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The good optical quality monometallic single crystals of magnesium iodate [Mg(IO3)2] were grown from aqueous solution

by slow cooling technique at room temperature with dimension upto 7 x 6 x 3 mm3 in the period of 25-30 days. Single

crystal XRD analysis shows that magnesium iodate crystallizes in monoclinic system with space group P21. The

spectroscopic properties were characterized by FTIR and optical absorption spectra. Optical band gap is calculated as

3.96 eV. SHG efficiency is found to be around four times that of potassium dihydrogen phosphate (KDP) crystal. The

microhardness test conducted on the crystal suggests that the crystal has a relatively high mechanical strength. TGA curve

depict that the compound is thermally very stable up to 650°C. The dielectric constant and dielectric loss of the compound

were measured at different temperature with varying frequencies.
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1. Introduction

Second order nonlinear optical (NLO) materials with
short transparency cut off wavelength and stable
physicochemical performances are needed in order
to realize many of the applications like
telecommunications, optical computing, optical
information processing, optical disk data storage, laser
remote sensing, laser-driven fusion, color displays and
medical diagnostics [1-4]. Hence, considerable interest
is given by the researchers in the synthesis of new
materials which has excellent second order optical
nonlinearities.

Though organic NLO crystals have high
nonlinearities, fast response and tailor-made flexibility,
their applications were limited because of their
shortcomings such as poor physicochemical stability,

poor phase matching, red shift of the cut-off
wavelength, etc. These problems have been solved
by metal coordination ligands such as thiourea,
thiocynate and iodate. Some of the complex crystals
like BTCF, ZTS, CMTC, MMTC, ZCTC, Hg(IO3)2,
Cd(IO3)2, Mn(IO3)2 [5-9] possess high nonlinearities
as well as stable physicochemical properties. In view
of this, we have initiated work on iodate complex
crystals.

Metal iodates have been extensively studied for
their nonlinear optical property due to the presence
of a lone pair on iodine in the iodate group, which
favours the acentric structure formation with
remarkable thermal stability [10]. Thus, Bergman et
al. in 1969[10] hasreportedhalateions(IO3

–, BO3
–

ClO3
–) as potential candidates. Indeed, a very high



418 S M Ravi Kumar et al.

incidence of acentricity was found in metal iodates.

Metal iodates are interesting for infrared
applications, as they are transparent from the visible
part of the spectrum to the beginning of the far-
infrared including the three atmospheric transparency
window [11]. Furthermore, metal iodates seem
particularly appropriate for several reasons. Their
preparation is simple and reproducible. They are
thermally stable at least up to 400ºC. The transparency
range of iodates is very large [12]. The crystal
structure of M(IO3)2 (where M = Cd, Mg, Mn, Hg,
Zn, Co, Ni) series of monometallic iodates have
already been reported [11-13]. Although the structure
of Mg(IO3)2 was reported, the growth of bulk size
crystal and their physical properties have not yet been
studied. Single crystal XRD, UV-Vis-NIR, NLO test,
thermal, microhardness, and dielectric studies of
magnesium iodate (MGI) crystal were employed and
reported. Optimum growth conditions were
established by varying various parameters like pH,
temperature, and concentration.

2. Experimental

2.1. Synthesis and Growth of MGI

Magnesium iodate salt was synthesized from high
purity magnesium nitrate hexahydrate (AR grade) and
iodic acid (AR grade) taken in the molar ratio 1:2.
The stoichiometric amounts of the reactants were
thoroughly dissolved in deionized water and stirrer
well. By adding a few drops of nitric acid into the
solution a pH of 5 was maintained.

