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Abstract—Two novel rare earth metal coordination compounds, (MnH)4[ (Dtpa)2] · 12H2O (І) (Mn =
methylamine, H5Dtpa = diethylenetriamine-N,N,N',N'',N''-pentaaceticacid) and {(MnH)[HoIII(Egta)] ·
3H2O}n (II) (H4Egta = ethyleneglycol-bis(2-aminoethylether)-N,N,N',N'-tetraacetic acid) have been suc-
cessfully synthesized through direct heating reflux and characterized by FT-IR spectroscopy, thermal analy-
sis, and single-crystal X-ray diffraction techniques (CIF files CCDC nos. 890878 (I) and 1457061 (II)).
Complex І shapes a binuclear nine-coordinate structure with distorted tricapped trigonal prismatic confor-
mation and crystallizes in the triclinic crystal system with space group P . The central Ho3+ ion is coordi-
nated by three nitrogens and six oxygens from two octadentate Dtpa ligands. The cell dimensions are as fol-
lows: a = 9.8420(10), b = 12.1319(13), c = 13.2931(15) Å, α = 89.223(2)°, β = 68.4280(10)°, γ = 72.1280(10)°
and V = 1396.0(3) Å3. Complex II adopts a polynuclear nine-coordinate structure with pseudo-monocapped
square antiprismatic conformation and crystallizes in the monoclinic crystal system with space group C2/c.
The central Ho3+ ion is coordinated by two nitrogens and seven oxygens from two octadentate Egta ligands.
The crystal data are as follows: a = 38.4755(13), b =13.5569(5), c = 8.7343(3) Å, β = 100.135(3)° and V =
4484.8(3) Å3.
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INTRODUCTION

Rare-earth metal complexes have increasingly
been a research focus in different multidisciplinary
area [1–4]. For example, Tb(III) and Eu(III) com-
plexes are generally used as f luorescence probe in
diagnosing certain diseases, light emitting diode
(LED), biological sensors, lasers materials, and elec-
troluminescent devices [5–9]. 153Sm(III) have been
widely used for tumor therapy of brain, liver, lung,
heart, and bone tissues due to half-life of 46.27 h and
β- and γ-emissions with moderate energy [10–12].
Many Gd(III) complexes have been used as contrast
agents for magnetic resonance imaging (MRI) diag-
noses because of seven high-spin single electrons in f-
orbits [13, 14]. Dy(III) complexes have antibacterial
activities and reduce blood sugar levels for their desir-
able physical characteristics and availability [15–18].
166Ho3+ ion can emit appropriate rays, thus, the
166Ho(III) complexes have been adopted to diagnose
and treat various tumors [19, 20]. Therefore, it is nec-
essary to determine the crystal and molecular struc-
tures of rare-earth metal complexes.

In general, rare earth metal ions can form high-
coordinate complexes, such as eight-, nine-, and ten-
coordinate complexes, with various aminopolycar-
boxylic acid ligands [21–23]. The structures and coor-
dination numbers of rare-earth metal compound with
aminopolycarboxylic acid generally depend on the
ionic radius and electrons configuration as well as
counter ion. For example, for triethylenetetramine-
N,N,N',N'',N''',N'''-hexaacetic acid (H6Ttha) ligand,
La3+, Ce3+, Pr3+, and Nd3+ ions with big ionic radii
and less f-orbital electrons form ten-coordinate com-
plexes [24–26]. Tm3+, Yb3+, and Lu3+ ions with small
ionic radii and many f-orbital electrons form eight-
coordinate complexes [27, 28]. And the Sm3+, Eu3+,
Gd3+, Er3+, and Ho3+ ions, in the intermediate states
of lanthanide(III), only form nine-coordinate com-
plexes [29, 30]. The same regularity can also be used in
the rare-earth metal ions with other aminopolycar-
boxylic acid. However, it is not absolute. Due to the
different ligands, for the same rare-earth metal ion its
coordinate structures generally show markedly differ-
ent characters.

