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  1   .  Introduction 

 One of the key challenges in the research and the development 
of organic light emitting diodes (OLEDs) is effi cient and stable 
blue phosphorescent emitters. [  1–7  ]  To date, the most well known 
blue phosphorescent emitters are based on Ir(III) C ̂  N-, C ̂  C- or 

N ̂  N- chelate chromophores. [  1–7  ]  Many 
blue phosphorescent Ir(III) compounds 
contain however fl uorine substituted aryl 
chelate ligands such as 4,6-difl uorophe-
nylpyridine, which are known to suffer 
from a poor stability in OLEDs, likely 
caused by C-F bond cleavage and isomeri-
zation during the device fabrication and 
operation. [  8,9  ]  The use of pyridyl-triazolyl 
or  N -heterocyclic carbene (NHC) chelate 
chromophore ligands in combination with 
appropriate ancillary ligands has led to the 
development of very promising fl uorine-
free deep-blue phosphorescent Ir(III) com-
pounds for OLEDs. [  7,10  ]  In contrast to the 
extensive literature on blue phosphores-
cent Ir(III) compounds and the abundant 
examples of green, orange or red phos-
phorescent Pt(II) compounds, [  11–13  ]  blue 
phosphorescent Pt(II) compounds remain 
rare and relatively unexplored. [  14–19  ]  
Although Pt(II) compounds have the well 
known problems: highly prone to excimer 
formation and intermolecular quenching 
owing to the fl at molecular structure, [  20  ]  
they do however possess several key fea-
tures including a large ligand fi eld split-

ting energy and a highly tunable emission energy via MLCT 
and LC states. For the same chelate chromophore, the Pt(II) 
compounds usually possess a much higher emission energy 
than the corresponding Ir(III) compounds, if intermolecular 
interactions of the Pt(II) compounds can be minimized. [  10,13,18  ]  

 We reported recently that the use of a bulky electron-
accepting group, dimesitylboryl (BMes 2 ), in a chelate chromo-
phore such as phenylpyridine (ppy) [  13,18  ]  or phenyl-NHC 
(C ̂  C chelate), [  19  ]  can greatly enhance the phosphorescent 
quantum effi ciency of the Pt(II) compounds and their perfor-
mance in OLEDs. This dramatic improvement was attributed 
to the diminished intermolecular interactions, the greater 
mixing of MLCT and  3 LC states, and the electron transporting 
ability of the triarylboron unit in the BMes 2 -functionalized 
compounds. [  13a  ]  For the BMes 2 -phenylpyridine system (Bppy), 
bright phosphorescent Pt(II) compounds with emission colors 
ranging from blue-green to red have been achieved and used 
in high performance OLEDs. [  13,18  ]  For the BMes 2 -C ̂  C chelate 
system (Bcc), highly effi cient blue and blue-green phospho-
rescent Pt(II) compounds have been achieved and demon-
strated for use in OLEDs. [  19  ]  However, because of the synthetic 
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 The new Pt(II) compounds synthesized can be divided into 
three classes according to the ancillary ligands − acac, picolinate 
(pic) or substituted picolinate, and 3-(2-py)-1,2,4-triazolyl (pytrz) or 
substituted pytrz. For the acac and pic series, both  para  and  meta -
BMes 2  functionalized ligands  p- L1,  m- L1 and  m -L2 were used. For 
the pytrz series, the study is focused on the  meta -ligands,  m- L1 
and  m -L2 only since they can produce blue phosphorescent Pt(II) 
compounds. The introduction of the various substituent groups 
is intended to minimize intermolecular interactions and tune the 
phosphorescent energy via induction effects. 

 The Pt(II) compounds are synthesized by a modifi ed 
one-pot procedure ( Scheme    2  ), [  24  ]  similar to those used for 
Pt(Bppy)(acac) or Pt(Bppy)(pic) compounds. [  13,18,25  ]  This pro-
cedure involves fi rst the reaction of the Bptrz ligand with 
[PtMe 2 (SMe 2 )] 2  in acetone, followed by the addition of tosylic 
acid (TsOH) and the subsequent addition of Na(acac) for com-
pounds that use acac as the ancillary ligand. For compounds 
that use pytrz or pic as the ancillary ligands, picolinic acid or 
the pyridyl-1,2,4-triazole are added directly without the use of 
TsOH. This simple one-pot procedure leads to the isolation of 
the Pt(II) compounds as pure crystalline products in  ∼ 20–30% 
yields. All Pt(II) compounds have been fully characterized by 
NMR and elemental analyses.   

  3   .  Structures 

 The structures of all Pt(II) compounds are established by NMR 
spectroscopic analyses. For Pt-pic compounds  4–7  and Pt-
pytrz compounds  8–11 , two geometric isomers  trans  and  cis , 
as defi ned in  Scheme   3 , are possible. 1D and 2D NMR studies 
establish that the Pt-pic compounds  4–7  adopt the  cis  structure 
exclusively. This is in contrast to the previously reported Pt(Bppy)
(pic) compounds, which adopt the  trans  structure exclusively. [  25  ]  
For the Pt-pytrz molecules, the  trans  isomer was observed exclu-
sively. The  trans  isomers of compounds  8–11  have two possible 
isomers, namely the  N 1  - trans  and  N 4  - trans  isomers, because of 
the availability of two different nitrogen binding sites of the 
1,2,4-trz ring. For previously reported metal compounds with 
the py-1,2,4-trz ligand, both  N 1  -chelate and  N 4  -chelate mode are 

diffi culties in achieving Bcc-Pt compounds, the use of this class 
of compounds in OLEDs is very limited. Therefore, we initiated 
the investigation on new ligand systems for blue phosphores-
cent Pt(II) compounds. We have found that BMes 2 -functional-
ized phenyl-1,2,3-triazole ligands (Bptrz) can lead to bright blue 
phosphorescent C ̂  N chelate Pt(Bptrz)(X ̂  Y) compounds with 
the appropriate choice of the ancillary ligand X ̂  Y. Compared 
to the Bcc chelate ligands and their Pt(II) complexes, the new 
Bptrz chelate ligands and their Pt(II) compounds are much 
simpler to prepare. In addition, we have observed that the 
emission color and quantum effi ciency of the Bptrz system are 
highly tunable by using ancillary ligands and the substituent 
groups. Further, we have found that intramolecular hydrogen 
bonds play a key role in this system. Effi cient blue and white 
electrophosphorescent devices using single dopant have been 
fabricated. The details of our investigation are presented herein.  

  2   .  Syntheses 

 Ligand  p-  L1  is synthesized by a Cu(I) catalyzed click coupling 
reaction [  21–23  ]  between (4-ethynylphenyl)dimesitylborane and 
benzyl azide in CH 2 Cl 2  at ambient temperature. Diisopropyl-
ethylamine (DIPEA) is used as the base, and [Cu(CH 3 CN) 4 ]
PF 6  along with a stabilizing ligand tris[(1-benzyl-1 H -1,2,3-
triazol-4-yl)methyl]amine (TBTA) is used as the catalyst. Sim-
ilar reactions between (3-ethynylphenyl)dimesitylborane and 
benzyl azide or adamantyl azide led to ligands  m-  L1  and  m-  L2 , 
respectively ( Scheme   1 ). The introduction of the adamantyl 
group is based on the consideration of that the free rotation of 
the benzyl group on the azide chromophore may cause phos-
phorescent quenching via intramolecular interactions with 
the chelate chromophore in the metal complex. Since similar 
intramolecular interactions are not possible for the adamantly 
group, the replacement of the benzyl group by the adamantly 
group could enhance the phosphorescent quantum effi ciency 
of the Pt(II) complexes. The isolated yields of the new ligands 
are about 70–72%. The new BMes 2 -ptrz molecules are fully 
characterized by nuclear magnetic resonance (NMR) and high-
resolution mass spectra (HRMS) analyses.  

