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M. Tufig JamiF-*, J. Ahmad, S. Hamad Bukhati and M. Saleerh
2Department of Physics, Bahauddin Zakariya University,
Multan 60800, Pakistan.
®Department of Physics, Syed Babar Ali School of Sciences and Engineering (SBASSE),
Lahore University of Management Sciences (LUMS),
Opposite Sector U, DHA, Lahore 54792, Pakistan.
*e-malil: tufigjamil@yahoo.com

Received 22 January 2018; accepted 14 April 2018

Rare earth nano sized pollycrystalline orthoferrites and orthocromiitddnOs (Re = La, Nd, Gd, Dy, Y andl'm = Fe, Cr) have been
synthesized by sol-gel auto combustion citrate method. The samples have been characterized by means of X-ray diffraction (XRD), scanning
electron microscope (SEM), energy dispersive X-ray spectroscopy (EDX), and UV-visible spectroscopy. The samples are single phase, as
confirmed by XRD analysis, and correspond to the orthorhombic crystal symmetry with spacepgroupDebye Scherer formula and
Williamson Hall analysis have been used to calculate the average grain size, which is consistent with that of determined from SEM analysis
and varied between 25-75 nm. The elemental compositions of all samples have been checked by EDX analysis. Different crystallographic
parameters are calculated with strong structural correlation arReragd Tm sites. The optical energy band gap has been calculated by
using Tauc relation estimated to be in the range of 1.77 - 1.87 eV and 2.77 - 3.14 &¢He0; and ReCrOs, respectively.

Keywords: Sol-gel method; orthoferrites and orthocromites; optical band gap; structural characteristics.
PACS: 61.05.cp; 73.63.Bd
1. Introduction

ReTmOg3 perovskite-type oxides (witlike = rare earth and
Tm = transition metal) are much promising materials be-
cause they exhibit strong interactions among the partially
filled f-shells electrons od-shells ofReand Tmions with
oxygen ions (O) giving many interesting properties such as
colossal magnetoresistance, high temperature superconduc
tivity, charge/orbital ordering, metal-insulator transition [1-3]
and can also be used in recent technologies such as solid ox
ide fuel cell [4], catalysts [5], electrodes materials [6] and
chemical sensors [7]. An interesting featureRHT'mO; is
related to the variation ilReO andTm-O interactions that
can be observed by varyirReionic size as well as distor-
tions inT'mQg octahedra due to variation in ionic radius of
transition metal Tm). The positions of ions in the unit cell Ficure 1. Orthorhombic perovskite structure &eTmOs.

of ReT'mQO3 are shown in Fig. 1. The rare earth mangan-

ites ReMnOj3 exhibit semiconducting behavior at room tem- area [19,20]. Recently, preparation and magnetic properties
perature, as well as strong magnetoelectric coupling belowvere discussed of perovskifeeFeO; nanocrystalline pow-
Neel transition temperature gl). Different compounds of ders by combustion of nitrate-citrate gel [21, 22], and mag-
the ReMnO3 have been synthesized by sol-gel method renetic and electrical properties é&feCrOs synthesize by hy-
sulting in remarkable physical properties [8-13]. Nanoparti-drothermal and sol-gel method [23, 24] highlighted the ma-
cles of rare earth cobaltate perovskiteCoO; were also syn-  jor role of synthesis technique on the physical properties of
thesized by many researchers with sol-gel method and theske compounds. However, there have been no reports on the
compounds also exhibiting orthorhombic crystal symmetrycomprehensive analysis of their structural correlation with
with some interesting physical properties [14-18]. Synthe+espect to differenRe and Tm sites. In this study, we fo-

sis of nano-scaled materials are getting much interest, sinaaus on the morphology, structural and optical properties of
fine powder usually shows superior properties such as higha@ReT'mOs (Re = La, Nd, Gd, Dy, Y andl'm = Fe, Cr). Itis
chemical reactivity, better sinterability and large surfaceexpected thaResite cation affects the symmetry of crystal
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structure due to large ionic radius and coordination number

andT'm-site affect the octahedral distortion. Generally, the

crystal symmetry oReT'mOs can be controlled by variation ~ Re(NO;)3.6H20 + Tm(NO;)3.9H20 + CgHgO7.H2O
of ReandTmcations, giving the materials with some promis- + NH,OH — ReTmO; + 6CO,

ing physical properties.

