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Highlights 

❖ Premier report of the impact of LT on CTA crystal 

❖ Enhanced transmittance of LT-CTA realized due to LT doping 

❖ SHG efficiency of LT-CTA crystal 1.31(CTA) and shifted PL peak maxima is (517 nm) 

❖ Z-scan revealed χ3 of order 4.81 x10-4esu and Figure of merit (FOM) 978.35 

❖ Lower dielectric quality of LT-CTA crystal vital for optoelectronic applications 

Abstract 

Present investigation reports the growth of pure and L-threonine (LT) doped cadmium thiourea acetate (CTA) 

crystals by slow solution evaporation technique followed by structural, optical, thermal and dielectric 

characterization studies. A bulk single crystal of LT-CTA has been grown at temperature 38˚C. The single crystal X-

ray diffraction technique has been employed to confirm the structural parameters of pure and LT doped CTA 

crystals. The increase in optical transparency of LT-CTA crystal was ascertained in the range of 200 to 900 nm 

using UV–visible spectral analysis. The widened optical band gap of the LT-CTA crystal is found to be 4.7 eV. Pure 

and doped crystals are subjected to FT-IR analysis to indicate the presence of functional groups quantitatively. 

Appreciable enhancement in second harmonic generation (SHG) efficiency of LT-CTA crystal with reference to 

parent CTA was confirmed from Kurtz–Perry SHG test (1.31 times of CTA crystal). The assertive influence of LT 

on electrical properties of grown crystals has been investigated in the temperature range 35-120˚C. Electronic purity 

and the color centered photoluminescence emission nature of pure and IA-CTA crystals were justified by 

luminescence analysis. With the aid of single beam Z-scan analysis, The Kerr lensing nonlinearity was identified 

and the magnitude of TONLO parameters has been determined. The cubic susceptibility (χ3) and Figure of merit 

(FOM) was found to be 4.81 x10-4esu and 978.35. Results vitalize its application for laser stabilization systems. 
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1. Introduction          

Nonlinear optical (NLO) Thiourea metal complex (TMC) crystals have been very rapidly developed due to their 

appealing features such as large optical transparency, high nonlinear response, huge laser damage threshold, high 

thermal stability and improved mechanical rigidness. The presence of these qualities highlights TMC crystals liable 

for applications in electro-optic modulation, optical data storage devices, high-tech NLO and telecommunication 

devices [1-3]. The growth and study on characteristic properties of large number of TMC crystals such as BTZA, 

ZTC, BTCA, ZTS, CBTC, and BTCF have been reported [4-15], however cadmium thiourea acetate (CTA) 

outstands as an interesting NLO material with promising optical and physical performance. In order to achieve 

enhancement in properties of CTA crystal, doping of selected quantity of organic additive (in particular amino acid) 

play crucial role [16]. The amino acids are excellent organic additives to gain enhanced nonlinear optical response. 

The literature survey evidences that the doping of glycine, L-alanine has significantly enhanced the crystal 

perfection, optical transparency, second harmonic generation (SHG) efficiency, mechanical strength and dielectric 

properties of CTA crystal [17]. The constructive impact of L-cystine on structural, linear-nonlinear optical, laser 

damage threshold and surface properties of CTA crystal have been extensively studied [18]. The doping of L-valine 

has facilitated large improvement in dielectric, linear and third order nonlinear optical properties of CTA crystal 

[15].  
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The impressive and significant impact of amino acid on optical and electrical response of CTA crystal has 

attracted the attention of researchers in crystal growth field to investigate the characteristic features of CTA crystal 

by doping it with chiral amino acid, L-threonine (LT). LT is an exceptional amino acid which possesses high dipole 

moment as equal to water [19], wide –H bonding network and optically active chromospheres which are most 

prerequisite qualities vital for enhancing the optical, physical and dielectric performance of host crystal as evident in 

literature [20,21]. As per the literature survey, noteworthy fact is that till today no attempt has been made to explore 

the effect of chiral LT on transmutations of characteristic properties of CTA crystal. Therefore current study is 

aimed to analyze the structural, elemental, UV-visible; SHG efficiency and dielectric properties of LT doped CTA 

crystal using respective characterization techniques so as to improve the application of CTA. 

