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Cerium(II1) diammonium polyphosphate, (NH4)2Ce(P03)5, is triclinic Pl with the following unit cell 
dimensions: a = 7.241(5) A;, b = 13.314(8) A, c = 7.241(5) A, (Y = 90.35(5)“, /3’ = 107.50(5p, y = 
90.28(5)“, and Z = 2, V = 665.7 A’, 0, = 2.85 g/cm’. The crystal structure of this new type of 
polyphosphate has been solved and refined from 4130 independent reflections to a final R value 0.029. 
The most interesting feature of this salt is the existence of two infinite crystallographically nonequiva- 
lent (PO,), chains, one running parallel to the a axis, the other along the c axis, both with a period of 
five tetrahedra. This compound seems to be the first example of a long chain polyphosphate with 
crystallographic independent chains. 

Introduction From the first investigations by film tech- 
niques, the unit cell seemed to be mono- 

Ce(PO&-M1P03, with MI = Li, Na, K, clinic, with 
phase diagrams have been investigated (I, 
2). One of them, for M’ = K, shows the a = 7.224 A, b = 13.31 A, 

formation of MiCe(PO& compounds. The c = 7.24 i%, j3 = 107.5” 
crystalline structures of this type of com- 
pound have not yet been investigated. The 

or possibly orthorhombic, with 

present work reports the crystal structure a+c 
b = b, 

a-c 

of N-MW-WS-. a=2’ c=2- 

Experimental However, a closer inspection of the inten- 

Chemical Preparation and 
sity of reflections showed that these two 

Crystal Chemistry 
possibilities were incorrect. The unit cell is, 
in fact, triclinic in spite of its unusual di- 

The preparation of this compound has al- mensions. Refinement of data from a four 
ready been published (3). The crystals are circle diffractometer show the dimensions 
usually thick diamond-like plates. of this unit cell to be 
0022-4596183 $3.00 240 
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TABLE I 

MEASUREMENT PARAMETERS USED FOR THE X-RAY DIFFRACTION DATA COLLECTION 

Apparatus: 
Wavelength: 
Monochromatol: 
Scan mode: 
Angular domain: 
Scan speed: 

Philips PW I100 
AgKa (0.5608 A) 
Graphite plate 

;-25”(o) 
0.03”kec 

Total back ground time measurement: 
Scan width: 
Intensity reflections: 
Number of collected reflections: 
Crystal size: 

10 set 
1.20” 
0 10 0 and 0 % 0 
4164 (TH, ?K, L) 
0.16 x 0.16 x 0.13 mm3 

a = 7.241(S) A, b = 13.314(8) Hi, 
c = 7.241(5) A 

a = 90.35(S)“, p = 107.50(5)“, 
y = 90.28(5)” 

with2 = 2, V = 665.7 A3, and D, = 2.850 gl 
cm3. From positive piezoelectric tests the 
space group Pl was assumed and later con- 
firmed by the structure determination. 

Structure Determination 

Table I reports the experimental condi- 
tions used for the data collection. The crys- 
tal structure was solved by using classical 
methods: interpretation of three-dimen- 
sional Patterson maps followed by succes- 
sive Fourier syntheses. After a few refine- 
ment cycles using anisotropic thermal 
parameters the final R value was 0.029 for a 

FIG. 1. Projection of the atomic arrangement of (NH&Ce(P03h along the 6 axis. PO4 tetrahedra of 
the chain running along the a axis shaded. 



242 RZAIGUI ET AL. 

TABLE II 

FINAL ATOMIC COORDINATES AND EQUIVALENT 
TEMPERATURE FACTORS (Beq.) 

