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Abstract   Conjugated homopolymers based on six-member rings, e.g.,  polyfluorene, always exhibit blue emission and conjugated homopoly-

mers based on five-member rings, e.g., polythiophene, can give red emission with low efficiency. In this work, we report a series of new conjugat-

ed homopolymers based on six-member rings with high-efficiency deep-red emission. The repeating units of the red light emitting homopoly-

mers are double B←N bridged bipyridine (BNBP) with the boron atoms functionalized with diphenyl, borafluorene, and 2,7-di-tert-butyl-boraflu-

orene groups, respectively. The relationship between the chemical structures and the opto-electronic properties of the monomers and the ho-

mopolymers has been systematically studied. The three polymers emit pure red light (λmax=656 nm) or deep red light (λmax=693 nm) with fluores-

cence quantum efficiency in solution higher than 60%. The polymers can be used as the emitters in solution-processed organic light-emitting

diodes with red emission and decent device performance. This work indicates a new strategy to design highly efficient light emitting conjugated

polymers.
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INTRODUCTION

Conjugated polymers  are  an important  kind of  opto-electronic
materials  with  the  great  advantages  of  flexibility,  solution  pro-
cessing with low cost.[1−5] In particular, carefully designed conju-
gated  polymers  exhibit  excellent  light  emitting  properties  and
can  be  used  as  active  layer  in  high  performance  organic  light-
emitting  diodes  (OLEDs).[6−16] To  elucidate  the  relationship  be-
tween chemical structures and light emitting properties of con-
jugated polymers, homopolymers are ideal model compounds.
Conjugated  homopolymers  based  on  six-member  rings, e.g.,
polyfluorene,  always  exhibit  wide bandgap with blue emission
and high fluorescence efficiency.[17−23] In comparison, conjugat-
ed  homopolymers  based  on  five-member  rings, e.g.,  polythio-
phene,  generally  exhibit  medium  bandgap  with  red  emission
and always show low fluorescence quantum efficiency.[24−27] In
this work, for the first time, we report a series of new conjugat-
ed  homopolymers  based  on  six-member  rings  with  high-effi-
ciency deep-red emission.

In  2016,  we  developed  an  organoboron  building  block,
double  B←N-bridged  bipyridine  (BNBP),  which  can  be  used
to design n-type polymer semiconductors with low-lying en-

ergy levels and high electron mobilities.[28] These BNBP-based
conjugated polymers have been used as active layers in high-
performance organic  solar  cells  (OSCs),[29−31] organic  field-ef-
fect  transistors  (OFETs),[32] organic  thermoelectrics  (OTEs),[33]

organic photodetectors (OPDs)[34] and metal-free electrocata-
lyst  (MFEC)  for  oxygen  reduction.[35] Most  of  these  BNBP-
based  conjugated  polymers  are  alternating  copolymers.  The
opto-electronic  properties  and  opto-electronic  device  appli-
cations of BNBP-based homopolymers are rarely studied.

Herein,  by  introducing  large  steric  hindrances  to  the  two
boron  atoms  of  BNBP,  we  develop  a  series  of  BNBP  building
blocks based on six-membered rings with non-planar config-
uration.  The  resulting  conjugated  homopolymers  exhibit
deep-red  emission  with  high  fluorescence  quantum  efficien-
cies  (ΦF=ca.  0.6).  The  relationship  between  the  chemical
structures of the BNBP building blocks and the opto-electron-
ic properties of the conjugated homopolymers has been sys-
tematically  studied.  The  application  of  these  conjugated  ho-
mopolymers  in  solution-processed  OLEDs  has  also  been
demonstrated.