In general, Ho3+ shapes mononuclear structure
with nine-coordinate distorted tricapped trigonal pris-

III
2Ho

III
2Ho

1

1 The article is published in the original.
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matic conformation, such as (EnH2)1.5[HoIII(Ttha)] ·
4.5H2O and (EnH2)[HoIII(Egta)(H2O)]2 · 6H2O [31].
Moreover, we should also research the influence of
methylamine (Mn) as counter ion on the molecular
structures of Ho3+ complexes with H5Dtpa and
H4Egta ligands. In order to get deeper insight into the
influence, two Ho(III) complexes with H5Dtpa and

H4Egta ligands, (MnH)4[ (Dtpa)2] · 12H2O (І)
and (MnH)[HoIII(Egta)] · 3H2O (II), were success-
fully synthesized, respectively, and characterized by
FT-IR spectroscopy, thermal analysis, and single-
crystal X-ray diffraction techniques. As expected, І
and II are both nine-coordinate, but the coordinate
structure, molecular structure, and crystal structure
are all different. That is, they take distorted tricapped
trigonal prismatic conformation and pseudo-mono-
capped square antiprismatic conformation, respec-
tively. This study demonstrates again that the struc-
tures of rare-earth metal complexes with aminopoly-
carboxylic acid are mainly determined by ionic radii,
ligand shape, and counter ion.

EXPERIMENTAL
Materials and methods. Ho2O3 powder (99.999%,

Yuelong Rare Earth Co., Ltd., China) and ligands
H4Egta and H5Dtpa (A.R., Beijing SHLHT Science
and Trade Co., Ltd., China) were used to synthesize
the title aminopolycarboxylic acid complexes. In addi-
tion, Mn aqueous solution was used to adjust the pH
of above Ho3+ and Dtpa or Egta mixed solutions
to 6.0.

Synthesis of І. H5Dtpa (1.965 g, 5.0 mmol) was
added to 100 mL warm water and Ho2O3 powder
(0.9446 g, 2.5 mmol) was added to the above solution
slowly. The solution became transparent after the mix-
ture had been stirred and refluxed for 15.0 h. And then
the pH value was adjusted to 6.0 by dilute Mn aqueous
solution. Finally, the solution was concentrated to
25 mL. A white crystal appeared after seven weeks at
room temperature. The yield is 2.29 g (78.96%). The
composition and structure of І were detected by ther-
mal analyzer (XT-V130, Beijing Xinzhou, Company,
China) and X-ray diffractometer (SMART CCD type,
Bruker Company, Germany).

Synthesis of II. H4Egta (1.9017 g, 5.0 mmol) was
added to 100 mL warm water and Ho2O3 powder
(0.9446 g, 2.5 mmol) was slowly added to the above
solution. After the mixture had been stirred and
refluxed for 18.0 h, the solution became transparent.
The pH value was adjusted to 6.0 by dilute Mn aque-
ous solution. Finally, the solution was concentrated to
25 mL and put at static environment. A white crystal
appeared after eight weeks at room temperature. The
yield is 2.37 g (83.55%). (The composition and struc-
ture of of II were detected by thermal analyzer and X-
ray diffractometer same as for the synthesis of I).
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X-ray structure determination. X-ray intensity data
of I and II were collected on a Bruker SMART CCD
type X-ray diffractometer system withgraphite-mono-
chromatized MoKα radiation (λ = 0.71073 Å) using ϕ–
ω scan technique in the range of 1.72° ≤ θ ≤ 26.00°.
Their structures were solved by direct methods. All
non-hydrogen atoms were refined anisotropically by
full matrix least-squares methods on F 2. All the calcu-
lations were performed by the SHELXTL-97 program
on PDP11/44 and Pentium MMX/166 computers.
The crystal data and structure refinement for two
complexes were listed in Table 1. The selected bond
distances and bond angles of two complexes were
listed in Table 2. And some selected hydrogen bond
distances and hydrogen bond angles of two complexes
were listed in Table 3.

Supplementary material has been deposited with
the Cambridge Crystallographic Data Centre
(nos. 890878 (I) and 1457061 (II); deposit
@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk).