+ 3.5N2(g) + nH20(g) (1)
2. Experiment where Re= La, Ce, Nd, Gd, Dy, Y) andl{m= Fe, Cr). Nu-
ReTmO; (Re = La, Nd, Gd, Dy, Y andT'm = Fe, Cr) cleati.o_n is requnsiblefor the formation of grains. In our case
were synthesized by using sol-gel method. In synthesi§ansition metal ions act as seed crystal and responsible of nu-
process, 100 ml of one mole rare earth nitrate hexahydrat@€ation during the sol-gel process. The stoichiometric ratio
Re(NO3)3.6H,0 (whereRe = La, Ce, Nd, Gd, Dy, Y) so- Of rare earth and transition metal ions is equal, so more nucle-
lution was added to 100 ml of one mole transition metala@tion was observed in synthesis process that is responsible to
nitrate nonahydrat@m(NOs);.9H,O (Tm= Fe, Cr). One nanoc_rystals formation. The phase idgntification was c_arried
mole monohydrate citric acid&lsO;.H,O in 100 ml deion-  Out using Bruker D8 advance X-ray diffractometer equipped
ized water was also mixed in above raw materials as a fuelith Cu-Ka source of X-rays of wavelength 1.54086 Av-
or chelating agent. Metal nitrates to citrate ratio were kep€rage grain size was estimated by Scherrer’s formula consid-
at 1.5:1. The solution pH was set at 7 by adding propef'ing the position and broadening of the most intense diffrac-
amount of solution of ammonia (NJOH) (85% deionized tion peak in XRD spectra and by V\(i!liamson Hall analysis.
water and 15% ammonia) drop wise during stirring processMorphology and elemental composition of the samples were
The resulting aqueous solution was continuously stirred an@bserved using FEI NOVA 450 scanning electron microscope
heated at constant temperature of abodt®aill viscous gel ~ (SEM) equipped with Oxford energy dispersive X-rays spec-
was formed after 2 hours. Afterwards, the gel was kept at &0Scopy (EDS) detector. The UV-visible measurements were
temperature of about 20Q. Later on, the gel started burn- t@ken by using Perkin Eimer Lambda 950 UV/VIS/NIR spec-
ing in a self propagated combustion manner, and voluminou§ophotometer.
porous powder were obtained. Finally, the fine powders of
ReFeQy andReCrog_ were obtain_ed and sintered at 8@0 3 Results and discussion
and 1000C respectively for 3 h in a box furnace. Normal
atmospheric conditions were used for synthesis and sintering.1. Structural and morphological Properties
process. The atmospheric pressure was used during sintering
process in the environment of air. The resultant samples werkeigure 2 shows the X-ray diffraction pattern of a representa-
obtained, the chemical equation explains the whole processtive sample LaFe©among the prepared samples analyzed
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FIGURE 2. (color online) Rietveld refinement of the XRD pattern by using the JANA2006 program of representative sample.LlabeO
shows zoom region of the fit of calculated curve on observed curve.
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TABLE |. Summary of XRD refined data dReT'mOs (Re = La, Nd, Gd, Dy, Y andl'm = Fe, Cr). Where S.C (Sample Code), C.F

(Chemical Formula), F.W (Formula Weight), C.S (Crystal Structure), S.G (Space Group), D.C (Data Collected).

S.C LF(C)O NF(C)O GF(C)O DF(C)O YF(C)O
C.F LaFe(CnQ NdFe(CrQ GdFe(CnQ DyFe(CnNG YFe(CnG;
a(A) 5.55 (5.48) 5.45 (5.42) 5.35(5.31) 5.30 (5.262) 5.28 (5.24)
b(A) 5.56 (5.51) 5.58 (5.48) 5.62 (5.52) 5.60 (5.50) 5.59 (5.51)
c(A) 7.87 (7.76) 7.77 (7.69) 7.67 (7.60) 7.62 (7.55) 7.60 (7.53)
Vv (A%) 243.0 (234.3) 236.5 (228.6) 230.2 (222.6) 226.3 (262.5) 224.8 (217.4)
F.W 242.7 (238.9) 248.1 (244.2) 261.1 (257.2) 266.3 (262.5) 192.7 (188.9)
z 4 4 4 4 4
CsS Orthorhombic Orthorhombic Orthorhombic Orthorhombic Orthorhombic
S.G Pbnm Pbnm Pbnm Pbnm Pbnm
S.G No. 62 62 62 62 62
D.C 0<h<4 0<h<4 0<h<4 0<h<4 0<h<4
<k<4 0<k<5(@) 0<k <5(4) 0<k <5(4) 0<k <5(4)
0<I<6 0<I<6 0<I1<6 0<I1<6 0<I1<6

by using Rietveld refinement technique considering orthat the grain size decreases as ionic radiuReand Tm
thorhombic structure witfPbnmspace group. The pseudo- decreases.

