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ABSTRACT

L-proline cadmium chloride (LPCC) crystals dopedhwli-tartaric acid were grown by solution methodlubility
was measured for the samples at different temperatilom 30°C to 50°C. Single crystal XRD studies have been
carried out to identify the crystal structure. Mitrardness was measured to find the mechanical gitieof the
samples. SHG efficiency and laser damage thresfiddd’) values were determined for the samples. Dtate
constant and loss factor of the grown crystals wedetermined at different frequencies and tempeesur
Photoconductivity was measured for the undoped latattaric acid doped LPCC samples by applying vas
electric fields.
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INTRODUCITON

Nonlinear Optical (NLO) materials can be classifiedo organic, inorganic and semiorganic NLO maiesti
Inorganic NLO materials possess high melting poligh mechanical strength, and high degree of ctami
inertness but poor optical nonlinearity [1,2]. QrgaNLO materials have low melting point, low menfal
strength, high degree of delocalization due torttveiak Van der Waal’'s and hydrogen bondings anal thisy have
the flexibility in the methods of synthesis, scdpe altering the properties by functional substdnt inherently
high nonlinearity, high laser damage threshold &sl(3,4]. To consider the advantages of both ooganid
inorganic NLO materials, researchers concentratgeomiorganic or metal-organic complexes in whiglokrizable
organic molecule is stochiometrically bonded to ianrganic host molecule. In the case of metal-oigan
coordination complexes, the organic ligand is ugualore dominant in the NLO effect and the metanpounds
have high transparency in the UV region [5,6]. Saheemiorganic NLO materials like L-arginine phbage, L-
histidine tetrafluoroborate, L-cystine hydrochl@jdL-arginine hydrochloride etc have been syntleesiand
crystallized [7-11]. L-proline cadmium chlorideasmetal-organic NLO crystal and it can be prepéngdixing L-
proline and cadmium chloride in 1:1 molar ratio andrystallizes in orthorhombic crystal system wthe space
group P22:2;. Various studies of L-proline cadmium chloride @®) have been reported in the literature [12-14].
To improve the physical and chemical propertied BCC crystals, it is desired to add organic makdia L-
tartaric acid into LPCC host material. Tartariddais well known to the cosmetic and skin care Btdy It is an
ingredient in a variety of cosmetic and personaé qgaoducts including facial moisturizers, skindos) shampoos,
hair conditioners, sun protection products and-agiing treatments and it is used to adjust the ptHeoproducts so
it is not too acidic or basic [15]. L-tartaric ad&lan isomer of tartaric acid and it is an NLO enetl and if it is
added into LPCC crystal, it is hoped that it coufgorove the NLO properties. Hence, it is decidedytow and
study various properties of L-tartaric acid dop&0C crystals in this work.
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EXPERIMENTAL AND INSTRUMENTATION

Growth of crystals

Undoped L-proline cadmium chloride (LPCC) salt vasithesized by taking L-proline and cadmium chierid
monohydrate in the molar ratio of 1:1 and dissdhia double distilled water. The dissolved satedagolution was
heated at 50C for the synthesis of LPCC salt. To obtain thettdric acid doped LPCC salt, 10 wt% of L-tddar
acid was added into the solution of L-proline cadm chloride. Single crystals of undoped and glgcdoped
LPCC were grown by solution method with slow evapion technique using the synthesized salts. Theaad
solutions of the salts were stirred well and wdtered and taken in beakers for crystallizatiofteAa period of 25-
30 days, transparent crystals were harvested. Puhi@ growth period, the beakers were covered péttiorated
polythene papers and they were kept in a vibrditiea platform. The morphology of L-tartaric acicbpged LPCC
crystals appears to be different when comparetthab of the undoped LPCC crystal. The grown algstvere
subjected to various studies for the charactedmati

Techniquesfor characterization

Single crystal X-ray diffraction studies were @drout on the grown L-tartaric acid doped L-prelicadmium
chloride by employing an ENRAF Nonius CAD-4 / MACsingle crystal X-ray diffractometer, with
MoK radiation A=O.71073A). Microhardness analysis was carried out usingk&fis microhardness tester fitted
with a diamond indenter. Indentations were madevérious loads from 25 g to 100 g. Two or thra@lg of
indentations were carried out and the averaggodia lengths were measured for an indentation tiné&0
seconds. To confirm the nonlinear optical propekyrtz and Perry powder SHG test was carried outtlie
powdered sample of LAAP using Nd:YAG Q-switchedelaghich emits the first harmonic output of 1064 fir@].
The measurements of dielectric constant and diddlass for the grown LAAP single crystal werariged out
using an LCR meter (Agilent 4284A) at variousgfiencies in the range 40 1 Hz and at different
temperatures ranging from 30° to 80°C. For thedgobmic contact, opposite faces of the sample aryséere
coated with good quality silver paittaser damage threshold (LDT) studies were carrigday the samples using a
Nd:YAG laser with the wavelength of 1064 nm, 18putse width. The energy of the laser beam was onedsy
Coherent energy/power meter (Model No. EPM 200).

