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2 Atomic Structure (ATOM)

Atoms are composed of three smaller parts—protons, neutrons, and electrons.
Protons are positively charged, neutrons have no charge, and electrons are negatively
charged. A neutral atom contains an equal number of protons and electrons. The
protons and neutrons together form the nucleus of the atom, occupying less than 0.01%
of the total atomic volume but accounting for 99.99% of the atomic mass. Electrons,
although contributing negligibly to the mass, spend their time in the remaining volume.
This means that most of the volume of an atom is essentially “nothingness.”  The number
of protons in the nucleus of an atom determines the element, but the electrons determine
the element’s chemical behavior. The outermost or valence electrons are those that can
be shared with other atoms to form molecules, or can be transferred to or from other
atoms, forming ionic salts. To understand how valence electrons determine the chemistry
of an element, the internal structure of the atom must be examined in greater detail.

Electrons occupy specific “spaces” or energy levels in an atom. These energy levels
are quantized; the location of electrons in terms of energies (the electron configuration)
determines the nature and number of chemical bonds that each element forms. The
chemical and physical properties of an element are determined by its electron
configuration. These properties, the direct consequence of electron configuration, are
observed in such phenomena as fireworks, neon lights, television, and colorful fireplace
logs. In each instance, the distinctive colors are due to excitation of valence electrons.

This topic can be introduced early in the course and should precede modules on
Periodicity, Oxidation-Reduction, and Bonding. It requires the use of fairly abstract
concepts that may need additional reinforcement periodically in the course.

1. An atom is composed of a nucleus containing protons and neutrons, which is
surrounded by electrons. The electrons, though of little relative mass, occupy
most of the atomic volume.

2. Each electron and proton possesses the same absolute electrical charge
value, though of opposite sign. By convention, electrons are assigned a
negative charge ( – ) while protons are assigned a positive charge ( + ).

3. The atomic number represents the number of protons in the nucleus of an
atom. The mass number represents the sum of protons and neutrons in the
nucleus. The atomic mass is the weighted average of all naturally occurring
isotopes (same atomic number, different number of neutrons) of an element.

4. Light has a dual nature, behaving both as waves and particles. This behavior
is governed by several mathematical relationships:

c = λ ν
E = h ν

c = Speed of light
λ = Wavelength of light
ν = Frequency of light
E = Energy per photon of light
h = Planck’s constant

Topic Overview
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5. Electrons have a dual nature, behaving both as waves and particles.

6. Electrons occupy specific energy levels in an atom. These energy levels are
quantized and are described by shells, subshells, and orbitals.

7. The orbital occupancy of a multi-electron atom is given by its electron
configuration. This electron configuration can be described as following
several empirical rules—Hund’s rule, the Pauli exclusion principle, and the
aufbau principle.

8. The structure of the Periodic Table is a reflection of the electronic structure
of atoms.

Students should have previously studied the particulate nature of matter and the
concept of atoms as “building blocks” of matter.

Use of calculator for exponential numbers.

After completing their study of atomic structure, students should be able to:

1. show the interrelationships of atomic number, atomic mass, numbers of
protons, neutrons, and electrons.

2. describe the relative energies of ultraviolet, visible, infrared, microwave, X-ray,
radio, and TV waves.

3. determine the electron configuration of a specified neutral atom.

4. draw an orbital diagram that correlates with a given electron configuration.

5. identify the maximum number of electrons that can occupy a shell or set of
orbitals.

6. distinguish between absorption (excitation) and emission of energy.

Topic Overview
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Activity 1: Identification of Substances
through Atomic Emission of Light

(Adapted from Laboratory Experiments for Foundations of Chemistry by Ernest R. Toon and
George L. Ellis, Holt, Rinehart, and Winston  (1982), pp. 106-109-—no longer in print.)

Introduction
Light is emitted by gases or vapors when excited. Light and other kinds of
electromagnetic radiation are forms of energy. When energy is converted to radiation
and light is given off, emission has occurred. When an atom or molecule gains or loses
energy, this energy is transferred to and from atoms or molecules in definite, discrete
units of radiant energy called photons or quanta. The energies of electrons in an atom
or molecule are restricted to definite quantities, often called energy levels. These
energy levels are fixed for a given atom. To change the energy state, a photon must
be emitted or absorbed. In other words, electrons move from one energy level to another.

In this activity you will discover that the emission spectrum of an element is
characteristic of that element. The lines represent quantities of energy emitted when
excited electrons move from one energy level to another. Sodium, as an example, has
two closely spaced visible lines.

Purpose
In this laboratory activity you will identify the spectra of unknown elements and
calculate the frequency and energy of particular lines found in the spectra.

Safety
1. Electrical shock is possible if the metal clamps are touched while the power

supply is on.

2. The gas tubes must be handled very carefully.

3. Excited elements emit ultraviolet light, which can harm your eyes. Avoid
looking directly at the spectrum tubes!

Procedure
1. Set up the apparatus shown in Figure 1.

2. Observe the spectral lines from a known-element spectrum tube. The spectral
lines can be viewed by holding a diffraction grating to your eye and looking
at the spectrum tube. Spectral lines will appear on both sides of the spectrum
tube. Observe only those lines closest to the spectrum tube (first-order lines).

3. Compare the colors and relative distance of the lines from the spectrum tube
to lines found on the spectrum chart. Confirm that the observed spectrum
matches the same colors and patterns as that shown on the spectrum chart.

4. Turn off the power supply. Remove the “known” spectrum tube and insert the
“unknown” spectrum tube.

5. By noting the color and pattern of the emission lines from the spectrum tube,
determine which element the unknown tube is and the wavelength of at least
three of the spectrum lines. Record your results in a data table.

Concept/Skills Development

LABORATORY
ACTIVITY:
STUDENT
VERSION
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Figure 1. Spectrum for Lithium.

Data Analysis and Concept Development
Using the following mathematical relationships, answer Questions 1 and 2.

E = hν
c = λν

1. Calculate the frequency (ν) of a light source with a wavelength of 600 nm.

2. Calculate the energy (E) from the frequency calculated in Question 1.

(h = 6.63 x 10-34 J s)

Implications and Applications
1. What causes spectral lines?

2. What is meant by the term monochromatic?

3. How would you compare the accuracy of this method of determining the
identity of an element to that of a flame test?

4. Why do elements have several spectral lines?

Concept/Skills Developmentaaaa40 20 700 80 60 40 20 600 80 60 40 20 500 80 60 40 20 400

SPECTRUM FOR LITHIUM

WAVELENGTH, NANOMETERS

90°

By comparing the positions and colors of lines from the
emission tube, you can identify the element.

Diffraction grading
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Activity 1: Identification of Substances through
Atomic Emission of Light

Major Chemical Concept
Characteristic light emissions can provide evidence regarding the identity of many
elements.

Level
This activity can be completed by students at any level. Post-laboratory calculations
should not be too difficult for the basic student if they are given proper preparation.

Expected Student Background
Students should review atomic structure and study a spectrum chart of the elements.
Discuss the different types of spectroscopes and their uses in chemical analysis. This
activity can follow Demonstration 7 on flame tests and be presented during the discussion
of atomic structure and quantum number.

Time
If students do three unknowns, they can be completed in one laboratory period.

Safety
See Student Version safety pointers. When handling these tubes, be sure to disconnect
the electricity. Under no circumstances allow the students to handle the tubes.
Electrocution can result!

Materials (For 24 students working in pairs)

Diffraction grating (Frey Scientific, Catalog #188, 10 mounted gratings for $5.95,
1-800-255-FREY)

Spectrum tubes (Na, He, H2, Hg); use one as the “known” (Frey Scientific or Fisher)
Power supply for the spectrum tubes
Visible Range Spectrum Chart (Fisher Scientific, Catalog No. 05-712-50)

Advance Preparation
Inspect the spectrum tubes to confirm that they emit enough light. If not, you may
have to darken the room.

