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ABSTRACT: Dipolar emitters exhibited excellent performanneorganic light-emitting diode
(OLED). However, these molecules had intramolecularge-transfer (ICT) properties, which
posed challenge to obtain deep blue emission.isnstiady, three fluorophores were designed by
introducing carbazole and diphenylamine as eleatimmors and sulfone as electron acceptor due
to their mild charge-accepting properties and ®dsangles. These materials appeared almost in
vertical angles of the dihedral configuration, aexhibited high thermal and electrochemical
stability, suitable for solution-processed OLED eTdolution-processed non-doped devices based
on these three emitters were realized, where twiestons within the standard deep blue emission
range were achieved with the Commission Internati@ende I'Eclairage (CIE) coordinates of
(0.16, 0.12) and (0.16, 0.15).

Keywords: intramolecular charge-transfer; bipolar fluoroprsrdeep blue; single layer, organic
light-emitting diodes

1. Introduction

OLED have the advantages of self-luminance, lowinlgi voltage, wide color gamut, wide
viewing angle, ultra-thin and many more, therefibrey are considered as the next generation of
display technology [1-3]. For the fabrication of B, solution processing is preferred as it is
suitable for large-scale processing of flexibleides at low cost. To realize full-color display of
OLED, blue light-emitting materials are essentialp. However, these materials have deeper
frontier molecular orbital (FMO) as compared to @t green light-emitting materials, which
often resulted to poor performancd3ipolar materials with D-A structures have attracte
tremendous attentions [6-12], because it can iseré®th hole and electron mobility[13, 14] to
achieve 100% internal quantum efficiency with lofficeency roll-off[8, 15-17]. However, due to



the intramolecular charge-transfer (ICT) propertieslipolar materials, most of the emitters are
designed with long wavelength, which pose a chgletio design deep-blue emitters.

In order to achieve deep blue emission, the D-Aequkes need to have weak ICT effect and short
conjugation length[13, 14, 18-32]. Therefore, iis thvork, three deep blue emitting compounds
based on sulfone intramolecular charge-transfeg typre designed and synthesized as shown in
Scheme 1, which possessed two sulfonyl groups as electanemors (A) and carbazoles or
triphenylamine as an electron donor (D). These-®iype molecules have ICT character with
large dihedral angles and significant energy gapwvdsen highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LOM which are both beneficial for
generating short-wavelength emissions[33]. In aaldit these fluorophores exhibited good
photophysical, thermal, electrochemical and eléatninescence properties. Solution-processed
non-doped OLED were then fabricated, in which t/dt exhibited deep blue emission with CIE
of (0.16, 0.15) and (0.16, 0.11).

2. Synthesis
2.1 Materials
(9-phenyl9H-carbazol-3-yl)boronic acid, (BH-carbazol-9-yl)phenyl)boronic acid,
(4-(diphenylamino)phenyl)boronic acid, 2,7-dibro@@-dioctyl9H-fluorene,
bis(pinacolato)diboron were purchased from TCI. rdlds(triphenylphosphine)palladium
(Pd(PPR)4), bis(triphenylphosphine)palladium(ll)dichloride{®l,(PPh).) and

1,1'-bis(diphenylphosphino)ferrocenedichloropalladiumn(PdCL(dppf)) were purchased from
Shanxi Kaida Chemical Engineering Co., Ltd. Otheagents and solvents were purchased from
Sinopharm Group Chemical Reagent Co., Ltd. Thedig#ane was refluxed with sodium and
benzophenone under argon atmosphere, then disfille& synthetic routes &g, 6b and6c were
outlined inScheme 1.
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Scheme 1. The synthetic routes @h, 6b and6c.

2.2 Synthesis
2.2.1 Synthesis of 2.2.1 3-(7-bromo-9,9-dioctylfRldren-2-yl)-9-phenyl-9H-carbazoleld),
9-(4-(7-bromo-9,9-dioctyl-9H-fluoren-2-yl)phenylHScarbazole {b) and 4-(7-bromo-9,9-



dioctyl-9H-fluoren-2-yl)-N,N-diphenylanilinel.¢)

