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Tuning the circularly polarized phosphorescence
of platinum(II) complexes through a chiral cation
strategy†
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and Guankui Long *a

Circularly polarized phosphorescent (CPP) materials, especially chiral

platinum(II) complexes, which combine the advantages of both circu-

larly polarized luminescence (CPL) and phosphorescence, show broad

potential applications in chiral optoelectronic devices. Developing CPP

emitters with both excellent chiroptical properties and high yield is

urgently needed. Here, a chiral cation strategy is employed to construct

the CPP Pt(II) complexes R/S-ABA�[Pt(ppy)Cl2] and R/S-MBA�[Pt(ppy)Cl2]

through a simple one-step reaction with almost 100% yield. The circular

dichroism and CPL spectra confirm that the chirality was successfully

transferred to the [Pt(ppy)Cl2]� anion. The luminescence asymmetry

factors (glum) are +1.4/�1.8 � 10�3 for R/S-ABA�[Pt(ppy)Cl2] and +4.4/

�2.8� 10�3 for R/S-MBA�[Pt(ppy)Cl2]. The stronger chiroptical property

of R/S-MBA�[Pt(ppy)Cl2] is attributed to the enhanced chiral structural

deformation and better matched electric and magnetic transition

dipole moments. This chiral cation strategy is confirmed to efficiently

construct CPP Pt(II) complexes, which will accelerate the development

of CPP emitters towards commercialization.

Introduction

Circular polarized phosphorescent (CPP) materials have attracted
wide research interest owing to their combined advantages of both
circularly polarized luminescence (CPL) and phosphorescence,1–3

and have shown fantastic merits in a wide range of applications
including encrypted transmission,4 information storage,5 and
chiroptical switches.6 In addition to a few examples of pure organic
molecules,7 strong spin–orbit coupling (SOC) effects involving
heavy atoms like Pt,8–10 Ir,11 Ru,12 and halogen atoms in complexes
could effectively promote intersystem crossing (ISC) to make full
use of the singlet and triplet excitons towards highly efficient
phosphorescence. Notably, the d8 configuration Pt(II) complexes
have many advantages, such as distinctive molecular packing
and tunable photophysical properties, and have thus emerged
as promising phosphorescent candidates.13–17 Conventionally,
combining Pt(II) centers with chiral characteristics such as
circularly polarized phosphorescent luminescence (CPPL) can
be achieved by introducing chiral ligands, such as helicene,18

1,10-binaphthyl,19 [2.2]paracyclophane,20 etc.21 However, these
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New concepts
Circularly polarized phosphorescent (CPP) materials show broad potential
applications, but generally entail complicated synthesis or difficult enantio-
separation using chiral high-performance liquid chromatography. In this
work, for the first time, we have proposed a chiral cation strategy and
constructed the chiral ionic Pt(II) phosphorescent complexes R/S-ABA�
[Pt(ppy)Cl2] and R/S-MBA�[Pt(ppy)Cl2] with high yields of nearly 100%.
Under the chiral induction effect of the R/S-ABA+ and R/S-MBA+ cations,
the [Pt(ppy)Cl2]� anions present significant chiral structural deformation and
crystallize into the chiral space groups. The circular dichroism and circularly
polarized luminescence spectra further confirm that chirality is successfully
transferred to the luminescence center of [Pt(ppy)Cl2]�. The luminescence
asymmetry factor (glum) reaches +1.4/�1.8 � 10�3 for R/S-ABA�[Pt(ppy)Cl2]
and +4.4/�2.8 � 10�3 for R/S-MBA�[Pt(ppy)Cl2]. Our work provides an
efficient strategy to construct CPP materials with both excellent CPL
performance and high yield, which will accelerate the development of
these materials towards commercialization.
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approaches generally entail complicated synthesis or difficult
enantioseparation using chiral high-performance liquid chroma-
tography (HPLC); thus it is difficult and expensive to obtain
enantiomers on the gram scale,22–24 which significantly hinders
the development and application of CPP materials towards real
applications. Therefore, obtaining CPP materials with simple
synthesis, low cost, high yield and excellent chiroptical perfor-
mance remains a major challenge.

