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ABSTRACT

The growth and characterization of a nonlinear iganic crystal, alpha-lithium iodate is
reported. The growth of single crystals of alphthitim iodate was accomplished by slow
evaporation technique. The formation of alpha-lithiiodate compound has been confirmed by
single crystal X-ray diffraction studies. The UVGANIR absorption spectrum has been recorded
in the range 200-1200 nm. The Kurtz Perry SHG ¢esfirms the NLO property of the grown
crystal and the relative efficiency is 78 timesagee than KDP. The compressive strength of the
grown crystals was found using Tinius Olsen congoes testing machine. Vickers
microhardness study was carried out on the welettgped face of the grown crystal.
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INTRODUCTION

Crystals of the iodate family have aroused muclkerest recently because of high effective
nonlinear coefficients [1, 2], high laser damageshold [3], excellent optical quality in large
single crystals [4, 5], high thermal stability (TO&ZC) [6], low thermal expansion and above all
a crystal structure which is acentric due to hightyarized iodate (19) ions [7] as well as the
development of SHG powder evaluation technique T8l alpha-lithium iodate crystals have
been grown by various research groups [9, 10] awéral investigations were carried out to
understand the mechanism of thermal conductivity],[&lectrical conductivity [12] dielectric
property [13, 14] and optical activity [15]. Thimrder nonlinear optical materials with weak
nonlinear absorption but strong nonlinear refrachave attracted considerable attention because
of their potential uses in the optical signal pssteg devices. Due to its non-linear optical
properties, alpha-lithium iodate is commonly usedaptical devicesThe importance of alpha-
lithium iodate material for technological applicats is emphasized by the fact that it was grown
in scientific return satellites [16, 17]. AlphaHitm iodate has a moderate solubility with
negative temperature coefficient, therefore canm®tgrown by the method of temperature
reduction since accurate control over the ratevaiperation has always been a difficult task
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compare to reducing temperature at a particular fdiicleation of beta phase during the growth
of alpha-lithium iodate is a major problem sincepievents the further growth of alpha-phase;
this problem was controlled by controlling the sigaguration of the solution. The mechanical
strength of the crystal is estimated by Vickersdhass test.

MATERIALSAND METHODS

2.1. Materials Synthesis

Aqueous solution of alpha-lithium iodate was prepatrom lithium carbonate (Sigma-Aldrich,
99.99%) and lodic acid (Sigma-Aldrich, 99.5%). Titeactants were thoroughly dissolved in
deionized water (resistivity 18.200tm). The temperature of the solution was maintaatesb°C
and it was stirred using magnetic stirrer for 12nsao attain the homogeneity. Then the solution
was allowed to evaporate at 55°C which yielded &vioitystalline salt of alpha-lithium iodate
after 6 weeks. Synthesized salt was recrystalliwéck prior to the growth.

2.2. Crystal growth

In order to get the good quality seed crystals,c@centrated solution was prepared using the
synthesized salt and kept at 55°C for about twokaed transparent and inclusion free seed
crystal was taken from the mother solution and thespended by a nylon thread in the growth
solution of 200 ml. After a time span of 45 daysyfpctly faceted with hexagonal prismatic
morphology of crystal was harvested from the absaid solution. Fig. 1 shows the as grown
(size 15mmx 7mmx7mm alpha-lithium iodate singlestal; The grown crystal was found to be
stable and unaffected by the environment.

