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We report X-ray crystal structures and magnetic properties of novel nitronyl nitroxide triragitaléN
(1) and mtriNN (2), in which a ground-state singleS(= 0) biradical with az-conjugated phenol
substituent and a8 = ¥/, carboxyl-substituted monoradicals are unitedsblyonds of an ester bridge. It
is found for bothl and?2 that the exchange interactiod@) between the biradical and the monoradical
moieties through the-bonds of the ester bridge are much smaller than those throughdbajugation,
J(), within the biradical moieties. Thus, the inequivalent magnetic degrees of freedom, one from the
biradical and the other from the monoradical moiety, are retained in a single molecule. X-ray
crystallography and magnetic susceptibilitylahdicate that an intermolecular antiferromagnetic exchange
interaction between the biradical and the monoradical moieties gives a three-spin cluster. On the other
hand, the triradica? is found to form a six-spin cluster, consisting of two sets of monoradisiaadical
pairs in the crystal. The formation of the molecular spin clustefisend2 gives us the way of developing
exotic spin coupling systems frombondedr-oligoradicals carrying multiple magnetic degrees of freedom.

Introduction based magnetics. Noncovalent bonding such as hydrogen

Over the past few decades, a considerable number ofbondlng} has been invoked to control the molecular packing

studies have been conducted on the molecule-based magneti@c the open-shelllmolecules. .
materiald since the discovery of thg-phase ofp-NPNN 2 Covalent bonding can be another structure-determining
the first example of a genuinely organic free radical with a Pinding force between open-shell entities for controlling

bulk ferromagnetic transition. Much work has been devoted Melecular packing in organic molecular crystals as well as
to the design of building blocks of new free radical the noncovalent bondings. When two kindsmfadicals with

derivatives such as nitronyl nitroxide for achieving exotic their unpaired electrons im-orbitals are united by-bonds,
molecular magnetic materididolecular packing, or relative n-conjuggtl_on in the result_ant ollgorad_|cal is truncated at the
arrangement of open-shell molecules, in a crystalline solid ?-Pond, giving rise to multiple magnetic degrees of freedom
state has a crucial relationship with magnetic properties of " @ Single molecule. A successful application of the
molecular assemblages. Thus, the control of crystal structurecOvalently bonded open-shell entities has been found in
or molecular packing in the molecule-based materials is one férfimagnetic spin alignment in the crystal of a nitronyl

of the most important issues in the development of molecule- Nitroxide triradical, in which a biradical in a tripleS¢= 1)
ground state and a monoradical wih= '/, are united by
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between ar§ = 1 moiety of one molecule and &= %, Chart 1. Triradicals p-triNN (1) and m-triNN (2) and the
moiety of the adjacent molecule, mimicking molecular Schematic Drawing of the Three-Centered Exchange
complexation of 7-biradicals andz-monoradicals. The Coupled System £, = Sz = Sn = */2)*
o-bonds in the triradical are magnetically inactive as a Doublet gi;"g“lfc‘fg‘rfjml

magnetic interaction pathway and play a role in the structural Monoradical NN \1\

framework, while the magnetic interactions are propagated =

by the through-space-orbital overlaps between the molec- M NN ,

ular entities of the adjacent molecules in the crystalline solid. — O‘N>§<

o- Bond Bridge NN = /leb

In this study, we extend the molecular desigwdionded
p-triNN(1), m-triNN(2)

oligoradicals to the case of a constituent biradical with a
singlet = 0) ground state. The exchange coupling in the

composite molecule composed of a ground-state singlet J©)
biradical and a doublet monoradical is described by a )
Heisenberg spin Hamiltonian @
H = —2J(0)S,'Sn — 22(0)S,Sn — 2(M)S1'Sy, (1) @ o
where the twasS= 1/, spins,Sb1 andS,,, are coupled by the a2 J(0) and J(0) show the weak interactions through thebonds inl

and 2, while J(r) denotes the antiferromagnetic interaction through the

antiferromagnetic exchange interactidim) < 0 through the m-conjugation of thepara-phenylene-based biradical moiety.

