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Abstract 
Nanosized mixed ferrite Mg1-xznxfe2o4 (x = 0.3) with cubic spinel structure was 
successfully synthesized by sol-gel route using citric acid as anionic surfactant followed 
by calcination at 700°C for 2 h. Different characterization techniques have been 
employed, such as X-ray diffraction (XRD), Scanning electron microscopy (SEM) and 
Energy dispersive X-ray analysis (EDX) to study the crystallite size, structure and 
morphology. Fourier Transform Infrared Spectroscopy (FTIR) confirms the formation of 
Mg0.7Zn0.3Fe2O4. The mixed ferrite has an grain size ~ 125 nm. These nanoparticles 
exhibit significantly high response towards ammonia in comparison with ethanol vapor, 
hydrogen sulfide, hydrogen, liquid petroleum gas, carbon dioxide and chlorine. The gas 
response towards various gases at their 100 ppm concentrations is investigated at 27–
400oc. The results suggest possibility of utilization of the nanosized mixed ferrite, without 
addition of any precious metal ion, as the ammonia detector. 
Keywords: mixed ferrite; nanomaterial; spinel; sensor response 

_____________________________________________________________________________________ 
Introduction 

Metal oxides based semiconductor gas sensors such as zinc oxide, tin oxide and tungsten oxide 
have been widely studied for their gas sensing applications; however, presently many other oxides have 
also been explored for the gas sensing devices. Recently, few reports have appeared on the ferrites as gas 
sensors [1–8]. Although, ferrites are widely studied for their versatile applications [9–13] however; 
mostly they are used in the magnetic or electric devices, where the high densities are prerequisite. They 
have also been reported sensitive towards different gases and humidity wherein; low density and 
nanosized nature is favored [14,15]. Different spinel ferrites such as nife2o4, cdfe2o4, znfe2o4 and cufe2o4 

have been studied for various gas-sensing applications [2,6,12,14]. Worldwide research efforts are 
underway to find new applications for ferrites in addition to improving their existing functional 
properties.  

Recent research interests on spinel ferrites are due to their unique optical, electrical, and magnetic 
properties. These characteristics are strongly dependent on their size, shape, and dispersion [16]. Study of 
spinel ferriteMFe2O4 (where M = Fe, Mn, Zn, Co, Mg, Cu, Ni) nanoparticles has great significance in 
modern technologies such as contrast enhancement of magnetic resonance imaging, high density data 
storage, and magnetic carriers for site-specific drugs delivery [17]. Amongst the spinel ferrite families, 
magnesium ferrite (MgFe2O4) is a soft magnetic n-type semiconducting material [18, 19]. It has a cubic 
structure of normal spinel-type and is a soft magnetic n-type semiconducting material, which finds a 
number of applications in heterogeneous catalysis, adsorption, sensors, and in magnetic technologies. 

The gas sensing is a surface phenomenon of gas–solid interaction, where the conductivity of 
semiconducting oxides can be altered by adsorption of gases from ambient. It is well known that 
depending upon the morphology and operating temperatures; the oxide surface hold various oxygen 
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species, such as O-, O2-. Their number and distribution also plays an important role in the gas sensing 
characteristics. The literature shows that the metal oxide nanoparticles enhance the sensitivity of a gas 
sensing material, while the selectivity is achieved by doping on surface or in the volume. However, 
recently Korotcenkov [20] suggested that the shape control of the nanocrystalline can provide 
energetically different adsorption sites for the test gases on different crystal facets. Thus existence of large 
surface to volume ratio in the typical nanostructured material facilitates better response towards specific 
gases.  

