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Abstract

Organic nonlinear optical crystal pure and doped (benzophenone and paratoluidine) 2-amino-
5chloro benzophenone (2A-5CB) have been grown by slow evaporation method at room
temperature. The lattice parameters of the grown crystals are determined by single crystal XRD.
The grown crystals are characterized by FT-IR and FT-Raman, thermal and mechanical studies.
The UV-Vis-NIR spectrum of pure and doped 2-amino-5chloro benzophenone (2A-5CB) shows
less optical absorption in the entire visible region. Nonlinear optical study reveals that the SHG
efficiency of pure and doped 2-amino-5chloro benzophenone (2A-5CB) are nearly 3 times
greater than that of KDP. The dielectric constant and dielectric loss of the crystal are studied as
function of frequency and the results are discussed. Photoconductivity studies are revealed that
pure and doped 2A-5CB crystals have negative photoconducting nature.

Keywords. Organic compound, Nonlinear optical material, |Bitric response, Optical
transmission

INTRODUCTION
Organic crystals find applications in frequency bling, frequency mixing, electro optic
modulation, optical storage and optical communaceti The organic compounds with electron
rich (donor) and deficient (acceptor) substitueptsyide the asymmetric charge distribution in
the n electron system and show large nonlinear optiesponses. NLO crystals should meet
several requirements, such as large phase — mé&chahlinear optical co-efficient, a wide
optical and chemical stability and a high damagestold [1]. A majority of organic crystals
have their absorption in the blue light region aodhe of them have a cut-off wavelength lower
than 450 nm. This indicates the possibility of regtli conversion efficiency of SHG due to self-
absorption of materials when using a semicondulaser with 800 nm band [2-3]. Hence,
recently there has been a search for newer ordgdi@ materials with blue light transmittance
[4]. 2-amino-5chloro benzophenone (2A-5CB) is arce#ent organic NLO crystal. In the
present work, we report the growth of a promisimglimear organic crystal of both pure and
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doped (benzophenone and paratoluiding-amino-5-chlorobenzophenone (2A-5CB)
(C13H10CINO) crystals which are grown by slow evaporatswiution growth technique. The
grown crystals were characterized by single cryXtahy diffraction, UV-Vis-NIR, FT-IR and
FT-Raman studies. The grown crystals are also stdgeto dielectric, photoconductivity,
mechanical and thermal studies.

MATERIALSAND METHODS

2. Experimental procedurefor growth of 2A-5CB crystal

2.1 Determination of Solubility

The solubility of pure and doped 2A-5CB salts weaeried out in a solvent of ethanol at five
different temperatures (30, 35, 40, 45 and 50 ‘Qhe solubility data was determined by
dissolving 2A-5CB salt in 100 ml of ethanol at anstant temperature with continuous stirring.
After attaining the saturation, the equilibrium centration of the solute was analyzed
gravimetrically. The same procedure was repeatedlifferent temperatures. The solubility
curve for different temperatures are drawn and shiowig. 1.

2.2 Growth of pureand doped 2A-5CB crystal

In the present work, commercially available 2A-5CB3H;CINO) (molecular weight 231.68)
was purified by repeated recrystallization proagsiag ethanol. Since the solubility of 2A-5CB
is high (10.65 gm / 100 ml of ethanol at 35) in ethanol, it is very easy to grow good quality
single crystal of suitable size. The seed cryst&se obtained after three days, among them the
defect free and perfectly shaped ones with highsprarency were used as the seed crystals for
further growth experiment. The seed crystals west $easoned in the mother solution taken in
the Mason Jar crystallizer using nylon thread dwhtallowed to grow into bigger size. The jar
was covered with perforated lid to facilitate thews evaporation of the solvent at a constant
temperature of 305 K. Single crystals of size 18 x 5 mni are grown in a period of 50-60
days. The crystals tend to grow as needles andaapgark gold in colour with good
transparency. Fig. 2(a) shows the photograph & GA5CB single crystal.

