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arge-transfer properties of chiral
Pt(II) complex and TCNQc� anion adducts†

Xiao-Peng Zhang, * Li-Li Wang, Da-Shuai Zhang, Xiao-Wei Qi, Zai-Feng Shi*
and Qiang Lin

A new pair of adducts comprising one chiral Pt(II) complex cation, [Pt((�)-L1)(Dmpi)]+ ((�)-1) or [Pt((+)-

L1)(Dmpi)]+ ((+)-1) [(�)-L1 ¼ (�)-4,5-pinene-60-phenyl-2,20-bipyridine, (+)-L1 ¼ (+)-4,5-pinene-60-
phenyl-2,20-bipyridine, Dmpi ¼ 2,6-dimethylphenylisocyanide], together with one TCNQc� anion have

been obtained, and the structures have been confirmed via single-crystal X-ray crystallography and

infrared (IR) spectroscopy. The chiral Pt(II) cation and TCNQc� anion are dissociated in MeOH solution,

while charge transfer adducts are formed in H2O solution, leading to perturbation of the electronic

structure and alteration of the chiral environment, as evidenced by the differences in the UV-vis

absorption and electronic circular dichroism spectra. The solvent-tuned charge-transfer properties also

have been validated through emission and resonance light scattering spectra. The interesting findings

may have potential applications in the development of black absorbers and wide band gap semiconductors.
1. Introduction

Square-planar platinum(II) complexes have been the subject of
intensive research due to their great potential in the exploration
of novel molecular materials and advanced electronic devices.1–6

Under special environmental stimuli, square-planar molecules
are expected to form supramolecular aggregates through
extended *intermolecular interactions, e.g. Pt/Pt and p–p

contacts.7–14 In most cases, variances in color, luminescence,
viscosity and morphology accompany stimuli–responsive
processes, with aggregates showing intriguing solvatochrom-
ism,15,16 vapochromism,17–19 mechanochromism20–22 and ther-
mochromism23. With regards to solvatochromism, the
assembled structures can be tuned through the solvent
composition, and remarkable changes in UV-vis absorption and
emission characteristics can be induced through the variation
of solvents.24 Additionally, helical assemblies of Pt(II) complexes
can be formed in solution with the introduction of optically
pure groups, correspondingly leading to interesting on–off
switching of chiral signals.25–30 It is suggested that these above-
mentioned stimuli-induced switches can be harnessed to
develop versatile sensors to detect subtle environmental
changes.31–34
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7,7,8,8-Tetracyanoquinodimethane (TCNQ) has been widely
investigated as a good electron acceptor due to its high electron
affinity. As a classical example, TCNQ can form a charge transfer
(CT) complex with an electron acceptor, showing unique con-
ducting and magnetic properties with high charge density.35–37

More importantly, the open shell electron radical TCNQc�

anion can be readily formed through one electron reduction,
and versatile CT complexes can be assembled via the combi-
nation of TCNQc� with a large number of cations (metal ions,
organic cations and organometallic complexes).38–42 Compared
to TCNQ, these CT materials based on TCNQc� are endowed
with higher conductivity, even superconductivity, due to a low
band gap, offering promise for the development of the semi-
conductor industry.38,39,43 Moreover, ion-, vapor-, mechano-, and
photo-induced multi-dimensional switches have been reported,
and different conformations, alternating stackings and inter-
molecular CT capabilities can be modulated under specic
stimuli.44–46

In general, the TCNQc� anion interacts with other cations to
form CT adducts through p–p and hydrogen-bonding interac-
tions; CT adducts containing Pt(II) complexes and TCNQc�

would be of special interest because effective Pt–p contacts may
be found, therefore leading to more interesting spectroscopic,
magnetic and conductive properties.47 Due to intensive charge
transfer interactions between Pt(II) complexes and TCNQc�,
their adducts exhibit continuous UV-vis-NIR absorptions span-
ning ca. 200–1500 nm, and the lowest energy absorption is
a characteristic band from a donor/acceptor charge transfer
transition that is absent in the absorption spectra of dissociated
molecules of the donor or acceptor.47 Given their strong
absorptions across the visible–NIR region, these adducts can
This journal is © The Royal Society of Chemistry 2018
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serve as competitive candidates for black body absorbers,
opening up potential applications in wide band gap semi-
conductors and solar cells.48

