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ABSTRACT

The removal of bromophenol blue dye from textile wastewater effluents using nano-crystalline
magnesium oxide (MgO) was studied. Nano MgO was prepared by a co-precipitation method. The
parameters that affected the dye uptake, contact time, reagent dosage and pH were examined and
optimized. The dye adsorption equilibrium data fit well to the Langmiur isotherm, but not to the Fre-
undlich isotherm. The adsorption isotherm indicates that the adsorption capacity was 124 mg of dye
per gram of MgO. The adsorption isotherms, including the Langmuir constant (Q degrees and b) and
Freundlich constant (K(F) and n) for the dye, decreased with an increase in temperature. The value
of enthalpy change (AH) for bromophenol blue dye was —56.5 k]J/mol, indicating that the removal
process is exothermic. The adsorption of the dye was enhanced by increasing the pH, reaching a
maximum at pH 6-11. MgO was also used because of its antibacterial activity against B. subtilus and
E. coli, and we found that the best inhibitory parameters for MgO nanoparticles against 10 CFU/ML
of B. subtilus and E. coli were 0.5 gm of MgO and 4 h to kill all cells, as shown in the TEM images. MgO
was characterized by X-ray diffraction (XRD), atomic force microscopy (AFM) and diffuse reflec-
tance spectroscopy (DR) before and after the removal of bromophenol blue.

Keywords: Nano-crystalline MgO; Bromophenol blue dye; Wastewater treatment; Optical
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1. Introduction

According to the Society of Dyers and Colorists and
the American Association of Textile Chemists and Color-
ists, data reported for the Color Index (C.I.) approximately
equals 10,000 different types of synthesized dyes. The avail-
able data about the production of dyes also annually equals
700,000 tons, as reported in the literature [1,2]. Clearly,
there is a large amount of dye waste that affects our land
and even more wastewater that affects plants, animals and
human health and life. The textile and other industries gen-
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erate a number of visual pollutants, which they discharge
to the surrounding environment without any further treat-
ment. These pollutants not only add colour to water but
also cause extensive toxicity to aquatic and other forms of
life. Approximately 10-15% of the total dyes from various
textile and other industries become discharged in waste-
water and cause extensive pollution [3]. Therefore, the
treatment of industrial effluents containing aromatic com-
pounds becomes necessary prior to their final discharge to
the environment. Many papers have reported methods for
dye removal from wastewater by applying different meth-
ods, including biological processes, combined chemical
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and biochemical processes, chemical oxidation, adsorp-
tion, coagulation and membrane treatments; each of these
has specific advantages and disadvantages [4]. Recently,
adsorption has been one of the most used techniques for
dye removal. This is likely because of its simplicity and high
level of effectiveness [5]. Nano-crystalline metal oxides, in
particular magnesium oxide (MgO), have promising appli-
cations as adsorbents in wastewater treatment because
of their low production cost, environmental impact and
because they are essential for plant, animal, and human
life. The advantages of MgO can be summarized as follows:
(i) its large specific surface area and high surface reactiv-
ity due to its nano-scale and (ii) its ability to be prepared
from readily available and economical precursors [6-9].
Additionally, the efficient removal of various pollutants
has been found when nano-MgO has been utilized [6,7]. In
addition, nano MgO has a good bactericidal performance
in aquatic environments. Recently, it was reported [10,11]
that MgO has good bactericidal performance in aqueous
environments because of the formation of superoxide (O*)
anions on its surface. Klabunde, Marchin and co-workers
[12,13] demonstrated that nano-MgO exhibits a high activ-
ity against bacteria, spores and viruses after the adsorption
of halogen gases because of its large surface area, abundant
crystal defects and positively charged particles, which can
result in strong interactions with negatively charged bac-
teria and spores. Many nano-sized inorganic metal oxides
degrade chemical warfare agents or their surrogates in
heterogeneous catalysis: CaO [14], AL,O, [15,16], MgO [16],
TiO,, ALO,/CuO [17], ZnO [18], TiO,, ZnO, ALO, [19],
CuO/Zn0O [20], ALO,, MgO, Zn0O, CeO,, CuO, and TiO,
[21,22]. Among these compounds, magnesium oxide (MgO)
is one of the most frequently used [23-25]. Some of these
oxides have been tested against microbes, such as bacte-
ria or viruses, which may also be agents of the threat: ZnO
against Escherichia coli [26], ZnO, MgO, Zn/MgO against
Bacillus subtilis and E. coli [27], MgO, CaO, MgO/Cl,, MgO/
Br, against E. coli, Bacillus sp. and a virus [28], MgO against
Staphylococcus and E. coli [29]. According to these published
studies, magnesium oxide seems to be able to neutralize
both toxics and biological agents. As magnesium oxide is a
nontoxic, environmentally friendly and low-cost material,
the ability of this component to act both on chemicals and
microbes makes it a promising reagent to be included in a
broad spectrum decontamination system. E. coli is the most
common foodborne pathogens responsible for millions of
cases of illnesses and hundreds of deaths each year in the
United States. B. subtilis is a kind of spore with a compact
cell wall that has strong resistance again chemical agents
[30]. Bromophenol blue dye is used as a colour marker to
monitor the process of agarose gel electrophoresis and poly-
acrylamide gel electrophoresis. In addition, it is used as
an acid-base indicator,may cause respiratory tract irritation,
may be harmful if absorbed through skin, may cause skin
irritation and may cause eye irritation. The removal of bro-
mophenol blue dye by the sequencing batch technique was
investigated in this study.