EXPERIMENTAL

Molecular Design
Scheme 1(b) shows the chemical structures of the three conju-
gated homopolymers, PB-Ph, PB-F and PB-FBu. In the building
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blocks of the three homopolymers, the B atoms are functional-
ized with two phenyl units, fluorene unit, and di(tert-butyl)fluo-
rene unit, respectively. To study the configuration and electron-
ic structure of the BNBP building blocks, we performed density
functional theory (DFT) calculations at the B3LYP/6-31G(d,p) lev-
el of the three di-bromo monomers, mB-Ph, mB-F and mB-FBu
(see Fig. 1). The long and branched alkyl side chains have been
replaced by methyl for simplified DFT calculations. Fig. 1 shows
the  optimized  molecular  geometries  and  the  lowest  unoccu-
pied molecular orbitals (LUMO)/highest occupied molecular or-
bitals (HOMO) of the three monomers. All the three monomers
exhibit  non-planar  configurations.  In mB-Ph,  the  dihedral  an-
gles  of  the  two  phenyl  units  and  the  BNBP  unit  are  62.5°  and
86.3°,  respectively.  In  comparison,  in mB-F,  the  borafluorene
unit  adopts  perpendicular  configuration  with  the  BNBP  unit
with  a  dihedral  angle  of  90°.  The  steric  hindrance  effect  of  the
borafluorene unit is larger than that of the two phenyl units. The
tert-butyl  groups  on  the  borafluorene  unit  in mB-FBu should
further increase the steric hindrance effect of the substitutes of
the  boron  atoms.  The  LUMOs  of  the  three  monomers  are  dis-
tributed on the bipyridine unit.  The HOMO of mB-Ph is  mainly
distributed on the bipyridine unit and is not distributed on the
diphenyl unit. In comparison, in mB-F, the HOMO is distributed
on both the bipyridine unit and the borafluorene unit. This indi-
cates that the substitutes on the boron atom should affect the
HOMO energy levels of the building blocks. In addition, the tert-
butyl groups with electron-donating property should also affect
the HOMO energy levels of mB-FBu. As shown in Figs. S2 and S3
(in  the  electronic  supplementary  information,  ESI),  the  back-
bones  of  the  three  homopolymers  all  exhibits  twisted  confor-
mation  with  the  optimized  dihedral  angle  between  two  adja-
cent  BNBP units  of ca.  33°.  The aromatic  substituents  on the B
atoms act as steric hindrances to suppress intermolecular inter-
action of the three homopolymers in the solid state. The LUMOs
of  the  three  polymers  are  well  delocalized  over  the  polymer

backbone and the HOMOs of the three polymers are mainly lo-
calized on one BNBP unit. Such delocalized LUMO and localized
HOMO  are  always  observed  for  BNBP-based  conjugated  poly-
mers reported previously.

Synthesis

Synthesis of mB-F
5,5'-Dibromo-N3,N3'-bis(2-butyloctyl)-[2,2'-bipyridine]-3,3'-di-
amine  (1)  (681  mg,  1.0  mmol)  and  triethylamine  (405  mg,  4.0
mmol) were combined in anhydrous toluene (30 mL) under ar-
gon  atmosphere  in  a  250  mL  flask.  Then,  9-chloro-9-borafluo-
rene  (794  mg,  4.0  mmol)  dissolved  by  anhydrous  toluene  (10
mL) was slowly added to the mixture. The mixture was stirred at
100  °C  for  6  h.  After  cooled  to  room  temperature,  the  mixture
was  extracted  by  dichloromethane  and  water  for  three  times.
The separated organic  layer  was dried over  anhydrous sodium
sulfate  and  the  solvent  was  then  removed  by  rotary  evapora-
tion. The crude product was purified by silica gel column chro-
matography  (petroleum  ether/dichloromethane=6/1, V/V).
mB-F was obtained as a red solid. (605 mg, yield 60%). 1H-NMR
(500 MHz, CDCl3, δ, ppm): 7.67 (d, J=3.5 Hz, 4H), 7.49 (s, 2H), 7.45
(m, 4H), 7.31(s, 2H), 7.28 (m, 4H), 7.08 (t, 4H), 3.12 (s, 4H), 1.29 (s,
2H), 1.17(m, 6H), 1.14 (m, 6H), 1.03 (m, 16H), 0.88 (t, 6H), 0.82 (s,
4H),  0.68  (s,  6H). 13C-NMR  (126  MHz,  CDCl3, δ,  ppm):  146.86,
140.12,  135.02,  132.45,  129.96,  125.46,  122.01,  119.38,  115.25,
52.43, 37.78, 31.88, 31.45, 31.09, 29.73, 29.08, 26.86, 23.07, 22.66,
14.08. Anal. Calcd. for C58H70B2Br2N4: C, 69.34; H, 7.02; B, 2.15; Br,
15.91; N, 5.58. Found: C, 69.32; H, 6.98; N, 5.57.

