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1. The Group 7 elemernts

Li
Na

Rb
Cs
Fr

Introduction

The elements in the Groups 1 and 2 are called s-block elements. The Group 1 elements (formerly
Group I or 1A) include lithium (Li), sodium (Na), potassium (K), rubidium (Rb), caesium (Cs)
and francium (Fr). They are also called “alkali metals”. In some Periodic Tables, hydrogen is
placed just above Li though its properties are somewhat different to other elements in Group 1.
The chemistry of hydrogen will be discussed separately.

1.1 Occurrence and isolation

Alkali metals are reactive and they are not found in nature as free metals. Sodium and potassium
are relatively more abundant than the other metals in this group. Na is present as a salt (e.g.
Sodium chloride, NaCl) in huge quantities in underground deposits (salt mines), in seawater and
other natural waters. Potassium salts are found naturally in seawater, and as carnalite,
KCI-MgCl,-6H,0 or potash (KOH). The concentrations of Na* and K* ions in seawater are
10,800 and 590 ppm, respectively.

Sodium and lithium are obtained by electrolysis of their molten chloride. For example,
2 NaCl() —» 2 Na(s) + Clx(g)

During electrolysis Na* ions are reduced to Na metal and chloride ions are oxidized to chlorine
gas.
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Activity

1. Can we obtain Na metal by electrolyzing a concentrated aqueous solution of NaCl?

Potassium is made by the reaction of sodium vapor with molten/fused KCI at 850°C.
Na(vapour) + KCI(I) — NaClI(l) + K(I)

Rb and Cs are made by the reduction of their chlorides with calcium metal at 800°C.
Ca(l) + 2RbCI(I) —» CaCly(l) + 2 Rb(l)

All isotopes of francium are radioactive.

1.2 Some properties of alkali metals

In this lesson, we will mainly concentrate on the chemistry of Na, K and Li. The elements of
Group 1 are soft metals and they conduct electricity and heat. Table 1 provides you with some
of the physical data of Group 1 elements. As one would expect the ionic radius, r(M"), increases
as you go down the group. The melting point (m.p.) decreases from Li to Cs. Alkali metals have
low densities and the densities (d) of Li, Na and K are less than that of water; thus these metals
float on water.

Table 1: Some properties of Group 1 elements

Element ‘ r(M") Electron m.p./°C  d/gcm™ Eon ‘ IEy/ =¥}
/pm  configuration kdmol™?  kJmol™
Li (Lithium) 60 | [He] 2s' 181 | 053 | -304 | 520 | 7590
Na (Sodium) |95 | [Ne] 3s* 98 | 097 | -271 | 496 | 4560
K (Potassium) | 133 | [Ar] 4s 63 | 086 | -294 | 418 | 3060
Rb (Rubidium) | 148 | [Kr] 55" 39 | 153 | -294 | 401 | 2630
Cs (Caesium) | 169 | [Xe] 6s" 29 | 190 | -303 | 376 | 2430

|

Activity

2. Why are alkali metals soft and have low melting points?
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The valence electron configuration of these elements can be written as ns* and they have a
tendency to lose the single s-electron and attain a noble gas electron configuration.

M — M" +e  (oxidation)

Therefore, these alkali metals are the most reactive and electropositive elements known. This is
due to the low first ionization energy (IE;) shown by each element. They all form only M* ions
as the second ionization energy (IE>) is very high when compared to IE; (see Table 1).

Q: Write the electron configuration of Na, Na* and Ne.

A
Electron configuration of Na 152,2s%,2p° 3s* (11 electrons)
Electron configuration of Na* 152,2s%,2p° (10 electrons)
Electron configuration of Ne 15?252 2p° = [Ne] (10 electrons)
Electron configuration of Na 152 252, 2p® 35 = [Ne] 3s*

Activity

3. Cs has the lowest first ionization energy (see Table 1), explain. Comment on the
electropositivity of the cations as you go down the Group.

Group 1 elements form colorless ionic salts with common simple anions and the oxidation
state/number of the metal is always +1. Almost all derivatives of alkali metals are ionic except
some lithium compounds. The Group 1 metal ions (M™) are quite stable towards reduction to its
free elements (M), for example Na* is more stable than free Na metal.

Standard reduction electrode potentials (E°) of the Group 1 metals are given in Table 1. The
negative values indicate that these elements are good reducing agents. Li has a more negative E°
value than Na because of its high hydration energy. Simple salts of alkali metals tend to be very
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soluble in water, but LiF and Li,COj3 are partially soluble in water. Free alkali metals are
normally stored in dry hydrocarbon solvents (paraffin oil) to prevent them from reacting with
atmospheric oxygen or moisture.

1.3 Compounds of alkali metals

In this section, we will consider some reactions and properties of simple salts of alkali metals:
metal oxides, metal hydroxides and metal halides.

Alkali metal oxides

The product(s) obtained due to combustion of Group 1 elements in oxygen vary with the alkali
metal and the amount of oxygen used: three different oxygen containing anions (e.g. oxide,
peroxide and superoxide) are formed (Table 2). Hydrolysis (reaction with water) of
lithiummonoxide gives LiOH. Hydrolysis of sodium peroxide at 0 °C gives NaOH and H,0, , but
H,0, is unstable at room temperature and liberates O, as the temperature is raised. The
corresponding metal hydroxide, H,O, and O, are produced when superoxides of K, Rb and Cs
are hydrolysed. K, Rb and Cs form all three oxides.

Table 2: Stable oxides (main product) obtained by reacting alkali metals with oxygen, and the
product(s) due to hydrolysis of the corresponding salt

Li Li,O 0% (oxide) OH"
Na Na,O, 0,% (peroxide) OH", H,0,
K, Rb, Cs MO, O, (superoxide) OH', H,0,, O

Lithium forms only the monoxide (Li,O). Superoxide of sodium is unstable. The superoxide
becomes more stable as you go down the group. K, Na and Cs are known to form all three
oxides. Large alkali metals form stable superoxides MO, (M = K, Rb, Cs), which are ionic and
paramagnetic. Note that paramagnetic compounds contain unpaired electrons, like in the oxygen
molecule.
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Activity
l 4. Write the balanced equations for the reaction of Na with O..

Preparation of metal oxides

The reaction of LiIOH with H,0,, generates unstable lithium peroxide [Li2O-], which
decomposes to Li,O and O..

2 LIOH(s) + H,0,(l) — [Li;Oz] — LixO(s) + % Ox(g)

K20 is prepared by reducing KNO, or KNOj3 with free metal.
2 KNO3(s) + 10 K(s) — Naz(g) + 6 K,0(s)

2 KNOy(s) + 6 K(s) —> Nz(g) + 4 Ko0(s)

Sodium peroxide is produced by passing carbon dioxide free dry air over heated Na.
2 Na(s) + Ox(g) — Na02(g)
Upon heating, sodium peroxide decomposes to sodium monoxide and oxygen.

