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ABSTRACT 

Crystals of pure and urea doped dimethylamine picrate have been crystallized in ethanol by low temperature 

solution growth technique. Morphological changes were noticed when urea was added as dopant. The grown crystals 

were investigated by both single crystal and powder XRD pattern and it is confirmed that the grown crystals belong 

to orthorhombic crystal system. Functional groups presented in the grown molecule were identified by analysis FT-

IR spectra and the nature of the vibrations was studied. The optical transparency character of the crystals was 

examined by recording the UV-VIS spectrum. Stability against the temperature and thermal decomposition of the 

molecule was explored. Frequency converting nature was tested for the grown crystal by using Kurtz and Perry setup. 
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1. INTRODUCTION 

Now-a-days, organic nonlinear optical crystals receive much interest due to the high optical nonlinear 

properties; ease of tailoring and due to ultrafast response (Sutherlan, 1996; Chemla, 1997; Dalton, 2004). Generally, 

most of organic materials have electron withdrawing and acceptor clusters and which leads charge transfer character 

Marcy, (1995). Stabilization of organic compounds occurs most by weak bonds and which leads high degree of 

charge delocalization in the molecule. Recent days, researchers are paying much interest in the compounds of 

aromatic amines due to its flexibility in the side chain, which gives up several molecular conformers (Koleva, 2009; 

2008; Ivanova, 2010). Picric acid is an electron acceptor compound. Derivates of the picric acid compounds are good 

candidates because of the presence of hydroxyl group leads the formation of many salts when it make reaction with 

organic bases. Picric acid forms π stacking complexes with aromatic molecules but behaves also as anion forming 

salts with non-aromatic molecules (Anandha Babu, 2010; Rajesh, 2001; Li, 2005), which has electrostatic or 

hydrogen bonding interactions. These conjugated molecules show high value of hyper polarizability in owing of the 

proton transfer (Bhagavannarayana, 2006). Urea is recognized as a good organic NLO material. It is accommodated 

in the interstitial sites if it is added as a dopant (Donaldson, 1984; Catella, 1988; Cheng, 1990; Mahadevan, 1999). 

Properties of the NLO crystal can be alter by adding suitable dopant (Krishnan, 2008; Goma, 2006). Hence, we tried 

to grow pure and urea doped dimethylamine picrate (DMAP) single crystal. In this manuscript we report the growth 

and characterization of pure and urea doped DMAP crystals.  

2. EXPERIMENTAL  

Synthesis and Growth of DMAP: AR grade Dimethylamine (C2H7N) and Picric acid (C6H3N3O7) were obtained 

from Rankem chemicals and mixed with the molaritiy ratio of 1:1. Further 3 wt %, 5 wt %, 10 wt % urea (CH4N2O) 

solution was prepared in ethanol and added to the dimethylamine and picric acid solution. This mixture was stirred 

rigorously at room temperature for 6 hrs. The filtered solution were covered with the perforated polyethane sheet 

and kept uninterrupted for the disappearance of solvent. With the due course of time, the disappearances of solvent 

yields tiny crystals and in order to impure the purity and to grown the reasonable size crystal, this was used for further 

recrystallization process in ethanol. Yellow coloured single crystals were harvested after 10 days. Snap of as grown 

pure and urea doped crystals are presented in Fig.1-4. 

The harvested crystals have been used for further investigations. Information about the unit cell are derived 

from single and powder XRD patterns. Single and Powder XRD data has been collected by using Bruker kappa 

APEXII single crystal X-ray diffractometer and XPERT-PRO X-ray diffractometer respectively. The FT-IR spectra 

of the samples were recorded in the range of 400-4000 cm-1 by using 8400S Shimadzu infrared spectrophotometer. 

With help of Q600 SDT thermal analyzer, the thermal decomposition nature of the samples was documented at the 

heating rate of 10°C/min in the nitrogen atmosphere. The optical absorption spectrum of the samples was traced in 

the range of 400 - 800 nm by Perkin Elmer Lambda 35 UV–VIS spectrometer. Emission of green radiation was tested 

for the grown crystalline samples by using the Kurtz and Perry powder setup. 