(9-phenyl9H-carbazol-3-yl)boronic acid (2.87g, 0.010 mol),-8jdromo-9,9-dioctylOH-fluorene
(6.58 g, 0.012 mol), Pd&PPh), (0.1 g), HO (5 ml) and KCO; (6g, 0.043 mol) were added to a
250 ml flask with 40 ml THF. The mixture was heatd’8°C under argon atmosphere for 12h.
After cooling down, the resulting mixture was exted with CHCI,, and the organic layer was
collected and dried with MgSO The solvent was removed and purified by silicd ge
chromatography to obtain white solid, yield 95%7@g).'H NMR (400 MHz, Chloroform-dp
8.40 (d, J = 1.5 Hz, 1H), 8.23 (d, J = 7.7 Hz, TH}5 (d, J = 7.9 Hz, 1H), 7.70 (ddd, J = 7.6, 6.0,
1.7 Hz, 2H), 7.66 — 7.55 (m, 6H), 7.52 — 7.47 (id),47.47 — 7.41 (m, 2H), 7.36 — 7.27 (m, 1H),
2.20 — 1.89 (m, 4H), 1.24 — 1.02 (m, 20H), 0.8A (% 7.0 Hz, 6H), 0.70 (s, 4HY’C NMR (101
MHz, Chloroform-d)s 153.24, 141.43, 138.63, 137.70, 133.81, 129.98,582 127.09, 126.34,
126.18, 125.60, 123.97, 121.70, 120.98, 120.43,1020.20.04, 118.79, 110.04, 109.96, 55.53,
40.33, 31.79, 29.98, 29.22, 29.19, 23.78, 22.6M6L4drhe synthesis procedureslbfwas similar

to 1a. It was obtained as a white powder in yield oP80lb: 1H NMR (400 MHz, Chloroform-d)
88.17 (d, J = 7.8 Hz, 2H), 7.88 (d, J = 8.0 Hz, ZH}J7 (d, J = 7.9 Hz, 1H), 7.67 (d, J = 8.0 Hz,
3H), 7.63 (d, J = 1.6 Hz, 1H), 7.60 (d, J = 7.8 H4), 7.49 (tdd, J = 5.2, 3.1, 1.4 Hz, 4H), 7.46 —
7.39 (m, 2H), 7.31 (t, J = 7.4 Hz, 2H), 2.09 — 1(A 4H), 1.24 — 1.03 (m, 20H), 0.81 (t, J=7.0
Hz, 6H), 0.69 (h, J = 6.0, 5.5 Hz, 4HfC NMR (101 MHz, Chloroform-dp 153.27, 151.27,
140.89, 140.55, 139.54, 130.09, 128.54, 127.37,2626.26.21, 125.99, 123.48, 121.43, 121.24,
121.19, 120.37, 120.25, 120.02, 109.84, 55.61,44(B3.79, 29.96, 29.20, 23.77, 22.62, 14.08.
The synthesis procedures Xif was similar tola. It was obtained as a yellow powder in yield of
87 %.1c: 'H NMR (400 MHz, Chloroform-d} 7.69 (d, J = 7.9 Hz, 1H), 7.54 (dd, J = 7.8, 32 H
4H), 7.51 (s, 1H), 7.45 (d, J = 7.4 Hz, 2H), 7.31.23 (m, 4H), 7.16 (t, J = 7.2 Hz, 6H), 7.04 (t, J
= 7.3 Hz, 2H), 1.95 (it, J = 13.4, 6.7 Hz, 4H),81-20.96 (m, 20H), 0.80 (t, J = 7.1 Hz, 6H), 0.70 —
0.58 (m, 4H).**C NMR (101 MHz, Chloroform-dp 153.20, 151.03, 147.68, 147.21, 139.91,
138.90, 129.96, 129.30, 127.79, 126.15, 125.66,4P2423.96, 122.98, 120.98, 120.91, 120.02,
55.48, 40.32, 31.77, 29.95, 29.20, 29.18, 23.785®24.06.

2.2.2 Synthesis of 3-(9,9-dioctyl-7-(4,4,5,5-tetetimgl-1,3,2-dioxaborolan-2-yl)-9H-fluoren
-2-yl)-9-phenyl-9H-carbazole2§), 9-(4-(9,9-dioctyl-7-(4,4,5,5-tetramethyl-1,3,Bxhborolan-2-
yI)-9H-fluoren-2-yl)phenyl)-9H-carbazole2lf), 4-(9,9-dioctyl-7-(4,4,5,5-tetramethyl-1,3,2-ciox
borolan -2-yl)-9H-fluoren-2-yl)-N,N-diphenylanilin@c)

1la (1.126g, 0.0016 mol), Bis(pinacolato)diboron (@g)078 mol), PdG(dppf) (0.05 g) and KoAc
(0.8g, 0.0081 mol) were dissolved in 1,4-dioxartee Teaction solution was stirred undef®@7or

4 h. After cooling down, the mixture was filterethirdugh a short pad of silica with
dichloromethane (DCM). The solvent was removed umelduced pressure, and the residue was
further purified by silica gel chromatography tegia white solid (1.03 g), with yield of 85%
NMR (400 MHz, Chloroform-dp 8.41 (s, 1H), 8.23 (d, J = 7.7 Hz, 1H), 7.82 @, 9.9, 7.7 Hz,
2H), 7.78 (s, 1H), 7.76 — 7.67 (m, 3H), 7.67 — 7®6 5H), 7.49 (d, J = 8.6 Hz, 2H), 7.43 (d, J =
4.0 Hz, 2H), 7.35 - 7.28 (m, 1H), 2.10 — 2.00 (iM),41.40 (s, 12H), 1.22 — 0.99 (m, 20H), 0.79 (t,
J = 7.0 Hz, 6H), 0.70 (s, 4H}*C NMR (101 MHz, Chloroform-dp 152.12, 150.17, 144.01,
141.42, 139.58, 137.73, 134.04, 133.83, 129.94,882827.54, 127.09, 126.15, 125.67, 123.97,
123.54, 121.79, 120.45, 120.40, 120.09, 118.97,8818110.02, 109.95, 83.70, 55.26, 40.32,



