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Abstract: Tin oxide (SnO2) nanoparticles are prepared by simple and cost-effective biosynthesis method, 
wherein, tin chloride (SnCl4) reacts with Bengal gram bean (Cicer arietinum L.) extract. The as-
synthesized SnO2 nanoparticles were coated onto the glass substrates using doctor blade method to form 
thin films. The films were further annealed at 250oC and used for characterization and gas sensing appli-
cations. Alternatively, the SnO2 nanoparticles were biosynthesized using carbohydrate (starch) and also by chemical pre-
cipitation method. A comparative study of structural and morphological properties of chemical and biosynthesized SnO2 
nanoparticles is also carried out. Further, room temperature ammonia gas sensing properties of the biosynthesized SnO2 
nanoparticles thin films are studied. 
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1. INTRODUCTION  

 Ammonia (NH3) assumes an essential part in all manifes-
tations of life and is the second most widely utilized chemi-
cal in the world [1]. It is intensely dangerous, if breathed in 
over the moderate amount [2]. Thus, ammonia sensors stay 
the potential candidates used in agriculture, chemical, phar-
maceutical, and food process industries to detect the NH3 
leak in controlled atmospheres [3]. Range of NH3 sensors 
based on optical fibres [4], potentiometric electrodes [5], 
conducting polymers [6], infrared devices and metal oxides 
[3, 7, 8] has been developed. However, developing efficient 
room temperature operated sensors still remains a potential 
challenge, creating interest among researchers to make the 
device portable, with increased long-term stability and re-
duced power consumption. Attempts made to develop room 
temperature operated sensors include, sensors based on poly-
aniline (PANI) blend films [9, 10], graphene/PANI nano-
composites [11], (PANI/TiO2) [12, 13], CNTs [14-16], SnO2 
[17, 18], SnO2/CNT [19], Cellulose–TiO2–MWCNT [20], 
(SnO2–ZnO)/PPy [21], etc. Among these, the polymer based 
sensors (e.g. PANI) suffer from issue like long term stability. 
On the other hand, the composite based sensors (e.g. 
SnO2/CNT) operating at room temperatures is expensive as 
their fabrication needs sophisticated instruments and exper-
tise [22-27]. However, metal oxide sensors are inexpensive, 
have long term stability and can be efficient room  
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temperature gas sensors by controlling particle size, increas-
ing the surface area and surface composition of the metal 
oxide [28-30].  
 SnO2 is one of the promising metal oxide semiconductor 
gas sensing materials with sensible gas response to numerous 
varieties of poisonous gases and organic vapours [31-40]. 
Specifically, SnO2-based gas sensors can detect NH3 gas 
with good sensitivity and response-recovery time [26, 41, 
42]. A variety of ways for the preparation of SnO2 nanoparti-
cles have been proposed viz. magnetron sputtering, sol–gel, 
chemical vapour deposition, thermal evaporation etc. How-
ever, the preparations are carried out at high temperatures 
using these techniques. As a result, the particle size increases 
thereby decreasing the surface area because of sintering.  
 Recently, biosynthesis has received attention in the field 
of material synthesis, particularly in metal oxides based ma-
terials [43-46]. These methods use raw materials which are 
abundant, inexpensive and renewable and have biological 
and chemical properties such as non-toxicity, biocompatibil-
ity, biodegradability, polyfunctionality, hydrophilicity, high 
chemical reactivity, chirality, chelation adsorption abilities, 
etc. Thus, it opens enormous prospects in solution routes for 
the synthesis of nanomaterials. The biomolecules used for 
the synthesis act as (i) reducing/oxidizing agents (ii) stabiliz-
ing agents to regulate particle size by preventing agglomera-
tion of nanoparticles, (iii) templates for directing particle 
growth and controlling structure and (iv) as surface function-
alizing agents of the metal oxides, permitting their attach-
ment and self-assembly on surfaces, an important property 
for loading desired biomolecules. Furthermore, we obtain 
narrow particle size distribution and a very small size of the 
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particles, as there is homogenous dispersion of the cations 
within the biomaterial and their low thermal degradation 
temperature leads to the formation of a larger number of 
smaller crystals of oxide material [44]. Along with this, there 
are reports on biomolecules-inorganic composite gas sensors 
with improved gas sensitivity [20, 47-48], making biosyn-
thesis method possible. Thus, with this motivation, here we 
report an economic and efficient approach for fabricating 
biosynthesized SnO2 based gas sensor device working at 
room temperature. The SnO2 nanoparticles thin film gas sen-
sors have been prepared by simple cost effective biosynthe-
sis of SnO2 nanoparticles, wherein tin chloride (SnCl4) is 
reacted with Bengal gram bean (Cicer arietinum L.) extract. 
The present article focuses on the surface morphology and 
compositional property studies of biosynthesized SnO2 thin 
films followed by room temperature ammonia gas sensing 
studies. 