WI) 
Ce(2) 
P(1) 
P(2) 
P(3) 
P(4) 
P(5) 
P(6) 
P(7) 
WY 
P(9) 
P(W 

0.3243(3) 
0.3030(3) 
0.6562(3) 
0.6942(3) 
0.2798(3) 
0.0855(3) 
O&42(3) 
0.4769(3) 
0.5430(3) 
0.8676(3) 

O(L12) 0.2605(g) 
O(L15) 0.3676(9) 
O(El1) 0.1505(g) 
NW 0.505419) 
O(L23) 0.5316(g) 
O(E21) 0.2662(9) 
O(E22) 0.1947(g) 
O(L34) 0.7094(9) 
O(E31) 0.8381(9) 
O(E32) 0.5347(9) 
o(L45) 0.4719(g) 
O(E41) 0.8012(9) 
O(E42) 0.7429(10) 
O(E51) 0.1753(10) 
O(E52) 0.1778(g) 
O(L67) 0.0050(9) 
O&610) 0.9113(g) 
O(E61) 0.0733(10) 
O(E62) 0.2679(9) 
o(L78) 0.2898(g) 
O(E7 1) 0.9765(9) 
O(E72) 0.0201(8) 
O(L89) 0.5627(g) 
O(E81) 0.4271(9) 
O(E82) 0.6101(10) 
O(L910) 0.6440(8) 
O(E91) O&612(8) 
O(E92) 0.3405(g) 
O(El01) 0.8735(11) 
O(E102) 0.9848(9) 

N(l) 
N(2) 
N(3) 
N(4) 

0.4000( 1) 
0.812(l) 
0.883(l) 
0.647(l) 

0.lxIooo(0) 
0.19107(6) 

0.ooooO(0) 
0.50004(3) 

O.OOOOO(O) 0.621(3) 
0.80890(6) 0.628(4) 

0.8065( 1) 
0.5890(l) 
0.5778( 1) 
0.7633(l) 
0.7809(l) 
0.2631(l) 
0.2809(l) 
0.3067(l) 
0.0893(l) 
0.0777(l) 

0.7054(4) 
0.7653(5) 
0.8730(4) 
O&78(5) 
0.5818(5) 
0.5582(S) 
0.5384(5) 
0.6925(4) 
0.5273(5) 
0.5395(5) 
0.7918(5) 
0.8553(5) 
0.7074(5) 
O&389(5) 
0.8795(5) 
0.2909(6) 
0.1921(4) 
0.3557(5) 
0.2079(5) 
0.2666(5) 
0.1876(5) 
0.3779(4) 
0.2045(4) 
0.3721(5) 
0.3481(5) 
0.0815(5) 
0.0383(5) 
0.0582(S) 
0.0255(5) 
0.0398(5) 

0.0065(6) 
0.5080(7) 
0.8017(7) 
0.3008(g) 

0.2887(3) 0.80(3) 
0.3564(3) 0.79(3) 
0.6797(3) 0.86(3) 
0.8979(3) 0.94(3) 
0.8761(3) 0.79(3) 
0.5062(3) 0.93(3) 
0.0925(3) 0.75(3) 
0.1365(3) 0.84(3) 
0.1153(3) 0.79(3) 
0.4686(3) 0.83(3) 

0.3724(g) 1.25(9) 
0.1014(g) 1.47(10) 
0.2402(g) 1.31(9) 
0.4223(10) 1.84(11) 
0.4567(g) 1.23(9) 
0.1515(g) 1.49(10) 
0.4745(g) 1.38(9) 
0.7249(g) 1.48(10) 
0.6864(10) 1.70(10) 
0.7972(9) 1.55(10) 
0.8181(8) 1.60(10) 
0.8865(10) 1.76(10) 
0.0808(9) 1.65(10) 
0.7897(10) 1.79(10) 
0.8321(9) 1.45(10) 
0.2841(g) 1.87(12) 
0.5233(9) 1.41(9) 
0.6145(9) 1.69(10) 
0.5544(10) 1.75(11) 
0.1812(9) 1.38(9) 
0.98%(10) 1.66(10) 

-0.0079(g) 1.21(9) 
0.0750(9) 1.33(9) 
0.%38(9) 1 A(9) 
0.3192(10) 1.76(11) 
0.3441(g) 1.24(9) 
0.0087(9) 1.34(9) 
O.OSOS(lO) 1.62(10) 
0.6511(9) 1.83(11) 
0.3485(9) 1.51(10) 

