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Abstract: Neutral organic radicals with intrinsic spin-allowed doublet emission have
emerged as a promising class of luminescent materials, garnering significant research
interest. However, the development of stable luminescent radicals with tunable emission
remains challenging. Herein, we present the synthesis of a series of 9-(2,4,6-trichlorophenyl)-
substituted fluorenyl radicals functionalized with various substituents at the 3,6-positions.
These radicals exhibit enhanced stability through efficient spin delocalization and kinetic
protection. Notably, they display red-shifted photoluminescence compared to traditional
polychlorotriphenylmethyl radicals, with maximum emission wavelengths ranging from
679 nm to 744 nm. The mechanisms underlying the doublet emission, as well as their
electrochemical properties, have been thoroughly investigated.

Keywords: organic radicals; doublet emission; fluorenyl radicals

1. Introduction

Open-shell organic radicals, characterized by one or more unpaired electrons, are
unique functional materials attracting significant research interest due to their novel opto-
electronic and magnetic properties. These radicals have been explored for applications in
sensors [1-3], catalysis [4-6], conductive materials [7-9], and magnetic materials [10-12].
Recently, radicals with spin-allowed doublet emission have emerged as promising lumi-
nescent materials [13-16]. Highly symmetric radicals such as perchlorotriphenylmethyl
(PTM) and tris(2,4,6-trichlorophenyl)methyl (TTM) (Figure 1) usually exhibit weak lu-
minescence [17-20]. In 2006, Gamero et al. reported a carbazole-substituted tris(2,4,6-
trichlorophenyl)methyl radical (TTM-1Cz) (Figure 1), which demonstrated intense red
emission and enhanced photostability [21]. In 2015, Li et al. first incorporated this radical
into organic light-emitting diodes, achieving a maximum external quantum efficiency of
2.4% [22]. Further studies have led to new luminescent radicals with improved device
performance [13,14,23-25].

In addition, Nishihara et al. developed pyridine-substituted triarylmethyl radicals, in-
cluding (3,5-dichloro-4-pyridyl)bis(2,4,6-trichlorophenyl)methyl (PyBTM) (Figure 1), which
exhibited good stability under ambient conditions and photoirradiation [26]. PyBTM was
also employed as a ligand to form metal-coordinated complexes for photophysical stud-
ies [27]. Later, they synthesized trigonal ligands such as bis(3,5-dichloro-4-pyridyl)(2,4,6-
trichlorophenyl)methyl [28] and tris(3,5-dichloro-4-pyridyl)methyl radicals [29], which
formed 1D and 2D coordination polymers displaying intriguing solid-state luminescence
and magnetoluminescence [30].

Recently, our group reported stable xanthene radicals and their heavy chalcogen
analogs (XR) (Figure 1), which exhibited tunable doublet emission spanning the visible
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to near-infrared (NIR) regions [31]. Stable fluorenyl radicals have been previously ex-
plored, with early reports by Ballester and co-workers highlighting their synthesis and
stability [32,33]. Furthermore, some diradicaloids have been shown to demonstrate effi-
cient NIR emission, highlighting the potential of open-shell systems for optoelectronic
applications [34-37]. Building on these advances, we present a new series of 9-(2,4,6-
trichlorophenyl)-substituted fluorenyl radicals (FL-R1 to FL-R4) (Figure 1). These radicals,
functionalized with various substituents at the 3,6-positions, exhibit remarkable stability
and tunable doublet emission spanning from the far-red to NIR regions.
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R

Figure 1. The structures of some reported stable radicals with room-temperature doublet emission,
and the new luminescent fluorenyl radicals in this report.

2. Materials and Methods

2.1. Instrumentation

All reagents and starting materials were obtained from commercial suppliers (Sigma-
Aldrich, Burlington, MA, USA) and used without further purification unless otherwise
noted. Anhydrous tetrahydrofuran (THF) was distilled from sodium-benzophenone im-
mediately prior to use. Anhydrous dichloromethane (DCM) was distilled from CaHs,.
All reaction conditions dealing with air- and moisture-sensitive compounds were carried
out in a dry reaction vessel under a Ny atmosphere. Cyclic voltammetry measurement
was performed in a dehydrated dichloromethane (DCM) solution (5 mL) on a CHI620C
electrochemical analyzer (Metrohm, Singapore) with a three-electrode cell, using 0.1 M
BuyNPFg as a supporting electrolyte, Ag/AgCl as a reference electrode, a gold disk as
a working electrode, Pt wire as the counter electrode, and at a scan rate of 100 mV s~ 1.
The 'H NMR and 13C NMR spectra were recorded in the solution of CDCl; and CD,Cl,
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aryl boronic acids,
Pd(dppf)Cl,, ag. K,COg,
THF, 75 °C, overnight

