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Three complexes, Na4[DyIII(dtpa)(H2O)]2 � 16H2O, Na[DyIII(edta)(H2O)3] � 3.25H2O and
Na3[DyIII (nta)2(H2O)] � 5.5H2O, have been synthesized in aqueous solution and characterized
by FT–IR, elemental analyses, TG–DTA and single-crystal X-ray diffraction.
Na4[DyIII(dtpa)(H2O)]2 � 16H2O crystallizes in the monoclinic system with P21/n space group,
a¼ 18.158(10) Å, b¼ 14.968(9) Å, c¼ 20.769(12) Å, �¼ 108.552(9)�, V¼ 5351(5) Å3, Z¼ 4,
M¼ 1517.87 gmol�1, Dc¼ 1.879 g cm�3, �¼ 2.914mm�1, F(000)¼ 3032, and its structure is
refined to R1(F )¼ 0.0500 for 9384 observed reflections [I42�(I )]. Na[DyIII(edta)(H2O)3] �
3.25H2O crystallizes in the orthorhombic system with Fdd2 space group, a¼ 19.338(7) Å,
b¼ 35.378(13) Å, c¼ 12.137(5) Å, �¼ 90�, V¼ 8303(5) Å3, Z¼ 16, M¼ 586.31 gmol�1, Dc¼

1.876 g cm�3, �¼ 3.690mm�1, F(000)¼ 4632, and its structure is refined to R1(F )¼ 0.0307 for
4027 observed reflections [I42�(I)]. Na3[DyIII(nta)2(H2O)] � 5.5H2O crystallizes in the
orthorhombic system with Pccn space group, a¼ 15.964(12) Å, b¼ 19.665(15) Å,
c¼ 14.552(11) Å, �¼ 90�, V¼ 4568(6) Å3, Z¼ 8, M¼ 724.81 gmol�1, Dc¼ 2.102 g cm�3,
�¼ 3.422mm�1, F(000)¼ 2848, and its structure is refined to R1(F )¼ 0.0449 for 4033 observed
reflections [I42 �(I)]. The coordination polyhedra are tricapped trigonal prism for
Na4[DyIII(dtpa)(H2O)]2 � 16H2O and Na3[DyIII(nta)2(H2O)] � 5.5H2O, but monocapped square
antiprism for Na[DyIII(edta)(H2O)3] � 3.25H2O. The crystal structures of these three complexes
are completely different from one another. The three-dimensional geometries of three polymers
are 3-D layer-shaped structure for Na4[DyIII(dtpa)(H2O)]2 � 16H2O, 1-D zigzag type structure
for Na[DyIII(edta)(H2O)3] � 3.25H2O and a 2-D parallelogram for Na3[DyIII(nta)2(H2O)] �
5.5H2O. According to thermal analyses, the collapsing temperatures are 356�C for
Na4[DyIII(dtpa)(H2O)]2 � 16H2O, 371�C for Na[DyIII(edta)(H2O)3] � 3.25H2O and 387�C for
Na3[DyIII(nta)2(H2O)] � 5.5H2O, which indicates that their crystal structures are very stable.

Keywords: DyIII; Dtpa (diethylenetriamine-N,N,N0,N0 0,N0 0-pentaacetic acid); Edta (ethylene-
diamine-N,N,N0,N0-tetraacetic acid); Nta (¼ nitrilotriacetic acid); Structure
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1. Introduction

Progress has been achieved in the coordination chemistry of rare earth metal (RE)
complexes with various aminopolycarboxylic acid ligands, which are of interest in
applications for different purposes, and in the research and development of new
materials [1]. In medicinal and biochemistry, RE complexes are widely investigated for:
(1) high-spin paramagnetism and the ability to enhance the longitudinal relaxation rate
of water protons, Gd-dtpa complexes have been used as contract agents in magnetic
resonance imaging (MRI) [2–6], (2) because some RE ions have desirable radioactive
characteristics, their corresponding complexes become excellent candidates for
radiation synovectomy and radioimmunotherapy, e.g. 153Sm, 165Dy, 166Ho, and 177Lu
complexes [7–9], (3) special photophysical properties of RE complexes as luminescent
labels in various fluoroimmunoassays [10] and (4) hydrolysis of DNA and RNA with
high specificity [11–18]. Research on their crystal and molecular structures is very
important to determine their behavior in vivo. For example, the coordination number,
the presence of coordination water and the formation of polynuclear species can
dramatically change the value of these complexes.

In a given oxidation state, the crystal and molecular structures of RE complexes with
aminopolycarboxylic acid ligands depend on the radius of central metal ions and the
nature of counter cation(s). For the potassium salts of RE-dtpa complexes, difference
in ionic radius not only influences the coordination number, but also the molecular
structure. The RE-dtpa complexes, whose central metal ions are ahead of the DyIII ion
(including the DyIII ion) in the order of RE ions, possess mononuclear structures,
such as K2[Eu

III(dtpa)(H2O)] � 6H2O, K2[GdIII(dtpa)(H2O)] � 6H2O, K2[DyIII(dtpa)
(H2O)] � 6H2O [19] and K2[Y

III(dtpa)(H2O)] � 7H2O [20]. As for the RE ions behind
the DyIII ion, their dtpa complexes are binuclear, (K4[HoIII2(dtpa)2] � 4H2O [19],
K4[Er

III
2 (dtpa)2] � 7H2O and K4[YbIII2 (dtpa)2] � 8H2O). Hence, DyIII is regarded as the

division between mononuclear structure and binuclear structure for their potassium
salts. There is generally similarity between the potassium and sodium salts of RE
complexes with aminopolycarboxylic acid ligands. As a result, Na4[DyIII(dtpa)(H2O)]2 �
16H2O is mononuclear. In the Na4[DyIII(dtpa)(H2O)]2 � 16H2O, there are two kinds
of coordination moieties, which are connected by six types of bridging coordination
modes. In order to analyze the influence of ligand species on crystal and molecular
structures, the Na[DyIII(edta)(H2O)3] � 3.25H2O and Na3[DyIII (nta)2(H2O)] � 5.5H2O
were also synthesized. Scheme 1 exhibits the structures of three aminopolycarboxylic
acid ligands.

