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Abstract 

The photovoltaic cells are very important due to their use as an alternate source of electricity. 

The first generation of photovoltaic cells is based on a single p-n junction of a crystalline-Si, 

exhibiting a power conversion efficiency of 15-20%. The poor absorbing properties of the 

crystalline Si and its high production cost have led to the use other various materials for 

photovoltaic technologies. The binary IV-VI compounds are the oldest known 

semiconducting materials used as photovoltaic materials and the most prominent 

representatives such as PbS, PbSe and PbTe, have been used for more than 100 years for 

electric and optoelectronic device applications. The first reported solid-state diode has been 

made from single crystal PbS in 1874 by Ferdinand Braun [1] and its rectifying properties 

have been exploited in the early radio receivers. The IV-VI compounds present specific 

electronic and transport properties, such as narrow band gaps, low resistivities, large carrier 

mobilities and positive temperature coefficients [2,3]. The phase transformation in the system 

GeSe-GeTe has been studied by Muir and Beato [16]. They have observed that a 

rhombohedral-cubic transformation occurs at 370 ± 10°C in alloys based on the GeTe 

structure and with composition in the range 0–55 mol% GeSe. The temperature and 

composition dependence of lattice parameters also have been determined for these alloys. 

Bhatia et al [17] have observed the first order transition in single crystals GeSe near 6 GPa.  

INTRODUCTION 

The transverse and longitudinal optical frequencies, the dielectric constant and the effective 

charges for the A4 B6 type family of the semiconducting compounds, namely, GeTe, SnTe 
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and PbTe have been presented by Zein et al. [21] using the density functional method with the 

use of the norm-conserving "first-principles" pseudopotentials. The electronic structure of the 

narrow gap IV‐VI semiconducting compounds, namely, GeTe, SnTe and PbTe have been 

investigated by Ravindran and Asokamani [22] by employing the LMTO method. They also 

predicted that the electronic contribution arising from Te atom plays a dominant role in 

promoting superconductivity and s and p→d electron transfer is found to be responsible for 

the pressure induced superconductivity in these compounds. Lebedev and Sluchinskaya [23] 

have reported the low-temperature phase transitions in some quaternary solid solutions of IV-

VI semiconductors. They have used electrical and X-ray methods on samples PbSxSeyTe1-x-y, 

Pb1- xSnxTe1-ySey and Pb1-xSnxTe1-ySy. They concluded that the phase transitions in these solid 

solutions were associated with off-centre S and Sn ions. An “in-situ” X-ray diffraction study 

of the GeTe under shear deformation and nonhydrostatic pressure conditions has been 

performed by Serebryanaya et al [24]. They predicted that the structure changes from NaCl to 

GeS and further to CsCl types at 19.2 and 38 GPa respectively. Maclean et al [25] have 

carried out high pressure angle dispersive X-ray powder diffraction studies on IV-VI 

semiconductors using image plate detection. They suggested that the high-pressure 

intermediate phase for lead chalcogenide is monoclinic, as opposed to previously reported 

orthorhombic structure. Using a combination of high-resolution X-ray powder diffraction, 

Raman scattering, and ab-initio simulation, Hsueh et al. [26] presented the structural and 

vibrational properties of the prototypical layered semiconductor GeS. They observed GeS has 

no structural phase transition up to at least 94 kbar. High pressure electrical resistivity on 

cubic SnTe1-xSex has been reported by Ariponnammal et al [27]. They observed that the 

resistivity decreases gradually with the increase of pressure and then reaches saturation and 

the transition pressure decreases with the decrease of selenium concentration. Structural and 

electrical properties of GeSe and GeTe at high pressure have been reported by Onodera et al 

[28] using a combination of X-ray diffraction measurements, a diamond-anvil cell, and 

electrical-resistance measurements by employing an octahedral-anvil press. They have 

revealed that GeSe remains in the orthorhombic structure to at least 82 GPa, whereas GeTe 

transforms from the rhombohedral structure to the NaCl-type phase (GeTe-II) at 3 GPa and 

into another high-pressure phase (GeTe-III) at 18 GPa. Neutron scattering experiments were 

performed by Raty et al [29] on the liquid phases of a series of IV–VI compounds (GeS, 

GeSe, GeTe, SnS, SnSe and SnTe). They showed that the evolution of the local order was 

correlated with the conductivity measurements. Schwarzl et al [30] investigated the plasma 
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etching of IV-VI nanostructures using a CH4/H2 gas mixture. They predicted that etch rate 

decreases with the energy band gap. Furthermore, they also investigated the IV-VI quantum 

wires with vertical side walls by a combination of laser holography and CH4/H2/Ar plasma 

etching. The three-dimensional ordering of the PbSe dots in a trigonal lattice with a fcc-like 

ABCABC vertical stacking sequence have been showed by Springholz et al [31] using self-

organization of PbSe islands in epitaxial PbSe/Pb1−xEuxTe superlattices. Using X-ray 

diffraction they predicted that reciprocal space maps, the interlayer correlation direction of 

the PbSe dots were to be inclined by 400 with respect to the [111] surface normal. Peak 

profile measurements of ordered regions showed coherence length of order of 300±100 nm in 

the lateral, and of 530±50 nm in the vertical direction. The structure and dynamics of 

semiconducting liquid GeSe using ab-initio molecular-dynamics simulations have been 

investigated by Raty et al [32]. They showed that the Peierls distortion reenters GeSe in the 

melt phase. They also examined the distance histograms and concluded that there is one Ge-

Ge defective bond in GeSe3 unit.  

