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ABSTRACT

We report four cationic iridium(IIl) complexes [Ir(C*N),(d/Bubpy)](PFs) that have sulfur-
pentafluoride-modified 1-phenylpyrazole and 2-phenylpyridine cyclometalating (C*N) ligands
(dBubpy = 4.,4'-di-fert-butyl-2,2'-bipyridyl). Three of the complexes were characterized by
single-crystal X-ray structure analysis. In cyclic voltammetry, the complexes undergo reversible

oxidation of iridium(Ill) and irreversible reduction of the SFs group. They emit bright green



phosphorescence in acetonitrile solution and in thin films at room temperature, with emission
maxima between 482-519 nm and photoluminescence quantum yields of up to 79%. The
electron-withdrawing sulfur pentafluoride group on the cyclometalating ligands increases the
oxidation potential and the redox gap and blue-shifts the phosphorescence of the iridium
complexes more than do the commonly-employed fluoro and trifluoromethyl groups. The
irreversible reduction of the SFs group may be a problem in organic electronics; for example, the
complexes do not exhibit electroluminescence in light-emitting electrochemical cells (LEECs).
Nevertheless, the complexes exhibit green to yellow-green electroluminescence in doped multi-
layer organic light-emitting diodes (OLEDs) with emission maxima ranging from 501-520 nm

and with an external quantum efficiency (EQE) of up to 1.7% in solution-processed devices.

Introduction.

One particular class of emitters that has been widely studied in electroluminescent (EL)
devices is phosphorescent cyclometalated iridium(III) complexes.' Iridium complexes are
attractive as their frequently bright emission can be tuned across the visible spectrum through
simple ligand modification.” Blue emitters are required for color displays and to generate white
light for lighting applications.” Two strategies can be adopted to blue-shift the phosphorescence
of a cyclometalated Ir(IIl) complex: the first is to increase the energy of the emissive metal-to-
ligand, intra-ligand or ligand-to-ligand charge-transfer (MLCT, ILCT and LLCT, respectively)
excited states by introducing electron-donating/-withdrawing groups to the ligands and by

disrupting communication between the ligands;Zb'd’4

the second way is to increase the energy of
the emissive m—m* ligand-centered states by limiting conjugation in the ligand.”>® The

frequently used electron-withdrawing groups on the cyclometaling ligand (C*N) that blue-shift



6a,6b,7
1,

the phosphorescence of Ir(II) complexes are fluoro,’ trifluoromethy sulfonyl,® and

cyclometalated heterocycles such as 2,3'-bipyridinato.’
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Chart 1. New complexes.



Chart 2. Reference complexes.

Organic sulfur pentafluoride compounds have been known for the past 50 years and they
have been used in materials and medicinal chemistry.'” Metal complexes that have sulfur
pentafluoride groups (SFs) are, however, rare.'' It is surprising that this group has received such
little attention especially considering that SFs is a bulky, chemically inert, polar, hydrophobic
and very strong electron-withdrawing group.'’*'*> Notably, it is less-reactive and more electron-
withdrawing than the CF; group, making it a potentially desirable alternative moiety for

optoelectronic tuning strategies.'*"

Here, we describe four cyclometalated iridium(III) complexes, 1-4, that have a sulfur
pentafluoride group (Chart 1). We investigate the effect of the SFs group on their

phosphorescence and electrochemistry and study their electroluminescence in two-layer light-



emitting electrochemical cells (LEECs) and in doped multi-layer organic light emitting diodes
(OLEDs). We compare these complexes to their non-substituted and fluoro- and trifluoromethyl-

substituted analogues R1-R4 (Chart 2).6¢-%6¢:14

Results and Discussion.
Synthesis.