RESULTS AND DISCUSSION

The comparsion of FT-IR spectra between
H5Dtpa and complex І are shown in Figs. 1a and 1b.
It reveals that the ν(C–N) of І appears at 928 cm–1,
which displays rea-shifts by 33 cm–1 compared with
that (961 cm–1) of the ligand H5Dtpa. The νas(COO)
of І appears at 1622 cm–1, while the νas(COO) of
H5Dtpa appears at 1635 cm–1, so complex І displays
red-shifts by 13 cm–1. The νs(COO) of І appears at
1401 cm–1, which displays a slight blue-shift by 4 cm–1

compared with that (1397 cm–1) of H5Dtpa. These
shifts confirmed that the carboxylic oxygen atoms of
the H5Dtpa ligand are coordinated to the Ho3+ ion.
Furthermore, the characteristic broad absorption
peaks of hydroxy group appears at 3446 cm–1. This sug-
gests that there is H2O molecule exists in І, coordinating
to the Ho3+ ion. The contrast of FT-IR spectra between
H4Egta and complex II are shown in Figs. 1c, 1d). It
displays that the ν(C–N) of complex II appears at
1094 cm–1, which displays rea-shifts by 41 cm–1 com-
pared with that (1135 cm–1) of the H4Egta ligand. It
indicates that the amine nitrogen atoms of H4Egta
ligand are coordinated to the Ho3+ ion. The νas(COO)
of H4Egta at 1745 cm–1 disappears in the FT-IR spec-
trum of II. But in the FT-IR spectrum, the νas(COO)
of II can be found at 1625 cm–1, indicating a red-shift
by 100 cm–1. And the νs(COO) of II appears at
1425 cm–1, which displays a blue-shift (20 cm–1) com-
pared with 1405 cm–1 of the H4Egta ligand. These shifts
suggest that oxygens in the carboxylic group partici-
pate in coordination to Ho3+ ion. Moreover, there is a
strong and wide absorption peak around 3434 cm–1 in



RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 43  No. 7  2017

SYNTHESES, STRUCTURAL DETERMINATION, AND BINDING STUDIES 483

the FT-IR spectrum of complex II, which could be
reasonably assigned to O–H stretching vibrations.

As shown in Fig. 2a, the TG curve of complex І can
be divided into three stages. The first stage of weight
loss is about 9.0% from room temperature to 140°C,
which corresponds to loss of MnH. From 140 to
220°C, the changes of weight is very small. This sug-
gests that complex І is correspondingly stable in the
range of this temperature. The second stage of weight
loss of 15.0% from 220 to 302°C should correspond to
the release of the crystal water. The third stage of
weight loss is attributed to the decomposition and

combustion of the carboxylate starting from 302 to
800°C, and the corresponding weight loss ratio is
about 47.0%. The final residue is mainly the mixture
of Ho2O3 and Ho2(CO3)3, and the overall weight loss
is about 71.0%.

As shown in Fig. 2b, the thermal decomposition
process of complex II can also be divided into three
stages. The first stage of weight loss is about 10.25%
from room temperature to 140°C, which corresponds
to loss of MnH. From 140 to 400°C, the second stage
of weight loss of 16.0% should correspond to the
release of the crystal water. The third stage of weight

Table 1. Crystallographic data and structure refinement details for complexes I and II

Parameter
Value

I II

Empirical formula C32H84Ho2N10O32 C15H32HoN3O13

Formula weight 1450.95 627.37
Temperature, K 293(2) 293(2)
Crystal system Triclinic Monoclinc
Space group P1 C2/c
Unit cell dimensions:
a, Å 9.8420(10) 38.4755(13)
b, Å 12.1319(13) 13.5569(5)
c, Å 13.2931(15) 8.7343(3)
α, deg 89.223(2)
β, deg 68.4280(10) 100.135(3)
γ, deg 72.1280(10)

Volume, Å3 1396.0(3) 4484.8(3)

Z 1 8

ρcalcd, Mg/m3 1.726 1.858

Absorption coefficient, mm–1 2.912 7.232

F(000) 736 2512
Crystal size, mm 0.40 × 0.32 × 0.30 0.20 × 0.11 × 0.06
θ Range for data collection, deg 2.56–25.02 3.46–66.18
Limiting indices –11 ≤ h ≤ 11, –38 ≤ h ≤ 45,

–7 ≤ k ≤ 14, –15 ≤ k ≤ 16,
–15 ≤ l ≤ 15 –10 ≤ l ≤ 10

Reflections collected 7107 13906
Independent reflections (Rint) 4825 (0.0359) 3935 (0.0486)
Completeness to θmax, % 97.9 100.0
Max and min transmission 0.4753 and 0.3887 0.6708 and 0.3257

Goodness-of-fit on F2 1.079 1.037

Final R indices (I > 2σ(I)) R1 = 0.0432, wR2 = 0.1056 R1 = 0.0368, wR2 = 0.0933
R indices (all data) R1 = 0.0602, wR2 = 0.1189 R1 = 0.0458, wR2 = 0.0994

Largest difference peak and hole, e Å–3 2.376 and –1.510 1.565 and –0.957

Absorption correction Semi-empirical
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loss is attributed to the decomposition and combus-
tion of the carboxylate starting from 400 to 800°C, and
the weight loss ratio is about 44.65%. The final residue
is mainly the mixture of Ho2O3 and Ho2(CO3)3, and
the overall weight loss is about 70.9% for II.

