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Abstract—Coordination polymers of REEs with 2-aminoterephthalic acid [Ln,(CgHsNO,);(H,0)s], -
2nH,0 (Ln = Eu, Gd, or Tb) and [Y,(C3gHsNO,);(H,0),], - 4nH,O were prepared by hydrothermal synthe-
sis. Studies of the thermal behavior of these coordination polymers have shown that the removal of the solvate
and the coordinated water molecules occurs at heating to 250°C and dehydratation products are stable up to
400°C. Detailed studies of the magnetic behavior of Eu, Gd, and Tb polymers were performed.
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INTRODUCTION

At the present time, lanthanide- and yttrium-based
carboxylate coordination polymers are among the
most interesting and intensively studied coordination
compounds. These compounds are of great structural
diversity since numerous examples of 1D [1], 2D [2]
and 3D polymeric [3] Ln carboxylates are known.
They are able to exibit interesting and practically
important properties: magnetic [4], luminescent [5],
sorptive [6], catalytic [7], etc. Therefore, their poten-
tial application as a basis of functional materials is
under discussion. Thus, a significant increase in num-
ber of studies on the synthesis and study of new poly-
meric Ln and Y carboxylates with anions of various
carboxylic acids (aliphatic acids, aromatic acids, etc.)
in recent years is observed.

Among numerous carboxylate ligands, aromatic
di- and polycarboxylic acids are widely used to fabri-
cate the coordination polymers [2—4, 7] because of
their rich coordination chemistry (variety of their
coordination modes), structural rigidity (due to a
strong conjugated system), and high affinity between a
carboxylate group and a lanthanide ion.

In turn, benzene- 1,4-dicarboxylic acid (known as a
terephthalic acid) takes a special place among ben-
zenedicarboxylic acids. Its molecular geometry (the
O---O spacing exceeding 7 A) allows formation of
polymeric structures with voids up to 10? A. In 2-ami-
noterephthalic acid (H,L, CgH,NO,), the amino

! The article is published in the original.
T Deceased.

group exhibits a weak coordination ability, but its
“active” H atoms are able to form hydrogen bonds
(HB) which can affect the channel configuration of a
coordination polymers and “capture” solvate mole-
cules containing HB-acceptors in its voids. In all the
known coordination polymers of La, Pr, Nd, Eu, Tb,
Dy, and Er with H,L [8—12] synthesized in the
absence of competing ligands (except for solvate mol-
ecules), the coordination node of Ln is MOQOg. The
amino-group is not involved in coordination, but it
forms the HBs with crystallization water molecules
located in 1D channels of the polymers. One N atom
of three crystallographically independent L ligands
coordinates Ln only in three isostructural
[Lny(L)3(H,0),1, - 0.57(4,4-Bipy) - n(H,0) com-
pounds (Ln = Eu, Gd, Yb) [13] of 39 Ln complexes
with L (including those with competing ligands)
(CSD, version 5.36, November 2014 [14]).

In present work, we expanded the series of the REE
aminoterephthalate complexes using a modified syn-
thesis procedure which allowed us to obtain the single-
phase products in almost quantitative yields. Besides,
magnetic properties of Eu, Gd, and Tb-containing
compounds with H,L were studied and discussed for
the first time.

