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Most of the degradation studies regarding polymer nanocomposites were focused to 
evaluate change in mechanical properties. Herein, we focalized our attention on the 
assessment of precise modification on skeleton chains caused by an external stimulus 
(light, heat, oxygen exposure ect).To this purpose, Matrix-Assisted Laser Desorption 
Ionization Time-of-Flight mass spectrometry (MALDI MS) was used to determine the 
macromolecular structures of stimulated samples; the formation of peculiar degradation 
products even in trace amounts, were detected and correlated to (Size Exclusion 
Chromatography) SEC data. This original “molecular” approach can be applied in several 
fields of polymer chemistry. In this case, our goal was to differentiate the contribution of 
clays and impurities on degradation of PA11 matrix.  
Specifically, the thermal, thermo and photo-oxidative degradation processes of bio-based 
PA11 nanocomposites containing montmorillonite (MMT) and the organo-modified 
Cloisite®30B were investigated to discriminate the influence of organo-modified 
components on the polymer durability. Indeed, despite the extensive studies reported, 
there are still ambiguous points to be clarified from the chemical point of view. As 
expected, the addition of organo-modified nanoclays strongly affected the PA11 light 
durability, triggering the macromolecular chains scission due to the typical αH, Norrish I 
and II mechanisms. However, the main contribution in boosting the photooxidative 
degradation is induced by iron impurities contained into the clays. Conversely, thermo-
oxidation process performed at 215°C, was unambiguously affected by the presence of 
the organo-modifiers whose presence determined an enhancement of crosslinking 
reactions [1].   

 
Figure 1. Intensities of MALDI peak related to NH2/CONH2 oligomers plotted as a function of 
exposure time for PA11 (black square), PA11-CC3 (blue circle), PA11-CC9 (red up triangle), PA11-
MMTC3 (violet diamond) and PA11-MMTC9 (rose diamond) samples. 

Reference  
[1]. M. Ussia, G. Curcuruto, D. Zampino, N. T. Dintcheva, G. Filippone, R. Mendichi, S. C. Carroccio, 
Polymers 12, 1034, 2020.
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Polymeric nanoparticles (NPs) have a key role in drug delivery as nanocarriers for small 
hydrophobic molecule drugs and as non-viral vectors for gene delivery (plasmid DNA or 
siRNA). Combination of these properties in a single NPs formulation can be helpful in 
cancer treatment. In this topic, block copolymers, capable to self-assemble in NPs, offer a 
wide range of opportunities due to the possibility of fine tuning the structure (nature, 
length and ratio of blocks) and surface properties of final NPs. The aim of this work 
concerns synthesis and characterization of amphiphilic triblock copolymers based on 
polyethyleneglycol (PEG)-poly(dimethylaminoethyl-methacrylate) (pDMAEMA)-
polycaprolactone (PCL) with different blocks length with the purpose of realize NPs for a 
combined anticancer therapy. The structure of triblock copolymers is shown in Figure 1. 

 

Figure 1. Structure of triblock copolymers 

PEG was chosen as hydrophilic block for its stealth properties; pDMAEMA cationic block, 
introduced for siRNA complexation, was synthesized via atom transfer radical 
polymerization (ATRP); finally, PCL was conjugated via “click” reaction through copper(I)-
catalyzed azide-alkyne cycloaddition (CuAAC) as biodegradable hydrophobic block. 
Copolymers were characterized through 1H-NMR, FTIR and GPC. NPs were obtained by 
nanoprecipitation and characterized for size, polydispersivity index, surface charge, 
stability and critical micellar concentrations (CMC). NPs were loaded with docetaxel 
(DTX), and a non-targeting siRNA was adsorbed. The complexes were characterized by 
electrophoresis on agarose gel. The final NPs showed narrow size distribution, good 
loading efficiency and adequate release profiles. In vitro transfection experiments of 
siRNA-loaded NPs showed good ability to transfect for selected formulations, 
demonstrating that the blocks length and ratio have a big impact on the final properties 
of NPs. 
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In the last few decades, environmental issues are posing serious threats to human health, 
receiving growing attention from civil society and major international organizations as 
well. Contamination of natural systems derives from organic and inorganic chemicals 
introduced into media by a large number of ancient and novel human activities. In 
addition to pesticides and other well-known organic pollutants, pharmaceuticals, 
veterinary medicines, and personal care products have been recently detected in surface 
water, groundwater, and also drinking water, constituting new insidious concerns. Even if 
present in trace amounts, the so-called emerging pollutants can cause bio-accumulative, 
persistent, carcinogenic, mutagenic, and detrimental effects on the survival of aquatic 
organisms, flora, fauna, and human health. To resolve restrictions derived by traditional 
wastewater treatment plants, we implemented a molecularly imprinted polymers (MIPs) 
as valid tools for selective adsorption and removal of these drugs from water. Specifically, 
we have prepared diclofenac-selective MIP by a simple bulk synthesis. The binding 
abilities of the produced materials were evaluated in detail via the capture of diclofenac 
in aqueous medium and compared with the corresponding non-imprinted polymer used 
as a reference. Owing to the templating effect, the as-prepared MIP adsorbs with high 
selectivity the template molecule, i.e. the diclofenac. This specificity was tested by 
measuring the adsorption efficiency versus acetylsalicylic acid as well as trimethoprim. 
Furthermore, MIP reusability has been proven by a simple regeneration procedure, 
allowing its reuse more and more time [1]. 

