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Luminescence and slow magnetic relaxation of isostructural 2D 
lanthanide metal-organic frameworks derived from both 
nicotinate N-oxide and glutarate  

Cai-Ming Liu,
a,*

 De-Qing Zhang,
a
 Xiang Hao,

a
 and Dao-Ben Zhu

a 

Three lanthanide coordination polymers containing both nicotinate N-oxide and glutarate, {[Ln(NNO)(glu)] · 0.25H2O}∞ (Ln 

= Eu, 1; Ln = Gd, 2; Ln = Dy, 3; HNNO = nicotinic acid N-oxide, H2glu = glutaric acid), have been hydrothermally synthesized, 

which are isostructural, showing 2D layer network structures. The europium(III) species displays typical narrow fluorescent 

emission bands of the lanthanide ion, with the absolute emission quantum yield of 0.055 and the fluorescence lifetime of 

4.2 ns. Magnetic determinations revealed that a weak antiferromagnetic interaction exists in the gadolinium(III) complex, 

while the dysprosium(III) analogue exhibits field-induced two-step magnetic relaxation, with an effective thermal barrier of 

44.2 K. 

Introduction  

 

Recently, metal–organic frameworks(MOFs) based on trivalent 

lanthanides, which possess interesting spectroscopic and 

magnetic properties due to their unique 4f-electrons, have 

been found to exhibit intriguing structure diversity and have 

potential applications in numerous fields
1
 such as catalysis,

2
 

adsorption,
3
 separation,

4
 light-emitting,

5
 magnetic materials,

6
 

and sensor materials.
7
 It is well-known that most trivalent 

lanthanide ions may display narrow and characteristic 

fluorescent emissions thanks to internal 4f–4f electron 

transitions. Owing to the weak optical absorption for the 

forbidden 4f–4f electron transitions, the direct excitation of 

the lanthanide ions is not efficient enough. However, the 

import of suitable organic ligands to be the linkers of MOFs 

may remarkably improve the light absorption and the energy 

transfer to the lanthanide ions; such an ‘antenna effect’ can 

help the lanthanide metal–organic frameworks (LnMOFs) show 

luminescent properties effectively.
8
 Therefore, the choice of 

bridging ligand is critical to design and construct the 

luminescent LnMOFs.   

On the other hand, the dysprosium (III) ion, which has a big 

magnetic moment and significant magnetic anisotropy, may 

meet the demands of a large spin ground state (S) and a 

negative uniaxial magnetic anisotropy (D) for a single-molecule 

magnet (SMM) or single-ion magnet (SIM), thus becomes a 

prominent element of the SMMs and the SIMs.
9
 The SMMs 

and the SIMs are characterized by slow magnetic relaxation at 

low temperature, and can be potentially utilized as the 

molecular materials of high-density information storage, 

quantum computer and spintronics.
9,10

 Recently, many Dy(III) 

SMMs and Dy(III) SIMs have been explored,
9
 however, it 

remains a big challenge for the assembly of Dy(III) MOFs 

showing the SMM behaviours.
11

 The obstacle probably lies in 

that the coordination environment and geometry of the Dy(III) 

ion in the MOFs are not easy to control. 

In a continuation of our interest in the assembly of new 

LnMOFs
12

 and new lanthanide-based SMMs,
13

 we recently 

explored a 3D MOF,
 
which is constructed from a unique 

dysprosium(III) oxalate layer and a 1-hydro-5-chloro-6-

oxopyridine-3-carboxylate (L1
−
) linker, namely, 

{[Dy2(L1)2(OX)2(H2O)]∙2H2O}∞;
12c

 we also synthesized a 2D→2D 

polyrotaxane dysprosium(III) MOF with 4,4'-sulfonyldibenzoate 

(L2
2−

) linkers, namely, [Dy2(L2)3 (H2O)5]∞.
12d

 Both complexes 

exhibit two separate magnetic relaxation processes of the 

SMM behaviours. We are now particularly interested in the 2D 

LnMOFs with remarkable spectroscopic and magnetic 

properties, because they probably have practical applications 

as single-layer molecular devices; and we hope to materialize 

this type of LnMOFs using the mixed bridging ligands’ 

