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Introduction \1;\'

For the student %
Welcome to your new Chemistry textbook, Grade 10 Chemistry. Your textbook comes

Grade 10 Chemistry Student’s Portfolio and a range of digital resources. As we@epening
your understanding of key areas of Chemistry, this book aims to develop 'Khi ing skills

in science. You will develop these skills in class, in laboratory practicals and whilst conducting
research within and outside of class with your fellow students. An enﬁﬁﬂ be placed
throughout this course on your ability to present core concepts, research data effectively to
others.

&

Glossary N

A comprehensive glossary is included at the back of this book.

For the teacher :

Written for the new Grade 10 Chemistry subject pm&-e in Kazakhstan, Grade 10 Chemistry
aims to meet the broad range of learning objecti®®s set out in the Grade 10-11 Chemistry
subject programme document, It focuses on d ing learners’ knowledge of and about
science through the four content and skill s s outlined in the subject programme:

o Understanding of core subject areas in ;ﬁistr}r

o Research and experimentation in

o Communication in science @

o Science and society

Key features of th tbook

o Learning outcomes g stated at the beginning of each module in student-friendly
language

o Activities immﬁaﬁm allow students to build on their knowledge through
guided observ aboratory practicals and research

o Diagrams have.heen fully labelled and are drawn in a simple style so that learners can
replicat easily

o Ques re interspersed within sections of the text to offer teachers the opportunity to

use @yange of teaching strategies. There are regular opportunities for learners to engage in
ork and pair work, discussion, giving of presentations and online research.

G5 CHEM Gr10 Ss Cont indd 4 @- 2419 623 Pl



Student’s Portfolio

Thesenars PORTTEH
The student’s Portfolio provides additional revision material and further tasks, =————t— =

oy ’! 0 ]
practicals, giving them space to reflect on the processes and results of their y ‘,;
work. In line with the textbook, it provides detailed sample workings of all U‘
L
L

The Portfolio enables learners to maintain a detailed record of laboratory

uoRanpouj

2! ’: L z = w
stoichiometric calculations they are required to make. NG =
T-\‘.l" r"":.
, N 4 TEACHER'S
Teacher’s Book aly

A Teacher's Book with full answers to all questions in both the Textbook and ™ }-

e

Student's Portfolio - giving detailed worked solutions for all calcuiatmn{a M
provided. . o

Digital resources Na)
Grade 10 Chemistry digital resources for teachers will further eﬁﬁa nce classroom learning. These

resources work in conjunction with the Textbook and.j:ﬁ?lent s Portfolio. The resources have

been designed to fully integrate with the Textbuuk.;q;ﬂm p‘llm&nt lesson content, Following the

principles of the new national Chemistry 5ubjectmgfamme material is provided to suit a range of

learner types and to encourage participation aqgengésement on the part of the learner. @&

N

" )

Answers to all questions in both the Texthupk anﬁtudent s Partfolio and detailed worked
solutions of all calculations is included, L

r""a

A series of videos allow students to DW science in action across all modules. These videos will
reinforce the topic at hand, pro m-:;r:&\dnscus sion about scientific issues in society and enable teachers

to bring a range of perspectives on tn'ﬁcs in Chemistry into the classroom,

-‘\.
N

Further classroom discussion an@@frtlclpatmn is opened up through PowerPoint presentations,
including a thematic pre;émagun of information from the Textbook. Experiment videos allow for a

visual review of la b&;@tm)r aﬁlwtles and can be used for demonstration or summative plenary work.
AL Y
. 4 x.}f'j
%

]

Q
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Since atoms are extremely small, they are invisible to the naked eye, and until qui;q. »

recently they could not be seen using even very powerful microscopes. It is only sifice ™
the development of the scanning tunnelling microscope that direct evidence has b&ﬂ-

-

é 1.1 The Atom

E
obtained that matter is made up of atoms. -
It is generally accepted nowadays that matter is composed of minute pnﬁ:m_[es;, 'l...x":"i\lici'l
may be atoms, molecules or ions. It is also known that atoms consist of olgttrons,
protons and neutrons. The properties of these particles are well-kpowmgas are their
effects on the properties and behaviour of the atoms to which they b g0 It is really
only in the last one hundred and fifty years that most of this knowledge has been
acquired. The seventy-year period from about 1870 was a parhcuhﬂﬂmtmg time in
the history of science, as a succession of culstanding chemistsand phﬁ'ﬂjuﬁtﬂ conducted
|:|.1|r'|:5.L=.krr'L;.1 work to develop and refine theories on the 5.Irmhf|fh13.ﬁ the atom.

1.2 The Nucleus

The discovery of radioactivity gave Ernest Rurhv},fprd
a New Zealander, a new tool for probing 1nﬁldeqlﬁm
In a very famous experiment, he directed his co- -workers
Geiger and Marsden to fire radioactive p'll’ﬁﬂl.‘ﬂn = alpha
particles, which are positively charged - at v u‘nk;ﬂ}m gold
foil. They expected the alpha particles tg,passstraight
through the gold foil, with only slight change€ 8f direction.

Emast Rutherford
| Py Metal foil
' Narrow beam affy,J §) Lead block containi
" alpha partu_:]las a plece of radium g
g x Zine sulfide screen for
0 delecting particles
4 ;
Fogquine: 1.1 N
Alpha naﬂﬂe sraﬂm by gold atoms

Geiger, nﬁﬂ‘ﬁlmbden made some unexpected observations:

o A \‘EI;'.‘L }lm’ge number of the alpha particles were not deflected at all, showing that
: 'lﬁu had passed through essentially empty space.

e'r"-':-.:'a_u_;l-.i}]'@' particles were deflected at small angles.

A few particles in every 10,000 were deflected at angles greater than 90 °, and a very

small number actually bounced back towards their source, repelled strongly by a
dense concentration of positive charge.

| S CHEM Gr10 Sa Mod 1indd 8 @ BEE 330 AN



Rutherford proposed a new model for the atom to explain the results of the Gdg*
Marsden experiment. He believed that:

o The positive charge was not spread out in a cloud as in the plum pudding model, #
but concentrated into a very small, dense nucleus at the centre of the atom@

o If one of the positively charged alpha particles passed close to the positive :
the nucleus it would be deflected, since like charges repel each other. q
o If an alpha particle collided directly with the very dense nucleus of anvatom, it

\ 4 mmmw'ammuan ’,

1.3 Bohr Model of the A@n

With the acceptance that the@\ was
mostly empty space, with a e positively
charged nucleus and surrou electrons,
the Danish scientist Niels Bohr proposed
his model of the atom &13. His initial
work was based on drogen atom. He
proposed that its si tron travelled in
a planetary-like grbit nd the nucleus.
He then extend%model to other atoms,
proposing that the électrons were arranged
i nitric circular orbits at an
ce from the nucleus. These gy 12

would rebound. ﬂ
o The rest of the atom is mostly empty space, occupied only b ns moving = g
around in the atom’s volume, balancing the positive charg nucleus and .‘
keeping the atom neutral. ]
=2 _ 58
. QUESTIONS Ny . 3
x _/ % .
Describe the goid foil experiment carried out 's co-workers, Geiger and Marsden. \I
2 In the Geiger-Marsden experiment, what was of the bombarding particles and from E .
what material was the foil made? J L&
3 What unexpected observations did maka? : ‘ ’
‘
)

ey,
T R A e

AP e

increasing

orbits had characteristic energy, so they were  Bolir model of the atom

cal nergy levels. Bohr's model worked
wel ydrogen, but less well for other

QUESTIONS

& 5 Describe Bohr's model of the atom.

6 Why were the Bohr orbils called energy lavels?

G5 CHEM Gr10 Ss Mod 1indd @ @



Atomic Structure

©
4

1.4 The Protons

Rutherford did further experiments in which he bombarded six different elements with
alpha particles. All of the elements bombarded gave out the same positively charged

particle, which was identical to the nucleus of a hydrogen atom. He concluded thal 3

these hydrogen nuclei were produced in the break-up of the nuclei of the bombarded
atoms. [n 1920, Rutherford began calling these hydrogen nuclei protons and ccﬂ'ygip‘jed
that they made up the positive part of the nuclei of all atoms. The charge earried by the
proton is of exactly the same size as that of the negative charge on the electriing
Rutherford could explain the charge on the nucleus in terms of the gumber of its
protons. However, there were not enough protons to explain its miass, It Was known
that hydrogen had just one proton in its nucleus, and helium had two. However, the
mass of helium was four times that of hydrogen. Rutherford sugj;uzétdd that the nucleus
contained other particles of equal mass to protons, but with no ch.i.r'.'tr."

1.5 James Chadwick and the Neutron, \

Because of the absence of charge, these neutral partielés
were difficult to detect, It was much later, in 1932, that one's
of Rutherford’s co-workers, James Chadwick, proftiged
the evidence for these particles, which u..'ur::".@aﬂé'd
neutrons. In his experiment, beryllium was#dmbarded
with alpha particles. The alpha particles knu-e]ied;heutmns
out of beryllium atoms. The neutrons were not detected
directly, but they knocked protons out §Eshe atoms in
paraffin wax. These protons were easily detegted, because
they were electrically charged (Figuré T4).

Source of a-particles Ber:,llllu;hl_ . Paraffin wax blogk, Figure 1.3 James Chadwick

Meutrons Protons
(no charge)
Detector of
charged particies
Figqure: 1.4 :
Chadwick's experiment & 9
ESTIONS ]
7 Describe how Rutherford discovered the existence of protons.

Name the scientist who discovered evidence for the existence of neutrons.
9  How did a comparizon of the nuclei of hydrogen and helium lead to the suggestion that othar

k. nuclear particles existed? _/J

| S CHEM Gr10 Sa Mod 1indd 10 @
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1.6 Properties of Electrons, Protons and Neutrons *’

The masses and charges of electrons, protons and neutrons are now knqu w:r:-,r"'

accurately. Since the values are extremely small, scientists use the ideas of

mass and relative charge.

o The relative mass of a proton and of a neutron is approximately 1. T@[ﬂﬂ is
much smaller, about 1/1836 of the mass of a proton, ]

Tm'utmn has

o The relative charge of a proton is +1 and that of an electron is -1.

e

1.7 Atomic Nu%er

All atoms are neutraq't:e positive charge contributed by the protons balanced out

no charge, being neutral. =
These properties, as well as the locations of the particles in the ato summarised ‘
in Table 1.1. X
L
Particle Relative Mass Relative Charge Location in the atom ¢ -‘. '.
Electron 11836 -1 Outside the nucleus h
Proton 1 + \ In the nucleus q .
Tty Newwon 1 HQ In the nucleus \!
N > 14
. QUESTIONS :
‘%m 1 .I
L
10 What is the relative charge of (b the proton (c) the neutron? ‘
11 Which two particles found in have approximately the same relative mass? " E
12 Inwhat part of the atom found? F i
13 Name the particlas nucleus of the atom. ,t
% A
P o
=
ol -

by the negative charg ibuted by the electrons. Since the size of the charge on the
proton is the sami@ as thaton the electron, we can conclude that the number of protons
is the same as ber of electrons. This number is called the atomic number. The

fact that each el t has its own particular atomic number was discovered by the
English ish Henry Moseley. The atomic number is given the symbol Z.
The elements in the modern periodic table are arranged in order of atomic number. The
atl$1m r gives three pieces of information about an element:
0 number of protons in the nucleus of an atom of the element.

The number of electrons in an atom of the element.

The position of the element in the modern periodic table.

G5 CHEM Gr10 Ss Mod 1indd 11
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QUESTIONS

|
14 Define atomic number. %

15  Mame the scientist credited with introducing the idea of atomic number,
16 What pieces of information does the atomic number give about a panticular elament?
17 Why does the number of protons in an atom of an element define what element it

1.8 Mass Number ~¢’

N
A A

Neutrons have roughly the same mass as protons, ntribute significantly to
the mass of an atom. The mass number is given the s A

)
N
g

The number of neutrons can be calculat@ subtracting Z from A, i.e. number of
neutrons = A = Z.

Information about an atom can now &ttm more fully by including the atomic
number and the mass number, F ple, potassium:

EHK

1o

The subscript 19 is the atomic ber, Z, and the superscript 39 is the mass number,

A The number of neuhQ -Z=39-19=20.

Exam

A

WAL T NRS 2

J

protons, neutrons and electrons for the argon atom,

&m number Z = 18, 5o there are 18 protons and 18 electrons.

The mass number A = 40.
MNumber of neutrons = A-Z =40 - 18 = 22, y

HE Gr10 Ss Mod 1inod 12 @ BEE 330 AN



[ ExampLE 1.2
An atom of lithium has 3 protons and 4 neutrons. Indicate the mass number and atomic
atom.
Answer Since the number of protons is 3, the atomic number Z = 3. The periodic that
ﬂuﬂrﬂﬂumﬂhlﬂim”.“mnm4nuﬂmm4-n—z=n—3.mgm A=4
+ 3 =T. This information can be written as follows: N
ey oy -
e Q ]

< 5

-‘\

. QUESTIONS . 6 )
7

-
R
18  Define mass number. '.
19  How may atomic number and mass number be to late the number of neutrons in an 7 il
atom of an element? \
20 State the number of protons, electrons and each of the following: :
fa) 11 {b) 28 () 24 20 19 !
B Si M @ MNe o F 5
5 14 10 L]
21 Indicate the mass number and for atoms which have (&) 19 protons and 20
L\_ neutrons (b) 6 protons and 6 protons and 5 newtrons.
:

1.9 Relative Atomic 9355 (Ar)

@

Most elements exist Matlrally as two or more different isotopes. The mass of an
element therefore d ds on the relative abundances of all the isotopes present
in the sample d. Relative atomic masses have no units; they represent the
number o es htavier on average an atom of an element is than one-twelfth of a
carbon-1

1P N TSN

‘WY

If a table of ;elative atomic masses is consulted, it will be seen that the values listed are
not le numbers e.g. 26,98 for aluminium. This is because the value is the average
of lement’s naturally occurring isotopes, taking their relative abundance into
ac

Q
Q>

G CHEM Gr10 58 Mod 1indd 13 @



- A 1
ExampLE 1.3
\-— L ]
In a sample of carbon, 98.9% of the aloms are carbon-12 and 1.1% of them are carbon-13.
Caiculate to two decimal piaces the relative atomic mass, A, of carbon.
Answer The abundance of each isotope is multiplied by its mass, the sum of these products is
calculated and the result dvided by 100. Q
G A(C) = [(98.9% 12) + (1.1 x 13]]/ 100 = [1186.8 + 14.3] /100 = 1201.1 /100 = 12.01®
Sl
d EXAMPLE 1.4 Q
] N
= Calculate, to two decimal places, the relative atomic mass of silicon with the isotopic
; r-l.' . composition: silicon-28 = 92.2%, silicon-29 = 4.7%, silicon-30 = 3.1%.%
‘. Answer A(SI) = [(92.2 X 28) + (4.7 % 29) + (3.1 X 30)] / 1
E — [2581.6 + 136.3 + 93] / 100 K
ol = 2810.9/100

MNEV 2%

® S \

X
.
-
§
;
o

23 Why are the relative atomic masses of not whole numbers?
E | 24  Maturally occurring magnesium ists of of magnesium-24, 10% of magnesium-25,
] and 11% of magnesium-26. lative atomic mass, A, of magnesiurm.
' ; 25  Calculabe the relative atomic mass of wiih the following isotopc composition:
t: copper-63 = 69%, copper-65 i
= 26  Inasampie of chlioring, 7 are chlorine-35 and 25% of them are chiorine-37.
‘ G Calculate the relative mass, A, of chlorine. /

¥
=
| =
| ©
i
"
g
'l‘.d

E
El

Electrons in atom$ occupy energy levels that

are outside the nucleus. Different energy levels

in atoms Waye different energy values, and have

differe ities for electrons. The innermost

energy , the n =1 level, can hold up to two

ws. The next level, the n = 2 level, can

to eight electrons. The third level, the

=Blevel, can hold up to 18 electrons, while

the fourth level, the n = 4 level, can hold up to

& electrons. Table 1.2 indicates how electrons

re arranged in atoms of each of the first twenty
elements in the Periodic table,

i

£ Gr10 Ss Mod 1inod 14 @ BEE 330 AN



The Group I elements lithi
: sodium and potassium each
=1 n=2 n=5 N=4 haye one electron in they
g outermost energy | of
their atoms. There a

electrons in the gutermdst
energy level of the
Group Il elements llium,

Element Atomic Number Electron Arrangement

magnesium calcium "-___‘!
respectively. Thefe are seven v -
elec outermost By "
energy f atoms of the h
Gmﬂeleﬂmnts fluorine » g
gnd e respectively. B

eral, elements in the
Samme group of the periodic
table have the same number

In

energy level of their atoms.
The only exception to this
is helium in Group 0; it
has just two electrons in
the outermost energy level
of its atoms, unlike neon,
argon and the other Group 0
elements which each have

eight.

he

Sodium (2, 8, 1) Potassum (2, 8. 8, 1)

T W ET .

N4

N
L

..-’. jl
-

j |
-

Figure 1.6
Arrangament of in atoms of the Group | elamants

ry
Q

Figure 1.7
Arrangement of electrans in atoms o the Group VI elements

G5 CHEM Gr10 58 Mod 1indd 15 @



QUESTIONS

27 What are energy levels?
28  What is the arrangement of electrons in an atom of (a) silicon (b) calcium? ‘Q

29  With regard to electron arrangement, what have the Group Il alements got in common?
- P

Electronic Structure of Atoms

1.11 Atomic Orbitals

In 1923, the French physicist Louis de Broglie stated that
electrons, like light, have the properties of waves as well as
of particles. This was confirmed by experiment four yvears®
later. This discovery, allied to the fact that the Bohr theary
only worked well for simple atoms, led to the devn:-lnprﬁi:f‘@ﬁ_-
of a more sophisticated theory of the atom.

Because of the uncertainty 'w“i;l'tl
regard to the exact locatiéfgpf an
electron in an atom, at :Lnyﬁr_li'éulnr
time, it is more meaMimgful to refer to the probability of
finding the electronfin a particular position within the atom.
In calculating this probgbility, use is made of the fact that
the electron has q’{{'_g_\:-: nature. The probability is calculated
using malhcmaticﬁfﬁmlinns-, which are found by solving the
Schridinger In_qj..g.ltinn, developed by Erwin Schrodinger, a
German physitist in 1926,

For an elgetgon in an atom, there are a number of different
mathematigalfunctions that can be used. Using any one of
these, a boundary may be drgwn within which there is a high probability of finding
the electron. This region is cilTE’d_qi‘ln atomic orbital.

| An atomic orb taNegiun in space where the probability of finding
an electron i vely high.

Quantum plimbers
There are four §llanfum numbers that are used to completely describe the movement
and trajectories of'each electron within an atom. They are important in determining
the electron configuration of an atom as well as the probable location of electrons in an
atom. 1']1&}%:3;‘2 also used to determine other characteristics of atoms, such as ionization
energyfand atomic radius.
The first three quantum numbers: the principal (1), angular (f), and magnetic (m)
qudnitum numbers describe the size, shape, and orientation in space of the orbitals on
_ The principal quantum number (1) designates the principal electron shell. The larger
-, ithe number, the further the electron is from the nucleus and the larger the size of
» the orbital. Electrons are attracted to the nucleus of an atom because of their opposite
“charge. An electron in an excited state absorbs energy and can jump, for example, from
the first principal shell (n =1) to the second principal shell (= 2). This process is known

Louis de Broglie

Erwin Schridinger

16
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as absorption. When electrons emit energy they move to lower principal shells &
process known as emission, moving, for example, from n = 3 to n = 2. The principal

quantum number thus indirectly describes the energy of an orbital. »
The angular quantum number (t) determines the shape of an orbital. Orbit ve
shapes which can be described as spherical (£ = 0), polar (t = 1), or cloverleaf (t

=¥
]

] ot

R
-
=
1S
Figure 1.8a
5, prand 4 orbitaks L
A sphere (£ = 0) can only be oriented in space in one w itals that have polar (t = 1) y
or cloverleaf (f = 2) shapes can point in different directions and we thus have a third I
quantum number, the magnetic quantum () t tes the orientation in space of

a particular orbital.

The fourth quantum number, the electron spmbﬂ (s) designates the direction of
the electron spin. The two electrons in an orb distinguished by an electron spin
number designating one as + % and the =15,

The rules of the first three quantum nu allow us to define an orbital.

o Integers:0,1,2,3,4.... are used tﬁs;:m quantum numbers (n, [, m)

ot be zero. The allowed values of n are,

o The principal quantum number
therefore, 1,2, 3, 4.....

o The value of the angular quan number ({} can be any integer between 0 and
n-1.

o The value of the magntﬁc@mun number (m) can be any integer between - and +{.
ra

L A A . T W ST

The shell and subshell 1 ich an orbital belongs is described using a two-character
code e.g. 2p. The ﬁr@c r indicates the shell {n = 2) and the second identifies the

DS N AT

subshell. The lowe tters s, p, d, f are used to designate the different subshells

d:é=2
fé=3
The rules of combination of the n, I and m quantum numbers mean that the number of

subsh@lls ir"a shell is equal to the principle quantum number for the shell.
¥ z

corresponding to these Byalues:
s€=0
: p:t=1

i
z

D

Figure 1.8 Figure 1.8¢
 oetital p. 8 and { orbitals

G CHEM Gr10 S8 Mod 1indd 17 @
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VAR

'li‘!;v

Y

o

There are a number of different  [FE_—-_

types of orbital: level

o s orbitals are spherical
(Figure 1.10b)

Atomic Orientation

orbital(s)

Relative energy

o p orbitals have a dumb-bell el | Pty

shape.
o d orbitals and f orbitals

have more complex n=3

38 3F.r
shapes. (Figure 1.10c) a4

All orbitals can hold two

electrons. There are a number of n=4
different orbitals in each energy
level in the atom, except in the

n =1 level (Table 1.3),

Table 1.3

%f

2p, orbital 2‘p orbital

2p, orbital

Figure 1.9

The 2p,. 2p, and 2p, orbitals are oriented t angles to each other

30 l'-'hut dmum number of electrons that can be contained in  (a) all the 3d orbitals

ch all the orbitals withn =3 (d) all the 3p orbitals?
31 Slah ys that s orbitals differ from p orbitals in the same energy level.
32 askelch showing how the 3p,, 3p, and 3p, orbitals differ from each other.
43

glectrons can be accommodated in the n = 4 enargy level? How many orbitals are
to accommodate these electrons?

g

é Electronic Configurations of Atoms and Ions




For example, the 2p,, 2p, and 2p, orbitals make up the 2p Sublevel  Capacity
sublevel, while the five 3d orbitals make up the 3d sublevel.
Different types of sublevel have different capacities, as
indicated in Table 1.4.

To find out how electrons are arranged in different kinds of
atoms, a diagram such as Figure 1.11, using energy values
obtained from spectroscopic data, may be used. Note
particularly that the 3d sublevel is of higher energy than the
4s sublevel. Simple rules are used in assigning electrons to the
various sublevels and orbitals:

o The aufbau principle, which states that electrons will

occupy the lowest energy sublevel available.

.-:::.]I ﬁ:._ 0 aln :._ ._

Al AL

% Taay,

electron before any one orbital is doubly occu

o Hund's rule: * a 14 J
- every orbital in a subshell is singly occupied ﬁm‘m ‘[a]:h 1.4 : .
- all electrons in singly occupied orbitals have the same spin.
o Pauli Principle:
2

- no two electrons in the same atom can bgidentified by the same set of quantum
numbers %

- no more than two electrons can y thé same orbital

- two electrons in the same orbih@have different spins

@ Klechovsky’s rule @
The order in which these orbitals lled is given by the n+l rule, known as
Klechkowsky's rule. Those orbi ith a lower n+{ value are filled before those with
higher n+{ values. .ﬁ

In the case of n+{ values bei al, the orbital with a lower n value is filled first.
Klechkowsky's rule is l:ypEa resented visually thus:

i

T A A i WY A

-
N
b

3d
4PF .
55 | 5p | 5d | 5f 5g
% 6s | 6p | 6d 6f 6g 6h
7s|7p 74 7 75 7h

&
1.10
of increasing n+£ valpe

orking out the electronic configuration of an atom, electrons are allocated to the
blevel of lowest energy until this is full. Then electrons are placed in the sublevel of
next lowest energy, and the process is repeated until all of the electrons are accounted
é for.
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The hydrogen atom has one electron, which will 4p

electrons, will have both of these in the 1s sublevel,
and its electronic configuration is written as 1s%
Lithium, with three electrons, will have two of these
in the 1s sublevel, which is then full. The third N

electron goes into the 2s sublevel. The electronic .

configuration of lithium is written as 1s%2s'. _ﬁ_ o
Figure 1.11

Using this approach, the electronic configuration Order nﬂﬁw sublevels

of sodium (atomic number = 11) is found to be *

1s*25*2p*3s’, while the electronic configuration of potassium ﬂi: number = 19) is

1s72s*2p"3s73ptds’. Note that potassium has a similar outégelectronic configuration to

that of lithium and sodium, consistent with the fact that t ve similar chemical

properties and are in the same group of the perindic%

EXAMPLE 1.5 é

What is the alectronic configuration of magnesi
Answer Magnesium has 12 electrons. Using the ing energy sublevels shown in
Figure 1.12 the electronic configuration of um 5" 5728%2p"35%,

b

: ..‘I"n e e
‘l'jtl .' L\.- E‘l_ .:_ Struct I._: : ._.__

VARN

% SNV

their atoms occupying an s sublevel. ILi€tor that reason that this region of the periodic
table is referred to as the s-block.

<

All elements in Groups [ and II of thgi ic table have the outermost electrons in

]

"ldl._m..

L -ll
CE ]

X

B

What is the electronic configuration of fluoring?

Answer Fluorine has 9 electrons. Using the order of filling energy sublevels shown in Figure 1.12
the electronic configuration of fluorine is 15°2s%2p°,

occupy the sublevel of lowest energy, the 1s. The i’g
electronic configuration of hydrogen is written as 1s', =
where the superscript denotes the number of

electrons in the 1s sublevel. Helium, having two Q



ExampPLE 1.7

What is the electronic configuration of silicon?

Answer Silicon has 14 electrons. Using the order of filling energy sublevels shown i ure 1.1
the electronic configuration of silicon is 15°25°2p*35°3p°,

& L 4
iy,
Fluorine and silicon can be referred to as p-block elements. This is bE-EEﬁSE, like all
elements that are members of one of the following groups ianic table: 111,
IV, V, VI, VII and 0, they have the outermost electrons in their a s occupying a p
sublevel, ~ ’
L
. b .-"'-..

ExampLE 1.8 "\,

SLIONY 40 BIMONLS U018

What is the electronic: configuration of iron?

Answer Iron has 26 electrons. Using the order of fill sublevels shown in Figure 1.12 the
electronic configuration of iron is ls‘?sﬁﬂi 4573,
& "'::_ .fj_:"

This approach to working out ulectruni)gﬁﬁ‘tﬁgu-rntiuns works for all but two of the

first 36 elements. The electronic cunfiﬁ"ﬂ;ﬂfinns of two of the d-block elements are
exceptional, as indicated in Table 1.5, N
o

Element ‘Expected’ configuration Actual electronic configuration

Copper 18725°20"35°3p"4E° 1572572035 3p"4s' 34"
Chromium 15*2512%4# j 1s%2572p"3s'3p"ds' 3d°
Table 1.5 " ¥ J

]

These unexpected cnnﬁh’} tions are due to the extra stability in the case of chromium
of a structure with halffilled'3d and 4s sublevels, and in the case of copper of a structure 4B
with a full 3d and aﬁ%lled 4s sublevel. N

r V‘:,- I'-.—.-.:
Electronic configurations of ions
The electromic con figumtions of ions of s-block and p-block elements are worked out in
asimila rgé;stc%;__hat used for the electronic configuration of atoms.

- i

. ¥

.

ExampLE 1.9

What is the electronic configuration of Mg**?

i Answer A magnesium atom has 12 electrons. This means that a magnesium bon (Mg} has 10
K . electrons. The electronic configuration of Mo® is [15%2s'2p*.

—
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ExampLE 1.10

Wheat is the electronic configuration of CI-?

Answer A chlorine atom has 17 electrons. This means that a chioride ion (CI-) has 18 electrons.
The electronic configuration of CI- is [1525%2p*3s°3p] .

&

Arrangement of electrons in individual orbitals
How are electrons allocated when there are orbitals of equal energy available? Consider

the electronic configurations of carbon, nitrogen and oxygen {ﬁgmw
Electrons tend to occupy orbitals of equal energy singly where gaw e, as in the

1] B
e

ANV Nl |

1 17

cases of carbon and nitrogen. In an atom such as the oxygen atom is necessary
in the 2p, orbital, but the other 2p electrons occupy the 2pg and 27 orbitals singly,

instead of occupying the same orbital. N

1s 25 2p: W
o [ [T [

Nitrogen T‘l Tl m T

oogen [T} (L4 [T 11T

VARN

//

: 'IH...#; ’*“

Figure 1.13
mmﬂwmmummmm , Nitrogen and oxypen
h ExaMmPLE 1.11 .
d=
b - What is the arrangement of e individual orbitals i a sulfur atom?
- Amwarsufwhmﬁ Using the order of filling energy sublevels shown in Figure 1.14 the
of sulfur is 15°25°2p"3573p".
. Each 2p fult¥and so the 2p electrons are
1 : 2,12p.22p.2. 3p
- . %ﬂmﬁ?mmmm ...
fill the 3pox orbital, and the other 3|1
buted between the 3py and the 3pz:
30./3p)3p;. » [ [
the expanded electronic configuration of sulfur :
e is 1525%2p,12p, %2p,35%3p,13p,'3p, . (]l

Figure 1,14 -
e The electronic configuration of sulfur 5[]
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. QuesTions

Write the electronic configurations (s, p, d) for each of the following: Be, N, €, Co, Ni, Zn, Br,

3
35 Which atoms have the following electronic configurations?  (2) 15°2s%2p"3s%3p
(o) 1s725"2p*3s73p"as™3d” (d) 1872572p"35"

&
Which ions have the following electronic configurations? (a) [157° (b) [1 ks

36
(c) [15°2s°2p"3°3p" () [15°26°2p"35°3p"]"
37 Write down the total number of (2) s elecirons  (b) pmin@m.m
are the remaining ebectrons in this atom accommodated?
Q& 3 =
1.13 Isotopes y

different numbers of neutrons. lsotopes have e atomic number, Z, but different

Atoms of the same element always have the % mber of protons, but may have
mass numbers, A.

@® @ Proton
Q) Meutron
a Eleclron
Tritium i
Figure 1.15

The isolopes of hydrogen
Naturally occurring h}hen consists of three isotopes, 'H (1 proton and no
neutron), *H (1 w 1 neutron), known as deuterium, and *H (1 proton
and 2 neutrons), s tritium. The "H isotope, which may also be written as
hydrogen-1, is thig onl of any element without any neutron in the nucleus. It is
by far the mos ant isotope of hydrogen.
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Naturally occurring carbon consists of three isotopes, carbon-12 (i.e. *C, with 6 protons
and 6 neutrons), carbon-13 (i.e. "C, with 6 protons and 7 neutrons) and carbon-14 (i.e.
HC, with 6 protons and 8 neutrons). Carbon-12 is the most abundant isotope.

The chemical properties of an element depend on the number and arrangement of Q

electrons, lsotopes of an element have the same chemical properties since they the
same number and arrangement of electrons, However, there may be slight di
150¥

in physical properties because of the difference in mass. In addition,
have unstable nuclei, for example “C, and such isotopes are said to be r:%v

pes
5,

QUESTIONS

N 8 By

) Beotoni

38
39
40
4

&8

Define isotopes.
Explain isotopes in terms of numbers of protons and
Explain isotopes in terms of atomic number and mass number.

For the three isotopes of hydrogen, indicate the mass
numbers of protons, neutrons and electrons.

What name is given to a iydrogen atam ﬂmﬂ?b

What is tritium?
m@mm

—&
N

atomic number, and state the

s 7 X RS

WAL T NEN

What is the nuclide configuration of the

@
7
Q"»
A

A



Learning objective
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o

o

S CHEM G210 53 Micd 2 isad 35

To explain the nature ofgadioactivity and the use of radioactive isotopes (0123
To find the chemical fo a of a compound from analytical data [0TLD

To define the noti radioactive compound
To name the ki of radioactive radiation, complete the nuclear equations
(o, B, P* dec: 5) RZ19)

AL LA

To undem%d the Bignificance of nuclear equations for Kazakhstan's industry
F3

Faoey
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-

@ 2114419 |.9:n=-u|



2.1 Radioactivity h

&
The nuclei of atoms of every element except the simplest isotope of hydrogen contaj
neutrons as well as protons. For the nucleus to be stable, it must contain a suitable

of protons to neutrons. If this ratio is not suitable, the nucleus disintegrates, throwing
out fragments and for energy in an effort to achieve a stable ratio,

= 2.2 Types of Radiation %
&
E There are three types of radiation emitted by radioactive isutoN
o  a particles, which have a positive charge \

& [ particles, which have a negative charge
o ¥ rays, which are neutral. Q

The Geiger-Miiller tube is one of the devices that be used to detect radioactivity.
In a Geiger-Miiller tube, a gas is ionised by alpb%ﬂr gamma radiation, and the
resulting electric current is amplified and de

& vy

-
-

An alpha, bela and gamma smrce o ooo

Beta
— =0

IR
B
X
E
4
b
J
’

!

Figure 1.1 Electric field

The effect of an electic beta and gamma radkation

a parti pha particles)

These particles ist of two protons and two neuirons, i.e. they are helium nuclei.

They move relatively slowly and are stopped quite easily, e.g. by human skin or by a
few sheefg of pg per. However, they are strongly ionising and extremely hazardous if
they the body through the mouth or the nose. The molecules in a living cell
may aged or destroyed, perhaps leading to cancer, if penetrated by ionising
raEtiun. Many radicactive isotopes emit alpha particles. An example of an a emitter
i icium-241, which is used in many smoke detectors. It decays according to the
i

g equation:

i un7 4
& oim — ~ Np+ He + energy
The new element formed is neptunium.,

HHEM 10 S Mo 2 incid 20 @& 4D 1z P




Q

p particles Q

(beta particles)

In some radicactive atoms,
neutrons disintegrate into protons
and electrons. The electrons - B
particles - are emitted from the @
nucleus in a fast-moving stream.
They are more penetrative t

a particles. The B particles ca\'%
stopped by a 5 mm thick 0
aluminium. B particles are le
of penetrating deep intg, the Body

and are potentially ver%laging Figure 1.3
- they could cause_cancer. The Diagram showing beta decay

Beta particle

proton formed by begration

remains in the n 5. As a result, there is no change in the mass
number, but th ic number increases by one. This means that a new element has
been formed.

Carbon-14"%hich {5 used for age determination, is an example of a B emitter. It decays
accordi ollowing equation:

':,E.—ﬁ N+ 'i,e + Eenergy

W element formed is nitrogen.
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y rays (gamma rays)

The third type of radioactivity
emitted by radioactive isotopes is a
form of energy called y rays. These
rays have no mass or charge. Unlike
a and B radiation, they are not
particles. They move very quickly
and have much greater penetration
than a or B radiation. Thick shields
of concrete or lead can stop them.
Gamma rays can be very damaging
to the human body. They could

Cause Cancer.

s

. VARN |
bl AN

SR vl T NV 2N

An example of a y emitter is cobalt-60, which is uwamr treatment and for food
irradiation.

+Co = 1Co + energy 9

The equatim shows Type of radiation  Properties

that no new element is Alpha particies Fasitive charge
fnr@ed, but energy is Poor penelrating ability
emitted.

Deflected by electrical and magnetic fields

Damaging to human cells
Mo charge
Very high penetrating ability
Mot deflected by electrical and magnetic fields
Damaging to human cells

c o c

WA

3
o o o0 o |0 O 0 O

3

& Sheet of paper 5 mm aluminium Thick lead
Figure 1.5

The relative penetrating properties of alpha, beta and gamma radiation
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‘l’ QUESTIONS Af?rffw
E— G/

Name the three Kinds of radioactive radiation,
Name an instrument that can be used to detect radioactivity. -
Alpha parlicles can be stopped by a piece of N

Beta particles can be stopped by a sheet of
Gamma rays can be stopped by a block of

What electric charge does  (a) an alpha particle mahnﬁmgammhm?

e mmmlnmmmmmmwm{ 7 __/‘
2.3 Distinction between Chemica Nuclear

Reactions lyo
The alpha decay of americium-241 0

*Am — “TNp + 1He + energy Q

and the beta decay of carbon-14 %

]
i

ANL

O = & o & W R =

"C = "IN+ e +energy

A A A" T W T AW v

r

are examples of nuclear reaghipns. They involve changes in the nucleus involving
protons and neutrons. The}rm elements to change into other elements.

# A .

In contrast, chemical mﬁs only involve changes in the distribution of electrons,
usually those in the guter Shells of the bonding atoms. Chemical reactions cannot
to another element.

Write an equation for the beta decay of the radioactive isolope
t;D
Answer When the ™0 isolope undergoes beta decay, its atomic number increases by 1, while its mass
E number remaing unchanged.
0 - F+le
4
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a
L EXAMPLE 2.2

L]
Write an equation for the alpha decay of the radioactive isotope N
s
=
z s ~Y
E‘ Answer When the *%Pb isptope undergoes alpha decay, Ilsa'mi-:mmh by 2, while its
. mass number decreases by 4.

Moy, |, e e N
o — -

YARN
&

g

A Taw

8  State one differance between a nuclaar a chemical reaction.
10 Complete the following nuclear equations:
{a)
238 4 12 o
-nu" -+ & :sP_" —t

(B) i

’.H—n _+_t:e ca :l:l’u—; _+:HE .
T | SR I = |
L “P“-' _+.;I-.I ! |

>
i
¢
3
g
;
'.

l\_ 11 Write an equation for the of carbon-14, o

%nd Half-life

24 Radioi,sa:%
Most naturally®occurring elements have isotopes, some stable and some unstable.

Carbon-12, l%le, is stable, whereas carbon-14 is radipactive. Unstable, radioactive

isotopes are ca radioisotopes. All isotopes of atomic number greater than 83 are
naturally radivactive. However, almost every element with an atomic number below
84 has a t dne stable isotope.

Ina of radicactive material, it cannot be predicted when a particular atom will
tegrate, because radivactive decay is a random process. However, it is possible to
how many atoms will decay in a given time. Radioactive atoms decay in such
that the number of them present is halved after some fixed interval of time. This
interval of time is called the half-life of the sample. Some radioisotopes decay very
uickly and have short half-lives. Others do so more slowly and have long half-lives.
Half-lives vary from fractions of seconds to billions of years. Radium-214, for example,
has a half-life of 20 minutes while uranium-238 has a half-life of 4.5 billion years.

EM 10 S Miod 2 inid 30 o) 410 1EIPM



The slow decrease of radioactivity
in isotopes of long half-life, and the
difficulty of disposing of nuclear waste,
convince many people that nuclear
power stations are unacceptably
dangerous. However the problems
associated with the use of fossil
fuels, including their involvement in
global warming and their decreasing
availability, have forced governments
and scientists to consider alternatives.
Nuclear power is now being looked
at more favourably than in the recent
past, and is seen in some quarters as
the lesser of two evils compared with fossil fuels. N
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Radioactivity (counts per minute)
=

1 100 22800

g

QUESTIONS Q
12  What is a radioisotope? Q

13 What is meant by the of a radioisotope?
14 Why are radioisotopes half-lives a problem?
15 whmm@qmmmmmﬂnmﬂm

S AT AT "

VISR X A

2.5 Uses of Racfl‘ﬂsﬂrtopes

Radioisotopes hm’% uses and are particularly important in archaeology, in

medicine and in preservation. An important household use of radioisotopes is in
smoke alarms,

Archa
Carbon &an important method used for estimating the age of objects that contain
carbon, 5u—:¢l as paintings, fabrics and wood. Carbon-14 is a radioisotope emitting beta

part and it has a half-life of 5730 years. When an animal or plant is alive, it will
-12 and carbon-14 in the same ratio as is present in the air. After the death
o nism, the unstable carbon-14 decays, while the stable carbon-12 remains

§d’mnged By measuring the changed ratio, and taking into account the half life of

-14, the age of the object can be estimated.
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Medicine

Cobalt-60, a gamma-ray emitter, is used in the
treatment of cancer with radiation, i.e. radiotherapy.
lonising radiation damages human cells, but cancerous
cells are more susceptible to damage than normal cells.
The gamma rays from the cobalt-60 are directed onto

the tumour,

Food preservation

Cobalt-60 is also used in preserving food by irradiation.
The ¥ rays kill micro-organisms and insects present in
food that could cause the fond to deteriorate quickly.

Smoke alarms ®
Americium-241 is an alpha emitter which is used in many s etectors. It is safe
to use, as the radiation it emits is not very penetrating, Wﬂ in a smoke alarm

has to be replaced at intervals, but the americium does not, s it has a long half-life

(over 400 years). Q
QUESTIONS Q, )
_/

16 Why is cobalt-G0 useful in cancer treatm
17 Carbon-14 dating is confined to objects
18  Explain how the carbon-14 isotope al archaeological artefacts o be dated.

19 %yhmﬂiﬁﬂmﬂﬂinmw __/'

2.6 Nuclear Industd§/in Kazakhstan

Kazakhstan has around 12 world’s uranium resources and since 2009 has

been the world’s leading urani producer, providing around a third of the world's
uranium. Although %ﬂ' nuclear power reactor operated in Kazakhstan in

Aktan closed in 1999, n has a major nuclear facility for making nuclear fuel

pellets in Ust-Kam .
Most of the worlds n r power reactors require ‘enriched’ uranium fuel in which
he

the proportiogf8f the dranium-235 isotope is increased from the natural level of 0.7%
to around o §%. To undergo the enrichment process the uranium recovered
from mines in th&form of uranium oxide in processed into a gaseous form: uranium
hexafluoride. F‘nrichment plants like the one in Ust-Kamenogorsk concentrate the
useful urapium-235 in uranium hexafluoride and convert it into nuclear fuel pellets.
Thuse§ of enriched uranium are used in the majority of the world's light water
reacho ich produce electricity.
In @017 the Ust-Kamenogorsk plant which produces low enriched uranium [LEU]
the site of the world’s first LEU bank run by the International Atomic Energy
S rity. This bank now holds around 90 metric tons of low enriched uranium which
o can be drawn on by other countries under the supervision of the JAEA when their
&upp“t‘s of nuclear fuel are disrupted. The initiative is seen as an important one in
assuring countries a guaranteed supply of nuclear fuel and helping to limit nuclear
proliferation around the world.
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The Periodic Table
and Periodicity

Learning objectives ~
o To explain the meaningofthe Periodic Law 0211
o To explain the medningof valency and oxidation numbers 10212

o To explain regulafitics in changes of properties of atoms of chemical elements:
radius, ionisatidiyenergy, electron affinity, electronegativity and the degree of
= - - . = e
oxidation @213

o Toex p].xi.i"i ﬂiﬁ_-.f‘rendes in changes of acidic-basic properties of oxides, hydroxides
and AAydrogen compounds of chemical elements across periods and groups

:1 !_'I_-_.“- ..:. 0 F

o To prudi'n':.t properties of chemical elements and their compounds according to
JAheir location in the periodic table 10215

A Tetidentify scientific developments associated with the discovery of periodic

" (0218

l?
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3.1 The Periodic Table of the Elements *’

grouped together. This makes the study of chemistry very much easier than it w

In the periodic table of the elements, elements with similar chemical properties Q "
be otherwise.

In the periodic table, elements are arranged in order of increasing atomic n er.
Elements that have similar chemical properties (for example, sodium anﬁiﬁs&um]

are placed in vertical columns, called groups. There are eight main grou gnated
I 11, 10, IV, V, VI, VII and 0 respectively. The elements between d Il are
known as the d-block elements. Each vertical group in this region of t e is known

as a subgroup; for example, copper, silver and gold make up the W subgroup.

Directly above the symbol of each element in the periodic table is written =
its atomic number. The relative atomic mass (formerly know#as the

atomic weight) is written underneath the symbol. For cwﬂ:‘:h]nrim g CI
(CI) can be seen to have an atomic number of 17 and a mii:ive ic miass

of 35.453.

Chlorine is in Group VIIand has chemical properti re similar to the other Group
VII elements fluorine, bromine, iodine and astati

A horizontal row of elements in the peribc% is called a period. The first period
contains two elements, hydrogen and helium. There are eight elements in the second

period, starting with lithium and ending .

There are also eight elements in the lr%erind, starting with sodium and ending with
argon. There are eighteen elements in fourth period, starting with potassium and

ending with krypton. %

The stepped line shown in Figlre 3.1 divides the metallic elements from the elements
that are non-metals. The elem on the left-hand side of the line are metals, while

those on the right are g:qlals. Some of the elements next to the stepped line, for

example silicon and m, have some properties similar to metals and other

properties similar to gion-metals.
); o

I_.h‘ i
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3.2 Valency *’

Valency gives a measure of the combining power of an atom. It is Q
defined as the number of bonds an atom forms when it reacts. d
For example, carbon forms four bonds when it reacts, so it has a % C R

valency of four. Q I
The valency of an element can usually be worked out by caleu igure 3.2

ing
the number of electrons that its atoms would need to lose, %r share to attain a
stable electronic structure such as that of the nearest noble Eas infthe periodic table.

o Atoms of Group I elements (e.g. Li, Na, K), whw'l have one electron in the
outer level, reach noble gas structure by losing this one outer electron. Thus these
elements have a valency of one,

o Atoms of Group Il elements {e.g. Mg, Ca) Ech noble gas structure by losing their

two outer electrons. Thus these elements hav ralency of two.

o Atoms of Group [T elements (e.g. Al reach noble gas structure by losing their
three outer electrons. Thus these el have a valency of three. (Boron also has
a valency of three. However, although Tiforms three bonds, it does so by sharing
electrons, and does not attain nulgs structure),

o Atoms of Group IV elements (e.g. 781, Ge) tend to bond by gaining a share in four
electrons from atoms of uth&nenbs. Thus Group IV elements have a valency
of four.

o Atomsof Group V elemeqv.g. N, P, As) tend to bond by gaining a share of three
electrons from atomsof other elements. Thus Group V elements usually have a
valency of three.

o Atoms of Group ements (e.g. O, S, 3¢) tend to bond by gaining two electrons,
or a share of tw ons, from atoms of other elements. Thus Group VI elements
have a valengy of tw

o Atoms of Il elements (e.g. F, Cl, Br) tend to bond either by gaining an
7 or a share of an electron, from atoms of other elements. Thus Group VII
a valency of one.

N
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Transition elements have variable valencies, some of which are shown in Table 3.2: *

L
Element Valency — 0 — :

Chromium 2. 3.6

Manganese  2,3,4,6,7 —_S — ‘Q

Iron 2, 3,6 &

Copper 1,2 Se .

Table 3.2 Figure 3.3 ‘Q
Valenties of umw%ﬂ
EXAMPLE 3.1 * N .

What is the formula of ammonia, a compound containing nitrogen ah

hydrogen only? H—N—H
Answer Nitrogen has a valency of 3, while hydrogen has a . I

A nitrogen atom will therefore form three bonds, and hydrog Il form H

one bond. Three hydrogen atoms are therefora requined ong

atom of nitrogen.

Thus the formula of ammonia is NH,. Q Figure 3.4
-

EXAMPLE 3.2 @@ .
What Is the formula of aluminium m‘%

Answer Aluminium hasaualﬁs , and oxygen has a valency of 2. An aluminium atom forms
i

three bonds on reaction, while en atom forms two. Three oxygen atoms will therafore be

needed to bond with two atoms, to enable all atoms to form the cormect number of bonds.
Thus the formuka of al is ALD,. .

,*, N
QUESTONS

=y

1 What is the valency of each of the following elements: sodium, hydrogen, lithium, fluorine,

m, sulfur, inding, aluminium, bromine, oxygen, potassium, nitrogen, arsenic, boran,

ing valencies, write the formula of each of the following compounds:  (a) beryllium chioride
hydrogen fisoride  (¢) calcium chioride (d) hydrogen sulfide.
=

ol &
| G5 CHEM CGir10 S8 Mod 3ingd 36 @ BEE T AM



3.3 The Periodic Groups

bromine) and 11 are gases (hydrogen, nitrogen, oxygen, fluorine, chlorine and a

At room temperature, most of the elements are solids, two are liquids [mercn.@
Group 0 elements). Most of the solid elements are metals.

Figure 3.5
Periodic table of the elements showing physical states

@

Elements show great variety in theinchemical properties. Within a group, however,
there are similarities in the chemieal properties of the elements. The most reactive
elements are the Group | e’tcw and the Group VII elements.

Elements between the Grdup | elements (the most reactive metals) and the Group VII
elements (the most reacti n-metals) have properties that lie between these two

extremes, For examp going across the third period, from magnesium to sulfur, we
observe a gradual in properties. Magnesium and aluminium are metals which

are less reactive than um, while silicon, phosphorus and sulfur are non-metals
which are less than chlorine.

DT
§|$ﬁpﬁﬁd elements
D

12 1 14 15 16 18
Mg | Al | Si| P | S
Magresium

17
Cl | Ar
Aluminum | Sleon | Phosphonss | Sufir | Chiorine | Agen

I F

Less reactive matal Less reactve non-metal Mos! reactive non-metal
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The Alkali Metals ol *’

The Group 1 elements are called the alkali metals. They are all Linast resctive
very reactive metals, increasing in reactivity down the group. Li L

Litum
Physical properties it Na q

o They are soft metals - they can be cut with a knife.

o They have low densities - lithium, sodium and potassium
each float in water.

Chemical properties

o When they are freshly cut, they have a metallic shine, but
this disappears rapidly due to reaction of the exposed metal
surface with oxygen in the air. The metal oxide is formed, as

it is when the alkali metals burn in air. The following WN Mt reactive
equation shows how sodium reacts with oxygen: Figure 3.7
Sodium + oxygen — sodium oxide Reochty tren In Grmp |

o They react vigorously with water, forming a ba ion and hydrogen.
For example sodium reacts as follows:
Sodium + water — sodium hydroxi ydrogen
2Nay, + 2H,0p — 2NaOH,,, + Hzg

(In the above chemical equation, chemib%wulas are used, and the subscripts
following each formula give information abgiit the physical states of reactants
and products: {s) = solid; (1) = liquid; issolved in water [aqueous solution];
(g) = gas.)

