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A novel La(I[ )-Cu( II ) heterometallie coordination polymer
{{LaCu, (NTA), (4, 4'-bpy) (H,0);]NO; - 5H,0},, where
H;NTA denotes nitrilotriacetic acid and 4, 4'-bpy denotes 4,
4’-bipyridine, was synthesized and characterized by IR spec-
trum, elemental analysis and X-ray diffraction. The complex
crystallizes in the triclinic space group Pi with cell parameters
a=1.33710(10) nm, b =1.44530(10) nm, ¢ =1.0949(2)
nm, a=71.905(7)°, B=74.327(7)°, v=64.427(9)°, V=
1.7912(4) o’ and Z =2. It consists of heterometallic units,
in which each La( Il ) ion is coordinated in a distorted mono-
capped square antiprism by three oxygen atoms from water
molecules and six carboxyl oxygen atoms from five NTA*
fons, and each Cu( I ) ion is coordinated by one nitrogen
atom from 4, 4'-bpy and one nitrogen atom, three oxygen
atoms from NTA>. In the title complex, La(I[ ) ions and
Cu( I ) ions are connected by the heterometallic bridging of
NTA*, constructing a two-dimensional network structure
along the [110]. And it is extended into an infinite three-di-
mensional network structure by the formation of homometallic
bridging of Cu-4, 4'-bpy-Cu, exhibiting a certain inclusion
ability.

Keywords Nitrilotriacetic acid, 4, 4'-bipyridine, La (1 )-
Cu(Il ) heterometallic complex, three-dimensional network struc-
ture, inclusion, bridging

Heteronuclear and/or polynuclear complexes have
attracted considerable interests in the last two decades.
Especially great attention has been paid to the heteronu-
clear complexes containing both lanthanide( Il ) and 3d™
transition metal ions'™'! due to their interesting structures
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and various properties. To look for novel molecular func-
tional materials, all sorts of complexes owning one-,
two-, or three-dimensional structures have been flourish-
ing out, such as linear, 12 Jadders, -1 layered network )3
clusters**>17 or helical®® and other complicated 3D
network structures.? These kinds of complexes provide
models for investigations of magnetic exchange interac-
tions between transition metal and rare-earth metal ions
in bridging systems;>*? they are also possible precursors
for the production of high temperature superconduc-
tors. >*? Besides these, there can still be used to devel-
op luminescent structural probes in biological materi-
als.”

In the rare earth and transition metal heterometal
complex systems, the finite and/or simple structures
have been sufficiently studied, however, the infinite
and/or poly-dimensional complicated structures are less
reported. The bridging ligand is designed from simple
heteronuclear ligand to segmental ligand or ‘ complex lig-
and’ . But still less investigated was the amino polycar-
boxylic acid®?® or amino acid™!” as the heterometallic
bridging of rare earth and transition metals. Further-
more, the application of this type of complex is still not
enough developed, especially in biological and medical
fields. In this paper, nitrilotriacetic acid was chosen as
heterometallic bridging. And another ligand of 4, 4'-
bipyridine was added as homometallic bridging. There-

fore, we obtained a novel complex containing two differ-
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ent kinds of ligands acting as heterometallic and ho-
mometallic bridges respectively in the same complex si-
multaneously .

Experimental

Lanthanum oxide and absolute ethanol were of ana-
lytic grade, other reagents used in the synthesis were of
reagent grade. Among them, nitrilotriacetic acid was pu-
rified by recrystallizing before using. Elemental analysis
(C,H,N) was performed by a German EL-CHNS-O ele-
mental analyser. Infrared spectrum was measured with an
American Nicolet SDXB FT-IR spectrophotometer on KBr
disk.

