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A couple of enantiomeric chiral cyclometalated platinum(II) complexes [Pt((—)-L;)(Dmpi)]CI ((-)-1) and
[Pt((+)-L)(Dmpi)]C1 ((+)-1) [(-)-L; = (-)-4,5-pinene-6"-phenyl-2,2'-bipyridine, (+)-L; = (+)-4,5-pinene-
6'-phenyl-2,2'-bipyridine), Dmpi = 2,6-dimethylphenylisocyanide] were synthesized. Two polymorphs
(Form-Y and Form-R) of complex (-)-1 have been obtained. The crystallographic studies of both forms
revealed that the emission and electronic circular dichroism (ECD) spectra of these complexes at solid
state were sensitive to intermolecular effects and molecular surrounding environments. The yellow forms
(Form-Y) of complexes (-)-1 and (+)-1 were found to undergo crystal-to-amorphous transformation
upon mechanical grinding, resulting in luminescent and chiroptical switching behaviours as evidenced by
emission and ECD spectra. The mechanochromic process can be reversed repeatedly by addition a few
drops of dichloromethane. When the counteranions CI" in 1 was replaced by trifluoromethanesulfonate
(OTf), complexes [Pt((-)-L;)(Dmpi)]OTf ((-)-2) and [Pt((+)-L;)(Dmpi)]JOTf ((+)-2) were obtained.
Complexes (—)-2 and (+)-2 showed a more pronounced luminescent switching behaviour, suggesting that
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the switching peoperties can be tuned by counteranions.

Introduction

Chiroptical molecular switches or sensors have attracted intense
attentions due to their extensive applications in high-technology
fields, such as chiroptical sensing, optical displays, and
information storage.' In most cases, the chiroptical switching
behaviours were originated from changes of molecular
conformations or intermolecular arrangements upon changing the
temperature and solvent polarity, adding acid-base, metal ions,
counter anions, or reducing/oxidizing agents, or applying external
stimuli such as electrochemical potential, and light irradiation,
and so on.?

Benefited from environmentally
interactions square-planar platinum(II)
complexes were found to form dimmer or oligomer upon external
stimuli (solvent, organic vapor, mechanical force, temperature,
etc.),”” consequently leading to interesting stimuli-responsive
phenomena (solvatochromism, vapochromism,
mechanochromism and thermochromism).® For some platinum(II)
complexes with functional ligands, dual-stimulus-responsive or
mutli-stimulus-responsive switching behaviours
observed.®™% To date, most of stimuli-responsive systems
containing platinum(Il) complexes are characterized by changes
of absorption and/or emission, an alternation of chiroptical
properties upon external stimuli (ie. chiroptical sensors) is
sparse.’

We have previously studied the vapor-induced chiroptical

sensitive metal---metal

and 7m—m contacts,
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switching phenomenon of chiral cyclometalated platinum(II)
complexes™ and the helical aggregation behaviours of aqueous
solution of an couple of enantiomeric cyclometalated platinum(II)
complexes  [Pt((—)-L)(Dmp1)]C1  ((-)-1) and  [Pt((+)-
L)Dmpi)]Cl ((+)-1) [(-)-L; = (-)-4,5-pinene-6'-phenyl-2,2'-
bipyridine, (+)-L, (+)-4,5-pinene-6'-phenyl-2,2'-bipyridine,
Dmpi = 2,6-dimethylphenylisocyanide] (Fig. 1)."° As the
extension of our previous works, we found that the molecular
environments of complexes (—)-1 and (+)-1 can be tuned not only
in solution, but also in solid state, leading to the switching of
luminescent and chiroptical properties.

