
Ferroelectricity in sodium nitrite thin films Britwum et al. 

FERROELECTRICITY IN SODIUM NITRITE THIN FILMS 

A. Britwum, M. E. Donkor, F. Boakye, R. K. Nkum 
Department of Physics 

Kwame Nkrumah University of Science and Technology, Kumasi, Ghana 

ABSTRACT 

Investigations have been conducted on the ferroelectric property of thin films of NaNO2. The 

thin films were prepared with the dip coating technique. The phase transition was investigated by 

observing the change in the dielectric constant with temperature change. The presence of ferro-

electricity was investigated with a Sawyer-Tower Bridge. UV-VIS absorbance spectroscopy was 

used to determine the energy band gap and the extinction coefficient at room temperature. It was 

observed thatNaNO2 thin film undergoes a first order transition from the disordered paraelectric 

phase to an ordered ferroelectric phase at 162.3°C. Ferroelectricity was confirmed in the NaNO2 

thin films by the appearance of a hysteresis loop below the transition temperature. The band gap 

of the thin film was 3.102 eV. The ferroelectric property exhibited by the NaNO2 thin films do 

not make it a favourable choice for modern day ferroelectric devices. However, this may be im-

proved by doping the thin film with chlorine ions. 

INTRODUCTION 

Ferroelectric materials have received a lot of 

attention in recent times for their applications 

in the thin film form(Lokhande et al., 2009). 

The low operating voltage capability of ferro-

electric thin films, their very high dielectric 

constants and their ability to be tuned are strong 

incentives for the design of modern day elec-

tronic devices into which they are built into 

(Sinharoy et al., 1992). Ferroelectric materials 

show excellent features when combined with Si 

active electronic devices such as non-volatile 

memories, capacitors, surface acoustic wave 

(SAW) filters, ultrasonic and infrared sensors, 

optical modulators, and switches(Daglish et al., 

2000).  

Since the discovery of ferroelectricity in so-
dium nitrite in 1958 by Sawada et al., its ferro-
electric nature has been studied quite exten-
sively in the bulk form or as a single crystal
(Katsumi, 1998; Sawada et al., 1958; Sekhar et 
al., 2008).The sodium nitrite crystal is an order-
disorder ferroelectric that undergoes two suc-
cessive phase transitions from the disordered 
paraelectric to the ordered incommensurate 
sinusoidal anti ferroelectric phase at TN = 165°
C and then to the commensurate ferroelectric 
phase at TC = 163.5°C(Gohda et al., 2000). 
Other authors(Fokin et al., 2009) have reported 
that the character of the NaNO2 transition at the 
Curie point is close to the second order kind 
and not of the first order one as reported by 
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others (Gohda et al., 2000). Some authors have 
also found additional anomalies at 100°C and 
181°C(Ahmed et al., 1996; Gohda et al., 2000).  

It is considered that the ferroelectricity in 

NaNO2 has its origin in the arrangement of NO2-

radicals in the crystal and the orthorhombic 

structure(Nomura, 1961) hence making the 

NO2- radicals the carriers of ferroelectricity in 

NaNO2. The NO2- radicals are non-symmetric 

in their shape and have a permanent electric 

dipole moment. In the paraelectric phase the 

NO-2 radicals point to the b-direction, i.e. a 

mirror plane perpendicular to the b-axis appears 

(Noel et al., 2004). NaNO2 produced from melt 

is usually composed of anti parallel 180 °C 

domains(Katsumi et al., 1993; Katsumi et al., 

1995). The ferroelectric domain walls are paral-

lel to the (100) plane. The thickness of the do-

main walls ranges from 0.3µm to 1µm(Katsumi 

et al., 1993). 

It has been well established that the phase tran-
sitions are caused by the orientational order-
disorder transition of the radicals. Some authors 
reported that the rotation of the radicals takes 
place around the c-axis while others reported it 
around the a-axis(Noel et al., 2004). 

