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Abstract Tin oxide (SnO2) nanoparticles were synthe-

sized by sol–gel method from cost-effective tin chloride

(SnCl2�2H2O) and ethanol by adding ammonia solution. In

a separate experiment, 4 ml of concentrated hydrochloric

acid was added to this solution and SnO2 nanoparticles

were prepared. Further SnO2 nanoparticles prepared with-

out and with adding the hydrochloric acid were annealed at

200 �C for 1 h. The structural, morphological and optical

properties of the synthesized SnO2 nanoparticles were

studied by X-ray diffraction, scanning electron microscope,

UV–Vis spectroscopy, Fourier transform infrared spec-

troscopy and fluorescence spectroscopy techniques. As

prepared SnO2 nanoparticles by adding hydrochloric acid

in the synthesis process reduced the crystallite size to *4

from *10 nm size of the annealed SnO2 nanoparticles

prepared without adding hydrochloric acid. Annealing the

SnO2 nanoparticles prepared adding hydrochloric acid

improved the crystallite size from *4 to *4.5 nm.

Addition of hydrochloric acid effectively modified the

morphology of the SnO2 nanoparticles from agglomerated

spherical structure to cauliflower-like structure. The band

gap is increased due to decrease in the crystallite size in the

sample prepared adding hydrochloric acid. Fluorescence

spectrum exhibits a strong emission peak at 350 nm.

Addition of HCl plays a major role to suppress the

hydrolysis rate and leads to the formation of SnO2

nanoparticles.
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1 Introduction

Improved properties of semiconductor metal oxides make

them to find applications in many fields. Among the semi-

conducting metal oxides tin oxide (SnO2) has been widely

investigated because of its wide band gap of 3.6 eV and its

potential applications in various fields like gas sensors, solar

cells, liquid crystal displays and photovoltaic cells [1–4].

The physical and chemical properties of the synthesized

materials are also influenced by their crystalline or amor-

phous nature [3]. The size-dependent properties of SnO2
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nanoparticles in tuning the electrical, morphological and

optical properties are very important [5]. In addition to low

dimensional SnO2 nanostructures, literature show reports on

the nanorods [6], nanobelts [7] and nanowires [8] prepared by

using various synthesis methods. Many synthesis methods are

employed to tailor the properties of nanostructured SnO2

which paved the way for several applications [9]. Jitianu et al.

[10] prepared SnO2 nanoparticles by sol–gel method using di-

n-butyl-tin-bis-acetylacetonate with the addition of HCl and

reported larger crystallite size (*21–28 nm). Talebian et al.

[11] employed solvothermal method and reported synthesis of

SnO2 nanoparticles with different morphology using various

surfactants. Kaneti et al. [12] reported the formation of flower-

like SnO2 nanorods by solvothermal method for high reaction

time. Pal and Chauhan [13] reported the preparation of SnO2

nanoparticles employing surfactant mediated method using

cetyltrimethyl ammonium bromide (CTAB) as a surfactant

where SnCl4�2H2O as a precursor and obtained reduced

crystallite size (7–8 nm) with increased band gap. Lupan et al.

[14] reported one-dimensional SnO2 nanorods synthesized by

hydrothermal method with high yield and controlled mor-

phology. Azham et al. [15] reported that on increasing Mn

concentration the crystallite size of SnO2 nanoparticles is

reduced, whereas the band gap is increased. Nehru et al. [16]

synthesized, SnO2 nanoparticles by chemical precipitation

method and obtained spherical-shaped structure and reported

that annealing temperature increased the crystallite size.

Anandan and Rajendiran [17] reported the synthesis of HCl

added SnO2 nanoparticles by solvothermal method on varying

the reaction temperature which leads to decrease in crystallite

size and increase in band gap. In the present work, we report

for the first time the synthesis of SnO2 nanoparticles of

*4 nm size from the tin chloride (SnCl2�2H2O) employing

the cost-effective sol–gel method without adding any surfac-

tant but adding *4 ml of hydrochloric acid in the synthesis

process.

