are very small.

NiBO: | . Nis(BO3)2:Mut 0

Figure 4.9. Thermogravimetric — differential thermal analysis (TG/DTA) results
of Ni3(BOs)2, Niz(BO3)2: 0.010Mn?*

s .
x=0.008 x=0.010

x-0.020 |

Figure 4.10. Thermogravimetric — differential thermal analysis (TG/DTA) results
of Nis(BOs)2: 0.010Mn?*, xCe** (x= 0.005, 0.010, 0.020)
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Figure 4.12. Thermogravimetric — differential thermal analysis (TG/DTA) results
of Ni3(BOs3)2: 0.010Mn?*, xTb** (x=0.005, 0.010, 0.020)
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4.4, Study of Optical Properties by Diffuse Reflectance
Spectroscopy

4.4.1. Reflectance Spectra of Ni3(BO3)2:Mn?* and Ni3(BO3)2:Mn?*,
RE3®** (RE= Ce, Eu, and Th)
In the second part of this study, diffuse reflectance studies of Mn?* RE3*

(RE =Ce, Eu, and Tb) doped nickel orthoborate, Ni3(BOz)> compounds synthesized
in the first stage of the project using manganese (I1) and cerium (Ce), europium
(Eu) and terbium (Tb) metals by high temperature solid state method at 900 °C were
performed.

As it is known, many transition-metal ions absorb in the UV or visible
region of the spectrum. For lanthanide and actinide series metals, the process takes
place by electronic transitions of 4f and 5f electrons; for the first and second series
of transition-metals, 3d and 4d electrons are responsible for the absorption.

For this reason, three types of electronic transitions are observed in the
optical absorption spectra of synthesized compounds: charge transfer, d-d intra
atomic (transition metal origin) and f-f intra atomic (originating from lanthanide
ions) electron transitions.

The diffuse reflectance spectra made with synthesized doped Niz(BO3)2:
Mn?*, RE3* (RE = Ce, Eu, and Tb) compounds are given in Figure 4.13, Figure
4.14, Figure 4.15 and Figure 4.16, respectively. In order to investigate the effects
of auxiliary activators in the structure of nickel orthoborate compound on diffuse
reflectance, the amount of rare earth metals added was changed.

In Figure 4.14, Ni3(BOs3)2: 0.010Mn**, xCe®** (x = 0.000, 0.005, 0.010, 0.020),
when the reflectance spectra of the compounds were examined, the reflectance
value of the pure nickel borate compound is the highest and approximately %2
decreases in reflectance value were observed with manganese additive. It was
observed that the reflectance value decreased by 1% when 0.005 cerium was added
as an auxiliary activator with manganese. Then, when the amount of cerium was
continued to increase, it was observed that the reflectance value started to increase.
However, when compared with pure nickel borate compound, it is seen that the
reflectance values of cerium doped compounds are low. This shows us that our
compound will have a higher radiation value than the pure state with the additives
made in the 350-550 nm range, the highest absorption value of Niz(BOs3).:
0.010Mn?*, 0.005Ce®*" compound (4% more relative to the pure Nis(BOs)2).
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Figure 4.15 shows the reflectance spectra of Nis(BOs)2: 0.010Mn?* | xEu®*
(x = 0.000, 0.005, 0.010, 0.020) compounds doped with europium auxiliary
activator. When the spectra were examined, it was found that the reflectance value
of pure nickel borate compound was highest as in cerium doped compounds. It was
determined that the reflectance value decreases as the amount of europium additive
increases and reaches the minimum value at x = 0.010 and increases again at x =
0.020. From this result, it is concluded that Nis(BOs) 2: 0.010Mn?*, 0.010 Eu®*
absorbs ~ 5% more light than Nis(BOs)2: 0.010Mn?* and ~ 8% more light than pure
Niz(BOs3)2 in the range of 350-550 nm.

