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ARTICLE INFO                                ABSTRACT 
 

 

Thermal decomposition of lanthanum nitrate hexahydrate, La(NO3)3∙6H2O, has been studied by 
thermogravimetric technique, differential scanning calorimetry, infrared spectroscopy and X-ray 
diffractometry. At the beginning, this complex process involves slow and rapid internal hydrolysis 
in the liquid phase, like the processes described for the light members of the lanthanide series. In the 
first stage, condensation is accompanied by the removal of water to form intermediate clusters 
containing O-La-OH groups. No traces of lower hydrates were detected. It is assumed that the 
existence of intermediate compounds with six atoms of lanthanum best fits the experimental data. At 
higher temperatures, these products undergo further thermal degradation, releasing nitric acid, nitric 
acid azeotrope, nitrogen dioxide, water, and oxygen. Finally, after having lost remaining lattice 
water, the material is transformed into a hexagonal La2O3. All mass losses are taken into account 
satisfactorily for under the proposed mechanism of thermal decomposition. 
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INTRODUCTION 
 
Lanthanum nitrate hexahydate has numerous applications in the 
industryas precursor for the synthesis of pure lanthanum oxide, 
catalyst in exhaustgas convertors, starting material for organic ligands 
used as biological spectroscopic markers, etc. (Mentus et al., 2007, 
Cochran et al., 2019). Its crystalline structure [pentaaquatris (nitrato) 
lanthanum (III) hydrate] is similar to other [Ln(NO3)3(H2O)5]∙H2O 
analogues. The asymmetric unit (Fig. 1) 

 
Figure 1. Structure of La(NO3)3∙6H2O. Hydrogen atoms were not located. 

(Erikssonet al., 1980, with modifications) 

 
 

consists of a La (III) cation with CN 11 (Huang, 2010), three bidentate 
nitrate anions, and in total five water molecules with the distances La 
–O; 2.527 Å; 2.554 Å; 2.560 Å; 2.585Å and 2.668Å (Erikssonet al., 
1980). As can be seen, one lattice water molecule is located in the 
second coordination shell at a larger distance of 7.350 Å. This loosely 
bonded water may be expected to be the first to be removed during the 
heat treatment. The early thermo gravimetric investigations of 
La(NO3)3∙6H2O decomposition have been published in the period 
1956-2007. Various mechanisms have been proposed, but there is not 
yet a clear understanding as for the character of intermediate products 
and intervals of their existence. The general idea was a stepwise 
dehydration with the formation of oxynitrate LaONO3 together with 
the removal of N2O5. Then, a condensation process would take place 
leading to La2O3 as the final product (Mentus et al., 2007; Gobichon 
et al., 1997). Unfortunately, no chemical reaction with integer 
stoichiometric coefficients has been proposed as a result. However, 
despite the expected similarities with the coordination chemistry of 
other nitrates, the thermal decomposition of lanthanum nitrate seems 
to be a more complex process due to the lower basicity of the element, 
therefore a different mechanism of hydrolyses may be envisaged. 
Continuing the previous studies (Melnikov et al., 2018; 2019). this 
work was carried out to revert to the thermolysis of lanthanum nitrate 
hexahydrate to obtain a comprehensive data on the mechanisms 
involved, and to elaborate a more realistic scheme of its thermal 
transformations.  
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MATERIALS AND METHODS 
 
The initial reagent used was lanthanum nitrate hexahydrate 
La(NO3)3∙6H2O of high analytical purity (99.9%), purchased from 
Sigma-Aldrich. The direct heating of the commercial reagent up to 
800°C confirmed the presence of 6 mol of water, which resulted in a 
mass loss of 62.7%, so the final product must be exactly La2O3 
(theoretical mass loss of 62.37%). The thermogravimetric analysis 
(TG) and differential scanning calorimetry (DSC) were used to study 
the thermal behavior, employing a 50H Shimadzu Instrumentation and 
Netsch STA Jupiter 449 C Instrumentation. The test sample of the 
initial reagent (7 mg) was heated in nitrogen flow (60 mL min-1, 
99.998% purity; oxygen content < 5 ppm), in a temperature range 
from room temperature up to 800°C, always at a heating rate of 5°C 
min-1. A platinum micro receptacle was used to perform thermal 
treatment. Mass losses during heating were analyzed and compared 
with previously calculated values. Visual observations were carried 
out in the air, using a platinum container, from room temperature to 
300°C. The evolution of volatile products was measured using a 
Tensor 27 Bruker FTIR spectrometer connected to the Netsch STA 
Jupiter 449C Instrumentation. The temperature of the transport gas 
line was 240°C. The IR spectra were detected in a 700 - 4000 cm-1 
range, taken for 12s at a frequency accuracy of 1 cm-1. The 
identification was done based on NIST Chemistry WebBook (NIST, 
2018). 