2 Materials and methods

All chemicals were purchased from Emerck with analytical

reagent grade (99.99 % purity). Most of the previous works

report the synthesis of tin oxide nanoparticles from tin

tetrachloride pentahydrate (SnCl4�5H2O) [18–20], but in

this work SnO2 nanoparticles were synthesized from the

cost-effective tin dichloride dihydrate (SnCl2�2H2O). Fur-

ther in the present work we report on the preparation of

SnO2 nanoparticles with and without adding hydrochloric

acid. The effect of hydrochloric acid addition in the syn-

thesis process of SnO2 nanoparticles can be explained as

follows: the effect of HCl addition on the oxidation states

of tin oxide is associated with the hydrolysis of SnCl2 in

the solvent [21]. Donaldson et al. [22] reported that the

Sn4(OH)2Cl6 colloidal particles are formed as a result of

hydrolysis of SnCl2 reaction, if the pH of the SnCl2 solu-

tion is between 1.24 and 4.13. Addition of sufficient

amount of HCl in the tin chloride solution makes the SnCl2
solution transparent. This indicates that in the SnCl2 solu-

tion, no Sn4 (OH)2 Cl6 colloidal particles exists but tin

composition exists as Sn2? cations which leads to the

formation of SnO2 phase. The formation of SnO2 phase is

due to the reaction between Sn2? cations and dissolved

oxygen in the solution [23]. If the amount of HCl is

increased then the rate of hydrolysis seems to be fast and

aggregation of small SnO2 nanoparticles is produced. Thus

the addition of HCl reduces the SnO2 particle size and

introduces the quantum confinement effect due to more

surfaces to volume ratio.

Initially, 1.1 g of SnCl2�2H2O was taken and dissolved in

50 ml of ethanol. Then it was stirred and on stirring

ammonia solution was added drop by drop to maintain a pH

8. The product was centrifuged and dried in hot air oven at

60 �C for 4 h. Then the product was annealed at 200 �C for

1 h which yielded SnO2 nanoparticles (named as SnO2

ANLD). SnCl2�2H2O 1.1 g was taken in a beaker and about

4 ml of concentrated hydrochloric acid was added to this

and was heated and kept at about 60 �C for 5 min. Then it

was allowed to cool to the room temperature. 50 ml of

ethanol was added to it, and the solution was stirred. On

stirring this solution ammonia solution was added drop wise

to obtain and maintain a pH 8. Then the product was cen-

trifuged and dried in hot air oven at 60 �C for 4 h which

yielded SnO2 nanoparticles [named as SnO2 (HCl)]. Then

SnO2 (HCl) was annealed at 200 �C for 1 h [named as SnO2

(HCl ANLD)]. Then SnO2 (ANLD), SnO2 (HCl) and SnO2

(HCl ANLD) nanopowders were characterized for the

structural and optical properties. X-ray diffraction (XRD)

pattern of the samples was recorded using X-ray diffrac-

tometer (X’Pert PAN Analytical) with CuKa radiation

(k = 1.5405 Å). Morphology of the synthesized tin oxide

nanoparticles was studied using FEI Quanta FEG 200

scanning electron microscope (SEM). Optical properties

were studied using UV–Vis spectrophotometer (Shimadzu

2450), and Fourier transform infrared (FT-IR) spectrum was

recorded using ALPHA-T FT-IR Spectrometer. Fluores-

cence spectrum was recorded using Jasco FP-6300 Spec-

trofluorometer with 150 W Xenon lamp.

3 Results and discussion

3.1 Structural studies

Figure 1 shows the XRD pattern of (a) SnO2 (ANLD),

(b) SnO2 (HCl) and (c) SnO2 (HCl ANLD) nanoparticles.

