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Abstract  

The thermal decomposition process of Ce(NH4)z(NO3)5.4H20 has been determined by means of temperature-dependent X- 
ray diffraction and TG-DSC. The transformations are particle-size dependent and have been studied in nitrogen and vacuum. 
The occurrence of Ce(NH4)2(NO3)5.3H20, Ce(NH4)z(NO3)5.2H20, Ce(NH4)z(NO3)5, Cez(NH4)3(NO3)9 or a mixture of these 
last two phases, as well as the formation of amorphous NH4NO3 have been demonstrated. The diffraction powder patterns 
have been indexed, a linear variation of the chemical-formula-unit equivalent volumes Veq with the number of water molecules 
has been derived from the unit-cell volumes. © 1997 Elsevier Science B.V. 

Keywords: Amorphous ammonium nitrate; Cerous ammonium nitrate tetrahydrate- Ce(NH4)z(NO3)5.4H20; Temperature- 
dependent X-ray powder diffraction (TDXD); TG-DSC; Thermal decomposition 

1. I n t r o d u c t i o n  the last two compounds,  though the decomposit ion 
processes were complex, it was clearly demonstrated 

In the recent years, we have thoroughly investigated that amorphous rubidium nitrate was formed during 
the thermal decomposi t ion of  a number of mixed the decomposit ion,  before its sudden crystall ization at 
cerium nitrates with a monovalent  cation. For the higher temperature. It is a surprising feature and, 
cerium (IV) phases, CeIVMI(NO3)6(M-----NH4, K, consequently, it is of interest to know if a similar 
Rb) [1-3], a noteworthy double change of  the valence behaviour is observed in the related cerium (III) 
of  cerium was described and increasingly complex ammonium system, for which a simpler thermal 
decomposi t ion mechanisms were observed according decomposit ion can be expected. On the other hand, 
to the sequence order NH4, K, Rb. To explain the the formation of  ammonium nitrate as an intermediate 
reaction schemes it has been necessary to study the phase on heating is questionable, since it is known as 
structural properties and thermal behaviour of  the thermodynamical ly  unstable at temperatures close to 
related cerium (III) phases, i.e. Ce2K3(NO3)9 [4], its melting point. 
CeaRb3(NO3)9 [3] and CeRba (NO3)5.4H20 [5]. For Solid pentanitrato-complexes of  rare earths of  gen- 

eral formula LnMa(NO3)5.nHzO (Mr=alkal ine  or 
ammonium ion, Ln=lanthanide)  have been exten- 

*Tel.: 0033-29928-6248; Fax: 0033-29938-3487 sively studied (see, for example,  [6]). Decomposit ion 
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schemes for the ammonium compounds with Ln= tor (CuKal radiation, A=1.5406 A), for ex situ mea- 
La, Pr and Nd have been already reported [7,8]. surements at room temperature, and a diffractometer 
The successive intermediate phases preceding the (Siemens) with a diffracted-beam monochromator 
formation of Ln203, reported from thermogravimetry (CuKal,2 radiation), equipped with a furnace, for in 
measurements (TG), were Ln(NH4)2(NO3)5.2H20, situ measurements. To prevent the hydration of the 
Ln(NHa)2(NO3)5, Lnz(NH4)3(NO3)9, Ln(NO3)3 and compounds studied ex situ, the samples were kept in a 
LnONO3. In the case of the praseodymium compound nitrogen atmosphere by using a tight sample holder. 
the formation of Pr(NH4)(NO3)4 was also proposed Patterns were scanned with a step length of 0.02°(20). 
[8]. The peak positions were extracted by the pattern 

The present study deals with the synthesis and the decomposition technique using the fitting program 
thermal behaviour of the cerium (III) ammonium PROFILE from Socabim, available in the software 
nitrate Ce(NH4)2(NO3)5.4H20. Its thermal decompo- package DIFFRAC-AT supplied by Siemens. Indexing 
sition is investigated with Temperature-Dependent of the powder patterns was performed with the pro- 
X-ray powder Diffraction (TDXD), TG and differen- gram DICVOL91 [9]. 
tial scanning calorimetry (DSC). A special attention TDXD experiments were carried out with an INEL 
is paid to the environmental atmosphere and to (CPS120)curved-position-sensitivedetector, usedina 
the particle size of the precursor. In addition, diffraction geometry by reflection (CuKal) described 
structural features are described for some intermediate elsewhere [10]. The stationary sample was heated in a 
phases, monitored high-temperature device (Rigaku), in flow- 

ing air or nitrogen (40mlmin i) or in vacuum 
(10 2 Torr). In order to ensure satisfactory counting 

