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Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

Lithium 7 Li
f Atomic Number = 3
{ Relative Atomic Mass = 6.9
{ Melting Point =180 C
{ Boiling Point = 1330 C
{ Density = 0.53 gcm'?!
{1 Atomic Radius = 0.123 nm

9 First lonization
Energy = 519 kJ mol'?

1 Electronegativity = 1.0




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

Sodium T Na
 Atomic Number = 11
1 Relative Atomic Mass = 23.0
{ Melting Point =97.8 C
{ Boiling Point =890 C
{ Density = 0.97 g cm'1
{1 Atomic Radius = 0.157 nm

9 First lonization
Energy = 494 kJ mol'?

1 Electronegativity = 0.9




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

Potassium 1 K
1 Atomic Number = 19
1 Relative Atomic Mass = 39.1
{ Melting Point = 63.7 C
{ Boiling Point =774 C
{ Density = 0.86 g cm'?!
9 Atomic Radius = 0.203 nm

9 First lonization
Energy = 418 kJ mol'?

1 Electronegativity = 0.8




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

Rubidium T RDb
1 Atomic Number = 37
1 Relative Atomic Mass = 85.5
{ Melting Point =38.9 C
{ Boiling Point =688 C
{ Density = 1.53 gcm'?!
{ Atomic Radius = 0.216 nm

9 First lonization
Energy = 402 kJ mol'?

1 Electronegativity = 0.8




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

Caseium 1 Cs
 Atomic Number = 55
1 Relative Atomic Mass = 132.9
{ Melting Point =28.7 C
{ Boiling Point =690 C
{ Density = 1.90 g cm'1
9 Atomic Radius = 0.235 nm

9 First lonization
Energy = 376 kJ mol'!

1 Electronegativity = 0.7




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

Francium T Fr
f Atomic Number = 87
1 Relative Atomic Mass = 223
{ Melting Point =27.0 C
{ Boiling Point =677 C
{ Density = 1.87 g cm'1
1 Atomic Radius = 0.348 nm

9 First lonization
Energy = 381 kJ mol'!

1 Electronegativity = 0.7




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

{ Lithium (Li) , sodium (Na) and potassium (K) are the
first three elements in Group 1 of the Periodic Table i the
alkali metals.

@

1 The Group 1 metals all have a single electron in their
valence shell. This electron is located in an s-orbital, and
the Group 1 metals are referred to as
s-block elements.




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

1 When the Group 1 metals react, each atom loses its single
valence electron to form a cation with a single positive
charge and the electronic configuration of a noble gas.

| All of the Group 1 metals have a valency of one,
meaning that their compounds all have similar formulae,

e.g. Li,CO,4, Na,COg, K,CO,4, Rb,CO,4, Cs,CO,
and Fr,CO..

1+ i 1+




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

Li’“" Ti
o / = 1 When the Group 1 metals react to obtain a
Na " gm Na i i :
| noble gas electronic configuration, the
’ resulting cation has a smaller radius than the
116 \ 154 original atom. This is due to the loss of an
K* @w K electron shell (the original valence shell is
lost) e.g. a sodium atom has three electron
/ shells (2,8,1) while a sodium ion only has
4 i two electron shells (2,8).
Rb* 2w, Rb
166 \/211




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

Li* g» Li

&

90 134

116

152 J‘I'!i6

Rb™ @ Rb

166 *,‘I|!T1

1 The valence electrons of a sodium ion also
experience a greater effective nuclear
charge compared to the valence electron of
a neutral sodium atom.

Z.(Na)=117 10 = +1
Z.(Na") =117 2 =+9

1 This increased electrostatic force of
attraction between the positively charged
nucleus and negatively charged electrons in
the valence shell of the alkali metal cation
results in the alkali metal cation having a
smaller radius as compared to the
corresponding atom.




