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Abstract: PbS:Ni and PbS:Cd nanocrystalline films were prepared by chemical bath on glass substrates at deposition T = 80. 
Different Ni-Cd-doping levels were obtained changing the volume of the Ni an Cd-reagent-solution into the PbS growing solution. 
Measurements were carried out to characterize the semiconductor,such as X-ray diffraction (XRD) and optical absorption (OA). The 
morphological changes of the layers were analyzed using scanning electron microscopy (SEM). Diffraction X-ray spectra PbS:Ni and 
PbS:Cd displayed peaks at 2θ = 26.00, 30.07, 43.10, 51.00 and 53.48, indicating growth on the zinc blende face. The grain size 
determined by X-rays diffraction of the undoped samples, was found ~37 nm, whereas with the doped sample was 32-5 nm. PbS: Ni 
forbidden band gap energy (Eg) shift disclose a shift in the range of 1.4-2.4 V and PbS:Cd energy was estimated to be 0.15-0.5 eV. 
Gibbs free energy calculation for the Cu doping PbS is also included. 
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1. Introduction  

The ever-increasing interest into deposition of 
ternary derivative materials, the potential of designing 
and tailoring both of the lattice parameters and the 
forbidden band-gap energy (Eg) by controlling growth 
parameters [1] is very huge. In this regard, many 
techniques have been successfully employed: vacuum 
evaporated [2], sol gel methods [3], etc.. Most of the 
studies reported so far have focused in the deposition 
of ternary derivatives material in thin films as 
Cd1-xFexS [4], Cd1-xSCux [5] and Pb1-xNixS [6]. 
Noteworthy is the fact that PbS thin films are 
promising photovoltaic materials as their variable Eg 
can be adjusted to match the ideal ~1.5 eV required 
for achieving a most efficient solar cell [7], likewise 
size-dependent new physical aspects have generated 
an ongoing thrust for new practical applications and 
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PbS nanocrystals with grain-size (GS) dimensions in 
the range of 1-20 nm are of technological interest for 
advanced optoelectronic applications, showing a 
stronger quantum confinement effect when the 
crystallite size matches the dimension of Bohr exciton 
[8]. In this context, there are two situations, called the 
weak confinement and the strong regimes [9, 10]. In 
the weak regime, the particle radius of the 
electron-hole pair, but the range of motion of the 
exciton is limited, which causes a blue shift in the 
absorption spectrum. When the size of the 
nanoparticles are below Bohr radius, its lead to the 
quantum confinement effect. This confinement 
induces discrete electronic states in the valence and 
conduction band of the quantum dots compared to the 
continuous state of energy in bulk material. If the 
crystallite size is below the exciton Bohr of the 
semiconductor, strong quantum confinement occurs. 
The confinement effect appears as a shift in absorption 
spectra and the absorption to lower wavelengths, 
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wicks is due to change in the Eg [11] and control over 
assembly through modification of surface 
functionalization. On the other hand, photovoltaic 
devices are an widely recognized potential application 
for nanocrystals due, in part, to their high 
photoconductivity, easy work-up for solutions and 
also low cost of production. In this regard, growing 
interest has been devoted to the Pb-chalcogenide 
family for nanocrystals solar cell applications because 
they have such large exciton Bohr radii of 18 nm, in 
the limit where the nanocrystals are only a tenth part 
or so of the bulk exciton diameter: electrons and holes 
can then tunnel through a thin surface coating, and 
therefore strong electronic coupling between particles 
allows the transport of charge between nanocrystals. It 
must be pointed out that the synthesis of ternary 
Pb1-xNixS nanocrystals remains largely 
underdeveloped compared to the widely studied 
cadmium chalcogenide. Thus, on this frame of 
reference, in the present work attempt prepared PbS 
Ni2+ and Cd2+ doped nanostructured films by chemical 
bath (CB), in order to investigate structural and optical 
of undoped and doped-PbS films. Surface morphology 
and composition were determined using a Carl Zeiss 
Auriga 39-16 coupled with a Bruker energy dispersive 
analysis of X-rays (EDAX). The crystalline structure 
characterization was carried out by XRD patterns 
registered in a D8 Discover diffractometer, using the 
Cu Kࢻ line. The grain size was determined utilizing 
the Scherers formula on XRD patterns. The optical 
absorption spectra, measured employing a Unicam 
8700 Spectrometer, allow to calculate the forbidden 
band gap energy (Eg) by using the ሺߥ݄ߙሻଶvs. ݄ߥ plot, 
where ߙ is the optical absorption coefficient and ݄ߥ 
the photon energy. 