sr-conjugation in the biradical moiety and they are coupled

with anotherS = %/, spin, Sy, in the monoradical moiety by Scheme 1. Synthesis gf-triNN(1) and m-tlfiNN(Z)
the exchange interactiod¥o) andJ(o) through thes-bonds. OOH
In this phenomenological coupling scheme, the requisite for H

the magnetically inactive-bonds is represented by OOCH3

(@)1, (0)] < [3(7)] ) HiOH

If the magnetic interactions(o) and J'(o) through the & "T":SZ
covalent bonds are in the same order of magnitudé(:as H20H

MeOH
OOH

in the biradical moiety, the resultant triradical acts as merely

a quartet = %,) or a doublet = %/5,) radical, depending
on the sign of the additional interactions throughdhsonds. B\ H% NalO,

We have designed and synthesized novel nitronyl nitroxide _—
triradicals, p-triNN  (4-(1'-oxyl-3'-oxido-4,4',5',5 -tetram- benzene  H
ethyl-imidazolin-2-yl)-benzoic acid 2,5-bis-(toxyl-3"-

oxido-4',4" 5" 5'-tetramethyl-imidazolin-2-yl)-phenyl es- %jo @

ter; 1) andm-triNN (3-(1'-oxyl-3'-oxido-4,4',5,5 -tetramethyl- _PDMAP, bcc O Q
imidazolidin-2-yl)-benzoic acid 2,5-bis-(*oxyl-3"-oxido- CHCl N O \
4" 4" 5" 5'-tetramethyl-imidazolidin-2-yl)-phenyl ester?), 1
possessing @ara-phenylene type biradical moiety with a
singlet ground state and a monoradical moiety, as depicted é‘Sﬁ PDMAP, DCC_
in Chart 1. @N N
A . CH,Cl, O

The triradical compound4 and 2 were synthesized by N°
esterification of a phenolic biradical with a singlet ground 2
state3® and para- or metacarboxyl-substituted monoradi-
cals®’ The parent biradica® is known to have a single( of magnetic susceptibility of and2 measured for crystalline
= 0) ground state with the singletriplet energy gap of  solids states is analyzed on the basis of their crystal
2J)() ks = —82 K5 It is expected that the-conjugation in structures, from which formation of exchange-coupled spin
the p-phenylene biradical moieties hand?2 is truncated at  clusters are found in the crystals for bdtland 2.
the o-bonds of the ester bridge. In fact, it has been known

from our previous studies that the condition eq 2 is realized Experimental Section
for |J()| larger than|J(o)| and |J(o)] by 3 orders of o _ L
magnitude inL; 2/3(0)|/ ks ~ 2|13'(0)|/ ks < 0.01 K& In the Synthesis.Triradicals1l and2 were synthesized by esterification

resent study, the amplitude of the intramolecular exchan eOf the biradical3® and the monoradicaktz® andab’ respectively,
P Y, P 9 as shown in Scheme 1. Detailed synthetic procedures in Scheme 1

interactions is examined for the triradiééand the condition is provided as Supporting Information. The monoradietsand
eq 2 is verified for2 as well asl. Temperature dependence 4 \ere synthesized according to literature procedéifes.

p-triNN (1). A mixture of 3 (315 mg, 0.78 mmol)4a (270 mg,

(5 o6, Som D SHE . Tkl Byt Metinpress 088 i), and 4-methylamnopyrdne (95 mg, 0.78 o)
(7) Schatzschneider, U.; Weyhermueller, T.; Rentschlemdg. Chim. were dissolved in dry C§Cl, (35 mL) at 0°C under an argon

Acta 2002 337, 122. atmosphere. After the addition of,N'-dicyclohexylcarbodiimide
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(480 mg, 2.3 mmol) to the mixture solution, the reaction mixture
was stirred for 4 h. After filtration, reaction solution was washed
with aqueous HCI (0.5 M) and then the mixture solution was
neutralized with aqueous NaHGOThe aqueous phase was
extracted with CHCI, (100 mL). The combined organic phase was
dried over MgSQ. The solution was concentrated and chromato-
graphed over a silica gel column. Elution with @H,/acetone (8/1

in volume) followed by removal of the solvent in vacuo gave a
pure blue product of 380 mg (73%). Elemental analysis (C, H, N)
of p-triNN (3): Anal. Calcd forp-triNN-Y/,H,0: C, 60.70; H, 12.49;

