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AbstrAct

Electron Magnetic Resonance (EMR) is an interdisciplinary field in which electron spin creates a magnetic field in condensed matter physics. In 
an atom, electron has a negative charge and when it spins, it produces magnetism. In this paper, simulation of Electron Magnetic Resonance in 
nanoparticles is performed. These calculations are established on the “giant spin” method. Two major graphs EMR Absorption spectra and First 
derivative of EMR-Absorption curve for temperatures for 30K, 100K, 200K, 300K and 400K are plotted; maintaining other parameters constant. 
Observations and Results are noted.

background/Literature review

What exactly is the spin of an electron? Most of the simple and fundamental particles have a property called angular momentum. In this case, of 
an electron, it gives an impression to the outside world that the electron is actually spinning. However, when electrons act together or with elec-
tromagnetic radiation (photons), they can interchange angular momentum and energy. All such changes undergo inside an atom, molecules, and 
solids. For EMR, microwaves can be used to look at the electrons in solids. In Magnetic substances, not all of the electron spins are paired. Hence, 
EPR is used to study magnetism. It has a very significant role in technological importance where magnets play a vital role in our everyday lives. 
For instance in electric motors, memories in computer hard drive, etc. EPR/ESR is also useful to chemists who can attribute unpaired electrons 
to molecules, this process called spin labeling. They can perform EPR in the labeled molecule and using that unpaired electron as a local probe 
that illustrates performance inside the molecule.

Objective

Simulation of electron magnetic resonance in nanoparticles.

subjects

Electron magnetic resonance in nanoparticles.

results

What is claimed in this research article are

1. Characteristics of Electron Magnetic Resonance in nanoparticles are plotted for temperatures of 30K, 100K, 200K, 300K and 400K.

2. Highest peak values for EMR Absorption Spectra are noted.

3. Highest and lowest peak values for first derivative spectra of EMR-Absorption curve are noted.

conclusion

In this research article all, the values are taken as default values, which are documented in Tables. Results, graph, voltages, etc., vary for the change 
in the parameters and its values. The author also wants to take note: whenever the temperature is increasing graphs are sharper and the signal is 
varying but Magnetic field strength (G) is constant for all the graphs even for a change in temperatures.
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IntrOductIOn

Electron Magnetic Resonance (EMR) can be compared to another reso-
nance method; one is Nuclear Magnetic Resonance (NMR) and other 
is Ion Cyclotron Resonance (ICR). The major difference from others is 
EMR is more focused on electrons rather than nuclei unlike in Nuclear 
Magnetic Resonance (NMR) or Ion Cyclotron Resonance (ICR).

 There are various methods in EMR, including Electron Para-
magnetic Resonance (EPR), Electron Spin Resonance (ESR) and Elec-
tron Cyclotron Resonance (ECR). One of the major difference between 
ESR and NMR is that it pairs up electrons. In the majority of materials, 
electrons pair up so that one of them has its spin pointing one way, and 
other has its spin pointing in the opposite direction.

 What exactly is the spin of an electron? Most of the simple and 
fundamental particles have a property called angular momentum. In this 
case, of an electron, it gives an impression to the outside world that the 
electron is actually spinning. However, when electrons act together or 
with electromagnetic radiation (photons), they can interchange angu-
lar momentum and energy. All such changes undergo inside an atom, 
molecules and solids. For EMR, microwaves can be used to look at the 
electrons in solids.

 In Magnetic substances, not all of the electron spins are paired. 
Hence, EPR is used to study magnetism. It has a very significant role in 
technological importance where magnets play a vital role in our every-
day lives. For instance in electric motors, memories in computer hard 
drive, etc. EPR/ESR is also useful to chemists who can attribute unpaired 
electrons to molecules, this process called spin labeling. They can per-
form EPR in the labeled molecule, and using that unpaired electron as a 
local probe that illustrates performance inside the molecule.1

 

 In the giant spin method, electric current or external electric 
field can introduce diagonal spin causing spin accumulation at opposite 
boundaries. The spin conversion without magnetic field makes spin ef-
fect an essential tool for spin manipulation in any spintronic devices.2

ELEctrOn MAgnEtIc rEsOnAncE In nAnOpAr-
tIcLEs

Electron Magnetic resonance for the temperature of 30K

A simulation for Electron Magnetic Resonance was performed for the 
temperature of 30K.3

Figure I. Illustrates Electrons, which are like tiny magnets.1

Figure 2. Illustrates EMR Absorption Spectra for temperature of 30K

Figure 3. Illustrates first derivative spectra of EMR-Absorption curve for temperature of 
30K



3

Electrical Engineering Open Access Open Journal

Research | Volume I | Number 1|

Observations 

1. In figure 2, Highest Magnetic Resonance spectra were 16.516 @ 
3412.91G.

2. In figure 3, the highest first derivative spectra of EMR-Absorption 
curve was 29268.8 @ 3137.82G.

3. In figure 3, the lowest first derivative spectra of EMR-Absorption 
curve was -27407.1 @ 3688.01G.

Electron Magnetic resonance for temperature of 100K 

Simulation results, observations, and table for Electron Magnetic Reso-
nance for the temperature of 100K.

Observations 

1. In figure 4, Highest Magnetic Resonance spectra were 15.8853 @ 
3430.1G.

2. In figure 5, highest first derivative spectra of EMR-Absorption 
curve was 28804.1 @ 3155.01G.

3. In figure 5, lowest first derivative spectra of EMR-Absorption 
curve was -26188.5 @ 3679.41G.

Electron Magnetic resonance for temperature of 200K 

Simulation Results for Electron Magnetic Resonance for temperature 
of 200K.