Among the continuous attempts, chirality transfer within ionic
species was recently proved to be an effective strategy for construct-
ing CPL-emitting materials composed of cationic Pt(II), Ir(III), Ru(II)
and Au(I) complexes and chiral anions.25–28 Zhong et al.25 reported
a simple and general chiral anion strategy to prepare CPL-active
ionic transition metal complexes through the introduction of
(�)-camphorsulfonate ((�)-CS) counter anions as the chiral source
into Ir(III) and Ru(II) complexes (Fig. 1(a)). Similarly, You et al.27

integrated the chiral L-/D-dibenzoyl tartarate (L-/D-BT) anion with
Pt(2-phenylpyridinato)(4,40-bis(nonyl)-2,20-bipyridine) ([PtN]+), and
achieved an amplified luminescence dissymmetry factor (glum)
through helical assembly. However, similar exploration of chiral
cation-induced transition metal complexes is rarely reported. On
the other hand, chiral hybrid organic–inorganic metal halides
(HOIMHs) which have the advantages of facile synthesis, good
solution processability and excellent photophysical properties, are
widely investigated,29–31 and their chiroptical properties can be
successfully tuned by regulating the A-site chiral organic
cations.32–34 Most importantly, compared to the more complicated
structure of chiral anions, many more choices of chiral cations are

available (as summarized in Fig. 1(b)).35 Inspired by the success of
the chiral anion strategy for transition metal complexes and the
widely used chiral cations in chiral HOIMHs, a chiral cation
strategy is proposed to simplify the complicated synthesis and tune
the molecular packings and chiroptical properties of Pt(II) com-
plexes in this work.

Herein, we report two pairs of chiral anionic Pt(II) complexes, R/
S-ABA�[Pt(ppy)Cl2] (ABA = 3-aminobutyric acid, ppy = 2-phenyl-
pyridine) and R/S-MBA�[Pt(ppy)Cl2] (MBA = methylbenzylamine)
with high yields of nearly 100% (Fig. 1(c)). R/S-ABA�[Pt(ppy)Cl2] and
R/S-MBA�[Pt(ppy)Cl2] crystallized into the Sohncke space groups P21

and P212121, respectively. The equivalent atomic displacement
parameters and solid-state NMR measurements revealed that
R/S-MBA�[Pt(ppy)Cl2] presents a relatively looser packing mode.
This space-allowed structural relaxation of R/S-MBA�[Pt(ppy)Cl2]
leads to temperature-dependent nonradiative transition despite
its intrinsic smaller reorganization energy between the ground
and triplet excited state. Therefore, R/S-MBA�[Pt(ppy)Cl2] exhibits a
much lower photoluminescence quantum yield (PLQY) of 13.3% at
room temperature and a higher PLQY of 57.7% at 80 K. Circular
dichroism (CD) and CPPL measurements confirm that the lumi-
nescent center of [Pt(ppy)Cl2]� is successfully induced by the chiral
cations. The absorption asymmetry factors (gabs) of R/S-ABA�
[Pt(ppy)Cl2] and R/S-MBA�[Pt(ppy)Cl2] were +1.1/�1.1 � 10�4 and
+1.6/�2.0� 10�3, respectively, while the glum was +1.4/�1.8� 10�3

for R/S-ABA�[Pt(ppy)Cl2] and +4.4/�2.8 � 10�3 for R/S-MBA�
[Pt(ppy)Cl2]. The stronger chiroptical properties of R/S-MBA�
[Pt(ppy)Cl2] are attributed to the significant chiral structural

Fig. 1 Chiral anion and chiral cation strategies. (a) Structural formulae of Ir(III) and Pt(II) complexes investigated using the chiral anion strategy. (b) Various
chiral cations. (c) Structural formulae of R/S-ABA�[Pt(ppy)Cl2] and R/S-MBA�[Pt(ppy)Cl2] in this work.
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deformation and better matched electric and magnetic transition
dipole moments. Our work demonstrates a new and simplified
strategy to obtain circularly polarized phosphorescent materials
and improve their performance toward CPL light sources.

