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The Project BONSAI intends to develop novel multifunctional nanoparticles (NPs) with 

tailored optical and magnetic properties for visualizing complex cellular structures (in tissues 

and organs), receptors, tumour cells and masses, through ultra-sensitive bio-imaging 

techniques.  

 

Until now, cellular components and processes are typically visualized through organic dye 

based fluorophores, which have several drawbacks (e.g. rapid photo-oxidation, limited life 

time, necessity of different wavelengths to activate each dye, slow data acquisition for 

multiparametric detection). Recently, semiconductor nanocrystals (quantum dots) have been 

introduced for bio-labelling. In-fact, as a result of the quantum confinement of the excitonic 

wavefunction, semiconductor NPs (quantum dots) exhibit intense, size - tuneable emission in 

the visible near-infrared  optical range. The main advantage of using luminescent NPs for 

imaging rests on their photostability, increased sensitivity through longer life time, and 

excitability by a single wavelength, which makes semiconductor NPs glow in a rainbow of 

colours depending on their size. Unfortunately the most widely used quantum dots are highly 

cytotoxic.  

 

The BONSAI Project thus aims at replacing the toxic quantum dots (like CdSe) with light 

emitting Si and Si-based NPs having a broad band excitation, size dependent optical emission 

and a reduced tendency to photo-bleach.  

 

In the first period of the Project, the partners succeeded in producing by laser pyrolysis 

sizeable quantities of Si nc (nano-crystals) with size Ò 5 nm. This technique is based on the 

use of a laser beam to initiate and sustain the chemical reactions that generate the 

nanoparticles in the gas phase[1-3]. A typical experimental set-up is shown in Fig. 1. 

 

 
 

Fig. 1 Schematic of the process of laser synthesis of nanopowders. 

 

Different, complementary strategies were followed to reduce the NP size, by keeping a good 

productivity (300-500 mg/hr):  

 

¶ reduction of the laser pulse duration and optimization of the laser power density (Fig. 2, 

Ref. 3); 

¶ quenching of the particle growth by collecting the nanoparticles near to the laser beam 

(Fig. 3a, Ref. 1); 
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¶ dilution of the precursor (silane) in a sensitizer (Fig. 3b, Ref.1). Dilution of the precursor 

in inert gas or in the sensitiser decreased also the particle agglomeration down to 50 nm.  

 
Fig. 2. Left side: Si NP mean size as a function of the laser pulse duration; Right side: HR-TEM image 

of the Si NP obtained with short laser pulse duration and high laser power. 
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Fig. 3. Left side: Si NP size dp vs. the distance h of the collector from the laser beam; Right side: 

Effect of silane dilution with ethylene on the final Si particle size. 
 

As prepared Si NPs emit scarce photoluminescence (PL). The emission intensity increases as 

a result of (non-controllable) exposure to air (Fig. 4, left side, Ref. 2-3) or passivation in 

liquids of pristine NPs with size Ò 5 nm (Fig. 4, middle, Ref.2-3) or after ad-hoc optimised 

(soft) wet-oxidation processing of nanoparticles with size Ò 7-8 nm (Fig.4, right, Ref. 1,4).  

 

 

 
 
 

 

Fig. 4 PL emission, under UV light, taken from Si NP oxidised in air (left) or dispersed in 

ethanol(middle).  Right: Effect of the wet-oxidation conditions on the PL emission from Si nano- 

particles. 

  a 
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The PL emission of Si nanoparticles can be tuned in the range 600-1000 nm by changing the 

size. Typical radiative lifetimes are in the range 0.05-0.3 ms (Fig. 5, left side). It was also 

shown that it is possible to get two-photon excitation of the Si NP in the IR (at about 900 nm) 

where the human skin transmittivity is high (Fig. 5, right side, Ref. 6). 
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Fig. 5. Left side: PL decay curves at different ɚemis taken from Si NP shown in the right side of Fig. 2. 

Right side:Time decay of the PL at 750 nm after fs NIR excitation at 900 nm and blue excitation at 450 

nm.of  very small, amorphous Si NP . 

 

Applications in biology, medical diagnosis and therapy require that NPs be stable in water 

solutions at physiological conditions. This could be a particularly hard task since the ionic 

strength (ionic molar concentration) in physiological fluid is high enough to decrease the 

electrostatic repulsion between NPs, which normally prevents aggregation. To this aim, a 

great effort was devoted to the preparation of stable colloidal solutions of Si NPs in aqueous 

media. Both acid etching and alkali etching procedures resulted problematic, but successful 

results were achieved in the disaggregation of dried powders to well-dispersed Si 

nanoparticles in water by a combined alkali-etching procedure terminated by addition of H2O2 

(Fig. 6, left side). It was also found that heat pre-treatment at 80°C in air, can make the Si NPs 

photoluminescent after alkali etching (Fig. 6, right side). 