In previous work, we have investigated vapor-, solvent-,
mechano-, redox- and temperature-induced structural and
spectroscopic switches involving chiral square-planar Pt(II)
complexes.49–54 Among the Pt(II) complexes reported by us, the
cationic complexes [Pt((�)-L1)(Dmpi)]+ ((�)-1) and [Pt((+)-
L1)(Dmpi)]+ ((+)-1), [(�)-L1 ¼ (�)-4,5-pinene-60-phenyl-2,20-
bipyridine, (+)-L1 ¼ (+)-4,5-pinene-60-phenyl-2,20-bipyridine,
Dmpi ¼ 2,6-dimethylphenylisocyanide] have good solubility in
both MeOH and H2O solution, and show distinct aggregate
behavior in different solvents.50 In addition, through varying the
counteranions, more pronounced mechanochromic lumines-
cence can be induced.51 In view of the above-mentioned inter-
esting phenomena with respect to the (�)-1 and (+)-1 cations, we
envisage that replacing the “spectroscopically innocent” Cl�

counterions with the stable organic radical TCNQc� would give
versatile CT behavior in different solvents. Therefore, as an
extension of previous work, a pair of chiral CT complexes, (�)-1-
TCNQ and (+)-1-TCNQ, have been facilely prepared (Chart 1),
and the structures of the adducts have been conrmed via X-ray
analysis. Solvent-induced variances in absorption, lumines-
cence and chiral spectra have been thoroughly investigated.
2. Experimental section
2.1 General methods

All reagents were purchased from commercial suppliers and
used as received. The IR spectra were recorded using a Thermo
Scientic Nicolet 6700 Fourier transform infrared spectrometer
as KBr pellets. UV-vis spectra were recorded on a UV-3600
spectrophotometer. The powder XRD patterns were recorded
on a Shimadzu XD-3A X-ray diffractometer. Elemental analysis
was performed on a Perkin-Elmer 240C analyzer. EPR spectra
were obtained using an EMX-10/12 electron paramagnetic
resonance spectrometer. Photoluminescence (PL) spectra were
recorded using a Hitachi F-4600 PL spectrophotometer (lex ¼
420 nm). The resonance light scattering (RLS) spectra were
obtained through synchronously scanning the excitation and
emission monochromators (namely, Dl ¼ 0.0 nm) of a Hitachi
F-4600 uorescence spectrophotometer over the wavelength
region from 300 to 820 nm (using a 10 mm quartz cell for
a concentration of 10�5 mol L�1). The electronic circular
dichroism (ECD) spectra in MeOH and H2O solutions were
recorded on a Jasco J-810 spectropolarimeter (using a 10 mm
quartz cell for a concentration of 5 � 10�5 mol L�1).
Chart 1 The molecular structures of the CT complexes (�)-1-TCNQ
and (+)-1-TCNQ.

This journal is © The Royal Society of Chemistry 2018
2.2 Synthesis

According to the previous method,50,51 the cationic complexes
(�)-1 and (+)-1 were prepared via a simple ligand metathesis
reaction between the corresponding cyclometalated plati-
num(II) chloride precursor and 2,6-dimethylphenylisocyanide.
The preparation of solid powders of (�)-1-TCNQ and (+)-1-
TCNQ was achieved via the slow interfacial diffusion of equal
amounts of (�)-1/(+)-1 and LiTCNQ in MeOH or H2O solution at
278 K. The solution of LiTCNQ was placed at the bottom of
a tube, and the corresponding solution of (�)-1/(+)-1 was placed
at the top of the tube. The solids were obtained via ltration. IR
(KBr, cm�1): 716, 733, 749, 766, 815, 823, 835, 985, 1174, 1280,
1324, 1360, 1430, 1470, 1501, 1570, 1603, 2174, 2928, and 3438
(broad). Anal. calcd for C44H34N7Pt ((�)-1-TCNQ): C, 61.75; H,
4.00; N, 11.46%. Found: C, 61.78; H, 4.02; N, 11.45%.
2.3 X-ray structure determination

