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Abstract 

Lead Sulph ide th in  f i lm was deposi ted  on glass subs tra te  prepared f rom  lead ace tate  and 

th iourea solu t ion using solu t ion growth techn ique.  XRD stud ies show that ,  f i lms prepared are  

in  nanocrys tal l ine range.  Also  the di f f ract ion peaks are found to  be in  good agreement wi th  

standard ASTM da ta.  Optica l  s tud ies show that  the band gap  energy i s  in  the range  of  0 .75eV 

– 1 .98eV.  SEM stud ies show that  the  f i lm surface have un iform grains and  the  grain  s ize  

obtained are o f  the order of  15-20 nm and th is  i s  in  agreement with  the calcula ted va lues  

from the XRD resul t .  Elec trica l  resis tance i s  in  the range of  150 Giga Ohms.  Vicker’s 

Hardness value  was found to  be 74 .   
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INTRODUCTION 

Semiconductor  mater ial s  are  a lways  the focus in mater ia l  sc ience due  to  their  outstanding 

elec tronic  and optica l  proper t ies and have potent ia l  appl ica t ion in var ious devices such as  

l ight -emi t t ing d iodes [1 ] ,  s ingle  elec tron trans istors [2]  and fie ld -e ffec t  th in-fi lm transistors  

[3] .  In pr inc iple ,  the electronic  and opt ical  proper t ies o f  semiconductor  mater ia ls  are  tunable  

by varying their  shapes and sizes [4] ,  So i t  i s  one o f the desired goa ls in mater ial  science to  

have precise  control  o f  the  morphology o f semiconductor  mater ia l s .  As an important  IV-VI  

group semiconductor ,  Lead sulphide (PbS)  has  at t rac ted considerab le  at tent ion due to  i ts   

small  d irect  band-gap (0 .41 eV at  300 K)  and a  large exci ta t ion Bohr  radius o f  18nm [5] .  

This has been widely used in many f ie lds such as Pb
2 -

 ion-se lect ive sensors [6] ,  pho tography 

[7] ,  IR de tector  [8] ,  and solar  absorber  [9] .  As  a  consequence  o f i t s  carr ier  confinement,  an 

except iona l  th ird -order  nonl inear  opt ica l  proper ty o f PbS nanopar t ic les has been found,  

which may be useful  in optical  devices such as optical  swi tch [10] .  Also i t  i s  pred ic ted that ,  
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compared wi th GaAs or  CdS wi th a  given par t ic le  size,  the nonl inear  p roper t ies of PbS wi l l  

be the  best  [11] .  Usual ly,  PbS was precip i ta ted  via  the  react ion be tween d isso luble  lead sa l t  

and H2S gas in aqueous media.  With the deve lopment o f mater ial  science,  PbS has been 

deposi ted  on glass substrate  [12] ,  polymers  [13,  22] ,  zeoli tes [14] ,  b lock copo lymer  

nanoreac tors [15] ,  inverse mice l le  [16] ,  micro  emulsion [17]  and in e thanol  sys tem 

through gamma-irradiat ion [18] .  Ho wever ,  most  o f the above methods produced near -

spher ica l  PbS par t ic les .  Recently,  r ec tangular  and rod- l ike PbS nanocrys tals  have been 

successful ly p repared in the sys tem containing the organic  po lyamines wi th N-chelat ion 

proper ty such as t r ie thylene tet ramine [19]  and  ethylenedimine  [20] .  The phenomenal  r i se  in  

th in f i lm researches  i s  due  to  the ir  extens ive applicat ions  in  the  diverse  f ie lds  o f e lectronics,  

space sc ience,  opt ics,  a i rcra ft s  and other  industr ies.  These inves t igat ions had  led  to  numerous 

forms o f ac t ive and  passive co mponents,  p iezo elec tr ic  devices,  rect i ficat ion and  

ampli f icat ion,  magnet ic  memories,  super  conducting f i lms.  Because o f co mpactness,  bet ter  

per formance and re l iab i l i ty coupled wi th low cost  produc tion and low package weight ,  th in 

f i lm components are  preferred  over  the bulk counterpar t s  [21,  22] .  The  lead Sulphide thin  

f i lms a re  most ly used in  pho tography,  ion se lec t ive sensors,  solar  absorp t ion,  pho toresis tants ,  

humidi ty and tempera ture sensors and diode lasers [29-34] .   

Lead sulphide  (PbS)  i s  an important  semiconductor  wi th a  narro w band  gap.  Due  to  i t s  

unique photoconductive  proper t ies ,  PbS i s  applied as an infrared detec tor  and for  mid-

infrared  lasers [35] .PbS has promis ing photosensi t ive proper t ies and  i s  a  good pho to-cata lys t  

[2] .  The nanocluster s based on sulphur  compounds also  have grea t  potentia l  as quantum dots.  