EXPERIMENTAL

Materials and physical methods. Commercially
available M,0; (M =Y, Eu, Gd, Tb) (Merck) and H,L
(Aldrich) were used for synthesis. Elemental analysis
was carried out on an EA1108 85 automatic C, H, N,
S analyzer (Carlo Erba Instruments). Attenuated total
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reflection infrared (ATR-IR) spectra were recorded in
the range of 400—4000 cm~' on a Bruker ALPHA
instrument. The thermal decomposition of com-
pounds was studied by means of differential scanning
calorimetry (DSC) and thermogravimetry analysis
(TGA) under a flow (20 mL/min) of artificial argon.
TGA measurements were performed on TG 209 F1
instrument in alundum crucibles at a heating rate of
10°C/min. The composition of the gas phase was stud-
ied on a QMS 403C A€&olos mass spectrometer under
TGA conditions. The ionizing electron energy was 70
eV; the largest determined mass number (the mass-to-
charge ratio) was 300 a.m.u. DSC study was carried
out on DSC 204 F1 instrument in aluminum cells at a
heating rate of 10°C/min. Each experiment was
repeated at least three times. Data of thermal analysis
were analyzed according to the ISO 11357-1, ISO
11357-2, ISO 11358, and ASTM E 1269-95 standards
using the NETZSCH Proteus Thermal Analysis soft-
ware package. Magnetic susceptibility measurements
were performed on a Quantum Design MPMS-XL
SQUID magnetometer and a Quantum Design
PPMS-9 susceptometer. These instruments operate
between 1.8 and 400 K for dc applied fields ranging
from —7t0 7 T (MPMS-XL) and —9t0 9 T (PPMS-9).
For ac susceptibility measurements, an oscillating ac
field of 1 or 6 Oe with a frequency between 10 and
10000 Hz (PPMS) were employed. The measure-
ments were performed on polycrystalline samples
sealed in a polyethylene bag and covered with mineral
oil in order to prevent a field-induced torque of the
crystals. Prior to the experiments, the field-dependent
magnetization was measured at 100 K in order to
detect ferromagnetic impurities. The samples
appeared to be free of significant ferromagnetic impu-
rities. The magnetic data were corrected for the sam-
ple holder, the mineral oil, and the diamagnetic con-
tribution.

Synthesis of compounds [Ln,(CgH;NO,);(H,0)s],,
2nH,0 (Ln = Eu (I), Gd (II), or Th (III)). To the
Ln,O; (0.181 g (0.515 mmol) Eu,O; 0.180 g
(0.498 mmol) Gd,0;; 0.188 g (0.51 mmol) Tb,05),
stoichiometric ammount of H,L (1.5 mmol) and H,O
(15—20 mL) were added. The resulting slurry was
stirred for 30 min, then placed in a Teflon autoclave
and allowed to stand at 170°C for 72 h. The resulting
solid phase was washed with H,O and EtOH, and
dried in air. The yields of I (sand-yellow), II (sand-
colored), and III (sand-colored) were 0.43 g (86.3%
based on Eu), 0.39 g (80.0% based on Gd), and 0.45 g
(88.0% based on Tb), respectively.

Compound [YZ(C8H5N04)3(H20)4]FI ‘ 4]’1H20 (IV)
was synthesized similarly to I—III using 0.280 g
(1.55 mmol) of H,L and 0.120 g (0.53 mmol) of Y,0;.
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The yield of IV (cacao-colored) was 0.35 g (82.0%
based onY).

For C24H29N3019EU2 (I; M= 96742)
Anal. calcd., %: C, 29.79; H, 3.02;
Found, %: C, 30.66; H, 4.00;

N, 4.34.
N, 4.25.

IR of I (v, cm™!): 3320 br. w, 1621 w, 1521's, 1493 s,
1425s, 1371 vs, 1327 s, 1256 s, 1153 w, 1045 w, 962 w,
891 w, 834 m, 817 w, 803 m, 769 s, 700 m, 670 m, 576 s,
554, 503 vs, 433 s, 409 s.

For C24H29N3019Gd2 (II, M= 97799)
Anal. caled., %: C, 29.47; H, 2.99;
Found, %: C, 30.66; H, 4.00;

N, 4.29.
N, 4.25.

IR of II (v, cm™'): 3316 br. w, 1621 w, 1518 s, 1493 s,
1422 s, 1371 s, 1325's, 1252 s, 1151 m, 1123 m, 1048 m,
960 m, 889 w, 834 m, 817 m, 804 m, 793 m, 765 s,
714 m, 698 m, 673 m, 572's, 555 s, 500 vs, 433 s, 406 s.

For Cy4H,9yN3;0,9Tb, (III; M = 981.35)
Anal. calcd.,%: C, 29.37; H, 2.98;
Found, %: C, 29.28; H, 4.36;

N, 4.28.
N, 4.41.

