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ABSTRACT 

We analyze the temperature dependence of the Raman intensity using the experimental data according to a power-law 
formula close to the order-disorder transition (Tc = 549 K) in NaNO3. From this analysis, we extract the value of β = 
0.26 as the critical exponent for the order parameter, which indicates a tricritical phase transition in this crystalline sys-
tem. Using the temperature dependence of the order parameter, the Raman bandwidth is calculated at various tempera-
tures in NaNO3. Our calculated bandwidths describe adequately the observed behavior of the order-disorder transition 
in this crystal. 
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1. Introduction 

NaNO3 exhibits an order-disorder phase transition at Tc = 
548 K [1]. Below Tc, the 3NO  ions are oriented along 
one preferred direction which gives rise to the long range 
order parameter. Above Tc, the 3  ions are equally 
positioned between the two stable states. 

NO

The experimental studies such as the thermal expan-
sion [1-3], X-ray [4] and light scattering [5-7] have been 
given in the literature. A large λ anomaly in the heat ca-
pacity of NaNO3 has been observed at Tc [8,9]. Besides, 
the molecular NO desorption from crystalline sodium ni-
trate [10], by the laser desorption the electronic structure 
[11] and the electron beam induced damage of NaNO3 
[12] have been studied experimentally. 

In order to explain the mechanism of the phase transi-
tions in NaNO3, some models have been proposed for its 
disordered structure. There are mainly free rotational [1], 
two-position disordered model [13], as described in some 
detail previously [14]. The free rotational model and two- 
position disordered models have been identified essen-
tially with the XY and Ising models, respectively [14]. 
Also, the disordering due to the reorientation of the NO3

– 
ions has been modeled for the disordered aragonite struc-
ture [15], disordered calcite structure [4] and the mixture 
of those two models [16], as pointed out in a previous 
study [6]. Additionally, the orientational disordering in 
NaNO3 and CaCO3 has been studied by molecular dy-

namics simulation using semiempirical potential models 
[17,18]. The temperature dependence of the specific heat 
Cp and of the lattice parameters in calcite (CaCO3) and in 
nitratine (NaNO3) have also been simulated [19]. In these 
two structures, an orientational ordering of the carbonate 
and nitrate groups occurs as the temperature decreases 
below the transition temperature. At high temperatures, 
the nitrate and carbonate groups are orientationally dis-
ordered about their three fold axes [14]. This is the ori-
entational long-range disorder above Tc, whereas there 
exists a positional long range order below Tc [6]. At low 
temperatures, sodium nitrate crystallizes in the ordered 
calcite structure which has the  space group (R3c) 
with two formula units of NaNO3 per unit cell. Above Tc, 
the crystal changes the high-temperature phase that has 
one NaNO3 molecule with the crystal symmetry R3m. 

6
3dD

It has been observed from the Raman spectra that the 
change from complete order to complete disorder for 
NaNO3 is spread out over a wide temperature range of 
about 100˚C [6]. It has been pointed out that the Raman 
spectrum of NaNO3 at high temperatures is a combina-
tion of the ordinary first-order Raman spectrum and the 
disorder-induced spectrum [6]. Above Tc, a central peak 
in the low-frequency Raman spectra of sodium nitrate has 
been observed [7]. It has been obtained that the Raman 
intensity and the bandwidth of this central peak due to a 
motion of 3NO  ions, exhibit an anomalous behaviour at 
Tc with increasing temperature [7]. Thus, the light scat-
tering spectra of the order-disorder motion of 3NO  ions *Corresponding author. 
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is accompanied with the phase transition of NaNO3. So, 
the anomalous part of the temperature dependence of the 
Raman intensity of the central peak has been associated 
with the order parameter [7] which is an average value of 
the difference in number of 3NO  ions in the two stable 
positions [4]. As a result of this, the anomalous part of 
the Raman intensity is due to rearrangement of 3NO  
ions around the z axis [7]. 

In this study we analyze the temperature dependence 
of the observed Raman intensity of the central peak [7] 
below Tc in NaNO3. This analysis of the Raman intensity 
associated with the order parameter is performed accord-
ing to a power-law formula with the critical exponent β. 
Using the Raman intensity as the order parameter, the 
damping constant of the central peak is calculated at vari-
ous temperatures for NaNO3. The expressions derived for 
the damping constant from the models of the pseudospin- 
phonon interaction and of the energy fluctuation [20,21] 
are used. The damping constant is fitted to the experimen-
tally measured Raman bandwidths of the central peak in 
NaNO3. 

Below, we give our analysis of the spectral intensity 
and our calculation of the damping constant of the central 
peak of NaNO3 in Section 2. Section 3 gives our discus-
sion of the results. Finally, conclusions are given in Sec-
tion 4. 

