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Abstract: Four difluorenoheteroles having a central
quinoidal core with the heteroring varying as furan,
thiophene, its dioxide derivative and pyrrole have shown
to be medium character diradicals. Solid-state structures,
optical, photophysical, magnetic, and electrochemical
properties have been discussed in terms of diradical
character, variation of aromatic character and captoda-
tive effects (electron affinity). Organic field-effect tran-
sistors (OFETs) have been prepared, showing balanced
hole and electron mobilities of the order of
10� 3 cm2V� 1 s� 1 or ambipolar charge transport which is
first inferred from their redox amphoterism. Quantum
chemical calculations show that the electrical behavior is
originated from the medium diradical character which
produces similar reorganization energies for hole and
electron transports. The vision of a diradical as simulta-
neously bearing pseudo-hole and pseudo-electron de-
fects might justify the reduced values of reorganization
energies for both regimes. Structure-function relation-
ships between diradical and ambipolar electrical behav-
ior are revealed.

Introduction

The use of organic π-conjugated molecules as semiconduct-
ing materials in p–n ambipolar organic field effect transistors
(OFETs) with balanced mobilities is a major target in
organic electronics pursuing their implementation in com-
plementary electrical circuits.[1–4] Closed-shell small-size
organic molecules showing ambipolar charge transport
encompass phthalocyanines,[5] indigo and diketopyrrolopyr-
role derivatives,[6] antiaromatic[7] and fullerenes[8] com-
pounds, acene[9] and cyano substituted oligothiophenes.[10]

As for open-shell diradical molecules with ambipolar trans-
port is concerned, we have reported a diindenoanthracene
diradical molecule[11] embedding a central quinoidal anthra-
cenyl unit (DIAn, Figure 1) that displayed p–n balanced
mobilities of �10� 3 cm2V� 1 s� 1 for the two regimes of trans-
port. A similar hydrocarbon diradicaloid anti-HDIP[12] in
Figure 1 has also shown ambipolar transport, but with
unbalanced behavior. Other examples of diradical OFETs
based on benzoquinoidal cores are zethrene[13] (1) and
diindenoperylene[14] in Figure 1 which only showed unipolar
conduction. Non-quinoidal polycyclic benzenoid diradicals
with ambipolar behavior include, for instance, peri-
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pentacenopentacene[15] (Figure 1); whereas quinoidal motifs
based on thiophene, such as Q3 in Figure 1, have also
enabled ambipolar transport with p–n mobilities of
�10� 4 cm2V� 1 s� 1.[16,17] It turns out that DIAn, peri-pentace-
nopentacene and anti-HDIP share to have medium diradical
character thus posing the question whether diradical charac-
ter is mandatory to produce ambipolar and balanced trans-
port in these systems?

Charge transport in organic semiconductors is a physical
response to external electric fields that depends on intra-
molecular and intermolecular factors.[18,19] Intermolecular
effects in the organic semiconducting layer (electronic
couplings, V) and metal–organic (orbital energy alignment
with the electrode Fermi energy level, EOM-F) and semi-
conductor–dielectric interfaces are optimized by post-prepa-
ration material processing, thus part of the focus of pre-
designing new molecular candidates is on the basis of
enhancing intramolecular properties, such as intramolecular
reorganization energy, λ. For instance, pentacene displays an
outstanding semiconductor behavior given the fine balance
between V, EOM-F and λ, but it is the small reorganization
energy for hole exchange, λhole, that stands out in terms of
tailoring intramolecular properties.[20] Pentacene bears
mostly a closed-shell structure with very incipient diradical
character; indeed, longer acenes develop larger diradical
character and chemical instability preventing further
analysis.[21] Here, the hypothesis is that medium diradical
character imparts a degree of electron confinement (i.e.,
electron unpairing) that gives rise to the simultaneous
generation of similar pseudo-hole and pseudo-electron like-
particles on its frontier orbital electrons upon which further
charge extraction/addition only produces small structural
changes and reduced reorganization energies in similar
degree for holes and electrons. In the two diradical

extremes, less suitable conditions for ambipolar responses
are attained given that large diradical character might
restrict charge internal delocalization (strong confinement),
whereas strong pairing (closed-shell) generates large struc-
tural reorganization upon charging.