approach. In this paper the syntheses, crystal structures, 

luminescent and magnetic properties of three LnMOFs 

constructed from both nicotinate N-oxide (NNO
−
) and 

glutarate (glu
2−

), {[Ln(NNO)(glu)] · 0.25H2O}∞ (Ln = Eu, 1; Ln = 

Gd, 2; Ln = Dy, 3), are presented. They are isostructural, 

exhibiting 2D layer network structures. It is notable that they 

are the first examples of 2D lanthanide(III) nicotinate N-oxide 

complexes containing acyclic binary carboxylic acids as the 

second bridging ligand. Interestingly, complex 1 shows 

fluorescent emissions while complex 3 displays field-induced 
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two-step thermal magnetic relaxation. Such isostructural 

LnMOFs exhibiting luminescence and slow magnetic relaxation 

are quite rare in documents. 

Experimental 

Materials and methods 

All chemicals are reagent grade, and obtained from commercial 

sources. The elemental analyses were determined on a Varlo ELIII 

elemental analyser. The infrared spectra were performed on a 

Bruker Tensor-27 spectrophotometer with pressed KBr pellets in 

the range 4000–400 cm
−1

. The absorption spectrum was achieved 

on a Shimadzu UV-2600 spectrophotometer by using an integrating 

sphere. The X-ray powder diffraction (XRD) spectra were recorded 

on a Rigaku D/max 2500 diffractometer with Cu-Kα (λ = 1.5418 Å) 

radiation. The emission spectra in the solid state were measured on 

a HITACHI F-4500 luminescence spectrophotometer at room 

temperature. The solid state fluorescence lifetime was measured on 

Edinburgh Analytical Instruments F900. The absolute emission 

quantum yield was determined using a quantum yield 

measurement system C9920-02 from Hamamatsu at ambient 

temperature. The magnetic susceptibility measurements were 

carried out on a Quantum Design MPMS-XL5 SQUID magnetometer. 

Diamagnetic corrections were estimated from Pascal’s constants of 

all components. 

Synthetic procedures 

A mixture of nicotinic acid N-oxide (1 mmol), glutaric acid (0.5 

mmol), Ln2O3 (0.5 mmol) and H2O (15 mL) in a 25 mL Teflon-lined 

stainless steel autoclave was maintained at 170 °C for 3 days. After 

the autoclave had cooled slowly to room temperature overnight, 

light yellow plate crystals of 1 (Ln = Eu, 75% yield based on Eu), or 

yellow plate crystals of 2 (Ln = Gd, 61% yield based on Gd), or light 

yellow plate crystals of 3 (Ln = Dy, 65% yield based on Dy) were 

harvested. These crystals were washed with water and dried at 

ambient temperature in air.  

Elemental analysis (%): Calc. for C11H10.50EuNO7.25 (1): C, 31.11; H, 

2.49; N, 3.30. Found: C, 31.15; H, 2.53; N 3.26. IR (KBr pellet, cm
−1

): 

3445(b, s), 3130(w), 2980(w), 2925(w), 1623(m), 1580(s), 1454(w), 

1405(m), 1288(w), 1222(w), 1124(w), 1062(w), 944(w), 813(m), 

775(m), 675(m), 646(w), 572(w), 536(w), 508(w), 460(w). 

Elemental analysis (%): Calc. for C11H10.50GdNO7.25 (2): C, 30.36; H, 

3.46; N, 3.26. Found: C, 30.32; H, 2.48; N 3.21. IR (KBr pellet, cm−1
): 

3444(b, vs), 3131(w), 2979(w), 2929(w), 1624(m), 1580(s), 1454(w),  

1407(m), 1289(w), 1222(w), 1125(w), 1063(w), 946(w), 815(m), 

776(w), 675(w), 648(w), 573(w), 537(w), 512(w), 461(w). 

Elemental analysis (%): Calc. for C11H10.50DyNO7.25 (3): C, 30.36; H, 

2.43; N, 3.22. Found: C, 30.40; H, 2.46; N, 3.18. IR (KBr pellet, cm−1
): 

3449(b, s), 3131(w), 2980(w), 2941(w), 1622(m), 1582(s), 1456(w), 

1407(s), 1313(w), 1288(w), 1222(w), 1126(w), 1063(w), 945(w), 

815(m), 776(m), 675(m), 650(w), 573(w), 537(w), 516(w), 461(w). 