       Scheme 1.  The synthetic procedure for the BMes 2 -functionalized ligands. 
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characterized (see supporting information) by 1D and 2D NMR 
spectroscopy. For compounds  9–11 , the  N 1  - trans  isomer is the 
major product and fully characterized while the amount of the 
 N 4  - trans  isomer is too small for isolation.  

observed. [  26  ]  For compound  8 , the  N 4  - trans  isomer was found to 
be the major product at the early stage of the reaction while the 
 N 1 -trans  isomer is the major product at the end of the reaction. 
Both  N 1  - trans  and  N 4  - trans  isomers of  8  are isolated and fully 

       Scheme 2.  The synthetic procedure and the structures of the Pt(II) compounds. THF  =  tetrahydrofuran. 
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stability to the molecule than the  cis -structure. The  N 4 -trans  
isomer of  8–11  is clearly less favored than the  N 1 -trans  isomers 
because it has one less intramolecular H bond with unfavorable 
steric interactions between the R’ group (R’  =  H,  t -Bu, CF 3 ) of 
the 1,2,4-trz ring and  o -H atom of the phenyl ring, compared 
to the  N 1 -trans  isomer. The formation of two intramolecular H 
bonds in the  N 1 -trans  isomer of  8–11  is supported by the obser-
vation of the much down-fi eld shifted signal of the H 1  atom of 
the phenyl ring ( ∼ 9.1 ppm) and that of the py ring of the pytrz 
ligand ( ∼ 9.5–9.8 ppm) in the  1 H NMR spectra. 

 To further establish the structural features and the impact 
of different chromophores, different ancillary ligands and dif-
ferent substituent groups on intermolecular interactions of 
the Pt(II) compounds in the solid state, the crystal structures 
of  1 ,  4 ,  5 ,  6 ,  7a ,  8 ,  9 , and  10  are examined by single-crystal 
X-ray diffraction analyses.  7a  is an analogue of  7  but without 
the methyl group on the py ring of pic. All structures except  5  
and  8 , which can be found in the Supporting Information, are 
shown in  Figure   1 , Figure 2, Figure 3, and Figure 4. Pt-ligand 

 Two factors play key roles in the preferential formation of 
the structural isomers of the Pt(II) compounds shown here: 
 trans  infl uence and intramolecular H bonds. For the Pt(Bppy)
(pic) compounds, the  trans  isomer is favored by  trans  infl u-
ence because the stronger pyridyl donor of the pic ligand is  cis  
to the phenyl donor that has the strongest  trans  infl uence. In 
contrast, for Pt(Bptrz)(pic) compounds  4–7 , the  cis  isomer is 
favored because of the formation of an intramolecular H bond 
between the triazolyl and the pyridyl that provides a greater sta-
bility to the  cis  isomer, compared to the  trans  one. In the  1 H 
NMR spectra of compounds  4–7 , the H 1  atom of the pyridyl 
ring of pic has a chemical shift at about 9.5 ppm, signifi cantly 
down-fi elded, compared to that of Pt(Bppy)(pic) compounds, 
consistent with the  cis  structure. For the Pt( m- Bptrz)(pytrz) 
compounds  8–11 , the  trans  infl uence would favor the  cis  struc-
ture in which the two weak triazolyl donors are  cis  to each other. 
However, hydrogen bonding would favor the  trans -structure 
since in the  trans -structure, one or two intramolecular H bonds 
can form, as shown in Scheme  3 , which could provide a greater 

       Scheme 3.  Structural Isomers of Pt(C ̂  N)(X ̂  Y) compounds. 

      Figure 1.  Crystal structures of  1  (left) and  4  (right) with 35% thermal ellipsoids and labeling schemes for key atoms. 
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 The second point is regarding intermolecular interactions. 
The location of the BMes 2  group, the ancillary ligands, and 
the substituent groups do have a signifi cant impact on inter-
molecular interactions. For example, ( p -L1)Pt(acac),  1  and 
( p -L1)Pt(pic),  4  that have a similar molecular shape but with 
two different ancillary ligands display distinctively different 
intermolecular interactions (see the Supporting Informa-
tion). The Pt···Pt separation distances are much greater in  1  
(6.320, 6.517Å) than  4  (4.143, 4.402 Å). In addition, molecules 
of  4  form partially stacked dimers with  π -stacking interactions 
between the pic ligand and the  p- Bptrz chelate while  1  does not 
have  π -stacking interactions in the crystal lattice. This supports 
that the acac ligand is much less prone to intermolecular inter-
actions, compared to the pic ligand. Based on the crystal struc-
tural data, compounds with either a pic or pytrz ancillary ligand 
have a high tendency to form  π -stacked dimers or 1D extended 
 π -stacking structures in the crystal lattice, as illustrated by the 
stacking diagrams of ( m -L2)Pt(pic), ( m -L1)Pt(pytrz), and ( m -L1)
Pt(CF 3 -pytrz-Me) in Figure  4  (for other examples, please see 
the supporting information). This observation is not surprising 
since both pic and pytrz are fl at chelate ligands with aryl rings. 

bond lengths are summarized in  Table   1  along with the Pt···Pt 
separation distances and the shortest intermolecular  π  stacking 
distances involving the central core of the Pt compounds.      

 The crystal structures establish several key points. The fi rst 
point relates to structural isomers. As shown in Figure  2,3 , 
the Pt(Bptrz)(pic) compounds indeed have the  cis  structure 
while the Pt(Bptrz)(pytrz) compounds have the  N 1 -trans  struc-
tures. The crystal structures demonstrate that the  cis -struc-
ture of Pt(Bptrz)(pic) compounds and the  N 1 -trans -structure 
of the Pt(Bptrz)(pytrz) compounds are indeed favored by the 
formation of intramolecular H bonds. The intramolecular 
N(2)···CH py  distances (Figure  2 ) in Pt(Bptrz)(pic) compounds 
 4–7a  range from 3.26 to 3.37 Å, adequate for the formation of 
an H bond between the trz nitrogen atom and the proton of the 
py ring. The intramolecular N(2)···CH py  distances (Figure  3  
and  4 ) in the Pt(Bptrz)(pytrz) compounds  8–10  are 3.21 to 3.28 
Å, similar to those of Pt(Bptrz)(pic). However, the N(6)···CH ph  
distances in the Pt(Bptrz)(pytrz) compounds are shorter (3.14 
to 3.18 Å), which may be attributed to the longer Pt(1)-N(4) 
bond, (2.129-2.147 Å), compared to the Pt(1)-N(5) bond (1.986–
1.996 Å), due to the strong trans infl uence of the carbon donor. 

      Figure 2.  Crystal structures of  6  (left) and  7a  (right) with 35% thermal ellipsoids and labeling schemes for key atoms. 

      Figure 3.  Crystal structures of  9  (left) and  10  (right) with 35% thermal ellipsoids and labeling schemes for key atoms. 
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Compound  8  is the only molecule that displays extended 
1D-parallel  π  stacking among all the molecules examined in 
this work. The introduction of a substituent group on the ancil-
lary ligand has been found to greatly diminish the extent of  π  
stacking. For example, a methyl on the py ring and a CF 3  or a 
 t -butyl group on the trz ring of the pytrz ligand reduces the 1D 
 π -stacking in the lattice of ( m -L1)Pt(pytrz) to dimer  π -stacking 
only in ( m -L1)Pt(CF 3 -pytrz-Me) and ( m -L1)Pt(CF 3 -pytrz-Me), 
accompanied by the substantial increase of the Pt···Pt separa-
tion distances. Another interesting aspect is that the  π -stacking 
in the Pt(Btrz)(pytrz) compounds always occurs between the 
same ligand, i.e., pytrz-pytrz stacking or Bptrz-Bptrz stacking 
(Figure  4  and the Supporting Information), involving mostly 
the trz ring. The replacement of the benzyl group on the 
Bptrz ligand by an adamantyl group does not appear to alter 
the  π -stacking pattern, as evidenced by the similar  π -stacked 
dimers and the similar Pt···Pt separation distances in the 
crystal lattices of ( m -L1)Pt(pic) and ( m -L2)Pt(pic) (see the Sup-
porting Information). 

 Pt(II) complexes have a great tendency to aggregate, forming 
extended 1D structures in the solid state, via either Pt···Pt 
interactions (with very short Pt···Pt separation distances) 
or  π ··· π  stacking. [  27–29  ]  The crystal structural data of the new 
Bptrz-Pt(II) compounds confi rmed that the bulky BMes 2  group 
can greatly reduce the aggregation formation of the Pt(II) com-
pounds with intermolecular interactions limited mostly to 
partially  π -stacked dimers. This is consistent with the general 
trend observed previously in Bppy-Pt(II) compounds. [  13,18  ]   

  4   .  Photoluminescence 

  4.1. Free Ligands 

 The free ligands  p- L1,  m- L1 and  m -L2 are all purple-blue fl u-
orescent with the emission wavelength maximum,  λ  max , at 
 ∼ 400 nm in CH 2 Cl 2  with a strong absorption band at  ∼ 327 nm. 
However, interestingly, the extinction coeffi cient of  p- L1 of this 
band ( ε   =  3.32  ×  10 4  M −1  cm −1 ) is about 4 times that of  m- L1 

 Table 1.   Key bond lengths and short contact distances [Å]. 

