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ABSTRACT

A semi-organic nonlinear crystal L-histidine methyl ester dihydrochloride,
an analog of L-higtidine has been grown successfully by slow evaporation
solution growth method at room temperature. The grown crystal was char-
acterized by crystal XRD and FT-NMR studies. Theoptical transmittance of
the grown crystal was analyzed by UV—vis—NIR spectral study which shows
that the crystal has awide transmittance window in the entire visible region.
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The surface morphology of the grown crystal was analyzed by HR-SEM
analysis. The second harmonic generation of the grown crystal was tested
by the powder technique of Kurtz and Perry. The thermal stability of the
crystal was ascertained by differential scanning calorimetry (DSC) tech-
nique. The Vickers microhardness test was performed and the load depen-

dence hardness was estimated.

INTRODUCTION

An enduring need persiststo build up new classof
nonlinear optica materid suseful for frequency conver-
sonintheUV to near-IR spectra region. Substantial
efforts have been madeto combine amino acidswith
inorganic and organic compoundsto produce excel lent
materia shaving desirable characteristics suitablefor
nonlinear optica applications. A number of semi-or-
ganic crystal's have been explored with high optical
nonlinearity, favorable therma and mechanica proper-
ties3. In semi-organic materids, polarizable organic
moleculesare stoi chiometrical ly bound within aninor-
ganic host. Thesdtsof L-histidinesuchasL-histidine
tetraflouroborate, L-histidinehydrochl oride monohy-
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drate®, L-histidine diphosphate®®, L-histidine bro-
mide?, L-higtidinenitrates®, L-histidinehydroflouride
dihydrate® and L-histidine perchlorate® have been
aready reported and found to be promising materias
for nonlinear gpplications.

Inspired by the previousworks, wehave grown L-
histidine methyl ester dihydrochloride (LHMED), a
semi-organic nonlinear optica materid by dow solvent
evaporation method. The molecular structure of
LHMED wasfirst reported by Victor H. Vilchizet d .1
withvery smdl crystds. Preiminary studiessuggest that
LHMED crystd ispromisingamateria for NLO gppli-
cations. Inthiswork, the structure of thegrown crystal
wasanayzed by singlecrystal XRD, and nuclear mag-
netic resonance (NMR) studies. Thelinear and nonlin-


mailto:drjosephsu@gmail.com

MSAIJ, 8(3) 2012

C.Alosious Gonsago and A.Joseph Arul Pragasam

143

ear optical properties were studied by UV-Vis-NIR
and Kurtz and Perry techniques. Thethermal stability
of thegrown crystal was measured by DSC technique.
Hardness of thecrystal isestimated by microhardness

studly.
EXPERIMENTAL

The title compound L-histidine methyl ester
dihydrochloride (AR grade) obtained from Sigma-
Aldrich Company was purified by repeated recrystal -
lization processin double distilled water. After suc-
cessiverecrystalization, thesdtswerecompletely dis-
solved in doubledistilled water at 32 °C and stirred
well using magnetic stirrer for about 2 hoursto obtain
homogeneous mixture of the saturated solution. The
prepared solution wasthen filtered twiceusing micro-
whatman filter paper to eiminate any unwanted impu-
rities. Thefiltered solution waskept inaborosi| bea-
ker which was covered with perforated polyethylene
paper for controlled evaporation of the solvent. In
order to avoid temperature variationsand to maintain
aconstant growth, the solution was placed in acon-
stant temperature water bath kept at 32 °C. To re-
strain the growth any microorganism, two drops of
H.O, were added to the saturated solution!*?. The
crystal with adequate transparency and sizewasgrown
within aperiod of 30 days.

RESULTSAND DISCUSSION

Singlecrystal XRD

Singlecrystal X-ray diffraction study hasbeen car-
ried out toidentify thecrystal structureand lattice pa-
rametersof thegrown LHMED crystd. The XRD study
wasemployed using theinstrument BRUKER Kappa
Apex 2 CCD diffractometer with MoK« radiation of
wavelength 0.7107 A. The X-ray crystallographic data
showsthat thegrown crystal ismonoclinicin structure
with spacegroup P2,. The observed lattice parameters
area=8.221A,b=7.108 A, c=9.505 A, V=555.42 A,
0=y=90° and =94.56°. These values are in concur-
rent with the reported val ues*Y.

