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Abstract

Cd,_,Mn Fe,0,/PMMA nanocomposites are prepared using hydrothermal and casting procedures. Rietveld analysis is
performed for Cd,_,Mn Fe,O, (x=0, 0.3, 0.5, 0.7) nano ferrite. X-ray diffraction and Fourier transform infrared are used
to examine the homogenous distribution of Cd,_,Mn Fe,0, throughout PMMA matrix. The influence of nano ferrite on the
absorbance, transmittance and refractive index for all samples are examined utilizing UV—Vis spectrophotometer technique.
The direct energy gap and other optical parameters of nanocomposite samples are changed depending on the amount of

manganese doped Cd-ferrite. All nanocomposite samples display four sub-emissions in UV and visible regions.
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1 Introduction

Polymer nanocomposites prepared by incorporating a small
amount of inorganic nanoparticles into a polymer matrix,
merging the characteristics of both organic and inorganic
materials [1, 2]. Many properties of polymer such as refrac-
tion index and transmittance can be tuned by changing
the ratio between inorganic and organic components [3].
Furthermore, polymer nanocomposites with new proper-
ties allowed them to be used in several potential applica-
tions such as optics, electronics, sensors and biological
approaches [4].
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Poly (methyl methacrylate) (PMMA) is among the well-
tested group of polymers which gained unlimited interest in
many industrial applications because of its promising optical
characteristics, amorphous nature, high transparency in the
visible region, low refractive index, scratch resistance, low
cost, non toxicity and simple synthesis [5]. PMMA has both
hydrophobic (methylene) and a hydrophilic (carbonyl) group
in every monomeric unit [6].

Several inorganic materials have been inserted inside
PMMA to introduce a photoluminescent characteristic in
polymer [7].

Spinel ferrite nanoparticles with a general formula
AFe,0, (A is divalent ions) are widely used in several
fields [8]. The properties of nano ferrite can be modified
by altering the synthesis methods [9], doing elements [10]
or annealing temperature [11]. MnFe,O, ferrite has a cubic
structure with space group Fd-3m which has been exten-
sively used in the biological field for instance magnetic
hyperthermia agent, MRI contrast agent and targeted drug
delivery etc... [12]. Around 80% of nano MnFe,O, belongs
to a normal spinel structure [13]. Nano CdFe,O, also has a
normal spinel cubic structure with a narrow band gap [14].
Additionally, the optical band gap of ferrite affected by kind
of dopant element, for example, the band gap of NiZnCo-
ferrite is increased as it doped with La ion, but it reduced as
it doped with Gd ion [15].

Bisen et al. [16] found that the band structure of
PMMA can be modified as it doped with a small amount
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of coumarone. Khursheed et al. [17] found that the ther-
mal stability and glass transition temperature of PMMA
are improved as it doped with KCaVO4:Sm3+. Moreover,
ZnSe:Mn/ZnS/PMMA nanocomposite revealed a high trans-
mittance in the visible spectral range, an extremely bright
orange fluorescence and an enhancement in refractive index
[18]. Bai et al. [19] reported that the luminescence proper-
ties of PMMA are enhanced when it doped with 11 wt% of
Eu,(PBT);(NO;);. Khursheed et al. [17] revealed that the
glass transition temperature of PMMA did not affect as it
doped with Sr3B206:Dy3+ but its thermal stability increased.
Padalia et al. [20] found that the glass transition temperature
of PMMA reduced as it is doped with Fe;O,:Ce. Ding et al.
[21] revealed that the thermal stability of Fe;O,/polyimide
nanocomposites improved while the band gap reduced with
increasing the Fe;O, loading amount.

The investigation of different optical dispersion param-
eters of ferrite loaded in PMMA matrix is rarely investi-
gated in the literature. Therefore, the aims of the present
work is prepared Cd,_,Mn Fe,O,/PMMA nanocomposites,
then, investigate the structural properties of the obtained
nanocomposites using Fourier transform infrared and X-ray
diffraction techniques. Finally, the effect of ferrite doping
on absorption, transmittance, refractive index, other optical
behavior and photoemission properties of PMMA loaded
with nano Cd,;_ Mn Fe,0, ferrite is studied using UV—Vis.
Spectrophotometer and photoluminescence spectroscopes.