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

1 Melting points of the Group 1 metals decrease while
descending the Group.

1 While descending the Group, metallic bonding becomes
weaker.

1 While descending Group 1, the radius of the cation
Increases. This means that the single positive charge on the
cation is progressively spread-out over a larger and larger
volume and charge density is said to decrease. As the charge
density of the cation decreases, the electrostatic force of
attraction between the cation and delocalised sea of electrons
also decreases. Consequently, less energy is required to
weaken the metallic bond and melting points decrease
down the Group.




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

1 Melting points of the Group 1 metals decrease while
descending the Group.

1 While descending the Group, metallic bonding becomes
weaker.

{ Descending Group 1, as the radius of the cation increases,
so the distance between the positively charged nucleus and
negatively charged sea of delocalised electrons also
Increases. This weakens the electrostatic force of attraction
between the positively charged nucleus and negatively
charged sea of delocalised electrons. Consequently, less
energy is required to weaken the metallic bond and melting
points decrease down the Group.




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

)

r—T 1 Densities of the Group 1 metals
. Increase while descending the Group.

2 1 Lithium, sodium and potassium are the
only three metallic elements that are less
dense than water (1.00 g cm'3).

1 Descending Group 1, both the relative
atomic masses and the atomic radii
(volume) of the atoms increase. Overall,
there I s an 1 ncreas
mass per unit volume and density
Increases down the Group.

1 The body-centred cubic
structure of the Group 1
metals.




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

1 Reactivity of the Group 1 metals increases

upon descending the Group.
@ 1 The Group 1 metals react by losing their
single valence electron to form a cation with
the electronic configuration of a noble gas.




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

1 The number of protons in the nucleus of an
e atom (nuclear charge) and the number of
electron shells around the nucleus of the
atom both increase down a Group 1.

1 Moving down Group 1, there is no
@ significant change in the effective nuclear
charge that the electron(s) in the valence

shell of the atom experience, as the
Increasing nuclear charge and increasing

shielding effect cancel each other e.g.

@ Z (L)=3T 2=+1
Zer (Na) =117 10 = +1

Z.(K)Y=191 18 = +1




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

1 The addition of a new electron shell to the
atoms is significant because it means that the
electron in the valence shell (lost when the
metal reacts) is further from the nucleus.

1 This reduces the electrostatic force of
@ attraction between the positively charged
nucleus and negatively charged electron in
the valence shell (inverse square law).

1 Less energy is required to remove an
electron from the valence shell of the atom
(first ionization energy decreases) and
therefore the alkali metals become more

reactive down the Group.




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

N7
N

4
,,//

M1 The reaction between lithium and water.
2Li(s) + 2H,0(1) - 2LIOH(aq) + H,(g)




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

The Reaction Between Lithium and Cold Water

1 Lithium floats on the surface of the water (lithium is less dense
than water) and moves about on the surface of the water. A gas
|l s produced (effervescence).

1 The reaction between lithium and water produces a solution of
lithium hydroxide which is alkaline. This alkaline solution will
turn universal indicator solution blue / purple.

1 The reaction between lithium and water produces hydrogen
gas. Recall: Hydrogen gas extinguishes a burning splint with a
squeaky Apopo sound.

1 lithium + water - lithium hydroxide + hydrogen
2Li(s) + 2H,0(l) - 2LiOH(aq) + H,(9)




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

M1 The reaction between sodium and water.
2Na(s) + 2H,0(l) - 2NaOH(aq) + H,(9)




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

The Reaction Between Sodium and Cold Water

1 Sodium floats on the surface of the water (sodium is less
dense than water) and moves about on the surface of the water.
A gas is produced (effervescence). Sparks are observed. A
Ahi ssingo sound I s hea

1 The reaction between sodium and water produces a solution
of sodium hydroxide which is alkaline. This alkaline solution will
turn universal indicator solution blue / purple.

1 The reaction between sodium and water produces hydrogen
gas. The hydrogen gas ignites and burns with an
flame. Recall: Hydrogen gas extinguishes a burning splint with a
squeaky Apopo sound.

