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Abstract

The title compound, [Pr(C4H¢NO,4)(H,0)4]Cl;-H,0,
consists of [Pr(OOCCH,NH,CH,COO)(H,0)4] sheets,
Cl™ ions and solvent water molecules. Within the sheets,
each Pr ion is linked by four bridging iminiodiacetate
ligands and is further coordinated by four water mol-
ecules giving a distorted bicapped square antiprism co-
ordination environment with an average Pr—O distance
of 2.573(2)A. The Cl~ ions and the solvent water
molecules lie between these sheets and form numer-
ous hydrogen bonds with the coordinated water and the
—NH37 - group of the ligand.

Comment

Amino acids and polyamino acids are widely used to
form rare earth complexes (Huang, 1997). Among them
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those with iminodiacetic acid were studied extensively
about 30 years ago, but the available crystal structures
are quite limited (Albertsson & Oskarsson, 1968, 1974;
Li et al., 1997; Oskarsson, 1971). This might be due
to the fact that crystal structures in this series are often
isostructural, as well as the often poor quality of crystals
obtained (Albertsson & Oskarsson, 1974; Oskarsson,
1971). Recently, we synthesized the title compound,
(I), and obtained crystals of high quality. Its structure
belongs to a new type, which is reported here.
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Each praesodymium(III) ion in (I) is coordinated by
four carboxylate groups from four iminiodiacetate lig-
ands and each ligand links four different praesodymium
ions (Fig. 1). All the carboxylate groups have a biden-
tate and a bridging-type mode (Dong et al., 1990; Imai
et al., 1987). For each carboxylate group, the two O
atoms coordinate to one Pr* ion and one of them, the
1-0, coordinates to another Pr’* ion. Along the c direc-
tion, Pr** ions are connected by the ;-O atoms (02 and
03) to form chains, which are connected by the ligands
to build up a two-dimensional network parallel to the ac
plane. This connection mode is quite different from the
structures of all other known complexes of rare earth
ions with iminodiacetic acid (Albertsson & Oskarsson,
1968, 1974; Li et al., 1997; Oskarsson, 1971).

The coordination environment around the Pr’* ion
is a distorted bicapped square antiprism made up
of six O atoms from four carboxylate groups and
four coordinated water molecules, ie. the Pr** ion
is decacoordinated [coordination number (CN) = 10].
The p-O atoms give one long and one short Pr—
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Fig. 1.
Displacement ellipsoids are drawn at the 50% probability level and
H atoms have been omitted for clarity.

The molecular view of (I) showing the sheet structure.

O distance, as was observed for those compounds
containing bidentate and bridging carboxylate groups
(Deiters & Meyer, 1996; Imai et al., 1987; Wang et
al., 1996). Among the ten Pr—O udistances, the two
distances of 2.760 (2) and 2.761 (2) A, between the Pr**
jon and the capped O atoms, are obviously longer
than the other eight Pr—O distances, which are in
the range 2.488(2)-2.635(2)A. The average Pr—O
distance of 2.573(2) A is compatible with those for
other Pr* ions with CN = 10, for example, in [Pr(CH;-
CH,COO0);(H,0)3] (Deiters & Meyer, 1996) and [Pr3-
(CICH,COO0){(CH3),S0}4] (Sugita & Ouchi, 1988),
and longer than those for Pr'* ions with lower CN
(Albertsson & Oskarsson, 1974; Deiters & Meyer, 1996,
Sugita & Ouchi, 1988; Wang et al., 1994, 1996). The
Pr- . -Pr distance between two adjacent Pr** ions linked
by u-O atoms is 4.5224 (1) A.

The iminiodiacetate ligand, containing the -NH7-
group, has a conformation similar to that of ligand 1 in
[Prz(H20)4(C4H6NO4)2(C4H5N04)]C12-3H20 (Alberls-
son & Oskarsson, 1974), and the bond distances and an-
gles are comparable with those reported for compounds
containing iminiodiacetate (Albertsson & Oskarsson,
1974; Li et al., 1997; Oskarsson, 1971).