Four new cyclometalating ligands L1-L.4 were prepared (Scheme 1). L1 and L2 were
obtained by Stille’ coupling of commercially available 3- or 4-bromophenylsulfur
pentafluorides with 2-(tri-n-butylstannyl)pyridine in 81% and 72% yield, respectively. The tin
by-products were removed by passing the reaction mixture through silica gel and (10% by
weight) potassium carbonate.'® L3 was obtained by a non-catalysed C-N coupling of electron-
deficient 4-bromophenylsulfur pentafluoride with pyrazole in the presence of potassium tert-
butoxide in DMSO in 53% vyield."” In contrast, the reaction of 3-bromophenylsulfur
pentafluoride with pyrazole to make L4 under the same conditions gave a mixture of products.
Therefore, L4 was prepared from a Cu,O catalyzed C—N coupling of these two reagents in DMF
in the presence of cesium carbonate in 77% yield."® The successful syntheses of L3 and L4
confirm that the SFs group is stable to strong bases at high temperatures in organic solvents. The

4-SFs ligands L1 and L3 are white solids while the 3-SFs ligands L2 and L4 are colorless oils.
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Scheme 1. Synthesis of L1-L4 and 1-4. (a) [Pd(PPh;)4] (catalyst), toluene, under N,, 120 °C; (b)
KO7Bu, DMSO, under Nj, 140 °C; (c) CsyCOs3, Cu,O (catalyst), DMF, under N,, 120 °C; (d)
C”N ligand L1-L4, 2-ethoxyethanol/water, IrCl33H,0, under N,, 120 °C; (e) (i) 4,4'-di-tert-
butyl-2,2'-bipyridine, dichloromethane/methanol, under N,, 40 °C; (ii) NH4PF¢, methanol/water,

under air, room temperature.

The reaction of ligands L1-L4 with IrCl;-:3H,O in 2-ethoxyethanol/water gave the
dinuclear Ir(IIT) complexes [Ir(C*N),(u-Cl)], as yellow solids in 80-91% yield, which were used
without purification."” These iridium dimers were cleaved with 4,4'-di-tert-butyl-2,2'-bipyridyl
(d/Bubpy) in dichloromethane/methanol to afford the target cationic complexes
[[r(C"N),(dfBubpy)](PFs), 14, in 77-85% yield as their hexafluorophosphate salts after
purification by column chromatography and the anion exchange (Scheme 1). The complexes 14

are air- and moisture-stable solids that are soluble in polar organic solvents.

New compounds were characterized by elemental analysis, 'H and ""F NMR

spectroscopy, mass-spectrometry, and single crystal X-ray structure analysis. The '’F NMR



spectra exhibit the characteristic signals of the SFs group: a 'pentet' for the axial fluorine and a
'doublet' for the equatorial fluorines in a 1-to-4 intensity ratio (the fluorines in the SFs group
behave as an AB, system in the '’F NMR experiment).”> The NMR spectra confirm that the
complexes 14 have C,-symmetry. The mass-spectra of 1-4 exhibit the characteristic peak of the

cation [Ir(C*N),(d/Bubpy]".

The characterization of the complexes 1-3 confirms that they are pure. In contrast,
complex 4 contains a trace impurity: it is observed in the '"H NMR and it could not be removed
by a combination of chromatography and recrystallization. In light of the satisfactory
microanalysis for this complex, we consider that this impurity is an isomer, in which one of the
SFs groups is not in the para- but in the ortho-position to Ir(Ill). In fact, the formation of para-
and ortho-isomers of Ir(Ill) complexes was observed previously for some of the C*N ligands
with a 3-substituent in the phenyl ring.”' Small-scale recrystallization of 4 provided single

crystals that by X-ray analysis confirmed the presence of the expected para-isomer (Figure 1).

The incorporation of the electron-withdrawing SFs group onto the scaffold of the C*'N
ligand is designed to increase the energy of charge-transfer excited states of the Ir(IIl)
complexes. We prepared both a pyridine and pyrazole series of C*N ligands and complexes.

Replacing pyridine by pyrazole has been previously shown to blue-shift the emission of Ir(III)

d,

complexes®®* as pyrazole has higher-energy n—n* states and it is both a weaker o- and 7-donor

to metal ions than pyridine.”> We chose d/Bubpy to improve solubility of the complexes and to

compare them with the references R1-R4 (Chart 2).6d6h6e14



Crystal Structures.

