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(1 — x)MnFe,04 (MFO)/xZnMn;04 (ZMO) (x = 0, 0.2, 0.5, 0.8, and 1.0) nanocomposite samples were prepared
using co-precipitation procedure. The phase percentage, cell parameters, and crystallite size of MFO and ZMO phases in
each nanocomposite sample were calculated using Rietveld refinement procedure. The x-ray diffraction (XRD) analysis and
Fourier-transform infrared spectroscopy techniques established the variation in the lattice parameters of each phase are due
to permutation of all cations among the octahedral and tetrahedral sites of MFO and ZMO. The different oxidation states
of different ions in all samples were determined using x-ray photoelectron spectroscopy (XPS) technique. The variation
in absorbance of the nanocomposite samples with composition parameter (x) is dependent on the wavelength region. The
optical bandgap of the nanocomposite samples is decreased as the content of ZMO phase increased. The effect of alloying
on the refractive index, extinction coefficient, dielectric constant, optical conductivity, and the nonlinear optical behaviors
of all samples were studied in detail. The nanocomposite sample x = 0.5 disclosed upgraded optical parameters with the
highest refractive index, optical conductivity, and PL intensity, which nominate it to be functional in various application

fields.

Keywords: MFO and ZMO composite, XPS, structure, optical
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1. Introduction

Multi-functional nanocomposite materials represented a
newly emerging research area for the progressive develop-

131 Ferrite materials have a small

ment of nanotechnology.
bandgap therefore they easily converted the visible light en-
ergy into chemical energy to support the oxidation and re-
duction process.[*! Manganese ferrite (MnFe,O4, MFO) is
an efficient visible light-responsive nano-photocatalyst with
a narrow bandgap of 2.0 eV + 0.5 eV.’] Zinc mangan-
ite (ZnMny0O4, ZMO) has a spinel structure and is receiv-
ing attention as a result of its probable uses in batteries
and supercapacitor fields.!%”! The optical characteristics of
different materials can be altered by changing their size,
doped it with suitable materials or coupling it with other
compounds.!®°! For instance, the optical band gap of pure
MFO is reduced from 2.46 eV to 2.12 eV and 2.47 eV
for the hybridization of MFO/CeQ,/SnS; composites.!!?! The
optical bandgap of MFO was increased as it doped with
Zn.I""" The novel microwave-based treatment with MoS,-
MFO composite revealed a rapid Cr (VI) reduction in aqueous
solution.!"?! The recovered MFO/BiVOy, heterojunction was
very active and stable for tetracycline degradation in the long-
term process.!'3] MFO/g-C3N,4/TiO, nanocomposites under
solar light revealed a very high photocatalytic degradation
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of Methyl Orange dye because of synergistic influence.!'¥]
The coupling of MFO with ZnS in MFO/ZnS nanocompos-
ite enhanced the heating efficiency for magnetic hyperther-
mia application.!'>] The optoelectronic performance of MFO
was improved as it decorated with Co304 nanorods.!'®) Core
double-shell MFO @rGO @TiO, superparamagnetic photocat-
alyst represented a promising material for the waste-water
treatment procedure.!!”) The relatively narrow bandgap of Fe-
or Cr-doped ZMO together with the small dielectric proper-
ties nominated the produced materials to applied optoelec-
tronic field.!'%1°1 In the present study, the influence of al-
loying between nano MFO and ZMO phases on the pro-
duced nanocomposite materials was examined employing Ri-
etveld refinement procedure, x-ray photoelectron spectroscopy
(XPS), Fourier-transform infrared spectroscopy (FTIR), and
transmission electron microscope (TEM) techniques. Further-
more the effect of alloying on optical characteristics of the re-
sulted nanocomposite was explored using the photolumines-
cence and ultra-violet (UV) diffused absorption devices.