Pre-Laboratory Discussion
Discuss the different types of spectroscopes and their uses in chemical analysis.
Demonstrate how diffraction gratings work. Pass gratings among students and have them
look at lights in the room. You may wish to discuss how prisms and gratings disperse
light. Standard physics textbooks carry explanations of these two different phenomena.

Teacher-Student Interaction
1. Check to make sure the student is using the grating properly. Can they see

the lines?  If not, try having them rotate the grating 90° and look to the side.
Possibly the tube is old and a weak emitter, or the student is not close enough
to it (less than 10 feet is best).

2. Make sure students do not smudge the gratings with fingerprints.

LABORATORY
ACTIVITY:
TEACHER

NOTES
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Activity 2: Locating an“s” Electron
in an Atom by Analogy

Introduction
If it were experimentally possible to determine how often an electron appeared at
different points in space surrounding the nucleus, these data could be plotted on a
three-dimensional graph. Boundaries could be established that would outline the
regions of space within which the electron could be found 95% of the time. These
regions of space, called orbitals, are commonly represented in texts as charge clouds,
and physically through Styrofoam models.

Since it is impossible to conduct such an experiment, we shall perform one that, by
analogy, will help give meaning to the concepts of probability distribution graphs,
radii of maximum probability, maximum electron density, and orbitals.

In this laboratory activity, you will define regions of space around a bulls-eye in
which there is a specific probability of locating a spot resulting from the impact of a
marble dropped from a specified distance to the target. The spots represent points
in space around the bulls-eye (analogous to the nucleus) where the marble (analogous
to the electron) is observed in an experiment to locate the region of space within
which the marble is most likely to strike (analogous to an atomic orbital).

You will also determine a radius of maximum probability (maximum spot density)
by plotting the number of times the spots (analogous to places electrons might be
observed) appear times the radius vs. distance from the bulls-eye (nucleus).

Purpose
1. To draw a physical analogy to some concepts associated with the wave-

mechanical model of the atom.

2. To determine the distribution of impacts of marble drops around the bulls-
eye of a target.

3. To obtain and interpret probability information on the distribution of marble
drops around a bulls-eye of a target.

Procedure
1. Obtain two targets, a piece of typewriter carbon paper, and four paper clips.

2. Place the carbon paper between the two targets so that any impression made
on the front target will be reproduced on the back target. Fasten with a paper
clip at each corner.

3. With care, stand on a stool or laboratory bench with the marble in your hand.
Extend your arm so it is about two meters above the floor. Have your partner
place the target directly below your hand. Drop the marble on the target.
Your partner must catch the marble on the first bounce (otherwise you’ll
have more than one mark for each drop of the marble). Repeat 99 times. A
marble drop location will thus appear 100 times. The spots on the back target
represent places where the marble was observed.

4. Return the front target, carbon paper, marble, and paper clips to locations
designated by your teacher.

LABORATORY
ACTIVITY:
STUDENT
VERSION
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Concept/Skills Development

 600 nm  x   
1 m

10–9 nm
 = 6.00 x 10 –7 m

Answers to Data Analysis and Concept Development
1. Given a wavelength (λ) of 600 nm calculate the frequency (ν).

a. Change the wavelength, λ, from nm to m:

b. Calculate frequency (ν)

2. E = hν

= (6.63 x 10–34 J·s)( 5.00 x 1014 s–1 )

= 3.32 x 10–19 J

Answers to Implications and Applications
1. Visible spectra are produced by electron transitions. When an element such

as sodium is heated, the valence electron moves from one energy level to
another. The electron absorbs energy when it moves from a lower to higher
energy level and emits light when it drops to a lower energy level.

2. Monochromatic means one color; the light is of one wavelength. Laser light
is monochromatic.

3. A flame test may give a variety of colors. Students may have difficulty
making correct color observations. However, spectral lines are known values
that can be used for a more positive means of identification. Spectral lines
are quantitative; the wavelength, frequency and energy of lines can be
calculated from experimental data with great accuracy.

4. Any given element will have a number of energy levels. Therefore, as
electrons move to and from different energy levels, a series of spectral lines
will be produced.

Assessing Laboratory Learning
1. What causes spectral lines? [See answer to Question 1 from Implications and

Applications.]

2. Why are the spectra of two elements different? [The different numbers of
protons in the nucleus and electrons in the orbitals leads to different energy
differences between levels in each element. A spectrum is like a fingerprint for
an element.]

3. A sodium vapor lamp, similar to many yellow streetlights, emits light of
wavelength 589 nm. What are the energy and frequency of this light?
[Answer:  E = 3.37 x 10–19 J, ν = 5.10 x 1014 s–1. Calculations are similar to
1 and 2 in Data Analysis.]

ν =      =                           = 5.00 x 1014 s–13.00 x 108 m/s

6.00 x 10–7 m

c

λ
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Activity 2: Locating an “s” Electron
in an Atom by Analogy

Major Chemical Concept
This laboratory exercise involves no “chemistry”. It is designed to give students
insight into the meaning of abstract concepts and terms (orbitals, electron density,
charge cloud, probability graphs, etc.) associated with the wave-mechanical model of
an atom. This activity is a simulation of the radial distribution pattern that helps calculate
the Bohr radius. However, it does not represent reality because the radial distribution
pattern is actually obtained by a calculation involving the differential volume of a sphere.

Level
The activity can be done by students at all levels; the abstract concepts can be
discussed at a variety of levels, depending on the abilities of the students.

Expected Student Background
Students should review wave-mechanical model of the atom.

Time
One laboratory period.

Safety
There are no unusual safety requirements, except to insure that students with
marble-drop responsibilities climb carefully onto stable, safe structures.

Materials (For 24 students working in pairs)

24 Targets (see sample targets in Appendix)
12 Typewriter carbon papers
48 Paper clips
12 Marbles

Advance Preparation
Obtain enough marbles, targets, and carbon paper.

Pre-Laboratory Discussion
The materials and procedures of the activity may be illustrated during a brief pre-
laboratory discussion. During this discussion, explain that the activity’s purpose is
to develop “experimentally” a “charge cloud” diagram and probability graph. Point
out the analogy to comparable mathematically derived electric charge-cloud diagrams
and probability graphs found in some student texts. NOTE: Student graphs should
begin at a radius of 0, where the probability of finding an electron is 0.

Teacher-Student Interaction
1. Be sure the marbles are caught after their first bounce.

2. Be sure marbles are dropped from a consistent height (2 m).

3. Ask students whether they expect each group to get the same pattern (the
patterns should be similar, but not identical).

4. Do students expect a marble to land exactly in the middle?

LABORATORY
ACTIVITY:
TEACHER

NOTES
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Number of
circular

area
increment (n)

Maximum radial
distance of area
increment from

bullseye

Area  
of

increment*

Number of
dots in
radial

increment
Dots times
     area

0 0 0 0 0
1 R1  =  0.9 cm 2.54 cm2

2 R2  =  2.6 cm 18.7 cm2

3 R3  =  4.4 cm 42.1 cm2

4 R4  =  6.3 cm 82.6 cm2

5 R5  =  8.0 cm 119 cm2

Data Analysis and Concept Development
1. Locate the 95 dots (95% of the 100) that are closest to the bulls-eye. Using a

pencil, draw a smooth (not wavy) curve to enclose the region containing these
dots. This region represents the two-dimensional “orbital” of your “marble
electron” (analogous to the region of space where an electron might be observed
95% of the time in an experiment to locate it in three-dimensional space).

2. Count the dots in each concentric circular area surrounding the bulls-eye
and record the number in the table. Multiply the number of dots in each area
by the radius of the region given in the table. The product represents the dots
times centimeters. Enter your calculations in the table.

