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Rapid Combinatorial Synthesis and Chromatography 
Based Screening of Phosphorescent Iridium Complexes 
for Solution Processing
 This work reports the combinatorial synthesis and screening of phospho-
rescent iridium complexes as solution processable emitters for OLEDs. The 
approach taken here allows for the rapid synthesis, isolation, spectroscopic 
characterization and identifi cation of the libraries based on chromatographic 
methods. Subsequent analysis of the irradiation induced degradation pro-
vides insight on the stability of the complexes under continuous excitation. 
The method is versatile and can easily be applied to other metal complexes or 
organic dyes for various applications, e.g., in electroluminescence, photo-
voltaics and sensing. 
  1. Introduction 

 Iridium complexes have been employed as dyes for biological 
labeling [  1  ]  and sensing of different analytes, [  2  ]  as photon upcon-
version agents, [  3  ]  dyes for dye-sensitized solar cells (DSSCs), [  4  ]  
photocatalysts for CO 2  reduction and water splitting [  5  ]  and more 
recently as effi cient catalysts in the emerging fi eld of organo 
photoredox catalysis. [  6  ]  While their unique properties make 
them promising candidates in all of the above mentioned areas, 
their current most important application is their use as emitters 
in organic light-emitting devices (OLEDs). Spurred by the dis-
covery of the triplet harvesting effect by Forrest et al. in 1998, [  7  ]  
enabling a theoretical internal quantum effi ciency of 100%, 
the number of reported phosphorescent iridium complexes 
has grown signifi cantly over the last decade. The preference 
of cyclometallated iridium complexes for OLED applications 
can be rationalized by their extremely high triplet quantum 
yields, [  8  ]  the predictability and tunability of their emission color 
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over the whole visible spectrum, good 
thermal and photo-stability compared to 
other transition metal complexes as well 
as their good synthetic accessibility. [  9  ]  For 
OLEDs produced via thermal vapor depo-
sition, the excellent performance of these 
devices has already allowed the technology 
to enter mass production. However, there 
are still important challenges to be met. 
Even though there has been substantial 
progress in improving the operational 
lifetime of phosphorescent emitters, fur-
ther improvement in the stability of these 
materials is highly desirable to obtain 
highly effi cient and long term stable devices. To realize large 
area display and lighting applications at a competitive price, it 
is furthermore of interest to develop materials with suffi cient 
solubility in suitable solvents to enable processing from solu-
tion for example via ink jet printing. 

 While modern computational methods can provide reli-
able information on the emission colors and energy, [  10  ]  the 
color purity and in particular the stability of the iridium com-
plexes cannot be predicted in such a straightforward fashion. 
To deepen the understanding of these compounds and gain 
insight into structure-property relationships concerning those 
essential criteria, it is still necessary to synthesize and charac-
terize a large number of compounds. 

 While combinatorial chemistry is a well established tool for 
the rapid synthesis of potential biologically active molecules [  11  ]  
or catalysts [  12  ]  there have been surprisingly few reports of com-
binatorial methods for the synthesis and screening of new 
phosphorescent emitters for OLEDs. Bernhard et al. reported 
the parallel synthesis of a number of iridium complexes and 
the screening of their photophysical properties directly from the 
reaction mixture, omitting any purifi cation steps. [  10e  ]  In 2006, 
Li et al. synthesized a library of iridium complexes by parallel 
solid phase synthesis and identifi ed possible hits via their “on 
bead” emission. [  13  ]  Recently then, Nazeeruddin et al. prepared 
a library of 90 heteroleptic complexes via a similar approach 
as Bernhards with a slightly modifi ed procedure at room tem-
perature. [  14  ]  However, as the purity of materials is absolutely 
vital for the operational device lifetime, the laborious, time 
consuming and therefore expensive purifi cation of potential 
new emitters is still inevitable to obtain information about the 
stability of those compounds. Since the rapid purifi cation of 
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    Scheme  1 .     Synthesis of libraries 1–4. Reaction conditions: a) Pd(OAc) 2 , P( t Bu) 3 , NaO t Bu, toluene/dioxane, 130  ° C, 4 h. b) Pd(OAc) 2 , P(o-tolyl) 3 , K 3 PO 4 , 
toluene/dioxane/water, 85  ° C, 10 h.  
combinatorial libraries via chromatographic methods is a well 
established technique in pharmaceutical industry, [  15  ]  we have 
developed a screening for phosphorescent iridium complexes 
based on this methodology. Having a small amount of the puri-
fi ed compounds available, we can determine the photophysical 
properties of the new compounds and initially assess their sta-
bility under continuous excitation.   

