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could be understood by assuning that these gases consist of particles which are
contmuously moving randomly, This dea then led 1o formulanen of kinetic particle
theory for gases

Kmmetc parocie
guses, i pis0 explams
e The compossbon of bgud and sohd states of matter
- The micrconversian of all three states

Thes & metural boecsuse all the three phvsical stales arc distinet in their physical
sromerties ondy while ther chemical nature remains the same.

Water m all its three phyvsical states remains chemically the same
SOTETOEnD

RN = 1 o B ey "'“"\'ilF
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Sccordmg 1o Kmetxc pr'l-:l-r: theory, gases are composed of particles which are ina
comtruciss staie of rEndom motion m all the possible directions. .

The pressure cxeried by a gas i due o the collisions of its particles with the walls
+f the comtmmer. Since the pressure of a ga¢ in a container does not change with time at
comstant tempersture, it is assumed that the collisions between its particles do not involve
any koss or gum of energy due 10 friction.

The smractve foroes berween the parnicles of & gas are assumed as negligible since
the particies are widely apart &t low pressure.

The sversge kimetic energy of the particles is direcily proportional to the
temperature mcasired on K-‘V:n wa.lt I'Qf all glm at the same temperature.

Postulstes of K t P Liguid

Arrangemant of Fir A;cmdmgmkmrtmtlmry.m:paﬂicksmnhquﬂmmﬂﬁ
close 10 ont another. They afe also moving m all possible directions.
Movemeaniz of Pariciet. In o bgusd, the particles show ull the three types of movements
such as=

s  Tramsisnonal movement

s  Rotwtonsl movement

& Vibration movemnent

Orwing to the presence of mter-paricle forces, however, a liquid has a fixed volume
and it keeps ns bevel as well
Pogtulaies of Kinelic particle Theoary For Solio:

Fursd Poziftion of Particies Sghd substances consist of wns, atoms and molecules.
According o kinctic particle theory the inter purticle forces in the solid substance$

are so strong that they keep their particles arranged in a fixed position.

Visrational Moton The particles of » solid possess vibrational motion only,

Faed shape and Fiaed volume: These restricted movements force solid substances ©

have a fixed shape and a fined volumne,

theory not only explams all the laws which govern the behaviour of |

L Lll-—-iui Imtihani Lhnmn.‘l'r'l,,f 3
0.2: Discuss conversion of @ Solid into a lguid.

hng Heahing

The physical state of a solid substance can be changed by simple heating.

Heat increases the kinetic energy of the partcles and they start vibrating a1 a higher
frequency
Methog peal At particular temperature thewr vibrational motion becomes so fast that ot
overcomes the cohesive forces. As a result they start meiting and this temperature is
called the melung poimt of the solid.
Chang:ng 2 Solid into a liguid:

Al the melting point, the particles of sohd not only
lose thewr mean positions but the arrangement as well
The solid collapses and tumns to a liquid. Heating a sohd
below its melting point increases its kinetic energy and
temperature that weakens the force of attraction between
iis particles. -

?mlhﬂrhmtmgdnﬁmlmmﬂtmm '
because the heat provided bere is being utilized to melt -
all the solid substance.

0.3: How does boiling convert a liquid into a gas?
ans. Evaporalion:

The molecules of a liquid keep on coming out from the surface of a bguid at all
temperatures and such an escap of molecules from surface = called evaporabon
Heating ihe Liguid: Heating a liquid increases the kinetic energy of its molecules and so0
does the process of evaporation.

Heating the liquid further, increases the kinetic emergy so moch that the inter
particle forces are weakened to a large extenl. At this point the bubbles start comung out
of the liquid nt a rapid pace.

Ar this stage if the vapour pressure of the Ligud becomes equal w the external
pressure, the ligqud stars boiling.
foting peent: The temperaiure of a liquid at which its vapour pressure becomes equal to
the atmospheric or external pressure is called its bodling pont.

aversion of & hgud (0o 3 gas At the boiling pount, the heat provided to the biquid s
used o convert it into gascous form and durng this s lemperature FEMANS COnsant

In other words, the heat provided is used oaly to break the forces of attraction
between its particles.

0.4: Explain conversion of a gas into its liquid.
Ans. Coaling ol 3 Gas

When o gas is cooled the kinetic encrgy of its molecules decreases, as a result the

milecules come :hmmlhliwlﬁc:u forve of attrachon between them,

(] -
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At & suitable lower temperature the inereased atiractions bmﬁ the
that they are changed into a ligud form. This is called condensation.
Durng this mansnon the iemperature of the gas remains constant until all the gas is
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and cocling curves. Explain the various stages of healing and
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sesiing corves ior 4 solid sabstane h the help of a graph.

It = 2 graph drawn between the mternal energy and the temperature of & system
showmg the temperature changes 2s & subsance is heated through its different states.

When 2 sobd subszance 3t 2 pomi A 15 heated. its iemperature increases,
(m smwning a specific temperature. it mels as shown by the point'B.
This point represents the melins point of the given salid.
Further heating does not increase the temperature because the heat
srovaded Beme i bemg utifized 1o meh all the solid substance as represented by the line B

When all the solid convents into the liguid the temperature starts rising

agam as shown m the graph for the points C o D.
41 the iemperaiure correspondng fo pomt D the liquid starts boiling: This
reprosentd the bodlng pont of the hguad
yzam further heatmg does not merease the temperature till the whole
agued s comveTied milo gas
A lme [t E m figure shows no further nise i the temperature,
r The tempersiure agan starts rsing afier the pomi E.
Step The cerve represented by the steps Ao F 15 called a heating curve.
Coaling Cur
Ihuea graph drown between the intermal energy and the temperature of @ system,
showng the lemperature changes as a substance » conled through its different states in
reverse (e from @ gas to 3 bogud or @ hgud 10 8 solid)
Explanation
Point F-"When the gas present a1 the pomt F s cooled its tempernture starts decreasing.-
Puint B At the pomnt E it starts converting into a hgud
This s called the condensation pomt or lguefaction point and it represents the
samie temperature as the boling point.
The “!I'Illﬂ'll‘-llll will however remam constant during this process of m“mﬁnn

B/ Hamdard Imitihani Chamistry

Further cooling will convert the liquid mto sohd at the point C which is ::llui
the freezing point and it represents the same tfemperature as the melting point.
The line € 1o B shows that the process of cooling 15 converting all the liquid into
solid state at constant lemperature.

0o b Lines B to C and D to E show that here the given energy is
being utilized to change the phase from solid to hiquid and from liquid to gas
respectively.

Q.6: Draw heating curve for the physical changes waler undergoes with change in
temperature.

Farves [

A eI .:‘l]‘”—'l. {

tor water al 0°C (Melting Point)

For water a heating curve will show the rise of temperature of ice until it reaches
0°C (melting point) then it remains constant while the ice mels mio hgusd water.
10076 (Bolling Point)

Further heating will increase the temperature again until it reaches |00°C (bodling
Point). At this point it remains constant while the hiquid water is converted into steam.
Cooling Gurve lor waler

G (Condensation] A cooling curve for o
water will show the temperature of the steam
decreasing until it reachers 100°C, it then
remain constant while the steam condenses
into liguid water,

g Frecoingl The emperature decreases
again umntil it reaches 0°C. Fimally it remams
consiant while the liquid water changes 1o ice.
0.7: Ditferentiate between evaporation and boiling.

i It is a surface phenomenon. It v A phase change when a liquid mms

occurs slowly and only at the mw a gas throughout the entire
surface of the ligud,

Temperature T

(00 I oceurs at all temperatures but (i) It occurs at 2 mnﬁc mnpmmu
below the boiling point. It at normal pressure and called the
increases with increase in | boiling point.

tempernture and vice versa. !

.-u|]lmdmnﬁm1m3 I..iiiru&nmnntmlimu&;-

i I requires a smaller amount of (i) It requires an external encrgy
~energy whlch is. provided from




Natcribe eﬂm:. ol extarnal pressure on Ihu rates of evaporation and boiling.
1 e Hate af bEvaparation and bo |
Rate of evaporation tends 10 increase by the decrease in external pressure and vice
N
If'a ligusd 1= in an open container, most of the molecules that escape into the
vapour phase will not retum to the liquid phase Instead, they will diffuse through the
aimosphere away from ihe container.
L Fpressure Increasing the external pressure will force these
mobecubes o refum back 1o the hquid surface making evaporation difficult.

When a bguid boils, bubbles are formed mside the container, which then rise 1o
the surfuce Al this stage, the temperature of the liquid remains constant 4l all the liquid
haitly over. This 'ternp:f:lurl: 1 :ﬂilﬂ:l the boiling point.

1 atm pressure

2 atm pressure |

The hm!mg poini dﬂufﬂlﬁﬁi at lower L
simosphenic pressure and vice versa. -
: If we measure the boiling point of ';'"i

water at Karachi 0 will be 100°C. However,

I
f
]
if you will measure this boiling point at J - e

Murree it will be 98°C, The atmospheric
pressure at Murree 5 lower than that in
Karachy, so we find that the bailing pomt has Lower Higher |
decreaved st lower atmosphenc pressure. BrP BP '

145/
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The direct conversion of a solid to vapours without melting is called sublimation.
Explanation Just like evaporation, the encrgy needed for sublimation also comes from
within the substance which then absorbs energy from the surrounding. This energy is
sifficient 1o overcome the attractive forces of the neighbouring molecules which then
escape inlo the vapour phase.

Eramples

*  Solid carbon dioxide which is also called dry jce, changes directly to gaseous
carbon dioxide at room temperature without first melting to liquid state,

s [isappearance of naphthalene balls which wre used 10 keep the insects away from
the wonlen chithes.

Degosition. The process revense to sublimation i« called deposition, where a gas changes

directly 1 a solid without going mto the hguid state.

Faample; Formatwn of frost in winier season s an example of deposition,

MMamdard Imtihani Chemistry’~ /&)
0.10: How does the process of sublimation helptul in printing and in the usage of air
Ireshner?
Ans Solid_Air Frechner
The process of sublimation is used in the working of air fresheners. Solid air
fresheners contain a scented substance which may evaporate with or withow heating

The scented substance undergoes sublimation and disperse seented vapours throughout
the room and mask unpleasant odours.

L Explanabion: When a solid air freshencr is exposed to the atmosphere or heated i the air,

its solid particles pain enough energy to overcome the attmciive forces holding them
together in the solid state, These particles then spread in the nearby atmosphere in the
form of sweet smelling vapours.

Sublimation Prieling When the process of sublimation is used lo print a design inlo a
matenial or fabric, it is called sublimation printing.

Explanalion: Essentially the process involues printing that transfers a design into » fabnc
using ink and heat.

In sublimation printing the first step is to print a design onto a special paper using
sublimation inks.

The printed paper 15 then placed omo a fabric and heat and pressure are applied.
The ks used are converted into vapours.

The printing is permanent which does not fade away with time because the ink is
embedded in the fabric rather than simply attaching with the top of the fabric m a normal
printing.

The heat supplied during the process opens up the pores present in the fabric, the
ink enters nto these pores under applied pressure, cools down and retums to a sold
form.
imporfance ol Sublimation Printing:

The method is popular for print on demand t-shirts and it is also available on
ceramic, wood and metal that have a special coating on o receive the inks which are
sublimed,

Kinetic Theory and the Gas Laws

¥ /_Ditfusion

14, EI.‘- Importance ol F'Ia[ s of D-1Iu4|-1n ol Medicines in Human Body

0.11: Stale Boyle's law and urplaln the ml:iiunuhlp between the pressure and
volume of 2 gas on 1he basis ol "Kinetic Malecular Theory”.
Ans Boyle's Law
The law states that the volume of a given mass of a gas is inversely proporional fo
s pressure at constant temperature .
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: i n
Mathematically Boyle's law is written as:

|
Ve
P

Where

V is the volume of given mass of gas P is its absolule pressure.

" According o kinetic theory, the pressure exerted by the gas in a container s
caused by the collisions of its molecules with the walls of the container.

The pressure changes directly with the number nfnmlm:ulcs colliding with the wall
per unit of ume

. When the pressure on the given mass of a gas is increased at
constant |emp¢mmn: it will decrease the distance between its molecules and the volume
u";.lb will also decrease.

If the volume of the gas will be reduced to one half of its original
valume, it will double the number of molecules per unit of volume. Hence the number of
collistone per unil of time on the same area of the surface will also be doubled. As a
consequence of these collisions, the pressure of the gas will also be doubled,

!ZI 12: Describe an experimental verification of Boyle's law.
I fication ol Bayle's Law

Robert Boyle proved the pressure-volume relationship by pnrﬁ:rmmg a simple
experiment.

Robert Boyle used a simple J-shaped tube and sealed its shorter limb. He then
poured a small amount of mereury through its open end until it jus trapped the air in the
sealed end.

Since he used a small amount of mercury it did not squeeze the air mslde the limb
and 1t was now at atmospheric pressure (760 mm Hg).

Boyle then added more mercury until the difference in the hmght of the two
columns of mercury was close to T60mm. ——— o

This mercury exerted the extra pressure |
on the entrapped air which was now about 2
atmosphere (2 # 760 mm).

When he read the new volume of the |
entrapped air it was one half of the initial | Trapped Air
valume, |
ﬂumlu;inn:' v,I v,

During the experiment the mass of the gas |
remained fixed and the temperature also did | Initial
not change. ' mercury
By doubling the pressure, Boyle had : level

i

reduced the volume by one half. Verification of Boyle's Law
e e _..-l-."-_-_._._.-.

Eepoiman al var

Capul

- r—

T80 mm

0.13: State Charles's Law and explain, using kinetic theory, why the volume of a gas

increases when it is heated al conslant prns:urt'?
ﬂ.ﬂ" ril‘ 1|1I: I" L-‘ N

The law states that the volume of a given mass of a gas varies directly with
temperature when pressure is kept constant. The lemperature musi, however, be
measured on absolute or Kelvin scale.
Mathematical Expressiom

Mathematically Charles's law is written as:

V = T (P and mass of gas are kept constant).
Explanation: According to kinetic theory, if lemperanire of a gas increases, it mcreases
the average speed and kinetic energy of its molecules.

An increase in average speed results in more frequent and harder collisions with the
walls of the container and hence its pressure increases

If the pressure of the gas is kept constant, the increase in the temperature must
increase the volume of the gas. |
Experimental verification (The Piston |
Experiment):

Charless law may be visualized easily lf
@ gas is taken in a cylinder to which a piston |
is attached.
Healing a Gas:

When the gas is heated the piston must |

move up lo increase the volume if the
pressure is to remain constant,

0.14: Slate Avogadro's law. Explain the
particles and the pressure they exert.
Ans, Avogadro's Law:

The law states that equal volumes of different gases must contain an equal number
of molecules if the temperature and pressure are kept constant
Mathematical Expression:

Mathematically Avogadro’s law is written as:

Vo n (at constant temperature and pressure)

Explanalion: According to kinetic theory, the pressure exerted by a gas is due 1w the
number of collisions of its particles per unit area. This' in tum, depends upon the number
of particles and their speed,

If you have two containers containing the same amount of a gas at the same
temperature and pressure, and you increases the amount of gas in one conlainer.
Naturally the pressure of the gas in this container will increase.

To keep the pressure constant the volume of the gas must increasc, This larger

tlnmmmmﬂm
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volume compensates for the mereased number of pariicles, ensuring the pressure reimaing
the samig

Therefore, st constant temperature and pressure. a grearer number of
molecuics stmply reguires a larger volume to mamiamn the same pressurc.
0.15: Explain the gifterence in the rates of diffusion of two gases based on kinetic

Iheory
Moleculs prosent in gases are m a constant state of random motion. Due to this
molecular motion the gas particles spread out and intermix from an area of high
congenitation 1o an arces of low concentrabon. This property of gases s called diffusion,
When a bottle of body perfume 5 opened in one comer of a room its swest
mell showly spreads throughout the room after sometime due to the process of diffusion,
Dhifuson » & spontancous process dunng which gas particles spread out.

The diffusion of Hvdropen gas from one container 1o another one.

SO oes PP Sfopeock | SOt
Gosed Rl opened Hopcock
= opened

e nl e

The dufference i the rutes of diffusion of gases can be explained with the help of
kmene parncie theory of gases

hecording w the kinetic theory molecules of all the gases posscss some kinetic
eReTEy B oonslant temperaiure

Simce Hydrogen s bghter than Oxygen its molecules will move faster than Oxygen
& & goven temperature The rate ot which Hydrogen gas will diffuse is thus much faster
Increace = Bate of D¥usee Rate of diffusion increases with the increase in temperature
as the particies have more kinctic encigy and hence they move faster. This evepmually
lesds 1o raped muung and spreadmg
0L16: Prowe wilh an experiment that dilfereni gases diffuse at different rates,

Ans. Agparatut
e  Two cotion plugs A glass long tuhe
&  chioride gas o  Ammaonia Solutions

Procedurs: Two cotion Phl'ﬂ soiked in hydrogen chilonde pas and ammonia solutions are
mitroduced in the open ends of a 10cm long glav whe simultaneosusly.

Ohzarvation: The two Easch pmtlu-:c white deritse fumes of smmonivem chloride at the
pont gt which they mest i the tube, HCT molecules wravel o distance of 405 cm while
ammaonia molecules cover 595 om in the same duration

" // Wamderd imtihani Chemistr

Conctusinn Thus ammonma diffuses faster than hydrogen chloride gas because it is
lighter than hydrogen chlonde gas

Rates of dithpon of gases

0.17: Discuss importance of rales of diflusion of medicines in human body.
Ans. Diffuzion

The tendency of the molecules contained in o medicine to move ffom a region of
higher concentration to one of lower concentranon is called diffuson
Diffusion Aates of Medicines. The diffusion rates of medicines control how rapidly and
effectively they can be absorbed, distributed and eliminated from the body.

When the medicines are taken orally, the rates of their diffusion between the
stomach and intestine control how quickly they are absorbed m the blood.

A faster diffusion ratc means early absorption and hence a faster onset of action.
Ellecliveness of Drug. Once the drug molecules are absorbed by the blood, they st
diffusing into various tissues and organs. The rate of diffusion o vanous bssues and
organs, The rate of diffusion here determines how quickly the drug becomes effective
Example: Lipd soluble drugs diffuse more easily through cell membranes, making them
more effective in shorer time.

More Eflective Response. .

Generally, a faster mte of diffusion leads to higher drug concentration at its target
organ which means a more effective response.
importance ol Rates ol Diltusion of Medicings in Human Body:

&  Rates of diffusion play a crucial role in the delivery and movement of drugs
throughout the body,

o Diffusion ensures that essentinl substances reach thew target locanons quickly
which eventually helps in the treatment of diseases,

| WY laad bs drapaks tiomal asoetion?

(T PO | Y

It ous m kind of mobion in which molecules can move from one place o aniher i the sam= or
different dinection boi always rémains on e same o

R
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\ns, Among the pases Il-.'.l‘.td (MO, Sﬂv  H;8), here is how they diffise:
— L3

of a gas and 2 |-|L|Ilit‘. same at Ih:

ivEraEe kel cEvirgy i waiid B tlig |1|IrJ'.|I

Yes, the average kinetic encrgy possessed by the particles of a gas and o liquid are same af the

RamE lEmperniure
14.2 Checkl:

\ w waler sapour ol 100°C cause more severe burns as compared t0 lgoid water at the
rirmperuiur
'|.'n|||.r| you bodl water, the temperature stavs ai 100°C even though you keep heating. That extra
heat {energy) 15 wsed (o pull the water particles apant so they can become waler vapour (gas),
When water vapour hats your skan, it turns back imto hgusd and dumps all that extra heat (energy)
oo you instantly, X
Wiliy i s Teel eombortable wearog cottos clothes ln svmimer?
Cotton 15 @ natural fiber, It absorbs sweat from your body very easily. It s because it has tiny
pofes that let wir reach the sweat. when the sweal evaporales (fums into gas) off the cotton, it
carmies the heatl away from your skin, keeping your skin dry and cool. S50 you feel comiortable
wenrnng cotion clothes in summer,
T 1
L, r.n :.
Prares the change in temperatiure oceur during the process of evaporation?
Mo, During the process of evaporation, the temperature of the subsiance stays the same becouse
the heat is being used w change the state (fom hquid to gas) rather than raising the temperature,
e fee sublime?
Yes, In very cold and dry conditions, ice can ium direcily into waler vapour without melting info
a liguid first,
Give one example each for sublimation and deposition other than mentioned in the text.

