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The crystal structures of ceric rubidium nitrate,
Ce"VRb,(NO;)s, and cerous rubidium nitrate, Cel"Rby(NO;),,
were refined from their X-ray powder diffraction data. Their
decomposition process was revealed by means of temperature-
dependent X-ray diffraction (TDXD) and TG-DSC analyses.
The thermal decomposition of Ce'YRB,(NO;); is characterized
by the Ce(IV) — Ce(IIl) — Ce(IV) reduction—oxidation se-
quence. The decomposition scheme depends on the environ-
mental atmosphere as well as the mechanical treatment of
the precursor. The first stages of the decomposition proceed
through the formation of a mixture of phases consisting of
RbNO;, CeO,, Cel™Rb;(NO;)y, and a new phase with the sug-
gested formula Ce™Rb(NO;),. This last compound is also an
intermediate phase observed in the decomposition of
Cel™Rb;(NO;)y. Ce™Rb(NO;), melts at 190°C and decomposes
into RbN03 and C602. [0 1996 Academic Press, Inc.

INTRODUCTION

Aqueous solutions of ceric compounds are well known
for their oxidation properties and hexanitrato ammonium
cerate, CeV(NH,),(NOs)s, was proposed long ago as the
reference standard in oxidimetry (1). The reaction of oxi-
dation by the Ce(IV) cation can occur only not in aqueous
media but also in the solid state. Recently, we have clearly
demonstrated that two successive changes of the oxidation
state of cerium are observed when cerium potassium ni-
trate Ce'VK,(NOs)s is heated (2, 3). As shown from tem-
perature-dependent X-ray powder diffraction (TDXD),
the first stage of the decomposition of this compound is
characterized by the simultaneous formation of the cerous
compound Cef"K;(NOs3)o, together with CeO, and KNO3,
which involves the oxidation of oxygen atoms of the nitrate
groups. The final product of this decomposition is CeQO,.
This Ce(IV) — Ce(III) — Ce(IV) reduction—oxidation
sequence had been observed earlier for the thermal decom-
position of (NH,),Ce"™(SO,),-2H,0O (4, 5), Ce(SOy),-

4H,0 (6), and various cesium cerium sulfates (7) and, also,
recently for that of Ce™V(NH,),(NO3)s (8). For the last
compound, the occurrence of a Ce(I1I) phase was proved
by XPS and magnetic susceptibility measurements and was
explained by the reducing effect of ammonium ions. In
fact, as evidenced by our results, this feature is not typical
of these ammonium compounds. On the other hand, it
was not observed during the thermal decomposition of
CeVMg(NO;)s - 8H,0 (9). Therefore, the question arises
as to whether this phenomenon can occur for other ceric
nitrate salts Ce M,(NOs)q, where M is a monovalent cation.
The present study deals with the crystal struc-
tures and the thermal decomposition mechanisms of
CeVRb,(NOj3)s and Cel'Rb3(NO3)o.

EXPERIMENTAL
Sample Preparation

CeVRb,(NO3)s was obtained at 40°C, in the form of
small orange crystals, from a solution of stoichiometric
quantities of ceria and rubidium nitrate in concentrated
nitric acid. Reactive hydrous ceria was prepared, as de-
scribed elsewhere (10). The mixture of this hydrous oxide
and rubidium nitrate was then completely soluble in con-
centrated nitric acid boiling in a closed vessel. The Ce**
content was determined by titration with Mohr’s salt, and
the NOj content by the Dewarda method. The experimen-
tal values (%) are given first, followed by the theoretical
values in brackets: 20.8 [20.51] and 54.6 [54.46], respec-
tively. They confirm the chemical formula Ce!VRb,(NOs)s,
reported long ago (11). Cel"Rb3(NO;), was synthesized,
as small colorless crystals, by evaporation at 40°C of an
aqueous solution of stoichiometric quantities of cerium
(IIT) nitrate and rubidium nitrate.

