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Abstract  

Crystals of glycine lithium nitrate with non-linear optical properties have bee 

grown in a solution by slow evaporation at room temperature. The crystal shows a good 

thermal stability from room t0emperature to 175 ◦C where the crystal begins to degrade. 

This property is desirable for future technological applications. Also, a good 

performance on the second harmonic generation was found, characterizing the emitted 

dominant wavelength by a customized indirect procedure using luminance and 

chromaticity measured data based on the CIE-1931 standard. Additionally, the 532 nm 

signal was detected by using a variant to the Kurtz and Perry method.  
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Introduction  

The second harmonic generation (SHG) is one of the non-linear optical (NLO) 

applications when the electric dipolar polarization on the material presents an 

interesting behavior when a high intensity light beam, such as a laser, interacts inside it. 

Therefore, SHG has found important applications in laser frequency modulators and 

also in the domain of optoelectronics and photonics. What this means is that the linear 

behavior of an optical material could be totally known when its electrical polarization is 

also linear but, increasing the power level, the polarization’s equation reveals a second 
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degree. This effect permits a monochromatic light to travel across the material 

modifying its original frequency to double the value. 

The crystals that promote the SHG are non-centrosymmetric and therefore 

piezoelectric. That is the reason why many birefringent materials also showthis effect. 

Here, the optical axis becomes a very important factor; when light goes parallel to this 

axis, both refractive indexes are equal and promote a constructive interference between 

the two transmitted beams (1, 2). 

Many materials that show this effect have been found, such as amino acids that 

are interesting materials for NLO applications. Glycine is the simplest amino acid and 

published works have reported three different polymeric crystalline forms for glycine (α, 

β and γ) (2–5). Furthermore, the effect of salts in amino acids has been studied, but not 

too much about inorganic salts (6) added to glycine. This is the goal of the present work 

in which glycine crystals plus the added salt lithium nitrate were grown by slow 

evaporation technique (7–9). 

The material characterization performed by X-ray diffraction (XRD) was reported 

in order to determine some of its crystalline characteristics. The FTIR spectroscopy (10) 

was done to find the functional groups and ultra-violet–visible (UV–vis) absorption (11, 

12) was performed to observe how intense the absorption within the visible range is. 

Thermogravimetric analysis (TGA)/differential thermal analysis (DTA) (13) was also 

done to determine the degradation temperature, looking for high intensity application 

opportunities. The SHG intensity of the crystals using a variant to the powder technique 

was developed by Kurtz and Perry (14).  

Experimental details  
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The glycine lithium nitrate (GLiN) crystals were grown in a aqueous solution by 

slow evaporation technique. Equimolar amount of glycine (NH3CH2COOH) and lithium 

nitrate (LiNO3) was dissolved in double-distilled water (about 20 ml) at room 

temperature for about 10 min. The samples were placed at the same atmosphere on 

separate Petri dishes, allowing them to evaporate at a slow rate (15). When glycine is 

dissolved in water, the reaction is  

NH3CH2COOH + H2O → (NH2CH2–COOH)+  

In this step, the molecule is ready to react with the LiNO3 salt as follows: 

NH2CH2−COOH + LiNO3 → C2H5LiN2O5 

In this case, the Li+ cations are tetrahedrally surrounded by four oxygen atoms. Three 

are from the glycine molecule and the fourth is from the nitrate ion.  

Two more samples of pure glycine and pure lithium nitrate were also grown by 

the same method in order to compare them with the GLiN crystal under 

characterization. The sample took between 15 and 30 days to crystallize, resulting in 

the formation of big crystals (several millimeters in length). 

Once the water evaporation was completed, the crystals were prepared for 

characterization with FTIR and UV–Vis spectroscopy, XRD, TGA–DTA and SHG. 

Results and discussion 

Optical microscopy  

Before any characterization, all the samples were observed optically on the 

microscope before grinding. Optical Stereo Microscope Olympus Model Vanox 

equipment was used. 
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Figure 1 shows the crystal formation. Crystal sizes of 1mm length in any direction 

could be observed. The crystal shape showed an extended formation similar to the ones 

reported with different chemical compounds (16) and also the sharp edges with 

particular angles can be seen in other publications (17). 