 2. Results and Discussion  

 2.1. Synthesis 

 To develop the combinatorial synthesis and screening we 
chose to focus on structures derived from the epitomal 
Ir(ppy) 3  which despite being one of the fi rst reported [  16  ]  
phosphorescent emitters remains to be one of the most effi -
cient and widely used dopants for phosphorescent OLEDs to 
date. [  17  ]  Incorporation of suitable dendritic structures at the 
periphery of an emitter is known to provide benefi ts to the 
original phosphorescent emitter: self quenching can be sup-
pressed via shielding of the emissive core by branched side 
chains. Following this strategy, high solid state quantum effi -
ciencies were obtained using ethylhexyloxy chains as dendritic 
structures. [  9a  ]  However, this benefi t was limited by the fact 
that charge-carrier mobility and glass transition temperature 
T g  may be decreased. These drawbacks could be eliminated 
using arylated dendrons. [  18  ]  Another advantage using these 
structures is the enhanced solubility for a better compatibility 
regarding solution processing. Utilizing palladium medi-
ated C-C and C-N coupling reactions (Buchwald-Hartwig and 
Suzuki-Miyaura respectively), arylated dendritic structures 
can be attached to the emitting iridium core starting from the 
Br-functionalized Ir(ppy) 3  derivative  1  [  19  ]  in order to obtain 
effi cient and soluble phosphorescent emitters in excellent 
© 2012 WILEY-VCH Verlag GmAdv. Funct. Mater. 2012, 22, 3406–3413
yields and purity. [  20  ]  The method is particularly advantageous 
for a combinatorial approach, as the introduction of structural 
diversity takes place in the last step of the synthesis. The time 
consuming preparation and purifi cation of a variety of lig-
ands can thus be avoided as boronic acids and diarylamines 
are widely available from commercial suppliers. Utilizing this 
post modifi cation procedure, we synthesized 4 libraries, two 
of them via a Buchwald-Hartwig protocol and two via Suzuki-
Miyaura reactions ( Scheme    1  ). For each of the libraries we 
combined precursor  1  with three different amines/boronic 
acids in a one-pot reaction, giving way to a total of 10 possible 
products per reaction.  Scheme    2   exemplarily shows the syn-
thesis of library 3 with all possible products. We assigned a 
letter to each of the coupling partners, so that all compounds 
prepared via the combinatorial approach can be described by 
a three letter code - each letter representing one introduced 
substituent.  MMM  for example is the compound where all 
three bromine functionalities have been replaced by a phenyl 
group via the Suzuki coupling with phenylboronic acid  M . 
This combinatorial strategy facilitates the rapid generation of 
a large number of structurally diverse compounds as it ena-
bles the synthesis of up to 10 products with only one reaction 
to be performed. As a control, we synthesized and charac-
terized several homoleptic reference complexes via conven-
tional reactions. Their absorption and emission spectra were 
recorded and showed excellent agreement with the ones 
obtained from the combinatorial synthesis and screening.     

