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ABSTRACT

In the present investigation, crystals of Bismuth lodate] Bi(103)3] , Bismuth lodide] Bils] and Bismuth- Tri Sulphide [
Bi,S; | were grown by a simple gel technique using single diffusion method. The optimum growth conditions were
established by varying various parameters such as pH of gel solution, gel concentration, gel setting time,
concentration of reactant etc. Gel was prepared by mixing sodium meta silicate (Na,SO35H,0), glacial acetic acid
(CH3COOH) and supernant bismuth chloride (BiCl3) at pH value 4.4 and transferred in glass tube of diameter 2.5
cm and 25 cmin length. The mouth of test tube was covered by cotton plug and kept it for the setting. After setting
the gel, it was left for aging. After 13 days duration the second supernant K(10s), Kl and H,S water gas solution
was poured over the set gel by using pipette then it was kept undisturbed. After 72 hours of pouring the second
supernatant, the small nucleation growth was observed at below the interface of gel. The good quality crystals of
[Bi(IOg)4], [Bilg and [Bi,S; ] were grown. These grown crystals were characterized by XRD, FTIR, Chemical
Analysis and Electrical Conductivity.

Keywords. Gel Grown [Bi(I3)s], Bilz and BpS; Crystals, XRD, FTIR ,Chemical Analysis and Etmal
Conductivity.

INTRODUCTION

Large no of National and International laboratoaes busy to grow various types of crystals. Theldusial efforts
are to grow lodate of various compounds similadyious lodides, Sulphide and Oxalates as well dartdes at
same time some of scientist trying to make studjodhte of various compounds for example Garud][2#it
Patil [5-6 ], and Sharda Shitole [7-12] have triedthe comparative study of lodates, and Bhavdan/B and Patel
[13-17] had studied lodide and Sulphide. Also thedg of lodates, lodide and Sulphide by Nakam&anadive
and Selvarajan [18-23]. In the present work, se@fforts have been made to concentrate on singjfereomagnetic
Bismuth and hence three important compounds @&f. itiiystals of Bismuth lodate, Bismuth lodide Biginuth Tri-sulphide
have been successfully grown.

However, there are very few reports in the literaton the growth of these crystals by gel methduse three types
of crystals were grown by single diffusion gel methin which respective crystals were synthesizec:dytrol
precipitation. These crystals have been charaetbby different techniques. Paper deals with coatpar study of all
these crystals regarding their growth and charaetiion. All the results obtained regarding grovdhd
characterization are tried to put at a glancereftiypes of crystals in the present work.

MATERIALSAND METHODS

Crystals of Bismuth lodate, Bismuth lodide and Rimilri-sulphide were grown by gel method by gsiimgle diffusion
techniques. Table 1 gives details about methodtlachicals used, different habits of crystals obthitheir transparency, etc.
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Monoclinic Bismuth lodate crystals were obtainedshbf the Bismuth lodate crystals were transpashinting, well isolated
and very few of them were opaque. Single diffusi@thod is found more suitable for growth of thegstals.

Table1: Crygalsof Bismuth | odate, Bismuth lodide and Bismuth Tri-sulphide

Type Method Chemicals used Crystal habits Quality
Bismuth
lodate Gel method by using singleliffusion| Na,SIO5H0, CHCOOH, BiCkand -
[Bi(109] techniques KOs Monoclinic Transparent, few opaque
Bismuth . . . ’ .
lodide Gd method by using single diffusi Na;SIO5H0, CHCOOH, BiCk and Hexagonal Transparent, few opaque,| at
] techniques Kl center
[Bil]
Bl_smuih_ Gd method by using single diffusfNa,SIO5H0, CHCOOH BiCl and HS gas in watd Ortharhombic Off Opague Transparent,
Tr-Sulphide hni " h
(B S] techniques solution Rhombus Both type

Some of grown Bismuth lodide crystals found to k&dgonal shaped micro crystals. These crystals foerel to be
grown near the gel interface. Most of them weregopaand very few of them were transparent crystilsgle
diffusion technique proved to be suitable for ghowthe structure of Bismuth Tri-Sulphide crystatsurid to be
Orthorhombic or Rhombus. It was found that as tdreentration of the reactant Bi@h the gel is increased, the size of the
spherulites is also increased. Single diffusionhmeétis found more suitable for growth of these teigs