COMPUTATIONAL i& iEXPERIMENTAL iDETAILS: 

INTRODUCTION 

In ithis ichapter iwe iexplained ithe icomputational iand iexperimental idetails of ilead 

ichalcogenides. The itheoretical istudy iof istructural, ioptical iand ielectronics iproperties iof 

ilead ichalcogenides iPbX i(X=S, iSe iand iTe) iwere iperformed iwith iCRYSTAL i[1] icode 

iwhich iis ibased ion iab-initio icalculations iof iground istate ienergy, ienergy igradient, 

ielectronic iwave ifunctions iand iproperties iof iperiodic isystems. iThe iresearchers iof ithe 

iTheoretical iChemistry igroup iin iTorino i(Italy) iand ithe iComputational imaterials 

isciences igroup iin iCLRC i(Daresbury, iUK) ideveloped ithis icode. iWith ithe iuse iof ithis 

ipackage, iab-initio icalculations iof iground istate iproperties iof ithe iperiodic isystems iin 

i3D i(crystals), i2D i(slabs), i1D i(polymers) iand i0D i(molecules) ican ibe iperformed. i 

At ithe ipresent itime, ielectronic iband istructure icalculations iare ibeing iwidely 

iused iby itheoretician iand iexperimentalists ito iexplore ithe ielectronic, ioptical iand 

imagnetic iproperties, ietc. iof ivarious icompounds. iThere iare itwo ifundamental ischemes 

ito istudy ithe istructural, ielectronic iand iother iimportant iproperties iof icompounds: 

iHartree-Fock i(HF) iapproximation iand idensity ifunctional itheory i(DFT). iFor ithe isake 

iof icompletion, ia ibrief idiscussion iof iHF iand iDF itheory iare idescribed ibelow. i 
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HARTREE- iFOCK i(HF) iTHEORY i 

HF itheory iwas idiscovered iby iD.R.Hartree iin i1927. iIt iis ian iiterative imethod 

ito ifind iout ithe iground istate ienergy iand ithe iwave ifunction. iIn ithis itheory, ithe iwhole 

iinformation iof isystem iis iconfined iin ithe iwave ifunction iof ithat isystem. iThis itheory 

iis imainly iused iin iQuantum iMechanics iand iAtomic iand imolecular iPhysics ito isolve 

ithe imany ibody iproblems. iHF itheory iis ian iab-initio imethod ifor isolving ithe imany-

body iSchrödinger iequation ii.e. i 

Hψi i(1,2,...N) i= iE iiψi i(1,2,...N) i 

where iH iis ithe iHamiltonian iof ia iquantum imechanical isystem icomposed iof iN 

iparticles, iψi iis iits iith iwave-function iand iEi iis ithe ienergy ieigen ivalue iof ithe iith istate. 

iThe icoordinates i(1, i2, i... iN) iare iparticle icoordinates iand iare iusually iassociated iwith 

ia ispin iand ia iposition icoordinate. iFor ielectronic isystems ithe iHamiltonian i(within 

inon-relativistic iapproximations) ifor ian iN-electron isystem iis: 

 i i i i i i i i i i  

where ithe ifirst, isecond iand ithird iterms iof iright-hand iside irepresent ithe ielectron 

ikinetic ienergy, ithe ielectron-electron iCoulomb iinteractions iand ithe icoulomb ipotential 

igenerated iby ithe inuclei. iIt iis iassumed ithat ithe inuclei iare ieffectively istationary iwith 

irespect ito ielectron imotion i(Born-Oppenheimer iapproximation). iThe iHF imethod 

iattempts ito itransform ithe ifull iN-body iequation iinto iN isinglebody iequations. iOne ican 

idetermine ithe iground istate iof ithe iHamiltonian, iH, iquantum imechanically iby imeans 

iof ithe ivariational iprinciple ifor ithe inormalised ieigen ifunction iΨ i(1, i2, i……..N) i: 

 

where, ii is iis ithe ispin idirection iof ithe iith ielectron. i 

 

 

DENSITY iFUNCTIONAL iTHEORY i(DFT) i 

DFT iis ia iquantum imechanical imodelling imethod iwhich iis iwidely iused ito 

iinvestigate iground istate iproperties iof idifferent imaterials. iWith ithe iuse iof iDFT, ithe 
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iproperties iof imany-electron isystem ican ibe idetermined iby iusing ifunctional ii.e., 

ifunctions iof ianother ifunction, iwhich iis ispatially idependent ielectron idensity iin ithe 

icase iof iDFT. iIt iis ithe imost iversatile imethod iof ielectronic istructure icalculations iin 

icondensed imatter iphysics. i 

The iconcept iof iDFT iis ibased ion itwo iremarkable iHohenberg- iKohn itheorems. i 

The ifirst iHohenberg-Kohn itheorem i[2] istates ithat ithe iground istate ienergy iof ia 

isystem iof ielectrons iis ia iunique ifunctional iof iground istate idensity: 

 

  EGS i= iE[nGS] 

