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Synthesis of Materials

2-(2,4-Difluorophenyl)-4-methylpyridine

2-Bromo-4-methylpyridine (10.00 g, 60.68 mmol), 2,4-difluorophenylboronic acid (11.50 g,
72.81 mmol) and tetrakis(triphenylphosphine)palladium(0) (2.10 g, 3 mol%) were dissolved
in freshly distilled THF (150 mL). A solution of 4 M K,CO; (30 mL) and ethanol (15 mL)
were added and the mixture was refluxed with stirring for 24 h in the nitrogen atmosphere.
After it was cooled, the mixture was poured into 2 N HCI and extracted with ether. The
solution was dried over magnesium sulfate and removed solvent. The product was purified by
chromate-graphy on silicagel using methylene chloride as the eluent. Yield: 11.10 g, 89%. 'H-
NMR (300MHz, CDCl;, ppm): 8.55-8.57 (d, 1H), 7.99-8.07 (m, 1H), 7.61 (s, 1H), 7.12-7.14

(d, 1H), 6.93-7.08 (m, 2H), 2.44 (s, 3H).

2-(2,4-Difluoro-3-iodophenyl)-4-methylpyridine

2-(2,4-Difluorophenyl)-4-methylpyridine (11.02 g, 53.70 mmol) was dissolved in freshly
distilled THF (160 mL) under a nitrogen atmosphere. Lithium diisopropylamide (30.9 mL, 2
M) in n-hexane/ THF was added to the solution at -78°C and the mixture was stirred for 1 h.
Then, iodine (16.35 g, 64.44 mmol) dissolved in THF (60 ml) was added to the solution, and
the mixture was stirred for 3 h at -78°C, and warmed to room temperature. After reaction,
water (200 ml) was added and the solution was extracted with diethylether. The ether solution
was washed with saturated sodium thiosulfate and brine. The product was purified by
chromate-graphy on silicagel using hexane/ethyl acetate (5:1 v/v) as the eluent. Yield: 12.42 g,
70%. '"H-NMR (300MHz, CD,Cl,, ppm): 8.56-8.58 (d, 1H), 7.97-8.05 (m, 1H), 7.61 (s, 1H),
7.15-7.17 (d, 1H), 7.04-7.10 (m, 1H), 2.44 (s, 3H). (EI") m/z calcd for C;;HgF,NI 331 ([M]"),

found 331.



2-(2,4-Difluoro-3-(perfluoropropyl)phenyl)-4-methylpyridine

2-(2,4-Difluoro-3-iodophenyl)-4-methylpyridine (5.00 g, 15.10 mmol) and heptafluoropropyl
iodide (4.50 g, 15.10 mmol) were dissolved into DMF (25 mL), and freshly precipitated
copper powder (4.9 g, 75.5 mmol) was added and the resulting mixture stirred at 130°C for 20
h, cooled to room temperature, poured into water (30 mL), and extracted with methylene
chloride. The product was purified by chromatography on silicagel using methylene chloride
as the eluent. Yield: 2.82¢g, 50%. '"H-NMR (300MHz, CDCls, ppm): 8.58-8.60 (d, 1H), 8.23-
8.31 (m, 1H), 7.61 (s, 1H), 7.17-7.23 (m, 2H), 2.45 (s, 3H). ’F-NMR (500 MHz, CDCls;,
ppm): -81.14 (3F), -108.13 (2F), -109.33 (1F), -113.89 (1F), -127.92 (2F). HRMS (EI*) m/z

calcd for C5HgF9N 373.0513 ([M]*), found 373.0511.

[(HFP),IrCl],

Iridium trichloride hydrate (0.92 g, 3.08 mmol) and 2-(2,4-difluoro-3-(perfluoropropyl)phenyl)-
4-methylpyridine (2.30 g, 6.16 mmol) were dissolved in a mixture of 2-ethoxyethanol (21 mL)
and water (7 mL) and refluxed for 24 h. The solution was cooled to room temperature. Then,
100 mL of water was added to the cooled solution and the resulting yellow precipitate was

collected on a glass filter. The precipitate was washed with water. Yield: 2.58 g, 85%

(HFP),Ir(pic)

[(HFP),IrCl], complex (0.95 g, 0.49 mmol), picolinic acid (0.18 g, 1.46 mmol) and sodium
carbonate (0.52 g, 4.88 mmol) were dissolved in 2-ethoxyethanol (8 mL) and the mixture was
heated to 50°C under nitrogen for 10 h. The reaction mixture was then cooled to room
temperature. The 20 mL of water was added to the mixture and the solution was extracted
with methylene chloride. The organic layer was dried over and the solvent was removed under
reduced pressure to give a yellow powder. The crude product was purified by chromatography

on silica gel (ethyl acetate/hexane, 1/1, v/v) to obtain a light yellow powder. Yield: 0.62 g,



