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Control of the photoswitching properties in supramolecular 
metallopolymeric gels by tuning the coordination metal 
Etienne Borré,a,b Jean-François Stumbé,c Stéphane Bellemin-Laponnaz*,b,d and Matteo Mauro*,a,d

Two novel supramolecular metallo-heteropolymers bearing a 
photo-isomerizable telechelic bis-terpyridine ligand and either 
Fe(II) or Co(II) coordination metals were synthesized. Both 
polymers induced gelation of organic solvents at concentration as 
low as 0.12 wt.% yielding thixotropic gels. Judicious choice of 
electronic and photophysical properties of both ditopic ligand and 
metal ion enabled photomechanical response of the 
supramolecular organogels upon UV light irradiation through 
molecular design. 

The development of supramolecular functional materials 
represents a challenging research topic of great current 
interest from both fundamental and application points of 
view.[1-2] Precise management of weak intermolecular 
interactions (i.e., supramolecular approaches) in combination 
with the use of functional building blocks allows not only 
preparation of self-assembled and hierarchically organized 
complex systems, but also enables engineering of so-called 
“smart” materials, such as stimuli-responsive and adaptive soft 
materials.[3-7] In this respect, we have recently reported on a 
novel class of supramolecular metallo-polymers based on bis-
terpyridine ditopic ligands functionalized with photo-
switchable diazo-aryl groups. These polymers are capable of 
inducing solvent gelation affording to photo-responsive and 

adaptive organo-[8] and hydrogels[9]. The use of zinc(II) salts 
with terpyridine (tpy) ligands, i.e. a coordination node with 
relatively high binding constant and kinetic lability, enabled 
high degree of polymerisation and dynamic metal-ligand bonds 
thus contributing to self-healing capability of the resulting gels. 

 Judicious choice of the nature and oxidation state of the 
coordinating metal centre embedded into the supramolecular 
architecture is expected to profoundly influence the properties 
of the resulting metallo-polymers and responsive materials. 
Indeed, on one hand, one might modify both kinetic lability 
and thermodynamic stability of the metal(tpy)2 unit (tpy = 
2,2’:6’,2”-terpyridine type of ligands), which are known to 
control reversibility of the supramolecular self-assembly 
process between the tpy moiety and the metal cation (i.e., 
possibility to self-correct and self-repair) as well as solution 
equilibria, speciation (i.e., mono-tpy vs. bis-tpy species) and 
degree of supramolecular polymerisation, respectively.[10-17] 
On the other hand, one may introduce added-value features 
including photophysical, magnetic and reversible redox 
properties upon employment of different and properly 
selected coordination metals.[18-20] 
 In particular, 3d transition metals Fe(II) and Co(II) are 
already known to form stable homoleptic complexes with 
terpyridine-type of ligands, being logb = 20.9 and 18.3 for 
Fe(tpy)2+ and Co(tpy)2+, respectively.[21-22] This ensures high 
degree of polymerisation in the metal-ligand supramolecular 
self-assembly process under practically-useful concentration 
conditions. These two transition metals are characterized by a 
lower kinetic lability than Zn(II) counterparts in the M-tpy 
interaction, the half-life of M(tpy)2+ species being in the order 
Fe(tpy)2+> Co(tpy)2+> Zn(tpy)2+ (8400, 50 and 0.1 min in H2O, 
respectively).[23-24] 
 Aiming at the preparation of supramolecular materials in 
which photo-mechanical response could be finely controlled 
by molecular design of constituent building blocks, we 
investigated the effect of the variation of the metal(II) ion onto 
the photochemical behaviour of metallopolymeric gels based 
on photo-active ligand A and B (Scheme 1). Thus, we have 
chosen Fe(II) and Co(II) on the basis of thermodynamic and 



 

