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Abstract 

              Glycine single crystals were grown in the presence of urea by slow evaporation 

technique.  CHN analysis was made to know the chemical composition since the contents are 

purely organic materials.  By single crystal X-ray diffraction study, the lattice parameters of 

the grown crystal were determined and the crystal was found to crystallize in monoclinic 

structure.  The powder X-ray diffraction study was carried out to find out the crystalline 

planes of the crystal.  The Fourier Transform Infra Red spectrum for grown crystal was 

recorded to identify the functional groups present in the crystal.  The band gap energy was 

calculated from UV-Visible transmittance studies.  The hardness of the crystal was tested by 

Vickers microhardness measurement.  The second harmonic generation of the crystal was 

confirmed through Nd:YAG laser. 
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 1. Introduction 

            Amino acids and their complexes find wide applications in the field of photonics.  

Amino acids are fascinating materials for NLO applications [1,2].  Glycine is the simplest 

amino acid.  The phenomenon of chemical species having more than one possible crystal 
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form is known as polymorphism and it occurs due to differences in the molecular packing 

arrangement [3].  Six distinct polymorphic forms of glycine are known in the literature: α, β, 

and γ forms at ambient environment and ,  and β′ forms [4,5] under high pressure.  Since 

glycine can assume cationic, anionic and zwitterionic forms, a large number of glycine 

complexes are formed [6,7].  α-glycine crystallizes in centrosymmetric space group P21/c and  

that is not feasible for optical second harmonic generation [8, 9].  α-glycine crystals are 

metastable at ambient conditions and do not change its form upon heating well above the 

room temperature until its melting transition occurs.  

Urea has good NLO property.  It is highly soluble in water and finds wide application 

as fertilizer.  In literature, many research works on urea doped crystals are available [10, 11].  

In our project work, an effort was made to study the effect of urea on -glycine by growing 

crystal from a mixture of glycine and urea and it was characterized through various 

techniques.  A comparative study of pure glycine crystal and glycine crystal grown in 

presence of urea shows that even though there is no major change in chemical composition, a 

remarkable change in optical and mechanical properties is observed.  Moreover, urea has 

induced NLO nature to the grown glycine crystal.   

2.  Experimental details 

2.1 Synthesis and Solubility 

  Commercially available analar grade glycine and urea were taken in the molar ratio 

2:1 for the preparation of synthesized salt.  The calculated amount of salts was dissolved in 

de-ionized water and stirred well using a magnetic stirrer for about 3 hours.  On evaporating 

the solvent by heating the solution to a temperature of 50
o
C, the synthesized salt of glycine 

(with presence of urea) was obtained.  

Solubility is the amount of solute (in grams) present in 100 ml of saturated solution at 

a given temperature.  As the growth rate of a crystal depends on solubility and growth 
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temperature, the solubility in de-ionized water were determined at different temperature for 

synthesized pure glycine salt and glycine salt extracted in the presence of urea by gravimetric 

method.  50 ml of distilled water was taken in a beaker which was kept on hot-plate magnetic 

stirrer.  The synthesized glycine salt was added step by step to the distilled water at 35
o
C and 

stirring was continued till a small precipitate was formed.  This gave confirmation of 

supersaturated state of the solution.  Then 25 ml of solution was pipetted out into a petri dish 

and the solvent was evaporated by heating the solution at 50
o
C.  The amount of salt present in 

petri dish was weighed.  The procedure was repeated for different temperature.  Similarly, the 

solubility test was done for glycine sample with urea additive also.  The solubility curves of 

both the samples are shown in Fig.1.  From the graph, it is observed that the solubility 

increases with temperature for both the samples.  In the case of glycine sample with urea 

presence, the solvent accommodates a marginally increased amount of solute for saturation 

compared to glycine at any temperature.   This may be attributed due to interaction between 

zwitterions of glycine, urea and water molecule [12].   

 

Fig.1. Solubility curves for a) pure glycine sample and b) glycine extracted 

in the presence of urea 
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  The increase in solubility may lead to change of thermodynamic parameters such as 

surface concentration of growth species and surface energy and hence change in growth rate, 

morphological change during growth of crystals [13].  The positive temperature coefficient of 

solubility curves indicates that the crystals can be grown by slow solvent evaporation method.                         

