
Atomic undStructure

Periodicthe Tqble

HOW OFTEN DOES ATOMIC STRUCTURE APPEAR ON THE EXAM?
In the multiple-choice section, this topic appears in about 7 o:ut of 75 questions. In the free-response

section, this topic appears almost every year.
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IHE PERIODIC TABTE
The most important tool you will use on this test is the Periodic Table of the Elements.

Periodic Toble of the Elements

*Lonthonide Series:

tActinide Series:

The periodic table gives you very basic but very important information about each element.

1. This is the symbol for the element; carbon, in this case. On the test, the

symbol for an element is used interchangeably with the name of the

element.

2. This is the atomic number of the element. The atomic number is the same

as the number of protons in the nucleus of an element; it is also the same as

the number of electrons surrounding the nucleus of an element in its neutral

state.

3. This is the molar mass of the element. It's also called the atomic weight.

The identity of an atom is determined by the number of protons contained in its nucleus. The

nucleus of an atom also contains neutrons. The mass number of an atom is the sum of its neutrons

and protons. Atoms of an element with different numbers of neutrons are called isotopes; for instance,

carbon-l2, which contains 6 protons and 6 neutrons, and carbon-14, which contains 6 protons and

8 neutrons, are isotopes of carbon. The molar mass given on the periodic table is the average of the

mass numbers of all known isotopes weighted by their percent abundance.
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The molar mass of an element will give you a pretty good idea of the most common isotope of

that element. For instance, the molar mass of carbon is 12.0 and about 99 percent of the carbon in

existence is carbon-l2.
The horizontal rows of the periodic table are called periods.

The vertical columns of the periodic table are called grouPs.

ETECTRONS

Quaurum Numsrns
The positions of the electrons in relation to the nucleus are described by their quantum numbers. Each

electron has four quantum numbers that apply to its shell, subshell, orbital, and spin.

Shells: n= I,2,3...
In a hydrogen atom, the principal quanfum number, or shell, of an elechon determines its average

distance from the nucleus as well as its energy. So electrons in shells with higher values are farther

away on average from the nucleus and will have more energy and less stability than electrons in
shells with lower values.

Subshells: l = 0,1,2...
The angular momentum quantum number, or subshell, describes the shape of an electron's orbital.

. The first shell (n = 7) has one subshell: s, or I = Q,

. The second shell (n = 2) has two subshells: s (/ = 0), and p (l = 1).

. Thethirdshell (n=3) hasthree subshells:s (/= 0), p (l=1),andd(l=2).

The orbitals of s subshells are spherical, while the orbitals of p subshells are dumbbell shaped.

Orbitols: ffit= ...-1, 0, +1...
The magnetic quantum number, or orbital, describes the orientation of the orbital in space. Roughly,

that means it describes whether the path of the elechon lies mostly on the N, y, or z axis of a three-

dimensional grid.

. The s subshell (l = 0) has one orbital: ffi,= 0.

o The p subshell (l = 1) has three orbitals: mt= -1, m,= 0, and ffit= *1.

. The d subshell (l = 2) has five orbitals: m,= 1, -L, 0, L, and2.

II
1 lIl = +-. --t2,2

Each orbital can contain two electrons: one with a positive spin and one with a negative spin.

Spin
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Here are a couple of graphical ways of looking at quantum numbers.

The Quantum Numbers for levels 1-4 The number of electrons in the states

n I m In the subshell In the level
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Tnr Aurrnu Pnlnclplr
The Aufbau principle states that when building up the electron configuration of an atom, electrons

are placed in orbitals, subshells, and shells in order of increasing energy.

fxr Pnutt Excluston PnlnclpLt
The Pauli exclusion principle states that within an atom, no two elechons can have the same set of

quantum numbers. So, each electron in any atom has its own distinct set of four quantum numbers.

Ounurum Numstns AND THE Prntoolc Tnru
You can use the periodic table to tell the first two quantum numbers of the valence electrons of any

element. Note that 2 = principai quantum number.

4f

5f

You can also tell the order in which shells and subshells are filled by following the table from left

to right across each period.
You should note that after the third period, the filling of subshells becomes more complicated.

Notice, for instance, that the 4s subshell fills before the 3d subshell.

n

1s lsn

2s

n-l
2p

3s 3p

4s 3d 4p

5s Ad 5p

6s 5d 6p

7s 6d n-2
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Huno's Rurr
Hund's rule says that when an electron is added to a subshell, it will always occupy an empfy orbital
if one is available. Electrons always occupy orbitals singly if possible and pair up only if no empty
orbitals are available.

Watch how the 2p subshell fills as we go from boron to neon.
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DramaonETrsm AND PARAMAGNEnsilI
Diamagnetism and paramagnetism are types of magnetism. Diamagnetic elements have all of their
electrons spin paired. So, diamagnetic elements are elements with all of their subshells completed.