 

kinetic considerations abovementioned as well as on their 
different ground and excited state electronic properties that 
are expected to deeply influence the photo-switching ability of 
the azobenzene moiety encoded into the supramolecular 
architecture of the metallopolymers.[25] 
 Additionally, the choice of using Fe(II) and Co(II) allows us 
direct comparison with the previously reported systems based 
on zinc, given their relatively closer binding constants when 
compared to 4d metals such as Rh(III) and Ru(II). Furthermore, 
we decided to use ligand A and B owing to high degree of 
conjugation between the photoactive moieties (i.e., azoaryl 
and phenylene-ethynylene, respectively) and the metal-ligand 
centre to keep highly coupled electronic interactions between 
them.[26] 

 
Scheme 1. Schematic synthetic pathway employed for the 
preparation of the Fe(II) and Co(II) telechelic metallopolymers 
with ditopic ligand A and B. In the case of polymer Fe-P and 
Co-P the stoichiometry is m = 2 and n = 1. 
 
 The chemical structure of ligand A and B and the schematic 
synthetic pathway for the preparation of the supramolecular 
metallo-heteropolymers are displayed in Scheme 1. 
 Firstly, supramolecular polymerisation process by 
employing either Fe(BF4)2 or Co(BF4)2 as metal sources and a 
combination of ligand A and B has been followed in-situ by UV-
visible spectroscopy to elucidate the possibility to form 
metallopolymer and to ascertain the position of the 
corresponding chemical equilibrium. Such a study was made 
possible by the peculiar features associated with the formation 
of each of the M(tpy)2+ species, where M is either Fe(II) or 
Co(II). It is important to notice that the BF4- counter-anion (i.e., 
a non-coordinating one) has been chosen to favour formation 
of bis-terpyridine M(tpy)2+ nodes vs. monomeric M(tpy)X2 
(where X = anion or coordinating solvent molecule). The latter 
acts as chain termination species, thus lowering the degree of 
polymerisation.[27] 
 UV-visible spectra recorded upon addition of different 
aliquots of Fe2+ into a CHCl3:CH3CN 9:1 solvent mixture 
containing equimolar amount (concentration = 1´10-5 M) of 
ditopic ligand A and B are displayed in Figure 1. 
 

 
 
 

Figure 1. Titration of ligand A and B at concentration of 1´10-5 
M in CHCl3:CH3CN 9:1 with Fe(BF4)2 followed by UV-vis 
spectroscopy (top). The spectra corresponding to 0 and 1 eq. 
of Fe2+ added are displayed as black and red trace, 
respectively. Black arrows indicate the variation of the spectra 
features upon addition of the salt; plot of the absorbance 
variation recorded at 600 nm as a function of Fe(BF4)2 added 
(bottom). Dotted grey lines are only intended to guide the eye. 
 
The absorption spectrum before addition of Fe(II) salt (black 
trace) is characterized by two intense bands centred at 326 
and 370 nm, corresponding to the overlapping singlet-
manifold ligand-centred (1LC) transitions of both ligand A and 
B, i.e. 1p-p* transitions of the terpyridine, phenylene-
ethynylene and azo moieties. The formally symmetry-
forbidden weak n-p* transition of the azo moiety is located at 
ca. 475 nm. Upon addition of Fe2+ aliquots, the rise of a band 
at labs = 330 nm is noticed, attributable to the 1LC band of the 
p-conjugated ligand coordinated onto Fe2+ centres. Even more 
importantly, an intense band in the visible spectrum at 598 nm 
is observed, which is attributed to the 1MLCT of the Fe(tpy)2+-
type of complex.[28] Such a band is bathochromically shifted 
when compared to the Fe(tpy)2+ benchmark complex as 



 

