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UW FePd Nanorobots: Downsizing the macroscopic FePd spring to FePd nanohelix

(0 Advantages

(1) Flexible helix, thus, can shrink and expand to apply oscillating forces Two designs
(2) Swims under rotational magnetic field thanks to nanohelical propeller (a) Helix only
(3) MRI enhancer due to large magnetization of FePd (120 emu/g) (b) Head and helix (tail)
(4) Biocompatible material —
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We aim to develop a new diagnostic method and treatment —_— = % T
based on flexible nanohelix actuators made of FePd. Cell death
Apoptosis? Necrosis?
Wada, T. and Taya, M. (2002) Df' bp:]th?
Actuation mechanism of FePd nanohelix and the optimization challenges Mechanical stress-induced cell death (MSICD) of breast cancer cells
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3D/2D Helmholtz Coil for FePd NRs propulsion Testing and fitting FePd NRs propulsion and MSICD treatment strategy
Coil Design i ; -Bri - P—— . -
Isometric View s | R & - EIeCtronlc Contr0| DESIgn (H Brldge) : Py e . b Successful fitting (@) () - (2:‘/\ H (©) A
=z HXEalkSpool 0z _madel MYSW SW{Ron=0.01 Rof-1Meg V=70 Uh--4) R : A ZI X HY = &
(7] I I - TR ™ I ] ) 1 -
3D HC System ES RFUHEOT 860 T P j;‘:mnn - et :‘jmn" L. iufi" Compass Rotating! b { : : :_3 time
z - 2 L () e ] X — E e
T —— R R - ¥ & :
Lo NI C T i wt propulsion Goal
{ ::, R S :t;m M :t;m oR - %w ) * " Our 507100 nm diameter
» 22 - A ]r;; :I,,f,;” i‘i’iu Near Sample holder @ time FePd NRs are pos.sibly
Trsony [NE ]'KF”Q“"J" 2 | IKFXOOMIO o, o \-;'j-l'ULsuuzhn.u:.u with FePd to! small enough to navigate
Future hancachiators Rotational/Gradient Field? tBhr?ugBIr nzr;ow.cha(r;rl;zl) of
rain Blood Barrier
. Electronic Fabrication for each coil pair (d)
Optimization : - wea_p- 2
Magnetic Field Strength Along Direction of Swimming Nanorobots i g “a. I V_ y % ; > X
n Vitro R
. e T e E 3 i W M ’
2 Testing e : = Cells seeded
EZD i A<y —r') ' '|("\ Nanoactuators Swimming along Nanoactuators aligned along aparn
Zs Hiry=—¢ ———— stored in pool the positive x-axis the z-axis, then apply either H,
5 1 dir e |i'—r" under H, + H, or (Hy+H,)
x ) 3 . . * Treated cells Stained with fluorescence
g Biot Savart Law 7 — NR:I stained with Cells nuclei stained with : +Propidium lodide
%’ 12 : Heat Sink uorescent DAPI
=1 ‘ : nanodiamonds (red) s « Observe for Cell death ( ,
: e PT—— 000 e ' £y X: Real Time LCSM Observation of Swarm of FePd NRs Necrosis) after incubation
-0.02 -0.015 -0.01 -0.005 (] 0.005 0.01 0.015 002 e ) (RED) Swimming Motions
Gap (m)
Future work (Modelling and clinical trial strategy) Potential Impact Acknowledgement
Understanding magnetic interaction between FePd NRs Navigate FePd NRs for in situ MSICD clinical treatment . . . . NSE-NRI
o @ e — New applications of FePd nano-herical structures.
§ t.yp . OErrTRN—: (= A C b df ) Nabtesco
® agnetic Fotentia H, et e .
ubmin ) Hmm)- el n)] Molecular o, COMStant H-field @ nelinedHfield o MRI -erriving coils MRI tracking J an be used for cancer treatment. . UW Center for Intelligence Materials and Systems (CIMS)
ety potentio) l': :é%dlmg‘ii ZDWEM o ynamic stress . UW Molecular Analysis Facility (MAF)
. Lenard-JorZes Potential Pynamics [%m_,z z ading progra . . . ..
(nter-stomic repuision) v rotamomavescilagis Uield r N e 2 VY ¥ UW Washington Nanofabrication Facility (WNF)
VH field e NRs | NRs’ swimming {C—> i NRs'at target cells !

2021 National Robotics Initiative (NRI) Award ID#: 1637535