RESULTSAND DISCUSSION

Solubility studies

Solubility study was carried out using a constamyperature bath (CTB) by gravimetrical method. $ak of the
prepared sample was added step by step to 20 dduifle distilled water in an air-tight containepk in the CTB
and the stirring was continued till a small préteife was formed at 3@C. Then, 5 ml of the solution was pipetted
out and taken in a petri dish and it was warmetilughe solvent was evaporated out. By measutirggamount of
salt present in the petri dish, the solubility gifi00 ml) of the samples water was determined. Semee procedure
was followed to find solubility of sample at otttemperatures using the constant temperature Baghre 1 shows
the solubility curve for L-tartaric acid doped LPEC@ystals. From the graph, it is observed thatsthlability of the
sample in water increases with temperature, etihia high solubility gradient and it has posititeanperature
coefficient. The figure 1 has three regions vimpeysaturated region above the curve, saturatednredong the
curve and undersaturated region below the curveth@dsolubility data will be useful to prepare satad and
supersaturated solutions at any temperature inathge 30-50C and these data will also be useful to carrytbet
nucleation kinetic studies.

XRD studies

The grown crystals were subjected to single crysRiD studies using a single X-ray diffractometeruBer-Nonius
MACH3/CAD4) and the lattice constants were obtain€de grown undoped and L-tartaric acid doped LPCC
crystals are subjected to single crystal XRD studeeidentify the crystal structure. The obtaivadues of cell
parameters for undoped LPCC crystal are a = 9.954,(B = 13.465(3) A, ¢ = 7.265(2) Ay = p =y =9¢° and those
for 10 wit% of L-tartaric acid doped LPCC crystadar= 9.984 (3) A, b =13.459 (2) A, ¢ = 7.28643) a =p =y
=90° Itis observed from the results that the bothapedl and L-tartaric acid doped LPCC crystals chyzstain the
orthorhombic system and a small variation is naticethe values of the lattice parameters of ddpe@C crystals

as compared to those of undoped LPCC crystalpastes in the literature [17].

SHG studies

Kurtz and Perry powder method is an important tfml measuring the second harmonic generation (SHG)
efficiency. A laser is directed onto a powdered glenand the emitted light is collected, filteredlatetected with a
photo multiplier tube. SHG is confirmed by emissioh green light from the samplé.£{ 532 nm) when the
fundamental wavelength (1064 nm) from Nd:YAG laisensed. The input laser energy incident on thepéanvas
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0.68 J. The output laser energy values from theoped LPCC and L-tartaric acid doped LPCC samples ar
observed to be are 16.42 mJ ahf.57 mJ respectively and for the reference sarfiidP), it is 8.8 mJ. The
relative SHG efficiency for undoped and L-tartasicid doped LPCC samples are found to be 1.87 2ahd
respectively and hence when LPCC crystal is deg#dL-tartaric acid, the value of SHG efficiendgicreases.
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Fig.1: Solubility curveof L-tartaric acid doped L-proline cadmium chloride sample

Microhardness studies

The mechanical studies of the samples were madédigrs hardness measurement at room temper&uystals,
free from cracks, with flat and smooth surfacesengrosen for the static indentation tests. Theta@rygas mounted
properly on the base of the microscope. Now, thectsd faces were indented gently by loads varyiogh 25
t0100 g for a period of 10 s using Vickers diamamdenter attached to an incident ray researchasémpe. The
Vickers hardness (H) number at different loads were calculated using following relation k= 1.8544 P/d
where, ‘P’ is the applied load in kilogram and i@’ the average diagonal length of the indentatiarks in
millimetre. The variation of hardness number witle gpplied load is plotted in the figure 2. The aped and L-
tartaric acid doped LPCC crystals show the revémdentation size effect (RISE), in which the sk value
increases with the increasing load. When LPCC alystdoped with L-tartaric acid, it is observedttthe hardness
increases and this increase in the hardness wdluetartaric acid doped LPCC crystal could be daethe
incorporation of the dopant in the lattice of LP@@stal. The presence of L-tartaric acid in theiistitial positions
of LPCC crystal may increase the strength of chystadings and hence hardness is observed to lbeased.
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Fig.2: Plotsof microhardness number (H,) with theload for undoped and L-tartaric acid doped L PCC crystals
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M easurement of LDT values

