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Magnetic field and dilution effects on the slow
relaxation of {Er3} triangle-based arsenotungstate
single-molecule magnets†

Hanhan Chen,a Lin Sun,a Jinpeng Zhang,a Zikang Xiao,a Pengtao Ma, *a

Jingping Wang, a Yiquan Zhang *b and Jingyang Niu *a

A triangular {Er3} cluster containing polyoxometalate (POM), [Er3(μ3-OH)(H2O)8(AsW9O33)(AsW10O35(DL-

mal))]2
22− (1) (mal = malate), has been obtained via one-pot reactions. Structural analyses demonstrate

that three Er3+ ions bridged one μ3-OH to generate a rare μ3-OH-capped triangular {Er3} cluster, which

connects two different vacant polyanions to form an unsymmetrical sandwich-type subunit, and adjacent

sandwiched subunits are linked through mal ligands to give the targeted dimer. When the Er3+ ions are

substituted in whole or in part with Y3+ ions, the diamagnetic yttrium analogue [Y3(μ3-OH)

(H2O)8(AsW9O33)(AsW10O35(DL-mal))]2
22− (2) and diluted sample [Er0.15Y2.85(μ3-OH)(H2O)8(AsW9O33)

(AsW10O35(DL-mal))]2
22− (Er@2) have also been synthesized. Magnetic studies reveal that 1 exhibits field-

induced two-step magnetic relaxation processes; the slow relaxation process may arise from intra-

molecular magnetic interactions, whereas the fast one is likely to originate from the intermolecular

dipole–dipole interactions supported by the magnetic results of Er@2. From ab initio calculations, it is

found that although the magnetic anisotropies of 1 mainly originate from individual Er3+ fragments, the

Er3+–Er3+ interactions have a considerable influence on their slow magnetic relaxation processes.

Introduction

Polyoxometalates (POMs) are generally composed of W, Mo, V,
Nb, and Ta in their highest oxidation states, bridged by oxygen
atoms to form clusters, which can range in size from low-
nuclearity building blocks to large-scale protein-like
superstructures.1,2 Because of the large structural diversity and
significant applications in many fields such as catalysis, mole-
cular magnetism, and materials science, ensuring the design
and preparation of novel POMs is an attractive and challenging
project.3–5 Moreover, POMs as one unique type of inorganic
ligand, possessing a remarkable degree of molecular and elec-
tronic tunability, have provided excellent examples for mole-
cular magnets, especially for single-molecule magnets
(SMMs).6 However, lanthanide (Ln) ions usually have large

magnetic moments and appreciable magnetic anisotropy,
springing from the intense spin–orbit coupling in low-sym-
metry crystal fields, therefore making them excellent candi-
dates for the construction of SMMs.7

The pioneering works on POMs-based molecular magnet-
ism have been promoted by Coronado’s group;8 they summar-
ized the molecular magnetism of POMs for the first time in
1995,8a and they systematically reviewed the transition metal
magnetic clusters encapsulated by polyoxotungstate and the
mixed-valence POM-based magnetic clusters in 1999.8b Recent
studies indicate that the employment of lacunary POMs to
assemble with Ln ions may be an effective strategy to harvest
compounds with novel electronic and magnetic behavior.9 As a
result, a large number of Ln-based POMs (Ln-POMs) have been
extensively developed,6–9 especially Dy-containing POMs with
SMM behavior.10,11 One impressive example reported by Wei
et al., is [Bu4N]3{Dy[Mo5O13(OMe)4(NO)]2}, which exhibited a
large energy barrier (Ueff ) of 50 K.10f However, the documented
Er-POM SMMs are very limited.12 In 2008, Coronado et al. suc-
cessfully synthesized the first example of Er-POMs exhibiting
SMM behavior, [ErW10O36]

9−.12a Subsequently, they syn-
thesized a series of Ln POMs and investigated their magnetic
properties, [Ln(W5O18)2]

