
Roberto Baldini Stefano Bellucci (Responsabile) Silvia Bistarelli 

Cristina Cairone Antonino Cataldo Matteo Mastrucci Federico Micciulla  

Ilaria Tabacchioni 



Sintesi di 
NanoTubi di 

Carbonio 

Sintesi di 
Grafene 

Field Emission 

Nanocompositi 

Interconnessioni Tossicologia 

Biosensor e  
Drug Delivery  

Modellazione e 
Simulazione 

Microscopia 

SEM / AFM 

A
 3

6
0

° 
S

u
lle

 N
a

n
o

T
e

c
n

o
lo

g
ie

 



Nanotubo 

Grafene 

Diamante 

Grafite 
Fullerene 

Famiglia del 

Carbonio 

 

Carbon-

based 

units'? 



 

 Diametro anodo: 10 mm 

 Diametro catodo: 6 mm 

 Distanza  

 anodo-catodo: ~ 2 mm 

 Pressione  

 di vuoto: ~ 2x10-4 mbar 

 Gas utilizzato: He  

 Corrente: 90 A 

 Voltaggio: ~ 20 V 

 Pressione  

 di esercizio: 600 mbar 

 Durata: ~ 50 min. 

Parametri di sintesi: 
 

Scarica ad Arco 



ü Microscopia SEM presso il  nostro laboratorio 

Caratterizzazione al SEM 



Immagini TEM 



Chemical Vapour Deposition 

Hot Filament 

CVD Termica 

Gas di solito un Idrocarburo (HC) 

CH4 ï Metano 

C2H2 - Acetilene 



Grid'1':'Herringbone'tubes'

Χ'composed'of'stacked'graphene'nanocones'with'
truncated'0ps,'realizing'a'hollow'structure,'
some0mes,'as'in'this'tube,'ending'with'closed'

nanocones'at'one'end.'
'

'
This'Herringbone'structure'are'the'majority'of'the'
popula0on,'but'a'significant'frac0on'has'a'

different'structureΧ'

LNF CVD ï Carbon Nanotubes grow 

Into alumina memnrane porous 



Next-generation nano-interconnects 

Limitazione dallõutilizzo del Cu: 



J.Phys.: Condens. Matter 19 (2007)395014 SBellucci et al

Figure 1. SEM image of the CNT synthesized by DC arc discharge; the scale bar corresponds to

2Õm.

Figure 2. Semi-log plot of ýeld emission current versus applied DC voltage for various electrode

distances.

to even a few microns. These are in fact found to consistmostly of multiwalled nanotubes

(MWNT) and somequantity of single-walled nanotube(SWNT) bundles.

For the directly loaded cathodic deposit the ýeld emission current is seen to increase

drastically (by more than six orders of magnitude) from a fraction of nanoamperes to

milliamperes for applied voltages of up to a few kilovolts. As can beseen in thesemi-log plot

of ýgure2, the turn-on voltage also varies as the distance between the electrodes is increased.

Theturn-onvoltagefor an electrodedistanceof 0.5 mm is justafew tensof voltsandthisvalue

increases to 2250V for a distance of 2 mm. The increase in the electrodedistance raises the
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Field Emission 

S. Bellucci et al Journal of Nanophotonics, Vol. 4, 043501 (2010) 

S. Bellucci et al  

Journal Phys.: Condens. Matter 19 (2007) 395014 (7pp) 
In (a), the current density is presented as a function of applied electric field for: FLG grown on 

silicon, FLG grown on titanium, buckypaper, SWCNTs, MWCNTs grown without a catalyst and 

MWCNTs grown with a nickel catalyst. The same field emission data is plotted in (b) according to 

the FN equation. The inset shows the field amplification factors obtained from the slope of the linear 

continuous fit . 

(a) (b)  

S. Bellucci et al.  Nanoscience and Nanotechnology Letters 

10/2011; 3(6):907-912.  CSN5: NANO; MINCE;NEXT 2001-2010 



Graphene NanoPlates 



After expansion 

 

ÁWorm like structure 

By means of a short treatment with ultrasounds in isopropylic alcohol, the graphene layers can be free  from 

the worm like overall structure, thus forming particles with the two dimensional lateral sides having sizes about 

tens micrometers and a thickness less than  2-3 nm 

Á Very large particle area 

Á Thickness: 4±5 planes 

Ultrasonic Bath 

Graphene NanoPlates 
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Buckypaper 
LNF 

LNF 

Commercial 

Commercial 



Funzionalizzazione per Biosensore 

Transmission electron 

microscopic images of the 

CNTïnanocomposites 

prepared using conditions 

for small (aïc) or large (dïi) 

silica nanobeads.  

The arrow in panel (a) 

indicates a nanobead at the 

tip of the CNT.  

The arrow in panel (i) 

indicates a polymerized 

silica inside a CNT. 