 
RESULTS AND DISCUSSION 
 
As established by visual observations, the compound melts in its own 
crystallization water at around 54°C. Then it starts to lose gas bubbles 
and turns into a clear yellow liquid. At this point, the smell of nitric 
acid fumes begins to be felt. At temperatures above 200°C the melt 
becomes viscous, and then solidifies at 260°C-270°C, although the 
evolution of colorless gas continues. The subsequent heating produces 
brownish vapors of nitrogen dioxide. These qualitative results have 
represented a solid basis for a further interpretation of the 
experimental curves. It is well known that the decomposition onset for 
the nitrates of transition metals is generally below 100°C (Melnikov et 
al., 2014) due to a back donation of electrons from the nitrate ions to 
an unfilled d orbital of the cations (Wendlandt et al., 1961; Yuvarajet 
al., 2003). In this respect lanthanum nitrate is quite similar to other 
rare earth nitrates. Our working hypothesis was that La(NO3)3∙6H2O is 
hydrolyzed by the crystallization water, and as a result nitric acid 
should have been produced. Indeed, this acid, or rather its azeotrope, 
is detected by the IR sensor of the volatile products from the very 
beginning of the thermal treatment. Another component is nitrogen 
dioxide present as a product of azeotrope partial decomposition (Fig. 
2). 
 
 

  
 

Figure 2. IR sensor data showing removal of HNO3(a) and NO2(b) at 
sequential temperatures 

 
At this step, we do not have the ability to judge about precise 
compositions, since the mixture is in the liquid state, and the removal 
of HNO3 is essentially a dynamic process. That is why direct 
visualization is of utmost importance. So far no such observation has 

been made. Being liquid, the reactive system in this temperature range 
is out of equilibrium, so it is reasonable to assume that the pyrolysis 
curves correspond to the mixture of various chemicals, and not a set 
of known stoichiometric compounds. At the same time this proves the 
fallacy of the proposed decomposition mechanisms, which imply the 
sequential elimination of crystallization water. Partial dehydration 
may be feasible, but only when the hexahydrate is dried under low 
pressure for a long time (Rybar et al., 1988; 1990). 
 

 
Figure 3.TG curves of La(NO3)3∙6H2O. 

 

 
Figure 4. DSC curve of La(NO3)3∙6H2O. 

 
Fig.3 represents the thermogravimetric curve of La(NO3)3∙6H2O. The 
corresponding DSC curve of this compound is given in Fig. 4. At 
lower temperatures, no phase transitions were found, at least above -
40°C. From 40°C on, a series of multiple endothermic effects takes 
place demonstrating the complexity of dehydration/decomposition 
processes in the liquid and solid phases, and during their coexistence. 
As for mass losses, after melting in its own water of crystallization at 
56°C, between 60°C and 76°C the compound loses 2.06% of mass. 
Between 76°C and 389°C 24.1% of mass is lost. The next loss of mass 
(30.0%) takes place between 389°C and 504°C. There follows a final 
loss of 10.2% between 504°C and 800°C. It is evident that these 
multiple losses cannot be produced by the disintegration of the single 
mol of La(NO3)3∙6H2O, as its formula unit contains only one atom of 
metal, whereas at least two are needed for the formation of final 
La2O3. Consequently, one must take into consideration the processes 
of condensation, characteristic of the chemistry of cations with the 
charge 3+. Here, it is worthwhile to consult the existing published data 
on the elements whose properties are most close to lanthanum. For 
neodymium, praseodymium, samarium, and dysprosium (Melnikov et 
al., 2014; 2015; 2018; 2019), for example, it has been shown that such 
condensation enhances the formation of stable clusters containing six 
metal atoms connected via oxygen bridges. They are related to some 
rare earth complex nitrates [Ln6(μ6-O)(μ3-OH)8(H2O)12(NO3)6](NO3)2 