2. Chemical Reactions and Experimental 
Procedure 

The reactions for the growth of PbS films doped 
with Ni2+ and Cd2+ were determined by employing the 
cell potential values in basic media reported [12]. The 

cell potential and the Gibbs free energy are related 
through the Nernst equations: ΔGo = - nτεo, where n is 
the number of equivalents, τ is the Faraday constants 
and εo are the cell potential, ΔGo is calculated for the 
reaction. Value ΔGo provides thermodynamic 
information on the spontaneity of chemical reactions. 
Worth-noting is the formation of the coordination 
complex [M(NH3)4]2+, which is determinant for the 
release of M2+ ions (M2+ = Cd2+, Pb2+, Zn2+, etc.) and 
their slow recombination with S2- ions that, under 
these conditions, leads to the spontaneous formations 
to the MS precipitate in an easily controlled process. 
The growth of PbS is therefore carried out according 
to the following steps: (a) by mixing Pb(CH3CO3)2, 
KOH and NH4NO3, the coordination complex 
[Pb(NH3)4]2 is generated indirectly; (b) The Sଶିions 
are found in the solution and are generated by the 
thiourea decomposition in alkaline solution; (c) The 
aforementioned steps allow the slow process at the 
substrate surface to take place predominantly over 
direct hydrolysis of thiourea in the bulk of the reaction 
bath as follow [13, 14]: 

SCሺNHଶሻଶ ൅ 3OHି ֞ COଷ
ଶି ൅ Sଶି ൅ NHସ 

ା ൅ ଵ
ଶ

Oଶ(1) 

ሾPbሺNHଷሻସሿଶା ൅ Pb ൅ Sଶି ֞ PbS ൅ Pbଶା ൅
4NHଷ, ΔGo= +335.48 KJ (2) 

ሾPbሺNHଷሻସሿ ଶା ൅ HଶS ൅ Sଶି ֞ PbS ൅ 4NHଷ ൅
S ൅ 2Hା ൅ 2e,  ଴= +362.88 KJ       (3)ܩ∆

HPbOି ൅ HଶO ൅ ሾPbሺNHଷሻସሿ ଶା ൅ HଶS ൅ Sଶି ֞
PbS ൅ 4NHଷ ൅ S ൅ 2Hା ൅ Pb ൅ OHି ൅ Pbଶା (4) 

Pb ൅ 2Sଶି ൅ NiሺOHሻଶ ֞ PbS ൅ HSି ൅ Niଶା ൅
OHି,  ଴ = -29.79 KJ     (5)ܩ∆

CdሺOHሻଶ ൅ 2e ֞ Cd ൅ 2OHି,  ଴ = -156.13 KJ (6)ܩ∆ 
Since ΔGo > 0, and as such, the reaction is not a 

spontaneous process. Based on the Gibbs free energy 
values obtained from the thermodynamic equilibrium 
analysis, the Ni2+ and Cd2+ ionization state probably is 
present in the volume of PbS under our work 
conditions comparing the changes in ΔG0, which 
thermodynamically enable to the growth of the 
PbS:Ni2+ and PbS:Cd2+. Deposition includes different 
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limiting physical and chemical processes which 
determine the kinetic behaviour of the doped PbS: (1) 
nucleation stage. It is the initial stage requiring a high 
activation energy in which reactive centres (nuclei) 
are formed on the surface on the substrate; (2) growth 
stage. It is the second stage, which is characterized by 
an enhanced rate of PbS deposition; (3) doped stage. 
The high rate of deposition is associated with the 
addition level of doping, whit the accelerated growth 
of PbS doped nuclei formed on the substrate during 
the nucleation stage; (4) termination stage. During this 
stage, the rate of deposition gradually slows daw. This 
is probably due to a depletion of the reagents in 
deposition mixture.  