IR of IIT (v, cm™!): 3324 br. w, 1619 m, 1535 s,
1495 s, 1423 s, 1378 vs, 1331 s, 1284 m, 1249 s, 1153 w,
1048 w, 963 w, 933 w, 892 w, 850 m, 834 m, 818 w,
806 m, 769 s, 687 m, 675 m, 633 m, 613, 578 s, 565 s,
503 vs, 432 s, 409 s.

For C24H31N3020Y2 (IV, M= 85932)
Anal. calcd., %: C, 33.54; H, 3.63;
Found, %: C, 32.34; H, 4.25;

N, 4.88.
N, 4.76.

IR of IV (v, cm™!): 3323 br. w, 1620 m, 1541 s,
1497 s, 1423 s, 1381 vs, 1335 m, 1249 m, 1154 w, 964 w,
894 w, 852 m, 837 m, 804 m, 769 s, 695 m, 671 m,
627 m, 610 s, 583 s, 564 s, 507 vs, 434 s, 405 vs.

Powder X-ray diffraction. The powder X-ray dif-
fraction studies were performed on a Bruker D8
ADVANCE X-ray diffractometer (Cuk,, Ni-filter,
LYNXEYE detector, reflection geometry) at UFC
IGIC RAS. The unit cell parameters for compounds
I-IV were obtained by the full-profile refinement
using the Rietveld method (Fig. 1). The atomic coor-
dinates were taken from structures of [ Pr,L;(H,O0)s], -
2nH,0 [8] and [Dy,L;(H,0),], - 4nH,O [12] and
fixed. All calculations were carried out using the
TOPAS software [15] (Table 1).

RESULTS AND DISCUSSION
For syntheses of the benzenedicarboxylate coordi-
nation polymers, corresponding acids (which are
water-insoluble) are usually preliminarily converted
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into soluble salts, or syntheses are conducted in the
presence of bases, i.e., hydrothermal syntheses pro-
ceed in MX; (X = Cl, NO;)—ligand—base (NaOH,
KOH) solutions. In accordance to the latter proce-
dure, the complex of Tb with H,L was synthesized [8].
But the yield of the coordination polymers obtained
according to such procedure is given only in [10]: 54%
for the erbium coordination polymers with H,L. We
simplified the synthesis by replacing MX; with M,0;,
thus excluding the stage of ligand deprotonation. The
modified procedure allowed us to obtain single-phase
products with much higher yields (up to 90%). Its
worth mentioning that all the syntheses were per-
formed at the H,L : M,0; ratio of ~3 and heteroge-
neous slurries had pH 5 before and after the syntheses.

Compounds I-IV have similar IR spectra. Broad
blurred absorption bands in the 3400—3210 cm™!
range are assigned to the stretching vibrations of coor-
dination and outer-sphere water molecules; individual
narrow bands due to the deformation vibrations of
water molecules d(H,O) are observed at 1621, 1621,

1619, and 1620 cm~! for I-IV, respectively. The com-

plex {V(C=0)coon + &(NH;3)! band at 1668 cm™' in
the spectrum of the aminoterephthalic acid disappears
in the spectra of I-IV indicating that the ligand is
completely deprotonated in all the four complexes. In
addition, the intense bands assigned to the asymmetric
(V5> 1490—1520 cm™!) and the symmetric (v,, 1370—
430 cm™") stretching vibrations of deprotonated car-
boxylic groups COO™ are observed in the spectra of I—
IV. The bands in the range 800—460 cm~' assigned to
the deformation vibrations of carboxylic groups,
0(COO0), are symbatically shifted to larger wavelengths
(503, 700, and 769 cm~! for I) compared to the corre-
sponding bands in the spectrum of free H,L (489, 677,
and 751 cm™).

