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Chirality detection of two enantiomorphic 3D
lanthanide coordination polymers by vibrational
circular dichroism spectra†
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Two enantiomorphic 3D lanthanide coordination polymers of

{[Dy5(L)4(H2O)10][Dy(H2O)7][Na(H2O)5]}·(ClO4)7·(H2O)15 (1a for R and

1b for S) with chiral helical chains were synthesized based on an

achiral ligand N-(2-hydroxyethyl)ethylenediamine-N,N’,N’-triacetic

acid (H3L) and Dy(ClO4)3. Crystal analysis revealed that 1a and 1b

were crystallized in chiral space groups P4132 and P4332, respecti-

vely. The absolute configurations of the two structures were evi-

denced by vibrational circular dichroism (VCD) spectra with one

single crystal sample.

Chiral lanthanide coordination polymers have attracted much
attention because of their potential applications in chiral
sensors, chiral resolution, and chiral catalysis.1–3 Up to now, a
number of chiral lanthanide coordination polymers have been
obtained by adopting chiral agents.2 However, the construction
of chiral lanthanide coordination polymers from achiral start-
ing materials remains a great challenge.3

It is well known that determination of the absolute con-
figuration is crucial in understanding the functionality of a
chiral molecule.4–6 At present, electronic circular dichroism
(ECD) is the primary spectroscopic method for the detection of
absolute configuration of chiral molecules. However, ECD
spectra require chiral molecules that have electronic absorp-
tion in the UV-visible regions. If the chiral molecule has no
chromophore group, the detection of absolute configuration
will be difficult by the conventional ECD methods.

In recent years, vibrational circular dichroism (VCD) has
become a new powerful tool for determination of the absolute
configurations of chiral molecules.7–12 Compared with the
ECD spectra, the VCD has many advantages. First, VCD is the
extension of ECD into the infrared and near-infrared regions.
The absorption spectrum of ECD is caused by the molecular

electronic energy level transition, while VCD reveals the circu-
larly polarized molecular vibration transition of IR radiation.
Even though a molecule has no signals in ECD spectra, it can
be a target for VCD.9 Second, VCD provides more detailed
information based on the stereochemical characters of chiral
molecules, compared with ECD.8c Third, the theoretical of
VCD spectra can be calculated based on practical analyses of
chiral molecules.10

VCD has been investigated for the studies of conformation
information of chiral molecules in solution, in particular with
recent developments in the study of solute–solvent interactions
such as the chirality transfer and biomolecular probe.8c,10

Although in the last few years, the solid VCD measurement
has been applied in the characterization of chiral transition
metal polymers,11 the investigation of absolute configurations
of chiral lanthanide coordination polymers by solid VCD
spectra is rare.12 Recently, a lanthanide induced VCD enhance-
ment effect was observed,12a which may give rise to the devel-
opments of chiral lanthanide coordination polymers.

In this work, we have reported two enantiomorphic 3D
chiral lanthanide coordination polymers, formulated as
{[Dy5(L)4(H2O)10][Dy(H2O)7][Na(H2O)5]}·(ClO4)7·(H2O)15 (1a for
R and 1b for S), based on an achiral ligand N-(2-hydroxyethyl)-
ethylenediamine-N,N′,N′-triacetic acid (H3L) and Dy(ClO4)3, in
10 mL deionized water [ESI†]. Single crystal X-ray analysis
revealed that 1a was crystallized in the chiral space group
P4132, while 1b was crystallized in P4332. The absolute con-
figuration of 1a and 1b was also investigated by VCD spectra
with one single crystal sample.

As a representative, compound 1a is described below to
illustrate the structural features. Single crystal structure ana-
lysis reveals that the asymmetrical unit of 1a consists of two
independent Dy3+, one disordered [Dy(H2O)7]0.5[Na(H2O)5]0.5
unit, two L3− ligand anions, three and half ClO4

−, five aqua
ligands, and 7.5 guest water molecules. For Dy1 and Dy2, each
of them is coordinated by a chelating L3− ligand in a six-
coordinated manner with four O atoms and two N atoms from
the L3− ligand, forming a [DyL] unit, as shown in Fig. 1a. Com-
pleting the coordination geometry of Dy1 and Dy2 respectively

