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Spiro-biphenalenyl neutral radical organic materials exhibit

bistability in three physical channels: optical, electrical, and
magnetict Conductivities change surprisingly by 2 orders of

magnitude for the ethyll)- and butyl @)-substituted material at e e —
the phase transition, the temperature of which depends on the 15-8 /-—5-——‘-’--_
substituentd.The spiroconjugated neutral radicals are challenging Di. el 9
theoretically because the two kindssofr splittings, the intramo- T a
lecular spiroconjugation and the intermoleculass stacking ’;’ “-_"‘.::‘
interactions® lead to a subtle high-spin (HS) low-spin (LS) / -1
competition. Dimerization is present hand 2 but not in 3,124 { Eg1 Ega
leading to various intermolecular—z splittings. Dimerization, an \ a
accompanying spin crossover, and a change in the energyegap ( \\ _..._._.91_.:::'__'
due to change in occupancy are the central subjects of this work. \-——-:::h a, Eg2 _ i Eg3
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Figure 1. Band structure development of spiro-biphenalenyl neutral radical

: organic solid from the orbitals of the half monomer. Boron atomsdre
In Figure 1, we show the development of the energy bands from at the center of spiroconjugation. Substituents are omitted; the top view of

the half monomer of the spiroconjugated mqlecule. We focus iny the dimer orbitals shows (for side view, see Supporting Information) the
on the orbitals shown, because the other orbitals are lower or higherz—x overlap with a small offset for clarity for the first and the fourth dimer
than these orbitals by at least 1 @8piroconjugation at the central  levels. The second dimer orbital is similar to the fourth one, and the third
boron atom leads to an intramolecutar energy level splitting is similar todthe first one, except fgr the sp(i;oco?]jugation interactifg.

. . ’ , Egz, an are ener aps discussed in the text.
Eg, in the order of 0.5 eV. In the case of a neutral radical, the Eq. Ega) andEgs gy gap

lower level is the singly occupied molecular orbital, SO¥Opon 025 = LDA 350
dimer formation, these two monomer levels split into four levels 02 " . * PW91PWO1

. . . . ) B3LYP
because oft—s intermolecular interactions. In the figure, the-z o5 . e relationship | * 300

overlap is shown for the first and the fourth dimer levels. It appears

that this packing has the largest number of overlaps between the s °° . ’__: 250’\
larger lobes. The energy level splittings are sensitive to the 5 005 e e _200§
separationd,®> between the two overlapping phenalenyl rings in ;': o s . 4 g
the dimer. According to our DFT calculations, this splittirigy,, ‘g 00531 3.15 3.2 325 33 3.35 34150§
is ca. 0.14 eV for the high-temperature polymorph and is ca. 0.2 £ 2
eV for the low-temperature polymorph. For the dimer, the two Hooa X 100
unpaired electrons coming from the two SOMOs occupy the lowest -0.15 L.

dimer orbital, leading to intermolecular covalent-type bonding, 02 . . %0
which is partially responsible for the closer separation than the sum 025 * 0

of the van der Waals radii. At higher temperatures, the next dimer ’ a

Qrbltal becomes therma”}’ populated, reducing t.he effect of the Figure 2. Spin state preference of the dimerlofalculated at three different
intermolecular z—x bonding. As a result, the intermolecular  theoretical levels as discussed in the text. Dimer geometries are taken from
separation increases up to the van der Waals value. ¢Ftem- crystal structures; the temperatures at which the four intermolecular
perature relationship is shown in Figure 2.) separations were obtairfedre indicated on the right axis.

In the unit cell, there are two sets of dimers, further splitting the
four dimer MOs into eight bands, leading to two filled bands and ~ We first performed total energy calculations for the dimer at
six empty ones in the LS state case. Becdtisés sensitive to the several levels of theory with the 6-31G* basis 5&fThe results
intermolecular separation, it is possible that the spin state preferenceare shown in Figure 2 at four different intermolecular separations
for the dimer is HS for the high-temperature polymorph, while it corresponding to the four temperatures at which structures are
is LS for the low-temperature one. When this idea is applied to available. Local density approximation (LD?and 1991 Perdew
solid state, the question becomes whether the observed gapwang functionals (PW91PW9®)predict LS singlet states for all
corresponds tdegs (LS) or Egs (HS). of the four structures. Becke's three parameter hybrid functional
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Figure 3. (@) Band structure and (b) density of states (DOS) of the 173 K

structure ofL.16:17Dashed horizontal bars at thgpoint correspond to energy
levels from the solid-state calculation for the 100 K structure.

1.2

with Lee—Yang—Parr correlation functional (B3LYP) predicts

HS triplet states for the two high-temperature structures and LS
singlet states for the two low-temperature structures. B3LYP has
been widely used for predicting spin state preferences of molecules,
yielding good agreement with post-HF correlation calculations and

with experimentd?~14 HF often overestimates the relative stability

of HS states#15LDA and PW91PW91 probably underestimate the

the phase transition (between 125 and 145 K) is approximately
2 orders of magnitude according to the approximation=

no exp(—Ey/2kT). The change of conductivity at the phase transition
of 22 can be also qualitatively understood on the basis of our
calculations presented herein. This phenomenon is abseBtfor
because there is no spin crossover for this Meétubbard-like
insulator as reflected in the absence of dimer formation.

In summary, we have shown that for the spiro-biphenalenyl
neutral radical organic conductors, a different band becomes the
conduction band due to a spin crossover at the phase transition.
The energy gapH) increases from 0.12 eV of the low-temperature
polymorph to 0.23 eV of the high-temperature polymorph because
it corresponds to a different occupancy causing a change in the
number of available charge carriers, explaining the change of
conductivity by 2 orders of magnitude. Other properties are also
consistent with this interpretation.
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