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Abstract Pure cubic nanocrystalline barium stannate was

synthesized by new simple coprecipitation strategies that

employed tin (II) chloride and [bis(salicylaldehydato)

barium (II)] as tin and barium sources in presence of

tetramethylethylenediamine (TMED) as a novel precipi-

tating agent. This work is the first successful attempt for

the preparation of nanostructured barium stannate by uti-

lizing TMED via a facile coprecipitation way in presence

of tin (II) chloride and [bis(salicylaldehydato) barium (II)].

The structural, optical and morphological characteristics of

the as-prepared nanostructured barium stannate were

studied by UV–vis diffuse reflectance spectroscopy,

transmission electron microscopy, X-ray diffraction, scan-

ning electron microscopy (SEM), Fourier transform infra-

red spectroscopy and energy dispersive X-ray

microanalysis (EDX). According to the SEM results, it was

found that shape and size of the barium stannate can be

dramatically controlled by setting critical preparation fac-

tors such as the barium source, precipitating agent type,

reaction pH, surfactant type and dosage of surfactant. The

photocatalytic characteristics of as-obtained nanocrys-

talline barium stannate were also examined by degradation

of erythrosine dye as water contaminant.

1 Introduction

Barium stannate belongs to the family of the alkaline earth

stannates. Since barium stannate has remarkable and

excellent dielectric, photovoltaic, optical and electrical

characteristics [1–3], it has become one of the most sig-

nificant and considerable materials for catalyst support,

protective coating, sensor, capacitors, ceramic, solar cell

and photocatalyst [1, 4–9]. Barium stannate has perovskite

structure and cubic crystal phase [10]. So far, reverse

micelle, solid state, coprecipitation, combustion and sol–

gel approach [11–15] have been reported to synthesize

barium stannate. Since shape, size and size distribution

have key and considerable impact on the characteristics

and applications of the nanomaterials, several procedures

have been reporting on particle size and shape controlled

preparation of nanomaterials [16–24].

Herein, pure cubic nanocrystalline barium stannate is

prepared via a new facile coprecipitation way by employ-

ing tin (II) chloride and [bis(salicylaldehydato) barium (II)]

in presence of tetramethylethylenediamine (TMED) as a

new precipitating agent. The coprecipitation approach is

well known as a reliable and effective route for particle

size and shape controlled preparation of many nanomate-

rials. To our knowledge, it is the first time that TMED is

employed as a precipitating agent in presence of tin (II)

chloride and [bis(salicylaldehydato) barium (II)] for the

preparation of nanocrystalline barium stannate and the

influences of different synthesis factors on the shape and

particle size of the barium stannate through a facile

coprecipitation way are examined. Furthermore, the pho-

tocatalytic characteristics of the as-prepared nanocrys-

talline barium stannate were investigated by photocatalytic

degradation of erythrosine dye as model water pollutant

under UV light illumination.
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2 Materials and methods

2.1 Materials and characterization

Tin(II) chloride, barium nitrate, TMED, methanol,

ethylenediamine (en), cetyltrimethyl ammonium bromide

(CTAB), salicylaldehyde (C7H6O2), liquor ammonia solu-

tion containing 25 % ammonia and sodium dodecyl sul-

phate (SDS) with analytical grade were bought from Merck

and were applied without additional purification. SEM

images of barium stannate samples were visualized by a

Hitachi S-4160 field emission scanning electron micro-

scope (FESEM). Transmission electron microscope (TEM)

images of as-synthesized nanocrystalline barium stannate

were taken on a JEM-2100 with an accelerating voltage of

200 kV. Fourier transform infrared spectra of bis(salicy-

laldehydato) barium (II)] and as-prepared nanocrystalline

barium stannate were obtained on a Shimadzu Varian 4300

spectrophotometer in KBr pellets in the 400–4000 cm-1

range. The UV–vis diffuse reflectance spectrum of the as-

prepared nanocrystalline barium stannate was obtained on

a UV–vis spectrophotometer (Shimadzu, UV-2550, Japan).

The EDS analysis was carried out by a Philips XL30

microscope. Powder X-ray diffraction (XRD) pattern of the

as-obtained nanocrystalline barium stannate was recorded

by applying a diffractometer of Philips Company with

X’PertPromonochromatized Cu Ka radiation (k = 1.54

Å).