However, in spite of the amount of work that 
has gone into characterizing the ferroelectric 
properties of sodium nitrite, most of this work 
has focused on the ferroelectric properties of 
single crystals or bulk films of the salt. Not 
much work has been done in the characteriza-
tion of the ferroelectric properties of sodium 
nitrite thin films.  

Sodium nitrite possesses the simplest crystal 
structure of any typical order-disorder ferro-
electric yet characterized in detail. Understand-
ing its phase transition in a quantitative and 
qualitative fashion provides extremely valuable 
groundwork for subsequent efforts to unravel 
more complicated situations. With the coming 
of the age of ferroelectric thin films, knowledge 
of the ferroelectric behaviour of sodium nitrite 
thin films would help determine the contribu-
tion sodium nitrite can make to the world of 
ferroelectric thin films and applications that 
make use of properties associated with ferro-
electric thin films. 

This work was set out to investigate the ferro-

electric nature of sodium nitrite when it is pre-

pared as a thin film. 
 

METHOD AND MATERIALS 

Sample Preparation 

The starting material was NaNO2 in the powder 

form from BDH Chemicals. The purity of the 

sample as quoted by the manufacturers was 

98.00%. 

The technique used to prepare the thin films 
was the dip-coating technique. This method 
was chosen because of the unique properties of 
the salt (it decomposes before its boiling point 
hence making it impossible to use evaporation 
techniques) and also as a result of the availabil-
ity of materials for the thin film formation. The 
dip coating machine was designed and built by 
the researchers.  

The oven compartment of the dip coater was 
switched on and the powdered NaNO2 was 
heated till it melted. The substrate was then 
allowed to sit in the molten salt for 15 minutes. 
The substrate with the molten salt was then 
raised by the motor at a rate of 10cms-1. The 
sample was then kept in the oven at a tempera-
ture of 200°C for two hours. The oven was then 
allowed to cool to room temperature at a rate of 
0.4°C/ min.  
 

Hysteresis loop Measurement with the Saw-

yer-Tower Bridge Circuit 

For the measurement of the hysteresis loop, a 

ferroelectric thin film sample was put into a 

sandwich structure, i.e., upper electrode/thin 

film/bottom electrode to form a capacitor. The 

capacitor was placed in a Griffin Grundy oven. 

Both electrodes were connected to a modified 

Sawyer-Tower bridge circuit by using a pair of 

crocodile clips. 

A signal voltage (50Hz at 23V peak voltage) 

from a low frequency signal generator was ap-

plied to the vertical-axes of an oscilloscope 

(BK Precision Model: 2522A) which is propor-

tional to the polarization, P, of the ferroelectric 

sample. Therefore, a P – E loop appears on the 

oscilloscope, when the signal voltage is ap-

plied. 
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A probe from a thermocouple (Barnant 115 

Thermocouple Thermometer) was placed close 

to the capacitor and the oven was heated to 

200°C. The oven was allowed to cool at a rate 

of 1°C/min. The development and changes in 

the hysteresis loop with respect to temperature 

were observed on the oscilloscope and recorded 

with a digital camera (Samsung L100). Know-

ing the dimensions of the sample, the dielectric 

constant was determined 

 

Dielectric Measurement 

The thin film sodium nitrite was placed be-

tween two metal connectors of known dimen-

sions in order to form a capacitor and the ca-

pacitor was placed in an oven (Griffin Grundy 

Oven). The capacitor was then connected to a 

DMM (Precision Gold PG 012) and a digital 

thermocouple (CIE 305 Thermometer). The 

oven was then heated to 200°C. The oven was 

allowed to cool at a rate of 1°C/min. The 

change in capacitance and temperature as 

shown on the thermometer and DMM was re-

corded with a digital camera (Samsung L100). 

 

UV – Vis Absorbance Spectra Measurement 

The Cecil CE 2041 spectrophotometer was 

used to measure the absorbance spectra of the 

sodium nitrite thin films. A glass slide with no 

film on it was put into the spectrophotometer to 

set it to zero. Afterwards, the thin film slide of 

sodium nitrite was placed in the spectropho-

tometer and the absorbance spectra for wave-

lengths between300nm to 900nm was measured 

at intervals of 5nm. 