N

NN

R

Pt

Y X

Mes2B

  

Pt-C  Pt-N (C ̂  N)  Pt-X  Pt-Y  Pt···Pt  Shortest  π  stacking distance of the central 
core  

( p- L1)Pt(acac) ( 1 )  1.980(2)  1.998(12)  2.057(13)  1.998(12)  6.517(1)  3.20(1), 3.51(1)  

  1.980(2)  2.000(2)  2.028(14)  1.935(12)  6.320(1)    

( p- L1)Pt(pic) ( 4 )  2.003(10)  1.979(8)  2.107(8)  2.034(7)  4.143(1)  3.44(1), 3.46(1)  

  2.004(10)  2.003(8)  2.113(8)  2.019(7)  4.402(1)  3.48(1), 3.52(1)  

( m- L1)Pt(pic) ( 5 )  2.000(3)  1.972(3)  2.099(3)  2.023(2)  4.286(1)  3.40(1), 3.52(1)  

( m- L1)Pt(4-Me-pic) ( 6 )  1.988(3)  1.980(2)  2.102(2)  2.009(2)  4.912(1)  3.34(1), 3.40(1)  

( m- L2)Pt(pic) ( 7a )  1.998(3)  1.976(3)  2.097(3)  2.012(2)  4.209(1)  3.46(1), 3.48(1)  

( m- L1)Pt(pytrz) ( 8 )  2.002(7)  2.002(6)  2.129(6)  1.987(6)  4.616(1)  3.24(1), 3.37(1) (1D stacking)  

( m- L1)Pt( t -Bu-pytrz-Me) ( 9 )  2.003(4)  2.004(3)  2.147(3)  1.996(3)  5.810(1)  3.34(1), 3.53(1)  

( m- L1)Pt(CF 3 -pytrz-Me) ( 10 )  2.007(5)  1.999(4)  2.134(4)  1.995(4)  6.029(1)  3.32(1), 3.44(1)  

      Figure 4.  Top: A diagram showing the  π -stacked dimer of ( m -L2)Pt(pic) 
( 7a ) in the crystal lattice. Middle: A diagram showing the 1D extended 
 π -stacking interactions of ( m -L1)Pt(pytrz) ( 8 ) in the crystal lattice. 
Bottom: A diagram showing the  π -stacked dimer of ( m -L1)Pt(CF 3 -pytrz-
Me) ( 10 ) in the crystal lattice. 
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  4.2. Pt(II) Compounds 

 The Pt(II) compounds  1–11  display phosphorescence in the blue-
green region ( Figure   5 ) and the details are summarized in  Table  
 2 . In the absorption spectra, the ligand centered transition bands 
and the metal-to-ligand charge transfer (MLCT) transition bands 
overlap and are not well resolved except compound  1  that dis-
plays a distinct low energy MLCT band. Compounds  1–11  dis-
play weak phosphorescence in solution at ambient temperature 
with a photoluminescence quantum yield ( Φ  PL ) of  ∼ 0.1% to 16%. 
They, however display bright phosphorescence in solution at 
low temperature, as neat solids or in poly(methyl methacrylate) 

and  m- L2. TD-DFT computational studies (see Supporting 
Information) establish that the HOMO-1 to LUMO transition 
(mesityl to B-phenyl charge transfer) dominates the S 0  → S 1  
transition while HOMO to LUMO transition (a mixture of 
mesityl to B-phenyl CT and  π  to  π * of the ptrz backbone for 
 p- L1,  π  to  π * of ptrz for  m- L1) dominates the S 0  → S 2  transition 
for  p- L1 and  m- L1. The S 0  → S 1  transition has a similar oscillator 
strength for both compounds. However, the S 0  → S 2  transition 
of  p- L1 has an oscillator strength of 0.2534, much greater than 
that of  m- L1 (0.0531), which can be attributed to the greater CT 
character, compared to that of  m- L1, and is clearly responsible 
for the intense absorption band of  p- L1.  

      Figure 5.  Photographs showing the emission colors of compounds  1 – 11  in 10 wt% PMMA fi lms (top), as neat solids (middle) and in Me-THF solu-
tion ( ∼ 1.0  ×  10 −5  M, bottom) 

 Table 2.   Photophysical data of Pt(II) Compounds. 

Compound a)            Absorption b)  λ  max  [nm]  ε  
[10 4  cm −1  M −1 ]           

Emission,  λ  max  [nm], 298 K    Emission 77 K d)     

 λ  max  [nm]     Φ  PL  c)      λ  max  
[nm]     

 τ  P  
[ μ s]     

Me-THF  PMMA (wt%)    Me-THF  PMMA (wt%)    

   5%  10%     5%  10%        

( p- L1)Pt(acac) ( 1 )  321 (2.85), 388 (0.55)  500  493  493  0.17    0.63  491  36.1  

( m- L1)Pt(acac) ( 2 )  326 (2.45), 362 (2.58)  453  471  471  <0.001    0.10  450  27.8  

( m- L2)Pt(acac) ( 3 )  325(1.79), 345 (1.73), 358(1.69)  451  455  455  <0.001    0.09  450  30.2  

( p- L1)Pt(pic) ( 4 )  292 (2.00), 328 (2.70)  489    487  0.05    0.54  483  28.2  

( m- L1)Pt(pic) ( 5 )  274 (1.99), 306 (1.68), 358 (2.01)  456    455, 567  <0.001    0.18  454  16.8  

( m- L1)Pt(4-Me-pic) ( 6 )  274 (2.21), 309 (1.72), 332 (2.03), 

337 (1.97)  

457  454  456  <0.001  0.34  0.24  452  16.3  

( m- L2)Pt(4-Me-pic) ( 7 )  272 (2.18), 334 (1.96), 352 (2.03)  456  454  454, 559  0.005  0.21  0.14  453  15.7  

( m- L1)Pt(pytrz) ( 8 )  320 (1.95), 362 (3.00)  464  460  460  0.01  0.82  0.59  455  11.3  

( m- L1)Pt( t- Bu-pytrz-Me) ( 9 )  321 (2.24), 364 (3.97)  474  464  466  0.10  0.97  0.65  457  9.6  

( m- L1) Pt(CF 3 -pytrz-Me) ( 10 )  312 (1.96), 355 (2.97)  460  456, 554  562  0.005  0.71  0.47  454  14.3  

( m- L2)Pt(CF 3 -pytrz-Me) ( 11 )  270 (2.81), 340 (1.96), 355 (2.96)  460  548  556  0.005  0.27  0.20  457  14.6  

    a) For compounds  8–11 , the data are for the  N 1 -trans  isomers;  b) Measured in Me-THF at 2  ×  10 −5  M;  c) The solution quantum effi ciency was determined in Me-THF using 
9,10-diphenylanthracene as the reference under nitrogen. The solid state quantum effi ciency was measured using an integration sphere. All quantum yields are  ± 10%; 
 d) Recorded in Me-THF ( ∼ 1.0  ×  10 −5  M).   

Adv. Funct. Mater. 2014, 24, 1911–1927



FU
LL

 P
A
P
ER

1918

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

wileyonlinelibrary.com © 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

and  3  and the weaker ligand fi eld of the Bptrz ligand, compared to 
the Bppy ligand in Pt( m- Bppy)(acac), leading to a greater thermal 
quenching by the d-d excited state. Thus, in order to achieve bright 
blue phosphorescence based on the  m- Bptrz ligand, it is necessary 
to replace the weak acac ancillaryl ligand by other ancillary ligands 
such as pic and pytrz to increase the ligand fi eld strength.  

