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ABSTRACT

Article History:

The pure and Li doped MgO nanoparticles were synthesized by co-precipitation method using
magnesium nitrate hexahydrate, lithium nitrate and sodium hydroxide as starting materials. The
synthesized samples were characterized by various analytical techniques include different
technique. The XRD studies confirmed the cubic structures with high purity and the crystallite size
is within the range of 10 nm to 13µm. FESEM investigation revealed that the surface morphology
of MgO nanoparticles is significantly modified by Li doping. EDX spectra confirmed the presence
of the elements Mg, O and dopant Li. FTIR analysis confirmed the presence of Mg-O stretching in
the sample. Finally, the antibacterial effect of doped MgO nanoparticles evaluated against
pathogenic bacteria by agar diffusion method showed that the nanoparticles have reasonable
antibacterial activity against both gram positive (S.aureus) and gram negative (E.coli) pathogenic
bacterial strains and retains potential application in pharmaceutical and biomedical industries.
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INTRODUCTION
In modern technologies the metal oxide doping plays a vital
role in many areas such as catalysis, superconductivity,
antiseptic, antibacterial, environmental, sensor, lasers and
optoelectronics etc., because of its special properties like
chemical stability, high photo catalytic activity, high electric
permittivity, non-toxic nature. In the case of metal oxides,
doping provides an adaptable way to change and tune physical,
chemical, electronic, and even mechanical properties (Stefano
Prada et al., 2012). MgO completely change their properties
when doped by other elements, for event Cr-doped MgO has
been broadly deliberate as a potential laser source in the near
infrared spectral range (Kuck et al., 2000). Ni-doped and Lidoped MgO nanoparticles have been widely used in the
catalytic dissociation of N2O and in methane coupling
catalysis, respectively. Hargreaves and his co-workers observed
a loss of the characteristic morphology of the MgO due to grain
growth via agglomeration of crystallites and grain boundary
dislocations with the addition of Li (J.S.J Hargreavesa et al.,
1992). The crystallite size, morphology and optical properties
of the nanomaterials can be tuned by introducing the dopant
into the crystal structure of metal oxide either as substitution or
interstitial (Mohd Sufri Mastuli et al., 2014). Particle size,
catalystic activity and high defect concentration of oxides can
be easily modified by doping suitable second element.

Lunsford and co-workers (Lunsford and J. H. Catal et al.,
2000) projected a mechanism, in which the replacement of
Mg2+ ions by Li+ ions in the MgO lattice leads to (Li+, O-) –
centers, which led to serve as active site in the catalytic studies.
Thomas Berger have reported that Li+ (rLi+= 0.76) is easily
accommodated substitutionally within the MgO lattice as its
radius is closer to that of Mg2+ (rMg2+ =0.72). Then followed
thermal treatment Li+ ions tend to localize in the surface and
near-surface region of the MgO based crystallites (Thomas
Berger et al., 2007). Inorganic antibacterial agents find more
applications in plastic, ceramic, textile, coating and building
material compared with organic antibacterial agent due to their
broad spectrum antibacterial properties, heat resistance and so
on.
Compared with other antibacterial agents, inorganic
antibacterial agents (such as metals and metal oxide) have the
advantages of grater selectivity, less toxicity, heat resistance,
superior durability and chemical stability (Yuanyuan Rao et al.,
2014). Especially magnesium oxide as an inorganic
antibacterial agent has attracted the researchers because of its
lower cost, safer materials to human beings and simpler
antibacterial conditions. (Avanzato et al., 2009) reported that
MgO/GeO2 nanocomposite have sensing, good catalytic and
optical performance. Also a significant antibacterial activity
against Gram negative & Gram positive bacteria was observed.
Many different synthetic methods offer Li doped MgO nano
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scale, including combustion method (Feng
Feng Gu et al., 2008),
sol-gel (Yuanyuan Rao et al., 2014),
), charge compensation
process (Stefano Prada et al., 2012),
), Oxidative coupling of
methane (Roos et al., 1989),
), Biodiesal synthesis (Zhenzhong
(
Wen et al., 2010)) solution combustion synthesis (Orante(
Barro´n et al., 2011] and co-precipitation
ipitation method etc.,
In the present work, Li-doped
doped MgO nanopowders were
synthesized by co-precipitation
precipitation method by using organic
solvents. Systematic study of the structural and morphological
properties were carried out using different technique like XRD,
FESEM and FETEM. Antibacterial activities of the asas
prepared nanopowders were studied using Agar Diffusion
method.