2. MATERIALS AND METHODS 

 In typical synthesis of tin oxide nanoparticles, 20 g of dry 
Bengal gram beans (Cicer arietinum L.) was soaked in  
100 mL of DI water for 6 h at room temperature. Thereafter, 
the soaked seeds were removed and the extract was filtrated 
using a glass-fiber filter (GF/F) to be free from particulate 
matter. 10 mL of aqueous SnCl4 (0.01 M) solution was 
added to 10 mL of the gram bean extract and diluted to 50 
mL. The solution was centrifuged and the powder so ob-
tained was calcined at 600°C to remove the organic con-
taminants. This powder was then thoroughly mixed with 
polyethylene glycol as a binder and coated onto the pre-
cleaned glass substrates to form thin films using the doctor 
blade method [49]. The coated thin films were then dried at 
room temperature and calcined at 450°C in air for 1 h to re-
move the binder and were used for further characterization 
and gas sensing application.  
 On the other hand, SnO2 nanoparticles were synthesized 
by similar procedure using carbohydrates (starch) instead of 
gram bean extract to ensure the contribution of carbohy-
drates in the synthesis of tin oxide. For this 10 mL of aque-
ous SnCl4 (0.01 M) solution was added to 10 mL of the 
starch solution (50 gm/L) under continuous stirring [50]. The 
solution was then centrifuged to obtain powder which was 
further calcined at 600°C to remove the starch. Alternately, 
tin oxide nanoparticles were also synthesized using chemical 
route (chemical precipitation) for comparison between the 
methods of synthesis and to study the quality of SnO2 
nanoparticles. For chemical synthesis of the SnO2 nanoparti-
cles, ammonia solution was drop wise added to 10 mL of 
aqueous SnCl4 (0.01 M) solution under continuous stirring to 
obtain a pH of ~7-8 [51]. The white precipitate obtained was 
then centrifuged, rinsed and dried at room temperature and 
further calcined at 600°C. The SnO2 nanoparticles so pro-
duced by these different methods were characterized for their 
preliminary structural and morphological properties. How-
ever, gas sensing properties of the biosynthesized SnO2 
nanoparticles thin film were studied in detail and its sensitiv-
ity for NH3 gas was investigated in this work. 
 The biosynthesized nanocrystalline SnO2 nanoparticles 
were investigated using X-ray diffraction (XRD). The XRD 
spectra of the SnO2 nanoparticles (powder form) and also in 

thin film form were recorded using (MPD 1880, Philips, 
Japan) Advanced Powder X-ray Diffractometer (Cu Kα1 = 
1.54056 Å radiation). The SnO2 nanoparticles thin films pre-
pared by Dr. Blade method were sputter coated with plati-
num prior to their characterization using scanning electron 
microscopy (SEM, JEOL, Japan) to avoid charging effect. 
X-ray photoelectron spectroscopy (XPS) analysis was car-
ried out using VG multilab ESCA 2000 system, using a 
monochromated MgKα source (1.254 keV). On the other 
hand, the separated biosynthesized SnO2 nanoparticles were 
drop-coated onto the lacey carbon coated Cu grid and dried 
prior to TEM analysis using field emission transmission 
electron microscope (TEM, JEOL, JEM 2010F). Selected 
individual molecules viz. carbohydrate, ascorbic acid, pan-
tothenic acid, niacin, choline, pyridoxine, riboflavin, biotin, 
vitamin K, β-carotene, inositol and tocopherol in the extract 
were identified using an electrospray ionization/ion trap 
mass spectrometer (ESI-MS, LCQTM DUO, ThermoFinni-
gan) controlled by XcaliburTM 1.1 software used for the 
analysis of the molecules present in the extract. The ESI 
voltage, capillary voltage, and tube lens offset were kept at 
4.5 kV, 45 V and 40 V, respectively. The sheath gas was 
maintained at 50 arbitrary units. The capillary temperature 
was kept at 200 oC. Extract sample diluted 100 times using 
methanol with 0.1% ammonium acetate was introduced us-
ing direct injection mode and the ion trap was scanned from 
m/z 150 to m/z 2000 for full scan spectrum.  
 The thin films of biosynthesized SnO2 nanoparticles 
were tested for ammonia gas sensing at room temperature 
using homemade gas sensing unit [52, 53] and silver metal 
contacts. The gas sensing unit consists of a bell jar situated 
over a brass plate having proper gas-in and gas-out connec-
tions. Fig. (1) shows the setup of homemade gas sensor 
unit. It consists of a borosil bell jar, a resistive connection 
with a precise temperature controller for maintaining the 
operating temperature, proper gas in and gas out system 
and a digital regulated voltage source. The change in 
current was recorded with the help of a pico ammeter and a 
rotary pump was used for gas out purpose. The thin films 
with silver metal contacts were placed within the test 
chamber of known volume. A fixed volume (200 ppm) of 
NH3 gas was injected into the test chamber and film current 
at constant voltage was measured with reference to time, 
until it reached a steady value. The procedure was repeated 
after removing NH3 and exposing the thin films to clean 
air. These steps were repeated for different NH3 gas con-
centrations (200-600 ppm). 

