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. Justify, with examples, to do science is to be involved in a community of inquiry.(For
context in chemistry: a. The community adheres to certain- common principles, -
methodologies, and processes, such as the use of empirical evidence and logical reasoning
to develop scientific theories, For example, chemist based their research on the
assumption on conservation of mass and energy and use this to verify whether their
calculations and findings are sensible, b. Scientists in different fields often share similar
methodologies, such as the use of controlled experiments and the peer review process.
The scientific community also values objectivity and scepticism, which are essential for,

~ ensuring accuracy and validity of scientific findings). :

Explain with examples, that a scientific paradigm is a theoretical model of how nature '
works( some examples include: a. The belief that materials that burn do so because a '
material called “phlogiston” was the paradigm in chemistry in the 18th century, b
Historical models of the atom are paradigms, such as plum-pudding and the Rutherford
model of atom, c. The periodic table of elements, and belief in the “ periodicity” of atoms

based on the arrangements of their electrons is a paradigm.
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principle, first shown by Antoine Lavoisier in

experiments by making them moreé accurate a
rule, chemists check their procedures and calcu

(b) Using Observations and Logical Thinking

Chemists create theories and models based on what they observe in experi -
thinking to make sensé of their findings. For example, Dmitri Mendele‘ments. They g
eV Created the o, 3

table by observing patterns in the properties of element
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Ry

animportant part of how science works.

(c) Controlled Experiments
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History of Chemistry

: Unit 1

(e) Being Objective

In science, res'ults must come from facts, not opinions or biases. Chemists aim to be objective
when performing experiments and analyzing data. For example, when identifying the
structure of a molecule using spectrometry, they rely on precise measurements and standard
methods instead of guesses or personal beliefs.

(f) Skepticism and Proof

Scientists are naturally skeptical and always double-check new discoveries. They repeat
experiments and have others test their work before accepting it. For example, if someone claims
to discover a hew element or reaction, other scientists will conduct many tests to verify it. This
skepticism helps ensure that only trustworthy information becomes part of science.

1.2 Evolution of Scientific Ideas (Paradigms)

What is a Scientific Paradigm?

Ascientific paradigm is a set of ideas, methods, and rules that guide scientists in their research. It
he}ps _scientists understand the natural world and explain their discoveries. Paradigms give
scientists a consistent way to study and share knowledge. However, when new evidence
challenges an existing paradigm, it may be replaced with a better one. Here are some examples
of scientific paradigms and how they changed over time:

1. The Phlogiston Theory

In the 1700s, scientists believed in the phlogiston theory to explain burning (combustion) aﬁd
rusting. According to this idea, materials that could burn contained a substance called
"phlogiston,” which was released during burning. For example, when metals rusted, people

thought they absorbed "deflogisticated air.”

Later, Antoine Lavoisier proved that combustion happens because of oxygen combining with
substances, not because of phlogiston. His work introduced a new way of thinking about chemical
reactions, replacing the phlogiston theory with the modern concepts of oxidation and reduction.

2. Historical Models of the Atom
Scientists have changed their ideas about what atoms look like as they learned more through
experiments: '

« The Plum Pudding Model (1904): J.J. Thomson suggested that atoms are like a "pudding” with
negatively charged electrons (the "plums”) scattered in a positively charged "soup.”

+ Rutherford's Model (1911): Ernest Rutherford's gold foil experiment showed that atoms have
asmall, dense, positively charged centre called a nucleus, with electrons orbiting around it.

Bohr's Model and Quantum Model: Later, scientists improved Rutherford's model by adding
ideas about energy levels (Bohr's model) and quantum mechanics, which is the current way we

understand atoms.
« These changes happened because new experiments provided better evidence.

3. The Periodic Table

Dmitri Mendeleev created the periodic table in 1869 to organize elements based on their atomic
masses and properties. His table was powerful because it predicted the existence of elements

that had not been discovered yet.
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Modern Perfodic Table ‘ :

As scientists learned about atomic structure and ‘]”a;‘tur?cn;s;m:r‘: :’n:jh:ly Updated the
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(periodicity) and helpsus understand their behaviou . t e%t;

, 3 scientific Paradigms in Chemistry
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Scientific paradigms in chemistry @

behave and interact. These p
and interpreting results. They help us.l
also inspire the creation of new materials
like medicine, materials science, and enviro

1.4 Confidence
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tools to measureé how
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oth confidence and uncertainty when

e other sciences, X 3
precise or reliable their data a"alYZing ,
s :

Chemistry, lik
tists use

experimental results. Scien

1. Confidence Intervals ‘ g
measurement is. For example, if a pharmacigg
Me

Confidence intervals show how precise 2 .
50 molar with a 95% confidence interva| (0.4 ;_s“fes

the concentration of 2 solution to be 0. th a 934 c
molar), it meanstheyare he true value is within thisrange. 0.5

2. P-Values

p-values help scienti
tests whether a new catalyst works
- there's only a 1% chance that the result is random.

better.

3. Standard Error and Standard Deviation

data varies. For example, if a chemist measures the melt
is 120°C with a standard deviation of 0.5°C, it ntmmg Point
dard error (e.g., 0.1°C) shows that the avérage?z;s the

' Ue i

95% sure thatt

sts check if experimental results are meaningful. For example, if :
faster than an old one and finds a p-value of 0 01 a chemjg
f0.01, it

This shows the new catalyst is almost’ chTeans

These tools measure how much
of a substance and finds the average
results are consistent. A small stan

accurate.

4, Bayesian Probability
This method updates our confidence in an idea based on new eviden - |
_ . : ce. For example, i
first _beheves there's a 60% chance a reaction happens in a certain way, but new g::’a]f a‘ Chemig
- confidence to 80%, they've used Bayesian probability to update their understanding e thei’

5. Quantifying Uncertainty
Uncertainty tells us how reliable a measu i

. _ asurement is. For example, if a chemi |
concgntratlon of a solution as 0.250 molar £ 0.005 molar, the uncertaint ilst bl
meaning the true value is close to 0.250 molar. | ¥ B0t e,
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In chemistry, repeatability and reproducibility are important for proving that experimental
results are reliable.

Repeatability

Th.lS means getting the same result when repeating an experiment under the same conditions,
using the same tools and procedures. For example, if a chemist measures the melting point of a
substance several times in the same lab and gets the same result each time, the experiment is
repeatable.

Reproducibi lity

T_his means getting the same result even when the experiment is done in different labs, with
different tools, methods, and scientists. For example, if different chemists in different labs
measure-the same substance’s melting point and get similar results, the experiment is
reproducible. :

Why Are These Important? :

. '\ shows that the experiment is well-controlled and consistént in one setting.
* Moorooooniio shows that the findings are reliable and not limited to one lab or method.
Both help scientists ensure their discoveries are accurate and accepted by others.

* Chemists generally follow the principle of conservation of mass and energy.

+ Skepticism drives scientists to consistently challenge and validate new discoveries.

« According to this theory, all combustible materials contained a substance called
"phlogiston” that was released when burned.

« Chemical paradigms are frameworks that explain chemical properties.

« In chemistry, Bayesian methods involve updating the likelihood of a hypothesis by
combining previous data with new evidence.

« Uncertainty is a measure used by chemists to indicate how reliable their measurements

and predictions are.
« Repeatability is the ability to repeat an experiment under the same conditions, such as
using the same equipment, processes, location, time frame, and (if applicable) operator.
The reproducibility of a measurement is the ability to produce same or similar results
when the measurements are made in different environments, with different equipment,

with different methods, and at different times.
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Unit 1: History of Chemistry

EXERCISE

1. Multiple Choice Questions (MCQs)

ii.

iii.

iv.

Vi.

What is the principle of conservation of mass?

a) Mass is created during a chemical reaction

b) Mass is destroyed during a chemical reaction

c) Mass remains constant during a chemical reaction

d) Mass can be converted into energy

What does the peer review process ensure in scientific research?

a) Faster publication : b) Accuracy and validity of findings
c) Higher funding : d) Reduced experimentation

Which of the following was an 18th-century chemical paradigm?

a) Atomic theory y b) Phlogiston theory

¢) Quantum mechanics d) Periodic table

What does the periodic table of elements organize?
a) Elements by alphabetical order  b) Elements by their properties and atomic Number

c¢) Elements by colour d) Elements by discovery date

What dces a 95% confidence level mean in scientific reporting?

a) Results are 95% accurate b) There is a 5% chance the results are incorrect

c) 95% of scientists agree d) The experiment is repeated 95 times - !

Which model of the atom includes a central nucleus?

a) Plum-pudding model ‘ b) Rutherford model
~ ¢)Bohrinodel d) Quantum mechanical model |

vii.

’

What does repeatability in scientific experiments refer to? !
a) Different results under the same conditions b) Same results under the same conditions
c) Different methods d) Multiple publications

viii.What is reproducibility in scientific experiments?

ix.

a) Different results under the same conditions b) Same results using different methods

¢) Results not verified d) Repetition by the same scientist

What paradigm replaced the phlogiston theory?

a) Atomic theory b) Theory of combustion :

¢) Quantum mechanics d) Periodic table '
X. Which property does the periodic table help to predict?

a) Colour of elements b) Properties of elements

c) Weight of elements d) Discovery date of elements

5 ;"“‘5- %
N



https://v3.camscanner.com/user/download

2. Short Answer Questions
i. Explainthe principle of conservation of mass in chemical reactions.

ii. What is the role of empirical evidence in scientific research?

iii. Describe the peer review process and its importance in science.
iv. How did the phlogiston theory explain combustion?

v. What s the significance of Rutherford’s model of the atom?

vi. How does the periodic table organize elements?

vii. Define scientific paradigm with an example.
viii. What does a confidence level in scientific research indicate?

ix. Differentiate between repeatability and reproducibility in experiments.

x. Whyis skepticism important in the scientific community?

3. LongAnswer Questions
i. Discuss the transition from the phlogiston theory to the oxy

its impact on chemistry. -
Explain the development of atomic models from the plum

mechanical model.
Analyze how the periodic table serves as a paradigm in chemistry,
discovery of new elements.
Evaluate the importance of repeatability and reproducibility i
integrity and progress.
Describe how levels of confidence and uncertainty are expressed
scientific research, providing examples from chemlstry experiments.

ii.

iii.

iv.

gen theory of combustion and
-pudding model to the quantum
guiding research and
n maintaining scientific

and interpreted in .
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+ Explain changes of state and internal energy without change in temperature (melting,

boiling, freezing, condensation, sublimation and deposition) in terms of kinetic particle
theory. | :

» Distinguish between evaporation and boiling
. Interpret heating and cooling curves in terms of kinetic theory,

« Interpret heating in terms of kinetic particle theory the effects of changing pressure,
temperature and volume of a gas on the other two with regards to Boyle s law, Charles’
law, and Avogadro s law.

. Explain qualitatively the effect of external pressure on the rate of boiling and
evaporation.

+ Explain diffusion of gasses in terms of kinetic particle theory.

. Examine qualitatively the effect of molecular mass and tem
e
diffusion. | perature on the rate of
« Discuss applications of sublimation around us. (examples may i et iy

and 3D printing). yinclude: solid air fresheners

» Explain, with the help of kinetic particle theory, the import
. ’ an
L medicines in the body. Ce of rates of diffusion of

-
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2.1 Changes of states or ma

te toanother, suchasa
sion) i ition of matter from one sta g
hase transition) is the transit er directly betwee
Aﬁ;ﬁ:{‘: rt‘gz(ﬁ;t?id state, a liquid state to a gas sta\:,e;:t,hm;j : s;te:;tr?n (;,;.' Tai:tre charie hnd can be
SO i cur 0
; tate. These transitions oc ( energy is composed
solld $ate 8d. 8,623 st i d the internal energy. Internal e e o
h kinetic particle theory an _ . : nd interactions)
und?r&tt?g ‘fe:l:rr:;g(temperafure-related) potential energy. (particle P“'it;g"‘; nastant (and hence
b hase transitions. During phase transitions, the temperature remas This shift in potential
dunzg Fc;tic energy), however, the potential energy significantly changes. e
;:Zr;;l causes the o:/ercoming or generation of inter-particle forces during p

1. Melting (Solid to Liquid)

i i ble,

' When a solid melts, it becomes a liquid. In a solid, the particles ?reuglgll;t:]y; gta)c::e: Jg;j stt: el
i in fixed positions. When energy (us \
well-ordered state and vibrate in fixe e St e
id, it cau ' i trongly. When energy is a atth
solid, it causes the particles to vibrate more s : hathoid (e sartieios
i int, it i i ial energy. This weakens the forces

melting point, it increases its potgntl_a e e insare e
: ithout increasing their kinetic energy, so t'he tempera.l : _ i
zhaecrt;yvﬁ strong enough to overcome the forces holding the particles in place, the soll.:d meltsinto
aliquid where the particles are in a stable state but can move freely around one another.

2. Boiling (Liquid to Gas)
When aliquid boils, it turns into a gas.

According to the Kinetic Particle Theoryina liquid, particles are closel

each other. As energy is added, particles move faster and eventuall
free from the liquid's surface into the gas phase.

The added energy increases the potential energy of the particles, allowing them to overcome the

attractive forces holding them in the liquid. This occurs at the boiling point, where the
temperature remains constant as the liquid turnsinto gas.

3. Freezing (Liquid to Solid)

When aliquid freezes, it turns into asolid.

y packed but can move past
y have enough energy to break

4. Condensation (Gas to Liquid)
When a gas condenses, it turnsinto a liquid.

According to the Kinetic Particle Theo

the gas loses énergy, particle motion
together, forminga liquid.

Energy is released during condensation, reducin

8 the potential
temperature remains constant as th

energy of the particles, The
€gasturnsintoa liquid, .
5. Sublimation (Solid to Gas)
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. ici break :
he solid gaihs enough energy, the particles gain sufficient energy to free d"‘-‘ctly
When the so ’

into the gas phase. energy of the particles to overcomg the

ignifi ing the potential . .
is added, significantly increasing t : ; hange in temperature dy
E:rire:gsyhglging themgin the solid structure. This occurs without a C g ring the

sublimation process.
6. Deposition (Gas to Solid) ' g
When a gas undergoes deposition, it turns directly into a _

phase. | ;
According to the Kinetic Particlg Theory_ln a
the gas loses energy, the particle mot1ton s
articles directly into a solid arrangement. e ) : .
Energy is released, greatly reducing the potential energy of the partlclesf This happens Withoyt

change in temperature during the deposition process. .
2.2 Heating and cooling curves

Heating and cooling curves are shown in figure. These curves show how the energy of Particlag

changes during phase transition. i

2.2.1 Heating Curve (0

A heating curve typically shows temperature
change over time as a substance is heated. It
consists of several distinct regions (Figure 2.1).

ithout passing through the liquiq

gas, particles are far apart and_move freely, When
lows significantly, and attractive forces py the

KE: Constant (G)
PE: Increases

Boiling / Evaporation,  E

Solid Phase (Ato B) L

Segment A to B: The temperature of the solid 5 . ot

increases as it absorbs heat. According to kinetic s/ Meting — C

theory, the kinetic energy of the particles (atoms A il
or molecules) increases, causing the particles to Time

vibrate more vigorously. : Figire 2.1: Heating Cum
Melting (B to C) ‘ :

Segment B to C: The temperature remains constant as the solid melts into a liquid. Here, the
absorbed heat energy is used to overcome the intermolecular forces holding the solid together,
ratherthan increasing kinetic energy. This is known as the latent heat of fusion.

Liquid Phase (Cto D)

Segment C to D: The temperature of the liquid increases as it continues to absorb heat. The
kinetic energy of the particles increases, causing them to move more rapidly.
Boiling (D to E)

Segment DtoE: The temperature remains constan

heat energy is used to overcome the intermolecu
latent heat of vaporization.

Gas Phase (E onward)

tasthe liquid changes into a gas. The absorbed
lar forces in the liquid, a process that requires
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2.2.2 Cooling Curve Temperature

A cooling curve shows the reverse process as a
substance fs cooled. It consists of similar distinct
regions, but in reverse order (Figure 2.2).
Gas Phase (Higher Temperature toE)

Segment higher temperature to E: The
temperature of the gas decreases as it loses heat.
The kinetic energy of the gas particles decreases,
causing them to move less rapidly.

Condensation (E to D)
Segment E to D: The temperature remains
constant as the gas condenses into a liquid. The

lost hgat'energy is released as the intermolecular forces bring the particles closer together,
resulting in the latent heat of vaporization being released.

Liquid Phase (Dto C)

Segment D to C: The temperature of the liquid decreases as it loses more heat. The kinetic energy
of the particles decreases, causing them to move more slowly.

Freezing (CtoB)

Segment C to B: The temperature remains constant as the liquid freezes into a solid. The lost heat

energy is released as the intermolecular forces arrange the particles into a solid structure,
resulting in the latent heat of fusion being released.

Solid Phase (B to Aand below)

segment B to A and below: The temperature of the solid decreases as it continues to lose heat.
The kinetic energy of the particles decreases, causing them to vibrate less.

Figure 2.2: Cooling Curve

2.2.3 Kinetic Theory Interpretation
Kinetic Energy and Temperature

In the regions where the temperature is changing (Ato B, CtoD, and E onward for heating) the
kinetic energy and potential energy increase. E to D, C to B for cooling, KE of the particle is
constant but PE is decreasing. ;

Potential Energy and Phase Changes

In the regions where the temperature remains constant (BtoCandDtoE for heating; DtoCandB .
to A for cooling), the energy absorbed or released is used to change the phase of the substance.
This involves changing the potential energy associated with intermolecular forces, rather than
changing the kinetic energy of the particles. ‘

2.3 Evaporation and Boiling
Evaporation is the process by which molecules at the surface of a liquid gain enough kinetic
energy to escape into the gaseous phase. Only molecules at the liquid's surface participate in
evaporation. These molecules must have sufficient kinetic energy to overcome intermolecular
forces. Energy for evaporation comes from the surrounding environment. This absorption makes
surroundings cooler than before. Evaporation can occur at any temperature below the liquid's

boiling point. Higher temperatures increase the rate of evaporation since more molecules have
sufficient energy to escape. o

e
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ecules leave the liquid, the average kinetic energy of the remainin

b to a cooling effect. This is why sweating helps cool the body.

decreases, leading

fxamples

. ing of clothes on a line. 3
. g\rry‘aporation of water from lakes and oceans contributing to the water cycle,

« Sweat evaporating from the skin, providing a cooling effect.

i when it is heated to its boil; |
which a liquid turns into vapor ! ng |
zs‘:ﬁ“?in: g‘e mpﬂ:cor'rir:a‘tr:on of vapoz:j bubbles within the liquid. Boiling occurs throug m’_“. !

entire liquid, not just at the surface. Vapour bubbles form within the liquid, rise to the m‘:’: |
and burst, releasing gas. _
Boiling occurs at a specific temperature known as the boiling point. This temper‘a(u,e va
deperr?ding on the liquid and the external pressure. For water at sea level, the boiling Point j
100°C(212°F). ‘
id at its boiling point. The temperat

' heat input is required to maintain the liqui ; ure
t(mti;mfmins c‘:)unstant during boiling, as the added energy is used to convert the liquid iy
gas. Boiling is characterized by the vigorous formation of bubbles and steam, making it a hiihly
e High sure increases the boilj

o int changes with external pressure. 15 er pres e boiling '

m&m g:essure degcreases it. This is why water boils at lower temperatures at high altitudes,

2.3.1Effect of pressure on evaporation and boiling

The effect of pressure on evaporation and boiling is primarily related to how it influences the
rate at which molecules escape from the liquid's surface into the gas phase. Here are the key
points regarding the effect of pressure on evaporation:

Effect of Lower Pressure

At lower atmospheric pressures, the rate of evaporation increases. This is because there is less
external pressure exerted on the liquid surface, making it easier for molecules to escape into the
vapor phase.

For example, water will evaporate more quickly at high altitudes where the atmospheric pressyre
is lower than at sea level.

Lower pressure reduces the boiling point of a liquid, which means the liquid can transition to the
gas phase at a lower temperature. This indirectly affects evaporation by facilitating the
conditions under which it can occur more readily.

Effect of Higher Pressure

At higher atmospheric pressures, the rate of evaporation decreases. The increased external pressure
on the liquid surface makes it more difficult for molecules to escape into the vapour phase,

For example, in a pressure cooker, the high pressure suppresses evaporation until a higher
temperature is reached, allowing food to cook faster.

Higher pressure increases the boiling point of a liquid, which means the liquid requires a higher
temperature to transition into the gas phase. This indirectly affects evaporation by making the
conditions less favorable for it to occur
For example, in a pressure cooker,
isreached allowing water to boil a

UMolegy,

|
|

the _high pressure suppresses boiling until a higher temperature
tahigher temperature. This allows food to cook faster.

LERSRE S SPE SRS SR 5 A
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At 2: Matter

Evaporation i.s a.gradu.al process occurring at any temperature below the boiling point and at the
surface of a liquid, while boiling is a rapid vigorous process that occurs throughout the liquid at a

specific boiling point.
2.4 Kinetic Particle Theory and Gas Laws

Asample of a gas can be characterized by four variables:
1.The number of moles of a gas(n) ‘ '
2.Volume(V)
3.Pressure(P)

4. Temperature(T)

The relationships that express the 1nfluence of one variable on another with two vanables
constant are called gas laws.

2.4.1Boyle's Law

It states that for a fixed amount of gas at a constant temperature, the volume of a gas is inversely
proportional to its pressure. Mathematically,

1
VX —
P

V k=
P

PV = constant

A Figure 2.3: Effect of pressure
Kinetic Particle Theory Interpretation , on the volume of a gas

Effect of Volume on Pressure:

When the volume of a gas decreases, the gas particles have less space to move around This
-esults in more frequent collisions with the walls of the container, thereby increasing the
syressure. Conversely, if the volume increases, the particles collide with the walls less often,

jecreasing the pressure.

—onstant Temperature:

"he average kinetic energy of the particles remains constant since the temperature does not
‘hange. The speed of the particles does not change, but the frequency of collisions with the

ontainer walls changes due to the volume change.

).4.2 Charles's Law

: states that for a fixed amount of gas at constant pressure, the volume of a gas is dlrectly
roportional to its absolute temperature. Mathematically,

Volume (V1) " Volume (v2)

i3

7

)
B —

e

VT

V=kT . ™ e ®/® _

. .: o..' o.o. :
4 S a0 4
T é i i

@
LB
Temperature (T1) té; ! ﬂ emperature (T2) '

h

= constant Figure 2.4: Effect of temperature on the volume of a gas -

i~
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Kinetic Particte Theory Interpretationt \m

Effect of Temperature on Volume: ‘ ;
\When the temperature of & gas increases, the kinetic energy of the gas particles ine,
means the particles move faster. Tomaintain constant pressure, the volume of the Conty Sey, N
increase to allow the particles o travel further between collistons with the container., Ner 'hh'\
- keeping the pressure constant. Conversely, if the temperature decreases, the kinet e alls' tUg\
the particles decreases, the particles move slower, and the volume must decrease t,, "Qrg;\"&
constant pressure. n "\aintau,
Constant Pressure: ey
The volume changes to balance the increased or decreased frequency and force of ¢q) i
Ong

to temperature changes, maintaining constant pressure. 4
; \

2.4.3Avogadro's Law

It states that for a gas at constant temperature and pressure, the volume of the gag i

proportional to the number of moles of gas. Mathematically, Ll 1S 'dir,aCtl
Yy

v

van
V =kn where k and n are constant

\Y ;
; = constant

n = no. of moles

- Kinetic Particle Theory Interpretation

N Effect of Number of Particles (Moles) on Volume:
\ When the number of gas particles (moles) increases, there are more particles colliding wie
walls of the container. To keep the pressure constant, the volume of the container musg With

to accommodate the additional particles and maintain the same number of Collisiont Nerey,
area. Conversely, if the number of particles decreases, the volume must decrease t S per hi
constant pressure. @ Mainty
Constant Temperature and Pressure:

The tgmperature ensures the kinetic energy of each particle remains the same, and the‘
remains constant by adjusting the volume according to the number of particles.

Quantity in mol
)

Figure 2.5: Relation betwe
en
of moles of a gas and its :gfu::lmbe
e

pr eSSUr!

2.5 Diffusion or gases

.

0]1e of the simplest examples of diffusion in everyday use is when perfume is s -
dispersed across a room. At first, perfume molecules are concentrated in the Sprayed &
dispersed across the room. However, as the perfume particles travel and collide thpray.er .
across the room, allowing the perfume to be detected even at a distance from the s,our:: e

2.5.1 Diffusion Process Explained by Kinetic Particle Theory

\tl::i;tien l::.wo slifferent gases come into contact, their particles begin to move together. Bec

mOtiro mt:t\; energy, ?ECh type of a gas particle moves randomly in all directions. .The ra wed

o r;az'sts ese pi;_r:cles ensures that the particles from each of the two gases move inatndt

pace. This random and constant motion causes th °
:  ranc e gases to spread and mi
s p and mix

gas particles change direction as they move and collide with each other. As they change diruepc'tiT

o

|
|

{
|

SARLES— j
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they spread out and move through the space available to them. As time goes on, this random
motion causes the particles to spread out evenly across the space. Eventually, the concentration
of both types of gas particles is uniform across the entire space, and equilibrium is achieved.

7% : o /W.r.‘.‘%

Y af < ‘., ‘! : ¢ ;\j«f% S A‘_.'
A A ) < ?:' 4 i:-'iy!%f“\._* .y
‘ ‘ . 1 L] -’ “‘I ‘.__.,W"’ﬁ’
Stopcock closed Stopcock open Some time after
(a) (b) Stopcock open

()

| Figure 2.6: Shows the diffusion of two gases

2.5.2 Factors affec ting diffusion

The rate of diffusion, the process by which molecules spread from areas of high concentration, is
affected by several factors, including molecular weight and temperature.

Molecular weight

According to Graham'’s law of diffusion

The rate of diffusion is inversely proportional to the square root of the molar mass of the gas
particles.

Rate of diffusion r 71— at constant T and P

This means that lighter molecules diffuse faster than heavier ones.

According to kinetic particle theory, all molecules at the same temperature have the same
average kinetic energy.

Since kinetic energy (K.E) = 1/2mv*, where m is the molecular mass and v is the veloc1ty, lighter
molecules (smaller m) have a greater velocity (v) than heavier molecules with the same kinetics.

Because lighter molecules move faster, they can travel greater distances in a given time than
heavier molecules, resulting in a higher rate of diffusion.

Temperature

Diffusion rate increases with temperature. Higher temperatures give molecules more energy,
which increases their kinetic energy. As the temperature increases, the average kinetic energy of
the molecules increases. Since kinetic energy is proportional to the square of the velocity, this
results in a higher molecular velocity. Higher molecular velocities at higher temperatures cause
more frequent and energetic collisions between molecules, facilitating faster diffusion.

Explaln why? et
(a) When you apply perfume to your palm, it makes you feel cold. : 3 el
(b) We all sweat. As our sweat evaporates, it cools us » ~

[T e g
i

R R S T I T B O P L S e P W S BT T 7 e s e
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2.6 Sublimation’

Sublimation is the process in whichhrr:rt:(le
state directly, without going throug i L Ean %
know that molecules are in constant ran G U msilles (Kineti e ‘el% ;
;zlt?nog point. We also know that the average ;Pee olc:ecules Sre holow the melting i? 'S gy U]
. If them

i he absolute temperature. . e
pm‘:(',:\t :::fotl(i)dtstate by relatively weak i ntermole:cular fortc:::.':»3 C(Sfem:,?l;e:atroe ts: Stren , 0(:%

kep []ent bonds within the molecule) then sometimes a T s bl ough .
| EOZ:k those intermolecular bonds and go into the vapour s ahtr;alene e maé S}Ibsta Cesgy
u;dergo sublimation. Carbon dioxide, camphor, and nap rial that %

o
undergoes sublimation. “ W

e in the solid state g0
ecules of a substanc_ Id statg t
liquid state. According to the kinetic mOlECm;:e Yy
even when the substance PR \

Figure 2.7: Sublimation

Figure 2.8: Sublimation of d ice

Application of Sublimation in our life

« The solid air fresheners we often use in our cars and homgs rely SO_lEI
sublimation. The solid fragrance within slowly transforms into a deligh
the entire space with an enticing aroma that lingers in the air.

o Inthe textile industry 30 printing uses a sublimation protess. Dye sublimation printErsa
now widely used for the printing process for a reduced cost. Dye sublimation, iS Usq l
print a variety of objects such as T-shirts, pens, coffee mugs, and bags.

+ Inthe food industry, freeze-dryin

g food items for preservation for a longer duration is d
to the process of sublimation.

Simple examples of deposition in daily life. Did you get it.!!
« The formation process of snow from water vapour.
» BlackSoot inside a Vehicle Exhaust.

» The Making Process of Dry Ice Using Carbon Dioxide.

2.6.1 Importance of Diffusion Rates in Medicine
Kinetic particle theory is one of the most im
rates in the human body. When you take a dr
om the injection site into

portant theories for understanding drug distributjg

hor injected, it nee

ITfere ues and organs to reach you
diffusion Usually mean your drug will
relievers needs to diss

rbody’s cells where they do their
work faster. For exam

Provide immediate p

work. Higher levels
Ple, a fast-acting drug like a pa

olve quickly to ain relief. Kinetic particles thear

CamScanner


https://v3.camscanner.com/user/download

UNIL Z5 Matter

eo(g:fl?:rg;tdq rug oiff usion rates are affected by a concentration gradient between your drug and
your surround!ng t]SSUGS- If your drug is at a high concentration at the time of administration, and
¥ unding tissues are at a low concentration, then your drug diffusion rate will be faster.

z:crel ;;tltle ofl 'dif.;usion also depends on the composition of the drug (e.g. liquid, gel, tablet).

dispersec)i,’ C‘g:;rol‘:;légs {nove fmor,e lquickly than solid drugs, as their particles have already
Sl -release formulations are used to control the rate of d iffusi .

the therapeutic effect remains consistent over time. of drtig diffssion o et

o Solids, liquids and gases change state when they are heated or cooled. '
« A state change (or phase transition) is the transition of matter from one state of
matter to another. : ' 1o G

» : hia‘tjing' curve typically shows temperature change over time as a substanc.ev is 7
~ heated. : ; : . 33 e R Sk

o Thetemperature remains constant as the solid meltsintoa liquid..
¢ Thetemperature remains constant as the liquid changes intoagas.
« The temperature remains constant as the gas condenses intoa liquid.
. Eyaporation is the process by whi.ch' molecules at the surface of a liqoid gain enough
kinetic energy to escape into the gaseous phase. : ' o
Boiling is the process in.which a liquid turns into vapor when it is heated to its boiling :
point. , LAV S , : Frot
o Boyle's Law: It states that for a fixed amount of gas at a constant temperature; the
-volume of a gas is inversely proportional to its pressure. - » ‘
Charles's Law: It states that for a fixed amount of gas at constant pressure, the volume
of a gas is directly proportional to its absolute temperature. DS

Avogadro’s Law:It states that for a gas at constant temperature an
volume of the gas is directly proportional to the number of moles of gas.

Graham’s law of diffusion: The rate of diffusion is inversely proportional to the square

root of the molar mass of the gas particles. :
"« Sublimation is the process in which molecules of a substance in the solid state go tothe

vapor state directly, without going through the liquid state.

d préssﬂre; the -

\.
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: EXERCISE 1
i .MUI\t;ple Choice Questions (MCQs) |
1. y i
hat happens to the internal energy of a substance during melting?
a) It decreases b) It stays the same
) It Increases . d) It fluctuates -y
ii. Which process involves a solid turning directlyintoa gas? |
a) Melting b) Freezing
¢) Sublimation " i) condensatlon. .
iii. Boilingoccursat: - R -t
fixed temperature g

a) Any temperature : b)ATHER: 4

| d) Any pressure

c) Only at room temperature

iv. During condensation, the particles in a gas:
a) Gain energy and move faster -
¢) Gain energy and move slower

v. ‘Which law states that the volume of a gas i

d|rectly proportlonal to its temperatUrew

b) Lose energy and move slower.
d) Lose energy and move faster -

co ure? |

"~ a) ;ste:nt ;l).ress ‘ b) Charles's Law . |

a) Boyle's Law : ' :

' Dalton's Law |

c) Avogadro’s Law d)- : 4

vi. Evaporation differs from bmlmg because: |
a) Evaporation occurs at the surface of a liquid at any temperatu re ,

b) Boiling occurs only at the surface }

c) Evaporation requiresa fixed temperature

- d) Boiling occurs atany tempe
vii Accordingto kinetic particle theory,
a) The volumeincreases
c) The number of particles decreases
viii.Which factor affects the rate of diffusion of gases?
a) Molecular mass
c)Botha vand b
_ix. Solid air fresheners use the process of:
a) Condensation
c) Sublimation

rature

the pressure of agas lncreases when:

b) The temperature decreases
d) The temperature increases

b) Temperature
d)Neitheranorb

b) Deposition
d) Freezing

x. Thediffusion of medicine in the body is important because:

a) It controls the temperature of the medicine

b) It ensures the medicine reaches all parts of the body. e

- ¢) It keeps the medicine in one place
d) It increases the molecular mass of the medicine

e n— — - — < i .
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Unit 2: Matter

2. ShortAnswer Questions

i.  Explain why the temperature remains constant during the phase change from ice to
water.

ii.  Whatis the name given to the phase change when a solid is converted directly toagas?
il Whatis the difference between evaporation and boiling?
iv. Interpret a heating curve for water, identifying key phase changes.

v. Explain the effect of mcreasmg temperature on the pressire of a gas in a sealed
container. '

vi. Howdoesi mcreasmg the external pressure affect the boiling point ofa liquid?

vii. Describe how molecular mass influences the rate of diffusion.

viii. Give an example of sublimation and explain its practical apphcatlon

ix. Whyis the diffusion of gases faster at higher temperatures? )
X How do_es Avogadro’s law relate to the volume and number of moles of gas? -

3. LongAnswer Questions

i. Describe in detail the kmetlc particle theory and how it explams the phase changes of
melting, freezrng, boiling, and condensatron .

ii. Interpreta coollng curve, 1dent1fy1 ng and explalmng the srgmﬁcance of the ﬂat regtons on
~thecu rve. » :

“iii - Explaint how diffusion works in gases and discuss the factors affecting the rate of drffusnon,
“including molecular mass and temperature '

© THINK TANK .~ S
1. Analyze the rmpact of altltude on the borlmg point of water and how it affects cookmg tlmes.
Provide a detailed explanatlon based on kinetic particle theory and external pressure. -
2. Discuss the importance of understandmg drffusron rates in the development of
pharmaceuticals..

