
Organic Electroluminescent Materials
Possessing Intra- and Intermolecular
Hydrogen Bond Interactions: A
Mini-Review
Xinyong Liu1, Jingwei Li 1, Xu Qiu1* and Yuyu Pan2*

1College of Materials Science and Engineering, Shandong University of Science and Technology, Qingdao, China, 2School of
Petrochemical Engineering, Shenyang University of Technology, Liaoyang, China

Organic light-emitting diodes (OLEDs) have become the predominant technology in
display applications because of their superior light weight, flexibility, power
conservation, and environmental friendliness, among other reasons. The device’s
performance is determined by the intrinsic properties of organic emitters. The
aggregation structure of emitters, in particular, is crucial for color purity and efficiency.
Intra- and intermolecular interactions, such as hydrogen bonds (H-bonds), can reduce
structural vibrations and torsions, which affect the stability of emitting layer films and
optoelectronic properties of emitting materials. Hence, by regulating the H-bond
interaction, the desired properties could be obtained. This mini-review focuses on the
influence of intra- and intermolecular H-bond interactions on the optoelectronic properties
of high-performance emitters.
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INTRODUCTION

As stated in the pioneering work of Tang and VanSlyke et al., organic light-emitting diodes
(OLEDs) have attracted considerable scientific and industrial interests (Tang and VanSlyke,
1987). Extensive research has been conducted to promote OLEDs in commercial applications as
flat panel displays and lighting sources due to their lightweight, flexibility, power saving, and
environmental friendliness (Chen and Xu, 2021; Zhang et al., 2021; Zhu et al., 2021). Red, green,
and blue (RGB) emitters with nearly comparable stability, efficiency, and color purity are
necessary to fabricate full-color flat panel displays. Therefore, developing emitters with good
comprehensive performance is crucial for the new generation of full-color flat panel display
applications.

Organic emitters are one of the indispensable parts of OLEDs; not only the properties of the
monomolecular state but also those of the aggregated state can influence device performance. The
aggregation structure of emitters is crucial for device color purity and electroluminescence (EL)
efficiency (Guo et al., 2017; Han et al., 2020). Intra- and intermolecular interactions, such as
hydrogen bonds (H-bonds), could have a vital effect on the stability of emitting layer films and
optoelectronic properties of emitting materials. The desired optoelectronic properties could be
obtained by regulating the H-bond interactions. Hence, in this mini-review, we focus on the organic
emitting materials from the influence of intra- and intermolecular H-bond interactions on
optoelectronic properties.
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INTRA- AND INTERMOLECULAR H-BOND
INTERACTIONS IN DIFFERENT EMITTING
MATERIALS
The intra- and intermolecular interactions in optoelectronicmaterials
can influence their arrangement and aggregation behaviors, which
could further influence, for example, carrier mobility, color purity,
and efficiency. This section mainly discusses the influence of intra-
and intermolecular H-bond interactions on the optoelectronic
properties of RGB organic emitting materials.

H-bond Interactions in Organic Blue
Emitters
An efficient deep-blue emitter can lower the power consumption,
increase the color gamut of full-colorOLEDs, and create other visible
emissions and white light through the energy transfer processes (Lv
et al., 2021; Xu et al., 2021). However, deep-blue emitters have a
naturally broad bandgap, leading to a significant charge injection
barrier and unbalanced charge injection and transportation in the
device (Xue et al., 2017; Zhang et al., 2020; Zhang et al., 2022).
Therefore, there is an essential and significant need to develop deep-
blue emitters with high EL efficiency and narrow-band emission.

