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The luminescence properties of Pt(II) compounds can be modulated by controlling the assembly of their mole
cules both in the solution and in the solid state. This fact constitutes a powerful tool for developing materials with 
stimuli-responsive luminescence properties. Herein, we describe the self-assembly behaviour of several series of 
Pt(II) metallomesogens in two different media upon controlled conditions. On the one hand, we explore the 
ability of several metal cations to induce the formation of Pt--Pt aggregates in solution, with the main goal of 
enhancing the phosphorescent emission of these compounds. On the other hand, since these compounds exhibit 
liquid crystalline mesophases and the temperature can control the aggregation, we have fabricated Pt(II) 
compound-doped polymer films and silicone membranes that show stimuli-responsive luminescent properties. In 
both cases, the interactions between the Pt(II) compounds and the metal cations, or the polymer matrices, play a 
key role in the aggregation-induced emission enhancement (AIEE) behaviour of the dyes. The effects of the alkyl 
chain length, the molecular asymmetry, and the nature of the ligands in the establishment of these interactions 
are also evaluated. 

1. Introduction 

Discotic Pt(II) metallomesogens offer a great opportunity to design 
advanced materials that exhibit chromic behaviours [1]. The phase 
transition between the solid and the liquid crystal states causes a 
structural reorganisation through which molecules are stacking along 
columns, which favours the formation of intermolecular Pt---Pt in
teractions and triplet metal-metal to ligand charge transfer ( MMLCT) 
excited states [2]. Therefore, when a metallomesogen melts into the 
mesophase the photophysical behaviour can be notably disturbed, and 

this could improve the luminescence emission at high temperatures, but 
it can also lead to a noticeable thermochromic response. 

In order to favour the formation of Pt---Pt contacts in the liquid-
crystalline state the molecules having a square-planar coordination 
environment are good candidates. Besides, among all the organic com
pounds that could be used as ligands, pyrazoles constitute a promising 
selection because they can be easily functionalised with aromatic groups 
[3]. Thus, the Pt---Pt interactions could be reinforced by the establish
ment of additional interligand %•••% interactions. Moreover, pyrazoles 
have an acidic proton, so that they can be easily deprotonated to 



generate a multitude of different coordination modes [4]. 
The first family of stimuli-responsive luminescent Pt(II) metal-

lomesogens based on bis(pyridylpyrazolate) ligands was synthesised by 
us in 2014 [5]. These compounds were found to be square-planar where 
the metal atom is N,N-bonded to the pyrazolate ligands via a N-pyridinic 
atom and a N-pyrazolic one. This shape favours the formation of inter-
molecular Pt--Pt interactions in the solid state under different conditions 
such as grinding or heating the sample, which originates triplet MMLCT 
excited states and as a consequence, the greenish emission of the starting 
compounds turns bright orange. This behaviour is also observed in so
lution, the concentration of the compound being a key factor to control 
the establishment of these contacts. Thus, at low concentrations of the 
order of 10~6 - 10~5 M, it is unlikely that two molecules interact with 
each other because they are separated by the solvent. However, when 
the concentration of the Pt(II) compound is increased, the molecules are 
close enough to produce the formation of intermolecular Pt---Pt in
teractions, which originates a notable change in the luminescence 
properties of these materials. 

On the basis of this behaviour, we were interested in improving two 
key factors. We designed and synthesised a new series of Pt(II) metal-
lomesogens by replacing the pyridine moiety for a isoquinoline one, thus 
increasing the it-conjugation of the systems [6]. These metallomesogens 
exhibited liquid crystal properties in surprisingly high temperature 
ranges, even above 350 °C, without causing the degradation of the 
samples. In addition, the stimuli-responsive luminescent behaviour 
found in the pyridine-functionalised compounds was also maintained in 
the new isoquinoline-functionalised ones. Additionally, we worked to 
decrease the temperature at which the intermolecular Pt---Pt in
teractions had been established in the solid state. This occurred when 
the molecules were self-assembled into columns during the solid-liquid 
crystal phase transition, which is at the melting temperature. To this 

aim, we designed and synthesised several series of Pt(II) compounds by 
introducing asymmetry in their molecular structures through the coor
dination of the platinum atom to two different pyrazolate ligands [7]. 
The results were rather interesting because the melting points of these 
new species, and therefore the appearance of phosphorescence due to 
the formation of Pt---Pt interactions, were found to be near to room 
temperature in most cases. 

