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One of the possible applications of magnetic molecular clusters is using them for magnetic refrigeration in the
low and ultra-low temperature range. Due to the high spin values <i>S</i> shown by some molecules, the total molar magnetic entropy <i>S</i><sub>max</sub>=<i>R</i>ln(2<i>S</i>+1) (<i>R</i> is a gas constant)
is large and the isothermal entropy change ∆<i>S</i> on the change of applied magnetic field ∆<i>H</i>
should be substantial. Values of ∆<i>S</i> or of ∆<i>T</i><sub>ad</sub> (the related adiabatic change of
temperature) are the two measures of the magnetocaloric effect (MCE). It is known that magnetic anisotropy
(if present) of high-spin molecules leads to strong increase of relaxation time and irreversible behaviour below the blocking temperature <i>T</i><sub>b</sub>. While for <i>T</i»<i>T</i><sub>b</sub> molecular
nanomagnets behave like superparamagnets, at <i>T</i>«i>T</i><sub>b</sub> they show magnetic hysteresis resulting from slow response of the collection of isolated molecules. As has been discussed in [1], increase
of magnetic anisotropy of an isolated cluster shifts the MCE maximum to higher temperatures and results in
lower peak value. Another interesting feature of MCE is large ∆<i>S</i> around <i>T</i><sub>b</sub> and
shift of the entropy variation and cooling temperature with the sweeping rate, as determined for the representative molecular cluster Mn12 [2].
Application of molecular clusters in any device needs organization of the species on a determined surface or
in a particular matrix. Mesoporous silica is a stable and chemically inert material, suitable for incorporation of
molecules inside the pores of nanometer size. It was found that magnetic properties of molecular clusters of
the Mn12 family inserted into hexagonal SBA-15 [3, 4] or MCM-41 [5] silicas stayed globally unmodified. The
present work is devoted to study the MCE and relaxation of Mn12 molecules ([Mn<sub>12</sub>O<sub>12</sub>(CH<sub>3</sub>COO)
immobilized in the SBA-15 mesoporous silica. In order to further improve incorporation and homogeneity of
distribution the molecules inside the pores, the three stage synthesis [6] of the SBA-Mn12 samples has been
adopted: (i) preparation of SBA-15 containing cyanopropyl groups (ii) hydrolysis into SBA-15 containing carboxylic acid propyl groups and (iii) functionalization of COOH groups with Mn12 molecules [7]. The similar
procedure was successfully applied to obtain SBA-15 functionalized by nickel-phosphonic units. Efficiency of
the syntheses and distribution of molecules inside the matrix were examined by means of X-ray diffraction,
infrared spectroscopy, nitrogen sorption and magnetic measurements. The average pore diameter was 4.95
nm and the specific surface area 724 m<sup>2</sup>/g. In order to compare magnetic properties of Mn12 inserted into silica to the free molcules’ behaviour, beside the SBA-Mn12 sample, the polycrystalline (Mn12_cr),
as well as fine powder (Mn12_fp) samples of Mn12 were investigated.
Measurements of AC and DC magnetization were performed at the MPMS magnetometer in the temperature
range 2-300 K. The activation energy <i>E</i><sub>a</sub> and the pre-exponential factor τ<sub>0</sub> determined from the Arrhenius formula for the relaxation time (τ=τ<sub>0</sub>exp(<i>E</i><sub>a</sub>/<i>k</i><sub>B</sub><i>T</
) are 70 K and 6.3×10<sup>-8</sup> s for SBA-Mn12, while 68.1 K and 1×10<sup>-7</sup> s for Mn12_cr
and 67.7 K and 1×10<sup>-7</sup> s for Mn12_fp. There is the significant difference in the distribution of
the relaxation times: at T = 5 K α=0.24 for SBA-Mn12, while 0.11 and 0.13 for Mn12_cr and Mn12_fp respectively. Temperature dependence of the low field magnetization for all samples reveals bifurcation of
the FC and ZFC branches below <i>T</i><sub>b</sub>=3.4 K, which is a sign of the irreversible state and
non-zero remanent magnetization <i>M</i><sub>R</sub>. Magnetocaloric effect was determined from the
isothermal demagnetization curves, measured under decreasing field from 5 T to 0 T at small temperature
intervals in the range from 2 K to 20 K. The isothermal entropy change |Δ<i>S</i>| for all samples shows
a narrow maximum below <i>T</i><sub>b</sub> and then slowly decreases or levels off. For SBA-Mn12,
|Δ<i>S</i>|<sup>max</sup>=13.8 J mol<sup>-1</sup> K<sup>-1</sup> at <i>T</i>=2.8 K and is smaller than

that for Mn12_cr (15.4 J mol<sup>-1</sup> K<sup>-1</sup> at 3.2 K) and for Mn12_fp (15 J mol<sup>-1</sup>
K<sup>-1</sup> at 3.2 K). The narrow peak of MCE is the result of small sweeping rate of applied magnetic
field (3×10<sup>-4</sup> Hz) in the experiment. In order to understand better the mechanism of the irreversible magnetic entropy change we measured also magnetization curves on field increasing. The different
appearance of that result will be discussed.
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