This study investigated the use of MgO for two separate
applications: 1) the removal of the bromophenol blue dye as
an organic pollutant from synthetic wastewater and 2) the
use of MgO antibacterial activity against B. subtilus and E.
coli in synthetic wastewater.

2. Experimental procedures
2.1. Preparation of nano-crystalline MgO powders

All chemicals were purchased from Sigma-Aldrich with-
out further purification. MgO were prepared by a co-pre-
cipitation method as follows: 2 M MgCl,-2H,O and NaOH
were dissolved in deionized water at 50°C in separate bea-
kers for 1 h to produce transparent, clear solutions. After
complete dissolving of MgCL-2H,0, NaOH was added
drop wise until the clear solution became a white precipi-
tate. The white precipitate was stirred for another one hour
to complete the reaction. The precipitate was collected by
filtration, washed with deionized water several times, and
then wash with ethanol in a last stage. After washing, the
final product was dried at 150°C for 2 h. The dried powder
was inserted in a high temperature furnace for calcinations
at approximately 500°C for 3 h to remove any organic resid-
uals inside the nano-powder [31].

2.2. Bactericidal testing

After the MgO was heated at 120°C for 20 min, 0.5 g
samples of MgO were placed in a sterile conical flask, and
50 ml of phosphate buffer was added (pH 6.8) followed by
0.5 ml of Bacillus subtilis and E. coli (10°cfu/ml). The sample
was mechanically shaken at specific time intervals (0, 0.5, 1,
2,4, and 6 h) at 37°C, and an aliquot (0.5 ml) of the liquid
mixture was placed on a sterile plate with a general germ
culture medium and cultured for 24 h at 37°C. The surviv-
ing colonies were counted by eye. The tests were conducted
at least three times with each MgO sample including both
B. subtilis and E. coli, and the average CFU/ml (log 10) were
calculated as shown in Table 1.

2.2. Measurements

A fully automated NT-MDT SOLVER NEXT Atomic
force microscope (AFM) was used for scanning the
nano-crystalline MgO in semi-contact mode.

X-ray diffraction patterns were conducted by an XRD-
6100 X-ray diffractometer with CuKo (A = 1.5406 A) radia-
tion in the 20 range from 5 to 90°. The scanning mode was
continuous with a scan speed of 2 deg/min; the sampling
pitch was 0.02 deg, and the preset time was 0.6 s.

Table 1

Antimicrobial effect of MgO against of B. subtilis and E. coli (10°
cfu/ml), at different times. Control sample is B. subtilis and E.
coli without MgO

Time  Average number of Average number of CFU/
(h) CFU/ml B. subtilus ml E. coli
Control WithMgO  Control ~ With MgO

0 8 8 8 7

0.5 8 6 8 6

1 8 4 8 3

2 8 2 8 1

4 7 0 8 0

6 7 0 7 0
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For diffuse reflectance (DR) measurements, a Shimadzu
UV-VIS-NIR spectrophotometer (UV-3600) was used to
measure the DR in the wavelength range of 230-800 nm
using integrating sphere attachments and BaSO, as the ref-
erence.