At the present time, three structural types of coor-
dination polymers obtained in the Ln—H,L—H,0 sys-
tem are known: [Ln,L;(H,0),], - 4nH,O (Ln = Nd
[11]; Eu, Tb [8], Dy [12]) and [Er,Ly(H,0),], -
1.5nH,0 [10] (type A); [Ln,L;(H,0)s], - 2eH,0O (Ln =
La [9], Pr [8]) (type B); and [Pr3(HL),(L),],(NO3), -
8nH,O [16], [Nd(HL)(L)], 3nH,O [16], and
[Ln(HL)(L)], - xnH,O (Ln = La—Sm excluding Pm)
[17] (type C). Hydrothermal synthesis results in struc-
tures A and B. Compounds of type C were obtained
under normal pressure.

In all three structural types, molecular complexes
are connected into 3D frameworks involving solvate
water molecules. In all compounds, the L ligands are
disordered so that each amino-group occupies two or
three positions. Molecules of crystallization water are
disordered. The composition of [Pr;(HL),-
(L),],(NOy), - 8nH,0 [16] seems doubtful, since the
disordering of the structure does not allow one to
unambiguously localize the nitrate ion.
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Fig. 1. Rietveld refinement profiles for I (a), I (b), II (c),
and IV (d) for room temperature X-ray data, respectively.
The bottom trace shows the difference curve. The vertical
bars indicate the calculated positions of the Bragg peaks.
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Table 1. Crystallographic data and structure refinement for I-IV

773

Value
Parameter

I 11 111 v
Empirical formula Cy4Hy9N3;0gEu, C,4Hy9N;0,9Gd, C,4Hy9N;0,9Tb, CyH3N5050Y;
Formula weight 967.42 978.00 981.35 859.32
Temperature, K 296 296 296 296
Wavelength, A 1.5419 1.5419 1.5419 1.5419
Crystal system Triclinic Triclinic Triclinic Triclinic
Space group Pll Pl Pl P
a, A 10.31154(18) 10.2907(4) 10.2665(4) 10.1150(2)
b, A 15.1381(2) 15.1330(5) 15.1373(6) 10.31841(16)
c, A 10.0722(2) 10.0598(4) 10.0354(4) 9.4398(2)
o, deg 101.687(2) 101.843(5) 101.976(6) 95.413(2)
B, deg 100.458(2) 100.254(5) 100.024(5) 110.2800(19)
v, deg 106.1829(17) 106.234(3) 106.346(4) 110.7603(17)
Volume, A3 1430.51(6) 1425.18(11) 1418.38(12) 837.25(4)
V4 2 2 2 2
0 Range, deg 5—80 5—80 5-70 4—100
Step size 20, deg 0.005 0.005 0.008 0.005
Parameters 20 21 35 28
R-Bragg 3.385 1.646 3.175 4.628
Rexp 2.75 2.45 1.58 1.77
R,, 6.49 3.26 3.88 8.90
R, 4.65 2.51 2.56 6.29
GOOF 2.36 1.33 2.46 5.03

In the structural type A, there are three crystallo-
graphically independent L ligands per one Ln atom.
These ligands are located in the inversion centers, and
their NH, groups are therefore disordered. In addition
to the six carboxylate O atoms of three L ligands, the
Ln coordination environment also includes two H,O
molecules. The coordination number of Ln is 8 + 1
(Fig. 2). The Ln(1)—O(5) distance is 3.03 A (Ln = Nd
[11]).

Stuctures of B type are formed by two crystallo-
graphically independent eight-coordinate Ln atoms
and three independent L ligands (Fig. 3a; Ln = Pr [8]).
Although the three ligands are located at general posi-
tions, all of them are disordered: NH, group is statisti-
cally bound to carbon atoms in positions 2 and 5, i.e.,

the local symmetry of the ligand is . Eleven of twelve
carboxylate O atoms of L ligands are coordinated by
Ln; O(4) is the only oxygen atom uninvolved in coor-
dination. Ln(1) and Ln(2) atoms additionally coordi-
nate two and three H,O molecules, respectively.