2. Experimental procedure 

The CTA complex has been synthesized by dissolving cadmium acetate (1mole) and thiourea (2mole) in double 

distilled de-ionized water. The CTA metal complex salt was repetitive recrystallized to gain highest possible purity 

for further synthesis. To achieve doping of LT, the supersaturated solution of purified CTA was prepared at room 

temperature. The measured quantity of 1wt% of LT was gradually added to the supersaturated solution of CTA with 

continuous stirring process to attain homogeneous doping throughout the mixture. The LT doped CTA solution was 

then filtered in a rinsed beaker and kept for slow solution evaporation in a constant temperature bath at 38 0C. The 

grown CTA and LT doped CTA (LT-CTA) single crystals are shown in Fig.1. 

    

Fig.1 a) Pure CTA crystal b) LT-CTA crystal 

3. Results and discussion 

3.1 Single crystal X-ray diffraction (XRD) analysis 

The single crystal XRD technique was employed using the Enraf Nonius CAD4 X-ray diffractometer to determine 

the structural parameters of grown pure and LT-CTA crystals. The XRD data shown in Table1 was recorded at room 

temperature and it confirmed the orthorhombic crystalline structure of pure and LT-CTA crystals. The analysis of 

XRD data evidences that the unit cell parameters of LT-CTA crystal show slight variation with reference to CTA 

and the large difference in cell volume infers the potential role of dopant LT in modifying the lattice dimensions of 

CTA crystal [20-21]. 
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Table1. Single crystal XRD data 

Crystal   a 

(A˚) 

  b  

(A˚) 

  c  

(A˚) 

Volume  

(A˚)3 

Crystal system 

CTA 7.57 11.79 15.41 1374 Orthorhombic 

LT-CTA 7.59 11.83 15.47 1390 Orthorhombic 

 

3.2 Fourier transforms infrared (FT-IR) analysis  

The qualitative analysis of pure and LT-CTA crystal has been performed by means of FT-IR spectral analysis using 

the Bruker α-ATR spectrophotometer. The FT-IR spectrum of pure and LT-CTA crystal recorded in the range of 

600-4000 cm-1 is plotted in Fig.2. The C-O-H bending vibration is attributed at 659 and 674 cm-1. The C-S stretching 

vibration associated with thiourea of CTA is evident at 779 and 773 cm-1. The peaks expressed at 1006 and 1011 cm-

1 confirmed the =CH bond deformation.  The C=S stretching vibration is observed at 1090 and 1099 cm-1. The 

characteristic COOˉ symmetric stretching associated with the CTA crystal is evident at 1396 and 1399 cm-1. The 

major peaks of NO2 antisymmetric stretching in grown crystals is contributed at 1538 and 1542 cm-1. 

 

Fig.2 FTIR spectrum of (a) CTA (b) LT-CTA crystal.       

The evidence of C=O bond stretching of carboxyl group is found at 1652, 1660, 1744, 1837 and 1794 cm-1. The 

characteristic N=C=O antisymmetric stretching vibrations are attributed at 2248 and 2178 cm-1. The antisymmetric 

stretching of NH3
+ group is assigned at wavenumber 3184 and 3120 cm-1. The peaks contributed with 3300-4000 

cm-1 are contributed by NH and OH bond stretching vibrations. The vibration peaks are indexed in FT-IR spectrum 

and the observed shift in wavenumber of identified functional groups are distinguished in Table2.   

