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A lot of excitement surrounds the chemistry and physics of Chart 1. CompoundZH (PF;)
dodecanuclear manganese complexes;fMuof formula [Mn»-
015(02CR)16(H20)4].22 The interest stems from the fact that these
compounds have large-spin ground states and a significant
magnetic anisotropy. The anisotropy splits in zero-field the (2 u/\/\
+ 1) energy levels corresponding to differeMls, and, asS PF;
becomes large, this provides an energy barrier for the reorientation
of the spins at low temperatures. As the magnetic field is cycled,
the conversion betweeftMs and —Ms sublevels is very slow
and typical relaxation phenomena, like a frequency-dependent out-
of-phase signal in the ac susceptibility, appeavlagnetic
hysteresis loops of purely molecular origin are also characteristic
of these kinds of materials. A single molecule can thus be

ad_dressed_with its spin “up” or *down’, and this opens th? WaY in the study of metal-ion-induced self-assembly proce&ses.
to information storage at the molecular leb@esides its possible  ~|sters like the anionic metal carbonyls §&{COY? (M =
applications, Mi, has attracted the attention of many physicists Ru, Os) and oligonuclear metal complexes have also been

since it provides model systems for the study of macroscopic g gjiedt4 particularly interesting in our context is the identification

quantum tunneling of magnetizatién. of the trinuclear compl ¥ :
i - plexes [D(RCOO})(L)s]*. Fragmentation
The synthesis of the first M [Mn15012(O,CCH)1¢(H;0).]- of these carboxylate-bridged compoundg can be induced by

2CH;COOH4H;0 (1), was reported by Lis in 1980Later, 1 increasing the cone voltagd/d). Successive loss of terminal

was found to be a useful. stgrting material for th? syr_1thesi§ of ligands can be detected, thus providing further structural informa-
different M, complexes via ligand-exchange reactions involving tion .5

other cqrboxylate groups. Characterization of the_ expecteﬂ Mn [Mn1,01(0,CR)s(H-0)s] compounds are neutral, but they can
usually involves X-ray crystallography. NMR studies in solution easily undergo reduction processes to form multiply charged

have also been reported for some simple sysfems. . anionic specie&!® Since the ESI spectrometer acts as an
As part of a project aimed toward the synthesis of cationic

Sin_gle'mo_leCUIe magnets that can combine \_Nith electronically (9) Preparation of (4-Carboxybenzyl)tributylammonium hexafluoro-
active anions, we have synthesized Miearing quaternary phosphate, ZH(PF). ZHBr° (8.7 g, 21.8 mmol) was dissolved in the
ammonium substituents in the periphery. This cationigMas minimum amount of hot water and filtered to remove an insoluble
. . . residue. The solution was slowly added over a stirred water solution of
been prgepared by reaction betwe_:emnd th_e Car_bOXy“C aC'd_ KPFs (8 g, 43.4 mmol). A white fine powder precipitated. The product
ZH(PR)® (Chart 1). As the complexity of the incoming carboxylic was extracted with C}Cl>. The organic phase was dried over MgSO
acid increases, the techniques of characterization mentioned above aE?d the SclilvFent Véa? el\/%go%teglti 701(3:_)6;% 1a) W|_f|"t$ ggllg ;gi'd'\il 20;/;
H H H em. anal. Foun calca): y . . yH, L . , Ny o,
are not very appropriate and there is a need for a simple method 51, 3 'NvR (CDLCN): 6 8.1 (d, 2H), 7.6 (, 2H), 4.4 (5, 2H), 3.1
that can allow identification of isolated species and monitoring (t, 2H), 1.8 (q, 2H), 1.4 (m, 2H), 1 (t, 3HPreparation of [Mn 1,01
of the ligand exchange. (2)16](PFe6)16'2ZH(PFs). The complex was prepared by the well-known
Electrospray ionization mass spectrometry (ESI-MS) is a soft-
ionization technique that provides an accurate determination of

O~ "OH

the molecular mass of relatively large and fragile molectiléss.
is well suited for the analysis of ionic compounds and has been
applied in the characterization of simple cationic compl&asd

ligand-exchange method reported for the benzoate analogue by using
ZH(PF) instead of benzoic aci#. Yield: 23%. Elem. anal. Found
(calcd): C, 46.65 (46.57); H, 6.88 (6.56); N, 2.70 (2.72).

(10) (4-Carboxybenzyl)tributylammonium bromide was prepared by a slight
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Figure 3. ESI-MS spectrum (positive mode) of a @EN solution of
[Mn12012(Z)16)(PFe)16. The cone voltage is 75 V.

Figure 1. ESI-MS spectrum (negative mode) of a €N solution of1.
The cone voltage is-25 V.
100 18332
can be precipitated and retreated with an excesdH{PF;) to
afford a completely substituted compound. The spectrum of pure
1817.3 [MN150:%(Z)16](PFe)16-2ZH (PFs) (Figure 3) is more complicated
%, than that of the parent compoundl, At low cone voltages,
18342 formation of adducts with the free acid can be detected. Besides
redox processes, multiple fragmentations due to loss of the
zwitterionic ligand Z) and/or hexafluorophosphate anions are also
1819. seen. The peak at highewz ratio (2567 Da) corresponds to a
0 I R | U L ' . . reduced species of the type [[M®1(Z)16(PFs)12°". Successive
z loss ofZ(PFK) anions gives peaks at 2412 and 2258 Da. The mass
) 1725 1750 1775 1800 1825__ 1850 1875 1900 1925, range between 1600 and 1900 Da is dominated by the presence
?;?:Leoﬁ'e 53@32 isspggt(y—m (positive mode) of a GEN solution of1. of tetrapositive ions derived from a [[MsO1(Z):d)(PFe)a]**
fragment. Loss of hexafluorophosphate yields another series of
electrochemical cell, neutral Micould, in principle, be reduced ~ P€aks thatis visible in the 116a.500 Da region of the spectrum.
in situ and detected in the negative mode. Significant vglues correspont_:llng to the dl_fferent pseudomolecular
Figure 1 shows that this is indeed the case. The ESI-MS Peaks are given as Supporting Information. o
(negative mode) analysfsof a solution of1 in CH,CN shows Preliminary measurements of the ac magnetic suscep_tlblllty of
the presence at 1794 Da of the molecular peak corresponding tolMN12014Z)16](PFe)16-2ZH (PFs) have been performed in the
[Mn1,0:1(0,CCHs):¢]. Fragmentation of this entity by successive 2.—10 K temperature range. The frequency-dependent out-of-phase
loss of acetate ligands is accompanied by one-electron reductionSignal observed arodn4 K confirms the presence of the
to give peaks at 1735 and 1676 Da. A signature for a doubly dodecanuclear complex. From the magnetic measurements at

reduced species of the type [M®:,(0,CCHs):2 is present at different frequencies, an activation barrier of 53 K has been
897 Da. estimated. This value is in good agreement with the previously

Characterization ofl is also possible in the positive mode reported systems. The field dependenge of the magnetization at
(Figure 2). Interestingly, the main peaks (1833.2 and 1817.3 Da) 2 K shows the presence of a hysteresis loop with a very small
correspond to species containing potassium and/or sodium ions CO€rcive field,He = 25 G. o
presumably from traces of these alkali metals in the solutions ~Finally, itis worth noting that these cationic ytompounds
undergoing electrospray ionization. Assignments of other peaks ¢@n be useful precursors for the deposition of single-molecule
observed in the spectrum are gathered in Table S2 (Supporting™agnets onto metal and metal oxide surfaces.
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