Herein, we focus on the mechano-induced luminescent and
chiroptical switching of complexes (-)-1 and (+)-1. Two
polymorphs (Form-Y and Form-R) of complex (-)-1 have been
obtained. The crystallographic studies of both forms revealed that
the absorption, emission and electronic circular dichroism (ECD)
spectra of these complexes at solid state were sensitive to
intermolecular effects and molecular surrounding environments.
The yellow forms (Form-Y) of complexes (-)-1 and (+)-1 were
found to undergo color variations and crystalline-to-amorphous
transformation upon mechanical grinding. These processes could
be reversed by addition of a few drops dichloromethane. Both
luminescence and ECD spectra exhibited significantly differences
in the mechanochromic process. Moreover, we observed a more
distinct luminescent switching behaviour in complexes [Pt((-)-
L)(Dmpi)]OTf ((-)-2) and [Pt((+)-L)(Dmpi)]OTf ((+)-2) where
the counteranions was OTf instead of CI. Such features are
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intriguing and can be useful in novel chiroptical sensing
applications.

N N
X~ X~
X=Cl, (-)-1 X=CI, (-1

X=O0Tf, (-)-2 X=O0Tf, (+)-2

Fig. 1 Molecular structures of (-)-1, (+)-1, (-)-2 and (+)-2.

s Experimental
General Methods

All reagents were purchased from commercial suppliers and used
as received. Mass spectra were acquired on an LCQ Fleet ESI
Mass Spectrometer. The NMR spectra were obtained on Bruker
10 DRX-500 spectrometer. Chemical shifts are referenced to TMS.
Coupling constants are given in hertzs. UV-Vis spectra were
measured on a UV-3600 spectrophotometer. The powder XRD
patterns recorded on a Shimadzu XD-3A X-ray
diffractometer. Photoluminescence (PL) spectra were measured
15 by Hitachi F-4600 PL spectrophotometer.

were

Synthesis

According to the methods reported in our previously study,'
chiral cyclometalated complexes (—)-1 and (+)-1 were
conveniently prepared by the simple ligand metathesis reaction of

20 the corresponding cyclometalated platinum(II) chloride precursor
with 2,6-dimethylphenylisocyanide. Complexes (—)-2 and (+)-2
were obtained by replacement Cl° with OTf anion. An aqueous
solution (10 mL) of silver trifluoromethanesulfonate (0.22 mmol,
56.5 mg) was added into a 20 mL dichloromethane solution of

35 (—=)-1 (0.2 mmol, 137.4 mg). After vigorously stirring for 15
minutes, the organic phase was separated and evaporated under
vacuum. Complexes (—)-2 and (+)-2 were obtained as yellow
solid after evaporation.

CD spectra measurements

30 Solid-state  ECD spectra were recorded on a Jasco J-810
spectropolarimeter. Conditions of measurements included a
scanning speed of 100 nm-min”', a step size of 0.5 nm, a
bandwidth of 4 nm, a response time of 1 sec, standard sensitivity
setting, and an accumulation of 5 scans at room temperature. The

35 baseline was corrected by subtracting the signal of blank sample
(nujol) under the same condition. The solid-state samples were
prepared by mixing the solid samples with nujol (2 mg samples
mixed with 100 mg njuol) in highly dispersed state.”**>!" Five
samples were prepared and measured under the same conditions

40 to avoid artefacts. The solid-state UV-Vis spectra were recorded
with the same samples immediately after the corresponding ECD
measurements.
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X-ray structure determination

Single-crystal X-ray diffraction measurements were carried out

son a Bruker SMART APEX CCD based on diffractometer

operating at room temperature. Intensities were collected with
graphite monochromatized Mo Ko radiation (A = 0.71073 A)
operating at 50 kV and 30 mA, using ®/20 scan mode. The data
reduction was made with the Bruker SAINT package.'
Absorption corrections were performed using the SADABS
program.”® The structures were solved by direct methods and
refined on F2 by full-matrix least-squares using SHELXL-97 with
anisotropic displacement parameters for all non-hydrogen atoms
in all two structures. Hydrogen atoms bonded to the carbon atoms

s were placed in calculated positions and refined as riding mode,

with C-H = 0.93 A (methane) or 0.96 A (methyl) and Uiso(H) =
1.2Ueq (Cpethane) or Uiso(H) = 1.5Ueq (Cpemny)- The water
hydrogen atoms were located in the difference Fourier maps and
refined with an O-H distance restraint [0.85(1) A] and Uiso(H) =
1.5 Ueq(O). All computations were carried out using the
SHELXTL-97 program package.'* CCDC 1031034 and 1033960
contain the supplementary crystallographic data for this paper.
These data can be obtained free of charge from The Cambridge

Crystallographic Data Centre via

s www.ccde.cam.ac.uk/data_request/cif.