  4.4. Ancillary Ligands 

 As shown by the data in Table  2 , for the same C ̂  N ligand, 
replacing the acac ancillary ligand with pic or pytrz or their 

(PMMA) fi lms at ambient temperature. The emission spectra of 
compounds  1–11  in PMMA (5 wt% or 10 wt%) and in a frozen 
solution (see Supporting Information) all have well resolved 
vibronic features, an indication that the emission is mostly likely 
from a  3 LC state with MLCT contributions. The location of the 
BMes 2  group, the ancillary ligands, and the substituent groups 
have a signifi cant impact on the emission color and quantum 
effi ciency of this class of compounds.    

  4.3. Bptrz Ligands and the Location of the BMes 2  Group 

 As shown in Figure  5  and Table  2 , the majority of compounds 
 1–11  emit a blue color ( λ  em   =  450–460 nm) in solution (at concen-
trations ≤ 1.0  ×  10 −5  M) with the exception of compounds  1  and 
 4  that display a blue-green color ( λ  em   =  490–500 nm). The chelate 
chromophore for  1  and  4  is  p- L1 ( p- Bptrz-bz) while the chelate 
chromophore for all other compounds are either  m- L1 ( m- Bptrz-
bz) or  m- L2 ( m- Bptrz-adamantyl). Thus, the BMes 2  group at the 
 meta  position of the phenyl ring signifi cantly blue shifts the emis-
sion energy, compared to that at the  para  position. This observa-
tion is consistent with our earlier observation for Pt( p- Bppy)(acac) 
( λ  em   =  538 nm) [  13  ]  and Pt( m- Bppy)(acac) ( λ  em   =  481 nm) [  18  ]  and 
attributable to the effective stabilization of the HOMO level by the 
BMes 2  group at the  meta -position of the phenyl ring that widens 
the optical energy gap. Compared to the corresponding Pt(Bppy)
(acac) and Pt(Bppy)(pic) [  25  ]  compounds, however, the emission 
energy of Bptrz-Pt compounds is about 30–50 nm blue shifted 
(e.g.,  λ  em   =  490 nm and 538 nm for  1  and Pt( p- Bppy)(acac), 
respectively; 450 nm and 490 nm for  5  and Pt( m- Bppy)(pic), 
respectively). This supports that the  m -Bptrz ligands are indeed 
effective in achieving blue phosphorescent Pt(II) compounds. 

 From the phosphorescence spectra shown in  Figure   6 , it is 
also evident that compounds with the  p- L1 chelate ligand is 
much less prone to the formation of excimer emission. For 
example, among the Pt-pic compounds, compound  4  is the only 
one that does not show signifi cant excimer emission at 10 wt% 
doping level in PMMA, indicating that the bulky BMes 2  group 
is more effective in preventing intermolecular interactions at 
the  para  position than the  meta  position. This is not surprising 
since the  meta  substitution gives much greater exposure of the 
central core of the molecule than the  para  substitution does. 
Nonetheless, because the  m- Bptrz chelate ligands lead to blue 
phosphorescence, this study is focused on Pt(II) compounds 
that contain either the  m -L1 or  m -L2 ligand.  

 Compared to the corresponding Pt( p- Bppy)(acac) and Pt( m-
 ppy)(acac) ( Φ  PL   =  0.77, 0.43, respectively in CH 2 Cl 2 ) the emission 
quantum effi ciencies of compounds  1–3  are much lower in solu-
tion at ambient temperature (0.001–0.16 in Me-THF), which can 
be attributed to the much longer decay lifetimes of  1–3  (30–36  μ s 
at 77 K), relative to those of Pt( p- Bppy)(acac) and Pt( m- ppy)(acac) 
( ∼ 10  μ s at 77 K), causing effi cient collisional quenching by sol-
vent molecules in  1 – 3 . The rotational motion of the benzyl or the 
adamantyl group on the trz ring may also contribute to thermal 
quenching of phosphorescence in these molecules. In PMMA 
fi lm (10 wt%), the  Φ  PL  of  1  (0.63) is comparable to that of Pt( p-
 Bppy)(acac) (0.57) while those of the blue phosphorescent  2  and  3  
(0.10 and 0.09, respectively) are still lower than that of Pt( m- Bppy)
(acac) (0.35). This can be attributed to the higher triplet energy of  2  

      Figure 6.  Absorption (left, recorded in THF) and phosphorescent spectra 
(right, in PMMA fi lm with the doping level indicated) of compounds  1–11  
at ambient temperature. 
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impact on phosphorescent energy and effi ciency of the Pt(II) 
compounds, especially for the pic and pytrz series. The infl u-
ence of substituent groups on the acac ligand is not examined 
since there is no strong intermolecular interactions in Pt(Bptrz)
(acac) compounds and the replacement of the methyl groups 
by t-butyl groups in previously investigated Pt(C ̂  N)(acac) and 
derivative compounds doest not lead to any signifi cant change 
of emission energy or effi ciency. [  20  ]  For the Pt-pic compounds, 
a methyl group at the 4-position of the py ring in the pic ligand 
does not change the emission color signifi cantly but substan-
tially decreases the excimer formation and increases the emis-
sion  Φ  PL  as shown by the data for compounds  5  and  6  in Table 
 2  and the spectra in Figure  6 . For the Pt-pytrz compounds, the 
introduction of a  t -butyl group on the trz ring and a methyl on 
the py ring of the pytrz ligand reduces the excimer emission 
and increases the emission quantum effi ciency, accompanied by 
a few nanometer red-shift of the emission energy (see data for 
 8  and  9 ) because of the increased steric bulkiness that dimin-
ishes intermolecular interactions involving the central core. 
Surprisingly, the replacement of the  t -butyl by a smaller electron-
withdrawing CF 3  in compound  10  leads to a great increase of 
excimer emission, albeit  ∼ 8 nm blue shift of the monomer emis-
sion peak, compared to that of  8  and  9 . Compound  10 , in fact, 
emits a white color at 5 wt% doping level and a yellow color at 
10 wt% level, as shown by the photo graphs in  Figure    7  . Despite 
the excimer emission, the  Φ  PL  of compound  10  remains impres-
sive (0.71 and 0.47 for 5 wt% and 10 wt%, respectively), making 
it a good candidate as a single dopant for white light OLEDs. [  30,31  ]   

 To examine if the benzyl group on the trz ring of the C ̂  N che-
late ligand has any adverse effect on phosphorescent effi ciency, 

derivatives only leads to a small change on 
the phosphorescence wavelength ( λ  max  shift 
by  ∼ 5-15 nm). In solution at ambient temper-
ature, the Pt-pic and Pt-pytrz compounds all 
have a low  Φ  PL , which is again attributed to 
thermal quenching by solvent molecules and 
the substituent groups of the trz ring. They, 
however, display bright phosphorescence in 
PMMA fi lms or as neat solid. At a low doping 
concentration (2 wt% or 5 wt%) in a polymer 
matrix (PMMA) or in a frozen solution, Pt( m-
 Bptrz) compounds that contain the  m- L1 
or  m- L2 ligand all display blue phosphores-
cence, regardless of the ancillary ligand. The 
key impact of the different ancillary ligands 
is on the phosphorescent effi ciency. Among 
the Pt( m- Bptrz) compounds, the phosphores-
cent quantum effi ciency follows the order of 
 9   >   8   >  10  >  >   6   >   7   ≈   5   >   3   ≈   2 . Compounds 
with the acac ancillary ligand have the lowest 
blue phosphorescence effi ciency ( ∼ 0.10 at 
5–10 wt% in PMMA) while compounds with 
the pytrz ancillary ligand have the highest 
and very impressive blue phosphorescence 
effi ciency (0.71–0.97 in 5 wt% PMMA,  ∼ 0.50 
in 10 wt% PMMA). One key improvement 
from the acac to the pytrz ancillary ligand is 
the signifi cant shortening of the decay life-
time from  ∼ 30  μ s to  ∼ 10–15  μ s. The infl u-
ence of the ancillary ligands on the blue phosphorescent  Φ  PL  
of compounds  2 ,  3 ,  5–10  can be explained by the ligand fi eld 
strength of the ancillary ligands that follows the order of pytrz  >  
pic  >  acac. Based on the decay lifetimes and the phosphorescent 
quantum effi ciencies, for the same C ̂  N ligand, the  k r   increases 
in the order of Pt-pytrz  >  Pt-pic  >  Pt-acac, in agreement with 
the order of the ligand fi eld strength, thus illustrating that using 
ancillary ligands to enhance the phosphorescent effi ciency is a 
highly effective approach. The same approach has been exten-
sively explored in blue phosphorescent Ir(III) compounds. [  4,5,10  ]  

 The other distinct impact by different ancillary ligands is 
the excimer emission caused by intermolecular interactions. 
As shown in Figure  6 , compounds  1–3  with the acac ancillary 
ligands display no obvious excimer emission at 10 wt% doping 
level in PMMA while excimer formation is evident for all other 
compounds except compound  4  at the same doping level. This 
is in agreement with the crystal structures that revealed the 
presence of  π -stacked dimer or 1D-structures in the crystal lat-
tices of Pt-pic and Pt-pytrz compounds which are absent in the 
Pt-acac compounds. The tendency of the Pt-pic compounds to 
form excimer emission was also observed in Pt( m -Bppy)(pic) 
previously. [  25  ]  Because of the excimer formation, the quantum 
effi ciency of Pt-pic and Pt-pytrz compounds decreases substan-
tially with increasing doping concentrations in PMMA (Table  2 ).  

