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Abstract: 2-{[2-(Trifluoromethyl) phenyl] (hydroxy) methyl}cglododecanone (2CF3-CDD) has been
synthesized by direct aldol condensation reactibhe crystals weregrown in the mixture of solvent
tetrahydrofuranand ethanol by slow evaporation ogkifhe linear optical property of the crystal hasi
studied using UV-VIS-NIR spectroscopy. The opticahstants are calculated theoretically in the wength
range 190-1100nm. The third order nonlinear opficaperty of the crystal has been investigated siggiz-
scan technique with He-Ne laser (632.8nm). Theratun absorption and self-defocusing effect waseoked

in z-scan open and closed aperture methods regplgctl he response time of the crystal has fourioktin the
order of milliseconds.The two figures of merit Wrtld<1 are suitable for optical switching applicatid he
refractive index of the crystal has been measusatjuAbbe’s refractometer and it is found to beD®.6
Keywords: Studies on linear and nonlinear optical propertiés2-{[2-Trifluoromethyl)phenyl] (hydroxy)
methyl} cyclododecanone crystal.

1. Introduction

In several areas of optoelectronics have been & ligrest for organic materials because the
possibilities of optimization of this nonlinearitthrough manipulation of their composition[1]. Organ
compounds are optically more nonlinear than inocigamaterials because of their hydrogen bonds arakwe
Vander Waal’s and it possess a high degree of diitation [2]. The direct aldol condensation of baidehyde
to cyclododecanone (CDD) reactions forfishydroxy carbonyl compounds and monobenzylidenecirl
decanone derivatives. Tlffecarbonyl compounds were stabilized by hydrogerdboteraction between the —
OH group and —C=0 groups. The monobenzylidene dtivias are due to less stable hydrogen bonds betwee
—OH and —C=0 groups, electrostatic interaction betwaldehyde substituents and metal forms -CoH
molecular interaction [3]. In the present invediiga systematic studies on the synthesis, groMKIR,
optical and third order susceptibility of the corapd is investigated by Z-scan method.

2. Experimental

The molecular ratio(1:1) of reactants cyclododecanand 2-trifluoro benzaldehyde were completely
dissolved in methanol in the presence of sodiunrdxide as catalyst. The mixture was stirred wetl tfee
direct aldol condensation reaction about 3 hours@n temperature, to synthesize praleydroxy carbonyl
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compounds and monobenzylidenecyclododecanone teesd3].2CF3-CDD crystal is shown in Fig[1].The
chemical structure of the synthesized compoundowsagrmed usindH NMR and**C NMR.

Figure.l 2CF3-CDD crystal grown in tetrahedrafuran

3. Proton NMR

'H NMR (400 MHz, CDCI3): d = 7.672—7.654 (d, J 4 61z, 2H, CHAr); 7.615-7.577 (t, J = 15.2 Hz,
1H,CHAr); 7.431-7.393 (t, J = 15.2 Hz, 1H, CHAr)2%9-5.247 (dd, J=8, 4.8, 1H, CH*(OH)); 3.080 (t,
J=12H, 1H, CHali); 2.914-2.903 (d, J = 4.4 Hz, T#ali); 2.620-2.558 (m, 2H, CHali); 1.720, (bs, XbH,
CH2ali), 1.308-1.129 (m, 15H, CHali).

4, Carbon NMR

*C NMR (100 MHz, CDGJ): d =214.7, 141.1, 132.5,128.0, 127.9, 125.7, 1,7F).4, 58.7, 39.2, 27.6,
26.3, 25.8,24.3, 24.0, 23.9, 23.5, 22.4, 21.6.