Crystallography 

 A single crystal with dimensions 0.29  0.24  0.07 mm
3
 of 1, 

with dimensions 0.21  0.10  0.06 mm
3
 of 2 and with 

dimensions 0.15  0.14  0.04 mm
3
 of 3 was chose to collect 

data on a Rigaku ST Saturn 724+ diffractometer with Mo-K 

radiation ( = 0.71073 Å) in the  -scan mode. Cell parameters 

were reduced by the global refinement of the positions of all 

collected reflections. All three structures were solved by direct 

methods and refined with the ShelXL
14

 refinement package 

using Least Squares minimisation. All non-hydrogen atoms 

were refined anisotropically, and all hydrogen atoms but those 

in the solvent hydrate molecule were set in calculated 

positions and refined as riding atoms. Selected crystallographic 

data and structure determination parameters for compounds 

1-3 are summarized in Table 1.  

 

Table 1. Crystal data and structural refinement parameters for 

complexes 1-3. 

 1 2 3 
Chemical 
formula 

C11H10.5EuNO7.

25 
C11H10.5GdNO7.

25 
C11H10.5DyNO7.

25 
Formula 
weight 

424.66 429.95 435.20 

Crystal system Monoclinic Monoclinic Monoclinic 
Space group C2/c C2/c C2/c 
a/Å 11.546(2) 11.577(2) 11.523(2) 
b/Å 11.409(2) 11.357(2) 11.262(2) 
c/Å 18.075(4) 18.158(4) 18.197(4) 

/ 92.06(3) 91.35(3) 90.67(3) 

V/Å
3
 2379.7(8) 2386.7(8) 2361.4(8) 

Z 8 8 8 
T/K 173(2) 293(2) 293(2) 

(Mo-K)/Å 0.71073 0.71073 0.71073 

calc/g  cm
-3

 2.371 2.393 2.448 

(Mo-

K)/mm
-1

 

5.308 5.594 6.365 

θ range 3.33≤≤27.46

 

3.34≤≤27.51

 

3.36≤≤27.49

 
F(000) 1636 1644 1660 
Limiting 
indices 

14≤h≤14, 

11≤k≤14, 

23≤l≤16 

15≤h≤15, 

14≤k≤14, 

23≤l≤23 

14≤h≤13, 

13≤k≤14, 

21≤l≤23 
Reflections 
collected 

7690 9057 7884 

Independent 
reflections 

2705 2732 2691 

R1
a 

[ I > 2(I)] 0.0241 0.0270 0.0347 

WR2
b 

[ I > 2(I)] 0.0549 0.0535 0.0701 

R1
a 

[all data] 0.0248 0.0291 0.0372 

WR2
b 

[all data] 0.0552 0.0543 0.0712 
S 1.138 1.154 1.163 
aR1 = Fo-Fc / Fo, b 

wR2 = {[w(Fo2-Fc2)2] / [wFo2]2}1/2 

 

Results and discussion 

Preparation and XRD spectra 

Nicotinate N-oxide had been used to construct some 

lanthanide(III) complexes by several groups, most of them are 

LnMOFs.
15

  The second bridging ligand was often applied to 

assembly high-dimensional lanthanide(III) complexes, in 

despite of the unavoidable coordination competition between 
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the two types of bridging ligands. The most common second 

bridging ligand is oxalate, which has been successfully used to 

prepare a lot of lanthanide(III) LnMOFs with mixed 

bridges,
12b,12d,16

 including a 3D europium(III) nicotinate N-oxide 

complex.
15c

 However, the case of adopting other acyclic binary 

carboxylates as the second bridging ligand for the construction 

of LnMOFs is quite limited.
15c

 We think the reason is that the 

adaptation of the two types of carboxylate ligands is very 

difficult, and there exists the coordination contest between 

the two types of bridging ligands. In this study, we adopted 

glutarate as the second bridging ligand to assembly the 

lanthanide(III) nicotinate N-oxide complexes, and three 2D 

layer LnMOFs 1-3 were obtained. When other acyclic binary 

carboxylates such as malonate, succinate, hexanedioate and 

heptanedioate were used as the reactant instead of glutarate, 

crystalline products would be fruitless, which suggests that 

only glutarate can match with nicotinate N-oxide to prepare 

the 2D layer LnMOFs. 