" . 3. Evaluate the environmental and practical implications of using subhmatlon ln various'v &
industries, such as air fresheners and 3D printing, considering both beneﬁts and potential‘

drawbacks

e T T o X At T R L S N T T D
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Use the molar gas volume, 24 dm’ at room temperature and pressure, in calculations
involving gases. '
Define concentration, use both g/dm* mol/dm’, and convert between them.

Calculate stoichiometric relationships between substances( specially: reacting masses,
limiting reactants, volume of gases at RTP., volumes of solutions and concentrations of
solutions in g/dm’ or mol/dm’, including conversion between cm’and dm’).

Calculate concentration of a solution in titration using empirical data.
Calculate empirical formula and molecular formula from appropriate data.

Calculate percentage yield, Percentage composition by mass and percentage purity from
appropriate data.

(&) CamScanner
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Unit 3: Stokhiometr—r

Stoichiometry is an integral part of the chemical industry and has a wide range of practical

applications. For example, the chemical composition of everyday products such as soap,
detergent, toothpaste, shampoos, cosmetics, medicines, and fertilizers is determined by

stoichiometry.

Stoichiometry comes from the Greek word “Stoichen” meaning element and the word
“Metron” which means measure. The study of relative amounts of the substances involved in
the chemical reaction is known as stoichiometry. It helps in the application of balanced
chemical equations for the calculation of the quantities of the reactants and the products. It
is based on a balanced chemical equation that shows the mole-to-mole quantity of the

reactant and products.

3.1 Mole

Recall that the atomic mass, formula mass, and molecular mass of a substance expressed
in grams is called Mole.

For Example,
One mole of O (atom) =16g One mole of O, (molecule) =32¢
One mole of H,0 (molecule) =18¢g One mole of Na'(ion) =23¢g

One mole of NaCl (Formula unit) =58.5¢

Mole ratios in Stoichiometric Calculations:
Let s look at the following chemical reaction.

ZHz @ *t 02(5) T— ZHION ;
What does this chemical equation tell us? It tells us that 2 moles of hydrogen + 1 moles of

rm 2 moles of water. Any chemical reaction can be interpreted in terms of a

oxygen will fo
balanced

mole. Moles can easily be converted into the mass of reactants/products. A
chemical equation will tell you the ratio of the reactants/products to the mole. The mole is

the unit of measurement used to express the amount of a substance.

The mole is the Sl unit to express the amount of a substance. It is symbolized as mol.

Example 3.1
Methanol burns according to the following equation.
2CH,0H + 30,y — 20, + 4H,0
If 3.50 moles of methanol are burnt in oxygen, calculate
(a)  How many moles of oxygen are used?
(b)  How many moles of water are produced?

Solution _ _
(@)  Moles of methanol = 3.50 moles

Moles of oxygen =1
According to the balanced chemical equation

2 moles of CH;0H =3 moles of 0,
1 moles of CH,OH = 3/2 moles of O,

(8 CamScanner
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3.5 moles of CH,0H.. 3:50%3 moles of 0,
2

= 3.25 moles of O,
S0 the number of moles of 0, consumed = 5.25 moles
(b)  No. of Moles of CH,0H = 3.5 moles

No. of Molesof HO =7

According to the balanced chemical equation
2 moles of CH,OH =4 moles of H,0

1 moles of CH,OH = 4/2 moles of H,0

3.5 moles of CH,OH = 3‘5(;_"4 moles of H,0

~ =7.00 moles of H,0
So the number of moles of HZO produced 7.00 moles

NH is an 1mportant raw matenal in the manufacture of fertilisers. It is obtamed by the
combmatlon of N, and H, as shown by the following balanced equation.

Nug) + 3ty ——> 2NH,

: Example 3id —
- lron can be produced from iron ore Fe,0, by reacting the ore w1th carbon monox1de (CO)
What mass of iron can be formed from 425 g of iron ore?
Solution :
The balanced equation can be written as
Fe,0, + 3c0 — 2Fe + 3C0Q,
‘Massof ironore = 425 g (given mass)
- mass 4254
molecular mass 159 6 g moles™
= 2.66 moles of Fe;:0;
According to the balanced chemical equation
1 mole of Fe,0, = 2 moles of Fe
- 2.66 moles of Fe,0, =2.66 x 2Moles of Fe = 5.32Moles of Fe

Mass of Fe produced = no. of moles of Fex Molar mass of iron
- =5.32x55.9g¢
Mass of iron produced = 297.388g

No of moles of iron ore =

(8 CamScanner
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~ Unit 3; Stoichiometry I s

1. Hydrogen burns wrth oxygen accordmg to the following equation.
2H,q) + Oy — ZH,0

.| How many grams of oxygen are needed to burn 100 g of hydrogen completely?

FRE——————

2. Calculate the mass of 0, produced by thermal decomposition of 49 grams of KCIO3
2KCl03 e ZKCl(s, +30,

~ Molar Volume
One mole of any gas at RTP (room temperature and pressure) occupies a volume of 24

dm?®. This volume is called Molar volume. RTP stands for 25°C and 1 atm. With the help of
this relatlonshlp, we can convert the mass of a gas at RTP into its volume and vice versa.
24dm’of anygasatRTP  =1mole
24 dm’ of H, gas at RTP =2¢ =1mole
24 dm’ of NH, gas at RTP ~ =17g =1 mole

.Example 3.3

Determme the volume that 2.5 moles of chlorine molecules occupy at RTP

Solutron_
We know that
24 dm’ of C, (Chlorine) at RTP = 1 mole

or 1 mole of Cl, occupies a volume of 24 dm’ at RTP.
2.5 mole of Cl, occupy a volume of 24 dm’, 2.5 = 60 dm’

"(a) How many moles of oxygen molecule are there in 50.0 dm* of oxygen gas'at RTP?
(b) What volume does O 80 mole of N, gas occupy at RTP? e
(Ans: (a) 2.08 moles, (b) 19.2dm’) :

e aierveseed

The relative amounts of each element in a compound are expressed as the percentage

composition. For example, the percentage composition by mass in MgO is as follows, 2

To determine the percentage composition of a known compound,

a) Calculate the molar mass of the compound

b) Calculate the percentage of each element in one mole of the compound. This is done by
dividing the mass of each element in one mole of the compound by the molar mass
multiplied by 100. . ' ‘

mass of element in1mole of compound

molar mass of compound

x100

% of an element =

g B P TN A SN S S O R A
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Unit 3: Stoichiometry

Molar mass of Mg0 = 24416
= 40 g/mol
24
. =t
% of Mg ¥ 100 .

60.3

"

164
%0of 0 2 100

= 39.7
The sum of percentages of all the elements in a compound must be equal to 100.

Concept Assessment Exercise 3.4
compasition of the following compounds,

'nl\m . Eu‘em itage
___'_;7:1.’_ "WaterH,O. fale
- Sulphuric acid 50,

e i Ammonium nitrate NH,NO,

3.3 Limiting and Non-Limiting Reactants
A limiting reactant is the reactant th
reactant can also be defined as the re
reaction. The reactant in excess is the
is complete, It is also referred to as a

at is_completely consumed in a reaction,

Non-Limiting reactant.

The reaction is 2Hy. + 0, oy Z2H,0,
According to the balanced chemical equation :
2H,= 2H0
2 moles of H, give = 2 moles of H,0
10 moles of H, will give - §x10 =10moles of H,0
0,= 2H,0
1 mole of O, gives = 2 moles of H,0
7molesof 0, =7

G . =2x7 =14 moles of H,0
2 8Ives the least number of moles of H,0, i.e, 10 moles, so H, is the limiting reactant,

-
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e s Unit_ 7} Stqlcmometry :

ample 3.4
" ‘2)00 g of Zn were reacted with 200g dil. H,SO,. Determine
(a) Limiting Reactant
(a) Mass of hydrogen produced

In, + HSO,, — 1InSO,,, + H.“ﬂ
Solution
(a) Massof Zn = 200g Y
Molar mass of Zn = 63.5gmo
200
No of moles of Zn " 55
= 3.15 mol :
Mass of H,SO, = 200g / mol ‘
Molar mass of H,S0, = 2+32 +16x4 = 98 g/ mol
200
No of moles of H,SO, i
' = 2.04 mol
According to the balanced chemical equation
1 mole of Zn produces = 1 mol of H;
3.15 mol of Zn = 1x3.15 mol of
| = 3.15 mol of H,
1 mol of H,S0, = 1 mol of H2
2.04 moles of = 1x2.04

= 2.04 mol of Hz
As H,50, is producing lesser moles of product so, H,S0, is the limiting reactant.

Mass of hydrogen produced = No. of moles of hydrogen x molar mass of hydrogen
= 204x2 4 08g

If 10.0g of Zinc and 10.0g of Sul
(@) The limiting reactant.
(b)  The mass of Zinc Sulphide produced.
3. Aluminium reacts with bromine
chemical equation, 2Al
If 54g of Al and 200g of Br; are available for reaction, then determine
____ (a) The limiting reactant (b) The mass of AlBr; produced
———— s e 1) ko)

phur are available for reaction, then determine

to form Aluminium bromide, as shown by‘ the balanced
o * 3Br, — 24l Bry, |
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3.4 Theoretical Yield, Actual yield and Percent yielq

The amount of product as calculated from a balanced chemical equation is knowr, as
theoretical yield of a chemical equation. The actual yield is the amount of product acty o
produced in the reaction. The percent yield of a chemical reaction can be CalcUlateda Y. |
follows: 57 , e 4
5 ActualYlelq %100

Theoretical Yield
For many reactions, the theoretical yield is close to the actual yield. These reactions are |
quantitative and can be used for chemical analysis. For some reactions, however, the actyy) |
~ yield is below the theoretical yield, and the percent yield is less than 100%. This is because ¢
1 the following reasons: e ! ‘ :
Side reactions may result in by-products. Some reactions may be reversible. Mechanical losg
can occur as a result of filtration or distillation. Separation by a funnel, washing g |
crystallization can also cause mechanical loss. T |

Example 3.5
i | ~ In an industry copper metal was prepared by the following reaction,
- Feg + CuSO,,, — Fed0,,, + Cug : ‘
1.274g of CuSOs when reacted with excess of Fe metal a yield of 0.392g of Cu metal is
1 obtained. Calculate the percentage yield. : : : ' :

‘Percentage Yield

i
|
|
1
1
!

v Solution
‘ Mass of CuSOs = 1.274g : . e
| ‘Molar mass of CuSO, = 63.5 + 32 + 64 = 159.5 g/mol : o 3

159.5g of CuSO, - =1mole : : !

.l [ 1
1.274 g of CusO, = X 1.274
_ = 7.982x 10° mol
1 mol of CuSO4 = 1 mole of Cu

~ 7.98 x 10 moles of CusO, = 7.982x10°° mol of Cu

As, 1 mole of Cu =63.5¢
s0, 7.982 x 10° moles of Cu = 63.5 x 7.982 x 10
= 0.5072 g of Cu.
Hence, Theoretical yield =0.5072 g
Actual yield =0.392g -
S %yield:. = Actua’l yielfi |
. : Theoretical yield
0.392

L By 4
Sy sl

x 100
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toncept Assessment Exercise 3 6

'm_nmhn 2.00 motesof CH, were rencted wnh mmoﬂlr'“_‘ ‘
g of CCl, is obtained. What is the g
s j@.) theoretical yield (b) actual yield (c) % yield of this reacﬁm?
 CHy #4CL,— CClg s 4HCL, '
Hmsphoms reacts with bromine to form phosphOrus tribromide. \M'len 35[ of bfm
s reacted with 27.9g of phosphorus tribromide is produced. wm ls the m t!mtﬂ

yield (b) actual yield (c) % yield of this reaction?
W+ 3B, —— ZPBr,(,,

3.5 Determining Empirical and Molecular Formulas

Remember that the empirical forrnula of a compound tells you the simplest ratio of elements
in the compound. On the other hand, the molecular formula tells you the actual ratio of
elements in the compound. ;

_Determining the empirical formula of a compound involves the following steps: ;
Step 1. Find the number of moles of each element from its mass or percentage composition.

Step 2. Divide each element s molar amount by the smallest or least molar amount to get the
- simplest whole-number ratio of the compound :

Step 3. Wnte the empirical formula using the simplest ratio as subscnpts
Determining the molecular formula of a compound involves the following steps:
Step 1. Find the molar mass of the empirical formula.

- Step 2. Divide the compound's molar mass by the empmcal formula's molar mass. This will
give you a ‘whole number (n).
Step 3. Multiply all the subscripts i in the empmcal formula by n to get the molecular formula.

Example 3.6

A compound has the following composition:

" Carbon=40% , hydrogen = 6.7% and oxygen = 53.3%
The molar mass of the compound is 180 g/ mol. Determine its emplncal and molecular
formulas. : v

Solution

Moles of elements
C= 40/12 =3.33
H=6.7/1 =6.7
0=53.3/16 = 3.33

Mole ratio . ‘ 5

" e Sk CRE el
333  : 6.7 :-3.33
3.33/3.33 : 6.7/3.33 : 3.33/3.33
1 : 2 SRR SR
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~ Unit 3: Stoichiometry

g .

Empirical formula = CH,0,
= CH,0
Molar mass of empirical formula = 1x12 + 2x1 +1x16.
=12+2+16
30 g/ mol :
Molar mass / Empirical formula molar mass
180 /30 T4
=6
Therefore molecular formula = (CH,0),
=C H1206

3
n

£1% B T K R AR : : AL
Detennme the empirical and molecular of a compound from the following data

: - 26. 4% Carbon 3.3% Hydrogen 70.3 % Oxygen, Molar Mass: 91.0 g/mol
2 Determme the empirical and molecular formula of a compound composed of 18. 24 g
Carbon, 0.51°g Hydrogen, and 16.91 g Fluorine, Wthh has a molar mass 562.0 g/mol,

Percentage purity

i The amount of the pure substance in a sample represented as a percentage of the

{ sample 's total mass is known as percentage purity. '

| ~ You can determine the purity of a compound by comparing the amount of pure compound
compared to the total mass of a sample. The formula for percentage purity is:

' Percentage purity = Actual mass of compound x 100/ Total mass of sample )

Example 3.7

A student synthesized a compound and obtamed a sample weighing 6.3g. Then he performed
chemical analysis and found that the sample contains 4. 2g of pure compound Calculate the ‘
percentage purity of the compound. -

A}

Solution Pl
Actual mass of compound = = 4.2g

The total mass of the sample = 6.3g
Percentage purity of compound = Actual mass of compound X 100/ Total mass of sample
o = 4.2x100/6.3
= 66.67 %

An impure sample of calcuum carbonate has a mass of 70g After punflcatlon, 56g of
calcium carbonate is recovered. What is the percentage purity of calcium carbonate? -
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3.6 Concentration Units

when solid solutes are dissolved in water, their molecules or fons readily move about in
solution. They come in contact with one another readily in solution, so they combine easily.
The quantity of a solute present in a given amount of solvent or solution is called the
concentration of a solution.

Recall that you have learned the difference between a dilute and a concentrated solution. A
dilute solution is that whose concentration is relatively low while a concentrated solution is a
solution whose concentration is relatively high. You can find dilute and concentrated solutions
of common acids and bases in your chemistry laboratory. Chemists use rhahy concentration
units. Here we will discuss molarity and strength. g

i, Molarity (M) (mol/dm’)
If you read the label on the bottle of concentrated H,SO, you will notice 98% by mass and also
18M. What does 18M stand for? This means there are 18 moles of H,S0, in each dm’ of

solution. Similarly, conc. HCl s 37% and 12.1 M HCL. This means there are 12.1 moles of HClin
each dm? of solution. We can express the concentration in terms of moles of solute in the

- X

given volume of solution. |
Molarity is the concentration unit in which the amount of solute is expressed in moles an
quantity of solution in dm’.

Molarity is defined as the number of moles of solute dissolved per dm? of solution.

d the

Mathematically,
moles of solute

dm® of solution

M =
3.6.1 Problems Involving the Molarity of a Solution

Example 3.8
s a white solid used as fertilizer and starting material for synthetic plastic. A solution

Urea i
m? of solution. Calculate the molarity of this solution.

contains 40g urea dissolved in 500 ¢

c

problem Solving Strategy
To calculate the molarity,

the volume of solution in dm
moles of solute from its mass using its molar mass.

you need the number of moles of solute (which are not given) and
3 Convert the volume of solution 500 cm® to dm®. Determine

Solution
Mass of urea = 40g

Molar mass of urea = 14+1x2+12'+16+14+1x2
= 60g/mol
40
Moles of urea = 36 = 0.667mol

: 500
: ) § o 3
Volume of solution = 500cm 1000 0.5dm’

T i ARG g N TN S N 5
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Now _ !
Molarity = mol3es of solute !
“dm® of solution
Molarity = 9551
0.5
: =1.334 M
Example 3.9 -

. Calculating molarity from moles of solute and volume of solution. |
Potassium permanganate (KMnO,,) is‘a dark blue-black compound. When it is du;sol\,e(,1

water, it forms a bright purple solution. It is used as a disinfectant in water tanks. It is 3
known as pinky. A solution contains 0.05 moles of (KMnQ,) in 600cm of solution. Calculah

the molarity of this solution.

Problem Solving Strategy |
To calculate molarity, you need moles of solute which are given, and the volume of solun

~in dm’. But volume is given in cm?. So convert the cm’ to clm3 by dividing with 1000, USe
formula to calculate molarity.

Solution
Moles of (KMnO,)  =0.05

Volume of solution = 600 cm?

_ 600
| ~ 1000
‘] | =0.6 dm*
' Now
Molarit i moles of solute
i { dm’® of solution
; _0.05
Molarity 05
=0.083M

i i g
; : £5 G NA : a\ﬂ HH y G ‘\‘H!l n‘ .'” . e 7‘“.:-7
5 Potass1um chlorate (KCIO,) is a whlte “solid. It is used in making matches and dyes‘:
‘ Calculate the molarity of the solution that contains. (a) 1.5 moles of this compoum;

l dissolved in 250cm® of solution (b) 75g of this compound dissolved to produce 1.25dm’? of
f solution. (c) What is the molarity of a 50cm® sample of potassium chlorate solution that

,? ylelds 0.25¢ residue after evaporation of the water. ‘ 5

N £ T T TR  GI L v
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ii. Strength of 2 solution

The strength of a solution refers to the concentration of sol i
It is expressed in terms of grams of solute 4 BV Joune

presented as: Per unit volume of solution. It is typically
re :

o g/dm? (grams per cubic decimeter) or
» g/cm? (grams per cubic centimeter).

These units express how much solute is dissolved in a specified volume of solution
Mathematically : . k

Strength of solution = Mass of solute (g)
Volume of solution (dm? or cm?)
Mass of solute is measured in grams (). Volume of
(dm?) or cubic centimeters (cm?).
Unit Conversion:

solution is measured in cubic decimeters

1.dm? = 1000 cm?
So, to convert between g/dm3 and g/cm3:

_ 18/dm?*=0.001 g/cm?
Example 3.10 (g/dm3) ‘
A solution contains 20 g of salt dissolved in 2 dm? of solutvion. Calculate the strength of the
solution.
Solution

Mass of solute (g) =20g

" Volume of solution = 2dm?
Mass of solute(g)

Volume of solution (dm?)
- 20g
2dm?
10g/dm?

[}

"

Strength of solution

Strength of solution =

Example 3.11 (g/cm3)
A solution contains 25g of sugar dissolVed in 500 cm? of solution. Calculate the strength of the
solution.

Solution '
Mass of solute = 25¢
Volume of solution = 500 cm?3
- Mass of solute
Strength of solution = : (8)
L ' . Volume of solution (cm?)
. 25g
th of solution =
Streng 500crs
= 0.05g/cm3
e —-— “k S P
g Q‘
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Example 3.12 (Unit Conversion) -
A solution has a strength of 50 g/dm?. Express this strength in g/cm?3.
Selution ‘
Strength of solution =50 g/dm?.
Strength of solution in g/cm? =?
1g/dm?3 = 0.001 glem®
50g/dm? = 50x0.001
=0.05g/cm’

3.6.2 Problems involving Interconversion of Molarity and Strength,

‘

- Example 3.13

Converting the molarity of a solution into its concentration in g‘/dm3 and g/cm?

A flask contains 0.25M NaOH solution. What mass of NaOH is present per dm? of Sbllrlt'ion?‘ .

Problem Solving Strategy e : 5 e : Sl
Molarity means the number of ‘moles per dm?® of solution. So, 0.25M NaOH means 0.25 2
of NaOH dissolved per dm® of solution. You need to convert moles of solute to g o

molar mass.
1 ~ Solution ; ]
" Molarity A, 0.25M
i Moles of NaOH 0.2,
Volume of solution ~ = 1dm’
Molar mass of NaOH  =23+16+1
| = 40g/mole
mass of solute
Moles of sllte molar mass of solute(g/mole)
| - mass of NaOH
.25 moles = ——
0% majes 40g/mole
Mass of NaOH = 0.25 moles x 40g/mole
=10g
Thus, the solution contains 10g NaOH per dm’.
Now

_ As  1dm®= 1000cm’
The solution contains 10g/ dm® of solution
or the solution contains 10g of NaOH per 1000cm’
So, 1000cm? of solution contains = 10g NaOH
1cm?® of solution contains = 10g/1000
' =(0.01g NaOH
Therefore concentration of solution is = 0.01 g/ cm’

i A TR e e T AR S e T AL o A SO —
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gxample 3.14 .
Converting concentration in g/ dm’ into molarity.

and

tassium hydroxide (KOH) is used in the manufacturing of shaving creams}, ;al!;lts ;

C:mish. An analyst makes up a solution by dissolving 5.8g of KOH in one dm ution
Calculate the molarity of this solution.

lem solving strategy
:':)oct:)aléulate the molarity, you need moles of solute per dm® of solution. Moles of solute are

not given. But the mass of solute per dm’ of the solution is given, Convert the mass of the ‘
solute into moles by using its molar mass.
Solutlor;ms of KOH dissolved in one dm’ of solution = 5.6g
Molar mass of KOH = 39+16+1
| = 56g/mol
mass of KOH(g)

Moles of KOH

" molar mass of KOH(g)
.56

56
= 0.1 mol

ITh’us,Athe solution contains 0.1 moles of KOH in one dm® of the solution, so the
molarity of the solution is 0.1M. - ’

A teacher may give different concentration interconversion numerical to students as
homework. o F A

{QI;

i %diu‘m hydroxide solutions are used to neutralize acids and in the preparation of soaps

- and rayon. If you dissolve 25g of NaOH to make 1 dm® of solution, what is the molarity
- of this solution? A Bet ey

2. A solution of NaOH has a concentration of 1.2M. Calculate the mass of NaOH in g/dm?
~ and g/cm? in this solution. : S St
3. A solution is prepared by dissolvin
1dm* in volume. Calculate molari
6.51x10'g/mol. .

g 10g of haemoglobin in enough wafer to make up
ty of this solution. Molar mass of haemoglobin_ is
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3.6.3 Dilution of Solutions
Dilution is a process by which you make a solution less concentrated by addin i

of the liquid (usually water). Suppose you have a cup of strong lemonade, If yo Org
more water, the lemonade becomes weaker or less strong. This means that i tadq
reduces the strength or concentration of a solution. By using the dilution formy| 1on
can determine how much of a concentrated solution is to be mixed with wate s » Yoy
the desired concentration and volume. : © gy

To understand how to dilute a solution, we use a simple formula:
M1xV1-Mz2xV2

where: :
M1 is the concentration of the original (concentrated) solution.
V1 is the volume of the original solution you use. -
Mz is the concentration you want after dilution.
Vais the total volume of the final solution. : 1
_ ' | 'Plug the known values into the formula to find out’ how much of the concentrated
{ ¥ solution you need. Mix the calculated amount of the concentrated solution with
- enough water to reach the final volume you want. '
g Activity 3.1

. Prepare 250 cm? solution of 0.1M from concentrated hydrochloric acid.
! ~Materials required

Conc.HClI S
250 cm? volumetric flask
Graduated pipette
Distilled water

Steps
- Concentrated HCI is 12M. Using formula calculate the volume of Conc.HCI -
required to be diluted to 250 cm3.
MixVi-MzxV;

Molarity of Conc. HCI x its volume to be diluted = Required molarity of HC| x requireqd
volume of HCl solution.

12 xV1=0.1M x 250
Vi= 0.1x250/12
=2.08 cm? '
e Transfer 2.08 cm3 of conc. HCI with the help of a graduated pipette into a 250
cm? volumetric flask.
* Add distilled water up to the mark and shake well.
* This is required 0.1M HCI solution
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Example 3.15

If you have 150 cm3 ofad4 M POtassmm

solution will be needed to prepare 500 ¢

Solution

The formula for dilution is:
M1xV1=MaxV,

mtrate (KNO3) solution, what volume of this
m3ofai1m potassium nitrate solution?

~where: :

M is the concentration of the initial (conc : '
Al entrated =

volume of the initial solution of KNO; that you need t)osf(llllltlon i ‘ ; MV1 e

Mz is the concentration of the final (diluted) solution = ™

~ . Vq is the volume of the final solution = 500 ¢m?

Substitute the known values into the formula
4 MxV1=1 Mx500
1 Mx500 cm3

4 M
V1=125 cm?

To prepare 500 cm? of a 1 M potassium nitrate solution, you need to use 125 ¢cm3 of
the4 M potass1um nitrate solution. : ‘

Mix 125 cm? of the 4 M solution with enough water to make a total of 500 cm3 to
achieve the desired concentration.

3.6.4 Calculating the concentration of a solution through titraltion

1—

Activity 3.2

To standardlse the given solutlon of hydrochloric acid.

Note: Perform this activity in the chemistry laboratory.

You will need:
= Burette, Pipette, burette stand, beakers, conical flash, glass rod.
= Standard 0.1M NaOH solution and phenolphthalein.

Chemical equation

HCl(aq,+NaOH(aq, e N_aCl-(aq)'l'HZO(l)
M = 1 mole n; = 1 mole ek

Carry out ti Nin
* Fitupa clean burette in the burette stand vertically.

* Fill the burette with HCl solution up to zero mark.
» Take 10 cm® of NaOH solution in a conical flask with the help of a pipette.

* Add a few drops of phenolphthalein as an indicator.

* Note the initial reading on the burette.
* Run the acid solution in the conical flask drop by drop, and shake the flask constantly.

CamScanner
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* Go on adding the acid solution till the pink colour just disappears.
* Note down the final reading from the burette.

* The difference between the final and initial readin
neutralize 10.0 cm® of NaOH solution.

* Repeat the experiment to get three concordant readings.
* Find the mean volume of the HC solution used.

gs gives the volume of the aj dis

se%.’

Observations and calculations
Suppose the volume of HCl solution used = V,= 10 ¢m?
Molarity of HCl solution = My=?
Volume NaOH solution used = V,= 10 cm?
Molarity of NaOH solution = My= 0.1M
No. of moles of HCl = ny= 1
No. of moles of NaOH = n,= 1

M| x\/1 _M2V2 _ ; ;
D e e
it Mx10 _0.1x10 ‘
: ‘ ] R TR A
f ' : My = 01M :
| Strength of HCI solution = Molanty X Molar mass
: _ | - = 0.1x36.5
: : . = 3,65 g/dm’

Result: Molarity of HCL solution is O.l M

S Mi=0aM
Strength of HCI solution = Molarity x Molar mass
' = 0.1x36.5
=3.65g/dm’

1. When 10 cm solutlonqof NaOH solution is tttrated against 9.8 cm’ of 0.17M HCI soluti
for complete neutrahzatlon oy ;

HCl(aq’ +N30H(aq) Tt NaCI(aq) +H20(l)

Calculate (i) the molanty of NaOH solutton (ii) the amount of NaOH present per cm3 of
solution. :

2. A chemist has a 200 cm3 solution of hydrochloric acid with a concentration of §
M (molar). He wants to dilute it to a concentration of 2 M. How much of the

original solution should be mixed with water to achieve the desired
concentration? :
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e : The study of relative amounts of the substances involved in the chemical m'm is
_known as stoichiometry ]

a The atomic mass, formula mass and molecular mass of a substance expressed in
- grams is called Mole.

e A balanced chemical equation will tell you the ratio of the reactants/products to '
‘the mole.

b o The mole is the S| unit to express the amount of a substance.
o The relative amounts of each element in a compound are expressed as the
_ percentage composition.
{:'jj,-":_o: _ A limiting reactant is the reactant that is completely consumed in a ) reaction.
o Reactant in excess is the reactant left unutilized or unreacted after the reaction is
~ complete. It is also referred to as a Non-Limiting reactant.
- The amount of product a chemical reaction produces is known as the theoretical
~ yield of a chemical equation. ;
.« The actual yield is the amount of product produced in the reaction.

k. '» Molarity is defined as the number of moles of solute dissolved per dm3 of solution.

References:
o James Brady and John R. Holum, Chemistry, The studies of matter and its changes
o Theodore L. Brown, H. Eugene LeMay Jr and Bruce E. Bursten,
o Chemistry, The central Science. ,
s Rose Marie Gallagher and Paul Ingram, Complete chemistry.

CDCICE
vV ldia

1.  Multiple Choice Questions (MCQs)
i What mass of CO, is produced by the combustion of each mol of CH 7

CHg + 204 '—__—" COyg + 2H,0y
(a) 16g (b) 44g
(c) 32g (d) none
ii. A flask contains 500 cm’ of SO, at RTP. The flask contains;
(a) 32¢g . (b) 2.48
(c) 64¢ : (d) 1.33g
iii. A necklace has 6g of diamond in it. How many carbon atoms are present in it?
(a) 1 } (b) 0.5
(c) 1.5 (d) 0.25
iv.  What is the mass of aluminium in 204 g of the aluminium oxide, Al,0,?
(a) 268 | (b) 27¢
(c) 548 ; (d) 108¢
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V. The reactant which is consumed earlier and gives least quantity of Prodycy . |
called; ‘h]
' 2
{(a) Reactant in excess (b) Stoichiometry
(€) Limiting reactant (d) Stoichiometric amount |
¥i.  Which one of the following compounds contains the highest percentage by mags
nitrogen? %1

(a) NH, (b) NH,
(c) NO (d) NH,OH
vii.  Vitamin A has a molecular formula of C;0H;0. The number of moles of vitamin , ;.
in 500 mg of its capsule will be; ‘ f
(@) 1.7 (b) 1.7x 10°
(©) 1.05 (d) 3.01x10° e
viii. When one mole of each of the following is completely burnt in oxygen, which will .
give the largest mass of CO,? ' :
(a) Carbon monoxide (b) Diamond -
(c) Ethane (d) Methane
ix.  One mole of ethanol and one mole of ethane have an equal;
: (a)Mass _ (b)Number of atoms o
(c)Number of electrons (d)Number of molecules ’

X. How many moles of oxygen are needed for the complete combustion of two moles !
of butane, CHqo?

2C4H1o(g) + 130,y — 8C0O,, + 10H,0

(@) 12 mol ~ (b) 13 mol , i

() 4 mol (d) 10 mol | |

2. Short questions A .

L Analysis of a compound used in photography 1nd1cated the followmg chemlcal
; composition:

65.45% C, 5.45 % H, and 29.09 % O lts molar mass is 110 g/mol Determine its
molecular formula.

ii. How many moles of HCI will be produced when 125g‘ of AlClz. are reacted with
excess of water?

2AlCly,,  + 3H,0, e * 6HCL,g
iii. How ‘many moles of oxygen are needed to produce 1. 0g of calcium nitrate?
Cay) + 30,5 + Ny, —  Ca(NO,)y,

iv.  Calculate the limiting reactant when A1253 is produced by thé reaction of 25g of
each reactant.

)

———— Al o

2Al, -+ 35 223(s)

v.  Calculate the empirical and molecular formulas of a compound from the following
' data.

vi.  20.2 % Sodium 37.6 % Sulphur 42.2 % Oxygen, Molar Mass 682.8 g/mol

vii..  For the reaction

(CaC0y + 2HClyyy ——  CaCly, + O, + H,0,,

ek ALS

A

1

: {
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viii.  68.1 8 salid CaCO; is mixed with 51. 6.8 HCL. Which one will be the limiting
reactant?
ix.  Copper(ll) sulphate is prepared by the reaction of dilute sulphuric acid on
- Copper(ll)oxide. A student prepared 1. 85g of copper(ll) sulphate. If its theoretical
yield is 2.5g, calculate its percentage yield.
CuOy + HSO,,, Tt CuSOmm + H0y
x.  In an experiment some amount of limestone was' heated, and only 24 dm® of

carbon dioxide was produced at room temperature and pressure. What mass of
limestone was heated? ; '

- CaCo;y, — Ca0, + COz‘g, :
Coxi. For the reaction of ¢ 2Hyg) With 0, to form CO,, and Hzom, what number of

- moles of CO, can be produced by the reaction ‘of 0. 480 mol of C,H, and 1.08 mol

. of O,
xii.  Which reactant will be left un-reacted? Wi
5 g+ 304y ———" 200, + 2,04
. xiii. Given 48 g of methane (CH,) and excess oxygen calculate the volume of carbon -
dioxide gas produced at room temperature and pressure.

xiv. Calculate the empirical formula of a compound that contams 40% carbon, 6.7%
hydrogen, and 53.3% oxygen by mass,

xv. A solution is prepared by dissolving 10.0 g of sodium chloride in water to make a
total volume of 500 cm3; Calculate the concentratlon of the solution in g,/dm3 and .
mol/dm3. :

xvi. In a titration, 25.0 cm? of a 0.10 mol/dm3 NaOH solution neutrahzed 20.0 cm?® of

~ an HCl solution. Calculate the concentration of the HC solution in mol/dm?3.

xyii, A student is required to prepare a 0.5 mol/dm? NaCl solution for an expenment
a. Define concentration in the context of this solution.
b. Calculate the mass of NaCl needed to prepare 250 cm? of the solutlon
c. Convert the concentration of the prepared solution to g/dm3.
d. .Propose a step-by-step procedure to accurately prepare this solutlon

THINK TANK

1 Cntlcally assess why the percentage yield in a reaction lS rarely 100% and discuss the ‘
factors that might contribute to a lower yield.

