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ABSTRACT

L-Alaninium Maleate (LAM) an efficient nonlineartmal material was synthesized and grown from
agueous solutionThe crystal structure of LAM was solved by direethod using SHELXS-97 and it's
found that it crystallizes in orthorhombic cryswlstem having non-centrosymmetry with22 space
group. The alaninium residue forms N-H...O and O-H..O lbggn bonds with malaete anion and the
later form O-H..O hydrogen bonds with each otherenBity functional theory computations of
equilibrium geometry and the first order hyperpd@ability of the crystal were calculatethe optimized
geometric bond lengths and bond angles obtainedusiyg DFT (B3LYP/6-31G (d,p)) show good
agreement with the experimental data.

INTRODUCTION

Nonlinear optical (NLO) materials showing secondnmanic generation (SHG) have been in
demand over the last few decades due to technalogigportance in the fields of optical
communication, signal processing, and instrumesratin search of new non-linear optical
(NLO) materials compared to inorganic materialsgaoic counterparts have high Second
Harmonic Generation (SHG) efficiency [1-4]. Thesigasubstituent’s to polarize threelectron
system of organic materials have been illustrioos developing the NLO chromophores
possessing large molecular non-linearity, good ntlaér stability, improved solubility and
processability. In recent years much effort isngerendered to understand the origin of
non-linearity and to relate the NLO responses ¢atebnic structure and molecular geometry for
designing and fabricating the NLO materials of éangolecular hyperpolarizability. Amino acid
family of materials are extensively researchedNb© activity due to the fact that all the amino
acids except glycine contain chiral carbon atom engtallize in noncentrosymmetric space
groups an essential character for NLO activity ][54 vast majority of organic crystals have
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their absorption in the blue light region. Aminoidsc single crystals formed by L-alanine,
L-arginine, L-histidine, etc., are found to be prsimg nonlinear optical (NLO) materials. Our
research group has already found that the optizatmal, spectroscopic and hardness parameter
of LAM single crystals could be altered when dopeth Mg and Cu ions [7]This paper deals
with structural and DFT investigation of L-alanimumaleate (LAM), an analog of L-alanine
having high NLO active chromophores. Good qualitygke crystal of LAM was grown
successfully by slow evaporation technique. Thacttire of LAM was solved by direct method
and unit cell parameters are determined. In the L&dvhpound, a head-to-tail hydrogen bond is
observed between the amino acid molecules. Theram@direct hydrogen-bonded interactions
between the semi maleate anions. Knowledge of mta@egeometry may help researchers to
predict the physiochemical properties of the conmgbumaterial in different environment.
Geometry optimizations were achieved using the &an83W program package and inter
atomic distances and angles were computed and cethp@th XRD parametersThe SHG
efficiency of the LAM crystal were also studiedngsiNd:YAG Q-switched laser.

2. Synthesis and growth of |-alaninium maleate (LAM single crystals

Analytical grade L-alanine (AR grade) and maleiclagas dissolved in double deionized water.
In order to grow good quality crystals, it is eds#rto increase purity up to a respectable level.
In the present study, the commercially available was dissolved in water and purified by
repeated crystallization process and the recryzdllmaterial was used to prepare the saturated
solution. The solubility of LAM was measured atfeient temperatures and the drawn solubility
curves are shown in Figure 1. It is seen that thebdity of LAM increases with temperature.
The resulting aqueous solution was filtered anovad to evaporate under optimized conditions
to grow crystals by slow evaporation method at raemperature (30°C). The reaction that takes
place between L-alanine and maleic acid in watetiome is as follows:

CH/NO,+ CjH304 + HHO  ———>  @HgNO, .C4H304
In a period of thirty days good transparent sirgiestal was harvested.

35

30

N e

Solubility(g/100ml)

20

25 30 35 40 45 50

Temperature °C

Figure 1. Solubility of LAM
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3. Computational details

Quantum chemical Density functional theoretical TDFEomputations were performed using
closed-shell Becke-Lee-Yang—Parr hybrid exchangesladion three-parameter functional
(B3LYP) in combination with 6-31G (d, p) basis st derive the complete geometry
optimizations and normal-mode analysis on isolaatities. Above said task was achieved
using Gaussian03\[8] program package, invoking gradient geometry op@tiin. The absence
of imaginary values of wave numbers on the caledlatibrational spectrum confirms that the
structure deduced corresponds to minimum energy.

RESULTS AND DISCUSSION

4.1Single crystal XRD

Among the grown crystals of LAM well shaped, traaagmt, single crystals were selected and it
was subjected to single crystal XRD analysis usiByRAF NONIUS CAD4/MAC4
X-ray diffractometer with Mol (A=1.5418) radiation at room temperature. Intendéta were
collected up and accurate unit cell parameters wbtained based on all reflections. Crystal
structure was solved by direct method using the ISKE=97 [9] and the positional parameters of
the non hydrogen atoms were refined by full matgast square with anisotropic thermal
parameters to an R value of 0.0371.

