Year I | chemistry: Periodic table trends
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Atomic Radius

The size of an atom is defined by the edge of its orbital. However, orbital
boundaries are fuzzy and in fact are variable under different conditions. In order to
standardize the measurement of atomic radii, the distance between the nuclei of
two identical atoms bonded together is measured.

The atomic radius is defined as one-half the distance between the nuclei of

identical atoms that are bonded together.

r=d/2

d

The units for atomic radii ére picometers, equal to 10;12 fneters.
As an example, the internuclear distance between the two hydrogen atoms in
an H, molecule is measured to be 74 pm. Therefore, the atomic radius of a

hydrogen atom is 742=37 pm. ) Increasing atomic radius
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==="Trends within groups

The atomic radius of atoms generally increases from top to bottom within a
group. As the atomic number increases down a group, there is again an increase in
the positive nuclear charge. However, there is also an increase in the number of
occupied principle energy levels.

Summary

o Atomic radius is determined as the distance between the nuclei of two
identical atoms bonded together.

« The atomic radius of atoms generally decreases from left to right across a
period.

« The atomic radius of atoms generally increases from top to bottom within a
group.

Review
1. Define “atomic radius.”

2. What are the units for measurement of atomic radius?

3. How does the atomic radius change across a period?

4. How does atomic radius change from top to bottom within a group?

5. Explain why the atomic radius of hydrogen is so much smaller that the atomic
radius for potassium.

6. Rank the following elements by increasing atomic radius: carbon, aluminum,
oxygen, potassium.
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Chemistry },

ions

Atoms Are Neutral

An atom always has the same number of electrons as protons. Electrons have
an electric charge of -1 and protons have an electric charge of +1. Therefore, the
charges of an atom’s electrons and protons “cancel out.” This explains why atoms
are neutral in electric charge.

Q: What would happen to an atom’s charge if it were to gain extra electrons?

A: If an atom were to gain extra electrons, it would have more electrons than
protons. This would give it a negative charge, so it would no longer be neutral.

Atoms to lons

Atoms cannot only gain exira Fluorine Atom (F) ——>» Fluoride Ion (F")
electrons. They can also lose electrons. In

either case, they become ions. Jons are 9"—\ B
atoms that have a positive or _negative 10e
charge because they have unequal oe”

numbers of protons and electrons. If @ ; g
atoms lose electrons, they become

positive ions, or cations. If atoms gain
electrons, they become negative ions, or
anions. Consider the example of fluorine. A fluorine atom has nine protons and nine
electrons, so it is electrically neutral. If a fluorine atom gains an electron, it becomes
a fluoride ion with an electric charge of -1.

Removing more than one electron

Successive lonization Energies
for the Period 2 Elements

L 1 50 730
2 90 1760 14850
B 3 800 2430 3660 25020
C 4 109 2350 460 6220 37,830
N 5 1400 2860 4580 7480 9440 53270
0 6 130 30 SN0 740 10380 13330 71330
7 1680 3370 6050 8410 11020 15160 17870 92,040
Ne 8 2080 3950 6120 9370 12180 15240 20000 23070 115380 |

_ * mol is-an abbreviation for mole, a quantity of matter.

chemya, weebly.com,/




= : removing the first electron from an atom, it is possible to remove additional
“==etectrons. The amount of energy required to remove a second electron from a 1+
ion is called the second ionization energy, the amount of energy required to

remove a third electron from a 2+ ion is called the third ionization energy, and so
on.

Reading across Table from left to right, you will see that the energy required for
each successive ionization always increases. However, the increase in energy does
not occur smoothly. Note that for each element there is an ionization for which the
required energy increases dramatically.

OCTET RULE

Most elements, except noble gases, combine to form compounds. Compounds
are the result of the formation of chemical bonds between two or more different
elements.

-In the formation of a chemical bond, atoms lose, gain or share valence electrons
to complete their outer shell and attain a noble gas configuration.

-This tendency of atoms to have eight electrons in their outer shell is known as the
octef rule.

Formation of lons:

-An ion (charged particle) can be produced when an atom gains or loses one or
more electrons.
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S lonization Energy
lonization energy is the energy required to remove an electron from a specific
atom. It is measured in kJ/mol, which is an energy unit, much like calories.