 

RESULTS AND DISCUSSIONS 

Sample thickness 

The thickness of the thin films was measured 

with a Leica microscope. Over twenty measure-

ments were taken and the film was found to be 

of the order of 10-5m. 

 

Dielectric Measurements 

Fig. 1 shows the variation of dielectric constant 

as a function of temperature with the tempera-

ture range 107.5 to 190°C. 

 

Below 107.5°C, the digital multimeter used to 

take the capacitance readings was not sensitive 

enough to give accurate measurements of the 

capacitance of the thin film NaNO2.  

The dielectric values obtained were very high 

at 190°C. This dropped rapidly to the 164.2°C, 

at which point the values started to increase 

again. The dielectric constant peaked at 162.3°

C, and started to decrease again. This anomaly 

could be attributed to a phase transition that 

was occurring in the film at that temperature 

region. 

At the transition temperature, the thin film 

NaNO2 changes phase from the disordered 

paraelectric phase to the ordered ferroelectric 

phase. This phase transition is what accounts 

for the anomaly in the dielectric constant be-

tween 162.9°C and 160.0°C. The peak 162.3°C 

is the Curie temperature of the sodium nitrite 

film. Yoon (1990)observed an additional anom-

aly at 165°C. This second anomaly, however, 

was not observed in the sample studied in this 

work. 

The inverse dielectric constant versus tempera-

ture graph in Fig. 2 above shows that the 

NaNO2 thin film undergoes a first order phase 

change. (i.e. T1≠T0 at 1/ε = 0) TheT0=164.6°C 

and T1=161.6°C and the difference in tempera-

ture is 3.0°C. It is also noted that the paraelec-

tric Curie temperature, T1 is very close to the 

Fig.1: A graph of the dielectric constant of 

NaNO2 versus temperature. 
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Fig.2: The inverse of the dielectric constant 

versus temperature plot. The lines show that 

NaNO2 obeys the Curie-Weiss Law and that 

it undergoes a first order transition 

transition temperature, Tc. At temperatures 

above Tc (i.e. in the paraelectric phase), the 

curve obeys the Curie-Weiss law from to 163°

C. On the ferroelectric side, the Curie-Weiss 

law is obeyed till 150°C. The fact that the Curie

-Weiss law is obeyed in the region of the anom-

aly means that the operative phenomenon lead-

ing to ferroelectricity has a direct relation with 

the anomaly in the dielectric constant. 

 

Hysteresis Measurements 

The Sawyer-Tower bridge was used to observe 

the hysteresis loop of the NaNO2 thin film. The 

data was recorded as the oven was cooling. 

Fig.3: Picture of the measurement of hys-

teresis at 166.9°C which is Tc. The loop 

shown here is that of a linear lossy dielectric. 

At temperatures above Tc, there was no hys-

teresis observed. Rather, the loop was oval in 

shape and this is the loop shown by a linear 

lossy dielectric (See Fig. 3). 

Fig. 4: Picture of hysteresis loop showing on 

the oscilloscope at 140.3°C. 

The observation of the loop as shown in Fig.4 

confirms that the dielectric anomaly observed 

in the dielectric tests are as a result of a transi-

tion from the paraelectric phase to the ferro-

electric phase. It also confirms that NaNO2 is 

ferroelectric as a thin film. 

The hysteresis loop disappeared at 120°C. At 

this point, the loop became oval and started to 

bounce as shown in Fig. 5. The bouncing be-

came even stronger at lower temperatures. 

Fig.5: Picture of hysteresis at 119.5°C. This 

loop shows the disappearance of the hystere-

sis after 120°C. 
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However the lack of an anomaly occurring at 

120°C in Fig. 1 means that there is no phase 

transition occurring at that point and that the 

NaNO2 thin film is still in the ferroelectric 

phase. 

Katsumi (1998) and Nomura (1961) both ob-

served the collapse of the P-E hysteresis loop at 

100°C when they tried to measure the sponta-

neous polarization of single crystals of NaNO2 

using the Sawyer-Tower method. They attrib-

uted the collapse of the loop to the high coer-

cive field of sodium nitrite at that temperature. 

