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Transparent, unidirectional single crystals of sodium dihydrogen phosphate-doped glycine 
phosphite (NaDP—GPI) are grown by the Sankaranarayanan-Ramasamy method. The good 
quality crystal is obtained under controlled thermal conditions. The functional groups and 
melting temperature of NaDP—GPI single crystals are analysed. The phase transition tempera-
ture of NaDP—GPI is calculated from the dielectric studies. The mound-like patterns are ob-
served on the surface of the crystal. The growth process under the controlled thermal condition 
was observed by optical studies. The obtained results are discussed in detail. 
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The hydrogen-bonded ferroelectric single crystal of glycine phosphite (GPI) belongs to the inor-

ganic family of crystals. Ferroelectric amino acid crystals are widely used for the fabrication of infra-
red detectors, piezoelectric/electrostrictive transducers, optical integrated circuits, display and optical 
data storage devices [ 1 ]. The GPI single crystal crystallizes from its aqueous solution and undergoes a 
continuous ferroelectric to paraelectric phase transition at 224 K. This single crystal belongs to a 
monoclinic crystal structure with the P21/a space group in the paraelectric phase [ 2 ]. It is necessary 
to grow defect-free bulk single crystals for the fabrication of devices. In the conventional solution 
technique, many of the problems such as dislocations, slip bands, growth bands, liquid inclusions, low 
angle grain boundaries, cracks, and vacancies were observed [ 3 ]. However, in the Sankaranarayanan-
Ramasamy (SR) method, the defects can be eliminated. Also this technique offers a 100 % solute-
crystal efficiency. The doping effect of sodium dihydrogen phosphate (NaDP) on GPI was studied by 
conducting various characterization techniques such as thermal and optical analyses, and the obtained 
results are discussed in detail. 

Experimental. As reported by S. Supriya et al. [ 4 ], a 5 mol% NaDP-doped GPI single crystal 
[ 5 ] was obtained by the SR method. The grown NaDP—GPI single crystal was transparent and unidi-
rectional. The functional groups of NaDP—GPI samples were analysed on an Avatar 330-FTIR Ther-
mo Nicolet spectrometer. The Zentech-1061 LCZ meter recorded the dielectric analysis of pure GPI 
and NaDP—GPI. The differential thermal analysis (DTA) was carried out on a SHIMADZU DT-40 
simultaneous DT analyser with a heating rate of 10 �C/min. The surface of the single crystal was ana-
lyzed by a Zeiss LSM 510 confocal laser scanning microscope (CLSM). The cross profiling of a laser-
scanned image was performed to assess imperfection across the growth direction of the crystal. After 
the initial scans, a robust Gaussian filter with a 4 �m cutoff was applied to the surface topography  
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Fig. 1. Functional group analysis. FTIR data: pure GPI (a); NaDP—GPI (b) 
 

using the mountains map topography software (Digital Surf). Surface features were then calculated 
from the filtered topography. Further, the crystal surface was analysed by a Nano Surf Easy Scan2 
(Switzerland) atomic force microscope (AFM). The images were taken in contact mode with sharp-
ened tetrahedral tips (OMCL-AC160TS-C2, OLYMPUS, Japan). The cantilever force constant was 
42 N/m and the tip radius was 7 nm. 

Results and discussion. The Fourier transform infrared (FTIR) spectra of NaDP—GPI are com-
pared with those of pure GPI. The functional groups of the NaDP—GPI sample were analyzed by the 
potassium bromide (KBr) pellet method. Due to a small percentage of the dopant no major changes 
were observed. Comparing with pure GPI, a minor shift in the range of hydrogen bonds (3450.97 cm–1, 
3117.08 cm–1) was observed in NaDP—GPI. A comparison of the FTIR data for pure GPI and 
NaDP—GPI (Fig. 1, a, b) shows an increase in symmetric bending vibrations (1459.70 cm–1); anti-
symmetric stretching vibrations (1622.68 cm–1) of COO– and rocking vibrations at 515.46, 648.4 cm–1 
were observed. At 1254.83 cm–1 and 1054.01 cm–1 a decrease in symmetric bending vibrations and 
rocking vibrations of NH3+ was observed respectively [ 6, 7 ]. The characteristics observed in the FTIR 
studies confirm the incorporation of the NaDP compound into GPI. 

The dielectric constants and the phase transition temperature of pure GPI and NaDP-doped GPI 
were analyzed (Fig. 2). The well-grown NaDP—GPI crystal (size = 3�2�2 mm) was polished using 
alumina powder and paraffin oil to study the dielectric property. The silver paste was applied on both 
opposite surfaces of the single crystal which acted as electrodes and the dielectric property was meas-
ured with a frequency of 1000 KHz. Using a computer-controlled Keithley nano voltmeter with relay 
arrangement (up to an accuracy of 0.1 K), the temperature was controlled from 205 to 320 K. The  
 

 
 

Fig. 2. Dielectric studies 

  

 
 

Fig. 3. Thermal analysis-DTA curve 
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Fig. 4. Surface 3D image (a) and cross profiling plot of a NaDP—GPI single crystal (b) 
 

dielectric responses were recorded and the almost similar variation was observed. It has been reported 
that for pure GPI, for a frequency value of 10 KHz, the dielectric constant is at the transition tempera-
ture of 224 K [ 8 ]. 