Synthesis of mB-FBu
5,5'-Dibromo-N3,N3'-bis(2-butyloctyl)-[2,2'-bipyridine]-3,3'-di-
amine  (1)  (681  mg,  1.0  mmol)  and  triethylamine  (405  mg,  4.0
mmol) were combined in anhydrous toluene (30 mL) under ar-
gon  atmosphere  in  a  250  mL  flask.  Then,  2,7-di-tert-butyl-9-
chloro-9-borafluorene  (1.24  g,  4.0  mmol)  dissolved  by  anhy-
drous  toluene  (10  mL)  was  slowly  added  to  the  mixture.  The
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Scheme 1    (a) Schematic illustration of homopolymer examples; (b) Chemical structures of designed polymer PB-Ph, PB-F and PB-FBu.
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mixture was stirred at 100 °C for 6 h. After cooled to room tem-
perature,  the  mixture  was  extracted  by  dichloromethane  and
water  for  three  times.  The  separated  organic  layer  was  dried
over  anhydrous  sodium  sulfate  and  the  solvent  was  then  re-
moved  by  rotary  evaporation.  The  crude  product  was  purified
by  silica  gel  column  chromatography  (petroleum  ether/
dichloromethane=8/1, V/V). mB-FBu was obtained as a red sol-
id. (762 mg, yield 62%). 1H-NMR (500 MHz, C6D6, δ, ppm) 7.94 (s,
2H),  7.66  (m,  4H),  7.52–7.43  (m,  6H),  7.39–7.31  (m,  4H),  2.99  (d,
J=7.2 Hz, 4H), 1.48–1.43 (m, 2H), 1.25 (t, J=8.8 Hz, 36H), 1.13 (dd,
J=14.7,  6.5  Hz,  5H),  1.07–1.02  (m,  10H),  1.00–0.93  (m,  9H),
0.91–0.86  (m,  13H),  0.78  (t, J=7.3  Hz,  6H). 13C-NMR  (126  MHz,
C6D6, δ,  ppm):  149.55,  148.77,  146.93,  146.79,  146.66,  131.10,
129.41, 125.68, 125.50, 121.76, 119.44, 52.14, 36.54, 34.44, 32.56,
32.26, 31.89, 31.38, 29.73, 28.96, 26.87, 23.06, 22.74, 14.03, 13.89.
Anal. Calcd. for C74H102B2Br2N4: C, 72.32; H, 8.37; B, 1.76; Br, 13.00;
N, 4.56. Found: C, 72.28; H, 8.36; N, 4.55.

Synthesis of PB-Ph
Bis(1,5-cyclooctadiene)nickel(0)  (127.0  mg,  0.45  mmol),  2,2'-
bipyridine (70.3 mg, 0.45 mmol) and 1,5-cyclooctadiene (56 μL,
0.45  mmol)  were  placed  in  a  two-necked  flask  under  argon.
Dried toluene (20 mL) was then added. After the mixture being
stirred  at  80  °C  for  30  min,  monomer mB-Ph (110.8  mg,  0.11
mmol) was dissolved in toluene (10 mL) and added into the flask

dropwise. End-capping reaction was carried out by adding bro-
mobenzene (50.0 mg, 0.32 mmol) after 4 h. The resulting organ-
ic  phase  was  dispersed  in  acetonitrile  and  the  precipitate  was
collected.  The precipitate  was  purified  by  Soxhlet  extraction in
acetone, hexane and chloroform. The solid from the hexane so-
lution was dispersed in acetonitrile, then collected and dried in
vacuum overnight. Homopolymer PB-Ph was obtained as a red
solid (80.6 mg, yield 95%). GPC (TCB, polystyrene standard, 150
°C): Mn=25.8 kDa, PDI=2.03. Anal. Calcd. for C58H74B2N4: C, 82.07;
H, 8.79; B, 2.55; N, 6.60. Found: C, 82.04; H, 8.77; N, 6.59.

