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BONDING

Atons formbonds with other atons by pairing up their unpaired
el ectrons. There are three ways they can do this: by coval ent,
el ectroval ent or netallic bondi ng.

COVALENT BONDI NG

Coval ent bonds are forned between two non-netal atons. An unpaired
el ectron fromone atompairs up with an unpaired electron fromthe
ot her atom

The attraction of the negative electron pair for the two positive
nuclei holds the two atons together. Coval ent bonds are very strong.

The resulting cluster of atons in called a 'nolecule'.
Mol ecul es consisting of two atons only are known as 'diatomc'.

e.g. H -H -> HH
Hydrogen thus consists of diatomc nol ecul es of H,.

Q her diatomc nolecules are: Ntrogen N,, Oxygen Q, and Carbon
nmonoxi de CO.

The hal ogens are all diatomc el enents:

Fl uori ne F,
Chlori ne a,
Brom ne Br,
| odi ne I,

We can easily deduce the fornul ae of other sinple coval ent nol ecul es

EXAMPLE 1: Wt er
Neoj .
X X — 'xc>)<.' R /CK
H H H H H H
St ruct ur al
formul a

The nol ecul ar formula of Water is therefore HQ
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Oxygen has a greater attraction for the bonding pair of electrons

t han Hydrogen. This causes the electron pair to drift towards the O
(making O slightly negative, &) away fromthe H (making H slightly
positive, ot+). These bonds are described as 'polar covalent'. Water
is therefore polar:

5-
O

£\

HOo+  'HO*

The mass of the H,O nolecule is just the sumof the relative atomc
masses of its conponent atons:

mass of H,O nolecule = (2 x RAM of Hydrogen) + (1 x RAM of Oxygen)

=(2x 1) + (1 x 16)
= 18 amu
This is known as the 'fornmul a nass'.

EXAMPLE 2: Met hane

3 H
x g ; |
e . >
H xs(:x H HXCxH R I—L(I:H H/CQH
H H H
H
Structural Shape
formil a

The nol ecul ar formula of Methane is therefore CH,.

Bot h Carbon and Hydrogen have equal attractions for the bonding pair
of electrons so there is no electron drift in the GH bonds. These
bonds are described as 'non-polar' covalent. Methane is therefore
non- pol ar.

formula mass of H,O (1 x RAM of Carbon) + (4 x RAM of Hydrogen)

(1 x 12) + (4 x 1)
16 anu

State synbols are often used after fornulae to tell us whether the
substance is a solid (s), liquid (1) or gas (g) e.g. CHy(9).

PROBLEM

Wite the formula of this
wel I known substance from ‘ Car bon at om

its picture.
How wel | do you know this @ Oxygen at om
subst ance?

O Hydr ogen at om

Not too well | hope!
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Witing sone fornmulae is easy because the nanes contain prefixes
which tell how nmany atons are present e.g.

Ni t rogen nonoxi de NO

N trogen di oxi de NG,
Sul phur trioxi de SQ,
D nitrogen tetroxide N,O,

BONDING BETIWEEN COUALENT MOLECULES

Due to the random novenent of electrons over the surface of nol ecul es
negati ve charge builds up where the el ectrons are and positive charge
where they are not. This allows nol ecules in coval ent solids and
liquids to stick together. The bonds forned between the nol ecul es are
call ed van der Wals bonds.

e.g. liquid Cctane

van der Waal s bond

W nmust make the distinction between the strong covalent GC and CGH
bonds within the nol ecule and the nuch weaker van der waal s bonds
bet ween the nol ecul es.

When coval ent substances nelt or boil it is the van der Waal s bonds
whi ch break, not the coval ent bonds e.g the boiling of Cctane:

126 °C 8' 18
Bl 0

['iquid Cctane gaseous Cctane

van der Waal s bonds are weak so nelting points and boiling points are
low e.g. Cctane GHg MP.- 57 0C; B.P. 126 0C

There are no bonds between the nol ecul es in coval ent gases. The
nmol ecul es just nove about bunping into each other occasionally.

Due to the weakness of the van der Waal s bond these conpounds are
sol uble in nost solvents e.g. Cctane dissolves in hydrocarbon
solvents but not in water.
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NETWORK SOLIDS

Sone coval ent substances form gi ant networks - giant nol ecul es

EXAMPLES:

Car bon (D anond) Silicon carbide SiC

When these networks nelt it is the coval ent bonds whi ch break.
Coval ent bonds are strong so nelting points and boiling points are

high e.g. Dianond MP. 3550 0C ; B.P. 4827 0C

Due to the strength of the coval ent bonds these substances are
i nsol uble in nost sol vents.

Since there may be mllions of Carbon atons in a dianond we j ust
wite 'C for its formula.

Simlarly, we cannot include every single atomin the fornula of

Silicon carbide. Formulae like Si3;457807564784768758566C341487897564784768758566
woul d be extrenely silly! W wite formul ae expressing the sinplest

ratio instead. The sinplest ratio between the Si and C atons in
Silicon carbide is 1:1 so the formula is Si C

Coval ent substances do not conduct electricity. An electric current
is a flow of charged particles. There are no charged particles able
to nove through coval ent substances. There is one exception: Carbon
(graphite).

