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Thermal behavior of semiconductor bismuth tri-sulphide [Bi,S;] crystals
grown by silica gel
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ABSTRACT

The Bismuth Tri-Sulphide [B] crystals have been grown in Sodium-Metasilicate upahg the single diffusion
method at room temperature. The grown crystals wharacterized by thermo analytical techniques (TGAA,
DTG and DSC), X-ray powder diffraction (XRD), Bywgler X-ray diffraction analysis the crystal strueuis
confirmed to be Orthorhombic or Rhombus, havattice parameters a = 11.136 A°, b = 11.256 A°dan= 3.968 A°
. Thermal study reveals that Bismuth Tri-Sulphidestal is Di-hydrous. TGA, DTA, DTG and DSC analysiows
a remarkable thermal stability.
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INTRODUCTION

Very few literatures are available on the studyRi£S;], crystals. Most of the Sulphides exhibit promineon-
linear optics (NLO) behavior. Sulphides have impottelectrooptical properties [1, 2] because of thebond
electron pair of Sulpher atoms insf&nions [3]. A lot of related compounds containif®) anions have been
synthesized since 70 s [4—7]. Hence, it has beere to Grow and study the Bismuth Tri-Sulphidgstals in
view of crystallographic, optical, and thermal pedjes. Most of the Sulphide compounds are inselibwater and
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 &itypland effectiveness in growing single crystafscertain
compounds. Gel growth is an alternative techniquedution-growth with controlled diffusion and tlyeowth
process is free from convection [8-10]. The growfterystals in gel is a self-purifying process,effieom thermal
strains, which is common in crystals grown from gel]. In this investigation, [BE;], crystals were grown by
single diffusion gel technique using the AR gradecetic Acid (CHCOOH) Titrate with Sodium-Matasilicate
(N&SiO; 5H,0) with adding BiC} as first supernant and,8 gas water solution as second supernant witty &t
The grown crystals have been subjected to diffecharacterizations. To the best of the knowledberet is no
literature is available on the study and thermal\gsis of gel-grown [BiS;], crystals

MATERIALS AND METHODS

To grow the Bismuth Tri-Sulphide [B3;] crystals, the required Silica gel medium waspgpred by adding the
Sodium-Metasilicate solution of specific gravityd4.g/cc drop by drop with constant stirring by gsimagnetic
stirrer into the 5 ML (2 N) Acetic Acid till the pMalue 4.4 was set for the mixture. To the abovdilBo Meta
Silicate solution of pH 4.4, 15 ML aqueous solut@fr0.1 M Bismuth Chloride (BiG) was added as inner reagent
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with constant stirring. This mixture was then tfensed to the test tube of length 15 and 2.5 crmdiar. To keep
the solution free from dust and impurities, careswaken to cover the test tube with cotton. Thewged usually set
within 13 days. It was left for 66 to72 Hours fagl @geing and then the outer reagent, the aqueduson of HS
Gas Water solution was added on to the top of gieTdhe outer reagent was added down the siddsediest tube
using a pipette and not directly on to the gel medi Owing to the diffusion of the outer reagenbinthe gel
medium and its reaction with the inner reagentstelg started growing. Nucleation was observediwid® Hours
of addition of the outer reagent. Circular shapgzhque and brittle crystals were observed. Thererpat was
carried out at an ambient temperature of abollC28rhe reaction between Bismuth Chloride an® as Water
solution in gel medium resulted in the growth ofrdDiar shaped Bismuth Tri-Sulphide fBi], crystals. The
reaction that takes place in the gel medium isrglvelow

2BiCl3 + 3H,S— BI,S; +6YCI
RESULTS AND DISCUSSION

Crystals in Circular rings of little mm size werbtained. Study of kinetics of growth parameterseadsy some
interesting information. These types of Circulaigs of crystals were reported by Liesegang. Thienopt growth
conditions for various parameters were found aedeported in Table 1. Different parameters suchehsiensity, gel
setting time, gel aging time, concentrations oftaats, pH of gel etc have the considerable affetite growth rate.

Table 1 Optimum condition for growth of Bismuth Tri-Sulphide crystals

Conditions | Bismuth Tri-Sulphide
Density of sodium meta silicate solutiq 104 glcm
Amount of 2N acetic acid 5ml

pH of the ge 44
Temperatur Room temperatu
Concentration of B¢l 05M
Concentration of B gas water solutig ----

Gel setting time 13days
Gelaging ime 72 hours
Period of growth 3ldays

Fig. 1 Crystals of Bismuth -Trisulphide inside theTest-tube Fig 2 Few Crydseof Bismuth-Trisulphide on graph paper
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X-ray diffractometry (XRD):- Bismuth Tri-Sulphide [BiS;] was recorded at NCL PUNE with the help of “migifl
goniometer (1.5405 A°) X-Ray diffractogram in tlamge of 0° to 70° was obtained and the scanningdspas kept
2° per minute also chart kept 2 cm per minute. @oparget and nickel filter were used from the pendiffraction
data of Bismuth-Trisulphide shows Eighteen différeeaks and corresponding d values & h.k,I] valwes
computed by using computer program POWD [an autire powder diffraction data interpretation andexing
program]The recorded X-Ray diffractogram is as sthawfig 3.
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Fig 3. X- Ray diffractogram of Bismuth-Trisulphide