  4.5. Substituent Groups 

 For a given C ̂  N ligand and an ancillary ligand, it is observed that 
the substituent group on the ancillary ligand can have a subtle 

      Figure 7.  Photographs showing the emission colors of compounds  8–11  ( N 1 -trans  isomers) in 
2 wt%, 5 wt%, and 10 wt% PMMA fi lms. 
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compounds  8–11  since they greatly increase the rigidity of the 
molecules. Weak inter- or intramolecular CH···N hydrogen 
bonds have been demonstrated previously to greatly improve 
the electron transport mobility of aromatic  N- heterocyclic com-
pounds and their performance in OLEDs. [  30  ]  The isomers of 
compound  8  are rare examples that illustrate the signifi cant 
impact of weak intramolecular CH···N hydrogen bonds on 
phosphorescent quantum effi ciency and excimer emission.    

  5   .  Computational Study 

 To further understand the photophysical properties of the Pt(II) 
compounds, TD-DFT calculations are performed for repre-
sentative Pt(II) compounds using the Gaussian 03 software, [  32  ]  
at the B3LYP level of theory using LAN2LD as the basis set 
for Pt and 6-31G* for all other atoms and the results are sum-
marized in  Table   3 . The experimentally estimated HOMO and 
LUMO energies using the reduction potential and the optical 

it is replaced by an adamantyl group in  3 ,  7  and  11 . As shown 
by the data in Table  2 , for the Pt-acac compounds, there is little 
difference in emission color and effi ciency between the benzyl 
and adamantyl substituted compounds. For the Pt-pic com-
pounds, the adamantyl group appears to increase the excimer 
emission and decrease the effi ciency signifi cantly as shown 
by the emission spectra of  6  and  7  in Figure  6  and the data 
in Table  2 . For the Pt-pytrz compounds, the adamantyl group 
appears to strongly enhance excimer emission, as illustrated 
by compound  11 , which displays a greater tendency to produce 
excimer emission than the benzyl analogue  10 . The quantum 
effi ciency of  11  also decreases signifi cantly with the increasing 
doping concentration and the excimer formation ( Φ  PL   =  0.41, 
0.27, 0.20 at 2 wt%, 5 wt%, and 10 wt% doping level, respec-
tively). As a consequence, the emission quantum effi ciency 
of  11  is much lower than that of  10  at the same doping level. 
Based on the comparison of the Pt-pytrz compounds  10  and 
 11 , and Pt-pic compounds  6  and  7 , it can be concluded that 
the adamantyl group favors excimer emission and decreases 
quantum effi ciency, compared to the benzyl group. This may be 
explained by the benzyl being more sterically demanding than 
adamantyl. The impact of the substituent group and the doping 
level on the emission color of the Pt-pytrz compounds  8–11  are 
illustrated by the photographs in Figure  7 .  

  4.6. The N 1 -trans and N 4 -trans Isomers of  8  

 As shown in  Figure    8  , both  N 1 -trans  and  N 4 -trans  isomers of  8  
have the same monomer emission peak at 460 nm. However, 
at the 5 wt% and 10 wt% doping levels, the  N 4 -trans  isomer 
has a strong excimer emission peak at 544 nm dominates with 
 Φ  phos   =  0.54 and 0.47, respectively. In contrast, for the  N 1 -trans  
isomer, the 460 nm peak dominates with  Φ  phos   =  0.82 and 0.59 
at 5 wt% and 10 wt% doping level, respectively. This indicates 
that the  N 4 -trans  isomer of compound  8  is much more prone to 
excimer formation than the  N 1 -trans  one. The reason for this is 
not understood. The double intramolecular hydrogen bonds are 
believed to play an important role in the exceptionally bright 
blue phosphorescence displayed by the  N 1 -trans  isomers of 

      Figure 8.  The phosphorescent spectra of the  N 1 -trans  ( A ) and  N 4 -trans  
( B ) isomers of compound  8  in 5 wt% and 10 wt% PMMA fi lms. 

 Table 3.   Experimental HOMO–LUMO energy and TD-DFT data for selected compounds. 

Experimental data    TD-DFT data    

    a)  E  red   HOMO b)  
[eV]  

LUMO b)  [eV]  E g  (T 1 ) c)   HOMO 
[eV]  

LUMO 
[eV]  

H-L gap 
[eV]  

E g  (T 1 ) d)   % H  →  L (S 0  → S 1 )   f  (S 0  → S 1 )  

 1   –2.44  –5.38  –2.36  2.53  –5.31  –1.52  3.79  2.66  88  0.0564  

 2   –2.35  –5.69  –2.45  2.76  –5.42  –1.36  4.06  2.88  78  0.3752  

 4   –2.32  –5.53  –2.48  2.58  –5.52  –1.66  3.86  2.71  70  0.0268  

 5   –2.27  –5.67  –2.53  2.75  –5.63  –1.74  3.89  2.83  80  0.1249  

 6   –2.42  –5.53  –2.38  2.74  –5.58  –1.63  3.95  2.84  83  0.1687  

 7   –2.25  –5.70  –2.55  2.74  –5.52  –1.58  3.95  2.82  84  0.1632  

 8   –2.29  –5.61  –2.51  2.73  –5.58  –1.66  3.92  2.76  86  0.0076  

 9   –2.40  –5.48  –2.40  2.71  –5.39  –1.58  3.81  2.71  88  0.0008  

 10   –2.26  –5.66  –2.54  2.73  –5.69  –1.77  3.92  2.81  79  0.0641  

 11   –2.27  –5.67  –2.53  2.71  –5.63  –1.74  3.89  2.79  82  0.0654  

    a) Recorded in CH 3 CN/THF with 0.10 M Bu 4 NPF 6  at a scan rate of either 100 mV s −1  or 200 mV s −1  (vs. Cp 2 Fe/Cp 2 Fe + );  b) The LUMO energy was estimated using the reduc-
tion potential and the HOMO energy was calculated using the absorption edge and the LUMO energy;  c) The triplet energy value (T 1 ) was estimated using the emission 
spectra at 77 K;  d) S 0  → T 1  vertical excitation energies.   
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absorption edge are also listed in Table  3  and  Figure    9   for com-
parison. The HOMO and LUMO surfaces for selected com-
pounds are given in  Table   4 . The complete data can be found in 
the Supporting Information.    

 The HOMO and LUMO levels of the Pt-acac compounds  1–2  
are in general higher than those of Pt-pic ( 4–7 ) and Pt-pytrz 
( 8–11 ) with  10  having the deepest HOMO and LUMO levels. 
For the Pt-acac compounds, the  m- L1 ligand causes destabiliza-
tion of the LUMO and stabilization of the HOMO, leading to 
a wider HOMO–LUMO gap and a higher triplet energy, com-
pared to the  p -L1 ligand ( 2  versus  1 ). For the Pt-pic compounds, 
the  m- L1 ligand causes stabilization of both HOMO and LUMO 
levels but slightly more pronounced at the HOMO level, thus 
also leading to a higher triplet energy, compared to the  p -L1 
ligand ( 5  versus  4 ). Electron-donating substituent groups on 
the ancillary ligands destabilize both HOMO and LUMO levels 
while the electron withdrawing group CF 3  has the opposite 
effect (e.g.,  5  versus  6 , and  9  versus  10 ). 