Not ionly iground istate ienergy iof ia isystem ibut iall iproperties iof ithe isystem iincluding 

iexcited istate iproperties iare iexact ifunctionals iof ithe iground istate idensity ibecause 

ithere iis ione-to-one imapping ibetween ithe iground istate idensity iand ithe iexternal 

ipotential. iIf ithe iground istate idensity iis iknown ithen, iin iprinciple, ithe iexternal 

ipotential iis iknown iand ithe iexternal ipotential ican isolve ithe imanyelectron iSchrodinger 

iequation, ihence ieverything iabout ithe isystem ican ibe iknown. i 

The iinternal ielectronic ienergy iF, iof ia isystem iin iits iground istate ican ibe 

iexpressed ias i 

F i= iE-Vext 

Where iVext i i iis ithe iexternal ipotential ienergy, igiven iby i 

 

Since iE iand iVext iare ifunctions iof ithe idensity, iit ifollows ithat iF iis ialso ifunctional iof 

ithe idensity. iHence iit ican ibe iwritten 

 

The isecond iHohenberg-Kohn itheorem istates ithat iif iN iinteracting ielectrons imove iin 

ian iexternal ipotential ivext(r) i, ithe iground istate ielectron idensity ino i(r) iminimizes ithe 

ifunctional 

 

where, iF iis ia iuniversal ifunctional iof in iand ithe iminimum ivalue iof ithe ifunctional iE 

iis iE0 i(the iexact iground istate ielectronic ienergy). i 
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Kohn iand iSham i[3] iderived ifew idifferential iequations ienabling ithe iground 

istate idensity in0 i(r) ito ibe idetermined. iKohn-Sham iequation iis idefined iby ia ilocal 

ieffective iexternal ipotential iin iwhich ithe inon-interacting iparticles imove, iknown ias 

iKohn-Sham ipotential. iThis ipotential iis idenoted iby iv ieff i(r). iThe iHamiltonian iof ithe 

inon-interacting isystem iis igiven ias: 

 

The iwave ifunction idescribing ithis isystem iis ia iSlater ideterminant iconstructed ifrom ia 

iset iof iorbitals ithat iare ithe ilowest ienergy isolutions ito 

 i i i i i i i i i i i i i i i i i i i i i i i i  

This iequation iis itypically irepresentation iof ithe iKohn-Sham iequations. iHere, iεi iis ithe 

iorbital ienergy iof ithe icorresponding iKohn-Sham iorbitals, iϕi i, iand ithe ielectron idensity 

idistribution iis igiven iby: 

 i i i i i i i i i i i i i i i i i i i i i i i i i  

The itotal ienergy iof ia isystem iis iexpressed ias ia ifunctional iof ithe icharge idensity ias 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i

 

where, iTs i[n] iis ithe iKohn-Sham ikinetic ienergy iwhich ican ibe iexpressed iin iterms iof 

ithe iKohn-Sham iorbitals ias 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i  

 

Vext i(r) iis ithe iexternal ipotential iacting ion iinteracting isystem, iVH iis ithe iHartee 

ienergy iwhich iis iexpressed ias 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i  
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and iExc i[n] iis ithe iexchange-correlation ienergy. iThe iKohn-Sham iequations ican ibe 

ioriginated iby ivarying ithe itotal ienergy iexpression iwith irespect ito ia iset iof iorbitals ito 

iobtain ithe iKohn-Sham ipotential ias 

 i i i i i i i i i i i i i i i i i i i i i i i i  

With ithe iexchange-correlation ipotential iis idefined ias 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i  

The iabove iequations iprovide ia itheoretically iexact imethod ifor ifinding ithe iground istate 

ienergy iof ian iinteracting isystem iprovided ithat iexchange-correlation ienergy iExc iis 

iknown. 

EXCHANGE-CORRELATION iPOTENTIAL i 

The iinvestigation iof iaccurate iand isuitable iexchange-correlation ienergy iExc iis ithe 

igreatest ichallenge iin ithe idensity ifunctional itheory. iThe iapproximations ican ibe 

idivided iinto itwo iclasses. iLocal iDensity iApproximation i(LDA) iLocal iDensity 

iApproximation i(LDA) iis ithat iclass iof iapproximations ito ithe iexchange-correlation 

ienergy ifunctional ithat idepends ionly ion ithe ivalue iof ithe ielectronic idensity iat ieach 

ipoint iin ispace. iLocal iapproximations iare iderived ifrom ithe ihomogeneous ielectron igas 

i(HEG) imodel. iIn ithe ilocal idensity iapproximation, ithe iexchange iand icorrelation 

ienergy iis igiven 

 i i i i i i i i i i i i i i i i i i i i  i i i i i i i i i i i 

where, in iis ithe ielectronic idensity, iε ixc iis ithe iexchange iand icorrelation ienergy iper 

iparticle. iThe ifunction iεxc ican ibe idivided iinto itwo iparts ias 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i  

where iε i(n) iand iεc(n) iare iexchange iand icorrelation icontributions irespectively. 

iInitially, ithe iexchange icontribution iwas igiven iby ithe iDirac iexchange ienergy 

ifunctional i[4]: 
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 i i i i i i i i i i i i i i i i i i i i i i i i i i i i  

