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Three novel nanocomposites were synthesized using the co-
precipitation method: lead oxide (B-PbO-massicot), lead ferrite
(PbFegO1s), and lead ferrite polypyrrole (PbFe207:PYY). The
magnetometer with vibrating-sample-VSM, thermal stability via
gravimetry analysis-TGA, Raman, scanning field emission
scanning electron microscopy-FESEM, and x-ray diffraction
spectroscopy-XRD were used to characterize the nanocomposites.
According to XRD measurements, -PbO and PbFe207:PYY have an
orthorhombic crystal structure, while PbFesO1s has a monoclinic
structure. To calculate crystallite size, the Scherrer model was
utilized, which provided a significant value in $-PbO and a small
value in PbFe207:PYY. Raman’s research revealed a significant
change in the composite structure, indicating the creation of
nanomaterials. According to the AC conductivity tests, 3-PbO has
a lower conductivity than PbFes0O1s, however, PbFe207:PYY has a
higher conductivity. When assessed using the VSM technique,
PbFes01s has higher Ms values.
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Introduction

temperature yellow form, on the other hand,
may persist at normal temperature. PbO is a

Selectivity and activity are two features that
organo-inorganic hybrid compounds can have
[1,2]. They promote CO: adsorption and
conductivity, among other physicochemical
features. They also have more active site types,
more active site exposure, and altered
reaction pathways [3,4]. Because of their
many phases, lead oxides are intriguing
substances. PbO (o, § and amorphous), Pb,03,
Pb304, and PbO; (a, f and amorphous) are the
four basic kinds [3,4]. PbO is polymorphic and
has a large band gap. The yellow -PbO is one of
these two forms and it is stable at
temperatures over 425 °C. The red a-PbO,
which is stable at low temperatures, is the
second form. At around 490 °C, the a-PbO
phase transforms to -PbO [5,6]. The high-
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high-dielectric-constant transparent
conducting oxide (TCO) [7]. Furthermore, it is
a substance with a high refractive index.
Hematite (Fe»03) has a 2.1 eV of band gap
and it is a semiconductor compound of n-type.
As an inexpensive semiconductor material,
iron oxide is extensively used in gas sensing
applications, catalyzed reactions, conversion
methods of solar energy, batteries of lithium
ion, purification processes, splitting of water,
and bio-medicine claims among further
applications [8,9]. Due to their unique
properties and potential applications,
conductive polymers have attracted a lot of
attention in the last three decades [10,11].
Nanocomposites of
polymers and metal oxides are becoming

made conductive

Page |1044


http://echemcom.com/
https://orcid.org/0000-0002-4243-4793

Page |1045

; Eurasian
@’)}m Chemical

Communications

increasingly popular in a number of
applications. Previous research has shown
that metal oxides can raise the dielectric,
electrical, mechanical, and optical
characteristics of conductive polymers [12].

Conductive polymers having conjugated
double bonds have recently attracted a lot of
interest for application in conductive thin
Polypyrrole (PPy) has sparked
particular attention because to its excellent
environmental stability, ease of synthesis, and
high electrical conductivity [13]. Chemical
oxidation of pyrrole (Py) or electrochemical
polymerization techniques can be used to
synthesize PPy. Many parameters can
influence PPy characteristics, including
synthesis technique, polymerization rate,
solvent nature, and reaction medium pH [14].
The chemical polymerization of pyrrole is
particularly essential, since it allows for the
manufacture of PPy on a larger scale [15]. The
aim of the study is to synthesize novel
nanocomposites to improve the physical
features of lead oxide, as well as to investigate
the structures of nanocomposites created
using a new microemulsion process.

films.

Experimental
First step: synthesis of lead oxide (PbO)

10 molars of sodium hydroxide were prepared
by dissolving 40 gm of it in 100 mL of
deionized water. Then, lead nitrate [Pb (NO3)-]
solution was prepared by dissolving 11.871 g
of lead nitrate in 100 mL of deionized water
through 30 minutes. The above solution of
sodium hydroxide was added from the burette
dropwise to the nitrate solutionata pH=8and
a temperature of 60 °C. The appearance of a
white foggy solution indicates the formation of
lead hydroxide and the stirring was continued
for 4 hours. The precipitate was dried for 12
hours ata temperature of 110 °C, and then was
burned at a temperature of 600 °C and ground
in a ceramic mortar to obtain a very fine
powder.

etal. A.K. Abass

Second step: synthesis of lead iron oxide
[PbFe,901g]

By dissolving 40 gm of sodium hydroxide in
100 mL of deionized water 10 molars of
sodium hydroxide were yielded. Then, 5.9355
gm of lead nitrate [Pb (NOs).] and 10.1197 gm
of iron nitrate [Fe (NO3)3.9H:0]
dissolved in 100 mL of deionized water to
prepare a lead iron nitrate solution. At
pH=8and 60 °C, the sodium hydroxide solution
was dropped into the nitrate solution from the
burette. The formation of a dark brown
solution indicated the production of lead iron
hydroxide and stirring was continued for
another four hours. The precipitate was dried
for 12 hours at 110 °C, then calcined at 600 °C
and was grounded into a fine powder in a
ceramic mortar.

were

Third step: synthesis of lead iron oxide
polypyrrole (PbFe;07:PYY)

0.2884 gm of Sodium dodecyl sulfate (SDS)
was dissolved in 100 mL of deionized water at
60 °C until a clear and homogeneous solution
was reached. 0.81102 gm of ferric chloride
(FeCl3) was dissolved in the above solution
and the mixture was placed at a temperature
of (0-4) °C. Newly distilled pyrrole was added
to the mixture drop by drop and at the same
time, 3 gm of lead iron oxide was added and
stirring was continued for 4 hours. Then, the
precipitate was washed with ethanol and with
deionized water many times.