Alkali metals are stored in oil to prm@rmctiuns with water and with atmospheric

oxygen. %

3.1 PRACTICAL DEMONSTRATION

The reaction of alkali m@tals with water
The chemical equ or the reactions between alkali metals and water in this
as f

demonstration oWWS:

+ sz'Dl:h — ZLiDHlﬂq'I + Hm,
E’Nﬂ,‘, + 2H;0p — 2NaOH,,;, + Hyy

& 2K, + 2H,0p, — 2KOHy + Hyyg
Chemicalsneeded Equipment needed

) Trough
[} Knife
(8] ium Ei

Water
- tmus paper

ol &
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Procedure * '
NB: Wear your safety glasses

3 Place a small piece of lithium in a trough of =

Water &
water. Describe and explain what happens. 1
4 Dipa piece of red litmus paper into the d =
Y H

trough. Describe and explain what happens.
Figure 3.8

5  Face a small piece of sodium in a trough of
water. Describe and explain what happens. L]

6  Dipa piece of red litmus paper into the frough. Describe and explain what happens.
7 Place a small piece of potassium in a trough of water. Describe and explain

&  Dipa piece of red litmus paper into the trough. Describe and explain what happe

9 What metal shows the most energetic reaction?

10  What metal shows the least energetic reaction? &

The Alkaline Earth Elements

The Group II elements are called the alkaline earth elements. Groupil
They are all reactive elements, with reactivity il m gdown 3 Least reactive

the group. Some properties that magnesium anf cal have in

common are as follows:

Physical properties & S
Q are metals which are harder t alkali metals. Ca
They "ins"“
Sr
Hrmtare
]

Chemical properties

o They are less reactive than t rresponding alkali metals. | "gga
For example, magnesium m very slowly with water. g
Calcium reacts more quigkly, but less vigorously than the -Ra
corresponding alkali m | Feivn | Most reactive
Calcium + water ‘ calcium hydroxide + hydrogen Figure 3.9
Reactivity trend in Group I
The Halogens
The Group VII ele re called the halogens. They are very
reactive non-metdls, de sing in reactivity down the group. Group Vil
% ¥ Maost reactive
Physical erti n:"
o Th ow melting and boiling points. At room [7_ |
temperaltire, fluorine and chlorine are yellow-green gases, E
brm‘nmg is a red liquid and iodine is a dark solid. Hm_
Che 1 properties s
o react with hydrogen to form compounds which dissolve = |
in water to form acidic solutions. For example, in the case of e
chlorine: At
& Hydrogen + chlorine — hydrogen chloride gas o el

H:r,u + lI::I:r,gl = EHCL’,.H Figure 3.10 i 4
Reactivity trend in ks = o
Giroup Vil e
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Hydrogen chloride gas + water — hydrochloric acid solution
HC',:H:, + H:Dl]’ — HCI"“"”

o
salts, for example:

Sodium + chlorine — sodium chloride

N

The Noble Gases

elements have in common are as follows:

Physical properties
They are all gases at room temperature. The boiling p-?

going down the group. \

o

Chemical properties

first compound of a noble gas.

The Group 0 elements are called the noble gases. The main erat these

nd density increase

o They are the least reactive of all elements. Ovﬂars elapsed between the
discovery of the noble gases in the late ninr«:ﬁn ry and the synthesis of the

Q

o
at temperature.
room temperature.
ps of elerments in the periodic table?

of elements?

, base or salt in each case, state what is formed when  (a) lithium
reacts with hydrogen () potassium reacts with chiorine.

properties (b} two chemical properties of the alkali metals,
property (b} one chemical property of the alkaline earth elements.
List property (b} two chemical properties of the halogens.

What properties would you expect caesium (atomic number = 55) to have?

) Ningsubstances that are now recognised as elements weare known to the ancients. Seven of
were metals, and two were non-metals. Name as many of these elements as you can.
r more elements were known to the medieval alchemists. They included bismuth,
mony and two other elements, ¥ and Z. X is a metal now widely used in the galvanising of
iron. Z is a very poisonous non-metal. identify X and Z.

Which two elements are most abundant in the sun?

. QUESTIONS

MName six elements that are gases
Name six elements that ane
Hame two elements that are I
What are the most

What is the least reactive

Using one of the
reacts with water

List (a)
List

13

|

~,

y
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They react vigorously with sodium {and the other alkali metals), forming WQ

&
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s-block and p-block Elements
The elements in Groups 1 and Il form a block of reactive metals, called the s-black
elements. They have lower densities, lower melting points and lower boiling points, &
and are more reactive, than most other metals.

are mainly non-metals, but the lower members of some of these groups mple
tin and lead in Group IV, are metals. L .

. QUESTIONS ‘Ncr

The elements in Groups III, IV, V, V1, VIl and 0 are called the p-block elemﬁlese

~
vy

15 MName (&) analkali metal (b) anoble gas (c) an%m%nsthkelem
(g} a p-block element (f) a d-block element. N!
16 Discuss the following stalament: ‘The alkaling mants are less reactive than the alkali
metals.” Talk to your partner about the chemical prope both of these groups of elements.
17 Discuss the following statement: ‘The maost metals are the halogens, while the least
reactive non-metals are the noble gases.' about the chemical properties of
both of these groups of elements.
\ "%' Y
3.4 Periodicity :

Periodicity a fundamental aspect af the periodic table of the elements. It concerns the
recurring trends that are seen in t propertics going down or across the periodic

table. It was such trends that ame apparent to Mendeleev as he undertook the task
of arranging the elements in of increasing mass.
In the modern periodic

which reflects the number
table reflects are:

:, elements are ordered by increasing atomic number,
protons in an atom. The basic periodic properties the

o ionization engrgy

o atomic radi
o electr ativi
o electr ity

[
QUESTIONS

18 Malch each of the properties above to their definition.
i) measure of the ability of an atom to attract a pair of electrons towards it
(B) haif the distance between the centres of two atoms that are touching each other
(C) energy required to remove an electron from an ion or gaseous atom
(D) ability of an atom to accept an electron i

Q
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PERIODICITY Trends

Figure 3.11 show the trends relating
to these periodic properties moving
across a row or period of the periodic
table or moving down a column or

group.

The size of an atom is not easy to deﬁnh Atomic radius
because the probability of findi n
electron at a point does not beco

even at great distances from the leus.
Therefore, the selection of the@tinn

of the boundary of the ah&s ather

arbitrary.

Values for the atomic ra elements,

measured in nm, are giv igure 3.12. ' Bond length 1
These values can easured using ' | '
X-rays. I 1

& -

The atomic radius is equal 1o half the distance batween the

E L] nuclei of B two atoms

@ BEIE S0 AN



d
.,

Trends in the size of the atomic radius on going down a group depend on: * :

o number of energy levels occupied

o screening effect. . \ \
arha? %

In atoms with an atomic number greater than 2, electrons in inner leve

neutralise the attractive force of the nucleus by repelling the outer electro effect
of screening is most marked on going down a group in the periodic table. roup 1,
for example, on going from lithium to sodium, an extra level is ad effective

charge. The atomic radius increases on going down a group, e addition of

nuclear charge experienced by the outermost electron is much less than the'full nuclear
extra energy levels, and the resultant extra screening by inner lwelé

E=EBEc|Ex
T T

kol

Sc|Ti|V |[Cr|Mn

aur | anr

Figure 3.13
The tabe of atomic radit for the fiest 36 eements %

=1 level
= 2 level

The af & lithium atom is screened by electrons in the n=1 energy level only. The outer electnon in a sodium
by electrons in both the n=1 and n=2 energy levels

B N
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Atomic radius (nm)
‘\'N-.___*;-;
L

VIREE .
@

0.10 -

Figure 3.15
The increase in atomic radies values down Group |

Trends in the size of the atomic radius
on going across a period depend on a
number of factors:
o Nuclear charge
The atomic radius decreases on
going from left to right across a
period, because of the increasing

nuclear charge, which exerts a ]
greater attractive force on the %

outer electrons.

o Screening effect @
Within the same energy leyel,

screening effect by i s
is the same, because there isthe
same number of i Is. 0.09

BEIE S0 AN



. QUESTIONS

20

HmmmhmmmhrﬂmmmmmmrHﬂmamth
table? Explain your answer

mmmmmwmwmmmamphmm your

<

answer,
21 demmhmmmwmmmmh

22 How does the presence of extra occupied energy levels in an atomic radius?
Explain your answer.

<

3.6 Periodicity and lonisation energhg

t sublevels of distinct
different amounts of energy

In an atom with many electrons, the electrons occupy
energy values. Since the electrons have diﬁmntﬁ.

will be needed to remove different electrons from

m.

The first ionisation energy for an e]e@x 1s represented by the following equation:
Xigh = X' + €

The first ionisation energy of @1&1}1&1‘.! is measured in kilojoules per mole.

Li | Be B|C[N|O
g6 | wo | s | o | e | e
Na | Mg Al|Si|P |5
[ i seee | oo | e
K |Ca Ga| Ge| As | Se
0 Lt | i a1
Figure 3.17
Tabée of first ioni values for the first 36 elements
Figure 3.17 gives values for the first ionisation energies of the elements. These values

S CHEM Gr10 Ss Mod Jindd 45

generally increase on going from left to right across a period. This is due to:
o increase in nuclear charge, caused by an increase in the number of protons in
successive element. The electrons are held more tightly, which makes them

more difficult to remove from an atom.

The decrease in atomic radius, which has the same effect. In each period, the
element in Group 0, having a full outer level, will have the highest first ionisation

E energy value.




due to:

atom despite the increased nuclear charge

Y

On going down a group, the values of the first ionisation energies decrease. This is *

o The increase in atomic radius, which makes it easier to remove an electron from gn &

o The screening effect of inner energy levels, which results in the effective nucl
charge experienced by the outermost electron being much less than the fu

charge.

Exceptions to the trend across a period
On going across the second period from left to
right, first ionisation energy

values generally increase.

o However, beryllium has a higher first
ionisation energy value than the next
element, boron. The electronic configuration
of beryllium is 1s°2s*, while that of boron
is 1s'2s%2p.’. The extra electron in boron is
added to the 2p, orbital, which is of higher

energy than the 2s orbital. This electron is
more readily removed than the 2s electron 5

in beryllium. The beryllium atom, having a
full outer sublevel, is particularly stabl

',

to the
n and

Another exception in the second
general trend occurs between nit
oxygen. ,KQA
o The first ionisation en nitrogen
{electronic cnnﬁguratin%?ﬁjpﬁpv’m;]
is greater than that of o {electronic
configuration 1s?2¢’ W 2P;'). In oxygen
the two electrons 2px orbital repel
each other, makjhg the Putermost electron
easier to rem[:%a result, the value of
isation €nergy is lower than that

nitrogen atom, having a
p sublevel, is particularly

half-full o
stable.

L]
Similar tions to the general trend occur
betw ups Il and Il and between Groups

LY Y1 in other periods, for similar reasons.
() ise, for the s- and p- block elements, the

trend holds.

rhd
_P’fﬁ;siciﬁmw&mam 45 @

,5"
g

n energy [k | mol)

Figure 3.18

The: decrease in first ionisabion nergy walues down
Group I, dus 1o the increasa of the streening affect
and in the atomic radivs

. 2000
%1500
£ 1000 i
5
i

i 4 5 6B 7T 8 9 10
Figure 3.19 Atomic number

The general increase in first ionisation energy
values across the second period, due to the
increase in the nuclear charge and the decrease
in the atomic radius. Note the exceptions to the
genaral trend
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3.7. Periodicity and Redox reactions *’

Oxidation potential follows the same trends as ionization energy. An oxidation reaction,
is one that involves the loss of an electron and smaller ionization energies make i jer
to remove an electron.

Reduction potentials, on the other hand, follow the same trend as ele:h'@ty. A
reduction reaction is one that involves gaining an electron and larger glect finities

make it easier to give an electron.

3.8 Periodicity and acid and base trend?e’

The arrows indicate the relative acid and base strength of comy such as hydrides
or oxides of the elements moving across periods and doyn groups in the table.
The trend in hydrides - compounds formed between hyd and any other element

- can be seen by looking across period 3. \

Period3 MNaH  MgH,

Figure 3.20
Hydroxide trends across period 3.

The more strongly basic hvdrides | drides] are on the left of the table

MNaH = basic hydride:
Na'(aq) * Hiag) +H .leﬂ *Na'(aq) + OH (aq)

)
and the more strongly aci i:@iﬂe& [non-metal hydrides] to the right
HCI = acidic hydride:

H‘{aq] +CI 2‘0“} —5 H3D-{Ilq:l G 2 C"[aq}

‘é .
& =
& ?: B
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Generally speaking, the determining factor in whether an oxide will be acidic or basic is
the electropositive character of the central atom of the oxide. The more electropositive
elements to the left of the table form basic oxides, whereas the more electronegative
elements to the right of the table form acidic oxides. The exides in-between are -,:Fl_:e;ﬁ
amphoteric as shown in the table below.

The Periodic Table and Periodicity

Basic oxides Amphoteric oxides Acidic oxides

j Figure 3.21
Periodic rends of oxides

QUESTIONS (ow j

\ . £3  What factors influence the value of % ionisation energy?

24  What is the trend in values of ionisation energy on going from left to right across a period
in the periodic table? Give r this,

25  List the exceptions a first eighteen elements to the trend in first ionisation energy values
Qoing across a period, in wity they occur.

26 What is the trend in of the first ionisation energy on going down a group in the periodic

table? Explain yo
27 What type of iofl— positiveor nagative — will an atom such as sodium, which has a low first
ipnigation e &, tend to form?
| 28 Prepagé'a shart ntation on trends in the perigdic table in one of the following
areag. (3l metallic/non-metallic character of elements  (b) oxidation states. Think about the
ideas dsgussed in 3.5, 3.6 and 3.7.

4

4
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Ionic and Covalent
Bonding

Learning objectivesg’

o]

o

5]

=

: ; . 4 :

To explain the formatign of covalent bonds by sharing and donor-acceptor
mechanisms [QoLill B4 »

To describe the pl’l!i"j\f_:l't'lt‘.‘-i of covalent bonds 10142

To draw dots-and-cro8fes diagrams for following compounds H,, Cl,, O, N,,

HCl, NH, @1

=, |

To recognise thu??igerencu between types of orbital hybridization (TLE3

To Expl:-i&q:;["i_ng-.rel::tiam&hip between structure and properties of following
suhs}ﬁ;‘lcw BE:, CH,, NH,, H,O, BeCl, Giiid

To Mﬂiﬂ;} the principle of atom electronegativity and predict the type of
chemi&ij;ﬁnnd related to it (0138

To understand that ionic bonds are formed as a result of electrostatic attraction
& . s (e ———
e 1t i o L1 4

Jafopposite charged ions (147

q';_:_-:.?f{d make dots-and-crosses diagrams for following compounds NaCl, CaO,

o

N

\\'.

(5]

E3riS CHEM Gri0 Ss Mod 4indd 40

MgF,, KH (0138

To explain the nature of metallic bonds and their effects on the physical
properties of metals (L1459

To explain the mechanism of hydrogen bond formation 10.1.4.10

To predict properties of compounds according to type of bonds and crystal

i

BEE @2 AN



4.1 Chemical Compounds *’

A chemical compound is formed when two or more elements combine in a chemi *
reaction. For example, if hydrogen gas is burned in oxygen gas, water, a compo

is formed.
2Hi(g) + Oy — 2H:0, . Q’

Unlike elements, compounds can be broken down chemically into simplr:rmaru:l:s,
and in many cases directly to their elements. If an electric currentm through

water, the compound breaks up into its constituent elements, hydro oxXygen.

E'Hl(‘}l'll' i EH:'-HJ + O:IFJ %
&

Each compound has a fixed composition and it can be rcp%md by a chemical

formula. Water always contains two parts hydrogen to rt oxyvgen. This is shown
by its chemical formula, H;0. The formula of a compound tel what elements make

up the compound and in what relative proportions.

Sulfuric acid is an example of a compound made sip of three elements. Its formula,
en, one part sulfur, and four

H.50),, indicates that it is made up of two parts
parts oxygen.

mmw&mmm‘xm,n Washing soda

&
Hydrat bstances contain molecules of water in definite proportions, usually
loc i crystal structure, Washing soda, hydrated sodium carbonate, is an

example, [T contains 10 parts of water to one part of sodium carbonate, so its formula
is O; x 10HO. It has two parts sodium, one part carbon, three parts oxygen and

water. In cases of this type, the water is regarded as a unit within the formula.
Water bound in this way is described as water of crystallisation; it can be driven off by

$ﬂﬂﬁng to give the corresponding anhydrous compound.
Na,CO, x 10H,0,,, —~ Na,COy, + 10H,Oy,
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QuESTIONS

(b ethanoic acid, CH,C00H: (c) magnesium hydroxide, MgiOH),: (d) heptane,
(€} sodium hypochiorite, NaOCL, (f) calcium carbonate, CaCl,; i
In each case name the elements that constitute the compound in which they

1 The compounds in the following list are encountered in everyday life: :a?%im NaCl;
C0,.

4

e o

4.2 Noble Gas Electron Configuratig
Electron arrangement

The elements of Group 0 of the periodic table,
the noble gases, are found to be very stable

and unreactive compared with most other 2
elements. This is because they have very pnaonfle) 2.8
stable outer electronic configurations. The first {M 2'.'3. 8
two elements in the group, helium and neof; —rereee—— -
are so unreactive that they do not for y S (k) 28,188
compounds. Table 4.1

atoms.

@@’@

Table 4.1 shows the distribution of @on in the main energy levels of noble gas

Helium + Mean

Figure & Electric light bulbs are filled with
%ﬂmmmwwa argan

rt from helium, whose outer level (and only occupied level) is full, each of the
noble gases has eight electrons - an octet — in its outer level. Given the relative

reactivity of the Group 0 elements, it is clear that having eight electrons in the outer
level, or having a filled outer level, is a stable arrangement of electrons.
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The uses of helium and argon are related to their chemical unreactivity. Helium is a *
much safer alternative to hydrogen for use in weather balloons and blimps. Both gases

have very low densities, but unlike hydrogen, helium is not flammable. Electric light 4
bulbs are filled with argon to prevent the tungsten filament from evaporatin

reacting. Incandescent light bulbs are being replaced by energy-saving bulbs through

the EU.

Helivm i used in blimps Q

QUESTIONS
=
2 Inwhat way are the noble gases othier elaments?
3 Why is helium more suitable for wse in loons than the less dense hydrogen?
4 rnmmmmMamm@mmmﬂﬂummmﬂ &/

7

4.3 Octet Rule ¢ .

When atoms of di nt 1 electran
elements combine to t Transters
form compounds, ghere

change in the arr, ent of ;

the electrons the ofitermost ;
energy level bom. Some Sodium atom Chilorine atom

of these elect

| T

form links

giving
called chemical bonds between
the ato Usually the new
arrange: is more stable than
the ori situation.
&l& achieve stable noble gas

rations by losing, gaining Figure 4.2
or sharing electrons when they react to form compounds. This idea forms the basis of
e electronic theory of chemical bonding. The idea is usually expressed as the octet
rule, which states that atoms on reaction tend to reach an electron arrangement with
eight electrons in the outermost energy level.
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For example, in the formation of sodium chloride from sodium, the sodium ah&
whose electron arrangement is 2, 8, 1, loses an electron to chlorine, ending up as the

sodium ion MNa+ with an arrangement of 2, 8. »

Cm the other hand, the chlorine atom gains an electron from sodium and its z%
arrangement goes from 2, 8, 7 in the neutral atom to 2, 8, 8 in the chloride ion. In other
words, both elements obey the octet rule and end up with eight electrongin t
level. )

outer
Ny
r,.-—

k < @

mmmmmmmmmwﬁmumww&m the formula of

calcium fluoride.

Answer The electronic structure ufm;iumiscﬂaz&.\ v

ExAmMPLE 4.1

The electronic structure of fluorine is: F 2, 7

To obey the octet rule and end up with eight

to form the calcium ion Ca®™, and fluoring gains one al
total charge is zero, two fluorine atonms are requi

leved, calcium loses two electrons
form the fluaride ion, F. So that the
ing one electron each. Consequentty the

.

formula of calcium fluoride is CaF,.

Q
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While tet rule does not work in all cases, it
is none a useful aid in using the electronic
Hydraxide 01 st re of atoms to predict the ions formed in ionic
Carbonate c0- br::% and the consequent chemical formulas of
mpounds,
Nirate NO,- %P
Hydrogencarbonate  HCO,- A'similar method is used to predict the formulas of
Sulfite 50, ompounds of complex ions. It is not possible to use
the octet rule to work out the charges on such ions.
Sulfate 50, The information required is shown in Table 4.2.
Phosphate mIE—
:
Ethanoate 0

o+

Armmmonium

= Table 4.2
M0, Formulas of comglex ins
&
MPLE 4.2 .
What is the formula of potassium carbonate?

Answer The electronic structure of potassium is: K 2, 8, 8, 1

The potassium jon is K+ and the carbonate ion is CO,%-. Two potassium ions and one carbonate jon
are required so that the fotal charge is zeno. Thus the formuta is KGO,

|
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ExampLE 4.3

a

What is the formula of magnesium hydroside?
Answer The electronic structure of magnesium is: Mg 2, 8, 2

The magnesium ion is Mg* and the hydroxide jon is OH-. One magnesium ion and two
ions are required so that the total charge is zero. Thus the formula is Mg(OH),. »

2 Y .
. QUESTIONS 3
o
&
5  Write the formuta of each of the following compounds: {a]
() potassium oxide () magnesium bromide (d) wmmmmme

6 Write the formula of each of the following compounds:  (a) alumi
(0 calcium carbonate  (c) magnesium nitrate Mmmgmm

(g) potassium sulfite (f) duminium sulfate.

4.4 Exceptions to the Octeth

There are several exceptions to the octet
o Beryllium and boron atoms have few in their outer levels, so they cannot

gain enough electrons to reach eight in the outer level.
o The d-block elements do not us v the octet rule.
o The rule works in some ca Ifur and phosphorus, but not in others.

o Hydrogen and lithium a ‘rend to reach the electronic structure of helium, but
they are unable to gam e number of electrons required to attain an octet.

4.5 Covalent

When atoms mmb mically other than by ionic bonding, molecules are formed.
These may -: of the same element, such as the hydrogen molecule, H,,
or of atoms t elements, such as the sulfuric acid molecule, H,50,. Most
molecules mnsmt a smaII number of atoms. Consequently, molecules - like atoms -
are of extremely minute sizes. They are too small to be seen under the most powerful
optical scopes, but can be seen under scanning electron microscopes,

Atoms cant gain the stability of a noble gas configuration by sharing electron pairs
in their outer levels. Each shared pair of electrons is regarded as one covalent bond.
lectrons count as part of the outer level of both atoms of the bond.
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The simplest example of this type of bonding is the H*
hydrogen molecule, H,. The dot and cross diagram
for the H: molecule is shown in Figure 4.3. Figure 4.3

A hydrogen atom has one electron. In order to obtain a full outer level, and g%
electronic structure of the nearest noble gas (helium), the atomic orbital ing

single electron overlaps with that of another hydrogen atom. Each atominoW has a
share in a pair of electrons, and a covalent bond is formed. The nuclebof the 5 are
attracted to the shared pair of electrons, and are thus held close to other in a
molecule. Since there is just one shared pair of electrons, this is a single b nd.

3*9—‘03‘3@

s o b -srmata

Figure 4.4
C EXAMPLE 4.4 D

Draw a dot and cross diagram of the ule, Cl,.
Answer The chiorine molecule, example of a single covalent bond betweaen two
atoms of the same element. The dot diagram is shown in Figure 4.5.

XK
G+ & —» G
& 1 [ ] ® X ae
Figure 4.5 Qf
Since chioring electrons in their outer levels, this time the octet rule is obeyed
and each atom gains ic structure of argon.

\

i

\-

Drawr a dot and cross diagram of the hydrogen chloride molecule, HCL

&
Answer The hydrogen chloride molecule, HCI, is an example
a single covalent bond between atoms of different elements,

hydrogen and chiorine. The dot and cross diagram is shown in H .:E'I.t
Figure 4.6. . X
Hydrogen gains the electronic structure of hefium, and chlorine

gains the electronic structure of argon. Figure 4.6

Ky
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EXAMPLE 4.6 :
8 @
Draw a dot and cross diagram of the water molecule, H,0.
Answer Water is an example of a molecule with three atoms, se
each hydrogen being bonded to the oxygen. The dot and cross H: .
diagram is shown in Figure 4.7, 'qi
)
Since the oxygen atom has six electrons in its outer level, it N
needs to gain two electrons to reach the electronic structure of
nean. It does this by sharing electrons with each of hwo hydrogen
atoms. The hydrogen atoms reach the configuration of halium in
the process. The resultant water molecule has two single covalent bonds.
= c9 _
&
) Shared electron Wat form covalent
Lone pairs bonds are callgd bonding pairs. Pairs of
e electrons not invo! in bonding are called
H: 0: H: “"H lone pairs_o -bonding pairs. A water
ﬁ H molecule @.S} has two bonding pairs
Bonding pairs of electrons and two lone pairs of electrons,
An ammeniagnolecule (Figure 4.9) has three
ade rmas bondi %m‘l one lone pair.

. QUESTIONS % ::

7 What is a molecule? 9
B What does a covalent bond consist of

9  How many electron pairs are a single covalant band?

10  Draw dot and cross diag following molecules:  (a) fluorine, F, (b} hydrogen
bromide, HBr  (c) lfide, H.5 (d) ammonia, NH, (&) methane,
CH, (f) phosphorous  PCl;.

11 What is the d n a lone pair of electrons and a bonding pair of electrons? Using
your answers to q , state  (a) the number of lone pairs  (b) the number of bonding
pairs in each molecules: F,, HBr, H,S, NH,, CH,, PCl,.

A ~

| Co-ord ma&lent bonding

A differe pe‘of covalent bond, which is known as the coordinate or dative covalent

bondﬁ the unequal sharing of an electron pair by two atoms in a donor-acceptor

relati . Whereas in ordinary covalent bonding a bond forms from the interaction

of electrons from different atoms, in co-ordinate covalent bonding a bond forms as

;&cﬂ‘ a pair of electrons from one atom [the donor] bonding to an unfilled orbital
nother atom [the acceptor].
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A typical example of co-ordinate covalent bonding is the ammonium ion, NH,". In &
reaction of ammonia and hydrogen chloride:

NH, + HCl - NH,I, q
ammonium ions, NH," form when the hydrogen ion from the hydrogen chlori
transfers to the lone pair of electrons on the ammonia molecule.

N

lone pairs of electrons

Figure 4.10

The resulting ammonium ion, MH,*, has a positive \cau&e only the hydrogen
nucleus transfers. The hydrogen leaves its elect and the negatively charged
chloride ion is formed.

The donor-acceptor relationship of the inate covalent bond is shown
diagrammatically by the use of an arrow in d like this:

H

¢ GG—NJL':{*

@ | 4§ co-ordinate bond

The arrow points Emmﬂmw} atom that donates the pair of electrons to the
{acceptor) atom that acce em.

The complete com [INH,C]] that is formed in this reaction thus results from
three types of bond lency in the formation of NH;; co-ordinate bonding in the

formation of ; and alency in the formation of NH,CI
Another exam o-ordinate bonding is the Hydronium ion, H;O". In this case
lecu

the water le, H.O, donates a lone pair of electrons to the vacant s orbital of
hydro,

H*. HO(l) + H',y — HiO%,

H

[ water ) [ Hydrogen Ton | [ Hydronium lon |
Figure 4.12
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This is the type of bonding that occurs when hydrochloric acid, for example, is dissolved *
in water,

H,0 + HCl = HO" + CI

u*nrdmate Im
Figure 4.13
Once a co-ordinate bond is formed, it is not distinguishable from the h}rdrogen
bonds in the ion. Thus, when the hydronium ion subsequently ny of the three
hydrogen ions can break away.

N

&
QUESTIONS ’V
A
12 State two differences between a regular covalent bond covalent bond.

13  Explain what features of the water molecule enabile it co-ordinate bonds.

14 Draw dots-and-crosses diagrams to show the ammaonium ion and the hydronium
ion. Distinguish between the ordinary covale and co-ordinate bonds. L

4.6 Double and Triple Co@ent Bonds

Some atoms form covalent bonds by ing two pairs of electrons. An example of a
molecule with two pairs of electrons between two atoms is the oxygen molecule,
0,. Since an oxyvgen atom has sigmelectrons in the outer level, it needs to gain two
electrons, or a share of two e to reach the electronic structure of neon. Two
oxygen atoms share two pai%lectmns to reach the octet. A double covalent bond
is formed.

y
EXAMPLE 4.7 .
\-—
Draw a dot mi ram of the cxygen molecule, 0.. e o
bond is formed in which two pairs of o
dmm:ﬁ ! Q = g

- __4

K‘tﬂe bond in the oxygen molecule can also be represented as O=0.

ree electron pairs are shared to form a bond, a triple covalent bond is formed.

The nitrogen molecule is an example in which this type of bonding is found. Since a

itrogen atom has five electrons in the outer level, it needs to gain a share of three more

electrons to reach the electronic structure of neon. Two nitrogen atoms share three
electrons each to reach the octet.
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EXAMPLE 4.8

i

Draw a dot and cross diagram of the nitrogen molecule, N,

L
Answer A triple covalent bond is formed in which three pairs of H :E x
electrons are shared.

Foge &

\ N

The triple bond in the nitrogen molecule can also be represent

The strengths of covalent bonds can be studied by mmuri.ﬂ energy needed to

break bonds. These bond dissociation energies show that a e bond is stronger
than a single bond between the same two atoms, but not strong. A triple bond
is found to be stronger still than a double bond be the sime two atoms, but not
three times as strong as a single bond. This indicates tha Il the bonds in a multiple

a single electron from each atom overlap. Th plecular orbital formed contains
a pair of electrons which constitute a single ¢ nt bond. This bond is called a ¢
(sigma) bond when it involves two s s, an s and a p orbital, or two p orbitals
which overlap end-on to each other. A o is always formed between two atoms in
a molecule if they are covalently bon

bond are equally strong
When a single covalent bond is formed bemee%wo aams, atomic orbitals containing

Owerlapping p mmls Malecular arbitals
Figure 4.16
Sigma bonding by end-on overlap of p
In double or triple bunds- sideways
overlap is pusaubh: two p
atomic orbitals, eac ining one
electron. In tl'us# i) bond is
formed.
Anexa bond is found in the

oxygen mol , 0;. The O=0 double ‘
bond, like ‘3" double bonds, consists

of onég bond and one nt bond. Triple ‘
buémh as that in the nitrogen

mo , N =N, consist of one obond

n bond being formed
d two m bonds. o bonds are stronger H-gtl'e4.l'.'

nt bonds. Fi banding batween twa p orbitals

Ky
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15 How many shared pairs of electrons are there in %
a (a) single (b} doublz (g} friple covalent bond? H
16  Draw a dot and cross diagram to represent the covalent bonds \\c=c
in a molecule of carbon dioxide, ¥ A
0=C=0. H
17 Dvaw a dot and cross diagram to represent the covalent bonds Figure 4.18
in a molecule of ethene (Figure 4.18) Q
18  Draw a dot and cross diagram to represent the covalent bonds H=C C—H
in a molecule of ethyne (Figure 4.19) %_
\_ 19  Explain the difference between a o bond and a m bond. Figure

*a, 4
4.7 Polar and Non-polar Covalegtﬁm ing
The atoms in a covalent bond share one or more pairs of ¢lectrons. When a molecule
such as hydrogen, H,, contains only one type of e nuclei of the atoms attract
the shared electrons in the covalent bond lly. use of this, the electrons are
equally shared. The bond is a pure cﬂvalm%nd is said to be non-polar. Oxygen

(0.}, nitrogen (M), chlorine (Cly) and bromi 5) are ather examples of molecules
containing non-polar covalent bonds.

each other. For example, a hydroge ride molecule is formed from a hydrogen
atom and a chlorine atom. Two factors te the extent to which the shared electrons
are attracted by different nuclei: @,e of the atom and the nuclear charge.

er att

o Smaller atoms have a strang raction than larger atoms with a similar charge
because they can get ch}&lhc shared pair of electrons.

o Atoms with a bi in the nucleus will have a greater attraction for the
shared electrons th of a similar size with a smaller charge.

However, most covalent bonds are I‘-c-a;ed bétween atoms that are quite different from

When electrons ar*ﬂ unequally, polar covalent bonds are formed. Usually,
different typ atomt will attract the electrons unequally in a covalent bond. The
atom with are of electrons will become slightly positively charged, and
this partial cha indicated by &+. The other atom will become slightly negatively
charged, and this partial charge is indicated by &=, In the hydrogen chloride molecule,
HCI, for m[:ﬂe: the chlorine atom has a greater attraction for the shared pair of
eltxtm& the hydrogen atom. Consequently the molecule is represented as follows:

E H¥ - CI%-
examples of polar covalent bonds are the (0 ~H* bond in water, the
EN"-H‘“ bond in ammonia and the H**=F* bond in hydrogen fluoride.
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. QUESTIONS E ;

20 State whether the bonds in each of the following molecules are polar or non-polar:
{a) flworine, F, (b) iodine, I; (c) oxygen, 0. (d) hydrogen bromide, HBr (2 ;
(f) methane, CH,.
21 mmrmmmmmummmmwa bond.
22 How are the partial charges on atoms in a covalent bond represented? rogen chioride
l\ molecule, HCL, to illustrate your answer.

4.8 Characteristics of Covalent Substaﬁgs
L]

The characteristic properties of covalent substances are rﬂ by the fact that while
the covalent bonds within molecules — the intramaol orces — are strong, the forces
between molecules = the intermolecular forces - are weak?

o Since the intermolecular forces are weak, r@ecular substances are liquids
or gases at room temperature. Those that are solid€ have low melting and boiling
points.

o In general they do not conduct electricity n in the liquid state or in solution.

This is because they consist of neu olecules rather than electrically charged
particles such as ions. However, lecules such as HCI react with water to

form ions and the solution form n conduct electricity.

o Most covalent substances do not e readily in water. However polar covalent
compounds have some ioni@character and are more likely to form aqueous
solutions.

Eaig@
Different types of atom attra€t the shared electrons unequally in a polar covalent bond.

4.9 Electroneg

The ability of an ato valent bond to attract the shared electrons to itself is given
by the atom’s electron vity value.

The most cgmmonly used scale of
el ativity is the Pauling scale, devised by Linus Pauling. On this scale, which
ru 0 to 4, the higher the electronegativity value an atom has, the better it is at
attracting the shared electrons towards itself. As can be seen in the table,
negativities increase from left to right across a period, and decrease from the top
bottom of a group.

Three factors are responsible for the variations in electronegativity values in atoms of
different elements:

o The nuclear charge, that is, the positive attraction of the nucleus for the electrons
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o The atomic radius, that is, the distar

o The screening effect by which inne
from the full force of the nuclear ch

Electronegativity increases across a

period.

o As the atomic number - the 3
number of protons in the nucleus
- increases, the nuclear charge

INCreases 2
o The extra electrons in atoms of

each successive element across 1l
the period are added to the same
{outer) shell, with no change in
screening by inner shell electrons. 0
The increased nuclear charge 0 5 0 15 20
pulls the electrons in more tightly number
and atomic radius decreases. Fiqure 4.20
Variatian in among the first 20 elements

o The larger the nuclear charge and
the smaller the atomic radius, the
greater the attraction for the electron pair valentbond, resulting in anincrease in
electronegativity. Q

Q

Electronegativity decreases down a gro

o On going down a group, the addikion of extra levels of electrons shields the outer
electrons from the nucleus %

o These extra levels also cause amgncrease in atomic radius

strongly.

o Even though the nuclear Eh is increasing, the electrons are not attracted as
o The combination of screening and increased atomic radius reduces the
attraction for the &% pair in a covalent bond, resulting in a decrease in

elec’cmnegativity.l

i
;

2@ renef: 0
| Be| Fel T

TG [ [ Go | W | Go | 25

I:m|z§= = s |'::|:-
%ﬂ.

Sl S B

Fﬂuliﬂxiﬂn-

e ) -

As
2%

edicting the nature of bonds

ompounds with pure ionic bonds or pure (non-polar) covalent bonds are extreme
types. Most compounds are somew here between the two, with some degree of polarity.
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The greater the difference in electronegativity values between the two bonding at&
the greater the degree of polarity.

Carbon and sulfur each have an electronegativity value of 2.5, and £
electronegativity difference between the two is zero. A carbon-sulfur bond in%
disulfide, C8,, is thus a non-polar covalent bond.

Potassium has an electronegativity value of 0.8 and fluorine — the most eie&q;aﬁve
element = has a value of 4.0. The difference of 3.2 is extremely high. is case the
fluorine has such a strong attraction for the electrons that the electron pair resides
solely on the fluorine. In other words, a negatively charged ﬂu%?, is formed.
The potassium atom has lost an electron to fluorine, so what remaing is a potassium

ion, K*. Since electron transfer has occurred, the bond is ionic%

&
Electronegativity differences can be used to predict the%uf bond between two

atoms.
o If the electronegativity difference is zero or very sm bond can be regarded
as being non-polar covalent; for example, th d in the hydrogen molecule,

H., and the C-5 bond in carbon disulfide, C5; th non-polar.

o In cases where the electronegativity dif:wis greater than 1.7, the degree of
ionic character is greater than the deg ovalent character so the bond is
predicted to be ionic. For example, t nd in sodium chloride, NaCl, where the
electronegativity difference is 3.0 —q;.l. is ionic.

than 1.7, unless the difference i small indeed. For example, the bond in
hydrogen chloride, HCl, is, predicted to be polar covalent because the
electronegativity difference i 21=09.

(" Bawesy & .

o The boend is predicted to be polar mﬁale tif the electronegativity difference is less

N

Use e vallles to predict the type of bond in  (a) NaBr  (b) CO  (c) NH,

MN: )

Answer

{3 difference between sodium and bromine is 2.8 — 0.9 = 1.9, which is > 1.7.

The bomding in NaBr is predicted to be ionic.

difference between carbon and oxygen is 3.5 - 2.5 = 1.0,
his < 1.7 but = 0.
bonding in GO is predicted to be polar covalent.

E () The electronegativity ditference between nitrogen and hydrogen is 3.0~ 2.1 =0.9,

which is < 1.7 but > 0.
The bonding in NH, i predicted to be polar covalent.

ﬁ (d) Since both atoms are of the same element, nitrogen, the electronegativity difference is

30-3.0=0
The bond is predicted 1o be non-polar covalent.

(e) The electronegativity difference between carbon and hydrogen is 2.5 — 2.1 = 0.4,
& which is < 1.7 but > 0.

The bonding in CH, is predicted to be weakly polar covalent.
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24  How do electronegativity values change (a) acrossa period (b) down a group?
25  Explain how electronegativity values are used to predict the nature of chemical bonds, Q

26  Use electronegativity values to predict the type of bonding, whether non-polar r
covalent or ionic in
(&) CH, &) K (&) HBr (g} PH, MyQ
(b) S0, (d) HF (fy Lici () H.0 50;.
o—
4.10 Shapes of Molecules .\'
Molecules are formed when atoms are joined together ovalent bonds. The
arrangement in space of the atoms dictates the shape of molecule.
The simplest possible molecule is diatomic, i.e. consi just two atoms.

Given that there are just two atoms, they can be cannected by a straight line, so the
shape is said to be linear. 5

HCL It is also possible for molecules wit than two atoms to be linear e.g.

Examples of diatomic molecules are uxygen@dmgﬂ\, H;, and hydrogen chloride,
beryllium chloride, BeCl,.

If a molecule with three atoms is not
linear like beryllium chloride, each
atom must be out of line with the
other two. Such molecules are
angular or V-shaped. Water, H,0, S
an example. (Note that all li and e .
V-shaped molecules are also planar.) PP -

Two possibilities arise olecules which contain four atoms, where one is the
central atom to whi other three are bonded.

Figure 4.24
Boron trifluoride molecules are trigonal planar
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Figure 4.25
Ammonir molecules are pyramidal

The first case has the four atoms lying in
the same plane with the three outlying
atoms pointing towards the vertices of
an equilateral triangle. This shape is
trigonal planar, and an example is boron

mdem

trifluoride, BF,.
The second possibility has the central atom abgye th;plane of the other three, but is
otherwise similar. The shape is now pyramidal, and an example is ammonia, NH,.

Molecules such as methane, CH,, have toms joined to a central atom. The four
outlying atoms are arranged as far from as possible, and are directed towards
the corners of a regular tetrahedron. This shape is tetrahedral.

A tetrahedral arrangement is pnr%r important in molecules containing carbon.

Hybridization of orbi

Hybridisation is the term use ibe the combination of s and p orbitals belonging
to the same atom during govalent bonding to form new hybrid orbitals. The newly
formed orbitals will all equal energies and identical geometric shape. Hybrid
orbitals are denoted *. The s and p indicate the orbitals that are combined in the
hybridisation p the value of * [from 1 to 3] indicates the number of p orbitals
involved. The numbe vbrid orbitals produced is equal to the number of atomic
orbitals combi

The -ilﬂ‘e haracteristics of sp, sp® and sp’ orbitals are described below.

sp hybndl:a n occurs where one s and one p orbital combine to produce two new
hybrid nrhﬂ:als The axes of the new hybrid orbitals form an angle of 180 degrees.

Pq;umd 27

Examples of sp hybridisation include all compounds of carbon containing a triple
bond such as C,H; and compounds of beryllium such as BeH, and BeF,.
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Molecules which are formed by sp-hybrid atoms are linear in shape sp, hybridisation ;

occurs where one 5 and two p orbitals combine to form three new hybrid orbitals: ®
Figune 4.28
sp? hybridization

The new hybrid molecules have a flat structure with the, axe fnrmmg a
120" angle. Examples of sp, hybridization include mmpounds%as aluminium
chloride AICI, and ethylene C,.H,. .

sp* hybridization occurs when one s-orbital and three jtals c!rnbine to form four
hybrid orbitals. The new hybrid orbitals have a tetrahedral s , with the axes of the
orbitals forming angles of 109°28'.

—

s-arhit, ~.109°28_~
Figure 4.29

sp’ hybridization
Examples of sp* hybridization includ@p;unds such as ammonia NH, and methane

CH,
FANTSEPA
ammnn,Q methane
%uwmm
@ % “
)

27 ishe hybridization of the molecular bonds NH,?
2‘§dmmmmmmmwmmm (a) H,0 (b) CH, (c) CH,

29 the type of hybridization to its shape:
& (a) tetrahedral i s
(b linear (i) sp*

() trigonal planar (i) sp

& 30 Work out the type of hybridisation in these two compounds:

@ Hic:H () HiCHC:H
H >
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Activity *’
Models of molecules with the shapes described above can be made using balloons, or
plasticine and matchsticks. Alternatively, various types of models can be purchased,#
such as the ball and stick models illustrated.

QUESTIONS
. Q)

3 H&dldﬂmhﬁlﬂﬂﬁfﬂmﬁdbﬂhﬂmmﬁu{ﬂﬁdﬂmmlﬁm N

tlectronegativity caloulatic

Oxygen and itself
Hand 0 @
Hand G &

Na and CI N
Hand CI \
Nand 0

32  Sketch the shape of each of the following mnlmlam,. H,0, BeCl,, NH;, H, and HCI.
. Write the name of each shape underneath the 5 oy

4.11 Electron Pair Repul'q eory

The electron pair repulsion theory may be used to explain the shapes of simple
molecules that consist of atoms bnnd%a central atom. According to the theory:
o The electron pairs in the valence {oltter) shell of the central atom repel each other
and end up as far apart as ihé\etricall}r possible.
k

o Lone pairs (that is, pairs not involved in bonding) have a greater repelling effect
than bonding pairs. &
The orientation of the el p*'.irs relative to each other depends on their number, so
by counting the elec their arrangement can be predicted or explained.
gﬁ

Molecules w onding pa:rs around the central atom

If all of the el irs are bonding pairs, that is, constituting covalent bonds, then
the term to deéscribe the arrangement of the electron pairs is also used to describe
the sha plecule. For example, the electron pairs in a methane molecule (in

which the our bonding pairs) have a tetrahedral arrangement, and the methane
molecule has & tetrahedral shape.

L
B@m hydride
o beryllium hydride molecule, BeH,, has two hydrogen atoms bonded to the

§ central beryllium atom. Beryllium has just two electrons in its valence shell, and

with each hyvdrogen contributing its sole electron, the electronic structure of the

molecule is H:Be:H
& o
Figure 4.31 iRk
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o There are thus two bonding pairs of electrons in the valence shell of the beryllium *
atom in beryllium hydride. These electron pairs repel each other so as to get as far
apart as possible, causing them to be located on either side of the beryllium atom.
The result is a linear arrangement of electron pairs.

Thus the molecule has a linear shape.

The bond angle (<HBeH) is 180°. ?
Other molecules with the central atom surrounded by two bonding pairs% h as
BeCl,, also have a linear shape.

Boron trifluoride Ny
@ The electronic structure of the boron trifluoride molecule is ‘B:F:
as shown in Figure 4.32. xe xx

& ] -5
o There are three bonding pairs in the valence shell of ﬂ% "5"

boron atom in boron trifluoride. The furthest apart thatthree
electron pairs can be arranged is when they are di
It §

towards the vertices of an equilateral triangle. The E

Figure 4.32

a trigonal arrangement of electron pairs,
o Thus the molecule has a trigonal planar shape E

o Each bond angle (ZFBF) is 120°. i:ﬂ*rzﬂ"
Other molecules in which the central atom :is%nded by three F 0 F

bonding pairs only, such as BCl,, also have % planar shape.
Figure 4.33
Methane
o The electronic structure of the %ane molecule is as
shown in Figure 4.34. H
[ 34
o There are four bonding pai% the valence shell of the H:C:H
carbon atom in methane. The mutual repulsion causes them ol
to have a tetrahedral arrangément. H
o Thus the methane e has a tetrahedral shape. Figure 4.34
o Each bond angle («H 109.5°.
& A
Other moleculesin whigh the central atom is surrounded by four 1ug_fr|
bonding pai . such as SiCl,, also have a tetrahedral shape. H T ~H
In all molecules containing 2, 3 or 4 bonding pairs only, the H

t ofthe electron pairs can be predicted or explained
e number of these pairs.

Figure 4.35

Bond angle
180*
120°

4 Tetrahadral 109.5° CH,
&hl& 4.3
| rovided that all of the electron pairs are bonding pairs, the shape of the molecule is

the same as the arrangement in space of the electron pairs.

Number of electron pairs  Arrangement of electron pairs Example

Linear
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Molecules with lone pairs and bonding pairs around the central atﬂ*
In molecules such as water and ammonia, not all of the electron pairs in the valence

shell are bonding pairs. &

In ammonia, the nitrogen atom has one lone pair in its valence shell, while the

atom in water has two. Since lone pairs are closer to the nucleus of the ¢ | atom,
they are closer to each other, and so their mutual repulsion is greater th@dtual
repulsion between bonding pairs. The repulsion between a lone pair and ing
pair is intermediate in strength. The order of strength of these mpu]sh%-s follows:
lone pair: lone pair > lone pair : bonding pair > bonding pair: bonding pair.

The consequence of this is that where both lone pairs and bn:-n-iing;irﬁ occur in the
valence shell of the central atom, distortion in the expected a ent is found, and
the bond angles are a little different to what might otheryise pected.

Ammonia

o The electronic structure of the ammonia molecule isSRown H " ﬁ, H
in Figure 4.36. R

o Inammonia, NH,, the valence shell of nit ﬁains four H
electron pairs - three bonding pairs and ne pair. The Figure 4.36 Ammonia
presence of four electron pairs indicates edral
arrangement. However the presen the lone pair
with its increased repulsion of the b pairs causes N i
the bonding pairs to be pushed a litt ser to each H H
other than normal, and the bao le is about 1077 107°
rather than the expected 109.5°, e arrangement H

of the electron pairs is that of agdistorted tetrahedron,

! ! : Figure 4.37
o Since a lone pair rather tha atom occupies one

of the corners of the tetmahedron, the shape of the
molecule is pyramida]

Other molecules in wl'u-: central atom is surrounded by three bonding pairs and

one lone pair, such a s molecule, have similar shapes.

Water

o ler:t cture of the water molecule is shown in —~
‘O:H

xe
o In I@DIE‘HIE} there are two bonding pairs and two H
lone pai the valence shell of the central nygen atom.

The disfprtion due to repulsion by lone pairs is thus greater

in the case of ammonia, and the bonds are pushed even S0
closely together, resulting in a bond angle of
47d 'l .
Since lone pairs rather than atoms occupy two of
the corners of the tetrahedron, the shape of the O
molecule is V-shaped.
d 104.5°
Other molecules in which the central atom is
surrounded by two bonding pairs and twao lone pairs, Figure 4.39

such as the H,5 molecule, are also V-shaped.
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Molecule Mumber of Number of Arrangement of Bond angle Shape of molecule

electron pairs  lone pairs electron pairs
NH, 4 1 Distorted tetrahedral  107° Pyramidal
H,0 4 2 Distorted tetrahedral ~ 104.5° V-shaped

Table 4.4 Q’

@ D
QUESTIONS
33 Explain why the BeH, molecule has a linear shape.
34 Expiain why the BF, molecule has a trigonal planar shape. %
35  Explain why the CH, molecule has a tetrahedral shape. .N
36 Explain why the H.0 mobecwle is V-shaped,
37 Explain why the NH, molecule is pyramidal. \
48 What is the electronic structure of each of the fol H.5, PH,, SiH, and BCI,?
k Use the electron pair repulsion theory to predict the shape of these molecules. -

4.12 Relationship between metry and Polarity in
a Molecule

A polar molecule must have two chﬂra%lics. The molecule must contain polar
etrical.

Sometimes, a molecule can be n r overall even though the individual bonds are

covalent bonds, and it must not be sy %

Centres of positive and negtiv charge coinciding

polar. This occurs when the t s a high degree of symmetry, with a geometric
centre.

In the beryllium hydrid uile (Figure 4.46), the Centre of
beryllium atom is the cen positive charge, since positive change
beryllium is less el tive than hydrogen.
Being midway betwee two hydrogen atoms, it is b= bk b=
also the centr egative charge. Thus both centres H-—Be —H
of charge coi d the molecule is non-polar
overall. Cenire of
» negative charge
In the trifluoride molecule (Figure 4.41), the Fagure 4.40
* boron the centre of positive charge. The
cenire of négative charge is at the geometric centre of Ee-
theVertices of _the EIZ]LIllaFE[-ﬂl triangle formed by D | Centre of
 fluorine atoms i.e. the boron atom. negative charge_ g+ _positive charge
P S
$\m again the centres of positive and negative charge f:_ i:_
incide so the molecule is non-polar overall.

Figure 4.41
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The methane molecule has a perfect tetrahedral ekl H* &n“*
shape with the carbon atom at the centre, and the positive m@“é._,nagaljw charge

four hydrogen atoms at the corners of a regular Y TTHY »
tetrahedron. As carbon is slightly more He
electronegative than hydrogen, each bond is slightly

polar, with the carbon atom having a partial negative Figue 4.42
charge and each hydrogen a partial positive charge. Q
L

The only negative charge is located on the carbon atom, so it is said %the centre
of negative charge. Each hydrogen atom has a partial positive charge, so the centre of
positive charge will be at the geometric centre of the tetra i. the carbon
atom. Thus the centre of positive charge coincides with the centre nkgaﬁve charge,
and the molecule is non-polar.

