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Abstract:

In this paper, magnesium oxide nanoparticles (MgO NPS) have been prepared and characterized and
its concentration effect has been studied on polymers surface (MgO NPS). The results showed that the
degradation of poly methyl methacrylate increased when using such metal oxide. The results also showed
that the metal oxide increased the degradation of poly methyl methacrylate. X-ray diffraction, scanning
electron microscopy, atomic force microscopy were used to study the morphological characteristics and size
of nano MgO particles analysis. Films were prepared by mixing the different masses of MgO NPS (0.025,
0.05, 0.1, 0.2 and 0.4) % with a polymer solution ratio (W/V) 7 %. Photo- degradation rate was monitored
irradiation’s time by measuring the incident frequency of the index value of the hydroxyl coefficient of
growth (lon) at fixed film thickness and constant concentration. Spectrophotometry (IR, and UV. Visible)
techniques were used to determine the change in the intensity of the spectrum bundles.
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Introduction:

Nanoparticles are engineered materials at high strength and thermal stability (7). The strength
the molecular/atomic construction (1-100) nm of reacting ultra-violet (UV) photons (e.g. UVA,
altogether unique in relation to their bulk UVB, UVC etc.) with the polymer chains are indeed
counterparts (1). Polymers are considered to be an a concern. The degradation of PMMA has been
excellent host material for nanoparticles of metals  studied in a wide range of UV-wavelengths (248,
(2, 3).The addition of inorganic compounds such as 193 and 157) nm (8)at different exposure times.
Zn, Mg, Ni, or element oxide like CuO, MgO can Generally, all the polymers study show a pronounce
enhance the electrical properties of these polymers degradation with increasing irradiation time
(4), an inorganic fillers are incorporated into a poly ~ successive to high numbers of chain cleavage
methyl methacrylate to show appear composites (9). The degradation of polymer, formed shorter
with enhanced automatic, thermic, and roadblock  chains, that initiated by the chain scission process
properties compared to the polymer matrix (5). The  due to the photo-excitation of atoms that bear an
photolysis of PMMA which is result from a unpaired electron or double bond (10). Mixed metal
haphazard scission of the polymer constraint  oxides have fascinating optical, electrical, magnetic,
backbone caused by a radical react. Three essential adsorbent, catalytic and chemical properties, which
reactions (Unorganized hemolytic scission of main-  are not typically observed in the single individual
chain (C = C) bonds, photo-dissociation of the  components (11, 12). MgO nanostructures are
methyl side-groups and photolysis of the ester side-  synthesized by dehydration of Mg(OH), or by
groups) are reported be done at the same time. decomposition of various magnesium precursors
Monomer formative through radiation to chain  using sol-gel (13), thermal evaporation (14),
depolymerization after photolytic cleavage of main surfactant methods (15) ,chemical vapor deposition
chains (6). When PMMA is blending with inorganic (16), flame spray pyrolysis (17), and hydrothermal .
materials like ZrO,, SiO, or TiO, at the nanometer However, PMMA, due to its photochemical
level, the product obtained that hybrid materials has properties, is not suitable for durable application in
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Materials and Methods:

All materials used in the preparation
method were bought from British drug houses
(BDH) and the deionized distilled water was used
throughout the work, so the analytical grade of this
study was based on all of the chemicals and
reagents.

Preparation of magnesium oxide

7.42 g of magnesium nitrate was dissolved in
50 mL distilled water , inside a 500 mL volumetric
flask and 10 g of sodium hydroxide was dissolved
in 250 mL of deionized water, both were constantly
stirred by magnetic stirrer for 45 mins. Sodium
hydroxide solution was added to magnesium nitrate
solution gradually ( drop by drop) using burette at
room temperature (20,21). After half an hour, a
white deposit was observed, after filtration by using
(Gravity filtration) and drying of the solution, the
output was burned inside a preheated oven
maintained at 400 °C for 3 hours to obtain the
nanoparticles.
Preparation of PMMA solution

7 g of methyl methacrylate polymer desolves
in volume 100 mL of chloroform (7% W/V) with
continuous blending using magnetic stirrer at room
temperature to ensure homogenization for one hour.
Preparation of polymeric films