This is solid carbon dioxide. when it i [eR out al room temperature, it turns directly into a smoky
gas without ever becoming a liquid.

When carbon dioxide gas is cooled very quickly under pressure, it tums directly into solid blocks

OF ST,
. — - L
14.4% (Check’
With the help of kinetic particle theory explain: Tl

Haow does 2 gas cxert i:rr“llrl.-'.‘

Gas particles are in constant, random motion. The pressure exerted by o gas is due to the
collisions of its panicies with the walls of the container.

How does the volome of 8 gas change when (s tempernture is decreased? (Pressure and

mdSs Cofsiant)
When the temperature is decreased, the pariicics |ose energy and move slower. They stay closer

together, which makes the volume of a gas smallef,

-\|r.|.'|i.:[:1 E:r: among the folliwing will diffose at the Fastest speed and “hiph.“‘[lk L]if_[q_ge_n| the

slrwest speed under similar conditions of femperatore and pressure?
Wi, 5005, HaS
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- H S will diffuse at the fasiest speed
" S0 will diffise at the slowest speed

Reasaon
It 15 because, ligher gas paricles move and sproads oul (diffure) much faster than heavier ones

H% iz the lighest of the three, while 504 is the heaviest

{ii)y Explain with the help of kinetic particle theory why does ammonia gas dilfuse Tuster than
hydrogen chloride gas?

Ans, Ammonia gas molecules are much lighter than hydrogen chioride gas.
According to the kinetic particle theory, at the same temperature, lighter particles move ol higher
average speed than heavier particles.
Because ammenia particles are moving faster, they spread through the sir more quickly than the
heavier, slower hydrogen chloride particles,

DO YOU KNOW?

Interconversion of physical states of matter may not be brought sbow by changing the lemporatire oniy

Sometimes their interconversion may be affected more convniently by chunging both the temperiture
pid pressure at the same time or by varying the passure only at constant temperature. For example, i
melts from pressure in the hands of o snowball maker. For example, fcc melts from presaere in the
hands of a snowball maker, Ammonia gas can be liquefied at atmospheric pressure und al 8 lemporalire
of -34°C. Alternatively, it can also be liquified by exerting & pressure | MPa and al room lemporaiure
(25°C),

INTERESTING INFORMATION |3

Phase change materials are used in thcrm.al regulation, such as in :tmlnng af building insulstion, o
store and release thermal eneniy.

THINGS TO KNOW 'y

Maolecules present in a gas and a liquid show all the three types of movements simullancously namely,
iranslationzl, rotationzl and vibrational,

k= Objective Type Questions

Y/ AdditionalMca's /4

S -

Multiple Choice Quesfions prepurr:-] in lhe light of new Examination Techniques
ll'f.nuwledge Unde-—standmm Applu: tmn, Analytical & Conceptual)

sical Slales

I.  According to the kinetic particle theory, what is the state of motion for
particles in all matter?

(a) Moving only when heated {(b) Continuous and random

{e) Stationary and fixed {d) Moving in a circular pattcrn

Which type of motion is possessed by particles in a solid?

(a) Random motion (b) Vibrational motion




 womoane TR RCONE A s 10

3

10,

1.
13

14.

IS.

16.

17.

|
() Rotatienal motion (d) Translational motion I
What happens to the average kinctic energy of gas particles if the temperalur |
increascs? '
(a) It decreascs by It stays the same (¢) N inereases
Internal encrgy of a substance is the sum of which twe types of energy?

(a) leat energy and light enerpy (h) Kinetie energy and potential encrpy
(c) Muclear energy and solar energy {d) vibrational ¢nergy and sound cnergy
At the melting point:

{a) The solid turns to a liguid (b} The liquid wrmns 1o a gas

{c) The gas wirns 1o a solid (d) The gas wrns 1o a liquid

What is the process called when a gas turns back into a liquid?

(a) Boiling (b) Melting (e} Condensmion (d) lvaporation
At the boiling point the vapour pressure of the liguid is cqual to:

{a) #ero (b} ‘The internal cnergy

(e} The melting {d) The aimospheric pressune |
Which state of matter has a fixed volume but no lixed shape?

(a) Solid (b) Liquid (c} Gas {dy Plasmu

What happens to the movement of particles when a gas is cooled?

(a) They repel each ather more (b) They disappear

{e) They move laster (d) Their kinclic energy decreuases
Which of these substances cxists in three Physical states while its chemical
nature remains cxactly the same?

{a) Oxygen (b} Iron {¢) Corbon dioxide (d) watcr,

Which states of matter show all three types of movement simultancously?

{a) Solids and liquids (b} Only pases

() Gases and liguids (d} Only solids

Which state of the matter keeps its level and have a fixed volume?

{a) Solid (b) Liguid (c) CGas {(d) Plasma
Which of the following movements do molecules of a gas und a liquid show?
{a) Translational (b) Rotational {c) vibrational (dy Al of these
What is the name for the escape of molecules from the surface of a liguid ¥l
any temperature?
{a) Condensation

(d) 1 beeomes s |

(b} Evaporation (e} Boiling ey Meling

When a gas is cooled and molecules come closer together, what is the result?
(b) Evaporation

{c) Boiling
Heating and Cooling Curves

{a) Condensation

m Evaporation and Boiling

When a solid substance is heated, its temperature

(a) Incrcascs (b) Decreases (c) Remains same
The condensation point is also called the

(a) Melling point b} Liguefaction point
{c) Boiling point (d) Freering point

(d)y Melling

(d) Becomes /e

——
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18,

19,
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1.

21.

23,

24,

26.

27,

28,

29,

3o,

3.

() PRiHong
During the process of condensation, the temperature

(a) Will increase thy Will decrease

{c) Remains constan {d) Becomes serm
Which of the following represents the same temperature as the melting paint?
(a} Boiling point (b} Froceing point

{c) Condensation point {d) MNone ol these

Ammonia gas can be liquefied at atmospheric pressure and at 2 temperature
of:

fay -31°C (b) - 32°C ic) - 33°C id) 34°C
What is the heiling point of water in Murree as compared to Karachi?
(a) 102°C (b) 100°C {c) 98°C (d) 75°C

IT the external pressure is increased, the rate of evaporation.

(a) Also increascs (b) Decreases

{c) Remains constant {d) RKemains same

The process of a gas turning directly into a liquid is called,

{a) Sublimation ib) Condensation (¢} Melting (dy Bailing

At what temperature does the heating curve lor water stay constani while u
ice melts?

(a) O°C (h) 100°C

Which of the following is "Dry Tee"? ’
{a} Frozen ammonia gas (b} Solid carbon dioside

(c) Ligquid nitrogen {d) Froscm oxyveen

Which of these factors increases the rate of evaporation?

(2} Increasing the surface arca (b} Decreasing the wemperature

(¢} Increasing cxternal pressure {d) Keeping the container closed
In Karachi the boiling point of water is:

{a) 25°C (b} 50°C {c) 75°C

When a pas is cooled the kinetic energy of its molecules.

{a) Decreases (b} Increases

(c) Remains constan (d) Becomes #ero
The temperature of a liquid at which the vapour pressure of liquid becomes
equal to the atmospheric pressure is called its:

{a) Melling point (b} Boiling point

{c) condensation point (d} Ewvaporation
| 14.5 | Sublimation
[ 14.6 | Applications of Sublimation

The direct conversion of a solid to vapours without melting is called.
(d) Condensation

{e) 25°C (dy 34%C

{(d) 100°%C

{a) Boiling (B) Freesing (€} Sublimation

What is the reverse process of sublimation called?
{a) Melting (b) Deposition

(e} Freceing {d) Buoiling

ETATR
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41.

42,

45,
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Which substance is used to keep insects away from woollen clothes “"”'“Eh

sublimation?

{a) Salt erystals {b) ™aphthalene balls (c)sugar cubes id} Dryice

The formation of frost in winter is an example of which process?

fal Sublimation (b} Evaporation (e) Deposition (d) Condensation
Which process is used in the working of air fresheners?

iaj Fvaporation (b} Condensation (&) Deposition (d) Sublimation
Which two factors are applied to eonvert sublimation inks into vapour?

aj cald and light ik} Heat and pressure

{c) water and air id) light and heat

Sublimation printing can be done on fabric and,

{a) Ceramic (b} Wood {c) Mewal (d) All of these
What is the process called when a pas changes directly into a solid?
fa) Deposition (b) Condensation  {c) sublimation (d) Melting
Which of the following describes the formation of frost?
fa) Evaporation  (b) Melting {c) Sublimation

Kinetic Theory and The Gas Laws

(d) Deposition

Importance of Rates of Diffusion of Medicines In Human Body

Mathematically Bovle's law is written as:

fa) V=T b ".’:.r:-F|; () Vee T (d} Vorn
Haw is charles' law mathematically written?
ay VT by ¥V =n {c) "\-"-x% (dy V=P

Which of the following is mathematically representation of Avogadro's law?
J Vxn

%
bl

(b V=P (dy V=T

=)

x5 (c)

The basis of pressure volume relationship first observed by.

fz) Robert Boyle (b) Alexander charles {¢) Avogadro {d) Wewton
According to Boyle's Law what happens to the volume of a gas when the
pressure is doubled at 2 constant temperature?

fay The volume is doubled {b) The volume is reduced one third

(e} The valume remains the same {d) The volume is reduced 1o onc hall
Charle's law states that at constant pressure, the volume of a gas is dircetly
proportinnal to its.

{2) Atmospheric pressuse (b) Absolute (Kelvin) temperature

{c) Number of moles (d) Celsius temperature

What happens to the rate of diffusion when the temperature is increased?

(a) It remains constant (h) It decreases

R
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fd) It stops completely

(c) It increases

46. In the human body medicines move from the stomach into the blood primanily
through.
(a) Compression (b) Active pumping (c) Diffusion {d) Ewvaporation
47. Diffusion occurs most rapidly in which state of matter?
{a) Gas (b) Liguid {c) Solid (d) Plasma
48. If two containers have the same volume, temperatore and pressure,
Avopadro's Law says they must have.
{a) Same number of molecules (b) Different speeds
(¢) Same mass of gas (d) Same chemical properics
49. Why does a scent (like perfume) spread across a room even if there is no
wind?
(a) Due to evaparation {b) Due to diffusion
{c) Due to sublimation (d) Due to deposition
S0. Which law explains why a football becomes flat or small in very cold weather?
(a) Charle's law {b) Avagadro's law (c) Bovle's lawn (d) ™~oneof these
51. [If you squeeze a balloon (decreasing its volume) at constant temperature. the
pressure inside will.
{a) Becomes Zero (b) Increases {c) Decreases {d) Remains consion
52. What happens to the pressure of a gas if the number of collisions with the
walls increases?
{a) The gas turns into a liquid {b) The pressure increases
{c) The pressure stays the same (d) The pressure decrease
53. If you double the number of gas particles in a2 container while keeping T and P
constant, what happens to the volume?
{a) The volume is halved (b} The volume doubles
(¢) The volume triples {d) The volume stays the same
54. Lipid soluble drugs are often more effective because they call membrane they.
| (a) Diffuse more easily (B) Diffuse slowly
{e) Evaporate quickly {(d} Do mot diffuse
55. In Boyle's experiment what was used to trap the air and apply pressure?
{a) A piston (b) Mercury (e} Ol (d} Water
[ Answerg) |
L (b} 2. (B 3 (e 4 (b)) 5 (@ 6 () 7. (d)
B. (b) 9. (d) 0. (d) 1L (&) 12 (b) 13 (& 14 (b)
15. {(a) 16. (a) 17. (b) 18. (&) 19. () 20. (d) 21. {c)
S22, (k) 23 (b)) 24, (a) 25 (b) 26 (a) 27. (& 28 (a)
29. (b) 30, (c) 3. (b) 32 (b)) 3 (¢) M (&) 35 (b)
36, (d) 37. (a) a8, () 39. (b 40. (a) 41. (<) 42. (a)
43, (d) 44, (b) 45 (c) 46, (c) 47. (a0 48 (a) 49. (b)
50. (a) S1. (b) S2. (b) 53 () S4. (a) 55 (b)
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/4// Additional Shnrt Questmns

Short Answer Questions prepuwd in the light of mew Examination Techniques
{Kknowledge, Understanding, Application, Analytical & Conceptual)

14,1 | Internal Energy
142 I E e

1.  Inwhich four physical states does matter exist in this world?

Ans. Mutter in this world exists in lour physical states namely gas. liguid, solid and
plasima

2. Propertics of which state of matter were studied first?

Ans. Propertics of pases were studied Tirst,

Y What iden did lend to formulation

Ans. 1l wis suggested that physical propertics of gascs such as their ability 10 compress
ar gxpand, or diffuse could be undersiood by assuming that the pases consist of

This idea then led 1o

/

of Kinetic particle theory for gases?

particles which are continuously moving randomly
formulation of kinetic particle theary ol gases

4.  What does Kinetic pacticle theory explain?

Ans. Kinetic particle theory explaing

® Al the laws which govern the behaviour ol gases

o  The composition of liguid and solid staes of mantter

&  lpterconversion of all three states,

5 What is the muin iden of kinetic particle theory?

Ans, The mam idea of Kinetic particle theory is the all matter is made of particles that are
always moving randomly,

6. What is kinetic particle theory?

Ans. Kinetic Particle Theory: 1t is o theory suggesting that all matter consists of
particles that are in continuous rindom motion. [ explain the propertics of gases.
liquids and solids, as well as their inlerconversion

7. What is the main idea of kinetie partiele theory?

Ans. The main idea of Kinetic particle theory is that all matter is made ol particles that
are always moving randomly.

8.  Give an example to support that all the three physical states are distinet in
their physical properties only while their chemical nature remains the same.

Ans. All the three physical states are distinet in their physical propertics only while theif
chemical nature remains the same.

Example: Water in all its three physical states remains chemically the same compond-

9. How does kinetic particle theory explain gas pressure?

Anms. According to Kinetic particle theory the pressure exeried by a gas is duc 1o the
collisions of its particles with the walls of the comainer,

B

AETYTIITY WTHANI GHEMISTRY (23) 5% &m

10. Why are attractive forces between gas particles assumed as negligible?

Ans. Attractive forees between gas particles are assumed as negligible since the particles
arc widely apart at low pressure,

il. Why do the particles of liguid have not any fixed position and shape?

Ans. The particles in a liguid are quite close o one another. They arc also moving in all
directions As a result the particles of liguid do not have any lixed position and
shape.

12. Why does a liguid have a fixed volume?

| Ans. Dwing 10 the presence of interparticle Torces, o liguid has a lixed volume and it
| keeps its level as well,

| 13, What kind of movement do the particles in a lguid show?
| Ans. In a liquid, the particles show all the three types of movements namily.
& ‘Translational s  Rotational e Vibrational
14, Why s it ussumed that the eollisions beiween gas particles do not involve uny

Inss or gain of enerpy due to friction?

Since the pressure of a gas in a conlainer docs nol change with tme sl constin
lemperature. it is assumed that the collisions between its particles do nol involve
any loss or gain of energy due to (Fetion,

What is the relationship between temperature and kinetic energy in guscs?
The averapge kinetic energy of the particles is direetly proportional 1o the
temperature measured on kelvin scale,

16. Compare the movement of particles in solids and lguids,

Amns. In solids, particles only possess vibrational motion in (ixed posilions,

| Liquids: In liquids, particles move in all dircctions and show three 1ypes of
movement namely, translational, rotational and vibrational,

Ans,

15.
Ans.

17. 1Is the average kinetic energy the same for all pases at the same femperaiure?
Ans, Yes, the average kinetic energy is the same Tor all gases at the same lemperaiure.
18. At what scale is the temperature of a gas measurcd to find its kinctic cnergy?

Ans. According to kinctic particle forees in the solid subsiances arc so strong that they

keep their particles arranged in a fixed position,

What solids may consist of?

Solids may consist of ion, atoms and molecules,

What is the only type of motion particles have in a solid?

The particles of solid possess vibrational motion only.

MName the three types of movements shown by gas and liquid particles.

Gas and liquid particles show three types of movemenis namely translational,

rotational and vibrational,

22. What is internal energy of a substance?

Ans. The internal energy of a substance is the total cncrgy it contains, |t includes the
kinetic energy of its particles and the potential energy due to bonding between
them,

13. What two types of energy make up internal energy?

Ans., Kinetic energy of particles of a substance and the potential cnergy due to bonding

19.
Ans,
0.
Ans,
21.
Ans,

8
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between them make up internal energy,

24, What is the impact of heat on the internal cnergy of a system?

Lns. |leat increases the mternal energy of a system,

25, How can the physical state of a solid substance be changed?

Ans. The physical state of a solid substanee can be changed by simple heating.

6. Define melting point.

Ans. Melting point: At a particular temperature the vibrational motion of solid particles
becomes so (ast that 1 overcomes the cohesive lorces, As o result the solid st
melting and this temperatore s called the meliing poini of the solid,

27, Why does solid turn into a liquid at the melting point?

Ans. At the melting point. the particles of a solid not only lose their mean positions by
the arrangeiment as well - The solid collapses and twrms 1o a liquid,

28. Define evaporation,

Ans, Evaporation:

Ihe malecules of a liquid Keep on coming out from the surlface of o liguid a all

temperatures and such an escape of malecules from surface is called evaporation,

What is the difference between boiling and evaporation?

Ans. Boiling occurs througout the Hquid al a specific temperature (boiling paint), while
evaporation occurs only at the surface and at any lemperature,

0. Define boiling point.

Ans. Baoiling point: The temperature of a Ilqmd at which its vapour pressure beeomes

equal 1o the atmospheric or external pressure is called its boiling point.

What is condensation?

Al a suitable lower temperature the increased atiractions bring the

This is called

2.

3L

Ans. Condensation:
molecules so close that they are changed into a liquid form,
condensation,

32, Why does a temperature remain constant during condensation?

Ans. During condensation, as particles come together and form bonds/atiractions encrgy
is released, which keeps the temperature constant until the entire gas has wried
into a liquid.

33. What does heat do to the kinetie energy of the particles?

Ans. Heat increase the kinetic energy of the particles and they start vibrating at a higher

frequency.

34. Why doesn't the temperature rise while a solid is melting?

Ans, The temperature doesn't rise while a solid is metting becausc the heat energy
being used to weaken the force of Attraction between the particles instead of
raising the temperature.

35. What is the difference between vapour pressure and atmospheric pressure 8f

the boiling point? I

Ans. At the boiling point vapour pressure and atmospheric pressure are equal to u.:rr!’
ather.

B
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Heating and Cooling Curves
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36, What is a heating curve?

Ans. Heating curve: If is a graph drawn between the internal encrgy and the
temperature of a system, showing how the temperature changes as a substance s
lheated through its different states.

A7. What is a cooling curve?

Ans. Coaling curve: It is a graph drawn between Lhe internal enerpy and the
temperature of a system. showing how the temperature changes as a subslance is
cooled through its different states in reverse {e.g. from a gas o a liguid. or a liguid
to a solid)

38. Define eondensation point or liguefaction point,

Ans. Condensation point or Hguefaction poine:

It is the specific temperature at which a gas starts converting inte a liguid during
the cooling process lor a pure substance. this is the same temperature as its boiling
point.

39, Why doces the temperature remain constant during the melting process?

Ans. The temperature remains constant during the melting process because the heal
energy being provided is used 1o break the bonds between solid pariicles 1o conven
them into a liquid, rather than increasing the kinetic energy of the particles,

40.  How does external pressure affect the rate of evaporation?

Ans. Increasing the external pressure makes evaporation maore difficult because it forc
gas molecules back towards the liquid surface. Conversely, a deerease in extcrnal
pressure increases the rate of evaporation.

41. How are the rates of both evaporation and boiling affected?

Ans. Rates of both evaporation and boiling are alfecied by the variation in the cxternal
pressure o which the liquid is subjecied,

42. What does'happen to rate of evaporation by the decrease in external
pressure?

Ans. Rate of evaporation tends to increase by the decrease in external pressure and vice
Wersi.