0.625(l) 1.79(13) 
0.215(l) 2.34( 15) 
0.456(l) 1.89(13) 
0.699(l) 2.13(15) 

Notes. B,,, = + Z,Z, ai. nj./3,,. The notation adopted for 
atoms is the present accepted system for condensed anions: 
an oxygen atom connecting two phosphorus atoms P(i) and 
P(J) will be denoted O(LiJ? while the two external oxygen 
atoms of a given P(I) will be denoted O(Ei1) and O(Ei2). 

set of 4130 independent reflections fulfilling 
to the criterion F,, > 2~~. In the refinements 
unitary weights were always used. Lorentz 
and polarization corrections have been 

made; however, due to the small crystal 
size and the short wavelength, no absorp- 
tion correction was applied (p = 21.5 
cm-‘). 

Table II gives the final atomic coordi- 
nates and the equivalent temperature fac- 
tors, while the anisotropic thermal parame- 
ters are listed on Table III. A table of 
structure factors is available from the au- 
thors. 

Structure Description 

This compound is a long chain polyphos- 
phate. The main feature of this atomic ar- 
rangement is the existance of two indepen- 
dent (PO,), chains, one running along the a 
axis, the other along the c axis (Fig. 1). 

Chain 1, involving phosphorus atoms 
P(1) to P(5), runs parallel to c axis with a 
period of five tetrahedra (Fig. 2). Inter- 
atomic distances and bond angles in one pe- 
riod of this chain are given in Table IV. The 
average P-O bond lengths are 1.538, 1 S39, 
1.553, 1.529, and 1.530 A, respectively, for 
P(1)04 to P(5)04, while the P-O(L)-P an- 
gles are in the range from 131.1 to 139.6”. 

Chain 2, with detailed data concerning in- 
teratomic distances and bond angles re- 
ported in Table V, runs parallel to the a axis 
(Fig. 3). Its periodicity is also five tetrahe- 
dra and involves the phosphorus P(6) to 
P(10). The P-O average values are 1.532, 
1.528, 1.539, 1.531, and 1.534 A. 

From these data, it appears that the main 
features of these phosphate chains are not 
significantly different from what is com- 
monly observed in classical chain poly- 
phosphates. 

Associated cations. Cerium atoms have 
an eightfold coordination with Ce-0 dis- 
tances ranging from 2.387 to 2.579 A for 
Cc(l), and from 2.373 to 2.633 A for Ce(2). 
Attempts to find noncrystallographic sym- 
metry in these polyhedra have failed. Table 
VI reports Ce-0 distances within these 
polyhedra. 
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TABLE III 

ANISOTROPIC THERMAL PARAMETERS(THERMAL FACTORIS T= hZ@,, + k2pn + i2p3, 
+ h&3,2 + hlh + k&M 

Atoms PUYl) w K&2) (u) P(3,3) (4 P(1,2) (4 P(1,3) 6.4 ~(2~3) (4 

P(l) 
P(2) 
P(3) 
P(4) 
P(5) 
P(6) 
P(7) 
P(8) 
P(9) 
PUO) 

O(Ll2) 
O(L15) 
O(El1) 
O(E 12) 
O(L23) 
O(E21) 
O(E22) 
O(L34) 
O(E3 1) 
O(E32) 
O(L45) 
O(E4 1) 
O(E42) 
O(E51) 
O(E52) 
O(L67) 
O(L610) 
O(E61) 
O(E62) 
O(L78) 
O(E71) 
O(E72) 
O(L89) 
O(E81) 
O(E82) 
O(L910) 
O(E91) 
O(E92) 
O(El01) 
O(E102) 

N(l) 
NC3 
N(3) 
N(4) 

0.00321(4) 
0.00356(4) 

0.0048(2) 
0.0045(2) 
0.0038(2) 
0.0042(2) 
0.0042(2) 
0.0065(3) 
0.0044(2) 
0.0039(2) 
0.0032(2) 
0.0055(3) 