1 sodium + water - sodium hydroxide + hydrogen
2Na(s) + 2H,0(l) - 2NaOH(aq) + H,(Q)




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals
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1 The reaction between potassium and water.
2K(s) + 2H,0(l) - 2KOH(aq) + H,(g)




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

The Reaction Between Potassium and Cold Water

1 Potassium floats on the surface of the water (potassium is less
dense than water) and moves about on the surface of the water.
A gas is produced (effervescence). Sparks are observed. A
Ahi ssingo sound I s hea

1 The reaction between potassium and water produces a
solution of potassium hydroxide which is alkaline. This alkaline
solution will turn universal indicator solution blue / purple.

1 The reaction between potassium and water produces
hydrogen gas. The hydrogen gas ignites and burns with a lilac
flame. Recall: Hydrogen gas extinguishes a burning splint with a

squeaky Apopo sound.

1 potassium + water - potassium hydroxide + hydrogen
2K(s) + 2H,0(l) - 2KOH(aq) + H,(Q)




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

91 The reaction between rubidium and water.
2Rb(s) + 2H,0(l) - 2RbOH(aqg) + H,(9)




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

Similar Different

9 For Li, no flame is observed.

_ 1 For Na, the hydrogen gas
TLi, Na and K move abouton | pins with a yellow flame. The
the surface of the water. reaction is faster than the
T Effervescence Is observed. | reaction between Li and water.

fAaHIi ssi ngo s oundForl, thédgdrogeh gas

{ Alkaline solution produced. burns with a lilac flame. The
reaction is faster than the

reaction between Na and water.

9 Li, Na and K float on water.




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

Less Reactive

thhlum The valence shell is close to the nucleus
and is not very well shielded. The
electrostatic force of attraction between

Sodium the positive nucleus and single valence
electron is strong. It is difficult to remove
Reactivity O the single valence electron from the atom.
Increases More Reactive

The valence shell is far from the nucleus
Rubidium and is well shielded. The electrostatic
force of attraction between the positive
nucleus and single valence electron is
Caesium weak. The single valence electron is easily
removed from the atom.




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

| Displacement reactions. A more reactive Group 1 metal
will displace a less reactive Group 1 metal from its
compounds.

sodium + lithium chloride - sodium chloride + lithium
Na(s) + LiCI(I) - NaCl(l) + Li(l)

Na(s) + Li*(l) + CI'(1) - Na*(l) + CI'(l) + Li(l)
Na(s) + Li*(l) + &y - Na*(l) + & + Li(l)
Na(s) + Li*(l) - Na*(l) + Li(l)

Na(s) - Na*(l) + e' and Li*(I) + e' - Li(l)




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

| Displacement reactions. A more reactive Group 1 metal
will displace a less reactive Group 1 metal from its
compounds.

potassium + sodium chloride - potassium chloride + sodium
K(s) + NaCl(l) - KCI(l) + Na(l)

K(s) + Na*() + CI'() - K*(I) + CI'() + Na()

K(s) + Na*(l) + & - K+*() + & + Na(l)
K(s) + Na*(l) - K*() + Na(l)

K(s) - K*(I) + e and Na*(l) + e - Na(l)




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

1 Thermal stability of the Group 1 carbonates.

1 In Group 1, only lithium carbonate undergoes thermal
decomposition at the temperature of a non-luminous
Bunsen burner flame:

lithium carbonate - lithium oxide + carbon dioxide
Li,CO4(s) - Li,O(s) + CO,(9)

{ The other Group 1 carbonates are thermally stable
when heated by a Bunsen burner. In general, the thermal
stability of the Group 1 metal carbonates increases down

the Group, i.e. the Group 1 metal carbonates require

higher and higher temperatures to decompose
while moving down the Group.




