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METALS AND ITS COM &S 1
INTRODUCTION

A metal is an element whose atoms ioniz

;@&ctron loss, while a non-metal is an
element whose atoms ionize by electr 11

DIFFERENCES IN THE PH%IN' PROPERTIES OF METALS AND
-ME

TALS
s/n Metals = Non-metals
. They are good conductors of They are poor conductors of heat and
heat and e ity (e.g. electricity except graphite.
Sodi iver and
. a@num).
ii. e‘ﬁ?MIy solid (except May be a solid, liquid or gas.
%ry) never gaseous
i melting points(except Na Low melting points(except C and Si)
% and K)
IV} Malleable and ductile e.g. iron Non-malleable and brittle e.g. Sulphur
and copper




DIFFERENCES IN THE CHEMICAL PROPERTIES OF METALS AND

NON-METALS
s/n Metals Non-metals
. Their ions migrate to the Their ions migrate to the anode during
cathode during electrolysis; electrolysis; hence they form anions

hence they form cations. 4 .
ii. They react with oxygen to They react with oxygen to form &Cidid”
form basic oxides. oxides. \

ii. Water-soluble oxide forms | Water-soluble oxide forms agidic $efutions.
alkaline solution.

iv. | Form electrovalent chlorides Form covalent chlori@% tare covalent

that have high melting points. and 0 :

v. | Do not react with one another React with on ther but do not form

but form alloys. oys.

GENERAL PROPERTIES ETALS
PHYSICAL PROPERTIES OF METALS«\WQ.:;.I\'/I
Physical properties of elements are dep@ ;

(1). The arrangement of their atoms @ cules in crystal lattices when in the solid
state and

(2). The bonds that bind the

£

r molecules in the solid, liquid or gaseous state.

ysical properties of metals are as follows:

The general characte{sS:h

1. Metalsareel at are solid at room temperature (except mercury, which
is a dense fioul

2. Metals Ra igh melting points (except sodium, melting point 97°C and

w

potassiufmy melting point, 63°C).
Th%e characteristic metallic lustre i.e. reflect light or shine when pure.
4 ey “are sonorous i.e. gives off a note when hit. (except sodium and
assium).
hey are good conductor of heat and electricity. Silver is the best conductor
of heat and electricity, followed by copper, then, aluminum.
6. They have high densities (except magnesium and aluminum, which are light;
sodium and potassium are so soft that they can be cut by a knife).
Metals are hard, strong and have high tensile strength.
Some metals are malleable, i.e. can be hammered into thin sheets.
Some metals are ductile, i.e. can be drawn into thin wires.

© 0N



QUESTION 1: Explain why metals are good conductor of electricity. Answer =
Atoms of metals have mobile valence electrons, which are able to carry electricity
from one of a metal to the other; hence, metals are good conductors.

CHEMICAL PROPERTIES OF METALS

Chemical properties of elements are dependent on the number of valence electrons
present in the atomic structure. An important property that is determined by ¥alenge
electrons is the tendency of the atoms to an element to ionize. Q

The general characteristic chemical properties of metals are as fo

1. When metals react, they ionize by loss of electrons to for fons, such as
Na*, Ca?* and AI®*; hence they are reducing agents.

Na - Na"+ e
Ca— Ca?*+ 2e
Al - AIF* + 3¢

2. A metal reacts with oxygen to form one orsmore oxides. Examples: Na,O,
MgO, FeO, Fe;03, CuO and Cu,0.

3. Metals that are above hydrogen in th%{1 series react with dilute mineral
acids, such as hydrochloric acid, tetraoxosulphate(VI) acid, H,SO4
to liberate hydrogen gas.

Zn) + HaSO4aq) = ZNSO4aq) + ®
Cags) + 2HCl(ag— CaClagg) + Hi)\
2Nas) + H2SO4(aqg) = Na2SOx
2Nas) + 2HCl(ag) = 2NaClggy=

4. They form electrovalent(ionic) compounds with non-metals, such as chlorine.

2Nas) + Cloag) = 2
2K + Clz(ag) >

Cap) + Clz(am l2)
ACTIVITY SERIES OF METALS
The ;%ti;n of a metal depends on the ease with which its atoms lose electrons;

ries from one metal to another.

The\activity series is such that a metal higher up in the series will displace the ions
of metals below it in the series.