g/ml with on interval of 50 g/ml respectively. Then 0.1 ml of
bacterial suspension (~108 cfu/ml) was added into each tube. In
addition, positive control tube containing the same amount of
bacteria cell.
ell. Bacterial cultures were grown overnight 37 C by
adding a single colony 500 g/ml Luria Bertani Broth. S.aureus
and E.coli cultures (0.1ml each) were placed out onto
individual Nutrient Agar plates using the Aseptic technique
(Y.Y. Rao et al., 2013). Thee zone of inhibition is which the
bacterial growth is stoped due to bacteriostatic effect, the
diameter of which is measured against the control strain and
measured using calipers.
Tg-Dta

METHODOLOGY
Magnesium nitrate hexahydrate Mg (NO3)26H2O and sodium
hydroxide were purchased
rchased from Merck company LTD and the
above reagents were of analytical grade and they were used
without further purification. Lithium nitrate (LiNO3) was
purchased from NICE Chemicals Pvt Ltd.
Experimental procedure
MgO anoparticles were prepared via co-precipitation
precipitation method
using NH3 (NO3)2 6H2O as precursor and NaOH as a solvent
(Karthikeyan et al., 2016).
). To prepare the precursor for MgO,
40ml of 0.2 M NH3 (NO3)2 6H2O was taken and stirred using
magnetic stirrer for 10-15
15 minutes at room temperature. Then
40ml of 0.2M NaOH solution was slowly added into the above
solution drop by drop under constant stirring condition. The
whole process was carried out under constant stirring condition
for 3 hrs. After completion of this whole reaction process,
pro
white precipitate Mg(OH)2 settled at the bottom of the flask,
was separated carefully from the supernatant liquid under
vacuum pressure. The above precipitation was washed
thoroughly with the help of doubly distilled water to make the
precipitate free
ee from tracer of foreign elements. The resulting
substrate was kept in air oven for proper drying at 80oC for 6
hours. Then the white precipitate was calcined at 500oC for 4
hours to obtain MgO nanoparticles. The white color of the final
product resembles with the natural color of the MgO.
To prepare the Li doped MgO samples, the same procedure
was followed, except that the desired amount of dopant was
added to the starting solution. The dopant of lithium nitrate is
taken to relative molar quantity of magnesium nitrate. Initially
(0.2 - X) mol of Magnesium nitrate hexahydrate Mg
(NO3)26H2O and X mol of Lithium nitrate is dissolved in 40 ml
of distilled water. Subsequently 0.2M (0.32g) of NaOH was
dissolved in 40ml of dissolved water and added into the above
a
reaction system, by the way of dropwise process. The same
procedure was followed for preparing Li doped MgO
nanoparticles with different values of X. X takes the values of
0M, 0.01M, 0.02M and 0.03M were used and denoted as A,
B, C and D respectively.
Disc diffusion method for Antibacterial activity studies
S. aureus and E.coli are selected as a model to evaluate
antibacterial properties of the as- synthesized samples. In this
agar diffusion method, nanopowders were diluted with help of
sterile tubes containing nutrient broth to give 400 g/ml to 800

Fig. 1 A) TG-DTA
DTA analysis of the precursors Mg(OH)2.
B) TG-DTA
DTA analysis of the Al doped precursors Mg(OH)2.

The decomposition behavior of the precursors Mg(OH)2 and Li
doped Mg(OH)2 nanoparticles are shown in fig (1). The TGA
curve exhibit three weight loss occurrence during the
decomposition of precursor Mg (OH)2 with and without
dopant precursor. In fig 1(a) the TGA curves shows first
weight loss of 4% at the starting of the de
decomposition, due to
the loss of free water. The second major weight loss in the
temperature range of 310 - 410
410˚C is related to decomposition of
Mg (OH)2 to crystallization of MgO nanoparticles.
Mg (OH)2

decomposition

MgO + H2O

The strong endothermic peak observed at about 405
405˚C in the
DTA curve could be attributed to the decomposition of
Mg(OH)2 to MgO. The observed weight loss from 310 to
410˚C
˚C is 30 wt %, which is in a good agreement with the
theoretical value from Mg(OH)2 to MgO transformation (30.8
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wt %). The third weight loss is very small in the temperature
range below 500˚C (Wei Wang et al.,
., 2007).
2007 A similar TGDTA curve with weight loss is observed for the lithium doped
precursor Mg (OH)2, with a small variation in the second
weight loss. The second major weight loss in the temperature
range 300 – 390˚C
˚C is related to decomposition of LiMg(OH)2
and crystallization of Li MgO nanoparticles. The major weight
loss starts at 300˚C
˚C and is completed around 390˚C, which
results in a weight loss is 29 wt % which is slightly less than
for pure and also good agreement with the theoretical value
from LiMg(OH)2 to Li MgO transformation(29.39 wt %)
(Stephan Heitz et al., 2010).
A slight shift in endothermic peak (ie from 405°C to 380°C) is
observed
ved when Lithium is added with precursor, otherwise
similar TG-DTA
DTA curves are obtained for both pure and doped
precursors Mg(OH)2. No weight loss observed above 500°C
reveal the formation of MgO and Li doped MgO respectively.
XRD

