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S-1. General Information

Structural characterization: All the reagents and solvents used for the synthesis and
experiments were purchased from J&K Scientific companies and used without further
purification. 'H and '3C NMR spectra were recorded on a Bruker AVANCE 500
spectrometer, using tetramethylsilane (TMS) as the internal standard. The mass spectra
(MS) were recorded using an ITQ1100 (Thermo Fisher).

Single crystal X-ray diffraction (XRD) data: Single crystals of SeAN were grew by
sublimation. The diffraction experiments were carried out on a Rigaku R-AXIS RAPID
diffractometer equipped with a Mo-Ka and control Software using the RAPID AUTO.
The crystal structures were solved with direct methods and refined with a full-matrix
least-squares technique using the Olex2 programs.

Crystallographic information:

TA from Cambridge Structural Database, CCDC number: 1836801.

SeAN (CCDC number: 2213389): crystal color: colorless, empirical formula: C,,HgSe;,
formula weight: 310.10, T = 288K, crystal system: monoclinic; space group: P 21/c; a=
12.1157 A, b=6.2539 A, c=14.6000 A, o= 90°, B= 109.833°, y= 90°, V= 1040.63 A3, 7=
4, F(000)= 592.0, density= 1.979g/cm?, p= 7.058 mm!; reflections collected: 17856;
unique reflections: 2206; R (int) =0.0395, GOF= 1.052, R, [[>20(I)] = 0.0203, ®R,
[[>20(I)] = 0.0456, R, (all data)=0.0253, ®R, (all data)= 0.0473.
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Photophysical measurements: UV-vis spectra of solutions were recorded on a
PerkinElmer Lambda 365 Spectrophotometer. Steady-state emission spectra and lifetimes
were collected on an Edinburgh Instruments FLS980 Spectrometer. Photoluminescence
quantum yields (PLQY's) were measured using an integrating sphere apparatus. Solutions
were placed in 1 cm path length quartz cells and crystals were fixed on quartz plate in
terms of steady-state emission spectra and lifetimes.

Pressure-dependent experiment of crystal: A symmetric diamond anvil cell (DAC)
with 400 um diameter culet diamonds was used in high-pressure RTP, absorption, and
synchrotron XRD experiments. A T301 steel gasket with a 150 pm diameter and
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thickness 45 um hole in the center was placed in DAC. Crystals were loaded in the gasket
hole together with a small ruby ball to measure the pressure by using a standard ruby-
fluorescence method. For the single crystal of SeAN studied under high pressure, silicone
oil was used as the pressure-transmitting medium (PTM). All of the high-pressure
experiments were conducted at room temperature.

In situ photoluminescence measurements under high pressure were performed on an
Ocean Optics QE65000 spectrometer. A 355 nm line of UV DPSS laser with a spot size
of 40 um was used.

In situ high-pressure absorption spectra were recorded by an optical fiber spectrometer
(Ocean Optics, QE65000). The real optical photographs were obtained by using a Canon
EOS 5D camera equipped with a reflection lens.

In situ high-pressure angle-dispersive XRD (ADXRD) experiments were conducted on
the BL15U1 beamline of Shanghai Synchrotron Radiation Facility (SSRF).
Monochromatic beam wavelength used for data collection was 0.6199 A with a 2 x 3 um?
size. The distance of the sample detector and the geometric parameters were calibrated by
a CeO, standard. Dioptas software was utilized to yield plots of intensity versus 20 as
recorded two-dimensional (2D) data.

Theoretical calculation: Density functional theory (DFT) was carried out for the ground-
state geometry optimization at the level of CAM-B3LYP/6-31G(d, p) using Gaussian 09
(version D.01) packagel'l on a Power Leader cluster. Time-dependent density functional
theory (TD-DFT) was carried out for natural transition orbitals (NTOs) at the level of
CAM-B3LYP/6-31G(d, p). Spin—orbit coupling (SOC) coefficients were quantitatively
estimated at the level of CAM-B3LYP/6-31G(d, p) by Beijing density function (BDF) [2-8]
program. Transition density matrix (TDM) maps of dimer were obtained by Multiwfn
Software.[) Using the unit cell parameters under different pressures measured by in situ
high pressure ADXRD experiments, geometry optimization was performed for the SeAN
under different pressures, based on the first principles plane-wave pseudopotential DFT!]
as implemented in the CASTEP packagel!'l. The GGA functional of Perdew, Burke, and
Ernzerhofl!?] was used in the calculation. To correct the van der Waals interactions
common in molecular crystals, nonempirical scheme of the TSI3! was used. The
convergence levels for total energy, max force, max stress, max displacement, and SCF
iterations were ultra-fine. In order to visualize and analyze the intermolecular interactions
in the crystal structures of SeAN under different pressures, a Crystal Explorer 21.5
programt'4l was used. It enabled us to construct the three-dimensional (3D) Hirshfeld
surfaces of molecules in crystals.l'3] We also could get information about relative
contributions of intermolecular contacts to the Hirshfeld surface area from it.[1°]
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S-11. Synthetic details

TA and diphenyliodonium-2-carboxylate monohydrate sample was purchased from J&K
Scientific. TA was further purified by sublimation method and diphenyliodonium-2-
carboxylate monohydrate was used directly without purification.
0x O cl
I% ©: cl Se
\© « Hy,0 + Se _— > ©: J@
180°C sé

selenanthrene

Scheme S1 | Synthetic route to SeAN.