Accurate ivalues iof icorrelation ipart iεc i(ρ) iare iavailable iin ithe iliterature i[5,6]. iThe 

ivon iBarth-Hedin i[vBH] iis ithe imost ipopular iLDA ischeme iin ithe isolid-state 

iapplications. i 

GENERALISED iGRADIENT iAPPROXIMATION i(GGA) i 

LDA iis isuitable ionly ifor ithose isystems iwhich ihave iuniform ielectron idensity 

idistribution. iLDA idoes inot iinclude ithe ieffects iof iinhomogeneity iof ithe ielectron 

idensity idistribution. iThe iexchange- icorrelation ienergy ifor ithe isystems, iwhich ihave 

inon-uniform icharge idensities, ican ibe iderived iby iGGA. iHence, iin iGGA, ian 

iimprovement iis imade iby iconsidering ithe idependence iof iexchange icorrelation 

ifunctional ion ithe ielectron idensity iand ion ithe igradient iof ithe ielectron idensity 

idistribution iat ithe ipoint iof iconsideration. iMathematically, ithe iexchange-correlation 

ienergy, iin ithe igeneralized igradient iapproximation, ican ibe iwritten ias 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i  

There iare iseveral iproposed iGGA ischemes. iOne iof ithese iis idue ito iPerdew iand iWang 

i[7]. iThe ihybrid ifunctional ilike iB3PW iand iB3LYP ican ibe icomputed iusing ithe iBecke 

iexchange i[8] icombined iwith ithe iPerdew-Wang iGGA icorrelation ischeme.  

 

GROUND iSTATE iPROPERTIES i 

Various iground istate iproperties ican ibe icalculated iusing ithe iCRYSTAL icode ias 

ifollows: iStructural iparameters iIn iorder ito icalculate ithe istructural iparameters ilike 

ilattice iparameter i(a), ibulk imodulus i(B0) iand iits ipressure iderivatives i(B0'), ithe itotal 

ienergy iversus ivolume idependency ifor idifferent icrystal istructures iis ito ibe idetermined. 

iSubsequently, ithese ivalues ican ibe ifitted ito ithe iBirch iMurnaghan iequation iof istate 

i[9,10] 

 i i i i i i i i i i i i i i i i i i
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where, iE0 iis iminimum ienergy iper iformula iunit iin ithe iequilibrium, iV0 iis 

icorresponding ivolume, iB0 iis ithe ibulk imodulus, iand iB0' iis ipressure iderivative iof ithe 

ibulk imodulus. iThe ipressure iversus ivolume idata ifor ithe icompounds ican ibe icalculated 

ifrom ithe ithird iorder iBirch-Murnaghan i[9,10] iisothermal iequation iof istate irelating 

ipressure iand ivolume ias ifollows: 

 i i i i i i i i i i i i i i i  

 

To idetermine ithe itransition ipressure, ithe iGibbs ifree ienergy i i i i i i i i i i i 

i i i i i i i i i i 

(G i= iEo i+ iPV i- iTS) iis iused. iAt izero itemperature ithe ithermodynamically istable 

iphase iis ithat ione iwhich ihas ilowest ienthalpy, iH i= iE i+ iPV, iat ia igiven ipressure. 

iThe ivariation iin ithe ienthalpy i(H) iof icompound iwith ipressure i(P) iis ito ibe iplotted iin 

istable iand iother iphases. iWhen ithe ienthalpy iof ithe ilower ipressure iphase icoincides 

iwith ithat iof iother iphase, ithe itransformation ifrom ione iphase ito ianother iphase ioccurs.  

OPTICAL iPROPERTIES i 

The idielectric iconstant iof ia icompound ican ibe idetermined iby ithe ifinite ifield iapproach 

iwhich iis iembodied iin iCRYSTAL06 icode. iTo ievaluate ithe idielectric iconstants ifor 

icompounds, ifollowing isteps iare ito ibe ifollowed: i 

a) iEvaluation iof ithe iperturbed itotal ienergy i(TE) iand ithe ielectron idensity iof 

ithe isystem iby irunning ithe icalculations i(keyword iFIELD). i 

b) iDetermination iof idielectric itensor ielement iby irunning ithe iproperties 

icalculation i(keyword iDIEL). i 

ELECTRONIC iPROPERTIES i 

To istudy ithe ielectronic iproperties iof idifferent icompounds, ithe icalculations iof 

iband istructure iand idensities iof istates i(DOS) iof icompounds iare ito ibe imade ithrough 

iCRYSTAL06 icode. iThe ikeyword iBAND iis iused ito icompute ithe iband istructures. iFor 

ithe iband istructure, ithe iinput irequires: 

To istudy ithe ielectronic iproperties iof idifferent icompounds, ithe icalculations iof iband 

istructure iand idensities iof istates i(DOS) iof icompounds iare ito ibe imade ithrough 

iCRYSTAL06 icode. iThe ikeyword iBAND iis iused ito icompute ithe iband istructures. iFor 

ithe iband istructure, ithe iinput irequires: i 

a) iThe ipath iof ithe iBrillouin izone iin ireciprocal ispace. i 
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b) iNumber iand irange iof ienergy ibands. i 

c) iNumber iof ik-points iin ithe iBrillouin izone. i 

To icalculate ithe iDOS, ithe ikeyword iNEWK iis iused. iFor iDOS, ithe iinput irequires: i 

a) iThe ienergy irange iof iDOS i 

b) iThe idegree iof ipolynomials i 

STRUCTURAL iAND iELECTRONIC iPROPERTIES iOF iDOPED 

LEAD-CHALCOGENIDES 

The ilead ichalcogenides i(PbX, iX=S, iSe iand iTe) iare ia ispecial iclass iof iIV-VI 

inarrow iband igap i(0.2-0.4 ieV) isemiconductors. iDue ito iits iunique istructural iand 

ielectronics iproperties, ithese imaterials iare iof igreat iinterest iof iresearch ifrom ipast ifew 