Single-crystal X-ray diffraction measurements were carried out
on a Bruker SMART APEX CCD based on a diffractometer
operating at room temperature. Intensities were collected with
graphite monochromatized Mo Ka radiation (l ¼ 0.71073 Å),
operating at 50 kV and 30 mA, and using the u/2q scan mode.
Data reduction was made with the Bruker SAINT package.55

Absorption corrections were performed using the SADABS
program.56 The structures were solved by direct methods and
rened based on F2, via full-matrix least-squares, using
SHELXL-97 with anisotropic displacement parameters for all
non-hydrogen atoms in both structures. Hydrogen atoms
bonded to carbon atoms were placed in calculated positions
and rened in riding mode, with C–H ¼ 0.93 Å (methane) or
0.96 Å (methyl), and Uiso(H) ¼ 1.2Ueq (Cmethane) or Uiso(H) ¼
1.5Ueq (Cmethyl). The H2O hydrogen atoms were located in the
difference Fourier maps and rened with an O–H distance
restraint [0.85(1) Å] and Uiso(H) ¼ 1.5 Ueq(O). All computations
were carried out using the SHELXTL-97 program package.57

CCDC 1823177 contains the supplementary crystallographic
data for this paper.
3. Results and discussion
3.1 Synthesis and characterization

Adduct solids with different morphologies were prepared
through slow diffusion at the interface of (�)-1/(+)-1 and
LiTCNQ solutions. Deep-green powder (Form-M) is obtained in
MeOH, while the solid (Form-H) formed in H2O (Fig. 1) appears
black blue. Despite the difference in color, both adduct solids
are non-emissive at room temperature and exhibit similar IR
Fig. 1 Photographs of Form-M and Form-H.
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Table 1 Crystallographic data of (�)-1/(+)-1-TCNQ

(�)-1/(+)-1-TCNQ

Formula PtC44H34N7

Mr/g mol�1 855.87
Crystal system Monoclinic
Space group P21/c
a/Å 7.809(7)
b/Å 19.125(18)
c/Å 24.66(2)
a/� 90.00
b/� 90.42
g/� 90.00
V/Å�3 3683(6)
Z 4
T/K 296(2)
Radiation, l/Å 0.71073
Dcalcd, g cm�3 1.543
m/mm�1 3.851
F(000) 1700
Crystal size/mm3 0.30 � 0.15 � 0.12
q range/� 1.35 to 25.00
Reections measured 20 076
Unique reections 6495
Rint 0.1396
Reections with F2 > 2s(F2) 3460
Number of parameters 474
Goodness-of-t on F2 1.082
R1 [F

2 > 2s(F2)] 0.1037
wR2 (all data) 0.2525
Drmax, Drmin/e Å�3 1.501, �1.476
rene_ls_shi/su_max 0.000
rene_ls_shi/su_mean 0.000
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spectra with strong absorption at 2177 cm�1, ascribed to C^N
stretching vibrations (Fig. S1†), which is the characteristic
absorption of the TCNQc� anion.38–42,47 Additionally, EPR
spectra have been measured, and the g-factors of Form-M (g ¼
2.003) and Form-H (g ¼ 2.004) are almost the same (Fig. S2†),
which is attributed to the unpaired electron of the TCNQc�

radical anion.58

The UV-vis absorption spectra of the two solid-state species
have been studied (Fig. S3†), and both solids show strong
absorptions throughout the visible and into the NIR range. In
contrast to Form-M, the absorption of Form-H extends to
a longer wavelength, and a broad low-energy band centered at
ca. 1280 nm can be unambiguously observed. It can be specu-
lated that the molecules are packed more closely in Form-H
than in Form-M, therefore they induce a stronger donor-to-
acceptor charge transfer interaction and result in further
absorption into the near-IR region.47,48 Other than the differ-
ences in color and absorption, a distinct difference in the
degree of crystallinity is observed between the two solid species
(Fig. 2). Form-M reveals intense and narrow peaks, while the
XRD pattern becomes broad and weak in Form-H. Polymorphic
phenomena are frequently found in square-planar platinum
complexes due to the diversity in molecular arrangement ach-
ieved by varying intermolecular Pt/Pt and/or p–p interactions.
The lower crystallinity is indicative of aggregate formation in
the solid state.51