Results and discussion
FESEM analysis

Field-emission scanning electron microscopy

was utilized to investigate the surface
morphology of the produced nanomaterials as
in Figure 1. The shape of PbOmassicot with the
stacked folded sheet’s structure created by the
co-precipitation approach and PbFegO1s take
the large lumps of small granules. The
scanning pictures designate a

uniformity distribution of particle size and the

relative
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particles seem to be sphere-shaped and
agglomerative due to a variety of attractive
interactions such as coulomb and Vander Waal
attractions, hydrogen bonding as well as
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physical contact between the nanoparticles.
PbsFe;07: PYY is a folded paper-like material
with very minute grains.
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FIGURE 1 FESEM images of -Pb0, PbFegO1s and PbzFe;07:PYY

XRD analysis

Figure 2 shows the XRD patterns of the
synthesized lead i
nanocomposites. PbO has thirty diffractions at
maxima of 260 (28.5592) and d-spacing

oxide and its

3.12558, PbFeg01s has twenty diffractions at
maxima 26 (29.0561), and d-spacing 3.07326,
whereas PbsFe;07: PYY has twenty-three
diffractions at maxima of 26 (29.8132) and d-
spacing 2.99691.
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FIGURE 2 XRD diffractions of 3-PbO, PbFeg01s, and PbsFe,07:PYY

To identify the lead oxide XRD peaks,
(Crystallographic Database Code Amcsd
0010011) was employed [16-21]. Peaks at 20
(29.1, 30.38, and 53.14) had been discovered
to be appropriately cataloged to [-PbO
(massicot kind) which had a crystal form of
orthorhombic system. Miller indices were
estimated via utilizing phase identification
programs of XRD and specified at the XRD
peaks. In XRD diffractograms of PbFegOis
nanoparticles, 20 at (29.1, 30.3, and 38) refers
to lead oxide (Pb0O) of massicot type and peaks
at (26 27.5,32.01, and 49.11) belonged to iron
oxide (FegO17) of schwertmannite type
according to Database numbered 0017807 of
acta crystallographic.

From the XRD phase identification for the
PbsFe;07:PYY nanocomposite at 26 (26.85,

50 60 70 80

30.85, and 33.6), lead oxide possessed minium
kind (Pbs04)whereas iron oxide was hematite
type (Fe203) by indexing at 260 (26.85, 28.4,
and 29.9). It has already been noted that a
peak at 206 between 20-28°
corresponds to the distinctive peak of PYY
[22].

Table 1 indicates the decrease in the
density of unit cell due to the increase in the
number and size of unit cells. The contact
between the segments was discovered to be
the cause of the association between crystal
deformations and dislocation density [23].
PbO possessed greater crystallinity, while
PbsFe;07:PYY had lower crystallinity, due to
the increased amorphousness for amorphous
Fe;03 and amorphous polypyrrole [24-26].

broader
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TABLE 1 Crystallographic variables of B-PbO, PbFegO1s, and PbsFe;07: PYY nanocomposites

Disloc Patte

Cell parameters

. No. Den
ation rson Cell . Crystall  Cell
N;Iilcolle)a (1]1)111)1) densit U(I)lfit Space b volu ilt}c’ inity volu
y (r;m' cell Grou @ B ¥ & C me 153) (%) me
2
p
260 0.002 356 Pmm 90. 900 90. 12. 64 33 260. 260.
PbO 299 1 57 m 00 0 00 13 2 5 49 9.96 7160 49
PbFesO 179 0.003 112 90. 115. 90. 13. 12. 15. 2365 2365
18 060 8 79 P2/m 00 30 00 47 81 16 .09 >11 4610 .09
PbsFe: 114 0.008 682 Pmm 90. 900 90. 18. 11. 12. 2717 353 2951 2717
07: PYY 954 2 8 m 00 0 00 17 90 56 .82 ) ) .82
Raman identification schwertmannite  peaks at (219.9227,

Raman spectra collected over a wide spectral
range (60 to 3500) cm indicated distinct
massicot peaks at (87.1764, 142.4454,
290.0771, and 383.8443) cm, as displayed in
Figure 3. The Raman bands are consistent with
previous references [27]. Changes in the
methodology and the location of holes in the
unit cell might cause the relative positions of
the peaks to shift [28]. Figure 4 depicts the loss
of massicot peaks (87.1764, 142.4454, and
290.0771) cm- and the creation of additional

319.3932, and 545.9959) cm'!, demonstrating
the formation of the PbFegO1s.

According to the IRUG Filename:
RMP00042 database, the peak at 89.7375,
138.424, and 262.6492 cm-! belongs to lead
oxide of the minium kind. The peak at
407.9952 and 498.9260 cm! represents
hematite, whereas the peaks at 1060 and
1368cm-! indicate polypyrrole [29]. Findings
which were acquired by using the Raman
analysis are comparable to those obtained

using the XRD technique.
peak at 131.0657 cm', as well as weak
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FIGURE 3 Raman spectra of 3-Pb0O, PbFeg01g and PbsFe,07:PYY
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Conductivity tests

The dielectric and electrical conductivity
behavior of the prepared nanomaterials were
depicted in Figure 4. A frequency range of 50
Hz to 1 MHz was employed in the experiment.
In the low-frequency domain, (- PbO
nanoparticles exhibit minimal conductivity,
which lasts up to 40 kHz, although PbFegO1s
and  PbsFe;07:PYY nanoparticles have
conductivity up to 3.5 kHz and 2.5 kHz,
respectively. PbsFe;07:PYY exhibited a greater
conductivity of 17.4564 x 104 Sm- than (-

etal. A.K. Abass

PbO, which was 18.281 x 107 Sm, as
observed in Table 2.

Because enormous charge carriers of Fe,0s3,
Feg01s, and polypyrrole are produced as a
result of their own adequate energy, the
conductivity of synthesized nanocomposites
rises with frequency, especially at high
frequencies. A non-continuous leap transition
charge carrier or its reorientation between
local levels of crystal boundaries increases the
frequency of the electric field applied to the
samples [30].

0.0020
PbO
0.0015
0.0010
= 0.0005
£ 0.0000
v 0.00144| PbFe O,
2'0.00108
=
‘s 0.00072
5
20.00036
8 0.260
Pb;Fe,0,:PYY
0.195
0.130
0.065
0.000

4 6

Log (f)

FIGURE 4 Conductivity measurements of 3-PbO, PbFegO1s and PbsFe,07:PYY

TABLE 2 Conductivity values of 3-Pb0O, PbFegO1g and PbsFe,07:PYY

. Conductivity (Sm1)
hELGL T E) 50 Hz (x10-) 1 MHz (x103)
B-PbO 0.0018 1.7280
PbFesO1s 0.1002 1.3985
PbsFe,07:PYY 0.0017 200.2658

Thermogravimetric studies

With a temperature range of (30-800) °C and
a flow rate of 40 mL/min, the thermodynamic
features and thermal stability of produced
nanocomposites were examined using
thermogravimetric analysis. The TGA graph

between temperature and weight loss, as

displayed in Figure 5, demonstrated the
thermal behavior of the nanocomposites. 3-
PbO and PbFeg0is nanocomposites were
demonstrated to be exceptionally stable and
did not break down appreciably across a wide
temperature range, whereas PbzFe;07:PYY
showed only the moderate thermal stability.
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FIGURE 5 Thermograms of 3-Pb0O, PbFeg01s and PbsFe,07:PYY