RESULTSAND DISCUSSION

These crystals possess better habits and bettsp&i@ncy among the grown crystals. Better traaspgrof Bismuth
Tri-Sulphide may be due to presence of more BisnmDgtimum growth conditions for gel grown crystattablished
by varying various parameters such as gel dersityof gel, gel setting time, gel aging time, ete. eported in Table

Table2: Optimum growth condition for gel grown Bismuth | odate, Bismuth lodide and Bismuth Tri-sulphide crystals

Parameters Bismuth lodate| Bismuth lodide|Bismuth Tri-Suphidé¢
Density of sodium meta silicate solut{ ~ 1.04gm/cm 1.04gm/cm 1.04gm/cm
Amount of acetic acid 2N,5cc 2N, 5 cc 2N,5cc
pH of mixture 4.4 4.4 4.4
Temperature Room temperatuf Room temperatu] Room temperature
Gel setting time 13 days 13 days 13 days
Gel aging time 72 hours 72 hours 72 hours
Period of growth 36 days 33 days 31 days

For all these three crystals, suitable value ofidgrof sodium Meta silicate solution is found te b.04 gm/cc, pH
value for Bismuth lodate, Bismuth lodide and Bismiliti-Sulphide is found to be 4.4. For pH 4.4, walk 13 days
to set and this gel was allowed to age for 72 haDrgstals were removed from test tubes after 36ar¥d 31days
respectively. Further growth was not noticed. Simmet crystal became opaque or translucent duectosion of
silica in them. Reason may be the unnecessary arts silica gel. Various concentrations of reattavere tried.
Experiments by interchanging the positions of reatst were also carried out. Once the optimum vahfes
concentration of reactants were obtained, experisneficoncentration programming were also carrigd All these
parameters have more or less effect on growth alitldf these crystals.

5.1 XRD Analysis Crystals of Bismuth lodate, Bismuth lodide andrith Tri-sulphide were characterized by XRD
analysis. X-ray diffractograms were recorded ugiogider diffraction method at National Chemical Liatory Pune,
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using Miniflex

Goniometer model, Regaku, Japar-ray diffractometer areas shown in figures
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Fig 3 XRD of Bismuth Tri-Sulphide

From these diffractogramid; values were computeTable 3 represents system of the crystal and ethiparameters ¢
the three types of Crystalsrom the XRD study of crystals Bismuth lodate, Bismuth lodide and Bismuth-sulphide it is
concluded that Bismuth lodate is Monoclinic, Bismiddide is Hexagonal and Bismuth -Sulphide isOrthorhombic or
Rhombus. Unit cell volume @ismuth lodide is 1633.98 °* Bismuth lodate is 784.62 fjk and Bismuth Tri-Sulphide is
496.84 [A)? If the unit cell volume of grown crystzds compaired the following conclusiean be mac.

Bismuth lodide > Bismuth lodate> Bismuth Tri-Sulphide.
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5.2 Infrared Spectroscopy

Table3: LatticeParameters

Crystals alN|[bA [ cA| o B y | vAY Systen
Bismuth lodate 8.808| 5.924/15.044 90.36°[ 90.48| 119.63| 784.62| Monoclinic
Bismuth lodide 9.766| 9.360( 17.87H 90.48°| 90.36°| 119.68'| 1633.94 Hexagonal
Bismuth Tri-Sulphidf 11.13(/ 11.254 3968|90.16°|90.47°| 90.36’ | 496.84| Orthorhombic or Rhomh

FT-IR spectra's of gel grown crystals Bismuth lodate, Bismuth lodide and Bismuth Tulphide were

scanned by
using FT-IRspectrophotometer, SHIMADZU spectrophotometereaftapartmerof Chemistry, University of Pur Are as
shown in figures 4, 5 and 6.
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BlsHiMmabzu

Fig6. FTIR spectra of Bismuth Trisulphide ( Bi,S;) crystals.