For thermal and X-ray diffraction studies, the materials
were ground in cyclohexane, for times ranging from 3 to
60 min, by using a micronizing mill from McCrone research
associated LTD.
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TABLE 1
Details of the Rietveld Refinement for Ceric and Cerous
Rubidium Nitrates

CCIVsz(NO3)6 Ce%IIRb3(NO3)9
a (A) 13.0567(5) 13.8411(4)
b (A) 6.8684(2)
¢ (A) 8.1786(3)
B () 91.436(4)
V (A% 733.22(3) 2651.6(2)
Space group P2i/n P4,32
V4 2 8
Wavelength (A) 1.54059 1.54059
26 range (°) 10-100 13-120
No. of reflections 790 438
No. of structural parameters 45 29
No. of profile parameters 15 13
No. of atoms 14 9
Ry 0.04 0.06
Ry 0.05 0.06
R, 0.06 0.06
R 0.07 0.08

wp

X-Ray Powder Diffraction

X-ray powder diffraction data were collected with a
D500 Siemens powder diffractometer using the Bragg—
Brentano geometry and operating with pure CuKo, radia-
tion (A = 1.54059 A), whose features were reported else-
where (12). The alignment of the diffractometer was
checked by means of standard reference materials and
the zero error was measured as less than 0.005°(26). For
Ce!VRb,(NO3)s, a top-loading sample holder was used and
the diffraction pattern was scanned over the range 10°-
100°(20) with a step length of 0.02°(26) and a counting
time of 31 sec step 1. For Ce}"Rb3(NOs)o, the sample was
kept in a nitrogen atmosphere by using a tight sample
holder to prevent its transformation. The powder diffrac-
tion pattern was scanned over a range 8-120°(26) with a
step length of 0.02°(26) and a counting time of 28 sec step ™!
from 8.00° to 64.50°(26) and 56 sec step ! from 64.52° to
120.00°(26). Then, the full pattern was scaled to the lower
counting time.

Temperature-dependent X-ray powder diffraction
(TDXD) was carried out with an INEL (CPS 120)
curved position-sensitive detector (PSD). The PDS was
used in a semifocusing geometry by reflection, with a
monochromatic CuKe; radiation, as previously described
(13). The stationary powder sample is located at the
center of the goniometer in a monitored high-temper-
ature device (Rigaku). To ensure satisfactory counting
statistics a counting time of 3000 sec per pattern was se-
lected.

Thermogravimetry and Differential Scanning Calorimetry

Simultaneous TG and DSC analyses were carried out
using a Rigaku Thermoflex TG-DSC instrument. When
only the TG run is recorded, powdered samples of about
20 mg were spread evenly in a large sample holder in order
to avoid mass effects and the same thermal conditions as
used in TDXD were reproduced.

STRUCTURE REFINEMENT OF Ce'VRby(NO;); AND
Ce}"Rby(NO;)y FROM X-RAY POWDER DIFFRACTION

Indexing of Powder Diffraction Patterns

The indexing of powder diffraction patterns by the pro-
gram DICVOL91 (14) gave a monoclinic solution for
CeVRb,(NOj3)s and a cubic solution for Cel"Rb;(NOs)s.
The powder diffraction data were reviewed by means of
the computer program NBS*AIDSS83 (15). The parameters
of the two unit cells are reported in Table 1. The cell
parameters of Ce'VRb,(NO;)s compare well with those of
CeV(NH,),(NOs)s (16) [a = 13.069(3), b = 6.8461(2), ¢ =
8.1732(16) A, B = 91.36(2)°] and of the monoclinic form
of Ce'VK,(NO»)s (17) [a = 12.707(1), b = 6.6858(6), ¢ =
8.2535(7) A, B = 91.547(8)°]. This result shows that these
compounds are isostructural. Likewise, Cef'Rbs3(NOs),
[a = 13.8411(4) A] and Cel"K;3(NO;), [a = 13.5975(8) A]
(18) have similar parameters and can be considered as iso-
structural.

Refinement of the Structures

Atomic coordinates of Ce!Y(NH,),(NOs)s and
Cell'K3(NO3), were used as initial structural parameters
in the refinement, from X-ray powder diffraction data,
of the structures of Ce!VRb,(NOs)s and CelRb;(NOs3),,
respectively. These starting positions were refined with
the Rietveld refinement program FULLPROF (19). For
both cases, a pseudo-Voigt function was selected to de-
scribe individual line profiles and the usual quadratic form
in tan 0 was used to describe the angular dependence of
peak widths. Details of refinements are summarized in
Table 1.