CONSULT YOUR CHEMISTRY TEXTBOOK AND SEE
THE ELECTROCHEMICAL SERIES



REACTIONS OF METALS AND THEIR COMPOUNDS

The relative position of the metals on the reactivity series determines the reactivities
of metals and their compounds and methods of extraction.

1. Reaction of Metals with oxygen or air:
K They burn vigorously in air to form oxides.
Na 4Na(s) + Oz(g) - 2N8.20(3)

Ca 2Cag) + Oy = 2Ca0y Qy
Mg | Burns in air, when heated, to produce the oxide Q
and nitride; %
2Mg¢) * Ogg) = 2MgOs) ?y
3Mgs) + Nagg) = MgsNa)
Al They burn in air when strongly heated to form ;

7n oxides.
Fe 4A|(s) + 30(29) - 2A|203(s) %

Sn 3Fe(s) + 205(G) — Fe30qg) \
SNg) + O2ag) = SNO2ag) @

Pb | They form oxides when strongly heated in &ir,b

Cu do not burn in air. %

Hg 2Hg() + Oz — ZHQgé)

2Pb(5) + Oz(g) - 2R
3Pbgs) + 204 —RDOX)

Ag | Theydo not burn or formo when heated in
Pt -
Au A

N4

2. Reaction @Is with water or steam:
K Thg% gorously with cold water with
Na degreasing reactivity to liberate hydrogen gas.
Ca %E) + 2H;0¢) = 2NaOHag) + Ha(g)

Rz
v \ hey react vigorously with steam to liberate
70y | hydrogen gas.
Fe 2Zn¢) + H20(g) = 2Zn0(ag) + Ha)
Sn 3Fe() + 4H20() <> Fes0uqq) + 4Hz)
Pb
Cu

Hg They do not react with water or steam; hence, do
not displace hydrogen from water or steam.




Ag
Pt
Au

3. Reaction of Metals with acids:
K | They react explosively with dilute acids to liberate

Na hydrogen gas.

Ca 2Na(s) + 2HC|(aq) - 2NaCI(aq) + Hz(g) QQ)V

ZK(S) + 2HC|(aq) - 2KC|(aq) + Hz(g)

Cays) + 2HClag) = CaClaeg) + Hag) ‘%
Mg Yy

Al | Theyall displace hydrogen from dilute acids with
7n decreasing reactivity to liberate hydrogen gas.
Fe Zn(s) + HZSO4(|) - ZnSO4(aq) + Hz(g) @

Sn Few + H2SO4) = FeSO4gg) + Ha) %
Pb 2A|(s) + 6HC|(aq) - 2A|C|3(aq) + 3H2(g)
Sn) + 2HClag) = SNClagag) + Hz(g)&! Z
g; They do not displace hydrogen from dil ,
Ag since they are below hydrogen in t ity
Pt series.

Au A Q Y
4. Reactions of metals@lorine gas:

All metals react Wit%?we to give the corresponding anhydrous chloride.
|

Reactivity of metal lorine decreases down the series.
2Nas) + Claaq) (aq)

Mg(s) + Claagy=, MgClag)

Cas) +Cla@g 5 CaClag)

2%%[2@) — 2FeClsag)
2Al) + 3Clo@ag) = 2AICI3q)
Sns) + 2Cla@ag) = SNClag)

5. Corrosion of Metals:

Corrosion is the term used to describe the effects produced when metals are exposed
to air or water. It is a slow process.




Generally, electropositive metals exhibit corrosion: Na, K, and Ca corrode readily
in air, while Mg, Al, Zn, Pb and Cu corrode slowly. Metals such as gold, silver and
platinum are resistant to corrosion. Corrosion of iron is called rusting.

USES OF METALS

1. Metals are used for making alloys.

2. They are used in making coins examples: copper, silver and gold. \)
EXTRACTION OF METALS %

earth’s crust. The process involves separating the ores fro , converting
the ore to its oxide and then reducing it to the metal. An 0 impure oxide or
sulphide of a metal. The process whereby a metal is o rom its ore is called
smelting. The unwanted impurities like sand, rocky materials, limestone, mica, etc,

..., present in an ore are called gangue.
The process involved in the extraction of % om their ores and refining are

known as metallurgy. §
STAGES INVOLVED INTHE E ION OF METALS

(1). Concentration or enrich

DEFINITION %

Extraction of metal is the process of obtaining metals from thej s inside the
i ities
IS an

The concentration of ore is t val of gangue/impurities from metal ore. The
processes used for remoyin gangue from the ore are based on the differences
between the physical a@e chemical properties of the gangue and the ore. Ores

are usually concentfat d changed to oxides before extraction.

