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ABSTRACT

The Bismuth lodat¢Bi(IO3);] crystals have been grown in Sodium meta siliggde using the Single diffusion
method at room temperature. The grown crystalsevetraracterized by thermo analytical techniquesATOTA,
DTG and DSC) to estimate its electrical properlike conductivity. X-ray powder diffraction (XRBy powder
X-ray diffraction analysis the crystal structuredsnfirmed to be Monoclinic, having lattice paraersta = 6.09 A°

, b =16.68 A°, and c = 5.58 A° . Thermal studyeaals that Bismuth lodate crystal is Octa-hydroDGA, DTA,
DTG and DSC analysis shows a remarkable thermailiia

Keywords- Bismuth lodatgBi(1O 3)3] Crystals, XRD, Thermal properties [TGA ,DTA,DT@G&EDSC |

INTRODUCTION

Very few literatures are available on the studBmuth lodatgBi(l1O3)s], crystals. By Bachir Bentria and Djamal
Bendetral in journal of chemical crystallographyl 83 no 11 November 2003. Most of the lodates kakhi
prominent non-linear optics (NLO) behavior. lodaltese important electrooptical properties [1, 2¢dese of the
un-bond electron pair of lodine atoms in £§f@nions [3]. A lot of related compounds contain{i@s); anions have
been synthesized since 70 s [4-7]. Hence, it has becided to Grow and study the Bismuth lodaystals in view
of crystallographic, optical, and thermal propextidost of the lodate compounds are insoluble itewand
decompose before melting. Hence, crystals of syoh 6f compounds cannot be grown by either slovperation
or melt techniques. In this situation, gel methedhie appropriate one for their growth. The geWghotechnique
has gained considerable importance due to its gitypland effectiveness in growing single crystafscertain
compounds. Gel growth is an alternative techniquadlution-growth with controlled diffusion and tiggowth
process is free from convection [8]. The growtlsiofgle crystals in gel is a self-purifying procefsse from thermal
strains, which is common in crystals grown from nfi@]. In this investigation, Bismuth lodate [Bi(})g], crystals
were grown by single diffusion gel technique usihg AR grade Acetic Acid and Potassium lodate. giwvn
crystals have been subjected to different chanaetésns. To the best of the knowledge, there iditevature is
available on the study and thermal analysis ofggen Bismuth lodat§Bi(103)3], crystals.

MATERIALSAND METHODS
To grow the Bismuth lodate [Bi(l§}], crystals, the required silica gel medium waspared by adding the Sodium

Metasilicate solution of specific gravity 1.04 gidmp by drop with constant stirring by using magmestirrer into
the 5 ML (2 N) Acetic Acid till the pH value 4.4 waset for the mixture. To the above Sodium Meti&i
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solution of pH 4.4, 15 ML aqueous solution of 0.5B#muth Chloride (BiG) was added as inner reagent with
constant stirring. This mixture was then transféne the test tube of length 15 and 2.5 cm diamdierkeep the
solution free from dust and impurities, care wdsrato cover the test tube with cotton. The gel wasally set
within 11 days. It was left for 68 Hours for gelefigg and then the outer reagent, the aqueous @olafi0.3 M,
Potassium lodate K(I§) was added on to the top of the gel. The outegert was added down the sides of the test
tube using a pipette and not directly on to thergetlium. Owing to the diffusion of the outer reageto the gel
medium and its reaction with the inner reagentstalg started growing. Nucleation was observedimii® Hours
of addition of the outer reagent. Circular shapgahque and brittle crystals were observed. Thererpat was
carried out at an ambient temperature of abolC28he reaction between Bismuth Chloride and Pitastodate

in gel medium resulted in the growth of Circulaagld Bismuth lodate [Bi(l§)], crystals. Within 28 days a good
quality crystals grown in test tube The reactiuat takes place in the gel medium is given below

Fig: 1 Crystalsof Bismuth lodate inside thetest tube Fig: 2 Few crystals of bismuth | odate
RESULTSAND DISCUSSION

Figures 1 and 8how photographs of Bismuth lodateystals, inside and outside the gel medium, retspdy. These
crystals are sufficient for different characteriaas .The optimum growth conditions for the growth ofBiuth lodate
crystals are represented in table 1. Different mpatars such as gel density, gel setting time, gelgatime,
concentrations of reactants, pH of gel etc havedhsiderable effect on the growth rate.

