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Theoretical design of high-spin organic molecules with
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ABSTRACT: A series of potentially stable high-spin molecules based nephenylene and/ors-triazine
ferromagnetic connectivity coupling units and two-atom three-electron spin centers thioamin#<S)N- and/

or hydrazyl (—N—N<) were computationally investigated as novel magnetic material building blocks, using the
semiempirical AM1-Cl molecular orbital plus configuration interaction (Cl) method. Oligoradicals based on these
structural units were investigated for various both cyclic and linear connectivities in order to determine the effects of
structural variation on the high-spin state preference. Copyfigh®99 John Wiley & Sons, Ltd.

KEYWORDS: high-spin organic molecules; two-atom; three-electron spin centers; magnetic materials

INTRODUCTION mise of these efforts is spurred by successes such as the
solid-state ;-phase of the organic radical 1-cyano-4-
The design and synthesis of organic molecules with very dithiadiazolyl-2,3,5,6-tetrafluorobenzene that has been
high-spin ground states has been and remains a topic otecently discovered to exhibit spontaneous magnetization
great interest™ One rational approach to designing at 36 K
high-spin molecules which has been proposed and In this contribution, we describe computational studies
studied by several group€ consists of conceptually  of a class of potentially stable high-spin multiradicals that
dividing the molecules into two components: a spin- incorporates thioaminyl (—N-S—) and hydrazyl
containing (SC) fragment which provides the unpaired (—N"—N<) SC units connected bgn-phenylene and/
electron and a ferromagnetic coupling (FC) unit which or s-triazine FCs as shown in the schemes. Free radicals
connects radical centers ferromagnetically. containing the two-atom three-electron thioamthghd
Recent interest in design of organic-based magnetichydrazy!® spin centers are exceptionally persistent and
materials has spurred considerable work on the synthesisan in some cases be isolated as pure radical crystals.
and properties of organic open-shell molecules. The Additional requirements for the stabilization of a high-
highest spin states obtained for purely organic systemsspin ground state im-conjugated systems are (i) the
have been reported for systems such as polycarbenes angxistence of partially occupied degenerate or near-
dendridic polyradicals. High-spin polycarbefieave not degenerate molecular orbitals (POMOs) and (ii) strong
been considered feasible as realistic components ofCoulomb electron—electron interaction within the sub-
magnetic materials owing to their high reactivity under space of near degenerate POMOs that prevents spin
non-cryogenic conditions, although recent results suggestpairing and gives rise to preference of the high-spin
some improvements in stability of polycarbenes with state!* Semiempirical quantum methods have been
appropriate substitutioff"Even sterically stabilized all-  found to be effective in identifying electronic ground
hydrocarbon dendritic polyradicals show instability for states of open-shell systems with varying structures,
larger systems, with some loss of exchange coupling connectivities and conformations.
between electron Therefore, the quest for new classes ~ We have applied the semiempirical molecular orbital
of stable multiradicals with high-spin ground state has plus configuration interaction AM1-Cl methdd, to
been strongly pursued. Although painstaking, the pro- assess ground-state spin multiplicities for a series of
putative di- or multiradicals shown in the schemes. Since
the prediction of the absolute singlet-triplet gaps of small
*Correspondence to:P. M. Lahti, Department of Chemistry, Org_an_i? biradicals is seldom feasible ever_‘ by high qua}lity
University of Massachusetts, Amherst, Massachusetts 01003, USA. ab initio methods, we concentrated mainly on relative

tPresent address: Center of Analysis and Testing, Northeast Normaltrends associated with variations of SC. FC and
University, Changchun 130024, China. ’

Contract/grant sponsorNational Science FoundatioGontract/grant connectivity in the series. In additio_n, we describe the
number:CHE-9521954. nature of the exchange coupling in terms of energy
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THEORETICAL DESIGN OF HIGH-SPINORGANIC MOLECULES 55

splitting of POMOsandthe spindensitydistributionsfor
the high-spinstate.

