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« Easy synthesis
Design Options? » Large “window” of redox stability
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1) Mediate magnetic coupling between hs metal ions: S;+> 0
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2) Mediate intermolecular interactions — magnetic, conductive, “switchable”
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J. M. Rawson, et al,,
Angew. Chem. Int. Ed., 2003, 42, 4782.
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Preuss, et al., Inorg. Chem. 2021, 60, 11338.
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1,2,3,5-Dithiadiazolyl Neutral Radical

DTDA SOMO

N N-S
a=9
—N N-S

Preuss, et al., J. Am. Chem. Soc. 2004, 126, 9942.
Preuss, et al., Chem. Commun. 2006, 341.

Lone pair on N atoms, like pyridine

No substituents on N & S atoms

Supramolecular contacts...

Structure-directing?
Magnetism?

Conductivity?

Phase transition switching?
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UNIVERSITY

#GUE

CHANGING LIvEs
IMPROVING LIFE

R

1,2,3,5-Dithiadiazolyl Neutral Radical
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Inorg. Chem. 2007, 46, 3934. Chem. Commun. 2010, 6569. -
Polyhedron. 2007, 26, 2047. Inorg. Chem. 2012, 51, 3827. \ / N
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1,2,3,5-Dithiadiazolyl Neutral Radical
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1,2,3,5-Dithiadiazolyl Neutral Radical
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Pair-wise co-facial association of planar 7~radicals

e mc/2e bond
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Pair-wise co-facial association of planar 7~radicals

1,2,3,5-Dithiadiazolyl
(DTDA)

e mc/2e bond

PANCAKE BOND

18
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Pair-wise co-facial association of planar 7~radicals

M SOMO

3.004F
i i3.018

W - mc/2e bond

* Intermolecular distances
shorter than sum of v.d.W.r.

19
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Pair-wise co-facial association of planar 7~radicals

3.004 :
3.018

e mc/2e bond

cis-cofacial o IntermOIGCUIar d|StanceS
shorter than sum of v.d.W.r.

f < 3 Stringent Geometric Requirement 20

trans-cofacial trans-antarafacial

twisted-cofacial
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Pair-wise co-facial association of planar 7~radicals

o—éu
— (>
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LUMO
& 4‘4
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3.0045’5 :
: :.53.018 | DIAMAGNETIC
“pancake bonds”
cis-cofacial or
n—7 dimers
m Pancake Bond Enthalpy
twisted-cofacial ~ 35 kJ/mol

trans-cofacial trans-antarafacial
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1,2,3,5-Dithiadiazolyl
(DTDA)

HOMO

EPR in CH,Cl, @ RT PARAMAGNETIC

In dilute solution,
MONOMERS

2=2.010(6) RT

Preuss, et al., Inorg. Chem. 2007, 46, 3934.
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Pair-wise co-facial association of planf

1,2,3,5-Dithiadiazolyl
(DTDA)

HOMO

DIAMAGNETIC
DIMERS

In dilute solution
LT

Pancake bonds
reformed

Preuss, et al., Inorg. Chem. 2007, 46, 3934.
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R. Clérac, K. Preuss, J. Am. Chem. Soc. 2013, 135, 9596.
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R. Clérac, K. Preuss, J. Am. Chem. Soc. 2013, 135, 9596.
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Preuss, Clérac, Coulon, et al. Chem. Mater.. 2015, DOI: 10.1021/acs.chemmater.5b00967.
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Pair-wise co-facial association of planf

1,2,3,5-Dithiadiazolyl
(DTDA)

HOMO

DIAMAGNETIC
DIMERS

In dilute solution
LT

Pancake bonds
reformed

Preuss, et al., Inorg. Chem. 2007, 46, 3934.
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Sigma-hole type feature & partial charge distribution

o— O—
)
S—S o+ o+
SOMO ESP Surface Charge Distribution
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Sigma-hole type feature & partial charge distribution

b .

SOMO ESP Surface Charge Distribution
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Sigma-hole type feature & partial charge distribution

L+ IOV I

SOMO ESP Surface Charge Distribution
& F
—N
\ C=N Electrostatic Contacts
—N
F F

39

Banister, A. J.; Bricklebank, N.; Lavendar, I.; Rawson, J. M.; Gregory, C. I.; Tanner, B. K.; Clegg, W.; Elsegood, M. R. J.; Palacio, F. Angew. Chem. Int. Ed. Engl. 1996, 35, 2533.
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-6.000e-2 +6.000e-2

40

Mills, M. B.; Wohlhauser, T.; Stein, B.; Verduyn, W. R.; Song, E.; Dechambenoit, P.; Rouzi¢res, M.; Clérac, R.; Preuss, K. E. J. Am. Chem. Soc. 2018, 140, 16904.
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’
HbimDTDA N/>_</N ._ ‘ ’
. N=

H-bonded imidazole chain structure

pancake bonded

41

Mills, M. B.; Wohlhauser, T.; Stein, B.; Verduyn, W. R.; Song, E.; Dechambenoit, P.; Rouzi¢res, M.; Clérac, R.; Preuss, K. E. J. Am. Chem. Soc. 2018, 140, 16904.
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Pancake bonds
&
H-bonds

