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The current gold standard magnetic resonance imaging (MRI) contrast agents 

for cancer diagnosis are Gadolinium chelates which generate T1 enhancement 
(positive signal) in MRI. However, they have been related to fatal Nephrogenic 
systemic fibrosis (NSF) in patients with poor kidney function.  Our aim is to develop a 
non-toxic alternative such as Ultrasmall superparamagnetic iron oxide nanoparticles 
(USPIONs) using a solvent-free, easily scalable, facile and economic method. 
USPIONs were produced using the coprecipitation method in combination with a high 
throughput flow-based synthesis. Flow synthesised USPIONs(f) were compared to 
standard pot synthesised USPIONs(p) using TEM, DLS, Nanosight and MR 
relaxometry. Zeta potential, SQUID and XRD were used to further characterise 
USPIONs(f). USPIONs(f) and USPIONs(p) present similar crystal size (4.4nm) 
measured by TEM, however the hydrodynamic radius (26nm vs 55nm) and the 
polydispersity (7% vs 25%) of both are statistically different. Zeta potential of USPIONs 
are -42mV at neutral pH and an isoelectric point at pH=2.5. SQUID magnetometry 
results denote a slightly lower saturation magnetisation (Ms=100emu/g of Fe) 
compared to bulk magnetite (Ms=128emu/g of Fe) probably owing to smaller crystal 
size and oxidation. XRD profile demonstrates that USPIONs(f) have the same phase 
as magnetite and maghemite. Relaxometric properties of USPIONs(f) are r1=8.73 
mM/s-1 and r2=29.26mM/s-1 which differ from USPIONs(p) r1=4.68 mM/s-1 and r2=18.23 
mM/s-1). The r2/r1 ratio is commonly used to assess the enhancing efficiency of contrast 
agents and it demonstrates that USPION(f) (r2/r1 = 3.35) are much better T1 contrast 
agents than previously approved SPIONs (r2/r1 = 7 – 12) and more similar to 
Gadolinium chelates (r2/r1 = 1 – 1.5). These results demonstrate the capability of our 
facile synthesis method to produce T1 enhancing USPIONs without any further size 
separation techniques. 

 
 
 
 


