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ABSTRACT

Ethylenediamine teraacetic acid (EDTA) doped Uracil were grown by slow evaporation method at room
temperature with double distilled water as solvent. The grown crystals have been subjected to spectroscopic and
structural properties. FTIR analysis has been carried out to characterize the grown crystals. The range and
percentage of optical transmission as well as absorption are determined by recording UV-Vis spectrum. From
the UV data, Band gap determination is also carried out. Fluorescence spectra has also been carried out to
characterize the grown crystals to study the absorption and emission spectra. The powder X-ray diffraction
methods are used for identifying the structural parameters of grown crystals. The effect of the influence of
dopant on the surface morphology of Uracil-EDTA crystal faces are analyzed by SEM Elemental composition
were also confirmed by EDAX method.
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INTRODUCTION

Crystal growth is a major stage of crystallization process, and consists in the addition of new atoms, ions (or)
polymer strings into the characteristic arrangement of a crystalline Bravais lattice. Uracil is a common and
naturally occurring pyrimidine derivative compounds, which are worth to study for many reasons, chief among
them being their prevalence among biologically active molecules [1-4]. It is a planar, unsaturated compound that
has the ability to absorb light. Uracil’s use in the body is to help carry out the synthesis of many enzymes
necessary for cell function through bonding with riboses and phosphates [5]. Uracil serves as allosteric regulator
and coenzymes for reactions in the human body and in plants [6]. Uracil also has the capability to react with
elemental halogens because of the presence of more than one strongly electron-donating group [7]. The dopant
Ethylenediamine tetraacetic acid is a typical chelate ligand, which has attracted much attention over the past five
decades because of its usefulness for industrial applications as well as basic study applications. Nowadays,
organic crystals are highly recognized as the materials of the future because their molecular nature can be used
to maximize the non-linear properties. In this paper, we report the results of our work on the growth of new
Uracil-EDTA crystals for the first time along with the characterization of powder XRD, Fourier transform
infrared transmission (FITR) spectrum, UV-Vis analysis, Band Gap determination, Fluorescence spectra, SEM
and EDAX analysis studies.

EXPERIMENTAL SECTION

Crystal Growth

The Selection of the solvent is an important step in the growth of crystals from solution by slow evaporation
method. In this method, water is used as a solvent. Commercially available Uracil and EDTA were used for the
Crystal growth. Initially, the material was purified by repeated recrystallization then, the saturated solutions of
Uracil and EDTA at room temperature were prepared. Then the solution is filtered. The filtered solution was
taken in a beaker which was sealed with small size hole to control the evaporation of the solvent. The well-
defined crystals are obtained within a period of 15 days.
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Crystal Characterization

FTIR spectral analysis:

The fourier transform infrared spectral analysis is a technique in which almost all functional groups in a
molecule absorb characteristic frequencies. The FTIR spectrum was recorded in the range 400-4000 cm™ by
perkin-Elmer Spectrometer (KBR Pellect Technique). The FTIR spectrum of Uracil and doped Uracil are shown
in Figures 1a and 1b and the fundamental vibrations and the assigned frequencies are shown in the Table 1. It is
seen from the spectrum that the Uracil and doped Uracil is having different peaks with different frequencies. In
all the heterocyclic compounds, the N-H stretching vibration occur in the region 3500-3000 cm™. Hence the FT-
IR band observed at 3099 cm™ 3059.60 cm™, 3022.81 cm™ in pure Uracil correspond to N-H stretching
vibrations which is completely absent in doped Uracil. This shows that EDTA may form vanderwaal’s bond
with Uracil in this area. The FT-IR bands observed at 1234.87 cm™ in pure Uracil corresponds to C-N vibrations
is absent in doped Uracil. Similarly, the band occurred at 1615.67 cm™ assigned to C-C stretching vibrations
modes in pure Uracil is absent in doped Uracil. But the stretching assignments proposed in this study, for OH
out-of-plane bending group are identified at 767.29 cm™ in the doped Uracil which is completely absent in pure
Uracil. The two C=0 groups of Uracil are chemically in different positions; they seem to be interacting with
each other within the Uracil molecule. The interaction of the carbonyl group with a hydrogen-donor group does
not produce drastic and characteristic changes in the frequency of the C=0 stretch as does by interaction of N-H
stretch. It great deal of structural information can be derived from the exact position of the carbonyl stretching
absorption peak. The carbonyl frequency obtained at 1678.28 cm™ in pure Uracil may be shifted to 1684.34 cm™
in doped Uracil which confirms the presence of C=0 bond with adjacent C-C bond increases the energy
required for C=0 stretching and thus increases the carbonyl stretching frequency in doped compounds. The C=C
stretching vibrations of 1648.69 cm™ and C-C stretching vibrations of 1615.67 cm™ are completely absent in
doped Uracil which confirms the EDTA may be entered into the crystal lattice of Uracil. Further the O-H in
plane bending of 1391.48 cm™ are found in doped crystal which are completely absent in pure Uracil. The N-H
bending vibrations of 858.59 cm™, 818.95 cm™ in pre Uracil are completely absent in doped crystal. This
vibrations may be the further evidence for incorporation of EDTA into the host molecule [8,9].
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Figure 1: a) FTIR spectrum of pure uracil; b) FTIR spectrum of doped uracil

UV spectral analysis:

The UV-Vis absorption spectrum of the grown crystal were recorded in the wavelength range of 200 nm and
1100 nm using lambda 35 UV-Vis spectrophotometer in order to determine the transmission range and hence
the suitability of the crystals for optical applications. The UV-Vis absorption spectrum of pure Uracil and doped
Uracil are shown in Figures 2a and 2b.
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Table 1: Vibrational frequencies of pure and doped uracil

