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• Nanoparticles in Magnetic fields: 

Using external time dependent 

magnetic fields to 

mechanically(ultrasonic waves) 

manipulate magnetic nanoparticles 

resulting in new interesting and 

useful phenomena



Brownian Relaxation

Neel Relaxation

Mechanism of Energy disposal

Solvent drag (friction heating)

Electron-electron
scattering
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Dr. Raj Kumar Dani

Bossmann, S.; Chikan, V.; Dani, R. K., Magnetic Nanoparticles for 

Biosensing and Cancer Treatment Biosensing and Cancer Treatment with 

Magnetic Nanoparticles. In Biosensors Based on Nanomaterials and 

Nanodevices, Li, J.; Wu, N., Eds. CRC Press: 2013.
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•Typical SAR values are on the order of few 

hundred W/g

•The frequency of the AC magnetic is a few 

hundred kHz (problem non-specific heating and 

cardiac and muscle stimulation at high frequency)

•Field amplitude is around 10 kA

(I.A. Brezovich, Med. Phys. mono. 16 (1988) 

82)

Our Work:

•ACS Omega 2018,3 (5), 5399-5405.

•Nanomaterials 2016,6 (5), 85.

•ACS Omega 2020.

Heating Steel NP Synthesis-Alternative to hot injection technique 

Heating with NPs



Balivada, S.; Rachakatla, R. S.; Wang, H.; Samarakoon, T.; Dani, R. K.; 
Pyle, M.; Kroh, F.; Walker, B.; Leaym, X.; Koper, O.; Tamura, M.; Chikan, 
V.; Bossmann, S.; Troyer, D., A/C magnetic hyperthermia of 
melanoma mediated by iron(0)/iron oxide core/shell magnetic 
nanoparticles: a mouse study. BMC Cancer (2010) 10, (1), 119.

Basel, M. T.; Balivada, S.; Wang, H.; Shrestha, T. B.; Seo, G. M.; Pyle, M.; 

Abayaweera, G.; Dani, R.; Koper, O. B.; Tamura, M.; Chikan, V.; 

Bossmann, S. H.; Troyer, D. L., Celldelivered magnetic nanoparticles 

caused hyperthermia-mediated increased survival in a murine 

pancreatic cancer model. International Journal of Nanomedicine 2012, 7, 

297-306. 
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http://www.biomedcentral.com/1471-2407/10/119


Nanometer 

sized drill bit

Neel relaxation



Power delivery system

Beryllium copper attains the highest strength (to 

1,400 MPa (200,000 psi)) of any copper-based alloy

Concept Actual magnetic pulse

Spark Gap switch

Evolution of magnets in Chikan Lab

Integration with experiments

Homogeneous vs. inhomogeneous magnetic fields

Construction of the magnet, bitter coil



Podaru, G.; Moore, J.; Dani, R. K.; Prakash, P.; Chikan, 

V., Nested Helmholtz Coil Design for Producing 

Homogeneous Transient Rotating Magnetic Fields. 

Review of Scientific Instruments 2015, 86.





AC conductivity of MgSO4

carboxyfluorescein permeability assay

Podaru, G.; Dani, R. K.; Wang, H.; Basel, M. T.; Prakash, P.; Bossmann, S. H.; Chikan, V., Pulsed Magnetic Field 

Induced Fast Drug Release from Magneto Liposomes Via Ultrasound Generation. J. Phys. B (2014), 118(40), 

11715–11722.

Podaru, G.; Ogden, S.; Baxter, A.; Shrestha, T.; Ren, S.; Thapa, P.; Dani, R. K.; Wang, H.; Basel, M. T.; 

Prakash, P.; Bossmann, S. H.; Chikan, V., Pulsed Magnetic Field Induced Fast Drug Release from Magneto 

Liposomes Via Ultrasound Generation. The Journal of Physical Chemistry B 2014, 118, 11715-11722.
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Dr. George Podaru

Podaru, G. V.; Chikan, V.; Prakash, P., Magnetic Field Induced Ultrasound 

from Colloidal Superparamagnetic Nanoparticles. The Journal of Physical 

Chemistry C 2016, 120, 2386-2391





Commercial thiolated

linkers

Basanta Acharya



Volumes of 

NPs (µL)

Commercial 

Iron Oxide 

NPs

Gold coated 

Commercial 

IO NPs

Synthetic 

Iron Oxide

Gold Coated 

Synthetic IO 

NPs

0 4.8% 4.5% 4.7% 4.6%

2 5.0% 7.5% 10.5% 6.5%

4 3.6% 14.2% 6.6% 7.5%

6 9.5% 17.6% 7.5% 9.9%

8 3.9% 20.5% 5.6% 7.6%

10 3.8% 14.6% 7.4% 6.8%
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No magnetic pulses

Dox intake in cells

Basanta Acharya

Wasundara

Hulangamuwa

•Hulangamuwa, W.; Acharya, B.; Chikan, V.; Rafferty, R. J., 

Triggering Passive Molecular Transport into Cells with a 

Combination of Inhomogeneous Magnetic Fields and 

Magnetic Nanoparticles. ACS Applied Nano Materials2020, 

3 (3), 2414-2420.

https://doi.org/10.1021/acsanm.9b02537