Limited CI treatmentssuch as those used here can
suffer from size extensivity problems, wherein larger
moleculesarenotsocompletelyor preciselydescribedas
smaller moleculesfor the same computationalactive
space. This is a particular problem for ab initio
methodologyHowever asis truefor othersemiempirical
methodsthe AM1 limited Cl methodaswe haveusedit
for open-shellmoleculeshasbeencalibrated?*using
specificactive spacesagainstboth experimentalresults
and ab initio results. The calibrations have included
geometryoptimization, ground-statemultiplicity deter-
minationandthe estimationof lowestground-to-excited
stateenergygapsAE, _,.*?*°The calibrationmolecules
also included systemswith considerableheteroatom
substitution. Without going into extensive detail, we
notethatthe predictivecapabilityof AM1-Cl andclosely
related methodsfor ground-statemultiplicity vis-avis
known experimentalresults (such as dinitroxide radi-
cals®™) hasbeenextremelygood, and that quantitative
comparison®f AE, _y to abinitio resultshavealsobeen
family goodwherethe latter numbersare available'?*—°
Simplevariationsof techniquedid not significantlyalter
the resultspredictedin this study. Normally, it can be
dangerousgo alterthe standardCl active spaceusedin a
semiempiricalmethodthat has already beencalibrated
againstab initio results, since the whole calibration
proceduremight needto be repeatedstill, for a number
of themoleculesexaminedn thepresenstudy,wefound
thatmoderatencreasei theactivespacealid notchange
the computedAE__y in any substantialfashion. This
finding is in accordwith resultsfor othersemiempirical
studiesin which the magnitudeof electroncorrelationis
described as not too strongly affecting qualitative
ground-statemultiplicity for alternant open-shellsys-
tems’? Sincethe resultsdid not vary strongly with ClI
activespacewithin the constraintsf our procedurepnly
results computedby our previously establishedproce-
duresarereported-23—9

As additional calibration, we note that alterationin
connectivitygivesreasonablgualitativeresultswvhenthe
sameAM1-Cl methodologyis used.For example planar
para analogsof the metabiradicalsdescribedn Scheme
1 areall foundto havesingletstatesasonewould predict
by simpleconnectivityarguments? andby theprecedent
of computation¥* on very closelyrelatedbiradicals.

Overall, the AM1-Cl methodologytakesinto account
the major orbital subspacendconfigurationghat deter-
mine ground-statemultiplicity and electronic structure
for open-shelmoleculesjnsofarascalibrationagainstab
initio computationand experimenthas determinedto
date.Extrapolationto larger polyradicalshastheoretical
pitfalls, but is warrantedin the absenceof obviously
illogical results. Still, the discussionof results given
belowshouldbetakenin the spirit of explainingtrendsin
computedpropertiedfor relatedsetsof moleculesrather

CopyrightO 1999JohnWiley & Sons,Ltd.

than implying that one can expect strict quantitative
verificationof any given singlenumber.

METHODOLOGY

The seriesof di- andmultiradicals1-17 wasobtainedby
variation not only of the SC (—N'—S—, —N"—N<;
thioaminyl, hydrazyl)and FC (m-phenylenem-triazine)
units,butalsoof connectivity.Thediradicalmodelsl and
3 form onepair of symmetricakegioisomersandmodels
2 and 4 form a secondpair; both pairs utilize the m-
phenylend=C unit. Analogouspairsof s-triazinecoupled
systemsare5 and7 plus6 and8. Extendedsersionsof the
m-phenylene linked systemswere studied as linear
oligomers (9 and 10, n=1-4) and cyclic oligomers
(1213, n=1-4) as shown in the schemesWe used
SpartanWavefunctionyersion4.1)runningona Silicon
Graphicsworkstationto assembleand pre-optimizethe
molecules using the AM1 semiempirical all-valence
electron Hamiltoniart® with unrestrictedHartree—Fock
(UHF) wavefunctions.

For the diradicals,final geometryoptimizationswere
performedwith AM1 multielectronconfigurationinter-
action wavefunctions(MECI) using C,, (1-4) and Cg
(5-6; n=1) symmetryconstraintslinearmultiradicals(5
and6, n = 2—4)wereunderCs symmetryconstraintsThe
cyclic multiradicals (7 and 8, n=2-4) were optimized
with planar constraintsfor the sake of simplicity in
evaluatingthe connectivity effectsin thesesystemsAll
MECI optimizationswere done using MOPAC93* As
reference SCF wavefunction, a restricted open-shell
Hartree—FocKRHF) determinantvith singleoccupancy
of all near-degeneratsPOMOs was used. The CI
subspacespanned121 configurations possessingthe
lowest energywithin six frontier MOs. In addition, we
alsocomputedhespindensitydistributionobtainedrom
the UHF high-spinground-statavavefunctionat the Cl
equilibriumgeometry UHF wavefunctiondypically give
spin densitymagnitudeshat are too large and proneto
spin contaminatiorby statesof higherspin multiplicity,
but remainusefulto demonstratejualitative effects of
spin polarizationin similar molecules.