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

1 Thermal stability of the Group 1 carbonates.

1 Each one of the lithium cations has a single positive
charge spread over a relatively small volume. This

gives the small lithium cations a relatively high charge
density compared to the larger cations of the other /-

alkali metals. %

ISy



Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

1 Thermal stability of the Group 1 carbonates.

The oxygen atom
and electrons
closest to the lithium
cations will be
attracted towards
the high charge
density on the
lithium cations,
readily forming
lithium oxide, Li,O.

9 This carbon atom
and two oxygen
atoms will readily
break away from the
carbonate ion to
form carbon dioxide,
CO.,.

1 The high charge density on the lithium cations distorts
and weakens the bonding in the carbonate ion, meaning
that less energy (i.e. a lower temperature) is required

for Li,CO, to decompose into Li,O and CO.,.




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

{ Thermal stability of the Group 1 nitrates.

1 Moving down Group 1, the nitrates become more
thermally stable and higher temperatures (more thermal
energy) are needed in order for them to decompose:

lithium nitrate - lithium oxide + nitrogen dioxide + oxygen
4LINO4(s) - 2Li,O(s) + 4NO,(g) + O,(g)
rubidium nitrate - rubidium nitrite + oxygen
2RbNO4(s) - 2RbNO,(s) + O,(g)

Note: The less stable lithium nitrate decomposes more
completely than the more stable rubidium nitrate.




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

Summary of the Group 1 Alkali Metals

1 The alkali metals have some properties that are
atypical of metals, e.g. they are relatively soft, have low
melting points and have low densities.

1 Atoms of the alkali metals react by losing their single
valence electron to form ions with a charge of 1+.

1 Melting points of the alkali metals decrease down the
Group while densities of the elements increase down the
Group.

1 The alkali metals react with cold water to produce an
alkaline solution and hydrogen gas, e.g.
2Na(s) + 2H,0(l) - 2NaOH(aq) + H,(9)




Periodic Table of the Chemical Elements
The Elements of Group 1 (Group |) T Alkali Metals

Summary of the Group 1 Alkali Metals

1 Reactivity increases down the Group as the single
valence electron is moved further and further from the
nucleus, reducing the electrostatic force of attraction
between the nucleus and single valence electron.

f A more reactive alkali metal can displace a less
reactive alkali metal from its compounds, e.g.
Rb(s) + NaCl(l) - RbBCI(l) + Na(l)

1 Thermal stability of the alkali metal carbonates and
nitrates increase down the group, i.e. higher
temperatures are required to make them
decompose.
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What periodic
trends are there in
Group 17 (Group
VII) of the Periodic
Table?

Group 17 (Group VIlI)
The Halogens
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Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

Fluorine T F
f Atomic Number =9
1 Relative Atomic Mass = 19.0
{ Melting Point =1220 C
{ Boiling Point =1188 C
{ Density* =1.11 gcm'?
{ Atomic Radius = 0.072 nm

9 First lonization
Energy = 1680 kJ mol'!

> 1l Electronegativity = 4.0

*Density given is for the element in its liquid state.




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

Chlorine 1 CI
1 Atomic Number = 17
1 Relative Atomic Mass = 35.5
{ Melting Point=1101 C
{ Boiling Point=134.7 C
{ Density* = 1.56 g cm'?!
{ Atomic Radius = 0.099 nm

9 First lonization
Energy = 1260 kJ mol'!

1 Electronegativity = 3.0

*Density given is for the element in its liquid state.