It was suggested [8] that the B—A morphotropic
transition takes place between Pr and Nd; however,
our data revealed the existence of both phases for
Eu—Tb. Thus, structures of A type are known for Y

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 43

and Nd—Er and structures of B type are known for
La—Thb.

Single-phase complexes I and II, as well as almost
single-phase complex III (>95%), obtained in this
study belong to type B. Initially, the synthesis of the
Gd complex afforded a mixture of the A and B modi-
fications; i.e., both modifications are formed simulta-
neously and under the same conditions. By varying
synthetic conditions, we isolated single-phase speci-
men of II. Attempts to obtain pure A form failed,
therefore, it can be assumed that form B is more stable.
Structural comparison of the phases provides an indi-
rect support for this assumption. The coordination
number of Ln atoms is 8 + 1 in complexes of A form
and 8 in complexes of B form; i.e., in accordance with
the lanthanide contraction, forms A and B are more
favorable for light and heavy lanthanides, respectively.
However, available experimental data show the oppo-
site picture. Unfortunately, powder XRD patterns are
not given in [8, 9, 11, 12]; therefore, we can not esti-
mate the purity of the compounds reported there. The
powder pattern of compound [Er,L;(H,0),],
1.5nH,0 [10] suggests that a mixture of forms A and B
was isolated: the multiplet consisting of four peaks in

No. 11 2017
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Fig. 2. Fragment of structural type A (coordinated H,O molecules, H atoms and NH, groups are omitted).

the 26 = 9°—11° range makes it similar to the powder
pattern of the mixture of the two forms of Gd complex
obtained in the present study.

In all syntheses, complex III (Fig. 1) is accompa-
nied by an unknown crystal phase. Magnetic suscepti-
bility (see below) was measured for a sample with its
minimal content (~4%) on the assumption that the
impurity has the same scattering power as complex III.
Note that the similar impurity was formed in some
syntheses of the Eu complex. Because of the large vol-
ume of the triclinic unit cell of the B type structures
(1450 A3), many peaks on the X-ray pattern overlap;
we distinguished only six peaks that are unambigu-
ously attributed to the unknown phase. The doublet at
D ~ 9 A indicates that the asymmetric unit of the
unknown impurity has a large volume, and, as a con-
sequence, six lines are insufficient to perform cell
indexing.

According to the Rietveld refinement (Fig. 1), the
sample of complex [Y,L;(H,0),], - 4nH,0 contained
8.5(1)% of Y,0;.

Studies of the thermal behavior of coordination
polymers I-IV revealed that their thermal stability is
determined by the presence of solvate water mole-
cules. For all the compounds under study, regardless
of the structural type, the removal of solvate molecules
(according to the data of TGA) begins at 50 £ 3°C
(Fig. 4). The removal of coordinated water molecules
takes place above 140 £ 3°C. The mass spectrum of

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 43

the gaseous phase under the conditions of thermo-
gravimetric experiment in the temperature range of
50—250°C corresponds to the mass spectrum of water.
The resulting dehydration products remain stable up
to 400°C when destructive removal of the organic
fragments starts.

In order to characterize possible structures of inter-
mediates, a comparative study of IR spectra (ATR-IR)
of starting [Ln,(CsHsNO,);(H,0)s], -+ 2eH,0 com-
plexes and products of their complete dehydration
{Ln,(C4gHsNO,);} was performed. Fragments of the
IR spectra of complex II and corresponding interme-
diate are shown in Fig. 5. It can be seen that the broad
band in the 3300—3400 cm~' region in IR spectra of
complex II (assigned to the stretching vibrations of
water molecules) disappears after dehydration and two
previously masked sharp separate bands (3484 and
3369 cm™!) assigned to the v(N—H) stretching vibra-
tions of free amino groups of aminoterephthalate ions
appear. The band at 1621 cm~! assigned to the defor-
mation vibrations of water molecules, 8(H,0), also
disappears in the spectrum of the intermediate.

At the same time, it can be assumed that the coor-
dination of carboxylic groups remains almost
unchanged, as it can be concluded from rather close
coincidence of the position and shape of the bands
corresponding to their stretching vibrations.