231 ¢Helium
S » Neon
2 20
> ;
2
) 15 »Argon
S » Krypton
s Xenon
= Radon
*a 101
=
c
S
5-
0 T 1 Ll i U 1 ) 3 1 T T
0 10 20 30 40 50 60 70 80 90 100

Atomic Number

Trends within periods

Moving from left to right across the periodic table, the ionization energy for an
atom increases. We can explain this by considering the nuclear charge of the
atom. The more protons in the nucleus, the stronger the attraction of the nucleus
to electrons. This stronger attraction makes it more difficult to remove electrons.

Trends within groups

Within a group, the ionization energy decreases as the size of the atom gets
larger. On the graph, we see that the ionization energy increases as we go up the
group to smaller atoms. In this situation, the first electron removed is farther from
the nucleus as the atomic number (number of protons) increases. Being farther
away from the positive attraction makes it easier for that electron to be pulled off.

Summary

. lonization energy refers to the amount of energy needed to remove an
electron from an atom.

 lonization energy decreases as we go down a group.

. lonization energy increases from left to right across the periodic table.
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eview
. Define “ionization energy.”

. Do valence electrons have larger or smaller ionization energies that the inner-

shell kernel electrons?

3. Describe the trends in ionization energy from left to right across the periodic
table.
4. Describe the trends in ionization energy from top to bottom of a group in the
periodic table.
5. Circle the atom in each pair that has the greater ionization energy.
a. Li or Be b. Ca or Ba c. Na or K
d. P or Ar e. Cl or Si f. Li or K
6. Explain the relationship between the relative size of an ion to its neutral atom
and the charge on the ions.
7. Rank each of the following in order of INCREASING ionization energy
a. O, S, Ge
b. Be, Ba, B
8. Rank each of the following in order of DECREASING |on|zat|on energy

b. Te, Sh, Xe

a. Cl, Cu, Au
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e ionic Radius
The ionic radius for an atom is measured in a crystal lattice, requiring a solid
form for the compound.

Size of Atoms and Their lons in PM
Group 1 Group 2 Group 13 Group 16 Group 17

g’ . B

The removal of electrons always results in a cation that is considerably smaller
than the parent atom.
Why?
1) When the valence electron(s) are removed, the resulting ion has one fewer
occupied principal energy level, so the electron cloud that remains is smaller
2) Another reason is that the remaining electrons are drawn closer to the nucleus
because the protons now outnumber the electrons.
One other factor is the number of electrons removed. The potassium atom has
one electron removed to for the corresponding ion, while calcium loses two
electrons.

The addition of electrons always results in an anion that is larger than the parent
atom.
Why?
1) When the electrons outnumber the protons, the overall attractive force that the
protons have for the electrons is decreased.
2) The electron cloud also spreads out because more electrons results in
greater electron-electron repulsions '
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rends within periods
As you move across the table from left to right the size of positive ion decrease

gradually. Then, beginning in group 15 or 16 the size of the much larger negative
ions also decreases.

Trends within groups
As you move down a group, the size of positive and negative ions increase
because of adding more and more energy levels.

Summary

- lonic radius is determined by measuring the atom in a crystal lattice.
« Removal of electrons results in an ion that is smaller than the parent element.
- Addition of electrons results in an ion that is larger than the parent atom.

Review

1. Explain why the radius of the rubidium ion is smaller than the radius of the
rubidium atom.

2. Explain why the radius of the tellurium ion is larger than the radius of the
tellurium atom.

3. Why is the oxygen anion larger than the fluoride anion?

4. Why is the sodium cation larger than the magnesium cation?
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Electronegativity

" Valence electrons of both atoms are always involved when those two atoms
come together to form a chemical bond. Chemical bonds are the basis for how
elements combine with one another to form compounds. When these chemical
bonds form, atoms of some elements have a greater ability to attract the
valence electrons involved in the bond than other elements.

Electronegativity is a measure of the ability of an atom to attract the electrons
when the atom is part of a compound.

Electronegativity is not measured in energy units, but is rather a relative scale.
All elements are compared to one another, with the most electronegative element,
fluorine, being assigned an electronegativity value of 3.98. Fluorine attracts
electrons better than any other element. The table below shows the
electronegativity values for the elements.
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The electronegativity scale was developed by Nobel Prize winning American
chemist Linus Pauling. The largest electronegativity (3.98) is assigned to fluorine
and all other electronegativities measurements are on a relative scale.

Because most noble gases do not form compounds, they do not have
electronegativities.

Summary

. Electronegativity is a measure of the ability of an atom to attract the electrons
when the atom is part of a compound.

. The highest electronegativity value is for fluorine.

Review
1. Define “electronegativity.”
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