*Area of increment = πR2
n + 1 – πR2

n

Radius of maximum probability (from graph) ____________

Figure 2. Score card.

3. Prepare a graph by plotting the dots times centimeters along the vertical axis
and the maximum radial distance of the area increment from the bulls-eye
along the horizontal axis. Note that radial distance extends from the center of
the bulls-eye to the midpoint of the circular area. Start the graph line at 0,0 and
allow it to approach the x axis asymptotically (without touching the axis).

4. Identify the radius of maximum probability from the graph (peak of the curve)
and record it in the space provided in the table. This is the distance from the
bulls-eye where you are most likely to find a spot (marble or electron) when
attempting to locate it
(drop a marble).

5. Compare your results to
the radial probability
curve for the s-electron
(Figure 3). Sketch the
s-electron plot on the
graph paper containing
your experimental curve.
Use a colored pencil for
the s-electron curve.

Figure 3. Radial
probability curve for
the s electron.

Concept/Skills Development
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Number of
circular   

area  
increment (n)

Maximum radial
distance of area
increment from

bullseye

Area  
of

increment*

Number  
of dots  

in radial
increment

Dots  
times  
area

0 0 0 0 0
1 R1 = 0.9 cm 2.54 cm 2 1 2.54
2 R2 = 2.6 cm 18.7 cm 2 39 729
3 R3 = 4.4 cm 42.1 cm 2 36 1516
4 R4 = 6.3 cm 82.6 cm 2 19 1569
5 R5 = 8.0 cm 119 cm2 5 595

Answers to Questions in Data Analysis and Concept Development

Radius of maximum probability (from graph) _________

Concept/Skills Development
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Marble Drop Probability

Assessing Laboratory Learning
1. Why don’t all the marbles land in the same spot?  [There are many

uncertainties that change the landing spot each time, height of hand, angle
of release, etc.]

2. a. Which point (A-E) is the greatest probability of finding the electron?  [C]
b. Where is there zero probability of finding the electron?  [A:  the nucleus]

c. As the distance from the nucleus increases, what happens to the
probability of finding an electron?  [It peaks at some distance, C, then
diminishes, but never reaches zero.]

Obscertainer Kit from Laboratory-Aids
A simple laboratory activity to help students learn to infer patterns is available from
Laboratory-Aids Inc., 249 Trade Zone Drive, Ronkonkoma, NY  11779 (phone 516-
737-1133) for approximately $45 plus shipping (see sample worksheet in  Appendix).

Figure 4. Sample data for Laboratory
Activity 2.

*Area of increment = nR 2
n + 1 – nR 2n   
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Demonstration 1: Spectra in the Real World
Give each student a small square of plastic diffraction grating to view H2, He, Ne,
etc. emission from spectrum tubes. Let students take the grating home to view
sodium street lamps and mercury vapor lamps. WARNING: Do not look at the sun!

Demonstration 2: Getting a Charge out of Things
If students haven’t seen the demonstration of an amber or glass rod (or a length of
PVC pipe works very well) rubbed with fur, silk, or hair, and then used to attract or
repel pith balls or other objects (such as suspended balloons), this is a good place to
perform it.

Demonstration 3: Standing Waves
An old-style man’s electric razor, with the cutting top removed, has an exposed
vibrating post. By attaching a string to this post, you can show quantized standing
waves when the razor is turned on.

Figure 5. Apparatus to illustrate standing waves.

Demonstration 4: Modelling Orbitals

Spherical balloons can be used to
model s-orbitals. Two spherical
or oblong balloons tied together
can be used to model p-orbitals.

Materials
6 Balloons (2 each of 3

different colors). Tie pairs
of balloons (2 the same
color) together. Bunch.

Demonstration 5: Wavelength and Color
To demonstrate the relationship between wavelength and color in the visible range
from red to violet, use a spectrophotometer. Place a piece of white chalk in a
spectrophotometer cell (see Figure 7). Cut (or sandpaper) the chalk at an angle that
will reflect light upward to the student’s eye looking down into the cell holder. Open
the slit width. Rotate the wavelength knob to compare colors and wavelengths.

DEMONSTRA-
TIONSaaaaaaaaaaaaaaaaaaaaRazor with shaving

head removed

Hold this end firmly between
thumb and forefinger, or

attach to a stationary object.

Px orbital Py orbital Pz orbital P subshell

Figure 6. Balloons illustrating p-orbitals.
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Concept/Skills Development

Demonstration 6: Simple Mass Spectroscopy
Materials

Overhead projector
Sheet of Plexiglas , 8-1/2 x 11 in
Magnet, disk shape, 3-4 in diameter
3-4 Steel ball bearings of various sizes

Procedure
1. Form a shallow inclined plane with the

Plexiglas  sheet on top of the overhead
projector, by using a small block of wood
or other material to elevate one end of
the sheet.

2. Insert the magnet underneath the center
of the inclined plane.

3. Roll the steel balls down the incline. If
they are rolled near but not over the
magnet (they will stop) their direction of
motion will be altered. The smaller ball
bearings will be deflected through a
greater angle than the larger ones.

Demonstration 7: Flame Tests
Absorption and emission spectra are used to identify many elements. When elements
are heated to high temperatures they may be placed in an excited state; in this
excited state valence electrons move to higher energy levels. When the electrons
return to their ground state, they may emit visible light of characteristic colors that
can be used to identify the element.

In this demonstration, students will identify the colors of the emission spectra of
some metallic ions, using a burner and wood splints.

Light path Source of light controlled
by wavelength knobaaaaaaaaaaaaaaChalk

Cell

Eye

IR Visible UV
Black ROYG.BIV Black

Increases — Wavelength — Decreases

Figure 7. Demonstrating the relationship
between color and wavelength.aaaaaaaaaaaaaaaaa Block of wood

Steel ball bearing

Magnet

8 1/2 x 11 Plexiglas

Side
View

8 1/2 x 11 Plexiglas

MagnetSteel ball bearing

Block of wood

Top
View

aaa
Figure 8. Simple mass spectroscopy demonstration.
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GROUP AND
DISCUSSION
ACTIVITIES

aaaaa
Place the 
substance in 
the hottest part 
of the flame

Substance to 
be tested

Wood splintaaaaaMaterials
Burner
Wood splints
Copper(II) nitrate, Cu(NO3)2, solid crystals
Barium nitrate Ba(NO3)2, solid crystals
Sodium nitrate, NaNO3, solid crystals
Strontium nitrate, Sr(NO3)2, solid crystals

Procedure
Place a small amount of one of the solid ionic compounds (about the size of
a rice grain) on the tip of a wooden splint. Place the splint at the edge of the

hottest part of the flame (top of inner blue cone) and
observe the color. (Some students, particularly some
males, may be color blind. Consider allowing students to
compare their observations in small groups, alerting
them to the possibility of color blindness.)
(Note: Good results have been obtained with
concentrated “syrups” of the nitrate salts.)

Figure 9. Flame test technique.

Results

Key Questions
1. What are the principal parts of an atom? [The nucleus and electron cloud. The

nucleus contains protons, neutrons and many other subnuclear particles (see
Nuclear Chemistry module). The electrons can be divided into core and
valence electrons.]

2. What forces hold atoms together? [Coulombic (electrostatic) attractions between
oppositely charged protons and electrons. Coulomb’s law is ]

3. How are electron “orbitals” different from “orbits”?
[Orbitals refer to the probable location or region of space (a volume) where an
electron is likely to be found with a specified degree of certainty. It arises from
application of wave and uncertainty considerations. Orbits are Niels Bohr’s
representation of  rigid circular or elliptical paths followed by particulate
electrons.]

4. What is an energy level diagram? [A graphic representation of the relative
energies possessed by electrons in various orbitals as described by their
quantum numbers.]