 
Figure 1. Polymer templating scheme 

Reference  
[1]. M. Cantarella, S. C. Carroccio, S. Dattilo, R. Avolio, R. Castaldo, C. Puglisi, V. Privitera, CEJ 367, 
180, 2019.
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The washing and use of synthetic textiles like polyester, polyamides and polyacrylonitrile, 
represent one of the main sources of microplastic pollution. In fact, microplastics of 
fibrous shape are ubiquitous pollutants that have been detected in the most various 
environmental compartments, from seas and oceans to soil and atmospheric deposition 
[1]. The release of microplastics from the textile structure is a complex process and 
depends on several factors. Therefore, the mitigation of the release requires a 
comprehensive approach that includes actions at all levels involved in the release, from 
textile design and production, to laundry and wastewater treatment.  
For this purpose, with a first approach, we developed eco-sustainable innovative finishing 
treatments suitable for the implementation at textile production level. Such treatments 
create a thin and uniform layer on fabric surface, protecting the textile during washing 
without altering its characteristics. The first treatment was based on the grafting of a 
natural polysaccharide, pectin, on the surface of polyamide 6.6 by using a two-step 
synthetic route [2]. The second treatment was based on the deposition on fabric surface 
of biodegradable polymers like poly (lactic acid) and poly (butylene succinate-co-
butylene adipate), whose degradation behavior in a simulated marine environment was 
also studied, by using an electrofluidodynamic method [3,4]. Both treatments showed 
promising results, reducing the amount of microfibres released during washing by more 
than 80%.  
With a different approach, as mitigation measures applied at laundry stage, we tested a 
filtration system for household washing machines, composed by a pre-filter, a membrane 
and a replaceable filter cartridge. The system showed an efficiency of 70% in retaining 
microplastics from wastewater. Finally, we are currently developing new porous 
materials based on cross-linked polyvinyl alcohol, in order to use them as membranes for 
microplastic removal from wastewater. 

References: 
[1]. B. Henry, K. Laitala, I.G. Klepp. Sci. Total Environ. 652, 483−494, 2019.  
[2]. F. De Falco, G. Gentile, R. Avolio, M.E. Errico, E. Di Pace, V. Ambrogi, M. Avella, M. Cocca.  
Carbohydr. Polym. 198, 175−180, 2018. 
[3]. F. De Falco, V. Guarino, G. Gentile, M. Cocca, V. Ambrogi, L. Ambrosio, M. Avella. J. Colloid 
Interface Sci. 541, 367−375. 2019. 
[4]. F. De Falco, M. Cocca, V. Guarino, G. Gentile, V. Ambrogi, L. Ambrosio, M. Avella. Polym. Degrad. 
Stab. 165, 110−116, 2019.
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Advanced thermal analysis is the most powerful technique to investigate the metastable 
nanophase structure of semicrystalline polymers, as it is established during processing: 
advanced thermal analysis allows to clarify the interplay between transitions of 
crystalline and amorphous chain portions, including quantitative analysis of the two main 
amorphous fractions: the mobile amorphous fraction (MAF) that mobilizes at the glass 
transition temperature (Tg), and the rigid amorphous fraction (RAF) that includes 
portions of macromolecules whose mobility is hindered by the near crystalline 
structures. Main results achieved at IPCB-CNR via advanced thermal analysis are 
summarized below, with most investigations carried out on biodegradable and biobased 
polymers. 
- A discontinuity in crystallization kinetics of PLLA, caused by crystal polymorphism, was 
evidenced for the first time at IPCB-CNR; this finding started new research lines by 
several other groups worldwide. 
- The influence of crystal polymorphism on thermal, mechanical and barrier properties of 
PLLA was clarified, which favored design of EMAP biodegradable food packaging. 
- The effect of chain parameters, including molar mass and stereoregularity, on 
crystallization kinetics of PLLA, was rationalized in terms of nucleation and crystal 
growth rates, for both α'- and α-polymorphs. 
- The melting enthalpy of both α'- and α-forms of PLLA was quantified. 
- ICTAC guidelines for collecting thermal analysis data were defined. 
- Influence of mobility of MAF and RAF on crystallization kinetics was proven (Fig. 1). 
- Interplay between RAF mobilization and crystal melting was demonstrated for a 
number of polymers, with focus on crystal annealing and RAF enthalpy relaxation. 
- The influence of RAF on material properties was demonstrated. 