In the chloroform solvent, 1 mL of solvent
soluble magnesium oxide was mixed in 3 mL
PMMA solution with different weight ratios (0.025,
0.05, 0.1, 0.2, and 0.4) % (22). Then the volumes
taken from the above steps were combined well to
ensure high homogeneity and make sure there are
no bubbles. The mixture was then poured into 4 mL
glass molds made of glass slides mounted on a
piece of glass placed on a horizontal surface that
was adjusted with the settlement balance to ensure
that the solution was evenly distributed in the mold.
Then, the mixture is left for 24 hours at room
temperature to dry and then remove it with a blade
taking into consideration that the thickness of the
film was about 70 + 5 micrometers using the
micrometer. The films were then cut into
dimensions 1.5-3.5 cm in accordance with the
spectral devices (UV- Visible, FT - IR).

Irradiation technique

A local made irradiation device containing
an 18-watt ultraviolet lamp with a length of 589 mm
and a diameter of 26 mm, a 365 nm light intensity
with a radiation range of 270-400 hm was used. The
polymer films were placed in the device parallel to
the lamp and fixed from the source for all samples
to ensure that the radiation of all polymers reached
the same intensity and amount. The duration of
irradiation for different periods of time was as
follows 10, 20, 40, 80, 120, and 160 hours
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respectively, and after each irradiation the optical
degradation of polymer films was monitored using
spectral measurements of FT-IR, UV-Visible, and
microscopic examination.

Spectral study for MgO NPS

The morphological properties and
crystalline properties of the sample were studied
through  x-ray diffraction (XRD), surface
morphology analysis by SEM microscopy and
AFM.

Observation of the optical degradation of PMMA films
UV-Visible spectroscopy

The value of the constants of photo-
degradation (Kd) of the absorbance values was
calculated on the basis of the data indicated by UV
spectra within the range (200- 700) nm after the
irradiation process and at different time intervals by
the following equation:
In(A, — A4;) =In(4,, — A4-) — K4t

Where, (4,) the absorbance of polymer film
before irradiation, (A;) absorption at irradiation time
(t) for the same film, and (4,) the absorption of
polymeric films at infinity of time.

The photo-degradation constant  of
polymer films (-Kd) was derived from the slope of
the plot of relationship between In (A, — 4-) with
the irradiation time, and finding the linear line slope
which represent (-Kd).

Fourier transform infrared spectroscopy

To calculate the growth of the hydroxyl,
carbonyl groups, a reference peak was selected at
the wave number 1435 cm ™ which refers to the
(skeletal CH, deformation) in PMMA (23) as a
guide to comparing its absorption with PMMA
absorption using the base line method (24).

Is s Where,
Ar

Is = Index of the group under study,
As = absorption of the peak under study,
Ar = absorption of the reference under study.

By using the Beer-Lambert law, absorption
(A) was converted to transmutation (T%) (25)
A =1log 100/T% =2 log T%

The active chemical groups of the model

were identified using spectroscopy FTIR, the
photolysis of polymeric films was followed by the
incident frequency of the index value of the
carbonyl coefficient of growth (Ico) and the incident
frequency of the index value of the hydroxyl
coefficient of growth (lon) by measuring growth,
for the purpose of ultraviolet radiation
determination of the intensity of absorbed packets
calculated before and after irradiation (23,26).
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Results and Discussion:
Structural characterization
XRD measurements

The XRD techniques are used to observe
structure of nanoparticles and crystalline properties
of particles Fig.1 shows the X-ray diffraction of
MgO NPs synthesized using the precipitation
method. The size of MgO NPs was attained by
Debye-Scherrer’s equation D = KA/Bcos 0

Where D is the size of the crystal; K is
constant its value (0.9); A , B are the full width half
maximum (FWHM) ,which indicate and confirm
that the MgO NPs has face centered cubic (fcc).
That is compatible with the results of the literature
(27). X-ray diffraction patterns of the MgO NPs
showed in comparison to the standard reference of
JCPDS No. (98-000-5910) that the peaks of
diffraction (100), (111), (200), (220), (311) and
(222) are assigned at angles (34.3°, 37°. 43°, 62.25°,
74.8°, 78.83°), respectively.
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Figure 1. XRD patterns of synthesized MgO
nanoparticles using the precipitation method

SEM Measurements

Figs. 2 ( A,B,C) present the (SEM) images
of the MgO NPs synthesized precipitation method
in showed of floral or spherical nano shapes.