9− (Ln = Tb, Dy, Ho, Er) and [Ln
(SiW11O39)2]

13− (Ln = Tb, Dy, Ho, Er, Tm, Yb), among which
only the [Er(W5O18)2]

9− derivative showed the SMM behavior
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above 2 K with an energy barrier of 55 K.12c In 2017, Jin et al.
reported four mononuclear Ln-based germanomolybdates, [Ln
(GeMo11O39)2]

13− (Ln = Gd, Er, Dy, Tb); the magnetic results
showed that [Er(GeMo11O39)2]

13− and [Dy(GeMo11O39)2]
13−

exhibited slow magnetic relaxation behavior.12d Very recently,
Kortz and co-worker addressed a new Er-POM-based SMM [Er
(β2-GeW11O39)(α-GeW11O39)]

13− with an effective barrier of
43.3 cm−1.12e More importantly, polynuclear Er-based POM
SMMs have not been reported until now, which arouses our
keen interest and provides us with a great opportunity and
challenge.

On the basis of the above theoretical and conceptual
aspects, we synthesized a trinuclear Er-based POM
K20Li2[Er3(μ3-OH)(H2O)8 (AsW9O33)(AsW10O35(DL-mal))]2·51H2O
(mal = malate) (1), an isostructural Y-based analogue
K20Li2[Y3(μ3-OH)(H2O)8(AsW9O33) (AsW10O35(DL-mal))]2·47H2O
(2), and a Er-doped analogue of 2, K20Li2[Er0.15Y2.85(μ3-OH)
(H2O)8(AsW9O33)(AsW10O35(DL-mal))]2·44H2O (Er@2) via
simple one-pot reactions. Magnetic studies reveal that 1 exhi-
bits field-induced SMM behavior with two magnetic relaxation
processes, while Er@2 shows slow magnetic relaxation at zero
field.

Results and discussion
Crystal structure

X-ray single-crystal diffraction analysis reveals that the three
compounds are isomorphous and crystallize in the monoclinic
space group P21/n (Table S1†). Therefore, only the structure of
1 is selected as an example to describe in detail.

Bond valence sum (BVS)13 analysis for 1 indicates that the
oxidation states of Er, As, and W centers are +3, +3 and +6,
respectively (Table S2†). Compound 1 contains a centro-
symmetric dimeric arsenotungstate polyanion [Er3(μ3-OH)
(H2O)8(AsW9O33) (AsW10O35(DL-mal))]2

22− (Fig. 1a), which is
composed of two organic–inorganic hybrid arsenotungstate
subunits connected by malic ligands (Fig. 1b), [Er3(μ3-OH)
(H2O)8(AsW9O33)2(WO2(DL-mal))]11−. The asymmetric [Er3(μ3-
OH)(H2O)8(AsW9O33)2(WO2(DL-mal))]11− unit consists of two
{AsW9O33} subunits that are nearly orientated at 180° with
respect to each other. The space between them is occupied by
the {Er3} segment and one {WO2(DL-mal)} unit,14 which are
linked by corner sharing to each other with the {AsW9O33}
subunit. More interestingly, the malic ligand is grafted onto
the [AsW9O33]

9− subunit via one carboxyl oxygen (O70) and

Fig. 1 Polyhedral/ball-and-stick representation of (a) [Er3(μ3-OH)(H2O)8(AsW9O33)(AsW10O35(DL-mal))]2
22−, and (b) the subunit [Er3(μ3-OH)

(H2O)8(AsW9O33)2(WO2(DL-mal))]11−; (c) ball-and-stick representation of the triangular {Er3} cluster; (d) bicapped trigonal prismatic geometry of the
Er1 cation; (e) square-antiprismatic geometry of the Er2 cation; (f ) square-antiprismatic geometry of the Er3 cation; hydrogen atoms are omitted for
clarity.
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one hydroxyl oxygen (O69), while the carboxylic oxygen (O72)
is attached to the {Er3} segment to produce the sandwiched
[Er3(μ3-OH)(H2O)8(AsW9O33)2(WO2(DL-mal))]11− moiety, and a
double-mal bridging tri-Er3+ segment sandwiched arsenotung-
state dimer comes into being.

