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In this work, a simple method was used to prepare the MnO, nanoparticles. These nanoparticles then were characterized by several
techniques, such as X-ray diffraction, Fourier transform infrared spectroscopy, scanning electron microscopy (SEM) and atomic force
microscope (AFM). The results showed that the diffraction peak of MnO, nanoparticles was similar to that of standard data. The images of
AFM and SEM indicated that the MnO, nanorods were growing from the MnO, nano spherical shape. PV A-pentaerythrito/MnO,
nanocomposite films were fabricated by evaporating casting method. The dielectric constant and loss tangent of P-Ery/MnO, films were
measured between 10 kHz and 1 MHz using LCR. As the content of MnO; increased, the dielectric constant decreased from 1.6 to 1.3. The
loss tangent of P-Ery was very low at 400 kHz, which increased by an increase in the MnO, content. Thermogravimetric analysis and

Scanning electron microscope methods were used to investigate the thermal stability and surface analysis of the films.
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INTRODUCTION

Materials with low dielectric constant were developed to
replace the silicon dioxide as interlevel dielectrics [1].
These materials show great application in the fields of
semiconductor packaging, interlayer dielectric, electronic
and communication devices. A potential problem in this
field is resistance-capacitance delays, cross-talk noise, and
excessive power dissipation [2,3]. Therefore, researchers
have used materials having more insulating and low
dielectric constant (< 2.5 or ultra-low < 2.0) [4-7].

Generally, according to the Clausius-Mossotti equation
[8], various approaches have been devised to design
insulating polymer materials and materials with reduced
dielectric constant value. The former is the materials that
have low electric dipole chemical bonds such as alicyclic
groups, fluorinated groups, or those that introduce large
molar bulk such as fluorine, phenyl, and biphenyl to the
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molecular design [9]. The second one is the materials which
can reduce the total number density of dipoles by effectively
rearranging the material structure or increasing the fiee
volume [10,11]. The incorporation of nanometer-sized pores
within the polymer matrix also can reduce the dielectric
constant value. Porosity may be introduced within a
material without any treatment (constitutive porosity) or by
adding an ingredient or selective etching (subtractive
porosity).

Several researches have been focused on synthesis of
novel class of materials, organic and inorganic composites
with low dielectric constant such as silica, doping silica,
organic polymeric materials, and silsesquioxane [2]. For
example, Yiwu et al. has reported a new polyimide with the
lowest dielectric constant (¢') of 1.52 at 10 kHz and with a
glass-transition temperature (Tg) of 280 °C [12]. Yang et
al. has developed a novel class of organosilicates from sets
of triblock polymers, poly (ethylene oxide-b-propylene
oxide-b-ethylene oxide) as sacrificial materials in
poly (methyl silsesquioxane) with an ultra-low-dielectric



Merza & Fadil Mousa/Phys. Chem. Res., Vol. 10, No. 3, 325-331, September 2022.

constant of less than 2.0 [13]. Silica/polyimide (SiO,/PI)
composite nanofiber membrane using two approaches sol-
gel and electrospinning was prepared by Leipeng ef al. The
dielectric constant of the composite membranes changed in
the range of 1.78 to 1.32 with increasing the content of
Si0,. The thermal stability of PI increased after mixing with
SiO, [14]. Zhang et al. have also incorporated nano-fillers
into the PI matrix to obtain a composite with a low
dielectric constant of 2.8 [15]. Abdulwahhab et al. prepared
and studied electrical and dielectric properties of ternary
hybrid nanocomposite: reduced graphene oxide, MnO,
nanorod, and poly (anthranilic acid) embedded in poly
(vinyl alcohol). The dielectric constant and the loss tangent
(tan 3) for nanocomposite were in the range of 1.42 to 2.06
and 0.2 to 0.41 at frequencies of 2 MHz and 10 kHz,
respectively [16].

In this work, a new ploy (vinyl
pentaerythritol  (Ery)/MnO, composite
dielectric constant was fabricated by a simple solution

alcohol) (P)-
with  ultralow

mixing. Dielectrical and thermal properties were used to
characterize the dielectric films.

EXPERIMENTAL

Materials

Ploy (vinyl alcohol) is fully hydrolyzed from SIGMA.
Pentaerythritol and all other chemicals were analytical grade
and provided from Fluka.