The positively charged sheets are stacked along the b
direction with the C1~ ions and solvent water molecules
located between these sheets. The Cl~ ions balance
the positive charges of the sheets as well as forming
many hydrogen bonds with the -NH7 - groups and the
water molecules. Of the two unique Cl~ ions, one forms
two N—H- - -Cl-type and four O—H- - -Cl-type hydro-
gen bonds, while the other accepts four O—H- - -CI hy-
drogen bonds. The solvent water forms three hydrogen

[Pr(C4HeNO4)(H,0)4]Cl>-H,0

bonds connecting two Cl~ ions and one coordinated
water. All the hydrogen bond lengths are in agreement
with those found in [Nd(OCOCH;NHCH,O0CO)]Cl--
3H,O (Oskarsson, 1971) and [Pry(H,0)4(C4HeNOg)2-
(C4HsNO,)ICl,-3H,0 (Albertsson & Oskarsson, 1974),
and they play an important role in holding the sheets
together in the crystal structure.

Experimental

The title complex was obtained in an attempt to prepare a
heteronuclear praesodymium and nickel compiex with imino-
diacetic acid. PrCl;, NiCl> and iminodiacetic acid were mixed
in a molar ratio of 4:1:2 in water at pH 2. Green crystals
were obtained by slow evaporation of the solution at room
temperature. Elemental analysis, found: Pr 32.50, C 11.05,
N 3.15, H 3.65%; calculated for C4H 6C1:2NOgPr: Pr 32.47,
C 11.07, N 3.23, H 3.72%.

Crystal data
[Pr(C4HeNO4)(H20)4]Cl> - Mo Ka radiation
H.0 A=071073 A
M, = 43399 Cell parameters from 25
Monoclinic reflections
P2,/c 9 = 9.80-14.00°
a=95728(3) A p=4.186 mm™'
b = 16.3086 (6) A T=293(2)K
¢ = 9.0007 3) A Block
B =112.114(3)° 0.40 x 0.33 x 0.25 mm
V= 1301.81(8) A’ Green
Z=4
D, =2214 Mg m~3
D,, not measured
Data collection
Enraf-Nonius CAD-4 Rin = 0.012
MACH3 diffractometer Omax = 30.04°
0120 scans h=0-—>13
Absorption correction: k=0— 22
¥ scan (North et al., I=-12 — 11

1968)

Tin = 0.302, Thax = 0.351
4020 measured reflections
3821 independent reflections
3596 reflections with

1> 20()

3 standard reflections
frequency: 60 min
intensity decay: —3.8%

Refinement

Refinement on F~

RIF? > 20(F%)] = 0.019
wR(F?) = 0.047
S$=1.163

3821 reflections

(A/0)max = 0.001
Apmax = 0.803 ¢ AT
Apmin =-0.957e¢ A_3
Extinction correction:
SHELX97 (Sheldrick,

219 parameters 1997)
All H-atom parameters Extinction coefficient:
refined 0.0114 (2)
w= 1/[02(1_-“2) + (0.0184P)2 Scattering factors from
+ 1.5215P] International Tables for

where P = (F; + 2F2)/3 Crystallography (Vol. C)
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Table 1. Selected geometric parameters A, °)

Pr1—02' 2.4881(16) Ol—PrI" 2.5313(15)
Pr1—O5 2.4883(18) 02—C1 1.263 (2)
Pr1—0O7 2.5006(18)  O2—Prl* 2.4881 (16)
Prl—04 2.5070(15)  O2—Prl1" 2.7607 (16)
Pr1—0O8 2.5298(18) 0O3—C4 1.259 (2)
Pri—O1" 2.5313(15)  O3—Pr1™ 2.5313 (16)
Pr1—O3" 2.5313(16) 04—C4 1.248 (3)
Pri—06 2.6352(19) NI—C3 1.485 (3)
Pri—03 2.7603(17) NI1—C2 1.487 (3)
Pri—02" 2.7607(16) C1—C2 1.510(3)
01—l 1.245(2) C3—C4 1.507 (3)
02'—Pr1—05 73.43(6) 04—Pr1—06 84.77 (6)
02'—Pr1—07 136.02 (6) 0O8—Pr1—06 135.42 (6)
O5—Pr1—07 135.51 (6) O1"—Pr1—06 65.98 (6)
02'—Pri—04 111.10(5) 03"—Pr1—06 140.11 (6)
O5—Pr1—04 142.20 (6) 02'—Pr1—-03 62.11 (5)
O7—Pr1—04 68.17 (6) 05—Pr1—03 121.29(6)
02'—Pr1—08 81.54(6) 07—Pr1—03 103.18 (6)
O5—Pr1—08 69.08 (7) 04—Pr1—03 48.99 (5)
O7—Pr1—08 13431 (6) 08—Pr1—03 68.26 (6)
04—Pr1—08 74.47 (6) O1"—Pr1—03 128.23 (5)
02'—Pri—O1" 80.07(5) 03" —Pr1—03 120.12 (6)
O5—Pr1—o1" 74.00 (6) O6—Pr1—03 68.33 (6)
07—Pr1—01" 79.66 (6) 02'—Pr1—02" 121.08 (6)
04—Pr1—O1" 143.33 (6) O5—Pr1—02" 66.60 (6)
08—Pr1—O1" 142.09 (6) O7—Pr1—02" 69.03 (6)
02'—Pr1—QO3" 150.17 (6) 04—Pr1—02" 127.16 (5)