43. Why is the boiling point  of water lower in Murree (98°C) than in karachi
(1=Cy?

Ans. Boiling occurs when vapour pressure :qual:s external pressure. The mmospheric
pressure al Murree is lower than that in Karachi, So we find that the boiling point
has dreceared at lower atmospheric pressure

44. Can a phase change occur without changing temperature?

Ans, Yes, by varying the pressure, a substance can change stales at a constant

lemperature.
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For Example:

1. lce melis from pressure in the hands of a snowhall maker

2. Ammoenia gas can be liquefied by excrting a pressure |MPa and at room
temperaiure (23°0)

m Sublimation
m Applications of Sublimation

45.  What is sublimation?

Ans. Sublimation: ‘
The direct conversion of a solid 1o vapours without meliing is called sublimation,
For example: Solid carbon dioxide which is also called dry ive. changes dircaily s
gaseous carbon dioxide at room temperature without first melting w liquid siate.

46. From where does the energy needed for sublimation eame?

Ans. The energy needed for sublimation also comes from within the substance which
then absorbs energy from the surroundings

47. Define deposition,

Ans, Deposition: The process reverse to sublimation is called deposition where o gas
changes directly to a solid without geing into the liquid stae.

Example: Formation of frost in winter season.

48. Which process is used in the working of air fresheners?

Ans. The process of sublimation is used in the working of air freshenes

49,  What is sublimation printing?

Ans. Sublimation printing: When the process of sublimation is used o print a design
into & material or fabric. it is called sublimation printing,

20. What does sublimation printing invalve?

Ans, The process of sublimation printing invalves printing that transfors a design into 2
fabric using ink and heal.

51. Form where does a substance absorb energy for sublimation?

Ans. A substance absorbs encrey from its surrounding for sublimation.

51. Does sublimation printing stay on the top of the fabric?

Ans, No. the ink bacomes embedded inside the pores present in the fabric,

53. Why does printing in sublimation printing not fade away with time?

Ans. In sublimation printing the printing is permanent which does not lade away with
time because the ink is embedded in the fabric rather than simple attaching with the
top of the fabric in a normal printing.

54. On what materials can sublimation printing be used?

Ans. Sublimation printing is commonly used for T-shirts, ceramics, wood, and metals
that have a special coating to receive the inks which are sublimed.

55. Name two common substances that undergo sublimation,

Ans. Two common substances that undergo
®  Dryice &  Maphthalene balls,
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6.  What is used to protect woolen clothes from insects?

Ans. Naphthalene balls are used 1o protect woolen clothes insecis.

57. How do solid air fresheners work?

Ans. Solid air fresheners contain a scented substance which may evaporate with or
without heating. The scented substance undergoes sublimation and disperse scented
vapours throughout the room and mask unpleasant odours,

8. Why is sublimation printing considered permanent?

Ans. Unlike normal printing where ink sits on top. sublimation printing uscs heat o open
the pores of the fabric. The ink turns inlo vapours. ¢enters the pores, and the
solidifies inside the fiber as it cools.

59, What iz "Dry ice"?

Ans, Dry ice is the common name for the solid carbon dioxide (COL).

6. What happens to naphthalene balls over time?

Ans, Maphthalene balls disappear over time because they sublime directly from a solid
into a gas.

61. Docs dry ice melt into a liquid at room temperature?

Ans. Mo, it changes directly inlo paseous carbon dioxide.

62. What is a natural example of gas turning directly into a solid?

Ans. The formation of frost in winter is a natural example of gas wraing directly inlo a
salid.

63, What is needed o turn sublimation ink into vapour during printing?

Ans. Both heat and pressure are applied to turn sublimation ink into vapour during
printing.

64. Can vou use sublimation printing on metal?

Ans. Yes, as long as the metal has a special coating to receive the meral

Kinetic Theory and The Gas Laws

IEZX] importance of Rates of Diffusion of Medicines in Human Body

65. Define Boyle's law

Ans. Boyle's law: The law states that the volume of a given mass of a gas is inversely
proportional to its pressure at constant temperature,

66. How is Bovle's law written mathematically?

Ans. Mathematically Boyle's law is written as:

i
v )
V = The Volume of given mass of gas
P = Absolute pressure of gas.

67, According to Kinetic theory what causes the pressure of a gus in a container?

Ans. According to kinetic theory, the pressure exerted by the gas in a container is caused
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by the collisions of its molecules with the walls of the container.

68. What did Robert Boyle use to prove the pressure volume relationship?

Ans, Robert Boyle used a simple J shaped tube to prove the pressure volumg
relationship.

69, What did Robert Boyle use to pour the J shaped tube?

Ans, Robert Boyle poured a small amount of mercury in J shaped tube.

70. What is the relationship between temperature and molecular speed?

Ans. As temperature increases, the average speed and kinetic energy of the moleculy
also increases.

71. How does the pressure of the gas in a container change?

Ans. The pressure of the gas in & container changes dircctly with the number of
molecules colliding with the wall per unit of time,

72. Who did observe the basis of pressure volume relationship first?

Ans. The basis of pressure volume relationship was first observed by an Irish chemig
Robert Boyle.

73. State Charle's law

Ans, Charle's law: The law states that the volume of a given mass ol a gas varg
directly with temperature when pressure is kept constant.

T4. How is Charle's law written mattematically?

Ans. Mathematically charle's law {5 wrilten as

V=xrT
P and mass of gas are kepl constant

T5. Who did give the charle's law?

Ans. French scientist Jacques Alexandey Charles gave the charle's law,

T6. What is Avogadro's Law?

Ans. Avopadro's Law: The law states that equal volumes of different gases must
contain an equal number of molecules il the temperature and pressure are kept
constant, "

77. How is Avogadro’s law written mathematically?

Ans. Mathematically Avogadro's law is written as V = n (ot constant temperature and
pressure),

78. Explain the relationship between the number of molecules and volume.

Ans. At constant temperature and pressure, adding more gas molecules increases (b
number of eollisions. To maintain the same pressure, the volume must increase 10
provide more space lor the additional particles,

79, Define diffusion

Ans, Diffusion: Molecules present in gases arc in a constant staic of rondom moiiot
Due to this molecular Motion the gas particles spread out and intermix from an arc
of high concentration to an arca of low concentration, This property of gases 8
called diffusion

B0,  How does the temperature affect the rate of diffusion”

Ans, Rate of diffusion increascs with the increase in lemperature as

the pnni:lcs_hil:_f
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more kinetic energy and hence they move laster. This eventually leads to rapid
mixing and spreading.

#1. Why does Ammonia (NH;) diffuse faster than Hydrogen ehloride (HC1)?

Amns. According to kinetic theory at the sameg temperature lighter molecules move faster
than heavier ones. .

Since Ammaonia is lighter than Hydrogen chloside, it dilTuses faster.

§2. How does a gas exeri pressure?

Ans. Gas pressure is caused by the continuous collisions as gas molecules with the walls
of their container.

#3. Why is diffusion important for medicines in the human body?

Ans. Diffusion is important for medicines in the human body because the process of
diffusion ensures that essential substances reach their target locations guickly
which eventually helps in the ircatment of diseases.

84, What is spontancous process in diffusion?

Ans. It means the gases mix on their own naturally without aid of any external force or
energy o be applicd.

85. How do medicines move from the stomach to the blood?

Ans. Medicines move through the process of diffusion traveling from an area of high
concentration {stomach) to low concentration (blood)

B6. What do the diffusion rates of medicine contraol?

Ans. The diffusion rates of medicine control how rapidly and effectively they can be
absorbed, distributed and eliminated from the body.

87. What does make lipid soluble drugs more effective?

Ans. Lipid soluble drugs diffuse more easily through cell membranes, making them more
effective in shorter time.

88. What does happen onee the drug molecules are absorbed by the blood?

Ans, Onee the drug molecules are absorbed by the blood, they start diffusing into various
tissues and organs.

89. Why the rate at which hvdrogen gas diffuses is much faster than oxygen”

Ans. Since hydrogen is lighter than oxygen its molecules will move faster than oxvgen at
a piven temperature, the rate at which hydrogen gas will diffuse is thus much faster
than that of oxygen.

= Exercise Questions (Solved) m

L L LT

A. Multiple Choice Questions

¥r  Choose and tick the correct answer from the given cholces.

I.  According to kinetic theory, the basic difference between solid, liquid and gas
is due to:
(a) the difference in the movements of the particles.
{b) the chemical properties of the particles.

(c) the size of the particles. (d) the shape of the particles.
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Lipein heating the rate of evapuration:

fa) decreses llr RLreastl ¢y remams e samo

fd} initialhy decreascy zr-’_‘, then intrezses upon funther hesting

3. The inter-particle attractions are the strongest in:
{2) Selids fh) Liguids ey Plzume fd) Cas

4,  Conling the vapours of sume gases change them directly into solid state. Thi
phenomenan is called:
faj cwaparation by condensation {t) sublimation fd) depnsition

5. Physical state in which the particles possess the maximum energy:
f&) Selid rh) liguid fo) Caseous fd) Vapour

6. How deoes the process of eveporation depend on the force of atiraction present
amaong the molecules of a liguid?
fa) It decresses with the incressing strenpth of attrection,
th) I incresses with the increasing srenpth of atrection.
fey 1 is independent of the strength of the furce of attraction.
(dj N first increases and then decreases with the increasing strength of the force of

attrzctinn

7. Which gas will diffuse st the fastest rate?
{2) HCI (h) S0, te) H.S idy CO-.

%,  The phase changes A and Bin gas 2, liguid —, solid are:
fa) Melting, evaparating by Condensation, meliing
fe) Cundensation, lreering fd) Builing. freesing

9. A student noticed frost falling on the ground at 6,30 am und disuppearing by
.30 am. Which phase change was responsible for changing the frost inte
waler vapours?
fa) Mullina_

(h) Fvaporation (e} Sublimaticn (dy Sublimation

1. fa} 1. (b 3. fa) 4. (d) 5 i) fi. (u) 7. e}
H. fc) . de)

4,0 From where does the energy come when s lguid evaporaies?

Ans, When a liquid evaporates, the energy comes from the surroundings and the ligud
itself, During evaporation, the surface maolecules absorb heat energy lrom the rest
ul the liguid and the surroundings 1o overcome the atmospheric pressure and e
attractive lorces of other molecules and escape into the air.

14.2 s condensation an endathermic process?

Ans, No. Condensition is an exothermic process, In condensation, gas molecules |
heat enerpy 1o their surroundings as they slow down and move eloser together
firrm an Digquided.

1.3 Why naphthalene balls (used to repel inseets) disappear after sometime?

Ana, Naphthalene balls disappear aller somelime due o a process called sublimaiio®

B
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(1)  Zpsets

This is 2 process where 2 solid changes directly inio 2 gas with
the liguid state. The solid napthaline moletulcs gzin enpugh encrgy om the ait 1o
escape direcly & vanours and disappear

14.4 Why does the temperature remain constant during a phase change?

Ans, The temperature remains consiant during & phase change because during a phase
change the heal cnergy supplied is uscd 10 break the intermolecular bonds
fovercoming the forces of atiraction) better than increasing the Kinctic encrgy of the
particles (which wnuld maise the temperature)

14.5 Is it possible to compress a liguid like a gas?

Ans. Wo. Liquids are considered incompressible. In & gas, there arc large empty spaves
between particles. but in a liguid, particles are already packed very closely together
with almost no space 10 be pushed funher.

14.6 Can vou change the temperature at which water baoils in an experiment in
your lah?

Ans, Yes, The bailing point of water depends on atmospheric prossurc

. IT vou decrease the pressure (using a vacuum pump). water will haoil a1 a
temperature lower than |G0°C

- I vou increase the pressure (like in a pressure cooker ), the boiling point incrcass

14.7 In which scason the wet clothes get drv after a relatively longer time?

Ans. Wet clothes take longer time to dry in Monsoon (Rainy ) scason. This is because the
air is already saturated with moisturc (high humidity b which shows down the rate of
evaporation from the clothes,

14.8 When a solid is heated, what happens to its particles which are vibrating?

Ans. When heated, the panicles gain kinetic energy and their vibrations become more
rapid and vigorous. Eventually. the vibrations become strong enough o osercomas
the rigid bonds of the solid. leading 1o melting.

14.9 Do solids and liguids also diffuse just like gases?

Ans, Yos Solids and liquids also diffuse just like gases bul much more slowis.

Example:

I vou write on a chalkboard and lcave it unclean Tlor months, it becomes dificul o
crase, This is because some particles of the chalk have diffused into the surface o
the board. J

14.10 Why dew is formed in the carly hours of the morning?

Ans. At night. the ground and objects coal down, In the carly moming. the air near thesg
cold surfaces cools to ils dew point (the iemperature ol which it is saturated with
waler vapour). The air can no longer hold all its water vapor, so the exoess vapour
condenscs into water drupll: on cold surfaces like prass or leaves

out pasung through

14.1 Differentinte between evaporation and boiling.
Ans, For answer sec Q7.
14.2 Deseribe how boiling is related to the external pressure?

= Ans, Boiling occurs when the vapor pressure ol the liquid equals the external pressure

= A
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Lower External pressurc:

When external pressure is lower, the boiling point decreascs.

For Example: Water boils a1 a lower temperature on a mountins because the
atmospheric pressure there s lower

Higher External pressure:

When external pressure is hagher, the boiling poinl increascs

For example: In a pressure cooker, by increasing internal pressure. water biils g
a higher temperature. cooking lood Taster
14.2 Why the process nr cvaporation does not necd the input of cnergy?
qms. Fvaporation does not need the input of enerpy (heat) because it relics on the crergy
from its surroundings or on the kingtic energy that water molecules already possess
v

al 1 1P TaTE

144 Why the heating and cooling eurves for the phase changes adopt the same

path?
Ans. [he heating and cooling curves for the phase changes adopt the same path because
. The hest required 1o break molecular bonds during heating is exactly cqual o the

nergy releascd when those bonds reform during cooling,.

. L nder the same pressure conditions. a substance will melt and frecec at the same
Iemperalure (and Dol ana indense a1 the Lame t"'l'ﬂrh,]' piurc)

14.5 Why ice melts when the pressure is exerted on it?

Ans.

h 2icr 15

s denser 25 2 iguad than £ 18 as solid ice.

When vou exert pressure on ice. you force the molecules eloser wogether, o

£
- TETE A - i
woil § gl IHiLL o g e |l

14.6 Why do phase changes occur?

Ans. Phase changes happen because of changes in hea energy. This eneray alfects how

I i 8= - -

14.1 Eaplain the difference in the rates of diffusion of two pases bascd on kinetic
thenry.

Ans. Foranvwer see Q) 15

142 How does the process of sublimation helpful in printing and in the usage of air
freshner?

Ams. For answersee () 10

143 Draw heating curve for the physical changes water undergoes with change in
temperature.

Ams. For answersee Q 6
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Stoichiometry

tudent Learning Oulcomes

Atter studying this chapler, students will be able to:

™ U'se the molar gas volume, 24 dm? at room temperature and pressure. in
calculations involving gases
Define concentration, use both g/dm® and mol/ dm’. and convert between them.

. Caleulate stoichiometric relationships between substances relationships
(specifically; .
reacting masses, limiting rcactants,
volume of gasses at R.T.P.,
volumes of solution and concentrations of solutions in g/dm® or moldm’. including
conversion between ¢m® and dm?)

- Caleulate concentration of a solution in a titration using empirical data
Caleulate empirical formula and molecular formula from appropriaie data

. Caleulate percentage vield, percentage composition by mass and percentage purity
from appropriate data.

Subjective Type Questions

- Long Questions prepared in the § hghl o S— Techmiques
I,'lm:wrlredge, umemanumg, Application, Analytical & Conceptual)

—.

Molar Volume

m Concentration of a Solution

Q.1: What is molar volume. Why the concept of molar volume is useful lor us?
Ans. Molar volume:

It has been found that one mole of all gases occupies a volume of 24 dm* mt RTP
This is called molar volume.

It is worth nothing that one mole of each gas contains the same number of

muolecules, occupies the same volume and at the same time has different mass

Inn other words the masses and the sizes of the molecules of gases do not change the
violume occupied by them.
Variation in volume of a gas:

The volume of a gas varics with changes i pressure and temperaturs

—
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Room lemperalure and pressure: In order to compare the volumes occupied by difTerey
gases, we musl adopt a st of standard conditions of temperature and pressure called
raom temperature and pressure (RTP). '

Measurement of volumes ol gases al room temperature:

The temperature of 25 °C (298.15k) and one atmosphere (760 torr) are used a5
standard conditions of temperature and pressure for measurcment of volumes of gases a
room temperalure.

Usefulness of molar volume: The concept of molar volume is useful because it cnables us
to calculate the number of moles or masses of the gases if we know their volumes,
0.2: What is concentration of a solution. Identil‘y the spe:mn units used for it.

Ans. Concentration of a solution:
Concentration of a solution is a measure of the amount that has been dissolved ina
given amount of solution or solvent. '
The amount of solute dissolved is expressed either in grams or in moles,
The quantity of solution is expressed in terms of its volume, dm® or em?.
Units: # The units used for the mass fvolume concentration is gidm?.
# The units used for the molar concentration is molidm?,

Example: Calculate concentration of a solution in g/dm® which contains 20 g of
sodium chloride dissolved in 0.2 dm® of water.
Solution:
Mass of solute in gram =20 g
Volume of sodium in dm® = 0,2
Concentration of solution =7

Mass of solute in gram

Concentration = : ; r
Volume of solution in dm’

2
=55 =100y dw’
0.3: How the concentration of a solution in titration is calculated using empirical: -
data?
Ans. Titration:

The concentration of a solution can be determined by titrating it with a solution of
known concentration till the end point is reached.
Things to know for titration: For the purpose, you need to know:
e  The balanced chemical equation for the reaction between the two solutions.
e  The volumes of the two solutions used during the titration.
#  The concentration of the other solution.
Example: A titration is performed between NaOH and HCI till the end point is reached:
15 em® of solution of sodium hydroxide having a molar concentration 0.5 molidm® B
used to neutralize 23 em’ of HCL, Find out the concentration of HC! in mol/dn?.
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Solution:

+ Balanced :heminal equation:

Balanced chemical equation for this reaction:

NaOF Ijq,q: + HC]j.‘lq; —_—r N-‘!Ci(uq; +* I'!ED{I]

Conversion of volume of NaOH: iz
Convert the volume of NaOH used to dm?®. volume of the solution= ——
Conversion of volume of HC£: i

Convert the volume of HC| required to neutralize NaOU solution in dm?,
23

=0.015 dm’!

Volume of HCI required = =0.023 dm’.

1000
» MNoof moles of NaOH:
Mo of moles of NaOH = molar concentration = volume
= 0.5 molfdm® = 0.0015 dm?
=0.0073
« According to the balanced chemical equation:
| mol of NaOH has reacted with 1 mol of HCLL
«  Noof moles of HCI:
Mo of moles of HCI = 0.0075
«  Concentration of HCI solution:
No.of'moles  0.0075
Volume in dm’  0.023
= [,326 mol/dm®
Therefore, the molar concentration of the HC| solution is 0.326 mol'dm’

Percentage Composition by Mass, Empirical formula and Molecular formula

Limiting Reactant
0.4: What is percentage composilion ol a compound. How is it uselul in
Stoichiomeltry?
Ans. Percentage composition of a compound: .
Percentage composition of a compound refers to the percentage mass of cach
element present in the compound.
Percentage of an Element:
The percentage of an ¢lement in a compound is the number of grams of that
element present in 100 grams of the compound.
Determining percentage of an Element:
The percentage of an element can be determined by applying the following

Concentration of HC| solution =

Empirical formula
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farmula.
. Mass of the element in the compound 100
Percentage of an element = o = compound

Uselulness ol percentage composition: Percentage composition is useful concept 1
determine the purity of a compound and its empirical and molecular formula.
Determining percentage composition of a compound:

Percentage composition of a compound can be determined both theorctically as
well as by performing quantitative analysis.
0.5: Write a note on empirical formula.