0.0084(8) 
0.0105(9) 
0.0083(8) 
0.0073(10) 
0.0057(S) 
0.0116(11) 
0.0078(9) 
0.0130(10) 
0.0059(9) 
0.0092(10) 
0.0037(7) 
0.0090(10) 
0.0097(11) 
0.0119(11) 
0.0083(9) 
0.0080(9) 
0.O!m9) 
0.0122(11) 
0.0074(10) 
0.0057(8) 
0.0080(10) 
0.0088(9) 
0.0069(8) 
0.0086(9) 
0.0099(11) 
0.0070(9) 
0.0057(S) 
0.0047(8) 
0.0156(13) 
0.0080(9) 

0.009(l) 
0.014(2) 
0.007(l) 
0.008(l) 

0.00070(1) 
0.00081(1) 

0.00102(7) 
0.00121(7) 
0.00107(7) 
0.00118(8) 
0.00123(7) 
0.00117(7) 
0.00085(7) 
0.00092(7) 
0.00096(7) 
0.00087(7) 

0.0013(2) 
0.0024(3) 
0.0019(2) 
0.0029(3) 
0.0026(3) 
0.0020(3) 
0.0021(3) 
0.0013(2) 
0.0018(3) 
0.0022(3) 
0.0040(3) 
0.0015(3) 
0.0024(3) 
0.0017(3) 
0.0018(3) 
0.0047(4) 
0.0009(2) 
0.0014(2) 
0.0026(3) 
0.0021(3) 
0.0014(2) 
O.OOll(2) 
0.0014(2) 
0.0019(3) 
0.0020(3) 
0.0023(3) 
0.0019(2) 
0.0019(3) 
0.0017(3) 
0.0024(3) 

0.0031(4) 
0.0025(4) 
0.0036(4) 
0.0047(5) 

0.00373(5) 
0.0032q5) 

0.0042(3) 
0.0033(3) 
0.0053(7) 
0.0058(3) 
0.0039(3) 
0.0038(3) 
0.0045(3) 
0.0060(3) 
0.0052(3) 
0.0040(3) 

0.0083(9) 
0.0052(S) 
0.0062(8) 
0.0094(11) 
0.0042(8) 
0.0044(8) 
0.0063(9) 
0.0078(9) 
0.0127(12) 
0.0065(9) 
0.0065(9) 
0.0123(12) 
0.0060(10) 
0.0085(11) 
0.0093(10) 
0.0046(9) 
0.0116(10) 
0.0096(10) 
0.0097(11) 
0.0089(9) 
0.0112(12) 
0.0063(9) 
0.0112(10) 
0.0078(9) 
0.0091(11) 
0.0035(8) 
0.0082(10) 
0.0122(12) 
0.0059(10) 
0.0067(9) 

0.007(l) 
0.012(2) 
0.010(l) 
0.010(l) 

-O.O0016(4) 
0.00020(4) 

0.0007(2) 
-0.0005(2) 
-0.0001(2) 
-0.0005(2) 

0.0002(2) 
-0.0008(2) 
-0.0010(2) 

0.0001(2) 
-0.0002(2) 

0.0009(2) 

0.0025(7) 
0.0045(9) 
0.0054(S) 

-0.0019(10) 
-0.0003(8) 
-0.0031(9) 
-0.0037(8) 
-0.0015(S) 

0.0022(8) 
-0.0024(9) 

0.0035(9) 
-0.0039(8) 

0.0009(10) 
-0.0019(10) 

0.0022(8) 
0.0051(10) 

-0.0013(S) 
-0.0024(9) 

0.0014(9) 
0.oooo(8) 

-0.oOlq9) 
0.0008(8) 
0.0015(7) 
0.0034(8) 

-0.002q9) 
0.0007(8) 
0.0018(8) 

-0.0011(8) 
-0.0005(10) 

0.0013(9) 

O.ooo(l) 
-0.003(l) 

0.001(l) 
0.001(l) 

0.00145(S) 
0.00175(7) 

0.0031(4) 
0.0020(4) 
0.0018(4) 
0.0020(4) 
0.0031(4) 
0.0033(4) 
0.0035(4) 
0.0038(4) 
0.0013(4) 
0.0016(4) 

