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ABSTRACT: The geometrical structures and electronic properties of borole/thiophene cooligomers are
studied employing the density functional theory with B3LYP functional. The borole-containing oligomers
have been suggested to have the quinoid structure and distinct biradical character. The introduction of
thiophene rings into the oligoborole will retard the appearance of the quinoid structure and consequently
stabilize the borole-containing oligomers. Electronic structrues of polyborole and borole/thiophene
copolymers are investigated by the periodic boundary condition (PBC) and the cyclic oligomer model.
Both the PBC and cyclic models predict the quinoid structure of borole/thiophene copolymer. The PBC
calculations give estimations of band gaps of around 2.21 eV for the polyborole and 2.22 eV for the borole/
thiophene (1:1) copolymer, which are different from those (∼0.00 eV) obtained by the oligomer extrapolation
schemes.

1. Introduction
There is much interest and intensive research has

been taking place in plastic electronics based on conju-
gated polymers with the perspective of obtaining various
functional materials.1,2 The exploration of the novel
conjugated conducting polymer with small band gap, Eg,
toward the dream of obtaining the truly synthetic metal3
has always been an aim for striving and still remains
to be a challenge to chemists. Another important consi-
deration in the design of organic materials should be
chemical stabilities of polymers. That is the reason poly-
thiophene (PT), which is relatively more stable than
polypyrole (PPy) and polyfuran (PFu), has aroused
extensive interest both experimentally and theoretic-
ally.4-6

Recently, the boron-containing conjugated organic
polymers have attracted much attention due to their
intriguing electronic properties.7-9 Since organoboron
polymers can be viewed as homologues of electron
acceptors through the vacant p-orbital of the boron
atom, they are expected to become a new class of n-type
conjugated polymers with unique characteristics. The
pentaphenylborole, a derivative of borole, has been
synthesized,10 however, polyborole (PB), has not been
reported yet. Salzner et al.11 have theoretically demon-
strated that the band gap of polyborole may vanish
through an extrapolation scheme from oligomers, 1, as
shown in Figure 1a, to the polymer limit. The strong
anti-aromatic nature of borole molecule has been shown
by the large negative value of “resonance stabilization
energy”, or called “aromatic stabilization energy” (-0.98
and -0.97 eV obtained at the MP2(fc)/6-311+G(d,p)12a

and BLYP/6-311G(d,p)//BLYP/6-31G(d)12b levels, respec-
tively), in contrast with the large positive values for
thiophene (0.81 eV12) and furan (0.6412a and 0.67 eV,12b

respectively). This may cause the quinoid structure and
instability of polyborole. The introduction of thiophene
rings into the polyborole is intuitively anticipated to
achieve a polymer with a narrow band gap and rela-
tively higher stability. Thus, it is our purpose to
theoretically study the electronic structures of borole/
thiophene cooligomers, 2 and 3 (shown in Figure 1a),
and copolymers, 4 and 5 (shown in Figure 1b), to provide

useful information for understanding some interesting
properties of borole-containing polymers and designing
new experiments.

Theoretically, the energy difference between the high-
est occupied molecular orbital (HOMO) and the lowest
unoccupied molecular orbital (LUMO), which is referred
to as the HOMO-LUMO gap, is usually considered as
the first estimate of the band gap.11,13 It is assumed that
what underlies this approximation is that the lowest
singlet excited state can be described by only one singly
excited configuration in which an electron is promoted
from the HOMO to LUMO. However, such a small band
gap of polyborole (PB) extrapolated from HOMO-
LUMO gaps of oligomers11 implies that the borole ring
may introduce the biradical character into borole-
containing oligomers, 1-3, for which the unrestricted
theoretical methods are required to obtain reasonable
results. Unfortunately, within the spin unrestricted
framework, the transition between the singly occupied
molecular orbital (SOMO) to its corresponding LUMO
is seldom discussed because of the complexity caused
by the fact that R and â spin orbitals often have different
energies.