3.2 Crystal structure

Numerous attempts to grow (�)-1-TCNQ or (+)-1-TCNQ crystals
have been unsuccessful, however, deep-green needles of
racemic crystals (�)-1/(+)-1-TCNQ can luckily be obtained
through slow interfacial diffusion at 278 K in a test tube, where
an MeOH solution of LiTCNQ is placed at the bottom, and
acetonitrile solution containing equal amounts of (+)-1 and
(�)-1 is placed at the top. The binary cocrystal crystallizes in the
space group P21/c of a monoclinic system with one Pt(II)
complex cation and one TCNQc� anion in an asymmetric unit
(Table 1 and Fig. 3).

Selected bond distances and angles are compiled in Table 2.
For the Pt(II) complex in the adduct, the Pt–C distances are
1.989(12) and 1.912(9) Å, which are similar to those of
Pt(C^N^N)(Dmpi) derivatives (1.86 to 2.09 Å).50,51 The Pt–N bond
lengths (1.917(9) and 2.100(8) Å) reside in the range of 1.88–2.14
Å. For the TCNQc� anion in the two-component cocrystal, the
Fig. 2 Solid-state absorption spectra of Form-M and Form-H.

10758 | RSC Adv., 2018, 8, 10756–10763
exocyclic C]C bond lengths are 1.429(17) and 1.359(18) Å,
while the intracyclic C]C distances are 1.320(16) and 1.319(17)
Å, which are similar to those found in analogous CT complexes
involved the TCNQc� radical anion.47,48,59–62 Only one exocyclic
C]C bond is longer than the corresponding distance of 1.37 Å
in neutral species and is comparable with the 1.44 Å indicative
of a radical anion. The elongation in the exocyclic C]C bond is
interpreted through the presence of negative charge. The angles
are also similar to those reported for Pt(II) complexes.50,51 The
Fig. 3 X-ray crystal structure of a (�)-1/(+)-1-TCNQ cocrystal. H
atoms are omitted for clarity.

This journal is © The Royal Society of Chemistry 2018
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Table 2 The structural parameters of (�)-1/(+)-1-TCNQ determined
via X-ray single crystal diffraction

Bond length Bond angle

Pt1–C1 1.989(12) C1–Pt1–C2 99.7(4)
Pt1–C2 1.912(9) C1–Pt1–N1 82.9(4)
Pt1–N1 1.917(9) C1–Pt1–N2 161.4(4)
Pt1–N2 2.100(8) C2–Pt1–N1 177.2(4)
C36–C39 1.429(17) C2–Pt1–N2 98.8(4)
C34–C35 1.320(16) N1–Pt1–N2 78.7(4)
C37–C38 1.319(17)
C33–C42 1.359(18)
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interchelate C1–Pt1–N2 angle (161.4(4)�) deviates substantially
from 180� as a result of terdentate-bonding ring strain. And the
N1–Pt1–C2 angle (177.2(4)�) is close to linearity. In our previous
studies, the moiety of 2,6-dimethylphenyl isocyanide is almost
coplanar with the Pt(C^N^N) unit,50,51 however, a larger torsion
angle between these two planes is exhibited in the (�)-1/(+)-1-
TCNQ cocrystal (Fig. S4†).

A crystal packing diagram of the cocrystal along the a-axis is
presented in Fig. 4. The TCNQc� anion and Pt(II) complex cation
form one-dimensional chains in a 1 : 1 pattern, adopting a face-
to-face arrangement. The interplanar separations (Pt–p) of
alternating (�)-1 cations and TCNQc� moieties are 3.637(3) Å
and 4.263(4) Å. According to previous studies, interplanar
distances between donor and acceptor molecules within 3.75 Å
are in the range reported for p–p, d–p, and electrostatic donor–
acceptor interactions, therefore it can be inferred that weak
charge-transfer (donor–acceptor) interactions are present in the
cocrystal.47,48,59,60 Moreover, in the bc plane, neighboring
columns of (�)-1-TCNQ/(+)-1-TCNQ CT adducts are stacked
alternately (Fig. S5†).
3.3 Absorption and emission properties

