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Abstract: Modifying optical properties of crystal is very fundamental need for designing various photonic devices hence in current 

investigation the oxalic acid (OA) has been firstly doped in Bis thiourea cadmium acetate (BTCA) crystal with aim to optimize the 

luminescence properties of BTCA crystal. The crystals have been grown by slow solvent evaporation technique at 35˚C. The structural 

parameters of grown crystals have been determined using the single crystal X - ray diffraction technique. The incorporation of OA in 

BTCA crystal matrix has been confirmed by Fourier transform infrared analysis. The color centered luminescence studies have been 

carried out which established the prominent red shift in peak maxima of emission wavelength of BTCA crystal due to doping of OA.  
 

Keywords: Crystal growth, single crystal X - ray diffraction technique, luminescence 

 

1. Introduction  
 

Thiourea metal coordinated complex crystals have stretched 

the attention in last few decades due to their unique 

credibility of beholding the properties semiorganic 

counterparts. Hence such crystals are ranked as superior 

materials for designing advance nonlinear optical (NLO) 

devices [1 - 4]. The umbrella of thiourea metal complex 

crystals is quite big amongst which some of the promising 

semi organic crystals are under constant investigation [5 - 7]. 

The transition element materials possessing closed d10 shell 

electrons express superior optical properties [8], So BTCA is 

the interesting beneficial material to investigate for finding 

its applicability for suitable nonlinear optical device 

applications. The intruding fact from literature survey is that 

very few research groups have explored the characteristic 

features of pure BTCA crystal [9 - 11]. Hence published 

there are very few reports on doping of impurity in BTCA 

crystal. The modification in the intrinsic and extrinsic 

properties of host crystal is effectively possible through 

doping [12], the impact of amino acid doping viz. glycine, L 

- alanine, L - cysteine and L - valine on distinct properties of 

BTCA crystal has been explored [13 - 15]. Review of 

various path breaking reports claimed that the organic 

dopants having the donor - π - acceptor moieties and better 

polarizing behaviour reinforce the constructive impact on 

optical properties of parent crystal [16 - 17].  

 

As OA (oxalic acid) is known to have abundance of π - 

bonded network that is the foremost requirement for 

enhancing the NLO properties and the electronic response 

time of crystals [16]. So, OA proves its suitability as a 

dopant for optimizing the optical modifications in BTCA 

crystal. Under this current research investigation the 

significant effect of OA on structural and 

photoluminescence properties of BTCA crystal has been 

studied first time. The investigation has been accomplished 

by employing the single crystal X - ray diffraction, Fourier 

Transform Infrared spectroscopy and photoluminescence 

characterization techniques.  

 

2. Experimental Procedure 
 

BTCA metal complex salt has been synthesized by 

dissolving cadmium acetate (1mole) and thiourea (2mole) in 

de - ionized doubly distilled water. Purity of BTCA has been 

obtained by the repetitive re - crystallization process. Oxalic 

acid in 0.5M% was doped in the supersaturated solution of 

purified BTCA. These solutions were allowed to agitate for 

ten hours to achieve homogeneous mixing of dopant and 

host material. The homogeneously doped BTCA solution 

was filtered in the separate beaker using the standard 

Whatman No.1 filter paper and kept for slow solvent 

evaporation process in a constant temperature bath at 35˚C 

(±0.01˚C). Optically good quality crystals of OA - BTCA 

and were grown by spontaneous nucleation process after 

twenty days. The grown BTCA & OA - BTCA crystals are 

shown in Fig.1.  
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Figure 1: (a) Parent BTCA (b) OA - BTCA 

 

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 patent BTCA and OA - 

BTCA crystals. The XRD data shown in Table1 was 

recorded at room temperature and it confirmed the 

orthorhombic crystalline structure of Parent Crystal [20], 

OA - BTCA crystals. The analysis of XRD data evidences 

that the unit cell parameters of OA - BTCA crystal show 

slight variation with reference to Parent BTCA crystal [20], 

and the difference in cell volume infers the potential role of 

dopants OA in modifying the lattice dimensions of BTCA 

crystal.  