 2.2. Screening 

 To enable the separation and characterization of the compounds 
in our libraries on a suitable timescale, a chromatography based 
screening was developed.  Figure    1   outlines the screening setup. 
In a fi rst step, the crude reaction mixture is separated via a sem-
ipreparative HPLC system. A diode array detector (DAD) and a 
3407wileyonlinelibrary.combH & Co. KGaA, Weinheim
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    Scheme  2 .     Synthesis of library 4 with all 10 expected products.  
fl uorescence detector (FLD) allow a peak based automated frac-
tion collection and the simultaneous recording of absorption and 
phosphorescence spectra.  Figure    2   shows 3D-absorption- and 
08 wileyonlinelibrary.com © 2012 WILEY-VCH Verlag G

    Figure  1 .     Schematic representation of the purifi cation and screening proces
emission-plots obtained from the separation of library 
2. The eluted compounds were collected into vials, quantifi ed 
and identifi ed via LC-MS and then subjected to repeated irra-
mbH & Co. KGaA, Weinh

s.  
diation and HPLC analysis to investigate 
the irradiation induced degradation of the 
compounds.     

 2.3. Separation and Spectroscopic Properties 

 Of the 40 theoretically possible compounds, 
36 could be separated and identifi ed via 
LC-MS. The yields for the single com-
pounds were estimated via the integrated 
area obtained from the chromatograms at 
305 nm, assuming similar molar absorption 
coeffi cients for the different compounds. 
Apart from library 2 which showed a nearly 
statistical distribution of products, no clear 
trends in the reactivity of reactants could be 
elucidated. [  21  ]  Their absorption and emission 
spectra (see the supporting information) were 
recorded and the full width at half maximum 
(FWHM) was determined as an indicator 
of color purity.  Table    1   gives an overview of 
all identifi ed compounds, their maximum 
emission wavelengths and FWHM values as 
well as the m/z values obtained by LC-MS 
analysis.  

 While the complexes prepared via the 
Suzuki couplings all emit in the green 
region, introduction of the electron donating 
arylamine moieties para to the metal leads to 
a signifi cant bathochromic shift of the emis-
sion wavelength into the orange region. This 
eim Adv. Funct. Mater. 2012, 22, 3406–3413
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    Figure  2 .     3D-Plots from the separation of library 2. Left: Absorption intensity (z-axis) plotted 
against the wavelength (y-axis) and retention time (x-axis). Right: Emission intensity (z-axis) 
plotted against the wavelength (y-axis) and retention time (x-axis). The colors do not represent 
the colors as perceived by the eye.  
is caused by the electron donating effect of the arylamine sub-
stituents, effectively increasing the donation to the metal via 
the Ir-C bond, destabilizing the metal centered HOMO and 
thus reducing the HOMO-LUMO energy gap. The same trend, 
although not as pronounced, could also be observed depending 
on the substituents of the aryl or diarylamine groups. Increasing 
electron donating character leads to a red shifted emission 
while electron withdrawing substituents cause a blue shift of 
the emission maximum ( Figure    3  ). The electronic infl uence 
of the substituents on the emission energy can be rationalized 
using Hammett parameters for para substitution. Plotting the 
emission maxima against   σ   para  of the substituents shows a good 
correlation with the notable exception of carbazole (Figure  3 ).  

 To gain further insight on the photophysical properties 
of the compounds we also estimated the phosphorescence 
quantum yields  Φ  P  of the complexes relative to a standard in a 
separate experiment. The obtained  Φ  P  values vary greatly from 
0.17 to 0.82. The compounds can be divided into two catego-
ries according to their quantum effi ciencies: The fi rst group 
exhibits good to excellent  Φ  P  values of 0.54–0.85 and consists 
of the complexes obtained via the Suzuki-Miyaura reactions as 
well as the fully carbazole substituted  CCC.  The second group 
- obtained via Buchwald-Hartwig couplings - has diarylamine 
substituents and exhibits smaller  Φ  P  values between 0.17 and 
0.25. 

