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Abstract: 

For the investigation of Non linear properties in particular second harmonic 
generation (SHG) of the organic crystals Guanidine hydrogen Maleate are synthesized. As 
grown (GuMlt) single crystals subjected into X- ray diffraction studies it represents the title 
compound have orthorhombic structure and non centrosymmetric space group, Pca21. 
The functional groups of the title compound observed using FTIR and FTRAMAN spectra. 
The powder second harmonic generation measurement of (GuMlt) single crystals showed 
that its nonlinear efficiency is 1.2 times larger than that of KDP. Optical transparency of 
the (GuMlt) single crystals measured by UV- Vis spectrum shows the cutoff frequency at 
298 nm. The thermal behavior is studied by TG/TDA analysis shows that the (GuMlt) single 
crystals have melting point near 2000C. Optical characterization, mechanical and 
Dielectric behavior of the (GuMlt) single crystals are reported for the first time which 
establishes the usefulness of the crystal for various up to electronic applications. 
Key Words: Optical Materials, Crystal Growth, Thermo Gravimetric Analysis & 
Dielectric Properties 
1. Introduction: 

 Focusing the applications in the fields like optoelectronics, photonics and optical 
devices, makes interest in the investigation of new nonlinear optical materials. Variety 
of organic and inorganic NLO crystals is grown in this trend. But, research in organic 
NLO single crystals is more advantageous when compared to inorganic nonlinear 
materials. Despite, in organic materials the ions are easily incorporated into the lattice 
and also the bond strength, optical susceptibility dielectric constant, molecular 
interactions are attracting the attention rapidly [1- 16]. From this view, the search of 
nonlinear properties in organic crystals particularly having second harmonic generation 
(SHG) the Guanidinium hydrogen male ate single crystals is synthesized. Guanidinium 
crystals exhibit numerous applications in the optoelectronic field. Because of the strong 
basic character of Guanidine, it can be considered super bases used in protonation to 
generate resonance stabilized Guanidinium cations [17-30]. Maleic acid is the simple 
carboxylic acid having carbon- carbon double bond which is applicable in nonlinear 
optics. Maleic acid acts with other organic molecules as an acidic ligand to form salts 
through specific electrostatic or hydrogen bond interactions. Guanidine cations are 
anhydrous when it reacts with carboxylic acid and also acts as a very good oxidizing 
agent, it exhibits light emission phenomena. Guanidine cation gives hydrogen bonding 
interactions with carboxylate and to a lesser extent, O acceptors of the anion to the 
formation of GuMlt single crystals. H-bonds used to form the non- centro symmetric 
structures which lead to the NLO properties [18, 30-37]. The crystal structure of 
Guanidine hydrogen Male ate consists of planar confirmation. ie, strong hydrogen bonds 
between the guanidinium cations & carboxylic anions which make the orthogonal 
arrangement with one carboxylic group present in the Maleic (cisbutenedioic) acid [18]. 
To the best of our knowledge there is no report on the GuMlt crystals for NLO 
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application by Kurtz- Perry Powder SHG method, elemental, Uv-Vis study, hardness 
measurement and TG/DTA studies and the dielectric properties.  
2. Experimental Procedure:  

Single crystals of Guanidine hydrogen maleate (GuMlt) are grown by slow 
evaporation method. The maleic acid [C3H3O2COOH, 99.9%] and guanidinium 
carbonate[C(NH2)3CO3, 99%] taken in the equimolar ratio and dissolved in double 
distilled water. The solution is stirred continuously using magnetic stirrer for 5 hours. 
The reactor is filtered, kept undisturbed in room temperature for slow evaporation. The 
acidic portion of maleic acid is the carboxyl group; it reacts with the Guanidine cation to 
form GuMlt single crystals. The final product of synthesis is purified by repeated 
crystallizations from water solution. The colorless, transparent crystals are of size 15 x 
10 x 8 mm 3 obtained after 20 days of the growth as shown in Fig. 1.  

