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STUDIES OF SOME ELECTRICAL AND PHOTOELECTRICAL PROPERTIES
FOR PbS FILM OBTAINED BY SONOCHEMICAL METHODS
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The effect of ultrasounds and thermal treatments on the deposition of PbS films on glass
substrates and the characteristics of formed films was studied. Ultrasounds increase the
reaction rate leading to obtaining thicker films, with smaller electrical resistance. The
photosensitivity decreases for the majority of samples obtained from ultrasonic baths, in
comparison with those obtained for the control films obtained in the same conditions,
without ultrasounds. Thermal treatments at 90 °C, applied to the films, leads to the
increasing of electrical resistance and of photosensitivity respectively. The best results
were obtained for the sample obtained by the deposition of two layers for 45 minutes from
static baths.
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1. Introduction

Photoconducting or thermo-reflecting PbS films could be obtained by Chemical Bath
Deposition (CBD) [1-19] from alkaline baths containing Pb (II) salts and thiourea (TU) [2,3,6-
9,12-17]. Generally, baths without agitation are used.

The reaction between Pb (II) and TU leading to the formation of PbS is an autocatalytic
reaction [12-15], being characterized by an induction period.

In our paper the variation of electrical and photoelectrical properties of PbS films as a
function of the deposition condition (static or ultrasonic (US) baths) was studied.

As an element of novelty is the obtaining of PbS films by CBD from ultrasonic baths,
because there are no data in literature related to the obtaining of PbS films by sonochemical
methods; although sonochemical methods were studied for the obtaining of lead sulphide
nanoparticles [20-32] or microtubes [33].
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2. Experimental details

The PbS films were deposited on glass slides with dimensions of 75x25x1 mm, from baths
containing 1.4:102 M lead acetate, 5.7-10 M thiourea and 0.158 M NaOH. The reagents were of
analytical grade. The films consist in one or two PbS layers deposited at room temperature, at
different deposition time.

After preparation, silver paste-based contacts were deposited for determining the electrical
square resistance and the photo-sensitivities [15]. Later the films were subjected to a thermal
treatment for 120 minutes, at 90°C, in an electrical oven and then the properties were again
measured.

The square (sheet) electrical resistance (Rgquare) Was measured with a multimeter. This is a
frequently used parameter and unanimously recognized by field specialists [34-37].

It is defined by the expression:

Ry =p/h [kQ/square] e

where: p is the resistivity and h is the thickness of the film.

It could be observed that square resistance depends only on those two parameters. Ryquare
vary inversely proportional to the thickness of the film.

The photosensitivity S has been determined at 25 °C.

S= AszquareL = (quuareD - quuarel.)/ quuarel (2)

where: Rgquarep 18 the sheet electrical resistance in the dark; Rgquarer - the sheet electrical
resistance measured under illumination with a tungsten lamp, under 100 W/m?, as was described in
a previous work [35].

2.1 The obtaining of the films in ultrasonic baths

Microscope glass slides degreased and rigorously cleaned were immersed in baths
containing 50 ml of solution, with the concentration mentioned above, at room temperature.

The reaction vessels (Berzelius flasks) have been placed in an ultrasonic bath (Elma Sonic
S 30 H, at a frequency of 37 kHz), and the deposition of the films took places under sonochemical
agitation.

Table 1 presents the conditions for obtaining the samples selected for the study. The
deposition time includes the induction period. The “control” samples were deposited in the
absence of ultrasounds.

The induction period is influenced by ultrasounds. Ultrasounds determined an increase in
the induction period from 12 minutes corresponding to static baths to 15 minutes for ultrasonic
ones. That could be explained by the detachment of some of the nucleation centres from the
surface of the substrate, favoured by ultrasonic agitation.

Sonochemical deposition of the film favoured the formation of uniform films even for
short deposition time (24 minutes). By increasing deposition time, thicker uniform films were
obtained both from static and ultrasonic baths.
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Table 1. The conditions for obtaining of PbS films from static and ultrasonic baths

Sample Solution Layer number x Observations
no. deposition time [min]
1 Static bath 1x24 Shiny not uniform layer
2 Ultrasonic bath 1x24 Shiny uniform layer
3 Static bath 1x45 Shiny mirror-like uniform layer
4 Ultrasonic bath 1x45 Mirror-like uniform layer
5 Static bath 2x45 Shiny uniform layer
6 Ultrasonic bath 2x45 Mirror-like uniform layer

3. Results and discussion
3.1. Electrical and photoelectrical properties of PbS film
3.1.1. Electrical resistance

The electrical resistance of “as prepared” films were measured under darkness, after
drying.

In Figure 1, the variation of electrical resistance as a function of the deposition time for
PbS films obtained by chemical and sonochemical methods are presented.

For a total deposition time of 24 minutes, the ultrasounds determined a decrease in the
electrical square resistance with 146 % in comparison with the “control” sample. This takes places
due to the increasing of the reaction rate, with the increasing of the thickness of the film
respectively.

