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A new family of isostructural Mn/Ln clusters: [Mn",Ln",(hmp)g(NO3)4(CH30H),][Mn",Ln",(hmp)s(NOs)4(H20)5]
([Ln = Gd (1), Tb(2), Dy(3), hmpH = 2-(hydroxymethyl)pyridine]) have been synthesized by the reaction of
Mn(NOs), and Ln(NOs)3-6H,0 with hmpH as ligand under solvothermal conditions. Compounds 1-3 are
isostructural and possess butterfly core. That the antiferromagnetic interactions within compounds 1-3 were sug-
gested by soild-state dc magnetic susceptibility analyses. Compound 1 displays a magnetic-caloric effect (MCE)
with 21.91JKg~ ' K~ ! of the entropy change at 5 K for AH = 8 T. Compounds 2 and 3 exhibit frequency-dependent
ac susceptibility signals suggestive of slow magnetic relaxation.

© 2016 Published by Elsevier B.V.

In last decade, polynuclear 3d-4f clusters as molecule based mag-
nets have drawn intense attention for their versatile magnetic proper-
ties which can be utilized for information storage and cryogenic
technology [1], especially the 3d-4f single-molecule-magnets (SMMs)
have been investigated as a focus research. The SMMs are individual
molecules whose magnetic properties arise from a high energy barrier
to reversal of the magnetisation leading to slow magnetization relaxa-
tion below a certain blocking temperature [2]. The materials with high
ground spin state and large magnetic anisotropy are considered to be
potential SMMs. Compared with traditional 3d clusters which we have
mainly explored, mixing the transition metal and lanthanide ion in dif-
ferent proportions may modulate magnetic properties as lanthanide ion
often has large ground-state spin and significant single-ion anisotropy.
On the other hand, magnetic cooler materials based on the magnetic-ca-
loric effect (MCE) have emerged as attractive candidates to replace the
rare and expensive [3]. He in some ultralow temperature region [3].
The MCE is associated with the change of magnetic entropy upon varia-
tion of the magnetic field, which could be applied to cooling technique
via adiabatic demagnetization [4]. It is critical to possess a large spin
ground state and negligible anisotropy for an ideal molecule refrigerant.
Thus, heterometallic clusters with high spin Mn" (d5), Gd" (f7) ions and
small ligands could be a good candidate for magnetic cooler materials.

For molecule-based heterometallic magnets behaving as SMMs or
magnetic refrigerants, an appropriate ligand to coordinate the 3d and
4f metal ions is important. The 2-(hydroxymethyl)pyridine (hmpH) is
bridging ligand, possessing a N/O bidentate chelate which could facili-
tate the coordination affinities of Mn and Ln metal ions, and it has

* Corresponding author.
E-mail address: ccn@fjirsm.ac.cn (C. Chen).

http://dx.doi.org/10.1016/j.inoche.2016.06.005
1387-7003/© 2016 Published by Elsevier B.V.

been employed for the synthesis of high-nuclearity Mn clusters, such
as Mn, o, Miny3, Mg, My, [5]. However, only few examples of Mn/Ln
clusters used hmpH as ligand have been reported to date with the
four family clusters Mn",Ln"™,, Mn",Ln",, Mn"sLn", and Mn",Ce",
[6]. Besides, few Mn/Ln clusters reported were yielded by the means
of solvothermal reaction [7], though the metal-organic frameworks al-
ways were synthesized by this method.

In the present work, solvothermal reactions of Mn(NOs), with
hmpH, NEt; and Ln(NOs)3-6H,0 (Ln = Gd; Tb; Dy) in MeOH afforded
a family of [Mn',Ln", ], clusters, the NEt; is assumed to be the proton
acceptor. Different reaction conditions have been explored, such as di-
verse solvents and reaction temperatures. The temperatures of reac-
tions like 90 °C, 100 °C, 110 °C, 120 °C have been explored, and in the
temperature of 120 °C products with the highest yield and best quality
were obtained. Using benzoic acid, propionic acid and sodium formate
as the ancillary ligands yielded the same crystallized products in poor
quality. It is considered that the reaction system with [Mn,Ln,], is
quite stable. Reactions with lighter Lanthanide ions (like La, Ce, Pr and
Nd) and heavier lanthanide ions (like Er, Yb and Lu) afforded no crystal-
lized products. We assumed that the radius of lanthanide ions affect the
formation of compounds. Otherwise, it should be noted that the other
solvents instead of MeOH were used, such as MeCN, while no crystal-
lized products were yielded.

