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Light-induced trans-cis isomerization of terpyridine functionalized 
POSS nanostructures self-assembled in presence of Eu3+ ions. 

Valerio CINÀ,a,b Esther CARBONELL,a Luca FUSARO,a Michelangelo GRUTTADAURIA,b Francesco GIACALONE,b Carmela APRILEa

aUnit of Nanomaterial Chemistry (CNano), University of Namur (UNAMUR), Department of chemistry, Rue de Bruxelles, Namur, 5000, Belgium
bDepartment of Biological, Chemical and Pharmaceutical Sciences and Technologies, University of Palermo, Viale delle Scienze Ed. 17, Palermo, 90128, Italy

Abstract: Polyhedral Oligomeric Silsesquioxane (POSS) nanostructures exhibit both organic and inorganic characteristics and a rigid cage-like core whose
presence provides a high thermal and mechanical stability. [1,2] Moreover, the organic peripheries can be easily functionalized allowing a facile tuning of the
POSS properties. [3,4,5] The rational design of the organic moieties may favor specific interaction allowing the self-assembly of the POSS nanostructures.

Aim: Here, novel POSS bearing terpyridine moieties (Mono- and Octa- functionalized
POSS called M-POSS and O-POSS) were synthetized via Heck coupling reaction[6] in
order to study the formation of 3D supramolecular organizations. The self-assembly
processes between M-POSS/O-POSS and Eu3+ were investigated by 1H-NMR as well as
absorbance and emission spectroscopy. The O-POSS forms extended 3D architectures
after interaction with Eu3+ displaying interesting photo-physical properties. Moreover,
the O-POSS-based structures show reversible cis-trans isomerization also in presence
of europium species.

Synthesis Mono- and Octa- functionalized POSS (M-POSS and O-
POSS)
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Eu@M-POSS 1H-NMR titration experiment
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UV-vis absorption spectra of M-POSS in CH2Cl2 (1.3 x 10-5 M)
upon addition of increasing amount of Eu(OTf)3 in CH3CN
(1.4 x 10-3 M). Inset shows the normalized absorption at
290nm (red circles) and 330nm (black squares).

Emission spectra of M-POSS in CH2Cl2 upon titration
with Eu(OTf)3: 0 eq. - 1 eq. λex= 310 nm OD= 0.27 slits
2.5-5 and band pass filter (360 – 100 nm). Inset shows
the normalized absorption at 366nm (black squares).

Eu@M-POSS Titration Experiments: Absorption and Emission 
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UV-vis absorption spectra of O-POSS in CH2Cl2 upon
addition of increasing amount of Eu(OTf)3 in CH3CN.
Absorption change at 290 nm (red circles) and 330
nm (black squares).

Emission spectra of O-POSS in CH2Cl2 upon addition of
increasing amount of Eu(OTf)3: 0 eq. - 1 eq. λex= 310 nm
OD= 0.15 slits 5 and band pass filter (360 – 100 nm).

Eu@O-POSS Titration Experiments: Absorption and Emission

Synthesis and complexometric Study

Reversible isomerization

M-POSS & O-POSS: trans to cis reversible isomerization
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Eu@O-POSS Reversible isomerization: Emission Spectra

hν
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- Emission spectra of Eu@O-POSS before and after irradiation at 356 nm.
- Disappearance of the characteristic Eu emission bands by irradiation

Emission spectra of trans M-POSS solution (black line) and
cis M-POSS (red line)

• Emission spectra of trans O-POSS solution (black
line) and cis O-POSS (red line) solution in CH2Cl2

• Digital photograph taken under UV light at 356 nm:
a) trans O-POSS
b) cis O-POSS
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Two POSS based nanostructure functionalized with terpyridine moiety were successfully synthesized. Both nanostructures were
able to efficiently complex Eu(III) cations exhibiting (after complexation) a bright-red luminescence under UV light at room
temperature. Moreover, the solutions display a reversible trans to cis isomerization of the vinyl moiety. By exploiting this
behaviour it is possible to modulate the fluorescence emission of O-POSS in presence of Eu(III) under UV irradiation.
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j=18 Hz

j=15 Hz

1H-NMR spectra of M-POSS solution before (a) and after (b) irradiation

a) Spectrum evidencing the  
protons of the double bond in 
trans (6.2 ppm)

b) Spectrum evidencing  the  
protons in trans (6.2 ppm)  and 
in cis (5.65 ppm)

It is possible to follow the disappearance of the signals of the free ligand (black
square) and the appearance of a new pattern of signals due to the formation of
the L-M complex. The signal marked with a red circle is related to the formation
of 2:1 complex (2L:M), while the signal marked by blue triangle corresponds to
the complex 1:1 (L:M)
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