2. Experimental

2.1. Syntheses of complexes

2.1.1. Syntheses of Na4[DyIII(dtpa)(H2O)]2 . 16H2O. The Na4[DyIII(dtpa)(H2O)]2 �
16H2O was prepared by mixing Dy2O3 (0.9325 g, 2.5mmol) and H5dtpa (1.9668 g,
5mmol) in 100mL water (molar ratio of DyIII to dtpa is 1 : 1). The mixed solution
was heated under stirring and refluxing. After 6 h the solution became transparent, and
then the pH was adjusted to 6.5 by dropping dilute NaHCO3 aqueous solution.
The resulting solution was concentrated to 20mL, and colorless crystals of DyIII
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complex was obtained after two weeks at room temperature. The elemental analyses
for C, H and N were carried out on a Perkin–Elmer 240 instrument. The contents of
DyIII ion were measured by edta titration after microwave digestion. Anal. Found (%):
Dy 21.44, C 22.19, H 4.76, N 5.53; Calcd (%): Dy 21.41, C 22.16, H 4.78, N 5.54.
The formula (C28H72Dy2N6O38Na4) is consistent with the diffraction analysis.

2.1.2. Syntheses of Na[DyIII(edta)(H2O)3] . 3.25H2O. Colorless crystals of Na[DyIII

(edta)(H2O)3] � 3.25H2O were prepared by mixing Dy2O3 (0.9325 g, 2.5mmol) and
H4edta (1.4612 g, 5mmol) in an analogous manner. Anal. Found (%): Dy 27.75,
C 20.51, H 4.20, N 4.76; Calcd (%): Dy 27.72, C 20.49, H 4.21, N 4.78. This formula
(C10H24.5DyN2O14.25Na) is consistent with the result of diffraction analysis.

2.1.3. Syntheses of Na3[DyIII(nta)2(H2O)] . 5.5H2O. Colorless crystals of Na3[DyIII

(nta)2(H2O)] � 5.5H2O were prepared by mixing Dy2O3 (0.9325 g, 2.5mmol) and H3nta
(1.9114 g, 10.0mmol) powders and following the same procedure. Anal. Found (%):
Dy 22.44, C 19.91, H 3.47, N 3.84; Calcd (%): Dy 22.42, C 19.89, H 3.48, N 3.86.
This formula (C12H25DyN2O18.5Na3) is consistent with the result of diffraction analysis.

2.2. Determination of FT–IR spectra

The FT–IR spectra of Na4[DyIII(dtpa)(H2O)]2 � 16H2O, Na[DyIII(edta)(H2O)3] �
3.25H2O and Na3[DyIII(nta)2(H2O)] � 5.5H2O, and corresponding ligands, H5dpta,
H4edta and H3nta, were determined by a Perkin–Elmer Spectrum One FT–IR
spectrometer. All the results are given in figure 1.

2.3. Determination of TG–DTA

Thermal analyses were determined by Mettler–Toledo 851e thermogravimetric analyzer
under N2 (20mLmin�1) from room temperature to 800�C at a heating rate of
10�Cmin�1. The results are given in figure 2.

Scheme 1. The structures of three kinds of aminopolycarboxylic acid ligands.
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2.4. X-ray diffraction of single crystals

Data on the title complexes were collected on a Bruker SMART CCD type X-ray
diffractometer system with graphite-monochromatized Mo-Ka radiation
(�¼ 0.71073 Å). The structures were solved by direct methods. All non-hydrogen
atoms were refined anisotropically by full-matrix least-squares methods. All calcula-
tions were performed by the SHELXL-97 program on PDP11/44 and Pentium MMX/
166 computers. The details of crystal data collection and refinement parameters for the
Na4[DyIII(dtpa)(H2O)]2 � 16H2O, Na[DyIII(edta)(H2O)3] � 3.25H2O and Na3[DyIII(nta)2
(H2O)] � 5.5H2O are listed in table 1. Selected bond lengths and angles are listed
in tables 2–4, respectively. For comparison, the crystal data of some RE complexes
similar to Na4[DyIII(dtpa)(H2O)]2 � 16H2O, Na[DyIII(edta)(H2O)3] � 3.25H2O and
Na3[DyIII(nta)2(H2O)] � 5.5H2O are also listed in tables 5–7.

3. Results and discussion

3.1. FT–IR spectra

Comparisons between the FT–IR spectra of ligands and corresponding complexes
reveal changes due to complexation.

As shown in figure 1(a-1) and (a-2), the �(C–N) of Na4[DyIII(dtpa)(H2O)]2 � 16H2O is
at 1092 cm�1, red-shifted 54 cm�1 compared to H5dtpa (1146 cm�1), indicating that the
nitrogen atoms of H5dtpa have coordinated to DyIII. The �as(COOH) of H5dpta at
1733 cm�1 disappears in the FT–IR spectrum of Na4[DyIII(dtpa)(H2O)]2 � 16H2O; the

Figure 1. FT–IR spectra of three title complexes and their corresponding ligands. (a-1) Na4[DyIII(dtpa)
(H2O)]2 � 16H2O; (b-1) Na[DyIII(edta)(H2O)3] � 3.25H2O; (c-1) Na3[DyIII(nta)2(H2O)] � 5.5H2O; (a-2) H5; dtpa;
(b-2) H4edta; (c-2) H3nta.

Figure 2. TG–DTA of three title complexes. (a) Na4[DyIII(dtpa)(H2O)]2 � 16H2O; (b)
Na[DyIII(edta)(H2O)3] �3.25H2O; (c) Na3[DyIII(nta)2(H2O)] � 5.5H2O.
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(Å

3
)

5
3
5
1
(5
)

8
3
0
3
(5
)

4
5
6
8
(6
)

Z
4

1
6

8
D

C
a
lc
d
(M

g
m
�
3
)

1
.8
7
9

1
.8
7
6

2
.1
0
2

A
b
so
rp
ti
o
n
co
ef
fi
ci
en
t
(m

m
�
1
)

2
.9
1
4

3
.6
9
0

3
.4
2
2

F
(0
0
0
)

3
0
3
2

4
6
3
2

2
8
4
8

C
ry
st
a
l
si
ze

(m
m

3
)

0
.2
2
�
0
.2
0
�
0
.1
8

0
.3
2
�
0
.2
0
�
0
.1
6

0
.2
8
�
0
.2
4
�
0
.2
0

�
ra
n
g
e
fo
r
d
a
ta

co
ll
ec
ti
o
n
(�
)

2
.4
4
–
2
5
.0
1

2
.0
6
–
2
6
.3
4

1
.6
4
–
2
5
.0
1

In
d
ex

ra
n
g
es

�
1
9
�
h
�
2
1
,
�
1
7
�
k
�
1
1
,
�
2
4
�
l�

2
4

�
2
2
�
h
�
2
2
,
�
2
7
�
k
�
4
4
,
�
1
4
�
l�

1
5

�
1
8
�
h
�
1
8
,
�
1
1
�
k
�
2
3
,
�
1
6
�
l�

1
7

R
ef
le
ct
io
n
s
co
ll
ec
te
d

2
6
9
1
0

1
0
0
3
8

2
2
0
1
3

In
d
ep
en
d
en
t
re
fl
ec
ti
o
n
s

9
3
8
4
[R
(i
n
t)
¼
0
.0
7
3
2
]