Preparation of MnO; Nanoparticles

MnO, nanoparticles were synthesized according to the
references [17,18] where 0.3 M KMnQO, was added with
spray technique to 1.9 M MnSO,. HNO; was added to
adjust pH at 1 and the reaction was refluxed at 60-100 °C
for 8 h. The mixture was ultrasonicated for one hour .The
product was filtered, rinsed and dried in vacuum at 100 °C
for 2 h. MnO, nanoparticles were synthesized according to

Eq.(1)

MnO; ,, +4H ") +3e” — MnO, +2H,0 (D

(aq)

Preparation of P-Ery/MnQ, Nanocomposite
5 g Ploy (vinyl alcohol) was dissolved in 100 ml
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deionized water at 90 °C for 1 h, the solution then cooled to
R.T. Appropriate weight of pentaerythritol was added to
10 ml of 5% ploy (vinyl alcohol)
ultrasonicated using probe sonication to prepare ratio of
ploy (vinyl alcohol)/pentaerythritol blend (P-Ery) (90:10)
which has good transparency. Different weights of MnO,
nanoparticles (0.03, 0.05, 0.08, and 0.11%) were added to
10 ml (P-Ery) blend with ultrasonic for one hour until a
homogeneous solution was obtained. The P-Ery/MnO,
nanocomposite was fabricated by evaporating casting

solution with

method. The solution poured into a clean square glass
(dimension 2.5 x 3 cm) and kept at R.T for one day. After
drying the films pull off.

Characterization

Dielectric performances of prepared nanocomposite were
investigated using a precision LCR meter (8101G) with a
frequency range of 10 kHz to 1 MHz. Scanning electron
microscopy (Zeiss) (Germany) (SEM) and atomic force
microscopy compact (AFM) PHYWE (Germany) were used
to find out the morphology of the P-Ery, P-Ery/MnO,
nanocomposite and MnO, nanoparticles. The thermal
properties were estimated by thermal gravimetric analysis
TGA (Universal V4.5A TA Instruments) under air
atmosphere with heating rate of 10 °C min™. Also, X-ray
diffraction (XRD) 6000 Shimadzu (Japan) with an incident
Cu-Ka (A = 1.54 A), 30 mA and 40.0 kV; scan range
(26 = 5-80°), and scan speed (10 deg min") was applied.
FT-IR spectrophotometer, Shimadzu, 8400s, (Japan) was
used.

RESULT AND DISCUSSION

AFM and SEM of MnO, Nanoparticles

Figure 1A shows the two dimension histogram of the
growth of spherical MnO, nanoparticles with length of
127.1 nm. Figure 1B shows the cross section of MnO,; their
typical diameter and particle size was 5.48, 12.48 nm,
respectively. Figure 1C shows a SEM image of the growth
MnO, nanorods with highly accumulation as shown in
arrows.

FT-IR of MnO, Nanoparticles
The FT-IR spectrum of MnO, nanoparticles is presented
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Fig. 1. AFM images of MnO, nanoparticles (A)2 D (B)
cross-section (C) SEM image of MnO, nanoparticles
with 200 nm magnification.

in Fig. 2. The graph gives absorption peaks of Mn-O bond
at 526 cm” and 480 cm™ [19]. The peak at 716 cm’
assigned to the stretching mode of MnOg octahedral along
the double chain [20,21]. These peaks confirm that the o-
MnO, was obtained. The peak at 3383 cm” can be
attributed to the vibrations of adsorbed water molecules.
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Fig. 2. FT-IR Spectrum of MnO, nanopatricles.
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Fig. 3. X-ray Diffraction pattern of as-synthesized MnO,
nanoparticles.

The bands at 1635 cm™ and 1074 cm™ are related to the O-
H bending vibration.

XRD of MnO; Nanoparticles

The XRD powder pattern of MnO, was presented in
Fig. 3. The diffraction peaks at 20 = 12.69, 18.1, 28.75,
37.5, 42.02, 49.8, 56.4, and 60.09 are attributed to the
crystal planes of a-MnO, (JCPDS card No.44-0141) [22].
The mean size (t) of MnO, nanoparticles was estimated
from Debye-Scherer’s formula Eq. (2) and calculated as
11.8 nm using the strongest diffraction peak of (211)

k
Pcosb

@)

t=21

Where k is the Scherer constant (0.9), (A = 0.1541 nm)
for Cu Ka radiation source,  is the angular full width at
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half maximum peak (FWHM) intensity in radian, and 8 is
the Bragg angle (deg). No peaks of other phases were
detected that indicated a high purity of the synthesized
product.