The glass substrates were previously immersed in a 
K2Cr2O7/HCl/H2O solution for 24 h, after which they 
were rinsed in deionised water and dried in a clean 
hot-air flow. Preparation of polycrystalline PbSNi thin 
films on glass substrates was performed at a 
temperature of 80 ± 2 °C grown by chemical bath (CB) 
and pH = 11.0. The growth of PbS films with six 
different levels of doping V[Ni2+] were obtained by 
the addition in situ: 2, 4, 6, 8, 10 and 12 mL in the 
solutions for PbS growth Pb(COOH)2 (0.01 M), KOH 
(0.5 M), NH4NO3 (1.5 M), SC(NH2)2 (0.2 M). The 
solutions were mixed and the final solution heated at 
80 ± 2 °C during 2 h, with the substrate remaining 
inside the solution. The optimal concentration of the 
doping solution V[Ni2+], Ni(NO3)2 (0.023 M) was 
determined after several trials, until films had 
attained good adherence. This solution is routinely 
added to the reaction mixture during the growth of 
the PbS films. The samples were labelled as PbSNi0 
for the undoped sample, PbSNi2-PbSNi10 for the 
doped samples [6]. The total volume of the 
growing-solution consisted of the volume-solution 
(VPbS) for the PbS growth plus the volume-solution 
V[Ni2+] containing the doping Ni2+ chemical agent: 
VPbS + V[Ni2+] = Vtot. The relative volume V[Ni2+] 
changed from 2 to 12. The films were growing 
obtained were silver-colored, polycrystalline 

reflective, with a homogeneous consistency and good 
adhesion to the substrate.  

PbSCd thin films on substrates on glass substrates 
at 80 ± 2 °C grown by chemical bath CB and pH = 
11.0. We growth PbSCd films with five different 
levels of doping Cd2+: 2, 4, 6, 8, 10 mL. The solutions 
used for the deposit of PbS are: 0.01 M Pb(COOH)2Pb, 
0.5 M KOH, 1.5 M NH4NO3, 0.2 M SC(NH2)2 and the 
doping solution was CdCl2 at optimal concentration 
0.02 M. The growth PbSCd films with five different 
levels of doping V[Cd

2+
] were obtained  by the 

addition in situ: 2, 4, 6, 8, 10 mL in the solutions for 
PbS growth [15]. This solution is routinely added to 
the mixture of the reaction during the growth of the 
PbS film. All the solutions used were prepared with 
deionised water of resistivity 18.2 MΩ.  

3. Results  

3.1 Electron Dispersion Spectroscopy (EDAX) 

The semi-quantitative analysis of the films was 
carried out by using the EDAX technique for undoped 
and doped PbSCd and PbSNi thin films at different 
points to study the stoichiometry of the films. In Table 
1 are displayed the atomic concentrations of Pb, S and 
Cd obtained fromscanning electron spectroscopy 
(SEM) [15].  

The morphological analysis of the PbSCd films was 
carried out in scanning electron microscopy (SEM). 
Micrographs are show in Fig.1:(a) micrographs of the 
films undoped, (b) doped with 6 mL, (c) doped with 
10 mL. You can see the uniform surface morphology, 
which is compact and polycrystalline. The SEM 
micrographs show that the particle grain size 
decreases with Cd2+ concentration. The granules are 
made of different sizes; we can conclude that the 
doping plays a vital role on the properties of the 
PbSCd thin films. The micrographs of the films with 
doping levels of 2, 4 and 8 mL, are not shown. The 
these micrographs are appreciated for the films which 
undoped, and which have compactly highly reflective 
characteristics of the PbS obtained by means of the 
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(a)                                (b)                                 (c)       

Fig. 1  Micrographs of the films: (a) undoped PbSCd0; (b) doped 6 mL PbSCd6; (c) doped 10 mL PbSCd10. 
 

technique CB [16], and those that doped have crystals 
in the form of spheres. A very adherent film with 
gray-black colour metallic aspect was obtained in case 
of a undoped and doping PbS films reveal a 
continuous compact polycrystalline films with similar 
morphology have been reported [17]. 