It is noteworthy that the Ln3+ ions usually exhibit variable
higher coordination numbers: eight (dodecahedral, square
antiprismatic, or bicapped trigonal prismatic) and nine
(monocapped square antiprismatic or tricapped trigonal pris-
matic).15 To evaluate the geometries and the extent of distor-
tion from an ideal shape around the Er3+ ions in the {Er3}
segment (Fig. 1c), we carried out continuous-shape measure
analysis using the SHAPE 2.1 software.16 The nine-coordinate
Er1 center displays a spherical-capped square antiprism (C4v)
configuration (Tables S3 and S4†), and is coordinated by four
terminal water molecules (O1 W, O2 W, O3 W and O8 W) [Er1–
O(W): 2.310(9)–2.605(8) Å] (Fig. 1d), and five terminal oxygen
atoms from the [(AsW9O33)2]

9− fragment (O28, O32, O33, O63,
and O64) [Er1–O: 2.349(5)–2.631(5) Å]. Both Er2 and Er3
cations show an eight-coordination square antiprism (D4d) geo-
metry (Tables S5 and S6†); Er2 is coordinated by four terminal
oxygen atoms (O27, O32, O62 and O63) [Er2–O: 2.285(9)–2.484
(9) Å], and four terminal water molecules (O1 W, O4 W, O5 W
and O6 W) [Er2–O(W): 2.330(9)–2.412(10) Å] (Fig. 1f). Er3 is co-
ordinated by four terminal water molecules (O1 W, O7 W, O8
W and O9 W) [Er3–O(W): 2.381(9)–2.452(8) Å], three terminal
oxygen atoms (O30, O33, and O68) [Er3–O: 2.266(9)–2.305(8) Å]
and one carboxylic oxygen atom (O72) [Er3–O72: 2.343(2) Å]
from a malic ligand (Fig. 1e). These three Er3+ ions are com-
bined together by four bridging oxygen atoms and one μ3-oxo
group (O1 W) presenting a nearly isosceles triangle. [Er1–Er2:
3.552(3), Er1–Er3: 3.586(4), Er2–Er3: 4.656(3), ∠Er1–Er3–Er2:
48.973(2)°, ∠Er1–Er2–Er3: 49.598(2)°, ∠Er2–Er1–Er3: 81.428
(2)]° (Tables S7 and S8†). Unlike the reported tri-Ln sand-
wiched POMs, which showed a regular triangular Ln cluster
with a CO3

2− ion encapsulated in the center,15b,c the μ3-brid-
ging oxo group (O1 W) is noncoplanar with the three Er3+ ions
plane, and the distance between the O1 W atom and the plane
defined by the three Er3+ ions is 0.492(9) Å.

Magnetic measurements

The direct-current (dc) magnetic susceptibility for the crystal-
line sample of 1 was measured in the temperature range of
2–300 K under an applied field of 1000 Oe. At room tempera-
ture, the χMT value of 1 was 68.34 cm3 K mol−1, approximating
to the expected value of six uncoupled Er3+ ions (68.85 cm3 K
mol−1, J = 15/2, g = 6/5, χMTfree ion = 11.475 cm3 K mol−1).17 For
1 (Fig. 2a), the χMT value first stays essentially constant with
only a little decrease upon cooling, before steeply decreasing
to 42.80 cm3 K mol−1 at 2.0 K, which is likely on account of the
thermal depopulation of low lying crystal field (CF) states and/
or antiferromagnetic coupling between the Er3+ ions in the tri-
angular {Er3} cluster.