Voigt function was used to perform fitting of diffraction peaks In nanomaterials lattice strain and grain size both have
by using the JANA2006 software. A good fitting has beentheir self contribution to peak broadening of X-ray diffrac-
clearly seen between observed and refined XRD data, as dlbn and lattice strain is to be contributed in peak broadening
the peaks are well overlapped with fitted data, which confirmdue to large volume of grain boundaries [26, 27]. In order to
single phase has been successfully formed and no impurityneasure the grain size precisely, the lattice strain calculations
peak has been observed. All samplesef'mO5; (Re =La,  are very important [28]. Hence, the Williamson-Hall (W-H)
Nd, Gd, Dy, Y andl'm = Fe, Cr) were fitted by JANA2006 method was used for estimating the lattice strain and grain
(not shown here). Figure 3(a) shows the XRD spectra obize [29, 30]. In addition, lattice strain and grain size inde-
polycrystalline ReT'mQO3. The diffraction peaks are narrow pendently contribute to the total peak broadening. The peak
and sharp, which reflects the high crystalline nature of théroadening induced by straifi{) is given by the relatiows
prepared samples. The diffraction pattermefl'mOs (Re = =4e tan 0, Assuming that the strain present in the material
La, Nd, Gd, Dy, Y andI'm = Fe, Cr), suggest orthorhombic is uniform, the W-H equation for the total peak broadening is
perovskite structure with space groppnm(No. 62). The given by [31],

XRD pattern of polycrystalline Ce(Fe,CryDwhere a couple _

of secondary phases are present as shown in Fig. 3(b). Thus Puir = Os + P, )

single phase Ce(Fe,Cr)@ould not be obtained by sol-gel kA

combustion method. The calculated lattice parameters (a, b, Bnit = de tan g + (Dcosﬁhm> ’ (3)
c), unit cell volume (V), and data collected about miller in- Rearranging Eq. (3) gives:

dices (hkl) of lattice planes of as preparBd7TmO; (Re = A

La, Nd, Gd, Dy, Y and'm = Fe, Cr), are tabulated in Table I. Bkt €08 Oppr = 4esin Oy + () , 4)
It is clearly shown that, in all cases//2 lies betweera and D

b (b > ¢/v2 > a) (see Table I), this is the characteristic of wherek is the shape factor and is the grain size. A graph is
the O-type orthorhombicaly distorted perovskite oxides [25],plotted by takingt sin 0;,;; along X-axis ang3 cos 0,1, along
where the distortion occurs due to the steric effect and Jahif-axis as shown in Fig. 4. In W-H analysis, the strain present
Teller effect [9]. in the material is extracted from the slope and the grain size
is estimated from the Y-intercept of the linear fit made to the
The values of average grain size 887'mOQO3, which  plot. The estimated values of grain size and lattice strain are
was calculated by using the well known Scherrer’s formula(60.52 nm) and (.32 x 10~3) for NdFeQ and (67.60 nm)
[D = 0.89)\/3 cos ), where) is the wavelength of X-ray ra- and .57 x 10~2) for NdCrO; respectively. The small val-
diation (1.54056A), 6 is the diffraction angle and is the  ues of lattice strain indicate that the volume of grain bound-
full width at half maximum (FWHM) of diffracted peaks], ries should be small for prepared samples. The values of
are shown in Table Il and Table Ill. It is obvious to identify grain
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3 Fig. 5(a) to (1), are of the round shape with an average grain
= size 25-75 nm, which is consistent with XRD results. More-
over, from Fig. 5(f) and 5(l), which show the SEM images
of CeCrQ; and CeFe@ respectively, it is clear there is no
formation of grains were observed as in other SEM images.
These results also consistant with XRD analysis, the two
T 1 1 T

