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Abstract The synthesis of metal oxide nanoparticles with

the use of plant extract is a promising alternative to traditional

chemical methods. The aim of this work was to fabricate

MgO nanoparticles using theArtemisia abrotanum herb water

extract. The biologically synthesized MgO nanoparticles

were characterized by UV–Visible spectroscopy, Fourier

transform infrared spectroscopy (FTIR), X-ray diffraction

(XRD), scanning electron microscopy (SEM) with EDS

profile and transmission electron microscopy (TEM). XRD

studies confirmed that pure monoclinic crystallite structures

of MgO nanoparticles were formed. The average size of MgO

nanoparticles was found to be 10 nm. EDS profile confirmed

the signal characteristic of magnesium and oxygen. FTIR

analysis confirmed the presence of active compounds

responsible for the stabilization of MgO nanoparticles. The

synthesized nanoparticles showed good catalytic activity in

the reduction of methyl orange (MO). MgO nanoparticles also

exhibit very good antioxidant properties.
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1 Introduction

Nowadays, researchers have developed exciting new

materials in nanosize to progress the unique and tunable

properties of the applied materials (Sahoo et al. 2007). Due

to their small size, nanoparticles exhibit novel material

properties, which are significantly different from those of

their bulk counterparts (Bindhu et al. 2016). An important

aspect of nanoscience is related to the design of experi-

mental methods for the synthesis of nanoparticles (NPs) of

different chemical composition, size, shape and properties

(Rai and Yadav 2013). Recently, researchers have tried to

find biological methods for the synthesis of nanoparticles

that will be the alternative to chemical or physical methods.

Biological methods for the production of NPs are consid-

ered safe and environmentally friendly; they are also cost-

effective and ensure the complete elimination of toxic

chemicals (Okitsu et al. 2007). In addition, the synthesis of

NPs using biological means, especially plants, is biocom-

patible, as they secrete functional biomolecules which

actively reduce metal ions (Rai and Ingle 2012).

This study presents a biological method for the synthesis

of Mg NPs using the extract of Artemisia abrotanum herb.

Magnesium oxide NPs are highly ionic nanoparticulate

metal oxides with extremely high surface areas and unusual

crystal morphologies (Ravishankar Rai and Jamuna Bai

2011). Nanoscale MgO possesses unique optical, elec-

tronic, magnetic, thermal, mechanical and chemical prop-

erties due to its characteristic structures (Ramanujam and

Sundrarajan 2014). Magnesium oxide is an important

functional metal oxide that has been widely used in various

fields, such as catalysis, refractory materials, paints, and

superconductors (Salem et al. 2015). In the literature, there

are several methods for the synthesis of nano-sized MgO

particles, including the sol–gel method, chemical gas phase

deposition, laser vaporization, hydrothermal synthesis, and

combustion aerosol synthesis (Mirzaei and Davoodnia

2012). Biological methods for the synthesis of MgO NPs

with the use of plant materials have not been widely

exploited (Sushma et al. 2015). Based on the literature,
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there are some samples of the synthesis of MgO NPs using

Clitoria ternatea, neem leaves (Moorthy et al. 2015),

Parthenium (Kumar et al. 2015), Brassica oleracea, Punica

granatum peels (Sugirtha et al. 2015), citrus lemon

(Awwad et al. 2014) or the extract derived from Nephelium

lappaceum L peels (Suresh et al. 2014). Therefore, the

application of green synthesis in order to obtain MgO NPs

is still an unexplored area, which presents numerous

research opportunities.

In this work, the synthesis of magnesium oxide was

performed using the extract derived from A. abrotanum

herb. The genus of Artemisia (Artemisia L.) includes sub-

shrubs, perennials, plants found mainly in the Holarctic

ecozone, on the steppe, on the desert and in the semi-arid

areas of Eurasia, Central America and North America. As

regards the number of species, this is one of the most

numerous genera of the Asteraceae family. A. abrotanum

L. has been used in traditional medicine for treating a

variety of disorders, including upper airway diseases

(Gruenwald 2000). Due to the fact that A. abrotanum L.

contains significant amounts of polyphenols, together with

an original distribution of polyphenols, flavonoids (agly-

cones and glycosylates) and hydroxycinnamic derivatives,

there is an opportunity for new applications of this herbal

extract. So far, the literature has not described the synthesis

of MgO NPs using A. abrotanum herb extract (Baiceanu

et al. 2015). Therefore, the aim of this work was first to

obtain and characterize MgO NPs, and then to examine

their catalytic activity.