18 Besides, the magnetization was deter-
mined at 2.0, 3.0, and 5.0 K with the field dependence in the
field range of 0–7 T (Fig. 2b). The result shows that the magne-
tization increases abruptly to 22.87Nβ at 20 kOe. It increases

slowly before reaching a maximum of 27.26Nβ at 70 kOe
without reaching the corresponding theoretical saturation
value (54Nβ for six Er3+ ions). Moreover, the non-superposed M
versus H/T curves at different temperatures further indicate the
presence of significant magnetic anisotropy and/or low-lying
excited states.19

Alternating-current (ac) susceptibility measurements were
conducted to explore the dynamic magnetic behavior of 1.
Variable-frequency magnetic susceptibility measurements
reveal that for 1 under zero applied dc field (Fig. S4†), the
maximum of χM″ increases with a drop in the temperature,
which indicates the presence of QTM between the ground
Kramers doublets for 1.20 In order to suppress the QTM effect,
further ac susceptibility measurements were performed at
2.0 K under variable dc fields (500–5000 Oe) for 1. Clear peaks
were detected in the χM″ signals by the application of dc fields
from 1500 Oe to 5000 Oe (Fig. S5†), which may be due to the
inhibition of QTM. A 1500 Oe dc field was applied as the
optimum field, which induces almost the slowest relaxation.
For 1, the strong χM″ signals with well-defined maxima (Fig. 3)
suggest field-induced SMM behavior with two-step relaxation

Fig. 2 (a) The temperature dependence of χMT measured under a 1000
Oe dc field for 1. (b) The field dependence of magnetization at 2.0, 3.0,
and 5.0 K.
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processes.21 The results of χM″ susceptibilities show the
appearance of two distinct groups of peaks above 2.0 K; the
first full peaks were observed at lower frequencies and the
second tails of peaks appeared at higher frequencies.

The Cole–Cole plot (Fig. 4) of 1 also shows two kinds of
relaxation paths, respectively, corresponding to the fast relax-
ation (FR) phase and the slow relaxation (SR) phase.22 The
relaxation times for each process were extracted from the fre-
quency-dependent data between 2.0 and 3.2 K on the basis of
the sum of two modified Debye functions (Fig. S6–S13†). The
relevant parameters are listed in Table S9.† The energy barriers
for the two relaxation processes are obtained according to the
Arrhenius law as 9.6(4) K (τ0 = 2.1 × 10−3 s) for the FR process
and 9.1(3) K (τ0 = 2.3 × 10−6 s) for the SR process, respectively
(Fig. S14†). The τ0 value observed for the FR, which is far more
than that expected for a SMM, strongly suggests that the
quantum pathway of relaxation at very low temperature is not
completely inhibited by the effects of the applied field
(1500 Oe).23

In order to obtain further insight into the origin of the
slow magnetic relaxation in 1, the diluted sample Er@2 was
synthesized through crystallization with a diamagnetic and

isostructural yttrium compound with an Er/Y molar ratio of
1 : 19 (Table S10†). Thus, the χMT value of the diluted Er@2
sample was determined to be 5% of the dc susceptibility for
the neat compound 1. The χMT value of 3.42 cm3 K mol−1 for
Er@2 is slightly smaller than the expected value (3.44 cm3 K
mol−1, J = 15/2, g = 6/5) (Fig. 5a), which is mostly attributed to
the splitting of the Russell–Saunders multiplet in a crystal
field; thus, it cannot be equally populated even at room temp-
erature, and this is also observed in some molecular
magnets.22 As the temperature is reduced from 300 K, the
χMT values remain roughly constant in the range of
300–150 K for Er@2, before steeply decreasing to 2.28 cm3 K
mol−1 at 2.0 K, indicating the progressive depopulation of the
excited Stark sublevels and/or antiferromagnetic exchange
interactions. The field-dependent magnetization increases
rapidly at low fields and then increases slightly to 1.32Nβ at 7
T (Fig. 5b). The frequency-dependent χM′ and χM″ signals of
Er@2 in ac magnetic susceptibility indicate a slow magnetic
relaxation process under zero dc field (Fig. S15†), which indi-
cates that the quantum tunneling can be partly but not
totally suppressed as the intermolecular dipole–dipole inter-
action of the Er3+ ions is weakened upon dilution with dia-
magnetic ions.

