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Cyano—-substituted Spiro[fluorine—9,9'-xanthene] Derivatives:
Exciplex Emission and Property Manipulation

Cao, Hongtao™ Li, Bo™ Wan, Jun* Yu, Tao" Xie, Linghai™* Sun, Chen’
Liu, Yuyu™*  Wang, Jin®  Huang, Wei***
(“ Key Laboratory for Organic Electronics and Information Displays & Institute of Advanced Materials (IAM),
Jiangsu National Synergetic Innovation Center for Advanced Materials (SICAM),
Nanjing University of Posts & Telecommunications (NUPT), Nanjing 210023, China)
(® Madrid Institute for Advanced Studies in Nanoscience, IMDEA Nanociencia Calle Faraday 9,
Ciudad Universitaria de Cantoblanco 28049, Spain)
(¢ Frontiers Science Center for Flexible Electronics (FSCFE), Shaanxi Institute of Flexible Electronics (SIFE) &
Shaanxi Institute of Biomedical Materials and Engineering (SIBME),
Northwestern Polytechnical University (NPU), Xi'an 710072, China)

Abstract Thermally activated delayed fluorescence (TADF) molecules have great potential in developing organic
light-emitting diodes (OLEDs) because of their efficient emission and low price. Compared to pure-molecules, exciplex sys-
tems are drawing much attention since they can realize small singlet-triplet energy splitting (AEst) more easily for TADF.
However, the species and molecular design systems of electron-acceptors for exciplex-TADF are still limited even though
some acceptors have been reported. In addition, the relationship between TADF properties and the structures of acceptors
requires further investigations. Herein, we report the design and synthesis of two novel spiro[fluorine-9,9’-xanthene]-based
acceptors (CNSFDBX and DCNSFDBX) for achieving exciplex-emissions by using tris(4-carbazoyl-9-ylphenyl)amine
(TCTA) as a donor. The photoluminescence measurements suggest that both of the doping-systems (TCTA:CNSFDBX and
TCTA:DCNSFDBX) possess exciplex emissions. Whereas, it is observed that the TCTA:DCNSFDBX system displays higher
photoluminescence quantum yield and electroluminescence efficiency than TCTA:CNSFDBX. For better explaining this
phenomenon, we perform low-temperature fluorescence and phosphorescence spectra investigations. The experimental re-
sults show that the TCTA:DCNSFDBX system exhibits smaller AEgr values (0.12 eV) than TCTA:CNSFDBX (0.46 eV).
This results indicate that the reverse intersystem crossing from non-radiative triplet states (T;) to radiative singlet states (S;)
and TADF processes can be realized more easily in the TCTA:DCNSFDBX system. Moreover, the electrochemical measure-
ments and theoretical calculations suggest that the lowest unoccupied molecular orbital (LUMO) level of DCNSFDBX
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(—2.86 eV) is lower than that of CNSFDBX (—2.47 eV). This situation implies that DCNSFDBX possesses stronger elec-
tron-accepting ability than CNSFDBX with the help of dicyano-substitution. Furthermore, the TCTA:DCNSFDBX system
displays larger driving force (0.39 eV) than TCTA:CNSFDBX (0.22 eV) in their exciplex-formation processes, suggesting the
exciplex-emission (TCTA:DCNSFDBX) can be achieved more easily. Therefore, the higher exciplex-emission efficiencies of
the TCTA:DCNSFDBX system are attributed to the stronger electron-acceptability of DCNSFDBX through dicyano-
substitution and larger driving force in its exciplex emission process. This work provides a route to further development of

new electron-acceptors for exciplex-TADF.

Keywords spiro[fluorine-9,9'-xanthene]; exciplex emission; thermally activated delayed fluorescence; steric hindrance;

cyano-substitution
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OLEDs)A BA mr#i . k6, kv 2 il 4R
AT E AR Sk s R A SO K R 9 A T
fER FermitEfE OLEDs HIHERE D, =& mBEuic &
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Scheme 1 Synthetic routes of compounds CNSFDBX and DCNSFDBX
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(a) TCTA, CNSFDBX, TCTA:CNSFDBX MW itit; (b) TCTA, DCNSFDBX, TCTA:DCNSFDBX KW iotit; (c) TCTA, CNSFDBX,

TCTA:CNSFDBX (1) & §f t:it; (d) TCTA, DCNSFDBX, TCTA:DCNSFDBX [ Bt St 1% (o 7 8 & K 43 51 8: TCTA-335 nm, CNSFDBX-320 nm,
DCNSFDBX-330 nm, TCTA:CNSFDBX-320 nm, TCTA:DCNSFDBX-330 nm).

