UMass Boston, Chem 103, Spring 2006

CHEM 103

Explaining Periodic Trends

Lecture Notes
April 13, 2006
Prof. Sevian

Please sit with your groups today.
We will be doing a group problem
at the end of class.
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Announcements

e Lab week change

Due to Chancellor’'s Inauguration Week activities, classes on
the afternoon of April 26 are cancelled, so we have to
move the lab that day to one week earlier. Since we are
having Exam 3 on April 27, it makes sense to move all the
labs that week to one week earlier.

Summary: Lab 9 will happen the week of April 17. There will
be no labs the week of April 24. This is a shift to one week
earlier for everyone.

Agenda

e Interpreting measured properties of elements in light of
their electronic configurations
e lonization energy
e Other properties...

e Group problem
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Example: Sodium Atom

A neutral sodium atom has 11 protons and 11 electrons
Electronic configuration is 1s2 2s? 2p6 3s?
(Note: not drawn to scale!)
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Example 2: Magnesium Atom

A neutral magnesium atom has 12 protons and 12 electrons
Electronic configuration is 1s? 2s? 2p® 3s?
(Note: not drawn to scale!)
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Core vs. Valence

An abbreviated periodic table (showing only

the s- and p-blocks)

H He
+1C, -1V +2C, -2V
Li Be B C N O] F Ne
+1C, -1V | +2C, -2V +3C, -3V | +4C, -4V | +5C, -5V | +6C, -6V | +7C, -7V | +8C, -8V
+1C, -1V | +2C, -2V +3C, -3V +8C, -8V
K Ca Ga Ge As Se Br Kr

FORMATION OF SODIUM CHLORIDE
Wihen metals and nommetals react, electrons are transferred from the metal atoms to the nonmetal atoms,
= Sforming ions. The principal reason tHhat fonic compounds are stable is the attraction between fons of unlike
Lattl Ce charge, wirich draws them together, releasing energy and causing the ions to form a solid array or lattice.

energy is
formation
energy

Equal and
opposite to
energy
required to
break apart the
lattice into
separated ions

A comtainer of chlorine Formation of NaCl begins as The reaction a few minutes later,
gas and a container of sodium is added to the strongly exothermic, giving off
=odium metal. chlorine, bath heat and light.

Copyright @ 2006 Pearson Prentice Hall, Inc.
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Lattice Energy

The energy associated with forming an
ionic crystal from atoms

Why does magnesium

. MgCl, has a larger lattice
chloride (MgCl,) have energy than CaCl,
a larger lattice energy
than calcium chloride ’ More energy is required to disrupt the MgCl, lattice ‘
(CaCl,)?
’ lonic bonding is stronger in MgCl, than in CaCl, ‘
«— Cl-ions get closer to the center of positive charge
r (core) in MgCl, than in CaCl,
@ Mg?* cations have smaller radius than Ca?* cations
—> T
r Magnesium is in period 3
Calcium is in period 4
Lattice Energy

The energy associated with forming an ionic crystal from atoms

Why does magnesium

oxide (MgO) have a MgO has a 4x larger magnitude

|arger magnitude by a lattice energy than NaF

factor of 4 (more T

negative) lattice energy Four times more energy is required to disrupt the
than sodium fluoride MgO lattice

(NaF)? i

’ lonic bonding is 4 times stronger in MgO than in NaF

Inter-ion distances are approximately the same in both

— lattices, but both charges are doubled in MgO
r compared to NaF

Mg?* and O?% ions have +2 and -2 charges, respectively

— Na* and F ions have +1 and -1 charges, respectively
' f

Magnesium and Sodium are both in period 3
Oxygen and Fluorine are both in period 2
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Period and Group Trends in Lattice Energy

Magnitude of lattice energy (kJ/mol)
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