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) around the nucleus.

3. write the electron dot symbeols for the elements in groups 1 to 8 in the periodic table.

4. define isotopes, mass number and atomic mass.

5. given the relative abundance and isotopic masses for an element, calculate the atomic mass of that element.
6. given the atomic number and mass number of an element, calculate the number of electrons.
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* Atomic size

* Tonic size
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* Melting point and boiling point
+ Electronegativity

8.8 Bonding

+ Ionic bonding
+ Covalent bonding

Reading: Hebden - page 183-186



unit 9

On completion of the unit you should be able to:

. define sclutions

define solute and solvent

. describe the dissolving process for ionic and moelecular compounds

. define the term "sclubility”

. define saturated and unsaturated solutions

. predict the solubility of molecular compounds in water

. use the solubility rules to predict the solubility of ionic compounds in water

SOLUTION CHEMISTRY

U= BT, R VTR Ry

Reading: Hebden - page 193

& Today’s focus.

9.2 Polarity of molecules

Reading: Hebden - page 204

9.3 Solubility rules of ionic compounds in water



lonic bonding

When a substance contains atoms of both metals and nonmetals, the electrons are naturally more
attracted to the nonmetals. The nonmetals become negatively charged ions and the metals
naturally become positively charged ions. (NOTE: The number of electrons that is gained or lost by
the nonmetal and the metal is determined by the Octet rule ) An attractive force exists between the
oppositely charged ions. The force that keeps the ions held together is the chemical bond called the
ionic bond.

Jonic bonding requires a transfer of electrons from a metal to a nonmetal.|a process that forms
ions. Once these ions are formed, they arrange themselves into a 3-dimensional crystal in the solid
state.

Lewis electron dot symbols can be used to describe ionic bonding in:

1. sodium chloride, NaCl
2. magneisum chloride, MgClz

1.008 - = e
414 He
‘...ﬂll‘ a2 10011 | 12001 | 14.007 | 15.99% | 18968 ’G.Il”
| Li | Be B|C|N|O|F |Ne
H e 5 o IR S i e ) 10
T s 28382 | 280885 | 300730 | 2208 | 35,4583 | 30948 - Metals
Na | Mg TRANSITION ELEMENTS "!},1-. il _f: ‘S. (;".,I 4;\:

300963 ‘ﬂ.ﬂt 44958 | 4700 |(S00415) 51998 | 54938 | S5847 | 55933 | ST 62548 | 8537 6972 | 1250 | 74022 | TAOS | TR 88
K| CalSe|Ti|V |Cr|Mn|Fe|Co|Ni|Cul|Zn|GalGe|ns|Se|Br|Kr I Non-metals
TN N T - S T N S T - e T WA e ) - VM) e L ar a2 S (U B 1 Y

Si68 | a7z | sams | 9122 |229064] o504 | 0908 | torar [ 10asen] 1004 [1o7ees] riean [ viasa | 1ade | v2v7s | w270 [raseot | 130 .
Rb|Sr| Y |Zr INb|Mo|Tec |Ru|Rh|Pd|Ag|Cd| In[Sn|Sbhb|Te| I |Xe - Semi-metals
5 S 10 TRt o e LR TN Mok - i S T D e LM 2 ] ) % | s s2 | s 5

¢
)
10107
Ru
I!EJGB 13730 | 138,908 | I.?l.; lﬁ.‘\l ;ﬂld‘. :ﬂﬂ |:2 19222 | 195.00 | 190967 | 20058 | 20437 | 2072 208081 | (209 | (210 =
Cs|Ba|*La|Hf | Ta | W |Re [Os | Ir | Pt | Au|Hg| T1 { Pb [ Bi | Po | At | Rn
pprumelonnresl milomlom i bon e fos e e | s | e | e

(265)

Hs

Jiioe

1504

Sm

(223) |200.025) @z | @8y | @) | e
Fr | Ra |*"A¢| Rf | Ha | Sg | Ns | Hs
Tl ey e | o

