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Abstract: Good quality single crystals of pure and organometallic complex nonlinear optical material Mn®"
doped L-Cysteine hydrochloride monohydrate (Mn®": L-Cys.HCL.H,0) were grown by slow evaporation
solution technique (SEST) at constant temperature. Powder X-ray diffraction (PXRD) pattern and FTIR spectra
have been recorded to study variation in the lattice parameters and functional groups. High resolution X-ray
diffraction (HRXRD) study revealed the effect of dopant on crystalline perfection. The influence of doping on
optical transparency and SHG was investigated for the crystals. The second harmonic generation conversion
efficiency of Mn*": L-Cys.HCL.H,O have found 1.5 times of standard KDP. The S-H and C-S functional groups
are directly involved in Mn®>" coordination through S-ligand in L-Cys.HCI H,0 and have promoted nonlinear
optical efficiency.
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Introduction:

Materials that possess the non-centrosymmetric are studied extensively for their possible applications.
Especially, NLO crystal materials exhibit excellent applications such as laser frequency conversion, electro-
optic switching and holographic data storage optical computing, optical information processing, color displays
and medical diagnostics [1-3]. Amino acids are the molecular building blocks of peptides and proteins. The
growth of amino acid crystals from aqueous solutions containing transition metal lays a solid foundation for
understanding the role of transition metals in proteins. L-Cys.HCL.H,O is promising NLO material from amino
acid family to investigate because it crystallizes in orthorhombic structure with molecular formula
C;H/NO,S.HCI1.H,O with space group P2,2,2, [4]. The reported space group of L-Cys.HCL.H,O indicates that
the crystal is non-centrosymmetric and may possess NLO properties. L-Cysteine is sulphur-containing amino
acid which is characterized by the presence of a mercaptogroup (-SH). The mercapto group has a high affinity
for heavy metals, hence L-Cys.HCI.H,O bind metals such as mercury, lead and cadmium tightly. The transition
metal ions doped in L-Cys.HCLH,O crystals provide valuable information on the binding mechanism of metal
in L-Cys. rich environments and the formation of phytochelatin metallothionein complexes [5]. In the cysteine
molecule, the function groups, such as -NH,, -COOH and —SH, have a strong tendency to coordinate with
inorganic cations and metals, which has been demonstrated by Burford and co-workers on the basis of the
observations of mass spectrometry [6]. As reported in many previous publications that incorporation of dopants
in crystals leads to modification of the electric dipole-photon effect in the energy-matter interaction and make
the crystal efficient for SHG [7-9]. Several research groups were published on different aspects of NLO crystals
and demonstrated that metal ions enhance nonlinear effects by modifications in the crystalline lattice of
photonic crystals [10]. The incorporation of Mn*" ions modifies the NLO properties of crystals and greatly
improves their data storage capability [11, 12]. Herein, we have intensive interest in the growth and
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characterization of Mn”>" doped L-Cys.HCLH,O single crystal. The aim of the present communication is to
study the influence of Mn®* on the lattice parameters, crystalline perfection, functional groups, optical
transparency, and SHG of Mn”": L-Cys.HCL.H,O.

Experimental:

Crystal Growth:

Pure and Mn”*": L-Cys.HCL.H,O single crystals have been successfully grown by SEST at constant
temperature. In both cases, double distilled water is used as a solvent. The saturated solution of pure L-Cys
HCI1.H,O was prepared 30 °C with continuous stirring for 24 h. The solution was filtered and kept in a constant
temperature bath (CTB) at 30 °C. Spontaneous nucleation resulted in growth of a few small sized good quality
crystals. These were used subsequently for growth by slow evaporation technique in the temperature range of
30 — 35 °C with an increasing rate of 0.5°C/day. A bulk crystal of pure L-Cys HCL.H,O with dimensions 15 %
12 x 5 mm’ was harvested in 12 days. The grown crystal is shown in Fig. 1(a). To get Mn*": L-Cys HC1.H,O
single crystals, 1mol% amount of MnCl, was added to the saturated solution of L-Cy HCL.H,O and again stirred
for 24 h at 30 °C. The reaction takes place in the processes as follows:

C;H;NO,S.HC1.H,O + MnCl,=>Mn (C;H;NO,S.HCLH,0) Cl,

and the same procedure was followed as that of pure L-Cys. HCLH,O. The good transparent Mn* doped L-
Cysteine HCL.H,O with dimensions 21 x 20 x 7 mm’ was obtained after a period of 14 days and the crystal is
shown in Fig. 1(b).
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Fig. 1(a) Photograph of pure L-Cys. HCL.H,O grown single Crystal
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Fig. 1(b) Photograph of Mn*"doped L-Cys. HCLH,O grown single Crystal

Characterization:

Powder XRD measurements were carried out using a PW1830 Philips Analytical X-ray diffractometer
with nickel-filtered Cu K, radiation (35 kV, 30 mA) at a scan rate 0.02 s™ for the 20 angular range of 10-60° at
room temperature. FTIR spectrum was also recorded in the range 400-4000cm™ by using KBr pellet on Perkin
Elmer RXI FTIR. To measure the SHG efficiency of Mn*: L-Cys HCL.H,O single crystals, well crushed
powders of the pure and doped crystals were filtered with a 25 mm standard test sieve to achieve homogeneous
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particle size. These powders were densely packed into a glass micro-capillary of 1 mm bore and subjected to the
Kurtz powder technique. A KDP crystal was used as a reference. An Nd: YAG laser of fundamental wavelength
1064 nm, pulse width 8 ns, with a repetition rate of 10 Hz was used in 90° scattering geometry as a source. The
laser radiation was made incident on the specimen sample and green output radiation from the specimen was
detected by a photomultiplier tube (PMT) coupled with a filter. The SHG signals of the specimen crystal and
the standard KDP were recorded.

To evaluate the crystalline perfection of the specimen crystals, HRXRD analysis was carried out. A
multicrystal X-ray diffractometer [13] was used to record high resolution rocking or diffraction curves (DCs).
In this system, a fine focus (0.4 x 8 mm?; 2 kW Mo) X-ray source energized by a well stabilized Philips X-ray
generator (PW 1743) was employed. The well collimated and monochromatic MoKa; beam obtained from the
three monochromator Si crystals set in dispersive (+, -, -) configuration has been used as the exploring X-ray
beam. This arrangement improves the spectral purity (A4/A<< 10”) of the MoK a; beam. The divergence of the
exploring beam in the horizontal plane was estimated to be << 3 arc sec. The specimen crystal is aligned in the
(+, -, -, ) configuration. Due to dispersive configuration of the third monochromator crystal with respect to the
second monochromatic, the spectral quality of the diffracted beam emerged from the third monochromator is
highly perfect (AA/A~10"; horizontal divergence >> 3 arc seconds) and hence though the lattice constant of the
monochromator crystal and the specimen are different, the unwanted experimental dispersion broadening in the
diffraction curve of the specimen crystal [AFWHM=AMA(tanOy—tanBs); Oy and Og are being the Bragg
diffraction angles of monochromator and the specimen crystals] is insignificant. The advantage of dispersion
configuration (+, —, —) over the non-dispersive configuration (+, —, +) of monochromators is well described
[14]. The specimen can be rotated about a vertical axis, which is perpendicular to the plane of diffraction, with
minimum angular interval of 0.4 arc sec. The diffracted intensity is measured by using a scintillation counter.
The DCs were recorded by changing the glancing angle around the Bragg diffraction peak position 8 starting
from a suitable arbitrary glancing angle (). The detector was kept at the same angular position 265 with wide
opening for its slit, the so called ® scan. Before recording the diffraction curve, to remove the non-crystallized
solute atoms remained on the surface of the crystal and also to ensure the surface planarity, the specimens were
first lapped and chemically etched in a non-preferential etchant of water and acetone mixture in 1:2 volume
ratios. The UV—vis spectra have been recorded using a spectrophotometer (Perkin Elmer Lambda-25) in the
entire ultra- violet—visible region (200900 nm) of wavelength, to check the transparency of pure and Mn: L-
Cys.HCL.H,O crystals.

Results and Discussion:
Powder X-ray Diffraction Analysis:

The Mn*" doped L-Cys HCI H,O single crystal is analyzed for its structure by recording the powder X-ray
diffraction. The grown crystal belongs to orthorhombic system and space group is P2,2,2;. The unit cell
dimensions are a = 19.520 A%, b = 7.039 A” and c¢= 5.714 A’ which were calculated using POWDER X-
refinement software and observed values shown in Table-1 are within the standard deviations [14].

Table-1 Lattice parameters of doped and undoped L-Cys.HCL.H,O

0 0 0 3 Space
Sample a(A") b(A") c¢(A% V(AY) Group
L-Cys
19.480 7.120 5.520 765.611 P2,2,2,
(Pure)
L-Cys
(doped) 19.720 7.039 5.714 793.155 P2,2,2,

The high-resolution diffraction curve (DC) recorded for pure and doped L-Cys.HCLH,O crystal using
(110) diffracting planes in symmetrical Bragg geometry by employing the multicrystal X-ray diffractometer
with MoK aradiation shown in Fig.2. As shown in the figure, both the DCs contain a single peak and indicate
that the specimens are free from structural grain boundaries. The FWHM (full width at half maximum) of the
curves are 20 and 63 arc seconds which is somewhat more than that expected from the plane wave theory of
dynamical X-ray diffraction [15].
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High Resolution X-ray Diffraction:
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Fig. 2 Diffraction curves recorded for Mn**: L-Cys.HCL.H;O and pure single crystal for (110)
diffraction plane

