Graphing and Analyzing lonization Energy Data

Background

lonization energy, in kJ mol™, provides information about the structure of atoms. When successive electrons

are removed from atoms, the outermost electrons are removed first before the inner core electrons are
removed. When an electron is eventually removed from a different energy level, a large increase in the ionization
energy is observed. When the first ionization energy, IE,, of the elements are graphed, discontinuities appear when
electrons are removed from different sublevels or orbitals.

Procedure

Part A: Graphing Successive lonization Energies

1.

1.
12.

Deduce the full and condensed electron configurations for a calcium atom (z=20).

Deduce the orbital diagram for a calcium atom.

Obtain the spreadsheet found in Schoology. Notice that the ionization number and corresponding enthalpies
are listed.

The enthalpies have a large range (from 590 to 527761). Taking the logarithm enthalpies will allow the data to
show more clearly trends when graphed. To take the logarithm of the values:

a. Click on Cell C3.

b. Type =log(

c. Click on Cell B3.

d. Press Return/Enter. A calculated value should appear.

i. If the option to autofill the rest of the column appears, click the green checkmark. If it does not,
select Cell C3 and click/drag the blue circle located in the bottom right corner down to Cell
C22. Both methods will automatically fill the cells with the correct formula and calculate the
logarithm for the remaining cells.
Column D allows annotations (notes) to be added to the graph to help explain trends that are observed. For
this activity, each point in the graph will be labeled with the energy level it was removed from. To determine the
energy level (n=1, n=2, n=3, etc.), look at the electron configuration in the Pre-Lab and enter n=# into Column
D. Remember that successive ionization energies are based on removing the outermost electrons before the
inner core electrons.
Highlight/select Cell A2 through Cell D22.
Insert — Chart. Change the Chart type to Scatter chart.

a. Notice that two sets of data are graphed. To remove the original data from the graph so only the Log
Enthalpy data appears, under Series select the three dots next to Enthalpy / kJ mol-1 and then select
Remove. What remains is the Log Enthalpy data.

Often the annotations do not appear and must be forced to be shown. To show the annotations:

a. Under Series, click the X on Annotations. This removes the label.

b. Select the three dots next to Log Enthalpy and choose Add labels.

c. Click the label that appears (probably lonization Number) and select Annotations.

Select Customize.

. Under Chart & axis titles, label the axes and provide a title for the graph.

a. Horizontal (X) axis: lonization Number

b. Vertical (Y) axis: Enthalpy / kJ mol-1

c. Title: Chart 1. Successive ionization energies (kJ mol-1) for calcium (z=20), logarithmic scale
Under Vertical axis, change the Max value to 7.
Sketch the appearance of the graph.



Why was there a large increase between the second and third ionization

energies? Reference the electron configuration of calcium. Chart 1. Successive ionization
ensrgigs (kJ mol-1) for calcium (2=20),
Togarithmic scale

How does the graph provide evidence that calcium is in Group 2 of the
periodic table?

Use the electron configuration of phosphorus (z=15) to predict where large
increases in ionization energies would occur.

Enthalpy (kJ mal-1)

lonization Mumber

Part B. First lonization Enerqgies for Periods 2 and 3 Elements
1. Deduce the condensed electron configurations for Elements 3-12.

2. Select the First lonization Energies tab at the bottom of the window.
3. Using Sections 7 and 9 of the data booklet, generate a line graph of the IE, for elements 3-12.
a. Place Atomic Number (z) in Column A and IE, (kj mol™") in Column B.
b. Select Line chart under chart type. If two lines appear on the chart, make sure Use column A as labels
is selected.
c. Provide a title to the chart and add axes labels.
d. Add the following annotations to the correct location on the graph. Use the electron configurations of
the elements to help. Refer to Part A, #8 if the annotations do not appear on the graph.
2s full 1ste-in2p e- pairin 2p 2p full 1ste-in 3s

4. Sketch the appearance of the graph.
Chart 2. First ionization energies (kJ

Explain the change in IE; between z=4 and z=5 by referencing their electron el i L PR

configurations.

Explain the change in IE; between z=7 and z=8 by referencing their electron
configurations.

IE1 (kJ mol-1)

Explain the change in IE, between z=10 and z=11 by referencing their electron Alomic Number

configurations.