2 Experimental

All reagents used in the present work were purchased from

Sigma-Aldrich (Poland). Milli-Q water was used through-

out the experiment.

2.1 Synthesis of MgO Nanoparticles

MgO NPs were synthesized using clean, dried and pow-

dered A. abrotanum herb. A. abrotanum herb was collected

from the region of Silesian Plain (Poland). The powdered

A. abrotanum herb was mixed with double distilled water

in the proportion: 2 [% weight] : 98 [% weight]. The mix

was kept at 80 �C for 40 min with vigorous magnetic

stirring. The obtained solution was filtered through What-

man’s No. 1 filter paper. In the next stage, the prepared

extract was mixed with Mg (NO3)2 in the proportion: 90 [%

weight]: 10 [% weight] and it was vigorously stirred for 6 h

at 90 �C. The prepared solution was set aside for 24 h and

kept at 25 �C.

2.2 Characterization of MgO Nanoparticles

The synthesis of MgO NPs using the extract of A. abro-

tanum herba was monitored after precipitate formation

using UV–Visible spectrophotometer, Cary E 500, at a

wavelength range 250–800 nm. The morphology of MgO

NPs was examined by means of scanning electron micro-

scopy (SU3500, Hitachi, with spectral imaging system

Thermo Scientific NSS (EDS), the tape of detector (BSE-

3D), acceleration voltage (15.0 kV), working distance

(11.6 mm), the pressure (in the case of a variable vacuum

conditions) (40 Pa). The functional groups attached to the

surface of nanoparticles and the other surface chemical

residues were detected using FTIR. The characterization

involved Fourier transform infrared spectroscopy (FTIR)

analysis of the synthesized MgO NPs by Perkin Elmer

Spectrum 1000 spectrum in attenuated total reflection

mode, and using the spectral range 4000–400 cm-1 with

the resolution of 4 cm-1. The size and structure of MgO

NPs were characterized using a transmission electron

microscope JEOL JEM 1200 EXII, operating at 200 kV.

X-ray diffraction studies of the MgO NPs were carried out

using a BRUKER D8 ADVANCE brand *-2* configura-

tion (generator-detector) X-ray tube copper S = 1.54 A

and LYNXEYE PDS detector. The size of particles was

estimated on the basis of Scherrer’s formula.

2.3 Catalytic Properties of MgO Nanoparticles

The catalytic activity of MgO NPs synthesized using the

extract of A. abrotanum herb was evaluated using UV–Vis

spectrophotometer, Cary E 500, to monitor the absorbance

peaks. The absorbance was measured in the range

350–800 nm at room temperature. The proper concentra-

tion of methyl orange (1 9 10-4M) was chosen on the

basis of the literature review. In the first reaction mixture,

the aqueous solution of methyl orange (1 9 10-4M) was

monitored by measuring the intensity of absorbance. In the

second reaction mixture, 4 ml of methyl orange (MO),

0.5 ml of A. abrotanum water extract and 3 ml of Milli Q

water were analyzed. The study of decomposition of

methyl orange (MO) used the same amounts of methyl

orange and A. abrotanum water extract, i.e. 4 ml of MO

and 0.5 ml of A. abrotanum water extract. For the variant

MO I, 0.5 ml of the prepared solution of MgO NPs and

2.5 ml of Milli Q water were used. For other variants, i.e.

from variant MO II to variant MO V, the amounts of the

prepared solution of MgO NPs were successively increased

by 0.5 ml, and the amounts of Milli Q water were suc-

cessively decreased by 0.5 ml. All variants were exposed

to sunlight for 120 min.
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2.4 Antioxidant Activity

In this work, the antioxidant activity was determined by

assessing the ability of MgO NPs synthesized using the

extract of A. abrotanum to neutralize the DPPH (2,2-

diphenyl-1-picrylhydrazyl) radical, which was reflected by

the reduction of the absorbance of the DPPH methanol

solution during the reaction with the tested solution of

MgO NPs. There were numerous dilutions prepared in the

range 0.01–5 lg/ml. Changes in the absorbance intensity

were measured using the spectrophotometer, Cary E 500.

To the test tubes (protected from light) were added 0.1 ml

of the tested solution and 0.7 ml of the DPPH reagent at

the concentration of 0.1 mM. The DPPH reagent was

prepared 24 h in advance (protected from light). After

30 min of shaking the solutions in test tubes, the absor-

bance was read, at the wavelength k = 515 nm. Water

(0.1 ml) and methanol (0.7 ml) were used as reference.

Before the measurement of the absorbance of samples, the

absorbance of DPPH solution was measured. The mea-

surement was made by measuring the absorbance of

0.1 ml of deionized water and 0.7 ml of DPPH solution.