FIGURE 3. XRD pattern of (a)ReT'mOs (Re = La, Nd, Gd, Dy, Y
andT'm = Fe, Cr) and (b) Ce(Fe,Cr)OThe asterisks on the peaks
show the cerium dioxide (Cefp phase and circles on the peaks
show. Iron(lll) oxide or ferric oxide (Fg3) and Chromium(lil)

10 20 30 40 50 60 70
20 (deg.)

oxide (CrOs).

size estimated by W-H analysis f&eFeQ; and ReCrO; are

phase formation in CeCe(and CeFe@. In Fig. 6(a) to (1),

EDX spectra show the chemical composition of the synthe-
sized samples dReT'mOs3 (Re = La, Nd, Gd, Dy, Y and'm

=Fe, Cr). It can be seen that there are clear peaks of rare earth
elements (Re = La, Nd, Gd, Dy, Y), Iron (Fe), Chromium
(Cr), and oxygen (O) elements present with the molar ratio of
about 1:1:3 Re:Fe(Cr):0), giving a stoichiometric formula

for ReFe(Cr)Q;, confirmed with analysis of atomic % of all
elements present in a sample shown in Fig. 6(a) to (I). There

shown in Table Il and Table III, respectively. The SEM mi- iS no peak of any impurity elements which confirms the sin-

crographs of all samples of the polycrystalliReT'mO3 (Re

gle phase formation of the samples. However, single peak of

= La, Nd, Gd, Dy, Y andl'm = Fe, Cr) which were taken at carbon appeared which is due to the carbon tape on which

accelerating voltage of 10 KV and magnification of 80 K aresamples were mounted with holder. The value of average
shown in Fig. 5(a) to (I). Large grains with less grain bound-grain size calculated from XRD pattern is consistent with the

aries can easily be seen from micrographs. However, grain@ne obtained from SEM analysis.

show no perfect alignment, which is a typical characteristic

The variation in lattice parameters, 6, ¢/+/2) and cell

of polycrystalline sample. The individual grains shown in thevolume (V) with ionic radii of rare earth cations &esite in
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TABLE Il. Crystallographic characteristics &feFeQ; (Re= La, Nd, Gd, Dy, Y).

Sample Code LFO NFO GFO DFO YFO
Chemical formula LaFe® NdFeQ GdFeQ DyFeG; YFeO;
Orthorhombic distortion (D) 0.4150 0.4102 0.4056 0.4057 0.4056
Cell distortion (d)x10~° 3 386 1673 2005 2252
Orthorhombic strain (S) 0.0018 0.0237 0.0493 0.0543 0.0577
Elastic strain (E) 0.0552 0.0600 0.0656 0.0693 0.0723
Grain size (nm)(Scherrer formula) 52.38 39.00 31.62 27.78 25.48
Grain size (nm)(W-H analysis) 67.56 60.52 47.38 40.29 35.77
BET surface area (fiig) 17.26 22.08 25.18 27.61 41.32
X-ray density (d—qy) (g/CN?) 6.64 6.97 7.54 7.82 5.70
Bulk density (d.:x) (g/cnt) 5.20 5.43 5.92 6.11 3.32
Porosity(P) 0.2163 0.2212 0.2147 0.2193 0.4178

TaBLE Ill. Crystallographic characteristics &CrOs (Re= La, Nd, Gd, Dy, Y).

Sample Code LCO NCO GCO DCO YCO
Chemical formula LaCr@ NdCrG; GdCrg; DyCrOs YCrOs
Orthorhombic distortion (D) 0.0047 0.0071 0.0272 0.0323 0.0358
Cell distortion (d)x10~¢ 30 60 940 1320 1620
Orthorhombic strain (S) 0.0062 0.0097 0.0375 0.0446 0.0493
Elastic strain (E) 0.0599 0.0653 0.0708 0.0749 0.0766
Grain size (nm)(Scherrer formula) 55.00 41.62 38.82 36.89 33.79
Grain size (nm)(W-H analysis) 72.30 67.60 53.52 44.29 41.47
BET surface area (Aig) 16.05 20.32 20.14 20.38 30.77
X-ray density (d_4,) (g/cnt) 6.78 7.09 7.68 7.98 5.77
Bulk density (d..x) (g/c?) 5.05 5.28 5.77 5.96 3.17
Porosity(P) 0.2545 0.2565 0.2488 0.2537 0.4514

