
ISSN: 0975-8585 
 

March–April  2015  RJPBCS 6(2)  Page No. 597 

Research Journal of Pharmaceutical, Biological and Chemical 

Sciences 

 

 
Electronegativity and Atomic Number: Linear Isoelectronic Trends. 

 
 

Dinesh Prakash Upadhyay*, Laxmi Kant Gupta, And Mohan Kumar Sharma. 
 

Department of Chemistry, M.S.J. Govt. (P.G.) College, Bharatpur, Rajasthan 321001, India. 

 
 

ABSTRACT 
 

Electronegativity originates from the atomic nucleus and electron distribution or shell structure. Here, 
a linear relationship between the electro negativity and atomic number (Z) has been approached, using 
isoelectronic series. For the first ten isoelectronic series (H-Ne), it is found that isoelectronic trend of the 
square root (SQRT) of the electro negativity i.e. {(I+A)/2}

1/2
 with atomic number (up to Z=20), is excellently 

linear with the determination coefficients (r
2
) nearly one. On this basis it is being inferred that for neutral 

atomic species, the SQRT electro negativity is proportional to atomic number.  
Keywords: Electronegativity, Atomic number, linear relationship. 
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INTRODUCTION 
 

Electronegativity [1-2] is one of the most useful theoretical constructs of chemistry. It has become an 
indispensible tool for chemists to understand physico-chemical properties. The fundamental quantities of 
inorganic, organic and physical chemistry such as bond energy, polarity, the inductive effect and many more 
can be visualized in terms of electro negativity.  Besides chemistry, the concept finds applications in biology, 
physics and geology [3-4], nanochemistry, high-temperature superconductors [5-6], spectroscopy [7-8], 
qualitative understanding of quark atoms [9], for material design [10], drug design [11] etc.  

 
Pauling [1-2] defined electro negativity, “as the power of an atom in a molecule to attract electrons to 

itself.” Several views have been put forth to poke into the electron attracting power of an atom. Various scales 
of electro negativity have been suggested incorporating different atomic and molecular properties. Pauling [1], 
Mulliken [12], Gordy [13], Allred and Rochow [14] are some of the pioneering scales of electro negativity. 
Besides these traditional scales, various attempts have been made to evaluate electro negativity of atoms 
using other periodic parameters like atomic radius [21], ionization potential [22], polarizability [23-24] etc. 
Prevalent scenario for electro negativity is based upon density functional theory (DFT). In the DFT [25-26], the 
electro negativity (χ) is the first derivative of electronic energy (E) with respect to the number of electrons (N) 
and is defined as follows [27]: 

 



 













N
     (1) 

      
Where, ν is external nuclear potential and E is the total energy of an N-electron system. Hence, in DFT, electro 
negativity (χ) is slope of the E vs. N plot and represents the change in electronic energy with respect to the 
number of electrons. The approximate expression for electro negativity can be written in terms of ionization 
potential I, and electron affinity A as [28]: 
 

2
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It has been established conclusively that electro negativity is not an in situ property; rather it is an 

intrinsic ground state property of atom [29-33]. Since electro negativity is an intrinsic atomic property, 
therefore, it transpires that it has its hidden basis and origin expressed within the electron distribution or shell 
structure and atomic nucleus or the nuclear charge. Recently, proportionality has been sketched between 
electro negativity and square of the effective nuclear charge [34]. The sketched relationship also has been 
justified via isoelectronic series, recently. 

 
Isoelectronic series have been considered as fundamental periodic properties [35]. Isoelectronic 

species possess equal number of electrons and as per the Slater’s theory *36+ these have same screening 
constant. Therefore, in isoelectronic series the change in any property is mainly caused by the atomic number 
or the nuclear charge. Recently, a potential use of isoelectronic series has been suggested to explore 
relationship [37]. In isoelectronic series, the electro negativity measure (I+A)/2 have been found to have a 
quadratic relation with atomic number (Z) recently [38]. Since, there is quadratic relation between the two so, 
a linear relation is expected between square root (SQRT) of the electro negativity measure i.e. {(I+A)/2}

1/2
 and 

atomic number. In this communication, these correlations have been investigated for the first ten isoelectronic 
series (H-Ne) upto atomic number 20.  
 

