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A B S T R A C T  

In the past few decades, lanthanum ferrite has grown the importance in research due to 

attractive LPG/ humidity sensing and photolytic applications. In present study, the 

perovskite lanthanum ferrite was synthesized via solid state reaction route for three 

compositions by varying La/Fe ratio. The synthesized samples were characterized by 

Fourier transform spectroscopy, UV-vis spectroscopy, X-ray diffraction and scanning 

electron microscopy. The crystallization of lanthanum ferrite is confirmed by X-ray 

diffraction studies. The average crystallite size was found to be 45-50 nm. Surface 

morphological study of synthesized samples shows the uniform growth of the particles 

and grain which leaves the pores during its inter connection. These pores act as gas 

adsorption sites. The optical band gap of synthesized LaFeO3 samples were found to be 

3.91-4.03 eV. Prepared samples were investigated for humidity sensing application. The 

average sensitivity of synthesized lanthanum ferrite samples was found to be 10.18-11.46 

MΩ/%RH. The average sensitivity varies with the composition of the sample.  
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INTRODUCTION 

The concentration of water vapors available in the air, 

called as humidity, plays a significant role in various 

sectors like sugar and paper based industries, chemicals 

and medicine industries, automotive industries, 

climatology, heating ventilation and air conditioning 

(HVAC) systems, agriculture [1].  The monitoring of 

humidity levels in several industries plays a potential role 

due to their possible effects on manufacturing and 

products. Thus the detection of humidity becomes 

important to fulfil the purpose of its monitoring. 

Moreover, the humidity is also important in human breaths 

because some diseases require more controlled relative 

humidity. Humidity sensors become a special attraction of 

importance in research after COVID-19 and reduced the 

risk of bacterial transmission associated with conventional 

touch displays [2-4].  

 The perovskite type ferrite ceramics materials have 

attracted significant interest for potential applications in 

humidity sensors due to its ability to withstand exacting 

physical and chemical conditions. The perovskite ferrite 

has the general formula ABO3, where A and B are 

lanthanide/alkali earth element and transition metal, 

respectively. Lanthanum ferrite has received growing 

attention due to its wide range of application in 

biosensors, chemical sensors, optical and ferroelectric 

properties. It is synthesized by mechanochemical, 

hydrothermal process, auto-combustion method, co-

precipitation, microwave assisted synthesis and solid state 

reaction route. The control on shape, size and surface of 

lanthanum ferrite ceramic is a key factor for humidity 

sensing research [5-9].  

 In present investigation, the lanthanum ferrite was 

synthesized via solid state reaction route. This method 

does not require the costly raw materials and it is one of 

the simplest synthesis route. The main requirement of 

solid state reaction method is high sintering temperature 

which improves crystallization, porosity and grains in 

comparison to starting particles. The microstructure of 

ferrites in solid state reaction route may be divided in 

three stages of surface, lattice and grain boundaries 
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diffusion. High oxidation reduction and electrical 

conductivity of perovskite LaFeO3 is very important for 

electrochemical applications. It has a stable crystal 

structure, good thermal stability and inherent property of 

containing oxygen vacancies. Ferrite sensors are preferred 

due to its large surface area, uniform grain size and 

nanostructure which have to a large surface  

phenomenon. This effect is suitable for humidity sensing 

applications. The humidity sensing materials are 

improving their sensing response, response and recovery 

times with low hysterias and high stability. Most humidity 

sensors are based either on resistance or capacitance. The 

absorption of water molecules on the nano material  

surface is reflected in an impedance of dielectric  

constant change. The increase in surrounding humidity 

reduces the resistivity of the ferrite nanoparticles. The 

humidity is specified as relative humidity (RH) which 

indicates the amount of water vapors at a specified 

temperature [10].    