Encouraged by all these results, herein we explore the self-assembly 
behaviour of these symmetrical and unsymmetrical Pt(II) compounds in 
the presence of several metal ions, as well as by introducing in different 
polymer and silicone matrices. As a main result, it is established that 
smart composites based on the investigated Pt(II) dyes are proved to be 
useful as temperature or pressure sensors. For the sake of clarity, the 
molecular structure and numbering of the Pt(II) compounds used along 
this work is shown in Table 1. 

2. Experimental section 

2.1. Materials and methods 

2.1.1. Materials 
All commercial chemicals, as well as the poly(methylmethacrylate) 

(PMMA), polyvinylpyrrolidone (PVP), poly(styrene-butadiene-styrene) 
(SBS) and polydimethylsiloxane (PDMS) matrices, were purchased 
from Sigma-Aldrich, Alfa-Aesar, and Maybridge and used without 
further purification. The poly(methylmethacrylate)-b-poly(n-
butylacrylate)-b-poly(methylmethacrylate) (PMMA-b-PnBA-b-PMMA) 
matrix was produced by Kuraray Co. Ltd., Japan. The metal ions used in 
the titrations were obtained from their corresponding metal salts Hg 
(N03)2-xH20, Zn(BF4)2-xH20, Cu(BF4)2-xH20, Cd(C104)2-H20, Co 
(BF4)2-6H20, Ag(N03), Ca(BF4)2-xH20, Ni(N03)2-6H20, Pb 

Table 1 
Molecular structure and numbering of the Pt(II) compounds used as dyes. 
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(C104)2-3H20, KPF6, Hg2Cl2. The bis(pyridylpyrazolate) and bis(iso-
quinolinylpyrazolate) Pt(II) complexes were synthesised as we described 
previously [5-7]. 

2.1.2. Fabrication of polymer thin films 
The PMMA, PVP, SBS and PMMA-b-PnBA-b-PMMA thin films were 

obtained from a solution of the polymer (100 mg) and the corresponding 
Pt(II) compound (1 mg) in —20 mL of dichloromethane, followed by 
slow evaporation of the solvent at room temperature (—24 h) (Fig. 1). 
The analogous PDMS membranes were prepared following a similar 
procedure, from a solution of the silicone elastomer Sylgard® 184 
(—1000 mg), the curing agent (—100 mg) and the corresponding Pt(II) 
compound (—10 mg) in —20 mL of toluene. The mixture was heated at 
120 °C for —15 min in order to cure the elastomer and to evaporate the 
solvent. The number of the Pt(II) compound followed by the name of the 
polymer/silicone matrix (number-matrix) will be used along the 
manuscript as the nomenclature to define these materials. 

2.1.3. Photophysical measurements 
UV-Vis absorption spectra were recorded on a Jasco V-650 spec

trophotometer and the luminescence emission by using a Horiba-Jobin-
Yvon Fluoromax-4 spectrofluorimeter in the PROTEOMASS-BIOSCOPE 
facilities. The linearity of the luminescence emission vs. concentration 
was checked in the concentration range used (10~ -10~ M). A correc
tion for the absorbed light was performed when necessary. The stock 
solutions of the ligands and complexes (ca. 10~3 M) were prepared by 
dissolving an appropriate amount of the corresponding compound in a 
10 mL volumetric flask and diluting to the mark with dichloromethane. 
The studied solutions were prepared by appropriate dilution of the stock 
solutions up to 10~5-10~6 M. Titrations were carried out by the addition 
of microliter amounts of standard solutions (10~ M) of the metal ions 

2 + and Hgi+ in Ugz+, Zn^+, Cu^+, Cd^+, Co^+, Ag+, Ca^+, Pb^+, IC, Ni 
acetonitrile. All measurements were performed at 298 K. The stability 
constants were determined from the emission data of titrations by using 
the HypSpec software. 

The lifetime measurements were performed using a Tempro Fluo
rescence Lifetime System with a NanoLED pulsed diode controller from 
Horiba Jobin-Yvon (PROTEOMASS-BIOSCOPE Facilities). 