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

Bromine 1 Br
1 Atomic Number = 35
1 Relative Atomic Mass = 79.9
{ Melting Point=17.2 C
{ Boiling Point =58.8 C
{ Density = 3.12gcm'?!
{1 Atomic Radius = 0.114 nm

9 First lonization
Energy = 1140 kJ mol'!

1 Electronegativity = 2.8




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

lodine T |
1 Atomic Number = 53
1 Relative Atomic Mass = 126.9
{ Melting Point =114 C
{ Boiling Point =184 C
{ Density =4.93 g cm'!
91 Atomic Radius = 0.133 nm

9 First lonization
Energy = 1010 kJ mol'?!

1 Electronegativity = 2.5




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

Astatine 1 At
1 Atomic Number = 85
1 Relative Atomic Mass = 210
{ Melting Point = 302 C
{ Boiling Point =380 C
{ Density =~7 gcm'?!
{ Atomic Radius = 0.140 nm

9 First lonization
Energy = 920 kJ mol'?

1 Electronegativity = 2.2




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

‘ﬂ Bromine

91 Chlorine ' ' M lodine



Periodic Table of the Chemical Elements

Elements of Group 17 (Group VII) T Halogens

Colours of the Halogens

colour of the colour in colour in
halogen . .
pure element aqueous solution hexane
chlorine i Cl, greenlgzéyellow pale yellow pale yellow
L reddish-brown
bromine 1 Br, o orange orange-red
gas / liquid
ST black solid /
lodine T I, brown purple
purple gas

*hexane is a non-polar solvent
*an alternative non-polar solvent is tetrachloromethane




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

total relative
melting boiling covalent number of molecular
point /°C point /°C radius/ pm electrons mass
-220 -188 71 9+9=18 38.0
-101 -35.0 99 17 +17 = 34 71.0
-7.20 58.8 114 35+35=70 159.8

114 184 133 53 +53 =106 253.8




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

1 As the number of electrons within a single molecule of the
element increases, so the polarisability of the molecule
Increases. This increases the strength of the instantaneous
dipole-induced dipole forces of attraction (London dispersion
forces) hence increasing the melting and boiling points.

1 As the covalent radii of the atoms increases, so the surface
area of the molecules also increases. The larger the surface
area available for London dispersion forces to operate over, the
stronger they become, increasing the melting and boliling points.

1 As the relative molecular mass of the diatomic molecules
Increases, so the melting points and boiling points also
Increase. More energy is required to overcome the inertia* of

*Note: Inertia is the natural tendency of an object to stay at rest,
or remain in motion.




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

{1 The Group 17 elements, also known as the halogens,
are a family of diatomic non-metallic elements.

1 The name halogen is derived from the Greek language
and literally means producer of salt or salt producer
because they react with metallic elements to form ionic
compounds or salts:

sodium + chlorine - sodium chloride
2Na(s) + Cl,(g) - 2NaCl(s)
iron + chlorine - iron(lll) chloride
2Fe(s) + 3Cl,(g) - 2FeCl4(s)




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

sodium + chlorine - sodium chloride
2Na(s) + Cl,(g) - 2NaCl(s)




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

iron + chlorine - iron(lll) chloride
2Fe(s) + 3Cl,(g) - 2FeCl4(s)




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

1 Elemental halogens exist as diatomic molecules in which
both atoms have stable noble gas electronic configurations.




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

1 Fluorine (F) and chlorine (Cl) are the first two elements
In Group 17 of the Periodic Table i the halogens.

®

1 The halogens all have seven electrons in their valence

shell. These electrons are located in a combination of
one s-orbital and three p-orbitals, and the halogens
are referred to as p-block elements.




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

1 When the halogens react, each atom gains a single
electron to form an anion with a single negative charge and
the electronic configuration of a noble gas.

®

1 All of the halogens have a valency of one, meaning that
their compounds all have similar formulae, e.g. CaF,,
CacCl,, CaBr,, Cal,, and CaAt,.




Periodic Table of the Chemical Elements

Elements of Group 17 (Group VII) T Halogens

Fc P
71 » 119

Cl g Cl-

[ )

Br

» ‘\ Br ™
(y
182

114 -

1 When the halogens react to obtain a
noble gas electronic configuration, the
resulting anion has a larger radius
than the original atom.

1 This is due to the addition of a single
electron into the valence shell of each
atom. The electrostatic force of
repulsion between the single new
electron and the seven original
electrons causes the radius of the
anion to expand.