In this case, the Cole–Cole plot was constructed between
1.8 and 4.0 K, with each temperature fitted by the generalized
Debye model (Fig. S16†). A combination of the Orbach process
and QTM (τ−1 = τ0

−1 exp[−Ueff/(kT )] + τQTM
−1) can fit the data

of ln(τ/s) vs. 1/T with Ueff = 12.4(9) K, τ0 = 4.7 × 10–6 s and τQTM
= 2.7 × 10−4 s. The deviation from linearity can be attributed to
a regime where both thermal and QTM mechanisms occur
simultaneously (Fig. S17†).24 In order to further suppress the
QTM of Er@2, magnetic dynamics measurements were also
performed under a 1500 Oe dc field. As shown in Fig. S18,†
broad peaks of χM″ for Er@2 are observed in the frequency-
dependent ac susceptibilities. The relaxation process was

Fig. 3 Frequency dependence of χM’ (a) and χM’’ (b) under a 1500 dc
field for 1.

Fig. 4 Cole–Cole plot for 1 under an applied magnetic field of 1500 Oe
at the indicated temperatures. The solid lines are fitting results by the
generalized Debye model.
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further analyzed by the Arrhenius law, and the best fitting of
the data of Er@2 gave a Ueff value of 19.4(7) K and a τ0 value of
3.3 × 10−6 (Fig. S19†). Compared with that of 1, the Cole–Cole
diagram of Er@2 (Fig. 6 and Table S11†) clearly shows that the
FR phase is effectively inhibited, demonstrating that the FR
process in 1 originates from the intermolecular dipole–dipole
interactions. It has been well established that the slow mag-
netic relaxation behavior of the polynuclear Ln3+-based com-
pound is primarily derived from the remarkable magnetic an-
isotropy and magnetic interactions.25 Furthermore, the results
of the experiments and related theoretical calculations in
recent reports indicate that the applied dc field can compen-
sate for these intramolecular magnetic interactions.26

Considering that two-step magnetic relaxation processes in 1
are observed under a 1500 Oe applied dc field, we can
presume that the SR process arises from intramolecular mag-
netic interactions and the FR process originates from the inter-
molecular dipole–dipole interactions.

Theoretical investigation

Complete-active-space self-consistent field (CASSCF) calcu-
lations on individual Er3+ fragments of compound 1 on the
basis of the X-ray determined geometry have been carried out
with MOLCAS 8.4 (ref. 27) and SINGLE_ANISO28 programs (see
ESI† for details). The energy levels (cm−1), g (gx, gy, gz) tensors
and the predominant mJ values of the lowest eight Kramers
doublets (KDs) of the individual Er3+ fragments for 1 are
shown in Table S12.† The predominant mJ components for the
lowest one or two KDs of the individual Er3+ fragments for 1
are shown in Table S13,† where the ground and first excited
KDs are all mostly composed of several mJ states severelly. The
magnetization blocking barriers of individual Er3+ fragments
for 1 are shown in Fig. S20,† where the transversal magnetic
moments in the ground KDs of Er1, Er2, and Er3 are 0.26, 0.18
× 10−1, and 0.39 × 10−1µB, respectively, therefore allowing fast
QTM in their ground KDs. Although the magnetic anisotropies
of 1 mainly originate from individual Er3+ fragments, the Er3+–
Er3+ interactions have a considerable influence on its slow
magnetic relaxation processes. The program POLY_ANISO28

was used to fit the magnetic susceptibility of the {Er3} frag-
ment in 1 using the exchange parameters from Table 1.