2 Na;Op(s) —> 2 NayO(s) + 02(9)

These peroxides (M,0O) have ionic structures and they react with cold water (0°C) to give H,05.
(M = Li, Na, K and Cs)

MzOz(S) + 2 HzO(l) —> Hzoz(l) + 2 MOH(aq)

Alkali metal peroxides are powerful oxidizing agents and they oxidize sulfides to sulfates. Na,O,
absorbs CO; and gives out O,

2 Na,Oy(s) + 2CO,(g) — 2 Na,CO3(s) + O(Q)

These peroxides are used to purify air (by removing CO,) in closed spaces such as submarines.
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Alkali metal hydroxides
Alkali metals react with water to give an alkaline solution with hydrogen evolution.
2 M(s) + 2H,0() — 2 MOH(aq) + Ha(g)
Li, Na and K all float on water, Li reacts steadily, Na reacts vigorously and K reacts violently.

NaOH is a very deliquescent white solid. On exposure to air it absorbs moisture. A solid sample
of NaOH could combine with CO, in air to form a layer of Na,COs. This layer protects NaOH
from reacting further with moisture and CO,. Due to these reactions NaOH cannot be used as a
primary standard for the standardization of acid solutions. NaOH is produced by electrolyzing
NaCl.

Alkali metal hydroxides are used in various acid-base titrations. For example, NaOH can
neutralize dilute sulfuric acid giving a salt and water.

2 NaOH(aq) + H2SO4(aq) —> NaxSO4(ag) + 2 HO(l)

Nonmetals such as carbon, nitrogen and oxygen do not react with aqueous NaOH but many other
elements do react with NaOH. For example,

2 Al(s) + 6 NaOH(aq) + 6 H,O(I) — 2 Nas[AlI(OH)s](ag)+ 3 Ha(q)
Si(s) + 2NaOH(aq) + H,O() — Na,SiOs(s) + 2 Ha(g)

4 S(s) + 6 NaOH(aq) —> 2 NayS(aq) + NayS;03(aq) + 3 H.O(I)

Alkali metal halides

Alkali halides (MX) of sodium and potassium are ionic compounds and readily dissolve in water
(a polar solvent). But LiCl, LiBr and Lil have some covalent character and are more soluble in
alcohol (a less polar solvent than water). The covalent character of lithium compounds is due to
the strong polarizing power of the Li* ion. Large anions are polarized by the Li* ion by attracting
outermost electrons of the anion and at the same time repelling the positively charged nucleus of
the anion. This distortion or polarization of the anion by the cation results in a certain degree of
sharing of electrons between ions, i.e. the bond would become partially covalent in character.
The small fluoride ion resists polarization by the lithium ion thus LiF has more ionic character.
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The degree of polarization/polarizing power increases as the
Q) charge of the cation increases,
(i) charge of the anion increases,
(iii)  size of the cation decreases, and

(iv)  size of the anion increases.

Q: List the halides in the order of increasing degree of polarization.

F <ClI<Br <I

Q : List the cations of alkali metals in the order of increasing polarizing power.

\A: Cs' <Rb" <K' <Na' <Li*

Summary

e Group 1 elements are soft, reactive metals with low melting points; low densities; low
first ionization energies; very high second ionization energies; very negative standard
reduction potentials. Most simple salts of alkali metals are soluble in water.

e Valence electron configuration of alkali metals (M) is ns* and they readily form M ions.
Therefore, they are strong reducing agents.

e Naand Li are obtained by electrolyzing of their molten chloride; K is made by reacting
molten KCI with sodium vapor.

e They form three types of oxides: monoxide, peroxide and superoxide.

o Alkali metal hydroxides are used in acid-base titrations.
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Learning Outcomes
At the end of this lesson you should be able to

e give the sources and methods used to isolate alkali metals, particularly, Na and K.

e compare the variation in properties of alkali metals such as ionic radius, melting points,
density, ionization energies, and standard electrode potentials as you go down the Group.

e write the electron configuration of a Group 1 element or ion.
e mention preparation methods of alkali metal oxides, peroxides and superoxides.

e explain reactions of alkali metal oxides and metal hydroxides.

Lol Activity

fl

]
" 5. Determine the oxidation states of the non-metals in the following substances.
(I) Na,O, (II) KCIO, (III) Na,COs3 (IV) Na,SO4

6. Draw the structures of the following anions NO3, CO3>", SO4*, ClOs*
(Hint: Think about the valency and possible oxidation state(s) of atoms/ions)

7. What is the order of reactivity of alkali metals towards water?
8. Give two organometallic reagents of alkali metals, i.e. organic derivatives of alkali metals?
9. Which alkali metals form stable superoxides when it is reacted with oxygen?

10. Which alkali metals do not form stable superoxides?
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2. TThe Group 2 elements

Be
Mg
Ca
Sr
Ba
Ra

Introduction

Here we will discuss the properties and chemistry of Group 2 elements and their compounds.
The Group 2 (formerly Group Il or 11A) elements include beryllium (Be), magnesium (Mg),
calcium (Ca), strontium (Sr), barium (Ba) and radium (Ra). They are also called “alkaline
earth metals”. We will also make an attempt to compare the chemical properties of Group 2
elements with the Group 1 elements.

2.1 Occurrence and isolation

The Group 2 elements are too reactive to occur as free elements in nature. Mg is the second
most abundant element in seawater and it occurs as MgCl, (0.3%), MgBr; (0.04%) and MgSQO,
(0.18%). Magnesium also occurs in carnalite deposits, KCI.MgCl,.6H,0. Dolomite
(CaC03-MgCO:s) is found in Digana (Kandy District) and Rattota (Matale District) which is used
in the manufacture of Porcelain and Fertilizer. Limestone, chalk and marble contain CaCOs.
Calcium also occurs as a sulfate, CaS04-2H,0 in gypsum. Apatite, Caz(PO,); is found in
Eppawala (Anuradhapura District). Seawater also contains CaSO,. Sr and Ba are rare and Be is
even rarer and found as beryl, an aluminosilicate, Be3Al,(SiO3)s. The most important source of
calcium is the deposits of CaCOs, which are the fossilized remains of dead shellfish.

Dolomite is the major constituent of the mountain range, the Dolomite Alps in Italy. Ca and Mg
are the fifth and sixth most abundant element in the earth’s crust. From an Industrial standpoint,
Mg is the most important metal.

Group 2 elements are normally prepared by electrolysis of the corresponding fused chlorides.
Electrolysis of anhydrous MgCl, using a graphite anode and a steel cathode produces Mg at the

10

Published by The Open University of Sri Lanka
2015



&
*n

cathode. Anhydrous carnalite can be directly used for electrolysis; usually NaCl is added to
lower the melting point of MgCl..

Activity

11. Write the half-cell reactions for the above process - electrolysis of anhydrous MgCl,.

The anhydrous MgCl, can also be prepared by heating magnesite (MgCQO3) with coke (carbon)
and passing chlorine over the mixture.

MgCOs(s) —> MgO(s) + CO2(9)
MgO(s) + C(s) + Clx(g) —> MgCly(s) + CO(9)

Magnesium can also be obtained from seawater as shown below.

Q) Mg(OH); is precipitated by adding Ca(OH)..

Mg*(ag) + Ca(OH)x(s) —> Mg(OH)(s) + Ca**(aq)

(i) MgO is obtained by heating Mg(OH),.
2000 °C
Mg(OH)z(s) —> MgO(s) + H20(g)
(i)~ MgO is reduced to Mg by heating with carbon (coke).

