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ABSTRACT

A second order nonlinear optical material 1-ethyle2dimethyl-4 hydroxy pyridinium zinc sulphate (#PZS) was
designed and synthesized. The molecular struetaseconfirmed by FTIR and NMR techniques. Theradilgy
was recorded by TG/DTA and DSC. The lower cutaffelength (263 nm) and a wide optical transmittance
window covering the UV-Visible region were deteruitby UV-Vis spectra. Single crystals (10 x 2 xn&)mvere
grown by solvent evaporation technique at 298 Kel&itric measurements were carried out using a b@&®er and
the electrical parameters viz, dielectric constét and loss §"), real (Z2’) and imaginary (Z”) part of impedance,
relaxation time ) were evaluated. The powder second harmonic géineréSHG) efficiency was found to be 6.2
times that of KDP and the phase matching propegy established.

Keywords: A Optical Materials; B Chemical Synthesis; C Thegravimetric Analysis; D Electrical Properties
PACS: 76.30

INTRODUCTION

Molecular nonlinear optical (NLO) materials are nbeing widely investigated for various applicationghe field

of optical processing such as wide bandwidth ebegptic (EO) modulators, optical switches and fieny
convertors [1]. In contrast to inorganics, orgamiaterials possess high nonlinearity and also diyeirs molecular
and material design [2-3]. It is reported that ¢étleyl and methyl [4] derivatives of 2, 6 — dimetaylino pyridinone
(EDMP, MDMP) exhibit second order NLO effect. Hoveeytheir thermal, mechanical and chemical stasliare
not high enough to suit device fabrication. Theitoid of halides (X = ClI, Br) into an EDMP entitgdds to the
centrosymmetric molecules EDMPCI, EDMPBr [5]. Theegence of halides in EDMPX enhances optical
transmittance window and the crystal growth haliitee materials based on metal—organic co-ordinatetworks
are therefore advantageous in their transparenoplinearity trade off. Thus the co-ordination @rivself-assembly
provides a unique opportunity to prepare orderedyarof molecules and clusters of metal — orgardaméworks
with novel topologies and potentially exploitableanétions. The addition of metal may lead to a non -
centrosymmetric structure at the molecular leverJ6Hence an efficient metal — organic co-ordioatcompound
with improved stabilities was designed. In the preésvork, the synthesis of a second order NLO radtérethyl-2,
6-dimethyl-4 hydroxy pyridinium zinc sulphate (EDM8) and its spectral, thermal and optical charagons
are reported.
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MATERIALS AND METHODS

2. Synthesis and Crystal Growth

EDMPZS was synthesized by dissolving EDMP [8] am@, in equimolar ratio in aqueous solution and the
mixture was continuously stirred for 2 hours at 303ising a magnetic stirrer to ensure homogeneolgicn.
Then it was evaporated to dryness by heating at3@8prevent possible decomposition. Finally sefarystalline
powder of EDMPZS was obtained and it was dissoluddple distilled water at 303 K to form a satia@ solution.
This was filtered twice in order to remove the susfed impurities and kept for crystallization bgvelevaporation.
Transparent needle shaped single crystals of diorn$10 x 2 x 2 mi) at 303 K were harvested within a period
of 10 days Fig.1).

