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ABSTRACT:  

A slow evaporation approach was used to make single crystals of pure and metal substituted L-

Prolonium trichloro acetate (LPTCA). Diffraction of X-rays in a single crystal (XRD), Particle X-

ray diffract, UV-Vis.-NIR, and other techniques were used to examine the crystals. FTIR, and 

other studies. Image catalytic activity, electromagnetic and toughness, testing. Inductively 

Coupled Plasma (ICP) analysis was used to determine the dopant content in the crystals. The 

generated crystals of pure and metal substituted LPTCA adhere to the trigonal system, according 

to single crystal X-ray diffraction measurements. Ni2+ and Co2+ doping had a minor effect on the 

lattice constants of LPTCA without affecting the crystal's basic structure. Vickers' micro hardness 

test was used to assess the mechanical behaviour of pure and doped crystals. Features of doped 

and undoped crystals in terms of light transmission, dielectric, and photoluminescence were 

investigated. 

 

I INTRODUCTION  

Because of their potential applications in 

telecommunications, computers, and optical data 

processing .Semi organic materials based on amino 

acids and their complexes have been studied for a range 

of applications during the last few decades. Amino acid 

molecules have been combined with synthetic or natural 

salts in recent years to improve physical and chemical 

properties, as well as laser injury thresholds, 

temperature, and optical characteristics. Numerous 

studies show that doping crystals with modest levels of 

contaminants improves their optical and electrical 

properties. 

Furthermore, impurity selection aids in the 

improvement of crystal properties. Metal ions, 

especially transition metal ions, when it comes to 

changing the characteristics of amino acid-based 

crystals, have shown to be the most versatile. Trivalent 

dopants are found in the interstitial area of crystal 

structures and have good optical characteristics. The 

semi-organic single crystal L-prolinium trichloroacetate 

has structural, mechanical, and optical properties. 

However, there hasn't been a comprehensive 

investigation into the fabrication of metallic ions doped 

LPTCA single crystals yet. 

 

II RELATED WORK: 

The slow evaporation solution technique (SEST) 

was used to generate single crystals of pure and L-

Proline (LP) C5H9NO2 doped di-potassium hydrogen 

phosphate (ADP) (NH4) H2PO4 at room temperature 

[1]. Experimental data and predicted wavelength counts 

for L-proline (LP) and Zn (L-proline) 2 are examined 

[4-5]. Chemical and biological sciences. Vibrating FT-

IR, Raman and NMR MAS, and Raman and NMR 

MAS [7-9]. At different operational circumstances [40–
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120 bars], The influence of different water percentages 

on the hydrate phase shift of methane [CH4], as well as 

the hydrate inhibitory intensity of AA L-proline, is 

investigated [10].  

As people live longer, the wear and tear to joints 

caused by increasing physical activity increases. The 

creation of representatives and nontoxic lubrication 

materials has a significant social and economic 

influence in this area [11-12]. In the past, researchers 

have been looking for new materials with distinctive 

nonlinear optical (NLO) capabilities in the metallic, 

artificial, and semi organic classes [13]. 

Optical materials have become more popular as a 

result of their wide range of applications in transistors, 

superconductivity, and optoelectronics, including high-

speed data transmission, frequency conversion, 

optoelectronic devices, and high optical disc data 

storage, among others [14]. L-Proline-stabilized copper 

Nano clusters with outstanding water solubility, high 

photo durability, and salt chloride tolerance were 

manufactured using a simple, green, and low-cost 

approach [15]. 

 

 

 

 

III PROPOSED METHOD 

3.1 Synthesis and Crystal growth 

The general public has access to it. L-proline 

and trichloroacetic acid were the two main components 

of the LPTCA complex. L-proline and trichloroacetic 

acid were dissolved in distilled water in a stoichiometry 

to form an aqueous solution of LPTCA. At a 

temperature of 25°C, pure LPTCA crystals were created 

using a gradual evaporation approach.  

 

                 𝐶5𝐻9𝑁𝑂2 +  𝐶𝑙3𝐶𝐶𝑂𝑂𝐻 →

𝐶5𝐻10𝑁𝑂2 +  𝐶2𝐶𝑙3𝑂2 −                      (1) 

 It has been discovered that Co2
+ dopants promote faster 

development than Ni2
+ dopants.  

3.2 L-proline doped with metal ions was synthesised 

as single crystals 

 

A temperature-controlled magnetic stirrer was 

used to thoroughly agitate the reactants for 6 hours, 

yielding a homogenous solution. Then, as in the 

previous situation, the identical approach was followed. 

Whatmann filter paper was used to filter the final 

solution. Following that, the filtered solution was 

maintained in crystal growth jars and slowly evaporated 

at room temperature. Figure 1 Single crystals of pure 

and metal ion doped L-proline were photographed. 

 

 
 

Fig. 1: Photographs of single L-Proline crystals that have been produced to a high-quality level. 