Fig.1 Asgrown crystal of alpha-lithium iodate
RESULTSAND DISCUSSION

3.1. X-ray diffraction analysis

Powder X-ray diffraction pattern of alpha-lithiumdiate crystal and standard JCPDS pattern are
shown in Fig. 2. The observed Powder X-ray difii@cipattern of alpha-lithium iodate crystal is
in good agreement with the reported JCPDS data fuamber-00-008-0465). The single crystal
X- ray diffraction of the grown crystal was carriedt using arOxford X'calibur Single Crystal

X- ray DiffractometerFrom the single crystal X-ray analysis, the calted lattice parameters
are:a=5.448 A, b =5.460 A, ¢ = 5.1639¢%90.09° = 90.02°y=119.90° and V = 133.15°A
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The title compound crystallizes in hexagonal cryststem (space group: §6The observed
data are in good agreement with the reported tilezavalues [18, 19].
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Fig. 2 The pattern of X-ray powder diffraction: (a) powder sample pattern, (b) the
standard JCPDS pattern

35

3.0 1

2.5 4

2.0 1

1.5 4

Absorbance (%)

1.0 4

0.5

T . T . T . , . I .
200 400 600 800 1000 1200
Wavelength (nm)

Fig.3 Absorbance spectrum of alpha-lithium iodate
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3.2. Optical studies

The UV-VIS-NIR absorption spectrum of the crystadsmecorded using JASCO V-570 UV-
VIS-NIR spectrophotometer in the wavelength regadr200 — 1200 nm and it is shown in Fig.
3. The characteristic absorption band is obsertegD@ nm and there is no absorption in the
entire visible regions [4], hence the crystal ipented to be transparent to all the UV-VIS
radiations in between these two wavelengths. Thithé most favorable characteristics for a
NLO material.

3.3. SHG studies

The second harmonic generation behaviour of thedposd alpha-lithium iodate was tested
using the Kurtz and Perry method [8]. A high-inigndNd: YAG laser £ =1064 nm) with a
pulse duration of 10 ns was passed through the @mgdsample. The SHG behaviour was
confirmed from the output of the laser beam haviregbright green emissioi € 532 nm). The
second harmonic signal of 1.1 V/pulse was genertdedilpha- lithium iodate for an input
energy of 5.56 mJ/pulse. But the standard KDP ahlys¢ powder gave a SHG signal of only 14
mV/pulse for the same input energy. Thus, it waseoled that the relative SHG efficiency of
alpha-lithium iodate is 78 times higher than thathe standard KDP crystal at this wavelength.

3.4. Compressive strength studies

Compressive strength studies were performed oradlfffium iodate and KDP single crystals
using materials testing machine Tinius Olsen, MdteKS, UK. For the present study 5 kN load
cell was used for the compression test [20] with standard grips provided with crosshead
speed of 0.05 mm mih The compressive strength was determined by thiapse of the
material due to compression [21] by minimum of 1fé¢¥¢e change in alpha-lithium iodate. The
same study was carried out on standard KDP cryStahpressive strengths for both the crystal
samples were determined from the graph drawn (#)g.The test result indicates that the
compressive strength of KDP crystal was observetba35MPa and alpha-lithium iodate crystal
was 50.56 MPa. It reveals that the compressivagtineof alpha-lithium iodate crystal is on par
with KDP crystal.
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Fig.4 Compressive strength of alpha-lithium iodate and KDP crystal.
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3.5. Microhardness studies

In order to understand the plasticity of the crigstanicrohardness studies were carried out on the
grown crystals, as the hardness of the crystatiependent on the type of chemical bonding,
which may differ along the crystallographic directs. Microhardness indentations were made
on the well-developed grown crystal of alpha-lithiuodate crystals using Leitz-Wetzlar
hardness tester fitted with a diamond pyramidaémdr. A diamond indenter is pressed into the
surface of the alpha-lithium iodate crystal undex influence of a known load (10-100 g) and
the size of the resulting indentation is measurgdlower loads the hardness decreases with
load, which can attributed to the work hardeningtlué surface layers. At higher loads the
hardness is increased which is essential requirerf@ndevice fabrication. Owing to the
observed micro cracks at the corners of the impressmade on the crystals, the maximum
indenter load applied was 100 g. This may be duthéorelease of internal stresses generated
locally by indentation and further measurementsrarepossible. Vickers diamond pyramidal
number, Hv was calculated from the following ecoati