Ionic salt Metal ion Color

Copper(II) nitrate, Cu(NO3)2 Cu2+ Blue-green

Barium nitrate, Ba(NO3)2 Ba2+ Green

Sodium nitrate, NaNO3 Na+ Yellow-orange

Strontium nitrate, Sr(NO3)2 Sr2+ Bright red

F = k 
q1q2
d 2
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5. How are electron energies related to orbitals? [The principal quantum number
gives a general indication of an electron’s energy and sets restrictions on its
orbital type. Higher energy orbitals are those with higher probability of being
far from the nucleus.]

6. How do cations form? [If an electron absorbs energy in excess of the amount
corresponding to the highest energy orbital in its electron cloud, it will be ionized,
that is, leave the atom. The resulting positive ion left behind is a cation.]

7. What determines the ionization energy of an element? [The nuclear charge (the
binding force’s source) and the energy possessed by the electron (its energy level)
combine (actually compete) to determine additional (ionization) energy required.]

8. What determines the commonly formed cation of an atom? [When a metal
and nonmetal combine, the overall process is exothermic, largely due to the
highly negative lattice energy involved; thus reaction takes place. One of the
processes that requires energy in forming the compound is the ionization of
the metal ion. It is the relative magnitudes of the ionization energies of a
particular metallic species that determines the charge on the cation. For
example, sodium has a first ionization energy (I1) of 495.8 kJ/mol; its second
ionization energy (I2, the energy needed to remove a second electron from
sodium) is 4562.4 kJ/mol, almost 10 times I1! No reaction involving the formation
of Na2+ could ever be expected to be exothermic; hence, Na2+ does not exist. A
second example is the formation of magnesium ions. I1, I2, and I3 for
magnesium are 737.7, 1450.7, and 7732.6 kJ/mol, respectively. The large
energy requirement for the formation of Mg3+ precludes its existence. Mg+

requires the least amount of energy for formation, but is unstable because of
its half-filled 3s orbital. Hence, the most stable magnesium ion is Mg2+,
requiring a total energy expenditure of 2188.4 kJ/mol, which is certainly
within the realm of a possible overall exothermic process for the formation of
a magnesium salt.]

9. What is the process of electron excitation? [An electron is said to be excited
if it absorbs energy and moves to a higher energy orbital.]

10. Why do atoms emit light when excited?  [Being in an excited state means having
excess energy. Like anything else, atoms tend to lose their excess energy, so the
electron drops to a lower energy orbital. The “lost” energy is given off as light (∆E = hv).]

11. How do the physical sizes of atoms and nuclei compare?  [Atoms tend to have
diameters of around 0.1 nm (1-10 Å). The nucleus is about 10–15 m (1 femtometer)
in diameter but contains 99.9% of the mass.]

12. What are the three dimensional shapes of s and p orbitals? [The 90% probability
boundary for an s-orbital is a sphere. For p-orbitals the boundary is “dumbbell”
shaped. Three p-orbitals, one dumbbell per axis, comprise a set.]

13. What is meant by “wave-particle duality”? [In some instances, the behavior of
electromagnetic radiation and electrons can best be understood in terms of wave
theory, and in other instances, their behavior can best be understood if we treat
them as discrete particles. Electromagnetic radiation is usually described in
terms of wavelength or frequency; the quantity most closely associated with
particles is mass or momentum, the mass-velocity product. Louis de Broglie in
1924 offered the startling proposition that light may sometimes display particle-
like characteristics, and that small particles may sometimes display wavelike
properties. He summarized his proposition in a now famous equation λ  = h/mv,
where λ is the wavelength, h is the Planck constant, m is the mass, and v is the
velocity of the object in question. Wave-particle duality is only important when
the wavelength is of atomic dimensions, i.e., of the order of 101- 103 picometers.]

Concept/Skills Development
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14. What information is provided by quantum numbers? [All we can hope to
know about an atomic electron: its energy, angular momentum, magnetic
moment and spin.]

15. How do quantized and continuous processes differ? [Anything quantized can
be described in terms of separate discrete units. Those that are continuous are
without beginning or end and may be had in any quantity. Ice cubes are
quantized but water flows continuously.]

16. What is the electron configuration of (specify an element)?

Examples: H 1s1

Li 1s22s1

Ga 1s22s22p63s23p63d104s24p1

Counterintuitive Examples
1. Adjustable light dimmer switches (unless specifically designed) do not work on

fluorescent lamps. You can demonstrate this fact by first connecting a standard,
preferably clear, incandescent light bulb to a dimmer switch or laboratory
voltage controller such as a Powerstat . By slowly increasing the voltage,
you can brighten the incandescent bulb in a continuous manner. Repeat
using a fluorescent lamp. Since the mercury gas enclosed in the fluorescent
lamp’s envelope requires a minimum ionization energy, a quantized process,
the lamp will not go on until this minimum energy is applied.

2. A weight attached to a string and rotated around one’s head continues in
motion only as long as energy is applied. An electron, perceived to be in a
classic Bohr orbit, does not slow down. This behavioral discrepancy was one
of the counterintuitive problems that Bohr had to solve.

3. Energy changes do not always seem to be quantized. If you heat a piece of
metal, its temperature rises on a continuum; the metal does not seem to
acquire energy in quantum leaps. On the other hand, if you step halfway
between two ladder rungs, you find that you remain on the first step; you
must acquire potential energy in quanta dictated by the step-size of the
ladder. The manner of acquiring energy in these two instances is not
different. The energy step-sizes for a metal are so infinitesimally small that
they cannot be detected by a relatively crude probe such as a thermometer.

4. As electrons are added to atoms in the same period of the Periodic Table, the
atomic size decreases. Adding an electron also entails adding a proton to the
nucleus, thus increasing effective nuclear charge. The nuclear charge
density increase is proportionally greater than the electron energy increase,
leading to more compact (smaller) atoms. A Periodic Table showing atomic
sizes (such as the one included in the Periodicity module) will help illustrate this
point.

5. Light radiated by an excited atom consists of several colors, but the human
eye perceives only one composite color. This composite color can be resolved into
its components by viewing it through a diffraction grating. A spectral tube for
neon or helium, or even an orange night light, illustrates this fact very nicely.

6. Because electron probability functions are asymptotic, they do not become
zero even at a great distance from the atom’s nucleus. Consequently, there
is a very small chance that some electron associated with an atom in your
body is at this moment very far away. Perhaps a part of you has been to the
moon and you just don’t know it!
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Analogies and Metaphors
1. Size relationships of subatomic particles

a. If the nucleus were the size of a period (.) the atomic diameter would be
about 5 m. (The volume of the nucleus is about 1/100,000 the volume of
the entire atom.)

b. If the nucleus of an atom were the size of a baseball, the atomic diameter
would be about 4 km. The electrons would each be smaller than a period (.)
and would move about at random in the spherical region between the
nucleus and the edge of the atomic diameter.

2. Sizes of atoms

a. The approximate diameter of an atom is 10–8 cm. A speck 0.1 mm in
diameter, about half the size of the period at the end of this sentence,
requires one million atoms.

b. There are approximately 100 billion billion (100 x 109 x 109) atoms in a
tiny drop of water.

c. It would require a million atoms, edge to edge, to match the thickness of
a page of paper.

d. Comparing atomic diameter to one centimeter. If
atoms were placed side by side, 100 million atoms
would stretch 1 cm.

3. Atomic mass

Relative masses:
Proton 1 u
Electron (1,835 electrons = Mass of 1 proton) 0.00055 u
120 lb. person 32,770,000,000,000,000,000,000,000,000 u

4. Density of nucleus

Because an atom is mostly space, few people realize the denseness of the
nucleus. The nucleus has a density of 1 x 1014 g/cm3. An object with the volume
of a penny made of this material would have a mass in excess of 30 million
tons.