on a Bruker AVANCE (500 MHz) spectrometer (Brucker, Germany). All chemical shifts
are quoted in ppm, with tetramethylsilane (TMS) as the internal standard. The following
abbreviations were used to explain the multiplicities: s = singlet, d = doublet, t = triplet,
m = multiplet. High-resolution electrospray ionization (ESI) mass spectra were recorded on
a MicrOTOFQII instrument (Bruker Daltonics, Germany). UV-vis-NIR absorption spectra
were recorded on a Shimadzu UV-3600 spectrophotometer (Shimazu, Japan).

2.2. Synthesis

The fluorenyl radicals FL-R1 to FL-R4 were synthesized as outlined in Scheme 1.
Nucleophilic addition of 3,6-dibromofluorenone (1) with in situ-generated 1,3,5-trichloro-2-
phenylmagnesium chloride yielded 3,6-dibromo-9-(2 4,6-trichlorophenyl)-9-hydroxyfluorene
(2). Compound 2 was then reduced to hydrofluorene (3) using boron trifluoride diethyl
etherate and triethylsilane. Suzuki coupling reactions between compound 3 and vari-
ous aryl boronic acids produced the precursors 4-6, while the carbazole-substituted pre-
cursor 7 was synthesized via an Ullmann-type coupling reaction. The final fluorenyl
radicals were obtained by treating precursors 4-7 with a base (nBusyIN-OH), followed by
oxidation with p-chloranil. The resulting radicals were purified using standard silica gel
column chromatography.

Cl
1,3,5-trichloro-2-iodobenzene, O BF;+Et,0, Et;SiH,
’PngCI LiCl, THF, 0 °C to rt g c| DCM,rt, overnigh’i
OH >
Q.O 65% in two steps
Br 2 Br Br
i) NBusN+*OH; Cl 1 ¢
ii) p-chloranil, Ar' = - Bu
THF, r.t.
2 _ —
cl cl Ar = gOOMe
t
4 (R'=R2=Ar', 82%) ‘ Bu
5 (R" = Ar'; R? = Ar?, 32%) Q O O
6 (R' = R% = Ar?, 68%) R2 Cz=-$N
of FL R1(R' = R2 = Al O
/ FL-R2 (R = Ar'; R2 = Ar2) By
FL-R3 (R' = R2 = Ar?)

Cl i) nBusN+OH; FL-R4 (R' = R? = C2)

3,6-di-tert-butyl-carbazole,
Cul, K,CO3, 18-crown-6,
toluene, 110 °C, overnight R

26%

ii) p-chloranil,
THF, r.t.

o0

7(R"=R?=Cz)