3. Spectral, Thermal, Optical and Dielectric Studie

FT-IR spectra were recorded using a JASCO 460 PEUS IR Spectrometer in the range (400 — 4000')chy
KBr pellet techniqueRig. 2). *H NMR (300 MHz, RO, 300 K) and*C NMR (300 MHz, CDGJ, 300 K) spectra
were recorded using a JEOL Model GSX 400 and BriikeNMR spectrometer respectivellyigs. 3a and 3b)
Thermogravimetric / Differential thermal analysesra performed using a Seiko Instruments Thermalyxea in
the temperature range 28° - 820 °C at a heatirgagR0 °C/min in nitrogen atmosphere. The thermarg with
the corresponding percentage of weight shown atbegabscissa, is shown KFig. 4a DSC measurement was
carried out using a Mettler Toledo DSC 82#fferential scanning calorimeter in the temperatange 30° - 500 °C
at a heating rate of 10 °C/mfRig. 4b). Optical absorption spectrum was recorded usiNgréan Cary 5E UV-Vis
Spectrophotometer in the range 200 — 800 nm witsttmple dissolved in MeOH solutidrid. 5). Powder second
harmonic generation measurements with the partgles (inpm) <106, 106-125, 125-150, and >150 were carried
out following the Kurtz-Perry method [9] using as@itched Nd: YAG laser (1064 nm, 10 ns, 10 Hz, 3.B.
Dielectric and impedance measurements were caoigdusing a HIOKI LCR HITESTER as a function of
frequency (42 Hz — 5 MHz) at 303 K.

RESULTS AND DISCUSSION

FT-IR spectroscopy is used to identify the funcsibgroups present in the compound and to confirenntlelecular
structure [10]. From the spectrum, the H — bond@dH stretching frequency is observed at 3382 emhereas
EDMP lies in the region of 3390 - 3185 ¢niThe aromatic C—H stretching of first overtonel&%9 cnt and
bending at 1439 cthand 1455 cri for EDMP and EDMPZS respectively. EDMP shows= stretching and
bending at 1631 cthand 494 cmt whereas for EDMPZS observed at 1627*camd 500 ci respectively. The
band at 1525 cthand 1524 ci for EDMP and EDMPZS show the € C stretching. The C—N stretching for
EDMPZS and EDMP are noted at 1182 tmnd 1183 ci respectively. The C-H bending deformations are
identified at wave numbers 881, 848, 697 camd 875, 852, 731 chfor EDMP and EDMPZS respectively. The
vibrational frequency at 984 chevidences the presence of S®the synthesized compound whereas it is absent i
EDMP. The position of the other main bands presehbth EDMPZS and EDMP are tabulatdale-1).

The proton and carbon configurations of EDMPZSelueidated byH and**C NMR spectroscopy [11]. From the
'H NMR spectrum, the chemical shift &&= 4.68 ppm denotes the presence of water moleculée quartet and
triplet atd = 3.95 ppm, andl= 1.12 ppm are due to the ethyl group. The sisg& = 2.26 ppm, and = 6.19
ppm are due to the methyl group.

From the*C NMR spectrum, the peaks&t 177.94 ppm and = 152.14 ppm indicate the carbonyl group=£@©)
attached to the aromatic ring. The signalsat 13.38 ppm and = 19.38 ppm address the presence of ethyl group
and the shift atd = 116.86 ppm denotes the presence of olefinicdgahn (C — H).

Thermal stability of the compound was determinedugh TG/DTA and DSC thermo-grams. The initial mags
the material taken for the analysis was 6.321 migmFthe TGA curve, the weight loss was observedhin

temperature region 38 °- 110 °C due to the watelecubtes in the surface of the lattice. An endotherpeak at

283.48 °C is identified as due to melting of thetemial whereas EDMP melts at 165 +1 °C. An endathiepeak

observed in the region 300°- 500 °C reveals them@osition of the compound whereas TGA shows a tetep
weight loss and the residual weight observed at’80®as only 5% of the initial mass. Also the mmtpoint and

the decomposition temperature of the compound wenérmed through DSC analysis.
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From the optical absorption spectrum, it is evidbat the material has a good optical transmigamimdow (263 —
800 nm) and the lower cutoff wavelength at 263 nrali§jes it for the generation of higher harmonidNd: YAG
laser in the UV region.

The SHG outputs for EDMPZS, EDMP, KDP are 295, 66 @1 mV respectively for the particle size ranfeXb0
pm (Table-2). The plot of SHG output vs particle size is shawfrig. 6. EDMPZS shows the relative powder SHG
efficiency is 5.4 times of EDMP and 6.2 times toBKDP. The increase in SHG efficiency for EDMPZ@vpared
to the parent molecule EDMP is attributed to thespnce of metal ion. The measurement of SHG ofdpwarious
particle size ranges shows the increasing SHG sittea with increasing particle size, which confrithe phase
matching behaviour of the material.