MgO(s) + C(s) —> CO(g) + Mg(s)

Calcium metal is also obtained by electrolysis of a mixture of CaCl, and CaF,. CaF; is
added to lower the melting point of the mixture.
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2.2 Some properties of Group 2 elements

All Group 2 elements are metals and all are powerful reducing agents. Table 3 provides you with
some physical properties of Group 2 elements. The valence electron configuration of these
elements can be written as ns? and they have the tendency to lose both s-electrons and attain a
noble gas electron configuration.

Table 3: Some properties of Group 2 elements
(E.Con. = Electron configuration; 100 pm (picometres) = 1A)

Be | (Beryllium) [He] 252 899 1757 14848 59
Mg | (Magnesium) | [Ne] 3s 738 1451 7733 86
Ca | (Calcium) [Ar] 45 590 1145 4912 114
Sr | (Strontium) [Kr] 552 549 1064 4207 132
Ba  (Barium) [Xe] 65° 503 965 3500 149
Ra | (Radium) [Rn] 75 - - - -

As seen in the Table 3, the ionic radius of the divalent ions increases as you go down the group.
Each free atom has two valence s-electrons (when compared to Group 1 elements) which results
in atoms being held together much more strongly in the free metal. Hence the Group 2 elements
are harder, denser and have a much higher melting point than the corresponding alkali metals
(see Table 4).

Table 4: Densities and melting points of the elements of Groups 1 and 2

Density (gcm®) | 053  1.85 097 175 086 155 153 263 1.90 3.62

Melting Point (°C) = 181 | 1287 = 98 | 649 = 63 | 839 39 | 768 @ 29 | 727
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Group 2 elements form colorless largely ionic compounds in the solid state in which the
oxidation state of the metal is always +2. No stable compounds containing M ions are known.
All Group 2 metals form only M?* ions. The high charge density of Be** means that the free ions
cannot exist, and all its compounds are either covalent or exist as solvated ions such as
[Be(H20)4]*".

Beryllium thus shows properties markedly different from the other elements in Group 2. The
higher charge density of M®* ions of the Group 2 elements (when compared to M ions of the
Group 1 elements) results in

(i)  smaller M**ions; e.g. r(Ca*") is 114 pm and r(K*) is 133 pm.
(i) strongly hydrated complexes than Group 1 elements

(iii)  higher lattice energies

(iv)  salts which are less soluble in water.

Activity

12. Group 2 elements do not form M*" ion. Explain.

13. Why is IE; for Magnesium very large, when compared to its 1E,?

2.3 Compounds of Group 2 elements

In this section, we will discuss the preparation and reactions of Group 2 metal oxides (MO),
hydroxides M(OH),, peroxides (MO,), halides (MX3), hydrides (MH,), nitrates [M(NO3)2],
sulfates (MSQ,) and carbonates (MCOs3).

Oxides

Let us consider preparation of metal oxides. There are three methods to prepare metal oxides: (i)
direct reaction with oxygen, (ii) decomposition of metal carbonates, and (iii) direct reaction with
water at high temperature.

5Be(s) + 02(g) + Na(g) —> 2BeO(s)|+ BesNas)

Y

Air
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Similar reactions do occur with Mg, Ca, Sr and Ba. Metal oxides are essentially ionic solids with
a divalent cation and an anion (M?*0*"). Beryllium oxide (BeO) may have some covalent
character. This may be due to higher polarizing power of Be** ion.

Group 2 metal oxides are normally prepared by thermal decomposition of the corresponding
metal carbonate.

MCOs(s) — MO(s) + COx(g)
Magnesium reacts with steam to produce MgO and hydrogen.

Mg(s) + H0(g) —> MgO(s) + Ha(g)

Some of the reactions of metal oxides are given below.

(i) Group 2 metal oxides have high lattice energies and are less soluble in water compared to
those of Group 1 metal oxides. BeO and MgO are quite insoluble in water whilst CaO,
SrO and BaO readily react with water giving ionic hydroxides. For example, CaO is a
basic oxide and it reacts with water to give Ca(OH)..

CaO(s) + HxO(l) — Ca(OH),(aq)
(i) CaO reacts with gaseous acidic oxides such as SO to give sulphite.
CaO(s) + SOy(g) —>» CaSO0s(s)

(iii) At higher temperatures, CaO reacts with solid acidic oxides such as silica and P,O1ot0
give silicate and phosphate, respectively.

CaO(s) + SiOy(s) —>» CaSiOs(s)
6 CaO(s) + P4010(s) —» 2 Caz(PO4)2(s)

CaO is used in the laboratory as a drying agent in desiccators for drying organic solvent (e.g.
ethyl alcohol). During this process Ca(OH), is produced.

Hydroxides

We know that metal hydroxides can be prepared by hydrating the corresponding metal oxide.
The basic character of metal hydroxide increases with the size of the cation, thus basicity
increases as shown below.

Be(OH), < Mg(OH), < Ca(OH), < Sr(OH), < Ba(OH),
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Be(OH), shows amphoteric properties; it dissolves in mineral acid (HX) to form the
corresponding halide (BeXy); in alkaline solutions (e.g. NaOH), it produces beryllates,
Naz[Be(OH)4].

Be(OH)x(s) + 2 HCl(aq) — BeCly(s) | + 2 H,O(I)
Be(OH),(s) + 2 NaOH(aq) — Nay[Be(OH)4](aq)

An aqueous solution of calcium hydroxide is called limewater; which is used to test for carbon
dioxide. When carbon dioxide is passed into limewater, a precipitate of calcium carbonate is
formed first.

Ca(OH),(aq) + COy(g) —>» CaCOgs(s) | + HxO(l)

Addition of more CO, converts the carbonate into more water soluble calcium bicarbonate so
that CaCOj3 precipitate dissolves up giving a clear solution.

CaCOs(s) + COx(g) + HxO(I) —» Ca(HCO3).(aq)

If more limewater is added, CaCOj3; re-precipitates.

Ca(HCO3),(agq) + Ca(OH),(aq) —» 2 CaCOs(s) |+ 2 HoO(l)

CaCOg can be precipitated by boiling a solution of Ca(HCO3),
Ca(HCOs)2(aq) —> CaCOs(s) | + CO2(g) T+ H0(I)

Peroxides

The formation of metal peroxides (MO,) is observed with larger cations. BaO; is readily formed

when BaO is heated in air or oxygen.

2 Ba0(g) + O,(g) —> 2 BaOy(s)

SrO; is obtained in a low yield by heating SrO in oxygen under pressure at 400°C.

Hydrated peroxides of the type MO,.8H,0 can be obtained by adding H,O to a concentrated
solution of metal salts.
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Halides

Group 2 metals react directly with halogen to give metal dihalides, MX,. M = Be, Mg, Ca and
Sr; X =Cl and Br.
M(s) + Xo(g) —> MXy(9)

The reaction with bromine takes place at higher temperatures. Calcium can react with F, and I,
to give CaF, and Caly, respectively.

Beryllium chloride (BeCl,) is a covalent polymer in the solid state containing Be-CI-Be bridges.
In the vapor phase, the polymer [BeCl,], is broken into a mixture of the monomer BeCl, and the
dimer Be,Cly .