For Ce'VRb,(NOs)e, the final Rietveld refinement was
carried out in the angular range 10°-100°(26), since no
reliable diffraction information was available at higher
angles. The following parameters were involved in the final
refinement: 1 scale factor, 39 atomic coordinates, 5 iso-
tropic temperature factors, 1 zero point and 4 cell parame-
ters, 3 half-width parameters, the line-shape factor 7, and
6 coefficients to define the functional dependence of the
background. In the case of Cel"Rb;s(NOs),, the final Riet-
veld refinement was carried out in the angular range 13°-
120°(26). The final calculation involved the following pa-
rameters: 1 scale factor, 19 atomic coordinates, 9 isotropic
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FIG. 1.

The final Rietveld plot for Ce!VRb,(NO;)s. In the upper portion, the observed data are shown by dots; the calculated pattern is displayed

by solid line. The lower curve is a plot of the difference, observed minus calculated.

temperature factors, 1 zero point and 1 cell parameter, 3
half-width parameters, 1 asymmetry factor, 2 parameters
to define the 6-dependent pseudo-Voigt profile shape func-
tion, and five coefficients to describe the functional depen-
dence of the background. Figures 1 and 2 show the final
fits obtained between calculated and observed patterns for
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Ce!VRb,(NOj)s and Cel'Rb3(NOs)y, respectively. They
correspond to satisfactory crystal-structure model indica-
tors and profile factors for the two compounds (see Table
1). Final atomic coordinates are given in Tables 2 and 3
and selected bond distances and angles in Tables 4 and 5
for CeVRb,(NOj3)s and Cel'Rbs(NOj3)o, respectively.
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FIG.2. The final Rietveld plot for Ces"Rbs(NOj3),. In the upper portion, the observed data are shown by dots; the calculated pattern is displayed
by solid line. The lower curve is a plot of the difference, observed minus calculated.
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TABLE 2
Final Atomic Parameters and Their Estimated Standard
Deviations for Ce'VRb,(NO;),

TABLE 4
Selected Bond Distances (A) and Angles (°) for
Ce'VRby(NO;)s with Their Standard Deviation

Atom x y z Bio (A2)
Ce 0.5 0.5 0.5 1.19(8)
Rb 0.1612(2) 0.2633(5) 0.5260(3) 22(1)
N(1) 0.683(2) 0.245(4) 0.471(2) 17(3)"
o(1y) 0.619(1) 0.216(2) 0.579(2) 1.52)
o(1,) 0.666(1) 0.387(2) 0.368(2) 1.52)
o(1,) 0.746(1) 0.120(2) 0.435(2) 2.6(3)°
NQ) 0.389(2) 0.231(3) 0.275(3) 1.7(3)"
0(2) 0.486(1) 0.207(2) 0.308(2) 1.52)
0(2,) 0.345(1) 0.374(2) 0.340(2) 15Q2)°
0(2,) 0.340(1) 0.108(2) 0.197(2) 2.6(3)°
NG) 0.444(2) 0.256(3) 0.770(3) 17(3)"
0(3)) 0.403(1) 0.216(2) 0.638(2) 1.52)
0(3») 0.494(1) 0.406(2) 0.797(2) 1.5(2)°
0(3,) 0.437(1) 0.136(2) 0.895(2) 2.6(3)°

@b<Some thermal parameters are allowed to vary in the same manner.

DESCRIPTION OF THE STRUCTURES

CeVRb,(NOs)y is isostructural with Ce!V(NH,),(NOs)g
(16) and the monoclinic form of CeVK,(NOs)s (17). The
structure can be described from discrete [Ce(NO;)s]*~
anions forming a “body centered” arrangement and Rb
cations linked by ionic contacts. The structure of
Cell"Rb3(NO3), is built from a tridimensional anionic net-
work [Cey(NOs)o]>~ where cerium polyhedra are linked
together by bridging nitrate groups. The Rb atoms are
located in the holes of the structure.

