Ionization Energy and Atomic Structure


Ionization Energy is the energy required to completely remove an electron from the atom.

The table attached lists the successive ionization energies of the first 20 elements. All ionization energies are measured in electron volts, a unit of energy roughly equal to 100kJ/mol.

1. Describe a pattern you notice when you compare successive ionization energies of one element. Is there a trend when you read the values from the first ionization energy of any element to the last?


2. What does this pattern or trend imply about the amount of energy needed to remove each electron from an atom one at a time? Does removing electrons require more or less energy as each is removed?


The ionization energies of selected period 2 elements are plotted below. 
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3. Compare the graphs of the selected period 2 elements. Identify common features of the graphs.


4. Group electrons in each graph based on how easy or difficult it is to remove them. Circle them on the plots and label them “easy to remove” and “difficult to remove.” 
5. Identify the maximum number of electrons that can fit in the group that is the most difficult to remove from the atom.

6. Are all electrons in an atom created equal? What does this imply about Thomson and Rutherford’s models of the atom?

The ionization energies of selected period 3 elements are plotted below. 
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7. Compare the graphs of the selected period 3 elements. Identify common features of the graphs.


8. Group electrons in each graph based on how easy or difficult it is to remove them. Circle them on the plots and label them “easy to remove”, “hard to remove,” and “most difficult to remove.” 
9. Identify the maximum number of electrons that can fit in the group that is the most difficult to remove from the atom. Is this number of electrons similar or different from the period 2 elements?







The ionization energies of selected period 4 elements are plotted below. 
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10. Compare the graphs of the selected period 4 elements. How many groups of electrons would these plots need?

11. Compare the plots of period 4 elements with those used above. Do the plots of period 4 elements support your claims above (How many electrons are the most difficult to remove/Does this evidence support Thomson’s model)? 

12. Notice your grouping of electrons for each set of plots. Summarize your findings below.

	Period
	Number of electron groupings
	Number of electrons in the “most difficult to remove” grouping
	Number of electrons in the “hard to remove” middle grouping

	2
	
	
	

	3
	
	
	

	4
	
	
	



We will be using the analogy of a hole in the ground, or well, to think about why it takes an input of energy to remove electrons from the atom. According to the ionization energy data, it requires 13.6eV to remove the electron from hydrogen and 24.6eV to remove the first electron from helium. 
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					   	        H +1		            He +2
13. Propose a reason it requires more energy to remove the first electron from helium than hydrogen.


14. Propose a reason why it may be easier to remove the first person from the helium well and more difficult to remove the second person from that well.


15. Propose a scientific reason it might require less energy to remove the first electron from helium than the second.


Now consider the Lithium atom with 3 protons and 3 electrons. Notice that the first ionization energy is significantly lower than that of any energies of hydrogen and helium. Also notice that the 2nd ionization energy of Lithium is 14 times greater than the first while the 3rd ionization energy is only 1.6 times greater than the second. Two well diagrams are shown, one just like the H and He wells, and an alternate model that includes a ledge.
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16. Could a higher ledge inside the well help resolve this analogy with the ionization energy data? Explain your answer. 


17. Draw a well diagram for Beryllium based on the ionization energy data, next to the Lithium well diagram. 

[image: Shape

Description automatically generated with low confidence][image: Shape

Description automatically generated with low confidence]For simplicity, we will change the stick figures in our diagrams with circles to denote the electrons. Consider the following proposed well diagrams for oxygen and fluorine. Add their nuclear charge to the diagram. Use ionization energy data to explain your answers to the following questions.

18. Why do both diagrams have only 2 electrons at the bottom of the well? 















19. Why is the fluorine well deeper than the oxygen well?






20. Using your reasoning from the previous question, should the ledges of Oxygen and fluorine be at the same depth? How would you amend the diagrams above to support your answer?


21. Create your own well diagrams for fluorine, neon, and sodium using ionization energies. Consider the depth of the wells and ledges as well as the number of electrons in each location. 