 It is well established that motional relaxation can be respon-
sible for non radiative transitions and that in return enhanced 
molecular rigidity and restricted intramolecular motion results 
in improved radiative rates. [  9a  ]  Ono et al. examined the infl u-
ence of different hole trapping moieties such as diphenylamine, 
carbazole and phenoxazine on Ir(ppy) 3  based complexes with 
the phenylpyridine ligands substituted at the 4-position of the 
phenyl ring. [  22  ]  They found signifi cantly lower quantum yields 
for the conformationally free diphenylamine substituted com-
pounds while the more rigid carbazole substituent gave an 
excellent  Φ  P . These observations are in good agreement with 
our obtained quantum yields for  CCC  ( Φ  P   =  0.82) and  AAA  
( Φ  P   =  0.25). This trend continues when looking at the different 
arylamine substituents in relation to each other - the higher 
the conformational fl exibility of the arylamine substituents, 
the lower the  Φ  P  values seem to be. Compounds containing 
fl exible substituents such as dimethylbenzyl ( D ) or  tert -butyl 
( E ) ( Φ  P   =  0.17–0.19) show slightly reduced phosphorescence 
effi ciencies compared to the methyl- or non-substituted diphe-
nylamines  A  and  B  ( Φ  P   ∼  0.25). Interestingly, the substitution 
© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, WeinhAdv. Funct. Mater. 2012, 22, 3406–3413
with triphenylamine ( O ) did not lead to a sig-
nifi cant reduction of  Φ  P  which indicates that 
the introduction of fl exibility on the periphery 
of the molecule further away from the emit-
ting center does not signifi cantly reduce the 
quantum yields. Since the introduction of 
structurally fl exible substituents is a common 
strategy for increasing solubility, this antago-
nistic relationship between conformational 
fl exibility and phosphorescence effi ciency 
should be kept in mind when designing 
emitters suitable for solution processing. 
Increasing the solubility by introducing fl ex-
ibility at the periphery while preserving the 
rigidity near the emitting center could therefore be a promising 
strategy for realizing highly effi cient phosphorescence from 
soluble molecules. 

 Interesting effects could be observed regarding the emission 
characteristics of heteroleptic compounds containing ligands 
of different energies: Compounds with two arylamine and one 
carbazole substituents show emission that seems to be domi-
nated by the lower energy transition centered on the arylamine 
substituted ligand, manifesting in emission maxima around 
570–575 nm and quantum yields between 0.17 and 0.25. 

 For complexes containing two carbazoles as well as one 
arylamine substituent, dual emission effects could be observed: 
While compounds  CCE  ( E   =  bis(4-tert-butylphenyl)amine) and 
 CCA  ( A   =  diphenylamine) exhibit an orange emission with a 
small shoulder in the green region ( Figure    4  ), complex  CCD  
containing two carbazole and one 4,4′-bis(  α  , α -dimethylbenzyl)-
diphenylamine ( D ) substituent shows green phosphorescence 
with a shoulder in the orange region. To gain more informa-
tion on this pronounced difference in the emission behavior 
of  CCD  and  CCE , we synthesized  DDD  (which could not be 
obtained from the chromatographic separation of library 2) via 
a conventional reaction and determined its quantum yield.  Φ  P  
( DDD ) was found to be 0.20, which is similar to that of  EEE  
( Φ  P   =  0.18). Since these emission effi ciencies are quite similar, 
the reasons for the different phosphorescence characteristics 
must lie elsewhere. Detailed spectroscopic investigations might 
provide a deeper insight into this phenomenon in the future. 
Emitters with dual emission properties exhibit broad banded 
emission making them very promising candidates for white 
organic light-emitting diodes. [  23  ]  The combinatorial synthesis of 
focused libraries directed at the tuning of dual emission prop-
erties could be a valuable tool to facilitate the development of 
new emitters in this fi eld.    