156925 | 16260 | 164930 | 167.20 | 168, 17304 | 174907

" 4,99,

\anide series Dy |Ho | Er | Tm | Yb | Lu
6 & | 67 | 68 o 70 n

wn | @) | 2 | @ | @ | e | @

ride series Bk 3 11

o6 el % | m 1:21 'ﬁd }2’ | 0




lonic Bonding

Lewis electron dot symbol to describe ionic bonding in sodium chloride

sodium atom loses an outer electron chlorine gains an cuter electron
(.:‘.51 ) to form the chloride ion.
+ _ /_J—-—\\
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Na Na®© + e A @ - il s
—1Cl
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3 *CI-Cl:+ : + :Cls
. 2. 2. 6 as asm == gach chloride ion has
sodium lon has a complete octet of electrons (1s°25%2p~) an aoctet of electrons

- E - o= +

Na - *Cl: = :(Cl|:Na

+ : 1 .+ -

Na - oCl: — NaeCl] s
sodium chlorine sodium  chloride

atoms atom ion ion

The electron lost by a sodium atom is gained by a
chlorine atom to produce a sodium ion and a chloride ion.
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lonic Bonding

Lewis electron dot symbol to describe ionic bonding in magnesium chloride

.gl: :EHH

.Mg.J — Mg*ti
:Cl: Lk




Covalent bonding

The chemical bonds formed by sharing of electrons between non-metallic elements are referred to as covalent
bonds. When two or more atoms are joined together chemically by covalent bonds, a molecule is formed. The

mass of a molecule is called the molecular mass.

Covalent bonds may either be polar or nonpolar

When electrons in a bond are shared equally,

the bond is called

nonpolar bond|{When electrons in a bond are shared unequally,

baond.
Covalent bond formed between
similar elements, H,

+

.H— H:H

H atom
(1 valence electron)

H atom
(1 valence electron)

HZ molecule

H- + .H—rH@

H atom H atom Hymolecule
(1 valence electron) (1 valence electron) A pair of electrons

are shared between
the two H atoms

In the sharing arrangamen
H achieves a siabie arrang
of 2 electrons in its outer shell.

1, this

jement

the bond is called polar covalent bond or polar

Overlap of electron
cloud forms the bond

Nonpolar covalent bond

The above image is a representation of
the electron cloud (residing in the atomic
orbital 1s) about the hydrogen atoms.

The identical electron clouds about each
hydrogen atom indicate that in the hydrogen
molecule, the electrons are shared

equally between the two hydrogen nuclei.



Covalent Bonding

Covalent bond formed between
dissimilar elements, HF

H* + .Fi— H:F:

H atom F atom HF molecule
(1 valence electron) (7 valence electrons)

In the sharing arrangement, this
F atom achieves a stable arangement
of 8 electrons in its outer shell

H- + F—- H/

H atom F atom HF malecule
(1 valence eleciron) (7 valence electrons)

Overlap of electron
cloud forms the bond

Polar covalent bond

The electron clouds about each atom in
this molecule are not identical. The
electrons are not shared equally between
the two nuclei because the H atom and
the F atom do not attract electrons
towards their nuclei equally.

Field off Field on

The separation of charge in a polar covalent
bond creates an electric dipole.




Periodic Trends

Periodic trends are the tendencies of certain elemental characteristics o
increase or decrease as one moves across a row or column of the periodic
table of elements.

= Afomic size

lonic size

Metallic characteristic

Melting point and boiling point
Electronegativity



Periodic Trends

l. Atomic size

1. Draw in the direction of an arrow for atomic size trend as you move ACROSS a row on the

Periodic Table.

Periodic Table

@ O @ @

1.12A

Example: Across Period 4

1A = 1010 meter

36 protons

Ldu

3 2 ] 3 2 N
M Cu £ Ga G 113 Su

7]
Br

"]

Y,

: '\

19 electrons 4s
152 2s2 2p® 3523pb4s?

36 electrons
152 2s2 2p® 352 3p64s23d104pb

For Period 4 elements, the outermost shell that the electrons occupy is n=4.
However, the number of proton within the period increases. The increased
in positive nuclear charge from L—R enables the nucleus to draw the
electron cloud closer to itself. and hence. decreasing the atomic size.