In the above studies, (�)-1/(+)-1 cations and TCNQc� anions can
form CT adducts, as evidenced by the crystal structure; also, the
powders with different colors obtained in MeOH and H2O
suggest that the solvent is essential in inducing polymorphism
with variable CT properties.63,64 The solvent-tuned spectroscopic
variances in (�)-1-TCNQ will be investigated in the following
discussion. The parent compound (�)-1 is reported to show
characteristic intraligand (IL) transitions (3 > 104 L mol�1 cm�1)
in the region of 200–310 nm, and metal-to-ligand charge
transfer (MLCT) mixed with ligand-to-ligand charge transfer
Fig. 4 A crystal packing diagram of (�)-1/(+)-1-TCNQalong the a-axis
with green dashed lines indicating Pt/p interactions.

This journal is © The Royal Society of Chemistry 2018
(LLCT) transitions (3 > 103 L mol�1 cm�1) in the region of 330–
450 nm in MeOH solution (Fig. 5).50 And the TCNQc� anion
presents a series of pronounced absorption bands in the low-
energy region (600–900 nm) and a peak centered at ca.
418 nm in the visible range, which is in line with the reported
electronic excitation spectrum of the TCNQc� anion, and agrees
well with previous interpretations of the calculated excitation
energies.47,48,65,66

During a titration experiment, LiTCNQ at various ratios is
added to a MeOH solution of (�)-1 (Fig. 5). It can be observed
that no new absorption bands appear. Moreover, when the mole
ratio reaches 1 : 1, the low-energy absorptions ranging from 600
to 900 nm with regards to the TCNQc� anion and the high-
energy absorptions ranging from 220 to 350 nm mainly
relating to parent compound (�)-1 are almost identical to the
individual absorption spectra of the Pt(II) complex cation and
TCNQc� anion. Therefore, any bound complex between the
parent compound (�)-1 cation and TCNQc� anion has not been
formed in MeOH solution, and they are dissociated and hardly
perturb the electronic structures of each other.

Our previous studies showed that (�)-1 and (+)-1 could
aggregate into one dimensional supramolecular structures
through Pt/Pt, p–p, and hydrophobic–hydrophobic interac-
tions in aqueous solution.50 Interestingly, when LiTCNQ is
added to a H2O solution of (�)-1, three new bands at 623, 756
and 860 nm emerge and are strengthened progressively with the
incremental addition of LiTCNQ (Fig. 6). In addition, the
absorption band at 335 nm of the parent compound (�)-1 is red-
shied to 357 nm upon introducing an equal proportion of
TCNQc� anion. Compared to the individual absorption spectra
of (�)-1 and TCNQc� in H2O, the spectrum of the (�)-1-TCNQ
adduct is not a mixture of the UV-vis spectra of each compo-
nent. For the lowest energy absorption, the peak at 830 nm from
the TCNQc� anion is red-shied to 860 nm and, simultaneously,
the extinction coefficient is attenuated. CT adducts between the
parent compound (�)-1 cation and TCNQc� anion in H2O have
been generated through effective intermolecular interactions,
e.g. Pt–p and p–p, and then the electronic structures are
signicantly perturbed by each other, leading to different
transitions and UV-vis spectra.47,48 According to computational
studies in the literature, the HOMO is localized on the chiral
Pt(II) compound (�)-1, while the LUMO is distributed on the
Fig. 5 UV-vis spectra of LiTCNQ and the complex (�)-1 after the
addition of LiTCNQ at various ratios in MeOH.

RSC Adv., 2018, 8, 10756–10763 | 10759
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Fig. 6 UV-vis spectra of LiTCNQ and the complex (�)-1 after the
addition of LiTCNQ at various ratios in H2O.