&
Separated centres of positive and negative chﬁ
Molecules of water and ammonia, which contain poldtgovalent bonds, do not contain

the same degree of symmetry as the molecules conside above. Consequently the
centres of positive and negative charge do not goj e (that is, permanent dipoles
exist), and the molecules overall are polar. Indee and ammonia both exhibit a

high degree of polarity. Q
In the case of the ammonia molecule, i s a

pyramidal shape, the nitrogen atom at of the & m:fm
pyramid is the centre of negative charge. centre g N_ i

of positive charge is at the geometrighl centre of the ~H | —H™_Centreof
three hydrogen atoms that form an ral triangle H&* pasitive charge
at the base of the pyramid. Thus entres of positive

and negative charge are separabemlting in a polar PR 48

molecule (Figure 4.43).

negative charge on the at the apex of the V., - :
eg, Tg P D_MQHW& charge

The water molecule is ‘Vﬂ:& with the centre of Cenlre of

The centre of positive charg¢ is midway between the oH” o H
two hydrogen a separated from the centre T
ult the water molecule is Centre

posiive charge

of negative charge. As
lar overall (Fi ;
i * Figure 4.44

&)

» QUESTIONS

39 Why is a water molecule polar?
40 Why is a beryllium hydride molecule non-polar?
41 Why are the bonds in the PH, molecule non-polar?
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4.13 Intramolecular Bonding and Intermolecular Forces *’

The prefix intra- means ‘within” or on the inside. Thus intramelecular bonding mea v
the bonding within the molecule that holds the atoms together. The pure cova
bond holding the two atoms of hydrogen together in a molecule of hydrogen gas is

example of an intramolecular bond. So also is the polar covalent bond in a mol f
hydrogen chloride. ?

The prefix inter- means ‘between’. Thus intermolecular forces means f bettveen
molecules. These forces, which include van der Waals” forces, dipole-dipole intégctions,
and hydrogen bonding, are much weaker than covalent bonds but ignificant
effect on physical properties such as the boiling point of the substance. resence of

would otherwise be the case, as a greater amount of heat has to vided to allow
molecules to escape from the main bulk of liquid. The stronger the atffactive forces, the
higher the boiling point of the liquid.

these attractive forces means that the molecules are more difﬁ% parate than

Intermolecular forces Intramolecular I:n-undin

®

Methane: intermolecular forces and hiamﬂmhu

4.14 van der Waals’ gh:es

The fact that non-polar gases s as hydrogen and oxygen can be liquefied indicates

that some attractive fo ist between the molecules, These attractive forces are
called van der Waals” f fter the Dutch scientist Johannes van der Waals, whose

work on gases led mie discovery that such forces existed.

These forces arglnuch weaker than covalent bonds, and can themselves vary in strength.
The boiling offexygen gas, for example, is 90.2 K, while that of hydrogen gas is
only 20.5 K. ThisTicates that the intermolecular van der Waals” forces in oxygen are
considerably sh:mger than those in hydrogen.

Van d " forces are weak attractive forces caused by the movement of electrons
withi lecule. The hydrogen molecule, H,, for example, is a non-polar molecule,

wi pure covalent bond. The only pair of electrons present is shared equally
r

the two hydrogen atoms. The electrons move randomly within the bond, so
ticular point in time they may both be nearer to one atom than the other. This

creates a temporary polarity — called a temporary dipole - in the molecule.
| é

H® - H*
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If two molecules with similar temporary dipoles happen to be orientated with ﬂppnsl*

charges directed at each other, an attractive force will exist between the two molecules.
HP - - He-pr 20

Another possibility is that a temporary

dipole in one molecule will induce 200

a similar dipole in a neighbouring

molecule, with a result similar to the

above. The combined effect of these = 150

temporary and induced dipoles is E‘

to produce weak attractive forces s

between neighbouring molecules, = 1001 —

resulting in increased boiling points. E

The greater the number of electrons 50

in a molecule, the greater are the

number of possible temporary

dipoles. Consequently the extent i

of the intermolecular attraction is 0 20 30 40

greater. This explains why oxygen gas ber of electrons (per molecule)

(with 16 electrons per molecule) has a S o i wiradian ol alekione bi'a sioisile of s Bkarnaa:
higher boiling point than hydrogen the van der Waals' forces between molecules of that
{with only 2 electrons per molecule).

4.15 Dipole-Dipole Int&cﬁons between Polar
Molecules

another example of in ar
forces. They are similar to van der
Waals’ forces in tha
end of one dipole is
the positive end“pf another, but

Dipole-dipole intera :Q
between polar mulec:ﬁs

they differ in dipoles are

perma e to the polarity in

the maol . Bécause they are

permanent, they are stronger than g0 4 47

van der Waals‘ forces, Dipole-dipole interactions between hydrogen chiaride molecules
H H

:C = C< Ethene >G =0  Methanal
‘S H H

H
&=
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Ethene, C;H, (M, = 28) and methanal, HCHO (M, =30) would be expected to have *

similar boiling points owing to the similar size of their relative molecular masses.
This would be the case if there were only van der Waals” forces between their respective
molecules. However ethene boils at 169 K, while methanal boils at 252 K. The differe
arises because of methanal’s stronger intermolecular forces.

Ho M H HH
P o N P o~
H H | H H H
van de Waals' forces
Figure 4,49

The intermalecular forces between ethene molecules are weaker than those between methanal

Like all aldehydes, methanal contains a carbonyl group, : n-oxygen double
bond. The bond is quite polar (electronegativity diffe f 1.0), with the more
electronegative oxygen carrying the negative charge. In o words, a permanent
dipole exists. The negative oxygen of one molecule i by the positive carbon
of another molecule.

T >
These dipole-dipole attractions must be uvﬁ liquid methanal boils.

4.16 Ionic Bonding

Ionic bonds are usually found in cum%is that contain metals combined with
non-metals. The word ion is used to describe any chemical species that has unequal
numbers of protons and electrons, a% carries an electric charge. Like atoms, ions
are extremely small,

Metal atoms, when they react, &:ne or more electrons and become positively
charged ions or cations. For gfample, a sodium atom has 11 protons and 11 electrons,
and so is electrically neutral. ium ion, Ma*, is formed when a sodium atom loses
one electron. The ion has verall charge of +1 because it has 11 protons but only 10
electrons, In terms of EIQ structure, the change is:

Na28,1-

The sodium i t'han the sodium atom. In general, a cation is smaller than
the corresp
Non-metal atoms, when they react,
gain one or more electrons and
become negatively charged ions or
anions. For example, a chlorine atom
has 17 protons and 17 electrons and
so is electrically neutral. A chloride
ion, CI", is formed when a chlorine
atom gains one electron. The ion has
Sodium ion an overall charge of -1 because it has
17 protons and 18 electrons. In terms
of electronic structure, the change is:

C12,8,7 + 1e - C1-2,8,8

Loses 1

§l
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The chloride ion is larger than & =
: _ chlorine atom. In general, an anion is
Gains 1 larger than the corresponding atom. 4
Do
electron
: In order that an ionic bond %
formed, as between 5$ and ;

Figure 4.500

The cations and anions formed by

the transfer ufﬁ usually have
noble gas electronic structures. They are held together by an el static force of
attraction (i.e. the attraction of opposite charges), which am@ directions around
the ions. This attraction is the ionic bond. *

dots for one atom and crosses for the other. [hi
electrons in these diagrams.

Chlorine atom Chioride ion

lonic bonds are represented by using dot and % ams that show the electron
arrangement in the neutral atoms and in the % 5. The electrons are represented by

chlorine, electrons are erred
from the metal atomsto the nen-metal
atoms during the ¢ | reaction.

| to show only the outer level of

-
A

ExampLE 4.10 Ql
& -

Draw a dot and cross diagram the formation of an ionic bond between sodium and chiorine,
Answer The charges on the chloride ions are equal but opposite. They balance each
other and the resulting formuka of Sedium chioride ks NaCl.
Na* + " CI* e [Hﬂ]. + “::] ;]
28,9 Tl (2.8) 2.8.8]

aedhm o Ehiers Sk 85T B dhintde B
Figure 4.51 Q

A
wrl.ﬂ

E Draw a dot and cross dizgram to show the jonic bonding between calcium and fluorine.

er Calcium oblains a full outer level by losing two electrons. These are transferred, one to
each of the fluoring atoms. Since the calcium ion has a charge of +2, two fluoride ions, each of
charge —1, are needed 5o that the charges are balanced. The compound formed is calcium fluoride,
CaF;.

Ca: + FF: — [cal” + [#]+[F]
e G 288 @85 @

v e e Pl OV U o e Aude s

Figune 4.52
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42 Draw dot and cross diagrams to represent the ionic bonds in:  (a) potassium fluoride %
(b) magnesium chioride (c) lithium bromide (d) aluminivm chioride (g) calcium oxide

() sodium oxide.
43 Whatis (9 anion (b) acation (c) ananion? .
44 Whatis the type of chargeon (a) acation {b) an anion? N

" 45  In terms of electrons, what happens when an lonic bond is formed? 2 e J

4.17 Crystal Structure %
&
Ionic bonding does not result in the formation of mnk@;ipmimly charged

ions attract each other to form a rigid three-dimensional la ion in the lattice
is surrounded by others of opposite charge.

The structure of crystal lattices is determined by an Xﬁhnique. Figure 453 shows
the structure of a small part of a single sndiumﬁ:le crystal. Many millions of
sodium and chloride ions are arranged in this way ngle crystal of sodium chloride
to make up a giant ionic structure. [t may ched that ions are extremely small in
size.

Study of Figure 4.53 or examination of @el of the NaCl crystal shows that each
sodium ion in the lattice is surrounded by 8% chloride ions, and each chloride ion is

surrounded by six sodium jons. H r not all ionic substances have the same
crystalline structure as sodium chlori

Figuire 4.53
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. QUESTIONS *'

Ly
46 Explain how an ionic crystal iattice is formed. Q
47 Draw a two-dimensional diagram to show how the ions in a crystal of lithiom are
amanged. Indicate the charge on the jons (lithium bromide has the same as
sodium chioride). *
48  Are the iong in a crystal of sodium chioride likely to number hundreds, ar millions?

k\ Explain your answer.
4.18 Characteristics of Ionic Substance :

lonic substances have characteristic properties caused by the nkﬁh of the particles
involved and of the forces of attraction holding the ions &%t‘ier in a crystal.
tha

o The strong forces of attraction between the ions lot of energy is needed
to break up the lattice and allow the ions to move. eans that ionic substances
have high melting points, and are hard snl.idaﬁ: emperature.

o They cannot conduct electricity in the solid sta use the ions are held tightly
in the crystal and are not free to move.

o Most ionic substances dissolve in water e extent. Water molecules, which
are polar, are attracted to the charge ions. The water molecules surround the
ions, pulling them apart and break the lattice.

o lonic substances conduct electrici en molten or in aqueous solution = they are
electrolytes. Since the ions have m& from their fixed positions in the crystal
they are able to move. Thus amelectric current can pass through when a voltage is
applied between two elec pped into the ionic melt or solution.

4.19 Ionic Mateﬁgfn Everyday Life

Many ionic materials are d in everyday life.

o Salt tablets are replace salt lost from the body by sweating.
o Brine, a solutipn o ium chloride, has long been used for curing bacon, in effect
a preserva%ess.

o Fluoridation of water supplies to prevent tooth decay is carried out by adding a
salt rine such as sodium fluoride, MaF, or sodium fluorosilicate, Na.SiF,.

Toothpaste sometimes contains sodium fluorde
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4.20 Hydrogen Bonding *’

Hydrogen bonding is a specific type of dipole-dipole interaction, It occurs when @
hydrogen is bonded to small highly electronegative atoms - O, N or F. It is strm%

than other types of dipole-dipole interactions.

Hydrogen bonding in water

In water molecules, the O-H bond is highly polar
owing to the large electronegativity difference
between oxygen and hydrogen. Oxygen carries
a partial negative charge and hydrogen carries a
partial positive charge. Consequently, an oxygen
atom in a water molecule will have a strong
attraction for hydrogen atoms in neighbouring
molecules, and vice versa.

These strong intermolecular forces cause am
higher than expected boiling point in

373 K. Hydrogen bonding is also the ma 454

intermolecular force that holds molec pf  Hydrogen bonding between water molecules
water together in ice crystals.

Comparison between water a%“u}rdmgen sulfide

Hydrogen sulfide, H,S, might ected to have a higher boiling point than water
owing to its greater relative mol mass. However, it actually boils at 211 K.

The reason for this is:

o The H-5 bond is mu polar than the O-H bond in water.
o In addition, the pa-@aﬁv& charge is more diffuse, and thus less effective, on
the large sulfur tham on the smaller oxygen atom.

o Thus there is"n drogen bonding between the H.S molecules, and the
dipole-di interactions are much weaker. The large difference in boiling point
is indica f thie strength of the hydrogen bonding in water,

H - H\
& _____ S Hot—= ccccnn-- H%* — O
s H/ N N

éﬁa Waals' forces and Hydrogen bonding

weak dipole—dipole interactions

455
intermaolecular forces between hydrogen sulfide molecules are weaker than those between water molecses
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Comparison between water and hydrides of elements

in groups IV and VI

The boiling points of a number
of hydrides of elements in
groups [V and VI are shown
in Figure 4.56. The group IV
hydrides, CH,, SiH,, GeH, and
5nH,; are non-polar molecules,
and show the normal trend
among such molecules of
boiling point increasing with
increasing relative molecular
mass. Three of the group VI
hydrides, H,S, H,Se and H,Te,
show a similar trend of boiling
point increasing with increasing
relative molecular mass. The
diagram clearly shows that
the other group VI hydride,
H,O, has an exceptionally high
boiling point. This is because

there is hydrogen bonding 19 Figure 4.56

between its molecules.

Hydrogen bonding in ammo!

H}rdrogcn bonding is also
evident in ammonia and
in hydrogen fluoride. The
high solubility of each
these compounds in water
partly explained by h}r
bonding which occurs l:u:t

the water and the so

The boiling poi RH[H
(100°C) is mu%}.er than
that of monid (-33°C),

even th ch ammonia
molecule Orm One more
hydrogen bond than could a

watery molécule. The greater
ele gativity of oxygen
c d with nitrogen is
e significant factor, making
hydrogen bonds in water
nger than those in ammonia.
The boiling point of water

is also higher than that of
hydrogen flueride (19.5°C).
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Figure 4.57
Hydrogen bonding between molecules of ammania and between molecules
of hydrogen fluoride




3%

This time the greater number of possible hydrogen bonds for each water molecule *
is a more significant factor than the stronger hydrogen bonds in hydrogen fluoride

brought about by fluorine’s greater electronegativity. »

There is no evidence of hydrogen bonding in hydrogen chloride despite the sizeaQ
electronegativity difference. This is due to the large size of the chlorine atom the
consequent diffuse negative charge on the atom.

@
Small electronegative atoms form hydrogen bonds ‘?

Why is it that only atoms which are both small and electronegative, suchsas F, O and N,
can form hydrogen bonds? When a hydrogen atom is bonded toa v negative

small atom, its share of the bonding pair of electrons is very small, so that 1#is little more
than a bare proton. It will then be readily attracted to another E%ﬂ?ﬁali\-‘e atom.
If this atom has a lone pair of electrons, in a small orbital, sg that th&#negative charge
is concentrated, it can share this pair with the hydrogen atont. use the hydrogen
atom is so small, only two atoms can bond to it at one ti ne By a hydrogen bond,
the other by a covalent bond. &

Hydrogen bonds are usually many times weaker tha&nt bonds, but many times

stronger than other dipole-dipole attractions. Q
Table 4.5 indicates the types of intermolecalar force found in different types of

substance.

Type of substance Intermolecular forces

Hon-polar

Containing N-H, 0-H or H-F bonds bonding and van der Waals' forces

Polar (but not containing N-H, O-H or H-FQ}we-alwh interactions and van der Waals' forces
bands)

Table 4.5 &
. QUESTIDNE Q )
>

43 What ig'the between intramolecular bonding and intermolecular foroes?
50 der Waals® forces between hydrogen molecules arise.
\ 51  Explain methanal has a higher boiling point than ethene.
52 n'aw hydrogen bonding between water molecules artses.
whal types of molacule are there dipole—dipole interactions?
54 what types of molecule are there van der Waals' forces?

% _
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4.21 Crystals

The particles of which a crystal is
made may be packed in different ways
in crystals of different substances. The
ordered way in which the particles are
packed is called the crystal structure or
crystal lattice. The regular outside
appearance of the crystal is the direct
result of the ordered way in which the
particles are arranged inside the crystal.
o lonic compounds, such as sodium
chloride, form ionic crystals.

o Covalent compounds, such as water,
and elements like iodine that are
composed of small molecules, form
molecular crystals.

Figure 4.59 1
The bodine crystal points occupled by
malecules of

o In cova macromolecular crystals,
such as diamond and quartz, atoms
upy” the lattice points. Covalent
&ng holds the atoms together.
other crystal types, there is a

regular three-dimensional structure. In

diamond, for example, each carbon atom
is bonded to four other carbon atoms in a

E tetrahedral arrangement.
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Im%w with the [attice points occupied by
Q’ ar ide iong

Fiqure 4.61
The structure of diamend

Figure 4.60
Water molecules held in position by hydrogen bonds in

an ice crystal




Different types of crystal are summarised in Table 4.6. *

Crystal type Species occupying lattice points ~ Binding forces Examples
lonie Positive and negative ions lonic bonds Sodium ch "
Muolecular (non-polar)  Molecules van der Waals® forces lodine ma
van der Waals’ forces and
Molecular (polar) Molecules dipole-dipole atfractions or me Q
rydrogen bonds
Metallic Positive ions Metallic bond
Covalent Mo Covalent bonds (someti
macromolecular with van der Waals® forces) ite
Table 4.5 %
&
4.22 Properties of Crystals N

The physical properties of crystals are related to the binding farces in the crystal. The
properties of different types of crystal are summari ble 4.7.

Type of crystal  Strength Meiting points  Blectrical conductivity  Solubility

lonic Hard, but brittie High polar solvents
Molecular Relatively weak Low Non-conductor muﬁm
C—— b T e

o IS Gy meem S

Table 4.7

individual molecules in t tal. Those crystals consisting of non-polar molecules
such as iodine, I, are solubl@in non-polar solvents like cyclohexane. On the other
hand, crystals -:nnsi_mpnlar molecules such as solid hydrogen chloride dissolve

o The solubility of ma!eculi cgds in different solvents depends on the nature of

in polar solvents su ater.

2 Do Qe
:é QDo Do @

Solxd sodium chionde
Figure 4,62

How sodium chiorice dissolves in water
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o Materials such as diamond and quartz which are composed of very large molecu
form covalent macromolecular crystals. The giant interlocking structures of these
crystals mean that they are usually very hard and have very high melting points.
For example, the hardness and high melting peint of diamond are du he
atoms in the crystal being tetrahedrally arranged and covalently bonded. C%

macromolecular crystals are usually poor conductors of electricity, since elec
cannot easily move from one atom to another. The crystals do not dis polar
or non-polar solvents, because of the stability of their sl‘ru::l‘ures.'

o Graphite, like diamond, is an allotrope of carbon, that is, they are t physical
forms of the same element. Graphite forms macromolecular crvstals, but has a
number of properties that are very different from those offdi . Graphite is
made up of giant two-dimensional molecules, which are held her by van der
Waals® forces. These forces are strong enough to hold the es to each other,
but are too weak to prevent them from sliding over each fa force is applied.

As a result, graphite is soft, and can be used as a luBricant for machinery, and as
pencil lead. Each carbon atom, within the planar molec ses three of its valence
electrons to form covalent (sigma) bonds with e‘%}lm& neighbouring carbon
atoms. The remaining electrons are used to form delocalised pi bonds and are free
to move if a voltage is applied. Consequentlyig er e is a conductor of electricity.

4,63
Qcﬂre of graphite

Metallic Bo

Metals form Gianbvietallic Lattice structures that are composed of positive metal
by what is commonly termed a “sea of delocalised electrons’.

ium, which has the electronic structure 152572p"3s' the electron in
the 3= atomic orbital of one sodium atom shares space with the corresponding electron

ona ﬁghhuuring atom to form a molecular orbital. Each sodium atom touches eight

o ium atoms and the sharing occurs between the central atom and the 3s orbitals
0 f the eight other atoms.

Xy
Ky
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Metal cationl Delocalised valence electro
Figure 464 N
Metallic bonding

o In metallic crystals, the outer electrons are free to move thrgfighout the crystal. The
movement of the electrons away from their nrigiWnn leaves behind positive

ions, These ions are not pushed apart by mutua sion because each one is
attracted to the delocalised electron cloud that surrounds them. This arrangement
gives great strength to many metals, as all ufthzﬁs are held together tightly. For
this reason also, most metals have high boiling : elting points. The arrangement
i cturing, so metals are malleable and

Metals are good conductors of heat and tricity. Heat is readily conducted because
the increase in kinetic energy is transmit%ugh the system of delocalised electrons
to the rest of the metal. Because the outer el ns are not held rigidly in one place, but
can move freely, electricity is conduc na voltage is applied across a metal wire.

Metal erystals do not dissolve in r non-polar solvents. However, they are soluble
in mercury, which is the only E’qu tal at room temperature.

~

. QUESTIONS Q
A

55  Explain the ) crystal, (b lattice points, (¢} binding forces.
56 occupying the lattice points, and explain the binding forces in each of

{a) , (b medecular crystals, (c) metallic crystals, (d) covalent
crystals.

&7 thdopamhlnmmuhm high melting points?
58 n how crystals of sodium chioride dissolve in water.

n why ionic compaunds conduct electricity in the molten state or in solution, but ot in the
solid state.

Why does ice have a much higher melting point than other molecular crystals?
1 Explain the nature of the metallic bond.
62  Explain the difference in physical properties between diamond and graphite.
63 Name the three allolropes of carbon.
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Chemical Reactions

3H O

2Cl --=>Ba" +2CI +2H O &

Fe™ + 3N NaCI cha'es T e

Learning objectives’

—
o To recognise the pring_fp‘l-::ls of classification of chemical reactions and their
expression in equatipns ®Freactants and products 10217

o To identify the oxid3tign number of elements in a compound 18231
o Towrite equatiéf@for redox reactions using the electron balance method 00233
o Toexplain procefSgsthat occur when an electric current passes through aqueous

solution gfa melt 0237

o To predict peéducts which form when electrolysis occurs 10234

o 'I‘ﬁ'&pﬁp [8te electrolysis equations 10.235
o To calculate mass and gas volume of products when electrolysis occurs 12236
o Mo id€ntify qualitative composition of acid, hydroxide and salt solutions, using
il (T
e predict the pH of salt solutions [0343
S¢  To differentiate exothermic and endothermic reactions ITTEN ]|

0317

b o To explain the significance of reaction heat

o To make calculations relating to heat of reaction 0313
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5.1 Classification of Chemical Reactions b

Chemical reactions can generally be classified into one or more different basic
oxidation-reduction reactions, acid-base reactions, exchange reactions, combina
marny

reactions and displacement reactions. As we will see in this Module, however,
of these reactions can be given more than one type classification,

Acid-base reactions and oxidation-reduction reactions are dealt witl‘f etailed
sections below, so in this section we will focus on the different types of and the contrasts
between exchange, combination and decomposition reactions, Q

Exchange Reactions
Exchange reactions can be divided into two broad types: single rep t and double
replacement reactions. .

A b UAFN

Single replacement reactions are of the general type: N
AB+C -+ AC +B, \

In a metal replacement reaction a more reactive m a less reactive metal in
a compound. An example of this would be magnesium ing copper in an aqueous
solution of copper (II) nitrate.

Mg, + Cu{NOy)yy * Mg(NOy)y + Cuy,
Most metals also react with acids such as hyﬁk?ﬂc acid producing hydrogen gas as

one of the products of the reaction as in this le:

Zn,, + ZHCl,,,, ~ ZnCly,, + Hyy %m.
In such reactions, known as hydro pla t reactions, the active metal replaces

the hydrogen in the acid. Some meta as Group 1 metals are so reactive that they
can replace hydrogen in water forminga metal hydroxide and hydrogen gas:

ELJI.‘.' + ZH:D“] -+ ENEG gh

Another type of single repladement reaction is the halogen replacement reaction. In
the halogen group [Group 1 reactivity of each element decreases moving down

_I.a

L]
/]
N
g

AP PN,

AR

reactions such as.

_— e Q&h
This means that an elément as chlorine, which is above bromine, will replace it in

where chlori with an aqueous solution of sodium bromide producing aqueous
sodium chloride and bromine.
&
Doub placement Reactions
Dou cement reactions are of the general type:
AB + CD —+ AD + BC

positive and negative ions of two ionic compounds exchange places and in
the process form two new compounds. Such reactions can result in the formation of:

$ a precipitate as in the reaction:
B&C';uq:, + Nﬂ,SGu,q:, —¥ BﬂSDdI,:, + 2 Hﬂ.l:]“qi

4
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o agas as in the reaction %

o amolecular compound such as water as in the reaction: Q
The reaction in (c) is also termed a neutralisation reaction whereanacid* + uces

water + a salt. N

Combination reactions
As the name suggests combination reactions are of the general typé:

A+B— AB

and the term covers a wide variety of different tvpies of ction. One type of
combination reaction is where two elements combine toha compound as in the
following reaction:

H‘ﬁbi + {:IHI\:] . EHCIM

The term also covers the reaction of metals avmnmla with oxygen as in the
reaction of igniting magnesium in air: b

XEETT
v

T W T A T

2Mg, + Oy, —~ 2Mg0,,,

Combination reactions can also occur be an element and a compound resulting
in formation of a compound made uwrger number of atoms as in the reaction:

ECD[F] + Dw . ICD;@;.

S AT AT "

N
i
f' j

Two compounds can also comb only seen in the combination of an oxide
with water where the product is ueous hydroxide solution:
K0 + HO —+ 2KOH
|
R
Decomposition rea&ls
Decomposition rea re of the general type:
AB—+ A+ B
where a mmp*eaks down into twol(or more) simpler substances.
There a pes of decomposition reaction: thermal, electrolytic and photo.

An example of thermal decomposition, caused by heating a compound is the reaction:
Ca0y,, + heat -+ CaO,, + COy,

ic decomposition reactions occur where an electric current is passed through
aqueous or molten solution as in the reaction:

2NaCly, - 2Nay, + Cly,
d photo decomposition describes the situation in which a reaction occurs in the

presence of light [photons] as in the reaction:
2AgCl + sunlight —+ 2Ag + Cl,
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QUESTIONS

1 Ganyou predict the products of each of these reactions will be and say what type of reaction wil

DCCA,

(@) Zinc metal is pkaced in sulphuric acid H.S0, (aq). Q
b) Heat is added to a test tube of calcium carbonate, .

{c) Aluminium powder is added to a test tube of chiorine gas. N

{d) Zinc sulphide reacts with axygen in the air. Q

(e} Magnesium hydroxide is mixed with hydrochloric acid.

{f) Barium oxide is added to water

{0} A container of silver bromide is exposed to sunlight

&
(1) Copper is placed in a solution of silver nitrate. ¢

4

5.2 Chemical Equations 'NQ
A chemical equation tells us what substances reacki emical reaction and what the
products are. In order to describe a reaction accuraftely:

o The correct formula for each of the re and products must be used.

o The equation must be balanced, that is, the fital number of atoms of each element
in the reactants must equal the total nlﬂ of atoms of that element in the products.
n

In balancing an equation, formulas ca e altered in any way, but can only be
multiplied by an appropriate number!

EXAMPLE 5.1 Q[ .

Carbon reacts with oxygen moncdde. Find the balanced equation for the reaction,
given that the unbalanced

C+
Answer The un & is
— C0
(@) is one carbon atom on the left-hand side, and one on the right-hand side, so C
and GO are,
(b} Oxygen: are two oxygen atoms on the left-hand side, and one on the right-hand side. CO
muﬂmtngbuw;dbyz

'ﬂ+ﬂ,—-2m

ng each element in turn, the equation should always be checked to see if there are
eq bers of atoms of each element on the two sides of the aquation.

re are now two carbon atoms on the right-hand side, and one on the left-hand side. C must
be muttiphed by 2:

2C + 0, — 200

The: equation should now be checked again to ensure that there are now equal numbers of atoms of
each element on the two sides of the equation,

In this case, thers are two carbon aloms and hwo oxygen atoms on each side.
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2 atorns of carbon + 1 molecule of anygen ——s 2 molecules of monade
Figure 5.1 L]
The reaction between carbon and oxygen forming carbon manaxide N

' \'
| BawpLe5.2 ~Q

Mmmdxﬂhw,hmiqca“d@wﬂmmmmamm
chemical equation for the reaction.
AnswerTrnumwmmuth

m"i'u!—!'m:‘i'

To balance the equation, each alem in turn to see whether or not there are equal
numbers of atoms of that element on sides of the equation.

(a) Carbon: There is one each side of the equation, 5o CH, and CO, are left as they are.

(b) Hydrogen: There ane ydrogen atoms on the lefi-hand side, and only two on the right-hand
side. H,0 must therefore lied by twa:

+ s ma"lf EHIU
(c) Duygen: There two oxygen atoms on the left-hand side, and four on the right-hand side.

0, must m by two:
+20; — €0, + ZH,0
The checked to ensure that there are equal numbers of atoms of each element
mﬂn*mmm.
\ Infthis case “there are one carbon alom, four hydrogen atoms and four axygen atoms on each side. _/,
UESTIONS K
&
2  Balance each of the following chemical equations:
(& MgCl; + AgND, — MgiNO,}; + AgCl ) Al + Cl, — AICI
& () My + H; — NH, ) H; + Cl; — HCI
{c) Fe + HCl — FeCl; + H, M CaiOH); + CO, — CaCO, + H,0
(d) AL+ 0, — ALD, @ Zn5+ 0, — Zn0 + 50,
(e} H;50, + NaOH — Na,S0, + H.0 k) (NH.Cr;0; — Cr;0, + H,0 + N;
CHyp + 05 — CO, +
|l\ (f) CHyo + 0, ; + HO o

I
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5.3 Redox reactions

Chemical Reactions

Figure 5.2 Magnesiurm burning Figure 5.3 lron nails fusting

Magnesium burning and iron rusting are chemical reactionsfinyolving the transfer of
electrons. Reactions involving transfer of electrons are kiagiwn as oxidation—reduction
{or redox) reactions. In the following redox reaction

Zni + Cu®'y, = Zn¥,, + Cuy,

electrons are lost by the zine atom and gained by theeepper ion. Everyday examples of
redox reactions include browning of apples, géspiration and photosynthesis.

Not all reactions involve electron transfer! Tauthe reaction that occurs in the test for
chloride ions, F{J:i'iti‘.'l._' silver ions are attracted to negative chloride ions, and solid silver
chloride forms.,

'-I"':‘!.h.llql * ("l L] * -"1-?-',,(1]-\'

There is no transfer of electrons; the®positive silver ions are simply attracted to the
negative chloride ions, and solid silver chloride forms.

QUESTIONS &’

3 What happens in 4 régox reaction?
.

4  Give two Eﬁ;ﬁéﬁgam &5 of redox reactions.

5.4 Oxidation and Reduction

Y
Dxidaﬁu;n is the loss of electrons.

A

A chemiigal species is said to be oxidised if it loses electrons, for example, Zn in the
reaghion

Znggy + Cu = Zn® g, + Cuy,

It
However, a species is reduced if it gains electrons, for example, Cu® in the above
reaction.

Reduction is the gain of electrons.
5
_4
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In redox reactions, both oxidation, or loss of electrons, and reduction, or gain n?%
electrons, occur,

Chidised .._'.'E ;
’rr___._—"—-_._-_._-'—__-_-_-_-—"‘-_.\_‘_‘ o "TF E" 1

& .8

Reduced &“@ =

Figure 5.4 ¢ ¥ \ - 1
Jﬁ_ﬁ? n

It is relatively easy to work out what has been oxidised and what k%rrfm reduced in
reactions such as

Zny,y + Cuy —+ Zn, + Cuy, r{;::a
: ") -
where the charges on ions are clearly shown, * o '
&Q’s&
In reactions such as 7
-
2Nay, + Clyg —* 2NaCle 4

the fact that metals when forming compounds @feustially oxidised, since they form
positive ions and therefore lose electrons, can be u aal Mon-metals, on bonding with
metals, usually form negative ions by gaini rons, and therefore are reduced.

In the above example, the metal sodium lose ns and is therefore oxidised. The
refore reduced.

2Ma" - 2e” —+ 2ZMa* oxi

Cl, + 2e- — 2CI uctic

2Na + Cl, —+ 2Na* + 2Cl %
Rusting of iron
In the rusting of iron, iron
reacts with oxygen and w
forming first Fe®* ions
eventually Fe'* ions.
reaction the iron a

electrons and are &

Oxygen atoms
and are redu

Iron is ccdised when rusting occurs

What is oxidised and what is reduced in the following reaction? |

2Mg,, + Oy, — 2Mg0,, .

Answer Magnesium on reacting with cxcygen forms positive ions: by losing electrons, and is 1A
therefore oxidised. Oxygen gains electrons from magnesivm, and is therefore reduced. —

N In a reaction such as

2NaCl,, - 2Nay, + Cly, i
1
|
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sodium ions in sodium chloride gain electrons to form sodium atoms, and are therefore
reduced, Chloride ions lose electrons to form chlorine molecules, and are oxidised.

\.

’r EXAMPLE 5.4

~

CUS0,yy + Mg, > Cuy, + MgS0,

Answer Magnesium, on reacting, forms positive ions by lising elecirons,and is
Copper gains electrons from magnesium, and is therefore reduced. is

neither axidised nor reduced.)
- "4

QUESTIONS ‘\,

5 Inthe following reactions, identity (a) what is axidised reduced.
() 2Ky + Fyy — 2KF,

() FeSDuuq + 20, —> Fey + 215040y Q,
(i) CuS0 4y + Py, —» Culs) + POSO,,

(1) P + CUNO,) 5y FOiNO )y + Ot Q

(¥) 2Kl ~+ 2Ky + Ol

(Vi) FeS0uuy + Mgy —+ Fety + MgS0,., Q )

L

5.5 Oxidation Numlzéj.b
It is usually easy to work out what'is oxidised and what is reduced in redox reactions
involving metal ions, beca\ﬁe gain and loss of electrons is readily seen. Redox

reactions invelving covalent compounds are more difficult to keep track of in this way.
Consider the reaction th}rdmgnn and oxygen, forming water:

‘i + :0:0: —» 2H:0:

H
s 1 molecule 2 molecules
At the beginning of the reaction, the hydrogen atoms share a pair of electrons equally;
the oxygen atoffis also share electrons equally. After the reaction, each hydrogen atom
shares of electrons with an oxygen atom. Since hydrogen is less electronegative
than ; the sharing is unequal - there is a partial transfer of electrons from the

hydrogen to the oxygen. To keep track of electron shifts like this, and of oxidation-
uetion in general, oxidation numbers are very useful.

EM 10 G Mliod S incid 82

What is the oxidation number of the phospharus atom in the H,PO, molecule? :g
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According to these rules, electrons shared between unlike atoms are counted with the
more electronegative atom, while electrons shared between like atoms are divided

hydrides where it is -1.

equally between them. *
The main rules are as follows: Q
o In free elements, each atom has an oxidation number of 0. For e in a
nitrogen molecule (N;) each nitrogen atom has an oxidation nurn;ner
o The sum of the oxidation numbers of all the atoms in a molecule i example,
in the water molecule (H;0), where hydrogen has an oxidation number of +1 and g
oxygen has an oxidation number of <2, the oxidation num to 0 .
H,O . B
El::-}-]}l =2=0 q
o The oxidation number of a simple ion containing one gtom 1s @ual to the charge on ._. p
the ion. For example, in a chloride ion (C17) the oxida mber of chlorine is <1, . h
o The sum of the oxidation numbers of all the aw complex ion is equal to ' ,
the charge on the ion. For example, in a nitrate ion ( ~) where nitrogen has an 8 { l
oxidation number of +5 and oxygen has an gxi number of =2, the oxidation b \
numbers add up to ~1: b ]
NO- , ;
2A+1)-2=0 L
+5+3=2)==1
o Hydrogen has an oxidation num| +1 in its compounds, except in metallic ‘
b

o Oxygen has an oxidation num@ =2 in its compounds, except in hydrogen
peroxide where it is =1, and when bonded to fluorine it is +2.

e
AT AT e ——

.

o The oxidation number of 1 elements in their compounds is always +1,
and the oxidation numbi:Ef p 2 elements in their compounds is always +2.

L

o The oxidation number logen when bonded to a less electronegative atom
is 1. Fluorine is the Enst electronegative element, and always has an oxidation

number of =1 in its unds.

Chlorine has an oxidatien number of =1 in compounds where it is not bonded to oxygen
or fluorine.

5.6 Calcu&*ﬂn of Oxidation Numbers

The rul oXidation numbers are very useful in calculating oxidation numbers of
atoms w idation numbers are not given directly by the rules.

F&EJ?M.I’LE 5.5 .

e What is the oxidation number of the phosphorus atom in the H,PO, molecule?

I!'f.l?\-

it

L
4
L]

&

L
'.-i’

Answer

Let the oxidation number of P = x
é The oxidation number of H = +1 (from rule 5)
The oxidation number of 0 = -2 (from rule 6)
Therefore 3+1) + x + 4(=2) = 0 (from rule 2)
[\\ Therefora X = -3 + 8=+5
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% _ 4 EXAMPLE 5.6
g

What is the cxddation number of Ma in KMnQ,?
Answer

Let the oxidation number of Mn = x

The oxidation number of K = +1 (from rule 7)

X The oxidation number of 0 = 2 (from rule 6)
. Therefore +1 + x + 4(=2) = 0 (from rule 2}

A N

PR

! L—'~

“ Al

ExAMPLE 5.7 *

i * \_ Therefore x = —1 + 8 = +7 Q
e
ANy

What i the owddation number of C in C,H,.0,?

The oxidation number of H = +1 {from rule 5)

The oxidation number of 0 = -2 (from mule 6)

A Therefore 6(x) + 12{+1) + 6(—2) = 0 (from rule 2)
& l\_ Thereforex = =12+ 12 =0

. Answer \
; Let the oxidation number of C = x Q

ExAmPLE 5.8 @

; What is the axidation number of 5 in NE&@
o Answer Q’
Let the oxidation number of 5

=1 The oxidation number of Na =l (from rule 7}
I| 4 The oxidation number of 0 = -2 mle 6)

' “.I Therefore 2{+1) + 4{x) + = ) (from rule 2)
| Therefore dx = =2 + 1
I i | '\_ Therefore x = 2.5

o

@ &

L

=g 6 thg,oxidation number rules to find the oxidation number of
k ' Gl in KCIO, (d) Hin CaH, @ Cim Cy;Hz0,,

) S in Na, 50, (g} Zn in ZnC1, (hy P in H,PO,

- ; c) Cin CO, {fy CrinK,Cr,0, () §inH,S0,
% _ Assign oxidation numbers to each atom in the following:

W a) ALO, (e) Co,0 i) MaiNDy), {m) H.0,
MR o (b} NaH (i Fe0 i PO {n) Na,B,0,
-~ {c] HND, () NH, (k) Fe* {o) G0

) Cuin Cud

(a) KHS0,

i CryS0y),
(8) Fe,0y

ity CoFg*. J)J

| Gir5 CHEM G210 55 Micd 5 i 54 @.
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ExAMPLE 5.9 3
b -
What is the systematic name of FeCl,?
Let the oxidation number of Fe = x "
The oxidation number of Gl = —1 {from rule 8) g
Therefore x + 3{-1) = 0 (from rule 2) et |
Therefore x = 3 Sy
\ The name of the compound is therefore iron(I) chioride. Q i
=
i % i
ExampLE 5.10 " . S
\. N A
What s the formula of iron{l) sulfate-9-water? \ E"
The iron(ll ion has a charge of +3. ’:
The sulfate ion has a charge of —2.
(| e tomuiais Fes00, x 10 b “'
Q %
@ . QuEsTIONS E l
L)
v
8  Whatis the systematic f;
(@) CuCl, (@) NiNO, x 6H,0 i KCr0? S/ _
(b} CuCl Q,mmh ih) NiSO, A4l
(e} Cryy N V.0, (i) KMnO, 1
9 Whatisthe F - B
chloride ) iron() sulfate-7-water e
% () copper(ll) nitrate-3-water
) sodium dichromate(\i)
i[l}sdﬁda i) silver{l) nitrate

1\ @mﬁimm i copper(l) sulfate? o

5.740xidation and Reduction in terms of Oxidation
umbers

Oxidation numbers may be used to find out what is oxidised and what is reduced
in a redox reaction. Oxidation, in terms of oxidation numbers, is an increase in
oxidation number, while reduction is a decrease in oxidation number.
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In working out what is oxidised and what is reduced
in a reaction, it is important to remember that
oxidation number is not an actual charge. To avoid
confusion, and errors in caleulations, the oxidation
number should be written below the atom to which
it applies, as shown in the following examples:

H,0 Cr,0 OH"
+] =2 b =2 =2 +1

_—-
’:! {MNote that when doing this the oxidation number
. . for only a single atom of each element should be
- E written.)

(" ExawpLE5A 9 .

A

o vy

USRS AT

What is (2) oxidised (b) reduced in the following
250, + 0, — 280,

Answer

Rubes 1 and G respectively can be used to find i numbers of oxygen, while rule 2 can then
be used to calculate the mddation numbers of

250, + 0, — 250, @

+4-20 +B-2
muﬁhﬂmmmmmwu-wnfnuwmmm balanced equation for each
substance should be ignored.

ia) The oxddation number of increases from +4 to +6. Therefore, sulfur is oxidised.
(b The oxidation number of 0, decreases from 0 to -2, Therefore, the moygen in 0, is reduced.

nmm:=4+s=q )
Examp 5.(%' .
What is {b) reduced (c) the axidising agent (d) the reducing agent in the following redox
reaction?

2Mn0,- + 16H° + 5C.0, — 2Mn®* + 10C0, +8H.0
mmmtﬂddhmmhm. using the rules:
2Mn0," + 16H" + 50,0, — 2Mn® + 1000, + 8H.0
+H =2 +1 +3-2 +2 +H-2 +1-2
{a) The oddation number of carbon increases from +3 to +4. Thenefore, carbon is mddised.
ib) The oxidation number of manganese decreases from +7 fo +2. Therefore, manganese is reduced.

ic) Manganese is the oxidising agent, becawse it is reduced itself,
(d) Carbon is the reducing apent, because it is oxidisad itself. __/‘l

o
-

) NS

Al
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QUESTIONS
10 What is {a) owidised and (b) reduced in each of the following redox reactions?
{h C+0,— GO, W) ZnS + 20, — ZnS0,
(i) 2Na + F; — 2NaF (vi) 2CH; + 50; — 4C0;
(i) 2Hs + Zn — 207 + H, m}nm-..n,-.m'%
(iv) PCl; + C1; — PCL,
11 Using oxidation numbers, determing which of the following are For each redox
reaction, state what is (a) oxidised (b} reduced (c) the oxidising the reducing agent.
(i 5n + 4HND, —» Snd), + 4NO, + 2H.0 v) NaOH HaCl + H,0
(if) N0, — 2NO, + —+ Mglir, + 2AgC1
(i) 2Fe** + Cl, — 2Fe* + 201 + 2H0 — A5, 0, + dl- + 4
e fiv) €1 + 20H- —» CI- + CIO~ + H0
5.8 Balancing Redox Equaﬁunsaing Oxidation
Numbers
It is often not possible to correctly bala ox equations by inspection. A redox
equation such as

Cr,O + Fe* + H* = Cr* + F%Hzﬂ
may be balanced by a method using oxidation numbers. The method is as follows:
o Assign oxidation numbers atoms in the equation. In the example above:
Cr.0* 4 Fe*™ + H* b+ Fe’ + H.O
+H -2 +2  +1 +# +#1-2
o Identify atoms tha oxidised or reduced, and in each case write down the
number of electrons lostor gained per atom;

Cr
+0

Cry +

+6
&

+3e" = Reduced

- Fe Oxidised

ipts (if any) as in the original equation to the oxidised and reduced
alance the resulting half equations:

"= 2Cr (1)
b +3
-e = Fe (2}
+3

Balance electron loss and gain by multiplying one or both of the half equations, and
then add the resulting half equations:
Leave half equation (1) as it is, and multiply half equation (2) by 6

Cr. + e — 2Cr
6Fe — e~ — 6Fe

Cr, + 6Fe — 2Cr + 6Fe

G CHEM G410 55 Mod S iscd 97
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in the original equation:
Cri0F & 6Fe? = 207 + 6Fe™
o Include the remaining species from the original equation:
CryO0* #+ 6Fe? + H* = 207 + 6Fe™ + H,O

and complete the balancing by inspection:
Cr.0.* + 6Fe™ + 14H* — 2Cr* + 6Fe™ + TH.O

»

N

i EXAMPLE 5.13 :
k
Balance the following redox equation ¢
Mn0, + CH,0H + H* — Mn** + HCHO + H,0 '
Answer \
ia) MnO,~ + CH,0H + H = M + H.0
+7 =2 =241 =241 +1 +2 +10+ +1-2
{b) Mn + 5¢ — Mn  Reduced b
+7 +2
C -2 — C Oxdised

-2 o
ic) Mn + S5e- — Mn (1)
+7 +2
C-2% 2C @ Q
2
{d) Multiply half equation (1) by 2, and equation (2) by 5
Mn + 10e- —  2Mn
B =108 = 5C

Mn + 5C — 2Mn+
{e) 2Mn0," + S5CH,0H —

(0 2Mn0," + 5CH,0H + + 5HCHO + H,0
mwimqhb
2Mn0, + 5 Mn + SHCHO + BH,0

O

3

HEM G0 s Mo 5 incd 98 @&
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o Attach species and/or charges that were attached to the oxidised or reduced atoms %
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ExampLE 5.14

Balance the following redox equation

Cr,0;% + Fe* & H* = Cr** + Fe® + H,0
Answer
Assign oxidation numbers to all the atoms in the equation. N

Cr0 + Fe* & H — CO* + Fe™* + HO

+6-2 +2 d 43 =2 Q
Identify atoms that are oxidised or reduced, include any subscripts to and indicate
the extent of the change in oxidation numbers:

Cr: 2(+6 — +J)ie decreaseof 2x3=6  red
Fe: +2 — +3 L.e. increase of 1 mum

Since the total increase in oxidation number must equal the mammmmm
iron must ba Cr;: Fe=1:6.

Rewrite original equation and apply the ratio Cr,: Fe =1 ;
Cr.0 + Rt = H* — 20 + GFe™ + H,0

Balance the rest by inspection:

Cr.0; + 6Fe™ + 14H" — 2Cr* + GFe™

. ol
. QuEsTIONS Q

L

12 mmmmm%mmmmﬁm
(i) M0, + Fe® + H* = M + +H.0
ﬂﬂﬂfzﬁr"+ﬂ'lﬂﬂ+¢"'+mﬂ+@

(iif) CID;~ + Cl- + 0, + H.0
m}uo,-»,mmb
(v} Cr20,* —» G0, + S0, + OH-

(i) Mn0,z+ H* = Mn** + CH,COOH + H,0

the following equations, and name the substances acting as oxidising agent and
in gach case:

“ + CH.OH + H* = Cr* + CH,CO0H + H.0

13

=+ H0, + HY — M + 0, + HO
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5.9 Oxidising Agents h

In a redox reaction, the oxidising agent is itself reduced. For example, in the r@
Cu®y + Mgy, — Cuy, + Mg™,,,,

the copper ion, which is itself reduced, is the oxidising agent.

In a number of everyday processes, such as rusting of iron, com s and
respiration in living organisms, oxygen acts as an oxidising agent.m::mﬂde
is a powerful oxidising agent; it is released by some detergents iw, and is quite
effective at removing stains, by oxidising the substances causin stains. Dilute
solutions of hydrogen peroxide are used to bleach hair.

Ejl’g: :

[—

Dxidising agent

&% Vinnm

E AP v T -GSV

b
‘ Table 5.1
& Common oxidising agents :
5.10 Reducing Agents
.
~ In a redox reaction, the red
i in the reaction
Cu®y + Mgy, - + Mg* .o
magnesium, Wl'l-ll:h oxidised, is the reducing agent.
C dissd
Cu™* + nga N Cuw + Mg ja
P.aducang agent
Figure 5.6

ucing agent when it bleaches materials. Other reducing agents are used in the
P ction of metals from ores (for example, carbon, in the form of coke, and carbon

e monoxide).

ﬁinxﬂe. which is used in industry to bleach, for example, wool and paper, acts

e CHEM G210 53 Mo 5 cd 100 @ bataie it
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- 8
Reducing agent Use -
Sulfur dioxide Bleaching agent L J
Carbon Production of metals from ore q
Carbon monoxide Production of metals from ore
Hydrogen Reduction of organic compaunds Q
Table 5.2 "y
Common reducing agants N 4
L EXAMPLE 5.15 :
What is () the cxidising agent and (b) the reducing agent in ing reaction?
20y + Mgy — 2Ny, + Mg™

Answer

(@) Since zing gains electrons in the reaction, it is

ﬂ«d therefore is the oxidising agent.
(b) Since magnesium loses electrons in the rﬁmw ised, and therefore is the reducing agent.

NG >
< 2 )
QUESTIONS
J
14  What is meant by an uﬂdiﬁnu@
15 Name two oxidising
16  What is meant by a reducing*agent?
17 Name two reduci
18 Inthe followingireactions, identify (2) the oxidising agent (b)) the reducing agent.
i 2Mg,, + ﬂ&'ﬂhlunu (V) 2FE™ g + Clag —* 2F6™ g + 201 g
il zqq::?m + 05y (v) MgBry, —* Mg, + By,
\ {lid) WS, +85, (vi) Bryy, + 2Mal, ., ~* b, + 2NaBr,,, »

e

5.11 Ig_,ﬁ;:tgoziysis

MYe:tmlybe is a substance that conducts electricity when dissolved
iwater or when molten.
=
;ﬁﬁ;}.ljkc hydrochloric acid, bases, like sodium hydroxide, and salts, like sodium
Jchloride, are all electrolytes. Electrolytes are chemically changed when an electric
4 {@rcnt is passed through them. This process is called electrolysis.
&y %n electrolysis, electrodes, which are conductors connected to the positive or negative

Electrolysis is the breaking up of a substance due to the passage of an
electric current through it in aqueous solution or when molten.

SUORIEAY A1)
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terminals of a d.c. power supply, are dipped into an electrolyte in aqueous solution k
or in the molten state, Positive ions (cations) are attracted to the negative electrode

(cathode), where they receive electrons and are reduced. Negative ions (anions) a &
attracted to the positive electrode (anode), where they lose electrons and are midis&

i
L

VARN &
il AN

P TSNV

A Taw

DEMONSTRATION

This demonstration shatld be observed using an animation or video clip.

Demonstrati f ionic movement

During electrolysis of a solution, positive ions (cations) are attracted to the negative
elec thode) and negative ions (anions) are attracted to the positive electrode
(an ions are coloured, their movement may be observed visually.

