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Double perovskite oxides (DPOs) are interesting materials due to their various important technological
properties. Rare earth DPO Sm2NiMnOs (SNMO) nanoparticle is prepared by sol gel method. Varying the
sintering temperature from 650-950 °C, four types of materials are synthesized. Room temperature X-ray
diffraction (XRD) patterns show that all the samples have the highest intensity peak at Bragg angle
260 = 33.05° approximately. Rietveld refinement of the XRD pattern of the materials shows that all the ma-
terials are crystallized in P21/n space group. Despite the monoclinic symmetry with the same space group
for the samples, there are variations in lattice parameters, crystal volume, bond lengths and bond angles
with the change in sintering temperature. The band gap of the materials is obtained using Tauc relation to
UV-visible spectra and found to vary from 1.2 to 1.41 eV. The photoluminescence (PL) emission spectra of
the sample are measured at various excitation wavelengths. The PL spectra and the emission feature de-
pend on the wavelength of the excitation. Fourier transform infrared (FTIR) spectra of the materials carry
the signature of the double perovskite structure. Strong absorption peak at 575 cm -1 in the FTIR spectra
is due to the combined effect of Ni-O and Mn-O stretching vibration. The Raman spectra of the samples
taken at 488 nm wavelength are analyzed to obtain the vibrational modes of the samples. Lorentzian lines
are used to fit the Raman spectra. Group theoretical study is performed to assign the different vibrational
modes of the samples in accordance with the structural symmetry. Phonon modes appeared at 641 cm -1
are due to stretching (breathing) vibration and at 500 cm ~! are due to the combination of anti-stretching
and bending motion of the (Ni/Mn)Os octahedra. Variation of the frequency and width of the Raman spec-
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tra is correlated with the structural changes of the samples.

Keywords: Double perovskite, X-ray diffraction, Rietveld refinement, Raman spectroscopy.

DOL: 10.21272/nep.11(6).06010

1. INTRODUCTION

Rare earth DPOs of general formula RE:2B'B"Os
[RE = rare earth, B' and B" are transition metals] have
attracted the attention of scientists because of their
properties like ferromagnetic insulator, spin-phonon
and magnetoelectric coupling etc. Apart from the B/B"
cation ordering, the octahedral displacement and distor-
tion within the B'Os and B"Os cage cause a dramatic
change in structural, electrical and magnetic properties.
When the charge difference between the two B-site
cations is equal to two or more, there will be a disor-
dered, partially ordered or ordered arrangement de-
pending on the ionic radii of the B' and B" cations [1].
For ordered arrangement of B' and B" cations, the pa-
rameter K= |[rg-rs'|/rg">0.09, (where rp and rp' are
the ionic radii of B' and B" cations) to be maintained [2].
Apart from size difference, there should be charge dif-
ference of, at least, twice the electronic charges between
the two B/B'-cations or electronegativity difference of
the B/B'-site cation [3].

Using polarized Raman spectroscopy, Iliev et al. [4]
showed high degree of Ni2*/Mn** ordering in LaNiMnOe.
The crystals are heavily twinned at microscopic level
and the effect of micro twinning on the Raman spectra
has been analyzed. DPOs LnzNiMnOg [Ln = La, Eu, Dy,
Lu] are easily synthesizable and they have carrier life-
time very close to Si solar cell and show good photovol-
taic performance [5]. The high value of dielectric con-
stant for SNMO at room temperature and normal fre-
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quency prohibits the recombination rate of electron-hole
pair. Due to low exciton binding energy and low carrier
recombination rate, it is a good candidate for photovol-
taic and photocatalytic activities [6]. In the previous
paper [6], it was shown that SNMO can be used as a
promising solar cell absorber material. NiOs and MnOs
octahedral distortion in SNMO causes remarkable opti-
cal anisotropy and strong birefringence [6]. Large calcu-
lated value of birefringence at the energy region below
the optical band gap indicates that SNMO may be used
as a promising material in various non-linear optical
applications. The photocatalytic degradation perfor-
mance under the visible light suggests that SNMO may
also take part in the sunlight-induced degradation of
the various aquatic pollutants. In this paper, the pre-
pared material was heat treated at different tempera-
tures and different characterization was done to study
the effect of temperature on the different properties of
the material.