Results and discussion
Crystal structure

Polymorphic phenomena are frequently found in square-planar
platinum complexes the diversity
arrangement achieved by varying intermolecular Pt---Pt and/or
7—r interactions.® The platinum(Il) complexes (-)-1 and (+)-1
were prepared according to our latest studies, and their solution
absorption, emission as well as chiroptical properties have been
investigated.'® Notably, two polymorphisms (Form-Y and Form-

due to in molecular

s R) of complex (-)-1 can be obtained by applying different

recrystallizing conditions (Fig. 2). Yellow needles (Form-Y) of
complex (—)-1 were grown slowly in acetonitrile/dichloromethane
(v/v =1:1) solution at room temperature,10 while red rods (Form-
R) were obtained by diffusion of diethyl ether into the
concentrated methanol solution at room temperature. The Form-
Y of (-)-1 crystallizes in P2, space group of monoclinic system,'”
while Form-R resides in P3,21 space group of trigonal system
(Table S1, ESIt). The asymmetrical unit of (-)-1-Form-Y
contains two separated molecules which are aligned parallelly in
head-to-head mode, however, only one molecule is included in
Form-R (Fig. 2). The simulated XRD patterns from single crystal
structures are in good agreement with the experimental ones,
manifesting the phase purity (Fig. 3).

The bond distances and bond angles in different forms of (-)-1
are almost the same (Table S2, ESI{) and comparable with
similar Pt(CANAN)(Dmpi) derivatives reported previously.'® For
both forms of (-)-1, Pt—C bond lengths range from 1.86 to 2.09
A, and Pt—N bond lengths are in the range 1.88-2.14 A. In Form-
Y, the N1-Pt1-C2 (177.69°), N3-Pt2-C4 (178.13°) angles are
close to 180°. However, owing to the chelate ring strain when
bonding terdentately, C1-Pt1-N2 (160.09°) and C3-Pt2-N4
(161.24°) “trans angles” of the Form-Y deviate substantially
from linearity. Similar bond angles, i.e., N1-Pt1-C2 (175.28°)
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and C1-Pt1-N2 (162.30°) are observed in Form-R. The rings of Y are further slip-stacked in head-to-head mode along the a-axis
2,6-dimethylphenyl isocyanide are almost coplanar with the 20 with Pt---Pt distances being 3.811 and 4.129 A (35 A),

Pt(CAN”N) unit, with the dihedral angles between the two planes indicating that no effective Pt--Pt interactions are involved.
being 2.93°, 3.94° in Form-Y, and 3.29° in Form-R. Although the molecules of Form-Y are aligned in a zig-zag style
5 with absence of Pt---Pt interactions, distinct 7—x contact (3.381 A)

of aromatic ring of 2,6-dimethylphenylisocyanide is present along

»s the a-axis (Fig. S1, ESIt).'® Moreover, effective C—H---x as well
as C-H:--H-C interactions are observed in Form-Y (Fig. S1,
ESIt)."” However, the adjacent molecules in Form-R adopt a

staggered packing mode along the c-axis which favours the

formation of effective Pt---Pt stacking, The Pt---Pt distances are

0 3.397 (<3.5 A) and 3.808 A (Fig. 4), suggesting that substantial
Pt---Pt interaction are involved.'® In addition, the dimer structures

of Form-R are connected by C-H:-x and C-H:--H-C
interactions (Fig. S2, ESIT).l7 Along the c-axis, one molecule of

