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Abstract:

Crystal growth is a heterogeneous chemical process that involves changing a compound's phase from one to
another.The gel used in the crystal formation approach study has gained popularity and is employed by several
investigators. In this research paper, we have developed high-quality Mercury Tartrate crystals using a simple gel
diffusion method and determined the optimal growth conditions byvarying parameters such as pH of the gel solution,
gel setting time, reactant concentrations, the density of a solution of sodium meta silicate, mercury chloride volume and
temperature, etc.A few of the developed crystals were translucent, while others were opaque. XRD was used to analyze
the crystalstructure and confirm crystalline perfection at various optimal conditions. EDAX was used to verify the
chemicalcomposition and elemental analysis. FTIR confirms the material's design and structural analysis. This
investigation aimed to examine the factors governing Mercury Tartrate crystals' formationin silica gels. Gel methods
have been widely utilized compared to other techniques due to their low cost sensitivity and ease of use.
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1. Introduction

In recent years crystal growth in gel medium has This research used a powder X-ray diffraction (XRD)
attracted the attention of many investigators. Most of investigation; Fourier transforms infrared spectroscopy
the tartrate compounds are soluble in water and (FT-IR), and EDAX analysis to achievethe results.
decompose before melting. Hence single crystals of This study aims to talk about the variables influencing
such compounds cannot be grown by either slow the gel method for making mercurous chloride.
evaporation or melt technique. In this situation, the gel

method is appropriate for their growth. Tartrate has 2. LiteratureReview

several applications in medicine, optics etc. and hence; Tartrates (Aroraetal., 2004), malates (Jinietal., 2006)
it was thought work to undertake an investigation on (Jinietal., 2007) and malonates (Lincyetal., 2010)
the development of crystals of mercury tartrate and (Doreswamyetal.,  2005)  (Mathewetal.,  2011)
their characterization by different methods. The (Natarajanetal.,, 2011) exhibit properties like
current paper's goal is to provide a first-time report. (to piezoelectricity,  photoconductivity, and  ferro
the best of our knowledge) the growth of single electricity and have become technologically important
crystalsof mercury tartrate in silica gel at ambient (Mukherjeeetal.,  2003)  (Mahalakshmi,  2013)
temperature. Mercury Tartrate crystals have developed due to their use in many medicinal related applications,
in silica gel.
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pharmacological, and industrial applications, several
tartrate compounds require special consideration(Joshi
et al., 2006)A typical byproduct of the wine industry
called tartaric acid may be used as the base for the
development of new types of materials. This
compound's two hydroxyl and two carbonyl groups
make it possible to easily include phosphorus-
containing moieties and monovalent, divalent, or
trivalent metal ions. These materials must possess
nonlinear optical characteristics or be dielectric,
ferroelectric, and piezoelectric for most uses. (Torres
et al, 2002)These characteristics of tartrate
compounds are used to make linear and nonlinear
mechanical devices, such as

2012)The gel method offers a seductive advantage for
the synthetic crystallization of materials that have poor
water solubility, deteriorate before melting, and do not
vapourize or sublime when heated. (Korah et al.,
2010)The gel approach offers an alluring advantage
for the synthetic crystallization of materials that
exhibit poor water solubility, decompose before
melting, and do not vaporize or sublime on heating.
(Freedaet al., 2013)The typical formula of tartrates is
A>C4H4O¢ for monovalent alkali metals and BC4H40¢
for bivalent alkali metals, respectively. Two, three, or
more water molecules may also be present in some
tartrate molecules, making them hydrated. Tartrates are
less soluble in water and decompose before melting; it
has been discovered that the gel development approach
in an environment with air temperature is ideal for
these substances. (Structures, n.d.)Mercurous chloride
is a substance with great potential for use in acousto-
optic devices. (Singh et al., 1987)Mercurous chloride is
typically grown as a single crystal utilizing physical
vapour transfer in sealed ampoules. The industrial
application process is still limited, however. The
complexity of transport events in the vapour phase and
the challenge of obtaining a high-quality starting
material are the causes. (Awitor et al., 2001)

