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PERIODIC TABLE

(Based on C12:12.0000; 1961 Atomic Weights) ‘
The atomic number is shown above the symbol; the atomic weight below.
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N.B.: Orbitals 4f and 54 lie very close

together and in certain atoms their
order is reversed. The same is

o true of orbitals 5f and 6éd.
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OBJECTIVES

Upon completion of the ILS Chem Pac on Atomic Structure
and Periodicity the student should be able to

l. Atomic Theory & Structure

A. Given a list of various statements, identify pustulates
of the modern atomic theory and identify cherac*istics
of the various atomic particles.

B. Given the symbol of an element with its atomic number
and mass number, determine how many neutrons, protons,
and electrons there are in one atom of the element
and the arrangement of the electrons for 5 out of 6
such elements. :

2. Mole Concept

Given the name or formula of a substance, with the
aid of a Periodic Chart, calculate the molecular weight
of the substance--or given the mass or volume of ‘the
substance under these conditions, calculate the number
of moles of the substance or vice versa--~correctly
calculating 9 out of 10 such problems.

3. Periodic Chart

With the aid of a Periodic Chart, distinquish between
pairs, such as the followirg, and name at least one
example to substantiate this distinction:

a. mass number and atomic number

b. proton and neutron

c. metal and non-metal

d. group and period of the Periodic Chart

€. representative element and transition element

answering 9 out of 10 questions about the Periodic Chart.



ILS Chem Pac 3 = Atomic Structure and Periodicity

[(or "What's It Made Of?"]

Reading 1.1 - Read pages 18-34 in Medeiros,

pages 24=-32 in Sackheim & Schultz, and
pages 22~34 in Holum.
Notes:

According to the atomic theory, the nucleus of an atom
contains the protohs and neutrons while the electrons are
located outside the nucleus. To determine the number of
these particles present in any given atom, the following
rules are observed:

1. The number of protons in the nucleus, by definition;
' is always equal to the atomic number of the element.

2. The number of electrons is always equal to the
number of protons since atoms are electrically
neutral.

3. The numbei of neutrons is equal to the difference
between *“he¢ atomic number (protons) and the atomic
weight or mass number (protons plus neutrons).

For example, take hydrogen, symbol H, atomic number 1,
atomic weight 1. The atomic number is 1, so there must be one
proton (rule 1) and one electron (rule 2). To determine the
number of neutrons, we take the difference between the atomic
number [1] and the atomic weight [1] which is zero (rule 3).
Ordinary hydrogen is the only element without any neutrons.

Now let's take Helium, symbol He, atomic number 2, atomic
weight 4. Since the atomic number is 2, there must be .eece. (1)
protons in the nucleus and ...... (2) electrons outsidé the
nucleus. The difference between the atomic number [2] and the
atomic weight [4] is 2 so there must be ...... (3) neutrons in
the nucleus. .

A more complicated example is sodium, symbol Na, with an
atomic number of 11 and an atomic weight of 23. There must be
eeesss (4) protons in the nucleus and ee.... (5) electrons
outside the nucleus and ...... (6) neutrons in thne nucleus.

In looking at your Periodic Chart you have probably noticed
that while most of the atomic weights are nearly whole numbers,
some of them are not. This is due to the presence of isotopes.
By definition, isotopes are atoms of an element with the same
atomic number but different atomic weights. Since the atomic
numbers are the same, the elements must have the same number of




protons and electrons. Since the atomic weights are different,
the number of neutrons must be different in each case. For
example, chlorine, symbol Cl, atomic number 17, and atomic
weights 35 and 37. Each isotope must have ...... (7) protons
and «...... (8) electrons since the atomic number is 17. Since
one isotope has an atomic weight of 35, it must have ...... (9)
neutrons while the isotope of atomic weight 37 must have

eeseee (10) neutrons.

This brings us to the arrangement of the electrons. The
electrons occur in energy levels around the nucleus. Each
energy level can contain a maximum number of electrons and no
more. The first level can hold a maximum of 2 electrons. It
can contain 1 electron or 2 electrons but never more than 2.
The second energy level can hold any number of electrons up to
8 but never more than 8. The third energy level can hold up
to 18 electrons. See your textbook for a detailed description
of the orbitals found in the various energy levels (spdf
notation). A few examples follow. Hydrogen, atomic number 1,
has only 1 electron which must go into the first energy level.
Helium, symbol He, has an atomic number of 2, so it has
eeaess (11) electrons in the first level. o

Lithium, symbol Li, atomic number 3, has 3 electrons. The
first energy level can hold only 2 electrons so the third must
go into the second energy level which is indicated by 2,1l.
Fluorine, symbol F, atomic number 9, has ...... (12) electrons
outside the nucleus. ...... (13) of these go in the first
level and the remaining ......-{(14) go in the next energy level.
Magnesium, symbol Mg, atomic number 12, has the electron
arrangement ...... (15). -

The answers to Reading 1.1 are:

1. 2 6. 12 11. 2
2. 2 7. 17 12. 9
3. 2 8. 17 13. 2
4. 11 9. 35 = 17 = 18 14. 7
5. 11 10. & =17 = 20 15. 2, 8, 2

Self-test
Sackheim & Schultz: p. 35, #1

If you missed more than one answer in Self-test 1.2,
take the NC route (CAI 1.3).
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CAI l.3 |~ STRUC - Elementary Atomic Structure

- This module provides drill in identifying the atomic
structure of selected neutral atoms. Given two of the following
parameters: symbol of the element, mass number, number of
protons (or atomic number), electrons and/or neutrons-=you
identify the other parameters of the given element. ‘A total
of 15 such questions are presented.