UV light
@ Form-R rotates 35.65° relative to the adjacent one (Fig. 4).
-~ (¥
e/
y ) )
a B Y V=) 5 L Py
\
Ambient light g %ﬂ 3’
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ﬁ%«%‘w@'ﬁ“
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3 811
(©)
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Fig. 2 (a) Photographs of polymorph (—)-1-Form-Y under ambient and “w (e — <)
ultraviolet (UV, 365 nm). (b) ORTEP plot of (-)-1-Form-Y. (c) —
Photographs of polymorph (-)-1-Form-R under ambient and ultraviolet (a) <
10 (UV, 365 nm). (d) ORTEP plot of (-)-1-Form-R. The thermal ellipsoids %
are drawn at 30% probability (Hydrogen atoms, solvent molecules and b - 7’
anions are omitted for clarity). a/ ot . i s
! LTRS¢
Exp. of Form-Y-crystallites Cal. of Form-Y-crystallites 3.397

1
Exp. of Form-R-crystallites Cal. of Form-R-crystallites : t
—— Amorphous solid Amorphous solid treated with CH,Cl, ¢ s/ 3

lLA A A AR AN,
3
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Fig. 4 (a) Crystal packing diagram of (-)-1-Form-Y depicting the Pt---Pt
A s -~ distances. (b) Crystal packing diagram of (-)-1-Form-R depicting the
A Pt---Pt distances (Hydrogen atoms, solvent molecules and anions are
|| 40 omitted for clarity)
1'0 ) 2'0 ) 3,'0 ) 4'0 ) 50 Green-yellow crystals of complex (—)-2 were obtained by
20 recrystallization in acetonitrile/dichloromethane. Complex (-)-2
Fig. 3 Simulated and experimental XRD patterns of (-)-1 with different crystallizes in P1 space group of triclinic system (Table S1, ESIY).
15 forms  (Form-Y and Form-R) as well as in the reversible Two separated molecules are presented in the asymmetric unit
mf:chgnochromic process (Amorphous solid: crystallites of Form-Y after (Fig. S3, ESIY). The plane of 2.6-dimethylphenyl isocyanide is
grinding for tens of seconds). also coplanar with the Pt(CAN~N) unit. As shown in Table S2,

As shown in Fig. 4, the planar platinum(Il) moieties of Form- the relative bond lengths and angles are analogous to these in

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00-00 | 3
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both forms of complex (-)-1. However, the molecular
arrangement of (—)-2 differs distinctly with those of (-)-1 in both
forms. By applying a slipped stacking mode, the molecules of
(-)-2 are aligned into one-dimensional head-to-tail chain along
the a-axis (Fig. S4, ESIt). The Pt---Pt distances of neighboring
molecules are 4.606 A and 5.388 A (>3.5 A), indicating that
effective intermolecular Pt---Pt interactions are non-existent in the
green-yellow crystallites of complex (—)-2. The molecules in the
a-axis are connected through Pt—z, 7—z and C-H: .-z interactions
(Fig. S5, ESI¥). The experimental XRD pattern of complex (—)-2
is examined as well, which is in line with the simulated one of
single crystal structure (Fig. S6, ESIT).

Spectroscopic properties

Luminescent properties of two polymorphisms of complex (-)-1
as well as green-yellow crystals of complex (—)-2 have been
investigated. The emission spectrum of crystallites of (—)-1-
Form-Y is shown in Fig. 5. The crystallites of Form-Y show
orange luminescence under UV radiation (Fig. 2), with a
maximum wavelength at 562 nm, a shoulder peak at 529 nm, and
a broad band between 600 and 800 nm. At 77 K, the emission
spectrum of crystalline solids of Form-Y turns to be more
structured with maximum wavelength at 540 nm (Fig. 5). The
emission excited state of (-)-1-Form-Y can be designated as
*MLCT mixed with *LLCT.**!*!* Under UV radiation at 365 nm,
the crystallites of Form-R present red luminescence (Fig. 2). The
emission spectrum at room temperature displays a broad and
featureless band with maximum wavelength at 646 nm (Fig. 5). It
is well known that different molecular arrangements for two
polymorphisms will result in different natures of frontier orbitals
and excitation states, leading to dissimilar emission performances.
As illustrated in the crystal packing structures (Fig. 4), distinct
Pt---Pt interactions are present in Form-R. The HOMO orbital
will be dominated by the metal orbital (MM), therefore the
emission excited state are originated from *MMLCT." At 77 K,
the emission band of Form-R becomes narrow and the maximum
wavelength is red-shifted to 658 nm. The features are
characteristics for "MMLCT.'>!® Emission spectra of (+)-1 with
different solid-state forms are identical with the ones of (—)-1 (Fig.

