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Fig. 1. Magnetic field effects on (a) electroluminescence and (b) current of Alqs-based OLED!M.
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Fig. 2. The (a) MC and (b) MEL of Alqs-based OLED at different voltages!'”; (c) the MEL of Ru(bpy)s-based OLED at different
voltages('?; (d) the MR in the device with one-dimensional structure®; the (e¢) MC and (f) MEL of delayed fluorescence OLED at

different temperatures 2 .
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Fig. 4. (a) Transition rate constants of free carriers, electron-hole pairs and excitons. S and T represent singlet and triplet states, re-

spectively. G represents the formation rate of EHP. kg and kg represent the dissociation rate constants of singlet and triplet

EHPs, respectively, lcrs and k? are the recombination rate constants of singlet and triplet EHPs. (b) The Larmor precession of elec-

trons and holes with different frequency w under a magnetic field.
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Fig. 6. (a) Formation process of the bipolaron; (b) the probability of the bipolaron formation decreases under the external magnetic

field; (c) fitting the magnetic field effect with the bipolaron model *4.
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Fig. 11. (a) Schematic diagram of the Ag mechanism of electron-hole pairs; (b) the MEL at a constant current of 5 mA; (c) the

MPL of the perovskite film; (d) the left and right circularly polarized optical rotation spectra at 0 and 5 T; (e) the relationship

between the degree of circularly polarization and the magnetic field at 18 K ¥ .
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Fig. 12. (a) MPL of the perovskite film with different excitation intensities at room temperature; (b) MC of the perovskite solar cell
with different excitation intensities; (c) linear characteristics of positive MC and negative MPL; (d) schematic diagram of the elec-

tron-hole pair model in perovskites %3] .
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Fig. 13. (a) PL spectra of (C;HyNH;),PbBr,, where I} and I} are dark states, and [ is bright state; (b) schematic diagram of the
spin relaxation (left) and spin flip (right); (c) the PL changes under the magnetic fields?? .
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SPECIAL TOPIC—Manipulation and applications of solid-state single quantum systems

Magnetic field effects in non-magnetic luminescent materials:
from organic semiconductors to halide perovskites”

Tao Cong  Wang Jing-Min  Niu Mei-Ling  Zhu Lin
Peng Qi-Ming! Wang Jian-Pu'
(Key Laboratory of Flexible Electronics (KLOFE) & Institute of Advanced Materials (IAM), Jiangsu National Synergetic Innovation
Center for Advanced Materials (SICAM), Nanging Tech University (NanjingTech), Nanjing 211816, China)

( Received 8 October 2021; revised manuscript received 8 November 2021 )

Abstract

Magnetic field effects (MFEs) are used to describe the changes of the photophysical properties (including
photoluminescence, electroluminescence, injectedcurrent, photocurrent, etc.) when materials and devices are
subjected to the external magnetic field. The MFEs in non-magnetic luminescent materials and devices were
first observed in organic semiconductor. In the past two decades, the effects have been studied extensively as an
emerging physical phenomenon, and also used as a unique experimental method to explore the processes such as
charge transport, carrier recombination, and spin polarization in organic semiconductors. Recent studies have
found that the MFEs can also be observed in metal halide perovskites with strong spin-orbital coupling.
Besides, for expanding the research domain of MFEs, these findings can also be utilized to study the physical
mechanism in metal halide perovskites, and then provide an insight into the improving of the performance of
perovskite devices. In this review, we focus on the magnetic field effects on the electroluminescence and
photoluminescence changes of organic semiconductors and halide perovskites. We review the mainstream of
theoretical models and representative experimental phenomena which have been found to date, and
comparatively analyze the luminescence behaviors of organic semiconductors and halide perovskites under
magnetic fields. It is expected that this review can provide some ideas for the research on the MFEs of organic
semiconductors and halideperovskites, and contribute to the research of luminescence in organic materials and

halideperovskites.
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