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Abstract Palladium, Indium and Silver-doped SnO2 thin

film was deposited by chemical spray pyrolysis on ITO and

porous silicon substrates to be a fast MgSO4�7H2O

amperometric biosensor. The prepared SnO2 films were

doped by dipping in palladium chloride PdCl2, indium

chloride, InCl3 and silver nitrides AgNO3 dissolved in

ethanol C2H5OH. The structural and optical properties of

the prepared films were studied. The sensitivity behaviors

of SnO2, SnO2: Pd, SnO2: In and SnO2: Ag based on the

amperometric biosensor to MgSO4�7H2O salts were

investigated at room temperature with different doping.

Keywords SnO2 � Spray pyrolysis � Optical properties �
Biosensor � AFM � (Palladium, Indium and Silver) catalyst �
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Introduction

Tin oxide (SnO2), a wide band gap semiconductor, is well-

known for its excellent gas sensitivity (Du et al. 2009;

Chen et al. 2005) and its use in fabricating transparent

conductive glasses (Shen et al. 2009). SnO2 nanostructures

have also been investigated for photoluminescence (Chen

et al. 2009), lasing (Cheng et al. 2009), field emission

(Zhang et al. 2009), transistors, solar cells (Tennakone

et al. 1999) and lithium ion batteries (Du et al. 2009; Liu

et al. 2009). In particular, SnO2 is biocompatible (Jia et al.

2005; Ansari et al. 2009; Feng et al. 2009), cheaper than Si,

more stable than ZnO in physiological environment and

more conductive than TiO2 (Kafi et al. 2008). Despite

these, there is no report yet on applying SnO2 nanostructure

biosensors.

The aim of this work is to elucidate the sensing mech-

anism of the SnO2, SnO2: Pd, SnO2: In and SnO2: Ag

biosensor by using spray pyrolysis techniques.

Experimental work

The chemical techniques for the preparation of thin films

have been studied extensively because such processes

facilitate the designing of materials on a molecular level.

The chemical spray pyrolysis is one of the chemical tech-

niques applied to form a variety of thin films, resulting in

good productivity from an uncomplicated apparatus. A

0.1 M concentration aqueous precursor solution of tin

chloride (SnCl4�5H2O) has been prepared by dissolving a

solute quantity of 3.5085 g of SnCl4�5H2O in 100 mL

dissolved in ethanol alcohol C2H5OH and distilled water

has been employed in getting SnO2 thin films. A magnetic

stirrer is incorporated for this purpose for about 10–15 min.

Prior to depositing the films, the ITO glass substrates were

thoroughly cleaned in distilled water and dried in air for

5 min. After that, they were soaked in alcohol to remove

any stains and contaminants. The substrate temperature

was maintained within 450 ± 5 �C during the deposition

period. The film thickness was controlled by both the

precursor concentration and the number of sprays, or

alternatively, spraying time. Thus, a 5 s spraying time is

maintained during the experiment with specific nitrogen

carrier gas pressure. The spray rate of solution was main-

tained at 3.5 mL min-1 throughout the experiment.
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Table 1 summarizes the optimized thermal pyrolysis

deposition conditions for the preparation of SnO2 thin films

that were employed in the current research.

The possible chemical reaction that takes place on the

heated substrate to produce SnO2 thin film may be

described by the following reaction as shown in Fig. 1:

SnCl4 ðadÞ þ 2H2O ðgÞ !heat
SnO2 ðadÞ þ 4HCl ðgÞ ð1Þ

Schematic diagram of doped SnO2 films’ structure,

inclusive of fine-dispersed phases, is shown in Fig. 2.

In the current research, tin oxide thin films were

deposited on ITO glass and porous silicon substrates

employing spray pyrolysis deposition chamber whose main

components set up is illustrated in the schematic diagram

of Fig. 3. It is essentially made up of a precursor solution,

carrier gas assembly connected to a spray nozzle, and a

temperature-controlled hot plate heater.