S7, ESIT).

Crystallites of Form-Y
——— Amorphous solid
— Amorphous solid treated with CH,Cl,

Crystallites of Form-R

ury
o
1

Normalized Intensity
o
3
1

Wavelength/nm

Fig. 5 Emission spectra of (-)-1 with different solid-state forms as well as
in the reversible mechanochromic process at room temperature (solid line)
and 77 K (dash line) (Amorphous solid: crystallites of Form-Y after
grinding for tens of seconds; Aex = 450 nm).

45

50

55

60

85

At room temperature, crystallites of complex (-)-2 emit
brightly green-yellow light under UV radiation, and a structured
emission profile is observed (A, at 557 nm and a shoulder at
523 nm) (Fig. 6), which is ascribed to a mixed excited state of
SMLCT and *LLCT.*'®!S When the temperature was lowered
from room temperature to 77 K, the emission intensity at 557 nm
decreased while the one at 523 nm increased dramatically. The
sideband at 523 nm evolved into a dominant emission at 77 K.
Such changes are due to the different equilibrium geometries of
the ground and excited state at different temperatures, which
leads to different favorable vibrational modes of the electron
transition and therefore different shapes of the emission spectra.”’
The solid emission spectrum of complex (+)-2 is identical with
the one of (-)-2 (Fig. S8, ESIT).

—— Crystallites

—— Amorphous solid

—— Amorphous solid treated with CH,Cl,
> 1.0+ )
= r
2 1o
2 ! o
S \ ! \
2 \ ' \
S ' \
'S 0.5- ! \
: C A\
=) \
4 : \ ! \

\
VL ,\“\ \
2 ~ N
0.0 : == -
500 600 700 800
Wavelength/nm

Fig. 6 Emission spectra of green-yellow crystals of (—)-2 as well as in the
reversible mechanochromic process at room temperature (solid line) and
77 K (dash line) (Amorphous solid: crystallites of (—)-2 after grinding for
tens of seconds; Aex = 450 nm).

Different molecular stackings and molecular surrounding

s environments not only induced distinct emissions but also variant

chiroptical properties.”’ In the ECD spectrum of crystallites of
(-)-1-Form-Y (Fig. 7), two intense positive Cotton effects (310
and 370 nm) and three moderate negative bands (247, 273 and
415 nm) are observed. However, the solid-state ECD spectrum of
(-)-1-Form-R differs distinctly with that of (-)-1-Form-Y in
spite that their solid UV-Vis absorptions are similar. In the ECD
spectrum of (-)-1-Form-R, two broad positive Cotton effects at
308 and 403 nm are presented. In addition, an extremely weak
negative Cotton effect at 498 nm can be distinguished. For green-
yellow crystallites of complex (—)-2, one intensely positive
Cotton effect at 393 nm is presented, and a series of weak Cotton
effects can be detected in the range of 200-350 nm (Fig. 8). To
check whether any artefacts were introduced into the spectra,
both solid-state forms of (+)-1 and crystallites of (+)-2 were
measured under the same condition. Mirror image of ECD spectra
were obtained for (+)-1 and (+)-2 (Fig. 7 and Fig. 8).