Ans. Empirical formula:

The formula which shows the simplest whole number ratio of atoms percent in a
compound is called empirical formula.
Example: Empirical formula of:

- Hydrogen peroxide (H203) is HO

. Water (H20) is HxO

. Benzene (CgHg) is CH.

Empirical lormula of ionic compounds: All the ionic compounds are represented by their
empirical formulae. These formulae show the simplest ratio present between their ions.
Sodium chloride {(NaCl): The formula of sodium chloride (NaCl) represents the simplest
ratio between sodium and chloride ions present in it.

Calcium chloride (CaClz): Similarly the formula of calcium chloride (CaCla) shows the
ratio present between calcium and chloride ions,

Compounds having same empirical formula:

Since an empirical formula does not tell us about the actual number of atoms
present in that compound rather it represents the simplest ratio of minimum ratio
between atoms, it is possible that some compounds may have same empirical formula.
Examples:

. Both acetylene {CzHz) and benzene (CgHE) have some empirical formula CH.
e  Acetic acid (CH3COOH) and glucose (CgH)205) also have same empirical formula

CH30,

0.6: How can the empirical formula of a mmpuund be calculated?

Ans. Empirical formula of a compound can be calculated by following steps:

(i) Determine the percentage composition of the compound.

(li) Find out the number of moles of each clement. This is done by dividing the mass of
cach element (percentage of element) by its alomic mass,

(il Determine the atomic ratio of each element in the compound. This ratio can be

Tound by dividing the number of moles of each clement by the smallest number of

males.

{iv) If the atomic ratio obtained is simple whaole number, it gives the empirical formula

otherwise multiply this ratio with suitable digit to get the whole number ratio.
(v) Usc this whole number ratio as a subscript for the elements to get the empirical

formula.
Example: The percentage composition of a compound shows it to contain 25.26%
My and 74.74% Chlorine. Find out its empirical formula. ‘
Solution:

Change the pereentage of eléments to grams:

Mg=25.26%=2526g

Cl=7474%=T4.74 g

Mo. of moles of each element:

25.26

Mg = 24 1.05
74.7

|= m =210

Atomic ratio ef each element
105

Mg= 1_{}-5 =]
2.10

C=710s =2

The empirical formula of magnesium chloride is MgCla.

0.7: Define molecular formula. How is it calculated?
Ans. Molecular formula:

Molecular formula of an element or a compound represents the actual number of
atoms present in the molecule of these substances,
Examples: Water, hydrogen peroxide, ethylene and sulphur have molecular formulac
Hy0, H203, CaHy and Sg respectively.
Calculation of molecular formula: Molecular formula of a compound can be calculated by
multiplying a whole number with the empirical formula of that compound.

Malecular formula = n (Empirical formula)

Molecular Mass

"= Empirical Formula Mass

Example: Let's find out molecular formula of benzene, if its empirical formula is CH
and molecular mass is TR,
Solution:
Empirical formula of benzene = CH
. " Empirical formula mass of benzene =12+ 1 =13
Molecular mass of benzene = 78

Where
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13
Therelore the molecular = 6 (Empirical formula)

Formula of bensene :
=6 x CH=Cglly

So malecular formula of bengene is CgHg,

0.8: How is chemical equation helpful in calculations?
Ans. A complete and balanced chemical equation tells us the mole ratio or mass ratio
between the reactants and the products,
With the help of this rmtio we can find out:
- The masses of the products from the given masses of the reactants,
& The masses of the reactamts Trom the given masses of the products,
Example: The fallowing equation tells us that one male (100 g) ealeium carbonate reacts
with two moles (73 g) of hydroehlorie acid to produce one maole (111 g) of CaCly ong
mole (18 g) of water and one mole (44 g) of carbon dioxide.
E:I:CD_‘HH + CI (g} —— Cﬂ(_‘l: i) + “1{)“] i {_-L}g g
I mole 2 moles I mole I mole | mole
100 g Tig Ilg 1By = Mg
0.9: What is a limiting reactant? Explain why it is called limiting.
Ans. In a chemical reaction, reactants are not always mixed according to stoichiometrie
ratio shown in the balanced chemical equation,
The use ol excess reactanls in experiments: Most often in experimental works, one or
maore reactants is used in large excess. This is done deliberately 1o ensure that the other
expensive reaciant is used completely. In this way the reactant which is used in execess in
left behind at the end of the reaction and the other reactant is consumed completely.
Limiting reactant: The reactant which is consumed earlier is called the limiting reactant,
In fact, it is the limiting reactant which controls the amount of the product formcd
in a chemical reaction,
How 1o idenlify a limiling reaclant: A limiting reactant present in a chemical reaction can
be identified by carrying out the following sieps.
(i) Calculate the number of moles ol the reactants from the amounts provided.
{ii) Calculate the number of moles of the product which will from with the given moles
of reactants, f
(iii) Identify the reactant which gives the feast amount of the product. This reactant will
be the limiting reactant,

0.10: Define actual yield and the theoretical yield. How is percentage yield
calculated?

Ans. Actual yield:
The quantity of the product obtained when chemical reaction is performed is called

Y womoano T EEREO I ws 10 )

the actual yield . This yield is always less than the theoretical yield.

Theorelical yield: The theoretical yield is the amount of product which we calculate

assuming that all reactants react according 1o the balanced chemical reaction.

Interest of a chemisl: Percentage yield is calculated by applying the following formula:
Actual yield

Theoretical yield "

0.11: What is meant by Percentage purity? Explain wilh an example.

Ans. Percentage purity:

In chemistry, purity refers to the degree to which a substance is free from
impuritites. Percentage purity of compound indicates the amount of pure compound
present in an impure sample. -

Percentage purity of a sample is calculated by the following formula.

Mass of the pure sample
Total mass of the impure sample

Percentage yield = 100

w ] 00

Percentage purity =

Example: 12.0 g sample of a pharmaceutical product was found to contain 11.57 g of
the active drug. Find out the percentage purity of the sample.

Solution:

Mass of the pure drug
Percentage purily =

Total mass ut'?umr:l:
11.57
12.0

=100 = 96.4%

Y/ Examples 4

15.1 Caleulate the number of moles of nitrogen gas present when it occupies &
volume of 2.5 dm® at RTP.

Solution:
24 dm? is occupied by how many moles of nitrogen = | mole

i
I dm® will be occupied by how many moles of nitrogen = 2 mole

I
2.5 dm* will be occupied by how many moles of nitrogn = ETi 2.5= 0.10 mole

¥ou can use the following equation as well as to selve this problem.

= Volumeof thegasat RTP
MNo.of molesof agss= et -..guf-.u .................. i1
Molar volumeof the gas
15.2 Calculate the volume of 0.5 mol of hydrogen at RTP.

Solution:

Volumeof hydrogen

Apply the requation (1) 0.5= 24 = | mole
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Volume of hydrogen = 0.5 % 24 = [ 2dm*
153 Caleulate the volume occupied by 200 g carbon dioxide at RTP.
Solution:

Volume
MolarVolume
Valume = No. of moles = Molar volume

No.of moles =

; ) Mass
Since no. of moles = Molar Mass
So,
_ Wlass
Volume = MolarMass ™ Molar volume
200g
Volume = e = 24 dm?= 109 dm*

154 Calculate concentration of a solution in g/dm® which contains 20 g of sodium
. chloride dissolved in 0.2 dm® of water.
Solution:

Mass of solute in gram

Concentraion= T, E - -
B E Vohime of solution in dm?

= -L;—:- = 100 g'dm’

155 500 em® of hydrochloric acid contains 1.8 g of dissolved hydrogen chloride.
Cazlculate the concentration of the acid in g/'dm®.
Solution:
S0 cm’
Volume of indrochloric acid in dm* =
c vdrochlod in dm 1000

= 0.5 dm*

ar = s 1.8
oncentration of hvdrochlesic acid indm® = s b6 gdm?
5

156 Calcolate the mass of copper sulphate in grams dissolved in 2 dm?® of the
solution to get a solution with a concentration 15 g/dm?,
Solotion:
Mazs of solme in gram = Concentration in g/dm? * volume in dm?
= [§x2=30¢g

157 A solution is prepared by dissolving 10 g of NaOH in 1.2 dm® of waters -

Calculate the concentration of the solution in mol/'dm?.
Solonoes:
Amount of N20H = 10g
1]
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Concentration of the solution = 3

Concentration of the salution = 0.21 mol/dm*

15.9 Find out the percentage composition of Ca(OH);
Solution: .

Formula mass of CafOH); = 40+ 32 +2=74
Applving the formula given in equation {2}
Mass of the element
in the compound
Percentage of an element =  Fgrmula mass of
the compound

= 100

40
Percentage of Ca = 7l 100=54.05%
32 g4
Percentage of Oxygen = 7 [00=43.24%

: :
Percentage of Hydrogen = i 100=2.70%

15.10 8.657 g of a compound were decomposed into its clements. It give 5217 of
carbon, 0.962 g of hydrogen and 2.478 g of oxygen. Find out the percentage
composition of the compound.

Solution:

Applving the following formula
Mass of element

= 100
P'l:l'l:l:nta.gl: of element = Mass of mmpﬂund
28 =100
o = = Y5 9
Perceniage of carbon 8.657g 60.26 %
0.962g
Percentage of hydrogen 8657 * 11.11%
2478

Percentage of oxvgen = x 100 = 25 62%

B.657g
So. 100 g of the compound under study contains 60.26 g of carbon. 11.11 g of
hydrogen and 28.62 g of oxygen.
15.11 The percentage composition of 4 compound shows it to contain 28536%% Mg
and 74.74 Chlorine. Find out its empirical formula.
Solution:
1. Change the percentage of elements to gram
Mg = 2526% = 2626g Cl=7474=T474¢
1, No.of moles of each element

h_-l-.---—-.-
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Ma =22. s ci- 22 510
8 24 ' YT
3. Atomic ratio ol each element 3
1.05 2.10
B .08 ' Cl= Tos

[ “The empirical formula of magnesium chioride is MgCly |

15.12 The percentage composition of an srganic compound by mass is 64.8%

earbon, 15.62% hydrogen and 21.58% oxygen. Find out its empirical formula,
Solution:

Change the percentage of elements to gram:

C = 64B% H= 1562% 0= 201.58%

= fdg = [5.62¢g 0= 2158g
Mo, of moles of cach clement:

C Dasa He 2250 0= 22005
12 ’ 135 ' R T T
Atomic ratio of each element
5.4 15.62 1.35
135 4 T i e N < T e

|___ The empirical formula of the compound is CoH 0. |
15.14 Glucose has an empirical formula CH,O and its moleeular mass is 180p mol,
What will be its molecular formula?
Solution: :
Empirical formula of glucose = CHa20
Empirical formula mass of glucose = 12+ 2+ 16 =30

Maolecular mass of glucose = 180
|80
R

Malecular formula of glucose = 6(CH30) = CyH 1204

| So molecular formula of glucose will be CgH 20y ]

15.15 25 g of lime stone (CaCOj) react with an excess of hydrochloric acid
according to the above equation. How much calcium chloride (CaCly) will be
produced?

Solution:

According to the equation
100 g of lime stone react 1o produce caleium chloride = 111 E

I g of lime stome will react 1o produce caleium chloride = Hig

100
25 g of lime stone will react to produce calcium chloride = b x25= 27758
100
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15.16 Calculate the amount of carbon dioxide in grams produced when 25 of
glucose reacts with 40 g of oxygen in the following photosynthesis reaction.
CgH 2064 + 603 gy —— 6C0O; gy + 6H 0y

Glucose
Solution: ¥

In order to find out the amount of CO3 in this reaction. we will have o idemify
which of the reactants is a limiting reactant
Mo. of moles of the reactants:

Mo, of moles of glucose = 180 = 0.138 mol

40
Mo of moles of oxygen = E = |.25 mol

Caleulate the no of moles of CO3-which will be given by each of the reaciants:
| mole of glucose gives = 6 moles of CO4

&
I = (0.1385

= (.E3 ol
6 moles of oxygen gives = 6 maoles of COy

0.138 mol of glucose will give

&
1.25 mol of oxygen will give = E = |.25

= .25 maol
Since COz obtained from glucose than that of oxygen, so glucose is the limiting reactant.
Amount of CO; produced = 0.83 =44 =365 ¢
15.17 A chemist reacts 50 g of Zn with cxcess of nitric acid to got 80.2 g Zn(NO3)2.
Calculate the theoretical yield and the percentage yield of this reaction.
Solution: :
Balanced chemical equation for the reaction
Zngsy + ZHNO3(aq) —+ Zn(NOy)2 aq + Ha(B)
50
Mo of moles of Zn = B 0.76 mol
Amount of Zn (NO3); = 802 g
Thearetical yield
According to the balanced chemical equation
I mol of Zinc gives = | mol of Zn (NOa)2
Amount of Zn (NO3) in grams = g 76 « 18938 = 14392 g

Percentage vield:
ot Actual yield

Percentage Vield = o cricalyield
80.2
143.92

= 100

x100=55.T %
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Calculate the amount C0y in 100 dm® st RTPT
« Solution. Given dain
Gas = carbon dioxide (C00;)
Given volume {v) = 100 dm®
Molar volume at RTP = 24 dm'/maole
Mumber of moles = 7
Yolume of ihe gas of RTF
Molar volume of 1the gas
10 i
T 24dm*/ mol
4,17 moles

Mo, of moles (n)

15.2YQuick (771l

What mass of CaoS0y is present in 5- om” of a 5 % 10 -2 mol'dm® aqucous solulion?

Solution. Given dua
fem'

Volume of sobution = 2 = 152

Concentration of solution = § * 10=2 mobdm® (0.05mol'dm?)
Molar mass of CuS0, = 159.5 g/'mel
MNumber of males = Concentration in mal/dm® (0,05 mol/dm?®)
= .05 molidm® = 0.05 dm®
= [.0025 moles
Mass of in CuSOysolution = No. of moles ® Molar Mass
= (0025 = 159.5
= 039875 ¢
= 0405

153\ Quick (T 0

Calculate the volume_ of i, lmal/ dm® oxlic aeid [C,ﬂ_.ll,} solution o exacily neuiralize 15

emt® of 0.1 molidm® KOH solution.
Solution. 1, Palanced chemical equation:
CyyH; + 2ZKOH 5 KaCalyy + 2HL0
The ratio of Acid : Bareis 1 : 2
1. Caleulate moles of KOH:
Volume of KOH = 25 cm?
Concentration of KOH = 0.1 moal/dm?
Volume

Muoles of = ion =
KOH = Concentration 1006

i 15
= 1000 = {10025 moles

3. Caleulate moles of oxalic acid needed:
Using the | : 2 ratio fram the balanced equation
Moles of Bire

Maoles of acid = >
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5
= 0.00125 maoles

.
Moles of acid = 3
4. Calculate volume of oxalle acid:
Moles of oxalie acid = 0.00125 moles
Concentration af oxalic = 0.1 malidm®

Mloles

Fotomy Concentmtion *:1000

LOd1 25
- ——= «]000
0.l
= 00125 = (000 = 12.5 cm®

Therefor the volume of 0.1 mol/dm® oxalic acid required is 12.5 cm®

15.4\Quick ((TH1E

Caleulate the pereentage of sulphate fons (507 ) in Als (S04);.
Salutlon. Atomic mass of Al=27
Atomic mass of § = 32
Aromic mass of O = 16
Molar mass of one sulphate fon (S04);
Molar mass of 50,4 = 32 + (4 = 16)
= 32 (G4} = D6
Molar mass of alominium shulphate (Al (S04);):
Mass of Al =2 = 27 = 54
Mass of 3 (50y)=3 = 96 = 288
Toial molar mass = 54 + 288
=347 g'm
Applying the percentage composition formula;
Mass of the'element
in the compaound
- Molar mass of = 100
the compound
288 -
T T 100
={0.B42] = |00 = B4.21 %
The percentage of sulphate fons (5071 in Aly(504); is 84.21 %

Percentage of an element (50

[15.5YQuick (TN L

A 0.5 g sample of compound conteing 0.418 g ol antimony (5h) and 0.082 g of ouygen. What

I the empirical formuls of the compound?
Solution. Molar Musses
Antimony (5b) = 121.8 g/ mal
Oxygen (0 = 160 g3 f mal
Ma. of moles of each element
Maoles of Sh
0418

Bl
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Moles ol O
0.082 g

o= m =0,005125 mal

Atamic ratio of cach element
0.00343

Sb= Soosas !
= 0.005125

0 0.00343
Conevert to whole number
Simce we cannot have a fraction in a formula (1.5), we multiply both numbers by 2 10 gel g

simplest whole number rafio;

= |,494 (close 1o 1.5) 8

Sh=x2=2
O=1.5x2=23
The empirical formula of the eompound is Sby0;.

15.6 \Quick (17N 1]

An unknown hydrocarbon contains 8571 carbon. iis molar mass Is 84p/mol. w'hn is ity
molecular formula? '

Solution.

Carbon = B5.71 %
Maolar mass = B4 g / mol
Muolecular formula = 7
Finding the empirical formula:
A hydrocarbon contiing only carbon (C) and hydrogen (H).

- Carbon = 85.71 %%

] Hydrogen = 100 % —B5.71 %= 14,129 %
Assume 2 100 g sample:

- Maoles of C=85.71 g/ 120 =714 mal -

- Moles of H= 14.29 g/ 1.0 = 14.2% mal
Mole ratio

T.04 14.29

, ErEat ® HEnS
The empirical formula is CHa

- Finding the molecular formula:

1.  Calculate empirical formula mass:
CHy= 12+ (2= 1)= 14 g'mol

Z Find the n: o

Molecular mass

v Empirical formula mass

A Multiply the empirical formula by n:
Molecular formula= 6 (CHy)

= CgHpa
Therefore, the malecular formidla of the hydrocarbon is CeH -
L —
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Why it is necessary for & chemical equation to be balanced before il can be used In
calculation?

Ans, It is necessary for a chemical equation io be balanced before it can be used in calculaiion because
a complete and balanced chemical equation tells us the mole ratio or mass ratio between the
reactants and the products. With the help of this ratio we can find out the masses of the products
from the given masses of the reactants or the masses of the reactants from the given masses of the

products.
IJECH.I 8L
THH K

If you react 100 g of chlorine gas with 500 g of KI, which reactant will be the limiting
reaciant?

Cly q) + 2K1 ug) ——» KCling) * 12 4e01
Solution. Given data
Chlarine gas = [00 g
Kl =3500g
Calculatipg available moles:
Moles of Cly:
Volume
Malar mass
100
Tig / mal
= 1.4] males
Males of K

No. of moles =

n=

Valunie
polar mass -
i0g
= \66g f mol
= 3.01 moles
Determing the limiting reactant
Cla gy + 3K —= ICljeq) + l1 gy
The male ration of Clz: Kl is 1 -2
holes of Ki required for 1.41 moles of Cla;
1.41 = 2 =282 moles .
We have 3.01 moles of kJ, which is more than the 2.82 moles needed,
Since we have more Kl than required. K1 is the excess reactant and Cls is the limiting reactant,

15.5\Quick (771

Find out the theoretical yield and percent yield of oxygen generated by heating 40 g of
KOOy (M = 122.5). The mass of oxygen gas produced is 149 g
IKCIO fy —+ 2KCl iy + 303101

Mo, of moles =

Solution. Given data
Mass of KCHOy = 40 g
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Molar mass (M) = 122.5 g / mol

Mass of oxygen = 149 g

Theaoretical vield ul"'m.l. gen =7
Percentage vield of oxvgen = 7

Caleulate theoretical vield of oxygen:

Find the moles of reactant

Volume

20 g

1235 ¢ mal
= 1.3265 mal
Lse the mole ratio from the balanced equation
JKCIDy —s 2KC] + 30
The ratioof KCIO3 : O2152: 3
Moles of 0= = 03265 = < = 0,4898 mol

. Coavert moles of to mass (Theoretical vield)

n=

Bl | it

Solar mass of 0= ; 16 %2 =32 g/ mal
Theorerical vield = 0.4898 mol = 32 g fmol
= |5.67 g

Calculate percentage vield
Actual yield

Percentage yield = Theoretical yields * 100
W . 100
15T
= 05 | %

INTERESTING INFORMATION 3

L] The compesition of all the chemical products which are in our daily use, such as shampo®

=

ciexners. soaps. perfumed and fertilizers are formed using stoichiometric calculations.