2 Experimental

Nano Cd,_Mn Fe,0, (x=0, 0.3, 0.5, 0.7) ferrite was pre-
pared by hydrothermal procedure; a stoichiometric amount
of ferric, manganese and cadmium chlorides were dissolved
in distilled water using a magnetic stirrer. The pH of the
solution was modified to be 12 by adding NaOH solution
before transferred it to a Teflon-lined autoclave. The auto-
clave was put inside furnace and heated at 180 °C for 20 h.
The formed samples were got by washing and filtering the
solutions several times using distilled water and anhydrous
ethanol and then dried at 50 °C in a vacuum. The compos-
ites PMMA/Cd,_,Mn,Fe,0, films were formed by solution
casting procedure. Powdered PMMA was dissolved in chlo-
roform to obtain a clear solution. Then Cd,_,Mn,Fe,O, was
added to the above solution and sonicated for 30 min in
weight ratio x (0.5 wt%) with regard to PMMA according
to the next relation:

Wy

Wp+Wf

x(Wt%) = x 100

where w, and w, are the weights of ferrite and PMMA
respectively.

Then the solutions were casted in Petri dishes and left in
air for 3 days. X-ray diffraction was gathered in step-scan
mode (20 =10-80) using Panalytical diffractometer (X pert
MPD, Cu-K ). The instrumental broadening was corrected
by LaBg standard. The crystal structure and microstructure
were evaluated using Rietveld profile procedure applying
MAUD software [22]. UV spectra of different samples were
carried out by UV-vis. Spectrophotometer (Model Tomos
UV-1800). Photoluminescence (PL) data were recorded by
a luminescence spectrophotometer (RF-1501 SHIMADZU,
Ltd.). Fourier transform infrared (FTIR) spectroscopy
(Bruker Tensor 27 FTIR Spectrometer) was measured in
400-4000 cm ™' range.

3 Results and Discussion
3.1 X-ray Diffraction and Structural Analysis

Figure 1a reveals the phase analysis of X-ray diffraction pat-
terns (XRD) of the Cd,_,Mn, Fe,O, samples. Search match
analysis indicated that all samples have spinel structure with
some minors of Fe,0; phase for some values of x. Rietveld
analysis investigation is carried out by MAUD software [22];
Table 1 provides the refined structural parameters and Fig. 1
illustrates the XRD pattern fitting for samples with x=0 and
0.3. During the Rietveld refinement, it is found that Cd**
cations prefer to reside in 8b tetrahedral positions, while
Mn?* cations preferred to occupy 16d octahedral positions.
Inspecting Table 1, it is found that the lattice parameter (a)
and oxygen position parameter (#) decreased, while the
crystallite size increased as the manganese doped amount
increased. The decrease in the cell parameter is attributed
to the difference in ionic radii; 0.78 A for Cd** and 0.66 A
for Mn**. The formation of Fe,05 is supposed to be as a
result of the presence of Mn** and/or an error in the start-
ing material weights; percentage of the Fe,O; minor phase
is changed with the of Mn content. The XRD patterns of
PMMA and PMMA/Cd,_ Mn Fe,O, nanocomposites are
revealed in Fig. 1b. The figure showed a typical XRD pattern
of PMMA with some broad diffraction peaks convoying dif-
fraction lines. The XRD patterns show no difference between
pure PMMA and PMMA doped with Cd;_,Mn,Fe,0, due to
the small percentage of ferrite doping amount. Nevertheless,
no diffraction pattern for Cd,_,Mn Fe,O, is a good mark
that it is homogeneously dispersed all over the PMMA with
no clustering.