2. Analysis of the Spectral Intensity and 
Calculation of the Bandwidth 

We analyzed the central-peak intensity measured [7] as a 
function of temperature near Tc in NaNO3 according to a 
power-law expression given by 

 2

0 1 cI A T T
                (1) 

where β is the critical exponent for the order parameter 
and A0 is the amplitude. Since the intensity (order pa-
rameter) increases as the temperature decreases below Tc, 
the observed Raman intensity can be analyzed according 
to Equation (1). The anomalous part of the intensity in 
the x(zz)y geometry was analyzed using the experimental 
data [7]. The fitted parameters β and A0 were deduced 
within the range of the reduced temperature from our 
analysis. This analysis was performed by taking the loga-
rithm of both sides of Equation (1) which gives 

0log log 2 logI A               (2) 

where the reduced temperature is  c c  with 
the transition temperature Tc = 549.1 K for NaNO3. 

T T   T

Table 1 gives the fitted parameters of the critical ex-
ponent β for the order parameter and the amplitude A0 
within the interval of the reduced temperature ε for NaNO3. 
Figure 1 gives our plot of the spectral intensity as a func-
tion of temperature in a log-log scale according to Equa-
tion (2) for NaNO3. Figure 1 represents the increasing 

Table 1. Values of the critical exponent β for the order pa-
rameter and the amplitude A0 from the analysis of the spec-
tral intensity according to Equation (1) for NaNO3. 

Tc (K)  A0 I0  c cT T T    

549.1 0.26 4.05 7.53 5.8 × 10–4 < ε < 3.1 × 10–2
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Figure 1. The anomalous part of the observed Raman inten-
sity [7] as a function of temperature in a log-log scale below 
Tc according to Equation (2) in NaNO3. 

 
intensity as the temperature decreases, which corresponds 
to the difference between the extrapolated (above Tc) and 
observed intensity [7] below Tc in the temperature region 
from 530 to 548 K. In a log-log scale, ln I decreases 
against—ln  c cT T T  

We also calculated the temperature dependence of the 
damping constant close to the order-disorder phase tran-
sition (Tc = 548 K) in NaNO3. This calculation was per-
formed using the expressions, 

, as shown in Figure 1. 

    2 2
0 1 ln 1sp c cA P T T T P           (3) 

    1 2
2 2

0 1 1sp cA T P T T P            (4) 

where Г and 0  represent background damping const- 
ants and, A and A' are constants. In Equations (3) and (4), 
P defines the order parameter and it is simply propor-
tional to the spectral intensity given by 

2
0P I I                 (5) 

where I0 is the maximum intensity of a spectral band. 
Equations (3) and (4) have been derived as approximate 
relations in earlier studies [20,21]. Using the Matsushita’s 
expression [22] for the damping constant Laulicht and 
Lucnar [20,21] have been able to obtain the temperature 
dependence of the linewidth as approximate relations 
(Equations (3) and (4)) and they have applied for their 
analysis of the Raman linewidths for the ferroelectric 
material, KH2PO4. In this study, we also used Equations 
(3) and (4) to calculate the temperature dependence of 
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the Raman linewidths of the central peak, as measured 
experimentally [7] for NaNO3. Thus, using the tempera-
ture dependence of the Raman intensity as P2 in Equa-
tions (3) and (4) below Tc, we obtained the temperature 
dependence of the Raman bandwidth in NaNO3. By fit-
ting Equations (3) and (4) to the observed bandwidth of 
the central peak in the x(zz)y geometry [7], we deter-
mined the background bandwidths Г0 and 0 , and also 
the amplitudes A and A', as given in Table 2. Since there 
is no ordering (P = 0) above Tc, Equations (3) and (4) 
were fitted to the observed bandwidths of the central peak 
in the x(zz)y geometry [7] at various temperatures. 



We plot in Figure 2 our calculated Raman bandwidths 
of the central peak as a function of temperature below 
and above the transition temperature (Tc = 548 K) in 
NaNO3. The observed Raman bandwidths of the central 
peak [7] are also plotted in Figure 2. 

3. Discussion 

The temperature dependence of the Raman intensity was 
analyzed here according to a power-law formula (Equa-
tion 1) with the exponent value of β = 0.26 for the order 
parameter P, as given in Figure 1. This analysis was 
performed using the intensity data [7]. Considering the 
temperature dependence of the order parameter as Pα 

 
Table 2. Values of the background bandwidths Г0 and 

0Γ , 

and the amplitudes A and A' according to Equations (3) and 
(4) for the central peak in the x(zz)y geometry [7] in NaNO3. 