4
0
2
7
[R
(i
n
t)
¼
0
.0
3
5
6
]

4
0
3
3
[R
(i
n
t)
¼
0
.0
7
4
1
]

C
o
m
p
le
te
n
es
s
to
� m

a
x
(%

)
9
9
.4

9
7
.3

1
0
0
.0

M
a
x
.
a
n
d
m
in
.
tr
a
n
sm

is
si
o
n

1
.0
0
0
0
0
0
a
n
d
0
.6
8
4
5
5
2

1
.0
0
0
0
0
0
a
n
d
0
.7
1
5
7
0
0

1
.0
0
0
0
0
0
a
n
d
0
.5
4
4
9
4
3

D
a
ta
/r
es
tr
a
in
ts
/p
a
ra
m
et
er
s

9
3
8
4
/0
/7
0
3

4
0
2
7
/1
/2
7
1

4
0
3
3
/0
/3
3
4

G
o
o
d
n
es
s
o
f
fi
t
o
n
F
2

0
.9
5
8

1
.0
4
1

1
.0
4
6

F
in
a
l
R

in
d
ic
es

[I
4

2
�
(I
)]
*

R
1
(F

)
¼
0
.0
5
0
0
,
w
R
2
(F

2
)
¼
0
.1
0
0
5

R
1
(F
)
¼
0
.0
3
0
7
,
w
R
2
(F

2
)
¼
0
.0
7
9
9

R
1
(F

)
¼
0
.0
4
4
9
,
w
R
2
(F

2
)
¼
0
.0
9
9
1

R
in
d
ic
es

(a
ll
d
a
ta
)

R
1
(F

)
¼
0
.0
8
1
7
,
w
R
2
(F

2
)
¼
0
.1
1
1
1

R
1
(F
)
¼
0
.0
3
7
5
,
w
R
2
(F

2
)
¼
0
.0
8
2
7

R
1
(F

)
¼
0
.0
6
9
9
,
w
R
2
(F

2
)
¼
0
.1
1
5
7

L
a
rg
es
t
d
if
f.
p
ea
k
a
n
d
h
o
le

(e
Å
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Table 2. Selected bond lengths (Å) and angles (�) for Na4[DyIII(dtpa)(H2O)]2 � 16H2O (only in the
coordination polyhedron).a

Dy(1)–O(1) 2.351(5) Dy(1)–N(1) 2.605(7) Dy(2)–O(18) 2.419(5)
Dy(1)–O(3) 2.395(5) Dy(1)–N(2) 2.562(7) Dy(2)–O(20) 2.363(5)
Dy(1)–O(5) 2.364(6) Dy(1)–N(3) 2.693(6) Dy(2)–O(22) 2.495(5)
Dy(1)–O(7) 2.345(5) Dy(2)–O(12) 2.395(5) Dy(2)–N(4) 2.685(6)
Dy(1)–O(9) 2.334(6) Dy(2)–O(14) 2.333(6) Dy(2)–N(5) 2.558(6)
Dy(1)–O(11) 2.536(6) Dy(2)–O(16) 2.324(5) Dy(2)–N(6) 2.596(7)

O(1)–Dy(1)–O(3) 93.32(19) O(7)–Dy(1)–N(1) 68.3(2) O(18)–Dy(2)–O(20) 93.55(19)
O(1)–Dy(1)–O(5) 149.42(19) O(7)–Dy(1)–N(2) 83.2(2) O(18)–Dy(2)–O(22) 70.46(18)
O(1)–Dy(1)–O(7) 75.65(19) O(7)–Dy(1)–N(3) 64.3(2) O(20)–Dy(2)–O(22) 74.41(18)
O(1)–Dy(1)–O(9) 87.6(2) O(9)–Dy(1)–N(1) 146.4(2) O(12)–Dy(2)–N(4) 63.05(19)
O(1)–Dy(1)–O(11) 73.01(19) O(9)–Dy(1)–N(2) 131.1(2) O(12)–Dy(2)–N(5) 131.1(2)
O(3)–Dy(1)–O(5) 72.74(19) O(9)–Dy(1)–N(3) 63.3(2) O(12)–Dy(2)–N(6) 145.62(19)
O(3)–Dy(1)–O(7) 133.97(19) O(11)–Dy(1)–N(1) 116.33(19) O(14)–Dy(2)–N(4) 64.86(19)
O(3)–Dy(1)–O(9) 138.19(19) O(11)–Dy(1)–N(2) 135.4(2) O(14)–Dy(2)–N(5) 85.0(2)
O(3)–Dy(1)–O(11) 70.43(18) O(11)–Dy(1)–N(3) 124.3(2) O(14)–Dy(2)–N(6) 67.9(2)
O(5)–Dy(1)–O(7) 133.48(19) N(1)–Dy(1)–N(2) 69.8(2) O(16)–Dy(2)–N(4) 70.93(19)
O(5)–Dy(1)–O(9) 85.6(2) N(1)–Dy(1)–N(3) 119.4(2) O(16)–Dy(2)–N(5) 68.72(19)
O(5)–Dy(1)–O(11) 76.65(19) N(2)–Dy(1)–N(3) 69.2(2) O(16)–Dy(2)–N(6) 129.60(19)
O(7)–Dy(1)–O(9) 86.7(2) O(12)–Dy(2)–O(14) 85.8(2) O(18)–Dy(2)–N(4) 134.94(19)
O(7)–Dy(1)–O(11) 141.28(19) O(12)–Dy(2)–O(16) 84.58(19) O(18)–Dy(2)–N(5) 72.14(19)
O(9)–Dy(1)–O(11) 69.96(19) O(12)–Dy(2)–O(18) 139.23(19) O(18)–Dy(2)–N(6) 66.64(18)
O(1)–Dy(1)–N(1) 65.2(2) O(12)–Dy(2)–O(20) 87.6(2) O(20)–Dy(2)–N(4) 130.60(19)
O(1)–Dy(1)–N(2) 134.7(2) O(12)–Dy(2)–O(22) 70.68(18) O(20)–Dy(2)–N(5) 135.1(2)
O(1)–Dy(1)–N(3) 130.6(2) O(14)–Dy(2)–O(16) 134.23(19) O(20)–Dy(2)–N(6) 65.0(2)
O(3)–Dy(1)–N(1) 66.59(19) O(14)–Dy(2)–O(18) 133.70(19) O(22)–Dy(2)–N(4) 123.68(18)
O(3)–Dy(1)–N(2) 73.4(2) O(14)–Dy(2)–O(20) 74.81(19) O(22)–Dy(2)–N(5) 133.22(18)
O(3)–Dy(1)–N(3) 135.32(19) O(14)–Dy(2)–O(22) 141.72(19) O(22)–Dy(2)–N(6) 117.11(19)
O(5)–Dy(1)–N(1) 127.8(2) O(16)–Dy(2)–O(18) 73.74(19) N(4)–Dy(2)–N(5) 69.6(2)
O(5)–Dy(1)–N(2) 68.3(2) O(16)–Dy(2)–O(20) 148.89(19) N(4)–Dy(2)–N(6) 119.2(2)
O(5)–Dy(1)–N(3) 71.3(2) O(16)–Dy(2)–O(22) 74.58(18) N(5)–Dy(2)–N(6) 70.4(2)