3. RESULTS AND DISCUSSION 

3.1. Synthesis Mechanism 

 The biomolecules such as carbohydrates, proteins and 
lipids possessed by the gram bean [47] extract are expected 
to play an important role as (i) reducing/oxidizing agents 
(ii) stabilizing agents and (iii) templates, leading to the 
formation of SnO2 nanoparticles in solution [17]. The exact 
mechanism for the synthesis of SnO2 nanoparticles is not 
clear and the study is underway. To understand the contri-
bution of biomolecules that are responsible for the synthe-
sis of SnO2 nanoparticles, we also used carbohydrate 
(starch) instead of using gram been extract for the synthesis 
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of SnO2 nanoparticles. The carbohydrates spread within the 
extract behave like an organic template, binding several 
metal cations, through their functional groups (viz. car-
boxyl, hydroxyl or amino groups). This initial binding of 
the metal ions to the saccharide determines a uni-
form dispersion of the cations in well confined areas. 
Along with this, the low thermal degradation tempera-
ture of carbohydrates [54, 55] leads to the formation of a 
larger number of smaller crystals of oxide material, thus 
retaining small size [44] with the help of stabilizing bio-
molecules present in the extract. The presence of selected 
molecules like ascorbic acid, pantothenic acid, niacin, cho-
line, pyridoxine, riboflavin, biotin, vitamin K, β-carotene, 

inositol, and tocopherol in the extract in addition to carbo-
hydrates was confirmed by selected ion monitoring 
[M+H]+, [M+NH4]+, and [M+Na]+ mass spectrometry (data 
not shown). 

3.2. Structural Studies 

 Crystal structure, phase and particle size of the product 
were determined using XRD patterns obtained from the sam-
ples. XRD spectra of the products are shown in Fig. (2). The 
diffraction peaks in Fig. (2) were indexed to represent the 
rutile phase of the SnO2 with calculated lattice parameters 
been shown in Table 1, which are consistent with the 
literature reported values (a＝4.775 Å, c＝3.199 Å, JCPDS 
No. 77-0447), and can be attributed to the space group P42 
/mnm. The high purity of the final product was confirmed by 
the absence of any peaks due to the metallic tin or any other 
Sn based oxide or hydroxide. The average grain size of the 
product was determined from XRD peaks using Scherrer’s 
formula D=Kλ/βcosθ, where K is the Scherrer’s constant 
(K= 0.9), λ is the wavelength of the incident X- rays, β is the 
full width at half maximum of the XRD peaks expressed in 
radian. The lattice parameters for tetragonal structure were 
calculated by 

  

dhkl =
1

h2
+ k 2

a2 +
l2

c2

           (1) 

 
Fig. (1). Homemade gas sensing unit. 

 

Fig. (2). Representative XRD spectra of SnO2 nanoparticles (a) bio-
synthesized (gram been extract mediated) (b) chemical synthesized 
(c) bio-synthesized (carbohydrate mediated) (d) bio-synthesized 
(gram been extract mediated) calcined at 600°C. 

Table 1. Lattice parameters and average grain size of SnO2 nanoparticles synthesized using different methods. 

Lattice Parameters (Å) 
Sr.No. Synthesis Method Average Grain Size 

a c 

1 Biosynthesis Method 6nm 4.81 3.29 

2 Chemical co-precipitation 15nm 4.82 3.21 

3 Starch Mediated 13nm 4.82 3.23 

4 Biosynthesis Method (Calcined 600°C) 12nm 4.81 3.29 
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 Where h, k, l are all integers, (hkl) is the lattice plane 
index, a and c are lattice constants. 
 From Table 1, we can see that the average grain size of 
the bio-synthesized (gram bean extract mediated) SnO2 
nanoparticles is much smaller compared to carbohydrate 
(starch) mediated and chemically synthesized SnO2 nanopar-
ticles. 