2.3. Adsorption studies

Adsorption equilibrium studies were conducted at
25°C, 45°C and 65°C by shaking 0.03 g of nano-crystalline
MgO with 50 ml of dye solution in the concentration range
of 2x107*-1x10~*M for the equilibrium contact time. After
the sorption experiment, the mixture was centrifuged,
and the residual dye concentration in the supernatant was
spectrophotometrically determined using the calibration
curves. Adsorption isotherms were determined by shak-
ing 0.03 g of MgO (0.6 g/1) with 50 ml of dye solution at
concentrations ranging from 2x10~ to 1x10™* M, and the
solution was adjusted to pH 5 with dilute HCI for equi-
librium. The solutions were thermostated at different
temperatures (25°C, 45°C and 65°C). After shaking, the
supernatant solution was separated from the MgO pre-
cipitate by filtration. The remaining concentrations of BPB
dye in the solution were spectrophotometrically deter-
mined by monitoring the absorbance at A 480. Fig. 1
shows the molecular structure of BPM. In all experiments,
the difference between the initial dye concentration (C,)
and the equilibrium concentration (C ) was calculated and
used to calculate the adsorptive capacity (q,) as follows:
where V is the total volume (in litre) of the dye solution (1);
m is the mass of the MgO adsorbent used (g); and C_ and
C, are the initial and residual molar concentrations (mol)
of the dye, respectively.

3. Results and discussion
3.1. Structural characterization by atomic force microscopy and
X-ray diffraction

AFM micrographs in 2D and 3D were investigated by
the NT-MDT solver next device. Fig. 2a shows the 2D and
3D AFM images of nano-porous 1x1 um?MgO. The analysis

OH
Br Br
Br
O%SP OH
Oj/ Br

Fig. 1. Molecular structure of Bromophenol blue dye.

of the grain size was performed by Image Analyzer soft-
ware attached to the solver next device. The mean grain size
of the nano-clusters was 61.967 nm.

The X-ray diffraction pattern presented in Fig. 2b shows
the nano-crystalline MgO in powder form for pure MgO
and MgO of different concentrations. Different peaks for
MgO appeared at 26° values of 36.8675, 42.8551, 62.1837,
74.5616 and 78.4680, which correspond to (111), (200),
(220), (311) and (222) reflections, respectively, according
to JCDPS card No. 89-4248 [32]. X-ray diffraction results
confirmed that MgO was the only dominant phase, and no
other phases appeared. The preferred orientation of MgO
for both pure MgO and the MgO with the dyes are along
the (200) plane. XRD patterns revealed that pure MgO and
MgO with the dyes are a cubic structure. Even so, the dif-
fraction peak intensity for pure MgQO is higher than that
of MgO with the dyes. This decreasing peak intensity can
be attributed to adsorbents of the dyes inside the porous
MgO. The lattice constants, a, for pure MgO and MgO with
the dyes were obtained from the interplaner spacing of the
d,,, value of the (200) and (220) peaks using the following
equation [33]:

dyy = ———— 1
SN e &
The mean values of the calculated lattice constants, a,
for pure MgO and MgO with the dyes were 4.2180 A and
4.2299 A, respectively. Clearly, parameter a for MgO with
the dye is larger than of pure MgO which can be inter-
preted as a distortion of the MgO crystal under the effect
of absorbing dye. The obtained data for parameter a is in
good agreement with reported value on JCDPS card No.
89-4248, which is 4.2109 A. The crystallite size of pure MgO
and MgO with the dye can be calculated depending on the
full width at half maximum (FWHM) and the diffraction
angle, 0, via Scherrer’s equation [34]:

09
BcosO

where f is the full-width at half maximum for the recorded
peaks of the XRD peak appearing at the diffraction angle, 6.
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Fig. 2a. 2D AFM micrographs of pure nano-porous MgO of 1x1 um?.
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Fig. 2b. 3D AFM micrographs of pure nano-porous MgO of 1x1 um?.
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Fig. 2. (a&b). X-ray diffraction of pure MgO and MgO after re-
moval of BPM dye.

