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THE ORIGIN

Would you like to join my research group?
(Prof. G. Zerbi, 1998)

’’Luce e materia: collaborazione essenziale’’ Piccolo Teatro di Milano 2013
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Photoreleasing mater

Photochromism

Organic semiconductors & Conducting polymers

Nanofibers

Nanoparticles

INPUT OUTPUT
Light
Voltage
Pressure
Heat

Electrical
Light
Optical
Mechanical

INPUT OUTPUT

THE FUNCTIONAL MATERIALS ü The change of properties in the bulk concerns a 
modification at the molecular level

ü The output has to be easily detected 

ü Reversibility to feature a working function.

ü Fatigue resistance ® device lifetime.

THE NANOSTRUCTURED MATERIALS
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Photoreleasing mater

Photochromism

Organic semiconductors & Conducting polymers

Nanofibers

Nanoparticles

Molecular design 

Supramolecular
structure

Processing

THE FUNDAMENTAL ROLE OF THE STRUCTURE TO PROPERTY RELATIONSHIP



HAVE FuN with PHOTOCHROMISM



PHOTOCHROMIC GLASSES

2020

5,543.8 MLN USD
Expected 2026

8,591.3 MLN USD

8
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by M. Irie
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Fig. 3. Infrared spectra of a) the polymer and b) the monomer, both in the
open form.

Fig. 4. Infrared spectra of a) the polymer and b) the monomer, both in the
closed form.

Table 1. Absorption maxima of some photochromic molecules.

The most surprising property found is the cyclization
quantum yield, which was measured as up to 86%. This is
the highest quantum yield exhibited by the class of diaryl-
ethene molecules. The opening quantum yield measured at
~430 nm at room temperature turns out to be very low:
0.15%.
Let us try to account for the very high cyclization quan-

tum yield. It is known that diarylethene molecules in the
open form may exist as two conformational isomers tradi-
tionally labeled C2 and Cs. Since only the C2 conformer is
photochemically active the measured quantum yield is a
weighted average of the ™real quantum yield∫ of the C2

conformer and the quantum yield of the Cs conformer
(= 0). So the measured quantum yield is the ™real quantum
yield∫ multiplied by the ratio q = C2/(C2 + Cs). Experimen-
tally it turns out that q is generally ~0.5; it follows that the
highest quantum yield of diarylethene is 50%.[12]

The observed large quantum yield of the polymer is an
obvious indication that only the conformer C2 exists; this
explanation, however, may not be sufficient. Indeed, even
considering, for the diarylethene monomer and molecules
shown in Table 1, just the ™real quantum yields∫ they are
still much lower than that measured for the polymer.[9,12,13]

One likely explanation could be the existence of collective
conrotatory motions (i.e., rotating in the same sense) along
the whole chain similar to those sketched in Figure 5.

Fig. 5. Scheme of the possible collective motions. The white and dark blocks
represent the perfluorocyclopentane planes and the thiophene dimer planes,
respectively.

Again the large quantum yield of closure implies that the
conversion at the photostationary state of the open into the
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spect
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mbda spect
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lved
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l param
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Photo
chrom

ism is the
term

used
for a

rever
sible

transi
-

tion induc
ed by vis

ible o
r UV light

of on
e com

poun
d to an-

other
compoun

d that d
iffers

from
the first i

n its co
lor (i.

e.,

absor
ption

spect
rum).[

1] The rever
se proce

ss can
be cause

d

by light
of a differ

ent wave
length

or some other
factor

.

Photo
chrom

ic materia
ls are

poten
tially

usefu
l in actino

me-

try, o
phtha

lmology
, pho

tonics
, and

optica
l data

storag
e.
[2±6]

In this w
ork we consi

der o
rgani

c photo
chrom

ic materia
ls.