Figure 1 UV-vis absorption spectra in the film-state: (a) TCTA, CNSFDBX and TCTA:CNSFDBX; (b) TCTA, DCNSFDBX and TCTA:DCNSFDBX.
PL spectra in the film-state: (c) TCTA (excitation: 335 nm), CNSFDBX (excitation: 320 nm) and TCTA:CNSFDBX (excitation: 320 nm); (d) TCTA (ex-
citation: 335 nm), DCNSFDBX (excitation: 330 nm) and TCTA:DCNSFDBX (excitation: 330 nm).
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Figure 2 Fluorescence decays in the film-state at 300 K: (a) TCTA (excitation: 335 nm, detection: 403 nm), CNSFDBX (excitation: 320 nm, detection:
398 nm) and DCNSFDBX (excitation: 330 nm, detection: 434 nm); (b) TCTA:CNSFDBX (excitation: 320 nm, detection: 441 nm) and
TCTA:DCNSFDBX (excitation: 330 nm, detection: 529 nm). Temperature-dependent transient fluorescence decays in the film-state: (¢) TCTA:CNSFDBX
(excitation: 355 nm, detection: 440 nm) and (d) TCTA:DCNSFDBX (excitation: 355 nm, detection: 528 nm)
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Figure 3 Film-state fluorescence and phosphorescence spectra of (a) CNSFDBX (excitation: 320 nm), (b) DCNSFDBX (excitation: 330 nm), (c)
TCTA:CNSFDBX (excitation: 320 nm) and (d) TCTA:DCNSFDBX (excitation: 330 nm) at 77 K
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Figure 4 (a) The general structure, (b) EL spectra at 10 V, (c) current density-voltage-luminance and (d) current efficiency-luminance-power efficiency

characteristics for devices A and B

4b R, P A FIBAE 10 V R IRSIER T
(R R ESUR Y B 43 I T 452 nm A1 504 nm, X
f’] CIE (Commission International de I'Eclairage) & AR bR 4y
R(0.17, 0.18)F1(0.33, 0.52). A4k, #4F A F1B I HLEL
RICE TR G5 4 EBUR G 2R BL, Hkn]
WM A M B RENETNKREBRER
TCTA:CNSFDBX Al TCTA:DCNSFDBX [f] exciplex &
G W 4c BoR, 20 AR B WS EI N 48 V, &
KRNEEFED RN 4956 cdem * Fl 6460 cdem % TR,
A B TR IR S A B A3 53 T TCTA:DCNSFDBX i
PRI e BUR et g,

K 4d BoR, #0F A f1 B B ARFH ISR R,
Hor A BB HBIRACR n, MINHRE g, 50318 4.0 cde
ATVRI2.0 edeA”!, B HIEKHIRBCE 5 IR 1,
AYRIN 57 cdeAT 3.1 edeAT". HAN, FHg S5 BonE:
fFBABRILH = T8 1F A AbRT80K, HEUE 27N
1.6%F1 1.0%. AR, #1F B RIH AT = (1 R OE AR
Al 5 A F TCTA:DCNSFDBX 7 i ¥ % 5 sz 9l
exciplex-TADF $#ER S, REHIETHERMLET 5%.
S22, F#4% S1 A1 S3 TRk TCTA Y T, A5hE
2% 2.66 eV, CNSFDBX [ T, & A6 N 2.57 eV, KT
Bk R TCTA:CNSFDBX G REN Eexcipex (2.97
eV). K, TCTA:CNSFDBX 52 %4 F it i R Je (.
WA JelR %)M k5 F TCTA 5% CNSFDBX &
AR R AR B (I R AAE BRI AT RE 1, JEE— 20§ 3K
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TCTA:CNSFDBX & £ s AR A G BUR 3 A HLEL
BRI, b, XL RE I AT 58 2 52 1 2%
AR E N, BIRcRih & I 8). Rtk & 4d
WA A M AR 2 OB k3 W AT RE 2
TCTA:CNSFDBX [f] TCTA 5{, CNSFDBX & ‘£ £ 6E
BAEBIR )G A, A1), DCNSFDBX [ S, 6840 R
297 eV (T, SBEAAMB), & FHB LKA
TCTA:DCNSFDBX HJ2E R8T Eexciplex (2.58 €V). Ik,
TCTA:DCNSFDBX [r] {45} TCTA 8¢ DCNSFDBX &
A BERAL (A R P REMEARA, IR 1T R 6% S5 4 M AR
#7347 exciplex (TCTA:DCNSFDBX) &5+, #E1 &R
B R,