2. Experimental statistics a counting time of 2500 s per pattem was 
selected. The 3-dimensional TDXD plots displaying 

2.1. Material preparation the changes in the powder diffraction patterns with 
time or temperature were performed with a Socabim 

The new compound Ce(NHa)2(NO3)5.4HeO was software. 
synthesized from a solution of cerous nitrate and 
ammonium nitrate. A mixture of analytical grade 2.3. Thermogravimetry and differential scanning 
Ce(NO3)3.6H20 (Prolabo) and NHaNO3 (Prolabo), calorimetry 
with a stoichiometric 1 : 2  ratio (Ce:NH4), was 
heated at 30°C to obtain a liquid phase, to which Simultaneous TG-DSC measurements were carried 
2ml  of water were added. Colourless crystals out in a stream of air or nitrogen (40 ml min 1)usinga 
were grown from this solution, at 40°C, after about Thermoflex TG-DSC instrument (Rigaku) with a 
10 days. sample mass between 10 and 20 mg. When only the 

For thermal and X-ray diffraction studies, the TG curve was recorded, a sample mass between 50 
samples were ground manually or in cyclohexane, and 100 mg was spread evenly in a large sample 
using a micronizing mill from McCrone Research. holder to avoid mass effects and to reproduce as much 
An estimation of particle size was carried out as possible the experimental conditions used in 
from optical microscopy measurements. For the TDXD. TG analyses under vacuum, or under a 
two samples studied, the average sizes were found selected water-vapour pressure, were carried out using 
to be higher than 50 gm and lower than 13 p.m, a thermobalance of McBain type with a sample mass 
respectively, of about 50 mg spread in a thin layer. The vessel was 

evacuated (< 10 -2 Torr) before admitting the stream 
2.2. X-ray powder diffraction of nitrogen or the constant water-vapour pressure, 

which was generated from a bulb containing a sulfuric 
X-ray powder diffraction data were collected by acid solution maintained at a constant temperature. 

means of a high-resolution powder diffractometer The water-vapour pressure was calculated from data 
(Siemens 0500) with an incident-beam monochroma- reported by Boll [11]. 
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3. Results and discussion located between the polyhedra and develop chains 
parallel to [010], with the sequence H 2 0 - N H 4 -  

3.1. Powder pattern indexing of the precursor H20-NH4. 

A monoclinic unit cell was proposed by DIC- 3.2. Decomposition scheme of 
VOL91. The cell parameters were used for reviewing Ce(NH4)2(NO3)5.4H20 
the complete powder data by means of  the evaluation 
program NBS*AIDS83 [12]. The refined parameters The thermal decomposition scheme of  
were a = l 1.090(1) ,~, b = 8.934(1) ,~, c = 17.927(2) Ce(NH4)a(NOa)5.4H20 depends on the environmental 
,~,/3 = 101.75(1) °, V = 1738.9(2) ~3 [M20 = 45, F3o = atmosphere and on the particle size of  the sample. The 
114(0.0069, 38)]. (The powder data have been results obtained for the decompositions carded out in 
deposited with the ICDD [13].) It is interesting flowing nitrogen, or in vacuum, with samples of  
to note the analogy with the cell parameters particle size greater than 50~tm or lower than 
of  La(NH4)2(NOa)5.4H20 [a = 11.152(5) A, b = 13 lam are described. 
8.966(4),~, c = 17.881(6),~,, /3 = 101.6(4) °] [14], 
and those of  CeRb2(NO3)5.4H20 [a = 11.050(1) A, b 3.2.1. Thermal decomposition in nitrogen. 
= 8.977(1),~, c = 17.859(2)A,/3 = 100.877(9) °] [5]. Figs. 1 and 2 display two representative 3-dimen- 
Consequently, these compounds are isostructural, with sional plots of  the evolution of  the powder diffraction 
the space group Cc, as demonstrated recently by the patterns obtained from a precursor with particle size 
structure determination of  CeRb2(NO3)5.4H20 [5]. lower than 13 I.tm. Fig. 3 is ascribed to a precursor 
The structure of  Ce(NHa)2(NO3)5.4H20 can then be with particle size greater than 50 I.tm. The weight loss 
described as built from [Ce(NO3)5.(H20)2] 2- ions in at room temperature is shown in Fig. 4 and the TG 
the form of  irregular icosahedra. These polyhedra are experiment is displayed in Fig. 5 for the two samples. 
independent and connected through hydrogen bonds. This TG study suggests that the decomposition pro- 
Ammonium ions and 'free'  water molecules are ceeds through four stages and shows that a decrease of  

