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ABSTRACT 
The Dicoumarole derivative 4-amino-3-((4-amino-2-oxo-2H-chromen-3-yl)(3-(4-chlorophenyl)-1-phenyl-1H-
pyrazol-4-yl)methyl)-2H-chromen-2-one obtain by crystal growth by slow evaporation solution growth method 
having approximate dimensions of 0.630 x 0.400 x 0.310 mm. The Crystal where characterized using different 
characterization techniques like single crystal XRD, FT-IR, dielectric study, TG-DTA and UV-Visible spectra. 
Single crystal XRD was adopted for determination of lattice constant, space group and structure analysis. FT-
IR spectrum denotes that there are mainly six group of absorption. The dielectric study represent that dielectric 
constant decreased as the frequency of the applied field increased and also studied The variation of dielectric 
loss, a.c. conductivity and a.c. resistivity with frequency of the applied field in the frequency range from 20 Hz 
to 2 MHz at room temperature. Thermal stability of dicoumarole determine by TG-DTA study. The study of UV-
Visible spectrum denotes that the good transmittances of the crystal in the entire visible region. 

Keywords: Dicoumarole crystal, solution growth, single Crystal XRD, FT-IR, Dielectric, TG-DTA, UV-Visible 
spectrum.  

INTRODUCTION 
A significant number of the known coumarins are fluorescent particles and they are known to have great 
quantum yield [6, 15] and high photo stability [2, 4]. The coumarins are mostly colorless but substitutions at 
various positions bring out a red shift in absorption and emission, and are utilized in the applications such as 
laser dyes [16], textile dyes [5], sensors [14] as a optical brighteners [13], non-linear optical (NLO) materials 
[17] and in biological labeling [11, 22]. The mixes with azo usefulness are less fluorescent to non-fluorescent in 
nature. Azo practical gathering at the 3-position of 4-hydroxy coumarins particle was first reported by 
Yazdanbaksh et al. [23]. In the later studies on these molecules, UV–visible absorption, fluorescence and acid 
dissociation constants were reported [23, 21] 

The synthesis of Dicoumarole 4-amino-3-((4-amino-2-oxo-2H-chromen-3-yl)(3-(4-chlorophenyl)-1-phenyl-1H-
pyrazol-4-yl methyl)-2H-chromen-2-one crystal growth by slow evaporation solution growth method. A 
colorless block crystal of C36H29ClN4O5S having approximate dimensions of 0.630 x 0.400 x 0.310 mm was 
obtains. The single crystal XRD study reveals that of dicoumarole derivative has primitive triclinic crystal 
system, Based on a statistical analysis of intensity distribution, and the successful solution and refinement of the 
structure, the space group was determined to be: P-1 (#2). FT-IR spectrum represent that there are mainly six 
groups of absorption are Alcohol, Alkene, Alkyl halide, Amine, Aromatic and Ether. The dielectric study of 
dicoumarole derivative was done in the frequency range from 20 Hz to 2 MHz at room temperature. The 
dielectric constant decreased as increased the frequency of the applied field. The variation of dielectric loss, a.c. 
conductivity and a.c. resistivity also studied with the frequency of the applied field. Increasing frequency of 
applied field the dielectric constant and dielectric loss decreased and the a.c. conductivity was due to the 
correlated barrier hopping. The TGA study shows that sample remain stable up to 200oC. The DTA curve shows 
a major endothermic peak at 284.29oC which correspond to the melting point of material. The sharpness of peak 
at 284.29oC indicates the high purity of the grown crystal. The study of optical transmittance spectrum of the 
grown crystal is shows that there is no appreciable absorption of light in the entire visible region. The good 
transmittance property of the crystal was found in the entire visible region. 

SYNTHESIS OF MATERIAL AND CRYSTAL 
4-amino coumarin (0.01mol) was taken in methanol (20 ml) and refluxed for few min. till clear solution was 
observed. Then pyrazole aldehyde (0.005 mol), 2-3 drops of conc. HCl and reflux the reaction mixture for 10 
hours. The completion of reaction was monitored by Thin Layer Chromatography System, solvent system ethyl 
acetate: hexane (8:2). After completion of the reaction, the reaction mixture was cooled and poured over ice 
water (50 ml). The solid crude product, was filtered, washed with water and dried to give the desired compound.  