In the two structures, the cerium atoms are 12-fold coor-
dinated and are bonded to six bidendate nitrate groups.
The Ce—O distances range from 2.52(2) to 2.60(2) A
in Ce'VRb,(NOs)s and from 2.59(1) to 2.79(1) A in
Cel"Rb;(NO;),. The mean value of 2.55 A obtained for

TABLE 3
Final Atomic Parameters and Their Estimated Standard
Deviations for Cel'Rb;(NO;),

Atom x y z Biso (A?)
Ce 0.5549(1) 0.5549(1) 0.5549(1) 1.91(7)
Rb 0.375 0.1959(2) 0.5541(2) 3.6(1)
N(1) 0.401(1) 0.427(1) 0.638(1) 3.7(6)
o(1y) 0.450(1) 0.3971(8) 0.557(1) 3.4(4)
O(1,) 0.4234(9) 0.504(1) 0.6776(9) 3.3(4)
o(1,) 0.346(1) 0.3682(9) 0.677(1) 3.7(4)
NQ) 0.625 0.514(1) 0.764(1) 3.6(8)
0(2) 0.5950(9) 0.6020(9) 0.7456(7) 11(3)
0(2,) 0.625 0.513(1) 0.764(1) 1.7(4)

Within the cerium polyhedron Around the rubidium

Ce-0O(1y) (X2) 2.56(2) Rb-0O(1,)* 2.98(2)
Ce-0O(1,) (X2) 2.56(2) Rb-0O(1,)" 3.40(2)
Ce-0(2,) (X2) 2.55(2) Rb-O(13)° 291(2)
Ce-0(2,) (X2) 2.54(2) Rb-0O(2))" 3.30(2)
Ce-0(3,) (X2) 2.60(2) Rb-0(2,) 2.97(2)
Ce-0(3y) (X2) 2.52(2) Rb-0(2;)¢ 2.99(2)
Rb-0(3,) 3.28(2)
Rb-0(3,)° 3.07(2)
Rb-0(33)° 3.17(2)
Rb-0(3;)/ 2.94(2)
Within the nitrate groups
N(1)-0(1y) 1.24(3) 0O(1))-N(1)-0(1,) 118(2)
N(1)-0(1,) 1.31(3) 0O(1,)-N(1)-0O(13) 122(2)
N(1)-0(15) 1.24(3) 0(1,)-N(1)-0(13) 118(2)
N(2)-0(2)) 1.30(3) 0(21)-N(2)-0(2,) 117(2)
N(2)-0(2,) 1.26(3) 0(21)-N(2)-0(2;) 121(2)
N(2)-0(2;) 1.22(3) 0(2,)-N(2)-0(2;) 121(2)
N(3)-0(31) 1.22(3) 0O(31)-N(3)-0(3y) 125(2)
N(3)-0(3,) 1.24(3) 0(31)-N(3)-0(33) 120(2)
N(3)-0(35) 1.32(3) 0(3,)-N(3)-0(33) 115(2)

“x—12,12 —y,1/2 + z.
b1-—x,1-y,1 -2z

‘1 —x,—-y,1—z

412 —x, 12 + y, 1/2 — z.
‘x —1/2,112 — y, z — 1/2.
12 = x, 112 + y,312 — z.

CeVRb,(NO3)s is in accordance with those reported for
the two polymorphic forms of Ce'VK,(NO;)s (17) (2.507
and 2.506 A for the hexagonal and the monoclinic varieties,
respectively). The mean value of Ce-O distances for
Cel"Rb;(NO3), (2.67 A) compares well with that obtained
for CelK5(NOs), (18) (2.649 A).

It is usual to consider a nitrate group as an unsymmetri-

TABLE 5
Selected Bond Distances (A) and Angles (°) for
Ce'Rby(NO;), with Their Standard Deviation

Within the cerium polyhedron  Around the rubidium

Ce-0(1,) (X3) 2.63(1) Rb-O(1y) (x2) 2.97(1)
Ce-O(1,)  (x3) 259(1) Rb-O(1,) (x2)  329(1)
Ce-0(2) (X3) 279(1) Rb-0O(15) (X2)  3.0001)
Ce-O(2,)  (x3) 266(1) Rb-O(15) (x2)  2.95(1)
Rb-0(2)) (X2) 3.07(1)
Within the nitrate groups
N(1)-0(1,) 1.37(2)  O(1;)-N(1)-0O(1,) 118(3)
N(1)-0(1) 125(2)  O(1,)-N(1)-O(13) 118(3)
N(1)-0(15) 1.24(2)  O(1,)-N(1)-0(15) 122(3)
N@2)-0@2,) (x2) 131(2) 0(2))-N(2)-0(2;) 116(3)
N(2)-0(2,) 1.28(2) O(2))-N(2)-0(2,) (X2) 122(3)
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FIG. 3. TDXD plot for Ce'VRb,(NO;)s milled for 21 min, under nitrogen atmosphere (heating rate: 10°C h™! between room temperature and
110°C, 2°C h™! in the range 110-200°C, and 15°C h™! in the range 200-400°C).