Pictures in the Mind
1. A difficult concept for students is the relation between nuclear size (10–13 m)

and atomic size (10–8 m). A good mental picture of this comes from the
analogy of a grain of sand on a football field. Divide students into small
groups. Give each group a round object to represent an atom’s nucleus
(orange, tennis ball, marble, etc.). Tell them to calculate how large the
corresponding atom would need to be to correspond to the scale of the nucleus.

2. Use balloons to represent an s- or p-orbital.
3. A good analogy or picture in the mind for quantization is egg cartons or cans

of soda from a machine (i.e., if one can costs 50¢, even though you have 75¢
you can only get one can). Another example is a bookcase. Rough-sketch a
bookcase on the board; show how a book can be placed on the second shelf,
or on the third shelf, but it cannot be placed halfway between. Placement of
books is quantized. Or, alternatively, borrow a ladder from the school
custodian. Have a student climb up to the second step; then to the third step.
Then ask the student to stand midway between Steps 2 and 3. A ladder
represents quantized levels, while a ramp represents a continuum.

Concept/Skills Development
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4. A Hund’s rule analogy might be an empty bus that has seats, each holding
two persons. As people file onto the bus, they usually occupy a seat singly
until each seat has one person in it. Then, as additional people enter the bus,
they begin to double up in the seats.

5. Set up three pairs of chairs in three rows. Ask three students (same sex works
best) to sit anywhere in three of the chairs. With a high regularity, the
distribution will be one person per pair of chairs. They will likely sit facing
the same direction. This is analogous to electrons distributing one per orbital
(with parallel spins) when the orbital energies are identical.

6. As an analogy for the wave/particle duality of electrons, display separate
samples of whole peanuts (representing particles), creamy peanut butter
(representing continuous waves), and chunky peanut butter (representing
the dual nature).

7. Quantum numbers can be thought of as similar to zip codes. In a zip code, the
first number indicates a geographical region of the U.S.A., while the
subsequent numbers refer to more and more specific locations, like state and
town. Similarly, quantum numbers begin with the general location of the
electron, n, and progress to the specific orientation, ms.

General → Specific

Zip Code 92093

Quantum Numbers n    l     ml     ms
3    1    –1    +1/2

8. To get an idea of how dense the nucleus of an atom is, try this thought
experiment: imagine the earth compacted to the size of a thimble. The resulting
density roughly represents the density of the nucleus.

Problem Solving
1. To encourage understanding of pertinent mathematical relationships, ask

students to rewrite the equations c = λν and E = hν in all possible forms. Then
have them express in words (not symbols) what each form of the equation
“says.” [λ = c/ν “The wavelength is equal to the speed of light divided by the
frequency.” ν = c/λ “The frequency is equal to the speed of light divided by
wavelength. In all cases λ and ν are inversely proportional—the larger the λ
the smaller the frequency . (Same manipulations for E = hν equation.)]

2. Encourage students to analyze the value of E for appropriate units. When E
has a small value, it is expressing energy per photon, rather than energy per
mole of photons. This distinction is frequently overlooked in textbooks.

Language of Chemistry
atomic mass (u)  mass of an atom, expressed in atomic mass units.

atomic number (Z)  number of protons in the nucleus of an atom.

atomic weight  average atomic mass of all naturally occurring isotopes of an
element, expressed in atomic mass units (u or amu).

Atomic spectrum  includes the electromagnetic radiation produced by emission,
due to electrons falling from an excited state to a lower energy state, or light
that is absorbed, due to the raising of electrons to a higher energy state.

TIPS
FOR THE

TEACHER
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aufbau principle  scheme used to reproduce the electronic configuration of
multi-electron atoms. Shells and subshells are filled successively from low
energy to higher energy in a specific order, according to stability.

electromagnetic spectrum  range of wavelengths and frequencies of radiation
including visible, ultraviolet, and infrared light, as well as X-ray and
microwave radiation.

energy (E)  ability to do work.

energy level  specific values of energy in an atom.

frequency (ν)  number of wavelengths per second that pass a fixed point.

ground state  lowest energy state possible for an atom. Energy states other than
the ground state are called excited states.

Heisenberg’s uncertainty principle  qualitatively, this principle states that
one can never know both the exact position and momentum of an electron at
the same time.

Hund’s rule  in the ground state electron configuration, all orbitals of equal
energy are first occupied by single electrons with parallel spins before any
orbital is doubly occupied.

isotope  atoms with nuclei containing the same number of protons but different
numbers of neutrons.

light  part of the electromagnetic spectrum that is visible to the human eye.

mass number  integer referring to the sum of all protons and neutrons in an
atom’s nucleus.

nucleus  central portion of the atom containing protons and neutrons. The nucleus
contains most of the mass of an atom, but less than 0.01% of its volume.

orbital  region of space where there is a high probability of finding an electron.
Mathematically, this is described by a wave function.

Pauli exclusion principle  states that no two electrons in an atom may have
the same four quantum numbers. It therefore follows that any orbital can
contain only two electrons of opposing spins.

photon  particle or quantized packet of electromagnetic radiation with an
energy, wavelength, and frequency.

Planck’s constant (h)  proportionality constant relating the energy of a photon
to its frequency. h = 6.63 x 10–34 J s.

quantized  having only discrete values possible.

quantum numbers  four quantum numbers are assigned to each electron in an
atom. The principal quantum number, n, identifies the shell where the electron
can be found; the energy of the electron mainly depends on the principle
quantum number. The angular momentum quantum number, l, distinguishes
the subshells within each shell. Each value of l corresponds to a subshell of
different shape. The magnetic quantum number, ml, indicates the directional
orientation of orbitals within a subshell. Lastly, the spin quantum number,
ms, refers to the two possible orientations of the electron’s spin axis. Any two
electrons in the same orbital must have opposing spins.

ROY G BIV  acronym for the order of colors in the visible spectrum: Red, Orange,
Yellow, Green, Blue, Indigo, Violet.

shell  the principal energy level occupied by an electron; indicated by the
principal quantum number.

Concept/Skills Development
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n, n2, 2n2  Relationships

n Subshells n2 2n2

1 1s 1 2
2 2s2p 4 8
3 3s3p3d 9 18
4 4s4p4d4f 16 32
5 25 50 5s5p5d5f5g

subshell  indicated by angular momentum quantum number, l, this corresponds
to energy sublevels within the principal quantum shell. s- and p-subshells are
examples.

wavelength (λ)  the distance between successive peaks or troughs in a wave.

Note on Electron Configuration
Writing electron configurations for the first 20 elements is straightforward. Orbitals
written in the order in which they fill correspond to the numerical order in which the
orbitals occur. For example, calcium (Z = 20) has a configuration of 1s22s22p63s23p64s2,
or in shorthand notation, [Ar]4s2. With the next element, scandium (Z = 21), we must
make a decision since either the numerical order or the order of orbital filling will be
broken—they do not correspond. The configurations for scandium can be written as:
(a) [Ar]3d14s2 or (b) [Ar]4s23d1. Both representations are commonly used and both
are correct. In (a), all the subshells of a principal shell are grouped together, and the
subshells of highest principal quantum number are placed last. In (b), the subshells
are written in apparent order of electron filling. In Sourcebook, we have chosen to
write electron configurations according to the expression in (a). This method has two
advantages: (1) it keeps the subshells of each principal quantum number together,
and (2) it is easy to see which electrons will be lost first upon chemical reaction (those
of the highest principal quantum number, which are placed last).

Units
• Centimeter (cm) - 1/100 of a meter; 100 cm = 1 m
• Nanometer (nm) - One trillionth of a meter; 109 nm = 1 m
• Hertz (Hz) - Cycles or events per second
• Reciprocal seconds (s–1)
• Kilojoules (kJ) - 1000 joules. The joule is the SI energy unit. 4.18 kJ = 1 kcal
• Mole (mol) - Amount of substance that contains 6.02 x 1023 elementary entities,

such as atoms, molecules, electrons, photons, etc.

