
HAL Id: hal-01817480
https://hal.science/hal-01817480v1

Submitted on 18 Jun 2018

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Photochromic
DTE-Substituted-1,3-di(2-pyridyl)benzene Platinum(II)

Complexes: Photo-modulation of Luminescence and
Second-order Nonlinear Optical Properties

Hong Zhao, Eleonora Garoni, Thierry Roisnel, Alessia Colombo, Claudia
Dragonetti, Daniele Marinotto, Stefania Righetto, Dominique Roberto, Denis

Jacquemin, Julien Boixel, et al.

To cite this version:
Hong Zhao, Eleonora Garoni, Thierry Roisnel, Alessia Colombo, Claudia Dragonetti, et al.. Pho-
tochromic DTE-Substituted-1,3-di(2-pyridyl)benzene Platinum(II) Complexes: Photo-modulation of
Luminescence and Second-order Nonlinear Optical Properties. Inorganic Chemistry, 2018, 57 (12),
pp.7051 - 7063. �10.1021/acs.inorgchem.8b00733�. �hal-01817480�

https://hal.science/hal-01817480v1
https://hal.archives-ouvertes.fr


  

1 

 

Photochromic DTE-Substituted-1,3-di(2-pyridyl)benzene 

Platinum(II) Complexes: Photo-modulation of Luminescence and 

Second-order Nonlinear Optical Properties  

Hong Zhao,[a] Eleonora Garoni,[b] Thierry Roisnel,[a] Alessia Colombo,[b,c] Claudia Dragonetti*,[b,c]  

Daniele Marinotto,[c] Stefania Righetto,[b] Dominique Roberto,[b,c] Denis Jacquemin*,[d] 

Julien Boixel*,[a] and Véronique Guerchais[a] 

[a] Univ Rennes, CNRS, ISCR – UMR6226, F-35000, Rennes, France. 

Email: julien.boixel@univ-rennes1.fr 

[b] Dipartimento di Chimica, Università degli Studi di Milano and UdR INSTM di Milano, via Golgi 19, Milano, 20133, Italy. 

Email: claudia.dragonetti@unimi.it 

[c]  ISTM-CNR, CIMAINA and SmartMatLab, via Golgi 19, Milano, 20133, Italy. 

[d] Laboratoire CEISAM, UMR CNRS 6230, Université de Nantes, 2 rue de la houssinière, 44322 Nantes Cedex 03, France. 

Email: denis.jacquemin@univ-nantes.fr 

† Electronic Supplementary Information (SI) available: 

 

Abstract: We disclose a new family of photochromic cyclometalated platinum(II) complexes (PtDTE1 and PtDTE2), where a dithienylethene 

(DTE) unit is connected at the para-position of the central phenyl ring of (N^C^N) cyclometalated ligand, through two different linkages. Their 

syntheses are presented along with the X-ray characterizations of both the open and closed isomers of PtDTE1. The investigation of their 

photophysical properties is made, including absorption, photochromism, emission, and second-order nonlinear properties. We report a 

quantitative photo-isomerization for both PtDTE1 and PtDTE2, irrespective of the nature of the connecting mode between the DTE unit and 

the platinum(II) moiety. The efficient photochromism allows a significant NLO photo-modulation, both in solution and in thin films. In addition, 

we show that the photoluminescence of the PtDTE1 and PtDTE2 can be controlled by the open/closed isomerization of the DTE unit. 

 

 

Introduction 

External control of intrinsic molecular properties fascinates 

scientists since decades, because of both fundamental 

challenges and practical concerns.1 In particular, the modulation 

of the optical properties is of increasing interest for the 

development of new generations of functional molecular 

materials, notably in the fields of optical communication and data 

processing. Transition metal complexes attractively benefit from 

optical-active transitions tunable by the metal and the 

surrounding ligands which may pave the way to valuable 

luminescence and second-order nonlinear optical (NLO) 

properties.2 Among the methods allowing to switch the linear 

and nonlinear optical responses of coordination compounds, the 

use of light is particularly fascinating since it can give rise to all-

optical molecular systems, where light is able to write, store and 

read the information. Among photochromic compounds, 

dithienylethenes (DTE) generally show outstanding 

photochromic performances in terms of high photo-conversion, 

thermal stability and strongly contrasted optical signatures 

between the two isomeric open (o) and closed (c) forms.3 

Subsequently, DTE have been successfully employed as 

organic photo-switches in various fields such as photo-

responsive optoelectronic and probes.4 In view of these 

excellent photochromic abilities, investigations of 

structure/property relationships in DTE-based metal complexes 

have started recently, aiming to design more efficient systems.5 

Chart 1. Structural representations of DTE-based (N^N^C)Pt-alkynyl 

(top) and  (N^C^N)PtCl PtDTE1(o) and PtDTE2(o) (bottom).
 

In this context, our groups have been investigating 

cyclometalated (N^N^C)platinum(II) complexes (N^N^C = 4,4’-
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di(tert-butyl)-6-phenyl-2,2’-bipyridine) bearing an alkynyl ligand 

functionalized with a DTE unit, with the aim of combining the 

optical properties of cyclometalated alkynylplatinum(II) 

complexes to the photochromic performances of DTE.6 In these 

systems, the DTE is introduced on the ancillary ligand of the 

Pt(II) complex (Chart 1). Such approach allows an efficient 

photo-modulation of the NLO response of the complex during 

the photo-isomerization of the DTE, with an enhanced NLO 

signal for the closed form resulting from the extended -

conjugated length and the increased charge transfer character 

found in the closed isomer. We have indeed observed a 

remarkable photo-modulation of the NLO activity both in solution 

and thin films6a and a double sequential modulation of the NLO 

activity triggered by protonation and controlled by 

photochromism.6b 

Cyclometalated (N^C^N-dpyb)platinum(II) complexes (dpyb = 

1,3-di(2-pyridyl)benzene) constitutes another interesting family 

of NLO-active species.7 For example, some of us reported that 

the functionalization of the N^C^N-pyridine rings with electron 

withdrawing groups (F, CF3) greatly enhances the NLO 

response of the corresponding platinum complexes.7a Recently, 

the introduction of electron -delocalized moieties on the para-

position of the central benzene ring of the dpyb ligand was also 

found to constitute an efficient method for increasing the NLO 

response of these complexes. In particular, the introduction of a 

terthiophene produces large quadratic hyperpolarizabilities, as a 

result of the strong -delocalization along a planar backbone.7b  

These recent observations prompted us to investigate DTE-

based (N^C^N)Pt(II) complexes where the DTE unit is linked on 

the para-position of the central benzene ring of the dpyb through 

one of the thiophene rings (Chart 1). Such design would lead to 

a photo-modulation of the -delocalization system over the 

cyclometallated ligand, via open/closed isomerization of the 

pendant DTE, and consequently of the NLO response of the 

complex. 

In addition, (N^C^N-dpyb)PtCl complexes are amongst the 

brightest emitters in solution at room temperature, partly due to 

a short Pt-C bond within the N^C^N coordination environment.8 

Therefore, this family of complexes has been used for OLEDs9 

and bio-imaging.10 Interestingly, their luminescence which 

originates from a ligand-centered 3LC state can be modulated by 

altering the electronic nature of the terdendate ligand. In 

particular, a judicious functionalization at the para-position of the 

central phenyl ring of the N^C^N ligand allows to tune the 

emission wavelength over the whole visible spectrum.8 Thus, the 

presence of the DTE unit introduced onto the N^C^N ligand 

would offer the opportunity to also photo-control the 

luminescence of the complex. 