cal bidendate ligand when the distances from the metal
atom to both coordinated oxygens differ by more than
0.2 A (20). Although the precision on the atomic positions
of the light atoms is low with regard to those of the heavy
atoms, it can be noted that for Ce'VRb,(NOj3)4 the greatest
difference of 0.08 A (see Table 4) between these two dis-
tances shows that the three independent nitrate groups can
be considered as bidentate symmetric. In the case of
Cell'Rb3(NO3), the first nitrate group is bidentate symmet-
ric, while the second is bidentate with regard to two cerium
atoms and it bridges two icosahedra.
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FIG.4. Evidence of an endothermic effect on heating and an exother-
mic effect on cooling, observed during the decomposition of
Ce'VRb,y(NO3)s milled for 21 min, corresponding to the melting and
solidification of phase X, respectively. The temperature (7)) regime and
TG curve are also displayed.

The rubidium ions are located between icosahedra for
CeVRb,(NO3)s and in the holes of the structure for
Cell'Rb3(NOs3)e. They are surrounded by 10 oxygen atoms
belonging to nitrate groups. The distances Rb—O range
from 2.91 to 3.40 A for Ce"VRb,(NOs)s and from 2.97 to
3.29 A for Cel"Rbs(NO3),. The rubidum atoms ensure the
continuity of the structure by ionic contacts.

THERMAL BEHAVIOR OF CEVRby(NO;);

In contrast to the thermal behavior of Ce!VK,(NO3)s,
described recently (3), the thermal decomposition scheme
for Ce'VRb,(NOj3)s is much more complicated. Indeed, it
is sensitive to the environmental atmosphere and also to
the mechanical treatment of the precursor. Three represen-
tative examples of decompositons carried out under differ-
ent conditions are reported.

Thermal Decomposition in Nitrogen

Figure 3 shows the 3D representation of the successive
powder diffraction patterns recorded during the thermal
decomposition of a sample milled for 21 min. Similar re-
sults were obtained for other grinding times. A detailed
analysis of the diffraction patterns obtained at the end of
the first stage of the decomposition revealed that the solid
formed is a mixture of cerium oxide, the cerous compound
Cel'Rb3(NOs3)9, and an unidentified phase (named X).
Therefore, this first stage proceeds through the same redox
reaction as observed during the decomposition of Ce'v
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FIG. 5.
pattern of the tetragonal form of RbNOj; appears suddenly,
and the intensity of the lines increases up to 230°C. To
explain these observations, TDXD and TG-DSC studies
were carried out with successive heating and cooling cy-
cling between 160 and 205°C; the first cycle is displayed in
Fig. 4. The DSC curve clearly shows that an endothermic
peak on heating and an exothermic peak on cooling are
observed, with a maximum at 190°C. From additional ther-
mal cycles, it was observed that the measured enthalpy

K>(NO3)s (3). A thermogravimetric study has shown that

the end of this stage is marked by an inflection point on
the TG curve for which the weight loss depends on the
grinding time of the sample (15% for 60 min and 27% for

3 min).
Cel"Rb3(NO3)y and X vanish simultaneously at about
190°C and that only the lines of CeO, are observed from

In Fig. 3, it can be seen that the diffraction lines of
190 to 210°C. Surprisingly, above 220°C, the diffraction
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FIG. 6. TDXD plot for Ce'VRb,(NO3)s milled for 60 min, in vacuum (heating rate: 5°C h™! between room temperature and 110°C, 2°C h™! in

the range 110-200°C, and 10°C h™! in the range 200-400°C).
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FIG.7. Integrated intensities of selected diffraction lines vs tempera-

ture from the TDXD plot in vacuum, for Ce!VRb,(NOs)s milled for 13
min. O, line 011 of Ce'VRb,(NOs)s; @, the cluster of the two lines at
21.96 and 22.09 (°26) of X; <, line 111 of RbNO; (hexagonal). The full
line represents the TG curve.

change of the transformation increases with the decompo-
sition rate. In addition, as displayed on the corresponding
3D plot, the diffraction lines of X vanished above 190°C
and appeared again on cooling, below 190°C. Therefore,
these results clearly point out that the melting of X takes
place at 190°C.