Scheme 1. The synthetic route of the new fluorenyl radicals.
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3,6-Dibromo-9-(2,4,6-trichlorophenyl)-9-hydroxyfluorene (2): In a dry, nitrogen-purged
round-bottom flask, 1,3,5-trichloro-2-iodobenzene (3.07 g, 10 mmol) was dissolved in 50 mL
of anhydrous THF and cooled to 0 °C. Subsequently, 7.7 mL of an isopropylmagnesium
chloride-lithium chloride complex solution (1.3 M in THF, 10 mmol) was added dropwise.
The mixture was gradually warmed to room temperature and stirred for 2 h. The resulting
solution was then added dropwise to a solution of compound 1 (1.68 g) in anhydrous
THEF (50 mL). The reaction mixture was stirred at room temperature for 4 h, with progress
monitored by TLC. After completion, the reaction was quenched with an aqueous NH4ClI
solution and extracted three times with ethyl acetate. The combined organic layers were
dried over NaySOy4, and the solvent was removed under vacuum. The crude diol intermedi-
ate, obtained as a solid, was washed with methanol and filtered. Due to its poor solubility,
it was used directly in the next synthetic step.
3,6-Dibromo-9-(2,4,6-trichlorophenyl)-9H-fluorene (3): To a solution of crude compound 2
(516 mg, 1 mmol) in 15 mL of DCM, boron trifluoride diethyl etherate (0.2 mL, 4 mmol)
and triethylsilane (0.3 mL, 4 mmol) were added sequentially. The reaction mixture was
stirred at room temperature overnight. Upon completion, the reaction was quenched with
water and extracted three times with DCM. The combined organic layers were dried over
NaySOy4, and the solvent was removed under vacuum.The crude product was purified
by column chromatography (silica gel, DCM/hexane = 1:20) to yield compound 2 as a
pale-yellow powder (385 mg, 77%). 'H NMR (500 MHz, CDCl3): § ppm 7.65 (s, 1H), 7.63 (s,
1H),7.55 (d, ] = 0.9 Hz, 1H), 7.55 (d, ] = 1.1 Hz, 1H), 7.53 (dd, ] = 1.8, 0.8 Hz, 1H), 7.32 (t,
J =13 Hz,2H), 7.18 (d, ] = 2.1 Hz, 1H), 5.88 (s, 1H). *C NMR (125 MHz, CDCl3): § ppm
144.13, 142.69, 138.00, 136.57, 134.54, 134.12, 131.17, 130.30, 128.53, 125.75, 124.09, 122.06,
77.67,77.42,77.16,49.71. HRMS (APCI): m/z calcd for C19HyCl3Br, [M*]: 499.8131, found:
499.8132 (error: —0.2 ppm).
3,6-Bis(4-(tert-butyl)phenyl)-9-(2,4,6-trichlorophenyl)-9H-fluorene (4): A two-necked
round-bottom flask was charged with 4-tert-butylphenylboronic acid (391.7 mg, 2.2 mmol),
compound 2 (1.0 g, 2.0 mmol), 2 M aqueous K,CO3 (5 mL), and THF (50 mL). The solution
was purged with argon for 30 min. Pd(dppf)Cl, (14.62 mg, 0.02 mmol) was then added
under an argon atmosphere. The resulting mixture was heated at 75 °C overnight. After
cooling to room temperature, water was added, and the reaction mixture was extracted with
DCM. The organic layer was dried over sodium sulfate and evaporated to dryness under
reduced pressure. The crude product was purified by silica gel column chromatography
(hexane/DCM = 2:1), yielding the pure product 4 as a white solid (3.4 g, 68%). 'H NMR
(500 MHz, CDCls): 6 ppm 8.07 (d, ] =1.6 Hz, 2H), 7.65 (d, ] = 8.1 Hz, 4H), 7.55 (d, ] = 2.1 Hz,
1H),7.52 (t, ] = 8.0 Hz, 6H), 7.28 (s, 1H), 7.27 (s, 1H), 7.17 (d, ] = 2.1 Hz, 1H), 5.99 (s, 1H), 1.39
(s, 18H). 1*C NMR (125 MHz, CDCl3): § ppm 150.50, 144.00, 142.17, 140.75, 138.55, 130.00,
128.13, 127.08, 126.51, 125.90, 124.17, 118.84, 49.69, 34.71, 31.54. HRMS analysis (APCI):
caled for C39H35Cl3: 608.1721; found: 508.1702; (error: —3.2 ppm).
3-(4-(tert-Butyl)phenyl)-6-(4-methoxyphenyl)-9-(2,4,6-trichlorophenyl)-9H-fluorene (5): A
two-necked round-bottom flask was charged with 4-tert-butylphenylboronic acid (178 mg,
1.0 mmol), compound 2 (1.0 g, 2.0 mmol), 2 M aqueous K,COs3 (5 mL), and THF (50 mL),
then purged with argon for 30 min. Pd(dppf)Cl; (14.62 mg, 0.02 mmol) was added under
an argon atmosphere. The resulting mixture was heated at 75 °C for 12 h. Subsequently, 4-
methoxyphenylboronic acid (167.2 mg, 1.0 mmol) was added, and the mixture was heated
at 75 °C for an additional 12 h. After cooling to room temperature, water was added,
and the reaction mixture was extracted with DCM. The organic layers were combined,
dried over sodium sulfate, and evaporated to dryness under reduced pressure. The crude
product was purified by silica gel column chromatography (hexane/DCM = 3:1), yielding
the pure product 5 as a white solid (3.4 g, 32%). 'H NMR (400 MHz, CDCl3): é ppm
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8.07 (d, ] =1.7Hz),8.03 (d, ] = 1.7 Hz), 7.67—7.61 (m), 7.55 (d, ] = 2.2 Hz), 7.54—7.50 (m),
7.50—7.47 (m), 7.28 (d, | = 43 Hz), 7.17 (d, ] = 2.2 Hz), 7.03—7.00 (m), 5.98, 3.88, 1.38. 13C
NMR (125 MHz, CDCl3): 6 ppm 159.06, 150.21, 143.75, 143.40, 141.92, 141.89, 140.47, 140.24,
138.26, 137.55, 136.28, 135.01, 133.75, 133.45, 129.95, 129.71, 128.19, 127.92, 127.85, 126.81,
126.60, 126.22, 125.97, 125.62, 125.16, 123.90, 123.31, 118.57, 118.26, 114.11, 67.85, 55.25,
49.38, 49.26, 31.26, 25.49. HRMS analysis (APCI): caled for C3cHy9Cl30;: 582.1200; found:
582.1206; (error: 0.2 ppm).