Luminescence spectra of Pt-polymers were recorded on the Horiba 
Jobin-Yvon Fluoromax-4 spectrofluorimeter using a fiber-optics device 
connected to the spectrofluorimeter, exciting the solid compounds at 
appropriated wavelength. The emission spectra at variable temperature 
were recorded by heating the samples over a hotplate with external 
temperature control provided by an XS instrument digital thermometer. 

All the measurements were performed at 298 K and under an air 
atmosphere, unless otherwise is indicated. 

3. Results and discussion 

The luminescent Pt(II) metallomesogens used in this work as dopant 
agents emit greenish or orange light both in dichloromethane solution 
and in solid state, with quantum yields of around 0.01-0.07 for the 
greenish-emitting derivatives, and 0.2-0.3 for the orange-emitting ones 
[5-7]. In particular, the compounds that exhibit greenish luminescence 
in the solid state (1-3, 8 ,15, 24, 25) also show thermo-, solvato-, vapo-, 
and mechanochromic properties as a result of their self-assembly 
behaviour under the application of different external stimuli. Thus, 
they may be promising candidates for their use as dyes in the fabrication 
of smart materials. Their luminescence properties will be the basis to 
understand the behaviour of these compounds in the presence of metal 
ions and inside of a polymer or silicone matrix. For the sake of clarity, a 
summary of the most relevant aspects related to the photophysical 
properties of these dyes is shown in Table 2. 

3.1. Self-assembly behaviour in the presence of metal ions 

The bis(pyrazolate) Pt(II) compounds have free coordinative posi
tions, so that we were interested in exploring their luminescence prop
erties in the presence of different metal cations, such as Zn + , Cu + , 
Cd2+, Co2+, Ag+, Ca2+, Pb2 + , K+, Ni2+, Hg2+ and Hgi+. Interestingly, 
the self-assembly behaviour was not the same for all the series of com
pounds studied. While it is true that the length of the alkyl chains has not 
a great influence in the interaction of these compounds with the metal 
ions, the presence of the pyridine and isoquinoline moieties does. For the 
pyridyl-substituted unsymmetrical Pt(II) compound [Pt(pz *• ' py)(pz 
t , Jpy-jj 4 w e observe that only the presence of Hg + causes a notable 
change in their natural luminescence emission. Fig. 2 displays the 
emission spectra recorded upon adding increasing aliquots of Hg + . As 
observed, the emission band centred at 500 nm is progressively 
quenched and the minimum intensity is reached from the addition of ca. 
1 equiv. of Hg + . This behaviour can be attributed to the classic 
quenching effect caused by the Hg + ions, which is also in agreement 
with the previous results found for the analogous symmetrical pyridine-
functionalised Pt(II) compounds previously reported by us [5]. 

In order to establish the potential stoichiometry of the species formed 
during the titration, the stability constants were calculated by using the 
HypSpec software. The non-linear least-squares fitting of the emission 
spectra suggests the formation of species with a 1:1 (Pt-compound:Hg +) 
molar ratio and a stability constant of log/? = 6.37 ± 0.01. Most likely, 
the Hg + ion interacts with the Pt(II) metal centre through one of their 
axial positions, although the interaction with the non-coordinated ni
trogen atom of the pyrazolate ligands could be also suggested (Fig. 2b 
and c). 
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Fig. 1. (a) Schematic drawings showing the fabrication of the polymer thin films, (b) Dichloromethane solution of a Pt(II) compound mixed with PMMA in an 
aluminium mould, (c-e) The polymer thin film obtained after the evaporation of the solvent. 



Table 2 
Photo physical data for the Pt(II) compounds used as dyes in this work/ 
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a For more details about the photophysical properties and chromic behaviours 
of the Pt(II) metallomesogens, please see ref. 5-7. Dichloromethane was used as 
a solvent for the photophysical characterisation in solution. 

Estimated error: ± 1 nm. Compounds 9, 10, 16, 17, 24 and 25 were not 
characterised in solution because of their low solubility. 
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Fig. 2. (a) Spectrofluorimetric titration for the unsymmetrical pyridine-
functionalised Pt(II) compound [Pt(pzR(12'12)py)(pzR(4'4)py)] 4 in dichloro
methane solution upon the addition of increasing amounts of Hg2+. Inset shows 
the normalised emission intensity read at 500 nm. (b,c) Proposed interaction 
modes of 4 with the Hg2+ ion. The solvent molecules required to complete the 
coordination sphere are represented by the shortening "Solv". 