31.82, 30.04, 29.25, 29.21, 24.98, 24.90, 23.7912214.08. The synthesis procedure&fvas
similar to 2a. It was obtained as a white powder in yield of ®12b: *H NMR (400 MHz,
Chloroformd) 6 8.17 (d,J = 7.6 Hz, 2H), 7.90 (dl = 7.4 Hz, 2H), 7.84 (dl = 6.7 Hz, 2H), 7.81 —
7.73 (m, 2H), 7.68 (d] = 7.9 Hz, 4H), 7.50 (d] = 8.0 Hz, 2H), 7.44 (1] = 7.5 Hz, 2H), 7.31 (]

= 7.2 Hz, 2H), 2.07 (s, 4H), 1.41 (s, 12H), 1.13)(d 48.0 Hz, 20H), 0.86 — 0.75 (m, 6H), 0.68 (s,
4H). °C NMR (101 MHz, Chlorofornd) & 140.91, 140.67, 133.88, 128.91, 128.56, 127.33,
125.98, 123.46, 121.49, 120.57, 120.34, 119.98,141909.86, 83.75, 55.33, 40.30, 31.80, 30.00,
29.21, 29.19, 24.97, 24.88, 23.75, 22.61, 14.0@. Symthesis procedures 2if was similar td2a.

It was obtained as a yellow powder in yield of 8924 'H NMR (400 MHz, Chloroformd) §
7.81 (dJ=7.6 Hz, 1H), 7.77 — 7.73 (m, 2H), 7.70 J& 7.5 Hz, 1H), 7.58 — 7.51 (m, 4H), 7.31 —
7.23 (m, 4H), 7.16 () = 7.0 Hz, 6H), 7.04 (1 = 7.3 Hz, 2H), 2.07 — 1.92 (m, 4H), 1.39 (s, 12H),
1.21 - 0.98 (m, 20H), 0.79 = 7.1 Hz, 6H), 0.63 (s, 4H}*C NMR (101 MHz, Chlorofornd) &
152.03, 150.13, 147.72, 139.85, 135.64, 133.82,282928.84, 127.83, 125.46, 124.39, 124.01,
122.93, 120.99, 120.36, 118.96, 83.70, 55.20, 4032979, 30.00, 29.22, 29.19, 24.97, 23.73,
22.60, 14.07.

2.2.3 Synthesis of 4,4'-sulfonylbis(bromobenzed)e) (

Diphenylsulfane (4 g, 0.021 mol) and,BB.95 g, 0.063 mol) were added into a flask to ati
room temperature for 6h. After that, 300 mL mixetlon of HO,:CH;COOH =1:1 (v : Vv ) was
added to react for 10 h, and was further purifigdsiica gel column chromatography to give
white solid  with yield of 73%.H NMR (400 MHz, Chloroform-d} 7.81 — 7.76 (m, 4H), 7.68 —
7.63 (m, 4H)C NMR (101 MHz, Chloroform-dy 141.63, 133.18, 129.28, 127.66.

2.2.4 Synthesis of  3-(7-(4-((4-bromophenyl)sulfghgnyl)-9,9-dioctyl-9H-fluoren-2-yl)-
9-phenyl-9H-carbazole4f), 9-(4-(7-(4-((4-bromophenyl)sulfonyl)phenyl)-@@ctyl-9H-fluoren
-2-yphenyl)-9H- carbazole 4b), 4-(7-(4-((4-bromophenyl)sulfonyl)phenyl)-9,9-ctid-9H
-fluoren-2-yl)-N,N- diphenylaniline4€)