N, 6.59%. Found: C, 60.75; H, 12.40; N, 6.54%. Single crystals
of 1 suitable for X-ray crystallography experiments were obtained
by recrystallization from a mixture of acetone and hexane.

m-triNN (2). The triradical2 was synthesized in the same way
as that ofl. Elemental analysis (C, H, N) af-triNN (2): Anal.
Calcd for mtriNN-H,O-acetone: C, 60.07; H, 6.95; N, 11.36%.
Found: C, 59.68; H, 6.83; N, 11.46%. Single crystal2afere
obtained by diffusion of methanol into an acetone solutior2.of

X-ray Crystallographic Analysis. Single-crystal diffraction data
of 1 and2 were collected on a Rigaku Mercury CCD diffractometer
with graphite monochromated ModKradiation at 105 and 143 K,
respectively. The crystal structures were solved by using direct
methods (SIR92) in a program packageystalStructureé® Aniso-
tropic temperature factors were applied for non-hydrogen atoms.
Hydrogen atoms with isotropic thermal parameters were refined
as riding models. CCDC reference numbers fetriNN (1) and
mtriNN (2) are 249575 and 249576, respectively.

Magnetic Susceptibility MeasurementsMagnetic susceptibility
was measured on a Quantum Design SQUID magnetometer MPMS- ¥ Phl
XL in the temperature range down to 1.9 K with a static field of
0.1 T. The magnetic responses were corrected with diamagnetic
blank data of the sample holder obtained separately. The diamag-Figure 1. ORTEP views of the triradical molecules (@XriNN (1) and
netic contribution of the sample itself was estimated from Pascal’s (b) m-triNN (2) at the 50% probability level. The hydrogen atomd.iand
constants. A PVC (poly(vinyl chloride)) film was prepared by slow 2 are omitted for the sake of clarity.
evaporation of a CkCl, solution of PVC and®, which was used
as magnetically diluted samples.

Table 1. X-ray Crystallographic Data of p-triNN (1) and m-triNN (2)

compound p-triNN (1) m-triNN (2)
. . Formula GaHasNgOs  C37H51N6O10
Results and Discussion (CoHa3NeOs-CsHsO-H;0)
tal syst triclini lini
1. X-ray CrystaI.Structures. The.molecular structures Sgascae S?osu%m Pincmlc Pr;l(/)r? ocme
and crystallographic parameterspfriNN (1) andm-triNN alA 11.773(3) 17.6802(9)
(2) are given in Figure 1 and Table®fre quite similar as b’é }iggg; ;(1)'222(2154)
listed in Table 2 and Table 3. In contrast, the dihedral angles g/deg 62.95(5) '
between the nitronyl nitroxide plane and the phenyl plane, pideg 67.76(5) 96.092(3)
i ; yldeg 70.49(5)
and the intramolecular torsion angles betwe_en the two phenyl VIR 1678.9(6) 3931.9(3)
groups through the ester bridge, are considerably different. 2 2 4
This is probably due to a difference in steric repulsion Dcadg cm® 1.313 1.250
; ieadi i TIK 105 143
between the .mor.10rad|cal and the biradical moieties. unique reflections used 5167 6055
As shown in Figure 2a, the molecules bare arranged (1> 30(l))
in a head-to-tail fashion along theeaxis. A short intermo- Evlv(('aﬁj;gy)))a) 8-;‘133 g-ggg
lecular distance of 3.294(6) A is found between the nitroxide goodness of fit 1.070 0.999

oxygen atom (O2) of the monoradical moiety and the ,__ B . B o
nitrogen atom (NB of the biradical moiety of the neighbor- 1,[0_30_1CZFL|2F°+| 3.&%'(/3,2(&3;'1%‘7560%\;\(@?3)'. I Zw(FI w=

ing, inversion-related molecule, wheralenotes the sym-

metry operation of-x + 1, —y, —z+ 2. This contact leads to a SOMG-SOMO (SOMO: singly occupied molecular
orbital) overlap between the molecules and a sizable anti-
(8) Crystal Structurgver.3.6.0). Rigaku/Molecular Structure Corporation ~ ferromagnetic interaction is expected. No other intermolecu-