Genera
lly, in

techn
ologic

al app
licatio

ns the
se materia

ls are

embedde
d in polym

eric m
atrice

s.[
7,8] There

are two ways
to

introd
uce the photo

chrom
ic units

into a polym
er matrix,

either
as an addit

ive or as penda
nt chrom

opho
ric units

coval
ently

grafte
d onto

the polym
er main chain

. Eac
h of

the tw
o method

s has
some dra

wbac
ks. Fo

r the
first c

ase th
e

conce
ntrati

on of the
inclus

ion compoun
d must be

kept
low

in order
to prese

rve the o
ptical

homogene
ity of the

film; in

the secon
d case the valua

ble physi
cal pr

opert
ies of

a poly-

mer are
prese

rved
but th

e requi
red photo

chrom
ic prope

r-

ties are spoile
d, the

quant
um yields

being
drasti

cally
re-

duced
. In both

cases
the poten

tial u
se of the

se materia
ls is

diminishe
d.

We focus
ed our a

ttenti
on and effort

s on the synth
esis o

f

the first–
to the best

of our know
ledge

–diary
lethen

e

photo
chrom

ic polym
er where

the photo
chrom

ism arises

from
the main polym

er ba
ckbon

e (here
after

referr
ed to as

a ™ba
ckbon

e pho
tochr

omic pol
ymer∫, B

PP). I
n this w

ay we

were
able t

o reach
a maximum conce

ntrati
on of ph

otoch
ro-

mic molecu
les wi

thout
a redu

ction
in the qu

antum
yields

.

We succe
eded

in synth
esizin

g a diary
lethen

e BPP
whos

e

therm
al sta

bility
is highe

r than
that o

f the
monom

er and

whos
e cycl

izatio
n quant

um yield
is the

highe
st in the di

aryl-

ethen
e family. T

o our surpr
ise we found

that the photo
-

chrom
ic behav

ior of
the polym

er is
bette

r than
that o

f its

monom
er.

We synth
esized

the polym
er molecu

le repor
ted in Fig-

ure 1 using
a propr

ietary
method

. The
polym

er, lik
e its

monom
er an

d other
diary

lethen
e molecu

les,
[9±11

] is pho
to-

chrom
ic, sin

ce the pale-g
reen

open
form

turns
into

the

deep-
blue c

losed
form

if irra
diated

by UV light.
The p

roces
s

is rev
ersibl

e sinc
e the

closed
form

is ope
ned by vis

ible li
ght.

The p
olymer is p

hotoc
hrom

ic bot
h in so

lution
and in

the so
l-

id sta
te. Th

e elec
tronic

spect
ra (Fi

g. 2) c
learly

show
the ex

is-

tence
of an

isosbe
stic p

oint n
ear 34

2 nm, thus
indica

ting t
he

lack o
f bypr

oduct
s of th

e pho
toche

mical is
omerizat

ion.

The polym
er ob

tained
was c

harac
terize

d by gel pe
rmea-

tion chrom
atogr

aphy
(GPC),

which
gave

molecu
lar we

ights

Mn = 2980
and Mw

= 3000.
The so-ca

lled polym
er mole-

cules
turn out to

consi
st of

appro
ximately

7±8 repea
t unit

s.

The
1H NMR spect

rum of the
closed

form
in CDCl3 sh

ows

two signa
ls ass

igned
to the polym

er (th
e CH3 gro

up at d =

1.96 ppm
and the arom

atic proto
n at d

= 7.06 ppm) and

minor p
eaks

assign
ed to the terminal u

nits (
d = 6.92,

6.88,

6.66,
2.48,

2.45 ppm). The
molecu

lar we
ight e

valua
ted from

integr
ation

of the
peaks

assign
ed to the terminal u

nits is
in

agree
ment w

ith the GPC value
. The

infrar
ed spect

ra of the

polym
er in

the open
and closed

forms are
repor

ted in Fig-

ures 3
and 4 and are compared

with
the IR spect

ra of the

monom
er. A

s norm
ally expec

ted, t
he complexit

y and the

gener
al fea

tures
of the

infrar
ed spect

rum of the
monom

er

evolv
e towar

ds a
simpler s

pectr
um for th

e polym
er, sin

ce

by increa
sing the chain

length
one appro

aches
the k = 0 vi-

bratio
nal se

lectio
n rules

for a
one-d

imensio
nal (1

D) crys
-

tal. T
his is

exper
imentall

y obs
erved

.