0.010(l) 
0.009(l) 
0.007(l) 
O.OOO(2) 
0.004(l) 
O.OOS(2) 
0.004(1) 
0.013(l) 
O.OOl(2) 
0.003(2) 
0.003(l) 
0.004(2) 
O.OOO(2) 
0.002(2) 
0.009(l) 
0.005(l) 
0.012(l) 
0.008(2) 
0.002(2) 
0.006(l) 
O.OOO(2) 
0.005(l) 
0.012(l) 
0.007( 1) 
0.002(2) 
0.001(l) 
0.004(l) 
O.OOl(2) 
0.003(2) 
0.004(2) 

O.OOO(2) 
0.004(3) 
0.006(2) 
0.01 l(2) 

0.00021(4) 
-0.00007(4) 

0.0000(2) 
0.0000(2) 
O.W3) 

-0.0008(3) 
-0.0003(3) 

0.OmO(3) 
-0.0002(2) 

0.0003(3) 
-0.0006(3) 

0.0004(2) 

0.0008(8) 
0.0021(8) 
0.0028(8) 

-0.003qll) 
0.0007(9) 

-0.0014(8) 
0.0017(8) 

-0.0019(8) 
-0.0018(10) 

0.0030(9) 
0.057(10) 

-0.0027(10) 
-0.0001(10) 
-0.0030(10) 

0.0024(9) 
0.0030(10) 

-0.0008(8) 
-0.0036(9) 

0.0024(10) 
0.0035(9) 

-0.0010(10) 
0.0024(8) 
O.OOlO(8) 
0.0044(9) 

-0.0009(10) 
0.0017(8) 

-0.0036(9) 
-0.0009(10) 

0.0022(9) 
-0.0032(9) 

-0.001(1) 
O.Wl) 
0.004(l) 

-0.002(l) 
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TABLE IV TABLE V 

MAIN INTERATOMIC DISTANCES (A) AND BOND MAIN INTERATOMIC DISTANCES (A) AND BOND 
ANGLES (“) IN CHAIN 1 ANGLES (“) IN CHAIN 2 

P(l)O, tetrahedron P(6)0, tetrahedron 
P(1) O(L12) O(L15) O(El1) O(E12) P(6) O(L67) O(L610) O(E61) O(E62) 

O(L12) 1.601(6) 2.453(7) 2.472(7) 2.538(8) O(L67) 1.584(6) 2.433(8) 2.444(8) 2.546(8) 
O(L15) 101.0(3) 1.577(5) 2.548(6) 2.484(8) O(L610) 99.3(3) 1.608(5) 2.460(7) 2.531(8) 
O(El1) 105.9(3) 112.0(3) 1.497(5) 2.536(7) O(E61) 106.0(3) 105.8(3) 1.474(5) 2.536(8) 
O(E12) 111.0(3) 108.8(3) 117.0(3) 1.478(2 O(E62) 113.3(3) 110.9(3) 119.4(3) 1.463(6) 

P(Z)0 tetrahedron P(7)04 tetrahedron 
P(2) O(L12) O(L23) O(E21) O(E22) P(7) O(L67) O(L78) O(E71) O(E72) 

O(L12) 1.591(6) 2.501(7) 2.530(7) 2.437(7) O(L67) 1.575(6] 2.417(7) 2.486(8) 2.447(7) 
O(L23) 103.3(3) 1.599(5) 2.471(7) 2.54X7) O(L78) 100.0(3) 1.579(S) 2.499(7) 2.516(7) 
O(E21) 110.8(3) 106.6(3) 1.481(5) 2.557(7) O(E71) 108.7(3) 109.4(3) 1.482(5) 2.551(7) 
O(E22) 104.8(3) 111.2(3) 119.1(3) 1.485(51 O(E72) 106.7(3) 110.9(3) 119.2(3) 1.475(5) 