Diradicals or diradicaloids are characterized by partially
unpaired frontier electrons due to configurational mixing.
One of the ways to attain diradicaloids is departing from
quinoidal structures which might eventually undergo bond
scission by aromatic stabilization such as shown in Figure 1.
The diradical extent is measured by the so-called diradical
character,[22] y0, a theoretical index where y0=0 for closed-
shell molecules and y0=1 for pure diradicals. Accordingly,
we have: DIAn, y0=0.62; peri-pentacenopentace, y0=0.64;
anti-HDIP, y0=0.57; and zethrene 1, y0=0.11. These values
qualitatively pose connections between moderate-medium y0
and ambipolar electrical behavior. Nonetheless, the interest
on diradical molecules is broader than that focused in
electrical transport and other applications have been probed
such as in non-linear optics,[23] in singlet exciton fission[24] in
photonics, in spintronics,[25] in thermopower devices,[26] etc.

We present here the study of benzoquinoidal polycyclic
conjugated molecules with medium diradical character in
which, additionally, systematic changes of their molecular
structures are introduced with the finality of establishing
patterns of structure–property relationships. These are four
difluorenoheterole compounds (Figure 1) based on furan,
pyrrole, thiophene and thiophene dioxide with identical
chemical structures except for the mentioned heteroatom
five-membered rings which are embedded in a central
fluorene with quinoidal structure. Such as in other medium
diradicals, we found out ambipolar electrical behavior in all
these molecules with different degrees of p–n balanced
transport. The novelty of the present work is the elucidation
of the connection between moderate/medium diradical
character and ambipolar charge transport by means of the
pivotal role of the small reorganization energies produced
by such medium y0 ’s which, furthermore, are similar for
holes and electrons thus fueling equivalent p- and n-type
transport. Difluorenoheteroles disclose medium diradical
characters by an amalgam of electronic affinity, captodative
effect and aromatic stabilization.

Results and Discussion

The synthesis of DFTh and DFPy is described in Scheme 1,
while the synthesis of DFFu has been recently reported by
us.[27]

Direct lithiation of dibenzothiophene (1) at the 4- and 6-
positions using n-BuLi in the presence of N,N,N’,N’-
tetramethylethylenediamine (TMEDA), followed by treat-
ment with diiodoethane afforded iodide 2. A Pd-catalyzed
Suzuki–Miyaura coupling of 2 with 2-formylphenylboronic
acid provided aldehyde 4. The nucleophilic addition of
mesitylmagnesium bromide (MesMgBr) to 4 gave the
secondary alcohol, which was subjected to a Friedel–Crafts
cyclization by BF3·Et2O to afford 6. Dehydrogenation of 6
with 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ) pro-

Figure 1. Quinoidal and diradical molecules implemented in OFETs
and ambipolar OFETs together with the four difluorenoheterole
compounds in this work. Bottom: resonant forms stabilizing the
diradical structure: aromatic (red) and captodative (purple) forms.
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vided the desired DFTh. Oxidation of DFTh with MCPB
acid produces DFThSO2. In similar procedures, DFPy was
synthesized from 1,8-dibromocarbazole (3) in four steps.
Additional synthetic details are in Scheme S1 together with
detailed chemical characterization in Supporting Informa-
tion.

Crystal structures of all the compounds were solved (X-
ray data in Figures S1–S4).[28] A common structural feature
of all these difluorenoheteroles is the almost planar disposi-
tion of the fused rings with the mesityl rings pointing out
perpendicularly to the main molecular plane. The CC bonds
exocyclic to the innermost biphenyls (Figures S1–S4) that
connect to the apical carbons are larger for DFTh
(1.3940 Å) and DFFu (1.3938 Å) in agreement with their
larger diradical characters (see discussion below). DFThSO2

conversely shows the shorter distance of this CC bond
(1.3841–1.3756 Å) in Figure S4) and the largest diradical
character in contraposition to DFTh and DFFu. DFTh forms
dimers in the crystal in a head-to-tail manner with CC
distances of 3.52 Å, further assembled in a zigzag array by
CH–π interactions with distances of 2.86–2.99 Å. DFFu
affords a π-stacked column in a head-to-head and slipped
arrangement with distances of 3.39–3.48 Å. All difluoreno-
heteroles display analogue intermolecular arrangements
forming specific π-dimer subunits that are very favourable
for charge transport (see last section).

NICS scan values[29] have been calculated and repre-
sented in Figure 2, while the diradical character values, y0,
summarized for the four molecules are in Table 1. The
central five-member heterorings disclose the largest aro-
matic character for DFTh in agreement with the larger y0
compared to DFFu and DFPy revealing a dominant
aromatic driving force for the formation of the open-shell
structures. DFThSO2 shows, however, a completely different
trend in the central heteroring which is less aromatic than in

any of the parent systems and, conversely, discloses the
largest y0. It can be argued that the internal benzenes gain
larger aromaticity in DFThSO2 what would explain the
largest y0 but this is insufficient to give account of the
reduction of the distances in DFThSO2 for the biphenyl
exocyclic C� C bonds.

