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Abstract 

Transparent, nonlinear Bis(L-threonine) copper (II) monohydrate [BLTCM], the 

semiorganic optical crystal was synthesized by a conventional slow evaporation solution growth 

technique. The synthesized crystals were investigated to reveals its excellent performance. The 

third order nonlinear optical properties of BLTCM sample in WATER was measured by the Z-

scan technique using 532nm diode pumped solid state laser. This material exhibits negative 

optical nonlinearity. The sample at around 62 % transmittance exhibited non-linear refractive 

coefficient of the order of 10
-9 

(cm
2
/W), nonlinear absorption coefficient of the order of 10

-4
 

cm/W and nonlinear susceptibility of the order of 10
-6

 esu. These results show that BLTCM 

sample has potential applications in nonlinear optics. 
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1. Introduction 

The search for new advanced materials is an important area of contemporary research in 

numerous disciplines of science and development of many new technologies. Nonlinear optical 

(NLO) crystals have been a great deal of interest in recent years due to their potential 

applications in the domain of optoelectronics and photonic technologies [1]. While the 

engineering for enhancing second order NLO efficiency is relatively well understood, the need 

for efficient third order molecules and materials still exists. Materials with third order NLO finds 

application in ultra-high-speed signal processing, information storage, optoelectronics and 

photonics, optical switching, microscopic imaging, and optical limiting applications  as discussed 

in various literature. Organic nonlinearity, high value of molecular polarizability, molecular 
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flexibility, low mobility, and wide bandgap [2] but it is difficult to grow large size crystals as it 

possess low mechanical stability. Inorganic NLO materials though they possess  good 

mechanical and thermal properties, they lack delocalisation in  -electrons and hence only 

passable non-linearity. The advantages of inorganic and organic materials are tailored in semi-

organic materials [3]. Aminoacids, are attractive organic candidates as they contain amine (-

NH2) and carboxylic acid   (-COOH) functional groups along with a side chain (R group) 

specific to each amino acid [4]. There are numerous amino acid based NLO crystals have been 

reported and their properties were studied [5-9]. The complex of amino acids are prone to 

introduce a noncentrosymmetric space group in crystals. Hence, Bis(L-threonine) copper (II) 

monohydrate (BLTCM) [10,11] was chosen and it was synthesized within a short period of ten 

days.  In the present investigation we report here the  third-order nonlinear parameters of 

BLTCM, such as nonlinear absorption coefficient, nonlinear refractive index, third-order 

susceptibility and second-order hyperpolarizability have been analyzed using Z-scan. 

 

2. Crystal growth 

BLTCM was synthesised  by mixing L-Threonine (loba chemie) and copper carbonate in 

equimolar ratio (2:1) in the deionized water. The  homogeneous solution was obtained after 

stirring well for 3h using a magnetic stirrer. This solution was filtered by using Whatmann filter 

paper and allowed for evaporation. After a growth period of 10 days, transparent and non-

hygroscopic good quality blue single crystals were obtained as shown in Fig. 1. 

 

 

Fig. 1 As grown crystal of BLTCM 

 

3. Nonlinear studies 
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The Z-scan technique [12,13] is a simple but very accurate method to determine both 

nonlinear index of refraction n2 and nonlinear absorption coefficient β. Nonlinear index of 

refraction is proportional to the real part of the third-order susceptibility. [Reχ
(3)

]  and the 

nonlinear absorption coefficient is proportional to [Imχ
(3)

]. The Z-scan experiments were 

performed using a 532 nm diode pumped solid state laser, which was focused by a 103 mm focal 

length lens. The intensity (I∘) and the beam waist (ω∘) at the focal point were calculated to be 

0.0136 MWcm
-2

 and 0.33 μm respectively. The Rayleigh range (Z∘ = πω∘/ λ) of the 

experimental setup was found to be 1.32 mm, hence satisfying the condition L < z∘ for thin 

sample approximation. 

The schematic of the experimental set up used is shown in Fig. 2.  

 

Fig.2 Schematic of experimental setup for z-scan 

 

A 1 mm wide optical cell containing the BLTCM sample in WATER is translated across the 

focal region along the axial direction that is the direction of the propagation laser beam. The 

transmission of the beam through an aperture placed in the far field was measured using photo 

detector fed to the digital power meter (Field master GS-coherent). For an open aperture Z-scan, 

a lens to collect the entire laser beam transmitted through the sample replaced the aperture.  

