IOSR Journal of Engineering (IOSRJEN) www.iosrjen.org
ISSN (e): 2250-3021, ISSN (p): 2278-8719
Vol. 08, Issue 12 (December. 2018), ||V (V) || PP 17-24

Synthesis, Structural and spectral investigations of Co** doped
Cadmiumborate nanocomposite

P.N.V.V.L. Pramila Rani!, D.Ramachandran?, R.V.S.S.N. Ravi Kumar>.

Dept. of Chemistry, Acharya Nagarjuna University, Nagarjuna Nagar, Guntur, AP
Dept.of Physics, Acharya Nagarjuna University, Nagarjuna Nagar, Guntur, AP
Corresponding Author: P.N.V.V.L. Pramila Rani

Abstract: Co®* doped Cadmiumborate nanocomposite (Co®* doped Cds(BO3), NC) was synthesized at room
temperature by chemical precipitation method. The prepared Co®* doped Cds(BOs), NC is characterized by X-
ray diffraction (X-RD), Scanning Electron Microscopy (SEM) /EDS , Electron paramagnetic resonance (EPR),
Optical studies, Photoluminescence studies and Fourier transform infrared (FT-IR) techniques. From XRD
structure and size of the crystallites are evaluated by using Scherrer’s formula. SEM images show the stone like
morphology of nanocomposite. Optical absorption spectrum indicates the distorted octahedral site symmetry of
Co* ions. The crystal field Dq and interelectronic repulsion parameters B and C are evaluated. PL spectra
indicate clearly that the doping of Co?" in the host matrix lead to significant changes in PL intensity. EPR
spectrum gives  resonance lines at g, = 2.00 and g = 2.08 for Co®* doped ions. FT-IR spectrum reveals the
characteristic vibrations of Cadmium borate. Thus this nanocomposite can exhibit an optoelectronic properties
and technological importance in the development of tunable solid state lasers and new luminescent materials.

Key words: Co”* doped Cadmiumborate nanocomposite, Synthesis, structure, SEM/EDX, EPR, Optical,
photoluminescence,

Date of Submission: 14-12-2018 Date of acceptance: 29-12-2018

l. INTRODUCTION

Semiconductor nano particles have attracted much attention due to different physical and chemical
properties compared to their bulk materials. Dilute magnetic semiconductors (DMSs) in which some of the
cations host lattice are replaced by a transition metal ions have attracted considerable attention due to their
potential as spin-polarized carrier sources and their potential applications in spintronic devices [1-5]. The
continuous attempts to develop next generation devices equipped with multi functions are now being extended
to the search for materials that can combine magnetic, electronic, and photonic responses. One example of such
efforts is the quest for a ferromagnetic material that can inject spin polarized carriers into semiconductors [6].

In recent years, interest in borates containing metal ions has grown because they have properties of
technological importance in electronics, tunable and fiber optic communication systems[7,8]. These novel
physical and chemical properties which are essential for nano electronics [9], biological [10], and catalytic
applications. These applications drive scientific community to probe its electronic structure through exciton
dynamics. Boron-based compounds are promising systems due to their high temperature thermoelectric
properties [11].

Metallic cobalt nanoparticles have been available from wet-phase synthesis methods for more than 50
years, today offering good control of product size and shape. Cobalt nano particles possess magnetic properties,
which leads to applications in imaging, sensors and many other areas [12]. The enhanced mechanical, electronic
and magnetic properties [13] of metallic nano particles have triggered proposals for applications as high-density
magnetic storage devices [14], hall sensors [15], soft magnetic materials exhibiting higher permeability/lower
coercivity [16] and heterogeneous catalysts [17]. Transition metallic (Fe, Co, Ni) nano particles have found
wide application in catalysts, solar energy absorption and magnetic recording [8-20].  Applications for cobalt
nano nanocomposite generally involve their magnetic properties and include catalysts and magnetic recording
and in medical sensors and bio medicine as a contrast enhancement agent for magnetic resonance imaging.
Cobalt nano powders are also being tested for site specific drug delivery agents for cancer therapies and in
coatings, fuel cells, batteries, DNA circuits and chrome replacement in sporting goods, luxury and consumer
products [21].