400 ~ " = 

= o o /  ~ ~ 
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1'0 1'5 . . . .  5' 20 25 30 35 40 45 0 20 (o) 

Fig. 1. TDXD plot for Ce(NH4)2(NO3)s.4H20 (particle size < 13 ktm), in nitrogen (20 h at 20°C, 8°C h i in the range 20-320°C, 25°C h -1 in 
the range 320-500°C). 
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Fig. 2. TDXD plot for Ce(NI-I4)z(NO3) 5.4HzO (Particle size < 13 ~tm), in nitrogen (10 h at 20°C, 5°C h -1 in the range 20-300°C, 40°C h -1 in 
the range 300--400°C). '(NI"I4NO3)' means that the solid is amorphous. 
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Fig. 3. TDXD plot for Ce(NI-14)z(NO3)5.4HzO (Particle size > 50 ~tm), in nitrogen (9 h at 20°C, 6°C h -1 in the range 20-300°C, 30°C h -1 in 
the range 300-500°C). '(NH4NO3)' means that the solid is amorphous. 

the grain size o f  the precursor  enhances  the kinet ic  o f  At  room temperature  (Fig. 2 and Fig. 3), after a 

the success ive  t ransformations,  as expec ted  (see short t ime in n i t rogen a tmosphere ,  the precursor  gives 

curves  a and b in Fig. 4 and Fig. 5). On  the other  a new c o m p o u n d  whose  diffract ion pattern was found 

hand, three or  four  stages can be deduced  f rom T D X D .  s imilar  to that of  CeRb2(NO3)5.3H20 [5]. Further-  
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Fig. 4. TG curves for the decomposition, in nitrogen, of Ce(NH4)2(NO3) s.4HzO versus time, at room temperature, (a) particle size < 13 p.m, 
(b) particle size > 50 p.m. Experimental and theoretical weight losses (%) are given in parentheses, respectively. 
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Fig. 5. TG curves for the decomposition of Ce(NH4)2(NO3)5.4H20 in nitrogen, (a) 5°C h -p, particle size < 13 p.m, (b) 6°C h - i, particle size > 
50 ~m. Experimental and theoretical weight losses (%) are given in parentheses, respectively. 

more ,  the T G  curves  (Fig. 4, curves  a and b) present  an tion o f  Ce(NHa)2(NO3)s .3H20 can be stated in the first 
inf lect ion point  where  the weigh t  loss agrees  wel l  wi th  stage. Never theless ,  in some  cases, as seen in Fig. 1, 

the departure  o f  one water  mo lecu le  (exper imental :  the structural t ransformat ion  o f  the precursor  is 
~ 3 % ;  theoret ical :  3.23%). Consequent ly ,  the forma-  de layed  with  regard to the weigh t  loss and occurs  
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only on heating. Such a non-synchronism between ~ 0 
structural transformation and weight loss has already "-" o -10 
been reported [5]. This change in reactivity of the ~ ~ TG 

-20 precursor is likely to be related with the microstruc- <~ " - ' - - ~  ~ f ' ~ . ~ " ~  0 
tural properties of the samples (crystallite sizes and/or -30. 0.5 ~ 
strain effects), which cannot be quantified. / " J  ~ "~ 

In the second stage, while the weight loss observed -40. 1 
at room temperature (Fig. 4) displays a plateau -50 1.5 
corresponding to a global chemical formula 
Ce(NHa)2(NO3)5 (experimental: 13%; theoretical: -60 2 
12.92%), the TDXD experiments show that the trans- 