 
Figure 1: As Grown Gumlt Single Crystals 

3. Results and Discussion:  
3.1 CHN Analysis: 

 The result of the CHN analysis is presented in Table 1. Analysis of Carbon, 
Hydrogen, Sulfur and Nitrogen is carried out using Vario EL III Elementar. Theoretical 
values of CHNS are found by the molecular formula Guanidine hydrogen Maleate 
[CH6N3 + C4H304 -]. The experimental and calculated values of C, H, N and S agree with 
each other which confirm the formation of GuMlt crystal.  

Element Experimental Values (%) Theoretical Values (%) 
C 21 19.26 
H 7.84 7.62 
N 33.26 32.83 
S 0.08` 0.08 
Table 1: CHNS Analysis data for GuMlt single crystals 

3.2 XRD Measurements:  
Single Crystal XRD study has been carried out to confirm the crystallinity and to 

calculate lattice parameters of the grown crystal. X- ray diffraction data are collected 
using an ENRAF NONNIUS- CAD 4 single crystal X- ray diffract meter with MoKα (λ= 
0.71073 Å) radiation at room temperature. GuMlt single crystals belongs to the 
orthorhombic system, space group Pca21 with lattice parameters a=19.197 A0, b= 3.679 
A0, c= 11.324 A0,V= 812 A3 .These values are in well agreement with the reported values 
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of L. Golic et al [38] confirms the identity of the grown single crystals. A powder XRD 
pattern of the grown GuMlt single crystals is recorded using BRUKER D8 ADVANCE 
powder diffract meter with Cu Ka radiation (λ= 1.5418A ˚ ). The sample is scanned at a 
rate of 10˚ per minute in the 2θ range of 10–700. All the observed reflection lines in XRD 
pattern are indexed using the Treor program. Powder XRD analysis is also taken for 
GuMlt single crystals. d spacing with respect to the hkl values are depicted in Table 2 
and the Fig. 2 shows the peak intensity of GuMlt single crystals.  

 
Figure 2: PXRD analysis for GuMlt single crystals 

d[Å] h k l 
5.69727 0 0 2 
5.5827 3 0 1 

4.77074 1 0 2 
4.69517 2 0 2 
4.32176 4 0 0 
3.95838 4 0 1 
2.81309 5 0 1 
3.42225 2 1 0 
3.36513 2 1 1 
3.20752 3 0 3 
3.04309 3 1 1 
2.94517 2 1 2 
2.89569 4 1 0 
2.76225 3 1 2 
2.63014 0 1 3 
2.60214 4 1 2 
2.43614 3 1 3 
2.16967 3 1 4 
1.92319 0 1 5 
1.83832 1 2 0 
1.54063 1 2 4 

Table 2: PXRD data for GuMlt single crystals 
3.3 Second Harmonic Generation Study: 

 The study of NLO conversion efficiency has studied using the Kurtz- Perry 
powder technique. A Q- switched Nd: YAG laser beam of wavelength 1064nm with an 
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input power of 300 mJ/pulse width of 10ns with a repetition rate of 10Hz is used. The 
fine powder of GuMlt single crystals is taken into the tightly packed micro capillary 
tube. It is mounted on the path of the laser beam radiation of energy 9.6 mJ. The output 
of the sample is monochromotated at the intensity of 532nm emits green light. The 
emission of the Green light confirmed the presence of non linear optical property. 
Potassium dihydrogen phosphate (KDP) also powdered into the identical size is used as 
reference material in this experiment. SHG value of the title compound is found to be 1.2 
times greater than that of KDP.  
3.4 UV Visible Spectral Study: 

 The UV spectrometer results are taken in the region 200 to 1200 nm using 
Shimadzu 2410 UV spectrophotometer. The transmittance spectrum of GuMlt single 
crystal is shown in Fig.3. The lower cutoff wavelength of the GuMlt single crystals is 
found to be 298nm. There is a group strong absorption between the wavelengths of 200 
to 298nm after that no absorption till 1200nm. The wide optical window is seen in the 
crystal and plays a vital role NLO application. Which leads to study the NLO property 
and it confirms to be useful in optoelectronic applications. Band gap energy of GuMlt 
single crystals measured from the graph Energy (hν) Vs (αhν) ½ as shown in Fig.4. By 
extrapolating the linear portion of the curve to zero absorption the indirect band gap 
energy is found to be 4.4 eV. Here α- absorption coefficient, hν- photon energy. Band gap 
value is comparable to that the guanidine compounds [39].  