Fig. 8 Emission spectra of complex (�)-1 after the addition of LiTCNQ
at various ratios in H2O.
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TCNQc� anion, so the CT band observed at 860 nm is tentatively
assigned to a charge transfer transition from the Pt(II) complex
cation to the TCNQc� anion.65,66

Complex (�)-1 is emissive in both MeOH and H2O solution.
During the addition of LiTCNQ, different attenuation rates of
emission intensity have been observed. In MeOH, the emission
intensity is weakened gradually with the incremental addition
of LiTCNQ, and the emission can be detected unambiguously
even when the mole ratio attains a value of 1 : 1 (Fig. 7).
However, the emission intensity is attenuated sharply in H2O
solution, and luminescence can be neglected when the mole
ratio is 0.6 (Fig. 8). This result is consistent with the absorption
spectra, where the (�)-1 cation and TCNQc� anion are almost
disassociated in MeOH and strongly interact with each other in
H2O. As a consequence, the emission decay in MeOH is attrib-
uted to weak energy transfer between the (�)-1 cation and
TCNQc� anion,67 while luminescence quenching in H2O is
mainly due to strong charge transfer and energy transfer.47,48

The solvent-induced difference between forming CT adducts
in MeOH and H2O has been further evidenced using resonance
light scattering (RLS) spectra. In MeOH solution, the RLS
intensity is not enhanced distinctly upon the addition of
LiTCNQ (Fig. 9). To the contrary, the intensity of the RLS signal
over the range of 300 to 600 nm is signicantly strengthened
upon adding LiTCNQ in H2O solution (Fig. 10), and shows
a 10-fold increase when the mole ratio is 1 : 1, implying the
Fig. 7 Emission spectra of complex (�)-1 after the addition of LiTCNQ
at various ratios in MeOH.

10760 | RSC Adv., 2018, 8, 10756–10763
formation of CT adducts in solution and therefore that the
chromophores are strongly coupled.50,68–70
3.4 Electronic circular dichroism (ECD) spectra

The chiral environment of (�)-1 aer the addition of LiTCNQ
has been explored in MeOH and H2O solutions through
recording the electronic circular dichroism (ECD) spectra. Upon
the introduction of LiTCNQ in MeOH solution, the chiral signal
of (�)-1 remains unchanged, showing positive Cotton effects at
240, 284 and 346 nm and negative Cotton effects at 303 nm
(Fig. 11). In H2O solution, molecules of (�)-1 and (+)-1 could
form helical packing structures and present enhanced chiral
signals (positive Cotton effects: 250, 300, 370 and 480 nm;
negative Cotton effects: 320 and 420 nm). Aer adding LiTCNQ
to a H2O solution of (�)-1, signicant variance in Cotton effects
can be observed, which suggests the emergence of chiral
transfer in H2O solution (Fig. 12).71,72 The positive Cotton effects
at 300 and 370 grow progressively more intense. When the mole
ratio reaches 1 : 1, the negative peak at 320 nm and the positive
peak at 480 nm vanish, and the negative Cotton effect at 420 nm
is red-shied to 433 nm. Furthermore, a new positive Cotton
effect at 600 nm can be perceived (Fig. 12). The difference in
ECD spectra is in accordance with the solvent-induced absorp-
tion properties, as shown in Fig. 5 and 6.

To check whether any artifacts have been introduced into the
spectra, the ECD signals of enantiomers (+)-1 and (+)-1-TCNQ
Fig. 9 RLS spectra of (�)-1 after the addition of LiTCNQ at various
ratios in MeOH.

This journal is © The Royal Society of Chemistry 2018
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Fig. 10 RLS spectra of (�)-1 after the addition of LiTCNQ at various
ratios in H2O.

Fig. 11 ECD spectra of complex (�)-1 after the addition of LiTCNQ at
various ratios in MeOH.

Fig. 12 ECD spectra of complex (�)-1 after the addition of LiTCNQ at
various ratios in H2O.
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have been measured under the same conditions, and perfect
mirror images of each other are exhibited (Fig. S6 and S7†).
Generally, Pt(II) complexes undergo chiral amplication and
chiral transfer through self-assembly into chiral supramolec-
ular aggregates or through varying the conguration around the
metal center.49–54 Several examples show that adding chiral
acceptors or donors can also amplify the chiral signal.73 The
(�)-1 cation and TCNQc� anion can form CT adducts in H2O via
Pt–p, p–p and electrostatic interactions, and the presence of
This journal is © The Royal Society of Chemistry 2018
the organic acceptor TCNQc� anion would inuence the
geometry, perturb the electronic structure and alter the chiral
environment, owing to strong intermolecular interactions.
Therefore, charge transfer and chiral transfer phenomena occur
in H2O solution, while the (�)-1 cation and TCNQc� anion are
not likely to signicantly perturb each other in MeOH solution.
4. Conclusions

