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ABSTRACT
N-Methylurea oxalic (NMUO) acid organic crystals were grown by solution method with slow evaporation solution
technique (SEST) in aqueous solution. Using single crystal XRD (SCXRD) analysis, the structure of the crystal was
determined. The powder X-ray diffraction (PXRD) study reveals that the crystallinity of the specimen. The
functional groups of the title molecule were determined from FTIR and FT-Raman analyses. Optical transmittance
of the crystal was studied using UV–Visible spectroscopy. The hardness of the grown crystal was found by Vickers
microhardness test. The dielectric behavior of the crystal was determined at 30 ºC temperature. The thermal stability
of the crystal was studied by thermogravimetric analysis (TG/GTG) and differential scanning calorimetry (DSC). Zscan characterization was carried out to investigate the third-order nonlinear optical properties of the crystal.
Keywords: Single XRD, FTIR Spectrum, Vickers Microhardness, UV-Visible Spectral Analysis, Dielectric
Analysis, Thermal Analysis.
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INTRODUCTION
For the applications of telecommunication, optical computing, frequency conversion, optical information
processing and high optical data storage the material should exhibit large optical nonlinearity 1-3.
Generally, the materials of the good optical property with less dislocation density and large charge
transfer are favorable for optical applications. In recent years, due to the above features, the organic
crystals are highly applicable for the field of frequency doubling, optoelectronic and telecommunication 48
. N-methyl urea (NMU) is one of the promising organic nonlinear optical materials 9, 10. The literature
reports say that the enhanced properties of the co-crystals and salts are observed from NMU 11–14. To form
convenient hosts for the study of carboxyl anion radicals and their changes, the simplest of the
dicarboxylic acid of oxalates was used. Particularly, the addition of urea with oxalic acid makes attractive
features. According to Harkema et al. 15 reported that the crystal structure of N-methyl urea-oxalic acid
and which is crystallized in the monoclinic system with the space group P21/C. In this manuscript, we
have grown N-methylurea-oxalic acid (NMUO) crystal and have been reported it's physical by the
characterizations of single crystal XRD, FTIR, FT-Raman, UV-Visible transmittance, dielectric, thermal
and Z-scan study.

EXPERIMENTAL
Synthesis and Crystal Growth
The N-methyl urea oxalic acid (NMUO) was synthesized by slow evaporation of an aqueous solution
with 2:1 ratio 15 of N-methyl urea and oxalic acid. N-methyl urea and oxalic acid were dissolved
simultaneously drop by drop in double distilled water using a magnetic stirrer. The prepared solution was
allowed to evaporate at room temperature, which yields the salt of NMUO. The purity of the synthesized
material was further improved by the process of re-crystallization. A saturated solution of NMUO was
prepared using the recrystallized materials and the solution was taken in a beaker. The solution was
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allowed to evaporate by keeping the temperature at 35°C. The supersaturated solution was kept the
undisturbed atmosphere at 35 °C temperature. Finally, the optically good quality crystals were harvested.
The crystals were grown in a period of 45 days. The grown NMUO single crystal is shown in Fig.-1.

Fig.-1: Photograph of grown NMUO single crystal

Characterization Details
The NMUO crystal was grown and subjected to various characterizations. Single crystal XRD was
carried out using Bruker-Nonius MACH3/CAD4 X-ray diffractometer. Using the X’pert PRO powder Xray diffractometer using Cu-Ka radiation of wavelength λ = 1.5406 Å the powder XRD was carried out.
The optical transmission spectrum of NMUO crystal was recorded in the range 200-1100 nm using
Lambda 35 spectrophotometer. A dielectric study was carried out as a function of frequency for room
temperatures using an LCR meter. Thermogravimetric (TG/DTG) and differential scanning calorimetry
(DSC) recorded using Perkin Elmer Diamond TG and DSC instrument. Z-scan measurement was carried
out using 532 nm laser wavelength to get third-order nonlinear optical parameters.

RESULTS AND DISCUSSION
X-Ray Diffraction Analysis
The structure of the grown NMUO single crystal was analyzed by SCXRD analysis. From the result, it
was revealed that the grown crystal belongs to monoclinic structure and unit cell parameter values a =
5.14 Å, b = 10.53 Å and c = 10.21 Å, are well agree with reported literature 15. NMUO crystal was finely
powdered and subjected to powder XRD analysis with an X’pert PRO powder X-ray Diffractometer. The
PXRD data were recorded for the angle range between 5 to 50 º. The PXRD pattern of NMUO is shown
in Fig. 2. Sharpness in the peak pattern in PXRD revealed that the crystallinity of the material.

Fig.-2: Powder XRD Pattern of NMUO
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FTIR and FT-Raman Spectral Analysis
Fourier transform infrared (FTIR) and FT-Raman spectrum was recorded for NMUO material at 30 ºC
temperature and it is shown in Fig.-3 and 4.

Fig.-3: FTIR Spectrum of NMUO

From the figures, the asymmetric and symmetric vibrations of the methyl group are observed at 3029,
2955 and 2953, 2827 cm-1 in FTIR and FT-Raman respectively 16-17. The infrared absorption wavenumber
at 1718, 1714, 1655, 1751 and 1740, 1647 cm-1 in FTIR and FT-Raman respectively due to C=O
stretching vibrations of oxalic acid. 18-20. Primary amine of N–H stretching vibrations of N-methyl urea
was observed at 3454, 3371 and 3369 cm-1 in FTIR and FT-Raman respectively 21-23. Thus, FTIR spectra
confirmed the presence of various representative functional groups in NMUO crystal.