     
Figure.1. (a) Grown Pure DMAP (b). 1wt% urea doped DMA (c) 3wt% urea doped DMAP (d) 5 wt% 

urea doped DMAP (e) 10 wt% urea doped DMAP 
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3. RESULTS AND DISCUSSIONS 

XRD studies: It is confirmed from the single crystal XRD study that the grown crystal belong to orthorhombic 

crystal system. The crystallographic data is summarized in Table.1. The cell parameter value of pure DMAP obtained 

in the present study agrees with the data published by Anandha Babu (2010). Due to the addition of urea, slight 

increment in lattice parameters is observed for the doped crystal.  

The powder XRD pattern of the grown crystals was indexed by using TWOTHETA software package and 

the indexed pattern is presented in Fig.2. Calculated cell parameters are tabulated in Table.1. New, slight shift and 

intensity variation in the peaks are observed in the XRD pattern of doped crystal when compared to the pattern of 

the pure crystal. This confirms the inclusion of urea as a dopant in the host material. Sharpness of the peaks confirms 

the purity of the grown crystals. 

Table.1.Crystallographic data of pure and urea doped DMAP 

Crystallographic data PureDMAP 1wt%urea 3wt%urea 5wt%urea 10wt%urea 

Unit cell dimensions 

 

a= 9.995 Å 

b = 11.119 Å 

a= 9.99 Å 

b = 11.121 Å 

a= 9.99 Å 

b = 11.125 Å 

a= 10.004Å 

b = 11.128 Å 

a= 10.016 Å 

b = 11.130 Å 

 

Volume 

c = 21.326 Å 

===90 

c = 21.33 Å 

===90 

c = 21.34 Å 

===90 

c = 21.36 Å 

===90 

c = 21.38Å 

===90 

Space group 

Crystal size  

2110 Å3 

Pca21 

2112 Å3 

Pca21 

2369 Å3 

Pca21 

2377 Å3 

Pca21 

2383 Å3 

Pca21 

Crystal system 13×10×8 mm3 

Orthorhombic 

8×6×5 mm3 

Orthorhombic 

10×9×6 mm3 

Orthorhombic 

11×8×7 mm3 

Orthorhombic 

11×9×7 mm3 

Orthorhombic 

 

  
Figure.2a. Powder XRD pattern of DMAP Figure.2b. Powder XRD pattern of 1 wt% urea doped 

DMAP 

 
Figure.2c. Powder XRD pattern of 3 wt% urea doped DMAP 

  
Figure.2d. Powder XRD pattern of 5 wt% 

urea doped DMAP 

Figure.2e. Powder XRD pattern of 10 wt% urea doped 

DMAP 

Vibrational Analysis: The recorded infrared spectrum of undoped and doped DMAP is shown in Fig.3. The 

assignments of various functional groups are presented in Table.2. The characteristic vibrational bands are consigned 

and compared with urea (Guru Prasad, 2013). In the FT-IR spectrum, the wide weakly pronounced band is observed 

at about 3757cm-1 and 3448 cm-1 which arise due to overlying of NH2 symmetric and asymmetric stretching 

vibrations.NO2 asymmetric stretching vibration appears at 1566 cm-1. The NO2 scissoring vibrational mode is 

observed at 890 cm-1 (Guru Prasad, 2013). Bending of N-C-S is traced in FT-IR at 516 cm-1. A band observed at 

1157 cm-1 which occurs due to in-plane C–H bending vibration. A band noticed at 900 cm-1 is connected with out of 

plane N2CO group bending vibration whereas the band observed at 1640 cm-1 is caused as a result of C–O stretching 
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vibration. The undisturbed band of O–H at 3304 cm-1 indicates very weak interaction of NH group and OH group 

(Mathammal, 2015). A band observed at 1620 cm-1 with strong intensity occurs due to carbonyl stretching (C=O) 

and increase in intense is observed in the higher concentration of urea doped FT-IR spectrum. The stretching 

vibrations (asymmetric and symmetric) of methyl group recorded at 3086 cm-1 and 2839 cm-1 respectively. The bands 

monitored at 1489 cm-1 and 1334 cm-1 caused by asymmetric stretching and symmetric stretching NO2 vibrations 

(Silverstein, 2004). Both picric acid (Srinivasan, 2006) and picrates (Briget Mary, 2006), exhibit characteristic 

absorption peaks caused by C–C bonds observed at 1632 and 1616 cm-1. The assignment of C=O and NH2 bands in 

the region between 1700 and 1500 cm-1. The Stretching of C–O group produced a peak at 1271 cm-1. Vibrational 

band of C–NO2 stretching occurs at 1080 cm-1. The band appears at 704 cm-1 infers the C–O–H stretching in urea 

doped DMAP. 