 2.2 Crystal Growth  

                The pure glycine crystal and glycine crystal with urea presence were grown by 

solution method with slow evaporation technique at room temperature.  Saturated solutions 

were prepared by dissolving the synthesized salts separately in de-ionized water in 

accordance with solubility data.  The solutions were constantly stirred for about 2 hours using 

magnetic stirrer and were filtered using Whatmann filter paper.  The filtered solutions were 

kept in two separate borosil beakers covered with perforated sheets. Adequate sized good 

transparent crystals were harvested from the mother solution after a span of 15 days.  The 

pure glycine crystal and glycine crystal grown in presence of urea are shown in Fig.2 and 

they have different shapes.  The pure glycine crystal loses its transparency, becomes opaque 

and appears white in colour within few weeks, but the glycine crystal grown in the presence 

of urea remains stable. 

 2.3 CHN Analysis 

 The pure glycine crystal and the glycine crystal grown in the presence of urea were 

subjected to Carbon Hydrogen Nitrogen (CHN) analysis to know their chemical composition 

and the observed results are displayed in Table 1.  The data show that both the samples have 

almost the same C, H and N concentration, thereby confirms that the added urea has not 

produced much change in the chemical composition of the grown glycine crystal. 
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Fig.2. Photograph of a) pure glycine crystal and b) glycine crystal grown in the 

presence of urea 

Table 1 

CHN analysis of pure glycine crystal and glycine crystal grown in the presence of urea 

S. No. Sample 
Carbon 

(%)   

Hydrogen 

(%) 

Nitrogen 

(%) 

1 Pure glycine crystal 32.27 7.94 19.13 

     2 
Glycine crystal grown in the                   

presence of urea 
32.01 7.88 18.89 

3. Results and discussion 

3.1 XRD Studies 

                  Single crystal X-ray diffraction study of glycine crystal grown in the presence of 

urea was carried out using ENRAF NONIUS CAD-4 X-ray diffractometer with MoKα 

radiation to evaluate the lattice parameter values. The lattice parameters are a = 5.262 Å, b = 

(a)
(b)
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12.124 Å, c = 5.580Å and  = 112.98
o
 which are in close agreement with the reported values 

of -glycine [14].  The crystal is found to be monoclinic with the space group P21/c.   

                      The powder X-ray diffraction pattern of pure glycine crystal and glycine crystal 

grown in the presence of urea were recorded in the range 10
o 

- 70
o 

at a rate of 10
o 

/min using 

X-ray diffractometer with CuKα radiation and are shown in Fig.3.  The well-defined peaks at 

specific 2 values of powder XRD pattern show high crystalline nature of the grown 

crystals.  The planes of reflections observed in XRD patterns are indexed using INDEXING 

software.  It is clear that the powder XRD spectrums of both the samples remain the same 

except the appearance of a small change in the intensity level of the peaks and peak position 

at higher angle side due to the effect of urea. 

             

        Fig.3. Powder XRD spectrum of a) pure glycine crystal and b) glycine crystal 

grown in the presence of urea 

3.2 FTIR Analysis 

               Every chemical compound has its own characteristic infrared spectrum.  Infrared 

spectrometry involves examination of twisting, bending, rotation and vibrational modes of 
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atoms in a molecule.  Due to the interaction with infrared radiation, portions of the incident 

radiation are absorbed at specific wavelengths.  The multiplicity of vibrations occurring 

simultaneously produces a highly complex absorption spectrum that is uniquely a 

characteristic of the functional groups that make up the molecule and of the overall 

configuration of the molecule as well [15,16].  In this study, the Fourier Transform Infrared 

spectrum of pure glycine crystal and glycine crystal grown in the presence of urea were 

recorded in the range of 400-4500 cm
-1

 with Perkin Elmer Fourier Transform Infrared 

Spectrometer using KBr pellet technique and are depicted in Fig.4.  The absorption peaks and 

the corresponding functional group assignments are tabulated in Table 2 with the help of 

reported data [17-21].  The presence of carboxylate and ammonium ion clearly indicates that 

the glycine molecule exists in zwitterion form. 