   The purity of compounds 1-3 were examined by their powder 

XRD spectra. The XRD spectrum pattern and the corresponding 

pattern simulated on the basis of the single-crystal structure 

can match well in positions of diffraction peaks (Fig. S1-S3,† 

supporting Information). This indicates that the samples as 

synthesized are pure enough for the spectroscopic and 

magnetic properties’ study. 

 

Crystal structures 

The X-ray single crystal analyses revealed that complexes 1, 2 

and 3 are isostructural, and they crystallize in the space group 

C2/c. Therefore, the dysprosium(III) species is described here 

in details as the representation. As shown in Fig. 1, the 

dysprosium(III) ions of 3 are connected with each other 

through not only the double bridges of antiparallel nicotinate 

N-oxide anions but also the double bridges of antiparallel 

glutarate anions, generating an extended 2D layer network 

parallel to the ab plane.  

The Dy1 atom is nine-coordinated, bonded by two oxygen 

atoms from the same carboxylate group of the glutarate anion, 

two oxygen atoms from the same carboxylate group of the 

nicotinate N-oxide anion, three carboxylate oxygen atoms 

from three glutarate anions, and two N-oxide oxygen atoms 

from two nicotinate N-oxide anions. The Dy1-O bond distances 

[2.321(4)-2.624(4) Å] are in the normal range (Table 

2).
9,12c,12d,13

 Shape software
17

 was used to analyse the exact 

geometry of the Dy1 atom, the results revealed that the 

configuration of the nine-coordinated Dy1 ion is close to the 

spherical capped square antiprism (with the deviation of 1.913 

from the ideal C4v symmetry), but it should be best described 

as the muffin (with the deviation of 1.711 from the ideal Cs 

symmetry) (Table S1, Supporting Information). 

 

Table 2. Selected bond distances(Å ) and angles() for 1-3. 

1  
Eu1-O1

1
 2.466(3) Eu1-O1

2
 2.526(3) 

Eu1-O2 2.429(3) Eu1-O3 2.600(3) 
Eu1-O4 2.372(3) Eu1-O5

3
 2.368(3) 

Eu1-O6
1
 2.452(3) Eu1-O7

4
 2.368(3) 

Eu1-O7
1
 2.617(3) O2-Eu1-1O3 52.00(8) 

O6
1
-Eu1-O7

1
 50.97(8) O1

1
-Eu1-O1

2
 63.03(10) 

2   
Gd1-O1

1
 2.456(3) Gd1-O1

2
 2.524(3) 

Gd1-O2 2.412(3) Gd1-O3 2.619(3) 
Gd1-O4 2.357(3) Gd1-O5

3
 2.357(3) 

Gd1-O6
1
 2.440(3) Gd1-O7

4
 2.355(3) 

Gd1-O7
1
 2.621(3) O2-Gd1-1O3 51.71(10) 

O6
1
-Gd1-O7

1
 50.91(9) O1

1
-Gd1-O1

2
 62.71(11) 

3  
Dy1-O1

1
 2.428(3) Dy1-O1

2
 2.501(4) 

Dy1-O2 2.380(4) Dy1-O3 2.619(5) 
Dy1-O4 2.325(4) Dy1-O5

3
 2.322(4) 

Dy1-O6
1
 2.394(4) Dy1-O7

4
 2.321(4) 

Dy1-O7
1
 2.624(4) O2-Dy-1O3 51.84(13) 

O6
1
-Dy1-O7

1
 51.09(12) O1

1
-Dy1-O1

2
 62.42(14) 

Symetry Codes: (1 1/2+X, 1/2+Y, Z; 2 1/2−X, −1/2−Y, 1−Z; 3 1/2−X, 1/2−Y, 1−Z; 
4 −X, −Y,1−Z). 