/CI - /-CI o /CI\ /CI ~ ,CI\ /Cl

Be Be Be Be Be Be
/ l‘r;’ \\\\\ \ / a",r! , \\\\\
o g cl o

Cl

Coordination number = 3 Coordination number =4

Some hydrated chlorides are MgCl,.6H,0, CaCl,.6H,0 and BaCl,-H,O. Hydrated magnesium
chloride decomposes on heating to give a basic chloride.

2 MgCl»6H,0(s) -A» MgO-MgCly(s) + 2 HCI(ag) + 11 H0(l)

Calcium chloride crystallizes as CaCl,-6H,0. Anhydrous CaCl; is used as a drying agent for
organic solvents. It also absorbs ammonia and alcohols giving compounds such as CaCl,-8NH3;
and CaCl,-4CH;OH.

Hydrides

Magnesium hydride is formed when Mg powder is reacted with hydrogen under pressure at a
high temperature. Mgl acts as a catalyst.

Mg(s) + Ha(g) L» MgH:(s)
MgH;, reacts with water to give Mg(OH), and hydrogen.

MgHa(s) + 2 HyO() —> Mg(OH)a(s) + 2 Ha(g)
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Group 2 metal hydrides are thermally more stable than the alkali metal hydrides. CaH; is used as
a reducing agent and also as a drying agent.

Nitrates

The reaction of nitric acid with metal oxides, hydroxides or carbonates gives Group 2 metal
nitrates. Mg(NO3), and Ca(NQg); are very soluble in water. Unlike Group 1 metal nitrates,
nitrates of Group 2 metals can be decomposed to their oxides by heating. The thermal stability
increases from Mg(NO3), to Ba(NO3)s.

Sulfates
Be (powdered) and Mg dissolve in dilute H,SO, to give BeSO4 and MgSOQy, respectively.
M(s) + HzSOs(aq) —> M*'(ag) + SO (ag) + Ha(g)
CaSO, can be precipitated by adding dilute H,SO,4 to a solution of calcium salt.
Ca(NO3); (aq) + H2SO4(ag) —>» CaSO4(s) + 2 HNOs(aq)

The solubility of sulfates decreases as you go down the group. MgSQyq is soluble in water but
BaSQ, is insoluble. Thus BaCl; is used as a reagent to determine sulfate ions in inorganic
analysis,

Ba?*(aq) + SO.*(aq) —> BaSO4(s)

Carbonates

When magnesium salts are treated with a Na,CO3 solution, a precipitate of the basic carbonate,
3MgCO3-Mg(OH),-4H,0 is formed. The composition of the precipitate varies. The normal
carbonate (MgCOs) can be obtained by adding a solution of NaHCOjs to a solution of Mg®* ions.

Mg*(ag) + NaHCOs(ag) —> MgCOs(s) + Na'(ag) + H'(aq)
MgCOs; is fairly insoluble in water but if CO, is bubbled through a suspension of MgCOs3 in
water, the soluble bicarbonate is formed.

MgCOs(s) + H.O(l) + CO2(9) —> Mg(HCOs).(aq)

Group 2 metal carbonates react with acids to give the corresponding salt and CO..

CaCOgs(s) + 2HCl(ag) —> CaCly(aq) + H,O(l) + CO2(9)

17
Published by The Open University of Sri Lanka
2015



Thermal stability of metal carbonates increases with the size of the cation as indicated by their

decomposition temperature (Tp).

Compound MgCO3 CaCOg SrCoOs; BaCO;
Tp/°C 540 900 1290 1360
Summary

e Group 2 elements are shiny and reactive. They do not occur as free elements in nature.

e Valence electron configuration of alkali earth metal (M) is ns® and they readily form
M?* ions. Therefore, they are strong reducing agents.

e All elements can be obtained by electrolysis of their molten salts.

e The Group 2 elements are harder, denser and have a much higher melting point than
the corresponding alkali metals.

e M?"ions of the Group 2 elements are (i) smaller (ii) strongly hydrated and (iii) less
soluble in water than the M™ ions of Group 1 elements.

e Metal oxides can be prepared by (i) direct reaction with oxygen, (ii) decomposition of
metal carbonates and (iii) direct reaction with water at high temperatures.

e The basic character of metal hydroxide increases with the size of the cation, thus basicity
increases from Be(OH), to Ba(OH):,.

e Group 2 metals react directly with halogen to give metal dihalides, MX,. M = Be, Mg, Ca
and Sr and X = Cl and Br.

e Group 2 metal hydrides are thermally more stable than the alkali metal hydrides.
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Learning Outcomes

At the end of this session you should be able to

e give the sources and methods used to isolate alkali earth metals, particularly,
magnesium.

e compare the variation in properties of alkali earth metals such as ionic radius, melting
points, density, and ionization energies, as you go down the Group.

e write the electron configuration of a Group 2 element or ion.

e explain the properties and reactions of alkaline earth metals and their compounds.

Activity

14. Determine the oxidation states of the non-metals in the following substances:

15.

16.
17.

18.

(i) Si0Os* (i) SO* (i) PO (iv) [Be(OH)J]*

Draw the structures of the following anions: SiOs*", SOs*", PO,>, [Be(OH)4]*
(Hint: Think about the valency & possible oxidation state(s) of atoms/ions)

What do you think about the relative solubility of Mg(OH), and Ca(OH), in water?
What is the alkaline earth metal which does not react with water?

Write a balanced equation for the reaction between strontium and bromine.
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3. Uses and some industries of s-block elemernts

Introduction

In this lesson, we consider uses and some industries based on s-block elements. The chloralkali
industry refers to the industries that produce chlorine (Cl,), sodium hydroxide (NaOH) and
sodium carbonate (Na,CO3). These three chemicals are used in a large number of chemical
processes; for example, production of paper, glass, soap, alkaline cleaners and polymers. In
industry, Na,CO3 is known as soda ash. In USA, there are deposits called ‘trona’ which are
mixtures of sodium carbonate and bicarbonate, Na,CO3.NaHCO3.2H,0. Na, Li and Mg are
obtained by the electrolysis of their molten chlorides. Methods for preparation of calcium salts
such as CaO, Ca(OH),, CaCl,, CaSO3; and CaSOjwere discussed in the previous lesson.

3.1 Production of chlorine and NaOH

Chlorine and NaOH are both made by the electrolysis of brine (salt water). There are two types
of cells used for this process.

1. The diaphragm cell

2. The mercury cell

The diaphragm cell method

In Sri Lanka at Paranthan, NaOH is produced by the diaphragm cell method. In the diaphragm
cell the anode (graphite) and the cathode (steel) are separated into two compartments by a
diaphragm made of asbestos. A NaCl solution is electrolyzed to produce chlorine, hydrogen and
NaOH as shown below.
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Cl Cl
Tz Tz H2 Hz
Nacl Water — s NaOH
Solution | + Na+ He |-
+ -
+ -
| Nat OH |~
Graphite ——> N _ Na*tQH-
ih
Anode Compartment Cathode Compartment
Diaphragm

Figure 1: Diagram of a diaphragm cell

Anode reaction
At the anode, CI™ ions are oxidized to chlorine gas.