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

1 The halogens all form covalent hydrogen halides.

9@ @®)

{ These hydrogen halides are soluble in water and
dissolve to form acidic solutions of hydrogen ions and
halide ions:

HCI(g) - H*(aq) + Cl'(aq)




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

1 The colour of the halogens becomes darker while
descending the Group.

Fluorine, F, 1 pale yellow gas
Chlorine, CI, T greenish-yellow gas
Bromine, Br, i reddish-brown liquid

lodine, |, T black solid

1 Melting points increase down the Group of halogens as
1) the surface area of the molecule increases, ii) the
number of electrons in a single molecule of the element
Increases, and lii) the relative molecular mass of the

element increases; F, = 38.0, Cl, = 71.0,
Br, =159.8 and |, = 253.8.




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

1 Reactivity of the halogens decreases upon
descending the Group.

1 The halogens react by gaining a single
electron into their valence shell to form an
anion with the electronic configuration of a

noble gas.




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

1 The number of protons in the nucleus of an
atom (nuclear charge) and the number of
@ electron shells around the nucleus of the
atom both increase down a Group 17.

1 Moving down Group 17, there is no
significant change in the effective nuclear
charge that the electron(s) in the valence

shell of the atom experience, as the

@ Increasing nuclear charge and increasing
shielding effect cancel each other e.g.

Z(F)=91 2=+7
Z.(C)=177 10 = +7




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

9 The addition of a new electron shell to the
atoms is significant because it means that the
valence shell is further from the nucleus.

1 This reduces the electrostatic force of
attraction between the positively charged
nucleus and negatively charged electrons in
the valence shell (inverse square law).

{ This means that it is more difficult for a
halogen to attract an electron into its valence
shell and obtain the electronic configuration
of a noble gas. Consequently, the halogens

become less reactive down the Group.




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

More Reactive

Fluorine The valence shell is close to the
nucleus and is not very well shielded.
It is easy for the positive nucleus to

Chlorine attract a negative electron into the

Reactivity valence shell of the atom.
Decreases _ Less Reactive
Bromine The valence shell is far from the

nucleus and is well shielded. It is
difficult for the positive nucleus to
\% \% lodine attract a negative electron into the
valence shell of the atom.




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

1 A more reactive halogen can displace a less reactive
halogen from its compounds.

Fluorine Chlorine



Periodic Table of the Chemical Elements

Elements of Group 17 (Group VII) T Halogens

D

.

salt (ad)| yotassium | potassium | potassium
halogen chloride bromide iodide
chlorine 2KCI + Br, 2KCI + 1,
bromine no reaction 2KBr + |,
iodine no reaction | no reaction

Cl,(aq) + 2KBr(aq) -

1 CI, can displace Br, and I,

{ Br, can displace 1,

Cl,(agq) + 2Kl(aq) -

Bry(aq) + 2Kli(aq) -

2KCl(aq) + Br,(aq)
2KCl(aq) + I,(aq)
2KBr(aq) + I,(aq)



Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

1 Aqueous solutions of chlorine, bromine and iodine are
added to aqueous solutions of potassium chloride,
potassium bromide and potassium iodide.




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

9 The reaction between chlorine water
and aqueous potassium bromide.

chlorine
water - Cly,q)
addition of
6 tetrachloromethane
CCl,
e
— aqueous solution [~ —
of potassium
\ / bromide - KBr,, U U

1 Pale yellow aqueous chlorine.




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

9 The reaction between chlorine water
and aqueous potassium bromide.

chlorine
water - Cly,q)

addition of
6 tetrachloromethane
CCl,

——

aqueous solution
— aqueous solution of potassium —

of potassium chloride - KCl .,
\ / bromide - KBr,, and U

bromine - Br,,q,

T Orange aqueous bromine.