 

Each nicotinate N-oxide ligand links two Dy atoms with its 

μ
2
-bridging N-oxide moiety and the third Dy atom with its two 

carboxylic oxygen atoms, adopting a tri-connecter 

coordination mode (Scheme 1a), the Dy…Dy separation 

bridged by the N-oxide moiety is 4.216 Å. Nevertheless, the 

glutarate anion coordinates to four Dy atoms with a tetra-

connecter mode (Scheme 1b), in which one carboxylic group 

synchronously serves as a bidentate chelating ligand to one 

Dy
3+

 ion and as a monodentate ligand to the neighbouring Dy
3+

 

ion, with the corresponding Dy…Dy separation of 4.007 Å, 

while another carboxylate group links other two lanthanide 

ions as a bismonodentate bridge.  

    In the layer network of 3, parallel [DyO2(CO2)4] chains are 

formed through bridging the Dy atoms by alternative double 

N-oxide groups from two nicotinate N-oxide anions and 

quadruple carboxylate groups from four glutarate anions. 

These chains are set off not only by the pyridine ring of the 

nicotinate N-oxide ligand but also by the propane group of the 

glutarate ligand. This is why only the glutarate ligand can 

match with the nicotinate N-oxide ligand to construct the 2D 

layer LnMOF complexes 1-3. 

Compounds 1 and 2 are of the same structure as 3 (Fig. S4 

and Fig. S5). As shown in Table 2, the average Ln–O bond 

lengths decrease from 1 [2.470(3) Å for Eu1] to 2 [2.460(3) Å 

for Gd1] to 3 [2.430(2) Å for Dy1], in good agreement with the 

radius contraction from the europium(III) ion to the 

dysprosium(III) ion. 

 

Luminescent properties 

The photoluminescence properties of complex 1 were 

investigated in solid state at room temperature. As shown in 

Fig. 2, the excitation spectrum (λem = 615 nm) of complex 1 

displays the characteristic absorption bands of the Eu
3+

 ion at 

396 and 467 nm. Its emission spectra excited by 400 nm UV 

light exhibit some characteristic transition of the Eu
3+

 ion. The 

peaks at 590, 614 and 695 nm are assigned to the 
5
D0→

7
F1, 

5
D0

→
7
F2 and 

5
D0→

7
F4 transitions, respectively. The most intense 

emitting band is the 
5
D0→

7
F2 transition at 614 nm, which 

dominates the red emission light. Furthermore, the intensity of 

Page 3 of 11 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

4 | J. Name., 2012, 00, 1-3 This journal is ©  The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

the 
5
D0→

7
F2 transition, which belongs to an electric dipole 

transition, is stronger than that of the 
5
D0→

7
F1 transition, an 

magnetic dipole transition. This indicates asymmetry of the 

coordination environment of the Eu
3+

 ion,
18

 as aforementioned 

in the crystallographic structure section. In addition, the 
5
D0→

7
F0 and 

5
D0→

7
F3 transitions at around 580 and 650 nm, 

respectively, are very weak; the absolute emission quantum 

yield of 1 is only 0.055, and its fluorescence lifetime is 4.2 ns 

(Fig. S6), all these results suggest that the luminescence 

intensity of 1 is not very strong, which could be ascribed to the 

oscillation of coordination water molecules and solvent water 

molecules, partially quenching the luminescence.
19 

  

The absorption spectrum in solid state of 1 shows a broad band 

at around 380 nm (Fig. S7), which matches the 396 nm peak in the 

excitation spectrum (λem = 615 nm) (Fig. 2), indicating that the 

indirect population of the 
5
D0 luminescent excited states is 

attributed to an overall energy transfer from the organic ligand to 

the europium(III) ion,
20

 and the nicotinate N-oxide ligand in 1 

indeed acts as a conduit for the photoluminescence process. 

 
Magnetic properties  
Direct current (dc) magnetic susceptibilities of complexes 2 

and 3 were measured using microcrystalline powdered 

samples under an applied field of 1 kOe in the temperature 

range of 2–300 K. As shown in Fig. 3, the χT product of 2 at 300 

K (7.93 cm
3
Kmol

−1
) is slightly larger than the spin-only value 

(7.88 cm
3
Kmol

−1
) of one Gd

3+
 ion (S = 7/2, L = 0, g = 2). Above 

10 K, the decline of the χT value with decreased temperature is 

slow, it then becomes fast upon further chilling. The 1/χ versus 

T plot of 2 in the temperature range of 300–100 K obeys the 

Curie–Weiss law, 1/χ = (T−θ)/C, affording the Curie constant C 

of 8.09 cm
3
Kmol

−1
 and the Weiss constant θ of −9.81 K (Fig. S8). 