2. A solution has a concentration of 0.5 mol/dm3. Propose a method to double this -
- concentration without changing the volume of the solution.

3. Calculate the percentage purity of a sample of sodium carbonate (Na2C03) if 1.00 g of the
sample requires 25.0 cm? of 0.1 mol/dm3 hydrochloric acid for complete reaction.
Na,COy, + 2HClag —>  2NaCl@g + COz(g, e H,0 . :
4, If a solution has a concentration of 2 mol/dm?, what is its concentration in g/dm? if the
solute is'H,SO,? : : Answer: 196 g/dm3.
‘5. Design a method to determine the concentration of acetic acid in vinegar using tltratlon
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Zinc anode | bk

J

ic compounds, in molen state or aqueous

[ . Define electrolysis as decomposition of ion
solution, by passage of electric current. _ :
Identify and label in simple electrolytic cells, the anode (+), cathode (-), electrolyte and
direction of flow of g{ectrons in the external circuit.
f ions in the electrolyte

e —

P ————,
.

Describe the transfer of chérge in external circuit, movement o

and transfer of electrons in the electrodes. :
ions made during the

Identify the products formed at electrodes and describe the observat
loride, concentrated aqueous sodium chloride, dilute

electrolysis of molten lead(ll)ch
des (platinum or carbon/graphite).

sulphuric acid using inert electrod
State that hydrogen-oxygen fuel cell uses hydrogen and oxygen to produce water as the

e e O P R . SR U0 --—-————J

only chemical product.

USSP NN
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/:’ Describe the advantages and disadvantages of using hydrogen-oxygen fuel cells in \
comparison with gasoline/petrol engines in vehicles.

« Identify the products formed at electrodes and describe the observations made during
the electrolysis of dilute copper(ll)sulphate using an inert electrode or copper
electrode.

« Predict the identity of products of electrolysis of a halide compound in dilute or
concentrated solution.

o Construct ionic half-equations for reaction at either electrode.

¢ Describe electroplating and its apphcations

o -Sketch a schematic diagram for a voltaic cell e.g. Daniel cell.

o Use the voltage data given for the voltaic cell to determine the order of reactivity of

any two metals. .

Electrochemistry is the study and application of the fundamental principles of
electrochemical reactions. Electrochemical processes include electrolysis, electroplating, and.
voltage cells. Electrochemistry principles include understanding the role of anode and
cathode, the movement of electrons in an external circuit, and the migration of ions in an
electrolyte. In this chapter, we will explore electroplating and electrolysis principles. We also
look at the potential advantages of a hydrogen and oxygen fuel cell over a traditional fuel
engine. Finally, we will discuss the importance of the voltaic cell, the Daniel cell, and the
role of metals in determining reactivity. :

4.1
£

Electrochemical cells
Devices that convert chemical energy into electrical energy or vice versa are called
electrochemical cells. Therefore, there are two types of electrochemical cells: :
(1) Electrolytic Cells
(2) Galvanic Cells

An electrochemical cell that uses electrical energy to drive a chemical reaction is called
an electrolytic cell. An electrochemical cell that converts chemical energy into electricity
is called a galvanic cell. ;

1

4.1.1 Nature of Electrochemi

Electrochemical processes are oxidation-

reduction reactions in which chemical energy.

released by a spontaneous reaction is converted
to electricity or in which electrical energy is
used to drive a non-spontaneous reaction.
Whether an electrochemical process releases or
requires energy, it always involves the transfer
of electrons from one substance to another.
This means that this process always involves an
oxidation-reduction or a redox reaction. '

R P U A A YA M S VAT R 0T,

cal Process
QL i Ve a2

Science Tidbit ; ;
A physical or chemical change that occurs by itself is
called a spontaneous process. Spontaneous processes
do not require a source of energy to.make them
happen. For instance, water flows from a higher level
to a lower level. Iron placed in moist air, rusts. The
flow of electrons through a conductor can be obtained
from a spontaneous oxidation-reduction reaction. This
is the basis for how batteries work.
On the other hand, a physical or chemical change that
requires a source of energy to make it happen is called
a non-spontaneous process. For example, water can be
made to fiow from a lower level to a higher level by
using a pump. :
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4.1.2 Concept of Electrolytes and Electrolysis
When an fonic compound is dissolved in water, it splits up into its positive and negat;,, T
these fons are capable of conducting electricity. Such compounds are referred to as eleqmtms;' ;

Substances that can conduct electricity when they are in a molten state or aqu
solution and undergo chemical changes. Whereas, a substance that cannot cong
electricity when dissolved in water or in the molten state is called a non-electrolyte,

Examples of electrolytes are NaCl, KCl, HCl, NaOH, etc.
Examples of non-electrolytes are urea, glucose, sucrose, benzene etc.

4.1,3 Electrolytic Cells :
An electrochemical cell in which electrical energy is used
to drive a chemical reaction is called an electrolytic cell.
The figure shows the sketch of an electrolytic cell. w
An electrolytic cell consists of

(a) A vessel containing an electrolyte (MX)

(b) Two inert electrodes

(c) A battery
The figure shows that electrons move from anode to
cathode in the outer circuit, in the solution the cations
move towards the cathode and anions towards anode. At :
the anode, anions oxidize by losing electrons. At the : |
cathode, cations reduce by gaining electrons. This means Figure 4.1: Electrolytic ceEl
oxidation occurs at the anode and reduction at the : : ‘
cathode. The electrons released'by'anions: at the anode move in the external circuit towards

the cathode. This means the movement of ions in the electrolyte and the transfer of electrons |
occur at electrodes in the external circuit. : : ' : 1

|

4
A
3
4

]

1
1

i
1

At Anode X" > X+le _
At cathode M+l >M : : o : |

T Sketch an elgctrdlytié ;édfi;‘for t_hé zigctrolysis of fused KCl. T ke

- 2. Sketch a simple representation of electrolytic cell for the electrolysis of fused{

~ sodium chloride. Indicate the direction of the flow of electrons. Identify anode and
cathode. ' VIS N R S SR R e

4.2 Electrolysis |
Electrolysis is the chemical process in which an electric current is passed through>an’5
electrolyte, either in its molten state or as an aqueous solution, causing a non-spontaneous
redox reaction to occur. This process involves the movement of ions towards oppositely
charged electrodes, where oxidation occurs at the anode and reduction occurs at the

cathode. This process leads to the decomposition of the electrolyte or its‘componerits into
simpler substances or elements. ' : ‘
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4.2.1 Electrolysis of molten electrolyte -

i) glectrolysis of Molten Sodium chloride

on a large scale, sodium metal is produced by the
electrolysis of fused sodium chloride. The electrolytic
cell used in the process is called a Down’s Cell,
pown's Cell uses an iron cathode and carbon anode.
puring the electrolysis, the sodium ions are reduced
at the cathode to liquid sodium metal. At the anode
the chloride ions are oxidized to chlorine gas, ,

At anode

20y — Clhyy * Ze‘. (oxidation half-reaction)

1

At cathode
Na"*,, + 26— 2Na, (reduction half-reaction)

(i) Electrolysis of molten leqd(ll) chloride using platinum or graphite 'elecfrodeé

on a large scale, leaq meta! is produced by the electrolysis of molten or fused lead(ll)
chloride. An electrolytic cell is used for this purpose. Molten lead chloride is placed in the

electrolytic tank and platinum, or graphite electrodes are dipped in it. The electrolysis is
conducted above 327°C, which is the melting point of lead chloride. 2k,

Molten lead chloride contains free lead ions and chloride ions. Du'n‘ng eléctrolysis, chloride
jons move towards the anode and lead ions towards the cathode. At the electrodes following

reactions-occur.
At anode

ZCI_(U — Qg + 2¢ (oxidation half-reaction)
At cathode |

Pb*, + 26 — Pb, (reduction half-reaction)

Molten lead is collected at the bottom of the cathode and chlorine gas at the anode.

4.2.2 Electrolysis of concentrated aqueous solution

Electrolysis of a concentrated aqueous solution of sodium chloride called brine is used for the
industrial production of sodium hydroxide. Electrolysis is carried out by using inert electrodes
such as platinum, or carbon (graphite). The electrolytic cell is shown 'in‘ Figure 4.3. The brine
contains sodium ions and chloride ions from NaCl and hydrogen ions and hydroxide ions from

water.

T
Bov
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During electrolysis, chloride fons move towards the .
anode. At anode chloride ions are oxidized to ‘
produce chlorine gas. Sodium jons move towards the
cathode. However, sodium ions are not reduced to
sodium metals in this process. Instead, hydrogen ions
from water are discharged to produce hydrogen gas.
More and more water molecules keep ionizing to
replace H' fons as soon as they are consumed. The Arote

electrolyte in the solution becomes sodium hydroxide : »

Figure 4.3: Electrolysi
(NaH). Following reaction i ik
iy ng s occur in the electrolytic Concentrated aqueous Nag|

?

?
Q
'

At anode: ZCl.(.q) —— Clz(‘q) + 20 5
At cathode: ZH’(‘Q-) + 2e *y HZ(g) |
The solution contains Na* and OH" i i J

. _ lons. Evaporation of w i i
0 5t b p ater from this solution produces Purg

4.2.3 Electrolysis of dilute aqueous Solution

a. Electrolysis of di & ¢ :
-ectrolysis of dilute aqueous Sodium chloride

Unlike electrolysi : using platinum electrodes

Ve o :g:'stf :oncer.\trat'ed aqueous sodium chloride, chloride ions ar; ’r:oftm IS

Reaction a't oy ?:aih 0){(jdromde 'ons are oxidized and oxygen gas is brodiced 3¢ f:ldlzedl
X ; € remains the same. And hydr . » € anods

following reactions take Place during electrolysis ydrogen is produced at the cathode, T

At cathode: :

At anode: 4H’(aq) tde —— 9y

2(g)

(aq) o ZHZO(U : + 4e— + 0
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Uedrolysis of dilute sulphuric acid using platinum electrodes
b. a1 AQUEOUS solution, sulphuric acid ionizes to form hydrogen fons and sulphate fons.
': utoloﬂila“m of water gives hydrogen ions and hydroxide jons.

Hi0ppy s 2K, 50" 1

HOy == 2+ OH :

puring electrolysis, hydrogen ions move towards the cathode and are reduced to form

hydrogen- Whereas hydroxyl ions and sulphate ions move towards the anode. At the anode,
hydroxyt jons are oxidized and sulphate fons remain unchanged.

At cathode

4H.(ag) +4e- —_— 2H1‘|)

At anode

40H 49 ——— 2HO, + 4e + Oy

Therefore, in the electrolysis of dilute aqueous H,S0, using a platinum electrode, hydrogen
gas s produced at the cathode and oxygen gas at the anode.

c. Electrolysis of copper(ll) sulphate using platinum electrodes

The aqueous solution of copper sulphate contains copper ions and sulphate ions from
copper(ll) sulphate and hydrogen ions and hydroxide ions from water. During electrolysis
copper ions and hydrogen ions are attracted towards the cathode. At the cathode, only
copper ions are reduced and hydrogen ions remain unchanged. The sulphate ions and

hydroxide ions are attracted towards the anode. At the anode, only hydroxide ions are
oxidized and sulphate ions remain unchanged.

At cathode :
: 2Cu®

e, _4e _ 2Cu(,,

At anode ;
40H g — IHQ, + Oy +4e
Therefore, in the electrolysis of aqueous copper(ll)sulphate using a platinum electrode,

copper metal is produced at the cathode and oxygen gas at the anode. The blue colour of the
copper sulphate solution gradually fades away as the reaction goes on. - ‘ :

d. Electrolysis of copper(ll) sulphate using copper electrodes :

If you use copper electrodes rather than platinum, the cathode reaction remains the same but
the anode reaction differs. At anode, copper atoms break away from the electrode forming
Cu* ions giving up electrons to the anode. These electrons are moved towards the cathode by
the power source. The following reactions occur during electrolysis. ;

At cathode

Cu®, |

ng. * 28 » Cuy

At anode .

N 2+ =
Cu(s) Cu (aq) X Ze
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During electrolysis copper anode is consumed gradually
and the copper cathode gains mass due to the
deposition of pure copper on it. .

The copper metal obtained from its 'ores' is usgla\lly
impure. It contains impurities such as zinc, iron, silver
and gold. These impurities are removed by the process
of electrolysis. In this process, impure copper bars act
as anode and pure copper bars as cathode. CuSO, a

solution containing little sulphuric acid is used as the | =
electrolyte. (See Figure 4.5) copper (l1) sulphate sol

1

- s Uticy, |

On ing electricity, copper anode dissolves orm.lng , e ‘ ?
Cu”p::nss. Cations move towards the cathode at which only Cu* lon§ are re_duced. '
copper deposits at the cathode. The less electropositive metals, silver and gold fall v,

bottom of the cell. Copper obtained in this process is 99.5% pure. The following rexq
occurs in this process. i =

|

copper (Il) sulphate soluthn
Figure 4.5: Electrolys; i

e 5 8
At anode: Cu(s) B Cu @g * 2e .

At cathode: ; Cuz’ﬁq) +t 2 — Cu,

During the electrolysis of a halide compound (a compound containin
chloride, bromide, or iodide), the product; depend on whether the
concentrated. Here's a simple explanation:
1. Electrolysis of Dilute Halide Solution

At the Anode (positive electro
down into oxygen and hydrogen i
halide ions for discharge. s

At the Cathode (negative electrode): Hydrogen
reduced to form hydrogen gas and hydroxide ions.
’ Example: :

If you electrolyse a dilute sodium chlor:
Anode: Oxygen gas (02)
Cathode: Hydrogen gas (Hz)

4.3 Electrolysis of halid compound

g halogen ijong
solution s dily,

de): Oxygen gas is usually Produced because water by
ons. This happens because the water molecules compete

gas is produced as water molecules

ide (NaCl) solution, the producfs are:

2. Electrolysis of Concentrated Halide Solution
At the Anode: The halogen (chloriné, bromine, or iodine
halide ions, so they'_are discharged instead of water.,
At the Cathode: Hydrogen gas is stil|
Example:
f you electrolyse concentrat
“Anode: Chlorine gas (Cl2)
Cathode; Hydrogen gas (H2)

) is produced because there arem:

Produced because water is reduced,

~
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qule to Remember:
Key , solution: Oxygen at the anode. :
pilut ntral‘?d solution: Halogen at the anode,
concc‘; hode always produces hydrogen gas in both cases,

4.4 Electroplating (deposition using the same electrode)

ectrolytic pr?cess Use.d to deposit one meta on another metal is called

w roplating. An object can be electroplated by making it cathode in an electrolytic tank
taining ions of the plating metal‘. The plating metal is made anode. On passing electricity
f:ough the electrolytic tanks, a thin layer of anode metal is deposited on the surface of the

object. '
441 Applications of Electroplating

geeel objects are often protected from corrosion by electroplating with zinc, tin and

7inC plating ; . :

zinc plating on steel is df’"fe b){ Using zinc metal as anode. A solution of potassium zinc

yanide K,[Zn(CN),] containing little sodium cyanide is used as an electrolyte. The steel

obiect is made of cathode. During the electrolysis zinc at the anode enters the solution as
- gp't ions, which are deposited at the ca;hode. The electrolyte ionizes as follows.

KIZn(CNVy = 2Ky + [Z(CN)J?

(aq)

[Zn(CN)]? ) = InZaq + 4CNuq

Following reactions occur at the electrodes:

Society, Technology and Science

, ) o
At anode: Z"‘i — 1" + 2¢ Tin-plated steel is used to make cans.
At cathode: In"ay +26" — Ins | Food and beverages industries use
sodium cyanide prevents the hydrolysis of tinplated ‘steel canis, this is because the
electrolytes. R components of food beverages and
Awareness against pollution preservatives ‘contain organic acids or

(yanide ions are extremely toxic. Therefore, a | their salts. . They may form toxic
solution containing cyanide ions must not be | Substances by reacting with iron. These
dropped into rivers and streams. This is | acids and salts are corrosive. Tin plating?|
responsible for killing fish and other animals. is non-poisonous and prevents corrosion.

Tin Plating ,
Food cans are generally tin-plated. Tin plating on steel is done by using tin as an anode and a

solution of stannous sulphate, (SnSO,) as electrolyte. A few drops of dil. H,50, are added to
the electrolyte to prevent its hydrolysis. The electrolyte ionizes as follows.

— + -2
SNS04 ey == Snaq). + 504 (g
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During the electrolysis following reactions occur:

At anode: Sy — Sn'Zaq + 2€°
At cathode: SN2 aq) + 26° —— Sns)

Chromium Plating _
Since chromium metal does not adhere strongly to the
steel therefore steel is first plated with copper or nickel
and then with chromium. For electroplating chromium,
chromium metal is used as an anode and chromium
-sulphate, Cr,(S0,), as an electrolyte. A few drops of dil.

H,S0, are added to the electrolyte to prevent its ‘
hydrolysis. ‘

The electrolyte ionizes as follows ; Figure 4.6: Mm
CrS0); wg == 20r°, + 3507, ' : B o
Do you agree that the followmg reactIons wm occur at the electrodes? '

At anode: Crg == Cr g + 3€

At cathode: ' Crd(aé, i R = Cry.
Chromium-plated steel is used to make automobiie parts (see Figure 4.5).

4.5 Galvanic Cells (Damel Cells)

The cell which lnvolves a spontaneous redox reaction - e

to generate electnmty is called a galvanic or voltaic ", : -

cell. The name Voltaic is given to this cell because — i
Zinc <—Cl K'—>» |

Alessandro Volta discovered the first such cell. The anef} Sal bridge sl

English chemist Fredrick Daniel constructed the first
voltaic cell using zinc (Zn) and copper (Cu) electrodes.
Therefore this cell is named Daniel Cell. A galvanic or

:,i'

® {-..«./ Cotton
: Dame! cell is shown in Figure 4.7. s i .
A galvanic cell consists of the following parts: ‘ A, oA B cusom,,
{112 ha dipped inko & IM In>0; solytio: Figure 4.7: Galvanic Cell

(2) A copper bar dipped into a 1M CuSO, solution.

- (3) Asalt bridge is an inverted U tube containing an
“inert electrolyte such as KCL. Its ions do not react with the electrodes or the ion
the solution. It makes the electrical contact between the solutions through whichi

_ can move. ‘
(4) A voltmeter to measure current.
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gach CO"“Paft.me"t of the cell s called a half-cell, Thus a Daniel cell consists of two half-cells
joined in series. When the circuit is complete, electrons begin to flow from the Zn rod
through the external wires to the Cu rod. Thus Zn half-cell acts as an anode and the Cu half-
cell as 2 cathode. Note that a half cell consists of a metal rod dipped in the solution of its

AR . T e : '}‘!!"',' ’\f“v'\ k!-vl, 1* ;‘b'
'“siigith a voltaic cell labeling the cathode, the anode and the directie. f flew of the |
electrons. Use the following chemicals: anode and the direction of flow of the %
silver, Zinc, Silver Nitrate and zinc sulphate (znS0,) o
: , ‘ !
‘ o I

(Hint: Zn is more active than Ag)

|

4.5.1 Reactions in a Daniel Cell S :
In Daniel’s cell, electrons flow from the Zn rod, through the external wire to the Cu rod. This
is because Zn has more tendency to undergo oxidation than Cu. Zn atoms from the rod go into
the solution as In*? jons leaving electrons on the rod. These electrons flow in the external
circuit. Thus oxidation half reaction occurs at the anode compartment. Cu* ions in copper
~ sulphate solution capture electrons from the Cu electrode and are reduced. Reduction half
reduction occurs at. the cathode compartment. Such oxidation and reduction reactions are

called half-cell reactions.

At Anc{de (Oxidation half reaction):

Zne ——> Iy + 2"

At Cathode (Reducfion half-réaction)z

Cu?eg +260 —> Cu g

.

arlhAmtisal Cart
)cnemical series

The tendency of a metal to become oxidized or reduced, when placéd in its salt solution is

“called electrode potential (E°). Electrode potential is the measure of the potential of a
reaction that can occur at the electrode. It is measured in volts. The electrode potential of |

" an electrode is determined experimentally by using a standard hydrogen electrode. The |
International Union of Pure and Applied Chemistry (IUPAC) has recommended the

electrode potential * as reduction potentials. A table showing the
potentials is called an electrochemical

TN\ N

representation of
arrangement of metals based on increasing reduction

series. :
A metal higher in the series has a lower value of reduction potential than the metal below it
lose electrons and is more active than the metals

in the series. So, it has a higher tendency to ‘ : &
below it. In a voltaic cell electrode with the lower value of reduction potential acts as anode

and the electrode having a higher reduction potential act as a cathode.
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Table 1: Electrochemical Series

L'+e=l0

Unit 4; Electrochemistry

s ’Red'ucti“onf Half;rea'tflon , i

E? (Volts)

K'+ 84K

Ba* +28=Ba

Ca™+28 = Ca

Na“+1e = Na

Mg* + 28 =xMg

A*+3e=Al

M + 26 =Mn"

2H,0 + 28 = H, +20H"

ol b

Zn*+28=2n
ot 38=cr 0.74 1
Fe** + 2 §=Fe : R
PbSO, + 28 =Pb+ SO+ '0.36 . ‘
N*+28=Ni B
| plizeie o 0.14
Sy il 0.13 1
Fe* +38 = Fe e
2H" +2e=H, o :
SChbersba < Gr 022
Hg,Cl, +2 e= 2HQ+2CI“ i +0.27 S
Clivizss ol +0.34
Cu' +le=Cu s
ey +26 =2 2 S
Fe™ + §-=F62‘ ;0'77 :
AT Al +0.80
Bl +28 = 2Br- i
+1.23

0, + 4H' +48 = 2H,0
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i il S—

m + 28 =M™ 4 24,0 Py ‘
R A e 8 i EE—— s ; _‘16”7‘ ‘
Cr,og' 4+ 144" + 68 =201 4+ TH,0 193 :
’ -
S s i, L B ne
2010;' + 12H' +108 =Cl, + 6H,0
_,,-——-—-‘;‘*6 55 @™+ 41 +1.47
L‘.;—d“::" : - to : ",’ PN Sine g
b0, + SO;* +4H’ + 48 =2PbSO, + 2H,0 e
et : +1.69
:10_3112_37" ?SO, +2.00

Example: i

flectrochemical series helps us predict which substances will form at the electrodes during
electrolysis. '

At the Cathode (Negative Electrode):

At the catho<'je posi'tive ions (cations) gain electrons (reduction happens).The ion lower in the
electrochemical series (less reactive) is more likely to get reduced. Example: If the solution
contains sodium ions (Na*) and hydrogen ions (H*), hydrogen gas (Hz) forms because hydrogen
is lower in the series than sodium. ok i) vy

At the Anode (Positive Electrode):

At the anode negative ions (anions) lose electrons (oxidation happens). Halide ions (CL~, Br-,
") are discharged before hydroxide (OH) unless halides are absent. For example: In a
concentraded solution of sodium chloride, chloride ions (Cl”) are discharged, producing
chlorine gas (Cl,) because chlorine is lower in the series than water.

However in the electrolysis of dilute aqueous NaCl, OH" ions are discharged instead of Cl”
ions, even though CL™ ions are lower in the electrochemical series This is due to the following

reasons.

Concentration Effect:

The discharge of ions during electrolysis is influenced not only by their position in the
electrochemical series but also by their concentration. In dilute aqueous NaCl, the
concentration of Cl- ions is relatively low compared OH™ ions, which are present in larger

amounts due to the ionization of water.

Overpotential of Chlorine Gas: v
The overpotential (extra voltage required) for the oxidation of Cl™ ions to chlorine gas is

higher than that for the oxidation of OH™ ions to oxygen gas. This makes it energetically less
favourable to discharge Cl ions. :
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rgo reduction?

1. Which of the following metals is more likely to unde
Ao ¢ 3 & A, ~ =66V
Fe'yy ¢ 3 o Fey E=-0.44V |
2. Arrange the following metals in order of increasing ability to get reduce.
Ny ¢+ € e Ny E°=-2.71V
It *+ 220 = Ing E° = -0.76V
W'y + 267 @ Cuy E° = +0.34V

3. Identify the half-cell in which oxidation.occurs
and the half-cell in which reduction occurs in
the given voltaic cell (Figure 4.8).

Following reactions occur in the cell.
AtAnode  Zng —— In"pq +2e"

| At cathode 2H'@g +2e° —— H,) L Figure 4.8: Voltaic Cell
1 : ‘ :

4.7 Battery-A Source of Electrical Energy ,,
A battery is a galvanic cell, or a group of galvanic cells joined in’series. It generate
electric current by a redox reaction. When connected in a circuit its anode is oxidised Iy
releasing electrons. These electrons through the external circuit begin to flow towards the
cathode. At the cathode, these electrons reduce the oxidizing agent present in thy
electrolyte. Examples of batteries are dry cells, storage cells, mercury batteries etc. !

Fuel Cell

A fuel cell is a special type of galvanic cell which is based upon the reaction between oxyge
and a gaseous fuel hydrogen. When hydrogen burns in air, an exothermic reaction occurs an
a lot of chemical energy is released in the form of heat and light. In this reaction, hydrogen}
oxidized to water. : el . e |

2Hyq + Oy —2H,0,, + heat j
~ The energy released from the reaction of hydrogen with
oxygen to form water is converted to electrical energy.
A hydrogen-oxygen fuel cell has three compartments
separated from one another by  porous carbon 2 A
electrodes. ‘These electrodes contain platinum as a Anode—»-f Ko
‘catalyst. The middle compartment contains a hot

aqueous solution of KOH. Hydrogen gas is passed
through the anode compartment and oxygen is passed H
through the cathode compartment. , _
At the anode, hydrogen is oxidized to water and at the Figure 4.9: Fuel Cell
cathode oxygen is reduced to hydroxide ions. | '
.Anode reaction = 2H,, + 40H,, ——> 4H,0,, + 4e

2(g)—p
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e o!i'l s ZHloﬂl * 40 A 40”(*)

ZHy, + Oy — 2H,0,,

leased in the oxidation of hydrogen flow through the circuit towards t
en cell delivers 0.9 V. The fuel cell operates at high temperatures 50

ates and may be condensed.
formed evapor m. The water condensed

Net cell reaction

electrons re
 hydrogen 08

]

he cathode.
the water

ells of this kind have been used by the American space progra

C
The . ft is consumed by the astronauts.

jn spacecrd :
4.7.1 Advantages and disadvantages of fuel cells
: .oxygen fuel cells are highly efficient since they convert fuel directly into electricity
with very little waste. Fuel cells are a source of clean energy, as they do not produce harmful
pouutanf-s- They emit water vapour only. Moreover, fuel cells are highly reliable, as they have no
ing parts. They also have a long life span with little maintenance. Hydrpgen - oxygen used in
uel cells is obtained from renewable energy sources. '
Unike fuel cells, gasoline-powered combustion engines in vehicles emit pollutants, including
carbon dioxide, oxides of nitrogen and sulphur, which cause pollution and create srpog. These
(utants cause respiratory problems and other health issues. Moreover, gasoline is obtained
from non-renewable sources of energy. - ,
Fuel cells have a few disadvantages. Hydrogen is highly inflammable and explosive in nature. it
requires careful handling for storage and use. So, it cannot be transported easily from one place
to another. Hydrogen used in fuel cells is produced by electrolysis of water which is very

expensive. .

. : E, Rl S et b At o
Ensesasany - UEV DOINTS | !
/_’——-‘ S R A S 2 T T AN S RS g T A D e '3 \

« An electrochemical cell in which electrical energy is used to drive a chemical
reaction is called an electrolytic cell. _

« Oxidation always occurs at the anode. Reduction always occurs at the cathode.

.o An electrochemical cell in which a spontaneous oxidation-reduction reaction
generates electricity is called a galvanic or voltaic cell.

e In a galvanic cell oxidation half-reaction occurs in the anode compartment and
reduction half-reaction occurs in the cathode compartment. :

o A battery is a galvanic cell, or a-group of galvanic cells joined in series.
o Electrolysis of brine is used for the industrial production of sodium hydroxide.

o Electrolytic process used to deposit one metal on another metal is called
electroplating. | .

o A fuel cell is a special type of galvanic cell which is based upon the reaction
between oxygen and gaseous fuel hydrogen. : : :

o -Atable showing the arrangement of metals based on increasing reduction potentials

is called an electrochemical series.

Referef;cés:
° B.Earl and LDR Wilford, Further Advanced Chemistry.

. B.Earl and LDR Wilford, Introduction to Advanced Chemistry.

————
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EXERCISE

MCQs). ic ce
g 1M Ul‘zllw)il;\ S)?::\Z(efcfﬁzxrt\;o:tsat(eme%ts is not cor(EE)CfA r;[;(r"‘;tatrzeoi?é\i’:: d ai tltl\?e s
s ot o 1
i iel ce

ii. &:\ich of the following is not true about thet t?oadnf
19) HdfcosL ofan acENe et acts 8 162 ith its fons in aqueous solution,
(b) Half-cell contains an element in cltfmtalclt wi

: -cells. b

il conqzci?c::i:x:()czzn reaction generates electricity.

~ (d) A spontaneous oxida : lectrolytic process?

iii. Which of the following does not involve an e
(a) Refining of copper :
(b) Manufacture of sodium from NaCl

- (c) Electroplating of steel ‘

(d) Reduction of metal oxide by a reducing agent. ‘

iv. Galvanizing is _ '
(a) Coating with Sn (b) CO&t!"S Wfth In
(c) Coating with Cr (d) Coating with Cu

V.. Which of the following is true for the Nelson cell?
(a) Sodium metal is produced at the anode
(b) Chlorine gas is produced at anode
(c) Hydrogen gas is produced at the anode
(d) Sodium ions are not reduced at the cathode

' vi. Electroplating involves:

a) Using an electrolyte to oxidize a metal.
b) Coating a metal object with a
€) Melting a metal object to for
d) Using heat to form a layer of

vil. In a voltaic cell, the salt bridge

a) Preventing electrons from flowing in the external circuit,

b) Maintaining electrical neutrality by allowing ion movement,

C) Storing excess energy from the cell, '

d) Generating additional voltage for the cell,

If the voltage data shows metal A has a higher standard reduction potential than
metal B, it can pe concluded that:

a) Metal A is more reactive than metal B,

b) Metal B is more reactive than metal A

€) Metal A and metal B have the same reactivity, .
d) Metal A is less likely to gain electrons than metal B

thin layer of metal through electrolysis.
m a thin coating,

metal on another metal object | |
serves the function of: :

viii,
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2. Sho
i
ii.
jil.
iv.
V.
vi.

vii.

viii.
3. Lon

i

ii.

jii.
iv.

vii.
viii.

init 4 Flertmrhpmmr-,

rt questions
Wwhat is a fuel cell?
Write chemical reactions tha

: t occur i '
Why tin-plated steel is used to make'?o,:zlson A
Exp_la;n one example from daily life which <':ans? :
Define electrochemical series. involves an oxidation-reduction reaction.
Why does chlorine gas form a

; t the a : ]

chloride? , node during the electrolysis of molten lead(ll)
How do hydrogen-oxygen fuel

: , cell i .
b _ | s benefit the environment compared to gasoline
sketch a Daniel cell with labelled '

: C i di
flow. : | omponents and indicate the direction of electron -
g questions '
Define oxidation and reduction in t »
, ' ! erms of loss or gain of oxygen or h
cketch a Daniel Cell, labelling the cathode, anode, and t:ygd-‘ 'ydrogen. :
- laetrons. ) e direction of flow of the
Describe-th.e m’ethod of recovering metal from lead(ll) chloride |
Construct 1onic ha.lf-equations for reaction at -electrodes in the electrblysis of
copper(ll) sulphate in the presence of copper electrodes
Electrolysns has a major role in electrochemical industri‘eg
(a) sketch an electrolytic cell, label the an aid |
b ) ode and indi
direction of electron transfer. : : X gatfide ondeindiate B
(b) Describe the nature of the electrochemical process. ‘

(c). Distinguish between electrolytic and voltaic cells.
For each of the following electrolytes, write electrode half-reactions in each case

that would occur during their electrolysis.

a. Copper(ll) sulphate solution using copper electrodes
'b. Copper(ll) chloride using carbon electrodes ¥
Predict the products of electrolysis for a dilute solution of potas'sium'i_odide
Why does chlorine gas form at the anode during the electrolysis of molten lead(ll)

“chleride? :
ght you expect when comparing. electrolysis in

Xi.

Xii.

Xiii.

What changes in observations mi
molten lead(ll) chloride and concen

How would you set up an experim
substances at the anode and cathode during the electrolysis 0

sulfate using copper electrodes? (
Compare and contrast the products formed at the electrodes during the e_lectrolysis
of concentrated aqueous sodium chloride and dilute sulphuric acid using inert

electrodes.
Assess the environmental impact of using hyd

gasoline engines in vehicles. Provide arguments
Compare the ionic half-equations for the electrolysis of a d. ’
concentrated solution of sodium chloride. How do the products d1ffer2

trated aqueous sodium chloride?

ent to demonstrate the production of different

f dilute. copper(ll)

rogen-oxygen fuel cells compared to

for and against each technology.
ilute solution and a
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Unit 4: Eléttr_b;he_mistry

THINK TANK

1. The followmg redox reaction occurs in the
voltaic cell illustrated below:

Ni%(ag + Fe ) ——> Fe'aq + Ni‘e

Select the anode, and cathode and indicate.

the direction of flow of electrons. .

2. - When molten sodium bromide is electrolyzed,
reddish-brown fumes are seen at the anode. i

" Answer the following questions. \_1.00MFe” )

] e 1

_ o e )4

(i) Name the reddish-brown fumes seen at anode :

(i) What d\fference ‘would you expect to observe. 1f you used molten 5°dium ;
iodide?