2. Methods and materials

(1 —x)MnFe;04/xZnMn04 (x =0, 0.2, 0.5, 0.8, and 1.0)
samples were prepared employing co-precipitation procedure

Fig. 1. The required amount from zinc acetate, manganese
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acetate and iron nitrate were dissolved in distilled water and
ethylene glycol using a magnetic stirrer and heating at 90 °C
(3 h). The resulted precursors were further heated at 400 °C
(2 h) and the powder materials were produced. The x-ray
diffraction data (XRD) were carried out using x-ray diffrac-
tometer (PANalytical with copper source). The UV diffuse re-
flectance data were obtained using a double-beam spectropho-
tometer (Shimadzu UV-VIS-2600) with attached integrating
sphere assembly. The photoluminescence emission data were
collected using a spectrofluorometer (Jasco FP-6500, Japan,
Xenon lamb, 150 Watt) technique. FTIR spectrometer (Bruker
Tensor 27) technique was used to trace the different vibration
bands in different samples. The nano nature of 0.8 sample as
an example was explored using a high transmission electron
microscope (JEOL JEM-2100, 200 keV). Different oxidations
states for different elements in the studied materials were ex-
plored by using the x-ray photoelectron spectroscopy (XPS,
Thermo Scientific XPS, Model: KALPHA surface analysis)
technique.
Mn(CH,CO0),2H,0
Zn(CH,CO0),2H,0

Fe(NO,),9H,0

l;ii Deionized water +
= cthylene glycol

S
u Final product
Q‘./,/ E I MnFe,0,/ZnMn.0,
§ Stirring for 90 ‘C Heated at 400 °‘C for 2 h

(3h)

Fig. 1. Preparation schema for MnFe;O4 /ZnMn; O, nanocomposite sys-
tem.

The direct optical band gap was calculated using Tauc’s

and Beer—Lambert’s formulas20-21]

ahv = B(hv — E,)°?, (1)
2.303A

o=——, (2
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Furthermore, the extinction coefficient (k), refractive index
(n), real (&) and imaginary (g) dielectric constants, dielec-

tric loss (tan &), the optical conductivities (Gop), linear optical

susceptibility (1)), the third-order nonlinear optical suscep-

tibility (%), and the nonlinear refractive (1) can be obtained

from2!]
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where A, d, Eq, B, hv, Ay, h, ¢, (D1 = [B(hc)"~'d/2.303],
D), A, and R are the absorbance, thickness, optical band gap,
constant, incident photon energy, the wavelength related to the
optical gap, Planck’s constant, light velocity, constants repre-

sent reflection, wavelength, and reflectance, respectively.

3. Results and discussion
3.1. Crystal structure and phase analysis

The high quality x-ray diffraction patterns measured for
(1 — x)MnFe;04/xZnMny04 (x = 0, 0.2, 0.5, 0.8, and 1.0)
are given in Fig. 2(a). Structural analysis applying Rietveld
method implanted in the program MAUD!?%23] manifested the
presence of two phases for the composites x = 0.2 and 0.5:
ZnMn,04 (ZMO) with tetragonal spinel structure (S.G. I 4;/a
m d), and MnFe;04 (MFO) with cubic spinel structure (Fd-
3m), while only singlephase ZMO is found for the sample
x = 0.8. Figure 2(b) illustrates the resulting fitting for diffrac-
tion pattern for x = 0.5 and the resulting refined parameters

are given in Table 1.

Table 1. The cell parameters (in unit A), average crystallite size (in unit nm), and the phase percentages of the
phases developed in the heterostructure nanocomposite (1 —x)MnFe;04/xZnMn,04 (x =0, 0.2, 0.5, 0.8, 1.0) for

different values of x.

. Size (nm) ZnMn, Oy MnFe,04
a(A) c(A) % a(A) % Size (nm)
0 - - - - 8.3910 100 19.5
0.2 9.8 5.7667 9.0615 244 8.4086 75.6 19.7
0.5 11.7 5.8330 8.7841 55.3 8.2650(5) 447 14.7
0.8 9.3 5.7753 9.0087 100 - - -
1.0 21.6 5.7345(7) 9.1937(11) 100 - - -

077102-2



Chin. Phys. B 31, 077102 (2022)