Similar to the preparation df, 2a (1.516g, 0.002 mol3 (1.13 g, 0.003 mol), Pd&PPh), (100
mg) and KCO; (1g, 0.007 mol) were dissolved in 30 ml THF argDH5 ml). After that, white
solid (0.76 g) was obtained, with yield of 41%4.NMR (400 MHz, Chloroform-dp 8.41 (s, 1H),
8.24 (d, J = 7.7 Hz, 1H), 8.01 (d, J = 8.4 Hz, ZHB5 (d, J = 8.6 Hz, 2H), 7.83 — 7.77 (m, 4H),
7.72 (d, J = 8.3 Hz, 2H), 7.69 — 7.63 (m, 4H), 7=68.53 (m, 5H), 7.50 (d, J = 8.5 Hz, 2H), 7.44
(d, 3 =3.7 Hz, 2H), 7.32 (dt, J = 8.0, 4.2 Hz, 1M}5 - 1.97 (m, 4H), 1.21 — 1.01 (m, 20H), 0.77
(t, J = 7.0 Hz, 10H)*C NMR (101 MHz, Chloroform-dp 152.00, 151.86, 140.42, 138.80,
137.68, 137.46, 132.63, 129.95, 129.16, 128.21,002827.57, 127.09, 126.38, 126.20, 125.61,
123.98, 123.48, 121.77, 121.63, 120.42, 120.33,1920120.11, 118.82, 110.05, 109.97, 55.41,
40.39, 31.77, 29.98, 29.19, 29.17, 23.85, 22.58)314The procedure for synthesizidg was
similar as above. It was obtained as a white povnmigield of 56 %.4b: *H NMR (400 MHz,
Chloroform-d)s 8.17 (d, J = 7.7 Hz, 2H), 8.02 (d, J = 8.5 Hz,,ZH%0 (d, J = 8.4 Hz, 2H), 7.87 —
7.76 (m, 6H), 7.68 (q, J = 8.6, 8.1 Hz, 6H), 7.6D.53 (m, 2H), 7.50 (d, J = 8.1 Hz, 2H), 7.44 (t, J
=7.6 Hz, 2H), 7.31 (t, J = 7.0 Hz, 2H), 2.07 (dd&; 11.6, 4.0 Hz, 4H), 1.21 — 1.02 (m, 20H), 0.82
- 0.65 (M, 10H)*C NMR (101 MHz, Chloroform-dp 152.05, 151.99, 141.45, 140.88, 140.54,
139.65, 137.88, 132.64, 129.17, 128.55, 128.24,062827.37, 126.48, 126.24, 125.99, 123.48,
121.69, 121.50, 120.52, 120.41, 120.38, 120.03,880%5.49, 40.39, 31.76, 29.96, 29.17, 23.84,
22.59, 14.04. The synthesis proceduredmivas similar toda. It was obtained as a powder in
yield of 54 %.4c: *H NMR (400 MHz, Chloroform-dp 8.00 (d, J = 8.4 Hz, 2H), 7.85 (d, J = 8.6



Hz, 2H), 7.77 (dd, J = 11.8, 8.1 Hz, 4H), 7.66Jd; 8.6 Hz, 2H), 7.59 — 7.50 (m, 6H), 7.29 (d, J =
7.6 Hz, 4H), 7.15 (d, J = 6.5 Hz, 6H), 7.04 (s, 22491 (dd, J = 10.3, 5.8 Hz, 4H), 1.21 — 0.93 (m,
20H), 0.77 (t, J = 7.0 Hz, 6H), 0.73 — 0.55 (m, 4 NMR (101 MHz, Chloroform-dy 151.76,
147.66, 137.53, 132.63, 129.30, 129.15, 128.20,982727.79, 126.37, 125.68, 124.43, 123.94,
122.99, 121.59, 120.97, 120.29, 120.19, 55.35,74@B.74, 29.95, 29.16, 23.79, 22.56, 14.02.
2.2.5 Synthesis of 9-(heptadecan-9-yl)-2,7-bisp4tetramethyl-1,3,2-dioxaborolan-2-yl)
-9H-carbazole §)

Similar to the procedure for synthesizipg white solid of5 (10.78 g, yield 82%) was obtained.
'H NMR (400 MHz, Chloroform-dy 8.12 (t, J = 8.9 Hz, 2H), 8.02 (s, 1H), 7.88 (4),17.66 (d, J

= 7.5 Hz, 2H), 4.69 (tt, J = 10.2, 5.2 Hz, 1H),2(@t, J = 9.8, 4.7 Hz, 2H), 1.94 (ddt, J = 18.8,
10.3, 5.0 Hz, 2H), 1.39 (s, 24H), 1.29 — 1.04 (#HR 0.82 (t, J = 7.0 Hz, 6H}°C NMR (101
MHz, Chloroform-d)8 126.05, 120.03, 119.72, 115.44, 83.70, 83.50,7563.84, 33.70, 31.77,
31.74, 29.48, 29.37, 29.32, 29.28, 29.20, 29.14&&6.70, 24.95, 22.59, 14.06.