Chemical precipitation method is one of the most popular techniques that are used in industrial
applications because of the cheap raw materials, easy handling and large-scale production [22].
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1. RESULTS AND DISCUSSION
2.1. Powder X-ray diffraction study
The synthesized Co?* doped Cadmiumborate NC showed in Fig.1.

Fig.1 Co°" doped cadmiumborate nanocomposite

In this work the cadmium borate phase formation condition has been investigated by XRD. Fig.2 shows
the powder X-ray diffraction patterns of Co®* doped Cds(BOs), nanocomposite. The characteristic diffraction
peaks of orthorhombic crystal structure of cadmium borate are noticed in Co®* doped Cds(BO;), NC and the
corresponding lattice cell parameters are evaluated [23].
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Fig.2. X-RD of Co*" doped cadmiumborate nanocomposite

The average crystallite size of the particle according to Scherrer’s equation, D = 0.9A/  cos6, where D
is crystallite size (nm), A is X-ray wavelength, B is full width at half maximum intensity and 0 is diffraction
angle. The evaluated average crystallite size is 42 nm for Co®* doped sample.

3.2 SEM and EDS study

The morphology and microstructure of prepared nanocomposite(NC) was investigated using SEM. The
morphological images of as prepared cadmium borate NC sample is given in Fig.3. SEM images of Co?" ion
exhibits the irregular particle like surface morphology. Heat treatment resulted in agglomeration of the NC
(nanocomposite) as a function of temperature. Therefore, some degree of agglomeration at the higher
calcination temperature appears unavoidable. In many cases of nano-crystalline materials, it was observed that a
tendency of agglomeration among the nanoparticles [24].
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Fig.3 SEM images of Co®* doped cadmiumborate nanocomposite

The elemental composition analysis of Co®* doped Cds(BO;),NC specimens was carried out using
EDS. Fig.4 shows EDS pattern of Co”* doped Cds(BO3), NC. The EDS spectrum gives the information about
chemical composition of the elements present from surface to interior of the solids and to confirm the
homogeneity of the investigated samples. The EDS data indicate the distribution of Cd, Co and oxygen species
along with chemical composition mapping. This clearly indicates the presence of metal ions.

Spectrum 1

Element | Weight% | Atomic%

OK 60.06 56.80
Co K 1.26 0.40

CdL 37.78 12.72
Totals 100.00
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Fig.4. EDS of Co?* doped cadmiumborate nanocomposite

3.3 Optical Absorption Study

Optical absorption spectrum of Co?" doped Cds(BOs), NC was shown in Fig.5 The optical absorption
spectrum exhibits absorption bands at 447, 478, 561, 657 and 1203 nm. Accordingly three spin allowed
transitions “T1y(F) — “Tog(F), “T1y(F) — *Ayy(F) and *T14(F) — “Ty4(P) are to be expected. Out of these *T4(F)
— 4Azg,(F) involves a double electron jump (t zgezg — tszge“g) and is therefore expected to be weak [25]. The two
bands observed in the present investigation at 1206 and 561 nm are attributed to two spin allowed transitions
from ground state 4Tlg(F) to excited states 4ng,(F) and 4Azg(F) respectively. Accordingly the other three bands
are attributed to transitions “Ty(F) — “Aj(G), *T14(P) and *T4(G) respectively. In O, symmetry theoretically
the ratios of energies of transitions 4Tlg(F) — 4Azg,(F): v, and 4Tlg(F) — 4ng(F): v, are almost invariable from
1.9 to 2.2 [26]. In the present case from the band positions the ratio of v, to vy is 2.1 [27].
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Fig.5. Optical of Co?* doped cadmiumborate nanocomposite
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The energy matrix for (d) configuration is solved for different sets of crystal field (Dq) and inter-
electronic repulsion (B and C) parameters. These parameters give good fit with the observed band positions at
Dq = 950, B = 920, C = 3450 cm™. The free ion value of B for Co®" is 1120 cm * [28]. The reduction of
25% of free ion of B indicates moderate covalent. The band attributed to the transition 4Tlg,(F) — 4T29(F) is
broad and its observed value 1206 nm shows considerable deviation from the calculated value. These features
might be due to distortion from octahedral symmetry of Co?" site in the material. The observed band head data
and the calculated values are given in Table 1.