P(3)04 tetrahedron P(8)04 tetrahedron 
P(3) O(L23) O(L34) O(E31) O(E32) P(8) O(L78) O(L89) O(E81) O(E82) 

O(L23) 1.597(5) 2.459(7) 2.456(7) 2.527(7) O(L78) 1.576(5] 2.470(7) 2.529(7) 2.475(7) 
O(L34) 101.3(3) 1.581(5) 2.440(7) 2.533(7) O(L89) 101.5(3) 1.614(6) 2.483(7) 2.547(8) 
O(E3 1) 106.3(3) 106.1(3) 1.470(5) 2.561(8) O(E81) 111.5(3) 106.5(3) 1.483(5) 2.539(8) 
O(E32) 110.0(3) 111.3(3) 120.1(3) 1.486(5) O(E82) 107.9(3) 110.5(3) 117.7(3) 1.484(6) 

P(4)0, tetrahedron P(9)0, tetrahedron 

P(4) O(L34) O(L45) O(E41) O(E42) P(9) O(L89) O(L910) O(E91) O(E92) 

O(L34) 1.594@ 2.423(7) 2.449(7) 2.522(8) O(L89) 1.576(6) 2.486(7) 2.417(7) 2.529(8) 

O(L45) 99.2(3) 1.587(5j 2.432(7) 2.557(8) O(L910) 102.9(3) 1.602(5) 2.532(7) 2.455(7) 

O(E41) 106.4(3) 105.7(3) 1.463(5) 2.535(8) O(E91) 104.5(3) 110.5(3) 1.478(5) 2.543(7) 

O(E42) 110.6(3) 113.4(3) 119.4(3) 1.472(6) O(E92) 112.2(3) 106.1(3) 119.3(3) 1.469(5] 

P(5)04 tetrahedron P( 1 0)04 tetrahedron 

P(5) O(L15) O(L45) O(E51) O(E52) P(10) O(L610) O(L910) O(E1O1) O(E102) 

O(L15) 1.578(5) 2.417(7) 2.476(8) 2.539(7) O(L610) 1.577(5) 2.457(7) 2.454(7) 
O(L45) 100.1(3) 1.576(5) 2.496(8) 2.462(7) O(L910) 101.3(3) 1.600(5) 2.464(7) 
O(E51) 108.6(3) 110.1(3) 1.469(6) 2.552(7) O(E101) 106.4(3) 105.9(3) 1.486(5) 
O(E52) 111.3(3) 106.4(3) 118.7(3) 1.497(51 O(E102) 111.7(3) 110.2(3) 119.7(3) 

Other distances and bond angles Other distances and bond angles 
of interest in the chain of interest in the chain 

2.525(7) 
2.523(7) 
2.560(8) 
1.475(5) 

P(l)-P(2) 2.950(2) P(l)-O(L12)-P(2) 135.1(4) P(6) -P(7) 2.964(2) P(6) -O(L67) -P(7) 139.4(4) 
P(2)-P(3) 2.907(2) P(2)-O(L23)-P(3) 130.9(4) P(7) -P(8) 2.927(2) P(7) -O(L78) -P(8) 136.2(4) 
P(3)-P(4) 2.891(2) P(3)-O&34)-P(4) 131.1(4) P(8) -P(9) 2.946(2) P(8) -O(L89) -P(9) 134.9(4) 
P(4)-P(5) 2.967(2) P(4)-O(L45)-P(5) 139.6(4) P(9) -P(lO) 2.913(2) P(9) -O(L910)-P(lO) 131 .q4) 
P(5)-P(1) 2.924(2) P(5)-O(L15)-P(1) 135.9(4) P(lO)-P(6) 2.890(2) P(lO)-O(L106)-P(6) 130.3(4) 
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FIG. 2. Projection of the atomic arrangement of (NH4)1Ce(POs)5 along the c axis. 