METHODOLOGY 
 

The developed novel methodology [37] is very simple. It is based on the fact from the isoelectronic 
trend one can predict the relationship. On the basis of the square root (SQRT) of the electro negativity 
measure i.e. {(I+A)/2}

1/2
 vs. atomic number plots, one can predict the interrelation. Here, I and A need not to 

be the first ionization potential or electron affinities. 
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RESULTS 
 

The isoelectronic trend of the SQRT of the electro negativity measure i.e. {(I+A)/2}
1/2

 with atomic 
number (up to Z= 20), for the first ten isoelectronic series is presented in Figure 1-3. The Figure 1 involves H 
(1s

1
), He (1s

2
), Li (1s

2
2s

1
), N (1s

2
2s

2 
2p

3
) and Ne (1s

2
2s

2 
2p

6
) configuration

 
isoelectronic series. The Figure 2 is for 

Be (1s
2
2s

2
), C (1s

2
2s

2
2p

2
), and F (1s

2
2s

2
2p

5
) configuration isoelectronic series. The Figure 3 incorporates B 

(1s
2
2s

2
2p

1
), and O (1s

2
2s

2
2p

4
) configuration isoelectronic series. The plots of Figures 1-3 can be represented by 

(3)      
 

{(I+A)/2}
1/2

 = sZ + i  (in eV
1/2

)    (3) 
 
In Table 1, the slopes(s), intercepts (i) and the determination coefficients (r

2
) of the linear trend drawn through 

the data of Figures 1-3 (Eq. 4) are being listed.    
 
The {(I+A)/2}

1/2 
values used in drawing the plots of Figure 1-3 have been presented in Table 2. 

 

 
 

Figure 1: Isoelectronic trend of the SQRT electro negativity measure i.e. {(I+A)/2}
1/2

 with atomic number for H 
(1s

1
), He (1s

2
), Li (1s

2
2s

1
), N (1s

2
2s

2 
2p

3
) and Ne (1s

2
2s

2 
2p

6
) isoelectronic series. The solid lines through the data 

are the linear trend lines. The {(I+A)/2}
1/2

 values obtained using successive ionization potentials given in 
reference 39. 

 

 
 

Figure 2: Isoelectronic trend of the SQRT electro negativity measure i.e. {(I+A)/2}
1/2

 with atomic number for Be 
(1s

2
2s

2
), C (1s

2
2s

2
2p

2
) and F (1s

2
2s

2
2p

5
) isoelectronic series. The solid lines through the data are the linear 

trend lines. The {(I+A)/2}
1/2

 values obtained using successive ionization potentials given in reference 39. 
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Table 1: Slope(s), intercept (i) and the determination coefficients (r
2
) of the linear trend lines drawn in Fig.1-3(Eq. 3). 

Isoelectronic series S i r
2
 

H(1s
1
) 

He(1s
2
) 

Li(1s
2
2s

1
) 

Be(1s
2
2s

2
) 

B(1s
2
2s

2
2p

1
) 

C(1s
2
2s

2
2p

2
) 

N(1s
2
2s

2
2p

3
) 

O(1s
2
2s

2
2p

4
) 

F(1s
2
2s

2
2p

5
) 

Ne(1s
2
2s

2
2p

6
) 

3.690 
2.922 
1.862 
1.866 
1.885 
1.893 
1.910 
1.937 
1.954 
1.666 

-1.117 
-2.413 
-3.708 
-5.193 
-7.029 
-8.490 

-10.264 
-12.244 
-13.884 
-13.126 

1 
1 
1 
1 

0.999 
0.999 
0.999 
0.999 
0.999 
0.999 

 
 

Table 2: The values {(I+A)/2}
1/2

 used in isoelectronic plots of Fig. 1-3 and calculating the slope, intercept and 
the coefficients of table 1. All the successive ionization potentials are from reference [39] and are in electron 

volts. 

 
 Isoelectronic Series 

S.N. At. No. 

