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Abstract: We describe synthesis of BN-doped nanographene 

containing five phenylene units, boron and nitrogen atoms with both 

alternating ortho-disposition as well as direct B-N connection. 

Resulting BN doped nanographene exhibits blue fluorescence at 441 

nm with extraordinary narrow fluorescence peak with full width at half 

maximum (FWHM) = 10-11 nm. Crystallography reveals 

supramolecular organization of this compound in the crystal phase. 

Initial organic light emitting device (OLED) data suggest that the 

presence of a directly connected B-N isostere can lead to devices with 

sufficiently long lifetime as well as narrow emission electro-

luminescence peaks for OLED applications. 

Introduction 

Significant efforts have been devoted in the past decade towards 

development of narrowband light emitting diodes with high 

efficiency and high color purity.[1] Current inorganic materials, 

such as CdS quantum dots with narrow emission bandwidths that 

can approach FWHM = 20 nm, have limited applications.[2] On the 

other side, purely organic emissive materials typically suffer from 

comparatively broad bandwidths with FWHM >30-40 nm with 

emission peak broadening due to fundamental vibronic coupling 

of ground and excited states, and to geometry relaxation of 

excited states.[3] 

Figure 1. 

Developing stable, long lifetime organic blue OLED emitters with 

narrow emission bandwidths that can harvest 100% of triplets is 

believed to bring a disruptive change in display panel market.[4] 

One fruitful approach in achieving organic chromophores with 

narrow emission bandwidth is based on designing planar 

aromatic conjugated molecules with alternating disposition of 

electron deficient boron atoms and electron donating oxygen or 

nitrogen atoms first proposed by Hatakeyama et al.[5] In such 

structures frontier molecular orbitals (FMO) highest occupied 

molecular orbital (HOMO) and lowest unoccupied molecular 

orbital (LUMO) have alternate localization offset by one atom 

causing spatial separation. As a result, a small excited-state 
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Figure 2. 

singlet−triplet energy gap (ΔEST) allows harvesting triplets via an 

upper triplet state reverse intersystem crossing mechanism.[5,6] 

Very small differences in geometry of ground S0 and excited 

states S1 and vibronic coupling with the scissoring/twisting 

vibrations at <200 cm-1 contribute to very narrow emission 

bandwidths in the emission spectra of such chromophores. As 

oppose, for all-carbon analogues the vibronic coupling is with the 

stretching C-C vibrations at  ̴ 1500 cm-1. The first reported boron- 

and nitrogen-containing derivative 5,9-diphenyl-5,9-diaza-13b-

boranaphtho[3,2,1-de]anthracene, (DABNA), consists of three 

benzene rings with an ortho dislocated two nitrogen atoms and 

one boron atom as shown in Figure 1.[5] In the past eight years, a 

number of derivatives and analogues of DABNA have been 

developed as emissive dopants for OLED applications, for 

example, by extending conjugation fusing two or three DABNA 

molecules together to form -DABNA[7], by replacing carbon 

atoms with boron and nitrogen atoms in large polycyclic aromatic 

hydrocarbons (PAHs) to form boron- and nitrogen- doped PAHs 

and even nanographenes (large PAHs).[8,9] 

To date, record ultrapure blue emission with narrow emission 

bandwidth FWHM = 14 nm was reported for -DABNA emitting in 

the sky-blue region at 468 nm. We became interested in 

extending this approach to PAHs and nanographenes containing 

direct B-N bonds for OLEDs applications in the blue – deep – blue 

region using computational screening. Such directly connected B-

N bonds are isoelectronic to C=C double bonds,[10] yet the degree 

of conjugation of B-N with the carbon framework is substantially 

reduced. This type of B-N doping can lead to large cores while 

maintaining a comparatively wide bandgap. Since their discovery 

more than 70 years ago until recently, this class of heterocycles 

with directly connected B-N bonds has been surprisingly 

overlooked for “being too normal to be exciting”.[11c] Herein we 

report a novel BN-nanographene possessing narrow emission 

bandwidths in the photoluminescence and electroluminescence 

spectra. 