2CI'(ag) —» Cly(g) + 2e

Cathode reaction

At the cathode, H" ions (from water) are reduced to hydrogen gas.
2H,0(l) + 22 —» 20H(ag) + Hz(Q)
or

2H'(ag) + 26— Hy(Q)

During electrolysis, OH  ions are produced, therefore the solution becomes increasingly alkaline.
Na" ions can pass through the diaphragm into the cathode compartment. These Na* ions combine
with OH ions to form an aqueous solution of NaOH.

Na'(ag) + OH (ag) —» NaOH (aq)
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It is important to maintain the liquid level in the anode compartment higher than that in the
cathode compartment. This allows continuous flow of sodium ions into the cathode
compartment. Otherwise OH ions may reach the anode and get oxidized to give O,.

The mercury cell method

In the mercury cell method, brine is continuously passed into a cell that has graphite anodes and
a moving layer of mercury as the cathode. As usual, Cl ions are oxidized to give Cl,. In contrast
to the diaphragm cell method, here Na" ions are reduced to form sodium amalgam (NaHg)
which with unused mercury travels out of the cell into a chamber containing water. In this
chamber, NaHg reacts with water to give NaOH, Hg and H; as given below.

2 NaHg(s) + 2H,0() — 2 Na'(aq) + 20H (aq) + 2 Hg(l) + Ha(g)

3.2 Production of Na,COg5

Large scale production of Na,COg is achieved by the Ammonia-soda or Solvay process (see
figures 2 and 3). Limestone (CaCOg3) and NaCl are the starting materials, and the production
process consists of the following steps.

1)
)
3)
(4)
(5)

Production of saturated brine solution

Saturation of brine solution with ammonia

Production of carbon dioxide by roasting of limestone
Production 0ofNaHCO3

Conversion of NaHCO; to Na,COs.
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Figure 2: Production of Na,CO3 by the Solvay process (from reference 7)

Saturated brine solution is made by dissolving NaCl in water (Step 1). It is important to have the
brine solution free from magnesium and calcium ions; otherwise the final product (Na,COs3) gets
contaminated with CaCO3; and MgCOs. Then, this brine solution is treated with ammonia to
saturate the brine with ammonia (Step 2).

COs; is produced by heating limestone in the column (Step 3).

CaCOs(s) —> CaO(s) + COx(g)

Now, the solution containing brine and ammonia is passed down a tower, against an upward
moving current of CO, which precipitates NaHCO3 (Step 4). The reaction can be summarized as
given below.

NaCl(aq) + NHz(ag) + CO2(g) + H.O() — NH,Cl(ag) + NaHCO3(s)

The resulting NaHCOj3 precipitate is separated and heated in a rotary drier to obtain Na,CO3
(Step 5)

2 NaHCOs(s) 2% Na,COs(s) + H,0(g) + COs(g)

The resulting CaO (in Step 3) is converted into Ca(OH), by adding water.

CaO(s)+ H,O(l) —>» Ca(OH),(aq)
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NH,4Cl(aq) filtrate obtained in (Step 4) is reacted with aqueous Ca(OH), to regenerate NH3 gas.
Thus NHj is reused during the ammonia-soda process.

Ca(OH),(aq) + 2 NH4Cl(aq) — CaCly(ag) + 2 HO(l) + 2 NH3(g)

The only by-product of this process is CaCl,, therefore the overall reaction can be summarized as
given below.

CaCOs3(s) + 2 NaCl(s) —» Na,COs3(s) + CaCly(s)

Sodium carbonate can be crystallized from water as the decahydrate Na,CO3.10H,0. An aqueous
solution of Na,COs is alkaline. In the laboratory, Na,CO; is used as a primary standard to
standardize acids. In qualitative analysis, Na,COs is used to precipitate carbonates of Ca**, Ba*
and Sr?*. In industry, Na,COs is used to make glass, caustic soda (NaOH) and other salts.

CaCo,

l Roasting

Ca(OH), |«——| ca0 | +| c¢o,

‘L’ NH Brine e
Brine 3__3| saturated 2 o
with NH, fomst

Na HC03 _—é N32C03

Figure 3: Flow chart of the key stages of the production of Na,COj3 by the Solvay process

3.3 Production of NaCl

In Sri Lanka, NaCl is produced by concentrating sea water. As the first step, sea water is
collected to a tank. Concentration of the solution is achieved by evaporation of water under the
hot sun with the help of blowing wind. Precipitation of CaCO3 takes place as the concentration
of the solution increases. CaCOs precipitate is separated by transferring the concentrated solution
into a second tank. Further concentration of the solution leads to the precipitation of gypsum
(CaS04-2H,0). Gypsum is removed by transferring the concentrated solution to a third tank.
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Upon further concentration, NaCl crystallizes out leaving MgCl,, MgBr, and MgSQ, in the
solution, which can be used to extract magnesium. Finally, NaCl crystals are washed with an 8%
NaCl solution to get rid of any impurities attached to the solid. A small amount of iodate (103 )
salts is added as a food supplement (source of iodine) before table salt is marketed for human
consumption.

3.4 Production of salts of Group 2 elements

Methods for preparation of calcium salts such as CaO, Ca(OH),, CaCl,, CaSO3; and CaSO,are
given under the topic the Group 2 elements (see section 2.3).

3.5 Solubility of salts of s-block elements

Salts of s-block elements are used in every laboratory. Your knowledge in solubility of common
salts of s-block elements in water is important in terms of purification and isolation of products
from a reaction mixture. Solubility of common salts of s-block elements is given below.

Group 1 elements

Almost all the salts (halides, hydroxides, carbonates, bicarbonates, nitrates, nitrites, sulfides,
sulphates, sulphites) of Group 1 elements are soluble in water.

Group 2 elements

All the halides, sulphides, nitrates, nitrites, and bicarbonates of Group 2 elements are soluble in
water.

Be(OH), and Mg(OH); are insoluble in water, Ca(OH), and Sr(OH); are slightly soluble in water
and Ba(OH); is soluble in water.

BeSO3; and MgSOs; are soluble in water, CaSOjs is slightly soluble in water, SrSO3; and BaSO; are
insoluble in water.

BeSO, and MgSQ, are soluble in water, CaSOy is slightly soluble in water, SrSO, and BaSO, are
insoluble in water.

All carbonates of Group 2 elements are insoluble in water.
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3.6 Uses of s-block elements and their compounds
Some important uses of s-block elements and their compounds are given below.

Li,COs3 is used as an inorganic drug to treat manic-depressive disorders; LiAlH,, butyl lithium
(BuLi), methyl lithium (MeLi) are used as reagents in organic chemistry; Li and lithium
compounds are used in dry cells and storage batteries.

Compounds of sodium including “common salt” (NaCl), “soda ash” (Na,CO3), “baking soda”
(NaHCO3), “caustic soda” (NaOH) are important to paper, glass, soap, textile and chemical
industries. NaOCl is a bleaching agent.

KNO;3 and KCIOg are used in fireworks; KMnQy is an important oxidizing agent; KOH is used in
the preparation of potassium phosphate for liquid detergents.

Soap contains sodium salts (RCO,Na) of long chain carboxylic acids. Sodium stearate is
produced by reacting NaOH with stearic acid.

Mg(OH); is used to neutralize acids in the mouth and stomach.