3.3. Scanning Electron Microscopy 
 Fig. (3) shows representative FE-SEM image of bio-
synthesized SnO2 nanoparticles thin film coated onto the 
glass substrate. The SEM profile as shown in Fig. (3) indi-
cates fine granular surface of tin oxide coated over the entire 
glass substrate with no clusters formed by the agglomeration 
of finer particulates, which is in contrast to the case of metal 
oxide films deposited by chemical methods [56, 57]. Thus, 
the small particle size leading to the higher surface area ob-
tained in biosynthesis is favourable for gas sensing [58]. The 
SEM image shows uniform size distribution of the SnO2 
nanoparticles. It can also be seen that the average grain size 
of the nanoparticles is below 10 nm, which is in good 
agreement with the XRD data. 
 

 
 

Fig. (3). Representative FESEM image of biosynthesized SnO2 
nanoparticles coated onto the glass substrate using doctor blade 
method. 
 

3.4. Transmission Electron Microscopy 

 Fig. (4) shows the representative transmission electron 
microscopy (TEM) image of the biosynthesized SnO2 nanoc-
rystallites. The as-synthesized SnO2 nanoparticles were ob-
served to be monodispersed and the size was noted to be ~6 
nm showing narrow size distribution (Figure not shown). 
Interestingly, no aggregation of SnO2 nanoparticles was ob-
served and the connected crystallites of ~10 nm formed a 
random network on calcination (Fig. 4). The selected area 
electron diffraction pattern (SAED) pattern (inset in Fig. 4) 
was obtained to investigate the crystallinity. It is observed 
that the SAED pattern obtained from the nanoparticles 
showed the diffused ring like pattern, which confirms the 
polycrystalline nature of the biosynthesized nanoparticles. It 
clearly shows the growth of nanoparticles along 110, 101, 
211, 301 planes which is in agreement with the XRD data. 

 
 

Fig. (4). Representative TEM image of biosynthesized SnO2 
nanoparticles and the inset shows SAED pattern. 
 

3.5. XPS Analysis 

 Elemental composition and purity of the product are 
studied by X-ray Photoelectron Spectroscopy (XPS). The 
survey spectrum of the product (Fig. 5) indicates high purity 
of SnO2, since only Sn- and O-related core levels are detect-
able, apart from a weak C 1s peak at about 285 eV. The 
presence of carbon is mainly due to exposure of the sample 
to air. High-resolution characteristic spectra of Sn 3d, C 1s 
and O 1s are shown as inset in Fig. (5) as Fig. (5a, b and c), 
respectively. The Sn 3d5/2 and 3d3/2 peaks show a very sym-
metric line shape fitted by a single component with a binding 
energy of 486 eV and 495 eV, respectively. On the other 
hand, no peak corresponding to Sn2+ was detected, which 
confirmed the existence of SnO2. The O 1s peak at 530 eV is 
attributed to Sn oxidation indicating that the product is noth-
ing but SnO2. 
 

 
Fig. (5). XPS spectra of bio-synthesized SnO2 nanoparticles. Inset 
a) Sn 3d5/2 and Sn 3d3/2 spectrum b) O 1s spectrum and c) C 1s 
spectrum. 
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3.6. Gas Sensing Studies: NH3 Sensing Mechanism 

 When tin oxide nanoparticle thin films are exposed to 
ammonia gas, the pre-adsorbed oxygen over SnO2 surface 
and NH3 molecules interact with each other and release 
electrons to SnO2. The interaction of pre-adsorbed oxygen 
and NH3 molecules on the surface of SnO2 is indicated in 
Eqs: 

  

O2gas SnO2+air
! "!!! O2(ads)

O2(ads) + e# SnO2+air
! "!!! O2

# (ads)

O2
# (ads) + e# SnO2+air

! "!!! 2O# (ads)
NH3(gas) $ NH3(ads)          (1) 

  2NH3(ads) + 3O! (ads) " N2 + 3H2O + 3e!          (2) 