 

FTIR spectroscopy  

In order to analyze the presence of functional groups, a FTIR spectrum was 

recorded in the range of 400–4000 cm−1 by using a MAGNO IR 750 series II NICOLET 

spectrometer. The samples were added to a matrix of KBr to perform this procedure.  

Figure 2 shows the FTIR spectrum of GLiN. Additionally, on the same chart, 

samples of pure glycine and pure lithium nitrate are shown. The presence of the 

carboxyl acid group around 3000 cm−1 can be observed due to the presence of glycine. 

Then, the main internal vibrations of glycine are observed on the functional groups 

(NH3+, CH2, COO−) and this is in agreement with the data reported before, observing 

asymmetric vibrations on the NH3 and CH2 groups at 3078 and 3016 cm−1, 

respectively.  
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The peak on 892 cm−1 is a symmetrical stretching CCN. Also, the 1112 and 

1132 cm−1 peaks are attributed to the rocking deformation of the NH3+ group (11). 

Furthermore, the peak at 1034 cm−1 is a symmetrical stretching of the CCN group. The 

peak 909 cm−1 is the rocking deformation CH2 (2–4). All of these correspond to the 

groups observed in glycine crystals (4, 7, 11). 

The GLiN crystal presents particular vibrations at 1043 cm−1 corresponding to 

the CCN group. Also, the peak at 1388 cm−1 is due to the COO− bending vibration (11).  

On the other hand, the peak at 837 cm−1 that is assigned to the C–H bending 

vibration and the peak at 3417 cm−1 corresponding to the asymmetric and symmetric 

OH stretching were identified (9). Other low-frequency bands are typical OF N–H · · ·O 

hydrogen bonds arising from the overtones around 2000 cm−1. The rest of the functional 

groups COO−, CN and NO3 between 500 and 1500 cm−1 also agree with the reported 

data (2–5). Other important functional groups are detailed in Table 1. 

UV–vis spectroscopy 
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NLO materials have a practical use only if they present a wide transparency state. To 

find this absorbance window, a Lambda 10 Perkin Elmer UV–Vis spectrometer was 

used. The scanning was done in the range of 200–1100 nm. Similar to the FTIR 

characterization, Figure 3 shows the UV–Vis spectrum of the GLiN plus the samples 

containing pure glycine and pure lithium nitrate.  

An absorbance zone behind 250 nm (ultra violet wavelength) can be observed, 

showing a wide band completely clear in all the visible range and even more (infrared 

wavelengths) (2, 3, 8). This means that this material presents a good non-absorbance 

band inside the visible range according to the desired situation due to the expected 

applications. It is important to observe a little protuberance around 300 nm (4). 

However, this little peak is still outside the visible zone (UV zone), and it could present 

some absorbance if the crystal would be excited with 600 nm (red color) trying to obtain 

a second harmonic of 300 nm (UV color). Other noticeable characteristic in the 

absorption spectra is a wide transparency window within the range of 400–1100 nm, 

which is desirable for NLO crystals because the absorptions in an NLO material near 

the fundamental or second harmonic signals will lead to the loss of the conversion of 

SHG. Due to this property, GLiN has potential uses for SHG using a Nd:YAG laser 

(1064 nm) to emit a second harmonic signal within the green region (532 nm) of the 

electromagnetic spectrum. But GLiN is not a candidate for the third (355 nm) or fourth 

(266 nm) harmonics of Nd:YAG.  
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X- ray diffraction   
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The XRD data were collected using a X-PERT Phillips diffractometer with CuKα 

(λ = 1.540598Å), step of 0.05° and 2θ scanning between 10° and 60°. Finally, the 

samples were powders of crystals. 