Calcium carbide (CaCy) is used to generate acetylene (C,H>) which is used to generate oxy-
acetylene flame. CaO is used for the production of cement.

BaSQ, is an imaging agent used to detect stomach ulcers.

Summary

e The chloralkali industry refers to the industries that produce chlorine (Cl,), sodium
hydroxide (NaOH) and sodium carbonate (Na,COs3).

e Chlorine and NaOH are both made by the electrolysis of brine (salt water).

e In Sri Lanka at Paranthan, NaOH is produced by the diaphragm cell method. In the
mercury cell method, brine is continuously passed into a cell that has graphite anodes and
a moving layer of mercury as the cathode.

e Large scale production of Na,COs is achieved by the Ammonia-soda or Solvay process.

e Methods for preparation of calcium salts such as CaO, Ca(OH),, CaCl,, CaSO3; and
CaSQ,are given in section 2.3.

e Solubility of salts of s-block elements is given in section 3.5.
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Learning Outcomes

At the end of this session you should be able to

describe the production of chlorine, NaOH, NaCl and Na,COs
compare the solubility of salts of s-block elements

list the uses of s-block elements and their salts

Activity
yl >
I 19

. What is meant by “Chloralkali industry”?
20.

21.

22.

23.

Describe the production of NaOH and chlorine using a diaphragm cell.

What is the starting material used in the production of chlorine in the chemical factory at
Paranthan, Sri Lanka. What are the electrodes used for this process?
Write the equations for the anodic and cathodic reactions.

Identify the electrodes used in the mercury cell method? Describe the chemical process
which takes place at the cathode.

How is CO, produced for the ammonia soda process?
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(aq)
(9)

0]

(s)
b.pt./b.p.
C.N.

eV

IE;

M(9)
m.pt/m.p

M+

nm
O.N.

pm

Abbreviations

- Aqueous; dissolved in water
- Gas state

- Heat

- Liquid state

- Solid state

- Boiling point

- Coordination number

- Electron Volt

-i™ ionization energy

- Joule

- Ligand

- Metal

- Zerovalent metal = M(0) = M0
- Element in gas state

- Melting point

- Monovalent metal = M(l) = M'
- Divalent metal = M(l1) = M"
- nanometres

- Oxidation number

- picometres

- Halogen

- Atomic number
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Acid-base titrations

2®E-08® am@isma

SB60 SMF  HuIOl

Allotropic forms

DHTB s

LB\ mLILD

Alloys

8y eci»

&6l IL|B60msBLD

Alums

210/ B5)3w10®

Glossary

The determination of the concentration of an acid or base by exactly
neutralizing the base/acid with an acid/base of known concentration.

Bz wsicen  w8m  @d®c/nd® 088 0Ee/adc  w®ylenensi®
CoBSBmienc 0 a®Eu® 0w HEOWD tBIens HBEBO® RVess SBEE

ez Mg OFflaymLwl SUlv/EMrHmsd o LBWITEHEH SHMmHHI0Ten
BB meOWITHED OFUlamer cpsold OFnfley SmlwiiuL Geuewiigul
Siflev/sMyeAe Fflenal &6 _f&ev.

The property of some chemical elements to exist in two or more different
forms

BOHC GEEds OEO @wnd ecs e®d O D8 D& @md ©ewmmSRSS
5ORe® @encs

Feo @ramwien cpeudmiGele 2 Dievevdl DHBEG Gomur L CeusillLBd
HleneuH6IeT EUIGOL].

Metallic substance made by mixing and fusing two or more metals, or a metal
and a nonmetal, to obtain desirable qualities such as hardness, lightness, and
strength, e.g. brass, bronze, and steel, etc.

Cad00w, BICE PO B B80S D v» ¢Ben v R OISO
eRIn ecms evl 18 Ve, eCdvwE © geEINGE e®l w6 W By
O 06T R eCIHOG OB ¢ BFmE, oG, Dies’

Qe DILVHI ISHBE& CoBULl L 2 GeoTHmiSHei,ie0608h 2 Georsid
BBID HACeUTHL USHTTHHHIG6NM CFTHMBWTEL 2 HeuTdhslLl L o Gsomsll
USTTHBLD.

Crystalline double salts of a trivalent metal (such as Al, Cr, or Fe) and a
monovalent metal (such as K or Na).

Fesoges @z (Al, Cr s Fe OB) @ &n woydecindc (K ed Na 915)
3000 (Pewle cO€m.
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FRMBSHMTID, LIQEHMILD

Amorphous

2303

o _(HeuBm 6w

Amphoteric
COBRD

FfluIsOL

Analogue

23®02900

Anhydrous
IS lelSIgTeN

LRSI

Basicity
IONEIOIS T es)

CLEVG & M6t

: CLPEUSVISNETTIRYGTTEN 2 BeuTHSHUMBID RHEUNIAIGTE6ITEND GV &SI

@Al enLl1 usibigmeyeiten o (L]

Not crystalline; lacking definite form; having no specific shape; formless.

! 303 ©2909; 830 H»@wWE » D¥YWES @N@D.

: uelifigmeuBs, GBIULILL o mealbflevsors, 2 Heumm, HI L LDme,Blensouievsors

USTTSHSHLD.

Capable of functioning either as an acid or as a base.

D 2®R v »E® e Fwi BEOD wBw@d ar.

: SIBeVDTHAID SHTTIOTHEOD CHTHBUBID HeiTenLo

One of a group of chemical compounds similar in structure but different in
respect to elemental composition.

D10ens’ @12 T30 eewni®n OGS I O D ERLOB 0BG
285 eOmed ed.

: @8y sl Lewwlenuud GoumILl L cpeushisermei DenoLILD CleTemiL.  GyaFmuie

CairemeusmseiMei @H Fnl L LOTEGLD.

Not containing water, especially water of crystallization

I BE0 28o®) 00, Jedvensi® ddn SEe.

BT SIBB Blemsev, UsBIGHaBETer BT DB Hlenev.

The state of being a base.

T 0w oces SORe® HSw@d

: epeoldmd  OHTOABLUBID Hlemsv
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Brine
>leteles)

o I

Chloralkali Industry

PeEIedizmsid »E@izssm:

Any saline (salt) solution

I gen @8o® COe®G rdencs

;BT 2 euTLTe (2 L) HDJF6V.

An industrial chemical process based on the electrolysis of brine (aqueous
sodium chloride) for the production of caustic soda and chlorine.

08 (NaCl 8Bw g0ens) Seys BDedemn B8O @B 0miedds ewiad ew®
BeEi8s’ Bucde® CewinSn BwdEwn v gay DO@IBIHE.

;2 [IeEHmIFemsy GG GFulaigsst dpeold srflGFTLTeyb,

Coordination number

30O oD

EAem6WILIL|  6T6udT

Cracking

5¢e

o ML H6V

Degree of polarization

QLOmoen §®renc3

G&Cemmilgnild o _MuUGHFH QFILD @m OFHTOBFTEMEL (LPsHB

The number of coordinated atoms surrounding the central metal atom/ion in
a complex or crystal.

