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Nanostructured Ba0.7Sr0.3TiO3 (BST) with 5 molar % of 
Lanthanum (La) have been synthesized using a high 
pressure hydrothermal chemical route. The structural and 
morphological investigations were performed. 
Termogravimetry/differential scanning calorimetry and 
Raman investigations have been also employed to analyse 
the as-prepared material. The gas sensing investigations 
have indicated the ability of La doped BST to detect 
ammonia, when operated at room temperature in humid 
background. The obtained results were discussed with 
respect to the possible gas-surface interaction mechanism. In 
addition, the said material showed low cross-sensitivity to 
other possible interfering gases: methane, carbon monoxide, 
nitrogen dioxide, sulphur dioxide and hydrogen sulphide.  

 
 

INTRODUCTION* 

Within the field of chemical sensors there is a 
strong demand for developing materials with 
selective sensitivity to low levels of target gases.1  
For instance, one of the nowadays challenge is to 
detect ammonia levels, imposed by the 
international regulations, using low power 
consumption devices.2 In spite of a large number of 
papers reporting NH3 sensing with various 
materials, few of them consider realistic operating 
conditions3 (e.g. normal atmospheric pressure, 
presence of relative humidity, dynamic gas flow). 
As a matter of fact, in the areas where NH3 
detection is absolutely necessary (e.g. large 
petrochemical refinery), the sensitive materials 

                                                            
 

must withstand fast changes of the relative 
humidity (RH) levels beside other unwanted 
interfering gas emissions. Therefore, the RH 
influence, as well as cross-sensitivity with other 
potential gases are key issues prior to engage 
further application developments. Among, ZnO, 
SnO2, CNT, Barium Strontium Titanate (BST) has 
been reported for its ability to respond to RH, pH 
or temperature changes.4-6 

Most of the research studies, envisaging gas 
sensing with BST, revolve around the 
ferroelectric/paraelectric key-switch feature. Since 
in our previous work7 undoped BST material was 
investigated towards its NH3 sensing properties, 
herein our aim is to point out the influence of La 
doping over the sensor signal.  
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As a general remark, the results presented in 
this paper may have a notable impact over the NH3 
detection under infield conditions, since large 
number of reports showed good sensing parameters 
demonstrated under laboratory regime. For 
instance, SnO2/MWCNT composite material was 
proposed for NH3 detection at room temperature, 
but the presence of RH was not considered.8 CuO 
activated ZnO films was used to sense 100 ppm 
NH3 under dry air conditions.9 Reduced graphene 
oxide based sensor has shown excellent sensitivity 
and selectivity to NH3 when operated at room 
temperature without the presence of humidity.10 

EXPERIMENTAL 

Ba0.7Sr0.3TiO3 with 5 mol. % La doped have been 
synthesized under hydrothermal conditions in one step 
process, starting from soluble salts of Ti (TiCl4 – Sigma 
ALDRICH – p.a. 98%), Sr (Sr(NO3)2 – MERCK – p.a.>99%), 
Ba(OH)2*8H2O (MERCK–p.a.>98%) and La(NO3)3*6H2O 
(MERCK p.a. 99%). Hydrothermal synthesis was performed 
in a 5L Berghoff autoclave, at low temperature (~200°C) and 
high pressure (≤100atm) for 2 h (Patent request number: 
A00794/27.10.2014). X-ray diffraction was performed by 
Panalytical Diffractometer X’Pert PRO MPD with Cu-Kα 
radion (ʎ=0.15415 nm).  Chemical composition was 
determined by using Inductively Coupled Plasma Atomic 
Emission Spectroscopy-ICP-OES 725 (AGILENT SUA), 
according to ASTME 1479-99(2011). The morphologies 
details were acquired through TEM and HRTEM 
investigations using JEOL JEM ARM 200F microscope. The 

thermogravimetry/differential scanning calorimetry (TGA-
DSC) was done by means of Setaram Setsys Evolution 
equipment in the range from 20 to 1200°C. Molecular 
structure was determined by RAMAN Spectroscopy. The 
Raman spectra were recorded using LabRAM HR Evolution 
from Horiba (Jobin Yvon) equipped with nitrogen cooled 
detector, in spectral range from 100 to 4000 cm-1. As 
excitation source it was used the 514 nm line of an Ar-Iron 
laser. 

The sensor structures were made by screen printed 
sensitive material onto commercial alumina substrates 
provided with Pt interdigital electrodes and heater. The 
sensors have been continuously polarized at 3V bias during 
the gas sensing investigations. The sensors were evaluated 
using a computer controlled gas mixing system described 
elsewhere.11 The gas sensing properties have been investigated 
for different operating temperatures (23-350°C), variable RH 
levels (0-70% according with the infield conditions) and 
different NH3 concentrations (30-90 ppm). The sensor signal 
was defined as S = Rair/Rgas, where Rair is the electrical 
resistance in the reference atmosphere and Rgas is the electrical 
resistance during NH3 exposure. 