The thermal behavior of nanocomposites
includes two main stages: the initial stage is
connected with a relatively tiny percentage of
humidity loss, with PbFeg01glosing more than
others due to its wide pore diameter, whereas
B-PbO had tiny porosity because of its small
diameter. The adsorbed oxygen molecules are
released in the second stage, and PbFegOis
humidity in both
temperature series than other nanoparticles.
The beginning, final temperature, weight loss,
and onset temperature were illustrated in

frees much more

Table 3. Tables 4, 5, and 6 provide the
thermogravimetric functions of [-PbO,
PbFeg01s, and PbsFe;07:PYY for the various
temperature ranges. PbsFe,07:PYY had the
lowest activation energy (Ea), whereas 3-PbO
had the highest. The change in entropy (S) was
increased by adding other components to f3-
PbO as composites due to the rise in
amorphous nature and porosity (polypyrrole
and iron oxide). the thermal
processes occurred spontaneously due to the
minus sign of the Gibbs free energy.

Likewise,

TABLE 3 Thermogravimetric data of 3-PbO, PbFeg01s and PbsFe,07:PYY

Initial Ending . Weight Onset
Weight
Compound temperature temperature loss (%) loss temperature
(°Q) (°Q) (mg) (°O)
3-PbO 27.9200 800.1000 0.5000 0.0390 237.8100
31.2200 799.9400 3.2930 0.0880
31.2200 90.5300 0.3080 0.0080 55.9200
PbFegO1s 90.5300 435.7900 0.9900 0.0270 227.2500
435.7900 707.8700 1.3500 0.0360 611.1600
707.8700 799.9400 0.6450 0.0170 767.4100
PbsFe;07:PYY 30.8200 799.9300 11.5900 0.7170 378.6700
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TABLE 4 Thermogravimetric quantities of massicot (-Pb0O) at a set of temperatures

Temperature set

C) AE, (J/mol) AH (J/mol) AS (JK-1mol-1) AG (J/mol)
220-350 43904.8800 39499.9600 197.2300 -64996.0000
360-560 -4577.6400 -8982.5600 194.9400 -145024.0000
TABLE 5 Thermogravimetric quantities of PbFegO1s at a set of temperatures
Tempe(?(':t)“re St AE.(/mol)  AH(/mol)  AS(JKimol1)  AG (J/mol)
250-380 14042.9300 9638.0100 196.3100 -106583.0000
435-585 -4025.2400 -8430.1600 193.5600 -167792.0000
618-688 48107.4200 43702.5000 192.6500 -133295.0000

TABLE 6 Thermogravimetric quantities of PbsFe;07:PYY at a set of temperatures

Temperature set

C) AE, (J/mol) AH (J/mol) AS (JK-'mol-1) AG (J/mol)
100-345 9959.2900 5554.3700 196.8900 -103113.0000
VSM measurements similar sign, they do not eliminate completely,

The VSM approach was used to test the
magnetic performance of nanocomposites at
moderate temperatures using hysteresis
graphs of the samples at a set of fields from -
10000 to 10000. It was found that massicot is
paramagnetic and the magnetic material
(schwertmannite) in PbFegO1g produces more
magnetism than massicot as noticed from the
rising in the magnetization with the applied
magnetic field, the data were illustrated in
Figure 6.

Sublattices in magnetic materials contain
two magnetic moments, one per each.
Consequently, even if the moments have a

leading to a nonzero net moment. Between the
ferro and antiferromagnetic states, the
ferrimagnetic state occurs. As a result, a
magnetic properties are
identical to those of a ferromagnet at any
temperature. The magnetic characteristics of
PbsFe,07: PYY core shells are due to the Fe;03
core. A little amount in the Ms value for
PbsFe;07:PYY core shells further indicates the
existence of the polypyrrole shell on the Fe,03
core surface [31,32]. Table 7 illustrates that
the saturation magnetization (Ms) of 3-PbO is
0.01277 emu/g, whereas the Ms of PbFegO1s
core-shell is 1.42604 emu/g.

ferrimagnet’s

TABLE 7 Magnetic parameters of 3-Pb0O, PbFes013 and PbsFe;07:PYY

Compound Ms
PbO 0.0128
PbFes01s 1.4260

Pb3F6207: PYY 0.0182

Mr (x 10+4) Hc (x 104)
4.6819 0.0804

852.0000 4.4065
1.0000 0.0095
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FIGURE 6 Vibrating sample magnetometry measurements of 3-Pb0O, PbFeg01gand PbsFe,07:PYY

Conclusion

A co-precipitation approach was used to
synthesize lead oxide and its new
nanocomposites. According to the XRD
analysis, the lead oxide was massicot type in
PbO and in PbFegO1s, whereas the iron oxide
was schwertmannite type. In PbsFe;07:PYY,
lead oxide had minium type phase, while iron
oxide had a hematite type.It is worth to note
that nanocomposites’ surface shape altered
considerably which revealed that synthesis
was successful. According to Raman spectra,
nanocomposites display a wavelength shift,
and the results were comparable to XRD
investigations. As frequency increased,
conductivity increased, and the PbzFe;07:PYY
had a higher conductivity. Due to the presence
of more magnetic hematite, VSM analysis
revealed that PbFegOi1s has a strong
magnetism, and TGA study revealed that
nanocomposites are stable.

Acknowledgments

The authors are grateful to Al-Qadisiyah
University’s
finishing the laboratory synthesis of
nanomaterials, Baghdad University’s
Chemistry Department, and Tehran University
for different characterizations.

Chemistry Department for

Orcid:
Ahmed K. Abass:
https://orcid.org/0000-0002-4243-4793

References

[1] C. Sanchez, B. Julian, P. Belleville, M. Popall,
J. Mater. Chem., 2005, 15, 3559. [Crossref],
[Google Scholar], [Publisher]

[2] M. Faustini, L. Nicole, E. Ruiz-Hitzky, C.