 

Fig.4. FTIR spectrum of a) pure glycine crystal and b) glycine crystal grown 

in the presence of urea 

 

 



International Journal of Advanced Scientific and Technical Research               Issue 3 volume 6, Nov.-Dec. 2013 

Available online on   http://www.rspublication.com/ijst/index.html                                              ISSN 2249-9954 
 

R S. Publication (http://rspublication.com), rspublicationhouse@gmail.com. Page 287 
 

Table 2 

Wavenumber assignment for pure glycine crystal and glycine crystal grown in the 

presence of urea  

Wavenumber (cm
-1

) 

          Assignments 
 pure 

glycine 

Glycine in 

presence             

 of urea 

        - 3433.41    NH3
+
  stretching 

3105.18 -    O-H stretching  

 1624.12    NH3
+
 bending 

1587.31       -    COO
-
 asymmetric  stretching 

     - 1506.46    NH3
+
 symmetric bending 

1438.80 1442.80    CH2   bending 

1392.51 1410.01    COO
-
  symmetric  stretching 

1328.86 1330.93    CH2   wagging 

1126.35 1128.39              NH3
+

  rocking 

1039.56 1031.95    CCN  asymmetric stretching 

889.12 893.07    CCN symmetric stretching 

686.61 696.33    COO
-
  bending 

605.61 607.60    COO
- 
 wagging 

501.46 503.44    COO
- 
rocking 

 

3.3 Microhardness 

         Hardness is the resistance offered by a material to plastic deformation caused by 

scratching or by indentation.  The microhardness characterization is extremely important as 

far as the device fabrication is concerned and it provides information about the directional 

strength, slip systems and molecular binding.  The selected smooth surface of pure glycine 

and glycine crystal grown in the presence of urea are used for microhardness measurement at 
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room temperature using a Vickers microhardness tester fitted with a diamond indenter.  The 

hardness value of the crystal is calculated using the relation 

                         Hv = 1.8544 P / d
2
    (kg / mm 

2 
)                    - - - - - -          (1) 

where Hv is Vickers hardness number, P is the applied load in kg and d is the length of 

indentation impression in millimeter and 1.8544 is a constant of a geometrical factor for the 

diamond pyramid [22,23] .  Vickers microhardness profile as a function of applied load is 

shown in Fig.5.  

 

Fig.5. Hardness profile of a) pure glycine crystal and b) glycine crystal grown 

in the presence of urea 

  In ideal circumstances, measured hardness value should be independent of applied load.  

But in practice, load dependence is observed [24].  When glycine crystal is grown in the 

presence of urea, there is decrease in hardness value. This may be the result of loosely packed 
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lattice with reduced bond energy due to the introduction of urea into the crystal [25].  As the 

load is increased, the hardness value of pure glycine and also that of glycine crystal grown in 

the presence of urea increases showing Reverse Indentation Size Effect (RISE). The 

traditional Meyer’s law gives the relationship between load P and size d [26] as, 

                                                P = ad
n
                                               - - - - -              (2) 

where the exponent n is the Meyer’s number and a is a constant.  From the plot of log d 

verses log P, the work hardening coefficients (n) of pure glycine and glycine crystal grown in 

the presence of urea are found to be 3.742 and 2.938 respectively. Onitsch [27] and 

Hanneman [28] pointed out that n lie between 1 and 1.6 for moderately hard materials and it 

is more than 1.6 for soft materials. Hence the grown crystals belong to soft material category.                                    

3.4 UV-Vis Spectral Analysis 

              In a crystalline material, the region of transparency to electromagnetic radiation 

defines the intrinsic loss mechanism and also theoretical transmittance achievable within the 

region.  Earlier, Jain John et al. [29] have carried out the UV-Vis studies of pure glycine 

crystal and reported that pure glycine has lower cut-off wavelength to be 346 nm. The UV-

Vis spectrum of glycine crystal grown in the presence of urea was recorded using Lamda 35 

spectrometer in the range 100 - 1100 nm and the optical transmittance spectrum is shown in 

Fig.6.  The spectrum shows a cut-off wavelength of 243 nm, and thus the transmittance 

region increases compared to pure glycine crystal. The observance of more than 80 % 

transmittance in the visible region indicates the intrinsic property of amino acids and defect 

free nature of the crystal.               

