Unit 8

On completion of the unit you should be able to:

1. state the mass, charge and location of protons, electrons and neutrons.

2. given the atomic number of an element, draw diagrams showing the protons in the nucleus
and the electrons in shells (or energy levels) arcund the nucleus.

3. write the electron dot formulae for the elements in groups 1 to 8 in the pericdic table.

4. define isotopes, mass number and atomic mass,

5. given the relative abundance and isctopic masses for an element, calculate the atomic mass
of that element.

&. given the atomic number and mass number of an element, calculate the number of electrons.

ATOMS AND THE PERTIODIC TABLE

8.1 Atom

+ Subatomic particles

8.2 Isotope

Reading: Hebden - page 144-146 TO d ay’S fOC u S .

8.3 Arrangement of electrons

* Bohr model of the atom “
Reading: Hebden - page 142

+ Lewis electron-dot formulas of elements
Reading: Hebden - page 167
+ Quantum mechanical model of the atom

8.4 Electron configurations of atoms

8.5 Atomic mass

» Tabulated atomic mass

Reading: Hebden - page 150

8.6 Periodic table of the elements

+ Metals Nonmetals and Semimetals
¢ Properties of metals
o Properties of nonmetals
¢ Properties of semimetals




Bohr model of the atom

- Niels Bohr proposed the Bohr Model of the Atom in 1915.

- The Bohr Model has limitations, but it is important because it describes most
of the accepted features of atomic theory without all of the high-level math.

Planetary model

Electrons inside an atom
possess different energies.

Diagram nol drawn io scale



Bohr model of the atom

- Electrons occupy the shell structure of the atom.
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- The lowest energy is found in the innermost shell.

- When electrons start to occupy the shell structure of the atom, they will
start to populate the innermost energy level first (n=1), then n=2, n=3, etc.

- Each energy level could only accommodate a certain number of electrons.



Bohr model of the atom

The maximum number of electrons that can populate a certain
energy level is given by the following formula.
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% i Energy Level m Max # of electrons
n=1 2 (1)2= 2 electrons
n=1 n=2 2 (2)?= 8 electrons
n=3 2 (3)2= 18 electrons
n=4 2 (4)’= 32 electrons
Let’s draw n=5 2 (5)2= 50 electrons
n=6 2 (6)2= 72 electrons

Bohr diagrams!
n=7 2 (7)?= 98 electrons



Periodic Table of the Elements
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1. Draw a circle and label it with
the symbol of the nucleus, H. 1p* ’_\
2. Write the number of protons On
— for the nucleus, 1p*. le
# of protons 1
3. Write the number of neutrons
# of neutrons 0
for the nucleus, On.
# of electrons 1

4. Draw an arc to represent the 1%

Mass number 1 energy level. Label the arc 1e to 1 valence electron

(#p + #n) represent that there is one
electron in this 1%t energy level.



Bohr Diagram for Helium

The Helium atom

4.003

He

2

/ Symbol for Helium
Atomic Number
P

1. Draw a circle and label it with
the symbol of the nucleus, He.

m 2. Write the number of protons
for the nucleus, 2p*.

# of protons

# of neutrons

# of electrons

Mass humber

(#p + #n)

2
3. Write the number of neutrons
2
for the nucleus, 2n.
2 4. Draw an arc to represent the 1%
4 energy level. Label the arc 2e" to

represent that there are two
electrons in this 15t energy level.

Periodic Table of the Elements
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2 valence electrons

The 1t energy
level is fully
occupied.




Bohr Diagram for Lithium N

The Lithium atom 5],
6.941 / Symbol for Lithium AN
LI / Atomic Number s
3

Lithium

# of protons

# of neutrons

# of electrons

Mass humber

(#p + #n)

Periodic Table of the Elements

1. Draw a circle and label it with
the symbol of the nucleus, Li.

2. Write the number of protons
for the nucleus, 3p™.

3

3. Write the number of neutrons
4 for the nucleus, 4n.
3

4. Draw an arc to represent the first
7 energy level. Label the arc 2e" to
represent that there are two electrons
in the 15t energy level. Draw a 2" arc
and place the remaining one electron
in the 2"9 energy level.