On the other hand, another practical method for
estimating the band gap of a polymer may be the time-
dependent density functional theory (TDDFT)14,15 treat-
ment by which transition energies from ground states
to the first dipole-allowed excited states of oligomers are
successively calculated and extrapolated to the limit of

Figure 1. Structures of the studied systems. (The arrow in 4
represents the translation vector.)
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a polymer.16-19 Sometimes, however, applications of
TDDFT may suffer from the systematical underestima-
tion of excitation energies by 0.4-0.7 eV compared to
experimental results.16,20,21 The deviations in excitation
energies of oligomers from experiments are probably
caused by the fact that (1) there is a limitation of the
current approximate exchange-correlation potential in
the asymptotic region22,23 and (2) theoretical predictions
are made for the isolated gas-phase chains, while
experimental band gaps are usually measured in the
condensed phase.6a Therefore, it is desirable to directly
compute the band gap of a polymer to eliminate the
boundary effects of models for oligomer extrapolations.
Usually, two models, the periodic (4) and cyclic (5) ones,
are adopted in the simulation of a polymer. It is
interesting to compare the performance of these two
polymer models and to find out whether the DFT
calculations with periodic boundary condition (PBC) can
be applied to provide reasonable descriptions for poly-
mers.

In this work, we will use the DFT method to study
the electronic properties of borole/thiophene cooligo-
mers,1-3, and use DFT with periodic boundary condi-
tion (PBC) to calculate the band gap of the borole/
thiophene copolymer, 4. The cyclic oligomers, 5 (n )
2-5), are also studied with the extrapolated band gap
compared with the PBC calculation on 4. We aim to
understand factors affecting the relative stabilities and
band gaps of borole-containing polymers by (1) inves-
tigating the biradical characters of the borole/thiophene
cooligomers and elucidating the electronic structures of
them and (2) calculating band gaps of polymers by the
periodic boundary condition method and the extrapola-
tion method.

2. Computational Details

The DFT and PBC calculations have been performed with
Gaussian03 program.24 Geometries and electronic properties
are calculated by means of hybrid density functional B3LYP
with the basis set of 6-31G*.

Unrestricted Descriptions of Biradical Characters.
Both the spin-restricted and the spin-unrestricted broken-
symmetry DFT method are employed to optimize geometries
and to obtain the corresponding electronic structures, since
most of the studied oligomers, 1-3, have obvious biradical
characters. It is well-known that when a molecule has the
radical character the spin-unrestricted method with the
broken-symmetry solution, in which the HOMO and LUMO
orbital are mixed to destroy the R-â symmetry in the initial
guess of the molecular orbital, can get lower ground-state
energy than the spin-restricted method.25-27

Validations of PBC Calculations. The periodic boundary
condition (PBC) is also employed to predict band gaps of
polymers. The PBC/B3LYP calculation28,29 has been recently
implemented in the Gaussian03 program.24 To validate the
PBC calculations, we have carried out the PBC calculations
on the trans-polyacetylene (t-PA), polypyrole (PPy), poly(p-
phenylene) (PPP), polythiophene (PT), and polyfuran (PFu)
systems and compared PBC/B3LYP results with the previous
TDDFT results by extrapolations,16 other PBC calculations
with the Perdew-Wang exchange-correlation functional30 and
plane wave basis set,31 and experimental data (cf. Table 1).32-38

In Table 1, we can see that band gaps of t-PA and PPP
obtained from the PBC calculations still have some deviations
from the experimental data, while the present PBC (with
B3LYP functional) results of PPy, PT, and PFu polymers with
the conjugated five-membered rings are in good agreement
with experimental band gaps. The differences between them
are no more than 0.1 eV. However, one cannot be too optimistic
about such small deviations of PBC/B3LYP results from

experimental data, since the interaction between the polymer
chains and the possible defects on the backbone of chains are
ignored here. The high accuracy of PBC/B3LYP band gaps for
the studied polymers may benefit from the cancellation of
errors. In the present work, we will investigate the applicabil-
ity of the PBC/B3LYP scheme to calculate band gaps of borole-
containing polymers with distinct biradical characters.