The phase percentages of MFO and ZMO phases are dif-
ferent from the nominated values during preparation, which
requires the incorporation of the cation of one phase into the
lattice of the other phase; this confirmed the result concluded
from IR analysis next. Such cation permutation among the oc-
tahedral and tetrahedral sites changes the cell parameters of
the phases, (see Table 1). The cell parameter (a) of MFO al-
tered irregularly, it slightly rose for x = 0.2 and reduced for
x =0.5. For ZMO phase, the cell parameter (c) reduced while
the parameter (a) slightly rose with the alloying parameter (x).
This could be correlated with cation permutation as follows:
the ZMO octahedra, figure 2(c) has a base in the ab-plane di-

rection with four O-ions of equal bond length with the cation
at the center (~ 1.97 A), and two apex O-atoms along the ¢
axis with bond length = 2.28 A. Insertion of Fe**ions of elec-
tronegativity (1.83) higher than that of Mn3* ions (1.55) re-
sults in shortening the longer bond length of the octahedra
along the c axis, i.e., compressing the octahedra along the ¢
axis. Consequently, the cell parameter (a) rose slightly. The
crystallite size is hardly altered upon varied alloying param-
eter (x) as displayed in Table 1. The TEM image for sample
with x = 0.8 is displayed in Fig. 2(d). It could be noticed that

the particle size is in the nano range around 20 nm.

(a) A (1=x)MnFe,0,~(x)ZnMn,0,
g | !
=)
£ -JU x=0.0
N /
2 | = VI AN 2202
5 - W%
E
_w‘“ N AN \n_ 2=0.8
) % "\,/h\.‘,_../’\-’\/‘* A x=1.0
30 40 50 60 70 80
20 (°)
z
=]
8 35
é
z
£ 30
= -
" l‘l"l)l ‘;'I il“ll illI.‘l'..P'Pl
ZnMn,O, . AL oD 00 Ao

MnFe o, WMWWWW

40
20 (%)

80 50 nm

Fig. 2. (a) X-ray diffraction patterns for (1 —x) MnFe;O4 + xZnMn;O4 nanocomposite samples, (b) Rietveld refinement pattern fitting for sample with
x = 0.5, (c) crystal structure of ZnMn;O4 phase, and (d) TEM image for sample with x = 0.8.

Infrared absorption (vibrational) spectroscopy is bond
specific and commonly employed to characterize transition
metal-oxygen species. For this purpose, FTIR spectra for the
present system (1 —x)MnFe,04/xZnMn,04 (x = 0, 0.2, 0.5,
0.8, and 1.0) have been measured, (see Fig. 3). The spectrum
of the pure sample MFO (x = 0.0), has two vibrational bands
observed at 552.1 cm™! and 628.3 cm~! which could be as-
signed to stretching vibrations of metal <+ O at octahedral and
tetrahedral sites, respectively.!>*?3 For x = 0.2 sample, MFO
phase is the dominant, (see Table 1), so only MFO vibrational
bands appeared at 554.2 cm™! and 636.6 cm™! for octahedral
and tetrahedral vibrational bands, respectively; no characteris-
tic bands for ZMO are observed in the spectrum. One can no-
tice in Fig. 3 that both bands become flat and shifted to higher
wavenumbers compared with x = 0.0, indicating that some Zn

ions have been incorporated into the MFO lattice in both oc-
tahedral and tetrahedral sites. The IR spectrum of pure ZMO

I and

(x = 1.0) has two vibrational bands located at 506 cm™
619 cm~! which are characteristic of tetragonal spinel struc-
ture and belong to metal <+ O vibrations at octahedral and
tetrahedral sites, respectively.?>2”] For the sample x = 0.8,
only these two bands of ZMO phase appeared and no bands
for MFO phase were observed. Furthermore, as indicated in
Fig. 3, both vibrational bands are shifted (relative to x = 1.0)
and 608 cm ™!
some Fe ions are incorporated into the ZMO phase in both oc-
tahedral and tetrahedral sites. For sample x = 0.5, both phases

ZMO and MFO are formed with nearly equal percentages,

to lower wavenumbers, 481 cm™! implying that

so the vibrational bands of the two phases overlap yielding
very flat bands as shown in Fig. 3. One can conclude that for
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the nanocomposite samples, all cations have been permuted
among the octahedral and tetrahedral sites of both ZMO and
MFO phases. This is confirmed by the IR spectrum of the sam-
ple x = 0.5 where the vibrational bands become flat due to the
occupation of the sites by different cations (Zn, Mn, Fe).

(1-X)MnFe,0,+(x)ZnMn,0, [
T

h L

Transmittance (%)

800 700 600 500 400
Wavenumber (cm™)
Fig. 3. FTIR spectra for (1 —x) MnFe,04 + xZnMn,;0O4 nanocomposite

samples.