idecades. iMany iexperimental iand itheoretical istudies ihave ibeen iperformed ion itheir 

istructural iand ielectronic iproperties i[1-6]. i 

All ithese itheoretical icalculations iidentified ia idirect iband igap iat iL ipoint iof 

iBrillouin izone i(BZ) ifor iall ilead ichalcogenides. iThese imaterials iare istable iin ithe 

irocksalt istructure iat iambient itemperature iand ipressure. i 

It iis iwell iknown ithat, iby iintroducing iforeign iatom iinto ia isemiconductor, 

istructural iand ielectronic iproperties ican ibe ichanged. iThe idoping iprocess ican 

isignificantly iaffect ithe iphysical iproperties iof ilead ichalcogenides, iand iit iprovides ian 

ieasy iway iof ichanging ithe igrain isize iand ithus, iits iemission iand iabsorption 

iwavelength, ior ioptical iband igap iof ithese imaterials. i 

To ilearn imore iabout ithe inature iof ithese imaterials, ifew iexperimental iand 

itheoretical istudies iwere iperformed ion istructural iand ielectronic iproperties iof idoped 

ilead ichalcogenides. 

In ithe ipresent iwork, ithe istructural iand ielectronic iproperties iof iternary ialloys 

iPbS1-xSex, iPbS1-xTex iand iPbSe1-xTex i(x=0.0, i0.25, i0.50, i0.75, i1.0) ihave ibeen ireported 

iusing iLCAO imethod. iThese iproperties iare istudied iin iterms iof ilattice iconstant, ibulk 

imodulus, ipressure iderivative iof ibulk imodulus iand ienergy iband igap. iVariation iin 

ilattice iconstant, ibulk imodulus iand iin ienergy iband igap ias ia ifunction iof iconcentration 

ii.e. ix ifor iPbS1-xSex, iPbS1-xTex iand iPbSe1-xTex ialloys iare iestimated. iAn ioutline iof 

ithis ichapter iis ias ifollows: iA ibrief idescription iof icomputational idetails iis igiven iin 

iSection i4.2 iand ithe iresults iare idiscussed iin iSection i4.3. iThe ilast iSection i4.4 

isummarizes ithe iresults iof ithis iinvestigation. 
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COMPUTATIONAL iDETAILS 

The iab-initio iLCAO imethod iembodied iin iCRYSTAL06 icode i[16] ihave ibeen iused ito 

istudy ithe istructural iand ielectronic iproperties iof iPbS1-xSex, iPbS1- ixTex iand iPbSe1-xTex 

ialloys. iIn ithis imethod, ieach icrystalline iorbital iψi(r,k) iis ia ilinear icombination iof 

iBloch ifunctions iφμ(r,k). iThe iBloch ifunctions iare idefined iin iterms iof ilocal ifunctions 

iφμ(r), inormally ireferred ias iatomic iorbitals. iThere iare ia ifew ifundamental ischemes 

iexist ifor iconstructing ithe iHamiltonian ifor ithe iperiodic isolids, iin iwhich iHF 

iapproximation i[17] iand ithe iDFT i[18] iare ithe iwell-known iapproaches iamong ithese 

ischemes. iUnder ithe iDFT, ia inumber iof ifunctional iexist ito itreat iexchange iand 

icorrelation. iIn ithe ipresent iwork, ithe ilocal ifunctions ifor iPb, iS, iSe iand iTe iwere 

iconstructed ifrom ithe iGaussian itype ibasis isets i[19]. iThe iKohn-Sham iHamiltonian iwas 

iconstructed iwhile iconsidering ithe iexchange ischeme iof iBecke i[20] iand icorrelation 

ischeme iof iPBE i[21]. i 

STRUCTURAL iPROPERTIES 

The iground istate iproperties isuch ias ithe ilattice iconstants i(a), ibulk imodulus i(B), 

ipressure iderivative iof ibulk imodulus i(B’) iwere icomputed iby ifitting ithe itotal ienergy 

iversus ivolume iaccording ito ithe ithird iorder iBirchMurnaghan iequation iof istate i[22,23]. 

iThe icalculated ilattice iconstants iand ibulk imodulus ifor iB1 iphase iof ithe ibinary 

icompounds i(PbS, iPbSe iand iPbTe) iand itheir ialloys i i i i i i i i i i i i i i i i i i i i i i i i i i i i i 

i i i i i i i i i(PbS1-xSex, iPbS1-xTex iand iPbSe1-xTex) iare ilisted iin iTables i4.1-4.3, iwhich 

ialso icontain ithe iprevious itheoretical iand iexperimental iresults. iThe icalculated 

istructural iparameters iare iin igood iagreement iwith ithe iprevious iresults. i 

To ithe ibest iof imy iknowledge, ino iexperimental idata iare iavailable ifor istructural 

iparameters iof ithe iternary ialloys i(PbS1-xSex, iPbS1-xTex iand PbSe1-xTex). iHence, iour 

icalculated iresults ican iserve ias ia iprediction ifor ifuture iresearch. iFigures i4.1(a)-(c) 

ishow ithe ivariation iof ithe icalculated ilattice iconstant iversus iconcentration ifor ithe 

ialloys iPbS1-xSex, iPbS1-xTex iand iPbSe1-xTex) irespectively. iFrom ithese iFigures, iit iis 

iclear ithat ithe ivalues iof icalculated ilattice iconstant ivary iwith ithe iconcentration iof 

idoping iin ithe isimilar itrend iwith ithe ivalues iof iVegard' is ilaw i[24] iwith ismall 

ideviation. iFigures i4.2(a)-(c) ishow ithe ivariation iof ithe icalculated ibulk imodulus iversus 

iconcentration ifor ithe ialloys iPbS1-xSex, iPbS1-xTex iand iPbSe1-xTex irespectively. 