Date Completed: -

CAI 1.4 - ATOM « Atomic Structure

Nine initial questions based on atomic structure, electron
distsibutions, use of the periodic chart, Lewis electron-dot
diagrams and electronegativity of which six or more must be

answered correctly. Otherwise seven more similar questions are
presented, :

Figures 1-10 and 26-34 (following pages) will be needed
to answer some questions in this module.

Ten initial questions...of which seven or more must be
answered correctly.

¥ou should have a Periodic Chart available when you take
this module. In responding with the spdf rotation for a given

element, separate each orbital with a dash (-). Examples:
Beryllium (Be) is 1s2-2s2. ’

Date Completed:

Self-test

CAI 1.3 and/cr CAi l.4 will also count as Self-test 1.5.
In CAT 1.3 you should correctly answer 13 ocut of 15 questions
and in CAI 1.4 you should correctly answer 6 out of 9 questions.

Conference

If you are still having difficulty with atomic theocry and
structure, please see your instructor.

Date:

8

Notes:
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Figure 28

Figure 29

Figure 30

Figure 31
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Figure 32
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Figure 33
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Reading 2.1} - Read pages 34-36 in Medeiros and pages 79 & 80 in Holum.

Notes:

The concept of a mole is a very useful convenience in - .
chemistry. It is not practical to work with the weight of a
single atom or molecule because it is so small. Comsequently,
chemists have defined a mole of a substance to be that quantity »

of a substance which contains approximately 6 x 1023 particles
of the substance. This number is called Avogadro's number.
‘The weight of an element in grams that corresponds to its
atomic weight is often called a gram-atom, although the term
mole may also be used in this context. One gram-atom of
oxygen therefore weighs 16 grams and contains 6 x 1023 atoms
of oxygen. The weight of a substance in grams which is equal
to its molecular weight or fcrmula weight is referred to as

a mole of the substance. One mole of oxygen weighs 32 grams
because the molecular or formula weight of oxygen (02) is 32.

To apply these concepts in a more general setting,
consider the problem of finding the weight of one mcle of
professors. How many professors would there be in one mole?

Yes, this would be 6 x 1023 professors, which is a
1ot of people, even with a population explosion. If the
average weight per professor was 60 kg, what would be the mole
weight (weight of one mole) of professors? ' You
should have rounded your answer off to two significant figures
(the average weight per professor is given to only two figures).
In scientific notation the answer is 3.6 x 1025 kg/mole.

This is a mass of prdfessors equal to approximately six times
the total mass of the earth. ~

Now let us turn the problem around. Assume the total
weight of professors in the United States to be 1.3 x 1010 K

g
and that the mole weight of a professor is 3.6 x lo25 kg/mole
and that the average weight per professor is 60 kg. Calculate
the population of the United States in professors and moles.
Write out your answers before reading the next paragraph.
professors and moles of professors
If you found there were 2.2 x 108 professors and 3.6 x 10~
moles you are right. How did we get these numbers? First we

divided 1.3 x 1010 kg of professors by 60 kg per professcr and
found the population in professors. Next we divided the weight

16
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of professors (1.3 x 1010 kg) by the weight of one mole of
professors to get the number of moles of professors (3.6 x 10

It is obvious that moles is not a convenient unit to use when
working with professors. But, how about atoms and molecules
in chemistry? -

-16) o

A contdiner of liquid water weighs 180 g. Calculate the
number of mcles of water (H,O0) in this container. The answer to
this problem is 10 moles == based on the molecular weight of
water which is 18 g/mole.

Self-~test (:::)

Calculéte the number of moles in -
l. 30 g of calcium
2. 12 g of helium
3. 6 g of carbon
How many atoms are there in
4, 40 g of calcium
5¢ 12 g of helium
6. 6 g of carbon
How many grams of each of the following elements are
needed to obtain 3 x 1023 atoms of the respective element?
7. hydrogen
8. sulfur
9. oxygen
10. maghesium

If yocu missed more than one problem in Self-test 2.2,
foilow the NO route (CAI 2.3).

14
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cAI 2.3 |- MOLE1l - The Mole Concept

Introductory module on the mJﬁe concept in which the
following non-chemical reaction type problems are presented:

1. What is the mole weight of x?

2. How many moles of x are in y grams of x?

3. How many grams of x are in y moles of x?

4. What is the volume of y moles of a gas at STP?

5. How many moles of a gas are in z liters (at STP)
of the gas?

6. How many grams are in z liters of x gas at STP?

7. How many liters (at STP) are occupied by y grams of x?

8. What is the mole weight of a gas if y grams occuuy
z liters at STP? ]

9. A gas has a density of y grams per liter at STP;
what is its mole weight?

Since the computer cannot type subscripts or lower case
letters, the formulas of compounds are written in all capital
letters and subscripts are written on line. Example: A1C13
~would appear as ALCL3.