© O5—Pr1—03" 82.57(6) 08—Pr1—02" 119.17 (5)
07—Pr1—03" 73.80(6) O1"—Pr1—02" 48.83 (5)
04—Pr1—0O3" 77.75(5) 03" —Pr1—02" 61.61 (5)
08—Pr1—0O3" 73.38(6) 06—Pr1—02" 104.90 (5)
O1"—Pri—0O3" 110.38 (5) 03—Pri—02" 171.64 (5)
02'—Pr1—06 69.70 (6) Pr1*—02—Pr1™ 118.90 (6)
05—Pr1—06 128.96 (6) Pr1"—03—Prl 117.37 (6)
O7—Pr1—06 66.43 (6)

Symmetry codes: (i) x—1, 1 —y,z— §; (i) x—1,y, z (i) x, § —y, +2;
(v l+x,y,zWl+xt =y lezvidx, i —yz— L

Table 2. Hydrogen-bonding geometry A, °)

D—H.--A D—H H---A D.---A D—H---A
N1—HS5- - -CIl* 091 (3) 2.40(3) 3.248 (2) 155 (3)
NI1—H6- - -Cll 0.81(3) 2.47(3) 3.259(2) 165 (3)
0O5—H7- - -C12" 0.76 (4) 2.37(4) 3.118(2) 173(3)
O5—H8- - -06" 0.80 (4) 1.96 (4) 2.744 (3) 165 (4)
06—H9- - -ClI" 0.84 (5) 2.60 (4) 3.354(2) 149 (4)
06—H]10- - -CI2' 0.77 (4) 2.39(5) 3.128 (2) 161 (4)
O7—H11- - -08" 0.72 (5) 2.42(5) 2.870 (3) 123 (5)
O7—HI1- - -CI2" 0.72(5) 2.71(5) 3.312(2) 143 (5)
O7—HI12---Cll 0.81 (4) 2.40 (4) 3.202(2) 169 (4)
0O8—H13. . -CI2" 0.75(4) 2.39(4) 3.140 (2) 172 (4)
0O8—H14--.09 0.79 (4) 1.99 (4) 2.778 (3) 175 (3)
09—H]15- - -cn™ 0.93(5) 2.38(5) 3.219(2) 151 (4)
0Y9—Hle. - -CI1™ 0.96 (5) 2.30(5) 3.249(3) 168 (4)

Symmetry codes: (i) | — x,—y,—z (i) x — 1,1 — y,z — §; (ii))
Ny =yi+niv)—x, -y, —zWx—Lyzv)l—xi+yi-z
(i x, § —y,z—

ot—

All H atoms were located by difference Fourier synthesis and
refined isotropically. The refinement gives X—H (X = C, N, O)
distances in the range 0.72 (5§)-0.92 (4) A and all bond angles
involving H atoms are reasonable. Uis, values for H atoms are
in the range 0.025 (7)-0.078 (15) A’

Data collection: CAD-4 ARGUS (Enraf-Nonius, 1996).
Cell refinement: CAD-4 ARGUS. Data reduction: MolEN
(Fair, 1990). Program(s) used to solve structure: SHELX97
(Sheldrick, 1997). Program(s) used to refine structure:
SHELX97. Molecular graphics: SHELXTL/PC (Sheldrick,
1990). Software used to prepare material for publication:
SHELX97.
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Abstract

In the title compound, [Ni(C;HgN,O)(C;HgN,O)-
(H,0),]Cl104-H,0, the Ni atom lies on a twofold axis
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