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Abstract 

The L-Histidine Diglycine Picrate (LHSDGP) single crystal was carefully synthesized at 

room temperature using the slow evaporation solution technique (SEST), which allows for the 

gradual formation of LHSDGP crystals from a supersaturated solution under controlled 

conditions. The crystal's structure was confirmed through Single Crystal X-ray Diffraction, 

revealing an orthorhombic lattice within the P2₁2₁2₁ space group. To further validate its 

structural consistency, Powder X-ray Diffraction studies were also conducted. Fourier 

Transform Infrared (FTIR) spectroscopy was used for vibrational analysis, aiding in the 

identification of molecular groups and providing insight into the crystal's chemical 

composition. The mechanical properties of the crystal were assessed using microhardness 

testing, demonstrating its durability. Optical properties, including light absorption and 

transmission characteristics, were examined through UV-vis-NIR spectroscopy. The 

LHSDGP crystal's electrical response was analyzed through dielectric measurements, tracking 

changes in the dielectric constant and loss factor at three different temperatures. The TG/DTA 

analysis was conducted to determine the decomposition temperature and thermal endurance 

of the LHSDGP crystal. Notably, the laser damage threshold (LDT) of LHSDGP was found 

to be 2.7 GW/cm², highlighting its potential for high-power laser applications. Z-scan 

techniques evaluated the LHSDGP crystal's third-order nonlinear optical properties.  

Keywords: Structural analysis; Optical properties; Electrical properties; Thermal stability; 

Laser resistance; Nonlinear optics. 
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1.   Introduction 

Organic crystals, formed through the ordered assembly of molecules, have emerged as vital 

materials in nonlinear optics due to their remarkable ability to manipulate light. These 

crystals are extensively utilized in photonic and optoelectronic devices such as harmonic 

generators, optical switches, and frequency converters [1-5]. Their molecular tunability 

allows for precise control over optical responses, enabling applications across 
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communication technologies, biomedical imaging, and photonic signal processing. Amino 

acid-based crystals have recently gained attention for enhancing nonlinear optical effects. 

L-Histidine, in particular, is notable for its imidazole group that promotes effective charge 

transfer, resulting in pronounced second- and third-order nonlinearities [6-8]. Furthermore, 

its inherent biocompatibility and environmental resilience make it appealing for biomedical 

and sensing uses. On the other hand, Diglycine Picrate (DGP) is well-known for its strong 

third-order nonlinear optical properties, including optical limiting and self-focusing, 

combined with excellent thermal and mechanical stability and a high laser damage threshold 

[9]. Despite the individual merits of L-Histidine and DGP, research exploring their 

combination in a single crystalline system remains scarce. The integration of these 

components could unlock synergistic effects, potentially enhancing third-order nonlinear 

optical performance for advanced photonic applications [10-12]. This study focuses on the 

synthesis and thorough characterization of a novel L-Histidine Diglycine Picrate 

(LHSDGP) crystal. Comprehensive analyses, including X-ray diffraction (XRD), Fourier-

transform infrared spectroscopy (FTIR), UV-Vis-NIR spectroscopy, microhardness testing, 

dielectric measurements, thermogravimetric and differential thermal analysis (TG-DTA), 

and laser damage threshold (LDT) assessment, were conducted. Third-order nonlinear 

optical parameters were evaluated using the Z-scan technique, demonstrating the LHSDGP 

crystal’s promising potential for nonlinear photonics. 

2. Experimental Details   

2.1. Growth and synthesis procedure  

The LHSDGP compound was synthesized using the slow evaporation solution technique. 

L-Histidine and Diglycine picrate were mixed in distilled water in a 1:1 ratio. Each 

substance was initially dissolved separately, then the solutions were combined and stirred 

for 8 hours to ensure complete reaction. The resulting yellow solution was left to evaporate 

slowly at ambient temperature, leading to the formation of yellow LHSDGP crystals. After 

14 days, a well-formed single crystal of LHSDGP, measuring 8×6×3 mm³, had grown. Fig. 

1 shows an image of the LHSDGP single crystal. 

 

 
 

Fig. 1. As grown LHSDGP single crystal. 
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2.2. Characterization techniques 

 

A comprehensive characterization of the LHSDGP crystal was carried out using various 

advanced techniques across institutions in India. Single crystal X-ray diffraction was 

performed using a BRUKER AXS (Kappa APEXII) diffractometer with MoKα radiation (λ 

= 0.71073 Å) at SAIF, IIT Chennai, India, and powder XRD was done using a BRUKER 

D8 ADVANCE at the Materials Research Centre, Saveetha Dental College, Chennai, India. 