To simultaneously enhance color purity, out-coupling
efficiency, and internal quantum efficiency of OLEDs, two
isomers, 2DPyM-mDTC and 3DPyM-pDTC (Figure 1A), have
been designed by Cheng et al. The crystal structure of 3DPyM-
pDTC showed that the intramolecular H-bonding between the
two pyridine nitrogen atoms and the proximal C−H-bonds of the
tert-butylcarbazole groups with a C‒H···N of 2.5 Å was found
(Figure 2A). The presence of C‒H···N hydrogen bonding should
limit rotation between the donor and acceptor groups in the
molecule and increase the photoluminescence quantum yield

(PLQY) in the solid state. The device based on 3DPyM-pDTC,
with a nearly planar structure, shows a very high PLQY of 98%,
EQE of 31%, and corresponding blue emission with full width at
half-maximum (FWHM) of 62 nm and CIE of (0.14, 0.18)
compared with 2DPyM-mDTC (Rajamalli et al., 2017).

Ma et al. reported TPA-PPI-OH (Figure 1B), a deep-blue
fluorescent emitter with phenol group as a π-bridge (Qiu et al.,
2019). The endowed intra- and intermolecular H-bonds
interactions proved beneficial in suppressing the structural
vibrations and thereby caused a narrower FWHM PL emission
of TPA-PPI-OH. A non-doped OLED device based on TPA-
PPI-OH exhibited highly efficient EL performance and
achieved an EQE of 7.37% with narrow emission (FWHM:
58 nm). Kazlauskas et al. exploited carbazole–naphthyridine
(donor-acceptor) based blue-emitting compounds, which were
designed using both the H-bonding and sterically controlled
charge-transfer interactions between D and A units. None
methyl-substituted naphthyridine (tCz-ND, Figure 1C)
exhibited deep-blue (λmax < 460 nm) and narrow-band EL
(FWHM = 66 nm), whereas the more twisted methyl-
substituted compound (MetCz-ND) expressed broader band
(FWHM >80 nm) sky-blue (λmax ≈ 480 nm) emission. (Kreiza
et al., 2020). Recently, Rajamalli et al. demonstrated the role of
the donor substitution position in a thermally activated
delayed fluorescence (TADF) emitter to achieve deep-blue
emission with improved color purity without reducing the
device performance. A novel 3BPy-pDTC (Figure 1D) was
synthesized, where two tert-butyl carbazolyl (DTC) donors
linearly connected at the para position of the benzoyl pyridine
(3BPy) acceptor core. 3BPy-pDTC shows higher color purity
in deep-blue emission than the meta-substituted counterpart
(3BPy-mDTC) due to the locked geometry via intramolecular
H-bonding (Figure 2B) (Sk et al., 2022).

FIGURE 1 | Chemical structures of the OLED materials possessing intra/intermolecular H-bond interactions.

Frontiers in Chemistry | www.frontiersin.org July 2022 | Volume 10 | Article 9544192

Liu et al. Organic Light-Emitting Diodes

https://www.frontiersin.org/journals/chemistry
www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles


H-Bond Interactions in Organic Green
Emitters
TADF materials are urgently needed for fabricating OLEDs
because of the high exciton usage efficiency and metal-free
molecular frameworks (Liu et al., 2018). The narrowing
singlet-triplet splitting energy (ΔEst) is important for the up-
conversion process from triplet to singlet excitons in devices,
resulting in theoretically high internal quantum efficiencies. Qi
et al. discovered that the existence of intramolecular hydrogen
bonding is conducive to diminish the energy difference (ΔEst)
between a singlet and a triplet, suppressing nonradiative decay
and increasing the luminescence efficiency (Ma et al., 2020). They
found that, for the crystals of CBM-PXZ and 3CPyM-PXZ,
multiple H-bonds of C=O···H with the distances of
2.57–3.57 Å can be observed, which were conducive to locking
the movement within molecules and rigidifying the geometric
structures of molecules. Therefore, the nonradiative decay
process can be suppressed, and luminescence efficiency will be
enhanced in the solid state. Therefore, solution-processed non-
doped OLEDs adopted 3CPyM-DMAC (Figure 1E) as an emitter
exhibiting a maximum CE and EQE of 33 cd A−1 and 11.4%.