3.2. XPS investigations

For further investigating the cation permutation among
the two phases MFO and ZMO, the elements constituting the
samples and their oxidation states are examined by measur-
ing the XPS spectra of the sample x = 0.5. The XPS Gaus-
sian fitting analyses were performed and illustrated in Fig. 4.
The fitting of the Zn 2p narrow scan, (see Fig. 4(a)), disclosed

2.8 Zn 2p,, (a)

2.4

Zn 2p ,
2.0

Intensity (10%)

1.6

1.2

1020 1030 1040

Binding energy E (eV)

1050

1.1

Mn2p,,

(©

0.9

0.7

Intensity (10%)

0.5

Mn?*
641.1

0.3
635 640 645 650 655
Binding energy £ (eV)

two peaks at binding energies 1021.3 eV and 1044.3 eV which
could be assigned to Zn>" 2p; /2 and 2py /5 energy levels. The
energy difference of 23 eV coincides very well with that in
literature.!?®! Figure 4(b) displays the high-resolution spec-
trum of Fe 2p orbitals. The spectrum comprises a peak at
710.8 eV representing the binding energy of Fe’™ 2p; /2 level,
which could be decomposed into two subpeaks at 710.35 eV
and 712.7 eV assigned to Fe’* at octahedral and tetrahe-

(291 Furthermore, two satellite peaks ap-

dral sites respectively.
pear at 716.3 eV and 719.5 eV to confirm the presence of
Fe3* cations only.*” The highresolution XPS of Mn 2p could
be fitted into four contributions, (see Fig. 4(c): two at the
binding energies of 641.1 eV and 642.1 eV represent the en-
ergy level Mn 2p3/2 and are assigned to the Mn>* and Mn>*,
respectively.[>!1 The other two at 652.9 eV and 653.8 eV were
assigned to Mn 2p;, energy level. From the ratio of peak
areas, the atomic ratio of Mn%t to Mn3" could be calcu-
lated to be 0.46 which is consistent with the phase percent-
age of MFO to ZMO, Table 1, where Mn2+ residing at MFO
while Mn®* residing at ZMO. Figure 4(d) depicts the O Is
narrowspectrum fitting which comprises three peaks at 529.7,
531.4, and 532.1 eV. The first is assigned to O —metal bond-
ing, the second is assigned to various reasons like surface OH,
chemisorbed oxygen, oxygen ions in low coordination, and
oxygen-containing surface contamination.3>33] The third is

attributed to surface bond water. 34

85 Fe 2p,,

(b)

8.0

7.5

7.0

6.5

Intensity (10°)

6.0 Fe (T))

55

705 715 725 735
Binding energy £ (¢V)

1.6
1.4

1.2
1.0

0.8

Intensity (10%)

0.6
0.4

0.2

528 532 536
Binding energy £ (eV)

Fig. 4. XPS fitting for (a) Zn, (b) Fe, (c) Mn, and (d) O peaks for 0.5MnFe,;04 + 0.5ZnMn, 04 nanocomposite samples.
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3.3. Optical characterization

The variation of the diffused absorbance data with the
wavelength for (1 —x)ZnMn,O4/(x)MnFe, 04 nanocomposite
samples are displayed in Fig. 5.

12 . L . .

(1-x)MnFe,0,+(x)ZnMn,0,

1.0 1 Mo
0.8 1

0.6 1

Intensity (arb. units)

0.4 1

0.2

400 800 1200 1600
A (nm)

Fig. 5. The wavelength dependence of the diffused absorbance for (1 —x)
MnFe;04 + xZnMn,O4 nanocomposite samples.