Sanchez, Adv. Funct. Mater., 2018, 28,
1704158. [Crossref], [Google Scholar],
[Publisher]

[3] Z. Jiang, Y. Wang, X. Zhang, H. Zheng, X.
Wang, Y. Liang, Nano Res., 2019, 12, 2330-
2334. [Crossref], [Google Scholar], [Publisher]
[4] H. Li, C. Chen, D. Yan, Y. Wang, R. Chen, Y.
Zou, S. Wang, . Mater. Chem., 2019, 7, 23432-
23450. Scholar],
[Publisher]

[5] M. Salavati-Niasari, F. Mohandes, F. Davar,
Polyhedron, 2009, 28, 2263-2267. [Crossref],
[Google Scholar], [Publisher]

[6] L. Zhang, F. Guo, X. Liu, ]J. Cui, Y. Qian, J.
Cryst. Growth, 2005, 280, 575-580. [Crossref],
[Google Scholar], [Publisher]

[7] B.T. Ly, ]J.L. Luo, Y.C. Lu, Electrochim. Acta,
2013, 87, 824-838. [Crossref], [Google
Scholar], [Publisher]

[8] A. Miri, M. Sarani, A. Hashemzadeh, Z.
Mardani, M. Darroudi, Green Chem. Lett. Rev.,

[Crossref], [Google


https://orcid.org/0000-0002-4243-4793
https://orcid.org/0000-0002-4243-4793
https://doi.org/10.1039/B509097K
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B1%5D%E2%80%8E%09Sanchez%2C+C.%2C+Juli%C3%A1n%2C+B.%2C+Belleville%2C+P.%2C+%26+%E2%80%8EPopall%2C+M.+%282005%29.+Applications+of+hybrid+%E2%80%8Eorganic+inorganic+nanocomposites.+Journal+of+%E2%80%8EMaterials+Chemistry%2C+15%2835-36%29%2C+3559%E2%80%8E&btnG=
https://pubs.rsc.org/en/content/articlelanding/2005/jm/b509097k/unauth
https://doi.org/10.1002/adfm.201704158
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B2%5D%E2%80%8E%09Faustini%2C+M.%2C+Nicole%2C+L.%2C+Ruiz-Hitzky%2C+E.%2C+%26+%E2%80%8ESanchez%2C+C.+%282018%29.+History+of+organic-%E2%80%8Einorganic+hybrid+materials%3A+Prehistory%2C+art%2C+%E2%80%8Escience%2C+and+advanced+applications.+Advanced+%E2%80%8EFunctional+Materials%2C+28%2827%29%2C+1704158.+%E2%80%8E&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.201704158
https://doi.org/10.1007/s12274-019-2455-z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B3%5D%E2%80%8E%09Jiang%2C+Z.%2C+Wang%2C+Y.%2C+Zhang%2C+X.%2C+Zheng%2C+H.%2C+%E2%80%8EWang%2C+X.%2C+%26+Liang%2C+Y.+%282019%29.+Revealing+the+%E2%80%8Ehidden+performance+of+metal+%E2%80%8Ephthalocyanines+for+CO2+reduction+%E2%80%8Eelectrocatalysis+by+hybridization+with+carbon+%E2%80%8Enanotubes.+Nano+Research%2C+12%289%29%2C+2330-2334.+%E2%80%8E&btnG=
https://link.springer.com/article/10.1007/s12274-019-2455-z
https://doi.org/10.1039/C9TA04888J
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B4%5D%E2%80%8E%09Li%2C+H.%2C+Chen%2C+C.%2C+Yan%2C+D.%2C+Wang%2C+Y.%2C+Chen%2C+R.%2C+%E2%80%8EZou%2C+Y.%2C+%26+Wang%2C+S.+%282019%29.+Interfacial+effects+%E2%80%8Ein+supported+catalysts+for+electrocatalysis.+%E2%80%8EJournal+of+Materials+Chemistry+A%2C+7%2841%29%2C+%E2%80%8E%E2%80%8E23432-23450.+%E2%80%8E&btnG=
https://pubs.rsc.org/en/content/articlelanding/2019/ta/c9ta04888j/unauth
https://doi.org/10.1016/j.poly.2009.04.009
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B5%5D%E2%80%8E%09Salavati-Niasari%2C+M.%2C+Mohandes%2C+F.%2C+%26+%E2%80%8EDavar%2C+F.+%282009%29.+Preparation+of+PbO+%E2%80%8Enanocrystals+via+decomposition+of+lead+%E2%80%8Eoxalate.+Polyhedron%2C+28%2811%29%2C+2263%E2%80%932267%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0277538709002174
https://doi.org/10.1016/j.jcrysgro.2005.03.073
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B6%5D%E2%80%8E%09Zhang%2C+L.%2C+Guo%2C+F.%2C+Liu%2C+X.%2C+Cui%2C+J.%2C+%26+%E2%80%8EQian%2C+Y.+%282005%29.+Metastable+PbO+crystal+grown+%E2%80%8Ethrough+alcohol-thermal+process.+Journal+of+%E2%80%8ECrystal+Growth%2C+280%283-4%29%2C+575%E2%80%93580%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/pii/S0022024805004203
https://doi.org/10.1016/j.electacta.2012.10.006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B7%5D%E2%80%8E%09Lu%2C+B.+T.%2C+Luo%2C+J.+L.%2C+%26+Lu%2C+Y.+C.+%282013%29.+%E2%80%8EEffects+of+pH+on+lead-induced+passivity+%E2%80%8Edegradation+of+nuclear+steam+generator+%E2%80%8Etubing+alloy+in+high+temperature+crevice+%E2%80%8Echemistries.+Electrochimica+Acta%2C+87%2C+824%E2%80%93%E2%80%8E%E2%80%8E838.%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B7%5D%E2%80%8E%09Lu%2C+B.+T.%2C+Luo%2C+J.+L.%2C+%26+Lu%2C+Y.+C.+%282013%29.+%E2%80%8EEffects+of+pH+on+lead-induced+passivity+%E2%80%8Edegradation+of+nuclear+steam+generator+%E2%80%8Etubing+alloy+in+high+temperature+crevice+%E2%80%8Echemistries.+Electrochimica+Acta%2C+87%2C+824%E2%80%93%E2%80%8E%E2%80%8E838.%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0013468612016167

Page |1053 > Eurasian
@m Elc:i?rlr:ucah]ications
2018, 11, 567-572.
Scholar], [Publisher]
[9] Y. Jiao, Y. Liu, F. Qu, X. Wu, Cryst. Eng.
Comm., 2014, 16,575-580. [Crossref], [Google
Scholar], [Publisher]

[10] K. Gupta, P.C. Jana, A.K. Meikap, Synth.
Met., 2010, 160, 1566-1573. [Crossref],
[Google Scholar], [Publisher]

