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Processes of thermal condensation in the mixtures CeO, and NH,H,PO, at 200-1400°C have been
studied with the methods of differential thermal analysis, chemical and X-ray analysis, paper chroma-
tography, and IR spectroscopy. Methods for obtaining double phosphates of cerium—ammonium
Cey(NHy),H(PO,)s, CeNHHP,0), CeNH,P,0;, (monoclinic), and Ce(NH,),(PO,)s have been elabo-
rated. The structure of Ce(NH,),(PO,)s has been determined. The compound is monoclinic; unit cell
parameters are a = 8.598(3) &, b = 11.733(3) A, ¢ = 13.375(4) &, B = 90.48(2)°, Z = 4; space group Cc.
Ce(NH,),(POs); is a polyphosphate with five tetrahedra in the identity period of the chains. On the
basis of the obtained data a scheme for interaction of crystalline and amorphous heating products of
the mixtures CeO, and NH,H,PO, dependent on the initial ratio of components P/Ce and temperature

has been devised. © 1988 Academic Press, Inc.

Introduction

For synthesis of phosphates of rare-earth
elements heating of oxides or metal salts
with phosphoric acid is usually performed.
Polycondensation reactions, occurring in
the mixtures, have been studied in detail
(1, 2). Solid-state synthesis with applica-
tion of ammonium phosphates has been
used previously to obtain several phos-
phates of rare-earth elements including
double-ammonium-containing compounds
with different degrees of condensation of
phosphate anion (3-5). However, polycon-
densation mechanism in the mixture metal
oxide—~ammonium phosphate has been in-
vestigated insufficiently. The aim of the
present paper is to establish the basic regu-
larities of the reactions occurring in the
mixture CeO,-NH/H,PO,, conditions for

isolation of individual compounds, their
properties, and structure.

Experimental

For the synthesis CeO, and NH,H,PO,
were used (in some cases also Ce(NO,); -
6H,0 and Ce(NH,),(NO,)s), especially pure
and of analytical grade. The P/Ce ratio of
components in mixtures of the starting ma-
terials was changed within the range 0.1-
20. The samples were heated in open corun-
dum crucibles in an electric furnace with
automatic temperature regulation; the pre-
cision was =0.5°. The heating rate was
5°/min or 0.2-0.5°/min (for the synthesis of
ammonium-containing phosphates); treat-
ment time was varied from 1-200 hr, X-ray
analysis was performed on a diffractometer
DRON-1 to identify products and establish
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the succession of the reactions (radiation
CuKe, Ni-filter). Thermal analysis was per-
formed on a derivatograph of the Paulik-
Paulik—-Erdey Q-1000 system; IR spectra
were taken on a spectrophotometer UR-20
for the samples compressed with KBr. To
perform chromatographic analysis ~0.1 g
of phosphate was mixed with ~5 g of ion-
exchange resin IR-100 or SNK-25E for 4 hr.
After filtration and neutralization the solu-
tions were chromatographed on paper FN-
11 in dioxan solvent.

Chemical analysis was carried out to de-
termine the contents of cerium, phos-
phorus, and nitrogen: cerium was deter-
mined after decomposition of the sample
with concentrated H,SO4 and division on
cationite KU-2-12P, phosphorus, in the
form of phosphorus molybdenum blue com-
plex, and nitrogen was determined on a
Hewlett—Packard 185 CHN analyzer. Ana-
lytical data for cerium—ammonium phos-
phates are given in Table I.

Determination of the structure of
Ce(NH4)(PO;)s has been performed with
X-ray intensities collected on a Syntex P2,
diffractometer, radiation Mo Ka, graphite
monochromator, scanning 6-2 6, sin /A <
0.65. Out of 1950 reflexes 1934 with 1 > 2o
were used. After anisotropic refinement of
the nonhydrogen atoms R = 4.9%.