In the case of doped 2A-5CB, the salts were digsbim ethanol and saturated solutions of
benzophenone (5 mole %), benzoic acid (5 mole d) @aratoluidine (5 mole %) doped 2A-
5CB were prepared separately at room temperature.gfowth experiments were carried out
using the same procedure as in the case of pureCB\-The crystal tends to grow as needles
and appear pale yellowish in colour. Figs. 2(b) 2 show the photographs of as grown single
crystals of benzophenone and paratoluidine dope8Q@B. The optimized growth conditions of
pure and doped 2A-5CB single crystals are presant@eble 1.

Table 1: Optimized growth conditions of pure and doped 2A-5CB crystals

Crystal Growth Period of Dimensions
y Temperature Growth
Pure 2A-5CB 305 K 10to 15 days|  14x6x4 im
Benzophenone
doped 2A-5CB 305K 7to10days | 12x5x5 nim
Paratoluidine doped
2A-5CB 305 K 7t0 10 days | 12x7x4 mim
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1 —&— Pure 2A-5CB
12.0 + —@ — BP-2A-5CB
1 —4&— PT-2A-5CB ®

11.5 A

11.0 A
10.5
10.0 H

9.5

Cocentration (gm/100 ml ethanol)

9.0

52

Temperature (° C)

Fig. 1. Solubility curve of pure and doped 2A-5CB in ethanol
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(a) Pure 2A-5CB (b) Benzophenone doped 2A-5CB

(c) paratoluidine doped 2A-5CB

Fig. 2. Photographs of as grown single crystals of
pure and doped 2A-5CB
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3. Characterization

3.1 Single crystal X-ray diffraction studies

The single crystal X-ray diffraction of pure andped 2A-5CB was carried out using ENRAF
NONIUS CADA4-F single crystal X-ray diffractometeittvMoK, (A = 0.7107 A) radiation. The
calculated lattice parameter values of the purazéyehenone and paratoluidine doped 2A-5CB
single crystals are presented in Table 2. It iseoled that the crystals have C-face centered
monoclinic system with a space group Qf The experimentally observed lattice parameters of
pure 2A-5CB are a = 9.7403A, b = 19.0005A, ¢ = 8824, a = 90°, = 95.7290° = 90° and

V = 4564.8232 A Ramesh Babu et al have reported the crystallbigatata of the crystal as a
=9.751 A, b =10.671 A, c = 24.813 A= 87.47°B = 83.80°y =6 3.154° and V = 2290.46°A
[4]. This discrepancy can be removed by transfogntlre above triclinic data into the C-face
centered monoclinic system [matrix 100 -120 00<}eported in the present work. The lattice
parameters of benzophenone doped 2A-5CB doped B\&t paratoluidine doped 2A-5CB
are found to be slightly different from pure 2A-5CBhese variations may be attributed to the
incorporation of benzophenone and paratoluidin@AfbCB crystal lattice.

Table 2: Singlecrystal XRD data of pure and doped 2A-5CB crystals

L attice Benzophenone | Paratoluidine
parameter Pure 2A-5CB doped 2A-5CB | doped 2A-5CB
a (A) 9.7403 9.7282 9.7392
b (A) 19.0005 18.993 19.0016
c (A) 24.7892 24.852 24.7979
a° 90 90 90
e 95.7290 95.7308 95.7146
\° 90 90 90
C-face centered C-face centered C-face centered
Crystal System L L -
monoclinic monoclinic monoclinic
Space Group [® Ce Ce
Volume (&) 4564.8232 4568.1807 4566.2891

3.2 FT-IR Studies

The FT-IR spectra of pure 2A-5CB, benzophenone mardtoluidine doped 2A-5CB crystals
were recorded on BRUKER IFS 66V FT-IR SPECTROMET#ESg KBr pellet in the range
4000 cm'to 400 cnt and are shown in the Figs. 3 - 5.