[11] G. Inzelt, Conducting Polymers:
Monographs in Electrochemistry, Springer
Berlin, Heidelberg, 2012, 1-309. [Crossref],
[Google Scholar], [Publisher]

[12] S.H. Ko, L. Park, H. Pan, C.P. Grigoropoulos,
A.P. Pisano, C.K. Luscombe, ].M.]. Fréchet, Nano
Lett., 2007, 7, 1869-1877. [Crossref], [Google
Scholar], [Publisher]

[13] H. Wang, T. Lin, A. Kaynak, Synth. Met.,
2005, 151, 136-140. [Crossref], [Google
Scholar], [Publisher]

[14] B.J. Hwang, K.L. Lee, Thin Solid Films,
1996, 279, 236-241. [Crossref], [Google
Scholar], [Publisher]

[15] H. Karami, M.A. Karimi, S. Haghdar, Mater.
Res. Bull,, 2008, 43, 3054-3065. Crossref],
[Google Scholar], [Publisher]

[16] M.M. Kashani-Motlagh, M.K.
Mahmoudabad, J. Solgel. Sci. Technol., 2011,
59, 106-110. [Crossref], [Google Scholar],
[Publisher]

[17] T.J. Wilkinson, D.L. Perry, E. Spiller, P.
Berdahl, S.E. Derenzo, M.]. Weber, MRS
Proceedings, 2001, 704. [Crossref], [Google
Scholar], [Publisher]

[18] L. Hashemi, A. Morsali, J. Inorg.
Organomet. Polym. Mater., 2010, 20, 856-861.
[Crossref], [Google Scholar], [Publisher]

[19] V. Safarifard, A. Morsali, InorganicaChim.
Acta, 2013, 398, 151-157. [Crossref], [Google
Scholar], [Publisher]

[20] ]. Lian, X. Zhang, H. Zhang, Z. Jiang, ].
Zhang, Mater. Lett., 2004, 58, 1183-1188.
[Crossref], [Google Scholar], [Publisher]

[21] W. Feng, E. Sun, A. Fujii, H. Wu, K. Niihara,
K. Yoshino, Bull. Chem. Soc. Jpn., 2000, 73,

[Crossref], [Google

etal. A.K. Abass

2627-2633.
[Publisher]
[22] L.M. Yee, HN.M.E. Mahmud, A. Kassim,
W.M.M. Yunus, Synth. Met., 2007, 157, 386-
389. [Crossref], [Google Scholar], [Publisher]
[23] A. Robin, G.A.S. Martinez, P.A. Suzuki,
Mater. Des., 2012, 34, 319-324. [Crossref],
[Google Scholar], [Publisher]

[24] ]. Jang, K. Sim, Polymer, 1997, 38, 4043-
4048. [Crossref], [Google Scholar], [Publisher]
[25] J. Jang, ]. Won, Polymer, 1998, 39, 4335-
4342. [Crossref], [Google Scholar], [Publisher]
[26] W.]. Bae, W.H. Jo, Y.H. Park, Macromol.
Res., 2002, 10, 145-149. [Crossref], [Google
Scholar], [Publisher]

[27] L. Burgio, R.J. Clark, S. Firth, Analyst,
2001, 126, 222-227. |[Crossref], [Google
Scholar], [Publisher]

[28] D.L. De Faria, S. Venancio Silva, M.T. De
Oliveira, J. Raman Spectrosc., 1997, 28, 873-
878. [Crossref], [Google Scholar], [Publisher]
[29] Y.M. Choi, H. Lim, H.N. Lee, Y.M. Park, J.S.
Park, H.J. Kim, Biosensors, 2020, 10, 111.
[Crossref], [Google Scholar], [Publisher]

[30] S.N. Rafic, S.M.H. Al-Jawad, M.M. Muhsen,
ANJS, 2017, 20, 91-98. [Crossref], [Google
Scholar], [Publisher]

[31] X. Song, H. Gong, S. Yin, L. Cheng, C. Wang,
Z.Li, Z. Liu, Adv. Funct. Mater.,2013,24,1194-
1201. [Crossref], [Google Scholar], [Publisher]
[32] N.J. Vickers, Curr. Biol,, 2017, 27, R713-
R715. [Crossref], [Google Scholar], [Publisher]

[Crossref], [Google Scholar],

How to cite this article: Ahmed K. Abass*,
Wadhah Naji Jassim Al Sieadi, Abdul Karim
M.A. Al-Sammarraie. Investigation of the
electrical, compositional, and magnetic
features of hybrid lead
oxide nanocomposites. Eurasian Chemical
Communications, 2022, 4(11), 1044-1053.
Link:

http://www.echemcom.com/article_15131
9.html

Copyright © 2022 by SPC (Sami Publishing Company) + is an open access article distributed

under the Creative Commons

Attribution

License(CC  BY) license

(https://creativecommons.org/licenses/by/4.0/),

which permits unrestricted use,

distribution, and reproduction in any medium, provided the original work is properly cited.