In the present work, we report for first photo-modulation of both 

linear and nonlinear optical properties of two new DTE-based 

1,3-dipyridylbenzene platinum(II) complexes, PtDTE1 and 

PtDTE2 (Figure 1). These two complexes differ by the linker 

separating the DTE unit and the (dpyb)PtCl fragment. The DTE 

moiety is directly connected to the central benzene ring of the 

terdentate ligand in PtDTE1 whereas, in complex PtDTE2, it is 

separated by a non-conjugated and flexible ethylene glycol 

bridge. These different designs allow to understand the impact 

of the connecting mode and of the distance between the DTE 

unit and the (N^C^N)Pt(II) fragment on the photo-regulation of 

the optical properties. We present below the synthesis and full 

characterization of PtDTE1, PtDTE2 and the free-DTE Pt(II) 

complex Pt1 containing the 5-(5-methylthienyl)-1,3-di(2-

pyridyl)benzene ligand, (Figure 1), used for comparisons. 

 

 

Figure 1. Chemical structures of the investigated para-substituted(1,3-

dipyridylbenzene) PtCl complexes. 

In addition, we describe herein the X-ray crystal structures of 

both open and closed forms of PtDTE1, no crystallographic 

studies of the two isomeric forms of a cyclometalated DTE-

based platinum complex have been reported so far, to our 

knowledge. 

Next, the absorption, photochromic and luminescence properties 

of all complexes have been investigated and rationalized with 

the aid of theoretical calculations. Moreover, the second-order 

NLO activity in solution has been studied for Pt1, PtDTE1 and 

PtDTE2 by means of the EFISH (Electric-Field Induced Second 

Harmonic Generation) technique11 working with an incident 

wavelength of 1907 nm. Besides, due to the importance of 

second-order NLO active polymeric films for NLO applications,5c 

complex PtDTE1 was dispersed and oriented by poling both in a 

polymethylmethacrylate (PMMA) and a polystyrene (PS) matrix 

affording composite films from which Second Harmonic 

Generation (SHG) is investigated. The experimental results are 

accompanied by theoretical calculations as well in order to get a 

better understanding of the parameters that govern the second-

order NLO photo-modulation in this kind of complexes. 
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Results and Discussion 

Synthesis of ligands and complexes. Schemes 1 and 2 show 

the synthesis of the target DTE-based Pt(II) complexes PtDTE1 

and PtDTE2 and that of the corresponding ligands LDTE1-2. 

The precursor ligand LDTE1 has been prepared following a 

modified procedure of 5-aryl-susbtituted-1,3-dipyridylbenzene 

derivatives, where the introduction of the aryl substituent 

proceeds via a Suzuki cross-coupling reaction between 1-

bromo-3,5-dipyridylbenzene (dpyb-Br) and the appropriate aryl 

boronic derivative.8b In the present case, the aryl precursor, 

namely DTE-based compound 1, was obtained in six steps with 

an overall yield of 20 %, by sequential coupling the two 

thiophene moieties to the perfluorocyclopentene ring (Scheme 1, 

eq. 1). The terdentate ligand LDTE1 was synthesized following 

eq. 2 (Scheme 1), dpyb-Br was first converted into its boronic 

derivative and subsequently treated with the bromo-DTE 1 to 

give LDTE1 in good yield (67 %). The pro-ligand L1, of the 

complex Pt1, was obtained by coupling dpyb-Br with the 2-

bromo-5-methylthiophene in similar conditions used for the 

synthesis of LDTE1. 

LDTE2 was prepared by treatment of the phenol-DTE 2-OH12b 

on the pro-ligand 2-OTs,13 bearing the ethylene glycol chain 

substituted by a tosylate (Scheme 2). Then, complexes PtDTE1, 

PtDTE2 and Pt1, are readily obtained by treatment of the 

appropriate pro-ligand with potassium tetrachloroplatinate in an 

acetic acid – water (3 – 1, v/v) mixture at reflux.8b All complexes 

have been isolated in pure form by a simple filtration thanks to 

their low solubility in a AcOH/H2O mixture. The ligands LDTE1, 

LDTE2, L1 and complexes PtDTE1, PtDTE2, Pt1 have been 

fully characterized by means of 1H and 13C NMR (Figures S1-

S17 in SI), elemental analysis and mass spectroscopies. For 

ligands and complexes bearing the DTE photochromic unit, their 

open and closed forms are denoted as (o) and (c), respectively, 

in the following. PtDTE1 and PtDTE2 have been isolated in their 

open forms and the 1H NMR spectra of PtDTE1(o) and 

PtDTE2(o) exhibit the characteristic singlets for the two methyl 

substituents of the DTE unit, they are located at 1.92, 1.96 ppm 

and 1.88, 1.92 ppm, respectively (see experimental part and SI). 

In agreement with the spectroscopic data reported for thienyl-

(N^C^N)Pt(II)Cl complex, the 1H NMR signals of Pt1 appear 

between 7.3 - 9.3 ppm which are assigned to the aromatic 

protons of the N^C^N ligand.8b  

Table 1. Selected bond lengths [Å], angles [°] and torsion angle [°] for 
PtDTE1(o) and PtDTE1(c). 

PtDTE1(o) 
Bond length [Å] Angles [°] 

Pt1-C7 1.903(5) N2-Pt1-N1 161.01(18) 
Pt1-N1 2.028(5) C7-Pt1-N1 80.70(2) 
Pt1-N2 2.037(4) C7-Pt1-N2 80.36(19) 

C17-C18 1.360(8)  
C18-C19 1.430(7) Torsion angle [°] 

C20-C24 1.360(8) C15-C16-C17-C18 37.10(9) 
S1-C17 1.741(6)   
S1-C31 1.731 (6)   

PtDTE1(c) 
Bond length [Å] Angles [°] 

Pt1-C7 1.913(10) N2-Pt1-N1 161.00(18) 
Pt1-N1 2.017(9) C7-Pt1-N1 79.90(4) 
Pt1-N2 2.036(8) C7-Pt1-N2 81.20(4) 

C17-C18 1.350(15)  
C18-C19 1.399(10) Torsion angle [°] 

C20-C24 1.413(17) C15-C16-C17-C18 -6.72(2) 

C31-C29 1.400 (5) 
  

S1-C17 1.741(6) 

S1-C31 1.731 (6)   

 

Crystal structures. Single crystals of PtDTE1(o) and 

PtDTE1(c) (Figure 2, Tables S1 and S2) suitable for X-ray 

diffraction analysis were grown at room temperature by slow 

diffusion of diethyl ether vapor into concentrated 

dichloromethane solution of PtDTE1 in its open and 

photostationary state (PSS). Selected bond lengths and angles 

of PtDTE1(o) are given in Table 1.  
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Complex PtDTE1(o) crystallizes in the P-1 space group (Figure 

2, top). The platinum center displays a typical distorted square-

planar geometry with an N-Pt-N angle of 161.01° and N-Pt-C 

angles of around 80°. The open DTE moiety adopts the anti-

parallel configuration with a C29…C31 through space distance 

of 3.569 Å, suitable for photo-triggered ring-closure reaction.14 

The bond lengths of the DTE core follow expectations, with 

C17–C18 and C18–C19 distances of 1.360 and 1.430 Å, 

respectively, characteristics of carbon–carbon double and single 

bond of a thiophene ring. A large torsion angle of 37.10° is 

observed between the thiophene and the central phenyl ring 

(C15-C16-C17-C18) of the complex. This value is comparable to 

that observed for the related phenyl substituted-(N^C^N) 

platinum(II) complex (torsion angle 29.63°).8b By contrast, the 

angle for the metal-free 2-phenyl-substituted DTE(o) is three 

times smaller (10 – 20°),14 this reflects the impact of the 

complexation of DTE to the platinum center via the N^C^N 

ligand.  

