
*Graphical Abstract - Pictogram (for review)
Click here to download high resolution image

brought to you by 
C

O
R

E
V

iew
 m

etadata, citation and sim
ilar papers at core.ac.uk

provided by D
igital.C

S
IC

https://core.ac.uk/display/36188927?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://ees.elsevier.com/poly/download.aspx?id=463850&guid=2c2f5cb5-3b79-4497-8a08-23e7e2fbda99&scheme=1


 

 

Synopsis 

Different coordination modes of the o-phenylenedioxydiacetato ligand (PDOA) lead to a 

ribbon-like arrangement of {Ce3} triangles in [Ce(PDOA)(NO3)(H2O)2]n (1) and to zig-zag 

chains in {[Ce(PDOA)(NO3)(H2O)3]∙H2O} (2); in both structures syn-anti carboxylate bridges 

link the Ce(III) atoms. A magnetic study using data at temperatures above 50 K reveals Curie-

Weiss behavior for 1 with  = -35.5 K. 
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Abstract  

Two novel coordination polymers [Ce(PDOA)(NO3)(H2O)2]n (1) and 

{[Ce(PDOA)(NO3)(H2O)3]∙H2O}n (2) (PDOA = o-phenylenedioxydiacetato) have been 

prepared using hydrothermal conditions and have been structurally characterized. In both 

crystal structures 1 and 2 the Ce(III) atoms are decacoordinated by oxygen atoms from PDOA 

ligands with chelating and bridging functions, chelating nitrato ligands and aqua ligands. 

While in 1 the PDOA ligand presents a hexadentate coordination mode, in 2 it is coordinated 

in a pentadentate manner; this difference leads to different types of one-dimensional structural 

motifs: in 2 there are zig-zag chains of the -Ce-O-C-O-Ce- type with syn-anti carboxylate 

bridges and in 1 these chains are additionally interlinked by further syn-anti carboxylate 

bridges leading to a strip- or ribbon-like arrangement formed of {Ce3} fused triangles. The 

endothermic dehydration of 1 within the temperature range 69-199 ºC is at least a two-step 

process as suggested by TG and DTA methods. A variable temperature (2-300 K) magnetic 

study reveals Curie-Weiss behavior for 1 with  = -35.5 K observed above 50 K. The origin 

of the observed behavior is discussed.   

 

Keywords:  coordination polymer; Ce(III) complex; crystal structure; nitrate;  

o-phenylenedioxydiaceto ligand   

 

 

1. Introduction 

 

Increasing interest in the design, synthesis and characterization of new lanthanide complexes 

has been stimulated by their structural diversity and potential applications in catalysis, 
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fluorescence/light emission, magnetism and as functional materials in the field of MOFs [1-

7]. Polycarboxylic acids (and their deprotonized forms) in particular have received a great 

deal of attention due to their ability to act as chelating as well as bridging ligands in 

lanthanide complexes with various structural dimensionalities [8-12]. Among the 

polycarboxylic acids, o-phenylenedioxydiacetic acid, H2PDOA (Scheme 1) exhibits, after 

deprotonation, various multidentate chelating and/or bridging modes of coordination with 

lanthanide ions [13-16].  

 

 
<Scheme 1>  Structure of H2PDOA 

 

Up to now, according to a search in CSD [17], only one compound containing Ce(III) and the 

PDOA ligand has been structurally characterized, namely {[Ce2(PDOA)3(H2O)6]·2H2O}n, 

[18,19]. Herein, as a part of our broader study on lanthanide complexes with PDOA, we 

report the syntheses, properties and crystal structures of two novel Ce(III) complexes, 

[Ce(PDOA)(NO3)(H2O)2]n (1) and {[Ce(PDOA)(NO3)(H2O)3]∙H2O}n (2) along with the 

magnetic properties of 1.   