The diffuse reflectance spectra of Nis(BOs)2: 0.010Mn?*, Th** (x = 0.000,
0.005, 0.010, 0.020) compounds with terbium co-activator are given in Figure 4.16.
Only with the manganese addition, there is a certain decrease in reflectance, i.e. a
certain increase in absorption. When terbium is added to this compound, it is seen
that the reflectance value decreases further and increases with increasing the
amount of terbium. Ni3(BOs)2: 0.010Mn?*, 0.005Th** compound has the lowest
reflectance value, i.e. the highest absorption value (~ 5% higher than pure
Niz(BO3z)2 compound). Detailed percent reflectance and absorbance values of the
compounds are given in Table 4.2.

In general, when UV-Vis diffuse reflectance properties are examined, it is
seen that all of the compounds have two dominant wide reflectance bands which
are in the range of 350-550 nm and 650-850 nm. Furthermore, it was observed that
the reflectance bands shifted to low wavelengths from visible region wavelengths
to NIR-UV wavelengths with the contribution of cerium, europium and terbium. It
has been observed that the absorption value increases when only manganese is
added to our pure nickel borate compound, but this value increases more when the
auxiliary activator is used. In this study, the effects of the type and amount of the
auxiliary activator on the absorbance were determined using UV-diffuse
reflectance. It has been found that the most suitable co-activator for the nickel
borate compound is europium among the rare earth metals used and the optimum

concentration value is 0.010.

Table 4.2.Percentage reflectance and absorbance values of the compounds in 350-
550 nm range
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Name

Niz(BOs)2

Nis(BOs)2:
Nis(BOs)2:
Nis(BOs)2:
Nis(BOs)2:
Nis(BOs)2:
Nis(BOs)2:
Nis(BOs)2:
Nis(BOs)2:
Nis(BOs)2:
Nis(BOs)2:
Nis(BOs)2:

Ni3(BOg)2:

0.010Mn?*

0.050Mn?*

0.100Mn?*
0.010Mn?*,0.005Ce?*
0.010Mn?*,0.010Ce?
0.010Mn?%*,0.020Ce?
0.010Mn%*,0.005Eu®*
0.010Mn%*,0.010 Eu®*
0.010Mn%*,0.020 Eu®*
0.010Mn%*,0.005Th3*
0.010Mn%*,0.010 Th®*

0.010Mn?*,0.020 Tb**
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R%

16,915

14,436

14,126

8,136

13,176

14,226

15,182

10,296

09,822

11,634

12,050

12,301

14,451

A%

83,085

85,564

85,874

91,864

86,824

85,774

84,818

89,704

90,178

88,366

87,950

87,699

85,549
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Figure 4.13. UV-Vis diffusive reflectance spectra of Niz(BO3)2: xMn?*(x= 0.00,
0.01, 0.05, 0.10)
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Figure 4.14. UV-Vis diffusive reflectance spectra of Nis(BO3)2: 0.010Mn?*,
xCe®" (x=0.000, 0.005, 0.010, 0.020)
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Figure 4.16. UV-Vis diffusive reflectance spectra of Nis(BO3)2: 0.010Mn?*,

XTh** (x=0.000, 0.005, 0.010, 0.020)
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4.4.2. Calculation and Comparison of Forbidden Energy (Band
Gap Energy) Intervals of Ni3(BOs)2: Mn?* Compounds
In order to determine the forbidden energy ranges of the doped materials

obtained, the (ahv)? versus hv change graphs of each material were drawn. The
energy value of the point at which the linear part of these graphs intersect the hv
axis at (ahv)? = 0 gives the forbidden energy value of the synthesized materials.
Figure 4.17 shows the variation of (chv)? obtained by the absorption spectrum
obtained at room temperature of the pure Ni3(BOz)> compound according to the
photon energy. This forbidden energy value was found to be Eg = 3.148 eV.