3. Results and Discussion

3.1. Oligomers. Energies of oligomers 1-3 calculated
by both the spin-restricted and unrestricted DFT/B3LYP
methods are listed in Table 2. To make this table more
concise, we just show results of nB (1) with the integer
number of n, while energies of 1 when n ) 1/2, 3/2, ...,
9/2, are given in Table S1 of the Supporting Information.
It is interesting to find that when oligomers are larger
than the borole (1, n ) 1/2) and borole/thiophene cooli-
gomer (2, n ) 1), the spin-unrestricted calculations give
lower energies of singlet states, ES, than those obtained
by the restricted DFT calculations, ERB3LYP, suggesting
that the radical character exists in the longer oligomers.
For example, the total energy of 5BT (2) is -3655.5087
au calculated by the spin-restricted method, in contrast,
the spin-unrestricted method gives a value of -3655.5442
au, which is 0.966 eV lower than that calculated by the
spin-restricted method. Therefore, the spin-unrestricted

Table 1. Band Gaps, Eg (in Units of eV) Obtained by PBC
and TDDFT Calculations,Where the Experimental Data

Are Also Given for Comparison

Eg

polymer PBC/B3LYP PBC/PWa PBC/VASPb TDDFTc exptl

t-PA 1.16d 0.21 1.32 1.4e

PPP 3.06 1.86 2.97 3.02f,2.8g

PPy 2.88 1.80 1.70 1.95 2.85h

PT 2.05 1.10 1.04 1.52 2.0i

PFu 2.42 1.34 1.69 2.35j

a Reference 30 with Perdew-Wang (PW) exchange-correlation
functional by Dmol3. b Reference 31 by Vienna ab initio simulation
package (VASP). c Reference 16. d The super cell, containing four
carbon atoms, is adopted. e Reference 32. f Reference 33. g Refer-
ence 34. h Reference 35. i References 36 and 37. j Reference 38

Table 2. Energies (in Units of au) of Oligomers 1-3,
ERB3LYP, Obtained by the Restricted Method, ES and ET of
Singlet and Triplet States Obtained by the Unrestricted

DFT Method at the Level of 6-31G(d)

unrestricted method

oligomer ERB3LYP ES (〈S2〉)a ET (〈S2〉)a

nB (1)
n ) 1 -359.2598 -359.2638 (0.91) -359.2600 (2.03)
n ) 2 -717.3479 -717.3805 (1.06) -717.3804 (2.06)
n ) 3 -1075.4573 -1075.4990 (1.06) -1075.4990 (2.06)
n ) 4 -1433.5745 -1433.6176 (1.06) -1433.6176 (2.06)
n ) 5 -1791.6926 -1791.7362 (1.06) -1791.7362 (2.06)
n ) 6 -2149.8109 -2149.8548 (1.06) -2149.8548 (2.06)

nBT (2)
n ) 1 -732.0399 -732.0399 (0) -732.0232 (2.02)
n ) 2 -1462.9019 -1462.9091 (1.09) -1462.9082 (2.06)
n ) 3 -2193.7654 -2193.7872 (1.10) -2193.7872 (2.10)
n ) 4 -2924.6315 -2924.6657 (1.10) -2924.6657 (2.10)
n ) 5 -3655.5087 -3655.5442 (1.10) -3655.5442 (2.10)
n ) 6 -4386.3869 -4386.4228 (1.10) -4386.4228 (2.10)

nBT2 (3)
n ) 1 -1283.8607 -1283.8608 (0.24) -1283.8544 (2.03)
n ) 2 -2566.5386 -2566.5447 (1.29) -2566.5438 (2.05)
n ) 3 -3849.2170 -3849.2312 (1.38) -3849.2311 (2.28)
n ) 4 -5131.8953 -5131.9177 (1.36) -5131.9177 (2.33)
a The expectation values of S2, 〈S2〉, for the singlet (triplet) states

reflect the extent of spin contaminations.
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method will give a better description on the electronic
structure than the spin-restricted method.

Geometry. Since extents of the electron delocaliza-
tion and π-conjugation are reflected by the behavior of
bond-length alternation along the backbone of π-conju-
gated oligomers, we investigate the variance in bond
lengths of oilgomers nB (1) and nBT (2) to find out the
influences caused by the introduction of thiophene unit
into borole oligomers. The behaviors of bond-length
alternation calculated by both the spin-restricted and
unrestricted DFT methods are depicted in Figures 2 and
3. From Figure 2a we find that for 3B and 4BT as well
as for their longer homologues there exist some geo-
metrical defects in the terminal parts of backbones as
reflected by a jump of phase in the curve of bond-length
alternation. Those defects are usually termed as the
soliton regions, which are indeed radicals with the
unpaired electrons.39 Thus, the longer borole-containing
oligomers have remarkable biradical nature, which will
be discussed in the next subsection.