Sl No Simulation Specifications Value
1 Effective anisotropy field (Oersted) 250
2 Size of magnetic nanoparticles 3nm
3 Temperature 30K

Table 1.  Simulation Notes for Electron Magnetic Resonance for 30k

Figure 4. IIllustrates EMR Absorption Spectra for Temperature of 100K

Sl No Simulation Specifications Value
1 Effective anisotropy field (Oersted) 250
2 Size of magnetic nanoparticles 3nm
3 Temperature 100K

Table 2.  Simulation Notes for Electron Magnetic Resonance for 100k

Figure 5. Illustrates first derivative spectra of EMR-Absorption curve for temperature of 
100K.

Sl No Simulation Specifications Value
1 Effective anisotropy field (Oersted) 250
2 Size of magnetic nanoparticles 3nm
3 Temperature 200K

Table 3.  Simulation Notes for Electron Magnetic Resonance for 200k
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Observations 

1. In figure 6, Highest Magnetic Resonance spectra were 19.2769 @ 
3438.7G.

2. In figure 7, Highest first derivative spectra of EMR-Absorption 
curve was 77863.6 @ 3412.91G.

3. In figure 7, Lowest first derivative spectra of EMR-Absorption 
curve was -82540.03 @ 3464.49G.

Electron Magnetic resonance for temperature of 300K 

Simulation Results, observations, and table for Electron Magnetic Reso-
nance for the temperature of 300K.

Figure 6. Illustrates EMR Absorption Spectra for Temperature of 200K

Figure 7. Illustrates First Derivative Spectra of EMR-Absorption Curve for Temperature 
of 200K

Figure 8. Illustrates EMR Absorption Spectra for Temperature of 300K

Sl No Simulation Specifications Value
1 Effective anisotropy field (Oersted) 250
2 Size of magnetic nanoparticles 3nm
3 Temperature 300K

Table 4.  Simulation Notes for Electron Magnetic Resonance for 300k
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Observations 

1. In figure 8, Highest Magnetic Resonance spectra were 22.2289 @ 
3438.7G.

2. In figure 9, the highest first derivative spectra of EMR-Absorption 
curve was 151441 @ 3412.91G.

3. In figure 9, the lowest first derivative spectra of EMR-Absorption 
curve was -153941 @ 3464.49G.

Electron Magnetic resonance for temperature of 400K 

Simulation Results, observations and table for Electron Magnetic Reso-
nance for the temperature of 400K.

Figure 9. Illustrates First Derivative Spectra of EMR-Absorption Curve for Temperature 
of 300K

Sl No Simulation Specifications Value
1 Effective anisotropy field (Oersted) 250
2 Size of magnetic nanoparticles 3nm
3 Temperature 400K

Table 5.  Simulation Notes for Electron Magnetic Resonance for 400k

Figure 10. Illustrates EMR Absorption Spectra for Temperature of 400K

Figure 11. Illustrates First Derivative Spectra of EMR-Absorption Curve for Temperature 
of 400K
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Observations 

1. In figure 10, Highest Magnetic Resonance spectra were 22.3764 
@ 3438.7G.

2. In figure 11, the highest first derivative spectra of EMR-Absorp-
tion curve was 181087 @ 3412.91G.

3. In figure 11, the lowest first derivative spectra of EMR-Absorption 
curve was -181135 @ 3464.49G.

rEsuLts

What is claimed in this research article are

1. Characteristics of Electron Magnetic Resonance in nanoparticles 
are plotted for temperatures of 30K, 100K, 200K, 300K and 400K.

2. Highest peak values for EMR Absorption Spectra are noted.

3. Highest and lowest peak values for first derivative spectra of 
EMR-Absorption curve are noted.

cOncLusIOn

In this research article, all the values are taken as default values which 
are documented in Tables. Results, graph, voltages, etc., vary for the 
change in the parameters and its values.

 The author also wants to take note: whenever the tempera-
ture is increasing graphs are sharper and the signal is varying but Mag-
netic field strength (G) is constant for all the graphs even for a change 
in temperatures.

AcKnOwLEdgMEnt

The author would like to thank Prof. Navarun Gupta, Prof. Hassan Ba-
jwa, Prof. Linfeng Zhang and Prof. Hmurcik for their academic sup-
port. The author also thanks anonymous reviewers for their comments.

cOnFLIcts OF IntErEst

There is no conflicts of interest as per the Author’s point of view.

rEFErEncEs

1. Hill S. Electron Magnetic Resonance (EMR). Retrieved from https://
nationalmaglab.org/about/maglab-dictionary/electron-magnetic-reso-
nance. July 15, 2015.

2. Sławińska J, Cerasoli FT, Wang H, et al. Giant spin Hall effect in two-
dimensional monochalcogenides. 2D Materials. 2019; 6(2): 025012. 
doi: 10.1088/2053-1583/ab0146

3. Noginova N, Williams QL, Hussain R. Electron Magnetic Resonance 
(EMR) in Nanoparticles. 2014; doi: 10.21981/D3TM72224

https://nationalmaglab.org/about/maglab-dictionary/electron-magnetic-resonance
https://nationalmaglab.org/about/maglab-dictionary/electron-magnetic-resonance
https://nationalmaglab.org/about/maglab-dictionary/electron-magnetic-resonance
https://doi.org/10.1088/2053-1583/ab0146
https://www.doi.org/10.4231/D3TM72224

	Electron Magnetic Resonance in Nanoparticles and its Characteristics
	Abstract
	Keywords
	Introduction
	Electron Magnetic Resonance in Nanoparticles
	Results 
	Conclusion
	REFERENCES