The col ions in this demonstration are:

copper(ll) [Cu* ;] - blue
chromate(V1) [CrO* ;] - yellow
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Chemicals needed Equipment needed
Urea 20 V d.c. supply
2 M hydrochloric acid Carbon electrodes
Copper(Il} chromate Wires and crocodile clips
Switch
Dropping (or Pasteur) pipette
U=tube
Gloves ¢ A
Procedure -

ANL

NB: Wear your safety glasses.

1 Dissolve 1 g of copper{ll) chromate in 10 cm?
of 2 M hydrochloric acid, and dissolve urea
(appraximatety 10 ) in the solution to increase
its density.

2 Add the resulting solution to a U-tube until it is
about half full.

3 Add 2 M hydrochlonc acid to each arm of the U-
tube, using a dropping or Pasteur pipette, taking
care (o avoid mixing the layers.

4 Complete setting up the apparatus as shown in
§  Switch on the power supply, and observe
record what happens. Figure 5.9

QUESTIONS Q
19 mummg’

demonstration, why are different colours observed at the anode and cathode?

A A A" T W T AW v

r

# A .

5.12 Elec sis of Aqueous Solutions

Electroly n aquecus solution is complex, because there is usually a number of
species t could be oxidised, and also a number that could be reduced. In
an aqueous selution, water itself, as well as any anions present, is capable of being

uxidiEd. Water may also be reduced, as well as any cations in the solution. A number

of determine what is actually oxidised and reduced. These include
of electrode used

the ease of oxidation or reduction of the different species present.
E ¥

5]

pe of electrode used
E In the electrolysis of aqueous copper(ll) sulfate using inert electrodes, oxygen is released
at the anode, but if copper electrodes are used, the copper anode dissolves gradually
as the copper is oxidised.
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Electrolysis of aqueous copper(Il) :  Etecron fow Electron flow k
electrodes
Copper(Il) sulfate solution contains Cu®™
ions, S0y ions and water molecules.
At the anode, copper is oxidised:

Cigy + Cute, + 26

In effect, the anode starts to dissolve as the
atoms change into soluble ions.
At the cathode, copper is reduced:

Cut g+ 2e" — Cuy,, - capper(il)

]

Al AN

In effect, the cathode increases in size as
dissolved copper ions change into copper

8 ¥y,

L/

' ﬂ . i atoms that are deposited onto the cathode. m
s ; 5.10
Eq , Ease of oxidation or reduction of mh'sh of aqueous eNYfer(h sulfate solution using
: \ the different species present copper
3 In the electrolysis of acidified water,
there are two species, H,O and S0,*, which con Dilute
. oxidised than - Il sulfuric acid
‘ 50,*, and therefore it is water that is oxidi R soluten
releasing oxygen gas.

L il

Electrolysis of acidified water n@
Water acidified with sulfuric acid contai

ions, water molecules and S0, ions

At the anode, water is oxidised:

I‘hD{" ¥ E-H‘r_-lq] + mem +$
At the cathode, H* ions are -

u
2H",y + 207 + Hy,

gy

S [ N
Figure 5.11

Electrolysis of acidified water

is of aqueous sodium sulfate solution using universal indicator

lectrolysis of aqueous sodium sulfate, the main species present are: Ma® and 50,
the sodium sulfate, and molecules of water, H,O. At the cathode, the Na* ions are too
$table tobe discharged. Molecules of water are reduced according to the equation:

EHED"J + 2‘.'}- —+ Hll:ﬂ* + IDH-IMl:I
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At the anode, the 50,* ions are too stable to be discharged. Molecules of water are k
oxidised according to the equation:

&
H Oy, — 2H'uq1 + mﬂp + e
Chemicals needed Equipment needed
0.5 M potassium iodide solution Hoffman or other suitable vol ter
Phenolphthalein indicator solution & Platinum or graphite el&dlﬂdb
Voltage generator L
Wires and crocodile clips :
Ammeter Lo -
Procedure Sodi . n
NB: Wear your safety glasses. ) ﬁ. SR N Y
=
1 Draw a table similar to the following; ) gi
Results ' h
(Gas collected at anode \ % i
Colour change at anode Q ] \ .
Gas collected at cathode : ’ :
Colour change at cathode ‘ .
2 Rinse the voltameter thoroughly with water. universal g
indicator to check that nothing acidic o alkaline is pésent. b
3 Add about 2 e’ of universal indicator 250 cm? * ]
sodium sulfate solution. Stir well, and fill the efer with F by
this solution. ' i
) Platinum Pratinum i _.J !
4 Switch on the power supply, and inc voltage 0 10V, sjpstrnde sloctrode »
5 Mmmmmnwmam_ 21
%4 Switch dl = 1
. 1
513 Electrolysf!ylculatmns Figure .12 &

Half-equations in hat happens at one of the electrodes during electrolysis.
el s are shown as e In order to balance a half-equation, it is

In half-equati
necessary to a‘%hmm a number of electrons equal to the total number of ions in

theequal'i
£5.16 .
L4

é'ﬂl balance this unbalanced equation for hydrogen ions farming hydrogen gas:
H* +e -+H;
Answer
adjust the number of ions:
2H* + e+ H,
and then make sure that each side of the equation has the same number of chargas;
2H* + 20—+ H, P
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QUESTIONS

22  Balance the following unbalanced equations:

@ 0 — 0.+ & b Mg* — Mg {c) Br —* Bry+ & (d) AP + &
— &
d : Mass and volume calculations ‘\
=
™ Eﬂ: Knowing the amount of a substance produced at one electrode, %s&ible to
. calculate theoretically the amount of a substance formed at the other e e Todo
- .-'_q, this, we first need to calculate the ratio of the electrons involved two electrode
reactions. ®

We know that: ing \ ¥ in-em®
-

moles = 0= m‘*‘*@nﬁn{n
EXAMPLE 5.17 ‘Q:} .

Calculate the mass and volume of oxygen elecirolysis of a copper sulfate solution,
where 381 g of copper is deposited on the I

Answer @
Half-equation (at the cathode)

Cu* + 2e-— Cu @

Half-equation (at the anode)

A0H" — de- = 2H,0 +
2 moles of electrons of solid copper from 1 mole of coppes(ll) ions, Cu™
4 moales of electrons of oxygen from 4 moles of hydraxide, OH- ions.
mole ratio of Cu : electrolysisis 2 1
We know 10 were formed

I
4

’.
3
s

)

X B Va4
e\

AT A
P e

1| = B moles

Thus, moles cygen formed
é—am
Mr(0,) = 16
L Mass of axygen formed = 3x 16
1] -- ‘m
volume of oxygen = 3x24
| & =72 dm? D

419 1P



To extend to the calculation to predict actual vields that we might expect in any given
electrolysis reaction we have to take into account two other factors: current flow and

time. &

Current = the rate of flow of charge Q

Time = duration of the electrolysis in seconds s

The amount ufpmdm:t produced at each electrode will be proportional to cu¥een flow =

and time, o il
-

T

L ANLE

ia

]
A LA

b
:
- ~ !
EXAMPLE 5.18 -' i}
-- > |
Calculate the amount of copper cathode if a current of 0.4 Amps is passed for 45 ' '

minutes through a copper{l) sulfate &
Half-equation: Cu?* + 2+ ! l
Answer Q=Ixt r \
=04x45x60= (" - BFE
1080 /95600 = ¥k
Knowing that two moles are needed to form 1 mole of copper 5
0.0112/2 1=
mass of 0.0056 x 64 o -

=0.3584 g

g o) J

g

In the electrolysis of molten lead bromide, a current of 8 amps is allowed to flow
through molten lead bromide for 4 hours. Calculate the amount of lead deposited at the cathode,

Calculate the mabes of Mg produced when a current of 80 amps is passed through a magnesium
chloride solution for 30 minutes.

In the electrolysis of molten sodium chioride 23g of sodium are deposited at the cathode.
Calculate the mass and volume of chloring obtained.

4

Q
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5.14 Acids and Bases

Acids are substances that turn blue litmus red, neutralise bases, and usually react wi
active metals such as zinc, releasing hydrogen. Hydrochloric acid (HCI), sulfuric a

(H,50,) and nitric acid (HNO,) are examples of acids. There are many examples o

household acids. These include vinegar, which contains the weak acid uthar&cr'
({CH,COOH), lemon juice, containing

the weak acid citric acid, and dilute
sulfuric acid (a strong acid) in car
batteries.

All acids contain hydrogen. Acids can
be classified as monobasic, dibasic or
tribasic, depending on the number of
hydrogen atoms per molecule that are
removable by reaction with a base.

i

For example, hydrochloric acid (HCI)
is a monobasic acid, while sulfuric
acid (H,50,) is dibasic.

5.15 Bases

Bases are substances that turmn
red litmus blue, and neutralise
acids. Sodium hydroxide
(MaOH), sodium carbonate £ "
(Na,CO,) and ammonia (NH;) (] L B SULPRORIC
are examples of bases.

. AT oo

-
=

Figure 5.14
Comimon acids

Figure 5.15 Milk, of magnesia can be used as an antacid

| Gir5 CHEM G210 55 Micd 5 s 108 @.
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A base that dissolves in water is called an alkali. Sodium hydroxide is an alkali; k

a solution of sodium hydroxide is said to be alkaline,

Household bases include ammonia (used for cleaning), sodium hydroxide [ﬁ

oven cleaners), and magnesium hydroxide (used as a laxative and antacid in

magnesia). Q
. - &

5.16 Neutralisation N

When an acid reacts with a base, a salt is formed. For example, rochloric
acid reacts with sodium hydroxide,

HCI + NaOH —» NaCl + H,0 %
the salt sodium chloride is formed. Hydrochloric acid wh&gtr ised by a base forms

salts called chlorides, \

L

o' of sodium o en it Heammmem Nlow the: salt o crystallise
hydrawide sOlOn (et using indicator of the water

Figure 5.16

Preparation of the salt sodium chioride,

When sulfuric acid rea ith ammonia,

Hlsc;.l] =+ 2N NH{}ISOI
the salt ammonium is formed. Sulfuric acid

when neutrali forms salts called sulfates.
Meutralisati n acid by a base has

many l
everyday, lications. Indigestion is caused by e Do
too mu d In the stomach. The discomfort can be

cured by ta stomach powders such as magnesium
hydroxide or sodium hydrogencarbonate, which are

ba e Sxcess hydrochloric acid is neutralised:
$—[Cl + Mg(OH), —+ MgCl, + 2H,0
HC1 + NaHCO, —+ NaCl + H,O + CO,
éium hydrogencarbonate can also be used to treat
stings, which are acidic.

Lime (calcium hydroxide) is a base used in agriculture
to neutralise acidic soil.

S GHEM (10 G5 Mod 5 isd 109 o)
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QUESTIONS

State one property of an acid.
State one property of a base.

88838

e

What is an alkali? Give an example. e Q
What is a dibasic acid? Give an example.

What is a salt? Give an example. Q

Give two examples of housshold bases, stating what each is used for,

What is meant by neutralisation? 'N

R 88

. : .
., o
0
(Y " e
=, 2 e
: = 13 e
= i W
éﬂumhﬁ

What is a menobasic acid? Give an example. N
Give two examples of household acids, stating what each is used for.
Give two everyday examples of neutralisation. l\ Y,

5.17 The pH scale

The pH scale goes from 0 to 14. A value
of 0 represents very high [H.0], such as
would be present in a fairly concentrated
{1 M) solution of a strong acid; a value of
14 represents very high [OH-].

The [H4Or] decreases as the pH value
increases, and the [OH"] increases.

37
neutral solution will have a pH of 7. m scals
More gidic _pH [H,0]
g y L&ﬁnns of the pH scale
: o % The pH scale is not useful outside the 0 to 14
e range.

This is because in more concentrated solutions
of strong acids and bases, the acid or base does
not dissociate fully in solution, making a pH
calculation difficult.

2

3 1w "

B

| &,

6 10

Neutra % B
1

5.18 Measuring pH

The pH scale is limited to aqueous solutions.

W
e Uniwversal indicator solution, or universal indicator
paper, can be used to find the pH of a solution.
Universal indicator is a mixture of indicators that
changes colour as the pH is changed. The pH of a
solution is measured after adding universal indicator
by comparing the colour of the solution with a colour

chart.

Figure 5.18
The relationship between pH and
hydrogen ion conceniration
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The pH of a solution can also be measured using a pH meter. This instrument gives a
numerical reading for the pH directly (Figure 5.19). A pH sensor, connected to a data

logger, can also be used to get a numerical reading for the pH of a solution di *
In this case the pH value is displayed on a calculator or computer.

T

LA AL

ia

Figure 5.19

5.19 Calculation of the pH of @ns of

Strong Acids

e N L -

S AT AT "

A .

b
s
1
4

!
o

Q Figure 5,20

The pH of a ﬂ%d may be readily calculabed, since a strong acid dissociates fully
d

into its i in di aqueous solution. For example, a 0.2 M HCI solution contains
0.2 mol % ioms and 0.2 mol 17! of Cl- ions.

EXAMPLE 5.19

Find the pH of & 0.2 M solution of hydrachloric acid,
Answer pH = =logy, [Hy0°]

--hm.ﬂli}

= .689

& ' 4
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i ExampLE 5.20
L\ @
Find the pH of a solution containing 6.3 g of nitric acid in 250 em’ of solution.
Answer The nitric acid solution contains 6.3 g of niric acid in 250 cm?
. = 6.3 = 1000 g ~ Q
- 250
e =25201" N
< The molar mass of HNO, is 63 g mol- Q
' ! Therefore [HND,] = 25.2 /63 mol |-
U = 0.4 mal I Q
ﬁ. Since HNO, is a strong acid, [H,0°] = (HNO,] = 0.4 mol I 'N
PH = ~log;, [H,0°] l\
Eq = —log,, (0.4)
i L= 0 ;
!‘ QUESTIONS = o
¢ v
.~ Find the pH of each of the following solutions:
2 R (a) 0.001 MHCI  (B) 0.02 M HNO3 (c) D.00DD4MHCI  (d) 1 MHCI.
F‘ | 37  What is the pH of a solution 3.65 HClin 1 litre of sodution?
} 38 Whatis the pH of a salution g of HND, in 500 cm® of solution? J
o=

5.20 Calculation c%e pH of Solutions of Strong Bases
Strong bases also dissoci Iy in dilute aqueous

solution. For example, MNaOH solution contains

0.1 mol I"" of Na® ions and ol I'! of OH- ions,

pOH ;

In calmlatiw@ of a strong base, the idea of pOH
is used. pOH is defined as <log,, [OH"].

Since [H&] [OH ] = 10"
].Ugm. [ .I“EI.I] IOH_] ==14
ThE - ng [H1D.] = Iﬂgm I_DH‘I = "'14

Therefore, pH + pOH = 14, Sﬂdiur{r; l-::;dm:idn

=14 - pOH.
examples that follow, the pOH value is calculated
first, and then the pH value is obtained by subtracting
pOH from 14.

Figure 5.21
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ExampLE 5.21
N
Find the pH of 0.1 M NaOH solution.
AnSWer [NaoH] = 0.1 mol I
(OF] = (NaOH - ‘Q’
pOH = ~log,, [OH-] N
= —l0g,0 (0.1)
=1. Q
pH = 14— pOH
=14~1 ~ Q
13,
. \'\r 4
P
EXAMPLE 5.22 'Q .
N
Hlﬂhpﬂﬂammmmﬂlallﬁqlgdﬂ@uﬁdmﬂm
ANSWer The NaOH solution contains 4 in 500 cm®
= 4x1000
500 Q
—8gl"
The molar mass of 0 g mol-'
Tnerefore [NaOH] = 8 / 48 mol I
= 02mol I

Since mﬂmm{%j:mnﬁﬂjmr'
POH = —og,, [OH]

o
\_Qyﬁ"“’ J

+ QUESTIONS i
_/‘
39 Find the pH of each of the following solutions:
(a) 0.001MNaOH (b 0.05 MKOH fc) 0.06 MKOH (®) 0.003 M NaOH
40 What is the pH of a solution containing 0.8 g of NaOH per litre?
41 Find the pH of a solution containing 1.6 g of NaOH in 250 cm” of solution.

& 4

o
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5.21 Solutions of Weak Acids

Weak acids, when dissolved in water, do not transfer all
unlike strong acids, for which total proton transfer
occurs. A weak acid such as ethanoic acid,

CHCOOH, will react as follows:

CH,COOH + H,0 = CH,CO0" + H,O"

The CH,CO0", when formed, will react with H,O",
forming CH,COOH and H:0. Eventually a state of
equilibrium is reached at which as much CH,COOH is
being formed by the reaction of CH,COO" with H, O,
as is breaking down to form CH,CO0O- and H,0*,

At equilibrium, K_ = [CH,COO"] [H,0Y] /
[CH,COOH] [H,0]. The concentration of H,O is
effectively constant, since it is present in a large acid dissociates in watar 1o a
excess (approximately 55 mol 1'"), and is omitted, y small extent

giving a new constant K,, where K, = [CH,COO"]

[H.0°] / [CHLCOOH] . or

K, is called the dissociation constant of the (The term ionisation constant is also
used for K,.) The K, values for a number o acids are given in Table 19.3. (The

units of K, are mol 1°1.)

Ethanoic acid CH,COO0H 1.8 x 108
Methanoic acid HCOO0H 1.6 x 10~
Hydrofluoric acid HF 56 x 10
Propanoic acid 13x 10
Butanoic acid 1.5 x 1078
Hydrogen sulfide 8.9 =10

Nitrous acid @ 47 % 10
Table 5.3

Common reducing agents

Thes may be contrasted with much larger values for strong acids such as FICI,

HNCY and H50,; for example, nitric acid has a K, value of 40. The stronger the acid,
# ter the value of K,. Hydrofluoric acid is the strongest of the acids in the table,
ydrogen sulfide is the weakest,

"|"$-$mﬁum1n5|msm 14 @ 214419 18 PM
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EXAMPLE 5.23

Write an expression for the dissociation constant, K, for each of the following weak acids:

{a) HF (b) HCOOH
ANSWer (a) HF dissociates in water as follows: -

HF + H,0 = F + H,0° N
K, = [F] H,04]
i o

(b}  HCOOH dissociates in water as fallows:
HCOOH + H0 == HCOD- + H0°

K, = HC00') [H0'] "\,

[HCOOH] ‘\

P

ExampLE 5.24 *Q

A weak acid, HX, is 2.1% dissociated in agueous solution.
Find the value of the acid dissociation qﬂ&.
a

Answer The solution can be made 0.1 moles of the pure acid to water, and making
up the solution to 1 litre . The reaction is
HX + H.0 = X- & H,0°
lgnoring the concen water, which is present in excess, the initial concentrations
of each of the other ane

g Q, o) [H,0°

0.1 1] 0
Nﬂwiimmmﬂmwhudm@md.ﬂ s0 the equilibrium concentrations

are
q Ly [H,0°]
0.1 -=0.0021 0.0021 0.0021
*: 0.0979 0.0021 0.0021

Substituting these values into the equilibrium constant expression,
K, = [X] [H.0°]/ [HX] = (0.0021)*/ 0.0979 = 4.5 x 10

S

QUESTIONS

42 Write an expression for the dissociation constant, K, for each of the following weak acids: HCN,
HMNO,, H.S, CH,CH,CO0H.

43 Aweak acid, HX, is 3.5% dissociated in a 0.1 M aqueous solution,
Find the value of the acid dissociation constant, &,

44 A weak acid, HX, is 2.5% dissociated in a 0.2 M aqueous solution,
Find the value of the acid dissociation constant, K,
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5.22 Calculation of the pH of Solutions of Weak Acids %

The K, value for a weak acid can be used to work out the pH of a solution of the acig &
provided that the concentration of the solution is known. In calculations of this king ﬁ
simplifying assumption is made that the concentration of the acid does not change. Thi
approximation is justified because the extent of dissociation of a weak acid is

( ExawpLE5.25 .

AP TSNV AN R,

o 1 N VAR S

Find the pHof a 0.1 mmmmﬂmmmmmmmmmaﬁ
e to

Answer A0.1 M solution of CH,CO0H can be made up by adding 0.1 moles
water, and making up the solution to 1 litre with water.

Ignoring the concentration of water, which is present in initial concentrations
of each of the other species are
[CH,CO0H] [CH,COD"] w
0.1 [}
At equilibrium, a certain amount (say x moles) has dissociated, and so the

equilibrium concentrations ara
[CH,COOH] [CH,COD'] Q 0]
01=-x i i
constant expression,

Substituting these values into the

K, = [CH,C00-] [H,0°]/ =18 x 10-

= (/0.1 -x) %
Since x is very small 0.1, (0.1 — x ) can be taken to be equal to 0.1, and so
K, = [CH,CO0-] H,Q] / =18 x10°%

= (/{0.1)

Therefore, 1 x 1.8 x 10°* = 0,0000018

Theretore! : =0.001342

H,0°}& x = 0.001342
= [Hlﬂ“]

10.001342)

The reaction is .
CH,COOH + H,0 = CH,C00" + H,0° : N
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EXAMPLE 5.26

Find the pH of a solutien containing 6 g of ethanoic acid in 100 cm*® of solution given that

value for this acid is 1.8 x 10°%,
Answer The ethanoic acid solution contains 6 g of ethanoic acid in 100 cm?® q
®

om0, ~
100

=60gl™"? Q "::
The molar mass of CH,C00H is 60 g mol™! ..
Therefore [CH.COOH] = 60/ 80 mol I Q ‘;ﬂ
=1 mol” * o
The reaction is N .h
CHiCO0H + H0 == CHCOO0" + HO* ‘\ " 2
lgnoring the concentration of waler, in excess, the initial concentrations : <l
of each of the other species are .
[CH,COOH] [CH,COO7] [H,0] : ’l‘
1 0 0 s !
At equilibrium, a certain x moles) of the acid has dissociated, and so the ‘ :
equilibrium concentrations 4
[CH,COOH] [H:0"] & l
1-x % F E
Substituting these into the dissociation constant expression, *i;
K, = [CH,C00] COOH] = 1.8 = 10-* 4
= /0 9 -
Since xis mmmm,u-x]mmmmmmm. d =
K= [H,0°] / [CH,COOH] = 1.8 % 10-¢ T

=g} 1
= 1.8 = 10-* = 0.000018

= {0.000018) = 0.004243 &
]=x=0.004243 =] :."d
pH = —log,; [H,0°] -—‘!'
= ~log,; (0.004243)

= 23723

&

Solutions of Weak Bases

k bases, like weak acids, only dissociate to a slight extent in water. Ammonia,
hen placed in water, reacts as follows:

é NH, + H;0 = NH," + OH-
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The reverse reaction occurs to a significant
extent, and eventually a state of equilibrium is

equals its rate

- é reached at wh

el e
AT
'-'?"1

The K, values

in Table 19.4. (The units of K, are mol 1-'.)

= K. =[NH;][OH"] / [NH,] [H,O]
' The concentration of H,O is effectively constant, and
is omitted, giving a new constant K, where
Ky = [MNH;"] [OH] / [NH,].
b ' K, is called the dissociation constant of the base, (The
: term ionisation constant is also used for K..)

ich the rate of breakdown of NH,*
of formation. At equilibrium,

for a number of weak bases are given

Formula
{ Ammania NH, 1.8 %10
; Methylamine CHNH, Q 44 % 104
@ 1 Ethylamine CHNH, @ 56 % 10+
Phenylamine CAHMNH, 38 % 10-"
) Beryllium hydroxdde  Be(OH), @ 5.0 x 10-"
Table 5.4 @

llium hydroxide is the weakest.

i :'*.I
.

o

The stronger the base, the g% the value of K. The strongest of the bases listed in
E i

the table is ethylamine,

EXAMPLE 5.

Write an
(a) CH;NH,

P é

for the: dissociation constant, K, for the following weak bases:
(b} Be{OH),

Answer -[aJI.r CH,NH, reacts with water as follows:

CH,NH,+ H,0 = CHNH,* + OH
K, = [CHNH,* | [OH]
[CH,NH;]

é ) Be(OH), dissociates in water as Tollows:

Be(OH), - BelOH)* + OH-
K, = [Be(OH)'] [OH]
[Be{OH).]
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Find the value of the dissociation constant, K.

46 Aweak base, XOH, is 2.1% dissociated in a 0.1 M aqueous solution. q
. >

5.24 Calculation of the pH of Solutions W Bases
soluti

The K, value for a weak base can be used to work out the pH on of the base,
provided that the concentration of the solution is known. As i alculation of pH of
strong bases, the pOH is calculated first. &

In calculations of this kind, a simplifying assumptiofi n& that the concentration

of the base does not change. This approximation is | ed because the extent of
dissociation of a weak base is small.

: EXAMPLE 5.28 SQ .

—

T W

Find the pH of & 0.01 M solution of am that the K, value for this base is 1.8 = 10-% d
Answer The solution is made by maki .01 moles of ammaonia to 1 litre with water. The i
reaction of ammonia is as follows: ‘:
NH, + H,0 = NH," + e
Ignoring the of waler, which is present in excess, the initial concentrations i
of each of the are |
[NH,] [NH:7] [OH] i
0. L] 0
At equilibdum, a certain amount (say x moles) of the base has dissociated, and so the A
equi are .
[NH,"] [0
X b3 ]

[NH,*] [OH-] / [NH,] = 1.8 = 105
(%) 4 {0,001 —x)

Since x is very small compared to 0.01, (0,01 - x) can be taken 1o be equal to 0.01.
Therefore,

K. = [NH:*][OH]/ [NHJ=1.8x 10

¢ = (9 /(0.01)
& Therefore, % = 0.01 x 1.8 x 10- = 0.00000018
Therefore, x = {0.00000078) = 0.0004243

! these values into the dissociation constant expression,

& [OH] =x=0.0004243
pOH  =-tog,, [0H]
= —log,, (0.0004243)
= 33723
=14=33723
- = 106277 o

o
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i ExampLE 5.29
Find the pH of a solution containing 1.7 g of ammaonia in 500 cm® of solution, given that the K, value
fior this base ks 1.8 x 10%,
Answer The ammonia solution contains 1.7 g of ammonia in 500 cm®. q
= 1.7 % 1000 .

gr

500 N
=34gH Q
The molar mass of NH, is 17 g mol™'

Therefore [NH,] = 3.4/ 17 mol I-*
= 0.2 mol I

The reaction is ~
NH; + H,0 = NH;* + OH- ;

Ignoring the concentration of water, which is present in . Whé initiad concentrations
of each of the other species are

¥4, VK, (0H] 'Q

0.2 0 0
At equilibrium, a certain amount (say x moles) has dissociated, and so the
equilibrium concentrations are

[NH) [NH,] 1

02-x X
Substituting these values into the constant expression,

K, = [NH,*] [OH-]/ [NH] = 1.8 x 10-*

= (/0.2 -x) %
Since x is very small to 0.2, (0.2 - x) can be taken to be equal to 0.2.
K = [NH;*] [OH)/ = 1.8 = 10

= ()/(0.2) g

Therefore, x* 1.8 = 10-% = 0.0000036
Therefore, %‘Hﬂ.mm
[0H] 1897
= —laff,, [OH]
%ﬁn{ﬂ-wm
27219
pHy = 14-pOH
é = 14-2.7219
= 11.2781




5.25 Hydrolysis reactions ¥

Salts placed in water often react with the water to produce either H.0" or OH". Thi
type of reaction is called a hydrolysis reaction. The pH of the aqueous salt mlu%
will depend on the particular acid and base that are reacted. Various types of resu

are possible based on the relative strengths of the acid and base in the sal

We will consider four types of combinations, .N
Salts from strong acids and strong bases do not hydrolyse. The d anions in - E
table 5 do not react in water. .."
Cations . E
I
N
b
g
ol
NN
N
it
47 Can you predict each of the following salt solutions will be acidic, basic or neutral? ] ‘- i
(a) sodium {c) sodium acetate B % '
(b) am loride {d) ammonium acetate T 1
, the pH of each solution might be? v

it

L
4
L]

&

These ions are te 5 or ions, meaning that a soluble compound of two of these
e.g. sodium chl Cl) will have no effect on the pH of water.

Salts fromytrangdiases and weak acids hydrolyse, giving the solution a pH > 7.00. In the
reaction wi r, the anion from the weak acid accepts the proton from the water. The

cation from the strong base is a spectator ion in the reaction. The production of the OH" ion
makeg the sdlution basic.

L
'.-i’

5 m weak bases and strong acids hydrolyse, giving the solution a pH < 7.00. Here
he anion becomes the spectator ion and the weak base donate a proton to the water. The
uction of the hydronium ion H,0' makes the solution acidic.

alts from a weak base and a weak acid hydrolyse but the resulting pH of the salution will
ihs depend on relative strengths of the acid and base and which ion more readily reacts with

water.
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Chemical Reactions

A. zodium chloride

EXPERIMENT 5.2

01234567T891011121314

B. ammonium chioride

01234567891011121314

C. sodium acetate

01234567891011121314

D. ammionium acetate

012345678910111213 14

Determining the pH of four salt solutions

Chemicals needed E
100 mL of sodium chloride

100 mL of ammonium chloride

100 mL of sodium acetate
100 mL of ammonium acetate

Procedure
1 Pour about 100 mL of 0.1 M of each solution into a test tube.

2 Use either a clean sirip of Ktmus paper or a pH = rip8e thoroughly between each measurement - to find
{he pH of each solution.

@ 3

Solute

A sodium chloride

Equipment needed

4 test tubes

1 test tube rack

litmus papepsar pH indicator

Recorded pH

Record your measurements in a table and compare the results to your predictions.

B. ammonium chloride Q "
C. sodium acetate 5 -

0. ammonium ace

4

49

a
==
A
L.‘af
v E.

UUEST]{JES

PARENT ACID

(E:1] ng% u@- é]v:lmhms of ammonium chioride are acidic.
it) Comig table

PARENT BASE

HCI NH,0H

TYPE OF SOLUTION
acidic, basic, neutral

Acidic

C 2)
4

| CorS CHEM G0 55 o 5 s 132
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5.26 Exothermic and Endothermic Reactions h

In the course of a chemical reaction, bonds
between atoms are broken and new bonds
are made as the atoms rearrange themselves
to form new substances. Energy is needed
to break bonds, and is given out when new
bonds form. This means that the reaction
is wsually accompanied by a change in
energy, mainly in the form of heat.

'
i

.I.h\.

If the amount of heat produced in forming
bonds is greater than the amount needed
to break bonds, heat is given out and
the temperature of the reaction mixture
increases. Such a reaction is said to be R
exothermic, and most chemical reactions

are of this type. For example, the reaction wwmwmﬂh
between magnesium and hydrochloric acid

is exothermic.

N AT T

m—

i W ST M

If the amount of heat produced in ng bonds is less than the amount needed

S AT AT .

X

to break bonds, heat is taken in fr surroundings and the temperature of the
reachHon mixture decreases. Su ction is =aid to be endothermic. A smaller i
number of chemical reactions ar is type, one of which is the reaction of sodium '

hydrogencarbonate with citrigacid.

P -

Omne of the most important properties of
hydrocarbons in general, and the
alkanes in particular, is that they burn
in air or oxygen. When sufficient oxygen
is present, complete combustion occurs
and carbon dioxide and water vapour
are produced. Heat is produced in
combustion reactions, and so they are
classified as exothermic reactions, The
large amount of heat produced when
alkanes burn makes them particularly
suitable as fuels. Methane, the first

&h‘ member of the alkanes, is the principal
Reactanls at room Heattakenin  mponent of natural gas. Propane and

temperature and pressure butane are used as bottled gas. Petrol is

mﬂiﬁ i made up of a large number of different

hydrogencarbonate and cilric acid is endothermic compounds, mostly alkanes,

trete
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DEMONSTRATION

Demonstration of (a) an exothermic reaction and (b) an endothermig '™

Chemical Reactions

reaction F .
Chemicals needed Equipment needed * Ny
Magnesium (small pieces) x Thermometer Ny,
3 M hydrochloric acid = Heat-resistant test tubes L4
Ammonium nitrate {‘r}'ﬁhl]h'm Test tube holder Y a »
Water Stirring rod Ny

o

Procedure W )
MNB: Wear your safety glasses. & b

&

(a) Exothermic reaction

1 Place about 5 cm® of hydrochloric acid in a test tube and record ltstemperﬂ@!'e
2 Dropina few pieces of magnesium. NN

3 When the reaction has stopped take the temperature again. y e J

Mote that the temperature of the mixture has riscn_ﬁufim:e the reaction of magnesium
metal with hydrochloric acid is an exothermic reaction.

(b) Endothermic reaction " -

@ 1 Place about 5 cm® of water in a test tube and recoid |t5 tmﬁperalur&
2 Add a few crystals of ammanium nitrate, )
3 Stir gently until the crystals have ms-snllmq;,

o
'.

4 Take the temperature again, - -5-'

Note that the temperature of thé"fitixture has fallen because dissolving ammonium
nitrate in water is an L'I'LLtutIu*fmlﬁnﬁm“m This reaction is made use of in cold packs
for treating minor injuries. Iiw pack consists of a thin plastic bag containing water,
inside a stronger bag ::{'rntainll'ig’;’;uhi monium nitrate. When the pack is shaken strongly,
the inner bag breaks ﬂllt_‘.g_ﬁ'!‘q; the water and ammonium nitrate to mix. The resulting
endothermic reaction cauuyﬂ_re temperature to fall sharply.

Duesnd&'

50  Explain is meant by the term exothermic reaction,
51 Elplalll'nlﬂ'lal is meant by the term endothermic reaction.
52 !gm the combustion products when hydrocarbons are completely burmed in air of oxygen.

53:‘,? Changes of State
Meitmg

4. In solids, particles are in fixed positions, free only to vibrate. When the solid melts,
e gnergy must be supplied to enable the particles to break free and move around
% randomly. Melting is thus an endothermic process:

@
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Evapuratinn

If energy is supplied to a liquid, the particles move more quickly and begin to Esca]:re
from the main body of liquid, becoming a gas. In other words evaporation

is also an endothermic process.

X + energy — X,
Condensation * :
When a gas is cooled, the particles lose energy and slow down. If thiﬁiﬂuﬁ, the
attractive forces between the particles become more effective and the gas condenses
into a liquid. Since the system is losing energy the process is

X - energy —+ Xy
= T .9

'
i

L

<

Freezing

Mﬁnaquuidmalsitﬁeemmfmmamﬁd.ﬂﬁsis Mcprocﬁsasﬁ'm
system is losing energy. K P
Koy — energy = X, o q I
~Q N
5.28 Heat of Reaction ’

4

of
‘W
-__ .

The heat change in a particular }

depends on what amounts of rea are

involved, and this is indica the

balanced equation. If one vdrogen i

gas burns in oxygen to f walter, =

e

Hag + %0y

242 kilojoules ufiat arejproduced. As this is

an exothermic ipn, the heat of reaction is Products

negative tenergy hasbeen lost from Figure 5,26

the che ts to the surroundings, i.e. gy exphermic reaction

AH = =2 It

If twa molds of hydrogen gas burn in oxvgen to form water,
&sz + O+ 2HOy

kilojoules of heat are produced.
there is twice as much hydrogen being burned, twice as much heat is produced.
is time AH = —484 k] mol™'. The heat change is doubled because the quantities as

& indicated by the balanced equation are doubled.
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\_' ‘v

In an endothermic reaction, the surroundings are cooled because the reactants gain
energy from the surroundings. Because of this, the heat of reaction is positive for
endothermic reactions. For example, to break down one mole of water in the liqti‘f &

stabe into hydrogen and oxygen gas,
Hy Oy — Hyggy + %0y

286 kilojoules are required i.e.
AH = +286 k] mol-'.

g

mare
energy INBA the reactants)

The measurement of the heat change of
a reaction is carried out with known
amounts of reactants in a suitable
insulated container, called a calorimeter,
for example an expanded polystyrene
cup. The temperature change due to the
reaction is measured and the value

obtained used to calculate the heat of T”-z?
reaction. "w
EXAMPLE 5.30 .

When 100 cm® of 1 M nitric acid solution, 100 cm? of 1 M potassium hydroxide
solution, KOH, the temperature rises by 6.7 the heat of reaction described by the
equation

mum+m1_4mu,“+mm
Answer The amount of heat produced in can be calculated from the formula Heat
change = mc AT

where m is the mass in kg of | &wmmmmmmmmm
liquid, and AT is the rize in . As the reactants and products are very dilute solutions, it
is assumad that their densities heat capacities are the same as those of water. Thus
100 em?* of each reacting can be taken to have a mass of 0.1 kilograms. The specific heat
capacity of water is 4.2 -4

Heat = Mc

=0.2x

=

The num of HND, in 100 cm? of 1 M nifric acid solution is calculated as follows:

Ho. = volume in litres = molarity
=01x1
= {1 moles.

of HNO, produce 5.628 kJ of heat when reacted with KOH, one mole, the quantity
by the balanced equation, produces 56.28 kJ mal™". In ather words the heat of reaction

AH = - 56.28 kJ mal-', the minus sign indicating that the reaction is exothermic, with heat being
\ $ ' L

i ANLE

.

L/

e

ST

A

. vy
e\

AP

[ NATIEEETARD
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EXPERIMENT 5.3

Determination of the heat of reaction of hydrochloric acid wi
sodium hydroxide

In this experiment a definite volume of a standard hydrochloric acid golution’is mixed
with an equal volume of sodium hydroxide solution of the same con tion in an

insulated container. The rise in temperature of the mixture is then measured and from
this the heat of reaction is calculated. The equation for the manl%

HCl,,;,+ NaOH,,,, -+ NaCl,,,, + H;O,,
Chemicals needed Equipment zy:edeg

1 M hydrochloric acid B Accurate thchturs
1 M sodium h}rdmxideg Polysty cups with lids

Graduated cylinders
Procedure
INB: Wear your safely glasses. Q

1 Place 50 cm? of the 1 M hydrochlonic acid solution into & polystyrens cups.
2  Place 50 cm® of the 1 M sodium hydroxide solution i
the second polystyrene cup.
3 Measure the temperature of each solution.
average of the two temperatures is taken a%m

v

temperature.

4 Quickly add the base to the acid, sfirring with
thermometer, The lid is used to red loss,

Record the maximum tamperature :
6 The results may be summari

Initial temperature of HCI

Initial temperature of Hadw':n
Average initial tem

Highest fem

Rise in temperature

Mumber of w&ﬁ used
7 I of reaction, i.e. the heat liberated

wh of acid reacts fully.

e
Ky
Q

Thermometar

Polystyrene cup

50 cm’ 1 M HCL

|
T3 S SS S8

nmann

Figure 5.28

s
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J e - e : Py e ik .
54 What is the sign of AH for an endothermic reaction? £D

55  An experiment was camied out 1o measure the heat of reaction of hydrochloric acid and
hydroxide, according to the equation HCl, + NaOH,, — Nall,, + H.0,
mamwmm.mmumummmnﬂw
mixed and the rise in temperature was found to be 7.1 kebvins.

{a) Why was a polystyrene cup used as a calorimeter?
(o) Calculate the heat of eaction. Q Y

- II ‘-.'I
=] i

Ll AN

— 3 i

nN %

AP T NEVI2N

L NIRRT AT V4
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Rates of Reaction

L.
)

Pl s

Learning ob}ectl%s

*;,.:.
o To observe through® tgpenment the impact of temperature, concentration and
pressure on th'ﬁ% of chemical reactions QU221

o To explain Ilc!’fwd.ﬁcrem factors effect the rate of a chemical reaction 103231
wid

o Tomake
the mte t'ﬁa::

o Tlﬁigjﬂtmhuw catalysts and inhibitors work 10324

u]qlmr‘ﬁ relating to the effect of concentration and temperature on
afhical reactions (0323

o Te dlfh.‘gﬁ',ntmh* between homogenous and heterogeneous catalysis 10323

(&

) | o identify areas of the development of catalytic chemistry in Kazakhstan 103246

{c" u-ﬂ-u 3}

f"-. SR,
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6.1 Rates of Reaction

Different chemical reactions occur at
different rates. The rusting of iron is a
slow reaction, whereas the burning of a
piece of magnesium in oxygen is a fast
reaction. The rate of a chemical reaction
is a measure of how quickly the reaction
proceeds. It may be defined as the change
in concentration in unit time of any one  Figure 6.1
reactant or product, i.e. Rargiing iz & siow raction

_ Change in concentration of reactant or product %

B Time taken L
I For example, in the decomposition of hydrogen peroxid m‘ and oxygen,
HyOy,, = HyOy + 10y,

the reaction rate can be calculated by measuring nge in concentration of
hyvdrogen peroxide. If its initial concentration ismg , and 10 seconds later this

has decreased to 0.4 mol 17, then the reaction rated

(1.0-0.4)/10 = 0.6/10 = 0.06 mol I* g
However, this is merely an average rate. tion rate depends on the concentration of

the reactants, and since reactant drops as the reaction proceeds, the
reaction rate itself also drops as the reaction proceeds.
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ExAMPLE 6.1

()

In an experiment to study reaction rates, some manganese(V) axide was added to 25 cm?
peroxide solution. The oxygen gas produced was collected in a gas syringe. The [ da
stop-clock were started at the same time, and the total volume of cxygen collected at
half-rinute intervals. The results are given in the follawing table.

Tirme/minutes 0 05 10 15 20 25 E.Oﬁn 4.0
Volume/cm® 0 240 360 48.0

422 460 476
(a) Plot a graph of volume against time.

{b) Is the rate of reaction faster after 1.0 minute or after 3.0 min your answer from the
shape of the graph. .

) Hﬂtvdumuﬂmmhﬁbemmlhmdamn.EMUN

(d) How long did it take to collect exactly 30.0 cm??

(e} After how many minutes was the reaction finished? in angwer,

Answer (a) See graph below

2 B8 35 & 3

Volume (cm’)

y

4 1] 1 2 3 )
Q Time (minutes)
Figuang

reaction is faster after 1.0 minute. The shope of the graph is a measure of the rate at any
time. The slope of the graph is much steaper at 1.0 minute than it is at 3.0 minutes o it can
uced that the rate is faster at 1.0 minute.

(c) 44.5 cm’.

1d 0.72 minutes = 43.2 seconds.
(e} The reaction was finished after 3.0 minutes becawse no further oxygen was produced after this time.
D ’

2

:-*'?f,} y

S O
i

Hll'lll Il””l””.-}

3
£
=
§
2
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6.2 Average and Instantaneous Rates

production of oxygen is volume /time = 48 cm”/3 minutes = 16 cm*min"'. However
rate is not constant throughout the reaction; for example, the average rate for the firs
minute is volume,/time = 36 cm®/1 minute = 36 cm* min~". In fact the rate of @
changes throughout the reaction.

The instantaneous rate can be found by drawing a tangent to the curve at theappropriate
point on the curve. The slope of the curve, which is calculated as s in Example 6.2,
is a measure of the reaction rate.

Curve flal,
reaction aver

Curve lass sieep,

Figure 6.3 mm / Qg
EXAMPLE 6.2 < .

nmwmuh&bm.mmmm of reaction after 1

minute.
Answer q‘ 50 =
(1) Atangent to drawn at ﬂ/

he point =1 minute. "
2 A i drawn /
with hypotenuse, 185 cm’ & Av
and the sides, of lengths Em
At and Av respectivety, parallel to | %
1.2 mins =

horizBntal and vertical aes of 5 &
20
lg‘m:-qmmmm /
by the tangent with the horizental - f
ais.
&4} Slope = tan ® = AwAt =

18512 = 15.4 cm® min~', 0
0 05 1.0 15 20 25 30 35 40
& Time (minutes) .

-|'-—

—
S GHEM (10 G5 Mod €Lisd 132 o)
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In Example 6.1, 48 cm® of oxygen gas were produced in 3 minutes. The average mle%
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&

QUESTIONS

1 Define the rate of a chemical reaction.

2 [Explain why the average rate of a chemical reaction is different from the i rate.
Manganese dioxide was added to hydrogen percxide in a flask, and the Was
collected in a gas syringe. The equation for the reaction is »

HiOnag  Hi0, + 5 O i
The total volume of meygen collected was recorded every 30 seconds, and the is shown in
the table:
50

Time (s8c) 0 30 B a0 120 80 210 240

Volume of oxygencm) 0 20 35 46 m%mwm
{a) Draw a graph of volume (y-axis) against time (x-axis).
wmmmnmmﬁmamwm%

() What volume of cygen had been collectad 35

{d) Why is manganese dioxide added?

(g) After how many seconds was the i 7
mwmmlnmmmtmmm

{g) Atwhat stage of the reaction rate greatest? Describe the slope of the graph at this
stage.

v

WWNW@G tion after 90 seconds.

6.3 Factors Affecti%%acﬁon Rates

&)

o

s

a

o

There are a number of fagnm ich can influence the rate of a chemical reaction:

Concentration of
Temperature of ction
Particle size of s actants

Mature of mﬂ, i.e. whether ionic or covalent
Presenge of a lyst.

6.4 Concentration of Reactants

yd

CHyy + HiO, ~ 3Hy, +CO

rogen and carbon monoxide

K

the reaction rate.

:e an increase in concentration of methane and /or water vapour causes an increase in

G CHEM G210 55 hliod 8 s 133

e in the concentration of the reactants usually increases the rate of the
. In a gas-phase reaction, for example the steam reforming of natural gas to

8
3
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A
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A

In reactions involving solutions, changing the concentrations has a similar effect. In the b
decomposition of hydrogen peroxide using manganese(IV) oxide as a catalyst
&

H Oy = FOp + % Oy Q

the more concentrated the peroxide solution, the more rapidly the HKTEW
e
i b4

produced. The peroxide concentration decreases as the reaction proceeds,

I. reaction rate decreases. The continuous decrease in the slope of the grap ig
'y 4 indicates a continuously decreasing rate in each case.
Figure 6.4
& - The decomposition of hydrogen saiutions of
—1 0.50M diffierent concentrations, using the amount of
catalyst each fime. There pifects of incraasing
w1 the concentration: greater of reaction, and
3 | 040M : “'&
15 il I '
8| . N
s | A L e
jol A Q
2 a4 0.20M
. 0.10M Q
.--'"-'"'-_-_
0 |
0 3 ed 80 120 150

Time (seconds) %

6.5 Temperature %

An increase in temperature us ings about an increase in reaction rate, though

the extent of this varies from on ction to another. In some cases, a temperature
increase of about 10K mua%m“reacﬁon rate to double. Exothermic reactions can be

explosive if the heat produced t escape quickly enough. In such cases the rising
temperature increases tion rate, causing even more heat to be produced

Figure 6.5

The decompasition of hydrogen peroxide solutions at
i two different temperatures, The only effect of rasing
/J/ the temperature is to increase the rate of reaction, with
4 consequent shortening of reaction time.
/ét{

Time

B -
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r Ex _ gf \
XPERIMENT 6.1 e
L =
Studying the effects on the reaction rate of (a) concentratiof,ang g
(b) temperature, using sodium thiosulfate solution and hydrachlorit g
acid QY
&
Sodium thiosulfate solution reacts with hydrochloric acid solution a%ing to the
following equation:
2HC,,) + Na,5,04,, — 2NaClyy + S0y, + Sl + H:Oy, ;
The pale vellow precipitate of sulfur formed graduallg,'*nhﬁf%a cross marked on
paper placed beneath the reaction flask. The time taken I«W_ure the cross, which is
inversely proportional to the rate of reaction, dependsan variables such as temperature
and concentration. By varying one of these and keepin er variables constant, the
effect on rate can be studied.
The inverse of the time taken to obscure the cross is t; measure of reaction rate used f
in this experiment. Reaction time and reactim%e inversely related.
(a) Effect of concentration -
The concentration and volume of the hyi loric acid solution used in this experiment .
are kept constant in order that only ope varable (i.e. the concentration of the sodium % | @,
thiosulfate solution) is changed. % -,_"ﬁ.:g "
AR
Chemicals needed % Equipment needed A%
0.1 M sodium thiosulfate solution Conical flasks L
Dilute hydrochloric acid (3 ! Graduated cylinders - r(
Stop-clock
Procedure h
MB: Wear your safety glasses.
1 Place 100 cm of 118 Sogidm thiosultate Sodium thiosulfate solution |
solution inte a canical flask” and hydrochlors acid g
2 A.mwi:m*ﬂ%mhluﬁca:id to o
the fi swirlywhile starting the ot 4
stop- samea time. ~ T ?
3 Place the flask on a piece of white paper : ;
marked with a cross. | \
4 the tlock when the cross disappears | /
etely and record the time taken. | /
t the experiment using 80 cm® of fop view
sodium thiosulfate solution mixed with —t . i ‘1' .
‘White paper marked

water 1o make the valume up o 100 cm?,
Repeat using 60, 40 and 20 cm” of sodium Figwe 6.6
thinsulfate solution respectively in tarn.

T If the initial sodium thiosulfate
conceniration s 0.1 M, subsequent concentrations will be 0,08 M, 0.06 M, 0.04 M and 0.02 M

respectively.

with a cross

2
Ty,
N
S
.\_\_\_‘
o

s

111 f"d‘
Iy |l’.r|'-"|‘.".r’l,.f;
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Ay
g &  PRecord the results in a table similar to the following: \QQ;;‘
: Concentration of thiosulfate Reaction time (sec Rate of reaction (sec™'
g8 ancentrati i i n time (56c) ate of reaction e
“;E 0IM
0.08 M
= .08
0.06 M
0.04M ‘A
0.02 M
9 Draw a graph of reaction rate i.e. 1/time (vertical axis) against concentration of thiosu ﬁulim
(horizontal axis). o
% B
. QUESTIONS 'N
S
4 Name five factors that can affect the rate of a chemical reaction.
5  Agraph of volume of hydrogen gas produced in the i nesium with hydrochloric acid
" is shown in the diagram.
4 ‘ Draw a rough sketch of the graph in
40 . ! : . copy. Mark on the graph
g (a) the region that represents the
E greatest rate of reaction,
@ E 20 (b} where the reaction has ended.
_ E' g What difference would you expect
B\ § s ol in the shape of the graph if the
.“#«" g1 concentration of one of the reactants
R £ 9 had been increased?
6 T

6 hmmmmﬁmemmmlinamﬁiﬁam.
Each of two beaks ins 25 cm’ of 30-volume hydrogen peroxide solution. Al the same

ey instant. 1 gram dinxide is dropped into each beaker and beakers are swirled. In
beaker A the mang wide is in the form of a single lump and in beaker B it is in powder
form.
r f
1goim 1 g of powdered
dioxide i manganase dioxide

ning 25 cm® of hydrogen peroide solution)  (containing 25 cm?® of hydrogen penoxide solution)
gure 6.8 Figure 6.9

In which beaker will the bubbles: (a) be produced more vigorously, (b) cease being

produced first? Explain your answers.

&  Explain why reactions between ionic compounds in solution are generally Taster than reactions
between covalent compounds. _/.