The table (1) clearly indicated the increase of crystallite size
withh increasing mole percentage of lithium content, indicates
that lithium doping has an effect of facilitating the crystal
growth and crystallization of MgO. As the ionic radius of
Mg2+ (0.066nm) is very close to that of Li+ (0.068nm), it is
easy for Li+ to be doped into the crystal latt
lattice of Mg and
occupy the substitutional sites ((I. Balint and K. Aika 2001).
XRD pattern of MgO and Li doped MgO nanopower
synthesized by co-precipitation
precipitation method and match with the
reported pattern of MgO cubic structure with space group (Fm
(Fm3m). Li- doped sample crystallizes into the same phase with no
apparent change in the XRD pattern ((Orante-Barro´n et al.,
2011).
FTIR

Fig. 2 X-ray
ray diffraction patterns of pure and doped MgO samples
prepared with different mole percentage of dopant Li used. A) 0M B)
0.01M C) 0.02M and D) 0.03M are named as samples A, B, C and D
respectively.

The X- ray diffraction patterns of the pure and doped MgO
nanoparticles are shown in Fig 2. (a-d). The obtained
fundamendal peaks due to the diffraction of MgO on the plane
(111), (200), (220) and (311) reflection peaks of pure as well as
Li doped MgO matches well with the standard (JCPDS Card
no: 74-225)
225) of pure MgO phase. A magnesia phase with
percales structure is found in all the samples. Furthermore for
all the samples, there is no additional peak that all the prepared
samples crystallite within a single-phase
phase of cubic structure with
fd-3m space group.
The average crystallite size is calculated using the Debye
Scherrer formula.
D= 0.9λ/βCosθ
Where, λ = the wavelength of the Cu-kα radiation (1.5406)
β = the full width at half maximum of the diffraction line
θ = angle of diffraction
The crystallite size calculated Scherrer formula are given in
table.(1).
Table 1 Different amount of surfactant added with
precursor MgO nanoparticles
S. No

MgO samples

1
2
3
4

A
B
C
D

Mole percentage
of dopant Li
(M)
---0.01
0.02
0.03

Average
crystalline size
(nm)
8.62
9.75
10.22
13.34

Fig. 3 FTIR spectrum of A) Pure MgO nanoparticle and B) Li doped
MgO nanoparticles.

Fig. 3a and 3b are shows the FTIR spectra of the prepared
MgO samples with and without Lithium addition respectively.
In fig 3a shows, the sharp and intense peak at 3699 cm-1 was
due to the OH group in Mg(OH)2 and the strong peak at around
445 cm-1 was associted to the Mg
Mg-O stretching vibration (K.
Mageshwari et al., 2013).
). Similar spectrum was observed for
Li-doped
doped MgO sample (ie fig 3b) the sharp peak at 3697 cm-1
was due to the OH group in LiMg(OH)2 and strong band at 453
cm-1 is assigned to with the characteristic vibrational mode.
The absorption in the of 1300 cm-1 - 1800 cm-1 related to
hydroxyl-groups
groups of molecular water 1630 cm-1 and to NH3 at
-1
1419 cm can also observed in the spectrum of MgO samples
(Feng Gu et al., 2010).
). But in tthe case of Lithium doped MgO
samples shown in the spectrum contain NH3 hydroxyl group is
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presented at 1439 cm-1. The hydroxyl group of molecular
water is absent while Li doping.
FESEM

to study the surface morphology. FESEM image of sample A
(Fig. A) shows particles with uniform diameter, also
agglomeration is seen with high density.

A

B

C

Fig. 4 FESEM micrographs of samples prepared A) Pure MgO B) 0.01M % of Li doped MgO C) 0.02M % of Li doped MgO and D) EDAX
image of 0.01m % of Li doped MgO.

FETEM

A

C

B

C

Fig. 5 A) FETEM micrographs of prepared Pure MgO with B) SAED pattern of prepared MgO nanoparticles. C) FETEM analysis of prepared 0.01M % of Li
doped MgO samples with D) SAED pattern.