Some diamagnetic elements are

Helium Ls2

Beryllium 7s2 2s2

Neon 1.s2 2s22p5

Most of the elements do not have all of their electrons spin paired and are called paramagnetic
elements,

Paramagnetic elements are strongly affected by magnetic fields, whereas diamagnetic elements
are not very strongly affected.

Molecules can also be diamagnetic or paramagnetic, depending on the pairing of electrons in their
molecular orbitals, but the same basic rule holds: Paramagnetic molecules are affected by magnetic

fields, and diamagnetic molecules are not.

ElrcrRous AND Eurnev
The positively charged nucleus is always pulling at the negatively charged elechons around it, and

the electrons have potential energy that increases with their distance from the nucleus. It works the

same way that the gravitational potential energy of a brick on the third floor of a building is greater

than the gravitational potential energy of a brick nearer to ground level.
The energy of electrons, however, is quantized. That's important. It means that electrons can only

exist at specific energy levels, separated by specific intervals. It's kind of like if the brick in the build-
ing could be placed only on the first, second, or third floor of the building, but not in-between.

The quantized energy of an electron in a hydrogen atom can be found if you know its principal
quantum number or shell.
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Energy of an Electron

-2.178x 10-18

E, = the energy of the electron

= the principal quantum number of the electron _]
\{hen atoms absorb energy in the form of electromagnetic radiation, electrons jump to higher

energy levels. \,Vhen electroni-drop from higher to lower energy levels, atoms give off energy in the

form of electromagnetic radiation.
The relationshi"p between the change in energy level of an electron and the electromagnetic radia-

tion absorbed or emitted is given below

LE =ha =
hc
"

AE = energy change

h = Planck'sconstant, 6.63x7Fjoule-sec
u = frequency of the radiation

l, = wavelength of the radiation

Energy and Electromagnetic Radiation

c = the speed of light, 3.00 x 108 m/sec (c = Lf )

The energy level changes for the electrons of a particular atom are always the same, so atoms can

be identified by their emission and absorption spectra.

Nnmrs AND THEoRIES

Dolton's Elemenls
In the early 1800s, john Dalton presented some basic ideas aboui atoms that we still use today. He

was the firit to say that there are many different kinds of atoms, which he called elements' He said

that these elements combine to form compounds and that these compounds always contain the same

ratios of elements. Water (HrO),for instance, always has two hydrogen atoms for every oxygen atom.

He also said that atoms are never created or destroyed in chemical reactions.

Developmenl of lhe Periodic Toble
In 1869, Dmitri Mendeleev and Lothar Meyer independently proposed arranging the elements into

early versions of the periodic table, based on the trends of the known elements.

Thomson's Experiment
In the late 1800s, ]. J. Thomson watched the deflection of charges in a cathode ray tube and put forth

the idea that atoms are composed of positive and negative charges. The negative charges were called

electrons, and Thomson guessed that they were sprinkled throughout the positively charged atom

like chocolate chips sprinkled throughout a blob of cookie dough'

ATOMIC STRUCTURE AND THE PERIODIC TABTE I 23



Millikon's Experiment
Robert Millikan was able to calculate the charge on an electron by examining the behavior of charged
oil drops in an electric field.

The Plum Pudding Model o[ on Atom

Neootivelv
ChJrged Fo*icle

Rulherford's Experimenl
In the early 1900s, Emest Rutherford fired alpha particles at gold foil and observed how they were
scattered. This experiment led him to conclude that all of the positive charge in an atom was con-
centrated in the center and that an atom is mostly empty space. This led to the idea that an atom has
a positively charged nucleus, which contains most of the atom's mass, and that the tiny, negatively
charged electrons travel around this nucleus.

Quontum Theory
Max Planck figured out that electromagnetic energy is quantized. That is, for a given frequency of
radiation (or light), all possible energies are multiples of a certain unit of energy, called a quantum
(mathematically, that's E = ha).So, energy changes do not occur smoothly but rather in small but
specific steps.

The Bohr Model
Neils Bohr took the quantum theory and used it to predict that electrons orbit the nucleus at specific,
fixed radii,like planets orbiting the Sun. The Bohr model worked for atoms and ions with one electron
but not for more complex atoms.

Atom obsorbs
energy

Atom emits energy
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The Heisenberg Uncertointy Principle
Werner Heisenbeig said that it is impossible to know both the position and momentum of an electron

at a particular instant. In terms of atomic structure, this means that electron orbitals do not represent

rp..ifi. orbits like those of planets. Instead, an electron orbital is a probability function describing the

possibility that an electron will be found in a region of space.

Probobility Density for
Electron in Hydrogen Atom

The de Broglie Hypothesis
Louis de Broglie said that all matter has wave characteristics. This is important because sometimes

the behavior of electrons is better described in terms of waves than particles.

