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ABSTRACT
Motivated by the rapid development in the synthesis of novel supramolecular magnets, we have investigated magnetic properties of a molecular magnet

comprising mixed spin (s-S) exchange coupled chains displaying a knotted AB2 arrangement. The compound with the chemical formula [Mn(2,2'-

bpy)(H2O)2][Mn(2,2'-bpy)2][Nb(CN)8]∙5H2O (bpy=bipyridine, C10H8N2) crystallizes in the monoclinic P21/n space group [1]. The Mn(II) ions carry spin 5/2, while

the Nb(IV) ions contribute spin 1/2. Approximate approach for s=1/2 and S≥5/2, treating at an intermediate step spin S operator as a commuting variable and

using the transfer matrix technique, is presented. Susceptibility and magnetization of the spin system are evaluated numerically from the corresponding free

energy and compared with the experimental output. The averaged value of the superexchange coupling constant is estimated to amount to J=-33(1) K. At

Tc=5.37(2) K the system of chains undergoes a transition to a long-range ferromagnetically ordered phase driven by the extensive interchain hydrogen bonding

and π-π contacts. The dipole-dipole interactions are argued to enhance the ferromagnetic alignment.

EXPERIMENTAL
The polycrystalline sample of Mn2Nb was prepared by a conventional method. Magnetic susceptibility measurements were carried out upon cooling in a constant magnetic field of

500 Oe over the temperature range 2 − 300 K using Quantum Design SQUID (superconducting quantum interference device) magnetometer. The diamagnetic contribution estimated

using Pascal constants was found to amount to -4.83×10-4 cm3·mol-1, however, it does not take into account a contribution from the sample holder. For this reason the diamagnetic

correction will be estimated independently within the procedure analyzing the high temperature behavior of the susceptibility signal. AC magnetic measurements were performed in

the temperature interval of 2 − 10 K for an array of frequencies ranging from 0.1 Hz − 1.4 kHz with the driving amplitude Hac=1 Oe. Isothermal magnetization was measured in the

field range -70 kOe − 70 kOe at T=2, 4, 6, 8, and 10 K.

Temperature dependence of the susceptibility

(black symbols) and the inverse susceptibility

(blue symbols). Solid lines show the Curie-Weiss

fit (red), the fit using the molecular-field

approximation (green), full model fit (cyan), and

the signal for an isolated chain calculated with the

best-fit exchange coupling constant J=-33(1) K

(magenta).

Field dependence of isothermal magnetization of 1

for an array of temperatures (symbols). The

magnetization values detected for the highest field

value do not exceed the level of 9NAμB pointing

unambiguously to the antiferromagnetic character

of the coupling between the Mn(II) and Nb(IV) ions.

Solid lines show the simulated values within the

approximate model.

Crystal structure of Mn2Nb consists of two symmetry inequivalent

chains directed along the a crystallographic axis.

Temperature dependence of the real (highest panel)

and imaginary (middle panel) component of ac

susceptibility for an array of frequencies ranging

from 0.1 Hz to 1.4 kHz. The lowest panel shows the

derivative with respect to temperature of the real

component defining the position of the transition to

a long-range order phase. Yellow stripe is thought

to indicate the position of the transition; the

inflection point of χ’ coincides with the onset of χ’’

signal.

Frequency dependence of Tc

indicating the onset of ordering

(red symbols) and Tmax

correspon-ding to the position of

the peak of the real component

of the ac susceptibility (blue

symbols). Both quantities fail to

display a regular trend.

Parameter x takes on the values

in the range (0.007,0.01)

indicating weak spin glass

behavior.

Scheme of a chain with AB2 topology. The system

consists of alternating single-center subsystems of

type A and two-center subsystems of type B. The

molecular field theory is expressed in terms of net

magnetizations MAi and Mbi.
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Parameters of the fit of the inverse susceptibility as

a function of the lower bound of the fitting range

Tmin. The best fit was chosen as that yielding the

minimal value of the mean square deviation (MSD)

from the experimental points (indicated by a yellow

stripe).
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Scheme of the structure of a chain with the diamond

topology with alternating spin-1/2 and large spin
centers.
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Comparison of the simulated magnetization values

(symbols) with those calculated using the Brillouin

function (solid line) for an array of temperatures. (a)

Absolute magnetization values. (b) Relative deviation

of the simulated magnetization (MC) from the

calculated one using the Brillouin function (MB).
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The chains form a 2D pseudorhombic lattice described by a set of distances 

and angles (shown). A ferromagnetic order is predicted for 59º < φ < 75º.

Dipole-dipole interaction energy of a

central magnetic moment with its four

nearest neighbors as a function of the

moment orientation angle α. The energy is

minimized for the orientation along the

shorter diagonal of the pseudorhombic

cell. Edip attains a minimum of -0.187 K for

α=38º.
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