2. EXPERIMENTAL

As reported earlier in [6], SNMO nanoparticles were
synthesized by the sol-gel method using metal nitrates
Sm(NOs)s 6H20, Ni(NOs)2-4H20 and Mn(NOs): 6H20.
The obtained solution was then stirred for 4 h at room
temperature by a magnetic stirrer followed by drying at
120 °C until the combustion has taken place to produce a
dark fluffy precursor powder. The powder was sintered
separately at 650, 750, 850 and 950 °C. Room tempera-
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ture XRD pattern of the samples was taken by a powder
X-ray diffractometer (Rigaku Miniflex-II) with CuKa
radiation of wavelength A~ 1.54 A. The absorption and
photoluminescence emission spectra were recorded using
UV-visible spectrophotometer (Shimadzu UV-VIS absorp-
tion spectrometer) and fluorescence spectro-fluorometer
(FP-8500 JASCO), respectively. The lattice parameters
and band gap value for the sample SNMOG650 are taken
from the previous report [6]. The Fourier transform infra-
red (FTIR) spectrum of the sample was recorded between
350 and 4000 cm ~! with a Perkin- Elmer FTIR1000 in-
strument, using the KBr pellet technique. The room tem-
perature Raman spectrum was collected at an excitation
wavelength of 488 nm using a Lab-RAM HR 800 (Jobin
Yvon) Raman spectrometer.

3. RESULTS AND DISCUSSION
3.1 XRD Analysis

The room temperature XRD pattern of SNMO sin-
tered at different temperatures is shown in Fig. 1. All the
materials are crystallized in P21/n space group. Symbols
represent the experimental data and solid line represents
the simulated pattern obtained using the Fullprof code
[7]. The vertical lines represent the Bragg’s positions and
the bottom line is the difference between the observed
and simulated pattern. The cell parameters, atomic coor-
dinates, interatomic distances and Ni-O-Mn angles are
listed in Table 1. Different ions are distributed in differ-
ent crystallographic positions like Sm3* occupies 4e site,
Niz* — 2¢ site, Mn** — 2d site and three non-equivalent 4e
sites for three O ions. Transition metal Ni and Mn cati-
ons are completely ordered in their respective Wyckoff
positions. Each Ni?* and Mn*" ion is surrounded by six
02 ions forming NiOs and MnOs octahedra. The Mn and
Ni cations are localized in the corner sharing octahedral
environment with three different Mn-O and Ni-O dis-
tances. The distortion in this double perovskite compound
is considered to be due to the cooperative tilting of the
NiOs and MnOs octahedra along the three axes of the
primitive perovskite unit cell. Fig. 2 shows the variation
of lattice parameter of SNMO. For sample sintered at
850 °C, there is an abrupt contraction of lattice parame-
ter along with contraction of unit cell volume.

750°C O Experimental
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—— Difference between Experimental and Calculated
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Braggs angle (26)

Fig. 1-XRD pattern of SNMO synthesized at different tem-
peratures
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Fig. 2 - Variation of lattice parameter and cell volume with
temperature

