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Abstract: The relevance of fluoro compounds in science as well as in everyday life is increasing year by year, this class
of compounds is of importance for all parts of our daily life. Special interest is attaching to several classes of fluorinated
molecules such as pharmaceutical compounds and functional materials of importance in various applied fields. Fluorination
has been used in the past decade as a route to induce stability and electron transport or ambipolar transport in organics by
lowering the energy levels in the small molecules or polymers, especially for OLEDs. Moreover, the -H-:-F interactions,
similar to a hydrogen bond, play an important role in the solid state organization of fluorine compounds bearing both C-F
and C-H bonds, originating a typical mr-stack arrangement which enhances the charge carrier mobility. We systematically
studied the effect of different fluorine groups on the absorption and fluorescence spectra, energy levels (HOMO/LUMO) ,
thermal stability as well as the hole-transport and luminescent ability of the different materials in experiment and theory,

especially by theoretical calculations employing the B3LYP function.
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Fig. 1 The structure of some fluorinated materials
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Table 1 Thermal, photophysical, and electrochemical properties of TPAF
TPAF Age/Nm Ay /nm  Ap/nm  Ap/nm By E IV E . HOMO/LUMO,,, HOMO/LUMO,, T,/T,/T,
(Solution) (Film) (Solution)  (Film) o /V (E,) /eV (AEgomo-umo )/ €V /°C
-5.22 -5.28/ 62/160,
TPA-T 322 336 398 390 0.21  0.42 -1.48 /-1.81(3.41) ~0.93(4.35) 169,380
-1.41, -5.31 -5.21 NA/241
TPA-(2)-F 341 349 414 408 0.23  0.51 ~1.89 /-2.01(3.30) /—-1. 30 (3.91) /368
-1.44, -5.33 -5.43/ 59/187
TPA-(3)-F 349 352 424 417 0.27 0. 53 193 /-2.11(3.22) ~1.50 (3.93) /394
-1.36, -5.27 -5.39 73/173
TPA-(4)-F 339 a4 412 4l 0-27 047 484 /o1 98(3.29) /-1.38(4.01) /399
-5.28 -5.47 69/180
TPA-(2, 4)-F 337 340 399 400 0.24  0.48 -1.31 /-2.00(3.28) /-1.53 (3.94) 374
-5.44 -5.39 NA/179
TPA-(3, 4, 5)-F 334 341 421 401 0.11  0.64 -1.51 /-2.19(3.25) /—-1.47 (3.92) 351
-1.38 -5.49 -6.11 126/241
TPA-(3, 5)-CF ’
(3, 5)-CFs 339 362 436 419 0.35 0.69 -1.8 /-2.36(3.13) /-2.16 (3.95) /332
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Table 2 Performance of blue emission devices
Ak bl FWHM of EL v, ] Ly e . :

A /nm at 14 V/nm N Jdom? et CEGD
TPA-T 424 70 11.0 1355 0.43 (0.177, 0. 117)
TPA-(2)-F 408 41 16. 4 81 0.38 (0.168, 0. 100)
TPA-(3)-F 428 64 10.2 354 0.39 (0.162, 0.059)
TPA-(4)-F 416 67 8.1 1600 0.48 (0.163, 0.067)
TPA-(2, 4)-F 424 87 11. 1 975 0.48 (0.165, 0.082)
TPA-(3, 5)-CF, 416 49 11.8 693 0. 60 (0.174, 0.083)

Notes: [a] Measured at 14 V; [b] Driving voltage for luminance of 10 ¢d - m~2; [c] Maximum luminance
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Y43 TR B B AR U R I S L s+ 20 °C, Hipias b
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e SR EE TPD (65 °C) , m-MTDATA (75 °C) il
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%3 DDB-(2, 4)-F, TPD-(2, 4)-F #0 TPD-Ph g9#, St4piBFn R LR
Table 3 Thermal, photophysical, and electrochemical properties of DDB-(2, 4)-F, TPD-(2, 4)-F and TPD-Ph

Compounds ~ Abe/MM  Aa/mm o Ap/mm o Ap/m g, E, BV HOMO  LUMO  T,/T/T,
(Solution)  (Film)  (Solution)  (Film) /eV /eV /eV /°C
DDB-(2, 4)-F 349 349 413 416 0.56 3.06 0.31, 0.36 -5.11 -2.05 NA/113/513
TPD-(2, 4)-F 337 338 414 413 0.54 3.08 0.38, 0.59 -5.18 -2.10 169/119/480
TPD-Ph 345 344 421 419 0.23 3. 06 0.36, 0.60 -5.16 -2.10  NA/118/500
FFH# K DDB-(2, 4)-F, TPD-(2, 4)-F #1 TPD-Ph Alg, (60 nm) /LiF(1 nm)/Al (70 nm) #$4, HrAr, HTMs
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PETARMER) TPD F1 NPB #54F, TPD gefF M KHIRACE  SUEHZE, Alg, AR FAERMMAOUZE. RS T, il
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Fig 10  EL performance of the devices ITO/HILs (40 nm)/NPB (20nm)/Alq; (60 nm)/LiF (1 nm)/Al (80 nm).
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A 75 43 5 AR R By W, DT A 280 40 ) 43 5[]
PIHERRAE R oAb, XRS5 R A 2 2 M R A R
FOVA AR o SR MRS A8 114 43 7 # B A S BB A7 2803 38 in
YA AR R EE , BN TCE e AR MR E M, T HLAE
S RO TERER iR . B 12 AT W, Br A 2y 5/ HO-
MO B2 1Y H + 3 22 HF A 7E BAH IE 32 9 IR — 25 e,
Spiro-(3) -F 1 Spiro-(3, 5)-CF, f) LUMO i, T {4
TEr T —A w-3L4dE b e 71 LUMO 7
TEREA I T R AR BB, P A e 455k b

