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The crystal structures of ammonium diaquapenta-
nitratolanthanate(III) dihydrate (NH,),[ La(NO,);-
(H,0),]-2H,0 (1) and ammonium diaquapenta-
nitratolanthanate(IIl) monohydrate (NH,),[La-
(NO,)5(H,0),] - H,O (2) have been determined
from single crystal X-ray diffraction data. The com-
pounds crystallize in the monoclinic space group
C2/c (No. 15) with four formula units in the cell of
dimensions a=11.152(5), b=8.966(4) c=17.881(6) A,
f=101.6(4)° and a=10.969(10), b=9.012(5), c=
17.439(10) A, f=100.1(1)° for I and 2, respectively.
Least-squares refinement with anisotropic thermal
parameters for all nonhydrogen atoms yielded the
final R-values of 0.065 and 0.041 for I and 2, respec-
tively. The number of reflections used in the refine-
ments was 2389 (1) and 1866 (2). The surroundings of
the lanthanum atom are identical in the two com-
pounds; there are five symmetrically bonded nitrate
groups and two water molecules forming a distorted
icosahedron. The La—Of(nitrate) distances range
from 2.66 to 2.73 in I and from 2.68 to 2.72 A in 2
while the corresponding La—O(water) distances
are 2.59 and 2.54 A. The only significant structural
difference between the two complexes is in the three-
dimensional framework where one water molecule
is lacking in compound 2.

In contrast to the well — characterized dodecanitrato

hydrates, eg. Mg;Ce,(NO,),, - 24H,0,! the struc-

tural information on solid lanthanoid pentanitrato
hydrates is scarce. Only very recently was a represen-
tative of the latter series, viz. K,La(NO,); - 2H,0,
studied by X-ray single crystal methods.? There are,
however, several examples of anhydrous penta-
nitrato species whose structures are known.?~’
The coordination numbers are generally high, as
in the case of simple nitrate hydrates, being twelve

1 Deceased.
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for K,[La(NO,)s]-2H,O and ten for the other
structures with the exception of scandium.? 7

In continuation of our investigation into the struc-
tures of inorganic nitrato complexes of the lantha-
noids,?*® we are now reporting the structures of two
closely related lanthanum pentanitrato complexes

(NH,),[La(NO,)s(H,0),]1'nH,0 where n is 1
and 2.

EXPERIMENTAL

Preparation. The compounds were crystallized
at room temperature from an aqueous solution
containing lanthanum and ammonium ions in
molar ratio 1:2 and a slight excess of nitric acid.
According to chemical analyses the predominant
product under these conditions was (NH,),-
La(NO,)s-4H,0. The crystals with lower water
content, i.e. 3 mol of water, obviously crystallize
under nearly the same conditions as some of them
were detected among the tetrahydrate crystals when
carrying out unit cell determinations by single
crystal diffractometry.

Data collection. The unit cell dimensions were
obtained by least-squares refinements of setting
angles for 25 reflections measured with an auto-
mated four-circle diffractometer. Several crystals
were measured but the unit cell data given in Table 1
refer to crystals used in the intensity data collection
with the same diffractometer. The monoclinic space
group C2/c (No. 15) was chosen for both of the
compounds on the basis of the systematic absences
in the intensity data and corroborated by the struc-
ture determination. Net intensities were corrected
for Lorentz and polarization effects but no absorp-
tion correction was applied.

Structure determination and refinement. A three-
dimensional Patterson synthesis using the data for
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Table 1. Details of the data collection.

1 2

(a) Crystal data

Crystal system monoclinic monoclinic

Space group C2/c C2/c

a A 11.152(5) 10.969(10)

b, A 8.966(4) 9.012(5)

¢ A 17.881(6) 17.439(10)

B, deg 101.6(4) 100.1(9)

|4 17514 1697.1

VA 4 4

Molwt 556.9 5389

D (calc, g cm ™3 2.10 2.11

u(MoK,), cm ™! 254 26.3

(b) Intensity measurements

Radiation Mok, MoK,

Monochromator Highly oriented graphite Highly oriented graphite

Reflections measured +h, +k, +1 +h, +k, +1
with h+k=2n with h+k=2n

No. of collected data 2782 2028

26 range, deg 5—-60 5-55

Scan speed, deg min ! 3 2

Scan range, deg (26MoK,—0.75)— (26MoK,—1)—
(20MoK,+0.75) (20MoK,+1)

Background measurement At beginning and end of the 20, each for one half of the total
scan time.

Standards

3 reflections after each batch of 43 data; no decrease of the

intensity was observed

No. observed unique data 2389

with a(l,,.)/I,., <0.33

1866

compound 2 showed the La atoms of the unit cell
in the special position 4e of the space group C2/c.
The coordinate of the La atom was refined to an R-
value of 0.27 (R=Z||F,| —|F.||/Z|F,|). The subse-
quent electron density maps gave the positions of all
remaining nonhydrogen atoms in the unit cell. Full-
matrix least-squares refinement with an overall
scale factor and isotropic thermal factors gave an
R-value of 0.084; anisotropic thermal parameters
were then introduced whereupon the R-value drop-
ped to 0.041.