FIG. 3. Projection of the atomic arrangement of (NH&Ce(PO& along the a axis. 
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TABLE VI 

CERIUM-OXYGEN DISTANCES IN THE CEO~ 
POLYHEDRA (A) 

Cc(l)-O(El1) 2.447(5) Cc(l)-O(E91) 2.527(5) 
Cc(l)-O(E41) 2.587(5) Cc(l)-O(E92) 2.476(5) 
Cc(l)-O(E52) 2.579(5) Cc(l)-O(E1O1) 2.441(5) 
Cc(l)-O(E71) 2.504(5) Cc(l)-O(E102) 2.610(5) 

Ce(2)Os polyhedron 
Ce(2)-O(E21) 2.492(5) Ce(2)-O(E51) 2.521(5) 
Ce(2)-O(E22) 2.486(5) Ce(2)-O(E61) 2.373(5) 
Ce(2)-O(E31) 2.470(5) Ce(2)-O(E72) 2.633(5) 
Ce(2)-O(E32) 2.567(S) Ce(2)-O(E81) 2.445(5) 

Ammonium groups. If limited to a maxi- 
mum distance of 3.5 A the N-O distances 
correspond to NO9 polyhedra for N(1) and 

TABLE VII 

NITROGEN-OXYGEN DISTANCES IN THE NO9 AND 
NOIo POLYHEDRA (A) 

N(l)-O(EI1) 3.327(10) 
N(l)-O(E12) 2.800(11) 
N(l)-O(L45) 3.166(11) 
N(l)-O(E52) 3.028(11) 
N(l)-O(E62) 2.849(11) 
N(l)-O(L910) 3.226(11) 
N(l)-O(E91) 2.880(10) 
N(l)-O(EIOI) 3.382(11) 
N(l)-O(E102) 3.107(10) 

N(3)0, polyhedron 
N(3)-O(L12) 3.241(10) 
N(3)-O(El1) 2.986(g) 
N(3)-O(E12) 2.743(g) 
N(3)-O(L34) 2.995(g) 
N(3)-O(E41) 3.416(10) 
N(3)-O(E42) 2.875(11) 
N(3)-O(E51) 3X95(10) 
N(3)-O(E52) 3.083(10) 
N(3)-O(E101) 3.300(11) 
N(3)-O(E102) 3.400(10) 

N(2)-O(L23) 3.204(12) 
N(2)-O(E22) 2.869(11) 
N(2)-O(E31) 3.367(12) 
N(2)-O(E32) 3.119(11) 
N(2)-O(E42) 2.827(12) 
N(2)-O(L67) 3.194(12) 
N(2)-O(E72) 3.057(12) 
N(2)-O(E81) 3.347(11) 
N(2)-O(E82) 2.807(11) 

N(4)0,, polyhedron 
N(4)-O(E31) 3.325(11) 
N(4)-O(E32) 3.408(11) 
N(4)-O(L610) 2.973(g) 
N(4)-O(E61) 3.399(10) 
N(4)-O(E62) 2.895( 11) 
N(4)-O(E71) 3.074(11) 
N(4)-O(E72) 3.060(11) 
N(4)-O(L89) 3.237(10) 
N(4)-O(E81) 2.992(g) 
N(4)-O(E82) 2.757(11) 

N(2) and NOlo polyhedra for N(3) and N(4). 
Noncrystallographic symmetry for these 
polyhedra could not be detected. Table VII 
reports all N-O distances in these coordi- 
nation polyhedra. Due to the presence of an 
heavy atom (Ce), hydrogen atoms have not 
been located. 

The present structure determination can 
probably clarify a recent work of Palkina et 
al. (4) describing the crystal structure of a 
cerium-ammonium polyphosphate .with an 
uncertain formula. The compound de- 
scribed by these authors is probably 
NH4Ce1”(P0& or NH4CeH(PO&. Besides 
the title compound, we have also observed 
the existence of K2Ce(P03)5, Rb2Ce(P0&, 
Cs2Ce(POJ5, T12Ce(PO&, and Nd-contain- 
ing analogs. Crystallographic data of the 
latter will be given in subsequent contribu- 
tions. These compounds are the first exam- 
ples of condensed phosphates with such a 
formula and to the present the first evi- 
dence for the existence of crystallographic 
independent infinite PO4 chains. 
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