3.2 Infrared Spectroscopic Study
Fourier transformation infrared (FTIR) spectra of

Cd,;_Mn, Fe,O, in PMMA matrix are revealed in Fig. 2.
The FTIR spectrum of pure PMMA revealed the functional
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Fig. 1 XRD patterns for a nano Cd,_ Mn,Fe,O, ferrite and b pure PMMA and PMMA loaded with Cd,;_,Mn,Fe,O, nano ferrite with Rietveld

analysis for ¢ CdFe,0, and d Cd, ;Mn, ;Fe,0,

Table 1 The lattice parameter (a), oxygen position (u), crystallite size
(CS) and the amount of Fe,O; phase obtained from Rietveld refine-
ment for nano Cd,;_,Mn,Fe,O,

X a(A) ()0 CS(nm) Fe,0; %
0 8.708 0.3915 51 0.0

0.3 8.682 0.3909 71 10

0.5 8.632 0.3898 71.5 15

0.7 8.515 0.3797 123 5

groups exist in the pure PMMA. A peak emerged at
1745 cm~! owing to the existence of ester carbonyl group
stretching vibration, C=0 stretching [23]. The band at
3438 cm™' is belonged to C=0 stretching frequency [23].

@ Springer

The peak at 2958 cm™' is ascribed to the existence of
stretching vibration of C-H [23]. The peaks ranging from
1000 to 1260 cm™! can be clarified due to the C—O (ester
bond) stretching vibration [23]. The peak at 1480 cm™!
is assigned to C=C stretching [23]. It is obvious that the
peak positions of Cd,_,Mn,Fe,O0,/PMMA are approxi-
mately constant for all nanocomposite samples. This
could be clarifying as the following: when ferrite doped
polymer, ferrites occupied the positions of the voids in
the network of the polymeric chains. Consequently, there
is no stress of the nano-ferrite on the polymer matrix. The
vibrational modes of tetrahedral metal-oxygen and octa-
hedral metal-oxygen [9-11] did not notice in the FTIR
spectrum because of the low amount of nano ferrite doped
in PMMA matrix.
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Fig.2 FTIR for pure PMMA
Cd,_Mn,Fe,0, nano ferrite

and PMMA loaded with

3.3 UV Spectral and Dispersion Characteristics
for PMMA/Cd,_,Mn,Fe,0, Nanocomposite

Figure 3 shows the absorbance and transmittance-wave-
length dependence for undoped and doped PMMA with
Cd,_,Mn,Fe,0,. As shown in the figure, the absorption peak
of PMMA doped nanocomposites has been increased as com-
pared with undoped PMMA sample. On the other hand, it
is obvious that transmittance reduced as PMMA loaded with
ferrite. A similar effect was observed in ZnSe:Mn/ZnS [18] or
CrCl, [24] or KMnO, [25] or iron chromate-102 [26] loaded
PMMA nanocomposites. This changes either in absorbance
or transmittance spectra indicated the existence of a chemical
interaction between PMMA and doped ferrite. The rise in the
absorption is ascribed to the existence of ferrite in PMMA
matrix, which increased the absorbing ability of the nanocom-
posite matrix. On the other hand, the transmittance of PMMA
is the highest among all nanocomposites because it does not
have free electrons; electrons are strongly connected to their
atoms throughout covalent bonds and the breaking of electron
linkage and moving to the conduction band required a photon
with high energy. As PMMA polymer loaded with ferrite, part
of incident light is absorbed by the substance and does not
penetrate through it, thus the transmittance of the nanocom-
posites is reduced.

The optical energy band gap (E,) of the nanocomposite
films was determined using Tauc’s relationship [27]

ahv = B(hv - E,)"
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Fig.3 UV-vis: a absorption and b transmittance spectra for pure
PMMA and PMMA loaded with Cd,_ Mn,Fe,0, nano ferrite

where a, B, n and ho are absorption coefficient, const
depends on electronic transition probability, characterize the
kind of electronic transition (n=1/2 or 2 for direct or indi-
rect transition, respectively) and photon energy, respectively.