Results and discussion

Powder samples of R/S-ABA�[Pt(ppy)Cl2] and R/S-MBA�
[Pt(ppy)Cl2] were successfully synthesized by simply mixing
[Pt(ppy)(m-Cl)]2 with chiral R/S-ABA�Cl or R/S-MBA�Cl in chloro-
form. The yields of these one-step reactions can reach up to
B100%. In contrast, for traditional chiral Pt(II) complexes,
enormous efforts have been made to acquire efficient chiral
structures, and their synthesis typically requires three or more
steps and elaborate control over the reaction and purification
conditions.36,37 Single crystals of R/S-ABA�[Pt(ppy)Cl2] and R/S-
MBA�[Pt(ppy)Cl2] were obtained after slow volatilization in metha-
nol at room temperature (RT). The structures of the R/S-ABA�
[Pt(ppy)Cl2] and R/S-MBA�[Pt(ppy)Cl2] were then determined using
single crystal X-ray diffraction (SCXRD). The crystal structures of
R/S-ABA�[Pt(ppy)Cl2] and R/S-MBA�[Pt(ppy)Cl2] are shown in Fig. 2
and Fig. S2, S3 (ESI†), the Pt atom adopts a four-coordinated
square-planar geometry, as typically observed for Pt(II) phosphor-
escent complexes.38–40 The [Pt(ppy)Cl2]� anions are separated by
the chiral cations in a layered fashion, and both the adjacent
[Pt(ppy)Cl2]� anions and ABA+/MBA+ cations in each layer are
packed in different orientations. The closest measured Pt� � �Pt

distances are 7.668 Å for R-ABA�[Pt(ppy)Cl2] and 6.126 Å for
R-MBA�[Pt(ppy)Cl2] (Fig. 2), which are twice as large as the van
der Waals radius of the platinum atom [rw(Pt) = 1.4 Å], indicating
that there is no Pt� � �Pt interaction in the crystals. R/S-ABA�
[Pt(ppy)Cl2] and R/S-MBA�[Pt(ppy)Cl2] crystallized into the P21

and P212121 Sohncke space groups, respectively. Therefore, R/S-
MBA�[Pt(ppy)Cl2], which has three two-fold screw axes, is condu-
cive to building a stronger chiral packing. This can be further
confirmed by examining the symmetries after removing the
chiral cations.41,42 For the [Pt(ppy)Cl2]� framework in R/S-ABA�
[Pt(ppy)Cl2], the space group tends to be achiral P21/n, indicating
the diminished chiral stacking; while that of R/S-MBA�[Pt(ppy)Cl2]
remains the P212121 Sohncke space group. This indicates that R/S-
MBA�[Pt(ppy)Cl2] should exhibit stronger chirality transfer by the
MBA+ (Fig. S4–S6, ESI†) and thus better chiroptical properties
than R/S-ABA�[Pt(ppy)Cl2]. The powder X-ray diffraction (PXRD)
pattern matches very well with that simulated from single crystals,
confirming the excellent phase purity of the obtained R/S-ABA�
[Pt(ppy)Cl2] and R/S-MBA�[Pt(ppy)Cl2] powders (Fig. S7, ESI†).

For the investigation of crystal rigidity and molecular packings
tuned by chiral cations, we first focused on the spin–lattice
relaxation rate (R1) through solid-state NMR measurements
(Fig. S8, ESI†).43,44 The chiral center atom (Ca) and the terminal
methyl carbon (Cb) of the cations were compared, and the relaxa-
tion rates of Ca/Cb are 0.109/0.959 s�1 and 0.186/1.866 s�1 for R-
ABA�[Pt(ppy)Cl2] and R-MBA�[Pt(ppy)Cl2], respectively (as shown in
Fig. 3(a) and (b)). The smaller relaxation rates in R-ABA�[Pt(ppy)Cl2]
should be attributed to its more compact stacking. Then, another

Fig. 2 Crystal structures for R-ABA�[Pt(ppy)Cl2] and R-MBA�[Pt(ppy)Cl2]. (a) and (b) Packing modes in different perspectives and the adjacent Pt� � �Pt
distances for R-ABA�[Pt(ppy)Cl2]. (c) and (d) Packing modes in different perspectives and the adjacent Pt� � �Pt distances for R-MBA�[Pt(ppy)Cl2].
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indicator of crystal rigidity, the equivalent atomic displacement
parameters (Ueq), was extracted from the single-crystal structures to
further evaluate the overall rigidity of the studied Pt(II) complexes.45

The Ueq of the major atoms in R/S-ABA�[Pt(ppy)Cl2] present smaller
root-mean-squared displacements (Fig. 3(c), (d) and Fig. S9, ESI†),
indicating their more rigid structure and restricted relaxation.
Additionally, the crystal densities are 3.927 mmol cm�3 for R-
ABA�[Pt(ppy)Cl2] and 3.621 mmol cm�3 for R-MBA�[Pt(ppy)Cl2]

(Table S1, ESI†), confirming the dense packing regulated by the
ABA+.