 2.4. Photodegradation Studies 

 While there is still not much known about the exact degradation 
mechanisms of emitters in PhOLEDs, most recent investiga-
tions suggest an important role of excited states. [  24  ]  Population 
of higher lying thermally accessible states for example may 
lead to bond rupture and possibly cause ligand dissociation. [  25  ]  
Researchers at Fujifi lm already used the analysis of irradia-
tion induced degradation as a tool to assess the stability of 
new emitters. They successfully identifi ed a new long lived 
3409wileyonlinelibrary.comeim



FU
LL

 P
A
P
ER

34

www.afm-journal.de
www.MaterialsViews.com

   Table  1.     Overview over all synthesized complexes with their yields, maximum emission wavelengths, FWHM values, PL quantum yields as well as the 
m/z (100%) values obtained via LC-MS. 

 Code Formula m/z (100%) a)   λ  max  
[nm]

FWHM 
[nm]

Quantum yield b)  Yield 
[%] c)  

Library 1 AAB IrC 71 H 55 N 6 1185.4227 (M + H) + 571 59 0.24 6

BBC Ir C 73 H 59 N 6 1211.4395 (M + H) + 575 56 0.25 2

AAA IrC 69 H 51 N 6 1157.3917 (M + H) + 569 58 0.25 10

ABC IrC 71 H 53 N 6 1183.4076 (M + H) + 574 57 0.25 14

AAC IrC 69 H 49 N 6 1155.3771 (M + H) + 570 61 0.25 25

BCC IrC 71 H 51 N 6 1181.3921 (M + H) + 577 55 — 7

ACC IrC 69 H 47 N 6 1153.3613 (M + H) + 569 64 0.28 27

CCC IrC 69 H 45 N 6 1151.3442 (M + H) + 519 47 0.82 8

Library 2 EEE IrC 93 H 99 N 6 1493.7676 (M + H) + 576 58 0.18 3

EED IrC 103 H 103 N 6 1617.7987 (M + H) + 576 60 0.16 12

CEE IrC 85 H 81 N 6 1379.6264 (M + H) + 575 61 0.19 11

EDD IrC 113 H 107 N 6 1741.8296 (M + H) + 575 59 0.19 14

CED IrC 95  H 85  N 6 1503.6566 (M + H) + 575 62 0.17 24

CCE IrC 77 H 63 N 6 1265.4846 (M + H) + 577 67 0.17 11

CDD IrC 105 H 89 N 6 1627.6853 (M + H) + 575 62 0.19 11

CCD IrC 87 H 67 N 6 1388.5133 (M + H) + 522 70 0.26 11

CCC IrC 69 H 45 N 6 1151.3435 (M + H) + 519 44 0.82 3

Library 3 KKK IrC 57 H 30 N 3 F 18 1292.1887 (M + H) + 507 52 0.74 12

KKM IrC 55 H 32 N 3 F 12 1156.2156 (M + H) + 512 45 0.71 6

KKL IrC 61 H 36 N 3 F 12 1232.2460 (M + H) + 512 44 0.82 30

KMM IrC 53 H 34 N 3 F 6 1020.2376 (M + H) + 515 43 0.71 2

KLM IrC 59 H 38 N 3 F 6 1096.2711 (M + H) + 516 47 0.62 11

KLL IrC 65 H 42 N 3 F 6 1172.2998 (M + H) + 517 41 0.64 15

MMM IrC 51 H 36 N 3 884.2608 (M + H) + 519 41 0.77 1

LMM IrC 57 H 40 N 3 960.2931 (M + H) + 519 43 0.63 5

LLM IrC 63 H 44 N 3 1036.3240 (M + H) + 519 46 0.66 9

LLL IrC 69 H 48 N 3 1112.3546 (M + H) + 520 47 0.81 9

Library 4 NNN IrC 54 H 42 N 3 926.3083 (M + H) + 520 46 0.85 7

NNO IrC 65 H 49 N 4 1079.3663 (M + H) + 522 45 0.77 6

NOO IrC 76 H 56 N 5 1232.4257 (M + H) + 522 49 0.77 15

OOO IrC 87 H 63 N 6 1385.4813 (M + H) + 525 45 0.71 35

NNP IrC 54 H 39 N 4 937.2922 (M + H) + 518 47 0.83 16

NOP IrC 65 H 46 N 5 1090.3481 (M + H) + 520 43 0.65 4

OOP IrC 76 H 53 N 6 1243.4054 (M + H) + 521 44 0.54 5

NPP IrC 54 H 36 N 5 948.2694 (M + H) + 515 44 0.76 11

OPP IrC 65 H 43 N 6 1101.3259 (M + H) + 517 44 — 1

    a) obtained via LC-MS (APCI); b)determined relative to the standard quinine hemisulfate monohydrate;  c) estimated via the integral ratio of the products in the DAD trace.   
phosphorescent blue emitter by spincoating layers of host mate-
rial doped with a phosphorescent guest and examining the photo-
luminescence degradation under UV irradiation. [  26  ]  To gain a 
fi rst hint on the stability of our compounds under continuous 
excitation, we examined the irradiation induced degradation of 
the complexes in solution. We found LEDs with an emission 