Fundamental frequencies, generally observed itoddite, lodide and Sulphide compounds, are alseredxs in all three
types of crystals. For the comparative study ofewabntent of the sample is established from FTatid thermal
studies it has been concluded that Bismuth lod&tenfter molecules] > Bismuth Tri-Sulphide [02 wat®lecules] >
Bismuth lodidg00 water molecules]

Also It may be concluded that, appearent large cfiZzéismuth lodate crystals may be due to more mmatdecules than
Bismuth Tri-sulphide and Bismuth lodide. Strong ahérp intensity band observed in Bismuth lodate Bismuth Tri-
sulphide at freq 470 ¢ 462.93 cm and 428.21cfhbut at the same frequency weak and sharp intdsasity is observed in
case of Bismuth lodide.

5.3 Chemical analysis

Chemical analysis of crystals of Bismuth lodatésnButh lodide and Bismuth Tri-sulphide was carrmat at

department of chemistry, Smt. G. G. Khadse Sciefsdeand Commerce Collage Muktainagar Dist Jalgdable 4

shows values of elements present in these gel gooyatals by chemical analysis and theoreticalutatmon from the

molecular formula. From table it is clear that tldues (mass %) of constituents in the grown dgsteasured by
chemical analysis are very close with the valutsitzded from the molecular formula.

Table4: Values of elementspresent in the crystals

O

Content as measurgontent as calculate

Crystal Element by chemical analysigfrom molecular formula
: mass % mass %
Bismuth lodate El" iﬁg gfgg
Bismuth lodide | —>" e 545
Bismuth Tr-Sulphidg— 7870 8128

The study of chemical analysis and EDAX manifest tthe content of Bismuth in all the three compauil
different. The comparison of Bismuth content in theee compounds may be predicated as Bismutbulpiitide
[81.28%]> Bismuth lodide [35.43%% Bismuth lodate [28.48%].

If the first stage of decomposition is considenttie range of temperature can be put as follows,

Bismuth Tri-sulphide [35.37%] < Bismuth lodide [39.248C] < Bismuth lodate [44.02¢C]

From the above two observations, It can be pretlitiat the amount of Bismuth present in the saisplelated to initial
stability of the sample as the less amount of Bilrim Bismuth lodate correspond to its more stalaif sample.
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If the present of lodine is consider in Bismuthaiedand Bismuth lodide in the above study indidhgspresents of lodine is
as follows

Bismuth lodate [51.88 %] Bismuth lodide [64.55 €]

From the above two observations, It can be peatlitiat as the lodate contain less amount of lodake the sample more
stable.

5.4 Electrical Conductivity
If Electrical Conductivity of grown sample is catfisiing in the range of Room temperature to’2Be conductivity can
be summarized as follows [Table 5].

Tableb. Electrical Conductivity of Bismuth lodate, Bismuth | odide and Bismuth Tri-sulphide

Name of element Temprature Currentin mA  Codugiinimho
Bismuth lodate ROOX: Zezn:;la(e raturg 828 mﬁ 77558853
Bismuth lodide | 0N =PRI 094 mA oo 36
Bismuth Tri-Sulphide ROO'Z: Zezn;(r)); raiure 8(2)‘:3 mﬁ 4?3}05624

Bismuth lodate, [Room temperature current 0.05 ewhductivity 75.83] and [42R current 0.40 mA, conductivity
758.83]. > Bismuth lodide [Room temperature current 0.04 rdnductivity 65.44] and [42B current 0.42 mA,

conductivity 687.39% Bismuth Tri-Sulphide [Room temperature current %, conductivity 61.52] and [48R current

0.28 mA , conductivity 430.64].

All the three samples show the characteristiceeafisonducting materials as the conductivity incesass increase
in temperature.

It has been already established that all Sulphadesemiconductors by Azaroff but here Bismuthtidad Bismuth
lodide are also found to be semiconductors.

CONCLUSION

1. Gel growth technique is suitable for growingstals of Bismuth lodate, Bismuth lodide and Bismit-
Sulphide.

2. Different habits of Bismuth lodate, Bismuth idel and Bismuth Tri-Sulphide crystals can be oletdiiby
changing parameters like gel density, gel agingppbel, Concentration of reactants etc.