These chiral Pt(II) complexes exhibit excellent thermal and
air stability. Thermogravimetric analysis shows that weight loss
starts at 230 1C for R/S-ABA�[Pt(ppy)Cl2] and 224 1C for R/S-MBA�
[Pt(ppy)Cl2], which was attributed to the decomposition of
organic ABA+ and MBA+ (Fig. S10, ESI†).46 The R/S-ABA�
[Pt(ppy)Cl2] and R/S-MBA�[Pt(ppy)Cl2] powders were placed in
an air environment, and powder XRD that showed the samples
remained stable after eight months (Fig. S11 and S12, ESI†).

The UV-Vis absorption and photoluminescence (PL) spectra
of the R/S-ABA�[Pt(ppy)Cl2] and R/S-MBA�[Pt(ppy)Cl2] powders
were then measured and are shown in Fig. 4(a) and (b). R/S-
ABA�[Pt(ppy)Cl2] displayed almost identical absorption edges to
R/S-MBA�[Pt(ppy)Cl2], indicating that the [Pt(ppy)Cl2]� ions in
R/S-ABA�[Pt(ppy)Cl2] and R/S-MBA�[Pt(ppy)Cl2] should behave as
‘‘discrete’’ molecules without Pt� � �Pt electronic interactions.
Therefore, it can be concluded that their electronic and excited
state characteristics originate from the coordinated Pt(II) parts
rather than the chiral cations.47–50 This was further confirmed
by theoretical calculations. The electronic band structures, total
density of states (TDOS) and partial density of states (PDOS) of
R-ABA�[Pt(ppy)Cl2] and R-MBA�[Pt(ppy)Cl2] crystals show that
the main contributions to the valence band maximum (VBM)
are from the Pt and Cl atoms, while the conduction band
minimum (CBM) are almost contributed by the N and C atoms
on the ppy ligand (Fig. S13 and S14, ESI†). The chiral cations
are not directly involved in the VBM or CBM, or the electronic
transitions. Then, detailed absorption spectra were calculated
using the quantum mechanics/molecular mechanics (QM/MM)
method in the ONIOM model.51 As summarized in Tables S2,
S3 and Fig. S15, S16 (ESI†), the maximum absorption is mainly
from the HOMO - LUMO transition, which is a mixture of
metal to ligand charge transfer (MLCT), halogen to ligand
charge transfer (XLCT) and ligand-centered (LC) [namely,
d(Pt) + p(Cl) + p(ppy) - p*(ppy)] transition.

R/S-ABA�[Pt(ppy)Cl2] and R/S-MBA�[Pt(ppy)Cl2] exhibit green
and yellow luminescence, respectively (Fig. 4(c) and Fig. S17,
ESI†). The maxima of the vibrational satellite band of R/S-ABA�
[Pt(ppy)Cl2] (520 nm) is almost comparable to those of R/S-
MBA�[Pt(ppy)Cl2] (522 nm); the slight red shift of R/S-MBA�
[Pt(ppy)Cl2] might be attributed to the different stacking mode
in single crystals (Fig. 2). Through fitting the PL decay spectra,
we obtained phosphorescence lifetimes of 0.56/0.57 ms and
0.26/0.30 ms for R/S-ABA�[Pt(ppy)Cl2] and R/S-MBA�[Pt(ppy)Cl2]
(Fig. 4(d) and Fig. S18, ESI†), respectively.

Photophysical properties are significantly influenced by the
intrinsic molecular structure and temperature. The photophy-
sical parameters at room temperature and 80 K are summarized
in Table 1. At room temperature, the photoluminescence
quantum yields (F) are B19% for R/S-ABA�[Pt(ppy)Cl2] and
B13% for R/S-MBA�[Pt(ppy)Cl2]. It is found that the F of R/S-
MBA�[Pt(ppy)Cl2] at 80 K increases significantly to B55%, over-
taking that of R/S-ABA�[Pt(ppy)Cl2] (B34% at 80 K). Then, the
temperature-dependent PL spectra were measured, and the spectra
became sharper as the temperature decreased (Fig. S19, ESI†).