As seen from Fig. 3a, each Ho3+ ion is surrounded
by three amine N atoms (N(1), N(2), and N(3)) and
six carboxylic O atoms (O(1), O(2), O(3), O(5), O(7),
and O(9)), and they all come from two adjacent
H5Dtpa ligands. The three N atoms and five O atoms

Table 2. Selected bond distances (Å) and angles (deg) of complexes I and II*

* Symmetry codes: #1 –x + 1, –y + 1, –z + 1 for (I). #1 x, –y, z + 1/2; #2 x, –y, z – 1/2 for (II).

Bond d, Å Bond d, Å Bond d, Å

I
Ho(1)–O(1) 2.387(5) Ho(1)–O(5) 2.329(5) Ho(1)–N(1) 2.626(6)

Ho(1)–O(2)#1 2.414(5) Ho(1)–O(7) 2.336(5) Ho(1)–N(2) 2.602(6)
Ho(1)–O(3) 2.300(5) Ho(1)–O(9) 2.388(5) Ho(1)–N(3) 2.626(6)

II
Ho(1)–O(1) 2.495(3) Ho(1)–O(4)#2 2.343(3) Ho(1)–O(9) 2.336(3)
Ho(1)–O(2) 2.475(3) Ho(1)–O(5) 2.372(3) Ho(1)–N(1) 2.626(3)
Ho(1)–O(3) 2.287(3) Ho(1)–O(7) 2.339(3) Ho(1)–N(2) 2.598(4)

Angle ω, deg Angle ω, deg Angle ω, deg

I

O(1)Ho(1)O(2)#1 70.95(16) O(3)Ho(1)O(9) 72.98(18) O(7)Ho(1)O(2)#1 72.44(16)

O(1)Ho(1)O(9) 88.64(16) O(3)Ho(1)N(1) 64.02(18) O(7)Ho(1)O(9) 90.20(17)
O(1)Ho(1)N(1) 61.83(16) O(3)Ho(1)N(2) 88.02(19) O(7)Ho(1)N(1) 137.41(18)

O(1)Ho(1)N(2)#1 129.99(17) O(3)Ho(1)N(3) 69.81(18) O(7)Ho(1)N(2) 74.75(18)

O(1)Ho(1)N(3) 142.86(18) O(5)Ho(1)O(1) 87.92(16) O(7)Ho(1)N(3) 66.98(17)

O(2)#1Ho(1)N(1) 124.11(16) O(5)Ho(1)O(2)#1 79.42(17) O(9)Ho(1)O(2)#1 72.17(17)

O(2)#1Ho(1)N(2) 138.26(19) O(5)Ho(1)O(7) 75.16(17) O(9)Ho(1)N(1) 131.09(18)

O(2)#1Ho(1)N(3) 118.45(17) O(5)Ho(1)O(9) 150.92(18) O(9)Ho(1)N(2) 133.05(17)

O(3)Ho(1)O(1) 78.74(17) O(5)Ho(1)N(1) 71.04(18) O(9)Ho(1)N(3) 63.97(17)

O(3)Ho(1)O(2)#1 133.71(18) O(5)Ho(1)N(2) 67.71(17) N(2)Ho(1)N(1) 68.97(18)

O(3)Ho(1)O(5) 134.24(18) O(5)Ho(1)N(3) 128.28(17) N(2)Ho(1)N(3) 69.23(18)
O(3)Ho(1)O(7) 136.72(17) O(7)Ho(1)O(1) 141.85(17) N(3)Ho(1)N(1) 117.16(18)

II
O(1)Ho(1)N(1) 67.33(11) O(3)Ho(1)N(2) 131.83(12) O(7)Ho(1)O(4)#2 149.50(11)

O(1)Ho(1)N(2) 132.18(12) O(4)#2Ho(1)O(1) 68.28(11) O(7)Ho(1)O(5) 76.53(11)

