
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

4 
Fe

br
ua

ry
 2

01
7.

 D
ow

nl
oa

de
d 

on
 5

/2
2/

20
24

 4
:2

6:
48

 P
M

. 
 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 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Novel columnar
College of Chemistry and Materials Scien

Province, 5 Jingan Road, Jinjiang District,

Luo-k-j007@163.com; yuwenhao2010@163

† Electronic supplementary informa
10.1039/c6ra28767k

‡ These authors contributed equally.

Cite this: RSC Adv., 2017, 7, 11389

Received 28th December 2016
Accepted 9th February 2017

DOI: 10.1039/c6ra28767k

rsc.li/rsc-advances

This journal is © The Royal Society of C
metallomesogens based on
cationic platinum(II) complexes without long
peripheral chains†

Hao Geng,‡ KaiJun Luo,‡* HaoMin Cheng,‡ ShiLin Zhang,‡ HaiLiang Ni,‡
HaiFeng Wang,‡ WenHao Yu‡* and Quan Li‡*

Phosphorescent cationic platinum(II) complexes were obtained and among them the complexes without

any peripheral flexible chains around the platinum(II) center show thermotropic columnar liquid crystal

properties.
Recently, emissive metal-containing liquid crystalline complexes
(metallomesogens) have caused great interest due to their many
potential applications, such as in molecular electronics,1,2 high
charge-carrier mobilities3 and polarized luminescence.4 Among
the emissive metallomesogens, cyclometalated platinum(II)
complexes have become one of the most attractive research
elds because of their room temperature phosphorescence,
high emission efficiency and square planar geometry which ts
for mesomorphism design.5 In general, most metallomesogens
always are composed of a metal-centered rigid core and
multiple exible chains around the core. The type of their
mesomorphic phase is strongly related to the number, the
length and the position of attached exible chains. The metal-
lomesogens with two exible chains display smectic phases or
nematic phases,6 and with more so chains it is easier to form
columnar phases.7,8 However, there were only a few examples
of thermotropic columnar mesogens with non-conventional
molecular structures in which liquid crystal molecules are in
the absence of peripheral chains.9 Very recently, Swager10 re-
ported a new class of cationic square planar platinum(II)
complexes, which were composed of 2-phenylpyridine and 1,4-
disubstituted-1H-1,2,3-triazole. By introducing one exible
chain at the triazole, these complexes showed liquid crystalline
characteristics with hexagonal columnar phases, which are
assigned to strong intermolecular Pt/Pt interactions and
intensive dispersive forces from the coordination planar twists.
Furthermore, these cationic platinum(II) complexes showed
mechanochromic properties.

Herein, we report a new type of cationic platinum(II)
complexes metallomesogens, for which 2-phenylpyridine acts as
ce, Sichuan Normal University, Sichuan

Chengdu, 610066, P. R. China. E-mail:

.com; liquan6688@163.com

tion (ESI) available. See DOI:

hemistry 2017
cyclometalated ligand and 2-(1-(4-substituted phenyl)-1H-1,2,3-
triazole-4-yl) pyridine as ancillary ligand. Unlike the traditional
metallomesogens, which generally attached multiple long ex-
ible chains on the ligands, in order to facilitate the formation of
liquid crystalline, the complexes only with phenyl or 4-methox-
yphenyl connected in 1H-1,2,3-triazole moiety showed thermo-
tropic hexagonal columnar liquid crystalline phases. Although
the presented platinum(II) complexes have similar coordination
framework to those reported by Swager, this is very rare that the
columnar liquid crystal can be formed for these complexes
lacking long exible chains. In addition, all complexes are
luminescent in solution at room temperature and at 77 K and the
solid state. The cationic platinum(II) complexes were obtained
from the platinum(II) m-chloro-bridged dimers and 1,4-disubsti-
tuted-1H-1,2,3-triazole (Fig. 1 and S1†). The platinum(II) m-chloro-
bridged dimers were prepared according to a literature proce-
dure11 and 1,4-disubstituted-1H-1,2,3-triazole were easily ob-
tained by “click chemistry”.12 In synthesis of cationic platinum(II)
complexes silver triuoromethanesulfonate (AgSO3CF3) can
accelerate reaction process and SO3CF3

� anion serves as coun-
teranion. The cationic platinum(II) complexes should exist two
isomers (cis and trans form).10 The 1H NMR revealed that
Fig. 1 The molecular structures of the complexes.
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complexes PtL-5 is of a single conguration (trans form), while
the complexes PtL-1, PtL-2, PtL-3 and PtL-4 are obtained as
a mixture of cis and trans isomers.