Table.2. Frequency assignments of pure and urea doped DMAP 

Wavenumber (cm-1)  

Assignments Pure 

DMAP  

1wt% 

Urea 

3wt% 

Urea 

5wt% 

Urea 

10wt% 

Urea 

3757 3749 3757 3711 375 NH2 symmetric stretching 

3448 - 3448 - 3448 NH2 asymmetric stretching 

3086 3086 3101 3086 3086 CH3 asymmetric stretching 

2839 2877 2846 2839 2839 CH3 symmetric stretching 

2476 2476 2522 2476 2476 C-H stretching 

- 1998 1874 1874 1874 C=O stretching 

1620 1620 1627 1612 1620 C=C stretching 

1566 1573 - - 1573 O-H in-plane deformation 

1489 1489 - 1489 1489 NO2 asymmetric stretching  

1334 1334 1342 1334 1334 NO2 symmetric stretching 

1157 1157 1157 1157 1157 C-H in-plane bending 

1080 1080 1087 1080 1080 C-NO2 stretching 

910 910 910 910 910 C-H out of plane  

709 709 709 709 709 C-O-H stretching 

516 516 524 516 516 N-C-S bending 

 

  
Figure.3a. FTIR spectrum of pure DMAP Figure.3b. FTIR spectrum of 1 wt% urea doped 

DMAP 

  
Figure.3c. FTIR spectrum of 3 wt% urea doped 

DMAP 

Figure.3d. FTIR spectrum of 5 wt% urea doped 

DMAP 

 
Figure.3e. FTIR spectrum of 10 wt% urea doped DMAP 
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Thermal Analysis: Fig.4, shows the TGA/DTA thermograms of pure and various concentrations of urea doped 

DMAP crystals. No endothermic peaks observed below 100C which confirms that there is no inclusion of water or 

solvent molecules in the grown. The sharpness of the thermogram peaks confirms the purity of the grown crystal. In 

Fig.4a, an exothermic peak was found near to 151.45οC which arise due to the melting of the sample. When urea is 

doped in a parent sample, there is a slight difference in decomposition pattern is observed. The decomposition point 

of all the grown samples is observed in the temperature range of 283–289°C. So it can be utilized up to the particular 

temperature. 

  
Figure.4a. TGA/DTA spectrum of Pure DMAP Figure.4b. TGA/DTA spectrum 1 wt% urea doped 

DMAP 

  
Figure.4c. TGA/DTA spectrum 3 wt% urea doped 

DMAP 

Figure.4d. TGA/DTA spectrum 5 wt% urea doped 

DMAP 

 
Figure.4e. TGA/DTA spectrum 10 wt% urea doped DMAP 

UV-VIS Spectral Analysis: The UV–VIS spectra of undoped and doped DMAP are shown in Fig.5. The pure sample 

DMAP crystal shows a cut-off wavelength at 455 nm. Plots were drawn hν and (αhν)2 to estimate the energy band 

gap value. The band energy gap (Eg) value was determined using Tauc’s relation and it is found as is 2.73 eV for 

undoped DMAP. Lower cut-off wavelength value of all the samples are observed near to 450 nm and it is observed 

that the increase in the weight percent of dopant cause a slight decrease in band gap value (Vinod Kumar, 2013). The 

absorption band observed at 450 nm due to the charge transfer from non-bonding orbital to an anti-bonding π orbital 

(n to π* transition) was shifted to longer wavelength compared to urea Ravindran (2011). This reveals the 

appropriateness of the undoped and doped crystals wavelength of optical light process (Rao, 1984). 

  
Figure.5a. Uv-visspectrum of ofpure DMAP Figure.5b. Uv-visspectrumof 1 wt% urea 

doped DMAP 
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Figure.5c. Uv-visspectrum of 3wt% urea doped DMAP Figure.5d. Uv-visspectrum of 5wt% urea 

doped DMAP 

 
Figure.5e. Uv-visspectrum of 5wt% urea doped DMAP 

SHG Studies: Kurtz and Perry Powder technique is a promising technique to test the SHG of the samples Kurtz 

(1968). In this technique, was used. Well grinded powder sample is packed in the micro-capillary tube and place in 

the path of Q-switched Nd: YAG laser radiation. Laser radiation with the energy of 0.68 J was exposed on the sample 

and the green emission was observed from the sample which confirms the SHG property of the grown crystals. The 

relative SHG efficiency of pure and urea doped DMAP is charted in Table.3. It is observed that increase in dopant 

concentration increases the relative SHG conversion efficiency this occurs due to the electron-phonon interactions 

of dopant (urea) and the phonon subsystem Kityk (2001).  