 
Figure 3: Transmittance spectrum of GuMlt single crystals 

 
Figure 4: Energy (hν) Vs (αhν) 1/2 graph of GuMlt single crystals 
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3.5 Vibrational Studies:  
Fourier transform infrared spectrometry spectrum is recorded in Bruker IFS-

66V spectrometer in the range 4000 to 400 cm-1. FTIR and FT Raman spectrum of 
GuMlt single crystals are shown in Fig.5. For infrared region the following vibrations 
observed. OH- Streching vibration is observed at 2501 cm-1. The bands are observed at 
1672 cm-1 is due to the presence of C=C stretching, 1390 cm-1 confirms carboxylate 
group. C-H bending and carboxylate group deformation are observed at 856 cm-1 and 
623 cm-1 respectively. C=O carbonyl group deformation is observed at 535 cm-1. C-N 
stretching vibration is observed at 1216 cm-1. The bands in the range 3400-3100 cm-1 
shows symmetric and asymmetric stretching of N-H bonds [40]. The Raman spectra are 
measured using Bruker RFS spectrophotometer 50 -5000 cm-1. C- H stretching is 
observed in the region 3043 cm-1 , 2370 cm-1 and 1673 cm-1 shows the O- H stretching 
and C= C stretching vibrations. 1393 cm-1 observes the symmetric deformation of 
carboxylate group COO-. CO2 stretching and wagging observed at 643 cm-1 and 544 cm-
1 respectively [40]. The above interpretation in Raman spectra are indicates the 
functional groups of the GuMlt single crystals.  

 
Figure 5: FTIR and FT Raman spectrum of GuMlt Single crystals 

3.6 Thermal Analysis:  
The TG/DTA trace of GuMlt single crystals is shown in Fig.6. Thermo gravimetric 

and differential thermal analysis gives information regarding phase transition, presence 
of water molecules and different stages of decomposition of the crystal system. The 
thermo grams (TG and DTA) are carried out in a dynamic air atmosphere from 300C to 
8000C using STA 1500 thermal analyzer. In TG curve a small variation in mass observed 
between 1700C - 2000C, which is due to the acid-catalyzed dehydration which is the 
melting point of the Guanidine hydrogen Male ate single crystal. There is a sudden 
decrease in mass (approximately 70%) at 2540C it continues up to 3150C due to the 
decomposition of C-H and C-O bonds. Good crystalline nature confirmed by the sharp 
decrease in peak. Nearly 4000C simple endothermic peaks observed which corresponds 
to the remaining guanidine compounds. After 7000C, there is no mass loss and the GuMlt 
single crystals are fully decomposed [41]. In DTA, simple endothermic arises at 1700C is 
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due to dehydration which is the melting point of the title compound. In DTA, large 
endothermic peaks are located between 215- 2920C which corresponds to the oxidation 
of flammable volatile compounds [42]. At 4000C exothermic peak is observed which 
corresponds to the oxidation of aromatic components. A small endothermic peak 
observed at 4140C shows that evaporation of volatile products. Exothermic peak at high 
temperature (6360C) is due to the evaporation of carbonaceous compounds [41]. 

 
Figure 6: TG- DTA Graph of GuMlt Single crystals 

3.7 Micro Hardness Analysis:  
The mechanical property of the GuMlt single crystal is studied by micro hardness 

tester. Hardness of the material is a measure of resistance that offers to deformation. 
Micro hardness test is observed using HMV SHIMADZU micro hardness tester with 
diamond indentor. Figure 7 Shows that the Load in kg Vs Hv in kg/mm3 .The well 
polished crystals are mounted on the platform of the tester and the loads of different 
magnitudes are applied for a particular time interval of every 15s.  