Due to quenching caused by intermolecular triplet contact,
non-doped OLEDs always result in significant efficiency roll-off.
Zhang et al. reported a green fluorescent material of mTPy-PXZ
(Figure 1F), revealing a novel strategy of tuning intermolecular
H-bonds for high-performance non-doped electroluminescence
(Shi et al., 2020). Suitable intermolecular H-bond interaction
enables the 3D supramolecular framework formation
(Figure 2C), which limits the nonradiative process and
suppresses the triplet exciton quenching caused by π–π
stacking of triplets but also favors the horizontal molecular
orientations, especially in their non-doped states. The non-
doped OLED based on the mTPy-PXZ with such suitable
intermolecular H-bonds exhibits the state-of-the-art
performance with maximum EQE of up to 23.6% with only
7.2% roll-off at 1,000 cd m−2. Recently, they designed a new
TADF emitter, DPmP-PXZ (Figure 1G), composed of 2,6-di
(pyrimidin-5-yl) pyridine (DPmP) as electron-acceptor and
phenoxazine (PXZ) as electron-donor (Shi et al., 2021).
Further intermolecular hydrogen bonding between the DPmP
and PXZ groups favors the formation of extended linear chains of
molecules instead of 3D frameworks (Figure 2D). It is further
shown that the 1D structure would help separate electron-rich

FIGURE 2 | The H-bond interactions in different OLEDmaterials. (A)Crystal structure of 3DPyM-pDTC. (B) The molecular structure and packing diagram of 3BPy-
pDTC obtained from single-crystal X-ray diffraction analysis displaying the intramolecular H-bonding interaction and the donor-acceptor dihedral angles. (C) Thermal
ellipsoid drawings at the 50% probability level and intermolecular geometries of mTPy-PXZ in the single crystals were determined by X-ray analysis. (D) Intermolecular
packing geometries of DPmP-PXZ in the single crystal determined by X-ray analysis. (E)Molecular packing and inter- and intramolecular interactions in the DPhCzB
crystal.
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PXZ cores in neighboring molecules. This leads to suppression of
exciton annihilation between molecules, and the extended 1D
chain structure improves the carrier mobility balance and optical
out-coupling. The non-doped device based on DPmP-PXZ
realized an excellent maximum EQE of 21.8% with little
efficiency roll-off. These findings contribute to a better
understanding of the role of hydrogen bonding in molecular
packing and expand the possibilities for using varied hydrogen
bonding to regulate molecular packing in non-doped systems.

H-Bond Interactions in Organic Red
Emitters
The design of high-performance red emitters remains a great
challenge due to their small energy bandgaps with severe
nonradiative decay for low luminous efficiency. Introducing
rigid and fused coplanar molecular structure to suppress the
vibrational relaxation and show a horizontal molecular
orientation in the film, enhancing the luminescence efficiency
of organic red emitters, is an effective technique. Tang et al.
fabricated an emitter, 3,6,11-triAC-BPQ (Figure 1H), containing
a rigid planar dibenzo[f,h]pyrido[2,3-b]quinoxaline (BPQ) core
and three 9,9-dimethyl-9,10-dihydroacridine (Ac) donors (Xie
et al., 2020). They found that a 3,6,11-triAC-BPQ intramolecular
H-bond refined the dihedral angle, which can hybrid the local and
charge transfer excited state. Finally, a device with 3,6,11-triAC-
BPQ as an emitter exhibited a high EQE of 22.0%.

Introducing rigid and fused moieties is an effective way to
enhance the red emitters’ luminescence. Still, the solubility is
significantly reduced, inevitably prohibiting their applications in
solution-processed OLEDs. Hence, Chen et al. proposed an
intermolecular locking strategy to improve the solution
processibility and photoluminescence efficiency of red emitters
using a highly soluble flexible difluoroboron β-diketonate unit
with exposed and easily reachable fluorines that can form
H-bonds in the solid state to induce strong intermolecular
locking for high luminescent efficiency (Jin et al., 2021). Due
to the exposed difluoroboron β-diketonate group with multiple
fluorine and oxygen atoms in forming hydrogen bonds, abundant
intra- and intermolecular interactions with short distances can be
observed with strong intermolecular hydrogen bonds of C–H···F
and C–H···O in the single-crystal structure analyses of DPhCzB
(Figure 2E). Hence, the solution-processed OLED based on
DTPAB (Figure 1I) exhibits exceptional high performance,
with a maximum EQE of 8.2%. These results demonstrated
that the intermolecular locking strategy by directly addressing
the internal conflicts between solubility and luminescent

efficiency provides important clues in developing highly
efficient and solution-processable red emitters for high-
performance OLEDs.