Table 1 — Different parameters obtained from Rietveld refine-
ment

Sample Lattice parameter (A), Bond length (A)
Volume (A3) Bond angle (deg.)
Ni-O1=1.983
Ni-02=1.916
© a=5.346 Ni-03=2.189
2 b=5518 Mn-01=1.959
8 ¢ =17.604 Mn-02=2.014
= B 90.01 Mn-03=1.732
Z V=224.30 Ni-01-Mn=154.05
Ni-02-Mn=155.63
Ni-O3-Mn=151.54
Ni-01=1.9135
Ni-02=1.9188
o a=5.350 Ni-03=2.2134
= b=5517 Mn-01=2.028
g c="7.612 Mn-02=2.044
Z B =89.95 Mn-03=1.717
« V=224.67 Ni-O1-Mn=154.25
Ni-O2-Mn=151.69
Ni-03-Mn=150.80
Ni-01=1.9096
Ni-02=1.9147
o a=>5.338 Ni-03=2.2076
0 b =5.506 Mn-01=2.023
% c=17.593 Mn-02=2.039
Z B =90.01 Mn-03=1.714
n V=223.09 Ni-O1-Mn=154.27
Ni-02-Mn=151.68
Ni-03-Mn=150.79
Ni-01=1.9130
Ni-02=1.9199
o a=5.356 Ni-03=2.2146
R b=5.512 Mn-01=2.0285
g c=17.618 Mn-02=2.0431
Z B =90.02 Mn-03=1.7192
n V=224.87 Ni-O1-Mn=154.26
Ni-O2-Mn=151.67
Ni-O3-Mn=150.79
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3.2 UV-Visible and Photoluminescence
Spectroscopy

Fig. 3 shows the UV-visible absorption spectrum of
SNMO synthesized at different temperatures. The spec-
trum exhibits a well-defined absorption feature (peak/
hump) due to the optical transition of the first excitonic
state. Humps appear at 640, 610, and 490 nm when the
sintering temperatures are 950, 850, and 750 °C. As the
sintering temperature decreases, the particle size de-
creases. So, the wavelength of the exciton absorption is
blue shifted with the decrease of sintering temperature.
This happens due to the quantum confinement of the
photogenerated electron-hole pair. The absorption of
SNMO nanoparticles starts increasing with the increase
of energy near the excitation wavelength of 900 nm.
Tauc plot from UV-visible absorption spectrum of the
SNMO is shown in Fig. 4. The energy band gap is de-
termined using Tauc relation [8]. A graph is plotted
between (chv)? and E (= hv). The extrapolation of the
linear absorption-edge part of this graph with a straight
line to (ahv)?2=0 axis gives the value of the band gap.
Here o is the optical adsorption coefficient, A is the
Planck constant; v is the frequency of light photon. The
values of the optical band gap (Eg) for direct transition
are found to be about 1.2-1.41 eV for the three samples.
Band gap decreases with the increase of sintering tem-
perature as shown in the inset of Fig. 4.

Photoluminescence (PL) spectroscopy was also used to
characterize the optical property of the SNMO materials
synthesized at different temperatures. It can provide
information on the presence of native defects, impurities
and structural defects. As shown in Fig. 5. SNMO exhibit
emission peaks at 300, 325, 380 nm at excitation wave-
length of 274 nm and 336, 355, 403 nm at excitation wave-
length of 300 nm. The emission response is attributed to
band-to-band (or band-edge) transitions, near-band edge
emissions and defect-level-emissions. Variation in the
excitation wavelength/energy of laser source specifically
excites the charge carriers trapped in the localized states
nearby valence continuum. Further, the charge carriers
undergo recombination process near the conduction con-
tinuum and emit light of specific wavelength while coming
back to the respective ground states [9]. As the number of
particles, taking part in the luminescence process de-
creases with time, the intensity of the peaks also decreas-
es with the change of the excitation wavelength.
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Fig. 3 — UV-visible absorption spectrum of SNMO
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Fig. 4 — Tauc plot of SNMO at different temperatures. Inset
shows variation of bandgap with sintering temperature
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Fig. 5 - PL spectra at different excitation wavelength of SNMO
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Fig. 6 - FTIR spectra of SNMO

3.3 FTIR and Raman Spectroscopy

Fourier transform infrared (FTIR) spectroscopy is
used to know the phase composition and phase purity of
the prepared material. All the peaks are the characteris-
tics of the materials. In Fig. 6, we see that a weak peak
at 3430 cm~1! is referred to stretching vibration of hy-
droxyl group. Band at 1640 cm~! can be described as the
asymmetric COO- stretching vibrations. Bands at 1490
and 1385 cm~-! can be assigned to the splitting of the
COs32- asymmetric stretching of metal carbonates. Ab-
sorption band near 575cm-1! is due to the combined
effect of Ni-O and Mn-O stretching vibrations [10-12].
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In order to study the local structure and phonon be-
havior of the SNMO we have used the Raman spectro-
scopic measurement at room temperature as shown in
Fig. 7. It is observed from the XRD analysis that SNMO
are crystallized in monoclinic P21/n space group (C52z),
where the Ni and Mn ions occupy the 2a and 2b Wyckoff
sites of C; symmetry, and Sm and O ions are at 4e sites
of general Ci symmetry. Thus, the zone-center Raman
active modes [13] for SNMO having C5zn point group
symmetry are 24 and are defined as:

= 6T(3Ag + 3Bg) + 6L(3Ag + 3Bg> + ZUI(Ag + Bg) +
+ 402244 + 2Bs) + 60s(3A¢ + 3B).
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Fig. 7 - Raman spectra of SNMO
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Fig. 8 — Variation of major peak position and bandwidth with
temperature

Here L and T represent the vibrational and transla-
tional phonon modes respectively, vi, v2 and vs corre-
spond to the totally symmetric stretching, antisymmetric
stretching and symmetric bending of NiOe (weak) and/or
MnOs (strong) octahedra. The Raman spectrum of SNMO
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is well fitted with the sum of Lorentzian peaks (as shown
by the solid lines in Fig. 7). Phonon modes at around
641 cm ~1! can be associated with the stretching (breath-
ing) vibration and at 500 cm ~1 they are due to the com-
bination of anti-stretching and bending motion of the
(Ni/Mn)Os octahedra [14]. It is seen that with the change
of sintering temperature there is a change of sharpness
and resonance frequency in the Raman lines. The varia-
tion of frequency and width of the peaks is shown in
Fig. 8. The Raman active mode frequency for both peaks
is less when temperature is 650 °C and 850 °C. The lat-
tice parameters and consequently the cell volume are
less for the temperature values. Less cell volume means
less space for the octahedral to vibrate. So, frequency is
less. The line width of a simple phonon line is a measure
of the phonon lifetime. It is determined by the dominat-
ing scattering mechanism, which could be temperature
independent scattering from lattice defect or tempera-
ture dependent scattering from phonons [4]. In the case
of bulk material, we get a sharp peak corresponding to
zone center phonon only. But in case of nanocrystalline
material non-zone center phonon will participate in
scattering leading to broadening of the peak. As the cell
volume is less for SNMO sintered at 650 and 850 °C,
there is more phonon confinement and more broadening.