Impedance spectroscopy is a powerful techniquegHermeasurement of electrical properties of mdtenaer a
suitable frequency range. It provides frequencylkesl information which can detach the contribusiar different

component regions (bulk, material/contact and fater) to the total electrical properties of devidhsough

differences in the time constants of each elememttie series resistance Rs (due to bulk and corgsistances),
the parallel resistance,Rdue to recombination in the depletion region) otdl capacitance JQdsum of diffusion

and depletion capacitances) [13-17].

Polycrystalline sample of EDMPZS was made in thenfof pellet with a thickness of 1.1 mm and thdetiic and
impedance measurements were carried out using &HIOR meter in the frequency range 42 Hz -5 MH3@38
K. The opposite flat faces of the pellet were cdatéth conducting silver paint to form a paralléate capacitor.
The capacitance of the parallel plate capacitor if@pedance (Z), phase angh &nd dissipation factor (D) were
measured.

4.1 Electrical conductivity studies
Electrical conduction takes place as a result eftebn jumping from the of low valence state tohhigilence state
of the metal ion as well as the movement of iote dic electrical conductivity can be calculatedhgshe relation

d

Jdc = ﬁ
C 0

WhereRy. is the total electrical resistance of the sampi@ ia is evaluated from the Cole - Cole plot (orgNist
diagram) by plotting Z’ (real part of impedancepagst Z” (imaginary part of impedancdjig 7). The equivalent
circuit containing Rp, Rs, and Co describes thetetal response of the systems with a single eglar frequency.
It shows a depressed semicircle at high frequendyaalinear branch at low frequency that descrtheselectrode
polarization. The electrical parameters of EDMP &RMPZS are shown in table-3. It can be seen tmatldw
value of dc conductivity is due to the decreasesnobility of the charge carriers by ion size whisting the
prominent changes in the electronic band strucflinés plot is also applicable for the study of Debglaxation in
materials. It shows a semicircle, and will be ukefudescribing Debye relaxation for materials pEsing large dc
conductivity. By knowing the radius of the semitércthe magnitude of relaxation time can be evealdatf the
radius is greater, lesser the relaxation time amté at higher frequencies it can be reduced dtreetenlargement
of the semicircle. The relaxation times were caltad from the frequency at which Z” maxima wereesbed using
the following relation,

=1 =
wr or 7 %) ______________ 2)

Where & is the relaxation frequency arrdis the relaxation time.

The measurements of real and imaginary parts otoneplex impedance is represented asZ’ + jZ" [ .'j = (-
1), where Z' = Re Z= |Z| c®s Z"=|Z| sib. The corresponding complex resistivity of the enal isp*=p’ — jp”
wherep'= Z’A/d and  p"= Z’A/d, A and d are the cross-sectional area #ridkness of the sample. The complex
conductivity ise*=1/ p*=¢’ — jo” wherec’ = p’/M and ¢” = p"/M with the electric modulus M = |Z*|(A/d) %. Fig.
8(a) and (b)show the variation of real (Z') and imaginary (£art of impedance with log frequency at 303 K. It
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can be seen that the curve displays a decreasenithArequency. The Z” values reach a maximumhwitcreasing
frequency and shift to lower frequencies indicatesreasing relaxation time. This behavior of impegapattern
arises due to the presence of space charge in #teriel. Plots of Z' vs Z” for the range of frequézs show
semicircular nature indicating the predominanca single time constant.

Plots ofg’and €” againstlog (frequency)t 303 K is shown ifrig. 9(a) and (b) It is observed that, the dielectric
constant and loss decrease with increase in freguerd the high dielectric constant at low frequesiés due to the
space charge polarization. Because of the ineftidne molecules at high frequencies, the orientatiod ionic
contribution of polarization are small. Hence thagmitude of polarization increases with decreasidquency.
The lowest value of dielectric constant of EDMPZ&3dund to be 4 at 5 MHz.