Table-1 Crystal parameters of LAM

Empirical Formula ¢Hy;1 N G
Formula weight 205.17
Temperature 293(2)
Wave length 1.5418
Crystal system, Space group Orthorhombic; B2

a=5.5873(11) A alpha=90°
Unit cell dimensions b=7.3864(17) A beta =90°
¢=23.688(3) A gamma = 90°

Cell volume 977.6(3) A
Calculated Density 1.39391 g/em
Absorption coefficient 1.078 mm
F(000) 432
Crystal size .33 x.23 x.12cm
Theta range for data collection 3.73t0 67.88 deg.
Limiting indices 0<=h<=6, 0<=k<=8, 0<=l<=2b
Reflections collected/unique 1024/1024[R(int)=0.0p0
Completeness to theta = 67.88 100%
Refinement method Full-matrix least squares or) F
Data/restraints/parameters 1024/0/130
Goodness- of — fit onF 1.100
Final R indices [I>2sigma(l)] 8( R1=0.0354, wR2 060
R indicies (all data) R1=0.0371, wR2 =0.1123
Extinction coefficient 0.018(2)
Largest diff. peak and hole .163 and -.159 &.A°
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From the single crystal analysis it was observed the crystal belongs to orthorhombic crystal
system having non-centrosymmetry with ;82 space group. Lattice parameters were
determined as a=5.5873A, b=7.3864A, ¢=23.68843=y=90" and the volume of the unit cells
is found to be 977.6045°AThe details of crystal data, parameters usedldita collection and
reliability factor are summarized in Table 1.Thamahium residue forms N-H...O and O-H..O
hydrogen bonds with malaete anion the later forid.@ hydrogen bonds with each other. The
C-O distances and O-C-C bond angles clearly shevpteésence of COOH group in the structure
of LAM single crystal. Hydrogen centered donor gtoe distances and dihedral angles are
listed in table.3.Theoretically Simulated XRD patt®f LAM single crystal with indexed peak
is given in Fig 2. Experimental Powder XRD patteyalso shown in Fig 3. Both XRD patterns
are almost similar in comparison.

Table-2. Hydrogen bonding (A’)and angles(’)

D-H...A D(D-H) | d(H...A) [d(D...A) |<(DHA)

O1- H1- 04 (1) .82 1.78 2.593(2) 174.0
03-H3-05. .82 1.63 2.425(3) 163.8
N1- H1IA- O5(2) | .89 2.00 2.887(3 174.8

N1-H1B -O2 (4)| .89 2.17 2.881(4) 136.4
N1- H1B- 04 (4)| .89 2.43 2.996(3) 121.4
N1- H1C -O6 (5) .89 1.96 2.828(3) 1645
C5- H5- O3 (6) .93 2.45 3.264(3) 145.8
C6 -H6 -O5 (6) .93 2.51 3.419(3) 164.8

Where, #1) 1+x,y,-1+ z #4) 0.5+x, 1,5kyz

#2) 0.5-x, 1-y,-0.5+ z #5) 1.5-x, 1-y, -0.5+z
#3) -0.5+x, 1.5-y, -z #6) 1+X, Y, Z

Figure2.Theoretically simulated powder XRD patternof LAM
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Figure 3.Experimentally obtained Powder XRD patternof LAM

4.2Geometrical structure

The optimized structure parameters of LAM calcdatey DFT (B3LYP) level with
6-31G(d,p) basis set show strong hydrogen bondihg.bond lengths of some selected atoms of
a synthesized LAM molecule are given in Table-3e TC bonds are normal with lengths
ranging between 1.3259 to 1.5072A°. The hydrogemdhiateraction of the type N1- H1- O2
could be the reason for bending of hydrogen towdrddaninium cation. The crystal data
confirms the zwitterions form adopted by L-alanmiwgation with additional protonation of the
Nitrogen atom. It is found from the table that expentally obtained bond lengths are smaller
in comparison with the optimized values from Gaarss®8 output. The differences between
calculated and observed geometrical parameterbeattributed to the fact that the theoretical
calculations were carried out with isolated molesulin the gaseous phase where the
intermolecular columbic interactions with the ndighng molecules are absent but the
experimental values were based on molecules irctysalline state[10]. Some selected bond
angles are listed in table.4. Atomic numberingeysadopted in this study is shown figure 4.

4.3 Hyperpolarizability studies

The hyperpolarizability and non linear optical pedpges of an isolated molecule of potential
NLO materials are considered as an extensive tbodsearch in molecular spectroscopy. The
length of the conjugatert-electrons are vital factor in contributing to hypaarizability. It has
been demonstrated that the first order hyperpalhility increases with the third power of the
number ofreelectron bonds and the correlation of polarizapiéind hyperpolarizabilities with
bond length alternation in the conjugateetlectron system from the neutral ground state
structure to the resonance structure of a chaegesfier state of the system.. This electron cloud
makes the molecule highly polarized and the intéemdar charge transfer interaction is highly
responsible for the NLO properties of the title gmund. Relation connecting non linear
response, linear polarisability() and first order hyperpolaraisabilipy) can be represented as
a Taylor expansion of the total dipole moment as
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it = Mo +0ljj E; +BijkEiEj + ... (1)
The components of first order hyperpolarisabiliay e determined using the relation