The ability to reduce free DPPH radicals was calculated

based on the formula:

Aa ¼ Ao � Ai=Aoð Þ � 100 %;

where Aa means antioxidant activity [%], Ai means aver-

age absorbance of the tested solution, and Ao means

average absorbance of the DPPH solution.

2.5 Statistical Analysis

The results presented in the work constitute the arithmetic

mean of five measurements carried out in parallel. The

mean and the standard deviations were calculated using the

Statistica 8.0 computer program.

3 Results and Discussion

3.1 UV–Visible Absorption

UV–Vis absorption spectroscopy is the most widely used

method for characterizing the optical properties and elec-

tronic structure of nanoparticles, as the absorption bands

are relatedto the diameter and aspect ratio of metal

nanoparticles (Philip 2008). In this study, the prepared

MgO NPs were confirmed by UV–Vis spectroscopy.

According to Feldheim and Foss (2002), light wavelengths

in the 300–800 nm are used for characterizing various

metal nanoparticles in the size range 2–100 nm. This work

used the range 250–800 nm to identify MgO NPs. The

prepared solution was set aside for 24 h and kept at 25 �C.

Figure 1 presents the UV–Visible spectra of MgO NPs

synthesized using the extract of A. abrotanum herb after

24 h. The absorption spectra of the reaction media with

absorbance at 300 nm confirmed the presence of MgO

NPs. This proves the reduction of Mg (NO3)2 and the

emergence of MgO. The presence of MgO was confirmed

by conducting such studies as SEM with EDS profiles,

TEM, FTIR and DLS. Figure 2 presents the synthesis

scheme of MgO NPs synthesized using of A. abrotanum

herba extract.

3.2 FTIR Analysis

Fourier transform infrared spectroscopy (FTIR) was used

to identify the possible biomolecules which are responsible

for the reduction and capping of MgO NPs. Figure 3 pre-

sents the FTIR spectra of MgO NPs synthesized using the

A. abrotanum herb extract. The spectra show bands at

3308, 2139, 1635, 1346, 419 and 407 cm-1. The strong

infrared band near 3308 cm-1 was observed for the O–H

bond vibrations of hydroxy group. The most intense band

at 1635 cm-1 represents vibrations C=O, typical for the

structure of flavonoids which can be found in the A.

abrotanum herb extract. The peak which appeared at

2139 cm-1 may indicate the presence of alkynes group.

The absorption band at 1346 cm-1 is related to C–H

bending vibrations of aromatic tertiary amine group. The

peaks observed at 419 cm-1 and 407 cm-1 indicate the

presence of MgO NPs. FTIR spectrum confirmed the

presence of bioactive compounds in A. abrotanum herb.

These bioactive compounds were presumed to act as
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Fig. 1 Absorption spectra of MgO nanoparticles synthesized using of

A. abrotanum herba extract
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reducing and capping agents for MgO NPs. According to

the literature, the essential oil from A. abrotanum contains

68 identified compounds (Kowalski et al. 2007). The main

constituents of the oil are: piperitone, davanone, linanool,

1,8-cineole, silphiperfol-5-en-3-ol A and germacrene D.

Furthermore, in the herbal extract of A. abrotanum L.,

several phenolic acids were identified: gentisic, caffeic,

chlorogenic, p coumaric, ferulic and sinapic acid, both

before and after acid hydrolysis. Moreover, A. abrotanum

contains several flavonoid aglycones: quercetrol, luteolin,

apigenin, and the most abundant flavonoids: hyperoside,

rutin, quercetol, patuletin, luteolin, kaempferol. As it is

known, phenolic compounds have good antioxidant prop-

erties; they inhibit the production of reactive oxygen spe-

cies (ROS), and thus constitute a protection against

oxidative stress. In numerous scientific studies on the

antioxidant properties of phenolic acids, researchers have

proven the correlation between these properties and the

chemical structure. More specifically, the antioxidant

properties are related to the number of hydroxy groups in

the particle, as well as the level of their esterification. In

compounds with one hydroxy group, the antioxidant

activity is additionally increased by the presence of one or

two methoxy groups in the ring. The introduction of a

group with electron donors, alkyl or methoxy, in the ortho-

position, reinforces the stability of the antioxidant proper-

ties of phenolic acids. (Cuvelier et al. 1996; Shahidi and

Wanasundara 1992). The extract of A. abrotanum includes

chlorogenic acid, which demonstrates high antioxidant

activity. The presence of chlorogenic acid and these bio-

logically active compounds is crucial for the reduction and

stabilization of MgO NPs. Figure 4 presents the structure

of the selected phenolic acids (chlorogenic and caffeic

acid) and flavonoids (hyperoside, kaempferol).