9009 New Trails Dr., The Woodlands, TX 77381, USA, 26@D04. |ar short distances close to the van der Waals cofttaetre
(9) TheRy value of 0.105 forl results from disordered oxygen atoms of

water. On the final difference Fourier map, density peaks with the found around the nitroxide groups with large spin density.
maximum and minimum of 0.65 an€l0.52 e/& were found, which These results indicate that the magnetic coupling in the
were attributable to the disordered oxygen atoms. The refinement
including the residual peaks was unsuccessful, resulting in difficulty
of the least-squares calculation. (10) Bondi, A.J. Phys. Cheml1964 68, 441.




Nitronyl Nitroxide Triradicals Chem. Mater., Vol. 17, No. 17, 2005489

Table 2. Selected Bond Distances (A) for 1 and 2

p-triNN (1) m-triNN (2)
N1-O1 1.283(5) 1.279(3)
N2—-02 1.279(9) 1.291(2)
C1-N1 1.370(1) 1.345(3)
C1-N2 1.314(7) 1.338(3)
Cc1-C8 1.460(1) 1.464(3)
O5—-N3 1.284(6) 1.278(2)
06—N4 1.297(6) 1.287(2)
C21-N3 1.362(7) 1.349(3)
C21-N4 1.343(8) 1.342(3)
C21-C16 1.450(8) 1.464(3)
08-N6 1.281(7) 1.276(3)
07-N5 1.307(8) 1.281(5)
C28-N5 1.331(8) 1.328(4)
C28-N6 1.372(9) 1.348(3)
C28-C19 1.426(7) 1.464(3) (b)
S
Table 3. Selected Bond Angles (deg) and Dihedral Angl@sfor
1and 2 J(o) @ f
p-triNN(1) m-triNN(2) Jm)
N1-C1-N2 108.8(7) 109.4(2)
C1-N1-01 128.7(6) 126.3(2) ) @ ;
C1-N2-02 127.1(7) 125.8(2)
C1-N1-C3 110.2(4) 111.4(2) T
C1-N2-C2 112.0(6) 112.1(2) 4L
N3—C21-N4 107.4(5) 109.0(2)
C21-N3-05 125.5(4) 125.8(2) f
C21-N4—06 124.8(4) 125.5(2)
C21-N3-C23 112.6(5) 111.9(2)
C21-N4—C22 112.2(4) 112.4(2)
N5—C28-N6 106.3(4) 108.9(2) ) ) )
C28-N5—07 125.1(5) 124.9(3) Figure 2. (a) Crystal structure gf-triNN (1) projected onto thec plane.
C28-N6—08 125.8(4) 126.1(2) A short intermolecular distance of 3.294(6) A is found between 02 and
C28-N5—C29 115.4(6) 113.8(2) N6i of the inversion-related molecules (symmetry operatior-x + 1,
C28-N6—C30 112.6(5) 113.2(2) —Yy, —z+ 2). The methyl groups and the hydrogen atoms are omitted for
Ph1-Ph2 50.6(2) 69.6 (1) clarity. (b) Schematic diagram of the exchange coupling in the head-to-tail
NN1—Ph1 33.9(2) 40.3(2) dimer of 1. The circles denote th&= 1/, spins, which are coupled by the
NN2—Ph2 53.1(2) 50.3(1) intramolecular exchange interactiodgr), J(o), and J'(0). The intermo-
NN3—Ph2 16.2(2) 28.4(1) lecular interaction at O2 and N& designatedy;. The rounded rectangle
o represents the three-spin system of eq 3, which is used in the analysis of
2 Atoms defining the least-squared planes are as follows: Kt-C1— the magnetic susceptibility. The arrows indicate the spin alignment in the
N2—02 (NN1), O5-N3—C21-N4—-06 (NN2), OF~N5—-C28-N6—08 ground state.
(NN3), C8-C9-C10-C11-C12-C13 (Phl), and C}5C16-C17-C18-
C19-C20 (Ph2). plots. TheymT value of 1.1 emu mol K at room temperature