2.2.6 Synthesis of
3,3'-(((4,4'-(9-(heptadecan-9-yl)-9H-carbazole-2ljiy})bis(4,1-phenylenesulfonyl))bis(4,1-phenyl
ene))bis(9,9-dioctyl-9H-fluorene-7,2-diyl))bis(9gstyl-9H-carbazole) 6a) ,

9,9'-((((4,4'-(9-(heptadecan-9-yl)-9H-carbazole-2liyl)bis(4,1-phenylenesulfonyl))bis(4,1-pheny
lene))bis(9,9-dioctyl-9H-fluorene-7,2-diyl))bis(4phenylene))bis(9H-carbazole) 6k and
4,4'-(((4,4'-(9-(heptadecan-9-yl)-9H-carbazole-2iy})bis(4,1-phenylenesulfonyl))bis(4,1-phenyl
ene))bis(9,9-dioctyl-9H-fluorene-7,2-diyl))bis(Neighenylaniline) 6c)

Similar with the synthesis dfa, Pd(PPK)4 (0.05 g) and additional ethanol were used (5 méeu

85 °C for 24 h. After cooling down, the mixture was rexted with CHCI,, organic layer was
dried by MgSQ. The solvent was removed and subjected to siltagumn chromatography to
give a white solid, with yield of 69%. Then produsts recrystallized from ethanol and
dichloromethane. 6a): *H NMR (400 MHz, CDC}) & [ppm] 8.43 (s, 2H), 8.25 (d, J=7.76 Hz,
2H), 8.20 (dd, J=8.24, 12.32 Hz, 2H), 8.11 (d, 2684z, 7H), 8.03 (q, J=8.40 Hz, 1H), 7.81-7.85
(m, 12H), 7.74 (d, J=8.24 Hz, 5H), 7.69 (s, 2H%177.68(m, 9H), 7.58 (d, J=7.12 Hz, 4H),
7.50-7.53 (m, 4H), 7.46 (d, J=3.84 Hz, 6H), 7.3267(m, 2H), 4.65-4.68 (m, 1H), 2.31-2.35 (m,
2H), 1.95-2.15 (m, 10H), 1.09-1.18 (m, 64H), 0.7810(m, 26H).*C NMR (400 MHz, CDCJ) &
[ppm] 151.9, 151.8, 147.2, 146.7, 141.7, 141.5,.44140.4, 140.2, 139.9, 138.8, 137.6, 133.7,
129.9, 128.3, 128.2, 127.9, 127.5, 127.0, 126.8,112125.5, 123.9, 123.4, 121.7, 121.6, 120.4,
120.3, 120.1, 120.0, 118.7, 110.0, 109.9, 55.43,488.7, 31.7, 31.6, 29.9, 29.3, 29.2, 29.1, 29.0,
26.7, 23.8, 22.5, 14.0. TOF-MS (m/z): Calcd: 209F@und: 2097.4 (M+1). Anal. Calcd (%) for
C1aH161N304S;: C 84.16, H 7.73, N 2.00, O 3.05, S 3.06; Found84€14; H, 7.75; N, 2.02; O,
3.06; S, 3.08.

The synthesis procedures @f was similar to6a. It was obtained as a white powder in yield of
74 %.6b: 'H NMR (400 MHz, CDC)) & [ppm] 8.23(s, 1H), 8.20 (d, J=7.76 Hz, 5H), 8.13 (
J=8.2 Hz, 8H), 7.92 (d, J=8.44 Hz, 4H), 7.86 (.84 Hz, 12H), 7.76 (s, 1H), 7.71 (t, J=7.84 Hz,
8H), 7.62 (d, J=7.96 Hz, 2H), 7.59 (s, 3H), 7.52J8.16 Hz, 4H), 7.46 (t, J=7.16 Hz, 6H), 7.33
(t, J=6.96 Hz, 4H), 4.66-4.68 (m, 1H), 2.33-2.36 @H), 2.10 (d, J=6.16 Hz, 7H), 1.96-2.04 (m,
3H), 1.10-1.20 (m, 64H), 0.74-0.82 (m, 26HC NMR (400 MHz, CDGJ)) & [ppm] 152.0, 151.9,
147.2, 146.6, 141.3, 140.8, 140.5, 140.1, 139.9,6,3.38.0, 136.8, 128.5, 128.4, 128.2, 128.1,
127.9,127.3, 126.4, 126.2, 125.9, 123.4, 121.6,4,1220.5, 120.3, 120.0, 109.8, 55.4, 40.4, 33.7,



31.7, 29.9, 29.3, 29.2, 29.1, 26.8, 23.8, 22.5);ITA0F-MS (m/z): Calcd: 2097.2; Found: 2097.4
(M*+1). Anal. Calcd (%): €H16:1N40,S,: C, 84.16; H, 7.73; N, 2.00; O, 3.05; S, 3.06; fiC,
84.12; H, 7.71; N, 1.98; O, 3.01; S, 3.04.