All parameters from Table 1 were calculated with respect to
the pseudospin S̃Er = 1/2 on the Er3+ sites. For compound 1,

Fig. 5 (a) The temperature dependence of χMT measured under a 1000
Oe dc field for Er@2. (b) The field dependence of magnetization at 2.0,
3.0, and 5.0 K.

Fig. 6 Cole–Cole plot for Er@2 under an applied magnetic field of
1500 Oe at the indicated temperatures.

Table 1 Fitted exchange coupling constants J̃exch, the calculated
dipole–dipole interactions J̃dip and J̃total between magnetic center ions
in 1 (cm−1). The intermolecular interaction zJ’ of 1 was fitted to
−0.16 cm−1

1

J̃exch J̃dip J̃total

J1 −3.5 1.3 −2.2
J2 −5.4 −1.7 −7.1
J3 −6.0 2.3 −3.7

Paper Dalton Transactions

12462 | Dalton Trans., 2020, 49, 12458–12465 This journal is © The Royal Society of Chemistry 2020

Pu
bl

is
he

d 
on

 1
8 

A
ug

us
t 2

02
0.

 D
ow

nl
oa

de
d 

by
 H

en
an

 U
ni

ve
rs

ity
 o

n 
9/

16
/2

02
0 

7:
26

:0
7 

A
M

. 
View Article Online

https://doi.org/10.1039/d0dt01831g


the total coupling parameters J̃total (dipolar and exchange)
Fig. S21† were included in fitting the magnetic susceptibility.
The calculated and experimental χMT versus T plots of com-
pound 1 are shown in Fig. S22,† where the fit is close to the
experiment at low temperature, but they have some deviation
at high temperature.29 From Table 1, J1, J2, and J3 in 1 within
the Lines model30 are all antiferromagnetic. Meanwhile, the
exchange energies, the energy differences between each
exchange doublet Δt and the main values of gz for the lowest
four exchange doublets of 1 are listed in Table S14,† where the
gz values of the ground exchange states for 1 are 29.318, which
confirms that the Er3+–Er3+ interactions for 1 are antiferro-
magnetic. The main magnetic axes on the Er3+ ions for 1 in
their ground KDs are indicated in Fig. S23,† where the
included angles between the magnetic axes on Er1, Er2, and
Er3 are 94.51°, 83.06°, and 122.50°, respectively. Ab initio cal-
culation results reveal that although the magnetic anisotropies
of 1 mainly originate from individual Er3+ fragments, the Er3+–
Er3+ interactions have a considerable influence on their slow
magnetic relaxation processes.

Conclusion

In summary, 1 and Er@2 (diluted samples of 1 in their Y3+

analogues at a molar ratio of 1 : 19) have been successfully syn-
thesized, structurally characterized and magnetic measure-
ment carried out. One μ3-oxygen caps the {Er3} triangle in 1,
and this is the first example of an infrequent μ3-OH-capped
{Er3} cluster containing POM-based SMM reported so far.
Compound 1 shows two magnetic relaxation processes at a
1500 Oe dc field. Whereas, Er@2 exhibits a field-induced
single relaxation process, demonstrating that the fast relax-
ation process in 1 originates from the intermolecular dipole–
dipole interactions. Ab initio calculation results manifest that
although the magnetic anisotropies of 1 mainly originate from
individual Er3+ fragments, the Er3+–Er3+ interactions play a
crucial role in its slow magnetic relaxation processes. This
study further indicates that the magnetic-site dilution can be
an effective approach for elucidating the nature of multiple
relaxation processes of magnetization and further enhancing
the magnetic performance of polynuclear Ln-POM SMMs.