In the case of pure L-Cysteine HCL.H,O grown crystal, for a particular angular deviation (A8) of
glancing angle with respect to peak position, the scattered intensity is much greater in positive direction than in
negative direction. This indicates predominantly interstitial type defect rather than vacancy defects. Due to the
interstitial defects, the local sub-lattice around the defect core undergoes stress and the interplanar spacing d of
the lattice around the defect core contracts. Such defects are very common to observe in almost all real crystals
and are many times unavoidable due to thermodynamical conditions. More details may be obtained from the
study of high resolution diffuse X-ray scattering measurements [16], which is not the main focus of the present
investigation. Fig. 2 shows the recorded DC for Mn*": L-Cys.HCL.H,O single crystal. The FWHM value is
much higher than the undoped single crystal. This increase in the FHWM without having any multiple peaks
due to doping indicates the distribution of Mn>* doping in the lattice. It is interesting to find an asymmetry of
the DC with respect to the peak position for a particular angular deviation (A0), the scattered intensity in the
positive direction is slightly larger than that in negative direction. This investigation clearly shows that the
dopants occupy the interstitial sites in the crystal lattice. Due to incorporation of dopants in interstitial sites, the
lattice around the dopants shows compressed stress and interplanar spacing‘d’ decreases [17].

FT-IR Analysis:

The recorded spectra of grown crystals are shown in Fig. 3. In the spectra peaks appeared at 3404 cm’
'and 3399 cm is assigned to NH, stretching vibration in pure and doped L-Cys.HCL.H,O. The broad spectra
which are observed at 2925 cm™ and 2945 cm’ is assigned to the O-H stretching in pure and doped L-
Cys.HC1L.H,O. The S-H stretching appeared in pure at 2539 cm™ is shifted to 2559cm™in Mn*": L-Cys.HCL.H,O
and also found C-H stretching at 2361 cm™. The sharp and strong peak observed at 1750 cm™' indicates the C=0
stretching of carbonyl group. The FTIR clearly shows an appreciable shift in C-S stretching from 613 to 643
cm™ in Mn®* doped crystal. Based on these shifts in stretchings, the presence of Mn®" in the crystal lattice of L-
Cys.HCLH,O is clearly evident. From these observations, it is concluded that S-H and C-S functional groups
are directly involved in Mn coordination through S-ligand in L-Cys. HC1.H,O [5].
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Fig. 3 FT-IR spectrum of the grown pure and Mn**: L-Cys.HCLH,0O

UV-Vis Transmittance Studies:

273

The transmittance spectra of pure and Mn*": L-Cys.HCL.H,O single crystals were shown in Fig. 4. For
the pure L-Cys.HCLH,O the UV cutoff wavelength is found at 255 nm and Mn*": L-Cys.HCL.H,O shows a
slight shift in UV cutoff wavelength to 250 nm. From these results, it is evident that the dopants have an
influence in the cut-off wave-length of the pure crystal.
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Fig. 4 : The UV-Vis transmission spectrum of Mn’* doped and pure L-Cys HCLH,O crystal

Second Harmonic Studies (NLO):

The Second Harmonic Generation (SHG) test on the Mn>": L-Cys.HCL.H,O crystal was performed by
Kurtz powder technique [18]. The randomly oriented micro crystals of Mn*": L-Cys.HCl H,O single crystal
was irradiated using the fundamental beam of 1064 nm from Q-switched Nd: YAG laser. The energy of
theincident laser beam is 2.5 mJ/pulse and pulse width about 10 ns with a repetition rate of 10 Hz. The second
harmonic signal was about 15 mV. But the standard KDP crystals gave an SHG of 10 mV/pulse from the same
input energy. Hence, it is seen that the SHG efficiency of Mn”": L-Cys.HC1 H,O crystal is 1.5 times that of the
pure KDP crystal. The output could be seen as a bright green color emission from the sample. The green
emission confirmed the second harmonic generation in the grown crystals and the metal doping influenced the
efficiency of undoped L-Cys.HCIL.H,O.
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Conclusion:

The powdered XRD, HRXRD, FTIR and Kurtz technique reveals the influence of Mn*": L-
Cys.HCL.H,O single crystals. The powder X-ray diffraction analysis of doped samples showed minor structural
variations. FTIR studies showed the incorporation of Mn®>" ions through S-group in L-Cys.HCL.H,O and also
confirm the functional groups in pure and doped samples. High resolution XRD of the metal doped crystal had
reasonably crystalline perfection and free from grain boundaries. HRXRD also confirms the incorporation of
Mn®" in the crystal lattice. The nonlinear optical character of the title compound was observed by measuring
the SHG efficiency, which is 1.5 times of KDP as assessed by Kurtz technique. UV-vis spectrum showed that
there is a slight change in the cut-off wavelength for doped crystal. From these observations, it can be
concluded that the influence of metal ion enhances the optical transparency, SHG efficiency and hence doped
crystals are promising materials for laser technology and may be used as electro-optic modulators.
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