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Abstract: The detection and investigation of free radicals forming in living 

systems became possible due to the introduction of the method of spin traps. In 

this work,  the electron spin resonance (ESR) spectra of DMPO/HO. and MGD-

Fe-NO adducts are reproduced by simulation, based on the Fast Fourier Transform 

(FFT). The calculated spectral parameters as the hyperfine coupling constants, 

agree reasonably with the experimental data and the results are discussed. 
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Introduction 

The appearance of nitroxyl radicals became a decisive event for solution of the problem of detection 

and investigation of free radicals forming in living systems. The detection of radicals became possible 

due to the introduction of the method of spin traps. The essence of the method consists in the 

following: a compound that is no nitroxyl radical but has a structure close to nitroxyl radical  (spin  

trap)  interacts with a free short-life radical and transforms to a long-life nitroxyl radical (spin adduct) 

whose EPR spectrum is unique for the given radical or family of radicals. The spin trapping technique 

involves the addition of the reactive free radical across the double bond of a diamagnetic ‘‘spin trap’’ 

to form a much more stable free radical, a ‘‘radical adduct,’’ which can then be examined with ESR. 

By their chemical nature, spin traps can be attached to two basic classes: nitrons and nitroso 

compounds. C-phenyl-N-tret-butyl nitron (PBN), as it follows from its name, is attached to nitrons. 

One more popular spin trap is 5,5-dimethyl-pirrolin-1-oxyl (DMPO) that is also attached to nitrons      

( Fig 1 ). On the other hand, Fast Fourier Transform (FFT), as the name suggests, is a fast and efficient 

way of computing Discrete Fourier Transform (DFT). This algorithm was independently presented by 

Cooley-Tukey in 1965 1 which reduces the number of computations from something on the order of 

N2 to NlogN. There are basically two type of Tukey-Cooley FFT algorithms in use: decimation-in-



time and decimation-in-frequency. The algorithm is simplified if N  is chosen to be a power of 2, but it 

is  not a  requirement. FFT is a  muti grid  algorithm  to compute  the Fourier transform  of  a  function   
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Figure 1. Spin trapping of the radical R. with DMPO 

 

The technique has many advantages for simulating solution spectra. Among advantages of this method 

is that complicated spectra can be simulated very quickly and with very little computer memory by 

performing convolutions in frequency space. There are essentially no limitations on the number of 

lines which can be simulated. In fact, the efficiency of the algorithm increases as the number of nuclei 

increases. In this work,. a program has been developed for simulation of spin traps and free radicals 

EPR spectra using the FFT. 

Calculation  

FFT is used to generate the EPR spectra. Every simulated spin trap or free radical EPR spectrum data 

is represented as a complex number with a "real" part  and an "imaginary" part. For the simulated free 

radical EPR spectrum data, the "imaginary" component of the data is zero, and the "real" value 

represents the strength of the spin trap or the free radical EPR signal, so, only the real parts of the 

Fourier transforms of the lineshape functions are taken into account The signal position Hr can be 

determined using the formula below:    

0.714484ν(MHz) 
Hr (G) =        (1) 

  
g 

Where  is the microwave frequency and g is the g-value, for free electron, e, has the value close to two: 

ge = 2.0023193. First, our simulation program reads an input file (Fig 2). This file included the 

isotropic g- value, the frequency, the total number of nuclei plus their nuclear spin numbers, the 

hyperfine splitting parameters, the scan range, the number of data points (N) and finally the linewidth 

W, which is the first-derivative peak to peak. Next, the program is based on a series of iterative steps 

that eliminate redundant operations. The iterative step sequentially combines the data into 

progressively larger weighted sums of data. This iteration may be used to reduce the computation 

whenever N is a composite number. The most advantage from the program is gained by selecting N as 

a power of a small number. When  N=2M, where M is the size of array, input and output arrays all 

must have a common size. Most of the time, the FFT is used for strictly real-valued inputs. 

Results and Discussion   

EPR spin trapping with DMPO   

In previous experimental work has been described elsewhere2 . The formation of DMPO/HO. adducts 

during the reaction between H2O2 and Wild-type (WT)-Superoxide dismutase (SOD). ESR spectrum 

was recorded at room temperature on a Varian E-109 spectrometer operating at 9.5 GHz.  