5. Linear optical property

The grown 2CF3-CDD crystal was subjected to spkatralysis to study the linear optical properties.
The recorded absorption spectrum of crystal shomddwer cutoff wavelength at 314 nm and the ctysis
found to be wide transparency in the region of 1200nm, and it is shown in Fig.[2]. The optical @ipgion
coefficient ¢) was calculated the following relatia2.303log (1/T)/d, where T is the transmittance drid
the thickness of the crystal. The absorption coieffit of the crystal suggests the occurrence efctivand gap,
obey the following relationa(ny)zzA(hy-Eg). The variation of ¢hy)® and photon energy provide the energy
band gap (p), to extrapolate the linear part from the maximainsorption end, and the energy gap is found to
be 3.9276eV. The extinction coefficient is calcethtin terms of absorption coefficient, K&4Il. The
frequency response of the crystal is obtained imgeof the absorption coefficient and refractiveler,
co=anc/4l1. Reflectance(R) of the crystal has been measureédrms of absorption coefficient by using the
relation,R=11Sqrt (1-exp (@t) +exp @t))/1+exp (wut),Wherax is absorption coefficient and t is the thickneks o
the crystal The refractive index (n) was measured in terms eflectance from the equatiom-
(R+1)3Sqrt(3R+10R-3)/2(R-1)The refractive index measurements ofthe singlstaly were measured using
Abbe refractometer. The refractive index measutetrdient temperature (301.2 K) for the single taigswas
measured to be 1.609[4,5].
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Figure.2. Absorption spectrum and optical constant of 2CEBrystal
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6. Nonlinear optical property
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Figure.3. open and closed aperture method of 2CF3-CDD drysta

Z-scan technique is an accurate method to deterbaittenonlinear absorption and nonlinear refraction
of crystals, thin films and liquid solutions devednl by shakebahaeet.al.The z-scan technique issityte
dependent refractive index of material and theatimm of the refractive index as a function of theident
beam irradiance are given Iy n,+n,l, where g is the linear index, snis nonlinear index of refraction, I-
intensity of irradiance laser beam within the sampVhen the saturation absorption occurs, the pbsor
coefficienta is no longer constant; instead it becomes a fanadf the extinction intensity as in the relation
a=a0+pl. The third order susceptibilityy{) is considered as complex quantity, and it is raefi asy® =[Re
6>+ Im (>3 Y2 The experimental measurements pndp are allowed to determine the real and imaginary
parts of the third order nonlinear optical susdslity x°, according to the following relatiorRe §°) =10
£,C°N, “ny [ TI(cn? /W) andIm(y®)=10"¢,Cn, *AB/AII7(cm/W)[6]. The nonlinear optical effects were duethie
thermal mechanism processes of the incident lasseppassing through an optical material. In opgertare
method, 2CF3-CDD crystal shows a strong saturaissorption peakas shown in Fig[3]. In closed apertu
method, the self-defocusing effect of sample shibvdransmittance peak is followed by valley and ghown
in Fig [3]. The calculated value of the nonlineafractive index (§) is 1.684X10° m%¥W. The nonlinear
absorption ff) of the crystal is found to be 9.82X4f/W. The third order nonlinear susceptibilify)(of the
crystal is 8.535X18 esu. Two figures of merit, W and T, have been dated to be W=41>1andT=0.2<1,
respectively. The nonlinear polarization is depegdon the applied field strength. In the same manne
mechanism can be explained in terms of nonlineaceqitibility or nonlinear refractive index. The
characteristic time scale for nonlinear responsmaterial from the typical value based ar(*0'm?/W) or y*
(mP/v) is developed by Robert Boyd.As per the charistie time scale, the crystal is possibly respansi0®
seconds for optical switching devices.

7. Conclusion

2CF3-CDD crystal has been grown by slow evaporatiethod for opto-electronic application. The
magnitude of nonlinear refractive index Ch&/W), nonlinear absorption (f0m /W) and third order nonlinear
susceptibility (10esu) has been studied using Z-scan technique. Ptieabtransmission study reveals the
cutoff wavelength of the crystal is 314 nm. Thecdpmescopic characterization of carbon and protonRNae
studied.
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