Ores may be rated by one of the following ways:

(i). Handwpicking: This is commonly used when the ore particles and the
impurities/ ue are different in one of the following properties like colour and
size

(i draulic washing: Hydraulic washing of the ore is a type of gravity separation
between the ore and the gangue particles. This method is used when there is
considerable difference in the density of the ore and the gangue particles. In this
process, the lighter gangue particles are washed away by the stream of water, leaving
behind the heavier ore. This method is applied in the concentration of tin ore.




(iii). Eroth-floatation: This is used mainly for sulphide ores. It takes advantage of
the two facts namely:

e Oil can wet the surfaces of the ores
e Oil floats in water.
The Process:

(a). The ore is ground into fine powder; to increase the surface area for
reactions.

(b). It is then mixed with water and a suitable oil detergent Exa plne or
eucalyptus;

(c). The mixture is then agitated by blowing compressed air thr

(d). Small air bubbles attach to the oiled ore particles whi then buoyed up and
carried to the surface when they float.

(e). Froth rich in minerals is formed at the top impurities sink at the bottom.
The froth is skimmed off and dried. Froth float@tion process is used for copper, lead

and zinc metals.

(iv). Magnetic separation: This met
earthly materials are magnetic. A
components and leaving the non-
magnetite(Fe;O,) and chromi

ed when either the ore particles or the
g magnet is used to attract magnetic
tic materials behind. Examples: in ores like
»04) Which are magnetic.

(v). Chemical separation: Involves the use of chemical reactions to concentrate the
ore. Examples: bauxjtg, the main aluminum ore is chemically concentrated by a
process known as Bayéx s process. This takes advantage of the amphoteric nature of

aluminum oxide(wmcH, thus, can react with both acids and bases.
BAYER’S

OD Jused in concentrating bauxite, Al203.2H,0]

Ite ore is crushed and treated with hot concentrated NaOH solution in
d digester under high pressure for 2 to 8 hours at 140°C to 150°C.

earthly impurities such as oxide of iron (Fe;03), silicon(1V) oxide(sand) and calcium
trioxosilicate(I'V) remain undissolved in aqueous NaOH solution.

Al>O3¢) + 2NaOH() + 3H20() = 2NaAl(OH)4q)
NaAI(OH)4(aq) - NaOH(aq) + AI(OH)3(aq)



2Al(OH)3@q) = Al2O3) + 3H20(,)
Note: NaAl(OH), = sodium tetrahydroxoaluminate(l11)

(2). Extraction of crude metal: After concentration or enrichment of the ore that
contained earthen material, we get a concentrated or enriched ore. It is easier to
obtain metals from their oxides than from carbonates or sulphides. The sulphide ores
are converted into oxides by heating strongly in the presence of excess aif\This
process is known as roasting. Also, the carbonates ores can be changed i des
by heating strongly in limited air. The process is known as calcination’

Sulphide ores + Oxygen[excess] — oxide ore [roasting]

Carbonate ores — oxide ore + CO,( [calcination] &
2ZNnSs) + 302(g) = 2ZNn0O¢s) + 2502(q) [roasting] @
2PbSs) + 302 = 2PbO¢s) + 2SO2(g) [roasting] Q)

4FeS) + 702 — 2Fe203() + 4SOz [roastin

ZnCO3) — ZnOg) + CO2(g) [calcination] %

(3). Refining or purification of the m&a&

PRINCIPLES TAL EXTRACTION

The method of extraction o | from its ore depends on its position in the
electrochemical series. T ersion of metal oxide into metal (by removal of
oxygen) is called reducti

The three reductio ods by which metals are extracted from their ores are:

electrolysis, us @ on or carbon(ll) oxide and thermal reduction.
‘i ELECTROLYTIC REDUCTION

ig the series (K, Na, Ca, Mg and Al) are strongly electropositive and
obtained from their compounds by heating with carbon or carbon(ll)
O. This is because these metals have more affinity for oxygen than carbon
. Hence, they are extracted by electrolysis.