Bottini, Massimo; Tautz, Lutz; Huynh, Huong; Monosov, Edvard; Bottini, Nunzio; Dawson, Marcia I.; Bellucci, 

Stefano; Mustelin, Tomas - Covalent decoration of multi-walled carbon nanotubes with silica nanoparticles - The 

Royal Society of Chemistry - Chemical Communications 2005 Volume: Issue:6 



Commercial CVD MWCNTs  

20-40nm 
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apoptotic cells. 
 

 
 

Fig. 2. Effects of all types of MWCNTs on cell cycle 

distribution in MCF-7 cells. Dot plots showing the 

percentage of cells in various phases of the cell 

cycle.control by ANOVA followed by Bonferroni post-test. 

 

 

In order to understand how MWCNTs 

functionalized and not could exert their 

biological effects in MCF-7 cells, we 

observed their cellular localization by 

transmission electron microscopy (Fig. 4). 

After 24 hours of treatment all types of 

MWCNTs showed a low efficiency of 

cellular internalization. Anyway, differences 

in all types of MWCNTs cellular distribution 

were revealed: MWCNTs were present into 

the cytosol both as scattered particles and in 

vesicules meanwhile MWCNTs-COOH and 

MWCNTs-OH were mainly found in 

vesicles. After 72 hours of treatment the 

efficiency of cellular internalization of all 

types of MWCNTs was really increased. 

MWCNTs were still present into the cytosol 

both as scattered particles and in vesicules; 

MWCNTs-COOH were detected only in 

vesicles as aggregates, meanwhile all 

MWCNTs-OH were detected only as 

scattered particles in the cytosol and did not 

form any aggregate. 

 
 

Fig. 3. Effects of all types of MWCNTs on apoptosis of 

MCF-7 cells determined by cytofluorimetric assays after 

Annexin V/7-AAD staining. (A) Histogram showing the 

percentage of apoptotic cells after treatment with all types of 

MWCNTs. Each column represents the mean value Ñ SD of 

four independent experiments. *p<0.05, **p<0.01, 

***p<0.001 versus control (CTRL) by ANOVA followed by 

Bonferroni post-test. CPT, camptothecin. (B) Representative 

dual-parameter flow cytometric density dot plots for MCF-7 

treated with all types of MWCNTs. 

 

In CACO-2, HL-60, and CCD-18 cell 

lines treatment for 24 and 72 hours with 

MWCNTs, MWCNTs-COOH and 

MWCNTs-OH did not show relevant 

biological effects on proliferation, cell cycle 

progression and apoptosis (data not shown). 

This observation gives rise to the interesting 

hypothesis that MWCNTs could have cellular 

specific effects, probably associated to their 

cellular internalization capability. 
 

 
 

Fig. 4. Transmission electron microscopy of (A) MWCNTs; 

(B) MWCNTs inside MCF-7 cellular vesicle; (C) 

MWCNTs-COOH inside MCF-7 cellular vesicles; (D) 

cytosolic distribution of MWCNTs-OH in MCF-7 cells. Red 

arrowheads indicate functionalized and not functionalized 

MWCNTs. 

Transmission electron microscopy of (A) MWCNTs; (B) MWCNTs 

inside MCF-7 cellular vesicle; (C) MWCNTs-COOH inside MCF-7 

cellular vesicles; (D) cytosolic distribution of MWCNTs-OH in MCF-7 

cells.  
MULTIWALLED CARBON NANOTUBES-INDUCED CYTOTOXIC EFFECTS ON HUMAN BREAST ADENOCARCINOMA CELL 

LINE 

S. Bellucci, S. Dinicola, P. Coluccia, M. Bizzarri,A. Catizone, F. Micciulla, I. Sacco, G. Ricci, A. Cucina ï CAS 2012 ï International 

Semiconductor conference - 978-1-4673-0738-3/12/$31.00 © 2012 IEEE  

 

Tossicità 



Growth inhibition, cell-cycle alteration and apoptosis in stimulated human peripheral blood lymphocytes by multiwalled 

carbon nanotube buckypaper, O Zeni, A Sannino, S Romeo, F Micciulla, S Bellucci, MR Scarfi Nanomedicine, 1-10 (2014) 

Cytotoxicity of Multiwalled Carbon Nanotube Buckypaper in Human LymphocytesO Zeni, A Sannino, S Romeo, MR Scarfì, L 

Coderoni, F Micciulla, I Sacco, ... 

Sensors and Microsystems, 489-493 (2011) 

Toxicological and biological in vitro and in vivo effects of carbon nanotubes buckypaperS Bellucci 

Semiconductor Conference, 2009. CAS 2009. International 1, 107-116 

 

 

The cytoxicity evaluation of 

MWCNT buckypaper treatment on 

human and cancer cells was 

carried out for the first time on 

human colorectal, breast and 

leukemic cancer cell lines in 

vitro, while having no effect on 

proliferation and viability of normal 

human arterial smooth muscle 

cells and human dermal fibroblasts 

in vitro.  
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