RESULTS AND DISCUSSION

Variouscomputedoropertiesaregivenin Tables1-4:(1)
the ground-statespin multiplicity for the bi- and multi-
radicals including the calculated energy gap AE, _4
betweenthe state of highest spin multiplicity and the
nextlowestlying state(AE, _y; > 0 correspond$o a high-
spin groundstate);(2) the splitting of the POMO levels
AEpomoin thereferenceSCFwavefunction(3) selected
spin densitieson eachatom of the SC and on positions
alternantto the SC (C-2 or N-2 of m-phenyleneor
mtriazine moiety, respectively,shownin structurel).

J. Phys.Org. Chem.12, 53-60(1999)
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Table 1. Stability of triplet ground state (A£,_y), POMO splitting (AEpomo) and spin densities on the hypovalent atom (pN), on the normally valent atom (oNH/S) of the SC and
on the 2-position of the FC (pC-2 or N-2) for diradical systems (n=1)

Ph—X—N—Ar—N"—X—Ph

Ph—N—X—Ar—X—N "—Ph

Ph—N—X—Ar—N "—X—Ph

Ar = C6H4 Ar = C3N3H Ar = C6H4 Ar = C3N3H Ar = C6H4 Ar = C3N3H Ar = C6H4 Ar = C3N3H
X=S X=NH X=S X=NH X=S X=NH X=S X=NH X=S X =NH X=S X=NH

Parameter 1 2 3 4 5 6 7 8 9a® 10d 112 12

AE__y (eV) 0.39 0.51 0.13 0.25 0.02 0.07 0.01 0.05 0.09 0.16 0.03 0.11

AEpomo (V) 0.24 0.32 0.39 0.45 0.005 0.02 0.08 0.12 0.22 0.24 0.63 0.41

pX" (N, S) 0.55 0.59 0.41 0.59 0.56 0.59 0.52 0.66 —S—PhN— 0.55 —HNPhN— 0.59 —S—ArN'— 0.60 —HN—ArN'— 0.52
PhN— 0.55 PhN— 0.59 ArN'— 0.70 ArN'— 0.68

pNH/S 0.27 0.19 0.47 0.19 0.28 0.19 0.30 0.12 Ph—5—0.26 Ph—NH 0.20 Ph—50.28 Ph—NH 0.32

—Ar—S—0.26 —Ar—NH—0.19 —Ar—S—0.09 —Ar—NH—0.10
pC-Z/N-Z) 0.67 0.68 0.42 0.21 0.46 0.49 0.46 0.18 0.58 0.60 0.35 0.32

2 For theseasymmetrichiradicals,the table showsthe resultsfor boththe externallydelocalized(Ph—X —) andcentrally delocalized—Ar—X '—Ph) spin sites.
® For all biradicals,this site is at the 2-positionof the central, metasubstituteding.
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Table 2. Stability of quartet ground state (AE_y), POMO
splitting (A Epomo) and spin densities on the hypovalent atom
(pN), the normally valent atom (pNH/S) of the SC, and on the
2-position of the FC (pC-2 or N-2) (n=2)

Parameter 9p 10b 13a 14a 15 16a 17a

AE_y(eV) 0.05 0.09 0.21 0.29 0.25 0.12 0.21
AEpomo(eV) 0.35 0.38 0.04 0.007 0.05 0.23 0.31
pN’ -2 -% 047 053 055 0.32 051
pNH/S -8 % 039 0.23 0.21 0.57 0.27
pC-2/N-2 -2 -% 057 059 0.60 0.35 0.40

& Spindensitieson monomerunits variableowing to non-symmetryof
linearoligomer.

Table 3. Stability of quartet ground state (A£_), POMO
splitting (A Epomo) and spin densities on the hypovalent atom
(pN), the normally valent atom (pNH/S) of the SC, and on the
2-position of the FC (pC-2 or N-2) (n=3)

Parameter 9c 10c 13b 14b 16b 17b

AE (V) 0.03 0.05 0.10 0.13 0.09 0.10
AEpomo(€V) 042 044 0.15 0.36 033 0.63
oN’ A 2 050 058 0.32 056
oNH/S a2 033 021 055 0.25
pC-2IN-2 -2 2 056 060 034 0.39

& Spindensitieson monomerunitsvariableowing to non-symmetryof
linearoligomer.