†Electronic supplementary information (ESI) available: Details of synthesis of 1a
and 1b, crystal data, Tables S1–S3, and Fig. S1–S9. CCDC 1029797 and 1029798.
For ESI and crystallographic data in CIF or other electronic format see DOI:
10.1039/c5dt00404g
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with one and two terminal aqua ligands, results in [DyL(H2O)]
and [DyL(H2O)2] units. The [DyL(H2O)] and [DyL(H2O)2] units
are connected alternately, generating a chiral helical chain
structure of [Dy2(L)2(H2O)3]n (Fig. 2a). The 3D structure of 1a
can be viewed as three kinds of adjacent chiral chains in three
dimensional directions that are linked to each other by coordi-
nating Dy3 with four carboxylate groups from four [DyL(H2O)2]

units, as shown in Fig. 1b and 2b. The present compound is
the first 3D lanthanide coordination polymer based on the
N-(2-hydroxyethyl)ethylenediamine-N,N′,N′-triacetic acid. Each
disordered Dy4 and Na1, in the half-occupancy [Dy(H2O)7]

3+

and [Na(H2O)5] form, is connected to each Dy1. Dy1 and Dy2
are nona-coordinated and form the tri-capped trigonal prism
and capped square-antiprism coordination geometry, while
Dy3 and Dy4 are octa-coordinated and located in the centre of
the di-capped trigonal prism.

Compound 1b is the enantiomorphism of compound 1a.
Differing from 1a, in which, the chiral chains are generated
around the 41 axis, and the chiral chains in 1b are generated
around the 43 axis, as shown in Fig. 3. The Dy–O and Dy–N dis-
tances of 1 range from 2.270(6) to 2.717(7) Å and 2.609(9)–
2.680(10) Å (Tables S2 and S3†), which are comparable to
those in reported Dy-compounds.12b

To further investigate the absolute configurations of the
two enantiomers, the solid-state ECD spectra (KCl pellet)
based on one single crystal were measured. However, no sig-
nificant ECD signals are observed in 200–800 nm. Thus, the
powerful solid-state VCD spectra were studied in the wave-
number region 1400–1800 cm−1. Fig. 4 shows the observed
VCD and IR spectra for 1a and 1b based on one single crystal
sample. The VCD signals at about 1650 and 1630 cm−1 are
assigned to the asymmetric CvO and C–O stretching
vibrations of the carboxy group in the ligand.13 The VCD
signals at 1590, 1580, 1560 and 1540 cm−1 are attributable to
the stretching vibrations of the C–C in the L3−.14 The distinct
VCD signals indicated that the crystals of 1 exists in two kinds
of enantiomorphism isomers, R for P4132 and S for P4332.

Fig. 1 (a) Ball and stick view of the coordination model for Dy1 and
Dy2; (b) ball and stick view of the coordination model for Dy3.

Fig. 2 (a) Ball and stick view of the chiral helical chain constructed by
Dy1 and Dy2; (b) the connectional pattern of the three adjacent helical
chains along a, b, and c axis connected by Dy3; (c) the 3D structure of
1a. The H atoms are omitted for clarity and the purple polyhedra rep-
resent Dy3.

Fig. 3 (a) The right-handed helical chain of P4132 and (b) the left-
handed helical chain of P4332.
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The temperature dependence of magnetic susceptibilities
of 1 was measured from 2 to 300 K with 1000 Oe. The χMT and
χM

−1 vs. T curves are displayed in Fig. S7.† At 300 K, the χMT
value was found to be 82.57 cm3 K mol−1, which is consistent
with the calculated spin-only values of 85.02 cm3 K mol−1 for 6
uncorrelated Dy3+ cations (6H15/2, g = 4/3). The χMT value
remains roughly constant from 300 to 140 K. On further
cooling to 2 K, the χMT value slowly decreases to 59.62 cm3 K
mol−1. The curve of χM

−1 vs. T obeys the Curie–Weiss law with
C = 84.96 cm3 K mol−1, θ = −4.12 K. The profile of the χMT vs.
T and the negative value suggest the presence of some anti-
ferromagnetic interactions and possibly magnetic anisotropy/
ligand fields.15 The field dependence of magnetization is
shown in Fig. S8.† At 2 K, the magnetization firstly increases
rapidly below 1.0 T and then slowly increases almost linearly
without saturation at 7 T, suggesting the presence of signifi-
cant anisotropy and/or low lying excited states.15

In summary, a pair of chiral enantiomorphic lanthanide
coordination polymers 1a and 1b has been obtained based on
achiral ligands. Structural analysis reveals that 1a and 1b were
crystallized in chiral space groups P4132 and P4332, respecti-
vely. The absolute configurations of the enantiomorphism
isomers were also detected by the VCD spectra. This work
proved that the VCD spectra approach is a versatile method to
explore the conformation of chiral lanthanide coordination
polymers.
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