10 wileyonlinelibrary.com © 2012 WILEY-VCH Verlag G
maximum of 400 nm to be the ideal light source as they allow 
the direct excitation of the MLCT absorption band and at the 
same time enable the irradiation through a chromatography 
glass vial. Toluene was chosen as the solvent for the photo-
degradation studies as it is a comparably inert and non coordi-
nating solvent and is furthermore one of the preferred solvents 
mbH & Co. KGaA, Weinheim Adv. Funct. Mater. 2012, 22, 3406–3413



FU
LL P

A
P
ER

www.afm-journal.de
www.MaterialsViews.com

    Figure  3 .     Phosphorescence spectra of selected homoleptic complexes illustrating the infl u-
ence of electron donating and withdrawing groups on the emission energy (left). Hammett 
parameters  σ  para  plotted against the emission maxima (right). The dotted line is only a guide 
for the eye.  
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for solution processing of organic light-emitting devices. The 
irradiation was performed once under atmospheric and once 
under oxygen free conditions. [  21  ]  

 Ir(ppy) 3  and similar compounds are known to be very effec-
tive sensitizers of singlet oxygen, [  27  ]  so we initially expected 
that the presence of those highly reactive oxygen species would 
lead to faster degradation under atmospheric conditions. When 
looking at the results of the photostabilities of the complexes 
we were surprised to fi nd that for most compounds, the pres-
ence of oxygen in the solution seemed to increase the photosta-
bility instead. 

 A possible explanation for this unexpected observation 
could be that singlet oxygen is deactivated relatively fast in tol-
uene. This implies that the observed degradation in toluene 
occurs mainly via the exited molecules themselves. Oxygen 
effi ciently quenches the  3 MLCT excited state at near diffu-
sion controlled rates, leading to much shorter exited state 
lifetimes and may thus reduce the probability of degradation 
via those states. A comparison of the homoleptic complexes 
© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinh

    Figure  4 .     Phosphorescence spectra of compounds EED, CCE, CCD, CCC, 
BCC and ACC.  
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showed that the overall trends in the photo-
stability are similar under atmospheric and 
inert conditions. The fastest photodegra-
dation could be observed for compounds 
 AAA  and  NNN  ( Figure    5  ). The tris-phenyl 
substituted  MMM  showed a moderate 
photostability whereas the fully carbazole- 
and 3,5- bis (trifl uoromethyl)phenyl- substi-
tuted complexes ( CCC  and  KKK  respec-
tively) turned out to be the most stable of 
all screened compounds. Figure  5  (right) 
illustrates the infl uence of the different sub-
stituents on the degradation sensitivity for 
library 3. The presence of trifl uoromethyl 
groups in the substituent (ligand  K ) seems 
to signifi cantly increase the photostability of 
the complexes. This effect can be observed 
for compounds containing one to three 
bis(trifl uoromethyl)phenyl groups under 
inert and atmospheric conditions alike.  
 Further studies with a larger number of compounds will be 

necessary to establish structure-property relationships for the 
photostabilities in solution. More detailed investigations on 
the nature and products of the degradation pathways in solu-
tion as well as a comparison with device stabilities of selected 
emitters could shed light on the correlations and differences 
between the photo- and device-degradation of this class of 
compounds.    