Periodic Table

R—L

Atomic size
increases



Periodic Trends

2. Draw in the direction of an arrow for atomic size trend as you move DOWN a column on the
Periodic Table.

Periodic Table Atomic size
= . increases
' as you move
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Periodic Trends 1A = 1010 meter
Il. lonic size

Circle which is bigger. . a—

neutral cation

1 nr Na® ion o« ©

# of protons 11 11 B
# of electrons 11 10 1y .
Na Na’
152 252 2p°® 3s! 152 252 2p® 1.54A 116 A

2. Fatom or E -
# of protons "

0.71A 1.33A
# of electrons 9 10
1s2 252 2p° 152 252 2p®
0%
3. Na*ion or Fion o ’
0.73A 1.40A

# of protons 11

Isoelectronic series

(i.e. these ions have

the same number of
electrons)

# of electrons 10 10 10

1s2 252 2p® 152 252 2p°® 152 252 2p®



Periodic Trends

Ill. Metallic characteristic

1. Draw in the direction of an arrow for metallic characteristics trend as you move ACROSS
a row on the Periodic Table.

1008 4003

— Periodic Table _ H He
o 6981 | 9012 10811 | 12011 20079
] Li | Be C [N | Ne
1 5 AL G 10
| o | aa30n EIETD T Metals
1 Na | M; TRANSITION ELEMENTS ,—Aﬁlu ?.' | A e ‘:‘,‘ -
B[S VR RGN AR G & K| k| Wl Non-metals
8 VA T O o - A [ VDY (¥ TS A e *
85468 | 8762 | G906 | 91.22 020064 | G594 | 06000 | 10107 | 102906 | 100.4 | 107868 | 11241 | 11482 | 118480 ﬁ .
Rb | Sr| Y | Zr | NbiMo|Tc| Ru|Rh|Pd|Ag|Cd| In|Sn/|Sh % [ Semi-metals
152606 13750 | 138.008 | 17849 |160.948 | 18345 | 1662 .Im mﬁ: |KJ.D mm ﬂlﬁl‘: ‘;lﬂ? "l".; T -%—
. Cs | Ba | *Lal HP|Ta| W | Re|Os| Ir | PU|Au|He Pb | Bi Al | Rn
k. & o a0 e e e | e | B | ss
Metalllc (223 [226025] @zi) | (261 [ @02 | @6l | @262 | @es) | @ee) | @269) | i
Fr | Ra |"Ac| Rf [Ha | Sg | Ns | Hs [ M| — | —
o L]
characteristics ot

increases from R—L

2. Draw in the direction of an arrow for metallic characteristics trend as you move DOWN
a column on the Periodic Table.

Periodic Table Metallic
characteristics
increases as you
move down a column




Periodic Trends

1. Draw in the direction of an arrow for melting point and boiling point trend as you move

DOWN the colum for the halogens (Group VIIA).

‘{ Melting Boiling
Room Temperature: (g F Point Point

Fhmoring

NE 84032
17
(8) Cl Melting point and
- boiling point
(1) Br increase as you move
| | down a column
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Periodic Trends

2. Draw in the direction of an arrow for melting point and boiling point trend as you move
DOWN the colum for the alkali metals (Group 1A).

Room Temperature:

mp =180.5 °C } (S)
bp=1342 °C
(s)

(s)

(s)

mp=28.44 °C
(s)
bp=670.8 °C

3 Melting Boiling
Li Point Point
0l
[ 11
Na
uT)
K
ﬁl}
5 4678
Cs  Z v
SRR

Melting point and
boiling point
decrease as you move
down a column

With an increase in atomic number, you have an increase in electron shells.

As the radius of atoms get larger down the group, you could say that the force holding
them together is spread over the greater area and hence, the metal cations are more

weakly bonded. When the bonding is weaker, the metal's melting point will decrease.



Periodic Trends

V. Electronegativity

1. In your own words, what is it and what is it used for?

Electronegativity is a measure of the tendency of an atom to draw
electrons to itself in a bond.

H, HF
O+

Nonpolar covalent bond Polar covalent bond

It is a scale where Fluorine (the most electronegative element) is assigned a value of 4.0.
Cesium is the least electronegative with a value of 0.79.

This scale is used to determine how polar the bond is.



Periodic Trends

2. Draw in the direction of an arrow for electronegativity trend as you move ACROSS a row
on the Periodic Table.

Fluorine is the most electronegative element.

Electronegativity
increases from LR

3. Draw in the direction of an arrow for electronegativity trend as you move DOWN a
column on the Periodic Table.

Electronegativity
decreases as you go
down a column.

Cesium is the least electronegative element.