(iii) Write the electrode reactions in both cases. - e
(iv) What difference would expect to observe if you used a dllute aqueous solunon
of potassium bromide? Also, write electrode reactions.
State what is formed at electrodes during the electrolysis of the followmg Substances q
using carbon electrodes. Do not write reactions. : ‘ % |
(i) dilute aqueous solution of potassmm chlonde : : v
(i) copper(ll) chloride i :
(iii) molten lead(ll) brormde.

s B e e e e s g e et G
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"

- @
Concentration —»

as

collisions of particles, kinetic energ

of number of particles per unit volume, frequenEy of

y of particles, and activation energy.
ides alternate pathway with lower

Describe collision theory in terms

State that catalyst increases the rate of reaction, prov
hanged at the end of areaction.

activation energy, and remains unc i
Describe the physical parameters that may be affected by the rate of reaction including

change in mass, temperature, an
including graphs, for investigatin
eaction of changing conc
temperature, and presenc

d formation of gas.
g rate of reaction. :

entrationof a reactant, pressure of

Interpret data,
Explain the effect on rate of r
gases, surface area of solids,
using collision theory. - :
.stify the importance of chemical kinetics in food industry tode
and transportation times for produce.

e of catalyst (including enzymes) -

termine ideal harvesting

Ao
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unit 5: Reaction Kinetics

Chemical reactions are processes in which mass and energy are constantly chy
reactions can take place at a range of speeds, from very fast to very slow, Fe""enh
known to be a slow reaction, taking several weeks to make enough products, and “On.
a slow reaction. Acid-base neutralization is a fast reaction, taking onl

y a few Mmic Qh.
Other reactions take place at a moderate speed, such as those that contract myg,

impulses along nerves and capture photographic images. For industry, it is 'mpor? Sony
understand the conditions under which a reaction will be most cost-effective, Kj 4
known as chemical kinetics, is the study of the rate of chemical reactiong ',
mechanisms, and the factors that influence them. : "'q

.

9.1 Rates of Reactions

The rate of a chemical reaction tells us how quickly the reactants are used up or how
the products are formed over time. It is the change in the concentration of reactangy ,
products in a given amount of time. ' S q

Mathematically,

: Rate=Change in concentration of a substance
Time taken for change

As a reaction happens, the_ amount of reactants dec}r’eases, and the amount of Produg
increases. For example, we measure concentration in moles per cubic decimeter (mol dry
and time in seconds (s). So, the unit for the rate of reaction is mol dms. -
To better understand this, we can use a graph. (See figure 5.1)

A— B

~[B]

.Concentration —»

[A]

0

Time —»

- Figure 5.1: Graphical Representation of the rate of a
chemical reaction
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t 5: Reaction Kinetics

with two curves—one for r eactants showing decreasing concentration and one for
A graPts showing increasing Conce"tfat'P{\ over time. At the beginning of the reaction, the
P uf)f the reactant curve is stee.p, showing that the reactants are being used up quickly. At
;loP:ame- time, the product curve is steep, showing that products are being formed quickly.

e vime goes on, the curves become less steep. This means the reaction slows down
7% o there are fewer reactant particles to react,
aus .
gentuallys the curves become flat. This means the reaction has stopped because all the

' ants are used up or the system has reached equilibrium,
eac

 shows that the rate of reaction is not constant. It changes as the reaction progresses.
i rage Rate of Reaction

Ave

Average rate= Total change in concentration
: Total time taken

consider a general reaction

rate of reaction can be expressed in terms of the rate of disappearance of reactant A or

tT:: (ate of appearance of product B. '
Rate of reaction = _diAl
' dt
Rate of reaction = p: %1

where, d [A] and d [B] are the changes in the concentration of A and B respectively. The
negative sign indicates a.decrease in the concentration of the reactant A whereas the positive
sign indicates the increase in the concentration of product B.

when we talk about the rate of a chemical reaction, we’re interested in how quickly or slowly
a chemical reaction happens. This i_s often measured by how fast the reactants are used up or
how quickly the products are formed. b

Suppose. you are carrying out a chemical reaction where substance A reacts with another .
substance B to produce substance C. ‘ .

nterpreting Data ; | ,
Suppose a student is carrying out a chemical reaction where substance A reacts with another

substance B to produce substance C. He followed the rate of reaction by determining the
concentration of C prOduced at regular intervals. The following data was obtained. e

Timé {minutes) | Concentration of
0.0
20
40
60
80
100
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I A | I I
1l0 2I0 3|0 '4|0 .50 60 70 80 9o 1

00 110 o
Time (minutes) ' '

~ For this purposé, draw a tangent to the curve at

30-1

20 minutes:

.00 "m0 s o i

1020 30 40 5 g 70 80 90 100 10 -
Time (minutes)
. . v AC
Rate of reaction (or grad1ent)=A—t
g ; 24 mol dm™
te of reaction Or gradient)= =210t dm™
i (or gradient) 40x60s
=0.01 mol dm3s!
= 0.01 mol dm3s1
Average fate of reactjon=total amounF of C.produced
Total time taken
’ 25 mol dmy? : 9
Average rate of réaction==—_""2 dm " :
. 100 x 60s ;

RPRILYS OO

Thus, the rate of reaction at 20min

= 0. 0042 mo| dmist,
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jon
Cof'“l:;is experiment, you can see that the reaction rate isnt constant. The amount of

From e € formed increases more quickly at first and then slows down. This is a common
qubst? i chemical reactions, where the rate can change as reactants are consumed
e .

5.2 Collision Theory and Activation Energy

mical reaction, bonds between atoms are broken and new bonds are formed. Collision
in8 " ps us understand how these reactions happen. For a reaction to occur, the atoms or

qu o5 must collide with each other. However, not all collisions lead to a reaction. The
mo o5 of 2 collision depends on two things: ?

ﬂ,::;?;:n g particles must have enough energy to overcome the repulsion between their
outer e[ectronS- :
;. Orfentation i .
The partiCIES must be aligned in a way that allows the necessary atoms to come together and
form new bond: '

e smallest amount Of energy F_‘EEdef.i for a reaction to happen is called activation energy. If
the energy of the colliding pamcles is less than this activation energy, the reaction will not

occur. .
peactions happen faster when more Pf'irticles have enough energy to collide effectively. If the
sctivation energy is hlgh, fewer pa.rtlcles will have enough energy, and the reaction will be
slower. If the activation energy 1s low, more particles can collide effectively, and the
reaction will happen faster. ' |

For example, when hydrogen (H2) and chlorine (Cl2) react to form hydrogen chloride (HCl),
the molecules need enough energy to break their bonds- and form new ones. When an
ffective collision occurs, the particles form a temporary, high-energy state called the
sctivated complex (or transition state). This complex quickly breaks down to form the final
products. (Figure 5.2) ] _ Shecey

H—H. H-——H H H
- % 1+ |

ci—cl - Cl——Cl ol o
Reactants - Activated complex Products

Figure 5.2: Effectivé Collision of Molecules

You can think of activation energy like a hill. The reacting molecules need to climb this hill
(using energy) before they can roll down the other side and form products. If the molecules
don’t have enough energy to reach the top, they roll back and remain unchanged.
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5.3 Catalysts and their Role in Reaction KineucS

In industries, reactions are often carried A
out at high temperatures to produce gyency
products  quickly,  However,  high
temperatures can be dangerous and may

damage certain chemicals. An alternative

way to speed up reactions is to use a
catalyst.

A catalyst is a substance that speeds up a
chemical reaction without being used up
itself. It works by providing an easier
pathway for the reaction to happen, Figure 5.3: Effect of a catalyst on oy
which has a lower activation energy. W:'th reaction Kinetics
a lower activation energy, more particles : 1
can collide effectively, and the reaction \
happens faster.

It's important to note that a catal
or its outcome. It only makes t
reaction occur if it is not already

yst doesn’t change the overall energy of the re‘
he reaction happen faster. Catalysts cannot Make
possible based on the reaction’s energy changes,
essment Exercise

1. How does the Presence of a catalyst alter the activation energy of a reaction?

2. Whyisit important for a catalyst to remain unchan

ged at the end of a reactjor}?' | i

.

—— e

t the Rate of Reaction 4

5.3.1 Physical Parameters that Affec
1. Change in Mass

During a chemical reaction, the
while the mass of the products inc

2. Formation of Gas ' -3

the total magy
e, the pressure.

e S
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Unit 5;

Reaction Kinetics

actors Affecting Rate of Reactions

5,37 ors influence how fast a reaction happens b
seral 12 : een particles. Some of the important fa d Cha?g'ng the number of successful
6 petw ctors are:

col”“on;ntrat“’" of Reactants
i co ,eacta“t particles there are in a given space, the

moré

e

This peans

2™ por examP

; more |
at increasing the concentration of reactants makes"zﬁellrk:alzﬂt::;:‘ :;:e t:f:;::lide.
er.

le, acid rain damages marble more quick|

| , y when the ac '
 antacid tablet‘S neutralize stomach acid faster than gne tablidt'ts; g
nore reacting particles. et because there are
Hydrogen and chlorine gases react twice as fast if their concentrations are doubled

d rface Al’ea ;
2 : ts have more surface area
d reactan P exposed, the reaction ' '
when Sothefe are more opportunities for particles to collide. bshiatio

p thelx =" BT .
pect¥®  iered zinc reacts with dilute HCl faste :
waere r than a solid :
Pzwder has more exposed surface area, , chunk of zinc because the

cimilarly, powdered aluminium reacts quickly with NaOH, while aluminium foil reacts

Temperatre
X te temperature increases thg 'speed of particles, leading to-more vfrequent o
1 etic collisions. However, for a collision to cause a reaction, the particles must: '
eners® Have enough energy (called activation energy). '

, Be oriented correctly when they collide.

rmal temperatures, only a small number of particles have enough energy‘to react. A
ed the Maxwell-Boltzmann curve shows how energy is distributed among particles.
les have medium energy, while only a few have the activation energy needed for a

Raising t

raph call

Host partic

reaction. Wh P nere
the activation enersy barrier, leading to faster reactions. " .

The curve shows the distribution of available energy between the molecules of a gas at
cnstant temperature (Figures 5.4 and 5.5). It clearly shows that most of the molecules do
not have the necessary activation energy. When temperature increases (say from Ty to Ta),
the energy of the molecules also increases. Thus, the proportion of molecules having required

activation energy increases.

most molecules don't have

en the temperature increases, more particles gain enough energy to overcome -

the required activation ' 5 Ea (Activation
[ energy and are unable " i Energy)
to react :
Number of The Peak lowers and
molecules Only molecules with  Fraction of ° shifts to the right.
required activation Collisions Greater fraction with
el @NEIQY are able enough energy to react
to react ;
Energy
“ (Activation Energy) Coltision Energy
LFigure 5.4: Maxwell Boltzmann curve of Figure 5.5: Maxwell Boltzmann curve of
kinetic energy kinetic energy at 2 temperature
| sty i
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-~ Unit 5t Reaction Kinetics

Hence an increase in kinetic energy of reactant molecules increases the collisy
i.e. the number of effective collisions and hence the reaction rate. on

1. Pressure of gases , N

Pressure increases the concentration of gases for a given volume, There
collisions, which will increase in reaction rate. For instance, a mixture of H, " be

molecules will react twice as quickly when the partial pressure of one of the My Uley *n:“
doubled compared to the partial pressure of the other. Wet“\c
2. Catalyst . :

A detailed account of the influence of catalyst on reaction rates is given in section 5.3

Concept Assessment Exercise 5.2 ;
1. In what way does increasing the surface area of a solid reactant affect thq &

2. How does temperature affect the rate of reaction? Ak

3. Discuss the effect o

f changing the concentration of a reactaﬁt on the oo

5.3.4 Enzymes -

Most of the chemical reactions that occur in living organisms are regulated by moleculeg

enzymes. These are biochemical catalysts i.e., substances that increase the rate of ch“m
reactions within living things. Enzymes like catalysts are not consumed during chey
reactions. Virtually all reactions in living cells are catalyzed by enzymes. An enzyme
specialized protein that catalyzes specific biochemical reactions. Each enzyme catalyze,
one reaction. Most of the enzymes are found inside the cells. However, some are fou
extracellular fluids such as saliva, gastric juice, etc. Enzymes may speed up réaction”
factor of 10®. Enzymes have specific shapes. They hold the reactant molecules in the,
orientation necessary for successful collisions. This causes an increase in reaction rates.

5.4 Role of Chemical Kinetics in the Food Industry

When it comes to the food industry, chemical kinetics plays an important role. Some y
key roles include:

e Identifying the optimal time to harvest and transport product, so that
taste, texture, and nutritional content. .

Identifying factors that cause degradation during transportation. :

Estimating the optimal. time of harvest so that the product reaches the market y

best quality. Minimizing losses due to ripeness during transportation

Developing methods for storage and transportation t
value.

it has they
°

hat help maintain nutritis
Identifying methods for slowing down specific reactions by controlling temperat
and humidity increasing the shelf life of the product.

Easr
R A"‘.‘..- wd “iag 3

the

3
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. 9145 Redction Kinetics,,

/ KV EOlT
- ical reaction is i G o
o rate of a chem a change |
! yct in a given time. B the C""ceﬂtfaﬂon of the reactant or

e of reaction between two speciflc time intervals fs called the
average rﬂtﬁ

a chemical reactlon depends u
n ;
’ minimum amount of kinetic energy t'r)\gt ::: :C‘::'atwn il s reaction
racting particles must have is

tivation energy.
4 substance that accelerates the chemical reaction but does not change its che ical
» mica

g gructure at the end is called a catalyst
Reaction rates are influenced by the catalyst, which changes the mechanism of the

reaction by decreasing the energy of activation.
gnzymes 2 are catalysts in living orgamsms

istry The Molecular Nature of Matter and Energy |
and Pardue, Chemistry and Experimental Science 2/e '
k and J. pavid Rawn, General Chemistry

Hill and John Holman, Chemistry in Context
les of Food Chemistry

EXERCISE

¢ ownasac

Uno Kas

Graham
‘ J hn M. Deman, Princip

e Choice Questions (MCQs)

eaction as the reaction proceeds.

(b) Decreases
(d) May increase or decrease

1, pMultip!
i, The rateof ar

(a) Increases
(c) Remains the same
The activation energy for a reaction can be;
Increased by increasing temperature

reased by decreasing temperature
g concentration of reactants

ii)
- (@)
(b) Inc
(c) Decreased by increasin
(d) None of these
Reactions with high activatio
(a) Fast (b) Slow
rsible reaction catalyst lowers the ac

n energy are usualty,
(c) Exothermlc (d) Reversible

tivation energy of the;

(ifi)

(iv) Inareve
(a) Forward reaction
(b) Reverse reaction
(c) Forward as well as reverse reaction

(d) Forward reaction but increases for the reverse reaction
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(v) Which of the following is NOT a factor affecting the rate of "eaction g,
Dl‘(ji

collision theory? ng
a) Number of particles per unit volume : %
b) Activation energy
¢) Presence of a catalyst
d) Molar mass of reactants
(Vi) How does a catalyst increase the rate of reaction?
a) By decreasing the number of particles per unit volume
b) By increasing the activation energy .
¢) By providing an alternate pathway with higher activation energy
d) By providing an alternate pathway with lower activation energy
(vii) Which physical parameter is NOT typically affected by the rate of reaction;

a) Change in mass :
b) Temperature
¢) Formation of gas
d) Colour of the reactants
(viii) Which factor can affect the rate of reaction involving gases?
a) Change in solubility b) Change in pressure
c) Change in volume d) Change in viscosity
(i) Increasing the surface area of solids generally: ' :
a) Decreases the rate of reaction - b) Increases the rate of reactiop,
¢) Has no effect on the rate of reaction d) Makes the reaction irreversible
(x) How does temperature affect the rate of reaction according to collision theory?
a) Higher temperature decreases the frequency of collisions
b) Higher temperature increases the activation energy
¢) Higher temperature decreases the kinetic energy of particles
d) Higher temperature increases the frequency of collisions and kinetic energy of

particles

2. Short Questions
i. . Draw energy diagrams that represent the activation energy and show the effect of 3

catalyst. ;
ii.  What is the effect of a catalyst on the following?
a)  The rate of reaction ;
b)  The energy of activation
d ‘Why powdered Zn reacts faster with acid than a piece of Zn? Give reason.
ii. - List physical parameters which are affected by reaction rates.
iii.  Explain collision theory and its key components.
iv.  Discuss the effect of changing the concentration of a reactant on the rate of
reaction. ' - £
V. . Describe how graphs are used to interpret the rate of reaction.
vi.  Why is activation energy important in determining the rate of reaction?
vii. If you increase the temperature of a reaction, how does this affect the kinetic

energy of the particles?

e e ST
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pl’OdUCt.

ng Questions
e ! amine the graph depicting

i oo the concentra.tion of reactants over time,

. the effect of temperature on the rate of reaction

c. theeffect of the catalyst on reaction rate. :
An increase in :q{rface area increases the reaction.rate Ev
the light of collision theory to support your answer, .
interpret the role of a catalyst in a chemica reaction.
piscuss the impact of temperature on the rate

3 aluate this statenie,nt in

iii.
of reaction.

W Justify the role of chemical kinetics in the food industry,

:1: propose a hypothesis fgr how temperature anq surface area affect the reaction rate
Design a set of experiments to test your hypothesis, detailing the methods and

. measurements. . , i . :

vii. You are inYEStigat'”g a new catalyst for a reaction that produces a valuable
pharmaceutical product. | :

viil. Explain the role of the catalyst in the reaction mechanism, including its effect on
activation energy. : :

iv. Designan experirr?ent to compare the reaction rates with and without the catalyst.

‘. A chemical reactlon‘ l?etween substances A and B follows collision theory. You are
tasked with maximizing the reaction rate, Describe how you would modify the
number of particles per unit volume, temperature, and activation energy to achieve
this goal.

«i. Compare and contrast the effects of temperature and concentration on the rate of

reaction. |
xii. Discuss the significance of activation energy in chemical reactions and its
relationship to reaction rates. ‘

THINK TANK. |
Analyse a scenario where a catalyst is not effective in increasing the rate of reaction.
' Evaluate the role of chemical kinetics in optimizing food production processes in the food

industry. :
. Predict the effect of doubling the surface area of a solid reactant on the rate of reaction,

providing reasoning based on collision theory.
. Explain why the formation of gas is often associated with an increase in the rate of

reaction.
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Explain that salts are ionic compounds formed due to electrostatic attraction between '

oppositely ions ( in which the positive ions come from bases and negative ions come from

acids.
Explain why at STP salts are solids with high melting points. : :
Describe that under normal conditions, ionic compounds are usually solids with lattice

structures. ; .
Explain why the molten and aqueous solutions of salts are good conductors of electricity
by making reference to the idea of mobile ions.

» potassium

Describe the general solubility rules for salts. these are; a. Sodium, nitrate
and ammonium salts are soluble, b. Chlorides are soluble except lead and silver, c,

Carbonates are insoluble except sodium, potassium, and ammonium, d. hydroxides are
! insoluble except sodium, potassium, ammonium, and calcium( partially).
Describe the preparation , separation and purification of soluble salts by reactions of

: acids with alkali(titration), excess metal, excess insoluble base, excess insolub

j carbonate.

| | o
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6.1 Salts

jonic ComPOU“dS.f‘.’rmed through the electrostatic attraction between oppositely
areions, These ions originate fr9m acids and bases. In a typical reaction, a-base provides
o8 L ive fons, alsO known as cations, while an acid supplies the negative fons of anions.
e pos’ s fons combing, they create a neutral compound, a salt. This process is
whenmtental to many chemical reactions and is a key concept in understanding the behaviour

fundaids and pases. :
c , : : : _ :
of le, in the reaction between hydrochloric acid (HCl) and sodium hydroxide (NaOH),

: mp + Lt
For exzium ions (Na*) from the base combine with the chloride ions (L") from the acid to
the 50 um chloride (NaCl),r Whlch 1s a common table salt. Here, the Na* cations from the

from the acid come together due to an electrostatic attractive force

form ° Cl- anions
', and the ; Ly
bere een their opposite charges, resulting in the formation of the salt NaCl.

etw : Gy : b ; o
b inciple of ionic bonding 1n salts is crucial in chemistry, as it explains the formation and
_his PANCE . wide range of compounds found in nature and used in various applications. .

6.2 Physical State and Melting Points

6.2.1 solids at STP '

mperature and Pressure (STP), salts are ustjally solids. This |s due to the Strong ;
rces of attraction between the oppositely charged ions, which form a tightly -

At standard T€
ture. These forces require significant energy to overcome, Tresulting in high

[ectrostatic fo
pound [attice struc
melting points-
2.2 L attice Structure o

: ormal conditions, jonic compounds ‘ Tl S
g:edirsu:ﬁ; solids with a well-defined lattice ' Lo Qﬂjj{ﬂ‘
structure. This property is due to the nature
of the ionic bonds that hold the ions
together. lonic bonds are formed by
electrostatic attraction between positively
charged  ions (cations) and negatively
charged ions (anions). These jons are
arranged in a repeating three-dimensional
pattern: called a crystal lattice. This

~ arrangement maximizes the electrostatic
attractions and minimizes the repulsions
between ions, leading to a stable structure.

f lonic Compounds |

Figure 6.1 Crystal Structure of NaCl
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6.2.3 Electrical Conductivity

Molten and aqueous solutions of salts are good conductors of electricity because o the
presence of free-moving ions.

When salts are in their solid state, their ions are held together in a rigid lattice structyre b
strong fonic bonds. In this state, the ifons are not free to move, so solid salts do not CONdyc
electricity. Upon melting, the rigid lattice breaks down due to the high temperature, The fons |
free to move in the molten state. These free-moving positive (cations) and Negative |
(anions) ions can carry electrical charge, allowing the molten salt to conduct electricity, - |

Similarly, when salts dissolve in water, they dissociate intp their const!tuent fons due tq the
polar nature of water molecules. For example, sodium chloride (NaCl) d;ssociates into Na* ang

Cl™ ions. These free ions are now surrounded by
water molecules but can move freely within the
solution. When an electric potential is applied,
cations migrate toward the cathode (negative
electrode), and anions migrate toward the anode
(positive electrode), completing the circuit and
allowing electrical conductivity.

In both molten and aqueous states, the ionic lattice
is disrupted, liberating the ions, Free-moving ions

under the influence of an electric field enable the Figure 6.2: Electrical Conduétivitﬂ
conduction of electricity, : ‘ -

6.2.4 High melting points and boiling points

The strong electrostatic forces of the lattice require significant energy to break, resulting in
high melting points and boiling points. lonic compounds are solid at STP with high melting

points because of the strong electrostatic forces of attraction between their ions, which hold
these ions in fixed positions.

6.2.5 Hardness and brittleness

Lattice stiffness makes ionic compounds hard. However, when a voltage is applied, like-

charged ions can be pushed together, causing repulsion and brittleness and a tendency to
break. : ; - ' :

Examples of ionic compounds are sodium chloride (NaCl), potassium bromide (KBr), calcium
carbonate (CaCo0,), magnesium sulphate (MgS0,), etc. Each of these compounds forms a clear
crystal lattice that determines their structure and many of their physical properties.

6.3 Preparation, Separation, and Purification of Soluble Salts

Soluble salts can be‘preparedf through various methods, depending on the nature of the
reactants involved. Here,,we'l_l_'d_escribe four common methods: reaction of acids with alkali
(titration), excess metal, excess ‘insoluble base, and excess insoluble carbonate.
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W

6.3.1 Preparation by Titration (Acid and Alkali)
Activity 6.1

Preparation of sodium chloride (NaCl) from hydrochloric acid (HCl) and sodium hydroxide
(NaOH) by titration.

HCL,, ¢ NaOH,,, ———— NaCl,,,, + H,04
Materials required
+ Dilute solutions of sodium hydroxide and hydrochloric acid.
o Phenolphthalein indicator
e Burette
¢ Pipette
¢ Conical flask
e Funnel
» Evaporating disc

o Burette stand, tripod stand, and heating source.
Procedure

* Measure exactly 25 cm? of HCl solution using a pipette and transfer it to a conical flask.
* Add a few drops of phenolphthalein as an indicator to the acid.
« Fill a burette with NaOH solution using a funnel.

¢ Slowly add the NaOH from the burette to the HCl in the conical flask, swirling the flask

continuously until the indicator changes colour from colourless: to light pink indicating
neutralization is complete. : ’

Separation

e Once the endpoint is reached, indicatin
reacted, note the volume of NaOH used.
Crystallization

» Evaporate the water from the result
solution.

"o Allow the solution to cool and crystallize, then filter to collect the crystals.

6.3.2 Preparation with Excess Metal
Example: Zinc sulphate (ZnS0,) from sulphuric acid (H,S0,) and zinc (Zn)
Activity 6.2:

Preparation of zinc sulphate
Reaction

g that the acid and alkali have completely

ing NaCl solution gehtly to dbtain a hot saturated

Ing + HZSOm_q, —_— ZnSO4(,q, + H,0,
. Materials required

e Zinc metal

e Dilute sulphuric acid

» Beaker and glass rod

* Filter funnel and filter paper

e Evaporating disc 7

* Tiirod stand, wire gauze and heating source
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| e

———

Procedure 3 i

. Measure 25 cm’ dilute sulp u L

o Add excess zinc metal to dilute sulphuric acl
hydrogen are produced.

« The reaction produces zinc

« If all the zinc disappears, a

i~ acid into a beaker. i
ric acid 4 in a beaker. You will observe b“bb(es

sulphate and hydrog'en gas. e .
dd more until there is S0ME ;eft un , indicating the 3

has been fully reacted.
Separation : .
« Filter the mixture to remove unreacted excess zinc.
i hot saturated solution. Allow the solution to cog 'and |

Evaporate the filtrate to obtain a

crystallize, then filter to collect the crystals. |
i

e ' 4

ion wi . Insoluble Base i o
6.3.3 Preparation with Excess 50,) and copper(ll) oxide (Cuo)

‘Example: Copper(ll) sulphate (CuSO,) from sulphuric acid (Hz

Activity 6.3:
Preparation of copper(ll) sulphate

Reaction: Cu0y + HSO4pq — CuSOyaq * H0y -

Materials required

o Copper(ll) oxide

o Dilute sulphuric acid

o Beaker and glass rod

o Filter funnel and filter paper - .

' Evaporating disc ' ‘

o Tripod stand, wire gauze and heating source

Procedure % :

e Measure 25 cm’ dilute sulphuric acid into a beaker.

o Add excess copper(ll) oxide to dilute sulfuric acid in a beaker.

o The reaction produces copper(ll) sulphate and water.

e Continue adding CuO until no more dissolves, indicating all the acid has reacted.

Separation :
e Filter the mixture to remove unreacted CuO.

Crystallization , :
o Evaporate the filtrate to obtain a hot saturated solution. Allow the solution to cool and
crystallize, then filter to collect the crystals. '

6.3.4 Preparation with Excess Insoluble Carbonate
Activity 6.4: :
Calcium chloride (CaCl,) from hydrochloric acid (HCl) and calcium carbonate (CaCO )
. )

Reaction:  CaCOy, + 2HCl, — CaClyy + COyp + H,0,

B LA T
i B AT AT 5 e . E S
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Uﬂute and glass rod

peake' ol and filter paper

ing diSC

4, wire gauze and heating source
’

stan

; 25 cm?’ dilute hydrochloric acid into a beaker.

su : i M

o iger cess calcium carbona.nte to dlllfte hydrochloric acid in a beaker.
A oaction roduces calcium chloride, carbon dioxide, and water.

£ rve carbon dioxide has evolved with effervescence.

’

’ ill obsé il

' ot ¢ adding CaCO0, until no more effervescence (bubbles) is observed, indicating all
acid has reacted.

% ture to remove unreacted CaCO;.

n

arat ;

’ Sepﬁlter the MiX

1] + .
sta“izauon “ip btai h =

cry rate the filtraté to obtain a hot saturated solution. Allow the solution to cool and

. rystallize then filter to collect the crystals.
¢ R ‘
Soluble and insoluble salts

that dissolve in water at room temperature, and insoluble salts are salts

salts are salts
water at room temperature.

ble .
:hD:: do not dissolve 1

generdl rules for the solubility of salts help predict the solubility of various jonic compounds

_ water. These rules are necessary to understand the reactions of aqueous solutions. Here is

;ndetailed description of the solubility rules: - :

All sodium, potassium and ammonium salts are soluble in water. R

This includes common compounds such as sodium chloride (NaCl), sodium sulphate
.um chloride (KCI), potassium bromide(KBr), ammonium chloride(NH4CI),

(NaZSO,,), potassi
ammonium sulphate (NH,),50, etc |
All nitrate salts are soluble in water. This rule applies
potassium nitrate (KNO,), calcium nitrate Ca(NO,), etc .
1, Most chloride (CU") salts are soluble in water, except lead (Il) chloride (PbCl,) and silver
chloride (AgCl) are insoluble in water. ‘

4, Most carbonate salts (CO;?%7) are insoluble in water.

Except sodium, potassium, and ammonium carbonates which are soluble. Examples of

insoluble carbonates include calcium carbonate(CaCO,), magnesium carbonate(MgCO;),

;

to all nitrate compounds such as

etc
5. Most common sulph
sulphate.

ates are so(uble, except lead(ll) sulphate,

barium Sulphate and calcium - .

(& CamScanner
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- ConceptAsses's
: ich of the following saltsare insoluble, ‘ e
Snvétdslaide barium sulphate, sodium nitrate, ammonium carbonate, and lead Nitrate,

"_. gaus are ionic compounds formed through the electrostatic attraction betwegn
~ oppositely charged ions. - ! ; ; ,‘
s Under normal conditions, ionic com

structure.
* Lattice stiffness makes jonic compounds hard,

* In the solid state, ionic Compounds do not conduct electricity because the ions
~ inthe lattice, .

* Soluble salts are salts that'dissoive in water at room temperature.
* All nitrate salts are soluble in water, '

e s PSSR e L
' EXERCISE ‘
1. Multiple Choice Questions (MCQs)

pounds are usually solids with wéll-deﬁned l.attiq;“

are ﬁXEd

1. Which of the following salts is soluble in water?

a. Silver chloride (AgCl) b. Lead_carbonate (PbCO,)
C. Sodium nitrate (NaNO,) d. Lead chloride (PbCL,)

ii. What type of ions do bases provide for salt formation?
a. Negative ions '

C. Neutral molecules
ili. What is the Primary reason salts hav

a. Weak van der Waals forces

C. Hydrogen bonding
iv. In what state are salts

b. Positive ions

d. Complex ions

e high melting points?

b. Strong electrostatic forces

d. Covalent bonding
generally good conductors of electricity?

V. Which of the following is a general s
a. All chlorides are insoluble,
C. Chlorides are soluble except lead
d. Chlorides are soluble except sodi

vi. What happens to the ions in a salt
a. They form a gas.

olubility rule for chlorides?
b. All chlorides are soluble.
and silver chlorides.

when it is dissolved in water?

b. They become fixed in place.
C. They become mobile.

d. They form a solid.
vii. Which of the following methods is used to Prepare a salt by titration?
a. Acid + Metal

b. Acid + insol(uble Base
C. Acid + Insoluble Carbonate d. Acid + Alkali

e —
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o B o o

salts is insoluble in water?

cnof the
it vgptaSSiu carbonate (K2CO3)  b. Ammonium nitr
2. P (loride (CaCla) d. L ate (NHNO;)
Ca[clum : . Lead chloride (PbCl ) c
od when an acid reacts with an excess of an inzsol :
‘ uble base?

i thalt and hydroge? b. Salt and water
2 altan carbon dioxide ; d. Salt and oxygen
C'hiCh ion 1S commonly found in soluble nitrates? :

ik, b NOa © €. G 3
5, NHs fs
: AnS wer Questions

§ho hat a salt i in terms of ions.

pefine ¥ !
salts generally have high melting points?

i why do :
| b attice structure of an ionic compound

ii-
" pescr i
il HOW do salts conduct electricity when molten or in solution?
i ot three salts that aré generally soluble in water.
Ve ns to the jons in an ionic com A
© whath e pound when it dissolves i
L Do you think that most carbonates are soluble in water? Iyt
vl luble salt usi ;
ou prepare 2 soluble salt using an :
b How €an y o i Siible g excess of an insoluble base?
hich salts ar€ ypically according to the general solubility rules?

preparing a soluble salt' using titration. Include a detailed

xplain the pr

b jescription of the steps involved.
Discuss the ts that make them solid at STP and have high melting

points.

pescribe th
carbonates,
Explain why i0
physical properties.
pescribe the prepar
insoluble carbonate,

properties of sa

e solubility rules for salts and explain the exceptions for chlorides,

and hydroxides.
ructures and how this influences their

.
nic compounds have lattice st

ss of an

ation, separation, and purification of salts using an exce

providing an example reaction.

THINK TANK

ulphate crystals with
Iphate crystals using

o make magnesium s suitable reactants.
assium su titration method. '
lways soluble.

le of copper(ll) sulphate from copper(ll) carbonate.
to make copper(ll) sulphate?

Design an experiment t
Design an experiment to make pot
Name two types of salts that are @
How could you prepare pure dry samp
What would you add to dilute sulphuric acid

e T T

emw.Mﬁu N
wkndieasd

e
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* Recognize that atmospheric oxides of nitrogen( NO and NO,) can react with unburp,
hydrocarbons to form peroxyacetyl nitrate, PAN, which is a component of
photochemical smog. ‘

* Describe the role of NO and NO, in the formation of acid rain both directly and in th;
catalytic role in the oxidation of atmospheric sulphur dioxide.
* State the symbol equation for the production of ammonia in the Haber Process,
Nltu)+ 3H2(s): 2NH3(I) . :
* State the sources of hydrogen (methane) and nitrogen(air) in Haber process:
* State that typical conditions in the Haber process as 450°C, 20000kPa/ 200 atm and a
iron catalyst.
¢ State the symbol equation for the conversion of sulphur dioxide to sulphur trioxide in the
contact process, 250, + 0,, = 250, _
o State the sources of the sulphur dioxide (burning sulphur or roasting sulphide ores) and
oxygen (air0 in the Contact process. , : ;

e State the typical conditions for the conversion of sulphur dioxide to sulphur trioxide in

the Contact process as 450°C, 200kPa/atm and vanadium(V) oxide catalyst,

* Describe atmospheric oxides as oxides that react with acids and bases to produce asalt
and water.

. Classify oxides as acidic, including SO, and CO,, basic, including CuO and Ca0, or |
amphoteric, limited to Al,0,and ZnO, related to metallic and mon-metallic character,

* Identify the general chemical properties of metals, limited to their reactions with dilute
acids, cold water, steam and oxygen.

