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Two-Step Synthesis of B,N,-Doped Polycyclic Aromatic
Hydrocarbon Containing Pentagonal and Heptagonal Rings
with Long-Lived Delayed Fluorescence

Huan Luo, Qingyun Wan, Wookjin Choi, Yusuke Tsutsui, Evgenia Dmitrieva, Lili Du,
David Lee Phillips, Shu Seki,* and Junzhi Liu*

Pentagon-heptagon embedded polycyclic aromatic hydrocarbons (PAHs)
have aroused increasing attention in recent years due to their unique phys-
icochemical properties. Here, for the first time, this report demonstrates a
facile method for the synthesis of a novel B,N,-doped PAH (BN-2) containing
two pairs of pentagonal and heptagonal rings in only two steps. In the solid
state of BN-2, two different conformations, including saddle-shaped and
up-down geometries, are observed. Through a combined spectroscopic and
calculation study, the excited-state dynamics of BN-2 is well-investigated in
this current work. The resultant pentagon—heptagon embedded B,N,-doped
BN-2 displays both prompt fluorescence and long-lived delayed fluorescence
components at room temperature, with the triplet excited-state lifetime in
the microsecond time region (7= 19 ps). The triplet—triplet annihilation is
assigned as the mechanism for the observed long-lived delayed fluorescence.
Computational analyses attributed this observation to the small energy
separation between the singlet and triplet excited states, facilitating the
intersystem crossing (ISC) process which is further validated by the ultrafast

spectroscopic measurements.

1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) have attracted great
research interest since the pioneering work by Clar and Scholl
at the beginning of the 20t century.! Since then, various PAHs
with different sizes, edge structures, and geometries exhib-
iting a variety of properties have been designed and synthe-
sized.[”! In addition to typical PAHs with six-membered rings,
PAHs with pentagons, such as Cs.-symmetric corannulenel’l

and C;-symmetric sumanene, have
also been intensively investigated during
the past 30 years. In the past decade,
heptagon-embedded PAHs have also
attracted increasing attention due to their
unique curved geometry, which provides
an additional pathway to control the opto-
electronic properties of PAHs.P! Very
recently, much more effort has been paid
to the synthesis of pentagon-heptagon
(azulene unit) embedded PAHs. In addi-
tion to the incorporation of nonhexagons,
the introduction of heteroatoms into the
carbon skeleton of PAHs is an effective
strategy to modulate their optical and elec-
tronic properties, thereby enabling their
novel functions.”l Recently, the implemen-
tation of boron-nitrogen (B-N) muotifs in
PAHs has aroused much interest because
of its promising applications in (opto)
electronic devices.®!l Compared to the
C-C double bonds, the isoelectronic sub-
stitution of C=C bonds with B-N units
in PAHs impacts the shapes and energies of the highest occu-
pied molecular orbital (HOMO) and/or the lowest unoccupied
molecular orbital (LUMO), along with the dipolar moment
might generating from the incorporation of B-N units, leading
to a significant change in their photophysical properties.”! In
recent years, substantial effort has been dedicated to the syn-
thesis of mextended PAHs bearing more than one internalized
B—N unit, mimicking the structures of classic PAHs with six-
membered rings.'%) However, to the best of our knowledge,

H. Luo, Q. Wan, L. Du, D. L. Phillips, J. Liu

Department of Chemistry and State Key Laboratory of Synthetic
Chemistry

The University of Hong Kong

Pokfulam Road, Hong Kong 999077, China

E-mail: juliu@hku.hk

© 2023 The Authors. Small published by Wiley-VCH GmbH. This is an
open access article under the terms of the Creative Commons Attribution-
NonCommercial-NoDerivs License, which permits use and distribution
in any medium, provided the original work is properly cited, the use is
non-commercial and no modifications or adaptations are made.

The ORCID identification number(s) for the author(s) of this article
can be found under https://doi.org/10.1002/smll.202301769.