-70 2.5 
formation of the trihydrated phase occurs only above 140 180 T (°C) 220 260 
40°C approximately (Fig. 1, Fig. 2, Fig. 3). Never- 
theless, the products of this transformation are depen- Fig. 6. TG and DSC curves for the decomposition of Ce(N- 

dent on the precursor-grain size. For sizes lower than Ha)a(NOa)5.4H20, in nitrogen. 20°C h --~, particle size > 50 ~tm. 
13 ~tm, either a new compound, with a diffraction 
pattern similar to that of a-CeRb2(NO3)5 [5] occurs at l70°C [15], as shown from a complementary 
(Fig. 1), or a mixture of this new phase and DSC experiment. Consequently, this feature demon- 
Ce2(NH4)3(NO3)9 [1 ] is obtained (Fig. 2). For strates that ammonium nitrate is necessarily formed in 
sizes greater than 50 ~tm, the formation of the second stage of the decomposition, simultaneously 
Ce2(NHn)3(NO3)9 is only observed (Fig. 3). To with Ce2(NHa)3(NO3) 9. However, the amount of 
explain these results, and taking into account the NH4NO3 formed at this stage could not be calculated 
possibility of the formation of amorphous neutral since its heat of fusion is not known with accuracy, a 
nitrate as observed in the study of related rubidium consequence of a partial decomposition of the solid 
compounds [3,5], three alternative interpretations occurring during melting. 
based on the same global chemical weight loss must In the third stage, the experimental weight loss is 
be suggested: 20.5% and the product obtained is Cea(NHa)3(NO3)9, 

as shown by the TDXD plots (Fig. 1, Fig. 2, Fig. 3). 
1. the formation of Ce(NHa)2(NO3)5, as observed in 

Fig. 1, Consequently, this stage corresponds either to the total 
transformation of Ce(NHa)2(NO3)5 (Fig. 1), or to the 

2. the simultaneous formation of NH4NO3 and 
Ce2(NHa)3(NO3)9 (Fig. 3), transformation of the mixture of Ce(NHa)2(NO3) 5- 

3. or the superposition of (1) and (2) (Fig. 2). NHaNO3 (Fig. 2), or to the decomposition of NHaNO3 
(Fig. 3) (theoretical weight loss for the three alter- 

Nevertheless, it must be noted that NH4NO3 is not natives: 20.06%). The last case is supported by the fact 
observed in the diffraction patterns recorded during that the intensity of the diffraction lines of 
this stage (Fig. 2 and Fig. 3). Consequently, the last Ce2(NH4)3(NO3)9 remains constant over the tempera- 
two alternatives are only plausible if NH4NO3 is in an ture range 45-195°C. On the other hand, amorphous 
amorphous state, similarly to the rubidium nitrate NHaNO3 decomposes totally before its melting point 
observed in the decomposition of Ce2Rb3(NO3)9 [3] (see Fig. 5), which is due to the low heating rate (5- 
and CeRb2(NO3)5.4H20 [5]. In order to demonstrate 8°C h l) used in TDXD and TG, with respect to the 
the formation of amorphous NHaNO3 a simultaneous conditions used in the DSC experiment (20°C h-l).  
TG-DSC experiment was carried out by using a The third stage is followed by the rapid transformation 
heating rate of 20°C h 1. As shown in Fig. 6, two of Ce2(NHa)3(NO3)9 into CeO2, while the total des- 
endothermic events take place simultaneously orption of the gaseous products from the nanocrystal- 
between 150 and 190°C. The first one is broad and line oxide is achieved at about 350°C (Fig. 5). 
corresponds to a decomposition process. The second Table 1 summarizes the successive reaction stages 
peak is sharper and occurs in the range 166-171 °C. It together with their weight losses and temperature 
corresponds to the melting of pure NH4NO 3, which ranges, obtained from TDXD or TG for the two 
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-* samples of  the precursor with different particle size. It 
7L has been verified that similar schemes are valid when 
- ~ the thermal decomposit ion is carried out in air. 