Experimental
Synthesis of K20Li2[Er3(μ3-OH)(H2O)8(AsW9O33)
(AsW10O35(DL-mal))]2·51H2O (1)

The representative synthesis of 1 was performed as follows: a
sample of K14[As2W19O67(H2O)] (1.32 g, 0.25 mmol) was added
under stirring to a solution of 0.14 g of DL-malic acid
(1.04 mmol) and ErCl3·6H2O (0.22 g, 0.60 mmol) in 20 mL of
distilled water; ten minutes later, the pH of the solution was
adjusted to approximately 6.5 with a 3.0 mol L−1 lithium
hydroxide solution and then the mixture was heated to 60 °C
for 1 h. After being cooled to room temperature, the clear solu-

tion was left to stand for crystallization. The light pink square
crystals formed overnight. Yield: 0.71 g (29% based on
ErCl3·6H2O). Elemental analysis (%) calcd for (1): C, 0.79; H,
0.65; Li, 0.11; K, 6.43; As, 2.47; Er, 8.26; W, 57.47. Found: C,
0.6; H, 0.986; Li, 0.08; K, 6.03; As, 2.23; Er, 8.01; W, 56.98.
Selected IR (KBr, cm−1): 3400 (br), 1627 (s), 1420 (w), 1369 (w),
1116 (w), 945 (s), 885 (s), 793 (s), 724 (s).

Synthesis of K20Li2[Y3(μ3-OH)(H2O)8(AsW9O33)
(AsW10O35(DL-mal))]2·47H2O (2)

A sample of K14[As2W19O67(H2O)] (1.32 g, 0.25 mmol) was
added under stirring to a solution of 0.14 g DL-malic acid
(1.04 mmol) and YCl3·6H2O (0.18 g, 0.60 mmol) in 20 mL of
distilled water; ten minutes later, the pH of the solution was
adjusted to approximately 6.5 with a 3.0 mol L−1 lithium
hydroxide solution and then the mixture was heated to 60 °C
for 1 h. After being cooled to room temperature, the clear solu-
tion was made to stand for crystallization. The colorless square
crystals formed overnight. Yield: 0.66 g (28% based on
YCl3·6H2O) Elemental analysis (%) calcd for (2): C, 0.82; H,
0.67; Li, 0.12; K, 6.69; As, 2.56; Y, 4.56; W, 59.78. Found: C,
0.67; H, 0.71; Li, 0.08; K, 6.23; As, 2.50; Y, 4.36; W, 57.87.
Selected IR (KBr, cm−1): 3400 (br), 1627 (s), 1420 (w), 1364 (w),
1116 (w), 945 (s), 885 (s), 793 (s), 715 (s).

Synthesis of K20Li2[Er0.15Y2.85(μ3-OH)(H2O)8(AsW9O33)
(AsW10O35 (DL-mal))]2·44H2O (Er@2)

(ErIII : YIII = 1 : 19). A sample of K14[As2W19O67(H2O)] (1.32 g,
0.25 mmol) was added under stirring to a solution of 0.14 g DL-
malic acid (1.04 mmol) and ErCl3·6H2O (0.01 g, 0.03 mmol) and
YCl3·6H2O (0.17 g, 0.57 mmol) in 20 mL of distilled water; ten
minutes later, the pH of the solution was adjusted to approxi-
mately 6.5 with a 3.0 mol L−1 lithium hydroxide solution and
then the mixture was heated to 60 °C for 1 h. After being cooled
to room temperature, the clear solution was left to stand for
crystallization. The colorless square crystals formed overnight.
Yield: 0.53 g. Elemental analysis (%) calcd for (Er@2): C, 0.85;
H, 0.75; Li, 0.12; K, 6.89; As, 2.64; Er, 0.15; Y, 1.49; W, 61.58.
Found: C, 0.65; H, 1.11; Li, 0.11; K, 6.65; As, 2.52; Er, 0.13; Y,
1.37; W, 60.59. Selected IR (KBr, cm−1): 3400 (br), 1623 (s), 1424
(w), 1364 (w), 1116 (w), 945 (s), 890 (s), 793 (s), 720 (s).
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