On the other hand, in comparison with nB (1), the
introduction of thiophene rings in nBT (2) slightly
retards the appearance of geometrical defects at termi-
nal ends of backbones as shown by the transitional
behavior (Figures 2a and 3a) between the aromatic and
quinoid structures (n ) 2 and 3). And from the spin-

unrestricted method shown in Figures 2b and 3b, we
can see that 1B has already shown the biradical nature,
whereas 1BT remains to be aromatic form. Hence, both
the spin restricted and unrestricted calculations reflect
that the relative stability of polyborole is somewhat
enhanced by the introduction of the thiophene unit.

Biradical Character. As mentioned above, the bi-
radical character can be observed from the lower ener-
gies predicted by the broken-symmetry unrestricted
method than those by the restricted methods (Table 2)
as well as the bond length alternation behavior of nB
(1) and nBT (2) (Figures 2 and 3). It can also be reflected
by distributions of spin densities as shown in Figure 4,
parts a and b. The spin density waves are gradually
partitioned into two isolated parts when the degree of
polymerization, n, of nBT increases. The local spin
density wave reflects the distinct biradical nature; i.e.,
two radical centers come to be completely separated in
the spatial region. Therefore, as long as there is the
enough spatial extension in nBT cooligomers (2), the
radical nature occurs.

The biradical nature in the borole/thiophene systems
may be ascribed to the strong antiaromatic nature of
the borole ring. As already mentioned in Introduction,
the resonance stabilization energy of the borole molecule
is calculated to be of a large negative value, -0.98 eV,

Figure 2. Carbon-carbon bond lengths varied with the number of C atom along backbones of oligomers, nB (1), and nBT (2)
(n ) 1-5), which are obtained by (a) the restricted and (b) the unrestricted methods, respectively.
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which is in contrast with the large positive value of 0.81
eV for the thiophene molecule (MP2(fc)/6-311+G(d,p)).12

A natural idea of weakening the antiaromatic nature
in the borole/thiophene cooligomer may be to increase
the content of aromatic thiophene units. So, we design
the nBT2 oligomers (3) to see if this ratio of borole to
thiophene units can significantly eliminate the radical
nature in the oligomer chain. The results in Table 2 and
Figure 4, parts c and d, show that the biradical nature
still exists in nBT2 (3) but is slightly diminished. In

other words, stabilities of borole/thiophene cooligomers
can be increased gradually with the increase in the
content of thiophene units.

Since the borole-containing polymers have been found
to have the distinct biradical character, an interesting
question arises: whether the biradical polymer systems
can exist stably? It is well-known that there is the
electron spin resonance (ESR) signal in the neutral
polyacetylene,40,41showing the existence of radical. But
why radicals in polymers can stably exist while they are

Figure 3. Evolvement of geometries of nBT (2) from the aromatic to quinoid structures with the increase of degree of
polymerization calculated by the (a) spin-restricted and (b) unrestricted methods.

Figure 4. Distributions of spin densities of (a) singlet and (b) triplet states along the chain of nBT (2) as well as those (c) singlet
and (d) triplet of nBT2 (3) (UB3LYP/6-31G(d)).
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very active and difficult to be located in small molecular
systems? The radical electrons in polymers can give rise
to the distortion of the ambient crystal lattices. This
distortion of crystal lattices will in turn generate a
strong potential well that causes the radical electrons
to be localized. For PB and its copolymers (such as
PBT), although they have not been synthesized yet, the
simple analysis given above indicates the possibility of
existence of such borole-containing systems.

Energy Levels and Energy Gaps. The HOMO-
LUMO gap, ∆H-L, obtained by the spin restricted
method reflects the energy needed to destroy the chemi-
cal bond and form the unpaired electrons in an oligomer.
This is corresponding to the ordinary energy band
transition for a polymer. However, for biradical systems,
the energy levels and gaps obtained by the unrestricted
method become too complicate to have the direct sig-
nificance of the band transition energy as addressed
below.