From the experiments conducted, it was ob-

served that the coercive field widens at 120°C 

causing the hysteresis loop to collapse. Fig. 6 

shows a large coercive field and the beginning 

of the collapse of the hysteresis loop. Below 

120°C, the hysteresis loop had completely dis-

appeared (Fig. 6). 

Fig. 6: Picture showing the total collapse of 

hysteresis at 106.7°C. 

However, the collapse of the P-E hysteresis 

loop as measured with a Sawyer-Tower bridge 

occurs at a much higher temperature than that 

which has been reported by other researchers 

who worked on single crystals. 

 

UV–Vis Spectrophotometer Measurements 

From the absorbance data, the absorption coef-

ficient (α) as a function of the photon energy 

was calculated and was plotted for the direct 

allowed transition by using the equation. 

Fig.7: A graph showing the relation between 

the extinction coefficient and the photon en-

ergy. 

n
gEhvAhv

and setting n = 1/2. Thus the equation becomes 

gEhvhv 2

where Eg is the transition energy gap or the 

optical band gap and hv is the photon energy. 

Fig. 7 shows the (αhv) versus hv graph. The 

band gap obtained from the graph was3.102 ± 

0.030 eV. This value is slightly lower than the 

experimental value of 3.14eVobtained by Rav-

indran et al.(1999). This decrease in the band 

gap can be attributed to increase in grain sizes 

as a result of the technique (dip coating) that 

was used to prepare the thin film samples(Ray 

et al., 1998). 

It can be seen from Fig. 7 that there is some 

tailing into the band gap below the absorption 

edge. There are also some peaks. These peaks 

are not very strong but they may be indicative 

of localised states. These localised states may 

be as a result of impurities or crystal defects. 

The rather low level of the peaks into the band 

gap region are indicative of a low impurity con-

centration within the sample and a highly crys-

talline film surface. These results suggest a 

high film quality. 

Fig. 8 shows the relation between the wave-

length and the extinction coefficient. There is 
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Fig. 8: A graph showing the relation between 

the extinction coefficient and the photon en-

ergy 

an abrupt drop in the extinction coefficient 

where the critical wavelength is reached. Here 

the occurrence of peaks in the tailing below the 

absorption band features more prominently. 

However, the rather low level of the peaking is 

indicative of a low concentration of impurities 

in the samples and a highly crystalline structure 

of the thin film samples. 

 

CONCLUSIONS 

The thin film NaNO2 undergoes a first order 

phase transition from the disordered paraelec-

tric phase to the ordered ferroelectric phase at 

162.3°C. The dielectric constant values show 

only one anomaly between 164°C and 159°C. 

The curve in the region of the anomaly obeys 

the Curie-Weiss law. The fact that the Curie-

Weiss law is obeyed means that the operative 

phenomenon leading to ferroelectricity has a 

direct relation with the dielectric anomaly. 

The P–E hysteresis loop was not observed at 

temperatures above the transition temperature. 

However, below the transition temperature, the 

hysteresis loop gradually formed. The forma-

tion of the hysteresis loop confirms that the thin 

film NaNO2 is ferroelectric. At120°C, however, 

the hysteresis loop collapsed. The collapse of 

the hysteresis loop is not as a result of another 

phase change but rather as result of the widen-

ing of the coercive field. 

The optical band gap was calculated to be 

3.102 eV which is smaller than that of 3.14eV 

for a single crystal. This may be attributed to 

crystal defects on the film surface and the pres-

ence on some impurities. 

It was observed that sodium nitrite as a thin 

film is not suitable for most modern day ferro-

electric thin film applications. Its high coercive 

field at 120°C disqualifies it from being a 

choice ferroelectric for modern day thin film 

applications. However, there is a possibility 

that doping it may improve its ferroelectric 

property by preventing the widening of the co-

ercive field and also reducing its hydrophilic 

nature (Nkum et al., 2005). 
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