FTIR spectroscopy (400-4000 cm⁻¹) was conducted using a BRUKER AXS instrument at 

the same facility. Mechanical properties were studied using a SHIMADZU HMV-G21 

Vickers microhardness tester at St. Joseph’s College, Tiruchirappalli, India. Optical 

behavior was analyzed using a JASCO V-730 UV-Vis spectrophotometer at Saveetha 

Dental College, India. Dielectric measurements were performed using an Agilent E4980A 

LCR meter (50 Hz-2 MHz) at St. John’s College, Palayamkottai, India. Thermal stability 

was assessed with a Perkin-Elmer Diamond TG/DTA instrument at Noorul Islam Centre 

for Higher Education, Kanyakumari, India. Laser damage threshold was measured using a 

Q-switched Nd:YAG laser (1064 nm, QUANTA RAY) at B.S. Abdur Rahman Crescent 

Institute of Science and Technology, Chennai, India. Finally, third-order nonlinear optical 

susceptibility was investigated via Z-scan using a continuous wave laser (21 mW, 632.8 

nm) at SSN Research Centre, SSN College of Engineering, Chennai, India. 

 

3. Results and Discussion  

 

3.1. Structural analysis through XRD evaluation 

 

Single crystal XRD shows how atoms are arranged in a crystal. It gives exact details about 

atom positions, bond lengths, and angles [13-15]. The lattice parameters for LHSDGP are 

given as follows: a = 6.87Å, b = 8.92Å, c = 15.30Å, with α = 90°, β =90°, and γ = 90°. The 

calculated volume is V = 938Å³. The measurements show that the LHSDGP crystal belongs 

to the orthorhombic crystal system and is assigned to the centrosymmetric space group 

P212121. The single crystal XRD data for both DGP and LHSDGP crystals are presented in 

Table 1. Powder XRD analyzes the crystal structure of powders. It identifies phases, crystal 

size, and structural details [16,17]. The LHSDGP measurements were performed over a 2θ 

range of 10 to 70 degrees at room temperature. The analysis of the resulting graph revealed 

a peak intensity at 24.126°, demonstrating the superior crystalline quality of the LHSDGP 

crystal, with sharp, high-intensity peaks. Fig. 2 shows the PXRD spectra of LHSDGP, and 

detailed powder XRD data for LHSDGP are provided in Table 2. 

 
Table 1.  SXRD results for LHSDGP crystal. 
 

Crystal Name Lattice parameters Volume (Ǻ)3 Z Crystal System Space group 

Diglycine 

Picrate (DGP) 

a = 15.142Ǻ 

b = 6.654  Ǻ 

c = 15.367 Ǻ 

α = 900; β=930 

γ = 900 

1541.47 2 Monoclinic 

 

Centrosymmetric 

        P21/C 
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L-Hisditine 

Diglycine  

Picrate  

(LHSDGP) 

a = 6.87Ǻ  

b = 8.92 Ǻ 

c = 15.30 Ǻ 

α = 900; β = 900  

γ = 900 

938 4 Orthorhombic P Centrosymmetric 

        P212121 

 

 
Fig. 2.  XRD Pattern of LHSDGP with hkl Indices 

Table 2. PXRD information for LHSDGP crystal. 
 

Pos.[◦2Th.] Height[cts] d spacing[Ǻ] FWHM[◦2Th.] Rel.int.[%]  hkl 

14.903 22194.2    5.93964        0.104      56.6 1 0 1 

17.398 4346.74    5.09317        0.085      11.1 1 1 1 

19.061 5736.82    4.65236        0.148      14.6 2 0 0 

20.270 1335.87    4.37740        0.162      3.4 2 1 0 

24.126 39206.0    3.68589        0.125      100 2 1 1 

26.772 2855.29    3.32731        0.115      7.3 3 1 0 

28.586 1070.57    3.12013        0.159      2.7 3 2 1 

29.342 3338.31    3.04144        0.137      8.5 2 2 2 

29.871 34422.4    2.98875        0.266      87.8 2 2 1 

35.465 4555.91    2.52909        0.211       11.6 3 1 1 

36.297 2028.24    2.47303        0.097       5.2 3 2 0 

57.161 2004.49    1.61017        0.072       5.1 4 0 0 

65.477 1373.93    1.42436        0.107       3.5 4 1 1 

 

3.2. Analysis using FTIR spectroscopy 

 