RESULTS AND DISCUSSION 

XRD analysis (Fig. 1) revealed the presence of 
tetragonal Ba0.7Sr0.3TiO3 phase, about 75% 
(according to JCPDS No 04-005-7689), 
orthorhombic BaCO3 phase around 15% 
(according to JCPDS No. 00-005-0378) and 
orthorhombic Ba2La2O5 phase around 10% 
(according to JCPDS No. 00-052-1325).  

 

 
Fig. 1 – XRD pattern of the as-prepared La doped BST. 
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The results of the chemical analysis are presented below: 
 

Sample Chemical composition (%) 
Ba Sr Ti La 

BSTLa5 
35.8 6.62 22 3.78 

 

 
Fig. 2 – TEM image of the as-prepared La doped BST revealing the inside components aspects (a);  

detail image of the rod like and lamellar structures (b); HRTEM image of the lamellar structures (c). 
 

 
The TEM and HRTEM images (Fig. 2 a-c) of 

the as-prepared 5 mol. % La doped BST material 
highlight the existence of three distinctive 
morphologies. Large dendritic aggregates with 
crystalline structure (A) having dimensions of 
hundreds of nm, consist in doped BSTO dendrite 
crystals. The small quasi-crystalline particles (B) 
of about tenth of nm contain mainly Ba but not Sr, 
consisting mainly in barium carbonate. The 
rod/lamellar like stacks crystalline structures (C) 
with length of about 100 nm are rich in La, as 
determined from EDX analysis. The HRTEM 

investigations reveal the lattice fingers of these 
lamella particles, corresponding to the mixed 
barium and lanthanum oxide. This phase is 
minority in the sample powder and shows that not 
all La (5 mol%) has been used for doping the 
BSTO phase. 

The TGA analysis indicates a total weight loss 
of 6.014% when the sample is heated up to 
1200°C. The DSC analysis, through the heat flow 
component, shows that the sample suffers three 
endothermic processes (Fig. 3). 
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Fig. 3 – TGA/DSC evolution spectra of La doped BST with respect to the sample temperature. 

 
In terms of heat flow, there are three distinctive temperature peaks:  

Peak temperature °C ∆H (J/mol) Mass loss (mg) Mass loss (%) Observations 

100 715 0.173 1.03 Water evaporation 

341 1209 0.085 0.5 HO- desorption 

804 555 0.05 0.29 BaCO3 polymorphic 
transformation 

 
The first transition peak occurs at 100°C and 

corresponds to a weight loss of 1.03% directly 
attributed to the evaporation of weakly bounded 
water.12 The second endothermic peak occurs at 
341°C and has an enthalpy of 1209 J/mol, linked to 
a weight loss of 0.5%. This behavior is rather 
interesting since was not observed in the case of 
undoped BST material.7 In hydrothermal 
conditions, water dissociation takes places and the 
value of dissociation constant is influenced by the 
pressure. Consequently, it is possible that at 40 atm 
molecular lattice OH groups to be adsorbed within 
the BST lattice. Thus, the peak at 341°C could be 
assigned to the lattice adsorbed HO- groups 
desorption which are very tightly bonded.13, 14 The 
last peak observed at 804°C corresponds to the 
polymorphic transformation of BaTiO3 (BT).15  

The Raman spectra associated to undoped and 5 
mol. % La doped BST materials are presented in 
Figure 4a and b. The peaks from 188 cm-1 (Fig. 4a) 
and 223 cm-1 (Fig. 4b) can be assigned to 
tetragonal phase of BST. There is a serious shift 

from 276 cm-1 in BT towards 220 cm-1 in BST, due 
to the Sr presence.16 The shoulder at 133 cm-1 can 
be assigned to the local distortion of BST 
crystalline structure, due to the La presence, which 
tends to slightly change the tetragonal symmetry17 
(Fig. 4b). The shoulder at 304 cm-1, the sharp peak 
at 515 cm-1, and the broader peak at 720 cm-1 are 
characteristic to tetragonal phase18-20 (Fig. 4b). It 
has been reported that BT matrix structure can be 
doped with different ions in A or B sites leading to 
different electrical properties.21 Low amount of 
donor doping sustains the ferroelectric properties 
of the material, whereas higher concentrations 
favor the formation of isolating like-behavior. 
Most probably in the present case, Ba2+ (2.78 Å) 
can be substituted by Sr2+ (2.45 Å) and La3+ (2.74 
Å) according to their radii matching. When La3+ 
replaces Ba2+ a subsequent charge imbalance take 
place which must be compensated either by ions or 
electrons (cation vacancies on A or B sites). Since 
cation vacancies are immobile the conductivity at 
room temperature remains unchangeable, while an 
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increase in conductivity is observed upon 
electronic compensation.22 The weak peak at 1059 
cm-1 can be assigned to carbonate compound (Fig. 
4a and b) and the weak peak at 3604 cm-1 (Fig. 4b) 
can be assigned to hydroxyl groups present at the 
surface.23 