2300w eoeninnm el BOdmen OB eCEINBCOIERD/GwHIE DI L3OO
€ OB ©50@req 3010

Qmp HEsB Csimaulsd osbevdl UaMFsd o2 66N MOUWISIEMINS G0
B emewibHIeTeT  DigmIbaellei  6lewTemibemnd

The process of breaking down complex chemical compounds by heating
them.

BB G206 woenin TS @85 d¢ (Co® FPoidEwa.

Geulil  FHEHeHW  QIPRIGUSHE  dpeold  @rFTwien  FoHHBEFTemaIHU
2 L HalIl Lfes@ (wpemms

: A quantity used to describe the portion of an electromagnetic wave which is
polarized.

By O mConws ems®en (00 Lidwmdens & B¢l Sudms B8O
20000 0T CAD H@IewkB/Sqda.

(LPEDSTUTHEBHHI6N  Si6T6Y: (LPEmsiIITHBLILL L W6iISTHS Dewsvenwl eluflliugBa LrCwralssiu@Gb

D16 FLOT6TOTLD.
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Electrode potential : The measure of individual potential of a reversible electrode at standard
conditions (E°).

QeRBeIID Swdw D 000 »EY woes € umuidln geEEediNen Snde Begre SnOS.

Wl6STUTUI(DSHHLD : B Hleweoulevieiten L5EHD WleiTeuTUlel SHMULLL DRSS D66y

Electron configuration : Specific distribution of electrons in atomic orbitals of atoms or ions.
PeCBeIIRND SmHvresn: B0@IwDD el GEHIWED DIBEWOE geCSeID (B8 @8 @12ISSE

BevsHEefensouleniolil] : SamibHelandl/ Sweiseneans DemOaTipsssd RevdaTeiseflsn @il L

LITLDLIGY.
Electronegativity : The tendency of an atom to attract shared electrons
ey’ e3aenNn D RBADED @S 9eEBeim B® ©ced g ©1Se® »SBwDa.
Ol6BTGeaTgIfuIsOL| S URISLOULL QeuShHTeiisemeT SHeUBLD DigmidbEeillsi SHeiemLo.
Electropositive : The tendency of an atom to remove valence electrons.
B DB0DE i eogEm WODeE BOB® gerEelim @b B0 ti@Iendrs iy WBwIdE.
Ol6sT@ ol UIsL : GUSVISNGTTR] EY6VSHEHTETHMET DIBBWID SieWIHHET6  FHeiTenLD.
Exothermic : Heat energy is transferred to the surroundings during a chemical reaction.
RICICHZD 1 O30 98S@iDn & @080 880w s @8e 80 S8e® SwidBm
UmGeuliLib : @raTwer HTeEssHHer CuTdl FBHI UBSHHIEE Geusfell LG Ceuliugsd.
Fractional distillation : A process by which components in a chemical mixture are separated

according to their different boiling points.

B2 @esdHHS . Onenn® O8m eewle ded mem ¢nd 0053 BBe® FwoidBwi.

UGSPHULSTLEFS  alghHHeo : SpFrwenr  Hevensuuisvsiion  CaFiTemeusensn  oeummlen  Ceumiu L
Cargdplensuseflsi siglienLulsd LINHEOHBHSILD (Wemp.
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Furnace

CoE@®

Geometry

515083

Capay HWdH o _(HelD:

Group number

DIEBE) ozDEB

Fal L 616001

Hydration
eBEBE

HEyBmBLD

Hydrolysis

s BDedcmw

BTlu@LY

lonic radius

;. BLO|BHMEIT

an enclosed chamber in which heat is produced to generate steam, destroy
refuse, smelt or refine ores, etc.

HN@ICH BecdOO, aogdn Bxmr BEOO, 850 ewd @l  BE®O
Besgdn) R wodas Icna.

[Sl]&les]

b GHAUHBE, 2 (HhEHH6L Sl6LEVGI STHIUGLITHLHEm6NT
&HABAIUSBG, Aol 2 HATEGHAUSBEG CHmauwmer  CQallIldHhms
2 BUSHWTHGID @ cPLLILLL  Djenm.

The arrangement of a molecule in the space.
@O §@ren 12e®/050as

Qm Osusfluleusiien peudbanBlanlenL Wl @UOMIGSENLOLIL.

The number of a vertical column in the periodic table; there are 18 groups.

200880 D@ed 80t Bo@mO aus @oe.08 et 18 8.

D QYOUTHH DL aunsiiuied Hlenevb@&Hhal Heny Fal L DTG

The act or process of combining or treating with water.

D EE0 P O SO owd T Se® HudEw

HHL6T CFTHmBDIMLU|D HTHBLD

The breaking down of a chemical compound into two or more simpler
compounds by reacting with water.

BRw6 ©8O® GBFwr S Te306 e300winns 0E Boei® e @wd
BB D0 g 0B

: BHLET SHTHBLMLUSHE (psold @rsTwiens CaTeneussi 2 Siev60H DSBS

Cumul L ugdHsenms 2 enlujb GQuITBi(Lpeny.

: The radius exhibited by an ion in an ionic crystal where the ions are packed

together to a point where their outermost electronic orbitals are in contact
with each other.
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a0 acs

D|ULIGHT Y, 6M]]

lonization energies

aeRNwien a3

DWOMTHESB FHI)

Isoelectronic
[Sololclgtmlc@itara)

FLoeNevSH ATl @ful

Isotopes

303005

FLOSHTEUT BT

Lattice energy

B adBa

FTOBFF &)

P eeS® &S393m (Buw 0O anm ©BO® BOITVD BB BS gecBeim
08 D8was @S anmen ado

SlWwenssT Hogl CeueMCum(h @evdbalgaiuisd i@ selsn QHTLTlammed
REIMBTE DBSHSUI_G 2 HUTHSILL L DuwemeHsILL L Lisfikigmalsvlsiten
Swenmsv CHTBmIeTdalILl L Semy.

The minimum amount of energy required to remove the most loosely held
electron of an isolated gaseous atom or ion.

Bewed D1g®@s 8de3ed sD8m so@endn EB8CEO® € &S
eeCEBe»w 9 B8O adens ¢d® S Y

: HEUULL Ut iU uilsd 2 6o Sigml DieLeVHI Silellsd euellenLOUIBMI
UenembsILUL B BBEGL @ SD0HIHTenel DsBBINSBHTE CHemaulILIBLD
WBHGHMBHSH Fb).

Several dissimilar atoms or ions with identical electronic configurations.

D OO QeESedIB Smwstss wBn BB o@req @»i §ns

: @Gy rgHflwmen RevdHHTein Hensowlsnoliyd CETewiL Goaupill L SigmidhEsit
SI6V6VFH]  DIUIGITEH6IT.

Two or more forms of atoms of the same element with different masses;
atoms containing the same number of protons but different numbers of
neutrons.

OO YEedned 930 Bl ©Bn si@ig; OO ©gledim @D BBm
D BTQ Byeim sy 8 s0®req

Caupil L HewilayedLul @ (PsUBHHMBH 2 DieVeVEH DIHBE GLoBuL L
SlgmieuenioliL] SisieugmibseT @@ ralflwrer LEyTdHe
sTeviTenN B en@BEmILID CoumILl L BlusHalyed  sleuirenildendenuiu b

OB IT6uTIY (HEH G LD.

The energy required to separate completely the ions in an ionic solid.