Metal
can

or

REDUCTION BY COKE OR CO




Metals in the middle of the electrochemical series (Zn, Fe, Sn and Pb) are found as
oxides. They are less reactive, hence, they are reduced by coke or carbon(ll) oxide
at high temperatures to the corresponding metals. Example:

Iron ore: Fe;03() + 3COg) — 2Fe(s) + 3CO2(g)
Tin ore: SNO2s) + 2C(s) = Sn) + 2CO(g)

THERMAL REDUCTION [Roasting in Air] <§>)
Metals lower down in the activity series are unreactive and weakly tropositive
e.g. (Cu, Hg, and Pt). They are called noble metals. They are fou xides and
sulphides that are readily decomposed by heating in air. For ex n?q, opper metal
Is obtained by heating copper(l1) sulphide in air: §

Cu2S(s) + O2(g) = 2CuUs) + SO2(g)

2HQS(s) + O2(g) = 2HgOs) + 2S02(g)

Gold, Au is a unique metal; it is unreactive. It occuks Aaturally as a free metal.

THE ALI(%@E ALS

1. The alkali metals are eleme group 1 of the periodic table. Each element
has one valence electr arly members include lithium, Li, sodium, Na,
potassium, K. Other bidium, Rb, Caesium, Cs and Francium, Fr. They
are known as the alkalbmetals since they react with water to form alkalis.

2. They have relati low melting and boiling points compared with metals;
their melti oiling points decrease down the group.

3. The alkil als occur in nature as +1 ions. However, the last element in

General Features:

grou francium, Fr, does not exist naturally; it exits as an unstable
radimqj e element.
4. Ahe relative reactivities of the alkali metals are reflected by their reactions
water. Thus, potassium reacts explosively with water, while sodium
2

gorously and lithium readily.
K+ 2H20@q) = 2KOH(ag) + Hag) [EXplosively]
2Nas) + 2H20(aq) = 2NaOHag) + Ho(g) [Vigorously]
2Li)+ 2H20(aq) = 2LIOH aq) + Hz(g) [Readily]
5. They exhibit an oxidation number of +1 in all their compounds.
EXTRACTION OF METALS AT THE TOP [HIGHLY REACTIVE] OF
THE ACTIVITY SERIES




Metals such as K, Na, Mg, Ca, and Al high up in the activity series are very reactive
and cannot be obtained from their compounds by heating with C or CO. This is
because these metals have more affinity for oxygen than C or CO. The only viable
method is to extract these metals by electrolysis of their fused chlorides except Al
which is extracted from its oxide called bauxite.

EXTRACTION OF SODIUM IN THE DOWNS CELL
Fugzed zodium chloride %
and calcium chloride Q
J/ Chlerine
:H T Storage tank for

— =zodinm ?’
Stzel hood . -Ij
Molten sodium
_ Iron cathode
Carbon i
anode .5

Iron gauze diaphragm

Y
Cathode: Steel cylinder % \S

Anode: Graphite rod v

Electrolyte: Fused sodium NaCl mixed with calcium chloride, CaCl,, at
about 600°C.

Cell used: Downs ¢
Procedure:

Sodium is e>«&% commercially from fused sodium chloride (melting point 801°C)
by electro sing downs cell. During the electrolysis, the molten sodium is
colle cathode compartment where it rises to the top and is tapped off via a
pip ous chlorine, the by-product which forms at the anode, is guided by a
}‘@Yd collected from another pipe.

To make the process economically more feasible, calcium chloride, CaCly, is usually
added to lower the melting point of sodium chloride to about 600°C.

Chemistry of the reaction: Fused sodium chloride contains sodium and chloride
ions.




At the cathode(-ve): The Na* ions receive an electron each and become reduced to
metallic sodium.

Na*+ e — Na [Reduction reaction]

At the anode(+ve): The CI ions give up an electron each and becomes oxidized to
atomic chlorine which then pair up to form gaseous chlorine molecules.

Cl- = CI + e" [Oxidation reduction] QQ)\)

Cl + Cl - Cly)
Overall electrolytic reaction: \ s

2Na*g + 2Clg)— 2Nag) + Clag)

Large amount of electricity is required to keep the ored Iten state. Suitable
impurity is added to decrease the melting point of the sed calcium chloride is
added to NaCl to decrease or reduce its melting point. The calcium is removed from
the molten sodium by filtration.