the preparedieFeQ; (Re= La, Nd, Gd, Dy, Y) is shown in  crease in cell distortion has been observed when we replace
Fig. 7(a). Itis obvious from the graph thatc/+/2 andV in- biggerRe3™ cation inReFeQ; as indicated in Fig. 7(c), sim-
creases with the increase in the ionic radiuResite ioni.e.  ilar results were obtained fdteCrOs. According to the anal-
[from Y3+ (1.04,&) to La’t (1.172,&)], but lattice parameter ysis mentioned above, the variance of lattice parameters with
b remains almost unaltered. The similar variations were obeoupled substitution oResite and orfiTmsite is the result of
served in lattice parameters and cell volumeReCrO; (Re  distortion inT'mOg octahedra for matchinBesizes. That is
= La, Nd, Gd, Dy, Y), not shown in the graph, but values for why distortion at octahedral site increases with replacement
this system are given in Table I. of the small ionic radius oResite, because the cations rear-
The orthorhombic factor (b/a) sharply increases, with detange themselves in such a way that they fit in the unit cell
creasing ionic radius dResite in ReFeQ;, as shown in the and results in decreasing the unit cell volume.

Fig. 7(b). Similar trend is also obtained féteCrOs, not Orthorhombic distortion (D), which is defined as the ra-
shown here. To study the structural distortion, cell distortiontio of standard deviation to average of the lattice parameters
(d) [32] was calculated as, is calculated as [33],
2—ap)?+(b/V2 — ap)?+(c/2—ayp)? ; —a)?
Je [(a/V2—a,)?+( /\g; ap)’+(c/2—ay) ]><104, 5) Do Z(af a) ’ ®)
P a

wherea, = (a/v2 +b/v/2 + ¢/2)/3. The value of cell dis- wherea; = a, b andc¢/v/2 anda is the average of;. The
tortion increases for botReFe(Cr)Q by the replacement of orthorhombic distortion remains almost constant in region of
large ionic radius L&" to small ionic radius ¥+ are given ionic radii of Re3* < 1.078A, in this region lattice parame-
in Table Il and Table . It is worth mentioning that the de- terb increases slightly. After further increase in ionic radii
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FIGURE 5. SEM images of perovskite (a) LanQb) NdCrQ; (c) GdCrQ (d) DyCrQ, (e) YCrG; (f) CeCrQs (g) LaFeQ (h) NdFeQ (i)
GdFeQ (j) DyFeGQ; (k) YFeO; and (l) CeFe@.

of Re3* a linear increase has been observed in orthorhomdecrease in the grain size both fBeFeQ; and ReCrO; as

bic distortion, in this region lattice parametesslightly de-  obvious from Table Il and Table IIl. The observed variation
creases. The variation in orthorhombic distortion wité?+ in the calculated elastic strain iReFe(Cr)Q; elaborate the
ionic radii is shown in Fig. 7(c). The elastic strain of the pre-broadening of the XRD pattern. The elastic strain decreases
pared compounds can be calculated by using the formula E with the increase ifResite ionic radii forReFeQ; as shown

B/2 cot 6 [34]. The value of elastic strain increases with thein Fig. 7(d). The spontaneous orthorhombic strain, defined as

Rev. Mex. Fs. 64 (2018) 381-391
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Element (& La Cr (0] Element C Nd 0 Element & Gd Cr
At% 2.08 21.09 19.29 57.54 At% 2.08 20.09 19.29 58.54 At% 227 20.89 19.69 57.16

KeV s

Dy Cr 0 Element C Cr Element C Ce Er 0
2.44 20.55 20.12 56.88 At% 352 19.69 20.37 56.42 At% 1.82 11.31 25.53 61.34

Element € Nd Fe o] Element € Gd Fe o}
At% 3.11 20.58 18.44 57.87 At% 19.94 20.99 59.07

Element € Dy Fe 0 Element C Fe (6] Element C Ce Fe
At% 3.81 20.21 19.1 56.88 At% 1.78 20.25 20.04 57.93 At% oy 14.8 22.63 60.66

FIGURE 6. EDX images of perovskite (a) LaCgdb) NdCrO; (c) GACrQ (d) DyCrG; (e) YCrO; (f) CeCrG; (g) LaFeQ (h) NdFeQ (i)
GdFeQ (j) DyFeO; (k) YFeOs and (I) CeFe®.

