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MULTIELECTRON ATOMS AND THE PERIODIC TABLE 
  

Multielectron Atoms 
 
 The independent particle approximation knits together the potentials 
of the innermost electron (-Zke2/r) and the outermost (-ke2/r) with 
 
 
 
For the orbital energies, replace ke2 in the hydrogen equations with 
Zeffke2: 
 
 
For the outermost electron, 2 2

Ionization eff RE Z E / n= − ,  allowing estima-

tion of Zeff from lab measurements of EI. 
 This expression, with the variation in Zeff due to the shielding of the 
nucleus by inner electrons, is what makes the energy levels slightly dif-
ferent for the s, p, d, and f levels as shown in Figure 10.3. 
 In hydrogen, the electrons in all the levels see the same nuclear charge but those with n > 1 are at low-
er energies because they are farther away from the nucleus.  In multielecton (and multiproton) atoms, 
there is more nuclear charge for each additional electon, but most of that charge (not all of it … mostly 
Zeff > 1 ) is shielded by inner electrons and they are farther away from the nucleus.  For instance, the p 
electrons are fairly well shielded by the inner s electrons.  But they are not very well shielded by the  
other p electrons. 
 
 
 
 
 
 
 
 
 
 
 
Ionization Energy:  Energy input to remove the outer electron 
Electron Affinity:  Energy released by adding an electron 
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The Quantum Periodic Table 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Filled Shells have high ionization energy, low electron affinity, minimal radii 
 
Noble Gases 
 Filled outer s- or p-shell, non-reactive 
 
Halogens 
 Filled p-shell – 1 
 High electron affinity 
 Bind by borrowing e-: e.g. NaCl 
 
Alkalai Metals 
 Filled p-shell + 1 
 Low Ionization Energy 
 Largest atoms (outer e- not tightly bound) 
 Bind by sharing outer e-: e.g. H2O, NaCl 
 
Transition Elements 
 Those with an outer d-shell electron 
 
Inner Transition Elements 
 Those with an outer f-shell electron 

Some tables have 
all f-shell elee-
ments in lower box 