2.2 Preparation of [bis(salicylaldehydato) barium

(II)]

To prepare [bis(salicylaldehydato) barium (II)], 8 mmol of

C7H6O2 was dissolved in 80 ml of methanol and then was

drop-wise added to 80 ml solution containing 4 mmol of

barium nitrate under magnetic stirring. The mixture was

refluxed for 3 h.

2.3 Preparation of nanocrystalline barium stannate

Nanocrystalline barium stannate was prepared by new

facile coprecipitation method. To prepare barium stannate,

in a typical procedure, 0.07 g of tin(II) chloride was dis-

solved in hot distilled water (60 �C) and then was added

drop-wise to 20 ml hot solution (60 �C) containing 0.125 g

of [bis(salicylaldehydato) barium (II)] under magnetic

stirring. The pH of the obtained solution was adjusted to 13

by adding NH3 solution drop-wise and resultant solution

was heated at 60 �C for 1 h under constant magnetic stir-

ring. The final product was air-dried and calcined at 700 �C
for 4 h (sample no. 1). Scheme 1 exhibits the schematic

diagram of the preparation of the nanocrystalline barium

stannate. For studying the effect of the surfactant, a certain

dosage of the surfactant was dissolved in 2 ml distilled

water and added after mixing [bis(salicylaldehydato) bar-

ium (II)] and tin(II) chloride solutions. The effect of the

barium source, precipitating agent type, reaction pH, sur-

factant type and dosage of surfactant on the morphology

and particle size of the barium stannate were also examined

(Table 1).

2.4 Photocatalytic measurements

The photocatalytic characteristics of the as-synthesized

nanocrystalline barium stannate were examined by utiliz-

ing of the anionic dye (erythrosine) solution. The reaction

solution including the 0.001 g of the erythrosine and

0.004 g of the as-prepared barium stannate in the quartz

reactor was applied to examine the photocatalytic charac-

teristics. After aerating for 30 min, the mixture was sub-

jected to the irradiation of the UV light from the 400 W

mercury lamps. The anionic dye photodegradation per-

centage was calculated as follow:

D:P:ðtÞ ¼ A0 � At

A0

� 100 ð1Þ

where At and A0 are the absorbance quantity of anionic dye

solution at t and 0 min by a UV–vis spectrometer,

respectively.

Scheme 1 Schematic diagram of the preparation of the nanocrys-

talline barium stannate
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3 Results and discussion

In order to confirm the preparation of the [bis(salicylalde-

hydato) barium (II)] and barium stannate, Fourier trans-

form infrared (FT-IR) analysis was performed. Figure 1a

and b exhibits the infrared spectra of the [bis(salicylalde-

hydato) barium (II)] and as-prepared nanocrystalline bar-

ium stannate (sample no. 3), respectively. The bands

appear at 1523 and 1636 cm-1 in Fig. 1a are attributable to

the C–O stretching vibrations and the band appears at

1433 cm-1 is attributable to the C–C stretching vibration

of the C7H6O2 compound. In the FT-IR spectrum of the

free C7H6O2 compound, the C–O stretching vibrations and

C–C stretching vibration appear at 1680 and 1660 cm-1 as

well as at 1490 cm-1, respectively. These vibrations shif-

ted to lower regions owing to [bis(salicylaldehydato) bar-

ium (II)] preparation [25]. In the FT-IR spectrum of the

[bis(salicylaldehydato) barium (II)], the absorption peak

located at 3307 cm-1 can be related to the stretching

vibrations of the surface adsorbed water molecules. In

Fig. 1a, absorption peak at 467 cm-1 can be related to Ba–

O band, there is no peak around this point in C7H6O2

compound. The absorption peak appear at 3426 cm-1 in

Fig. 1b is attributable to the v(OH) stretching vibration of

physisorbed water molecules [22]. The characteristic band

of the barium stannate appears at 646 cm-1 [26] (Fig. 1b).

To examine the chemical composition of the as-obtained

nanocrystalline barium stannate (sample no. 3), the EDS

analysis was carried out. As illustrated in Fig. 2a, the

sample no. 3 is composed of Ba, Sn and O elements.