The synthesis procedures@ufwas similar tdba. It was obtained as a faint yellow powder in yield
of 70 %.6c: *H NMR (400 MHz, CDC}) & [ppm] 8.20 (dd, J=8.28, 12.20 Hz, 2H), 8.10-8.4% (
8H), 7.84 (t, J=8.44 Hz, 8H), 7.78 (t, J=7.68 H&@)A47.75 (s, 1H), 7.55-7.60 (m, 13H), 7.47 (s,
2H), 7.29 (t, J=8.16 Hz, 8H), 7.18 (t, J=8.16 H2H), 7.06 (t, J=7.32 Hz, 4H), 4.63-4.67 (m, 1H),
2.31-2.35 (m, 2H), 1.95-2.05 (m, 10H), 1.06-1.18 @4H), 0.79 (t, J=6.84 Hz, 18H), 0.70 (d,
J=6.24 Hz, 8H)*C NMR (400 MHz, CDGJ) & [ppm] 151.9, 151.7, 147.6, 147.2, 146.6, 141.5,
140.1, 140.0, 139.9, 139.0, 137.6, 135.3, 129.8,312128.1, 127.9, 127.7, 126.3, 125.6, 124.4,
123.9, 122.9, 121.5, 120.9, 120.2, 120.1, 55.3,488.7, 31.7, 31.6, 29.9, 29.3, 29.2, 29.1, 26.7,
23.7, 22.5, 14.0; TOF-MS (m/z): Calcd: 2101.2; Ftu@101.4 (M+1). Anal. Calcd (%):
C14H166N304S;: C, 83.99; H, 7.91; N, 2.00; O, 3.04; S, 3.05; kaiuC, 84.01; H, 7.92; N, 1.98; O,
3.07; S, 3.07.

3. Results and discussion
3.1 Synthesis

1a, 1b and 1c were prepared from Suzuki Coupling, and then sid{eto Miyaura boration to
obtain the precursor @ Diphenylsulfane was brominated and oxidized i@ g}, 4'-sulfonylbis
(bromobenzene), which was then reacted quantitgtiveh intermediate2 to produce3. Finally,

2 equivalents oft and 1 equivalents & were coupled to yield the target prodécvia Suzuki.
After recrystallization for several times, thesaeoflescence materials were utilized as emitters
without sublimation. Thanks to their large alkylaahs, these emitters exhibited good solubility
and film-forming ability in conventional organiclgents like chloroform, THF and so on, which
were suitable for fabrication through spin-coating.

3.2 Photophysical properties

The UV-vis absorption and photoluminescence (PEcspa of6a, 6b and6c in solution and film
are shown irFig. 1. The maximum UV absorption of these materialh@nfilm state were peaked
at 359 nm, 355 nm, 374 nm, respectively, which d¢dad attributed to ICT transition and the result
of n-n* transitions. Compared with absorption in solutidme UV absorption spectra in film state
showed a slight bathochromic-shift, similar to poersly reported literatures[34]. By the on-tail of
the absorption curves, band gapg) (& these compounds were calculated to be 3.@B &nd
2.94 eV as shown imable 1. The fluorescence emission peaks in film stateevi@and at 447nm,
428nm and 468nm, respectively. From the fluoreseespectrafa and 6b showed deep blue
emissions as shown Fig. 1. It should be noted that these materials show@ddohromic shift
by 24 nm, 9 nm and 62 nm from DCM solution to tfilim state. The hypsochromic shift could be
attributed to the highly twisted configurationsyeeén the donor and acceptor in solution state and
strong intermoleculat-r stacking in film state.
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Fig. 1. a).The normalized UV-Vis absorption spectra in DCM6a, 6b and6c; b). The normalized UV-visible
absorption spectrum in film states; c). The PL sp@cin DCM; d). The PL spectrum in film states.

Photoluminescence quantum yields (PLQYSs) @ay 6b, 6¢c were listed inTable 1. Among the
three, 6b showed the highest PLQYs with 50.4% at film statewever, when compared to
solution state, all the PLQYs 6& 6b and6c in film state were lower, which could be attribadite

the concentration quenching of common fluorescenaterials. The fluorescence spectra of three
emitters Fig. 2) were slightly bathochromically-shifted with thecrease of solvent polarity (from
non-polar solvent such as toluene to polar solveath as THF and DCM), indicating the weak
ICT characteristics for the excited states of tire¢ emitters. Compared 6a and6c, 6b showed
better stability in deep blue emission with difigr@olar solvents. This was mostly attributed to
the tail end of molecule structure that had smatlggzole moment than the others. The
time-resolved photoluminescence (TRPL) spectra hef three emitters were measured and
different decay life of three emitters were clearbserved irFig. S32. It was found thaéb had a
fairly longer life (e, 15.2 ns) thaBe (t: 7.7 ns) anda (e 4.7 NS).
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Table 1. The thermal, photophysical and electrochemical grigs of theba, 6b and6c emitters

Compounds ITa AmaAbS? AmaPL?®  PLQY*®  HOMO/LUMO®  HOMO/LUMO" ES
C) (nm) (nm) (%) (eV) (eV) (eV)

6a 103.68/416.7 353/359 471/447  74.8/45.9 -4.954-1. -5.21/-1.80 3.01/3.41

6b 106.79/417.8 347/355 437/428  79.2/50.4 -5.208-2, -5.34/-1.88 3.08/3.46

6c 92.52/426.9 363/374 530/468  69.3/39.4 -4.9402.0  -4.94/-1.81 2.94/3.13

a. The maximum UV-vis absorption peaks and PL spéctDCM.

b. The maximum UV-vis absorption peaks and PL spentthin film.

c. Calculated from the formula HOMO = - (4.40 #)HeV), LUMO = HOMO + E (eV).
d. Calculated by Gaussian 03 software at the B3LY32B-(d, p) level.

e. E= 1240% () is the wavelength of the on-set of the UV-vis apon spectrum)

f. E4 calculated by Gaussian 03 software at the B3LYR/G-R, p) level).