The diradical indexes, y0, of these compounds in Table 1
have been estimated from quantum chemical calculations
(Tables S1 and S2 computational details in Supporting
Information) showing medium values varying as 0.541!
0.555!0.570!0.591 on DFPy!DFFu!DFTh!DFThSO2.
Such as mentioned, only considering the aromatic character
of the five-membered heterocycles, which increases as
thiophene-SO2< furan<pyrrole< thiophene, the largest y0
would correspond to DFTh instead of to DFThSO2. If
electron affinity, which increases as S<N<O<SO2, of the
three individual heteroatoms is considered together with the
aromatic characters of the heterorings, their joint action
qualitatively reproduces the changes of y0 in the difluoreno-
heteroles. Thiophene with the largest aromatic character
would display a large y0 followed by furan with the largest
captodative effect. The increase of the electron affinity of
the sulfur in DFThSO2 produces a substantial increase of y0

Scheme 1. Synthesis of the studied compounds. Reagents and con-
ditions: a) i) n-BuLi, TMEDA, hexane, 60 °C. ii) CH2ICH2I, rt. b) 2-
formylphenylboronic acid, Pd2(dba)3·CHCl3, [(tBu)3PH][BF4], Cs2CO3,
THF/H2O, 70 °C. c) 2-formylphenylboronic acid, Pd(OAc)2, SPhos,
K3PO4, toluene/H2O, 80 °C. d) MesMgBr, THF, rt. e) BF3·Et2O, CH2Cl2,
rt. f) DDQ, toluene, 90 °C.

Figure 2. For the four compounds according to the following color
codes: DFTh (red), DFFu (blue), DFPy (yellow) and DFThSO2 (green):
A) NICS(1) scan values. B) Electronic absorption spectra in CH2Cl2 at
room temperature. C) 1H NMR spectra in p-xylene-d10 as a function of
the temperature in K for DFTh. D) SQUID data in the heating and
cooling processes together with the Bleany–Bowers adjusts. The insert
is a zoom of the SQUID curve to distinguish between the adjustments
(dotted black), heating (circles) and cooling (triangles) curves.

Table 1: Redox potentials (in V vs. Fc/Fc+ from cyclic voltammetry),
hole and electron mobilities from OFET measurements (in cm2V� 1 s� 1)
in vacuum, magnetic singlet–triplet gaps (ΔEST) from SQUID (in
kcalmol� 1) and y0 from PUHF calculations.

Eox Ered Ee-gap μh μe ΔEST y0

DFPy 0.17 � 1.31 1.48 2×10� 3 8×10� 4 � 5.0 0.541
DFFu 0.32 � 1.17 1.49 1×10� 3 9×10� 4 � 4.9 0.555
DFTh 0.31 � 1.14 1.45 1×10� 3 6×10� 4 � 4.3 0.570
DFThSO2 0.44 � 0.99 1.43 2×10� 4 3×10� 4 � 3.3 0.591
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by captodative effect compensating the lack of aromaticity
gaining in its five-member ring. This connection of the
stabilization of the diradical state with the electronic affinity
might reveal an underlying mechanism of radical stabiliza-
tion by captodative[30] effects in which a donor (D) and an
acceptor (A) stabilize the radical placed in between. In
Figure 1 we assign the role of the donor to the exocyclic
vinylenes and the heteroatom plays as an acceptor, thus
captodative effect would be more remarkable in DFThSO2

and DFFu. Interestingly, with the captodative effect taken
into consideration, the observation that the biphenyl
exocyclic CC bond lengths in the series is smaller in
DFThSO2 nicely agrees with the donor–acceptor interaction
in Figure 1.

The magnetic properties have been studied by using
SQUID magnetometry in solid state together with variable
temperature ESR and 1H NMR in solution in Figure 2 and
Figures S5, S6 and S7). The χT–T data from SQUID have
been adjusted to a Bleany–Bowers plot[31] using a dimer
model providing the singlet-triplet gaps, ΔEST, shown in
Table 1. The heating-cooling SQUID experiment reveals no
degradation of the samples in the temperature interval
analyzed (i.e., thermogravimetric analysis in Figures S8, S9
and S10). Experimental and theoretical gaps correlated very
well in Table 1. ΔEST gaps evolve in line with the diradical
indexes where the smallest diradical character for DFPy
implies the larger magnetic ΔEST gap terminating with
DFThSO2 with the smaller gap and the larger y0’s.