 

Figure 2. The perspective views of PtDTE1(o) (top) and of PtDTE1(c) 

(bottom). Thermal ellipsoids are shown at the 50 % probability level. 

PtDTE1(c) crystallizes in the same P-1 space group as its open 

form (Figure 2, bottom). The structure shows that photo-

isomerization of the DTE unit does not significantly affect the 

geometry at the metal center displaying a distorted square-

planar geometry (Table 1). The major change in the structure is 

the new created single bond between C29 and C31. Because of 

free motions on the closed DTE part of the X-ray 

crystallographic analysis, the C29-C31 bond distance listed in 

Table 1 is very small (1.400 Å) and can be consequently 

considered as irrelevant. The DFT calculations predict C29-C31 

distance of about 1.54 Å in perfect agreement with the 

previously reported XRD bond distances of closed DTE.14 This 

value is probably more relevant than the one obtained from 

XRD. We consider this computed value as more realistic. 

Nevertheless, the XRD analysis clearly shows that a DTE 

photochrome in its closed form and we underline that X-Ray 

structures of closed dithienylethenes are rare.14 To the best of 

our knowledge, this is the first example of a crystallographic 

structure for a closed cyclometalated DTE-based platinum 

complex.15 

Figure 3. Representations of the packing for the PtDTE1(o) (top) and 
PtDTE1(c) (bottom) structures.  

As a consequence of the rearrangement of the -system upon 

ring-closure, the bonds between C17–C18 (1.350 Å) and C18–

C19 (1.399 Å) have single and double bond characters, 

respectively, which is as expected. Additionally, the torsion 

angle between the thienyl of the DTE core and the phenyl group 

of the cyclometalated ligand becomes smaller (C15-C16-C17-

C18 = 6.7°) with an evident bending of the molecule, suggesting 

an efficient -delocalization over the complex. Such 

planarization in the cyclized DTE derivative with the adjacent 

phenyl rings was previously observed solely in the case of 

organic dithenylethenes.14 Analysis of the crystal packing for 

PtDTE1(o) and PtDTE1(c), presented in Figure 3, reveals a 

comparable offset head-to-tail arrangement, despite the different 

torsion angles between the DTE and the N^C^N fragment. Both 

structures consist of infinite stacks of molecules along a 

columnar arrangement of cyclometalated Pt centers, built with 

Pt- and - interactions. It has been reported that small 

anisotropic shape changes occur from the open to the closed 
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forms in organic DTE.3b Consequently, in the present systems 

similar packing distances are observed between the open and 

the closed isomers, alternating between 3.448 and 3.365 Å for 

PtDTE1(o) and 3.227 and 3.263 Å for PtDTE1(c), respectively. 

Electronic absorption. The steady-state absorption spectra of 

the complexes Pt1, PtDTE1(o) and PtDTE2(o) recorded in 

dichloromethane solution are presented in Figure 4a while those 

of the ligands LDTE1 and LDTE2 are shown in Figure S18. The 

related data are summarized in Table 2. The electronic 

absorption spectra of LDTE1 and LDTE2, in their open forms, 

exhibit solely transitions in the UV region, originating from -* 

transitions. Pt1 shows absorption features similar to those 

reported for the 5-thienyl-1,3-dipyridylbenzene platinum(II) 

chloride complex (CH2Cl2) with intense absorption bands in the 

UV region, from 270 to 350 nm ( = 3.3 105 M-1cm-1) assigned to 

ligand centered (LC) 1(-*) transitions of the N^C^N ligand.8b 

The weaker absorption bands in the visible part of the spectrum, 

from 400 to 480 nm, are attributed with the help of theoretical 

modeling (vide infra), to charge transfer (CT) transitions from the 

thienyl, the metal and the chloride to the pyridine moieties of the 

N^C^N ligand.  

Table 2. UV-visible absorption data of the investigated platinum 
complexes. 

 

abs
a/nm ( 10-4/M-1cm-1) 

Open (o) forms 

abs
a,b/nm 

Closed (c) forms (PSS)

LDTE1 305 (50.5), 355 (4.27) 303, 360, 560 

LDTE2 280 (45.7), 310 (23.4) 278, 314, 354, 552 

PtDTE1 300 (48.8), 382 (5.9), 418 (6.7), 432 (6.6) 293, 335, 352, 368, 410, 567 

PtDTE2 296 (40.8), 379 (6.0), 420 (6.4), 437 (6.5) 296, 328, 370, 418, 439, 551 

Pt1 303 (33.3), 382 (4.6), 420 (5.4), 437 (5.3)  

a Measured in CH2Cl2 solution at 298 K. b After irradiation at 350 nm. 

The absorption profiles of the open DTE-based Pt(II) complexes 

PtDTE1(o) and PtDTE2(o) are similar to that of Pt1 (Figure 4a). 

The presence of the DTE moiety in PtDTE1(o) and PtDTE2(o) 

can be seen in the UV region with an enhanced absorptivity, due 

to additional 1(-*) transitions centered on the DTE. For 

PtDTE1(o), in the visible part of the spectrum the lowest-energy 

absorption bands are slightly blue-shifted (5 nm) compared to 

Pt1, probably due to the electron-withdrawing properties of the 

perfluorocyclopentene moiety, directly connected to the 

thiophene substituent. The absorption spectral features of 

PtDTE2(o) are comparable to those of the reported 4-methoxy-

subtituted-(N^C^N)platinum(II) chloride complex.8e These similar 

absorption profiles between the DTE-based complexes 

PtDTE1(o) and PtDTE2(o) and the reference compound Pt1, 

particularly in the CT region, indicate that the ground-state 

electronic absorption properties of the cyclometalated Pt(II) are 

not strongly affected by the presence of the adjacent open DTE. 

This is also consistent with the orbital topologies (vide infra). 

Photochromism. Interconversions between the open and 

closed forms of LDTE1, LDTE2, PtDTE1 (Scheme 3) and 

PtDTE2 have been monitored by UV-visible absorption in 

CH2Cl2 (Figure 4 and S18) and proton NMR spectroscopy 

(Figure 5, Figure S8, S11 and S17). 350 and 580 nm light 

irradiations are used to trigger the cyclization and the 

cycloreversion reactions, respectively (Scheme 3). The initial 

pale yellow solution of PtDTE1(o) turns dark blue upon 

irradiation at 350 nm with the emergence of a large absorption 

band in the visible, centered at 567 nm, attributed to 1(-*) 

transition on the closed DTE unit of PtDTE1(c) (Figure 4b).3 

Irradiation of PtDTE1(c) at 580 nm quantitatively yields back the 

open form PtDTE1(o), showing the good reversibility of this 

system. 