It is displayed in Table 1, the atomic concentrations 
of Pb, S and Ni by PbS:Ni2+ films. 

For the samples the increase in concentration of Ni 
in PbS films is easily noted, reaching a percent value 
of Ni = 11.51. In this case, when Ni2+ ionenters as a 
substituteofthe Pb2+ ion, it is observed that the sample 
was slightly deficient in S2- ion.  

Therefore, for the higher V[Ni2+] values considered, 
growth material can probably be estimated as doped 
semiconductor but actually the material canberegarded 
as similar to a solid solution of Pb1-xNixS. 
 
Table 1  Atomic concentrations of Pb, S and Cd obtained 
from EDAX. 

  Atomic concentrations (%) 
Sample Pb S Cd 
PbSCd0 56.35 43.05 0.0 
PbSCd6 60.10 18.38 21.51 
PbSCd10 56.29 33.49 10.22 
 
Table 2  Atomic concentrations of Pb, S and Ni obtained 
from EDAX. 

Atomic concentrations 
Sample Pb S Ni 
PbS-Ni0 56.35 43.05 0.0 
PbS-Ni6 70.10 18.38 11.51 
PbS-Ni12 56.29 33.49 10.22 

In this case, when Ni2+ ion enters as substitute of 
the Pb2+ ion, probably for the higher V[Ni2+] values 
considered here the growth material can also be 
estimated as a doped semiconductor being the 
material also as in the aforementioned conditions, 
similar to a solid solution of Pb1-xNixS [6, 15]. The 
micrographs of undoped- and doped-PbS films are 
showed in Fig. 2. Scale bar at 1.0 μm and 30 nm, 
respectively were obtained from SEM. The 
undoped-PbS0Ni, doped-PbSNi6 (6mL), 
doped-PbS12Ni (12mL) films are showed. As can be 
seen from the uniform surface morphology, such 
aspect is compact and of polycrystalline nature. The 
SEM micrographs show that the particle grain size 
decreases with an increase in V[Ni2+] concentration 
and granules appeared to be of different sizes. In such 
micrographs for the undoped films, crystals as small 
spheres are observed. A very adherent film with 
metallic gray-black colored aspect was obtained for 
undoped and doped films revealing continuous and 
compact polycrystalline films. Similar morphologies 
have been reported [17]. 

3.2 X-Ray Diffraction (XRD) 

Fig. 3 shows sample diffractograms of X-ray PbSCd 
films. These spectra of X-ray, show peaks located at the 
following angular positions: 2θ = 26.00, 30.07, 43.10, 
51.00 and 53.48. Diffraction along the (111) plane 
shows the highest intensity well-defined sharp peak, 
indicated high crystallinity of the material prepared.  
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(a) 

 
(b) 

 
(c) 

Fig. 2  Micrographs obtained from SEM of the films with scales of 1.0 μm and 30 nm for: (a) undoped-PbSNi0; (b) PbSNi6; 
and (c) PbSNi12-films. 
 

These belong to the wurzite phase according to 
reference patterns JCPDS 05-0592. The spectrum of 
films PbSCd4, shows two peaks located in the angular 
positions 2θ = 27.25 and 28.49, which belong to the 
PbO in monoclinic phase, according to the standards 
JCPDS 019-0697, another peak in 2θ = 34.04, which 
corresponds to PbO in orthorhombic phase according 
to the standards JCPDS 052-0772. The growth of the 
PbO was favored according to the following reaction: 