FTIR analysis shines infrared light on crystals to study their bond vibrations. This produces 

a unique pattern that helps identify the crystal’s chemicals. It’s useful for both organic and 

inorganic crystals [18-20]. Fig. 3 shows the FTIR spectrum of LHSDGP, recorded using 

the KBr pellet method in the 1000-4000 cm⁻¹ range. The spectrum exhibits broad features 

between 1600-2900 cm⁻¹. The O-H stretching for alcohols appears at 3153.12 cm⁻¹ with a 

weak intensity, while for carboxylic acids, the O-H stretching occurs at 2612.61 cm⁻¹ and 

is strong. The N-H stretching of amine salts is observed at 2820.61 cm⁻¹, showing a strong 
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absorption [21]. A C = O stretching at 1579.33 cm⁻¹ corresponds to unhydride groups and 

has a strong intensity. Nitro compounds exhibit an N-O stretching at 1497.58 cm⁻¹, also 

with a strong intensity. Sulfates show an S=O stretching at 1405.54 cm⁻¹, which is strong, 

as is the S=O stretching for sulfoxides at 1032.34 cm⁻¹. Alcohols also exhibit O-H bending 

at 1330.19 cm⁻¹, with medium intensity. For amines, the C-N stretching at 1109.43 cm⁻¹ is 

categorized as medium. Alkenes show C = C bending at 908.04 cm⁻¹, while disubstituted 

alkenes show a similar C = C bending at 891.14 cm⁻¹, both with strong intensity. Finally, a 

strong C-I stretching at 692.94 cm⁻¹ characterizes the halo compound class. These 

vibrational assignments provide insights into the functional groups present in the L-histidine 

diglycine picrate(LHSDGP) crystal and their characteristic IR absorption features. 

 
Fig. 3. FTIR spectrum for LHSDG. 

 

3.3. Microhardness analysis 

 

Microhardness analysis tests the hardness of small crystal spots by pressing a sharp indenter 

into the surface with a set force. The size of the indentation shows how hard the material is. 

This helps assess mechanical strength for applications like microelectronics and coatings 

[22-24]. Smaller indentations indicate harder materials. The hardness value is calculated 

using the following equation, 

  Hv=1.8544 P/d2 kg/mm2  

where ‘Hv’ is the hardness value, ‘P’is the applied load in kilograms, and ‘d’ signifies the 

mean diagonal measurement of the indentation in millimeters. Fig.  4a presents a plot of the 

logarithms of the applied load (P) and the diagonal length (d). From this, a measured value 

of n (B = 0.26145) is observed, categorizing the LHSDGP crystal as a hard material. Fig. 

4b illustrates the relationship between the hardness value (Hv) and the applied load (P), 

showing that as the load increases from 25 g to 100 g, the hardness value rises in a linear 

fashion. The hardness data for the LHSDGP crystal indicates that it requires a greater 

amount of stress to induce micro-damage, suggesting its high crystalline quality [25]. This 

feature makes the LHSDGP crystal particularly well-suited for device fabrication. 
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Fig. 4a. log P  vs log d of LHSDGP. 
 

Fig. 4b. Hv vs load P of LHSDGP. 

 

3.4. UV-Vis-NIR analysis 

 

The ltraviolet (UV) studies on crystals are used to investigate their optical properties and 

electronic structures by observing how they absorb, reflect, or transmit UV light. These 

interactions provide valuable insights into the material's bandgap, defects, and electronic 

behavior [26]. Techniques like UV-visible spectroscopy are commonly employed to 

examine these characteristics. The optical characteristics of the LHSDGP single crystal are 

comprehensively illustrated in Fig. 5a. The title crystal demonstrates an impressive 

transmittance rate of 95 % across a broad wavelength range from 500 to 800 nm, 

showcasing its potential for a variety of optical applications [27]. The crystal's high 

transparency in the UV-visible near-infrared spectrum, with minimal absorption, is 

particularly noteworthy. Fig. 5b highlights the energy band gap of LHSDGP, with an optical 

band gap of 2.7 eV determined from the linear segment of the αhν vs hν plot. Fig. 5c presents 

the absorption spectrum, revealing distinct absorption peaks at 245 and 350 nm, 

corresponding to 𝜋 → 𝜋∗  and 𝑛 → 𝜋∗ transitions within the LHSDGP crystal. Fig. 5d 

illustrates the increase in optical conductivity in the visible region at a wavelength of 370 

nm, emphasizing the crystal's potential for optoelectronic device design. Fig. 5e shows the 

variations in the refractive index with wavelength, where LHSDGP exhibits a notably low 

refractive index of 0.01680 in the visible spectrum, which decreases as the wavelength 

increases [28]. Finally, Fig. 5f demonstrates the extinction coefficient's behavior with 

wavelength, showing a minimum in the visible range, indicating minimal absorption of 

radiation [29]. In conclusion, the LHSDGP crystal's broad band gap, low refractive index 

in the visible range, and wide transmission range make it a promising candidate for 

advanced optoelectronic applications. 
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Fig. 5a. Transmission versus wavelength. 
 