O(2)Ho(1)O(1) 67.01(11) O(4)#1Ho(1)O(2) 74.06(11) O(7)Ho(1)N(1) 74.07(11)

O(2)Ho(1)N(1) 123.10(11) O(4)#2Ho(1)O(5) 133.88(11) O(7)Ho(1)N(2) 65.16(12)

O(2)Ho(1)N(2) 67.80(12) O(4)#1Ho(1)N(1) 116.68(11) O(9)Ho(1)O(1) 138.40(11)

O(3)Ho(1)O(1) 95.77(11) O(4)#2Ho(1)N(2) 112.68(12) O(9)Ho(1)O(2) 101.51(12)

O(3)Ho(1)O(2) 150.19(11) O(5)Ho(1)O(1) 71.98(11) O(9)Ho(1)O(4)#2 70.13(12)

O(3)Ho(1)O(4)#2 76.97(10) O(5)Ho(1)O(2) 69.52(11) O(9)Ho(1)O(5) 143.96(11)

O(3)Ho(1)O(5) 130.14(10) O(5)Ho(1)N(1) 65.45(10) O(9)Ho(1)O(7) 82.45(12)
O(3)Ho(1)O(7) 83.28(11) O(5)Ho(1)N(2) 78.43(11) O(9)Ho(1)N(1) 135.29(12)
O(3)Ho(1)O(9) 74.73(11) O(7)Ho(1)O(1) 137.56(11) O(9)Ho(1)N(2) 66.18(11)
O(3)Ho(1)N(1) 65.29(10) O(7)Ho(1)O(2) 126.05(11) N(2)Ho(1)N(1) 130.52(12)
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of one H5Dtpa ligand form seven five-membered che-
lating rings with the central Ho3+ ion, in which the five
atoms are almost coplanar in each ring. It must point
out that complex І is biunclear nine-coordinate geom-
etry with distorted tricapped trigonal prismatic con-
formation (Fig. 4a). In the coordinate atoms around
Ho3+ ion, the set of N(2), O(5), O(7) and the set of
O(1), O(3), O(9) form two appxoimate parallel trigo-
nal (top and bottom) planes, respectively, forming a
trigonal prism. The O(2)#, N(1), and N(3) atoms are
above the three approximately quadrangular planes
formed by O(1), O(5), O(7), O(9), and O(1), O(3),
O(5), N(2), and O(3), O(7), O(9), N(2) shaping three
capped positions, respectively. The total angles of
N(3)Ho(1)O(2), O(2)Ho(1)N(1) and
N(1)Ho(1)N(3) are 359.718°, close to 360°, indicating
that the O(2)#, N(1), and N(3) atoms lie in the same
plane. In addition, from Fig. 4a, the value of the
square antiprism angle can be calculated for the O(3),
O(1), O(5), and N(2) square plane. The average value
of the trigonal dihedral angle between
Δ(N(2)O(3)O(1)) and Δ(O(3)O(1)O(5)) is about
7.921°, and between ∆(O(5)N(2)O(1)) and
∆(N(2)O(1)O(3)) is about 8.429°. For the O(9), O(2),
O(7), and N(3) square plane, the value of the dihedral
angle between Δ(N(3)O(7)O(9)) and
Δ(O(7)O(9)O(2)) triangles is about 19.42°, and
between Δ(O(9)N(3)O(7)) and Δ(N(3)O(7)O(2)) tri-
angles is about 24.96°. According to these calculated
data, both are smaller than 26.4°, we can confirmedly
conclude that the conformation of Ho(1)N3O6 in the
[HoIII

2 (Dtpa)2]4–  complex anion indeed keeps adis-
torted tricapped trigonal prismatic conformation.

Furthermore, as seen from Table 2, the average
value of the Ho(1)–O bond distances is 2.359(5) Å. In
contrast, the average value of the Ho(1)–N bond dis-
tances is 2.618(5) Å. From the above data we can draw
a conclusion that the Ho(1)–O bonds are much stable
than Ho(1)–N bonds. We can also find that a series of
bond angles for understanding the coordination struc-
ture. The reason might be that the O(1) atom forms
hydrogen bond with the adjacent crystal water mole-
cule. According to these data, we can firmly conclude
that the conformation around Ho(1) indeed keeps a
distorted tricapped trigonal prismatic conformation.