 In the present paper, we are concerned with simulation, based on Fast Fourier Transform, of ESR 

spectra. As shown in Fig 3, the spectrum of the DMPO- hydroxyl adduct (DMPO/HO.) consists of four 

lines with an intensity ratio of  1:2:2:1. Note that, the lineshape signals is usually (first derivative) 

Lorentzian or Gaussian or some mixture of these. The hyperfine couplings to take into account are 

 



those  relative  to  the  hydrogen  1H  and the nitrogen 14N, the nuclear spin of the oxygen equals zero. 

The  ESR  spectrum  is  consistent  with  that of an unpaired electron (of spin oxygen equals zero.  

Isotropic Spin Trap EPR Spectra    167 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

START 

READ CONSTANTS 
Frequency v,Electronic spin S Nuclear spin I, 

 Number of data points N, Scan range SR 

READ SPECTRAL PARAMETERS 
Hyperfine coupling constant, g-value, linewidth W 

Iteration on the nuclear spin quantum  numbers m 

 

Calculation of resonance field Hr 

Calculated Spectrum 

Convolution with a lineshape function 

End of iteration 

Is result 

satisfactory  

? 

END 



Figure 2. Diagram of the program used for Isotropic Spin Trap EPR Spectra simulation 
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Figure 3.  Chemical structure and ESR spectra of  DMPO/HO. adduct : (A) Experimental  

spectrum; (B) Simulated spectrum. The hyperfine coupling constants are provided in the  

Table 1.  

 

The ESR spectrum is consistent with that of an unpaired electron (of spin l/2) interacting with one 

nucleus (nitrogen) of spin 1 and one nuclei (hydrogen) of spin l/2.  ESR spectrum was simulated at X- 

band with frequency of 9.5 GHz, linewidth : W = 1 G, scan range : SR = 80 G, and number of data 

points : N = 2048. Both Gaussian and Loretzian lineshapes are supported. The values of the hyperfine 

constants of nitrogen and hydrogen, respectively, aN and aH are listed in Table 1. These calculated 

values are in good agreement with the splitting constants of other  DMPO-OH adduct by DMPO2-4   

EPR spectra of NO trapping using Fe–MGD  
Recall that, in a recent work5 , EPR measurements of Nitric oxide (NO) generation in the NO synthase-

transfected human embryonic kidney 293 cells (HEK 293) employed the NO trap Fe-N-methyl-D-

glucamine dithiocarbamate (Fe–MGD), stimulation with the Ca2+ ionophore A23187 (1 µ M) 

triggered the generation of a prominent triplet spectrum. EPR spectrum was recorded with a 

microwave frequency of 9.77 GHz. On the other hand, the triple peak shape of the spectrum (Fig 4) 

arises from the interaction of the unpaired  electron with the nitrogen nucleus of NO. The three values 

of nuclear spin quantum number m  (-1, 0 and 1) can be used to calculate the resonant field positions of 

the three peaks (Equation 1). For example, the center peak corresponds to m = 0.  Similarly, the right 



and left peaks correspond to m = 1 or –1, respectively.  Therefore, the difference, in Gauss, between 

the center peak and  either  of  the  outer  peaks is simply:  aN ESR spectrum was simulated at X- band  
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with frequency of 9.77 GHz, linewidth : W = 6.3 G, scan range : SR = 60 G, and number of data points 

: N = 2048. Both Gaussian and Loretzian lineshapes are supported. The EPR signal is characterized by 

an isotropic triplet signal at g = 2.043  and  aN= 12.75 G. These calculated values are in good 

agreement with the experimental splitting constants5,6  (Table 1).  
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Figure 4.  EPR spectra of NO trapping using Fe–MGD: (A) Experimental spectrum; (B) Simulated 

spectrum . The hyperfine coupling constant is provided in the Table 1.  

 

Table 1. EPR hyperfine coupling constants of DMPO-OH and MGD-Fe-NO adducts    

Spin adduct AN(G)  AH (G)  Ref 

 

DMPO-OH 14.9  14.9  3-4 

  15  15  2 

  15.22  15.22  This work 

 

MGD-Fe-NO 12.7  ---  5-6 

  12.75  ---  This work 

Conclusion and Perspectives      
In this work, we applied Fast Fourier Transform (FFT) to simulate the ESR spectra of DMPO/HO. and 

MGD-Fe-NO adducts. We found that the  spectra obtained by simulation are in good agreement with  

the experimental ones. By this program, almost all the free radicals ESR spectra can be simulated The 

work concerned with a quantum approach based on the spin Hamiltonian is in progress7   
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