As noticed from the graph the absorbance of ZMO ions
is higher than the absorbance of MFO at a low wavelength
range and the situation is reversed at the higher wavelength
range. The absorbance of the nanocomposite samples is var-
ied depended on the composition of the samples and the mea-
sured wavelength range. The sample with x = 0.5 exhibited
the highest absorbance among all samples. The change in the
absorbance may be due to the variation of the charge trapping
effect on the sample surface as a result of the shallow energy
level impurities.!*> The direct optical band gap energy (E,)
of the nanocomposite samples can be extracted from the lin-
ear intercept of (ahv)? as a function of hv graph as established
in Fig. 6. The obtained optical band gaps of MFO and ZMO
samples are 2.68 eV and 2.13 eV, respectively. The obtained
optical band gaps are in agreement with that obtained by other
research groups, for example, the optical band gap of MFO
formed by a facile hydrothermal route is 2.46 eV while the
Eg of MFO prepared by reverse-micelle synthesis strategy is
2.65 eV.[1036] The E, value for ZMO sample prepared by the
solgel method is 1.28 eV.137! Furthermore, the optical bandgap
of (1 —x)MFO/xZMO (x = 0.2, 0.5, 0.8) nanocomposite sam-
ples are 2.55, 2.54, and 2.63 eV. As noticed from the figure the
optical bandgap of the nanocomposite samples is decreased as
the amount of ZMO phase (less optical bandgap than MFO)
increased in the samples, see Table 1. The band gap of MFO
is 2.65 eV and that of ZMO is 2.13 eV, so most probable the
band gap of intermediate composites will be in between, so it
decreases by adding ZMO. The raising of the optical bandgap
in the nanocomposite sample with x = 0.8 instead of decreas-
ing is due to the increasing of ZMO amount may be due to the
formation of single-phase of ZMO, see Table 1. This increase
in the optical band gap may be due to the introduction of Fe
ions inside the ZMO matrix (x-ray part) which may alter the

optical band gap characteristics of the host matrix. The refrac-
tive index (n) reflected the interaction between the photons and
electrons in the materials.

16 MnFe,0,

—~ 121
E
o 87
N
NS
4 4
2.68 eV
0 T T T T
0 1 2 3 4 5
(1/2) (10° nm™)
4 | ZnMn,0,
£
%
NS
14
2.13 eV
0 T . T :
1.2 1.8 24 3.0
(1/2) (10* nm™)
20 A1
0.8MnFe,0,+ 0.2ZnMn,0,
154
~ 101
S
N
5 4
2.55eV
0 ; T T T
0 1 2 3 4 5
(12) (10% nm™)
20 ' '
0.5MnFe,0,+ 0.5ZnMn,O,
15
B
7104
S
NS
54
0 T r ! .
0 1 2 3 4 5
(12) (10% nm™)
20 : *
0.2MnFe,0,+ 0.8ZnMn,0,
15 A
S
710+
S
N
54
2.63 eV
0 T T T T
0 1 2 3 4 5

(1/2) (10% nm™)

Fig. 6. The relation between (A/A)? versus photon energy (hv) for
(1 —x)MnFe,04 + xZnMn;O4 nanocomposite samples.

Figure 7(a) shows the changing of the refractive index (n)
with wavelength for all samples. All samples exhibited a nor-
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mal dispersion. The n value of ZMO sample is higher than the
n value of MFO sample. At the low wavelength range, MFO
sample has the lowest n value while at a higher wavelength
range, the sample with x = 0.8 has the lowest n value. In the
visible range, the n values of the nanocomposite samples are
larger than the n value of MFO. In addition, the n values of
the samples with x = 0.2 and 0.5 are larger than ZMO sam-
ple in the visible range. The enhancement of the refractive
index may be due to the change in the electronic structure of
the MFO and ZMO materials upon alloying. Furthermore, the
improvement of the n values is inferred from the improvement
of the sensitivity of nanocomposite samples with x = 0.2 and
0.5 to the daylight.

1.8 T T T T T T T

04 06 08 10 12 14 16 18
1 (10° nm)

Extinction coefficient (10-%)

0.2

10 12 14 16 18
-3 (10° nm)

04 06 038

Fig. 7. The wavelength dependence of (a) refractive index (n) and (b) ex-
tinction coefficient (k) for (1 —x) MnFe;04 + xZnMn,;O4 nanocomposite
samples.

Figure 7(b) displays the variation of the extinction coef-
ficient (k) against wavelength for all nanocomposite samples.
As noticed from the figure the behavior of k values in all sam-
ples are similar where the k value increased with increasing
the wavelength until it reached its highest value then it de-
creased again. Sample with x = 0.5 in the (1 —x)MFO/xZMO
nanocomposite system has the highest k value while the sam-
ple with x = 0.8 has the lowest value.