Figure 1 and Table 1 report the X-ray structures of 1, 3, and 4. In each case the, Ir(III) ion
exhibits a distorted octahedral coordination environment with the two N atoms of the C"N
ligands trans to each other. The Ir—C and Ir—N bond lengths are similar for the 1-arylpyrazole
ligands in the [Ir—(C"N)] fragment in 3 and 4 [2.015(3)-2.025(3) A for Ir—Ccny; 2.014(2)-
2.029(4) A for Ir-Neax]. In contrast, for the 2-arylpyridine ligands in 1, the Ir-Ncy bond,
2.051(4) and 2.055(4) A, is longer than the Ir—-Ccsn bond, 2.016(4) and 2.021(6) A. The Ir-N
bond to the ancillary d/Bubpy ligand, 2.116(2)-2.135(2) A, is longer than that to the C*N
ligands, 2.014(2)-2.055(4) A. The 1-arylpyrazoles in 3 and 4 are more planar [dihedral angles of
3.79(9)-6.18(11)°] than the 2-arylpyridines in 1 [5.2(3) and 13.5(4)°]. The sulfur atom of the
aryl-SFs group is in an octahedral environment and possesses similar axial and equatorial S—F
bond lengths. The equatorial S—F bonds are out of the plane of the aryl ring. The bulky SFs and
tert-butyl groups prevent face-to-face m—m stacking of the complexes. The minimum Ir---Ir

distance exceeds 9 A.



Table 1. Structural Parameters®

Bond lengths (A) Dihedral Angles (°)b
C"N drBubpy Ir-Ir (A)?

Complex Ir-C IrNeay . I Ny C°N NAN

1 2.016(4) 2.051(4) 2.133(3) 5.2(3) 4.7(2) 9.0142(8)
2.021(6) 2.055(4) 2.116(5) 13.5(4)

3 2.017(4) 2.029(4) 2.119(4) 4.90(11) 8.24(9) 9.0144(6)
2.022(4) 2.015(4) 2.118(4) 5.45(19)

4 2.015(3) 2.025(2) 2.135(2) 3.79(9) 8.31(10)  9.8946
2.025(3) 2.014(2) 2.116(2) 6.18(11)

“ Each row corresponds to one C”N ligand in the complex. ” The dihedral angle
between the rings of the ligands. “ N-atom of the d/Bubpy ligand is trans to the C-
atom of the C”N ligand in the same row. ¢ Minimum Ir---Ir distance.




Figure 1. Structures of complexes 1, 3, and 4 (50% probability ellipsoids; H atoms, PFs anion,
and co-crystallized solvent molecules omitted). Heteroatoms: N, light blue; F, green; S, orange;

and Ir, dark blue.
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Electrochemistry.

The redox properties of the complexes were studied by cyclic voltammetry, CV, (Figure
2 and Table 2). The oxidation potential of 1-4 in DMF is beyond the electrochemical window of
the solvent. In acetonitrile, 1-4 exhibit a reversible oxidation of iridium(III) at 1.19-1.29 V (at
scan rate of 0.1 V s '; referenced against the ferrocene couple). Its potential increases by 70-90
mV when pyridine is replaced with pyrazole, which is a weaker electron donor,” and by 10-30
mV when the SFs group is moved from meta- to para with respect to the Ir—C bond of the C"N
ligand.