In the case of the isoquinoline-functionalised compounds, [Pt(pzR 

' ' ^lq)2] 2 was selected as a representative example of the family of 
symmetrical derivatives due to its high solubility. Surprisingly, for this 
compound the presence of Hg + originates a notable increase of the 
emission intensity, which reaches the maximum value after the addition 
of 2 equiv. of the metal cation. Concomitantly, the emission maximum 
also experiences a great red-shift from 527 to 644 nm, so that the low 
greenish emission of 2 turns bright red as demonstrated in Fig. 3a. The 
origin of this new band is attributed to the existence of MMLCT excited 
states in agreement with the formation of intermolecular Pt---Pt in
teractions between neighbouring molecules. The luminescence lifetime 
was measured in air atmosphere and it is found to be 82 ns, which 
confirms the phosphorescent nature of the emission [7b]. As for the 
analogous pyridylpyrazolate Pt(II) compounds, the non-linear least-s
quares fitting of the emission spectra suggests the formation of species 
with a 1:1 (Pt-compound:Hg +) molar ratio and a stability constant of 
log/? = 6.17 ± 0.01. However, in this case the interaction mode is rather 
different because the red-shifted emission band indicates that the Hg2+ 

ions interact in such a way that they favour the formation of Pt---Pt 
aggregates. Keeping this idea in mind, the establishment of axial in
teractions can be discarded because aggregation at low concentrations 
of 10~ M is not probable. To induce aggregation, each Hg + ion should 
interact with two non-coordinated nitrogen atoms of different molecules 
in a sandwich-type conformation, which could favour the formation of 
Pt---Pt interactions due to the high proximity of the metal centres 
(Fig. 4a and b). 

In Fig. 3b it is shown the emission spectra of 2 by further increasing 
the concentration of Hg2+ ions. Note that the 3MMLCT band is pro
gressively quenched until recovering the initial intensity of the com
pound when 7 equiv. of Hg2+ are added. Nonetheless, the emission 
maximum is maintained at 644 nm, which is an indication that the 
molecules keep their assembly via Pt---Pt interactions. The experimental 
data fits well to the formation of species with a 1:2 (Pt-compound:Hg +) 
molar ratio and a stability constant of log/? = 9.32 ± 0.01. Thus, this 
quenching effect may be related to the full occupancy of all the nucle-
ophilic atomic positions in the Pt(II) molecule as a result of the excess of 
Hg + ions in the solution (Fig. 4c and d). 

The self-assembly behaviour of 2 was also studied under the presence 
of Zn2+, Cu2+, Cd2+, Co2+, Ag+, Ca2+, Pb2 + , K+, Ni2+ and Hgi+. By 
contrast with the analogous pyridyl compounds, the metal ions interact 

500 550 600 650 700 750 560 600 640 680 720 

Fig. 3. (a,b) Spectrofluorimetric titration for the isoquinoline-functionalised Pt 
(II) compound [Pt(pzR(4,4ilq)2] 2 in dichloromethane solution upon the addition 
of increasing amounts of Hg +. (c) Images of the red luminescence emission 
taken with the naked-eye (left) and under UV light (right) before and after 
adding 2 equiv. of Hg2+ (Aexc, = 365 nm). (For interpretation of the references 
to colour in this figure legend, the reader is referred to the Web version of 
this article.) 
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Fig. 4. Self-assembly behaviour of [Pt(pzR(4,4ilq)2] 2 induced by the potential interaction modes of molecules with Hg2+ ions: (a) greenish-emitting Pt(II) monomers; 
(b) red-emitting Pt(II) aggregates after adding 2 equiv. of Hg2+' (c) Displacement of Hg2+ to the core plane upon the addition of an excess of the metal salt, (d) Non-
emissive Pt(II) aggregates after adding 7 equiv. of Hg2+. 

with the molecules of 2, generating a strong quenching effect in its 
natural greenish emission (Fig. 5). In the particular case of the titration 
with Co + a slight red-shift of the emission band is observed after adding 
0.1 equiv. of the metal ion, but it is quickly quenched as for the 
remaining ions. 