The small negative θ value suggests the weak 

antiferromagnetic interaction among the Gd
3+

 ions in 2. The χT 

value of 3 at room temperature (14.13 cm
3
Kmol

−1
) is 

consistent with that expected (14.17 cm
3
Kmol

−1
) for one spin-

only Dy
3+

 ion (S = 5/2, L = 5, 
6
H15/2, g = 4/3). It is almost 

invariable in the temperature range of 300–100 K, but falls 

precipitously below 50 K, and finally reaches a value of 7.13 

cm
3
Kmol

−1
 at 2K. The diminishment of the χT value upon 

cooling of 3 is thus due to not only the weak antiferromagnetic 

interaction similar to 2, but also the depopulation of the Dy
3+

 

Stark sublevels caused by the ligand field.
9
  

The field dependence of the magnetization of 2 and 3 were 

determined at 2-6 K. The reduced M versus H/T plots of 3 are 

obviously non-superimposed (Fig. S9), which suggests that complex 

3 has a strong magnetic anisotropy, being propitious to show the 

SMM behaviours. Comparatively, the isofield lines of 2 are almost 

superimposable due to a weak magnetic anisotropy (Fig. S10). 

Alternating-current (ac) magnetic susceptibility was then 

determined to investigate the SMM behaviours of 3. When the dc 

field was zero, the out-of-phase (χ’’) signals appeared in the ac 

susceptibility of 3 (Fig. S11), but no peak could be observed, which 

suggests the existence of quantum effects, strongly influencing the 

magnetic relaxation process. Therefore, a dc field of 2000 Oe was 

applied, now both the χ’ and χ’’ signals in the ac susceptibility of 3 

are strongly frequency dependent below 7 K, and peaks appeared in 

all χ’’ versus T curves at different frequencies (1-1500 Hz) (Fig. 4), 

which indicates that the dc field of 2000 Oe can eliminate the 

ground-state degeneracy and cut the quantum-tunnelling effects 

effectively.  

In order to evaluate the effective thermal barrier(Ueff) of the 

magnetic relaxation, the peak temperatures at different ac 

oscillating frequencies were presented as the formation of 

ln(τ)-1/T plots, which then were fitted by the Arrhenius law, τ = 

τ0exp(Ueff/kBT) (τ is the magnetization relaxation time) (Fig. 

S12). The Ueff/kB value of 3 was calculated to be 44.2(1.8) K; 

and the τ0 value equals to 2.3(0.2)×10
−8

 s, which is in the 

normal range of 10×10
−6

-10×10
−11

 s for the SMMs or the 

SIMs.
9,10

 Furthermore, the ϕ value of 3 was figured up to be 

0.26 by equation ϕ = (ΔTf/Tf)/Δ(logf) (f is the frequency),
21

 

which is in agreement with the value for a superparamagnet 

(ϕ > 0.1) but quite larger than that for a spin glass (ϕ ≈ 

0.01),
21

 confirming the SMM behaviours of 3. 

The frequency-dependent ac susceptibilities were also measured 

under a dc field of 2000 Oe to deeply study the magnetization 

dynamics of 3. The corresponding χ″ versus χ′ plots  at 2-5 K are 

depicted as Fig. 5, such Cole–Cole plots exhibit half-baked 

semicircular characteristic, indicating that there exist two magnetic 

relaxation processes in 3: the fast relaxation phase (FR) and the 

slow relaxation phase (SR), which correspend to the left part and 

the right part of the Cole–Cole curves. These Cole–Cole plots could 

be well fitted by the sum of two modified Debye functions (equ 

1):
13d, 13e, 22 

 

(1) 

 

 

 

Fig. 5 and Figs. S13-S16 show the calculation results visually. As 

listed in Table S2, the α2 values of 0.0002-0.11 are smaller than the 

α1 values of 0.71–0.55 at 2-5 K, which suggests that distribution of 

the relaxation time for the SR phase is narrower with respect to the 

FR phase. As described above, only one crystallographically 

independent dysprosium(III) ion exists in 3, so the two-step thermal 

magnetic relaxation should be attributed to the field-inducing 

role,
23

 such a case is the first time observed in the high-dimensional 

DyMOF systems. Additionally, there is no any hysteresis in the M 

versus H plot of 3 at 1.9 K (Fig. S17). 