In terms of sensing properties, several 
requirements have been taken under account when 
addressing the applicative potential: low power 
consumption, sensitivity to Time Weighted 
Average-TWA limit (30 ppm for NH3), low cross 
sensitivity to relative humidity-RH (50% average 
RH value for in field atmosphere), short response 
and recovery times, good selective-sensitivity (low 
sensitivity to potential interfering gases). On the 
other hand, the influence of La doping was pointed 
out. As one can see in Fig. 5a, the 5 mol. % La 

doped BST exhibit a sensor signal (S = 3.84 a.u.) 
of three times higher when compared to the 
undoped one (S = 1.31 a.u.), when operated at 
room temperature and 50%RH. The exponential 
decay fitting-pattern of the sensor signal (BST La 
5%) with the increase in operating temperature can 
be derived according to the Kelvin equation24 in 
terms of partial pressure: Ps = P0*exp(2γM/rρRT), 
where Ps is the water vapor pressure at saturation, 
P0 is the water vapor pressure at a certain level,  
γ – surface tension, ρ – water density, M – water 
molecular weight, R – ideal gas constant,  
T – temperature, r – pore radius. Thus, it is like to 
believe that the NH3 detection is favored by a 
transport mechanism based on proton exchange, 
which is progressively weakened by a subsequent 
increase in the operating temperature. 

  

 
Fig. 4 – Raman spectra for BST (a) and 5 mol. % La doped BST (b). 
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Fig. 5 – Sensor signal dependence on the operating temperature (a) and on the NH3 concentrations (b),  

with respect to the RH levels. 
 

 
Fig. 6 – Response and recovery times towards NH3 exposure (a) and resistance dependence on the possible interfering gases (b)  

for 5% mol. La doped BST. 
 

The influence of RH level upon gas sensing 
response to NH3  for 5% mol. La doped BST is 
depicted in Fig. 5b, for room temperature. While in 
dry air (0% RH) no relevant sensing effect can be 
seen, for humid air (10 to 70% RH) the sensitivity 
increases with the increase in NH3 concentration. 
The experimental results could be fitted using a 
power dependent logarithmic function with respect 
to the NH3 concentrations, S = ln(NH3)a , for all 
humid levels.  

The higher sensitivity of 5% mol. La doped 
BST towards NH3 can be associated to the strong 
hydroxylation of the said material, as observed 
from the TGA/DSC analysis and confirmed by 
Raman spectra. The presence of pores in the case 
of BST base material leads to the capillary 
condensation of water vapors, subsequently 
forming a liquid-like network which further 

enhances the NH3 sensitivity.7 Herein, an 
additional approach based on water chemisorption 
must be taken into account. Such process is drives 
by the presence of strong electric field, leading to 
water dissociation into free hydroxyl groups and 
protons.25 In the case of capillary condensed water 
Grotthuss proton conduction was the main 
transport mechanism, whereas in the present study 
additional surface hydroxylation favors water 
physisorption through strongly double hydrogen 
bonds. These provide the framework for enhancing 
the gas sensitivity through the Grotthuss protonic 
transport.   

Response and recovery transients (Fig. 6a), 
associated to the electrical resistance changes for 
30 ppm NH3 have been calculated according to the 
following relations: τres = Rair - 90%(Rair - RNH3)  
and  τrec = RNH3 + 90%(Rair - RNH3). No significant 
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differences have been obtained for 50, 70, 90 ppm 
NH3. 

Upon NH3 exposure the electrical resistance 
reaches the steady-state after 2 min, independent 
on the gas concentration. The sensing behavior 
shows completely reversible phenomena, the 
returning to the initial electrical base resistance 
taking place after 20 min.  

The selective-sensitivity is presented in Fig. 6b, 
when La doped BST was exposed to CH4 
(2500ppm), CO (30ppm), NO2 (3000 ppb), SO2 
(5ppm) and H2S (30ppm), under the same test 
conditions as for NH3.  The only cross sensitivity 
was to NO2 (S = 1.42 a.u.). Even so, the selective 
sensitivity to NH3 is 2.7 a.u. (SNH3/SNO2 = 3.84/1.42 
= 2.7).  

CONCLUSIONS 

Since the nowadays challenges in the field of 
chemical sensors are low power consumption 
systems, with low cross-sensitivity to other 
interfering gases, La doped BST proved good 
selective sensitivity to NH3, attained at room 
temperature, in humid conditions closed to the 
ones found in the infield atmosphere. 
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