The wavelength-dependent of the dielectric constant (real
and imaginary) and dielectric loss for (1 —x)MFO/xZMO
nanocomposite samples is represented in Fig. 8. As revealed

from Fig. 8(a), the real part of the dielectric constant (&) has
the highest value at a low wavelength range for all samples
them it decreased with increasing the wavelength similar to
the refractive index behavior. The low dielectric constants
at a higher wavelength range restrain the electromagnetic en-
ergy propagation that contributes to the conductivity. Further-
more, the free carriers are activated and shared the conduction.
On the other hand, the dielectric constant (&) and dielectric
loss (tan ) increased with increasing the wavelength until it
reaches the maximum value then it decreased with increasing
the wavelength similar to the k value behavior. In addition,
nanocomposite with x = 0.5 has the highest &, &, and tand
values as compared with other samples.

324 (@ (1-X)MnFe,0,+ (x)ZnMn,0, |

3.0 1 —o

—0o—x=0.2
——x=0.5

2.8 :
raat¥
2.6 1 —v—x=0.8 4

2.4 4

2.2 1

2.0 1

T T T T
08 10 12 14 16 1.8
Wavelength (10° nm)

04 06 08 1.0 12 14 16 18
Wavelength (10° nm)

tan 0
o
e
(3]

)

—o0—x=0.2
—4—x=0.5

——x=0.8
——x=1.0 4

04 06 08 10 12 14 16 18
Wavelength (10° nm)

Fig. 8. The wavelength dependence of the (a) real part (&), (b) imagi-
nary part (&) of dielectric constant and (c) tand for (1 —x) MnFe;O4 +
xZnMn;O4 nanocomposite samples.
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The variation of the optical conductivity (Oop) for all
nanocomposite samples with photon energy is revealed in
Fig. 9. The opp values in all samples were increased as the
photon energy increased. The Oy, value for the nanocompos-
ite sample with x = 0.5 has the highest value among the other
samples. The changes in x(l), ny, and 1(3) values with the
wavelength for all (1 — x)ZnMn,04/(x)MnFe;O4 nanocom-
posite samples are represented in Fig. 10. All the three pa-
rameters exhibited a similar behavior, where x(l), ny, and x(3)
values are decreased with increase the wavelength. All sam-
ples have (1), ny, and x® values larger than MFO sample.
Sample with x = 0.5 has the highest x(l), no, and x(3) val-
ues as compared with other samples. This result indicates the
nanocomposite sample with x = 0.5 has a good nonlinear op-

tical behavior in all wavelength range.

(1-X)MnFe 0, +(x)ZnMn,0,

1 2 3 4 5 6
Photon energy (eV)

Fig. 9. The variation of the optical conductivity for (1 — x)MnFe,O4 +
xZnMn;O4 nanocomposite samples with photon energy.

(@) (I-x)MnFe O, +(x)ZnMn,O,

27 (107)

—=—x=0

0 i

14 16 18

0'.4 0'.6 0'.8 1'.0 1'.2
A (10° nm)

0.'4 0.'6 0.'8 1.'0 1.'2 1t4 1'.6 1'.8
A (10° nm)

04 06 08 1.0 12 14 16 1.8
A (10° nm)

Fig. 10. The Relation between (a) x!, (b) 3, (c) n%, and wavelength for (1 — x)MnFe, 0y + xZnMn, 04 nanocomposite samples.

3.4. Photoluminescence (PL) emissions

Figure 11 reveals the photoluminescence (PL) data for
(1 — x)MFO/xZMO samples at room temperature by using
350-nm excitation wavelength. The PL intensity of the ZMO
sample is higher than the PL intensity of the MFO sample.
Furthermore, the PL intensities of the nanocomposite sam-
ples are between the PL intensities of MFO and ZMO sam-
ples.
the sample with x = 0.5 exhibited the highest PL intensity.