          The optical absorption coefficient () was calculated using the following relation 

                             = (1/d) ln(1/T)                       - - - - -                 (3) 
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where T is the transmittance and d is the thickness of the crystal. 

 

Fig.6. Profile of optical transmittance study of glycine crystal grown 

in the presence of urea 

In a crystalline or polycrystalline material both direct or indirect optical transitions are 

possible depending on the band structure of the material.  Assuming parabolic trends, the 

relation between α and hν  [30] is given by    

                                                   = A ( hν - Eg ) 
n 

/ hν                         - - - - -             (4)  

where Eg is optical band gap of the crystal, and A is a constant.  The band gap of glycine 

crystal grown in the presence of urea is evaluated by extrapolating the linear part of hν verses 

(hν)
2
 
 
curve to cut the x axis [31] and it is found to be 5.1 eV whereas for pure glycine, the 

optical band gap is reported to be 3.13 eV.  As a consequence of wide band gap, this crystal 

can be a suitable material for the optoelectronic devices like LED and laser diodes.  
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3.5 Second Harmonic Generation Test  

         The second harmonic generation (SHG) test was carried out for the glycine crystal 

grown in the presence of urea by using powder Kurtz and Perry technique [32].  The crystal 

was ground into a homogenous powder and densely packed between two transparent glass 

slides.  A Q-switched Nd: YAG laser beam of wavelength 1064 nm (pulse width 6 ns) was 

allowed to strike the sample cell normally.  The second harmonic signal generated in the 

crystal was confirmed from the emission of green radiation by the crystal.  The SHG 

radiations of 532 nm was collected by photomultiplier tube and converted into voltage output 

at the CRO.  The input laser energy incident on the powdered sample was chosen to be 0.68 J 

and the output is found to be 1.8 mj.  Thus when glycine crystal is grown in the presence of 

urea, it shows SHG efficiency of 0.2 times KDP efficiency. 

4. Conclusions 

        Glycine crystal was grown in the presence of urea by slow evaporation technique using 

de-ionized water as solvent. To study the effect of urea, pure glycine crystal was also grown 

and the properties are compared. The glycine crystal grown in the presence of urea remains 

stable compared to pure glycine crystal.  The CHN analysis was taken for the two samples 

and this shows that when urea is mixed with glycine, the C, H and N composition remains 

almost the same which confirms that the grown crystal is glycine only. Due to the co-

existence of urea, very slight change in lattice parameters and intensity of powder XRD 

pattern are observed.  The functional groups present in the crystal are identified through FTIR 

studies.  Vickers microhardness study reveals that hardness of glycine crystal decreases, 

when it is grown in the presence of urea.  The UV-Vis spectrum shows that the transparency 

region is widened and the band gap is found to be enhanced due to the presence of urea.  -

glycine does not show second harmonic generation since the crystal belongs to 
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centrosymmetric space group, but when the crystal is grown in the presence of urea, it shows 

NLO efficiency of 0.2 times that of KDP.  

Acknowledgements 

           The authors would like to thank the staff members of STIC (Cochin), Crescent 

Engineering college (Chennai), St. Joseph’s College (Trichy) and M.K.University ( Madurai), 

STIC (Cochin) for having helped us  to carry out the research work.  Also we thank 

authorities of Management of Aditanar College of Arts and Science, Tiruchendur, and 

Govindammal Adithanar College for Women, Tiruchendur for the encouragement given to us 

to carry out the research work.  

References 

[1] B Narayana Moolya, A Jeyarama, M R Suresh Kumar, and S M Dharmaprakash J. Cryst. 