* Arrange metalsin order of reactivity given relevant i ion,
E 2 g yg evant information J
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e
o
%ﬂ 7.1 Photochemical Smog

WSMMWVMMM o
,/ﬂ%mefmgmrm“"md dnai.x:;;
Mf?""’“’wem ed (unbumed) hydrocarbons in the presence of
!‘}Jﬂ, ‘eadm(eadsmﬁtfmumofm
M‘ﬂ‘ww (PAN)- ¥ -PORES, Wnclinlieg

o eactionSiﬂVOl
#Wr

A\ |

ved in the formation of PAN:

| omation of Nitrogen Dioxide (NOz)

i 00) is emitted from' vehicles, industrial processes, and other combustion
P " « with oxygen (02) mtheatnu-.:zpherfetoform nitrogen dioxide (NO,):

-~ MO, *+ Ouwg — M0w

itrogen Dioxide (NO2)
particularly uv light) and undergoes photodissociation to form nitric

atom (0):
UV Radigtions
Ny —— 0w * [0l

, photolysis of N

" ptts sonlight (
g %b;d 2 free 0Xy2en

7

1 Formation of Ozone (Oz) |
it [0)or atomic OXYEET is highly reactive and reacts with atmospheric Oz to form 0.
UV Radiations -

Oy * Olag &

) in the

¢ peaction of Hydrocarbons
of.

sturned hydrocarbons (often referred to as volatile orga
tuphere can react with nascent oxygen in the presence

temediate organic radicals.
Hydrocarbonsy * [O)

nic compounds of VOCs
of UV light to form a variety

_— ROw
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5. Formation of peroxyacy! Radicals: N

: en (0;) to form peroxy ac
ic radicals react with molecular oxyg o,
These organic radica ‘

q
(RC(0)03) A
2/ .
RCO'y + Oy 7 RO
Peroxy acyl Radical

6. Formation of PAN: |
The peroxy acyl radicals (RC(0)0,") react with NOz to form peroxyacetyl nitrate (PAN);

RC(0)0, @ + NOyyy — RC(O)OzNoz(g,
Peroxyacetyl Nitrate (PAN)

PAN is a stable molecule at lower temperatures and .can travel.long d.ist:ances i
atmosphere. It acts as a reservoir for NOx and organic rac!lcal.s, releasing them
conditions of higher temperatures and sunlight, thereby contributing to the f°m1ation
persistence of photochemical smog.

7.2 Acid rain

The acidity of rainwater increases in polluted areas during thunderstorms e.g SO, gy
dioxide from power plants during the combustion of fossil fuels and NO, form aUt°m0bi|
Exhaust fumes dissolve in rainwater producing acids. The pH of rainwater can be much low

due to the production of H,50, and HNO;. By lightning during the thunderstorm. The rain p,
have a pH as low as 2. Acid Rain is defined as rain having a pH less than 5.

7.2.1 Role of nitric oxide and nitrogen dioxide in the formation of ag
rain |

Nitric oxide (NO) and nitrogen dioxide (NO,) play important roles in the formation of acidpy
through both direct and catalytic processes. Here’s an overview of their involvement:

7.2.2 Direct Role in Acid Rain Formation
Formation of Nitric Acid (HNO,)

Nitric oxide (NO) is initially produced during combustion processes, such as those OCCUrring
vehicle engines and industrial activities. NO is relatively stable but can be oxidized to fo
NOz: 2 s

ZNOy, + Og —> ZNO,,

Formation of Nitric Acid: NO, can further react wi

th hydroxyl radicals (OH) and water in
atmosphere to form nitric acid (HNO,),

a major component of acid rain:
WO + 2HOy + 0y — 4HNO;y ;)
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Hxidation of sulphur dioxide (S0,)

e .
i another significant precursor of acid rain, primarily originating from
els containing sulphur. The conversion of 50, to sulphuric acid (M,50,)
y )

, r0|e ms
xi0€

o d:;x:,f s ¥
i by N0

tpt:::atalys O

HOy — HzSOqaq)

NOyy — 50, + NO,

gy 1€ 503)

f NO; ot
noed i the oxidation of 50, can be re-oxidized to NO, by reacting with
cn 01) continuing the catalytic cycle:
2 N0, *+ Oug — 2NOy,

a small amount of NO, to catalyse the conversion of a large amount of SO,

e allows
1% uric 2
o9 || Impact on Acid Rain
yera the oxidation of 50, to sulphuric acid, thereby increasing the

133 25 a catalyst in

0 ats 2 o another strong acid in the atmosphere.
io

7.3 Contact Process

ss f¢ - the manufacture of Sulphuric Acid

ptact s
most important industrial chemical used for making a large number of

ic, explosives, paints, leather, tanning, textiles, metallurgy
Imost all industries which is why it is called the King of

(0
.- acid is @
giphunc o fertilizer, plast

unds €-8 _ .
th sulphuric acid is used in a
etC.

chemicals.

s; . . N
Source ed on the catalytic oxidation of 50, and SO; in the presence of atmospheric

s process is bas :
e, Sulphur dioxide is produced by burning sulphur or roasting sulphide ores.

250, + 0Oy, == 2505+ 45.2kcals

This reaction s reversible and exothermic. Therefore the optimum conditions for the reaction

e

f) Concentration: A controlled amount of air is passed.
!) Temperature: The temperature of the reaction should be kept at 450°C
})Pressure: Pressure is usually kept at 200kPa / 2 atm

{|Catalyst; Vanadium pentaoxide is an efficient catalyst

| —

ik
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!
; ved in the contact process

s burnt in a Sulphur burner, 50, gas produceq and y,
ough a pipe cooler made up of irop,
— 30y,

hur i
led by passing thr

So * O
rough a coke filter which filters
The gases then pass throug ‘ _ the traces of ¢

N
"

ii)
ter.
mat ases then pass through the heat exchanger and are Cooleq

The purified 8 Al
From heat exchange gases g0 to catalytic chambers called converters Who I} (
: : eres%

formed V.0 : :
Vs \
250;, *+ Oy Y509 2amm 503, + Heat

jii)
iv)

50. is cooled and passed through an absorption tower, steam, water and dil. syipp,
runas into the tower and oleum H,5,07 or fusing H,50, is obtained and storeq inp %“
tower. The oleum tower is made up of brick-lined steel packed with quartz ang fed

H;S04 - : Wi;::;
H;S04iy + 503 ——ich H,5,07, (Oleum)
By adding the appropriate amount of water oleum to concentrated H,S0,
Hy$07¢) + H,0yp —— 2H;S04
The acid obtained from this method is extremely pure.
Any concentration of H,S0, can be obtained in this method.

Flow chart of the contact process

Concentrated
Se——- ~ Sulphuric acid

0,(g)Sulph

Dry air

Figure 7.1: Contact Process

HLRPLETR P DA

4 T 7 L gt {2 X PR
[ e ki e
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7: Nitrogen, Sulphur and Metals

7.4 Haber Process:
mercia“y produced by the Haber process.

i8 __ofied and its Boiling point is -33.35°C. It ca
ue ‘a1 n be sol
M " pe 11d commercial ammonia is prepared by fixing atmospt r::’:::rd as white ice

is obtained b :
a e antst Hydrogen 1S © y the decomposition of methane and nitrogen is

all-

'qlﬁi;dffam ' ¢ Haber process
P dition 0 ixture of |

W Conﬁon of Reactant: A mixture of 1 volume of nitrogen and 3 volume of hydrogen
o et? :

: es are compressed to 200 -
per: These two gases 3 500 atm. pressure

mb o the heated reaction vessel and then passed over a catalyst lc’z:;ecstii:gl

in
zf Fe/Mo (Molybdenum) at 450°C
ixture
gases coming out of the catalytic chamber contain 10-12%
eriodicauy and then passed through refrigerated briné;
aCl) to liquefy Ammonia. The residual or unreacted gases are

d to favour the reaction to the right.

grine: The

ted
Refriﬂe_r ¢ is removed
™ onia
" colution of N

entrd itrogen is use
(foncled. excess of 1 gN o RMo , o\
+ =—— 2NH
2w 20 4500 200atm 3o

est method for manufacturing Ammonia. The reaction between

n exothermic and reversible process and is accompanied by a

roC ;
el P d hydrogen iIs a
el ?:the volume of the product.

deaeaSe

puurable
g High pressu

ording to the le-Chatellier’s Principal

conditions ac¢ :
due to a decrease in the volume of the product.

re (200 atm)

e must be kept as low as possible. In the presence of a catalyst, the

s 450°C
Unused H, + N, Refrigerated Brine

‘te temperatur |
optimum temperature 1

Compressor
,, Coolant Out
Hy+ N, Condenser
Catalytic Chamber—s- CoolantIn
fron Ctalyst
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' ts with oxygen are called oxides. For eXamp|e

’ QO, cﬁl

ginary compounds Sl
1N

tc.
N 0, Cuo Alole ied as aCidiCr

n be class! lic an
Oxides €2 with metallic
ationship
and their rt"-‘l

: A ideS ' ; :
¢ OX form acids when they react with water. They are OXides

basic, or amphoteric based on thej, chen
d non-metallic elements.

4

Cal Br

. "Mey,
i gxamples inc :?:xi de): Reacts with water to form sulphurous acid (H,50,). *t
50, (Sulphtr SO * H,0) : Hléol(aq)
ts with water to form carbonic acid (H,Co,),
rbon Dioxide): Reac .
co; (C2 €0,y *+ HOu

S
2. Basic Oxide with water. They are o
asic oxides form bases when they react y Xides of Metals

include: ts with acids to form salts and water, md1cat1ng its b

0 (sodium oxide): Reac
Na,0 ( Na,0,, + 2HC|(aq)"_—"2NaCI(aq) + H,0

as IC nat
" Ure

Ca0 (Calcium Oxide): Reacts with water to form calcium hydroxide (Ca(OH),), , b

It reacts with acids to form salt.
Ca0; '+ HOy —— Ca(OH)Z(aq)

€a0; #:2HC Gy = CaClz(_aq) + Hzom

3. Amphoteric Oxides
Amphoteric oxides can react both with acids and bases, displaying both aci i ang
n baslc

properties. These are oxides of some metals. Examples include:

Al20s (Aluminum Oxide): Reacts with acids to form salts and water, and with bases to
0 fom

aluminates.
With acid (HCI):

MOy + 6HCly ——— 2AICL,, + 3H,0

' (aq) "
With base (NaOH):

'Al_zomf INaOH,,, + 3H,0, — 2NaAl(OH)4(aq,

Sodium aluminate
Zn0 (Zinc Oxide): Reacts with acid
With acid (HCl): cids to form salts and water, and with bases to form zincates.

In0, + 2HCl

With base (NaOH): (2q) ZnCIZ(aq) t Hzou)

Zn0
o F MO, -« HOL — Na,[Zn(OH),]
Sodium zincate
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Nitrogen, Sulphur and Metals

—/
7.5 General characteristics of metals

tals exhibit various chemical properties based on their reactions with different substances,
including dilute acids, cold water, steam, and oxygen.

reactions with Dilute Acids

Metals react with dilute acids to form a salt and hydrogen gas.

Metal + Dilute Acid ——— sait
Hyd
Example with Hydrochloric Acid + Hydrogen Gas

Mgy, + 2HCl,, —— MmgCl
Metals like potassium and sodium react explosively.

Metals like magnesium, ?inc and iron react steadily, producing bubbles of hydrogen.
Metals such as copper, silver and gold do not react with dilute acids. '

200 * Hyg

Reactions with Cold Water
Reactive metals react with cold water to form a metal hydroxide ahd hydrogen gas.

Metal -+ Water ———— Metal Hydroxide + Hydrogen Gas
Example :
2Na;, + 2H,0, — 2NaOH,,, + Hye)

Metals like potassium, sodium and calcium react vigorously, sometimes explosively.
Metals like magnesium react slowly with cold water, but faster with hot water.
Where as Metals like zinc and iron do not react significantly with cold water.

Reactions with Steam
Metals react with steam to form a metal oxide and hydrogen gas.
Metal + Steam ———— Metal Oxide + Hydrogen Gas

Example .
Fe, + H0 » Fej0,, + 4Hy

Metals such as potassium and sodium are typically not tested with steam due to violent

reactions. 4
Metals such as magnesium, zinc and iron react readily.
But less reactive metals like copper do not react with steam.

Reactions with Oxygen

Metals react with oxygen to form metal oxides.
Metal + Oxygen — Metal Oxide

Example
Mg, + O — 2MgO,

Metals like potassium and sodium react rapidly, forming oxides and sometimes peroxides or

superoxides. :

Metals like magnesium, aluminium form a protective oxide layer, which prevents further
reaction. .

Metals such as copper oxidize slowly, often forming a patina over time.

Metals like gold, platinum do not react with oxygen under normal conditions. _
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e

ries

ctivity series based on their observeq | \
e tgymuped into four groups. eactions Wity a
Wiy |
Reactive Metals ¥ |
1. Highly t vigorously with cold water, steam, and acids, releasing hyd
R Calcium (Ca) Ogen
jes: Potassium (K) Sodium (Na), gas.
&ampmm cold water: Form hydroxides and hydrogen gas.
®

2Ky + 2HO09 — 2KOHq) + Hyq)

7.5.1 Reactivity s€

With acids: Form salts and hydrogen gas. ! ‘ ﬁ
K + 2HClpg — 2KClag) + H,g i

2. Moderately Reactive Metals . |
These metals react: , ; : j
ter. : |

owly or not at all with cold wa
: :leactymth steam to form oxides and hydrogen gas. jj

React with acids to form salts and hydrogen gas. |
Examples: Magnesium (Mg), Aluminium (Al), Zinc (Zn), iron (Fe)

J
. With cold water: Limited or no reaction (e. g Mg reacts very slowly). !{
With steam: Form oxides and hydrogen gas.

|
Mgs) + HOgp — Mgo(s) + Hz(s) : ‘ . . |

e With acids: React more slowly compared to highly reactive metals.
‘ Mg + 2HClag — MgClz(aq) + Hyg |

3. Less Reactive Metals
These metals: - '
«. Do not react with cold water or steam.
¢ React slowly or not at all with acids.
Examples: Lead (Pb), Copper (Cu), Silver (Ag)

¢ With cold water: No reaction.
‘e With steam: No reaction.

* With acids: Lead reacts slowly with strong ac1ds, while copper and silver do not react, '
4. Unreactive Metals

These metals are least reactive and do not react with cold water, steam, or acids under
normal conditions. ;

Examples: Gold (Au), Platinum (Pt)
Reactivity Series (Simplified Order)

Potassium > Sodium > Cal
Silver > Gold

L s s o

- ewr e el el = e

cium > Magnesium > Aluminium > Zinc > Iron > Lead > Copper”

This arrangement reflects their decreasing reactivity with acids, cold water, and steam.
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_ Unit 7: Nitrogen, Sulphur and Metals

et

Activity 7.1:

Exploring Metal Reactivity :

Objective: Students will explore the reactivity of different metals by conducting simple
experiments and then arrange the metals in order of their reactivity, from most reactive to
least reactive.

Materials Required:

o Small strips or pieces of various metals (e.g., Magnesium, ch, Iron, Copper)

o 4 Test tubes or small beakers

« Dilute hydrochloric acid (HCl) solution (safely diluted for the grade level)

« Sandpaper (to clean metal surfaces)

« Water

« Safety goggles and gloves

o Activity worksheet

Procedure:

Introduction to Metals and Reactivity:

Introduce the concept of a reactivity series.

1. Cleaning the Metals:

Give each student or group of students a small piece of each metal and a piece of

sandpaper. Ask them to clean the surface of the metal to remove any oxide layer, making

it shiny.
2. Setting Up the Experiment:
"o Label each test tube or beaker with the name of the metal.
o Place one piece of metal into each test tube. ‘
» Add enough dilute hydrochloric acid to each test tube to cover the metal.
3. Observation:

e Askstudents to observe what happens to the metals when they come into contact with
the acid.

* Encourage students to record their observations on the activity worksheet. They
should note any bubbles (indicating a reaction), the speed of the reaction, and any
other changes.

4, Arranging the Metals:

» Based on their observations, students will arrange the metals from most reactive to
least reactive on their worksheet.

e Guide them to understand that metals that reacted vigorously (produced a lot of
bubbles quickly) are more reactive, while those that reacted slowly or not at all are
less reactive.

5. Discussion:
Discuss the results in the class. Ask students why they think some metals reacted more
than others and how this relates to the metal's position in the reactivity series.
6. Safety Considerations:
* Ensure that all students wear safety goggles and gloves during the experiment.
* Remind students to handle the acid with care, even though it is dilute.

* Supervise students closely during the activity.
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Concept Assessment Exercise 7, 4

t this experiment with a new metal, wh
If you Wfts‘mv before starting the experiment? o Steps
to predict the reactions of magnesium and copper in hydrochq ¢ agy
2. Compare in their reactions tell you about ther positions in g . <K
4 ds;ﬂ":ence’ \ts observed that a metal did not react with h

ct {4
Yarochigrye " Serg

L) c ?
his result is due to the metal's low reac aciq.
you confirm whether t tvity i e Y
emmn? an experiment to test the reactivity of metals using Pe %
4, xpen

a diffe
sulphuric acid. What changes would you make to the Procedyre rent aciq

»ang y, S
would you expect?
/’
« PAN is a stable molecule at lower temperatures and can trave| long distap
atmosphere. o _ the
« Nitric oxide (NO) and nitrogen d1ox1qe (NO,) play important roles in the for
acid rain through both direct and catalytic processes. ‘ Matigy o |
« Nitrogen dioxide and Sulphur dioxide are significant precursors

* Binary compounds of elements with oxygen are called oxides. ;

* Acidic oxides typically form acids when they react with water. They are the .-
of non-metals. : ‘ OXides

* Basic oxides form bases when they react with water. The

Y are the oxig
* Amphoteric oxides can react with acids and bases, displaying both a
properties.

* Metals react with dilute acids to form a salt and hydrogen gas. :
Reactive metals react with cold water to form a metal hydroxide ang hydrogen gas

R

€s of nlétals
Cidic ang basic

EXERCISE
1. Multiple Choice Questions (MCQs)

i. What is a key component of photochemical smog formed by the reaction of NO ang
NO, with unburned hydrocarbons?

a) Sulfuric acid b) Peroxyacetyl nitrate (PAN)
c) Carbon monoxide

d) Ozone
ii. Which of the following is the balanced equation for the production of amnionia in the
Haber process?

a) Ny, + Hyg = NH, ) b) Ny, + 2Hyp = 2NH;, )

<) sz ¥ 3H2(g) e 2NH3(g, d) 2N2(g) * 3H2(s) o 2NH3(2)

iii. What are the sources of hydrogen and nitrogen in the Haber process?
a) Water and air b) Methane and air
C) Methane and water d) Water and methane
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umt / N‘tfcgen, sulphur and Metals

talyst is used in the Haber process?

jchca b) V.
W platinum anadium(V) oxide
a) o : d) Nickel
¢) what temperature is the Haber process typically conducted?
o M 300°C b) 450°C
a)- d) 200°C

¢) "a + is the symbol equation for the conversion of sul
vi- ! the Contact process?
g + Oy = S0y b) Zsoug) * Oy =250
=2 %) d) 250, + 0y =250

phur dioxide to sulphur trioxide

a) 5020
S 202(3). din the C 3@
i, Which catalyst is used in the Contact process for the conversion of SO, to 502
vi 'a [ron b) Ve‘anadium(v) oxide
¢) Platinum  d) Nickel
. What are the sources of sulphur dioxide in the Contact process?
vm-a) gurning sulphur or roasting sulphide ores °
b) Burning methane
0) Electrolysis of water
d) Combustion of natural gas
How do atmospheric oxides react with acids and bases?
a) Forming a salt and water
b) Forming an acid and a gas
c) Forming a base and hydrogen
d) Forming a salt and hydrogen
Which of the following oxides is amphoteric?
2) 30, b) €O,
C) Cu0 d) Al203

ix.

2. Short Answer Questions

i.  What is peroxyacetyl nitrate (PAN) and how is it formed?
ii. Describe the role of NO and NO, in the formation of acid rain.

iii. Write the balanced equation for the production of ammonia in the Haber process.

iv. What are the typical conditions (temperature, pressure, catalyst) for the Haber
process?

v.  How is sulphur dioxide produced for the Contact process?

vi. State the balanced chemical equation for the conversion of sulphur dioxide to
sulphur trioxide.

vii.  Describe the role of vanadium(V) oxide in the Contact process.

viii. What are acidic oxides? Give two examples.

iX.  What are basic oxides? Give two examples.

X~ What is meant by amphoteric oxides? Provide examples.

Xl Evaluate the environmental impact of acidic oxides like SO, and CO,.
Xii.

Fvaluate the significance of controlling the emission of oxides like NO, and SO, in
Industrial processes.
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3, Long answer QU a1 impact of

1.
2.

3.

nitrogen oxides in the at

the and acid rain. :
Explain onphO‘OChem‘Ka' 9‘"m’°gludm the chemical reaction, source, 5" ", |
’ nce in the production of ammonia, "‘(t.,'
phuric acid production, detai|;

R
the
pescribe the ctants, and the industrial cong e

es of rea itions
fons involved, the sourc and amphoteric oxides with “”tab(u‘e":mu

t acidic, basic, e
ses like the Haber and Contact processes ey
4 what measures can be taken to minimize they Fibygg h
in the formation of acid rain. How dq lhe; im“tt?
direct acid formation and the °Xidatr;m
of

bl and it; significa
ess for sul

. es
do industrial Proc
o tal pollution, an

re the roles Of NO and NO;

ical behaviours cont
ur dioxide?
Analyse the classificat

oxides like CuO are €O
character of the element i

ribute to both

ion of oxides. why are oxides like 50, considered , Cidic
nsidered basic? Discuss how the metallic or non-metayg '
nfluences this classification. ic

THINK TANK

Lain why gold and platinum aré often used in jewellgry despite their high cost
lEfxg new metal was discovered and found to react with steam but not Coldv;
¢ in the reactivity series? Justify your placement. ater,

where would you place i '
Give the expected reactivity series from the following data for the following three
metals. Justify your placement. -

Metal A ‘
a. Reaction with Cold Water: Reacts slowly, producing hydrogen gas.
b, Reaction with Steam: Reacts vigorously, producing hydrogen gas and white
oxide.
c. Reaction with Dilute Acid: Reacts quickly, producing hydrogen gas.
Metal B ,

a. Reaction with Cold Water: No reaction.
b. Reaction with Steam: No reaction.
c. Reaction with Dilute Acid: Reacts slowly, producing hydrogen gas.
Metal C
a. Reaction with Cold Water: No reaction.
b. Reaction with Steam: No reaction.
c. Reaction with Dilute Acid: No reaction.
4. How can the knowledge of basic oxides, such as Ca0, be applied to neutralize acidic
: gollutants in industrial wastewater treatment?
6. E:::ua:e t:e chofce of 450°C and 200 atm for the Haber process.
7. : luate the environmental impact of acidic oxides.
. Evaluate ifi { eci i
. the significance of controlling the emission of oxides like NO; and S0; It
industrial processes,
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Name and draw the structural and displayed formulae of unbranched alkanes, alkenes, |
alcohols, and carboxylic acids. ( include but-1-ene and but 2-ene, propan- 1 ol, propan- .

2-0l, butan-1-ol and butan-2-ol).

' State the type of compound present given the chemical name ending in-ane, -ene, -yne, e
-0l, or -oic acid or from a molecular, structural or dlsplayed formula, 4

Pame and draw the displayed formulae of the unbranched esters which can be made
a’L D’:] unbranched alcohols and carboxylic acids, each containing upto four carbon g
5. : £

S
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L e —

r

. d compounds, which are f
study of carbon ba§e : Ung
r)l(iti:satti?:us in 3arious industries. Understanding the Structureg enty to
lecules is crucial for fields such as medicine, matert Drop‘Erti
lalg SCigy,.* g 1

8.1 Structural Formula : ' g

Organic chemist
have diverse appti¢
reactions of organic mo
environrnental science.

la shows how different atoms are joined up or arrangeq ;

al formu ’ ;
A stmc:rl:; You can represent structural formulas in two ways. You can e : mOl%le
i condensed structural formula. Sa gy
structural formula or as a played

A displayed formula is a full structural formula that shows all Fhe bonds bet
a molecule as individual lines. The l?onds are represented by lines. The Strength or i aton, A
indicated by the number of lines. Single bonds are reprgsented by one line, Double be ong,
represented by two lines. In some mo!ecutes, Fhree l1ne§ are possible, These Pt 0 Sarg
very useful because they show as much information as possible about the Molecyle, ° e

WQEH t e

Methane is the simplest alkane. Othef examples of alkanes are ethane, pro

Pane,
The displayed formulas of methane and ethane: butane e

H H
H l :
H—(‘:—H ' H—CI?—<|:~H
| :
H H H
Methane Ethane -

Note that displayed formulas are always drawn with the molecule straj
flattened. They, however, show exactly how all the atoms are joined togeth
structural formula.

ghtened out ang
€r in a condengeg

However, they are very large and time-consuming to draw. Condensed structura

to solve this problem by omitting some of the bonds and grouping some
together.

| formulas try
of the atoms

8.1.1 The normal way to draw a structural formula

Except for the smallest molecules, drawing a fully displayed formula is very time-consuming.

You can simplify the formula by listing the main chain carbon atoms and the hydrogen atoms
attached to them in the sequence they appear, for example, CH, or CH, instead of showing all

the carbon-hydrogen bonds. 50, the structural formula for methane could be written as CH,
and that of ethane as CH;-CH, or as CH,CH;,. |

f H H H H H
il e B ol
| H H—C—C—H H—c——cI:———T
d fli l ||4 H H

Methane Ethane
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Unit 8: Organic Cheiry ™

-

The condensed structural formulas of these alkanes are

GHy -y CH;CH, p CH;CH2CH3

A condensed of normal structural formula uses established abbreviations for various
roups of chains. In the displayed formula, we list the main chain carbon atoms and
the hydrogen atoms attached to them in the sequence in which they appear in the
naming system. It means that a condensed or normal formula is a simpliﬁéd version

g oinits, 3008, A6 ALY Ehe bonds: involves grouping atoms that are connected to
the samé carbon atom. ,

For instance,

H—C

Shown as CH; (Methyl)

'y an CH, (Methylene)

CH3"_- CHZ——'CH3
or CH,CH,CH,

lable 8.1 Shows the condensed structural formulas of alkane.

rable 8.1: Condensed or normal structural formulas of some alkanes

HRL o

ey

i CHjCH,CH,CH; P
Pentane CsHyz |  CH;CH,CH,CH,CH, \
Hexane " CHy | CHCHCH,CH,CHyCHy 2
Heptane CHy | CH,CH,CH,CH,CH,CH,CH, \
Octane .| P B0 A CH3CH, CH,CH,CH,CH,CH,CH; \
Nonane Colpo  CH;CH,CH,CH,CH,CH,CH,CH,CH;
_Decane | e 1 —:"Eﬁ;cuzCHZCHZCHZCHzcnzcrlzcuzcm |
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Unit 8: Organic Chemistry

. Alkenes have one or more double bonds b

Example 8.1

Give the displaced and normal structural formula for pentane,

Probiem Solving Strategy

i) The stem pent -means five carbon atoms.

ii) The ending -ane indicates an alkane.

iii) Write a string or chain of five carbon atoms.

iv) Attach hydrogen atoms to the carbons to give each carbo

three hydrogen atoms on each end of carbon and two each ON others ds, Thig .
V) For the structural formula, write each carbon atom’s set of thng.en" "t
oy,
Solution %
C-C-C-C-c¢
Displayed formula
T
TR
H Hod il |L

Normal Structural formula (Condensed Structural formula)

| CH, - CH, - CH, - CH, - CH,
Or CH3CH2CH2CH2CH3 or CHB(CHZ)Z’aCHB

Concept Asséssment‘ Exercise 8.1
nd structural

8.1.2 Structural formulae for alkenes

etween carbon atoms. They have the geners
are two pai_rs of electrons, they form a doubl
Doubly bonded carbon atoms form a single bon

formula C,H,,. When two carbon atoms sh
covalent bond between the carbon atoms.
with two other atoms.

H_ | i I
A= W e
H H H H

Ethene | Propene
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82

o ! and condensed formulas for:

But- 1 'ene
t_z.ene

ateg
ol\/mg Str‘lt y
e sans four carbon atoms.
put- ™ ene indicates an alkene.

i godin . string of four carbon atoms and assign a numper to each carbon atom f
om from one

il G- ) written in the name indicates the Position of the ¢

u £ o
i Thsbre bond between the indicated carbon atom and the atom ne):t)l:gl:?t bond. Make a
iftach enough hydrogen atoms to the carbon atoms to give each cart;on atom four
[Vl bondS- ‘
normal or condensed structural formula write each ¢
il F ";r;gzn atoms next to the carbon. ch carbon atom’s set of
hy! ,
SO|Uﬁ0n
y Bt d between C-1 and C-2
pdicates double bond between L-1 and C-
1 2 3l
Cc C C C
cC—C——C——C
H H H.
\ [ |
/C=C—C—C-—H
H I
H H H
CH; = CH— CH;— CH; |
b But-2-ene

Indicates double between C-2 and C-3

1. 2 3 4
C——CmCrR

e
Hr sl ~ e
H H

s oy
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8.1.3 Structural formulae for alkynes

rbons which have at least one triple bond between carbon
Those with one triple bond have the general formula CoHzna. 8

Ethyne, also called acetylene is the simplest member of the g Ay
carbon atoms share three pairs of electrons. This means the carbon amily, In

et
bond. How many hydrogen atoms can share electrons with each triply e € oy
i < : ded Ca b“ M
The structure of ethyne is ey m
‘ ' H-C=C-H

Example 8.3
Draw structural and condensed formulas for:
Draw structural formulas for

(a) But-1-yne (b) But-2-yne
Problem Solving Strategy
(i) But- means four carbon atoms.
(ii)  Ending-yne indicates an alkyne.
(i)  Write a string of four carbon atoms and give number t -

side. © €ach carbon aton, form o
(i)  The Number written in the names indicates the position of the tri

. < : et

triple bond between this Carbon atom and next to it. Fiple bong. Make
(v)  Attach the required number of hydrogen atoms to the carbon

carbon atom four bonds. atoms to give e
(vi)

For the normal or condensed structural formula write each carbon atom’s st ¢
hydrogen atoms next to the carbon.

Solution .

0 ccd.cl.¢

c=_c ¢
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Una: Orlac Chemistry

|-

H H

Ci-—- =Ca—_c‘
H H
| \

i g
; !

Displ‘ilyed formulas provide a clear view of how atoms are connected and can reveal

structural isomers and the spatial arrangement of atoms.

condensed formulas are more concise a_nd used when detailed bond information is
4 not required, offering a quick way to write the structure of a compound.

. 1
Key Differences: . *

/"-

8.2 Naming Orgahic Compounds

me IUPAC (International Union of Pure and Applied Chemistry) system provides a
gandardized set of rules for naming organic molecules based on their structure, which helps
chemists and researchers accurately identify and differentiate compounds regardless of
language or region. This systematic approach avoids the confusion that can arise from the use
of common or trivial names, which may vary widely and lack specificity. Additionally, IUPAC
names convey important information about the molecular structure, such as the type and

position of functional groups, the length of carbon chains, and the presence of double or
triple bonds.

Recall that functional groups serve as a basis for naming organic compounds. A functional
¥oup serve to classify organic compounds into different classes. All the compounds with the
Sn:aee ftunctional group belong to the same class. The name has two parts. Each part of the
iy ells you something specific about the molecule. One part tells you how many carbon

S are there in the longest chain, This part is called the stem. The other part tells you

namet tT: funcFional group. This part is called a suffix. It is indicated by the ending in the
+ 1€ suffix is placed after the stem. (see Table 8.2)

P e

TN
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PR name, 1 IR AN 0 CON At i G
Carbaon athane s named A% nethane, CH, "N ane il

"4,
o The sutfix, tndicates Alkane R
\\

T Stew, Indicates the imber o Ca
Table 8.2 Shows stem names )

I “%

Melh B

) ~ |

M, {

J‘bﬁk:‘v‘-‘\l :

AT A B R SN MO WSRO, My L AT ilh 3 - iy “h\‘\ |

Rt N

e e e T 4 o T \

e P 2 A e e SAND 5 h . )

. M\\

TN A —— 6 ) ‘w.-%uvm%&‘
I R— BRSO 3 Wcia 7 .

w‘ T — Sy

—— Fo e Ty a \

Non ;““"\
ma—-— """‘h'!h-__ “""'M

Dex b —— 10 \\
. )

8.2.1 Naming Alkanes \

are joined ¢
Covalent bonds, Their names are coded with the ending “-ane", Addi:g:::h (onee wi Shye
the name of alkane. For example;

m befom ane
One carbon alkane is methane, CHy, Two carbon

Three carbon alkanes are propane, CHyCH,CH,
containing 4 carbon atoms?