The chemical reaction is as follows:

Mg(NO3)2.6 H2O + 2(HIO3) → Mg(IO3)2 + 2(HNO3)

The solution was filtered and covered with
perforate lid.  This was kept in a cryostat (accuracy
0.01°C) at 60°C to encourage the solution into
evaporation. After 5 days, tiny crystals with good
transparency were formed due to spontaneous
nucleation, among them the defect free crystals were
selected as seeds for growing bulk size crystals. The
seeds were introduced in the filtered mother solution.
Thereafter, attempts have been made to grow bulk

size crystals by slow cooling technique from 60 to
30°C. The MGI single crystal of size 7 x 6 x 3 mm3

was grown in a period of 25-30 days.  The photograph
of as grown crystals of MGI is shown in Fig. 1. MGI
crystal seems to be transparent, colourless and
prismatic in shape with non-hygroscopicity in the open
atmosphere.

Fig. 1: Photograph of as grown crystals of MGI

2.2 Characterization

In order to obtain the crystal data of MGI crystals,
single crystal X-ray diffraction studies were carried
out using ENRAF NONIUS CAD4-F single X-ray
diffractometer with MoKα (λ = 0.717Å) radiation.
The various functional groups present in MGI crystal
were identified and confirmed by the FTIR study. The
spectrum was recorded in the range 4000-450 cm–1

using BRUKER IFS-66V spectrometer, by KBr pellet
technique. The optical absorption spectrum was
recorded in the range 200-2000 nm using VARIAN
CARY 5E model UV-Vis-NIR spectrophotometer.
The SHG effect was tested using a Nd:YAG, Q-
switched laser. Microhardness study has been carried
out using a Leitz Wetzlar Vickers microhadness tester
fitted with a Vickers diamond pyramidal indenter
attached to an incident light microscope. The thermo
gravimetric analysis (TGA) and differential thermal
analysis (DTA) of MGI crystal was carried out using
ZETZSCH STA 409 C. The temperature dependent
dielectric constant and dielectric loss of MGI were
measured using HIOKI 3532 LCR HITESTER in the
frequency range 100 Hz-5 MHz.
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3. Results and Discussion

3.1 Single Crystal XRD Studies

The  title  compound was analyzed by single crystal
X-ray diffraction method to determine the unit cell
parameters and space group. It is observed that the
grown crystal crystallizes in the monoclinic system
with non-centrosymmetric space group P21 and unit
cell parameters are a = 10.948 Å, b = 5.182 Å, c =
10.945 Å and volume = 531.9 Å3. The calculated
density value is 4.62 g/cm3. The XRD data of MGI is
in good agreement with the reported value [14].

3.2 FTIR Studies

Freshly crushed powder of MGI crystal was
subjected to the Fourier Transform Infrared (FTIR)
studies in order to analyze the functional groups
present in the compound. The sepectrum was
recorded using BRUKER IFS -66V spectrometer KBr
pellet technique in the range 4000-450 cm–1.  Fig. 2
shows the FTIR spectrum of magnesium iodate. The
bands at 2065 and 1021 cm–1 are attributed to γ(Mg-
I) linked vibrations. The bands at 762 and 705 cm–1

are assigned to γ(I=O) characteristics of mononuclear
iodine compounds. The other vibrations present in the
range 700-800 cm–1 are expected to have splitting
vibration of iodates. The bands appeared in the
recorded spectrum confirm the presence of iodate
functional groups.

3.3 Optical Absorption Studies

The optical absorption spectrum of MGI was recorded
between 200 and 2000 nm. The absorption curve is
shown in Fig. 3. It is observed from the spectrum that
MGI has a wide optical transmission window from
310 nm to 1400 nm. There are no abnormal peaks
are observed in this region. It is also noted from the
spectrum that MGI crystal cut-off wavelength lies
near 310 nm. The graph has been plotted to estimate
the direct band gap values using Tauc’s relation is
shown in Fig. 4.  The direct band gap energy of MGI
is found to be 3.96 eV.

Fig. 2: FTIR spectrum of MGI crystal

Fig. 3: Optical absorption spectrum of MGI crystal

Fig. 4: Tauc’s plot of MGI crystal



420 S M Ravi Kumar et al.

3.4 Kurtz and Perry Powder SHG Test

The nonlinear optical property of the grown crystal
was tested by passing a Q-switched mode locked
Nd:YAG laser of 1064 nm and pulse width 8 ns on
the powder sample of MGI. The input laser beam
was passed through an IR reflector and then directed
on the microcrystalline powdered sample. Photodiode
detector and oscilloscope assembly detected the light
emitted by the sample.

