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Aggregation-induced circularly polarized phosphorescence of 
Pt(II) complexes with an axially chiral BINOL ligand 
Daiki Tauchia, Taiki Koidaa , Yuki Nojimab, Masahi Hasegawab, Yasuhiro Mazakib, Akiko Inagakic, Ken-
ichi Sugiurad, Yuki Nagayae, Kazunori Tsubakie, Takuya Shigaf, Yuuya Nagatag, Hiroyuki Nishikawaa*  

A pair of chiral Pt(II) complexes coordinated by simple BINOL and 
bipyridine ligands displaying aggregation-induced 
phosphorescence and circularly polarized luminescence were 
characterized by X-ray crystallography and absorption and emission 
spectroscopies. The emission of the powder sample was reddish 
whereas the thin film dispersed in PMMA (fPf = 1 wt%) exhibited a 
white emission. 

The development of circularly polarized organic light-emitting 
diodes (CP-OLEDs) is of growing interest owing to their vast 
applications in advanced technologies, such as display technology, 
optical information communication, and chemical- and bio-sensing.1 
The application of several chiral luminescent compounds, ranging 
from small organic molecules to liquid crystals and polymers, as 
circularly polarized luminescence (CPL) emitters of CP-OLED has been 
reported.2 Recently, chiral materials exhibiting thermally activated 
delayed fluorescence have been developed to successfully fabricate 
CP-OLEDs with a significantly high external quantum efficiency 
(EQE).3 However, their electroluminescence dissymmetry factors 
(gEL) are still unacceptable. On the other hand, organic 
nanostructures, such as chiral supramolecular structures of small 
molecules and -conjugated polymers, and chiral liquid crystals 
generally exhibit a high luminescent dissymmetry factor (gCPL).4 
Chiral arrangements of luminescent materials in the nanostructure 
aggregates impart the high gCPL values. Therefore, the chiral 
materials with aggregation-induced emission (AIE) properties have 

great application potential as CPL emitters in CP-OLEDs with high gEL. 
Chiral phosphorescent transition metal complexes composed of 
Ir(III)5 and Pt(II)6 ions have also been reported to exhibit circularly 
polarized electroluminescence (CPEL) with a relatively high EQE.  
Particularly, square planar Pt(II) complexes with chiral ligands have 
been extensively studied because of their circularly polarized 
phosphorescence.7 In addition, supramolecular assemblies through 
noncovalent metal-metal and - interaction8 or liquid crystalline 
states6b, 9 usually exhibit high dissymmetry factors. However, there 
are only a few reports on the aggregation-induced phosphorescence 
(AIP)-active Pt(II) complexes with chiroptical properties even though 
the AIP-active chiral materials are good candidates for CP-OLEDs with 
high EQE.6c, 10 Herein, a pair of chiral square planar tetradentate Pt(II) 
complexes, (R)-and (S)-[Pt(II)(BINOL)(bpy)] (R/S-Pt, Fig. 1), was 
synthesized using commercially available ligands, 1,1’-
binaphthalene-2,2’-diol (BINOL) and 2,2’-bipyridine (bpy). X-ray 
crystal structure analyses revealed that each enantiomer formed a 1-
dimensional (1D) helical stacking structure by noncovalent - 
interaction between the ligands. The AIP properties were confirmed 
by the photophysical measurements both in solution and in solid-
state. The chiroptical properties were evaluated through circular 
dichroism (CD) and CPL measurements. We performed density 
functional theory (DFT) calculations to understand the observed 
photophysical properties. 

Fig. 1 Molecular structure of (S)- and (R)-[Pt(II)(BINOL)(bpy)]  

The chiral Pt(II) complexes, R/S-Pt were prepared from the Pt(II) 
bipyridine complex, [Pt(II)(bpy)Cl2] and (R)- or (S)-BINOL in the 
presence of K2CO3 in 34% yield according to Scheme S1 in the 
Supporting Information.  