PHYSICAL PROPE& F SODIUM

Appearance | Slivery solid wititmetatlic lustre
Relative density | 0.98gcm® (floas(in Water)

Malleability | Very malleablesery soft)

Melting point | 97°C (IgWrfor & metal)

Conductivity qudﬁ;gy}d‘ﬁctor of electricity and heat

CAL PROPERTIES OF SODIUM

1. Reaction V\Hl@':
When sodium$¢ | is exposed to the atmosphere, it undergoes the following

changes: ?
(@). ishes in air to a white solid, sodium oxide, Na,O.
Oz = 2Na2O¢s) [Limited supply of oxygen]

Sodium oxide is only formed in the presence of limited air. When there is an
adequate supply of air, it burns with a golden yellow flame to form peroxide, Na,O,.

2Nas) + Oz — Na202) [Adequate supply of oxygen]

(b). The moisture in air converts the oxide into the hydroxide:



Na20O¢s) + H20() = 2NaOHaq)

(c). The sodium hydroxide absorbs carbon(lIV) oxide in air to form an aqueous
solution of sodium trioxocarbonate(1V).

2NaOHaq) + CO2g) = Na2COss) + H20()

2. Combination reaction:

On heating, sodium combines directly with hydrogen, halogens, sulphur, p Ms
and most other non-metals (except boron, carbon and nitrogen).

2Nas) + Hzg) — 2NaHs) ‘%

2Nags) + Clzg) = 2NaClys) ?V

2Nags) + Sis) = NazSg) @

3Nas) + Py — NasPy)

Sodium dissolves in mercury to give sodium@aﬂ which reacts quietly with
water to form hydrogen and sodium hydroxid

Nag) + Hga) — Na.Hgq)

3. Reaction with dilute acids:
Sodium reacts explosively with d|| s to form hydrogen and a salt. The reaction
Is extremely dangerous and sho be carried out in the laboratory.

2Na(s) + ZHCI(aq) — 2NaC
2Nas) + H2SO4aq) — 4(aq) T HZ(g)

lonically,
2Na(s) + 2H+ —Qa-'-(aq) + H2(g)

Caution: r attempt the reaction of sodium and potassium with an acid).
The

tons of sodium and potassium are similar. Because they react readily with
ater, they are kept under inert solvents, such as liquid paraffin, kerosene

andpetroleum ether.

QUESTION 2: Give a reason why sodium metal is stored in liquid paraffin.
Answer: To prevent sodium from reacting with air and water.

Reaction with ammonia:




When ammonia gas is bubbled into molten sodium metal, a white solid called
sodamide, is formed with liberation of hydrogen gas.

2Nags) + 2NHsg) —» 2NaNH2s) + Ha(g)

Reaction with water:

Sodium reacts violently with cold water releasing a lot of heat. If a small piece of
sodium is placed in a trough of cold water, coloured with red litmus paper Jg?se?al
will dart about on the surface of the water, and melt into silvery ball b@éf the
heat liberated. Hydrogen and sodium hydroxide is produced. E

USES OF SODIUM

1. Sodium is used in manufacturing compounds as sodium 10fe, sodamide, and
sodium cyanide.

2. It is also used for the production of lead(IV) tetra% hich serve as an anti-
knock agent in petrol.

3. Sodium vapour lamps (which give a bright o
lighting highways and airports.

4. Liquid sodium is used as a coolant in nS actors.

-yellow light) are used for

STUDY

(1). Mention one natural source of so \'
(2). Sodium metal is always s @der oil. Explain
(3). Describe the changes ur when sodium is exposed to moist air

(4). List three chang atywill be observed when sodium is dropped in a beaker of
cold water.

(5). Sodium% ted in the Downs cell
(a). Name Eel ctrolyte;
(b). h substance is added to the electrolyte?

( Is graphite used as the anode?

(d). Name the products at the respective electrodes.

COMPOUNDS OF SODIUM
SODIUM HYDROXIDES, NaOH
LABORATORY PREPARATION:




(1). By the action of slaked lime on washing soda:

Calcium hydroxide is slowly added into a solution of sodium trioxocarbonate(IV),
Na,COj3 (washing soda) with stirring and warming, until double decomposition is
complete.

Na2CO3z(aq) + Ca(OH)z(aq) = CaCOs) + 2NaOH aq)

The precipitate white solid, which is CaCOgs is filtered and the filtrate is con@%d
to dryness in an iron dish, to give fused NaOH (caustic soda).

(2). By the action of sodium on water:

The vigorous reaction between sodium and water is descri %’Uove. The gas
produced is hydrogen, while sodium hydroxide is the resulti line solution.

