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L-histidine tetrafluoroborate (L-HFB), a semiorganic nonlinear optical (NLO) material has been synthesized
and characterized by elemental analysis and FT-NMR spectroscopic studies. Solubility of L-HFB has been
determined in water and ethanol. The single crystals with dimensions 15x12x3 mm® were grown by slow
evaporation technique under two different pH conditions. The effect of pH on the morphology of the crystals
have been studied. The grown crystals of both pH values has been subjected to single crystal X — ray
diffraction to determine the unit cell dimensions and morphology. The thermal stability has been analyzed by
TGA and DTA. The microhardness test was carried out in (001) plane and the hardness coefficient was
calculated. The birefringence values (A,) were determined in the wavelength region 5540 - 6460 A.
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1 Introduction

Materials that possess optical nonlinearities have been studied extensively for their possible applications in
various fields like telecommunication, optical computing, optical data storage and optical information
processing. The generation of coherent blue light through second harmonic generation (SHG) from near
infrared (NIR) laser sources is an important technological problem that has attracted much attention in the last
few years. Potential applications lie in the fields of high-density optical data storage, high-resolution printing
and spectroscopy [1-2]. Organic crystals have large nonlinear susceptibilities compared to inorganic crystals.
However these crystals have inherent limitations such as increased optical absorption, narrow transparency
window, and poor mechanical and thermal stability. Inorganic crystals have excellent mechanical and thermal
properties but possess relatively modest optical nonlinearties because of the lack of 7 - electron delocalization.
Combining the high optical nonlinearity and chemical flexibility of organics with temporal and thermal
stability and excellent transmittance of inorganics, semiorganic materials have been proposed and are attracting
a great deal of attention in the nonlinear optical field [3-4].

L-HFB is a semiorganic NLO material with molecular formula C4H;,N;O,BF,. It has SHG efficiency five
times greater than KDP [5]. The FT-IR, FT-Raman and optical studies of this material have already been
reported by our group [6]. In the present investigations the growth aspects of LHFB in two different pH (3.14
& 2.74) values have been studied. The crystals were grown by slow evaporation technique and characterized
by single crystal X-ray diffraction, TGA and DTA, UV-Vis and microhardness studies. Further the
birefringence of L-HFB has been measured in the visible region.
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2 Experimental procedure
2.1 Synthesis and solubility

The L-HFB was synthesized at 50°C by dissolving equimolar ratio of L-histidine and tetrafluoroboric acid in
double distilled water. In L-histidine the imidazole and amino groups are protonated and thus counterbalance
the negative charges of the carboxylate (COO") functionality and tetrafluoroborate (BF,") ion. The synthesized
compound was purified by successive recrystallization process.

Large size good optical quality single crystals are essential to evaluate their physical properties, especially
the optical properties. To grow good quality crystals, the selection of a suitable solvent, temperature, and pH of
the solution are important parameters. To optimize the growth conditions the solubility of L-HFB in different
solvents were measured. The L-HFB solution was prepared in water and maintained at 25°C with continuous
stirring to ensure homogeneous temperature and concentration over the entire volume of the solution. On
reaching saturation, the content of the solution was analyzed gravimetrically and this process was repeated for
every 5 °C. The experiment was repeated for ethanol and an ethanol - water mixture (1:1) from 25-50°C and the
solubility curve is shown in Figure 1. It is to be noted that the solubility is maximum in water and hence
aqueous solutions could be used for the growth of good crystals.

—O—  Wataer
3e~‘ ~f- Water +Ethanol (1:1)
—$~ Eihanol
o]
zoﬁ
S
FI5
§
2o
&
5
Fig. 1 Solubility curve of L-HFB. Q,M/‘;

25 30 35
Temperoture (*C)

v . \

Fig. 2 '"H— NMR spectrum of L-HFB. S S T S
80 T0 60 50 4-0 30 20 -0 o
ppm

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



594 S. Dhanuskodi and J. Ramajothi: Crystal growth and studies of L-histidine tetrafluoroborate

2.2 Crystal growth

The aqueous solution of L-HFB was prepared in the pH = 3.74 and kept at 26°C for slow evaporation. Good
quality single crystals with regular shape (polyhedron) and size of 15 x 12 x 3 mm’® were harvested within four
weeks with approximate growth rate of 0.4 mm/day. The crystals have two prominent faces (001) and (010).
The plane (001) is perpendicular to (010) plane. Again the L-HFB solution was prepared in the pH = 2.74. The
solution was kept at 30°C for slow evaporation. Good quality triangle shaped crystals with size of 12 x 10 x 2
mm’® were grown within four weeks. The growth kinetics and quality of the crystals grown from solution are
considerably influenced by the pH of the solution. Further the morphology of the crystals is considerably
different on account of the influence of pH on the growth rate. It is observed that at the lower pH value (2.74)
the crystal grows at a faster rate along the b- direction than the a- direction. As the pH value increases (3.74)
the growth is more along the a- than the b- direction. In both pH values, growth rate along c-direction is the
least and is not much affected.

