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ABSTRACT

Herein, we demonstrate a strategy for facile synthesis of pristine MgO nanos-

tructures at different pH values ranging from 7.9, 8.3 and 12.5 to explore their

photoluminescence studies. These pH-dependent MgO nanostructures were

characterized by various standard techniques such as XRD, SEM, EDS, TEM and

photoluminescence (PL) spectroscopy. The obtained PL results clearly demon-

strate that the PL emission spectra strongly depend upon growth environment.

These nanostructures show a broad PL emission in visible region ranging from

400 to 680 nm at excitation wavelength of 330 nm. Hence, this study provides a

unique feature to tailor the PL property of pristine MgO nanostructures which

could be potentially used in luminescence harvesting for various optical display

devices and sensing applications.

Introduction

Magnesium oxide (MgO) is one of the most impor-

tant alkaline earth metal oxides due to its good

optical property, wide band gap (7.8 eV), highly

economical availability, low toxicity and eco-friendly

nature [1, 2]. Recently, several studies have been

focused on MgO nanostructures worldwide due to its

fascinating morphologies like nanorods, nano-

spheres, nanoparticles, nanoflakes [3–9]. These fasci-

nating nanostructures depend on the route of

synthesis and different growth conditions. Although

many efforts have been made to synthesize MgO

nanostructures using various methods like sol–gel

[10], thermal evaporation, combustion aerosol,

chemical vapour deposition, hydrothermal [11] and

co-precipitation [12], hydrothermal method has been

adopted mainly for its advantages to produce dif-

ferent morphologies at different experimental condi-

tions. The optical properties of these nanostructures

depend upon shape, size and various growth

parameters which are directly related to the presence

of intrinsic and extrinsic defects induced [13, 14].

Previous literature reports based on bare MgO

nanostructures show intrinsic defects such as oxy-

gen/magnesium ion vacancies (F-centre defects and

V-centre defects) originate PL emission in the blue

region at room temperature, while MgO with exter-

nal defects (doped impurities), such as Cr, Fe, Mn or

other transition metal ions doping, produces red

emission [15–21]. It is interesting to note that pro-

posed study promises a wide photoluminescence
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emission from UV to visible emissions in undoped

MgO nanostructures. Additionally, this study pro-

vides tailoring of photoluminescence intensity emis-

sion while varying the pH parameter.

In the present investigations, a facile synthesis

method has been adopted for harvesting the lumi-

nescence from undoped nanostructures. Further-

more, we have thoroughly analysed the structural,

microstructural and photoluminescence property of

undoped MgO at various pH conditions. Moreover,

we have discussed the growth mechanism of these

nanostructures in basic medium which affect the

photoluminescence property as well as nucleation of

nanostructures. The highest PL emission intensity

was observed at 465 nm upon 330 nm excitation

wavelength for pH 12.5. These studies suggest that

this precise method of synthesis with high photolu-

minescence property could be used in optical display

device applications.

Experimental

Materials and methods

MgO nanostructures were prepared via facile

hydrothermal route by just varying the pH parame-

ter. Magnesium chloride hexahydrate [MgCl2�6H2O]

(98%, Thomas Baker) as a precursor and sodium

hydroxide [NaOH] ([97%, Sigma Aldrich) was used

to vary the pH parameter. Double distilled water was

used during the entire synthesis process.

Initially, MgCl2�6H2O (5.3 g) was added to appro-

priate amount of deionized water (50 ml), say solu-

tion A. Then, 2 g of NaOH was mixed to 10 ml

deionized water, say solution B. After that, the solu-

tion B was added dropwise to the solution A at 50 �C
for 2 h to get white precipitate and adjust the pH

values to 7.9, 8.3 and 12.5. The obtained white pre-

cipitate at different pH was put separately into

autoclave at 250 �C for 10 h to get Mg(OH)2, and then

as-synthesized Mg(OH)2 was further calcined at

500 �C/5 h to obtain MgO nanostructures.

Characterization

XRD experiments were carried out to obtain the

crystalline structure, phase formation, purity and

other information of synthesized MgO nanostruc-

tures using a Bruker X-ray diffractometer, with

monochromatic Cu Ka1 radiation (k = 1.541 Å) as a

X-ray source in the scanning range from 10� to 80�.
The morphological study of the nanostructures was

carried out by scanning electron microscopy (Model:

Zeiss EVO MA-10 SEM equipped). An energy-dis-

persive X-ray spectrum of MgO was executed by

EDS: Oxford Link ISIS 300. Transmission electron

microscopy (TEM) was performed for high-resolu-

tion morphology characterization, and HRTEM was

used for the calculation of lattice spacing (HRTEM:

FEI Tecnai G2 F30 STWIN at 300 kV). Photolumi-

nescence characteristics were observed using a pho-

toluminescence spectrometer (Edinburgh

Instruments, model FLSP-900) with a xenon lamp as

the excitation source.

Results and discussion

Phase identification

Figure 1 represents the XRD pattern of MgO nanos-

tructures obtained at pH 12.5. All diffraction peaks

located at 2h = 37.0�, 43.0�, 62.4�, 74.9� and 78.8�were

well indexed and closely matched with cubic struc-

ture of MgO (JCPDF-ICDD card no. 87-0653).

There are no peaks corresponding to any impurity

and signifying the completion of chemical reaction.