aSymmetry transformations used to generate equivalent atoms: #1 �xþ 1.5, yþ 0.5, �zþ 0.5; #2 �xþ 0.5, yþ 0.5, �zþ 0.5;
#3 �xþ 1, �yþ 2, �z; #4 �xþ 0.5, y� 0.5, �zþ 0.5; #5 �xþ 1.5, y� 0.5, �zþ 0.5.

Table 3. Selected bond lengths (Å) and angles (�) for Na[DyIII(edta)(H2O)3] � 3.25H2O
(only in the coordination polyhedron).a

Dy(1)–O(1) 2.349(5) Dy(1)–O(7) 2.408(5) Dy(1)–O(11) 2.390(5)
Dy(1)–O(3) 2.403(5) Dy(1)–O(9) 2.533(4) Dy(1)–N(1) 2.625(5)
Dy(1)–O(5) 2.362(5) Dy(1)–O(10) 2.457(5) Dy(1)–N(2) 2.673(6)

O(1)–Dy(1)–O(3) 71.65(18) O(5)–Dy(1)–O(9) 74.16(17) O(3)–Dy(1)–N(2) 114.34(18)
O(1)–Dy(1)–O(5) 78.69(19) O(5)–Dy(1)–O(10) 142.43(18) O(5)–Dy(1)–N(1) 78.06(19)
O(1)–Dy(1)–O(7) 141.37(18) O(5)–Dy(1)–O(11) 77.89(19) O(5)–Dy(1)–N(2) 65.54(18)
O(1)–Dy(1)–O(9) 67.99(17) O(7)–Dy(1)–O(9) 138.65(17) O(7)–Dy(1)–N(1) 89.75(17)
O(1)–Dy(1)–O(10) 104.95(19) O(7)–Dy(1)–O(10) 70.97(17) O(7)–Dy(1)–N(2) 63.61(17)
O(1)–Dy(1)–O(11) 137.50(18) O(7)–Dy(1)–O(11) 79.92(19) O(9)–Dy(1)–N(1) 131.25(17)
O(3)–Dy(1)–O(5) 140.46(18) O(9)–Dy(1)–O(10) 72.97(17) O(9)–Dy(1)–N(2) 129.60(18)
O(3)–Dy(1)–O(7) 70.67(17) O(9)–Dy(1)–O(11) 71.73(19) O(10)–Dy(1)–N(1) 138.61(19)
O(3)–Dy(1)–O(9) 115.97(17) O(10)–Dy(1)–O(11) 74.95(16) O(10)–Dy(1)–N(2) 126.80(18)
O(3)–Dy(1)–O(10) 72.12(17) O(1)–Dy(1)–N(1) 67.80(19) O(11)–Dy(1)–N(1) 138.8(2)
O(3)–Dy(1)–O(11) 141.34(18) O(1)–Dy(1)–N(2) 127.71(19) O(11)–Dy(1)–N(2) 71.3(2)
O(5)–Dy(1)–O(7) 128.66(17) O(3)–Dy(1)–N(1) 66.9(2) N(1)–Dy(1)–N(2) 68.4(2)

aSymmetry transformations used to generate equivalent atoms: #1 xþ 0.25, �yþ 0.25, zþ 0.25; #2 x� 0.25, �yþ 0.25,
z� 0.25.
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�as(COO) of Na4[DyIII(dtpa)(H2O)]2 � 16H2O is at 1603 cm�1 red-shifted 32 cm�1

compared to H5dtpa (1635 cm�1); the �s(COO) of Na4[DyIII(dtpa)(H2O)]2 � 16H2O is
at 1409 cm�1, blue-shifted 12 cm�1 compared to H5dtpa (1397 cm�1). These changes
confirm that oxygen from the carboxyl groups coordinate to DyIII [21]. There is a broad
�(OH) band of H2O near 3422 cm�1 revealing the presence of H2O.

As shown in figure 1(b-1) and (b-2), the �(C–N) of Na[DyIII(edta)(H2O)3] � 3.25H2O
is at 1097 cm�1, red-shifted 37 cm�1 compared to H4edta (1134 cm�1), indicating that

Table 4. Selected bond lengths (Å) and angles (�) for Na3[DyIII(nta)2(H2O)] � 5.5H2Om
(only in the coordination polyhedron).a

Dy(1)–O(1) 2.360(6) Dy(1)–O(7) 2.385(6) Dy(1)–O(13) 2.501(6)
Dy(1)–O(3) 2.365(7) Dy(1)–O(9) 2.345(6) Dy(1)–N(1) 2.606(7)
Dy(1)–O(5) 2.336(6) Dy(1)–O(11) 2.367(6) Dy(1)–N(2) 2.619(7)

O(1)–Dy(1)–O(3) 86.6(2) O(5)–Dy(1)–O(9) 140.4(2) O(3)–Dy(1)–N(2) 136.4(2)
O(1)–Dy(1)–O(5) 130.0(2) O(5)–Dy(1)–O(11) 82.5(2) O(5)–Dy(1)–N(1) 66.2(2)
O(1)–Dy(1)–O(7) 144.2(2) O(5)–Dy(1)–O(13) 135.1(2) O(5)–Dy(1)–N(2) 74.3(2)
O(1)–Dy(1)–O(9) 76.3(2) O(7)–Dy(1)–O(9) 96.6(2) O(7)–Dy(1)–N(1) 134.8(2)
O(1)–Dy(1)–O(11) 81.5(2) O(7)–Dy(1)–O(11) 130.2(2) O(7)–Dy(1)–N(2) 65.1(2)
O(1)–Dy(1)–O(13) 77.3(2) O(7)–Dy(1)–O(13) 67.3(2) O(9)–Dy(1)–N(1) 128.5(2)
O(3)–Dy(1)–O(5) 75.7(2) O(9)–Dy(1)–O(11) 72.0(2) O(9)–Dy(1)–N(2) 67.8(2)
O(3)–Dy(1)–O(7) 77.9(2) O(9)–Dy(1)–O(13) 72.2(2) O(11)–Dy(1)–N(1) 71.2(2)
O(3)–Dy(1)–O(9) 142.0(2) O(11)–Dy(1)–O(13) 141.7(2) O(11)–Dy(1)–N(2) 65.8(2)
O(3)–Dy(1)–O(11) 139.1(2) O(1)–Dy(1)–N(1) 63.8(2) O(13)–Dy(1)–N(1) 124.2(2)
O(3)–Dy(1)–O(13) 71.0(2) O(1)–Dy(1)–N(2) 137.1(2) O(13)–Dy(1)–N(2) 111.6(2)
O(5)–Dy(1)–O(7) 77.1(2) O(3)–Dy(1)–N(1) 68.4(2) N(1)–Dy(1)–N(2) 124.1(2)