Results and Discussion

Investigation of Thermal Interaction

According to thermal analysis data (7)
reaction of CeO, with ammonium phos-
phate begins almost immediately after the
melting of NH H,PO, at approximately
200°C and proceeds stepwise and a number
of unstable intermediate materials are
formed. Their composition is particularly
controlled by the starting ratio of the com-
ponents P/Ce and by the conditions of ther-
mal treatment. Preliminary experiments
showed that on rapid heating (5-12°C/min)

TABLE 1
ELEMENTAL ANALYSIS OF CERIUM—AMMONIUM
PHOSPHATES
Found, % Calculated, %
Compound Ce P N Ce P N
Ce3(NH)H(PO4)s 4469 1647 296 4509 1661 3.19
CeNH4HP;0y9 33,62 22.56 3.51 34.00 2250 3.40
CeNH4P,O12 29.52 2579 298 29.56 26.14 2.96
Ce(NH4)»(PO3)s 24.34 2777 486 24.54 2712 491

of mixtures when P/Ce > 10, the only crys-
talline phase is ultraphosphate CePsO;,
which is formed exclusively at 600°C.
However, with ratios P/Ce < § at 300-
400°C diphosphate of Ce(IV) CeP,0; and
long-chain phosphate of Ce(IIl) Ce(POs),
were found. By slow heating and varying
the treatment time (0.2-0.5°C/min, = > 10
hr) in the interval 220-400°C we succeeded
in isolating several double phosphates of
cerium(I1l, 1V) and ammonium with dif-
ferent condensation degrees which exist
within a comparatively narrow temperature
range. This is related to the presence of
an amorphous well-soluble phase in the
samples which presents a mixture of
condensated ammonium phosphates and/or
polyphosphoric acids (above 400°C). When
heated the amorphous materials interact
with crystalline phosphates which lead to
decomposition of the latter and formation
of new compounds, having, as a rule, a
higher degree of condensation.

As primary products of interaction of
CeO, and NH H,PO, double phosphates
of cerium(IV)—ammonium are formed. At
220-240°C in a wide concentration range
bright yellow fine crystals of monophos-
phate Ce;(NH,),H(PO,);s (8) have been iso-
lated. This compound is unstable when
heated—at approximately 250°C gradual
decomposition sets in (Fig. 1a), accompa-
nied by partial reduction of Ce(IV) to
Ce(1II) and formation of amorphous inter-
mediate products. According to the data of
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Fi1G. 1. Curves of thermoanalysis of Ce;(NH,),H
(PO,)s (a) and CeNH,HP;04, (b).

X-ray analysis of quenched reaction prod-
ucts at 550°C CeP,0; and CePO, (mono-
clinic) are formed:

50--300°C
Cey(NH ) H(PO)s ==

500-550°C

—_——
—NH;j;, ~H,0, -0,

2CCP207 + CCPO4 (1)

A further increase in temperature leads to
decomposition of diphosphate CeP,0; and
to complete reduction of cerium(IV) ac-
cording to the following equation:

amorphous phase

550-790°C

CeP,0, o CePO4 + Ce(PO3); (2)

Exothermic effects on the differential ther-

mal analysis (DTA) curve at 700-800°C are
caused by crystallization of mono- and
polyphosphates of Ce(III) (Fig. 1a).

In the presence of decomposition prod-
ucts of ammonium phosphate, Ce;(NH,4),H
(PO,)s when heated for more than 10 hr
converts into a new crystalline phase Ce
NHHP;0,, (initial ratio in the mixture P/Ce
> §) or CeP,0, (at P/Ce = 3-5). Double
acidic triphosphate of cerium(III)-ammo-
nium presents a white fine crystalline sub-
stance which is stable up to ~400°C. At
460-510°C on the DTA curve of cerium-
ammonium triphosphate a pronounced en-
dothermic effect is observed (Fig. 1ib),
which corresponds to the procedure of the
following reaction:

460-510°C

CCNH4HP30]0 m CC(PO3)3 3

However, in the presence of the amorphous
phase, where phosphorus is abundant,
CeNH HP;0; at 300°C already forms ho-
mogeneous melts with complex anionic
composition. With a temperature increase
resulting from the intensive evolution of
NH; a reductive gassy medium is formed
which favors the transition of Ce(IV) into
Ce(III) and crystallization of predominantly
cerium(IlI) phosphates. For the first time
we have received at 380-400°C double
phosphates of cerium—ammonium Ce
(NH4)»(PO3)s and CeNH,P,0,, (monoclinic
modification) which crystallize from mix-
tures with the starting ratios P/Ce > 10 and
P/Ce = 5-10, respectively (9, 10). Cubic
modification of CeNH,P,Oy, and polyphos-
phate CeNH4(POs), obtained by Rzaigui
and Ariguib (/1) on interaction of CeO, with
decomposition products of NH,H,PO, is
not formed. In addition, with a reduction in
the ratio P/Ce, polyphosphate of Ce(IV)
Ce(PO»)4 crystallizes as admixture.
Monoclinic modification of cyclophos-
phate CeNH,P,O,, is isotypic with regard
to the previously described PrNH/P,O,,
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(4). Crystals are transparent and birefrin-
gent; they are insoluble in water but are
slowly decomposed by concentrated H,
SO;. On the DTA curve of double cyclo-
tetraphosphate of cerium—-ammonium (Fig.
2a) an endothermic effect is observed at
600°C which corresponds to the decomposi-
tion reaction:

CeNHPiOy, —— Ce(POs); + CePsOy4
4)

Flat exothermic effect at ~670°C corre-
sponds to the crystallization of poly- and
ultraphosphates of cerium.

Double phosphate Ce(NH,4),(PO;)s is iso-
lated in the form of large birefringent crys-
tals. The composition of this compound has
no analogs in phosphate series of rare-earth
elements, and it will be discussed later.
When Ce(NH.),(POs)s is heated above
400°C decomposition occurs in two stages
corresponding to two endothermic effects
at 460 and 550°C (Fig. 2b). It has been es-
tablished by X-ray anaiysis that CeNH,P,
Oy, is formed as an intermediate decompo-
sition product:

Ce(NH)»(PO3)s —o—

3, ~H20

CeNH,P,0;; + amorphous phase (5)

It is of interest that, according to analysis
of gas evolution, cleavage of NH; slightly
precedes elimination of H,O, which sug-
gests that in the initial stages of decomposi-
tion intermediate products of the type
Ce(NHy),_H, (PO;)s are formed where x =
0-1.

Further increase of temperature leads to
decomposition of cyclotetraphosphate Ce
NH,P,0,, and to interaction of the products
with amorphous phase which presents a
mixture of polyphosphoric acids (HPO3),:

CeNH,P,0,, + amorphous phase

—5% CePsOyy  (6)

~NHj, -
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FiG. 2. Curves of thermoanalysis and relative
electric conductivity (#) CeNH,P,0,; (a) and Ce
(NH,):(POy)s (b).

It has been confirmed by X-ray analysis
and IR spectra of samples quenched from
600-700°C that exothermic effects on the
DTA curve at 570 and 670°C are related to
the formation and crystallization of ul-
traphosphate CePsO4. At ~900°C on DTA
curves of CCNH4P40|2 and CC(NH4)2(PO3)5
endothermic effects are observed accompa-
nied by loss of weight (Fig. 2). This is con-
ditioned by gradual decomposition of
CePs0,4 and expulsion of P,O, and by tran-
sition into glassy state at ~1100°C.