Growth 280 501 (2002) 

[2] A Lincy, V Mahalakshmi, J Thomas and K V Saban Indian J. Phys. 86 109 (2012) 

[3] M Estaku Peter and P Ramasamy Spectrochimica Acta Part A 75 1417 (2010) 

[4] Alice Dawson et al.  J. Cryst. Growth Des. 5 1415 (2005) 

[5] Elena Boldyreva Crys. Growth Des. 7 1662 (2007) 

[6] Michel Hek and Ladislav Bohaty Acta Crys. C 60 291 (2004) 

[7] P Selvarajan, A  Sivadhas, T H Freeda and C K Mahadevan Physica B 403 4205 ( 2008) 

[8] Akihiko Ito, Maiko Yamanobe-Hada and Hitoshi Shindo J. Crystal Growth 275 1691 

(2005) 



International Journal of Advanced Scientific and Technical Research               Issue 3 volume 6, Nov.-Dec. 2013 

Available online on   http://www.rspublication.com/ijst/index.html                                              ISSN 2249-9954 
 

R S. Publication (http://rspublication.com), rspublicationhouse@gmail.com. Page 293 
 

[9] M Narayanan Bhat and S M Dharma Prakash J. Cryst. Growth 236 376 (2002) 

 [10] C Alosious Gonsago, Helen Mering Albert, R Umamaheswari and a Joseph Arul 

Pragasam Indian J. Science and Technology 5(3) 2369 (2012) 

[11] S Thiyagaraj and G.Meenakshi Archives of Physics Research 3(4) 264 (2012)  

[12] C Sekar and R parimaladevi Spectrochimica Acta Part A 74 1160 (2009) 

[13] P Selvarajan, J Glorium Arulraj and S Perumal J. Cryst. Growth 311  3835 (2009) 

[14] K Srinivasan J. Cryst. Growth 311 156 (2008) 

[15] K D Girasa, N D Girasa, D K Sawant, H M Patil and D S  Bhavsar, Advances in Appllied 

Science Research 2 (4) 233 (2011) 

[16] G.Amirthaganesan, T Dhanabal and M Dhandapani Indian J. Phys. 84 (11) 1541 (2010) 

[17] M Senthil Pandian and P Ramasamy J.Cryst. Growth 310  2563 (2008) 

 [18] T Balakrishnan and K  Ramamurthi   Cryst. Res. Technol. 41 1184 (2006) 

 [19] Hung-Wen Li,Gu-Sen yu, Herbert L. Strauss J. Phys. Chem. B 102 298 (1998)   

[20] T Balakrishnan and K  Ramamurthi Spectrochim. Acta A 68  360 (2007) 

[21] M R Suresh Kumar, H J Ravindra and S M Dharmaprakash J. Cryst. Growth                                                                                                 

 306 361 (2007)  

 [22] C Krishnan, P Selvarajan and S Pari Curr. Appl. Phys. 10 664 (2010) 

[23] S Ramakutty, R Jeyasudha and E Ramachandran Indian J. Phys. DOI 10.1007/s 12648-

013-0337-x 



International Journal of Advanced Scientific and Technical Research               Issue 3 volume 6, Nov.-Dec. 2013 

Available online on   http://www.rspublication.com/ijst/index.html                                              ISSN 2249-9954 
 

R S. Publication (http://rspublication.com), rspublicationhouse@gmail.com. Page 294 
 

[24] P Mythili, T Kanagasekaran, S Stella Mary, D Kanjilal and R Gopalakrishnan Nuclear  

 Instruments and Methods in physics Research B 266 1737 (2008) 

[25] N Theresita Shanthi, P Selvarajan and C K Mahadevan Curr. Appl. Phys. 9 1155 (2009)  

[26] A Abu El- Fad, I A S Soltan and N M Shaalan Cryst. Res. Technol. 42  364 (2007) 

[27] E M Onitsch  Mikroscopia 2 131 (1947) 

[28] M Hanneman Metall. 23 135 (1941) 

[29] Jain John, P Christuraj, K Anitha and T Balasubramanian Mater. Chem. and Phys. 118 

284 (2009) 

[30] N F Mott and E A Davis Electronic Processes in Noncrystalline Materials (Oxford: 

Clarendom Press) (1979)     

[31] A K Chawla, D Kaur and R Chandra Opt. Mater. 29  995 (2007) 

[32] S K Kurtz and T T Perry J. Appl. Phy. 39 3798 (1968) 

 

 