INTERESTING INFORMATION V3
L] Stoichiometry s essential for optimizing chemical reactions in iy industrics.
INTERESTING INFORMATION
BR—

. stoichiometry is used to determine the optimal dosages of medications for patients based on !

weight, age and other factors

M
POINT TO NOTE Vg
I
L] Moler concentration and molarity buth refer to the concentration of a salute in P o
—
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= Objective Type Questions o

.- Multiple Choice Questions prepared in the light of new Examination Techniques
tﬂnoledgz. Understanding, Application, Anailytical & Conceptual)

(151 | Molar Volume

Concentration of a Solution

m Calculate the concentration ol a solution in titration using empirical data

1.  What is the room temperatrue for standard conditions:

(a) 0°C (b) 25 °C (e) 75°C {d) 106 *C
2. At RTP, one mole of any gas occupies a volume of:
{a) 22 dm? (b) 23 dm? {c) 24dm! (d)} 25dm’
3. Which factor does NOT change the volume occupied by one mole of a was a
RTP?
{a) Temperature (b} Pressurc

{c) Size of the molecules " {d) Number of moles
4. The pressure value used for standard RTP conditions is:
{a) 100 Kkpa (b} | atmosphere (760 torr)
(c) 273 torr (d) 24 atmosphere
5.  Concentration of a selution is 2 measure of the amount of solute dissolved in a
given amount of:
(a) Solution or solvent (b} Only solute
() Solid erysials (d) Catalvsi
. YWhat is the standard unit for the mass/volume concentration™
(a) mol kg (b} g fem? (c) mg/ (d) g/ dm’
7. Molar concenttration is expressed in which of the following units?

(a) g/dm* (b} mol/g (e} mol dm? (d) dm* / mol
8.  If20 g of sodium is dissolved in 0.2 dm® of water, the concentration is:

fa) 10g/dm* {b) 40 g / dm® (c) 30g/dm* {dy 100g/dm"
9. Ina litration, the solution is added uniil the point is reached.

(a) Starting {b) Boiling {c) End 1dy Freeeing

10. To determine the concentration of a solution via titration, vou must know the:
{a) Density ol the flask (B} Room humidity
(e} Colours of the solute (d) Balanced chemical equation
1.  Empirical data required for titration calculations includes:
{2} Volumes of two solutions used () The atmposphenc pressune only
{¢) The weight of the burete (d) None of these

hﬂ'l.-.n—-
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12. Titration is a techinque used to find the concentration of a solution by reacting
it with:
(a) Water only (b} Solution of known concentration
{¢) Insoluble salt {d) Gascous catalyst
13. In the formula for concentration, what is the denominator?
{a) Mass of solute in grams (b) Mass of solvent in kg
{e) Volume of solution In dm? {d) Temperature of the solution
I4. for titration purposes, you need to know the concentration of?
(a) Both solutions beforehand {b) The other (known) solution
(c) indicator {d) Both a and b.

15. It is esential for optimizing chemical reactions in many industires.
(a) Stoichiometry
{c)} Organic chemistry

(b} Biochemistry
(d} Electrochemistry

[15.4 Percentage Compaosition by Mass, Empirical formula and Molecular formula

| 15.6 | Limiting reactant
Yield

16. The percentage mass of each element present in a compound is known as;
(a) Molecular mass (b} Percemtage composilion
(¢) Empirical ratio (d) Molar volume

17. What is formula mass of Ca(OH);?

(a) 58 {b) 62 ey 74 (d) 85
18. The formula that represents the simplest whole number ratio of atoms in 2
compound is the:

(a) Emirical formula (b) Molecular formula
(c) Maolar volume (d} Percemage composition

19. Benzene (CgHg) and acetylne (Cy;Hj) both have the same empirical formul,
which is:
{a) CH; {b) CzH {c) CH {d) CHy

20. To find the molecular formula from an ‘empirical formula, the multiplier 'n'i8
caleulated by:
{a) Empricial mass / Molecular mass
{b) Molecular mass / Empirical formula mass
{€) Alomic mass * moles {d) Actual yield"= Theoretical yield

21. The reactant that is consumed earlier in a reaction and controls the amount of
product formed is the:
(a}) Excess reactant
(c) Limitng rcactant

{b) Cunalyst
(d) Theoretical reactant

_@mﬂummmw M5 s 0 Y

How many moles of HCI are needed to react with | mole of CaCOjy in the
given reaction?
(a) 1 mole, (b) 2 moles {c) 3 moles {d) 4moles

23, The quantity of product actually obtained when a chemical raetion is
performed is ealled:
{a) Theoretical yield (k) Actual yicld
{c) Percenl purity (d) Stoichiometrie yield

24, What is the empirical formula of a compund containing 25.26% Mp and 74,74
%% chlorine (At . mass : Mg = 24, Cl = 35.5)

(a) MgCl (b) MgCly (c) MgaCl (d) MgCly
25. Empirical formula of magnesium chloride is:
(a) MgCla (b} 2 MgCl (c) MgaCla (d) 2MgCly

26. Glucose has an empirical formula of CH;0 and a molecular mass of 180, What
is its molecular formula?

{a) CaHyOn (b) CaHgOy fe) CgHyaOy (d) Cyllgy
27. Empirical formula of glucose is:

(a) CaHgOs {b) CH20 {c) CgHg {d) CHOD
28. Empirical formula of water is:

(a) HaO (b) 2H;0 (¢) Hy04 (d) 1o

29. Which of the following is an empirical formula of benzene?
(a) CgHg (b} CaH 204 (e) CH

. B) 2 (& 3 (&) 4 () S (@ 6 (4 T ()
8. (¢ 9 () 10.(d) 1. (@) 12. (b) 13 (a) 14. (b)
15. (a) 16. (b) 17. (b)° 18 (a) 19. (c) 20. (b} 2L fc)
22. (b) 23, (k) 24. (b) 5. (b)y 26, (c) 27. (h) 28. (a)
29. (c)

(d) &CH

— — — — T — —

/ Short Answer Questions prepared in the ||gh’r of new Exmmn'rmn Technigues
lﬂﬂnwledgu. Understanding, npplicaﬂ-nn, Ana'lrtlc:l & Conceptual)

1 5.1 Molar Volume

m Concentration of a Solution
m Calculate the concentration of a solution in titration using empirical data

l.  Define molar voluimne,
Ans, Molar volume: One mole of all guses occupies a volume of 24 dm® at RTP, This is
called molar volume.

| S—
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2, Wit is the value for room temperature and pressure (RTF) at standayy
conditions? -

Ans. The standard conditions for RTP is; temperature of 25 °C(298.15 k) and a pressur
of one atmosphere (760 torr). 4

3. What is the numerieal value of molar volume at RTP?

Ans. At RTP, one mole of any gas occupies a volume of 24 dm”.

4. Do the size and mass of gas molecules affect the molar volume?

Ans. No. one mole of differemt gasses will contain the same number of molecules ang
occupy the same volume (24 d m® at RTP), even though they have different masse
and molecular sizes.

5. Deline concentration of a solution,

Ans. Concentration of a solution: Concentration of a solution is a measure of the
amount of solute that has been dissolved in a given amount of solution or solvent.

6. In what wnits is the mass/volume concentration typically expressed?

Ans. It is expressed in g /d m”.

7. What is the unit for molar concentration?

Ans, The unit for molar concentration is mol / dm?.

8.  Give the formula for caleulating concentration in g/ dm?,

Mass of solute in gram
Volume of solution in dm®
9, How can the concentration of a solution be determined?

Ans. Concentration =

Ans. The concentration of a solution can be determined by titrating it with a solution of
known concentration till the end point is reached.

10. What is titration?

Ans. Titration: Titration is a technique where the concentration of an unknown solution
fs determined by reacting it with a solution of known concentration until the end
point is reached. :

11. What three picces of empirical data are needed to calculate concentration vt

titration?
Ans. (i) The balanced chemical equation for the reaction between the two solutions.
(ii) The volumes of the two solutions used during the titration.
(iil) The concentration of the ather solution,
13. How is the number of moles or masses of pases ealculated using mol!
volume?
Ans. It is calculated by knowing the volume of the gas and using

the relationship th¥
| mole=24dm!at RTP. 5

—
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Percentage Composition by Mass, Empirical lormula and Molecular formula

[ 155 | Empirical formula

LRl Limiting Reactant + Yield

Define percentage composition of a compound.

Ans. Percentage composition of a compound: Percentage composition of a compound

14.
Ans.

5.

Ans.

16.

17.
Ans.

18,

Ans,

19,

Ans,

20.

Ans.

21,

Ans,

refers 1o the percentage mass of each element present in the compound,
What is the percentage of an element in a compound? -
The percentage of an element in a compound is the number of grams of that
element present in 100 grams of the compound.
What is the formula to calculate the percentage of an element in 2 compound.?
The percentage of an element in a cumpuund can be determined by applying the
following formula;

Mass of the element in compound

Formula mass of the compound

Percentage of an element= x |00

Define empirical formula,

Empirical Formula: The formula which shows the simplest whole number ratio of
atoms present in a compound is called empirical formula.

Example: Empirical formula of:

" Hydrogen peroide (Hz0z) is HO

™ Water (H20) is H2O . Benzene (CgHg) is CH.

How ean the percentage composition of a compound be determined?
Percentage compaosition of a compound can be determined both theoretically as
well as by performing quantitative analysis.

What is a useful concept to determine the purlt}r of @ compound and its
empirical and molecular formula?

Percentage composition is a useful concept to determine the purity of a2 compound
and its empirical and molecular formula.

Give two examples of compounds having the same empirical formula.

Acetic acid (CH3COOH) and Glucose (CgHy204) have the same empirical formula
CHa0.

Define molecular formula,

Molecular formula: Maolecular formula of an element or a compound represents
the actual numbers of present in the molecule of these substances.

Examples: Water, hydrogen, peroxide, ethylene and sulphur have molecular
formula H2O, Ha0s, CaHy and Sg respectively.

What is relationship between molecular formula and empirical formula?
Maolecular formula of a comipound can be caleulated by multiplying a whole
number with the empirical formula of that compound.

Moaolecular formula = n (Empirical formula)

L S C R ey
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Malecularimass

Where n = Empirical formula mass
What information does a balanced chemical Eq"“iﬂ“ provide Tor
ﬂqinhiuﬂwlr}r"

Ans. A complete and balanced chemical equation tell us the mole ratio or mass ratip
between the reactants and the products.

23, Define limiting reactant.

Ans. Limiting Reactant: The reactant which is consumed earlier in a chemical reaction
is called limiting reactant. In fact, it controls the amount of the product formed in a
chemical reaction.

14, Differentiate berween theoretical yield and actual yield.

Ans. Thearetical Yield: It is the amount of product which we calculate assuming that all
the reactants react according to the balanced chemical equation,

‘Actual Yield: The quantity of the produet determined when chemical reaction is
performed is called the actual yield.

25. Why is the actual yield often less than the theoretical yield?

Ans. [t can be due to side reactions, reversible reactions, less of product during filtration
erystallization, or mechanical errors during the experiment,

26. How do you caleulate, percentage vield?

Ans. Percentage yicld is calculated by applying the following formula

: Actual yield <100

Theoretical yield

27. Define percentage purity.

Ans. Percentage Purity: It refers to the degree o which a substances is free from
impurities.

28. What does percentage purity of compound indicate?

Ans. Percentage purity of compound indicates the amount of pure compound present in
an impure sample.

29. How is the percentage purity of a sample ealenlated?

Ans. Percentage purity of a sample is calculated by the following formula:

Mass of the pure sample

22

Percentage yield =

=100

Percentage PUrty = Total mass of the impure sample

3. In stoichiometry what must be done before calculating the mass of products?

Ans. In stoichiometry, before calculating the mass of products you must have a balanced
chemical equation.

31. How do you find the "Atomic Ratio" of clements?

Ans. Divide the number of moles of cach element by the smallest number of moles
obtained.

32. What is importance of stoichiometry in the field of medical?

Ans. Stoichiometry is used to determine the optimal dosages of medications for patients

—
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based on their weight, age and other factors,

33. How are the composition of all the chemical products which are in our daily

Ans. The compaosition of all the chemical products which are in our

use such as shampoos, cleaners, perfumes and fertilizers formed?

ily use such as
shampoos, cleaners, perfumes and fertilizers are formed using stoichiometric
caleulations,

= Fxercise Ouastiﬂns (Solved)

(A Muttiple Choice Questions

serEasEsanETnEs

vr Choose and tick the correct answer from the given choices.

i. Volume occupied by 15 moles of ammonia gas at RTP:
(a) 224 dm? (b)) 160 dm? {c) 360 dm’ (d) 265 dm®

2.  How many moles of natural gas CH, will be present in a cylinder if its volume
is 18 dm? at RTP?
{a) 0.75 maol (k) 0.67 mol {e) 0.85 mol {d) 0.56 mol

31, What will the molar concentration of potassium hydm:id: solution if 2. l.'l‘ e of
it are dissolved in 100 cm? of solution?
(a) 0.36 molfidm® (k) 0.53mol/dm’ {c) 0.70molfdm® {d) C.45moldm’

4. What will be the mass of NaCl needed to make up 15 dm® of its solution with a
concentration of 0.7 g/dm*?
(a) 21 g (B) 10.5¢g {c) 3l.5g (d) 54g

5.  Find out the concentration of H;50, in mol/dm* if its 10 em” react with 20 em?
of NaOH solution having concentration 0.1 mol/idm?.

. {a) 0.01 moliddm® (k) 0.000 molidm® (c) 0.1 moldm® (d) 0.15 mol/dm’

6.  If the molar mass of a compound is 178 g/mol and its empirical formula is
CiHg0: . What is its molecular formula?
(a) C3HsO3 (b) CgH Oy (c) CgHy 509 (d) CgH g0y

7.  When natural gas burns in air, which component is the limiting reactant?
(a) Both components (b) Meither m:mpun:nt is & [imiting reactant
{c) Air (d) Matwral gas

8. If the actual yicld of & compound is 0.198 g while the theoretical yield is

* 0.217g. What will be the percentage yield? .

(a) 30% {b) 91.2% (c) B0% (d) 90

L. (¢) 2 (a) 3. (a) 4 (b) 5 (c) &6 (b) 7. (d} & (b)

B. Shert Answer Questions

15.1 What is the molar volume of a gas at RTP?
Ans, The molar volume of any gas at room temperature and pressure (RTF) is 24 dm.

This means that one mole of each gas contains the same number of molecules,

...



 hamonan [TTTTICETRT (o) piwsidt BTAIR

occupies the same volume under these specific conditions (25 °C or 298.15 K) ang
| atmesphere (760 torr) pressure.

15.2 How does the concept of molar volume useful for us?

Ans, The concept of molar volume is useful for us because it enables us 1o ealculate the
number of moles or masses of the gases if we know their volumes,

153 How does the molar volume relate to the Avogadrao's law?

Ans. Molar volume is a direct practical application of Avogadro's Law. Which stalcs tha
equal volumes of different gases must contain an equal number of molecules il the
tlemperature and pressure are kepl constant. It is because:
| male of any substance always contain 6.02 = 1023 particles (Avogadro's number),
Avogadro's Law implies that | mole of any gas must occupy the same volume.
Molar volume (24 dm?) is simply the specific volume that this "Avogadro's number"
ol gas particles oceupies at RTP.

15.4. Why two different compounds may show the same empirical formula?

Ans. Two different compounds may have the same empirical formula because an
empirical formula does not tell us about the actual number of atoms present in tha
compound rather it represents the simplest ratio between atoms.

Example:

Bath acetylene (CaH2) and benzene (CgHyg) have same empirical formula CH,
because both have a | ;| ratio of carbon 10 Hydrogen atoms.

Similarly both acetic acid (CH3;COOH) and glucose (CaH j204) have same
empirical formula CH;0, because both have a | : 2 ratio of carbon and Hydrogen
aloms.

15.5 Why is percentage yield important?

Ans. Percentage yield is the efficiency of the chemical reaction. It is important in both
laboratory and industrial fields.

Efficiency Measurement: :

It tells a chemist how much of the theoretical maximum product was actually
obtained. ;

Economic Viablity:

In industrial manufacturing (like producing medicines or fertilizers), a high
percentage vield is essential to keep costs low and maximize profit.

Resource Managment:

It helps in identifying the waste of raw materials by improving the yield, companics
can reduce the amount of starling materials needed, which is more sustainable.

156 What is the concentration of a solution in mol/idm? if it contains 49 g of I'i;Sﬂ'l
in one dm*of solution?

Ans. To find the concentration in mol/dm’®, we first need to convert the mass of HaS(
into moles, !

{i) Calculate the molar mass of H;50,

Using the atomic masses : H =1,5=32 , 0=14

— "
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Molar mass = (2 = 1)+ 32+ (4 = |6)
Malar mass =2 + 32 + 64 = 98 g/mol.
(ii) Caleubate the number of moles

Given mass F
Moles= T =t T
49p
Moles = 98 g / mol = (.5 moles

(iif) Calculate the concentration:
Since the volume of the solution is | dm?, the concentration is simply the pumber
of moles per dm?,

y Moles
Concenration = m
0.5 mol
T 0.5 mol/dm*

So the concentration of a solution is 0.5 mol/dm?,

C. Constructed Response Questions

15.1 How would you identify the limiting reactant in a chemical reaction?

Ans. For answer see Q.9

15.2 Why is it important to find the purity of a compound which is used as a

' medicine?

Purity: Purity refers to the degree to which a substance is free from impurities.

Importance of finding the purity of a conmpound: It is important to find the

purity of a compound which is used as a medicines for three main reasons,

Toxicological safety: During the synthesis of a drug, harmful by-products or

impurities can be created. Even in trace amounts, these can cause severe allergic

reactions, organ damage or long term toxicity.

Precise Dosage: Medicine must have a specific concentration of the active

ingredient. If a compound is only 80 % pure, a patient taking a 100 mg pill is only

receiving 80 m g of the drug, which may fail to treat the illness.

Stability and shelf life: Impurities can act as catalysts thal speed up the

decomposition of the medicine, making it expire faster. '

15.3 Will there be a limiting reactant in a reversible reaction?

Ans. Generally no. In a reversible reaction, the concept of a limiting rcactant is not
typically applicable in the same way it is for irreversible (one-way) reactions.
Reason:

In an irreversible reaction, the limiting reactant is used up until it reaches to #cro.
However, in a reversible reaction, a state of chemical equilibrium is reached where
both reactants and products coexist.

Ans.
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Outcome:
. Since the reaction never goes to 100 % completion in one direction. no reactany

ever "completely consumed”, Therefore, technically, therc is no “limiting” faciy
that stops the reaction by disappearing entircly, instead, the reaction is limited b
the equilibrium constant (K<)

15.4 How do vou know if a formula is empirical or not?

Ans. Empirical Formula: The formula which shows the simplest whole number ratig of
atoms present in a compound is called empirical formula.
Determining if a formula is empirical or not: You can determine i a formula j;
empirical or not by checking the mathematical ratio of the atoms.
A formula is empirical if the subseripts of the elements are in their simplest whol
number ratio and cannot be divided further by a common factor,
Example | : H;O(Ratio 2 : 1)
The formula of water (H20) represents the simplest ratio (2 2 1) bctwccq Hydmg:q.
and Oxygen atoms present in it. You cannot simplify this further. So, Hi0 is g
empirical formula of water.

15.5 Write down one method to find out the mnluu!nr mass of a compound withou
knowing its molecular formula.

Ans. The effective way to find out the molecular mass of o compound without knowing
its molecular formula is using the molar volume of a gas, which is the volume
occupied by one mole of any substance at a specific lemperature and pressure,

At standard temperature (25 °C or 298.15 k) and one atmosphere (760 torr), om
mole of any gas cccupies a volume of 24 dm?.