Dielectrical Properties

The dielectric constant (&) of the P-Ery and P-Ery/MnO,
nanocomposite films were calculated by using capacitance
measurement via the following formulation:

PO 3)

Where (c), (¢), (d), and (A) are the capacitance in Farad
(F), permittivity of free space (8.854 x 107 F.m’,
thickness of the sample (m), and the area of the electrode
(m?), respectively. The thickness of films was measured
using vernier caliper in range of (0.2 x 10°-0.35 x 107) m’
and the electrode area used in this investigation was 1.32 x
10 m” The respective plot of dielectric constant and loss
tangent of P-Ery blend and P-Ery/MnO, nanocomposite as
function of frequency (10 kHz-1 MHz) is shown in Fig. 4.
As shown in this Figure, the dielectric constant of P-Ery
(90:10) blend has low values from 1.65 to 1.59 within the
range of frequencies. This may be due to the presence of
bulky and pendant OH groups of pentaerythritol, which
have limit chain packing density and limit movement of
freedom chain. By increasing the MnO, content, the
dielectric constant of P-Ery/MnO, nanocomposite was
decreased to ultralow value of 1.11 at 1 MHz; this may be
due to the rearrangement of the structure of P-Ery blend via
forming the constitutive voids and tight interface between
MnO, NPs and P-Ery matrix.

In interlayered packaging and related applications, the
loss tangent (tan &) or dissipation factor is a critical
parameter to determine the dissipation of heat energy of
dielectric material. The loss tangent was determined using
the equation below:

tand=¢'/& “)

In above equation, (&") is the imaginary part. Figure 4
shows the loss tangent of P-Ery and P-Ery/MnO, composite.
At the frequency of 400 kHz, the dielectric losses of P-Ery
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Fig. 4. Dielectric constant and loss tangent of P-Ery and
P-Ery/MnO;, nanocomposite with different
concentration of MnQO,.

with different content of MnO, were 0.029, 0.013, 0.011,
and 0.012. As MnO, content increases, the absence of the
interfacial defects and polarization due to the compatibility
between MnO, and P-Ery composite possibly results in a
low loss tangent. The dielectric loss of P-Ery was very low,
lower than the values reported in literature [14,16], which
was sufficient for practical applications. The values of tan &
of P-Ery and P-Ery/MnQO, nanocomposite films at 10 kHz,
400 kHz, and 1 MHz are summarized in Table 1.
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Table 1. Values of Loss Tangent of P-Ery and P-Ery/MnO,
Composite at 10 kHz, 400 kHz and 1 MHz

Samples 10kHz 400kHz 1 MHz
P-Ery 0.057 0.003 0.029
P-Ery/MnO, (0.03) wt% 0.052 0.029 0.050
P-Ery/MnO, (0.05) wt% 0.049 0.013 0.036
P-Ery/MnO, (0.09) wt% 0.048 0.011 0.040
P-Ery/MnO, (0.11) wt% 0.051 0.012 0.040

Morphology of P-Ery and P-Ery/MnOQO, Films

SEM was carried out to investigate the surface analysis
and effect of dispersion of MnO, in P-Ery matrix. As shown
in Fig. 5, the surface of the P-Ery and P-Ery/MnO, (0.03)
wt% nanocomposite were observed to be relatively rough.
At higher content of MnO,, SEM image shows formed
adventitious pores which were the essential reason for
diminishing dielectric constant [9]. Also the dispersion of
MnOQO; in the P-Ery matrix was homogeneous demonstrating
good compatibility and good interaction between MnO, NPs
and P-Ery matrix.

Thermal Properties of P-Ery and P-Ery/MnO,
Films

TGA was used to deduce the thermal stability of P-Ery
and P-Ery/MnO, films. It shows the alteration in mass of a
sample as a function of temperature in atmospheric
conditions. The details of TGA data for P-Ery and P-
Ery/MnQO, films are presented in Table 2. It can be seen
from the table that the main thermal decomposition of P-Ery

Table 2. TGA Data of Samples

Sample Weight loss Temperature
(%) C)
P-Ery 3.57 150
70.66 410
P-Ery/MnO, 442 201
(0.03) wt% 76.20 400
P-Ery/MnO, 5.19 201
(0.11) wt% 69.05 395
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started at 150 °C and the temperatures of the main thermal
decomposition film samples shifted to the higher
temperature region (200 °C) with the addition of MnO, °C.
The temperature of maximum rate of P-Ery, P-Ery/MnO,
(0.03) wt%, and P-Ery/MnO, (0.11) wt% samples were
found to be 410, 400, and 395 °C, respectively.

CONCLUSIONS

In this work, a series of P-Ery and P-Ery/MnO,
composites were fabricated. The dielectric constant was
reduced to 1.1 at 1 MHz by an increase in the content of
MnQO, at room temperature. Further investigation of the
dielectric properties of composites has shown low dielectric
loss of < 0.029 at 400 KHz. The thermal stability was
studied by TGA. The result showed that the P-Ery/0.03 wt%
MnO; nanocomposite had good thermal stability with
4.42 wt% loss temperature of 201 °C and a residual of
76.20% at 400 °C. The incorporation of MnO, nanoparticles
results in a good dielectric providing characteristics for
high-performance electronics.
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