https://doi.org/10.1080/17518253.2018.1547926
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B8%5D%E2%80%8E%09Miri%2C+A.%2C+Sarani%2C+M.%2C+Hashemzadeh%2C+A.%2C+%E2%80%8EMardani%2C+Z.%2C+%26+Darroudi%2C+M.+%282018%29.+%E2%80%8EBiosynthesis+and+cytotoxic+activity+of+lead+%E2%80%8Eoxide+nanoparticles.+Green+Chemistry+Letters+%E2%80%8Eand+Reviews%2C+11%284%29%2C+567%E2%80%93572.+%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B8%5D%E2%80%8E%09Miri%2C+A.%2C+Sarani%2C+M.%2C+Hashemzadeh%2C+A.%2C+%E2%80%8EMardani%2C+Z.%2C+%26+Darroudi%2C+M.+%282018%29.+%E2%80%8EBiosynthesis+and+cytotoxic+activity+of+lead+%E2%80%8Eoxide+nanoparticles.+Green+Chemistry+Letters+%E2%80%8Eand+Reviews%2C+11%284%29%2C+567%E2%80%93572.+%E2%80%8E&btnG=
https://www.tandfonline.com/doi/full/10.1080/17518253.2018.1547926
https://doi.org/10.1039/C3CE41994K
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B9%5D%E2%80%8E%09Jiao%2C+Y.%2C+Liu%2C+Y.%2C+Qu%2C+F.%2C+%26+Wu%2C+X.+%282014%29.+%E2%80%8EDendritic+%CE%B1-Fe2O3hierarchical+architectures+%E2%80%8Efor+visible+light+driven+photocatalysts.+%E2%80%8ECrystEngComm%2C+16%284%29%2C+575%E2%80%93580.+%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B9%5D%E2%80%8E%09Jiao%2C+Y.%2C+Liu%2C+Y.%2C+Qu%2C+F.%2C+%26+Wu%2C+X.+%282014%29.+%E2%80%8EDendritic+%CE%B1-Fe2O3hierarchical+architectures+%E2%80%8Efor+visible+light+driven+photocatalysts.+%E2%80%8ECrystEngComm%2C+16%284%29%2C+575%E2%80%93580.+%E2%80%8E&btnG=
https://pubs.rsc.org/en/content/articlelanding/2013/ce/c3ce41994k/unauth
https://doi.org/10.1016/j.synthmet.2010.05.026
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B10%5D%E2%80%8E%09Gupta%2C+K.%2C+Jana%2C+P.+C.%2C+%26+Meikap%2C+A.+K.+%E2%80%8E%E2%80%8E%282010%29.+Optical+and+electrical+transport+%E2%80%8Eproperties+of+polyaniline%E2%80%93silver+%E2%80%8Enanocomposite.+Synthetic+Metals%2C+160%2813-14%29%2C+%E2%80%8E%E2%80%8E1566%E2%80%931573.+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0379677910002195
https://doi.org/10.1007/978-3-642-27621-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B11%5D%E2%80%8E%09Inzelt%2C+G.+%282012%29.+Conducting+Polymers.+%E2%80%8EMonographs+in+Electrochemistry.+%E2%80%8E&btnG=
https://link.springer.com/book/10.1007/978-3-642-27621-7
https://doi.org/10.1021/nl070333v
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B12%5D%E2%80%8E%09Ko%2C+S.+H.%2C+Park%2C+I.%2C+Pan%2C+H.%2C+Grigoropoulos%2C+%E2%80%8EC.+P.%2C+Pisano%2C+A.+P.%2C+Luscombe%2C+C.+K.%2C+%26+Fr%C3%A9chet%2C+%E2%80%8EJ.+M.+J.+%282007%29.+Direct+Nanoimprinting+of+Metal+%E2%80%8ENanoparticles+for+Nanoscale+Electronics+%E2%80%8EFabrication.+Nano+Letters%2C+7%287%29%2C+1869%E2%80%931877%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B12%5D%E2%80%8E%09Ko%2C+S.+H.%2C+Park%2C+I.%2C+Pan%2C+H.%2C+Grigoropoulos%2C+%E2%80%8EC.+P.%2C+Pisano%2C+A.+P.%2C+Luscombe%2C+C.+K.%2C+%26+Fr%C3%A9chet%2C+%E2%80%8EJ.+M.+J.+%282007%29.+Direct+Nanoimprinting+of+Metal+%E2%80%8ENanoparticles+for+Nanoscale+Electronics+%E2%80%8EFabrication.+Nano+Letters%2C+7%287%29%2C+1869%E2%80%931877%E2%80%8E&btnG=
https://pubs.acs.org/doi/abs/10.1021/nl070333v
https://doi.org/10.1016/j.synthmet.2005.03.020
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8EWang%2C+H.%2C+Lin%2C+T.%2C+%26+Kaynak%2C+A.+%282005%29.+%E2%80%8EPolypyrrole+nanoparticles+and+dye+absorption+%E2%80%8Eproperties.+Synthetic+Metals%2C+151%282%29%2C+136%E2%80%93%E2%80%8E%E2%80%8E140.+%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8EWang%2C+H.%2C+Lin%2C+T.%2C+%26+Kaynak%2C+A.+%282005%29.+%E2%80%8EPolypyrrole+nanoparticles+and+dye+absorption+%E2%80%8Eproperties.+Synthetic+Metals%2C+151%282%29%2C+136%E2%80%93%E2%80%8E%E2%80%8E140.+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0379677905001281
https://doi.org/10.1016/0040-6090(95)08121-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B14%5D%E2%80%8E%09Hwang%2C+B.+J.%2C+%26+Lee%2C+K.+L.+%281996%29.+%E2%80%8EElectropolymerization+of+pyrrole+on+%E2%80%8EPbO2%2FSnO2%2FTi+substrate.+Thin+Solid+Films%2C+%E2%80%8E%E2%80%8E279%281-2%29%2C+236%E2%80%93241.%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B14%5D%E2%80%8E%09Hwang%2C+B.+J.%2C+%26+Lee%2C+K.+L.+%281996%29.+%E2%80%8EElectropolymerization+of+pyrrole+on+%E2%80%8EPbO2%2FSnO2%2FTi+substrate.+Thin+Solid+Films%2C+%E2%80%8E%E2%80%8E279%281-2%29%2C+236%E2%80%93241.%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/0040609095081216
https://doi.org/10.1016/j.materresbull.2007.11.014
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B15%5D%E2%80%8E%09Karami%2C+H.%2C+Karimi%2C+M.+A.%2C+%26+Haghdar%2C+S.+%E2%80%8E%E2%80%8E%282008%29.+Synthesis+of+uniform+nano-structured+%E2%80%8Elead+oxide+by+sonochemical+method+and+its+%E2%80%8Eapplication+as+cathode+and+anode+of+lead-acid+%E2%80%8Ebatteries.+Materials+Research+Bulletin%2C+43%2811%29%2C+%E2%80%8E%E2%80%8E3054%E2%80%933065.%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0025540807005168
https://doi.org/10.1007/s10971-011-2467-y