Moreover, morphology and particle size of nonmaterial depend upon their method of preparation 
and sintering temperatures, and hence one can observe different responses towards gases for the similar 
composition. Synthesis route such as conventional ceramic, sol–gel, co-precipitation and hydrothermal 
technique [21-23] have been utilized so far for the synthesis of ferrites. These methods have merits and 
demerits. Ceramic and co-precipitation require high sintering temperatures, and at high temperatures fine 
particle nature gets lost due to their agglomeration. The presently used sensing devices include, individual 
nanostructures, multinano structures, MOSFET- based as well thin/thick film sensors. These nano sensor 
based devices have number of advantages such as high sensitivity, selectivity, fast response and recovery, 
which set them apart from the conventional gas sensors [3]. However, to our knowledge the ammonia 
gas-sensing characteristics of Zn doped mgfe2o4 have been rarely reported in the open literature. 
In view of the possibility of finding gas response in the nanostructured mixed ferrite we explored 
Mg0.7Zn0.3Fe2O4 as a gas sensing material. It has been synthesized by a sol-gel route, wherein citric acid 
plays a vital role for anionic surfactant. This effective, environment friendly route is convenient and 
inexpensive to get ammonia sensitive Mg0.7Zn0.3Fe2O4. 
 
Experimental work 
Material and Methods 

A sol-gel method has been adopted in order to synthesize nanosized mixed ferrite Mg1-xznxfe2o4. 
All chemicals were of analytical grade and were used without further purification. Ferrous nitrate, 
magnesium nitrate, zinc nitrate and citric acid were weighed separately with a ratio 0.5M:0.25M:0.5M. 
These reagents were dissolved in distilled water and volume made up to 100 ml. The solution mixture 
was stirred and heated at 60oc for 3 h and followed by 80oc, until the mixture changed to gel form. The gel 
was then dried in an oven at 100oc for 24 h and followed by calcined in a muffle furnace at 700oc for 2 h. 
Taken solid phase sample was grinded in a mortar to make it powder.  
Characteristics  

X-ray diffraction (XRD) patterns of the nanopowder were obtained with scan rate of 0.02o s-1 in a 
2θ range from 10o to 80o,  X-ray diffractometer Bruker using Cu Kα radiation (λ = 1.5406Ao) with 
operating voltage of 40 kv at room temperature and current of 20 ma. The crystallite size was calculated 
from diffraction peaks according to Scherrer’s equation. Fourier Transform Infrared Spectroscopy (FTIR) 
confirms the formation of Mg0.7Zn0.3Fe2O4. The FTIR images were recorded using 3000 Hyperion 
Microscope with Vertex 80 (Bruker,Germany) FTIR system. 
Fabrication of sensor and measurement of gas-sensing properties 

Appropriate quantity of mixture of organic solvents such as butyl cellulose, butyl carbitol acetate 
and turpineol was added to the mixture of Mg1-xZnxFe2O4 and a solution of ethyl cellulose (a temporary 
binder). The mixture was then ground to form paste. The paste obtained was screen printed onto a glass 
substrate in desired patterns. The thick films so prepared were fired at 500°C for 1 h. The particle 
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morphology of prepared film was measured by SEM. The SEM images were scanned using JSM-7600F 
microscope with an accelerating voltage of 0.1 to 30 kV. 

The nanostructured Mg1-xZnxFe2O4 oxide powder thick films so prepared and the ohmic contacts 
were made with the help of silver paste to form the sensing element. The gas sensing studies were carried 
out on these sensing elements in a static gas chamber to sense ammonia in air ambient. The sensing 
element was kept directly on a heater in the gas chamber and the temperature was varied from 27 to 
400oC. The temperature of the sensing element was monitored by chromel–alumel thermocouple placed 
in contact with the sensor. The known volume of the ammonia was introduced into the gas chamber pre-
filled with air with a micro-syringe so as to yield a desired concentration and it was maintained at 
atmospheric pressure. The electrical resistance of the sensing element was measured before and after 
exposure to ammonia using a sensitive digital multimeter. After approximately 90 s, recovery of sensors 
was studied by opening the chamber to the atmosphere. The performance of the sensing element is 
presented in terms of gas response (S), which is defined as: 

                 
gas

air

R
RS =                                                                                                       (1) 

Where, Rair and Rgas are the electrical resistance values of the sensor element in air and in the presence of 
ammonia gas, respectively. 
 