3 Characterization

3.1 Elemental analysis

The percentage composition of the synthesized compound can be established by carbon, hydrogen and nitrogen
(CHN) analysis. The result of CHN analysis carried out for the synthesized L-HFB shows that the compound
contains the following percentage of carbon, hydrogen and nitrogen: C=30.43 (29.66) %, H= 4.24 (4.14) %, N
=17.02 (17.29) %. The calculated values are given in the bracket.

3.2 FT-NMR spectral study

Nuclear magnetic resonance spectroscopy is widely used to confirm the molecular structure. A Bruker—300
MHz FT-NMR spectrometer was used to record the "H-NMR spectrum of LHFB using CDCl; as the solvent
(Figure 2). In this spectrum, the signal due to C-H of the imidazole ring is observed at 1.367 ppm. Further the
signal due to C-H of the amino group appears upfield at 0.141 ppm due to the heavily shielded proton of this
group. The signal at 1.474 ppm could be attributed to the CH, group. The proton of the N-H groups account for
a signal in the range of 7.4 ppm [7-8]. Thus the NMR spectrum is accounted for by the molecular structure.

3.3 Single crystal X-ray diffraction study

The single crystal X-ray diffraction of L-HFB crystal (pH=3.14) was carried out using an ENRAF NONIUS
CAD4 X- ray single crystal diffractometer. Reflections from a few planes were collected and indexed. The unit
cell parameters are a = 5.032 (2) A, b=9.129 (1) A, ¢ = 10.254 (2) A, B = 93.39 (8)° and it belongs to the
monoclinic system. The observed values agree well with the reported values [1]. The (001) plane is highly
developed than the other prominent planes. In the triangle shaped crystals (pH=2.74), the planes (001) and

(110) are comparatively well developed than the other planes and the planes (1 3 0), (1 1 0), (011) have newly
emerged.

3.4 Measurement of melting point and density

The melting point of the synthesized L-HFB was measured using a melting point apparatus (Model Tempo 120
V) and found to be 235 +1 °C. The density of the grown L-HFB single crystal was measured as 1.72 gem™ by
the floatation method using a mixture of bromoform and glacial acetic acid. This agrees well with the
theoretical value (p = 1.713) obtained from the crystallographic data.
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3.5 UV-Vis spectral studies

Single crystals are mainly used in optical applications where the optical transmission range and lower cutoff
wavelength are very important. The UV-Vis absorption spectra were recorded using Hitatchi UV-Vis
Spectrophotometer in the spectral range 200—-1000 nm (Figure 3). The L-HFB has a lower cutoff wavelength of
270 nm and the high transmittance in the entire visible region enables it to be a potential candidate for
optoelectronic applications.
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3.6 Measurement of microhardness and work hardening coefficient

Hardness is the resistance offered by a material to localized plastic deformation caused by scratching or by
indentations. The indentation hardness is measured as the ratio of applied load to the surface area of the
indentation [9-10]. The Vicker’s microhardness was evaluated for the grown crystal with the size 15 x12 x 3
mm’® for the smooth and dominant face (001). Indentations were carried out using Vicker’s indentator for
varying loads (5-50 g). For each load, several indentations were made and the average value of diagonal length
was used to calculate the microhardness. Vickers microhardness in Pascals was determined from the formula
Hv = 1.8544 P/d*. where P and d are the load (in Kgf) and diagonal length of indentation (in mm) [10]. The
hardness is found to increase with the load. The work hardening coefficient (n) of the material is related to the
load (P) by the relation P = a d " where a is an arbitrary constant. The plot of log P vs log d is a straight line
(Figure 4). The work hardening coefficient ‘n’ is found to be 4.4 for L-HFB. Another well known semiorganic
NLO material L-arginine phosphate (LAP) has a work hardening coefficient 2.0 [11]. The relatively high value
of work hardening coefficient for L-HFB proves the high mechanical strength of the grown L-HFB crystal.
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3.7 Thermal analysis