Fig.3 gives a closed, open and ratio of the closed-to-open normalized Z-scan of BLTCM sample 

in WATER at 60% transmittance. The peak followed by a valley-normalized transmittance 

obtained from the closed aperture Z-scan data indicates that the sign of the refraction 

nonlinearity is negative, i.e., self-defocusing. The self-defocusing effect is due to the local 

variation in the refractive index with the temperature. The open aperture Z-scan pattern showed 

transmission minimum at focus, indicating the reverse saturable absorption (RSA). 
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                        Fig. 3(a)                                                                                          Fig. 3(b) 

 

 

 

Fig. 3(c) 

Fig. 3 (a) Closed aperture Z-Scan plot of BLTCM  (b) Open aperture Z-Scan plot of BLTCM         

(c) ratio of closed to open aperture z-scan plot of BLTCM 
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The measurable quantity Tp-v can be defined as the difference between the normalized peak and 

valley transmittances, Tp  Tv. The variation of this quantity as a function of  is given by  

                                         (1) 

where  0 is the on-axis phase shift at the focus. S the aperture linear transmittance is given by  

                                     S = 1 – exp (–2 r
2

a/ω
2

a)                                                  (2) 

with ra denoting the aperture radius and ωa  denoting the radius  of the laser spot before  the 

aperture . 

The on-axis phase shift is related to the third order nonlinear refractive index (n2) [14] by, 
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 , with L the sample length ,  is the linear absorption coefficient IO is 

the intensity of the laser beam at focus z = 0,  and k is the wave number( k=2π/λ).  

The   imaginary parts of the third-order nonlinear optical susceptibility [ 3  ] is estimated   using 

the value of the nonlinear absorption coefficient β obtained from the open aperture Z-scan data 

and using the relations:  
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ZR = kω0
2
 /2 is the diffraction length of the beam, ω0 is the beam waist radius at the focal 

point.  Experimentally determined nonlinear refractive index n2 and nonlinear absorption 

coefficient β can be used in finding the real and imaginary parts of the third-order nonlinear 

optical susceptibility [ 3  ]
  
[15,16] according to the following relations.  
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        where ε0 is the vacuum permittivity, and c is the light velocity in vacuum. 

The absolute value of the third-order nonlinear optical susceptibility is given by the relation 
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The nonlinear parameters calculated are as tabulated in Table 1 

Table 1. Nonlinear parameters of BLTCM in water 

 

 

 

 

 

From the calculated values it is clear that the nonlinear absorption coefficient value is positive 

for the grown crystal. The crystal possess the positive third order nonlinear refractive index 

which is associated with self-focusing effect. The enhanced χ3 value proves that the crystal is an 

alternative for optical limiting and sensing, and optical storage applications. 

 

4. Conclusion 

BLTCM single crystal was grown by low temperature solution growth technique. Third order 

NLO susceptibility for BLTCM was investigated by Z-Scan technique. The enhanced third order 

optical susceptibility value supports the usage of the crystal in optical limiting applications. The 

values obtained suggests that the BLTCM crystal can be used for various optical data processing 

switching applications.  As a consequence, the reported crystal opens a new pathway to 

investigate further the suitability in other NLO applications such as laser production and optical 

processing unit. 

 

 

 

Results 

Sample 
Code 

n 
n2   Reχ(3)  

(cm2/W) 
Imχ(3) 

(cm/W) 
Χ(3) 

(esu) (cm2/W) (cm/W) 

BLTCM 
1.73 

1.31E-
09 

2.36E-
04 

2.34E-
06 

1.22E-
06 

2.64E-
06 



Exploration of third order NLO property of semi-organic optical material:                              Bis(L-threonine) copper (II) 
monohydrate [BLTCM] Section A-Research paper 

 

Eur. Chem. Bull. 2023,12(5), 5650-5657                                                                5656 

 

References 

[1] Subhashini, R., & Arjunan, S. (2018). Synthesis and physicochemical properties of                      

bis (l-asparaginato) zinc (II): A promising new semiorganic crystal with high laser damage 

threshold for shorter wavelength generation. Optics & Laser Technology, 101, 248-256. 