In the FT-IR spectra of pure 2A-5CB crystals (RYy.the asymmetric and symmetric stretching
vibrations of NH grouping are observed at 3417.677"camd 3313.538 cih) respectively. The
aromatic CH stretching vibrations appear weak @istve 3000 cth A highly intense and well
defined peak observed at 1617.85™is due to the C=0 stretching vibration of carbogrgup.
The NH deformation is assigned to the peaks at F58di*. The presence of aromatic amines
stretching is clearly identified as a sharp peak2®8.628 cil. The C=C vibrations of aromatic
ring are confirmed at 1461.749 ¢nand 1534.883 cth The peaks at 1319.7 €nand 1238.6
cm® are due to C-N vibrations. The group of peakswbenh 1000 cm and
750 cm* are due to aromatic CH bends. A sharp peak witharaie intensity observed at 702.5
cm’ is due to the stretching vibrations of C-Cl. Thieldie infrared spectra of benzophenone and
paratoluidine doped 2-amino-5-chlorobenzophenoaeshown in Figs. 4 to 5. These spectra are
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very well superimposed with the characteristic geakpure 2A-5CB as seen in Fig. 3. This fact
clearly indicates that the dopant content mightb&lew the detectability limit of IR region.

But the intensities of different peaks are slighdgviated as well as the peaks are marginally
shifted from that of the parent compound. Partidulan the case of benzophenone substituted
2A-5CB, the peaks appear very much resolved angpshience, there might be benzophenone
in the lattice, which is also confirmed in the T@G#alysis discussed. In addition, during the
growth of the crystal, the effect of the benzoimazearly felt by rapid growth of the crystal and

it changes the morphology.
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Fig. 3. FT-IR spectrum of pure 2A-5CB single crystal
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Fig. 4. FT-IR spectrum of Benzophenone doped 2A-5CB single crystal
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Fig. 5. FT-IR spectrum of paratoluidine doped 2A-5CB single crystal

3.3 FT- Raman Studies

FT-Raman spectrum has been recorded in the freguemanging from
3500 cm' to 50 cm* by using BRUKER FRA 106 FT-Raman spectrometie Raman spectra
of pure and doped 2A-5CB crystals are shown in.H@s8). From Fig. 6, it is evident that the
NH vibration at 3318 cfhis very weak. The aromatic CH vibration at 3068'ds very intense
and sharp. Similarly, the C=0 stretching appears aery intense peak at 1620 tim the
lower wave number side is due to Neleformation. The aromatic ring skeletal vibraticare
seen at 1541, 1467 and 1413 trespectively. The peaks at 1155 and 1003 ane due to CN
vibrations. The clusters of peaks below 1000'@re due to aromatic CH bends. A well-defined
peak observed at 836 &nand other sharp peaks identified in the low waweer regions are
due to the bending vibration mode of aromatic CFHe Raman spectra of benzophenone and
paratoluidine doped 2A-5CB are shown in Figs. 87. -

3.4 UV-VisNIR Studies

The optical transmission spectrum of 2A-5CB singtgstal was recorded in the wavelength
region of 200-2000 nm using VARIAN CARY 5E spectnopometer meter. The spectrum of
pure 2A-5CB crystal is shown in Fig. 9. It is evatl¢hat the pure 2A-5CB crystal possesses a
wide optical transparency window from 390 -1400 rifowever, there is an IR absorption
observed at1200 nm. It is also clearly indicated the UV cut-off wavelength lies at 390 nm.
The presence of low cut-off wavelength and the wigical transmission window are the
suitable parameters for frequency doubling of laadration

The UV-Vis-NIR spectra of benzophenone and paratwia doped 2A-5CB are also shown in
Fig. 9. From the spectra it is seen that the d&#e&CB crystals are more transparent than the
parent crystal in entire transmission range of 30&B0 nm without any absorption peak. The
above studies reveal that the doped crystals ppgsgsoved optical properties.
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Fig. 6. FT-RAMAN spectrum of pure 2A-5CB single crystal
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Fig. 7. FT-RAMAN spectrum of Benzophenone
doped 2A-5CB single crystal
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Fig. 9. UV-Vis-NIR Spectra of pure and doped 2A-5CB single crystal