CONCLUSION

One of the most promising technologies for future lighting and
flat panel display applications is highly efficient OLEDs. In this
mini-review, we have mainly discussed the RGB emitting
materials possessing intra- and intermolecular H-bonds
interactions that potentially affect optoelectronic performance.
There are mainly two aspects ascribed to the interactions based
on exploiting the intra- and intermolecular H-bonds interactions
and analyzing the performance of different materials: 1)
restricting the rotation between different donor/acceptor
moieties and inhibiting the vibrational coupling of excited
states, which could obtain high luminous efficiency and color
purity; 2) the multiple H-bonds interactions could further
enhance horizontal orientation in amorphous organic
semiconductor films and significantly increase hole and
electron mobilities, which is beneficial for efficiency stability
with negligible roll-off. Although the H-bond interaction is
weaker than a covalent interaction, it is critical in promoting
the development of high-performance OLEDs. Optoelectronic
materials with hydrogen bonding interactions will, predictably,
attract increasing interest and attention in the future.

AUTHOR CONTRIBUTIONS

XL prepared the article. JL participated in the work of data
collection. XQ and YP supervised the whole work. All authors
discussed and commented on the manuscript.

FUNDING

This work was financially supported by the Natural Science
Foundation of Shandong Province of China (ZR2021QE050).

ACKNOWLEDGMENTS

We thank the Project of Shandong Province Higher Educational
Young Innovative Talent Introduction and Cultivation Team
[Environment function material innovation team].

REFERENCES

Chen, S., and Xu, H. (2021). Electroluminescent Materials toward Near Ultraviolet
Region. Chem. Soc. Rev. 50 (15), 8639–8668. doi:10.1039/d0cs01580f

Guo, J., Li, X.-L., Nie, H., Luo, W., Gan, S., Hu, S., et al. (2017). Achieving High-
Performance Nondoped OLEDs with Extremely Small Efficiency Roll-Off by
Combining Aggregation-Induced Emission and Thermally Activated Delayed
Fluorescence. Adv. Funct. Mat. 27 (13), 1606458. doi:10.1002/adfm.201606458

Han, P., Lin, C., Ma, D., Qin, A., and Tang, B. Z. (2020). Violet-Blue Emitters
Featuring Aggregation-Enhanced Emission Characteristics for Nondoped
OLEDs with CIEy Smaller Than 0.046. ACS Appl. Mat. Interfaces 12 (41),
46366–46372. doi:10.1021/acsami.0c12722

Jin, J., Wang, W., Xue, P., Yang, Q., Jiang, H., Tao, Y., et al. (2021).
Intermolecular Locking Design of Red Thermally Activated Delayed
Fluorescence Molecules for High-Performance Solution-Processed
Organic Light-Emitting Diodes. J. Mat. Chem. C 9 (7), 2291–2297.
doi:10.1039/d0tc05624c

Frontiers in Chemistry | www.frontiersin.org July 2022 | Volume 10 | Article 9544194

Liu et al. Organic Light-Emitting Diodes

https://doi.org/10.1039/d0cs01580f
https://doi.org/10.1002/adfm.201606458
https://doi.org/10.1021/acsami.0c12722
https://doi.org/10.1039/d0tc05624c
https://www.frontiersin.org/journals/chemistry
www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles


Kreiza, G., Banevičius, D., Jovaišaitė, J., Juršėnas, S., Javorskis, T., Vaitkevičius, V.,
et al. (2020). Realization of Deep-Blue TADF in Sterically Controlled
Naphthyridines for Vacuum- and Solution-Processed OLEDs. J. Mat. Chem.
C 8 (25), 8560–8566. doi:10.1039/d0tc01637c

Liu, Y., Li, C., Ren, Z., Yan, S., and Bryce, M. R. (2018). All-organic Thermally
Activated Delayed Fluorescence Materials for Organic Light-Emitting Diodes.
Nat. Rev. Mater 3 (4), 18020. doi:10.1038/natrevmats.2018.20

Lv, X., Xu, L., Yu, Y., Cui, W., Zhou, H., Cang, M., et al. (2021). High External
Quantum Efficiency and Low Efficiency Roll-Off Achieved Simultaneously in
Nondoped Pure-Blue Organic Light-Emitting Diodes Based on a Hot-Exciton
Fluorescent Material. Chem. Eng. J. 408, 127333. doi:10.1016/j.cej.2020.127333

Ma, F., Zhao, G., Zheng, Y., He, F., Hasrat, K., and Qi, Z. (2020). Molecular
Engineering of Thermally Activated Delayed Fluorescence Emitters with
Aggregation-Induced Emission via Introducing Intramolecular Hydrogen-
Bonding Interactions for Efficient Solution-Processed Nondoped OLEDs.
ACS Appl. Mat. Interfaces 12 (1), 1179–1189. doi:10.1021/acsami.9b17545

Qiu, X., Xu, Y., Wang, C., Hanif, M., Zhou, J., Zeng, C., et al. (2019). Synergistic
Effects of Hydrogen Bonds and the Hybridized Excited State Observed for
High-Efficiency, Deep-Blue Fluorescent Emitters with Narrow Emission in
OLEDApplications. J. Mat. Chem. C 7 (18), 5461–5467. doi:10.1039/c9tc00357f

Rajamalli, P., Senthilkumar, N., Huang, P.-Y., Ren-Wu, C.-C., Lin, H.-W., and
Cheng, C.-H. (2017). New Molecular Design Concurrently Providing Superior
Pure Blue, Thermally Activated Delayed Fluorescence and Optical Out-
Coupling Efficiencies. J. Am. Chem. Soc. 139 (32), 10948–10951. doi:10.
1021/jacs.7b03848

Shi, Y., Wang, K., Tsuchiya, Y., Liu, W., Komino, T., Fan, X., et al. (2020).
Hydrogen Bond-Modulated Molecular Packing and its Applications in High-
Performance Non-doped Organic Electroluminescence. Mat. Horiz. 7 (10),
2734–2740. doi:10.1039/d0mh00952k

Shi, Y. Z., Wang, K., Fan, X. C., Chen, J. X., Ou, X. M., Yu, J., et al. (2021). High-
Performance Nondoped Organic Light-Emitting Diode Based on a Thermally
Activated Delayed Fluorescence Emitter with 1D Intermolecular Hydrogen
Bonding Interactions.Adv. Opt. Mater. 9 (16), 2100461. doi:10.1002/adom.202100461

Sk, B., Ravindran, E., Deori, U., Yadav, N., Nanda, G. P., and Rajamalli, P. (2022). A
Deep Blue Thermally Activated Delayed Fluorescence Emitter: Balance between
Charge Transfer and Color Purity. J. Mat. Chem. C 10 (12), 4886–4893. doi:10.
1039/d1tc05027c

Tang, C.W., and VanSlyke, S. A. (1987). Organic Electroluminescent Diodes. Appl.
Phys. Lett. 51 (12), 913–915. doi:10.1063/1.98799

Xie, F.-M., Zeng, X.-Y., Zhou, J.-X., An, Z.-D., Wang, W., Li, Y.-Q., et al. (2020).
Intramolecular H-Bond Design for Efficient Orange-Red Thermally Activated