Table 1 Observed and calculated band positions for Co** doped Cd3(BOs), nanocomposite

Transition Observed band position Caleulated

From Wavelength (nm) Wavenumber (cm-) Wavenumber {cm-1)
T1(F)

T G) 657 15220 15195

1A 4F) 551 17825 17814

*T1F) 478 20920 20923

SAG) 447 22371 22344

3.4 EPR Study

The EPR spectrum of Co®* doped Cds(BO;), nanocomposite was observed only at low temperatures
because the spin lattice relaxation time is extremely short for octahedral coordination of Co?* [29-31] ions at
low spin and spectrum of sample present in Fig.6. There are eight line hyperfine splitting of spectrum was
observed at frequency 9.17965 GHz.

Frequency = 92.179635

T T T T T
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Magnetic Field (mT)

Fig.6. EPR of Co®* doped cadmiumborate nanocomposite

In the present investigation, EPR spectrum of Co?* doped Cds(BO3), NC sample exhibit resonance
lines at g = 2.00 and g = 2.08 [32] at 5 K temperature. By correlating EPR and optical absorption
spectral data, the parameter of covalency (ko) has been evaluated by the relation [33].

g = (10/3) + ko — (15/2) (A-A)

where g is the observed g-factor, ‘A’ is the spin-orbit coupling constant (-178 cm™ for Co?") and A is
the energy of transition from 4Tlg(F) — 4ng(F). The value of kg lies between 0.5 and 1.0, the limits of pure
covalent and pure ionic bonding, respectively. In the present investigation, the calculated value of kg is 0.83
indicating the bonding between the Co®* and the ligands to be partially covalent.
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3.5 Photoluminescence Study

For the optical properties of nanoparticles surface states are very important for the physical properties.
In nanoparticles, most ions at the surface are non-saturated in coordination. Electrons and holes may be excited
easily and escape from the ions. Many carriers trapped at the surface states or defect sites may be released by
photo excitation [34,35]. So fluorescence efficiencies of nanocrystals are higher than those bulk materials. In
order to study the role of doping induced defects on the PL behavior of synthesized cadmium borate NC
emission was recorded at room temperature. Fig.7 depicts the emission spectrum of the Co?" doped Cd3(BO3),
NC under the photon excitation of 390 nm.
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Fig.7. PL of Co*" doped cadmiumborate nanocomposite

Samples exhibit good UV emission band at 490, 532 nm and two relatively weak emission bands
centered at 449 and 467 nm. The UV luminescence band belongs to the exciton recombination corresponding to
near band edge (NBE) emission. UV emission centered weak band at 449 nm, weak blue emission centered at
467 nm and broad blue emission peak at 490 nm and another band at 532 nm with an excitation wavelength of
390 nm.

Co*" doped Cd3(BO;),NC exhibited good UV blue-green emission. Crystal quality of synthesized NC
can affect the origin and the intensity of UV emission and hence enhancement in UV emission is observed for
the nanocomposite with better crystal quality. Therefore betterment in the crystal quality (less structural defects
and impurities, such as oxygen vacancies and Cd interstitials) leads the sharp and strong origination of UV
emission in the room temperature PL spectrum [36,37]. If the concentration of oxygen vacancies is reduced in
the synthesized products then it results in the appearance of a sharp and strong intensity NBE emission [38].