3 g

AR TAEBE A T AT SFX B 752
&%+ 8l CNSFDBX #1 DCNSFDBX, £ it 5 ¥ k44 %l
TCTA Wi, LU THEEE ARG, Hh, Bk
% TCTA:DCNSFDBX I H .- T TCTA:CNSFDBX ]
RGHERE, XF R CEUR GRE 73908 29%H1 20%, HL
TR HIHN 5.7 A 4.0 cdA™", THERESHN 3.1
2.0 cd A", SMETREDHIN 1.6%F 1.0%. IXFf
B 1 R G RE VA PR XUER R B R 843 DCNSFDBX H
HHEME P2 E TR /), 512 TCTA 5 DCNSFDBX
ERE G REIEE G BRI RS- =R
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MRz, HE 23 TCTA:DCNSFDBX 14 & B %4 % K
A [A) 85t A2 (T, —S,) A TADF k5. ATAENSEIF
RIAIA) exciplex-TADF N FH (181 B4 o7 S2 AR R AL T
TR, HORMIBT 7T CAEFRA TR AT T BT

4 SLIGERSY
41 RKFEMWRLEE

A TAE B R 350 R o b 2k, 358507 £
A A3 T3t —54i1k. X Bruker Avance II
DMX 400 BURZHGFEAR{GHIAT "TH NMR Al °C NMR % &
13X (CDCl; fE ¥ 71), f& B Shimadzu GCMS 2010
PLUS M ik it iT & o FEW e, FIH
Elementa Analysensysteme GmbH Vario EL 111 470 & 4>
M A A & 9 AT o6 & o bl e . S IR R A
Shimadzu UV-3150 % UV-Vis-NIR Yt AT RSO 3
(R, A Shimadzu RF-530XPC A5 Yot it A 47
IR RSN, KA Hitachi F-4600 752 Y6 64X
HEATARIR 2 Y A I e e 0 (13K, KA Edinburgh
Instruments FLS920 T4 Thgg o M M1t AT IR %
IR AR E T MK, KA TimeHarp 260
TR ) AF G B G T T BB AT AR I 7 't % vk ith 2 1
.
4.2 BAFEMHRMNR

ATAERIF CHI660E HAk 2 TAEu: T =& Nt
TEFAAR 22 M 2 R, R A = Wil TAE & R (B
W TAE R, EH22 AT B, Ag/AgNO; Bl NS
Eb AR ). AR EA AR 22 AR A DU T 22 7S S R e Vs T (O
#J9 CHLCly, VAW 0.1 moleL ™)y MR i (U<
), MRAFFECRE)IZEA 0.1 Ves
43 HEERSHRGNEIE

SR FH 25 2845 7 ) 4 o T FH T UK e itk
JRMAR, HrhB gy . AR R E N 101
L) 25 2RI A28 230U TCTA. CNSFDBX.
DCNSFDBX #% 20 mg B T 7895 %= W, R/
AR, T8 — P A B (TCTA. CNSFDBX.
DCNSFDBX)K i, #2758 HEH % 1E 0.1~ 1.5 Ass™ '
P, BESE 1.3 Aes™ !, BN RLEA TR 12 B 25 0%
JEEEN 30 nm, A3 E] 3 AN A JE A B (TCTA .
CNSFDBX . DCNSFDBX). *f T # 2« ## J
(TCTA:CNSFDBX. TCTA:DCNSFDBX)f& £ e iff, i
TCTA 1 CNSFDBX(DCNSFDBX) ) 7% 4% 18 4 [ (7% 4%
WRIEHIE 0.1~1.5 Aes ' JEHEN, FEE 1.3 As™),
HEAT 1:1 R A 784%, % TCTA Al CNSFDBX(DCNSFDBX)
ER—A TR LR %2815 nm, BE LS N30nm, 47
A B 2 A A % o JE (TCTA:CNSFDBX
TCTA:DCNSFDBX).