X-ray crystallographic analyses of R/S-Pt were performed at 100 
K for the block single crystals recrystallized from CHCl3. 
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Crystallographic data are listed in Table S1. Both enantiomers 
crystallized in the orthorhombic non-centrosymmetric space group 
P212121 with two independent molecules (A and B) in the unit cell 
(Fig. 2(b)). The molecular and crystal structures of both the 
enantiomers mirrored each other (Fig. S7). As shown in Fig. 2(a), the 
Pt(II) ion in R-Pt adopts a slightly distorted square planar geometry 
(bond angles of A: 93.4(2)° (O-Pt-O), 81.5(3)° (N-Pt-N); bond angles 
of B: 93.0(3)° (O-Pt-O), 81.2(3)° (N-Pt-N)). The coordination bond 
lengths of the Pt(II) ions are in the range of 1.976(8)–2.002(7) Å for 
Pt-N and 2.003(7)–2.011(6) Å for Pt-O, which are typical of the Pt(II) 
bipyridine and binaphthyl complexes.10a, 11 The dihedral angles 
between the two naphthyl groups of R-Pt are almost 72°, which are 
almost similar to those for Pt(II) complexes chelated by nitrogen 
atoms of BINAM (1,1’-binaphthalene-2,2’-diamine).10a The 
intermolecular - interaction (the shortest intermolecular C···C 
distance: 3.29(1) Å) exists between the naphthyl group of the 
molecule A and the bipyridyl group of the molecule B (Fig. 2(b)). 
There are also intermolecular interactions through C-H···O (2.25 and 
2.30 Å) contact. These intermolecular interactions can arrange R-Pt 
to form a 1-dimensional (1-D) helix-like molecular arrangement with 
the P-helicity around the 2-fold screw axis along the b-axis (Fig. 2(c) 
and (d)). The S-Pt forms a 1-D helical array with the M-helicity (Fig. 
S7). Many C-H··· and C-H···O interactions are observed between the 
adjacent 1-D helical arrays, resulting in their interdigitation. Such 
strong intermolecular interactions within and between the 1-D 
helical structures, namely the 3-dimensional network structure, can 
restrict intramolecular motions, thereby inducing the AIP properties. 

The UV-vis absorption spectra of R/S-Pt were recorded from the 
degassed and dilute CH3CN solutions (1.0 x 10–5 M). The UV-vis 

absorption spectrum of R-Pt was calculated using the time-
dependent density functional theory (TD-DFT) method at the level of 
CAM-B3LYP/Def2SVP. The calculated spectrum shifted by -0.29 eV 
to compensate overestimation of the vertical excitation eneryg by 
the CAM-B3LYP functional was found to be in good agreement with 
the observed spectrum (Fig. 3).12 The selected TD-DFT calculated 
excitation energies, weights of main transitions, and related 
molecular orbitals (MOs), corresponding to the experimental 
absorption wavelengths are summarised in Table S3 and Fig. S22. The 
absorption band with a peak at 240 nm can mainly be assigned to the 
ligand-centered -* (BINOL) transitions and the shoulder band at 
280 nm to a mixture of the ligand-centered -* (BINOL) and-* 
(bpy). The low-energy absorption bands observed at approximately 
360 nm are mainly attributed to the singlet 1MMLL’CT (Pt(5d) 
/BINOL→ bpy) transitions, similar to those observed for the square 
planar Pt dithiolene complexes.7i, 13 The dominant transition at the 
absorption edge (~440 nm) is associated with the transition from the 
highest occupied MO (HOMO) to the lowest unoccupied MO (LUMO) 
(Table S3).  