NTA (0.1915 g, 1.0 mmol) was dissolved in wa-
ter (10 mL) at 80°C and the pH value of the solution
was adjusted to 6.0 with 0.2 mol/L NaOH solution,
then aqueous solution (5 mL) of Cu(NO;),-3H,0 (0.
2418 g, 1.0 mmol) was added stepwise with stirring.
The resulting blue solution was adjusted to pH = 5 and
then stirred at 80°C for S h. Afier that, the mixture was
cooled to room temperature and 5 mL of aqueous solution
containing 1 mmol of La(NQ3); (pH =5) was added
with stirring. 1 h later, 0.5 mmol of 4,4’-bpy in abso-
lute ethanolic solution (5 mL) was added rapidly. The
resulting solution was kept on stirring for 12 h, then left
to evaporate for one day, giving blue needle crystals of
the complex. A single crystal suitable for X-ray analysis

022’

020

NS’

was obtained from the mother solution of the filtration by
evaporating the solvent at room temperature for one
month. Anal. CyHiCuyLaNsOy. Caled. : C, 26.30;
H, 3.62; N, 6.97. Found: C, 26.63; H, 3.45; N,
6.99. Infrared data: 3375(s, br.), 2976. 6 (w),
2936.7 (w), 1608.6(vs), 1575.4(s), 1489 (w),
1455(m), 1402.7(s), 1323(m), 1250(w), 1223.4
(w), 1110.5(w), 1070.7(w), 1017.6(w), 918(w),
818.4(w), 732(w), 652(w), 532.8(w).

Results and discussion

A summary of selected crystallographic data for the
complex is given in Table 1. The diffraction data of the
single crystal was collected on a Siemens P4 diffractome-
ter using graphite-monochromated Mo K, (X = 0. 071073
nm) radiation in the w-scan mode at 296(2) K. Cell
parameters of the complex were determined from 29 re-
flections in the 0 range of 3.67 < 0 < 16.54°. An empir-
ical absorption correction was applied to the original data
set. The structure was solved using direct methods and
refined by a full-matrix least-squares on F, technique
using the SHLXI-97 program package. Hydrogen atoms
of the ligands were generated geometrically. The weight-
ing schemes are w = 1/[¢* F2 + (0.0508 P), +3.7820
P], where P = (F2+2F2)/3. Selected bond lengths
and bond angles are listed in Table 2. The positional pa-

rameters are given in Table 3.

022

016

Fig. 1 Asymmetric unit content along with the atom labelling.
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Table 1 Crystallographic data
Empirical formula CpH3Cuy LaNs Oy Crystal size, mm 0.50%x0.32x0.18
Crystal system Triclinic T, K 296(2)
Space group Pi 0 1.70 to 25.00°
a, nm 1.33710(10) Index range 0<h<ls5, -15<k<l6, -12<l<13
b, nm 1.44530(10) g, mm’ 2.44
¢, nm 1.0949(2) Refl. collected/unique 13557/6260 [ R(int) = 0.0129]
a, deg 71.905(7) Max. and min. transm. 0.6675 and 0.3747
B, deg 74.327(7) Refinement method Full-matrix least-squares on F2
Y, deg 64.427(9) Parameters 505
V, nm’ 1.7912(4) Goodness-of-fit on F? 1.046
Formula weight 1004.5 Final R indices [ 7> 20(1)] R, =0.032, wR,=0.0861
A, nm 0.071073 R indices (all data) R, =0.0353, wR, =0.0885
zZ 2 Extinction coefficient 0.0032(4)
D,, /et 1.863 Largest diff. peak and hole 1303 and - 601 &/md®
F(000) 1004.0
Table 2 Selected bond lengths (nm) and bond angles (deg)

La—01 0.2511(3) Cul—N1 0.1996(3)
La—05C 0.2534(3) Cul—N2 0.1958(4)
La—07 0.2579(3) Cul—02 0.1997(3)
La—08 0.2674(3) Cul—04 0.2133(3)
La—09A 0.2506(3) Cul—06 0.2004(3)
La—O011B 0.2533(3) Cu2—N3 0.2010(3)
La—013 0.2539(3) Cu2—N4 0.1976(3)
La—014 0.2523(3) Cu2—08 0.2214(3)
La—015 0.2665(3) Cu2—O010 0.1964(3)

