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ABSTRACT. Bis[(18-Crown-6)Potassium][Tetrakis(isothiocyanato)Zinc(II)],[(18C6)K]2 [Zn(SCN)4] (BCTZ), a novel 
organo-metallic crystal, was grown from ethanol-water mixed solvent by a slow evaporation solvent technique which 
were found to be crystallized in a non centrosymmetric space group pna21 of an orthorhombic system. The spectroscopic, 
optical, mechanical properties of [(18C6)K]2 [Zn(SCN)4]; BCTZ were investigated by FT-IR, FT-Raman, UV-Vis-NIR 
techniques. The hardness of the grown crystal of BCTZ was measured by Vickers hardness measurement tester. The 
purity of the crystalline compound was verified by HPLC studies. The UV-Vis study reveals that the title compound was 
optically transparent in the visible region, which is suitable for non-linear optical applications.  
 

Introduction. The application of single crystals in the newest technology is evident from the recent 
developments in semiconductors, polarizers, transdures and infrared detectors etc. The organo-
metallic thiocyanate complexes are appropriate for recognizing blue-violet light by frequency 
doubling of laser radiation. The experiments conducted by the eminent scientists all over the world 
strongly favour the possible use of this class of materials for various non-linear optical applications 
and photonics device fabrications [1]. It is fascinating to note that the metal thiocynate complex 
family crystalline compounds suggest a mixture of molecular structures in turn these complexes are 
capable of efficient frequency conversion of IR radiation to ultraviolet wavelength. In meta thiocynate 
complexes, the thiocynate has the capability to interconnect metal ions with its own donors S and N 
[2-4]. 
Previously, Zhang and Zelmon [5] have reported the growth of a new NLO crystal [(18C6)K] 
[Cd(SCN)3]; KCCTC, which is transparent from 220 to 3300 nm and shows second harmonic 
generation (SHG). Recently, Zhang and Shou [6] and Zhang and Huang [7] have reported the growth 
and characterization aspects and powder SHG of [(18C6)Li] [Cd(SCN)3]; CLTC, respectively. The 
thermal and optical properties of ACCTC [(NH4)] [Cd(NCS)3].C12H24O6 was reported by V. Ramesh 
and K. Rajarajan [8].  
In the present work, a nonlinear optical crystalline compound Bis [(18-Crown-6)Potassium] [Tetrakis 
(isothiocyanato) Zinc (II)]; [18C6(K)]2[Zn(SCN)4]; BCTZ has been synthesized and single crystals 
of 5x4x3 mm3 were obtained. The structural details of BCTZ were already reported by A.N.Chekhlov 
[9]. However, the characterization aspects of BCTZ were not reported elsewhere. Hence, in the 
present case, efforts were made to synthesize and grow the good quality single crystals and thereby 
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the spectral, optical, thermal and mechanical studies were carried out on the sample and reported for 
the first time.  
Experimental procedure. The required amount of starting materials of AR grade (purity>98.0%) 
were purchased and were utilized to grow the single crystals of BCTZ. To synthesize the title 
compound, 18-Crown-6, potassium thiocynate and Zinc Chloride were taken in the molar ratio 2:4:1 
and dissolved in ethanol-water mixed solution (volume ratio 3:1) and stirred thoroughly for three 
hours to obtain a homogeneous solution and was filtered with WHATMAN 110 µm filter paper. The 
filtered solution was left to facilitate evaporation. Colorless single crystals of BCTZ were obtained 
within a week. 

Characterization. Single crystal X-ray diffraction (SXRD) analysis was carried out on BCTZ using 
Bruker Kappa APEX11CCD diffractrometer with graphite monochromated Mo-Kα radiation 
(λ=0.71073Å) to determine the lattice parameters. BRUKER IFS 66 V FT-IR spectrometer used to 
analyze the various functional groups of element. FT-Raman spectrum was recorded in the range 400-
4000 cm-1 using BRUKEF RFS 27 Raman Spectrometer to know the different types of vibration 
modes. The TG-DSC analysis of BCTZ was done using SDT Q 600 V20.9 thermal analyzer in the 
temperature range 30-1000 °C at the rate of 10 K/min. The microhardness measurement of well 
polished BCTZ crystal of dimension 5x4x3 mm3 was carried out by a REICHERT MD 4000 E ultra 
microhardness tester with a diamond indentor. The sample was further subjected to high performance 
liquid chromatography study using HPLC instrument to determine the purity of the grown crystal. 

Results and discussion 
Single crystal XRD. BCTZ crystal belongs to the in a non-centrosymmetric orthorhombic system 
with Pna21 space group. The lattice parameters obtained are a=17.604(4) Å, b=14.190(3) Å, 
c=17.625(6) Å, V=4403(2) Å, Z=4. The compound consists of one [Zn(NCS)4]2- anion and two host-
guest [K(18-crown-6)]+ cations [9], all coupled through one bridging anionic SCN- ligand into a tri 
nuclear complex molecule [K(18-crown-6)]2[Zn(NCS)4] (Fig. 1) 
 

 
Fig. 1. Crystal packing of BCTZ along ‘c’ direction. 