PbOଷ
ଶି ൅ HଶO ൅ 2e ֞ PbO ൅ 2OHି 

Pentia et al. [17] proposed the formation of PbO as 
a process of absorption according to the following 

reaction: 
 PbO ൅  2OHି ֞ PbO ൅  HଶO ൅ 2e,  Δܩ଴  ൌ

൅ 111.94 KJ                   (7) 
However, in our work, we only generate this oxide 

in PbSCd4 sample. Other authors using the spray 
pyrolysis identified mix of phase control of the mole 
fraction x getting a solid solution of (CdO)1-x(PbO)x [18], 
is exhibited the average grain size (GS) of PbS for 
the sample that was undoped and the doped one 
corresponding to the (111) plane against the volume 
of the doping (Fig. 4). For the PbSCd8 film can be 
seen GS ~29 nm. In this plot, it is possible to be seen  

1.0μm 30nm 

1.0μm 30nm 

1.0μm 30nm 
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Fig. 3  XRD patterns of the undoped and PbS doped Cd2+ 
films. From V = 0 to V = 10 the patterns are placed 
consecutively. 
 

 
Fig. 4  Average grain size, calculated from the width of the 
main peak of the XRD patterns vs. volume doping in the 
(111) crystalline plane. 
 
that the GS decreases for the sample PbSCd2 and 
remains without change for 4, 6, 10 mL at 34 nm [15]. 

The effect of the decrease of the GS by the effect of 
the doping has been reported in CdS films doped Cu2+ 

by CB [5]. A possible explanation to this experimental 
fact can be given as it follows: The ionic radii data are 
Pb+2 = 1.21 Å, S2- = 1.84 Å and Cd2+ = 0.95 Å, for 
relative low concentration Cd2+ ions can be majority 
situated in (1) Pb2+ vacancies sites which otherwise 
would be empty, (2) in Pb2+ sites provoking the 

appearing in Pb interstitial, and (3) in interstitial 
positions. At this level of Cd2+ the PbS can be 
considered a doped material. That tendency to 
amorphize the material makes the localized 
monocrystalline zones (grains) become smaller and 
smaller as Cd2+ increases, growth nanocrystals. The 
dimensions of the crystallites depend on the 
experimental parameters namely pH, concentrations of 
reactants, temperature, substrate and doping. In this 
work, adding to the starting solution a small quantity 
of doping changes in a crystallites order and/or 
alteration of their size can be observed. A decrease in 
the degree of the order of crystallites, this is expected 
to lead to enhanced growth of stable nuclei in the 
initial stages of growth followed by impaired grain 
growth, hence, resulting in smaller grains in the 
cadmium. 

Fig. 5 shows diffractograms of X-ray (XRD) PbSNi 
films. Such X-ray spectra display peaks located at the 
following angular positions: 2θ = 26.00, 30.07, 43.10, 
51.00 and 53.48. They are related with the reflection 
peaks of (111), (200), (220), (311), (222), respectively, 
and all these diffraction peaks can be perfectly 
indexed to diffractograms PbS samples displaying the 
zinc-blende (ZB) crystalline phase according to 
reference patterns JCPDS 05-0592. The XRD spectra 
 

 
Fig. 5  XRD diffractograms PbS:Ni films. The patterns are 
placed consecutively. The inset illustrates the (111) 
reflections of the cubic phase as function of V[Ni2+]. 
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Fig. 6  The average grain size (GS) with of the mean peak 
of XRD patterns vs. V[Ni2+]. The inset exhibits the Eg vs. 
GS plot. 
 

for PbSNi2 films indicate that (111) is the orientation 
of PbSNi grains; the PbSNi2 diffraction layer along 
the (111) plane reveals the highest intensity of a 
well-defined sharp peak, indicating the high 
crystallinity of the obtainedmaterial [6]. 

The intensities for PbSNi2 and PbSNi4 layers for 
(111), (200) and (220) are nearly equal and all the 
representative diffraction lines of PbS can be observed. 
In the PbSNi2 film, the (111) reflection has the 
highest intensity. This phenomenon may be attributed 
to the doping effect. The low intensity peaks observed 
in the XRD patterns of the doped PbSNi6 to PbSNi12 
samples indicates that the films are coarsely fine 
crystallites or nanocrystalline. The broad hump in the 
displayed pattern is due to an amorphous glass 
substrate and also possibly due to some amorphous 
phase present in the PbSNi crystallite size of films. 
These effect are associated with the nanocrystals 
doped-PbSNi with V[Ni2+] in the regime were the 
cluster mechanism is dominating (on the contrary to 
films grown via ion-ion mechanism, the crystal size 
was larger), and consist of PbSNi nanocrystals 
embedded in an apparent matrix of PbS. The inset in 
Fig. 5 displays the (111) interplanar distance (ID) for 
the ZB face, calculated from the 2θ peak positions, vs. 