!
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Figure 2. (A,B,C) SEM images of the MgO NPs synthesized precipitation method with the different shapes

and 4 which demonstrate the average distribution of
the prepared nanoparticles, where the average grain
size was 57.03 nm.

AFM Measurements

AFM results gave two-dimensional and
three-dimensional images of the surface of the MgO
NPS by precipitation method as shown in Figs. 3
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Figure 3. AFM image of 2-dimensional and 3-dimensional of

MgO NPS
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Figure 4. The average distribution for MgO NPS

UV-Visible spectroscopy of PMMA films

The optical properties of MgO NPs were
characterized by spectroscopy of UV rays. The
spectra of the samples were recorded within the
range of wavelength lengths (200 - 700) nm, at 25°C
(18). During the various irradiation periods that
were exposed to the thin slices of polymer, by
spectrophotometer (UV-Visible, Jenway, Model
6800) it was observed that the polymer film began
to undergo a simple crush after increasing
irradiation periods of 120 hours and a clear increase
after 160 hours. Tab.1 gives information on the
extent of the increase in photolysis of the polymer

slices. The value of the constant (Kg) calculated in
Tab.2 is based on the data indicated by UV spectra
after the irradiation process and at different times
(was calculated according to Eg.1). The change in
the absorption spectra of polymer films prepared
with a thickness of (70+5) um and the container at
different concentrations at the different times of
irradiation is due to the increase of the light-
absorbing functional groups (28,29). The highest
absorption value at time is 160 hours as in Figs. 5-7.
Tab.2 indicates that the MgO increases the speed of
light interaction with the polymer and that the
reaction is first order (30), as in Figs.8,9.

Table 1. Absorbance of the PMMA with thickness 70+5 pm with the different concentrations of the
MgO NPS and calculated at 270 nm spectrum measurements of UV-Vis with time

. . Absorbance

Irradiation Time (hrs.) 0 20 20 30 120 160
PMMA 0.098 0.150 0.191 0.258 0.360 0.542
PMMA + 0.025 % MgO 0.114 0.258 0.353 0.540 0.648 0.779
PMMA + 0.05% MgO 0.117 0.339 0.457 0.602 0.707 0.900
PMMA + 0.1 % MgO 0.122 0.406 0.541 0.722 0.812 0.958
PMMA + 0.2 % MgO 0.124 0.469 0.598 0.779 0.957 1.082
PMMA + 0.4% MgO 0.130 0.539 0.757 0.901 1.129 1.262

Table 2. VValues constants of rate decomposition K, of the MgO NPS in PMMA films

Concentrations %

Kg (Sec. )'x107

0.025
0.05
0.1
0.2
0.4

0.218
0.222
0.235
0.257
0.278
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Figure 5. Change in the spectrum of UV-Vis for pure PMMA with thickness70+5pum at different times
of irradiation
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Figure 6. Change in the spectrum of UV-Vis for PMMA containing (0.2%0) of the MgO NPS with
thickness 70+5 pm at different times of irradiation
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Figure 7. Change in the spectrum of UV-Vis for PMMA containing (0.4%) of the MgO NPS with
thickness 70+5 pm at different times of irradiation
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Figure 8. The relationship between the logarithm of PMMA films containing of (MgO NPS) with

thickness70+5 pm and (0.2%) with irradiation time
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Figure 9. The relationship between the logarithm of PMMA films containing of (MgO NPS) with

thickness70+5 pm and (0.4%) with irradiation time

FT-IR spectroscopy of PMMA films

Photolysis of the polymer films slices was
monitored using (FT-IR, ATR, Tensor 27, Bruker,
Germany ) spectrometer. The absorption spectrum
of the polymer films gave range between (400-
4000) cm™. The frequency of the carbonyl (C=0) at
the (1725) cm™ (31), Hydroxyl(OH) was at region

g -

(3200-3600) cm™ position (32). The photo-
degradation throughout different irradiation times
was followed by notation changes in the carbonyl,
and hydroxyl absorption peaks. The FT-IR spectra
of PMMA pure films and the films of PMMA
containing MgO nanoparticles before and after
irradiation (160 h) are shown in Figs.10, 11, 12.
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Figure 10. FT-IR spectrum of PMMA pure film with thickness 70+5 pm before irradiation time
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Figure 11