ELECTRONIC iPROPERTIES 
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In iorder ito icompute ithe ienergy iband igap, icalculated iequilibrium ilattice 

iconstant iare iused. iThe ielectronic iband istructures ifor iB1 iphase iof ithe iternary ialloys 

iPbS1-xSex, iPbS1-xTex iand iPbSe1-xTex i(x=0.25, i0.50 iand i0.75) iare ishown iin iFigures 

i4.3-4.11 irespectively. iIn ithe iternary ialloys iPbS1-xSex, iPbS1-xTex iand iPbSe1-xTex iwith 

iconcentration iof idoping ix=0.25 iand i0.75, ithe ivalence iband imaximum i(VBM) iand 

iconduction iband iminimum i(CBM) ioccur iat ithe iL ipoint iof iBrillouin izone i(BZ) ibut 

ifor ix=0.50, idirect iband igaps iare iobserved ialong ithe ihighly isymmetric idirection i(i.e 

iΓ). iThe icalculated iand iavailable iprevious iresults iof ithe ienergy iband igaps iare igiven 

iin iTable i4.4. 

Table i4.1 

Calculated ilattice iparameter i(a), ibulk imodulus i(B0) iand iits ipressure iderivatives 

i(B0 i' i) ifor iPbS1-xSex i(x=0, i0.25, i0.5, i0.75 iand i1.0). 
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Table i4.2 i 

Calculated ilattice iparameter i(a), ibulk imodulus i(B0) iand iits ipressure iderivatives i(B0 i') 

ifor iPbS1-xTex i(x=0, i0.25, i0.5,0.75 iand i1.0) 
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Table i4.3 i 
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Calculated ilattice iparameter i(a), ibulk imodulus i(B0) iand iits ipressure iderivatives 

i(B0 i') ifor iPbSe1-xTex i(x=0, i0.25, i0.5, i0.75 iand i1.0). 
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 i i i i i i i i i i i i  

 

Figure i4.1 iCalculated ilattice iconstants ias ia ifunction iof icomposition ifor i(a) iPbS1-

xSex,(b) iPbS1-xTex iand i(c) iPbSe1-xTex ialloys. 
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 i i i i i i i i i i i i i i  

Figure i4.2 iCalculated ibulk imodulus ias ia ifunction iof icomposition ifor i(a) iPbS1- 

ixSex,(b) iPbS1-xTex iand i(c) iPbSe1-xTex ialloys. 

 i i i i i i i i i i i i i i i i i  

Figure i4.3 iEnergy iband istructure iof iB1 iphase iof iPbS0.75Se0.25. 
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 i i i i i i i i i i i i i i i i i i i i  

Figure i4.4 iEnergy iband istructure iof iB1 iphase iof iPbS0.50Se0.50. 

 i i i i i i i i i i i i  

Figure i4.5 iEnergy iband istructure iof iB1 iphase iof iPbS0.25Se0.75. 
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 i i i i i i i i i i i i i i i i i  

Figure i4.6 iEnergy iband istructure iof iB1 iphase iof iPbS0.75Te0.25. 

 i i i i i i i i i i i  

Figure i4.7 iEnergy iband istructure iof iB1 iphase iof iPbS0.50Te0.50. 
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 i i i i i i i i i i i i i i  

Figure i4.8 iEnergy iband istructure iof iB1 iphase iof iPbS0.25Te0.75 

 i i i i i i i i i i i i i i i i i  

Figure i4.9 iEnergy iband istructure iof iB1 iphase iof iPbSe0.75Te0.25. 
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 i i i i i i i i i i i i i i  

Figure i4.10 iEnergy iband istructure iof iB1 iphase iof iPbSe0.50Te0.50. 

 i i i i i i i i i i i i i i  

Figure i4.11 iEnergy iband istructure iof iB1 iphase iof iPbSe0.25Te0.75. 

 

 

 

 

 

 

Table i4.4 i 
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Energy iband igap i(in ieV) ifor iPbS1-xSex, iPbS1-xTex iand iPbSe1-xTex i(x=0, i0.25, i0.5, 

i0.75 iand i1.0). 
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 i i i i i i i i i i i  

 i i i i i i i i i i i i i i  

Figure i4.12 iCalculated iEnergy iband igap ias ia ifunction iof icomposition ifor i (a) iPbS1-

xSex,(b) iPbS1-xTex iand i(c) iPbSe1-xTex ialloys. 
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For ibetter ivisualizing, ithe ivariation iof ithe ienergy iband igap iwith ithe iconcentration iof 

idoping ifor ithe ialloys iPbS1-xSex, iPbS1-xTex iand iPbSe1-xTex iis ipresented iin iFigure 

i4.12(a)-(c) irespectively. iThe iFigure i4.12(a)-(c) idepict ithe ienergy iband igap iof ithe 

ialloys iPbS1-xSex, iPbS1-xTex iand iPbSe1-xTex ivary iin isimilar imanner iwith iconcentration 

iof idoping. 