The precipitated SnO2 on the ITO glass substrate was in

the form of nanocrystals which is clearly identified by the

AFM morphology studies of SnO2 nano-films. Metal oxide

biosensors need a catalyst deposited on the surface of the

film to accelerate the reaction, increase the sensitivity, and

to improve the response time of the detector (Abhijith

2006). Small amounts of noble metal additives, such as Pd

or Pt or Ag are commonly dispersed on the semiconductor

as activators or sensitizers to improve the gas selectivity,

sensitivity and to lower the operating temperature as

pointed out (Patrı́cia et al. 2001). For the above reasons,

the surface of the deposited SnO2 thin films was catalyzed

using successive multiple dipping of the prepared samples

in a 50 cm3 solution made up of dissolving 5 % by weight

palladium chloride PdCl2, indium chloride, InCl3 and sil-

ver nitrides AgNO3 in ethyl alcohol C2H5OH. Each sample

was successively dipped 25 times for about 3–5 s. After

each dipping, the sample was heated to 50 �C in evacuated

oven for 3 min to facilitate the evaporation of the volatile

ethyl alcohol. Finally, the dipped samples were heat-trea-

ted at 300 �C for 1 h in an evacuated oven. An eight-finger

metal mask was used to thermally evaporate the aluminum

interdigitated electrodes on the doped SnO2 samples. Both

the spacing between the mask fingers and their width were

equal to 1 mm. This design has proven to be reliable

throughout our work. The porous silicon substrate was

fabricated from a p-type (100) silicon wafer of low resis-

tivity (0.01–0.02 X cm).The wafer was anodized in an

electrochemical etching solution consisting of 24 %HF/

ethanol/H2O (Luongo et al. 2005). The wafer and platinum

cathode were placed in a Teflon jig, schematically illus-

trated in Fig. 4. The surfaces of Si substrate and Pt cathode

were kept parallel to each other and the current flow in the

etchant was normal to the wafer surface. The wafer was

etched at a current density of 50 mA/cm2 for a 5 min. The

wafer was then removed from the etching bath, rinsed with

water, and cleaned. This resulted in formation of an array

of nonporous normal to the wafer, all being parallel to each

other.

Amperometric biosensor to 1 mg/L MgSO4�7H2O salts

concentrations were investigated at room temperature with

different doping (SnO2, SnO2: Pd, SnO2: In and SnO2: Ag),

as one of the most popular biosensors, has been intensively

investigated. Application of SnO2 nanostructure in the

MgSO4�7H2O biosensors just appeared in the last several

years.

Table 1 Optimum thermal spray pyrolysis deposition conditions for

the preparation of SnO2 thin films

Spray parameters Values

Concentration of precursor 0.1 M

Volume of precursor sprayed 100 mL

Solvent Ethanol alcohol and distilled water

Substrate temperature 450 ± 5 �C
Spray rate 3.5 mL/min

Nozzle-substrate distance 25 cm

Fig. 1 The chemical reaction of the SnO2 growth on the substrate

Fig. 2 Schematic diagram of the structure of SnO2-doped films
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Results and discussion

The structure and lattice parameters of SnO2 films were

analyzed by a LabX XRD 6000 SHIMADZU XR-Diffrac-

tometer with Cu Ka radiation of (voltage 30 kV, current

15 mA, scanning speed = 4�/min), as illustrated in Fig. 5a

and the effect of the Pd, In and Ag dopant on the structure of

the film can be shown in Fig. 5b–d. Diffraction pattern was

obtained with 2h starting from 20� to 60� at 5� glancing angle.

In both the as—deposited and Pd, In, Ag—doped SnO2 thin

films, the X-ray diffraction spectra possess one sharp and two

small peaks. It means that the film is polycrystalline in nature

and a tetragonal rutile structure with crystal planes (110),

(101) and (211). The result is in a good agreement with data

mentioned in the literature (JCPDF card no 03-0439, 02-1340

and 02-1337 Cassiterite, Tin Oxide). The strongest peak

observed at 2h = 26.8665� (d = 0.331579 nm) can be

attributed to the (110) plane of the tetragonal SnO2. The (101)

and (211) peaks were also observed at 2h = 34.0513� and

52.0273�, respectively, but two peaks are of much lower

intensity than the (110) peak. The c-axis lattice constant of the

SnO2 thin film was calculated from XRD data as

0.315679 nm (Stanimirova et al. 2005; Boshta et al. 2010).

The optical transmittance spectra of the deposited film

were recorded. The variation of optical transmittance (%T)

with wavelength k of 0.1 M of the spray deposited tin

oxide film at substrate temperature 450 �C. It was found

that the average transmittance of the film is 81 % Fig. 6.

Fig. 4 Schematic illustration of

the porous silicon etching setup

Fig. 3 Experimental set up of the spray pyrolysis deposition technique
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The absorption coefficient can be calculated from the

Lambert’s formula (Mishra et al. 2009).

a ¼ 1=tð Þ log 1=Tð Þ ð2Þ

where, t is a thickness of the film, T is a transmittance of

the film

Figure 7 shows the variations of (ahm)2 and (hm) for the

determining the band gap Eg of SnO2 film by extrapolation

of curve. The incident photon energy is related to the direct

band gap Eg by equation:

ahvð Þ1 hv � Eg

� �1=2 ð3Þ
The optical band gap was estimated in lower wave

length region and it was found to be 3.5 eV.

The morphology of SnO2 and SnO2: Pd, SnO2: In and

SnO2: Ag sensing film surface was imaged by atomic force

microscope (AFM) model AA3000 SPM from Angstrom

Advanced Inc. Figure 8 shows the formation of SnO2

nanostructure. The root mean square of the surface

roughness prepared by this method is shown in Table 2.

Figure 8 reveals the (2-D) and (3-D) AFM images of

undoped and doped SnO2 films. AFM micrographs prove

that the grains are uniformly distributed within the scanning

area (10,000 9 10,000 nm) with individual columnar grains

extending upwards.

It was found that using (ethyl alcohol) (C2H5OH)

organic solvent other than water is preferred. This is due to

a better droplet size distribution and, also due to additional

heat transfer toward the sample surface resulted from

alcohol burning (Arca and Fleischer 2009).

