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Abstract In the present communication, we have suc-

cessfully synthesized the efficient NLO material of glycine

hydrofluoride (GHF) by conventional chemical reaction,

and grown the single crystal by adopting slow evaporation

solution growth technique. In order to know its suitability

for device fabrication, different characterization analyses

have been performed. The lattice constants have been

determined from powder X-ray diffraction (PXRD) method

and found that it crystallizes in orthorhombic crystal sys-

tem. Its crystalline perfection was evaluated by high-res-

olution X-ray diffraction technique (HRXRD) and the

value of FWHM indicates the presence of low angle

structural grain boundaries. Its luminescence behaviour has

been analysed by photoluminescence (PL) analysis and

found maximum luminescence in the lower wavelength

region. Its relative second harmonic generation efficiency

was evaluated from Kurtz powder technique. The phase

matching angle of GHF was determined by using Nd:YAG

laser as a source. Its thermal, mechanical and electrical

properties were examined by TG/DTA, Vickers microh-

ardness tester and dielectric measurements, respectively.

Introduction

Nonlinear optical (NLO) materials are mainly used in the

field of photonic and optoelectronic technologies [1, 2]. For

the past few decades materials explored for NLO applica-

tions were mostly inorganic. However, its nonlinear optical

coefficients and laser damage threshold are fairly low in

comparison with organic and semi-organic materials [3, 4].

By considering all the parameters, material scientists

focuss their attention on the growth of technologically

important materials of organic and semi-organic types.

Presently semi-organics are gaining attention because it is

sharing the properties of both organic and inorganic

materials, e.g., higher second order nonlinear optical effi-

ciency, good laser damage threshold and mechanical

properties etc. [5, 6].

Nowadays amino acids are noticeable materials due to

its competent nonlinear optical efficiency. Some complexes

of amino acids with inorganic salts have already been

reported by many researchers [7–9], and that has proven to

be a good candidate for nonlinear optical applications. In

this series, we have successfully synthesized the semi-

organic nonlinear optical material of glycine hydrofluoride,

and the single crystals have been grown by slow evapo-

ration solution growth technique and the results have been

reported. It crystallizes in orthorhombic crystal system with

noncentrosymmetric in nature. It comprises a molecular

formula of C2H5NO2HF having the molecular weight of
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106.08 g/mol. Its relative second harmonic generation

efficiency is 6.3 times higher than that of standard potas-

sium dihydrogen phosphate (KDP). Even though some

reports are available for the growth of GHF [10], in this

communication we are reporting its structural and optical

properties of the compound. Its laser damage threshold and

luminescence behaviours have also been analysed and the

detailed discussions are given in subsequent sections.

Experimental

Crystal growth

In general, the purity of the commercially available mate-

rials lies in the range 95–99%. Impurities may create the

defects during the formation of single crystals. So, in the

present study, the purity of the raw material was improved

by repeated recrystallization processes using double dis-

tilled water as the solvent. The calculated amounts of

glycine and hydrofluoric acid were taken [10] in a separate

beaker and dissolved thoroughly. Then they have been

mixed together using a hot plate attached motorized mag-

netic stirrer. In order to complete the chemical reaction, the

temperature of the hot plate was maintained around 60 �C.

Then the solution was filtered and kept in a hot oven for

complete dryness. The saturated solution was prepared

using the dried salt and filtered using a WHATMAN filter

paper (no. 1001 125). The filtered solution was tightly

closed with thin plastic sheet, so that the rate of evapora-

tion could be minimized and then housed in a constant

temperature bath (CTB) with a setting temperature of

32 �C. Good transparent single crystals were harvested

from the mother solution after a time span of 2 months

(14 9 13 9 3 mm3) (Fig. 1). The grown single crystal was

subjected to different characterization analyses in order to

know its suitability for device fabrication.

Characterization analyses

The lattice dimensions have been calculated from the

powder X-ray diffraction analysis using D8 Advanced

powder X-ray diffractometer (Bruker make) at a scanning

speed of 1.2�/min. The crystalline perfection was assessed

by National Physical Laboratory (NPL)-developed high-

resolution X-ray diffractometer using a well-collimated

and monochromated MoKa1 beam. Its phase matching

angle was determined by using a high intensity Nd:YAG

laser as a source. Its relative second harmonic generation

efficiency was examined by Kurtz powder technique with

reference to KDP. Its thermal, mechanical and electrical

properties have been studied by using Mettler Toledo Star

simultaneous DTA/TGA analyser, Vickers microhardness

tester and PSM 1735 NUMETRIQ LCR meter, respec-

tively. The observed results and the significant discussions

are given in the following sections.