Fig. 3 Spin–lattice relaxation lifetime and atomic displacements of R-
ABA�[Pt(ppy)Cl2] and R-MBA�[Pt(ppy)Cl2]. (a) and (b) Diagrams of the chiral
center atom (Ca) and the terminal methyl carbon (Cb) of the cations, and
the fitting of relaxation rates for (a) R-ABA�[Pt(ppy)Cl2] and (b) R-MBA�
[Pt(ppy)Cl2]. (c) and (d) Atomic displacements of the Pt, Cl, N and C atoms
for R-ABA�[Pt(ppy)Cl2] and R-MBA�[Pt(ppy)Cl2] (c) and S-ABA�[Pt(ppy)Cl2]
and S-MBA�[Pt(ppy)Cl2] (d) crystals from SCXRD at 298 K.

Fig. 4 Photophysical properties of R/S-ABA�[Pt(ppy)Cl2] and R/S-MBA�
[Pt(ppy)Cl2]. (a), (b) UV/Vis diffuse reflectance and emission spectra (lex =
397 nm) of R/S-ABA�[Pt(ppy)Cl2] (a) and R/S-MBA�[Pt(ppy)Cl2] (b) powders.
(c) CIE chromaticity diagram for the emission spectra of the R-ABA�
[Pt(ppy)Cl2] and R-MBA�[Pt(ppy)Cl2] powders (lex = 397 nm) at room
temperature. (d) Photoluminescence decay spectra for R-ABA�
[Pt(ppy)Cl2] and R-MBA�[Pt(ppy)Cl2] at room temperature.
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The strengthened emission of the first vibrational satellite band
(dashed line, 492 nm in R-ABA�[Pt(ppy)Cl2] and 506 nm in R-MBA�
[Pt(ppy)Cl2]) at 80 K indicates the suppressed nonradiative transi-
tion (Fig. 5(a) and (b)).

Combined with the corresponding phosphorescence life-
times, the radiative and nonradiative rate constants (kr and knr)
can be obtained. It is worth noting that the kr values of R/S-ABA�
[Pt(ppy)Cl2] and R/S-MBA�[Pt(ppy)Cl2] are similar at both room
temperature and low temperature (4105 s�1), suggesting that
the enhancement of F at 80 K is due to the decrease of knr

(Table 1), which might result from the suppression of excited
state vibrational relaxation. Thus, we calculated the reorganiza-
tion energy (lT1-S0

) to quantify the structural deformation
between the lowest triplet excited state (T1) state and the ground
state (S0). As shown in Fig. 5(c) and (d), the intrinsic lT1-S0

is

0.38 eV for R-ABA�[Pt(ppy)Cl2] and 0.29 eV for R-MBA�[Pt(ppy)Cl2],
and the main structural distortions all originated from the
vibrations of the ppy ligand. The smaller lT1-S0

of R-MBA�
[Pt(ppy)Cl2] indicates its better intrinsic structural rigidity with-
out the disturbance of temperature. The nonradiative transition
of R-MBA�[Pt(ppy)Cl2] shows a sensitive dependence on tempera-
ture, which might be due to its loose molecular packing in the
crystal, which provides space for structural relaxation (Fig. 2 and
Fig. S2, S3, ESI†).

The chiroptical properties, such as circular dichroism (CD)
and circularly polarized phosphorescence, were then investi-
gated using both experimental measurements and theoretical
calculations. As shown in Fig. 6, both R/S-ABA�[Pt(ppy)Cl2] and
R/S-MBA�[Pt(ppy)Cl2] showed perfectly mirrored symmetrical
CD spectra together with clear Cotton effects at 328/407 and
335/401 nm, respectively.52 The experimental and simulated CD
spectra are in good agreement. The absorption dissymmetry
factors (gabs) were also calculated and are shown in Fig. 6(e) and
(f). The maximum gabs of R/S-ABA�[Pt(ppy)Cl2] and R/S-MBA�
[Pt(ppy)Cl2] are +1.1/�1.1 � 10�4 and +1.6/�2.0 � 10�3, respec-
tively. Therefore, it is confirmed that the chirality is successfully
transferred to the luminescence center of [Pt(ppy)Cl2]� by the
chiral cations, and that R/S-MBA�[Pt(ppy)Cl2] present stronger
chiroptical properties than R/S-ABA�[Pt(ppy)Cl2]. In addition to
the more stable and pronounced chiral stacking mentioned
previously, we further measured the CD spectra of the chiral
cations R/S-ABA�Cl and R/S-MBA�Cl. The molar ellipticity is