Table 3 summarises the calculated stability constants and the po
tential stoichiometry of the final species formed during the titrations. 
The data fits well to a 1:1 (Pt compound-to-metal, C:M) molar ratio, 
although species with 2:1 and 1:2 stoichiometries are also formed. No 
remarkable changes were observed in the absorption spectra during the 
titrations, and only a slight decrease of the band centred at 285 nm could 
be detected. 

The aggregation-induced emission enhancement (AIEE) response 
above-described is rather surprising because the addition of Hg + usu
ally results in a chelation enhanced fluorescent quenching (CHEQ) effect 
of the emission [8]. However, the interaction of the metal ions with 
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Fig. 5. Bar diagram showing the normalised emission intensity of [Pt(pzR(4,4i 

lq)2] 2 in dichloromethane solution after the addition of several metal ions. The 
intensity values correspond to the emission maximum at the end point of the 
titration after adding the equivalents of the metal salts shown in figure Umax = 
644 nm for Hg2+ titration, Jlmax = 527 nm for titrations with the remaining 
metal ions). 

these compounds originates a change in their molecular assembly and 
favours the formation of intermolecular Pt---Pt interactions, which 
causes the red-shift of the emission band and the enhancement of its 
intensity. To further explore this selective AIEE behaviour towards Hg + 

ions, several spectrophotometric and spectrofluorimetric titrations for 
the unsymmetrical Pt(II) compounds [Pt(pzR(12 '12)iq)(pzR(4 '4)iq)] 11 and 
[Pt(pzR(4 '4)py)(pzR(4 '4)lq)] 18 were carried out under similar conditions. 
In the first case, the presence of the metal ions again causes an AIEE 
effect as for [Pt(pzR(4'4)lq)2] 2. In fact, only 1 equiv. of Hg2+ is required to 
achieve the same luminescence "turn-on" response (Fig. 6). Therefore, it 
is deduced that the introduction of asymmetry in the ligands does not 
appear to have an influence on the self-assembly of molecules. On the 
other hand, it is observed that the greenish emission of the unsymmet
rical [Pt(pzR(4'4)py)(pzR(4'4)iq)] 18 slightly increases after adding ca. 0.2 
equiv. of Hg + and then, it is completely quenched. Also note that the 
emission band is not red-shifted, which is an indication of the absence of 
molecular assemblies through Pt---Pt interactions (Fig. 7). These results 
are similar to that found in the bis(pyridylpyrazolate) Pt(II) compound 
4. Therefore, the coordination of the Pt atom to one or two pyr-
idylpyrazolate ligands prevents the formation of aggregates in the 
presence of Hg + ions. Most likely, the establishment of additional 
intermolecular %•••% interactions between the isoquinoline groups 

Table 3 
Calculated stability constants for the final species formed during the titrations of 
[Pt(pzR(4'4)iq)2] 2 with several metal ions in dichloromethane solution. The po
tential stoichiometry is indicated between brackets. 

Interaction (C:M) 

Zn2 + (1:1) 

Cu2 + (1:1) 

Cd2 + (1:1) 

Co2+ (1:1) 

Ag+ (1:1) 

£log# (Emission) 

7.15 ± 0.03 

6.52 ± 0.01 

5.79 ± 0.01 

6.37 ± 0.04 

4.76 ± 0.02 
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Ca 2 + (1:2) 
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Ni 2+(1:1) 

Hg!+ (1:2) 

£log# (Emission) 

9.51 ± 0.03 

9.80 ± 0.03 

11.09 ± 0 . 0 1 

6.11 ± 0 . 0 1 

11.41 ± 0 . 0 2 
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Fig. 6. (a) Normalised emission spectra of [Pt(pzR(12'12)iq)(pzR(4'4)iq)] 11 in 
dichloromethane solution upon the addition of increasing amounts of Hg2+. (b) 
Normalised emission intensity of 11 read at 639 nm as a function of the equiv. 
of Hg2+. 
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Fig. 7. (a) Normalised emission spectra of [Pt(pzR(4'4)py)(pzR(4'4)iq)] 18 in 
dichloromethane solution upon the addition of increasing amounts of Hg2+. (b) 
Normalised emission intensity of 18 read at 560 nm as a function of the equiv. 
ofHg2+. 

constitutes another backing for the stabilisation of the Pt---Pt aggregates 
[9]. 