aSymmetry transformations used to generate equivalent atoms #1 x� 0.5, �yþ 1, �zþ 1.5; #2 �xþ 0.5, y, zþ 0.5; #3 �x,
�yþ 1, �zþ 2; #4� x, �yþ 1, �zþ 1; #5 �xþ 0.5, y, z� 0.5; #6 xþ 0.5, �yþ 1, �zþ 1.5; #7 �xþ 0.5, �yþ 1.5, z.

Table 5. The crystal data of Dy-dtpa complexes with different counter cations.

Complex Structure
Crystal
system

Space
group

Conformation of
coordination polyhedron Reference

Na4[DyIII(dtpa)(H2O)]2 � 16H2O Mononuclear Monoclinic P21/n Monocapped square
antiprism

–

K2[DyIII(dtpa)(H2O)] � 6H2O Mononuclear Triclinic P�1 Monocapped square
antiprism

[25]

Cs4[DyIII2(dtpa)2(H2O)] � 13H2O Binuclear Monoclinic C2/c Monocapped square
antiprism

[26]

(NH4)2[DyIII2(dtpa)2] � 4H2O Binuclear Triclinic P�1 Tricapped trigonal
prism

[24]

Table 6. The crystal data of Dy-edta complexes with different counter cations.

Complex
Coordination

number
Crystal
system

Space
group

Conformation of
coordination
polyhedron Reference

Na[DyIII(edta)(H2O)3] � 3.25H2O 9 Orthorhombic Fdd2 Monocapped square
antiprism

–

K[DyIII(edta)(H2O)3] � 3.5H2O 9 Orthorhombic Fdd2 Monocapped square
antiprism

–

Cs[DyIII(edta) (H2O)2] � 3H2O 8 Monoclinic P21/c Monocapped square
antiprism

[28]
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nitrogen atoms of H4edta coordinate to DyIII. The �as(COO) of
Na[DyIII(edta)(H2O)3] � 3.25H2O at 1598 cm�1 is red-shifted 96 cm�1 compared to
H4edta (1694 cm�1); the �s(COO) of Na[DyIII(edta)(H2O)3] � 3.25H2O is at 1414 cm�1,
blue-shifted 23 cm�1 compared to H4edta (1391 cm

�1), confirming that oxygen from the
carboxyl groups coordinate DyIII. There is a broad �(OH) band of H2O near 3418 cm�1

revealing the presence of H2O in the complex molecule.
As shown in figure 1(c-1) and (c-2), the �(C–N) of Na3[DyIII (nta)2(H2O)] � 5.5H2O

is at 1125 cm�1 is red-shifted 81 cm�1 compared with H3nta (1206 cm�1), indicating
nitrogen of H3nta coordinate to DyIII. The �as(COO) of Na3[DyIII (nta)2(H2O)] �
5.5H2O is at 1602 cm�1, red-shifted 131 cm�1 compared to H3nta (1733 cm�1); the
�s(COO) of Na3[DyIII (nta)2(H2O)] � 5.5H2O is at 1412 cm�1, blue-shifted 27 cm�1

compared with H3nta (1385 cm�1), confirming that oxygen from the carboxyl groups
coordinate to DyIII. There is a broad �(OH) band of H2O near 3421 cm�1 revealing the
presence of H2O in the complex molecule.

3.2. Thermal analyses

The thermal decomposition of the title complexes was studied using TG–DTA.
As shown in figure 2, the TG curves exhibit a typical three-stage decomposition pattern.
Corresponding to the weight loss of each stage, there are obvious endothermic peaks
in the DTA curves.

As shown in figure 2(a), for Na4[DyIII(dtpa)(H2O)]2 � 16H2O the first stage weight
loss starting from room temperature to 198�C corresponds to the expulsion of crystal
water molecules. The weight loss ratio is about 14%. Corresponding to the first stage
weight loss, there is a marked endothermic peak in the DTA curve (117�C). From 198
to 356�C, there is little weight loss, which means that the crystal structure is stable until
356�C. The second stage weight loss of 33% is attributed to decomposition starting
from 356 to 467�C. There is also a marked endothermic peak in the DTA curve (379�C).
The third stage weight loss from decompositions of carboxylate, 467 to 794�C, is
about 11%. The total weight loss ratio is about 58% according to the mass loss
calculation. It is estimated that the remainder is a Na2CO3–Dy2O3–Dy2(CO3)3 mixture.

As shown in figure 2(b), the first stage weight loss for Na[Dy(edta)(H2O)3] � 3.25H2O
from room temperature to 198�C corresponds to the expulsion of crystal water
molecules. The weight loss ratio is about 14%. Corresponding to the weight loss of the
first stage, there is a marked endothermic peak in the DTA curve (95�C). From 198
to 371�C, the weight loss ratio is only about 2%, indicating that the crystal structure

Table 7. The crystal data of Dy-nta complexes with different counter cations.

Complex
Coordination

number
Crystal
system

Space
group

Conformation of
coordination
polyhedron Reference

Na3[DyIII (nta)2(H2O)] � 5.5H2O 9 Orthorhombic Pccn Monocapped square
antiprism

–

K3[DyIII(nta)2(H2O)] � 5H2O 9 Monoclinic C2/c Tricapped trigonal
prism

[30]

(NH4)3[DyIII(nta)2] 8 Monoclinic C2/c Dicapped trigonal
antiprism

[30]
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is very stable, and did not collapse until 371�C. The second stage weight loss from
decomposition of complex from 371 to 458�C is about 31%. There is also a marked
endothermic peak in the DTA curve (394�C). The third stage weight loss from
decompositions of carboxylate from 458 to 794�C is about 14%. The total weight
loss ratio is about 61% according to the mass loss calculation. It is estimated that the
remainder is a Na2O–Dy2O3 mixture.