Pattern Recognition
Teaching Electron Configuration (The Aufbau Process)

To “see” the pattern of
electron configuration in
atoms and “read” it by
looking at the Periodic
Table of Elements,
consider the following
method. First, use an
atomic energy-level
diagram to introduce the
relationship between
excitation and emission.
Then, look at or draw the
energy-level diagram for
many-electron atoms (see
Figure 10).

Introduce students to the n, n2, 2n2 relationships for electrons in an energy level. Place
this information onto the energy-level diagram.

n = Principal quantum number (energy level)
n = Number of kinds of subshells at energy level n

n2 = Number of orbitals (total) at energy level n
2n2 = Maximum number of electrons at energy level n
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n = 1

50 e–

32 e–

18 e–

8 e–

5s2

4s2

3s2

2s2

4p6

3p6

2p6

4d10

3d10

O kJ

2n2 = 2(2)2 = 8 electrons

n2 = (2)2 = 4 orbitals

n = 2 = 2nd energy level

1s2

2 e–

ENERGY LEVEL DIAGRAM

Figure 10. Atomic energy level diagram.

The maximum number of electrons in each energy level can now
be determined: n  =  1, (2 e–); n  =  2, (8 e–); n  =  3, (18 e–); n  =  4,
(32 e–); etc. The maximum number of electrons per subshell can
also be found: s  =  2 e–, p  =  6 e–, d  =  10 e–, f  =  14 e–, etc.

Next, have students draw a Periodic Table showing the first 36
elements (H → Kr). Show the atomic number and symbol for
each element. Now, following the order of the energy-level
diagram, write the complete electron configuration for each
element below its symbol. After this exercise, have students
look for both a horizontal and vertical pattern to the outer (valence) electrons and the
position of elements in the Periodic Table.

What is noted in different rows and columns that shows a pattern to the order of
electron build-up from lowest to highest energy level?  (The order is called the
Aufbau process.) If students don’t copy from a book, they will make two errors in the
electron configuration of the first 36 elements: Cr and Cu do not follow this pattern.
These two elements are exceptions; their electron configurations must be memorized,
if needed.

s   =   2 e–

p   =   6 e–

d   =   10 e–

f    =   14 e–

Maximum of 2 e–

per orbital
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ZX  1s22s22p63s23p64s23d104p65s24d105p66s25d10 4f14 6p67s26d10 5f14 7p6,  etc.

Elements-Atomic Number 1-36

1s2

2s2 2p6

3s2 3p6

4s2 3d10 4p6

Elements-Atomic Number 37-118

5s2 4d10 5p6

6s2 5d10 4f14 6p6

7s2 6d10 5f14 7p6

Periodic Table Pattern to Electron Configuration
The Aufbau Process

Associate rows in the Periodic Table with electrons filling the same energy level as
the row: first row Æ first energy level; 1s; second row Æ second energy level 2s2p; etc.

Notice that d-filling subshells fill one
energy level below the outer s-subshell.
The f-filling subshells fill two energy
levels below the outer s-subshell.

Relate specific groups (families) to the
kinds of subshells that electrons are filling.

The two inner-transition series for La
and Ac have many exceptions. Compare
this pattern to the presentation in your
chemistry text.

The Aufbau Process and Electron Configuration

Common Student Misconceptions
1. “Electrons orbit the nucleus like the planets around the sun.”

This incorrect model of the atom can still occasionally be found in popular
science literature or in old reference books. If it arises, students should be
told that it is a poor model, but early in this century, in the early development
of atomic theory, it was an important starting point in the acceptance of
quantized energy for electrons in atoms. This model is also called the Bohr
model; one might also refer to Bohr atoms.

2. “Each orbital exists alone in space.”

Students fail to recognize that in an n = 2 shell, the 2s, and all three 2p-orbitals
are superimposed in space and have about the same size. They also don’t
recognize that the different energy levels (n = 2 and n = 1 for instance) exist
in the same space.

IA   IIA                    IIIA   IVA   VA   VIA   VIIA   VIIIA

s1        s2                         s2p1                                        s2p6

IIIB            VIII  IB  IIB

s2d1           s2d10

La

    Ac

Lanthanide Series Ce to Lu   6s2 5d1  4f1 → 14

    Actinide Series Th to Lr      7s2 6d1 5f1 → 14

The two inner-transition series for La and Ac have many exceptions.

Compare this pattern to the presentation in your chemistry text.

THE AUFBAU PROCESS AND ELECTRON CONFIGURATION:

ZX  1s2   |   2s2 2p6   |   3s2 3p6   |   4s2 3d10 4p6   |   5s2 4d10 5p6   |   6s2 5d10 4f14 6p6   |   7s2 6d10 5f14 7p6   |  etc.
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3. “Radiometers (hollow glass globes with a free-moving vane inside)
prove that photons of light have mass.”
Indeed, when a light shines on the vane, it rotates nicely. Actually, there is
a small amount of air in the bulb. Air molecules on the black side of the vane’s
projections warm up more quickly than those on the shiny side. The warmed
gas molecules move faster, pushing against the vane, so it moves.

4. “An orbital is the same as an orbit.”
Orbits (associated with the planetary Bohr atom model) specify fixed trajectories
for electron movement. An orbital, representing a three-dimensional region
within which one or two electrons can be found, provides no information
regarding specific electron movement.

5. “There is an edge, or boundary, to an atom.”
Atoms and orbitals have no “hard” edges. Instead, the contour of the orbital,
as we show it in pictures and models, corresponds to the space of highest
probability for electron location.

6. “Air exists between particles (protons, neutrons, and electrons) in atoms.”
There is no matter, air or otherwise, between atomic particles, since they are
the matter.

7. “The electromagnetic spectrum extends from red to violet light.”
Light is the portion of the electromagnetic spectrum visible to the human
eye, but the entire spectrum includes X-rays, radio waves, infrared radiation,
and ultraviolet radiation, as well.

1. Dmitri Mendeleev (1834 - 1907)
During the mid-1860s, Mendeleev was stimulated by the abolition of serfdom
in Russia and began concerning himself with the practical problems facing his
nation. In 1865 he held a series of lectures at the Free Economic Society on
experimental agriculture, the cooperative production of cheese, and techniques
for agricultural fertilization. Beginning in 1867, Mendeleev conducted research
on the relation and organization of elements. He established correct atomic
weights and arranged the elements in a periodic chart that left blanks for
unknown elements (such as helium, neon, argon, gallium, and germanium,
which were discovered later). The discovery of gallium in 1875 and germanium
in 1886, both of which showed properties predicted by the model, resulted in
broad acceptance of Mendeleev’s periodic table by the scientific community.

2. Max Planck (1858 - 1947)
While a student at the University of Munich, Planck carried out his only
laboratory experiments, such as on osmosis of gases. All of his subsequent work
was in the area of theoretical physics/chemistry. During the 1890s he began
doing research in electrodynamics, and he soon became interested in heat and
“black body” radiation. In 1899 he completed a derivation of the special distribution
law for heat radiation and examined the difference between absorbed and
emitted energy of bodies. The equations he published formed the basis of the
radiation formulas that describe the quanta (packets of energy) emitted by heated
bodies. Planck was awarded the Nobel Prize in physics in 1918 and continues to
be known as the founder of quantum theory. In the later years of his life, Planck
began writing on the history and philosophy of science and religion. He examined
the divisions between theoretical and applied physics and the role of religion
and science in waging a timeless battle against skepticism and superstition.