FAGI T RACIER Z 25 80 BL (SFs) M #, D6
BRI AL A M BT, SFs A RIF M AR ek . miiE
TRCRAVEAE W R 98, A SR RL AT LUAE Sy i 2L
MG R B, S T WESE SFs ML B OB ERE, E
H P BN & T SFs S KOG R I O AR 1F: 1T0/MoO,
(1 nm)/TcTa (40 nm) /blue emitting layer ( EML) (20
nm)/ TPBi (40 nm)/LiF (1 nm)/Al (100 nm), H i
MoO, Jy =5 7 i A 2 (HIL), TeTa Sy %8 X 1% fi 2
(HTL), Spiro-(2)-F, Spiro-(3)-F, Spiro-(4)-F, Spi-
ro-(2, 4)-F, Spiro-(3, 4, 5)-F, Spiro-(3, 5)-CF,
Al Spiro-(2)-CF, & 62 (EML) , TPBi JyHiL &% 2
(ETL), LiF Sy F1EAJZ(EIL)
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Fig. 12 The frontier molecular orbital of SFs
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Table 4 Thermal, photophysical, and electrochemical properties of SFs

Sks (CH;&I: /sI;T:mon) Aaps/nm ( Film) <CH2)81’;/SI:11[1011) /Eilﬂ/r:r)n (CHZCS gaulion) L/ TG
Spiro-(2) -F 306, 327 309, 329 359, 373, 393 382 0.93 128/282
Spiro-(3)-F 313, 333 313, 332 365, 381, 402 371, 388 0.92 119/192
Spiro-(4) -F 312, 333 313, 334 362, 378, 397 369, 387 0.92 158/308

Spiro-(2, 4)-F 305, 325 307, 330 355, 371, 389 377 0.9 90/138
Spiro-(3, 4, 5)-F 312, 333 313, 334 362, 379, 399 370, 386 0.92 151/270
Spiro-(3, 5)-CF; 277, 287, 318 314, 329 330, 356, 366 370, 385 0.93 139/288

Spiro-(2) -CF5 291, 318 291, 381 364 365 0.98 -/310

K13 o, A% SFs d 01y B BUR LGB TE
K ab (29 780 nm) A —A KOG, XAl g2 Hh TP
BT 5 - Hee F R SUBEAE B/ F e AR ELAE A
SR X AR T BT iR & 66 1% A WM AE . R
JH Spiro-(2)-F, Spiro-(3)-F, Spiro-(4)-F # Spiro-
(2, 4)-F KM B &% 08 09 35 % 1% 29 78 404 nm
b, CIE € 4 b7 76 (0. 169 ~ 0. 186, 0.122 ~0. 171)
JLH; Horp Spire-(3)-F 1 48 Z% &% 44 0 @ A b5 N
(0.169, 0.122), Spiro-(2)-CF, 135 L4 #s1F 19 {4 Ak

Fr 2k (0.192, 0.153), KIGUETE 388 nm, K107, #H
X} F H b i SFs, Spiro-(3, 4, 5) — F il Spiro-(3,
5)-CF, 019 & 6638 5 oAb g5 R 0] oA 8], Hr
BIAE 468 nm Al 460 nm H A7 — R GRAY & 6 0E, 7E
388 nm A — R MY KOG . 7E AR BE B AL 1 & Y
SO RE A BT H SO O R T L A AT A AR AL
B FREC S  Ah, BRGSO T K B
FE 9 A8 AT A2 Ak, 2 WY AE I ok AR vh R A
A5 SFs SR PERE B W3R 5 .



734 bR B33 %
£S5 ESRHE SFs BB HEAE
Table 5 Performance of Blue Emission of SFs

ML I Vi T " n.! " CIE 1/,

/nm /v /ed +m Jed+ AN /lm e WL Jed o AT /Im e W (2, y)
Spiro-(2) -F 404 4.8 917 0.53 0.29 0.45 0.16 (0.183, 0.157)
Spiro-(3) -F 408 4.7 682 0. 40 0.24 0.36 0.13 (0.169, 0.122)
Spiro-(4) -F 404 5.3 932 0.38 0.19 0.36 0.12 (0. 186, 0.171)
Spiro-(2, 4)-F 404 5.2 400 0.31 0.16 0.25 0.08 (0.185, 0. 145)
Spiro-(3, 4, 5)-F 468 5.4 720 0.39 0.19 0.35 0.10 (0.199, 0.243)
Spiro-(3, 5)-CF, 460 5.8 259 0.20 0.10 0.17 0.05 (0.171, 0.177)
Spiro-(2) -CFy 388 6.3 286 0.30 0.15 0.21 0.07 (0.192, 0. 153)

