Ionization Energy Exploratory

Name:________________________Date:________Section:___

Introduction

Each element’s spectra cannot be explained by Bohr’s theory for the single electron in the hydrogen atom.  Although it is true that light is emitted when electrons jump from a higher energy level to a lower energy level, the energy levels are more complex when more electrons are involved.  This activity will allow you to look at electron energy level patterns in atoms containing more than one electron.  

Some electrons are easier to remove from atoms than others and thus they require less energy to remove them.  The chart on the last page contains information about the first and second ionization energies, which is the amount of energy required to remove electrons.  The unit for ionization energy is joules.  

Directions/Questions

1) Get a piece of graph paper.  Label the x-axis “atomic number” and number the x-axis 0-36.  Label the y-axis “ionization energies” and number the y-axis 0-130.  (You can decide what scale to use for each axis.)  Plot the first ionization energies in one color and then connect the dots.  Plot the second ionization energies in another color and then connect the dots.  Make a key on your graph that says which color represents which ionization energy.  Title your graph appropriately.

2) Answer the following questions by looking only at the line that represents the first ionization energies:

a) What kinds of patterns do you see?

b) Examine the ionization energies and put the elements into four consecutive groups.  List the range of atomic numbers in each group.

c) In general, within each group, what happens to the ionization energies as the atomic number increases?

d) Where are the ionization energies the highest?  The smallest?  Be specific.

e) Describe any interruption in the general trend of ionization energies as the atomic number increases for a group?  Be specific.

3) Answer the following question by looking at the line that represents the first ionization energies and the line that represents the second ionization energies:

a) Describe how the two graphs are similar and different.

-over-

4) An atoms electron arrangement is considered stable if a large amount of energy is needed to remove an electron.  Therefore, a high first ionization energy means that it takes a lot of energy to remove an electron from an atom, which has a stable electron arrangement.  Refer to the first ionization energies in the table included in this activity to answer the following questions.

a) Which element in the first period (Hydrogen or Helium) has the most stable electron arrangement?

b) Which element in the second period (from Lithium to Neon) has the most stable electron arrangement?

c) Which element in the third period (from Sodium to Argon) has the most stable electron arrangement?

d) Which element in the fourth period (from Potassium to Krypton) has the most stable electron arrangement? 

Conclusion

Since Bohr’s model could not account for spectra of elements with more than one electron a more complex model was needed.  Schrödinger came up with this complex model that breaks the energy levels into sublevels.  The sublevels are designated by the letters s, p, d, and f – also known as the quantum numbers.  An atom’s stability depends on the filling of the sublevels.

Data

	Atomic Number
	Element (symbol)
	1st IE in J (x10-19)
	2nd IE in J (x10-19)

	1
	H
	21.8
	

	2
	He
	39.4
	87.2

	3
	Li
	8.6
	121.2

	4
	Be
	14.9
	29.2

	5
	B
	13.3
	40.3

	6
	C
	18.0
	39.1

	7
	N
	23.3
	47.4

	8
	O
	21.8
	56.3

	9
	F
	27.9
	56.0

	10
	Ne
	34.6
	65.6

	11
	Na
	8.2
	75.8

	12
	Mg
	12.3
	24.1

	13
	Al
	9.6
	30.2

	14
	Si
	13.1
	26.2

	15
	P
	16.8
	31.7

	16
	S
	16.6
	37.4

	17
	Cl
	20.8
	38.2

	18
	Ar
	25.2
	44.3

	19
	K
	7.0
	50.7

	20
	Ca
	9.8
	19.0

	21
	Sc
	10.5
	20.5

	22
	Ti
	10.9
	21.8

	23
	V
	10.8
	23.5

	24
	Cr
	10.8
	26.4

	25
	Mn
	11.9
	25.1

	26
	Fe
	12.7
	25.9

	27
	Co
	12.6
	27.3

	28
	Ni
	12.2
	29.1

	29
	Cu
	12.4
	32.5

	30
	Zn
	15.1
	28.8

	31
	Ga
	9.6
	32.9

	32
	Ge
	12.7
	25.5

	33
	As
	15.7
	29.9

	34
	Se
	15.6
	34.0

	35
	Br
	18.9
	34.9

	36
	Kr
	22.4
	39.0
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