G 7, 
oo 

~ 3.2.2. Thermal decomposition in vacuum 
= ~ ~ g From Figs. 7-10,  the main features of  the thermal 

& ~ decomposit ion performed in vacuum, for samples with E 
~ ~ ~ ~ the two different particle sizes, can be described as 

~ & '7 ~ ~ ~ follows: 

1. The dehydration of  Ce(NH4)2(NO3)5.4H20 occurs 
,~ ,~ r- immediate ly  at room temperature, giving succes- 

~ ~ ~- ~, ~ ~ sively the trihydrated phase and a new compound 
~ ~ ~ ~ ~ (Fig. 7 and Fig. 8), whose diffraction pattern 

o o ~ ~ - ~ ~ ~ ~ - ~ ,~ presents analogies with that of  CeRb2(NO3)5.2H20 
% [5], and finally the anhydrous phase. The inflec- 

"" 0 tion point observed on the TG curve (Fig. 9, curve 
~ = a, weight loss: , -H. l%),  suggests that two water 
+ molecules are released from the precursor (theo- 

z ~ '  retical weight loss: 6.46%)and, then, that Ce(N- 
z :~ ~ H4)a(NO3)5.2H20 is formed. Its existence was 

z 0 
~1~ ~ % confirmed by a TG curve, obtained at 13°C under 
+ z 0 a water pressure of  0.05 Tory, which displayed a 

~, stable plateau with a weight loss of  6.52% (Fig. 9, 
= ~ ' - , z  
.~ Z ~ :~ +~ curve c). The diffraction pattern of  the dihydrated 

.= ~ ~ ~ z  O%z~ phase was observed for about 7h ,  while the 
,~ o ~ z ~ composi t ion of  the solid, deduced from TG, 
= % o o ~ % ~ ~ corresponds to the anhydrous phase (Fig. 9, curves 

© +  © o ~ _ , 1 ~  ~ a and b). Similar features have been already 
= , + z .a ~ :ff ~ o commented above and elsewhere [5]. 
r,~ ~- ~ . ~  ~ ~ ~ Z 

~" a ~ .  + z z ~ z  d 2. As a consequence of  the different microstructural 
ooz  z ° z z z ~ o ~ ~ z z ~ % :~ properties of  the two samples of  precursor, the 
~ ~ z T z ~ z anhydrous phase is obtained in a crystalline form 
:~ :~ z ~ ~ ~ z ~ ~ ~ + (Fig. 8) or in an amorphous or highly divided state " Z Z ' ~ - -  + 
u u ,~ ~ :~ o ~ ~ z o O~ (Fig. 7). Subsequently, it either gives a well or 
T T T ~ z ~ T T d w poorly crystall ized Ce2(NHa)3(NO3)9, respectively. 

o o o ~Zl  ~ T o o z ~ Also, as shown by the TG curves (Fig. 9 and 

-u "* ~ ~ • ~ ~ Fig. 10, curves a and b), the microstructure of  
o d ~ 1" ~ the precursor greatly influences the kinetic of  the 
"~ z Z Z Z ~ ~ - weight loss. 

~ ~ : ~  z , ,  a: a: z "-6" ~ z z : ~  :~ :~ "~ Vv 3. The decomposit ion of  Ce2(NH4)3(NO3)9 leads to 
-~ ~ ~ ~ z z  z z ~ ' ~  " ~ z z  z ~ ~ CeO2 in the last stage. It can be seen that the 

.~ ~' u ~ u ~ '~ - u u ~ ~ ~ diffraction lines of  CeO2 are very broad, which 
& indicates that this oxide is nanocrystalline. 

~ - ~ ~ ~r - ~ ~ ~r g~ ~ These results demonstrate that the decomposit ion in 
~..g vacuum proceeds through the successive formation of  

g ° m ~ ~ ~ Ce(NH4)2(NO3)5.3H20, Ce(NI-I4)z(NO3)5.2H20, Ce 
~ ~, "~ v ^ = "~ (NH4)2(NO3)5, Ce2(NHg)3(NO3)9 and, finally, CeO2. 
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Fig. 7. TDXD plot for Ce(NH4)2(NO3)5.4H20 (particle size < 13 lam), in vacuum (11 h at 20°C, 5°C h 1 in the range 20-250°C, 30°C h 1 in 
the range 250-500°C). The first powder diffraction pattern was recorded in air. 
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Fig. 8. TDXD plot for Ce(NH4)2(NO3)5.4H20 (Particle size > 50 ~tm), in vacuum (8 h at 20°C, 5°C h i in the range 20-300°C, 30°C h -1 in 
the range 3(K1--400°C). (*) mixture of tetra- and trihydrated phase, (**) spurious lines due to the sample holder. 
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Fig. 9. TG curves for the decomposition of Ce(NH4)2(NO3)5.4H20 versus time. (a) in vacuum at 20°C, particle size < 13 pm, (b) in vacuum at 
20°C, particle size > 50 p.m, (c) in reduced water-vapour pressure (0.05 Tort) at 13°C, particle size < 13 ~tm. Experimental and theoretical 