3.3 XRD Analysis

The XRD techniques are widely used to determine the size

of particles and the structure of nanoparticles. Figure 5

shows the X-ray diffraction profile of MgO NPs synthe-

sized using the A. abrotanum herb extract. The size of

MgO NPs was obtained by Debye–Scherrer’s formula:

D ¼ Kk=ðbcoshÞ

where D is the crystal size; k is the wavelength of the

X-ray radiation (k = 0.15406 nm) for CuKa; K is usually

taken as 0.9; and b is the line width at half-maximum

height.

MgO NPs show peaks corresponding to the planes at

2h = 39.60� (111), 2h = 42.90� (200), 2h = 62.86� (202),

2h = 74.62� (311), 2h = 78.60� (222). The XRD spectrum

suggests that MgO NPs synthesized using the A. abrotanum

herb extract were crystalline. The crystal sizes calculated

using Scherrer’s formula were about 10 nm.

3.4 SEM and EDS Profile

Figures 6 present the scanning electron microscopy (SEM)

images of the MgO NPs synthesized using the A. abrota-

num herb extract where the scale bar is (A) 5 lm,

(B) 10 lm, (C) 20 lm and (D) 30 lm. Figure 6 shows that

the size of single MgO NPs was about 10 nm. Furthermore,

the MgO NPs were well dispersed. Locally, the synthesized

MgO NPs were agglomerated and formed larger clusters.

Figure 7 presents the SEM images of the MgO nanoparti-

cles synthesized using the A. abrotanum herb extract where

(A) the scale bar is 25 lm and (C) the scale bar is 10 lm

with EDS profiles. Further analysis of the MgO NPs by

EDS profile confirmed the signal characteristic of
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magnesium and oxygen. EDS profile is the additional

evidence of the formation of pure MgO nanoparticles.

Figure 7b, d presents peaks between 0.5 and 1.5 kV, which

indicate the presence of MgO NPs. Figure 7 (B) shows the

magnesium content at the level of 25.4 %, and the oxygen

content at the level of 47.6 %. The quantities of the

remaining elements are as follows: C (23.7 %), Al (0.7 %),

Si (0.3 %), P (0.1 %), K (1.0 %) and Ca (0.5 %). Figure 7

(D) shows the magnesium content at the level of 13.9 %,

and the oxygen content at the level of 39.4 %. The quan-

tities of the remaining elements are as follows: C (43.8 %),

Al (1.4 %), Si (0.3 %), K (0.8 %) and Ca (0.5 %).

The size, shape, and morphologies of the synthesized

MgO nanoparticles were examined using transmission

electron microscopy (TEM).

3.5 TEM Analysis

The size of the synthesized MgO NPs was characterized

by using transmission electron microscopy (TEM). As it

is known, TEM is an extremely useful technique to obtain

the direct information concerning particle size distribu-

tion, mean particle size and the shape of nanoparticles.

Transmission electron microscopy has a 1000 times

higher resolution than does scanning electron microscopy

(Eppler et al. 2000). In this study, it was decided to use

both methods in order to measure the size of nanoparti-

cles. The TEM image (Fig. 8 A magnification 50,0009

and Figure B magnification 100,0009) confirmed that the

size of the synthesized MgO NPs was less than 10 nm.

Moreover, the transmission electron microscopy image

presents the spherical structure of the synthesized MgO

NPs.
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Fig. 5 XRD patterns of synthesized MgO nanoparticles using A.

abrotanum herba extract

Fig. 6 SEM images of the

synthesized MgO nanoparticles

synthesized using A. abrotanum

herba extract where the scale

bar is a 5 lm, b 10 lm,
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3.6 Catalytic Activity of MgO Nanoparticles