CONCLUSIONS 

Lead-chalcogenides iare isome ipromising isemiconductor imaterials iused ifor 

iphotovoltaics idue ito itheir ifascinating iproperties ilike ihigh icarrier imobility, ihigh 

idielectric iconstant iand inarrow iband igap. iThese isemiconductor imaterials icrystallize iin 

ithe irock isalt istructure iat iambient iconditions. iThese imaterials ican ialso ibe iused iin 

inon-linear ioptical idevices iand idetectors ibecause iof itheir ivery iunusual ielectronic, 

ioptical iand istructural iproperties. iThe ilead ichalcogenides iPbX i(with iX=S, iSe, iTe) iare 

iof igreat iimportance ifor iinfrared idetection iand ilasing idevices iand ifurthermore ifind 

iapplications ias ithermoelectric imaterials ias iwindow icoatings iand iin isolar-energy 

ipanels. 

In ithe ipast idecades, inanoscience iand inanotechnology ihave ibeen imaking 

isignificant iprogress, iand itheir ieffects ion ievery ifield ihave ibeen iacknowledged iin ithe 

iworld. iThe inanomaterials ihave iattracted ienormous iattention idue ito itheir isize-

dependent iunique imechanical, iphysical iand ichemical iproperties. iAmong ithem, ione 

idimensional isemiconductor inanostructures i(such ias inanowires, inanorods iand 

inanotubes) iare ipromising icandidates ifor itechnological inanoscale ielectronic, 

ioptoelectronic iand iphotonic iapplications. iSolution-based ichemical isynthesis iof 

isemiconductor inanostructures ihas iallowed itremendous iflexibility iin icrystal 

imorphology. iThe iinherent isize idependence iof ithe inanocrystal iproperties iis ithe iresult 

iof iquantum iconfinement. iQuantum isize ieffect ioccurs iwhen ithe inanostructures ibecome 

ismaller ithan ia ifundamental iscale, iwhich iis idetermined iby ithe iexciton iBohr iradius. 

iIV-VI imaterials ioffer iunique iaccess ito ithe iregime iof iextreme iquantum iconfinement 

ibecause iof itheir irelatively ilarge iBohr iradii. iDue ito ilarge iBohr iradii, istrong iquantum 

iconfinement iin iIV-VI ican ibe iachieved iin irelatively ilarge istructures, iconsequently, 

iband igap iof iIV-VI isemiconductors ican ibe ieasily ituned iby ichanging itheir isizes, iand 

ihence ithese imaterials ican ibe ieasily iused iin ioptoelectronic idevices. 

 

REFRENCES 

http://www.ijfans.org/


Research Paper 

  e-ISSN 2320 –7876 www.ijfans.org 

Vol.11, Iss.9, Dec 2022 
© 2012 IJFANS. All Rights Reserved 

25 
 

[1] iV.R. iSaunders, iR. iDovesi, iC. iRoetti, iM. iCausµa, iN.M. iHarrison, iR. 

iOrlandoiand iC.M. iZicovich-Wilson, iCRYSTAL06 iUser's imanual 

i(University of Torino, i2006). i 

[2] iP. iHohenberg iand iW. iKohn, iInhomogeneous iElectron iGas, iPhys. 

iRev. i136 (1964) iB864. i 

[3] iW. iKohn iand iL. iSham, iSelf-Consistent iEquations iIncluding iExchange 

iand iCorrelation iEffects, iPhys. iRev. i140 i(1965) iA1133. 

[4] iP.A.M. iDirac, iQuantum iMechanics iof iMany-Electron iSystems, iProc. 

iR. iSoc. iA i123 i(1929) i792. i 

[5] iD.M. iCeperley iand iB.J. iAlder, iGround iState iof ithe iElectron iGas iby 

ia iStochastic iMethod, iPhys. iRev. iLett. i45 i(1980) i566. i 

[6] iS.H. iVosko, iL. iWilk iand iM. iNusair, iAccurate ispin-dependent 

ielectron iliquid icorrelation ienergies ifor ilocal ispin idensity icalculations: ia 

icritical ianalysis, iCan. iJ. iPhys. i58 i(1980) i1200. 

[7] iJ.P. iPerdew iand iY. iWang, iAccurate iand isimple idensity ifunctional ifor 

ithe ielectronic iexchange ienergy: iGeneralized igradient iapproximation, iPhys. 

iRev. iB i33 i(1986) i8800. i 

[8] iA.D. iBecke, iDensity‐functional ithermochemistry. iIII. iThe irole iof 

iexact iexchange, iJ. iChem. iPhys. i98 i(1993) i5648 i 

[9] iF. iBrich, iFinite ielastic istrain iof icubic icrystals, iJ. iGeophys. iRes. i83 

i(1978) i1257. i 

[10] iJ.P. iPoirer, iIntroduction ito ithe iPhysics iof iEarth’s iInterior, 

iCambridge iUniversity iPress, iCambridge, i27 i(1992) i193. i 

[11] iM.J. iCooper, iCompton iscattering iand ielectron imomentum 

idetermination, iRep. iProg. iPhys. i48 i(1985) i415. i 

[12] iM.J. iCooper, iP.E. iMijnarends, iN. iShiotani, iN. iSakai iand iA. iBansil, 

iX-Ray iCompton iScattering i(Oxford: iOxford iPublishing iPress), i(2004). i 

[13] iwww. iInnerfidelity.com. i 

[14] iwww. iChemguide.co.uk. i 

http://www.ijfans.org/


Research Paper 

  e-ISSN 2320 –7876 www.ijfans.org 

Vol.11, Iss.9, Dec 2022 
© 2012 IJFANS. All Rights Reserved 

26 
 

[15] ien.wikipedia.org. i 

[16] icnx.org 

[16] iT.K. iChaudhuri, iA isolar ithermophotovoltaic iconverter iusing iPbs 

iphotovoltaic icells, iInt. iJ. iEnergy iRes. i16 i(1992) i481. 