Pure  compound  4-amino-3-((4-amino-2-oxo-2H-chromen-3-yl)(3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-4-
yl)methyl)-2H-chromen-2-one was taken in 20 ml with  binary  mixture  of  DMSO+IPA  and  heated  till  
compound  completely dissolve.  Then  0.5  gm  charcoal  was  added  and  further  it  was  heated  to  remove 
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color impurity. The hot solution was filtered through wattmann 41 filter paper. The solution was allowed to cool 
gradually and kept in a stopper conical flask slightly opened. The crystal was grown up due to thin layer 
evaporation. Reaction scheme of dicoumarole derivative is shown in figure 1. 

 
Fig.-1: Reaction scheme of dicoumarole derivative 

RESULT AND DISCUSSION 
A. Single crystal X-Ray Diffraction 
Single-crystal X-ray diffraction is most commonly used for precise determination of a unit cell, including cell 
dimension and position of atoms within the lattice.  Bond-length and angle are directly related to the atomic 
position.  The crystal  structure  of  a  mineral  is  a  characteristic  property  that  is  the  basis  for 
understanding  many  of  the  properties  of  each  mineral.   

A colorless block crystal of C36H29ClN4O5S having approximate dimensions of 0.630 x 0.400 x 0.310 mm was 
mounted on a glass fiber. All measurements were made on a Rigaku SCX mini diffractometer using graphite 
monochromatic Mo-Kα radiation. The crystal-to-detector distance was 52.00 mm. Cell constants and an 
orientation matrix for data collection corresponded to a primitive triclinic cell with dimensions: 

a =   10.2924(7) Å        α =   74.321(2)o 

b =   11.9363(8) Å        β =   84.571(3)o 

c =   13.8467(9) Å        γ =   89.790(3)o 

V = 1630.0(2) Å3 

For Z = 2 and F.W. = 665.16, the calculated density is 1.355 g/cm3. Based on a statistical analysis of intensity 
distribution, and the successful solution and refinement of the structure, the space group was determined to be: 

P-1 (#2) 

The data were collected at a temperature of 20 ± 1oC to a maximum 2θ value of 55.0o. A total of 540 oscillation 
images were collected. A sweep of data was done using ω oscillations from -120.0 to 60.0o in 1.0o steps. The 
exposure rate was 10.0 [sec./o]. The detector swing angle was -30.80o.  A second sweep was performed using ω 
oscillations from -120.0 to 60.0o in 1.0o steps. The exposure rate was 10.0 [sec. /o]. The detector swing angle 
was -30.80o.  Another sweep was performed using w oscillations from -120.0 to 60.0o in 1.0o steps. The 
exposure rate was 10.0 [sec. /o]. The detector swing angle was -30.80o. The crystal-to-detector distance was 
52.00 mm. Readout was performed in the 0.146 mm pixel mode. Crystal Structure of dicoumarole molecules is 
shown in figure 2, Oak Ridge Thermal-Ellipsoid Plot diagram of molecule is shown in figure 3, PLATON 
ellipsoid plot diagram of molecule is shown in figure 4 and packing diagram of dicoumarole is shown in figure 
5. Detail analysis in crystal data form of dicoumarole by Single crystal XRD is shown in table-1. 

Table-1: Analysis of Single Crystal XRD of Dicoumarole 
Empirical Formula C36H29ClN4O5S 
Formula Weight 665.16 

Crystal Color, Habit colorless, block 
Crystal Dimensions 0.630 X 0.400 X 0.310 mm 

Crystal System Triclinic 
Lattice Type Primitive 

Lattice Parameters 

a =  10.2924(7) Å 
b =  11.9363(8) Å 
c =  13.8467(9) Å 
α =  74.321(2)o 
β =  84.571(3)o 
γ =  89.790(3)o 

V = 1630.0(2) Å3 
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Space Group P-1 (#2) 
Z value 2 

Dcalc 1.355 g/cm3 
F000 692.00 

μ(MoKα) 2.308 cm-1 
 

 
Fig.-2: Crystal structure of molecules 

 
Fig.-3: Oak ridge thermal-ellipsoid plot diagram of molecule 

 
Fig- 4: Platon ellipsoid plot diagram of molecule 

 
Fig.-5: Packing Diagram of dicoumarole derivative 
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B. FT-IR Study 
The study of infrared spectra involves examination of stretching, bending and vibration mode of atoms in 
molecules. Hence it is useful to determination of functional group of samples. 