 

2. Experimental 

 

2.1. General considerations 

CHN analyses were performed on a Perkin Elmer 2400 Series II CHNS/O analyzer. Infrared 

spectra were recorded on a Perkin Elmer Spectrum 100 CsI DTGS FTIR Spectometer with 

UATR 1 bounce-KRS-5 in the range of 4000–300 cm
-1

. X-ray powder patterns were 

measured on a RIGAKU D-Max/2500 diffractometer with rotating anode and RINT2000 

vertical goniometer, in the range 3-60º of 2θ using Cu Kα1,2 radiation ( = 1.5406 Å).  The 

calculated patterns were obtained using the program Mercury CSD 3.1.1 Development [20]. 

TG and DTG curves were recorded on a 2960 SDT V3.0 F instrument (aluminum crucibles) 

in a nitrogen atmosphere in the temperature range 20-250 ºC with heating rate 5º/min.  

 

2.2. Magnetic measurements 

The magnetic properties of 1 were investigated using a commercial Quantum Design SQUID 

magnetometer in the temperature range from 2 to 300 K at 0.1 T. The powder specimen 

(86.5 mg) was fixed in a gelcap using varnish GE 7031 and the gelcap was held by a straw. 

The signal contribution of the varnish, empty gelcap and the straw was subtracted from the 
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total signal. The obtained data were corrected the diamagnetic contribution using Pascal´s 

constants [21]. 

 

2.3. X-ray crystallography 

Single-crystal X-ray data were collected at 100(1) K on a Bruker CCD-based three-circle 

diffractometer equipped with a graphite monochromator utilizing MoKa radiation ( = 

0.71073 Å). Absorption corrections were based on the multi-scan technique using SADABS 

[22]. The structures were solved by SIR92 [23] and refined against the F
2
 data using full-

matrix least squares methods with the program SHELXL-97 [24]. Anisotropic displacement 

parameters were refined for all non-H atoms. The hydrogen atoms bonded to carbon and 

oxygen atoms were included at idealized positions and refined as riders with isotropic 

displacement parameters assigned as 1.2 times the Ueq values of the corresponding bonding 

partners. The crystal and experimental data are given in Table 1, and selected geometric 

parameters are given in Table 2. Possible hydrogen bonds are gathered in Tables 3 and 4. The 

structural figures were drawn using Diamond [25].  

 

2.4 Syntheses of [Ce(PDOA)(NO3)(H2O)2]n (1) and {[Ce(PDOA)(NO3)(H2O)3]∙H2O}n (2) 

A mixture of 0.087 g of Ce(NO3)3·6H2O (0.2 mmol), 0.068 g of H2PDOA (0.3 mmol) and 

0.04 g of 1,10-phenanthroline monohydrate (0.2 mmol) with 10 cm
3
 of water was placed in a 

25 cm
3
 glass flask, heated in the oven at 393 K for 48 hours and then cooled to room 

temperature at a rate of 8 deg/h. The resulting colorless solution was filtered and layered with 

10 cm
3
 of 2-propanol. A mixture of crystals of 1 and 2 was formed within four days at the 

interface of the two phases.  

Compound 1 was also prepared using the following procedure: a mixture of 0.217 g of 

Ce(NO3)3·6H2O (0.5 mmol), 0.113 g of H2PDOA (0.5 mmol) with 1 cm
3
 of aqueous solution 

of 1M NaOH in water was placed in a 25 cm
3
 glass flask, which was heated in the oven at 398 

K for 48 h and then cooled to room temperature at a rate of 7 deg/h. The resulting colorless 

solution was filtered and within a few days small crystals of 1 separated. Yield: 40 %  

Anal. CHNS/O of 1: C10H12Ce1N1O11 (M = 462.33 g.mol
−1

): Found (%): C, 25.97; H, 2.58; N, 

3.08; Calc. (%): C, 25.98; H, 2.62; N, 3.03. 

IR (UATR) of 1 (in cm
-1

): 3478(w); 3159(w); 3085(w); 2918(w); 1603(s); 1501(s); 1457(m);  

1424(s); 1331(s); 1288(m); 1247(s); 11921(m); 1119(s); 1031(m); 951(w); 819(m); 759(m); 

690(m); 596(s); 571(s); 520(s); 437(m); 342(m). 