[17] iJ.H. iDughaish, iLead itelluride ias ia ithermoelectric imaterial ifor 

ithermoelectric ipower igeneration, iPhysica iB i322 i(2002) i205. i 

[18] iP.W. iBridgman, iThe iCompression iof i46 iSubstances ito i50,000 

ikg/cm, iProc. iAm. iAcad. iSci.U.S.A.74 i(1940) i21. i 

[19] iT. iChattopadhyay, iH.G.von iSchnering, iW.A. iGrosshans, iand iW.B. 

iHolzapfel, iHigh ipressure iX-ray idiffraction istudy ion ithe istructural iphase 

itransitions iin iPbS, iPbSe iand iPbTe iwith isynchrotron iradiation,Physica 

i139 i& i140B i(1986) i356. i 

[20] iK. iKnorr, iL. iEhm, iB. iWinkler, iand iW. iDepmeier, iThe ihigh-

pressure iα/β iphase itransition iin ilead isulphide i(PbS), iEur. iPhys. iJ. iB i31 

i(2003) i297. i 

[21] iS.V. iStreltov, iA iYu iManaKov, iA.P. iVokhmyanin, iS.V. iOvsyannikov 

iand iV.V. iShchennikov, iCrystal ilattice iand iband istructure iof ithe 

iintermediate ihigh-pressure iphase iof iPbSe, iJ. iPhys: iCondense iMatter i21 

i(2009) i385501. i 

[22] iG. iRousse, iS. iKlotz, iA.M. iSaitta, iJ. iRodriguez-Carvajal, iM.I. iMc. 

iMahon, iB. iCouzinet, iand iM. iMezouar, iStructure iof ithe iintermediate 

iphase iof iPbTe iat ihigh ipressure, iPhys. iRev. iB i71 i(2005) i224116. i 

[23] iP. iToledano, iK. iKnorr, iL. iEhm iand iW. iDepmeier, 

iPhenomenological itheory iof ithe ireconstructive iphase itransition ibetween 

ithe iNaCl iand iCsCl istructure itypes, iPhys. iRev.B i67 i(2003) i144106. i 

[24] iV.V. iShchennikov, iV. iOvsyannikov, iA.Y. iManakov, iA.Y. 

iLikhacheva, iA.I. iAncharov, iI.F. iBerger iand iM.A. iSheromov, iStructure iof 

ithe iIntermediate iHighPressure iPhases iof iTernary iLead iTellurides, iJEPT 

iLett. i83 i(2006) i228. i 

http://www.ijfans.org/


Research Paper 

  e-ISSN 2320 –7876 www.ijfans.org 

Vol.11, Iss.9, Dec 2022 
© 2012 IJFANS. All Rights Reserved 

27 
 

[25] iJ. iMaclean, iP.D. iHatton, iR.O. iPiltz, iJ. iCrain iand iR.J. iCernik, 

iStructural istudies iof isemiconductors iat ivery ihigh ipressures, iNucl. 

iInstrum. iMethods iPhys. iRes. iB i97 i(1995) i354. i 

[26] iA.N. iMariano iand iK.L. iChopra, iPolymorphism iin isome iIV-VI 

icompounds iinduced iby ihigh ipressure iand ithin i– ifilm iepitaxial igrowth, 

iApplied iPhysics iLetters i10 i(1967) i282. i 

[27] iFan iDa-Wei iZHOu iWen-Ge, iWEI iShu-Yi, iLIU iJing, iLI iYan-Chun, 

iJIANG iSheng iand iXIE iHong-Sen, iPhase iRelations iand iPressure-Volume-

Temperature iEquation iof iState iof iGalena, iCHIN. iPHYS. iLETT. i27 

i(2010) i086401. i 

[28] iV. iSergey iOvsyannikov, iV. iVladimir iShchennikov, iE. iAlexander 

iKar’kin iand iN. iBoris iGoshchitskii, iHigh-pressure iX-ray idiffraction istudy 

iof iternary iand inonstoichiometric iPbTe iand iPbSe icrystals, iJ. iPhys. 

iCondens. iMatter i17 i(2005) i179. i 

[29] iS.Yu. iPonosov, iS.V. iOvsyannikov, iS.V. iStreltsov, iV.V. iShchennikov 

iand iK. iSyassen, iCrystal ilattice iand iband istructure iof ithe iintermediate 

ihigh-pressure iphase iof iPbSe, iHigh iPressure iRes.29 i(2009) i224. 

[30] iA. iGrzechnik iand iK. iFriese, iPressure-induced iorthorhombic istructure 

iof iPbS, iJ. iPhys. iCondens. iMatter i22 i(2010) i095402. i[16] iY. iFujii, iK. 

iKitamura, iA. iOnodera iand iY. iYamada, iA inew ihigh-pressure iphase iof 

iPbTe iabove i16 iGPa, iSolid iState iComm. i49 i(1984) i135. i 

http://www.ijfans.org/