Table 4. Stability of quartet ground state (AE_y), POMO
splitting (A Eponmo) and spin densities on the hypovalent atom
(pN), the normally valent atom (pNH/S) of the SC, and on the
2-position of the FC (pC-2 or N-2) (n=4)

Parameter 9b 10c 13b 14b 16b 17b

AE,_y (eV) 0.02 0.083 0.08 0.11 0.05 0.07
AEpomo(eV) 046 049 011 0.32 0.38 0.56
pN’ -4 -8 055 0.58 043 0.58
pNH/S -2 -4 029 021 045 0.24
pC-2/N-2 -4 -2 056 0.59 0.35 0.38

& Spindensitieson monomerunits variableowing to non-symmetryof
linear oligomer.

For the sakeof simplicity, we list only the spin densities
for theSCsandp(C-2 or N-2), sincewe foundtheseto be
the major sitesof positive spindensity. Thesevariations
in spin density can be correlatedwith the variation of
AE, 1,126 and the combination of the two results
revealsusefultrendsaboutthedegreeof preferencef the
high spinstateasa function of structuralvariation.From
Tables 1-4 it can be seen that all the molecules
investigated here are predicted to possesshigh-spin
groundstateswith AEpopmo < 0.63eV.

For the variousthioaminyl (1 and 2) or hydrazyl (3
and4) SCs,the spindensitieson thetwo atomsof the SC
have the samesign, but with considerablylarger spin
densitieson the hypovalentnitrogenatomsthan on the
—S—or—N< atom(seeTablel), regardlessf different

Copyright0 1999JohnWiley & Sons,Ltd.

(P b)) = EpE iy

defect decouples chain fragments

perfect linear FM coupled chain

perfect cyclic FM coupled system defect does not decouple chain

Scheme 2

connectivity patterns.The normally valentatomsthere-
fore tend to insulate the spin-bearinghypovalentsites
from delocalizationThechoiceof connectivityof the FC
to the hypovalentor the normally valentatomof the SC
stronglyaffectsthe spindensityp(C-2 or N-2) of the FC
unit, which is a useful measureof the degreeof spin
delocalizationfrom the SC on to the FC. When the
hypovalentspin densitysitesaredirectly attachedo the
FC, the high-spin stateis considerablymore favorable
thanthe casesvhenneitherhypovalentsite is connected
to the FC 22N

The diradicalscan be rankedin order of decreasing
AE,_ as1>9a>5 and 2> 10a> 6 (Table 1). The
decreasindnigh spin preferencenith —X—N"—Aryl—
N'—X— > —X—N"—Aryl—X—N "— > —N'—X—
Aryl—X—N "— connectivity is not just an effect of
distanceasthe hypovalentspin-bearingsiteson the SCs
become further apart, but is also due to the spin-
insulating effects of the normally valent atomsin the
SCs. Becausespin density does not delocalize well
throughthe —S—and—N< sitesin the SCs,lessspin
densityis delocalizedon to the FCsin 9a and 10a, and
evenlessin 5and6, resultingin adecreasind\E, _y. This
computationalresult is supportedby the experimental
finding that thioaminyl-baseddiradicals with the con-
nectivity of 5 (—N"—S—Aryl—S—N"—) do not show
triplet behavior>®

AEpomo decreasedn the seriesl-2 > 9a-10a> 56
(Table 1). It may seemparadoxicalthat the high-spin
preferencen this seriesgrows smalleras the energetic
splitting of the frontier orbitals decreasedHdowever,the
decreast AEponmois aneffectof increasednsulationof
theSCsfrom oneanotherdueto theplacemenbf thespin
isolating —S— and —NH— moieties:it is not due to
symmetry-imposedeffects. As a result, the increasing
orbital degeneracyeflectsincreasingisolation of non-
interactingspin orbitals, suchthat systemsb and 6 are
essentiallynon-interactingbiradical systems.Nominal
orbital degeneracyn asystenis notsufficientto yield an
energeticallyfavorablehigh-spinstate whenaneffective

J. Phys.Org. Chem.12, 53-60(1999)
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mechanism for exchange between electrons is not
available.

