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Currently, spintroniglshgs qttracted explosive interes.t. A key e.ce g;: ﬁ i W 5 Pa
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spin diminishment}. It is thus highly vital to inspect the spin {3) [CPLI(CALSH] (b) [CpNa(CALS)] (9 [CPK(CALSH)]
evolution during the assembly and growth of molecular materials.

Studies of a spin-based cluster assembly at a molecular level shoulc a’\; 3§ > @t q a2 oz .,&fu & %{’i ’,&ﬂ
shed insight into the macroscopic production of bulky magnetic & 0@J 2 . . )
materials. Thus, spin-controllable design, assembly, and manipula- s '&“ e sy O A B 3‘:‘%
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tion will greatly advance the development of new functional povd gjo) c;;zm .. boo ear D

materials and nanoelectronic devices.
Molecular species with spins are usually magnetic. One most
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interesting class of the spin-based matefigsthe sandwichlike
compounds that contain a transition metal center atom, for example, 5’0 4%
CpnTMy32and TM,Bz,3°-¢ (Cp, Bz, and TM denote the cyclopen- 35 _" igt LJ,
tadienyl (GHs), benzene (6He), and transition metal, respectively). &
Their ground-state spins are not governed by the closed-shell "= s::gz S:;:
sandwich decks, but by the type of center atoms and by the )
; - : (&) {CIICPMI(CAL ST (M~Be, Mg, Ca) h) CAlySi
interaction between the center TM-atom and the sandwich deck. S ) o " ) iy )

Figure 1. Sandwich forms CpM(CASI) (M = Li, Na, K), charged [CpM-

Here we design a kind of spin-based magnetic molecular spemes( AlS]* (M = Be, Mg, Ca), charge-compensated (BCpM(CAIsSi)]
based on an exotic planar tetracoordinated carbon (ptC) radlcaI(M Be, Mg, Ca) and the HOMO orbital diagratisf CAlsSi and CpLi-
CAIl3Si. The spins of the newly designed molecular compounds (CAI;Si)] at the B3LYP/6-313+G(d) level. Energy values are in kcal/mol.
are purely determined by the ptC radical (Gi)-decks. “S’ denotes the spin density of the G unit.

The ptC realm has made vast progress in the past three
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decaded > Pentaatomic ptC species, first computationally de- . e
signed* .9~ and later experimentally observed! have attracted 3 it .s.. e{é@ f . %
our particular attention. The simplicity of such species would make - % QV f FQZ: Q
them find potential applications in the miniaturization race of #,,
components u_s_ed in the construction pf vyorkmg devideiferent (COLIACAS)  (CpLICALSI) } CM © m,s.; (CoL(CALSH)
from the traditional “top-down” fabrication approach, the new  a (ma)=2.1 b) (mn)=(3,1) €} (mn)=(4,1) d) (m,n)=(6,1)
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“bottom-up” approach allows the feasibility of assembling a small
molecular unit into cluster to nanoscale to even bulk solid materials
with special properties in our own will wéBeing the first smallest
neutral ptC radical unit, CABPe is taken for our model design
for spin-based materials. A new schenteterodecked sandwith Cp~, D = CAI3Si). In general, there are three kinds of sandwich
(DMD* with D and D* being different decks) is proposed to capture forms 19*(f-f), 19*(f-s), and19*(f-c) (Figure 1). For neutral CpM-
and stabilize the planar radical based on the DFT-B3LYP /6- (CAIsSi) (M = Li, Na, K), charged [CpM(CAJSi)]* (M = Be,
311+G(d)@ ¢ calculations. For the first time we show GSi to Mg, Ca), and charge-compensated (fCpM(CAIsSi)]* (M = Be,
be a spin-embedded “superatom” for cluster-assembly. Our work Mg, Ca), the sandwich structure is the ground-state isdfehus,
represents the first attempt to bridge the ptC chemistry and the ptC radical CAJSi can effectively sandwich metal atoms in
spintronics realm. cooperation with a rigid decklike Cp

Initially, the traditional “homodecked sandwich’form D,M Some metallocenes are known to form highly extended sandwich
[charged (CA#SIiM]%" and neutral (Cl)q[(CAIsSi}M]%" with complexes ranging from nanoscales to polymers, and even to bulk
counterions Ci (D = CAIsSi; M = Li, Na, K, g = 1; M = Be, solid materials2 We further designed the ptC-based extended
Mg, Ca,q = 2) are considered. Charged sandwich isomers are not systems containing more Cpunits in various heterodecked
the ground state structure, whereas neutral sandwich isomers dasandwich forms, some of which are shown in Figure 2. Surely, the
not exist at all. So, the ptC radical G&li cannot be assembled in  growth from the simple extended sandwich structures to the much
the traditional homodecked sandwich scheme. more highly extended 3D sandwich networks with more @pd

Alternatively, we propose a new scheme “heterodecked sand- CAl3Si units is very viable. For computational reason, we did not
wich” to assemble CABi in forms of D*MD (D* = rigid decklike attempt to calculate these species.
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Figure 2. Some extended sandwich complexes of (CRlGAIsSi), with
(mn) = (2,1), (3,1), (4,1) at the B3LYP/6-31G(d) level and (6,1) at the
B3LYP/3-21G level.
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From Figures 1 and 2, we can see that the structural and foreseen, which will greatly advance the development of new
electronic integrity of CAJSi and its characteristic HOMO orbital ~ functional magnetic materials and nanoelectronic devices in the era
are generally well kept during the heterodecked sandwiching. Also, of spintronics. Such linkage might lead to unique phenomena or
the spin density (& values in Figures 1 and 2) of the C/Ai unit even gestate a field.
within the assembled compounds nearly amounts to 1 as in the
free CALSI radical, suggestive of the good spin-conservation.
Moreover, the positive and negative charges are dominantly
positioned at the M-atom and Cp unit, respectively, indicating the
major molecular formula (CPM9(CAI3Si) (q = +1 for Li, Na, K
andq = +2 for M = Be, Mg, Ca)!! Thus, the spin-embedded
planar radical CAJSi could act as a new type of “superator3”.

To our knowledge, this is the first time to consider a neutral planar ~ Supporting Information Available: Complete ref 7, structural
radical as a superatom. Future studies on the superatom chemistryproperties, and spin densities. This material is available free of charge
of CAI5Si radical are desired. via the Internet at http:/pubs.acs.org.

The capture and stabilization of radicals has continued to be a
great challenge to chemists. Generally, radicals are very reactive

and their stabilization has to be gained through “steric-stabilization” (1) (@) Zwti¢, I.; Fabian, J.; Sarma, S. lRev. Mod. Phys2004 76, 323.
2) Note: Recent study demonstrates that for some relevant species the spin
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