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

9 The reaction between chlorine water
and aqueous potassium bromide.

chlorine
water - Cly,q)

—_—

aqueous solution

G

of potassium
bromide - KBr

F

addition of
tetrachloromethane
CCl,

—_

aqueous solution
of potassium
chloride - KCl .,
and
bromine - Br,,q,

g

aqueous solution
of potassium
chloride - KCl .,

bromine - Br,
dissolved in
tetrachloromethane




Periodic Table of the Chemical Elements

Elements of Group 17 (Group VII) T Halogens

9 The reaction between chlorine water
and aqueous potassium bromide.

G

chlorine
water - Cly,q)
addition of
tetrachloromethane
CCl,
ﬁ ﬁ
— aqueous solution
of potassium
. chloride - KCl .,
aqueous solution q
aqueous solution of potassium
of potassium chloride - KCl ., bromine - Br,
bromide - KBr and dissolved in
bromine - Br,,q, tetrachloromethane

Cl,(aq) + 2KBr(aq) - 2KCl(aq) + Br,(aq)




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

1 Displacement reactions. A more reactive halogen will
displace a less reactive halogen from its compounds.

chlorine + potassium bromide - potassium chloride + bromine
Cl,(aq) + 2KBr(aq) - 2KCl(aq) + Br,(aq)

Cl,(aq) + 2K*(aq) + 2Br' (aq) - 2K*(aq) + 2Cl'(aq) + Br,(aq)
Cl,(aq) + 2Kk*(aey + 2Br' (aq) - 2K*@ae) + 2Cl'(aq) + Br,(aq)
Cl,(aq) + 2Br'(aq) - 2Cl'(aq) + Br,(aq)

Cl,(aq) + 2e' - 2Cl'(aq) and 2Br'(aq) - Br,(aq) + 2e'




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

9 The reaction between chlorine water
and aqueous potassium iodide.

chlorine
water - Cly,q)
addition of
6 tetrachloromethane
CCl,
—
— aqueous solution [~ —
of potassium
\ iodide - Kl 4, U U

1 Pale yellow aqueous chlorine.




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

9 The reaction between chlorine water
and aqueous potassium iodide.

chlorine
water - Cly,q)

addition of
6 tetrachloromethane
CCl,

e

aqueous solution
— aqueous solution of potassium —

of potassium chloride - KCl .,
\ / iodide - Kl 4 and U

lodine - Iy,

1 Brown aqueous iodine.




Periodic Table of the Chemical Elements

Elements of Group 17 (Group VII) T Halogens

9 The reaction between chlorine water
and aqueous potassium iodide.

G

chlorine
water - Cly,q)
addition of
tetrachloromethane
CCl,
ﬁ ﬁ
— aqueous solution
of potassium
. chloride - KClI
aqueous solution (@)
aqueous solution of potassium
of potassium chloride - KCl ., iodine - |,
iodide - Kl 4, and dissolved in
lodine - Iy, tetrachloromethane

| Purple iodine dissolved in non-polar solvent.




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

9 The reaction between chlorine water
and aqueous potassium iodide.

chlorine
water - Cly,q)

aqueous solution

aqueous solution of potassium
of potassium chloride - KCl .,
iodide - Kl 4, and

lodine - Iy,

G

addition of
6 tetrachloromethane
CCl,

I

Cly(aq) + 2Kl(aq) - 2KCl(aq) + I,(aq)

aqueous solution

of potassium
chloride - KCl .,

lodine - |,
dissolved In

tetrachloromethane




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

1 Displacement reactions. A more reactive halogen will
displace a less reactive halogen from its compounds.

chlorine + potassium iodide -
Cl,(aq) + 2KI(aq) -
Cly(aq) + 2K*(aq) + 2I' (aq) -

Cl(aq) + 2K*aey + 2I'(aq) - 2K*(ag) + 2CI' (a0

Cly(aqg) + 2I'(aq) -

Cl,(aq) + 2e' - 2Cl'(ag) and 2I'(aq) -

potassium chloride + iodine

2KCl(aq) + I,(aq)

2K*(aq) + 2Cl' (ag

) +1,(aq)
) +1,(aq)

2Cl"(aq) + I,(ac

)

,(aq) + 2e'




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

M1 The reaction between bromine water
and aqueous potassium iodide.

bromine
water - Bry,,
addition of
‘ tetrachloromethane
CCl,
—
— aqueous solution [~ —
of potassium
\ iodide - Kl 4, U U

T Orange aqueous bromine.