V[Ni2+]. This ID is close to the (111) ID of the ZB 
phase. First, the ID decreased with V[Ni2+]due to the 
presence of Ni2+ in substitution sites and, finally, 
reaching a maximum value in PbSNi6 film.The ionic 
radii data are Ni2+ = 0.69 Å, therefore for a relative 
low concentration of Ni2+ ions a majority can be 
located in: (1) Pb2+ vacancies sites, which otherwise 
would be empty; (2) in Pb2+ sites causing the 
appearance of Pb interstitial, and (3) in interstitial 
positions. At this level of V[Ni2+], the PbSNi can be 
considered a doped material [6]. The incorporation of 
Ni2+ solubility has been proven to be more effective in 
Pb chalcogenide than Zn-chalcogenide, a result 
explained in terms of the cation size. The effect of the 
GS decrease by the doping effect has been reported in 
films of CdS doped with Cu2+ by CB [6]. A decrease 
in the degree of the order of crystallites is expected to 
lead to enhanced growth of stable nuclei at the initial 
stages of growth, followed by impaired grain growth, 
and hence resulting in smaller grains in the nickel. In 
the inset of Fig. 6, Eg is displayed as function of the 
GS. For low GS, Eg increase, as GS decreases, Eg 

increase. When GS ؆ 5 nm, Eg reaches a maximum 
value. For a larger GS, Eg decreases. Two effects can 
be considered in such Eg changes: (1) The variation of 
ID, and (2) the strong quantum confinement. 

3.3 Optical Absorption (OA) 

Assuming parabolic band structure, the absorption 
coefficient ߙ is proportional to: 

                  ൫ܧ െ ௚൯ܧ
భ
మ ൌ  (8)               ߛ݄ߙ

And an extrapolation to α2 = 0 yields a good 
approximation of the energy gap Eg [19, 20]. The 
optical property of materials information is obtained 
using the technique. With this technique it is possible 
to plot the percentage (%) of the transmittance vs. the 
wavelength ሺߣሻ, and by using the Planck equation E = 
hc/λ, the energy of the incident photon for each value 
of the wavelength of light is expressed in terms of the 
energy of the photon incident in this way is the spectra 
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(a) 

 
(b) 

Fig. 7  Optical Absorption spectra for the sample (a) 
PbSCd0 and (b) PbSCd10. 
 

 
Fig. 8  Band gap energy as function of doping volume in 
the range 0.25-0.60 eV, PbSCd, the inset illustrates the 
method to calculate from optical absorption measurements. 

of (%) of T vs. the energy of the incident photon and 
where T + R = 100, where T is the transmittance and R 
the reflectivity of the film. Fig. 7 shows the spectra of 
the optical absorption for the samples: (a) PbSCd0 and 
(b) PbSCd10. The fundamental absorption which 
corresponds to electron excitation from the valence 
band to conduction band can be used to determine the 
nature and value of optical band gap. For the simple 
PbSCd0, through the intersection of the straight line 
with the axis of the photon energy is obtained Eg = 
0.40 eV and in a similar way to the sample PbSCd10 
Eg = 0.51 eV.  