1s
1
 1s

2
 1s

2
2s

1
 1s

2
2s

2
 1s

2
2s

2
2p

1
 

{(I+A)/2}
1/2

 {(I+A)/2}
1/2

 {(I+A)/2}
1/2

 {(I+A)/2}
1/2

 {(I+A)/2}
1/2

 

1 1 2.679 
    2 2 6.285 3.506 

   3 3 9.952 6.365 1.733 
  4 4 13.631 9.276 3.710 2.159 

 5 5 17.315 12.192 5.616 4.090 2.071 

6 6 21.001 15.109 7.496 6.011 4.222 

7 7 24.689 18.027 9.364 7.903 6.207 

8 8 28.379 20.946 11.225 9.780 8.135 

9 9 32.070 23.865 13.083 11.649 10.034 

10 10 35.763 26.785 14.939 13.513 11.919 

11 11 39.457 29.707 16.794 15.373 13.795 

12 12 43.153 32.621 18.648 17.232 15.666 

13 13 46.851 35.553 20.502 19.089 17.533 

14 14 50.551 38.478 22.356 20.946 19.398 

15 15 54.253 41.405 24.224 22.803 21.261 

16 16 57.957 44.334 26.065 24.660 23.124 

17 17 61.663 47.264 27.921 26.518 24.987 

18 18 65.096 50.194 29.772 28.377 26.850 

19 19 69.083 53.127 31.639 30.247 28.713 

20 20 72.797 56.072 33.496 32.101 30.571 

 

S.N. At. No. 

Isoelectronic Series 

1s
2
2s

2
2p

2
 1s

2
2s

2
2p

3
 1s

2
2s

2
2p

4
 1s

2
2s

2
2p

5
 1s

2
2s

2
2p

6
 

{(I+A)/2}
1/2

 {(I+A)/2}
1/2

 {(I+A)/2}
1/2

 {(I+A)/2}
1/2

 {(I+A)/2}
1/2

 

1 6 2.502 
    2 7 4.698 2.696 

   3 8 6.710 4.936 2.746 
  4 9 8.656 6.988 5.118 3.227 

 5 10 10.567 8.960 7.225 5.591 3.284 

6 11 12.461 10.893 9.234 7.711 5.120 

7 12 14.343 12.802 11.192 9.731 6.898 

8 13 16.218 14.695 13.118 11.698 8.615 

9 14 18.087 16.578 15.026 13.635 10.293 

10 15 19.953 18.455 16.921 15.711 12.154 

11 16 21.816 20.325 18.806 17.452 13.583 

12 17 23.677 22.191 20.684 19.343 15.206 

13 18 25.538 24.054 22.557 21.226 16.821 

14 19 27.397 25.914 24.426 23.104 18.429 

15 20 29.255 27.773 26.291 24.976 20.031 
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Figure 3: Isoelectronic trend of the SQRT electro negativity measure i.e. {(I+A)/2}
1/2

 with atomic number for B 
(1s

2
2s

2
2p

1
) and O (1s

2
2s

2
2p

4
) isoelectronic series. The solid lines through the data are the linear trend lines. 

The {(I+A)/2}
1/2

 values obtained using successive ionization potentials given in reference 39. 

 
DISCUSSION 

 
It is explicit from Figure 1-3 that in isoelectronic series, the square root of the electro negativity 

measure varies linearly with atomic number. It reveals from the determination coefficients (r
2
), listed in Table 

1, that the variations are remarkably linear. This justify the presumption regarding a linear isoelectronic trend 
between SQRT of the electro negativity measure i.e. {(I+A)/2}

1/2
 and atomic number. Therefore, it transpires 

that, as an atomic neutral species is also a part of an isoelectronic series, the square root of the electro 
negativity measure (I+A)/2 of neutral atomic species is proportional to atomic number. Although the present 
work has been limited to the first ten isoelectronic series upto atomic number 20, if it is extended to other 
series the similar results might be obtained.  
 

CONCLUSION 
 

 The square root of the approximate DFT measure or the Mulliken’s electro negativity measure (I+A)/2 
follow a linear isoelectronic trend with atomic number. The square root of the electro negativity is 
proportional to atomic number. 
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