Beaker A _Iﬂaaf‘herﬂ
Ko

¥

s

B
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6.6 Catalysts

Catalysts are often transition metals or their compounds, which speed

1005
in solution or in the gas phase. Catalysts are extremely important @\iml
n

manufacturing. They work by lowering the energy needed to s - the
activation energy = so the operating temperature can be lowered and ¢ duced as

a result. Catalysts are also important in laboratory reactions a organisms.
Manganese(IV) oxide catalyses the decomposition of h}fdmgw into oxygen
and water. In this reaction, the catalyst is in a different phase reactant. This
tvpe of catalysis is heterogeneous. Mormally heterogeneous is invalves a solid
catalyst and liquid or gaseous reactants. *

Further examples of heterogeneous catalysis inclu h}"dﬁlﬁﬂﬂ of ethanol to
form ethene with aluminium oxide, Al;O,, as catalyst

- Q

CHOH; -+ CHy,+ HO,,
and the use of iron as catalyst in the man f ammonia from its elements
Frai
Nliﬁl + BHHK\'I . ZNHgm 9
In homogeneous catalysis the lyst is in the same phase as the reactants. For
example, aqueous potassium iod ution catalyses the decomposition of hydrogen
peroxide to water and oxyger:

Kl
HyOy,yy H‘:Gm%lu

The reactant and &Qst are both in agueous solution.
Enzymes act as catalys living Types of catalyst

systems. Part ﬁ:zymm often Heterogeneous Homogeneous
containingfa tra metal ion, is Reaction occurs at Al r::o'cimﬁ and
the activéisi the reaction a surface catalyst are in the
takes place. same physical stale

rmful peroxides. It decomposes 0 0 o
rogen peroxide, lowering the W '
ctivation energy from 75 k] mol™! o

for the uncatalysed reaction, to 0

23 Kl mol.

|

|

|

1

I

|
Catalase 95 an enzyme found [
in livers of mammals and : o 0
i onsible for decomposing | =

|

|

|

|

|

|

Figure 6.10
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Rates of Reaction

Zymase is the collective name of a series of enzymes found in microscopic fungi called
yeasts. Zymase helps control the fermentation of sugar to alcohol in the production of
aleoholic drinks.

i,

Autocatalysis occurs when a product of a reaction increases the rate of the t‘e:--::lt:m h:# F

example, in the reduction of manganate(VIID) ions as in:

. T

MnQu-,, + 8H",,, + 5Fe®,, = Mn*", + 5Fe_, + 4H,O, ‘3

g
the Mn®,; ions produced catalyse the reaction. The first few drops of thegurple MnO,
jsq S0lution added to the Fe*,, solution are decolourised slowly, ‘h"'hl.l.[' SH suqucnt
drops are decolourised rapidly. The Mn®_ formed by the initial biuu. reachion catalyses
the subsequent reaction, the rate of which is increased. rF_

Fifure g.n ;
In a FEaktion with autocatalysis, the
winitial rateof reaction is siow, but

iMeheages once the catalyst i formed
in the reaction

Product concentralion —»

The effect on reaction rfa;tf_:_;uf a catalyst

Hydrogen peroxide demmﬁ,men. into water and oxygen gas. The reaction proceeds
extremely slowly in the ;l'lﬁm;ct- of a catalyst. However, if a few grains of manganese
dioxide are ad d-:d, buhhi_g's of gas are immediately formed.

S

"IIU;,,,C'_ U '+2II_-U,!,

Chemicals nee&eﬁ Equipment needed
20 volume derul,!:n peroxide (= 250 cm?® beaker
Man gu}u-w dioxide powder E Spatula

| G5 GHEM G210 55 Miod 8 s 138 @.
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Procedure
MB: Wear your safety glasses.

1 Place about 25 cm® of hydrogen percxide solution in the beaker. Note that there is no significant
of bubbles.

2 Using the spatula, sprinkle a few grains of manganese dicxide on the surface of the h
Mote that a vigorous reaction takes place, with the production of bubbles of gas.

[ ]

‘4

2

Figure 6,12 %

6.7 Everyday and ifidustrial uses of catalytic

chemistry in stan.
Even the most efficient of m car engines produce pollutants, which are found
in their exhaust emissi mongst the pollutants are carbon monoxide, nitrogen

monoxide, and unburmed hvdrocarbons.

+ 840y, —+ 8COy, + 9H,O,

why running a car engine in an enclosed space may be lethal.
oxide prevents the haemoglobin in the blood from transporting
potentially fatal results,

o Carbon mongxide rmed by the incomplete combustion of petrol vapour:
‘3&2

o Nitrogen monoxide is formed when the spark from the spark plug causes the
Emlﬁir mixture to explode. The very high temperature of up to 2500 "C causes

gen and oxygen from the air in the mixture to react. Nitrogen monoxide is

ed:

N + Oy > 2ZNOy,
Nitrogen monoxide reacts readily with oxygen to form nitrogen dioxide, which in
turn reacts with water to form nitric acid:

ANOyg, + 2H,Opy + Oy, — 4HNO,,,

G5 GHEM (10 G5 Mod 6Lissd 139 o)



3%

o These reactions occurring in the atmosphere cause acid rain. In sunlight, nitrogen
dioxide also reacts with hydrocarbons and other volatile organic compounds to

form an irritating photochemical smog. *
o Incomplete combustion of petrol vapour, as well as producing carbon mmiQ

can result in unburned hydrocarbons being emitted. These can act as gmge

gases and form smog, while some of them are toxic.

i 3 &
Catalytic Converters
The introduction of tax regimes and the adoption of international emissions standards
has led to a sharp increase in the number of vehicles fitted with verters

in their exhaust systems. The catalytic converters help to reduce the em of gases

such as nitrogen monoxide, carbon monoxide and hydroca catalyst in the
converter speeds up reactions that have the effect of reducing a ric pollution,

and the catalyst remains unchanged at the end of the reacti

re of transition metals - platinum, rhodium and palladium, in the
owder. The catalyst is spread in a very thin layer over a ceramic
11 of tiny holes that provide a large surface area.

support material

L
Mth$t is solid and the reactants are gaseous, this is an example of heterogeneous
catal

—
(S GHEM G210 55 Micd 8 s 140 @ 214419 12T PM



Reactions catalysed
o Carbon monoxide is converted into carbon dioxide by reaction with oxygen:

CO, + %Oy, —+ COyy
o Carbon monoxide is also converted into carbon dioxide in a reaction with ni ' g I

monoxide:
ZCDM] + ENDM] o E.CD;[;F . Nw ?
o This reaction has the advantage of reducing the pollutant nitro oxide to

mo
nitrogen gas. By catalysing both of these reactions, the mnveﬂhnvea two

pollutants quite effectively from exhaust gases.
o Unburned hydrocarbons are also oxidised to carbon dioxide an ter, e.g. octane:

CeHg +124600,, —+ 8COy, + IH,O,,, Q
™

Environmental benefits N
o Prior to the introduction of catalytic converters; vehicles were responsible

for about 90% of all emissions of the toxic gas, carbon monoxide. Since their
introduction in many countries, emissions o onoxide have approximately
halved despite an increase in the number of ve on the road.

o The amount of nitrogen oxides emitted has been reduced greatly. This has
removed one cause of acid rain.

o The emission of other toxic gases s unburned hydrocarbons has also been
reduced, bringing about a further im ment in air quality.

Catalysts and industry in Kagﬁtan

Catalysts are crucial to many diff types of reaction used in industrial processes but
particularly important in the mn&eﬂnlwm industry in Kazakhstan. Catalysts are
often used to accelerate reaction rates and remove hazardous sulfur and arsenic from
crude oil and also in processm)wn as fluid catalytic cracking (FCC).

Fluid catalytic cracking C) is one of the most important conversion processes used
in petroleum refineries, ﬁ'acking of petroleum hydrocarbons was originally done
by thermal crﬂki:ﬁ‘ as been almost completely replaced by catalytic cracking

because it produ gasoline with a much higher octane rating. The process

also produces by ses that have more carbon-carbon double bonds and can,
therefore, be t into more useful products than the gases produced by thermal
cracking,

In the F ess crude oil with an initial boiling point of 340 “C or higher at
atmosphe ure, known as heavy gas oil or vacuum gas oil (HVGOY), is fed in and

this feedstock’is heated to a high temperature and moderate pressure, and brought into

contact with a hot, powdered catalyst. The catalysts used break down the long-chain

mo of high-boiling hydrocarbon liquids into much shorter molecules.

portant uses of catalysts in industry are the use of the catalyst vanadium

entoxide to reduce sulfur emissions in power plants; the use of phosphoric acid in

e production of ethanol and the use of iron and potassium hydroxide in the Haber
for the production of ammonia.

¥ 8

>

-
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9 Explain what iz meant by a heterogeneous catalyst, and give an example.
10 Why ane catalysts of economic importance in industry? Give an example of an ind :
11 Explain what is meant by a homogeneous catalyst, and give an example. :q

12 Give two examples of enzymes as catalysts.

13 Explain what is meant by the term autocatalysis.,
14 Name two elements commonly used in catalytic converters. %ﬁ
15  Name two substances produced by car engines that can be substances

by catalytic converters.
t\_ 16 Wmﬁmmmammf&

L
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Chemical
Equilibrium

Learning {}b}LCfl‘é.g..b

o To observe thmugh expl!rihmnt the impact of different factors on equilibrium

shift [[0331] r
. V)

o To predict the Jmf:tct of d'mnhl. in temperature, concentration and pressure on
chemical equili rll‘l.ﬂ‘l (TR

o To make L-].-IL ulan&]ﬁ. related to the equilibrium constant 10333

F

SR,
[ 143)
Ly
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7.1 Reversible Reactions and Dynamic Equilibrium h

Ammonia (NH,) is an important industrial chemical that is used, for example, in "
manufacture of fertilisers. It is manufactured by reacting nitrogen with h}rdmgb

N, + 3H, = 2NH, Q

[ ]
The = symbol indicates that the reaction is reversible; it can go in either di :
If ammonia gas is placed in a closed container at 700 K, it demmpo&\g the
gaseous products, nitrogen and hydrogen:
INH, *N,+3H, (1) %

L N
The breakdown of ammaonia is never complete. \
H,

5

\
/f’ & ::'n_
=

—*

Figure 7.1
When ammaonta breaks reaction does not go 1o completion
If a mixture of nitrogen gas drogen gas is placed in a closed container at 700 K,

nitrogen molecules and hE molecules only are present initially.

As they react forming a molecules:
Ni + 3H= & {2}

the concentridtions &f both nitrogen and hydrogen decrease, while the concentration
of ammonia in . The conversion of reactants to products is never complete no
matter how lmg the reaction is allowed to continue.

mﬁwwen they level off and become constant.
) is clearly the reverse of reaction (1); since (1) and (2) both occur to an
@able extent, they are reversible and may be written:

Q

N, + 3H, = 2NH,

G5 GHEM (10 G5 Mod Tisd 148 o) 40 1 P



Reactions (1) and (2) do not go to completion. In each case, the reverse reaction will *I
always also occur to an appreciable extent.

O
Bl ™~ H, | «— Equiibrium concentgation o
E Hﬁ:—,, Equilibrium concen mimonia
%»"‘-—— N, 4 Equilibrium tion of nifrogen
Time —»

Figure 7.2
Concentrations of nitregen, hydrogen and ammanis level off 1o equilibriem values

L]

When the concentrations of reactants (N, and H.) &ﬂ (WH,) have become
constant, a state of chemical equilibrium is said to have ched. This is a dynamic
equilibrium; even though no reactions appear ing, there are in fact two
reactions continuing to happen.

S
O"'._'O"'Q,O"'o Q Hyrogen moecule

@ Nitrogen molacule

2:9:9:929+0 >
Figure 7.3

nmmmamm.mwMumm

To see why chemical uh.tm is dynamic, consider what happens from the time that
nitrogen and hydro introduced into a container (which is then sealed) at 700 K.
The rate of the ion

M.+ 3*—”1
d ntrations of reactants, M, and H,, decrease. The rate of the reverse
reaction

PO
S
S
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A

increases as the concentration of NH, increases. At equilibrium, the rate of the forward
reaction equals the rate of the reverse reaction. This is why the concentrations at
equilibrium remain constant. *

Atequilibrium, the amounts reacting per second of nitrogen and hydroge
atany given time equal the amounts being formed per second of nitrogen and hyidrogen.
At equilibrium also, the amount of ammonia decomposing per issequal to the
amount being formed per second from nitrogen and hydrogen.

7.2 Equilibrium Constants IQ

In the reaction b
H, + 1, = 2HI %
as much hydrogen iodide is decomposing at equilibrium as is being formed, and so the
Lh‘g

concentrations of all three substances
at a constant temperature of 764 K nf&

nstant. The equilibrium concentrations
species, for a number of sets of different

starting concentrations, are givenin T 1. The square brackets denote concentrations

in mol 17,
® - .° b
' & )
1 What is meant by reaction? Give an example of a reversibla reaction.
What is meant by a dynamic equilibrium?
3 Atequil
=2

of the forward reaction compare to the rate of the reverse reaction?
4 Inthe

258 + 0,= 230,
&smmﬂmmm:m«mw

equilibrium is reached in the reaction
N; +3H, = 2NH,
why is the equilibrium described as dynamic equilibrium?

i GHEM (10 G5 Mod Tisd 148 o) 40 1 P



[Hy] =10° [L]x10° [HI=10° [HIJ? Ny g
W] = [1.] E

1.894 1.896 12.83 45.9 "l _E
2.265 2.340 17.15 45,7 E
=

1.699 4.057 17.79 457 “e 3

2484 2 614 16.95 46.0 N
1971 1,981 13.42 @

Tabde 7.1

?'f'éci'."-
W)
Although these equilibrium concentrations are all different™there is a constant
relationship within the limits of experimental error that hélas here, namely

. et k4
[Ha] = [L] A

where the square brackets denote concentrationsig mol 17,
.
Nt

A similar type of relationship holds [;;rmther reversible reactions at a specified

temperature. For example, in the & /8
reaction of nitrogen and hydrogen 3?3@

forming ammonia {_a. /,.1
o?
M, + 3H, = 2NH, ™ 200
'»'.“_-'v;
& = l;'l,'lﬂ@lﬁ' " F== ]
[N,] x [H,] ./ . 250

B
In general, if m moles nl"}ﬁ“‘rpn,t with

n moles of B furmlrﬁrp moles of C
and q moles of [ 1«\ :',

150
m*"”#wﬁ**ﬂ” 35 40 45 50 55 60 65 70

i
(= L T . Figuee 7.4
uqui]ib:m%?_ - K. at  Thestraight ine graph indicates that [Hijt
AJ™ = B]"
g '_ 5] Hal = [1]
uth?'nKt is a constant, called the
eg‘i_ﬂqﬁrﬁum constant in terms of molar concentration. Mote that the multiplication

= constant

sign 15 usually omitted:
F

o
AS Y [CrDB
& [A]™ [B]
¥
4 ™% This relationship is known as the Equilibrium law.
donds,

&
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E The magnitude of the equilibrium constant gives an indication of the position of
E equilibrium. A large value of K_ indicates that at equilibrium the concentration of
= products is large compared to the concentration of reactants, For example, the value QI
l§- K, for the reaction y
E H, + ;= 2HI .
E - - "
(] -
at 764 K is 45.9. This indicates that HI predominates at equilibrium at this ¥emperature.
A small value of K, indicates that at equilibrium the concentration of preducts is small
compared to the concentration of reactants. For example, the value of Kifor the reaction
N + 3H, = 2NH,
at 800 K is 0.03. This indicates that there is relatively little Hlll plt:a.ent at equilibrium
at this temperature.
The value of the equilibrium constant K depends on tt_fu-te.mﬁemtu re, as indicated in
Table 7.2. If the forward reaction is exothermic, the equilibium constant decreases as
the temperature rises, If the forward reaction is undathermlc, the equilibrium constant
increases as the temperature rises
N, + 3H, = ZNH,
Forward reaction exothermic
Temperature K. Temperature K.
400K 43,900 %m K 0.0000000551
500 K 4.03 @ 400 K 1.46
B00 K 0.03 I GO0 K 362
Table 7.2 v
Effect of temperature changes on HGJIH.IES at -aEmncspheru: pressure
- s
¢ EXAMPLE 7.
Write an ex fior the equilibrium constant, &, for the following reversible reactions:
i) N,0, = 2N,
i 2N§3 =N, + 3H,
a) [HUE]? b) K IH;I'] [I"I:]!
\__4 T Mol T WF >,
148
_4

| S GHEM G210 55 Miod 7.l 148 @.
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b

QUESTIONS «Q i
Y

What does a large value of K, indicate concentrations of species at equilibrium?

If the value of K, increases as the increases, what does this indicate?

Write equilibrium constant each of the following:

a) 2ND + 0, = 2N0, 1 280,=250,+0,

b) POl =P, + G, Q a) Col> + 6H,0 = CofH,0)* + 4CI

¢) CH,COOH + C,H.OH C.H, + H0 h) Cr07 +H,0= 20102 + 2H-

d) 250, + 0, = 250, i) Fe™ + CNS- = Fe(CNS)*

g CO,+H,= i 4NH, + 50, = 4NO + 6H,0

4

7.3 Calculati f Equilibrium Constant Values
If the equilibriu gmﬁuns of all species in a given reaction are known, as in

Example 7.2, ﬁ*ibrium constant value may readily be calculated.

7.2

<

v

In & reaction at a particular temperature between sulfur dioxide and oxygen forming sulfur trioxide

250, + 0, =250,

it was found that at equilibrium the concentrations of 50, 0, and 50, were 0.07 mol |7, 0.035 mol
- and 0.03 mol F* respectively. Calculate the value of the equilibrium constant (K) for this reaction

at this temperature.

Answer

RS . ..
[50.J°[0,) (0.074(0.035)

=525 mol|

G5 GHEM G210 55 Miod T.incd 143
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To find the value of the equilibrium constant for a reaction, it is usually necessary to
calculate the equilibrium concentrations of all the species first.

EXAMPLE 7.3

Chemical Equilibrium

-

1120 cm of hydrogen (measured at s.t.p.) were placed in a 2-litre flask with 12.7 g of idd Tha

flask was sealed, heated to 700 K, and allowed to come 10 equilibrium, The mass of n-_rn

formed was found to be 10.24 9. Calculate the equilibrium constant (K] for this re w
Answer

The equation for the reaction is: H, + I, = 2H
Amounts present at the start of the experiment:

H I, HI
1'120!224{!{] moles 12.7 | 254 moles 0 moles

= (.05 moles = .05 moles \

Males of hydrogen iodide present at equilibrium = 10.24 / 128 males = 0

From the equation, two moles of HI are formed when one m with one male of 1.
Therefore, 0.08 moles of HI are formed when 0.04 moles of H, re ith 0.04 mokes of I,
Amounts present at equilibrium:

H, L, H

0.05 = 0.04 moles 0.05 = 0.04 moles 0.06 moles

= 0.07 males = 0.07 moles

Concentrations in mol I-' present at equilibriums

[Hd 1] b [Hi]

0.01 f 2 = 0,005 nMmi2=0 008/ 2=10.04

50 far in the calculation:

The following table summarises the

Initial amount  0.05 moles 0.05 moles 0 moles
Change — 0.04 moles — 0.04 modes + 0.08 moles
Equilibrium 0. 0.01 moles 0.08 moles
amount
Equilibrium ﬂ.um mal I 0.0142 = 0.005 mol ' 0.08/2 = 0.04 mol I-*
COnNCen
(0.04°
= 64
EHJ, ] 0,005 = 0.005

_/

“"h

“.h

@

‘(r\-.
In rm@l&le reactions where neither the forward nor the reverse reactions causes a
chapge in the number of molecules present, it is possible to calculate the equilibrium
c t even if the volume of the equilibrium mixture is unknown, using the method

nin Example 7.4.

| S GHEM G210 55 Miod 7.l 150 @.
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-
EXAMPLE 7.4
.

Ethanol reacts with ethanoic acid as follows:
CHOOOH + CHOH = CHCOOCH, + HO
Ethanoic acid Ethanal Elhyl ethancate  Water Q
In an experiment at 373 K where the initial amounts present were *
Ethannic acid Ethanol Ethyl ethancate  Waler w

180 g 138 g 0g 0g Q
it was found that 46 g of ethanol remained at equilibrium,

Calculate the equilibrium constant (K) for this reaction at 373 K.

Answer ¢
The equation for the reaction is: N

CHCOOH + CHOH = cﬁlcuum 0

Amounts present at the start of the experiment:

CH,COOH {:,H.0H CH,CO0C H,
180 /60 moles 138 /46 males 0 moles 0 maoles
= 3 moles = 3 molkes
Al equilibrium, there is 46 g of ethanol = obe of elhanol.
This means that two moles of ethanaol ed. From the balanced equation for the reaction,
this means that two moles of ethanoic aci also consumed, and that two moles of ethyl
ethanoate and two moles of water w
Amounts present at equilibrium: @
CH,CO0H C,H;0H L,CO0C,H; H,0
1 mole 1 mole % 2 moles 2 moles
Let V litres be the lotal of the mixture at equilibrivm.
Concentrations in mol 1! at equilibrium:
[CH,CO0H) %Hl [CH,COOCH]  [H,0]
1/¥ 1f 2y 2y
The followingA@ble Summarises the steps taken 5o far in the calculation:
C.H.O0H CH,CO0CH,
3 moles 3 moles 0 moles 0 modes
= 2 moles - 2 molés + 2 moles + 2 moles
Fitanm 1 mole 1 mole 2 moles 2 moles

amoasnt
i

Equilibrium 17V mal I 1.V mol I 27V mol I 24V mol I!

concentration
Since the V values cancel,

[CH,CODC,H,] [H.0] (22 1)
[CH,COOH] [C;H,0H] (171 1)

S CHEM G210 58 Mo 7 s
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Chemical Equilibrium

. QUESTIONS

9  Inareaction at a particular temperature between nitrogen and hydrogen forming ammionia

N; + 3H, = 2NH,
it was found that at equilibrium the concentrations of My, H, and NH, were 0.06 mu"",
1! and 0.02 mol I respectively.
Calculate the value of the equilibrium constant (K) for this reaction at this temperature.

10 Four moles of COCI, are placed in a 4-litre flask at 668 K. The following r ’
COCl, = CO + Cl,

and, at equilibrium, 1.6 moles of COCL, remain. Calculate K for the reactign.
11 In the reaction &
C,H,CO0H + C,H,0H = C,H,C00CH, + H,0 N

at 473 K, it is found that if an initial mixture containing 2 MNWUUH and 2 males of

C;H0H is allowed to come to equilibrium, 1 mole of C.H,COOH remains, Calculate the equilibrium
constant for the reaction at 473 K.

12 Calculate K for the reaction

CH,COOCH, + H,0 = CH,CO0H + CH,0H g
if an initial mixture of 7.4 g of CH,CO0CH, of yields 4.0 g of CH,CO0H at

equilibrium. _,,/"

7.4 Calculations of Equili@m Concentrations

Once the value of the equilibrium co for a reaction at a particular temperature is
known, it can be used to calculate the eguilibrium concentrations of all the species in
the reaction, provided only that Wnina] concentrations are known.

In examples of this type, a quadratic equation in terms of x will usually be arrived at
during the calculation. Foraq atic equation ax? + bx + ¢ = ), the value of x is found
using the formula

Two different ##lues ofx will usually be obtained, one of which (often either a negative
valueoraw h is too large to be possible) will have to be rejected.

p
A

PLBT.5 .

; i5 0.04 mol I-*. it 1 mole of phosphorus(V) chioride is heated in a closad 10-litre vessel at 523 K,

chloride decompaoses into phosphorus(lif) chioride and chioring at 523 K according to

equation;
The equilibrivm constant in terms of molar concentration (K) for the reaction at this temperature

calculate the concentration at equilibrium of phosphorus(V) chioride, phosphorus(il) chioride and
chioring respectivaty.

4

&
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'C EXAMPLE 7.5 (cONTINUED)

Answer The balanced equation for the reaction is
PGI;!._—.PuJ o cl:
Amounts present at the start of the experiment:

PCl, FCl, Cly
1 male 0 moles 0 moles

Amounts present at equilibrium:
PCl PCl
1-x moles x moles

The volume of the reaction vessel is 10 litres.
Concentrations at equilibrium:

[PCL] [PCL]

(1-x )/ 10 modes |- i/ 10 mobes |

The following table summarises the steps taken =0

Assume that x moles respectively of PCI, and €1, are formed at equilib
equation, this means that x moles of PCI; are used up when equilibrivm is r i

wnuguinb3 [ealwayy

g

balanced

Ch@

0.01x* —x) = 0,004 — 0.004x
0003 + 0 =0.004 =0

+ + [0.000016 + 0.00016]) / 0.02
= (<0.004 =y [0.0001786])/ 0.02
(-0.004 +0.013)/0.02

= 0,009 /0,02 or -0.017/0.02
= 0,45 or —0.85
The negative value of x, -0.85, can be disregarded,

Concentrations at equilibrium:

[FCIL] [PCL]
(1= /10 moles ! i/ 10 moles |-
= (0.055 moles 1! = (.045 moles I'

Initial amount 1 mole ' 0 moles 0 moles
Change =X + 1 mobes + x moles
Equilibrium amount 1-5 ¥ moles x moles
Equilibrium concentration 10 moles =" x /10 moles I x/ 10 moles I
K=004mil" = Qmu % [Cly]
[PCL]
Substituting values equilibrium concentrations:
1 1
0.04 mol I-' 4 c ol ) ol [T
[PCL 0.1(1-x}

rula x = (= b =/ [b* = dac]) / 2a, we oblain:

[CL]
%/ 10 moles |-
= 0.045 moles I
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Chemical Equilibrium

In reversible reactions where neither the forward nor the reverse reactions causes
a change in the number of moles present, it is possible to calculate the equilibrium
amounts of all species, even if the volume is unknown, using the method shown i

Example 7.6,

ExAMPLE 7.6

&

The value of K, for the reaction

CH,CO0H + CH.0H = CH,CO0C.H, + H.0 q
is 4 at 373 K. if 10 moles each of ethanoic acid and ethanol are allowed to react at 373 kK'in a sealed

tube, how many moles of ethyl ethanoate and water respectively are formed at @quilibrium? How
many moles of ethanoic acid and ethanol respectively remain at aquiﬂ:ri“n?

Answer Let Vlitres be the total volume of the mixture at equilibrium. w x moles of elhyl
ethanoate and water respectively are formed at equilibrium.

CH,CO0H CH,CO0C;H,

Initial amount 10 maodes 10 males 0 mriole ‘ 0 moles
Change - x moles - x mokes # + % moles
Equilibirinam 10-x moles 10-x moles S X moles
amaout
Equilibrium (10-x) /¥ (10-x) /¥ Iy XV
concentration q

[CH,COOC,H,] [H,0] % X/ Vipe/ V) !

[CH,COOH] [C;H-OH] (10=x) / V[ 10=x) / V)

Since the V values cancel, @
(x)
ﬂ: =
(10~ 10-?

From this the following equation is oblained:
3¢ — Bl + 400 =0
X =667 or20

males of ethyl ethancate or water formed, x = 20 is impossible, since the
les each) of ethanoic acid and ethanol are not capable of producing 20 moles

d water respectively.
m:

C,H,0H CH,C00C,H, H,0

3.33 moles A = 6,67 moles 6.67 moles

| S GHEM G210 55 Miod 7. 154 @.
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14

15

16

At 760 K, the value of K_ for the reaction

PCl, = PCI, + Cl,
is 33. Cabculate the equilibrium concentrations of all species if 10 mula-s of ina

1-litre flask at 760 K and aliowed to reach equilibrium. N
For the reaction

Hy + €0, = H,0 + CO Q
at 1200 K, the value of K, far the reaction is 1.40.

Calculate the concentrations of all species at &quilitu'ium after @m‘ H,0 and 1 mole of CO
react together in a 4-litre fiask.

Ethanoic acid reacts with propan-1-of at 373 K ammdlnqumhm
CH,COOH 4 GyH,0H = CH,CO0GH, + H.0

If the equikbrium constant for the reaction at this erature i5 6.25, calculate the equilibrium
amounts in moles of all species when 210 g and 210 g of C,H,0H are placed ina

flask at 373 K.
Benzoic acid reacts with ethanol at 473 V? 10 the equeation
C,H,CO0H + C,H.0H = CH.CO0GH. +
If the equilibrivm constant for th at this temperature is 2.73, calculate the equilibrium
amounts in moles of all species of C.H,CO0H and 3 moles of C,H,0H are placed in a

2 %I_—F.'r

. QUESTIONS "

N

e

wnuguinb3 [ealwayy

flask at 473 K. q 3

e

7.5 Le Chatelier’s Pr‘iﬁgiple

What happens when a I.I'Il.ﬂ%‘ll-%:}‘phm at equilibrium is disturbed, for example by
changes in temperature @r pressure or in the concentration of one of the chemical
species present? This 5itf|ﬂl;‘p is governed by Le Chatelier's Principle;

155

Le Ch rinciple

When

at equilibrium is subjected to a stress, the equilibrium
a way as to minimise the effect of the stress.

Applying this principle enables us to predict correctly the
effect of changes in individual variables (temperature,
concentration, catalyst, etc.) on the equilibrium.

Henri Le Chatelier was a French chemist whese principle guided chemists in
producing industrial products with a minimum of wasie,

&
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A

(a) Changes in concentration of one species b
In the reaction

H, + I, = 2HI Q
at 763 K, the equilibrium constant
K P Lgso
RN &

If the concentration of H, is increased, when the mixture is at equilibrigm, the
equilibrium shifts in such a way as to minimise this change by usin ydrogen,
forming more hydrogen iodide (Figure 7.5). The reaction therefo 5 to go
preferentially from left to right, with the concentrations of hydwogen and iodine
decreasing and the concentration of hydrogen iodide increasing ﬁm equilibrium

value of 45.9 for K, is again reached. *

Mo, ——
Figure 7.5 D

If the concentration of 1, is increased, when ixture is at equilibrium, the reaction
also tends to go preferentially to the right, up excess iodine and forming more
hydrogen iodide (Figure 7.6). Again the e%ﬂ value of 45.9 for K_ is reached.

Htl, T}— 2Hi

&
If the concentration of HI , when the mixture is at equilibrium, the change

is minimised by the b ing"down of HI, forming more hydrogen and iodine
(Figure 7.7). The mac%ime& to go preferentially from right to left until the
H!i-l! é._ 2HI

equilibrium value of q 9 is reached.
Figure 7.7

L
A dec in the concentration of HI, when the mixture is at equilibrium, has the
a i t; hydrogen and iodine react forming more HI (Figure 7.8).
& H1+ Ii - IHI
& Figure 7.8
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A decrease in the concentration of Hz, when the mixture is at equilibrium, shifts the
equilibrium to the left; hydrogen iodide decomposes, forming more hydrogen (and

iodine) (Figure 7.9). : .
Hel, == M Q
&
Figure 7.9 N

A decrease in the concentration of Iz, when the mixture is at W’n, also shifts
the equilibrium to the left (Figure 7.10); more iodine (and hydrogen) is formed, as
hydrogen iodide decomposes.

L]

v

Mol

Figure 7.10 Q
N

(b) Changes in temperature Q

The reaction
H;+ 1, —+2HI @ AH = -12.6 k] mol™!
is exothermic, while the reverse @n
ZHI »H, + 1, @ AH = +12.6 k] mol™
is endothermic. If the erature is raised when the system is at equilibrium, the

extra heat is absorbed by ing the endothermic reaction, forming hydrogen and

iodine, to take place ntially (Figure 7.11). A consequence of this is that the value
of K, changes — m@itdeﬂm,

F el = W
&) s

&
Lo the temperature of the equilibrium mixture has the opposite effect. The
e ic reaction, forming hydrogen iodide, is favoured (Figure 7.12), as this

leases heat, counteracting the effect of lowering the temperature, Again the value of
changes - in this case, it increases.

e e —

Figure 7.12
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(c) Addition of a catalyst

A catalyst increases the rate of a reaction by lowering the activation energy for the

and so the rate of the reverse reaction is increased to an equal extent. Equilibri
at which the rate of the forward reaction equals the rate of the reverse reaction, is
therefore reached more quickly if a catalyst is added at the beginning of the r

If a catalyst is added once equilibrium has been reached, however, it has‘%ﬂ‘ect on

the equilibrium. The rate of the forward reaction will be increased to the same'extent

as the rate of the reverse reaction, and therefore the concentratio ies will
remain constant,

(d) Changes in pressure %

Pressure changes at equilibrium only affect gases. If the pr?z%nl‘ an equilibrium
mixture of gases is increased, Le Chatelier's Principle dicts that, if possible, the
number of molecules in the container will be reduced, tl&lcing the pressure. In

the reaction :
N;- + 3I12= 2MNH,

there are four molecules on the left and only two Qﬁght. If a mixture of nitrogen,
hydrogen and ammonia at equilibrium | jected to increased pressure, the
equilibrium shifts to the right, forming me monia. This counteracts the effect of
the increase in pressure, as the number n%ﬂf es present is reduced (Figure 7.13).

If the pressure of an

H_ngenm cquilibrfum mixture of

firogen molecula gases is decreased, Le

Ammonia molecule  Chatelier’s Principle
@ predicts that the
disturbance will be
minimised, if possible,
by reactions occurring
which increase the
number of molecules
in the container, thus
increasing the pressure.
If a mixture of nitrogen,
hydrogen and ammonia
at  equilibrium  is
subjected to decreased
pressure, the equilibrium
shifts to the left, forming
more nitrogen and
more hydrogen. This
counteracts the effect
of the decrease in
pressure, as the number

| " v A anilacien Ao bedamed. pf mulucule_s present is
The number of ydrogen molecules and nitrogen molecules decreases accordingly. increased (Figure 7.14).

e 7.3
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reaction. The activation energy for the reverse reaction is lowered to the same ext%
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Increasing or
o H?'dm" ook decreasing the pressure
@ hitrogen molecuie on a mixture of gases at &
@ Ammonia molecule equilibrium doe

always have an e
however.
-~

+ 1, = 2HI
th&mm& number

ﬁlmles on the left
a the right. If bwo
olecules of hydrogen
indide break down,
two molecules - one
of hydrogen and one
of indine - are formed.
Increasing or decreasing
the pressure on an
equilibrium mixture of
hydrogen, iodine and
hydrogen iodide has
therefore no effect.

Figure 7.14
Decreased pressure causes more hydrogen molecules and nitn
formed. The number of ammonia molecules decreases gurespont

(e) Changes in the volum e container
Increasing the volume of the conta for a mixture of gases at equilibrium causes a
decrease in pressure. In the i

N, + 3H, = zmn&

the equilibrium shi left, forming more nitrogen and hydrogen.
In the reaction

Hz + Iz *
there is n the equilibrium.
Decreasing the volume of the container for a mixture ufga.ses at equilibrium causes an
inc in‘pressure. In the reaction
é} + SHz - 2NH3
equilibrium shifts to the right, forming more ammonia.
the reaction

& Hz""Iz-v—-—ZH[

there is again no effect on the equilibrium.
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Increase in concentration of X

Type of stress Resultant change

Chemical Equilibrium

Table 7.3 summarises the changes at equilibrium predicted by Le Chatelier’s Principle
(X refers to one of the components of the equilibrium mixture).

Reaction that removes X s favoured "
Reaction that forms X ks favoured & e

Decrease in concentration of X
Ingrease in temperature Endothermic reaction is favoured N
Decrease in temperature Exoffermic reaction hw
Increase in pressure Reaction that produces is favoured
Decraasa in pressure Reaction that e i favoured
Adding a catalyst Mo change WZLK

Table 7.3 4

QUESTIONS 0 i)
_/
17 In the reversible reaction Q
COC,=C0 +Cl,
AH is negative for the forward reaction, @mum. what is the effect of:
a) raising the temperature % d) increasing the volume of the container
bj increasing the pressure g} adding a catalyst
€) removing some GOCL, fi adding some CL?
18  What is the effect at equilihiu@
g) decreasing the volu the container g) raising the temperatura
b) decreasing the pressura fi removing O,
¢} lowering the (] g} increasing the pressure?
d) adding HCI
inthe r
4HEL+ 0, I, + 2H,0 AH = 110 kJ mal-,
19 In reaction
H, + CIF= ZHCI

in whigh the forward reaction is exothermic, what is the effect at equilibrium of

lowering the lemperature €) decreasing the amount of HCI
lowering the pressurea fi decreasing the amount of H,
¢} making the reaction container smaller 0) decreasing the amount of CL?
d) decreasing the amount of catalyst
In the reaction

CH,CO0H + C;H,0H == CH,COOC.H, + H,0

concentrated sulfuric acid is used as a catalyst and as a dehydrating agent. What effect will the
addition of sutfuric acid have on the system at equilibrium?

J

(9
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EXPERIMENT 7.1

Simple experiments to illustrate Le Chatelier’s Principle

The effects of (i) concentration changes, and (ii) temperature changes, on the iibrium
between Fe™ and Fe(CNS)* W

(i) A solution of iron{Ill) chloride reacts with a solution of thiocyanat# % ollows:

wnuguinb3 [ealwayy

Fetiag + CINS aq = Fe(CNSF g

vellow red

Adding hydrochloric acid reduces the concentration of F03+%Urming a complex
ion containing iron and chlorine. This causes a shift ﬂ?%bﬁrium to the left. The

equilibrium can be shifted to the right-hand side by ndﬁ potassium thiocyanate

solution, This experiment is used to demonstrate the effégts of concentration changes
on an equilibrium mixture,

Chemicals needed Equij meRt needed

Concentrated hydrochloric acid B Baili bes and racks

Iron{lll) chloride solution (0.01 M) Drre g pipettes

Potassium thiocyvanate solution (0.01 M Rafety glasses

Procedure:

MNB: Wear your safety glasses. % @

1 Mix topether about 5 cm* respecti utions of inonfllly chioride and potassium thiocyanate in a
beaker, Nole the formation of the r ex. What does the fact thal the red colour predominates tell us
abowt the equilibrium?

2 Divide the mixture into three po separate boiling tubes, Keep one of these as a control. I i

3 Using a fume cupboard, e concentrated hydrochloric acid te the second tube until the red cokour
disappears. Explain why this :

4  Add an Equi'ualenta Mtwef water to the third tube, and compare. This comparison should indicate that
the extent of lightein@gidhe colour is not due fo a diluting effect.

5 Tothe munm%?m hy 48 potassium thiocyanate solution, Describe and explain what happens.

Buailing tube and solution

Figure 7.15
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(ii) In the equilibrium %

Fe*aq + CNSap = Fe(CNS) sy &

vellow red
the forward reaction is exothermic. If the temperature is lowered the equilibrium m
in the exothermic direction, increasing the amount of Fe{CNS)* present and
colour darkens, If the temperature is raised the equilibrium moves in the end@
direction, increasing the amount of Fe** present and the red colour ligh before

turning yvellow.

Chemicals needed Equipment needed
Concentrated hydrochloric acid B Boiling tubes and mcksv
Iron(I1I) chloride solution (0.01 M) Dropping pipettes

Potassium thiocyanate solution (0.01 M) Safety glasses

Ice-water 250 cm* beaker

L]
Hot plate N
Procedure: \

MB: Wear your safety glasses.
1 Mixtogether about 5 cm” respectively of solutions of iron{ll) ammmmmmm

beaker. Note the formation of the red complex. What does the red colour predominates tell us
about the equilibrium?
Divide the mixture into three parfions in separate Keep one of these as a control.
Stand one test tube into a beaker of water that is boiling point on a hoiplate, The red colour
lightens and then tums yellow. Explain why this

4 Stand a second test tube into a beaker of red colour becomes more intense. Explain why

s :
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Metals and
Non-metals

Learning objectived.”)

o]

2

Describe the atomic sl"l:mturu of metals and non-metals: atomic radius,
ionization energy, L‘ll‘:.l'l:ﬁ],]ﬁg’tl:ﬁ ity and crystal types [021Li1l

Predict periodic Eﬂ'&i" in properties of metals and non-metals and their
l:‘l.lmpuundl-. oz ll..

Describe g¢:1e:thmpq~rt1L$ of metals and non-metals 102113

Understand the atrmmn- of the reactivity series of metals 02113

G

Complete dumucal equations for reactions involving metals and non-metals

II"' i 'L ]
lm'usﬁ‘p,.'th: the chemical reactivity of metals, non-metals and metalloids 102118

Dt“vfl’lb&‘ occurrence of metals and non-metals and their compounds in nature

ﬁz:n

a, Cﬁnslder the ecological impact of certain metals and non-metals on the

GG CHEM G210 58 Mod & moed 163
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A

In Modules 1 and 4 we considered features of the atomic structure of elements and %I
trends in groups and across periods of elements in the periodic table. In this module

we consider further these kinds of distinctions in terms of the basic differences betw &
metals and non-metals, 6

8.1 Physical properties of metals and non-meta

&
The properties of metals are very different from those of non-metals. F mple,
metals are malleable, which means they may be bent or pressed into different shapes.
Metals are also ductile, and can be stretched to form thin wires,

The crystal lattice structure of metals represented in Figure 8.1 at metallic
crystals are arranged in close-packed, regular patterns of positive

together by delocalised electrons. This makes them both gonﬂ rmal and electrical
conductors and results in metals having typically high melting ts.

Figure 8.1 8.2
Metallic bonding

nts. The piece of jewellery is made of silver (Ag), the
pickel (N, the rod ks iron (Fe), the strip & capper (Cu), the
lump iz manganese (Mn) 2nd the grey lump is cobalt (Co)

The non-metals in the periodic ta shown in Figure 8.3 below. There are twenty-one
non-metals altogether.

?Q?
Sl

L
Many non-metals are liquids or gases at STP but
the crystal lattice structure of a non-metal
like

soli ine shows clear differences with metals. 3
“‘.
D :
Figure 6.4
The iodine crystal with the katfice points
occupled by molecules of lodine
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&

The bonds in such crystals are relatively weak, making them brittle in a solid state and
poor conductors of electricity with relatively low melting points. The weaker bonds of
non-metals generally result in low melting and boiling points. ¥

Non-metal Melting point *C Boiling point °C

Sutfur 113 445 J
Dieygan -218 -18?»
Chioring =101
Helium -272 —E%
Neon =249 @-ﬂ-ﬂ

- ~

Table 8.1
The medting and boiling points of some non-metals [

S[EjaLL-UON pue S[ElRN

Caxben'ip its different covalent
macromidlecular crystal forms
répresents an exception to these typical
'pmpértius of

non-metals. In its

Digmsand

. : *
graphite form, it |
'is a E-.'\»"“’d -
conductor of TT @
electricity and in : ,,'.i_‘*_‘:;T
its diamond form T | Ylag
1t 15 3 - -1.__. -‘J
it is Extrt.mel}.f J”t‘:}{:ﬁ
strong with a 2
Figure 8.5 4 J very high melting @ = carbon
Hon-metallic elements. Clockwise from topeiSuttur (5), oint
broming (Br), phosphorus (P), iodine {f and carbon (C) P : Figure 8.6

The table below summarises the main differences in physical
properties between mefals and non-metals.

Physical properties of metals Physical properties of non-metals

Some solid non-metals are hard but brittle, and have

Most metals'are h : g
G ' relativaly low melting points
Most metals have lustre Non-metals do not have lustre
malleable and ductile Non-metals are neither malleable nor ductile

. --Luaﬂsmgﬂﬂd conductors of heat and electricity Non-metals are good insulators
. Vabde 8.2

G5 GHEM G210 55 Miod B s 165 @. 2114419 |.a=-:r|=-.u|



A

8.2 Chemical properties of metals and non-metals h
and periodic trends °

Trends in the periodic table apply both to moving down groups and across the

from left to right or vice-versa, In terms of characterising trends between ls,
transition metals and non-metals, it is mainly the trends going across the tabl e
will focus on. L

s (1]

,Eﬁﬁﬂﬂﬁﬁﬁﬂﬁﬁ
B ¢ |3 [ o [ i [ i [ bw ] i
- i

e [ S faliefain] "\

Figure 8.7 b
Electronegativity Q

Excluding the noble gases, which ha%amplete valence shells, the trend in
ivi abl

e tivity values across the e is relatively clear. The metals on the
left-hand side of the table, genurﬂﬁﬁ‘lﬂm when forming bonds since their
outer valence shells are less than ha e converse is true of the non-metals on the
right-hand side of the table whi to gain electrons in reactions. Electronegativity

going down groups as the alomic radii of elements increase, with the addition of
extra energy levels, and consequent extra screening, meaning less attraction between
the nucleus and the o t electrons. Trends in electronegativity can thus be
represented ad fﬂlan&Qs

u!*&im; ELECTRONEGATIVITY "
: i ]

thus increases from le&-rightin table and, as we saw, in Module 4, decreases

L ]
ALTAILV A NOELDATE DNISVAHINI
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Atomic radius %

We have seen that atomic radii increase going down groups, but they decrease mmrmg
across the table from left to right [from metals to non-metals]. The s t
of the inner levels remains the same as there are the same number OW
the period but the atomic radius decreases on going from left to right, because

increasing nuclear charge, which exerts a greater attractive force on the ou ns.

The trend can be represented thus: "

INCREASING ATOMIC RADIUS ~ N

Y
&
>
A >

The first ionisation energy values showgbelow, which represent the minimum energy
in kilojoules required to remove the mos! aly bound electron from each isolated
atom, reflect the general increase in iopisation energies from left to right across the table
- highlighting the higher ionisation of non-metals.

&

INCREASING ATOMIC RADIUS

g 1 Ejc

This is due to the increase infuclear charge across the period caused by the addition of
protons in each su element and the decrease in the size of atomic radii.

o,

the nature of the metallic bond.
2 i the crystal structure of carbon different to that of othar non-matals?
3' Identify three contrasting physical properties of metals and non-metals.
éd Explain the general trends maoving from left to right across a period in:
E a) atomic radius b) electronegativity c) lonisation energies 5

Q

7,
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8.3 Reactions of metals and non-metals %
Trends in electronegativity are often good indicators of the type of bonding and g "

physical states of non-metal compounds. As we have seen, non-metals gener
have higher electronegativities than metals, and thus compounds formed be
non-metals and metals are generally ionic in nature due to the large diﬂ‘m
electronegativity between them, The metals form cations and the non-m

anions, generally giving compounds which are solids. .

Compounds formed of reactions between two non- metals, which ow only
small differences in electronegativity between the atoms, tend to covalent
lec

bonding, where electrons are shared. Such substances tend to be r in nature
and can be gases, liquids, or volatile solids at STP. %

&
In terms of redox reactions, non-metals generally oxi etals and more

electronegative non-metals oxidise less electronegative n their anions. This
latter behaviour is clearly seen in the halogens.

The Group VII elements can all act as oxidising agents, for example, solutions
containing sulfite ions or iron(ll) ions. Fluorine is the powerful of all oxidising
agents, and oxidises chloride, bromide and iﬂdﬁ free halogens. Within the
halogen group, chlorine is the next strongest oxidis t, and is capable of releasing
bromine and iodine respectively from soluti f their salts:

Cl., +2Br. — 2C1.. + Br..
Eeduction: Cl., + 2e” — 2Cl, Q

Oxidation: 2Br .. - 2" —Br...

Cl. +2T ., =200 .+ L.

Reduction: CL., + 2e = 2Cl, %
Oxidation: 21, -2¢” = L.

Br..+2l., = 2Br. .+ L.
Reduction: Br.. + 2e- — 2Br

Bromine can release iodine ftim%tiun of its salts

ions, and to oxi ons to sulfate ions in aqueous solution. For example, chlorine

reacts with i 1) iongas follows:
CI.H% 20T+ e
Reduct lL.+2e — 2Cl .,
Oxidation: 2Fe™_—2e- — 2Fe™,,
&
Chlori ts with sulfite ions as shown:
+ 505, + HO, = 2C1., + 50, + 2H",,
uction: Cl._+ 2e~ = 2CI",,

Oxidation: SO*, + HO, - 2e” — SO +2H".,

Oxidation: 21", - 2&3
Solutions of dﬂ;% ing and iodine are all able to oxidise iron(11} ions to iron(I11)

Bromine reacts with iron(Il) ions as follows:
Br., + 2Fe’"_, — 2Br_, + 2Fe™,
Reduction: Br.. + 2&" — 2Br .
Oxidation: 2Fe™., - 2" — 2Fe"_,
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Sy, '{r" _—
Bromine reacts with sulfite ions as shown: : H,—r =
; ! 5
Br.. + SO*_ + HO, — 2Br . + SO*. + 2H". g
Reduction: Br., + 2e6- — 2Br - E_
Oxidation: 507, + HO, - 2e” = SO*_, + 2H’ _r?:k"*‘-‘g.}] §
Y 1
=
lodine reacts with iron(1l) ions as follows: -:‘-‘--hx? . 5
I, + 2Fe*., — 21", + 2Fa™ g ¥ E
Reduction: I, + 2e” — 217, &
Oxidation: 2Fe™,, = 27 — 2Fe™_
'Y 2
! ) e ay
lodine reacts with sulfite ions as shown: ‘PC'
L.+50% +HO = 21 +50*_, + 2H". e Chioring
Reduction: L + 2¢” — 21 ) [=
Oxidation: SO + = 2e S0, i 19 & -
xidation: SO, + HO. = 2e” = S0/ _+ 2H".. *-e-:: Br
N,
The trend in oxidising power of the halogens on hmnghua the L
group is due to; =3 I
a  the increase in atomic radius, which makes Ffu:;ult
mﬁmj :
for the atom to gain electrons it badis
F 8.9
o the extra screening caused by the addlth.u %lrﬂ energy TEnTinmﬂisingabillwm
levels, which has the same effect. the halogens
,r?{:- b |
F 3 ;
EXPERIMENT 8.1
-

Redox reactions of the ha
The halogens chlorine, bromine an
by taking an electron from a

o

5
sdine are very reactive elements. They often react

element or ion. This means that they act as oxidising

agents, The smaller the halupf&nﬁum, the stronger the oxidising agent it is. In terms of

-r\-

oxidising power F N

o
-

4

-:*-\"-r._\.

(a) Reactions wikh h.lluj‘ts

e

Cl>Br>1

F

Lhcmlcnlﬁeede%
thunngﬁp!‘thn
Bromine -:W ﬁ E
lodine solution

Sudi chioride solution

mmldu solution

I‘%um iodide solution
huced ure

& ‘i}ﬁ'ﬂ- Wear your safety glasses

G CHEM G210 55 hiod 8 isad 160

Equipment needed

Safety glasses

PVC gloves

Fume cupboard or well-ventilated room
Pasteur pipettes

Test tubes

Test tube rack

Test tube brush

&
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1 Draw a table with the following headings: *

Solutions added to the lest ube Observation Conclusion L
(@) Chiorine and bromide ions

b) Chiorine and lodide ions ‘N:

(¢} Broming and iodide lons % :
'l'

2 Add 2 cm’ of the chlorine solution and the sodium mmwm%mmmmm
mix. Record your ohservations and conclusions in the table,

3 Add 2 cm” of the chioring solution and the potassium iodide to separate test tubes
and mix. Record your observations and conclusions in the
4 Add 2 e’ of the broming solution and the potassium respectively to separate test tubes

mmmmmwmmqam

Rack

Test tube and mixture of solutions
Figure 8.10
(b) Reactions 'th&ﬁ.‘l salts and with sulfites
Chemicals Equipment needed
Chlorine solution #8 9 Safety glasses
[ E lfate solution X PVC gloves
Fume cupboard or well-ventilated room
Pasteur pipettes
Test tubes
5i nitrate solution Test tube rack
chloride solution B Test tube brush
hydrochloric acid E
Dilute ammonia solution
Procedure
MNB: Wear your safety glasses
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1 Draw a table with the following headings:
&
Solutions added to the test tube Observation Conclusion q
() Chioring and iron(ll) sulfate solulions
followed by 10 drops of sodium
hydroxide solution "

(&) Chiarine and sodium sulfite solutions I

followed by the test for the presence of
sulfate ions
[ ] :

2 Add 2 cm' of the chlorine solution and the iron{ll) sulfate solution to separate test tubes and
mix., Then add 10 drops of the sodium hydroxide solution to re. If an orange-brown pracipitate is
formed, then irenil) ions are present. Record your observations in the table.