weight losses (%) are given in parentheses, respectively. 
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Fig. 10. TG curves for the decomposition of Ce(Nl~)2(NO3)5.4H20, in vacuum, at 7°C h 1. (a) particle size < 13 pro, (b) particle size 
50 pm. Experimental and theoretical weight losses (%) are given in parentheses, respectively. 
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3.3. Characterization o f  the intermediate phases 4 5 0 g-,  

The intermediate phases Ce(NH4)2(NO3)5.3H20, ~ ,  
Ce(NH4)2(NO3)5.2H20 and Ce(NH4)2(NO3)5 have ;:~ 
been characterized by X-ray diffraction. 4 0 0  

1. Ce(NHa)z(NO3)5.3H20- The diffraction pattern 
(data collected in situ, under nitrogen, 17°C) was 3 5 0 ,  
indexed with a monoclinic unit cell, the refined 
parameters are: a = 10.869(2) ,~, b = 8.980(2) ,~, 
c = 17.345(4),~,/3 = 100.15(2) °, V ~- 1666.3(4) 
,~3 [M20 ---- 40, F30 ~ 67(0.0079, 57)]. (The 3 0 0  ' ' 
powder data have been deposited with the ICDD 0 1 2 3 n 4 
[13].) It is interesting to note the apparent relation- 
ships of  this solution with the unit cell parameters Fig. 11. Evolution of the chemical-unit-equivalent volume 
of  the related phases La(NHa)2(NO3)5.3H20 [a = (geq = Vcell/Z ) versus the number of water molecules n. 

10.969(10) ~,, b=9.012(5) ,~, c =  17.439(10) A, /3= 
1 0 0 . 1 ( 1 ) A ]  [14] and C e R b z ( N O 3 ) 5 . 3 H 2 0  
[a=10.850(5) ~,, b = 9.046(3) .&, c = 17.402(6) 8.6514(5) ,&, V = 2792.2(2) .&3 [M20 = 56, F30 = 
,&, /3 = 100.47(3) °, Z = 4, space group Cc] [5], 108 (0.0048, 57)]. (The powder data have been 
which suggests the existence of  isostructural deposited with the ICDD [13]). This solution 
properties. Moreover, the parameters also present compares well with the orthorhombic unit cell 
analogies with those found for the precursor (see parameters found for c~-CeRb2(NO3)5 [a = 
Section 3.1). Consequently, the structure of this 18.228(7),~, b = 17.492(6),~, c = 8.797(4),~, 
trihydrated phase should be derived from that of  V = 2805.0 ~3] [5]. It can be seen that there is 
the precursor by removing half of  the two 'free' no evident cell parameter analogies with those of  
water molecules, as already discussed for the the hydrated phases. Therefore, a different struc- 
related rubidium compound [5]. tural organization should be stated, as expected 

2. Ce(NH4)2(NO3)5.2H20-In spite of significant line from the departure of  the two water molecules 
broadening the diffraction pattern (data collected in contributing to the cerium polyhedra in the struc- 
situ, under vacuum, 13°C) was indexed with a ture of  the precursor. Although the structure could 
monoclinic unit cell, the refined parameters are: not be solved entirely from powder diffraction data, 
a = 10.604(4) ,&, b = 9.005(3) A., c ~- 17.191(4) some features deserve to be mentioned. Integrated 
,~,/3 = 104.61(2) °, V = 1588.5(6) ,~3 [M2o =14, intensities were extracted using the pattern match- 
F30 = 25 (0.0113, 108)]. (The powder data have ing option available in the Rietveld refinement 
been deposited with the ICDD [13]). The figures of  program FULLPROF [16]. They were used as input 
merit are low, due to the poor quality of  the data, data in the program SHELXS-86 [17], assuming 
however the discussion below (see, also, Fig. 11) space group P21212~ (Z = 8). The calculation of a 
indicates the relevance of  the solution. The unit cell 3-dimensional Patterson function yielded vectors 
parameters again present analogies with those of  consistent with the location of two cerium atoms. 
the two higher hydrates, an indication about prob- The refinement of  these positions led to residual 
able structural relationships, based on the elimina- factor RF ---- 0.22. Subsequent Fourier difference 
tion of  the 'free'  water molecules in the analyses did not allow to determine the positions of  
tetrahydrated compound, the remaining atoms. However, from this study, it 