 

3.3 XRD was used to examine single crystals of pure 

and metal ion doped LPTCA 

Ni2+ and Co2+ doped LPTCA crystals have 

slightly different lattice characteristics than pure 

crystals. This could be due to doped production in the 

LPTCA crystal. The findings are consistent with what 

has already been published. 
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3.4 Etching studies of single crystals of L-proline 

doped with metal ions 

Chemical etching is a straightforward and elegant 

method for revealing crystal flaws and crystal 

development mechanisms. On the crystal surface, It can 

produce growth stresses, etching spiral, rectangular etch 

pits, and other features. Etching studies were carried out 

for 10-30 seconds on the surface of as produced single 

crystals of L-proline. For the etch duration of 10s, only 

a few dispersed etching holes and transient strains were 

evident. The size of the etch pits grew larger when the 

etching period was increased to 30s, and some 

development strains extended along an axis. 

3.5 Powder XRD study of LPTCA with and without 

metal ions 

Using the XPERT-PRO X-ray diffract metre 

and CuKg (λ=1.5406) radiation, Powder X-ray diffract 

was used to investigate pure and metal ion doped 

LPTCA crystals. Scans were performed at a rate of 2 

degrees each minute for two temperatures varies from 

10 to 80 °. 

3.6 Studies on Inductively Coupled Plasma 

10 mg of Ni2+ and Co2+ doped LPTCA powder was 

diluted in 10 ml distilled water and subjected to 

inductively coupled plasma elemental analysis to 

determine the exact wt. presence of metal alloying 

elements involved in the LPTCA crystals. The weight 

percentages of Ni2+ and Co2+ can be calculated using 

the equation. 

𝑊𝑒𝑖𝑔ℎ𝑡 (%) =   𝑝𝑝𝑚(𝑚𝑔/

𝑙) 𝑥 𝑣𝑜𝑙𝑢𝑚𝑒 𝑖𝑛 𝑚𝐿 𝑥 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 𝑥 10 −

4/𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒𝑠 𝑖𝑛 𝑔𝑟𝑜𝑤𝑛                     (2) 

The amount of alloying elements crushed into the 

host crystal lattice, according to these data, is negligible 

in compared to the quantity of dopants in the original 

sample. 

 

3.7 Energy of the optical band gap 

The connection was used to calculate optical 

absorption coefficients (3) for wavelengths between 190 

and 1100 nm. 

 

𝛼 =
(2.303) log 1/𝑇

t
                                                   (3) 

The crystal thickness is T and the transmittance is t. 

The gap between the bands was computed. 

                      𝑎ℎ𝑛 =  𝐴 (ℎ𝑣 − 𝐸𝑔)1/2                                                                                      

(4) 

The formula was used to calculate the hardness value. 

3.8 Hardness 

Where h stands for Planck's constants, L stands 

for light speed, a stands for continuous, and Eg stands 

for energy band energies, and all of these numbers are 

given. Co2
+ doped LPTCA crystals have a substantially 

greater band gap than pure or Ni2
+ doped LPTCA 

crystal. 

 

𝐻𝑣 =  1.8544𝑃 /𝑑 2 (𝑘𝑔. 𝑚𝑚 − 2)            (5) 

 

VI EXPERIMENTAL RESULT  

4.1. L-proline single crystals with metal ion doped 

and pure solubility 

The absorbance of single crystals of pure and 

metal ion doped L-proline was examined at six different 

temperatures: 15,20,38,47, and 40°C. Initially, super-

saturated solution was made at 20°C in a 100 mL 

airtight container inside a 0.01°C precise constant 

temperature bath.  

 

Table 1: Pure and doped with metal ions L-proline single crystals 
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Fig. 2: Single crystal L-proline solubility curves with pure and metal ion doped solubility 

 

4.2 SEM–EDAX analysis 

Metal ions in the sub lattices may cause the 

material to become dipolar by increasing the carrier 

concentration. The ratio of atoms included in the 

generated crystal is shown in Table 2. and EDAX 

spectrum analysis clearly shows the presence of zinc 

and chloride in L-proline. 

 

Table 2: EDAX spectrum study of DCBPZ crystal composition. 

Element DCBPZ EDAX 

Co2+ 38.08 32.05 

Ni2+ 42.78 46.47 

       

                

Figure 3: EDAX spectrum compositional study of DCBPZ crystal 

 

SEM–EDAX examinations were used to discuss 

microstructure and compositional analysis. The surface 

characteristics and growth mechanism were studied 

using atomic force microscopy. 
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V CONCLUSION 

LPTCA crystals containing pure Co2
+ and Ni2

+ 

metal ions were created via a protracted evaporation 

technique. a single crystal and a powder XRD testing 

was used to confirm the crystal system of the produced 

crystals. Absorption bands in the crystals were 

discovered via FTIR spectrum analysis. The slimmer 

silhouette frequency in LPTCA crystals did not change 

much as a result of ion absorption, according to Spectral 

data. Furthermore, Co2
+ dipoles improve the crystal's 

visual properties, resulting in greater transmittance than 

pure LPTCA crystals. The electrical and optical features 

of Co2+ doped LPTCA crystals are clearly superior to 

those of pure and Ni2+ doped LPTCA single crystals, 

as demonstrated by the findings of this study. 