Here is how molar volume is used to calculate molecular mass:

The Fundamental Principle:

The molar mass (M) of a substance is the mass of one mole of its particles
measured in prams per mole (g ! mol). If vou can determine the mass of 2 g
sample (m) and determine how many moles (n) that sample contains, you ¢
calculate the molar mass:

By rearranging this formula, you can find out the molar mass (M).
_ mN¥m
M=
Where
*  n=Number of moles
m = Known mass (measured in grams (g))
M = Molecular mass (Expressed in g/mol)
V = Volume (Actual volume of gas)
Vm = Molar volume (24 dm?*y
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i D. Numerical Problems

15.1

Sol.

15.2

Sol.

153
Sol.

154

Sol,

Caleulate the number of moles, volume and number nr maolecules in 4.0 g of
CHy at RTP.
Molar mass of CHy = 12 + (1 * 4) = 16 g/mol
Mass  4.0g

Molarmass 16g/mol
Molar volume = 24 dm?* '

Volume = No. of moles x Molar volume:

=025 x 24 = 6.0 dm?
Mumber of molecules = Moles x 6,02 = |02
=1.505 = 1023 molecules. :
What mass of NaCl need to be dissolved in 150 em?® of a solution if the
concentration of the solution is 0.4 mol/dm®?
Volume = 150 cm* = 0,15 dm?
Concentration = 0.4 mol/dm?
Finding moles =7
Maoles = Concentration = Volume
= (.4 = 0.15 = 0,06 moles

Finding mass (Molar mass of NaCl =
Mass = Moles = Molar mass

={.06 x 58.5

=3.51g
Find out the percentage of sodium in NaHCO,.
Molar Mass of NaHCO3:
23(Na) + 1(H) + 12 (C) + 48 (03) = 84 g/mol
Percentage of Ma =7

=0.25 moles

MNo. of moles =

58.5 g/mal)

Mass of Na
Molar mass of NaHCO,

23 % 100
84

2738 %
A sulphide of iron contains 1,926 g of sulphur and 2.333 g of iron. Find out the
empirical formula of this compound.
Moles of iron (Fe) = 2.333 g/56 = 0.0416 moles
Moles of sulphur (3) = 1.926 g/32 = 0.0602 moles )
Muolar ratio = ?
0.0416
Fe= 00416~ . :

Percentage of Na= = 100

e |
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0.0602

§w 00d16 - l#M=13 ' 2.28 moles of Nz should need = 2,28 = 3 :
Whole number ratio: ' = 6.84 moles of H2 .
Multiply by 2 = Fes§; Since we have only 6 moles of Hz, So Hz is the limiting reactant, 7 -
" irnpiﬁcnl fn:nui- In.l: imn;ulphidc :::z;:c e el B 15.7 When 305 g of AgNO3 is reacted with excess of MgClz it produces 23.7 g of
compound contains by mass, 40, 3 '
0320 :nnlt of this mmpi;nmt weighs 28.8 g. What is the molecular formula of Mg(NO3). What is the percentage yleld of the reaction?
this compound? 2AENO3 (aq) + MECl2 (aq) — ME(NO3)2 (aq) +2AgCl(s)
Sol. Molecular formula of the compound = 7 Sol. Percentage yield of Mg ( NO3)z =7
Empirical formula caleulation =7 i. Equation Ratio:
Carbon (C) = % 343 2. Moles AgNO; produce Iﬂr;uie Mg (NO3)2
. E .
Hydrogen (H) = ﬁ_:f'l‘ =671 3. . Moles of AgNO, 170 g / mol 1.794 males
§3.3 ' 4,  Theorctical mass = {}I.B:T m:;l:s. J:dl 48.3 g/mol = 133 g
Oxygen (0)= ——— =333 i ctual yie
RatioC:H:0=1:2: |1 ; , . Percentage yield = Ty oorcical yield
Empirical formula = CH20 5) (E]mm
(Mass = 30 g/mol) 133
Maolar mass of compound =7 =178%
Mass 18.8g 158 A sample of metal has a total mass of 3.66 kg and contains 2.45 kg of gold.
Molar mass = = =00 g/mol : ; p =
Moales 0.320mol What is the percentage purity of gold in this sample? =
Maolecular formula of compound = ? - Sol. Percentage purity of gold = ?
___ Molecular mass Total mass = 3.66 kg
"= Empirical formula mass Pure gold mass = 2.45 kg
' 90 . Mass of the pure sample
B _:'D Percentage purity = Total mass of the impure sample
Multiply CH20 by 3 = CiHg0; = §:: < 100
156 The formation of ammonia gas is given by the following equation: < ﬁ-t‘i.';ld b

3Hi(g + N2(gp — 2NHa(g
If you start reacting 12 g of Hz with 64 g of N2, which will be the limitieg
reactant?

12
Sal. Maoles of Hz = T = 6 moles
————— e R R e

4
Moles of N2 = 2—:' = 2.28 moles

| mole of W2 needs 3 moles of Ha.

..E. S .
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l CHAPTER

Student Learning Oulcomes

& 8 85 8 &

Electrochemistry

After studying this chapter, students will be able to:
Define redox reactions as simultaneous exidation and reduction in terms of oxygen,
hydrogen, electrons and changes in oxidation state

Use roman numerals to indicate oxidation number of an element in a compound
Identify oxidizing and reducing agents in a redox reaction '

Recognize that the oxidation number of elements in their free state is zero

Derive the formula of ionic compounds from ionic charges and oxidation numbers
Identify that the oxidation number of a monoatomic ion is the same as the charge on
the ion

Explain that the sum of the oxidation numbers in a neutral compound is zero
Explain that the sum of the oxidation numbers in an ion is equal to the charpe o
the ion

Identify redox reactions by the colour changes involved when using acidified
aqueous potassium manganate (V1) to (1) or aqueous potassium fodide

Define electrolysis as decomposition of fonic compound, in mollen or agueos
solution, by passage of electric current :
Identify and label in simple electrolytic cells, the anode (+), cathode (-}, electrolyt
and direction of flow of electrons in external circuit,

Describe the transfer of charge in external circuit, movement of ions in the
electrolyte and transfer of electrons at electrodes

Identify the products formed at elecirodes and describe the observations mad
during the electrolysis of molten lead (11) chloride, concentrated dilute sulfuric acid
using inert electrodes (platinum or carbon/graphite)

State that hydrogen- oxygen fuel cell uses hydrogen and oxygen to produce
electricity with water as the only chemical product _
Describe the advantages and disadvantages of using hydrogen-oxypgen fuel cells i
comparison with gasoline /petrol engines in vehicles,

Define corrosion and discuss methods to prevent it. (some examples may incl
barrier method such as using paint, galvanizing, electroplating; sacrificid
protection such as using magnesium blocks in ships)

Identify the products formed at electfodes and describe the observations mait
during the electrolysis of dilute copper (I1) sulphate using ineft electrode or coppe
electrode

Predict the identity of products of electrolysis of a halide compound in dilute @
concentrated solution

Construct jonic half- equations for reaction at either electrode,

Describe electroplating and its applications.

Sketch a schematic diagram for a volaic cell e.g., Daniel cell

Use the voltage data given for voltaic cells to d : . <i3
elerming ord { anl
two metals order of reactivily ©

ﬁ
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= Subjective Type Questions

Writing Chemical Formulae of lonic Compounds by applying
Oxidation Numbers

0.1: How the oxidation number of atoms in compounds and fons can be found ouwl?

Ans. Dxidation Number
The oxidation number is an apparent charge on an atom in @ compound or an ion. [f

may have a positive or a ncgative sign,

Oxidation Number of Atoms in Compounds and lons
The oxidation number of atoms can be found out by applying the following rules.

1. Atom present in a free element has an oxidation number zero.

Example: The oxidation number of sodium in sodium metal is zero: Similarly. oxidation

number of oxygen in ozone(0;) is also zero.

2.  For menoatomic ions, the oxidation number is egual 1o the charge present on the
ion,

Example: The oxidation number of Ca?* is +2 while that of A3+ is +3.

3. The elements present in group | (except hydrogen) in the periodic table arc
assigned oxidation number +1, those of group 2, +2 and those of group 3, +3,

4. In binary compounds the more clectronegative atom is always assigned a negative
oxidation number. For example, fluorine, being the most electronegative atom. will
always be piven -1 oxidation number. Similarly, in NH; and H:5, nitrogen and
sulphur are assigned the oxidation number of -3 and -2 respectively.

5. The elements of group |7 are normally given oxidation number -1 when they are
combined with less electronegative element,

Example: Chlorine in all such compounds as HCI, PCh, CHCI, has been assigned an

oxidation number =1,

6. Hydrogen is assigned an oxidation number +1 when it is in combination with more

electronegative atoms while it is given oxidation number =1 when it is combined
with less electronegative aloms,
Example: In HCI, the oxidation number of hydrogen is +1, while in sodium hydride
e —
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(MaH} it bears an oxidation number -1.
7. The clement oxygen is assigned an oxidation number -2 in most of its compounds,
8. The sum of oxidation numbers of all the atoms present in & neutral compound
always zero. In a polyatomic ion the sum of oxidation numbers is equal to th
charge present on that ion.
Q.2: Explain with examples how the formula of ionic compound can be written using
oxidation numbers. '
Ans. Writing Chemical Formulas of lonic Compounds by applying Oxidatigy

Numbers:

We can write the chemical formula of 2 compound if we know the oxidatiey
numbers of its constituent elements. The periodic table and the electronic structure of the
atoms can help us in predicting the principal oxidation number of the clement, The
formula of the compound may then be written using the oxidation number of the atoms
present in that compound. For example, we shall write the formula of ealcium chloride i
the following way. Y

The element calcium is present in group [l of the periodic table and its principsl
oxidation number is +2. :

Chlorine is present in Group 17 and we know that when it is

e 1-
attached with less electronegative element in binary compounds its Cah}@

gxidation number is -1. The formula for calcium chloride will, Cacl
therefore, be CaCls because only with this formula the sum of the :
axidation numbers of both the elements will add upto zero,

0.3: Discuss with examples how the chemical formulas of lonic compounds can be
written using ionic charges.
Ans. Writing Chemical Formulas of lonic Compounds using lonic Charges:

In order to write the formula of potassium  [Cation Anion
permanganate, write first the formulae of Kt — o+
permanganate jon, MnO), and potassium jon KI*, ™ MnO, Yy
Then combine the two ions together to form an )
 electrically neutral compound. "“"’ﬂ"'l'l':'-'.'j

The formula for potassium permanganate will, therefore, be KMn(,.
When writing the formulae of ionic compounds
containing more than one polyatomic ions, we take the formula
of the ion in brackets and indicate the number of such ions with
a subscript. The formula for ammonium carbonate will be

written as follows.

The formula for ammonium carbonate will, thur:ﬁ}m‘ he {NHI}ZCQJ

- .
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0.4: Write a note on oxidation.

Ans. Oxidation
Oxidation is described in three principal ways.

i. Oxidation is defined as a process in which oxygen is either added or hydrogen is
romoved.

For example; c

(i) Dxygen combines with other elements in the formation of their oxides. Elements in
these processes are said to be oxidized and oxygen is reduced. Rusting of iron or
burning of magnesium in air are oxidation processes.

4Fe .+ 3011“ = EFezﬂm,

21]

ZMg,,, + 0y, = 2Mg0

Css) PR wss 10 )

In the above reactions Fe and Mg are being oxidized while oxygen is being
reduced. Oxygen is an oxidising agent while iron and magnesium are reducing agents.
(ii) Hydrogen is removed from a compound by oxygen in the following cxamples;

hydrogen is removed from CH4 and HCI by oxygen or a compound containing

OXygen.

CH,, +20,,, =CO,,,+2H,0,,

gl gk

4HCl,, +MnO,,,, = MnCl,, +2H,0,,

CHj and HCI in these reactions arc being oxidized while O3 and MnO- are being
reduced. CHy and HCI are called reducing agents while O; and Mn0O; are ealled
oxidising agents.

2.  Oxidation is a process in which electron or electrons are lost.

For example; Copper may lose one or two electrons to give Cul+ or Cul+ ions
respectively. In both these processes, we say, copper is being oxidised. Hence, copper is
called an reducing agent. "

Cu=Cu" +e
Cu—=+Cu™ +2e
3. Oxidation is process in which oxidation number or oxidation state of an clement
INCreases,
In the above itwo processes, the oxidation number of copper has increased [rom
zero to +1 [Cu (1) ] and +2 [Cu (11} ] respectively.
0.5: Write a note on reduction.

Ans. Reduction
Reduction is described in three principal ways,

I.  Reduction is defined as either addition of hydrogen or removal of oxygen. For
cxample,

(i) Hydrogen is added in chlorine to give hydrogen chloride gas.

PP R T
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| Hy, +Cly, - 2HCI,,

(i) In the following reaction, hydrogen is heated with metal oxide when oxygen comg
out of the compound and combines with hydrogen to give a molecule of water.

CuO,, +H, , —=3Cu,, +H,0,

a7 "I::I
In the above examples, Cl; and CuQ are being reduced and hydrogen (in-bag

cases) is being oxidized. Cly and CuO arc called oxidizing agents while hydrogen in bot

the reactions will be reducing agent.

2.  Reduction is a process in which electron or electrons are gained. For example,

Fe" +e” = Fe”

Mn™ + 35" = Mn™
In both the above examples, ions of iron and manganese are being reduced. Henee,

they are called oxidising agents.

3. Reduction is a process in which oxidation number of an element decreases. In (he
above examples oxidation number of iron is reduced from +3 [Fe(l11)] to +2[Fe(ll)|
while oxidation number of manganese is reduced from +7[Mn({VID)] to +2[Mn{ll)].

0.6: Explain Oxidation-Reduction Reactions.

Ans. Dxidation-Reduction (Redox) Reaction &

A chemical reaction which involves simultaneous oxidation
and reduction is called an oxidation-reduction or redox reaction,
Principle: The reaction may involve the complete transference of
electron or electrons to form ionic bonds or a partial transfer or shift
of electron or electrons to form covalent bonds. '
Explanation: Potassium permanganate acts as a very powerful
oxidising agent in acidic medium. It oxidizes oxalic acid into carbon
dioxide. During the reaction the dark purple solution of potassium
permanganate changes to colourless. In the presence of dilute
sulphuric acid the reaction proceeds as follows,

2KMn0Q, +3H,50, = K S0, + 2Mn30, +3H,0+5[0]
[[0]+H,C.0, - 2€0, +H,0]5
2KMn0O, . +3H, S0, +5H,C.0, - KISD-H-m + IMnF}Dam +10C0O,,, +8H A0,

Let us assign oxidation number to each element in these compounds to find out ihe
oxidising and reducing agents.

=1 =T dg=23 Ipeip=b H=20 I=1pRredpdp- A=ppeh A=2) 2ol Bl o 3 "

2KMnO,+3H, SO,+ 5H,C,0, -+ K,S0, +2Mn50 +10C0, +H' )

Mn'" —2_4Mn'? (Reduction)
c'——c (Oxidation)
Oxidation number of manganese has decreased from +7 10 42 and that ul'l.‘-il'h"'

Decolourization

—
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has increased from +3'to +4.

So, each manganese atom accepts five electrons to get reduced and cach carbon
atom loses one electron to get oxidized, KMnO4 is, therefore, an oxidizing agent while
axalic acid in this reaction acts as a reducing agent.

Aqueous potassium iodide is also oxidized to iodine in acidified potassium
permanganate. The formation of iodine in this reaction results in a colour change,
typically from colourless to ;.-'clluw-hmwn

=1 4T -2 =100 &2 =3 e~ 2 i b=

2KMnO,,, +&H,S0 = 6K SO, +51,,,+8H.0,,

HUKI

Haijh lank

Mn" —= s mMn™  (Reduction}

p3 SN

(Oxidation)

In this reaction, the permanganate ion (MnQ; ) is reduced to manganese (1) ion
(Mn?*) and the iodide ion (1=} is oxidized to jodine ([1). Potassium permanganate,
thercfore, acts as an oxidizing agent while potassium iodide accts as a reducing agents.

m Electrolysis

Electrolysis of a Concentrated Aqueous Solution of Sodium
Chloride (Brine) using inert electrodes (Graphite / Pt)

Electralysis of Dilute and Concentraled Aqueous solutions of
Metal Halides

m Electrolysis of Concentrated Aqueous Solutions of Metal Halides

0.7: Define electrolysis. How does the process of electrolysis take place?

Ans. Electrolysis:

The process in which an clectricity is passed through fused ionic compounds or
their aguecus solution, they are decomposed. into their constituents, is called electrolysis.
Eleclrolytes: The compounds which are decomposed into their constituents during the
electrolysis are called electrolytes.

Chemical Reaction: During electrolysis, a non-spontaneous chemical reaction akes place
with the help of electrical encrizy,

Electrolytic Cell: The process of clectrolysis can be carried out in an electrolytic bath
called an electrolytic cell with the help of two electrodes through which electric currem
enters and leaves the cell, These electrodes may be made of graphite or any other metal,
Anode: It is a positive electrode through which electrons enter the external circuit.
Cathode: It is a negative clectrode through which electrons leave the external circuit,
Explanation: Electrolyte present in the cell is in the form of freely moving ions, During
electrolysis, the electrolyte is decomposed into its components by applying an external
voltage. Thus external voliage source (battery) forces the non-sponianecus reaction o
occur by pumping clectrons towards one of the ¢lectrodes, thereby, giving it a negalive

| C— N Ll -
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charge, The positive ions of the electrolyte are attracted towards the negative clecirod,
and get reduced by accepting electrons from it, i B_ﬂEEf'}"_'_ g 1
making it the cathode. The battery
simultancously withdraws electrons from the
other electrode, giving it a positive charge.
The negative ions of the clectrolyte are
attracted towards this and get oxidized by| [Electraiyte
losing their electrons, making it the anode.
Electrons flow in the external circuit while
ions move towards their respective electrodes)| '
inside the cell. If the oxidation and reduction Electrolysis in a electrolytic cell

Cathode Anode

atthe electrodes cease, the flow of electricity in the external circuit also stops,

0.8: Explain electrolysis of a concentrated aqueous solution of sodium chloride
(Brine) using inert electrodes (Graphite/Pt).

Ans. Electrolysis of a Concentrated Aqueous Solution of Sodium Chloride (Brine)
using inert electrodes (Graphite/Pt):

The electrolysis of a concentrated ‘.
solution of sodium chloride, also called brine, | ==~ —— Al
produces hydrogen pas at the cathode, | pe Battery
chlorine gas at the anode, and sodium c, i By
hydroxide solution as a byproduct. :

The electrolytic cell used in this : —'I

o

-Il‘ulllm'n
Elec bmde

HD —

electrolysis. The cathode used in this cell —C Ha® —
is made of platinum while the anode must Arade
be made of graphite to avoid the reaction =
with chlorine gzas.

The fellowing ions are present in the solution

OH  Cathode

Electralysis of brine

Nﬂ:mr'CI:-lm from sodium chloride

H..OH., from water

(Fo1)

Ma* and H3O, both migrate towards the cathode, Since water molecules ané

hydrogen ions have a greater tendency to get reduced as compared to.sodium jons (Na'k

so they pick up electrons from the cathode to form hydrogen gas.
At the Cathode:

' 2H , +2e— H
or

Mg

2HO +2e” — H,, + 20H"

The ionic equilibrium of water is, thus, disturbed due to the discharge of H' o
more water molecules are ionized to restore it. The solution around the cathode becom®
alkaline duc to the formation of hydroxide jons {OH-).

"

B ' R

At the Anode:

2CH g = Cl,+ 28

The solution gradually gets alkaline due to the presence of OH-. The volumes of
hy-irogen and chlorine gases obtained are equal. L
The overall equation for this electrolysis is:

2 NaCl + 2H,0 , — H,_ +Cl., + 2NaOH_

0.9: Describe electrolysis of dilute agueous solutions of metal halides.
Ans. Electrolysis of Dilute Aqueous Solutions of Metal Halides:

When the agueous solutions of metal halides are subjecied to electrolysis. the
situation becomes more complicated due to the presence of water. Water is a very weak
electrolyte and upon ionization it gives very small amount of hydrogen and hydroxide
ions. .