3 Add 2 cm’ of the chlorine solution and the sodium sulfite ively to separate test tubes and
miix. Lising a dropping pipette add a few drops of barium ion. A white precipitate forms.

present. Record your observalions and conclusions in :

N\
UESTION
.uEsms Q y

Mow add 2 em” of dilute mmmu.ﬂmm% does not dissolve, then sulfate jons are

5 mmmwmamwmm
6  Which of these onidised by broming water?
7 Which of these solutions oxidised by iodine solution?
& Would you expect o increase or decrease for halogen elements moving down the
group? Explain your ¥
i 9 Which of the has the highest electronegativity of all elements? o

&emical Series

8.4 The El*

When metdls reactfchemically, their atoms tend to be oxidised, forming positive ions.
Some . such as the atoms of alkali metals, have a greater tendency to lose
electrons t thers, such as transition metal atoms. Therefore, alkali metal atoms
are more reactive. In the electrochemical series the metals are arranged in order of

S
S
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Displacement of metals

:
E

Metals and Non-metals
g
g
&

Sodum Na
Magnesium Mg
Alurriem Al
Zinc
Iron

Magnesium
Tin

Liad Pb
1 Copper(l) sulfse sciaSion
n H

— § B colour fades as %
COpEar ions aee removed F.o) Ca Cu
; Ag

froom selution

Copper 5 deposited ! Au
Figure .11 _ & Fguresn2
Displacement of copper by magnesium A_V"*?'-ﬁ.; The electrochemical series

If magnesium ribbon is dipped in copper sulfate solution, it becomes coated with
copper, and the blue colour of the snlutio@l&ngﬁmus paler, as the following reaction

QOCUTS: '\';{. ¢

Mg, + CuS0.. -+ Mgd0.. + Cu {_r;']
The magnesium loses electrons -.-mdr}ig oxidised. The copper gains electrons and is
reduced. "

In general, a metal will displace @ ®ss reactive metal, that is, one which is below it in
the electrochemical series, from"ausOlution of its salts. The more reactive metal is
oxidised, and the less rmclm metal is reduced. The further apart metals are in the

electrochemical series, the moréjfeadily will this type of displacement reaction occur.
P,

Applications of Di ent Reactions
An application of tlis reaction is the use of a less valuable metal, such as
scrap iron, to di valuable and less reactive metal, such as copper, from
a solution of its salts:
Fe. + CuSO., .+ Cu

P

b

Bisplacement reactions of metals

. A mietal will displace a less reactive metal, that is, one which is below it in the
a {_'}_Lx_;.t'lectrn-cllemica] series, from a solution of its salts. The more reactive metal is oxidised,

&S “And forms a water-soluble positive ion. The less reactive metal is reduced, and the solid

"% metal is formed.
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In this experiment, zinc and magnesium respectively are reacted with a solution of %I
copper(ll) sulfate,

Equations
In, + CusO, — ZnS0,_ + Cu
Mg. + CuS0., + MgSO., + Cu,

<

This experiment works best under acidic conditions; under thesé gonditions, the
following reactions take place simultaneously: &

Zn.+ HSO., -+ ZnS0., + H.
Mg + HSO., —+ Mg50.. + H.,

Chemicals needed Equi pmmt@ed
Acidified copper(ll) sulfate Safery%
solution & Tesktubes

Zinc powder [ T%ack
Magnesium ribbon T brush

Procedure
MWB: Wear your safety glasses.

1 Copy the following table:

Metal added to the test tube Conclusion
containing copper(ll) sulfate solution
Magnesium 4

]

2 Half fill two test tubes mh Rack
acidified copper(ll) n.
3 Add the magnesiu the solution

in one test whe. observations
and cong

4 Addthe to the solution in the
other Record your observations
and A

finc

Test tube and acidified coppen(li) sulfate solution
& Figure 8.13

QuEsTIONS )
J

10 Zinc is above iron in the electrochemical series. What information does this statement give about
the relative ability of these metals to lose electrons?

11 What happens when  (a) zinc is added to silver nitrate solution () magnesium s added
1o copper sulfate solution (¢} copper is added to silver nitrate solution  (d) zinc is added to
magnesium chloride solution? Write an equation in each case where a reaction occurs.

12  Describe an everyday application of displacement reactions of metals. __/‘ -

irfs GHEM G0 s Mod s 173 @& 4D 1EFM



Metals and Non-metals

| S GHEM G210 55 Miod 8 s 174 @.

8.5 Extraction of metals

A metal’s place in the electrochemical series has practical implications for how it i
extracted for commercial and industrial use. Metals are found in nature in the formig
metal ores: rocks containing the metal or metal compound. Extraction is the generic
term used to describe one of a number of processes used to remove the metal :
other substances that it is mixed with when found in its metal ore state. *

The position of a metal in the reactivity series above or below carbon, dnctaml:thr:r
a metal is extracted using electrolysis or reduction with carbon. als such
as aluminium, for example, are extracted by electrolysis, whereas a“melal such as

iron which is less reactive, is extracted through a reduction procegsinvolving carbon
or carbon monoxide. This process is cheaper than electrolysis of the ready
availability of materials such as coke. Copper which is evenifless reactive is extracted
through processes involving reactions with hydrogen. %

Metals = most to least reactive Method of extraction used

* potassium P

+ sodium

« magnesium Extracted

* alurninium

= iron

tin by reaction with carbon or carbon

* lead

-

% m“'"'“ %mmmm«mmmugen
Table 8.3 @
Reactivity and extraction method 3:'“':'?
Metals that are higher than carbr@he reactivily .

! e _ 1 Graphite
series have to be extracted electrolysis. ky i)
When an electric current is pa through a
molten sample of a meta pound, the
compound will split u lease the metal. Zine bromide

wodution
g Figuie 8.14 _
Electrolysi minium
Aluminium ox as a high melting point and to reduce costs it is dissolved in

molten cryolite, an aluminium compound with a lower melting point. Even so, a high
tempera is fised and for safety the whole system is encased in steel.

There veral electrodes, These are conductors used to make electrical contact with
part of the circuit = the negative electrode is called a cathode, and the positive
e is called the anode. They are made of graphite (a form of carbon) and are used
55 current through the molten aluminium oxide and cryolite

luminium is separated out of the compound and falls to the bottom of the vessel from
where it can be removed.

419 1P



Graphite anodes
/ y

| Graphite
I|r||m:| acting
a4 cathode

41— Steel case

(=}
b

Molten Aluminium gide

aburmiinium digsolved in molten oryoline
Fgure 8.15
Electrolysis of aluminiem

Reduction with carbon . 4
A more reactive metal can displace a less reactivémefal from its compound. This is
what happens when carbon is reacted with the campounds formed by the metals below
it in the reactivity series. '

o Coke is mainly composed of carboniand the ore
is reduced by reaction with carbon:
Fe.0., + 3C,, —* 2Fe,, + 3CO ™
o  The carbon monoxide causes I’urtliu-tﬁ-d uction in
the upper, cooler regions of !.ﬁe.!furnn-.:e;
Fe,(h, + 3C0Oy, —+ 2Fe,, + 300,

Figure 8.16
[ExRracting iron from one

2

4

=

14 When alumina is electrolysed, what is cxddised? At which electrode does oxidation occur?

14  During the electrolysis of alumina, the following reactions occur:
Cathode: 2A1" (i) + Ge
Anode: 30™ (i) - 6e” 1340,
Write the balanced molecular equation for this process.
15  Inthe blast furnace process for the extraction of iron from iron ore, what reducing agants are
used?

=
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Metals and Non-metals

8.6 Occurrence of metals and non-metals in nature

A few unreactive metals, such as gold,
platinum and silver are found as the metal
itself rather than as a compound. Most
metals, however, which typically react with
oxygen, moisture, carbon dioxide or other
reagents, are found in the form of compounds
which are extracted from rocks (ores) using
a chemical reaction. A metal ore is an ionic
compound which is comprised of the metal
and a non-metal. [ron, for example, occurs Ei:Jdrla 817
in ores such as haematite (impure Fe.0)), i a2 fraa oo e
magnetite (impure Fe.0:) and iron pyrites (impure Fe5). Aluminium #&'found in nature
in aluminium oxide form (alumina) which is extracted from t banxite.

The table below shows the top six metals according to amﬂe percentage of the
Earth's crust. 'Y -

Aluminium 8.1%

Sodium 3.8%
Potassium 2.6%
Magnesium 2.1%
Table 8.4
,\
QUESTIONS
A
16 Identify the ores | n which these metals are mainly found in nature and find those for
which Kazakhstan the world's fop ten producers.
17 Identify a company, region typically assockated with the mining or production of metals
from these i ; __,)'

Environment roblems associated with metals result either from the extraction and
production tals and alloys or the dumping of products containing metals which
can act as toxins.

-ing%xtraml:d from a sulfide ore, some sulfur dioxide will be formed in the
. When coke is being produced from coal, for use in the blast furnace,
smoke @ sulfur dioxide are formed. Emissions of these must be kept to a minimum.
mes from a blast furnace must also be cleared of dust particles before being released
the atmosphere.

If iron is

L Metals with high relative atomic masses such as mercury, cadmium and lead are known
as heavy metals. Quantities of these elements are sometimes dumped e.g. car batteries
"), containing lead or dry batteries containing cadmium.
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s

Dipositive ions of these metals, i.e. Hg”, Cd* and Pb*, sometimes get into waterways
from industrial effluent, and consequently into drinking water. These elements are
cumulative poisons in that frequent exposure causes a build-up in the body with *
consequent serious health damage.

precipitation. For example, lead(1T) hydroxide, Pb{OH)., is insoluble in w that if
effluent containing Pb* ions is treated with calcium hydroxide solutibg, the fead will
precipitate as Pb(OH).: N

S[ejalu-uoN pue sejain

Before the effluent is run into a waterway, the metal ions can be remuvedaqns of

Pb*,, + 20H 4, ~+ Pb(OH),,..

Hydroxide precipitation is ineffective for mercury removal, alternatives such as
carbonate or sulfide precipitation are available, Flocculating are often used to
increase the size of the solid particles befare their remouﬂl@tra tion.

MNon-metals can be thought of as ever-present in nat the elements that comprise
water [hydrogen and oxygen)], make up the atmosphere [mainly oxygen and nitrogen],
are present in all organic compounds [ carbon, n, oxygen] and comprise the
majority of the Earth’s crust | oxygen 46%, silicon 2 hosphorus 1% , hydrogen 1%

and fluorine 0.6%] and, given that oxygen and are the most abundant elements
in the Earth’s crust, it is not surprising that th common minerals are the silicates.

The carbon and the nitrogen cycles thr thich animals and plants use and recycle
carbon dioxide and nitrogen in var‘i:ﬁs are essential to life on Earth. The
environmental health of the Earth ig digectly affected by the actions of the human @
population which impact these cycles ther it is through the release of greenhouse
gases such as carbon dioxide, me » and chlorofluorocarbons, which all contribute to
global warming, or the release of such as sulfur dioxide from industrial emissions
that contribute to acid rain.

8.7 Metals and .annrnetals in biological organisms

OF TOTAL BODY WEIGHT

Tala 8.5
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A

The six most common elements found in food are: carbon (C), hydrogen (H), oxygen *
{0, nitrogen (N), phosphorus (P) and sulfur (S) but other elements are vital in the diet

for the effective functioning of organisms such as chlorine, calcium and potassiu *
which are found in the form of dissolved salts. Each element has specific biologi

roles such as calcium in the strengthening of teeth and bones and chlorine in t

production of hydrochloric acid in the stomach. The human organism recei

essential elements from different dietary sources and deficiency of these el n

lead to serious discases.

Questions S
18 Deficiency of which essential elements can lead to the following g
humans:  (a) anemia (b rickets (c) hypokalemia (d)

19 mmmmﬂnmmmww toxins,
20 What is the differance between a mineral compound and an ore?

‘Q
Qb
%

@
@
Q"w
A

-
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s-block Elements and
their compounds

s-block

Group I Group I1

Waryeua

m
Qa

D

Learning objectives.~)

o Explain the general pi't!j:u.ruef, of the s-block elements using their atomic
structure 2118

e

o Compare the mutalll.c pmpurtw s and reducing ability of the s-block elements
and write che rmgal cquatum~.lwz: 15

o Describe wayg uf ].‘rmducmg sodium, potassium and their compounds 02119

o Explain I:]'u;?c_it!'h_rem:o between the chemical activity of sodium, potassium and
calcium ifiwgagtions with water 102120

o E:-’.pil:ﬂfh the bmln;,tml role of compounds of sodium and potassium [104.1.3]

o erlé q.i.l.emu al equations, which describe the general chemical properties of
calcium; magnesium and their compounds (02123

o Mnvestigate flame tests for sodium, potassium and calcium ions (02123
g _SExplain the biological role of compounds of calcium and magnesium (I0414]
Y
. o Explain what makes water hard and describe ways to “soften” hard water [14.1.5)

:-::'ab Identify natural compounds of alkali and alkaline earth metals in Kazakhstan
HIENKS

o Calculate mass, the numbers of moles of reactants or products, using chemical
equations, which describe the genetic correlation between metals and their
compounds (10231

£,
" 179
-
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the last electron enters the outermost s-orbital. This means that the s-block covers
Groups [ and Il as the s-orbital can accommodate only two electrons. Group |

elements: lithium, sodium, potassium, rubidium, caesium and francium amW
rl

The s-block elements of the Periodic Table cover the groups of elements where :

as the alkali metals because they form strongly alkaline hydroxides when thes
with water. Group Il elements: beryllium, magnesium, calcium, :‘»tmntim

and radium are commonly referred to as the alkaline earth metals because th ave

alkaline oxides which are found in the Earth's crust, Q

9.2 Alkali Metals |
™ % Least reactive

The alkali metals are elements that have the following pl:‘l.yhl Li

and chemical properties: \ “mm

o shiny, silvery appearance Na

o soft, they can easily be cut with a knife Q “mw

o quick to tarnish when exposed to the air due togxidation .,,E_

o stored under oil to prevent reaction with air 6 :th

o highly reactive at STP e

o react vigorously with water - heavier o acting more E_f_
vigorously than the less dense ones which float on water o

o readily lose their outermost electron to4orm cations with a .:E,. e S
charge of +1 % anil

Reactivity trend in Group
9.3 Reactions of Alkgﬁsdetals
In reactions with water, the ha s and acids the alkali metals react vigorously giving

off large amounts of hea
form oxides which are

light. All the elements in Group I react with oxygen to
terised by their lower reactivity and duller appearance
than the elements ingtheir fifre form. The oxides readily react with water to form
hydroxides, which tely dissociate in water to form very strong bases with many
industrial and gvery uses. Sodium hydroxide, for example, is used in oven and
drain cleane tassium hydroxide is used as the electrolyte in alkaline batteries.

N
. QUESTIONS
Y,

&mmmm&ﬂhmmlmmamrea:Manmm

Why are Group | metals kept under oil?
Balanca the following chemical equations invohing Group | elements and compounds:

(a) H50, + MaOH —» Na,50, + KO (&) KNO; + HG0; —+ KGO, + HNO,
le {b) KOH + HPO, — K.PO, + HO (d) Li + 0, = 2LL.0 W,

| G5 GHEM G210 55 Miod 9 s 180 @
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9.4 Alkaline Earth Metals i N %‘

Be
The Group II elements are called the alkaline earth 1:*- .
elements. They are all reactive elements, with reactivity Mg
increasing down the group. ';—'E
Ca
M & Lanmrr
Physical properties
o They are metals which are harder than the alkali
metals.
o They are shiny and silvery-white in appearance.
=== | Most reactive

o They have low densities, low melting and low boiling
points,

N Figure 9.2
Reactivity trend in Group I

Chemical properties
o They are less reactive than the corresponding alkali metals. For example,
magnesium reacts very slowly with water. reacls more quickly, but less

vigorously than the corresponding alkali metal:
Calcium + water —+ calcium hydroxide rogen
o The alkaline earth metals have two el i their valence shell, so they lose two

electrons to form cations with a 2+ ,
o The alkaline metals have the seco est first ionization energies in their
|

respective periods of the periodi e use of their ability to attain a full outer
shell configuration by losing just ectrons. The second ionization energy of all
veLy

of the alkaline metals is also rglati low.
o All isotopes of radium are r. tive.

Moving down the group I‘he%ﬂng four trends are observed
o Atomic radius i

o First ionisation

o Chemical reacti reases

o Electronegatility

Comp electronic configuration column of table 9.1.
Element Symbol Atomic number Electronic Configuration

Beryllium e Be 4
Mg 12

- ————
m &r K}

ium Ba 56

88

Radium Ra
Tabie 9.1
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. QUESTIONS
J
4  What is the electronic configuration structur um and strontium?
5 [Give two ways in which beryllium ditfers from alkaling earth metals.
6 Forwhich alkaline earth metal are all digactive?
7 Explain why the oxides of alkaline earth strong crystal lattice structures.
8  Choose one alkaline earth metal Group | metal and prepare a short
presentation for the growp, on their physical and chemical properties. _,-’

Reactions of Alkaline Earth Metals

The alkaline earth metals react with the halogens to form ionic alkaline earth metal
strongly alkaline hydroxides which must be handled carefully.
The chlorides and fluorides of all the alkaline earth metals except beryllium a i

in nature and hence good conductors of electricity in solid as well as dissolw
Beryllium reacts with neither water or steam and its halides are mvalent.'w

Oxides
The oxides of alkaline earth metals can be obtained by heating the metilin oxygen or
by heating their carbonates to high temperatures as in the reactior@ ;

Ca+0. - CaD &
CaCO, — Ca0 + CO, ‘\,
Their oxides are highly stable white crystalline solids with stron e G s

T

As a result of their low iuniznti-.murgics, all Group I and Group Il elements tend
to lose their valence Elﬂtrmd act as strong reducing agents, Group [ elements
are stronger reducing agents thafi Group Il elements and the relative strengths as the
most powerful reducing t= are reflected in a table such as the one below [Standard
Electron Potentials]. Q

95 Standa&ectmn Potentials of Group I and II
ele

Standard Electron Potentials are a way of comparing the relative potential of elements

to lose elgetron® to form ions in solution.

The m ent represents:

o t ntial set up when an electrode is in contact with one molar solution of its
wn ions at 295 K

otential measured against the standard electrode potential of hydrogen which
taken as zero.

egative values on this scale indicate how readily the element loses elecirons and forms
ns; positive values represent that the element does not readily give up its electrons
to form ions in solution.

| S GHEM G210 55 Miod 9 s 152 @
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halides. All the alkaline earth metals except beryllium also react with water to furt
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Element Reduction Half-Equation Standard Electron Potential 3
Lithium Li‘ag + 8 —= Liy -3.04 & E
Potassium -t K, -2.92 q ]
Barium Ba"., + 2 —Ba, -2.90 5
Calcium Ca™ue + 26— Ca 284 . Q §
Sodium Na‘(ag) + & — Na, 271 l\’ o
Magnesium Mg"uq + 26 > Mg -2.37 g
Aluminium APy + 387 Al, -1.68 Q E
Zinc I, + 26 = 20, -0.76 %

Iron Fe",, + 28" -* Fa, <0

44
Nicksl NF*e + 28+ Ni, -ﬂ%
Tin S0 + 267 — 5N, \'
Lead PU" + 26 > Py, Q-m
Hydrogen 2y + 207+ Hy, +0.00
Copper Cu g + & —+ Cy Q +0.52
loing by + 28— 21 +0.54
Mercury Hg'+ + 2e° —-Q +0.79
Silver A + 8 % +0.80 @
Bromine Bre + 267+ 2B . +1.07
Table 9.2 )

o
Standard Electron Potentials o
SR

I-ul’ F

EUESTIEIIH‘

9  What rd reduction potentials measured relative to?

10 does a ive value on this scale indicate?
;3-51.

9.6 EX&E}C _il%n of Sodium - the Downs Cell
-

&

. ¥,
In Mudu!i:}{%c saw that how metals are extracted from their ores depends on their
position in the reactivity series.
A "
'Thﬁs‘%cliun of metals such as sodium and potassium, which are near the top of the
eledfrachemical series, is carried out by electrolysis. This is because these metals have
ﬁcﬁartimlarly stable ores.
e

-, g : g g
'E"":%n such processes, salts such as potassium chloride are heated to a molten form in which

,;‘N they will conduct electricity and then electrolysis is used to separate the elements in
=y theionic compound. Below we consider this process in more detail using the example
Sy ) of sodium chloride.

&
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-

Uses of sodium
Sodium is the most widely used of the alkali metals. Sodium vapour is used in street
lighting. Sodium, alloyed with potassium, is used as a coolant in some nuclear reagtors. d

. (QUESTIONS :
Ky

11 Inthe extraction of sodium in the Downs cell
(a) Why is calcium chioride added? {c) At what does reduction ocour?
{b) What is reduced? )} What type is used?

12 (&) In the Downs cell, how are the sodium and chiorine formed ted from recombining?
{b} Why doas the molten sodium formed in the Downs cgll floa electrolyte?

Spunodiuod J1aL) pue sjuaiuajg ¥20|q-5

13  Inwhat forms does sodium occur naturally? What is the used for?
14 Complete the balanced chemical equation IGFMW
fa) 2820l —» 2 -
9.7 Flame Tests

In Module 4, we saw how Group [ u]em.c:i‘:ﬂ:s reacted violently with water. Here we
consider how the salts of Group I and’ GTGuE 11 can be identified by the colour they
emit in a flame. > ®

- I

Emission and Absorption QIZGrEfI.'jp [ and Group II Elements by Light

When atoms of an element are supplied with energy U Flame colour
under certain conditions, t]ﬂé;,.r_;{‘.n‘lit Eighl. The CeTgy Rarium Yellow-green
may be supplied by a flamg, as#WExperiment 9.1. Many

elements and their saltsfwhen vaporised in a flame, Lithium Deep red
emit light. As indicated in Tﬁblu 9.3, the light emitted Patassium Lilag

has a colour cha rmtqﬂ'lbﬁg of the particular element,

Sodium Yellow
: Strontium Red
Table 9.3

EXPERIMENT 9.1

I-’J.I_a__mi“'tests (Li, Na, K, Ba, Sr)
Whun salts of the metals lithium, barium, potassium, copper, strontium and sodium
Sart heated in the flame of a Bunsen burner, colours characteristic of the particular

element are given off. Platinum or nichrome wire, or wooden splints (e.g. lollipop
% sticks) soaked overnight in water, can be used in this experiment.
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Lithium chloride
Sodium chloride

Barium chloride

Procedure

s-block Elements and their compounds

1 Clean the platinum wire using concentrated Colaur shown
hydrochlonc acid in a test fube. This should be done in the
fume cupboard. &

Crush the salt o be tested with a pestle and mortar,

Method 1 - using a platinum wire
Chemicals needed
Potassium chloride

Strontium chloride
Concentrated hydrochloric acid g

Equipment needed

Platinum (or nichrome) wire held in

S
~

glass rod

Bunsen burner
Five small beakers
Test tubes

Pestle and mortar

MB: Wear your safety glasses

Dip the platinum wire in concentrated hydrochloric acid and \
then in the salt to be tested.

4 Plage the platinum wire in the flame of the Bunsen bumer Q..
{Figure 9.4) and nole the colowr given off.

5 Repeat the experiment for each of the other salts. Again, n@mr in each case.

Method 2 - using a soaked wooden splint
You will need a wooden splint for each

sample to aveid cross-contamination. Five small beakers
Chemicals needed est tubes
Lithium chloride % Pestle and mortar
Sodium chloride % Waooden splints soaked overnight
4 Potassium chloride
- Barium chloride @
, Strontium chloride
Procedure S

ipment needed
n burner

MB: Wear your safety
wi stle and mortar.

1 Crush the salt to be
2 Dip the soaked spli

3 Place the 5 in the
4 Repeat th
The colo

as stro

often firework displays. For example,

strgntium nitrate is used to give a red colour

i sworks, while barium nitrate gives a
olour.

rith a metal electrode at each end, with a gas

%ﬂ discharge tube is a long glass tube fitted

rs that particular elements, such
and barium, emit in a flame are

salt 1o be tested.
me of the Bunsen bumer and note the colour given off.

t for each of the other salts. Again, note the colour in each case.

inside at a very low pressure. If an element is  Figwa 95

| €S CHEM G210 55 Mo B isad 188
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a gas, like neon, or is easily a
vaporised, like mercury or sodium,

it will emit light of a characteristic Evacuated glass tube mginin‘i: 1

discharge tube at low pressure

and subjected to a high voltage, |
For example, a sodium discharge ( l ¢

tube emits yellow light when N
subjected to a high voltage. Yellow ‘ | i
street lights are a type of discharge Gathodeﬁ Q o .

tube containing sodium vapour. Figure 9.6

Discharge tube %
. QUESTIONS Nb 3

15 Describe two methods by which the light em glement can be observed.
16  Name a metal that gives off a lilac colour in a

17 What element is used in yeliow Mlllgm
18  Work in groups. Identity a Group Il ranly wsed in:

(a) aluminium alloys (e) removing oxide impurites in the stee!
{b) the making of cement industry
) redusing the acidity of soi @

(€} icy weather on the roads

Il\ (d) medical uses with x-%

9.8 Biological mle%’ Group I and Group II elements

Magnesium, calcium, and potassium are essential minerals and have various
roles in living organisms.

{g) electrical insulation

Magnesium is an esse lement of some enzymes and is important in the functioning
of neuromusculag systems. Calcium is needed to build strong bones and teeth. It is
'mical in physiological processes such as blood clotting, muscle
contractiony and Merve-cell communication. A dietary intake of calcium which is
' recommended levels may impact on the development of bones and
such as osteoporosis. Bones increase in size and mass during childhood
and adolescence, which means that a healthy intake of calcium and vitamin D are

partigularlf important.
Séis vital in the regulation of blood volume and blood pressure in humans

nd sodium ions and potassium ions are involved in the functioning of neurons and
&nurﬂgulaiiun between cells and extracellular fluid through a mechanism known as

Na“ /K" pump.
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s-block Elements and their compounds

A stimulus triggers both electrical and chemical changes in the neuron. There are
different ions on either side of the cell membrane. The exterior side has sodium ions

that are positively charged and are more in number. The interior side of the cell is

negatively charged with more potassium ions,
. lons return
Stimulus to normal

- Stimulus causes |Dn5 chan?t Ay
a change in ions L n this section,

C— 44+ +++++++ 4 G+ ¥ O 4 ¥

——— %+ +F+F A+

mﬁﬁu charge
mmgfmm
slactmn o section

Figure 8.7
Transmission ol nerie impuises

Due to this difference in the charges, there is an utuctrmh&i‘:ﬂq&l difference. The
generation of a nerve impulse causes a change in the perméability of the cell membrane.
The sodium ions flow inside and potassium ions flow outsidef causing a reversal of
charges. The cell is now depolarised. This depolarisation mb'lllt.b in an action potential
which causes the nerve impulse to move along the Imgr,h' of the axon as shown in
Figure 9.7.

Potassium also has important roles in cell enzyme fufittion and protein synthesis and
strontium is important in aquatic life as parfof the exoskeletons of corals.

Figure 9.8

Beyond th-.*;t~plﬁ-‘5‘in]ugical roles in organisms, the salts of Group [ and Group 11
elements are invalyed in the phenomenon known as the hardness of water,

9.9 Hardness in water

Hard water is water that will not easily form a lather with soap.

& b

Water is said to be hard when it is difficult for it to form a lather with soap. Hardness

%is caused by dissolved calcium and magnesium salts, e.g. calcium sulfate, CaS0,,
“magnesium sulfate, MgSO,, calcium chloride, CaCl,, magnesium chloride, MgClL,
calcium hydrogencarbonate, Ca(HCO.),, and magnesium hydrogencarbonate,
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Mg(HCO,).. In effect, hardness in water is caused by calcium and magnesium ions,
Ca™, and Mg"..,.

&
Soap molecules are the sodium or potassium salts of long chain carboxylic
as stearic acid, e.g. sodium stearate, C;H..COONa. When soap dissolves in wat
sodium ion Na” immediately dissociates from the stearate ion C. Hnmﬂq

C.;—Hnm[\]m + water — CL?Hchm gt F MNa® Fro

This process releases the stearate ion, which is the active part of soap. | water is
hard, i.e. containing calcium or magnesium ions, these ions will i v precipitate
with the dissolved stearate ions forming insoluble calcium ste r magnesium
stearate. For example, with calcium ions

':a"u.g+ ZCBHJ;CDD'W - [C.;H;;CDD];C&M %

These precipitates appear as an unsightly scum in
the water. Furthermore, the effect is to remove the
stearate ions from the solution so that they are no
longer available to produce lather and act as sodp.

If soap is continuously added to the water, “
the calcium and magnesium ions will eventud

be precipitated with stearate ions, then
soap molecules will at last be availal orm
y be

a lather. However, the presence of m
unacceptable, and a great deal of %ill have
been wasted in reaching this stage
Figue 9.9
Soap scum formed anound a sink
To avoid these problems,
methods of removing
hardness, i.e. softening
the water, may be used,
i - m“fm such as ion emjl:mnge and
distillation. All methods
involve removing the
calcium and magnesium
‘_ ions from the water, so
as to prevent them from
pm-a 9, m precipitating with the soap
of adding soap Lo hard water anions.

caused by dissolved calcium hydrogencarbonate, Ca(HCO, )., and magnesium
ydrogencarbonate, Mg{HCO,);, is different to that caused by other salts. It can be
oved by boiling the water. Such hardness is said to be temporary. Hardness caused
salts other than calcium hydrogencarbonate or magnesium hydrogencarbonate

E cannot be removed by boiling, and is said to be permanent.
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Causes of temporary hardness

Temporary hardness is found in parts of the country where limestone, i.e. calcium

its calcium ions are not immediately available to cause hardness. However, reacti

carbonate, CaCO, is found in the earth. As calcium carbonate is insoluble in wat€-

occur involving atmospheric carbon dioxide and rainwater that release calcium ion
from calcium carbonate into the water, resulting in hardness.

As rain falls, the water comes in contact with carbon dioxide in the atrnmpﬁ&{:a on

dioxide is fairly soluble in water.

COy,,, + excess HO, — CO,,,

Some of this solution reacts with the water forming the weak acid, gli;acid, HCO.

C{-j:_,m:, L H{).- — H_'C[Jh"-\,

&
The result is that a dilute solution of carbonic acid falls on thwnd and seeps into
the earth. In limestone regions, the calcium carbonate on ofin the earth reacts with the
carbonic acid forming seluble calcium hydrogencarbonate.

HiCOjy + CaCOy, — Ca(HCO )y JQ
Unlike calcium carbonate, calcium hydrogencarbonate luble in water and so the

[NEY

Ll
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ "

;;;;;;;;;;;;;;;;;;

‘‘‘‘‘‘‘‘‘‘‘‘‘

11111

L

Figure 8.1
Rairmwater reacts with

und streams
industrial s

soluble product which makes the water in the resarvoir hard

Ivied ‘galcium ions now means that the water is hard. Whether from

and rivers, the water may end up in domestic or

ausing problems that include waste of spap and scum formation.

Removing temporary hardness

Temp hardness may
be r by ion exchange
and by distillation. Unlike
P nent hardness, it may

removed by boiling. If
a rogencarbonate is heated,
it decomposes and becomes a
arbonate, with carbon dioxide
and water eliminated.

| I'.'h'ﬂ-d’lihlﬂﬂnﬁllh!!rﬂ 3

e e
Bl Arld 8 kTS soap
Lather
Hard water
Depost of Deepest ol
Irresione mesicneg
Figure 9,12

Bailing water that contains tempaorary hardness softens the water

&

3%

¥
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7%

If water containing temporary hardness, ie. containing dissolved calcium %
hydrogencarbonate, is heated or boiled, the following reaction occurs:

&
Ca(HCO)., + heat = CaCQ_ + CO_ + HO,

This means that a precipitate of calcium carbonate is formed, and since the calciu

are now combined in an insoluble substance they are no longer available t with
soap anions, Consequently the hardness is removed. An undesirable sid@f this
is that the calcium carbonate precipitate can adhere to the inside surfiices of the vessel
involved, perhaps a kettle or central heating pipes or boiler, The bu p of this
substance, called limescale, can cause problems such as wasting heat, ageven explosions,
due to pipes becoming completely clogged. w

spunodwad JIayy pue sjuswwalg ¥0|g-s

Scabe forms on sides

Kattle of hard water

Figure 9,13
Boiling hard water in a ketthe causes a build-up of limesca inside of the kettie

Tests on scale dep::sih@ kettle

Chemicals needed Equipment needed

Dilute hydrochloric aci ion Ba Test tubes

Methanoic acid solution, (40%) or PVC tubing

commercial kettle 4 Single-holed rubber stopper

Vinegar or ethangic aci lution (5%} Safety glasses
Water
Limescale .

Limewatgr &

Limescale and hydrochlonic acid
Procedure ¢
NB: Wear your safety glasses

14 ®lace a small quantity of imescale in a lest lube.
2 Add 5 em’ of dilute ydrochione acid, '
ol ) 1 Gas bubbles

Quickly connect the test tube to a test tube containing *

2 cm’ of limewaler, to test any gas evolved. .
4 Repeat the experiment using methanoic acid, vinegar i {

and water in turn, instead of hydrochloric acid. £l

P ,jL | Limewater

5 Record your observations in a table and write a Ly

COnChusion. Figure 9.14
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s-block Elements and their compounds

. QUESTIONS Qr

Reagent Effect on limewater Gas evolved

& % ;
Causes of permanent hardness

Permanent hardness is caused by any source of calcium ions other than calcium carbonate,
and by sources of magnesium jons other than magnesium hydrogencarbonate. Mormally the chiorides

and sulfates of calcium and magnesium cause permanent hardness. For , Water acquires
permanent hardness by flowing through rocks such as gypsum, which issmainly calcium sulfate.

Permanent hardness is hardness in water thatm' be removed by
meﬂmﬁnthe:rthanbniﬁng{suchmiunw distillation).

oy

19 Which two types of ion create the opposite characteristic of a neuron’s membrane?

20 Which element is important in the exeske of coral?

21 Ahﬁmfvﬂiﬁmhrrm:anlamtumm%?

22  What are the disadvantages of

23 How does water acquire hmmmr:ﬁs’

24 What causes permanent m@mﬂ
nside of a keftle in which water containing tempaorany

25  Explain why limescale | on
hardness is boiled. D&ﬂ
26 Describe a test that can be out on limescale.

27 () Which of the salts causes hardness in water:  (a) sodium hydrogencarbonate
{b) calciu bonate (c) magnesium sulfate (d) potassium
sulfate jum'chloride  {f) magnesium hydrogencarbonate () sodium
chio m sulfata?

il wm salts causes temporary hardness? 5

9.10 Mineral deposits, mining and metallurgical
ustries in Kazakhstan

&lning of mineral deposits and related metallurgical industries in the areas
rous, non-ferrous and precious metals form a major part of the economy of
Kazakhstan. Long-standing and new areas of mineral exploitation relating to the

etallurgical sector include the mining of magnesite from which magnesium is
obtained and in the fertiliser industry include the mining of sylvinite and polyhalite -
sedimentary rocks from which the minerals sylvite (KCl, or potassium chloride), halite

| S GHEM G210 55 Miod 9 i 182 @.
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{NaCl, or sodium chloride) and sulfates of potassium and calcium can be obtained. All k
of these minerals are used in the production of the fertilizer potash. Kazakhstan has
large reserves of such minerals. &

Major sites of magnesite deposits in Kazakhstan are in areas around the Ar

Caspian seas and major deposits of sylvinite and polyhalite for the pr ipn of
potash are the Zhilyanskoe deposit in the Aktobe region in the northeast o@rﬁh‘y
and the Chelkarskaya deposit in the west of the country 100 km to th@'sguth of Uralsk.

T — - — = r ey

SPUNOALWI0D Jiau) pUe SJUSLIBIS %o0/q-S

=

Figure 9,15 Al
Open-pit mine e
Most of Kazakhstan's mines are opel nes, and developing and future projects are

likely to exploit deeper underground mining as well.

9.11 Stoichinmetwa culations
Empirical formulas from combination data

The empirical formula o pound such as magnesium oxide that is formed by the
direct combination o two elements may be found as shown in Example 9.1.

- &

g of magnesium is heated in excess oxygen, 1.20 g of magnesium oxide is formed. What

rical formula of magnesium oxide?
Answer Mass of magnesium consumed = 0.72 g
& Mass of axygen consumed = (1.20-0.72)g=048g
Moles of magnesium atoms consumed = .72/ 24 = 0,03
Muoles of oxygen atoms consumed = 0.48 /16 = 0.03
Ratio of magnesium atoms to cxygen atoms = 0003 : 003 =1:1

E Empirical formula of magnesium axide = Mg0 3

E Percentage Mass by composition

If the empirical formula of a compound is known, the percentage by mass of each
element present can be calculated.
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s-block Elements and their compounds

EXAMPLE 9.2

Calculate the percentage by mass of each element in sodium hydroxide (NaOH).

Answer Moles of sodium per mole of sodium hydroxide = 1
Mass of sodium per mole of sodium hydroxide = 23 g
Molar mass of sodium hydroxide = 40 g mel” &
Percentage of sodium in sodium hydroxide = 23 X 100 / 40% N

=57.5%

Moles of oxygen per mole of sodium hydroxide = 1 Q
Mass of oxygen per mole of sodium hydroxide = 16 g

Molar mass of sodium hydroxide = 40 g mol”*
Percentage of oxygen in sodium hydrodde = 15)!:102.-‘

= 40%

Moles of hydrogen per mole of sodium 1 N

Mass of hydrogen per mole of sodium hydroxide =

Molar mass of sodium hydroxide = 40 g mol”

Percentage of hydrogen in sodium h I a0%

=2.5n _,,-"I

. QUESTIONS Q

A

e

28 Calculate the percentage by mass of eac ntin
{a) sodium chioride (NaCl)
(b} anhydrous sodium carbonate
(c) potassium manganate(Vil)
{d) sodium hydrogencarbonate
() calcium hydroxide
(fl potassium nitrate (KNO,)
29  The safe level of sodiu set by a national heatth authority for adults is 2.4g a day.
How many grams of sodium ide can you consume and still be within these guidelines? __.J‘

Calculations Based on bEal.:-u'um:i Chemical Equations

A balanced equati chemical reaction gives the relative amounts of each reactant
and each prodiet involved in the reaction. Therefore, if the amount consumed of one
of the reac wm, it is possible to calculate how much of each product of the

reaction is formedy and also how much of each reactant 1s consumed.

much product of the reaction is formed, and also how much of each reactant is
consu For example, in the reaction

‘é INaOH.,, + H:S0,,, = Na,SO,., + 2H.0,

If the Et formed of one of the products is known, it is possible to calculate how

Q

| S GHEM G210 55 Miod 9 s 184 @.

410 FEFM



<

if the amount of sodium sulfate formed is known, the amounts of sodium hydroxide
and sulfuric acid respectively can be calculated. The amount of water formed can also
be found. b

p
ExampLE 9.3
. Y
Ny

In the reaction

2MaOH,;, + H-504 == NS0, + 2H:0,
if 5 moles of sodium sulfate are formed, calculate: Q

{a) the number of moles of water formad %
L]

SpUNOALLIOD JiaL) U SJUIWAIT %20(0-5

(b} the number of moles of sulfuric acid consumed and
(c) the number of moles of sodium hydroxide consumed.

Answer From the equation N
2MalH,., + H:50.,, = Na.-SD...
Zmoles 1 mole imnm
Therefore: 5 = (2 moles 1 male
= 10moles 5 moles

|l\ {a) 10 moles of water  (b) smmmum modes of sodium hydroxide

Calculation of masses of reactaQ‘.-r products from balanced
chemical equations

of gas at s.t.p.) into moles. Divi he given mass by the molar mass, or the given
volume by the molar volume, doesdhis.

{ ExAMPLE 9. A&

The first step in problems of this WE@change the given quantity (mass, or volume

Calcium er to form calcium hydroxade and hydrogen, according to the equation
4 2H,0, = Ca{0H)su + Hay
it 100 jurn is reacted with excess water, calculate the mass of calcium hydroxide produced.
wer 100 g Ca = 100 / 40 moles Ca = 2.5 moles Ca

Ca, + 2HO, — CallHpy+ Hu
Tmole 2 moles 1 male 1 male
Therefore: 25moles Smoles  25moles 2.5 moles

1 mole Ca{OH), = 74 g Ca{0H).
l"x 2.5 moles Cal0H), =25 740 = 1859

Q
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30  Asolution containing 7.4 g of calcium hydroxide reacts fully with carbon dioxide according to
equation
Cal0H)u, + Gy = Call, + HO,
What mass of calcium carbonate is formed?

31 Asolution of sodium hydroxide is reacted with encugh sulfuric acid solution to
it. The equation for the reaction is

{a) the number of moles of sulfuric acid consumed in the reaction
(b} the number of water molecules formed
k {c) the mass of sodium hydroxide used fo make up the solution.

¥
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d-block Elements

d-block

21 44056 37 4TB67 23 S0.042 24 51.996 75 S4918 76 55.845 27 54933 23 58643 73 63.586 30 65739
o ilies T YV C Mn Fe Co Ni .Gu En
Soardiam Titwnuem Weadien  Owomisn  Mangandes Iron ot Mogag] "

39 ERO08 40 01224 41 92006 47 9594 41 08 44 MN.07 45 10290 46 10642 d.;f 11]?3?!‘-& 112.41
Y Zr Nb Mo T¢c Ru Rh Pd Ja Cd
Yirm  Deosum Mobhm  Mohtomem Tchastiom  Rumenim  Rhodum  Faladum Sl Cacminm
57 13RSN T2 1TEAS TIIA0048 74 TELE4 TE 18621 76 19023 77 sz vd” 1!5.'38 T4 156,967 80 200.59
la Hf Ta W Re O0s |Ir_ Pi™pAu Hg
Lanthanun Hatnm Tatalym Tucntes B Oremium rdi® futrun (=] g

BD 2T 104 241 105 2E2 106 266 107 264 108 260100 268 110%0T1

Ac Rf Db Sg Bh Hs _Mis DS

Jitinom  RAstherfordus  Dubsigm  Ssaborgum  Bofrium Famgisn  lelcum  Deesisiun

Lea rmng Db} ective

o Describe the location d'Ethcu:I block elements in the Periodic Table using their
atomic structure JL&L.&

o Identify the main dt‘ I@‘Its of copper, zing, iron, chromium and their compounds
in Kazakhstan ium_]

o Explain prrﬁmrl& 1d uses of copper and zinc and their compounds 01225
o Iin:mgm:@l‘.ﬁl—rmcllmﬁ for Cu'+, Zn®* [RZ134
o Wdibe pmﬁert:ex and uses of chromium and its compounds [LZ128

o D‘Eﬁtﬁj‘fw ;'ihw:-:cnl and chemical properties nf iron and its compounds and
pr{h:‘t.‘%!ﬁ involved in their manufacture 10212338
o gRecofnise test reactions for Fe*, Fe™ (213

_g_"\;'_li”irry out an experiment in order to obtain the hydroxides of iron (I1) and (11T},
“eopper (1), zinc, chromium (IIT) and investigate their interaction with acids and
alkalis (02133

‘r~ Identify types of corrosion and why it occurs and explain disadvantages of
: corrosion (1237

o Write balanced chemical equations for reactions involving metals and perform
calculations if reactants have admixtures to calculate percentage vields (in.z23]
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d-block Elements

198
_4

10.1 d-block elements dblock
sum _i:n.' x'n.'m—'.' LL] HH:M ;_hl-: E L h_ [LES) [
= c i r n | Fa i
d-block elements with similar outer |[sses] e | e | o foge] s | o | s | e | o)
5 B N _ - ENTE T ol Db e s ] CI PG R T TR T o
electronic configurations, but with inner Zr | Nb [ Mo | Te | Ru | Rh |

orbitals incomplete that are filled, will be T T W e Tos T e "““’:"'l_i:'

fairly similar chemically. This is becauge  |[imeeless i ] Lo | s Lo |
the inner electrons have a lessereffecton [ Ac | Rf | Db | 39 | Bh | Hs | Mt | Ds
pousty el [t ] o] ki Pl S
chemical properties than outer electrons

have.

Figure 10.1

10.2 Transition Metals

-
Transition metals have variable valencies, form mlumgﬂﬁ:unds and

they and their compounds have catalytic Pl‘ﬁpﬂ'ﬁiesh

Flgure 10.2 = Figure 10.3
Potassium manganate () is a coloured compotnd of the Manganese dicxdde has catalylic activity
fransition element manganese ;

Iron and copper are transition‘elements:
o They form coloured gompounds, such as iron(ll) sulfate-7-water, which is green,
and copper(ll) sulfabéS-water, which is blue.

o They have a number offdifferent oxidation states (variable valencies) - iron
in its compoud@& #8ally has an oxidation state of +2 or +3, while copper in its
compound&usually has an oxidation state of +2 or +1.

o They havesgatalytic activity — for example, an iron catalyst is used in the Haber
process for the synthesis of ammonia, while finely divided copper is used in the
industrial synthesis of methanal.

Two gfthe d-block elements have electronic configurations which are exceptions to the
rules looked at in Module 4.

w ‘Expected’ configuration Actual electronic configuration
i 15725 2p 35 3p"4s"3d" 15°25"2p"35"3p'4s' 30"
Chromium 1525'2p"35"3p"45"3d" 15°25'2p"35°3p"4s" 3"

Table 10.1
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These unexpected configurations are due to the extra stability in the case of chromium e
s

of a structure with half-filled 3d and 4s sublevels, and in the case of copper of a structure

with a full 3d and a half-filled 4s sublevel.

10.3 Naming of Transition Metal Compc}unds

Oxidation numbers are used when naming compounds of tq.g.rmtm

e

A
Av-n.n-»
B

.'-\- H
b )

i
"\.: /'__.-

x h

‘metals

systematically. In the case of a compound containing two elements a.ﬁlhyw ending
-ide’ is used as usual, and the oxidation number of the metal is ll'lL'I'lLﬂtf_‘d ‘hv a roman
after the name of that metal (for ux‘tmp]tﬁWlI] oxide), If

"\-\.n.

number in brackets
the compound contains a
complex ion, for example
CuNO,, then the name
ends with the name of the
complex ion - copper(l)
nitrate in this case. [f the
compound contains water
of crystallisation, then the
number of molecules of
water of crystallisation
is indicated at the end
of the name as shown
for CuS0y x 5H;0. The
systematic name of this
compound is copper(ll)
sulfate-5-water.

Figure: 1008

il

j S
Crystals &ﬁ@mm sulfate-5-water

(" Example 10.1 4

What is the fmnu\a%lll] sulfate-9-water?

Answer The iran(lll ion‘has a charge of +3.
Th has a charge of =2.

Fe,(S0.):x 8H.0

& form

N

I

STIONS

1o What is the systematic name of

(a) CuCl, {c) Cr0,
(b CuCl {d) TiCL
What is the formula of

(2) chromiumilll) chioride
{b) manganese(lV) oxide
{c) iron{ll) chioride

(d) nickel(ll) sulfide

(e) cobakt{l) chionde

(&) TiCl,
{fi V.

(g) NINO, x 6H.0
) NiSO,

i} KMNQ,
) KLr0.?

ify iron{ll) sulfate-7-water
(o) copper(ll nitrate-3-water
(h) sodium dichromata(Vl)

i) silver(T) nitrate

(i) copper(l) suifate

&
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d-block Elements

E ore above a sulfide layer.

Aktogay copper deposit is
108 one of Kazakhstan's largest,

3"

Tests for transition metals k

Transition metals form coloured compounds with other elements. Most of these

with a sodium hydroxide solution gives a transition metal hvdroxide. As t

hydroxides are insoluble, they form different coloured precipitates in these reacti

and this provides the basis for determining which ions are present. Q
@

compounds are soluble in water and form coloured solutions, Mixing these ﬂiluﬁg

The table below shows the colour of the precipitates in such tests.

Metal ion
Copper(N), Cu™
Iron), Fe*™
fronglil, Fe™
Zinc Zn™

Chromium(lif) ion: Cr* Grey-green ¢

Table 10.2

Production of transition metals in Kamk@

Kazakhstan is the third largest producer of chromium in the world with 16% of world
output. It the fourth largest producer of titaniumg, cadfmium, and magnesium metal
accounting for 11%, 8%, and 3% of total world outptit, respectively. Kazakhstan also

has very large reserves of copper and it ran top ten producing countries.

It is estimated that Kazakhstan holds ongsthird of the world’s total manganese and
chromium deposits and about 4% of Ihe%’ﬁ zold deposits.

The Shnirﬂn zinc oxide deposit

is| in northwest Kazakhstan,
The Pervomayskoye - a‘pp tely 240 km southwest |

The Kacharsky iron ore

desoeliin Fenaiatan I1e town of thtana}
mine in the Kostanay

is one of Kazakhstan's
largest chrome deposits.

regj-:m produces 20 million
tonnes of mineral per year.

consisting of copper oxide
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Copper *'

Only silver has better electrical conductivity than copper, which means that copper is
the most widely used metal in electrical cables and wiring. This property, togethenith *
the fact that it can easily be wound into a coil, means that it also is extensively
electromagnetic devices such as motors, dynamos and transformers. %

i

sjualugg ¥o0iq-p

Figure 10,6

Copper also has very good thermal ¢ ivity which means that it has a range of

applications where heat transfer is impor such as saucepans, heating pipes, heat

exchangers in water tanks and heat sigks in devices such as TVs and computers. @

As copper is low in the reactivity geries, it does not easily corrode, which also makes it
the metal of choice for many of t pplications.

Copper alloys easily and is tlﬂ element in many well-known alloys such as bronze,
nickel silver and gunmetal is an alloy of copper, tin and zinc. Copper is also
anti-microbial which mﬁhﬂt it quickly kills bacteria and viruses that come into
contact with its surface. This is the reason that many surfaces in hospitals are made
from copper or one lloys,

Zinc
Zing has strong anfi-corrosive properties which means that much of the zine produced

important compound is zinc oxide, which can be produced in a pure form
g zinc vapour in air. It has high thermal conductivity which results in it
dded to certain types of rubber to add heat dissipating qualities. It is also used

$ a wide range of paints, cosmetics and inks and in different types of photocopying

esses because its electrical conductivity is greatly impacted by the effect of light.
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QUESTIONS

Hame two properties of copper that explain why it is widely used in heating pipes.
Why are copper and alloys of copper used to cover hospital surfaces?
& :

In what type of ores are copper and ainc found in Kazakhstan?
Wihy Iz zinc important in the manufaciure of steel and iron?

