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Studying Of Binding Energy Of Electrons In Multi Electrons 

Atoms By Fermi-Statistics 

 دساست طاقت انخشابط نلانكخشوَاث في انزساث يخعذدة الانكخشوَاث باسخخذاو

 فيشيي-إحصائياث 

 
 و.و. عباس احًذ عهي ، و.و. عهي عبذ الأييش سشيذ

 جايعت كشبلاء/ كهيت انعهىو/قسى انفيزياء

 

 

Abstract: 
 

 The method of finding binding energy for electrons in atoms has many difficulties, 

because there are many mathematical difficulties in it. Up today the problem isn't solve 

completely and explicitly except for H-atom and for ions like it i.e. the ions have one electron in 

the outer orbit. To find of He-atom every theories an approximation method to find it. To find 

the binding energy in multi electrons atom for example (U92) need to solve a system of (92) 

partial differential equations with (276) independent variable and its impossible to do that, it has 

been found the binding energy for H-atom in the early days of quantum mechanics. It has been 

put an equation for the binding energy of H-atom.  

Also it has been found an approximate equations for binding energy for He-atom and Li-atom by 

(Born) by a method called (Born approximation method) it has been reached to a results near to 

experimental results. It has been found binding energy for large number of atoms approximately 

in many scientific research institutes. (Hartree, fock, Rothaan).  

 

 : الخلاصة
 

 جًات سياضايت صاعىباث انًىضاى  حكخُا  حيا  انعًهيااث أصاع  ياٍ هاي انازسة فاي الانكخشوَااث طاقت إيجاد عًهيت اٌ 
 انخاي الايىَااث أي انهياذسوجيٍ نازسة انًخشاابهت الايىَااث او انهياذسوجيٍ رسة انا  بانُسابت الا دقيا  بشاكم انًساانت حام ياخى ناى بحي 
 طاقات إيجااد عًهيات اٌ انخقشيا  انا  فيهاا انهجا  حاى فقاذ انههياىو رسة طاقات إيجااد عًهيت ايا انخاسجي انًذاس في واحذ إنكخشوٌ ححخىي

 موحصا انجزئيت انخفاضهيت انًعادلاث يٍ( 22) يٍ يكىٌ َظاو حم يسخهزو (U92) يثلا الانكخشوَاث انًخعذدة انزساث في الانكخشوَاث
 .الآٌ نحذ يسخحيهت عًهيت وهزِ يخغيش( 212)

 فاي الإنكخاشوٌ طاقات حعطاي يعادنات وضا  حى حي  انكى ييكاَيك حاسيخ يٍ الأون  انًشاحم في نههيذسوجيٍ انخشابط طاقت إيجاد حى نقذ
 نهخقشياا  بااىسٌ بطشيقاات يسااً  بًااا (Born) قباام يااٍ حقشيبياات بًعااادلاث ونهيثيااىو نهههيااىو انخااشابط طاقاات إيجاااد وحااى انهيااذسوجيٍ رسة

(Born approximation method) جذا كبيش بشكم انىاق  ان  يقاسبت َخائج ان  انىصىل وحى. 
 ,Hartree) يثام عهًااء قبام وياٍ انعهًاي انبحا  ي سسااث يٍ كثيش في حقشيبيت بطشيقت انزساث يٍ نعذد انخشابط طاقت إيجاد حى وقذ

Fock, and ploothaan) فااٌ نازنك انثقيهات نهعُاصاش انخاشابط نطاقات يعادنات إيجااد فاي إحصاائيت طشيقات يُااساخخذ انبحا  هزا في 
 .. اكبش الانكخشوَاث عذد أي أثقم انزسة كاَج كهًا انىاق  عه  اَطباقا أكثش وحكىٌ بطبيعخها إحصائيت هي انًسخُخجت انًعادنت

 

Introduction: 
 

 The quantum mechanical methods mode its possible to describe any system composed from 

electrons atoms or molecules. But there is a difficulty in solving the equations conserved to that 

system although to atom have tow electrons. This difficulty is so large that there is no one solved 

this problem up to now[1]. 

It has been used the approximation methods in this problem. But we can use some laws to describe 

the general motion that don’t needs the knowledge of the wave function for it (ψ). 

The method which is applied in this research is the statistical method (Fermi distribution ) that can 

be applied to particles have spin equals to (1/2 ћ). We found the most important physical quantity. 
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In this research we used statistical method to find an equation to find the binding energy for heavy 

elements. So the results of the equation are more acceptable with the experimental results for more 

large atomic number (Z) i.e. the binding energy of the electrons the binding energy has been 

calculated for many elements. 

 

Theory: 
 Fermi distribution: 

 Its well known to find the binding energy for electrons contracts with each other, we should 

use Fermi distribution that can be applied to particles have spin equals to (1/2 ћ). 