                         
Figure 1. Left, poly[(R)-3-hydroxybutyrate]; right, poly(L-lactic acid) 

Current research is focused on glass transition and enthalpy recovery of the RAF (Fig. 1), 
improved crystallization kinetics of PLLA, thermal treatments for tailored foaming/
nanofoams of PLLA, biodegradable materials containing active molecules (eg. mosquito 
repellents, or natural additives with antibacterial properties).
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Solid State Nuclear Magnetic Resonance (SS-NMR) is among the most powerful and 
versatile techniques for the study of complex solid systems. It provides information on 
molecular and collective phenomena over large length and time scales allowing to study 
structural and dynamic parameters at a molecular level.   
In the field of polymer based multicomponent materials, the understanding and the 
control of interfacial phenomena is an important challenge to design innovative materials 
with tailored properties considering that the features of the interphase can influence or 
even dominate the behavior of the whole material.  
To this aim, SS-NMR proved to be a very precious tool allowing to highlight mechanisms 
of interactions occurring at the interface as well as their effect on mobility, orientation 
and organization of the molecules in this region.  
Here, SS-NMR analyses of polymer/nanofiller interactions occurring at the interface and 
prompted by different reactive preparation strategies are presented. 
In particular, PMMA and PET based nanocomposites have been investigated. 
PMMA/silica nanocomposites were prepared by in situ polymerization via a free radical 
mechanism. Silica nanoparticles were modified with methacryloylpropyl 
trimethoxysilane (MPTMS), due to the presence of vinyl end groups able to partecipate 
to the radical polymerization. NMR analysis proved the grafting of PMMA chains onto 
silica particles (PMMA-g-SiO2), defined the average chain length of the grafted PMMA 
and highlighted the mechanism of silica and growing macromolecular reactions. The 
silica/MMA system was further investigated through a combined experimental/
theoretical approach, highlighting the strong effects of monomer/oligomer molecular 
weight on the interfacial interactions during the first stages of polymerization. 
PET based nanocomposites containing precipitated CaCO3 nanoparticles (PCC) were 
prepared by melt mixing. A trimellitic anhydride end-capped PET (T-PET) was 
synthesized and added during the processing as interfacial agent exploiting the reactivity 
of carboxyl and anhydride groups with calcium ions at the surface of PCC particles. SS-
NMR demonstrated T-PET/PCC particles interactions. Moreover, as a consequence of 
the interactions with the inorganic surface it was also evidenced an unusual chain 
conformation and a marked perturbation in the relaxation behavior of PET chains, thus 
underling strong changes in molecular dynamics. 
The insights obtained through the study of interfacial phenomena have been of crucial 
importance for the setup of preparation strategies and the development of materials 
with controlled properties. 

Acknowledgement: This contribution is dedicated to the memory of dr. Donatella Capitani.
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Biological recognition elements have attracted extraordinary interest in recent years, 
because of the key role they play in the development of highly sensitive and selective 
chemical and biological analysis. Specificity and sensitivity should be the main properties 
of any biosensor. Moreover, microengineering technologies give us some opportunities in 
developing high-tech sensing systems that operate with low volumes of samples, 
integrates one or more laboratory functions on a single substrate, and enables 
automation [1-4].  

In this work, we report an ultrasensitive fiber-optic biosensor realized using a single-
ended Long Period Grating (LPG). The LPG working point is tuned in the highest 
sensitivity region of mode transition, through a thinner layer of 2D Graphene Oxide (GO). 
Due to the coexistence of hydrophobic domain from pristine graphite structure and 
hydrophilic oxygen-containing functional groups, GO exhibits good water dispersibility, 
biocompatibility, and high affinity for specific biomolecules. These properties of GO 
provide many opportunities for the development of novel biological sensing platforms. 

 
Figure 1 Scheme of 2D GO-LPG 
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Pranoprofen (PPF) is a non-steroidal anti-inflammatory drug (NSAID) prescribed to treat 
arthrosis and rheumatoid arthritis both in acute and chronic diseases. It is also used in 
ophthalmology as a powerful anti-inflammatory postoperative treatment of strabismus 
and cataract surgery, to relieve dry-eye symptoms, and in cases of uveitis and cystoid 
macular edema. Unfortunately, as is the case for other NSAIDs, oral administration may 

cause deleterious side effects and gastric disorders, and eye-drop preparations have 
limited efficacy. Biodegradable polymers are used in many biomedical devices, such as 
implants, cellular scaffolds, and drug delivery systems. To improve drug delivery 
capability and to reduce systemic toxicity, the interest in polymer-drug conjugates has 
increased remarkably. In this prospect, PPF was conjugated to poly(ε-caprolactone) 
(PCL) via microwave-assisted transesterification  acid-catalyzed by p-toluenesulfonic 
acid (pTSA). This synthesis represents an adaptation of that proposed previously [1, 2], 
which produced copolymers starting from the respective homopolymers. The procedure 
involves three steps: first, a concentrated solution of the polymer in toluene/chloroform 
4:1 in the presence of pTSA and a small amount of water is heated at reflux temperature 
in a microwave reactor. Partial hydrolysis of the polymer proceeds during this stage, as 
shown by the appearance of signals of the PCL -CH2-OH terminal group in the 1H NMR 
spectra of the hydrolysis products. In the second step, PPF is added to the reaction 
mixture, and the solution is heated at reflux temperature for 4 h, at the same conditions 
as above. In the third and final step, water is removed through a Dean-Stark-trap from 
the refluxed mixtures. As a consequence, an increase in the molecular weight of the 
polymer (due to the self-condensation of the end-groups of PCL chains) and the 
transesterification reaction between PCL and the carboxylic moiety of PPF occur. The 
obtained products were characterized by NMR, MALDI-TOF mass spectrometry, and 
GPC, which gave proof of the covalent link between PPF and PCL, and by thermal 
analyses. The conjugates were found to contain up to 4.3 % w/w of PPF, and molecular 
weights ranging from 5 to 12 KDa. 