S =2(a - b)/(a + b), is tabulated in Table Il. The value of Salso gives the similar trenice. decrease in the orthorhombic
decreases from 0.0577 to 0.0118 for YFO to LFO. The vari-strain. The X-ray density, bulk density and porosity for all
ation in orthorhombic strain with ionic radius of rare earth samples were determined using the following relations [35]
cations is shown in Fig. 7(d). The reason for decrease of this

o X - ZM
parameter may be the substitutionRasite of smaller ionic Aoy = =, 7
radius cation Y+ to bigger L&+. The similar results also NaVeen

from the results that replacement of small radius transitioformuyla unit (4 for the orthorhombic structureN4 Avo-
metal cation F&" to big radius Ct* onTmsite of ReT'mOs  gadro s numbers(02 x 1023 /mole) and i, is the unit cell
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FIGURE 7. Variation of (a) lattice paramete(s, b, ¢/+/2) and cell volume V. (b) Orthorhombicity factor (b/a). (c) Orthorhombic distortion
(D) and cell distortion (d). (d) Orthorhombic strain (S) and Elastic strain (E) with ionic radiBestfte.

volume. The bulk density was calculated by the following o4 o @ %
relatlon, o 8 I>-; i 1 Ll T 1 I_: 'Z: 1 v (? & 1 045
m e H DR [pa
dpuik = 7 (8) 5 a0
wherem is the mass anti = 7r2h (where r is the radius and E:
his the height/thickness of pellet) is the volume of the pellet. 3 L0.35
The porosity (P) of all the samples was calculated using the 8 61 ij
. X~
equation, 0 & -0.30 2
P =1- 7 (9) g‘ g
da g L0.25
whered,, is the bulk density and,, is the X-ray density. The g 44 o ! »
measured values @k, d;, and P of ReFeQ; for variousRe > P - -
(Re = La, Nd, Gd, Dy, Y) site replacement are tabulated x o) P - '

T : N T ¥ T 4 T ¥ T v T : L : T ¥ I: ~ T
190 200 210 220 230 240 250 260 270
Formula Weight

in Table Il. Figure 8 shows that thé, and thed, increase
with increase in the formula weight of the prepaieeFeQ;
for variousRe (Re = La, Nd, Gd, Dy, Y) compounds. The
increase in thel, is considered to be due to the fact that Ficure 8. Variation in x-ray densityd_), bulk density §,) and

the atomic mass of variouBe[Re=Y (89 amu), La (139 porosity (P) with variation of the formula weight oReFeQ; (Re
amu), Nd (144 amu), Gd (157 amu), Dy (162.5 amu)] in-=Y, La, Nd, Gd, Dy).

creases due to which formula weight or mass of the com-

pound increases [36]. While the increase in theis due  preparation or sintering process of the samples [37]. Figure
to the fact that increase in value of densitiedR&ef[Re =Y 8 shows theP decreases with the increase of formula weight
(4.472 g/lcm ), La (6.162 g/cmi ), Nd (7.400 g/cmt ), Gd  of the sample from YFO to LFO, but remains almost con-
(7.900 g/cmi ), Dy (8.536 g/cm )]. The magnitude of the, stant for further increase in the formula weight of prepared
is smaller than that of thé, as can be seen from the graph. compounds. The increase in tthieconfirms that samples be-
These results indicate that the experimedias less thanthe come denser with the increase in density of individrasite
theoreticald, due to the presence of pores created duringelement, due to which the porosity of the samples decreases.
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FIGURE 10. Tauc plot of (a)ReFeQ; and (b)ReCrOs.
FIGURE 9. UV-visible reflectance spectra of (#@eFeO; and (b)
ReCrQOs.
ahv = A(hv — Ey)", (11)

The Brunauer-Emmett-Teller (BET) specific surface areas of ) o _
ReTmO; (Re = La, Nd, Gd, Dy, Y andT'm = Fe, Cr) Wherehuv is the energy of the incident photon,is the ab-
nanoparticles are measured by the BET relation of the form SOrption coefficient, A is a characteristic parameigyjs the

band gap. Exponent specify the type of transition and it
% may be 1/2 or 2 for the allowed direct or allowed indirect tran-

dxfray D’

sition, respectively. Here, we assume a direct band gap sys-
whereD is the orthorhombic distortion antl. ., is the X-