2Nas) + 2H200) = 2NaOHaq) + Ho(g)
INDUSTRIAL PREPARATION OF SODIUM Y&leDE

Sodium hydroxide is produced industrially by
sodium chloride solution) using mercury

trolysis of brine (concentrated

Salt ionizes: NaClis)— Na*@qg) + CI
Water ionizes: H.Ogy— H* (aq)+
At the anode(+ve): (Cl-and

Cl is preferentially d% , since it is of higher concentration than OH" from
water.

2Cl @ag) = Clo) @ Oxidation reaction]
Chlorine is li

At the cat?dﬂ( -ve): (Na" and HY)

as a by-product.

Na*ds arge preferentially, because hydrogen creates a high over-voltage at the
cathode, which prevents its ion being discharged.

2Na(s) = 2Na'(ag) + 26" q) [Reduction reaction]

The sodium metal produced at the cathode combines with mercury to form sodium
amalgam, which flows into a tank of water, where it decomposes to produce sodium
hydroxide and hydrogen gas.

2NaHgq) + 2H20() = 2NaOH@aq) + 2Hgq) + Hz()



PHYSICAL PROPERTIES OF NaOH

(1). Sodium hydroxide is a white deliquescent solid. Hence, NaOH (or KOH) should
be stored in an air tight container.

(2). It dissolves in water with the liberation of heat to give a colourless solution,
which is slippery, soapy to touch and corrodes the skin. (Never taste a solutlon of
NaOH or KOH).

(3). An aqueous solution of sodium hydroxide is alkaline. It is q@%{rong

electrolyte E
(4). Sodium hydroxide melts at about 320°C without decompos'n%
CHEMICAL PROPERTIES OF N

ctions that are typical
of a base.

(1). Exposure to the moist air: @
When sodium hydroxide pellets are ex the atmosphere, the following

changes occur.

Sodium hydroxide, NaOH (or potassium, KOH) unde%

(@). The pellets absorb moisture fro@ eing deliquescent, to form a colourless
solution.

NaOH) + H20() » NaOH@aq

(b). The solution abs‘(xsc bon(IV) oxide in air to produce hydrated sodium
trioxocarbonate(1V);

2NaOHq) + "@ a2C0O3.H20¢
Or anhydro COg3 as a white solid:

NaO 2(9) = NaHCO3(s)

(%%Ton with a dilute acid and acidic oxides/acid anhydrides:

Sodium hydroxide solution is a strong electrolyte which ionizes completely in
solution.

NaOH ag) = Na*ag) + OH (ag)

It is a typical base, neutralizing all acids.

2NaOH aq) + H2SO4(ag) = Na2SOsaq) + 2H20q)



NaOHaq) + HCl(ag) = NaClg) + H20q)
lonically,
OH (ag) + H(aq) > H200)

Sodium hydroxide reacts with acidic oxides to form sodium salts. For example, it
reacts with sulphur(lV) oxide to form the trioxosulphate(lV) the
hydrogentrioxosulphate(1V) of sodium.

2NaOHq) + SO2(g) = NaxSOzaq) + H20) Q
NaOH aq) + SO2(g) = NaHSO3(aq) ‘\%
It readily absorbs CO,, a weak acidic oxide, to form sodium gri rbonate(1V).

2NaOHq) + CO2g) = Na2COszaq) + H20q) Q)@

(3). Reaction with ammonium salts:

Ammonia gas is liberated when sodium hydroxigde i§'h&ated with an ammonium salt.
NaOH ag) + NH4Clag) = NaCliag) + H20q) )

2NaOH @aqg) + (NH4)2CO3(aq) » Na.C 20+ 2NHz(g)

2NaOH g + (NH4)2S04gaq) = Na:S$Qads+ 2H200) + 2NHs(g)

NaOHaq) + NHsNO3@q) — N )+ H200) + NHz(g)

(4). Reaction with metals:

Aluminum and zin Lly dissolve on sodium hydroxide solution to form sodium

tetrahydroxoalurpm ), NaAl(OH), and sodium tetrahydroxozincate(ll),
y, with the evolution of hydrogen gas.

NaZZn(OH)a%?
ZAI(S) + 2’? aq) T 6H20@q) = 2NaAI(OH)4(aq) + 3Hz(g
Zn(s Na H(aq) + 2H20(aq) - NaZZn(OH)4(aq) + H2(g)

( recipitate hydroxides:

Sodium hydroxide solution is often used to precipitate insoluble hydroxides.
SEE QUALITATIVE ANALYSIS TABLE BELOW.