Table-3. Selected bond length of LAM molecule

Bond length(A°) | XRD | Gaussian| Bond length(A’)) XRD| Gassian
C,-0, 1.2294 | 1.43000 &Cus 1.5072| 1.5400
Ci-O3 1.268 1.43000 £5-Hos 0.9606 1.0700
C,-Cs 1.4743 | 2.66735 £-Ho, 0.9603 1.0700
CaHo 0.93500| 1.0700 GHas 0.9598] 1.0700
Cs-C; 1.4755 | 2.667358 £Hg 0.8184 0.9600
Cs-C, 1.3259 1.5400 N-His 0.8901 1.0000
Co-He 0.9293 | 1.0700 N-Hi 0.8896] 1.0000
C;-0Oq1 1.2278 1.4300 N-His 0.8901 1.0000
C;-Oyq 1.2803 1.4300 N-Cie 1.4854 1.4700

Figure-4.Atomic numbering system adapted for ab irtio computations of LAM molecule.

9

Table-4. Selected bond angles of LAM molecule

BondAngle(degree)] XRD| GAUSSIAN| BondAngle(degree) XB | GAUSSIAN
H2-N1-C3 121.6 120. H7-C5-H8 109.p 109.4424
N1-C3-H4 109.5 109.5 C3-C5-H9 1095 109.5
N1-C3-C5 109.2 111.1 H7-C5-H9 109.b 109.4424
H4-C3-C5 109.5 108.6358 H8-C5-H9 109{5 109.4424
N1-C3-C6 109.2 111.1 C3-C6-010 120|8 120.
H4-C3-C6 109.5 108.6358 H2-N1-H11 109{5 120.
C5-C3-C6 110.3 107.7945 C3-N1-H11 109{5 120.
C3-C5-H7 109.5 109.5 C3-C6-012 120i8 120.
C3-C5-H8 109.5 109.5 010-C6-012 121.6 120.

Bij =Pii +§E:=;( Bij+ B+ Bji) (2)

Using the x,y and z components the magnitude sf @irder hyperpolarisability;) tensor can
be calculated by the following equation
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Biot =B +(By*+(B) ™ A3)

The complete equation for calculating the firstesrtlyperpolarisability from GAUSSIAN 03W
output is given as

Btot = (Bxxx + Bxyy + szz)2 +(Byyy +Byzz + Byxx)2 +(Bzzz +Bzxx +Bzyy)2 (4)

The B components of GAUSSIAN 03W output are reporte@tiomic units and the calculated
values have to be converted into electrostatics¢hia.u = 8.3693x 13 esu).The first order
hyperpolarisability ) of LAM is calculated using6-31G(d,p) basis sesdzhon finite field
approach. Hyperpolarisability is a third rank temtd@t can be described by a 3x3x3 matrix. The
27 components of 3D matrix can be reduced to 10pom@nts due to Kleinman symmetry. [11]
The calculated first order hyperpolarisability vedufor LAM molecule are given in table 5. It is
found from the tablg,,, value is maximum among the tensor values whickcatds that more
delocalization of electron could takes place int tharticular direction. This may be due 1m®
electron cloud movement form donor to acceptor tini@ake the molecule highly polarisable an
essential behavior for NLO activity.

Table-5.Hyperpolarizability of LAM in esu

Bux | -244.8529961
By 4.0178705
By | -42.9225673
Byy | -35.0618471
Buxz | -69.6276676
By: | -16.5918869
By: | -25.6566023
Bxzz -66.4961103
Byzz -31.7199792
Bz 59.6206191
Bt | 3.02593461x16"

4.4NLO studies

Second harmonic generation (SHG) efficiency wassmeal to get an idea how much efficient
the material is in transferring energy from fundataé laser beam to second harmonic beam.
The grown crystal LAM were subjected to Kurtz [123cond Harmonic Generation (SHG) test
using the Nd:YAG Q-switched laser beam for the m@dr optical (NLO) property. The second
harmonic signal of 301 mW was obtained for LAM dengrystal with reference to KDP (275
mW). Thus, the SHG efficiency of LAM single crylsianearly 1.1 times greater than KDP. So
the candidate material can be used for frequenoyearsion in NLO devices.

CONCLUSION

Good quality single crystals of L- Alaninium MaleaLAM) were grown successfully by slow

evaporation technique. Single crystal XRD studieseacarried out for the grown crystal and the
crystal structure was solved by direct method usiegSHELXS-97 Programme package. From
the single crystal analysis it was observed thaictlystal belongs to orthorhombic crystal system
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with P22,2 space group. Quantum chemical Density functitmabretical (DFT) computations
reveals that the optimized structure parametées hond lengths and bond angles of LAM
molecule calculated by DFT(B3LYP) level with 6-313() basis set were in good agreement
with experimentally obtained values. First ordeipénpolarizability for the optimized LAM
molecule is calculated and its value is found t@Bl82593461x16° esu.SHG efficiency of the
LAM single crystal is 1.1 times greater than KDP.
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