Fig. 5b. Tauc plot of LHSDGP. 
 

Fig. 5c. Absorbance versus wavelength. 

 
 

Fig. 5d. Optical conductivity of LHSDGP. 

 

  
Fig. 5e. Refractive index versus wavelength. Fig. 5f. Extinction coefficient of LHSDGP. 

 

3.5. Thermal analysis 

 

TG/DTA analyzes crystals by tracking weight and heat flow changes during heating or 

cooling. It helps detect phase transitions, melting, dehydration, and decomposition, giving 

insight into stability and purity [30-32]. In this study, a 1.50 mg sample was subjected to 

thermal analysis over a temperature range of 100 to 800 °C, with a heating rate of 20 °C per 

minute in a nitrogen atmosphere. The TG analysis revealed that the LHSDGP crystal 

remains stable up to 150 °C, after which it begins to lose weight, with complete 

decomposition occurring at 280 °C. The DTA analysis identified the melting point of the 

LHSDGP crystal at 270 °C, indicated by a clear endothermic peak, which emphasizes the 
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high crystalline quality of the LHSDGP crystal [33,34]. The TG-DTA spectrum of the 

LHSDGP single crystal is shown in Fig. 6. 

 

 
Fig. 6. TG/DTA curves of  LHSDGP 
 

3.6. Dielectric study 

 

Dielectric studies explore electrical properties of crystals, such as permittivity and dielectric 

constant.These properties depend on the crystal structure and reveal charge transport and 

polarization behavior.Such insights are essential for improving devices like capacitors, 

sensors, and other electronics[35-37]. Dielectric analysis of LHSDGP single crystals 

evaluated their permittivity and loss over a frequency range of 1 Hertz to 1 Mega Hertz at 

temperatures of 30 °C, 50 °C, and 70 °C. Figs. 7a-b depict the relationship between 

dielectric constant and loss. In Fig. 7a, a distinct increase in dielectric constant is observed 

within a narrow frequency range at all tested temperatures, indicating the involvement of 

multiple polarization mechanisms, including ionic, electronic, space charge, and orientation 

[38]. At high frequencies, the dielectric constant drops due to reduced space charge 

polarization at grain boundaries. Materials with high dielectric constants at low frequencies 

are ideal for energy storage, efficient capacitors, and electromagnetic shielding because they 

store more charge. Fig. 7b shows that LHSDGP crystals display low dielectric loss (tan δ) 

at all temperatures, reflecting their high optical quality and minimal defects, making them 

suitable for nonlinear optics (NLO) applications. Low dielectric loss improves optical 

communication by enabling faster data transfer with minimal signal degradation over long 

distances [39]. Fig. 7c illustrates that AC conductivity in LHSDGP crystals increases with 

frequency, which can significantly boost the performance of nonlinear optical devices. 

Table 4 provides activation energy values for LHSDGP, offering additional insights into its 

electrical properties under various conditions. 
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Fig. 7a. Dielectric constant in LHSDGP. Fig. 7b. dielectric loss in LHSDGP. 
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Fig. 7c. AC conductivity in LHSDGP. 

 

Table 4. Activation energy in LHSDGP. 
 

Frequency(Hz) Ea/K Ea(LHSDGP) 

100 0.4234 3.64844E-05 

1099 0.3245 2.79622E-05 

10095 0.2956 2.54719E-05 

50075 0.1345 1.15899E-05 

100050 0.1238 1.06678E-05 

200000 0.0896 7.72083E-06 

 

3.7. Laser Damaged Threshold (LDT) study 

 

The LDT tests measure the highest laser intensity a crystal can handle without damage. This 

helps assess the crystal’s durability for high-power laser uses, like laser sources and optical 

coatings. Knowing the LDT helps choose materials that work reliably in intense laser 

environments [40-42]. Such studies are essential for optimizing crystal materials for use in 

laser systems, ensuring both efficiency and longevity. The investigation of the laser damage 

threshold involved subjecting LHSDGP crystals to high-intensity radiation from a Q-

switched (Nd-YAG) laser operating at 1064 nanometers. The laser emitted pulses with a 
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duration of 6 nanoseconds at a frequency of 10 Hertz, which were focused onto the 

LHSDGP crystal using a lens with a 10 cm focal length. The pulse energy was precisely 

measured using a power meter, and the energy density was calculated using the following 

formula, 

Power density, 𝑃𝑑  =
𝐸

𝜏𝜋𝑟2. 