We can write the (Fermi distribution law)[2]: 
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Where  dn(ε) is the total number of status have energy between (ε) and  (ε + dε), (θ) is thermal 

degree in (erg.), (C
0
=11200× θ) thermal degree in centigrade, μ is constant have energy unit, m is 
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number of particle because the value of f(ε) is between Zero and one [2]. 

Its known from quantum mechanic that the number of particle have energy from Zero→ε0 can be 

give by the equation [3]: 
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(Vi) is the volume occupied by electrons, (mi) is the mass of electrons. If g(ε) is a function of the 

number of states have the same energy, the energy for all states have energy between Zero and (ε) 
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The equation of Homogenous field:  

 There is an equation between energy and the density of electric charge: 
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[n= dN/dV= electrons density], (φ) is the potential. There is an equation in statistical physics 

between (n) and  (φ). 
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Substitute (n) from (5) in (6) we obtain: 

)7......(..........
3

21 2323

3

2327
2

2





e

h

m

dr

d
r

dr

d

r
  

Let us take the function (ψ) related to (φ) by the equation: )( 
r

Ze
 . 

The function (ψ) is dimensionless because (
r

Ze
) have units of potential. substitute (ψ) in (7): 
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Let us take another independent variable (x) in such a way that: 
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We obtain the equation: 
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Calculation of electron energy in atom: 

 The kinetic energy for electrons in atom is: 
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For the limit of kinetic energy in equation is the potential energy (eφ)[5], substitute (
r

Ze 2
) instead 

of (eφ) we obtain: 
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The potential energy is divided to two parts first the interaction between the electrons and nucleons. 
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(n) can be defined from the equation (6). 

Second the interaction between the electrons them selves: 
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The number (1/2) refers that the electron must be take in to account once.  
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Substitute (n) we obtain: 
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For the first integral use eq. (10): 
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Because )( should equals (zero). 

For the second integral we can do it by part[6]: 
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  But (  ) approaches zero more rapidly than (1/x) when x→∞ so: 
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Substitute the values of the integrals in Ek and Epot we obtain: Epot =-2Ek  and total energy E= -Ek 

   (0) can be found from the equation (φ=
r

Ze 2
) and from the ionization voltage for Hydrogen 

atom Ψ
1
(0)= -1.589. therefore we obtain the equation: 
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Elements (Z) H.F. in (AU) E0 (AU) E(H.F) /E0  % 

Ae   (2) 2.862 3.870 73.95 

Li    (3) 7.4320 09.9680 74.55 

Be   (4) 14.573 019.500 74.71 

B     (5) 24.529 032.830 74.73 

C     (6) 37.688 044.350 75.10 

N     (7) 54.400 071.900 75.60 

O     (8) 74.809 098.300 76.09 

F      (9) 99.409 129.390 76.80 

Ne   (10) 128.597 165.460 77.70 

Na   (11) 161.858 206.670 78.30 

Mg  (12) 199.614 253.190 78.80 

P    (15) 340.718 426.160 79.92 

Ca  (20) 676.758 833.860 81.10 

Mn  (25) 1199.866 1403.53 81.70 

Zn   (30) 1777.848 2197.70 83.01 

Br   (35) 2572.441 3149.50 84.50 

Zr   (40) 3539.995 4202.40 84.60 

Rh  (45) 4685.881 5531.60 84.70 

Sn   (50) 6022.931 7073.30 85.10 

Xe   (54) 7232.138 8464.70 85.40 

 

Table (1): Hartree- Fock total energies and a compassion with their values from the equation (21). 
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Elements (Z) Ei  in (AU) E0 (AU) Ei  / E0  % 

Lu   (70) 14992.31 15509.2 96.60 

Re   (75) 1788200 18218.14 98.12 

Hg  (80) 20973.3 21178.90 99.03 

At   (85) 24270.2 24397.30 99.47 

Th   (90) 27850.21 27877.90 99.90 

U    (92) 36668.7 30032.60 99.92 

 

Table (2): Ei is international values of Binding energies for heavy element obtain from laser 

technology Masashusits institute, E is the binding energy obtain from equation (21) in the research.     

 

 

Conclusion: 
 

 Its evident from the results in tables (1,2) that the binding energy for electron increase as the 

atomic number (Z) increase. As if as we said in the research that the binding energy composed of 

two parts positive energy because the interaction between the electrons them selves and negative 

energy because the interaction of electrons with nucleus.  

In fact whenever the atomic number increase the electron approaches to the nucleus that is the 

probability for electron to become more near to the nucleus but the approaching of electrons to each 

other become less for the inner electrons decrease the effect of the charge of nucleus. 

We see from the two tables that the agreement of the values of binding energy obtained from 

eq.(21) with that internationally accepted become more precisely as the atomic number increase that 

is because eq.(21) is derived statistically and statistic is more precise when the particles in the 

problem become more.        
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