In order to characterize the crystalline structure of the

as-prepared barium stannate (sample no. 3), XRD pattern

was taken and exhibited in Fig. 2b. All of the diffraction

peaks illustrated in this XRD pattern are well-matched to

pure cubic BaSnO3 (space group Pm-3m, JCPDS card

15-0780). No impurities can be found in Fig. 2b, demon-

strating that a pure barium stannate has been synthesized.

The crystallite size of the nanocrystalline barium stannate

(sample no. 3) determined by the Scherrer equation [17] is

21 nm.

To examine the influence of the critical preparation

factors such as the barium source, precipitating agent type,

reaction pH, surfactant type and dosage of surfactant on the

morphological properties of the barium stannate SEM

analysis was applied. To study the influence of the pre-

cipitating agent type on the shape and size of the barium

stannate, the three different precipitating agent including

ammonia, en and TMED were employed (sample nos.

Table 1 The preparation conditions of the barium stannate micro/nanostructures

Sample

No.

Precipitating

agent

Ba source Reaction

pH

Surfactant

type

CTAB:Ba:Sn

molar ratio

Figure of

SEM images

1 NH3 [bis(salicylaldehydato) barium (II)] 13 – – 3a

2 en [bis(salicylaldehydato) barium (II)] 13 – – 3b

3 TMED [bis(salicylaldehydato) barium (II)] 13 – – 3c

4 TMED [bis(salicylaldehydato) barium (II)] 11 – – 4a

5 TMED [bis(salicylaldehydato) barium (II)] 9 – – 4b

6 TMED [bis(salicylaldehydato) barium (II)] 13 SDS 1:1:1 5a

7 TMED [bis(salicylaldehydato) barium (II)] 13 CTAB 1:1:1 5b

8 TMED [bis(salicylaldehydato) barium (II)] 13 CTAB 0.5:1:1 6a

9 TMED [bis(salicylaldehydato) barium (II)] 13 CTAB 2:1:1 6b

10a TMED Ba(NO3)2 13 – – 7a

a Blank test

Fig. 1 FT-IR spectra of [bis(salicylaldehydato) barium (II)] (a) and

nanocrystalline barium stannate (sample no. 3) (b)
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1–3). Figure 3a–c exhibits SEM images of sample nos. 1–3

formed in the presence of the ammonia, en and TMED,

respectively. As illustrated in Fig. 3a–c, by employing

ammonia, en and TMED, the coalesced particles/bulk

structures, irregular micro/nanostructures and nanoparticles

with uniform spherical shape are formed, respectively. It

can be observed that the size of the particles becomes

smaller and the amount of uniform barium stannate

nanostructures increases by changing the precipitating

agent type from ammonia to TMED (Fig. 3a–c). It seems

that when TMED with highest steric hindrance influence

(Scheme 2) employs, the nucleation to be happened rather

than the particle growth. TMED with high steric hindrance

influence can act as capping agent and decreases the chance

of collision between as-formed nanoparticles. According to

the SEM results, TMED is the best precipitating agent that

employed in our reaction conditions (Fig. 3c), and

therefore other reactions were carried out by employing

this precipitating agent.

To investigate the influence of the reaction pH on the

shape and size of the barium stannate, the two samples

were prepared at pH 9 and 11 (sample nos. 4 and 5), in the

presence of the TMED (Fig. 4). It was observed that with

decreasing reaction pH from 13 (Fig. 3c) to 11 (Fig. 4a)

and 9 (Fig. 4b), the particles agglomeration and their size

enhanced. It seems that when reaction pH decreases,

TMED concentration decreases and therefore, the chance

of the collision between formed nanoparticles increases. It

can be deduced that 13 is the most desirable reaction pH for

preparing the barium stannate nanoparticles with uniform

spherical shape.

Furthermore, the influence of the surfactant type on the

shape and size of the barium stannate was studied. SEM

images of the barium stannate sample nos. 6 and 7 prepared

Fig. 2 EDS (a) and XRD

(b) patterns of the
nanocrystalline barium stannate

(sample no. 3)
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in the presence of the SDS and CTAB were taken and

demonstrated in Fig. 5. By employing the SDS and CTAB,

the high agglomerated particles/bulk structures and not

uniform spherical nanostructures with large size are

obtained, respectively (Fig. 5a, b). Between these

employed surfactant types, CTAB with higher steric hin-

drance effect acts as better capping agent and causes not

uniform spherical nanostructures with large size formed.