In Figure 5, we take 5BT as an example to show
energy levels of spin orbitals. Since the unrestricted
method is employed to the nBT oligomers with strong
biradical characters, we should discuss energy levels of
the singly occupied molecular orbitals (SOMOs) for R
and â spin orbitals, respectively. The energy gap be-
tween the highest singly occupied molecular orbital
(HSOMO) and the lowest singly unoccupied molecular
orbital (LSUMO) is denoted by the HSOMO-LSUMO
gap, ∆HS-LS, for short. Energy levels of some spin
orbitals of singlet and triplet states obtained by the
unrestricted method are depicted in Figure 5, parts a
and b, respectively. One can find that the singlet and
triplet states of 5BT are nearly degenerate in energy,
which is also exhibited by the large spin contamination
(〈S2〉 ) 1.10) of the broken symmetry solution for the
singlet 5BT (cf. Table 2). In combination with the

distribution of spin densities (Figure 4), we give sche-
matic presentations of singlet and triplet biradicals of
5BT in Figure 6, parts a and b, respectively.

The HOMO-LUMO gaps (∆H-L) and the gaps be-
tween the HSOMO and LSUMO of R or â spins (∆HS-LS)
for oligomers 1-3 obtained by the restricted and unre-
stricted methods, respectively, also show us some in-
teresting trends (with the detailed data listed in Table
S2 of the Supporting Information). Figure 7 presents
the different trends between the ∆H-L and ∆HS-LS (in
singlet states from R to R orbital) as increasing the
thiophene contents in cooligomers from 1 to 3. The
results of oligomers 1-3 with the identical numbers of
rings, 6 and 12, are selected to make the comparison of
energy levels and gaps (Figure 7). The trend of 1 > 2 >
3 in ∆HS-LS gaps of nB (1), nBT (2), and nBT2 (3) varied
with the increase in the content of thiophene units is
opposite to that of 1 < 2 < 3 in their HOMO-LUMO
gaps (∆H-L). From the HOMO-LUMO gaps, one can
find that the introduction of thiophene units into the
nB backbone does enlarge the ∆H-L, implying the
stabilization effect caused by thiophene rings. This is
in coincident with the above-mentioned postponement
of the appearance of quinoid structures in borole-
containing oligomers by thiophene units (Figure 3). On
the other hand, with the increase in the thiophene
content, the HSOMO gradually shifts to higher level and
the LSUMO drops to lower energy; consequently, the
HSOMO-LSUMO gap (∆HS-LS) decreases in the order
nB (1) > nBT (2) > nBT2 (3). Similar to the Peierls
effect,42 the elimination of the nearly degenerate spin
orbitals may be corresponding to the enlargement of the
HOMO-LUMO gap to gain the stabilization effect.
Further studies toward the understanding of this phen-
omenon are still underway in our laboratory.

Figure 5. Total energy and energy levels of (a) singlet and (b) triplet states of 5BT (2) obtained by the unrestricted method.

Figure 6. Schematic presentation of radical centers in (a) singlet and (b) triplet states.
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3.2. Band Gaps of Polymers. The Periodic Bound-
ary Condition Calculations. As we mentioned in
section 2, the PBC band gaps of polymers constructed
with five-membered rings, such as PT, PPy, and PFu,
are in better agreement with the experimental data

than those obtained by oligomer extrapolation scheme
(cf. Table 1). However, the borole-containing oligomers
have been predicted to have remarkable biradical
characters with the radical centers localized at both
ends of chains. It is expected that the PBC calculations
with the translational invariance on such borole-
containing polymers might mask biradical characters
in backbones and may give a different description of the
band gap from that extrapolated from properties of
oligomers. The PBC calculations on PB and PBT do
give us a larger band gaps than those estimated by
oligomer extrapolations (Table 3). For example, the band
gap of PB was extrapolated to be of zero from the ∆H-L
of nB (1) oligomers by Salzner et al.11 as well as our
present work, but the PBC/B3LYP computation yields
a band gap of 2.21 eV. Even though, the PBC calcula-
tions obtain the similar ground-state geometry as the
optimized structures of long oligomers. Taking PBT as
an example, Table 4 lists structures of the polymer
models, from which the quinoid geometry in the PBC
cell is observed. Such a quinoid structure with PBC is
almost identical to that in the 5BT (cf. Table 4).

The Cyclic Model. In addition to the PBC/B3LYP
calculations, the cyclic polymer models can also elimi-
nate the so-called “end effect” and hence be viewed as a
system with periodic condition. It is interesting to
compare performances of these two periodic polymer
models, 4 and 5.