Change graphs of (ahv)? versus hv for 0.010, 0.050 and 0.100 molar
concentrations of manganese (I1) doped Ni3(BO3). compounds are plotted and
given in Figure 4.17, Figure 4.18 and Figure 4.19, respectively. The point at which
the linear parts of the graphs in the figures intersect the hv axis gives the forbidden
energy range. These forbidden energy ranges of 0.010, 0.050 and 0.100 molar
manganese (1) doped compounds were found to be Eg = 3.330 eV, Eg = 3.216 eV
and Eg = 3.170 eV, respectively. The comparison of the forbidden energy ranges of
Nis(BOs)2: XMn?* (x: 0, 0.01, 0.05 and 0.10) is given in graphical form or better
understanding of the change of forbidden energy ranges with the amount of
manganese in Niz(BOz)> compound.

It has been found that as the amount of manganese in the material increases,
the forbidden energy range starts to increase, as the amount of manganese continues
to increase, the forbidden energy range starts to decrease. These results show that
the optimum concentration of manganese (11) is 0.01 molar for the addition of other

rare earth metals.
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4.4.3. Calculation and Comparison of the Band Gap Energy
Intervals of Nis(BOs)2: Mn?*, RE®*" (RE = Ce, Eu, and Tb)
Compounds

After determining the optimum value for the doping concentration of

manganese (11) metal, cerium (111), europium (111) and terbium (I11) were added to
the material as auxiliary additives in different ratios and the changes on ultraviolet
absorption properties were investigated.

Optical method was used to determine the forbidden energy range of doped
compounds and graphs of change of (ahv) ? versus hv were plotted. In these graphs,
the forbidden energy ranges of these compounds are obtained from the points where
the linear part intersects the energy axis. As a result of the evaluation of the
absorption spectra, it was observed that there was a decrease in the forbidden energy
intervals when the amount of cerium increased. As the amount of europium and
terbium increased an increase in these energy values followed by a decrease.

Fig. 4.21, Fig. 4.22 and Fig. 4.23 were used to determine the forbidden
energy ranges for Nis(BOs)2: 0.010Mn?* compounds doped with cerium (I11) rare
earth metal and Eg = 3.160 for x = 0.005 molar, Eg = 3,150 for x = 0.01 molar,
and Eg = 3.141 for x = 0.02 molar values were found.

A comparison of the forbidden energy ranges of Ni3(BOs)2: 0.010Mn?*, Ce3
*(x=0.000, 0.005, 0.010, 0.020) is given in Figure 4.24.

Figure 4.25, Figure 4.26 and Figure 4.27 show the change graphs of (ahv)?
versus hv for europium (I11) rare earth metal doped Nis(BOs)2: 0.010Mn?*
compounds. By using these graphs, the forbidden energy ranges for the europium
side contribution were determined and Eg = 3.362 for x = 0.005 molar, Eg = 3.345
for x = 0.01 molar and Eg = 3.329 for x = 0.02 molar values were found.

Comparison of the forbidden energy ranges of Nis(BO3)2: 0.010Mn?*, XEu®
* (x =0.000, 0.005, 0.010, 0.020) is shown on the graph in Figure 4.28.

In Figure 4.29 Figure 4.30 and Figure 4.31, plotted change graphs (ahv)?
versus hv for terbium (111) rare earth metal doped Ni3(BOs).: 0.010Mn?* compounds
are given. Forbidden energy ranges (Eg) of terbium-doped compounds were
determined by fitting the curves in these graphs. The Eg = 3.341, 3.328 and 3.325
eV values were found for x = 0.005, 0.01 and 0.02 molar values of terbium

respectively. Comparison of the forbidden energy ranges of Ni3(BOs3)2: 0.010 Mn?
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*, XTh®* (x = 0.000, 0.005, 0.010, 0.020) is presented graphically in Figure 4.32.
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Figure 4.21. Graph of change of (ahv) 2 relative to hv for the calculation of the
forbidden energy range of Nis(BO3).: 0.010Mn?*, 0.005Ce3*
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Figure 4.22. Graph of change of (ahv)? relative to hv for the calculation of the
forbidden energy range of Ni3(BO3)2: 0.010Mn?*, 0.010Ce**
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4.5.  Jana2006 Analysis of Synthesized Materials and Calculation
of Crystal Size, Density, Surface Area Using Debye-Scherrer
Equation