F

alkane is ethane, CH\CH,
and so on, What is the name of an
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shown in their

A B pon chain containing a carpq
(K ing alkene is n ;
A exa™P _arbon chaining "M ProDene, CHyCHy=chy e vy ed ethene,

Name by the ending “ene”

con
es -car n-
Carbon double

of What will be the name of

i JCHy ining 4-carbon atoms?
1 Con

nllm 1CH2=2CH3CH24CH3
‘ But-1 -ene
Jouble pond is starting on the second carbon, then thé alkene is némed-
| 1CH32CH=3CH4CH3
But-2-ene

u know from which end of the longest chai 0
. How do YO : £ 2N numbering is done? '
NoTﬁ;ul dr emember the rule that numbering is started from the end which give:eth:(:ntar;::;'
pU° o the name. | |

mber
ming Alkynes

832'3 Na i :
in a carbon-ca_rbon triple bond. This is shown in their name by the ending
2-carbon chain containing a carbon-carbon triple bond is named ethyne

H-C=C-H

jcarbon chaining alkyne is named propyne, CH:C=CH. What will be the name of the alkene
cntaining 4-car
yith larger chains,
Numbering is starte
hnd starts from. For example,

aumber 1 is named;

bon atoms?

the position of the triple bond is indicated by numbering the chain.
d from the end nearest to the triple bond, noting which carbon the triple
a 4-carbon chain with a double bond starting on carbon

'CH = 2C*CH,*CH,
But-1-yne

fithe triple bond is starting on the second carbon, then the alkene is named;

'CH,*C = *C*CH,
But-2-yne
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concept Assessment Exercise 8,3

o rieal formula of an alkane contaip
’;nniml formula of an alkene containip,

pame rd carbon.
the thi
bond starting ?;or the following compound

3. Which name is CHCHCH = CHCH,

86

-

Ca
.ca

Mt.z‘ene

or

Pent-3-ene

formu

la of an alkyne containing 6-carbygy, at

8.2.3 Naming Alcohols

‘ f the hydroxyl
i Zed by the presenC? 0“ e ' SfOu
Alcohols are charaCTt:ifs‘ is shown by the ending “ol” in their names

hydrocarbon chain.
the ug” Of alkane con
For example; one carbon

Alkane

Methane

Ethane
CH,0H

Methanol

- 3CH,2CH,'CH,0H

taining the same number of carbon atoms g replac
lkane is methane, so the name of one Carbop

e to ol
—_—

e to ol
—_—

e to ol

—_—

p('OH)
While
ed p
alcoh0

at

'hrf,?th‘dlu
Y the
i

L
tayh
b

Alkanol
‘Methanol

- Ethanol
CH,CH,0H
Ethanol

'CH,2CHCH,

l
OH
Propan-2-ol

Propan-1-ol

ConceptAssessment EXercise dia

1. Write the name, display and structural formula of an alcohol-contai
with -OH group attached to a second carbon atom.

. Write the structural formulas of the following alcohols.

(a) Butan-1-ol (b) Butan-2-ol

ning 4-carbop iy

N

Hint: Write a string of relevant numbers of carbon atoms and number them from one i
Attach OH group on the indicated C-atom and then complete the structure by H-atoms.



https://v3.camscanner.com/user/download

Unit 8: Organic Chemistry

Carboxylic Acids

in ed by the
am charaCteﬂl y presence of ca
aN e PONC group COOM attacheq

ds by endi
8 ﬂl cham' " their
i oRarbon S i ug” of the name of the corr - a‘km"’::t;k\:fhﬂe naming
i hY",C acids " s s replaced by “olc acld". For example; "ing the same
W
w of €2 a —ﬁ o
-G-oH ok CHy-CH—-on
(hanoic 8cid E:P tic e Propancic acid
ViFormic acid] Bl [Propionoic acid)
are prackets are common names of these compounds.
wi in squ 0

o * carbont carbon (/}3'\) is not mentioned in the name, because it is
0 always

ition ing always starts
” pos;: arbon 1 i.e. numbering ys from the carbonyl carbon atom in naming
aytic acids 5 R
(@ (o] [<]8 ment Exercise 8.5

Y

: - ~ame, displayed and structural formulae of
f Wr‘:ining AEabon aere. :

con 4 the class of each of the following compounds from their names. Also,
3 lde.nut)ri\'eir displayed structural formulas and condensed structural formulas
wntez-ol, pentanoic a

a carboxylic acid

cid, Pent-2-ene, Pentane el

pent-

8.3 Esters

organic compounds that are derived from carboxylic acids and alcohols. Carboxylic
fters 4 COOH group(carboxylic group) and can be represented by the general formula

: tain - s 4 ‘
cids con OH of the carboxyl group is simply replaced by OR group from an alcohol an

_ When , e
RCOOH formed. It has a general formula RCOOR. The reaction is carried out in the presence
eler 8 f dilute sulphuric acid as a catalyst. This reaction is known as esterification

o a few drops O 7 :
action. Esters possess a fruity odour. Both R and R may be the same or different.

CHCOOH + CHOH  —  CHCOOCH; +  HO

Ethanoic acid Methanol Methyl Ethanoate  Water

Their names have two parts, which reflect these two molecules. The first part indicates the

tached alkyl group from alcohol and the second one is the name of carboxylic acid, the -ic

%id is replaced with -ate. For example, methyl ethanoate gets its name from the methyl
¥ of the parent methyl alcohol, while ethanoate is obtained by replacing the -ic acid of

Krent ethanoic acid with -ate.

(8 CamScanner


https://v3.camscanner.com/user/download

. a8 2
«ment Exercise .6
’ ,i.:!w*“',"-J

EXERCISE
1. Multiple Choice Questions (MCQS); | .
i. Which of the following correctly represents the formula for bUt-Z-ene?

a) C'.I}(:'-{—_—(:"-lCH3 : b) CH2=CHCH2CH3
¢) CH,CH,CH=CH, d) CH,C=CHCH,
ii. Given the molecular formula CH,,0, which compound is most likely to pe ey
by this formula? ;
a) Butanoic acid b) Butan-1-ol
c) But-2-ene d) Butanal
iii. Which of the following is the correct IUPAC name for the compound with the fom;
CH,CH,CH,COOH?
a) Butanoic acid

b) Propanoic acid
~ ¢) Butanal d) Butanol

iv. Identify the statement which is true regarding the propan-1-ol and propan-2-ol.
a) Both have identical condensed structural formula.
b) They have the same molecular formula.

Z))I;ney are different compounds with the same structural formula.
fopan-1-ol is a carboxylic acid, and propan-2-ol is an ester.

'
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c) ¢ the following molecules contains ap “OH functy
Which 2 ane b) Ethene onal groupy
i a)) !gutaﬂ""’l ic acid" c:]) e
c ds in "-oic acid’, what funct;
ound €n clional groy
L ire G b) ~COOH P MUt it containy
Rt a) :C—’- d) —-C=C-
Wh?t):h formula corresponds to an ester that coy|q be formeg from byt
yiil: hanoic cid? CH,COOCH l il A
eth?™ ) cH,CH;CH; . bCHcooew, ey oy
a) CH,CH,COOH \ 4 e,
C) CH3CH2CH2 2 2 : d) CH3CH2COOCH3
h Structural formula represents butan-1-g|?
ic
it .Whla) CH,CHzCHZCHZOH b) C.H3CH2CH2CHZCOOH
c) CH; CH, CH=CH, 9) CH; CH=CHn,
.+ the compound based on the following information:
; mzﬂ:;g name ends with "-ol". 185 the formqla C?Hao
an ) Propanoate b) Propan-2-ol
) Propane - d) Propanoic acid
- which of the following names is incorrect for the given formyla?
i Y ut-2-ene: CH;CH,CH=CH, b) But-1-ene: CH,=CHCH,CH,
¢) Butane: CHyCH,CH,CH, d) Butan-2-ol: CH,CH(OH)CH,CH,
Answer Questions T
L S-hortpefin e the term displayed structural formula in organic chemistry.

i
i
i,

vii,
Vi

Explain the difference between an alkane and an alkene,
How can you distinguish between an alcohol and a carboxylic acid by their structural

formulae?
write the name for CH,—CH,—~CH,—CH,~CH,—OH.

Describe the process of esterification.
Given the condensed structural formula CH;CH,CH;, what is the displayed structural

formula? .
Give displayed structural formulae for (i) Ethanol (ii) Ethanoic acid

Identify the type of organic compounds from the given names. And give the normal

structural of each compound.

a. Propyne

b. Propanoic acid

¢. Propan-2-ol

d. Methyl propaoate

Identify the type of compound given the name "but-2-ene”.

e
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: f Dul’ NS ¥ Y.y
/ qral formi? © " e gy \}
the strc putanoate. &N

praw : ¢ .
X them yed fOﬂ“ a OCH COOCHICH], identlfy the alCOhOl and
_(=C~CH;, identify the COMpoung ’%\
onverting butan-1-olinto butq.:nd !

Ny Y
pathway {07 € ne, "y

tions: unctional groups in organic chemist
1, Longo?;ﬁ; the sigmﬂcance of f Y ang Dro\,ide
. : cohols, and carboxylic acj
examples qiffere acids by l

. can
il How ural formulae?

action petween an alcohol and a 'carboxylic acid to f &
il Explain the re ical reaction process for fc?rmlng esters from alcohg, an S5tg,
iv. BXP ' acids Draw the structural and displayed formulas of the esstand :

o . . er fo

s d.
| and propanoic aci
ethan0 ethyl methanoate, ethyl ethanoate, and buty| by

uired to produce these esters.
nce of the suffixes -ane, -ene, -yne, -ol, ang -0l¢ s
ds. Provide examples of each with their molecyla, gy

' and displayedm!

tiate alkenes, 2

%king a [}“

Meg
tanOa
te o
£ GWE[}!

vl COmpare.the functional groups of esters and carboxylic acids. Yse specify
; : C Eme

to illustrate your answer. .
pevlp a el 1 helps you to determine the type of organic COmpoup

its structural formula (having two carbon atoms) and functional groups, dbaSedm

THINK TANK

1. Develop a flowchart or decision tree that helps students determine the ¢
organic compound based on its molecular formula and functional gr°”bs Ype of
2. Given the molecular formula C;HsO,, draw all possible structural formul.a\s and |

identify the type of compound.

viii.
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(g includes a doubl .

onding in alkene inc e carbon-carbon
e unsaturated hydrocarbons. covalent bond and that
ke’ p e manufacture of alkenes by the cracking of large alkane
pesc”’ eture and a catalyst. .
i mp"gra e reasons for the cracking of large alkane molecyles,

; o distinguish between saturated and unsatura
pescr with aqueous bromine and KMnO,. |
rea‘”.gz he properties of allfenes In term of addition reactions with, a) bromine or
Descnus promine, b) hydrogen in the presence'of nickel catalyst, ¢) steam in the presence
aqueo d draw the structural or displayed formulae of the products

fan acid catalystan . .
gscribe using symbol equations, preparation of alkenes by elimination reaction in
e ’

hamgenoalkanes and alcohols. iz oy

6, alkynes as hydrocarbons containing triple carbon-carbon covalent bond and that
ar Z are unsaturated hyd rocarbons. '
Slg:be the use of ethyne as fuel for welding and in artificially ripening fruits.
pescribe separation of pet'roleum mtg useful fr.actions by fractional distillation.
pescribe how the properties of f ractions .obtamed from petroleum change from bottom o
the top of the fractionating column, llm!ted to: a. decreasing the chain length b. higher
yolatility c. lower boiling point d. lower viscosity.
Name the uses of the fractions as: a. refinery gas fraction for gas used in heating and
cooking b. gasoline/petrol fraction for fuels used in cars, c. naphtha fraction as a chemical
feedstock, d. kerosene/paraffin fraction for jet fuel. e diesel oil/gas oil fraction for fuel
used in diesel engines, f. fuel oil fraction for fuel used in ships and home heating systems,
. lubricating oil fraction for lubricants, waxes and polishes, h. bitumen fraction for
making roads.
Name fossil fuels; coal, natural gas and petroleum.

lame methane as main constituent of natural gas. 2
State that petroleum is a mixture of hydrocarbons, compounds containing hydrogen and

molecules using a high

ted hydrocarbon by their

carbon only,
G T

e,
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et et e W W

o U the DAL rbons make Up the maje,
- are 0  ways: als for *’*\
e e e e
e O d N
petrolet ..':‘w"""‘“ and Unsaturated Mydrocarbop,
vl 91satura‘°d and hydrogen only.
ut““"“m"'""” uww;ﬂ'mnw
2% s e &1 cﬂwmw butane, etc m,m A
o e, s ¢ O s gl
o e 3097 0L the e
:'M'c.ﬂhﬂ' H
n—-f}""”
H
Methane
MM Which
'U‘"": peaturated hydrocarbons!
= c=C H=C=C—y
7 5 S
H H
- fthene Ethyne
(i) Alkenes
(i) Alkynes

mmutcm-cm double bond are g
wllmﬂhwm ).Oorenmple,ethem.u'wu
that have at least one carbon-carbon triple bond are called alkyna.Thqm,

hydrocarbons
general formula G2, for example, ethyne.

ncept Assessment Exercise 9.1
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9.2 ALKENES

more doub‘e bOﬂdS between r\

or have X ¢
Ve atoms share two | Ethylene o ‘
h’ . ca i m h
ato™ :yheﬂ o form a double bond ':Wm mmm':m
:‘Ma[ﬂﬂzn'tmns, ‘:'sz‘s. How many electrons on:mb

ele pon 307 om? Doubly bonded most farmilar plasiics, |

2 a
f ‘ the :ach car:z;le bond with two other
a

|eﬂ (,ns p Lautomobileran:!laem-,;
iR (Om -
L H H
N, | e
i H Homgpmmgamb,
o / [ H
=0 H H
e |
/ Propene
geher ne
gparatio” of Alke
A ST s .
b e O molecule breakos up into smaller hydrocarbons when heated at high
‘ f yA large 2 uch as 450-750 C and high pressure. This process is called thermal

res S :
temperatl;_his process produces a mixture of alkanes and alkenes. For example, when
1 »

‘aCkmg;ne i< heated at high temperatures and pressure, it breaks into octane and

e.
ethen C,oHaz _— CHy +  CH,
Decane Octane Ethene

kane molecules can also be broken into smaller pieces by catalytic cracking. In

alkanes are heated at 550°C in the presence of a catalyst such as
racking gives a higher percentage of hydrocarbons containing 5 to

' La{ge al :
catalytic cracking,

e, Catalytic €

zeolit
10 carbon atoms.
CiHas i — CH, + CH,,
Dodecane Pentane Heptene
Gy . e CGH, + GH,
Heptane : Pentane Ethene

(acking gives @ mixture of smaller hydrocarbons containing a higher proportion of alkenes.
Tige hydrocarbons are more volatile and possess lower boiling points, making them easier to
% 8 better fuels. Moreover, their combustion can be controlled and they produce large

mounts of heat per gram.
For example, the following reaction occurs when alkanes are burned.

C2H4(8) * 302(g) S ZCOZ(g’ + ZHzo(g) + heat

C5H12(g) * 802(g) __—’ ECOZ(g) + 6H20(g) + heat

/ i
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it 9 Hvdrocm'bum

Alcohols
2. By D!hydn“o:so:oss of water. Alcohols dehydrate whep
Dehydration mea
heated alumina to give alkenes.

W
H—Clz—?—H
N oM

Ethanol

H\C=C,H
+

Al,O
340-450°C

Ethene
Phosphoric acid (H,P0,) and phosphorus pentaoxide (p,0
the dehydration of alcohols. .

Concentrated sulphuric acid is also used for dehydratlon.

CH3—CH; conc. H,SO, s

140-170°c © H2C=CH, + 1

OH A

Note that in a dehydration reaction the -OH

atom from the adjacent carbon atom, resulti
such carbon atoms. Such a reaction is called a

group is removeq from
ng in the format;
n elimination reg
3. By dehydrohalogenation of halogenoalkanes

Dehydrohalogenation means the loss of
Halogenoalkanes on heatin
hydroxide undergo dehydroh

He%, CH=CHy+ KCI + H,0

Ohe
On of 3 ¢

Ction.

hydrogen halide.
g with alcoholic potassium

Alkenes
alogenation.

Ripening
off ethene
ripening,

CH3-(|)Hz+ KOH
c

Note that removal of H a
adjacent carbon atom
elimination reaction?

tomatoes

nd halogen takes Place from two
Is dehydrohalogenation an

S.

Complete the following reactions,
: 170°C
- OH
Br

oy

J Qre

Pay
‘“’\

as the i
at&lyst
ly

ble bo“:

d b
b
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€
0P" ties
() P Propert 4 hy rocarbons. The first three me
1 | rate mber
] ,s“’ unS"’tu e O s members are liquids, and the hj hes i.€. ethene, p
j" fh fgas o ::hr put solubte in organic solvents such as algoh:,l’z:"‘befs »a;e s&p':: and
Pt ™ cies " i
: nY ertl ; :
r:‘ﬁ il Proaﬁoms forming double bond is the site where other mq |
| Chemcarbo:eaction‘ ecules can attack f
1, 0 gitio s .
. loge"
ik wﬂh ha he d e
are added to the ouble bond (3¢=C7). One bromi
~ ine atom be(m

f
{ ine
comin
d carbon and ano.ther car'bon atom. Such a type of reaction i
act with brominé water in the same way Ction is called an

ﬂ" ;
on-
;I{ad#d{eact' H » H . Iil H
/
Cy +Br—Br—> H—(l:,_é_H

/
H
2 ' Br ér

less) (Reddish-brown) 1,2-Dibrome ethane (colourless)

the product is colourless. When bromine water is added
jsappears. The decolourization of bromine solution is
detection of unsaturation. Alkynes also give this

Ethene(colour

h-brown liquid and
n colour d

est for the

jon.
[Ead with KM“O4
ine aqueous solution of KMnO, (1%) addition of

is treated wit
he pink colour of KMnO,the solution is

ross the double bond. T
d as a test for the presence of an

This reaction is use
d is known as Baeyer’s test. This test is used to

ted hydrocarbons do not give this

h a dilute alkal

ups occurs ac

the reaction.
ound like alkene an

ed and unsaturated hydrocarbons. Satura

unsaturate C
distinguish saturat

paction.
+ 2MnO2* 2KOH

3CH2-"—'——=CH2"‘ 2KMnO4 * 4H20————" 3CH2"’—?H2
OH OH
Ethylene Glycol

Ethene

tylene glycol is used as @

plldyJihg reactions:

(CH, +Br, —
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lace in the presence of 'f'i'ultiple‘bo
na e

7 it ute
1 of hyd o takes P

" gdition ati
The ad ;tion- Hydmﬂe" o Hydmgenation can also be done i }, dive
hydf"g;g °C and high preSS ; % preSEaneﬂ b
200- " anperature- ' Ni,200-300°C | ot p?‘*:\
room CH; = CHy * Hy - High Pressure CH; - CH3 o'bq‘

concept Assessmm

Hy d{lﬂon Uf alkeﬂe’

with steam. Phosphoric acid is s
ed ag

n treatment
uced by this reaction. ac
ata{m b
b

¢ alcohol on t

roduc A
Alkenes P oLis commerclallv prod

reaction Ethan
: ey H3 PO, :
CH,= CH, + HOH oo CH3—CH2__OH

Ethene Steam “Ethanol
H;PO
CH,CH=CH, + H-OH ——  CH,~CH,~CH,~0H
Propene  Steam Propanol ;
9.3 ALKYNE

that have at least one triple bond between carbon atoms
are calleg
3

Hydrocarbons
ated hydrocarbons. Alkynes with one triple py
Nd haye t

This means alkynes are unsatur

general formula CyHzn-2-
tylene is the simplest member of the
alkyne famil
y. In
eﬂ'lyne’ therm

Ethyne, also called ace
carbon atoms share three pairs of electrons. This means the carbon atoms a
re joined byat
b

bond.
: H-C=C-H

Commercial Importance of Ethyne

Ethyne has great commercial im

: _ portance. It is also kn

o bl i nce. own as acetyl i

pmducm: anvewetlldztngfl,l metals. When it is ignited in oxygen or air ?tet:fr:sn C‘:nltshcommfmlymed

st flamrz ;)as tc';‘n;ehc.alled oxy-acetylene flame. Its tempe’rature is abouta Bt;lou(]Js?Cm

il 1rg;hest flame temperature of all other fuel gases. Weld (?rd

igh temperatures. Therefore, ethyne is used for this é)urposeng

T s ST

‘_g,.,__k;__m Bl £k
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Unit 9: Hydrocarbon

antage of ethyne is its use in the artificial ripening of fruits. Have you ever seen a
ot containing solid material in your fruit boxes, especially in mango crates? This packet
ppcke  calcium carbide, which on coming in contact with moisture produces ethyne gas.
Confa'" ne promotes ripening and also induces colour changes in fruits. However, its use can
his € oxposure to harmful chemicals, that can cause respiratory issues and other health

ems- ‘
probt . CaC, + HO ——— CH, + Ca(OH),

9.4 pistinguishing saturated and unsaturated hydrocarbons

distiﬂguiSh between 'saturatfed and unsaturated hydrocarbons, you can perform the
A ine water test. This test involves adding bromine water (Br: in water, which is an
brol:'g'e_brown solution) to the hydrocarbon and observing the colour change.
ord

",rocedure
Add promine water to the hydrocarbon sample.

2' observe the colour change.

ations
Saturated hydrocarbons (alkanes) will not react with bromine water. The solution will

remain orange-brown.
Unsaturated hydrocarbons (alkenes and alkynes) will react with bromine water. The

solution will decolourize (turn colourless) because the bromine reacts with the double or

triple bonds.

Symbﬂ' Equations
n alkene (unsaturated hydrocarbon)

For a
Ethene reacts with bromine to form dibromoethane.
H\ /H T ’i'
/C=C + Br—Br—» H—C—C—H
\
H H ||
Br Br

Ethene(colourless)  (Reddish-brown) 1,2-Dibrome ethane (colourless)
Ethyne reacts with bromine to form tetrabromoethane.)

Br Br
H—C=C—H + 2Br, —— H—C—C—H
r r
Ethyne Bromine 1,1,2,2-Tetrabromoethane
(colouriess) (redish brown) (colourless)

For an alkane (saturated hydrocarbon)
C,H¢ + Br, — Noreaction

(Ethane does not react with bromine water, so the colour remains unchanged.)
This test is effective because the presence of a double or triple bond in unsaturated
hydrocarbons allows them to react with bromine, breaking the bond and forming a dibromo

‘ompound, which is colourless.

(& CamScanner
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Unit 9: Hydrocarbons

' test is another method to distinguish between say,

rateq a

Them?az:tr\s This test involves using a cold, dilute alkaline, aqueoys s°‘ution u"satura 1
t[;:;‘;n'tanganate. KMnOa (1%), which is purple. of D%S“‘m |
Procedure : _ i ' |
3. Add a few drops of cold, dilute alkaline, aqueous KMn i SOlUtIOn‘tO i h |
. ‘ . |

Sy § lour change °Carh% |
4. Shake the mixture and observe the colou ge.
Observations '

saturated hydrocarbons (alkanes) do not react with KMnQ

le. , :
. S:zturated hydrocarbons (alkenes) react with KMnQ,,

colourless as the permanganate ion is reduced to ma

4 and the solumJn :
O
i

causing the Solutigp, 0
nganese dioxige (Mng become

: ity

precipitates as a brown solid. 2, Whigy
Symbol Equations
For an alkene (unsaturated hydrocarbon):

3C;Hs + 2KMNO4 + 4H, 0 —— 3C2H4(OH)2 + 2Mn02 & IKOH
(Ethene reacts with potassium permanganate, resulting: in the formation of ethane. { S f
manganese dioxide, and potassium hydroxide. The solution turns brown due to Mno, an'd'l‘-‘ho{,
Oseg

its purple colour.) : : :
Alkynes do not react with cold 1% alkaline aqueous solution of KMnO, (Baeyer's 3 gent).

Activity 9.1

To distinguish between saturated (butter representin
unsaturated (vegetable oil representing an unsaturat
the reaction with bromine.
Materials Required
* Vegetable oil (e.g., olive oil or sunflower oil)
» Butter or lard
 Bromine water (a dilute solution of bromine in water.
' corrosive; handle with gloves and under supervision)
Two small glass containers or test tubes
-« Droppers or pipettes
» Safety goggles and gloves
» Lab apron
* White paper or white tiles
* Tongs or test tube holders.
* Fume hood or well-venti
Safety Precautions

L]

g saturated hydrocarbon) and !
ed hydrocarbon) hydrocarbons based on

CAUTION: Bromine is toxic and

(to better observe colour change)
lated area for safety

Ensure all students wear safety goggles,
Conduct the experiment in a well-ventil
Explain the hazards associated with bro
inhaling or contacting the solution.

gloves, and lab aprons.
ated area or fume hood. directly
mine water and the importance of not

Ly
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: Uﬂit9: Hydrocarbons : . g

e

m,cgdure
, Pour a small amount (about 5 mL) of vegetable oil into one glass container or test

tube.

., Place a small piece of butter in another glass container or test tube.

. lLabel each container appropriately (e.g., "Vegetable Oil" and "Butter”).

., Using a dropper, add a few drops of bromine water to each container.

, Observe and note the initial colour of the bromine water (orange-brown).

observations
Gently swirl each container to mix the contents:

o Vegetable Oil (Unsaturated Hydrocarbon): The bromine water will react with
the double bonds in the unsaturated hydrocarbons, causing the orange-brown
colour to disappear or lighten. This reaction occurs because the bromine adds
across the double bonds, forming a colourless dibromo compound.

o Butter (Saturated Hydrocarbon): The bromine water will remain orange-brown
in colour, indicating no reaction. Saturated hydrocarbons do not have double
bonds, so they do not react with bromine under these conditions.

Discussion
. Ask the students to discuss their observations:

« Why did the colour of bromine water change with vegetable oil but not with butter?
. What does this indicate about the types of bonds present in vegetable oil and butter?

9.5 Fossils Fuels

Where does most of the energy used today come from?

Fossil fuels are natural energy sources. Fossil fuels are a non-renewable energy source. It is
believed that they are formed from the remains of ancient organisms. They include coal,
natural gas, and petroleum.

9.5.1 Coal

Coal is a material usually found in sedimentary rock deposits where rock and dead plant and
animal matter are piled up in layers. It can be burned for fuel and used to generate
electricity. Coal is the leading source of energy in the world. Because coal takes millions of
years to develop and there is a limited amount of it, it is a non-renewable resource.

9.5.2 Natural Gas

Natural gas is a gaseous mixture of hydrocarbons that occurs naturally. The main component

of natural gas is methane, but there are also small amounts of other high-alkanes such as
“ethane, propane, and butane, as well as trace gases such as carbon dioxide (CO:), nitrogen

(M), hydrogen sulfide (HxS), and helium. Natural gas is used extensively for heating,

electricity generation, and as a fuel for vehicles and spacecraft.

9.5.3 Petroleum

The name petroleum is derived from Latin words, petra meaning rock and oleum meaning oil.
It is also known as crude oil. Petroleum or crude oil is a thick dark liquid composed mostly of

(&Y CamScanner
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Unit 9: Hydrocarbons

hydrocarbons. Natural gas, usually associated with petroleum depo ‘
methane. It also contains significant amounts of ethane, Propane, ang but,a consim

Petroleum is extracted by drilling holes into the eartr_fs crust where it 5 foung o
made through the rocks, natural gas comes out first with great Pressyre when |
pressure subsides, crude oil is extracted by pumps. & pc Mg

9.6 Separating crude oi| Bihe

Refining is the process of separating crude oil into usable Products, - :
contain a group of hydrocarbon molecules that have similar chain leﬂgthe "Serl . |
points, and condense over a range of temperatures. These groups of hYdrocs’ si""'lar %u%
fractions. This means that each useful fraction consists of a c°mbinata1r ns arebmli"!
hydrocarbons that boil at a specific temperature. Qil refining takes lon of diﬁcau@q
temperature fractionation tower, where the temperature at the top of thp ace in 5 ;’_‘-‘ht
than at the bottom of the tower (see figure). Crude oil is heated yp, e he' ‘tower is COll 5
furnace to a temperature of 400 °C. The oil is then passed through 3 diStillati] Pressyrg id‘T
vapour rises. As the hot vapour move up the tower, it condenses intq di(:?c Na
according to the boiling point. Compounds with the highest boiling Point co ere
bottom, compounds with the lowest boiling point at the top, and non_bof\lfiense neafthe
collect at the bottom (see Figure 9.1). Therefore, crude oil is di Wing

vided i <om
% s o3k A= ¥y 1nt0 sey ra ’
Each fraction has its specific boiling range and composition. How Many fractiong . Faction

- Liquefied Petroleum gag
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Unit 9: Hydrocarbons

7 physical properties and uses of petroleum fractions are given in the tabie 9.1
sle 9 1: Fractions of petroleum and their uses ;
T - per o arbo . .
petrOV gasoline TS AU S : ’ | 35-70 T : Fuel for motbr cars

: ;md \(ehicles

g : : “Fuel for jet planes,
Ke,osenel paraffine 10-16 | 170-250 fuel for heating,
: g - o . ks lighting and cooking

Er Lubricants for

: 5 X . machines and -

| Lubricating oil 20-50 350-500 engines, waxes and
g . Fol _ ; : \ polishes

Paving roads and

Bitumen More than 70 More than 500 making roofing
: ‘ : materials

As the length of the hydrocarbon carbon chain increases, the strength of the 'intgnno\ecular
force also increases. Bitumen has the longest carbon chain, highest boiling point, highest
viscosity, lowest volatility, and darkest colour. As you move from bottom to top. The ch-air
length of carbon atoms in different fractions gradually decreases. Thus, their boiling point
and viscosity also decrease. However, the weakening of the strength of the intermolecule
forces increases the volatility of the fractions. For example, refinery gas (LPG) has tt

shortest carbon chain, lowest boiling point, lowest viscosity, and highest volatility.

Concept Assessment Exercise 9.5

(& CamScanner
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Unit 9: Hydrocarbons

KEY POINTS

EXERCISE

1. Multiple Choice Questions (MCQs) : ‘ |

i What Alkenes have one or more double bonds between carbon atoms? They R
general formula C,Hz,. When two carbon atoms share two pairs of electrong
form a double bond between the carbon atoms. How many electrons are lef w,'m

carbon atom? (Lt
a)2 b) 3 o1 d)4
ii. The type of bond present between the carbon atoms in alkynes is:
a) Single covalent bond b) Double covalent bond
¢) Triple covalent bond : d) Saturated covalent bond
iii. Alkenes are classified as:
a) Saturated hydrocarbons b) Unsaturated hydrocarbons
¢) Aromatic hydrocarbons d) None of the above

iv. Cracking of large alkang molecules requires:
a) Low temperature and pressure  b) High temperature and catalyst
¢) Low temperature and catalyst  d) High temperature and high pressure

V. Which of the following is a product of cracking large alkane molecules?
a) Carbon dioxide b) Alkenes '

c) Water d) Hydrogen

vi. The‘chemic_al test to distinguish between alkanes and alkenes involves:
a) t’mewater b) Bromine water
: Z)l tmus paper d) Universal indicator
- a)kgi'r\\et Contalln which type of carbon-carbon bond?
gle covalent bond b) D I
¢) Triple covalent b ) Double covalent bon

d) Saturated covalent bond

_/\

(&) CamScanner
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viii. Ethyne is commonly used for:

a) Cooking b) Welding
¢) Fuel for cars d) Heating

ix. Fractional distillation separates petroleum into fractions based on:

a) Density b) Boiling point
c) Viscosity d) Solubility
x. Which property increases as you move from the bottom to the top of the fractionating
column? '
a) Volatility b) Chain length
¢) Boiling point d) Viscosity
xi. The gasoline/petrol fraction from petroleum is primarily used for:
a) Jet fuel b) Heating
c) Car fuel d) Chemical feedstock
xii. Doubly bonded carbon atoms form which type of bond with two other atoms.
a) Single b) Double
c) Trible _ d) Non

2. Short Answer Questions

i.  Describe the bonding in alkenes.

ii. ~ What are the conditions required for the cracking of alkanes?

iii. Why is the cracking of large alkane molecules important in the petroleum industry?
iv. How can you test for the presence of an unsaturated hydrocarbon?

v.  Write the symbol equation for the preparation of ethene from ethanol.

vi. What type of bond is present in alkynes?

vii. Name two uses of ethyne.

viii. What is the principle behind the fractional distillation of petroleum?

ix. How does the boiling point of fractions change from the bottom to the top of the
fractionating column?

x.  List two uses of the naphtha fraction obtained from petroleum

xi. How can you distinguish between propane and propene?

xii. In a refinery, large alkane molecules are cracked to produce smaller alkenes and
other hydrocarbons.

a. Explain why alkenes are considered unsaturated hydrocarbons. Write conditions
for cracking.

b. Write the symbol equation for the cracking of decane to produce ethene and
octane,
c. Why cracking of large alkanes is necessary in the petroleum industry.
d. Propose a method to increase the efficiency of the cracking process.
xiii. Ethyne (acetylene) is a hydrocarbon used as a fuel for welding and in artificially
ripening fruits.
a. Explain why ethyne is considered an unsaturated hydrocarbon.
b. Explain why ethyne is an effective fuel for welding.

._.m,.._.,._,‘.
vt O
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ential health risks associated with the Use of
eth

he pot
piscuss e ing fruits:
in hod for ripening fruits tha, ™ fo,
"t dog

i g
do P s no
ethyneé: enes are considered unsaturated hydrocarbons t'n\,%!

V. pxplain why abol equation for the cracking of decane (CmHn).

W, Wite the ofinery 8as fraction is more volatile than the
M Explain why the I fuel 0][ fra
: cﬁqn
er Questrons . o .
3, Long AnS'W e prOCES of fractional distillation of petroleyp, i
g E’(plalrrlies of fractions changé frol’:ﬂ th? bO':tom 10 Hie Lop or the,franc!ud"hg
o7 ¢ the significance of cracking in the petroleum Industry , Ct‘Q“atin Yo
ji. Discus t and for various hydrocarbons. Nd gy, 8 col%t:‘
g:;:‘igi th reparation of alkenes bly ehmir_\atiofn reactions from i it help‘ ‘.
ii. - balanced chemical equations for each 0ge N
alcohols, providing b Process, n°alkanesa
- "t
THINK TANK
{, Compare the economic benefits of producing alkenes via cracking versus
S il CXtracy;
rectly from ' ude ol : _ Ctin
2 g;scﬁbe the chemical properties gf fathy‘ne that make it suitable for weld: %them
3. i a laboratory, you need to distinguish between a sample of hedmg.
: pescribe the test to distinguish between them. : €xane ang i
; e
o o )
=
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o Describe the manufacture of ethanol (This can be done by discussing- fermentation of
aqueous glucose at 25-35°C in the presence of yeast and in the absence oxygen.-
catalytic addition of steam to ethene at 300°C and 600kPa/6atm in the presence of
an acid catalyst including a comparison of the advantages and disadvantages of the
two methods.

Describe the combustion of alcohols.

Discuss the applications of alcohols as fuels, including their advantages over fossil
fuels.

Explain the role of alcohols in various industries such as pharmaceuticals, cosmetics,
and fuel production.

s Discuss the impact of alcohols on daily life, including their uses as solvents and

disinfectants.