Like other characterizations, GLiN, pure glycine and pure lithium nitrate are 

shown together. Figure 4 shows the XRD pattern. Within the graph appear the main 

peaks taken from database information of the α-glycine, that is, a monoclinic crystal with 

lattice parameters (a = 5.4621Å, b = 11.966Å, c = 5.1077Å) and spatial group P21/n. 

This crystal structure and spatial group are found in the L-argininum dinitrate (13) and 

lithium p-nitrophenolate (16). 

In the same way, the database information for lithium nitrate was found, 

observing a hydrated phase in an orthorhombic system (17) with lattice parameters (a = 

6.803Å, b = 12.718Å, c = 6.002Å) and spatial group Cmcm. Table 2 displays the 

corresponding information for both α-glycine and hydrated lithium nitrate. A non-

centrosymmetric structure was expected to be obtained for GLiN. The options to have 

this kind of symmetry are the crystal systems triclinic, monoclinic and orthorhombic. 

Two of them can be shown on the crystals with single glycine and lithium nitrate with 

good agreement with the literature.  

Thermogravimetric analysis/differential thermal analysis 

TGA/DTA was done in a TA Instruments STD 2960 Simultaneous DTA–TGA. 

The samples were heated from room temperature to more than 1000◦C at a rate of 

10°C/min. 

The TGA spectra of GLiN, pure glycine and pure lithium nitrate displayed in 

Figure 5 shows that GLiN and pure glycine present similar behavior with a little 
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difference from the pure lithium nitrate sample, showing a good stability below 250 ◦C 

with a rapid dropping beyond that temperature (2, 7).  

Figure 6 presents the DTA spectra of GLiN, pure glycine and pure lithium nitrate. 

GLiN presents an endothermic transition around 175 °C and an exothermic one at about 

250 °C. Meanwhile, the pure glycine and lithium nitrate samples show a important 

endothermic transitions at 250 °C. LiNO3 shows another endothermic transition at 

600°C (2, 7). 

Within this temperature range, the possible NLO applications become promising, 

due to the use of laser powers, showing a good performance below 250 °C. 
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SHG measurement 

In order to find the SHG, the crystals were ground by using a variant to the Kurtz 

and Perry technique into powder (about 70μm) and densely packed between two 

transparent microscope glass slides (15, 17).  

Once the samples are placed on the glass slides, a Nd:YAG Quanta ray INDI 

series laser of 1064 nm, generating an 8 ns pulse and operating at 6mJ/pulse and at a 

rate of 10 Hz, is pumped at the proper angle and distance in order to see visibly the 

SHG in the green color region (532 nm), the expected emitted half wavelength signal.  

Afterwards, the green emitted lightwas photographed in order to evidence the 

double-frequency emission or SHG shown in Figure 7. As a quantitative measurement 

of the green light emitted by the crystal, Figure 8 displays the emission spectra where 

the peak located at an wavelength of 532 nm is clearly noticeable, exactly the half of the 

incident radiation come in from a Nd-YAG laser (1064 nm). This SHG signal was 

detected by using a JobinYbon ICCD model Spectrum Two attached in a Jobin Ybon 
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Triax-550 monochromator. Because a variant to the Kurtz and Perry method has been 

used, where a reference beam and standard sample was not used, it was not possible 

to quantify the quantum efficiency with respect to a standard NLO single crystal such as 

KDP or urea. However, it is the future challenge for this research.  

Conclusions  

Good quality crystals of GLiN were grown by slow evaporation technique, 

verifying its main functional groups by FTIR and comparing them with reported data. 

Also, based on UV–Vis spectra observations, an absorption zone under 250 nm (ultra-

violet wavelengths) can be seen, recovering a good transmittance values across all the 

visible range until near IR frequencies and beyond. This situation gives us the 

confidence of applying this crystal for applications involving the band of visible light.  

Other characterization was the thermal response. There, the TGA/DTA results 

degrading temperature of about 250 °C, which promises to have good applications at 

high temperatures, revealing that the crystal is thermally stable until that temperature. 

Finally, an evidence of the second harmonic generation property of GLiN has 

been detected and shown by using a modification to the Kurtz and Perry method. 
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