The crystallite size was calculated for all the recorded dif-
fraction peaks. The mean crystallite sizes of pure MgO and
MgO with the dyes were 13.157 nm and 12.614 nm, respec-
tively. Clearly, the grain size of MgO with the dye is less
than that of pure MgO because of dye absorption. Depend-

ing on the values of 8, 6 and D, it is possible to calculate the
dislocation density, 8, and crystal strain, €, for the studied
materials as follows [35-39]:

n

8=F

®)

. BcosO
4

where 7 is taken as unity at a minimum dislocation density.
A dislocation can be defined as a crystallographic defect
or irregularity within a crystal structure. The presence of
dislocations strongly influences many of the properties of
materials [35]. The values of the dislocation density, , and
crystal strain, g, for pure MgO and MgO with the dyes were
5.794x10° nm™ and 6.405x107, respectively, whereas the
strain values for pure MgO and MgO with the dyes were
2.637x107 and 2.766x107, respectively.

4)

3.2. Effect of particle size on BPB remouval

Variations in particle size can influence the chemical
behaviour of MgO. The surface area of MgO increases with
increasing particle size, and the adsorption rate is directly
proportional to the surface area [40]. Thus, based on the sur-
face area, compared with the coarser fractions, finer grain
fractions will have a higher adsorption potential.

The efficiency of different particle sizes (10-200 mesh)
on the removal of 50 ml of 2 x 10~* MBPM dye from aqueous
solution using 0.03 gm of MgO was studied at pH 5 for a
shaking time 30 min at 25 + 1°C. The removal of BMP dye
was found to increase as the sorbent particle size decreased
from 200 to 10 mesh (Fig. 3). Hence, MgO with a particle
size of 35 mesh was chosen for further experiments.

3.3. Effect of MgO dosage on adsorption

The adsorption of BPB dye as a function of the amount
of MgO at pH 5 was investigated. The MgO concentration
was varied from 0.005 to 0.1 g/50 ml for the 2 x 10~ M dye
solution and equilibrated for 30 min. Adsorption of the dye
increased with increasing adsorbent dosage, and equilib-
rium was established with 0.03 g of the sorbent (Fig. 4). For
this purpose, the volume/mass of the adsorbent (V/m) was
plotted as a function of g,. The optimum MgO amount for
maximum dye removal was 0.6 g/1 for an initial dye con-
centration of 2x10~* M. The removal efficiency and mecha-
nism have been previously demonstrated [41].

3.4. Effect of shaking time

Adsorption of a fixed concentration of BPB dye at 2
x10™* M on MgO was studied as a function of shaking time
to determine the equilibration time for maximum adsorp-
tion (Fig. 5). The residual dye concentration in the super-
natant solution at a selected shaking time was measured.
In total, 30 min was enough for adsorption equilibrium for
the tested dye. This revealed that MgO is a good adsorbent
with fast kinetics for removal of BPB dye compared with
other previously suggested adsorption materials, which
take a much longer time, as indicated in Table 2.
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Fig. 3. Effect of particle size on removal of BPM dye.
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Fig. 5. Effect of shaking time on removal of BPM dye by nano
crystalline MgO.

Table 2
Summary of isotherm parameters for the sorption of BPM on
the synthesized nano-crystalline MgO

Langmuir

25°C 45°C 65°C
g, 219 152.4 7112
K, 5.34 3.86 2.66
R? 0.953 0.999 0.991
Freundlich
N 0.847 0.751 0.735
K, 1.096 2.108 2.356
R? 0.996 0.994 0.9969

3.5. Effect of pH

The effect of pH on the removal of BPB dye by MgO is
shown in Fig. 6. Sorption at different pH values was con-
ducted by adjusting the pH of the dye solution at differ-
ent values with HCl or NaOH before treatment with MgO.
Adsorptive capacity of the BMP dye was studied at a pH
range from 2 to 10 as shown in Fig. 6. The maximum uptake
was obtained at pH 5. The obtained pH is suitable for waste
treatment plants without further addition of chemicals or
any side effects on the pH of the effluent after the treatment
process. These results agree with the effective pH obtained
by other workers for removal of some reactive dyes by
metal hydroxide adsorbate sludge [42].