As shown in figure 2(c), the first stage weight loss for Na3[Dy(nta)2(H2O)] � 5.5H2O
from room temperature to 198�C corresponds to the expulsion of crystal water.
The weight loss ratio is about 16%. Corresponding to the weight loss of first stage, there
is a marked endothermic peak in the DTA curve (126�C). During the temperature range
of 198–387�C, the weight loss is only about 2%, indicating the crystal is very stable.
At 348�C, there was not a weight loss in the TG curve but there was an obvious
endothermic process in the DTA curve, which means that the sample melted.
The second stage weight loss decomposition of complex, from 387–459�C, is about
24%. There is also an endothermic peak in the DTA curve (403�C). The third stage
weight loss from the decompositions of carboxylate (459–795�C) is about 14%. In the
corresponding section of DTA curve, there is not an obvious endothermic process.
The total weight loss ratio is about 56% according to the mass loss calculation. It is
estimated that the remainder is Na2CO3–Na2O–Dy2O3 mixture.

3.3. Molecular and crystal structures

3.3.1. Molecular and crystal structures of Na4[DyIII(dtpa)(H2O)]2 . 16H2O. As shown
in figure 3, each DyIII ion is nine-coordinated. Generally, for binuclear RE complexes,
two central metal ions are in similar coordination environments. However, there are
many differences in bond lengths and angles between the twomoieties of Na4[DyIII(dtpa)
(H2O)]2 � 16H2O, which is similar to K[KLa(Httha)(H2O)] � 8H2O [22]. Hence, there

Figure 3. Coordinate structure of the ½DyIIIðdtpaÞðH2OÞ�
4�
2 in Na4[DyIII(dtpa)(H2O)]2 � 16H2O.
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are two different moieties, Moiety(1) andMoiety(2), in Na4[DyIII(dtpa)(H2O)]2 � 16H2O,
the two central metal ions of which are labeled as Dy(1) and Dy(2), respectively.

Dy(1) and Dy(2) are both coordinated by one oxygen from one water, three amine
nitrogen atoms and five carboxyl oxygen atoms from one dtpa ligand. The average
bond length of Dy(1)–O is the same as that of Dy(2)–O (2.388(5) Å), whereas, the
average bond length of Dy(1)–N (2.620(7) Å) is a little longer than that of Dy(2)–N
(2.613(6) Å). In general, Dy–O bonds are more stable than Dy–N bonds.

According to Muetterties and Guggenbergers’ definition for nine-coordinate
complexes [23], two idealized polyhedra should be C4v monocapped square antiprism
and D3h tricapped trigonal prism. The torsion angle of the bottom plane is important to
judge which conformation the polyhedron adopts. It is the dihedral angle between
two trigonal planes, which is 0� for C4v monocapped square antiprism, but 26.4� for D3h

tricapped trigonal prism. As shown in figure 4, the torsion angle is 24.26� between
N(3)–O(7)–N(2) and N(1)–O(7)–N(2), and 22.85� between N(4)–O(14)–N(5) and
N(6)–O(14)–N(5). They are both near 26.4�, so it is considered that the coordination
polyhedra both adopt the pseudo D3h tricapped trigonal prismatic conformation,
similar to other RE complexes with dtpa, such as (NH4)2[DyIII(dtpa)] � 4H2O,
(NH4)2[HoIII(dtpa)] � 4H2O, (NH4)2[Er

III(dtpa)] � 4H2O and (NH4)2[YbIII(dtpa)] � 4H2O
[25]. Taking the coordination polyhedron around Dy(1) for example, the top plane is
composed of O(1), O(7) and O(9), and the bottom plane is composed of O(3), N(2)
and O(5), constituting a trigonal prism approximately. Out of profiles, three capping
positions are occupied by N(1), N(3) and O(11), respectively. The DyIII ion and three
capping atoms are coplanar. The coordination polyhedron around Dy(2) is similar.

Four Dy-dtpa complexes synthesized previously are listed in table 5. The radius
of counter cation is an important factor for the coordinate structure. The radii of NHþ4
and Csþ are relatively big, and take up more space than Naþ and Kþ in the crystal
lattices. It is possible to make the coordination anions closer and to become binuclear.

The radius of counter cation also influences the coordinating polyhedron.
For example, in the complex K2[DyIII(dtpa)(H2O)] � 6H2O, the bond angles of
ffO(1)Dy(1)O(11), ffO(3)Dy(1)O(11), ffO(5)Dy(1)O(11) and ffO(9)Dy(1)O(11) range
from 68.40(11)� to 80.16(11)�. However, the corresponding four angles of
Na4[DyIII(dtpa)(H2O)]2 � 16H2O range from 69.96(19)� to 76.65(19)�. The range is
smaller than that of K2[DyIII(dtpa)(H2O)] � 6H2O because the radius of Kþ is bigger
than that of Naþ distorting the coordination polyhedra more than Naþ.

Figure 4. Coordinating polyhedrons around the DyIII ions in Na4[DyIII(dtpa)(H2O)]2 � 16H2O.
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The Na4[DyIII(dtpa)(H2O)]2 � 16H2O crystallizes in the monoclinic system with P21/n
space group. In the crystal lattices, there are four kinds of sodium ions, Na(1),
Na(2), Na(3) and Na(4), with coordination number six. As shown in figure 5, each
sodium atom is coordinated by six oxygen atoms with different sources. The bond
lengths of Na–O range from 2.293(9) Å to 2.835(11) Å, and the average bond length is
2.472(8) Å. The Na ions connect complex moieties yielding the 3-D layer-shaped
structure.

As shown in figure 6, there are six types of bridging coordination modes in the
Na4[DyIII(dtpa)(H2O)]2 � 16H2O, each of which is provided with the distinct crystal
engineering functions. Modes I, II and III depict the connecting modes between the
same complex moieties. They could be called ‘‘5þ5’’, because the two extremities of the
chain are both five-member rings. Modes A, B and C describe the connecting modes
between Moiety(1) and (2), belonging to ‘‘5þ4’’ mode, because one extremity is a five-
member ring, and the other is a four-member ring.

Figure 7 exhibits a zigzag type building block. Moiety (1) and Moiety (2) are
connected with the Mode B yielding a Na4[DyIII(dtpa)(H2O)]2 � 16H2O molecule,
so Mode B is considered as the innermolecular connecting mode. The distance between
Dy(1) and Dy(2) (6.430(8) Å) is short compared with those of other connecting modes;
two Moiety(2)s from the different Na4[DyIII(dtpa)(H2O)]2 � 16H2O molecules are
connected with the Mode II yielding the zigzag type building block.

Figure 8 exhibits how six zigzag type building blocks arrange in a unit cell.
Two parallel ‘‘edges’’ of zigzag type building block, which are just two
Na4[DyIII(dtpa)(H2O)]2 � 16H2O molecules, belong to the different layers.