3. Research Methodology

They titrated sodium meta silicate solution
(NazSio3.9H,0) against tartaric acid (C4 Hs Og). They
added a few drops of diluted acetic acid and potassium
iodide until the necessary pH was reached, creating gel
matrice in straight glass tubes. The tubes were
hermetically sealed, stored at room temperature, and
gentlypoured with mercury chloride solution to ensure
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good gelation. The gel method generates single crystals
of pure and modified mercury tartrate. The apparatus
for this process consists of two borosil glass tubes,
eachmeasuring 20 cm in length and 2.5 cm in diameter.
Numerous studies were carried out at medium pH
levels (4-7, in steps of 0.1) and gel densities
(1.02gm/cc-1.07gm/cc). In various tests, the inner and
supernatant reactants' strengths were changed from
0.25 M to 2 M. To prevent the gel from breaking, an
exact molar concentration of an aqueous Mercury
chloride solution was carefully poured over the gel
along the test tube walls. In our experiment, tiny
needles that are primarily white and yellow with red
spots are formed into crystals that are all plate-like in
shape. The gel's body is a translucent pale yellow-
brown colour. The supernatant liquor and the gel body
are colorless when too much HgCl; is applied as the
external reactant. (Kurtz, 1966)when the reaction has
finished. It was developed after 40 to 42 days; size,
perfection, and colour appear around 1 cm below the
gel-solution interface. About 1.5 months were needed
to complete the growth process. Only under the
following conditions were high-quality crystals
possible to obtain: Table 5.1(a) lists the many
circumstances  discovered suitable for  crystal
growth.The following reaction should occur, resulting
in the creation of mercury tartrate crystal:

HgC|2 + C4 He Og> HgC4 H4 Og + 2HCI

This Mercury chloride is expected to react with
Tartaric acid, creating crystals of Mercury tartrate
(HgC4H406) that diffuse in a gel from the supernatant
solution. Used the gel to develop various
morphologies, including tiny, plate-like crystals with
primarily white, yellow, and red needles. Show below
fig.5.2 (a).

4. Results and Discussion

Various apparatuses were used to characterize the
produced crystals. Recorded the powder XRD pattern
on the D2 (PHASER) BRUKER system with Detector
SSD160-2 (1D model). The FTIR spectra were
recorded on the SHIMADZU FTIR -8100 S System
spectrometer in the range of 400 cm™ to 4000 cm™'.
Advanced microanalysis solution instruments provided
by AMETEK were used for the elemental composition
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and material identification.

X-ray diffraction studies on grown mercury
tartrate crystals

X-ray powder diffraction was carried out on powdered
samples to evaluate the degree ofcrystalline perfection
of HgCsH4OgFigure 5.1(b) shows the strong, mighty
peaks in the powder X-ray pattern of the HgC4H4Os
samples confirming that the produced crystals have a
high crystallinity of 86.5%. Powder-X software was
used to estimate the crystal plane orientations, or (h, k,
1) values, and the greater interplane distance, or "d,"
utilizing the cell parameters a=4.325, b=12.73, and
¢=5.963. It demonstrates the orthorhombic nature of
the structure. And o= B= y= 90°. This formula is used
to determine the orthorhombicity:

Orthorhimbicity = [b —a /b + a] x 100(Crystals et
al.2016)

The lattice parameters are a and b, the Orthorhimbicity
is 49.28 after calculation, and the Cell volume (A%)?3

= 328.31 after single crystal X-ray diffraction. The
values of (h, k, 1) 004 and "d" values were found to
coincide with those of mercury tartrate (JCPDS- 02-
0255).

Analysis of the grown Mercury tartrate crystal
using FTIR spectroscopy

Fig 5.1(c)shows FTIR Spectra of Mercury tartrate
Shevchenkoi looked at the infrared (IR) spectra of
various tartrates, both regular and partially deuterated,
and found absorptions at 600 cm™ and 400 cm™ that
could be attributed to the COOgroup in metal tartrates.
(Bridle & Lomer, 1965). The FTIR examination of
materials offers information about their chemical
bonding or molecular structure. The absorption peaks
correspond to chemical group vibrations, and Infrared
spectral theories were given the link between chemical
group vibrations and unique absorption bands. (Joshi et
al., 2010) The current study looked at thelR absorption
of Mercury tartrate compounds from 400 cm™! to 4000
cml. Infrared spectroscopy probes molecular
vibrations. Functional groups can be associated with
characteristic infrared absorption bands, which
correspond to the fundamental vibrations of the
functional  groups(Berthomieu &  Hienerwadel,
2009).Each of the two halves of the tartrate ion
comprises a carboxyl group, a tetrahedral carbon atom,
anda hydroxyl oxygen atom. The C = C bond between
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these two halves binds them together. Therefore, it is
expected that the hydroxyl and C-H groups will vibrate
in a stretched state. The two hydroxyl groups presentin
a free tartrate ion may result in two bands of stretching
vibrations of the hydroxyl group. The wave number
range for the FTIR spectra is 400 to 4000 cm™. O-H
stretching mode causes strong absorption bands
between 2500cm™ and 3550cm™. TheC-H stretching
method causes absorptions between 2990 cm™to 2850
cm?. The C=0 stretch of the carbonyl group is
responsible for the bands about 1685 cm™ and 1800cm
!(Freeda et al., 2013). The stretching of the C = C
atoms causes the absorption at 1626.05 cm™. N-H
bending is the cause of the absorption at 1583.61 cm™.
N-H bending is the cause of the peak at 1539.25 cm’

1. Because of out-of-plane O-H bending, the N-O
stretching at 1539.25cm™? has significant intensity
peaks. The FTIR spectra produced in this work are
comparable to the IR spectrum of crystals of mercury
tartrate shown in table 5.1(b). The presence of O-H,
C=0, C=C, N-O, and N-H bonds is confirmed in all
samples, including the crystals, crystalline mass, and
precipitates of mercury tartrate, according to the FTIR
spectra.