Synthesis of PB-F
PB-F was  prepared  from  compound mB-F (100.0  mg,  0.10
mmol) in a procedure similar to that of PB-Ph. The polymer PB-
F was  obtained  as  a  dark  blue  solid  (74.5  mg,  yield  88%).  GPC
(TCB,  polystyrene  standard,  150  °C): Mn=44.0  kDa,  PDI=1.85.
Anal.  Calcd.  for  C58H72B2N4:  C,  82.46;  H,  8.35;  B,  2.56;  N,  6.63.
Found: C, 82.43; H, 8.29; N, 6.61.

Synthesis of PB-FBu
PB-FBu was prepared from compound mB-FBu (123.0 mg, 0.10
mmol) in a procedure similar to that of PB-Ph. The polymer PB-
FBu was obtained as a dark blue solid (87.7 mg, yield 82%). GPC
(TCB,  polystyrene  standard,  150  °C): Mn=25.2  kDa,  PDI=2.11.
Anal.  Calcd.  for  C74H102B2N4:  C,  83.12;  H,  9.62;  B,  2.02;  N,  5.24.
Found: C, 83.09; H, 9.60; N, 5.22.
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Fig. 1    The optimized geometries and the Kohn-Sham LUMO/HOMOs of mB-Ph, mB-F and mB-FBu.
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RESULTS AND DISCUSSION

Synthesis and Characterization
Scheme 2 displays the synthetic routes to the three monomers
mB-Ph, mB-F, mB-FBu and three homopolymers PB-Ph, PB-F,
PB-FBu.  The  starting  materials,  5,5'-dibromo-N3,N3'-di-2-buty-
loctyl-[2,2'-bipyridine]-3,3'-diamine (1), triphenylboron, 9-chloro-
9-borafluorene  and  2,7-di-tert-butyl-9-chloro-9-borafluorene
were  synthesized  following  the  previously  reported
methods.[36−38] The three monomers were prepared by the bo-
rylation of (1) with triphenylboron, 9-chloro-9-borafluorene and
2,7-di-tert-butyl-9-chloro-9-borafluorene,  respectively.  The  syn-
thesis of mB-F and mB-FBu differs from that of mB-Ph.  NEt3 is
added to neutralise the HCl produced in the reaction, allowing
the reaction to proceed positively. The three homopolymers PB-
Ph, PB-F and PB-FBu were obtained by Yamamoto polymeriza-
tion of three monomers.

The  chemical  structures  of  the  three  monomers  and  the
three polymers were confirmed by 1H-NMR, 13C-NMR and ele-
mental  analysis.  As  determined  by  gel  permeation  chro-
matography  (GPC),  the  number-average  molecular  weight

(Mn)  and polydispersity  index (PDI)  are 25.8 kDa and 2.03 for
PB-Ph,  44.0 kDa and 1.94 for PB-F,  25.2 kDa and 2.11 for PB-
FBu, respectively. All the three polymers are readily soluble in
common  organic  solvents,  such  as  chloroform,  toluene,
chlorobenzene, etc. As indicated by thermogravimetric analy-
sis (TGA) in a nitrogen atmosphere, the three polymers all ex-
hibit  excellent  thermal  stability  with  thermal  degradation
temperature at 5% weight loss of higher than 320 °C (Fig. S8
in ESI).