Delayed Fluorescence Based on a Rigid Dibenzo[f,h]pyrido[2,3-B]quinoxaline
Acceptor. J. Mat. Chem. C 8 (44), 15728–15734. doi:10.1039/d0tc03965a

Xu, Y., Xu, P., Hu, D., and Ma, Y. (2021). Recent Progress in Hot Exciton Materials
for Organic Light-Emitting Diodes. Chem. Soc. Rev. 50 (2), 1030–1069. doi:10.
1039/d0cs00391c

Xue, S., Qiu, X., Ying, S., Lu, Y., Pan, Y., Sun, Q., et al. (2017). Highly Efficient
Nondoped Near-Ultraviolet Electroluminescence with an External Quantum
Efficiency Greater Than 6.5% Based on a Carbazole-Triazole Hybrid Molecule
with High and Balanced Charge Mobility. Adv. Opt. Mater 5 (21), 1700747.
doi:10.1002/adom.201700747

Zhang, D., Huang, T., and Duan, L. (2020). Emerging Self-Emissive Technologies
for Flexible Displays. Adv. Mat. 32 (15), 1902391. doi:10.1002/adma.201902391

Zhang, D., Wada, Y., Wang, Q., Dai, H., Fan, T., Meng, G., et al. (2022). Highly
Efficient and Stable Blue Organic Light-Emitting Diodes Based on Thermally
Activated Delayed Fluorophor with Donor-Void-Acceptor Motif. Adv. Sci. 9
(12), 2106018. doi:10.1002/advs.202106018

Zhang, H., Xue, J., Li, C., Zhang, S., Yang, B., Liu, Y., et al. (2021). Novel Deep-Blue
Hybridized Local and Charge-Transfer Host Emitter for High-Quality
Fluorescence/Phosphor Hybrid Quasi-White Organic Light-Emitting Diode.
Adv. Funct. Mat. 31 (25), 2100704. doi:10.1002/adfm.202100704

Zhu, X., Li, Y., Wu, Z., Lin, C., Ma, D., Zhao, Z., et al. (2021). Anthracene-based
Bipolar Deep-Blue Emitters for Efficient White OLEDs with Ultra-high
Stabilities of Emission Color and Efficiency. J. Mat. Chem. C 9 (15),
5198–5205. doi:10.1039/d1tc00432h

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations or those of
the publisher, the editors, and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Liu, Li, Qiu and Pan. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Chemistry | www.frontiersin.org July 2022 | Volume 10 | Article 9544195

Liu et al. Organic Light-Emitting Diodes

https://doi.org/10.1039/d0tc01637c
https://doi.org/10.1038/natrevmats.2018.20
https://doi.org/10.1016/j.cej.2020.127333
https://doi.org/10.1021/acsami.9b17545
https://doi.org/10.1039/c9tc00357f
https://doi.org/10.1021/jacs.7b03848
https://doi.org/10.1021/jacs.7b03848
https://doi.org/10.1039/d0mh00952k
https://doi.org/10.1002/adom.202100461
https://doi.org/10.1039/d1tc05027c
https://doi.org/10.1039/d1tc05027c
https://doi.org/10.1063/1.98799
https://doi.org/10.1039/d0tc03965a
https://doi.org/10.1039/d0cs00391c
https://doi.org/10.1039/d0cs00391c
https://doi.org/10.1002/adom.201700747
https://doi.org/10.1002/adma.201902391
https://doi.org/10.1002/advs.202106018
https://doi.org/10.1002/adfm.202100704
https://doi.org/10.1039/d1tc00432h
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/chemistry
www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles

	Organic Electroluminescent Materials Possessing Intra- and Intermolecular Hydrogen Bond Interactions: A Mini-Review
	Introduction
	Intra- and Intermolecular H-bond Interactions in Different Emitting Materials
	H-bond Interactions in Organic Blue Emitters
	H-Bond Interactions in Organic Green Emitters
	H-Bond Interactions in Organic Red Emitters

	Conclusion
	Author Contributions
	Funding
	Acknowledgments
	References