In mixtures with the initial ratio P/Ce < §
formation of double phosphates cerium-—
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ammonium at 300-400°C is not characteris-
tic (in several samples a small admixture of
CeNH,P,0,; has been detected). The main
crystallization product is CeP;O; the stabil-
ity of which increases considerably with the
increased CeO, mixture. Decomposition of
diphosphate (Fig. 3b) proceeds stepwise
and intermediate products Ce(PQOs); and
Ce(PO;)s are formed. Polyphosphate of
Ce(IV) is unstable when heated above
490°C: at 535°C on the DTA curve an endo-
thermic effect is observed which corre-
sponds to decomposition according to the
following scheme:
490-535°C

Ce(PO»),y o Tron, Ce(POs)3 )

The exothermic effect at ~545°C corre-
sponds to crystallization of Ce(POs);. Tak-
ing these data into account the decomposi-
tion process can be formulated as follows:

390-430°C

C€P207 T CC(PO3)3

+ Ce(PO;); + amorphous phase ﬂo%”f

2

Ce(POs); + amorphous phase =S

Ce(P0O;); + CePOy(monoclinic) (8)

If the samples alongside CeP,O, have
amorphous phase (see Eq. (8)) reaction is
completed by crystallization of Ce(PO;); at
~500°C. Above 850°C slow evolution of
P,0,0 (endothermic effect at 850°C on DTA
curves, Fig. 3) and gradual transition of
polyphosphate into CePO, (monoclinic) be-
gins. However, at a heating rate 5-10 deg/
min in the interval 1100-1200°C cerium
phosphate glass can be obtained. By chemi-
cal analysis and optical spectrum it has
been established that cerium is present in
glass predominantly in the trivalent state;
however, with an increase of CeO, concen-
tration the contents of Ce(IV) increases and
produces the amber color of the glass.
Ce(1V) contents in terms of CeO, reaches
1.15 mole%.

2 545
DTA
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F1G. 3. Curves of thermoanalysis and relative elec-
tric conductivity () Ce(POs), (a) and CeP,0O- (b).

In mixtures with a large excess of CeO,
the only product of interaction above 610~
630°C is CePO, (monoclinic). As a result of
partial oxidation of Ce(III) to Ce(IV) at high
temperature (>1000°C) samples have a
greenish color.

Structural Studies

Out of the synthesized cerium~ammo-
nium phosphates with unknown structure
the most interesting was Ce(NH,),(PO3)s.
The structure of the compound CeNH/H
(PO;)s from phosphate series Ce(NH,),-_H,
(POs)s, which was discussed above, was de-
scribed in (12) and later (13) the structure of
Ce(NH,)»(POs)s was determined. Compari-
son of the data (/3) with triclinic Ce(NHy),
(POs)s synthesized in (1) and structurally
investigated in (/4) shows that it is one and
the same compound.

Ce(NH,).(POs)s is monoclinic, with space
group Cc, a = 8.598(3) A, b = 11.733(3) A,
c=133754) A, 8 =90.4802)°, Z =4,V =
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TABLE II
AToMiC COORDINATES IN THE STRUCTURE OF
Ce(NH,),(PO;3)s

Atoms X(o) Y(o,) Z(a)
Ce 0.0000(0) 0.0955(1) 0.2500(0)
P(1) 0.2078(4) 0.1954(3) 0.4868(3)
PQ2) 0.1740(4) 0.3804(3) 0.1619(2)
P(3) 0.4259(4) 0.3917(3) 0.4697(3)
P4) 0.1972(4) 0.5761(3) 0.4437(3)
P(5) 0.3356(4) 0.8932(3) 0.1715(3)
o) 0.2696(12) 0.4605(8) 0.4854(8)
0Q) 0.0194(15) 0.0994(9) 0.0609(8)
03 0.0098(12) 0.4434(8) 0.1676(8)
04) 0.3382(12) 0.7763(8) 0.2114(8)
o) 0.2412(15) 0.9810(10) 0.2225(9)
0(6) 0.0385(13) 0.5506(10) 0.4025(8)
o) 0.3597(14) 0.2673(9) 0.4571(10)
0(8) 0.1881(15) 0.3508(9) 0.0445(9)
(01C)] 0.4996(13) 0.4203(8) 0.3713(8)
0(10) 0.3107(14) 0.6376(9) 0.3793(9)
o1l 0.0932(14) 0.7377(11) 0.0409(9)
0(12) 0.2893(16) 0.8968(9) 0.0574(9)
013) 0.1692(13) 0.2651(8) 0.2109(8)
0(14) 0.2963(12) 0.4748(10) 0.1994(8)
0(15) 0.1586(14) 0.1360(9) 0.3940(7)
N(1) 0.4933(29) 0.2079(13) 0.2459(22)
N(2) 0.3314(19) 0.8819(15) 0.4488(14)