Optoelectronic Properties of the Monomers
UV-Vis  absorption,  fluorescence  spectra  and  phosphorescence
spectra of the three monomers, are shown in Figs. 2(a)−2(c), re-
spectively.  The  characteristics  are  summarized  in Table  1. mB-
Ph, mB-F and mB-FBu show  the  maximum  absorption  wave-
length of  549,  566 and 580 nm,  respectively.  The peak fluores-
cence wavelength of mB-Ph, mB-F and mB-FBu is 594, 602 and
614 nm,  respectively,  indicating the Stokes shifts  of  45,  36 and
34 nm, respectively. Compared to mB-Ph, mB-F with borafluo-
rene substituent  group and mB-FBu with tert-butyl  groups  on
the  borafluorene  exhibit  progressively  red-shifted  absorption
and fluorescence spectra. These results indicate that the substi-
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tutes  on  the  boron  atoms  can  obviously  affect  the  opto-elec-
tronic properties of the BNBP building blocks. mB-Ph, mB-F and
mB-FBu show  the  maximum  phosphorescence  wavelength  of
674,  679 and 686 nm. The singlet-triplet energy splitting (ΔEST)
of all the three monomers is estimated to be as small as ca. 0.23
eV. However, despite the small ΔEST, all the three monomers ex-
hibit  fluorescence  lifetime  of  less  than  10  ns  (Fig.  2d)  with  no
thermally  assist  delayed  fluorescence.  The  ΔEST of  these  three
monomers may not be small enough compared to the efficient
TADF molecular systems.

Fig.  S1(c)  (in  ESI)  shows  the  cyclic  voltammograms  (CV)  of
mB-Ph, mB-F and mB-FBu in  CH2Cl2 solution.  All  the  three
monomers  exhibit  obvious  reduction  and  oxidation  waves.
According  to  the  onset  reduction  and  oxidation  potentials,
the LUMO/HOMO energy levels of mB-Ph, mB-F and mB-FBu

are  estimated  to  be −3.19/−5.49, −3.20/−5.38  and −3.10/
−5.19 eV,  respectively.  Compared to mB-Ph, mB-F exhibits  a
similar LUMO energy level but a slightly upshifted HOMO en-
ergy  level,  suggesting  a  slightly  decreased  bandgap.  This  is
consistent  with the slightly  red-shifted absorption spectra  of
mB-F than that of mB-Ph. mB-FBu shows both upshifted LU-
MO energy levels and HOMO energy levels than that of mB-F
because  of  the  electron-donating  property  of tert-butyl
groups.

Optoelectronic Properties of the Polymers
Fig.  3(a)  shows  the  absorption  spectra  of  the  three  polymers,
PB-Ph, PB-F and PB-FBu,  in  dilute  dichloromethane  solution.
The characteristics are listed in Table 2. PB-Ph, PB-F and PB-FBu
show the maximum absorption wavelength of 618, 662 and 670
nm,  respectively.  According  to  the  onset  absorption  wave-
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Fig.  2    (a)  UV-Vis  absorption  spectra  and  (b)  fluorescence  spectra  of mB-Ph, mB-F and mB-FBu in  dichloromethane  solution;
(c) Phosphorescence spectra of mB-Ph, mB-F and mB-FBu in dichloromethane solution at −196 °C; (d) The transient PL spectra of mB-
Ph, mB-F and mB-FBu in toluene.

 

Table 1    Photophysical and electrochemical characteristics of mB-Ph, mB-F and mB-FBu.
 

Sample
λAbs

sol a

(nm)

λAbs
film b

(nm)

λPL
sol a

(nm)

λPL
film b

(nm)

ES/ET c

(eV)

ΔEST d

(eV)

FWHM b

(nm)

ΦPL a

(%)

τp [e]

(ns)

ELUMO f

(eV)

EHOMO f

(eV)