Fig.-4: FT-Raman Spectrum of NMUO

UV-Visible Spectral Analysis
To find the optical properties of the crystal, the optical transmittance of the crystal was carried out. The
obtained UV-Visible spectrum of NMUO crystal is shown in Fig.5. It has considerably high transparency
in the entire visible and there is no absorption was observed in the entire visible region. The fundamental
absorption edge was observed at 296 nm. From the electronic band structure, electrical properties, the
electronic transition was obtained for the material 24. There is no absorption in the entire visible region of
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the spectrum as shown in Fig. 4. Hence, the wide transmittance window of the crystal in the entire visible
region makes that the title crystal can be applicable for various optical applications.

Fig.-5: Transmittance Spectrum of NMUO Crystal

Dielectric Studies
A study of dielectric properties of organic optical material is important for the applications of fast
switching times in electro-optic applications, the dielectric study was important in the organic materials
25
. Cut and polished samples were used for this characterization. The good quality silver paste was coated
on two opposite surface of the crystal to obtain good contact in order to observe the dielectric result. The
dielectric loss variations with frequency are shown in Fig.-6.

Fig.-6: Dielectric Loss of NMUO Crystal

The measurement was taken from the frequency range 5 Hz – 20 MHz to study the dielectric loss of the
crystal. The good optical quality with smaller defects in the material was revealed by the results of the
low value of the dielectric loss at maximum frequencies, this behavior plays important role in the
fabrication of NLO optical devices 26.
Thermal Analysis
From the TG/DTG measurement, the thermal stability and the melting point of the material were obtained
and the results as shown in Fig.-7. The temperature range was adopted to measure the thermal analysis of
the material 25–370 ºC.
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Fig.-7: TG/DTG Spectrum of NMUO Crystal

From the figure, the four stages of weight loss were observed for the material. The first step
decomposition was observed from the temperature range 99 °C to 162 °C with a weight loss of 17.89 %,
the first weight loss is attributed to the decomposition of water molecule (17 %) in the range between 99
ºC and 146 ºC, the second stage of weight loss (45.98 %) occurs in the temperature range between 162 °C
and 230 °C, the oxalic acid into carbon dioxide (CO2) decomposition was takes place and the
corresponding endothermic peak was observed at 202 °C. in the material and corresponding small
endothermic peak absorbed around 202 °C. Third stage weight loss from 230.4 to 280.7 °C with a weight
loss of 27.95 % and the final weight loss occurs from 280.7 to 340 °C with weight loss of 6.78 %. Finally,
the residue was observed as 0.44 % at 400 °C. The DSC curve of NMUO was recorded result as shown in
Fig.-8.

Fig.-8: DSC Spectrum of NMUO Crystal

From the DSC curve, there is no structural and phase transformation was observed up to 120 °C. A sharp
endothermic peak at 120 in DSC is due to the sample’s melting process, the higher melting point and the
sharpness of DSC melting peak reveal that NMUO has purity and good crystallinity.
Z-Scan Study
For studying the optical nonlinearities of the materials such as semiconductors, organic materials and
nanoparticles, the Z-scan technique was extensively used. To measure the nonlinear absorption coefficient
(β) and the nonlinear index of refraction (n2) of the material, it was an accurate method. Single beam Zscan technique is one of the widely employed techniques to In the determination of nonlinear absorption
and refraction, the Z-scan techniques with a single beam was widely used method 27. The closed and open
aperture curves of NMUO crystal are shown in Fig.-9 and 10.
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And the real and imaginary parts of the third-order nonlinear optical susceptibility χ3 are calculated by the
relations,
Re χ(3) (esu) = 10-4Ԑ0c2n02n2/π (cm2 W-1)
Im χ(3) (esu) = 10-2Ԑ0c2n02λβ/4π (cm W-1)
χ(3) = √(Re χ(3))2 + (Im χ(3))2

Fig.-9: Closed Aperture Curve of NMUO Crystal

Fig.-10: Open Aperture Curve of NMUO Crystal

The calculated third-order NLO parameters are given in the Table-1.
Table-1: Calculated Third-Order Nonlinear Optical Parameter of NMUO Crystal
n2
(cm2/W)

α

β
(cm/W)

Re χ(3)
(esu)

Im χ(3)
(esu)

χ(3)
(esu)

5.43×10-09

391.98

0.000164

7.94×10-7

1.02×-5

1.02×-5

CONCLUSION
Good quality of N-methylurea-oxalic acid (NMUO) single crystal was grown in water solvent by SEST
method. The SCXRD measurement confirms that the crystal crystallizes in monoclinic (P21/c) system.
The functional groups of the title compound were confirmed by FT-IR and Raman analyses. Optical
transmission study showed that NMUO crystal was optically good transparent with cut off wavelength at
296 nm and the band gap was found to be Eg = 4.1 eV. The dielectric loss of the crystal was determined at
30 ºC temperature and the results show that the crystal has normal dielectric behavior. The thermal
stability of the material was studied as 120 ºC by TG/DTG and DSC analysis. Form the Z-scan study
third-order nonlinear optical susceptibility was calculated to be 1.02×-5 esu. The results observed in
NMUO suggested that the title crystal is suitable for electro-optic and NLO applications.
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