Results and Discussion 

Computational screening 

In principle, difference in relative emission bandwidths of 

chromophores can be correlated to the relative difference of the 

calculated Stokes shifts.[11] To reduce computational cost it is also 

possible to perform computations of the difference in vertical 

excitation energies S0→S1 calculated at geometries optimized 

for S0 and S1 states. This was found to correlate comparatively 

well with the relative difference in Stokes shifts and bandwidths. 

We performed computational prediction of the vertical excitation 

energy differences (VEED) using TD-DFT calculations for more 

than 50 various candidates containing direct B-N bonds. One 

particular extension of BN-based cores containing five phenylene 

rings in a manner shown in Figure 1 was calculated to lead to 

substantially smaller VEED than that of DABNA and other BN-

containing chromophores. Compound 1 was selected for 

synthesis since, besides low predicted emission bandwidths, it 

also possesses appropriate FMO energies, energies of singlet 

and triplet states to serve as a blue emissive material for OLEDs. 

In comparison to other BN-containing compounds, compound 1 

has a considerably greater extended -conjugated system and, 

thus, can be described as BN-doped nanographene. Importantly, 

in addition to alternating ortho-substituted boron and nitrogen 

atoms this core also contains directly connected B-N fragments. 

Synthesis 

The retrosynthetic scheme for compound 1 is shown in Figure 2. 

Target compound 1 consists of two amine-containing 

macrocycles, one with three phenylene units abbreviated “3-Ph”, 

another with four phenylene units abbreviated “4-Ph”. Synthesis 

of BN-containing heterocycles is typically achieved by borylation 

of the corresponding amine-containing carbon framework using 

bora-Friedel-Crafts reaction with boron trihalides.[10b,12] Borylation 

would require installation of two boron atoms with different 

connectivity, one connected to three carbon atoms of “3-Ph” 

macrocycle whereas the second forming boron-nitrogen bond 
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Scheme 1. i. Pd2(dba)3, tBu3P, NaOtBu, toluene, r.t. 71%. ii. BOC2O, THF, DMAP, 57°C, 78.5%. iii. Pd2(dba)3, SPhos, NaOtBu, toluene, 110°C, 90%. iv. Pd2(dba)3, 

SPhos, NaOtBu, toluene, 80°C, 29%. 

Scheme 2. i. Pd2(dba)3, SPhos, NaOtBu, toluene, 110°C, 65%. ii. BBr3, CH2Cl2, r.t. quant. iii. tf2O, pyridine, CH2Cl2, 0°C to r.t. 21% iv. Pd(PPh3)4, K2CO3, toluene, 

EtOH, H2O, 95°C, 84%. v. aniline, Pd2(dba)3, SPhos, NaOtBu, toluene, 110°C, 41.4%. vi. 1. tBuLi, tBuC6H5, r.t. to 76°C, 2. BBr3, -78°C to r.t., 3. Et(iPr)2N, 120°C, 

5-15%.

 that is isoelectronic to C=C of “4-Ph” macrocycle. We envisioned 

that initial site selectivity of borylation can be achieved by 

metalation of inner carbon atom of one of the phenylene rings of 

“3-Ph” macrocycles and NH group of “4-Ph” macrocycle with 

organolithium reagents followed by addition of boron trihalide. 

The corresponding amine-containing bis-cyclic macrocycle for 

borylation can be synthesized by sequential installation of two 

macrocycles starting from acyclic precursors using sequential 

palladium catalyzed aminomacrocyclization reactions. Efficiency 

of aminomacrocyclization reaction can be sensitive to the strain 

of the formed rings. In choosing which macrocycle should be 

installed first, we considered the higher strain associated with the 

formation of more sterically crowded “3-Ph” macrocycle. Thus, 

bis-cyclic aminomacrocycle can be retrosynthetically 

disconnected by installation of a less strained “4-Ph” at the 

second stage and a more strained “3-Ph” at the first stage as 

shown in Figure 2. 

Taking into account the above considerations, synthesis of BN-

nanographene 1 has been achieved as shown in Schemes 1 and 

2. Bis-secondary amine 5 was synthesized using two sequential

amination reactions. The corresponding aminomacrocyclization 

can lead to the “3-Ph” product 8 by performing a sequential 

monoamination of dichlorobromobenzene at milder conditions 

followed by macrocyclization upon gradual addition of the acyclic 

precursor 7. Because of the strain of “3-Ph” macrocycle and 

entropic factors, direct bisamination as a one pot reaction does 

not produce desired product 8.  