The mesomorphic properties of the complexes were
preliminarily investigated by polarized optical microscopy
(POM) and differential scanning calorimetry (DSC). Unexpect-
edly, the complexes with longer side chain, exceeded two alkyl
group, melted directly to the isotropic uid at 278, 244 and
247 �C and no liquid crystalline textures were observed on
succeeding cooling process. In contrast, the complexes without
side chain (PtL-1) or with only a simple 4-methoxyphenyl con-
nected in 1H-1,2,3-triazole moiety (PtL-2) showed the liquid
crystallinity. For the complexes PtL-1 and PtL-2, the columnar
textures were observed at 310 and 260 �C by POM on slow
cooling from isotropic phase, respectively, and held up to room
temperature, suggesting that PtL-1 and PtL-2 can form glass
columnar phases (Fig. 2 and S2†). DSC curves were carried out
to nd transition temperature (Fig. S4†) and data were
summarized in Table 1. For the metallomesogens PtL-1, PtL-2,
no phase transition was observed when samples cooled from
isotropic phase. Second scan proles showed that PtL-1, PtL-2
are capable of vitrication, glass transition was at 96 �C for
PtL-1 and at 101 �C for PtL-2. With further heating, columnar
Fig. 2 Optical polarizingmicroscopy images of PtL-1 cooling from the
isotropic liquid (crossed polarizer's are indicated by the yellow cross in
the top right corner) at 25 (a), 149 (b), 178 (c) and 250 �C (d).

Table 1 Thermal and thermodynamic properties of the complexes by
DSCa

Complexes
Second heating/�C
(DH [kJ mol�1])

First cooling/�C
(DH [kJ mol�1])

PtL-1 G 96 (0.13) Colh 284 (8.69) Iso Iso to Colh and G
PtL-2 G 101 (0.18) Colh 266 Iso to Colh and G
PtL-3 Cr 67 (1.55) Cr0 278 (16.73) Iso Iso to Cr
PtL-4 Cr 244 (7.62) Iso Iso to Cr
PtL-5 Cr 109 (0.94) Cr0 234 (4.35)

Cr00 247 (7.64) Iso
Iso to Cr

a Cr, Cr0 and Cr00: crystal; Colh: hexagonal columnar mesophase; Iso:
isotropic phase; G: glass columnar phase. The scan rate is 10 �C
min�1 during all cooling and heating process under nitrogen
protection.

11390 | RSC Adv., 2017, 7, 11389–11393
phase melted into isotropic phase at 284 �C for PtL-1 and at
266 �C for PtL-2, respectively. We note that the complex PtL-1
and PtL-2 degraded somewhat in repeated heating and cool-
ing process. While TGA proles under nitrogen atmosphere
showed decomposition temperature (dened as the onset
temperature at 5% weight loss) is 330 �C, 320 �C for PtL-1, PtL-2,
respectively (Fig. S3†), the holding time TGA analysis indicated
12% weight loss at 300 �C for PtL-1 and 10% weight loss at
260 �C for PtL-2, respectively, when samples were held 10
minutes (Fig. S3†).

To further illustrate the phase structures clearly, the variable
temperature wide angle X-ray diffraction (WAXD) experiments
were carried out. The sample was prepared by preheating to
beyond clear point and then quenching to room temperature in
order to avoid thermal decomposition of samples at high
temperature during the period of X-ray diffraction measure and
eliminate thermal history.13 Powder WAXD patterns of PtL-1
and PtL-2 at different temperature are shown in Fig. 3. WAXD
patterns supported the results obtained from POM observation.
The complexes PtL-1 and PtL-2 showed a series of sharp
diffraction peaks in the small angle range and diffuse and board
scattering halo at wide angle at room temperature (25 �C),
indicating formation of glass mesomorphic phase. The
diffraction patterns remained in the heating process until
melting into the isotropic uid at 310 �C for PtL-1 and 270 �C for
PtL-2, respectively. For the complexes PtL-1, d100 and d200
reection peaks was observed at 2q ¼ 6.78� (d ¼ 13.0 Å), 13.58�

(d ¼ 6.5 Å), respectively, and reection peaks are in a ratio of
1 : 1/2. The distinct diffuse scattering halo was discovered at 2q
¼ 23.74� (d ¼ 3.7 Å), which corresponds to intermolecular
separation between the complexes within each column. For PtL-
1 d110 reection peak was not observed. However, the complex
PtL-1 is still deemed to be a liquid crystallinity complex with
hexagonal columnar phase, combined with POM and DSC
observation as discussed above. For the complexes PtL-2, d100,
d110 and d200 reection peaks were observed in the small-angle
region (2q¼ 2–12�), corresponding the value of d is 13.4, 7.7, 6.7
Å, respectively, and reection peaks are about in a ratio of 1 : 1/
O3 : 1/2 in their d-spacing, which is consistent with the d value
ratio of hexagonal columnar phase. The halo at 22.27� (d ¼ 3.9
Å) are assigned to aromatic–aromatic separation and Pt/Pt
separation for the complexes PtL-2. Another weak sharp
reection peak was detected at 2q ¼ 25.78� (d ¼ 3.4 Å) in the
wide-angle region are tentatively assigned to short-range
correlations of methoxyphenyl connected in 1H-1,2,3-triazole
moiety. Moreover, the possible columnar phase stacking
structures of PtL-1 and PtL-2 are proposed (Fig. 3), and their
lattice parameter value “a” is calculated to be 15.0 and 15.5 Å
based on the result of WAXD, respectively.5b Generally, the
formation of thermal discotic liquid crystal is balance of rigid
central core and “so” peripheral region. As we well know, in
traditional discotic liquid crystal structure, peripheral multiple
exible chains are as the “so” regions. For non-traditional
discotic liquid crystal structure the polarized or polarizable
groups such as chlorine, sulfur atoms, cyano and tri-
uoromethyl act as “so” regions.9 However, for the presented
metallomesogens, PtL-1 and PtL-2, phenyl and methoxyphenyl
This journal is © The Royal Society of Chemistry 2017
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Fig. 3 The powder WAXD patterns of PtL-1 (a) and PtL-2 (b).