Tc = 548 K Г0 (cm–1) A (cm–1) 0
 (cm–1) A (cm–1)

T < Tc 135.03 43.63 112.81 39.07 

T > Tc 111.58 4.20 122.27 0.76 
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Figure 2. Temperature dependence of the bandwidth calcu-
lated from Equations (3) and (4) above and below the tran-
sition temperature (Tc = 548 K) in NaNO3. The observed 
bandwidths of the central peak in the x(zz)y geometry [7] 
are also given here. 

 cT T   and the relationship between the intensity and 
the order parameter as I α P2, Equation (1) was used to 
analyze the temperature dependence of the intensity which 
increases with decreasing temperature below Tc. The β 
values for the order parameter which we deduced from 
the Raman intensity indicate that the order-disorder transi-
tion in NaNO3 is the tricritical transition. This is due to 
the fact that the observed Raman intensity [7] considered 
as an order parameter exhibits largely a continuous change 
with the temperature. It has been pointed out previously 
[14] that this is the orientational order-disorder transition 
which occurs through continuous planar rotations of the 
nitrate group rather than discrete jumps. 

It has been obtained [7] the value of 1 2   as the 
critical index of the order parameter by analyzing the 
anomalous part of their measured Raman intensity in the 
temperature range between about 450 K and Tc. In this 
study, we reanalyzed their observed central-peak inten-
sity in a relatively narrow temperature range of 530 to 
548 K (Tc), as stated above (Figure 1), where the anoma-
lous behavior of the central peak is more pronounced [7]. 
When the temperature range was narrowed, as performed 
in this study, the β value decreased from 1 2  to 0.26, 
which indicates a cross-over from a second order (β = 0.5) 
to a tricritical (β = 0.25) transition within the mean field 
theory in NaNO3. On the other hand, the birefringence 
data gives β = 0.22 for 500 K < T < Tc and the transition 
is tricritical (β = 0.25) for T < 500 K in NaNO3 [23,24]. It 
has been explained that this apparent change in the value 
of β from 0.25 to 0.22 in NaNO3 is due to strong critical 
fluctuations at temperatures close to Tc in NaNO3, where 
the mean field theory does not hold [14]. This is not in 
agreement with our analysis which gives β = 0.26 closer 
to the tricritical value of 0.25 as predicted from the mean 
field theory in the interval of the reduced temperature 

46 10 3 10 2      (Table1). Our exponent value is 
also closer to the theoretical value of β = 0.228 (2) for the 
two-dimensional XY model. 

The temperature dependence of the Raman bandwidth 
which increases (Figure 2), is in accordance with decreas-
ing intensity of the central peak as the temperature de-
creases, as observed experimentally [7]. Our damping con-
stant calculated according to Equations (3) and (4) describes 
the observed behavior of the temperature dependence of 
the Raman bandwidth for the central peak above and 
below Tc in NaNO3 (Figure 2). Below about 500 K, the 
observed bandwidth seems to be independent of tempera-
ture and its value of about 200 cm–1 remains the same at 
low temperatures [7]. However, our predicted values of 
the damping constant Г increase rapidly below 500 K ac-
cording to Equations (3) and (4). This indicates that the 
damping constant (Raman bandwidth) can be predicted 
in accordance with the experimental results down to about 
500 K below which Equations (3) and (4) are no longer 
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valid for the order-disorder phase transition in NaNO3. 
This is also in accordance with our analysis of the Raman 
intensity for the central peak with the critical exponent 
value of β = 0.26 in the temperature interval of 530 K < T < 
548 K (Table 1). 

Increasing the Raman intensity and narrowing the band-
width of the central peak with increasing temperature, as 
observed experimentally [7] indicate that a “central mode” 
exists due to rearrangements of 3NO  ions close to the 
order-disorder phase transition in NaNO3, as suggested 
previously [7]. This also appears in the disorder-induced 
Raman spectrum at high temperatures, which becomes 
effective in addition to the ordinary first-order Raman 
spectrum for NaNO3. This central mode which is related 
to the order-disorder phase transition in NaNO3 close to 
Tc, becomes very active far above Tc where the NO3

– ions 
are no longer restricted to any fixed orientation, as sug-
gested previously [7]. This leads to the melting phenom-
ena in NaNO3. 

4. Conclusion 

The temperature dependence of the observed Raman in-
tensity (order parameter) was analyzed using a power-law 
formula. From our analysis of the Raman intensity for 
the central peak, it is indicated that the exponent value of 
β = 0.26 describes the observed behavior as the tricritical 
transition in NaNO3 in a given temperature interval. Also, 
the temperature dependence of the damping constant cal-
culated here is in agreement with the observed Raman 
bandwidth in NaNO3. This analysis given here can be 
applied to the central peaks close to order disorder phase 
transitions in some other crystals. 
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