Concept/Skills Development

HISTORY: ON
THE HUMAN
SIDE
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3. Albert Einstein (1879 - 1955)
Einstein’s dissertation entitled “A New Determination of Molecular
Dimensions” revolutionized chemistry and physics by hypothesizing that
light should be considered a collection of independent particles of energy,
called light quanta. The wave theory of light no longer accounted for the
experimental results of blackbody radiation. Einstein’s research showed
that the energy (E) of particles was proportional to the frequency (ν) of the
radiation: E=hν. This formula accounted for the properties of fluorescence as
well as the photoelectric effect. In 1907, as a result of further research in this
field, he formulated the famous equation E = mc2, which formed the foundation
of the relativity theory and much of 20th century physics. Once this ground-
breaking work was recognized, Einstein was offered a variety of prestigious
positions before moving to Berlin in 1914 as a member of the Prussian Academy
of Sciences, where he had colleagues such as Max Planck and Erwin Schrödinger.

During WWI, Einstein’s research culminated in the general theory of relativity.
Once the term relativity had become a household word, Einstein used his
international position to advocate pacifism. When Hitler came to power in 1933,
Einstein resigned his position in the Berlin Academy of Sciences and moved to
Princeton, New Jersey to work at the Institute for Advanced Study. He
remained there for the remainder of his life, becoming a U.S. citizen in 1940.
Upon recognizing the devastating results of the atomic bomb Einstein, devoted
much of his energy to pacifism and the establishment of the United Nations.

4. Werner Heisenberg (1901 - 1976)
In 1924 Heisenberg went to the Institute for Theoretical Physics in Copenhagen
to study under Niels Bohr who had developed the planetary model of the
atom. According to this model, electrons move in well-defined orbits around
the nucleus. However, by 1925 this theory was no longer reconcilable with
experimental evidence, and the quantum mechanical model was beginning
to evolve. Influenced by Einstein’s work on relativity, Heisenberg began
using variables to represent various observable quantum conditions. His
experiments on atomic and molecular spectra, ferromagnetic phenomena,
and electromagnetism led him in 1929 to state his famous “uncertainty
principle.” This principle describes a fundamental limitation of modern
physics—one cannot determine with accuracy both the momentum and
position of a particle at the same time. After WWII he organized and became
director of the renowned Max Planck Institute for Physics and Astrophysics
in Göttingen and moved to Munich in 1958 when the Institute relocated there.

5. Niels Bohr (1885 - 1962)
Niels Bohr and Erwin Schrödinger played important roles in developing
theories on atomic structure. Most textbooks document their achievements.

1. Mnemonic aid to recall the order of orbitals in order of increasing energy:

Some People Don’t Forget.

2. Sign on bumper stickers:

a. Heisenberg may have slept here.

b. Wave if you’ve met Schrödinger.

c. Be discrete—use quanta.

HUMOR: ON
THE FUN SIDE
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3. Student responses on exams:

a. Atoms can expand and travel.

b. An atom is a discrete part of a particle.

c. Atoms are composed of exceedingly minute particles called elements.

4. IONS MINE

We are all familiar with J. J. Thomson’s reputation as a physicist but few
recognize his talent for song writing. This song, with his lyrics, is to be sung
to the tune of “Darling Clementine.”

1. In the dusty lab’ratory,
’Mid the coils and wax and twine,
There the atoms in their glory,
Ionize and recombine.

Chorus: Oh my darlings! Oh my darlings!
Oh my darling ions mine!
You are lost and gone forever
When just once you recombine!

2. In a tube quite electrodeless,
They discharge around a line,
And the glow they leave behind them
Is quite corking for a time.

3. And with quite a small expansion,
1.8 or 1.9,
You can get a cloud delightful,
Which explains both snow and rain.

4. In the weird magnetic circuit
See how lovingly they twine,
As each ion describes a spiral
Round its own magnetic line.

5. Ultra-violet radiation
From the arc of glowing lime,
Soon discharges a conductor
If it’s charged with minus sign.

6. Alpha rays from radium bromide
Cause a zinc-blende screen to shine,
Set it glowing, clearly showing
Scintillations all the time.

7. Radium bromide emanation,
Rutherford did first divine,
Turns to helium, then Sir William
Got the spectrum—every line.

[Chem 13 News/March 1981/p. 3]

5. Tom Weller, Science Made Stupid, Houghton-Mifflin Co., Boston, 1985, pp. 23,
25,75. This humorous paperback pokes fun at atomic theory, dinosaurs,
evolution, and the universe in general.
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6. Word Search (see Appendix for master copy)

T F J Z X Q H F U P D Y I Q Z O Y
M P U W M Y N P U L H I E R B R J
A R U Q O L M D V O I W V J O Y Z
E I H Y T T X L I J V U I C P C S
N N U C L E U S P O T N B M D G H
O C U F G K O X O S I D G N A R V
Q I M B G T S E Z N N S Y I Y G H
R P H V O L A T I B R O O A H D L
S A B P Z D R I O G O A R S M X F
L L E M H N I K D Z H J Y T O C H
I S F P Q U A N T I Z E D T U Y N
I O N V S H Q U L M C V V Q E E O
W B A P X P H T G N E L E V A W N

Words about the concepts in this module can be obtained from the clues
given. Find these words in the block of letters:

1. Difference in the mass number and the number of protons is equal to the
number of ____.

2. Region of space where there is a high probability of finding an electron.
3. Quantum number that identifies the shell where the electron can be found.
4. Acronym for the order of colors in the visible spectrum.
5. Where protons and neutrons are found.
6. Atoms with the same number of protons but different numbers of neutrons.
7. Having only discrete values possible.
8. Distance between successive peaks in a wave.
9. He stated that all orbitals of equal energy are first occupied by single

electrons before any orbital is doubly occupied.
10. Number of protons in an atom’s nucleus is symbolized by this letter.

Answers:  1.  NEUTRONS  2.  ORBITAL  3.  PRINCIPAL  4.  ROYGBIV
5.  NUCLEUS  6.  ISOTOPES  7.  QUANTIZED  8.  WAVELENGTH  9.  HUND
10. Z

7. See cartoons at end of module.

1. CHEM Study Film, Hydrogen As Viewed by Quantum Mechanics, Advanced
Version. Available from Ward’s Natural Scientific, Inc., P.O. Box 92912,
Rochester, NY 14692-9978. (800) 962-2660

2. Spectrum wall chart (available from Fisher Scientific Co., Educational
Materials Division, 4901 LeMoyne Street, Chicago, IL 60651), with line
spectra of many elements. This can be used to identify the wavelengths of
lines observed in discharge tubes.

3. Electron Configuration film from EME Corporation, Old Mill Plain Road,
Danbury, CT 06811.

MEDIA
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4. Software published byJCE: Software, a publication of the Journal of Chemical
Education, Department of Chemistry, University of Wisconsin-Madison,
1101 University Avenue. Madison, Wl 53706-1396: (608) 262-5153 (voice) or
(608) 262-0381 (FAX).

a. Rutherford, by Robert Rittenhouse, Vol. V B, No. 2, for IBM PS/2, PC-
compatible computers.

b. Animated Demonstrations. by Philip Pavlik. Vol. V B, No. 2, for IBM PS/
2. PC-compatible computers.

c. Hydrogen Atom Orbitals, by Michael Liebl, Vol. III A, No. 2, for the Apple
II computer.

d. Atomic Spectroscopy, by Philip Pavlik, Robert Rittenhouse, Martin Rose
and William F. Coleman, Vol. V N, No. 1, for IBM PS/2, PC-compatible
computers.

e. Alpha Scatter, by Robert Rittenhouse. One of the programs in The One-
Computer Classroom, Vol. I A, No. 1 for the Apple II computer.