60%. 'H-NMR (300MHz, CDCl;, ppm): 8.58-8.60 (d, 1H), 8.35-8.37 (d, 1H), 8.19 (s, 1H),
8.13 (s, 1H), 7.98-8.04 (t, 1H), 7.73-7.75 (d, 1H), 7.49-7.53 (t, 1H), 7.27-7, 29 (d, 1H),12-
7.14 (s, 1H), 6.89-6.91 (d, 1H), 6.00-6.04 (d, 1H), 5.72-5.76 (d, 1H), 2.60 (s, 6H) "F-NMR
(500 MHz, CDCl;, ppm): -81.06 (6F), -107.25 (4F), -109.75 (1F), -110.28 (1F), -112.36 (1F),
-112.77 (1F), -127.80 (4F). HRMS (FAB") m/z caled for C;sHgFisN3OyIr 1059.0741
([M+H]"), found 1060.0817. Elem. Anal. Cacld (%) for C3sH;gFsN;O,Ir: C, 40.84; H,1.71; N,

3.97. Found: C, 41.02; H, 1.701; N, 3.87

(HFP),Ir(mpic)

The synthetic procedure was similarly proceeded with (HFP),Ir(pic)

Yield: 0.47 g, 53%. '"H-NMR (300MHz, CD,Cl,, ppm): 8.54-8.56 (d, 1H), 8.23 (s, 1H), 8.16
(s, 1H), 8.11 (s, 1H), 7.57-7.59 (d, 1H) 7.35-7.37 (d, 1H), 7.27-7.30 (d, 1H), 7.15-7.17 (d, 1H),
6.97-6.99 (d, 1H), 6.06-6.09 (d, 1H), 5.83-5.87 (d, 1H), 2.59-2.60 (d, 6H), 2.50 (s, 3H). '°F-
NMR (500 MHz, CDCl;, ppm): -81.08 (6F), -107.20 (4F), -109.8 (1F), -110.36 (1F), -112.48
(1F), -112.83 (1F), -127.79 (4F). HRMS (FAB") m/z calcd for Cs;7H,oFgN3O,Ir 1073.0897
([M+H]"), found 1074.1038. Elem. Anal. Cacld (%) for Cs3;H,oFsN;O,Ir: C, 41.43; H,1.88; N,

3.92. Found: C, 41.75; H, 1.68; N, 3.93

(HFP),Ir(fptz)

The synthetic method was similar with that of (HFP),Ir(pic)

Yield: 1.40 g, 59%. '"H-NMR (300MHz, CD,Cl,, ppm): 8.29-8.32 (d, 1H), 8.22 (s, 1H), 8.17
(s, 1H), 7.98-8.04 (t, 1H), 7.74-7.76 (d, 1H), 7.55-7.57 (d, 1H), 7.37-7.39 (d, 1H), 7.30-7.35 (t,
1H), 6.96-6.98 (d, 1H), 6.89-6.92 (d, 1H), 6.04-6.08 (d, 1H), 5.94-5.97 (d, 1H), 2.55-2.56 (d,
6H). ’F-NMR (500 MHz, CDCls, ppm): -64.36 (3F), -81.06 (6F), -107.23 (4F), -108.79 (1F),

-109.51 (1F), -111.82 (1F), -112.35 (IF), -127.65 (4F). HRMS (FAB*) m/z caled for
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CsgHigF Neglr  1150.0887 ([M+H]"), found 1151.1007. Elem. Anal. Cacld (%) for

CsgHisF2 Nglr: C, 39.70; H,1.58; N, 7.31. Found: C, 40.23; H, 1.49; N, 7.23
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Figure S1. Contributions of the frontier molecular orbitals of the iridium complexes to the
lowest triplet state, calculated using the density functional theory with B3LYP/ 6-31G as the

base set.
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Figure S2 Cyclic voltammetry UV-vis spectra of (a) (HFP),Ir(pic), (b) (HFP),Ir(mpic), and

(HFP),Ir(fptz)
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Figure S3 TGA thermograms of the iridium complexes.