Tablel1: Optimum conditionsfor grawth of Bi(IOs); crysals

Conditions Bismuth lodate
Density of sodium meta silicate solut 1.04 gler'
Amount of 2N acetic ac 5ml

pH of the gel 4.40
Temperature Room temperatute
Concentration of KIQ 03M
Concentration of BiGl 0.5M

Gel setting time 11 days

Gel aging time 68 hours
Period of growth 26 days

X-ray diffraction

Bismuth lodate [Bi(1Q)s] crystals were powdered and X-ray powder diffract{XRD) data were collected at room
temperature on a Rigaku, Miniflex model. All diffteon patterns were obtained using CuKa radiation (.54051

A °), at 30 kV and 15 mAFig 3 shows X-ray diffractogram of Bismuth lodateeTobserved values nearly match
with calculated values from computer program [1@Jn observed peak in diffractogram shows Bismuitiake
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crystals passes Monoclinic structure. In monoclirigstal structure the length of unit cell are eliént. Two axis
are right at angles to each other and third axibiuely inclined i.,eazb#c & a=p=90"#y.

Peak search

[ Sample : NOV3 File : NOV-3RAW  Date : Nov-17-09 13:12:45  Operator  : VIOLET
| Comment : DR.PNJ Memo : MEsoporous
| Method  : 2nd differential Typical width 1 0.170 deg.

Min. height : 21.67 cps
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Fig 3 X-ray diffractogram of Bismuth lodate

Bismuth lodate [Bi(1Q)3] crystals fulfil the condition of Monoclinic steture, having lattice parameters a = 6.09 A°
,b=16.68 A°, and c = 5.58 A° ,White=90.36 °,p = 90.48 °and =119.63 °. The grain size of the particles of
powder sample were calculated using Scherrer eqquélti= 0.9k/bcosh, where b represents the full kviat half
maximum (FWHM) of XRD lines and k = 1.54051 A °h& average grain size of the particles is D = 8753A° (
0.7382 nm).

Thermal Analysisor Thermal studies

The thermal decomposition behavior of the growrstalg was studied by thermogravimetry (TGA) andedéntial
thermal analysis (DTA). Diamond TGA/DTA thermal &m@er was used for obtaining the TGA and DTA curaes
NCL Pune. Recrystallization alumina sample holdeese used and the heating rate wa$@@nin. the weight of
sample was 08.993 mg for TGA/DTA/DTG studies and508 mg for DSC. Figure 4 shows the TGA/DTA/DTG
curve of Bismuth lodate crystal. TGA curves sholat,t Bismuth lodate crystal is thermally stabletag4.020°C
temperature [11-15].

Thermal Gravimetric Analysis (T G A)

It was confirmed that the thermal decompositionBidmuth lodate passes through an intermediate 8[Bi)s
2H20] which is unstable and finally decomposesit®BAsreported by Bachir Bentria and Djamal Bendetra],[16
journal of chemical crystallography, vol 33 no 1évWember 2003.

Decade — Hydrus Bismuth lodate decomposes at bighérature,According to following reaction

5 [Bi (103)32H,0] 44.020 to 129.020 [1@04T . |2T ]

eptl heating

+ 129.020 to 259.020 [1:4 1.80:1 ]
ik heating g

+ 259.020 to 904.020 [445 LllOZT]
Bid heating g

[ Bis o7|l ]
Residue —> [BIiOl +2 Bi203l ] Stable Residue
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The TGA curve for Bismuth lodate gel grown crysialsis shown in fig 4. The TGA data collected fridns curve
and the theoretical values as calculated from nutdedormula using the reaction are listed in tablelf GA data
and curve of Bismuth lodate showed clearly thregest of decomposition. TGA curve did not show goregiable
weight changes in the temperatur® © to 44° C indicating that the crystals of Bismuth lodate #hermally stable
in this range. The crystals becomes thermally infstiom 44.020 C.
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Fig4 The TGA curvefor Bismuth lodate gel grown crystal

Table 2. TGA data of Bismuth | odate

Stages | temperature (°C) Observed weight loss% | Calculated weight loss% | Probable loss of molecule
[ 44.020 to 129.020 12.908 % 11.272% szr l2 T
1l 129.020 to 259.020 15.470 % 16.545 % 14180,
1 259.020 to 904.020 36.219 % 38.831 % 43111
Total weight loss % 64.597 % 66.648 %
Residue Bis O/l
Stable Bi O/| 35.403 % 33.349 % BiOIl + 2 Bizosl
[BiOIl + 2 Bi, O] [100.000 %] [99.997 %) \ )

1. The first stage of decomposition occurs in #ragerature range 44.020 to 129.8ZDin which observe weight
loss of 12.908 % agree with calculated weight k272 %. This weight loss is attributed to los$16f HZOTIZT]
and decomposition is in continuous manner.