 

consequence of the more extended p-conjugated system in 
the tridentate ligand A and B. Interestingly, the spectra display 
three isosbestic points at labs = 313, 362 and 387 nm 
suggesting that coordinating moieties are arranged in only one 
fashion. 
 Plotting intensity of such 1MLCT transition over increasing 
Fe2+:(ligand A+B) ratio allowed following the metal-directed 
supramolecular polymerisation process. The plot clearly show 
a monotonic increase of the intensity associated to the 1MLCT 
band upon increasing Fe2+ concentration until 1:1 ratio is 
reached indicating that in such condition complete metal 
coordination is achieved and the chemical equilibrium is 
shifted toward the formation of bis-terpyridine species (see 
Figure 1). As expected for a mechanism involving step-wise 
coordination of two terpyridine onto a M2+ ion in which K2 >> 
K1,[29-30] excess of metal cation did not result in an absorbance 
variation owing to the higher binding constant of Fe2+ for the 
formation of [Fe(tpy)2]2+-type species. This demonstrate that 
the resulted metallopolymer is stable and do not undergo 
depolymerisation in the presence of excess of metal salts 
Moreover, the rigid nature of the telechelic ligands A and B 
points towards formation of linear supramolecular 
coordination polymers rather than self-assembled metallo-
macrocycles.[14,31] 
 Titration experiments carried out under identical condition 
in terms of solvent and ligands concentration, but employing 
Co(BF4)2 as metal source, afforded similar results, as shown in 
Figure S1 of the Electronic Supplementary Information (ESI). 
Upon addition of Co2+ aliquots, the resulting absorption 
spectra display appearance of a band at 331 nm attributable to 
the 1LC transitions. Noteworthy, three much weaker bands 
appear at labs ca. 400, 460 and 525 nm that can be ascribed to 
the MLCT and MC transitions of the Co(II)-ligand complex.[32] 
Similarly to what observed for the formation of metallo-
supramolecular coordination polymer with Fe2+, and as one 
can expect on the basis of thermodynamic metal-ligand 
coordination constants for [Co(tpy)2]2+, supramolecular 
polymerisation was completed at metal:ligand(A+B) ratio of 1 
and excess of metal cation did not resulted into formation of 
dinuclear [Co(ditopic ligand)Co]4+ species (see Figure S1 of the 
ESI). 
 Metallopolymers were synthetized in bulk by refluxing a 
CHCl3 solution of ligand A:B in a 2:1 ratio and stoichiometric 
amount of M(BF4)2 (M = Fe2+ and Co2+) overnight, and the 
corresponding supramolecular polymers, namely Fe-P and Co-
P, were obtained as orange and deep-violet solid, respectively 
(see Scheme 1, with m = 2 and n = 1). At a first attempt, fixed 
ratio of 2:1 between ditopic ligands A and B was chosen on the 
basis of our previous experiments.[8-9] The details of the 
synthetic procedures are reported as ESI and the 
corresponding 1H NMR spectrum for Fe-P displayed in Figure 
S2 of the ESI. We assume that the formation of 
metallopolymers results into random organization of both 
ligand A and B along supramolecular polymers chain. Both Fe-
P and Co-P metallopolymers dissolved in DMF were found 
capable to induce gelation upon addition of either EtOH or 
CH2Cl2 playing the role as nonsolvent, at overall polymer 