Chromatic Properties

The CIE 1931 chromaticity coordinates of Co?" doped Cds(BO3),NC was calculated from emission
spectrum. The location of colour coordinates for Co*" doped Cds(BOs), NC in CIE chromaticity diagram is
shown in Fig.8 by a solid circle (+). From this figure, one can see that the colour of Co*" doped Cds(BO3), NC
located in whitish-blue region and the corresponding CIE coordinates are (x = 0.244, y = 0.196) and is useful for
W-LEDs, electroluminescence panels and PDPs [39].
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Fig.8. CIE of Co®* doped cadmiumborate nanocomposite

36 FTIR:

FT-IR spectrum of Co?" doped Cds(BO3), NC exhibited the symmetric, asymmetric stretching and
bending vibrations of water and hydroxyl groups of the compound. The FT-IR spectrum of Co®" doped
Cd5(BO3), NC is as shown in Fig.9.

In the higher energy region, the peak at 3300-3500 cm™ is assigned to O—H stretching gives rise to
absorption in this region and the possibility of some adsorbed water [40]. The spectrum of Co®" doped
Cd3(BOs), NC can be divided into the following three regions, 600-800 cm™ is related to the bending vibrations
of various borate arrangements of B-O-B, 800-1000 cm™ is taken as B-O stretching vibrations of tetrahedral
BO, and 1200-1400 cm™ correlated to B-O stretching vibrations of BO5 units. The band around 1355 cm™is
assigned to B—O stretching vibrations of trigonal (BOs)*" units in metaborates [41,42]. The band at 690 cm* can
be attributed to B-O-B bending vibration of bridges containing one trigonal and one tetrahedral boron. The
peak around 540-590 cm™ can be attributed to the borate deformation modes such as in-plane bending of boron-
oxygen triangles [43]. The observed IR band positions are given in Table.2
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Fig.9. FT-IR spectrum of Co®" doped Cd3(BOs), nanocomposite
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Table 2: Assignment of vibrational bands in FT-IR spectrum of Co?* doped Cds(BOs), nanocomposite

Wavenumber (cm1) Assignment

1701 -OH Bending mode of vibration & change
from BO; triangles to BOy tetrahedral

1355 Asymmetric stretching vibrations of borate triangles BO; and BO,0
1002 stretching vibrations of B-O linkages in BO, tetrahedral
690 B-O-B bending vibration of bridges containing one trigonal and one
tetrahedral boron
552 Borate deformation modes such as the inplane bending boran-oxygen triangles

I11.  CONCLUSIONS

In conclusion, chemical precipitation has been used successfully to produce Co?* doped Cds(BO;), NC.

The crystal system is indexed to orthorhombic and lattice cell parameters are evaluated from the powder X-
ray diffraction study. The average crystallite size for Co?* doped Cds(BOs), NC is 42 nm, indicates the
formation of nanosized.

SEM description shows the irregular shaped sphere like structures and EDS analysis confirms presence of
ingredients of the prepared material.

Optical absorption spectrum exhibited various bands and are assigned using T-S diagrams. The site
symmetry of Co®* doped Cd3(BO;), NC ascribed as octahedral for which crystal field (Dg) and inter-
electronic repulsion (B, C) parameters are evaluated.

EPR spectrum of Co®* doped Cds(BO3), NC sample exhibit resonance lines at gy =2.00and g1 = 2.08 at
100 K temperature. By correlating EPR and optical absorption data, the evaluated bonding parameter
suggested that there exists a partially covalent bond between the doped Co®* ions and its ligands.

PL spectrum exhibited UV emission band at 490, 532 nm and two relatively weak emission bands centered
at 449 and 467 nm. After doping with copper ions, CIE coordinates are located in whitish-blue region and
the corresponding CIE coordinates are (x = 0.2444, y = 0.1968).

The vibrational modes of inorganic elements in prepared material was identified from FT-IR studies.
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