However, at a frequency value of 1000 KHz we found that the phase transition temperature of 
pure GPI was 227.41 K and the NaDP—GPI phase transition temperature was 243.24 K. NaDP—GPI 
shows a high Curie temperature as compared with that of pure GPI. The change in the phase transition 
temperature proves the presence of NaDP in glycine phosphate. 

The thermal stability of pure GPI and NaDP—GPI was studied on a differential thermal analyzer 
(DTA). The thermal analysis graph (Fig. 3) shows the endothermic peak corresponding to the melting 
point and a stepwise decomposition of pure and NaDP-doped GPI. When the sample and the reference 
are heated to higher temperatures the melting and decomposition take place. The sample temperature 
increases and again decreases due to endothermic and exothermic reactions. In this process, heat is 
released. The DTA curve shows an increase and a decrease in the temperature ranges of pure GPI and 
NaDP-doped GPI. The thermal data on NaDP—GPI was compared with that for pure GPI. Minor 
changes have been observed in the thermal data. Both samples show the melting point at 184 �C. 

The surface 3D image (Fig. 4, a) and the cross profiling plot (Fig. 4, b) of a NaDP—GPI single 
crystal were recorded by a confocal laser scanning microscope. The �110� plane of the as grown 
NaDP—GPI single crystal was analysed with CLSM. The mound like islands was observed on the 
surface of the crystal at regular intervals. The 3D image and the cross profiling plot explains the struc-
ture and the growth rate of the crystal surface respectively. The cross profiling of the image recorded a 
height difference of 25 microns on average with respect to the regular surface. The colony of islands 
suggests that there may be a minor change in the growth rate due to a temperature difference of 1� per 
day [ 9 ]. 

The surface of the NaDP GPI single crystal was analyzed by AFM. The AFM image was re-
corded from 0 to 10.5 �m sizes at the �110� plane of the crystal. The topographical view of the crystal 
surface is shown in Fig. 5. The tiny bright spots [ 9 ] were observed on the crystal surface. These bright 
spots may be due to a temperature change during the growth process and were not observed in the con-
focal microscope. The dark line on the surface reveals the influence of the growth process. The outer 
morphology shows wave-like surface structures; the height difference between the wave-like struc-
tures is about 267 nm. 

Conclusions. The functional groups of the 5 mol% doped NaDP—GPI sample were analyzed by 
IR spectroscopy. The NaDP—GPI and pure GPI samples melt at the same temperature. The laser 
scanning microscopy studies reveal the growth pattern on the surface of the single crystal under the 
controlled thermal conditions. The presence of tiny bright spots was observed on the surface of the 
crystal. This may be due to the influence of the growth process. From the dielectric studies, the phase  
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Fig. 5. AFM image recorded from the surface of the crystal 
 

transition temperature of NaDP—GPI was calculated as 243.24 K (at 1000 KHz), which gives a new 
result as compared with that of the pure GPI single crystal. 

REFERENCES 

1. Senthilkumar K., Moorthy Babu S., Binay Kumar. et al. // J. Cry. Grow. – 2013. – 362. – P. 343 – 348. 
2. Balashova E.V., Lemanov V.V., Pankova G.A. // Phy. Sol. Sta. – 2005. – 47. – P. 183 – 190. 
3. Hugh Gallagher G., Ranko Vrcelj M., John Sherwood N. // J. Cry. Grow. – 2003. – 250. – P. 486 – 498. 
4. Supriya S., Kalainathan S., Bhagavannarayana G. // J. Phy. Chem Sol. – 2103. – 74. – P. 70 – 74.  
5. Supriya S., Antonio Dos santos-García J., Fernández-Martinez F. // Mat. Let. – 2014. – 128. – P. 114 – 116.  
6. Perumal R., Senthil Kumar K., Moorthy Babu S. et al. // J. Allo. Comp. – 2010. – 490. – P. 342 – 349. 
7. Baran J., Czapla Z., Drozd M.K. et al. // J. Mol. Struct. – 1997. – 403. – P. 17 – 37. 
8. Perumal R., Moorthy Babu S., Bhagavannarayana G. // J. Allo. Comp. – 2010. – 505. – P. 268 – 272. 
9. Ishwar Bhat S., Govinda Nayak N., Vijayalakshmi Rao. et al. // Rad. Meas. – 2003. – 36. – P. 695 – 698. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Web Coated \050Ad\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Japan Magazine Advertisement Color)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