References 
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Complex fluids, such as gels, suspensions, and biological fluids, to name just a few 
examples, have dynamics related to the structural details of their constituents. Unveil the 
interplay between dynamics and structures is of paramount importance for 
understanding these systems, and has relevant implications for various practical aspects 
(e.g. stability over time, relaxation under constraints, etc.). Typically, the structures 
present in such fluids have lengths ranging from tens of nanometers up to millimeters, 
while the associated times vary between millisecond and hours (or even days). To 
properly study such wide range of lengths and times a multi-scale approach is on 
demand. An example of such an approach for an alginate gel is shown in Figure 1. Here, 
unconventional dynamic light scattering (multi-speckle DLS), rheology, and microscopy 
(SEM) are coupled to reveal the aforementioned link [1]. 

 

Figure 1: a) Charact-
eristic relaxation time 
as a function of aging 
time. b) Characteristic 
de-correlation time as 
a function of the wave 
vector (q) at different 
aging times. c) Char-
a c t e r i s t i c l e n g t h , 
defined as the inverse 
of the wave vector at 
which the rheological 
and DLS times are 
equal. d) SEM image of 
the alginate aerogel 
showing the typical 
pore size of the gel. 

Linear rheology and multi-speckle DLS, performed on samples with different aging times, 
enable to extract the gel rheological and de-correlation times (fig.1a,b). The comparison 
between the rheological time and the DLS time-scales (time as a function of the wave 
vector), allows to define a characteristic dynamic length (fig.1c). This length does not 
change with aging time, and represents the length that controls the gel initial relaxation. 
SEM analysis (fig.1d), performed on an aerogel, allows to identify this length with the 
pore-size of the gel, linking the structure to macroscopic relaxation. 

Acknowledgement: Thanks to F. Docimo and C. Leone for technical assistance, and C. Del Barone 
for SEM analysis. 
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In the field of nanomedicine, core-shell nanoparticles (NPs) are already a clinical reality 
for the treatment of cancer, due to their capability to overcome physiological barriers 
and to accumulate into tumor tissue. Nanotechnologies in cancer medicine aim to 
optimize the pharmacokinetics of chemotherapeutics, preserve them from in vivo 
degradation, reduce toxicity, direct towards the target organ, and allow the delivery of 
two or more drugs in association. The diversity of available nanoparticles for drug 
delivery is considerable and includes polymeric nanoparticles, dendrimers, carbon 
nanotubes, quantum dots, metallic nanoparticles or lipid-based systems, such as micelles 
or liposomes. Amphiphilic biodegradable block copolymers able to self-assembly in 
aqueous solution to form core-shell nanostructures are particularly attractive, due to the 
possibility to be synthesized ad hoc by controlling nature and length of blocks and 
copolymer architecture, and to covalently bound target, diagnostic or therapeutic 
agents. It is so possible to realize multifunctional NPs, that present a surface decorated 
with functional groups for active targeting, diagnostics or therapeutics. 
In the present communication, several examples of synthetic strategies of block 
copolymers based on poly(ethylene glycol) (PEG) as hydrophilic block and poly(ε-
caprolactone) (PCL) as hydrophobic block are presented. The copolymers are 
functionalized either with target units (folate, which is recognized by the specific 
receptor overexpressed on the surface of the majority of solid tumor cells), or peptides 
with antiangiogenic or tumor-penetrating properties. NPs were prepared by 
nanoprecipitation and fully characterized for size, polydispersity and surface properties.  
Possible strategies to enhance surface exposition of the covalently bounded functional 
groups are also discussed. Biological studies performed on KB carcinoma cells to 
highlight the potential of NPs in cancer treatment showed promising results [1-3]. 
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In the perspective of zero emission and low energy technologies envisaged by 
the new European Green Deal, polymeric membranes are thought to be a good 
alternative to thermal based separation processes. However, sorption of small molecules 
in polymeric membranes often results in dilation of the host matrix. This type of 
structural modification adversely affects the polymer separation performances (e.g. in 
organic solvent nanofiltration) but is not easily measured with common techniques.  

In this contribution, In situ FTIR vibrational spectroscopy in transmission mode is 
used to measure swelling of two polymers i.e. polydimethylsiloxane (PDMS) and 
polybenzimidazole (m-PBI or Celazole®) due to sorption of carbon dioxide and methanol 
respectively. The specimen thickness can be varied from a few micrometers to a few 
millimeters. The technique resolution is 0.1 % and the limit of detection (LOD) is 0.5%. 
The accuracy is easily modulated by modifying the instrumental parameters. The swelling 
calculation procedure is straightforward [1-2].  