Table.3. SHG studies pure and urea doped DMAP 

Name of the Sample Relative SHG conversion efficiency 

Undoped DMAP   3.2 mJ (0.28 times that of KDP) 

1 wt% urea doped DMAP   4.2mJ (0.3696times that of KDP)  

3 wt% urea doped DMAP  4.4mJ (0.3872 times that of KDP) 

5 wt% urea doped DMAP  4.9mJ (0.4312 times that of KDP) 

10 wt% urea doped DMAP 5.8 mJ (0.5104 times that of KDP) 

4. CONCLUSION 

The single crystals of pure and various concentrations of urea doped dimethylamine picrate have grown 

successfully. Crystal system, the cell parameters values and the presence dopant were confirmed. From the 

vibrational analysis, presence of urea in parent sample is confirmed by observing 1620 cm-1 new absorption band at 

doped crystals. The cut-off wavelength of all the prepared samples is found near to 450 nm. The absorption band (n-

π* transition) were shifted to longer wavelength when the dopant concentration increase. The decomposition 

temperature range of all the samples is observed near to 283–289°C. When urea is doped with parent sample, there 

is a slight change in thermal stability. The SHG efficiency of pure and urea doped DMAP crystal is compared with 

the KDP. 

5. ACKNOWLEDGEMENT 
Authors are thanks the management of Noorul Islam Centre for Higher Educational Trust for the financial 

assistance given by means of fellowship. Authors thank the Department of Nanotechnology, NIU, SAIF IIT Madras 

and B. S. Abdur Rahman University, Chennai for the extension of the Instrumental facilities. 

REFERENCES  

Anandha Babu G, Sreedhar S, Venugopal Rao S, Ramasamy P, Synthesis, growth, structural, thermal, linear and 

nonlinear optical properties of a new organic crystal, Dimethyl ammonium picrate, J. Cryst. Growth, 312, 2010,    

1957-1962. 

Bhagavannarayana G, Parthiban S, Meenakshisundaram S.P, Enhancement of crystalline perfection by organic 

dopants in ZTS, ADP and KHP crystals as investigated by high-resolution XRD and SEM, J. Appl. Crystallogr, 39, 

2006, 784-790. 

Briget Mary M, Sasirekha V, Ramakrishnan V, Spectral investigations of amino acid picrates, Spectrochim, Acta A, 

65, 2006, 414-420. 

Briget Mary M, Sasirekha V, Ramakrishnan V, Vibrational spectral analysis of DL-valine DL-valinium and DL-

methionine DL-methioninium picrates, Spectrochim, Acta A, 65, 2006, 955-963. 

http://www.jchps.com/


Journal of Chemical and Pharmaceutical Sciences                                                                      ISSN: 0974-2115 

JCHPS Special Issue 1: February 2017 www.jchps.com                                                                                 Page 26 

Catella G.C, Bohn J.H, Luken J.R, Tunable high-power urea optical parametric oscillator, IEEE J. Quantum Electron, 

24, 1988, 1201-1213. 

Chemla D.S, Zyss J (Eds), Nonlinear Optical Properties of Organic Molecules and Crystals, Academic Press,          

New York, 1-2, 1997. 

Cheng K, Bosenberg W.R, Tang C.L, Growth and characterization of nonlinear optical crystals suitable for frequency 

conversion, Prog. Cryst. Growth Charact, 20, 1990, 9-57.  

Dalton L.R, Organic electro-optic materials, P. Appl. Chemistry, 76, 2004, 1421-1433. 

Donaldson W.R, Tang C.L, Urea optical parametric oscillator, Appl. Phys. Lett. 44, 1984, 25-27. 

Goma S, Padma C.M, Mahadevan C.K, Dielectric parameters of KDP single crystals added with urea, Mater. Lett, 

60, 2006, 3701-3705. 