Result and discussions 
XRD analysis 

Formation of the desired Mg0.7Zn0.3Fe2O4 spinel oxide was confirmed by powder X-ray 
diffraction analysis. X-ray diffraction pattern recorded on Mg0.7Zn0.3Fe2O4 is as shown in Fig. 1. The 
analysis of samples shows all the characteristic peaks of ferrite material such as (123), (719), (352), 
(2031), (547), (184), (185), (537), (826) and (132) reflection planes confirms the clear evidence for the 
formation of cubic spinel structure of the sample with most intense peak (2031). Figure depicts broad 
peaks due to the nanosized of particles and the average crystallite size (t) was calculated using Scherrer’s 
formula 

θ
κλ
cosB

D =                                                                                                             (2) 

 
Where, D is the average size of the particles, assuming particles to be spherical, k = 0.9, λ is the 
wavelength of X-ray radiation, B the full width at half maximum of the diffracted peak and θ is the angle 
of diffraction. 
 
FT-IR analysis 

FT-IR spectra of Mg0.7Zn0.3Fe2O4 nanoparticle are presented in Fig. 2. Vibrations of ions in the 
crystal lattice are usually observed in the range of 4000 - 400 cm-1 in IR analysis. Two main broad metal-
oxygen bands are seen in the IR spectra relative to spinel ferrite compounds. The highest one observed in 
the range 560 cm-1, corresponds to intrinsic stretching vibrations of the metal at the tetrahedral site, 
whereas the lowest band usually observed in the range 432 cm-1, is assigned to octahedral-metal 
stretching. The Mg2+ ions occupy mainly the octahedral sites but fraction of these ions may be migrated 
into tetrahedral sites. This would explain the existence of a weak shoulder in the range of 690 –710 cm-

1.This confirms that the Mg ferrite has a partially inverse spinel structure. 
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Figure 1. XRD patterns of Mg0.7Zn0.3Fe2O4 annealed at 700oC. 

 
 

 
Figure 2. FTIR spectra of nanosized Mg0.7Zn0.3Fe2O4. 
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below 5 while ammonia shows 23.26, moreover it requires remarkably less time for sensing as compared 
with other reducing gases. Fig. 6 shows response (S) towards ammonia at various operating temperatures 
which indicates 200oC as the optimum temperature for the gas response.  
 

 
Figure 4. EDX spectrum for nanosized  Mg0.7Zn0.3Fe2O4. 

 
 

 
Figure 5. Response of nanosized spinel Mg0.7Zn0.3Fe2O4 towards 100 ppm of various gases at 200oC. 
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In Fig. 7 response towards higher concentrations of ammonia is shown, which indicates that 
Mg0.7Zn0.3Fe2O4 responses as low as 20 ppm of ammonia and the response increases linearly with its 
concentration. Fig. 8 shows ammonia response and recovery (as the change in resistance) with reference 
to time. The nanosized Mg0.7Zn0.3Fe2O4 senses 100 ppm of ammonia with response characteristic was 
good, the resistance of the sensor obviously increased, and the response time was quick and the recovery 
time was fast. To find the reproducibility ammonia was again introduced which showed similar responses, 
indicating the reproducible nature of its response. The sensor was measured about its responses to 100 
ppm ammonia in a month the results are shown in Fig. 9. From the 1st day to the 6th day, the response 
decreased slowly. After the 6th day, it kept constant almost. On the whole, it indicates that the 
Mg0.7Zn0.3Fe2O4 at 7000C sensor possesses a very good stability. 
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Figure 8. Response and recovery characteristics of Mg0.7Zn0.3Fe2O4  to 100 ppm ammonia. 
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Figure 11. Long-time stability curve of Mg0.7Zn0.3Fe2O4 sensor. 
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Conclusion 
Nanopowder of Mg0.7Zn0.3Fe2O4 was synthesized using less expensive, environment-friendly and 

low temperature sol-gel route using citric acid as anionic surfactant occurring at a temperature 700oC. 
SEM analysis validated the structure of final powder with the grain size ~ 125 nm. The nearly cubical 
shaped morphology with the isolated nanoparticles shows potential of this simple method. The sensor 
based on the pure Mg0.7Zn0.3Fe2O4 nanomaterial showed selective response towards 100 ppm of ammonia 
at 200oC operating temperature with a response time of few seconds and good reproducibility. 
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