1349 A3. The coordinates of atoms are pre-
sented in Table II, the list of anisotropic
thermal parameters is given in Table III,
and structure factors are available from the
authors. Ce(NHy),(POs)s is a chain poly-
phosphate with anionic chains (PO3), run-
ning along the ab diagonals of the unit cell
with a period of five tetrahedra PO, (Fig. 4).
Cationic polyhedra of cerium and ammo-
nium link anionic chains into a three-dimen-
sional structure. Interatomic distances and
valence angles are presented in Table IV. A
comparison of Ce(NH,),(PO;)s structure
with the triclinic form described in (14)
shows that geometrical characteristics of
polyphosphate anion and cationic polyhe-
drons practically coincide. Parameters of
the triclinic cell (a, = 7.241(5) A, b, =
13.3148) A, ¢, = 7.241(5) A, & = 90.35(5)°,

TABLE III
ANISOTROPIC THERMAL PARAMETERS

Atom  Bj(o)  Bn(o)  Bsnlo)  Bixo) Bis(o) By(o)
Ce 0.81(2) 0.47(2) 0.48(2) -0.033) -0.07(1) 0.00(2)
P() 0.81(11) 0.86(11) 1.40(12) —0.22(9) 0.09(9) 0.1(9)
PQ2) 0.70(11) 0.71(10) 0.73(10) 0.14(9) -—0.08(8) —0.35(8)
P(3) 0.68(12) 0.62(10) 1.4%(13) -0.06(8) 0.16(10) —0.02(9)
P(4) 0.7%(12) 0.83(10) 1.40(12) 0.12(9) 0.40(9) 0.01(9)
P(5) 0.85(12) 0.78(11) 0.79(11) 0.12(8) 0.14(9) 0.18(8)
o1y 1.5(4) 0.3(3) 1.7(4) 0.4(3) 0.53) 0.2(3)
0Q2) 1.7(5) 1.9(4) 1.0(4) 0.13) 0.0(3) -0.303)
0@Q3) 1.0(4) 0.5(3) 2.0(4) 0.303) 0.53) 0.13)
04 1.1(4) 0.8(3) 2.0(4) 0.0(3) -0.1(3) 0.6(2)
O(5) 2.1(5) 1.8(4) 2.1(4) 0.9(4) 0.6(4) 0.0(4)
o6) 1.4(4) 1.9(4) 1.7(3) -0.83) -0.13) -0.1(3)
o(7) 1.5(5) 0.7(4) 3.6(5) -0.1(3) 0.6(4) ~0.4(4)
o’ 2.9 0.9(4) 2.1(4) ~0.1(3) 0.6(4) -0.1(3)
[o]()] 1.6(4) 0.9(3) 1.4(4) -0.2(3) 0.53) 0.3(3)
O(10)  2.04) 0.73) 2.4(4) 0.13) 1.6(4) 0.6(3)
oan 154 2.2(5) 2.3(4) 0.9(4) 0.6(4) 0.9(4)
12y 2.1(5) 2.1(5) 1.0(4) 1.03)  —0.5(3) 0.0(3)
O(13) 1.6(4) 0.8(3) 1.9(4) 0.2(3) —0.1(3) -0.6(3)
O(14) 1.04) 2.1(4) 1.9(4) 1.1(3) -0.8(3) ~0.7(3)
Oo(15) 2.5(5) 1.4(4) 0.9(3) -0.73) -1.1(3) -0.2(3)
N@2) 219 3.9(8) 4.4(8) —1.0(5) 0.9(5) —1.(6)
N() 145 2.5(5) 4.47) —0.6(7) 0.4(5) -1.009)