. FT-IR spectrum of PMMA film with thickness 70+£5 pm containing concentration (0.4 %) of

the MgO NPS before irradiation time
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Figure 12

. FT-IR spectrum of PMMA film with thickness70+5 pm containing concentration(0.4%) of

the MgO NPS and the time of irradiation160 hrs.

When comparing the FT-IR spectra of pure
PMMA film with the film containing 0.4%
concentration of MgO NPS after irradiation for 160
hours, it has been noted that the peak of the PMMA
films containing MgO nanoparticles absorbing was
higher than the pure film absorption film. It means
that the magnesium oxide hastens photo-
degradation. This is similar to previous studies
involving the addition of materials to the polymer
(33).
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The values of the (lon) absorption coefficient
for the pure PMMA film as well as the films
containing different concentrations of MgO NPS
were calculated as in Tab.3 The values of the
hydroxyl group (lon) absorption coefficient of pure
films of PMMA were increased with increasing
time of irradiation and that the hydroxyl group
absorption coefficient is 0.00 before the irradiation
process and at the highest 160 hour time of 0.301
for the same conditions. This corresponds to the
other times of the irradiation for polymeric films.
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Table 3. Coefficient growth values hydroxyl (lon) with irradiation time for PMMA containing

concentrations different of the (MgO NPS)

Irradiation time (hrs.)

Hydroxyl Index (lon)

Wit. % of Addition

0.0 40
PMMA 0.00 0.055
PMMA + 0.025 % MgO 0.000 0.095
PMMA + 0.05% MgO 0.000 0.126
PMMA + 0.1 % MgO 0.000 0.178
PMMA + 0.2 % MgO 0.000 0.234
PMMA + 0.4% MgO 0.000 0.288

80 120 160
0.157 0.257 0.301
0.226 0.309 0.364
0.338 0.346 0.410
0.344 0.370 0.453
0.357 0.412 0.484
0.396 0.451 0.501

The increase with the increased absorption of
polymeric films to UV radiation during the
irradiation process and the values of the coefficient
of absorption of the hydroxyl group (loy) increased
the speed of disintegration of optical oxidation of
polymer films(34).

Optical microscope

Pure PMMA films and polymer films

containing concentrated 0.4%. form magnesium
oxide nanoparticles showed there is a change and
deformation of the film surface with irradiation
time.as Figs. 24 and 25. This fits in with the surface
morphology.

Figure 13. The change in the pure film surface of PMMA: (A) before irradiation time, (B) at 120
hours

Figure 14. The change in the film surface films of PMMA containing concentrations 0.4% of the
MgO NPS at 120 hours

Conclusions:

The use of magnesium oxide nanoparticles
prepared as catalysts help to boost the photo-
degradation of PMMA films after irradiation with
ultraviolet light for distinct periods. Several
occurring sequential processes make the molecular
mass lower. Other chemical reactions result in
breakage in weak bonds, Cross-linking, as well as
secondary oxidative reactions, and Chain — scission.
Several techniques are used to monitor photo-
degradation such as growth of specific functional
groups in the infrared spectrum, chain scission and
rate of deterioration in molecular mass, proportion
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of mass loss. In addition to this, the atomic force
and scanning electron microscopy are used to
characterize and assess the surface morphology of
magnesium oxide nano particles. The results
indicate that the rate of photo-degradation is
affected by the chemical structure of polymer and
additives. The mixed films show important photo
catalytic behavior in contrast to pure films. The
existence of additives in polymers films hastens
photo-degradation compared to pure films.
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