Figure 6 shows FT-IR spectrum of 4-amino-3-((4-amino-2-oxo-2H-chromen-3-yl)(3-(4-chlorophenyl)-1-
phenyl-1H-pyrazol-4-yl)methyl)-2H-chromen-2-one crystal. There are mainly six groups of absorption. The 
detail analysis of the FT-IR spectrum of dicoumarole is given in table 2. 
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Fig.-6: FT-IR Spectrum of dicoumarole 

Table-2: Analysis of FT-IR Spectrum of Dicoumarole 
Type Validation Mode Type of Vibration Absorption peaks(cm-1) 

Alcohol O-H Stretch 3209.66 

Alkenes 
=C-H Stretch 3093.92 
C=C Stretch 1604.83 
=C-H Bending 898.86 

Alkyl halide 
 

C-Cl Stretch 752.26 
C-Cl Stretch 692.47 

Amine 
N-H Stretch 3404.47 
C-N Stretch 1342.5 
C-N Stretch 1219.05 

Aromatic C=C Stretch 1444.73 
Ether C-O Stretch 1070.53 

C. Dielectric  Study 
The dielectric constant is one of the basic electrical properties of solids. Dielectric properties are correlated with 
the electro-optic property of the crystals (Aithal et al., 1997). The capacitance(Cp) and dielectric loss (tan δ) of 
4-amino-3-((4-amino-2-oxo-2H-chromen-3-yl)(3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)methyl)-2H-
chromen-2-one crystal were measured  using the conventional parallel plate capacitor  method for at room 
temperatures with frequency (f) range of 20Hz to 2 MHz .  

Dielectric study of Active Pharmaceutical Ingredients, amino acids and carbohydrates has been reported [8]. A 
broadband dielectric spectroscopic investigation of Verapamil Hydrochloride (VH), a calcium channel blocker 
by Adrjanowicz et al. [12] is carried out to understand its molecular dynamics. The dielectric investigation of 
amorphous pharmaceutical drugs has been reported in correlation with molecular mobility and isothermal 
crystallization kinetics [9].  

For the most part there are four contributions playing important role in the value of dielectric constant (ε’); 
which are from electronic, ionic, dipolar and space-charge polarizations.  All these may be active in low 
frequency region. The nature of the variation of ε’ with frequency recommended which contribution is 
prevailing. The space-charge contribution based on the purity and perfection of the crystal 

Figure 7 shows the change of ε’ with frequency of applied field. The dielectric constant decreases very quickly 
as frequency increases. The nature of the plot in the figure 7 recommended that the space-charge polarization is 
active in low frequency region, which is reflected in terms of very quickly decrease in the value of dielectric 
constant with increase in frequency. This also further recommended that the dipoles can not comply with the 
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varying field and hence the decreasing nature is exhibited, which is a common feature in 4-(2-
hydroxyphenylamino)-pent-3-en-2-one [3] and zinc tartrate crystals [18]. More-or-less, the same type of nature 
is observed for the change in dielectric loss (tanδ) with the frequency of applied field as shown in the figure 8. 
Recently, an a.c. conductivity and dielectric constant measurements of bulk pyronine G (Y) is reported by 
Yaghmour [20]. The author notice that the dielectric constant and dielectric loss decreased by increasing 
frequency and the a.c. conductivity was because of the correlated barrier hopping. 

Generally, typical current carriers in organic solids are through π- conjugated systems and the electrons can 
change position via π-electron cloud, especially, by hopping, tunneling and other associated mechanisms. Figure 
9 shows that the a. c. conductivity σac increases as the frequency increases and the completely different nature is 
observed for a. c. resistivity. In case of the a. c. conductivity if the angular frequency of applied field is 
represented by  

ω=2πυ 

The Jonscher’s equation [1, 10] can be written as follows, 

σac(ω,T)=σdc(T)+a(T)ωn 

Where,σdc(T) (or static,ω=0) is the dc conductivity because of excitation of electrons from a localized state to 
the conduction band, a(T)ωn is the ac conductivity because of the dispersion phenomena occurring in the 
material, a(T) is a temperature dependent constant and n is the power law exponent, which generally change 
between 0 and 1 depending on temperature. The exponent n represents the degree of interaction between mobile 
ions with the lattice around them. A typical frequency dependence of conductivity spectrum shows three 
distinguish regions, namely, (a) low frequency dispersion, (b) an intermediate frequency plateau and (c) an 
extended dispersion at high frequency. 