2. The second stage of decomposition occurs intehmerature range 129.020 to 259.62D in which observe
weight loss of 15.470 % agree with calculated weigbs 16.545 %. This weight loss is attributedotss of [1.5 iT
SOZT] and decomposition is in continuous manner.

3. The third stage of decomposition occurs in #megerature range 259.020 to 904.820in which observe weight
loss of 36.219 % agree with calculated weight B&831 %. This weight loss is attributed to los$405 I, TllOZT

]

The observed trend above 58D suggests that the product formed is continuogslying decomposed. We may
attribute this process to the conversionBa50- | into Bi,O3 (stable Bismuth Oxide) and BiOl may be unstable
component. It is suggested further that BiOl isaeposing Bis O;1 BiOl + 2Bi,Os, while BiOl must be partially
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getting influenced by thermal energy and hence ghpa continuous loss in weight from TGA curveislexpected
that BiOl will finally get converted to a stableriety of Bi,O; and a subsequent loss of lodine molecule. This is
possible only after 1600-180C of a temperature at which we could not extendeoyperiment TGA-DTA studies.
The final BLO3 phase is tetragonal as reported in literatureaafiy. Thus, the Monoclinic Bi(l€)s synthesized and
characterized by X-ray in present study will yialdetragonal BO; phase at very high temperature as seen in TGA-
DTA studies. The conversion of Monoclinic structtioea tetragonal BO; analogue is being characterized above
three endothermic stages. The observed residuéhtngi@5.403 %. This is well agreement with caltedaresidual
weight 33.349%.This confirms presents of Bismutgriown crystals.

Differential Thermal Analysis(DTA)The DTA curve for Bismuth lodate gel grown crystahs shown in the fig 5
and DTA data collected from this curve is tabuldtethble 3.
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Fig5. DTA curvefor Bismuth lodate gel grown crystal

In DTA curve we can observe three endothermic pealdy.50c, 256.25°c and 381.26 c. However exothermic
peak was not noticed in the DTA graph.

1. The endothermic peak at 87 %9is due to the decomposition of Bismuth lodaténkp$10 HZOT l,|] molecules
means in the first stage of decomposition peak7a5®° ¢ is attributed to the loss of 10 water ando@ine
molecules. This endothermic peak observed in th& Bdrve corresponds to the weight loss of 10 watet two
lodine molecules in TGA curve.

2. The second endothermic peak at 256 2% due to the decomposition of compound andphik in the second
stage of decomposition is attributed to the los9®flodine and 16 oxygen molecules. This endothenpeiak

observed in the DTA curve corresponds to the weigbs of 03 lodine and 16 oxygen molecules in ti@AT
curve.[17-18]

Table 3. DTA datafor Bismuth lodate gel grown crystal

Sr.No | Peak recorded Nature Peak height On set Area(mJ) | AH (J/gm)
1 87.50°c endothermi - 14.6€ 53.84°c | 1022.51! 26.36¢
2 256.25°¢c endothermi -47.3¢ 192.3°C | 1591.14 42.87¢
3 381.26°c endothermic - 23.99 330.76 963.432 23.880

3. The third endothermic peak at 381%6is due to the decomposition of compound andpéik in the third stage
of decomposition is attributed to the loss of O8ihe@ and 22 oxygen molecules. This endothermic pbskerved in
the DTA curve corresponds to the weight loss ofd@fine and 22 oxygen molecules in the TGA curve.

Beyond 904.028 ¢ the reaction proceeds once finally residugOBi decomposes slightly and stable residugOBi

remains up to end of the analysis.
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Differential Thermal Gravimetric (DTG)
The DTG curve for Bismuth lodate gel grown crystahs shown in the fig 6 and DTG data collectednfithis
curve is tabulated in table 4

0.07656 10037
100

o 1 2 Bi 103(0.5+1.0M)-TG/DTG/DTA

y — 100
| F W

0z 4
04 4

06 4

Derivative Weight % (%imin)
Weight % (%) = - -
Microvol EndoUp (V) — =

08 4

50 o

12 an | | 1 | | | | | 1 | i i -

-1.262 4 63 34
-49.02 [} 100 200 300 400 s00 600 700 a00 Q00 050

Temperature ()

Fig6 DTG curvefor Bismuth lodate gel grown crystals

1.The endothermic peak at 87.86 is due to the decomposition of Bismuth lodatenigpsl0 water and lodine
molecules. In the first stage of decomposition paa&7.50°c is attributed to the loss ofdnd 10 HO molecules.
This endothermic peak observed in the DTG curvécinds that the reaction starts at 44.82@nd the inflection
occurs at 75.28c. the peak observation in DTG curve correspondiseaveight loss in TGA curve.

