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Figure 1 (Color online) Schematic diagram of the photophysical
processes and principles in ODMR experiments. The spin microstates of
the system are split by an external magnetic field, leading to an
accumulation of spin polarization during the photoexcitation-emission
cycle. Applying a microwave field to induce resonant transitions
between spin microstates, the system’s spin state is optically read out by
detecting fluorescence intensity variations resulting from population
perturbations.
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Figure 2 (Color online) (a) Chemical structures of pentacene (Pc), terrylene, and p-terphenyl (PTP). Energy-level diagram for pentacene. Sy and S,
denote the ground state and the first excited singlet state [9]. The arrows indicate the excitation-emission cycle between these states produced by the
laser. T, is the lowest triplet state, which is populated as well as depopulated by intersystem crossing processes (indicated by the broken arrows). The
right side shows an enlarged view of the triplet state. T, . represent the three spin sublevels generated by ZFS. The black circles on the energy levels
indicate the proportion of the population, and the thickness of the single arrow represents the rate of population decay at that level. The double-headed
arrow between T, and T, denotes spin-state transitions induced by applied microwave radiation. (b) T,-T. transition of pentacene detected with ODMR
for various experimental conditions [9]. The upper panel shows the ODMR spectrum of the sample with a massive number of pentacene molecules.
The lower panel shows the spectrum of 5 different pentacene molecules. (¢) Decrease of the fluorescence intensity of a single pentacene molecule when
the microwave field is resonant with the y-z or the x-z transition [10].
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Figure 3 (Color online) (a) Continuous-wave ODMR spectra of a
0.01% doped Pc:PTP single crystal, measured at zero field (up) and as a
function of magnetic field (down) [12]. (b) ODMR contrast can be
enhanced due to modified spin dynamics between Pc and DAP. Pulsed
ODMR spectra of Pc:PTP and DAP:PTP, showing 40% contrast in DAP,
which is significantly higher than in Pc [13].
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Figure 4 (Color online) (a) Chemical structures of luminescent mono-radical TTM and diradical m-(TTM), and CH;-m-(TTM),. (b) Experimental
(black) and simulated (red) ODMR spectrum of m-(TTM), in frozen 2-MeTHF at S-band frequencies and 85 K [14]. (¢) Experimental laser and
microwave pulse schemes and fluorescence-detected magnetic resonance spectra of CH;-m-(TTM), in frozen 2-MeTHF at S-band frequencies
(2.87 GHz) and 85 K. Left is experimental (black) and simulated (red) ODMR spectra [15]. Right is experiment (black) and fitted (red) optically

detected Rabi nutation with a Rabi frequency of ~13 MHz.
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Figure 5 (Color online) (a) The molecular structure of the M,TTM-3FIr-M,TTM diradical. (b) An energy level diagram for ground and excited states
of the singlet and triplets, shown at close to zero magnetic field. The energy values as determined from experiment are indicated. D and E are the axial
and rhombic components of the zero-field splitting tensor. (¢) At 100 K and X-band EPR conditions, fluorescence-detected magnetic resonance was
used to detect the spin-optical interaction. fy, frequency of the microwave. (d) Comparison of fluorescence spectrum changes upon microwave

switching on spin resonance conditions at 0.3 K and 4.1835 T [16].
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Figure 6 (Color online) (a) Precursor molecules doped within DNK molecular crystals are photo-activated and undergo photodissociation to form

DNC molecules. (b) At 5 K temperature, continuous resonant laser excitation

(602.8 nm, 50 nW) and a microwave (MW) field with variable frequency

reveal ODMR peaks when the MW frequency is in resonance with the spin transitions To,«> T, or To,«>T,, the latter resonance has an ODMR contrast
of 47.5(4)%. (c) Quantum coherent spin manipulation of DNC-in-DNK, including Rabi oscillations on spin transition T.«<>T,; the inset shows the
pulse sequence, Hahn-echo measurements on DNC and DNC-d,, the inset shows the pulse sequence. An exponential decay function is fitted to the

normalized data and yields coherence times 7, =157(4) and 8.6(3) ps for D
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Figure 7 (Color online) (a) Structure of AsSLOV2 with MagLOV 2 mutations highlighted. Simplified photocycle diagram in the case of a large
external magnetic field. The radical pair is born in a triplet state and undergoes field-dependent singlet-triplet interconversion to the singlet state, driven
by hfc. (b) Screen for protein variants with stronger MFE effects and faster saturation rates, and the MFE and ODMR fluorescence changes for four
examples. (c) Cells are classified based on MFE response, demonstrating the possibility of identifying MagLOV cells mixed with other non-magnetic
responsive fluorescent cells in the same spectral range, and under conditions where MagL OV produces only a small signal. (d) Schematic of the
custom-built MRI set-up. (¢) Schematic of the wide-field microscopy set-up for demonstrating the localization of cells in a two-dimensional plane. In
the region where the magnetic field changes linearly, the ODMR frequency is linearly related to the z-axis position [20].
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Figure 8 (Color online) (a) The structure of mScarlet together with
FMN. Schematic of RFP fluorescence intensity as a function of the
static magnetic field strength B, with continuous RF applied at the EPR
frequency. The increase in the fluorescence resulting from the RF is the
RYDMR. (b) Singlet and triplet energy levels from SCRPs are shown,
describing the population transfer between energy levels for three
different cases: B,=0, By>hfc, and RF resonates with the spin energy
level. (c) Microscopy photo and MFE distribution in the pharynx region
of a nematode are shown in the fluorescence image. (d) Photo and MFE
distribution from a nematode expressing mScarlet in only the microvilli
of the intestine [21].
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Abstract: Molecular spin technology holds significant application prospects in precision measurement and sensitive
sensing. Electron paramagnetic resonance (EPR) is limited by low thermal polarization, hindering the investigation of
microscopic spin systems. In contrast, optically detected magnetic resonance (ODMR) utilizes efficient spin polarization
via optical pumping combined with highly sensitive optical readout, positioning it as a powerful tool for studying
molecular spin systems. This review focuses on recent advances in spin—optical interaction within organic molecular
systems. It introduces ODMR research and performance optimization strategies based on photoexcited metastable triplet
states and ground-state triplet diradicals, as well as the monitoring and regulation of optically generated spin-correlated
radical pairs in biological systems using reaction yield-detected magnetic resonance (RYDMR) based on ODMR
technology. Owing to the advantages such as designable structures, tunable energy levels, and biocompatibility, organic
molecules are poised to become key materials for advancing the practical application of spin-based quantum
technologies.

Keywords: spin technology, optically detected magnetic resonance, organic radicals, reaction-yield-detected magnetic
resonance, fluorescent proteins, spin-correlated radical pairs
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