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Study of gel grown mixed crystals of Ba,Ca;_,)(103)4
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Abstract.

The growth of mixed crystals of Ba,Ca, ,(I10;), were carried out with simple gel method. The effect

of various parameters such as pH of gel solution, gel concentration, gel setting time, concentration of reac-
tants on the growth was studied. Crystals having different morphologies and habits were obtained. The grown
crystals were characterized by XRD, FT-IR, EDAX, TGA, DTA and DSC.
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1. Introduction

In the field of crystal growth, gel technique has become
more popular and has been used more (Joshi and Trivedi
1970; Ittyachen and Kurien 1979; Joshi et a/ 1981). A
variety of crystals required for the purpose of research
and application can be grown in silica gels. Gel growth
technique has been used for the preparation of single
crystals of alkaline earth metal iodate crystals (Joshi and
Trivedi 1983). Also the gel growth technique appeared
quite attractive for growing crystals of such compounds
on account of its unique advantages in terms of crystals
produced and the simplicity of the process (Armington
and O’Connar 1968; Blank and Brenner 1969; Blank et al/
1969; Ranadive et al 1969; Blank 1973). Gel growth
technique has been used for the preparation of single
crystals of barium iodate and calcium iodate (Shitole and
Saraf 2001). Crystals of iodate exhibit nonlinear optical
properties (Kurtz and Perry 1968; Morosin ef al 1973)
and piezoelectric properties (Bach and Kuppers 1978).
Nonlinear optical phenomena have found a wide variety
of applications in many areas of modern science, techno-
logy and engineering. The nonlinear devices find large
applications in optical communication, image processing
and wave-guide coupling. Mixed iodate crystals of barium
calcium iodate are used in medicine and production of
other iodates.

The purpose of the present paper is to report the growth
and influence of various parameters such as pH of gel,
gel reactants, gel concentrations, effect of neutral gel etc
on the growth mechanism of mixed iodate crystals of
barium calcium iodate in gel.

*Author for correspondence (sl. garud@rediffmail.com)

Gel method; Ba,Ca, (105),; mixed crystals; XRD; FT-IR; EDAX.

2. Experimental

The growth of mixed crystals of Ba,Ca;_,(103), were carried
out in silica gel. Various concentrations of acetic acid and
those of sodium metasilicate were used to prepare the gel.
For this purpose, 5 cc, 2 N acetic acid was taken in a
beaker, to which sodium metasilicate solution having
different densities was added drop by drop with constant
stirring by using magnetic stirrer. It avoids premature
local gelling. To this mixture, 5 cc solution of barium
chloride and calcium chloride was added with constant
stirring. The pH of the mixture was maintained at 4-2.

Experiments were performed to optimize suitable pH
value for growth of good quality crystals. This mixture
was then transferred to the test tube and it was closed
with cotton plug. The gel was allowed to set. It took nearly
12 days for setting. This set gel was aged for 5 days. Aging
helps in nucleation control due to reduction in the diame-
ter of the capillaries in gel. Potassium or sodium iodate
was used as supernatant. Supernatants having different
molarities were carefully poured over the set gels. Experi-
ments having different molarities were carefully poured
over the set gels. The chemical reaction inside the gel can
be expressed as

xBaClg + (l—x)CaClg + 4YIO3 = BaxCa(l,x)(103)4 + 4YC1,
where Y = K or Na.

3. Results and discussion

The optimum conditions for growing crystals were found
and are given in table 1.

The parameters such as concentration of reactants, pH
of gel, impurities in the solvent, gel setting time, gel aging
time etc have considerable effect on growth rate. In the
steady state of concentration gradient, growth rate also
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becomes steady which favours growth of well-developed
crystals. Fast growth rate in one particular direction leads
to the formation of elongated crystals like dendrites.

4. Observations

It was found that the quality of crystals depend upon the
different concentrations of reactants. Table 2 summarizes
the effects on the habits of single crystals.

Figure 1 shows dendritic growth of barium calcium
iodate crystals inside the test tube for high concentration
of reactants. Figure 2(a) shows prismatic transparent
crystals of barium calcium iodate inside the test tube.
Figure 2(b) shows few prismatic transparent crystals of
barium calcium iodate. At one end, crystals are translu-
scent which is due to the inclusion of silica gel.