 Lanthanum Ferrite samples were prepared by solid 

state reaction route. The synthesized samples were  

studied for crystallographic, microstructure and optical 

properties. The samples were further tested for humidity 

sensing applications. The humidity sensing behavior of  

lanthanum ferrite nanostructure was studied in a wide  

range of relative humidity (10-99%RH). The sensing 

studies revealed that lanthanum ferrite shows good  

average sensitivity which lies in the range 10.18-11.46 

MΩ/%RH. 

 

 

EXPERIMENTAL 

Materials 

Analytical grade chemical lanthanum carbonate and ferric 

carbonate are used as raw materials. Mentioned chemicals 

are purchased from HiMedia Mumbai, Maharashtra, India 

having purity more than 99.5%. 

Material synthesis  

Perovskite lanthanum ferrite was prepared by solid state 

reaction route method using high grade chemicals ferric 

carbonate (HiMedia) and lanthanum carbonate (HiMedia), 

purity is higher than 99.5%. The raw ingredients were 

grounded via mortar and pestle in acetone media. The 

grounded fine powder was calcined in a muffle furnace at 

temperature 800˚C for 5 h. to improve purity by removal 

of carbonate in the form of CO2. The calcined powder was 

re-grounded using mortar and pestle. The grounded fine 

powder was used for pelletization in KBR media using a 

hydraulic press machine (City instruments, New Delhi, 

India) at uniaxial pressure 650 MPa. The fabricated pellets 

were sintered at 1000 ˚C for 5 h. The complete synthesis 

process can be understood by schematic diagram Fig. 1. 

Lanthanum ferrite samples were prepared in three basic 

compositions (1) 45 weight percentage of La2O3 and 55 

weight percentage of Fe2O3 (LF1), (2) 50 weight 

percentage of La2O3 and 50 weight percentage of Fe2O3 

(LF2), and (3) 55 weight percentage of La2O3 and 45 

weight percentage of Fe2O3 (LF3). 

 

 
Fig. 1. Schematic diagram of synthesis of lanthanum ferrite via solid state reaction route. 
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Characterizations  

The Molecular and bonding characteristics of prepared 

lanthanum ferrite samples were studied by Fourier 

transform infrared spectrum (FTIR). FTIR data was 

recorded with Fourier transform infrared spectrum (FTIR) 

employing Shimadzu-8400S spectrophotometer over the 

range of 4000 to 400 cm-1. The optical properties like 

optical band gap of each prepared samples were analyzed 

by data recorded by UV–vis absorption spectrophotometer 

(Model− V670, Jasco) in UV and visible ranges from 200-

800 nm. The optical band gap was calculated by Tauc 

plot. The prepared samples were characterized for 

crystallographic analysis using X-ray diffraction (XRD) 

employing Rigaku Miniflex-II X-ray diffractometer using 

Cu-K1 radiation having wavelength λ = 1.5406 Ǻ. XRD 

data were measured in terms of intensity in diffraction 

angle range of 20–80°. The average crystallite size of 

powdered samples was calculated by Debye-Scherer 

formula. The surface morphology of awell prepared 

sample was examined using a scanning electron 

microscope, SEM, (model LEO 430 Cambridge 

Instruments Ltd. UK). In analyzing the surface 

morphology, the sample prepared follows several steps. 

The prepared pellet samples were well polished by 100, 

600, 1000 mesh SiC powder as well as 1/0, 2/0, 3/0 and 

4/0 grades sand paper. The polished samples were etched 

with 30% HNO3 + 20% HF solution and further coated 

with silver-palladium (Poraton Sc-7640 Sputter).  

 For the humidity sensing a special humidity chamber 

was designed which consists of an Ag-pellet-Ag electrode 

system well connected to the protruding electrodes of the 

electrometer. For measuring the resistance of the sensing 

pellet sample two silver electrodes were grown on 

opposite ends of the alumina substrate. Humidity chamber 

used in this investigation consists of a steel container 

having an air tight and movable glass lid to cover it. Two 

glass bowls were kept inside it one by one; one contains 

saturated aqueous solution of KOH to dehumidify the 

chamber up to 10%RH and other contains saturated 

aqueous solution of K2SO4 to humidify the chamber up to 

95%. Pellet sample was put within this system and sensing 

measurements were performed. Variations in humidity 

inside the chamber were recorded by a standard 

hygrometer associated with a thermometer (Huger, 

Germany) and corresponding variations in electrical 

resistance were measured by Keithley Electrometer 

(Model 6514A). The least count of hygrometer used here 

was 1%RH. 