XRD peaks are compared with JCPDS file (no: 41-1445)
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and are indexed (Fig. 1) which reveal that the SnO2

nanoparticles belong to the tetragonal system. Addition of a

4 ml of HCl in the synthesis process produced weak and

broad XRD peaks which show that addition of a 4 ml HCl

is effectively reduced the crystallite size of SnO2. Further

annealing the SnO2 (HCl) nanoparticles at 200 �C for 1 h

slightly improves the crystallinity. Previous report shows

that the crystallinity of the synthesized SnO2 nanoparticles

is increased on annealing at 300 �C [24]. When compared

with the XRD peaks of SnO2 (ANLD) the intensity of the

peaks decreased and they become broader in SnO2 (HCl)

sample. The XRD pattern clearly shows that (200) and

(220) peaks observed in SnO2 (ANLD) disappeared in

SnO2 (HCl) nanoparticles due to addition of HCl in the

process of synthesis. The lattice parameters were calculated

using 1/d2 = (4sin2 h)/k2 = (h2 ? k2)/a2 ? l2/c2 where

a and c are the unit cell parameters and d is the interplanar

distance [25]. The calculated values a = 4.73 Å (4.73 Å)

and c = 3.16 Å (3.18 Å) compare well with the reported

values by Tan et al. [3] given in the parenthesis. The

average crystallite size was calculated from XRD pattern

using Debye–Scherrer formula, D = 0.9 k/(b cos h), where

k is the wavelength of X-rays used (1.5405 Å), b is the Full

Width Half Maximum (FWHM) in radian and h is the

angle of diffraction [25]. The average crystallite size cal-

culated from (110), (101) and (211) peaks of SnO2

(ANLD), SnO2 (HCl) and SnO2 (HCl ANLD) nanoparticles

is, respectively, about 10.3, 4.1 and 4.5 nm. Previous report

on the synthesis of tin oxide nanoparticles using the CTAB

as the surfactant shows that the crystallites of *7–8 nm

size were obtained [13]. The crystallite size of SnO2

nanoparticles obtained in this work is compared with that

of the previous works in Table 1. Thus, the values given in

Table 1 evidently show that addition of a 4 ml of HCl in

the synthesis process effectively reduced the size of the

SnO2 crystallites to 4.1 nm and the process of annealing

these particles at 200 �C yielded crystallite size of

*4.5 nm. Further the crystallite size obtained in this work

seems to be the smallest when compared with the previous

reports which used different surfactants (Table 1).

3.2 Morphological analysis

Figure 2 shows the SEM images of the surface morphology

of (a) SnO2 (ANLD), (b) SnO2 (HCl) and (c) SnO2 (HCl

ANLD) nanoparticles. SEM image of SnO2 (ANLD) shows

that the spherical particles are agglomerated and spread

densely on the surface with observable pinholes. The SnO2

nanoparticles synthesized by adding a 4 ml of HCl [SnO2

(HCl)] exhibit cauliflower-like structures. Earlier work also

shows that addition of different surfactants like CTAB and

sodium dodecyl sulfate (SDS) gives flower-like structures

[26]. The average particle size of SnO2 (HCl) nanoparticles

calculated from SEM results is *2.34 lm. The SnO2

(HCl) nanopowders annealed at 200 �C for 1 h show uni-

formly distributed nearly spherical-shaped agglomerations

of nanoparticles on the film surface with holes. Thus the

cauliflower-like structures obtained for SnO2 (HCl) are

modified into agglomerated nearly spherical-shaped

nanoparticles. One can observe that SnO2 (ANLD) and

SnO2 (HCl ANLD) SEM images show similarity on their

surface structure. Figure 3 shows the energy-dispersive

X-ray analysis (EDX) of the SnO2 (ANLD), SnO2 (HCl)

and SnO2 (HCl ANLD) tin oxide nanoparticles. The EDAX

spectrum shows clearly the presence of tin and oxygen

elemental peaks.

3.3 Optical properties

The UV–Vis absorbance spectra of the (a) SnO2 (ANLD),

(b) SnO2 (HCl) and (c) SnO2 (HCl ANLD) nanoparticles

are given in Fig. 4. Generally, the semiconductor

nanoparticles undergo quantum confinement which

depends on the size of the particles. The band gap of

materials is increased, when the particle size is decreased

and the absorption edge is shifted toward the higher energy

side [13, 28]. When the size of SnO2 nanoparticles is

smaller than the exciton Bohr radius, there will be the

occurrence of quantum confinement and the blue shift [29].