DOI: 10.1002/smll.202301769

Small 2023, 2301769 2301769 (10f9)

W. Choi, Y. Tsutsui, S. Seki

Department of Molecular Engineering

Graduate School of Engineering

Kyoto University

Nishikyo-ku, Kyoto 615-8510, Japan

E-mail: seki@moleng.kyoto-u.ac.jp

E. Dmitrieva

Leibniz Institute for Solid State and Materials Research (IFW) Dresden
Helmholtzstr. 20, 01069 Dresden, Germany

L. Du

School of Life Sciences

Jiangsu University

Zhenjiang 212013, China

H. Luo

Chemistry and Chemical Engineering Guangdong Laboratory
Shantou 515031, China

© 2023 The Authors. Small published by Wiley-VCH GmbH


http://crossmark.crossref.org/dialog/?doi=10.1002%2Fsmll.202301769&domain=pdf&date_stamp=2023-04-24

ADVANCED
SCIENCE NEWS

Sl

www.advancedsciencenews.com

a) Heteroatom-doped PAHs with nonhexagons

Ito & Nozaki
(6 steps, 2015)1a
Hiroto & Shinokubo
(7 steps, 2015)"e

b) This work: 8
two steps

B,N

Sobolewski, Cyranski
& Gryko
(8 steps, 2021)"e

Hatakeyama
(4 steps, 2018)"d

Figure 1. a) Representative examples of heteroatom-doped polycyclic
aromatic hydrocarbons (PAHs) with nonhexagons. b) B,N,-doped PAH
with pentagonal and heptagonal rings reported in this work.

this approach has not been well applied to the synthesis of
BN-doped PAHs containing pentagonal and heptagonal rings
(Figure 1a),'!l apparently due to the challenges of incorporating
boron and nitrogen atoms at specific framework positions.
Herein, we report an efficient method for synthesizing a
novel B;N,-embedded PAH with two pairs of pentagonal and
heptagonal rings (BN-2, Figure 1b). Compared to the reported
heteroatom-doped PAHs with nonhexagons,[1121111d11¢] which
involve multiple synthetic steps (Figure 1a), we develop a large-
scale synthesis of BN-2 in only two steps from commercially
available staring materials (Scheme 1). Single crystal X-ray anal-
yses unambiguously reveals the unique nonhexagonal topolo-
gies embedded in BN-2. Interestingly, two different conforma-
tions, saddle-shaped and up-down geometries, were found in
the solid state of BN-2 due to steric hindrance among periph-
eral rings A/B and C/D (Figure 2a). The optical property and

Scheme 1. Synthetic route toward BN-2. Reagents and conditions:
a) 1) Hydrogen iodide, acetonitrile, 80 °C, 14 h; 2) Pyridinium chloro-
chromate, ethyl acetate, r.t, 12 h, 40%. b) Boron tribromide, mesityl-
magnesium bromide, toluene, 0 °C—110 °C—r.t. BN-1: 50%. c) Boron
tribromide, aluminum chloride, mesitylmagnesium bromide, toluene,
0 °C—110 °C—r.t. BN-1: 20%; BN-2: 8%. d) Boron tribromide, aluminum
chloride, mesitylmagnesium bromide, o-dichlorobenzene, 0 °C—160 °C
—r.t. BN-2: 20%.
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electronic structure of BN-2 were systematically investigated
in this current work using steady-state, time-resolved spectro-
scopic measurements and density functional theory/tempera-
ture-dependent density functional theory (DFT/TDDFT) calcu-
lations. The resultant B,N,-doped molecule with pentagonal
and heptagonal rings (BN-2) displayed intense green fluores-
cence with absolute photoluminescence (PL) quantum yield
(®pn.2) of 23.1%. Time-resolved spectroscopies revealed a con-
tribution of long-lived delayed fluorescence in the microsecond
time regime to the total fluorescence of BN-2 (7 = 19 us),
which have not been investigated in other related BN-doped
PAHs."2l Attempts have been made to elucidate the origins of
this delayed fluorescence, and the dependence of the delayed
fluorescence lifetime on the power of excitation light indicates
that triplet-triplet annihilation (TTA) is its most likely mecha-
nism. DFT and TDDFT calculations have revealed a small
AEgt energy separation (0.01 eV) between the singlet and tri-
plet excited states, leading to a relatively efficient intersystem
crossing (ISC) process that could compete with the fluores-
cence radiative decay. Employing flash-photolysis/field-induced
time-resolved microwave conductivity (FP/FI-TRMC) measure-
ments, we demonstrate that BN-2 possesses an intrinsic charge
carrier mobility up to 0.03 cm?V~'s7}, making it a promising
material for optoelectronic devices.