3,6-Bis(4-methoxyphenyl)-9-(2,4,6-trichlorophenyl)-9H-fluorene (6): A two-necked round-
bottom flask was charged with 4-methoxyphenylboronic acid (334.3 mg, 2.2 mmol), com-
pound 2 (1.0 g, 2.0 mmol), 2 M aqueous K,COs3 (5 mL), and THF (50 mL). The solution was
purged with argon for 30 min. Pd(dppf)Cl, (14.62 mg, 0.02 mmol) was then added under
an argon atmosphere. The resulting mixture was heated at 75 °C overnight. After cooling
to room temperature, water was added, and the reaction mixture was extracted with DCM.
The organic layer was dried over sodium sulfate and concentrated under reduced pressure.
The crude product was purified by silica gel column chromatography (hexane/DCM = 5:1),
affording the pure product 6 as a white solid (3.4 g, 77%). 'H NMR (400 MHz, CDCl3): 6
ppm 8.04 (d, | =1.7 Hz, 2H), 7.66—7.62 (m, 4H), 7.55 (d, ] = 2.1 Hz, 1H), 7.48 (dd, ] = 7.8,
1.7 Hz, 2H), 7.27 (s, 1H), 7.26—7.24 (m, 1H), 7.17 (d, ] = 2.2 Hz, 1H), 7.04—7.00 (m, 4H),
5.98 (s, 1H), 3.88 (s, 7H). 13C NMR (125 MHz, CDCl3): 6 ppm 159.33, 143.70, 142.19, 140.51,
134.03, 133.72, 129.99, 128.47, 128.14, 126.24, 124.18, 118.55, 114.38, 55.53, 49.63. HRMS
analysis (APCI): caled for C33Hp4Cl30;: 557.0844; found: 557.0836; (error: 1.44 ppm).

9,9'-(9-(2,4,6-Trichlorophenyl)-9H-fluorene-3,6-diyl)bis(3,6-di-tert-butyl-9H-carbazole) (7):
A two-necked round-bottom flask was charged with 3,6-di-tert-butylcarbazole (335 mg,
1.2 mmol), compound 2 (500 mg, 1.0 mmol), Cul (19 mg, 0.10 mmol), K,COs3 (828 mg,
6.0 mmol), 18-crown-6 (26 mg, 0.10 mmol), and toluene (50 mL). The mixture was heated
at 110 °C for 12 h. After cooling to room temperature, water was added, and the reaction
mixture was extracted with DCM. The organic layer was dried over sodium sulfate and
concentrated under reduced pressure. The crude product was purified by silica gel column
chromatography (hexane/DCM = 1:2), yielding pure compound 7 as a yellow solid (234 mg,
26%). '"H NMR (500 MHz, CDCl3): § ppm 8.14 (dd, ] = 2.0, 0.6 Hz, 4H), 7.94 (d, ] = 1.8 Hz,
2H), 7.62 (d, ] = 2.1 Hz, 1H), 7.52 (dd, | = 8.0, 1.9 Hz, 2H), 7.48—7.44 (m, 6H), 7.39 (dd,
] =8.6,0.6 Hz, 4H), 7.28 (d, ] = 2.2 Hz, 1H), 6.17 (s, 1H), 1.45 (s, 36H). 13C NMR (125 MHz,
CDCl;):6 143.69, 142.80, 142.57, 139.25, 137.82, 129.99, 128.11, 126.20, 125.06, 123.64, 123.56,
123.29, 118.67, 116.21, 116.16, 109.10, 109.06, 77.16, 76.91, 76.65, 49.63, 34.62, 31.89, 29.60.
HRMS analysis (APCI): calcd for C5oHs7Cl3N3: 899.366; found: 899.3664; (error: 0.44 ppm).