 

Figure 1. CO2 sorption induced swelling of PDMS 
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[1]. R.P. Lively, D.S. Sholl Nature Materials, 16, 276, 2017 
[2]. V. Loianno, K.P. Bye, M. Galizia, P. Musto J. Pol. Sci., 58, 2547, 2020

0 5 10 15
P (bar)

0

1

2

3

4

5

6

V
/V

0 %

PDMS 300 m
PDMS 1.5 mm
De Angelis et al.
Fleming and Koros



83

Workshop IPCB

book of abstracts

14 - 16 December 2020

AN OVERVIEW ON THE ROLE OF THE MALDI-TOF MS IN THE 
CHARACTERIZATION OF THE CONJUGATED POLYMERS 

Filippo Samperia*, Andrea Antonino Scamporrinoa, Sandro Dattiloa,  
Stefania Zappiab, Silvia Maria Destrib  

aInstitute of Polymers, Composites, and Biomaterials - CNR, via P. Gaifami 18, 95126 Catania, Italy  
bInstitute for Chemical Sciences and Technologies “Giulio Natta” - CNR, via A. Corti 12, 20133 Milano, Italy  

* filippo.samperi@cnr.it 

Conjugated polymers are an attracting class of materials that owing their 
semiconducting properties finding application in optoelectronic devices as organic light-
emitting diodes (OLEDs), organic field effect transistors (OFETs), organic photovoltaics. A 
lot of experimental and theoretical studies are devoted to research field of several 
classes of the conjugated polymers. Several synthetic procedures have been developed 
to reach the highest control over both polymerization and analytical methodologies (i.e 
MS, NMR, SEC, FTIR) allowing an in-depth and straightforward characterization of the 
polymer synthesized without any required doubt. We have opportunely synthesized 
several conjugated polymers as polyfluorenes, functionalized polythiophenes 
(homopolymers and copolymers), polycarbazoles, amphiphilic P4VP based copolymers, 
which were deeply characterized either by NMR and MALDI-TOF MS methods.1,2 For 
each class of polymers synthesized, the MALDI-TOF MS analysis proved the formation of 
different end groups, and permitted also to identify side reactions, regio-irregularity and 
in the case of copolymers the formation of homosequences due to homo-chain coupling. 
The combination of SEC-MALDI-TOF MS data with the optical properties of each SEC 
fraction allowed to evaluate the changes the optical properties as a function of the 
chemical composition and of the average molar masses (Figure 1) [1]. 

 

Figure 1. Combination of SEC, MALDI-TOF MS and Optical analyses of a polyfluorene.1  

References  
[1]. F. Samperi, S. Battiato, C. Puglisi, U. Giovanella, R. Mendichi, S. Destri, Macromolecules, 45, 1811, 
2012.
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SYNTHESIS AND CHARACTERIZATION OF POLYMERIC MEMBRANES 
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Aromatic poly(ether sulfone)s (PES)s are engineering thermoplastic materials 
with excellent chemical and thermal stability as well as high glass transition 
temperature, excellent strength and flexibility, transparency, as well as a good 
film forming properties. PESs have obtained wide use in many fields, both 
scientific and industrial: separation membranes (solid-gas, solid-liquid), metal-
metal adhesives, composites, toughening agents for thermosetting resins [1, 2], 
membranes for proteins recovery. Lack of hydrophilic groups and the closing 
arrangement of macromolecular chains lead to the poor hydrophilicity for PES. 
One way to avoid this could be to make the membrane partially hydrophilic. A 
wide range of PES based copolymers was synthesized and characterized, 
exploiting various reaction paths. The insertion of carboxyl and sulfonic groups 
and their effects on the behaviors of the polymers was verified and applied to the 
engineering of different kind of membranes for different applications. 

 