·xH2O, Ln = Y, Gd, Yb, x(Y, Yb) = 4; x(Gd) = 5 having a Ln6-nucleus 
(Ẑák et al., 1994) and to europium nitrate of the composition 
[Eu6O(OH)8(H2O)12(NO3)6](NO3). These compounds were early 
obtained in the form of single crystals by heating of a clear solution of 
Ln oxide in an excess of concentrated nitric acid, until decomposition 
started. The melt was treated with ethyl alcohol and water, after which 
fine precipitates were collected (Giester et al., 2009). As for the 
individual stages of thermal decomposition, the DTG and DCS curves 
can be explained as follows. At the first stage, during the process of 
the initial melting and dehydration of the compound and immediately 
afterwards, 3 mol of loosely bound water are removed. This produces 
a mass loss of: calc. 2.08%; exp. 2.1%. At the second stage, 15 mol of 
water and 6 mol of nitric acid are removed, producing a mass loss of: 
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calc. 24.95%; exp. 24.1%. We suggest that the internal coordination 
shell of lanthanum nitrate is being destroyed by a hydrolytic process, 
and nitric acid should have been produced as a result. Indeed, this 
acid, or the aforementioned azeotrope 68% HNO
boiling point 120°C (Horsley, 1962) is identified by its characteristic 
absorption bands at 892, 1319, 1508, 1596, 1631, and 1716 cm
IR sensor data (Fig.2) and 3D diagram of IR spectrum (Fig. 5) give a 
general view of infrared absorption at sequential temperatures. In 
addition, they also demonstrate that at least before 390°C the release 
of gaseous nitric acid is completely stopped. 

 

Figure 5. 3D diagram of IR spectrum at sequential temperatures 

 
Anyway, after 220°C the liquid becomes viscous and solidifies 
completely at ~385°C. At the following stage nitric acid cannot be 
formed, so 12 mol of nitrogen dioxide and 6 mol of oxygen are 
removed, producing mass loss of: calc. 24.94%; exp. 25.1%. This 
massive release of NO2 is confirmed by the dynamic IR spectral data 
(Fig.3), 3D diagram (Fig. 5), and Gram–Schmidt curve of integrated 
spectral IR absorbance in respect to TG and DTG curves (Fig.6). The 
characteristic absorbance bands at 410°C are 1.597 cm
cm-1 (Fig. 7). The DSC curve (Fig. 4) complements the mass loss 
curve showing the splitting of the main endothermic effect into 
minima at 413°C and 448°C. This cleavage, unnoticeable in the TG 
curve, may reflect the two-step disproportionation of HNO3 at these 
temperatures. 

 

Figure 6. Gram–Schmidt curve (a) of integrated spectral IR absorbance in 
respect of TG and DTG curves (b, c).

 

Figure 7. IR spectrum of volatile products detected at 410°C.
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calc. 24.95%; exp. 24.1%. We suggest that the internal coordination 
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Figure 7. IR spectrum of volatile products detected at 410°C. 

This suggests a mechanism implying the disintegration of nitrogen 
pentoxide into nitrogen dioxide and atomic oxygen:

N2O5 = 2NO
 
Indeed, the modeling of NOx species absorbed at high temperature 
gave nitrogen dioxide, water and oxygen as reaction products:

 
HNO3 = NO2 + 0.5H2O + 0.25O

This follows from static and dynamic simulation of NOx absorption 
based on a hybrid-kinetic equilibrium reaction model (Liu 
2014). In parallel, in the solid phase, amorphous oxynitrates are being 
formed, which unfortunately cannot be unequivocally identified by 
means of IR spectra due to the overlapping bands of nitrate ion and 
water. Molecular modeling of the related compounds with dysprosium 
(Melnikov et al., 2015) shows that they represent crown cycles of 
irregular geometry formed by six lanthanide atoms and six oxygen
located in parallel plans. As the lanthanide
rings are preferably polar and non
tendency to be deformed. Therefore, their main feature is resistance to 
crystallization. The condensation occurs by
pentoxide from the neighboring NO
forming intramolecular bridges O
shown below: 

So, at the end the elimination of the last 2NO
La6O18 will produce 3 mol of lanthanum oxide, in agreement with the 
X-ray pattern of the final product (Fig.8) identical to the pattern of 
previously characterized hexagonal La

 

Figure 8. X-ray diffraction patterns of hexagonal La
product of La(NO3)3∙6H2O thermal decomposition (b).