Results and discussions

The powdered form of the GHF specimen was subjected to

powder X-ray diffraction analysis and scanned between the

ranges 10–50�. The recorded PXRD spectrum is shown in

Fig. 2. The lattice dimensions were calculated by TREOR

programme using the observed two theta values. From this

measurement one can comprehend that the title compound

crystallized in orthorhombic system have the lattice

dimensions of a = 5.4732; b = 7.6487; c = 8.5458 Å. The

formation of functional groups and the purity of the syn-

thesized compound were identified from the Fourier trans-

form infra-red (FTIR) analysis. The spectrum was recorded

in the wavenumber region between 400 and 4000 cm-1 and

is shown in Fig. 3. The region 2600–311 cm-1 is assigned to

N–H stretching of the primary ammonium group. The peaks

observed in the region 1590–1610 is interpreted to asym-

metric and symmetric NH3 bending vibration. Whereas the

peak observed at 1660 cm-1 is due to carboxylate ion.

In the present study, the crystalline perfection of the as-

grown single crystal of GHF was characterized by HRXRD

by employing a multicrystal X-ray diffractometer devel-

oped at NPL [11]. The well-collimated and monochromated

MoKa1 beam obtained from the three monochromator Si

crystal sets in dispersive (?,-,-) configuration has been

used as the exploring X-ray beam. The schematic repre-

sentation of the experimental set up and the detailed

Fig. 1 As grown single crystal of GHF
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discussions were reported in our earlier article [12]. Before

proceeding the analysis, the specimen was prepared by

grinding and lapping, and then chemically etching with

water and acetone solution in 1:1 ratio. Figure 4 shows the

high-resolution diffraction curve recorded for (121) dif-

fracting plane. As seen in figure, an additional peak at an

angular distance of 60 arc sec away from the main peak

towards the lower diffraction angle side indicates a very low

angle structural grain boundary which might be formed by a

little quantity of solvent entrapped inside the crystalline

matrix during the growth process. The half widths of the

main peak and the peak due to very low angle boundary are,

respectively, 57 and 44 arc sec, which show that the crys-

talline quality of the specimen is quite good. Such types of

boundaries are commonly observed in solution grown

crystals [13, 14].

The relative second harmonic generation efficiency was

determined by modified Kurtz powder technique [15] at

Indian Institute of Science (IISc), Bangalore. It is an

important and well accepted tool to evaluate the conversion

efficiency of a nonlinear optical material. A Q-switched

Nd:YAG laser operating at the fundamental wavelength of

1064 nm, generating about 1.3 mJ and pulse of width 8 ns

was used for the present experimental study. The input

laser beam was passed through an IR reflector and then

incident on the powdered form of the GHF specimen,

which was packed in a glass capillary tube. The output

energy was detected by a photodiode detector integrated

with oscilloscope assembly. Second harmonic signal was

confirmed when the laser beam was passed through GHF

specimen. The second harmonic generation efficiency was

measured with respect to KDP (with same particle size as

that of the specimen, i.e. 120–125 lm). From this mea-

surement we found that the relative SHG efficiency of

glycine hydrofluoride is 6.3 times higher than that of

standard potassium dihydrogen phosphate. Its phase

matching angle was determined by adopting high intensity

Nd:YAG laser having the wavelength of 1064 nm. The

phase matched angle is 26.2� in XZ plane for second

harmonic generation of 1064 nm wavelength.

In order to identify the laser resistive power of GHF,

laser damage threshold (LDT) has been carried out using

Q-switched Nd:YAG laser having the wavelength of

1064 nm. The details of the experimental set up and the

schematic representation have already been reported [16].

The energy density was calculated using the relation,

ED = E/A GW/cm2, where E is the input energy and is

measured in milli-joules and A is the area of the circular

spot size. The laser damage threshold value of the title

compound was found to be 2.12 GW/cm2, whereas the

lower value of laser damage threshold (LDT) was

observed, when the crystal is subjected to multiple shots.