2. Results and Discussion

The synthetic route toward compound BN-2 is described in
Scheme 1. First, the key building block 6,12-di(naphthalen-1-yl)-
5,11-dihydroindolo[3,2-b]carbazole (3) was synthesized from the
commercially available 1H-indole (1) and 1-naphthaldehyde (2)
through condensation and oxidation reactions with a yield of
40%. The borylation of 3 with boron tribromide (BBr3) followed
by workup with mesitylmagnesium bromide (MesMgBr) at
room temperature, afforded BN-doped dinaphtho[1,2-a:1",2"-m]
rubicene with mesityl substituents (BN-1) in 50% yield. Inter-
estingly, cyclized BN-doped dinaphtho[l,2-a:1",2’-m]rubicene
containing two pairs of pentagonal and heptagonal rings (BN-2)
was also achieved in this one-pot reaction with an isolated yield
of 8% in the presence of aluminum chloride (AICl;). This phe-
nomenon can be ascribed to the synchronous occurrence of the
Scholl reaction in the presence of AlCl;, which simultaneously
acted as the oxidant and as the Lewis acid. Furthermore, the
borylation of 3 led to the only cyclized product (BN-2) in a yield
up to 20% when the temperature was increased to 160 °C. The
chemical structures of BN-1 and BN-2 were confirmed by high
resolution mass spectrometry (HR-MS) and nuclear magnetic
resonance (NMR) analyses (see the Supporting Information).
Single crystals of BN-2 were grown by slow evaporation from
an n-hexane/carbon disulfide solution. Interestingly, in the solid
state of BN-2, there are two different conformations because of
the steric hindrance among peripheral rings A-D (Figure 2a),
which is quite a rare phenomenon for PAHs. The four peripheral
rings A-D adopt an up-down—down-up conformation (up—down
geometry) and an up-down—up-down conformation (saddle-
shaped geometry) with a ratio of 1:1 in the crystal, in which
the distortion angle of the up-down geometry (25.1°) is much
smaller than that of the saddle-shaped geometry (31.5°). The
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Figure 2. X-ray crystallographic molecular structure. a) Top and side views of BN-2. b) Crystal packing of BN-2; gray: up-down geometry; light green:

saddle-shaped geometry. The hydrogen atoms are omitted for clarity.

B-N bond length in BN-2 (1.41 A) is much shorter than a typical
B-N single bond (1.58 A), demonstrating typical delocalized B=N
double bonds. In the packing pattern, BN-2 crystallizes along the
a-axis of the unit cell with a pair of up-down and saddle-shaped
conformations to form one-dimensional chain alignments with a
short C- - - C distance of 3.17 A (Figure 2b).