4.5.1. Jana2006 Analysis of Ni3(BOs)2: xMn?™* (0.00, 0.01, 0.05,
0.10) and Calculation of Crystal Size and Density, Surface
Area Using Debye-Scherrer Equation
When the Jana2006 analysis results of 0.003, 0.01, 0.05 and 0.10

manganese (1) doped Nis(BO). compounds given in Figure 4.33 were examined to
determine the optimum concentration, the GOF values are 1.16, 1.18, 1.67 and 4.58
respectively. The most compatible data is obtained when 0.010 manganese (l1) is
added to the compound and it is understood that the harmony began to deteriorate
while the amount of manganese increases. Detailed Jana2006 analysis results are

given in Table 4.3.
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Figure 4.33. Jana2006 analysis patterns for Nis(BO3)2: xMn?* (0.00, 0.01, 0.05,
0.10) materials

36



Table 4.3. Niz (BOs) 2: xMn?* (0.00, 0.01, 0.05, 0.10) Jana2006 detailed analysis results for the materials

Products Nis(BO3)2 Nis(BOs),: 0.01Mn** Nis(BOs)2: 0.05Mn** Nis(BOs)2: 0.10Mn**
Diffractometer Rigaku Rigaku Rigaku Rigaku
Radiation type CuKa CuKa CuKa CuKa
Monochromator Graphite Graphite Graphite Graphite
Wavelength (A) 1.5405 1.5405 1.5405 1.5405
Refined profile range(°26) 10.00-70.00 10.00-70.00 10.00-70.00 10.00-70.00
Step size (°26) 0.02 0.02 0.02 0.02

Material
Symmetry
Space group
a (A)

b (A)

c (A

a (° degree)
P (° degree)
o (°degree)
GOF

Re

Rwe

\

Powder crystal
orthorhombic
Pnmn
5.3974
4.4598
8.3007
90.000
90.000
90.000
1.16
4.05
5.61
199.8

Powder crystal
orthorhombic
Pnmn
5.3989
4.4605
8.3033
90.000
90.000
90.000
1.18
8.28
12.87
200.0

Powder crystal
orthorhombic
Pnmn
5.4135
4.4714
8.3271
90.000
90.000
90.000
1.67
9.82
18.13
201.6

Powder crystal
orthorhombic
Pnmn
5.3960
4.4590
8.2970
90.000
90.000
90.000
4.58
14.84
22.96
202.1

GOF, Re, Rwe: agreement factors, V: volume
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4.5.2. Jana 2006 Analysis Ni3(BO3)2: of Mn?* , RE®** (RE = Ce, Eu,
and Tb) Compounds and Calculation of Crystal Size, Density,
Surface Area Using Debye-Scherrer Equation

Jana2006 patterns of materials obtained by adding manganese (II) metal

together with cerium (111), europium (I11) and terbium (111) rare earth metals are
given in Figures 4.34-4.35. The GOF values of cerium-doped Ni3(BOs).:
0.010Mn?*, xCe®* (x = 0.005, 0.010, 0.020) were 1.70, 1.86 and 2.01, respectively.
The GOF values of the compounds europium doped Nis(BOs3)2: 0.010Mn?*, xEu®*
(x = 0.005, 0.010, 0.020) were 1.63, 1.68 and 1.73 and terbium doped Niz(BO3)2:
0.010Mn?*, xTh** (x = 0.005, 0.010, 0.020) were found to be 1.67, 1.78 and 1.91,
respectively. Our results show that the materials we synthesize are compatible with
kotoite structure. The XRD patterns of the doped compounds obtained according to
Jana 2006 data coincide with the kotoite structure. When the GOF data are
examined, values close to 1 have been obtained, which shows that the adaptation to
the kotoite structure is very good. Detailed Jana2006 analysis results are given in
Table 4.4-4.6.
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Figure 4.34. Jana2006 analysis pattern of Nis(BOs).: 0.010Mn?*, 0.005Ce®*

38



10

09 -

0.8 -

07 -

0.6 -

05 -

04

034

02 -

0.1 -

i

0.0

0.0

A
!