 
FI-IR analysis. The powdered sample of BCTZ was subjected FT-IR studies to confirm the 
occurrence of functional groups and coordination of ligands in the wave number range 400-
4000 cm- 1. The middle IR spectrum of BCTZ is shown in Fig. 2. The present investigation confirms 
that the CN stretching mode of KSCN appears as a strong and very sharp bond at 2113.98 and 2073.48 
cm-1, which indicates that the thiocyanate group is coordinated to the metal ions through nitrogen. 
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Similarly, the SCN coordination is evident from the SCN bending observed at 478.58 cm-1. Thus, in 
the BCTZ sample, the N-bonded nature has been confirmed by FT-IR analysis. The sharp peak bands 
observed at 1103.28 and 960.55 cm-1 were shifted from 1037 and 940 cm-1 of pure 18-Crown-6 
respectively, which is due to symmetric and asymmetric C-O-C stretching vibrations. In addition, the 
sharp and intense band observed at 1350.17 was shifted from 1333 cm-1 of BCTZ [11], which is due 
to –CH2- stretching vibration. The selected FT-IR spectral assignments of BCTZ listed in Table 1. 

 

 
Fig. 2. FT-IR spectrum of BCTZ. 

 
Table 1. Selected FT-IR spectral assignments of BCTZ. 

Wavenumber (cm-1) Assignments 

478 , 530 NCS symmetric bending vibrations 

837 Twice NCS bending vibrations 
867 Twice NCS bending vibrations 

960 Symmetric C-O-C stretching vibrations 
1103 Asymmetric C-O-C stretching vibrations 

1452 CH2 Stretching vibrations 
1471 CH2 Stretching vibrations 

2073 CN stretching vibrations 
2113 CN stretching vibrations 

2970 NH stretching vibrations 

 
FT-Raman studies. The Raman spectrum obviously shows the vibration modes at 279.09 and 
245.53cm-1 respectively, which confirm the coordination of Zn ions with the SCN ligand. In addition, 
the presence and binding of the SCN is observed as a strong peak observed at 2112.51cm-1 that 
corresponds to the stretching vibration of CN. From the structure point of view, it is evident that the 
Zn atoms are tetrahedrally coordinated with four nitrogen atoms (Fig 2). 
Thermal analysis. The TG-DSC analysis of BCTZ was performed using SDT Q 600 V20.9 thermal 
analyzer in the temperature range 30-1000 0C at 10 K/min. The TG curve of BCTZ shows the 
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decomposition of the sample at various temperatures (Fig 3). In the grown crystal, there is no weight 
loss up to 1000C, indicating absence of water in the molecular structure BCTZ and the DSC profile 
shows that the thermally stability of the sample is 210.7 0C.  

 

 
Fig. 3. TG-DSC profile of BCTZ. 

 
Vickers’s Micro hardness. Hardness is the one of the very important physical properties, which can 
be used as a suitable measure to analyze the strength of the material. The microhardness measurement 
was carried out on the well-polished BCTZ crystal of dimension 5x4x3 mm3 using REICHERT MD 
4000 E ultra micro hardness tester with a diamond indentor. The Vicker’s hardness values of BCTZ 
were estimated for different applied loads. A graph is drawn with the parameters hardness (Hv) and 
load (p) as shown in Fig 4. It is clear from the graph that the hardness number increases with 
increasing load up to 100 g. Hardness attains saturation above 100g, which may be due to the outcome 
of internal stresses generated locally due to indentation 
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Fig. 4. Hardness Vs Load profile of BCTZ. 
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HPLC Studies. To realize the purity of the crystalline materials of BCTZ, the sample was subjected 
to High performance liquid chromatography study using HPLC instrument. The spectrum shows 
single peak with the retention time of 3.969 minutes with the peak voltage of 490 mv. The peak with 
high resolution clearly shows that BCTZ sample is pure. 
UV–Vis spectroscopy. The UV-Vis spectra of BCTZ in ethanol-water aqueous solution (volume 
ratio 3:1) were recorded with 200 - 800 nm wavelength bands. From the spectral profile (Fig 5), it is 
evident that BCTZ optically good in the visible region including part of IR and UV. The wavelength 
minimum is found to be 226.4 nm. The absence of absorption in the above mentioned region reveals 
the suitability of the sample for NLO applications.  

 
Fig. 5. UV-Vis- Absorbance spectrum of BCTZ. 

 
Summary. Optically transparent and good quality crystals of BCTZ were grown successfully by slow 
evaporation method. The crystal structure was analyzed using standard crystallographic procedures. 
The UV cut-off wavelength is observed to be 226 nm, which is suitable for producing blue-violet 
light using diode laser. The functional elements of BCTZ were analyzed through FT-IR and FT 
Raman studies. The low absorption in the visible region shows that these crystals are usable in SHG. 
Thermal studies reveal that the BCTZ sample stable up to 210.7 0C. The mechanical properties were 
analyzed. The purity of the compound was confirmed by HPLC technique. From all these studies, it 
can be concluded that the title compound BCTZ is a potential material for NLO applications. 
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