No. 11 2017
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(b)

Fig. 3. Fragments of (a) structural type B and (b) structure [Nd,(TPh);(H,0)4] [18] (coordinated H,O molecules, H atoms and

NH, groups are omitted).

100
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Fig. 4. DSC (dashed) and TGA (solid) curves for complex
II in the temperature range 20—500°C.
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Actually, if all water molecules are removed from
the B type structure, the coordination numbers of
Ln(1) and Ln(2) atoms lower to six and five, respec-
tively. However, the process of dehydration is accom-
panied by the adjustment movement of structural
units. Thus, it can be assumed that upon dehydration
the noncoordinated O(4) atom enters the Ln(2) coor-
dination sphere, thereby increasing the coordination
number to six (Fig. 3a). In this hypothetical structure,
all 12 oxygen atoms of three L ligands are coordinated
by Ln atoms. Such ligand coordination was found in
compound [Nd,(TPh);(H,0),] [18], where TPh~ is

the terephthalate anion. The TPh™ ligand can be con-
sidered as a crystal-chemical analog of the aminotere-
phthalate ligand L, since the disordered amino-group
of the L ligand is uninvolved in metal coordination

Vol. 43
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Fig. 5. Fragments of IR spectra of [Gd,(CgH5NO,)3(H,0)s],, -

2400 cm~! (a) and 1650—1335 cm ~! (b).

both in complexes of the A and B types. In compound
[Nd,(TPh);(H,0),] [18], the coordination number of
Nd is 8: the coordination environment is formed by six
O atoms of the carboxylic groups of TPh~ and two O
atoms of H,O molecules (Fig. 3b). Coordination
number of 6 is not typical of Ln complexes synthesized
in donor solvents media, but it is known for com-
pounds obtained by sublimation, for example,
[Yb(Acac),] [19]. On the other hand, a slight shift of
Ln “layers” relative to one another (the “layers” are
perpendicular to the plane of the drawing in Fig. 3a)
can change the function of carboxylic groups from
bridging to chelate-bridging (like that of the O(5,6)
group in Fig. 1) and thereby increase the coordination
number of Ln to 7 or 8.

The magnetism of Ln(III) complexes results from
the electronic structure of free lanthanide ions itself
and mostly is determined by the spin-orbit interac-
tions. The spin-orbit coupling constants of lantha-
nides are equal to thousands of inverse centimeters.
Hence, the energy splitting between multiplets is large
as compared to k7, and only the ground state is popu-
lated at room and lower temperatures for most of free
lanthanide ions. As a result, in the majority of cases,
the experimental values of the effective magnetic
moments of trivalent lanthanide compounds are
described by the equathion p = g[J(J + 1)]/2, where J
is the total momentum of the ground state and g is the
g factor of this state [20].

In contrast with other Ln?* ions, compounds with
Eu?* (4f°) are characterized by a small splitting
between the non-magnetic ground-state "F, and the
first excited multiplets (400 cm™!) [21]. The magnetic
behavior of complex [Eu,(CgHs;NO,);(H,0)s],
2nH,O (I) is typical for Eu(IIl) compounds. The
Al (T) and %,,(7) plots for europium complex I are
shown in Fig. 6. Considering the following spin-orbit
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2nH,0 (1) and {Gdy(CgHsNOy)3} (2) in the range of 3770—

