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8 ( Electron Configuration & the Periodic Table

TRENDS IN PROPERTIES
	Trends you should be able to predict and relate to the position of an element in the periodic table are:

· atomic size

· vertical trend and horizontal trend

· ionic radius

· ionization energy

· first ionization energy of the elements horizontally

· first ionization energy of the elements vertically

· successive ionization energies of the same element

· the shape of the first ionization energy vs. atomic number




	Ionization Energies




Draw the orbital diagram for Boron, B:
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The first five ionization energies for boron, B, are listed (in kJ·mol-1)
	800
	2,430
	3,659
	25,020
	32,810


1.
Write the equations for these five ionizations including the energy involved:


E1

B  +  800 kJ  (  B+  +  e

E2



E3



E4



E5


2.
From which orbital (1s, 2s, 2p, etc.) is each electron being removed?

	Ionization Energy:
	800
	2,430
	3,659
	25,020
	32,810

	Orbital from which e is removed:
	
	
	
	
	



The Point:  When the value of “n” decreases for an orbital, the ionization energy ________________


Why?:  because as the value of “n” decreases, the average distance of the e to the nucleus also ______________ making the attraction between the protons and the electron ____________.

3.
Aluminum, Al, is just below B on the periodic table.  Al’s first ionization energy is 577.4 kJ·mol-1 and is removed from the ____ orbital whereas Boron’s first electron is removed from the ____ orbital.  As you move down a family of the periodic table the first ionization energy ___________________ because the average distance from the electron to the nucleus ________________.
Ionization Energy Across a Period

4.
Draw the orbital diagrams for the Period 3 elements, Na – Cl (no room for Argon, Ar):

	IA
	IIA
	IIIA
	IVA
	VA
	VIA
	VIIA
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	Na
	Mg
	Al
	Si
	P
	S
	Cl

	495.8
	737.6
	577.4
	786.2
	1,012
	999.6
	1,255


First Ionization Energies (in kJ·mol-1)
5.
Plot the ionization energies on the graph below.  (Ar is 1,520 kJ·mol-1)

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


	Na
	Mg
	Al
	Si
	P
	S
	Cl
	Ar


6.
There is a general trend upwards.  Each element has more ____________ in the nucleus so the attraction to the valence electrons increases.
Which two elements are lower than the general trend?  ____  and  ____.  A lower ionization energy means it is _______________ (easier / harder) to remove an electron than the general trend predicts.
7.
The first element lower than the general trend, _____, has a lower I.E. than the element before it.  The electron being removed comes from the ______ (3s / 3p) orbital rather than the _____ (3s / 3p) orbital.  The higher starting energy of the electron, means less energy is required to remove the electron.
Note:  this reason also applies to Si – Ar.  They are ALL a little lower than the general trend.
8.
The second element, _____, is different than the element before it, too.  The electron being removed comes from a _____________  (full / half-filled) orbital instead of a _____________  (full / half-filled) orbital.  The electron-electron repulsion means less energy is required to remove the electron.
Note:  this reason also applies to Cl & Ar.  The last three elements in this period are again a little low.


The Big Picture:  Considering ionization energies, S, Cl, and Ar are a little low due to electron-electron repulsion.  Al – Ar are a little low due to the valence electron occupying the “p” orbital rather than the “s” orbital.  If we account for these differences, we get the general trend due to the increasing number of protons.