 

REFERENCES 

1. Hasmuddin, Mohd.; Singh, Preeti; Shkir, Mohd.; 

Abdullah, M.M.; Vijayan, N.; Bhagavannarayana, 

G.; Wahab, M.A.  (2019). Structural, spectroscopic, 

optical, dielectric and mechanical study of pure and 

l-Proline doped ammonium dihydrogen phosphate 

single crystals. Spectrochimica Acta Part A: 

Molecular and Biomolecular Spectroscopy, 123(), 

376–384.         doi:10.1016/j.saa.2013.12.038      

2.  Renuka, N.; Ramesh Babu, R.; Vijayan, N.; 

Vasanthakumar, Geetha; Krishna, Anuj; 

Ramamurthi, K.  (2020). Structural, optical, 

mechanical and dielectric studies of pure and doped 

L-Prolinium Trichloroacetate single crystals. 

Spectrochimica Acta Part A: Molecular and 

Biomolecular Spectroscopy, 137(), 601–606.         

doi:10.1016/j.saa.2014.08.114     .  

3. Borah, Bhargab; Devi, Th Gomti  (2020). 

Characterization of Zn (l-Proline)2 complex using 

spectroscopic techniques and DFT analysis. Journal 

of Molecular Structure, (), 128022– 

doi:10.1016/j.molstruc.2020.128022      

4. Babaei, P., & Safaei-Ghomi, J. (2021). l-proline 

covered N doped graphene quantum dots modified 

CuO/ZnO hexagonal nanocomposite as a robust 

retrievable catalyst in synthesis of substituted chiral 

2-amino-4H-chromenes. Materials Chemistry and 

Physics, 267, 

124668. doi:10.1016/j.matchemphys.2021.12 

5.  Anbuselvi, D.; Jayaraman, D.; Arul Martin Mani, 

J.; Joseph, V.  (2019). Growth and optical, thermal, 

mechanical and surface morphology studies of 

semiorganic nonlinear optical material: Dichlorobis 

(l-proline) zinc (II) crystal. Spectrochimica Acta 

Part A: Molecular and Biomolecular Spectroscopy, 

127(), 405–414.         

doi:10.1016/j.saa.2014.01.081      

6. F. Ben Brahim; A. Bulou (2020). Growth and 

spectroscopy studies of ADP single crystals with l-

proline and l-arginine amino acids. , 130(1-2), 24–

32.         doi:10.1016/j.matchemphys.2011.02.070      

7. Qureshi, M. F., Khraisheh, M., & AlMomani, F. 

(2021). Probing the effect of various water 

fractions on methane (CH4) hydrate phase 

equilibria and hydrate inhibition performance of 

amino acid L-proline. Journal of Molecular 

Liquids, 333, 

115888. doi:10.1016/j.molliq.2021.115888  

8. Deng, F., Li, K., Feng, Q., Yang, K., & Huang, F. 

(2021). Evaluation of frictional and rheological 

properties of choline/N-acetyl-l-proline ionic liquid 

modified with molecular aggregates of tea saponin 

derivatives. Journal of Molecular Liquids, 338, 

116649. doi:10.1016/j.molliq.2021.116649 

9. Abbas, Haider; Shkir, Mohd.; AlFaify, S.  (2019). 

Density functional study of spectroscopy, 

electronic structure, linear and nonlinear optical 

properties of l-proline lithium chloride and l-

proline lithium bromide monohydrate: For laser 

applications. Arabian Journal of Chemistry, (), 

S1878535215000453–. doi:10.1016/j.arabjc. 

2015.02.011   

10. Cai, Z., Zhu, R., Zhang, C., Hao, E., Zhao, J., & 

Wu, T. (2020). One-pot green synthesis of l-

proline-stabilized copper nanoclusters for quercetin 

sensing. Chemical Papers, 74(11), 3839–

3846. doi:10.1007/s11696-020-01199-x     

11. J. Zheng, Z.R. Chong,M.F. Qureshi, P. Linga, 

Carbon dioxide sequestration via gas hydrates:a 

potential pathway toward decarbonization, Energy 

Fuel 34 (2020) 10529–10546 . 

12. M.F. Qureshi, M. Khraisheh, F. AlMomani, 

Experimentally measured methane hydrate phase 

equilibria and ionic liquids inhibition performance 

in Qatar’s seawater, Sci. Rep. 10 (2020) 19463 

13. A. Farhadian, A. Kudbanov, M.A. Varfolomeev, D. 

Dalmazzone,Waterborne polyurethanes as a new 

and promising class of kinetic inhibitors for 

http://www.jchr.org/


Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2024) 14(6), 815-820 | ISSN:2251-6727 

 
 

 

820 

methane hydrate formation, Sci. Rep. 9 (2019) 

9797,  

14.  S. Xu, et al., Pectin as an extraordinary natural 

kinetic hydrate inhibitor, Sci. Rep. 6 (2016) 23220. 

15. M. Yang, et al., Atmospheric deposition of 

methanol over the Atlantic Ocean, Proc. Natl. 

Acad. Sci. U. S. A. 110 (2013) 20034–20039 

 

http://www.jchr.org/