It can be seen in Figure 4b that the absorption bands (abs 

around 350 – 450 nm) of PtDTE1(o), attributed to CT transitions, 

are modified upon ring-closure reaction. This feature is 

consistent with the presence of an electronic communication 

between the (N^C^N)Pt fragment and the closed DTE unit, 

which is also supported by the shape of the corresponding 

LUMO that is delocalized (see SI). Also, the maximum in 

absorption of the broad visible band in PtDTE1(c) is slightly red-

shifted of about 7 nm in comparison with LDTE1(c) (Figure S18 

and Table 2). PtDTE2(o) also exhibits excellent photochromic 

properties upon UV irradiation. The hallmark absorption band of 

the closed DTE appears at 551 nm, i.e., is blue-shifted by ca. 16 

nm compared to PtDTE1(c) (Figure 4c) due to the absence of 

a) 

 

b) 

 

c) 

 

d)  

 

Figure 4. Absorption spectra in CH2Cl2 at 298 K (C ≈ 10-5 M) of a) Pt1 

(black line), PtDTE1(o) (red line) and PtDTE2(o) (blue line). b) PtDTE1, 
before (plain) and after (dashed) irradiation at 350 nm c) Normalized 
absorption spectra at 400 nm of PtDTE1(c) (red), PtDTE2(c) (blue), in 
their closed (PSS) forms. d) PtDTE2, before (plain) and after (dashed) 
irradiation at 350 nm. 
 

Scheme 3. Photochromic reaction of complex PtDTE1. 
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electronic delocalization with the (N^C^N) ligand and the 

presence of the electron donating ethylene glycol bridge. 

Besides, this lower-energy absorption band at 551 nm for 

PtDTE2(c) is comparable to the one of the ligand LDTE2 (550 

nm, Figure S18) and to that reported for organic DTE substituted 

by an anisole group.12 As expected with the presence of the 

saturated ethylene glycol linkage between the Pt(II) and the DTE 

moieties, the CT transitions of the (N^C^N)Pt(II) fragment (from 

400 to 480 nm) are unaffected by the photoisomerization (Figure 

4d). As for complex PtDTE1, the open form PtDTE2(o) is fully 

recovered upon irradiation at 580 nm. Comparing the 

photochromic properties of complexes PtDTE1 and PtDTE2 

(Figures 4 and S19), one can say that the presence of the Pt(II) 

fragment directly coupled or not to the DTE core, displays 

roughly a similar rate of conversion upon UV irradiation.16a By 

contrast, upon visible irradiation, the presence of a saturated 

linker induces a lower rate of photocyclization.16 

Monitoring the ring-closure reaction by 1H NMR spectroscopy 

gives access to the percentage of conversion at the 

photostationary state (PSS). Figure 5 shows the 1H NMR 

spectra of PtDTE1 before and after irradiation at 350 nm. The 

characteristic 1H NMR spectral changes are observed,6a with 

upfield shifted singlets (from 7.36 to 6.80 ppm and from 6.77 to 

6.06 ppm) assigned to the thienyl protons of the DTE core, 

together with downfield shifted singlets (from 1.92 and 1.96 to 

2.14 and 2.16 ppm) corresponding to the methyl protons. The 

relative integration of the above methyl signals between the 

open and the closed form of PtDTE1 shows an almost 

quantitative photo-conversion with a PSS as high as 95 %. 

Figure 5. Partial 1HNMR spectra of PtDTE1 in CD2Cl2, before (black) 

and after (red) irradiation at 350 nm. 

Interestingly, the photochromic reaction of PtDTE2 investigated 

by proton NMR spectroscopy also reveals an almost quantitative 

open to closed photo-conversion (> 95%, Figure S17). In 

contrast, the conversion of the free ligands LDTE1 and LDTE2 

is lower than that of the corresponding complexes upon UV 

irradiation. Indeed, the rate of photoisomerization to the closed 

form, determined from by 1H NMR spectroscopy, is 50 and 30% 

for LDTE1 and LDTE2, respectively (See Figures S8 and S11). 

The beneficial effect of the Pt ion coordination on the 

photochromic properties has never been reported previously, to 

our knowledge.17 As shown by 1H NMR studies (Figures S8 and 

S11), UV irradiation of the free-ligands LDTE1 and LDTE2 leads 

to some partial decomposition while under the same conditions, 

the presence of the coordinated Pt(II) ion, in PtDTE1 and 

PtDTE2, prevents the formation of any side products. These 

experimental results illustrate the beneficial role of the 

complexation in the present cases. 

Notably, upon irradiation into the visible (at 450 nm), namely in 

the CT absorption bands, both PtDTE1 and PtDTE2 show 

conversions as high as when using 350 nm excitation (Figure 

S14) although a markedly slower rate of photo-cyclisation is 

monitored for PtDTE2 upon 450 nm light excitation (see Figure 

S19). This behavior, reported as a DTE ring-closure 

sensitization, was previously demonstrated for DTE-based 

Pt(terpyridine)(alkynyl) complexes where the DTE is connected 

to the alkynyl ligand and explained as an intra-molecular triplet 

energy transfer from the 3CT states of the complex to the 3IL 

(Intra-Ligand) state localized on the open DTE.16 In particular, a 

former study demonstrated that reducing the orbital overlap 

between the metal-based and open DTE states, by breaking the 

conjugated pathway, dramatically diminishes the efficiency of 

the metal-sensitized photocyclization reaction.16b Curiously, in 

the present designs of PtDTE1 and PtDTE2, the efficiency of the 

energy transfer toward the photoactive 3ILDTE appears to be 

quantitative irrespective of the nature of the linkage, though, as 

mentioned above the reaction rate is slower in PtDTE2. For 

PtDTE1 the efficiency can be rationalized by the delocalization 

of the spin density of the triplet excited state over the DTE, see 

the theoretical calculations (vide infra). In PtDTE2 the efficient 

ring-closure sensitization may be attributed to the possible 

proximity between the (N^C^N)PtCl and DTE fragments, thanks 

to the flexible ethylene glycol linkage, such proximity allowing for 

efficient through-space energy transfer. In this framework, we 

underline that the selected linker has been shown to be too short 

to allow significant overlap between the electron densities of the 

two fragments, so that such direct interaction is unlikely to 

explain the observed sensitization.18 

Photoluminescence of complexes. Room temperature 

emission measurements of Pt1, PtDTE1 and PtDTE2. were  

performed in degassed dichloromethane solution with a 

concentration of ca. 10-6 M, diluted enough so that excimer 

emission can be excluded (Figure 6a).8a The luminescence at 

77K in EPA matrix (diethyl ether/isopentane/ethanol: 2/2/1) was 

also investigated for all complexes (Figure 6b). The 

photoluminescence data are collected in Table 3. 