It is corrosion resistant and does not tarnish in air so chromium p is used to give

metals a shiny, silvery mirror finish. It is used in the man re of paints and dyes
and chromium salts are added to glass to give it a green colour. also widely used
as a catalyst in leather tanning processes.

Chromium ?
Chromium is a hard, brittle metal with a lustrous quality and it cmaig ly polished.

High exposure to chronium (V1) is associated wi health problems such as
respiratory problems, skin rashes and lung cancer. Su els of exposure are only
potentially found in industrial settings relating to i ain applications: steel plating,
textile dying and leather tanning, &

Iron
Iron along with nickel and cobalt is one c%hree naturally occurring magnetic

elements. The main qualities that result i ide range of uses in manufacturing and
construction are:

o Its tensile strength @

o Its workability

o Its ability to alloy in diﬂeren%‘s of steel
What has to be compensated for in manufacturing and construction is its reactivity
with moist air to form iron oxid@¥e,0, (known as rust).

Iron and steel produc nd in most domains of human activity from car to
rail transport, from shipb g to construction, from industrial machinery to home

appliances. We s in detail at the process involved in steel production in
Module 12. It i . the wide variety of elements beyond the basic elements in
steel [iron such as silicon, chromium, vanadium, titanium and molybdenum

to name just a its alloys that variously give it qualities of strength, flexibility and
wear-resistance,

acids, on the metal surface. The very reactive alkali metals - lithium, sodium and
potassium — have to be stored under paraffin to prevent corrosion occurring. The
paraffin excludes the corroding agents.

E Corrosion of metals is caused by the action of air, water, and other chemicals, such
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Some metals form oxide coatings when exposed to air. The oxide coatings formed by %I
aluminium, nickel, chromium and magnesium do not flake off easily, and so these

metals are protected from further corrosion. &
Corrosion of iron or steel Colhode reaction Q
The corrosion of iron or steel results $0,+ quq-zg-_.mprq

in the formation of hydrated iron(TII)

oxide (rust), which does not protect the Rust .

metal from further corrosion. N

If a drop of water is placed on a piece
of clean steel, an electrochemical cell is
formed with a cathode and an anode.
The cathode and anode regions differ
in composition. The anode gets eaten
away as the iron is oxidised:

Fe™ = Fehl.qr+ 2e

At the cathode, the dissolved oxygen
in the water reacts as follows:

H:Oy + ¥y + 26 = 20H
The Fe* and OH" ions diffuse away f electrodes, and form a precipitate of

iron(ll) hydroxide: %

Feﬂqw += E-DH-HN =p FE{GH]EM

This is then oxidised by dissolved oX¥gen to form rust, Fe.0,. x H:O, where x is variable.

Acceleration of corrgsi

The presence of salt in which is likely near the sea, or in winter when de-icing
salts are used on roads, acfelerates corrosion of iron and steel. This is because it
increases the cond of the electrochemical cell solution. If iron is in contact with a
metal such as lead, below it in the electrochemical series, as for example, when
lead piping is joigied to storage tank, the rate of corrosion is accelerated greatly.

10.5 1’% ion of Corrosion
Corrosion o and steel may be prevented or retarded in a number of ways. The metal
may be paipted to exclude air, or coated with tin, plastic, grease or oil. The protection
againgt rust afforded by these methods lasts only until the coating is scratched.

ising, which involves coating the metal with zinc, affords protection even after

ratching. Since zinc is above iron in the electrochemical series, it, rather than the iron,
écls forming ions which go into solution:

E Zn(s) = Zn*,
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d-block Elements

the cathode is protected and the anode is eaten away.,
@
Electroiyte (dirty water) Electrolyie (dirty w!%
-~ @ ®
Figure 10.8
Zing prosocts iran from rusting even after scrabhing, whereas tin does not
&
If a sacrificial anode made from a more reactive metal s aﬁmesium or zinc is
connected to steel, the steel is protected. This method is wide ed to protect the steel
of ships and underground or submerged oil pipelings water pipes. The anode is
eaten away, and the steel, which is the cathode, is pro
b D
(QUESTIONS
>y
7 \What must be present for corrasion of iron and occur?
Name two substances lhﬂmumm%ﬂl of iron and steel. Give a reason in each case.
List two methods of preventing af Ifdn and steel.
10 What is the chemical compaosition
);’ 11 Why does zinc not comrode?
& 12 How does tin prevent iron :
13 Wy does zinc prevent igofi from rusting more effectively than tin?
14 Give an example of the use of a sacrificial anode, and explain how it works.
AN _/
P
hY

Chemicals neﬂie Equipment needed

0.1M Copper Sitlfate Pasteur pipettes
0.1M ium Ferrous Sulfate Test tubes

01m [T} Chloride Test tube racks
0,18 Chromium (1) Chloride Delonised water
0 inc Chloride

dium Hydroxide
IM Sodium Carbonate

$ oncentrated hydrochloric acid

| CrS GHEM G210 55 Micd 100ndd 204 @.
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The zinc corrodes and the iron is protected. This is a type of cathodic protection, where %
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@0
_— &

MNEB: Wear your safely glasses.
&

In test ubes containing approximatety 3 cm® Cu™, Fe™, Fe™, Cr™, Zn™ of solution, canry out the followin
and record your observations in the table below.

1 Determine the pH of each solution and note its colour.

2 Using a pipette add drops of 2M NaOH 1o excess. Note the colour of any precipitates malﬁhich
precipitates dissolve indicating that they are amphoteric hydroxides. Allow precipitatés several
minutes and abserve if atmospheric oxidation occurs,

3 Add concentrated hydrochéoric acid to excess and note changes in cobour.
repaced as ligands by CI ions.

4 Add 1M Sodium carbonate to excess. Again record the colour of any pmin%

sjuawagg ¥oo1q-p

atermolecules will be

el and compare 1o
the colour in step 2. Note if any gas is produced.

§  Complete the table and ionic equations for any reactions occurring inthe table as well.

In aqueous solution

Formula

pH

colour

adding hydroxide e

- ‘Q,
ming concentrated % @

adding carbonate

'y

10.6 Percen Yields

Calculations u%ch’ng masses based on balanced equations give the maximum
oductls) possible from the reactants involved - the theoretical yield. When

n occurs, the amounts of products isolated are often less than those
i§ can be due, for example, to the reaction being reversible, or to some of
the products reacting further to form other products, or to losses when purifying the
cts. I reactions where theoretical yields of products are not obtained, the idea
tage yield is useful.

Actual yield

= 1005

fPercentage yield =
\ Theoretical yield
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When performing calculations involving impurities in ore, before calculating the
reacting masses, do a simple calculation which takes into account the impurity of the
ore. Thus, if vou are told that a magnetite iron ore contains 80% 1ron oxide an
Th fy Id th g i 80% i ide and 2 b
-E waste silicate materials, simply base product calculations on an 80% ratio of the ini
= ore quantities used.
=
¢ Example 1.1 *
A magnetite iron ore is found to contain 76% of the iron oxide compound Fe,0,. can be
exiracted from 1000 kg of magnetite ore by carbon reduction?
Atomic masses:
Fe= 156

G=12
0=16

&
Ny
The reduction equation is Fe,0, + 2C — 3Fe + 200, \
Answer 1Fe,0, — 3Fe

reacting masses Q

(3 x56) + (4x16) = 3x 56

232 Fe.0, —» 168 Fe 0

sohving the ratio, x = 0.76 x 15&232=Q
@® l\ = Fe (550 ko) from the magnetite m% P
. QUESTIONS (2 :j

’04 15  How much iron (Formula Fﬁmmnw theoretically from 1000 tonnes of pure hagmatite
in a biast furnaca? What yield if only 630 fonnes are obtained?

16 Nitrogen monoxide is ing the reaction
ACU, + BHNO ., — by + ZN0 + 4H,0,

If 12.7 g of copper to produce 1.12 | N0 (measured at 5 Lp.), calculate the percentage
| yield of MO,

17 Copper(l) reduced by heating carbon in the reaction
PCUE+ G => 200, + GOy,

In the elter what is the theoretical yield of copper if 1.5 tonnes of carbon are used?
If 14 tonnes of copper are actually produced what is the percentage yield?

é. 4
Q
Q
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Learning objectives " ®
o Explain Periodic Trends in the properties uf the p-block elements and their compounds

&

IS |

according to their atomic structure W

Investigate the amphoteric ]J'I'J.‘fpl:‘.'rl;iﬂi_.'-ﬂ! aluminium oxide and hydroxide 22132
Describe the uses of aluminiumand ifs alloys 02133

Describe the physical and c]‘mn'lic‘al;i':ir;‘rpcrtiﬁ of carbon and silicon and their compounds 10.2.1.34
Explain the mechanism uf t:;\rbun monoxide poisoning and first aid for carbon monoxide
FL‘!ISW‘I.IT'I:.? 102135 Ll i

Complete chemical cqlmtmm which describe the manufacture and chemical activity of
ammonia gas and gmmoni@solution (02157

Analyze the impdetigfihitrogen oxides on the atmosphere and nitrates on soil and water
resources [llJ._H,.t‘:i |

Suggest ways, ;_g?uﬂ_um nitrogen and phosphorous compounds effect on the environment(104.1.9
Describe the f{ii“[ﬁ/ﬁtiun of sulfur dioxide in the combustion of sulfur-containing fuel (02134
Explain theinwact of sulfur dioxide on the environment and describe how acid rain forms 10.4.1.10
Cnmp&rexpr:qwrtura of dilute and concentrated sulfuric acid (02130

rKE‘-'].E.IM"LTE:\H of the application of sulfur dioxide in the food industry 104111

Explain the regularities of changes in the physical and chemical properties of the halogens

growp 102140

- Stqai' chemical properties of hydrochloric acid and to know areas of its application 10.2.1.42

Describe the biological role of iodine for the human organism and explain ways of

, preventing iodine deficiency disorders 104013

Recognise tests for identifying chloride-, bromide-, iodide-, sulfate-, carbonate-, phosphate-,

nitrate-, silicate- ions (02143

Create a plan for testing some anions and carry out the experiment 102144 L
[ 207)
L 4
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11.1 p-block elements

The elements in Groups III, IV, V, VI, VIl and 0 are called
the p-block elements. These are mainly non-metals, but
the lower members of some of these groups, for example
tin and lead in Group IV, are metals. As we saw in Module
1, all p-block elements have the outermost electrons in
their atoms occupying a p sublevel.

11.2 Aluminium

Figure ll.q
Alumina (aluminium oxide) is first extracted from the ore bauxite by chemmical means.
Aluminium is then extracted from alumina by electrolysis.

Figure 11.2

Piant Tor extraction of alumina I'mm@e

Alumina from bauxi

o Crushed bauxite is a with mixing, to a hot solution of sodium hydroxide.
o Theslurry form n pumped to pressure vessels operated at high temperatures.
The following rea occurs, in which soluble sodium aluminate is formed:

2ZMa _IDI. x 3H10|.| - ENnAi(};,,,,- + 4]“]_'1:}||.

o The impuritie§in the ore, which are mainly oxides of iron, silicon and titanium, do
not di:isolwi and are allowed to settle before being removed by filtration.

NaAlO ALO, 3H.0

Precipitalor Ratary kiln

é [t
Hnt "aDle o mrﬂgﬁ
vessels
1.3
he exiraction of alumina from bawxite
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the solution is seeded with very pure small erystals of aluminium oxide-3-water.

o The clear sodium aluminate solution is next pumped to precipitator tanks. He ‘ %
On cooling, the following reaction occurs:

2MNaAlDy., + 4HOy, = 2NaDH,.,, + ALO, x 3H.0,, % |
o The precipitate of hydrated aluminium oxide is removed by vacuum fil
while the sodium hydroxide solution is recycled to the start of the pr@
e water

o The hydrated aluminium oxide is then heated at about 1373 K to
of crystallisation:

ALO, x 3HAO,, — ALDYE) + 3HLO,
The alumina formed is a white powder.

Aluminium from alumina

The electrolysis of alumina is carried out in large steel bﬁ%‘;‘é with carbon.

o Carbon anodes and a carbon cathode are used.
o Alumina has a very high melting point (2288 K), smctmlyte is used consisting

of a mixture of molten cryolite (Na AlF) minium fluoride (AIF). The
aluminium oxide dissolves in the electrolyte. ite is used as a solvent in the
electrolysis to save energy because ithas a h Iower melting point than alumina
itself.

o Alow voltage is used in the electm%avmd decomposing the electrolyte.

o During the electrolysis, the following ions peeur:
Cathode: 2Al1", + 6e” — 2Al, @ ®
Anode: 307, -6 = 1.0,

o The molten aluminium form Graphite lining acting as cathode
settles at the bottom of the tan Solid crust of elecrolyie IGraphhe anodes

and is siphoned from thﬁ

o The electrolysis is canri tat
a high temperature, @ich the
large carbon anodgs are steadily
burned away e OoxXygen

ve to be
intervals.

v and is therefore
normally  carried out where Figure 11.4

eﬁtrim}: is relatively cheap. The electrolysis of alumina
f aluminium and its alloys

luminium is used to make strong, light, corrosion-resistant alloys, which are used in
construction of aeroplanes and ships. Aluminium silicon, for example, is an alloy
ét has highly corrosion-resistant and wear-resistant properties and is used to produce
functional parts of engines such as pistons, cylinder liners and coatings for pipelines.
Aluminium is a good conductor of heat and so is used to make saucepans and as a
cooking foil. Itis also an excellent electrical conductor and so0 is used in electricity wires.
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p-block elements

210

The non-corrosive properties of aluminium are due to an effect known as anodising.

Aluminium forms a protective layver of aluminium oxide ALO, which prevents it from
oxidising further. Anodised coatings with aluminium are used on all sorts of surfaces
from building exteriors to mobile phones. =

Recycling of aluminium

The re:ytlmg of aluminium is an economically viable process. It is also dl"“:lt‘ﬂHt" from
an environmental point of view, saving energy and conserving natural resgurces, When
aluminium is being recycled the aluminium waste is melted. The impuritié$are either
burned off or separated from the aluminium. L

L

#.,
QUESTIONS @

B

/)
1 What is the main compound present in bauxite, and what are !hE rities?
2 What iz alumina, and how is it formed from bauxite?
3 Inthe electrolysis of alumina, why do the anodes have to be r@ulaﬂ?
4 When alumina is electrolysed, what is oxidised? At whi does oxidation occur? What
type of cathode |5 usad?
W 5 Inwhat form does aluminiurm ocour naturally? What @mam used for? 5

Aluminum and its compounds are .;1mphmw?fi:", im;;m ing that they react with both acids
and bases. Aluminium hydroxide, for ummplu. reacts:

with OH solutions to produce M{OE-‘I}‘T
o with H.O solutions to produce #1[},]_:0],]

DEMONSTRATION 11.

You are going to observe the Teictions of dropping a ball of aluminium foil into a
beaker of :

(a) a dilute solution u_f.hyd.r'u;iﬂilurit acid
(B} a dilute solutiony hiﬂqdium hydroxide

uuQF, 9

at is@n amphoteric substance?
T lete the equations with the products for each reaction

L%

2Al + GHCI —

(b) 2Al + 2NaOH + 6H.0 — 2Na[AI{DH)] +

| Carls CHEM Gr10 Ss Mod 11.nad 210 @
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11.3 Oxides and silicon \1;'

Silicon and its compounds silicon dioxide and silicon carbide form covalent®
macromolecular crystals. In such crystals the atoms form lattice points and ¢
bonding holds the atoms together.

sjuawaya %o0jg-d

Figure 11.5
Silicon

These structures are similar to the carbon
allotropes: diamond and graphite and have a b

regular three-dimensional structure.

*
Materials such as diamond, quartz and n *‘¥
carbide are extremely hard and have very a A
melting points because of the energy ired "ﬂ}‘. @
to break the covalent bonds. As elect annot -
easily move from one atom to an a1, they are " :,}; -
also poor conductors of electrici do not )% {-) -
dissolve in polar or non-polagsalvents. ”

-

»

Silicon dioxide is commonly found in the form
of quartz. It can also be i by either
burning silicon in air rough the slow Figure 11.7

decomposition of si a red-hot state when  Diamend

exposed to steamylt is in processes such as

sandblasting aulic fracturing in the oil and gas industry.

Silicon carbide, w is produced at extremely high temperatures using a mixture

i djand finely ground coke (carbon), is one of the hardest substances
tremely wear-resistant material used in heating elements and tools
used for cutting and grinding hard materials.

QUESTIONS %)
j

& Why do crystal structures such as diamond and silicon carbide have such high melting points?
9 Inwhat form is silicon dioxide naturally found?

10 By what process can pure slicon dioxide be made?

11 MWame one industrial use of  (a) silicon diocdde and (b)) silicon carbide

4
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11.4 Oxides of Carbon

When carbon is burned in a limited supply of
oxygen, incomplete combustion occurs and carbon
monoxide is formed:

O

Carbon monoxide is a neutral gas that is also
formed when the incomplete combustion of
hydrocarbons occurs. It is a deadly poison, which
prevents the uptake of oxygen by the hacmoglobin
of the blood.

Carbon monoxide has no smell or colour and does
not irritate the lungs or the eyes, so it can easily
be breathed in without being noticed.

Figure 11.8 5
Cigretie. smuke cantains some carbon
ﬂ‘ﬂml:l.l:HIIH #

Carbon monoxide poisoning is usually caused by hl.ﬂul:l Is in unventilated spaces
or by poorly maintained household apphdmen ‘rl.I.LI'I iookers or central heating
boilers. .

W
People exposed to carbon monoxide will Ece)lffntk am‘i experience dizziness, tiredness
and confusion, stomach pain and shortness'af, h‘renth They should immediately seek
medical advice at a local hospital where tht-i?‘ arboxyhaemoglobin levels will be
checked and they can be treated with pu& gﬁyg&'n to bring levels down to below 10%

which is normal,

Carbon monoxide is emitted thrnugll"le{igﬁicle exhausts, particularly in the absence of
catalytic converters, and is also fmm-:l in cigarette smoke which are reasons why some
carboxyhaemoglobin is generally }Qfe;?nt in blood. It can be difficult to assess the extent
of exposure to a carbon mongXide leak in heavy smokers.
When carbon is burned ij;qcvss; oxvgen,
complete combustion mﬂus ;md carbon dioxide is
formed: it 7

Co + Oy = C(Jﬁ;{ -..-'C?
Carbon diu@’ﬁb “ananu formed when complete
combustion of T'I?d'i'm:a rbons occurs. In brewing,
carbon diexide is a co-product in the production of & i
ethanol bﬂermr’:ntatmn Figure 11.9

Fizzy drinks contain carbon dipdde
‘--HJ&( , = 2C;H.OH,,,, + 2CO,,

CagBion dioxide is an acidic gas, which is used to make fizzy drinks. It is dissolved
i:_;‘qguig_r under pressure, with the result that bubbles of gas are produced when the
tainer is opened.
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The effect of carbon dioxide on universal indicator solution 1
In this demonstration, the carbon dioxide gas formed in the reaction is bubb]pﬁ {h ruu].,h
water to remove HCI, and then into universal indicator solution. 4 ¥

DEMONSTRATION 11.2

gl

Universal indicator is a mixture of indicators that shows a wide raﬁ:ge nl’ mlu-urq

depending on the pH of the substance being tested. As carbon dioxide h"’“ is bubbled
into a sample of the indicator, the pH is gradually lowered as tMMtt of dissolved

C(O, increases. A series of colour changes is seen as the pH dm]:hs 4

Chemicals needed
Universal indicator i

Marble chips Magnetic sti rn,ﬁ:"ng;_j pellet
3 M hydrochloric acid x Teat pipetie, v
Test tubes nn‘*ﬁk‘-ppﬂa with two holes
Deli ivery tube
Retort S‘I.'imi%nd clamp
Procedure e
NB: Wear your safety glasses e
~
1 Place about 25 cm’ of universal indicator |ntn«!ﬂgp":m‘ beaker and dilute with an equal volume of water.
Flace the beaker on a magnetic stirrer, add a pelre’f‘ ‘and start the stirrer at a slow speed,
2 Place a few marble chips in a test tube anc{‘mﬂp the apparatus as in the diagram. The end of the delivery
fube should be well below the surface of the uniersal indicator.
3 Add dilute HCI from the teat pipette, iﬁiﬂrﬂmat a time.
4 Asthe carbon dioxide bubbles Ihﬁwgh thE |nd|r;at0r, a series of cobour changes can be observed.
Teat pipatte: i
Dilute hydrochloric acid r
o
e | Diluted universal indicator solution
baenss
0 i’
Figure 11.10 )
QUESTIONS
;l :_- 12 Under what conditions is carbon monoxide produced by combustion?
x 13 Explain how carbon monoxide acts as a poison.
a° 14  What effect does (3) carbon monoxide (b) carbon dioodde have on [itmus?

Equipment needeé'_}_' ":
100 cm* beakgr &
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11.5 Carbon Dioxide in Water &

Carbon dioxide is an acidic oxide. »

Carbon dioxide is fairly soluble in water: N
CO:yy, + excess HiOy, = COy,

A small proportion of dissolved carbon dioxide reacts with the wamﬁu carbonic
acid, H.COy:
CUM. + Hrcim = H:C'Dm &

Carbonic acid N

As this is a weak acid, it dissociates to a small extent in aq solution:
HiCOuy = H'uy + HCOu oy Q
Carbonic acid Hydrogencarbonale ion

The hydrogencarbonate ion, HCO,, is itself a w so further dissociation can

oceur, but to a lesser extent:
HCGJ.m:” = H-qul + CD]-I-I..qI
Hydrogencarbonate ion Carbonate ion

This is more likely to occur under all:alin@:liﬂons.

The interaction of water with n:arbu%ide is of value in reducing the amount of
carbon dioxide in the atmosphere. At th&'surface of the oceans, air is constantly coming
into contact with water. Some of %rbﬂn dioxide that dissolves in water is changed
into hydrogencarbonates ca ates, as described above. Some of it is used up

in photosynthesis by mari ts, while some is dispersed to deeper regions by
ocean currents where the low peratures ensure that it remains dissolved. These
interactions of atmosp| n dioxide with the oceans are a significant factor in

limiting the greenhouse ¢

nl
carbon dinxide in the ocean helps to reduce levels of the gas in the atmosphere
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11.6 The Carbon Cycle *’

The carbon cycle indicates why the level of carbon dioxide in the atmosphere not#
change greatly over short periods of time. Some carbon dioxide is removed f e
atmosphere by dissolving in rain or in ocean water.

T . Q
— 3 00 npe o ; E N’\

\. Respiraion " g
E
- 7 IS
a0
]
£ &
‘.
%
. J
Figure 11.12
The carbon cycle
The major process by which pheric carbon dioxide levels are reduced is

photosynthesis. Atmospheric car ioxide is used by green plants in photosynthesis
to make more complex caMmpuunda These may be eaten by animals, which
digest them and use them rgy in respiration. Alternatively, they may be used
by the plants themselv respiration. In both cases carbon dioxide is formed, and
returned to the atmosp Another way that carbon dioxide is returned to the
atmosphere is when il fuels are burned.

L

mwﬂnhhﬂﬂnﬂmﬂhﬂmmm
iullmhrmlnm carbon dioxide is found in the oceans.
?., How is the interaction of carbon dioxide with the oceans of benefit to the environment?

18  Explain the importance of the carbon cycle. _/l

é
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11.7 Nitrogen &

N, in nature is found as a diatomic gas with the two nitrogen atoms :tNiiNs, ¢
joined by a non-polar covalent triple bond. Q

The bond energy of the N=N bond is very large, which means that a lot of
is needed to break the bond. Consequently, nitrogen is very stable and c@
unreactive. Nitrogen has an extremely low boiling point and liquid nitrogen is as
a coolant and refrigerant. It has several uses in medicine in its liquid fﬁmw used,

for example, in the long-term storage of viable human cells such as sper d it is used
in certain skin treatments to kill damaged cells and thus allowing nwc grow in

their place.

Oxides of Nitrogen * Q
Nitrogen monoxide is released from car exhausts and w where the high
temperatures bring about the oxidation of atmospheric %

Mg + Oy — INQy,

It is also formed in some biological processes and IJ:,.I' ing discharges. Nitrogen
monoxide, NO, is quickly oxidised in air to mtmge joxide, N,

and nitric acid, HNO:
MOy, + HAOy = HNO,,,, + HNDM.

Nitrogen dioxide dissolves in water and MQOHTI a mixture of nitrous acid, HNO,

Thus the release of nitrogen monﬂxiﬁu the atmosphere is likely to result in rain
containing nitric acid and nitrous acid.

2 Rain contains nitric acid

e 1113
éw’ummhmm
Nitrat soil and water

n is essential for the growth of most living things, and is a vital ingredien
teins. In order for plants and animals to make use of nitrogen, the unreacfwe
nitrogen gas in the atmosphere must be converted into more reactive nitrogen
mpounds, which can then find their way into the soil. This process is called nitrogen
tion.

1\
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the high energies necessary to split the N: bond and allow it to react with oxygen
to form nitrogen oxides, such as NO and NO,. These can then dissolve in the watery,
in clouds to form nitric acid (HNO,) and nitrous acid (HNO;). These compou
changed into nitrates in the soil that are then absorbed into the root systems o

One mechanism for this occurs during thunderstorms, when lighning flashes pmv& %

The roots of legumes (plants such as clover, peas,
and beans) are colonised by nitrogen-fixing bacteria
that have the ability to directly convert M. into
useful nitrogen compounds via the use of a special
enzyme called nitrogenase. The virtue of this system
is that these plants provide their own fertiliser.

Sewage treatment = =7Em
For many years, domestic sewage running untreated m
into rivers, lakes and the sea has been one of the

most serious causes of pollution around the world. mnnm of sewage treatment
plants in some areas meant that waterways , and in some cases still are,
treated like sewers. In most cases, a small quanti e particular pollutant would
not pose a problem for the waterway, as it woul degraded quickly, posing no threat
to the environment. However, large quantiﬁ%ag@ cannot be broken down in a
reasonable period of time and so consti erious pollution.

While the exact processes may vary from o nt to the next, there are three recognised
stages known as primary, secondary @E: iary treatment respectively, @

(a) Primary treatment

Primary treatment invol Screening Settling
screening and settlement, is _L
a physical process. The dbe
entering the plant is forced through

metal screens that re large

solids and physicall k up the
sewage. On the wa primary

settling tanks, the ef t passes ;
slowly throug rit channels.
As it does,so, m dense matter g0 4145

settles and'is gemoved periodically.  Pamary sewage treatment

With some of the solid matter now removed, the effluent flows into a primary settling
tank. It enters through the bottom of the tank, and rises slowly allowing the sludge to
sett tank has a mechanism at the top that skims floating particles. It has a scraper
at tom of the tank to remove sludge periodically. The clearing effluent at the top

f the tank flows away to secondary treatment.
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(b) Secondary treatment

Secondary treatment is a biological
process involving the oxidation by
micro-organisms of the nutrients
present in the effluent. The waste
is oxidised by micro-organisms in
a trickling filter or in an activated
sludge unit. In a trickling filter, the
effluent flows through a bed of stones
where micro-organisms digest the
nutrients in the presence of air, i.e.
aerobically. An activated sludge
unit also operates aerobically. The
effluent is fed continuously into an
aerated tank that is kept oxygenated
by mechanical agitators. Once again,

micro-organisms decompose most of the organic M

o

Secondary treatment is a biological
uﬂmmgaﬂmnf&emﬂﬁmﬁpn&n;

O Primary treatment involves screening and settlement, and is a physical
process.

Activaled sludge unit
|

ettement tank

il N
Fgure 1116 g J)
Sacmﬂmmrﬁlm it

o
After the biological stage, the ufﬂllunwiecmﬁ to further settlement in tanks. Even

though it is now safe enough to be di

red into waterways, where dilution renders

it even less harmful to the E!\Vir@jll, the effluent is still rich in nutrients such as

phosphates and nitrates. Ideally

(c) Tertiary treatment [
Tertiary treatment =y
involves the removal g
of phosphates and g
nitrates from the e
resulting from ndg
treatment. II@

less common m
countries than pmmrg.e

OF SEC0N tréatment,
largely se of its high
cost. gl

F

ires tertiary treatment.

d J
ates are removed  Fgue 1117
scipitation. They are  Secondary sewage treatment

4 reacted with a compound
ch as aluminium sulfate, AL{S0,};,, producing an insoluble salt - in this case

‘fl'éai{?‘:,nluminium phosphate, AIPO,, which can be removed by filtration.
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Several methods of removing nitrates are available, the most common being biu]l.\g&
denitrification, which is sometimes incorporated into secondary treatment plants. The

effluent containing the nitrates is placed in a tank that has no free oxygen. Bacteriag
in the tank require oxygen and they take it from the only available source - n
bonded to nitrogen in nitrate ions, i.e. NO»- — N.. In other words, the bacteria

nitrates to nitrogen gas.

Tertiary Chemical and biological

Table 11.1
Stages In sewage treatrment :
QuEesTions %ﬂ
19 What does primary sewage ent from wastewater?
20 What is the purpose of treatment, and how is it camied out?

21 m&mwmmw.mwm
"2

11.8 Eutrophicati

Eutrophicati
by the o ichment
of wate trients
such as phosphates
and nitrates, caused by
unt d or partially
t ewage, or by
n-off from farmland
slurry or fertilisers.
effect, the nutrients
chave as fertilisers that
increase the growth of @-ahmla
s - plants such as algae in
lakes and rivers. This problem may be noticed by the appearance of algal bloom on
the water.
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p-block elements

. QUESTIONS * ‘O B
. v

The algae are short-lived. As they decay, micro-organisms use up much of the dissolved

oxygen in the water, leading to the death of many forms of animal life. The occurrence

of eutrophication is a strong argument in favour of tertiary treatment of sewage, whlr:h

contains nitrates and phosphates in significant quantities.

i

Another of the causes of eutrophication of waterways is the run off of excess fﬂullser

from farmland. The fertiliser spread on the land may be artificial, or it may hgmtui‘nl
i.e. animal slurry. Either way, if the quantity used is not carefully contmlled, eXcess
nitrate may be washed into rivers or lakes by rainwater. Once again -.uﬁophn.atmn

may result. Increased regulation of the use of fertilisers in many umnirmﬁ |!'l"|.‘1 bmught
about a reduction in the amount of pollution of waterways. iy

22 What is meant by eutrophication? \

23 Why does uncontrolied use of fertilisers cause eutrophi

24 What is likely to happen to the water in a lake if a large q untreated sewage is
discharged into the lake, and why?
25 Why is tertiary treatment of sewage important in n of eutrophication?
Ammonia

Ammonia is a colourless gas with a punmqﬁqmu]l NH, fumes are toxic and exposure
to and inhalation of ammonia can aﬂnm_u-.l}' dffect your eyes, nose and throat. Ammonia
readily dissolves in water in an exutﬁﬁ.mfnit reaction. It forms ammonium hydroxide
(NH.OH) which is a weak base solutiong

Figura 11,19

S

Wehave looked at how ammonia is manufactured in industrial processes in Module 7

Land will consider this process in more detail in Module 12. Here we will conduct an
mexperiment that will allow us to produce ammonia gas in the lab and consider some

of its properties. Because of the dangers of the inhalation of ammonia, this experiment
should be carried out in a fume cupboard.
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Chemicals needed Equipment needed *
Ammonium chloride 1 x small beaker

Calcium hydroxide 1 x large beaker »
Calcium oxide Spatula

Concentrated hydrochloric acid Retort stand clamp

Boiling tube with stopper
Delivery tube Q

2 x test tubes [one with s er]
Test tube rack M&
Retort stand

Clamp Q
Bunsen burner
Heat resistant mt@e
Universal ind"patn r
Procedure N
NB: Wear your safety glasses \

1 Have ready a large beaker bwo-thirds filled with water. a test tube with a few drops of
hydrochloric acid with a stopper in it. You will need these | experiment.

2 Mix 2 spatulas of ammonium chloride with an equal a calcium hydroxide in beaker. You should
observe an immediate reaction as they begin to mix.
Flace a piece of universal indicator paper over aker and record the change in colour.
Transfer the contents of the beaker into a boi d add a small amount of calcium oxide [0 absorh
any water produced in the reaction].

L] mmmmmmnmﬂamn@nmmmmydeMmhumm
insert a delivery tube and stopper.

6  Heat the mixture gently. %
T Take the lest tube containing acid prepared eardier. Remove the stopper and place near the
mouth of the delivery tube. observations and then replace the stopper and refum to the rack.

£ Continue heating and then another boiling tube inverted over the delivery tube.
Remove the boiling tube hol upside down and quickly place mouth down in the beaker of water

prepared earlier. observations.
&
[ ] m'ﬂ

Figure 11.20
=

QuEesTioNS
J

26 Complete the equation for the reactions:
& (4) NHyy + HCly, —

b} ZWH.CL, + Ca(OH),,, — _/l
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Sulfur and its oxides %ﬁ

Oxcides af sulfur are mainly formed by the combustion of fossil fuels, particularly coal.
They can also be released by volcanoes and by the decay of organic matter. L

p-block elements

Sulfur in fossil fuels forms sulfur dioxide, 50, which is a dangerous pollutant. Sul%
dioxide dissolves in water to form sulfurous acid, H;50..
S04, + H,O, — H2S0,, ﬁ’@’

@
In the atmosphere, sulfur dioxide is oxidised to sulfur trioxide, 50.. Sul%iuxidu

dissolves in rainwater to form sulfuric acid, H.50.,. " @

SO'. g +* I'I;Du — 11_‘5{1;4
Thus the release of 5O, into the atmosphere is likely to result in re&ﬁnlaining H.50,
ﬁﬂd H:‘S{:'l- @

Iron occurs in ores such as haematite {impure Fe,O), mn%{impum Fe/,) and
iron pyrites (impure FeS). The extraction of iron from its ores 18 carried out in a
blast furnace, in which the iron ore is reduced to malteh irn, using coke at a high
temperature. Unlike more reactive metals, this extractionig'a chemical reduction
process rather than an electrochemical process.

dioxide gas is bubbled into a sample of universal indicator, the pH is gradually
Sthe amount of dissolved SO. increases. A series of colour changes is seen as
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Chemicals needed Equipment needed *
Universal indicator B 100 em” beaker
Sodium sulfite Magnetic stirrer and pellet
3 M Hydrochloric acid solution X Teat pipette
Test tube and stopper with two hol
Delivery tube
Retort stand and clamp
Procedure .
NB: Wear your safety glasses N

1 Place about 25 cm’ of universal indicator into a 100 cm’ Todt pipetz |
beaker and add an equal volume of water. Place the
beaker on a magnetic stirer, add a pellet, and start the
stirrer at a slow speed. ydoclorc acd

2 Place a spatula full of sodium sulfite in a lest tube and

set up the apparatus as in the diagram. The end of the
delivery fube should be well bebow the surface of the

universal indicator.
3 Add dilute HCI from the teat pipette, a few drops at a time, i
As the sulfur dioxide bubbles through the indicator, a e
series of colour changes can be observed. -
Figure 11.23
11.9 Scrubbing Waste G&
] Limestone is used to reduce sulfur diggide emissions from coal-fired power stations.

Coal is mixed with finely ground lim%e. The high temperatures in the furnace
cause the limestone to decom

CﬂCDmp - CﬂOm + ":Gw

The calcium oxide reacts wil@h of the sulfur dioxide forming calcium sulfite:
CﬂD.;..;. ‘I‘ SD:x" = C ]

scrubbing.
CaD + S0 i
CaD + Al ALO,

ONS

This prevents the reqf sulfur dioxide into the atmosphere. The process is called

27 What is the approximate pH of unpolluted rainwater?

28 What is meant by the term acid rain?

29 What are the main causes of acid rain?

30 Explain how axides of nitragen get into the atmosphere.

31 Name two acids thal are formed in the atmosphere from oxides of nitrogen.
32  Explain how oxides of sulfur get into the atmosphere.
33

34

Name twio acids that are formed in the atmosphere frorm oddes of sulfur.
How are sulfur dioxide emissions from coal-fired power stations reduced?
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Sulfuric acid has a wide range of industrial uses and applications in industry such as
the treating of ores and metals and the making of fertilisers such as phosphate fertilisers
and ammonium sulfate. Sulfuric acid has a strong affinity for water and is thus used in

crystals.

Sulfur dioxide is also used widely in the food and drinks industry as a preservative and
antioxidant. It is used mainly to help preserve dried fruits, vegetables, soft drink§'and
alcoholic drinks. Its use is usually governed by food safety directives asitc ravate

asthma in those with a predisposition to the condition. Young children with asthma
are usually advised to avoid soft drinks which have been treated @ dioxide.

11.10 The Halogens : @

The halogens are the only group of elements which exist in th t of the four main
states of matter at room temperature and pressure (solid figuid, gas) at STP.
The four most common halogen elements are:

o fluorine (F) Q

o chlorine (Cl)

o bromine (Br) 0

o iodine (T}

The word halogen in Greek means “salt forming%which points to their common property

to react with other elements to form salts, EGommon table salt [sodium chloride] is the
most obvious example,

Properties of Halogens %

Halogens are reactive non-metals with séven valence electrons. As pure elemenits, they
form diatomic molecules with at jpined by non-polar covalent bonds. Fluorine and

chlorine (F: and Cl.) are gases at : bromine(Br;) is a liquid and iodine (L) is a solid.
Halogens have very high Elﬁgativities and are highly reactive with alkali metals
and alkaline earth metals and form stable ionic crystals.
-\
ﬂummy! t’
35 t boiling points to increase or decrease for halogen elements moving down the
group’ VOUF ANSWET,
36  Which of the halogens has the highest electronegativity of all elements?

& 4
Cﬂm& of halogens:

o orine, in fluoride form, is used in various products and in some countries added
ater to help prevent tooth decay.

o halogen lamps which typically use iodine or bromine
pesticides and refrigerants

o disinfectants and detergents

o brominated flame retardants

| (518 CHEM (310 S8 Mo 11 nad 224 o)
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dehydration processes such as the dehydration of ethanol and to dehydrate h}fdh%
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11.11 Chlorination and Fluoridation of water

sjualusya yoopg-d

Figure 11.24
Fiocculation and settling stage for purifying drinking water at a water works

When water emerges from a filtration processtigis completely clear, but still requires
some further treatment. '

Chlorination

As water is likely to contain discase-cusig bacteria, it is important to get the bacteria
down to safe levels. This is done by chl&fination - the addition of chlorine or chlorine
compounds, which kill micm-nr;ﬁuﬁmls by oxidation.

The element chlorine may befised directly, but this is an unpleasant and dangerous
process. Consequently, the uSewf elemental chlorine has been discontinued in some
plants. The addition of seédium hypochlorite, NaOCl, is a common alternative. Both
chlorine and sodium h}'pm:h'ﬁhr'ttu: react with water to form chloric(l) acid, HOCI, which
is the active disinfectifi@agent.

Care must be takeh to adda suitable quantity of chlorine. The water may have to travel
a considerable dist@fice through distribution pipes, or it may be stored for some time
before use Mhus sufficient chlorine must be added to give continued protection until
use, but giot s6 much as to subject the consumer to too large a dose.

Fluoridation
In somig countries, fluoridation of drinking water is carried out to prevent tooth decay.
The fltioride ion F- is added, usually using sodium fluorosilicate, Na.SiF., as its source.

Swimming-pool water treatment

Water in swimming pools is kept in good condition by the addition of oxidising
agents that kill micro-organisms by oxidising them. Chlorine or compounds of
chlorine such as sodium hypochlorite are used. When either of these substances is
added to water, the oxidising agent HOCI is formed.

G
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When this acts as an oxidising agent, it is reduced to the chloride ion (CI7).

p-block elements

Figure 11.25 2
Chilorine in & swimming pool kills micro-oeganisms by oxidising them &y,

Hazards
As well as having many beneficial uses, the qgr_'ns are associated with various forms
of hazard: fire and explosion, health and env Jchnhl hazards.
® Cm

It is not surprising that elements which hﬁ@'@;’ich similar chemical properties can have
similar physiclogical effects. The moghcommon of these is that fluorine and chlorine
(gases) and iodine and bromine upn’uﬁg gan harm the respiratory system. These gases
and vapours even in small quantitigs can cause coughing and severe constriction of the
chest. Breathing in such chumlc:tlk‘}&;rﬂcauw a condition known as pulmonary cedema
— a serious and potentially Eatai 1I1n§$¢_~. - where damaged lung tissue results in excess
fluid in the lungs. Ny

Hydrochloric acid #
There are different w, ys 1ri“~whl<.h the gas hydrogen chloride can be formed. When
hydrogen gas and ¢ gas are exposed to sunlight or temperatures above 250° C,
they react violently Cto h:lucr_l hydrogen chloride. The gas is also commonly produced
thmugh the raﬂ |.pr! m" sodium chloride and sulfuric acid.

Hydrogen chiuncfé’ dlssul'..'us in water to produce hydrochloric acid. The acid is fully
ionised in solution so it is a strong acid and care must be taken when handling it.
Hy drﬂchﬂnc acid has a wide range of uses which include:

o diﬂgﬂ;ﬁﬁ}; concrete in retreating or cleaning old surfaces
(a;mnufﬁfiun‘ﬂfgiuo batteries and fireworks

\ Pﬁhf}rm;, common salt
tﬁi."'ili.hlﬂh textiles

8] "‘HU

g\*ﬁw acid also has a biological role as part of the gastric juices in the stomach which help

o break down food.
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& E]
37 Complete the equations: | __,}_'i.:;'l s
w’
(8) H; + Clag (b) NaCl+ HSO, — 5 HCI &
38  ‘What would you predict the pH of hydrochloric acid solution to be? Enplaln wﬁfi“mﬂm
39  'What sort of remedy would you take for acid reflux — where stomach muﬂ% hach up your
oesophagus?
b 4
Thyroxine

lodine has an important biological
role as a component of the thyroid hormone thyroxine.

Thyroxine is made when an amino acid (tyrosine)
combines with iodine, Thyroxine controls the rate of
all the body’s reactions, i.e. it controls metabolism,

Underproduction of thyroxine in young children
results in low metabolic rates and retarded mental
and physical development. This condition js calléd
cretinism.

Figure 11,26
Scan of a normal thyrosd gland

Deficiency of thyroxine in an adult results in'a reduced metabolic rate. This is seen as
tiredness, lack of energy, slow mental#fd physical activity and weight gain caused
by the build-up of fluid under the sKin. These symptoms are collectively called
myxoedema.

MNewborn babies are tested forlew thyroxine levels as part of what is called the ‘heel
test’. If necessary, thyroxine cafbe administered to prevent the occurrence of cretinism.
In adults, thyroxine tablet8 or iodine can be taken to prevent myxoedema.

Overproduction of thygoid hormone results in an increased metabolic rate (often 60%
higher than normalli, This causes symptoms such as bulging eyes, hunger, loss of
weight, heat production;mervousness, irritability and anxiety. The metabolic condition
is called Graves) disease.

Graves’ disease can be cured by surgically removing part of the thyroid or by killing
part of theglandusing radioactive iodine.

The main way of avoiding the effects of iodine deficiency such as mental retardation
and afpditions such as goitre, cretinism and dwarfism is by introducing iodised salt
intg thethousehold diet. Each tonne of salt only needs to contain around 57 grams of
potassium iodate to counter the risk of such conditions in the general population.

Bl 999 it was estimated that only 29% of households in Kazakhstan were using iodised
galt and a campaign began to introduce its use to 100% of the population. Health experts
involved in the campaign had to overcome considerable suspicion amongst sections of
the population about indization, but with the help of a massive government-sponsored
marketing campaign and the cooperation of national producers of edible salt, in 2006
Kazakhstan was certified as a country that had achieved Universal Salt lodization.
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11.12 Tests for Anions

Positively charged ions, cations, in ionic substances may be identified by carrying out »
flame tests. Megatively charged ions, anions, may be identified by tests carried nutfm N
their aqueous solutions as in Experiment 11.1. Easily identifiable results, which m?ﬂf—* &
include the production of characteristically coloured precipitates, are obtained™hen

the aqueous solutions react with certain reagents. N7

& 7

Tests for anions in aqueous solutions: chloride, CI, miqmﬂte
CO., nitrate, NO,, sulfate, SO, phosphate, PO ¥ HLleiﬁe SO,
hydrogencarbonate, HCO, .

3
e

Chemicals needed Equipment nee:u:i%f

Deionised water Test hlbﬁ?

Dilute hydrochloric acid Test tube raé@ v

Limewater M Test Iul‘.eechu]der

Solution of magnesium sulfate Stoppés | fii'ttbt tubes fitted with plastic
Solution of barium chloride dgligery ubing

Solution of silver nitrate .abels

Dilute ammonia solution Buri'hyi burner

Cold saturated solution of iron(Il} sulfate 4 {l;upperb

Concentrated sulfuric acid B Qﬁﬁﬁikerﬁ

Solution of disodium hydrogen phtlb}}h&lﬁ. Wash bottle
Ammonium molybdate reagent X o Thermometer
Dilute solutions of the salts bq:lngéejh:d

(a) To test for the carb{:-;late Ith and hydrogencarbonate (HCO,")

anions b 4
Carbonate and h}fdmgeﬁ:ﬁ;bnnate ions both react with dilute hydrochloric acid

producing carbon diox |dt't§:.&

Dot

(i) NaHCOw, £4iCL, % NaCl., + HOu + COy
P _F.-_:"“' - INaC £ H. ; .
'[n}[ka_-i_t‘!;% m ZNaCl., + H:0, + COyy

To distinguithybefWeen carbonate and hydrogencarbonate ions, a solution of
magnesium sulfatéis added. Since magnesium carbonate is insoluble in water, a white
precipitabe imiiiga tes that the salt is a carbonate.

MNa.g + Mg50,., - NaSO., + MgCO,,

The AEHM of a precipitate indicates a hydrogencarbonate because magnesium
I\Ugﬁg\gcnmrhunntc is soluble in water:
ABNaHCO,., + MgSO,., ~ NaSO,., + Mg(HCO.),.,

A However, on heating this solution a white precipitate is formed because
h} drogencarbonates decompose into carbonates on heating;:

Mg(HCO )5 ~ MgCOs, + HiOp + COsy
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Procedure *
NB: Wear your safety glasses

1 Add 2 cm’ of a carbonate solution 1o a test tube.
2 Add some dilute hydrochloric acid using a dropper.
3 Carbon dioxide gas is produced, which can be shown to turn lime water milky.

t-lrdrngm:urhonala {or carbonate) solution +

7 5

Figure 11.27 Fh.lm"?ﬂ

5 Tosome fresh solution in a clean test tube, ad-:la ' of magnesium sulfate solution.

6 Awhite precipitate indicates that the salt is a carbonate.

7 FRepeat steps 1 to 4, using a hydrog solution instead of a carbonate solution,

&  No precipitate should be formed on of magnesium sulfate solution. Heat the test tube gently, If a

white precipitate is now formed, that the salt being tested is a hydrogencarbonate.
(b) To test for the s %

Both sulfite and swnﬁ react with barium chloride solution, producing white

) and sulfate (SO,*) anions

precipitates of bari te and barium sulfate respectively.

(i) Naﬁﬂu%ﬂ.m ~ 2NaClu, + BaSOu,

(ii) Na S04 Cliuy = 2NaCl., + BaSO.,
Barium with and dissolves in hydrochloric acid, but barium sulfate does
not.

i+ ZHCl,, - BaClyy + HiOy + SOy

ction is used to distinguish between sulfite and sulfate ions.

edure
: Wear your safety glasses

1 Add 2 cm’ of a sulfite solution o a clean fest tube and add some barium chioride solution using a dropper.
2 Awhite precipitate indicates the presence of sulfate or sulfite ions (Figure 11.27),
3 Add a few cm' of hydrochloric acid and mix gently.
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4 The precipitate should dissolve, confinming that the salt being tested is a sulfite. *
Repeat steps 1 to 3, using a sulfate solution instead of a sulfite solution.
The precipitate should not dissolve on addition of hydrochloric acid, confirming that the salt being test *
a sulfate,
Barium chloride solution Siver MMNBO\
b ]
b b
‘ 1 9
Solution Solution N
containing containing
sulfate o chloride ians
sulfite ions
While precipilate AgCl
[Figure 11.29 Figuee 1
(c) To test for the chloride (Cl') ani
Solutions containing chloride ions react wi nitrate solution, producing a white
precipitate of silver chloride.

NaCl, + AgNOw, ~ NaNO.., + 4@},
This precipitate dissolves on addiﬁa@lute ammonia solution.

Procedure
NB: Wear your safety glasses

1 Add 2 cm' of chioride solution to a test tube, Add a few drops of silver nitrate solution using a
dropper.
A white precipitate ind of chloride ions (Figure 11.28).
This is confirmed erm® of dilute ammaonia solution. The precipitate should dissolve.

(d) To test nitrate (NO.) anion

Solutions conta nitrate ions react with a mixture of iron(ll) sulfate solution and
concentrated s ic acid. When concentrated sulfuric acid is added to a mixture of
nitrate ironffll) sulfate solutions, a brown ring develops slowly at the interface of
the sulfugicacid layer and the layer containing the mixture. This test is therefore known
as the ring test’.

e
m your safety glasses

Add 2 cm’ of potassium nitrate solution to a chean lest tube. Add 3 cm’ of cold freshly-prepared saturaled
irondli) sulfate solution using a dropper.

2 Carefully add 2 cm’” of concentrated sulfuric acid slowly down the wall of the test tube using a dropper. Do
not mix the contents of the test lube,
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tested is a nitrate.

Mitrate solution and Addition of concentrated
iron(I1) sulfate solution sulfuric: acxd

Figure 1131

&
(e) To test for the phosphate (PO,”) anion N
Solutions containing phosphate ions react \

on heating with an ammonium molybdate
reagent, forming a yellow precipitate. This

precipitate dissolves on addition of ammonia Amemanium molybdate reagent
solution. Q
¥
Procedure ]
NB: Wear your safety glasses. Q '
1 Add 2 cm’ of disodium nﬂmﬁmm% .
solution to a clean test tube. Solutiar
i
2 Add about 6 cm’ of the clear ammoni olybdate phosphate
reagent to the test tube using a ions
3 Add a few drops of concen ikric acid. Veline: pmolpitele
4 Warm gently by placing in a ter ata Figure 11,32
temperature nol exceadi “C. Ayellow precipitate
suggests the presence of ions in the salt
being tested.
5 Add an equal vol solution to the contents of the test lube at the end of step 4. The
that the original salt is a phosphate.
N
ONS
vy

What is observed when hydrochloric acid is added to a solution of carbonate ions? What gas is

® givenoff?
1 Whatis observed if a solution of magnesium sulfate is added 1o a solution of hydrogencarbonate
ions? What effect would heating have on the resulting mixture?