The emissions of R/S-Pt were not observed in dilute CH3CN, 
CH2Cl2, toluene, and THF solutions at a concentration of 1.0 x 10–5 M 
(Fig. S14). However, the powder sample and thin film dispersed in 
linear low-density poly(methyl methacrylate) (PMMA) exhibited 
phosphorescent properties, indicating an AIE character of these 
complexes (Fig. 3). The AIE properties were also confirmed by the 
emission measurements on the aggregates in THF-water mixed 
solvents. As shown in Fig. S11, when the fraction of water was higher 
than 80 %, the emission bands appeared in the range of 550–750 nm, 
similar to that of the powder sample. Dynamic light scattering 
analysis revealed the size distribution of aggregates formed in THF-
water solution (fraction of water fw = 95%) with a maximum intensity 
at ca. 100 nm (Fig. S15). The powder sample exhibited a broad range 
of emissions with a maximum value of 610 nm, and the emission of 
the powder sample was reddish (Fig. 3, inset). In contrast, the PMMA 
films cast from CHCl3 solution (fraction of R-Pt: fPt = 1 wt%, thickness: 

Fig. 2 Crystal structure of (R)-[Pt(II)(BINOL) (bpy)] (R-Pt). (a) 
molecular structure; (b) Intermolecular interactions; (c) Helical 
assembly of R-Pt; (e) 1D helical column projected along b-axis. H 
atoms are omitted in (b), (c), and (d) for clarity. 

Fig. 3 The observed UV-vis absorption spectrum (black line, 1.0 x 
10-5 M in CH3CN) with the calculated spectrum (red dotted line) 
and photograph of the powder (inset), and the emission spectra 
in powder excited at 400 nm (red) and PMMA film (fPt = 1 wt%) 
excited at 380 nm(blue) of R-Pt. 
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187 m) exhibited a much broader emission with a vibronic band-like 
character ranging from the UV region to 750 nm (Fig. 3), resulting in 
a white emission (Fig. 4(a)). The Commission Internationale de 
L’eclairage (CIE) coordinates were x = 0.3106 and y = 0.3669. The 
photoluminescence  quantum yields (PLQY) of the Pt complexes were 
0.46 (R-Pt) and 0.55 % (S-Pt) for the powder and 0.085 (R-Pt) and 
0.14 % (S-Pt) for the PMMA film states.  

Such a low quantum yield is usually reported in the Pt complexes 
with non-cyclometalated ligands7e, 7i, 10a. The photoluminescence (PL) 
decay curve of the powder sample could be fitted by a double 
exponential function (Fig. S16), and the lifetime of the species with 
dominant decay was estimated to be 24 ns. On the other hand, fitting 
the decay curve of the PMMA film (fPt = 1 wt%) resulted in the 
existence of at least three components (Fig. S17): a faster component 
with a lifetime of 0.67 ns (52 %), one with a slightly faster lifetime of 
8.3 ns (16 %) to the powder sample, and a slower one with a lifetime 
of 0.27 s (33 %), indicating that the faster and slower components 
are associated with the aggregates of the Pt complex and the 
monomer, respectively. Thus, both the monomer and aggregate 
forms exist in the PMMA films (fPt = 1 wt%). We consider the emission 
at 600 nm exhibited by the powder to be attributed to the aggregates 
of the Pt complex, and the main emission centered at 450 nm from 
the PMMA film (fPt = 1 wt%) is attributed to monomer of the Pt 
complex. As shown in the emission spectrum of the PMMA film in Fig. 
3, the intensity of the emission at 600 nm is rather small (shoulder), 
suggesting the amount of the aggregates is also very small in the 
PMMA film (fPt = 1 wt%). When the fraction of the Pt complex in the 
PMMA film increased from 1 wt% to 5 wt%, the intensity of the 
emission at 600 nm increased (Fig. S12), and the colors of the film 
changed from white (1 wt%) to orange (2 wt%) and red (5 wt%) (Fig. 
4(a)). Consequently, the white emission from the PMMA film (fPt = 1 
wt%) is associated with the mixture of the monomer and the 
aggregates of the Pt complex leading to the broad emission ranging 
from the UV region to 750 nm.  