Accordingly, in the present work, the absorption peak

observed at 294 nm for the SnO2 (ANLD) nanoparticles is

shifted to 276 nm for SnO2 (HCl) nanoparticles, thus

indicating a blue shift due to the effect of quantum con-

finement. When the SnO2 (HCl) nanoparticles were

annealed the absorption edge is shifted to 361 nm, thus
Fig. 1 XRD pattern of a SnO2 (ANLD), b SnO2 (HCl), c SnO2 (HCl

ANLD) nanoparticles
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Table 1 Comparison of crystallite size, morphology, band gap and FL emission of SnO2 nanoparticles

SnO2 nanoparticles Crystallite size (nm) Morphology Band gap (Eg) eV FL emission (nm) References

SnO2(ANLD)

SnO2 (HCl)

SnO2 (HCl ANLD)

10.3

4.1

4.5

Spherical

Cauliflower

Spherical

3.6

4.3

3.7

433 PW

(SnO2)-

SDS

CTAB

PEG

8

11

13

Flower petal

Cauliflower

Sheets and rods

3.9

3.93

3.8

395 [26]

(SnO2)-

SDS

CTAB

PEG

5

6.2

10

Spherical 3.83

3.80

3.78

390 [27]

(SnO2)-

CTAB

SDS

81

85

Cauliflower

Flower petal

2.2

2.41

– [11]

(SnO2)-

CTAB 7–8 – 4.0 526

565

[13]

(SnO2) 8–43 Spherical – 417 [16]

PW Present work, CTAB cetyltrimethyl ammonium bromide, SDS sodium dodecyl sulfate, PEG polyethylene glycol

Fig. 2 SEM images of a SnO2 (ANLD), b SnO2 (HCl) and c SnO2 (HCl ANLD) nanoparticles
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indicating a red shift in the SnO2 (HCl ANLD) when

compared to that of SnO2 (ANLD). The band gap is cal-

culated using the formula, ahm = B(hm - Eg)
n, where

n takes the value of � for direct transition, B is a constant

called band tailing parameter, and hm is the incident photon

energy [30]. The direct band gap was estimated using Tauc

plot which is plotted between hm and the (ahm) 2. Figure 5

shows the band gap of SnO2 (ANLD), SnO2 (HCl) and

SnO2 (HCl ANLD) nanoparticles. The direct band gap of

(a) SnO2 (ANLD), (b) SnO2 (HCl) and (c) SnO2 (HCl

ANLD) nanoparticles is 3.6, 4.3 and 3.7 eV, respectively.

It is evident from the literature that increase in band gap is

associated with decrease in particle size [29]. The direct

band gap value obtained in this work is compared with the

values of the earlier reports in Table 1. The results evi-

dently show that relatively small size SnO2 nanoparticles

of about *4.1 nm obtained by adding HCl in the synthesis

process gives relatively higher band gap of 4.3 eV.

3.4 FTIR analysis

Figure 6 presents the room temperature FTIR spectrum

recorded using KBr pellet technique in the wavelength range

4000–500 cm-1 for (a) SnO2 (ANLD) (b) SnO2 (HCl) and

(c) SnO2 (HCl ANLD) nanoparticles. The absorption band

observed at *3400 cm-1 [SnO2 (HCl ANLD)], 3413 cm-1

[SnO2 (HCl)] and 3396 cm-1 [SnO2 (ANLD)] is due to

Fig. 3 Elemental analysis of a SnO2 (ANLD), b SnO2 (HCl) and c SnO2 (ANLD) nanoparticles

Fig. 4 UV–Vis absorbance spectra for a SnO2 (ANLD), b SnO2

(HCl) and c SnO2 (HCl ANLD) nanoparticles

Fig. 5 Band gap of a SnO2 (ANLD), b SnO2 (HCl), and c SnO2 (HCl

ANLD) nanoparticles
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O–H antisymmetric stretching vibration of water molecules

