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Abstract:  
 

The hyperfine coupling constants of some type radicals were calculated by 

using the DFT(B3LYP) method with LanL2DZ basic set. These are phenyl, 

naphthyl, pyridyl, and quinolyl radicals. Also, the study was enriched by the 

calculations of the spin densities for all the radicals. From the results it was 

concluded that the spin density of the unpaired electron is mainly in one sp-hybrid 

orbital of carbon atom from which hydrogen is removed. The electron 

paramagnetic resonance (EPR) spectra of all the radicals are generally based on 

the hyperfine splitting belonging to only the close hydrogen or nitrogen atoms of 

the benzene ring to the unpaired electron since the effect of the other atoms is 

disappeared in the linewith of the EPR spectrum lines. The EPR spectra were also 

simulated by using their calculated isotropic hyperfine coupling constants and, 

compared with the experimental data. It was found a good agreement between 

them.   

  

 

1. Introduction 
 
Analysis of electron paramagnetic resonance (EPR) 

spectra of -type radicals give detailed information 

about the distributions of the spin density of the 

unpaired electron. The bigger hyperfine coupling 

constant means the higher spin density. Pyridyl (2-, 

3-, and 4-) [1], 2-, 3-, and 4-quinolyl and 4-

isoquinolyl [2] radicals generated in argon matrices 

after UV irradiation were studied by EPR 

spectroscopy. All these radicals were found to be -

type radicals. The EPR spectra of the radicals were 

readily resolved by the identifications of the 

hyperfine values of the protons of the radicals. The 

results indicated a little effect of the fused benzene 

ring upon the nature of the semi filled orbitals of the 

radicals. Some authors have also reported the 

observation of the carbon-13 spectra of phenyl, 2-

pyridyl, and 2-pyrimidinyl radicals [3]. A specific 

chemical reaction was used in the preparation of 

these radicals, and the radicals were trapped in an 

inert matrix at 77 °K using a rotating cryostat. They 

found that the unpaired electron is localized mainly 

in one sp-hybrid orbital of the carbon atom form 

which proton is removed and, is not delocalized in 

the orbital system of the aromatic ring. The 

electronic ground states of phenyl, 1- and 2-

naphthyl, 1- and 9-anthracyl, and 1-pyrenyl radicals 

were determined by means of EPR in order to find if 

a crossing of s and p levels occurs as the aromatic 

ring system is expanded [4]. In all cases the unpaired 

electron was found to occupy on the essentially 

nonbonding orbital corresponding to the broken 

bond.  

Some authors have showed that the density 

functional theory (DFT) method could be helpful to 

make proper assignments of complex EPR spectra 

and, to determine the main features of the 

distributions of the spin densities of overcrowded 

polycyclic aromatic hydrocarbon radical cations [5]. 

The  hyperfine  values  of  the  HCS   and  the  

isovalent  HCO,  HSiS  and  HSiO  radicals  were 

calculated using  the. B3LYP and MRSDCI methods 

by Chen and Huang [6]. Isotropic hyperfine coupling 

constants for the radicals BH2, CH2
−, NH2, OH2

+, 

BH3
−, CH3, NH3

+, H2CO+ and CH2CH were obtained 

using the density-functional theory with a gradient-

corrected local-spin-density approximation and a 
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Slater-type-orbital basis set [7]. The hyperfine 

constants of aromatic radicals containing 14N 

nucleus were investigated by an extensive study in 

which there are 165 hyperfine constants belonging to  

38 radical species [8]. They were obtained from the 

computations with the DFT/B3LYP and PBE0 

functional combined with 6-31G*, N07D, TZVP, 

and EPRIII basis sets.  

 

Figure 1. Calculated hyperfine constants and spin 

densities for phenyl and naphthyl radicals. aRef [4] and  
bRef. [13]. 

 

Figure 2. Calculated hyperfine constants and spin 

densities for pyridyl radicals. aRef [3] and 

  bRef. [2]. 

 
 

Figure 3. Calculated hyperfine constants and spin 

densities for quionolyl radicals. a Ref [2]. 

 

 

Figure 4. The correlation graph between the 

experimental and calculated hyperfine constants(G). 

 

 

In this study the isotropic hyperfine coupling 

constants of some type radicals were calculated 

by DFT/B3LYP method at LAN2DZ level. It is 

aimed to determine the distributions of the spin 

density of these aromatic radicals. 