Eg
opt b

(eV)

mB-Ph 549 560 594 607 2.21/1.97 0.24 84 83 3.45 −3.19 −5.49 2.03
mB-F 566 570 602 612 2.20/1.97 0.23 67 88 7.22 −3.20 −5.38 2.02

mB-FBu 580 584 614 620 2.14/1.92 0.22 49 86 4.88 −3.10 −5.19 1.99
a Measured in dichloromethane solution at a concentration of 1×10−5 mol/L; b Measured in thin film; c The lowest singlet and triplet states energy level; d ΔEST =
S1 – T1; e Prompt fluorescence lifetime estimated from the transient PL in toluene at a concentration of 1×10−5 mol/L, which were measured under nitrogen
atmosphere at room temperature with an excitation of 550 nm; f Estimated based on the onset oxidation and reduction potentials in CV, EHOMO/ELUMO = −(4.80 +
Eonset

ox/Eonset
red) eV.
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length in  thin film (Fig.  S4a in  ESI),  the optical  bandgap of PB-
Ph, PB-F and PB-FBu are estimated to be 1.80, 1.72 and 1.70 eV,
respectively. Fig.  3(b)  shows  the  fluorescence  spectra  of  the
three polymers. PB-Ph, PB-F and PB-FBu in solution emit deep-
red  light  with  the  maximum  emission  wavelength  of  656,  682
and  693  nm,  respectively,  together  with  the  full  width  at  half
maximum (FWHM) of 79, 39 and 37 nm, respectively. It is worth
noting that the FWHM of PB-Ph is much wider than those of the
other two polymers. This is probably due to the rotatable phenyl
groups which increase the non-radiative energy loss. Obviously,
the  more  red-shifted  fluorescence  spectrum  of  the  monomer,
the  more  red-shifted  fluorescence  spectra  of  the  homopoly-
mers.  The  fluorescence  spectra  of PB-F and PB-FBu is  much
narrower  than  that  of PB-Ph probably  because  the  borafluo-
rene  unit  is  more  rigid  than  the  diphenylboron  unit.  The  rigid
polymer  backbone  and  aromatic  substitutes  suppress  molecu-
lar  rotation  and  vibration,  leading  to  a  narrow  emission  spec-

trum.  The  three  homopolymers  all  exhibit  high  fluorescence
quantum  efficiency  of  exceeding  0.60,  which  has  not  been  re-
ported  for  red  light-emitting  conjugated  homopolymers, e.g.,
polythiophene  derivatives.  The  fluorescence  quantum  efficien-
cy of PB-F, PB-FBu is even higher than that of PB-Ph probably
due to the rigid polymer backbones. To estimate the LUMO/HO-
MO  energy  levels  of  the  three  polymers,  CV  measurements  of
PB-Ph, PB-F and PB-FBu in thin films were performed and the
results are shown in Fig. 3(c). All the three polymers exhibit ob-
vious  reduction  and  oxidation  waves.  According  to  the  onset
potentials  of  the  reduction/oxidation  waves,  the ELUMO/EHOMO

values  of PB-Ph, PB-F and PB-FBu are  estimated  to  be
−3.11/−5.24 eV, −3.27/−5.27 eV and −3.20/−5.18 eV (Table 2), re-
spectively.

Electroluminescent Properties
To  evaluate  the  potential  of  the  organoboron  conjugated  ho-
mopolymers  as  red  light-emitting  materials,  we  used  them  as
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Fig.  3    (a)  UV-Vis  absorption  spectra,  (b)  fluorescence  spectra  and  (c)  the  transient  PL  spectra  of PB-Ph, PB-F and PB-FBu in
dichloromethane; (d) Cyclic voltammograms of PB-Ph, PB-F and PB-FBu in the thin film.

 

Table 2    Photophysical and electrochemical characteristics of PB-Ph, PB-F and PB-FBu.
 