M L L s

A, [T T T At
| T- LAasa Inms L

200

30.0 40.0 0.0 60.0
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Table 4.4. Detailed Jana2006 analysis results of Nis(BOs)2: 0.010Mn?*,xCe®*" (x= 0.000, 0.005, 0.010, 0.020) synthesized materials

Ni3(BOs)2: 0.010Mn?*,

Ni3(BOs3)2: 0.010Mn?*,

Ni3(BOs)2: 0.010Mn?*,

Materials Ni3(BO3)2: 0.010Mn? N 0.010Ce%* 0.020Ce™
Diffractometre Rigaku Rigaku Rigaku Rigaku
Radiation type Cu Ka CuKa Cu Ka Cu Ka

Monochromator Graphite Graphite Graphite Graphite
Wavelength (A) 1.5405 1.5405 1.5405 1.5405
Refined profile 10.00-70.00 10.00-70.00 10.00-70.00 10.00-70.00
range(°26)
Step size (°26) 0.02 0.02 0.02 0.02

Malzeme Powder crystal Powder crystal Powder crystal Powder crystal

Symmetry orthorhombic Orthorhombic orthorhombic orthorhombic

Uzay grubu Pnmn Pnmn Pnmn Pnmn

a (A 5.3989 5.4000 5.3987 5.3976

b (A) 4.4605 4.4615 4.4605 4.4597

c(A) 8.3033 8.3049 8.3032 8.3016

a (° degree) 90.000 90.000 90.000 90.000

P (°degree) 90.000 90.000 90.000 90.000

o (°degree) 90.000 90.000 90.000 90.000
GOF 1.18 1.70 1.86 2.01
Re 8.28 10.26 11.16 12.37

Rwp 12.87 18.94 20.47 22.65

Vv 200.0 199.8 200.0 200.1

GOF, Rp, Rwp: agreement factors, V: volume
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Table 4.5. Detailed Jana2006 analysis results of Nis(BOs)2: 0.010Mn?*,xEu®* (x= 0.000, 0.005, 0.010, 0.020) synthesized materials

Ni3(BOs)2: 0.010Mn?*,

Ni3(BOs3)2: 0.010Mn?*,

Ni3(BOs)2: 0.010Mn?*,

Materials Ni3(BO3)2: 0.010Mn? 0 GBEL 0.010EL% 0.020EL%
Diffractometre Rigaku Rigaku Rigaku Rigaku
Radiation type Cu Ka CuKa Cu Ka Cu Ka

Monochromator Graphite Graphite Graphite Graphite
Wavelength (A) 1.5405 1.5405 1.5405 1.5405
Refined profile 10.00-70.00 10.00-70.00 10.00-70.00 10.00-70.00
range(°26)
Step size (°26) 0.02 0.02 0.02 0.02

Malzeme Powder crystal Powder crystal Powder crystal Powder crystal

Symmetry orthorhombic orthorhombic orthorhombic orthorhombic

Uzay grubu Pnmn Pnmn Pnmn Pnmn

a (A 5.3989 5.3994 5.3991 5.3985

b (A) 4.4605 4.4607 4.4603 4.4599

c(A) 8.3033 8.3036 8.3032 8.3015

a (° degree) 90.000 90.000 90.000 90.000

P (°degree) 90.000 90.000 90.000 90.000

o (°degree) 90.000 90.000 90.000 90.000
GOF 1.18 1.63 1.68 1.73
Re 8.28 10.17 10.27 11.33