For  these  appl icat ions ,  PbS wi th  di f ferent  par t ic le  s izes  i s  requi red.  Par t ic le  d iameters should  

vary from a few micrometers for  infrared detector  appl icat ions to  several  nanometers for  

quantum do ts [35] .  For  the deposi t ion o f PbS,  d i f ferent  methods are  used at  present ,  namely,  

chemical  deposi t ion,  e lectro -deposi t ion,  and  molecular  beam epi taxy.  Among these  methods ,  

solut ion gro wth technique deposi t ion from aqueous so lut ions has some advantages.  Indeed,  i t  

permi ts  the rout ine c reat ion o f semiconductor  nanocrys tals .  The  size of deposi ted  
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nanocrys ta ls  i s  a l so  much smal ler  than what  can be real ized  us ing molecular  beam epi taxy 

and  l i thographic methods [36] .  

2         Theory 

The transmittance (T) was obtained using the equation given by [37]. Reflectance (R) and absorbance (A) were 

computed using the expression given by [38 -46].  The extinction coefficient (k) and refractive index (n) were 

obtained with equations in [47 – 49] while the dielectric constant (ε) and the optical conductivity (σo) were 

calculated using the expression given by [50, 51]. The relationship between the absorption coefficient and photon 

energy is given by [52 – 64] from this, energy band gap was extrapolated. 

3         Experiment and Materials 

The chemical deposition of the thin film onto the glass substrate was carried out by using a The chemical bath 

deposition technique was used to prepare the PbS thin film on glass substrate (slide) which had been previously 

degreased in concentrated nitric acid HNO3 for 48 hours, cleaned in cold water with detergent, rinsed with distilled 

water and dried in air.  The degreased-cleaned surface provide nucleation centre for growth of the film, hence 

yielding highly adhesive and uniformly deposited films. Mixture of 1M Sodium thiosulphate, 0.1M 

Ethylenediaminetetraacetic (EDTA), 0.1M lead nitrate 7.4M Triethanolamine (TEA), 14M ammonia, 1M Thiourea, 

distilled water, microscopic glass slides inside a beaker. 

The mixture was thoroughly stirred with a glass rod before the glass slide was vertically introduced into the beaker. 

The dip time of about 20 – 48 hours, at pH between 9 and 11 was observed for the deposition process, which took 

place at room temperature. The grown samples were removed from the reaction baths, rinsed with distilled water 

and allowed to dry. They were then annealed at 423 K for 1 hour to obtain adherent transparent thin films.  

During deposition, cations and anions in the deposition solution reacted to become neutral atoms, which either 

precipitated spontaneously or proceed slowly.  Fast precipitation implied that thin films could not be formed on the 

substrate immersed in the solution.  However, with the addition of TEA and EDTA, the reaction proceeded slowly 

for thin film of neutral atom to be formed on the substrate.  The complexing agents slowed down the precipitation 

action for formation of PbS, while the NH3 solution served to stabilize pH of the mixture.   Sulphide ions were 
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released by hydrolysis of thiourea,  complexes adsorbed onto the glass substrate when heterogeneous nucleation and 

growth took place by ionic exchange reaction of S
2-

 ions.  By the process of ion-by-ion exchange, PbS was deposited 

on the glass substrate in the form of transparent, uniform and adherent thin film. The experiment was carried out at 

Covenant University Ota Ogun State. The characterization were carried out at University of Nigeria Nsukka and 

Covenant University Ota 

Discussion and results 

The thin film was characterized using UNICO UV-2102 PC spectrophotometer to determine the spectral absorbance, 

Transmittance and reflectance of the thin film on the glass substrate with blank substrate as a reference glass slide. 

The optical absorption measurement of the lead sulphide thin films was measured at room temperature. The 

absorption co-efficient were calculated using the lamberts law .α = (2.303A)/t , Where t is the film thickness 

calculated by using the loss of weight method and A is the absorbsnce of the material. The band gaps were 

extrapolated from graphs of   (αhυ)
2
 vs (αhυ), (αhυ)

3/2
 Vs (αhυ)  and (αhυ)

1/2
 Vs (αhυ) shown in figures 2, 3. 4 with 

the values: 1.98eV, 1.81eV and 0.75eV. absorption edge is determined by plotting a graph between (α) Vs (hυ) in 

figure(1), it has a energy values of  1.09eV. 
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FIG.1. ABSORPTION CO-EFFICIENT OF LEAD SULPHIDE THIN FILM    
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                                   Fig 2 Plot of (αhν) 
2
 Vs (hν) of Lead Sulphide Thin Film 
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                                           Fig. 3  Plot of (αhν) 
3/2