Pt1 exhibits similar photoluminescence characteristics, in 

dichloromethane solution at 298 K, as those reported for the (5-

thienyl-substituted-dpyb)PtCl complex8b, with an intense 

emission in the green region of the spectrum (0-0 emission band 

at  = 558 nm). The emission band of Pt1 is structured 

(vibrational spacing of about 1300 cm-1) and the lifetime is in the 

microsecond time range; signatures that are typical of a ligand 

centered (LC) triplet emission character. Also, the 

photoluminescence quantum yield (28 %) compares well with 

those of analogue complexes.8 

Table 3. Emission data of the investigated platinum complexes. 
 Emission at 298 Ka  Emission at 77 Kc 

 em/nm (/s) em
b em/nm (/s)

PtDTE1 547 (6.1), 588, 655sh -  538 (23.5), 584, 638 

PtDTE2 545 (7.0), 578 -  532 (13.3), 576, 623 

Pt1 558 (9.2), 600, 655 sh 0.28  547, 593, 653 

[a] Measured in degassed CH2Cl2 solution at 298 K (C ≈ 10
-5

 M), with 440 nm 

light excitation. [b] ref: Ru(bpy)3Cl2. [c] in EPA (ethanol/isopentane/diethylether 

: 2/2/1) glass at 77 K, ex = 440 nm. 
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a)  

 

b) 

 

Figure 6. Emission spectra of complexes Pt1 (black), PtDTE1(o) (red) 
and PtDTE2(o) (blue) in, a) degassed CH2Cl2 at 298 K and b) EPA 

(diethyl ether/isopentane/ethanol: 2/2/1) glass at 77 K, ex = 440 nm. 

The emission spectrum of the DTE-based complex PtDTE1(o) 

(Figure 6a) exhibits a similar spectral profile as that of Pt1 with 

an hypsochromic shift (11 nm) of the whole spectrum, attributed 

to the presence of the electron-withdrawing 

perfluororcyclopentene moiety. However, the 

photoluminescence quantum yield ( < 1 %) is very weak, 

probably due to a competitive ring-closure reaction occurring 

through metal-sensitized pathway in its open form. This is also 

supported by the appearance of a blue coloration of the solution 

after the emission measurement upon photo-excitation at 440 

nm, an irradiation wavelength which can efficiently trigger the 

ring-closing process, especially in very dilute conditions.16 To 

confirm this proposal, we performed emission studies of PtDTE1 

at the PSS (Figure S20). This leads to the same result, with a 

quantum yield  less than 1 % and a luminescence spectrum 

similar to that obtained by starting with PtDTE1(o). This 

indicates that an efficient sensitized ring-closure occurs during 

the photoluminescence measurements. The emission spectra 

observed in both cases can be attributed to the remaining open 

isomer PtDTE1(o).  

Notably, PtDTE2(o) exhibits the same behavior as PtDTE1(o), 

and the weak emission observed for PtDTE2(o) is attributed to 

the remaining open isomer PtDTE2(o). The spectrum displays a 

characteristic structured emission band comparable to those 

reported by de Cola for the related DTE-free Pt(II) complexes 

bearing a N^C^N cyclometalated 1,3-di(2-pyridyl)-benzene 

ligand substituted with an ethylene glycol moiety.13 From these 

findings, we deduce that the linker separating the DTE unit and 

the terdentate ligand does not significantly impact the quenching 

of the luminescence. This contrasts with the behavior of the 

related DTE-based terpyridine Pt(II)-acetylide, in which the 

presence of an ether linkage between the DTE and the Pt(II) 

fragments diminishes the rate of the metal-sensitized ring-

closure reaction and changes the luminescent properties 

significantly.16 One can assume that the flexibility and the length 

of the linker in PtDTE2 may allow to bring the DTE and the 

(N^C^N)PtCl moieties sufficiently close to promote through-

space energy transfers and facilitate the luminescence 

quenching.  

Figure 6b shows the luminescence spectra of Pt1, PtDTE1(o),  

and PtDTE2(o) recorded in EPA at 77 K. The emission 

spectrum of Pt1 exhibits highly structured vibronic bands. The 

highest energy emission band is blue-shifted by ca. 11 nm 

compared to the 298 K emission. At 77 K, we assume that the 

competitive ring-closure reaction of the DTE is suppressed,7 and 

consequently the observed emission band can be attributed to 

the fully open form of PtDTE1 and PtDTE2. Their emission 

spectra are similar to that of Pt1 with a blue-shift (9 and 15 nm, 

respectively), compared to the solution spectra. The 77 K 

emission features of PtDTE2 compare well with those reported 

for (5-methoxy-1,3-dpyb)PtCl.8e 

To probe the influence of the linker in PtDTE1 and PtDTE2 on 

the metal-sensitized DTE ring-closure, variable temperature 

emission measurements were conducted upon irradiation with 

440 nm light, in an EtOH/MeOH (4/1) mixture (Figure 7). The 

photocyclization process depends on the viscosity of the 

medium, a rigid matrix inhibits any motion needed for the ring-

closure reaction. But more importantly, as previously reported 

the metal-sensitized DTE ring-closure process, from the 3CT to 

the 3ILDTE state, requires sufficient thermal energy to overcome 

the barrier between those triplet states.16 Emission spectra were 

recorded from 85 K to room temperature with 10 K steps. For 

PtDTE1, the emission spectrum measured at 85 K resembles 

the one recorded in EPA at 77 K (Figure 7b), telling us that the 

metal-sensitized DTE ring-closure process is inhibited at this 

temperature. Increasing the temperature of the PtDTE1 solution 

progressively triggers the metal-sensitized DTE ring-closure 

process, which competes with the luminescence. For PtDTE1 

the luminescence intensity starts to decrease from around 95 K 

and a complete luminescence quenching is recorded at 155 K 

(Figure 7a).7b Similarly, for PtDTE2, the well-structured 

luminescence spectrum at 85 K becomes less intense as the 

temperature increases with total luminescence quenching at 250 

K (Figure 7b). The requirement of a higher temperature for a 

complete luminescence quenching in PtDTE2, versus PtDTE1, 

clearly hints at a less efficient energy transfer that we relate to 

the flexibility, nature and length of the linker between the DTE 

and (N^C^N)PtCl moieties. 

a) 

 

b) 

 

Figure 7. Emission spectra in degassed EtOH/MeOH : 4/1 mixture of a) 

PtDTE1, b) PtDTE2 at variable temperatures from 85 to 250 K. ex = 440 
nm. 

It is interesting to point out that with the above conditions a 

complete quenching of luminescence is observed for both 

complexes, indicating that there is no remaining open form. This 

result contrasts with the observations at room-temperature 

where residual emission is due to the presence of a small share 

open isomer at the photo-stationary state (PSS) in both cases. 

0

460 510 560 610 660 710 760

N
o

rm
al

iz
e

d
 P

L 
in

te
n

si
ty

 /
 c

o
u

n
ts

 

 / nm 

0

500 550 600 650 700 750

N
o

rm
al

iz
e

d
 P

L 
in

 e
n

si
ty

 /
 c

o
u

n
ts

 

/ nm 

500 550 600 650 700 750

P
L 

in
te

sn
it

y 
/ 

a.
u

. 

 / nm 

85 K

95 K

115 K

125 K

155 K

500 550 600 650 700 750

P
L 

in
te

sn
it

y 
/ 

a.
u

. 

 / nm 

85 K

95 K

115 K

200 K

250 K



  

8 

 

The temperature was shown to affect the height of the thermal 

activation barriers of DTEs, leading to a decrease of the ring-

opening process when lowering the temperature while the ring-

closure reaction remains almost unaffected.16,19 Consequently, 

this feature can be explained by the inhibition of the ring-opening 

reaction at temperature below 130 K whilst the photocyclization 

still occurs, leading to an accumulation of the closed isomer up 

to the full conversion. 