 The release of electrons to SnO2 results in an increase of 
carries, thus leading to an increase in surface conductivity of 
SnO2 thin film and decrease in the barrier height at the grain 
boundaries between the nanocrystallites. 
 Fig. (6a) shows the schematic of the sensing mechanism 
involving adsorption of oxygen species on the surface 
of tin oxide nanoparticles, which abstract electrons, and 
thus, cause an increase in potential barrier at the grain 
boundaries. The gas molecules interact with the oxygen spe-
cies and produce notable change in electronic property of the 
material. Thus, the density of oxygen species on the sur-
face defines the rate of reaction and catalytic property. “In 
case of a catalytic reaction, the ammonia gas is first adsorbed 
on a catalyst, gets split up into ions and then spills over on 
the surface and reacts with surface oxygen ions of functional 
material, thereby decreasing the resistance of the sensor and 
enhancing the response” [59, 60]. The Fig. (6b) shows 
the schematic demonstrating change of the sensor resistance 
upon exposure to the target gas. Under ambient conditions, 

the electrons in the conduction band of the tin oxide 
nanoparticles are removed by the adsorbed oxygen ions. This 
causes a decrease in the carrier concentration, thereby in-
creasing resistance at the operating temperature. When the 
sensor is exposed to NH3 gas, the electrons gained from the 
chemical reaction are given back to the conduction band 
leading to the decrease in sensor resistance [59]. 

Ammonia Sensing Properties 
 Fig. (7a) shows the I-V curve obtained from biosynthe-
sized SnO2 nanoparticles thin film maintained at room tem-
perature, before and after insertion of NH3 gas and on expo-
sure for various time intervals recorded with the bias voltage 
(+3V, -3V). Significant change in current is noted with 
variation in exposure time, justifies its sensitivity. Fig. (7b) 
shows the change in current as a function of time obtained 
from SnO2 thin-film on exposure to ammonia atmosphere 
with a varying ammonia concentration (200, 300, 400 ppm). 
“The response and recovery time of a sensor can be defined 
as the time required for a film resistance to reach 90% of its 
saturation value from the starting value, from the time of gas 
exposure and on the removal of the gas, respectively” [53]. 
Here, the response and recovery time for SnO2 thin-film 
were found to be ~6 and 8 s, respectively. “Response is de-
fined as the ratio of the current in the gas atmosphere versus 
the current in air atmosphere” [61]. 

 

Ig

Ia

= Response  

 Fig. (7c) shows the gas response curve as a function of 
gas concentration (200–600 ppm). Increasing trend and good 
linearity in the gas response curve is noted with the increase 
in the ammonia concentration (200- 600 ppm). This 
is probably attributable to the very fact that the amount of 
NH3 molecules reacting with the O- species increase with 

 
 

Fig. (6). a) Gas sensing mechanism of SnO2 nanoparticles thin film on exposure to ammonia gas. b) Schematic showing electron transfer and 
change in electrical signal (resistance) upon exposure to the ammonia gas. 
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increase in gas concentration. The ammonia gas with varying 
concentrations (200 ppm and 600 ppm) was inserted con-
secutively into the test chamber. With 200 ppm of ammonia, 
the response was found to be nearly 5 (Fig. 7c), followed by 
very good recovery on the withdrawal of gas from the test 
chamber. Similarly, with 600 ppm of ammonia, the sample 
exhibited stable and reproducible response of 34 (Fig. 7c). 
Linear response was noted from 200 ppm of ammonia ex-
tending up to 600 ppm. Interestingly, the gas sensing studies 
were explored at room temperature and the results were 
promising considering the fact that the SnO2 particles were 
small with minimum to no aggregation, which increased the 
surface area and improved the sensing efficiency. A  
comparative table of SnO2 gas sensors fabricated using vari-
ous methods [62-66] and their gas response is shown in Ta-
ble 2. From Table 2, we can clearly see that a higher re-
sponse is either obtained at higher operating temperatures 
(~250-300°C) or is gained by using expensive sophisticated 
methods of synthesis of SnO2 nanocomposites. On the con-
trary, the biosynthesised SnO2 nanoparticles thin film show 
promising gas sensing results at room temperature and fur-
ther studies are underway to improve the sensitivity of the 
gas sensors. 

CONCLUSIONS 

 Tin oxide nanoparticles have been successfully bio-
synthesized by treating tin chloride (SnCl4) with Bengal 
Gram bean extract, which were eventually coated onto the 
glass substrates using the doctor blade method. The mor-
phological studies confirmed the uniform coating of the 
nanostructured SnO2 over the entire surface of the sub-

strate. The nanocrystalline nature of the SnO2 film is con-
firmed from SAED pattern. The SnO2 nanostructures 
probably increased the surface area, and thus the interaction 
between the ammonia gas and the sensing material, i.e. 
SnO2 nanocrystallites on the thin-film. Considering all the 
above facts, the observed response of the biosynthesized 
SnO2 nanoparticles thin-film at room temperature and at 
low concentration of gas is attributed to the small size of 
the particles, structure and surface morphology of the film 
due to the biosynthesis method contributing towards green 
nanotechnology. 
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