 

RESULTS AND DISCUSSION 

FTIR Spectroscopy 

Fourier Transform Infrared (FTIR) spectra of well 

synthesized lanthanum ferrite samples are shown in  

Fig. 2(a-c). Spectra clearly indicates formation of several 

transmission bands. The presence of O-H bonding of 

adsorbed water in each prepared samples were confirmed 

by the strong bands at 3610 and 3448 cm-1 [11]. The bands 

arise near 2928 and 2857 cm-1 are attributed to the C-H 

stretching bands, i.e. hydrogen bonding [12-13]. C=O 

vibration were assigned at 1750 cm-1. The transmission 

bands assigned at 1640 and 1383 cm-1 are endorsed to the 

H–O–H/ carboxylate, bending vibrations of the water 

molecules, respectively [14-15]. The splitting of  

stretching asymmetric mode of metal carbonates was 

confirmed by transmission bands found near 1514 and 

1462 cm-1 [16].  

 

Fig. 2. FTIR spectra of lanthanum ferrite samples (a) LF1, (b) LF2 and 

(b) LF3 

 

 The transmission bands near 1087 and 856 cm-1 can 

be attributed to the presence of carbonates. This result is 

very significant for confirmation of carbonate traces which 

may result in porous ceramics due to elimination of CO2 

[17]. The low wavenumber side transmission bands are 

attributed to metallic bonds. The peaks at 557 and 627 cm-

1 are attributed to the vibrations of Fe-O bond and La-O, 

respectively [18]. The stretching modes of the BO6 

octahedra of perovskite structure ABO3 is principal cause 

for the existence of bands in the region 630-550 cm-1. In 

synthesized perovskite lanthanum ferrite, the Fe–O bonds 

of the BO6 octahedral units are stronger than those of the 

12-coordinated La–O units, thus, one may predict that the 

BO6 units dominate the spectroscopic behaviour, i.e. FeO6 

octahedral dominates over 12-coordinated La–O units [19-

20]. With variation of composition, there is no major 

change in transmission bands only a slight change in 

intensity and transmission bands shifted to the higher 

wave number side with increasing the content of 

lanthanum oxide.  

UV-vis Spectroscopy 

Fig. 3(a-b) shows the typical UV-visible spectra of 

synthesized LaFeO3. In spectra of Fig. 3(a), the sharp 

intense absorption band arises to optical band gap which 

manifests itself as an absorption edge. Fig. 3(b) shows the 

Tauc plot between α2(hʋ) and photon energy (hʋ).The 
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optical band gap is calculated by extrapolation of linear 

plot (Tauc plot) between absorption coefficient (α) and 

photon energy and denoted by given equation [21]: 

2/1
g )Eh()h(                                                          (1) 

where, E is the photon energy and Eg is the optical band 

gap energy of the material. 

 The above equation shows a linear dependence of 

α2(hʋ) on photon energy (E). The optical band gap of 

LaFeO3 samples was found to be 3.91 eV, 3.97 eV and 

4.03 eV respectively for samples LF1, LF2 and LF3. With 

increasing La/Fe ratio in lanthanum ferrite, the optical 

band gap was found to increased. This increase in optical 

band is due to higher optical band gap of lanthanum oxide 

in comparison to ferric oxide [21-22].  

 

Fig. 3. (a) UV-vis spectra and (b) Tauc Plot lanthanum ferrite samples 
LF1, LF2 and LF3. 

 

X-ray Diffraction 

Fig. 4(a-c) shows the X-ray Diffraction patterns of 

prepared samples (a) LF1, (b) LF2 and (c) LF3 samples. 