HOg == H +0CH

This will mean that the electrolvie will consist of more than one type of ions which
will approach both cathode and anode. Hence there can be a choice over which ions will
get discharged,

For example, if an aqueous solution of sadium chloride is clectrolyzed. both sodium
and hydrogen cations are altracted towards the cathode and both chlorides and hydroxide
ions are attracted towards the anode. Which of these ions will preferentially be
discharged depends upon the tendency of the elements io lose or gain electrons, The
elements present at the top of electrochemical series possess more tendency 1o losc
electrons as compared to the elements present at the bottom.

If a metal is below hydrogen in the
electrochemical series, then the metal ion is | ¥ oW =
discharged. Metals like this include copper and
silver, If dilute copper chloride is electrolyzed,
copper metal is obtained at the cathode. H H
If a metal is placed higher in the electrochemical
series then hydrogen ion is discharged. Metals like
this include lithium, sodium and magnesium. If Electrolysis of dilute solutions of halides
dilute solution of sodium chloride is electrolyzed. hydrogen gas is obtained at the
cathode.

Metals like lcad and nickel present a more complicated picture. If aqucous
solutions of halides of these metals are electrolyzed, then the products obtained at the
cathode depends on the concentrations of the halide solutions. IT the solution is
concentrated then metal is deposited at the cathode. If the solution is very dilute,
hydrogen is evolved. At in-between concentrations both metal and hydrogen arc
obtained.

Ha' CF
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At anode, the electrolysis of dilute solutions of halides will deposit oxygen becay,,

hydroxide ions are preferentially discharged due to their higher concentrations. .10: Discuss the electrolysis of concentraled solutions of I'I'lﬂlﬂl halides.
Reaction at the Cathode: Ans. Electrolysis of Concentrated Aqueous Solutions of Metal Halides:
. - If the concentrated aqueous solutions of
Y —— 2M ' 3 app" T poe, )
M = + 2? "’ metal halides are electrolyzed the hydrogen ions || # OH Lot
i 2H + 26— Hy, 4 are discharged at the cathode if the metal is
2HO, + 2e" — H,, + 20H present higher than hydrogen in electrochemical ||
o serics. For example, electrolysis of concentrated o
Reaction at the Axode: - = aqueous solution of sodium chloride will produce
X iy Ky +20 hydrogen gas at the cathode. Electrolysis of concentrated solution of
4 OH,, — 0, , + 2H,0, + de’ - However, for less reactive metals like copper chloride
m copper and silver the metal ions are discharged at the cathode, :
Stronger [ = : Weake - At t'ng: anode, the halide ions are preferentially discharged due to their higher
reducing | C : ks oxidizing concenftration.
agent ] 1 agent .
Lithium | Li faq) » & w=2Lifs) -3.04- Reaction at the Cathode
Potassium K (ag)+e =Kis) -2.93 2M° ., + 26— 2M
- ks o iarr: -+ 2e :‘Jca[ < e 2H" + 26 — H,
| odium - a'fagl+ e —MNals -2, :
E’; Magnesium Mg (ag) + 2e " =Mg (s) 237 Reaction at the Anode: -
i Aluminum | A" (ag) + 3o =2Al(s) -1.66 X — X, + 2e
i Water | 2HOM+2e = H,(g)+ 20H (ag) -0.82 . .
Zinc zn “lag)+ 2 =In(s) -0.76 m Electrolysis of Molten Lead (W) chioride
o Y hg v o T s Electrolysis of Dilute solution of Sulphuric acid using inert
Cadmium d ‘f{ag) +2e = {d (5) -0.40 s y ’ ’
Nickel Ni “ lag) + 26" =Ni (s) 0.25 electrodes (carbon or Pt)
-[ ':-!ﬂ | ';hH_ faq) + :e = Pbls) 012 | ALAFY Electrolysis of Dilute Aqueous Solution of Copper Sulphate using
Hydrogen (8g) + de = H, [gj 0 -
i Sulfur | Sfag) + 2H (ag) + 2e = H;S (aq) 0.14 : inert electrodes or Copper electrodes
vin ! Sn" fag) + 22 = Sn"(ag) 0.15 16.13 Fuel Cells
Copper Cu” [ag) + 2e "+ Cu(s) 0.34 : :
lndine I, (g) + 2e” == 2I (aq) 0.53 : 0.11: Explain electrolysis of molten lead l:_l’l:l chloride.
tran (111) ' Fe' (agl + & = Fe” (ag) | o7 Ans. Electrolysis of Molten Lead (ll) Chloride:
Silver Ag'leg) » e = Aqs) 0.79 Lead (11) chloride is solid at room temperature. To make it an electrolyte it must be
Eromine Br,(g) + 2¢ = 2Br (ag) 1.06 heated upto 501°C to get molten lead chloride. Heat will render jons free to move and
! Chigrine ' Cligi+2e =221 (ag) 1.35 conduct electricity. The molten lead is then taken in a heated crucible where its
! Gold [ Au ' (ag) + & = Ay (5) 1,69 temperature is maintained above 500°C.
[Hydrogen perowice| H/O, (ag) + 2H' (ag) +2e” = 24, O 177 Twao inert clectrodes (graphite or platinum) are then immersed in it. Upon
| Fluorine | F.lg) + 28 = 2F (ag) 287 electrolysis the 'lead (I1) ions will move towards the cathode where they are discharged
Weaker Stronge forming lead in the liquid state. The chloride ions migrate towards the anode where they
reduting gaidizng lose electrons to give chlorine gas. The electrolysis must be carried out at the
s s agert lemperature above the melting point of lead chloride.
—-—-.-.;
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Reaction at the Cathode: Pb", + 2e “— Pb,
H

Reaction at the Anode:

Overall Reaction:

(Reduction)

Ecl-lll"__" CIM + 2e° [(Oxidation)

PbCl,, — Ph,, + Cl,,

0.12: Describe electrolysis of dilute solution of sulphuric acid using inert electrode;

(carbon or Pt).

Ans. Electrolysis of Dilute solution of Sulphuric Acid using inert electrodes (Carbog
or Pt):

Electrolysis of dilute aqueous solution of sulphuric acid produces hydrogen and
oxygen gases. In other words this electralysis involves the decomposition ol waler, Ineq
clectrodes like platinum or graphite are used for this clectrolysis because they did ng
react with the electrolyte, '

In an aqueous solution of dilute sulphuric acid H* and SO,° arc given by
sulphuric acid while the ionization of water forms H* and OH-.

Al the cathode, hydrogen fons gain electrons to give hydrogen gas. Al the anode
both SO, and OH- are attracted but OH- lose electrons to give oxygen gas. Sulphate
ions are nol discharged at the anode becawse they are difficult to be oxidized compared
te hydroxide ions. As the electrolysis moves ahead, the concentration of sulphuric acid

increases because the water present is being decomposed,
Reaction at the Cathode: 2H°, + 28— H,,

(Reduction)

Reactlion at the Anode:

40H ,, — O,, + 2H,0, + 4e" (Oxidation)

0.13: Discuss electrolysis of dilute agueous solution of copper sulphate using ined
electrodes or copper electrodes.

Ans. Electrolysis of Dilute Aqueous solution ol Copper Sulphate using Inert
electrodes or Copper electrodes:

The electrolysis of agueous solution of copper(ll) sulphate with inert electrodes
result in the decomposition of water and the copper(ll) sulphate. Copper metal i
deposited at the cathode (inert) and oxygen gas is produced at the anode (inert), :
Reaction at the Cathode:

Cu”,, + 26— Cu,, (Reduction)
.
4 OH',, — Oy, + 2H,0,, + de” (Oxidation)
Since the concentration of copper ions decreases slowly so the blue colour of 1
solution fades away with the passage of time,
Il copper electrodes are used instead of inert electrodes

from the copper anode start going into the solution in the fo
clectrode mass starts decreasing.

Reaction at the Anode:

» the copper metal atos
rm of copper ions and ¢

—-'-".'
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Reaction al the Calhode:

Reaclion al the Anode:

Cu”,, +2e — Cu,,

{Reduction)

Cu,; — Cu” (Oxidation)

[N

+ Ze

0.14: Describe the working of a fuel cell.
Ans. Working of a Fuel Cell:

Fuel cells provide a method in which | goonpion = = -
chemical energy is converted to electrical +  tosd . \g
encray. These eells use gascous fuels like B g1
hydrogen and oxygen to produce 'iﬂﬂﬂ'“..f Tlo o fer —
electricity. A fuel cell is composed of two | =% |= * = :ﬂ__? v
hollow tubes which act as electrodes. They | = |1, | Saeen |® 16 —
are made of porous compressed carbon 1 B e O 08
saturaled with platinum which acts as a 12 " of T
catalyst, The clectrolyte used in this cell.is O pPhi%
aqueous potassium hydroxide. At the poods.  Bleuyie: Ciioos
anode, hydrogen is oxidized to water and Fuel cell

at the cathode oxygen is reduced to hydroxide ions.

At anode:
At Cathode:

Overall Reaclion:

[H,, + 20H,, — 2H,0, + 2e']2

0,.+ 2H,0, + 4e" —— 4OH"

g8

lllEH:Eln: + Dlwl — 2H:{:'-:..-

The fuel eell produces electricity and watér continuously provided the reactants are

continuously supplied. They are very efficient because they convent 75% of the bond
energy of fuels to electricity.

0.15: Discuss advantages and disadvantages of fuel cells.
Ans. Advantages of Fuel Cells:

(i)

(i)

(i)
(iv)

The hydrogen-oxygen fuel cells have o clear advaniage over the traditional fossil
fuels, petrol and diesel, used to drive the vehicles. They produce zero emission of
carbon dioxide because water is the only product, Fossil fuels, on the other hand.
produce carbon dioxide, nitrogen oxides and sulphur oxides which are very harmful
to the environment,

Fuel cells can convert a large proportion of chemical energy present in fuels into
electrical energy as compared to the encrgy conversion of the fossil fuels. In other
waords, they are more efficient,

Fuel cells produce less noise pollution.
Hydrogen used in fuel cells can be obtained from renewable sources like solar or
wind power, This fact renders fuel cells more sustainable.

L
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Disadvantages of Fuel Cells:

(i) Fuel cells at present, are very expensive because the production of hydrogen by
elecirolysis of water incurs high cost.

(ii) Hydrogen being highly inflammable requires very special storage ang
transportation facilities which further increases the cost of" fuel cells.

(iii) Fuel cells and electric motors are less durable than petrol and diesel engines so lhr.:;.-
are not 5o long lasting.

16.14

m’ Electroplating
m Galvanic cells

A'RFA Order of Reactivity of Metals using Voltage Data

Q.16: What is corrosion? Explain the reactions involved in corrosion of iron.
Ans. Corrosion:

Corrosion is a natural process due to which a metal suffers gradual decay when it
interacts chemically with its-environment,

During this interaction the surface of metal is coated with compounds such as
oxides, sulphides and carbonates. -
Example: A common example is rusting of iron, where iron reacts with oxygen and water
present in the atmosphere to form hydrated: iron (1) oxide. Once iron begins to rust, the
process will continue as rust is porous and allows both air and moisture to come inlo
contact with fresh metal underneath. Hence, all the metal will corrode given enough
time. i

The process of corrosion of iron appears to require two important chemicals,
oxygen and water, which are involved in the following electrochemical reactions, lron
loses electrons to form Fe (11) ions.

2Fe, — 2Fe", + de

Oxygen gains these electrons in the presence of water to form hydroxide ions.
' Oug + 2H,0,, + 4" — 40H

Fe* then react with more oxygen and water to form iron (I11) hydroxide which is

{LoH]

rusl.

Fe' .y + 20H,, — Fe(QH),,,
AFe(OH),y + Oy, + 2H,0, — 4Fe(OH),,,
Q.17: How can corrosion be prevented?

Ans. Prevention of Corrosion:
Coating of the metal surface: Corrosion can be avoided by coating the metal surface wilh

some barriers that prevent the contact of metal surface with the atmosphere. For this
purpose, the metal surfaces are protected by either greasing with oil or painting. Other
methods of protection are galvanizing, electroplating and sacrificial protection,
Galvanization: Galvanization is a common method to protect iron or steel from rusting. It
involves the dipping of an iron sheet in a bath of molten zinc. A layer of zinc metal gets
deposited on the iron sheet and prevents rusting. Tin cans are actually steel cans which
have been coated with a thin layer of tin.
Sacrificial Proteclion: In sacrificial protection a more reactive metal like zine or,
magnesium is used which will corrode in plgct of the less reactive metal like iron.
Magnesium is often employed 1o protect steel in buried fuel tanks and pipe lines and ship
hulls submerged in sea water. )
The difference in the activity of the two metals (Mg and Fe) causes a current to
flow between them, producing eorrosion on the more active metal protecting the less
active metal iron.

0.18: Explain electroplating giving examples.

Ans. Electroplating:

It is a process in which a metal is deposited on another metal electrolytic ally.
Objectives of Electroplaling: There are three main objectives of electroplating.

(i)} Decoration: To deposit the noble metals like gold and silver on the inexpensive
metals to enhance their beauty.

(iiy Protection: To protect the metals from rusting as well as from the reaction of
organic acids.

(iii) Repair: To weld the broken parts of the machinery by electrodeposition of metals.
Generally copper, silver, chromium, nickel and gold are electroplated.

Procedure of Electroplating:

The article to be electroplated is first ;
cleaned with sand and then washed with Eat?llrrri_t
caustic soda solution and finally with plenty o l
of \:mler, This article 15 then, ma_dc a::nlhn-dc, N E% |_T__Tajnk
while the metal to be deposited is made

anode. The electrolyte is a salt of the metal R g - Cathode
being deposited and the electroplating i ectrolyte J (Sutiscance Lo
g deposited an e clectroplating is '\_‘x Aprammerasd

carried out in a tank made of cement, glass or k
wood. It is called an electrolytic tank. Electroplating

The electrolyie chosen should have the following properties:

(i} wery soluble-in water (ii) good conductor

{iii) not casily oxidized or reduced or hydrolyzed {iv) inexpensive

Electrodes are dipped in the electrolytic tank containing the elecirdlyte and eleciric
current is passed. A thin layer of the noble metal is deposited on the article to be
electroplated. The following conditions should be fulfilled to get good deposits.




ACTITITTY INTHANI GHEMISTRY (76 )

i. High current density il. Low temperature

iii. Higher concentration of the metal in its electrolyte
0.19: Write a note on the lollowing:

{a) Silver Piating

.Ans. (a) Silver Plating:

The procedure for silver plating is the same as in clectroplating except that the
electrolyte used is the solution of potassium argento cyanide, k [Ag (CN)y|, and the
anode is of pure silver. ;

The following ions are formed in the electrolytic solution,

KIAG(CN). )., == Ko+ [AQICN)T .
[AQ{EML]- — III'."gllm,;"' ECF"'Irau'.u

4sai

(b) Copper Plating .

When the eleciric current is passed, Ag* ions migrate towards the cathode ang
deposit afier picking up electrons. Cyanide ions move towards the anode, where they
react with silver to form AgCN, which combines with KCM to reproduce the electrolyie,
K[AG(CN)].

(b) Copper Plating:

In copper plating, the anode is made of copper metal and the electrolyte is CuSQy
to which a few drops of sulphuric acid are added to prevent its hydrolysis. The article o
be eleciroplated is made the cathode, The following electrolytic reactions take place, at
the electrodes.

Al Anode:

Cu, — Cuj, +2e

At cathode: Cul, +2¢ —Cu,

0.20: Discuss how Galvanic cell or Daniel cell uses oxidation-reduction raac’ﬂnns i
‘produce electric current?
Ans. Galvanic Cell or Daniel Cell:

Galvanic cell or Daniel cell uses oxidation reactions to produce electric current.

In galvanic cell, a zinc plate is dipped in zinc sulphate solution while a copper plate
is dipped in copper sulphate solution. The two solutions arc kept separate by a porous
partition through which ions can pass but the solutions cannot. The two electrodes are
connected by a wire through a galvanometer which measures the electric current.

At the surface of zinc electrode, each zine atom loses two electrons and poes into
the solution as zinc jons. These electrons travel through the external wire 1o copper
electrode where they are used to discharge copper ions into copper atoms which are
deposited at this electrode. An oxidation reaction takes place at zinc electrode and it 15
called anode while reduction takes place at copper eleetrode and it is cilled cathode.

. Anode Cathode

Zinc
electrode

Copper

_ elecirode

4

=4 Copper sulphate
= solution

Zinc sulphate
solution =1

parous partition

' Daniel Cell
The following reactions take place at the two electrodes.

At anode: Zn,, Zn®, + 2¢" (Oxidation) Et;n?dﬁard Oxidation Potential =

At cathode: c U!.llql 20 Cu,, (Reduction) Standard Reduction Polential =
+ .34

u“r?u cell Zn, + Cuu, Zn® + Cu, Cell voltage E® = 1.10 volts

reaction: £

Half Cells: Both parts of the cell are called half cells. No reaction can take place in any
isolated half cell. Both the reactions take place simultancously at both half cells. In this
eell, electrons travel in the external circuit while ions travel through the porous partition
in the internal circuit.
Production of Daniel Cell: Daniel cell produces a voltage of around 1.10 volts under
standard conditions. g
0.21: How the reactivity of metals can be found out by using voltage data obtained
from galvanic cell?
Ans. Order of Reactivity of Metals Using Voliage Data:
The reactivity of metals can be found ow by wsing voliage data obtained I‘mm
galvanic cells.
According to the available data the reactivity of metals depends upon how readily it
is oxidized or lose electrons to form positive ions.
Establishment of a Galvanic Cell: If a galvanic cell is established between two metals, the
more reactive metal will lose electrons to form positive ions.
Voltage Generated by a Galvanic cell: The voltage generated by a galvanic cell measures
the comparative tendencies of the metals 1o lose electrons,
Higher voltage: A higher voltage indicates that the difference in the tendency of one
metal {more reactive metal) to lose electrons is for more than the other.
Magnesium is more reactive than Iron: If a cell is established between magnesium and
copper it produces a higher voltage than a cell established between iron and copper. This
'iil_i mean that magnesium is more reactive than iron because it has a tendency to lose

y—_— ——
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electrons more casily.

Electrochemical Series: By measuring the voltage produced when different metal pay P
are used in a voltaic cell, it is possible to determine the reactivity series of metals whig 1. Which other electrolyte can be used in hydrogen-oxygen fuel cell?

is called eloctrochamical serics Ans, Apart from alkaline solutions (like KOH), phosphoric acid or solid polymers (PEM) can be used
More Reactive Metais: Metals placed higher in this series are considered more reactiy, 5 clectrolysis in hydrogen-oxygen el calls

and casily lose electrons than the metals placed lower in the series. 116.61Quick (TR

m@m '|_ What conditions are required for rusting of irom.

1.  Assign oxidation number to the marked atom of the following compounds: Ans. Presence of oxygen (air) and moisture (water) are required for rusting.

K,Cr,0,,(NH,),50, 1. If & sample of iron and a sample of zinc come into contact, which will corrode? Explain

i} (NHy) 50, (Ammonivm Sulphate) JUNE RS-
] K‘Eﬂ' (Potassium dichromate) L'::! g = ;.:'El':—‘! Ans. lron ¥s. Zinc: Zinc will correde. Zinc is more reactive (more clectropositive) than fron. In 2
f‘“‘ f:l'":-zﬂ ':1_:; 1’“_‘%‘ =% s xEd(-2)=-2 process called "Sacrificial protection®, the more active metal (Zinc) oxidizes first 1o protect the
. Et ;3, e }:}_ o L2 e x-B=-2 less active metal {iron).
- s Oxidation number of S is + 6.
. Oxidation number of Cr is +& 1. What is the principle behind electroplating?
m : I‘(r“u Ans. Principle: It is based on electrolysis. A metal coating is desposited on an object by reducing
UicK WLl metal ions from an clectrolyte solution using an electric current.

L Wr_lle the I_‘nrn ulae of the rnIIFwing innj: :mnp.nundi with the lul|:_|| of oxidation numbers of : B How electroplating is used to repair worn-out areas of metal objects?