3.2. Self-assembly behaviour inside polymer matrices 

The use of these Pt(II) compounds as dopants in the fabrication of 
luminescent thin films has been also evaluated. Keeping in mind that the 
self-assembly behaviour of these compounds inside polymer and silicone 
matrices may be controlled by external stimuli, we were interested in 
developing novel smart materials with stimuli-responsive luminescence 
properties. Thus, several films of poly(methylmethacrylate) (PMMA), 
polyvinylpyrrolidone (PVP) and poly(styrene-butadiene-styrene) (SBS) 
were obtained after doping them with just 1% of the selected Pt(II) 
compound. 

Fig. 8 shows the emission spectra of the PMMA, PVP and SBS films 
doped with the unsymmetrical derivatives [Pt(pzR(n 'n)py)(pzR(m 'm)py)], 
[Pt(pzR(n 'n)iq)(pzR(m 'm)iq)] and [Pt(pzR(n 'n)py)(pzR(n 'n)iq)]. Note that the 
luminescent behaviour strongly depends on several factors such as the 
alkyl chain length, the substitution of the ligands, the asymmetry, the 
polymer nature and the potential interactions between the polymer and 
molecules, so that it does not allow establishing a systematic tendency. 
For those materials obtained from the bis(pyridylpyrazolate) Pt(II) 
compounds [Pt(pzR(n 'n)py)(pzR(m 'm)py)] 4-10, the 3MMLCT band at 
around 605 nm generally appears with the increase of the total chain 
length, i.e. the result of sum the carbon atoms of the two alkyl chains (n 
+ m). This indicates that molecules are self-assembled via intermolec
ular Pt---Pt interactions. Curiously, the aggregation in the PMMA and 
SBS matrices is not complete, and both the monomeric and the aggre
gated forms are present in most cases, with the exception of 4-PMMA 
that only exhibits the typical greenish emission of monomer species. By 
contrast, the PVP films doped with derivatives 8, 9 and 10 (n = 12, m = 
14, 16, 18, respectively) emit a pure orange light (X = 628 nm) that 
clearly is an evidence of the aggregation of all molecules. 

In the case of the polymers doped with the bis(iso-
quinolinylpyrazolate) Pt(II) derivatives [Pt(pzR(n 'n)iq)(pzR(m 'm)iq)] 
11-17, it can be observed that the PMMA and SBS matrices do not 
constitute any drawback for the aggregation of molecules, regardless the 
alkyl chain length. However, only 16 and 17 (n = 12, m = 16, 18, 
respectively) show the same self-assembly behaviour in the PVP 
polymers. 

Finally, most of the unsymmetrical compounds [Pt(pz 'n 'n*y)(pz 'n ' 
n)lq)] 18-25 show aggregation in PMMA and SBS matrices, with the 
exception of those with the longest chain length, whereas only the Pt(II) 
compounds with an intermediate chain length (21, 22 and 23) show 
similar results in the PVP films. 

To investigate if the polymer materials exhibit thermo-responsive 
properties, they were exposed at different temperatures between 20 
and 200 °C and then, the emission spectra were recorded. As expected, 
the orange-emissive films did not show any colour change, the emission 

maximum always appearing at around 628 nm. However, all the films 
emitting green light showed a remarkable red-shift of the emission band 
at ca. 70-80 °C, which is consistent with the formation of 3MMLCT 
excited states. In Fig. 9a and b it is shown the emission spectra of 25-
PMMA as a representative example of this thermal behaviour. Firstly, 
the greenish emission is progressively quenched by the effect of tem
perature as a consequence of the increase of non-radiative processes 
[10]. At ca. 70 °C, the band centred at 533 nm is red-shifted and 
concomitantly, the emission intensity is partially recovered. By further 
increasing the temperature to 137 °C, the 3MMLCT band is finally 
quenched. Nonetheless, the polymer films continue to emit the orange 
light when they are cooled back to room temperature, as demonstrated 
in Fig. 9c and d. The addition of dichloromethane and acetone as well as 
to the exposure of their vapours neither caused any change, and the 
physical properties of the polymers (flexibility, mechanical strength) are 
maintained after the thermal treatment. 