1 valence electron
2 core electrons




Bohr Diagram for Beryllium

Periodic Table of the Elements

The Beryllium atom AP e GPEFEEE
9.012 / Symbol for Beryllium =8 o 21 2 [E 4 £ A E R
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1. Draw a circle and label it with
the symbol of the nucleus, Be. ap* F\
2. Write the number of protons 5n
eryllium - -
for the nucleus, 4p*. 2e 2e
# of protons 4
3. Write the number of neutrons
# of neutrons 5
for the nucleus, 5n.
# of electrons 4 4. Draw an arc to represent the first
energy level. Label the arc 2e" to 2 valence electrons
Mass number 9
(#p + #n) represent that there are two electrons

in the 15t energy level. Draw a 2" arc
and place the remaining two electrons
in the 2" energy level.

2 core electrons



. Periodic Table of the Elements
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Atomic Number
/

1. Draw a circle and label it with
the symbol of the nucleus, B.

2. Write the number of protons

# of protons

# of neutrons

# of electrons

Mass humber

(#p + #n)

. for the nucleus, 5p*.

3. Write the number of neutrons

for the nucleus, 6n.

5 4. Draw an arc to represent the first
energy level. Label the arc 2e" to
represent that there are two electrons
in the 15t energy level. Draw a 2" arc
and place the remaining three electrons
in the 2" energy level.

6

11

5p+ /_\
6n

2 core electrons

2e 3¢

2/

3 valence electrons



Bohr Diagram for Carbon

The Carbon atom

12.011

C

6

Periodic Table of the Elements

/ Symbol for Carbon

Atomic Number
/

1. Draw a circle and label it with
the symbol of the nucleus, C.

2. Write the number of protons

# of protons

# of neutrons

# of electrons

Mass humber

(#p + #n)

for the nucleus, 6p*.

6
3. Write the number of neutrons
6 for the nucleus, 6n.
6 4. Draw an arc to represent the first
12 energy level. Label the arc 2e" to

represent that there are two electrons
in the 15t energy level. Draw a 2" arc
and place the remaining four electrons

in the 2"d energy level.

6p+ /_\
6n

2e de

4 valence electrons

2 core electrons
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Bohr Diagram for Nitrogen " T -
The Nitrogen atom alml. oo A EE]s
14.007 | Symbolfor Nitrogen
N .~ Atomic Number — EEEEEEEEEEEEE
y —
1. Draw a circle and label it with
the symbol of the nucleus, N.
: 2. Write the number of protons
+
for the nucleus, 7p*.
# of protons 7
3. Write the number of neutrons
# of neutrons 7
for the nucleus, 7n.
# of electrons 7 4. Draw an arc to represent the first
- 5 valence electrons
Mass number 14 energy level. Label the arc 2e" to _
(#p + #n) represent that there are two electrons

in the 15t energy level. Draw a 2" arc 2 core electrons

and place the remaining five electrons
in the 2"d energy level.



Periodic Table of the Elements

Bohr Diagram for Oxygen " .

The Oxygen atom ':Ia lz“g 38 4B 58 L1:3 7B | S 1B 8 ez is‘l ;: = - o
15999 |~ Symbol for Oxyger
O _ Atomic Number
3 T
1. Draw a circle and label it with
the symbol of the nucleus, O. 8p* F\
2. Write the number of protons an
Xygen - -
for the nucleus, 8p*. 2e be
# of protons 8
3. Write the number of neutrons
# of neutrons 8
for the nucleus, 8n.
# of electrons 8 4. Draw an arc to represent the first
- 6 valence electrons
Mass number 16 energy level. Label the arc 2e" to _
(#p + #n) represent that there are two electrons

in the 15t energy level. Draw a 2" arc 2 core electrons

and place the remaining six electrons
in the 2"d energy level.