Figure 4 represents the relation between (athv)? and ho for
PMMA and PMMA loaded with Cd;_,Mn Fe,0,. The direct
band gap can be evaluated by extrapolating the linear part of
the curve (ahv)? against hv to zero absorption value. The cal-
culated band gap values are tabulated in Table 2. From the
table the direct energy gap for pure PMMA is 4.56 eV which is
larger than the value obtained by Ramli et al. (4.2317 eV) [28]
and slightly larger the value got by Elimat et al. (4.5 eV) [29].
As PMMA loaded with ferrite, the energy gap changed, similar
effect was observed in carbon nano-tubes/PMMA nanocom-
posite [30]. Such variation in the value of E, may be owing
to the formation of chemical bonding between PMMA chains
and doped ferrite responsible for the generation of localized
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Fig.4 Plots of ahv)? versus the photon energy (hv) for pure PMMA
and PMMA loaded with Cd,_ Mn,Fe,O, nano ferrite

states (charge transfer complexes) between the HOMO and
LUMO energy bands allowing the lower energy transitions
possible which relies on the defects inside the material; as the
quantity of Mn-doped increased the crystallite improved and
also the quantity of Fe,O; phase altered inside the samples,
see XRD part.

The refractive index is a significant parameter which per-
suades important information for the optical materials and is
considered as a complex quantity. The refractive index (n) can
be determined by means of the next equations [31]:

_1+R 4R

n= 7~
I-R (1-R)

R=1- /T« EXP(A)

o= 2.303 * absorbance
sample thickness

where R, T, k, a and A are the reflection, transmission,
extinction coefficient, absorption coefficient of the material
and the incident light wavelength, respectively. It is obvious
from Fig. 5 that the refractive index reduced with increase
the wavelength and increased with ferrite doping for all sam-
ples. As ferrite incorporated in PMMA matrix the density
increased, therefore the refractive index of nanocomposite
increased as compared with pure PMMA [30].

According to Wemple and DiDomenico single oscillator
model, the dispersion of refractive index below the inter
band absorption edge is given as [32]:

E.E
n’(h) =1+ ————
E? — (hv)

where E is the single oscillator energy that stimulates all
electronic excitation involved and E is the dispersion energy
which is associated with the average strength of the optical
transitions. The values of E, and E, can be directly evaluated
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Fig.5 The dependence of the refractive index (n) on wavelength ()
for pure PMMA and PMMA loaded with Cd,_,Mn,Fe,O, nano fer-
rite

Table 2 The optical parameters

. . . Sample E, Ey f n, A, (nm) €, (N/m*) S,
of the all investigated composite ( gV) V) V) ( eV)2 V) %1075 «
films for pure PMMA. (m3) 10°
and PMMA loaded with ' (nm2)
Cd,_Mn,Fe,O nano ferrite

PMMA 4.28 4.78 5.64 26.96 1.34 233.67 1.79 20.5 1.57
PMMA/Cd,_,Mn,Fe,0O,
x=0.0 4.3 5.43 5.02 27.26 1.45 239.64 2.11 11.1 1.93
x=0.3 4.26 10.33 7.46 77.06 1.55 162.63 2.39 35.9 5.27
x=0.5 4.56 6.11 5.09 31.09 1.54 185.21 2.39 37.6 4.04
x=0.7 4.31 7.29 7.01 51.10 1.43 169.93 2.05 20.8 3.63
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Fig.7 a Real and b imaginary parts of the dielectric constant for pure
PMMA and PMMA loaded with Cd,_,Mn,Fe,0O, nano ferrite

from the slope and intercept on the vertical axis of (n>— 1)~
versus (hv)? scheme as revealed in Fig. 6.