From the Powder diffraction data for gel grown tays The observed values nearly match with caledlaalues
from computer program [12]An observed peak in diffractogram shows BismutirStiphide crystals passes
Orthorhombic or Rhombus structure. In Orthorhomtrigstal structure the length of unit cells are eliét .but the
three axis are perpendicular to each other izeb& ¢ & a =y = p=90°. Bismuth Tri-Sulphide [BiS;] crystals fulfil
the condition of Orthorhombic structure, havinditat parameters a =11.136 A°, b = 11.256 A’ , ard3c968 A’
,While 0. =90.18 ° 8 = 90.42 °and =90.36 °. The grain size of the particles of pomgmple were calculated using
Scherrer equation D = 0.9k/bcosh, where b repregastfull width at half maximum (FWHM) of XRD liseand k
=1.54051 A ° . The average grain size of the pladiisD = 3.3457 A° = 0.3415 nm.

Thermal Analysis or Thermal studies

The Thermograms were obtained with the help of Diath TGA/DTA thermal analyzer available at National
Chemical Laboratory (NCL), Pune 7. Recrystallizatadumina sample holders were used and the heattagvas
30° C/min. the weight of sample was 08.785 mg for TBRA/DTG studies and 03.600 mg for DSC.

Thermal Gravimetric Analysis (TGA)

It was confirmed that the thermal decomposition Biémuth Tri-Sulphide passes through an intermediate
2[Bi»S:.H,0] which is unstable and immediately decompose8its It has a one stage course untib@jis
obtained an intermediate 2[B8k.H,0] is obtained in this process analogously as énttiermal decomposition of the
alkaline earth Sulphides. However unlike 2/BiH,O] immediately after it is obtained begins to depaosition to
Bi,O; Di-Hydrus Bismuth Tri-Sulphide decomposes at higimperature.

According to following reactions
2[BiS:.H;01590, 3727110102271 2 Hy0f 250, 1)

Step I heating

= 10227110 ®47.271 R [JSG:T]
Step ITheating i
[2Bi 05 ]
Stable Fesidue— — [IEi; Gg‘l ] Stable

The TGA curve for Bismuth Tri-Sulphide gel growrystals is as shown in fig 4. The TGA data colledtedh this
curve and the theoretical values as calculated frartecular formula using the reaction are listethinie 2.
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TGA data and curve of Bismuth Tri-Sulphide showbshdy two stages of decomposition. TGA curve did show
an appreciable weight changes in the temperatui@ @ 37.271 C indicating that the crystals of Bismuth Tri-
Sulphide are thermally stable in this range. Tlystals become thermally unstable from 37271
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Fig 4 TGA curve of Bismuth Tri-Sulphide
Table 2 TGA data of Bismuth Tri-Sulphide
Stages | temperature (° C) Observed Calculated Probable loss of
weightloss %0 | weightloss % | molecule
I 37271t0 102271 3343 % 12.130% ZH:GT_ZSG: T
IT 102.271t0947.271 14984 % 18934 % 450, 4
Total weight loss 28527 % 31.064 % '
Fezidue 2 Bi; O 4
Stable [2BEi: C'gl.] T1472% 68930 %

1. The first stage of decomposition occurs in #ragerature range 37.271 to 102.81in which observe weight
loss of 13.543 % agree with calculated weight 02430 %. This weight loss is attributed to Ioss{ZbHZOT+
ZSOzT] and decomposition is in continuous manner.

2. The second stage of decomposition occurs irtetmperature range 102.271 to 947%71n which observed
weight loss of 14.984 % nearly agree with calculateight loss 18.934 %. Here observed weight lpgear to be
less as compared with calculated can be attribitedcomplete decomposition of B The further weight loss
expected may be seen at still higher temperatutte wghich we could not proceed our experiment. Tyesght loss
is attributed to loss of [452?] and decomposition is in continuous manner.

The remaining product finally turns into residue@j(Bismuth Oxide) is conformed at 947.2Cl the observed
residue weight is 71.472 %. This is nearly agrednweith calculated residual weight 68.930%.This @on$
presents of Bismuth in grown crystals.

Differential Thermal Analysis (DTA)
The DTA curve for Bismuth Tri-Sulphide gel growrystal is as shown in the fig 5 and DTA data cobecfrom
this curve is tabulated in table 3
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Fig 5 DTA curve of Bismuth Tri-Sulphide
Table 3 DTA data of Bismuth Tri-Sulphide
Sr. No | Peakrecorded Nature Peal;\r}elght On set (,Br\rr]eJa) AH (J/gm)
1 82.28°¢c Endothermic 16.625 37.8¢ | 328.65 56.954
2 302.57c Endothermic 0.547 197.66 | 206.40 24.117

In DTA curve we can observe two endothermic peal@2£8°c and 302.57 c. However exothermic peak was not
noticed in the DTA graph.