Table 2. Electrochemistry*

Complex EOX]/Z /V Eredl/z /V AE /Vb
(AE, /mV) (AE, /mV)

1 1.19 (68)

2 1.20 (68)

3 1.26 (75)

4 1.29 (70) ~1.83 (100)° 3.12
R1'# 0.83 ~1.88 2.71
R2%8 1.02 —-1.84 2.86
R3'% 1.13 ~1.82 2.95
R4% 0.95 ~1.89 2.84

“ In MeCN with 0.1 M (nBusN)PFs on glassy-carbon (GC) working electrode,
platinum spiral counter electrode and platinum wire quasi-reference electrode at
a scan rate of 0.1 V s', unless stated otherwise. E®*) are reported relative to
Fc'/Fc. The peak separation, AE, for 1-4 is given in brackets (for the Fc'/Fc it
was 60—63 mV). The reduction is a sequence of irreversible processes and its
(onset of) potential depends on the scan rate. Error: £30 mV. Redox potentials of
1-4 at 1 V s are given in Table S2. * AE = E™, — E®}5. © Data reported at
scan rate of 1 Vs~ (irreversible for 1-3).
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Complexes 1-4 exhibit a cascade of irreversible reduction processes in MeCN and in
DMF with an onset at —1.6 V to —1.8 V (Figure 2 and Figure S1 and S2 in the Supporting
Information). These reductions likely involve the electron-deficient SFs group and, for 2 and 4,
the drBubpy ligand. The SFs group on accepting an electron may release a fluoride, thereby
making the reduction irreversible.'” At the faster scan of 1 V s™', the first reduction of 2 and 4
resembles a one-electron process, and in the case of 4 it becomes quasi-reversible at —1.83 V, a

typical reduction potential for d/Bubpy in [Ir(C*N)y(d/Bubpy)] complexes (Table S2 and Figure

6f,6g,14b
SZ) 08,

I TuA]
N

T ;
E [V] vs Fc'/Fc in ACN/GC

Figure 2. Cyclic voltammograms of 1-4 in MeCN (glassy-carbon electrode, 0.1 M nBusNPFg,

0.1 Vs'; clockwise scan). The unit on the vertical axis is 10 pA. The peaks at —=1.2 V to 0.2 V
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in the CVs are the return waves of the irreversible reduction. CVs of 1-4 at 1 Vs ! are shown in

Figure S2.

The ligands L1-L4 also exhibit irreversible reduction waves with peak potential at —2.17
V to —2.59 V at scan rate of 0.1 V s~ (Table S3 and Figures S3 and S4). Their reduction
potential is more positive than that of the reference ligand 2-phenylpyridine, ppyH , of —2.79 V
at 1 Vs '. The reduction of ppyH is quasi-reversible at 1 V s', but irreversible at slower scan
rates (Figure S3 and Table S3). The onsets and peaks of the reduction potentials of the SFs-
compounds 1-4 and L.1-L.4 depend on the scan rate and on the solvent and, therefore, are not

discussed.

Comparison of 1-4 with the reference complexes R1-R4 demonstrates that the SFs group
positively shifts the oxidation potential of the complex by 360 mV and 370 mV from R1 (non-
substituted analogs) to 1 and 2, respectively; by 310 mV and 340 mV from R4 (non-substituted
analog) to 3 and 4, respectively; by 170 mV from R2 (F-analog) to 1; and by 70 mV from R3
(CF;-analog) to 2 (Table 2). In contrast to the irreversible multi-electron reduction of 1-4, the
references R1-R4 exhibit a reversible one-electron reduction of d/Bubpy at —1.89 V to —1.82 V
(Table 2). The redox gap, AE = E*,, — E™, increases by 170-410 mV from R1-R4 to the

SFs-complex 4.

Absorption and Emission Spectroscopy.

The complexes 14 are pale yellow to yellow solids. The absorption spectra of 1-4 in

MeCN solution do not exhibit well-resolved bands (Figure 3). However, they do show intense

13



m—m* transitions in the UV range with molar absorption coefficients (g) of >10* M™' cm™

(Figure 3 and Table S4). The weaker-intensity (¢ <10* M~ cm ') lower-energy mixed charge-

transfer transitions tail from the UV to 420—490 nm in the visible range.%’24

£110° M cm™]
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Figure 3. Absorption spectra of complexes in MeCN: (a) 1 and 2; (b) 3 and 4.
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In the solid state and in MeCN solution at room temperature 1-4 exhibit green
luminescence. The emission intensity increases on removing oxygen from the solutions, a
hallmark of phosphorescence. In degassed dilute MeCN solution, 1 and 2 exhibit structured
emission while the emission of 3 and 4 is broad and unstructured (Figure 4). We note that the
absorption transitions at >350 nm are likewise more structured for 1 and 2 and are broader for 3

and 4 (Figure 3).