3. Ce(NH4)z(NO3)5- The diffraction pattern (data can be suggested that the structure is built from 
collected ex situ, under nitrogen) was indexed infinite zigzag chains of  [Ce(NO3)~-]]n groups 
with an orthorhombic unit cell, the refinedoPara- running along ]010]. The Ce-Ce distance close 
meters are: a = 18.444(1) A, b = 17.499(1) A, c = to 5.4 A is in good agreement with the values found 



N. Audebrand et al. / The rmochimica Acta 293 (1997) 65-76 75 

in the structure of Ce(NO3)5(H30)2.H20 (mean strated, by DSC and TDXD, in the thermal decom- 
value: 5.3 ,~,) [18]. position of CeRb2(NO3)5.4H20 [5] and Ce2Rb3(NO3)9 

Although a complete description of the structure of [3]. It is well known that metallic nitrates form dis- 
ordered phases. A large variety of nitrate glasses have 

the crystalline compounds found in this study was not been reported [20,21] for single alkaline or ammo- 
possible, it is worth noting that all patterns have been nium nitrates,but not to our knowledge. Although in 
indexed, which indicates that the phases are pure. The the present study amorphous NH4NO3 (and RbNO3 in 
relevance of the indexing solutions is clearly demon- 
strated by the linear variation of the chemical-for- [3] and [5]) is not in a glassy state, the two physical 

distinct states (amorphous and glassy) are likely to be 
mula-unit equivalent volume Veq (Veq = Vcell/Z) versus due to the trend of neutral nitrates to form disordered 
the number n of water molecules (Fig. 11). Veq was 
calculated on the basis of Z = 4, except for the materials. On the other hand, it is not uncommon to 

observe amorphous phases during the thermal decom- 
anhydrous phase (Z = 8). A similar variation of V~q position of crystalline materials, e.g. amorphous ZrO2, 
has already been found for the phases occurring in the 

preceding the crystallization of the tetragonal oxide, 
thermal decomposition of CeRb2(NO3)5.4H20 [5]. has been described during the thermal decomposition 

of crystalline zirconium hydroxide nitrates [22,23]. 
4. Conclusions To conclude, the thermal decomposition scheme of 

Ce(NH4)e(NO3)5.4H20 has been described in detail. It 
The new compound Ce(NHa)2(NO3)5.4H20 is greatly complicated by the formation of amorphous 

has been synthesized. It is isostructural with the NHaNO3. It is interesting to note that the anhydrous 
related compounds La(NHa)2(NO3)5.4H20 and cerous nitrate and cerium oxide nitrate have not been 
CeRb2(NO3)5.4HzO. The study of its thermal decom- observed in the present study, while the oxide nitrate 
position, by TDXD and TG-DSC, has revealed the has been identified for the related lanthanides La, Pr 
intermediate cerium phases Ce(NHn)2(NO3)5.3H/O, and Nd systems. TDXD has again been a powerful tool 
Ce(NH4)2 (NO3)5.2H20, Ce(NHa)2(NO3)5, in the present investigation, however the use of DSC 
C e 2 ( N H a ) 3 ( N O 3 ) 9 ,  and amorphous N H a N O  3. Their was essential to demonstrate the existence of amor- 
formation during the decomposition process is phous ammonium nitrate. 
strongly dependent on the microstructure of the 
precursor and the reactional atmosphere. The for- 
mation of amorphous NH4NO3, together with Acknowledgements 
C e 2 ( N H 4 ) 3 ( N O 3 ) 9 ,  during the dehydration of the tri- 
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