1. The endothermic peak at 82%8is due to the decomposition of Bismuth Tri-Sutfghlosing [2H +2$QT]
molecules means in the first stage of decompositieak at 82.28c¢ is attributed to the loss of 2 water and 250
molecules. This endothermic peak observed in thé& Bdrve corresponds to the weight loss of 2 watet 25Q
molecules in TGA curve.

2. The second endothermic peak at 303c5i8 due to the decomposition of compound andpbisk in the second
stage of decomposition is attributed to the losgl®0 molecules. This endothermic peak observed in thé& DT
curve corresponds to the weight loss of 480lecules in the DTA curve.

Above 947.27%c the reaction proceeds once finally residugBremains up to end of the analysis.

Differential Thermal Gravimetric (DTG) The DTG curve for Bismuth Tri-Sulphide gel growmystal is as shown
in the fig 6. and DTG data collected from this @uis tabulated in table 4
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Fig 6. DTG curve of Bismuth Tri-Sulphide
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Table 4 DTG data of Bismuth Tri-Sulphide

Sr. No Peak On set Inflection point
1 73.33% 46.66°C 63.73°¢c
2 183.3%c | 102.27P¢ 121.3%c¢

1. The exothermic peak at 73.48is due to the decomposition of Bismuth Tri-Suifghlosing 2 water and 230
molecules in the first stage of decomposition. Téxsthermic peak observed in the DTG curve indg#tat the
reaction starts at 46.66 and the inflection occurs at 63.%3 The peak observed in DTG curve correspondseo th
weight loss of 2 water and 2g@oleculesn TGA curve.

2. The endothermic peak at 183%3is due to the decomposition of compound and fikisk in second stage of
decomposition is attributed to the loss of 4S@olecules. This endothermic peak observed in th& Rurve
indicates that the reaction starts at 102.%74&nd the inflection occurs at 121.%3 The peak observation in DTG
curve corresponds to the weight loss of 48@lecules in TGA curve.

Above 947.27%c the reaction proceeds once finally stable resiiu®; remains up to end of the analysis.
Differential Scanning Calorimetery (DSC)

The DSC curve for Bismuth Tri-Sulphide gel growiystal is as shown in the fig 7 and DSC data catiédtom
this curve is tabulated in table 5.
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Fig 7 DSC curve of Bismuth Tri-Sulphide

Stage |

1. The initiation temperature is 34.22and equilibrium temperature is 118%3at 34.22c (initiation temperature)
initiation of phase change starts and is complatqueak endo-down temperature of 66'8@ransition temperature
[peak height is 1.2673 mw]. The temperature at tvithe sample and the reference come to the thequélibrium
by thermal diffusion appears to be at 11883

2. Area under the curve is 279.126 mJ.

Table 5 DSC data of Bismuth Tri-Sulphide

Sample Weight of sample| Change in EnthalpyAH) | Transition temperature
. ) . 0.077¢ KJ/mole 66.86"
Bismuth Tri-Sulphide [ BiS; ] 3.600 mg 0.0149 KJ/mole 537 T

There are two stages of DSC curves under studgilasvé

3. Heat of transitiodH i.e. enthalpy change of transition is 77.5350which is 0.0775 KJ/mole since molecular
weight is 1.000 g/mole

AH tran = AHF of phase transformation is also 0.0775 KJ/molemw AHF is enthalpy change of new phase
formation or it is called heat of phase formation.
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Stage Il

1. The initiation temperature is 177.086 and equilibrium temperature is 343.89 at 177.00° c (initiation
temperature) peak height is 0.0887 mW initiationpbfase change starts and is completed at peak davdo-
temperature of 273.7% (transition temperature). The temperature at hie sample and the reference come to
the thermal equilibrium by thermal diffusion appetr be at 343.8%

2. Area under the curve is 53.717 mJ.

3. Heat of transitiodH i.e. enthalpy change of transition is 14.9213which is 0.0149 KJ/mole since molecular
weight is 1.000 g/mole

AH tran =AHF i.e. heat of phase transformation is also 0.KJ/&nole where\HF is enthalpy change of new phase
formation or it is called heat of phase formation.

CONCLUSION

Thermal analysis reveals that Bismuth Tri-Sulphddestals grown in silica gel using the single diffun method are
structurally stable from 6C to 37.271C. The crystal becomes thermally unstable fron2BPC and above this
temperature; it decomposes with the evolution ofg@x and Sulpher. The final £8); phase is tetragonal Thus, the
Orthorhombic Bismuth Tri-Sulphide [B3;] synthesized and characterized by X-ray in presamy will yield a
tetragonal BiO; phase at very high temperature as seen in TGA-Bildies. The conversion of Orthorhombic
structure to a tetragonal B); analogue is being characterized above three eedoit stages. The remaining
product finally turns into residue ), (Bismuth Oxide) is conformed at 947.2C1 with the observed residue
weight is 71.472 %. This is nearly agreement wilcualated residual weight 68.930%.This confirmsspras of
Bismuth and Sulpher in grown crystals
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