The s-triazine FC units give FM coupledbehaviorfor
diradicals3, 4,7, 8, 11 and12. In all casesthe coupling
AE, _y is smallerthanthatcomputedor the connectivity
analogousn-phenylenecoupleddiradicals.As in the m-
phenylenecoupled analogs,the magnitude of AE,
decreaseswvith increasingdistancebetweenthe hypova-
lent nitrogencentersfollowing theorder3 > 11> 7 and
4>12>8 for the thioaminyl and hydrazyl SCs,
respectively. In the subsequentwork on oligomeric
specieswe choseto study only the m-phenyleneinear
oligomers becaus®f thelower exchangeefficacyof the
striazineunits. However,we did studycyclic oligomers
incorporatings-triazine FCs, becauseof their potential
ability to form chelatedor hydrogen-bondedolid-state
arrays.

Thestability of high-spingroundstategAE, _y) for the
linearandcyclic tri-, tetra-andoentaradicalshowsimilar
trendsto the diradicalsasfunctionsof connectivityand
SC. All oligomerswere formulated using regioregular
head-to-tail—Aryl—N ‘'—X—Aryl—N '—X connectiv-
ities, in orderto avoid the spin-insulatingeffects noted
above for the —N"—X—Aryl—X—N "—connectivity.
There is some decreasein high-spin preferenceas
oligomersizeincreasesbut it is not clearhow much of
this trendis dueto the inherentuncertaintief usinga
limited active spacefor the configuration interaction
calculationst?®©

For practical reasons,the cyclic oligoradicals are
particularly worthy targets. Rajcd® noted that cyclic
oligoradicalsare more tolerantof SC defectsthan are
linear oligoradicals when the SCs are part of the
conjugatedsystemratherthanbeing pendant As shown
in Scheme? thecyclic casesllow multiple pathwaysor
electron exchangethroughout the molecule, whereas
linear oligoradicalsare brokeninto small spin domains
by SC defects.In our computationsthe cyclic oligo-
radicals were found to have larger AE_ than the
correspondinglinear forms for the lower degree of
polymerization.Multiple factorscould contributeto this
effect. For linear oligoradicals,spin populationtendsto

CopyrightO 1999JohnWiley & Sons,Ltd.

concentrateon the terminal units, segregatingspin
density and leadingto a smaller AE, _y. This effect is

reducedby anincreasdn the degreeof oligomerization,
which leadsto a more evenspin densitydistributionin

the centerof a linear chainresemblingthat of the cyclic

systemsThe cyclic systemactslike a linear systemof

infinite length,solong asthe cyclic connectivityis non-
disjoint andregioregularin a head-to-tailfashion.Also,

thecyclic oligomerstendto possessmallerAEpomothan
correspondindinear oligomers,in part owing to their
higher symmetry. Deplanarizationof the cyclic oligo-

radicalscould affectthesetrendsin real systemshut the
qualitativetrendsarereasonableandfurther point to the
cyclic systemsasdesirablesynthetictargets.

An interestingandimportantquestiorfor the designof
practical ferromagneticsystemsconcernswhether the
natureandmagnitudeof exchangecouplingin the oligo-
radicalsis comparableo thosein thediradicalmodels.n
consideringthe trendsfor both the linear systems9 and
10 andcyclic oligoradicals13-17, thereis a substantial
dropin AE, _ on goingfrom the diradicalto the higher
spin systemsAE, _; decreasess the degreeof oligo-
merizationincreasesbput the decreasds small in com-
parisonwith thaton goingfrom thediradicalto triradical.
A similar trendwasfoundin our original study"*° of the
AM1-Cl method as applied to diradicals and oligo-
radicals,andalsoby Li etal.*® in a completelyseparate
semiempirical study of di- and oligoradical systems.
Given the variation of the magnitudesof high-spinto
low-spinenergygapasafunctionof structure thetrends
in both studies are unlikely to be due solely to
methodologicalartifacts. Qualitatively, these and the
previousresultsshowthat diradical modelsare likely to
be goodqualitativemodelsfor the exchangecouplingin
oligoradicalsof similar geometry put thatthe magnitude
of exchangein the diradical may overestimatethe
analogousaverageexchangeetweenany two unitsin a
larger,relatedpolyradical.