XRD patterns were indexed with standard JCPDS file 

Nos. 37-1493, 65-3185 and 89-7047 for LaFeO3, La2O3 

and Fe2O3, respectively. These patterns clearly indicate 

the formation lanthanum ferrite in orthorhombic crystal 

structure as a major crystallite phase and La2O3 and Fe2O3 

are secondary phases which are found in trace amounts. 

With increasing the content of lanthanum oxide, the 

secondary phases were minimized because lanthanum 

oxide also plays the role of nucleating agent for 

crystallization [23]. Average crystallite size of major 

phase was calculated using Debye- Scherer formula, 

which is follows as: 






Cos

K
D

                                                                  (2) 

where, β is the full width at half maximum (FWHM) of 

the peak, λ is wavelength of Cu-Kα X-ray, θ is the 

diffraction angle and K = 0.94, a dimensionless constant. 

The highest intensity peak is assigned to orthorhombic 

crystallite LaFeO3 reflection. Average crystallite size of 

LaFeO3 was found to be 45-50 nm. With increasing the 

content of lanthanum oxide, the average crystallite size 

was found to be decreased which is also confirmed by 

scanning electron microscopic results [22]. 

 

Fig. 4. XRD patterns of lanthanum ferrite samples (a) LF1, (b) LF2 and 

(c) LF3. 

 

Scanning Electron Microscopy 

The typical scanning electron micrographs (SEM) are 

shown in Fig. 5(a-c) for prepared pellet samples LF1, LF2 

and LF3. From SEM images, it is clear that lanthanum 

ferrite crystallites were uniformly distributed in entire 

pellet samples. The spherical shaped uniform grain found 

in lanthanum ferrite is a key factor for humidity sensing 

application because of the surface to volume ratio.  
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Fig. 5. SEM images of lanthanum ferrite samples (a) LF1, (b) LF2 and 

(c) LF3. 

 This happened due to the diffusion of La3+ ions 

mainly closer to the grain boundary, which exhibits ion 

and oxygen vacancies [24]. Each micrograph indicates the 

formation of pores which are attributed to release of 

carbonate groups as confirmed in FTIR analysis. The 

pores are also formed by the interconnection and 

distribution of crystallites. The pores in the pellet samples 

play the significant role humidity sensing applications. 

These pores act as absorption sites to adsorb water vapor.  

 

Fig. 6. Hysteresis of lanthanum ferrite samples (a) LF1, (b) LF2 and (c) 

LF3.  

Gas Sensing Mechanism 

Fig. 6(a-c) shows the variations of resistance with relative 

humidity at room temperatures for sensing pellets LF1, 

LF2 and LF3, respectively. From Fig. 6, it is clear that 

with increasing the relative humidity 10%-99%, the 

resistance decreases. Further, the resistance increases with 

decreasing the relative humidity from 10% to 99% but 

with increase and decrease of relative humidity, change in 

resistance does not follow the same path. This change in 

resistance is associated with several hysterias loss. As 

relative humidity was increased, the resistance decreased 

sharply in the range of lower humidity i.e., from 10-30 

%RH and further became constant in the range 50-99 

%RH. During the decreasing of relative humidity, the 

resistance was found to be relatively higher than resistance 

when humidity was increased for the same relative 
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humidity. This may be due to some water vapor remaining 

in pores which is adsorbed during increase of relative 

humidity. With increasing the concentration of lanthanum 

oxide in perovskite lanthanum ferrite, the resistance was 

found to be higher. This higher resistance may be 

attributed to the large number of pores created by 

increasing the concentration of lanthanum oxide. The 

whole experiment is repeated in same physical 

environment after 3 months for samples. The humidity 

sensing results were found to be almost same as previous 

results which were conducted 3 months before. This 

shows the good reproducibility in lanthanum ferrite 

samples for humidity sensing as indicated in Fig. 7.  

  

 

Fig. 7. Reproducibility of lanthanum ferrite samples (a) LF1, (b) LF2 and 
(c) LF3.  