3.2 Thermal properties

The thermal properties &, 6b and6c were analyzed by thermogravimetric analysis (T@AJ
differential scanning calorimetry (DSC) under nitem atmosphere at 10 K.rims shownn Fig.

3. The thermal decomposition temperaturg @t 5% weight loss of the three materigds 6b and

6¢ were higher than 40TC. The three materials also had high glass tramsiémperatures (J of
103.68 °C, 106.79°C and 92.52°C respectively. The high thermal stability can uisuhe
attributed to the high contains of polar groupsuifone, and rigid aromatic rings and aromatic
systems [38, 39]. The highey &ind Ty of the materials enabled better stability duringED’s
working time.
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3.3 Theoretical calculations and electrochemical properties

To further explore the molecules’ geometry and tetexic density distributions, Gaussian 03
program at the B3LYP/6-31G (d, p) level was applieccalculate electronic structure and the
FMO. The characteristic results were listedable 1. The HOMO of these molecules was mainly
located on the fluorene, triphenylamine or carbazohits, while the LUMO was almost

distributed on the sulfone and carbazole moiebiege that the separation of HOMO and LUMO

distribution would reduce the communication of &lee donor and acceptor, beneficial to form
blue emitting.
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Fig. 4. HOMO and LUMO energy levels &g, 6b and6c calculated from Gaussian 03

Meanwhile, the geometrical configuration of theethmolecules6g, 6b and6c) were compared,
as shown irFig. 5. 6a and6b had larger twist angle for the alkyl chain and@u moieties twist
angles approached 90favorable for reducing the overlapping of FMO aimdreasing the
molecule’s solubility. In addition to the sulfoneormaty, there was almost 9@lihedral angle
between the triphenylamine terminal group and téeaular body ofc, which could inhibit the
molecular aggregation in the solid state and addoace the red-shifting effect owing to ICT.
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Fig. 5. Molecular geometry modeling 66, 6b andéc.

To study the practical electrochemical behavioafeb and6c, cyclic voltammetry (CV) curves
were shown irFig. 6. Based on the initial oxidation siteg,E£0.55eV, 0.84eV and 0.54eV), the
HOMO energy levels were estimated to be -4.95 B\24 eV and -4.94 eV via the empirical
equation HOMO = (E + 4.40) eV. Meanwhile, the LUMOs were estimatexhfrHOMO and Eg,
which were calculated to be -2.34 eV, -2.56 eV &hd0 eV. The DFT results showed the HOMO



energy levels at -5.21eV, -5.34eV, -4.49-eV , dug¢he same molecule core, the similar LUMO
energy levels oba, 6b and6c be found at -1.80 eV, -1.88 eV, -1.81 eV respebtiv@ompared
with DFT results, experimental measurement vallesved smaller energy gap. This different
most probably attributed to the fact that DFT cldtian was conducted on single molecules,
while the experiments were conducted on the emifitersolution. In spite of the differences in
DFT and experiment results, both of them showedstitree consequence that 6a, 6b had deeper
HOMO energy levels and 6c had smallest Eg in tleesiters. Compareing the energy gapaf
and 6b, 6b with larger energy gap almost attributed to théfedént bond positions of
9-phenyl9H-carbazole. The triphenylamine mafle to show shallower HOMO and narrower
energy gap which promoted fluorescence wavelengghshift to 530 nm. In other words, the
deeper HOMO and larger energy gap are significantttie design of deep blue fluorescence
emitter.
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Fig. 6. Cyclicvoltammetry characteristics 6&, 6b and6c

3.4 Electroluminescent (EL) properties

The electroluminescence performance of these radgewas evaluated by fabricating OLED
through spin coating method. The device structuas WO / PEDOT: PSS (30nm) / emissive
layer (EML) (50nm) / 2,4,6-tris(biphenyl-3-yl)-13friazine (T2T) (50nm) / LiF (1nm) / Al
(100nm). Among them, ITO and Al served as anodecatidode, PEDOT: PSS as hole injection
and transport layer, and the synthesized blue-eithaterials as EML layer. Meanwhile, T2T
was selected as electron transport and hole blgdlyer and LiF as the electron injection layer.
The energy levels of each layer are showtkign 7 a). The non-doped devices based on these
three emitters showed standard blue emission pEaks4 nm, 444 nm and 474 nm with the CIE
of (0.16, 0.12), (0.16, 0.15) and (0.16, 0.27)peesively. In addition, those devices showed quite
stable electroluminescence at different luminamemf0.1 to 100 cd.ih