[31, 32]. The band observed at *1624 cm-1 [SnO2

(ANLD)], 1633 cm-1 [SnO2 (HCl) and 1632 cm-1 [SnO2

(HCl ANLD)] is due to the bending vibration of water

molecules [18, 32]. The peak observed at 1400 cm-1 in

SnO2 (HCl) is correlated with NH3, and when it is annealed

at 200 �C makes the band at 1400 cm-1 to more weaker in

[SnO2 (ANLD)], and [SnO2 (HCl ANLD)] [18]. In the

sample SnO2 (HCl ANLD), a new peak is present at

*1098 cm-1 which is due to the vibrations of O–O bond in

the ion radical stabilized on Sn2? [33]. A broad peak at

*613 cm-1 is due to the antisymmetric Sn–O–Sn stretching

mode of the surface-bridging oxide formed by hydroxyl

groups [34]. The FT-IR spectra of the samples give

vibrational frequencies at 628 and 458 cm-1 (SnO2 ANLD),

613 and 471 cm-1 (SnO2 HCl) and 629 and 472 cm-1

[SnO2 (HCl ANLD)] which represent the characteristic

metal oxygen vibrational frequency [35]. The peak appeared

at 628, 613 and 629 cm-1 in all the three samples are due to

O–Sn–O bridge functional group which clearly indicates the

formation of SnO2 phase [3, 36].

3.5 Fluorescence studies

Room temperature fluorescence (FL) spectra of the SnO2

(ANLD), SnO2 (HCl) and SnO2 (HCl ANLD) nanoparticles

recorded in the range of 400–500 nm are given in Fig. 7.

The excitation of SnO2 nanoparticles is observed at

*331 nm for all the synthesized samples (Fig. 7A). The

excitation wavelength of 331 nm produced a strong emis-

sion peak at *350 nm and a weak emission peak at

*432 nm in all three samples is attributed to defects levels

in the band gap such as oxygen vacancies [18]. In the case

of [SnO2 (HCl)], the emission peak is observed at

*345 nm and weak peak is observed at *432 nm. In the

sample [SnO2 (HCl ANLD)], a weak emission peak is

appeared at *433 nm in addition to the peak at *350 nm.

Thus, the FL spectra evidently show that there is no

appreciable changes in the position of the peak for all the

samples but the intensity of SnO2 (HCl) is relatively high

due to less crystallite size among the three SnO2 samples.

On the whole, the emission peak at *345 nm is observed

with maximum intensity for the SnO2 (HCl) sample, which

is assigned to near band-edge emission [37]. The peaks

become broader for both the SnO2 (HCl) and SnO2 (HCl

ANLD) than that of the SnO2 (ANLD) nanoparticles

because of the influence of HCl on the crystallite size as

observed from the results of XRD.

Fig. 6 FT-IR spectrum of a SnO2 (ANLD), b SnO2 (HCl), and

c SnO2 (HCl ANLD) nanoparticles

Fig. 7 Fluorescence of A excitation and B emission spectra of (a) SnO2 (ANLD), (b) SnO2 (HCl), and (c) SnO2 (HCl ANLD) nanoparticles
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4 Conclusions

Crystallite size of SnO2 nanoparticles of *10 nm is pre-

pared by sol–gel method is decreased effectively to

*4.1 nm due to the addition of HCl in the process of

synthesis. Further, annealing the SnO2 (HCl) sample at

200 �C for 1 h is improved the crystallinity from *4.1 to

4.5 nm as has been observed from XRD results. SEM

images show a marked difference in morphology of the

samples prepared with and without HCl. Addition of HCl in

the synthesis process of SnO2 nanoparticles modified the

surface morphology into flower-like structure and increased

the band gap to 4.3 eV. Annealing the SnO2 (HCl) samples

at 200 �C gives uniformly distributed spherical-shaped SnO2

nanoparticles on its surface and reduces the band gap from

4.3 to 3.7 eV. The UV–Vis spectral analysis shows that

addition of HCl in the synthesis process enhances the

intensity of FL peak at *350 nm, due to decrease in particle

size and hence an increase in the band gap of the synthesized

nanoparticles which could be useful for the optoelectronic

and gas sensing applications. The results of the present work

show that addition of HCl in the synthesis process effec-

tively reduces the crystallite size of the as synthesized SnO2

nanoparticles which is relatively smaller when compared

with that the previous works, assisted by various capping

agents in the synthesis process.
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