Although aminomacrocyclization of unprotected acyclic precursor 

7a does afford the desired product 8a, yields are rather low (12%) 

with the formation of significant amounts of polar oligomeric 

products perhaps due to competitive intermolecular 

oligomerization rather than intramolecular aminomacrocyclization. 

The protection of the free NH group with a butyloxycarbonyl 

(BOC) protective group as shown in Schemes 1 and 2 followed 

by sequential aminocyclization of intermediates 6 and 7b gives 

the desired BOC-protected “3-Ph” macrocycle 8b with yields of up 

to 65% on the aminomacrocyclization step. It is also possible that 

the considerably high dipole moment of the BOC protective group 

allows the acyclic precursor to adopt a favorable conformation for 

efficient macrocyclization. It is noteworthy that the inner chlorine 

atom of “3-Ph” macrocycle remains intact under these reaction 

conditions perhaps due to steric hindrance causing low activity in 
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amination reactions. The macrocyclization reaction to form “3-Ph” 

was found to be sensitive to the quality of the starting catalyst and 

reagents and requires stringent control of reaction conditions. 

Installation of the second “4-Ph” macrocycle can be achieved in a 

sequence of steps as shown in scheme 2 with BOC-deprotection 

of BOC-“3-Ph” compound 8b followed by triflation, and Suzuki 

coupling with 3-chlorophenylboronic acid. Finally, the second 

aminomacrocyclization can be performed similarly to “3-Ph” 

(Scheme 2). Due to the lower ring strain of the “4-Ph” cycle, 

macroaminocyclization also occurs as a one-pot procedure, with 

the amination of intermediate 11 with aniline at high dilution to 

discourage intermolecular side oligomerization. Mass 

spectrometry data for compound 12 conforms to the structure of 

the desired bis-cyclic macroamine. 

Double borylation was achieved by metalation of bis-cyclic amine 

12 with tert-butyllithium in tert-butylbenzene followed by addition 

of boron tribromide at -78 °C, heating the mixture with N,N-

Diisopropylethylamine (DIPEA). Subsequently the crude product 

was subjected to purification by chromatography and 

crystallization to afford desired product with purity >99.99% by 

HPLC (Scheme 2). In its 1H-NMR and 13C-NMR spectra 

measured in CD2Cl2 (see SI) bis-cyclic amine 12 showed 

broadened signal whereas well resolved peaks of bisborylated 

product appear in the range 6.21-8.7 ppm as a result of 

planarization upon bis-borylation. 13C NMR spectrum (see SI) is 

also consistent with the planar structure of compound 1.  

Crystallography and solid state packing 

The structure of compound 1 was confirmed using X-ray 

crystallography: C48H28B2N4; monoclinic, P21/c, a = 10.3011(4)Å, 

b = 20.1818(8)Å, c = 31.4064(12)Å, β = 93.484(2)°, V = 6517.2(4) 

Å3, Z=8, Z’=2, R1 = 0.0655, wR2 =0.1650, CCDC 2364557. 

Crystallographic details are presented in the SI. X-ray packing 

diagram shows that the conjugated system adopts planar 

geometry in line with theoretical predictions. The solid state 

packing of this molecule shows complex long range organization. 

The title compound crystallizes with two symmetry-unique 

molecules (A, B), Figure 3, in the asymmetric unit. Since 

intermolecular - interactions have been implicated having 

significant effects on material photophysics,[13] the packing 

diagram was inspected for extended ordering. Corrugated sheets, 

Figure 4, each having one of the two symmetry-unique molecules 

exclusively, are formed by centrosymmetric, antiparallel close 

contacts with edge (phenyl) to face (nanographene) 3.79 Å (A),  

3.80 Å (B).  

Figure 3. Molecular diagram of compound 1 with ellipsoids at 30% probability 

showing the two symmetry-unique molecules, A and B. H-atoms depicted at 

arbitrary radius. 

Figure 4. A single sheet of molecule A viewed perpendicularly to the ac unit cell 

vector showing antiparallel arrangement. 