Figure 3a shows the absorption and emission spectra of com-
pounds BN-1 and BN-2 in dichloromethane (CH,Cl,). Vibronic
structured absorption bands ranging from 400 to 500 nm are
observed for BN-1 and BN-2, which are ascribed to 7—7* transi-
tions in nature. Upon increasing the 7 conjugation from BN-1
to BN-2, the lowest-energy absorption bands redshifted from
464 to 486 nm. This observation pertains to the delocaliza-
tion characteristics of the 7—7* transitions in these BN-doped
PAHs. A more mextended conjugation in BN-2, versus BN-1,
leads to a narrower HOMO-LUMO gap and redshifted absorp-
tion bands. Small Stokes shifts of 0.07 eV and 0.05 eV are
observed for the BN-1 and BN-2, respectively, reflecting a rela-
tive small structural distortion upon the emission process. The
smaller Stokes shift of 0.05 eV in compound BN-2 indicates
that the cyclized BN-doped compound with pentagonal and
heptagonal rings has a more rigid structure than BN-1, leading
to less structural distortion upon photoexcitation and emis-
sion processes. The rigid structure of BN-2 was further con-
firmed by the reorganization energy simulations based on DFT/
TDDFT calculation, in which the values of BN-1 and BN-2 were
estimated to be 3.92 kcal mol™ and 2.61 kcal mol™, respectively.
Vibronic emission bands are observed, with 0—0 emission peak
maxima of 477 and 496 nm recorded for BN-1 and BN-2, respec-
tively. Relatively high emission quantum yields of 32.3% and
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23.1% are observed in compounds BN-1 and BN-2. Compared
with BN-1, the low quantum yield of BN-2 is likely owing to
the greater intermolecular 77 stacking interactions resulting
from its planar structure.l'”” The electrochemical properties of
BN-1 and BN-2 were then investigated by cyclic voltammetry
(CV) in a dichloromethane solution (Figure 3b). BN-1 exhibits
an obvious irreversible oxidation wave with a peak maximum
at 0.95 V versus ferrocene/ferrocene* (Fc/Fc') indicating that
the electrochemical reaction is followed by a fast follow-up
chemical one. In the further cycles, a reversible redox event
appears at the potential of 0.38 V and the current intensity
increases with increasing of cycle number (Figure S15, Sup-
porting Information). The CV of the compound BN-2 shows a
reversible oxidation at half-wave potential of 0.69 V. The shift
of the oxidation potential to more negative value together with
the reversible redox behavior of BN-2 indicates the formation
of a stable radical cation due to a larger z-conjugation in the
molecule compared with BN-1. When the potential sweep is
extended to more positive values including the irreversible pro-
cess with a peak at 1.15 V, additional redox couples at 0.15 V
and 0.81 V are observed in the CV of BN-2. Additional revers-
ible events at low potential in the cyclic voltammogram of BN-1
and BN-2 points to the formation of the electrochemically active
products.

The reversible redox behavior of BN-2 enables their detailed
characterization by in situ electron paramagnetic resonance
(EPR) and UV-Vis-near infrared (UV-Vis-NIR) absorption
spectroscopy. The spectroelectrochemical results are displayed
in Figure 3c,d. Upon oxidation, an unresolved EPR signal
with a g-value of 2.0026 and UV-Vis-NIR absorption bands
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Figure 3. a) Absorption (solid line) and emission (short dash line) spectra of BN-1 and BN-2 in CH,Cl, at room temperature (insert: photograph of
BN-2 under 254 nm UV light). b) Cyclic voltammogram of BN-1 and BN-2 measured on platinum(Pt) in CH,Cl, (0.1 m n-BuNPFg) at the scan rate
of 0.1V s7\. Inset: dependence of the anodic peak current (reversible process) on the square root of the scan rate. In situ UV-Vis—NIR and electron
paramagnetic resonance (EPR) (inset) spectra measured in CH,Cl, (0.1 M n-BuNPF) during the oxidation of BN-2 in the first (c) and third (d) voltam-

metric cycle. The potential values increase from violet to red.