The unit cell of compound 1 is 54 A3 larger by
volume than that of compound 2. This corresponds
very closely to the space needed for one water
molecule per formula unit. The coordinates from
compound 2 were refined using data for compound
1; an isotropic refinement resulted in an R-value of
0.122. With anisotropic thermal parameters the
R-value dropped to 0.0651. Unit weights were
used in all calculations and the largest shift to
standard deviation in coordinates was 0.3 in the last

cycle for both structures.

In an attempt to locate the hydrogen atoms,
difference Fourier syntheses were calculated but the
maps only had peaks up to 2.0 A around the La
atoms. The final coordinates and thermal param-
eters are listed in Table 2. The programs used in the
structural analysis were SHELX and PLUTO. The
analytical scattering factors of Cromer and Mann for
the neutral atoms were used.’® The listings of the
structure factors are available request from B.
Eriksson.

DESCRIPTION AND DISCUSSION OF THE
STRUCTURES

In both compounds the lanthanum ion is twelve-
coordinated by five bidentate nitrate groups and
two water molecules thus forming the diaqua-
pentanitratolanthanate(IIl) anion [La(NO3)s-
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0(22)°
0(23)°

Fig. 1. A perspective view of the
[La(NO3)5(H,0),1>~ complex with the atomic
numbering system. The letter a refers to the
symmetry operation —x, y, +—z.

(H,0),]*>". A perspective view of the complex,
which has very similar geometry in both compounds,
is depicted in Fig. 1 which also gives the numbering
system.

As well as the ammonium ions two water mole-
cules remain outside the coordination sphere of
lanthanum in (NH,), [La(NO,);(H,0),]-2H,0
(1) and one water molecule in (NH,),[La(NO;);-
(H,0),]- H,O (2). The ammonium ions and non-
coordinated water molecules are connected by
hydrogen bonds in a chain-like structure along the
y-axis. As the electron densities of an ammonium
ion and a water molecule are very similar it is im-
possible to distinguish between them on the basis of
electron density maps. However, the thermal param-
eters for these atoms in compound I indicate the
given locations for the ammonium ion and the
water molecule. Furthermore, a refinement of the

0(31)

dJ O
0(23) 0(23) 0(33)

O
0(23) 0(23) 0(33)

Fig. 2. A chain formed by ammonium ions and
noncoordinated water molecules along the y-axis in
compound I. The solid lines indicate possible
hydrogen bonds within the chain and to
coordinated oxygen atoms (numbered ones).

occupancy factors for both sites in compound 2
resulted in half occupancy for the water molecule
(O(2)) and full occupancy for the ammonium site.
Fig. 2 shows possible hydrogen bonds within the
chain. Space group symmetry restricts the ammo-
nium ions and water molecules to lie in the order
H,0-H,0-NH,-NH,. It would be more
favourable to place them in an alternating order:
H,0-NH,—-H,0-NH,, but the data is in-
sufficient to prefer the later sequence. A stereoview
showing the packing of the complexes in the unit
cell of compound 1 is presented in Fig. 3.

In the dodecacoordinated lanthanoid nitrate
structures Mg;La,(NO;),, 24H,0"! and K,[La-
(NO;)s(H,0),] and in the present compounds La —
O(nitrato) separations are similar. In both the am-
monium compounds it is 2.70(2) A while the cor-
responding distances for the magnesium and potas-
sium compounds are 2.67(3) and 2.68(7) A, respec-
tively. The water oxygens may be at different dis-
tances, however, depending on the compound and

Fig. 3. A stereoview of the structure of (NH,),[La(NO;);(H,0),]-2H,0 (compound 1) showing the unit

cell packing.

Acta Chem. Scand. A 36 (1982) No. 5




Ammonium Nitratolanthanates(III) 469

Fig. 4. Coordination polyhedron around the lanthanum atom. (a) A view along the “capping atoms” O(1) and
O(1)“. (b) A view perpendicular to that in (a). The letter a refers to the symmetry operation —x, y, 3—z.

its hydrogen bonding network. Thus, the La—O
(water) distances are 2.59(1) and 2.54(1) A in am-
monium compounds I and 2 while in the potassium

Table 3. Selected interatomic distances (A) and
angles (°).