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8EKashani-Motlagh%2C+M.+M.%2C+%26+%E2%80%8EMahmoudabad%2C+M.+K.+%282011%29.+Synthesis+and+%E2%80%8Echaracterization+of+lead+oxide+nano-powders+%E2%80%8Eby+sol%E2%80%93gel+method.+Journal+of+Sol-Gel+Science+%E2%80%8Eand+Technology%2C+59%281%29%2C+106%E2%80%93110%E2%80%8E&btnG=
https://link.springer.com/article/10.1007/s10971-011-2467-y
https://doi.org/10.1557/PROC-704-W6.13.1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B17%5D%E2%80%8E%09Wilkinson%2C+T.+J.%2C+Perry%2C+D.+L.%2C+Spiller%2C+E.%2C+%E2%80%8EBerdahl%2C+P.%2C+Derenzo%2C+S.+E.%2C+%26+Weber%2C+M.+J.+%E2%80%8E%E2%80%8E%282001%29.+A+Facile+Wet+Synthesis+of+%E2%80%8ENanoparticles+of+Litharge%2C+the+Tetragonal+%E2%80%8EForm+of+PbO.+MRS+Proceedings%2C+704%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B17%5D%E2%80%8E%09Wilkinson%2C+T.+J.%2C+Perry%2C+D.+L.%2C+Spiller%2C+E.%2C+%E2%80%8EBerdahl%2C+P.%2C+Derenzo%2C+S.+E.%2C+%26+Weber%2C+M.+J.+%E2%80%8E%E2%80%8E%282001%29.+A+Facile+Wet+Synthesis+of+%E2%80%8ENanoparticles+of+Litharge%2C+the+Tetragonal+%E2%80%8EForm+of+PbO.+MRS+Proceedings%2C+704%E2%80%8E&btnG=
https://www.cambridge.org/core/journals/mrs-online-proceedings-library-archive/article/abs/facile-wet-synthesis-of-nanoparticles-of-litharge-the-tetragonal-form-of-pbo/D3C6041C2E48960D800129DB7C371704
https://doi.org/10.1007/s10904-010-9404-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B18%5D%E2%80%8E%09Hashemi%2C+L.%2C+%26+Morsali%2C+A.+%282010%29.+%E2%80%8ESynthesis+and+Characterization+of+a+New+Nano+%E2%80%8ELead%28II%29+Two-dimensional+Coordination+%E2%80%8EPolymer+by+Sonochemical+Method%3A+A+%E2%80%8EPrecursor+to+Produce+Pure+Phase+Nano-sized+%E2%80%8ELead%28II%29+Oxide.+Journal+of+Inorganic+and+%E2%80%8EOrganometallic+Polymers+and+Materials%2C+%E2%80%8E%E2%80%8E20%284%29%2C+856%E2%80%93861.+%E2%80%8E&btnG=
https://link.springer.com/article/10.1007/s10904-010-9404-3
https://doi.org/10.1016/j.ica.2012.12.029
https://scholar.google.com/scholar?q=%E2%80%8E%5B19%5D%E2%80%8E+Safarifard,+V.,+%26+Morsali,+A.+(2013).+%E2%80%8ESonochemical+syntheses+of+nano+lead(II)+%E2%80%8Eiodide+triazole+carboxylate+coordination+%E2%80%8Epolymer:+Precursor+for+facile+fabrication+of+%E2%80%8Elead(II)+oxide/iodide+nano-structures.+%E2%80%8EInorganica+Chimica+Acta,+39&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?q=%E2%80%8E%5B19%5D%E2%80%8E+Safarifard,+V.,+%26+Morsali,+A.+(2013).+%E2%80%8ESonochemical+syntheses+of+nano+lead(II)+%E2%80%8Eiodide+triazole+carboxylate+coordination+%E2%80%8Epolymer:+Precursor+for+facile+fabrication+of+%E2%80%8Elead(II)+oxide/iodide+nano-structures.+%E2%80%8EInorganica+Chimica+Acta,+39&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S0020169312006883
https://doi.org/10.1016/j.matlet.2003.08.032
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B20%5D%E2%80%8E%09Lian%2C+J.+.%2C+Zhang%2C+X.+.%2C+Zhang%2C+H.+.%2C+Jiang%2C+Z.+.%2C+%E2%80%8E%26+Zhang%2C+J.+%282004%29.+Synthesis+of+%E2%80%8Enanocrystalline+NiO%2Fdoped+CeO2+compound+%E2%80%8Epowders+through+combustion+of+%E2%80%8Ecitrate%2Fnitrate+gel.+Materials+Letters%2C+58%287-8%29%2C+%E2%80%8E%E2%80%8E1183%E2%80%931188.+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0167577X03007195
https://doi.org/10.1246/bcsj.73.2627
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E+Feng%2C+W.%2C+Sun%2C+E.%2C+Fujii%2C+A.%2C+Wu%2C+H.%2C+%E2%80%8ENiihara%2C+K.%2C+%26+Yoshino%2C+K.+%282000%29.+Synthesis+%E2%80%8Eand+Characterization+of+Photoconducting+%E2%80%8EPolyaniline-TiO2Nanocomposite.+Bulletin+of+%E2%80%8Ethe+Chemical+Society+of+Japan%2C+73%2811%29%2C+2627%E2%80%93%E2%80%8E%E2%80%8E2633%E2%80%8E&btnG=
https://www.journal.csj.jp/doi/abs/10.1246/bcsj.73.2627
https://doi.org/10.1016/j.synthmet.2007.04.011
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B22%5D%E2%80%8E%09Yee%2C+L.+M.%2C+Mahmud%2C+H.+N.+M.+E.%2C+Kassim%2C+%E2%80%8EA.%2C+%26+Yunus%2C+W.+M.+M.+%282007%29.+Polypyrrole-%E2%80%8Epolyethylene+glycol+conducting+polymer+%E2%80%8Ecomposite+films%3A+Preparation+and+%E2%80%8Echaracterization.+Synthetic+Metals%2C+157%288-9%29%2C+%E2%80%8E%E2%80%8E386%E2%80%93389.+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0379677907000884
https://doi.org/10.1016/j.matdes.2011.08.018
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B23%5D%E2%80%8E%09Robin%2C+A.%2C+Martinez%2C+G.+A.+S.%2C+%26+Suzuki%2C+P.+%E2%80%8EA.+%282012%29.+Effect+of+cold-working+process+on+%E2%80%8Ecorrosion+behavior+of+copper.+Materials+%26+%E2%80%8EDesign%2C+34%2C+319%E2%80%93324%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0261306911005838
https://doi.org/10.1016/S0032-3861(96)00977-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B24%5D%E2%80%8E%09Jang%2C+J.%2C+%26+Sim%2C+K.+%281997%29.+Spectroscopic+%E2%80%8Estudies+of+the+crystallization+behaviour+in+%E2%80%8Epoly%28ether+imide%29%2F+poly%28ethylene+%E2%80%8Eterephthalate%29+blends.+Polymer%2C+38%2816%29%2C+%E2%80%8E%E2%80%8E4043%E2%80%934048.%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0032386196009779