The results given in this paper and the ones
reported previously indicated that the Ho3+ ion can
form nine-coordinate complexes with aminopolycar-
boxylic acids due to the ionic radius of 1.041 Å and
electronic configuration of f 10 and all chelating rings
are five-membered rings in the coordination struc-
ture. In the previous studies, we reported the synthesis
and structures of (NH4)3[HoIII(Ttha)] · 5H2O. It was
found that the Ho3+ ion adopts a nine-coordinate
mononuclear structure [32]. In this paper, we use
MnH+ as a counter ion to interact with the
[ (Dtpa)2]4– complex anion, yielding complex І.
However, the Ho3+ ion adopts a nine-coordinate
binuclear structure in І. Therefore, we can make fore-
cast that for the same rare-earth metal ion their coor-
dinate structures may show markedly different charac-
ters due to the different ligands.

It can be seen from Fig. 5a that there are two mol-
ecules of complex І in a unit cell. The complex mole-
cules connect with another one throughhydrogen
bonds and electrostatic forces with crystal water and

III
2Ho

Table 3. Geometric parameters of hydrogen bonds of complexes I and II

D–H···A
Distance, Å Angle DHA,

deg Symmetry code
D–H H···A D···A

I
N(4)–H(4A)···O(14) 0.89 2.18 2.909(2) 139 x, y + 1, z
N(4)–H(4A)···O(11) 0.89 2.59 3.108(2) 117 –x + 1, –y + 1, –z + 1
N(4)–H(4B)···O(7) 0.89 2.00 2.876(3) 168
N(4)–H(4B)···O(8) 0.89 2.47 3.118(2) 129
N(4)–H(4C)···O(6) 0.89 1.92 2.809(3) 175 –x + 1, –y + 2, –z + 1
N(5)–H(5A)···O(9) 0.89 1.99 2.878(3) 176 –x + 1, –y + 1, –z + 1
N(5)–H(5B)···O(10) 0.89 1.90 2.784(2) 172 x + 1, y, z
N(5)–H(5C)···O(5) 0.89 2.17 2.923(2) 141
N(5)–H(5C)···O(1) 0.89 2.38 2.950(2) 121 –x + 1, –y + 1, –z + 1

II
N(3)–H(3A)···O(7) 0.89 1.99 2.871(2) 168 –x + 1, y, –z + 1/2
N(3)–H(3B)···O(10) 0.89 1.89 2.749(2) 172
N(3)–H(3C)···O(9) 0.89 1.96 2.825(3) 163 –x + 1, –y, –z + 1
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Fig. 1. Infrared spectra of H5Dtpa (a), I (b), H4Egta (c) and II (d).
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Fig. 2. TG curve of I (a) and II (b).
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protonated cation (MnH+). As seen from Fig. 6a,
there are two type of MnH+ cations. The first type of
MnH+ cation forms hydrogen bonds with two

[ (Dtpa)2]4– complex anion. N(4) of the MnH+

cation links three O atoms (O(6), O(7), and O(14)),
that is one uncoordinated carboxyl atom O(6) and one
coordinated carboxyl atom O(7) from two different

[ (Dtpa)2]4– complex anion and the O(14) atom
from one crystal water. The second MnH+ cation
which is highly symmetric, forms hydrogen bonds

with two adjacent [ (Dtpa)2]4– complex anion.
The N(5) atom of the second MnH+ cation connects
with three uncoordinated carboxyl O atoms (O(1),
O(5), and O(9)), which come from two neighboring

III
2Ho

III
2Ho

III
2Ho

[ (Dtpa)2]4– complex anions, respectively. That
is, O(1) and O(9) atoms come from the same

[ (Dtpa)2]4– complex anion, while the O(5) atom
come from another one.

Every two [ (Dtpa)2]4– complex anions are
interconnected together by sharing the first type of
methylamine (N(4)–C(15)) along x axis, forming a
basic secondary building unit (SBU). The bond
lengths of N(4)–O(6) and N(4)–O(7) are 2.809 and
2.876 Å, respectively. The two adjacent SBU are fur-
ther connected by sharing the second type of methyl-
amine along x axis with N(5)–O(1), N(5)–O(5),
N(5)–O(9), and N(5)–O(10) bond lengths of 2.950,
2.923, 2.878, and 2.784 Å, respectively, resulting in the

III
2Ho

III
2Ho

III
2Ho

Fig. 3. Molecular structures of I (a) and II (b).
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formation of infinite 1D chain by x axis. The two 1D
chains are formed along xy plane.

