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Single-molecule magnets (SMMs) are attracting extensive 
interests because they are composed with well-defined mag
netic molecules of nano-scale size.1 Several examples of 
SMM have been reported, which contain manganese (Mn12 

and Mm) and iron (Fe8 and Fe4) ions.1 One of the most 
extensively studied SMMs is dodecanuclear manganese car
boxylate complex, [Mni2Oi2(O2CCH3)i6(H2O)4] - 2CH3CO2H 
• 4H2O(Mni2-Ac),2 its derivative compounds, [Mni2Oi2- 
(O2CR)i6(H2O)4] • solv (R=Et, CH2CL Ph, CHzPh, C6H4-2- 
Br, C6H4-2-Cl and other complex ligands; solv = solvate 
molecules)3 and one-electron (and two-electron) reduced 
Mni2 complexes.4 Some of these Mni2 compounds show 
magnetic properties different from that for Mni2-Ac (S=i0). 
So far the origin of the different rate of tunneling for the var
ious Mni2 complexes is unclear whether the different ground 
states, high order zero-field interaction, or other uncovered 
reasons present this phenomena as a critical parameter.

In this paper we describe preparation, crystal structure and 
magnetic properties of a new SMM with different solvate 
molecules, [Mni2Oi2(O2CCH2CH2Cl)i6(H2O)4] • solv [solv = 
O.5CH2CL • 2H2O (complex 1) and CHzClCHzCOzH (com
plex 2)] of which the core molecule is called as Mni2-PrCl. 
The magnetic relaxation behaviors are presented to demon
strate the correlation of the magnetic properties and solvate 
molecules locating among the Mni2-PrCl molecules.

Mni2-Ac was synthesized according to the reported 
method.2a To a slurry of complex Mni2-Ac (i.O g, 0.5 mmol) 
in toluene (25 mL), 3-chloropropionic acid (i.45 g, i3.4 
mmol) was added. The reaction mixture was stirred and sol
vent was evaporated under reduced pressure to remove ace
tic acid. The ligand exchange reaction using 3-chloropropionic 
acid was repeated twice. The crystals of complex 1 were 
grown in CHzCh/hexane and the crystals of complex 2 were 
grown in toluene/hexane solution.

Both complex 1 and complex 2 crystallize in the triclinic 
space group Pi and contain discrete [Mni2Oi2(O2CCH2- 
CH2Cl)i6(H2O)4] molecules along with different solvated 
molecules (Figure i). Overall, the structure of 1 completely 
superposes on 2 and both complexes present similar but 

lower symmetric packing compared to that of the Mni2-Ac.2a 
The inner core [Mn(IV)4O4]8+ cubane unit is held within a 
non-planar ring of eight Mn(III) atoms by eight 的-oxide 
atoms. Outer Mn(III) (3d4) atoms show a Jahn-Teller (J-T) 
distortion with an elongation along the axes approximately 
parallel to the unique molecular C2 axis. The four water mole
cules on four Mn(III) are all on J-T axial sites, and their 
bond lengths are similar to the axial Mn-O(carboxylato) val
ues. It should be noted that the complexes 1 and 2 have the 
binding sites of water and carboxylate group same as those 
of the Mni2-Ac, which is comparable to Mni2-propionate 
and Mni2-O2CC6H4-4-Me compounds with isomeric form of 
water and carboxylates coordinating Mn(III).3b

Out-of-phase ac magnetic susceptibility (Xm”)data are

Figure 1. Molecular structure of Mni2-PrCl complex 1 (solvated by 
CH2CL and H2O). Ellipsoids are drawn for 50% probability, and 
hydrogen atoms have been omitted for clarity. The structure of 
Mni2-PrCl complex 2 (solvated by CH2ClCH2CO2H) is fully 
superposed over complex 1.
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Figure 2. Plots of the out-of-phase ac magnetic susceptibility Xm” 
vs. temperature for poly crystalline samples of the Mn^-PrCl 
complex 1 (upper) and 2 (lower). Data were collected under zero 
magnetic field at the frequencies of ( O ) 50, (▲) 200, ( 口)500 and 
(•) 1000 Hz.

measured for both 1 and 2 complexes in the region 1.9 to 10 
K, at different frequencies in zero field (Figure 2). Both 
complexes exhibit frequency-dependent ac Xm” peaks, demon
strating both complexes behave as SMMs. Complex 2 has a 
predominant peak in the region 2 to 4 K as well as minor 
peak at around 5 to 7 K, however complex 1 has a large 
single peak in the region 4 to 7 K and other peak is not 
observed at lower temperature. The principal differences 
between two complexes in the solid state are solvate mole
cules and the resulting unit cell volumes. The present 
Mni2-PrCl • solv compounds demonstrate similar variation 
with [Mni2Oi2 (O2CC6H4-4-Me)i6(H2O)4] - solv (solv = 3任0 
or HO2CC6H4-4-Me) complexes.3b The latter compounds 
reported have not only different solvates but also isomeric 
forms resulting from different coordinated water arrange
ment, thus the origin of different relaxation behaviors could 
not be concluded since two different effects coexist at the 
same time. On the contrary, in the present Mn12-PrCl case, it 
is suggested that the magnetic relaxation is strongly corre
lated with solvate molecules since complexes 1 and 2 pos
sess the same configuration of waters and carboxylates 
bound to Mn(III) ions.

Other physical measurements such as high-field EPR 
experiments are needed to determine whether complexes 1 
and 2 differ in their ground-state spins. Understanding their 
magnetic relaxation data should give insight into the mecha
nism of the magnetization tunneling. In addition, the space 
packing of Mn12 cluster molecules in solid state may be 
strongly correlated with solvate molecules, which could be 
controlled by synthetic procedure utilized in the crystal 
growing steps. The potential application of SMMs in the 
solid state device needs the information of solvate effect 
influencing upon magnetic property of each compound.
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+ Crystal data: Complex 1: C48.5H77Cli7Mni2O50 [Mni2Oi2 

(O2CCH2CH2Cl)i6(H2O)4] • 0.5CH2CL • 2H2O,Mw=2722.07, 
triclinic Pi, 시 =i6.000(i) A, b=i8.040(i) A, c=i8.073(i) A, 
a = 9i.549(i)。，Q=94.343(i)。，Y=i09.936(i)。，Y=488i.9 
(5) A3, Z=2, T=293 K,冋=2.026 mmf Dc=i.802 Mg m-3, 
Ri=0.0752 (22454 unique reflections). Anal. Calcd: C, 2i.40; 
H, 2.85 Found: C, 2i.78; H, 2.88.
Complex 2: C5iH77Cli7Mni2O50 [Mni2Oi2(O2CCH2CH2Cl)i6 

(压。시 • CH2ClCH2CO2H, Mw=2752.i0, triclinic Pi, 시= 
i6.355(2) A, b=i7.635(3) A, c=i9.243(3) A, a =88.682(3)。, 
Q=82.i93(3)。, y=68.800(2)o,片5i25(i) A3, Z=2, T=293 K, 
卩，=i.95i mm_i, Dc=i.754 Mg m-3, Ri=0.0954 (234i8 unique 
reflections). Anal. Calcd: C, 22.26; H, 2.82 Found: C, 24.ii; 
H, 2.99.
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