5. Characterization

Mixed crystals of Ba,Ca;_(103), grown were characterized
by XRD, FT-IR, EDAX, TGA, DTA and DSC.

5.1 X-ray diffraction

X-ray diffractogram was recorded using Rigaku,
Miniflex, Japan with CuK« radiation (1-5418 A) shown
in figure 3. The observed d-values and ikl were com-
puted. The computer program POWD (an interactive
Powder Diffraction Data interpretation and Indexing Pro-
gram version 2-2) was used to calculate ‘d” values. The
observed peaks in diffractogram show that the mixed
iodate crystals possess monoclinic structure. The ASTM
data of Ba(I0;),, Ca(I03), and calculated unit cell para-
meters of Ba; ,Ca,(10;), are given in table 3. The atomic
fraction, x, of Ba replacing Ca atoms is 0-27, as calculated
from the lattice parameters given in table 3 and employing
the Vegard’s law. The molecular formula of the crystals
grown can, therefore, be written as Bag»;Cag.73(103)4-
nH>O on the basis of XRD and FTIR. Here ‘n’ is the
number of water molecules.

Table 1. Optimum conditions for growth of barium-—calcium
iodate crystals.

Parameters Optimum conditions
Density of sodium meta silicate solution 1-04 g/cm?
Amount of 2N acetic acid 5 ml

pH of mixer 4.2
Temperature Room temp.
Concentration of NalOs or KIO; 0-5M
Concentration of BaCl, or Ba(NO3), 0-05M
Concentration of CaCl, or Ca(NO3), 0-5M

Gel setting time 12 days

Gel aging time 120 h
Period of growth 4 weeks
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5.2 Fourier transform infrared (FT-IR)
spectral analysis

FT-IR is used for structural analysis. In the present study,
IR spectrum of barium calcium iodate sample was recorded

Figure 1. Dendritic growth of barium—calcium iodate crystals.

Figure 2.

(a) Prismatic transparent crystals of barium calcium
iodate inside the test tube and (b) few prismatic transparent
crystals of barium calcium iodate.
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Table 2. Effect of concentrations of reactants on habit, quality and size of Ba,Ca; (105),.
Conc. of reactant in gel Conc. of reactant above gel Habit Quality Size (mm)
NalOj3 or KIO3, 0-5 M, 3-5 ml BacCl, (0-05 M), CaCl, (0-5 M), 10 ml Dendritic Opaque, brittle 10 x20 x 1
KIOs;, 0-5 M, 8 ml BacCl, (0-05 M), CaCl, (0-5 M), 6 ml Prismatic Good 8x2x2

Table 3. Unit cell parameters.

Parameter Ba(103), Ca(105), Ba, ,Ca,(105),
System Monocligic Monocligic Monocligic
13-63 7-143 1222
Z 7-979 A 1129 A 9-6478 A
c 9-036 A 7-280 A 7-761 A
yij 133-62 106-35 121-10
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Figure 3. X-ray diffractogram of barium calcium iodate.

using SHIMADZU spectrophotometer at the Department
of Chemistry, University of Pune. Figure 4 shows FT-IR
spectrum of barium calcium iodate. The IR spectrum was
recorded in the wave number range 400-4000 cm™' for
KBr line.

The bands at 3435-34 cm ™ are due to O-H stretching
and at 167813 cm™' are due to H-O-H bending. Bands
due to vibration involving metal, iodine and oxygen atoms
are found predominantly near 750-815 cm™'. Fundamental
infrared frequencies, observed in all iodate compounds in
general, are also found in present FT-IR analysis, which
confirm the iodate group of grown crystals. The bands at
392 cm™ are due to iodate group. Fundamental frequencies
that have been observed are 1y (symmetric stretching) at
750-30 cm ™' and v; (asymmetric stretching) at 815-92 cm™.
The dominant absorption bands are found at 700-815 cm™
in all iodate compounds (Nakamoto 1970) and can be
expected to contain 14, 53 as well as possible splitting of
v3. From the spectral analysis, it is clear that in case of
barium calcium iodate crystals the O—H stretch bands in

the region 2300-3700 cm™' are much widened. It is due to
inclusion of water molecules.