 
Figure 7: Load (g) Vs Hardness graph (Hv) of GuMlt Single crystals 

Micro hardness of the solid materials depends on the applied load for 
indentation. This is known as indentation size effect (ISE). The hardness Hv increased 
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gradually with the increase of load which shows the reverse ISE [43]. The micro 
hardness value (Hv) was calculated using the formula, Hv = 1.8544(P/d2) kg/mm2 
Where, P- load, d- average diagonal length. The load applied till 100gm after this crack 
was developed due to the formation of internal stress. The work hardening coefficient n 
is calculated using Meyer’s law, P = k1dn, Where, k1 is a material constant, n is the 
Meyer index. Figure 8 shows the Meyer index slope of Log d Vs Log P. The value of n is 
found to be 3.154. The concept of Kick is, the exponent is n >2 for reverse ISE and n=2 is 
independent of the applied test load. According to Onitsch, if n is above 1.6 the material 
is under soft category. For the values below 1.6 the materials belongs to the hard 
category [44, 45]. From this conclusion, we observed that GuMlt having the soft material 
nature. So the title compound having the soft material nature and this will be useful for 
the telecommunication application and in solar cells. 

 
Figure 8: Log P Vs Log d Graph of GuMlt single crystals 

3.8 Dielectric Studies: 
Dielectric studies of GuMlt single crystal is carried out at various frequencies and 

temperatures. This Dielectric measurement gives information about the polarization 
nature of the materials. It is performed on a Guanidinium Maleate single crystal using a 
HIOKI HITESTER model 3532- 50 LCR meter. The sample is placed inside a dielectric 
cell whose capacitance is measured at various temperatures 60, 80, 100,120 and 1500C 
respectively for different frequencies. A sample of crystal having silver coating on the 
electrodes so that it behave as a parallel plate capacitor. Dielectric constant of GuMlt 
single a crystal for various temperatures is shown in fig.9.  

 
Figure 9: Dielectric constant Vs Log frequency graph of GuMlt single crystals 
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It is evidence from the graph that dielectric constant of GuMlt single crystal 
increases with increase in temperature. Dielectric constant of GuMlt single crystal 
decreases with increase in frequency and attain saturation at higher frequency for 
various temperature from 60 to 1500C. The dielectric constant has High value at low 
frequency is due to the space charge polarization [46-48]. According to Miller’s rule [49] 
low dielectric constant at high frequency is the essential property for SHG applications. 
GuMlt crystal is potential candidate for opto electronic applications. Dielectric loss Vs 
frequency of GuMlt crystal for various temperatures is shown in fig.10. Dielectric loss is 
low at high frequencies. It is observed that the dielectric loss is 0.41 at the maximum 
frequency of 2 MHZ. Low value of dielectric loss at higher frequencies is suitable for 
opto electronic applications. This lower value of dielectric constant shows the crystal is 
free from defects [50]. 

 
Figure 10: Dielectric loss Vs log Frequency graph for GuMlt single crystals 

4. Conclusion:  
Good quality of organic material for opto - electronic application is synthesized, 

and single crystal GuMlt has been grown by slow evaporation technique for optical 
applications. Single crystal XRD has been carried out to find the cell parameters of the 
crystal. The crystalline nature of the grown crystal is analyzed by powder XRD. Various 
functional groups present in the crystal are confirmed by FTIR, FTRAMAN spectrum. 
The result of the SHG test conducted on the experimental crystal confirms the non-
linear nature of the crystal. UV- Visible spectral studies show that GuMlt single crystals 
have the cutoff wavelength around 298 nm and this gives the indirect band gap of 4.4 
eV. The crystal is transparent in the entire visible region which makes the crystal has 
the potential application in optical communication. From TG/DTA analysis melting and 
decomposition temperature and the purity of the title compound was found and the 
crystal is thermally stable upto 1700C. Mechanical studies using Vicker’s micro hardness 
test reveals that GuMlt single crystal belongs to the reverse ISE and crack developed for 
load above 100 g. From the studies, hardening coefficient is found to be 3.154. The 
observed low Dielectric constant and dielectric loss suggest that the material suitability 
for NLO applications. 
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