at 508, 545, 560 and 1925 nm appeared at =0.7 V (Figure 3c).
The spectroscopic features show the same dependence on
the applied potential (Figure S16, Supporting Information).
These features can be attributed to a radical cation BN-2e+.
The occurrence of a broad signal without hyperfine splitting
reveals that the spin density in radical structure is distributed
over the whole molecule. In the backward potential scan, a new
five-line EPR signal with a g-value of 2.0029 was detected. The
hyperfine structure caused by two equivalent nitrogen nuclei
(a(*N) = 3.7 G) points that the spin in the second radical is
rather localized. The UV-Vis—NIR absorption spectra show
additional bands at 606, 668 and 1240 nm. In the consecutive
voltammetric cycles, the spectroscopic features (both EPR and
UV-Vis—NIR) of the second radical specie are visible at lower
potential (=0.1 V) and dominate in the spectra (Figure 3d). The
spectroelectrochemical experiments prove the formation of the
radical monocharged radical species of BN-2 as well as the oxi-
dation product(s) as result of a follow-up chemical reaction.
Nanosecond time-resolved emission (ns-TRE) spectra of
BN-1 (Figure 4a) and BN-2 (Figure 4b) in deaerated CH,Cl,
solution were measured at different time delays. A long-lived
emission species with the lifetime in the microsecond time
region was probed for these BN-doped PAHs by ns-TRE (7 =
14 and 19 ps for BN-1 and BN-2, respectively) at room tem-
perature. Two emission components are observed at different
time delays, including a major component that decays within
nanoseconds and a minor component with a microsecond
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decay lifetime (Figure S2, Supporting Information). These two
decay components have identical emission profiles and peak
energies. Therefore, the short-lived and long-lived fluorescence
are assigned to prompt fluorescence and delayed fluorescence,
respectively. The proportion of the delayed fluorescence and
prompt fluorescence of BN-1 and BN-2 were estimated by inte-
grating the emission intensity over time ranges of 0-50 ns and
50 ns-50 ps, respectively (Figure S2, Supporting Information).
The proportion of the delayed fluorescence is 2.7% and 12.1%
for BN-1 and BN-2, and their according prompt fluorescence
is recorded to be 97.3% (BN-1) and 87.9% (BN-2), in which the
pentagon—heptagon embedded BN-2 possesses a larger propor-
tion of the delayed fluorescence. The mechanism of the delayed
fluorescence could be inferred from the dependence of the
delayed fluorescence lifetime on the power of excitation light,
with lower pump intensities leading to longer delayed fluores-
cence lifetimes (Figure S1, Supporting Information). This indi-
cates that exciton—exciton annihilation™! plays a significant role
during the delayed fluorescence process, and that TTA is the
likely mechanism (vide infra).

Long-lived excited-state species of BN-1 (Figure 4c) and BN-2
(Figure 4d) were similarly investigated using nanosecond tran-
sient absorption (ns-TA) spectroscopy at different time delays.
These complexes display ground-state bleaching (GSB) in the
range of 400-500 nm and a broad positive excited-state absorp-
tion (ESA) band ranging from approximately 500 to 700 nm.
These signals in the microsecond time regime are indicative of

© 2023 The Authors. Small published by Wiley-VCH GmbH
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Figure 4. ns-TRE spectra of BN-1 (a) and BN-2 (b) in deaerated CH,Cl, solution recorded from 1-161 s at 298 K. Inset is the emission kinetic decay
trace. Decay time constants were fitted as monoexponential decay (4., = 355 nm). ns-TA difference spectra of BN-1 (c) and BN-2 (d) recorded from 5

to 105 us at 298 K in deaerated CH,Cl,.

a long-lived excited state species and are assigned to the triplet
excited state of these BN-doped aromatics.

The femtosecond time-resolved absorption difference (fs-
ta) spectra of BN-1 and BN-2 obtained immediately after laser
pulse excitation at 355 nm revealed an absorption difference
peak maxima at =600 nm for BN-1 and =570 nm for BN-2,
respectively (Figure 5a,d). The spectral profiles showed a time
constant of 12.6 ps for BN-1 (Figure 5b,c) and 2.0 ps for BN-2
(Figure 5e,f), which is ascribed to an ISC process. As revealed
by the DFT and TDDFT calculations (vide infra), the relative
fast ISC process in BN-2 (2.0 ps) compared to BN-1 (12.6 ps)
is due to a small energy separation between the singlet excited
state and triplet excited state of BN-2.