5. Software published by Project SERAPHIM, Department of Chemistry,
University of Wisconsin-Madison, 1101 University Avenue. Madison, Wl
53706-1396: (608) 263-2837 (voice) or (608) 262-0381 (FAX).

a. For the Apple II computer: AP 204

b. For the Apple II computer running on ProDOS: AR 201, AR 202

c. For IBM PCs and PC-compatibles: PC 2401

6. Videodiscs published by JCE: Software, a publication of the Journal of
Chemical Education, Department of Chemistry, University of Wisconsin-
Madison, 1101 University Avenue. Madison, Wl 53706-1396: (608) 262-5153
(voice) or (608) 262-0381 (FAX).

a. “The Rutherford Experiment,” a chapter on The World of Chemistry: Selected
Demonstrations and Animations: Disc I (double sided, 60 min.), Special
Issue 3.

b. “Electron Clouds” and “The Aufbau Principle,” two chapters on The World
of Chemistry: Selected Demonstrations and Animations: Disc II (double
sided, 60 min.), Special Issue 4.

7. Chemical Bonding and Atomic Structure, 23 min. video available from
Coronet/NTI Film and Video, 108 Wilmot Road, Deerfield, IL 60015; (800)
621-2131; (708) 940-3640 (FAX).

Diffraction gratings (available from Edmund Scientific, Central Scientific, or Sargent-
Welch Scientific Company)

H2, He, Ne, Hg gas discharge (spectrum) tubes

Power supply for tubes, or Tesla coil

Hand-held spectroscopes (available from Central Scientific)

Concept/Skills Development

INSTRUMENTA-
TION
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Links/Connections

The outer-shell electron configuration of an atom determines the chemical behavior,
physical behavior, and bonding of that element. Therefore this topic is the perfect
lead-in for Periodicity or Chemical Bonding.

Before students can understand topics in Nuclear Chemistry they must know about
the structure of the atom. So this topic unit is an important precursor.

Chemists make use of our knowledge at the atomic and molecular level to explain and
predict the behavior of macroscopic materials. Some areas of physics concentrate on
expanding knowledge at the sub-atomic level. Atomic structure is an area where
chemistry and physics have a large overlap. Your school’s physics teacher may have
much of the laboratory and demonstration equipment needed for this topic.

Because an atom is a very small particle, it cannot be seen with the naked eye. Yet
electron microscopes that can produce magnification factors in the millions have
allowed scientists to photograph images of individual atoms. The first motion
pictures of the movement of single uranium atoms was achieved in 1976 by physicists
at the University of Chicago. What did an atom of uranium look like?  The individual
uranium atoms appeared as roundish spots with bright edges and dark centers.

Physicists continue to expand our notion of atomic structure by continually discovering
new subatomic particles. Many are now known, e.g., pions, muons, quarks, etc. How
many more might yet be discovered when more powerful “atom smashers” are built?
How might the super-collider presently being built in Texas help us to understand
the atom better? (Idea contributed by Angie Matamoros.)

Television tubes are merely sophisticated cathode ray tubes. The electron stream
from the rear of the tube is aimed at the front surface, which is coated with materials
(called phosphors) that have readily excitable valence electrons. These electrons are
temporarily energized. When they return to lower-energy states, the energy is
released in the form of visible light with distinctive colors. Three major groups of
phosphors (phosphorescent dots) in red, green, and blue arrays constitute one form
of a color TV tube.

The details of atomic structure are particularly important in such medical applications
as CAT, MRI, etc.

WITHIN
CHEMISTRY

BETWEEN
CHEMISTRY
AND OTHER

DISCIPLINES

TO THE
CONTEMPORARY

WORLD
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Extensions

Public Broadcasting System series Creation of the Universe, Stephen Hawking:

PBS Video
4401 Sunset Blvd.
Los Angeles, CA  90027
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• Transparency Masters
1. Target for Activity 2

2. Target for Activity 2 with Radii Shown

3. Energy Level Diagram

4. Laboratory-Aids #100 Obscertainer  Kit

5. Word Search
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Target for Activity 2

Target for Activity 2
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Appendix

Target for Activity 2 with Radii Shown

Target for Activity 2

R1

R2

R3

R4

R5
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LABORATORY-AIDS #100 OBSCERTAINER  KIT
Student Worksheet and Guide

How many times have you looked at an object that attracted your attention and aroused your interest and asked
the question, “What is it made of?”  That same question has been asked thousands of times in many different
languages. Because scientists continued to search until they found the answers to many of the problems they
faced, we today have the modern world as our home.

We can look back at some of the answers suggested by the early Greek philosophers (as the scientists were called
in those days) and smile. Today, even an elementary-school student knows, for example, that water is composed
to two substances, hydrogen and oxygen. The Greeks, however, suggested that the world itself was made up of
four elements of which water was one, and fire, earth, and air were the other three. Because of lack of careful
observation and experimentation, people accepted the idea suggested by the Greeks. This acceptance is seen in
our literary works where a storm, for example, is described as the raging of the elements. This idea was so well
established that it was not until the seventeenth century that scientists established the fact that the Greeks were
mistaken and science came closer to the answer it sought.

Most individuals consider themselves good observers. This laboratory activity involves many things, mainly,
making careful observations and checking the accuracy of the hypothesis or best guess.

It is important for a science student to practice making useful observations even if they are not immediately in
the complete solution of a problem. In this laboratory activity, you will begin by observing by indirect means. In
order to solve the problem it takes concentration, alertness to detail, ingenuity, and patience.

Problem: What is the configuration (design) of the inside of a closed container (OBSCERTAINER)?

Theory: This laboratory activity is an exercise in indirect measurement or observation. The closed
OBSCERTAINERS have partitions inside and a steel ball that can freely move. You will not be
able to see or touch the inside of the OBSCERTAINER and yet you will have to determine the
design of the inside by indirect means.

Procedure: Move the steel ball around by carefully shaking and tilting the OBSCERTAINER. By the sound
and path of the steel ball, determine the shape and location of the partition(s). In the blanks
below, indicate the identity of the OBSCERTAINER (its number) and your hypothesis. Retest
your hypothesis and indicate any changes in the second drawing. This should reflect your final
decision.

Some of the OBSCERTAINERS are more difficult than others, therefore time should be spent
in making careful observations. Do not spend more than six minutes with each OBSCERTAINER.
DO NOT OPEN THE OBSCERTAINER. DO AS YOUR INSTRUCTOR ADVISES. Study at least
four different containers.

Appendix
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HYPOTHESIS RETEST ACTUAL

OBSCERTAINER #

OBSCERTAINER #

OBSCERTAINER #

OBSCERTAINER #

OBSCERTAINER #

1. Write a summary of the actual OBSCERTAINER configuration and your hypothesis (conception) of it. List those
things that you were able to determine and those that you were unable to determine.

2. Is there any reason why you were successful for certain characteristics and not for others?

Student’s Name:   Date:

LABORATORY-AIDS, INC. 1975
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Appendix

Word Search

T F J Z X Q H F U P D Y I Q Z O Y
M P U W M Y N P U L H I E R B R J
A R U Q O L M D V O I W V J O Y Z
E I H Y T T X L I J V U I C P C S
N N U C L E U S P O T N B M D G H
O C U F G K O X O S I D G N A R V
Q I M B G T S E Z N N S Y I Y G H
R P H V O L A T I B R O O A H D L
S A B P Z D R I O G O A R S M X F
L L E M H N I K D Z H J Y T O C H
I S F P Q U A N T I Z E D T U Y N
I O N V S H Q U L M C V V Q E E O
W B A P X P H T G N E L E V A W N

Words about the concepts in this module can be obtained from the clues given.
Find these words in the block of letters:

1. Difference in the mass number and the number of protons is equal to the
number of ____.

2. Region of space where there is a high probability of finding an electron.

3. Quantum number that identifies the shell where the electron can be found.

4. Acronym for the order of colors in the visible spectrum.

5. Where protons and neutrons are found.

6. Atoms with the same number of protons but different numbers of neutrons.

7. Having only discrete values possible.

8. Distance between successive peaks in a wave.

9. He stated that all orbitals of equal energy are first occupied by single
electrons before any orbital is doubly occupied.

10. Number of protons in an atom’s nucleus is symbolized by this letter.