Organic dyes are widely used in many industries. Methyl

orange (MO) is a dye which is widely applied in the

chemical, textile and paper industries. As the excessive use

of organic dyes leads to environmental pollution, the

control of industrial effluents is an indispensable job, which

helps in the creation of harmless and clean environment

(Ganapuram et al. 2015). Therefore, the search for a simple

method for the efficient degradation of dyes has gained

greater significance. One of such solutions may be the

application of metal oxide nanoparticles, which show

enhanced catalytic activity in the degradation of organic

dyes (Ashokkumar et al. 2014). In this study, MgO NPs

were used as a catalyst for the remediation of methyl

orange (MO). Figure 9 shows the reduction of methyl

orange (MO) in the absence of synthesized MgO NPs for a

time period of 120 min. The study used variants from MO I

to MO V; in each variant, the amount of the prepared

solution of MgO NPs was successively increased by

0.5 ml, while the amount of water was successively

decreased by 0.5 ml. The maximum absorbance wave-

length of methyl orange was recorded at 464 nm. The

diagram explicitly shows that the degradation of MO

advances due to the increasing amount of the prepared

solution of MgO NPs. This study confirms the catalytic

properties of green synthesized MgO NPs. These results

Fig. 7 SEM images of the MgO nanoparticles where a the scale bar is 25 lm and c the scale bar is 10 lm and EDS profiles (b, d)

Fig. 8 TEM image of the synthesized MgO nanoparticles a magni-

fication 50,0009 and b magnification 100,0009
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may be complementary to the studies conducted by Gupta

et al. (2011), who synthesized gold, silver and platinum

nanoparticles using tannic acid as the reducing agent. The

prepared metal nanoparticles were used for the catalytic

degradation of methyl orange in the presence of NaBH4.

The international literature describes only few studies

related to the catalytic properties of the MgO NPs obtained

as a result of biological synthesis. One of such studies is

presented by Mirzaei and Davoodnia (2012), who used

microwave-assisted sol–gel method for the preparation of

nano-sized MgO particles. The synthesized MgO NPs

exhibited high catalytic activity and gave the desired

products in good to high yields. This work presents the

catalytic activity of biologically synthesized MgO NPs,

which may be applied in the degradation of organic dyes.

3.7 Antioxidant Activity of MgO Nanoparticles

The antioxidant activity of MgO NPs synthesized using the

A. abrotanum herb extract was determined by means of the

test using the DPPH radical. In the DPPH method,

antioxidants present in the tested sample reduce the

stable nitrogen radical 2,2-diphenyl-1-picrylhydrazyl

(DPPH), causing the decrease in absorbance measured at

the wavelength of 515 nm. Substances that can donate an

oxygen atom create the reduced form of DPPH; in conse-

quence, the solution loses its violet color. In this work, the

solution of the active radical was purple, which proved that

the previously unpaired electron became paired. The level

of color change of the DPPH solution after adding the

solution with antioxidants shows the free radical scaveng-

ing properties of the antioxidants. This study also investi-

gated the antioxidant activity of the only extract of A.

abrotanum herb. There were five separate measurements

conducted, which were repeated five times. In this work,

the antioxidant properties of MgO NPs synthesized using

the A. abrotanum herb extract were determined by calcu-

lating the IC50 parameter. This parameter determines the

ability to scavenge free radicals. The higher the IC50

parameter, the more reactive the antioxidant. For MgO

NPs, the mean value of the parameter, based on five

measurements, was 4.73 lg/ml. For comparison, for the

extract of A. abrotanum herb, the mean value of the

parameter, based on five measurements, was 6.28 lg/ml.

The obtained result indicated the high antioxidant activity

of the obtained MgO NPs. The presence of MgO

nanoparticles led to a considerable improvement of the

antioxidant activity of the A. abrotanum herb extract.

Table 1 shows the results obtained for the antioxidant

activity of MgO NPs synthesized using the A. abrotanum

herb extract, as well as of the A. abrotanum herb extract

itself.

4 Conclusion

Nanoscience and technology have become the new hot

topics in material science. Nanostructured oxide materials

have been studied extensively because of their large sur-

face areas, unusual adsorptive properties, surface defects

and fast diffusivities. Recently researchers have discovered

the possibilities of preparing nanomaterials in an aqueous

medium with the help of stabilizing, capping or hydrolytic
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Table 1 The results of antioxidant activity of MgO NPs and the

extract of A. abrotanum herb

Product IC50 (lg/ml) SD

MgO NPs 4.73 0.10

A. abrotanum herb extract 6.28 0.01

IC50 inhibitory concentration 50 %, SD standard deviation
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agents. This study also examined the roles of the water

extract of A. abrotanum herb in the formation and stabi-

lization of MgO NPs. The synthesized nanostructures have

been characterized by UV–Vis, FTIR, XRD, TEM and

SEM with EDS profile. The obtained MgO NPs, sized

about 10 nm, have shown the catalytic activity in the

photodegradation of MO. To sum up, this study presents

the ecological method for preparing nanoparticles without

the need of using harmful chemical substances. The

obtained MgO NPs may have potential applications due to

their good catalytic activity. MgO NPs also showed strong

antioxidant properties.
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