https://doi.org/10.1016/S0032-3861(97)10030-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B25%5D%E2%80%8E%09Jang%2C+J.%2C+%26+Won%2C+J.+%281998%29.+Crystallisation+%E2%80%8Eand+phase+behaviour+of+poly%28butylene+%E2%80%8Eterephthalate%29%2Fpolyarylate+blends.+Polymer%2C+%E2%80%8E%E2%80%8E39%2818%29%2C+4335%E2%80%934342.%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0032386197100301
https://doi.org/10.1007/BF03218264
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8EBae%2C+W.+J.%2C+Jo%2C+W.+H.%2C+%26+Park%2C+Y.+H.+%282002%29.+%E2%80%8ECrystallization-induced+sequential+reordering+%E2%80%8Ein+poly%28trimethylene+%E2%80%8Eterephthalate%29%2Fpolycarbonate+blends.+%E2%80%8EMacromolecular+Research%2C+10%283%29%2C+145%E2%80%93149.+%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8EBae%2C+W.+J.%2C+Jo%2C+W.+H.%2C+%26+Park%2C+Y.+H.+%282002%29.+%E2%80%8ECrystallization-induced+sequential+reordering+%E2%80%8Ein+poly%28trimethylene+%E2%80%8Eterephthalate%29%2Fpolycarbonate+blends.+%E2%80%8EMacromolecular+Research%2C+10%283%29%2C+145%E2%80%93149.+%E2%80%8E&btnG=
https://link.springer.com/article/10.1007/BF03218264
https://doi.org/10.1039/B008302J
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B27%5D%E2%80%8E%09Burgio%2C+L.%2C+Clark%2C+R.+J.%2C+%26+Firth%2C+S.+%282001%29.+%E2%80%8ERaman+spectroscopy+as+a+means+for+the+%E2%80%8Eidentification+of+plattnerite+%28PbO2%29%2C+of+lead+%E2%80%8Epigments+and+of+their+degradation+products.+%E2%80%8EAnalyst%2C+126%282%29%2C+222-227%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B27%5D%E2%80%8E%09Burgio%2C+L.%2C+Clark%2C+R.+J.%2C+%26+Firth%2C+S.+%282001%29.+%E2%80%8ERaman+spectroscopy+as+a+means+for+the+%E2%80%8Eidentification+of+plattnerite+%28PbO2%29%2C+of+lead+%E2%80%8Epigments+and+of+their+degradation+products.+%E2%80%8EAnalyst%2C+126%282%29%2C+222-227%E2%80%8E&btnG=
https://pubs.rsc.org/en/content/articlelanding/2001/an/b008302j/unauth
https://doi.org/10.1002/(SICI)1097-4555(199711)28:11%3C873::AID-JRS177%3E3.0.CO;2-B
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B28%5D%E2%80%8E%09De+Faria%2C+D.+L.%2C+Ven%C3%A2ncio+Silva%2C+S.%2C+%26+De+%E2%80%8EOliveira%2C+M.+T.+%281997%29.+Raman+%E2%80%8Emicrospectroscopy+of+some+iron+oxides+and+%E2%80%8Eoxyhydroxides.+Journal+of+Raman+%E2%80%8Espectroscopy%2C+28%2811%29%2C+873-878.+%E2%80%8E&btnG=
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/(SICI)1097-4555(199711)28:11%3C873::AID-JRS177%3E3.0.CO;2-B
https://doi.org/10.3390/bios10090111
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B29%5D%E2%80%8E%09Choi%2C+Y.+M.%2C+Lim%2C+H.%2C+Lee%2C+H.-N.%2C+Park%2C+Y.+%E2%80%8EM.%2C+Park%2C+J.-S.%2C+%26+Kim%2C+H.-J.+%282020%29.+Selective+%E2%80%8ENonenzymatic+Amperometric+Detection+of+%E2%80%8ELactic+Acid+in+Human+Sweat+Utilizing+a+Multi-%E2%80%8EWalled+Carbon+Nanotube+%28MWCNT%29-%E2%80%8EPolypyrrole+Core-Shell+Nanowire.+Biosensors%2C+%E2%80%8E%E2%80%8E10%289%29%2C+111.+%E2%80%8E&btnG=
https://www.mdpi.com/2079-6374/10/9/111
https://www.anjs.edu.iq/index.php/anjs/article/view/108/79
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B30%5D%E2%80%8E%09Rafic%2C+S.+N.%2C+Al-Jawad%2C+S.+M.+H.%2C+%26+Muhsen%2C+%E2%80%8EM.+M.+%282017%29.+Synthesized+and+Study+the+%E2%80%8EStructural+and+Morphological+Properties+of+%E2%80%8EPolyaniline-Cadmium+Sulfide+Nanocomposite.+%E2%80%8EJournal+of+Al-Nahrain+University+-+Science%2C+%E2%80%8E%E2%80%8E20%283%29%2C+91%E2%80%9398%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B30%5D%E2%80%8E%09Rafic%2C+S.+N.%2C+Al-Jawad%2C+S.+M.+H.%2C+%26+Muhsen%2C+%E2%80%8EM.+M.+%282017%29.+Synthesized+and+Study+the+%E2%80%8EStructural+and+Morphological+Properties+of+%E2%80%8EPolyaniline-Cadmium+Sulfide+Nanocomposite.+%E2%80%8EJournal+of+Al-Nahrain+University+-+Science%2C+%E2%80%8E%E2%80%8E20%283%29%2C+91%E2%80%9398%E2%80%8E&btnG=
https://www.anjs.edu.iq/index.php/anjs/article/view/108
https://doi.org/10.1002/adfm.201302463
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B31%5D%E2%80%8E%09Song%2C+X.%2C+Gong%2C+H.%2C+Yin%2C+S.%2C+Cheng%2C+L.%2C+%E2%80%8EWang%2C+C.%2C+Li%2C+Z.%2C+Liu%2C+Z.+%282013%29.+Ultra-Small+Iron+%E2%80%8EOxide+Doped+Polypyrrole+Nanoparticles+for+In+%E2%80%8EVivo+Multimodal+Imaging+Guided+%E2%80%8EPhotothermal+Therapy.+Advanced+Functional+%E2%80%8EMaterials%2C+24%289%29%2C+1194%E2%80%931201%E2%80%8E&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.201302463
https://doi.org/10.1016/j.cub.2017.05.064
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B32%5D%E2%80%8E%09Vickers%2C+N.+J.+%282017%29.+Animal+%E2%80%8ECommunication%3A+When+I%E2%80%99m+Calling+You%2C+Will+%E2%80%8EYou+Answer+Too%3F+Current+Biology%2C+27%2814%29%2C+%E2%80%8ER713%E2%80%93R715.%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/pii/S0960982217306309
http://www.echemcom.com/article_151319.html
http://www.echemcom.com/article_151319.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