The refractive index at zero photon energy (n,), aver-
age inter-band oscillator wavelength (4,), the average
oscillator strength (S,), dielectric constant at the infinite
wavelength (e, =n?) and oscillator strength (f=E, E,)
can be calculated by means of the single term Sellmeier
oscillator [33]:

ni—l X A, 2
-1 _<7>
S A2
(nz_l)_ 002
1-%
/12

@ Springer

where

n?—1
o

2
/10

Figure 6 demonstrates the dependence plot of (n> — 1)
on 472 of the films. 4, and S, values can be calculated from
the slope and intercept of (n?2=1)"" versus 172 relations,
respectively.

The relation between the lattice dielectric constant (g;),
and the ratio between carrier concentration (N) and the

electron effective mass (m”) which is <i> can be esti-

m* )’
mated according to the following equation [33] by drawing
a relation between n? and A2, Fig. 6,

2 62 N 2
ea(5) ()
The values of (%) was got from the slope of the linear

part of the graph. The obtained values of £, E_, f, S, 4,
N

*

€., N, and are summarized in Table 2. Checking of

Table 2 one can notice that all the above parameters
changed irregularly due to several factors included the
defect and different phases inside the samples, see XDR
part. The real and imaginary dielectric constant is defined
as:

g, =n? —k* and &, = 2nk, respectively,

where €, and ¢; are real and imaginary parts of the dielectric
constant. The wavelength dependence values of €, and ¢; are
shown in Fig. 7 for pure and doped films. The values of €,
are higher than values of ¢;. Also all doped nanocomposites
materials have dielectric larger than pure PMMA owing to
the presence of extra density of state (DOS), resulting an
enhancement of the polarization that improves the values of
dielectric constant [34].

3.4 Photoluminescence (PL) Emission
of Cd,_,Mn,Fe,0,/PMMA Nanocomposites

Figure 8 reveals the photoluminescence (PL) emission
for PMMA and Cd,;_ Mn Fe,O,/PMMA nanocomposites
under 250 nm excitation wavelengths which is recognized
as a result of the structure defects inside the samples. As
noticed from the figure, PMMA emitted four sub emission
colors; in UV region (275, 324) nm and visible region
(549, 670) nm. Also, all nanocomposite samples emitted
four sub emitted colors; two in UV region and two invis-
ible region (green and orange). The UV emissions can
be attributed to band to band transition from valence to
conduction band [35]. The green emission peak at 533 nm
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is as a result of color centers connected to the oxygen
vacancies which trapped the excited electron giving rise
to FT center (with one electron) and F center (with two
electrons) [36]. The orange emission may be due to the
formation of deep traps levels inside the band gap [37].
Moreover, the PL intensities of all nanocomposite materi-
als have been enhanced upon doping PMMA with ferrite.
A similar trend was observed previously in CdSe/PMMA
[35], but the UV intensity quenched while visible emis-
sion was enhanced upon CdSe doped ratio increased. This
result is in contrary to our case where the intensity exhib-
ited an irregular trend due to the existence of the above
different factors; Cd,_,Mn, Fe,0,/PMMA nanocomposite
exhibited the highest PL intensity while Cd,_,Mn, Fe,0,/
PMMA nanocomposite showed the lowest one.

4 Conclusion

Fourier transformation infrared showed the charac-
teristics bands for PMMA and the band positions of
Cd,_,Mn Fe,0,/PMMA are approximately constant for all
nanocomposite samples. UV analysis revealed that absorb-
ance was enhanced while transmittance was reduced as
PMMA loaded with nano ferrite. The direct energy gap
for pure PMMA is 4.56 eV and as PMMA loaded with fer-
rite it changed depending on the defects present inside the
material. The refractive index increased as ferrite incorpo-
rated in PMMA matrix due to the increase of the density.
All optical parameters changed irregularly due to defects
and the present of Fe,O; phase inside the doped ferrite
samples. All doped nanocomposites materials have dielec-
tric larger than pure PMMA. Photoluminescence investiga-
tion revealed that Cd;_,Mn Fe,0,/PMMA nanocomposites
have emitted four sub-emitted colors; in UV and visible
regions (green and orange) depend on the location of the
defect in the band gap of the material.
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