FT-NMR Spectral analysis
In order to confirm the molecul ar structure of the
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grown crystal, *H NMR and 3C NMR spectral stud-
ieswerecarried out usng theinstrument Bruker 300MHz
(Ultrashield) TM instrument at 25.7 °C with DMSO as
the solvent. The recorded *H NMR spectrum of
LHMED isshownin Figure 1. Thechemical shiftsof
thecompound arerepresentedin & ppm. Thechemical
shiftsareassigned and are presentedin TABLE 1. In
the 'H NMR spectrum, the resonance peaks at 6 =
9.098ppm and 7.531ppm are due to the existence of
CH groupsof theimidozolering of L-histidine. These
peaksaresplitinto adoublet and triplet duetothein-
teractionsof the neighboring proton (NH) of theimida-
zolering. Thesignd a 6=4.508ppm is due to CH(NH,)
anditissplitinto atriplet dueto the coupling of two
neighboring protons (CH,) of theside chain. A sharp
resonance peak observed asasinglet at 6 =3.717ppm
isdueto the presence of methyl group (CH,) of ester.
Thesignal at & =3.337ppmisdueto CH, group of the
sdechananditissplitintoadoublet duetotheinter-
actionsof neighboring aiphatic CH groups. The peak
a 2.532ppmisdueto theinfluenceof solvent DM SO.
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Figurel: H NMR spectrumof LHMED

The3C NMR spectrum of LHMED showseight
resonance pesksandisdisplayedin Figure2. Thereso-
nance peak resolved at 6 = 168.982ppm isdueto CO
group of side chain. The peaks resolved at =
134.427ppm and 118.540ppm are due to the pres-
ence of CH groups of imidazole ring. The peak at
127.088ppmisduethe presence of C atom of thering.
Theresonance peak observed at $=53.503ppmisdue
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to the presence of CH group of side chain. The peak
resolved at 6 = 51.467ppm is due to the presence of
OCH, group of ester and the peak at 25.551ppm is
dueto the existence of CH, group of the side chain of
L-histidine. The peak at 6 =41.126ppmissplitinto
multiplet dueto theeffect of solvent DM SO.

160
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ppim
Figure2: 3C NMR spectrumof LHMED

TABLE 1: Thechemical shiftsin*H and *C NM R spectra of
LHMED

200

Spectrum  Signal at & (ppm) Functional groups

2532 DM SO (solvent)
3.337 CH,
HNMR 3.717 CH;
4.508 CH of side chain
7.531, 9.098 CH of imidozolering
25.551 CH,
41.126 DMSO (solvent)
BCNMR 51.467 OCHj
53.503 CH of side chain
127.088 C of imidazolering
118.540, 134.427 CH of imidazolering
168.982 CO

UV-vis-NIR spectral analysis

TheUV-Vis—NIR spectral study was carried out
inthewave ength range 200-1000 nmusing theinstru-
ment Varian Carry-5E UV-Vis spectrophotometer to
identify thesuitability of LHMED crystd for optica ap-
plications. Theoptica transmittance spectrumisshown
inFigure3. Thecrystal showscomplete transparency
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visible and near UV region which enablesit to bea
potential materia for nonlinear and optoel ectronic ap-
plicationg™®. Thetransmittance spectrum showsthat
thetransparency of the crystal extendsup to thewave-
length 230 nmwhich correspondsto thelower cut-off
wavelength or fundamental absorption of thecrystal.
Thewidetransparency window between 230 nmand
1000 nmissufficient for the second harmonic genera
tion of light fromthecrystal usngtheNd:YAG lase.
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Figure3: Optical transmittance spectrumof LHMED crygal
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Second har monicgeneration

The second harmonic generation of LHMED was
tested by the Kurtz and Perry powder technique™. A
Q-switched Nd: YA G |aser operating at thefundamen-
tal wavd ength 1064nm, producing pulsewidth 8 nswith
therepetition rateof 10 Hzwasemployed. Thegrown
crystal was ground in to fine powders and densely
packed in betweentwo glassplates. It isobserved that
the sample convertstheinput radiation of wavelength
1064 nminto green radiation of wavelength 532 nm.
The conversion efficiency of theLHMED iscompared
withthemicrocrystallineKDP sampleandit isobserved
that conversion efficiency of thegrown crystd ishigher
than that of standard KDP.