Cu2—O012 0.1963(3)
09A-La-01 72.44(10) 09A-La-014 139.04(11)
01-La-014 67.95(11) 09A-La-011B 133.76(10)
01-La-0O11B 136.40(10) 014-La-011B 74.80(11)
09A-La-05C 77.955(10) 01-La-05C 78.12(10)
014-1a-05C 103.22(11) 011B-La-05C 133.48(11)
09A-La-013 85.81(12) 01-La-013 75.20(11)
014-La-013 74.59(13) 011B-La-013 73.74(12)
05C-La-013 151.94(11) 09A-La-07 75.82(10)
01-La-07 139.91(10) 014-1a-07 144.25(11)
011B-La-07 83.60(10) 05C-La-07 71.77(10)
013-La-07 126.24(11) 09A-1a-015 140.67(11)
01-La-015 117.31(11) 014-1a-015 70.51(12)
011B-La-015 67.59(11) 05C-La-015 68.19(11)
013-La-015 133.07(12) 07-1a-015 75.05(11)
09A-La-08 65.47(10) 01-La-08 130.40(10)
014-La-08 139.13(11) 011B-La-08 69.60(10)
05C-La-08 115.64(9) 013-La-08 76.72(10)
07-1a-08 49.61(9) 015-La-08 111.81(10)
09A-La-Cl13 67.61(10) 01-La-C13 140.05(11)
014-La-C13 150.86(11) 011B-La-C13 76.45(10)
05C-La-C13 93.12(11) 013-La-C13 101.72(12)
07-La-C13 24.66(10) 015-La-C13 94.20(11)
08-La-C13 25.00(10) N2-Cul-N1 177.54(15)
N2-Cul-02 98.52(14) N1-Cul-02 83.27(13)
N2-Cul-06 93.41(14) N1-Cul-06 84.13(13)
02-Cul-06 134.21(14) N2-Cul-04 98.21(14)
N1-Cul-04 82.58(13) 02-Cul-04 113.05(13)
06-Cul-04 108.65(14) 012-Cu2-010 145.68(14)
012-Cu2-N4 96.55(14) 010-Cu2-N4 94.00(14)
012-Cu2-N3 83.67(13) 010-Cu2-N3 85.41(13)
N4-Cu2-N3 179.22(15) 012-Cu2-08 111.37(13)
010-Cu2-08 98.66(12) N4-Cu2-08 100.19(13)
N3-Cu2-08 80.41(12) C1-N1-C3 111.8(3)
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Table 3 Atomic coordinates and equivalent isotropic displacement parameters [ x 10* ] for the complex. U(eq) is defined as
one third of the trace of orthogonalized Uj; tensor