® = Carbon

Graphite consists of |ayers of Carbon atons. Each Carbon atom forns
only three bonds | eaving one unpaired electron | eft over. These
unpaired el ctrons nove across the layers and allow graphite to
conduct electricity.
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ELECTROUALENT BONDING

El ectroval ent (ionic) bonds are fornmed between a netal and a non-
nmetal atom An unpaired electron fromthe nmetal junps in beside the
unpaired el ectron on the non-netal. The non-netal atom becones

negati vely charged because it has gained an el ectron; The netal atom
becones positively charged because it has |ost an el ectron. Charged

particles, called ions, are forned:

Met al Non- et al Positive Negati ve
at om at om i on i on

The unli ke charges on the ions hold themtogether. This is an
el ectroval ent bond.

El ectroval ent conpounds formgiant lattices e.g. Sodium chloride

o/““.c/'pop’
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Fornul ae of el ectroval ent substances give the ratio of positive to
negative ions e.g. Natd -.

We can deduce these fornulae fromthe periodic table.

EXAMPLE 1 Sodi um fl uori de
X X + XX -
Na* x F X S — Na x F %
X X X X
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EXAMPLE 2 Magnesi um chl ori de

X Cl ‘M y O X

XX XX

XX - 2+ XX -
xad s M xd X

XX XX

2+ -
M (),

EXAMPLE 3 Li t hi um oxi de

(Li"),0*

EXAMPLE 4 Copper (11) oxide

It is difficult to predict valencies of transition netals |ike Copper
so the valency is usually stated by including the Roman nuneral in
the nane - TWD in this case.

The fornmula of Copper(ll) oxide is therefore Cu2+Ce-.
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EXAMPLE 5 Magnesi um sul phat e

Sone ions consist of nore than one atom The sul phate ion consists of
one Sul phur atom bonded to 4 Oxygen atons. It has a 2- charge. Its

formula is SO,2-.

The formul a of Magnesium sul phate is therefore My2+SO,2-.

El ectroval ent bonds are very strong and are broken only at high
tenmperatures. Melting points and boiling points are therefore high
e.g. Natd- MP. 801 0C; B.P. 1439 OC. Al electroval ent substances
are solids at roomtenperature.

Due to the strength of the el ectroval ent bond these compounds are
i nsol uble in nost solvents. Water CAN dissolve a few

Though el ectroval ent substances contain charged particles they do not
conduct when solid. This is because the ions cannot nove. They DO
conduct in solution or when nolten: the noving ions carry the
current.

EXPERI MENT

Pass an electric current through a solution of Copper(ll) chloride in
wat er :

| |6V DC
'
- +
Car bon
el ectrodes
a —
2+ -
—— Qi (d )2 (aq)
<« Of+
. _J

N.B. (ag) 'neans dissolved in water'’

At the negative el ectrode (Cathode) Copper ions GAIN electrons (2 to
cancel the charge) becom ng Copper netal :

Cuz2+ + 2e -> Cu
W see a brown deposit of Copper at the cathode.
At the positive electrode (Anode) Chloride ions LOSE electrons (1 to

cancel the charge) becomng Chlorine atons. They do so in pairs so
that they can formthe diatom c Chlorine nol ecul e :

20_ -> 02 + 26

We can see (and snell !) the Chlorine, a greenish yellow gas,
bubbling off at the anode.
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Passing an electric current through a solution or a nelt containing
ions is called ELECTROLYSI S and | eads to chem cal change.

A DC current is always used in electrolysis. The battery punps

el ectrons on to one electrode nmaking it negative and away fromthe
other nmaking it positive. This is called a Direct Current (DC) : it
al ways flows in the sane direction.

In an Alternating Current (AC) the electron flow changes direction
50 tinmes a second. The el ectrodes woul d change their charge 50 tines
a second ! lon discharge woul d be inpossible !

EXPERI MENT

El ectrol yse Copper(I1) chromate solution on filter paper.

Copper (1) chromate is green bei ng conposed of the blue Cu2t+ ion and
the yell ow O Q42- ion.

When the current is passed, a blue colour (due to the Copper ion) is
seen noving towards the negative el ectrode and a yel |l ow col our (due
to the chromate ion) is seen noving towards the positive el ectrode.

||20V DC
L
Filter
] paper
Orcé)l2 a?t
[T\ «—> PN <>—> ﬂ

METALLIC BONDING

This is the bonding between the mllions of netal atons inside a

pi ece of nmetal. Each netal atomloses its outer unpaired el ectrons
and so becones a positive ion. The unpaired el ectrons swirl about in
bet ween the netal ions.

LEEETLRES S

The noving electrons allow netals to conduct electricity.

The attraction between these negative electrons and the positive ions
hol ds the netal together. This is netallic bondi ng.

Metal lic bonds are strong so nelting points and boiling points are
high e.g. TitaniumMP. 1660 0C ; B.P. 3287 0C