The photophysical behavior of 14 is summarized in Table 3 and the emission spectra are
shown in Figure 4. All complexes are bright emitters with high photoluminescence quantum
yields (®pr) ranging from 70-79%. The observed emission lifetimes (z.) are mono-exponential,
indicating the presence of a single emissive species (cf. Figure S6) and are on the microsecond
timescale (1.4—4.7 ps). The calculated radiative lifetimes, 7rq = Tx®p. ', are 2.0-6.0 pus, and are
typical of phosphorescence from a mixed metal-to-ligand charge transfer (MLCT) and ligand-to-
ligand charge transfer (LLCT) excited state.”™* In dichloromethane (DCM) solution (when
compared to MeCN), the emission profiles do not change for 1, broaden for 2, and become more

structured for 3 and 4, with an observed blue-shift of up to 8 nm (Figure 4).
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Table 3. Photophysical data“

Medium  Apo(nm) Ao (nm) Apax(nm) Dpp (%) 7o (US)  Trad (US)

1 MeCN 482 517 482 79 4.7 6.0
DCM 482 514 482
Film 491 519 519 19

2 MeCN 465 496 496 71 2.0 2.8
DCM 498
Film 507 48

3 MeCN 505 71 1.4 2.0
DCM 497
Film 494 69

4 MeCN 500 70 1.5 2.1
DCM 494
Film 493 74

R1'* MeCN 581

R2°®  MeCN 552

R3'* DCM 512

R4 MeCN 555

“ In degassed MeCN or DCM solution. In spin-coated thin film of 1-4 and
[BMIM][PF¢] in a 4-to-1 molar ratio under air at room temperature. The 0—0 and 0-1
transitions for the structured spectra and the emission maximum are given.

The presence of the vibronic structure in both the phosphorescence and the low-energy

absorption spectra and the relatively longer radiative lifetimes of the pyridine complexes 1 and 2

suggest an emission from an excited state of mixed ligand-centered (involving the C*N ligand)

16



and charge-transfer character.” The variation of the regiochemistry of the SFs group from meta
(1) to para (2) to Ir—C bond blue-shifts both the absorption and the emission spectra and changes
the photophysics of 1 and 2, probably because their emissive state involves the C*N ligands. The
ligand-centered character of the emissive state is likely more pronounced in 1 than in 2, because

1 exhibits a solvent-independent phosphorescence spectrum and the longest radiative lifetime.?

DCM/ACN

Emission Intensity [a.u.]
VI
~ N w | a

450 500 550 600 650 700
Wavelength [nm]

b Thin film

450 500 550 600 650 700
Wavelength [nm]

Emission Intensity [a.u.]
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Figure 4. Phosphorescence spectra of 1-4. (a) in MeCN and in DCM (room temperature; Aexe =
360 nm; Aley = 2 nm) under nitrogen; (b) in thin films of 1-4 and the ionic liquid [BMIM][PFs]

in a 4-to-1 molar ratio under air.

The excited states of the cyclometalating ligands shift to higher energy when pyridine is
replaced by pyrazole (Figure $5).°! Indeed, the broad and solvent-sensitive phosphorescence
spectra and the shorter radiative lifetimes of the pyrazole-containing complexes 3 and 4 suggest a

predominantly charge-transfer emissive state.”***

Unlike 1 and 2, the position of the SFs group
does not influence the spectroscopic properties of 3 and 4, because their emissive state is

localized predominantly on the [Ir—(dfBubpy)] fragment.