From these measurements we have observed that the single

Fig. 2 PXRD pattern of glycine hydrofluoride

Fig. 3 FTIR spectrum of glycine hydrofluoride
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Fig. 4 High-resolution X-ray diffraction curve recorded for (121)

diffracting planes using MoKa1 radiation in symmetrical Bragg

geometry

J Mater Sci (2009) 44:3457–3461 3459

123



shot laser damage threshold is higher than that of multiple

shot damage threshold. Boomadevi et al. [17] described

that apart from thermal effect, multi-photon ionization is

the important cause of laser-induced damage. From this

analysis we found that the laser damage threshold is nearly

11 times higher than inorganic crystal of potassium dihy-

drogen phosphate (KDP). The laser damage threshold of

some NLO crystals is given in Table 1 [18]. The higher

value of LDT is very much useful to make the frequency

conversion or laser devices.

The as-grown well tested inclusion-free single crystal of

GHF was scanned between 500 and 700 nm using Ar? ion

laser operating at 488 nm and 5 mW for excitation in all

measurements. In the present investigation, the excitation

wavelength is 490 nm. The recorded emission spectrum is

shown in Fig. 5. For 490 nm excitation wavelength, the

observed emission band lies between 500 and 800 nm. The

maximum intensity peaks are observed in the region from

520 to 620 nm. These peaks are due to carboxylic acid and

amino groups, which arise by the donation of protons from

carboxylic acid to amino group, and lead to luminescence

nature for the GHF specimen and may be useful for optical

data storage applications.

Its thermal properties have been analysed by TG/DTA

analyses. The spectrum was recorded in the nitrogen

atmosphere at a scan rate of 10 �C/min. The recorded

spectrum is shown in Fig. 6. From the TG curve one can

see that there is a single stage weight loss starting at about

225 �C. No weight loss is observed below 225 �C. The

material is moisture-free and stable up to 225 �C. In order

to examine the physico-chemical change, the differential

thermal analysis (DTA) was also performed in the range

20–400 �C. DTA curve contains a sharp endothermic peak

at 255 �C. It is attributed to the melting point of the title

compound. Below this endothermic peak, no exothermic or

endothermic peak was observed, indicating the absence of

any isomorphic transition. Hence GHF is thermally stable

up to its melting point. The sharpness of the endothermic

peak shows its good crystallinity [19], which is also evi-

denced from the high-resolution X-ray diffraction analysis.

The mechanical properties of the grown specimen were

assessed by Vickers method using Leitz Weitzler microh-

ardness tester fitted with a diamond indenter. The smooth

and polished surface of the (121) plane was subjected to the

analysis. The measurements have been carried out from 10

to 100 gm and the indentation time was kept at 5 s for all

the measurements. Three measurements have been done for

each load, and the average Vickers hardness number

(VHN) value was used for the calculation. The calculated

VHN value is moderately higher than the other nonlinear

optical materials of L-arginine tetrafluoroborate and methyl

p-hydroxybenzoate [20, 21]. The Meyer’s index number

(n) or work hardening coefficient has been calculated from

the slope of log p vs. log d plot and found to be 1.13. From

careful examination on different materials, Onitsch and

Hanneman [22, 23] suggested that, n lies in the range 1–1.6

for hard materials and is higher than 1.6 for soft materials.

In the present study, the estimated work hardening coeffi-

cient (n) of GHF is 1.13, suggesting that the title compound

belongs to hard material category and its yield strength was

found to be 17.54 GPa. Its dielectric constant and dielectric

loss have been measured at different temperatures (from

Table 1 LDT value of the GHF specimen along with other important

NLO crystals

Compound Laser damage

threshold (GW/cm2)

KDP (potassium dihydrogen phosphate) 0.20

Urea 1.50

BBO (beta-barium borate) 5.0

LAP (L-arginine phosphate) 10

GHF (present study) 2.12
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Fig. 5 Emission spectrum of GHF crystal

Fig. 6 TG/DTA spectrum of GHF
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291 to 423 K) using PSM 1735 NUMETRIQ analyser. The

cut and polished specimen was coated with silver paste on

both sides in order to get the proper electrical contact

during the measurement, and the temperature of the fur-

nace was controlled by Eurotherm temperature controller

with an accuracy of 0.01 �C. The recorded data suggested

that the dielectric constant is higher in the lower frequency

regions and it decreases with increase in frequency. The

same behaviour was also observed in the higher tempera-

ture regions. This may be due to considerable contribution

from ionic polarizability, whereas in the lower frequency

regions all the polarizations may be prominent. The lower

value of dielectric loss at higher frequency regions implies

that the grown specimen was free from defect and other

boundaries. The detailed investigation of the effect of swift

heavy ion irradiation on GHF single crystal will be

reported in due course of time.

Conclusions

The title compound, glycine hydrofluoride has been suc-

cessfully synthesized and the single crystals have been

grown by solvent evaporation method at room temperature.