The SHG efficiency of the MGI crystal was
evaluated by taking the microcrystalline powder KDP
as the reference material. For the laser input pulse of
5.6 mJ/pulse, SHG signal of 160 mV and 620 mV
were obtained for KDP and MGI samples
respectively. Hence, it is observed that the SHG
efficiency of MGI is nearly four times than KDP.

3.5 Microhardness Studies

The selected surface of the MGI single crystal was
taken to measure the hardness value for applied loads
of 10, 25, 50 and 100 g. The static indentations were
made at room temperature with a constant indentation
time of 10 seconds. The variations of Vickers hardness
number (Hv) with applied loads (p) are shown in Fig.
5. It is inferred from the figure that the hardness of
MGI was decreased with increasing loads. For an
indentation load of 100 g, cracks were initiated on the
crystal surface around the indenter, which is due to

the release of internal stress locally initiated by
indentation.  By plotting log p vs log d (Fig. 6), the
value of work hardening coefficient (n) was calculated
as 1.814. Since the value of n is lesser than 2, the
hardness measurement reveals that the grown crystal
belongs to hard category material [15].

Fig. 5: Hv values Vs applied load of MGI crystal

Fig. 6: Plot of log p Vs log d of MGI crystal

3.6 Thermal Studies

In TGA curve (Fig. 7), no weight loss is observed up
to 650°C which reflects the thermal stability of the
grown crystal. There is a single stage weight loss
between 820 to 1060ºC ascribed to the decomposition
of the compound. It is expected that the breaking of
molecules like iodine and oxygine from Mg(IO3)2
compound occur in the stage of decomposition. The
thermal stability of MGI is found to be superior to
other iodate crystals like Zn(IO3)2 (580ºC), Mn(IO3)2
(480ºC), β-Ni(IO3)2 (580ºC) and Ca(IO3)2 (550ºC)
[14 & 16].

3.7 Dielectric Studies

Fig. 8 shows the variation of dielectric constant as a
function of frequency for different temperatures. At
low frequencies, the dielectric constant is found to be
a maximum and it decreases with increasing
frequency and after reaching a frequency of 5 kHz,
the dielectric constant remains constant at a value of
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35.12 with further increase in frequency. The higher
value of dielectric constant at low frequency may be
attributed to space charge polarization.

The exponential decrease of dielectric loss with
frequency is also shown in Fig. 9. The characteristics
of low dielectric loss with high frequency for MGI
suggest that the samples possess enhanced optical

Fig. 7: TG-DTG curves of MGI crystal

Fig. 8: Variation of dielectric constant with log frequency at
different temperature

quality with lesser defects and these parameters is of
vital importance of nonlinear optical materials in their
applications [17]. In space charge polarization the
increase of temperature facilitates the diffusion of
ions. This leads to the increase in the values of
dielectric constant and dielectric loss with increase
of temperature.

Fig. 9: Variation of dielectric loss with log frequency at
different temperature
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4. Conclusion

7 x 6 x 3 mm3 size of MGI crystal was grown by slow
cooling method. Unit cell parameters of MGI are a =
10.948 Å, b = 5.117 Å, c = 10.945 Å, α = β = 90o and
γ  = 120o from single crystal XRD. The various
functional groups of MGI crystal are identified by
FTIR spectrum. Optical cut-off wavelength of the
sample is observed as 310 nm which augurs well as a
property for NLO application. The microhardness

measurements prove that MGI belongs to the hard
category of materials. MGI exhibits higher SHG
efficiency than the potassium dihydrogen phosphate
(KDP) and these crystals can be promising materials
for nonlinear device fabrication. TG-DTG curve shows
the crystal has no weight loss upto 650°C which
reflects the thermal stability of the grown crystal.
Dielectric studies show that the grown crystal
possesses space charge polarization and less defects.
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