Table2. FT-IR wave number assignments 

Wavenumber (cm-1) Functional group assignment 
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CTA         LT-CTA 

659           674 C-O-H bending 

779           773 C-S stretching 

1006         1011 =CH deformation 

1090         1099 C=S stretching 

1396         1399 COOˉ symmetric stretching 

1538         1542 NO2 antisymmetric stretching 

1652         1660 C=O stretching 

1744         1744 C=O stretching 

1837         1794 C=O stretching 

2248         2178 N=C=O antisymmetric stretching 

2851         2758 C-H stretching 

2914         2908 C-H stretching 

3184         3120 NH3
+ antisymmetric stretching 

    3300-4000 NH and OH stretching  

 

3.3 UV-visible study  

             

Fig. 3 (a) Transmittance spectrum (b) Tauc’s plot           

The electronic transitions associated with the functional chromospheres of crystal plays decisive role in facilitating 

the optical transmittance to designed crystal. The optically transparent crystals are readily demanded for photonics 

and NLO device applications [22-23]. In the present study, optical transmittance of 2 mm thickness pure and LT-

CTA crystal has been ascertained in the wavelength range of 200 to 900 nm using the spectrophotometer (Shimadzu 

make UV-2450). The recorded transmittance spectrum is shown in Fig. 3a. The transmittance in a bulk crystal 

depends on two major factors (a) presence of optically active functional chromospheres and (b) the associated defect 
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centers and (c) crystal orientation [24]. The UV-visible spectrum of studied crystals confirm that the CTA crystal 

delivers the maximum transmittance of 48% and the LT-CTA crystal exhibits the enhanced transmittance up to 63% 

in entire visible region. The cutoff wavelength of grown crystals is found to be 230 nm. The optical transmittance of 

LT-CTA crystal is found to be 15% higher as compared to CTA crystal which might have been expressed due to less 

optical scattering and absorption of light in crystal medium [18]. The collective effect of high transmittance 

tendency of amino acid (LT in present case) [25] and minimized structural and crystalline defects [14, 26] might 

have favored the observed enhancement in %transmittance of LT-CTA crystal. The LT-CTA crystal with high 

optical transmittance can be advantageous for UV-tunable lasers and NLO device applications [03]. The optical 

band gap of LT-CTA crystal has been calculated using the Tauc’s plot (Fig. 3b) drawn using equation, (αhν)2 = A 

(hν-Eg) [27]. The optical band gap of LT-CTA crystal is found to be 4.7 eV, which is comparatively larger than the 

band gap of glycine doped CTA crystal (3.55 eV) [16]. The presence of amine group facilitates significant 

enhancement in band gap of host crystal [28] which is also observed in LT-CTA crystal. The high band gap value 

indicates that LT-CTA crystal has wide optical transmission rage and suggests its potential candidature for 

optoelectronics device applications [29]. 

3.4 SHG efficiency test         

The NLO behaviour i.e. frequency conversion efficiency has been determined using the powder technique 

developed by Kurtz and Perry [30]. In the present analysis, the Q-switched mode operated Nd: YAG laser (1064 nm, 

10 Hz, 8 ns, 680 mW) has been used to determine the SHG efficiency of studied crystals. A fine powder of optical 

quality pure and LT-CTA crystals was prepared and tightly sieved in a micro-capillary tube of uniform bore. The 

Gaussian filtered beam of Nd: YAG laser was multi-shot on the prepared samples and the generated output signal 

was collected through the array of the photomultiplier tube. The emergence of bright green light from the sample 

confirmed the NLO behaviour in grown crystals. The optical signals of the respective samples were simultaneously 

converted into energy using the digital power meter. The output energy for CTA and LT-CTA crystal sample was 

found to be 1.6 mJ and 2.1 mJ respectively (Table3). The prominent charge transfer between dopant and host crystal 

matrix might have contributed significant enhancement in SHG efficiency of LT-CTA crystal which is found to be 

1.31 times higher than CTA crystal material. The enhanced SHG efficiency indicates the prime suitability of LT-

CTA crystal for frequency conversion and optical modulation device applications [31]. 