As in the case of other nitrates, the peripheral water molecules are 
involved in intermolecular hydrogen bonding, which makes the oxide 
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This suggests a mechanism implying the disintegration of nitrogen 
to nitrogen dioxide and atomic oxygen: 

 
= 2NO2 + O 

species absorbed at high temperature 
gave nitrogen dioxide, water and oxygen as reaction products: 

O + 0.25O2 + 7.8 kcal mol-1  

 
c and dynamic simulation of NOx absorption 

kinetic equilibrium reaction model (Liu et al., 
2014). In parallel, in the solid phase, amorphous oxynitrates are being 
formed, which unfortunately cannot be unequivocally identified by 

IR spectra due to the overlapping bands of nitrate ion and 
water. Molecular modeling of the related compounds with dysprosium 

., 2015) shows that they represent crown cycles of 
irregular geometry formed by six lanthanide atoms and six oxygens 
located in parallel plans. As the lanthanide–oxygen bonds forming the 
rings are preferably polar and non-covalent, the cycles have a clear 
tendency to be deformed. Therefore, their main feature is resistance to 
crystallization. The condensation occurs by releasing nitrogen 
pentoxide from the neighboring NO2 groups of the initial cluster and 
forming intramolecular bridges O-La-O. One of these fragments is 

 

 
 

So, at the end the elimination of the last 2NO2 instead of metastable 
will produce 3 mol of lanthanum oxide, in agreement with the 

ray pattern of the final product (Fig.8) identical to the pattern of 
previously characterized hexagonal La2O3 (PDFfile 73-2141). 

 
ray diffraction patterns of hexagonal La2O3(a) and thefinal 

O thermal decomposition (b). 
 

As in the case of other nitrates, the peripheral water molecules are 
involved in intermolecular hydrogen bonding, which makes the oxide 

January, 2021 



monomers stand together. After the denitrification was completed at 
530°C, the solid phase slowly loses water in two stages: between 
540°C and 800°C. This corresponds to 15 mol of interstinal water and, 
final mass loss of calc. 9.94% and exp.10.24%. The absence of other 
volatile species is confirmed by the IR spectrum recorded at 530°C 
(Fig. 9). 

 

 
Figure 9. IR spectrum of volatile products detected at 530°C. 

 
Table 1 provides the compositions of the volatile products along with 
the expected and experimentally measured mass losses. 

 

 
Calculations show that the hypothesis concerning clusters 
preexistence in the solid state is quite applicable to the present case of 
lanthanum nitrate hexahydrate. Indeed, that suggests that at least six 
mol of La(NO3)3∙6H2O are involved in the condensation process, and 
the decomposition can be described by the following equation: 

 
6[La(NO3)3∙6H2O]=3La2O3+HNO3+12NO2+33H2O+3O2 

 

CONCLUSION 
 
Lanthanum nitrate hexahydrate La(NO3)3·6H2O does not show mass 
losses or phase transitions in the range of -40°C to 54°C when it melts 
in its own water of crystallization. At the beginning, this complex 
process involves slow and rapid internal hydrolysis in the liquid 
phase. It is similar to the processes described for the light members of 
the lanthanide series. In the first stage, pyrolysis is accompanied by 
the removal of water to form intermediate clusters containing O-La-
OH groups. No traces of lower hydrates were detected. It is assumed 
that the existence of intermediate compounds with six atoms of 
lanthanum best fits the experimental data. At higher temperatures, 
these products undergo further thermal degradation, releasing nitric 
acid, nitric acid azeotrope, nitrogen dioxide, water, and oxygen. 
Finally, after having lost remaining lattice water, the material is 
transformed into a hexagonal La2O3. All mass losses are taken into 
account satisfactorily for under the proposed mechanism of thermal 
decomposition. 
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