In the range 190-220°C, a continuous weight loss is ob-
served, due to the decomposition of the liquid phase ob-
tained. The results described above demonstrate that this
decomposition leads to CeO, and RbNOj;. The fact that
the diffraction lines of RbNO; appear only above 220°C
is probably due to a crystallization delay. At higher temper-
ature, RbNO; melts and undergoes a further complex de-
composition (21). The final product obtained is CeO,.

Thermal Decomposition in Vacuum

The decomposition sequences of the precursor milled
for 13 and 60 min are depicted in Figs. 5 and 6, respectively.

TABLE 6
Phases Observed during the Decomposition of Ce'VRb,(NO;),
Milled for 13 min

Temperature range (°C) Phases observed

20-125 Ce!VRDb,(NOs)s

125-160 Ce!VRb,(NO3)s + RbNO; (hexagonal) +
CeO, + phase X

160-190 phase X + RbNOj; (hexagonal) + CeO,

190-220 RbNO;(cubic) + CeO,

220-280 RbLNO; (tetragonal) + CeO,

280-400 CeO,

TABLE 7
Phases Observed during the Decomposition of Ce'VRb,(NOs),
Milled for 60 min

Temperature range (°C) Phases observed

20-110 Ce'VRb,(NO3)s

110-145 CeVRb,(NO3)s + CelllRbs(NOs),
145-175 phase X

175-190 RbNO; (cubic) + phase X
190-225 RbNO; (cubic) + CeO,
225-290 RDNO; (tetragonal) + CeO,
290-310 RbNO; (cubic) + CeO,
310-400 CeO,

Figure 7 exhibits the changes of the integrated intensi-
ties with temperature of selected diffraction lines for
CeVRb,(NOj3)s, X, and RbNOj; and the corresponding TG
curve for the precursor milled for 13 min. The different
phases appearing during the processes are summarized in
Tables 6 and 7. These results indicate that the decomposi-
tion process changes with the mechanical treatment of the
precursor. The following features are worth emphasizing:

—The formation of Cel'Rb3(NOs)y or the mixture
RbNO;-X-CeO, (Tables 6 and 7), in the first stage of the
decomposition, depends on the milling time and, hence,
on the microstructure of the precursor. However, the for-
mation of Cel'Rb3(NOs)y alone cannot be understood
without the formation of RbNO;. Consequently, for the
decomposition of the precursor milled for 60 min, RbNO;
behaves like an amorphous phase since its diffraction lines
are not displayed on the 3D plot in this first stage (Fig. 6).

—Figure 6 shows that the decomposition of Cel!
Rb3(NOs)e and CeVRb,(NOs)s ends at approximately the
same temperature and that the decomposition product is
X. Consequently, the question arises as to whether this
phase is a cerous or a ceric compound.

—From Fig. 7 it can be seen that about 80% of the total
amount of RbNO; is obtained at the end of the first stage
of the decomposition of the precursor milled for 13 min,
and that, consequently, X provides about 20% of this
amount when its decomposes in the second stage. More-
over, the TG curve exhibits an inflection point for which
the weight loss is close to 22%. It can be noted that this
weight loss depends on the milling time of the precursor
(e.g., 17% for a milling time of 60 min, involving the forma-
tion of a greater amount of X).

—The diffraction lines of X vanish at 190°C, which is
the melting point X as described above.

—During the decomposition of the precursor milled for
60 min (Fig. 6), the diffraction lines of the cubic form of
RbNO; appear at about 175°C and further grow in intensity
up to 210°C. This confirms that the liquid phase obtained
at 190°C decomposes into CeO, and RbNOj;. This is sup-
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FIG.8. TDXD plot for Ce!"Rb;(NO3)y, in vacuum (heating rate: 20°C h~! between room temperature and 170°C, 2°C h~! in the range 170-220°C,

and 20°C h™! in the range 220-400°C).

ported by the TG curve which shows that the plateau
corresponding to the formation of the mixture RbNO;—
CeOQ; is only reached at about 210°C.