3.6. Effect of dye concentration

The experimental results of adsorption of BPM on MgO
at various initial concentrations (2 x 10~ to 0.04 x 10™* M)
are shown in Fig. 7. The percent adsorption decreased with
increasing initial dye concentration; however, the actual
amount of dye adsorbed per unit mass of MgO increased
with increasing dye concentration. The amount of dye
adsorbed increased from 13.39 mg/g at 0.04 x 10* M to
124.61 mg/g at a concentration of 2 x 10* M. The results
indicate that the adsorption is dependent on the initial con-
centration of the dye. However, at high concentration, the
available sites for adsorption decrease, and the available
dye molecules increase; hence, the percentage removal of
dye decreased with increasing initial concentration [43]. We
suggest that this behaviour is partially due to saturation of
the available sites for adsorption at a high dye concentra-
tion and also suggests possible monolayer coverage of the
BPM on the MgO surface.

3.7. Effect of temperature

As the temperature was increased from 25-65°C, the
percentage dye removal increased. Enhanced adsorption
of BPM dye with temperature may be due to the increased
mobility of dye molecules and the enlargement of pore sizes
due to activated diffusion (Fig. 8). The latter is expected to
widen and deepen pores, thereby creating more surface
area for adsorption. Similar results have been reported by
other researchers [43].
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3.8. Adsorption isotherms

The adsorption isotherms of the BPB dye on MgO show
the relationship between the amount of adsorbed dye per
weight of adsorbent (g.) and the equilibrium concentration
(C) at two different temperatures. Evidently, the adsorption
of BPB dye on MgO decreases with an increase in tempera-
ture, indicating that the process is exothermic. Linear plots
of the Langmuir model (C_/q, vs. C) are shown in Fig. 9.
The maximum adsorption capacities (Q°) and the b con-
stants were calculated from the slope and interception of
the Langmuir plots, respectively, using the equation:

C_ Lo, 1t

[ PR U

The linear plots of the Freundlich model (log g, vs log

C,) are shown in Fig. 10. The Freundlich constants (n and

KF) were calculated from the slope and intercept of the Fre-
undlich plots, respectively, using the equation:

©)

logg, = logKf + llog C,, (6)
n

All calculated constants obtained from both models are
listed in Table 2.

3.9. Thermodynamic studies

The free energy change (AG®), enthalpy change (AH®)
and entropy change (AS°) were evaluated using the follow-
ing equations:

AG® = —RT InKa )
In(Ka,/Ka,) =-AH°/R (1/T,~1/T,) (8)
AG® = AH°® — TAS® 9)

where R is the universal gas constant (8.314 ] K'-mol™),
and T (K) is the temperature. The results are shown in Table
3. The enthalpy change (AH®) of adsorption of BPB dye by
MgO was -56.5. This indicates that the adsorption proceeds
via an exothermic process. Negative AG® values show a
spontaneous adsorption process, and positive AS° values
indicate the affinity of the adsorbent for the dye.

3.10. Adsorption mechanism

To investigate the mechanism of dye adsorption on
MgO nanoparticles, pseudo-first-order and pseudo-sec-
ond-order models were adopted. Massimiliano Fabbricino
and Ludovico Pontoni (2016) [44] used shrimp shells as a
solid adsorbent to remove direct dyes from wastewater.
The authors found that the second-order kinetic equation
and the Langmuir isotherm can simulate the process and
that the removal process is due to parallel adsorption of dye
molecules on the residues. Franco et al. [45] stated that ionic
liquid played a crucial role in the separation of their target
analyses, and they employed solid phase extraction (SPE)
with conventional C18 and cation—exchange cartridges. The
experimental adsorption isotherms for four anionic dyes
(Acid Blue 25, Acid Yellow 99, Reactive Yellow 23 and Acid
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Table 3
Thermodynamic parameters for adsorption of BPM on the
synthesized nano-crystalline MgO

Temp. K AG° KJ mol™ AH° K] mol  AS° KJ mol! K!
298 —41495 -56.5 -0.120
318 —-334.56 -0.087
338 —242.33 —0.055

Blue 74) on cationized cotton were analysed using a mul-
tilayer adsorption model by Khalfaoui et al. [46]. For this
purpose, the double-layer model showed the best fit with
a high correlation coefficient. This method allowed an esti-
mation of all the mathematical parameters in the model.
Physicochemical variables, including the chemical poten-
tial, the adsorption energy, and the anchorage number, were
calculated. The removal of some reactive dyes (RY-145,
RR-194 and RB-B) from textile wastewater effluents using