The Fig. 8 shows Eg vs. the doping and the upper 
right part of the same plot shows the spectrum of 
absorption for the sample undoping. In this plot, it can 
be observed that the sample of PbSCd2: Eg = 0.34 eV. 
The shift experimentally observed Eg valuesindicated 
alloying between nanocrystalline PbS and CdS phases. 
The Fig. 9 illustrates the forbidden band gap the layers 
in range of 2.2-3.0 eV, the large experimentally 
observed Eg in the nanoparticle films to theorically 
estimated (using Vegar’s law) Eg for bulk shows the 
extent of quantum size effect in nanoparticle films. It 
can be seen that size effect on the optical band gap is 
stronger nanoparticle films than in PbS nanoparticles 
of 24 nm, which is 3.4 times than the Eg for bulk PbS 

Fig. 9 shows a graph of Eg vs. V[Ni
2+

] and in the 
inferior right part the plot shows the absorption 
spectrum for the sample PbSNi12. In this plot, it can 
be observed a Eg = 2.4 eV value for the PbSNi0 
sample. The confinement effect appears as a shift in 
edge of the absorption spectra and the absorption to 
lower wavelengths, possibly due to the decrease in GS, 
the decrease in number of defects and the change in 
color. It is clearly seen from the optical spectrum an 
absorption edge shift toward a lower wavelength in 
doped films. The experimentally observed Eg values 
for the shift indicated an alloying between 
nanocrystalline PbS. Such increase has been observed 
by other authors [8, 21]. The Eg for doped samples in 
the 2.4-3.8 eV range the large experimentally  
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Fig. 9  Band gap energy as function of doping volume in 
the range 2.2-4.0 eV, PbSNi, the inset illustrates the method 
to calculate from optical absorption measurements. 
 

observed Eg in the nanoparticle films theoretically 
estimated (using Vegaݎ,s law) Eg for bulk shows the 
extent of quantum size effect in the nanoparticle films. 
The fundamental optical transition of doped films (Eg 
= 0.41 eV) is not observed in these films, presumably 
because of complete mixing of PbS with Ni2+ affording 
an unique ternary intermetallic compound of the 
PbxNi1-xS type. It is observed that the size effect on the 
optical band gap is stronger in nanoparticle films than 
in PbS nanoparticle of 24-10 nm (average crystallite 
size) and show an Eg: 2.22-2.65 eV. The observed 
increase in the quantum size effect could possibly be 
attributed to a decrease in the effective mass. The 
increased in Eg when increasing the concentration of 
V[Ni2+] in the films is reflected by the presence of an 
excitonic structure material. Excitonic structures are 
readily observed in large Eg semiconductors with 
binding energy such as CdSe [10]. 

The Eg optical doped films varied from 2.4-3.8 eV, 
with doping increase of V[Ni2+]. A similar shift 
observed in the position of the excitonic peak towards 
higher energies in CdSe crystallites has been 
explained due to a decrease in crystallite size [22]. 
The red shift of the band gap is associated with the 
decline of the SG. It is clear that the Eg increase when 

V[Ni2+] increases. As mentioned earlier, we observed 
a systematic decrease in the crystallite size with 
increasing concentration. Since the estimated mean 
crystallite size in this case being approximately half 
the value of the exciton Bohr radius in PbS, we 
observe a strong confinement in doped PbSNi films.  

4. Conclusions  

We have reported the growth of doped-PbS with 
Cd2+ and Ni2+ ions affording nanocrystalline films by 
the chemical bath technique. X-ray spectra show 2θ = 
26.00, 30.07, 43.10, 51.00 and 53.48, which belong to 
the ZB phase in two layers. The GS lies in the interval 
of ~32-5 nm for PbSNi. The Eg of films increased 
from 2.4-3.8 eV when doping V[Ni2+] is increased. 
GS reduces in the interval 2 mL ≤ V[Ni2+] ≤12 mL 
and a Eg increase as function of the GS is displayed. 
When GS ؆ 5 nm. The XRD PbSCd4 films show 
two peaks which are located in the angular position at 
2θ = 27.25 and 28.49, which belong to the PbO in a 
monoclinic phase and another peak in 2θ = 34.04, 
which corresponds to PbO in an orthorhombic phase. 
Optical absorption spectra is quantified for the film 
PbSCd10 film which is undoped, and it happens to be 
Eg 0.4-0.51 eV. The optical band gap PbSNi films 
varied from 2.1-4.0 eV, increase doping Ni2+. We 
deem two effects occur on Eg changes: (1) The 
variation of ID, and (2) the quantum confinement.  
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