The prepared samples MgO and Li doped MgO nanoparticles
were subjected to field emission scanning electron microscopy,

In fig B, 0.02M of Li doping MgO samples, the many small
particles with low
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crystsllinity can be seen. In Fig C, 0.01M of Li doping MgO
particles are assigned to Clusters like-shape morphology and
large crystalline particles of MgO are clearly seen, indicating
that an enhancement of crystallization brought by the low
amount of Li- doping (Hirofumi Aritani et al., 2000). It is
accomplished that the Li-induced species barely affects a
structural change in the surface MgO phase, and extended the
local structure around Mg ions is retained. EDAX spectrum
confirms the presence of elements Mg, O and Li.
Fig. 5 displays the typical FETEM images of (a) MgO and (b)
Li-doped MgO nanoparticles calcinated at 500˚C. Compared
with MgO, the morphologies of the Li- doped sample is more
like needle shape. The electron diffraction (ED) patterns of the
samples precursor MgO and Li-doped MgO nanoparticles are
given in the insets of the corresponding figure. The concentric
rings could be assigned to diffraction from (111), (200), (220)
and (222) planes of fm-cm from the center most ring,
respectively (Feng Gu et al., 2008).
Antibacterial activity

(S.aureus) and gram negative (E.coli) bacteria by the Agar Disc
diffusion method. Antibacterial activity towards bacteria gram
positive S.aureus MTCC3160 and gram negative E.coli
MTCC1195 at different concentration of pure and Li doped
magnesium oxide nanoparticles was studied. The zone of
inhibition, the clearing zones around the disc without visible
bacterial growth, were measured from plates. These zones
indicate the antibacterial activity of MgO, since no bacterial
growth is observed in those areas. The antibacterial activity of
the Li doped MgO is better compare to pure MgO
nanoparticles, in the case of antibacterial activity against
S.aureus than that observed in E. coli tests are shown in the
table 3.
Table 2 Antibacterial assessment by agar diffusion
method
Concentration
500
600

Zone inhibition diameter(mm)
S.aureus(Gram negative)
E.coli (Gram positive)
Pure
Pure
Li-MgO
Li-MgO
MgO
MgO
12
15
10
14
14
16
12
15

Fig. 6 Antibacterial activity (zone of inhibition) images of Pure MgO (ie A & B) and Li doped MgO (C & D) nanoparticles against pathogens S. aureus (A
& C) bacteria and E. coli (B & D) bacteria.

MgO nanoparticles showed the bactericidal activity against
both gram-positive and gram-negative bacteria. Y.Y. Rao et al.,
investigated the influence of different ion doping on the
antibacterial properties of MgO nanopowders, and confirmed
that lithium doping could enhance the antibacterial activity
(Rao, Y.Y. et al., 2013). The presence of active oxygen, such
as superoxide on the surfaces of MgO nanoparticles was one of
the primary factors that produce their antibacterial activity. The
effects of MgO nanopowders was tested on gram positive

CONCULSION
The prepared samples have cubic structure when characterized
by XRD and the evaluated average crystalline size is 10nm.
The FESEM images of the samples indicated the formation of
Clusters like-shape morphology structure and agglomeration.
The EDAX analysis reflects the presence of Magnesium,
Oxygen and Lithium in the samples. FTIR spectrum confirmed
the formation of MgO with the characteristic vibration mode of
Mg-O and large number of hydroxyl radicals on the surface. .
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The FETEM and SAED results confirmed that the
nanoparticles are cubic in nature and supported by XRD
reports. The antibacterial activities of the prepared Li doped
MgO nanoparticles was studied using agar diffusion method.
The antibacterial activity of the prepared samples shows good
performance against S. aureus (gram positive) compared to E.
coli (gram negative) bacteria.