_ 1.8544P

H, 2 kg/ mnt (1)

where P is the applied load in kg and d is the @hadjlength of indentation in mm. For each load
P, an average of at least three impressions weogded and the average of diagonal lengths (d)
of the indentation mark after unloading was obtdine

The values of Hv vs. loads, calculated using E¢.wére plotted against loads (Fig.5). The
relation between load and the size of indentatsogiven by Meyer’s law [22] as
P=kd" (2)
where K is a constant, n is the Meyer index (or work-hardg coefficient).
Using Egs. (1) and (2), we have
n-2
H,=bP " (3)
H, =1.8544d"? (4)

where b is a constant. The above relation indictttas H, should increase with P if n > 2 and
decrease with P when n < 2. We can determine n thanslope of a plot of log d versus log P.
Fig. 6 shows the plot of log P versus log d fittotta before cracking (up to 100 g of load) using
least-squares fit method and the value of n waaddo be 2.12 which is greater than 2. The
dependence of microhardness of a solid on theegppdad at low level of testing load is known
as Indentation Size Effect (ISE). When n = 2 forgoyidal indentors the hardness is independent
of indentation size, when n < 2 there is a "normi8E and when n > 2 there is "reverse" ISE.
The reverse effect is very uncommon and is usudllg to softer superficial layers on the
specimen surface [23]. On the basis of carefulstigation on various substancésg value of n
comes out to be 1-1.6 for hard materials and muaia 1.6 for soft ones. Thus alpha-lithium
iodate crystal belongs to the soft material catggdihe resistance pressure is defined as a
minimum level of indentation load (w) below whidhete is no plastic deformation [24]. Hays
and Kendall [25] proposed a relationship to calmule’ by the equation

X ge ©)

1

d" =

s
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Fig. 7 reveals that the plot betweehahd d gives a straight line having the slopgkk and
intercepts w/k From these values the value of ‘w’ was calculated.0.2g which shows that the
mechanical property of the crystal is quite good.

The elastic stiffness constant,{Cwas calculated with Wooster's empirical relatj@a6]. The
calculated stiffness constant for a load from 16 §00 g has been calculated and given in Table
1. Here we have a high value ofiGwhich indicates that the binding forces betwd®nibns are
quite strong.
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Fig. 5 Microhardness studies of alpha-lithium iodate
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Fig. 7 Plot of d® versusd"

Table 1 Stiffness constant of alpha-lithium iodate for various loads.

Load (P) in g Hv (kg/mn) Cy; (10°Pa)
10 228.888 4.1741
15 229.834 4.2043
25 206.000 3.4713
30 217.265 3.8102
50 231.750 4.2658
70 268.140 5.5062
100 296.640 6.5709
CONCLUSION

The Alpha-lithium iodate single crystals have beeiccessfully grown by conventional slow
evaporation method. It is a well known compound rionlinear optical applications. Single
crystal X-ray diffraction studies confirmed the ustture of the grown crystals. UV-Visible
studies confirmed that grown crystals may find ubkefptical window applications in the
wavelength region 300-1200nm. Powder SHG measurereenals that the relative efficiency
of alpha-lithium iodate crystal is 78 times moreewhcompared to KDP at 1.064n. We
reported the compressive strength studies of difftiam iodate crystal using material testing
machine Tinius Olsen. The compressive strengthlpifaalithium iodate crystal is on par with
KDP crystal. Vickers microhardness study on alptiadm iodate crystal reveals that the
hardness number,Hlecreases with increasing load for very small lcatts then increases with
increase in load. The value of Meyer’'s index, n i@sd to be greater than 1.6 for alpha-
lithium iodate and the grown crystal falls undex #oft material category. The value af Gives
the idea of tightness of bonding between neighlgoaitoms. Here we have large value of elastic
stiffness constant, which indicates that the bigdiorce between Liand IQ ions is quite
strong. Good mechanical properties, excellent aptiuality, moderate compressive strength,
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SHG efficiency, confirm that alpha-lithium iodats & good candidate for NLO device
fabrication.