5.3 Energy dispersive analysis (EDAX)

Elemental analysis was carried out at NCL, Pune. Table 4
shows values of elemental content of the crystal by
EDAX and theoretical calculation from molecular formula.
From the table it is clear that the values (wt% and at%) of
0O, Ba, Ca and I in the grown crystal measured by EDAX
are very close with the values calculated from molecular
formula.

5.4 Thermal analysis (Bay.,7Cay.73(103) 4nH,0)

TGA, DTA and DSC studies of mixed iodate crystals
were carried out at NCL, Pune. Figures 5(a), (b) and (c)
represent the TGA, DTA and DSC curves, respectively. It
shows that compound is stable up to 100°C. The initial
17-664% weight loss occurs due to loss of 9 water mole-
cules in temperature range 100-120°C. Further 5-:260%
weight loss occurs in the temperature range 220-280°C.
This loss of weight is due to loss of coordinated 3 water
molecules. There is no further weight loss up to 530°C.
Further 68% weight loss in the temperature range 530-—
650°C is due to decomposition of crystals and may
be loss of iodine and some oxygen from the anhy-
drous mixed iodate crystals. Again in the temperature
range 700-760°C, there is 11% weight loss indicating
decomposition of reaction producing mixture of BaO and
CaO.

Molecular weight of the crystal,

Bao '77cao 73(103)4 12H'>O : 982-19
Molecular Welght of Bao 27 Cao 73(103)4 766-19
Weight of 12 moles of H,O 0 216
Amount of Bao.37Cao.73(IO3)4 in

the crystal . 78-0 wt%
Water of crystallization 0 22:0 wt%

Wt. loss observed in the first two : 16-493 +5.497
temperature regime =21-99%

The calculation shows that the molecular formula of
the grown Bag.,;Cag75(105)4-#H,O crystal as determined
from XRD and FTIR can be written as Bag.»;Cag.73(103)4-
12H-0.

DTA curve of the same compound shows its peaks at
100-120°C, 220-280°C, 530-650°C and 700-760°C.
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Figure 4. FT-IR spectrum of barium calcium iodate.

Table 4. Values of elemental content of the crystal.
Content as calculated from
Content as measured by EDAX ~ molecular formula Ba,.,;Cag.73(103)4- 12H,0
Element wt% at% wt% at%
(0] 40-32 84-29 40-07 8275
Ba 3-61 0-53 3-86 0-93
Ca 3-06 2-15 3-04 2-51
1 53.01 13-03 53-00 1379
Table 5.

Values of AH and transition temperature, 7, from DSC of the crystal.

Sample Wt of the sample

Change in enthalpy, AH Transition temperature, 7;

Barium calcium iodate 0-0154 ¢

0-4886 klJ/mole 101-52°C
0-1169 kJ/mole 226-83°C
—0-03154 kJ/mole 313-46°C

In the DSC study the two endothermic stages are ob-
tained. But at 295°C an exothermic phase transition process
was noticed. The thermal effect is —0-0315 kJ/mol. The
results of DSC measurements are presented in table 5.

In DSC curve, Step I: The initiation temperature is
96°C and equilibrium temperature is 115°C. At 96°C (ini-
tiation temperature), initiation of phase change starts and
is completed at peak endo-down temperature of 101-52°C
(transition temperature). The temperature at which the
sample and reference come to the thermal equilibrium by
thermal diffusion appears to be at 115°C: (i) Area under
the curve is 7524-214 mJ and (ii) heat of transition, A/{
i.e. enthalpy change of transition is 488-5853 J/g which is
0-4886 kJ/mole. Since molecular weight is 1 g/mole.
Therefore, AH,, = AH;i.e. heat of phase formation is also

0-4886 kJ/mole where AH; is enthalpy change of new
phase formation or it is called heat of phase formation.