Hamiltonian Hgo = ALS, the first excited 7F; state is
only A cm™! higher in energy than the ’F} level. Up to
300 K, the thermal energy suffices to populate signifi-
cantly only three first energy levels (0, A, and 3A)
inducing a significant magnetic moment at room tem-
perature as observed in Fig. 5 for I [22]. As expected in
the case for which kT is of the order of A, the room
temperature value of the y,,7 product (1.36 cm®* K
mol ') does not reach the theoretical high temperature
limit, 12N,Wg%/kg, i.e., 4.5 cm? K mol™! [22]. A mono-
tonic decrease of the 7 product is observed with low-
ering of the temperature between 300 and 2 K, at
which it reaches 0.0014 cm3 K mol™!. As observed for
similar Eu(IIT) complexes, this decrease corresponds
to the depopulation of the magnetic low lying excited
levels. Based on the energy spectra obtained from the
spin-orbit Hamiltonian, Hy, the theoretical tempera-
ture dependence of the magnetic susceptibility can be
calculated in the weak-field approximation using the
van Vleck equation [22]. Only one parameter, the
spin-orbit coupling constant A, is necessary to simu-
late the experimental data, which are fitted perfectly
with A = 344 £ 1 cm~! (see line in Fig. 6). The energy
difference between the "F, and F, levels estimated
from the magnetic susceptibility at low temperatures
(between 70—30 K, x = 6.2 X 1073 cm? mol™!) using
the known Caro-Porcher equation is 339 cm~!. This
value is in a good agreement with the A value found
from the y,,7(7) and with literature estimations [22].

Compounds containing Gd** ion are distinguished
among complexes with 4fions due to specific features
of the electronic structure of this ion. The Gd** ion
has the maximum possible number of unpaired elec-
trons (8 = 7/2) in a series of felements and this ion is
isotropic. Therefore, the contribution of the spin-orbit
interaction is absent for Gd*'. For complex
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Fig. 6. Temperature dependences of the 7y (®) and the 7’
(O) product (where % is the molar magnetic susceptibility

equal to M/H per Eu?t ion) measured at 0.5 7 for I. The
solid line is the best fit of the experimental data for I to the
model described in the text.

[Gd,y(CgH5NO,);(H,0)s], - 2nH,0 (IT), the tempera-
ture dependence of the dc magnetic susceptibility was
studied in the temperature range 300—2 K under an
applied magnetic field of 1 kOe (Fig. 7).

The value of x,,,T for complex II at room tempera-
ture is 15.69 cm?® K mol~! which is close to the calcu-
lated value for Gd** ion (15.76 cm® mol~' K (S=17/2,
L=0,8S;,, ¢g=2, C=7.9cm’ K mol™)). It remains
virtually constant as the temperature lowers to 20 K
(XmT (20 K) = 15.60 cm? K mol™") and then abruptly

decreases reaching 14.45cm® K mol™! at 2 K. The
temperature-independent behavior (300—20 K) sug-
gests that the coupling between the Gd** ions is very
weak as it has been observed for many polynuclear
Gd(III) complexes [23]. The exchange interactions
were evaluated using the model of chains of equally
spaced magnetic centers with local spins larger than
1/2. As the complex consists of infinite chains with
equal spacings, it can be quantitatively analysed using
equation (1) [22]:

202
LTy = e B3Sk(S+1)
1+coth[JS(S+1)]— kT (1)
y kT JS(S +1)
l—coth[']S(S “)} kT
kT JS(S +1)

where N is the Avogadro constant; g is the g factor; B is
the Bohr magneton; & is the Boltzmann constant; and
J is the isotropic interaction parameter. The
best agreement between the experimental and theoret-
ical data was obtained with the g=2.00 £ 0.01 and J =
—0.012 £ 0.001 cm~! (Fig. 7).

The field dependence of the magnetization M(H)
for II was studied at 7= 1.85, 3, 5, and 8 K in the mag-
netic fields up to H,,, = 70 kOe (see inset in Fig. 8).
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Fig. 7. Temperature dependences of the y,,7 for
[Gdy(CgH3sNO,);3(H,0)s5], 2nH,0 (II) (0) and
[Tby(CgH5NOy4)3(H,0)s], - 2nH,O (I11I) (@) measured at
H=0.1T. The solid line is the best fit of the experimental
data for II to the model described in the text.