3.5 NLO Studies

For testing the suitability of pure and doped 2AB5€rystals for NLO applications, Kurtz and
Perry powder technique was performed by illumirgatihe powder sample with fundamental
mode (1064 nm) of a Q—switched, mode locked Nd:Ylas&r with input pulse of 9.5 mJ. The
second harmonic signal of 1280 mW (pure 2A-5CBRSLB\W (doped benzophenone) and 1303
mW (doped paratoluidine) respectively were obtairfed pure and doped 2A-5CB with

reference to KDP (403 mW). Thus the SHG efficies®@é& pure and doped 2A-5CB crystals are
nearly 3 times more than that of KDP.
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Fig. 10. TGA-DTA curves of pure 2A-5CB single crystal

3.6 Thermal Studies

The TGA and DTA thermal studies of both pure anazZbphenone and paratoluidine doped 2A-
5CB crystals were carried out from room temperatar@00°C using the instrument NETSZCH
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STA 409C and are shown in Figs. 10-12. The experim@s carried out in nitrogen atmosphere
at the heating rate of KImin. A single major weight loss starting at ab@a0°C is observed
from the TGA trace of pure 2A-5CB (Fig. 10). Thecdmposition completes at about 38D
leaving no residue. But below 22G, there is no weight loss, hence the crystal impietely
free of any entrapped or physically adsorbed ethdathowever the DTA thermogram clearly
indicates the endothermic peak appearing at 1. %hich corresponds to the melting point of
the sample and the same has been verified usingafhary melting point apparatus.

The TGA and DTA traces of benzophenone and paidiokidoped 2A-5CB are shown in Figs.
(11-12). The TGA thermograms for the doped samalie®st appear similar with a single stage
weight loss as in the case of pure ones. In thedigamples also sharp weight loss start just
above 220 °C leading to zero percent residue. Hethege is complete degradation of the
compound into volatile fragments, but below thisperature there is no weight loss, hence the
crystal is free of any entrapped solvent, simitathiat of parent 2A-5CB.

4 o L100
1042°C

Y 80
£

-1 60
>
= 2
£ 3
L -2 Lao
Py

-3+

Fig. 11. TGA-DTA curves of Benzophenone doped 2A-5CB single crystal
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Fig. 12. TGA-DTA curvesof paratoluidine
doped 2A-5CB single crystal
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However, in the DTA traces (endothermic peaks)tleding point of the doped samples shows a
marginal increase (104.2 °C — benzophenone and® H@.paratoluidine). From the above

thermograms of pure and doped 2A-5CB, it is eviddiat the dopants (benzophenone and
paratoluidine) have altered the melting point of28B by 3 °C and 1 °C, respectively.

3.7 Microhardness studies
The variations of Vickers hardness number with igopload for pure and benzophenone and
paratoluidine doped 2A-5CB crystals on (1 1 @nglis shown in Fig. 13. The plot indicates
that the hardness of the pure and doped 2A-5CBalrgecreases with increasing load. The
decrease of the microhardness with the increasiagl lis in agreement with the normal
indentation size effect (ISE). By plotting log Prses log d, the value of the work hardening
coefficient (n) of pure, benzophenone and paradotei doped 2A-5CB was found to be 1.25,
1.15 and 1.07 respectively. According to Onitsch,<ln < 1.6 for hard materials and n > 1.6 for
soft materials [5]. Hence, it is concluded that2@B is a hard material.

60

—m=— (PURE 2A-5CB)
—®@— (BENZOPHENONE-2A-5CB)
(PARATOLUIDINE-2A-5CB)

50

2

H (Kg/mm)
/

\

7

|
|
/

20

Load P (gm)

Fig. 13. Variation of Vickers hardness number with load for pure and doped 2A-5CB single

crystalsalong (110) plane
3.8 Dielectric Studies
The electric properties of dielectric substances wsually described in terms of the dielectric
constant. For most materials, this quantity is peaelent of the strength of the electric field over
a wide range of the latter, but in the case ofadteng fields, it depends on the frequency. lbals
depends on parameters such as the temperaturdy défioe the state of the material.
Figs. 14a — 16a show the plots of dielectric camsgmainst log frequency of the applied a.c.
field at various temperatures (308 K, 328 K, 34&md 368 K) for pure, benzophenone and
paratoluidine substituted 2A-5CB crystals. The eliic constant; at low frequencies depends
on the excitation of bound electrons, lattice vilomas, dipole orientations and space-charge
polarization (atomic or electronic).At very low épgencies all four contributions may be active.
The manner of variation of dielectric constant witsquency indicates which contributions are
present.