Periodic Table of the Elements

Bohr Diagram for Fluorine "

The Fluorine atom Cn s BEEELEE
18998 | _ Symbol for Fluorine
F ~ Atomic Number e [ [ [ e = ]
9 E—
1. Draw a circle and label it with
the symbol of the nucleus, F. 9p* F\
m 2. Write the number of protons 10n
for the nucleus, 9p*. 2e /e
# of protons 9
f 3. Write the number of neutrons
# of neutrons 10
for the nucleus, 10n.
# of electrons S 4. Draw an arc to represent the first
- 7 valence electrons
Mass number 19 energy level. Label the arc 2e" to _
(#p + #n) represent that there are two electrons

in the 15t energy level. Draw a 2" arc 2 core electrons

and place the remaining seven electrons
in the 2"d energy level.



M Periodic Table of the Elements
Bohr Diagram for Neon N
The Neon atom A HHHHB B
20.179 / Symbol for Neon AANMERERARAHAREAEAERE
N e g Atomic Number — G EEEER T

10 S—
1. Draw a circle and label it with
the symbol of the nucleus, Ne. 10p* F\

# of protons 10
# of neutrons 10
# of electrons 10
Mass number 20
(#p + #n)

2. Write the number of protons 10n o
for the nucleus, 10p*. 2e 8e
3. Write the number of neutrons /

8 valence electrons

for the nucleus, 10n.

4. Draw an arc to represent the first
energy level. Label the arc 2e" to
represent that there are two electrons

in the 15t energy level. Draw a 2" arc 2 core electrons

and place the remaining eight electrons

in the 2" energy level. The 2" energy
level is fully

occupied.



Periodic Table of the Elements

Bohr Diagram for Sodium - -
The Sodium atom Bl .. LEPEFEEE
22.990 / Symbol for Sodium e m e w e [ [ [ [ [~ [ [~ =
N a / Atomic Number one [ de[m|ve] v fe|amem]or] e
11
1. Draw a circle and label it with
the symbol of the nucleus, Na. 11p* F\
m 2. Write the number of protons 12n
for the nucleus, 11p*. 2e8ele
# of protons 11
f 3. Write the number of neutrons
# of neutrons 12
for the nucleus, 12n.
# of electrons 11 4. Draw an arc to represent the first

Mass number 73 energy level. Label the arc 2e" to

(#p + #n) represent that there are two electrons
in the 15t energy level. Draw a 2" arc
and place eight electrons in the 2"
energy level. Draw a 3™ arc and place
one electron in the 3™ energy level.



Draw the Bohr Diagrams:

Draw Bohr diagrams for the first
20 elements of the Periodic Table
and compare to these.



Draw the Bohr Diagrams for Elements 1-20

Hydrogen
Al No. | Mais No. 1

Helium

wp =l

1/ n=0 2/

Al Mol Mo Mo 4

“ap =2
n=32

LiEhium
Al No. 3 Moss No. 7

“ap =3

Beryllium
Al No, 4 Moss No. 7

Row 1 Elements

Row 2 Elements

Boron

At No. 5 Moss No. 11

Cotbon
Al MNo.§ Moss No_ 12

Nilrogen

Al No. TMass No. 14

Orxygen

Al No. 8 Moss No. 14

Flugtlne

Al No. ¥ Mass No. 17

Meon
Al No.10 Moss No. 20

Af, No. 12 Mass No, 24

4. Mo. 13 Mass No. 27

p=13
n=14

2/8/3

Al Mo 14 Moss No. 78

284 o1l

Al No. 15Maoss No. 31

=15

285 ho1e

Al No. 16 Mass No. 32

Al Mo 1T Maoss No. 35

p=17
2/8/7 n=18

Row 4 Elements

p=4 p=8 =9 p=10
2n n=4 272 n =9 24 n=8 7 :-lﬂ 7]
Sodium Maognesium Aluminivm Silicon Phosphomns Sulphur Chigiine Argon
Al Mo, 1TMoss Ho, 23

AL Mo.18 Moss Ho. 40

u
p=18
2/8/8 n=22

Row 3 Elements

Image credit: http://www.tutorvista.com/content/science/science-i/structure-atom/arrangement-electrons-atom.php




Lewis Electron Dot Symbols:

The Lewis electron-dot symbols focus on the valence electrons. These are the
electrons that participate in chemical reactions. Lewis electron-dot symbols work
well for the representative elements (‘A elements).