42

Mills, M. B.; Wohlhauser, T.; Stein, B.; Verduyn, W. R.; Song, E.; Dechambenoit, P.; Rouzi¢res, M.; Clérac, R.; Preuss, K. E. J. Am. Chem. Soc. 2018, 140, 16904.
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< % ;
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N o Vi =g =L 010] 43

Mills, M. B.; Wohlhauser, T.; Stein, B.; Verduyn, W. R.; Song, E.; Dechambenoit, P.; Rouzi¢res, M.; Clérac, R.; Preuss, K. E. J. Am. Chem. Soc. 2018, 140, 16904.
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Mills, M. B.; Wohlhauser, T.; Stein, B.; Verduyn, W. R.; Song, E.; Dechambenoit, P.; Rouzi¢res, M.; Clérac, R.; Preuss, K. E. J. Am. Chem. Soc. 2018, 140, 16904.
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Mills, M. B.; Wohlhauser, T.; Stein, B.; Verduyn, W. R.; Song, E.; Dechambenoit, P.; Rouzi¢res, M.; Clérac, R.; Preuss, K. E. J. Am. Chem. Soc. 2018, 140, 16904.
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46

Mills, M. B.; Wohlhauser, T.; Stein, B.; Verduyn, W. R.; Song, E.; Dechambenoit, P.; Rouzi¢res, M.; Clérac, R.; Preuss, K. E. J. Am. Chem. Soc. 2018, 140, 16904.
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Mills, M. B.; Wohlhauser, T.; Stein, B.; Verduyn, W. R.; Song, E.; Dechambenoit, P.; Rouzieres, M.; Clérac, R.; Preuss, K. E. J. Am. Chem. Soc. 2018, 140, 16904.
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Ferromagnetism in Solid Free Radicals*

HarpEN M. McCONNELL
Departments of Chemistryt and Physics, California Institule of
Technology, Pasadena, California
(Received 5 June 1963)

HE paramagnetic resonance of picrylaminocarbazyl

(PAC) and Wurster’s blue perchlorate (WB) at
very low temperatures (1.5°-4°K) has been studied
by Edelstein and Mandel,! and they have suggested
that these solid free radicals become ferromagnetic at
sufficiently low temperatures. A recent single-crystal
resonance study? of WB indicates that the elementary
electronic excitations in this substance are triplet
excitons, and that the resonance studied by Edelstein
and Mandel in WB is very probably due to an impurity.
However, the work of Edelstein and Mandel still
raises the question of ferromagnetic interaction in
PAC and in solid free radicals in general.

Present experimental evidence’® indicates that the
paramagnetic susceptibilities of most crystalline aro-
matic free radicals approach zero as 7—0, when
allowance is made for the impurity spins that are
almost always present in such crystals. It is reasonable
to assume that this tendency for the spins on adjacent
free radicals in the crystal lattice to be antiparallel
involves an exchange interaction similar to that
appropriate to two weakly interacting hydrogen atoms,
except that the exchange interaction between two
aromatic rings is a many-center problem. If we consider
only two-center exchange integrals, then the exchange
interaction between two aromatic radicals A and B
can be approximated by the Hamiltonian

7CAB = Z JiABSA.S;B (1)
i

where S is the 7-electron spin on Atom i of Molecule

A, and SB is the m-electron spin on Atom j of Molecule

B. Equation (1) can also be written in the form
JeAB= —SA.SBY J AByApB, 2

&

where SA and SP are the total spin operators for A
and B, and pA and p2 are the m-spin densities® on
Atoms i and j of Molecules A and B. The dominant
tendency towards antiparallel spin coupling in solid
free radicals can be ascribed to the facts that the spin
densities p/4 and p;® are usually positive, and the largest
exchange integrals J;AB are negative for aromatic
molecules that are pancaked on top of one another
in crystals.?”?

The purpose of this note is to point out that in
certain aromatic and olefinic free radicals (especially
odd-alternant radicals) there are large positive and
negative atomic m-spin densities, and that it is quite
possible that in special cases these radicals may
pancake on top of one another in the crystal lattice
so that atoms of positive spin density are exchange
coupled most strongly to atoms of negative spin
density in neighboring molecules. This gives a ferro-
magnetic exchange interaction favoring parallel (total)
spin angular momentum on neighboring molecules. The
chemical structure of PAC indicates that there may
indeed be negative spin densities on some atoms in
this substance. It would therefore appear that a
search for ferromagnetic interactions in solid free
radicals might well be directed towards radicals with
large negative spin densities.

* Sponsored by the U. S. Atomic Energy Commission, and the
National Science Foundation.

t Contribution No. 2987.
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H. M. McConnell, J. Chem. Phys. (to be published).
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7In the unlikely event that the nearest-neighbor aromatic free
radicals were oriented so that the rings (and = orbitals) were
perpendicular to one another, then the J;;jAB would be positive,
but very small.
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