      Figure 9.  The experimental (black) and calculated (gray) HOMO and 
LUMO energies for selected compounds. 
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the HOMO-LUMO gap of  10 , relative to  9 . The computational 
data show that the replacement of the benzyl group by an ada-
mantyl group in the Bptrz ligand causes a slight destabilization 
of both HOMO and LUMO levels, but more pronounced on the 
HOMO, leading to a slight narrowing of the HOMO-LUMO 
gap (e.g.,  2  versus  3 ,  5  versus  7 ,  10  versus  11 ). Based on the 
computational data, the phosphorescence of compounds  1–11  
are mainly from mainly from  3 LC of Bptrz mixed with MLCT 
and inter-ligand charge transfer transitions.  

  6   .  Electrophosphorescence 

 The study of electroluminescent (EL) properties is focused 
on them. Compounds  9  and  10  are chosen for EL evaluation, 
based on the following considerations. (1)  9  is the most effi -
cient blue phosphorescent emitter and has the least tendency to 
form excimer emission among the Pt(Bptrz)(pytrz) compounds, 
thus most suitable for blue phosphorescent OLEDs. (2)  10  is a 
deep blue emitter but shows a great tendency to form excimer, 
producing white light emission with impressive quantum 
effi ciency, thus, may be suitable as a single dopant for white 
light OLEDs. (3) Both  9  and  10  display a high thermal stability 
with the decomposition temperature being  > 280 °C for  9  and 
 ∼ 250 °C for  10 , based on DSC data. 

 The basic EL device structure used in the study is shown in 
 Figure    10  . For the electron transporting layer, both TPBi and 
TmPyPb are examined. EL devices using TmPyPb as the ETL 

 TD-DFT data establish that the HOMO → LUMO transition 
is the main component of the S 0  → S 1  and S 0  → T 1  transitions 
for all compounds and the ancillary ligand contributes to either 
HOMO or LUMO or both. For the Pt-acac compounds, the 
HOMO has contributions mainly from the acac ligand, the Pt d 
orbital and the phenyl ring of the Bptrz ligand while the LUMO 
is localized on the Bptrz chelate with a large contribution from 
the boron center. For Pt-pic compounds, the HOMO involves 
mainly the phenyl ring and the mesityl ring of the Bptrz ligand, 
and the Pt d orbital while the LUMO has major contributions 
from the pic ligand and the B atom of the Bptrz ligand. The 
acac contributions to the HOMO level in Pt-acac compounds 
is likely responsible for the higher HOMO energy level of  1 , 
relative to that of  4 . The involvement of the pic ligand in the 
LUMO level stabilizes LUMO of  4 , relative to that of  1 . For the 
Pt-pytrz compound  8 , the HOMO and LUMO are delocalized 
over the Bptrz and the pytrz ligand with the Pt  d  orbital con-
tributing to the HOMO and the B p  π   orbital contributing to the 
LUMO. The LUMO of  9  and  10  resembles that of  8 . However, 
the HOMO of  9  has no contributions from the Bptrz ligand 
while the HOMO of  10  has no contributions from the pytrz 
ligand. This can be explained by the nature of the substituent 
group on the pytrz ligand. The electron donating t-butyl group 
destabilizes the  π  orbital of the pytrz such that it dominates the 
HOMO, causing the slightly narrowing of the HOMO-LUMO 
gap of  9 , relative to  8 . In contrast, the electron withdrawing CF 3  
group stabilizes the  π  orbital of the pytrz such that it no longer 
contributes to the HOMO, causing the slightly widening of 

      Figure 10.  EL device structure and materials used. 
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in Figure  13 , which illustrate that 26mCPY allows better exciton 
confi nement for  9  while CDBP for  10 . Based on the photolumi-
nescent data, EL devices with doping level at 2%, 5%, and 10% 
for  9 , and at 2% and 5% for  10  were fabricated with the aim to 
achieve blue and white EL. The EL data for 5% and 10% devices 
of  9  and 2% and 5% devices of  10  are shown in  Figure    11   and 
 Table   5 . The EL spectrum of the 5% device of  9  matches very 
well with the PL spectrum in 5 wt% PMMA or 26mCPY, pro-
ducing a sky blue color with  λ  em   =  467 nm and CIE(xy) of 0.19, 
0.34. At 10% doping level, although the EL spectrum of  9  is still 

consistently give better performance, perhaps because of the 
higher triplet energy of TmPyPb, compared to TPBi. [  33  ]  For 
the hole transport layer, TAPc is used because its energy levels 
match well those of the host materials. Both CDBP and 26mCPY 
are chosen as the host materials because of their high triplet 
energies [  33  ]  (3.0 eV and 2.9 eV, respectively). For compound  9 , 
26mCPY is found to be a better host than CDBP while for  10 , 
CDBP is found to produce more effi cient devices than 26mCPY. 
The distinct dependence of EL devices of  9  and  10  on the host 
material can be explained by the energy level diagrams shown 

      Figure 11.  EL spectra, luminance–current density–voltage (L–J–V), and external quantum effi ciency (EQE)–L diagrams of EL devices using  9  or  10  as 
the dopant. 
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 Table 5.   EL device data for  9  and  10 . 

   Device  EL  λ  max  [nm] a)          η   ext   [%] d)     CIE        

   V on  [V] b)   L [cd/m 2 , V] c)   10 cd/m 2   100 cd/m 2   1000 cd/m 2    η  c  [cd/A] e)    η  p  [lm/W] e)   (x,y)  

5%  9   467  3.2  2879, 8.4  10.4  8.3  4.6  23.6  23.2  (0.19, 0.34)  

10%  9   468  3.0  3220, 8.6  14.4  15.6  6.5  36.7  33.9  (0.31, 0.44)  

2%  10   456  3.2  865, 9.2  5.0  2.5  –  11.8  10.9  (0.32, 0.42)  

5%  10   563  3.2  1420, 8.0  9.3  7.3  2.1  24.7  22.9  (0.38, 0.48)  

    a) Value taken at I  =  20 mA;  b) The applied voltage (V on ) is defi ned as brightness of 1 cd/m 2 ;  c) The luminance (L) is the maximum value;  d) External quantum effi ciency (EQE, 
 η   ext   );  e) Current effi ciency ( η  c  ) and power effi ciency ( η  p ) are the maximum values.   
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  8   .  Experimental Section 

  8.1. General Experimental Information 

 All reactions were carried out under a nitrogen atmosphere unless 
otherwise noted. Reagents were purchased from Aldrich chemical 
company and used as received. TLC and fl ash chromatography were 
performed on silica gel.  1 H and  13 C NMR spectra were recorded on 
Bruker Avance 300, 400, or 500 MHz spectrometers. Deuterated 
solvents were purchased from Cambridge Isotopes and used without 
drying. Excitation and emission spectra were obtained on a Photon 
Technologies International QuantaMaster Model 2 spectrometer. 
Phosphorescent decay life times were measured using a Photon 
Technologies International Phosphorescent lifetime spectrometer. 
Solid state quantum effi ciency measurements were performed using 
an integration sphere. Phosphorescence quantum yields of compound 
1, 4, and 8-11 were measured relative to 9,10-diphenylanthracene 
in degassed 2-methyltetrahydrofuran ( Φ   =  0.90) at 298 K. 
UV–visible spectra were recorded using a Varian Carry 50 UV/Vis 
spectrophotometer. Cyclic voltammetry experiments were conducted 
on a BAS CV-50W analyzer with a scan rate of either 150 or 
200 mVs −1 . The electrochemical cell was a standard three-compartment 
cell composed a Pt working electrode, a Pt auxiliary electrode and 
an Ag/AgCl reference electrode. All measurements were using 
0.1 M NBu 4 PF 6  in DMF as the supporting electrolyte. Ferrocene/
ferrocenium was used as internal standard (E o   =  0.55 V). Elemental 
analyses were performed by University of Montreal Elemental Analysis 
Laboratory. Crystal structures were obtained using a Bruker AXS Apex 
II X-ray diffractometer. TD-DFT calculations were carried out using 
the Gaussian 03 software [  32  ]  at the High Performance Computing 
Virtual Laboratory (HPCVL) at Queen's University. All computations 
were performed at the B3LYP level of theory using LAN2LD as the 
basis set for Pt and 6-31G(d) for all other atoms.  p- (dimesitylboryl)
phenylacetylene [  36  ]  and  o- (dimesitylboryl)phenylacetylene [  37  ]  were 
prepared according to literature procedures.  