Compounds 1-3 are isostructural, therefore the structure of com-
pound 1 will be described in detail as representative of this series. The
partially labeled structure and core of compound 1 are shown in Fig. 1.
Compound 1 crystallizes in the triclinic space group P-1, and the asym-
metric unit contains two similar structure units of [Mn,Gd;] with a little
difference in the peripheral ligands. Each unit of Mn,Gd; can be de-
scribed as two face-sharing defected cubane units of two Mn,Gd(3-


http://crossmark.crossref.org/dialog/?doi=10.1016/j.inoche.2016.06.005&domain=pdf
http://dx.doi.org/10.1016/j.inoche.2016.06.005
mailto:ccn@fjirsm.ac.cn
Journal logo
http://dx.doi.org/10.1016/j.inoche.2016.06.005
Unlabelled image
http://www.sciencedirect.com/science/journal/13877003
www.elsevier.com/locate/inoche

L. Sun et al. / Inorganic Chemistry Communications 70 (2016) 132-135 133

Fig. 1. (Top) Partially labeled structure of compound 1. (Bottom) The core of compound 1. Color scheme: Gd, green; Mn, teal; O, red; N, blue. Hydrogen atoms and crystallization solvents

have been omitted for clarity.

OR),(t2-OR),, the two Mn,Gd units are bridged by two pi5-O atoms
which are of two 17°:n':us hmp ™~ groups. It should be noted that this is
the first u3-0 of hmp™ group bridged Mn" and Ln" atoms. In the core
the metal atoms also held together by four p,-O atoms of four 1%z,
hmp™ groups. The structure of core can also be described as butterfly
subunit with the Mn atoms at the body positions and the Gd atoms at
the ring positions, which is common in My clusters [8]. The peripheral
ligation is completed by two chelating n':n':i; NO3™ ligands and two
n':p H,0 or MeOH terminal groups. The oxidation states of Mn atoms
and the protonation level of O atoms were established by the metric pa-
rameters and charge balance consideration, which confirmed by bond
valence sum (BVS) [9] calculations (Table S3). All four Mn" atoms are
six coordinate, and the Mn-O distances range from 1.999 to 2.271 A.
The Gd atom is nine-coordinate and can be described as a capped square
antiprism geometry using SHAPE-analysis [10] which is formed by four
oxygen atoms from two NO3 counterions, two bridging (-0 from two
77:m' ;i hmp ™~ ligands, one nitrogen atom and one oxygen atom from a
1?:':us hmp ™ group, one oxygen atom of n':p; H,0 or MeOH group.
The Gd-0 bond distances range from 2.323 to 2.576 A and the distances
of Gd-N bonds are 2.552 and 2.579 A.

The solid-state, variable-temperature dc magnetic susceptibility
data of compounds 1-3 were measured in the 2-300 K temperature
range with an applied field of 0.1 T. Plots of y,,T versus T for compounds
1-3 are depicted in Fig. 2. The yyT versus T plots of compounds 1 and 2
show similar trends. For both compounds, the y,,T product is nearly in-
dependent of the temperature within the span of 300 K to 48 K,

indicating very weak magnetic interactions. Upon lowering the temper-
ature, it undergoes a slightly decrease, which display paramagnetic
states. For compound 3, the y,T value decreases slowly upon lowering
the temperature until approximately 10 K, and then rapidly decreases.
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Fig. 2. The yuT vs. T plots for compounds 1-3 in a 0.1 T dc field.


Image of Fig. 1
Image of Fig. 2

Download English Version:

https://daneshyari.com/en/article/1305226

Download Persian Version:

https://daneshyari.com/article/1305226

Daneshyari.com


https://daneshyari.com/en/article/1305226
https://daneshyari.com/article/1305226
https://daneshyari.com