Figure 5. Alternating arrays of A molecules (green) with B molecules (blue) as 

viewed edge-wise to show sheets arranged in slipped stacks. Hydrogen atoms 

omitted for clarity. 
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Figure 8. FMO energy diagram of S1 transitions for a single molecule of compound 1, for its dimer in parallel and antiparallel arrangements, for the trimer in parallel 

arrangement, and for the tetramer in antiparallel and parallel arrangements using crystallographic data and calculated by TD-DFT at B3LYP/6-31G(d) level. Graphic 

representation of the corresponding HONTO and LUNTO obtained at B3LYP/6-31G(d) level (except those of tetramers that were obtained at B3LYP/6-31G level).

The sheets are arrayed as slipped stacks, Figure 5, with 

nanographene-nanographene close contact 3.35 Å and with 

closest phenyl-nanographene intermolecular distance 3.40 Å. 

These intermolecular distances are consistent with - 

interactions.[13e,14] Similar compounds with potential organic 

semiconductor applications display similar face-to-face 

interactions such as -perylene,[13c,15] 3.42 Å and the boron-

centered triangulene, 4,8,12-triphenyl-4H,8H,12H-4,8,12-triaza-

12c-boradibenzo(cd,mn)pyrene,[9b] which shares structural 

similarity to the title compound, with edge-to-face interaction 3.34 

Å. 

Calculation data 

Calculations were performed at B3LYP/6-31++G(d,p)//B3LYP/6-

31G(d) level of theory to elucidate electronic structure of 

compound 1. In line with crystallography data, the structure of 

compound 1 is planar with degree of rotation of phenyl groups 

approximately 90 degrees (Figure 6). Frontier molecular orbitals 

are shown in Figure 6. Directly connected B-N bond in the “4-Ph” 

subunit macrocycle of compound 1 can be viewed as isoelectronic 

to C=C bond that, however, has a significantly lower degree of 

conjugation. As a result, incorporation of the B-N central bond 

serves to form a large planarized heterocyclic system that 

possesses a comparatively wide band gap for its size. As a 

comparison, -DABNA possessing 9 fused rings has emission 

peak shifted too much to the sky blue region at 468 nm whereas 

compound 1 possessing 11 fused rings has emission peak at 450 

nm (vide infra). Calculated energies of HOMO (-4.60 eV), LUMO 

(-1.06 eV), singlet (3.05 eV, 407 nm) and triplet (2.60 eV, 477 nm) 

state for compound 1 were obtained by TD-DFT calculations. 

Calculated EST of compound 1 is 0.45 eV. In comparison, carbon 

analogue of compound S1 (see SI) with substitution of B-N bond 

with C=C bond has a significantly smaller by 0.42 eV singlet 

energy bandgap (calculated S0 energy = 2.63 eV, see SI). 

Diminished conjugation of B-N fragments of compound 1 can be 

explained by a significant offset of energies of atomic orbitals of 

boron and nitrogen atom resulting in a negligible atomic 

coefficient of boron atom of the corresponding HOMO and 

nitrogen atom of the corresponding LUMO (Figure 6). In 

comparison, atomic coefficients of carbon atoms of the central 

C=C bond of the frontier molecular orbitals are significant in 

compound S1 (see SI). 

Figure 6. Frontier molecular orbitals for compound 1 taken from B3LYP/6-

31G(d) calculations. 

Emission spectral shape for compound 1 has been also predicted 

using Franck-Condon analysis (Figure 7). Predicted emission 

spectrum of compound 1 shows substantially more narrow 

highest intensity emission peak than that for DABNA reference. 

Analysis of contribution of individual vibronic lines to the main 

peak shows that the corresponding 0-0 transition line comprises 

of 56% of total intensity for compound 1 whereas for DABNA 

reference contribution of 0-0 transition is only 4.7% of the total 

intensity with larger contribution of other vibronic transitions 

slightly offset from 0-0 transition (Figure 7). Resulting predicted 

emission peak is a sum of individual vibronic transition. In the 

case of DABNA tight vibronic spectrum with low intensity 0-0 

transition is causing more significant homogenous peak 

broadening. In contrast, for compound 1 with 56% intensity of 0-0 
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vibronic transition, resulting broadening of the main peaks is 

suppressed resulting in predicted very sharp main intensity peak. 

Figure 7. Emission spectra simulated by Franck-Condon analysis on the 

S1→S0 transition broadened with Gaussian function and individual transition 

intensities of compound 1 (red line, chart a) and DABNA (blue line, chart b) at 

the (TD)B3LYP/6-31G(d) level. 