Table 1 Summary of the photophysical parameters of the Pt(II) complexes

T [K] lmax [nm] ta [ms] F [%] kr
b [s�1] knr

c [s�1]

R-ABA�[Pt(ppy)Cl2] RT 521 0.56 19.9 3.55 � 105 1.43 � 106

80 497 2.84 34.1 1.20 � 105 2.30 � 105

S-ABA�[Pt(ppy)Cl2] RT 520 0.57 19.6 3.44 � 105 1.41 � 106

80 497 2.47 35.9 2.22 � 105 1.80 � 105

R-MBA�
[Pt(ppy)Cl2]

RT 522 0.26 13.3 5.12 � 105 3.33 � 106

80 509 1.38 57.7 5.00 � 105 2.25 � 105

S-MBA�[Pt(ppy)Cl2] RT 523 0.30 13.2 4.40 � 105 2.89 � 106

80 509 1.17 54.8 4.68 � 105 3.86 � 105

a Emission at lmax. b Radiative rate constant, kr = F/t. c Nonradiative
rate constant, knr = kr(1 � F)/F.

Fig. 5 Temperature-dependent pseudocolor map of the emission spectra and reorganization energy for chiral Pt(II) complexes. (a), (b) Temperature-
dependent pseudocolor map of emission spectra and reorganization energy for chiral Pt(II) complexes. Temperature-dependent pseudocolor map of the
emission spectra of (a) R-ABA�[Pt(ppy)Cl2] and R-MBA�[Pt(ppy)Cl2] (b). (c), (d) The calculated reorganization energies (lT1-S0

) between the S0 and T1 states
for R-ABA�[Pt(ppy)Cl2] (c) and R-MBA�[Pt(ppy)Cl2] (d); the shift vectors for the normal modes with the top three largest reorganization energies are
inserted.
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78.4 deg cm2 dmol�1 for R/S-ABA�Cl and 94.4 deg cm2 dmol�1

for R/S-MBA�Cl. This intrinsic stronger circular dichroism of R/
S-MBA�Cl may enable the induced R/S-MBA�[Pt(ppy)Cl2] complexes
to exhibit stronger CD and gabs (Fig. S20, ESI†). Furthermore, gabs

can be theoretically calculated based on eqn (1),53,54

gabs ¼
4 mej j mmj j cos y

mej j2þ mmj j2
(1)

in which me and mm are the electric and magnetic transition dipole
moment vectors, and y is the angle between these two vectors.
When the vectors me and mm are equal in length and oriented in
either the parallel or antiparallel direction (to maximize |cosy|),
the absolute value of gabs can reach the maximum value of 2.
However, the magnitude of mm is typically far smaller than that of
me in most chiral molecules, so eqn (1) can be simplified as eqn (2):

gabs �
4 mmj j cos y

mej j
(2)

Thus, the simplified |mm|/|me| is always used to quantita-
tively compare the values of gabs. The electric and magnetic
dipole moment vectors for the main CD peaks at around 325–
335 nm and 400–410 nm are shown in Fig. 6(e) and (f); the

values of |mm|/|me| and |cos y| of R-MBA�[Pt(ppy)Cl2] are both
larger than those of R-ABA�[Pt(ppy)Cl2], thus contributing to the
larger gabs of R-MBA�[Pt(ppy)Cl2].

The CPL spectra of R/S-ABA�[Pt(ppy)Cl2] and R/S-MBA�
[Pt(ppy)Cl2] in poly(methyl methacrylate) (PMMA) were further
measured and are shown in Fig. 7. The CPL spectra of R- and S-
ABA�[Pt(ppy)Cl2], and R- and S-MBA�[Pt(ppy)Cl2] are opposite in
the entire emission region, with a glum of approximately +1.4/
�1.8 � 10�3 for R/S-ABA�[Pt(ppy)Cl2] and +4.4/�2.8 � 10�3 for
R/S-MBA�[Pt(ppy)Cl2], respectively. Just as predicted from the
stronger chiral stacking and CD characteristics, a higher glum is
expected in R/S-MBA�[Pt(ppy)Cl2]. To provide more support, the
optimized structures in the emissive T1 state were compared
(Fig. 7(e)). Generally, phosphorescent Pt(II) complexes employ
square-planar geometries.55 When they are induced by chiral
sources like MBA+ and ABA+ cations, the chromogenic
[Pt(ppy)Cl2]� presents distorted configurations and enables the
unique chiroptical properties. As shown in Fig. 7(e), the dihedral
angle between the plane of the ppy ligand (colored in blue) and
the plane determined by Pt and two Cl atoms (colored in pink)
was employed to illustrate the degree of deformation. It is found
that the averaged dihedral angles in the T1 excited state of
[Pt(ppy)Cl2]� in R-ABA�[Pt(ppy)Cl2] and R-MBA�[Pt(ppy)Cl2] are
4.501 and 8.601, respectively. Therefore, R-MBA�[Pt(ppy)Cl2] is
more influenced by the MBA+ cation and thus has more strength-
ened chiroptical characteristics in both the single crystal and S0