3. Well known Liesegang phenomenon is observechéngrowth of Bismuth lodate and Bismuth Tri-Sulghid
crystals.

4. Unit cell parameter values nearly match withréqorted ones and the structure of Bismuth lodateonoclinic,
confirmed by XRD. The structure of Bismuth lodideHexagonal, while the structure of Bismuth TriBde is
Orthorhombic  or Rhombus.

5. Fundamental Infrared frequencies observed imtmdiodide and Sulphide compounds are also foanthe
present FT-IR analysis, of Bismuth lodate Bismuattlide and Bismuth Tri-Sulphide crystals.

6. Chemical compositions of all the grown crystaysvolumetric Analysis and gravimetric Analysis Wwelatch
with the theoretical calculation from molecularrfaria.

7. The electrical conductivity of crystals closetlated to chemical nature of compound the atsdtconductivity
increases as increase in temperature. The enepygfdai(10s)sis found to be 0.2553 eV ,the energy gap of Bil
found to be 0.2056 eV, the energy gap ofBis found to be 0.4640 eV which suggest that sasnple
semiconductor.

8. Crystals are quite transparent, shining andagood quality.

Acknowledgements

The authors are grateful to Prof.Dr.L.A.Patil, H&ebartment of Physics, Pratap College, Amalnar pfoviding
laboratory facilities. Authorities of NCL, Pune f¥RD, Department of Chemical sciences Pune for ETDRpartment
of Chemistry Muktainagar for Chemical Analysis. Gapecial thanks to Department of Chemical scienki®sl,
Jalgaon for providing electrical conductivity fatiés.

1707
Pelagia Research Library



T.K. Patil et al Adv. Appl. Sci. Res., 2012, 3(3):1702-1708

REFERENCES

[1] Garud, S. L. and Saraf, K. BB, of Material Science, (2009),2, 187.

[2] Garud, S. L. and Saraf, K. BB, of Material Science, (2008) 4, 639.

[3] Blank, Z .j,Crystal growth, (1973) 18,281.

[4] Bach, H. and Kuppers, H, Acta Crystallography, B(1978), 34,263.

[5] Amit Patil and Saraf, K. BAshian j. of chemical and environmental research 2(2009) ,[ 1-2] 64-69.
[6] Amit Patil . and Saraf, K. BAshian j. of chemical and environmental research 2(2009) ,[ 3-4] 69-74.
[7] Sharda Shitole and Saraf, K. B.,of Material Science, (2001)5, 461.

[8] 8 ) Sharda Shitole & Suresh KumBk,of Mate. Science (2007),30, 349.

[9] Armington, A, F, and O’Connor, j. {l. of Crystal growth, (1968) 3/4, 467.

[10] Sangwal, K. and Patel, A. R.Crystal growth, (1974)23, 282.

[11]Joshi, M. S. and Trivedi, S. Gdianj. pure & App. Phys., (1983)21, 435.

[12]Blank, Z. Brenner, W. and Okanoto, Material. Res B, (1969) 3,829.

[13]Bhavsar and Saraf, K. BB, of Material Science, (2008)4, 639.

[14] Kurtz,S.K.and Perry, T.TJ Appl .Phys, (1968) 39,3798.

[15]Morosin, B. Bergman,G. jActa Crystallography, (1973) B29, 1067.

[16]Blank Z. and Brenner,WNature (1969),222,79.

[17]Patel A.R.and venkateshwara RaJ. Crystal Growth (1978)43,351.

[18] Nakamoto, K.Infrared spectra of inorganic and coordination compounds (New York: John Wiley and sons inc)
2" edition (1970).

[19] Ranadive, D. Blank, Z\ature (1969),223, 829.

[20]1 X Sahaya ShajaB. of Mate. Science, (2004), 4, 327.

[21]S. K. Arora & V. Patel] Of Physics (2006),28, 48.

[22]S. K. Arora & A.R. Patel). Of Mate. Science(1976), 11, 843.

[23]P. Selvarajan, B.N.Dag, Of Mate. Science(1993), 12, 1210.

1708
Pelagia Research Library