Table4 DTG data for Bismuth lodate gel grown crystals

Sr. No Peak On set I nflection point
1 87.50°c | 44.020c 75.25°¢c
2 256.25c | 224.71c 251.258¢c
3 381.26°c | 337.5C°c 375.50¢c

2. The endothermic peak at 256 %5is due to the decomposition of compound and ikisk in second stage of
decomposition is attributed to the loss of 1,arld 8Q molecules. This endothermic peak observed in th& D
curve indicates that the reaction starts at 224c¢7and the inflection occurs at 251.26 The peak observation in
DTG curve corresponds to the weight loss in TGAseur

3The endothermic peak at 381.26 is due to the decomposition of compound and pleiak in third stage of

decomposition is attributed to the loss of 4.8Ad 11Q molecules. This endothermic peak observed in th& D

curve indicates that the reaction starts at 337c58nd the inflection occurs at 375.%@ The peak observation in
DTG curve corresponds to the weight loss in TGAveuBgyond 904.028¢ the reaction proceeds once finally
residue BiO; 1 decomposes slightly and stable residugOBiremains up to end of the analysis.

Differential Scanning Calorimetry (DSC):- The DSC curve for Bismuth lodate gel grown crystahs shown in
the fig 7 and DTA data collected from this curveaiBulated in table 5.

Table5 DSC data for Bismuth lodate gel grown crystals

Sample | Weight of sample | Changein Enthalpy (AH) | Transition temperature
Bismuth 0.1163 KJ/mol 67.60°c

lodate 5.600 mg - 7852 - 0.004 0

Bi(I04)s KJ/mole 260.23°c
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Fig 7 DSC curvefor Bismuth | odate gel grown crystals

There are two stages of DSC curves under studyllasv

Stagel

1. The initiation temperature is 31.82 and equilibrium temperature is 146 at 31.82 ¢ (initiation temperature)
initiation of phase change starts and is complatgueak endo-down temperature of 67 6Qransition temperature
[peak height is 7.1337 mw]. The temperature at tvithe sample and the reference come to the thexguélibrium
by thermal diffusion appears to be at £&0

2. Area under the curve is 651.445 mJ.

3. Heat of transmissionaH i.e. enthalpy change of transition is 116.329% which is 0.1163 KJ/mole since
molecular weight is 1.000 g/mole

AH = AHF of phase transformation is also 0.1163 KJ/mdieneAHF is enthalpy change of new phase formation or
it is called heat of phase formation.

Stagell

1. The initiation temperature is 260.93 and equilibrium temperature is 370.%5% at 260.23 c (initiation
temperature) peak height is 1.1875 mw initiationpbfaise change starts and is completed at peak dowio-
temperature of 286.60c (transition temperature). The temperature at ke sample and the reference come to
the thermal equilibrium by thermal diffusion appeto be at 370.5%

2. Area under the curve is 4.360 mJ.

3. Heat of transmissioftH i.e. enthalpy change of transition is 0.7785wlfgch is - 7.7852 — 0.004 KJ/mole since
molecular weight is 1.000 g/mole

AH = AHF i.e. heat of phase transformation is also 77884 KJ/mole wher&HF is enthalpy change of new
phase formation or it is called heat of phase fdiona

CONCLUSION

Thermal analysis reveals that Monoclinic Bismutldte crystals grown in silica gel using the singdiffusion
method are structurally stable fronf© to 44.020°C The crystals becomes thermally unstable from221°@C.
and above this temperature; it decomposes withettodution of Oxygen and lodine. . It is expectadttfrom
BisO;l , BiOl may be decomposes at higher temperatureFaoch Monoclinic Bismuth lodate crystals BiOl will
finally get converted into a stable variety of Bgional BjO; and a subsequent loss of lodine molecule. Thé fina
Bi,O; phase is tetragonal Thus, the Monoclinic B{jOsynthesized and characterized by X-ray in presamty
will yield a tetragonal BiO; phase at very high temperature as seen in TGA-BitAlies. The conversion of
Monoclinic structure to a tetragonal,Bk analogue is being characterized above three eadoit stages.
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