Rwp 12.87 18.16 18.60 19.59

Vv 200.0 199.9 200.0 200.0

GOF, Rp, Rwp: agreement factors, V: volume
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Table 4.6. Detailed Jana2006 analysis results of Nis(BOs)2: 0.010Mn?*,xTb*" (x=0.000, 0.005, 0.010, 0.020) synthesized materials

Ni3(BOs)2: 0.010Mn?*,

Ni3(BO3)2: 0.010Mn?*,

Ni3(BOs)2: 0.010Mn?*,

Materials Ni3(BO3)2: 0.010Mn? 0.005Tb* 0.010Tb* 0.020Tb*
Diffractometre Rigaku Rigaku Rigaku Rigaku
Radiation type Cu Ka CuKa Cu Ka Cu Ka

Monochromator Graphite Graphite Graphite Graphite
Wavelength (A) 1.5405 1.5405 1.5405 1.5405
Refined profile 10.00-70.00 10.00-70.00 10.00-70.00 10.00-70.00
range(°26)
Step size (°26) 0.02 0.02 0.02 0.02

Malzeme Powder crystal Powder crystal Powder crystal Powder crystal

Symmetry orthorhombic Orthorhombic Orthorhombic orthorhombic

Uzay grubu Pnmn Pnmn Pnmn Pnmn

a (A) 5.3989 5.3986 5.3987 5.3989

b (A) 4.4605 4.4603 4.4604 4.4610

c(A) 8.3033 8.3029 8.3032 8.3031

a (° degree) 90.000 90.000 90.000 90.000

P (°degree) 90.000 90.000 90.000 90.000

o (°degree) 90.000 90.000 90.000 90.000
GOF 1.18 1.67 1.78 1.91
Re 8.28 10.44 11.91 13.86

Rwp 12.87 18.28 19.60 21.31

Vv 200.0 199.9 200.0 200.1

GOF, Rp, Rwp: agreement factors, V: volume
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5. CONCLUSIONS AND RECOMMENDATIONS

In this study, the preparation of undoped and doped nickel orthoborates were
conducted by the high temperature solid state method. The doped nickel
orthoborates were synthesized by adding 0.01 molar concentration of manganese
(1) metal to nickel borate compound together with cerium (111), europium (I11) and
terbium (111) rare earth metals at 0.005, 0.010 and 0.020 molar concentrations. The
Nis(BOs)2: 0.01Mn?** xRE*" (RE = Ce, Eu, and Th, x = 0.000, 0.005, 0.010, 0.020)
nanosized ceramic powders were also successfully fabricated. The characterization
of the obtained compounds was carried out via X-ray Diffraction (XRD), Infrared
Spectroscopy (FTIR), UV-Vis diffuse reflectance spectroscopy (DRS) and
Thermogravimetric/Differential Thermal Analysis (TG/DTA) method. The optical
properties of synthesized manganese metal and cerium, europium and terbium
doped nickel borate compounds were examined by using UV-Vis diffuse
reflectance spectroscopy (DRS).

In order to determine the forbidden energy intervals, the absorption spectra
of the materials obtained and were used in Kubela Munk function to plot the (ahv)?
to hv graphs at which the points where the linear part cut off the energy axis gives
the forbidden energy ranges of these compounds.

In addition, structural analyses were performed by using Jana2006 with the
help of X-ray patterns in order to examine the changes in the structure of the nickel

borate compound.

The results of this study are as follows:

e According to the X-ray diffractometer results, it was determined that the
additives in all synthesized compounds did not affect the phase of nickel
orthoborate and all of the obtained compounds were in orthorhombic
phases.

e Vibration bands of trigonal BOs are observed in infrared spectra of all
products obtained in accordance with XRD data.

e The changes in thermal properties were examined comparatively using
thermogravimetric analysis-differential thermal analysis (TG/DTA). There
were no changes from room temperature to 1380°C. The endothermic peak

at around 1380°C is thought to be the melting point of nickel borate and
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since the additives were only in trace amounts they did not cause a
significant decrease in the melting point.