The increase of deposition time to 45 minutes determined a decrease of electrical
resistance both for films obtained in static and ultrasonic bath, due to the increase of film
thickness.

The deposition of two layers of PbS determined the follow-up decrease of electrical
resistance. The decrease of electrical resistance with 77 % for the film obtained in static bath takes
places due to the autocatalytic effect of the first deposited layer. First, PbS particles deposited on
the substrate have a catalytically role in the process of film formation. In the case of films obtained
from ultrasonic baths the decrease of electrical resistance was 61 %. That could be due to the
increase of the reaction rate that could be explained by the permanent refreshment of the solution
on the surface of the PbS film as an effect of ultrasonic agitation.

In the case of the obtaining of PbS nanocrystals by chemical deposition, ultrasound
irradiation induces the formation of particles of smaller size and higher surface area than those
reported by other methods [22,38]. The effect arises from acoustic cavitation, i.e. the formation,
growth and implosive collapse of baubles in a liquid. In our case (film formation) the mechanism
of crystal growth was different since the formed PbS was attached to the substrate. Other
determination has to be done in order to study the influence of the ultrasounds on the formation
and the properties of the films.

3.1.2. The photosensitivity

In Figure 2, the variation of the photosensitivity of the films as a function of the deposition
time and ultrasounds is presented. The photosensitivity of PbS films is influenced by many factors,
such as: the film thickness, the electrical resistance, the structure, the morphology and the presence
of impurities at the intergranular boundary or other characteristics [15, 39]. The films with high
photosensitivity are thinner than those with smaller photosensitivity. It was also observed that the
films obtained by the deposition of two layers have higher photosensitivity than the ones formed
from a single layer.
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Fig. 1. The variation of dark electrical resistance as a Fig. 2. The variation of photosensitivity as a
function of the deposition time function of the deposition time

In the case of the samples obtained by the deposition of one layer for 24 minutes,
ultrasounds determined important decreases of photosensitivity (with 69 %).

The increase of the deposition time to 45 minutes led to the decrease of the
photosensitivity (with 30 %). For this deposition time, ultrasounds determined a decrease of the
photosensitivity.

The films obtained by the deposition of two layers of PbS, 45 minute each, led to the
increase of photosensitivity by 21 %, in comparison with the films formed from a single layer. In
this case ultrasounds determined a supplementary increase of film photosensitivity, respectively
the deposition of two layers for 45 minutes from ultrasonic baths determined an increase of the
photosensitivity with 82 %, in comparison with the photosensitivity of the films formed by the
deposition of a single layer, for 45 minutes.

The decrease of photosensitivity of some of the films obtained by sonochemical method
can be explained by the increase of the thickness of the films, and the decrease of electrical
resistance respectively.

3.2. The influence of thermal treatment on the electrical resistance and on the
photosensitivity

The obtained films were subjected to a thermal treatment at 90°C for 120 minutes, in order
to increase the photosensitivity of the film [17,35]. The electrical resistance of the films measured
before and after the thermal treatment is presented in Figure 3. For all studied samples an increase
of electrical resistance of the films took place due to desorption of water from the surface of the
films and, to a certain extent, to the phenomenon of the oxidation that took places on the surface of
the films [35]. The effect of thermal treatment was higher as much as the initial electrical
resistance of the film was higher.

The photosensitivity of the films increased after the thermal treatment for all the samples
(Figure 4). As we mentioned above, the films obtained from the deposition of two layers have
higher photo-sensitivities.
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The best results were obtained for the sample obtained by the deposition of two layers for
45 minutes from static baths.

4. Conclusions

The films obtained in the presence of ultrasounds are thicker, respectively having smaller
electrical resistances because ultrasounds accelerate the reaction of PbS formation. The deposition
of two layers of PbS determined the follow-up decrease of electrical resistance due to the
autocatalytic effect of the first deposited layer.

In the case of the samples obtained by the deposition of one layer for 24 minutes and 45
minutes respectively, ultrasounds determined a decrease of photosensitivity.

The deposition of two layers of PbS, led to the increase of photosensitivity, in comparison
with the films formed from a single layer. Ultrasounds determined a supplementary increase of
film photosensitivity for the films obtained by the deposition of two layers for 45 minutes.

An increase of electrical resistance and of photosensitivity of the films took place after
thermal treatment for all samples.

The films obtained by the deposition of two layers have higher photo-sensitivities.

The best results were obtained for the sample obtained by the deposition of two layers for
45 minutes from static baths.

Because the increases of the photosensitivity were not significant, and took places only for
the two-layered film, sonochemical methods can be applied for the obtained PbS films for other
applications than the obtaining of photosensitive films, for example for thermo-reflecting films as
ultrasounds allow the production of the films in shorter time than chemical bath deposition,
leading to the increase of productivity.
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