 

Table 1: Single crystal XRD data 
Crystal  a (A˚)   b (A˚)   c (A˚)  Volume (A˚) 3 Crystal system 

BTCA 7.57 11.79 15.41 1374 Orthorhombic [20] 

OA - BTCA 7.571 11.807 15.424 1379 Orthorhombic 

 

3.1 Fourier transform infrared analysis 

 

The qualitative analysis of parent and doped crystals has 

been performed by means of FT - IR spectral analysis using 

the Bruker α - ATR spectrophotometer. The FT - IR 

spectrum of parent BTCA, and OA - BTCA was recorded in 

the range of 600 - 4000 cm - 1 and is plotted in Fig.2 (a), and 

(b). The C - N deformation is observed at 621, 660 and 654 

cm - 1. The C - S stretching vibration associated with thiourea 

of BTCA is evident at 890, 812 and 832 cm - 1. The C - H 

deformation occurred at 992, 991 and 933 cm - 1. The CH2 

wagging is evident at 1397, 1394 and 1397 cm - 1. The C - O 

- O stretching is observed at 1481, 1465 and 1464 cm - 1. The 

peaks of NO2 antisymmetric stretching in grown crystals is 

contributed at 1549, 1546 and 1549 cm - 1. The evidence of 

C=O bond stretching of carboxyl group is found at 1760 cm - 

1. The characteristic C - C stretching vibrations are attributed 

at 2351, 2350 and 2368 cm - 1. The NH2 stretching is 

assigned at wavenumber 3263, 3315 and 3297 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. The FTIR spectrum of parent 

BTCA and doped BTCA crystals is shown in Fig.2 (a), and 

(b) respectively. The identified shift in functional 

frequencies confirms the incorporation of dopants OA in 

BTCA crystal.  

 

Table 2: FT - IR spectral assignments 
Wavenumber (cm - 1) Functional group assignment 

BTCA OA - BTCA 

621 660 C - N deformation 

890 812 C=S stretching 

992 991 C - H deformation 

1136 1134 N - C - N stretching 

1397 1394 C H2 Wagging 

1481 1465 C - O - O stretching 

1549 1546 NO2 antisymmetric stretching 

1667 1626 NH2 bending 

1743 1760 C=O stretching 

2351 2350 C - C stretching 

3052 3137 N - H stretching 

3263 3315 NH2 stretching 

3300 - 4000 NH and OH stretching 
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Figure 2: FTIR spectrum of (a) Parent BTCA (b) OA - BTCA 

 

3.3 Photoluminescence Study 

 

The color centered luminescence study gives the core 

understanding of energy states, trajectory of electron and 

electronic purity of the material [18 - 19]. The doping of 

specific impurity leads to defect formation which are 

optically active and this hampers the trajectory of electron 

during photo - relaxation giving rise to new/modifies 

luminescence properties. The respective materials were 

photo - excited at the energy wavelength of 354 nm and the 

photoluminescence (PL) emission spectrum was recorded in 

visible range of interest. The recorded PL spectrum of pure 

and doped BTCA crystal materials are shown in Fig.3.  

 

The PL emission peak maxima was found to be at 481 nm 

(BTCA) [20] and 498 nm (OA doped BTCA) which 

confirms that the dopant reinforces the red shift in peak 

maxima of PL emission of BTCA crystal material. The 

modified PL emission of doped BTCA crystal thus confirms 

that the photo - excitation of material at specific energy 

governs the effective interaction of dopant and host crystal 

matrix moieties resulting to successful tuning of PL 

properties of BTCA crystal. The materials with promising 

PL emission tendency seek huge demand for detection 

purpose in biomedical and biochemical systems [21 - 22] 

which advocates the potential applicability of doped BTCA 

crystals for discussed applications.  

 

 
Figure 3: PL emission peak maxima of OA - BTCA 

 

4. Conclusion 
 

The parentand BTCA and OA doped BTCA single crystals 

have been successfully grown by slow solvent evaporation 

technique and characterized to explore the constructive 

impact of OA on structural and photoluminescence 

properties of BTCA crystal. The structural parameters of 

parent and doped BTCA crystals have been confirmed by 

Single Crystal XRD analysis. The identified functional 

groups in FTIR analysis confirmed the presence of OA in 

BTCA crystal. The PL studies revealed that the BTCA 

crystal has emission at 481 nm while the OA doped BTCA 

crystal has the maximum emission at 498 nm and 518 nm. 

The doping of OA facilitates the red shift in emission peak 

maxima of BTCA crystal. The comparative analysis thus 

confirms that the OA effectively tailor the studied optical 

properties of BTCA crystal which makes them the better 

alternative for designing distinct NLO device applications.  
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