AR TAEIER 1TO BEFSHROTHAIAN 10 Qesq
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RGP ) 25 e e 10 min, 2RJ5 28 7K %
WP AP EGR. R, 8 PR A S TR T 3 A
JREEAT HE— 2B B, SRS A R R DARR 25 b T ) 2
. RS, PSP SRR T B RS A I H N T A AT
T s fE, AT AR BN R g AT R A R
AALHE 5 min. BUEIMES TAE4R 2 5, AT ITO 3%
AT IO B fE N, R A WL SAUTRR R BT AR
788, BEWAEBEEN 5X107% Pa, KRIGEFHITH Y
218 4 mm X4 mm. FATRA Keithley 2400 HLFEIE MR
P A, A PR655 DG REACINR 2o (1) ' i
A A& I B AR R 43 X TmPyPB. NPB. TCTA.
CNSFDBX. DCNSFDBX. LiF(% 20 mg) X% #i46iE T
REEEN, HEBERA/MMERIZEREE, RS #S
PR BT 72588, AR AW R 2808 4 HI7E 0.1~
1.5 Aes ' JEHE, FAELE 1.3 Aes™!; NI 784 R %
HI7E 0.05~0.3 Aes 'S, BAHIARYEELE KT 3 Aes |,
FaE £ 8~10 Aes™ ' X} T TCTA:CNSFDBX Al
TCTA:DCNSFDBX >k, # ] TCTA A CNSFDBX
(DCNSFDBX) & S A0 [F], AT 1:1 WEZE, #
TCTA Fl CNSFDBX(DCNSFDBX)ZE [A]— 47 % F L [A] i}
FFPE10 nm, JEEEEN20 nm, £G5B B4 A FI
B.
4.4 EVERK
4.4.1 2-FIKIE3 KT A4 B (CNSFDBX)#)-6 %,
H—/NFHE 150 mL P ORI, AR 2-78
227 2K 4 44 #.(0.50 g, 0.98 mmol), WAKEALER(0.41
g, 0.98 mmol), BEER4HE(0.1~0.5 mol%), FkRE4(0.10 g,
0.98 mmol). FIHZGAE N, SRAKRIETAREAS
IR, BRI RS 1A R AR RN N, N- R A
¥ 57(DMF, 10 mL). JI#AE 160 °C, [BIAHEEE RN 24 h.
RNER G, HIRERRAEEER, WRMHES A
AT HE(40 mL), Bl RHR AR 500 mL 15 R
S, M KHEATREE =R, A AU JE K B T4,
SR X MURH AT el B € oy B, 43 380 9 o € il 4
CNSFDBX (0.38 g), /=#4£1°4 85%. GC-MS (El-m/z): ¥
WAEH: 357.12, SEIME: 357. R0 FRRME AN C,
89.26; H, 4.19; N, 3.06; O, 3.50. SZilifE: C, 89.29; H,
4.06; N, 3.09; O, 3.56. '"H NMR (400 MHz, CDCl5) J: 8.83
(d, J=8.0 Hz, 2H), 7.96 (t, J=8.0 Hz, 2H), 7.70~7.81
(m, 5H), 7.61 (t, J=8.0 Hz, 2H), 7.49 (t, J=8.0 Hz, 2H),
7.30~7.34 (m, 3H), 7.24 (d, J=8.0 Hz, 1H), 6.37 (d, J=
8.0 Hz, 2H). *C NMR (100 MHz, CDCl;) é: 156.39,
146.00, 144.22, 138.03, 133.72, 132.41, 130.42, 130.15,
128.60, 127.77, 127.06, 126.62, 124.85, 124.65, 123.52,
121.80, 121.07, 120.73, 118.96, 116.46, 111.47, 54.51.

442 2,7-= 4§ R A4 B (DCNSFDBX)#)-6 %,
H—/NFE1 150 mL BP9 VeI, AR 2,7-
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1 F F ®R

TRIE R IR 24 4.0.50 g, 0.85 mmol), IFARF AL
(0.36 g, 0.85 mmol), BEERHL(0.1~0.5 mol%), fikE&
(0.09 g, 0.85 mmol). F|HHAEN, MR EKRRMES
FEER IR, ARG SR 18 SN AR RN N,N-— F 2
F ke 77)(DMEF, 10 mL). JH#E 160 °C, [FIRHERE R
Ri 24 h. RFIEEHR)E, KMIBEERAERZER, mIRMN
A Z & H FE(40 mL), BEERIREWAFIA 500 mL
()R S, MK AT 2 =), A LA A G K
FREETI8, SRJE 0T MU AT RE R (i 7 28, 15 203k
{4 [& /& DCNSFDBX (0.32 g), /%414 78%. GC-MS
(El-m/z): PRiLAH: 482.14, SZUIME: 482. Juzm 40T it
f4: C, 87.12; H, 3.76; N, 5.81; O, 3.32. =Zill{l: C,
87.19; H, 3.73; N, 5.76; O, 3.32. '"H NMR (400 MHz,
CDCly) d: 8.82 (d, J=8.0 Hz, 2H), 8.03 (d, /=8.0 Hz,
2H), 7.76~7.82 (m, 6H), 7.63 (t, J=4.0 Hz, 2H), 7.52 (s,
2H), 7.35 (d, J=8.0 Hz, 2H), 6.29 (d, J=8.0 Hz, 2H). °C
NMR (100 MHz, CDCly) &: 156.76, 146.09, 142.07,
133.87, 132.70, 130.39, 127.81, 127.45, 126.94, 124.65,
124.10, 123.93, 121.85, 118.36, 114.76, 113.41, 54.80.
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