Guru Prasad L, Krishnakumar V, Nagalakshmi R, Growth and characterization of semi-organic nonlinear optical 

crystal, Sodium 2, 4-dinitrophenolate monohydrate, Spectrochim Acta A, 110, 2013, 377-382. 

Ivanova B, Spiteller M, Possible Application of the Organic Barbiturates as NLO Materials, Cryst. Growth. Des, 10, 

2010, 2470-2474. 

Kityk I.V, Marciniak B, Mefleh A, Photo induced second harmonic generation in molecular crystals caused by 

defects, J. Phys. D. Appl. Phys, 34, 2001, 1-7. 

Koleva B, Kolev T, Seidel R, Mayer-Figge H, Spiteller M, Sheldrick W, On the Origin of the Color in the Solid 

State, Crystal Structure and Optical and Magnetic Properties of 4-Cyanopyridinium Hydrogensquarate Monohydrate, 

J. Phys. Chem, 112A, 2008, 2899-2905. 

Koleva B, Kolev T, Seidel R, Spiteller M, Mayer-Figge H, Sheldrick W, Self-Assembly of Hydrogensquarates, 

Crystal Structures and Properties, J. Phys. Chem, 113A, 2009, 3088-3095. 

Krishnan C, Selvarajan P, Freeda T.H, Growth and studies of pure and potassium iodide-doped zinc tris-thiourea 

sulphate (ZTS) single crystals, J. Cryst. Growth, 311, 2008, 141-146. 

Kurtz S.K, Perry T.T, A Powder Technique for the Evaluation of Nonlinear Optical Materials, J. Appl. Phys, 39, 

1968, 3798-3813. 

Li G, Xue L, Su G, Li Z, Zhuang X, Ha H, Rapid growth of KDP crystal from aqueous solutions with additives and 

its optical studies, Cryst. Res. Technol, 40, 2005, 867-870. 

Mahadevan CK, Nucleation studies in supersaturated aqueous solution of urea and urea nitrate doped with organic 

dopants, Indian J. chemistry, 38 A, 1999, 1100-1105. 

Marcy H.O, Rosker M.J, Warren L.F, Cunningham P.H, Thomas C.A, DeLoach L.A, Velsko S.P, Ebbers, C.A, Liao 

J.H, Kanatzidis M.G, l-Histidine tetrafluoroborate, a solution-grown semiorganic crystal for nonlinear frequency 

conversion, Opt. Lett, 20, 1995, 252-254 

Mathammal R, Sudha N, Guru Prasad L, Ganga N, Krishnakumar V, Spectroscopic (FTIR, FT-Raman, UV and 

NMR) investigation and NLO, HOMO–LUMO, NBO analysis of 2-Benzylpyridine based on quantum chemical 

calculations, Spectrochim Acta, A 137, 2015, 740-748. 

Rajesh N.P, Lakshmana Perumal C.K, Santhana Raghavan P, Ramasamy P, Effect of Urea on Metastable Zone 

Width, Induction Time and Nucleation Parameters of Ammonium Dihydrogen Orthophosphate, Cryst. Res. Technol, 

36, 2001, 55-63. 

Rao C.N.R, Ultraviolet and visible spectroscopy of organic compound, Prentice Hall of India Pvt. Ltd, New Delhi, 

1984. 

Ravindran B, Madhurambal G, Mariappan M, Mojumdar S.C, Synthesis and characterization of some single crystals 

of thiourea urea zinc chloride, J. Ther. Anal. Calori, 104, 2011, 1893–1899. 

Silverstein R.M and Webster F.X, Spectroscopic identification of organic compounds, John Wiley and Sons, 

Singapore, 2004. 

Srinivasan P, Gunasekaran M, Kanagasekaran T, Gopalakrishnan R, Ramasamy P, 2,4,6-trinitrophenol (TNP), An 

organic material for nonlinear optical (NLO) applications, J. Cryst. Growth, 289, 2006, 639-646.  

Sutherland R.L, Handbook of Nonlinear Optics, Dekker, New York, 1996. 

Vinod Kumar V, Nithya S, Aswin Shyam, Sai Subramanian N, Tennis Anthuvan J and Savarimuthu Philip Anthony, 

Bull. Korean Chem. Soc. 34, 2013, 2702-2706. 

http://www.jchps.com/