 The average sensitivity is calculated by taking the 

average of all sensitivities ranging from 5 to 99 %RH. The 

average sensitivities of the pellet at room temperature 

were found to be 10.18 MΩ/%RH, 10.31 MΩ/%RH and 

11.46 MΩ/%RH for samples LF1, LF2 and LF3, 

respectively as in indicated in Fig.8.  

 

 

Fig. 8. Average sensitivity of lanthanum ferrite samples LF1, LF2 and 

LF3. 

 

 The mechanism of humidity sensing in 

semiconducting lanthanum ferrite samples can be 

understood by taking consideration of electrical response 

of the chemically and physically adsorbed layers of water 

molecules and capillary formed connecting the pores. The 

surface of the sensing element plays a vital role in 

analyzing the humidity sensing nature. The water vapor of 

the environment is condensed on the upper layer of the 

sensing element which conducts the proton from an 

aquatic layer [25-26]. Nan composites exhibit better 

sensing properties for humidity due to larger surface to 

volume ratio and consequently larger is the density of 

charge carriers usually protons.  

 When water vapor or humidity is exposed on sensing 

elements then the conductivity difference was created due 

to absorption of water vapor on sensing sites (pores) 

which leads to increase of their electrical conductivity [27-

29]. In low relative humidity regions, the electrical 

conduction due to absorption of water vapor in the internal 

surfaces of porous materials dominates. Sensor operation 

is based on either electronic or ionic conductivity. 

Physisorption is basic for humidity sensing application for 

porous materials. In this mechanism, semiconducting 

surface of nanocomposite containing pores the pores 

adsorb the water vapor on initially chemisorbed layer of 

hydroxyl ions [30-31]. Grotthuss chain reaction 

mechanism is responsible for the conduction of protons 

through tunnel from one water molecule to the next via 

hydrogen bonding that exists universally. The high 

electrostatic fields near the interface of surface sensing 
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element and adsorbed layer breaks the physisorbed water 

into H3O+ and OH-. The charge carriers move due to 

movement of protons from H3O+ ions to an adjacent water 

molecule and so on. This process sets up the protonic 

conduction on the surface. This charge transport 

mechanism is known as Grotthuss chain reaction 

mechanism. The increase in the conductivity due to charge 

transport mechanism in humid environments is the major 

parameter for sensors and consequently drop in resistance 

is noted in sensors. The surface protonic conduction is the 

only responsible mechanism in low humidity regions. 

However, electrolytic conduction also takes place in 

higher relative humidity, where water may condense on 

the sensing surface, causing a large change in resistance. 

Exponential dependence of resistance with relative 

humidity can be quantified by this mechanism. 

 

CONCLUSION  

Perovskite lanthanum ferrite nanocomposite was 

successfully synthesized via solid state reaction route. X-

ray diffraction study confirms the clear crystallization of 

lanthanum ferrite as a major crystallite phase. The average 

crystallite size of prepared lanthanum ferrite calculated by 

Debye-Scherer formula was found to be 45-50 nm. The 

presence of pores in samples were seen by scanning 

electron microscopic studies and it is validated by 

presence of transmission band near 856 cm-1 due to 

release of carbonate group. The optical band gap of 

synthesized lanthanum ferrite was found to be 3.91- 4.03 

eV. It is found to increase with increasing La/Fe ratio. 

Prepared samples were investigated for humidity sensing 

application. The average sensitivity of synthesized 

lanthanum ferrite samples was found to be 10.18-11.46 

MΩ/%RH. The resistance in low humidity region was 

found to be higher in comparison to higher relative 

humidity exposure on lanthanum ferrite samples. In the 

low relative humidity regions, the conduction process 

takes place due to sensing material but in higher relative 

humidity regions, the conduction of adsorbed water 

molecules dominates over sensing material. 
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Graphical Abstract 

In graphical abstract the synthesis method of lanthanum ferrite via solid state reaction route is represented. Moreover, one SEM image shows the pores 
which plays important role in humidity sensing applications.  
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