 
Fig.-7: Plot of dielectric constant versus log f. 
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Fig.-8: Plot of dielectric loss versus log f. 

 
Fig.-9:  Plot of a. c. conductivity and a. c. resistivity versus log f. 

D. Thermo gravimetric analysis 
Thermo gravimetric and differential thermal analysis gives information regarding thermal stability, weight loss 
of compound, phase transaction and different stage of decomposition of the crystal system. Figure 10 shows the 
thermo gram of simultaneous recorded TGA and DTA. The thermo gravimetric analysis of dicoumarole is 
carried out between 300C to 8000C in nitrogen atmosphere at a heating rate of 100C/min. 

The TGA plot shows that sample remain stable up to 2000C. The DTA curve shows a major endothermic peak 
at 284.290C which correspond to the melting point of material. The sharpness of peak at 284.290C is indicating 
the high purity of the grown crystal. The absence of water in molecular structure is indicated by absence of 
weight loss around 100 0C. 

The TGA curve shows that there are three state of weight loss. The first weight loss is about at 2000C. Which is 
indicates the beginning of the decomposition. Second stage of weight loss was occurring between 300 0C and 
450 0C. Weight loss above 4500C is assign to the decomposition of the compound. 

 
Fig.-10: Plot of TG-DTA of dicoumarole derivative crystal 

E. UV-Visible spectra 
Ultraviolet and visible spectroscopy is mainly used to determine the amount of conjugated double bond in the 
molecules. Most organic compounds  with  variable functional  groups  are  transparent  in  the  range  of  the  
electromagnetic  spectrum, which  we  call  ultraviolet  (UV)  and  visible (Vis.)  regions. In electromagnetic 
spectrum, the UV comes in range of 100 –400 nm. 

The UV spectra of dicoumarole were recorded on a Shimadzu- 1700 UV spectrophotometer using N,N-
Dimethylformamide as  solvents  with  concentration of solution is 1.4×10-7mmol. The optical transmittance 
spectrum of the grown crystal is shown in figure 11. and it indicates that there is no appreciable absorption of 
light in the entire visible region. The good transmittance property of the crystal in the entire visible region was 
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ensuring its stability for second harmonic generation applications [19]. Figure 11 shows the plot of absorption 
and transmittance versus wave length of UV-Visible radiation in the range of 100 nm to 800 nm. 

 
Fig.-11: Plot of UV-Visible spectrum of dicoumarole derivative 

CONCLUSION 
The synthesis of Dicoumarole 4-amino-3-((4-amino-2-oxo-2H-chromen-3-yl)(3-(4-chlorophenyl)-1-phenyl-1H-
pyrazol-4-yl)methyl)-2H-chromen-2-one crystal growth by slow evaporation solution growth method. having 
approximate dimensions of 0.630 x 0.400 x 0.310 mm. Based on a statistical analysis of intensity distribution, 
and the successful solution and refinement of the structure, the space group was determined to be: P-1 (#2). FT-
IR spectrum shows there are mainly six groups of absorption found are Alcohol, Alkene Alkyl halide, Amine, 
Aromatic and Ether. The dielectric study was carried out in the frequency range from 20 Hz to 2 MHz at room 
temperature. The dielectric constant decreased as the frequency of the applied field increased. The variation of 
dielectric loss, a.c. conductivity and a.c. resistivity also studied with frequency of the applied field the dielectric 
constant and dielectric loss decreased by increasing frequency and the a.c. conductivity was due to the 
correlated barrier hopping. The studies of TGA plot shows that sample remain stable up to 200oC. The DTA 
curve shows a major endothermic peak at 284.29oC which correspond to the melting point of material. The 
sharpness of peak at 284.290C is indicating the high purity of the grown crystal. The absence of water in 
molecular structure is indicated by absence of weight loss around 100oC. The study of UV-Visible spectrum of 
the grown crystal indicates that there is no appreciable absorption of light in the entire visible region. The good 
transmittance property of the crystal in the entire visible region was ensuring its stability for second harmonic 
generation applications. 
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