It crystallizes in noncentrosymmetric space group and

belongs to orthorhombic crystal system. The crystalline

perfection was found to be reasonable as evidenced from

the high-resolution X-ray diffraction analysis. Its relative

second harmonic generation efficiency and laser damage

threshold were found to be higher than KDP single crystal.

The higher value of luminescence was observed in the

lower wavelength region and that may due to donation of

protons from carboxylic acid to amino group of glycine.

From the thermal analysis we observed a sharp endother-

mic peak around 255 �C, which is assigned to the melting

point of the specimen, and such a sharp peak suggests that

the crystallinity of the specimen is good. Its mechanical

and electric properties have been analysed. Hence, we

conclude that the title compound is suitable to make some

nonlinear devices like frequency doublers, SHG generators,

etc.

Acknowledgements The authors NV and GBN are very much

thankful to Prof. Vikram Kumar, Director, NPL, and B. R.

Chakraborty, Head, Materials Characterization Division, for their

kind support. One of the authors NV is grateful to Dr. S. K. Halder

and Dr. S. K. Dhawan for extending the Powder XRD and TG/DTA

facilities. The authors also gratefully acknowledge the technical helps

of Dr S. K. Pradhan and Dr M. Pal of Burdwan University.

References

1. Dmitriev VG, Gurzadyan GG, Nikogosyan DN (1999) Handbook

of nonlinear optical crystals. Springer-Verlag, New York

2. Wong MS, Bosshard C, Pan F, Gunter P (1996) Adv Mater 8:677

3. Yabuzaki J, Takahashi Y, Adachi H, Mori Y, Sasaki T (1999)

Bull Mater Sci 22:11

4. Aggarwal MD, Wang WS, Choi J, Chang KJ, Shields AW, Penn

BG, Frazier DO (1993) Meas Sci Technol 4:793

5. Long NJ (1995) Angew Chem 34:21

6. Jiang MH, Fang Q (1999) Adv Mater 11:1147

7. Brahadeeswaran S, Bhat HL, Kini NS, Umarji AM, Balaya P,

Goyal PS (2000) J Appl Phys 88:5935

8. Mukerji S, Kar T (2000) Metall Mater Trans A 31:3087

9. Marcy HO, Rosker MJ, Warren LF, Cunningham PH, Thomas

CA, DeLoach LA, Velsko SP, Ebbers CA, Liao JH, Kanatzidis

MG (1995) Opt Lett 20:252

10. Selvaraju K, Valluvan R, Kumararaman S (2006) Mater Lett

60:2848

11. Lal K, Bhagavannarayana G (1989) J Appl Crystallogr 22:209

12. Vijayan N, Bhagavannarayana G, Maurya KK, Pal S, Datta SN,

Gopalakrishnan R, Ramasamy P (2007) Cryst Res Technol

42:195

13. Vijayan N, Bhagavannarayana G, Gopalakrishnan R, Ramasamy

P (2007) Indian J Chem Sect A 46:70

14. Vijayan N, Bhagavannarayana G, Kanagasekaran T, Ramesh

Babu R, Gopalakrishnan R, Ramasamy P (2006) Cryst Res

Technol 41:784

15. Kurtz SK, Perry TT (1968) J Appl Phys 39:3798

16. Vijayan N, Bhagavannarayana G, Ramesh Babu R, Gopala-

krishnan R, Maurya KK, Ramasamy P (2006) Cryst Growth Des

6:1542

17. Boomadevi S, Mittal HP, Dhanasekaran R (2004) J Cryst Growth

261:55

18. Bhat HL (1994) Bull Mater Sci 17:1233

19. Hameed ASH, Ravi G, Dhanasekaran R, Ramasamy P (2000)

J Cryst Growth 212:227

20. Rajan Babu R, Jayaraman D, Kumar RM, Ravi G, Jayavel R

(2003) J Cryst Growth 250:157

21. Vijayan N, Ramesh Babu R, Gunasekaran M, Gopalakrishnan R,

Ramasamy P (2003) J Cryst Growth 256:174

22. Onitch EM (1950) Microskope 95:12

23. Hanneman M (1941) Metall Manchu 23:135

J Mater Sci (2009) 44:3457–3461 3461

123


	Synthesis, growth and structural perfection of nonlinear optical material of glycine hydrofluoride (GHF)
	Abstract
	Introduction
	Experimental
	Crystal growth
	Characterization analyses

	Results and discussions
	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