B = 107.50(5)°, ¥ = 90.28(5)°) after deriving
the mean value o = y = 90.32° are trans-
formed into monoclinic: a, = a, + ¢, b, =
~ay + €, € = by apn = 8.563 A, by, = 11.679
A cn=13314A a =y =9.08 =
90.54°. The presence of a glide plane per-
pendicular to diagonal —a, + ¢; with transla-
tion ¢/2, that can be seen in Fig. 1 of Ref.
(14), is direct evidence for lowering of sym-

o»
z

~Y AN =V

N

Fig. 4. Structure of Ce(NH,),(PO,)s, projection
upon the plane bc.
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metry in the triclinic form Ce(NH4)»(PO,)s.
It can be shown that in a triclinic setting
coordinate relations of atoms connected by
this plane are as follows:

x+z=x"+7
y=y +41 ©)

TABLE IV

INTERATOMIC DISTANCES (.7\) AND VALENCE
ANGLES (°) IN Ce(NH,):(POs)s

KD o o(11) 0(12) o(15)
o7 1.608(12) 2.56(2) 2.43(2) 2.46(2)
o1 113.3(7) 1.456(13) 2.52Q2) 2.532)
0(12) 98.5(6) 111.6(7) 1.595(12) 2.48(2)
0O(15) 115.4(6) 118.7(7) 107.3(6) 1.482(11)
Q) 0(3) Oo®) 0O(13) 0(14)
03 1.596(11) 2.51(2) 2.56(2) 2.50(2)
[o¢:)] 102.7(6) 1.613(13) 2.45(2) 2.58(2)
O(13) 111.6(6) 103.6(6) 1.503(10) 2.60(2)
0O(14) 107.3(6) 111.4(6) 119.1(6) 1.506(12)
P3) o) 0(2) o 009)
o) 1.583(1) 2.47(2) 2.43(2) 2.55(2)
OQ2) 108.4(6) 1.459(12) 2.50(2) 2.55(2)
o) 100.4(6) 110.6(7) 1.574012) 2.45(2)
o 111.5(6) 118.8(7) 105.6(7) 1.503(12)
P4 o) 06) 0(8) o(10)
o 1.591(10) 2.50(2) 2.45(2) 2.54(2)
0(6) 108.1(6) 1.497(12) 2.56(2) 2.57(2)
o8 100.5(6) 111.4(7) 1.600(12) 2.46(2)
O(10) 111.0(6) 118.9(7) 105.3(7) 1.492(12)
EEL 03) O(4) 0(5) 0(12)
0(3) Leloan 2.53(2) 2.47(2) 2.45(2)
0@) 110.0(6) 147210 2.55(2) 2.53(2)
0(5) 105.9%(6) 119.2(7) 1.481(13) 2.46(2)
0(12) 100.7(6) 112.3(6) 107.0(7) 1.57512)
Ce-0(2) 2.537(11)  N(1)-0O(6) 2.82(3) N(2)-0(6) 2.742)
Oo4) 2.587(10) O(13)  2.90(3) o(11) 2.92(2)
(06} 2.501(13) o(11)  2.90(3) 0(12) 3.00(2)
09) 2.619(10) 0% 3.00(2) 0(10) 3.02(2)
0O(10)  2.435(12) O 3.11(3) 09) 3.06(2)
O(13)  2.523(10) oM 3.1403) 0Q2) 3.09(2)
O(14)  2.439(11) 03) 3.28(2) O(8) 3.26(2)
O(15)  2.398(11) Oo(10) 3.35(3) o) 3.33(2)
All other Ce-O distances are longer than 4 A.
Average 2.50
o P(3) P4) 03 P(2) P(5)
P(3) 1583 2942  PQ) 1.5% 2.92()
P(4) 135.5(7) 1.591 P(5) 131.07) 1.610
oa) P(1) P(3) o®) PQ2) P(4)
B 1.608 2.99(2) PQ) 1613 2.97(2)
P(3) 138.9(8) 1.583 P(4) 135.2(8) 1.600
0(12) P() P(5) The shortest distances Ce—Ce
P 1.595 2.8%2) 2 % 7.053
P(5) 131.4(8) 1.575 2x7272