2.3. General Procedure for Deprotonation and Oxidation

Under an argon atmosphere and in dark conditions, tetra-n-butylammonium hydrox-
ide (3.0 eq.) was added to compounds 4, 5, 6, or 7 (1.0 eq.), each dissolved in 20 mL of dry
THE. The solution quickly turned light red. The mixture was stirred at room temperature
for 5 h. Subsequently, p-chloranil (4.0 eq.) was added, and the reaction was stirred for an
additional 2 h. The solvent was removed under vacuum, and the crude products were
purified by silica gel column chromatography using a mixture of DCM and ethyl acetate as
the eluent. This process yielded the radical compounds FL-R1, FL-R2, FL-R3, and FL-R4
almost quantitatively.

FL-R1: Red powder; APCI (m/z): Calcd for C39H34Cl3, 607.1721; Found, 607.1728
(error: 1.15 ppm).

FL-R2: Red powder; APCI (m/z): Calcd for C34HpsCl301, 581.1200; Found, 581.1205
(error: 0.86 ppm).
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FL-R3: Red powder; APCI (m/z): Calcd for C33H,3C130,, 555.0684; Found, 555.068
(error: 0.72 ppm).

FL-R4: Light blue powder; APCI (m/z): Calcd for Cs9Hs¢Cl3Ny, 898.3587; Found,
898.3579 (error: 0.89 ppm).

3. Results and Discussion

Solutions of the compounds FL-R1, FL-R2, FL-R3, and FL-R4 in dichloromethane
(DCM) exhibited intense absorption bands at 380, 384, 389, and 371 nm, respectively, in
the UV-vis absorption spectra (Figure 2a), which are very different from their respec-
tive hydro-precursors 4-7 (Figure S1). Time-dependent (TD)-DFT calculations indicated
that these transitions primarily arise from HOMO-1(f3) to LUMO(3) and HOMO-2(j3) to
LUMO(p) electronic transitions (Supporting Information, Figures 52-58 and Tables S1-54).
Additionally, weak absorption bands corresponding to the lowest-energy transitions were
observed at 556 nm (FL-R1), 561 nm (FL-R2), 565 nm (FL-R3), and 616 nm (FL-R4), primar-
ily attributed to the HOMO() to LUMO(f3) electronic transitions. All fluorenyl radicals
exhibited doublet emission with photoluminescence quantum efficiencies (PLQEs) and
emission maxima (Aem ) of 0.8% (679 nm), 0.8% (681 nm), 1.0% (684 nm), and 2.1% (744 nm),
respectively (Figure 2a).

(a) 20 (b)
—FL-R1 ——FL-R1
—FL-R2 ——FLR2
16 —FLR3 | 2 ——FLR3
- —FLRe | ] 013 ——FLR4
€ 3 1.0(
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'TE 679/681/684 /721 (744 4 = 0.16
2 ‘ % 5 -1.03
208 @ 5 H
-~ — Q
© g ”1.06
0.4 £ .
- 0.19
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0.0
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-20,000 - 9 j
. : : . J ,3‘-' 4
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Figure 2. (a) UV —vis absorption and normalized fluorescence (FL) spectra of FL-R1, FL-R2, FL-R3,
and FL-R4 measured in DCM. The excitation wavelengths for FL are 380, 384, 389, and 371 nm,
respectively; (b) cyclic voltammograms of FL-R1, FL-R2, FL-R3, and FL-R4 measured in DCM (with
0.1 M nBuyNePFg as supporting electrolyte, scan rate: 100 mV/s); (¢) ESR spectrum of FL-R1 recorded
in DCM at room temperature; (d) calculated (UB3LYP/6-31G(d,p)) spin-density distribution map for
the FL-R1.

Cyclic voltammetry (CV) measurements in DCM showed one reversible oxidation
wave and one reversible reduction wave for each radical (Figure 2b). The half-wave poten-
tials for the oxidation/reduction waves were determined to be 0.19/—1.08 V,0.17/—1.06 V,
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Energy(eV)

0.16/—1.03 V, and 0.13/—1.0 V (vs. Fc*/Fc) for FL-R1, FL-R2, FL-R3, and FL-R4, re-
spectively. These results suggest that introducing more electron-rich donating groups
(e.g., 4-methoxyphenyl, 3,6-di-tert-butyl-9H-carbazole) raises the HOMO energy level and
lowers the LUMO energy level, thereby reducing the electrochemical energy gap. These
observations align with theoretical calculations and will be discussed in detail later.