42 'What is observed when barium chloride solution is added 1o a solution of sulfate or sulfite ions?
How would you distinguish betwaen sulfate and sulfite ions?

43 Describe how to carry out the test for nitrate ions.
44  What s the test for nitrate ions called?
45  Describe how to carry out the test for phosphate ions.
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p-block elements

47

48

4

Fat

Figure 11.33

QUESTIONS
What 5 observed if a solution of silver nitrate is added to a solution of chionide ions? What is
confirmatory test for chloride ions?

Complete the following table: Q
Test for Reagents needed Positive result L

Silver nitrate solution N

Chioride Ia soluion
Brown ring

Barium chioride solution %
SRR Hydrochloric acid &
Phosphate

Hydrochloric acid '\'
= Magnesium sulfate solution
Hydrogencabonate Q

The clock giasses shown in the diagram contained of the following satts: KCI, KNO,,
NaHPO,.12H,0, Na,50,.7H,0, NaHCO, and Ma.S0..1 h clock glass (A — F) contained a
different salt. A student was provided with nhbmm apparatus and reagents, and was

asked to identify the six salts.

: %

w

{a ﬂmcﬁ listed above was identified by the addition of silver nitrate, AgND,,
a solution of each sampla in furn? What observation indicated a positive test

(b) One of the samples gave a brown ring when a litile concentrated sulfuric acid was carefully
pouged down the inside of a stanting fest fube which contained a solution of the salf, together
with another reagent. What was the other reagent? Which salt was identifiable by the

pearance of a brown ring?

Describe how you would fest the samples for the presence of the phosphate anion.

5

Y
Q

&
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Learning objectives

o

P e

Understand processes gfnanufacture in chemical and metallurgical industries
0238

Recognise the compesition of the main alloys: steel, cast iron, brass, bronze,
::|,J|'J1'ur1iq_'l:t_r|_ duralumin 002351

Describe the sain thethods of production of iron and steel [D2310

]":xi,'lh'lii'l same of the environmental |'1rubh~m:- associated with the chemical
industry 4 kazakhstan (02113

Desgribe the stages of the Contact process in the manufacture of sulfuric acid
anddescabe the role of sulfuric acid for industry iTPAEL

Deseribe the manufacture of ammonia and nitric acid, and their ‘]pE‘J]i(_‘i]ﬁlJ]\h
0T 1I8

Péscribe the manufacture of glass and cement and their uses (02311

Assess the impact of chemical and metallurgical waste on the environment
ENAT!

FagE o bl
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12.1 The Contributions of Chemistry to Society h

Useful materials are being continually
produced by the chemical industry:
o In the area of health, medicines and the

chemicals needed to make water safe to

drink.

o In agriculture, fertilisers, herbicides and
pesticides, used to improve crop vields.

o A wide variety of metals, plastics,

synthetic fibres, fuels, detergents,
enzymes, dyes, paints, semiconductors, mla;zs;a -
liquid crystals and chemicals used in industry ®

food processing. N

12.2 Industrial Chemical Processes

o Batch processes Q

In a batch process, an amount of the p t is made in a reaction vessel during a
particular time interval. The product is from the vessel, which is then cleaned
and prepared for further use. The pr is then repeated. Batch processes are widely
used in the manufacture of pharma ls.

o Continuous processes @

In a continuous p%m& are continuously fed into the reaction vessel, and
the products ape conti ly removed. The Haber process used in the production of
ammonia, w, Il look at later in this module, is an example of a continuous
process = with aw materials being fed in continuously and the ammonia being
continuously produced.

itinuous processes

batch process. For example, the brewing of beer is a batch process, but the processes

e In a semi-continuous process, part of the process is a continuous process, and part is
of adding carbon dioxide and of bottling the beer are continuous,
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Figure 12.2
A ammania plant L

12.3 Characteristics of Indusn-ialﬁngmical Processes

of ammonia, the reactants are nitrogen gas ogen gas. Feedstock is produced
from the raw materials.

(o) Peidstock '&m
The reactants in an industrial process are called E k. In the industrial synthesis

The raw material from which n.i%l is isolated is air. Natural gas (or oil) is the raw
material from which hydrogen is e.

(b) Reaction rate
The temperature, pressufe and catalyst for an industrial chemical reaction all affect
the reaction rate, and the c@fiditions have to be selected for the process to occur at a

satisfactory rate. Q

(c) Product vield

The reaction chosen for a chemical reaction in industry must be such as to
result in a gatisfac vield. However, as in the industrial synthesis of ammonia, there
may n&% compromise found between the conditions for a good yield and the

conditions satisfactory rate.

(d) Go-products

o-products have to be separated from the main products, and either disposed of,
or, if they are useful, sold or used on site. In the industrial synthesis of ammonia, the

& co-product is carbon dioxide, formed as part of the process of producing hydrogen.
It is isolated by disselving it in an alkaline solution. It can be sold to soft drinks
manufacturers and breweries.
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(e) Waste disposal and effluent treatment

Satisfactory methods of controlling air emissions, of disposing of waste and of waste
water treatment have to be used. "
(f) Quality control Q
Instrumentation is invaluable in monitoring the quality of materials at
stages of an industrial process. In the industrial synthesis of ammonia, a of

sing gas

the gas mixtures at all stages of ammonia production can be carried om
chromatography and infrared spectroscopy. The performance of the catalys§itan be

monitored using these methods. Q
(g) Safety

Safety considerations include monitoring of hazards, on-site %g of the staff
in first aid and in fire fighting, and safety features ineerporatéd in the plant.
The location of the site is also important. The site should be % 50 as to allow
access by fire engines to central parts of the plant.

(h) Costs

These include the cost of heat, ekﬁ . raw materials and the costs of waste disposal.
Methods that are used to ce include the following: use of heat exchangers,
use of catalysts, recyeling of tock and the sale of useful co-products.

(i) Site location

Site location should take unt the source of raw materials, the proximity of a
market for the produgt, the availability of water and of transport for raw materials and
products, and the lity of a suitable workforce.

(j) Cons aterials

Plant construchof materials must not react with the feedstocks, solvents, catalysts
or products in'.‘o]ved in the process, The construction materials therefore need to be
unreacti resistant to corrosion by the chemicals with which they come in contact.

) : ™)
QUESTIONS
—
1  Explain the difference between a continuous process and a batch process in the chemical
industry.
2 Distinguish between the terms feedstock and raw materials as used in industrial chemistry.
=
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E 2
Alloys b
Q Analloy is a mixture uf-mmmdmh,atlmtmﬁfwﬁdﬂsaq

An alloy can have very different properties from the elements from which i ed.
The elements are usually mixed by melting them, mixing the molten u-h:rnu d then
allowing the mixture to solidify

Steel, for example, contains mainly iron with, typically, about W'nrbon. Small,

fnysiwayy [eusnpu)

carefully measured amounts of transition metals such as chromiy kel, tungsten,
titanium, vanadium or manganese may also be added. These glemenits are chosen to

give the steel particular properties to suit its use, such as har rigidity, flexibility,
and resistance to corrosion. Steel is much harder than iran and ¢a8n be used in making
cutting tools, girders for bridges and steel-framed build d reinforcements for

building foundations, amongst many other uses. \

~
. QUESTIONS Q

—

4 Complete the table below with either the Q’m alloy or the missing constituent elements.

Alloy

Brass

Bronze &
m:m. nickel and carbon

t‘mtimn o [possibty with silicon]

r, nu:kel. liron or manganese)

Durakumin @ aluminium and
4 Which of the allgys in'the table above is used for:
(2) bridge i (d) mircraft congtruction
{b} Dllm 5ea (e} car exhaust systems, zips. cladding buildings
i) caststatues?

- 4

12.4 facture of Iron and Steel

Iron occurs injbres such as haematite (impure Fe,(,), magnetite (impure Fe,(,) and
iron p}'rltes (impure Fe5). The extraction of iron from its ores is carried outin a
hlasgmace in which the iron ore is reduced to molten iron, using coke at a high
te ure, Unlike more reactive metals, this extraction is a chemical reduction
P rather than an electrochemical process.

‘é«nufacture of iron
e raw materials for the blast furnace process for the extraction of iron from

ores such as haematite are: coke, limestone and the ore itself. In the blast o
furnace process, the ore, coke and limestone are fed regularly into the furnace .
from the top. Hot air is added from the bottom.
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A

o Coke is mainly composed of carbon, and the ore is reduced by reaction with b
carbon;
&

FE:D;W + BCM 259[1.:. =+ 3{:0@
o The carbon monoxide causes further reduction in the upper, cooler regions of t

furnace:

FEIDL1 + ID@ - 2FE| j + 3(:03” q

Most of the reduction of the iron ore is caused by carbon monoxide. W
formed (CO, CO.) are drawn off through ducts.

o The limestone decomposes into calcium Charge of iron ore,
oxide and carbon dioxide. The calcium
oxide reacts with impurities in the iron
ore, forming slag;

Ca0 + 5i0; — CaSi0,
Ca0 + ALO, — CaALO,
The molten iron and slag trickle down

into the hearth, where the less dense slag
floats on the iron. The slag and iron are

separately tapped off into large tanks. b
o At this stage the iron is not very pure
and, if allowed to solidify, forms pig
iron. Pig iron is brittle, with a high

Hot air —= +— Hot air
carbon content, and is much less
than steel. WH 5'39 %
The slag is used in madmakmg Molten iron
Figura 12.3
The blast furmace
Manufacture of steel

To make steel from iron, the iron first be purified.
o Oxygen is blown onto face of the liquid iron at the base of the furnace. This

oxidises silicon, manga some iron, and the products are removed as slag,
Carbon is also oxidi the gaseous products escape to the atmosphere.

o The molten iron, whi ow sufficiently pure, is poured into a ladle and carefully
measured a of carbon and other elements are added. This process is called
the basic ox 55,

Properti erent steels

Alloying carbonWith iron to make steel increases the hardness and strength of the
metal. Other metals may be added in controlled amounts as well. By a correct choice
of metal/and by adding a suitable proportion of this metal to iron, steels can be made
whic hard, or very resistant to corrosion, or of great strength. Metals such as
tungs used to harden steel. Corrosion-resistant steels are made using chromium

E:ckel. Manganese is used to make very tough steel.

of iron and steel
Steel is used in the manufacture of car bodies, and in the construction of bridges and
uildings. The uses of iron are more limited. It is used, for example, in manhole covers,
&hah\ﬁ and gates,
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. QUESTIONS *'

In the: blast fumace process for the extraction of iron from iron ore, what ane used?
How is iron from a blast furnace further purified?
How is steel made (1) harder (b) more cormosion-resistant

|\ Htumﬂnmmnsﬂmmﬂamlnablmiummwded g

12.4 Electric Arc Process for Steel Ma@ct‘ure

&
Steel can be made from recycled steel, which is melted in a tric arc furnace before
it is refined and cast and rolled into steel products.

¢

WD =1 oot

An overhead crane is used to add

melting and refining stages and to

form slag, resistant
quickly.

There are five main stages in making steel usin%tric arc furnace.
the scrap to the furnace. Lime
{calcium oxide) is added to absorb

) lining
(b) Melting
An electric arc is struck bebween Furnace door
carbon electrodes anq,e

Figure 12.4

(c¢) Refinin g The efectric arc furnace
Oxygen is blowf onto the molten
steel to oxidi acidic impurities to their oxides. Excess carbon burns to form

Tapping spout

(a) Charging
Q Graphite electrodes
2]
the acidic impurities during the
scrap. This generates very High Steel scrap
temperatures, me]tin& stee]
xide and carbon dioxide:

O L ‘thl =4 2CC):;JL.
als present, such as silicon, will form oxides, which then react with lime to
‘orm calcium silicate, a component of slag:
CaQ + 5i0. — CaSi0,

Phosphorus and aluminium oxides are removed in a similar manner,
Slag is less dense than liquid steel and floats on top, which means that it can be easily

removed. Tilting the furnace pours off the liquid slag,
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(d) Tapping h

The liquid steel is next released from the furnace into an insulated ladle. The composition
of the steel is adjusted by adding the required amounts of alloying elements, such "
carbon, silicon, manganese, and chromium. Q

(e) Casting
The molten steel is then poured into a casting machine where a slab of z,uli is

| Qﬂﬁ

UESTIONS
Qu I

10 What are the main stages in the electric arc fumace process?
11 Why is lime used in the electric arc fumace process?

12 What happens during the refining stage of the electric arc
13 Name one compound present in slag.

L 14 What is slag used for? Q b
12.5 The Haber Process Qb
ts;

s

The synthesis of ammonia from its elemen
Nig + 3Hyp — 2NH,, AH = -92 k] mdly

is an important process in the fertilisé® industry. The process used to make ammonia
is called the Haber process.

Since the reaction is reversible, l@tﬁliﬂr's Principle is applicable. In the industrial
synthesis of ammonia, the objective is to produce the maximum possible amount
of ammonia at the lowest cﬁd in the shortest possible time. A balance has to be
struck between factors avour a reasonable rate of reaction and those that favour
a reasonable yield. &

(i) Temperatuﬁ&'
Ny + 3 2NH,, AH = -92 k] mol*

Since the forw action is exothermic, it is favoured by a lowering of the reaction
temperature at equilibrium. The extent to which this can be done is limited by the
fact that ghe tefnperature must be high enough to allow the reaction to proceed at
a re. rate. If the temperature is too low, not enough nitrogen and hydrogen
mo ill have the activation energy for the reaction, and the reaction rate will
be slow. This would cause production costs (such as fuel and labour) to rise to an

omic level. In practice, temperatures of about 673 K are used. This results in a

d, but unreacted nitrogen and hydrogen can be collected and sent back into the

E reaction vessel again and again.
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Figure 12.5

A high yield of ammonia is favoured by fa) lower temperatures and (b

(ii) Pressure

4 moles 2 moles
An increase in pressure at equilibrium

favours the formation of ammonia.
this reason the reaction is carried

under pressure. The Haber uses
high pressures (about 200 atmo 1
to increase the yield of ammonia. r

pressures have been used, maore
costly.

(iii) Catalyst Y

In the absence of a t, the reaction

has a high activation v. A catalyst
is used both bec it brings the system

to equilibriu , and because, by
lowering e activation energy, it keeps
fuel cos allowing the reaction

to be carri t at a lower temperature.

) Tﬁe Contact Process

In dustrial manufacture of sulfuric

id, the slowest step is the following
ction
S'D:@-"" 1?'&0:.,5| = SD.‘H.J
& AH = =98 k] mol?

E: /’
"/

‘rﬂll,r

0 00 200 300 400 500 600
Pressure (atmospheres

]
Figure 12.6
The effect of pressure on the yigld of ammaonia at 673 K

I ™ "
t -
B H,Hljit_ l i
IE ﬂatghlsedl\
B “'I:*-
| Reaction pathway —»
Figure 12.7

The efiect of pressure on the yvield of ammonia at 673 K
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A

The process used to make sulfur trioxide is called the Contact process.
The sulfur trioxide is the desired product, as it reacts readily with water forming

sulfuric acid:
S04, + HiOy, — H:SO,, 0)

As the reaction between sulfur dioxide and oxygen forming sulfur trioxide is N@,

>

Le Chatelier’s Principle may also be applied to it.

&
(i) Temperature N
500y + 0., — 50y, AH = -98 k] mol ™
Since the forward reaction is exothermic, this reaction is favo Eqml.ibnum by
a lowering of the reaction temperature. In practice, a te:mpera Imut 713K is
chmtm,asthmmﬂ\elnwesttemperahmﬂmtmnbeuEdWL ucing the rate to
too low a level,

(ii) Pressure \
e S Q

1% moles 1 maole
The forward reaction brings about a reduction aumber of molecules present,

and so is favoured by high pressures. In . @ high yield is obtained using
atmospheric pressure or a pressure slightl er than that, and so higher pressures

are not economically justified.

(iii) Concentration

The forward reaction is favoured l%ull’-ur trioxide is removed as it is formed.
Sulfuric acid synthesis plants corporate a method for removal of the sulfur
trioxide formed, allowing gen and sulfur dioxide to react further.

(iv) Catalyst

A catalyst is used as it the reactants to equilibrium faster by lowering the
activation energy.

CadRas!

Figure 12.8
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Uses of sulfuric acid %

Sulfuric acid is a transparent, oily liquid with no discernible smell. It has a wide range
of industrial uses and applications in industry such as the treating of ores au:j.ﬁ"I

and the making of fertilisers such as phosphate fertilisers and ammonium
Sulfuric acid has a strong affinity for water and is thus used in dehydration

such as the dehydration of ethanol and to dehydrate hydrated crystals. st is
used as it brings the reactants to equilibrium faster by lowering the azﬁv ergy.
12.7 The production of nitric acid - '

the Oswald process

The nitric acid molecule contains a hydrogen atom, a
nitrogen atom with a positive charge and three oxygen 4
atoms - one of which carries a negative charge. The "““-».
nitrogen atom is bonded to all three oxygen atoms.

Pure nitric acid is liquid at room tempera
becomes a white solid below —41°C and it boils a N
at

Nitric acid is miscible in water forming hyd O
low temperature. 5
Figure 12.9
The industrial production of nitric aci a process
known as the Oswald process. This inv four stages to produce a concentrated

form of nitric acid. %
Stage 1:
N0 + HO = 2ZHNO, + N

In this reaction anhydrous ia is oxidised to nitric oxide at high temperatures
using a platinum catalyst
Stage 2: 4
2NO + O & zQ
Nitric oxide &@e 1s cooled and oxidises to form nitrogen dioxide.
Stage 3;
INO: = 2ZHNG, + NO

The nitroggn dioxide obtained in Stage 2 is reacted with water in a special chamber. As
the gen dioxide is absorbed into the waler nitric acid is obtained.

tage 4:
increase the concentration of the nitric acid obtained in Stage 3 HNO,, vapours are
over concentrated H.S0..

Nitric acid has a wide range of uses including the production of fertilizers such as
ammonium nitrate and the production of explosives such as nitroglycerin and

trinitrotoluene (TNT]). It is also used in the manufacture of dves, and in processes such
as photo-engraving.
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QUESTIONS

15  Complete these equations and name the industrial process each one is part of:

[’a} S‘ﬂ.-'\-p + mhu = e — Q
O M+ s &

(c) INDus+ HOy —

(d) 50w +HOy - ﬁc ?
16  Why are high pressures used in the Haber process?
17 What happens to the unreacted nitrogen and mﬂrﬂgeninﬂmHaﬂerm@
18 In the Contact process why is the sulfur tricxcide removed at frequent inferv

18 What are the products of the first stage of the Oswald process ? N
20 Why is sulfuric acid used in the final stage of the Oswald p

< e ﬂ‘\ 4

Industrial Chemistry

12.8 Environmental problems, Uf l'hE chemical and
metallurgical lﬂdUStI’lE‘q in Kazakhstan

The generic environmental issues of the ti'lt‘l'l"llt_u’-'llhl'lt.i metallurgical industries broadly
relate to three arcas:

i F
|_{.

o the mining and extraction of ores
o processes in the production of meg!Sand chemicals

o dealing with chemical waste gu,

(a) Mining and l::-ctracl:iun

Large scale mining and extrachioit has a range of negative impacts on the environment.
Foremost amongst thesef®the removal of rock from quarries which causes scarring
of the landscape. The m‘timal:i of mines from which ores are extracted in Kazakhstan
are open-pit mines which makes this a general concern for the industry in the country.

" Figure 12,10
Open-pit quarying
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A more specific concern relates to the method widely used for uranium extraction in k
Kazakhstan. The in situ recovery process of extracting uranium is one in which rather

than removing ore from a deposit, a solution of sulfuric acid is injected into the deposit ®
which dissolves the uranium, This solution is then pumped back to the surface

uranium is recovered. While this process gets around many typical mining dﬁ

it also has risks of leakage from injection well pipes which can then mtﬁ]mal

Aoy feuisnpuy

ground water. Mining companies in the industry need to be vigilant i oring
groundwater quality and restoring ground water quality as a result of any |

(b) Processes in the production of metals and che%

In the production of steel by blast furnace, where iron is being ex from a sulfide
ore, some sulfur dioxide will be formed in the blast furnacg, Wheén coke is being
produced from coal, for use in the blast fumace, smoke and s%inxide are formed.
Emissions of these must be kept to a minimum. Fumes féom a blast furnace must also
be cleared of dust particles before being released into the phere. Problems with
high emission levels in the form of hydrogen sulfid been recorded in Termitau
near Karanganda the centre of the country’s steel and ironindustry.

In the electric arc process, all emissions from the st ing plant have to be carefully
monitored. Fumes are filtered to remove dus rticles, and water used for cooling
purposes is recycled. The use of natural gas f ing eliminates emissions of sulfur

dioxide, which can be a problem if oil or is used instead.

(c) Dealing with chemical waste

The metallurgical industries in pnrtiwrmﬂum high levels of industrial waste. The @
extraction of aluminium oxide from te, for example, results in the formation of

very large amounts of red mud, which is unsightly. The most promising initiatives in
dealing with such waste around ntry are those that involve recycling, In Pavlodar,
for example, the Pavlodar udge Waste Processing Plant, takes materials such as
bauxite slime from the alum production process and ash from the combustion of

coal and uses them in thegu acture of bricks and additives to cement.

MNon-hazardous wastgcan with initiative and planning be recycled into materials that
can be used, for exa road construction but hazardous waste materials need more
specialist treat tp if they are to be recycled. An example of one such plant is
Vedokanalstro ny in Termitau which uses blast furnace slag as additives in the
production of co ction materials. Such initiatives, however, will need to continue to
ETOW an supported to deal with Kazakhstan's estimated 22 billion ton accumulation
of solid 4which largely due to the importance of the extraction and processing
industries in the country is estimated to increase at about a billion tons a year.

=

QuesTions

~
>

Describe the in situ recovery method for the extraction of uranium.
The emission of which type of gasas needs to be monitored and controlled carefully in the iron

‘$$ and steel industries?
-

23 What is one of the main envinonmental problems in ihe process of extracting aluminium from
bauxite?

24  What is needed if more hazardous waste is to be productively recycled?
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Glossary

A

abrasive A very hard, brittle, heat-resistant
substance that is used to grind the edges or
rough surfaces of an object.

acid-base indicator A weak acid which

is of a different colour from its conjugate
base. In solution, it varies in colour as the
concentration of hydrogen ions changes.

acid-base reaction This is a reaction invalving
proton transfer.

acid An acid is a proton donor. [tis a
substance which turns blue litmus red and
has a pH less than 7.

acid rain Rainwater with a pH of less than 5.5.

acid-base pair A pair of two species that
transform into each other by gain or loss of a
proton.

activation energy The minimum energy

required to start a reaction by the breaking of
bonds. %

actual yield The amount of product obtainé
from a reaction.

adhesive Any substance that is capable’of
holding materials together in a'&ﬂal

manner by surface attachment 515t
separation.
adsorption The process that occurs when a gas

or liquid or solute is hel surface of a solid.

aldehyde Any of a class ofaEganic
compounds contaj group -CHO,
which yields aci oxidised and
alcohols w sduced.

algae Photos
muoist habitats,
celled

and ¢

ic organisms of aquatic or
nging in size from single-
iatoms to large seaweeds such as kelp,
cterised by a lack of complex organs

iphatic hydrocarbon Hydrocarbons are
pounds made solely of carbon and
gen atoms in which each carbon
s four covalent bonds. The aliphatic
hydrocarbons are the alkanes, alkenes and
alkynes,

alkali A substance which reacts with an acid
to form a salt and water. Alkalis are bases that
dissolve in water.
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alkali metals The elements of Gm@he

periodic table, e.g. sodium.
alkaline earth metals The c]ﬁm‘ Group
IT of the periodic table, &g, calci

alkanes The h}rdracarbnn ologous series

with single carbo n bonds and the
general formula:

alkenes The hydmcarbon hnmu!::rgnus series
with one doub n to-carbon bond and
the generai I

alkylg chaln fcrmed by removing
a h:.fdrn mm removed from an alkane
chain, an alk#¥l group can be represented as R.

a e hydrocarbon homologous series

ith one triple carbon-to-carbon bond and
#emi formula: C H,_ .
alley A metal made by combining two or

more metallic elements.

alpha particle A positively

charged particle consisting of two
protons and two neutrons, emitted in
radivactive decay or nuclear fission; the
nucleus of a helium atom.

amount of substance The quantity whose
unit of the mole is used as a means of
counting any species such as atoms, ions and
molecules.

amphoteric A substance capable of acting as
either an acid or a base.

angular quantum number The angular
momentum quantum number, L, is the
quantum number associated with the
angular momentum of an atomic electron, [t
determines the shape of the electron’s orbital.

anhydrous Containing no water molecules.

anion A negatively charged ion with more
electrons than protons.

anode The charged positive electrode ina
polarised electrical device through which
current flows in from an outside circuit.

anodising (anodise vb) An electrolytic process
for producing thick oxide coatings, usually on
aluminium and its alloys,
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aromatic hydrocarbons These are stable, Bronsted-Lowry acid A species that is a

unsaturated cyelic compounds composed proton, H +, donor. %
mainly of hydrogen and carbon atoms. The Bronsted-Lowry base A species that is a =
electrons that create the double bonds are Y N

delocalised and can move between parent P el "

atoms. Examples include benzene, toluene, buffer solution A solution which is resista

purines and pyrimidines. changes in pH on addition of small quanti

il (23 THIE i aaqial o the of acid or alkali, or upon dilution wi ;

number of protons in the nucleus of the atom.

It is also equal to the number of electrons in ’
the neutral atom., C N
atomic orbital A region around the nucleus calorific value The quantj produced
that can hold up to two electrons, with by the complete combustio iven mass
opposite spins. of a fuel, usually expre in joules per
atomic radius Half the distance between the g
nuclei of atoms of that element when bonded carbon footprint The total amount of carbon
together by a single covalent bond. dioxide End other gr use gases produced
: by an individ anisation, product or
;M"&]The small_e x F:._at'.: Dfi: clament:hatatil event; usually exprégsed in equivalent tons of :
as the properties of that element. saibini AleEs 0,). I ;
A"."II_:';I'?'!““PI'IE_I'_ETmM coupy thelowest carbon rese A place on Earth where there L
bt is bumfcarbm dioxide.
“:’“9",’“ mn:l'“{“ “;;S '5,:"" n];rnbur of carbon art of the Earth that can absorb "
?;ETTT;T:DE;} 2 Sorans T diowide from the atmosphere, A
ca lic acid An organic acid, for example,
cetic acid, containing one or more carboxyl ' o
B ps
Bilanicieh Elrlal weuistion This cocurs catalyst A substance that increases the rate of
S e % ahchemical reaction without being used up in
elements in the reactants side is equal t t SPOREES;
of the products side, m catalytic cracking The breaking down of
B - ke long-chain hydrocarbon molecules into short-
i s g etk o i chain molecules for which there is a greater
beta particle {symbol B} A high-energy, demand, using heat and catalysts.
r&ﬁ;ﬁﬁ:}fﬁ;olﬁ'ﬁz ti'lj':tg cathode The metallic electrode through which
i !tr’het current flows out in a polarised electrical
uring the process of beta . isa
:?:“f mm‘::u“;! Fxgonipotgd centaining cation A positively charged ion with fewer
e electrons than protons.
biodegradable A =u e which can be chaln slon A Tencinn inwhicl i
chemically decomposed’{broken down to o ta dicais i
simpler components)by natural biological FH’Eagﬂm:; htEPh.m e RO PECH Stk
Processes suc soil bacteria, weather, SPRLIG: M e A
plants and ; chemical bond Any of several forces,
A i , especially the ionic bond, covalent bond, and
?ullilgg Bl e o metallic bond, by which atoms or ions are
. bound in a molecule or crystal. =
i AL Ag I Detiy vt bupli chemical change A change (reaction) in which
o i a new substance is formed. =
s pain b slicioons shal chemical energy Energy stored inside —

et o Ao o Dalkea comalEnE NG, materials in the chemical bonds holding them

bond energy The energy required to break together.
bonds of a molecule into individual atoms.
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chemical equilibrium The point at which the
concentrations of reactants and products do
not change with time. It appears as though
the reaction has stopped but in fact the rates
of the forward and reverse reactions are equal
.50 reactants and products are being created
at the same rate.

Glossary

chlorination The addition of chlorine to water
to kill bacteria,

chromatography A technique for e separation
of a mixture by passing it in solution or
suspension through a medium in which the
components move at different rates,

closed system A system isolated from its
surroundings.

collide In a chemical reaction, the reactant
particles can only react with each other when
they bump into one another. When molecules
collide, bonds between their atoms can

break and new bonds can form to create new

molecules.
i} [ collision theory This is based on the
' assumption that for a reaction to occur it

is necessary for the atoms or molecules
: to come together or collide. When
@ k molecules collide, bonds bebween their at
[ can break, and then new bonds can Eurrr%
make new molecules.

composites Materials which are ma% of
at least two different materials,

compounds Made up of two orﬁdiﬂemnt
types of atom chemically combi
concentrated solution Asn% which
contains a large amount of solute in a small
amount of solvent.

gas causes it to

condensation Where cool
change into a qul%
conjugate acid A species that releases a

proton bo jugate base.

conjugate ba species that accepts a
proton to form a conjugate acid.

conservation of mass When matter is changed
fro rm into another but there is no
chan| the overall mass.

- ion An undesirable process whereby
al changes to its oxide or some other
pound by combining with oxygen from
air.
covalent bond A bond that consists of a pair
of electrons shared between two non-metal
atoms.
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cross-contamination The process by whi I
bacteria or other microorganisms are

unintentionally transferred from one substa
or object to another, with harmful effect.

L
crystal lattice A crystal is a solid madegial that
contains atoms or groups of atoms d in
a highly ordered, three-dimensicnal s re.

erystallisation The formatio
cooling a saturated solution or
off solvent.

p N

decompose A d

stals by
evaporating

sition reaction is a
type of chemical tion in which a single
compound 5 down into two or more
elem r new' compounds. These reactions
often invorwn energy source such as heat,
light, sagelectricity that breaks apart the bonds
0 nids.

ydration An elimination reaction in which
aberfis removed from a saturated molecule

ke an unsaturated molecule.

dehydrocyclisation The use of catalysts to
convert straight-chained alkanes into cyelic
compounds,

denaturing agent Denaturation — the alteration
of a protein shape - can occur when proteins
and nucleic acids are subjected to elevated
temperature or to extremes of pH, or to non-
physiological concentrations of salk, organic
solvents, urea, or other chemical agenis.

deposit A sediment precipitated out of
solution by chemical action.

diatomic molecules Composed of only two
atoms, of the same or different chemical
elements. Common examples are: hydrogen,

oxygen and nitrogen.

diffusion The name used to describe the
way particles in gases and liquids spread
throughout the space in which they are
placed.

dilute solution A solution containing a small
amount of solute in a large amount of solvent.

diede A passive electronic component that
allows current to flow in only one direction.

dipole-dipole force This occurs when a
permanently polarised molecule attracts
another permanently polarised molecule,
The positive end of a polarised molecule
attracts the negative end of another polarised
molecule.
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displacement reaction A reaction in which a
more reactive element displaces a less reactive
element from an aqueous solution of its jons.

dissociation A general process in which
malecules {or ionic compounds such as salls,
or complexes) separate or split into smaller
particles such as atoms, ions or radicals,
usually in a reversible manner.

distillation A process used to separate bwo
miscible liquids with different boiling points,
e.g. alcohol and water.

doping The addition of impurities to a
semiconductor to control the electrical
resistivity.

dynamic equilibrium The equilibrium that
exists in a closed system when the rate of the
forward reaction is equal to the rate of the
reverse reaction and concentrations do not
change.

E

electrochemical series A list of metals
arranged in order of decreasing reactivity or
in order of decreasing ease of oxidation. The
elements in the electrochemical series are
arranged in order of their standard electrode
potentials.

electrolysis An electric current is passed
through a molten sample of a metal

compound causing it to split up and n%
the metal.

electrolyte A chemical compound %
conducts electricity by changing into i

when melted or dissolved int tion.

electrolytic The addition o G or of
energy in the form of
or erystals of the substance

ions (electrically ¢ articles).
electromagnetic ra A form of energy
that is produced by ating electric and
magnetic disturbance, or by the movement

of electrically ed particles travelling

through a or matter,
electronaffinity Reflects the ability
of an to accept an electron. It is

the nge that occurs when an
electron 18 added to a neutral atom or
cule in the gaseous state to form a
vie 1on.

tron A negatively charged particle in an
atom,
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electron configuration A shorthand
representation that shows how electrons
occupy sub-shells in an atom.

electronegativity The relative power of an atom
im a molecule o attract electrons to itself.

electron pair repulsion The principle

that electron pairs around a central a
tend to orient themselves as far a ;
possible, Electron pair repulsion is

to predict the geometry of a rn-.*:lwn‘ &
polyatomic ion.

electron spin number Th@nmm
number describes the shape an@energy of
electron orbitals. %

elimination reaction A ¢ ical reaction
in which a molecul mposes to two

different mu!-ﬂ

empirical formula formula that gives the
simplest imber ratio of atoms of each
element pr a compound,

endotherimic A reaction where energy
is abs y the chemicals from its
sumgundings in order for the reaction to take

energy profile diagram Shows the energy
sfer in a chemical reacton.

uilibrium constant K¢ is a measure of the
position of equilibrium. It indicates whether
there are more reactants or more products in
an gquilibrium system.
esters Any of a class of organic compounds

that react with water to produce aleohols and
organic ar inorganic acids.

eutrophication The undesirable overgrowth of
vegetation in an ecosystem caused by chemical
nutrients, often compounds containing
nitrogen, phosphorus, or both, Eutrophication
is almost always caused by the discharge of
nitrate or phosphate-containing detergents,
fertilizers, or sewage into an aquatic system,

exothermic reaction A reaction where energy
is transferred from the chemicals to the
surrgundings.

F

fermentation The process in which a
substance breaks down into a simpler
substance. Microorganisms like yeast

and bacteria usually play a role in the
fermentation process, creating beer, wine,
bread, kimchi, yogurt and other foods.

&




Glossary

fibrous proteins These provide structural
support for cells and tissues. Fibrous protein
molecules are long, spiral chains that are
folded to form strong structures such as hair,
ﬁngurn.nil:i and muscle hssue.

filtration A method used to separate insoluble
solids from liquids.

flueridation Addition of fluorides (often as
soclium menoflurophosphate) to drinking-
water, aimed at reducing the rate of tooth
decay in the general population,

fossil The remains of an animal or plant that
have been turned into rock and preserved.
They are only found in sedimentary rocks
{since the changes that produce metamorphic
and igneous rocks would destroy any fossils)

fossil fuel A natural fuel, coal, cil, peat and
gas, that was formed over millions of years
from the remains of dead plants and animals.

foundry A factory where castings are
produced by melting metal, pouring liquid
metal into a mould, then allowing it to
solidify.

general formula The simplest algebraic l
formula of a member of a homologous *

eg. the general formula of the alkanes: C H2

global warming An increase in the ™
temperature in the Earth’s atmosp ue to
the greenhouse effect,

globular proteins Unlike fibr roteins,
globular proteins have the s%ﬂins
folded into spherical shapes andiare

responsible for :‘.uhsta.nwe human body
such as haemoglobin, enzymes and certain

hormones like insilin.

greenhouse effect Whegithe heat energy
of the Sun is tra within the Earth's
atmmpherg.

group A vewﬂumn in the periodic table,
Elementsin a group have similar chemical
properties their atoms have the same
n% ter shell electrons,

Ha;er process An industrial process for

fractional distillation The separation anmducing ammonia from nitrogen and

mixture into its component parts, or fractions.

Chemical compounds are separated by
therm to a temperature at which one or

fractions of the mixture will vaporise.

free radical substitution These are r@\s in
which one atom in a molecule is geplacéd by
another atom or group of atom olves

breaking a carbon-hydrogen bondf alkanes
such as methane.

freezing Where a liquid js cooléd and changes

inte a solid.

fuel A substance that bu oxygen and

produces heat. %

functional greup An 8tom or group of atoms

joined ina i nner, which gives the

chemical propegties of the organic compound

and are the centfes for chemical reactivity.
D

wvanic cells Electrochemical cells in which
taneous oxidation-reduction reactions

uce electrical energy.

: gamma rays Electromagnetic radiation with
e no charge and high penetrating power, The

nucleus remains unchanged.
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hydrogen, using an iron catalyst at high
temperature and pressure,

half-life The time taken for the concentration
of a reactant to decrease by half.

halogens The clements of Group VI of the
periodic table, e.g. chlorine.

heat A form of energy that is transferred from
warmer bodies to colder ones.

heat of combustion The heat change which
oocurs when one mole of a substance 1s burnt
in an excess of oxygen.

heat of formation The heat change which
occurs when one mole of a compound is
formed from its elements in their standard
states.

Hess's law The heat change for a given
reaction depends only on the initial and the
final states of the system, and is independent
of the path followed.

heterogeneous catalysis A reaction where the
catalyst has a different physical state from the
reactants, e.g. reactants are gases, whereas the
catalyst is a solid,

homogeneous catalysis A reaction in which
the catalyst and reactants are in the same
physical state, usually gaseous or aqueous
state.
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homogeneous equilibrium An equilibrium in
which all the species making up the reactants
and products have the same physical state.

homologous series A group of organic
chemical compounds, usually listed in order
of increasing size, that have a similar structure
{and hence also similar properties) and whose
structures differ only by the number of CH,
units in the main carbon chain,

hydrated A crystalline compound containing
water molecules,

hydration A chemical reaction in which

a substance combines with water. One of

the commonest hydration reactions is the
hydration of alkenes to produce alcohols. For
example, industrial ethanol is manufactured
by the hydration of ethene.

hydrocarbon A compound of hydrogen and
carbon only.

hydregenation The process of hvdrogenation
involves the use of hydrogen molecules to
saturate organic compounds, in the presence
of a catalyst,

hydrogen bond The electrostatic force of
attraction bebween a proton that has been
denuded of electrons, by direct attachment
to a highly electronegative atom such as N,
O or F, and the lone pair on another highly
electronegative atom.

hydrelysis A reaction with water that b ;
a chemical compound into two compo

the H and OH in a water molecule beco
incorporated into the two compmlﬁ

hydrexyl group A functional g sisting
of a hydrogen atorm covalent] to an
oxygen atom.

I ‘

incineration Involv mbustion of

organic substances contained in waste
materials. Waste destruction takes place
ina furnace trolled buming at high
temperatu

indicators Chemicals that show by changing
colour, ther a substance is acidic, alkaline
0T T

initial rate of reaction The change in
nitration of a reactant or product per
me at the start of the reaction: t = 0.

insoluble Solids that do not dissolve in a
liguid.
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instantaneous rate of reaction The '
instantaneous rate of a reaction is equal to the
tangent line at a specific point at a particular

ol

time.

intermediate A species formed during a
reaction that reacts further and is not

in the final products.

intermolecular force The forces whi
mediate interaction between melecule

including forces of attraction or 0T,
intermolecular hydrogen bo Hydrogen
bonds formed between ng
maolecules.

ion A positively or negali charged atom
or a {covalently banded) group of atoms,
ionic bond An jonic b is the electrostatic
force of attrac tween oppositely
charged ions, formegd as a result of complete

electron %
isomerisation The heat change for a given

reactio nds only on the initial and the

final s the system, and is in.dupl.:n.dtmt

ol path followed, I
5 These are molecules that have

the e molecular formula but different

stpuctural or spatial arrangements of the
ms within the molecule,

isotopes Atoms that have the same number of
protons but different numbers of neutrons.

IUPAC system A systematic method

of naming organic chemical compounds as
recommended by the International Union of
Pure and Applied Chemistry (IUPAC).

L

Le Chatelier's principle If the equilibrium
of a system is disturbed by a change in
one or more of the determining factors (as
temperature, pressure, or concentration)
the system tends to adjust itself to a new
equilibrium by counteracting as far as
possible the effect of the change.

limewater A chemnical that turns from clear to
cloudy {or milky} if carbon dioxide is present,

limiting reagent The reactant that is not in
excess, which will be used up first and stop
the reaction.

|

lone pair An outer shell pair of electrons that
is not involved in chemical bonding,

§| [f@
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lubricant A substance, usually organic,
introduced to reduce friction between
surfaces in mutual contact, which ultimately
reduces the heat generated when the surfaces
move.

Glossary

M

macromalecular structure Covalent structures
that have many atoms joined together by
covalent bonds. Diamond and graphite are
examples of macromolecular structures.

magnetic quantum number An integer that
expresses the component of the quantised
angular momentum of an electron, atom,
or molecule in the direction of an uxtuma.ll:.r
applied magnetic field.

malleable Malleability is one of the unique
properties of metals which allow them ko
change shape by hammering or pressing to

form sheets.
: [ mass number Equal to the total number of
' protons plus neutrons in the nucleus of the

atom.

mass spectrometer An apparatus for
@ measuring the masses of isotopes, molecules,
. and molecular fragments by ionising the%
and determining their trajectories in electr
and magnetic fields.
mass The amount of matter in an object This
amount never changes,

matter Anything that occupigs space and has
mass. Q

melting point The tem ire at which solid

materials turn to a lig

metabolic reactio chémical processes
that occur in all lid nisms, which
help them ¢ lete thieir life cycles, such as

digestion iration.

metabolism hole range of biochemical
processes that occur within a living organism
consisting of Anabolism (the build-up of
subst and catabolism (the breakdown
of ces).

- tallic bond The electrostatic attraction
- ren positive metal ions and delocalised
trons.

. minerals The chemical substances from which
——.
Pe—— rocks are made.

miscible liquids Liquids that mix, e.g. alcohol
and water.
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mixture Contains two or more different
substances mixed together but not che

combined.

molar gas volume The volume per mole of,
gas molecules at a stated tempera nd
pressure.

maolar mass The mass per mol a substance,

in units of g mol™,
mole 1 mole is the amous substance which
contains the same number icles as there

are atoms in exactly 1 ca - 12,

molecular formula ws the number of

each kind of atomin a molecule. For example,
CH, has one ca %ﬂm and four hydrogen

atoms. 4

llest part of a covalent

molecu Thm
comp hiat can exist while retaining its
chemical i ity, consisting of two or more

nmalentl}r bonded together.
mole ion The number of moles of a

icular component of a mixture divided by
3 I number of moles present.

melten An object that is reduced to liquid
form by heating,

monemer A small molecule that combines
with many other monomers to form a
polymer.

N

neutralisation A chemical reaction in which
an acid and a base react together to produce
a salt.

neutron An uncharged subatomic particle
found in the nucleus of an atom,

noble gases The elements of Group VI of
the periodic table, e.g. helium.

nomenclature A system of naming
compounds.

non-polar With no charge separation across a
bond or ina molecule.

non-renewable Sources of energy that cannot
be replaced once they are used.

nuclear energy Energy from making and
breaking nuclear bonds.

nucleus The central part of an atom that is
made up of protons and neutrons.

nuclide A distinct kind of atom or nucleus
characterised by a specific number of protons
and neutrons,
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nutrients Chemical compounds in food that
are used by the body to function properly
and maintain health, including proteins, fats,
carbohydrates, vitamins, and minerals.

O

octane number The percentage of iso-octane
in an iso-octane/ heptane mixture that gives
the same engine performance of the fuel.

organic chemistry A branch of chemistry

that is concerned with carbon and especially
carbon compounds which are found in living
things.

oxidation Loss of electrons or an increase in
oxidation number.

oxidation number A measure of the number
of electrons that an atom uses to bond with
atoms of another element. Oxidation numbers
are derived form a set of rules.

oxidation state The oxidation number,

oxidising agent An oxidising agent (oxidant)
is an electron acceptor.

ozone depletion The reduction of the amount
of ozone in the stratosphere. A serious
environmental problem, as it increases the
amount of ultraviolet (UV) radiation that
reaches the Earth's surface.

P <

p-block elements The p-block EIE‘I&TI‘E
found on the right side of the periodic¥able.
They include the boron, carb gen,
oxygen and flourine families, iton

to the noble gases. The noble gases have
full p-orbital’s and are n ive.

partial dissociatio
species in solutio i

splithing of some of a

Pauli exelusion prineiple Mo more than two
electrons can occupy,an orbital, and this they
can only do if have opposite spin.

ctual amount, in mol,

orizontal row of elements in
ic table. Elements show trend in
rties across a period.
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periedicity The tendency of chemical
elements to have similar properties
when arranged according to their atomic
number. The position of an element in
the periodic table.

periodic table A table that is an arrangem%
of elements in order of increasing atomic
number arranged in rows called perj

columns called groups.

&

&
periodic trend A repeating treanerﬁeﬁ
of the elements across each period of the
periodic table.

pH scale The pH of a solution i§the negative

logarithm to base ten o olar hydrogen
ion concentration.

physical change A in which no new

substance is fofmed.

planar A planar mu le is one in which the
atoms a same plane: the molecule
is flat.

plastics -made materials made from
crude

%vnlem A polar bond is a covalent

between two atoms where the electrons )

for the bond are unequally distributed. ol

is causes the molecule to have a slight @
trical dipole moment where one end is

slightly positive and the other is slightly

negative.

pollution The addition of harmful or
unwanted materials to an environment.

polyatomic alcohols Alcohols that have
multiple hydroxyl groups OH, such as
glycerol,

polyatemic ion An ion containing more than
one atom.

polymer A large molecule formed from
many thousands of repeat units of smaller
moelecules known as monomers.

polymerisation A chemical process that
combines several monomers to form a
polymer or polymeric compound.

polysaccharides A long-chain carbohydrate
made up of smaller carbohydrates called

monosaccharides, typically used by our : —
bodies for energy or to help with cellular
structure.
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polythene A light, versatile synthetic resin
made from the polymerisation of ethylene.
Polythene is resistant to chemicals and
moisture, has good insulating properties,
and can be used espedially in packaging and
insulation.

Glossary

position of equilibrium The relative quantities
of reactants and products, indicating the
extent of a reversible reaction at equilibrium,.

precipitates Often formed when two agueous
solutions are mixed together.

precipitation reaction The formation of
a solid from a solution during a chemical
reaction.

precipitation The emergence of the insoluble
solid from solution is called precipitation.

primary aleohol An alcohol in which the OH
group is attached to a carbon atom that is
attached to two or three hydrogen atoms.

principal guantum number n A number that
e | indicates the main energy level, or shell
Y number, of an electron in an atom,
proten A positively charged subatomic
particle found in the nucleus of an atom.

nucleus of an atom; also known as atom
number.

n-bond A bond formed by the sidcm&
overlap of two p-orbitals, with the e n

@ : proten number The number of protons i% :

density above the plane of the atoms.
gquantum numbers A lues that
describes the state of an € n including its
distance from the =us, the orientation and
type of orbital whe s likely to be found,

and its spin

R L

rate on The change in concentration of
a a product in a given time.

ion mechanism The sequence of bond-
— ing and bond-forming steps that shows
path taken by electrons during a reaction,

reactivity series A list of metals placed in
order of how reactive they are.

redox reaction A reaction involving electron
transfer.
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reducing agent A reducing agent -reductamt-
is an electron donor. %
reduction Gain of electrons or a decrease in

oxidation number. &
relative atomic mass The average er
atom of the natural isotopic com f

the element, relative to the m an atom
of carbon-12, which is assignid a ¥lue of
exactly 12. &

relative charge Protons an
electrical charge. This
same size for both;

and electrons are nega it

trons have an
rical charge is the
ns are positive

relative molecu
molecule i the na
relative to t

s The average mass per
ally oceurring substance,
of an atom of carbon-12
a value of exactly 12 units.

which igassign
Its valu&al to the sum of all the relative
atomigana which make up the molecular

f
I;-e reaction A reaction that takes place

rs
% forward and reverse.
rigidity The property of a structure that it

does not bend or flex under an applied force.
The opposite of rigidity is flexibility.

S

s-block elements The elements found in
Group 1 and Group 2 on the periodic table,
Group 1 are the alkali metals which have one
valence electron. They have low ionisation
energies which makes them very reactive.
Group 2 is the alkali earth metals which have
two valence electrons, filling their s sublevel.

salt The product of a reaction in which the
H-ions from the acid are replaced by metal or
ammonium ions.

saturated hydrocarbon A hydrocarbon with
single bonds only.

saturated solution A solution that contains
as much dissolved solute as possible at that
temperature.

sealant A substance used to block the passage
of fluids through the surface or joinks or
openings in materials.

secondary alcohol An alcohol in which the
-OH group is attached to a carbon atom that
iz attached to two carbon chains and one
h}'d!ugm‘l atom.

semi-viscous Property of a liquid with
moderate resistance to flow.
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shell A group of atomic orbitals with the same
principal quantum number, n.

soluble Solids that dissolve in a liquid.
solute A substance that dissolves.

solution A mixture of a solute and a solvent.
solvent A liquid in which a solute dissolves.

species If one atom is identical to another, we
can say they are the same chemical species,

spectator ions lons that are present but take
no part in a chemical reaction,

standard conditions Pressure =100 kPa
temperature = 298 K concentration (reactions
with aqueous solutions) = 1 mol dm™

stratosphere The laver of the Earth's
atmosphere above the tropesphere, extending
to about 50 km above the Earth's surface.

strong acid An acid that dissociates
completely in solution.

structural formula A formula showing the
minimal detail for the arrangement of atoms
it a molecule.

structural isomers Molecules with the

same molecular formula but with different
structural formulae.

substitution reaction A reaction in which an

atom or group of atoms is replaced with a
different atom or group of atoms.

surface area The measure of how mucl‘@

surface of reactants is exposed.

synthetic materials Made from de
materials rather than natural materia

g-bond A bond formed by th p of one
orbital from each bonding atom, isting of
two electrons and with thefglectron®density

centred around a line di ween the

nuclei of the bwo a 5.

T

temperature
obiject is.

asure of how hot or cold an

tetrahedral A term used to describe molecules
and p mic ions that have one atom in
the d four atoms at the comers of a
tetrah:

ical yield The vield resulting from
te conversion of reactants into
P ucts.
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%myu‘fan element The number of B

thermal decomposition The breaking up of a i
chemical substance with heat into at least two
chemical substances.

Time It is measured by a basic unit called the g
second (symbol ).

trace elements A chemical element whose
concentration (or other measure of a nt) is
very low (a ‘trace amount”). Q
transistor A device that mg‘u!aﬁtﬂu or
voltage flow and acts as a switch te for
electronic signals.

transition metals A meta ms one

or more stable ions which have'incompletely
filled d orbitals. %

& N
i,
en referring to chemical

unsaturated
solution turated solution is able
to dissolve mow# solute; when referring to

organic unds, unsaturated means a
maol tains double or triple carbon-
. bonds.

electrons an atom of that element wants to
gain, lose or share, in order to be chemically
stable and have a full outer shell.

van der Waals' forces Temporary dipoles
caused by the random movement of electrons,
i the ‘sloshing around’ of electrons within a
maolecule.

volatility The ease with which a liquid turns
inko a gas. Volatility increases as boiling point
decreases.

W

water of crystallisation Water molecules that
are bonded into a crystalline structure of a

compound.

weak acid An acid that dissociates only
partially in solution.
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