TABLE V
X-RaY POWDER DATA FOR Ce(NH,),(PO;)s

dcal dgbs 1 dcal dobs 1
A A @ kA A B
110 6935 69 9 114 3.020 3016 I8
002 6.687 6.68 16 223 2746 2748 10
111 6.174 619 12 223 2728 2727 10
020 5867 589 1 204 2650 2646 6
021 5373 539 3 134 243 2427 8
2 4830) 202 2275)

12 4708 481 12 33 95 2271 4
022 4410 441 2 006 2229 2220 10
3 379 37510 32 2B, g
202 3602 3.593 5 332 2180

(3 3350 354 8 B 2.029)

131 3437 3437 9 243 2125) 2120 18
21 3351) 244 1966 1967 5
e I 3341 100

According to the data given in Table 11
(14) these relations are retained within sev-
eral standard deviations for all atoms
grouped in couples: Ce(1) and Ce(2), P(1)
and P(8), P(2) and P(9), etc.

It is evident from the above statements
that monoclinic and triclinic forms of
Ce(NH,),(PO»)s are different ways of de-
scribing one and the same structure. Since
the monoclinic system of coordinates re-

. flects the symmetry of the structure most

fully, crystallographic data for Ce(NH.);
(PO;)s and isomorphous phosphate series
LnM.(PO;)s described in (/1) should be pre-
sented in the monoclinic setting.

Indexed powder X-ray pattern of
Ce(NH,)»(PO3)s in the monoclinic system is
presented in Table V.

A comparison of structures of
CC(NH4)2(PO3)5 and CCNH4P4012 shows
their crystallochemical affinity and a cer-
tain geometric resemblance. In both phos-
phates cationic polyhedra Ce3* and NHy
have some affinity and cation distribution in
the elementary cell is similar. Loop-like
sections of the polyphosphate chain in
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Ce0, + NHH,PO,

S
Ceq(NH,),H(PO,)s +am. phase

CeNH‘HPaO,O"'um. phase
300°
Liqu;d
Ce(NH,.)z(Poa)s CeNH,F0,,
+am, phase +am. phase

E2p0 600° 550,(,0(9

CeROy,
950°

Am. phase
>1100°

C

CelPO,)5+ Ce(POy),

CeNH,B0,,+CelPOy),

+am. phase

S
&

Liquid

eF%07 am. phase

4L00°

CeR0, +Cely

+am, phase

+CeNH,R0,,

390-610°

s00°  CelPOy)yt CePQ,
+ Ce(PO:;)/.

os)

CelPO,)y CePq+Ceo,

CePO,+CelPOgk

>850"
CePOQ,

Fi1G. 5. The scheme of thermal interaction of CeO, with NH,H,PO, and its decomposition products.

Ce(NH,),(POs)s after a slight shift of two
tetrahedra can be enclosed in a cycle P4Oq;.
Orientation of planes of the loops and cy-
cles coincides in both compounds. Geomet-
ric affinity is retained in parameters of the
elementary cell of polyphosphate and cy-
clotetraphosphate. The parameters ob-
tained by us for CeNH,P,0;; were a =
7913 A, b = 12.662 A, c = 10.686 A, 8 =
110.1°. The above data suggests that ther-
molysis

Ce(NH1(POy)s ———2——

CeNH,P,0,; (10)

proceeds according to the mechanism of
topotaxic reaction.

On the basis of the obtained data a
scheme has been elaborated for interaction
of crystalline and amorphous heating prod-
ucts of the mixtures CeO, and NH,H,PO,
dependent on the starting ratio P/Ce of the
components at 200-1400°C (Fig. 5).
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