Rules for writing Lewis electron-dot symbols of elements

1. Write the symbol for the element. ‘X’ represents a generic element. There
are four sides surrounding the symbol. Each side can accommodate two
valence electrons.

The symbol represents the nucleus and
the inner or core electrons for the
element.

The number of dots you put around the symbol represents the actual
number of valence electrons for the element.



Lewis Electron Dot Symbols:

Rules for writing Lewis electron-dot symbols of elements

2. Determine the number of valence electrons for the element. Use a dot
to represent an electron.

3. Assign a dot to each side of the symbol up to a maximum of four valence
electron. Keep the electrons unpaired (i.e. one valence electron on each
side of the symbol).

X ] X

1 valence electron 2 valence electrons 3 valence electrons 4 valence electrons

(NOTE: Helium is an exception, with The exception Is He.

both valence electrons paired up on the o
same side of the symbol.) X




Lewis Electron Dot Symbols:

Rules for writing Lewis electron-dot symbols of elements

4. For assigning more than 4 valence electrons, start pairing up electrons
on the four sides to a maximum of eight electrons.

2 valence electron

b valence electrons

[ valence electrons

& valence electrons




Lewis Electron Dot Symbols
For Elements in Group 1A to VIII A:

Represent.ative Number of Valence Electrons
Elements in:

Group IA 1 valence electron

Group IIA 2 valence electrons

Group IlIA 3 valence electrons

Group IVA 4 valence electrons

Group VA 5 valence electrons

Group VIA 6 valence electrons

Group VIIA 7 valence electrons

Group VIIIA 8 valence electrons

Group I1A

| X

X=DBe Mg, Ca Sr,Ba,Ra X=He

Group 1A

\ X

X =H,Li, Na, K. Bb, Cs, Fr

The exception is He.

\ X

Group 1A

X=B Al Ga.In, TI

Group IVA

X =0C, 5l Ge, sn, Pb

Group VA

X =N, P, As, 5b, Bi

Group VIA

X=0.,5 5Se. Te Po

Group VIIA

X=F, CI, Br, I, At

Group VIIIA

X =Ne, Ar, Kr, Xe. En




Unit 8

On completion of the unit you should be able to:

1. state the mass, charge and location of protons, electrons and neutrons.

2. given the atomic number of an element, draw diagrams showing the protons in the nucleus
and the electrons in shells (or energy levels) arcund the nucleus.

3. write the electron dot formulae for the elements in groups 1 to 8 in the pericdic table.

4. define isotopes, mass number and atomic mass,

5. given the relative abundance and isctopic masses for an element, calculate the atomic mass

of that element.

&. given the atomic number and mass number of an element, calculate the number of electrons.

ATOMS AND THE PERTIODIC TABLE

8.1 Atom

+ Subatomic particles

8.2 Isotope
Reading: Hebden - page 144-146
8.3 Arrangement of electrons

+ Bohr model of the atom

Reading: Hebden - page 142
* Lewis electron-dot formulas of elements

Eﬁad'ug' Hebden - nages 167

+ Quantum mechanical model of the atom

8.4 Electron configurations of atoms

8.5 Atomic mass

» Tabulated atomic mass

Reading: Hebden - page 150

8.6 Periodic table of the elements

+ Metals Nonmetals and Semimetals
¢ Properties of metals
o Properties of nonmetals
¢ Properties of semimetals

Next lecture we will

focus on the Quantum
Mechanical model

and writing electron
configuration of the atom.