Figure 9 shows the SEM micrographs of doped and

undoped SnO2/p-PSi/c-Si sensing film surface were carried

out by (Hitachi FE-SEM model S-4160, Japan) in Uni-

versity of Tehran at 15 kV of SnO2 films.

It is observed that the particles of different shapes and

sizes are formed due to insufficient substrate temperature

and doping for its homogenation. When the SnO2 doping

5 %, silver larger crystallites are broken down to a smaller

one. This causes relatively better homogeneity. The finely

Fig. 6 Transmission spectrum of SnO2, SnO2: Pd, SnO2: In and

SnO2: Ag thin films deposited on ITO glass substrate
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Fig. 5 XRD of as-deposited (a) SnO2, (b) SnO2: Pd, (c) SnO2: In and

(d) SnO2: Ag thin film on ITO glass substrate at 450 �C

Fig. 7 Toue Plot of (aht)2 with photon energy of SnO2, SnO2: Pd,

SnO2: In and :Ag thin films deposited on ITO glass substrate
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divided nanocrystalline monodispersed nanoparticles of

SnO2 are observed at doing 5 % palladium.

The biosensor sensitivity of a film is usually mea-

sured as the percentage change in film resistance on salt

exposure, or may be defined as the ratio of its resis-

tance in air to its steady state value in the presence of a

salt, or vice versa. Irrespective of the definition one

uses, it is important to monitor the (change in) elec-

trical resistance of a sensor film. For measurement of

change in resistance on exposure to salts, the sensor

head was put in an air-tight chamber of volume

250 mL, a pre-defined concentration of salt taken from

calibrated cannister of 1 mg/L MgSO4�7H2O solution

was introduced in this chamber by syringe (Fig. 10).

Fig. 8 AFM image of (a) SnO2, (b) SnO2: Pd, (c) SnO2: In and (d) SnO2: Ag thin film on ITO glass substrate at 450 �C
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The resistance of the film was measured before and

after exposure to salt.

sensitivity %ð Þ ¼ Rsalt � Rairð Þ=Rairj j � 100 ð4Þ

where Ra is the resistance in air and Rs is the resistance in a

sample salt. Chemical interaction between the drop of

1 mg/L MgSO4�7H2O solution and tin oxide film caused

some of the variations in the output signal recorded as

resistance decrease of tin oxide film for all doping at room

temperature, as shown in Fig. 11.

Figure 12 shows the sensitivity of doped and undoped

SnO2 films to 1 mg/L of MgSO4�7H2O solution salt as a

function of working temperature. As evident, the sensi-

tivity increases with the temperature and reaches a

maximum value in correspondence of T = 200–300 �C.

If the temperature increases again, the sensitivity

decreases.

The sensitivity values of doped and undoped SnO2

sensor film are plotted as a function of 1 mg/L

MgSO4�7H2O solution salt concentration in Fig. 13. It is

observed that the sensitivity slows down at higher

concentration; this may be due to less availability of

surface area with possible reaction sites on surface of

the film.

Fig. 9 SEM image of a SnO2, b SnO2: Pd, c SnO2: In and d SnO2:

Ag thin film on porous silicon substrate at 450 �C

Fig. 11 Relation between resistance and time of SnO2 film with

different doping prepared on (a) ITO substrate and (b) p-PSi substrate

Fig. 10 Gas sensor unit

Table 2 The results from AFM measurements of SnO2 film prepared

at different doping

Sample Sa (roughness

average) (nm)

Sq (root mean

square) (nm)

Sz (ten-point

height) (nm)

SnO2 25.6 36.8 460

SnO2: Pd 2.21 2.97 50.8

SnO2: In 20.1 25.3 186

SnO2: Ag 38.4 54.6 470
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Conclusions

In this paper, we have reported on the preparation of pal-

ladium, indium and silver–doped SnO2 thin film was

deposited by chemical spray pyrolysis on ITO and porous

silicon substrates to be a fast MgSO4�7H2O amperometric

biosensor and on subsequent microstructural and physical

characterizations. High-resolution scan electron micros-

copy observation evidenced compositional and structural

modification. The XRD results reveal that the deposited

thin film of doped and undoped SnO2 has a good nano-

crystalline rutile tetragonal phase structure. The AFM and

SEM results demonstrate that a uniform surface morphol-

ogy and the nanoparticles are fine with an average grain

size of about 40–50 nm. Optical studies showed that the

doped and undoped SnO2 has high absorption coefficient

(&104 cm-1) with a direct band gap. The prepared SnO2

films were doped by dipping in palladium chloride PdCl2,

indium chloride, InCl3 and silver nitrides AgNO3 dissolved

in ethanol C2H5OH. The sensitivity behaviors of SnO2,

SnO2: Pd, SnO2: In and SnO2: Ag based on the ampero-

metric biosensor to MgSO4�7H2O salts were investigated at

room temperature with different doping.

Open Access This article is distributed under the terms of the

Creative Commons Attribution License which permits any use, dis-

tribution, and reproduction in any medium, provided the original

author(s) and the source are credited.
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