ZnS0u(aq) + 2NaOH(ag) = 2ZNn(OH)2) + 3Na2SO4aq)

Pb(NO3)2(aq) + 2NaOH @ag) = Pb(OH)2s) + 2NaNO3(ag)



lonically,
ZN?*(aq) + 20H"(aq) = Zn(OH)2()
Pb%* + 20H (aq) = Pb(OH)Z(S)

In the case of zinc, aluminum, tin(I1) and lead(ll) salts, the resulting hydroxide are
amphoteric and will redissolve in an excess sodium hydroxide to form comple,%lts.

Zn(OH)zs) + 2NaOH@g) = Na2Zn(OH)s@q) [Sodium tetrahydroxozinc@)

lonically, E
Zn(OH)z(9 + 20H @g) = ZN(OH)4? gy v
(6). Reaction with glass: :@

Molten and concentrated sodium hydroxide solution att ass, forming sodium
trioxosilicate(IV). This is why glass stoppers becom ed into reagent bottles
containing the concentrated alkali and burette tap to get stuck after the alkali
has been used in the burette. This is called et

SiO2¢) + 2NaOH @ag) = Naz2SiOzag) + H20§
SODIUM TRIOX ONATE(1V), Na,COs3

Sodium trioxocarbonate(1V), N an exist:

(1). In the anhydrous state k as soda ash, as monohydrate, Na,CO3.H,0 or
(2). More often as @d te, Na,CO3.10H,0, commonly called washing soda.

LAB TORY PREPARATION OF Na,COs

Anhydrous so i@rioxocarbonate(lV), Na,COs, is prepared in the laboratory by
passing exce@&‘carbon(lV) oxide, CO, into sodium hydroxide solution to produce,
first, sodiu drogentrioxocarbonate(IVV), NaHCO3(baking soda), a white solid,
whic@l slightly soluble in the cold solution.

2 (aq) + CO2(g) & Na2COsaq) + H20q) [first stage]
Na:2CO3z(aq) + H20()+ CO2g — 2NaHCOz3) [second stage]

The mixture is then filtered and the residue is dried; then, strongly heated, to give
anhydrous Na,COs, as white powder.

2NaHCO3(5) = Na2COsag) + H20() + COxzg)



INDUSTRIAL PREPARATION OF Na,COs [Solvay Process]

Anhydrous sodium trioxocarbonate(1V), Na,COs, is produced on a large scale by the
Solvay process. The required raw materials are: common salt/NacCl,
limestone/CaCOs, ammonia and water.

ammonical | brine
|

excess carbon(iv)

oxide %V
AN Q
//rl\ sy baffle plate

Al BN y§ Z

carbon (iv) suspension of
oxide — hydrogen
. trioxocarbonate(iv)

—

v
PROCEDURE: ;

(1). The limestone, CaCOs; is heated-s y by coke fire in the kiln to produce
calcium oxide, CaO, a white residue, O3 gas, which is forced up the tower from
the bottom. &»

CaCOg) « CaOg) + CO-
(2). A cold concentrated selutron of sodium chloride, brine, which has been saturated
with ammonia gas lacal brine) is poured down the tower.

(3). The baffle @ ower ensure that the ammoniacal brine absorbs the CO, gas,
to enable the«% ing reactions to take place.

(@). Ammo hydrogentrioxocarbonate(IV), NH;HCOs, is first formed.

NH 2) + H200) = NH4HCO3(aq)

(b): ouble decomposition reaction, takes place between ammonium
hydrogentrioxocarbonate(IV), NH;HCO3; and sodium chloride, NaCl solution; it
leads to the precipitation of sodium hydrogentrioxocarbonate(1V), NaHCO3, which
is slightly soluble in the solution, and settles at the bottom of the tower.

NH4sHCO3(aq) + NaClag) = NH4Cl@ag+ NaHCOs3¢) or
NaClag) + NHzg) + H20¢) + CO2g) » NaHCO3(s) + NH4Cl(ag) Or



NaCl(ag) + NH3OH(aq) + CO2(g) = NaHCO3z(s) + NH4Clag)

(4). The sodium hydrogentrioxocarbonate(1V), NaHCOg, is filtered, washed and
heated to yield anhydrous sodium trioxocarbonate(l1V), Na,COs, steam, H-O() and
CO, and used again the tower.