As shown in figure 9, there are four Na4[DyIII(dtpa)(H2O)]2 � 16H2O molecules in
a layer, connected with Modes A, C, Modes I and III. These connecting modes are
considered as the innerlayer connecting modes.

In figure 10, the bevel edges of zigzag type building blocks, Mode II, connect
the different layers, so Mode II is considered as an interlayer connecting mode.
The distance between Dy(2) and Dy(2#) (11.223(5) Å) is the longest in those of all the
connecting modes.

Figure 11 shows the 3-D structure of the crystal of Na4[DyIII(dtpa)(H2O)]2 � 16H2O.
The layer-shaped structure in a unit cell extend around yielding 2-D network, and then
bevel edges of the zigzag type building blocks act as the stanchions between 2-D
networks yielding the 3-D layer-shaped structure. In a unit cell, there are many
intermolecular hydrogen bonds, which make the 3-D layer-shaped structure
more stable.

Figure 5. Coordinate structures of the Na ion in Na4[DyIII(dtpa)(H2O)]2 � 16H2O. L: the oxygen atom comes
from the dtpa ligand; Cr: the oxygen atom comes from the crystal water molecule; Co: the oxygen atom comes
from the coordination water molecule.
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Figure 6. The different connecting modes of the DyIII ions in a unit cell of Na4[DyIII(dtpa)
(H2O)]2 � 16H2O. I: Dy(1)–8.210(2) Å–Dy(1); II: Dy(2)–11.223(5) Å–Dy(2); III: Dy(2)–8.251(3) Å–
Dy(2); A: Dy(1)–10.407(5) Å–Dy(2); B: Dy(1)–6.430(8) Å–Dy(2); C: Dy(1)–10.296(4) Å–Dy(2).

Figure 7. A zigzag type building block in a unit cell of Na4[DyIII(dtpa)(H2O)]2 � 16H2O.
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3.3.2. Molecular and crystal structures of Na[DyIII(edta)(H2O)3] . 3.25H2O. The
coordinate structures and crystal data of some analogues of Na4[DyIII(edta)
(H2O)3] � 3.25H2O [27] were reported by Nassimbeni et al. in 1979 [28]. However,
comparing these analogues with Na[DyIII(edta)(H2O)3] � 3.25H2O, there are some
differences in molecular and crystal structures. The molecular structure of
Na[DyIII(edta)(H2O)3] � 3.25H2O and its coordination polyhedron are shown in figures
11 and 12, respectively.

Figure 12 shows the molecular structure of the [DyIII(edta)(H2O)3]
� complex

anion. The DyIII ion is nine-coordinate by an edta ligand and three water molecules.

Figure 8. Arrangement of the zigzag type building blocks in a unit cell of Na4[DyIII(dtpa)(H2O)]2 � 16H2O.

Figure 9. The structure of a layer in a unit cell of Na4[DyIII(dtpa)(H2O)]2 � 16H2O.
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Figure 10. The structure between two layers in a unit cell of Na4[DyIII(dtpa)(H2O)]2 � 16H2O.

Figure 12. Molecular structure of the [DyIII(edta)(H2O)3]
� in Na[DyIII(edta)(H2O)3] � 3.25H2O.

Figure 11. The 3-D crystal structure of Na4[DyIII(dtpa)(H2O)]2 � 16H2O along the (0 1 0) direction.
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In the coordination atoms, three oxygen atoms come from water and two nitrogen
atoms and four carboxyl oxygen atoms come from the edta ligand. The average bond
length of Dy–O is 2.415(5) Å, which is shorter than the average bond length of Dy–N
(2.649(4) Å) showing that Dy–O bonds are more stable than Dy–N bonds.

As shown in figure 13, the torsion angle is 8.46� between O(9)–O(1)–O(10) and
O(3)–O(1)–O(10), so it is considered that the coordinating polyhedron of
Na[DyIII(edta)(H2O)3] � 3.25H2O adopts a pseudo C4v monocapped square antipris-
matic conformation, a common conformation for nine-coordinate RE complexes with
aminopolycarboxylic acid ligands. The top tetragon plane is composed of N(1), O(5),
O(11) and O(7), and the bottom tetragon plane is composed of O(1), O(9), O(10) and
O(3), which form a square antiprism. The capped position above the top tetragon plane
is occupied by N(2). Because of the mutual repulsion between the top plane and the
capped nitrogen atom, the bond length of Dy(1)–N(2) (2.673(6) Å) is the longest one of
all the coordination bonds. Moreover, the distance between two planes becomes shorter
than that of normal square antiprismatic conformation. Hence, the conformation of the
coordination polyhedron is not standard C4v monocapped square antiprism, but a
slightly pseudo one.

The radius of the counter cation is still an important factor over the coordination
structure. The radii of Naþ and Kþ are relatively small, so they give the edta ligand
more space to extend than the Csþ cation does in crystal lattices. As a result, there
is space left for water molecules in coordination sphere. This is the reason why
the coordination numbers of K[DyIII(edta)(H2O)3] � 3.5H2O and Na[DyIII(edta)
(H2O)3] � 3.25H2O are both nine, whereas that of Cs[DyIII(edta)(H2O)2] � 3H2O is eight.

The Na[DyIII(edta)(H2O)3] � 3.25H2O crystallizes in the orthorhombic system with
Fdd2 space group. The sodium cations are six coordinate by six oxygen atoms, as shown
in figure 14. The bond lengths of Na–O range from 2.402(10) Å to 2.548(7) Å, and the
average bond length is about 2.466(9) Å. Two come from two adjacent carboxyl groups,

Figure 13. Coordination polyhedron around the DyIII ion in Na4[DyIII(edta)(H2O)3] � 3.25H2O.
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and other four come from the coordinate and crystal water molecules. Hence, the
sodium cations bridge the coordination spheres yielding a 1-D zigzag type chain.
All DyIII ions in the same zigzag type chain are coplanar, and every four constitute
a parallelogram. Two planes are parallel. In the parallelogram of DyIII ions, two
adjacent edges are 6.097(9) Å and 11.416(7) Å, respectively. The sharp angle between
them is 21.59�. In the parallelogram of sodium cations, two adjacent edges are
5.730(3) Å and 11.416(7) Å, respectively. The sharp angle is 5.02�.

As shown in figure 15, there are six zigzag type chains through a unit cell. Between
the coordination spheres, there are also intermolecular hydrogen bonds making the
zigzag type chains more stable. In a unit cell, there are also many intermolecular
hydrogen bonds keeping not only each zigzag type chain but the whole crystal structure
more stable.