Reconsider the ionization energy graph of calcium and the corresponding well diagram:
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22. Label both the graph and the well diagram with the following titles:
a. Most energy needed to remove
b. Least energy needed to remove

23. Summarize the findings by using numbers or the words increases, decreases, most, or least.
a. The lowest level on a well diagram can contain a maximum of ______ electrons. 
b. Each successive ledge on a well diagram can contain a maximum of ________ electrons. 
c. As atomic number increases, the depth of the well ______________ and the depth of the ledges ____________________.
d. The electrons deepest in the well feel the proton pull the _________________ and therefore require the _________ energy to remove.
e. The electrons on the highest ledge feel the proton pull the _________________ and therefore require the _________ energy to remove.
Instead of well diagrams, which is an analogy for the actual model, Neils Bohr proposed a model of the atom that contained a nucleus containing protons and neutrons with electrons orbiting the nucleus in energy levels. The Bohr model of the calcium atom is shown below.
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24. How does the Bohr model compare to the well diagram of the calcium atom?

25. Does the ionization energy data of calcium support the Bohr model of the calcium atom?


26. Draw Bohr diagrams of the most common isotope of the following elements:

	H



	He
	Li
	Be

	B
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	N
	O
	F







 Ionization Energy for Elements 1-20
	IE
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	
	H
	He
	Li
	Be
	B
	C
	N
	O
	F
	Ne
	Na
	Mg
	Al
	Si
	P
	S
	Cl
	Ar
	K
	Ca

	1
	13.6
	24.6
	5.4
	9.3
	8.3
	11.3
	14.5
	13.6
	17.4
	21.6
	5.1
	7.6
	6.0
	8.2
	10.5
	10.4
	13.0
	15.8
	4.3
	6.1

	2
	
	54.4
	75.6
	18.2
	25.2
	24.4
	29.6
	35.1
	35.0
	41.0
	47.3
	15.0
	18.8
	16.3
	16.3
	23.3
	23.8
	27.6
	31.6
	11.9

	3
	
	
	122
	154
	37.9
	47.9
	47.4
	54.9
	62.7
	63.5
	71.6
	80.1
	28.4
	33.5
	33.5
	34.8
	39.6
	40.7
	45.8
	50.9

	4
	
	
	
	218
	259
	64.5
	77.5
	77.4
	87.1
	97.1
	98.9
	109
	120
	45.1
	45.1
	47.2
	53.5
	59.8
	60.9
	67.3

	5
	
	
	
	
	340
	392
	97.9
	114
	114
	126
	138
	141
	154
	167
	167
	72.6
	67.8
	75.0
	82.7
	84.5

	6
	
	
	
	
	
	490
	552
	138
	157
	158
	172
	187
	190
	205
	220
	88.1
	97.0
	91.0
	99.4
	109

	7
	
	
	
	
	
	
	667
	739
	185
	207
	209
	225
	242
	247
	264
	281
	114
	124
	118
	127

	8
	
	
	
	
	
	
	
	871
	954
	239
	264
	266
	285
	304
	310
	329
	348
	143
	155
	147

	9
	
	
	
	
	
	
	
	
	1103
	1196
	300
	328
	330
	351
	372
	380
	400
	422
	176
	189

	10
	
	
	
	
	
	
	
	
	
	1362
	1465
	368
	399
	401
	424
	448
	456
	479
	504
	211

	11
	
	
	
	
	
	
	
	
	
	
	1649
	1762
	442
	476
	479
	505
	529
	539
	565
	592

	12
	
	
	
	
	
	
	
	
	
	
	
	1963
	2086
	523
	561
	564
	592
	618
	629
	657

	13
	
	
	
	
	
	
	
	
	
	
	
	
	2304
	2437
	611
	652
	657
	686
	715
	727

	14
	
	
	
	
	
	
	
	
	
	
	
	
	
	2673
	2817
	707
	750
	756
	787
	818

	15
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	3070
	3224
	809
	855
	861
	895

	16
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	3494
	3658
	918
	968
	974

	17
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	3946
	4120
	1033
	1087

	18
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	4426
	4611
	1158

	19
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	4934
	5129

	20
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	5470
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