HR-SEM analysis

The high resolution-Scanning e ectron mi croscopy
(HR-SEM) providesuseful information regarding the
surface morphology and crystdline nature of thegrown
compound. Thetransparent region of thecrystal was
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cut into few mm and was used for observing the sur-
face morphology. The SEM imagesof LHMED taken
intwodifferent magnificationsare providedin Figure4.
FromtheFigure5a, itisclear that the crystal surfaceis
smooth and freefrom any did ocations. The Figure 5b
showsthat the surface has step-likegrowth, which sug-
geststheexistence of grain boundariesand striations.

Figure4: HR-SEM imagesof LHMED
DSC analysis

Differentid scanning calorimetry (DSC) isathermo
andytica techniquewnhichisuseful inobservingthefu-
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sion and crystallization process. The DSC anaysis of
LHMED crysta wasemployed using theinstrument
Perkin-Elmer Thermd analyzer. TheDSC analysiswas
carried out between 25 °C and 250 °C at a heating
rate of 20 °C/min in the nitrogen atmosphere. The re-
corded DSCtraceisshowninFigure5.
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Figure5: DSC curveof LHMED

The DSC trace givesthe complete picture of de-
composition of thematerid. It isobservedthat the DSC
traceissmooth and rectilinear upto 210 °C and then it
shows an endothermic peak at around 218 °C. The
onset of the endothermic peak beginsat 212 °C and
hencethe processwill bemelting. Thisonset tempera:
ture correspondstothemeting point of thecrysta which
matcheswiththe previoudy reported valug®®. The pesk
isbroadened between 212 °C and 230 °C which rep-
resentsthedegradation of the materia into fragments.
Thesmoothness of thetraceindicatesthe purity of the
compound. The DSC study revealsthat thecrystal is
thermally stable upto 212 °C and suitable for photonic
applicationswhereit isnecessary to undergo high tem-
peratures.

Microhardnessstudies

Microhardnesstestingisvery useful techniqueto
understand the mechanical behavior of material 1¢.
Mechanical property of the material wasanalyzed by
measuring themicohardnessnumber with different | oads.
Thehardnessvaueof anideal crystal should beinde-
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pendent of the applied load. But in practice, theload
dependenceisobserved dueto normal indentation side
effect™. Thestaticindentationsweremadeonthecrys-
tal for variousloadsfrom 10to 50 g at 32 °C with a
constant indentation time of 10 s. The microhardness
of theLHMED crystd wasestimated for the (010) face.
Duetotheformation of cracksat higher |oads, themaxi-
mum applied load was limited to 50 g. The Vickers
microhardness number Hv of the crystal wasestimated
using theformulaHv = 1.8544 P/d? kg/mm?where, P
istheappliedloadinkgand disaveragediagond length
of theindentationin mm. A graph is plotted between
hardnessnumber (Hv) and gppliedload (P) andisshown
inFigure®6. It isobserved from the plot that the hard-
nessof LHMED crystal decreaseswithincreasing load,
whichisattributed to normd indentation size effect.

CONCLUSIONS

TheLHMED singlecrysta wasgrown from solu-
tion by dow evgporation method at 30°C. Single crys-
tal XRD study reved sthat thegrown crystd belongsto
monoclinic system with the space group P2,. The
chemicd structureof thegrown wasestablished by FT-
NMR spectra study. The UV-Vis-NIR spectral study
showsthat the crystal ishighly transparent in the UV
andvigbleregionand thusconfirmsthesuitability of the
crystd for nonlinear gpplicationssuch asfrequency con-
version, optical communications, datastorageand im-
age processing. The surface morphol ogy of thecrystal
was anayzed by HR-SEM analysis. The SHG test
showsthat the sampl e convertstheinput radiation of
wave ength 1064 nminto greenradiation of wavelength
532 nm. The hardnessof thecrystal was established by
Vickersmicrhardness study. The DSC andysisclearly
indicatesthat thecrysta ishighly stableand making it
suitablefor possibleagpplicationsinlaser, wherethecrys-
tal isendured to withstand high temperatures.
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