Fig. 4 UV-vis absorption and PL emission spectra of the complexes in
10�5 mol L�1 MTHF solution at room temperature.

Fig. 5 Simplified MO diagrams for PtL-1 and PtL-2.
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seem to be as “so” region. On the other hand, for the complexes
PtL-3, PtL-4 and PtL-5 in which peripheral length of alkoxyl group
is more than two no liquid crystalline behavior was observed.
This reects subtle relationship of the molecular interactions
which control the formation of liquid crystal. The effect of
peripheral phenyl andmethoxyphenyl on the formation of liquid
crystals is in further research.

UV-vis absorption and photoluminescence (PL) spectra of all
complexes in degassed MTHF solution are shown in Fig. 4, and
the relevant data are summarized in Table S1.† UV-vis absorp-
tion spectra for the complexes in 10�5 mol L�1 2-methylte-
trahydrofuran (MTHF) solution are similar to those of typical
cyclometalated platinum(II) complexes, low energy transition
bands in the range of 380–410 nm are attributed to ligand-
centered 3p–p* transition (3LC) and metal-to-ligand charge
transfer (MLCT).14 In order for insight into the photophysical
properties of the complexes. B3LYP TD-DFT density functional
theory (DFT) calculations were carried out on PtL-1 and PtL-2.
The simplied molecular orbitals (MO) diagrams for the
investigated complexes are shown in Fig. 5. For PtL-1 and PtL-2,
the calculations show that the lowest energy single transition is
basically the transition from HOMO to LUMO. The highest
This journal is © The Royal Society of Chemistry 2017
occupied molecular orbital (HOMO) is primarily comprised of
metal platinum and 2-phenylpyridine, while the lowest unoc-
cupied molecular orbital (LUMO) is originated mainly from the
contribution of the triazole ligand and, partly, pyridine ring of 2-
phenylpyridine ligand,16 the complexes electronic distribution
of the ground and excited state and the calculation results are
shown in Table S2.† In addition, the theory UV-vis absorption
spectra (Fig. S6†) are basically consistent with the experimental
results.

PL spectra of all complexes showed almost identical proles
in range of 410–456 nm and trailed up to 550 nm. The obvious
vibronic structural emission spectra with vibronic progressions
of about 1400 cm�1, are clearly observed for all complexes at
room temperature, indicating that their emissive excited states
should contain the 3LC excited state admixed MLCT component.
The PL quantum yields (fem) of the complexes in degassedMTHF
solution are between 0.19 and 0.23 (using Ru[(bpy)3]Cl2$6H2O as
a standard in water15). The emission spectra for the complexes
at 77 K are distinct different from those at room temperature
RSC Adv., 2017, 7, 11389–11393 | 11391
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Fig. 6 PL emission spectra of the complexes in 10�5 mol L�1 MTHF
solution at 77 K.
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(Fig. 6). The emission bands in range of 490–560 nm became
dominated at the expense of the emission bands in range of 410–
450 nm. The solid luminescent spectra at room temperature for
the complexes revealed unstructured and red-shied feature
with maximal values in the range of 570–650 nm (Fig. S5 and
Table S1†). It is found that with increasing length of side chain
the emission bands were gradually red-shied, suggesting the
complexes with longer alkyl side chain facilitate intermolecular
p–p interactions and Pt/Pt interactions.

In summary, phosphorescent metallomesogens were ob-
tained, for which themolecular shape is non-conventional, even
with no peripheral alkyl chains. The formation of liquid crys-
tallinity should be mainly derived from intensive intermolec-
ular interactions. Although some problems, such as effects of
SO3CF3

� counteranions and 4-methoxyphenyl connected in 1H-
1,2,3-triazole moiety on the formation of liquid crystalline, need
further study, these novel cationic platinum(II) complexes will
bring a new way to design multifunctional metallomesogens.
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