Energy dispersive X-ray analysis -

Performed an Energy Dispersive X-ray analysis on the
sample of produced crystals to verify the elements'
existence in the HgC4H4Os crystals analyzed using an
energy-dispersive X-ray spectrometer named by an
advanced microanalysis solution instrument provided
by AMETEK. The obtained spectrum Fig. 5.1(d)
confirms the presence of Mercury. It verified the
presence of sodium, chlorine, and silicon in low
concentrations ranging from 1% to 4.32%,
respectively, and significant amounts of carbon,
oxygen, and Mercury. C, O, and Hg had atomic
percentages of (60.95%), (34.50%), and (00.87%),
respectively, and apparent concentrations of (02.91%),
(00.55%), and (00.22%), according to the energy
dispersive X-ray spectra. EDAX research determined
the molecule's Tartrate nature. To put it another way,
mercury  tartrate (HgCsH4Os) could  develop.
Additionally, it shows all of a growing crystal's
fundamental characteristics. The EDAX investigation
also demonstrated ideal stoichiometry for HgC4 Ha Oe.
Fig.(5.6 ) depicts the material's component structure.
This diagram displays the distribution of specific
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material elements over agiven area. To confirm the
creation of the HgC4 Hs Os compound, an EDX study
was conducted. The significant peaks from the EDX
measurement, which covered several places, are
displayed in the figure. The generated composite
nanostructure can be seen in the EDX spectrum as
Synthesis and Characterization studies of 1B transition
metal mercury tartrate single crystals (HgC4H4Os). C,
O, Hg, and ClI each had atomicpercentages of 47.26%
and 35.63%. 00.50 per cent and 11.28%, respectively.
Details of the EDX spectra of the electro-spam
(HgC4H40s) levels, expressed in atomic and weight
percentages, are provided in table 5.1(c).

5. Figures and Tables

Figures

Conditions Mercury Tartrate

The density of sodium 1.04 gm/cm?®

meta-silicate solution

The concentration of 1M

tartaric acid

The volume of tartaric acid 5 ml

The volume of sodium 16 mi

meta-silicate solution

The pH of the gel 4.4

Concentration of Hgcl 1M

Volume of Hgcl, 5ml

Temperature Room temperature up
(30°C)

Period 40 to 42 days

Quality Transparent

Table 5.1 (a) Optimal conditions for crystal
formation of Mercury tartrate.

Fig. 5.1 a) spotted with red needles plate-like
colored crystal b) White needles crystals ¢) Growth
crystals.
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Fig. 5.1(b)X-ray diffraction pattern of Mercury
tartrate
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Fig. 5.1(c)Shows FTIR Spectra of Mercury tartrate

FTIR Peaks (cm™ )

Intensity

Functional group Assignments

3321.53 Strong, broad Alcohol O-H Stretching
3271.38 Strong, broad Alcohol O-H Stretching
2974.33 Medium Alkane C-H Stretching
2698.5 Strong, broad Carboxylic acid  O-H Stretching
1799.65 Strong anhydride C=0 Stretching
1695.49 Strong Conjugate acid C=0 Stretching
1626.05 medium Alkene Cc=C

1583.61 medium Amine N-H bending
1539.25 Strong Nitro compound ~ N-O Stretching
1417.73 Medium Alcohol O-H bending

Table 5.1(b) Shows Identified bands of FT-IR investigation of the tartrate crystals
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Fig: 5.1(d) EDAX spectrum of different radiation Table 5.1(c) The elemental composition weight ratio.

6. Conclusion

The experiments on the growth of mercury tartrate
crystals in the system allow us to draw the conclusions
like in silica gel, high-quality single crystals of
mercury  tartrate  were  produced.  Structural
characterization of the grown crystals was completed
using single crystal and powder X-ray diffraction
examinations, and the lattice parameters were
assessed. The FTIR spectrum shows the presence of
various functional groups in the mercury tartrate
crystals. Optical studies show that the formed crystal is
transparent over the visible range. Mercury is present,
according to qualitative elemental analysis (EDAX).
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