For the sake
of compariso

n, in
Table

1 we repor
t the

wave
length

s of t
he maxima for th

e main peaks
in the elec-

tronic
spect

ra of the
open

and closed
form

of the
polym

er,

the m
onom

er, an
d a few

diary
lethen

e deri
vative

s.[
9,12,1

3] The

gener
al releva

nt inform
ation

is that
on going

from
the

monom
er to

the polym
er in

both
forms the

peaks
are red

shifte
d, thu

s show
ing th

at del
ocaliz

ation
of p el

ectro
ns tak

es

place
when

the chain
becom

es lon
ger. H

owev
er, co

mpari-

son of the spect
ra of the polym

er and the other
diary

l-

±
[*] Prof.

G. Ze
rbi, D

r. F. S
tellac

ci, Dr. C.
Berta

relli,
Dr. F. T

oscan
o,

Prof.
M. C. G

allazz
i
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mento Chim

ica In
dustr

iale, P
olitec

nico di Milano

Piazz
a L. D

a Vin
ci 32,

I-201
33 M

ilano
(Italy

)

Dr. G.
Zotti

Istitu
to di Po

larog
rafia

ed Elettr
ochim

ica Pr
epara

tiva, C
NR

Corso
Stati

Uniti 4
, I-35

020 P
adova

(Italy
)

[**]
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al tha
nks a

re due to Dr. Pie
tro Borto

lus fo
r his

help
in quant

um

yield
calcu

lation
s and

for he
lpful

discu
ssions

.

fAB= 0.86

Solid state

dyes in the 
crystalline

state 

Dye in the 
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state 
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Focal Plane Mask 

EU-Fp6

Osservatorio Astronomico di Brera
Osservatorio Astronomico di Padova

SMART MATERIALS MEETS ASTRONOMY
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SMART MATERIALS MEETS ASTRONOMY

LASER CUT

DISPOSABLE

CONTRAST >100

NOT VERSATILE130 μm

Laser printed FPMs
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SMART MATERIALS MEETS ASTRONOMY

130 μm

Laser printed FPMs

Scientific case: 
detection of Ha line (656.28 nm)
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Spectra obtained after 
the reduction process

Sky object: nebula
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Coupling conductive carbon nanotubes with a photochromic polyester allows for tuning the conductive properties
by photoswitching

CHANGES OTHER THAN COLOUR: AN EXAMPLE

Photochromic polymer
+ DMF or CH2Cl2

Polymer 
+ CNT

+
Sonication

and 
Centrifuge

Samples: 

1% wt/wt  CNT-polymer
2%  wt/wt 
10% wt/wt 
50% wt/wt 

Casting Spray 
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UV

Light-triggered conductive properties

Photochromic polymer film

J. Phys. Chem. C, 116, 19483-19489 (2012)

Rmax /Rmin ~ 150%

1 %  wt/wt of CNT respect to the photochromic polymer weight

vis vis vis

UV UV UV
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A NEW FRONTIER FOR PHOTOCHROMISM: CELL STIMULATION AND PHOTOTHERAPY
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MATERIAL DESIGN
ZIAPIN 2 

DMSO 

Ziapin 2 DMSO 
solution

Δλ1

Δ λ2

TRANS CIS
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Nanoparticles

2014 2017 2021

WHAT’S GOING ON…

EU-H2020

NANOACTUATORS FOR CELL STIMULATION:

Long-term stability

Enhanced firing

Specificity towards cell types, or organelles 

Study of bacterial activity
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Photoreleasing mater

Photochromism

Conducting polymers

Nanofibers

Nanoparticles

2014 2017 2021

WHAT’S GOING ON…

EU-H2020

ORGANIC THERMOELECTRICS

Tailored dopants for high 
conductivity of n-type polymers

C. Castiglioni, M. Tommasini, A. Famulari
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Photoreleasing mater

Photochromism

Conducting polymers

Nanofibers

Nanoparticles

2014 2017 2021

WHAT’S GOING ON…

Nylon 6

Laser light

Enhanced 
Raman signal

EU-H2020

MIX AND MATCH with nanofibers

Conc. 10-6 M

M. Tommasini
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Photoreleasing mater

Photochromism

Conducting polymers

Nanofibers

Nanoparticles

2014 2017 2021

WHAT’S GOING ON…

Nylon 6

Laser light

Enhanced 
Raman signal

EU-H2020
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