Figure 1. Water Treatment Scheme 

References: 
[1]. C. Maes, J. Devaux, R. Legras, W. Parsons, P.T. McGrail. J. Polym. Sci. Part A, 32, 3171, 1994. 
[2]. F. Samperi, C. Puglisi,T. Ferreri, R. Messina, G. Cicala, A. Recca, C. L. Restuccia, A. Scamporrino. 
Polym. Degrad. Stab., 92, 1304, 2007. 
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FOR POLYMER SCIENCE? 
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In recent years, a growing sensitivity toward environmental concerns and an increasing 
demand for renewable and bio-inspired solutions have driven the research in materials 
science towards the development of more eco-friendly polymeric materials. 
Unfortunately, the variety and variability of these materials and their complex 
morphological organization makes any progress in their development susceptible to a 
complex process of trial and error, guided by the experience of experts, human intuition 
and conceptual insights. Unfortunately, such an approach has become too slow and 
costly for modern society. Over the past decade, we have become accustomed to an 
exponential growth in innovation, especially in the world of information technology. One 
of the reasons for such progress is undoubtedly the widespread application of artificial 
intelligence (AI). AI is a technology that can analyze data, synthesize new knowledge, and 
continue learning as it acquires and uses new information. AI provides the opportunity to 
find the hidden pattern between these data to tailor final products’ properties and realize 
full benefits. It can enhance productivity and increase energy efficiency. AI can also help 
reduce human errors in defect detection and quality control as well as speed up the 
process. 
Despite the growing success of AI-assisted solutions, materials scientists and engineers 
have not yet fully understood the benefits of accelerating research and development, 
predictive maintenance and process optimization. They are probably still too frightened 
by the idea of an excessive "artificial" computerization. 
This paper will present recent experimental, computational and theoretical advances in 
this expanding field. Topics of particular interest include the AI-assisted discovery and 
design of innovative polymers, data-based methods for the design, synthesis and 
characterization of polymers and their composites, the structure-property-performance 
relationship of processed polymers, process development and optimization, and the 
multiscale modeling approach for polymer composites. 
The goal of this contribution is to bring together researchers from a variety of 
backgrounds to exchange ideas, identify and address major challenges, and initiate new 
areas of research in this expanding field. 
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HYBRID FUNCTIONAL NANOCOMPOSITE STRUCTURES 
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The growing interest in nanotechnology has been driven research activities to 
develop hybrid nanocomposite structures capable of performing multiple tasks and 
functions [1]. To this aim, the synthesis of multilayer nanostructures is one of the most 
suitable strategy to induce or to improve specific functionalities onto substrate material 
(i.e., nanoparticles, fibres, etc.) and it can be achieved by in situ surface modification and/
or nanocoating deposition. Core/shell nanoparticles represent a specific hybrid 
nanostructured configuration which integrate into a single geometry two or more 
functions, related to both the inner core and the outer shell coating [1].  

Among our recent works, the design and the synthesis of inorganic core/polymeric 
shell nanoparticles (~270 nm) as tougheners for epoxy resin were carried out. A one-step 
modified Stöber method to obtain amino-functionalized silica core was developed along 
with a hyperbranched polymer shell growth onto the core surface [2]. Hence, in order to 
improve properties at filler-matrix interface, the bio-inspired polydopamine was 
recognized as suitable candidate not only for its adhesive characteristics but also for the 
simple formation/deposition method. The effect of these core/shell nanoparticles in the 
final nanocomposites have been assessed in terms of structural properties withinin the 
EXTREME EU project [3]. 

Conversely, this kind of hybrid nanoparticles are promising and versatile platforms for 
other different applications. Hence, future works will focus on design and develop of ad-
hoc inorganic core/polymer shell nanoparticles to enhance specific functional properties 
useful in perspective in the field of environmental pollutants degradation. 

Acknowledgement: Authors are very grateful to M.R. Marcedula, A. Aldi and M.C. Del Barone for 
their technical support.  
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TECHNOLOGY TRANSFER OFFICE 
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The Technology Transfer Office was created in 2005 (prot.169/05) with the aim to 
support the research community for all the activities related to the promotion and the 
protection of the research results, the support for spin-off creation, the Intellectual 
Property Rights management and exploitation, the building partnerships with companies 
and institutions public and/or private. At about 15 years from start-up has experience in 
the development, organization and management of Research, Development and 
Innovation Projects thanks to the Open Innovation Model used. Although the 
importance of Technology Transfer is well accepted at National Research Council, there 
isn’t an Office dedicated in each Institute and the role and the skills of the staff TTO in 
IPCB is not well allocated. It would be appropriate for the TTO to work closely with its 
department, as well as with the CNR central government offices and the Office for 
International Relations. Here are a SWOT analysis emerged during the activities of TT 
conducted in this years [1]. 

Figure 1 SWOT ANALYSIS 

References  
[1]. L. Affatato, E. Fiore, “Technology Transfer: an international Open System Model” ESI, 2009

SWOT ANALYSIS

STRENGTHS 
• TTO in IPCB 
• S e l f - m o t i v a t e d , t r a i n e d a n d 

dedicated staff (Project Management 
certificated) 

• Multidisciplinary backgrounds 
• Good relationship with researchers 

also of other Institutes 
• Strong scientific network 
• Growing number of research project 

WEAKNESSES 
• No organisation chart in TTO/IPCB 
• Understaffed in TTO 
• Lack of an internal plan decision 

making 
• No internal periodical staff meeting 
• No Communication Area in IPCB 
• Low number of patent applications 
• Low exploitation of granted patents 
• Low number of Spin-off 
• No strategic plan from Central 

administration of CNR

OPPORTUNITIES 
• Sharing  
• Development of an internal strategic 

plan “who does what” 
• Accredited scheduling 
• D a t a u s a g e f o r i n s t i t u t i o n a l 