The thermogravimetric analysis (TGA) and differential thermal analysis (DTA) were carried out using a Seiko
thermal analyzer at a heating rate of 20°C/min in air to determine the thermal stability of the compound. The
DTA curve (Figure 5) shows that L-HFB melts at 235°C and it undergoes an endothermic transition due to
decomposition at 278°C followed by another endothermic peak at 360°C. The TGA curve shows that there is a
weight loss of about 20 % at 334°C due to the volatile substances in the compound probably ammonia and
carbon dioxide. There is no endothermic or exothermic peak beyond 500°C in the DTA curve, whereas TGA
shows a gradual weight loss and the residual weight obtained at 800 °C is only 38 %.
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3.8 Measurement of birefringence

Birefringence is one of the important properties for optical materials. Birefringent materials are used as
circulators, beam displacers and Glan polarisers [12-14]. The birefringence of L-HFB was measured using
channel spectrum method with a high power halogen lamp (500W) as a source. The polarizer and analyzer
were placed in crossed positions and the crystal was placed with its optics axis perpendicular to the incident
ray. When the crystal was introduced between the polarizer and the analyzer, the transmitted light from the
analyzer undergoes interference and the pattern was observed through a high-resolution spectrometer. The
minimum deviation angle corresponding to each band was measured. Then the wavelength of the
corresponding dark bands was obtained from the calibration graph of standard wavelength (Hg) spectrum. The
birefringence was calculated by the equation

V- [Aof (M-A2)] (Mi/ 1)

where t is the thickness of the crystal and Vn is the birefringence for the pair of wavelengths A; and A, [15].
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The birefringence values have been calculated for different pairs of wavelengths in the range. The
birefringence does not vary much and is moderate over the operating wavelengths. The graph connecting
wavelength and birefringence is represented in Figure 6.

4 Conclusion

L-histidine tetrafluoroborate was synthesized and water was found to be a suitable solvent for the crystal
growth. The effects of pH on the morphology of the crystals have been studied. The UV cutoff wavelength was
found to be 270 nm and thus the material is a potential candidate for generating blue — violet light using a
diode laser. The mechanical hardness studies reveal that L-HFB has a relatively high value for its work
hardening coefficient. The thermal analyses establish the very good thermal stability of the material. The
optical birefringence has been calculated for different pairs of wavelengths.

References

[1] H. O. Marcy, M. J. Rosker, L. F. Warren, P. H. Cunningham, C. A. Thomas, L. A. Deloach, S. P. Velsco, C. A.
Ebbers, J. H. Liao, and M. U. Kanatzidis, Opt. Letters 20, 252 (1995).

[2] S.S. Gupte, A. Marcarno, D. Pradhan, C. F. Desai, and N. Melikechi, J. Appl. Phys 89, 4939 (2001).

[3] Y.J. Dingand X. D. Mu, and X. Gu, J. Nonlinear Optical Physics and Material 9, 21 (2000).

[4] X.W.Wang, D. Xu, M. K. Lu, D. R. Yuan, and S. X. Xu, Material Research Bulletin 36, 879 (2001).

[5] M. D. Aggarwal, J. Choi, W. S. Wang, K. Bhat, R. B. Lal, A. D. Shields, B. G. Penn, and D. O. Frazier, J. Cryst.
Growth 204, 179 (1999).

[6] J. Ramajothi and S. Dhanuskodi, Cryst. Res. Technol. 38, 986 (2003).

[71 R. M. Silverstein and F. X. Webster, Spectrometric Identification of Organic Compounds, VI- Edn. John Wiley &
Sons, Inc. New York 1998.

[8] P.Y.Bruice, Organic Chemistry, Il Edn. Pearson Education Asia, Singapore 2002.

[91 K. G. Subhadra, K. Kishan Rao, and D. B. Sirdeshmukh, Bull. Mater. Sci. 23, 147 (2000).

10]  S. Mukerji and T. Kar, Cryst. Res. Technol. 34, 1323 (1999).

11]  P. A. Angeli Mary, Ph. D Thesis, Bharathidasan University, September, 2002.

12] K. Buse and M. Luennemann, Phys. Rev. Lett. 85, 3385 (2000).

13] M. Eber, M. Burrianek, P. Held, J. Stade, S. Bulut, C. Wickleder, and M. Miihlberg, Cryst. Res. Technol. 38, 457
(2003).

[14]  J.R. Mackey, K. K. Das, S. L. Anna, and G. H. McKinley, Meas. Sci. Technol. 10, 946 (1999).

[15]  Wooster, “Experimental Crystal Growth” Cambridge 1957.

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