Forall of the systemsstudied,if thetwo-atomSCsare
consideredas a single unit (sinceboth atomshave spin
densityof the samesign), a spin densitywaveis formed
in the oligomeric systems.A spin density wave with
appropriateconnectivity and geometryto avoid spin
mismatchegp.,—p., spininteractionsof the samesign)is
expectedto exhibit a high-spin ground state for all
oligomers,asobservedn thesecalculationgSchemes).
Suchspin-densityvavemodelsareknownto bein accord
with the experimentalexchangebehaviorobservedfor
high spin molecules:®

In comparingoverall trends,the hydrazyl SC qualita-
tively delocalizesmore spin densityon to m-phenylene
FCunitsthandoesthethioaminyl SC.Interestingly when
the s-triazine FC is used,the thioaminyl SCis predicted
to undergoconsiderablespin density perturbation,with
anincreasen unpairedspinuponthedivalentsulfuratom
attributableto agreatercontributionof the—"N—S *—
resonancestructure. The heteroatom substitution in

J. Phys.Org. Chem.12, 53—60(1999)
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striazinethusaffectsthe spin densitypopulationon the

SC. Although an analogouseffectis nominally possible
for thehydrazylradicaldueto resonancadmixtureof the

— N—N""< structure,the computationssuggestthat
this doesnot occurto a significantextent. This resultis

consistentvith the betterability of divalentsulfurto bear
aradicalcationsitein — N—S "— thanthatof trivalent
nitrogenin — N—N"" <.

In an effort to modela hydrazyl-basedystemthat is
synthetically more realistic, although computationally
morecomplex,thanthoselacking stericstabilization,we
investigated system 15 with N-phenyl substitution
analogoudo that of known stableradicalssuchas N,N-
diphenylpicrylhydrayl. As shownin Table 2, the useof
N-phenylhydrayl instead of the simple hydrazyl SC
perturbsthe degeneracyf POMOs,suchthat 15 hasa
slightly larger AEpomo @and a smaller preferencefor a
quartet ground state than is found for analogousbut
sterically simpler system 14a. Still, 15 has a sizable
predictedAE, _, of 0.25eV, suggestinghis systento be
a goodsynthetictarget.

In principle, the degreeof oligomerizationmight be
further increasedwhile still maintaining a high-spin
groundstatefor both the cyclic and linear oligoradical
systemsstudied here. For example,Patel et al.*® have
beeninvestigatingiquid crystallineoligoradicalsystems
basedon the thioaminyl SC unit. They havealsoshown
computationally that thioaminyl radicals should be
attractive syntheticbuilding blocks for molecularmag-
netic materials.If problemswith oligomerizationof the
radical sitescan be overcomein thesesystemssystems
containing the hydrazyl and thiaminyl radicals could
serveasusefulbuilding blocksfor magneticmaterials.

CONCLUSION

Stabletwo-atomthree-electronSCs such as thioaminyl

and hydrazyl should be useful building blocks in the

designof high-spin moleculessuch as thosedescribed
above Fordiradicalsconstructedisingm-phenylend-Cs

andtheseSCs,therelativetriplet stabilizationversusthe

singletdecreasewith anincreasef thedistancebetween
two hypovalentspin centerscarrying the largest spin

density, especiallywhen more of the normal valence
—S— and —NH— units are interposedbetweenthe

hypovalentspin-bearingsites. Use of the hydrazyl SC

favorsmorespindensitydelocalizatiorfrom the SConto

the 2-positionin the FC ring, in comparisonwith the

thioaminyl SC,leadingto greaterhigh-spinground-state
preferencavhenhydrazylis used.This differencewould

probably be decreasedin the experimentally more

realistic N-phenylhydrazykystems.

All of the cyclic oligoradicals describedhere are
predictedto be good candidatedor stablemultiradicals
with robust high-spin ground states. The high-spin
preferencein the cyclic casesappearssufficient not to

Copyright0 1999JohnWiley & Sons,Ltd.

be overcomeby effectsof deplanarizationln addition,
the cyclic oligoradicalshavea greatermpreferencdor the
high-spin ground state than linear oligoradicals of

correspondindength,althoughthe preferences reduced
as the degreeof oligomerizationincreasesFor all the
systemsnvestigated the magnitudeand sign of AE, _y

correlatewith variation of spin densityon the FC, such
thatthelargesthigh spinpreferencesrefoundwhenspin

densityis mostdelocalizedrom the SCsonto thelinking

FCs.Overall, stablehigh-spinmoleculesbhasedon these
SCsshouldbe attractivetargetsas part of the designof

magneticmaterials.
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