crystal forl is approximated by a magnetically isolated six- €0'Tesponds to 3 mol d6 = ¥ spins. Upon cooling, the
spin system of the head-to-tail dimer, as depicted in Figure Zm1 value decreases and reaches a constant value of 0.39
2. emu moi?! K below 10 K. The intramolecular exchange
In the crystal o, two types of symmetry operations give interactionJ(o) andJ (o) through the ester bridge ih has

rise to intermolecular short contacts around the nitroxide Peen found to be [3(0)l/ks ~ 21J(0)l/ks = 0.01 K° from
groups. One of the short contacts is found between the Magnetic susceptibility measurements for the sample dis-
oxygen atom (O8) in the biradical moiety and the nitronyl Persed in a polymer film of PVC (poly(vinyl chloride)), in
nitroxide groups of the monoradical moiety neighboring which intermolecular magnetic interactions are suppressed.

along the [011] direction with then-glide plane (the  WhenJ(o) and J(o) are neglected, the six-spin system of
symmetry operatiom: X — Yo, =y + 5, z — 1), 3.141(3) the head-to-tail dimer ol (Figure 2b) deduced from the

A at O8-N1n, and 3.152(3) A at O8C1n, as depicted in structural analysis is reduced to a three-spin system, which
Figure 3a. The other short contact is found at-OE&i is rgpresented by the three-centered Heisenberg spin Hamil-
(3.529(2) A) between the nitroxide groups of the inversion- tonian
related molecules:( —x, —y, —z+ 2), as shown in Figure —_91Q.Q _ .
3b. These two types of intermolecular short contacts lead to H 25 So = 2AWSor e ®)
a doubled chain structure of the triradical molecules running The exchange interactiah; corresponds to the intermolecu-
along the [011] direction, as depicted in Figure 3c. The |ar short contact at O2N6i. The temperature dependence
magnetic coupling in the doubled chain is schematically of 4T is analyzed using eq 4
shown in Figure 3d. The intermolecular exchange interaction
originating from the contacts at G81n and O8-C1n is Im =
labeledJz, while that from O5-N3i is designated ag;:. )

2. Magnetic Properties.(a) p-triNN (1). The temperature ONgg” 10 expl-Eq/kaT] + expl-Epy/kgT] + expl—EprlksT]
dependence of magnetic susceptibility for the polycrys- 4kgT 2 expEg/kgT] + exp[~Epy/ksT] + exp[— Epy/ksT]
talline sample ofl is shown in Figure 4 in thg,T vs T 4)
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a) 07 07
N5 N5
=
N6
08
Oln
Nin

b) {% ,
% l
by )
%05
N3i
“ 06
a %} O

Figure 3. (a) Intermolecular short contacts dtbetween the neighboring
molecules related by theglide plane (: x — Y5, —y + Y5, z— ;). Only

the nitronyl nitroxide of the biradical entity and the phenyl group of the
monoradical entity are shown. Intermolecular short contacts: 3.141(3) A
at 08-N1n, 3.152(3) A at 08-C1n. (b) Intermolecular short contacts &f
between the neighboring molecules related by the inversion centex(

—y, —z + 2). Intermolecular short contacts: 3.529(2) A at-E3i. (c)
Molecular packing oR viewed along théy axis (: x + Yo, —y + Y5, 2

+ ;). The methyl groups and the hydrogen atomjras well as the
solvent molecules of acetone and water, are omitted for the sake of clarity.
(d) Schematic diagram of the exchange coupling in the doubled ch&in of
The circles denote th®= 1/, spins, which are coupled by the intramolecular
exchange interaction¥x), J(0), andJ (o). The intermolecular interaction

at O8-N1n and O8-Cln is designated a%;, and that at O5N3i is Jyi.

The oval represents the six-spin system of eq 8. The arrows indicate the
spin alignment in the ground state.

Ise et al.

O  p-triNN (1)
A m-triNN (2)

1 ' | T \ T |
100 200 300
T/K

Figure 4. Temperature dependence of the produ¢t measured at 0.1 T
for 1 (circles) and2 (triangles). The solid and dashed lines represent the
theoretical calculations based on eq 3 and eq 8, respectively.

