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Abstract: An organic marine dye compound (7-bromo-6-chloro-3-[3-[(2R, 3S)-

3-hydroxy-2-piperidyl]-2-oxopropyl]-4(3H)-quinazolinone) was synthesized. 

The characteristics of this dye is soluble in water. The organic compound was 

made into a crystal by slow evaporation technique. The grown crystals were 

characterized by single crystal x-ray diffraction (XRD) analysis, FTIR studies 

and UV-visible transmittance studies and the NLO activity of the grown 

crystal has been checked by second harmonic generation (SHG) test.  
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Introduction 

Nonlinear optical (NLO) materials have gained considerable attention due to their practical 

applications in the field of optoelectronics
1,2

. The development of NLO materials led to 

compounds potentially suitable for application in frequency conversion, optical 

telecommunication, image processing, optical computing and data storage devices
3-6

. 

Quinazolinone family-type crystals over the years have been subjected to extensive 

investigation by the researchers for their non-linear optical properties
7,8

. Among the 

disulfonic acid, quinoline is the simplest molecule with second harmonic generation 

efficiency of about one-third of that of the well known KDP
9,10

, it is expected to get 

improved NLO properties. Keeping this in mind, the quinoline mixtures have been mixed to 

form a novel NLO material. 7-Bromo-6-chloro-3-[3-[(2R,3S)-3-hydroxy-2-piperidyl]-2- 



In
te

n
si

ty
 (

a.
u
.)
 

2θ 

1063 M.JAYANDRAN et al. 

oxopropyl]-4(3H)-quinazolinone reported the details of crystal structure of (Halofuginone) 

and it is observed from the various properties of crystals report. Hence the aim of this paper 

is to report the crystal growth of that marine dye and the confirmation has been identified by 

spectroscopic studies and NLO activity of crystals.  

Experimental 

A crystalline compound of halofuginone molecular formula is C16H17BrClN3O3. It belongs 

to a chemical class of di-azo compound and the structure is shown in Figure 1. The aqueous 

solution of the dye was prepared prior to the experiments by dissolving the requisite amount 

of dye in double distilled water at ambient temperature. The substances have a melting point 

468.1 ºC and water solubility 209 g/L (20 ºC) 
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Figure 1. Structure of 7-bromo-6-chloro-3-[3-[(2R, 3S)-3-hydroxy-2-piperidyl]-2-oxopropyl] -

4(3H)-quinazolinone 

Results and Discussion 

XRD analysis 
The grown crystals were subjected to single crystal XRD to confirm the crystalline and also 

to estimate the lattice parameters by employing Bruker-nonious MACH3/CAD4 single        

x-ray diffractometer. From single crystal x-ray diffraction data, it is observed that the           

7-bromo-6-chloro-3-[3-[(2R,3S)-3-hydroxy-2-piperidyl]-2-oxopropyl]-4(3H)-quinazolinone. 

The peaks in the fig show the crystalline nature of halofuginone. Further the peaks are 

indexed. This is shown in Figure 2. 

 
 

 

Figure 2. XRD patterns recorded from 7-bromo-6-chloro-3-[3-[(2R,3S)-3-hydroxy-2-

piperidyl]-2-oxopropyl]-4(3H)-quinazolinone 
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FTIR analysis 

The fourier transform infrared (FTIR) spectrum of 7-bromo-6-chloro-3-[3-[(2R,3S)-3-

hydroxy-2-piperidyl]-2-oxopropyl]-4(3H)-quinazolinone crystal was recorded in the region 

400 - 4000 cm
-1

 using FTIR SHIMADZU 8400S. Amide functional group appeared at 3300 cm
-1

 

with sharp absorption and also giving C=O stretching absorption at 1638 cm
-1

. It was further 

confirmed by observing C=O overtone absorption appeared at 3810 cm
-1

 and 3919 cm
-1

. The 

strong absorption at 1030 cm
-1

 was assigned to C-O group due to its stretching vibrations. 

The strong absorption at 1564 cm
-1

 confirms the presence of COO functional groups along 

with the amide group. The asymmetric stretching absorption of –CH3 group was appeared at 

2364 cm
-1

 and its symmetric stretching absorption was appeared at 2224 cm
-1

. The stretching 

absorptions in the range from 738 cm
-1

 confirms the presence of –Cl group and the another –Br 

containing compounds absorb at strongly in the region 576 cm
-1

. The strong absorption at 

3550.32 cm
-1

 was confirms the presence of –OH group due to its stretching vibrations. Also, 

strong absorption at 1411 cm
-1

 was due to bending absorption of alkyl group. The 

absorptions were summarized in Table 1 and spectra were given in Figure 3.    