4. CONCLUSIONS

In the present work we have demonstrated through
structural investigation the double perovskites SNMO
synthesized by simple sol-gel method. From the Reitveld
refinement data it is seen that with the change in sinter-
ing temperature there are changes in lattice parameters
of the SNMO. UV-Visible absorption spectra of the sam-
ples reveal that there is a wide variation of band gap and
the band gap decreases with the increase of sintering
temperature. PL and FTIR spectra are more stable with
the change in sintering temperature. Band around
641 cm-1! is assigned to stretching (breathing) vibra-
tions, whereas mode near 500 cm —! is mixed type involv-
ing both anti stretching and bending. Samples sintered
at 650 and 850 °C have reduced cell dimension, which
incorporates extra stress and prohibits the octahedral
vibration. So frequency of Raman vibration is less for
this sample. Broadening of the samples is more for above
samples due to quantum confinement effect.
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OnrTuyHi Ta KOJIUBaJIBHI BiiacTuBoCTi HaHOYacTUHOK SmaNiMnOs B 3as1eskHOCTI
Big TeMmepaTtypu cConikaHHS
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Oxcunu nonsiiiaux meposckitis (DPOs) e mikaBumu MarepiajlaMy 3aBISKH CBOIM PISHOMAHITHUM Bask-
JIMBAM TEXHOJIOTIYHUM BJIAaCTUBOCTAM. Pimkosemensri HanouactuHku DPO SmeNiMnOs (SNMO) roryors
METOJIOM 30JIb-TeJII0. 3aJIesKHO Bifl TeMIlepaTypy CIikaHHs y aiamasdoHi 650-950 °C cuHTe3y0ThCs YOTUPH TH-
mu marepiamiB. PerrreniBesrl mudparrorpamu (XRD) xiMHATHOI TeMrmepaTypy MOKa3yOTh, 10 BCl 3PA3KH
MAalOTh HAMBUIIUHA MK iHTeHCHBHOCTI i kyToM Bperra npubiusuo 20 = 33,05°. Yrounenns Pirsessga XRD
3pAasKiB BKaaye, IO yCi MaTepiaii KPUCTAJII3yIOThCA Y IPocTopoBy rpyiy P21/n.Hespaskaoun Ha MOHOKIIHHY
CHMETPI0 3 OTHAKOBOIO IIPOCTOPOBOIO TPYIIOI IJIS 3Pa3KiB, MAIOTh MICIle 3MIHM IIapAMETPIB PEITKH, 00 eMy
KpHCTasa, JOBYKHMH 3B'I3KIB Ta KyTIB 3B'A3KIB 31 3MIHOIO TeMIlepaTypu ciikanHsa. llupuHy 3abopoHeHOI 30HU
MaTrepiaJiiB OTPEMAHO 3 BUKOPUCTAHHAM CIiBBiIHOIIeHHA Tayka mis yabeTpadiosIeTOBUX CIIEKTPIB, 1 BUSABJIA-
€Thes, 10 BoHA 3MiHIoeTbea Bim 1,2 mo 1,41 eB. Cmexrpu BunpoMinoBautsa dotosmominectiennii (PL) spaska
BUMIPIOIOTHCA IIPH PISHUX JIOBKUHAX XBWJIb 30ymxeHHA. CrexTpu PL Ta 0co6amMBoCTI BUIIPOMIHIOBAHHS 34-
JIeKATh BIiJ JOBKHHM XBIJI 30ymKeHHs. [H(pavuepBOoHI CIIEKTPM 3 BUKOPHUCTAHHAM IepeTBopeHHs Dyp'e
(FTIR) marepiaiB HeCcyThb y o0l CTPYKTYPY MOABIMHOTO mepoBckity. CHIIBHUH MK MOrJIMHAHHS Ipu 575 cm 1
y cmexrpax FTIR 3ymoBienuii KoMOiHOBaHMM BILIMBOM KosmBaHb po3rsaryBaHHsa Ni-O ta Mn-O. Coexrpu
KOMOIHAT[IITHOTO PO3CIIOBAHHSA 3PA3KiB, Y3ATHX HA JIOBMKUHI XBIUTl 488 HM, aHATI3YIOThCS JJIsT OTPUMAHHS KO-
JINBAJIbHUX PEKUMIB 3paskiB. JIopeHIT0B] JIiHIT BUKOPHCTOBYIOTHCS [IJIsT BIATIOBLIHOCT] CIIEKTpaM KOMOIHAIIN-
HOTO PO3CiloBaHHs. ['pyIioBe TeopeTudHe JOCITIIFReHHS IIPOBOIUTECS IS BCTAHOBJIEHHS PISHUX KOJIMBAJIBHUX
pesKMMIB 3pa3KiB BIAMIOBIIHO 110 cTPyKTypHOI cuMerpii. DoHOHHI pesxumu, 110 3'sBumcs Ha 641 cm -1, 3ymoB-
JIeHl KOJIMBAHHAMHU PO3TATYBAHHA (MuxaHHsA), a peskumu Ha 500 cM-1 — 3aBOSKM II0€IHAHHIO AHTU-
poarsiryBauus Ta pyxy 3ruy (Ni/Mn)Os okraenpa. 3MiHE 4acTOTH Ta IIMPUHH CIIEKTPIB KOMOIHAIIIMHOTO PO3-
CIIOBAHHS KOPEJIIOIOTH 31 CTPYKTYPHUMU 3MIiHAMHU 3PA3KIB.

Kmiouosi ciosa: Iloasiitanmii meposekit, Pertreniscsra nudpakinisa, Yrounendsa Pitsensaa, Komoinariiiae
PO3Cil0BAHHSA CBITJIA.
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