effectiveness 
• Using specialized database for state 

of art 
• Using data as a compass for growth 

and other opportunities

THREATS 
• Lack of resources allocation 
• Lack of data usage for planning at 

different level   
• Lack of data usage for decision 

making at different level  
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CO-DESIGN, RESEARCH, INNOVATION AND TECHNOLOGY TRANSFER FOR 
IMPROVING QUALITY LIFE: FROM LABS TO PATIENTS WITH 
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The Unit of Lecco of the Institute of Polymers, Composites and Biomaterials (IPCB-CNR), supports 
the design and the implementation of NeMO Lab S.r.l. start-up. This lab, which is originated from 
NEMO Clinical Centres already present in 8 Italian Regions, is a multidisciplinary technological hub 
for the development of innovative projects in the field of neuromuscular diseases; the hub has 
established, through direct investments, participation in funded projects and involvement of 
private companies several research laboratories with the scope to bridge the market and assure 
that innovations arrive to the patients. 
Among these labs, IPCB-CNR scientifically leads the ORTHO LAB, mainly addressed to innovation 
of Aids, Orthoses and Prostheses, with a specific focus on innovative materials and rapid 
prototyping, in order to improve the functional and aesthetic characteristics, increase comfort and 
readiness for use of the several biomedical devices. 
ORTHO LAB, that involves also the SME Ortopedia Castagna and the Department of Design of 
Politecnico di Milano, is establishing a multifunctional laboratory with facilities that will be 
complementary with the ones located in IPCB lab in Lecco. The goal is to create a virtuous pathway 
to bring advantages in terms of quality of life and timing for patients and general cost-savings for 
the National Health Service, by incorporating the research results and innovations on materials 
developed by IPCB both in its labs in Lecco and the leaded ORTHO LAB.  
In this fruitful context, IPCB will be the scientific partner for the development of innovative, 
functional and sustainable materials mainly for 3D printing e for personalising devices, and it will 
be further involved in the other labs cooperating with Research Centers, like IIT, Campus 
Biomedico. Research Centers, Clinicians Patients, Companies and Government with a focus on 
sustainability, makes this a great Best Case of quintuple helix approach to accelerate the transfer of 
research and innovation results. 
The IPCB collaboration with NeMO Lab S.r.l. is ruled by an Agreement addressed to reach the 
following goals: 1) Developing and coordinating research and development programs of mutual 
interest in the field of innovative materials applied to aids, orthoses and prostheses through 3D 
printing techniques. 2) Encouraging knowledge sharing, patent registration and the technological 
transfer from research to the patients; 3) Facilitating and encouraging contacts and exchanges 
between researchers, collaborators, postdocs and doctoral students; 4) Developing industrial PhDs 
programmes. 
Currently a thesis project which has brought to the preparation of a customized prototype for 
cervical orthosis is at patient evaluation stage. Furthermore there are many project calls that IPCB 
has or will submitted together with NeMO Lab, and a sharing of Students and personnel is in 
progress.
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KNOWLEDGE TRANSFER IS A BEST PRACTICE FOR THE WHOLE SCIENTIFIC 
COMMUNITY 
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Europe, despite hosting only 7% of the world's population, boasts 20% of the world's 
investment in research and innovation, producing a third of all high-quality scientific 
publications. It is a world leader in the innovative sectors such as the chemical industry 
and the innovative materials used within the heath industry for health, the environment, 
cultural heritage conservation, renewable energy, textile engineering and regenerative 
medicine. It is therefore Europe's job to turn excellence into success in new imaginative 
markets. This is particularly true for innovations based on radically new technologies 
(pioneering innovations) or radically new markets (disruptive innovations). In this 
context, the theme of technological transfer and, more generally, the theme of the 
transformation of knowledge into productive value, has always been at the heart of 
research and innovation policies. The fully globalized dimensions of today's dynamics are 
increasingly pushing us to see innovation as the real determining factor on which to base 
the competitive capacity of an international scientific/economic system. This competitive 
capacity appears increasingly structurally assured by an innovation that sees scientific 
research as its fundamental engine, its characteristic element. The ability to produce 
knowledge and at the same time the ability to quickly transform that knowledge into an 
economic value and thus to quickly produce high-quality innovation, is the key to a 
country's competitive growth and success. The process of creating innovation is a precise 
linear sequence, ranging from scientific discovery, to experimental verification in applied 
science, to subsequent inventions, to imitative and diffusive processes. In this model, 
clear and well-defined areas of expertise are identified between basic research, applied 
research, technological transfer, industrial development, and consequently the areas of 
action of universities, public and/or private research centers, institutions, companies 
creating that inspirational model of the Triple Helix [1] studied around the world (figure 
1). 

 

References:  
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After 10 years of serving Italy in IUPAC  (International Union for Pure and Applied 
Chemistry) and in ISC (International Science Council), I am convinced that the role of 
International Unions is essential for Science as well as for all human activities. The 
explosion of web as source of information has changed completely the way in which 
knowledge is delivered to persons, in particular in a period like this, when the entire 
world faces the effect of a pandemic disease. As scientists, we have the responsibility to 
deliver a correct information to citizens, debating science and technology with 
colleagues from all the world and taking part to scientific Unions not just as spectators 
but as active participants. Young scientists in CNR are prompted to candidate themselves 
for the Unions through the National Representative (CNR), starting as observers, then 
submitting projects [1,2] or taking part in projects proposed by other scientists [3]. This is 
essential for a wise and equilibrated growth of their human and scientific personality. 

