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Abstract 
Magnetic resonance imaging (MRI) is used in the medical field for visualizing organs, tissues and structures within the body. 
Although MRI is widely used, it suffers from problems in certain cases due to overwhelming background signal. Silicon 
nanoparticles can be functionalized and introduced into the body as contrast agents, and they possess unique properties 
to correct many of the shortcomings of MRI. This project focuses on functionalizing silicon nanoparticles with specific 
molecules to target and image tumors or specific tissues and organs. 

Introduction 
MRI is a non-invasive medical imaging technique used to detect 
physiological defects within living tissues. It utilizes radio-
frequency signals to measure the magnetic relaxation times of 
nuclei found in the body. Depending on the type of tissue, these 
relaxation times will differ, and through the use of magnetic 
gradients, a three-dimensional image of the scanned area can be 
created [1]. However, MRI currently suffers from image contrast 
issues when attempting to distinguish between healthy and 
cancerous tissue at small scales, and when dealing with organ 
systems that are in constant motion [1]. Silicon nanoparticles, 
which can be hyperpolarized, have the potential to correct these 
shortcomings. 

Normal MR images are limited due to their imaging source. 
Since they are based on imaging the hydrogen nuclei found in 
water in the body, noise from other areas of the body will be 
a constant problem due to the abundance of water. In contrast, 
silicon is normally present in the body in insignificant amounts. 
Hence, silicon nuclei in hyperpolarized silicon nanoparticles can 
be imaged in place of hydrogen nuclei. This approach allows 
for the potential to target specific areas of the body without 
interference from background noise. 

The aim of this project is to functionalize silicon nanoparticles 
to make them effective magnetic resonance imaging agents. 
Although silicon is already biocompatible, the surface of the 
nanoparticles must be modified to increase retention times in 
the body and to allow for specific targeting of organ systems or 
tumors. Functionalization of the nanoparticles is the first step to 
achieving both of these goals. 

Experimental 
The silicon nanoparticles were prepared by grinding down 
silicon wafers using a ball mill under varying conditions. These 
particles were then characterized by size using a scanning electron 
microscope (SEM) or by dynamic light scattering (DLS). Figure 

Figure 1: SEM image of silicon nanoparticles.

1 shows the resulting nanoparticles. The particles shown have an 
average diameter of about 200 nm. 

The functionalization of the silicon nanoparticles makes use 
of organosilane chemistry. The organosilane of choice for this 
project is 3-aminopropyltriethoxysilane (APTES). As seen 
in Figure 2, APTES reacts with the oxide layer on silicon 
through a known mechanism. The amine group present on 
this organosilane allows for further modification, and also 
provides a means to determine the success of the reaction by 
looking for the presence of nitrogen using elemental analysis 
techniques. Functionalization of a silicon surface using APTES 
has previously been done on silicon wafers, and attempts have 
been made to optimize the reaction on such surfaces [2]. Using 
these reports as a starting point, the organosilane reaction was 
first tested on small wafer squares to find the optimal reaction 
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conditions. Untreated, Piranha etched (2:1 (v/v) sulfuric acid to 
hydrogen peroxide), and hydrofluoric acid (HF) etched wafers 
were evaluated under varying reaction parameters. The reaction 
was carried out under dry nitrogen atmosphere in anhydrous 
toluene. X-ray photoelectron spectroscopy (XPS) was used to 
determine if APTES was present on the surface of the wafers. We 
looked for a nitrogen peak that signaled the presence of APTES 
and compared the relative sizes of this peak. 

Once the ideal conditions were determined, the silicon 
nanoparticles were functionalized using the same protocol. 
Untreated and etched nanoparticles were used to test for effects 
of surface treatment on the functionalization reaction, as well 
as for changes in the MRI properties of the nanoparticles. Both 
XPS and Fourier transform infrared spectroscopy (FTIR) were 
used to analyze the surface chemistry of the particles. 

Results and Conclusions 
XPS results from the wafers indicated that the optimal reaction 
conditions for all surface treatments were a 24 hour reaction in 1:9 
APTES in toluene. Although both XPS and FTIR were used in the 
analysis of the nanoparticle reactions, FTIR produced the most 
consistent results. The primary regions compared in the FTIR 
graphs were the C-H stretching region from 2800 to 2950 cm-1  
and the N-H stretching region from 1500 to 1650 cm-1, both of 
which should only be present in those particles that had APTES 
on the surface. As seen in Figure 3 and 4, all three reacted particle 
sets exhibited relatively strong C-H peaks, particularly the “No 
Etch” and “Piranha Etch” particles. The N-H regions show a 
similar trend. These results are consistent with the presence of 
APTES on our nanoparticles. Further testing is needed to quantify 
the extent of functionalization on the silicon nanoparticle surface 
and confirm these results. 

Future Work 
Currently, work is being done to react the amine functional group 
present on the surface of the reacted silicon nanoparticles with 

monofunctional poly(ethylene glycol)-succinimidyl α-methyl-
butanoate (mPEG-SMB), a functional group which will allow 
the nanoparticles to have a longer retention times in vivo. These 
functionalized particles will then be imaged in vivo. 
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Figure 2: Reaction between APTES and native oxide on silicon [2].
Figure 3: Full FTIR spectrum of reacted nanoparticles.

Figure 4: FTIR close-up of dashed  
area, showing C-H stretching region.