In thin films of 1-4 doped with the ionic liquid (IL) 1-n-butyl-3-methylimidazolium
hexafluorophosphate [BMIM][PF¢] in a 4-to-1 molar ratio under air, the complexes exhibit
phosphorescence behavior similar to that in solution and with ®pp of 19-74% (cf. Figure 4).
These observations, coupled with the solid-state X-ray structures (Figure 1), confirm that bulky

SFs and tert-butyl groups prevent intermolecular interaction of 1-4.

The onset of the phosphorescence spectrum blue-shifts when pyridine (1 and 2) is
replaced by pyrazole (3 and 4) (Figure 4b). The blue-shifts in the absorption cut-off and in the
Ao-0, Amax, and onset of the phosphorescence spectra of 1-4 qualitatively match the increase in
their oxidation potentials (Tables 2 and 3). The phosphorescence maximum of 14 in solution at
482-505 nm is significantly blue-shifted when compared to that of the references R1-R4 at 512—

581 nm (Table 3).
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Electroluminescence: Light-Emitting Electrochemical Cells.

The electroluminescence (EL) of 14 was tested in light-emitting electrochemical cells
(LEEC). The architecture of the devices was ITO/PEDOT:PSS (80 nm)/(1-4):[BMIM][PFs] (4-
to-1; 150 nm)/Al (70 nm), where PEDOT:PSS is poly(3,4-ethylenedioxythiophene):poly-
styrenesulfonate. The active layer was made of the emitters 1-4 and [BMIM][PF¢] in a 4-to-1
molar ratio. The ionic liquid increases the concentration of ionic species and the ionic mobility,*
thereby reducing the turn-on time of the LEEC. The LEECs were driven with a pulsed current at
a block wave frequency of 1000 Hz, and a duty cycle of 50%. The current density of the pulse
was 100 or 200 A m % the average current density was 50 or 100 A m >, respectively. The
pulsed-current driving was chosen because it rapidly injects the charges, lowers turn-on time,

stabilizes the growing of the intrinsic doped regions, and increases lifetime of the device.*

Although 1-4 emit efficient photoluminescence in films (Table 3 and Figure 4), they do
not exhibit electroluminescence in the LEEC. Initially, charges are injected into the LEEC and
the injection barrier is lowered;*” however, the voltage significantly increases after a maximum
of 10 h and the current stops, indicating problems with charge-injection (Figure S7). In order for
LEECs to function the complex must be able to serve as a charge carrier, and to do that it must
undergo redox processes without chemical decomposition.'™'® We consider that the lack of

electroluminescence of 14 in the LEECs arises from the electrochemical instability of the SFs

group.

Electroluminescence: Organic Light-Emitting Diodes.
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The electroluminescence of the complexes was evaluated in doped multi-layer organic
light-emitting diodes (OLEDs). We note that charged emitters are not frequently applied in
OLEDs.*® The device architecture was ITO/PEDOT:PSS (30 nm)/PVK (30 nm)/mCP:0XD-
7:complex (74:20:6; 20 nm)/B3PYMPM (50 nm)/Ca (20 nm)/Al (100 nm). PEDOT:PSS acts as
a hole-injecting layer; poly(N-vinylcarbazole) (PVK), is a hole-transporting and electron/exciton-
blocking layer (LUMO = 2.2 eV); 3,5'-N,N'-dicarbazole-benzene (mCP; triplet level, Er = 2.9
eV) and 1,3-bis[(4-tert-butylphenyl)-1,3,4-oxadiazolyl]phenylene (OXD-7; Et = 2.7 eV) are the
hosts;** and 4,6-bis(3,5-di(pyridin-3-yl)phenyl)-2-methylpyrimidine (B3PYMPM) is an electron-
transporting and hole-blocking layer [electron mobility ~10° c¢m® (V s)'; HOMO = 6.8 eV].**
The multi-layer architecture helps to balance the hole/electron-injection and confines the

excitons in the emitting layer to give a higher device performance.

