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Abstract: A single crystal of 1-(4-Nitrophenyl) pyrrolidineas grown by slow evaporation solution growth
technique. The estimations of third order non-lmggatical properties like non-linear absorptionféiceent (),
non-linear refractive index ghand susceptibility{¥] have calculated using Z-scan technique and tre=séts
indicate that the crystal exhibits saturation apgon and self-defocusing performance. The lasenatge
threshold of the crystal was 2.18 GW/timas been measured by irradiating the (001) crystale using a Q-
switched Nd: YAG laser.
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1. Introduction

In recent years, the interest in organic compldwesbeen widely applied due to a great extentadssibility
of tailoring their nonlinear response by manipwlatof their chemical structure and state of aggregd1].
The search for new materials with high optical nwdrities has been the important task, becaudbenf
practical applications in optical switching, optitastability and optical limiting, phase modulati@and other
signal processing [2-3]. To assess a material lier above application, the material must meet severa
specifications such as high optical nonlinearitybraadband response, a high threshold for lasasceud
damage and a low intensity threshold to activagentbnlinear process. Optical-grade organic singistals of
substituted pyrrolidine derivatives with high oplimonlinearities and low melting temperatures @@nising
materials for optoelectronics, and nonlinear optjsé O) applications [4]. In this paper, we are oejing the
three important parameters of the third order mear optical applications such as nonlinear linefnactive
index, nonlinear absorption coefficient, and lad@mage threshold [LDT].

2. Synthesisand Growth

4ANPY have prepared by following the literature [Bhe calculated amounts of pyrrolidine, J88&s, 2-propanol
has combined with 4-chloronitrobenzene with waiée mixture has refluxed for 1 hour. The resultantture

has filtered washed with cold water and dried ircwa at 50C. The final product has purified by
recrystallization process using ethanol as solvienbrder to grow the single crystals of 4NPY, ausated
solution have prepared at room temperature andeglac a constant temperature bath. When solution
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evaporates, the saturation leads to nucleatiortt@drowth of the crystals. The grown crystal ievgh in Fig.
1(a).

3. Results and discussion
3.1. Singlecrystal XRD

The single crystal X-ray diffraction (XRD) analysi$ 4NPY crystal have carried out using ENRAF NOISIU
X-ray diffractometer with Mok radiation of wavelengtih=0.71073A at room temperature. The compound
crystallized in orthorhombic space group Pbca. Bbtained lattice parameters are a = 10.3270 (5h A,
9.9458 (6) A, ¢ = 18.6934 (12) A,=p = y=90. Supplementary data have been deposited with #meb@dge
Crystallographic Centre, CCDC No. 957066 for titie tompound.

3.2 Z-scan studies

The single beam Z-Scan is a well known techniquerfeasuring the degenerate nonlinearities introdiloge
Sheik-Bahaest al., in 1990 [6].It allows the measurement of both the nonlineanative index and nonlinear
absorption coefficient. The third order NLO propesthave estimated by Z-scan technique with a Héabkr
(632.8 nm) with the sample thickness 2nirhe Gaussian laser beam was focused by a convexhbanng a
focal length 30mm and the radius of the aperturgénign. The effective thickness ) of 4ANPY crystal is
1.93mm. In this method, the sample has translatégei Z-direction along the axis of a focused Gamskeam
and the far field intensity has measured as a ifomcif the sample position. The sample causes ditiaahl
focusing and defocusing, depending on whether neati refraction is positive or negative. The sensitto
nonlinear refraction is entirely due to the apartand the removal of aperture completely elimmdte effect.
The enhanced transmission near the focus is suggedtthe saturation of the absorption at a higflensity.
Absorption saturation in the sample enhances th& pad decreases the valley in the closed apeftsean.
The difference between the peak and valley trarmamsATy.,) has written in terms of the on-axis phase shift
|[Ag| at the focus. From the closed aperture Z-sctm tlee nonlinear refractive index)ave estimated from
the relation, p= A@/kloLew, Where k is the wave number (k#R), |y is the intensity of the laser beam at the
focus (Z=0) and the effective thickness of the dantyas calculated using the relatiog: E 1-exp (eL)/a,
Where o’ is the linear absorption andi is the thickness of the sample. From the opentaqgeZ-scan data,

the nonlinear absorption coefficierft) (has estimated from the relatigh= 2\/5 AT/ly Les, WhereAT is the
one-peak value at the open aperture Z-scan curyés the irradiance at the focus. The mechanismhef t
nonlinear response of crystal is due to the theefiatts. Fig. 1(b) and 1(shows the closed and open aperture
curve of 4NPY.The real and imaginary parts of thiedtorder nonlinear optical susceptibilitf’ have defined
as

Rex® (su)= 10 (go;;zngn 2)(CVT/2 j (1)
Im ¥ (esu) :%(% 7

Whereg, is the vacuum permittivity, ris the linear refractive index of the sample arid the velocity of light

in vacuum. For the 4NPY crystal, the open and dageerture curve shows that the nonlinear absar|fiiois
Saturable absorption and nonlinear refractive in@exleads to the self-defocusing. Nonlinear refractivdex
(n,) of the 4NPY 1.05145 x18 cnf/W and the value of nonlinear absorption coeffitig1580 x1Gm/W)
estimated from the open Z-scan curve. The realyffleand imaginary [Imy*®] of the third order susceptibility
was calculated as 5.326x3@su and 2.0777xT0esu.The values suggest that the crystal may find their
applications in solid-state laser design [7].

3.3 Laser damagethreshold

The laser damage threshold of material is one @firtiportant parameters that decide the applicghifitthe
material for high power laser applications. A Qislved Nd: YAG laser operating at 1064 nm radiatias
used. The laser was operated at the repetition aat€0 Hz with the pulse width 30 ns. For the LDT
measurements 1 mm diameter beam was focused sartmde with a 30 cm focal length lens. The clesibié
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damage with audible sound occurred at 171.2 mXkotisply. The laser damage threshold of the cryste
2.18 GW/cm.
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Fig.1 (a) Grown of 4NPY, 1(b) closed aperture curve of 4NPY, (c) open aperture curve of ANPY

4. Conclusion

Single crystals of 1-(4-Nitrophenyl) pyrrolidine veagrown by slow evaporation solution growth tecuei.
The lattice parameters were identified by singlgs@ x-ray diffraction. Z-scan technique showst ttie
material exhibits self-defocusing and saturablegii®n process. The laser damage threshold of 4bliyital
is found to be 2.1 GW/cinThe study shows that 4NPY crystal is a promisingemia for third order NLO
applications.
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