Reference
Stefano Prada., Livia Giordano, Gianfranco Pacchioni. 2012.
Li, Al, and Ni Substitutional Doping in MgO Ultrathin
Films on Metals:Work Function Tuning via Charge
Compensation. J. Phys. Chem. C 116, 5781 5786.
Kuck, S., Fornasiero, L, Heumann, E, Mix, E. Huber, G.
Karner, T. Maaroos. A. 2000. "Investigation of Cr-doped
MgO and Sc2O3 as potential laser sources for thenear
infrared spectral range", Laser Phys. 10, 411 416.
Hargreavesa, J.S.J., G.J. Hutchingsa, R.N. Joynera, C.J. Kiely.
1992. Relationship between morphology and catalytic
perfonnano e of lithium and gold doped magnesium
oxide catalysts for the oxidative coupling of
mathans. catalysis Toduy. 13, 401407.
Mohd Sufri Mastuli., Siti Nur Hazlinda Hasbu, Noraziahwati
brahim, Mohd Azizi Nawawi. 2014. Effects of
lithium
dopant
on
size
and
agnesium oxide
nanopowders. The Malaysian Journal of Analytical
Sciences. Vol 18 No1, 15 – 20.
Lunsford, J., H. Catal. 2000. Catalytic conversion of methane
to more useful chemicals and fuels: a challenge for the
21st century Today. 63, 165-174.
Thomas Berger., Johannes Schuh, Martin Sterrer, Oliver
Diwald a, Erich Knözinger. 2007. Lithium ion induced
surface reactivity changes on MgO nanoparticles.
Journal of Catalysis. 247, 61–67.
Yuanyuan Rao., Wei Wang , Fatang Tan, Yuncheng Cai,
Junwen Lu, Xueliang Qiao. 2014. Sol–gel preparation
and antibacterial properties of Li-doped MgO
nanoplates. Ceramics International. 40, 14397–14403.
Avanzato, C.P., J.M. Follieri, I.A. Banerjee, K.R. Fath. 2009.
Biomimetic Synthesis and Antibacterial Characteristics
of
Magnesium
Oxide—Germanium
dioxide
Nanocomposite Powders J. Compos. Mater. 43, 897–
910.
Feng Gu., Chunzhong Li, Hongming Cao, Wei Shao, Yanjie
Hu, Jitao Chen. 2008. Crystallinity of Li-doped
MgO:Dy3+ nanocrystals via combustion process and
their photoluminescence properties. Aiping Chen.
Journal of Alloys and Compounds. 453, 361–365.
How to cite this article:

Roos, J.A., S.J Korf, R.H.J. Veehof, J.G.Van ommen, J.R.H.
Ross. 1989. Reaction Path of the Oxidative Coupling
of Methane over a Lithium-doped Magnesium Oxide
Catalyst Applied Catalysis. 52, 147-156.
Zhenzhong Wen., Xinhai Yu, Shan-Tung Tu, Jinyue Yan, Erik
Dahlquist. 2010.Synthesis of biodiesel from vegetable
oil with methanol catalyzed by Li-doped magnesium
oxide catalysts Applied Energy. 87, 743–748.
Orante-Barro´n, V.R., L.C. Oliveira, J.B. Kelly, E.D. Milliken,
G. Denis, L.G. Jacobsohn, J. Puckette, E.G. Yukihara.
2011. Luminescence properties of MgO produced by
solution combustion synthesis and doped with
lanthanides and Li Journal of Luminescence. 131, 1058–
1065.
Karthikeyan,V., S. Dhanapandian, C. Manoharan.2016.
Characterization and Antibacterial Behavior of MGO
Nanoparticles Synthesized Via Co-Precipitation Method.
International Journal for Scientific Research and
Development. Vol 4, 1417- 1421.
Yuanyuan Rao., WeiWang, Fatang Tan, Yuncheng Cai,
Junwen Lu, Xueliang Qiao Rao. 2013. In uence of
different ions doping on the antibacterial properties of
MgO nanopowders. Appl. Surf. Sci. 284, 726–731.
Wei Wang., Xueliang Qiao, Jianguo Chen, Haijun Li. 2007.
Facile synthesis of magnesium oxide nanoplates via
chemical precipitation. Materials Letters. 61, 3218–
3220.
Stephan Heitz., Jan-Dirk Epping, Yilmaz Aksu, Matthias
Driess. 2010. Molecular Heterobimetallic Approach to
Li-Containing MgO Nanoparticles with Variable LiConcentrations
Using
Lithium-Methylmagnesium
Alkoxide Clusters. Chem. Mater. 22, 4563–4571.
Balint, I., K. Aika. 2001. Specific defect sites creation by
doping MgO with lithium and titanium Appl. Surf. Sci.
173, 296–306.
Mageshwari, K., Sawanta S. Mali, R. Sathyamoorthy, Pramod
S.Patil. 2013. Template-free synthesis of MgO
nanoparticles for effective photocatalytic applications.
Powder Technology. 249, 456–462.
Hirofumi Aritani., Hiroyuki Yamada, Takashi Nishio, Takeshi
Shiono, Seiichiro Imamura. 2000. Characterization of
Li-Doped MgO Catalysts for Oxidative Coupling of
Methane by Means of Mg K-Edge XANES. J. Phys.
Chem. B 104, 10133-10143.

*******

Karthikeyan V et al.2016, Characterization And Antibacterial Behavior of Pure And Li Doped Mgo Nanoparticles Synthesized
Via Co-Precipitation Method. Int J Recent Sci Res. 7(5), pp. 11089-11094.

11094 | P a g e