In this equation, 'E' stands for the energy density input measured in millijoules (mJ), 'τ' 

represents the pulse duration in nanoseconds (ns), and 'r' indicates the radius of the laser 

spot in millimeters (mm). The LHSDGP crystal exhibited an impressive laser damage 

threshold of 1.1 gigawatts per square centimeter (GW/cm²), significantly surpassing the 

thresholds of conventional materials such as KDP (0.20 GW/cm²) and urea (1.50 GW/cm²), 

though slightly lower than the urea value The LHSDGP crystal’s strong resistance to laser 

damage highlights its potential in advanced technologies. It’s suitable for high-power lasers, 

optical communication, and fusion energy research [43].These applications require optical 

components that can withstand extreme laser conditions, offering significant improvements 

in efficiency and performance [44]. 

 

3.8.  Z-Scan investigation 

 

Z-scan analysis is a useful technique to study the nonlinear optical properties of materials 

like crystals. It measures how a laser beam’s transmission changes as the crystal moves 

along the beam’s path. This helps determine important properties like nonlinear absorption, 

refraction, and third-order susceptibility [45-48]. In this experiment, a polarized Gaussian 

beam in TEM00 mode was focused using a 300 mm focal length lens, resulting in a beam 

waist of ω₀ = 16.1 μm for the LHSDGP crystal. The crystal’s thickness was 1 mm, and the 

Rayleigh length (ZR) was 1.3 mm, ensuring that the crystal thickness (L) was smaller than 

the ZR, which is important for proper measurement. The sample holder was moved using a 

computer-controlled motor, while a digital power meter recorded the transmitted intensity. 

In the closed-aperture setup with a 2 mm aperture, a peak-to-valley variation was observed, 

indicating a self-defocusing effect, as shown in Fig. 8a. In the open-aperture setup, the 

lowest transmittance occurred at the focal point, demonstrating reverse saturable 

absorption, as illustrated in Fig. 8b, confirming that the nonlinear absorption coefficient (β) 

is positive [49,50]. The LHSDGP crystal exhibits significant nonlinear optical properties, 

including a negative nonlinear refractive index of -.8590×10⁻¹² m²/W, a positive nonlinear 

absorption coefficient of 1.2618×10⁻⁷ m/W, and a high third-order nonlinear susceptibility 

of 4.8441×10⁻10 esu. The LHSDGP crystal’s negative nonlinear refractive index causes self-

defocusing, aiding optical switching and pulse shaping [51-53]. Its positive nonlinear 

absorption causes reverse saturable absorption, protecting devices from strong laser pulses. 

Its high third-order susceptibility supports frequency conversion and signal processing, 

making it useful for advanced optical technologies [54]. 
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Fig. 8(a). Open  aperture spectrum of  

LPADGP. 
Fig. 8(b). Closed aperture spectrum of  

LHSDGP. 

 4. Conclusion 

A high-quality LHSDGP organic crystal was successfully synthesized using the slow 

evaporation solution method, resulting in a transparent yellow crystal with dimensions of 

8×6×3 mm³. Single crystal XRD analysis confirmed the orthorhombic P212121 structure 

within the centrosymmetric space group. Powder X-ray diffraction further validated the 

crystal's high purity, while FTIR spectroscopy provided insights into its functional groups 

and vibrational modes. The crystal's mechanical strength was evaluated using Vickers 

microhardness testing, and UV-Vis-NIR spectroscopy demonstrated outstanding optical 

transparency of 95 %, with absorption cut-off wavelengths at 245 nm and 350 nm, making 

it ideal for NLO applications. Dielectric loss measurements at elevated frequencies (30 °C, 

50 °C, and 70 °C) revealed minimal losses, while the crystal exhibited a laser damage 

threshold of 1.1 GW/cm², highlighting its durability for laser-based applications. Thermal 

analysis, through TG and DTA, showed that the crystal retains its structural integrity up to 

150 °C. Additionally, the high third-order susceptibility value (χ³ = 4.8441×10⁻¹⁰ esu) 

further bolsters its potential for all-optical switching, nonlinear frequency conversion, and 

photonic signal processing.  
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