L_‘M.mm..;_....—; T ot _._..,...-T-J
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in chemistry that contains at least ope
9! Shoshol. 1 30 Srgen SOMGOUE r}"rhe class of organic com ; Toxy f "
group attached to a saturated carbon atom. Pounds "'\"'QN .
hydroxyl functional group attached to a hyd
many different types of alcohols, ranging from simple,

for example, methanol (CH,0H), and ethanol (CH,CH,OH), to complex alcgpy

cholesterols, etc.

| Uit 10: Hydroxy Compounds

rocarbon chain are called .a‘COhor:h

Ny

like -~

10.1 Manufacture of Ethanol

1. Making ethanol by fermentation

When aqueous glucose is mixed with yeast and left for several days at 25-35 o¢
of oxygen. Enzymes present in yeast convert the glucose into ethanol and carbo

process is called fermentation.
cﬁthoMaq)
glucose

——

and low energy levels,

2CH,CH,0H g +
ethanol

The fermentation process produces 10-15% ethanol. The yeast is ki|leq be

concentration. The ethanol is separated from the mixture by fractional distil|

gives 96% pure alcohol also called rectified spirit. The remaining 4% of wat

removed by fractional distillation. Rectified spirit is converted into 100% pyre

using a dehydrating agent such as concentrated H2S04. This method uses renewap|,

in the
n di()x‘de e
* Thi

2col(g)
carbon dioxide

Yond
ation, thi

€thang|
e reSOUchs

2. Making ethanol by the hydration of ethene |
Ethanol is produced when steam is added to ethene at 300°C and 6000kPa/¢ atm., in the

presence of phosphoric acid as a catalyst.
CH=CH,,, +. HO
ethene

(g)
steam

Only 4% of ethene is converted into ethanol. The ethanol produced is condensed int
and unreacted ethene is recycled in the process. By repeating these steps 96% et
produced. This method uses non-renewable resources and high energy levels.

H,PO,

CH,CH,OH

300°C, 6atm i

ethanol

0 liquid
hanol i

e 1 4 . TR on st | 7 4 P R Jigeroty ey | - 3
Table 10.1: Comparing hydgation and fermentation

P 1

o Joniydration of ethene

The raw material is ethene, which comes from
crude oil (non-renewable source)

The raw material is glucose, which comes from
plants such as sugar cane (a renewable source)

Continuous process (efficient) - the reaction

occurs as long as the reactants are constantly
provided

Batch process (less efficient) - all the reactants
are mixed in a reaction vessel and left for several
days to react. A new reaction is set up when the
first batch of reaction is over

Is a fast reaction

Is a slow reaction

Produces pure ethanol

Produces impure ethanol, so needs further
processing

Requires high temperature and pressure, so needs
a lot of energy

Requires moderate temperature, so less energy
required
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Unit 10: Hydroxy Compounds

10.2 Combustion of Alcohols

Alcohols are flammable organic compounds. They burn in the air due to the presence of a
hydrocarbon chain. Just like fossil fuels, all alcohols burn in the presence of oxygen to form
carbon dioxide water and release energy. This feature makes it possible to use alcohol as a -

ruel. In countries where there is no oil industry, ethanol produced by fermentation is used as
an alternative fuel to imported oil. g

CHOH  + 20, —— (€O, + 2H,0 + heat
CH,CHOH + 30, ——— 200, + 3HO + heat

10.2.1 Application of Alcohols as Fuels

Methanol has been used as an alternative fuel for cars. However, it has a low energy content
as compared to gasoline, diesel, or ethanol. So, methanol reduces the driving range of the
vehicles. Ethanol, on the other hand, is a more useful fuel. It produces about two-thirds as
much energy per litre as gasoline. Ethanol has a higher octane number than gasoline. Petrol -
plended with 10-20% ethanol is used in many countries, for example Brazil. This mixture is
commonly known as gasohol. Ethanol not enly increases the octane value of fuel but also cuts
down the formation of carbon monoxide aid other smog-causing emissions. Moreover, ethanol
is a renewable energy source. Whereas, fossil fuels are non-renewable energy source. At the
same time, pollution is a major disadvantage of fossil fuels. ‘

According to recent studies conducted at Harward, USA, corn-based ethanol reduces
greenhouse gas emissions by roughly 40-50%. :

The disadvantage of using alcohols as fuel is that it can corrode certain materials used in
engines. This is due to their much hygroscopic nature than gasoline, so, they absorb
significant amounts of water from air. , iy :

ls in the pharmaceutical industry

Alcohols have many important roles in the pharmaceutical industry. Some of these are: -

e As solvent alcohols such as ethanol and isopropanol are used as solvents. Ethanol is used in-
the production of herbal extracts and homoeopathy in the preparation of liquid potencies.

e Alcohols are also used for sterilization and disinfection of equipment, surfaces and
pharmaceutical manufacturing areas. Isopropyl alcohol or isopropanol are especially
useful for disinfecting, and sterilizing, as they can kill or inhibit the growth of many
microorganisms. . _ Al

 Alcohols exhibit rapid antibacterial properties against vegetative bacteria, viruses, and
fungi. So, they are used in medicines as an antiseptic, and disinfectant, in' tropical
pharmaceutical formulations such as creams or lotions. : ‘ :

e As a solvent alcohols diffuse active pharmaceutical ingredients through the skin, which
makes them easier to administer and more effective. »

» Some alcohols, such as ethanol and isopropanol are also used as antiseptic agents in
making disinfectant wipes to kill or inhibit the growth of harmful microorganisms. Alcohol
swabs are also used on the skin to disinfect the skin before injection or before surgery.

R it st
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Unit 10¢ Hydroxy Compounds

‘ | in the cosmetic indygt
: ~lcohols in the € stry
vole of alco
10.4 Ro

the cosmetic industry because of its a”“bacten
in

ed in hygiene products such a¢ docy’ 3Nt
ualities. It is uS ; 'i{_
antimicrobial, and anmungarlfgmes’ and skin lotions. Alcohol: kfep cosmetjc n:n“. y
care products, tonrr:i'onpind prevent them from separating. It also inCreaseg the al’
formula
together in a
properties of a product.

10.5 Impact of

Alcohols significantly impflcl
disinfectants. Their chemical p

tributin
sehold contexts, con '
:::d in household and industrial cleaners,

ants are widely used and play an important role in

Ethanol 1s widely used

alcohols on Everyday Life Public Health

ity i ir diverse applications a.
daily life through the ons ag
t ro;erties make them invaluable ir\ mEdical, indusvte-nts ang
g to health, ‘hygiene, and convenience, Alcoh arnal' ang
paints, and inks. e ‘"’de(y
Alcohol-based disinfect

o i ions, €S $ ? s 2 X
f:ﬁ.:;f;::z them easy to use in a variety of applications, improving the
rap

ffectiveness of many products. Alcohols are effective in sanitizing surfac
e ' '
especially in healthcare settings.

Controuin

pecially during pandemics such as COVID-19. Alcohglg’ solubi 8 the

efficien and
es a

nd hands
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.Enzymes present in yeast convert the glucose i_nto ethanol and carbon

~ absence of air. This process is called fermentation.

" The fermentation process produces 10- 15%.

;;‘.:o Ethanol is produced when steam is added to ethene at 300 °C and
~ inthe presence of phosphoric acid as catalyst ethanol.

= 96% pure alcohol is also called rectified spirit.

e Ethanol is used in the production of herbal extract

preparation of liquid potencies. :

~» Alcohols exhibit rapid antibacterial
- fungi. Petrol blended with 10-20% e
* Ethanol has a higher octane numbe

dioxide jn the

at 6000kPa/ ¢ atm

and homoeopathy in the

properties against vegetative bacteria,

: viruses, and
thanol is commonly known as gasohol. :

r than gasoline. Ethanol h i
 than gasoline, § as a higher octane number .
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EXERCISE
ple Choice Questions (MCQs):

ultt
{. ?? what 15 the optimal temperature range for the fermentation of glucose to produce

ethanOl?
2) 0-10°C b) 25-35°¢C
0 50-60°C e : d) 70-80°C

" which org.anlsm is used in the fermentation Process to produce ethanol?
a) Bacteria b) Yeast :
c) Algae : d) Molds

i, What is the c§talyst used in the catalytic hydration of ethene to ethanol?
a) Sulfuric acid : b) Hydrochloric acid
c) phosphoric acid . d) Nitric acid

iy, What is the primary by-product of ethanol fermentation?
a) Methane 'b) Oxygen
¢) Carbon dioxide : d) Water

v. Which of the following is a major advantage of using ethanol as a fuel?
a) High cost : b) Non-renewable
c) Clean burning - d) Low energy density

vi. What is the chemical formula for ethanol?
a) CH;0H b) C,H,
c) C;HsOH d) C;H,0H

vii. Which process requires high pressure and temperature for ethanol production?
a) Fermentation ~ b) Catalytic hydration
¢) Distillation . d) Sublimation

viii. Ethanol combustion primarily produces:
a) C0 and H,0 b) CO, and H,
¢) CO, and H,0 _ d)COandH,

ix. What is the disadvantage of ethanol production through fermentation?
a) High-temperature requirement b) Slow process
c) High-pressure requirement d) Uses non-renewable resources

x. Which industry uses alcohol extensively as a solvent?
a) Agriculture b) Pharmaceuticals
C) Mining d) Construction -

. 2, Short Answer Questions:

i
ii.
iii.
iv,
v,
vi.
vii,

What is the chemical equation for the fermentation of glucose to ethanol?

Name two advantages of producing ethanol via fermentation. -

What catalyst is used in the catalytic hydration of ethene to ethanol?

List two disadvantages of the catalytic hydration method for ethanol production.
What are the primary products of ethanol combustion?

Why is ethanol considered a renewable fuel?

How is ethanol used in the pharmaceutical industry?
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_ al benefit of using ethanal as a fuel
ihe oNe mr(m “
. What rwio industries where alcohols are used as solvents,
.. ::;‘: the chemical equation for the fermentation of glucose,
:"; tvaluate the environmental impact of the two ethanol production

slcohols are considered cleaner fuels compared to foq
. Sy ey penefits of using ethanol as a fuel in interna| “H;‘

e

%

yiv. Discuss the e
compared to gasoline. Whﬂ
Describe how ethanol is used in cosmetic products. 'N,,.

.

yvi. Explain the role of alcohols in the pharmaceutical industry,
yvii. Evaluate the environmental jmpact of the two ethanol production Methoy,
ancwer Questions!

. ¥ Long An

i Compare and contrast the fermentation and catalytic hydration

tion, including their advantages and disadvantages, Methods of M
ji. Explain the combustion process of alcohols and discuss why they e
cleaner fuels compared to fossil fuels. CMN
i, Discuss the role of ethanol in fuel production, highlighting its benefits iy
challenges. m’"“d

iv. Describe the impact of alcohols on various industries, including Pharmac
cosmetics, and household products. M"-‘ﬁ,

v. Analyse the overall impact of alcohols on daily life, considering thejr e
solvents, and disinfectants, and discuss potential health ang envi -
implications. TOnMenty

vi. Compare the advantages and disadvantages of the two methods of ethanol
production in terms of energy efficiency, cost, and environmental impact,

vii. Analyse the impact of replacing traditional fossil fuels with alcohol-based fuels in
terms of emissions and energy efficiency.

viii. Evaluate the feasibility of switching to ethanol as a primary fuel source for
transportation in your country.

ix. Evaluate the impact of widespread use of alcohol-based disinfectants on public
health and the environment

THINK TANK

1. Assess the potential economic and environmental impacts of shifting from fossil fuels to
alcohols as primary fuels. !
2. Which raw material is better for the production of ethanol, glucose or ethane? Give
reasons for your choice. :

3. Evaluate the impact of the widespread use of alcohol-based disinfectants on public health
and the environment.

4. Develop a strategy for promoting the use of alcohols in the cosmetics industry,
emphasizing their benefits.
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Describe the reactions of carboxylic acids with metals, bases, and carbonates
including names and formulae of the salts produced. i e

« Describe the formation of ethanoic acid by the oxidation of ethanol w1th ac1d1ﬁedfi’f’;;,_r.,.;
aqueous potassium manganate(Vll) and by bacterial ox1dat|on durmg wnegar L
production. : ooty

« Describe the reaction of a carboxylic acid with an alcohol usmg an aqd catalyst to o 0
form an ester. i Sm i s

s Describe the industrial applications of carboxylic ac1ds and esters, mcludmg thelr use
as solvents, flavours, fragrance, and plastics. Trrabe

« Explain the role of carboxyiic acids and esters in daily hfe, lncludmg thelr use m food
preservation, cosmetics, and pharmaceuticals.
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At 11 Carboxylic Compounds

organic compounds that contain carbon-oxygen double bonds Cc=o

The
compounds. There are many types of carbonyl compounds, such a

PR nds in which carbonyl carbon ; de by
carboxylic acids, etc. Carbonyl compour NS Attache, ety M
: : t
(hydroxyl) group are called carboxylic acids 0For example ed ; :'} "4
2 g 0 &
H-C-OH CH;-C—OH CH-CH-{L_. \
. . i 'd ~
Methanoic acid Ethanoic aci Propangie . -

[Formic acid] - ~ [Acetic acid] [Pr OpiOnolig acig ‘

acid]
i on names of these co

ame shown in square brackets are comm Mpoung
gr'ganic compounds which contain a carboxyl group (—COOH) functionaf ' :

called carboxylic. acids. Aliphatic carboxylic acids have the oup

molecule are - : LI
attached to an open chain of carbon atoms of alkyl group. Aromatic carboxylicC:r!aox gtr:mr

. : s ci u
carboxylic group with phenyl or anyt group. - Hharg the

They may be represented by the general formula R—C—0H"
where R = H or any alkyl or aryl group.

1113 For'mat-ion of Ethanoic acid

1. By the Oxidation of Alcohols

Ethanol is readily oxidized to aldehyde, which further oxidizes to carboxylic ..
the presence of oxidizing agents such as potassium dichromate o poac1d§ in
permanganate(VII)' in an acidic medium. This process is fast byt . tassiyp,

oxidizing agents. - _ trong
¢ : H o

- (0]
‘ KMnO,/H S0,
"R é - Jom- R—&—H
; | Oxidation ;
H
0 KMnO,H,SO (|)
Il n0,/H,30,
R d R——é-——-—OH
Oxidation )

The oxidizing agent provides nascerit oxygen for the oxidation of alcohol. In the first step
oxygen an atom removes two hydrogen atoms from ethanol to form water and ethanal, |n thé
second step, the oxygen atom oxidizes ethanal into ethanoic acid.

CH,CHOH, + [0], —— CH,CHO, + H,0

Ethanol Ethanal
CH,CHO,, ~+ [0], ——— (CH;COOH,
~ Ethanol ‘ ~ Ethanoic acid

2. By the Bacterial Oxidation of Ethanol

Ethanol can be converted into vinegar by the action of micro-organisms called acetobacter i

an aerobic environment. The reaction is catalysed by enzymes produced by acetobactel

bacteria. ; v

CHCHOH, + 0,, —— CHiCOOH,, + H:0,

-—

T T S TR
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. entation is complete when the ethanol
me“frm ed by tasting or by measuring the acetic

g’ tains about 4.8%
yinegar con acetic aciq.
cdal; uses renewable resources, This process s slow but environmentally
frien™’

's fully converted to acetic acid. This can be
acid concentration using titration.

0
the carbonyl (—&——) and the hydroxyl

roup is retained. However, the reactivity
carbonyl group.
actions,

) groups: In most reactions, the Carboxyl g
(,O e molecules is due to the presence of the
of rt;o wylic acids undergo the following types of re

e 0

e reaction in which the hydrogen atom of the carboxyl group (—3—0—H) is involved

i) salt formation).
The reaction in which the
j The reactions involving the carboxyl group as a whole (~COOH).
Reaction involving H-atom of the

1. of carboxylic acid)

m —OH group is replaced by another group (—OH).
ii

carboxyl group (Acidic properties

Carboxylic acids are weaker acids than mineral acids. They produce H'ion when dissolved in -

O——0O

m H20 “ s +
O—ty s + R—C O + H
(Carboxylate ion) (Proton)

R

Reactions with bases

Carboxylic acids react with strong bases (NaOH, KOH) to form salts

CH4COOH,, + NaOH,,— ., cH

Acetic acid

b) Reaction with carbonates and bicarbonates

carbOXY“C acids decompose carbonate and bicarbonates evolving carbon dioxide gas with
effervescence-

CH3COOH(aq)+ NaZ_COS(aq)
CH,COOH,,+ NaHCO,,

sCO0Na,,, + H,0,

Sodium Acetate

2CH iCOONa,,+ CO, + H,0,

CH4COONa  +CO,,+ H,0,

(aq) (aq)

© Reactions with metals

Carboxylic acids react with active metals such as Na, K, Ca, Mg etc to form their salts with
the evolution of hydrogen gas, ‘

2CH,COOH,,+ 2Na,

Acetic acid :

(aq)

2CH ,COONa,, + Hyq

Sodium Acetate
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he OH groupP of carboxylic acid
e

! sters)
ation of Bn cohol in the presence of conc, syl hu

ificati C
“tion is named “Esterification reaction» . :cid 5
d act as flavouring agents. Su_ch area Ction 3 s s
tion of a small molecule like water i cal\(vhich
. _ i

2. Reaction involving t

Reaction with Alcohol {Preparatic g
When a carboxylic acid is heated V;'; o8
catalyst and esters is formed ?nd t s an
usually significant for their fruity sm

: ; limina
two molecules combine with the eurr :
i jon.
condensatlgn reac; w R g o
st —' — +
I . + H——“O""R'(aQ)‘—_’_’- Ester (aq) H20
R—C—OH,). h
Carboxylic acid : o
O Conc H2304 II

H3C——g—-OH + H—0—CoHsaq) P Ethyl acetate 2"5(eq) Hzom

(aq)
Acetic add Ethanol

e

&

Complete the following reacti
i 1. CH,COOH, + CH;0H )

2. CHCHCOOH,, + Nay ——
3. HCOOH,y + NaHCOuq 77

on;émd write the names of reactants and products,
— :

Activity 11.1 e
Studying and analyzing the reactions between vinegar (acetic acid) and two different
substances: sodium metal and sodium carbonate.
Materials Needed:
o Vinegar (acetic acid, CH,COOH) :
+ Small pieces of sodium metal (Na) (Caution: Sodium metal is highly reactive and
~ should be handled with extreme care under the supervision of a qualified instructor)
 Sodium carbonate (Na,C0O;) ‘
« Two small beakers or glass containers
o Droppers or pipettes
» Safety goggles and gloves
Safety Precautions
» Ensure all students wear safety goggles, gloves, and lab aprons.

» Explain the safety hazards associated with handling sodium metal and
reactions that release gases.

» Conduct the experiment in a fume hood or a well-ventilated area.

» Sodium metal should be handled only with tweezers or tongs and kept away from water,
Introduction to Chemical Reactions

* Briefly introduce the concept of chemical reactions, reactants, and products.

* Discuss the properties of vinegar (acetic acid), sodium metal, and sodium carbonate.

* Explain that vinegar is an acid that can react with metals and carbonates to produce

performing

different products.
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Unit 11 Carboxylic Compounds

cedur® ;

mu:,rt place a small piece of sodium metal in 3 dry beaker
Usiﬂgla dropper, carefully add a small amount of vinegar to the beaker with sodium
metal.

hqer‘mtwn .
0 ., Reaction: The sodium metal reacts vigorously with vinegar
’

fizzing.

Gas Released: Hydrogen gas (H
formed in the solution.

i3l Equation:

emical

ch 2Na,, + 2(‘.H3co()|.|(a.q !

producing bubbles and

2) is released, and sodium acetate (CH,COONa) is

— 2CH.CO
yssion Points: 1L00Na,,, + Hyy

Dis‘; why is hydrogen gas released?
Discuss the safety concerns of handlin

i 8 sodium metal and why the reaction is
exothermic (releases heat).

eaction: Vinegar with Sodis
Procedum:
. Inaseparate beaker, add a small amount (about a teaspoon) of sodium carbonate.
Slowly add vinegar using a dropper until the bubbling reaction occurs.
obsefvaticn: |
. Reaction: Vigorous bubbling and fizzing are observed as carbon dioxide gas (CO,) is
released. ]

. Gas Released: Carbon dioxide (CO,) is released, forming water (H,0) and sodium
acetate (CH;COONa).
 chemical Equation:
NaiCOs' *+ 2CHC00H, = TCH.COONA,) 47 G0,
piscussion Points: : ;
« Why does carbon dioxide gas form?
. How can we identify the gas released?

" 1. Describe the chemical reaction for the oxidation of ethanol to ethanoic aci
; acidified potassium manganate(VIl). :

. 2. Explain the role of bacteria in the production of vinegar from ethanol.

| 3. Write structural formulas for the following compounds.

1. Ethanoic acid  b) Propanoic acid

using

A o
C LEers

= e g fo €
O R R

Phdd dan

Carboxylic acids and esters have many industrial applications.

1. Methanoic acid commonly known as formic acid is used in the textile industry as an acid-
reducing agent.

2. Ethanoic acid commonly known as acetic acid is used in making plastics and esters.

(8 CamScanner
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”;used in making soaps and detergents,

alts o U0 © ing medicines ke aspirin,
used

A0 acid 18 used as industrial solvents.

fthandi acids are used in both processed f
chomytic ative and is

Many ural preserv

carbo
is a nat as industrial solvents.
CW::MW‘C ’dd‘u: ;:::e preparation of perfumes and artific
:gmﬂc mn:msomum benzoate are used in the food indyst
a
genzoic 3¢id

0ods 5

4 drings,

ial

ry the ESSences
. : p ;
; widely useq for rmaceut
al care industry. These are \ Making 5 ic
and the m hwashes, lipsticks, anq facial cleansers, Esters enh:n:::’ Jeuie:*
e RS s oy o
o e texture o they are widely usectin meking lotions ang ¢ camg, 1r0h
suﬂracetah'e greasy feel of products. der. It reacts with carbonates in d ; B
0 ;‘eadr:;c acid is used in baking powder. 8 o the baking
10.
industry. for dyes, glues, inks for permanent Markers
industrial solvents ’ > And whyy
11 Eters are "o
markers. used for making car spray paints, varnishes and nail polish FeMover.
12. Esters are ing polymers called polyesters, which are useq ¢
3, Esters are used to making polymers *hike Plast
; 'bottles canes, and textile clothing fibers. i

i

g agents 1

Structure Name ] : ‘
CH,COOCH,CH,CH(CH), isopentyl acetate ‘M i
CHCOO(CH,)CH, octyl acetate —_m |
CH,(CH,),CO0CH,CH, ethyl butyrate i Pineapple 4,
CH,(CHy),CO0CH, methyl butyrate ‘M |
HCOOCH,CH(CH,), isobutyl formate m ;‘

11.4 Everyday uses of Car
Ethanoic acid solution (5%
Vinegar is used to make

boxylic acids
) is used as vinegar, 1
pickles, flavouring food, and dre

ss salads, :
NS ascorbic acid is used to reduce the smell of fish and flavouring food,
Ascorbic acid is also ysed ag vitamin-C, |
Benzoic acid ang its salt sodiy

to inhibit the growth of bacte

!
:
:
:

m benzoate are used as Preservatives in food and beverages
ria and fungi.
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i.

il

iv.

what is the product of the reaction between ethanoic acid and sodium carbonate?
a) Sodium propanoate b) Sodium hydroxide
¢) Sodium chloride d) Sodium acetate
which catalyst is used in the esterification reaction between a carboxylic acid and an
alcohol?
a) Potassium manganate(VIll) b) Sulfuric acid
¢) Sodium hydroxide d) Hydrochloric acid
what is the main component of vinegar? :
a) Ethanol *b) Methanol
¢) Propanoic acid d) Ethanoic acid
what gas is produced when a carboxylic acid reacts with a metal?
a) Oxygen b) Carbon dioxide
c) Hydrogen d) Nitrogen
Which compound is formed by the bacterial oxidation of ethanol?
- a) Methanoic acid b) Propanoic acid
¢) Ethanoic acid d) Butanoic acid

Vi,

yineg® =

carbo!
with €

carboxylic ol
’ weet-s
psters are >

G

Unit 11: Cabpxyllc Compounds

s casiiienur }

.

0 3 ;
n scter in an aerobic environment.

_oar contains about 4-8% acetic acid
¢ acids react with bases (NaOH, KOH) to form salts

ffervescence.

enacC :
d ester is formed.

melling organic compounds.

 compounds in 'which carbonyl carbon is attached to the -0

cafbcoarl‘{ed carboxylic acids il bl ¢
2::3 | can be converted into vinegar by the action of micro-organisms called
acet

C acid; decompose carbonate and bicarbonates evolving carbon dioxide gas
arboxylic acid is heated with an alcohol in the presence of conc. sulphuric acid

ds are used in the preparation of perfumes and artificial food essences. -

£

EXERCISE
Jltiple Choice Questions (MCQs)

What type of bond is formed between a carboxylic acid and an alcohol duh'ng »

esterification?

a) lonic bond b) Hydrogen bond

c) Covalent bond d) Metallic bond
vii, Which of the following is an example of a c’arboxylic acid?
a) Ethanol b) Ethanoic acid
c) Ethyl acetate d) Methanol
N

(8 CamScanner


https://v3.camscanner.com/user/download

Unit 11: (aro_xyﬁ; C

vifl. In the oxidation of ethanol to ethanoic acid, what is the role of Potassiypm,
in
manganate(VIl)? : b) Oxidizing agent
SOt et wth odh i
c) Cata A it jum hydroxide
acid reacts wi
ix. What s produced when ethanoic b) Sodium ethanoate

a; xz:: g:::: = d) Sodium bicarbonate
C

2. Short Answer Questions
i.  Write the balanced chemical

ad;ic‘:int‘)e how ethanoic acid can be formed from ethanol using an OXidizj

iii. What is the role of sulfuric acid in the esterificatiop prOC(?ss?

iv‘ Name the salt formed when ethanoic acid reacts with sodium carbonate

v. How is ethanoic acid used in the food industry?

vi. Explain the industrial use of ethyl acetate. 0 :

vii. Write the chemical equation for the esterification reaction betweep Methang, :
ethanoic acid. : : ' nd

viii. What happens when a carboxylic acid reacts with a base? Provide 3 general Fedet

ix. Describe the bacterial oxidation process used in vinegar production. on.

x.  What are the products of the reaction between a carboxylic acid and 3 metal?

equation for the reaction between ethangic s
_ ~

ii ng agent.

3. Long Answer Questions

i.  Explain why esters are commonly used in the fragrance industry.

ii.  Discuss the industrial importance of carboxylic acids and esters,

iii. Compare the efficiency of chemical and bacterial oxidation methods i the
production of ethanoic acid.

iv.  Analyze the importance of esterification reactions in the pharmaceutical industry,

v.  Compare the reactivity of carboxylic acids with metals, bases, and carbonates,
Which reaction releases a gas, and why is this significant in practical applications?

vi. Describe how carboxylic acids are used in the food industry, Particularly in fooq
preservation,

vii.  Explain the use of esters in the cosmetics industry and pharmaceutical industry,

viii. Evaluate the impact of carboxylic acids and esters on daily life.

THINK TANK

1. Explain why carbon dioxide is produced when ethanoic acid reacts with sodium
carbonate.

2. Write the balanced chemical equation for the esterification reaction between
methanoic acid and propanol,
3. Discuss the environmental and economic implications of producing ethanoic acid

vi.a thg chemical method (using potassium manganate(VIl) compared to the
b10[0glcal method. , <
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« Define polymers as large molecules built up from many smaller molecules Called .
monomers.

o Identify the repeating units and/or linkages in addition polymers and condensatlon :
polymers.

o Deduce the structure or repeat unit of an addition polymer from a given alkene and

vice versa.

o Deduce the structure or repeating unit of a condensation polymer from given
monomer and vice versa, limited to; a. Polyamides from dicarboxylic acid and a
diamide, b. Polyester from a dicarboxylic acid and a diol.

« Describe the differences between addition and condensation polymerisation.

o State that plastics are made from polymers.

o Describe how the properties of plastics have implications for their dlSposal

¢ Describe the environmental challenges caused by plastics, limited to: a. Disposalin
landfill sites, b. Accumulation in oceans, c. Formation of toxic gases from burning..

o Describe the structure of: a. Nylon, a polyamide, b. PET, a polyester. The full name
for PET, polyethylene tetraphthalate in not required.

o State that PET can be converted back into monomers and re- polymensed :

« Outline the importance of polymers in the textile industry.( Examples for polymers
being used may be given along with their specific properties). : ‘

- et
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Unit 12: Polymes ' ‘

12.1 Polymers

Polymers are large molecules built from many smaller repeating units calle

These monomers bond covalently to form long chains giving po.lymers their up; ue :"0“0"!&3'
Polymerisation is the joining up of many mqnomers to form 'a big mOlt.?cule. °p°rties_
Polymers can be classified into two categories based on their synthesis: additig

condensation polymers.

12.1.1 Addition polymers
Addition polymers are formed by adding monomer units without losing the small

" Monomers usually contain double or triple bonds that open and combine to form z chles‘
The number of carbon atoms in these chains can vary from 4000 to 40,000, Polyme,.
For example; Ethene is the smallest hydrocarbon containing a carbon-carbgn double
Ethene molecules can join together to produce very long chains. Part of the double bbond'
broken, and the electrons in it are used to join neighbouring molecules, This Process s 2nd is
addition polymerisation. ‘ alleg
At high temperatures and high pressures, the monomer ethene joins up to
called polyethylene or polyethene.

n Polym

el Sl
AS / |
c=C i Cc-C
"W i
H Hy,
Ethene Polyethene

Repeating units: For a polymer, a repeating unit is the same as a monomer, except that the
double bond is replaced by a single bond after polymerization. : _ : :
Repeating unit: —CH,—CH,— Polyethylene (PE) consists‘of ethylene monomer (CH2=CH2),
Monomér: CH, = CH, _
For example, Polypropylene (PP) consists of propylene monomer (CH2=CH—CH3),
Monomer: CH,=CH—-CH,
Repeating unit: —CH,—CH(CH;) -~ or —CH, — (llH —_—

CH,
Example: Polyvinylchloride consists of vinyl chloride monomer(CH,=CHCI).

Chloroethene is an ethene molecule in which one of the hydrogen atoms is replaced by a
chlorine atom. It is called vinyl chloride. Ploymerising vinyl chloride gives polychloroethene.
Its commercial name is polyvinylchloride(PYC).

H CI
H\C C/Cl iy A
n £ j—
e
H HJ,
Vinylchloride polychloroethene
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Condensation polymers

12,1,@0“ polymers are formed in a condensation react
een two monomers, a small molecule (often wat

ion where each time a band is
er) is released,

%Sbetw f in a diff t

ymers - addition

gore P;lup and the other —H, then they can be joine:d

; gacﬁon is called a condensation reaction. This t

Eh;deﬂﬁﬁo“ polymerisation.
cation polymers are usually polyamides or polyesters f |

cwd‘:;n al groups (€.8. carboxyl and amino in polyamides or carboxyl by the reaction of

deesters) with the removal of a small molecule such as water, and hydroxyl group in

ting units: In condensation polymers, the repeating unit usually consists of two

jiferent types of monomers, each of which forms the polymer backbone with functional
oups that react to form the polymer and release small molecules. Example: Polyesters such

s polyethylene terephthalate (PET) are formed from terephthalic acid (HOOC~CsHs—COOM)
and ethylene glycol (HO—CH,—CH,—0H).

Monomers: terephthalic acid and ethylene glycol (a diol)
Repeating unit: ~0C-CH,~C00—CH,—CH;-0-

peleased molecule: water (H,0)

1] A\ Vi
n HO—C—C—0 4+ n C c/
N / \
H H H W OH
Ethane-1,2-diol Benzene-1,4-dicarboxylic acid
l . One molecule
Ethylene glycol Terephthalic acid of water is formed
H H 0 0 for each ester
\ l l ” group formed
o——ci-——?———on—c o +(2n-1) KO
H H

Repeat unit o AR

P

Example: Polyamides such as_ nylon-6, 6 are formed from hexamethylenediamine
(H:N— (CHz)e—NH,) and adipic acid (HOOC—(CHz)s—COOH).
Monomers: hexamethylenediamine and adipic acid

Repeating unit: —NH—(CH,),~NH—CO— (CH,),—CO—

Released molecule: water (H,0)

0 H H

O
" [ | -
O——C——(CH,),— C—OH + AH—N—(CH)—N—H
Adipic acid Hexamethylenediamine

H H

_L | | ﬁ ﬁl
N_'(CH'J)G—"N_‘C'_"{CHD-s—— n

Nylon 66

a —
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S

hat do not rot, and toothbrys

; es t
s, clothing, rop he
. to make Carpet> = h as cotton. S
Nylon s used Jble than natural fibers suc d are used to make cloth; o
stronger and dur very strong and flexible an sers hing For :
Polyester ﬁ:-re}: caar':give permanent Crease, useful for tTOUSEP: exa"'ble
terylene, Whic : i : ’
2 t 1&‘.- il gﬂ er T K 8L

bond is involved in the
sed during the formatio

condensation polymer. :
fdfi:g blocks come together to form polymers?

formation of addition polymers?

n of addition and condensation polymer";‘ \ 

- What type of
What is relea
Give an example

How do these bui

Ao |

and Re-polymerisation : .
ng ally have a higher potential fqr recycling Compareq ¢ |
: halate (PET) undergoes acid hydrolysis ip th oadditi |
. Polyethylene terephtha i & pre- ity
Etorloy:;e; 2 sﬁch 25 sulphuric acid (H,50,) or hydrochloric acid (HCl) at high te;sencE ;
(e.g., 200-250°C) and pressure. The reaction b.reaks dgwn the ester bonds i, : Fatyry
re;gc't'ion produces the monomers from which PET is made i.e., terephthalic aciq ang etl; Thig

W

glycol

PET Recycli
Condensation polymers gener

The Chemical Reaction:
During acid hydrolysis:
1. The ester bends (-CO0-
2. Water molecules (H,0) and t
smaller molectiles.
The reaction can be written as:
_(OOC-C,,H,,—COO—CHZ—CHZ),,- + (2n-1)H,0 chik
_ PET _ ; ; ; . ethane_t_z_d_rOH
Acid hydrolysis of PET is an essential step in recycling, as it allows recovery of pure mo 2
for reuse in making new PET or other products. This process contributes tg sustainabl'\[?mers
reducing the need for raw materials and minimizing plastic waste. : Nability by

) in PET are cleaved.
he acid catalyst attack these bonds, breaking the ik :
Mer intg

— nHOOC-C¢H,~COOH  + n Hg

benzene-1,4-dicarboxylic acid

Sorting out
not-PET bottle

Collection of
waste bottle

PET bottles
in circulation

Granulation
into flakes

Blow moulding
of PEG bottles

Extruding
granulate

Sink-float
separation

Washing
of flakes
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r-—— Unit 12: Polymers
1

2.2 Plastics

rd “plastic” is derived from the Greek word “plastikos” which means “malleable” or

™e Jable” and “plastos” meaning “mouldable.” Plastics are synthetic materials made from

amold ¢ polymers, such as PVC (polyvinyl chloride), polyethylene (polyethylene), nylon, etc.

org?" materials can be melted down and then transformed into solid or slightly flexible

ses They are also referred to as “long carbon chain polymers”. The ability of a material

shagz moulded or malleable during the manufacturing process means.that it can be cast,
to

essed, OF extruded into a variety of forms, including film, fiber, sheet, tube, bottle, and
pr
box-

12.2.1 Properties of Plastics

The properties of plastics are directly derived from th
re made from. Some of these are:
a

e characteristics of the polymers they

q Molecular Structure

polymer chains tend to be longer and more durable which can be linear or branched.
pranched polymers are softer and more flexible. On the other hand, linear polymers are

stronger and more rigid. Cross-linking is also possible, with high cross-linking resulting in
tough and heat-resistant plastics, such as vuicanized rubber.