Acknowledgements

The authors thank DST, Government of India for fagdthis research project (SR/S2/LOP-
07/2007). The authors are grateful to the managena@h University, Vellore for their constant
support and encouragement. The authors are gratefiof. P. K. Das, Dept. of Inorganic and
Physical Chemistry, 11Sc, Bangalore for providimg tSHG studies. The authors are expressing
their sincere thanks to Prof. K. Kishan Rao, Departt of Physics, Kakatiya University,
Warangal for providing the micro- hardness tesilifaes.

REFERENCES

[1] S K Kurtz, T T Perry, and J.G.BergmanAppl.Phys.Lett1968,12, 186.

[2] G. Nath and S.Haussulfppl.Phys.Letl969,14,154.

[3] F.R Nash, J.G.Bergman Jr, G.D. Boyd and E H Tuthéppl.Phy 1969,40, 5201.

[4] J M Crettez, J Comte, E Coquépt. Commun 1972,6(1), 26.

[5] C. Galez, Y.Mugnier, J.Bouillot, C.Rosgopt. Mater,2002, 19, 33.

[6] S MatsumuralMat.Res.Bull1971, 6,469.

[7] J.G.Bergman Jr, G.D. Boyd, A.Ashkin and S K KudtAppl.Phy1969, 40, 2860.

[8] S K Kurtz and T.T. Perryd. Appl. Phys 1968, 39(8),3798.

[9] Jeremie Teyssier, Ronan Le Dantec, Christine Gdleezques BouillotOpt. Mater, 2003,
22, 391.

[10] M.A.Gaffar, A.Abu EIl Fadl,J. Phys. Chem. Solid$999 ,60, 1633.

[11] A.E.Aliev, N.Kh.Akhmedzhanova, V.F.Krivorotov, [.Kholmanov, A.A.FridmanPhys.
Solid State2003, 45(1), 61.

[12] A.Righi, M.A.S. Oliveira, M.A. Pimenta, J.M. CretteP.Bourson, R.L.Moreir&olid State
lonics 2002, 148, 203.

[13] Y.Mugnier, C.Galez, J.M.Crettez, P.Bourson, J.BotilSolid State Commun2000,
115,6109.

[14] J.M. Crettez, A.Righi, C. Galez, P.Bourson, R.L.¥®loa, Solid State Commut998,105(8)
481.

[15] J.Herrreros Cedres, C.Hernandez Rodriguez, R. r&welemus, J.Appl.Cryst2002,
35,228.

[16] MAI Zhenhong, Chen Wanchun, CUI Shufan, MA WenylEXAnyun, Xu Lu, JIN Zecen,
CHEN GangChinese Phys. Lett991, 8 (4), 191.

[17]W C Chen., ZH Mai, WY Ma, S Q Jia, L Xu, J. CryGtrowth,1990, 99,1273.

[18] W H Zachariasen, F A BartBhysical Revieyi931, 37, 1626.

[19] Abraham Rosenzweigh, Bruno Morosicgta Cryst 1966, 20,758.

[20] Sookie S. Banga, Johnna K. Galinata, V. RamakrishBazyme Microb. Techno2001,
28,404.

[21] A Mohamed Ali, N. Arunai Nambi RajJrol. Res. 2008, 36, 289.

[22] E. Meyer, Z. VerDtsch. Ing 1908, 52,645.

[23] Philip M. Sargent,J. Mater. Sci. Lett1989, 8, 1139.

[24] Vineeta Gupta, K.K. Bamzai, P.N. Kotru, B.M. Wank|ater. Chemi. Phy2005, 89,64.
[25] C. Hays, E.G. KendalMetallurgy 1973, 6, 275.

[26] W.A. WoosterRep. Progr. Physl953, 16, 62.

254
www.scholarsresearchlibrary.com



