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ABSTRACT   
 
Lead Iodide single crystals successfully grown by simple gel method. Some dopants were added 
into the Lead Iodide crystals with proper precaution. Thin films of pure material of Lead Iodide 
and gel grown crystals have been prepared by thermal evaporation technique. XRD of these 
films were recorded and compared. Lattice parameters have been calculated by computer 
programming and they are matching with the JCPDS data of the Lead Iodide XRD of all the 
films are compared and reported. Lattice constants are observed to be sensitively affected by 
doping. The band gaps of these films were calculated by measuring the transmittance. It is found 
that the energy band gap of these films goes on decreasing as the thickness of the films 
increased. The band gaps of the doped films were found to decrease significantly.   
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INTRODUCTION 

 
Lead Iodide (PbI2), IV-VII semiconducting compound with a band-gap of approximately 2.55 
eV at room temperature, has a layered structure of different polytypes that are generally 
hexagonal in shape. It is a highly insulating material with a resistivity of about 1012 ohm-
cm.The high atomic numbers of Pb and I (Z= 82 and 53, respectively) yield superior stopping 
power for high energy x-rays and gamma-rays [1]. Compact room-temperature x-ray and 
gamma-ray detectors with improved energy resolution have an enormous range of medical, 
industrial, military, space, and environmental applications. The requirement for room 
temperature operation in many applications requires use of a material with a higher atomic 
number for increased stopping power and larger band-gap for reduced dark current. Presently, 
Hg12 and CdTe are the most frequently used materials for fabricating room temperature 
radiation detectors [2].  
 
This material has been the subject of many investigations due to specific technological features, 
for instance, its large applicability, at room temperature, as photocell, and x- and γ-ray detector 
(3). Lead Iodide is more attractive than other similar materials, such as HgI2, because of its lower 
vapour pressure and lack of a destructive phase transition, which shows up at temperature around 
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1300C for Hg2. The electronic structure and optical properties were studied both experimentally 
and theoretically (3). 
 
Although studies of bulk crystals are essential for understanding some of the fundamental 
properties of the material, the preparation and study of high quality thin films are desirable for 
device applications. In the present course of investigation, it has been decided, on the 
preliminary basis, to compare the XRD and the band gap of the doped, pure and synthesized 
Lead Iodide crystals and thin films. In the course of present investigation, we have observed that: 
(i) the lattice parameters ‘a’ and ‘c’ and hence the unit cell volume of doped, pure and 
synthesized Lead Iodide crystals, are sensitively affected by the dopant concentration and 
thickness of the films. (ii)  band gap of the undoped Lead Iodide films matches with the reported 
value (iii) band gap of doped Lead Iodide films were decreases significantlly. The purpose of this 
communication is to find out the influence of doping regarding the band gap to prepare the 
photovoltaic application in the future. 
 

MATERIALS AND METHODS 
 

The doped (Cu and Al with different concentrations) and undoped Lead Iodide crystals have 
been grown by gel technique. These crystals were crushed in standard size (150 mash). The A.R. 
grade chemicals were used for this purpose. Then the thin films of (i) as grown Lead Iodide 
crystals, doped and undoped, and (ii) of pure Lead Iodide material, were prepared by vacuum 
technique. The evaporation is carried out in a conventional vacuum coating unit of 10-5 torr, with 
constant substrate temperature of 800C. The thickness was measured by quartz crystal thickness 
monitor make by HindHivac DTM model no.101. Care must be taken to avoid overheating the 
stock of Lead Iodide during sublimation, otherwise thermal decomposition gives rise to non-
stoichiometry in the films, apart from this no special precaution are necessary. 
 
X-ray diffractograms of all these films were recorded with Philips X-ray diffractometer (Model 
PW-1730) using CuKα with Ni filter (1.5418Å). Transmissions of these films were recorded 
using Hitachi-331. 
 

RESULTS AND DISCUSSION 
 

The diffractometer recordings for thin films grown at 300K on glass substrate of pure and 
synthesized Lead Iodide material (doped and undoped) with various thicknessess are shown in 
Fig. 1, Fig. 2, Fig. 3,  Fig. 4, Fig. 5 and Fig. 6 for comparison. Where as diffractometer recording 
for synthesized and pure Lead Iodide material shows a sharp peak is at 2θ=25.400, 36.600 and 
52.200. The common sharp peak is at 52.200 only, corresponding to (0 0 4) lattice plane. Fig.1 
clearly indicates that as the thickness of the film, synthesized undoped Lead Iodide, increases the 
height of the peak increases also Fig. 2 and Fig. 3 shows that the height of the peak increases 
sharply with increase in thickness for pure Lead Iodide material. Similarly Fig.4 and Fig. 5 
represents that the peaks of Cu-doped films increases sharply with increase in thickness while 
Fig. 6 depicts the height of peaks of Al-doped films decreases with increasing thickness. The 
intensity of Cu-doped films is very large as compared to all the other films. 
 