Second-order nonlinear optical properties. The second-order 

NLO properties in solution of complexes Pt1, PtDTE1(o) and 

PtDTE2(o) were investigated by the EFISH technique that 

provides direct information on the intrinsic molecular NLO 

properties through,11 

 EFISH = (EFISH/5kT) + (-2)                   (1) 

where EFISH /5kTis the dipolar orientational contribution and (-

2), a third order term at frequency  of the incident 

light, is a purely electronic cubic contribution to EFISH which can 

usually be neglected when studying the second-order NLO 

properties of dipolar compounds.2  

In Table 4 we report the EFISH values for all the investigated 

complexes, measured in CH2Cl2 solution with an incident 

wavelength of 1.907 m. To obtain 1.907 EFISH, the projection 

along the dipole moment axis of the vectorial component of the 

tensor of the quadratic hyperpolarizability, it is necessary to 

know the dipole moment, . In the present study we used 

theoretically determined dipole moments. 

Table 4. 1.907EFISH, and 1.907EFISH of the investigated Pt(II) 
complexes. 

Complex 
1.907 EFISH

a 

xesu)

b

D)

1.907 EFISH 

xesu)

Pt1 -516 8.9 - 58 

PtDTE1(o) -510 8.9 - 57 

PtDTE1(c) -1450 7.1 - 204 

PtDTE2(o) -575 15.4 - 37 

PtDTE2(c) -1476 8.9 - 166 

[a]
 
Working in CH2Cl2 with an incident radiation wavelength of 1.907 m; the 

error is 10%. [b]
 
Calculated at the DFT level in CH2Cl2 (see Experimental 

Section). 

In agreement with other cyclometalated (N^C^N-

dpyb)platinum(II)compounds,7 all the investigated complexes are 

characterized by a negative value of 1.907 EFISH, irrespective of 

the form of the DTE unit (open or closed), as expected for a 

negative value of eg (difference of the dipole moment in the 

excited and ground states) upon excitation.2  In these 

complexes, the  decrease of the dipole moment upon excitation 

is consistent with a second-order dipolar NLO response 

dominated by the charge transfer from platinum to the 

cyclometallated ligand.7 Similar and rather large values are 

obtained for Pt1 and PtDTE1(o) indicating that the substitution 

of the methyl substituent by the perfluorocyclopentene moiety 

does not significantly affect the second-order NLO response. 

Upon irradiation at 350 nm of the solution of PtDTE1(o), a three-

fold increase of the 1.907 EFISH is observed due to the closure of 

the DTE unit (PSS). This large enhancement of the quadratic 

NLO response upon ring-closing is attributed to the augmented 

delocalization of the -conjugation in the closed form, 

accompanied by an important decrease of the HOMO-LUMO 

gap, leading to a four-fold increase of the quadratic 

hyperpolarizability which more than compensates for the small 

decrease of the dipole moment (Table 4). Similarly, an increase 

of the second-order NLO response was previously observed 

upon ring-closure of DTE-based (N^N^C)Pt acetylide complexes 

(1.907 EFISH = -180 and  -1150×10-48 esu for the open and closed 

forms, respectively) that, however, were characterized by much 

lower luminescence efficiencies6 (Chart 1). 

For PtDTE2, it turns out that the open form of the complex is 

characterized by a lower quadratic hyperpolarizability than in 

both Pt1 and PtDTE1 but by a higher dipole moment leading to 

similar 1.907 EFISH values. Surprisingly, although the DTE moiety 

is separated from the N^C^N fragment in complex PtDTE2(o), 

the 1.907 EFISH value increases upon ring-closing to form 

PtDTE2(c), with an enhancement factor similar to that observed 

on going from the open to the closed form of PtDTE1 where the 

DTE moiety is directly connected to the N^C^N fragment. This 

unexpected NLO behavior of PtDTE2 represents, to the best of 

our knowledge, the first example where closure of a DTE moiety 

not -conjugated to the coordination sphere significantly 

influences the quadratic hyperpolarizability of a metal complex.  

To study the second-order NLO properties of PtDTE1 in the 

solid state, thin films of the chromophore dispersed in a 

polymethylmethacrylate (PMMA, Figure S21) or polystyrene 

(PS) matrix, as reported in the experimental section have been 

prepared. It turns out that the SHG signal of films in PMMA 

progressively fades due to a loss of orientation of the dyes 

(Figures S22 and S23). 
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Figure 8. Poling of the PtDTE1/PS films in the closed (top) and open 

(bottom) forms. 

This behavior, already reported in some previous works,20 is not 

surprising if the β transition of PMMA, which has been attributed 

to rotation of the ester side group,21 is considered. A much more 

valuable behavior is obtained by using polystyrene as matrix. 

Thus, poling is made on polystyrene films of complex PtDTE1 

either in the open or closed forms (Figure 8). The SHG response 

is negligible before applying the corona voltage but it quickly 

increases after application of the electric field. When the 

temperature is increased up to 50-60°C, a large increase of the 

SHG occurs, due to the decrease of the viscosity of the 

polymeric matrix which allows an easier orientation of the NLO 

chromophores. When a stable SHG signal is reached, the 

sample is cooled at room temperature, the final switch off of the 

electric field inducing some drop of the SHG. 

After poling, both the open and the closed forms of the 

PtDTE1/PS film show a slight decrease of absorption peaks in 

comparison with that observed before poling (Figure S24); this is 

the characteristic so-called dichroic effect due to the partial 

orientation of molecules along the direction of the electric poling 

field (Z axis).6 No appreciable Stark shift22 of the absorption 

peaks was observed after poling.  

By fitting the Maker fringe measurements,23 the three nonzero 

coefficients of the second-order susceptibility tensor  𝜒33
(2)

, 𝜒31
(2)

 

and 𝜒15
(2)

 for a poled film have been evaluated (Table 5). 

Table 5. Second-order susceptibility tensor of  PtDTE1/PS films in open 
and closed forms. 

Complex  𝜒33
(2)

 (𝑝𝑚/𝑉) 𝜒31
(2)

 (𝑝𝑚/𝑉)  𝜒15
(2)

 (𝑝𝑚/𝑉) 𝜒33
(2)

/𝜒31
(2)

 𝜒33
(2)

/𝜒15
(2)

 

PtDTE1(o) 0.56 0.58 0.15 0.96 3.73 

PtDTE1(c) 2.82 1.74 0.54 1.62 5.22 

As shown in Table 5, for PtDTE1/PS films the 𝜒33
(2) , 𝜒31

(2)  and 

𝜒15
(2)  values increase going from the open to the closed form. 

Besides, the ratios of the components  

𝜒33
(2)

/𝜒31
(2) and𝜒33

(2)
/𝜒15

(2)for both forms are different from 3, the value 

expected for poled films in which the chromophores have a one 

dimensional first hyperpolarizability tensor,24 indicating that there 

is not only a charge transfer along the direction of the dipole 

moment.20g,25,26 

Figure 9.  SHG Photoswitch of the PtDTE1/PS film starting from the 

open form. 