Similar results were obtained where the PL intensity reduced

Sample with x = 0.2 has the lowest intensity while

upon doping or forming composites: for ZnS upon coupling
with MFO, 3! for intermediate nanocomposites of MnS @ZnS
system, 38! and for ZMO upon doping with Fel'8 or Cr.l') In
contrast Patade et al. found that as MFO doped with Zn, the
PL intensity increased.!'!! The variation of the PL intensity
may result from changing of the recombination rate between

the photo-induced electrons (€) and holes (h™) pairs created
in the different samples which are depended on the trap levels
produced in the bandgap upon alloying.[*%#! The reduction
in the PL intensity of the nanocomposite samples may nomi-
nate them to be applied in the photocatalytic area. By using
Gaussian fitting the PL of each sample can be divided into sub
emission peaks. Moreover, the possible transition of electrons
between different levels is also provided in Fig. 12. As no-
ticed from the graph and Table 2 that the PL spectra of all
samples except nanocomposite samples with x = 0.5 and 0.8
are formed from two violets, blue and green colors. Samples
with x = 0.5 and x = 0.8 emitted (two violets, blue) and (vio-
let, blue, green) colors, respectively. The MFO formed by the
co-precipitation procedure emitted a green color.!'!! The dis-
order in the lattice or interstitial oxygen defects formed in the

samples formed a green emission.+?!

180

— MnFe,0, 225 0.8MnFe,0,+0.2ZnMn,0, _] Z 250 0.5MnFe,0,+0.5ZnMn,0, ~200 0.2MnFe,0,+0.8ZnMn,0O,
2 ? E ) 1€ ) 2z ) )
£ 140 E] -3 2
El y P g
s £20 qg20 2150
100 =1 150 g
Z Z 7 >
é g s %100
2 40 21 - £ 100 g

g 3= 2
g ) 4= =50
2 = 4= 50 =
= 20 E =

0
400 450 500 550 450 500 550 600 450 500 550 600 450 500 550 600 450 500 550 600
A (nm) A (nm) A (nm) J (nm) 2 (nm)

Fig. 11. The Gaussian fitting for photoluminescence measurements under 350 nm for (1 — x)MnFe;O4 + xZnMn;O4 nanocomposite samples.
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Fig. 12. Schematic of various possible transitions for (1 —x)MnFe;O4 + xZnMn;O4 nanocomposite samples.

Table 2. PL peak positions for the nanocomposite (1 —x) MnFe,O4 + xZnMn,O4 for different values of x.

Sample

MnFe, 04

0.8MnFe; 04 + 0.2ZnMn; Oy
0.5MnFe; 04 + 0.5ZnMn; Oy
0.2MnFe; 04 + 0.8ZnMn; Oy
ZnMn, Oy

PL emission peaks in nm at 350-nm excitation wavelength

(404, 420) (V), 465 (B), 517 (G)
(414, 428) (V), 469 (B), 527 (G)
(414, 432) (V), 453 (B)

424 (V), 457 (B), 524 (G)
(414, 427) (V), 462 (B), 526 (G)

4. Conclusions

Nanocomposites (1 — x)MnFe,04/xZnMn,04 with x =
0.2 and 0.5 have ZnMn,O4 (ZMO) with tetragonal spinel
structure and MnFe,04 (MFO) with cubic spinel structure,
while only single-phase ZMO is found for the sample with
x = 0.8. The cell parameter (a) of MFO changed irregu-
larly, for ZMO phase, the cell parameter (c) reduced while
(a) slightly increased with the alloying parameter (x). The IR
analysis and the variation in the lattice parameters confirmed
permutation all cation among the octahedral and tetrahedral
sites of the two phases in the intermediate samples. The XPS
analysis revealed that Mn? residing at MFO while Mn3* re-
siding at ZMO. Sample with x = 0.5 exhibited the highest opti-
cal absorbance among all samples. The obtained optical band
gaps of MFO and ZMO samples are 2.68 eV and 2.13 eV, re-
spectively; and of nanocomposite samples, x = 0.2, 0.5, and
0.8 are 2.55, 2.54, and 2.63 eV respectively. Relative to the
pure sample ZMO and MFO, the variation in refractive in-
dex of the nanocomposite samples with (x) is dependent on
the wavelength region, except for x = 0.5 sample which has
the highest (n) value for the whole A range. Also, sample with
x =0.5 disclosed the highest &, €, tan 8, Oopt» and PL intensity
values and a good nonlinear optical behavior as compared with
other samples. The PL spectra of all samples except x = 0.5
and 0.8 are formed from two violets, blue and green colors.
Sample with x = 0.5 and 0.8 emitted (two violets, blue) and
(violet, blue, green) colors, respectively.
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