Table.3. SHG efficiency data 

Crystal Output Voltage                 SHG efficiency  

Reference KDP       Reference CTA 

KDP 1.35 1 0.84 

CTA 1.6 1.18 1 

CTA+LT (0.25 wt%) 1.8 1.33 1.12 

CTA+LT (0.5 wt%) 1.93 1.42 1.2 

CTA+LT (1 wt%) 2.1 1.55 1.31 

 

3.5 Dielectric studies 
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The dielectric constant and dielectric loss of pure and LT-CTA crystal have been examined in the temperature range 

of 35-120˚C using the LCR tester (HIOKI 3532). For accurate data measurement, the crystal samples were applied 

by the silver paste to attain good electrical contact and subjected to dielectric analysis. For studied crystals, the 

variation of dielectric constant with temperature (εr = Cd/ε0A) is depicted in Fig.4a.  

 

Fig.4 Temperature dependent (a) dielectric constant (b) dielectric loss 

The relaxation tendency of molecular dipoles and the electronic, ionic, dipolar and space charge polarization activity 

associated with the material are the key factors responsible for the origin of dielectric constant [13]. At higher 

temperatures, the dielectric constant is majorly attributed to the dominance of space charge polarization [32] hence 

the dielectric constant of pure and LT-CTA crystal increases with increase in temperature as shown in Fig.4a. The 

lower dielectric constant of LT-CTA crystal accredited the low electrical power consumption capability [47]. 

Miller’s law states that the lower dielectric constant facilitates the enhancement in SHG coefficient of the crystal 

[47], validated by LT-CTA crystal. 

 The dielectric loss profile of grown crystals is shown in Fig.4b which evaluates the extent of loss of 

electrical energy in the form of heat in material medium [47]. It reveals that the dielectric loss of crystals increases 

with increase in temperature. The analysis of dielectric loss gives the information regarding loss of energy through 

intrinsic and extrinsic defects present in crystal medium [33-35]. The lower dielectric loss in LT-CTA crystal 

suggests the presence of minimum electrically active defects [36].  

 It is noteworthy that the dielectric constant and dielectric loss of LT-CTA crystal is lower as compared to 

CTA. Thus, LT-CTA crystal is found to be more promising material than CTA for designing microelectronics, THz 

wave generators, photonics, broadband electro-optic modulators, field detectors and optoelectronics devices [37-38]. 

3.6 Photoluminescence studies                  

The comparison of photoluminescence (PL) spectrum of material for identification of modifications or external 

impurities in standard compounds is largely practiced technique in biomedical and chemical industries. The PL 

spectrum gives essential information regarding the electronic impurities and electronic transitions associated with 

the concerned material [39]. In the present analysis, the pure and LT-CTA crystal materials were photo-excited with 
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the high emission wavelength of 354 nm and 320 nm respectively and the PL spectrum was recorded in the range of 

400 to 600 nm. The recorded PL emission spectrum of pure and LT-CTA crystal material is shown in Fig. 5a and 5b 

respectively.  The CTA crystal material exhibits the blue colour emission whose peak maxima is centered at 481 nm 

whereas the LT-CTA crystal material exhibits the green colour emission with peak maxima centered at 517 nm. In 

addition to enhancement in PL intensity, the doping of LT resulted to shift in wavelength of emission peak maxima 

of CTA crystal which is ideal characteristic for impurity detection. The decrease in PL intensity in higher 

wavelength region might have been occurred due to less rotation of proton populated carboxyl group surrounded by 

central C–C bond associated with pure and LT-CTA crystal materials [03, 40]. The change in photoluminescence 

nature of CTA crystal due to the addition of LT might be advantageous for biomedical and biochemical device 

applications for antibody detection or manifesting external element [41-42]. 

 

Fig.5 PL emission spectrum of (a) CTA (b) LT-CTA 

3.7 Z-scan Analysis. 

The third order nonlinear response attributed by pure and LT-CTA crystal at 632.8 nm has been investigated by 

means of He-Ne laser assisted Z-scan technique developed by Bahae et al.[43]. The resolution of Z-scan setup is 

detailed in Table4. The simultaneous measurement was carried using open and closed aperture data to examine the 

nature of nonlinear index of refraction (n2) and nonlinear absorption coefficient (β). The nonlinear refraction 

phenomenon can be understood with the analysis of closed aperture intensity dependence of the crystal along pre 

and post the focus point [44]. A Gaussian beam is focused by a spherical lens onto the sample using a lens of focal 

length 30mm placed at a far field. The variation in intensity due to the displacement of a sample along the Z 

direction is monitored through a small aperture placed at the field point. The behavior of nonlinear absorption 

coefficient is of vital importance which can be illustrated on the basis of open aperture transmittance data of title 

material. The difference between the peak and valley transmission (ΔTp-v) is written in terms of the on-axis phase 

shift at the focus as,  

0.250.406(1 )p vT S                (5) 
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Where, S is the aperture linear transmittance,
2 21 exp( 2 / )a aS r   