2. Chemical Composition

chemical composition is determined by the monomer type, which determines the plastic's
properties. For example, polyethylene(PE)is flexible and moisture-resistant, while polystyrene

(PS) is stiff and brittle. Additives such as plasticizers, stabilizers, and fillers can also enhance
' the plastic’s properties, depending on the processing conditions. :

3. Temperature and Pressure

Conditions such as temperature and pressure during polymerisation and moulding affect the

plastics’ crystalline structure, affecting properties like transparency, tensile strength, and
melting point.

12.2.2. Environmental Impact of plastics

Most plastics are highly resistant to degradation due to their strong carbon-carbon backbone.

This leads to long persistence to degradation. As plastics degrade slowly, they can break down
into microplastics, which are small particles that can contaminate water bodies. These
microplastics are harmful to aquatic life and human health. Jet '

Incineration

While incineration reduces plastic volume, it can release harmful chemicals and greenhouse
gases if not properly managed. Certain plastics, when burned, can emit toxic substances like -
dioxins and furans. : :

“““““““
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mers in the Textile Industr, ks,

they are versatile and cap p
. industry becauseé N be
tile ind olymers allow them to be used for 5 Va:ied ing
d industrial applications. Some of % oty of
pecific characteristics are: € Mog,

to specialise

4 stretching resistance, rapid drying e
e

lothing (for example, shirts and pane, Mt

ns) Industrial applications (ropeg a;dh:m
Yre

shrinking an

monly 7 rability :
i § £T is used 1n €

curtains and bed line

etention, y
colour " (for examplé,

erties such as high strength, high elasticity, "eSistance |
has prop sistance. It 1S commonly used in clothing. It sy, ke 0
d oil re different garments. It is also used for Making oot
and other products. h

erties such
prushes rop g htweight, durable, and haS‘ prop 4 a_s g0od the
t g . .| resistance, moisture resistance, mildew feSistanc,

i ¢or making trays, fruit juice containers , .’
: olyethene is used : : - Mmilk

. : emical an _
abrasion, 3" C:f blended fabrics. for

mal

12.4 Propertie

es of plastics, :
r disposal. Therefore, plastic :
f plastics pose implications for dlspo.sal.

; while beneficial for their intended uses, create. significant
The propert s cause numerous environmental issues, Th
challenges f0 '
following properties 0

bility and Longevity ‘ : :
1. l:f";a ar:ymade durable, which means that they can withstand ‘a wide range of
Plavsi::nmental conditions without breaking down quickly. Howev?r, because of the same
erability plastics can last hundreds or even thousands of years in the environment, This
makes them difficult to dispose off. After being disposed off, plastic can end up in landfill

sites or nature for an extended period of time, res\ulting in long-term problems with waste

management.

2. Lightweight Nature

Because plastics are lightweight, they can be easily packed and transported, but they can also
‘be transported by wind or water. This makes it easier for them to spread over long distances,
which can lead to extensive environmental pollution, particularly in marine environments. .

3, Chemical Composition

The chemical composition of plastics can vary from one plastic material to another. Many
plastic materials contain additives to enhance their properties, such as stabilisers,
plasticizers, flame retardants, etc. These additives can leach materials into the environment,
which can pose a risk to ecosystems and to human health.
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e

Recyclablllty

e plastics can be recycled. However, their contamination, sorting is_sues, and
st omic constraints often limit the amount that can be recycled. Many plastics cannot
eco:ecyded effectively, resulting in a large portion of them going to landfill or being
be : ey

bumed‘

2.4 1 Environmental Challenges Caused by Plastics
Man.y environmental challenges are caused by plastics. Some of these are as follows.

pispof'a' of plastics in Landfill Sites
1_;13 disposal of plastics in landfills has the following implitations,

i plastics take up a lot of space in a landfill because of their size and resistance to

compaction. This means that landfills fill up quickly, leading to more landfilling and
exacerbating land use issues. i

) Over time, plastic in a landfill can leach dangérous chemicals into soil or groundwater.

¢) As plastic slowly decomposes in a landfill, it breaks down into smaller micro-plastic

particles. Micro-plastics can then seep into soils and water bodies and become a
persistent‘environmental pollutant. ;

9, Accumulation in Oceans : : . , |

plastics are @ major component of marine litter, and an estimated 8M tons of plastic are
dumped into the ocean each year. Plastics accumulate in ocean rings.and build up into large
floating debris, like the Pacific Garbage Patch. Plastics can also be ingested and entangled by
marine animals, which often mistake plastic for food. This can cause gastrointestinal blockage

and even death. Microplastics can enter the food chain, and br_\ce in the food supply, these
pollutants can reach toxic levels in humans. '

3, Formation of Toxic Gases from Burning

Incinerating plastics releases a variety of toxic gases and particulates. These substances are
known to be carcinogenic and can cause serious health problems for humans and animals.

Burning plastics contributes to air pollution, releasing greenhouse gases like carbon dioxide V
(C0,) and methane (CH,), which aggravate climate change. The emission of other pollutants

can also cause respiratory problems, cardiovascular diseases, and other health issues for
populations living near incineration facilities. :

The residual ash from burning plastics can contain toxic substances that, if not properly

managed, can contaminate soil and water sources. This further complicates the disposal
process and poses additional environmental risks. ’ i g

Addressing these challenges requires comprehensive waste management strategies, increased
recycling efforts, and the development of more sustainable materials.
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» Polymers are large molecules built from many smaller repeatin'g :"“S called
« Addition polymers are formed by adding monomer units without losing tp,q Ny
. g‘v:ln:cenuls:st.ion polymers are formed in a condensation reaction where each time 5 ]
is formed between two monomers, and a small molecule (often water) is releaseq
* In condensation polymers, the repeating unit usually consists of two different tYDesq‘
monomers. !
» Polyesters such as polyethylene ter ephthalate (PET) are formed from te'ePhthalic ‘
(HOOC—C,H,~COOH) and ethylene glycol (HO—CH,—CH,—OH). : A
* Polyamides such as nylon-6,6 are formed from hexamethylenediamine 1
(H,N= (CH,),—NH,) and adipic acid (HOOC- (CH,),—COOQH). ;
« The word “plastic” is derived from the Greek word “plastikos” which meam!
“malleable” or “moldable” and “plastos” meaning “mouldable. |
« Plastics are synthetic materials made from organic polymers. |
» Polymers are essential for the textile industry because they are versatile ang can be]

used in a variety of applications.
e PET is used in clothing. |
« Properties of plastics, while beneficial for their intended uses, create significant
challenges for disposal. o

o Light weight nature of plastic makes it easier for them to spread over long distances
which can lead to extensive environmental pollution. A
. Incinerating plastics releases a variety of toxic gases and particulates.

EXERCISE

Tl

i. Which of the following best defines polymers?
a) Small molecules bonded together to form large molecules
b) Large molecules built up from many smaller molecules called monomers
c) Simple molecules consisting of one type of atom
d) Large molecules made up of metals and non-metals
ii. What type of linkage is found in polyamides?

a) Ester linkage b) Amide linkage

¢) Glycosidic linkage d) Phosphodiester linkage
iii. Polyethylene is an example of:

a) A condensation polymer b) An addition polymer

c) A copolymer d) A natural polymer
iv. The repeating unit of the addition polymer formed from ethene is:

a) —CH,—CH,— b) —CH-CH-

¢) —CH,—CH- d) -C—C—
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Unit 12: Polymers

lon-6,6 is an example of a:

v ) Polyester b) Polyamide
0 polysaccharide d) Polyurethane
. which of the followi'ng processes produces water as a by-product? .
Y ) Addition polymerisation b) Condensation polymerisation
0 Hydrogenation ‘ : d) Hydrolysis
. which statement is not true about PET? :
'5) It cannot be recycled ' b) It is a polyamide
¢) It can be conVe.rted back into monomers and re-polymerised
d) It is used or?ly in textiles
i, What is @ major environmental challenge caused by plastics? |
a) They are biodegradable b) They are easily recycled
¢) They accumulate in oceans d) They are non-toxic when burned
ix. Polyesters are formed from: ‘ ‘
a) Dicarboxylic acids and diamines b) Dicarboxylic acids and diols

¢) Diols and diamines d) Monocarboxylic acids and diols
X, which of the following is NOT a property of plastics? '

a) They are lightweight ~ b) They are durable
c) They are easily decomposed by microorganisms
d) They are versatile in application

3, Short Answer Questions

1. Define a polymer.

ii. What is a monomer?

iii. Identify the repeating unit in polyethylene.

iv. Explain what is meant by addition polymerisation.

v. Describe the process of condensation polymerisation
vi. Name the linkage found in polyesters.

vii. What are the monomers required to form Nylon?

viii. Explain one environmental challenge associated with the disposal of plastics in
landfills. '

~ix. Describe the structure of PET.
X. Why is PET considered recyclable?
Xi.  How are addition polymers formed from monomers?
xii. What is released during the formation of condensation polymers?

Xii. What is the repeating unit in the polymer formed from ethylene glycol and
terephthalic acid? ; '

Xiv. Why is PET widely used in textiles? :

XV. What is a key difference between the polyamides and polyesters?

Xvi. What is one benefit of recycling PET?

Xvii. What is released during the formation ~¢ condensation polymers?

Xviii. Give an example of a condensation polymer.

XiX. How do the properties of plastics depend on their polymer structure?
What are two environmental challenges associated with plastic disposal?
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Unit 12: Polymers

3. Long Answer Question
10%():(:(; in detall the process of addition polymerlzation, giving an exam

repeating unit.
i add:u,mhxy?o:fd‘;:ﬂ::on F[:f>l)rm¢zrlsaatior1 works, usir'\(s th«: formation o
‘ :.::p e:ar:nple. Include the reactants and the type of linkage formed.

iii. Discuss the differences between addition and condensation PolYmeriZatiOn. Bivj
examples of polymers formed by e procels s'uc disposal, covering | ks

iv. Evaluate the environmental impacts of plas . burni;lg 8 landfis Ocey
accumulation, and the formation of toxic gases ror:ri o indus't 1 n

v. Outline the importance of polymers in the t:xt O thgr; glving €Xampleg
specific polymers used and their properties tha suitable for

vi. :?'?::C;:::s allows PET to be reused? Why is this process beneficial?

vif. Assess the role of polymers such as nylon and PET in the textile industry, |,
their specific properties make them suitable for different applications?

vifi. Evaluate the differences between addition and condensation polymerizatjq, in te
of the types of monomers used, the nature of the polymer chains formed, anq the py,
products produced. < ‘

ix. Analyse the environmental impact of addition and copdepsatlon polymers. Compar,
their biodegradability and discuss how this affects their disposal and accumulatiop j,

the environment.

Dle Ofan

f pOlyeSt er %

of
Xtile -

THINK TANK

1. Considering the environmental challenges posed by plastics, propose a Sustainable
strategy for managing plastic waste, including recycling and alternative materiajs,

2. Analyse the impact of microplastics in marine environments and discuss potential
solutions to mitigate their effects.

3. Evaluate the need for developing biodegradable polymers to replace traditional
plastics.

4. Imagine you are an environmental scientist tasked with reducing oceanic plastic
pollution. Analyse the key sources of plastic waste that end up in the oceans.

5. Polyamide polymers like nylon are used extensively in various applications. Analyse the
properties that make nylon a preferred material for such uses.

6. Consider a monomer (such as ethylene or terephthalic acid and ethylene glycol), and
deduce the structure of the corresponding polymers that can be made from the.
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S— I

» Describe the proteins as natural polyamides and that they are formed from amino
acids monomers with the general structure. ;

* Draw the general structures of proteins

* Explain the sources, use and structure =f proteins, lipids and carbohydrates

* Describe the importance of nucleic acids

* Explain vitamins, their sources and their importance to health

* Identify applications of biochemistry in testing (blood cells, pregnancy test, cancer
screening; parental generic testing)genetic engineering, gene therapy and cloning

—- J
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Unit 13: Biochemis

13.1 Proteins

. " ! . PO S
The Basic Unit of Protein - Amino At?ld hair, and almost every. Part
Proteins -are found in our muscles, ories; SKm’f life, because they are .the o the bog
Proteins are also kniown as the billding blocks 2 led natural polyamides e, -t abypg
Mmolecules preserit I the. bicy:: Prateins lare calo;plex molecules made UDeco:t;se they::
ing polymers. Proteins are argg, c 3 O long o
?na;::;?r:?r:cv::ign:rz a{lmamind acids. Amino acids are the basic structural unit of A,

« as 3 ei
amino acid is a simple organic compound consisting of two functional 8roups, 3 ..M/

g i : —COOH) with a variabla Cgr
(Amine group —NH,), an acidic group (carboxylic group ) le alky g,-oup"(‘l
that is unique to each amino acid. -' , ‘ ‘
- Amino Group Carboxylic Acid
; ' Group
‘ Variable a- carbon
Side Chain

The body makes proteins through a process called protein- synthesis.

Protein SYﬂthesi
requires adequate amounts of amino acids. ' , Wi

Molecules of amino acids join together through the amino (=NH,) group of one molecyle ém
the carboxyl (—~COOH) group of another molecule by eliminating a water molecyle,

Peptide bong
Bl R 0 R @ R O
Ll I | |
H2N—c|:—c—ou + H—T—-clz—c-OH—szN—cI:—-c-—T—clz—c—0H+Hzo
B H H H H H

Amino acid Amino acid
o)
The linkage C—NH which joins two

amino acid units is called a peptide bond. The HEl
resulting molecule is called a dipeptide. There is - |
still an amino group on the left and a carboxyl
group on the right. Each of these groups can
react further to join more amino acid units. In
this way, thousands of amino acid units join to
form a giant molecule of protein. This sequence

of amino acid linkages is called the primary f
: TR ture 0
structure of the protein. | Figure 13.1: Primary structd’® = __

pR—
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’_ Unit 13: Blochemistry e

-
e ——— -

RHOW? |
,‘yOU proteins that fasten chemical reactions in the body. They act like small
l’,mors that help break down food, make molecules, and carry out other important
iht in cells, all without being used up or changed themselves. Hemoglobin is found in
ﬁt'z; cells in our blood and carries oxygen from your lungs to your cells. In addition, a
ibl

alled collagen is a strong and tough material that makes up our skin and
seif i‘l:s and even helps to hold our internal organs in place.
a

e e R———

’ classification of Protein

!t oins are classified on the basis of the shape, constitution, and nature of the
r tegach amino acid is connected to the next amino acid by covalent bonds.
ecute: ary structure: Primary protein structure is a sequence of amino acids in a chain.
n;ndary structure: Secondary protein structure is formed by folding and twisting of
he amino acid chain. : ' :
fertiary structure: Tertiary prf)teln structure is formed when the twists and folds of
ihe secondary structure fold again to form a larger three-dimensional structure.

quaternary structure: Quaternary protein structure is a protein consisting of more
than one folded amino acid chain.

PROTEIN STRUCTURE

PRIMARY SECONDARY TERTIARY QUATERNARY
STRUCTURE STRUCTURE ‘STRUCTURE : STRUCTURE

Figure 13.2: Structures of Protein

DO YOU KNOW?

Uin is a protein hormone that is made by specific
lls inside the pancreas called beta cells. Insulin signals
s to absorb sugar from the bloodstream. Cells can’t
Srb sugar without insulin. Insulin protein is first

uced as an immature, inactive chain of amino acids
"¢proinsulin). :

\\_
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~ Unit 13: Biochemistry.

13.2 Carbohydrates

They have a general formula C(H20)y. This formula suggests that they are hydfates
Plants prepare carbohydrtes through photosynthsis, in the presence of chior of carbun
g

0
sunlight. Phy|
: Sunlight

Chlorophyll |
6H,0()*6C0yq) ChloroPhY? CH1206(aq) *602(g) 7

Plants convert glucose into starch and cellulose. Carbohydrates are monomer

5 an. :
of aldehydes and ketones that have numerous hydroxyl groups attached. d Dolyr,lers
CH,OH He120 H P
ot H-C—OH H——0H
HO——H HO=C—H HO——p
H—OH H_'*(::-OH HO——H
He ferOR s e HecoOH . T o
CH,OH "CH,OH - CH,0H
~ Fructose Glocose - Galactose -

13.3 Lipids

A lipid is a coénp,onent of plant ‘or animal tissue that is insoluble in water, b
solvents of low polarity such as ether, hexane, benzene and carbon tetra
primary function of lipids in the body is long-term energy storage.

Ut soluble
chloride, The |

Lipids include:
a) Fats and oils

b) Cholesterol ,

c) Sex hormones

d) Components of the cell membrane called phospholipids
e) Some vitamins (A, D, E and K)

Fats and oils are referred to as simple lipids. They a-re esters of fatty acids wi’th a trihydroxy
alcohol, glycerol. For this reason, they are called glyceryl esters or glycerides. Fatty acids |
are long-chain carboxylic acids. They are the building blocks of lipids. ‘ '

0
; . RCOOH HC—OH HzC—O“!CI; R
| g
RCOOH + HC —OH -c_até.“y_St_, HC-——o—g-——-R' + 3H,0
W - . ‘ 0 '
R'COOH H,C—OH | HZC—O—(I,l—R"
Three
fatty acids Glycerol Triglyceride
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_ PROTEIN

Amino acid + amino acid

LIPIDS

;.4; THE ORGANIC MOLECULES: PROTEINS, LIPIDS AND CARBOHYDRATES

CARBOHYDRATES

muscles, and helps to
build hair and nails.
Protein also serves for
cellular communication

and acts as a messenger.

1 Fatty acids + glycerol | Glucose + glucose =
I = Protein = lipids/fats Carbohydrates/starch
b All vital processes, Lipids act as energy | Energy comes from
i-pﬁCR'P“ON including immunity and | storage and are similar | carbohydrates.
' general metabolism, are | to a larger source of | Carbohydrates are
carried out by proteins | energy organic molecules
that contain carbon,
hydrogen and oxygen
Protein is found in meat | Lipids found in canola, | Carbohydrates found
and fish eggs dairy corn, olive, peanut, | in wheat, beans,
products seeds and nuts, | soy, and sunflower oil | milk, popcorn,
beans and lentils. potatoes, cookies,
i spaghetti, soft drinks,
corn, cherry pie,
S sugar cane
e Proteins build and repair | Lipids are used to Carbohydrates are
: tissues, muscles and regulate hormones, used for storing
bones, to make hormones | insulation, energy, supporting
and enzymes, support components of cell digestive health, :
USES immune function, provide | membranes, cell sparing protein for
structural support, signaling and tissue repair, and
maintain fluid balance absorption of fat- playing roles in cell
and as a secondary source | soluble vitamins, and | structure and
of energy and to make provide energy during | communication.
hormones and enzymes. | prolonged exercise.
Protein helps in the Lipids help with The primary function
‘structure, function, and | moving and storing of carbohydrates is to
regulation of living energy, absorbing provide energy to the
., organisms like digestion, | vitamins and making body. Carbohydrates
b LFUNCTI Rt and movement of hormones. help in digestion,

absorbed into the
stream as blood sugar
(glucose)
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13.4 Nucleic Acid

Nucleic acids are long-chain organic molecules Pfese“td’“tzlrlnl‘:::%::lfﬁ';::g:ic it o
main information-carrying molecules of the cell. They terole ity Cha’acte :

of every living thing. Nucleic acids play an importan e molddings thatand t’ansf:““
genetic data from one generation to another. These areits Sarty, it i Contajp, a[[r of
information necessary for an organism to develop traits, car e functions’ at:;

reproduce.

——

Deoxyribonucleic acid Ribonucleic acid

13.4.1 SIGNIFICANCE OF NUCLEIC ACID .

Nucleic acids and DNA in particular, are key macromolecules for the continuity of life. DN

possesses the hereditary information that transfers from par.e_nts to children, Providing
instructions for how (and when) to make proteins needed to bu1lf1 and maintain functionin
cells, tissues, and organisms. Nucleic acids carry genetic information which is reaq in cells tg

make the RNA and protein. | :
13.5 Vitamins- Sources and their Importance to Health

Vitamins are organic molecules that are
important to an organism in small quantities
for proper metabolic function. Vitamins allow
your body to grow and develop. Vitamins play
important roles in body functions such as
metabolism, immunity, and digestion.
Important nutrients cannot be synthesized in
the organism in sufficient quantities for

survival and therefore must be obtained
through a balanced diet. There are 13
essential vitamins, including vitamins A, C, D, E, K, and B vitamins such as riboflavin and
folate. The best way to meet your vitamin needs is to eat a balanced diet containing a variety
of foods. ' :

Figure 13.3: Sources of Vitamins
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URI13: Blochemistry -

are two major types of Vitamins.

fat |
» Jmins A D, E, and K are fat-soluble. The body stores fat-soluble vitamins in fatty |
Wt and the liver, and reserves of these vitamins can stay in the body for days and |

t otimes months. Dietary fats help the body absorb fat-soluble vitamins through the
intestinal tract.
y w,ter-soluble vitamins

(amins B and C are water-soluble vitamins. They do not stay in the body for long
4 cannot be stored. They leave the body via the urine. Because of this, people need

more regular supply of water-soluble vitamins than fat-soluble ones.
ifferent vitamins play different roles in the body, and a person requires a different amount ;
each vitamin to stay healthy. Vitamin play diverse and essential roles in the body, including
rting metabolism, immune function, growth and development, bone health, antioxidant
gefense, maintaining healthy skin, hair, and nails. A balanced diet that includes a variety of
nutn'ent-rich food is important for meeting vitamin needs and maintaining overall health.
Fortified foods and supplements may be appropriate in some cases. Anyone taking
lements should be careful not to exceed the maximum dose or too much of any vitamin
can lead to health problems. Also, some medications can interact with vitamin supplements.
overall, it is important to speak with a healthcare provider before trying any supplement.

13.5.1 Sources and functions of vitamins

{, Vitamin A
. Sources: Carrots, sweet potatoes, spinach, kale, apricots, eggs, liver, and dairy

products.
» Function: Supports vision, immune function, and skin health.

2. Vitamin B Complex

« Vitamin B1 (Thiamine): Whole grains,legumes, nuts, and seeds.

+ Vitamin B2 (Riboflavin): Milk; eggs, almonds, spinach, and fortified cereals.

+ Vitamin B3 (Niacin): Chicken, turkey, fish, peanuts, and whole grains.

« Vitamin B5 (Pantothenic Acid): Avocados, yogurt, eggs, meat, and sweet potatoes.

« Vitamin B6 (Pyridoxine): Chickpeas, fish, poultry, bananas, and potatoes.

+ Vitamin B7 (Biotin): Eggs, nuts, seeds, and sweet potatoes.

« Vitamin B9 (Folate): Leafy greens, legumes, seeds, and fortified cereals.

+ Vitamin B12 (Cobalamin): Meat, fish, dairy products, and fortified cereals.

+ Function: The B vitamins play roles in energy production, red blood cell formation,
and nervous system function.
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e Y“‘ST::C; Oranges, strawberries, kiwi, bel! peppers: 0k s Prout, ang

. ;:?2:'0:“5 Supports immune function, acts as an antioxidant, and aids in Collagey,
synthesis.

4, Vitamin D fatty fish (satmon, mackerel), fortifieq milk

. Sources: Suntight (synthesis in the skin),

and orange juice, and egg yolks. ;
« Function: Essential for bone health an

function.

5. Vitamin E

« Sources: Nuts and s
oils (sunflower, safflower).
« Function: Acts as an antioxi

6. Vitamin K
« Sources: Leafy green vegetables (kale, s
meat, and eggs (in smaller amounts).

« Function: Essential for blood clotting

13.6 Applications of Biochemistry

h of science dedicated to the study of the chemical processes Withip

calcium absorption, and supports iy, -
e

eeds (almonds, sunflower seeds), spinach, broccoli, and Vegetale

dant, protecting cells from damage.

pinach), broccoli, Brussels sprouts, ang fish

and boné health.

Biochemistry is the branc

a cell.

The findings of biochemistry are applie
medicine, biochemists investigate the ¢
carried out to detect the presence of disease,

effectiveness of treatments.

Blood Tests

A blood test is carried out with a blood specimen that measures the concentration of certajy
chemicals in a blood sample. Blood tests are essential for understanding the body's interna|
function and balance. They analyse various breakdowns in the blood, including ions, enzymes
sugars, lipids, and proteins, providing crucial insights into overall health. Blood chemistr;,
tests provide significant information about how well our kidneys, liver and other organs are

working.

d primarily in medicine, nutrition, and agricultyre In
auses and cures of diseases. Several blood tests are
monitor its progression, and evaluate the

Pregnancy test

A pregnancy test can analyze the state of pregnancy by checking a sample of your urine or
blood for a specific hormone. The hormone is called human chorionic gonadotropin (hCG)

High levels of hCG are a sign of pregnancy.

(& CamScanner


https://v3.camscanner.com/user/download

: Blochemistry

or Screening

cancer screening is a test that looks for early signs of cancer in people without symptoms. It
can help spot cancer at an early stage when treatment is more likely to be successful.

cervica‘ screening can even prevent cancer from developing. Cancer screening is for people
with N0 symptoms at all. H
P.rental screening Tests g

parental screening test helps to identify genetic disorders, assess the risk of inherited
conditions, prevent transmission of infectious diseases, and prepare parents for the care of |
their children. Parental screening empowers parents to take proactive steps to safeguard the |
health and well-be'lng of their family. Reproductive genetic carrier screening describes a
screening test carried out before pregnancy or in early pregnancy. It is used to identify a %
e

i

!

1

couple’s chance of having a child with a serious genetic disorder.

13.7 GENETICS

Genetics is the branch of biology that studies genes, heredity, and variation in living -
organisms. It encompasses on understanding of how traits are passed from parents to
offspring through the transmission of genetic information fixed in DNA. It plays an essential
role in various fields such as medicine, agriculture, and evolutionary biology, contributing to
advancements in understanding and manipulating genetic information for practical |
applications. ,

Gene isunit of DNA that is usually located on a chromosome and that controls the
development of one or more traits and is the basic unit by which genetic information is
passed from parent to offspring and ultimately determines the growth and function of the
organism. An organism inherits some genes from each parent and thus the parents pass on
certain traits to their offspring. : ' :

13.7.1 Genetic Engineering

Genetic engineering isa Pprocess that uses
laboratory-based technologies to modify the
DNA structure of an organism. Genetic
engineering aims to alter the genes to enhance
the capabilities of the organism. The principle
of genetic engineering is to manipulate and
modify the genetic material of an organism by
adding, removing or repairing part of the
genetic material (DNA) and to incorporate
desirable traits. Genetic engineering aims to
produce vaccines against disease, life-saving
drugs, pharmaceutical development, and the
treatment of disease.

Figure 13.4: Genetic Engineering
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| 13.7.2 Gene Therapy that involves modifying or m
, : : a ; ion
. Gene therapy is a medical technique introduction, a :
| to treat or yrevent disease. It typically involve§ the ders, fight diseases, or improye the
| s 'thip a patient's cells to correct genetic disord es’ not change the DNA in 5 your
| ﬁf,g;; :t‘)ilitr;' mpﬁgh't or resist a specific condittl':mé Iifwo(:ves inserting a healthy copy of ,
» : : Ity cell. This metho itions caused by a single gene
::?:ét ;:etagizt:n?o sa‘"s;ii:::s-zells. This is often used for C(:I?;:Iet; gene into the body to el

- defect. In ?;ome cases, gene therapy introduces a‘new or mo <Ha that-hielps: the bg dy fight

treat a disease. For e’example, researchers may introduce a g ‘ Lo

i ively. rable genetic dise

| :;ae?wceetr:hr:(r)ar;yezzclgf;:p children from carrying Sth genesi(for. UnfavoUraie § G

and disorders) that the children got from their patients. -

anipulating a person's genes
alteration, or remoyy of

b,

Figure 13.5: Gene Therapy

R R T S B

|

quivalent of the original. In gener

 perfect replica. Typically, the word is used to describe the
copy.
|

| There are three types of cloning,

1. Reproductive cloning crea

.t s widely used in
nd the production of genetically identica] am‘mals for

organs. It is used in

ch as spinal cord injuries, Parkinson's
disease, diabetes, and heart disease,
3. Gene cloning involves i

including research, medici
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- Unit 13: Biochemistry

STEM CELLS:
stem CE€

| renew themselves over long periods.

ma
marrow, muscle, skin, heart, and liver tissues

DO YOU KNOW?

lls are unique cells in the bod
y that have an ing ability to tra
different types of cells. They serve as a repair system :c:? atzr::gbid‘;‘ :ndocarn

Thgy a_ct :t?er(feﬁa‘;" division :a\nd djfferentiation systems to complement other cells and
intain nction of various tissues. Stem cells are found in the brain,

s

nsform into
divide and

blood, bone

PO e 5 SRR S

_ piscuss the interconnectedness between
carbohydrates within living organisms.

preventing nutrient deficiencies.

7. Evaluate the effectiveness and usefulness of vitamins in maintaining

o R

amino acids, proteins, lipids,

overall health and

up of DNA.

Biotechnology: the use of artificial methods
organisms or cells to produce novel compoun

Cloning: the production of an exact copy,
gene, cell, or organism. :

molecular methods of biotechnology.

complex structures called polymers.

Amino Acids: Amino acids act a

Protein
a protein molecule.

Gene: A gene is the basic physical and functional uni

specifically,
Genetic engineering: alteration of the genetic makeup of an organism usin

Monomers: Monomers are simple molecules that bond toge

s the building blocks o
s: When multiple amino acids link together through peptide bonds, they for

Y

t of heredity. Genes aré made

to modify the genetic material of living
ds or to perform new functions

an exact genetic copy of a
g the
ther to form more

- monomers for proteins.

m
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EXERCISE

» Multiple Choice Questions (MCQs)
4. Whi fap ion of proteins in the body?
Which of the following is NOT a function 0 P) Storing genetic information

a) Acti .
) Acting as enzymes d) Transporting molecules

¢) Providing structural support
fi. Which of the following best describes prote
a; zalysacchan'des d) Simple sugars
¢) Chains of fatty acids , ‘ ; {
iii. Which bond is re);ponsible for linking amino acids 'together in a protein?
a) Hydrogen bond b) lonic bond
d) Covalent bond

b) Peptide bond Sk
iv. Which of the following is a component of nucleic ac1ds:
b) Fatty acid

a) Amino acid
c) Phosphate group d) Glucose
V.. Which of the following is a characteristic of vitamins?
a) They provide energy directly.
b) They are essential for normal body function.
c) They are inorganic molecules.
d) They are a primary source of protein. :
vi. Which vitamin is important for vision and immune function and is fat-soluble?
a) Vitamin C b) Vitamin B12
c) Vitamin A d) vitamin K
vii. Which acid carries genetic information?
a) Amino acid b) Nucleic acid
¢) Sulphuric acid d) Ascorbic acid
viii. Which vitamin helps the body absorb calcium and is fat-soluble?
a) Vitamin B12 b) Vitamin C
¢) Vitamin D d) Vitamin E
ix. Which of the following is a primary function of lipids in the body?
a) Providing immediate energy b) Storing genetic information
c) Long-term energy storage d) Catalyzing biochemical reactions
x. How might a diet lacking in lipids affect the absorption of certain vitamins?
a) It would have no effect since vitamins are not related to lipids.
b) It would increase absorption because lipids compete with vitamins for absorption,
c) It would decrease the absorption of fat-soluble vitamins, such as A, D, E, and k,
d) It would decrease the absorption of water-soluble vitamins, such as C and B,

xi. Which vitamin is essential for blood clotting?

ins? :
b) Polymers of amino acids

a) Vitamin A b) Vitamin C
¢) Vitamin D d) Vitamin E
xii. Which biochemistry application is used to determine parentage?
a) Pregnancy test b) Genetic engineering
c¢) Cancer screening d) Parental genetic testing
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.70 Unit 13 Biochemistry,

ort questions

How does the body make protein?
i_: what do vitamins do for our body?
“ How do parent protect their children from genetic disorders?
':: Differentiate between genetic engineering and gene therapy.
'V' How gene cloning is different from therapeutic cloning?
\ﬂ gxplain why proteins are considered natural polyamides.
vii. How do pregnancy tests use biochemical principles to detect pregnancy?
viii. Evaluate the role of nucleic acids in heredity and cell function.

gh

Long questions

[, Whatis the significance of nucleic acids as information-carrying molecules?

i, Compare and_ contrast the functions and properties of lipids and carbohydrates.
ii. Why is Protein Structure Important?

. Explai.n the significance of amino acids in living organisms
v. Explain the process of cloning in biochemistry.
vi. What is the difference between genetic engineering and gene therapy?

vii. Why are vitamins essential to human health? Provide t ' i
. . { Wi
functions. , o examples with thelr

viil. ﬁor"gpare and contrast the uses and functions of proteins, carbohydrates, and
ipids. , ' :
THINK TANK

1. \\:\J/Eat is the importance of carbohydrates in maintaining energy levels?
2. at is the difference between genetic engineering and gene therapy? |
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