Molecular arrangements and intermolecular interactions play a
significant role in the solid-state ECD. Such kind of surrounding
effects have been observed before,?! and different intermolecular
interactions (hydrogen bonds, aromatic z—z stacking, C-H:--&
contact and C-H:--H-C interaction) are reported to have
significant influence on the ECD spectra.”* Although the isolated
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molecular structures of (—)-1-Form-Y, (-)-1-Form-R as well as
complex (—)-2 are similar with each other, significantly different
molecular packing patterns as well as intermolecular interactions
(Pt---Pt stacking, =—z contact, C—H:--7, C—H:--H-C interaction)

s are exhibited (Fig. S1, S2 and S5, ESI¥). The different molecular
environments would induce distinct intermolecular exciton
couplings (associated with projection angle and distance between
dipole moments of neighboring chromophores)® and result in
dramatically different ECD spectra. Therefore, the distinct change

10in solid ECD spectra should be mainly originated from the
different molecular arrangements and intermolecular interactions
instead of the different molecular conformations.*!

0.4
—— Crystallites of (-)-1-Form-Y
. —— Crystallites of (+)-1-Form-Y
£ 024 ystalli (+)
0.0 —— t15
F10 &0
AL AN 5T
W W\_,W‘-’—;' 05 E
L-10®
0.4 [-15
—— Crystallites of (-)-1-Form-R
—— Crystallites of (+)-1-Form-R
2 0.2
0.0 15
—_— 10
e 5 éﬂ
—_—— e .._g_.,: ?5 E
E-10®
0.4 -15
- Amorphous solid of (-)-1
. —— Amorphous solid of (+)-1
2 0.2
<
0.0 10
. L5 o0
b=}
s —— SR I
L.5 @
T T T '1 0
200 300 400 500 600

Wavelength/nm

Fig. 7 Solid state UV-Vis and ECD spectra of (-)-1 and (+)-1 with
15 different solid-state forms (Amorphous solid: crystallites of Form-Y after
grinding for tens of seconds).

0.4
—— Crystallites of (-)-2
—— Crystallites of (+)-2
£ 0.2
<«
0.0 20

- F15

F10 o0

/7O§A/\——\_’____-5 %

TN o £

O{,._A/\.a\_/ \/"' = I 2
E-10

—— Amorphous solid of (-)-2
—— Amorphous solid of (+)-2

-—

2 0.2
0.0 15
— 10
F5 0
m:y}.,_.m e ] %
¢ e i g
F-55
|-10
T T T -15
200 300 400 500 600
Wavelength/nm

Fig. 8 Solid state UV-Vis and ECD spectra of crystallites and grinding-
induced amorphous solid of (-)-2 and (+)-2.

20 Mechano-induced luminescent and chiroptical switching

Based on the polymorphisms of complex (-)-1 produced by
various solvent medium, we envision that the morphological
diversity may be induced by other external stimulus, leading to
luminescent and chiroptical switching. Upon mechanical grinding
25 these yellow crystallites (Form-Y) of complex (—)-1 in an agate
mortar for tens of seconds, the color changes from yellow to red
while the luminescence varies from orange to red under UV light
(Fig. 9). In addition, the XRD pattern becomes broad and weak
(Fig. 3), indicating that the crystalline solids have been
30 transformed into almost amorphous aggregates. Upon treatment
the amorphous solid powders with a few drops of
dichloromethane, the orange color turns back to yellow quickly
and the intense and narrow peaks are recovered in the XRD
pattern (Fig. 3 and Fig. 9). The similar luminescent switching is
35 observed for complex (+)-1-Form-Y (Fig. S7, ESI¥).

Ambient light

Solvent,

UV light (365nm)

Fig. 9 Reversible mechanochromism of (—)-1. Yellow crystallites (Form-

Y) of (-)-1 were ground; the yellow powders and orange emission were

restored with a drop of CH,Cl,. The images were obtained under ambient
40 light and UV radiation (365 nm).

