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Abstract: Stable organic radical emitters hold promise for achieving 100% internal quantum efficiency in electrolu-
minescence; however, the molecular design space of high-performance radical emitters remains largely unexplored ,
and the structure — property relationships that govern their luminescence efficiency require further elucidation. In
this work, two structurally similar organic radicals, TTM-1Cz and TTM-DACz, which exhibit markedly different pho-
toluminescence quantum yields (PLQYs) , are systematically investigated using time-dependent density functional
theory coupled with the polarizable continuum model. A comprehensive comparison of their absorption and emission

spectra, first excited state (D) energy barriers, electron - hole orbital overlap, and radiative and non-radiative rates
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is performed to unravel the microscopic mechanism underlying their distinct emission efficiencies. The calculations
reveal that both molecules feature charge-transfer characteristics in their D;. The nitrogen substitution in TTM-DACz
significantly raises the D conformational isomerization barrier, effectively restricting the twisting of the donor - ac-
ceptor dihedral angle and preserving a more planar molecular conformation in the excited state. This planarized geom-
etry enhances the spatial overlap between electron and hole orbitals, thereby promoting the radiative decay rate. Fur-
thermore, the estimated torsional relaxation times are approximately 19 ns for TTM-DACz and 1. 7 ps for TTM-1Cz;
the ultrafast torsional relaxation of TTM-1Cz provides an efficient non-radiative dissipation channel. Quantitative cal-
culations show that TTM-DACz exhibits a higher radiative rate (2. 81 X 10"s™") than TTM-1Cz (1.70 x 10"s™") ,
while its non-radiative rate (6.94 x 10°s™") is significantly lower than that of TTM-1Cz (5.72 x 10"s™). As a re-
sult, the PLQYs of TTM-DACz and TTM-1Cz are determined to be 80. 2% and 22. 9%, respectively, differing by a
factor of approximately 3. 5. This work unveils the microscopic mechanism by which nitrogen substitution synergisti-
cally enhances the radiative rate and suppresses non-radiative relaxation via modulation of the D energy barrier and
molecular conformation, providing theoretical guidance for the rational design of efficient organic radical luminescent

materials.
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Fig. 1 Molecular geometries of TTM-DACz and TTM-1Cz.
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Fig. 2 Absorption spectra of TTM-DACz in dichloromethane solution obtained from different functionals.
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Fig. 4 Potential energy curves of TTM-DACz and TTM-1Cz molecules in dichloromethane solution.
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Tab 1

Main Dihedral Angles (in Degrees) for the D, and D, ( Values in Parentheses), Emission Spectra (A, in nm), Oscillator

Strengths (f) , Radiation Rates (k, in s™), Non-radiation Rates (k, in s™) and PLQY (¢,, in %) of TTM-DACz and TTM-

1Cz in dichloromethane solution.

Radicals C9-N17-C18-C19 A, Cexp) f k, k., b,
TTM-DACz 36. 65(44.54) 589.39(605) 0. 1464 2.81 % 10 6.94 x 10° 80. 2
TTM-1Cz 58.77(51.85) 685.03 0.1198 1.70 x 10’ 5.72 %10’ 22.9

BT G 5 AR R B R A A R,
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Tab 2 Emission Spectra (A, in nm) , Oscillator Strengths (f), Radiation Rates (k, in s), Non-radiation Rates (k, in s") and
PLQY (d’,, in %) of derivatives in Dichloromethane Solution.

Substitution position number Derivatives® A, f k, k, b,
TTM-DACz 589.39 0. 1464 2.81x 10 6.94 x 10° 80.2
R,,=N 581.39 0.1581 3.12x 107 1.16 x 10° 96. 4
R, ,=N 590. 19 0. 1609 3.08x 10 3.09 x 10° 99.0
R, ,=N 589.19 0.1519 2.92x 10 1.80 x 10° 94.2
R ;=N 589.59 0. 1720 3.30x 10’ 1.13x10° 96.7
R, =N 579.25 0. 1531 3.04 x 107 2.29 % 10° 93.0
R ,=N 594.97 0.1783 3.36 % 10’ 3.70 % 10° 98.9
R, =N 576.21 0.1524 3.06 % 10 2.37x10° 92.8
R,,=N 580. 83 0. 1345 2.66 x 10 6.19 x 10° 81.1
R, =N 569. 11 0.1241 2.55x 10 1.13x 10 69.3
R,,=N 581.36 0. 1596 3.15 % 10 1.10 x 10° 96. 6
R, =N 580. 81 0. 1407 2.78 x 10 4.55x%10° 85.9
R,,=N 590.38 0. 1662 3.18 x 10 8.75x 10° 97.3
R,,=N 600. 42 0. 1805 3.34x 107 2.05 x 10° 99.4
R, =N 592. 82 0.1707 3.24 x 10 9.30 x 10° 97.2
R, =N 596.38 0. 1539 2.88 % 10 1.32 x 10’ 68. 6

a: R, = N indicates that the carbon atoms at positions 1 and 2 are substituted by nitrogen atoms.
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