[32] The
solid samples also display a strong broad ESR signal
centered at g=2.000 which emerges from thermally popu-
lated triplets at room temperature. The 1H NMR spectra in
Figure 2 of DFFu, DFTh, DFPy and DFThSO2 at 298 K
show well-defined signals in the aromatic region that
become broader upon increasing the temperature to 383 K
due to the increasing population of thermally accessible
triplets: signal broadening occurs in the order DFPy<
DFFu<DFTh<DFThSO2 following the accessibility order
of the triplets found by SQUID measurements.

The redox properties of the compounds from the cyclic
voltammetries in Figure 3 display that the first reduction
potential is only slightly different in DFFu than in DFTh but
significantly smaller in DFThSO2. The reduction stabiliza-

tion by the larger aromaticity gaining in the anion of DFTh
is compensated by the stabilization of the radical anion by
the larger captodative effect by the oxygen of furan in DFFu
(Figure 1).[32] On the other hand, the much larger electron
accepting capacity of the dioxide sample produces the
smallest reduction potential among the series. As for the
first oxidation processes, the dioxide moiety makes its
oxidation substantially less accessible than in DFFu and
DFTh. The similarity of the first oxidations of DFFu and
DFTh agrees with the similar aromatic character in the
benzenes of the central biphenyl (Figure 2A). These results
are in excellent agreement with predicted frontier orbital
energies (Figure S11, Table S4).

The absorption spectra of the four compounds in Fig-
ure 2 display the largest changes in DFThSO2 with a peak
wavelength at 685 nm compared with DFTh at 609 nm. The
UV/Vis-NIR electronic absorption spectra of the radical
anions and cations in Figure 3 and Figure S12 of the
difluorenoheteroles have been obtained by spectroelectro-
chemical treatment. Quantum chemical calculations of the
theoretical UV/Vis spectra of these charged species are in
Figure S13 which reproduce well the experimental observa-
tions. We notice the appearance of well-defined Vis-NIR
electronic absorption bands whose shapes are different for
cations and anions, such as it has been recently reported for
related diradicals.[32] Interestingly, the competition between
captodative and aromatic effects in the radical anion of
DFThSO2 provokes the reduction of the optical gap and the
appearance of the lowest energy absorption bands at the
longest wavelengths.

Transient absorption measurements in Figure 4 of the
four compounds have been carried out (Figure S14). DFFu
displays a positive band centered at 470 nm right upon
excitation that disappears after 3 ps followed by a new band
positioned at 630 nm that rises in 2 ps and decays upon
30 ps. These two bands are assigned to singlet excited states
and given the similarity of the timescales for their rise/decay
absorbances, a transformation of the first singlet species into
a second one seems to take place. This is in agreement with
the reported photophysics of known diradicals[33] that
consists on ultrafast internal conversion from the pumped
optical state to another dark singlet excited state, which in

Figure 3. A) Cyclic voltammograms of the four compounds in CH2Cl2
containing 0.1 M [n-Bu4N][PF6] as supporting electrolyte at a scan rate
of 100 mVs� 1. From the bottom: DFThSO2, DFFu, DFTh and DFPy.
B) Spectroelectrochemical UV/Vis-NIR absorption spectra of the radical
anions (red) and cations (yellow).

Figure 4. A) Femtosecond transient absorption spectra of a 10 μM
DFFu solution in CH2Cl2 exciting at 600 nm with a power of 0.25 mW.
B) Decays of the DFFu S2 and S1 species obtained by global analysis of
the femtosecond transient absorption data.
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our case is responsible of the band at 630 nm and that
clearly have double exciton character.[34,35,36] NEVPT2
quantum chemical calculations of the excited states of DFFu
have been carried out in Table S5 and show the presence of
the bright state at 566 nm and in the close vicinity, at
606 nm, a two-photon excited state which corresponds to
our dark state. The presence of this dark state justifies the
absence of fluorescence in the studied compounds. The four
compounds show this characteristic photophysical behavior
consisting on S2!S1 internal conversion followed by S1!S0
relaxation all in pico-second timescales such as shown in
Figure S14, Figure S15 and Figure S16. A modulation of the
relaxation kinetics is observed in the four compounds which
systematically evolves as in 0.4/10 ps in DHPy, 0.6/14 ps in
DFTh, 0.7/15 ps in DFFu and 1.3/14 ps in DFThSO2.