 
   (6) 

Where, ra is the aperture and ωa is the beam radius at the aperture. The nonlinear refractive index is given by,

2

0 eff

n
KI L




 

         (7) 

Where, K = 2π / λ (λ is the laser wavelength), I0 is the intensity of the laser beam at the focus (Z=0), Leff = [1- exp (-

αL)]/ α is the effective thickness of the sample, α is the linear absorption and L is the thickness of the sample. From 

the open aperture Z-scan data, the nonlinear absorption coefficient is estimated as,   

0

2 2

eff

T

I L



  (8) 

Where, ΔT is the one valley value at the open aperture Z-scan curve. The value of β will be negative for saturable 

absorption and positive for reverse saturable absorption (RSA). The third-order nonlinear optical susceptibility χ(3) 

in its real and imaginary parts is defined as follows,      

              
(3) 4 2 2 2

0 0 2Re ( ) 10 ( ) / ( / )esu C n n cm W         (9) 

(3) 2 2 2 2

0 0Im ( ) 10 ( ) / 4 ( / )esu C n cm W         (10) 

Where, ε0 is the vacuum permittivity, n0 is the linear refractive index of the sample and c is the velocity of light in 

vacuum. Thus, we can easily obtain the absolute value of χ3 using equation, 

3 3 2 3 2(Re ) (Im )      esu     [45]       (11) 

 

Fig.6 (a) closed aperture Z-Scan curve    (b) Open aperture Z-Scan curve 

Table4. Optical resolution of the Z-scan setup  

Parameters and Notations Details 

Laser beam wavelength (He-Ne) (λ) 632.8nm 

Lens focal length (f) 30mm 

Optical path length(Z) 85 cm 
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Beam radius of the aperture (wa)  3.3mm  

Aperture radius(ra) for closed aperture 2 mm 

Incident intensity at the focus   26.5MW/cm²) 

         

The closed aperture transmittance data depicted in Fig.6a confirms the self-defocusing nature as pre-focal 

transmittance peak is followed by the post-focal transmittance valley indicating the negative index of refraction 

which suggests its prominence for the protection of optical night vision sensor devices [46]. The shifts observed in 

maximum valley transmittance of close and open aperture curves of LT-CTA crystal (Fig.6a and 7b) confirm that 

LT is the potential dopant to tailor TONLO properties of CTA crystal.  

The nonlinear refractive (NLR) index is found to be – 4.45 x10-12cm/W. NLR relates directly to the prominent Kerr-

lens mode locking (KLM) ability of the crystal. The High magnitude of NLR (10-12) suggests the strong Kerr-

lensing effect [47-48] which advocates the prominence of LT-CTA crystals for analyzing the stability limits of 

continuous-wave mode-locked laser systems and generating the shorter laser pulses.  

   The TONLO absorption coefficient β is the measurable parameter from the open aperture Z-scan 

configuration. The traced open aperture Z-scan transmittance curves have been analyzed to unearth the TONLO 

absorption tendency of pure and LT-CTA crystal. Open aperture transmittance curve (Fig.6b) reveals that as the 

sample is translated along Z-direction, the intensity of transmittance increases at the focus confirming the existence 

of saturable absorption (SA) phenomenon in LT-CTA crystal. The origin of SA effect is facilitated by the 

dominance of ground state linear absorption coefficient over the excited state absorption [30]. The effective β value 

of LT-CTA crystal is found to be 6.88 x x10-5cm/W calculated by using equation (8). 