DFT/TDDFT calculations were performed on compounds
BN-1 and BN-2 to gain insight into the nature of their excited
states and the mechanism behind the long-lived delayed fluo-
rescence observed as a result of their triplet excited states. As
shown in Figure S17 (Supporting Information), the calculated
highest-energy absorption bands of BN-1 and BN-2 are located
at 2.71 and 2.51 eV, respectively, which are consistent with the
experimental observation (Aeg, = 2.67 and 2.55 eV for BN-1 and
BN-2, Figure 3a). Vibrationally resolved emission spectrum was
simulated for BN-2 based on its optimized S; structure (Figure
S18, Supporting Information). The calculated emission spec-
trum exhibits emission peaks at 2.31, 2.14 and 1.95 eV (sh),
which are consistent with the experimental findings of 2.50,
2.32, 2.13 eV (sh), respectively. The energy difference between
these vibrationally resolved emission bands is 0.18 and 0.19 eV
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by experimental observations, and 0.17 and 0.19 eV by calcu-
lations (Figure S18, Supporting Information). These results
lend support to the reliability of the Frank—Condon factor cal-
culations used in this work. To account for the observed small
Stokes shift in BN-2, Huang—Rhys factor was calculated for
the S;—S, transition of BN-2 and the results are shown in Fig-
ures S19-S21 (Supporting Information). The calculated largest
Huang-Rhys factor of BN-2 is contributed by vibrational mode
13, which is 0.11. The relatively small Huang—Rhys factor in
BN-2 is considered to lead to slow nonradiative decay rate and
small Stokes shift. As shown in Figure 6a, the S; state of BN-2
is mainly from a mixed transition of HOMO—LUMO and
HOMO—LUMO+1. The T, state of BN-2 is mainly from the
HOMO—LUMO transition. A delocalized 3[z—7*] transition
is assigned to the S; and T; excited states of BN-2 (Figure 6a).
Relatively large proportion of the delayed fluorescence
(=12.1%) was observed in pentagon—heptagon embedded BN-2
by ns-TRE. Mechanism of the ISC and TTA process in BN-2
was investigated by calculations. The energies of the singlet
and triplet excited states for BN-2 at the respective optimized
S; and T, geometries are displayed in Figure 6b. Five triplet
excited states (T}-Ts) lie lower than S;, and the closest-lying Ts
excited state is only 0.01 eV below the S; state. Thus, we con-
clude that the thermal energy at room temperature would assist
a relatively facile ISC process of BN-2. Figure 6¢ shows the
proposed mechanism of the TTA process occurring in BN-2:
a facial ISC process is proposed to occur because of the small
energy difference between the S; and Ts excited states, after
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Figure 5. Femtosecond transient absorption spectra for BN-1 (a—c) and BN-2 (d—f) in CH,Cl, at various delay times.

which an internal conversion from the Ts to the T; excited state
occurs. The annihilation between two T, excited states would
lead to the generation of an S; excited state and an S, ground
state of BN-2. The radiative decay of the S;—S, transition gen-
erates delayed fluorescence with a microsecond lifetime. The
calculated thermodynamic driving force for TTA in BN-2, 2 x
E(Ty)—E(Sy), is 0.53 eV.[’]