1.2 4

X I/emu mol 'K

0.0 —

I I ! I I
50 100 150 200 250

T/K

Figure 5. Temperature dependence of paramagnetic susceptipilityf
m-triNN (2) diluted in the PVC film in theymT vs T plots. The solid line
represents the theoretical calculation from eq 1.

whereEg, Ep;, andEp, denote the energy eigenvalues of eq
3 corresponding to a quarte$ € %/,) and two doublet$=
1/,) states, respectively:

Eq=—31(n) + 3] (52)

Ep1 = %[J(JT) + 3]+ \/\](ﬂ)z —33(m) + 3,° (5b)

Epo = %[J(ﬂ) + 3 = \/ I — 34w + 37 (5¢)

The parameteo. in eq 4 denotes the purity of the sample.
The symbolN,, g, us, andkg in eq 4 stand for Avogadro
constant, theg-factor, Bohr magneton, and Boltzmann
constant, respectively. The best fit parameters reproducing
the observed temperature dependencg,dfare 2,ilkg =
—4.44+ 0.5 K anda = 1.00, as the fitting depicted by solid
lines in Figure 5. The intramolecular interactidr) was
fixed as J()/ kg = —70 K, which has been determined in
the susceptibility measurements on the diluted sangfes.
The g-factor was also fixed ag = 2.006, which has been
obtained from an ESR spectrum in a toluene solution at room
temperaturé.

(11) Itis plausible that the intramolecular interactilfn) in the crystalline
solid state is different from that in the PVC film, which is due to a
possible change in molecular conformation. The interaci{ahwas,
however, kept unchanged in the simulation with eq 3 and eq 8 in
order to avoid overparametrization.
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(b) m-triNN ). The magnitude of the intramolecular
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The Hamiltonian eq 8 was numerically diagonalized to give

exchange interaction o2 between the monoradical and energy eigenvalues for a quartet and doublet stdtiesm

biradical moieties)(o) andJ (o) though theo-bonds of the

which the temperature dependenceypil was calculated

ester bridge was examined by paramagnetic susceptibilitywith eq 4. The fitting to the experimental datadfjave the
xm for the sample dispersed in a PVC film. As shown in best-fit parameters ofR/kg = +32 £ 2 K and 2,/ks =
Figure 5, theyT value decreases on cooling and reaches a —112 4+ 8 K. The intramolecular interaction ofl@r)/ks =

plateau of 0.36 emu mol K, indicating the occurrence of

—72 K determined from the magnetically diluted system was

antiferromagnetic interactions within the molecule and a assumed to remain unchangéd.

doublet §= ") ground state. The temperature dependence The exchange interactions with the signslgf> 0, J,i <

of xmT is analyzed using the three-centered exchange 0, andJ(x) < 0 afford the spin alignment of the ground state
coupling model, eq 1, as schematically shown in Chart 1. as depicted in Figure 3d. The total spin of the six-spin cluster

The energy eigenvalues of eq 1 are

1
Eo

= —20) + J0) + (@)~ —3)(x) = o) (6a)

Ep, = %[J(n) + (o) + J(0)] + A— :—;J(n) (6b)

Ep, = %[J(Jt) +J(0) + J(0)] — A— —%J(n) + 2J(0) (6¢)

A:

V)2 + J0)? + 3(0)? — I7)I(0) — Im)I () — (0)3 ()
(6d)

where the amplitude af (o) is assumed to be equal )
in order to avoid overparametrization:

J(0) — J(0) (7)

The temperature dependencey@fT is calculated by sub-

is S= 0. The central, 2-positioned carbon atom of nitronyl
nitroxide usually has a negative spin density. An intermo-
lecular short contact between the negatively spin-polarized
central carbon atom and the nitroxide oxygen with a large,
positive spin density, such as ©€1n in 2, is expected to
give rise to an intermolecular ferromagnetic interaction.
Examples of the contact between the central carbon and the
nitroxide oxygen contributing to intermolecular ferromagnetic
interactions have been found in other nitronyl nitroxide
crystals®1415|n the molecular packing o2, the O8-Cln
contact is responsible for the ferromagnetic interaction of
2Jo/ks = +32 K. The other contact of 3.147(2) A at ©8
N1n, adjacent to the O8C1n contact, is expected to
contribute to an antiferromagnetic interaction originating
from a direct SOMG-SOMO overlap. If the exchange
interactionJ,, is antiferromagnetic, the total spin of the six-
spin cluster isS = 0 as well. Simulation ofymT vs T
assuming negativéy, values, however, failed to reproduce
the observed temperature dependencg,®f This excludes
the possibility of negativel,,. The weak intramolecular