Date Completed:

Self-~test

CAI 2.3 will also count as Self-test 2.4. You should
answer 4 out of 5 problems presented in serial order.

Conference (:::)

If you are still having difficulty with the mole ccncept
at.this point, please see your instructor.

Date:

Notes:

15



{Reading 3.1f - Read pages 74-101 in Medeiros, R
‘ pages 33-34 in Sackheim & Schultz, and T
pages 35«38 in Holum.

The Periodic Chart contains a great deal of useful
information for the chemist. There is a square on the chart
for each element and this square contains information about
the. element. The atomic number is located in the upper part
of the square and the atomic weight is directly below the
symbol of the element which is the large letter(s) in the
center of the square. On some charts, the color of the
symbol designates the state of the element at room temperature--
a black symbol means a solid; a blue symbol, a liquid; and an
orange symbol, a gas.

Self=test

At the top of the chart are the Roman numerals I to VIII
which designate the group numbers. Group Ia contains the
elements H, Li, Na, K, etc. and Group VIIa contains .ceeceecee
eeeeeess.(l). The horizontal rows are called periods. The
elements in period 2 are Li, Be, B, C, N, O, F, and Ne. The
elements in period 3 begin with ...... (2) and .ee... (3) and
end with eeseso0 (4)0 ’ :

_ If you write the electron arrangement of the metals in
Group Ia (see Reading 1.1) you will note that all of these
elements have ...... (5) electron(s) in their outer energy
level. This electron can be transferred very easily which
gives these elements a valence or oxidation number of +l. 1In
@ similar manner, the elements in Group IIa all have a valence
or oxidation number of «..... (6). In Group VIIa are the non-
metals which all acquire one electron to complete their outer
energy levels, so they have a valence or oxidation number of
=l. Generally speaking, then, for metals "the group number is
the same as the valence or oxidation number" and for non-metals

- "the group number minus eight gives the valence or oxidation
number." In sorie groups, more than one type of valence is
possible. . The metals are located on the left side of the

~ heavy line on the chart while the non-metals are located on
the right.

The groups :re also divided into A's and B's. For example,
Group Ib contains the elements Cu, Ag and Au while Group IIb
contains the elements ...csccecceeeee (7). The "A" group
consists of the normal elements while the "B" groups contain
the transition elements--elements whose inner energy levels
are being filled with electrons. Transition elements have more
than one valence because they can lose electrons from an inner
energy level as well as from the outer energy level.

16
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The periodic law states that '"the properties of the
elements are a periodic function of their atomic number."
This means that ceértain elements exhikit similar properties,
and that these similarities occur periodically. Thus, Li
(atomic number 3) is very similar to Na (atomic number 11)
which is similar to K (atomic number 19). Likewise, F [atomic
nuUMber ...... (8)] is very similar t0 ......(9) [atomic
number(17])¥hich is similar t0 ...... (10a)[atomic number
e & 0 &0 0 lob ®

Conference (:::)

If you are stiil having difficulty with the use of the
Periodic Chart, please see your instructor.

Date:

Notes:

ILS Pac 3 will consist of 10 questions.

Objective la - Atomic Theory = 2 questions

LR P
_—

Objective 2b ~ Atomic Structure - 8 questions
Objective 3 - Mole Concept - conference and Pacs 4-6
Objective 4 - Periodic Chart - conference and Pacs. 4-6
See ILS Pac 0 (Student Directions) for Grading System
Equivalents. Please remember that although the EXAM is
necessary for a grade it may not be sufficient. You may

also be asked to have a final conference with your
instructor.

(kFONFERENCEA)

Date:

Notes: 17
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SUPPLEMENTARY MATERIAL

Objective 1 = .Atomic Theory & Structure

Filmstrip-Tape #851: Electron Configurations and
' Orbital Diagrams

Objective 2 = Mole Concept

Program-Tape #3: Molg and Moliar Weight
Objective 3 - Periodic Chart

Audio=Tape: Meqdeleev and The Periodic Table

Filmstrip-Tape #852: Atomic Structure and
The Periodic Chart

18
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ANSWERS
Self=-test.
element #protons # neutrons #electrons - electron
arrangement
N 7 o7 7 2, 5
" 9 10 : 9 2, 7
S 16 16 16 2, 8, 6
Ne 10 10 10 2, 8
Si 14 14 14 - 2, 8, 4
Self-test
l. 0.75 moles
2. 3 moles
3. 0.5 moles
4. 6 x 10%3 atoms
23

. L% x 6 x 10

6 = 3 x 1023 atoms
7. 0.5 grams '
8 :

9

. 16 g
. 8g
10. 12 g
Self=test
l. 7, C1, Br, I, etc. 6. 2
2. Na 7. 2n, Cd, Hg
3. Mg 8. 9
4. Ar 9. C1
5.1 l0a. Br
10b. 35

19
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