Laser damage threshold (LDT) values for the sampiee measured using an Nd:YAG laser (1064 nmpsl8
pulse width). The energy of the laser beam was unedsby Coherent energy/power meter (Model No. EXd).
LDT value is determined using the formula P =7 where E is the energy in n@is the pulse width, r is radius
of the spot in mm. The LDT value is one of the impot device related properties of NLO crystalse Tibtained
values of LDT of the undoped and L-tartaric acidped LPCC crystals are 0.37 GWfcand 0.42 GW/cr.
From the results, it is observed that the valulasér damage threshold gets increased when LPGfatiy doped
with L-tartaric acid.

—®&— Undoped LPCC at :LO3 Hz
{ —®— LPCC + 10 wt% L-tartric acid at 103 Hz
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Fig.3: Temperature dependence of dielectric constant for undoped and L -tartaric acid doped L PCC crystalsat 10° and 10° Hz

—&— Undoped LPCC crystal at 103 Hz

—&— LPCC + 10 wt% of L-tartaric acid at 103 Hz
0.35|—A— Undoped LPCC crystal at 10° Hz
—%— LPCC crystal + 10 wt% of L-tartaric acid at 10° Hz
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Fig.4: Temperature dependence of dielectric lossfactor for undoped and L-tartaric acid doped LPCC crystalsat 10°and 10° Hz

Dielectric constant and dielectric loss

The dielectric constant and the dielectric lossdiaare measured at different frequencies for wari@mperatures
using a multi-frequency LCR meter. The temperatidependence of the dielectric constant and losrfaat
frequencies 10and 10 Hz for undoped and L-tartaric acid doped L-prolicedmium chloride crystals are
presented in Figs. 3 and 4. It is observed thatdikéectric constant and loss factor have high eslat lower
frequencies and are low at higher frequencies. didkectric constant of the materials is due to d¢batribution of
electronic, ionic, dipolar or orientation and aspaharge polarization which is high relay uporttenfrequencies.
The space charge polarization is generally activiewer frequencies and high temperatures [18]. @itedectric
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constant and loss factor are found to be incrgasith increase in temperature. The low valuedielectric loss of
the samples confirm the good quality of dielecsganples. The results show that values of dietectrnstant and
loss factor of the LPCC crystals are increasedwthey are doped with L-tartaric acid.

Photoconductivity studies

The photoconductivity studies for the grown crystalvere carried out by measuring dark and photoents at
different applied electric fields. The variatiorfsdark and photo currents for undoped and L-tartacid doped L-
proline cadmium chloride crystals are shown therig5. It is noticed that the values of dark cotrrand photo
current increase with increase of applied eledteild. The LPCC crystal has negative photoconditgtivecause
photo current is less than dark current and thélairhehavior is observed for L-tartaric acid dopdICC crystal.
The negative photoconductivity of the samplesus tb reduction of charge carriers when light isseal onto the
samples.

—=&— Photocurrent for undopd LPCC crystal
|—e— Dark current for undoped LPCC crystal
260 4—&— Photocurrent for the doped LPCC crystal
1—w— Dark current for the doped LPCC crystal
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Fig.5: Variations of photocurrent and dark current with the applied field for undoped and L-tartaric acid doped L PCC crystals
CONCLUSION

Undoped and L-tartaric acid doped L-proline cadmuhtoride crystals were grown by slow evaporatiechnique

at room temperature. The solubility of the samptesre been measured and it increases with increase i
temperature. The XRD studies are carried outnid fthe crystal structure of the grown crystals. Thedectric
constant and loss factor were measured for the leamap various frequencies and temperatures aise tredues are
observed to be increasing when LPCC crystals apedlavith L-tartaric acid. The hardness L-prolinelroagum
chloride (LPCC) crystals is observed to be insia when L-tartaric acid is added as the dojaot LPCC
crystal. The SHG efficiency of L-tartaric acid dopePCC crystal is found to be more when comparethab of
undoped LPCC crystal. The photocurrent is obsetodak increasing when LPCC crystal is doped witiartaric
acid.
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