state (Fig. S21 and S22, ESI†). Additionally, based on the measured
F, lifetime and glum, the values of the electric transition dipole
moments (|me|) and magnetic transition dipole moments (|mm|) of
CPPL for R/S-ABA�[Pt(ppy)Cl2] and R/S-MBA�[Pt(ppy)Cl2] can be
estimated (collected in Table 2 and Table S8, ESI†). The calcula-
tion results show that the |mm| of R/S-MBA�[Pt(ppy)Cl2] (0.24/
0.14 � 10�20�erg G�1) are greater than those of R/S-ABA�
[Pt(ppy)Cl2] (0.06/0.08 � 10�20�erg G�1). The increased |mm|/|me|
leads to an enhancement of the CPL strength and larger glum of
the R/S-MBA�[Pt(ppy)Cl2].

Conclusions

In summary, a chiral cation strategy has been proposed and
employed to obtain circularly polarized phosphorescent lumi-
nescence based on Pt(II) complexes of R/S-ABA�[Pt(ppy)Cl2] and
R/S-MBA�[Pt(ppy)Cl2] through a simple one-step reaction with
high yields of up to 100%. The R/S-ABA�[Pt(ppy)Cl2] and R/S-
MBA�[Pt(ppy)Cl2] powders present excellent thermal and air
stability. As evidenced by equivalent atomic displacement
parameters and solid-state NMR measurement, R/S-MBA�
[Pt(ppy)Cl2] presents a looser packing mode than R/S-ABA�
[Pt(ppy)Cl2]; this space-allowed structural relaxation leads to
the temperature-dependent nonradiative transition of R/S-
MBA�[Pt(ppy)Cl2] despite its intrinsic smaller reorganization
energy between the S0 and T1 states. Therefore, R/S-MBA�
[Pt(ppy)Cl2] exhibits a much lower PLQY of 13.3% at room
temperature but a higher PLQY of 57.7% at 80 K. The circular
dichroism and circularly polarized phosphorescence spectra of

Fig. 6 Chiroptical properties and transition dipole moment analysis.
(a), (c) Measured (solid lines) and simulated (dotted lines) CD spectra
of R/S-ABA�[Pt(ppy)Cl2] (a) and R/S-MBA�[Pt(ppy)Cl2] (c). (b), (d) The corres-
ponding measured gabs spectra of R/S-ABA�[Pt(ppy)Cl2] (b) and R/S-MBA�
[Pt(ppy)Cl2] (d). (e), (f) The calculated electric transition dipole moment
and magnetic transition dipole moment vector analysis of R-ABA�
[Pt(ppy)Cl2] (e) and R-MBA�[Pt(ppy)Cl2] (f) for the main CD peaks.
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R/S-ABA�[Pt(ppy)Cl2] and R/S-MBA�[Pt(ppy)Cl2] confirm that the
luminescence center of [Pt(ppy)Cl2]� is successfully induced by
the chiral cations. The gabs of R/S-ABA�[Pt(ppy)Cl2] and R/S-
MBA�[Pt(ppy)Cl2] are +1.1/�1.1 � 10�4 and +1.6/�2.0 � 10�3,
and the glum are +1.4/�1.8 � 10�3 for R/S-ABA�[Pt(ppy)Cl2] and
+4.4/�2.8 � 10�3 for R/S-MBA�[Pt(ppy)Cl2], respectively. The
stronger CD and CPL of R/S-MBA�[Pt(ppy)Cl2] are attributed to
its stronger chiral structural deformation and better matched
electric and magnetic transition dipole moments. Our work
expands the research field of circularly polarized phosphores-
cent materials and provides a new synthetic strategy to improve
their chiroptical properties.
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