BET = (10)

tem and from the plot ofchr) '/ versushy by extrapolating

ray density. The values of the specific surface area are giveii€ linéar portion to thév (i.e. a = 0) determine thé,. The
in Table Il and 11l for ReFeQ; and ReCrOs, respectively. obtained value of, for zeFeQ; and ReCrOs is found to be
in the range 1.77 - 1.87 eV and 2.77 - 3.14 eV, respectively

as shown in Fig. 10(a) and (b). It is noted thatiaFeO;

only single band gap is observed due to the transition from O
The obtained UV-visible diffuse reflectance spectra (DRS) op valence band to Fe 3d conduction band. This constitues
ReFeQ; and ReCrOs (Re = La, Ce, Nd, Gd, Dy, Y) were a charge transfer energy gap. Interestingly, three edges are
measured by using UV/VIS/NIR spectrophotometer and ar@bserved forReCrOs at 1.58 eV, 2.20 eV and 3.14 eV val-
shown in Fig. 9(a) and (b), respectively. The absorbancees for YCrQ. Khuong P Onget al. have also observed
spectrum of ReFeQ; and ReCrOs is obtained from their three types of energy gap in LaCy@heoretically [40]. In-
reflectance spectrum according to the Kubelka-Munk theterestingly similar trend of energy gaps were also observed
ory [38]. Moreover, optical energy band gap®éFeQ; and  experimentally in our prepared compounds of family of or-
ReCrOs (Re = La, Ce, Nd, Gd, Dy, Y) is estimated by using thochromites. The energy gap at 1.58 eV (value for YrO
the Tauc relation [39]. which is the energy band gap among the occupigd@€r

3.2. Optical Properties
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dy2_y2, dy., andd,,) and unoccupied, (Cr d.: andd,,) 4. Conclusion

states, has been observed. This type of energy gap is Mott-

type insulating gap. The second edge at 2.20 eV (value foFhe sol-gel auto combustion citrate' method is successfully
YCrOs) reveals the optical transitions between theGrand ~ used for the synthesis of polycrystalliie7mO; (Re = La,
Cre, bands which are, of course, partly hybridized witpo  Nd, Gd, Dy, Y andl'm = Fe, Cr) and single phase charac-
These transitions are in visible range and indicate the colofe’ has been confirmed by XRD patterns. A systematic in-
of various orthocromite®eCrO;. The theoretical calcula- Crease in grain size with increasing.rand ., has been ob-
tion reveals that the green color of these prepared compoun@§rved and found to vary from 25-75 nm for bdiFeQ;
have its origin from the transition between Gy bands cen- and ReCrO;, which is consistant with SEM results. The
tered at (-0.23 eV) and @y, bands at (2.15 eV) [40]. Another Various crystallographic parameters have_been calculgted and
important transition at 3.14 ev (value for YCg) shows the found to be affected by changifpandTmsites as described
transition between the top of O p bands and the bottom of th&arlier. The allowed diredt, estimated to be 1.77 - 1.87 eV
Cr e, conduction bands, this constitues a charge transfer ga@nd 2.77 - 3.14 eV foRReFeQ; and ReCrO;, respectively.

T. Arimaet al. estimated®, for LaCrO; and YCrQ; exper- hree edges are observed #@¢CrO; at 1.58 eV which is a
imentally [41,42], which is consistent with the observed val-Mott-type insulating gap, at 2.20 eV are in visible range cor-
ues of optical band gap d@teCrO;. So far, the experimental responds to light green color of orthocromates and at 3.14 eV
optical gap at higher energy edge fBeCrO; was consid-  this is due to chargg transfer gap,{) between O 2p valance
ered as the energy band gap between the transition to the tgd Cr 3d conduction band. Moreover, thg has larger

of the valance band and the bottom of the conduction ban¥alué ¢ 1 €V) in ReCrO; as compared tdicFeQ; which

by previous theoretical works [43—45]. The minimugp for ~ May be attributed to the Jahn Teller distortion.

Fe-based systemé. 1.77 eV) than that of Cr-based system

(i.e. 2.77 eV) may be attributed to lower energy of 3d orbital

of Fe than that of Cr.
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