Sample
λAbs

sol a

(nm)

λAbs
film b

(nm)

λPL
sol a

(nm)

λPL
film b

(nm)

FWHM b

(nm)

Φsol 
a

(%)

Φfilm b

(%)

τp c

(ns)

ELUMO b

(eV)

EHOMO b

(eV)

Eg
opt b

(eV)

PB-Ph 618 630 656 668 79 63 14 1.35 −3.11 −5.24 1.80
PB-F 662 669 682 700 39 71 16 1.61 −3.27 −5.27 1.72

PB-FBu 670 678 693 709 37 69 12 2.22 −3.22 −5.21 1.71
a Measured  in  dichloromethane  solution  at  a  concentration  of  1×10−5 mol/L; b Measured  in  thin  film; c Prompt  fluorescence  lifetimes  estimated  from  the
transient  PL  in  toluene  at  a  concentration  of  1×10−5 mol/L,  which  were  measured  under  nitrogen  atmosphere  at  room  temperature  with  an  excitation  of
550 nm.
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the emitters dispersed in a host to fabricate solution-processed
OLEDs with the architecture of  ITO/poly(3,4-ethylenedioxythio-
phene):poly(styrenesulfonate)  (PEDOT:PSS)  (40  nm)/poly(vinyl
carbazole)  (PVK)  (30  nm)/EML  (50  nm)/1,3,5-triazine-2,4,6-triyl)-
tris(benzene-3,1-diyl)-tris(diphenylphosphine  oxide)  (PO-T2T)
(50 nm)/LiF (1 nm)/Al (150 nm) (Fig. 4a). PEDOT:PSS and PVK are
used as the hole-injection layer and hole transporting layer, re-
spectively. PO-T2T serves as the electron-transporting layer and
1,3-bis(carbazol-9-yl)benzene (mCP) works as the host.  The PB-
Ph, PB-F are dispersed in mCP with a ratio of 4 wt% to form the
emitting  layer.  The  PLQYs  of PB-Ph and PB-F in  the  emitting
layer show moderate values of 0.22 and 0.19, respectively. Table

3 lists  the  characteristics  of  the  two  solution-processed  OLED
devices. The device of PB-Ph emits pure red light with the Com-
mission  International  de  l’Eclairage  (CIE)  coordinates  of  (0.63,
0.35).  It  shows  a  maximum  current  efficiency  of  1.00  cd·A−1,  a
maximum power efficiency of 0.60 lm·W−1, a maximum external
quantum efficiency (EQE) of 1.20% and a turn-on voltage of 5.0
V,  a  maximum  luminance  of  169  cd·m−2.  This  performance  is
fairly comparable to that of typical red fluorescent polymers but
is  inferior  to  those  of  red  phosphorescent  polymers  and  red
TADF polymers.[39−45] The OLED device efficiency of PB-F is low-
er  than  that  of PB-Ph probably  because  of  the  unbalanced
charge carrier injection/transporting. The turn on voltage of the
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Fig. 4    (a) The device structure of OLED and molecular structures of used materials; (b) EL spectra of PB-Ph, PB-F;  (c) Current density-voltage-
luminance curves of OLED; (d) Current efficiency-luminance curves of OLED; (e) Power efficiency-luminance curves of OLED.
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OLED device of PB-F is higher than that of the device of PB-Ph.
This is probably due to the serious charge trapping effect of the
deep-red light emitting polymers in the mCP host.[46,47] For the
polymer PB-FPO, we did not fabricate OLED devices due to the
relatively low fluorescence quantum efficiency.

CONCLUSIONS

In summary, we developed a series of organoboron conjugated
homopolymers  based  on  BNBP  unit  with  deep-red  emission.
The three homopolymers show pure red or deep red-light emis-
sion  with  high  fluorescence  quantum  efficiency,  which  is  at-
tributed  to  the  rigid  backbone  and  large  steric  hindrance.  The
polymers have been used as the emitters in solution processed
OLEDs  with  decent  device  performance.  This  work  indicates  a
new strategy to design highly efficient light emitting conjugat-
ed polymers.
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Device
Von a

(V)

L b
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CE b
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(Im·W−1)

EQE b

(%)

CIE b

(x, y)

mCP:PB-Ph 5.0 169 1.00 0.60 1.20 (0.63, 0.35)
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a Turn-on voltage at 1 cd·m−2; b Max performance; CE: current efficiency; PE: power efficiency; EQE: external quantum efficiency.
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