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Actuation mechanism of FePd nanohelix and the optimization challenges Mechanical stress-induced cell death (MSICD) of breast cancer cells
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Advantages
(1) Flexible helix, thus, can shrink and expand to apply oscillating forces
(2) Swims under rotational magnetic field thanks to nanohelical propeller
(3) MRI enhancer due to large magnetization of FePd (120 emu/g)
(4) Biocompatible material

Two designs
(a) Helix only

(b) Head and helix (tail)

We aim to develop a new diagnostic method and treatment  
based on flexible nanohelix actuators made of FePd.
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Navigating and Propelling FePd NRs (Gradient vs Rotational) 
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Dispersibility/Biocompatibility of FePd NPs, Synthetic method of FePd NHs

A)Illustration of the surface modification of FePd by Zwitterionic linker (SBSi) .
B)FT-IR indicated that SBSi linker can absorb on the surface of as-ozonated FePd NPs.
C)The dispersion test showed the dispersibility of FePd was improved by the surface modification with the SBSi linker.
D)Illustration of the surface modification of FePd by SBSi and Folic acid, which is targeting cancer cells without specific cancer marker, such as

triple negative breast cancer.
E)T2-weighted images containing different iron concentrations in g/ml (left) and R1 (middle) and R2 (right) as a function of iron concentration.
F) the Fe7Pd3 nanoparticles gave a lower biocompatibility in higher concentrations but this may be due to the bare state of nanoparticles that they

could not maintain the dispersed condition during the culture and those “heavy” nanoparticles accumulated on cells
G) Synthetic method of FePd NHs using P123 and PAA template
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3D/2D Helmholtz Coil for FePd NRs propulsion

E)

F)

Swimming Velocity of Single NR by SPM
NR Dimension Definitions

𝑫ℎ,      FePd Head Diameter (50nm)
𝑫𝒔,      FePd Helical Tail Diameter (50nm)
𝑳𝒉,      FePd Head Length
𝑳𝒔,       FePd Helix Tail Length(200~300 nm)
𝜽,        Chirality of Helix Tail (1.44rad)
𝒗, NR Translational Velocity 
𝑽, Cylindrical Volume of FePd Head
𝑇, NR Torque 
𝝎, NR Angular Velocity 
𝜶,𝜷, 𝜸; SPM Factors depend on Geometry and viscosity, 

𝜂 of environment (Abbott et al., 2009)
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FePd NRs propulsion and MSICD treatment strategy
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Potential impact and intellectual merits
• Cancer Marker+ Nanohelix propulsion of FePd NRs = High arrival rate Higher cancer 

treatment success by MSICD.

• Chemical free cancer treatment with minimum side effects. 

• Can potentially pass the Blood Brain Barrier (BBB) with ease allowing access to hard to 
reach tumor in patient body.

Future work (Modelling and clinical trial strategy)
Navigate FePd NRs for in situ MSICD clinical treatmentUnderstanding magnetic interaction between FePd NRs 
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