Organic field effect transistors and electrical measure-
ments were carried out in a top contact-bottom gate OFET
configuration for the four compounds. Different deposition
conditions were tested, being the best performances
achieved when the thin films were deposited by sublimation
on HMDS-treated substrates preheated at 80 °C. The devices
were then finalized by gold electrodes deposition. Figure 5,
Figure S17, S18 and Table S6 show the devices electrical
features in which ambipolar charge transport is registered in
all cases. Figures S19, S20 disclose the structural XRD and
AFM characterization of the thin film substrates, while
Figure S21 shows the stability of the OFET devices.

The first noticeable aspect of the electrical behavior in
Figure 5B–D concerns the typical “valley” structure in
ambipolar semiconductors describing the transition between
hole and electron transport regimes through the neutral
charge point.[1,4] In our case, in the valley, it is verified,
either for VDS= � 80 V and +80 V, that VGS�VDS/2 so that
VT,hole�VT,electron in line with the balanced p–n transport and
that could be a unique feature of diradicals.[4]

Overall hole and electron mobilities, summarized in
Table 1, are reasonably similar featuring balanced p–n

charge transport for the four studied semiconductors. In
particular, DFFu has well-balanced mobilities of approx.
10� 3 cm2V� 1 s� 1 for hole and electron transport. Note,
however, that the thiophene and pyrrole derivatives display
more unbalanced charge conduction, with approximately
twice p-type mobility than n-type mobility. In terms of thin
film characterization, XRD data (Figure S19) shows partial
crystallinity of the thin films which, in general, is slightly
enhanced with deposition temperature. This crystallinity
enhancement becomes also evident in the AFM images
which show quite homogeneous films with small and
compact grains in the case of films grown at room temper-
ature. The grain sizes become slightly larger for films
deposited on preheated substrates (80 °C), but maintaining
the homogeneity. These results are in good agreement with
the subtle field-effect mobility enhancement with deposition
temperature (Figure S20). Nonetheless the still low crystal-
linity degree of the films might explain the moderate
recorded field-effect mobilities.

Quantum chemical calculations have been carried out to
rationalize the connections between diradical character and
ambipolar charge transport. Charge transport in organic
semiconductors[18] has two relevant parameters for our
discussion, the intramolecular reorganization energy, λ,
related with the energetic cost resulting from the structural
transformation from the neutral species to the charged ones:
larger λs are detrimental for charge transport; and the
intermolecular electronic coupling, V, related with the
through space overlap between the electron wavefunctions
within vicinal molecules: larger V’s favor large charge
mobilities.[19] Transport through the yellow and green
channels is favored by the largest calculated V values due to
more efficient orbital overlap and shorter intermolecular
distances (Figure 6). The electronic coupling values have
been calculated for hole (radical cations) and electron
(radical anions) transports which turn out to be rather

Figure 5. Electrical responses for: A), B) p-transport, and C), D) n-
transport for the OFET devices of DFFu. Deposition of the semi-
conducting film was carried out on HMDS-treated substrates pre-
heated at 80 °C. A), C) Output and B), D) transfer characteristic curves,
respectively.

Figure 6. Selected cluster from the X-ray structure of DFFu where
electronic couplings, V, at the B3LYP/6-31G* level are calculated.
Dimers are formed between the black central molecule and the red,
green and yellow neighbors, denoted by arrows.
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similar, supporting similar transport mobilities for the two
charge carriers types with slight preferences for hole
conduction, such as observed experimentally. Intramolecular
reorganization energies have been obtained for radical
cations and radical anions in Table 2 (Table S8). These λ
values are around 0.1 eV in magnitude which are rather
small among organic semiconductors and comparable to the
case of pentacene for hole transport.[20] Interestingly, the
reorganization energies values are of the same magnitude
for holes and electrons, with slight preference (i.e., smaller)
again for holes. Taken together, these charge transport data
are in line with the measurement of similar mobilities in
both regimes of conduction and with the ambipolar charac-
ter of the OFET devices. Ambipolar charge transport is
fueled by the small reorganization energies combined with
favorable level alignment and V values that, although
smaller than those of pentacene, are in line with those of
best p-type/n-type organic semiconductors and compatible
with mobilities close to ca. 1 cm2 V� 1 s� 1 for perfect crystal-
line materials.[37] Compared to the ideal crystal expectations,
the reported experimental mobilities are reduced by addi-
tional morphological issues such as grain size boundaries,
defects, imperfect crystallinity etc.