These results prompted us to investigate, after poling, the SHG 

photoswitching of polystyrene films based on PtDTE1 starting 

from the open form (Figure 9) with the fundamental and SH 

beams p-polarized. It turns out that the intensity of the SHG 

signal decreases after UV irradiation, as the closed form is 

generated. Once a stable plateau is reached, when the UV 

irradiation is stopped and the visible light (λ>550nm) turned on, 

the SHG intensity increases as the closed form converts back to 

the open form. As expected, exposure to visible light of a freshly 

prepared poled polystyrene film based on the closed form of 

PtDTE1 leads to an increase of the SHG intensity, due to the 

ring-opening of DTE (Figure S25). 

The loss of some SHG intensity during the sequential on/off 

processes (Figures 9 and S25) is due to the irreversible loss of 

orientation through the photoisomerization processes. In the 

future, stability improvement could be reasonably achieved by 

using the cross-linking technique for the preparation of the 

polymer films. 

It is interesting to point out that the polymer film based on 

PtDTE1(o) shows a higher SHG intensity than the related closed 

form whereas the closed form is more NLO-active in solution 

according to EFISH measurements. This difference between the 

macroscopic and the molecular behavior, which has been 

previously reported for organic compounds based on phenyl-

substituted dithienylethene,20g confirms the importance of the 

geometry and charge transfers inside the chromophores on the 

macroscopic NLO response. 

Theoretical calculations. We also performed a theoretical 

analysis to give a complementary light on the investigated 

systems. The methods used are detailed in the experimental 

section and follow previous successful Time-Dependent Density 
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Functional Theory (TD-DFT) studies of organic and metal-

containing DTE switches.6,27 The DFT-obtained geometries are 

similar to the one of similar systems.6,27 Nevertheless, let us note 

that (i) the angle between the thienyl ring of the DTE unit and the 

phenyl ring attains 23° for PtDTE1(o) but 0° for PtDTE1(c), 

indicating that the increase of planarity between the two moieties 

when going from the open to the closed DTE found in the XRD 

structure is not purely related to a packing effect; and (ii) the 

central CC bond in the closed form is 1.54 Å long, which is 

typical of closed DTE units. More importantly, in PtDTE2, the 

linker provides some conformational flexibility and several 

minimal structures could be obtained with DFT. As the obtained 

electronic spectra of these conformers are similar to the one of 

the most stable structures, we report below the results obtained 

on the conformer presenting the lowest free energy only. 

For Pt1, TD-DFT returns two dipole-allowed singlet states below 

400 nm: 426 nm (f=0.12) and 419 nm (f=0.03), which 

correspond to the main absorption band shown in the inset of 

Figure 4a. These two transitions respectively present strongly 

dominating HOMO-LUMO and HOMO-LUMO+1 characters. As 

can be seen in Figure 10, the HOMO is localized on the 

thiophene, phenyl, Pt and Cl atoms, whereas the LUMO and 

LUMO+1 are centered on the (N^C^N) fragment. Therefore 

these transitions have a significant CT character. In PtDTE1(o), 

the corresponding transitions are located at 417 nm (f=0.11) and 

409 nm (f=0.03), blueshifted by ca. 10 nm compared to Pt1. 

These transitions have the same character as in Pt1 and the 

associated MOs present the same shape (Figure 10). In 

PtDTE2(o), the main absorption band at 418 nm (f=0.17) 

corresponds to a HOMO-LUMO transition, clearly purely 

localized on the (N^C^N)PtCl moiety. In the closed forms, 

PtDTE1(c) and PtDTE2(c), a new excited-state appears at 597 

nm (f=0.54) and 587 nm (f=0.44). These states are ascribed to a 

HOMO-LUMO transition mainly localized on the DTE core, as 

expected. The delocalization of the HOMO and LUMO on the 

(N^C^N) fragment is indeed present but limited even in the case 

of PtDTE1(c) (Figure S26). In PtDTE2(c), the absorption band 

characteristic of the (N^C^N) fragment is computed at 419 nm, 

and is therefore almost unperturbed by the ring-closure of the 

DTE, which is both a logical consequence of the used linker and, 

is also consistent with experiment. The situation is different in 

PtDTE1(c): TD-DFT predicts a weak absorption at 467 nm 

(f=0.03) and a strong absorption at 399 nm (f=0.28), that were 

not present in PtDTE1(o). These vertical transitions correspond 

to a HOMO to LUMO+1 and a HOMO-1 to LUMO electronic 

promotions, respectively. As can be concluded from Figure S27, 

the first weak band implies a significant CT character from the 

DTE towards the (N^C^N) fragment, whereas the second one 

involves a CT in the reverse direction.  

Obviously, the virtual orbitals displayed in Figure 10 are 

localized on the (N^C^N) moiety so that electronic promotion to 

these orbitals will not trigger a direct photocylization. Indeed, it 

was shown that the open to closed transformation in DTE needs 

to go through a so-called photochromic orbital.28 Clearly in both 

PtDTE1(o) and PtDTE2(o), this orbital is the LUMO+2 that 

presents a bonding character for the to-be-formed C-C bond as 

well as a large contribution on the two reactive carbon atoms 

(Figure S28). 

Figure 10. Molecular orbitals for the different systems (threshold used: 
0.03 au). From top to bottom: Pt1, PtDTE1(o) and PtDTE2(o). 

In the former compound, it is also noticeable that no significant 

impact of the directly linked organometallic moiety is noticed, so 

that one does expect the photochromism of the DTE to be 

perturbed. This photochromic orbital can be accessed by a 

dipole-allowed transition located by TD-DFT at 364 nm (f=0.04) 

and 363 nm (f=0.05) for PtDTE1(o) and PtDTE2(o), 

respectively. This is consistent with the fact that irradiation at 

350 nm induces an efficient and alike photoswitching process in 

both compounds. However, irradiation at 450 nm also triggers 

the photochromic reaction, though on a slower rate, especially in 

PtDTE2(o) (Figure S19). In that case the topology of the virtual 

MOs seems unsuited (Figure 10). For PtDTE1(o) the 450 nm 

absorption likely induces photochromism after intersystem 

crossing to the lowest triplet excited-state. Indeed, the topology 

of the spin density for this state (optimal triplet geometry, Figure 

S29 in the ESI), displays a significant contribution on one of the 

two reactive carbon atoms, which is enough to induce the 

photochromic reaction.28 In contrast, in PtDTE2(o), the observed 

results is likely related to a through-space energy transfer 

between the two moieties. 

Conclusions 

In summary, two new photochromic cyclometalated (N^C^N) 

platinum(II) complexes have been designed and synthetized 

with a DTE unit connected on the para-position of the (N^C^N) 

cyclometalated ligand, directly (PtDTE1) or through an insulator 

and flexible link (PtDTE2). Both complexes have demonstrated 

excellent photochromic behavior upon UV or visible light 

irradiation. The first X-ray diffraction studies on both open and 

close isomers of a DTE-based cyclometalated Pt(II) complex 

(PtDTE1) have been herein presented. In particular, the 

unexpectedly good photoisomerization of PtDTE2 upon visible 

light excitation has been rationalized, by means of joint 

experimental and theoretical investigations, as intramolecular 

energy transfer between the (N^C^N)PtCl and DTE parts which 

are bring closer thanks to the flexible linkage. This efficient 

photochromism for PtDTE1 and PtDTE2 leads to a significant 

NLO photo-modulation, both in solution and in thin films, of 

particular interest for the design of reversible NLO switches for 

emerging photonic technologies. In addition, the photo-

regulation of the luminescence has been demonstrated for both 

complexes reported here.  
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Experimental Section 

Synthesis: The synthesis and characterization of all ligands and 

complexes is reported in the Supporting Information. 