 Chiroptical properties of R/S-Pt were investigated by CD and CPL 
spectra. The CPL spectra were acquired with excitations at 400 nm 
and 380 nm in the powders and PMMA films, respectively. Fig. 4(b) 
shows the CD spectra in dilute CH3CN solutions (1.0 x 10-5 M) and the 
CPL spectra of powder samples. The CD signals of R/S-Pt exhibited 
mirror images with a molar circular dichroism () of 60 M-1 cm-1 and 
dissymmetry factor |gabs| of 1.4 x 10-3 at 270 nm. The simulated CD 
spectra based on the TD-DFT calculation agreed with the 
experimental ones (Fig. S21), indicating the stereochemistries of R/S-
Pt are retained in dilute CH3CN solutions. The CPL signals of R/S-Pt in 
the powders appeared at 620 nm corresponding to their PL spectra. 
The gCPL values at 621 nm of the  R- and S-Pt are 3.4 x 10-3 and −2.3 x 
10-3, respectively, which are typical values of the Pt complexes 
previously reported7a-c, 7g. The R/S-Pt dispersed in PMMA films also 
exhibited CD and CPL spectra (Fig. S19). The wavelength regions of 
the CD and CPL signals corresponded to those of their absorption and 
PL spectra. The gCPL values of the PMMA films at 459 nm were almost 

identical to those of the powders: 1.3 x 10-3 for the R-Pt and −2.4 x 
10-3 for the S-Pt. Because the CD and CPL bands partially overlapped 
as shown in Fig. S19, the CPL could be caused by selected absorption 
of either right- or left-handed emission by the sample itself14. Further 
investigation should be needed to understand the origin of the CPL 
of the PMMA film. In addition, the aggregates in the THF-water 
mixed solution (fw = 95%) showed a similar CPL signal to those of the 
powder sample (Fig. S20). Assuming the helical arrangement of R/S-
Pt in the powders, PMMA films, and aggregates in the THF-water 
mixed solution, enhancement of dissymmetry factors could be 
expected by intermolecular excitonic coupling. But the gabs values of 
the PMMA films (Table S2) were on the same order of 10-3 as those 
of the dilute CH3CN solutions. Furthermore, the |gCPL| values of the 
powders and PMMA films (1.3–3.4 x 10-3) are similar to those of 
similar Pt complexes in solutions previously reported.7a, 7c The 
comparison of the dissymmetry factors suggests that putative helical 
arrangements in the powders and PMMA films are unlikely to 
contribute to the chiroptical properties of this complex. 

In conclusion, we developed novel AIP-active chiral Pt(II) 
complexes, R/S-Pt, using the commercially available simple 
ligands, BINOL and bpy. The X-ray single crystal structure 
analyses revealed that - and C-H···O interactions existed 
between adjacent complexes, resulting in the 1-D helical 
molecular arrangement. The AIP-activity of R/S-Pt was confirmed 
by the phosphorescence in the solid-state. R/S-Pt displayed red 
phosphorescence in the powder form whereas the thin films 
dispersed in PMMA exhibited white luminescence. Moreover, the 
complexes displayed both CD and CPL in the solid-state. White 
organic light-emitting diodes (WOLEDs) have also been gaining 
attention owing to their practical applications. While WOLEDs are 
typically fabricated by combining several materials that emit 
different colors, single-molecular WOLEDs have also been 
reported.15 In contrast, only a few white light-emitting CP-OLEDs (CP-
WOLEDs), which are based on the combination of CPL emitters16 and 
mono-dispersed chiral polymers17, have been reported. Although the 

Fig. 4 (a) CIE coordinates of R-Pt dispersed in PMMA films of fPt = 
1, 2, and 5 wt% with photographs of the PMMA films; (b) CD 
(upper left) and UV-vis (lower left) spectra in acetonitrile (1.0 x 
10-5 M), and CPL (upper right) and PL (lower right) spectra in 
powder excited at 400 nm of R-Pt (red) and S-Pt (blue). 
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PLQYs of the complexes developed in this study were low, they 
exhibited white emission in the PMMA film. Therefore, this study can 
contribute to the development of novel single-molecular CP-WOLEDs 
based on CPL-active AIP emitters. 
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