3.3.3. Molecular and crystal structures of Na3[DyIII(nta)2(H2O)] . 5.5H2O. The
crystal and molecular structure of some Dy-nta complexes were reported by

Figure 14. Infinite long zigzag type chain of Na[DyIII(edta)(H2O)3] � 3.25H2O.

Figure 15. Arrangement of Na4[DyIII(edta)(H2O)3] � 3.25H2O in a unit cell.
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Martin and Jacobson [29]. For these complexes, the ratio of DyIII ions to nta is 1 : 1.
Whereas, in Na3[DyIII(nta)2(H2O)] � 5.5H2O, the ratio is 1 : 2. There are many other
differences in the coordination number, the crystal and molecular structures.

Figure 16 exhibits the molecular structure of the [DyIII(nta)2(H2O)]3� complex anion,
in which the DyIII ion is nine-coordinate with two nta ligands and one water. One
oxygen atom, O(13), comes from water, and two nitrogen atoms and six carboxyl
oxygen atoms come from two nta ligands. The average Dy–O bond length is 2.380(6) Å,
while the average Dy–N bond length is 2.613(7) Å. The former is slightly shorter than
the latter, which means that the Dy–O bonds are more stable than Dy–N bonds
in Na3[DyIII(nta)2(H2O)] � 5.5H2O.

As shown in figure 17, the torsion angle is 26.75� between N(2)–O(5)–O(11)
and N(1)–O(11)–O(5), near to 26.40�. So the coordination polyhedron of

Figure 17. Coordination polyhedron around the DyIII ion in Na3[DyIII(nta)2(H2O)] � 5.5H2O.

Figure 16. Molecular structure of the [DyIII(nta)2(H2O)]3� in Na3[DyIII(nta)2(H2O)] � 5.5H2O.
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Na3[DyIII(nta)2(H2O)] � 5.5H2O adopts the slightly pseudo D3h tricapped trigonal
prismatic conformation, similar to other RE complexes with the nta ligand,
such as K3[Sm

III(nta)2(H2O)] � 6H2O, Na3[GdIII(nta)2(H2O)] � 5H2O, K3[DyIII(nta)2
(H2O)] � 5H2O [30] and Na3[HoIII(nta)2(H2O)]�5H2O. The top plane is composed of
O(3), O(5) and O(7), and the bottom plane is composed of O(1), O(11) and O(9),
constituting a trigonal. Three capping positions are occupied by N(1), N(2) and O(13),
respectively. The DyIII ion and three capping atoms are approximately coplanar.

The influence from the radius of the counter cation still exists. The radii of Naþ and
Kþ are relatively small, so they give two nta ligands space in the crystal lattices.
As a result, there is also space left for one water molecule in coordination sphere.
The radius of the NHþ4 cation is very big taking up space in the crystal lattices. This
is the reason why the coordination numbers of K3[DyIII(nta)2(H2O)] � 5H2O and
Na3[DyIII(nta)2(H2O)] � 5.5H2O are both nine, whereas that of (NH4)3[DyIII(nta)2]
is eight.

The Na3[DyIII(nta)2(H2O)] � 5.5H2O crystallizes in the orthorhombic system with
Pccn space group. In the crystal lattices, there are three kinds of sodium ions, Na(1),
Na(2) and Na(3), with coordination number six. These Naþ cations lie in the similar
coordination environment as those of Na4[DyIII(dtpa)(H2O)]2 � 16H2O. The bond
lengths of Na–O range from 2.309(8) Å to 2.994(15) Å, and the average bond length
is 2.499(10) Å, connecting the many complex spheres.

As shown in figure 18, there are three types of bridging modes between
two neighboring DyIII ions, Dy(1)–Dy(2), Dy(1)–Dy(4) and Dy(2)–Dy(4), in
Na3[DyIII(nta)2(H2O)] � 5.5H2O; each is provided with distinct crystal engineering
functions. They could also be called ‘‘5þ5’’ mode, because two extremities of the chain
are both five-member rings.

Figure 18. The different connecting modes between DyIII ions in a unit cell of Na3[DyIII(nta)2
(H2O)] � 5.5H2O.
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As shown in figure 19, four Dy ions are coplanar yielding a parallelogram. There
is only one integrated parallelogram structure–unit and two halves in a unit cell
of Na3[DyIII(nta)2(H2O)] � 5.5H2O. When the integrated one is turned left 90�, the
parallelogram structure–unit could be appreciated clearly. The lengths of two parallel
edges are the same, and the bridging coordination modes are the same too. The lengths
of two adjacent edges are 8.656(6) Å and 9.759(4) Å, and the sharp angle is 55.96�.
Along the diagonal Dy(2)–Dy(4) (8.695(3) Å), there are two bridging coordination
chains, one above the parallelogram, and the other below. Between the parallelograms,
there are many intermolecular hydrogen bonds keeping the crystal structure
more stable.

4. Conclusion

Three RE complexes with different ligands (dtpa, edta and nta) but the same counter
cation (Naþ) were synthesized. Their coordination numbers are all nine, but their
coordination polyhedra and crystal structures are different. Na4[DyIII(dtpa)
(H2O)]2 � 16H2O with pseudo D3h tricapped trigonal prismatic conformation possesses
a 3-D layer-shaped structure; Na[DyIII(edta)(H2O)3] � 3.25H2O with the C4v mono-
capped square antiprismatic conformation possesses a 1-D zigzag type structure;
Na3[DyIII(nta)2(H2O)] � 5.5H2O with the D3h tricapped trigonal prismatic
conformation possesses a 2-D parallelogram structure. The collapsing temperatures
of three complexes are 356�C for Na4[DyIII(dtpa)(H2O)]2 � 16H2O, 371�C for

Figure 19. Arrangement of Na3[DyIII(nta)2(H2O)] � 5.5H2O in a unit cell.
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Na[DyIII(edta)(H2O)3] � 3.25H2O and 387�C for Na3[DyIII(nta)2(H2O)] � 5.5H2O,
respectively, proving that their crystal structures are very stable.

Supplementary material

CCDC 610103 (Na4[DyIII(dtpa)(H2O)]2 � 16H2O), CCDC 610104 (Na[DyIII(edta)
(H2O)3] � 3.25H2O) and CCDC 610105 (Na3[DyIII(nta)2(H2O)] � 5.5H2O) contain the
supplementary crystallographic data for this article. These data can be obtained free
of charge via www.ccdc.cam.ac.uk/data_request/cif, by e-mailing data_request@ccdc.
cam.ac.uk, or by contacting the Cambridge Crystallographic Data Centre, 12 Union
Road, Cambridge CB2 1EZ, UK; Fax: þ44(0)1223-336033.
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