  8.2. Synthesis of Bptrz Ligands 

  4-(4-Dimesitylboryllphenyl)-1-benzyl-1H-1,2,3-triazole (p-L1) : To 
a 50 mL Schlenk fl ask with a stir bar was added  p- (dimesitylboryl)
phenylacetylene (0.64 g, 1.84 mmol), benzyl azide (0.245 g, 1.84 mmol), 
diisopropylethylamine (0.475 g, 3.68 mmol), tris[(1-benzyl-1 H -1,2,3-
triazol-4-yl)methyl]amine (1 mol%) and 30 mL of dichloromethane. The 
solution was degassed for 20 min before [Cu(CH 3 CN) 4 ]PF 6  (1 mol %) 
was added. The resulting mixture was stirred overnight. After the solvent 
was removed under reduced pressure, the product was extracted with 
dichloromethane, and then washed with saturated ammonium chloride 
solution, brine and water. The combined organic phase was dried over 
MgSO 4 , fi ltered and purifi ed using fl ash column chromatography on 
silica (4:1 hexanes: ethyl acetate as eluent) to afford 0.64g of  p - L1  as 
white solid (72% yield).  1 H NMR (400 MHz, CDCl 3 ,  δ , ppm): 7.82 (d, 
 3 J  =  8.0Hz, 2H), 7.76 (s, 1H), 7.59 (d,  3 J  =  8.0Hz, 2H), 7.42-7.32 (m, 
5H), 6.86 (s, 4H), 5.61 (s, 2H), 2.34 (s, 6H), 2.05 (s, 12H).  13 C NMR 
(100 MHz, CDCl 3 .  δ , ppm): 148.1, 145.8,141.7, 140.9, 138.7, 137.0, 
134.7, 133.7, 129.2, 128.8, 128.2, 128.0, 125.2, 120.2, 54.3, 23.5, 21.3. 

  4-(3-Dimesitylboryllphenyl)-1-benzyl-1H-1,2,3-triazole (m- L1 ) : Prepared 
using the same procedure as that for  p - L1 , replacing  p- (dimesitylboryl)
phenylacetylene with  o- (dimesitylboryl)phenylacetylene (75% yield).  1 H 
NMR (400 MHz, CDCl 3 ,  δ , ppm ): 8.02 (d,  3 J  =  7.2Hz, 2H), 7.86 (s, 1H), 
7.64 (s, 1H), 7.50-7.30 (m, 7H), 6.82 (s, 4H), 5.57 (s, 2H), 2.32 (s, 6H), 
2.00 (s, 12H).  13 C NMR (100 MHz, CDCl 3 ,  δ , ppm): 148.3, 140.9, 136.8, 
136.1, 134.8, 132.9, 130.3, 129.3, 129.2, 128.8, 128.6, 128.3, 128.0, 119.8, 
54.2, 23.5, 21.3. 

  4-(3-Dimesitylboryllphenyl)-1-adamantyl-1H-1,2,3-triazole (m- L2 ) : 
Prepared using the same procedure as that for  o - L2 , replacing benzyl 

dominated by the monomer peak at 467 nm, a large excimer 
peak at  ∼ 555 nm appears, which is again in agreement with the 
PL spectrum at the same doping level. As a consequence, this 
EL device produces a white color with CIE (xy) of 0.31, 0.44. For 
compound  10 , at the 2% doping level, the monomer blue peak 
at 456 nm dominates the EL spectrum while the contribution of 
the excimer peak at  ∼ 555 nm is signifi cant, leading to a white 
color with CIE (xy) of 0.32, 0.42. At 5% doping level, the EL 
spectrum of  10  is dominated by the excimer peak, producing 
a yellowish white color with CIE (xy) shifting to 0.38, 0.48. 
The general trend of the EL spectral dependence of  10  on the 
dopping level is in agreement with that of PL in PMMA fi lms. 
However, it appears that  10  is more prone to excimer formation 
in the EL device than in PMMA since it has a greater excimer 
contribution at the same doping level in the device than in 
PMMA. In addition, the external quantum effi ciency of EL 
devices of  9  and  10  increases signifi cantly with the doping level, 
which contradicts the trend observed for PL that decreases in 
effi ciency with increasing doping concentration. This could be 
caused by more effi cient exciton confi nement to the excimer 
than the monomer emission in the device. The other possible 
explanation is the reduced host triplet-triplet annihilation (TTA) 
with increasing doping concentration, leading to higher device 
effi ciency. [  34  ]  All devices have a low turn-on voltage of 3.0–3.2 V. 
The white 10% EL device of  9  has the most impressive per-
formance with a maximum brightness of 3220 cd/m 2  and an 
external quantum effi ciency of 15.6 at 100 cd/m 2 . Although 
many examples of effi cient white electrophosphorescent 
devices are known previously, [  31  ]  the majority of them use either 
multiple dopants or tandem device structures. Effi cient white 
electrophosphorescent devices based on single dopant remain 
relatively rare with several examples based on Pt(II) excimers 
being reported recently. [  31d , 35  ]  The performance of the 10% EL 
device of  9  is certainly among the most effi cient single-dopant 
white EL devices.     

  7   .  Conclusions 

 A series of new blue and blue-green phosphorescent Bptrz C ̂  N 
chelate Pt(II) compounds are achieved. Three different classes 
of ancillary ligands are examined and are found to have a dis-
tinct impact on the phosphorescent quantum effi ciency with 
the pyridyl-1,2,4-triazole (pytrz) ligand being the most effective 
in enhancing the blue phosphorescent quantum effi ciency of 
the Pt(II) compounds. The double intramolecular hydrogen 
bonds formed between pytrz and Bptrz in the complex is found 
to enhance the stability and the emission effi ciency of the 
Pt(II) compounds. Substituent groups on the ancillary ligands 
are found to greatly infl uence the extent of excimer formation 
and the quantum effi ciency. Bright white phosphorescence as 
a result of the excimer and the monomer emission is observed 
in some of the Pt(Bptrz)(pytrz) compounds. Preliminary evalu-
ation on the performance of two members of Pt(Bptrz)(pytrz) 
compounds demonstrates that they are very promising candi-
dates in producing highly effi cient blue or white phosphores-
cent OLEDs using single dopant. Future work will focus on the 
optimization and the stability of the EL devices based on the 
new blue and white phosphorescent Pt(II) compounds.  
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from CH 2 Cl 2  or THF with hexane. Unless specifi ed, compounds  8–11  
refer to the  N 1 -trans  isomers. 

 ( m -L1)Pt(pytrz) ( 8 ): (23% yield).  1 H NMR (400 MHz, CD 2 Cl 2 ,  δ , 
ppm): 9.76 (d,  3 J  =  6 Hz, 1H), 9.12 (d,  3 J  =  7.6 Hz 1H), 8.16-8.09 (m, 
3H), 7.65 (s, 1H), 7.50-7.40 (m, 7H), 7.33 (dd,  3 J  =  7.8 Hz,  4 J  =  1.5Hz, 
1H), 6.85 (s, 4H), 5.65 (s, 2H), 2.33 (s, 6H), 2.05 (s, 12H). Anal. calcd 
for  8 ·0.5 CH 2 Cl 2  (C 40.5 H 39 BClN 7 Pt): C 56.23, H 4.54, N 11.33; found: C 
56.38, H 4.84, N 10.90. 

 ( m -L1)Pt( t- Bu-pytrz-Me) ( 9 ), ( m -L1)Pt(CF 3 -pytrz-Me) ( 10 ) and ( m -L2)
Pt(CF 3 -pytrz-Me) ( 11 ) are provided in the supporting materials.  