At room temperature (r.t.), FL-R1, FL-R2, FL-R3, and FL-R4 displayed well-resolved
ESR spectra with g-values of 2.0030, 2.0031, 2.0029, and 2.0029, respectively, consistent with
carbon-centered radicals (Figure 2c and Supporting Information, Figures S9-511). Spin-
density maps of the ground-state radicals revealed that the spins are delocalized across the
entire 7-conjugated backbone (Figure 2d and Supporting Information, Figures S6-S11).

Theoretical calculations were performed to investigate the electronic structures and
molecular orbitals of FL-R1, FL-R2, FL-R3, and FL-R4 using DFT (UB3LYP/6-31G(d,p))
(Figure 3a and Supporting Information, Figures 52-54). For FL-R1, the singly occupied
molecular orbital (HOMO-«; 160c) shows that the unpaired electron is primarily localized
on the central carbon atom of the fluorene unit, with partial extension to the benzene rings
of the tert-butylphenyl group. The lowest singly unoccupied molecular orbital (LUMO-f3;
1603) exhibits a similar electron distribution. MOs 159« and 159 are localized on the
central fluorene moiety and the tert-butylphenyl groups. For FL-R2, FL-R3, and FL-R4,
their frontier molecular orbital profiles are similar to that of FL-R1. The energy diagrams
of these radicals (Figure 3b) clearly show the effect of introducing stronger electron-rich
donating groups into the fluorenyl skeleton. Specifically, the HOMO level increases when
substituents change from di(4-tert-butylphenyl) to a mixture of 4-tert-butylphenyl and
4-methoxyphenyl, and to di(4-methoxyphenyl). This trend can be explained by the greater
electron-donating character of methoxy groups compared to tert-butyl groups. Further
substitution with 3,6-di-tert-butyl-9H-carbazole leads to a further decrease in frontier orbital
energies, likely due to the high electronegativity of nitrogen atoms in carbazole. The LUMO-
 energy decreases more significantly than the HOMO-, resulting in a smaller band gap,
which is also consistent with the observed red shift in the emission spectra.

4 1618 (b) 1.5+
2. oz 028 2 | oz a2 w o w2 o
3y 0.0 e &
e 1
;‘- 1608
.90 ‘ < 157 80 | . l_._._.ass | 183 |
TR ol B B B =
wet 5 _3.0-
2
il}
-4.54
% 1598 6.0 e | _lew | lsw s
6.15 L, o w am 048 044
—4— —+— 1 | a2 se a8 -
692 -6.94 ;“ ’ ".{-‘ 754
£ inev ) : FL-R1 FL-R2 FL-R3 FL-R4

Figure 3. (a) The calculated (UB3LYP/6-31G(d,p)) frontier molecular orbital profiles and energy
diagram of FL-R1; (b) a summary of the calculated UB3LYP/6-31G(d,p)) energy diagrams of FL-R1,
FL-R2, FL-R3, and FL-R4.

Improving photostability is crucial for luminescent radicals. The decay of absorption
intensity for FL-R1, FL-R2, FL-R3, and FL-R4 in DCM under ambient conditions and room
temperature was investigated to explore how substituent groups with varying electron-
donating abilities affect the photostability of these fluorenyl radicals. The estimated half-
lives (t1 ) for FL-R1, FL-R2, FL-R3, and FL-R4 were 147 h, 122 h, 108 h, and 83 h (Figure 4),
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respectively, which are longer than other reported monoradicals (see Table S5 in SI). The
improvement in photostability can be attributed to efficient spin delocalization, the kinetic
blocking of the radical site by the 1,3,5-trichlorophenyl group, and intramolecular donor-
acceptor interactions (captodative effect) [38].

R2
F122 h

FL-R4

t,,=83 h
-1.0-5 T T T T T 5

0 15 30 45 60 75 90 105
Time (h)

Figure 4. The time-dependent decay of the absorbance at the absorption maximums of FL-R1, FL-R2,
FL-R3, and FL-R4 in DCM (1 x 10~* M) under ambient air and light conditions.

4. Conclusions

In summary, a series of 9-(2,4,6-trichlorophenyl)-fluorenyl-based organic luminescent
radicals were successfully synthesized and characterized. These radicals represent a new
class of organic luminescent materials with tunable doublet emissions in the far-red /NIR
region, along with significantly enhanced photostability. Additionally, the impact of
various electron-rich donating substituents in the 9-(2,4,6-trichlorophenyl)-fluorene radicals
on their electrochemical and optical properties and electronic structures was explored
and evaluated.
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cited in the supplementary materials.
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