Synthesis of Selenanthrene (SeAN)

Synthesis of SeAN is accomplished in one step. Add Se powder (789 mg, 10mmol) and
diphenyliodonium-2-carboxylate monohydrate (1.72 g, S5 mmol) to 1,2-
dichlorobenzene (50 mL). The mixture was heated to 180°C and stirred for 3 hours. The
mixture was cooled to room temperature and the solvent was removed by flash silica gel
column chromatography by petroleum ether to obtain a tan crude product. The crude
product was purified by sublimation to obtain 300 mg of colorless and transparent
crystals with a yield of ~19%. 'H NMR (500 MHz, DMSO-dg, 25 °C, TMS): 4 7.79 (dd, J
= 5.7, 3.4 Hz, 4H, Ar-H), 7.35 (dd, J = 5.8, 3.4 Hz, 4H, Ar-H); 3C NMR (125 MHz,
CDCls, 25 °C, TMS): 6 = 134.53 (C), 131.22 (CH), 128.08 (CH); GC-MS, EI, mass m/z:
312.03 [M].
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S-111. SI Figures and tables
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Fig. S1 | SOC coefficient between S; and T, as a function of folding dihedral angle for (a)
TA and (b) SeAN.
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Fig. S2 | Emission spectrum of (a) SeAN in tetrahydrofuran (THF, 10> M) and (b) TA in
tetrahydrofuran (10> M) at room temperature (RT) and 77 K. Absorption spectra of (c)
SeAN and (d) TA in different solvents. (e) Steady and delayed emission spectra of SeAN
in tetrahydrofuran (10> M, 77 K) and crystal (RT). (f) Delayed emission spectra of SeAN
in tetrahydrofuran (10> M, 77 K) and crystal (RT).

SeAN shows a vibronic-structured emission spectrum after a delay of 1 ms,
corresponding to a phosphorescence emission from locally excited triplet state.
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Fig. S3 | (a) Comparison of geometry and packing motif of SeAN and TA in crystals. (b)
Steady emission spectra and (¢) time-resolved emission spectra of SeAN and TA crystals
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Fig. S4 | (a) Absorption spectra and (b) photographs of SeAN crystals under different
pressures.
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Fig. S5 | (a) Emission spectra and (b) luminescence photographs of SeAN crystals under
different pressures (4.15-9.21 GPa).
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Fig. S6 | (a) Emission spectra and (b) luminescence photographs of SeAN crystals during
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Fig. S9 | Hirshfeld surface analysis for monomers in SeAN crystals under different
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Fig. S13 | (a) SOC coefficients between S;-T; of SeAN monomer under different
pressures. (b) Comparison of SOC coefficients of SeAN monomer between different
singlets (S;-S4) and the lowest triplet state (T) under different pressures. (¢) Estimation
of parameters related to kp (phosphorescence radiation rate).

SOC coefficient between T; and S, gradually decreases with an increase in external
pressure. According to photophysical understanding of RTP, 7181 a decreased SOC
between T, and S, facilitates to suppress the non-radiative transition process (i.e. the ISC
process from Ty to Sy). On the other hand, the intensity-borrowing strategy is also used to
understand the enhanced RTP radiation from the forbidden transition of T;—S, through
the state mixing mechanism between Ty and S,. ['%23] With growing pressure, most of
SOC coefficients between T, and S, are also increased, in favor of the more singlet
component mixed into T state, resulting in the RTP enhancement under high pressure by
accelerating the radiative process to some extent.
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Table S1 | Parameters of pressure- dependent PLQY.

Pressure Pil;l::;Eigt;al Cell volume l;:::;lg: Absorbance '

P AglA
(G a) I, ViV, (ms) ol.

;;‘;i’slz'r'z 1 1 6.61 1 4.80 %
1 4.07 0.98 4.24 0.67 13.09 %
2 6.99 0.96 3.26 0.63 21.24 %
3 10.05 0.94 2.42 0.55 26.53 %
4 12.86 0.93 1.83 0.49 30.25 %

It is challenging to measure the RTP radiation ability of SeAN crystal under different
pressures. However, the PLQY under different pressures can be estimated by the
following formula: [24-23]

JFOem) Ag(Aex) 1

b= : :
*[FoQem) A Aex) ni

(M

where @ is the PLQY of SeAN crystal under different pressures, [F(hem) is the integrated
intensity of emission, A(4e) is the percentage of light absorbed at excitation wavelength,
n is the refractive index, and the subscript 0 denotes the reference data under ambient
pressure.

The correction factor (n%/ng?) can be calculated from the cell volume under pressure by
the Clausius-Mossotti equation and the Lorentz-Lorenz equation:[26-27]

2

The density p can be calculated from the cell volume obtained by ADXRD. R;; is called
the Lorentz-Lorenz constant, and R;; is related to the polarizability a. It can be inferred
that as the pressure increases, the cell volume decreases and the density p increases, and
the corresponding n? also increases. Therefore, the correction factor at high pressure is

greater than 1, making the actual pressure-dependent PLQY (@) larger than @

S17



01486 2 00576

0.1338 00518

* 01189 L 0.0460
[\Iolecule 2 01040 +0.040:
0.0892 L 00245

} 00743 00288

I 0.0595 00230

0.0446 0.0173

0.0297 00115

0.0149 00058

0.0000 0.0000

1 ' 7 10 3 16 19 22 25 28
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It can be seen that the T, and T, states are actually degenerated. Therefore, the sum of
the SOC coefficients of S;-T; and S;-T, of SeAN dimer is more meaningful.
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