First, the extrapolated band gap of CYC-PBT (5)
from HOMO-LUMO differences is 2.00 eV (using the
classical empirical “1/n” extrapolation method11,30), which
is slightly smaller than the PBC band gap (2.22 eV).
This deviation may be ascribed to strain in the bending
backbones in the cyclic oligomers, especially in those
small cycles. Figure 8 depicts the bending structure of
cyclic borole/thiophene cooligomer 4BT (5, n ) 4). It is

Figure 7. (a) HOMO-LUMO gaps (∆H-L) and (b) HSOMO-
LSUMO gaps (∆HS-LS) of nB (1), nBT (2), and nBT2 (3) varied
with the increase in the content of thiophene units.

Figure 8. Optimized geometry of the cyclic borole/thiophene cooligomer 4BT (5, n ) 4).

Table 3. Band Gaps, Eg, Obtained by PBC Calculations on
PB (1) and PBT (4), and the Extrapolation of

HOMO-LUMO Gaps (∆H-L) from the Cyclic nBT
Oligomers 5 and Acyclic Oligomers 1 and 2 to a Polymer

Limit (in units of eV)

models ∆H-L Eg

polyborole (PB)
nB (1, nf∞) ∼0.00
PBC-PB 2.21
borole/thiophene copolymer (PBT)
nBT (2, nf∞) ∼0.00
PBC-PBT (4) 2.22
CYC-nBT (5)

n ) 2 3.11
n ) 3 2.63
n ) 4 2.35
n ) 5 2.28
nf∞ 2.00

Table 4. Optimized Geometry of nBT (2, n ) 5),
PBC-PBT (4), and CYC-PBT (5, n ) 5) Models

models R1-2 R2-3 R3-4 R4-5 R5-6 R6-7 R7-8 R8-9

nBT (2, n ) 5)a 1.374 1.443 1.359 1.443 1.373 1.458 1.367 1.458
PBC-PBT (4) 1.375 1.443 1.360 1.443 1.374 1.459 1.365 1.459
CYC-PBT (5) 1.373 1.446 1.357 1.446 1.373 1.463 1.364 1.463

a The geometry of the central unit is adopted here.
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well recognized that the coplanarity in oligomer back-
bones is essential for achieving the efficient delocaliza-
tion of π electrons. However, for the small cyclic
systems, backbones are far from the coplanarity. Only
when the system with more and more units, can this
requirement be met gradually. Therefore, the band gap
extrapolated from the small cyclic oligmers to infinite
will be underestimated with a slightly steep slope. On
the other hand, this deviation may be caused by the
empirical extrapolation method itself, which does not
express the actual asymptotic behavior.30

Second, both the cyclic models and the PBC calcula-
tions give the similar quinoid structure as shown in
Table 4. The only difference lies in that the extent of
bond alternation17 in CYC-PBT (-0.088 Å) is relatively
larger than that in PBC-PBT (-0.083 Å), which may
be caused by the strain in the cyclic oligomers.

In summary, PBC and cyclic models give different
descriptions of band gaps of borole-containing polymers
from those extrapolated ones from the open chains
through the oligomer scheme. Future experimental
results are desired to test the applicability of PBC
calculations to the borole-containing polymers.

4. Conclusions
The geometrical structures and electronic properties

of borole/thiophene cooligomers are studied employing
the hybrid density functional theory with B3LYP func-
tional. The unrestricted DFT method gives lower ground-
state energy than the spin-restricted method, indicating
the radical character in borole-containing oligomers. The
borole/thiophene cooligomers have the quinoid form of
structures with the radical centers located at two ends
of the carbon backbones. Furthermore, the biradical
character is diminished slightly with the increase in the
content of thiophene units. Thus, the introduction of
aromatic thiophene rings can cause the stabilization
effect in borole oligomers.

Band gaps of borole-containing polymers have been
calculated by both the periodic boundary condition
(PBC) and the cyclic oligomer model (CYC). Because of
the strain and the poor coplanarity in the backbones of
small cyclic oligomers, the cyclic model slightly under-
estimates the band gap of borole/thiophene copolymer
2 (2.00 eV) relative to the PBC band gap (2.22 eV) with
the translational invariance. Both PBC and cyclic
models predict the similar quinoid structure of borole/
thiophene copolymer.

To summarize, the borole-containing oligomers have
the quinoid structure and distinct biradical character.
The introduction of thiophene rings into the oligoborole
will retard the appearance of the quinoid structure and
consequently stabilize the borole-containing polymers.
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