Intramolecular reorganization energies have been also
calculated for the closed-shell structures (simulated situation
with null diradical character, y0=0) of the four derivatives
and are gathered in Table 2. In comparison with the open-
shell diradical structure of the same molecules, a two-fold
increase of these reorganization energy values for the
closed-shell structures is predicted which is a key insight
revealing the preferential conditions for charge transport in
the diradical structure compared with the closed-shell one.
The diradical form produces a situation of non-bonding
frontier unpaired electrons in which the removal to produce
holes does not largely affect the remaining molecular
structure. On the other hand, the addition of an electron
brings about a smaller amount of electronic repulsion
compared with the situation of full pairing in the closed-shell
form.

Inspection of the computed bond lengths (Figures S23–
S26) shows that the diradical open-shell structure of neutral
systems is more similar to the geometry of the charged
species, which justifies the reduced reorganization energies.
Such reduced geometry difference between neutral and
charged species can be rationalized by simple electronic
structure arguments, considering that the open-shell struc-
ture results from the mixing of HOMO and LUMO closed-
shell orbitals. Thus, the open-shell form of a diradical

molecule, compared to the quinoidal closed-shell, is ex-
pected to be somewhat similar to that of a HOMO!LUMO
(or HOMO,HOMO!LUMO,LUMO) excitation (in which
a hole is created in the HOMO and an electron is added to
the LUMO). On the other hand, a similar geometry change
is expected for the cation (in which a hole in the HOMO is
created) or for the anion (where an electron is added to the
LUMO). Such simple electronic structure considerations
give the vision of the diradical as a structure in which coexist
pseudo-hole (partial de-occupation of the HOMO) and
pseudo-electron (partial occupation of the LUMO) charge
defects, a perspective that intuitively explains the reduced
reorganization energies for diradicals either for the transport
of holes and of electrons.

Conclusion

We have studied four different difluorenoheterole com-
pounds by changing the heteroring from furan to thiophene
(and dioxide thiophene) and pyrrole which are diradicals
owing to the gaining of aromatic character in the central
molecular part at expenses of the quinoidal closed-shell
structure. The diradical character and magnetic properties
finely vary as a function of the heteroatom which also
modulates the electrochemical redox and photophysical
properties by the combined action of aromaticity and
captodative effects. The electrical properties of the four
molecules have been analyzed in OFET configurations
showing ambipolar balanced hole and electron mobilities of
the order of 10� 3 cm2V� 1 s� 1. We have addressed the
presence of ambipolar electrical transport as a unique
feature of the diradicaloid state in these fused planar
molecules. The partial aperture of the closed-shell config-
uration generates a pseudo-hole and pseudo-electron defect
in the neutral state that, upon charging, provide similar
conditions for stabilization and transport of holes and
electrons resulting in amphoteric redox behavior first and
then ambipolar electrical behavior. This is substantiated in
the rather small and reduced reorganization energies found
theoretically either for hole and for electron exchanges. In
contrast, the closed-shell structures unbalance reorganiza-
tion energies in favor of holes or of electrons, destroying the
best scenario for ambipolar response. In comparison to the
benchmark pentacene, our difluorenoheteroles display sim-
ilar reorganization energies around 0.1 eV, with the out-
standing distinction that these are for holes and electrons.
Electronic couplings which are also similar for holes and
electrons in the most efficient intermolecular conduction
channels (also in support of ambipolarity), are however
smaller than in pentacene but compatible with relevant
mobilities that might be reached in single crystal measure-
ments. Grain boundaries and imperfect crystallinity thus
explains the still reduced observed holes and electron
mobilities. The connection between diradical character and
ambipolar electrical behavior shown here might have
general validity for the class of oligoacene-like planar fused
diradicals which represents a very important and new

Table 2: Computed intramolecular reorganization energies (RB3LYP/6-
31G* and UB3LYP/6-311G* level, in eV) using as reference the closed-
shell (CS) or the open-shell (OS) structures of the neutral species.

Compound DFFu DFTh DFPy DFThSO2

CS li hole 0.210 0.212 0.190 0.258
li electron 0.216 0.222 0.237 0.209

OS li hole 0.104 0.101 0.093 0.123
li electron 0.114 0.113 0.136 0.102

Angewandte
ChemieResearch Articles

Angew. Chem. Int. Ed. 2022, e202206680 (6 of 8) © 2022 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH



structure-function connection that will guide future molec-
ular design in the field.
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