Sorel’s cement was described by Hassan et al. [43]. The dye
adsorption equilibrium data fit well to the Langmuir iso-
therm but not to the Freundlish isotherm. The adsorption
isotherm indicates that the adsorption capacities are 107.67,
120.89 and 103.14 mg dye per gram of Sorel’s cement for
RY-145, RR-194 and RB-B reactive dyes, respectively. The
adsorption isotherms, including the Langmuir constants
(Q° and b) and Frendlich constants (KF and n), for the dyes
decreased with an increase in temperature. The values for
enthalpy change (AH) for RY-145, RR-194 and RB-B dyes
were —146.96, —49.23 and -264.86 kJ mol™, respectively,
indicating that the removal process is exothermic. The
removal of malachite green dye (MG) from aqueous solu-
tion was studied using organically modified hydroxyapa-
tite by El-Zahhar and Awwad [47]. Hydroxyapatite (HAP)
was organically modified with different concentrations of
the organic surfactant, ethylhexadecyldimethyl ammonium
bromide (EHDAB). The effect of contact time, adsorbent
dose, dye concentration and temperature was studied. The
equilibrium uptake increased with increasing initial dye
concentration in solution. The experimental isotherm data
were analysed using the Langmuir adsorption isotherm
model. The amount of adsorbed MG on a modified apatite
was found to increase with increasing adsorbent concen-
tration. The maximum monolayer adsorption capacity was
found to be 188.18 mg/g at 30°C. A composite material was
prepared by El-Zahhar et al. [48] that incorporated the clay
(kaolinite) into a poly(acrylamide co-acrylic acid) through
the in situ polymerization method with a cross-linker. Dif-
ferent factors that could affect the bromophenol blue (BPB)
dye adsorption behaviour were studied, including time of
contact, dye concentration and temperature. The kinetic
studies revealed that the adsorption results fit the Lagergren
model (pseudo-first-order reaction rate) well. The isotherm
studies also showed that the adsorption data fit with the
Freundlich model better than with the Langmuir isotherm
model. Based on the effect of temperature, the thermody-
namic parameters were calculated, and a free energy change
(AG°) value of -110.323 kJ/mol was obtained, suggest-
ing the feasibility and spontaneous nature of the sorption
reaction. Additionally, the relatively high negative value
of entropy changes of AS° = -509.4 ] mol~! K~ ' suggested
the chemical nature of the sorption reaction. The amount of
adsorbed dye on MgO was studied as a function of time to
estimate the adsorption mechanism. The adsorption of dye
with time showed that a mixing period of 30 min is opti-
mum for attaining equilibrium with respect to MgO. Dif-
ferent kinetic models were applied on the obtained results,
and the kinetic parameters were determined. The kinetic
models correlate the amount of adsorbed dye with time.
The Lagergren model was presented for pseudo-first-or-
der reactions, and the rate constant (K) and the adsorption
capacity (q,) was determined. From the calculated data, we
determined that the adsorption capacity, g, and the linear
regression coefficient for the studied kinetic model did not
fit with the experimental results for the adsorption of BPM
on MgO. The second-order kinetic model, which describes
the chemical adsorption has been described by many
researchers. The results of the studied kinetic model show
that experimental results for the adsorption of BPM on
MgO fit and were described by the kinetic model that sup-
ports chemical adsorption. The sorption of BPM could be
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favourably described by the pseudo-second-order kinetic
model on MgO. This finding refers to the participation of
chemical adsorption within the adsorption mechanism for
BPM on MgO. Several earlier researchers have also shown
that the pseudo-second-order model fits well for describing
the adsorption process [49-51]. The Dubinin—-Radushkev-
ich (D-R) adsorption isotherm model was studied, which
describes adsorption on porous solid surfaces. The calcu-
lated mean adsorption free energy (ES) from the D-R model
for the adsorption of BPM on MgO was found to be 6.83 kJ/
mol. This values shows that physical adsorption is a partic-
ipating mechanism. The pseudo-second-order model sug-
gests that the adsorption depends on the adsorbate and the
adsorbent and involves a chemisorption process in addition
to physisorption [49]. The net conclusion from the obtained
data are that the mechanism of adsorption of BPM on MgO
includes both physical and chemical adsorption.