Moreover, the greenish-emitting polymers are also sensitive to me
chanical grinding. By scraping their surfaces with a spatula, it can be 
observed again the colour change from greenish to orange in just a few 
seconds (Fig. 9e). All these results demonstrate the potential application 
of the new materials as temperature and pressure sensors. 

3.3. Self-assembly behaviour of [Pt(p2p(18'18:"'y)(pzRmi8)iq)] 25 inside 
a PMMA copolymer matrix 

Some physical properties of polymers (elasticity, hardness, ability for 
adhesion) can have a certain influence over the photophysical behaviour 
of the dyes used as dopants [11]. In our materials, the temperature can 
affect to the structure of the polymer and therefore, also to the 
self-assembly behaviour of the Pt(II) compounds and to their lumines
cence properties. In this context, we have selected for this study several 
triblock copolymer matrices based on poly(methylmethacrylate)-b-poly 
(n-butylacrylate)-b-poly(methylmethacrylate) (PMMA-b-PnBA-b-PMMA) 
with different PMMA/PnBA ratios, so modifying the natural hardness of 
the PMMA matrix (Fig. 10) [12]. As a dopant agent, we have selected the 
Pt(II) compound 25 because its molecules tend to remain in the mono
meric form at room temperature for all cases above described. 

The luminescence behaviour is similar to that found previously for 
the polymer-doped dyes. The greenish emission of 25 is quenched by 
increasing the temperature, but at 70-75 °C molecules are self-
assembled in the aggregated form and, as a consequence of the forma
tion of MMLCT excited states, a bright orange emission is observed. 
Note in Fig. 11 that this behaviour is the same for the three polymers, 
regardless of the PMMA/PnBA ratio. However, it is interesting to remark 
that the intensity of the MMLCT emission band displays an appreciable 
change, which seems to be related to the content of PnBA in the polymer 
matrix. Thus, when the polymer film is harder (50% PnBA), the origin of 
the MMLCT band at 75 °C allows recovering the initial intensity of 
monomer emission at 25 °C (Fig. 11a), whereas in the polymers with a 
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Fig. 8. Normalised emission spectra of the PMMA (left column), PVP (middle column) and SBS (right column) polymers doped with the unsymmetrical Pt(II) 
metallomesogens (a,b,c) [Pt(pzR(n'n)py)(pzR(m'm)py)] 4-10, (d,e,f) [Pt(pzR(n'n)iq)(pzR(m'm)iq)] 11-17 and (g,h,i) [Pt(pzR(n'n)py)(pzR(n'n)iq)] 18-25. (For interpretation of 
the references to colour in this figure legend, the reader is referred to the Web version of this article.) (For interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of this article.) 

70 and 80% of PnBA the emission intensity originated from the Pt(II) 
aggregates decreases until 80 and 60%, respectively (Fig. l i b and c, 
respectively). Since the temperature at which the self-assembly of 
molecules occurs is almost similar in the three thin films, we can discard 
that the loss of the emission can be associated with an increasing of non-
radiative transitions. Most likely, by modifying the physical properties 
of the polymer matrix, the overlapping of the Pt(dz)---Pt(dz) orbitals 
should be altered, originating the changes that we can appreciate in the 
emission spectra of these materials. 

3.4. Self-assembly behaviour inside a silicone matrix 

The chromic properties of the Pt(II) compounds have been also 
investigated by doping a polydimethylsiloxane (PDMS) membrane with 
them. For this study, [Pt(pzR(12 '12)py)2] 1, [Pt(pzR(12 '12)iq)2] 3, [Pt(pzR 