x % z U(eq)
La 0.1798(1) 0.2316(1) 0.7764(1) 2.0(1)
Cul 0.3975(1) 0.0627(1) 0.3187(1) 2.3(1)
Cu2 -0.1233(1) 0.5614(1) 0.8096(1) 2.1(1)
N1 0.3455(3) -0.0535(3) 0.4221(3) 2.1(1)
N2 0.4551(3) 0.1724(3) 0.2180(4) 2.9(1)
N3 -0.0194(3) 0.6380(3) 0.7185(3) 1.9(1)
N4 -0.2268(3) 0.4876(3) 0.8976(3) 2.6(1)
01 0.1814(3) 0.1209(2) 0.6383(3) 3.1(1)
47) 0.2690(3) 0.1468(2) 0.4336(3) 2.8(1)
o3 0.2474(3) -0.0417(3) 0.1427(3) 4.5(1)
o4 0.3465(3) 0.0413(3) 0.1643(3) 3.5(1)
05 0.6414(3) -0.2200(2) 0.3850(3) 3.2(1)
06 0.5507(3) -0.0467(2) 0.3441(3) 3.6(1)
o7 0.2199(2) 0.3962(2) 0.7525(3) 2.8(1)
08 0.0392(2) 0.4255(2) 0.8040(3) . 2.4(1)
09 -0.1052(3) 0.6466(2) 0.4264(3) 3.2(1)
010 -0.1525(3) 0.5817(2) 0.6349(3) 3.0(1)
011 -0.1238(3) 0.7623(2) 0.9850(3) 3.7(1)
012 -0.1473(3) 0.6297(3) 0.9504(3) 3.5(1)
013 -0.0105(3) 0.2162(3) 0.8482(4) 4.6(1)
014 0.2190(3) 0.0431(3) 0.8982(3) 4.2(1)
015 0.3569(3) 0.1613(3) 0.8954(3) 4.4(1)
Cl 0.2977(4) -0.0296(3) 0.5519(4) 2.5(1)
(o] 0.2441(4) 0.0884(3) 0.5418(4) 2.5(1)
3 0.2592(4) -0.0469(3) 0.3561(4) 2.4(1)
c4 0.2875(4) -0.0144(3) 0.2093(4) 2.8(1)
cs 0.4437(4) -0.1545(3) 0.4220(5) 2.9(1)
c6 0.5532(4) -0.1392(3) 0.3818(4) 2.5(1)
c7 0.5339(4) 0.1510(4) 0.1136(5) 3.8(1)
c8 0.5903(4) 0.2166(4) 0.0445(5) 3.9(1)
9 0.5687(4) 0.3064(3) 0.0857(4) 2.7(1)
C10 0.4859(4) 0.3280(4) 0.1924(5) 3.5(1)
c11 0.4314(4) 0.2599(4) 0.2560(5) 3.1(1)
c12 0.0913(4) 0.5722(3) 0.7602(4) 2.5(1)
C13 0.1193(3) 0.4564(3) 0.7724(4) 2.2(1)
Cl4 -0.0137(4) 0.6563(3) 0.5762(4) 2.5(1)
C15 -0.0971(4) 0.6275(3) 0.5427(4) 2.3(1)
C16 -0.0716(4) 0.7354(3) 0.7696(4) 2.5(1)
C17 -0.1174(4) 0.7073(3) 0.9137(4) 2.6(1)
Ci8 -0.2926(4) 0.5017(4) 1.0114(4) 3.2(1)
C19 -0.3624(4) 0.5017(4) 1.0733(5) 3.3(1)
20 -0.3637(4) 0.3731(3) 1.0176(4) 2.9(1)
1 -0.2986(4) 0.3628(4) 0.8969(5) 3.9(1)
22 -0.2307(4) 0.4194(4) 0.8408(5) 3.7(1)
016 0.4443(4) 0.3316(4) 0.7867(5) 7.1Q1)
017 -0.0063(5) 0.0961(4) 0.5074(5) 8.2(2)
018 0.0466(5) -0.0712(5) 0.2264(6) 8.5(2)
019 -0.3174(5) 0.5586(5) 0.5482(5) 8.8(2)
020 -0.4183(7) 0.4239(7) 0.5874(8) 14.0(3)
N5 -0.1535(8) 0.1814(6) 0.1520(9) 11.6(7)
021 -0.1217(7) 0.1027(5) 0.1051(7) 4.5(2)
022 ~0.2386(11) 0.2010(11) 0.2409(14) 15.6(7)
023 -0.1115(8) 0.2506(6) 0.0989(10) 7.6(3)
N5’ -0.2352(7) 0.2611(7) 0.3787(9) 8.5(5)
021 -0.1625(10) 0.2000(10) 0.3078(9) 12.1(5)
022' -0.3340(8) 0.3129(10) 0.3524(12) 13.7(6)
023’ - 0.2108(7) 0.2695(6) 0.4757(8) 5.8(2)
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The crystal structure of the complex consists of
[LaCuy(4,4’-bpy) (NTA),(H,0)31* cation, NO;™ an-
ion, and lattice water molecules in an asymmetric unit,
as shown in Fig. 1, in which the NO;" anion is disor-
dered in the two positions with equal occupancies. Each
La®* ion is coordinated by six carboxylate oxygen atoms
from five NTA* ions and three oxygen atoms from coordi-
nated water molecules, forming a distorted monocapped
square antiprismatic coordination polyhedron (Fig. 2
(a)) with the bond lengths of La—O in the range of
0.2506(3)—0.2674(3) nm. The symmetry transforma-
tions used to generate equivalent atoms:

A-x, —y+1, —z2+15B -x, —y+1, —z+1;
C-x+1, -y, —z+1.

(b)

Fig. 2 (a) Lanthanum coordination polyhedron; (b) Cupric co-
ordination polyhedron.