IR (UATR) of 2 (in cm
-1

): 3212(m); 3091(w); 2936(w); 1692(w); 1593(s); 1501(s); 1478(m); 

1451(m);  1421(s); 1344(m); 1303(m); 1247(s); 1195(m); 1124(s); 1032(m); 959(m); 921(w); 

817(m); 765(m); 750(m); 716(m); 693(s); 603(s); 582(s); 525(s); 461(m); 431(m); 327(m).   
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<Table 1> Crystal data and structure refinements for 1 and 2 

 1   2   

Empirical formula C10 H12 Ce N O11    C10 H16 Ce N O13   

Molecular weight 462.33 498.36 

Crystal system monoclinic monoclinic 

Space group P21/c P21/c 

Unit cell dimensions  

a (Å) 15.440(1) 14.632(1) 

b (Å) 6.1429(3) 12.186(1) 

c (Å) 16.790(1) 9.0427(6) 

β (°) 115.600(1) 100.413(1) 

V (Å
3
) 1436.1(5)  1585.8(5) 

Z 4 4 

Dcalc (Mg.m
-3

) 2.138 2.087 

T (K) 100(2) 100(2) 

μ (mm
-1

) 3.231  2.943 

Crystal dimensions (mm) 0.12x0.11x0.03 0.22 x 0.06 x 0.04 

Crystal color / form beige plate colorless needle 

Index ranges −20  h  13 −18  h  17 

 −8  k  7  −14  k  15 

 −20  l  22  −11  l  8 

  ranges (°) 1.46 – 28.61 1.42 – 26.19 

Reflections collected 3369 3168 

Independent reflections 3160 (Rint = 0.0252) 2806 (Rint = 0.0323)  

Absorption corr. method multi-scan multi-scan  

Tmin Tmax  0.6131-0.7457 0.6257-0.7453 

Goodness-of-fit on F2 1.062 1.188 

R indices [I>2s(I)] R1 = 0.0210, wR2 = 0.0502 R1 = 0.0251, wR2 = 0.0593 

R indices (all data) R1 = 0.0229, wR2 = 0.0514 R1 = 0.0317, wR2 = 0.0804 

Diff. peak and hole (e.Å
−3

) 1.200; -0.754  0.821; -0.465  

  

 

 

3. Results and Discussion 

 

3.1 Preparation and identification of [Ce(PDOA)(NO3)(H2O)2]n (1) and 

{[Ce(PDOA)(NO3)(H2O)3]∙H2O}n (2) 

 

Complex 1 was prepared by two different procedures using hydrothermal conditions, in one 

case by a targeted synthesis and in the other by a procedure that was not originally intended to 

give this product. In the presence of phen, a mixture of crystals of complexes 1 and 2 is 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 5 

obtained; these crystals, suitable for X-ray data collection, were separated manually under a 

microscope and further studied. We note that our effort to prepare single crystals using the 

same procedure, but in the absence of phen, was not successful. As complex 2 was formed 

only as an admixture, it was only partially characterized, while a fuller characterization 

including a magnetic study is given for 1 (see below). The phase purity and identity of 1 was 

checked by comparison of the experimental X-ray powder diffraction pattern with the one 

calculated on the basis of the known crystal structure (see Fig. S1 in the Supplementary 

material).  

 

IR spectra of both 1 and 2 were recorded. The positions of the observed absorption bands are 

gathered in the experimental part for identification purposes. The IR spectra are rich 

especially due to the presence of the PDOA ligands in the complexes, so the unambiguous 

assignment of the observed absorption bands is difficult. Nevertheless, bands arising from 

asymmetric and symmetric ν(COO) vibrations of the carboxylates are characteristic of 1 and 

2, the asymmetric ν(COO) vibrations are observed at 1603 (1) and 1593 (2) cm
-1

, while the 

absorption bands at 1332 cm
-1

 for 1, and at 1344 cm
-1

 for 2 are assigned to the symmetric 

v(COO) vibrations. Usual values for υas(COO
-
) are in the range of 1610-1550 cm

−1
 for the 

asymmetric modes and 1400-1300 cm
−1

 for symmetric ν(COO
-
) [26]. All assigned values 

correspond to those in the previously reported compound Na[Yb(PDOA)2(H2O)2]·2H2O [27]. 