Measurements at current density of 100 mA « ¢cm ~>

LA Spiro-(3)-F 2y KM A BA S 5wy tERe, Hi K
FERE#RIE10 000 ed - m ™, FKAME TR R 4. 92%
e KHLTACR J7 6.66 cd - A~ X I i) K A AR h
5.40 Im - W' R PERE AT 55 1 B B R 1Y BC2-
VBi B2 I L, Hamim i F R 4544 g DPVBI.
10 % BCzVBi (& FL43%0) b ofiE 28 1 (fc K AR h

Notes: [a] Measured at 10 V; [b] Voltage for luminance of 1 ed + m =2
[c] Measurements at curremt density of 20 mA + em =2 ; [d]
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Fig. 13 EL spectra for non-doped SFs devices
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Fig. 14  Curves of electron and hole mobilities for Spiro-(3)-F

——Spiro—(2)-F
1.0r - - - Spiro—(3)-F
.o N e Spiro-(4)-F
3 o8l —=--Spiro~(2,4)-F
< ---=--Spiro—(3,4,5)-F
- Y Spiro—(3,5)-CF,
q:) 0.6 - Qpiro—(2)—CF.
(= —2.4 e\
I -2.7eV
) L
m 04 BCzVBi
Spiro—(3)-F|
02 -5.4ev
00 J -6.0 eV
400 500 600 700
Wavelength / nm
K15 10 % BCzVBi ({RFR540) 187 SFs SfF R B0k
ik
Fig. 15 EL spectra for devices using 10 vol% BCzVBi doped
in SFs EMLs.
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Fig. 16 EL performance of the device using 10 vol% BCzVBi doped in SFs EMLs
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(10 nm)/( Be ( pp), (30 nm )/CsCO, (3 nm)/Al
(100 nm) . fy FE & @200 7 F# A RS, 52 78
PR 3.05 cd - A7, 2.621m - W', MY TANE
TRHES5.02% , CIE 4R (0.156, 0. 083) ) = &R 4
e BBURGERFERE ISR 7 FTR .
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Table 6 Thermal, photophysical, and electrochemical properties of BAnFs

b b AL b Dy, T HOMO/LUMO™ | HOMO/LUMO®! |
Compound ;“x ;“"X (CH,Cl, 5°Cm E. /V (EgOP‘) f (AEyomoumo ) ©
mm nm Solution) /eV /eV
259, 340, 358 , 378
’ ’ ’ ’ -5.70/ -2.66
400,270, 342, 361 -5.26/ -1.77
BAn-(2)-F ’ ’ ’ 449/448 0.55  168/299, 328  0.90 04
382, 404 (3.00) (3.49)
260, 340, 359, 379, _ _ _ _
BAn-(3)-F 400/269, 343, 362, 445/447 0.48 167/362 0.93 > (733/0 6 )2 67 > (239/48 )1' 81
383, 405 ‘ :
260, 340, 359, 379,
BAn-(4)-F 401/266, 343, 362, 449/447 0.41 167/347 0.88 -3 (638/0;)2' 63 ‘5'(22/ 45)1' 7
383, 405 o o
259, 338, 358, 378, ~ ~ ~ ~
BAn-(2, 4)-F  400/270, 342, 362, 448/443 0. 69 1563/22248’ 0.97 > (737/08 )2 9 > (238/46)1' 82
382, 405 ) )
259, 339, 358, 378, ~ ~ B ~
BAn-(3, 4, 5)-F 400/264, 342, 360, 449/445 0.93 NA/387 0.94 3. 74/ ~2.67 3. 47/ ~1.99
(3.07) (3.48)
380, 403
59, 340, 358, 379
’ ’ ’ ’ -5.86/-2.78 -5.67/-2.18
BAn-(3, 5)-CF
n-(3, 5)-CF; 400,257, 341, 359, 440/438 0.99 NA/ NA 1. 06 (3.08) (3.49)

378, 400

Measurement of film.

Notes: a Measurement of CH, Cl, solution; b
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Table 7 EL performance of BAnFs-doped devices
ML A Vi Linax T ; , FWHM CIE,
Device /nm /V /ed » m~? /% Jed « A7 /lm - W! /nm (x, y)*
1A CBP: BAn-(2) -F 438 4.2 1 647 2.67 1. 66 1.02 67 (0. 156, 0.085)
2A CBP: BAn-(3) -F 440 4.1 1 669 1.99 1.28 0.89 69 (0. 154, 0.087)
3A CBP: BAn-(4) -F 437 4.4 2 766 1.86 1.22 0. 87 68 (0.154, 0.087)
4A CBP: BAn-(2, 4) -F 435 4.0 2016 2.75 1.47 1. 10 65 (0.154, 0.074)
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