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ABSTRACT

Single crystals of 8-Hydroxyquinoline have been effectively grown by slow evaporation technique.
Crystalline nature of the material was confirmed using X-ray diffraction technique. Solubility and Metastable zone
width studies for crystal have been studied. Optical absorption and photoconductivity property of the grown crystal
were carried out. SHG efficiency of the powdered crystalline material is investigated using Q-switched Nd: YAG
laser.
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1. INTRODUCTION

Methods of inventing novel and cost-effective organic materials with efficient nonlinear optical (NLO)
coefficient has gained momentum in the recent past on account of their interesting nonlinear optical applications
in optical parametric amplifiers, optical parametric oscillators, Q-switched optical applications, etc. The advantage
in working with an organic material is that one can tune the chemical structure appropriately to the desired nonlinear
optical properties. In general, second order nonlinear optical (NLO) effects in organic molecules originate from a
strong donor - acceptor intramolecular interactions. In this direction, crystal structure of a compound, namely 8-
Hydroxyquinoline (8-HQ) crystallizes with non-centrosymmetric crystal structure is selected for systematic
studies.

2. EXPERIMENTAL DETAILS

Material synthesis & X-ray diffraction analysis: The starting material (AR grade) were purchased from
Sigma-Aldrich and they are used without further purification for material synthesis. The recrystallized compound
was used for single crystal growth by the solvent evaporation technique. The various planes of reflections of powder
X-ray diffraction data are indexed using mercury software. The cell parameters of 8-HQ crystals were estimated
by single crystal X-ray diffraction analysis and the cell parameters are a= 3.84 A, b= 24.97 A, c= 28.68 A, and
a=b=c=90°. The grown crystal belongs to orthorhombic crystal system with space group Fdd2.
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Fig.1.Powder X-ray diffraction data 8-HQ Fig.2.‘As grown crystal of 8-HQ

3. RESULTS AND DISCUSSION

3.1. Crystal growth: Single crystals of optical quality of 8-HQ were grown using a standard slow evaporation
technique. A saturated solution of the title compound in methanol was prepared and stirred well about an hour to
dissolve the material completely. The solution was then filtered through a quantitative whatmann 41 grade filter
paper to remove the suspended impurities. The beaker containing the filtrate was covered using thin polythene
sheet to prevent the evaporation quickly. The perforations were made to regulate the evaporation. The beaker was
kept aside unperturbed in an atmosphere most suitable for the growth of single crystals. Proper care was taken to
minimize mechanical disturbance and temperature fluctuations. In a normal growth period of 7 days, single
crystals of the title material were harvested and subjected to the characterization.
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3.2. Solubility and Metastable Zone width studies: Growth of organic crystals with well-defined morphology
depends mainly on the solvent used for crystal growth. Solvents offering moderate solubility-temperature gradient
for a material and yielding prismatic growth habit will be chosen for growing single crystals of that material. For
choosing the most suitable solvent for crystal growth, valuable information can be obtained through solubility test.
The solubility of recrystallized powder of 8-HQ was measured in methanol as a function of temperature between
30 and 50°C in steps of 5°C. The saturated solution prepared in a well-controlled thermal environment with excess
of solute was magnetically stirred and equilibrated for nearly 5 hours before each sample was taken. Solubility was
then measured gravimetrically. The filtered saturated solution was preheated to 5°C above the saturation
temperature for homogenization and left at the superheated temperature for 2 h before cooling. The equilibrium-
saturated solution was cooled from overheated temperature, with a cooling rate of 2°C/ hour, till a first visible
crystal was observed. The difference between the saturated temperature and the nucleation temperature was taken
to be the metastable zone width of the system, which depending on many parameters such as preheating, purity as
well as concentration of solution, and cooling rate. The solubility and metastable zone width details of 8-HQ in
methanol are shown in Fig. 3. The solubility increases with the temperature and hence it suggests slow evaporation
or slow cooling solution growth could be a better method to grow good quality single crystals of 8-HQ.

3.3. UV-Visible Transmission Spectrum and Photoconductivity studies: The transmission spectrum plays a
vital role in identifying the potential of a NLO material. A given NLO material can be of utility only if it has a wide
transparency window. The UV-visible transmission spectrum of grown APHCB crystals was recorded in the range
200 — 1200 nm. The spectrum is shown in Fig. 4. The grown crystal has no absorption beyond the wavelength 450
nm Hence this illustrates to know the suitability of the crystal for second harmonic generation and various optical
applications. Photoconductivity studies of the polished samples were taken with the help of thin copper wires
attached on either side of the sample using silver paste. Halogen lamp provided with tungsten filament is used as a
source for photocurrent measurement. Fig. 5 show the negative photoconductivity of the sample. This is due to the
decrease in number of charge carriers when sample is exposed to radiation. Stockman model also explains the
same. In accordance with this model, forbidden energy gap in the crystalline material has two energy levels. Upper
energy level is present between Fermi level and conduction band. The lower energy level is situated near valence
band. The confine cross-section of lower level is large for the electrons from conduction band and holes from
valence band. Where recombination of electrons and holes takes place results decrease in charge carriers and
increase in negative photoconductivity. This high negative photoconductivity makes use of the sample in UV and
IR detector applications.

3.4. Second Harmonic Generation: The Kurtz and Perry powder technique was used to analyze the SHG property
of as grown 8-HQ crystals. In this method, powdered sample of randomly oriented crystallite particles were tightly
packed in a micro-capillary tube. The sample was then exposed to the output of Q-switched Nd:YAG laser emitting
a wavelength of 1064 nm with power 3.2 mJ/P. The output signal of wavelength 532 nm was generated. The SHG
conversion efficiency was computed by the ratio of signal amplitude of the 8-HQ sample to that of Urea signal
amplitude recorded for the same input power. The SHG efficiency of the grown 8-HQ crystal was 120 mV and the
efficiency was found to be more than six times that of KDP (18 mV).
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Figure.3. Solub]llty and Metastable Zone width studies of 8-HQ in methanol solvent
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Fig. 4. Optical transmission spectrum of 8-HQ crystal Fig. 5. Photoconductivity response of 8-HQ

4. CONCLUSION

The Nonlinear optical single crystals of 8-Hydroxyquinoline single crystals were synthesized and grown
by adopting slow evaporation technique at room temperature. Single crystal and powder X-Ray diffraction analysis
confirmed the non-centrosymmetric space group and crystallinity of the grown crystals. The solubility and
Metastable Zone width for title crystal have been studied. UV-vis absorption analysis reveals the electron transition
around wavelength 358 nm which confirms the formation of charge transfer in grown crystal. The transparency of
the grown crystals was studied through UV-Vis transmission spectra from the transmittance value, the optical band
gap was calculated for the grown crystals. The SHG efficiency of AMPHCB crystal was 195 mV which is found
to be more than ten times that of KDP (18 mV). Hence the grown crystal may be best candidate for nonlinear
optical (NLO) applications.
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