 

In order to estimate the water contents and to follow the dehydration process in 1 its TG and 

DTA curves up to 250 ºC were recorded. The dehydration process of 1 is observed in the 

temperature range 69-199 ºC and the observed weight loss is 7.7 %. This value corresponds 

well to the calculated value of 7.8 % for full dehydration. As indicated by the DTA curve the 

dehydrations of 1 is at least a two-step endothermic process (Fig. 1).  

 

 
<Fig. 1> TG and DTA curves for 1. 
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3.2 Crystal structures  

The central Ce(III) atoms in both 1 and 2 exhibit deca-coordination (Fig. 2, Fig. 3). In 1 the 

O10 donor set is formed by four oxygen atoms (O1, O3, O4, O5) originating from the 

chelating function of the hexadentate PDOA ligand, two oxygen atoms (O2 and O6) from two 

further, crystallographically different, PDOA ligands, and by a further four oxygen atoms, 

two from a chelating nitrato ligand (O7 and O8) and two (O10w and O11w) from aqua 

ligands (Fig 2). Using the program SHAPE [28] the resulting coordination polyhedron was 

identified as a bicapped square antiprism.  

 

 

<Fig. 2> The coordination mode of the Ce(III) atom in 1 (left) and the view of the 

coordination polyhedron (right).  Symmetry codes: i: 1-x, 1/2+y, 1/2-z; ii: x, y-1, z; iii: x, 1+y, 

z; iv: 1-x, y-1/2, 1/2-z 

 

 

The O10 donor set for the Ce(III) atom in 2 is composed of four oxygen atoms (O1, O3, O4, 

O6) originating from the chelating pentadentate PDOA ligand, one oxygen atom from a 

symmetry related PDOA ligand (O6
ii
; ii: x, y-1, z) that links two Ce(III) atoms through a 

carboxylate bridge, two oxygen atoms from the chelating nitrato ligand (O7 and O8) and three 

aqua ligands (O10w, O11w and O12w) (Fig. 3). The coordination polyhedron around the 

Ce(III) atoms, rather irregular as a result of the disposition of the chelating nitrato ligand, was 

identified using the program SHAPE [28] to be best described as a sphenocorona. 
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<Fig. 3> The coordination around the Ce(III) atom in 2 (left) and the resulting polyhedron 

(right). Symmetry codes: vii: x, 5/2-y, z-1/2; viii: x, 5/2-y, z+1/2 

 

 

The different chelating-bridging coordination modes of the PDOA ligands in 1 and 2 are 

schematically depicted in Scheme 2.  As can be seen, in 1 the PDOA ligand is hexadentate: it 

uses four “inner” oxygen atoms for chelation while the two “outer” carboxyl oxygen atoms 

coordinate to a further two crystallographically independent Ce(III) atoms forming bridges 

(Scheme 2-left). This coordination mode is not common but it was observed, e.g., in 

{[Na2Ca(PDOA)2(H2O)5]·2H2O}n  [29].  In contrast, in 2 the PDOA ligand is pentadentate as 

only one “outer” carboxyl oxygen atom is used for coordination to an additional Ce(III) atom 

(Scheme 2-right). The same coordination mode was already observed in 

{[Ln(PDOA)3(H2O)6]·2H2O}n (Ln = Eu, Dy, Sm) [14]. 

 

 

<Scheme 2> The coordination modes of PDOA ligand in 1 (left) and 2 (right).  

 

 

Both 1 and 2 exhibit topologically different one-dimensional (1d) crystal structures which can 

be regarded as a consequence of the different bridging modes of the PDOA ligands (Fig. 4); 

we note that the nitrato ligands act only as blocking ligands. In 1 each Ce(III) atom is linked 
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to four neighbouring Ce(III) centres by four syn-anti carboxylate bridges [–O–C–O–] 