 

2. Computational Methods 

 
Our previous studies have showed that the 

DFT(B3LYP)/LanL2DZ level cause pretty good 

values in hyperfine calculations [9,10]. So in this 

study the radicals were optimized by using the DFT 

(B3LYP hybrid functional) method with LanL2DZ 

basis set level. All the calculations have been 
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performed using Gaussian 09 package [11] and 

Gauss-View molecular visualization programs [12]. 

The simulated EPR spectra were obtained by using 

WINEPR SimFonia Version 1.25 software of 

Bruker. 

 

3. Results and Discussion 

 

The calculated hyperfine coupling constants (hfccs) 

and spin density distributions of all the radical have 

been shown in Figs. 1–3, respectively. Figures also 

show the experimental hfcc values. Taking into 

account that the calculated results based on a single 

gas molecule may not match to the experimental one 

in which multiple interactions takes place, there is 

reasonable agreement between the calculated and 

experimental values. Root-mean-square deviations 

(RMSD) between the experimental and computed 

hfccs of all the considered radicals except for two big 

values have been obtained and, given in Figure 4. 

From the RMSD value of about 1.97 in the figure, it 

is stated that the LanL2DZ basis set level gives a 

reasonable good agreement with the experimental 

data. The spin density distributions of all the radicals 

in Figs 1-3 show that all these radicals are -type 

radicals. The resolved EPR hyperfine structures of 

the radicals were readily identified with the 

hyperfine values of the hydrogen or nitrogen atoms 

of the radicals. From the figures we can say that the 

unpaired electron is localized mainly in one sp-

hybrid orbital of the carbon atom from which 

hydrogen is removed and, that the spin densities on 

the ring hydrogen and nitrogen atoms are fairly low. 

The hffcs of only the close hydrogen or nitrogen 

atoms to the unpaired electron are enough big to 

visible in the EPR spectra of the radicals. The others 

are too low to appear in the linewidth of the EPR 

lines. They can only be calculated. 

The highest occupied molecular orbital (HOMO) 

energy is associated with the electron donating 

ability of a molecule while the lowest unoccupied 

molecular orbital energy (LUMO) energy is an 

indicator of its electron accepting ability. HOMO is 

called as SOMO for semi occupied molecular 

orbital, namely radicals.  The energy gap between 

EHOMO and ELUMO energy levels (ΔE) is an important 

parameter as a function of reactivity of a molecule. 

A molecule with a lower ΔE is more chemical 

reactive. So, from the ΔE values given in Figs.1-3, 

2-naphthyl between naphthyl radicals, 2-pyridyl 

between pyridyl radicals and 2-quinolyl between 

quinolyl radicals has the highest chemical reactive. 

Fig.5-7 shows the simulation and experimental EPR 

spectra of all the radicals. The simulations spectra 

were obtained by using the calculated hyperfine 

coupling constants of the radicals. The most 

corresponding linewith values are written in bottom 

of the figures. As seen the simulation and 

experimental spectra suit well. This shows the 

calculated values of hffc are in good agreement with 

the experimental data. The computations of the non-

observed hyperfine values completes the EPR 

analysis of all these radicals. 

Figure 5. Simulation and experimental spectra of phenyl 

and naphthyl radicals. The experimental spectra was 

taken from Ref [4]. 

Figure 6. Simulation and experimental spectra of pyridyl 

radicals. The experimental spectra was taken from Ref 

[2]. 
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Figure 7. Simulation and experimental spectra of 

quoinolyl radicals. The experimental spectra was taken 

from Ref [2]. 

 

4. Conclusions 

The EPR hyperfine coupling constants of some  

type phenyl, naphthyl, pridyl, and quinolyl radicals 

were calculated by using the DFT(B3LYP) method 

with LanL2DZ basic set. The simulated EPR spectra 

of all the radicals were also found by using the 

calculated isotropic hyperfine coupling constants 

and, compared with the experimental data.  From the 

results it was concluded that the unpaired electron is 

localized mainly in one sp-hybrid orbital of the 

carbon atom from which hydrogen is removed, and 

that there is the effect of only the close hydrogen or 

nitrogen atoms of the fused benzene ring to the 

unpaired electron upon the EPR spectra of the 

radicals.  
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