We succeeded in the preparation and characterization of a new
pair of adducts involving one chiral Pt(II) complex cation and
one TCNQc� anion. The charge-transfer properties as well as the
chiral signals of the adducts can be tuned via the solvent. In
MeOH, the Pt(II) complex cation and TCNQc� anion are non-
interacting, and the UV-vis spectrum of the (�)-1-TCNQ
adduct is just a mixture of individual absorption bands. In
addition, the chiral signals in MeOH solution are completely
derived from the chiral Pt(II) complex cation. However, CT
aggregates between the parent compound (�)-1 cation and
TCNQc� anion have been formed in H2O solution through
effective intermolecular interactions (Pt–p, p–p and electro-
static attraction), and their electronic structures and chiral
environments have been signicantly inuenced, leading to
different transitions in UV-vis spectra and diverse Cotton effects
in ECD spectra. Furthermore, the exploration of the emission
and RLS spectra also affirms the formation of strongly inter-
acting CT adducts in H2O solution. The results can provide
some guidance for fabricating semiconductor devices and solar
cells based on charge transfer salts.
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R. N. McDougald Jr, H. Rabaâ, H. Pan, J. Bacsa, X. Wang,
K. R. Dunbar, N. D. Shepherd and M. A. Omary, J. Am.
Chem. Soc., 2014, 136, 16185–16200.

49 X.-P. Zhang, T. Wu, J. Liu, J.-X. Zhang, C.-H. Li and X.-Z. You,
J. Mater. Chem. C, 2014, 2, 184–194.

50 X.-P. Zhang, V. Y. Chang, J. Liu, X.-L. Yang, W. Huang, Y. Li,
C.-H. Li, G. Muller and X.-Z. You, Inorg. Chem., 2015, 54, 143–
152.

51 X.-P. Zhang, J.-F. Mei, J.-C. Lai, C.-H. Li and X.-Z. You, J.
Mater. Chem. C, 2015, 3, 2350–2357.

52 X.-P. Zhang, L. Zhu, X. Wang, Z. Shi and Q. Lin, Inorg. Chim.
Acta, 2016, 442, 56–63.

53 X.-P. Zhang, F.-Q. Liu, J.-C. Lai, C.-H. Li, A.-M. Li and
X.-Z. You, New J. Chem., 2016, 40, 2628–2636.

54 X.-P. Zhang, D.-S. Zhang, X.-W. Qi, L.-H. Zhu, X.-H. Wang,
W. Sun, Z.-F. Shi and Q. Lin, Inorg. Chim. Acta, 2017, 467,
99–105.
This journal is © The Royal Society of Chemistry 2018

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c8ra01330f


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

6 
M

ar
ch

 2
01

8.
 D

ow
nl

oa
de

d 
on

 2
/7

/2
02

6 
6:

07
:0

7 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
55 SAINT-Plus, version 6.02, Bruker Analytical X-ray System,
Madison, WI, 1999.

56 G. M. Sheldrick, SADABS, an empirical absorption correction
program, Bruker Analytical X-ray Systems, Madison, WI, 1996.

57 G. M. Sheldrick, Acta Crystallogr., Sect. A: Cryst. Phys., Diffr.,
Theor. Gen. Crystallogr., 2008, 64, 112.

58 J.-Y. Zhang, L.-J. Su, Q.-J. Guo and J. Tao, Inorg. Chem.
Commun., 2017, 82, 39–43.

59 B. W. Smucker, J. M. Hudson, M. A. Omary and K. R. Dunbar,
Inorg. Chem., 2003, 42, 4714–4723.

60 S. Shibahara, H. Kitagawa, Y. Ozawa, K. Toriumi, T. Kubo
and K. Nakasuji, Inorg. Chem., 2007, 46, 1162–1170.

61 S. Yang, F. Pop, C. Melan, A. C. Brooks, L. Martin, P. Horton,
P. Auban-Senzier, G. L. J. A. Rikken, N. Avarvari and
J. D. Wallis, CrystEngComm, 2014, 16, 3906–3916.

62 M. A. Dobrowolski, G. Garbarino, M. Mezouar, A. Ciesielski
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