References:  
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ADVANCED MATERIALS. 
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The need to promote the transfer of technological innovation from the world of research to that of industry has 
become increasingly pressing, especially in the last fifteen years, in which the globalization of markets has been 
affirming. Therefore, for small and medium-sized enterprises (SMEs), which in Italy make up about 70% of the 
production of goods and services, and which generally do not have valid research facilities, the acquisition of 
new technologies is of vital importance in order to to be able to achieve or maintain a competitive position on 
the national and international market. 
The great technological changes we are experiencing have often originated from the use of results achieved in 
academic laboratories, enhanced and developed in a context of venture capital investments, which have proved 
to be effective tools for the development of the economy in many countries. Western countries (USA, Great 
Britain, Holland, Israel), especially in those high-tech sectors, such as information technology, 
telecommunications, biotechnologies, medicine, new materials. 
The IPCB operates in the field of innovation and technology transfer with priority of using the laboratories for 
industrial research, prototype development and services related to the direct and / or indirect use of the 
scientific instrumentation supplied to the laboratories. 
 

The network of collaborations in the scientific, technological and economic fields allows the Institute to 
propose itself as a dynamic interface between the supply of technology (scientific research system) and the 
demand for technology (business system), and to provide a series of services useful for a complete realization of 
the transfer of technology in the different phases in which this takes place. 
However, innovation and technology transfer are processes that may not be activated, although in the presence 
of relevant inventions or important possible repercussions of scientific research results. The realization of a 
technological innovation therefore goes beyond the genius of an idea, often because the daily activity in a 
company takes time and resources away from the study of innovative technological solutions. This strategic 
choice of the Institute to transfer the research results obtained has only one objective: to compete in 
innovation, to choose, with rigorous criteria, the fields in which it is possible to excel, to focus the objective of 
facilitating a concentration of interventions and resources that aims to enhance the strengths of our 
production system on the international market. 
The intervention is aimed at carrying out specific projects based on defined criteria for evaluating concrete 
results, so as to always have a clear vision between invested resources and results. 
This strategy must take into account the competitive pressures weighing on Europe not only by the United 
States, which invest about twice as much in scientific research, but also by other emerging countries that have 
skipped the traditional phases of economic development (agriculture, industry heavy, high-tech industry) by 
focusing on innovation. 
Investments in research; and state aid, must arrive at a new definition that overcomes the differentiations now 
existing between basic research, industrial research and precompetitive research. 
It is a difficult path, but when the synergy between the world of research, the world of production and local 
authorities is achieved, great results are achieved which in any case pass through: 
the creation of public and private partnerships in the area of high technology sectors; 
promoting the transfer of innovation between research and businesses and the creation of efficient networks 
for technological dissemination; credit and venture capital facilitation for innovative SMEs, young businesses 
and start-ups; the development of risk capital / venture capital also through greater complementarity between 
the EIB (European Investment Bank) and EIF (European Investment EIF (European Investment Fund) and 
national initiatives. 
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The interaction between public research institutions and small companies generally arises from the 
need of the productive sector to develop new technologies or new products. Often, small 
companies are very innovative and creative but lacks infrastructure, scientific knowledge and 
modern technology laboratories. This case study will describe all the steps necessary to convert a 
good idea into an international patent. The Gamastech is in the top ten list of the companies that 
produce and commercialize elastomeric infusion pumps. The elastomeric pumps are disposable 
devices that exploit the swelling principle of an elastomeric component to put the fluid contained 
inside under pressure. Typically, commercial elastomeric pumps comprise, a reservoir made of 
elastomeric material in which the fluid to be administered is housed, and an external shell that 
protect it. Current commercial products have some disadvantages, first of all the elastomeric 
reservoir made in silicone are not compatible with a long lasting contact with some  drug requested 
from the market; secondly, the external shell is often not ergonomic and looks like a plastic bottle 
with a transparent balloon inside. The main idea of the company was to solve these two problems 
by totally changing both the used material and the design [1]. 

Figure 1 E.pump CNR Gamastech 

References 
[1] Device for infusion of fluids  WO 2017/025829, US2013/0171409, ITUB20153015A1 Carbone 
Domenico, Maravigna Arturo, Recca Giuseppe



94

Workshop IPCB

book of abstracts

14 - 16 December 2020

Technical Scientific Committee 

Luigi Ambrosio
Mario Malinconico
Pietro Russo
Anna Borriello
Mariano Palomba
Robero De Santis
Domenico Garozzo
Filippo Samperi
Manuel Nisi
Maria Rosaria Bonetti

Organizational Scientific Committee

Sabrina Carroccio
Mariacristina Cocca
Giovanna Gomez D’Ayala
Cristina De Capitani
Angelo Palmigiano
Teresa Russo
Simona Zuppolini

Gotomeeting Platform Reference

Antonietta Russo
Corrado Leone



95

Workshop IPCB

book of abstracts

14 - 16 December 2020

ISBN 978 88 8080 409 3
DOI 10.48266/IPCB2020



96

Workshop IPCB

book of abstracts

14 - 16 December 2020

D
es

ig
n

: P
ao

lo
 F

al
as

co
n

i 2
0

2
0