After grinding in an agate mortar, amorphous powders of (—)-1
display a broad and structureless emission band centered at 654
nm, which is similar to the emission profile of (-)-1-Form-R.
With reference to previous mechanical-grinding-triggered

ss luminescence switches about platinum(II) complexes,* © it is
assumed that the low energy emission of amorphous phase comes
from *MMLCT. For amorphous phase, the shape of the low
energy emission band becomes narrow while the emission

This journal is © The Royal Society of Chemistry [year]
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maximum is red-shifted from 654 to 677 nm, which are also
typical features of "MMLCT excited states.'> ' When a few drops
of dichloromethane was added to the amorphous sample, the
emission spectrum can be changed back to the same band of the
original crystalline state (Fig. 5).

Moreover, the solid-state ECD spectra of crystalline solids
(Form-Y) and amorphous powders are significantly different
although their solid-state absorptions are similar. In the ECD
spectrum of crystallites of (—)-1-Form-Y, distinct Cotton effects
are distinguished. However, the amorphous phase of (-)-1 is
almost ECD silent, and only three peaks (positive: 290 and 485
nm; negative: 417 nm) with extremely weak intensity can be
observed. Mirror images of solid ECD spectra were obtained for
(+)-1 in the amorphous state (Fig. 7).

Mechanical grinding not only results in square-planar
platinum(II) moieties to be packed in close proximity to form a
dimmer or an aggregate through Pt---Pt and/or 7—z contacts, but
also induces the molecular arrangement changes from a well-
defined ordered crystalline state to a disordered amorphous
phase.®™ * Such mechanical-grinding-triggered crystalline-to—
amorphous phase transition has been reported previously.
Therefore, it is proposed that, upon mechanical grinding, ordered
crystalline arrangements of molecules of (—)-1-Form-Y have
been destroyed, while the disordered aggregates with effective
Pt---Pt interactions were formed in the amorphous phase, leading
to a much smaller HOMO-LUMO gap and an extremely
weakened chiral environment, as verified by XRD, emission and
ECD spectra. Upon treating with a few drops of dichloromethane,
the amorphous phase can be reverted to a well-organized

30 crystalline state rapidly.

As exhibited in the Fig. 10, the reversible process of mechano-
induced luminescence (monitored at maximum emission intensity)
and ECD switching (monitored at 370 nm) of (—)-1-Form-Y has
been repeated for multiple cycles without distinct chemical
degradation.

6604

PL wavelength/ nm
6/mdeg

T T T T T , - T T T
1 2 - 3 4 5 1 2 3 4 5
Cycle numbers Cycle numbers

Fig. 10 Reversible process of mechano-induced luminescence (left)
(monitored at maximum emission intensity) and ECD (right) (monitored
at 370 nm) switching, beginning with crystallites of (-)-1-Form-Y.

We have also performed the mechanical grinding for Form-R.
Similar to Form-Y, the crystallinity and chiroptical signals of
crystallites of Form-R were decreased after grinding owing to
crystal-to-amorphous
However, a luminescent switching was not observed and the
emission bands remained unchanged. This phenomenon can be
rationalized by the different Pt---Pt interaction presented in the
crystallites of Form-Y and Form-R. For Form-Y, no effective
Pt---Pt interactions are involved. Mechanical grinding triggers the
crystalline-to—amorphous phase transition and results in the
formation of dimmers or aggregates through Pt---Pt and/or 7—=
contacts, the therefore lowers the emission energy. However, for

and order-to-disorder transformation.