Singlet energies, and FMO shape and energies have been 

calculated from the geometry of a monomer molecule of 

compound 1, from its dimer in antiparallel and face-to-face parallel 

arrangements, and from the trimer and tetramer in antiparallel and 

parallel arrangements using geometrical parameters obtained 

from crystallographic data and calculated with TD-DFT at 

B3LYP/6-31G(d) level. Graphical representation of the 

corresponding highest occupied natural transition orbitals 

(HONTO), lowest unoccupied natural transition orbitals (LUNTO) 

for S1 transition and FMO energy diagrams for various molecular 

arrangements for compound 1 shown in Figure 8. These 

calculations suggest that in the solid-state compound 1 can have 

significant intermolecular interactions in the ground state with the 

singlet energy gap decreasing from 3.05 eV for the monomer to 

at least 2.88 eV for the tetramer in parallel arrangement. Dimers 

of compound 1 in parallel face-to face orientation show 

significantly higher degree of intermolecular interactions (0.12 eV) 

as compared to dimer units in antiparallel orientation (0.01 eV). 

Face-to-face oriented slipped stacked chains of compound 1 form 

structural arrangements in the crystal that can be described as J-

aggregates. This calculation data illustrates the possibility of 

intermolecular interactions based on crystallography data 

molecular arrangements. 

Photophysical properties 

Photophysical properties of compound 1 have been studied using 

absorption, emission spectroscopy. Absorption spectral data for 

compound 1 (see SI) show intense lowest energy transition at 

approximately 439 nm with a rather suppressed vibronic peak. 

Emission properties of compound 1 have been studied in fluid 

solution and the solid state. The photoluminescence emission 

spectrum of compound 1 in toluene solution showed a narrow 

emission peak at 441 nm with FWHM = 10-11 nm with rather 

suppressed vibronic features (Figure 8) and with excellent, close 

to unity, quantum efficiencies  = 95%. Compound 1 exhibits 

comparatively small solvatochromic effect in going from toluene 

to polar 2-MeTHF solutions (Figure 9). Photoluminescence 

spectrum of compound 1 has also been recorded in 2-MeTHF 

frozen glass (Figure 9). Emission spectrum of compound 1 shows 

significantly narrowed emission peak than that of reference 

DABNA. 

 

Figure 9. Photoluminescence emission spectra of compound 1 in toluene (red 

line) and 2-MeTHF measured at room temperature (blue line) and 77K (green 

line). 

Time-resolved photoluminescence measurements were 

performed in deaerated 2-MeTHF to measure prompt and 

delayed fluorescence lifetimes and spectra (Fig. 10). The 

radiative rate constant of the prompt fluorescence (kfl) was 
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calculated to be 2.0*108 s-1 from the timeconstant of the observed 

monoexponential decay and quantum yield. The delayed 

fluorescence was observed on microsecond and millisecond 

timescales showing 3.6 ms timeconstant. The spectra of the 

delayed and prompt fluorescence were indistinguishable, 

consistent with the interpretation of the delayed emission as 

TADF. The fraction of the delayed component in total 

fluorescence is quite small, ~0.5%, as determined by integrating 

prompt and delayed parts of the decay obtained on the 13 s 

timescale. With such a low fraction of delayed fluorescence and 

assuming that the triplets decay exclusively via the reverse 

intersystem crossing followed by fluorescence or nonradiative 

decay, we can obtain the 2.8*102 s-1 value for the rate constant of 

upconversion (krisc) directly from the observed timeconstant. And 

with the krisc being six orders of magnitude less that kfl, the value 

of 1.0*106 s-1 for the rate constant of intersystem crossing (kisc) is 

straightforward to calculate by multiplying kfl with the fraction of 

the delayed component in total fluorescence. Phosphorescence 

with a peak at 490 nm and 4.5 s lifetime has also been observed 

at 77K on seconds timescale (see SI). 

Table 1. Calculation and photophysical data of compound 1. 