1 2

Environment of lanthanum

La—O(11)® (x2) 2.731(7) 2.716(6)
La—0(21)® (x2) 2.663(8) 2.675(5)
La—0(22)° (x?2) 2.713(8) 2.690(6)
La—O0(31)® (x2) 2.703(8) 2.693(6)
La—-0(32)% (x2) 2.705(8) 2.709(6)
La—0O(1)% (x2) 2.594(6) 2.542(6)
O(l1)—La—-0O(11)° 46.7(3) 46.7(2)
O(11)—La—-0(31) 63.0(3) 64.2(2)
O(11)—La—0(32) 63.203) 63.6(2)
O(11)-La—0(32)* 65.0(3) 64.5(2)
O(11)—La—0(1) 68.6(2) 68.2(2)
O(21)—La—0(22) 47.303) 47.12)
O(21)—La—0(22)* 69.4(3) 69.1(2)
O(21)—La—O(31) 69.603) 69.7(2)
0O(21)—La—-0(32) 69.7(3) 69.7(2)
0O(21)—La—0O(1)* 68.1(2) 67.8(2)
0(22)—La—0(22)* 77.203) 75.3(3)
0(22)—La—0(31) 65.0(3) 64.2(2)
0(22)—La—0(1) 67.103) 679(2)
O(31)—La—0(32) 47.203) 469(2)
0(31)—La—0(1) 70.8(3) 69.12)
0(32)—La—0(1) 65.5(3) 68.0(2)
Symmetry code

None X, ),z

(@ —-X, p, -z

()] x,y,zand —x, y, +—z
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compound, which is also a pentanitrato complex,
the corresponding distance is 2.70(1) A.

The coordination polyhedron around the La
atom can be described in both compounds as a
slightly distorted icosahedron. This was also the
case for the magnesium and potassium compounds.
The pattern of the coordinated nitrate groups is,
however, different from the potassium compound.
In both cases the water molecules occupy trans
positions of the capping atoms in the icosahedron.
In the present complexes each of the five nitrate
groups contributes one oxygen atom to each of the
two five-membered rings in the icosahedron while in
the potassium compound one of the nitrate groups
belongs entirely to one of the rings. Fig. 4 shows
the coordination polyhedron; distances and angles
involved are listed in Tables 3 and 4.

The geometry of nitrate groups shows the ex-
pected trends.>#1° Thus, the N — O distances range

Table 4. Least-squares plane. Atoms involved:
0(32)*—0(11)—0(31)—0(22) - O(21).*

1 2
Angle between the planes (°)

11(12) 1.3(5)
Distances from the plane (A)
0(32) 0.045(4) —0.003(3)
O(11) 0.002(4) 0.014(3)
0(31) —0051(5) —0.0193)
022) 0076(3) 001703)
0O(21) —0.072(4) —0.008(3)

“Symmetry code —x, y, +—z. PEstimated standard
deviations are given in parentheses.
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Table 5. Selected interatomic distances (A) and = REFERENCES

angles (°) involving the nitrato groups.

1 2
N(1)—O(11)* (x 2) 1.269(9) 1.249(6)
N(1)-0(12) (x2) 1202(17)  1.228(10)
O(11)-N(1)-O(11)° 117.1100  1189(7)
O(11)—N(1)- O(12) 121.5(5) 120.5(4)
N@2)-0(21) 1262(11)  1.251(7)
N(Q2)-0(22) 126411)  1.262(7)
N(Q2)—0(23) 1225(14)  1.233(8)
0(21)-N(2)-0(22) 117.209) 117.1(5)
0(21)—N(2)—0(23) 121.509) 122.2(5)
0(22)-N(2)—0(23) 121.309) 120.7(5)
N@3)-0(31) 1243(13)  1.265(8)
N(3)-0(32) 1295(12)  1.258(8)
N(3)-0(33) 1219(17)  1.222(4)
0(31)-N(3)-0(32) 117.3(10)  116.8(6)
0(31)—N(3)-0(33) 1232(10)  122(7)
0(32)—N(3)-0(33) 1194100  121.0(7)

%bFor symmetry code, see Table 3.

from 1.202 to 1.295 A; the lowest values belonging
to terminal bonds while the bonds involving chelat-
ing oxygens are lengthened relative to the regular
nonbonded nitrate group. Likewise, the O—N—-O
interbond angles deviate as expected from 120°
when the oxygen atoms are involved in bonding, cf.
Table 5.

The investigated structures have different com-
positions but exhibit nevertheless a close structural
relationship. The central lanthanum ion is in both
cases coordinated similarly by five nitrato groups
and two water molecules. The coordination geometry
of the complex anion and crystal symmetry do not
deviate from one structure to another. The only
significant change is the contraction of the unit
cell when there is one water molecule less. In both
compounds the [La(NO,)s(H,0),]*>~ complexes
are joined by hydrogen bonds involving the
coordinated water molecules in the xy-plane and
this is in agreement with the unit cell contraction in
the z-direction. Whether or not the removal of
water is reversible and can be brought about by
heating is currently under study by thermoana-
lytical methods.
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