          

                                           
 
Fig. 6. Left side: TEM image of Si NPs disaggregated by Acid-Alkali etching approach. Right side: 

Picture of a suspension of Si NPs derived via oxidation assisted alkali-etching. The photo was taken 

under a UV lamp. 

 

For in vivo applications, NPs should be coated with a biocompatible polymer to prevent the 

formation of large aggregates in order to improve biodistribution. Consequently, the second 

step was the fabrication of colloidally stable and biocompatible solutions containing Si NPs 
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by grafting hydrophilic polymer chains, such as poly(ethylene glycol), on the Si NPs (Fig. 7). 

First, disaggregated Si NPs were coated with functional silanes terminated with amine or 

epoxy groups, then were conjugated with poly (ethylene glycol).  

 

Fig. 7 Schematic illustration of surface modification on Si NPs 

 

It was found at that the PEGylated Si NPs remained stable in water for weeks. Optimization 

of the degree of PEGylation is in progress to achieve a better colloidal stability against salts. 

Negligible cytotoxicity of PEGylated Si-NPs was observed by vitality tests on epithelial cell 

lines known to be fairly sensible to noxious agents, i. e. A30 cells (located at the air/blood 

barrier-see Fig. 8) and Z310 cells (located at the blood/CSF  barrier-choroidal plexus). It was 

also found that cell proliferation is differently affected by S-PEG-ylated and E-PEG-ylated Si 

NPôs (strongly in the first case, mildly in the second) and this aspect will be further 

investigated.  

 
               A 30 Control                     A30 in Si 173 E PEG at 6 hrs    A30 in Si 173 S PEG at 6hrs 

 

 

 

 

 

 

 

       

 
Fig. 8. Dead A30 cells before and after incubation with E-PEG-ylated and S-PEG-ylated Si NPs. 

 

Imaging can also be generated by exposure of  cells or tissues to magnetic fields and by 

measuring dephasing times of water protons as in MRI (Magnetic Resonance Imaging). Up to 

now, MRI shows excellent spatial resolution, but its sensitivity is relatively low, therefore 

MRI requires amplification mechanisms for its use in molecular imaging. To this purpose the 

help of contrast agents (CA) is required. Magnetic NPs actually used as CA have particle 

sizes Ó 50 nm and consequently are cleared out by the RES system in very short times prior to 

any interaction with the biological target. For this reason, the BONSAI Project aims at the 

development of stable colloids of non-toxic, non-immunogenic NPs with: (i) high 

magnetization (ii) particle size small enough to remain in circulation after injection and to 

pass through the capillary system of organs and tissues with little vessel embolism, (iii) 

narrow size distribution for differential uptake of various tissues.  

 

The NP synthesis procedure employed by the BONSAI partners is a one-step process based 

on laser pyrolysis of suitable gas-phase precursors (Ref.6-14). During the first period, the 

BONSAI partners succeeded in producing batches (gram quantities) of iron oxide samples, 

with small particle size (1.9-3.6 nm), narrow size distribution (fig. 9) and good magnetic 

properties (Fig. 10). The INFLPR Institute (Bucharest-Romania) contributed to the synthesis 

of iron-oxide NPs as sub-contractor (fig. 9, lower part). 
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Fig. 9 HR-TEM imags and particle size distributions for iron oxide samples produced by laser 

pyrolysis of Fe (CO)5  using ethylene as sensitizer. Oxidation is made in-situ by introduction of air in 

the system. 
 

The intensity of the MR (Magnetic Resonance) signal depends on the magnetization of the 

Iron Oxide NPs, thus, it is crucial to obtain NPs with a magnetization strong enough and 

ensure that this magnetization can be reached at moderated fields. It was found that 

magnetization values of the Project Iron Oxide magnetic NPs are similar to those of 

commercial NPs. Consequently, the strength of the magnetic signal reached in the BONSAI 

samples is good enough for MR applications. However, the BONSAI samples require larger 

magnetic fields to be saturated (Fig. 10, left side, Ref. 10, 11, 13). It was proved that the 

samples can be saturated at lower magnetic fields when they are highly crystalline (Fig. 10, 

right side, Ref. 10), thus synthesis work is in progress in this direction.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 10. Magnetization curves for Project iron oxide NPs (at 300 K). 

 

-8 -6 -4 -2 0 2 4 6 8

-40

-20

0

20

40

 NILPRP

 NILRPP

M
(e

m
u

/g
)

H(T)

T=300 K

SF38

SF39

-8 -6 -4 -2 0 2 4 6 8

-40

-20

0

20

40

 NILPRP

 NILRPP

M
(e

m
u

/g
)

H(T)

T=300 K

SF38

SF39

a 

2.5 ?2.5 ?

0 1 2 3 4 5 6 7 8
0

5

10

15

20

25

30

35

40

45

BONFEX4

Model: LogNormal 

 

y0=0.18621 ±45.42291

xc=2.49779 ±0.44018

w=0.29836 ±0.348

A=69.33781 ±43.1881

C
o
u
n
t

Diameter (nm)

 