2B B, DR BdElwmencsi® edIBER0 adas GBS

D @m Hewid Swel HLLenwlel®mha Siweisenet (wBmred Lflugsbers
BxpemaulIL(BID Foha.
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Magnetic resonance
imaging

0 gm0 Srens

&ThHUIMN6y 2 UL LD

Melting point

(S Lrmles)

2 HG bHleney

Molten
¢® 3®

2_([H&HH6L

Monobasic acid

T00E®» a®c

QHELPEL  SILOl6VLD

Monoprotic acid

I 0idm adc

: A medical imaging technique used in radiology to visualize detailed internal structures.

: 288500 eEe gHBTIHO DXY ¢ OGSO eedens Bexed BT

Be00d & 0idm WoE CAD cbneans Be® cwn®nd.

alfleutenr SiBLLBES S LepolemL UTTemeuuilL sHifluisvent @ LGWITE SHa
OuUEBLILGLD WHHHI 2 HEULILIL LD.

The point at which the crystals of a pure substance are in equilibrium with the
liguid phase at atmospheric pressure.

Drge®iBe BOmw e & we@add ¢dunm oS 98 ¢d wEivn wd®
BODEDD OB cBewBOGEE.

UeBIGmHaUTS SHITUI LISTTHSHIONH I6TIDTIL 60 D(PHBHHE0 DUH6H Hyel
SUGHMBUL 68T FloBlensoullsd QMm@ Lsier.

The phase change of a substance from a solid to a liquid.

O e 08D 8O ¢® @deddds D mEs @ DOE.

flov LUBTTHHWD Hlewio DeubHmHUIeddEhEH HIeu DiUSHMHHEG LOTBID
QaFwimur®

An acid that has only one hydrogen ion to donate to a base in an acid-base
reaction (e.g. HNO,, HCI).

2Oc »d® BT & HEOBHO 928 egledimwa G BERO ©es ¢®c

PG Siflv BT HTHHSHH0, HMIHHBE MORGNHBEG PG WHIF6
Slwenenr 1B Gsmewi suflsod (HNO,,HCI)

Acid that can form only one proton (H*) per molecule; may be strong or weak.

O 2o @85 O »BeBE® guenc:s ceens 8o VS a®c; e®
RE od RAC adc Bw »(BaA

QM pubEFBledBhal @M LUCITHSHME 2 (HouThbsHbImgul DOVD. Digl
ausianLlleuomBBauT  DisLsvEI GLosianLSlevloTsGeur @& 60MLD.
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Oxidation state

D¥E3moen mHBDES

QU FBwiBmed Hlemsv

Oxidizing agent

Q330 OB

QLFACWBBILD HmHed

Paramagnetic

enySeds §0uvm

Uy BITh & SH&H BE MW

Peroxide

©83e013esBE0

GuGgT_enaL (B

Polarizing power

Ydwden DEB

(peneneybGiul Fobd)

The state of an element or ion in a compound with regard to the electrons
gained or lost by the element or ion in the reaction that formed the
compound.

YEeOB® od GumEE Gtlo® W ©MI taeh edIBD Y®Ienes

FHTHHD el @ CFTmealmul 2 HOITHGHNHBHTH (LPEVBHLD
DIFV6VFHI DT R6N6ITEL VHHT6HH6T GBHLILIBLD DisLEVSH)
RHBLLUGBID  Hlew6v.

A chemical compound that readily transfers oxygen atoms or a substance that
gains electrons in a redox chemical reaction

BB & 388’ 8Om0y EA® el gerEPedim R ©r) CRIB® ¥l
Je303 B 00w@I®

BIFTWLSN  HTPHHL HTHHHH60 QL FFeT  Sjgmienel GSLIOTBHBILD  SFFTuien
CxiTeme DisLEVEH BVHHTHTHMET QUTRIGD LIHTTHSHLD.

A substance that shows magnetic properties when placed in a magnetic field.

D §0u» Bedpas ne ©@ 50 v Pee ensiDm OBE.

: BIBSLLVHSsV6Ten CUTH HMhdH @Uisvenlids STL(BID @ LSTTHIHLD.

A compound containing the bivalent group 0,*, derived from hydrogen

peroxide (H,0,), sodium peroxide (Na,0,).
H,0,0xd Na,0,085% a8 g ¢Besegd 0, moent)ss woBs toewdnns.

: mgrFenr GuOT enal B, Gamouid GUOITL engl (b sTeLIIBBIENHHE aIfalbs
Bmaiguaiene| gl LF Gaitemen (0,7)

A charged species such as a proton can attract negatively charged electrons
which causes a shift in the orbital.

(+) @00058> DO wien @CEs GI1ediBn eEedi> bR ern S OB
DS and 0001 65 »ISB®OE edmeS @S »Oy CRIS.

C QUSGLEUWTE] MBDISBE STJeRIDT 61HCIBBM RNevHHT6THMmeN  HEUHLD
UCrrsmenr GuTelm eBmLD.
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Primary standard

OB OB

(LPSHENUILDLD

Reducing agent

@330 OB

SMPHSHID  SH(HE

Roasting
0 88®

QUMIHH6D

Steam

N®IEE

216

Superoxide
2305 @eFes 38

BGGsuT_emal (h

A primary standard is a substance from which a standard solution can be
prepared by direct weighing of substance and dissolving in a definite volume
of a solvent.

emBEB® T Bor A6 ¢ O ©8@0m o WO 9 Red®s ©®en
DS 78BS OB @d.

PG  USTHHSHE  GPHS  Bopow  ChIgurs  Boisa  Siws

PRI Lene)] SHenealene)] SHemJFellsd HEMILILIHET (P6OD  [HIUIDSHEHEN]TFN6D
SWMfdsll LWTUBSHHID USTTHSHID.

A substance that causes another substance to undergo reduction and that is
oxidized in the process.

O e Bndenc DODE ERAD ©Y OO drn® WP8moens O
Beom ¢Dvws’

B3 Frent U FCUBBLILIGUSHET (LP6VLD sJenaTLAIBENG HTDHHID @
USTTSHBHLD.
Cooking (meat or other food) by direct exposure to dry heat, as on a spit.

cOBE @EBIO DIl BODCens O SEO.

Crry CeulILSABGETENMTHBULL[H FeEHHLILIGHN (RenmEFS,2_ewie])

Water in the form of an invisible gas or vapor.
D@6 ewd s e BODRD BEo

HTEMIBGHL LIGOSIBE T DUHMBUIBVIGTET B

A compound that possesses the superoxide anion with the formula O,

0, e SesBm gpe 8D g3l groneme 808D toenio

: O eIenId STFTWIE FHAHT(LPEHLUI  DIGHULIGH.

2
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Tetrahedral molecule : A molecule in which the central atom is coordinated to four groups, located in

the four corners of a tetrahedron.

OedmBe geqd ! OpEmEE® 05 Hoel 883 ) 4 3 OB BOC@IHIWO BodD EEE
€ a8 woewninss.

BIEILESSGFW (PeuHFnBl : MU DIGIITIHI 4 Fnl L HIGBEHL 6T SeneibSLLL (B Disns
BIEILPEUTNSTT 4 (PenHTID HHUILICUBB @6 (LPEVESDI.
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