(12,12)py)(pzR(16,16)py)] g [ P t ( p zRa2,12)iq ) ( p zR(16,16)iq ) ] l f i a n d [ p t ( p z R 
(12,12)py~ zR(12,12)iq-

family of Pt(II) compounds. 
As observed in Fig. 12, the emission spectra of these materials 

generally show the typical MMLCT band at around 615-630 nm related 
to the Pt---Pt aggregates. Note that only compound 3 emits the greenish 
light associated with the monomeric form of these species. Nonetheless, 
despite most of the compounds are in the aggregated form, all of the 
PDMS membranes show thermochromic properties. In Fig. 13a, it is 
plotted the temperature-dependent emission spectra for the PDMS 
membrane doped with [Pt(pzR(12'12)py)(pzR(16'16:ipy)] 9. Note that the 
emission band centred at 630 nm is progressively quenched by 
increasing the temperature from 25 °C to 180 °C and concomitantly, the 
maximum is blue-shifted (im a x . = 580 nm). As a result, the PDMS 
membrane emits greenish light at high temperatures. But it is rather 
interesting that the self-assembly behaviour of these new PDMS mate
rials is reversible, which contrasts with the aggregation mode found in 
the polymer thin films. Thus, the MMLCT emission band centred at 630 
nm can be fully recovered by cooling back the silicone membrane to 

)] 22 were selected as a prototype derivative of each 



480 520 560 600 640 680 720 
Wavelength / nm 

520 560 600 640 680 720 
Wavelength / nm 

Fig. 9. (a, b) Normalised emission spectra of 25-PPMA recorded upon heating 
and cooling, respectively, (c) Image of 25-PMMA showing its natural greenish 
emission, (d) Image of 25-PMMA before (left) and after (right) heating treat
ment, (e) Image of 25-PMMA showing its mechanochromic properties. All the 
images were taken under UV light (^exc = 365 nm). (For interpretation of the 
references to colour in this figure legend, the reader is referred to the Web 
version of this article.) 

room temperature. It is probable that the dilatation of the silicone matrix 
at high temperatures causes the rupture of the Pt(II) aggregates, and the 
orange emission turns greenish. However, upon cooling the membrane 
is contracted, favouring again the establishment of aggregates via 
intermolecular Pt---Pt interactions, and consequently the PDMS mem
brane recovers its initial orange emission at room temperature 
(Fig. 13b). Similar features were observed for all the membranes in 
which the Pt(II) compounds are self-assembled in the aggregated form, i. 
e. for 1, 9, 16 and 22. 

Fig. 14a displays the thermochromic response of [Pt(pz *• ' q)2] 3 
inside the PDMS matrix. We have to remember that this compound is the 
only one that maintains its monomeric form inside the silicone mem
brane, emitting greenish light at room temperature. However, the 
molecules are quickly self-assembled in the aggregated form by 
increasing the temperature, and the emission band is red-shifted from 
545-588 to 613 nm. Note that the aggregation process occurs surpris
ingly at low temperatures of ca. 35 °C, and it also originates a remark
able increase of the emission intensity, as demonstrated in Fig. 14b. By 
further heating the PDMS membrane, the emission band is progressively 
quenched due to the existence of thermally-activated non-radiative 
processes, but the emission intensity can be recovered when the mem
brane is cooling back to room temperature (Fig. 14c). In this case, the 
process is also reversible but ca. 5-7 days are required for the membrane 

PMMA PnBA PMMA 
Fig. 10. Molecular structure of the poly(methylmethacrylate)-b-poly(n-
butylacrylate)-b-poly(methylmethacrylate) (PMMA-b-PnBA-b-PMMA). 
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Fig. 12. Normalised emission spectra of silicone membranes doped with the Pt 
(II) compounds 1, 3, 9, 16 and 22. (For interpretation of the references to 
colour in this figure legend, the reader is referred to the Web version of 
this article.) 
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Fig. 11. Temperature-dependent normalised emission spectra of 25 inside the PMMA-b-PnBA-b-PMMA polymer with a PMMA/PnBA ratio of (a) 0.5/0.5, (b) 0.3/0.7 
and (c) 0.2/0.8. 
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to recover its initial greenish light. 

4. Conclusions 

The Pt(II) compounds studied in this work are self-assembled via 
intermolecular Pt---Pt interactions in the presence of Hg + solutions and 
upon the application of external-stimuli when they are dispersed inside a 
polymer or silicone matrix. The luminescent Pt(II) compounds have 
shown to be excellent candidates as dyes for the fabrication of several 
stimuli-responsive luminescent materials. The supporting polymer 
matrices do not constitute a drawback for achieving the aggregation of 
the Pt(II) compounds. By contrast, they allow modulating the temper
ature at which the molecules are self-assembled, and also providing the 
sensor ability that was not found in the starting complexes. 
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