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EPR Spectroscopy 
Electron paramagnetic resonance (EPR) spectroscopy, also called electron 
spin resonance (ESR), is a technique used to study chemical species with 
unpaired electrons. 
 
It was first observed by Y. Zavoisky in 1944. 
 
EPR spectroscopy plays an important role in the understanding of organic 
and inorganic radicals, transition metal complexes, and some biomolecules. 
 
EPR spectrometers measure the absorption of electromagnetic radiation in 
microwave region (S, X, Q…bands where X Band is the most commonly 
used band in EPR. 
 



Instrumentation 
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Types of EPR 
1.  CW EPR where the field is modulated as it is swept through the 

resonance line. 
2.  Pulse EPR: Rather than sweeping the field, the data acquisition in the 

time domain is faster leading to multi-dimensional spectroscopy. 
 

Spectral Parameters 
1.  Intensity- proportional to the concentration of unpaired spins in the 

sample. EPR signal is denoted as a derivative rather than an absorption 
spectrum. A number of parameters can alter the observed signal (a) 
quenching of signal by interactions between spins at high concentration 
and (b) saturation of resonances.  

2.  g-value- Resonance positions are characterized by g-value which is a 
measure of the local magnetic field experienced by the electron (similar to 
chemical shift in NMR). 

3.  Line-width- 
4.  Multiplet structure 
 



Spectral Parameters 
1.  Intensity-  
2.  g-value- Resonance positions are characterized by g-value which is a 

measure of the local magnetic field experienced by the electron (similar to 
chemical shift in NMR). The resonance condition is  

Here, g- g factor and µB- Bohr magneton 
The resonance condition can be written in terms of Larmor precession 
frequency, 
ω=2πν=γeBo ; γe=gµB/ℏ is gyromagnetic ration of electron (1.76*1011 s-1T-1) 
 
“1 Tesla (T)= 104 Gauss (G) 

    = 42.6 MHz of 1H frequency (NMR)” 
g value for a molecule containing unpaired  
Electrons is characteristic of the electronic 
Environment. A wide range of g-values is  
observed in transition metal ion spectra. 

g-value (free radicals) ≈2.0 

ΔE=hν 
E = gµBBoMS = ±1/2gµBBo 

ΔE=hν=gµBBo 



Spectral Parameters 
1.  Intensity-  
2.  g-value- The value of g factor is not only related to the electronic 

environment, but also related to anisotropy. 
The Bohr magneton (symbol µB) is a physical constant/ natural unit for 
expressing the magnetic moment of an electron caused by either its orbital or 
spin angular momentum. 

3.  Line width and relaxation times- The width of EPR lines at their half height 
is inversely related to the relaxation time (1/πT2). 

 
The relaxation mechanism can be treated as arising from two contribution (a) 
related to T1 (which is a measure of the recovery rate of the spin 
magnetization along with B0 direction, after a perturbation from equilibrium). 
Faster the relaxation rate…the line width????? The basic mechanism 
causing T1 relaxation involves fluctuating magnetic field experienced by the 
unpaired electrons. In most transition metal complexes, the line width is 
determined by T1 contribution at lower temperature (~77 K). 
 
(b) 2nd major contribution to the line-width arises from local magnetic field 
effects (inhomogeneous broadening). When T1 is relatively long, as see in 
many free radicals, this inhomogeneous broadening mechanism dominates. 

µB=eℏ/2me (value 9.27×10−24	J/T)	



Spectral Parameters 
1.  Intensity-  
2.  g-value- 
3.  Line width and relaxation times- 
4.  Multiplet structure- In EPR, there are two main types of interaction that 

give rise to multiplet splitting of the resonance lines- hyperfine and zero-
field splitting. These splitting specially the first one is very useful in EPR. 

 
-Hyperfine splitting arises from the interaction of electron spins (S) with 
nuclear spins (I). This interaction is of two types (a) through space dipole 
interaction between electron and nucleus ; directional and anisotropic (i.e., 
depends on the angle the electron nuclear vector, r, makes with B0) and (b) 
an interaction that mainly results from delocalization of the unpaired electron 
on the nucleus. This (also called Fermi contact) interaction is isotropic and is 
called isotropic hyperfine splitting. 



Spectral Parameters 
1.  Intensity-  
2.  g-value- 
3.  Line width and relaxation times- 
4.  Multiplet structure- 
-isotropic hyperfine splitting is seen in free-radicals spectra or metal ions. ?? 
This is similar to J-coupling in NMR.  
Isotropic interaction between an electron and a nuclear spin I, gives rise to 
2I+1 lines of equal intensity. 
Example: �CH3OH; I=1/2 and n=3 that means it will have quartet of 1:3:3:1 
intensity ratio. 
 
Zero field splitting: While an applied magnetic field, B0, splits the electron-
spin energy levels (removes the degeneracy), various local magnetic 
interactions in the molecule can also split energy level even in the absence 
of B0. This effect is called zero field splitting (ZFS) similar to quadrupolar 
nuclei/splitting in NMR. The presence of ZFS can result in further fine 
structure in the EPR spectrum. This kind of interaction is observed in high 
spin Fe (III) complexes. 



Selection rule for hyperfine splitting 
ΔMS=± 1 (electronic spin) and 
 
ΔMI=0 (nuclear spin)  