   8.4. EL Device Fabrication  

 Devices were fabricated in a three-chamber evaporator (EL-OEL cluster 
tool) with a base pressure of  ∼ 1  ×  10 −5  Pa without breaking vacuum. The 
ITO anode is commercially patterned and coated on glass substrates 
50  ×  50 mm 2  with a sheet resistance less than 15  Ω . Substrates were 
ultrasonically cleaned with a standard regiment of Alconox, acetone, 
and methanol followed by UV ozone treatment for 15 min. The active 
area for all devices was 2 mm 2 . The fi lm thicknesses were monitored 
by a calibrated quartz crystal microbalance and were further verifi ed for 
single-carrier devices using using capacitance-voltage measurements 
(Agilent 4294A). I-V characteristics were measured using a HP4140B 
picoammeter in ambient air. Luminance measurements and EL spectra 
were taken using a Minolta LS-110 luminance meter and an Ocean 
Optics USB200 spectrometer with bare fi ber, respectively. The external 
quantum effi ciency of EL devices was calculated following the standard 
procedure. [  38  ]  After deposition, single carrier devices were transferred 
to a homebuilt variable temperature cryostat for measurement at 298K. 
UPS measurements were performed using a PHI 5500 MultiTechnique 
system, with attached organic deposition chamber with a base 
pressure of 10 −10  Torr. Additional details regarding device fabrication, 
characterization and UPS measurements have been described 
elsewhere. [  39,40  ]   

   8.5. X-ray Crystallography Analysis  

 Single crystals of  1 ,  4 – 6 ,  7a , and  8–10  were obtained from either CH 2 Cl 2  
or THF by slow evaporation of the solvent. For some of the compounds, 
it was necessary to add either methanol or hexanes to facilitate the 
crystal growth. The crystals were mounted on glass fi bers and the data 
were collected on a Bruker Apex II single-crystal X-ray diffractometer 
with graphite-monochromated M o  K  α   radiation, operating at 50 kV and 
30 mA, and at 180 K. Data were processed on a PC with the aid of the 
Bruker SHELXTL software package (version 6.14) [  41  ]  and corrected for 
absorption effects. All structures were solved using direct methods. 
CH 2 Cl 2  solvent molecules were located in the lattices of  9  and  10  and 
refi ned successfully. THF and methanol were located in the crystal lattice 
of  5  and were modelled and refi ned successfully. THF solvent molecules 
were located in the crystal lattices of  6  and  7a , which were all modelled 
and refi ned successfully except one disordered THF molecule in  7a  that 
was removed by the Platon [  42  ]  Squeeze routine to improve the quality of 
the structural data. All non-hydrogen atoms were refi ned anisotropically. 
Complete crystal structural data can be found in the supporting 
information. [CCDC 955635-955642 contains the supplementary 
crystallographic data for this paper. These data can be obtained free of 
charge from The Cambridge Crystallographic Data Centre via www.ccdc.
cam.ac.uk/data_request/cif.].   

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

azide with adamantyl azide (72% yield).  1 H NMR (300 MHz, CDCl 3 , 
 δ , ppm): 8.07 (d,  3 J  =  6.2Hz, 2H), 7.94 (s, 1H), 7.79 (s, 1H), 7.50-7.40 
(m, 2H), 6.85 (s, 4H), 2.40-2.20 (m, 15H), 2.04 (s, 12H), 1.83 (s, 6H). 
 13 C NMR (100 MHz, CDCl 3 ,  δ , ppm): 145.2, 139.4, 137.2, 131.2, 127.8, 
127.0, 126.7, 114.8, 103.1, 58.1, 41.5, 34.4, 28.0, 22.0, 19.7.  

  8.3. Syntheses of Pt(II) Compounds 

 The general procedures for each class of Pt(II) compounds are provided 
below. The yields for all Pt(II) compounds are based on the recrystallized 
products.  13 C NMR spectra were not recorded for all Pt(II) compounds 
because of their poor solubility. The Pt(II) compounds have the tendency 
to co-crystallize with solvent molecules such as THF and CH 2 Cl 2 . 
For some of the compounds, the solvent molecules were positively 
identifi ed in the crystal lattice of the Pt(II) compounds. For elemental 
analysis, all samples were dried under vacuum at ambient temperature. 
Nonetheless, many of the compounds still show solvent molecules 
trapped inside the crystal lattice. 

  General Procedure for the Synthesis of Pt(II) Compounds  1 – 3.   The Bptrz 
ligand (0.10 mmol) and [PtMe 2 (SMe 2 )] 2  (0.055 mmol) were added to 
a 20 mL screw-cap vial with 5 mL of acetone. The mixture was heated 
at 70 °C for 3 hours before 1 mL of 0.1 M solution of TsOH in THF 
was added. The resulting solution was stirred for 1 hour, then 2 mL of 
0.1 M solution of Na( β -diketonate) in methanol was added and the 
mixture was stirred overnight. After the solvent was removed under 
reduced pressure, the product was extracted with dichloromethane, and 
then washed with brine and water. The combined organic phase was 
dried over MgSO 4 , fi ltered and purifi ed using a column chromotography 
on silica using dichloromethane as eluent the eluent. The compound 
was further purifi ed by recrystallization from either CH 2 Cl 2  or THF. 

 ( p -L1)Pt(acac) ( 1 ): (24% yield).  1 H NMR (400 MHz, CD 2 Cl 2 ,  δ , 
ppm): 7.51 (s, 1H), 7.47 (s, 1H), 7.40-7.28 (m, 5H), 7.11 (d,  3 J  =  7.6 Hz, 
1H), 7.07 (d,  3 J  =  7.6 Hz, 1H), 6.74 (s, 4H), 5.49 (s, 2H), 5.37 (s,1H), 
2.20 (s, 6H), 1.97 (s, 12H), 1.88 (s, 3H), 1.60 (s, 3H). Anal. calcd for 
C 38 H 40 BN 3 O 2 Pt: C 58.77, H 5.19, N 5.41; found: C 58.76, H 5.21, N 5.39. 

 Characterization data for (m-L1)Pt(acac) ( 2 ) and (m-L2)Pt(acac) ( 3 ) 
can be found in the supporting materials. 

  General Procedure for the Synthesis of Pt(II) Compounds  4 – 7.   The Bptrz 
ligand (0.10 mmol) and [PtMe 2 (SMe 2 )] 2  (0.055 mmol) were added to a 
20 mL screw-cap vial with 5 mL of acetone. The mixture was heated at 
70 °C for 3 hours before 1 mL of 0.1 M solution of the corresponding 
picolinic acid in methanol was added. The resulting solution was stirred 
overnight. The product was fi ltered and washed with hexane, diethyl 
ether and methanol, sequentially. The product was purifi ed and isolated 
by recrystallization from either THF or CH 2 Cl 2  or a mixture of them with 
the addition of hexane or methanol. 

 ( p -L1)Pt(pic) ( 4 ): (26% yield).  1 H NMR (500 MHz, CD 2 Cl 2 ,  δ , ppm): 
9.52 (d,  3 J  =  5.6 Hz, 1H), 8.14 (m, 1H), 7.80 (s, 1H), 7.70 (m, 1H), 7.62 
(s, 1H), 7.50-7.42 (m, 5H), 7.27 (d,  3 J  =  7.5 Hz, 1H), 7.16 (d,  3 J  =  7.5 Hz, 
1H), 6.88 (s, 4H), 5.64 (s, 2H), 2.34 (s, 6H), 2.06 (s, 12H). Anal. calcd 
for  4 ·THF (C 43 H 45 BN 4 O 3 Pt): C 59.24, H 5.20 N 6.42; found: C 59.83, H 
5.18, N 6.44. 

 Charaterization data for ( m -L1)Pt(pic) ( 5 ), ( m -L1)Pt(4-Me-pic) ( 6 ), 
( m -L2)Pt(4-Me-pic) ( 7 ), and ( m -L2)Pt(pic) ( 7a ) are provided in the 
supporting materials. 

  General Procedure for the Synthesis of Pt(II) Compounds  8 – 11  . The 
ancillary ligand  t- Bu-pytrz-Me and CF 3 - pytrz-Me were synthesized 
according to literature procedure. [4]  

 The Bptrz ligand (0.10 mmol) and [PtMe 2 (SMe 2 )] 2  (0.055 mmol) 
were added to a 20 mL screw-cap vial with 5 mL of acetone. The mixture 
was heated at 70 °C for 3 hours before 1 mL of 0.1 M solution of TsOH 
in acetone was added. The resulting solution was stirred for 1 hour, 
then 0.13 mmol of corresponding pytrz ligand in acetone was added 
and the mixture was stirred at RT for 3 days. The product was fi ltered 
and washed with hexane, diethyl ether and methanol, sequentially. The 
product was further purifi ed via chromatography and recrystallization 
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