One dimensional chain alignment with the short intermo-
lecular contacts of 3.17 A in crystalline BN-2 (Figure 2b) moti-
vated us to examine charge transport properties along the chain
directions. The low oxidation potential as well plausible TTA
processes upon exposure to 355 nm secures photogeneration
of charge carriers though the major energy dissipation path-
ways are delayed fluorescence via direct transition. Flash-
photolysis time-resolved microwave conductivity (FP-TRMC)
measurements were then employed to measure the intracrys-
talline domain electric conductivity of photogenerated charge
carriers.l'®! The observed photoconductivity transients were
shown in Figure 7a for vacuum deposited films of both BN-1
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and BN-2. BN-2 gave a considerable photoconductivity tran-
sient, which was contrasting to the negligible conductivity
transient recorded in BN-1. It should be noted that the rapid
degradation of the transient observed upon exposure to 355 nm
with the significantly high photon density of >1 x 10'® photons
cm™ (Figure 7b). This is consistent with the irreversibility of
the first oxidation potential in CV of the compounds; the con-
ducting pathways even in crystalline phase of BN-2 disrupt by
the reactions mediated by photogenerated radical cations: the
major charge carriers. To minimize the effects of TTA pro-
cesses (and subsequent photochemical reactions) in charge
transport assessments, field-induced time resolved microwave
conductivity (FI-TRMC) measurements were then used to esti-
mate the mobility at the interfaces without photoexcitation.
Metal-insulator-semiconductor (MIS) structure of the com-
pounds was fabricated with BN-1 and BN-2,["] respectively, as
semiconductor layers, and the charge carriers were injected at
the semiconductor—insulator boundary. The correlation is rep-
resented in Figure 7c,d (Figure S3, Supporting Information)
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Figure 6. a) The frontier molecular orbitals of BN-2 accounting for S;—S,
and T;—S, transitions. b) Illustration of the low-lying singlet and triplet
excited states of BN-2. ¢) A scheme illustrating the TTA process in BN-2.
Exc: excitation. IC: internal conversion. PF: prompt fluorescence. DF:
delayed fluorescence.

between the interfacial electric conductivity and the number
of charge carriers accumulated. Significant slopes were seen
only in case of negative bias applied to the MIS structures of
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both BN-1 and BN-2, suggesting the major charge carriers are
positive holes accumulated at the interfaces. The slopes in the
figure directly deliver the local mobility of holes in the com-
pounds, leading to the estimates of 0.006 cm?V~!s™' in BN-1
and 0.03 cm?V~'s7! in BN-2, respectively. Topographic images of
corresponding films show the larger crystalline domains than
100 nm (Figure S4, Supporting Information), securing that
both FP- and FI-TRMC measurements are probing intrado-
main charge carrier mobility. The 1D chain like structures have
been realized in the crystalline packing of BN-2 (Figure 2Db)
contributing to as the moderate charge transporting path-
ways, however the close contacts between the adjacent planar
BN-2 molecules are hampered by the Mes groups; this is the
case giving the not remarkably high mobility in the regime of
charge carrier hopping.

3. Conclusion

In summary, we have demonstrated an efficient strategy for syn-
thesizing a novel B;N,-doped PAH with two pairs of pentagonal
and heptagonal rings in only two steps. The solid-state structure
of BN-2 contains two different conformations (saddle-shaped
and up-down geometries) due to steric hindrance among the
peripheral rings. ns-TRE and ns/fs-TA measurements reveal
that this pentagon-heptagon embedded BN-2 displayed both
prompt fluorescence and long-lived delayed fluorescence com-
ponents, with triplet excited-state lifetimes in the microsecond
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Figure 7. a) Photoconductivity transients observed in vacuum-deposited polycrystalline BN-1(blue) and BN-2 (red) films upon exposure to 355 nm at
2.7 X 10% photons cm™2. The transients were averaged over 5 pulses irradiated. b) Dependence of maximum photoconductivity recorded in an identical
film of BN-2 upon continuous exposure to 355 nm on integrated photon density. c,d) Correlation between the pseudo microwave conductivity, Nu, and

the number of the injected carrier, AN, for c) BN-1 and d) BN-2.
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time region. This interpretation is supported by DFT/TDDFT
calculations, suggesting that TTA is the most likely mechanism
for the observed delayed fluorescence. Employing FI-TRMC
measurements, the local mobility of holes in BN-2 is estimated
to be 0.03 cm?V-Is7!, demonstrating the promising feature of
BN-2 as n-type semiconducting organic materials. This work
provides new application perspectives for PAHs with pentag-
onal and heptagonal rings and for the design of new materials
with enhanced properties for organic electronics.
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