Step II: At 211-57°C (initiation temperature), initiation
of phase change starts and the phase change (i.e. transi-
tion) ends at peak endo-down temperature of 226-83°C
(transition temperature). The temperature at which the
sample and reference come to the thermal equilibrium by
thermal diffusion appears to be at 265°C: (i) Area under
the curve is 1800-474 mJ and (ii) heat of transition, AH,
i.e. enthalpy change of transition is 116-91 J/g which is
0-1169 kJ/mole. Since molecular weight is 1 g/mole.
Therefore, AH,, = AH;i.e. heat of phase formation is also
0-1169 kJ/mole where AH; is enthalpy change of new
phase formation or it is called heat of phase formation.
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Figure 5. (a) TGA curve of barium calcium iodate crystal, (b) DTA curve of barium calcium iodate crystal and (¢) DSC curve of

barium calcium iodate crystal.

Step III: At 290°C (initiation temperature), initiation of
phase change starts and the phase change (i.e. transition)
ends at peak exo-up temperature of 313-54°C (transition
temperature). The temperature at which the sample and
reference come to the thermal equilibrium by thermal
diffusion appears to be at 340°C: (i) Area under the curve
is —485-798 mJ and (ii) heat of tranmsition, AH, i.e.
enthalpy change of transition is —31-54 J/g which is
—0-03154 kJ/mole. Since molecular weight is 1 g/mole.
Therefore, AH,, = AH;i.e. heat of phase formation is also
—0-03154 kJ/mole where AH is enthalpy change of new
phase formation or it is called heat of phase formation.

6. Conclusions

From the above studies we observe that

(D Single diffusion gel growth technique is suitable for
growing crystals of mixed barium calcium iodate.

(I) Good quality crystals of mixed barium calcium
iodate can be obtained by changing parameters like gel
density, gel aging, pH of gel, concentration of reactants,
etc.

(IIT) The observed peaks in diffractogram shows that the
mixed iodate crystals possess monoclinic structure.

(IV) The TGA calculation shows that the molecular
formula of the grown Bag.,;Cag73(105)4-nH,O crystal as
determined from XRD and FTIR can be written as
Bao.37 Cao.73(103)4' IZHZO

(V) Chemical compositions of the grown crystal by
EDAX match with the theoretical calculation from mole-
cular formula.

Acknowledgements

The authors are grateful to Prof. S A Patil, Department of
Physics, Pratap College, Amalner, for providing labora-
tory facilities. Our thanks to Prof. S R Chaudhari, Princi-
pal, Pratap College, Amalner, for constant encouragement.
Also we thank Prof. K S Mahajan and Late Prof. R U
Vaidya, Pratap College, Amalner, for fruitful discussions.
One of the authors (SLG) sincerely thanks the University
Grants Commission, New Delhi, for the award of a
teacher fellowship under the Faculty Improvement Pro-
gramme.



192 S L Garud, N K Mahajan and K B Saraf

References

Armington A F and O’Connar I J 1968 J. Cryst. Growth 3/4
367

ASTM data of Ba(IO3), — Card No. 73-0835

ASTM data of Ca(I0;), — Card No. 70-0636

Bach H and Kuppers H 1978 Acta Crystallogr. B34 263

Blank 7 1973 J. Cryst. Growth 18 281

Blank Z and Brenner W 1969 Nature 222 79

Blank Z, Brenner W and Okamoto Y 1969 Mater. Res. Bull. 3
829

Ittyachen M A and Kurien K V 1979 J. Cryst. Growth 47 743

Joshi M S and Trivedi S G 1970 Kryst. Und Technol. J5 1131

Joshi M S and Trivedi S G 1983 Indian J. Pure & Appl. Phys.
21435

Joshi M S, Mohan Rao P and Antoni A V 1981 Bull. Mater. Sci.
2127

Kurtz S K and Perry T T 1968 J. Appl. Phys. 39 3798

Morosin B, Bergman J G and Crane G R 1973 Acta Crystallogr.
B29 1067

Nakamoto K 1970 Infrared spectra of inorganic and coordina-
tion compounds (New York: John Wiley and Sons Inc) 2nd
edn

Ranadive D, Blank 7, Brenner W and Okamoto Y 1969 Nature
223 829

Shitole S J and Saraf K B 2001 Bull. Mater. Sci. 24 461




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