To obtain nanostructures with uniform morphology in

presence of the CTAB, CTAB dosage was changed. Fig-

ure 6a, b reveals the SEM images of the sample nos. 8 and

9 synthesized with CTAB:Ba:Sn molar ratio of 0.5:1:1 and

2:1:1, respectively. When 0.5:1:1 molar ratio was

employed, the irregular micro/nanostructures of the barium

stannate were prepared (Fig. 6a). By changing the molar

ratio from 1:1:1 to 2:1:1, the particles agglomeration was

Fig. 3 SEM images of the samples prepared by a ammonia, b en and

c TMED

Scheme 2 Three different amines employed as precipitating agent

Fig. 4 SEM images of the samples synthesized at pH 11 (a) and 9 (b)
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enhanced and, therefore not uniform nanostructures were

formed (Fig. 6b). It seems that the large dosage of the

CTAB causes the particles to be agglomerated. It is clear

that the nanoparticles with uniform spherical shape are

formed in absence of the surfactant (Fig. 3c) and

employing the surfactant or changing the surfactant dosage

does not lead to regular and uniform morphology. Maybe

due to utilizing the [bis(salicylaldehydato) barium (II)],

there is no requirement to employ any other surfactant

type. It seems that the salicylaldehyde ligand with high

steric hindrance influence in [bis(salicylaldehydato) barium

(II)] can act as a capping agent and control the particle size

and shape.

In continuation, the effect of the Ba source on the shape

and size of the barium stannate was examined (Fig. 7a).

SEM image of the barium stannate sample no. 10 as blank

sample synthesized by utilizing barium nitrate and tin(II)

chloride in the presence of the TMED at pH 13 was taken

and demonstrated in Fig. 7a. It is noteworthy that bulk

structures were prepared. The salicylaldehyde ligand with

high steric hindrance influence in [bis(salicylaldehydato)

barium (II)], can act as a capping agent. It is clear that the

utilizing [bis(salicylaldehydato) barium (II)] as Ba source

in presence of TMED brings about uniform spherical

nanoparticles preparation (Fig. 3c). Thus, a special

advantage of employing [bis(salicylaldehydato) barium

(II)] is that it brings about nanocrystalline barium stannate

formation.

To elucidate the detailed morphological characteristics

of the as-prepared nanocrystalline barium stannate (sample

no. 3) TEM images were taken. TEM images in Fig. 7b–d

demonstrate that the nanoparticles are sintered together and

their sizes are in the range 9–70 nm.

To examine the optical characteristics of the as-obtained

nanocrystalline barium stannate (sample no. 3), UV–vis

diffuse reflectance spectroscopy was employed. The UV–

vis diffuse reflectance spectrum of the sample no. 3 is

demonstrated in Fig. 8a. The absorption band at around

352 nm can be seen in the UV–vis diffuse reflectance

spectrum. It is well known that the photocatalytic

Fig. 5 SEM images of the samples prepared in the absence of a SDS

and b CTAB
Fig. 6 SEM images of the samples synthesized with CTAB:Ba:Sn

molar ratio of 0.5:1:1 (a) and 2:1:1 (b)
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characteristics of the nanomaterials strongly depend on the

band gap (Eg) factor. This key factor can be determined

based on the UV–vis diffuse reflectance data utilizing

Tauc’s equation [16]. The Eg of the nanocrystalline barium

stannate as indirect semiconductor was determined by

extrapolating the linear section of the plot of (ahm)1/2

against hm to the energy axis (Fig. 8b). The Eg quantity of

the as-prepared nanocrystalline barium stannate estimated

to be 3.3 eV. From the obtained Eg value, it is found that

the as-obtained nanocrystalline barium stannate can be

utilized as the photocatalyst.

In this work, photooxidation of the anionic dye (ery-

throsine) as water pollutant under UV light was employed

to examine the photocatalytic characteristics of the as-

prepared nanocrystalline barium stannate (sample no. 3).