 3. Conclusions 

 In conclusion we demonstrated that the described post modi-
fi cation strategy combined with a chromatographic separation 
and screening enables the rapid synthesis and characteriza-
tion of potential new OLED emitters. We examined the photo-
physical properties of the compounds by obtaining absorption 
and emission spectra directly from the chromatographic sepa-
ration. Trends in the dual emission behavior of selected het-
eroleptic complexes were observed that upon further studies 
might lead to the development of promising new compounds 
for white light emitting OLEDs. The determination of phos-
phorescence quantum yields in a separate experiment illus-
trated the antagonistic relationship between molecular 
fl exibility and phosphorescence effi ciency and helped to eluci-
date a promising new design principle for soluble and highly 
effi cient phosphorescent emitters. By investigating the photo-
degradation of the libraries in solution, we found surprising 
trends and could identify compounds with increased stabilities 
compared to the rest of the libraries. Once a larger dataset will 
be available, a more detailed understanding of the degrada-
tion mechanisms and structure property relationships might 
help in the discovery of phosphorescent transition metal com-
plexes with improved stabilities. The reported chromatography 
based screening of organo-transition metal complexes is not 
restricted to the development of new OLED emitters but may 
be easily applied for the accelerated discovery of materials for 
diverse other fi elds such as dyes for dye sensitized solar cells 
or new photoredox catalysts.   
3411wileyonlinelibrary.comeim
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    Figure  5 .     Photodegradation of the homoleptic complexes under atmos-
pheric (left) and inert (center) conditions. Substitution effects on the 
photodegradation of library 3 (right).  
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 4. Experimental Section 
  fac -Tris(5′-bromo-2-phenylpyridine)iridium was provided by Merck KGaA. [  28  ]  
All solvents and other commercially available reagents were purchased 
from Alfa Aesar or Sigma Aldrich and were used as received without further 
purifi cation. The solvents were used in p.a. quality and degassed via purging 
with nitrogen over 1 hour prior to use. For the chromatographic separation 
and analysis (sample preparation and mobile phase) we used LiChrosolv 
solvents, (DCM, THF and hexane) which were purchased from Merck KGaA. 

  General Procedure for the Combinatorial Buchwald-Hartwig Coupling : 
Tris(5′-bromo-2-phenylpyridine)iridium (0.1 mmol), an equimolar mixture 
of the secondary arylamines (0.4 mmol) and NaO t Bu (0.8 mmol) were 
placed in a headspace vial. The vial was then fl ushed with nitrogen and 
sealed with a silicone/PTFE septum. Toluene (9 mL), 1,4-dioxane (5 mL) and 
1 mL of catalyst solution (containing 0.03 mmol Pd(OAc) 2  and 0.18 mmol 
P( t Bu) 3  in degassed toluene) were added subsequently. The mixture was 
then stirred at 130  ° C for 4 h in a custom made aluminum heating block. 
After the reaction mixture had cooled down to room temperature, the 
reaction mixture was washed with water and brine and dried over MgSO 4 . 
The solvents were removed in vacuo to give an orange residue. 

  General Procedure for the Combinatorial Suzuki-Miyaura Coupling : Tris(5′-
bromo-2-phenylpyridine)iridium (0.1 mmol), an equimolar mixture of the 
boronic acids (0.5 mmol) and K 3 PO 4  (0.8 mmol) were combined in a 
headspace vial. The vial was then fl ushed with nitrogen and sealed with a 
silicone/PTFE septum. Degassed toluene, dioxane and water (5 mL each) 
and 1 mL catalyst solution (containing 0.03 mmol Pd(OAc) 2  and 0.18 mmol 
P( o -tolyl) 3  in 10 mL degassed toluene) were added. The reaction mixture 
was stirred at 85  ° C for 10 h in a custom made aluminum heating block. 
The toluene phase was washed with water and brine, dried over MgSO 4  
and the solvent was removed in vacuo to give a yellow solid. 