2

85

Form-R, short Pt---Pt distances have already been presented in
the crystalline state. Mechanical grinding will not significantly
reduce the Pt--Pt distances and lower the emission energy.

s Therefore, we have not observed the mechano-induced
luminescent switching behavior for Form-R.
To gain insight into the role of counteranions in

mechanochromism, the grinding experiment of green-yellow
crystallites of complex (-)-2 was further examined. When the
crystallites of (—)-2 are grinded in the mortar, the color changes
from green-yellow to orange and luminescence changes from
green-yellow to red (Fig. 11). Simultaneously, the crystallinity
decreases dramatically owing to grind-induced crystal-to-
amorphous transformation (Fig. S6, ESIf). A broad and

s structureless emission band ranging from 500 to 850 nm is

observed at room temperature, which becomes narrow at 77 K
(Fig. 6) and can be attributed to SMMLCT excited state.'> !° The
maximum emission wavelength (1,,x at 624 nm) of grinding
powders of complex (—)-2 is blue-shifted with relative to the
grinding ones of (-)-1-Form-Y, owing to the bulkier
counteranion OTf which blocks intermolecular interactions.”® %
The identical luminescent conversion is found for complex (+)-2
(Fig. S8, ESIf). Similar to the mechanochromism of (-)-1-Form-
Y, the ECD signals of complex (—)-2 are significantly weakened
after grinding (Fig. 8) due to ordered-to-disorder conversion of
molecular arrangement, and only very weak positive signals at
302, 487 nm as well as a negative Cotton effect 427 can be
detected. The original crystal state of (—)-2 can be restored by
treating the amorphous powders with a few drops
dichloromethane, as reflected by the switches of XRD pattern and
luminescence (Fig. 6 and 11; Fig. S6, ESIY).

It is noteworthy that the mechano-induced luminescent
switching behavior for (—)-2 is more distinct as compared to (—)-
1-Form-Y. This difference can be correlated to their crystal
structures. In (—)-1-Form-Y, molecules are packed more closely
in comparison with complex (-)-2, as evidenced by the shorter
Pt---Pt distances (3.811 and 4.129 A for (-)-1-Form-Y; 4.606 and
5.388 A for (—)-2) and other intermolecular contacts (Fig. 4; Fig.
S1, S4 and S5, ESIf). Accordingly, the crystallites of (—)-1-
Form-Y and (-)-2 before grinding show significantly different
emissions.  Such  counteranion-dependent  emissions  of
platinum(Il) complexes have been reported previously.*> 7® 7¢
After grinding, the maximum emission wavelength of amorphous
powders of complex (—)-2 is blue-shifted with relative to that of
(-)-1-Form-Y due to the weaker Pt---Pt interaction separated by
bigger OTf ion. As a result, the mechano-induced luminescent
switching behavior can be modulated by the counteranions.

Ambient light

Grind

Solvent,
—> ooy

UV light (365nm)

Fig. 11 Reversible mechanochromism of (-)-2. Green-yellow crystallites
of (—)-2 were ground; the green-yellow powders and green-yellow
emission were restored with a drop of CH,Cl,. The images were obtained
under ambient light and UV radiation (365 nm).
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Conclusions

A couple of cationic cyclometalated platinum(Il) complexes
containing pinene functionalized chiral CAN”N ligands have been
prepared. Two polymorphs (Form-Y and Form-R) of (-)-1 with
distinct packing modes were isolated, and both of solid forms
displayed different luminescent and ECD spectra. Interestingly,
the crystallites of (-)-1-Form-Y exhibited intriguing
mechanochromism and mechano-induced crystal-to-amorphous
transformation, accompanied by significant change
luminescent and chiroptical properties. When the counteranions
CI” was replaced by by bulkier trifluoromethanesulfonate (OTf),
a more pronounced luminescent and chiroptical switch was

in

obtained. These changes are attributed to formation of effective
Pt---Pt stackings and disordered molecular aggregates in the
amorphous solids. The mechanochromic process can be reversed
repeatedly by addition a few drops of dichloromethane. Moreover,
mechano-responsive as well as reversion processes are very fast
(within tens of seconds). Such a mechano-sensitive chiral
complex may lead to useful applications as mechano-induced
emission devices and solid-state chiral sensors.
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Graphic Abstract

Chiral cyclometalated platinum(II) complexes exhibited interesting mechano-induced luminescent and chiroptical switching properties,
s and the mechanochromic performance can be tuned by changing the counteranions.
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