Wave Number(cm™) Assignment
Uracil Doped EDTA
30993.51 - O-H Stretching
3120.67
330(?53561 N-H Stretching
3022.81
;ggggi C-H Stretching
1678.28 1684.34 C=0 Stretching
1648.69 C=C Stretching
1615.67 C-C Stretching
- 1391.48 In plane O-H bending
1234.87 C-N
858.59 .
818.95 N-H bending
- 767.29 OH-out-of-plane bending

It is seen that there is a slight change in the UV transparency cut off wavelength in pure Uracil and also in doped
Uracil and there is a residual absorption in the entire UV-Visible region in both Uracil and doped Uracil.
Regarding the electronic absorption, the peak in the range is 258.8 nm is attributed to n-x transition of the
carbonyl group. Usually, the C=0 group show a band in the higher region, but when the carbonyl group is
substituted by an aurochrome, the n-z" transition in this compound is shifted to lower wavelength region. When
the EDTA entered into the Uracil crystal, the n-r" transition of imide group, made a bathochromic shift from
258.8 nm to 260.1 nm considering the transition of imide. Bathochromic shift is also observed in the range of
200.8 nm to 203.3 nm. All these facts suggested that the doped crystals has a wide range of application in opto-
electronic files [8,9].
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Figure 2: a) UV-Vis spectrum of pure uracil; b) UV-Vis spectrum of doped uracil

Band gap energy determination:

The band gap measurement was also carried out for Uracil and doped Uracil crystals. The plot of (ah¥)? against
hyis shown in Figures 3a and 3b, a trend line was added to extrapolate and it cut the X-axis of 5.64 eV in Uracil
and 5.73 eV in doped crystal which is taken as the direct band gap of the crystal. Due to the addition of EDTA
with Uracil, change in band gap is observed. As a result of wide band gap the doped crystals possess wide
transmittance window in the UV-visible region.
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Figure 3: a) Band gap energy of pure uracil; b) band gap energy of doped uracil

Fluorescence spectra:

The Fluorescence spectrum of Uracil and doped crystal are measured in the range of 320.00 nm to 750 nm are
shown in Figures 4a and 4b. It has been observed that fluorescence spectra observed at excitation absorption of
slight broad band at 335.49 cm™ and emission of sharp band at 606.68 cm™ in pure Uracil. When the EDTA
entered into the Uracil Crystal, the fluorescence slightly changes in the absorption of broad band at 337.49 cm™
and the excitation process confirms the presence of broad band at 611.75 cm™. All these facts suggested that

both Uracil and doped Uracil has fluorescence activity.
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Figure 4: a) Fluorescence spectra of pure uracil; b) fluorescence spectra of doped uracil

Powder X-ray diffraction analysis:

X-ray diffraction technique is used to investigate the inner arrangement of atoms (or) molecules in a crystalline
material. The grown Uracil and EDTA doped Uracil crystal were subjected to powder X-ray diffraction studies
and the observed patterns are shown in Figures 5a and 5b respectively. Well defined peaks at specific 28 values
shown high crystalline nature of the grown crystals. The powder XRD patterns of doped Uracil are compared
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with that of pure materials. The XRD profiles show that all the samples were of a single phase without
detectable impurities. The slight shift of the reflection peaks in the powder XRD patterns of the doped samples
indicates that the dopant has entered into the lattice of the host crystal XRD patterns of doped crystals are not
similar to that of pure Uracil. Additional peaks are present in the XRD patterns of doped crystals. This shows
that doped crystals have different crystalline structure as that of pure Uracil [10-12].
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Figure 5: a) Powder XRD spectra of pure uracil; b) powder XRD spectra of doped uracil

Scanning electron microscopic analysis:

SEM analysis provided information about the nature and also it is used to check the presence of imperfections.
The SEM image of pure Uracil and doped crystal are shown in the Figures 6a and 6b. It is found that Uracil
crystal has well developed morphology exhibiting several faces and then all the units are arranged in different

layers. But the doped crystal has entirely different morphology. Due to this fact, it may be revealed that the
EDTAactsasa growth modifier [13].

Figure 6: a) SEM image of pure uracil; b) SEM image of doped uracil
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Figure 7: a) EDAX Spectrum of pure uracil; b) EDAX spectrum of doped uracil
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Energy dispersive X-ray analysis:

In order to confirm the presence of the elements in the grown Uracil and doped crystal, the sample of grown
crystals were subjected to Energy dispersive X-ray analysis and shown in Figures 7a and 7b. The obtained
spectrum confirms the presence of C,0 and N and the corresponding atomic percentages are 44.32, 26.84, 28.85
respectively. When the EDTA entered into the host crystal, the atomic percentage changed into 57.37, 21-44 and
21.18 respectively. These facts revealed the absence of imperfections in the crystallisation.

CONCLUSION

EDTA doped Uracil were synthesized at room temperature by slow evaporation method. Good optical quality
single crystals were grown. The functional groups present in the grown crystal have been confirmed by FTIR
spectral analysis. UV-Vis spectra show that the crystal has a wide range of application in opto-electronic field.
Band gap measurement indicated that the doped crystals possess wide transmittance window in the UV-Visible
region. Fluorescence spectra confirm the fluorescence activity of grown crystals. Powder X-ray diffraction
confirms the crystallinity nature of the sample. SEM analysis confirms the morphology of the grown crystals
and EDAX analysis shows the elemental analysis of the crystal and confirms the absence of any impurities and
imperfection in the crystal.
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