Table S1. Photophysical and Electronic Properties of the Iridium Complexes

) Life
) )
absopti  ply fyhme  HomMOo  EP  FYM Pl o time 1o 1o KO Koe®
Ir complex on? o o o [105s [105s
[nm] [nm] [eV] [eV] [nm] (%) [us] [us] 4 4
[nm] [eV] 1 1
[us]
. 255,277, 451, 458, 81
(HFP),lIr(pic) 370 479 47.8 5.94 2.98 2.96 4885 +3 1.46 1.8 768 055 0.13
) 255,278, 452, 458, 90
(HFP),Ir(mpic) 372 480 47.8 5.92 2.99 2.93 485 3 147 163 147 061 0.07
255,272, 446, 452, 53
(HFP),Ir(fptz) 356 475 48.6 6.13 3.00 3.13 481 3 199 375 423 027 0.24

3Measured in a CHCI; solution at room temperature; ®Optical band gap; “Measured using
50-nm-thick mCPPO1films doped with the iridium complexes in the amount of 10 wt %.

Table S2. Electroluminescence Characteristics of the Phosphorescent Blue OLEDs

Voltage (V) I(Er:;‘rT; CIE (xy) EQE (%) Currerzé(le/fAfi)ciency Pow<a(|rr5f\;"|\;:)iency
Ir complex
o Dm meew e Mee G0 S M R wac G
(HFP),Ir(pic) 33 48 452 (8'11347)' 19.7 132 7 23.4 15.7 223 10.4
(HFP)alr(mpic) 33 46 452 %9'11256)' 214 15.7 6.6 27.2 19.9 25.9 13.3
(HFP)Ir(fotz) 33 49 447 (00_'115;' 14.2 8.5 47 15.3 9.1 145 59

3 turn on voltage @ 1 cd/m?

Table S3. The DFT calculation results of irridium complexes with heptafluoropropyl group

delE S1 T1 d(S1-T1) MLCT(T1)
Energy [kcal/mol] description
[eV] [nm] [eV] [nm] [eV] [%]

Entry isomer

(HFP).Ir(pic) A -3598.4906 0.00 3.121 397.28 2.896 428.12 0.22 41.00% H-(L+1) 39%, H-L 15%

(HFP),Ir(mpic) A -3637.8017  0.00 3173 39073 2893 42851 028  40.60% H-L 51%
(HFP)Ir(fptz) A -3987.9123  0.00 3.307 37495 2947 42066 036  41.50% H'LZWZ'LT;)L:;%)W%' H-
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Table S4. Energy levels of frontier orbitals, calculated using the density functional theory

with B3LYP/6-31G as the base set.

Entry isomer HOMO-1 HOMO

LUMO

LUMO+1

HOMO-1 HOMO LUMO LUMO+1 H-L(eV)
(HFP),lr(pic) A -0.2362 -0.2286 -0.08636 -0.08321 -6.43 -6.22 -2.35 -2.26 3.87
(HFP),Ir(mpic) A -0.2342 -0.2267 -0.08266 -0.08007 -6.37 -6.17 -2.25 -2.18 3.92
(HFP),Ir(fptz) A -0.2476 -0.2386 -0.09022 -0.08823 -6.74 -6.49 -2.46 -2.40 4.04

Table S5 The DFT calculation results of irridium complexes with trifluoromethyl group using
the density functional theory with B3LYP/6-31G as the base set.

S1 T1 d(S1-T1)  MLCT(T1)
Entry isomer Energy description
(eV) (nm) (eV) (nm) (eV) (%)
(TFM),Ir(pic) A -2647.5969 3.093 400.88 2.899  427.70 0.19 42.80% H-L+1) 3|3°f1(;,/: »-L 16%,
(TFM).Ir(mpic) A -3637.8017 3.152 393.31 2.892  428.78 0.26 41.10% H-L 36%, H-(L+1) 23%
(TFM).Ir(fptz) A -3987.9123 3.290 376.84 2946  420.84 0.34 42.00% H-(L+1) 25%, H-L 19%,

(H-2)-(L+1) 13%

Table S6 Energy levels of frontier orbitals, calculated using the density functional theory with

B3LYP/6-31G as the base set.

Entry isomer  HOMO-1 HOMO LUMO  LUMO+1  HOMO-1 HOMO  LUMO  LUMO+1  H-L(eV)
(TFM),Ir(pic) A -0.2348 -0.2267  -0.08556  -0.08195 -6.39 6.17 -2.33 223 3.84

(TFM),Ir(mpic) A -0.2329 02249  -0.08202  -0.07977 -6.34 6.12 223 217 3.89
(TFM).Ir(fptz) A -0.2464 -0.2369  -0.08931  -0.08726 6.70 6.45 243 2.37 4.02

Table S7 Td(5% weight loss) of the iridium complexes.

Iridium complex

(HFP)zlr(pic)

(HFP)2Ir(mpic)

(HFF’)ZIr(fptz)

Td (C)
(5% weight loss)

366

368

355