concentration as low as 0.12 wt.%. This enabled investigation 
of the effect of electronic properties of the coordination metal 
on the photo-switching ability of the organogel. 
 Upon mixing either Fe-P or Co-P metallopolymer at 
concentration of 20 mg mL-1 in DMF and addition of a 20-fold 
volume of non-solvent, highly coloured and stable gels were 
obtained within three hours at room temperature, indicating 
the high tendency of such supramolecular metallo-
polyelectrolytes to act as gelating agent though establishment 
of hydrophobic p-p interactions between p-conjugated 
systems. 
 Mechanical properties of both Co-P and Fe-P gels prepared 
at 0.5 wt.% in DMF:EtOH 1:5 v/v where investigated by means 
of rheological experiments. As shown in Figure S3, a nonlinear 
dependency of storage and loss moduli, namely G´ and G´´, 
over strain was observed for both gels at a constant applied 
frequency of 1 Hz, with yielding point at about 10% of strain. 
After such point, further increase of strain gave a sol-gel 
transition resulting in G´´ exceeding G´ values. Although the 
presence of more stable and less labile Fe(tpy)2+ and Co(tpy)2+ 
units within the supramolecular polymer skeleton of Co-P and 
Fe-P when compared to Zn(II) counterparts,[8-9] thixotropic 
properties of the prepared gels were investigated to elucidate 
the effect of the interchain p-p interactions onto gel stability. 
The results are displayed in Figure S4 in which low and high 
strain values were cycled over time. As shown, while at low 
(0.5%) strain, storage modulus values exceeded the loss 
modulus, application of much higher (200%) strain resulted in 
rupture of the gel network, most likely owing to the breakage 
of interchain p-p interactions, and subsequent formation of 
the sol state (G´´ > G´). Interestingly, fast recovery of the gel 
state could be reversibly obtained when strain was set back to 
0.5%, confirming the thixotropic properties of Co-P and Fe-P 
gels. 
 In addition, the presence of photo-switching unit A within 
the metallopolymer structure prompted us to investigate the 
photochemical behaviour of the so-prepared organogels. 
Noteworthy, upon irradiation of gel samples with a LED lamp 
as UV light source (lexc = 365 nm), it was found out that Co-P 
gel showed neat light-induced contraction over an irradiation 
time of 12 hours, which is accompanied by syneresis (Figure 2). 
Indeed, electronic properties of the [Co(tpy)2]2+ node are such, 
i.e. weak MLCT and MC band into the visible region, that they 
can not detrimentally affect the photo-switching of ligand A 
units. 
 



 

 

Figure 2. Photoresponse under UV irradiation with a 
continuous-wave LED lamp (lexc = 365 nm, irradiance: 21 mW 
cm-1) of the supramolecular gels containing either Co-P (left) or 
Fe-P (right). Organogels were prepared in DMF:EtOH (1:20 v/v) 
at concentration of 0.12 wt.% of metallopolymer as the 
gelating agent. 
 
 On the other hand, no photomechanical response for gel 
made of Fe-P metallopolymer under identical excitation 
condition was observed even under an irradiation time as long 
as 24 hours (see Fig. 2). Such absence of gel response upon 
light-excitation into the azobenzene p-p* band is ascribed to 
ultrafast energy transfer (EnT) process from the excited donor 
azobenzene onto the acceptor MLCT band of the [Fe(tpy)2]2+ 
moiety.[33-34] This competitive photophysical process is thus 
expected to efficiently quench the photo-isomerization of the 
A unit by funnelling excitation energy into the iron(II)-tpy 
MLCT state, which in turn deactivates non-radiatively, most 
likely via 3,5MC state to the electronic ground state. At the 
present stage, it is important to notice that the photo-
switching ability of the Co(II) metallopolymers enabled surface 
2D nano-patterning and monitoring of the photochemical 
process at the solid-liquid interface by means of scanning 
probe techniques.[35] 
 In conclusion, two novel metallosupramolecular polymers 
have been synthetized in a straightforward synthetic pathway 
by using Fe(II) or Co(II) as coordination metal nodes for the 
telechelic ditopic ligands. The functional supramolecular 
metallo-polyelectrolytes, which include photo-isomerizable 
azoaryl units, are able to induce gelation of organic solvents 
resulting into thixotropic organogels. Proper tailoring the 
nature of the coordinating metal enabled the control of the 
photo-switching ability of the electronically coupled azo 
moiety. Thus, modulation of photomechanical response in 
supramolecular gel was achieved in an unprecedented 
manner. To the best of our knowledge, these represent the 
first examples of photoswitchable metallopolymeric 
organogels in which photomechanical response can be 
controlled by choice of the coordination metal. These results 
pave the way for better engineering of photo-responsive and 
adaptive supramolecular materials by chemical design. 
The University of Strasbourg Institute for Advanced Study 
(USIAS) is kindly acknowledged for financially supporting this 
work. 
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