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

M1 The reaction between bromine water
and aqueous potassium iodide.

bromine
water - Bry,,

addition of
‘ tetrachloromethane
CCl,
T

aqueous solution

aqueous solution of potassium
of potassium bromide - KBr,,
iodide - Kl 4, and

lodine - Iy,

G
L

1 Brown aqueous iodine.




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

M1 The reaction between bromine water
and aqueous potassium iodide.

bromine
water - Bry,,

—_—

aqueous solution

G

pf potassium
iodide - Kl 4,

| Purple iodine dissolved in non-polar solvent.

F

addition of
tetrachloromethane
CCl,

—_

aqueous solution
of potassium
bromide - KBr,,
and
lodine - Iy,

9

aqueous solution
of potassium
bromide - KBr,,

lodine - |,
dissolved In

tetrachloromethane




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

M1 The reaction between bromine water
and aqueous potassium iodide.

bromine
water - Bry,,

addition of

‘ tetrachloromethane
CCl,

— aqueous solution
of potassium

, bromide - KBr,,
aqueous solution

aqueous solution of potassium
of potassium bromide - KBr,, lodine - |,
iodide - Kl 4, and dissolved in

lodine - Iy, tetrachloromethane

G

Br,(ag) + 2Kl(aq) - 2KBr(aq) + 1,(aq)




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

1 Displacement reactions. A more reactive halogen will
displace a less reactive halogen from its compounds.

bromine + potassium iodide - potassium bromine + iodine
Br,(aq) + 2Kl(aq) - 2KBr(aq) + I,(aq)

Br,(aq) + 2K*(aq) + 2I'(aq) - 2K*(aq) + 2Br'(aq) + 1,(aq)
Bry(aq) + 2k*ae) + 2I'(aq) - 2K*(ae) + 2Br' (aq) + 1,(aq)
Br,(aq) + 2I'(aq) - 2Br'(aq) + 1,(aq)

Br,(ag) + 2e' - 2Br'(aq) and 2I'(aq) - I,(aq) + 2€'




e Tl . ' . — N
Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) I Halogens

1 Colours of chlorine, bromine and iodine in a non-polar
organic solvent (top layer) and the polar solvent water (bottom
layer). Note that the halogens have a greater solubility in the
nor. polar solvent Compared to the polar solvent.

—



Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

Uses of Fluorine




Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

Uses of Fluorine

1 One of the main uses of fluorine is the manufacture of
the polymer poly(tetrafluoroethene), also known as PTFE
or Teflon. Teflon has the formula (C,F,),, where nis a
large whole number in the range of approximately 1 000
to 10 000.

1 Teflon is stable at high temperatures and, because of
the strong C1T C and C T F covalent bonds that make-up
Its structure, it is relatively unreactive and resistant to
attack from other chemicals. These properties, coupled
with its low coefficient of friction, make Teflon ideal to

use as the coating of non-stick kitchen utensils.



Periodic Table of the Chemical Elements
Elements of Group 17 (Group VII) T Halogens

Uses of Fluorine

91 Hydrofluoric acid (HF) is used for etching glass.

Chlorofluorocarbonsor CFCs, were once used as

of expanded polystyrene. However, their inertness meant

that, once I n the Earthos a
the stratosphere where they reacted with ozone (O,)
causing significant destruct
CFCs are now banned. Note: The ozone layer is

extremely important because it absorbs large amounts of
harmful ultraviolet radiation from the sun, preventing it
from reaching the EZ@
















































































