It is observed that the dielectric constaptdecreases with increase in frequency in all the
samples. In the present work, one can observentitedse in the value of dielectric constant of
the doped sample. The large value of dielectricstant at low frequency is due to the presence
of space charge polarization. The space chargeilcotdn depends on the purity and perfection
of the material. Its influence is mainly noticeabiehe low frequency region [6]. With increase
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in temperature the dielectric constant decreasediade has acquired thermal energy and
deviated from better orientation.

Figs. 14b-16b shows the variation of dielectricslasth log frequency of the applied a.c. field at
various temperatures for the 2A-5CB (pure and dap&ébCB) single crystals. It is observed
that the dielectric loss decreases with increadesguency in the case of all samples. It attains
the minimum value from 10 kHz onwards.

The low values of dielectric loss suggest thatghmvn crystals are of moderately good quality.

In the lower frequency region, dielectric loss skdarger values due to the loss associated with
ionic mobility [7]. The trend of dielectric constaand dielectric loss as a function of frequency

is slightly altered by the dopants when comparetiégure one.
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Fig. 14a. Variation of dielectric constant of pure 2A-5CB crystal asa function of frequency
at different temperatures
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Fig. 15a. Variation of dielectric constant of Benzophenone doped 2A-5CB crystal asa
function of frequency at different temperatures
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Fig. 16a. Variation of dielectric constant of paratoluidine doped 2A-5CB crystal asa
function of frequency at different temperatures
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Fig. 14b. Variation of dielectric loss of pure 2A-5CB crystal asa function of frequency at
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3.9 Photoconductivity Studies

Field dependence of dark and photocurrent of pacde goped 2A-5CB crystals are shown in
Figs. 17- 19. The photocurrent is found to be thas the dark current at every applied electric
field. This phenomenon is known as negative phaotdaotivity. It is interesting to note that both

pure and doped 2A-5CB crystals exhibit negativet@tanductivity. It is also observed that the
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dopants have slightly altered the strength of dawkrent when compared to 2A-5CB pure
sample.
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Fig. 17. Field dependent conductivity of pure 2A-5CB single crystal
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Fig. 18. Field dependent conductivity of Benzophenone doped
2A-5CB singlecrystal
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Fig. 19. Field dependent conductivity of paratoluidine doped 2A-5CB
single crystal
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CONCLUSION

Single crystals of pure and doped 2A-5CB are comvely grown by employing slow
evaporation technique. The grown crystals wereigoefl by single crystal XRD. The various
functional groups present in the crystals were tifled and confirmed. It is further observed
from the FT-IR spectra of doped 2A-5CB that thesmsities of different peaks are marginally
shifted from that of the parent compound. The FBRa spectra of both pure and doped 2A-
5CB crystals revealed the presence of —NH, -CHatibns, -NH deformation and aromatic ring
skeletal vibrations. In the spectrum of doped atgstmarginal changes in peak positions are
observed. The cut-off wavelength of pure sample fwaad to be 390 nm. However the doped
samples are more transparent than the parent kcnyskee entire transmission range of 300-1500
nm. The above study reveals that the doped cryptaEsess improved optical properties. NLO
test confirms the enhancement of the NLO propeotythie doped samples. DTA curve of pure
sample indicates that the endothermic peak ap@aai81.5 °C (melting point). Microhardness
studies reveal that the pure and doped sampldsaalematerials. Dielectric studies indicate that
the presence of dopants has altered the dielestgponse. The photoconductivity studies
confirm the negative photoconducting nature ofsaeple.
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