There is a simple relationship between an electron's wave and particle characteristics.

l" - wavelength associated with a particle

m = mass of the particle
zr = speed of the particle
ma = p = momentum of the particle
h = Planck's constant,6.63 x 10 3a joule-sec

De Broglie's hypothesis is useful for very small particles, such as elechons. For larger particles,

the wavelength becomes too small to be of interest.

"h
m7)

Dislonce from Nucleus

The de Broglie Equation
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PERIODIC TRENDS
You can make predictions about certain behavior patterns of an atom and its electrons based on the
position of the atom in the periodic table. All the periodic trends can be understood in terms of three
basic rules.

1. Electrons are attracted to the protons in the nucleus of an atom.
a. The closer an electron is to the nucleus, the more strongly it is attracted.
b. The more protons in a nucleus, the more shongly an electron is attracted.

2. Electrons are repelled by other electrons in an atom. So, if other electrons are
between a valence electron and the nucleus, the valence electron will be less

attracted to the nucleus. That's called shielding.

3. Completed shells (and to a lesser extent, completed subshells) are very stable.
Atoms prefer to add or subtract valence electrons to create complete shells if
possible.

The atoms in the left-hand side of the periodic table are called metals. Metals give up electrons
when forming bonds. Most of the elements in the table are metals. The elements in the upper right-
hand portion of the table are called nonmetals. Nonmetals generally gain electrons when forming
bonds. The metallic character of the elements decreases as you move from left to right across the
periodic table. The elements in the borderline between metal and nonmetal, such as silicon and
arsenic, are called metalloids.

Aronnrc Rlorus
The atomic radius is the approximate distance from the nucleus of an atom to its valence electrons.

Moving from Left to Right Across o Period (Li to Ne, for lnstonce), Alomic
Rodius Decreoses
Moving from left to right across a period, protons are added to the nucleus, so the valence electrons

are more strongly attracted to the nucleus; this decreases the atomic radius. Elechons are also being
added, but they are all in the same shell at about the same distance from the nucleus, so there is not

much of a shielding effect.

Moving Down o Group (Li to Cs, for Instonce), Atomic Rodius lncreoses
Moving down a group, shells of electrons are added to the nucleus. Each shell shields the more distant

shells from the nucleus and the valence electrons get farther away from the nucleus. Protons are also

being added, but the shielding effect of the negatively charged electron shells cancels out the added

positive charge.

Colions (Posilively Chorged lons) Are Smoller thon Atoms
Generally, when electrons are removed from an atom to form a cation, the outer shell is lost, making

the cation smaller than the atom. Also, when electrons are removed, electron-electron repulsions are

reduced, allowing all of the remaining valence electrons to move closer to the nucleus.

Anions (Negotively Chorged lons) Are Lorger thon Aloms
\{hen an electron is added to an atom, forming an anion, electron-electron repulsions increase, caus-

ing the valence electrons to move farther apart, which increases the radius.
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louzaron Etrncv
Electrons are attracted to the nucleus of an atom, so it takes energy to remove an electron. The energy

required to remove an electron from an atom is called the first ionization energy. Once an electron has

been removed, the atom becomes a positively charged ion. The energy required to remove the next

electron from the ion is called the second ionization energy, and so on.

Moving from left to Right Across o Period, lonizotion Energy Increoses
Moving from left to right across a period, protons are added to the nucleus, which increases its posi-

tive charge. For this reason, the negatively charged valence electrons are more strongly attracted to
the nucleus, which increases the energy required to remove them. Electrons are also being added,

and the shielding effect provided by the filling of the s subshell causes a slight deviation in the trend
in moving from Group 2A to Group 3A,. There is also a slight deviation when the electrons in the p

subshell start to pair up, so oxygen has a slightly lower first ionization energy than nitrogen does.

Moving Down o Group, lonizolion Energy Decreoses
Moving down a group, shells of electrons are added to the nucleus. Each inner shell shields the more
distant shells from the nucleus, reducing the pull of the nucleus on the valence electrons and making
them easier to remove. Protons are also being added, but the shielding effect of the negatively charged
electron shells cancels out the added positive charge.

The Second lonizolion Energy ls Greoter thon the First lonizotion Energy
When an electron has been removed from an atom, electron-electron repulsion decreases and the
remaining valence electrons move closer to the nucleus. This increases the attractive force between
the electrons and the nucleus, increasing the ionization energy.

a

a

As Electrons Are Removed, lonizotion Energy lncreoses Groduolly Until o Shell ls
Empty, Then Mokes o Big Jump

For each element, when the valence shell is empty, the next electron must come

from a shell that is much closer to the nucleus, making the ionization energy for that
electron much larger than for the previous ones.

For Na, the second ionization energy is much larger than the first.

For Mg, the first and second ionization energies are comparable, but the third is
much larger than the second.

For Al, the first three ionizafion energies are comparable, but the fourth is much
larger than the third.

ATOMIC STRUCTURE AND THE PERIODIC IABI-E I 27