The charge mobility as a key parameter that catuatethe performance of devices. Here, the
space charge limited current (SCLC) method was eyepl to calculate the charge mobility of the
single carrier devices. Herein, two types of singgerier devices configuration were fabricated,
ITO / PEDOT: PSS (30nm) / EML(50nm) / LiF (1nm) ¥ A00nm) as hole-only devices (H-type)



and ITO / EML(50nm) / (T2T) (50nm) / LiF (1nm) / ZLOOnm) as electron-only devices (E-type),
the current density dependence of voltag]éz-w curves is presented iRig. S33. The hole
mobility (un) and electron mobility ) of the three emitters are calculated by fittirge t
Mott-Gurney square law.

9 /&

IscLe = §fofr.ue B
where g, (8.855 x 10 F/m) is the permittivity of free space, is the relative dielectric constant
of the three materials (typically 3), L is the thickness of film. V is the appliedltage and J is
current density across device. Thef 6a, 6b and6c were calculated to be 1.28x4en? V* s?,
1.51x10%cn? V* stand 1.17x18cn? V' s?, while . of 6a, 6b and6c were calculated to be
1.05x10°cn? V! st 9.77x10 cnf V! stand 7.2x18cn? V! s*. Obviously, devices based on
the three emitters have showed higlthanue, mostly attributed to delocalizedelectron density
of donor and acceptor.
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Fig. 7. a) Diagram of the non-doped blue light-emittingide and electroluminescence (EL) spectréaofb), 6b
(c) and6c (d) devices at different current density.

Compared with PL spectra in film states, a bathaeie-shift of more than 10 nm was observed
in the EL spectra. And this redshift could be eim@d by the increased thickness through spin
coating process[35, 36]. The current density-vatagninance (J-V-L) curves are plottedFim.

8 a). The turn-on voltages of the devices basedartb and6¢c devices were 6.2, 7.3, 6.1 V,
indicating that the most facile charge injectionk@lace in6b based devices mostly due to the
planar configuration o8b emitters. Meanwhile, the device brightness waseimsed by increasing
the voltage with the maximum brightness of 2354l/crf, 1226.2 cd/crand 2457.2 cd/cfas
shown inFig. 8. @) andTable 2. The external quantum efficiency (EQE) G#, 6b and6c were
0.71%, 0.42% and 0.65%, which also showed thaetkexs no obvious efficiency roll-off by
increasing current density. However, the OLED dad show high efficiency, which might be
attributed to the effects of aggregation-causechguieg[37]. Another possible reason was that
these emitters could not take advantage of thietrgxcitons like what other materials did such as
TADF and TTA materials [38-40].
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Table. 2. The EL parameters of devicesaz (A), 6b (B) andéc (C)

At 100 cd/m* At 1000 cd/m?
Vo CE pax PE nax EQE pna CIE® hnaxEL
\% CE PE EQE \% CE PE EQE
Devices V) (cd/A) (Im/w) %) xy) (nm)
V) (cd/A) (Im/w) (%) V) (cd/A) (Im/w) (%)
A 6.2 2.67 1.19 0.71 0.16,0.15 454 9.0 2.67 0.93 0.7112.2 1.85 0.47 0.50
B 7.3 1.01 0.61 0.42 0.16,0.12 448 10.9 0.79 0.23 60.2 154 0.55 0.11 0.18
(o} 6.1 3.36 1.36 0.65 0.16,0.27 489 8.8 3.36 1.20 0.6511.6 2.68 0.73 0.52

a) Recorded at the luminance of 1 ct/m

b) Recorded at the current of 10 mA/m

4. Conclusions

Three bipolar fluorophores based on the electraeor of sulfone moieties with intramolecular
charge transfer properties were designed and ssiméte The three materials had a highly
distorted spatial geometry and separation of teeten density distribution. The dihedral angle
was close to 90in the molecular configuration containing sulfommieties, especially i6c
containing triphenylamine end group. These fluompk exhibited deep-blue photoluminescence,
good thermal stability and reversible electrochainiehaviors, and therefore were applied into
OLED with deep-blue electroluminescence. Solutiobepssed non-doped OLED were
subsequently fabricated, two of which exhibitedplbkie emission with CIE of (0.16, 0.15) and
(0.16, 0.11). Those devices showed stable deepdrhission and marginal roll-off, highlighting
the potential of our newly synthesized deep bluéters.
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Highlights

4 Two deegp-blue electroluminescence were designed and synthesized which with the CIEX,y of

(0.16, 0.12) and (0.16, 0.15)
A These materials appeared almost vertical angles of the dihedral configuration.
A These materials exhibited high thermal and electrochemical stability.

A The OLED devices of this article were fabricated through solution-process with nondoped
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