stituting these energy eigenvalues in eq 4 and the best fitinteractions J(¢) and J(0) act as intercluster magnetic

parameters. = 0.8812 2J(r)/kg = —72 £ 0.5 K, and 2(0)/

interactions in the molecular assemblag@othe suppres-

kg = —0.01+ 0.01 K reproduced the observed values, as sjon of J(¢) andJ'(¢) due to thes-bonds affords the well-
depicted in Figure 5. This result indicates that the magnitude jsolated spin clusters.

of J(o) is much smaller than that d{xr), and ther-conjuga-
tion is efficiently truncated at the-bond bridge ir2 as well
asinl.

The temperature dependence of magnetic susceptipility

for the polycrystalline sample & is shown in Figure 4 in
the ymT vs T plots. TheymT value of 1.1 emu mol K at

Conclusion

We have demonstrated the preparation and full charac-
terization ofp-triNN (1) andm-triNN (2), which possess both
the monoradical and biradical entities united by éhleonds

room temperature is slightly lower than that expected for in the single molecule. From the magnetic susceptibility
three S = %, spins. This indicates the occurrence of measurements and the crystal structure analyses, it has been
antiferromagnetic exchange interactions, which is responsiblefound that the triradicals are assembled to form the molecular
for the decrease i, T upon lowering the temperature. It~ spin clusters in the crystalline solid states. Magnetic cou-
should be noted that thg,T value at low temperatures is  plings between the spin clusters are undetectable for both
lower than that for 1 mol o§= %/, spin, 0.38 emu mol K and2 in the temperature range examined, indicating that the
for g = 2.0. Passing across theg,T value expected for 1 ~ exchange interactions through tlebonds are well-sup-

mol of S = Y, spin on lowering the temperature clearly pressed.

indicates the nonmagnetic (diamagnetic) ground state of the The conceptual advance of the molecular designing for
molecular assemblage 2fin the crystalline solid state. The  theo-bondedr-oligoradicals lies in the fact that inequivalent
six-spin system oR derived from the structural analysis
(Figure 3d) is represented by the spin Hamiltonian

H = —23,,(S1Sp1 + SvvSor) —
2(1)(SorrSp + SorvSpz) — 2355, S,z (8)

(13) The matrix dimension for the spin Hamiltonian eq 8 §s22% = 64
x 64. The matrix was block-diagonalized according to conservation
of thezcomponent of the total spin, giving submatrices with the largest
dimension ofsCs x §Cz = 20 x 20. The reduced dimension of the
submatrix is still large, preventing analytical diagonalization like eq
1 and eq 3. Numerical diagonalization was applied to eq 8.

(14) Omata, J.; Ishida, T.; Hashizume, D.; lwasaki, F.; Nogamindrg.
Chem 2001, 40, 3954.

(15) Panthou, F. L.; Luneau, D.; Laugier, J.; Rey JPAm. Chem. Soc.
1993 115 9095.

(12) The reduced purity of 0.88 is attributed to decomposition during the
preparation of the PVC film by slow evaporation of the £
solution.
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magnetic entities such asbiradicals andr-monoradicals spin ground stat& The formation of the molecular spin
are forced to coexist in a crystalline solid state. In this clusters in1 and 2 gives us the way of developing the
context, the fact enables us to construct exotic spin couplinggeneralized ferrimagnet which needs both the forced cocrys-
systems in a crystalline solid state frarvbondeds-oligo- tallization of inequivalent molecules and retention of the
radicals with multiple magnetic degrees of freedom in a magnetic degrees of freedom. Preparation of athieonded
single molecule. One of the underlying motivations for the triradicals composed of a ground-state singlet biradical and
combination of ground-state singlet biradicals and mono- a monoradical as building blocks for the generalized ferri-
radicals is to develop generalized ferrimagnétiesich have magnets is currently underway.
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