20



Table 4. Electroluminescence’

Complex  Vou(V)?  Amex(@m)°  FWHM (nm)’  EQE (%)° CE(cdA"Y PEUmW" CIE"

1 8.8 520° 94 0.2 0.7 0.2 (0.29, 0.54)
2 8.1 501 115 1.7 4.5 1.5 (0.29, 0.48)
3 8.3 504 106 0.4 1.0 0.3 (0.25,0.44)
4 7.9 511 125 1.1 3.0 1.3 (0.29, 0.46)

“ OLED: ITO/PEDOT:PSS (30 nm)/PVK (30 nm)/mCP:0XD-7:complex (74:20:6; 20
nm)/B3PYMPM (50 nm)/Ca (20 nm)/Al (100 nm). * Turn-on voltage at 1 cd m°. ¢ Peak
wavelength at 10 mA cm 2 ¢ Full width at half maximum of the EL spectrum at 10 mA
cm 2. ¢ Maximum external quantum efficiency.’ Maximum current efficiency. ¢ Maximum
power efficiency. " The Commission Internationale de L’Eclairage coordinates at 10 mA

cm 2. ' The Ao_; transition; the less-intense Ao_o transition is at 488 nm.

OLED performance data is compiled in Table 4 with EL spectra shown in Figure 5.

Complexes 1-4 exhibit green to yellow-green electroluminescence with CIE coordinates of

(0.25-0.29, 0.44-0.54) and with the turn-on voltage of 7.9-8.8 V (cf. Figures S8-S10). The

electroluminescence spectra are structured for 1, less-structured for 2, and broad for 3 and 4.

The EL spectra exhibit similar profiles to the solution photoluminescence spectra (Figure 4),

except for the change in the relative intensity of the vibronic peaks for 1. The EL spectra red-

shift when the current density is increased (Figure S8). This is due in part to the polarization of

the emitter at high current density. Similar behavior has been reported previously in both LEEC

and OLED devices.'*”' The full width at half maximum (FWHM) of the EL spectrum at 10 mA

cm? varies from 94 nm for 1 to 125 nm for 4.
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Figure 5. Electroluminescence spectra of complexes 1—4 in OLED at 10 mA cm °,

The devices exhibit similar current densities at low driving voltage of <4 V (Figure S9).
The OLED with complex 2 at high voltage >7 V exhibits the highest current density but the
lowest luminance in the series, indicating unbalanced charge injection. Nevertheless, at low
current density, it exhibits the highest current, power, and external quantum efficiencies of 4.5 cd
A, 1.5 Im W', and 1.7% in the series (cf. Figure S10). In contrast to LEEC devices, the
transport of charges in the doped OLED is mainly performed by the hosts and charge-
transporters.” Therefore, redox instability of the emitter is less of an issue in OLEDs. It is
evidenced by the observation of electroluminescence in the OLED with 14 acting as the

emitters.

Conclusions.
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Herein, we report the first examples of iridium complexes bearing the strongly electron-
withdrawing sulfur pentafluoride group. Both the ligands and metal complexes are accessible
and chemically stable. Complexes 1-4 exhibit efficient green phosphorescence under ambient
conditions in solution with high ®pp, values, ranging from 70—79%. Sulfur pentafluoride acts as a
stronger electron-withdrawing group than fluorine and trifluoromethyl, which is confirmed by
blue-shift of the phosphorescence spectra and by the more positive oxidation potentials of the
SFs-modified iridium complexes 1-4 compared to the F- and CF;-analogs R2 and R3. The bulky
SFs prevents intermolecular interaction of metal complexes in the solid state and increases their
solubility; however, its use in organic electronics may be limited by its irreversible reduction, for

example, the complexes 1-4 exhibit electroluminescence in OLED, but not in LEEC.
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TOC graphic.

Synopsis

The first examples of iridium complexes bearing SFs-functionalized cyclometalating ligands are
reported. The SFs group promotes a large blue-shift in the emission spectrum compared to the
non-substituted and fluoro- or trifluoromethyl-substituted analogues, with the family of
complexes emitting brightly from 493-519 nm. LEEC devices did not work owing to the

irreversible electrochemistry but green to yellow-green emitting OLEDs could be fabricated.
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