(connectivity of the node formed by Ce(III) is four) forming a 1d ribbon structure running 

along the b axis; alternatively, the ribbon or strip can be described as built up of fused 

triangles {Ce3} with Ce(III) atoms at the vertices (Fig. 4). On the other hand, in the crystal 

structure of 2 each Ce(III) atom is connected with only two other Ce(III) atoms via syn-anti 

carboxylate bridges (connectivity two) which leads to the formation of zig-zag chains running 

along c axis. A search in the CSD [17] revealed that, up to now, for o-

phenylenedioxydiacetato lanthanide complexes only two ladder-like structural motifs were 

reported, one with long rungs and one with short rungs (Fig. 5). All but one of the long-rung 

systems are isostructural. As an example of the isostructural series we can mention 

[Gd2(PDOA)3(H2O)6]·2H2O (Fig. 5, left) [19]. On the other hand, the second ladder-like 

structural motif with short legs formed by a pair of 2-oxo bridges was observed  

 

 

 

<Fig. 4> The ribbons in 1 (left) and zig-zag chains in 2 (right). Only atoms participating in 

propagation of the structures are shown. 

 

 

 

 
<Fig. 5> The formed ladders in [Gd2(PDOA)3(H2O)6]·2H2O (left) [19] and in 

[La(PDOA)Cl(H2O)2] (right) [30]. Only atoms participating in propagation of the structure 

are shown. 

  

 

 

 

 

 

 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 9 

<Table 2> Selected geometric parameters [Å, ] for 1 and 2. 

 1  2 

Ce1-O1 2.4417(16) Ce1-O1 2.474(3)  

Ce1-O2
i
 2.5205(16) Ce1-O3 2.647(3) 

Ce1-O3 2.7905 (16) Ce1-O4 2.685(3)  

Ce1-O4 2.6640 (16) Ce1-O5 2.468(3)  

Ce1-O5 2.4691(17) Ce1-O6
vii 

2.473(3) 

Ce1-O6
ii
 2.4997(16) Ce1-O7 2.736(3) 

Ce1-O7 2.6079(17) Ce1-O8 2.628(3) 

Ce1-O8 2.6852(16) Ce1-O10w
 

2.560(3) 

Ce1-O10w
 

2.5158(18) Ce1-O11w
 

2.576(3) 

Ce1-O11w
 

2.5111(18) Ce1-O12w
 

2.531(3) 

O7-N1 1.262(3) O7-N1 1.261(5) 

O8-N1 1.262(2) O8-N1 1.288(5) 

O9-N1 1.237(2) O9-N1 1.220(5) 

Symmetry codes: i: 1-x, 1/2+y, 1/2-z; ii: x, y-1, z; vii: x, 5/2-y, z-1/2 

 

 

only in [La(PDOA)Cl(H2O)2] (Fig. 6, right) [30]. Nevertheless, in both structural types, in 

contrast to 1 and 2, the lanthanide atoms are linked by covalent bridges to three neighbouring 

lanthanide atoms (connectivity three) [19,30]. Thus, the observed 1d structural motifs in 1 and 

2 represent novel types within the structural chemistry of lanthanides with o-

phenylenedioxydiacetato ligand. 

 

The Ce-O bond distances in 1 and 2 are in the ranges of 2.442(2) − 2.791(2) Å and 2.468(3) − 

2.736(3) Å, respectively. The longest Ce-O bonds are formed by phenolato and nitrato oxygen 

atoms, suggesting their weaker coordination (Table 2). Similar ranges of Ce-O bonds were 

observed in {[Ce2(PDOA)3(H2O)6]·2H2O}n (range 2.3802(17) - 2.7032(14) Å) [19] and 

{[Ce(HPAA)2(NO3)(H2O)2]·H2O}n (range 2.4914(14) - 2.7245(15) Å; HPAA = 2-(4-

hydroxyphenyl)acetate) [31].   