As shown in Fig. 3b, it can be seen that the nine-
coordinated structure of complex II is a 1 : 1 propor-

tion of rare earth metal ions to ligand stoichiometry.
The central Ho3+ ion is coordinated with two N atoms
and seven O atoms, of which one O atom (O(4))
belongs to a coordinated water molecule. The remain-

Fig. 5. Arrangements of complexes I (a) and II (b) in unit cell (dashed lines represent intermolecular hydrogen bonds).
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Fig. 6. Bindings between  and [ (Dtpa)2]4– in I (a) and  and [HoIII(Egta)]– in (II) (b) (dashed lines represent
intermolecular hydrogen bonds).
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ing two amine N atoms and four carboxyl O atoms and
two methylamine atoms all belong to one octadentate
H4Egta ligand. Like complex II, the eight atoms also
shape seven structurely stable five-member ring with
the central Ho3+ ion and the five atoms in each five-
member ring are almost coplanar.

Apparently, the coordination geometry around the
central Ho3+ ion in [HoIII(Egta)]– complex anion is a
nine-coordinate pseudo-monocapped square anti-
prism with the capping position occupied by one
amine atom N(1). The top quadrilateral plane of anti-
prism is formed by four carboxyl O atoms (O(1), O(3),
O(5), and O(7)). The bottom quadrilateral plane is
done by one amine atom N(2), one coordinate water
atom O(4), and two carboxyl atoms O(2) and O(9).
The distorted angle of the two (top and bottom) quad-
rilateral planes is about 48.88°, which accords with the
prismatic geometry.

The series of bond distances for complex II are
given in Table 2. The average value Ho(1)–O bond
lengths is 2.378(3) Å, while the average value Ho(1)–
N bond lengths is 2.612(3) Å. In any case, the Ho(1)–
O bonds are more stable than the Ho(1)–N bonds.

In addition, as seen from Fig. 4b, it can be found
that, to the above square plane, the value of the dihe-
dral angle between Δ(O(1)O(3)O(5)) and
Δ(O(1)O(3)O(7)) is about 9.262°, and between
Δ(O(1)O(5)O(7)) and Δ(O(3)O(5)O(7)) is about
10.049°. To the bottom square plane, the value of the
dihedral angle between Δ(O(2)O(4)N(2)) and
Δ(O(9)O(4)N(2)) is about 8.981°, and between
Δ(O(2)O(9)N(2)) and Δ(O(2)O(9)O(4)) is about 8.1°.
In view of these calculated data, we can draw a conclu-
sion that the conformation of Ho(1)N2O7 in
[HoIII(Egta)]– complex anion indeed keeps a pseudo-
monocapped square antiprism.

As shown in Fig. 5b, there are four molecules of
complex II in a unit cell. The complex molecules con-
nect with one another through hydrogen bonds and

electrostatic forces with crystal water and protonated
methylamine cations (MnH+). As seen from Fig. 6b,
the cation is located in a center of symmetric structure
and the symmetric center is in the middle position of
the methylamine. Each methylamine cation (MnH+)
forms hydrogen bonds with two neighboring
[HoIII(Egta)]– complex anions. That is, every N(3)
connects two O atoms (O(7) and O(9)), in which O(7)
and O(9) come from two carboxylic groups of two
[HoIII(Egta)]– complex anion, respectively. The dis-
tances of N(3)–O(7) and N(3)–O(9) are 2.871 and
2.825 Å, respectively. As shown in Fig. 7b, every two
[HoIII(Egta)]– complex anions are interconnected
together by sharing methylamine (N(3)–C(15)–
C(15)–N(3)), forming a basic SBU, the two neigh-
boring SBU are connected resulting in the formation
of 2D network in plane. Owing to the special coordi-
nation environment, the Newman’ pattern dihedral
angle of Mn is closely to 180°. So four atoms of Mn
locate in the same plane. Therefore, it can be observed
that amino acids as a part of protein can interact with
[HoIII(Egta)]– complex anion through different bind-
ing manner.
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Fig. 7. Polyhedral view of the 1D ladder-like layered network of I (a) and II (b).
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