In the UV-Vis diffuse reflectance spectra of the doped nickel borate
compounds, there were two broad absorption bands in the range of 350-550
nm and 650-850 nm. It has been observed that the addition of cerium,
europium and terbium elements were caused the reflectance bands to shift
to the lower wavelengths from visible to near infrared region. It is also
revealed that that the reflectance value decreases to a certain point with
increasing amount of rare earth metals and then it starts to increase when
the amount of rare earth metal is continued to be increased.

This is explained that the contribution of the additives cause the damping

after reaching the maximum absorption value. The highest absorption value is

obtained by europium doped compounds, while the highest absorption value is

given by x = 0.010 europium doped compounds. Terbium-doped compounds gave

the highest absorption value after europium, and the optimum value in terbium was

found to be 0.005 doped compound. Cerium doped compounds were found to have

lower absorption than other doped compounds.

The changes of linear absorption coefficient values of the synthesized
compounds Nis(BOs)2: xMn?* (x: 0.000, 0.010, 0.050 and 0.100) and
Ni3(BOs3)2: 0.01Mn?*, xRE®* (RE = Ce, Eu, and Th, x = 0.000, 0.005, 0.010,
0.020) with wavelength were investigated and the graphs of (ahv)? against
hv were plotted for each material. Forbidden energy ranges were determined
with the help of graphs. Forbidden energy range of materials (Eg) was
calculated ;

a. In Ni3(BOs)2: xMn?* (x:0.000, 0.010, 0.050 ve 0.100) compounds,
the forbidden energies value are 3.148 eV for x=0.000, 3.330 eV for
x=0.010, 3.216 eV for x= 0.050 and 3.170 eV for x=0.100. It was
observed that forbidden energy are increased with increasing
manganese (I1) concentration and then started to decrease.

b. In Nig(BOs)2: 0.010Mn?*, xCe* (x= 0.005, 0.010, 0.020)
compounds, the forbidden energies values equal to 3.160 eV for
x=0.005, 3.150 eV for x= 0.010 and 3.141 eV for x=0.020. It was
also showed that forbidden energy range was decreased with

increased Ce (I11) concentration.
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c. In Nisg(BOs)2: 0.010Mn?*, xEu** (x= 0.005, 0.010, 0.020)
compounds, the forbidden energies are determined to be 3.362 eV
for x=0.005, 3.345 eV for x=0.010 and 3.329 eV for x=0.020. The
values were observed to be decreased with the increasing Eu (lII)
concentration.

d. In Nig(BOs)2: 0.010Mn?*, xTb** (x= 0.005, 0.010, 0.020)
compounds, the forbidden energies are found at 3.341 eV for
x=0.005, 3.328 eV for x= 0.010 and 3.325 eV for x=0.020. It was
indicated that forbidden energy range decreased with increasing Th
(111) concentration.

e Jana 2006 analysis of 0.010, 0.050 ve 0,100 molar manganese (1) dopped

Niz(BOsz)> compounds were performed and GOF values for 0.010, 0.050 ve

0,100 molar manganese doped synthesized compounds were found 1.16,

1.18, 1.67 and 4.58 respectively. As a result, Nis(BOs3)2:0.010Mn?* is

decided to be the best material for undopped nickel orthoborate structure by

comparison of GOF values.

Jana2006 analyses of Nis(BOs)2: 0.010Mn?* compounds obtained by
cerium, europium and terbium rare earth metal doped were performed. The GOF
values of cerium-doped Niz(BOs)2: 0.010Mn?*, xCe3** (x = 0.005, 0.010, 0.020)
were 1.70, 1.86 and 2.01, respectively; The GOF values of europium-doped
Ni3(BOs)2: 0.010Mn?*, xEu** (x = 0.005, 0.010, 0.020) were 1.63, 1.68 and 1.73
and terbium-doped Ni3(BOs)2: 0.010Mn?* in 0.005, 0.010 and 0.020 were found to
be 1.67, 1.78 and 1.91, respectively. This shows that the materials we obtained are

compatible with the kotoite structure.
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