Figure 9a reveals the result of the photocatalytic test. No

anionic dye (erythrosine) was practically broken down

after 120 min in absence of the UV light or as-obtained

nanocrystalline barium stannate. According to this obtained

result, it was found that the contribution of self-degradation

was insignificant. The possible mechanism of the degra-

dation of erythrosine can be assumed as:

Fig. 7 SEM image of sample no. 10 obtained from barium nitrate

and tin(II) chloride via coprecipitation procedure (a) and TEM images

of sample no. 3 (b and d)

Fig. 8 UV-vis diffuse reflectance spectrum (a), plot to determine the

band gap (b) of the nanocrystalline barium stannate (sample no. 3)
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Barium stannateþ hm ! Barium stannate � þe� þ hþ

hþ þ H2O ! OH�

e� þ O2 ! �O��
2

OH� þ O��
2 þ Erythrosine ! Degradation products

Based on the photocatalytic calculations by Eq. (1), the

erythrosine degradation was about 82 % after 120 min

illumination of UV light and the as-obtained nanocrys-

talline barium stannate illustrated high photocatalytic

activity. In the heterogeneous photocatalytic processes,

there are the diffusion, adsorption and reaction steps. It is

generally accepted that photocatalytic activity depends

mainly on the diffusion of reactants and products, and

therefore the favorable distribution of the pore. It seems

that the very well photocatalytic activity of the as-prepared

nanocrystalline barium stannate can be due to the favorable

distribution of the pore, high hydroxyl amount and high

separation rate of the charge carriers [27, 31–36] (Fig. 9b).

In comparison to other studies, demonstrated in Table 2,

our procedure is more facile, efficient, low-cost and

friendly to the environment. In this research, we introduced

a coprecipitation way to synthesize barium stannate with

the aid of tin (II) chloride and [bis(salicylaldehydato)

barium (II)] in presence of TMED as a novel precipitating

agent and water as nontoxic solvent in milder conditions.

The novelty of this investigation compared to other

investigation is that for the preparation of the barium

stannate, TMED as a novel precipitating agent in presence

of tin (II) chloride and [bis(salicylaldehydato) barium (II)]

was employed. TMED and salicylaldehyde ligand in

[bis(salicylaldehydato) barium (II)] with high steric hin-

drance influence played capping agent role. Results of this

study demonstrate that the usage of TMED in the presence

of [bis(salicylaldehydato) barium (II)] led to the prepara-

tion of the barium stannate with high purity, uniform

sphere-like morphology and small particle size.

4 Conclusions

This work presents a new facile coprecipitation way to

prepare pure cubic nanocrystalline barium stannate with

the aid of tetramethylethylenediamine (TMED) as a new

precipitating agent in presence of tin (II) chloride and

[bis(salicylaldehydato) barium (II)]. Utilizing of TMED

both as a precipitating and capping agent in presence of

bis(salicylaldehydato) barium (II)] is the novelty of this

Fig. 9 Photocatalytic anionic dye (erythrosine) degradation of

nanocrystalline barium stannate (sample no. 3) (a) and reaction

mechanism of erythrosine photodegradation over nanocrystalline

barium stannate under UV light irradiation

Table 2 Characterization comparison of nanocrystalline barium stannate with other works

Method Precursors Size (nm) Morphology Ref.

Coprecipitation method. BaCl2, SnCl4 and oxalic acid (needed

calcining at 1050 �C)
0.2 lm Relatively uniform grain-like powders [28]

Sol–Gel route SnCl4�5H2O, isopropanol, anhydrous

BaCO3, anhydrous citric acid and

ethylene glycol (needed calcining at

1000 �C)

40–60 nm Not uniform nanoparticles [29]

Coprecipitation method BaC12, SnCl2 and H2C2O4 (needed

calcining at 1000 �C)
0.08–0.14 lm Not uniform nanoparticles [30]

Thermal decomposition route BaCO3, Sn(OH)4, (needed calcining at

1400 �C)
3–6 lm Not uniform nanoparticles [26]
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investigation. By alteration of the barium source, precipi-

tating agent type, reaction pH, surfactant type and dosage

of surfactant, we could prepare nanocrystalline barium

stannate with different particle sizes and shapes. When as-

obtained barium stannate was employed as photocatalyst,

the percentage of the erythrosine degradation was about 82

after 120 min irradiation of UV light. This result suggests

as-synthesized barium stannate as interesting and favorable

candidate for photocatalytic applications under UV light.
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