The nonlinear third order susceptibility of LT-CTA crystal is found to be 4.81 x 10-4esu which is notably 

greater than efficient third-order NLO crystals [02, 15]. LC-CTA crystal has a high magnitude of χ3 (10-4esu) which 

might have been facilitated by photo-induced π-electron delocalization along large bonding network developing the 

strong polarizing potential in crystal [18]. In the regime of TMC crystals, the third order nonlinear susceptibility of 

LT-CTA crystal is found remarkably higher than L-Cysteine and L-Valine doped CTA crystals[18-19], thiourea, 

BTZB, ZTS, BTZC and BTCF crystals [02,15,49]. 

The figure of merit (FOM=β λ/n2is a decisive parameter to ascertain the worthiness of crystal for optical power 

limiting applications [19]. The FOM value for LT-CTA crystal is found to be 978.35 which suggest its potential 

candidature for optical power limiting applications. Also, the FOM value is appreciably larger than L-Cysteine and 

L-Valine doped CTA crystals [15, 18].The LT-CTA crystal with attractive nonlinear properties (Table5) holds the 

huge advantage for optical switching, optical logic gates, calibrating optical distortions, passive laser mode-locking 

systems and also suggests its suitability for applications in laser stabilization, optical limiting and sensor devices 

[50-52].  

Table5. TONLO parameters 

Sample n2   (cm²/W) β  (cm/W) χ3 (esu) FOM Reference 

Pure CTA 8.37 x10-11 4.70 x10-6 2.58 x10-4 35.57 [18] 

LC-CTA 4.85 x10-12 1.19 x10-5 6.18 x10-5 156 [18] 
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LV-CTA 5.06 x10-11 9.05 x10-6 3.34 x10-4 113.1 [15] 

LT-CTA 4.45 x10-12 6.88 x10-5 4.81 x10-4 978.35 [present work] 

 

4. Conclusions                        

Single crystals of pure and LT-CTA material have been grown by slow solution evaporation technique. In UV-

visible studies the LT-CTA crystal is found optically transparent up to be 63%. The vibration peaks are indexed in 

FT-IR spectrum and the observed shift in wave number of identified functional groups confirmed the doping of LT 

in CTA. The SHG efficiency of LT-CTA crystal is found to be 1.31 times higher than CTA crystal which is vital for 

NLO applications. In studied temperature range, the LT-CTA crystal attributed lower dielectric constant and 

dielectric loss as compared to CTA crystal. The doping of LT changed the photoluminescence tendency of CTA 

crystal from blue (481 nm) to green (517 nm) color which is promising quality for detection applications. In close 

aperture Z-scan analysis negative refraction nonlinearity has been attributed by LT-CTA crystal. The magnitude of 

n2, β and χ3 is 4.45 x10-12cm²/W, 6.88 x10-5 cm/W and 4.81 x10-4esu for LT-CTA crystal. The open aperture Z-scan 

analysis revealed the saturable absorption effect in crystal with LT-CTA crystal. It is worth mentioning that the LT 

offered switching in TONLO behavior of CTA crystal. Hence LT-CTA crystal holds strong status for applications in 

the holographic data storage, frequency convertors, solar coating, optical switching devices, night vision sensors, 

electro-optic modulators and THz wave generator included under the extended umbrella of photonic device 

applications. 
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Figure Captions 

Fig.1 a) Pure CTA crystal b) LT-CTA crystal 

Fig.2 FTIR spectrum of (a) CTA (b) LT-CTA crystal. 

Fig.3 (a) Transmittance spectrum (b) Tauc’s plot     

Fig.4 Temperature dependent (a) dielectric constant (b) dielectric loss. 

Fig.5 PL emission spectrum of (a) CTA (b) LT-CTA 

Fig.6 (a) closed aperture Z-Scan curve (b) Open aperture Z-Scan curve    

Page 13 of 13 AUTHOR SUBMITTED MANUSCRIPT - MRX-106082.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
cc

ep
te

d 
M

an
us

cr
ip

t

https://link.springer.com/journal/340
http://dx.doi.org/10.1080/14328917.2017.1327199