 

Both crystal structures, 1 and 2, are further stabilized by hydrogen bonding interactions. As 

can be seen from Fig. 6, all water molecules along with the two nitrate oxygen atoms (O8 and 

O9) and two oxygen atoms from PDOA ligands (O1 and O5) are involved in medium-strength 

hydrogen bonds (HBs) of the O-H···O type with D···A distances in the range 2.625(3) - 

2.868(3) Å (Table 2, Fig. 6). Two of the HBs are intramolecular (i.e., they link atoms within 

the ribbons), while a further two HBs, involving nitrate oxygen atoms, are intermolecular and 

link neighboring strips. As a consequence, a ring system of HBs with descriptor   (8) 

involving two Ce(III) atoms can be distinguished. This ring can be seen at the centre of Fig. 6. 
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Fig. 6 Hydrogen bonding system in 1. Some atoms not participating in HBs formation are 

shown only as wires. Symmetry codes: i: 1-x, 1/2+y, 1/2-z; ii: x, y-1, z; iii: x, 1+y, z;  

iv: 1-x, y-1/2, 1/2-z; v: 1-x, -y, -z ; vi: x, 1/2-y, 1/2+z. 

 

 

The hydrogen bonding system in 2 is also based on O-H···O HBs of medium strength with 

O···O distances in the range 2.700 (3) - 2.981(3) Å. The water molecule of crystallization 

(O13w) plays a key role in the hydrogen bonding; it forms two HBs with two oxygen atoms, 

O8 and O11w, coordinated to Ce1, yielding a ring pattern   (6); moreover, O13w acts as an 

acceptor for a further two HBs, assuring connectivity between neighboring chains (Fig. 7). 

Among all of the HBs only one is intramolecular (i.e., intrachain: O11···O5
vii

; vii: x, 5/2-y, z-

1/2), the remaining ones being intermolecular. It is interesting that in 2 the nitrate group is 

involved in only one HB of the O-H···O type (O13w···O8
xii

; xii:  x, y, 1+z) but it also acts as 

an acceptor in weaker HBs of the C-H···O type.  

 

 

Fig. 7 Hydrogen bonding system in 2. Symmetry codes: vii: x, 5/2-y, z-1/2; viii: x, 5/2-y, 

z+1/2; ix: -x, 2-y, -z; x: -x, 2-y, 1-z; xi: x, 3/2-y, z+1/2; xii: x, y, 1+z 
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<Table 3> Possible hydrogen bonds for 1 [Å, °]    

   

D-H···A d(D-H) d(H···A) d(D···A) <(DHA) 

O10w-H1w0···O5
ii
 0.87(4) 2.01(5) 2.770(3) 145(4) 

O10w-H2w0···O8
v
  0.89(3) 2.00(3) 2.868(3) 166(3) 

O11w-H1w1···O9
vi

 0.72(4) 2.07(4) 2.751(3) 159(4) 

O11w-H2w1···O1
i
 0.88(4) 1.78(5) 2.625(3) 162(3) 

Symmetry codes: i: 1-x, 1/2+y, 1/2-z ;  ii: x, y-1, z ; v: 1-x, -y, -z ; vi: x, 1/2-y, 1/2+z  

 

 

 

<Table 4> Possible hydrogen bonds for 2 [Å, °]    

 

D-H···A d(D-H) d(H···A) d(D···A) <(DHA) 

O10w-H1w0···O2
ix

  0.85(4)     1.89(4)    2.732(5)      172(5) 

O10w-H2w0···O13w
x
     0.85(5)     2.19(5)    2.977(5)      153(5) 

O11w-H1w1···O1
ix

  0.851(15)     1.93(3)    2.740(4)      159(5) 

O11w-H2w1···O5
vii

  0.85(2)     1.88(3)    2.700(4)      162(4) 

O12w-H1w2···O2  0.851(9)   1.910(12)    2.753(5)      170(5) 

O12w-H2w2···O13w  0.85(2)     1.91(2)    2.730(5)      160(5) 

O13w-H1w3···O11w
xii

       0.85(4)     2.09(5)    2.841(5)      148(4) 

O13w-H2w3···O8
xii

       0.85(5)     2.01(4)    2.769(5)      147(5) 

Symmetry codes: ix: -x, 2-y, -z ; x: -x, 2-y, 1-z ; vii: x, 5/2-y, z-1/2 ; xi: x, 3/2-y, z+1/2 ; xii: 

x, y, z+1 

 

 

3.3 Magnetic properties of 1 

The temperature dependent magnetic data for the Ce(III) complex 1 are depicted in Fig. 8. As 

can be seen from the inset in this figure the effective magnetic moment gradually decreases 

from its room temperature value of μeff = 3.27 μB to the value of μeff = 2.26 μB at T = 1.8 K. 