Because the antiferromagnetic interaction among the Dy
3+

 ions in 

3 is very weak, as suggested by that among the Gd
3+

 ions in 2, the 

electrostatic model implemented in the Magellan program
24

 was 

adopted to illuminate the magnetic anisotropy of  3. As shown in Fig. 

6, the calculated magnetic easy axis is very close to the direction 

defined by the Dy
3+

 ion and the pyridine ring center of the 

nicotinate N-oxide anion through its carboxylate group, with a small 

separation angle of 5.47. In the total layer network of 3, all the 

magnetic axes of the dysprosium(III) ions are arranged in an 

antiparallel mode. Such an arrangement of the magnetic easy axes 

favours the SMM behaviours of 3. 

The magnetocaloric effect (MCE) of 2 was examined by magnetic 

entropy changes (−ΔSm), which were calculated by using the 

Maxwell relation ΔSm(T)ΔH = ∫[∂M(T,H)/∂T]HdH.
25

 As shown in Fig. 7 

in the −ΔSm versus T curve format, the −ΔSm value increases as the 
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ΔH value is increased. The largest −ΔSm value for the maximum ΔH 

of 50 kOe at 2 K is only 1.84 Jkg
−1

K
−1

, which is not large enough for 2 

to be a nice candidate for the cryogenic magnetic refrigeration 

materials. 

Conclusions 

In summary, the “mixed bridging ligands” strategy has been 

successfully applied to synthesize three isostructural 2D 

LnMOFs, which are constructed from both the nicotinate N-

oxide anion and the glutarate anion. The gadolinium(III) 

complex is antiferromagnetic. The dysprosium(III) species 

displays the SMM behaviours, showing two-step thermal 

magnetic relaxation under a 2k Oe dc field; while the 

europium(III) analogue exhibits fluorescent properties, with 

typical narrow emission bands of the lanthanide ion. To the 

best of our knowledge, only few examples of isostructural 

LnMOFs can exhibit luminescence and slow magnetic 

relaxation,
11i

 our work represents the first one with mixed 

bridging ligands. This work demonstrates that the “mixed 

bridging ligands” strategy is a promising approach to 

isostructural LnMOFs, which can show interesting 

spectroscopic or magnetic properties, depending on the 

lanthanide ions used. 
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Fig. 1. The coordination environment of the Dy atom in 3 (a), symmetry codes: a: 1/2−x, −1/2−y, 1−z; b: 1/2+x, 1/2+y, z; c: 1/2−x, 1/2−y, 1−z; d: −x, −y, 1−z; 
and 2D layer structure of 3 viewed down the c-axis (b). 
 
 
 

 

Scheme 1. The coordination modes of nicotinate N-oxide (a) and glutarate (b) in 3. 
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Fig. 2. Excitation spectrum (λem= 615 nm) and emission spectrum (λex = 400 nm) in the solid state at room temperature for complex 1. 
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Fig. 3. Plots of χT versus T of complexes 2 and 3.  
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Fig. 4. The out-of-phase (χ’’) ac susceptibility signals measured in a 2.5 Oe oscillating field with a 2 kOe dc field for 3. 

 

1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8
0.04

0.08

0.12

0.16

0.20

0.24

0.28

0.32

'/cm
3
.mol

-1


''

/c
m

3
.m

o
l-1

 2 K

 3 K

 4 K

 5 K

 

Fig. 5. Cole−Cole plots at 2−5 K for 3 (Hdc = 2 kOe and Hac = 2.5 Oe). The solid lines represent the best fitting with the sum of two modified Debye functions. 
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Fig. 6. Top(a) and side (b) view of magnetic axes (purple sticks) of the Dy3+ ions in the layer network of 3. 
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Fig. 7. Magnetic entropy change (−ΔSm) versus T of 2 for applied field changes ΔH. 
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The isostructural 2D lanthanide coordination polymers may exhibit either luminescence or slow magnetic 
relaxation, depending on the lanthanide ions. 
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