 
 

Figure 3. FTIR spectrum of 7-bromo-6-chloro-3-[3-[(2R,3S)-3-hydroxy-2-piperidyl]-2-

oxopropyl]-4(3H)-quinazolinone crystal 

Table 1. Frequencies of the fundamental vibrations of GPC  

S. No. Frequency in wavelength, in cm
-1 

Assignment of vibration 

1 3810 and 3919 C=O Overtone absorption 

2 3300 -NH stretching vibration 

3 2364 sp
3
 asym. Stretching 

4 2224 sp
3
 sym. Stretching 

5 1564 COO asym. Stretching 

6 1411 sp
3
 alkyl bending 

7 3550.32 -OH stretching vibration 

8 738 -Cl stretching vibration 

9 576 -Br stretching vibration 
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Optical transmission spectral analysis  

The UV Visible transmittance spectrum (Figure 4) 7-bromo-6-chloro-3-[3-[(2R, 3S)-3-

hydroxy-2-piperidyl]-2-oxopropyl]-4(3H)-quinazolinone crystal was recorded in the  

wavelength range 190-1100 nm, using Lambda 35 spectrometer. Optically polished single 

crystal of thickness 2 mm was used for this study. This spectral study may be assisted in 

understanding electronic structure of the optical band gap of the crystal. The study of the 

absorption edge is essential in connection with the theory of electronic structure, which leads 

to the prediction of whether the band structure is affected near the band extreme. It is 

noticed from the results that 7-bromo-6-chloro-3-[3-[(2R,3S)-3-hydroxy-2-piperidyl]-2-

oxopropyl]-4(3H)-quinazolinone crystal has transmittance in the entire visible-NIR region 

190-2500 nm of the spectra and the high transmission in the entire visible region and short 

cut off wavelength facilitates the grown crystals of this work to be potential nonlinear 

optical  materials for second harmonic and third harmonic of Nd: YAG laser. Absorption in 

the near ultraviolet region arises from electronic transitions associated within the samples. 

The cut-off wavelength (λ) is around 240 77 nm. Using the formula Eg = hc / λ, the band 

energy gap was found to be 6.396 eV have been shown in Figure 4. 

 
 

Figure 4. UV-visible transmittance spectrum for 7-bromo-6-chloro-3-[3-[(2R,3S)-3-hydroxy  

-2-piperidyl]-2-oxopropyl]-4(3H)-quinazolinone crystal 

Second harmonic generation (SHG) test 

The nonlinear optical (NLO) property of the grown crystal was confirmed by Kurtz-Perry 

powder technique
14

. The 7-bromo-6-chloro-3-[3-[(2R,3S)-3-hydroxy-2-piperidyl]-2-oxopropyl] -

4(3H)-quinazolinone crystal was powdered with uniform particle size using a ball mill and it 

was packed densely between two transparent glass slides. An Nd: YAG laser was used as a 

light source. This laser device can  be operated  in  two  different  modes. In  the  single-shot 
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mode, the laser emits an 8 ns pulse. While in the multi-shot mode, the laser produces a 

continuous train of 8 ns pulse at a repetition rate of 10 Hz. In the present study, a multishot 

mode of 8 ns laser pulse with a spot radius of 1 mm was used. The experimental setup for 

measuring SHG efficiency is shown in the Figure 5. A fundamental laser beam of 1064 nm 

wavelength, 8 ns pulse with 10 Hz pulse rate was made to fall normally on the sample 

cell(S). The power of the incident beam was measured using a power meter. The filter F1 

removes the 1064 nm light and the filter F2 is a BG-38 filter, which also removes the 

residual 1064 nm light. F3 is an interference filter with bandwidth of 4 nm and central 

wavelength 532 nm. The green light was detected by a photomultiplier tube (PMT) and 

displayed on a cathode ray oscilloscope(CRO). KDP crystal was powdered into identical 

size as 7-bromo-6-chloro-3-[3-[(2R, 3S)-3-hydroxy-2-piperidyl]-2-oxopropyl]-4(3H)-

quinazolinone crystal and it was used as reference material in the SHG measurement. In the 

NLO process that taking place in the sample, it converts the 1064 nm radiation into green 

light (λ=532 nm) when Nd: YAG laser light is passed into the sample and this confirms the 

SHG. It was found that the efficiency of SHG is 0.76 times that of the standard KDP. 

 
                           Figure 5. Experimental setup for SHG measurement 

Conclusion 

The crystals of 7-bromo-6-chloro-3-[3-[(2R, 3S)-3-hydroxy-2-piperidyl]-2-oxopropyl]-

4(3H)-quinazolinone was grown by slow evaporation at room temperature. The grown 

crystal was characterized by using x-ray diffraction method. The quality of the crystal 

examined by high resolution x-ray diffraction study indicates that the crystalline quality 

which reasonably good withouthaving any internal structural grain boundaries. Functional 

groups and the modes of vibrations were identified by FTIR spectroscopy. The grown 

crystal is transparent in the entire visible region. The SHG efficiency was determined as 

15% of that of the standard KDP.  The UV visible-NIR spectrum of the 7-bromo-6-chloro-3-

[3-[(2R, 3S)-3-hydroxy-2-piperidyl]-2-oxopropyl]-4(3H)-quinazolinone showed that the 

crystal is transparent in the range of 190-2500 nm. The band gap energy of that compound 

has been estimated from the optical transmittance spectrum is about 2.24 eV. The NLO 

crystal of 403 efficiency tested by high intensity Nd: YAG laser as a source is about 60 

times greater than that of KDP.  
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