4.2 Electric modulus

The electrical relaxation has been extensively istbénd analyzed in terms of modulus formalism [TBje
advantage is that the electrode polarization efface suppressed in this representation. The ¢8apdrt of the
conductivity is related to the electrical modulumsl@an be expressed following the equation

M" ()

0'(e) = ot (@) =
[M* (@)

WhereM” is the imaginary part of the complex electricaldulois, M* and |M*| is the magnitude of the modulus.
The electrical modulus is defined as the electmial@gue of the dynamical mechanical modulus amdléged to the
inverse of the complex permittivief( o) by,

M *(w) = ={' (W) -ig(Ye* (@) =M (@ +IM" (@) e X4

£* (w)

WhereM’(w) andM”( w) are the real and imaginary parts of the electodutus. The modulus spectra of EDMPZS
in fig. 9 (c) and (d) show the electrical relaxation with a peak freqeim the imaginary part of the modulus
spectra M”. In the present case, it is observed tha interaction among the dipoles increases amtén the
relaxation becomes slower, reducing the relaxatiequency. Thus the studies were performed to whaled the
electrical properties by means of impedance spswbpy, the frequency response of the material uraher
alternating current was studied.

Table 1: Comparison of FTIR vibrational frequenciesof EDMPZS with EDMP

Wavenumber (cnh)
EDMP [12] | EDMPZS
3390-3185 3382 v (O-H), H-bonded

Assignments

3000 - v (C-H)
1631 1627 v (C=0)
1549 1548 v (C-H), overtone
1525 1524 v (C=C)
1455 1439 5 (C-H)

1375, 1338 | 1379, 1338| 5 (C-H of CHy)
1198, 1183 | 1182, 1139| v (C-N) orp(C-H)

1034 - v (C-N)

- 984 05(SQ)
881,848 | 875,852 | m(C-H)
697 731 7 (C-H)

- 619 3 (O-H)
494 500 1 (C=0)

v - stretchingps - symmetric stretching, - bending deformation in plane; rocking in planez - bending out of plane
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Table-2: Comparison of SHG output for various particle size ranges

. . SHG output (mV
Particle sizedm) 55T Epmp [12]| EDMPZS
<106 16 33 150
106-125 25 36 190
125-150 43 49 255
>15C 61 56 29E

Table-3: Electrical parameters of EDMPZS and EDMP &room temperature (303 K)

System Ruc Gdc Cac Depression angle| Relaxation frequency | Relaxation time
Y ©@m) | @0°mhom?) | (107%) o, (KH2) (s)
EDMP 89098 9.3040 3.448D 11.158 31.936 0.035
EDMPZS | 2.0506x10 4.0424 1.3997| 42.753 25.582 0.039

Fig. 1: Grown single crystals of EDMPZS
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Fig. 3a:'H NMR spectrum of EDMPZS
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CONCLUSION

A novel second order nonlinear optical materialtiye2, 6-dimethyl-4-hydroxy pyridinium zinc sulpteawas
designed, synthesized and single crystals werergtomsolvent evaporation technique. The molecutaicgire was
confirmed by FT-IR and FT-NMR spectroscopy. Therttted stability was determined from the TG/DTA an8©
curves. From the impedance studies, the lowesevaluhe dielectric constant is found to be 4 &8z and the
relaxation time is 10 us. The analysis of the cawpmpedance data through a complex — plane impedan
representation and the evaluation of the dielegtinittivities provide more insights into the dietric behavior of
the materials. The relaxation due to the interfeaia orientational polarization is the main fasttinat affect their
dielectric behavior. Atomic and electronic polatiaa may only contribute a small constant termhe tielectric
constant since the structural frequencies for at@nd electronic displacements and relaxationratied microwave
regime. The optical absorption spectrum reveals tthe lower cutoff wavelength is at 263 nm and dembptical
transmittance window in the region (263 — 800 nngkes this material a good candidate for the geioaraif
higher harmonics in the UV region. SHG measuremshtsv that the material satisfies the phase majchin
properties and so is a promising material for nadr optical applications.
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