 Vs (hν) of Lead Sulphide 
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                      Fig. 4   Plot of (αhν) ½ Vs (hν) of Lead Sulphide Thin Film 

 

 

 

 

 

 

 

 

 

 

                           Fig. 5 SEM picture of Lead Sulphide Thin Film 
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Fig.6 .XRD Pat tern o f lead Sulphide  Thin Film   

 

 

 

Thin f i lms o f lead sulphide were prepared for  d i f ferent  molar i ty such as 0 .1M, 0 .02M and 

0 .025M.Film thickness i s  measured using microbalance method giving 6 .03µ m, 65.26µ m, and  

6 .14µ m respect ively.  

X-ray di f frac t ion pa t terns were carr ied  out  on the lead sulphide f i lms  with the molar i ty o f  

0 .01M. T he XRD pa tterns o f  lead sulphide thin f i lms are  sho wn in the  f ig .  6 .  All  the peaks in  

the d i f fract ion pa t terns  correspond to  the structure  o f lead  sulphide,  which were  found to  be  

in good agreement wi th  the standard ASTM data .  The XRD pat tern o f  the prepared f i lms  

shows crys tal l ine nature ,  chosen for  charac ter izat ion study.  X-ray d i f fract ion l ine broadening 

was  used  to  measure the gra in size o f  f i lm us ing the  scherrer ’s  formula by Full  Wid th Hal f  
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Maximum method.  The  gra in s ize o f the f i lm is  found to  be in the  order  of (15 –  22)  

nanometre .  The crys tal l i te  size  indicated tha t  the  f i lm is  nanocrys ta l l ine.    

Nanotechnology dea ls  with nanometer  s ize objec ts .  S ize dependent  new physical  aspec ts  have 

been generat ing a  continuous thrus t  for  new pract ica l  app licat ions  [65] .  Lead sulphide (PbS)  

nanocrys ta ls  wi th d imension in the range o f  1–20 nm are  o f technological  interest  for  

advanced  optoe lectronic  appl ica t ions.  T hey show a s trong quantum confinement e ffec t  when 

the crys tal l i te  size  i s  equa l  to  the d imension o f Bohr  exci ton [66,  67] .  Ear l ier  

invest igat ions in to  the fundamental  l imi ts  o f the per formance o f PbS  nanopart ic le  based 

devices confir med thei r  abi l i ty to  become a versa t i le  techno logical  p la t form for  the crea t ion 

of  bet ter  optoe lectronic  devices  [65 -  67] .  A var iety o f d i f ferent  methods have been employed 

to  grow the  PbS nanopart ic les on di f ferent  subs trates  [68] .  Growth o f  the  nanopar t ic le  fi lms  

for  device app licat ions is  s t i l l  an emerging f ie ld  of research.  XRD studies sho w that ,  f i lms 

prepared are  in nanocrystal l ine range.  Elect r ica l  res i stance i s  in the range o f 150 Giga Ohms.  

Vicker ’s Hardness va lue  was found to  be 74 .  

CONCLUSION 

The pho toconduct ivi ty p roper ty o f lead sulphide  is  an intr ins ic  charac te r is t ic  o f the mater ia l  

and  not  the resul t  o f ther mal  vibra t ion,  impur i ty or  crys ta l  defec ts .  Photoconduct ivi ty is ,  

ho wever ,  grea t ly enhanced by the in troduc tion of impuri ty ions or  crys tal  defec ts  into  the  

la t t ice .  I t  has long been kno wn that  po lycrys tal l ine lead sulphide  fi lms might  be used as the 

bas ic  useful  photo  detec tor .  The lead sulphide photo  de tector  was brought  to  the 

manufac tur ing stage o f  deve lopment in Ger many about  1943.  After  f ive decades,  lead 

sulphide detec tors are  s t i l l  in grea t  demand as sensors for  major  mi l i ta ry sys tems,  as wel l  as  

industr ia l ,  commerc ia l  and medical  app licat ions [69,  70] .  In order  to  prepare the PbS 

infrared  detec tor ,  two p r imary methods:  vacuum sub limat ion and  chemica l  deposi t ion have  

been used .  In bo th methods,  PbS i s  prepared as a  polycrys ta l l ine th in fi lm deposi ted on a  

glass ,  quar tz ,  and sapphire  or  s tront ium t i tana te  substra te .  
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In the present  s tudy the nanocrys ta l l ine lead  sulphide thin fi lm has been successful ly 

deposi ted  using solut ion growth technique.  This method is  proved  to  be simple ,  cos t  

effec t ive ,  accura te  and  reproducib le  for  the  preparat ion o f nanocrys ta l l ine thin  fi lms.   
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