3.11. Spectroscopic studies
3.11.1. Diffuse reflectance (DR)

Diffuse reflectance spectroscopy (DR) is a rapid survey
technique that locates the main regions of absorption and
provides information on the energy, width, and intensity of
absorption bands [50]. In this case, nano-powder samples
(pure MgO and MgO with the dye) as a pellet of a specific
thickness (1.5 mm) was used for the diffuse reflectance mea-
surements.

The measured diffused reflectance spectra of pure
MgO and MgO with the dye are shown in Fig. 11. The
DR of pure MgO was larger than the DR of MgO with
the dye. Additionally, the diffuse reflectance spectrum of
MgO showed two minimum peaks at 556 nm (2.230 eV)
and 244 nm (5.08 eV); however, for MgO with the dye,
there were three weak peaks at wavelengths of 616 nm
(2.013 eV), 348 nm (3.56 eV) and 250 (4.96 V). McKenna
et al. [51] studied the UV-VIS diffuse reflectance spec-
tra of compaction MgO nano-powders. They found that
there are two absorption features (bands) in the range
of 4.0-5.5 eV. They attributed these changes (with the
help of complementary first-principles calculations) to
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Fig. 11. Diffused reflectance of pure MgO and MgO with BPM
dye.
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the excitation of nano-crystal interfaces [52]. They con-
cluded that the photons with low energy, e.g., 4.6 eV,
excite electrons not only at MgO surfaces, as previously
believed, but also at interfaces inside the nano-powder.
This is the first experimental evidence for the emergence
of new electronic states that arise from the contact area
between nano-crystals [53,54]. Our results are in good
agreement with the reported data by McKenna et al. [51]
regarding the presence of a new absorption range inside
MgO nano-powders at low photon energy. The absorp-
tion of the dye on nano-porous MgO led to new absorp-
tion energy bands that differed from that on pure MgO.
Additionally, these changes in absorption bands lead to
changes in XRD parameters, such as the grain size, the
dislocation density and the strain of MgO nano-crystals.
We concluded that the dye absorbed inside MgO leads to
the creation of the defects and thus the distortion of the
MgO crystals.

4. Antibacterial activity of MgO for B. subtilus and E. coli

The viabilities of B. subtilus and E. coli were determined
when exposed for different times to MgO. The surviving
colonies were counted by eye. From the data obtained, we
found that control sample did not decrease in CFU cells
for the different times; however, the best inhibitory time
for MgO against 10° CFU/mL of B. subtilus and E. coli was
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Fig. 12. a. Antimicrobial effect of MgO against of E.coli (10° cfu/
ml), at different times. Control sample is E. coli without MgO.
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Fig. 12. b. Antimicrobial effect of MgO against of B. subtilus (10°
cfu/ml), at different times. Control sample is B. subtilus without
MgO.
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4 h for 0.5 g of MgO, which was required to kill all cells as
shown in Figs. 12a,b. Additionally, TEM was conducted for
MgO with and without B. subtilus and E. coli as shown in
Figs.13a—c.
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Fig. 13. a. TEM for antimicrobial effect of MgO against of B. sub-
tilus (10% cfu/ml),or E. coli (10° cfu/ml) after 2 h.

Fig. 13. b. TEM for antimicrobial effect of MgO against of B. sub-
tilus (10% cfu/ml), at zero times.

Fig. 13. c. TEM for antimicrobial effect of MgO against of E. coli
(108 cfu/ml) at zero time.

5. Conclusions

Nano-crystalline MgO was prepared by the co-precip-
itation method, and the final MgO was calcined at 500°C.
XRD and AFM micrographs supported the nano-structure
of the studied MgO. The crystalline size was calculated by
the Scherrer’s equation to be 13.175 nm, and the nano-clus-
ter size of MgO by AFM analysis was 61.967 nm. MgO was
effectively used for the removal of BPB dye from wastewa-
ter. The adsorbed amount of the BPB dye increased with an
increase in the contact time and adsorbent dosage, reaching
a maximum equilibrium for 10~ M of dye at 30 min and for
0.02 g adsorbent. The adsorbed amount of dye decreased
with increasing temperature. The diffused reflectance
measurements and analysis revealed the presence of new
absorption bands after absorbing the dye, which is different
than the pure MgO at a lower photon energy. The dye absor-
bance affects the crystal structure and the absorption bands
of the dye on MgO. It was concluded that the absorbed dye
inside MgO leads to the creation of new defects and thus
distortion of the MgO crystals.
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