THERMAL BEHAVIOR OF Ce}'Rb;(NO;),

From Fig. 8 it can be seen that the first stage of the
decomposition of Ce}'Rb3(NOj3)e carried out in vacuum
leads to the simultaneous formation of CeO, and X. There-
fore, this feature clearly demonstrates that X, found in the
decomposition of ceric rubidium nitrate, is finally a cerous
compound. Above 195°C, the decomposition sequences
are similar to those observed during the decomposition of
Ce'VRb,(NO;)s under nitrogen atmosphere.

The corresponding TG curve shows a continuous weight
loss from 180 to 230°C where its value of 28% corresponds
to the complete decomposition of the precursor into
RbNO; and CeO,. Complementary experiments carried
out under other experimental conditions did not allow us
to obtain a characteristic point at the end of the first stage
and, then, to provide any information about the chemical

formula of X.
CONCLUSION

This study has shown that CeVRb,(NOs)s and
Cell"Rb3(NQ3) are isostructural with Ce™V(NH,),(NO3)s
and Cef'K;3(NQOs)y, respectively. Their atomic coordinates
were refined from their X-ray powder diffraction data.
TDXD studies have clearly demonstrated that two mixed
cerous nitrates arise from Ce'VRb,(NOj)s upon heating
and, consequently, that the Ce(IV) — Ce(Ill) — Ce(IV)
reduction—oxidation sequence appears again in the decom-
position scheme of a ceric alkaline nitrate. The first cerous
phase is Cell'Rb;3(NOs)e. The second is an intermediate

TABLE 8
X-ray Powder Dif-
fraction Data for

CeRb(NO;),
dobs (A) Iobs
8.54 15
8.11 11
7.77 6
7.30 15
6.36 9
525 14
5.01 10
4.838 23
4.793 37
4.593 6
4.438 13
4.418 17
4258 8
4.043 34
4.020 53
3.791 45
3.731 5
3.569 19
3.553 29
3.405 40
3.319 16
3272 24
3.211 100

phase in the thermal decomposition of this last cerous
compound. Its chemical formula, Ce™Rb(NO;),, may be
suggested from TG and TDXD results obtained for the
decomposition of the precursor milled for 13 min in vac-
uum. This compound melts at about 190°C and undergoes
a subsequent decomposition into RbNO; and CeO,. Its
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powder diffraction patternis given in Table 8. The accuracy
of these data is low due to significant line broadening and
indexing attempts were unsuccessful.

Depending on the mechanical treatment of the precursor
and the environmental atmosphere used, the Ce(IV) —
Ce(III) reduction sequence can take place through a pro-
cess involving the formation of one of the following mix-
tures of phases:

Cel"Rb;3(NO3)o—Ce™MRb(NO3),~CeO, (under nitrogen,
sample milled for 21 min);

RbNO;-Ce™Rb(NO;),~CeO, (under vacuum, sample
milled for 13 min);

Cel'Rb3(NOj)9—amorphous RbNO; and then Ce!!
Rb(NO;),—amorphous RbNO;-CeO, (under vacuum,
sample milled for 60 min).

This study points out that the double valence change
of cerium occurs not only during the decomposition of
CeVK,(NOs)g, but also during that of CeVRb,(NOs)s. It
is obvious that the redox reaction taking place during the
first stages of the decomposition can only proceed through
the oxidation of the oxygen atom of the nitrate groups by
the Ce*" cation as previously described (3). The question
arises as to whether this phenomenon can be expected for
all the mixed ceric nitrates Ce!VM,(NOs)s, where M is a
monovalent cation. The present investigation has shown
that the decomposition process grows in complexity from
the potassium to rubidium salts. Moreover, the thermal
behavior of Ce™Cs,(NOj3)s would certainly be worth an
investigation by means of TDXD analysis. This study
would allow one to complement the results obtained by
Pokol et al. (8) who, from magnetic susceptibility measure-
ments carried out ex situ, have shown that cerium preserves
the +4 oxidation state throughout the thermal decompo-
sition.

10.
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