HOMO 

(eV)[a] 

LUMO 

(eV)[a] 

S1
 

(eV/nm)[b] 

T1
 

(eV/nm)[b] 

EST 

(eV)[b] 

abs

(nm)[c] 

fl

(nm)[c] 

fl 

(ns)[d] 

ph

(nm)[e] 

ph 

(s)[e] 

FWHM 

(nm)[d] 

PLQY 

(%)[d] 

kfl 

(108s-1) 

krisc 

(102s-1) 

1 -4.60 -1.06 3.05/407 2.60/477 0.45 439 441 3.9 490 4.5 10-11 95 2.0 2.8 

[a] Calculated at B3LYP/6-31G(d) level. [b] Calculated by TD-DFT at B3LYP/6-31G(d) level. [c] Measured in toluene. [d] Measured in 2-MeTHF. [e] Measured in 2-

MeTHF at 77K.

Figure 10. Overlay of transient decays of prompt (curve is identified by open 

triangle markers, 0 - 58 ns range, 340 nm excitation, NanoLED source) and 

delayed fluorescence (curve is identified by open diamond markers, 21 ns – 9.5 

s range, 340 nm excitation, NanoLED source; curve is identified by open 

square markers, 1 s – 19 ms range, 355 nm excitation, SpectraLED source) of 

compound 1 in deaerated 2-MeTHF at r.t. 

Although compound 1 exhibits TADF behavior, krisc is 

substantially lower than that of other DABNA-type compounds 

perhaps due to comparatively high difference between energies 

of singlet and triplet states (experimental EST of compound 1 is 

0.27 eV). With appropriate structural tuning compound 1 can 

perhaps possess more favorable TADF behavior. 

Solid-state photoluminescence properties of the powdered 

sample of compound 1 have also been studied. Time-resolved 

photoluminescence studies (see SI) of the powdered sample 

recorded at lifetimes <1 ns showed a sharp bathochromically 

shifted peak at 480 nm that can be ascribed to emission from 

excimers. At long lifetimes >30 ns bathochromically shifted rather 

sharp peak arises with luminescence at 595 nm that could be 

tentatively attributed to aggregate emission from bulk crystalline 

phase (see SI). Bathochromically shifted broad emission for some 

of B,N-doped compounds in literature have been ascribed to the 

formation of excimers[7b] or aggregates.[9j] In addition, at lifetimes 

1-6 ns the powder sample shows main contribution of emission 

from other higher energy emissive species with peak at 495 nm 

that can be tentatively assigned to emission from an amorphous 

phase (see SI). This data suggests emission from J-type 

aggregates in powdered samples. 

Figure 11. Photoluminescence spectra of tDABNA (black line) and compound 

1 (0.5%, blue line; 1%, red line; 3%, green line) doped in diaryl anthracene host. 
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When co-deposited using vacuum thermal evaporation with 9,10-

diaryl-anthracene host, BN-nanographene 1 showed emission 

properties resembling photoluminescent of BN-nanographene 1 

in dilute solution (Figure 11). Absence of strong solid state 

interactions (excimers, aggregates) is beneficial for device 

performance as intrinsic narrow emission shape of compound 1 

could be maintained in films with low doping concentration (<1%). 

OLED device performance 

OLEDs with BN-nanographene 1 as emissive blue dopant 

material were fabricated on indium tin oxide (ITO) substrates in a 

following device architecture ITO(50nm)/ N-([1,1′-Biphenyl]-4-

yl)-9,9-dimethyl-N-(4-(9-phenyl-9H-carbazol-3-yl)phenyl)-9H-

fluoren-2-amine (BCFN) CAS No. 1242056-42-3:NDP-9 97:3 (10 

nm)/BCFN(160nm)/ N,N-di([1,1'-biphenyl]-4-yl)-3'-(9H-carbazol-

9-yl)-[1,1'-biphenyl]-4-amine CAS No. 1464822-27-2  (10)/2-

(10-phenyl-9-anthracenyl)dibenzofuran (CAS No. 1416962-85-0): 

emitter (97:3)/ 2,4-bis-(9,9-dimethyl-9H-fluoren-2-yl)-6-

(naphthalen-2-yl)-1,3,5-triazine CAS No. 1459162-51-6:LiQ 1:1 

(27nm)/LiQ (3nm)/Al(100nm).  