2NaHCO3(aq) = Na2COsz(s) + H2O g+ CO2)
The soda ash can then be dissolved in hot water and recrystallized as Wash@w)a.
NaCOgzi) + 10H200) —» Na2CO3.10H20¢s)

ECONOMICS OF THE REACTION [Solvay Proges

Solvay process is continuous, efficient and economical for wing reasons:

(1). The principal raw materials for the process are ch plentiful. They are
sodium chloride, NaCl and Limestone, CaCQOs. The n salt is extracted from
deposits as brine; the limestone yields quicklimg/calcidm oxide and carbon(IV)
oxide.

CaCOs(s) < CaO)+ COyg)

(2). Ammonia is recovered and use a
mixture of ammonium chloride and

2NH4Cl(aq) + CaO)— CaCly %u) + 2NH3(g)

e tower by the action of heat on a
oxide.

(3). The only waste produet=i Solvay process is calcium chloride. However, it
Is used in the industria duetion of calcium metal by electrolysis and as a drying
agent—being hygro

YSICAL PROPERTIES OF Na:COs3

(1). Anhydro dium trioxocarbonate(1V), Na,COs, exists as a white powder and
white cryst%:vhen hydrated.

(2). ite hydrated salt efflorescences in air to form a monohydrate salt:
N 3.10H20() = NaxCO3.H2Os) + 9H20(g)

(3). When heated strongly, the crystalline salt becomes completely powdery and
anhydrous:

Na>C0O3.10H20¢) = NaxCOs + 10H20,)



(4). Both the hydrate and anhydrous salts dissolve in water to give colourless
solutions.

CHEMICAL PROPERTIES OF Na.COs

(1). Na,COsdissolves in water to give an alkaline solution; due to hydrolysis:
Na>CO3 + 2H20(s) = 2NaOHaq) + H2CO3(ag) y
ere

(2). When a dilute mineral acid is added to anhydrous or hydrated Na,CO.
IS a brisk effervescence. The gas evolved is colourless, odourless,
litmus paper to red and turns lime water milky. The gas is CO,.

Na:CO3 + 2HCl@ag) = 2NaClag) + H20¢y + COgzg) v
NaxCOs3 + 2ZHNO3z@q) = 2NaNOsz@Eg + H20¢) + CO2(g) §
2

Na;COs.XH20 + 2HClag) = 2NaCleag) + (X + 1)H2©%) @
Na,CO3.xH20 + 2HNO3(@aq)— 2NaNOsag) + (X + 0 + CO2)

USES OF

Three of the important uses of sodi
following:

blue

xocarbonate(IV), Na,COs, are the

(1). Manufacture of glass:
trioxosilicate(lV) salts of sodi

aﬁfw a super-cooled liquid. It is a mixture of
calcium.

Ordinary bottle glass isqmade tp by fusing together sodium trioxocarbonate(lV),
Na,COs (or sodium t@osulpha‘te(w), Na,SQO,), calcium trioxocarbonate(1V),
CaCQOg, SiIica/San@ (IV) oxide, SiO, and a little carbon (reducing agent).
Broken glas dded to assist fusion.

R
Na>COsz) +%z(s) — NazSiOs(s) + COz(g)

CaC%j 102) = CaSiOs) + CO2(g)
T@ re of silicates (with some unchanged silica) constitutes the glass.
(2).¥Manufacture of Water-glass: Water-glass is sodium trioxosilicate(IV),

Na,SiOs. Sodium trioxocarbonate(1V), Na,COs, is fused with silica/silicon(1V)
oxide to produce sodium trioxosilicate(IV), Na;SiOs.

NaZCOS(s) + SiOZ(s) - NaZSiOS(s) + COZ(g)




On cooling, a glassy solid is left, which is broken up, boiled with water and
evaporated to a colourless, treacly material, known as water-glass.

USES OF WATER-GLASS:

Water-glass is used in preserving eggs, in fire-proofing and in producing cements.
(3). In domestic water-softening: Calcium ion, Ca2*, which is the principaE cause

of hardness in water, is precipitated from the water as chalk, Ca**COs?, e
addition of sodium trioxocarbonate(IV), Na,COs.

Note: In the laboratory, Na,COs, is used to standardize acids and‘u% analytical

reagent. Y,
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