Absorption and emission measurements.  

UV/vis absorption spectra were recorded with a Specord 205 UV-Vis-NIR 

spectrophotometer using quartz cuvettes of 1 cm pathlength. Changes in 

absorption upon continuous light irradiation were recorded every 500 

seconds with 60 seconds of integration time, on CH2Cl2 solution at DO = 

0.1 at the excitation wavelength (350 or 450 nm). Light excitation was 

applied with a Thorlabs lamp SLS201L equipped with the appropriate 

single wavelength light filter (350FS 10-25 or 450FS 40-25). 

Photoisomerization experiments in solution have been made using a LS 

series Light Source of ABET technologies, Inc (150 W xenon lamp), with 

single wavelength light filters “350FS 10-25” or “450FS 40-25” for ring-

closure and “580FS 10-25” for cycloreversion. Irradiations for 1H NMR 

experiment have been made using a Rayonet® with 350 nm light emitting 

lamps (213 µW cm-2). 

Steady-state luminescence spectra were measured using an Edinburgh 

FS920 Steady State Fluorimeter combined with a FL920 Fluorescence 

Lifetime Spectrometer. The spectra were corrected for the wavelength 

dependence of the detector, and the quoted emission maxima refer to 

the values after correction. Luminescence quantum yields were 

determined using [Ru(bpy)3]Cl2 (Φ = 0.028 in air-equilibrated aqueous 

solution)29 as standard and correcting for the refractive index. Life-times 

measurements were conducted with 440 nm diode laser excitation (EPL-

series). Variable temperature emission measurements were preformed 

using the cryostat Optistat DN (Oxford Instruments). 

Second order nonlinear optical measurements: 

EFISH measurements. All EFISH measurements11 were carried out at 

the Dipartimento di Chimica of the Università degli Studi di Milano, in 

CH2Cl2 solutions at a concentration of 5-8 x 10–4 M, working with a non-

resonant incident wavelength of 1.907 m, obtained by Raman-shifting 

the fundamental 1.064 m wavelength produced by a Q-switched, mode-

locked Nd3+:YAG laser manufactured by Atalaser. The apparatus for the 

EFISH measurements is a prototype made by SOPRA (France). The 

reported μEFISH values are the mean values of 16 successive 

measurements performed on the same sample. The sign of is 

determined by comparison with the reference solvent (DMF or CH2Cl2). 

Preparation of composite films and SHG measurements Thin films of 

the complex PtDTE1 in open form (5% w/w relative to the polymer) 

dispersed in poly(methyl methacrylate) (PMMA) or polystyrene (PS) were 

prepared by spin-coating a few drops of a dichloromethane solution on 

ordinary non-pretreated glass substrates (thickness 1 mm) previously 

cleaned with water/acetone. The spinning parameters were set at the 

following values: RPM 1 = 800; ramp 1 = 1 s, time 1 = 5 s; RPM 2 = 

2000; ramp 2 = 4 s, time 2 = 83 s. Closed form of the PtDTE1 film in PS 

or PMMA matrix was obtained from PtDTE1 in open form after irradiation 

with UV light at 325 nm (continuous wave (cw) mode power, 15mW) for 

15 minutes. The thickness of the films: 1.83 ± 0.11µm for PS and 0.96 ± 

0.06µm for PMMA matrix were measured using an α-step stylus 

profilometer DektaK XT. Electronic absorption spectra of the composite 

films were recorded by a spectrophotometer Mahamatzu 3600. 

Corona Poling Setup. The fundamental incident light was generated by 

a 1064 nm Q-switched Nd:YAG laser. The output pulse was attenuated 

to 0.5 mJ and was focused on the sample, placed over the hot stage. 

Moreover, the fundamental beam was polarized in the incidence plane 

(p-polarized) with an incidence angle of about 55° respect to the sample 

in order to optimize the SHG signal. Poling process was performed in a 

N2 atmosphere and a corona-wire voltage (up to 10 kV across a 10 mm 

gap) was applied. After rejection of the fundamental beam by an 

interference filter and a glass cutoff filter, the p-polarized SHG signal at 

532 nm was detected with a UV-vis photomultiplier (PT). The output 

signal from the PT was set to a digital store oscilloscope and then 

processed by a computer with dedicated software.   

Maker Fringe and Second Harmonic Photoswitch. In the Maker fringe 

experiment, the second harmonic (SH) intensity was detected as a 

function of the incidence angle of the fundamental beam and normalized 

with respect to that of a calibrated quartz crystal wafer (X-cut) 1 mm thick 

whose d11 is 0.46 pm/V. The incidence angle was changed by rotating 

the poled film, while the polarization of the fundamental and SH beam 

could be changed by a half-wave plate and a cube beam splitter, 

respectively. In order to determine the nonzero independent components 

of the susceptibility tensor for poled films (C∞v symmetry) Maker fringe 

measurements were conducted with different polarizations: p  p, s  p, 

and 45  s. In the SHG photoswitch experiment, the poled film was 

rotated at incidence angle of 55° and the fundamental and SH beams 

were p-polarized. With the purpose of changing the photocyclization 

state, the poled film was alternately irradiated with UV light at 325 nm 

(continuous wave (cw) mode power, 15mW) and visible light with a cutoff 

filter at 550 nm (cw mode power, 140 mW). 

Computational details:  

All simulations have been achieved with the Gaussian09 program,30 

using Density Functional Theory (DFT) and Time-Dependent DFT (TD-

DFT), for the ground and excited state properties, respectively. The 

computational protocol proceeds through several steps. (i) The optimal 

ground-state geometrical parameters have been determined with the 

PBE0 functional31 completed with the so-called D3-BJ model32 to 

describe dispersion interactions. These calculations use the LanL2DZ 

pseudo-potentials and basis set for all atoms completed with additional 

orbitals.33 Spherical d (5D) and f (7F) functions were applied. These 

calculations were performed in solution using the PCM model.34 (ii) The 

vibrational spectrum of each derivative has been determined analytically 

at the same level of theory as in the first step and it has been checked 

that all structures correspond to true minima of the potential energy 

surface. (iii) TD-DFT calculations, using the same level of theory as in 

steps 1 and 2 (PBE0/LanL2DZ+additional functions), were performed to 

model the excited-states. 40 excited-states were typically determined. 

These calculations use the PCM model, in its linear-response approach 

applying the non-equilibrium regime, to account for solvation effects. (iv) 

The dipole moments used in the NLO study were determined analytically. 

These calculations have been performed with the range-separated hybrid 

B97X-D functional,35 using the same basis set as above and 

considering solvent effects during the calculations. 

Associated Content 

1H, 19F and 13C NMR data and spectra, elemental analysis, 

crystallographic data, additional emission spectra, NLO data 

(poling studies, SHG measurements), theoretical data (frontier 

MOs and spin density differences). 
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Synopsis 
DTE-substituted-1,3-di(2-pyridyl)benzene (N^C^N)platinum(II) complexes display excellent photochromic properties upon UV or 

visible irradiation, irrespective of the connecting mode between the DTE unit and the platinum(II) moiety. The efficient 

photoisomerization/cycloreversion processes lead to a significant NLO photo-modulation, both in solution and in thin films. In 

addition, the emission can be photo-controlled. 
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