Figure 12. (top): Lifetime performance of devices fabricated with t-DABNA 

(black line) and BN-nanographene-1 at 1% (red line) and 3% (green line) dopant 

concentrations. (bottom): Electroluminescence from devices fabricated with t-

DABNA (black line) and BN-nanographene-1 at 1% (red line) and 3% (green 

line) dopant concentration 

Anthracene derivative is chosen as the host and co-deposited 

with BN-nanographene 1 to form EML. For comparison, a 

commercial t-DABNA type emitter (2,12-di-tert-butyl-5,9-bis(4-

(tert-butyl)phenyl)-7-methyl-5,9-dihydro-5,9-diaza-13b-

boranaphtho[3,2,1-de]anthracene) was chosen as the reference.  

As shown in Table 2, the EQE of BN-nanographene 1 containing 

device improves with decreasing doping concentration. This is 

likely the result of improved quantum yields according to results 

from the solid state photoluminescence experiment. Compared to 

the reference DABNA emitter, BN-nanographene 1 in the device 

of current architecture has lower EQE but deeper blue color. 

Importantly, the electroluminescence spectra of OLEDs 

fabricated using compound 1 as emissive dopant showed 

beneficial EL spectra with narrow emission bandwidths (Figure 

12). Device stability was measured by operating the OLED at a 

constant current density of 30 mA/cm2 and the decay of 

luminance is plotted in Figure 12. Even though the reference  

emitter shows the longest lifetime, with a T95 of >200 hours, the 

BN-nanographene-1 is not far behind with a T95 of >150 hours. 

Considering that the BN-nanographene emits at shorter 

wavelength than the reference emitter, these results suggest that 

molecules with B-N direct bond can meet the stability requirement 

for OLED applications

Table 2. Performance data for devices using compound 1 and reference t-DABNA as emissive dopants. 

Dopant Conc. (%)[a] V10 (V)[b] EQE (%)[c] CE (cd/A)[d] CIEx [e] CIEy [e] T95 (hrs)[f] 
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t-DABNA 3 4.8 8.0 5.7 0.135 0.078 207 

1 3 4.8 6.6 4.0 0.149 0.061 87 

1 1 4.8 7.0 3.8 0.149 0.052 156 

[a] Dopant concentration. [b] V10 is the driving voltage at 10 mA/cm2, all other data at 1000 nits. [c] Efficiency at 1000 nits. [d] CE is the current efficiency in cd/A. 

[e] CIEx and CIEy are the x and y color coordinates according to the C.I.E. chromaticity scale (Commission Internationale de L'Eclairage, 1931). [f] Device lifetime

was measured at 30mA/cm2 and 20 °C. The initial brightness under this current density was 1700 nits for t-DABNA, 1220 nits for 3% and 1130 nits for 1% doped 

BN-nanographene 1 devices. 

Conclusion 

Computational prediction of vertical excitation energy differences 

of S0 and S1 of B,N-containing compounds identified a structure 

of B,N-nanographene 1 as a promising candidate to achieve 

narrow spectral emission bandwidth blue – deeper blue materials. 

B,N-nanographene was synthesized in a sequential installation of 

three-phenylene followed by four-phenylene containing 

macrocyclic subunits via aminocyclization followed by final double 

borylation. Compound 1 has been characterized by analytical, 

NMR, crystallography and photophysical data. Crystallographic 

data demonstrated hierarchical 3D-organization in a single crystal. 

Compound 1 in fluid solution showed extraordinarily narrow 

emission bandwidths with FWHM =  10-11 nm maintaining blue, 

deep blue emission color. Further, OLEDs devices fabricated 

using B,N-nanographene 1 showed more narrow emission 

electroluminescence than incumbent boron-containing blue 

dopant reference. Thus, combining B-doped and B-N-doped poly-

heterocyclic structures can lead to materials suitable with 

applications for pure blue – deep blue OLEDs. Obtained results 

suggest that molecules with B-N direct bond can meet the stability 

requirement for OLED applications. Further development can 

potentially lead to material with improved efficiencies and other 

OLEDs parameters. 
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Computational screening, synthesis and characterization identified BN-containing candidate 1 as promising narrow bandwidth 

chromophore. BN doped nanographene exhibits blue fluorescence at 441 nm with extraordinary narrow fluorescence peak with full  

width at half maximum (FWHM) = 10-11 nm that outperforms narrow bandwidths of the incumbent references. Utility of the compound 

for long lifetime narrow bandwidth OLEDs has also been demonstrated 
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