The lattice parameters ‘a’ and ‘c’ of these films have been computed from the observed‘d’ values 
by method of successive refinement. Mean values of lattice parameters are given in Table 1. It 
may be seen from this table that lattice constants ‘a’ and ‘c’ and hence the unit cell volume is 
sensitively affected by doping. 



D. S. Bhavsar                                                              Arch. Appl. Sci. Res., 2011, 3 (3):265-271  
 ____________________________________________________________________________ 

267 
Scholar Research Library 

Table 2 shows the transmission data of all the films in uv-visible range. The values of the 
magnitude of optical absorption coefficient are of the order of 105 cm-1 for near edge absorption 
given by   α=lnT/t where, t is the thickness of the film. The values of α have been calculated, at 
different wavelengths, from Table 2.  The plots of (αhν)2  versus  hν(given in Figure 7 to 14), 
from which the band gaps are calculated and represented in Table 3, are given for comparision. 
This is due to allowed direct transition from the top of valence band to the conduction band 
minimum at the center of Brillouin zone [4]. 
 
From Table 3 it is clearly seen that the variation in thickness causes a slight decrease in direct 
allowed optical band gap Eg. Further, it can also be seen from Table 2 that the band gap for Cu-
doped film decreases significantly. This is due to the fact that the excess Cu ion in the lattice 
makes the donar levels degenerate and merges into the conduction band of Cu-doped films thus 
decreasing the optical band gaps. 
 
The absorption coefficient α also changes with thickness, particularly in Cu-doped films. It is 
therefore suggested that Cu-doped films will be of use in photovoltaic device applications. 
 

 
 

Fig. 1 X-ray diffractogram of synthesized PbI2 films (1000 and 2000 Å) 
 

 
 

Fig. 2 X-ray diffractogram of pure PbI2 films (1000 Å) 
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Fig. 3 X-ray diffractogram of pure PbI2 films (2000 Å) 

 
Fig. 4 X-ray diffractogram of Cu-PbI2 films (2000 Å) 

 
Fig. 5 X-ray diffractogram of Cu-PbI2 films (4000 Å) 

 
Fig. 6 X-ray diffractogram of Al-PbI2 films (2000 and 4000 Å) 
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Table 1: Comparative study of XRD with lattice parameters. 
 
Compound             Thickness        Lattice Parameters       c/a          V (Å3) 
                                   in Å          ‘a’ in Å      ‘c’ in Å                 
 
i) synthesized un-     1000            4.557         7.01            1.5383      126.93 
doped film                2000            4.557         7.01            1.5383      126.93 
 
ii) pure undoped       1000            4.557         7.01            1.5383      126.93        
    film                       2000            4.557         7.0264        1.5419      126.36 
 
iii) Cu-doped            2000            4.557         6.9785        1.5314      125.5                
      film                     4000            4.557         7.003          1.5368      125.94 
 
iv) Al-doped             2000            4.6             7.2299        1.5717      132.45    
      film                     4000            4.612         7.2301        1.5676      133.18   
 
 
Table 2 

  
 
Table :3 Comparative study of band gap 
 
Compound                          Thickness              Band Gap 
                                               in Å                       in eV 
 
i) synthesized undoped           1000                    2.623 
         film                                 2000                    2.5802  
ii) pure undoped film              1000                    2.5255 

2000                    2.3497 
iii) Cu-doped film                   2000                    2.464     
                                     4000                    2.295 
iv) Al-doped film                 2000                    2.454 
                                              4000                    2.359             
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                  Fig. 7                                                                 Fig. 8 
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                     Fig. 9                                                                 Fig. 10 
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                  Fig. 11                                                              Fig. 12 
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                      Fig. 13                                                                 Fig. 14 
 
 

CONCLUSION 
 

i) With proper doping in the Lead Iodide, either Cu or Al, leads to  significant decrease in the 
band gap. 
ii) This doped films may be used as a photovoltaic cell 
iii) Lattice constants ‘a’ and ‘c’ and the unit cell volume are sensitively affected by the doping. 
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iv) Unit cell volume tends to increase with increase in the thickness of the films particularly in 
case of doped films. 
 

REFERENCES 
 

[1] G. Lillybai and M. H. Rahimkutty Journal of Atomic, Molecular, and Optical Physics, 2010, 
Article ID 265403, 7 pages doi:10.1155/2010/265403 
[2] D. C. David, A. Burger, W. Wang, R. B. James, T. E. Schlesmger , and J. C. Lund: SPIE 
1734 (1992) 146-151 
[3] D.S.Bhavsar: Advances in Applied Science Research, 2011 2(2) 327-332 
[4] K.C.Sharma, R.P. Sharma and J.C. Garg: Jpn J Appl. Phys: 31 742 (1992) 
 
 
 
 