The distance from La(Ill ) ion to the bridged oxy-
gen atom O8 is a bit longer than those of La( Il ) ion to
the other eight non-bridged oxygen atoms. Every
Cu(1II) ion is coordinated by one nitrogen atom from 4,
4'-bipyridine molecule and one nitrogen atom, three
oxygen atoms from NTA* anion. In the distorted trigonal
bipyramid environments (Fig. 2(b)) of both Cul and
Cu2, the distance from Cu( Il ) ion to the nitrogen atom
of NTA (Cul—N1: 0. 1996 (3) nm, Cu2—N3:
0.2010(3) nm) is longer than that of Cu( I ) ion to the
nitrogen atom from 4, 4’-bipyridine molecule ( Cul-N2:
0.1958(4) nm, Cu2—N4: 0.1976(3) nm). And it is
noteworthy that the bond lengths of Cu( Il ) ions to the
nitrogen atoms from 4, 4'-bpy molecules are a little
shorter than those reported ( Cu—N: 0. 1983 (9)—
0.2049(6) nm),®? resulting the rather short separa-
tions of two Cu( I ) ions in the Cu<4,4’-bpy-Cu (Cu:**
Cu: 1.0941 nm).

In one unit, La(ll) and Cu(Il )1 ions are

bridged by one carboxylate group of NTA in a coordina-
tion mode of La-0-C-0-Cu, that is, one of the carboxy-
late oxygen atoms coordinates to La( Il ) ion and the oth-
er coordinates to Cu( Il ) ion. In contrast to this coordi-
nation mode, one oxygen atom of the carboxylate group
connecting La( [l ) and Cu(II )2 ions, acting as a p-
coordination atom, coordinates both to Ta( ][ ) and to
Cu(II') ion while the other oxygen atom coordinated on-
ly to La(Ill ) ion. This bridge mode between La(Ill)
and Cu( Il )2 results in a shorter distance of La-*- Cu2
(0.4784 nm) than that of La-*-Cul (0.5472 nm). We
can also consider that two Cu( Il ) ions and one La( Il )
are bridged by the ligand of NTA in the form of Cul-
(carboxylate) La( carboxylate)-Cu2 in the unit. As a re-
sult, the sequence of atoms Cul“**La‘-* Cu2 makes a
broken line with an angle of 127.9°.

Actually, in the title complex, La([ll ) ions and
Cu(II') ions are connected by the heterometallic bridg-
ings of La-NTA-Cu, constructing an infinite two-dimen-
sional network structure along the [110] (Fig. 3).
Then the two-dimensional netwoks are extended into an
infinite three-dimensional network structure by the for-
mation of homometallic bridging of Cu-4,4'-bpy-Cu, as
depicted in Fig. 3. This kind of transition metal and
lanthanide heteronuclear complex, in which two different
kinds of ligands exist as homometal and heterometal
bridgings simultaneously, is not ever reported. In the
network, the nearest Cul-:-Cul, Cul:'Cu2, Cu2-*
Cu2, La*--Cul, La--Cu2 and La-'- La distances are
larger than 0. 4867 nm, 0. 576 nm, 0. 5401 nm,
0.5472 nm, 0.4784 nm and 0.8620 nm respectively.

The NO; ™ anion and uncoordinated water molecules
are trapped in the lattice of the three dimensional net-
work (Fig. 3) as guests. The separations of 013-++023
(0.2805 nm) and 014+:-021 (0.2927 nm) demonstrate
the presence of hydrogen bonds between NO;~ and coor-
dinated water molecules. Some uncoordinated water
molecules and coordinated water molecules also form hy-
drogen bond with 013::-018 and 015::-016 contacts of
0.2728 nm and 0.2958 nm, respectively. It is very in-
teresting that the complicated network is served as hosts
for guest molecules or ions. This kind of inclusion phe-
nomenon has ever been reported in the network formed
by transition metal and 4, 4'-bipyridine molecule.?*®
However, it is rarely found in the rare earth and transi-
tion metal heterometal system.
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Fig. 3 Three dimensional crystal packing not including NO;™ and uncoordinated water molecules.
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