Similarly, we have also observed the XRD patterns of

MgO synthesized at 7.9 and 8.3. The peak centred at

43.0� with FWHM (obtained by Gauss fit to the

Figure 1 XRD graph of MgO nanostructures synthesized at

pH 12.5.
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relevant peak) 0.017 was used for the calculation of

average crystallite size of MgO nanostructures syn-

thesized at pH 12.5. The estimated average crystallite

size by the Scherrer relation was 39 nm. The careful

analysis reveals that the diffraction peak positions

were identical but intensities of the peaks were

decreased. FWHM values increase as the crystallite

size decreases significantly from 39 to 25 nm with the

variation in pH values to 7.9 from 12.5.

Micrograph investigation by SEM and TEM

The surface morphology and microstructural infor-

mation of the synthesized MgO nanostructures have

been investigated through SEM and TEM techniques.

Figure 2 represents the SEM micrographs of MgO

nanostructures synthesized at different pH values of

7.9 and 8.3 at different magnifications. Micrographs

project the evolution of different surface morpholo-

gies with varying pH values. At the lower pH of 7.9,

non-uniform and spherical morphology can be

observed as shown in Fig. 2a–b. As the pH was raised

to 8.3, the flake-like morphology of the agglomerated

nanostructures is noticed as depicted in Fig. 2c, d. At

the higher pH of 12.5, uniform grain morphology

with well-defined shape of agglomerated nanoparti-

cles is noticed as represented in Fig. 3a–c. The range

of particle size was found to be 0.3–0.6 lm as eluci-

dated in Fig. 3c. The EDS analysis (Fig. 3d) of MgO

nanostructures reveals the presence of Mg and O

Figure 2 SEM micrographs of MgO nanostructures synthesized

at different pH values at different magnifications; a, b pH 7.9 and

c, d pH 8.3.

Figure 4 TEM micrographs of MgO nanostructures synthesized

at a–b pH 7.9 and c–d pH 8.3. Insets in b and c represent SAED

pattern.

Figure 3 a–c SEM micrographs of MgO nanostructures at

pH 12.5 at different magnifications, d corresponding EDS pattern.
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atomic % of Mg/O to be 48:52. To scrutinize the exact

size of the agglomerated particles at pH 12.5, HRTEM

was performed.

Figures 4 and 5 demonstrate TEM of MgO nanos-

tructures synthesized at different pH values. Fig-

ure 4a represents low-magnification MgO

nanostructures obtained at pH 7.9. The micrograph

depicts chain-like microstructures. The well-defined

lattice fringes of d-spacing 0.24 nm correspond to

[111] plane as elucidated in Fig. 4b. Inset in Fig. 4b

represents bright spots that correspond to the higher

crystallinity of obtained nanostructures. As the pH

was increased to 8.3, the nanoparticles turn into flake-

like microstructure as represented in Fig. 4c. The

inset in Fig. 4c represents the polycrystallinity of

nanosized MgO. The width was *6.2 nm, whereas

the length was *23 nm as shown in Fig. 4d.

Non-agglomerated particles can be observed as the

pH was increased to 12.5 as shown in Fig. 5. The

lower inset of Fig. 5 represents the electron diffrac-

tion pattern of MgO at pH 12.5.

Optical property evolution

Room-temperature photoluminescence spectra of

MgO samples, synthesized at various pH values,

were carried out at the excitation wavelength (kex) of
330 nm as shown in Fig. 6. The emission spectrum

depicts a peak at 465 nm (blue region) at the excita-

tion wavelength of 330 nm. The emission at 465 nm

corresponds to F-centre oxygen vacancies [1]. The PL

results reveal that the emission intensity of MgO

increases as pH values change from 7.9 to 12.5. At

higher pH, the PL intensity increases due to higher

spherical size leading to higher surface area. This

may be because different growth conditions at dif-

ferent pH initiate the different rate of reaction for

formation of the MgO nanostructures product. At

higher pH (basic medium), co-nuclei effect results in

the formation of larger nanoparticles as compared to

that at lower pH. Therefore, PL intensity decreases at

lower pH due to small particle size. Also, it is well

established in the previous study that on increasing

the temperature, particle size increases which leads

to the increase in PL intensity [2]. Thus, the PL results

provide a new route to tailor the intensity of the

photoluminescence of MgO nanostructures by

reducing a size-dependent technique.

Conclusions

In summary, MgO nanostructures have been syn-

thesized by facile hydrothermal method by just

varying the pH from 7.9 to 12.5, and then their pho-

toluminescence studies were scrutinized. It was

concluded that MgO nanostructures obtained at pH

12.5 show highest PL intensity peak at the excitation

wavelength of 330 nm with emission of 465 nm. The

PL results reveal that PL intensity increases with the

increment in pH values. Because at higher pH (basic

medium), several adjacent nuclei turn into co-nuclei
Figure 6 PL spectra of MgO nanostructures synthesized at

various pH values.

Figure 5 HRTEM image of MgO nanoparticles synthesized at

pH 12.5. Insets upper show low-magnification image, lower

shows SAED pattern.
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centres and result in the formation of larger

nanoparticles as compared to that at lower pH which

is also confirmed by HRTEM. Thus, this facile

approach of change in pH parameter of MgO

nanostructures provides the different PL intensity

which could be potentially used in luminescence

harvesting for various optical display devices

applications.
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