The analysis of the inverse susceptibility using the Curie-Weiss law performed above 50 K 

yielded θ = -35.5(5) K and this value may be influenced by both crystal field (CF) and 

intramolecular interactions present in the crystal. In order to clarify the dominant mechanism, 

in the first approximation, the properties of an isolated Ce(III) ion in the crystal lattice were 

considered. 
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Fig. 8 Experimental magnetic curves for 1: temperature dependence of the molar magnetic 

susceptibility (triangles); temperature dependence of the inverse magnetic susceptibility (grey 

circles); the result of the fit using Curie–Weiss law is denoted by the blue solid line. Inset:  

Temperature dependence of the effective magnetic moment (full circles). 

 

 

The ground multiplet 
2
F5/2 of a Ce(III) ion is split by CF with symmetry lower than cubic into 

three Kramers doublets. Obviously, the energy differences within the doublets, which 

determine the temperaturesat which the excited levels will become occupied, depend on the 

specific surroundings of the Ce(III) ions in 1. In order to illustrate the effect, a comparison 

between the temperature dependence of the relative occupancy ratio n2/n1 for two energy 

levels E1, E2 with energy difference Δ12, and the inverse susceptibility of 1, was performed; 

the results are presented in Fig. 9.  It should be noted, that for Δ12/kB = 150 K the excited level 

E2 starts to be thermally accessible nominally 30 K. This temperature is in very good 

agreement with  
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Fig. 9 Temperature dependence of the relative occupancy ratio for two energy levels with 

energy difference 150 K. Inset: temperature dependence of inverse susceptibility of 1, the 

dashed lines are a guide for the eyes. See the text for a more detailed discussion.  

 

 

the temperature at which the inverse susceptibility of 1 significantly deviates from the Curie–

Weiss behavior found at temperatures above 50 K. The value obtained for Δ12 seems to be 

plausible; a difference of the order of hundreds of Kelvins between excited levels was also 

found in other Ce(III) compounds [32]. Consequently, it may be suggested that CF effects 

represent the mechanism governing the behavior of the magnetic susceptibility, at least down 

to 30 K. In such a situation, the estimation of the exchange interaction among magnetic 

Ce(III) ions is less straightforward. Specific heat and magnetization studied at low enough 

temperatures (T << Δ12/kB) would represent informative quantities for establishing magnetic 

dimensionality and determining the magnitude of magnetic interactions in this system. 

 

4. Summary 

Using hydrothermal conditions two new heteroleptic Ce(III) complexes 

[Ce(PDOA)(NO3)(H2O)2]n (1) and {[Ce(PDOA)(NO3)(H2O)3]∙H2O}n (2) were isolated and 

characterized. While the formation of 1 was straightforward, 2 formed only as a byproduct in 

the presence of phen. The results of X-ray structure analyses revealed that PDOA acts as a 

hexadentate ligand in 1 and is pentadentate in 2. As a consequence, in 1 each Ce(III) atom is 

connected with four neighbors and a ribbon-like arrangement of Ce(III) atoms can be 

observed, while in 2 each Ce(III) atom is connected only with two other Ce(III) atoms and a 

zig-zag chain-like arrangement is formed; both 1d structural motifs are new among the o-

phenylenedioxydiacetato complexes of lanthanides. A rich system of hydrogen bonds 
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stabilizes both crystal structures. The magnetic properties of 1 above 50 K can be described 

using Curie-Weiss behavior with  = -35.5 K.    

 

Appendix A. Supplementary data 

CCDC 1029869 and CCDC 1029871 contain the supplementary crystallographic data for 

complexes 1 and 2, respectively. These data can be obtained free of charge via 

http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge Crystallographic 

Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: (+44) 1223-336-033; or e-mail: 

deposit@ccdc.cam.ac.uk.  
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Supplementary material: 

 

 

 

<Fig. S1> Experimental and calculated powder X-ray diffraction pattern for 1. 
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