According to [22], the field dependences of magneti-
zation are described by the Brillouin function if there
are no significant magnetic interactions in a system.
The field dependences of the magnetization repre-
sented in the form of the M = f{H/T) curves should
coincide at any temperature. Close coincidence of all
M = f(H/T) curves (Fig. 8) confirms that there are no
significant interactions in the [Gd,(CsHsNO,);-
(H,0)s],, - 2nH,O complex. The Brillouin function
(Fig. 8) was plotted forg=2andJ=7/2at T=1.85 K.
Slight deviation of the Brillouin function from the
experimental curve to lower values at magnetic fields
H > 1 T can be explained by the fact that the g factor
of the complex studied slightly exceeds g = 2.

For complex [Tb,(CgHsNO,);(H,0)s], - 2nH,0
(III), the y,,T product remains almost constant down
to 160 K (25.0 cm®K/mol), then decreases slowly with
temperature lowering, and at ~10 K sharply decreases
reaching 13.3 cm?® K/mol at 2 K (Fig. 7). Such
decreasing can be attributed to the zero-field splitting
effects (under the effect of the ligands field), Zeeman
effects from the applied magnetic field and/or to pos-
sible antiferromagnetic coupling between the lantha-
nide ions [24].

The M = f(H/T) dependences for complex
[Tby,(C3HsNO,);(H,0)5], - 2nH,O (III) are shown in
Fig. 9. The difference between the curves obtained at
different temperatures is observed. Thus, the notice-
able magnetic anisotropy and the existence of a certain
energy barrier AE, which has to be overcome for the
reorientation of the magnetic moment of the molecule
could be expected for complex III. However, the mea-
surements of the dynamic (AC) magnetic susceptibil-
ity did not reveal slow magnetic relaxation, and a
noticeable deviation of the out-of-phase magnetic
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Fig. 8. Field dependences of the magnetization for complex [Gd,(CgHsNOy4)5(H,0)s],, - 2nH,O (II) plotted as M vs. H/T and
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a solid line.
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Fig. 9. Field dependences of the magnetization for complex [Tb,(CgHsNOy4);(H,0)s],, - 2nH,O (III) plotted as M vs. H/T and

M vs. H (inset) at 7= 1.85 (0), 3 (2), 5(m), and 8 K (O).

susceptibility %" from zero was found only at 7= 1.9 K  behavior in accordance with the nature of the lantha-

in a magnetic field of 3500 Oe.

Therefore, the results of the present study of the
magnetic behavior of the coordination polymers I—III
confirm the regularities of the changes in the magnetic

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 43

nide ion itself.

In summary, a new approach to the hydrothermal
synthesis of coordination polymers based on REEs
and 2-aminoterephthalic acid was proposed. Using of
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REE oxides as starting reagents allows one to exclude
competing acido ligands and to attain almost quanti-
tative yields of the single-phase products. The REE
coordination polymers with 2-aminoterephthalic acid
prepared under hydrothermal conditions exhibit poly-
morphism. The coordination polymer of Gd (II) was
obtained as a mixture of A and B modifications, and
further optimization of the synthesis conditions
allowed us to obtain the single-phase product B. The
dehydration of coordination polymers I—IV finishes
up to 250°C, and the intermediates remain stable up to
400°C. Detailed studies of magnetic susceptibility
(DC) were performed for the complexes containing
paramagnetic Eu?* (I), Gd**" (II), and Tb** (III) ions.
The magnetic behavior of complex I is typical of
Eu(III) compounds. For I, the spin-orbit coupling
constant A was calculated using the van Vleck equation
in the weak-field approximation and the energy differ-
ence between the 'F, and " F, levels A-_p was estimated
using the Caro-Porcher equation. The calculated val-
ues of A and A_p are in a good agreement. Studies of
complex Il did not reveal significant exchange interac-
tions. Noticeable magnetic anisotropy and the exis-
tence of the certain energy barrier which has to be
overcome for the reorientation of the magnetic
moment of the molecule could be expected for com-
plex III. However, the measurements of the dynamic
(AC) magnetic susceptibility did not reveal slow mag-
netic relaxation, and a noticeable deviation of out-of-
phase magnetic susceptibility " from zero was found
only at T = 1.9 K in an external magnetic field of
3500 Oe.
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