  Synthesis of the Homoleptic Reference Complexes : The homoleptic reference 
complexes were synthesized as described for the combinatorial procedures 
but with only one amine or boronic acid respectively. The crude products 
were purifi ed by recrystallization as specifi ed with the characterization data. 

  Separation and Spectra : The semipreparative separation of the complex 
libraries was performed on an Agilent Technologies HPLC system 
consisting of a quaternary pump [G1311A], a vacuum degasser [G1322A], 
a thermostatted autosampler [G1329A], a thermostatted column 
compartment [G1316A], a diode-array detector (DAD) SL [G1315C] and 
a fl uorescence detector (FLD) [G1321A] as well as an analytical scale 
fraction collector [G1364C]. The column used was a HIbar 250 mm × 
10 mm × 5  μ m diol column (Merck KGaA). The crude complex libraries 
were resolved in an appropriate volume of DCM (1–2 mL), fi ltered 
through a 2  μ m PTFE syringe-fi lter and used for semipreparative HPLC 
separation using gradient elution (hexane/THF). All absorption and 
emission spectra were measured online via DAD and FLD detectors. The 
fractions were collected automatically (peak based fraction collection). 

  Identifi cation : For the identifi cation of the compounds, the collected 
samples were analyzed via LC-MS. The analysis was performed on an 
Agilent Technologies 1200 HPLC/MS system consisting of a binary 
pump SL [G1312B], a degasser [G1379B], an Infi nity high performance 
micro autosampler [G1329B] with thermostat [G1330B], a thermostatted 
column compartment [G1316B], an Infi nity diode-array detector (DAD) 
[G4212B] and an accurate mass Q-TOF/MS [G6530A] with an APCI 
(atmospheric pressure chemical ionization) ion source. The column 
used was a HIbar 250 mm × 4 mm × 5  μ m diol column (Merck KGaA). 

  Quantum Yield Estimation : The PL quantum yields were determined 
relative to quinine hemisulfate monohydrate in 1 N H 2 SO 4  (QY  =  0.55). 
UV measurements were carried out on a Varian Cary 50Bio UV–vis 
spectrophotometer, phosphorescence measurements on a Varian 
Eclipse Fluorescence spectrophotometer in sealable Hellma precision 
cells [117.100F-QS] with silicone/PTFE coated septa. The complexes 
were dissolved in DCM and the solutions were degassed in the cells via 
vigorous argon purge through the solution prior to the measurements. 

  Photodegradation Studies : The pure complexes were dissolved in varying 
volumes of toluene (p.a.) to give solutions of similar concentration. 
The volume of toluene was adjusted according to the integration area 
of the peaks for each complex (from the semipreparative separation). 
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1 mL of the resulting solutions was transferred to a headspace vial and 
sealed with a silicone/PTFE septum. Two samples were prepared from 
each complex for the testing under atmospheric and inert conditions. In 
case of the photodegradation studies under inert conditions, the vials 
were degassed via 4 freeze-pump thaw cycles under argon. All samples 
were irradiated in a custom made irradiation unit (SIM GmbH, picture 
see supporting information). It consists of an aluminum printed circuit board 
with 30 400 nm LEDs, connected to a cooling unit, that ensures a constant 
temperature of 13  ° C of the board during the irradiation. Two 15 sample 
chromatography trays can be placed in the unit so that each of the sample 
vials is centered over one LED (d  =  1 cm). The total duration of irradiation was 
1000 min. After 0, 200, 400, 600, 800 and 1000 min, the samples were analyzed 
via HPLC (analytical system, see above). The percentage of remaining emitter 
was determined via the integration of the DAD signal at 305 nm in relation to 
that of an external standard (quaterphenyl in toluene, 0.026 mM).   

 Supporting Information 
 Supporting Information is available from the Wiley Online Library or 
from the author.  
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