[2] Subhashini, R., Arjunan, S., & Gunasekaran, B. (2019). Synthesis of a metal coordinated 

amino acid based nonlinear single crystal, Bis (l-threonine) zinc (II) using the solution growth 

technique and its physicochemical properties. Journal of Physics and Chemistry of Solids, 135, 

109077. 

[3] I. Ledoux, J. Zyss, International Journal of Nonlinear Optical Physics 3(03) (1994) 287-316. 

[12] R. Shankar, C.M. Raghavan, R. M. Kumar, R. Jayavel, J. Cryst. Growth 305 (2007) 156-

161. 

[4] S. S. Hussaini, N. R. Dhumane, G. Rabbani, P. Karmse, V. G. Dongre, M. D. Shrishat 

Cryst.Res.Technol.42 (2007) 1110-1116. 

[5] A. M. Petrosyan, R. P. Sukiasyan, H. A. Karapetyan, S. S. Terzyan, R. S. Feigelson, Journal 

of Crystal Growth  213(1) (2000) 103-111. 

[6] R. P. Sukiasyan, H. A. Karapetyan, A. M. Petrosyan, Journal of Molecular Structure 888(1) 

(2008) 230-237. 

[7] G. R.,Kumar, S. G. Raj, V. Mathivanan, M. Kovendhan, T. Raghavalu, R. Mohan, Optical 

materials 30(9) (2008) 1405 - 1409. 

[8] Jagadesan, A., N. Sivakumar, S. Arjunan, and G. Parthipan. ‘Growth, Structural, Optical, 

Thermal and Dielectric Behaviour of a Novel Organic Nonlinear Optical (NLO) Material: 

Benzimidazolium Trichloroacetate Monohydrate’. Optical Materials 109 (November 2020): 

110285.  

[9] Jagadesan, A., N. Sivakumar, R. Mohan Kumar, G. Chakkaravarthi, and S. Arjunan. 

‘Synthesis, Crystal Structure, Growth and Characterization of an Optical Organic Material: 4-

Aminopyridinium Trichloro Acetate Single Crystal’. Optical Materials 84 (October 2018): 864–

69.  

[10] Subhashini, R., Sathya, D., Sivashankar, V., Mageshwari, P. L., & Arjunan, S. (2016). 

Growth and characterization of Bis (L-threonine) copper (II) monohydrate single crystals: A 

semiorganic second order nonlinear optical material. Optical Materials, 62, 357-365.] 



Exploration of third order NLO property of semi-organic optical material:                              Bis(L-threonine) copper (II) 
monohydrate [BLTCM] Section A-Research paper 

 

Eur. Chem. Bull. 2023,12(5), 5650-5657                                                                5657 

 

[11] A. C. Rizzi, O. E. Piro, E. E. Castellano, O. R. Nascimento , C. D. Brondino, Inorganica 

Chimica Acta  305(1) (2000) 19 - 25. 

[12] R.Divya, N.Manikandan, T.C.Sabari Girisun, G.Vinitha. ‘Investigations on the structural, 

morphological, linear and third order nonlinear optical properties of manganese doped zinc 

selenide nanoparticles for optical limiting application’, Optical Materials, 100 (2020) pp. 

109641. 

[13] Sheik-Bahae, M., Said, A.A., Wei, T., Hagan, D.J., and Van Stryland, E.W.: ‘Sensitive 

measurement of optical nonlinearities using a single beam’, IEEE J. Quantum Electron., 1990, 

QE-26, pp 760-769. 

[14] T.D. Krauss, F.W. Wise, Appl. Phys. Lett. 65 (1994) 1739.  

[15] Vinitha G. and Ramalingam A., ‘Nonlinear Studies of Acid Fuchsin dye in liquid and solid 

media’, Spectrochimica acta part A: Molecular and Biomolecular Spectroscopy, 69 (2008) 

pp.1160–1164. 

[16] Jagadesan, A., Peramaiyan, G., Srinivasan, T., Kumar, R. M., & Arjunan, S. (2016). Crystal 

structure, thermal and optical properties of Benzimidazole benzimidazolium picrate 

crystal. Journal of Crystal Growth, 436, 40-45. 