:‘:Ir;mmt:i:?;.fnm.“ .A’Enmmn:!:iln:rﬁ_ﬂ!ndlum;;tﬁu.nd Sodiues hydrogen carbousk Ans. Repairing Metal Objects: Electroplating can deposit a layer of metal (like chromium or Nickel)
:m. &::’:I;;I;ur: “ Na."::ld 50" » Nay SO, ;:I.:rh Wom-out areas to restore the ohject’s thickness, shape, and provide a protective, shimy
#  Sodium Hydrogen Carbonate: Na*'and HCO,' —s NaHCO, -
1 Write the formulae of following ionic compounds with the help of charges present on their mm '

ions, Ammonium acetate, Caleium phosphate and Potassium chromate. :
A - Assamenbia Dedtte: S Gk o .::m. Compare an clectrolytic and a galvanic cell.

3 z

Calcium phosphate: Y ! P 4 Electrolytic Cell Galvanic Cell

Ca®* « PO — Ciay (POy)a. . Converts electrical energy to chemical eneérgy. | Converts chemical energy 1o electrical energy.
- l'ntu:iua: chromate: It is non-spontameous reaction (requires a | It is spontaneous reastion,

K"+ Cr” —s K3Cr0y battery)

it L. - Write down the reactions which oceur in 8 Zn — Mg galvanic cell.
mﬁm Ans. Zn-Mg Galvanic cell reactions

1. Identify the oxidising agent and the reducing agent in the following reactions. " Anade {xwution) 2+ i i ;
(i) 2CuSO, +4KI—s 2Cul + I + 2K,S0, () HyS+Cly—s § + 2HCI Miyg = Wila T 207 (Mg in ik mERCting)
Ans. & Cu goes from + 2 to +1 (Reduced Ans. e Cl goes from 0 to—| (Reduced) ¢ Cathode (Reduction)

Oridising .ﬂgenl:_CuSI_IH: ' Oxidising Agent: Cly Znl, + 20— Znggy
. I goes from —1 1o 0 (Oxidized) * § poes from -2 to 0 (Oxidized) . Owerall

Reducing Agent: K1 r 3 » 2

ucing Agen B . Reducing Ageni: 1,5 P a Mgegy +' 205 MEL, +Zng,
16.a\Quick (17771 SR 00 YOU KNOW? \}
1. Why carbon electrodes are used in the electrolysis of concentrated solution of NaC1? — : i ]
- r ey, ; e

Ans. Carbon (graphite) electrodes are used because they are inert (do nol react with the plmduus Iive *  Spontanecus reactions mt:urrnnturaﬁz. R N N i

chlorine gas) and are excellent conductors of eleciriciry. e e

= —— B

fi, -
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INTERESTING INFORMATION ] then be AlxO3 because the some ol oxidation numbers of both elements will be
' The terms anode and eathode always refer to the electrodes at which oxidation and "'-‘df-lﬂi-ﬂq : equal to zero with this formula,
. oceur respectively. However the charges carried by electrodes in a battery and electrolytic o 16.5 Write down the formula for aluminum sull'lhntn'
arg diffierem L
. Dxidation numibers do not represent the real electrical charges present on atoms except in simpl, Al 34 EG ?
ions. However, the oxidation numbers are uscful for keepine wrack of the redox reactions. . Sol. .\X—/"

s A group of chemically unreactive and valuable metals are called noble metals. They include gal
silver and platinum,

. E!:r[mf)s:s played a crucial role in the discovery and industrial production of clements [k
fluorine and aluminum.

. Chromium plating is usually done on iron or on sieel, As chromium metal docs not direcl

adhere 1o the fron properly, therefore, iron is first copper of nicke] plated _//
M The term oxidation state is also used interchangeably of oxidution number, In water, hydrogen Additional MCQ's

_has an oxidation number af +1 and it is seid to be in the +1 oxidation state . ——— o — o — . e
Muf!:ple Choice Questions prepared in the light of new Examination Techniques

I{‘m ' / tKnuwredge. l.lnderstandmg, ﬁpphcatmn .ﬂ.nalytin:al & Conceptual)

The formula for aluminum sulphate is Al (504),. a

Objective Type Questions

16.1 Assign oxidation number to sulphur in SO ' 15.1 +16.2 Oxidation Number of Atoms in Compounds and lons + Wriling
Sol. : "‘: (:"1 = _f +16.3+16.4 Chemical Formulae of lonic Compounds by applying Oxidation
i E-‘i_::.ﬂ & :E ' +16.9 Numbers + Writing Chemical formulae of lonic compounds using ionic
g =§-2 charges + Oxidation and Reduction + Oxidalion - Redoction Reactions
E =+ - ’ 1.  What is the oxidation number of hydrogen in a metal hydride like Nal?
The ﬂxidaliﬂn Humbcr of Sin SDi is +6, {(a) 41 {h] 0 (c) —| id} =3
16.2 Find out the “T:}ﬁ““_“;mh" of manganese in KMnQ,. © 2. The chemical process in which an atom or ion gains electrons is called
o {,,.f::,!{:_i (-2} ;0 (a) Oxidation {(b) Reduction (e} Electralysis (d) Corrosion
! Mn :? =0 . 3. In a neutral compound, the sum of the oxidation numbers of all atoms is
Min =47 . - always:
The oxidation number of Mn is KMnOy is +7. : {a) 0O (b) +1 fe) -l (d) <2
16.3 Find out the oxidation number of Fe in Fe; 0. 4. Which of the following is the correct formula for aluminum sulphate?
Sol. Fe+30 =0 (o) AISO, (b) Al; 80, (c) Al; (S04 (d) Al (804)
2Fe+ SH{—E} =0 . 5. What is the oxidation number of sulfur (s) in Hy 50,7
2 =
21 e_’: = 245 {a) +4 {b) +6 {c) -2 (d) +2
-FE =41 6. The movement of which of the following allows on agueous salution to conduct
Oxidation number of one atom of Fe is +3 clectricity?
16.4 Write the chemical formula of aluminum oxide with the help of oxidati®® {a) Free clectrons (b) Protons (c) Mobilcions . (d) Newlrons
- m:rn'h::.ars of f’hc altmr:m‘._t invalved, . . 7. In the reaction CuQ + Hy — Cu + H,0, which substance is being oxidized?
Sol. Aluminum is present in Group 13 so its principal (a} CuD (b) H; {c) Cu tdy HO

oxidation number shall be +3. Oxygen being more
clectronegative atom normally shows -2 oxidation state
in normal oxides. The formula of aluminum oxide will

8. Which of there is a common by-product of a hydrogen-oxygen fuel cell?

{n) Carbon dioxide (b) Sullurdioxide (c) Water (d) _Methane

h-ulur—— - B . —
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(GRS R Electrolysis + Electrolysis of a Concentraled Aqueous Solution cf
T PETX] Sodium Chioride (Brine) using inert electrodes (Graphite / Pt) +
Electrolysis of Dilute and Concentrated Aqueous solutions of Metal

Halides + Electrolysis ol Concentrated Aqueous Solutions of

Metal Halides

9.  What is the process of decomposing @ chemical compound ‘into its constituent
by passing an electric current through it?
(2) Meutralization (b) Evaporition {c) lonization (d) Elecirolysis
10. TIn an electrolytic cell, the electrode connected to the positive terminal of the
battery is the:
{a) Electrolyte (b)Y Anode (¢} Cathode {d) Analyie
11. During electrolysis, reduction (gain of electrons) always occurs at the:
(a) Cathode _(b) Anode (e} Bauery (d) Extermal cireuit
12. Im the electrolysis of connceted sodium chloride (Brine), which gas is released
at the anode?
{2) Nitrogen (M2} (b) Oxveen(Oq)  {e¢) Hydrogen (Hz) (d} Chlorine (Cls)
13. According to the electrochemical series, which ol there metals is the strongest
reducing agent?
(a) Gold (Au) (b) Lithium (Li)  (c) Silver (Ag) {(d) Nickel (Ni)
14. When an agueous solution of copper ([I) sulfate is clectrolyveed with incrt
electrodes, what is depoisted at the cathode?
(a) Sulfurdioxide (b) Coppermetal (¢} Hydrogen gas (d) Oxygen gas
IAUERRER Electrolysis of Molten Lead (1I) chloride + Electrolysis of Dilute

2 R FES IRE solution of Sulphuric acid using inerl electrodes (carbon or P1) +

Electrolysis of Dilute Aqueous Solution of Copper Sulphate using

inert electrodes or Copper electrodes + Fuel Cells

15. Arvwhat temperature does lead (I1) chloride melt to become an clectrolyte?
(a) 100°C {b) 501=C (c) BOI°C (d) 373°C

16. During the electrolysis of molten PhCly, what is formed at the cathode?
{(a) Chlorire gas  (b) Oxygen gas fc) Molicn lead {d) Hydrogen gas

17. In the electrolysis of dilute sulphuric acid, which ion is discharged at th
anode?
(a) SO; (b)) O (e) H* {dy €l

18. When aqueous CuS0Oy is clectrolyzed using inert (earbon) clectrodes, what g
is produced at the anode?

; {a) Oxygen {b) Hydrogen (e} Carbon dioxide (d) 5,-L.|i,|“.rdimid‘
1%,

A fuel cell converts chemical energy directly into:
{a) Heat energy

(b) Mechanical cnerpy
(e} Sound energy g

(d} Eleetrical CRergy

B
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20. What is the by-product of a hydrogen-oxygen fuel cell?

21.

16.14+16.15
+16.16+16.17

{a) Carbon dioxide (b) Water (c) Methanc {d} Nilrogen oxide

Which catalyst is commonly used in the porous carbon electrodes of u fuel

ccll?

{a) Copper {b) Zinc

Corrosion + Electroplating + Galvanic cells + Order of
Reactivity ol Metals using Voltage Data

{c) Platinum {d) Iron

221

23

24.

25.

26,
27.

8.

29,

30,

« (a) Sound energy

1.
o,
17,
25,

Which two substances are essentially required for the rusting of iron?
(bY Oxyien and water
(dy Hvdropen and water

(a) Witrogen and waler

{e¢) Carbon dioxide and water
Rusting is considered an electrochemical process where iron loses clectrons to
form:

(a) Fe(lll}ions  (b) Fe(ll)oxides (c) Oxide ions id) Hydroxide ions
Galvanization involves coating iron with a thin layer of which metal?

(b} Line (e) Gold (d) Silver

In sacrificial protection, which metal is often wsed to.protect buried luel
tanks?

{a) Magnesium

(a) Copper

(b} Tin {e) Lead {d} Copper
During electroplating, the abject to be plated is always made the:

{a) Cathode (b) Anode {e} Electrolyie {d) Sath bridge
In a Daniel ecll, the zine electrode acts as the:

{a) Electrolyte {b) Porous partition (¢) Anode

In the electroplating of copper, the electrolyie used is:
(b) Silver nitraic
(d} Potassium evanide

(d) Cathode

(1) Copper sulphate
() Sodium chloride
Under standard conditions, Daniel cell produeed a voltage of around:

{ay 1.10volis (b} 1.20 volts (c) 1.30vols {(d) 1.40 vohs
A Galvanic cell (like the Danicl cell) eonverts the chemical energy into:

(b} Electrical cnergy (c) Light enorgy (d) Heat energy

e}y 2. (B 3 (a) 4. (&) S (b} & () 7. (b} B (c)
(dy 0. (h) 1L (a) 12, (d) 13. (b) 14 (b) 15 (b) 16. (c)
(by 18 (a) 19. (&) 20. (0 2L (¢} 22 (b) 23. (a) 24. (b)
(a) 26. (a) 27 (c) 28 (a) 29 (a) 0. (b)

—

| .



(CTLTIITY INTIHANI CHEMISTRY (84 ) PRATE

y//° Additional Short Questions /

T S —— iy,

Short Answer Questions prepared in the light of new Examination Techniques /
I_'H.nnwlndgn, I.Im:lerstanding, Application, . Analytll:al & Conceptual) £

RS [ F8 Oxidation Number of Atoms in Compounds and lons + Writing

TP ¥1 Chemical Formulae of lonic Compounds by applying Oxidation

+ 165 Numbers + Writing Chemical formulag of lonic compounds
using ionic charges + Oxidation and Reduction + Oxidation -

Reduclion Reactions

1. Define oxidation number,

Ans. Dxidation number: The oxidation number is an apparent charge on an alom in g
compound or an ion. It may have a positive or a negative sign.

2,  How does oxidation number help us?

Ans. Oxidation number helps us:
o  To identify whether the reaction involves oxidation and reduction or nat,
¢  To identify oxidizing and reducing agents in a given oxitation-reduction

reaction.
o  Towrite chemical formulas and names of the chemical compounds,
s  To keep track of the new distribution of electrons during an oxidation-
reduction reaction,

3. What is the oxidation numbers of any element in its free {uncombined) state!?

Ans. The oxidation number of an atom in a free element is always zefo (c.g; Na, Opor
Cly ail have an oxidation of O)

4. What is the sum of oxidation numbers in a neotral compound?

Ans. The algebraic sum of oxidation numbers of all atoms in a neutral compound is
alwavs 2ero,

%, How is the oxidation nember assigned to a monoatomic ion?

Ar The oxidation number is equal to the actual charge present on the ion {c.g; Ca?" is
Zand CI is-1)

6. Define oxidation in terms of clectrons.

\ns. Oxidation is a process in which eleciron or electrons are lost,

7. Define reduction in terms of electrons, -

Ans. Reduction is a process in which electron or electrons are gained.

R Whatis a redox reaction?

Ans. Redox Reaction: A chemical reaction which involves simultancous axjdation a0
reduction is called an oxidation-reduction or redox reaction.

The reaction may involve the complete transference of clectron of electrons 1o fr?

ionic bonds or a partial transfer or shift of
0 clectron o form covalent honds,

AETLLITLY IMTIHANI CHEMISTRY

9, What is an oxidizing agent?
Ans. An oxidizing apent is a substance that gains electrons and gets reduced itsell, h

causes the oxidation of another substance.

10. What is a reducing agent?
Ans. A reducing agenl is # substance that loses electrons and gets oxidieed nsell. E

causcs the reduction of another substance,

i1, Why does the purple colour of potassium permaganate (KMn(y) disappear in

a reaction with oxalic acid?

Ans. The purple eolour disappears because the Mn®? {permanganate ion) is reduced o

Mn*? (manganese ion), which is colourless in dilute solution.

12. What is a polyatomie ion?
Ans. Polyatomic jon: A group of atoms that are bonded together and carry an overall

not charge (e.g., carbonate CO; or Ammonium NH_ ).

[T IN Electrolysis + Electrolysis of a Concentrated Agueous Solution of Sodium
Chloride (Brine) using ineri electrodes [Graphite / P1) + Electrolysis of

Dilute and Concenirated Aqueous solutions of Metal Halides +
Electrolysis of Concentrated Aqueous Solutions of Metal Halides

13, Define electrolysis.
Ans, Electrolysis: The process in which an electricity is passed through fused ionic

compounds or their aquecus solution, they are decomposed into their comstituents.
is called electrolysis.

14. What is an electrolytic cell?
Ans. Eleetrolytic Cell: An clectrolytic cell is an apparatus consisting of a vessel

(electralytic both), an electrolyte, and two electrodes connecied to an external
voltage source (battery) to carry out electrolysis.

15, In What the process of electrolysis can be carried out?
Ans, The process of electrolysis can be carried out in an clectrolytic both ealled an

electrolytic cell with the help of two elecirodes through which eleciric currcnt
¢nters and leaves the cell,

16, Define the anode and eathode in an electrolytic cell.
Ans. Anode: [t is a positive electrode through which electrons enter the external circuit

Cathode: [t is a negative electrode through which electrons leave the external
circuit,

17. Why must can electrolyte must be in fused (molten) state or in solution form?
Ans, In solid form, ions are held tightly in a lattice and cannot moeve, In a Mused or

aqueous state, the ions are free to move toward the electrodes to conduct clectricity

18 What is Brinc?

Ans. Brine: Brine is o concentrated agqueous solution of sodium chloride (NaCl).
19. Which gases are produced during the clectrolysis of Brine?

-'uls During the eleciraly sis of Brine, following pases are produced:

ih—.._
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At the cathode: Hydrogen gas (Hs)
At the Anode: Chlorine gas (Clz)

20, What determines which ion will be discharged at an electrode when multiple
ions are present?

Ans. The discharged depends on the electrochemical series. Elements with a higher
tendency to lose or gain electrons (bared on their position in the serics) will be
preferentially discharged. :

21. If a metal is below hydrogen in the clectrochemical series, what is discharged
at the cathode?

Ans. Il a metal is below hydrogen in the clectrochemical serics, then the metal ion is

discharged.

11. Ifa metal is above hyvdrogen in the eleetrochemical serics, what is produced ay
the cathode?

Ans. If a metal is above hydrogen in the electrochemical serics, them hydrogen jon is
discharged.

13, Why is the solution around the cathode becomes alkaline during the
electralvsis of brine?

Ans. The solution around the cathode becomes alkaline during the clectrolysis of brine
due to the formation of hydroxide ions (OH-).

24. Why is platinum sometimes used as an electrode?

Ans. Platinum is an inert electrode. meaning it conducts electricity but does nol
chemically react with the electrolyte or the products (like chlorine gas) during the
process.

25. Mention two industrial applications of electrolysis,

Ans. (i) Production ol elements like Aluminum, sodium and Muorine.

(ii) Manufacturing of chemicals like sodium hydroxide (NaO1H).

(CRUELREN Electrolysis of Molten Lead (Il) chloride + Electrolysis of Dilute

sV AFS R AR solution of Sulphuric acid using inert electrodes (carbon ar Pt) +

Electrolysis of Dilute Aqueous Solution of Copper Sulphate using
inert electrodes or Copper electrodes + Fuel Cells

26. Why must lead (IT) chloride be heated to 501°C before clectrolysis can ocur?

Ans. Lead chloride (11} is a solid at room tempergture. Heating it 10 501%C mehs i
making it an electralyte where ions are free to move and conduct clectricity.

27. What happens to the concentration of sulphuric acid as clc:trnlysiﬂ;r-nunls'f

Ans. As the electrolysis proceeds, the concentration of sulphurie acid increascs because
the waier present is being decompaosed.

—
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28. What is deposited at the cathode during the electrolysis of dilute aqueous
solution of copper sulphate using inert clectrodes?

Ans. Copper metal is deposited at the cathode (inert) during the electrolysis of agueous
solution ﬂrﬁﬂ-pp:r sulphate using inert electrodes.

29. Which gas is produced during the clectrolysis of dilute agueous solution of
copper sulphate using inert electrodes?

Ans. Oxygen gas is produced al anode (incrt) during the clectrolysis of dilute aqueous
solution of copper sulphate vsing inen clectrodes,

30. Why the blue colour of the solution fades away during the electrolysis of dilute
aqueous solution of copper sulphate vsing inert electrodes?

Ans. During the electrolysis of dilute agueous solution of copper sulphate using incrt
electrodes, since the concentration of copper ions decreases slowly so the blue
colour of the solution fades away with the passage of time.

31. How does the process change when copper clectrodes are used instead of inert
electrodes in CuS0; solution?

Ans. If copper elecirodes are used instead of inert elecirodes. the copper metal aioms
from the copper anode start moving into the solution in the form of copper ions and
thie clectrode mass starts decreasing.

32. Define a fuel cell

Ans. Fuel Cell: It is a device that provides a method in which chemical energy is
converted 1o electrical energy. It uses gascous fuels like hydrogen and oxygen 1o,
praduce electricity.

33, What are the electrodes in a hydrogen-oxygen fuel cell usually made of?

Ans. The electrodes are made of porous compressed carbon saturated with platinum
which acts as a catalyst.

M. Why is a fuel cell considered highly efficient compared to traditional engines?

Ans. A fuel cell is very efficient because it converts 73% of the bond cncrgy of fucls 1o
electricity, whereas traditional heat engines lose much more energy as heat,

16.14+16.15
+16.16+16.17
35. Define corrosion and give a common example.

Ans. Corrosion: Corrosion is a natwral process duc to which a metal sufers gradual
decay when it interacts chemically with its environment.

Corrosion + Electroplating + Galvanic cells + Order of

Reactivity of Metals using Voltage Data

Example: A common example is rusting of iron.

36. Why does iron continue to corrode until it is completely destroyed?

Ans, Once iron begins to rust, the process will continue as rust is porous and allows both
air and moisture to come into contact with fresh metal undemneath. Hence, all the

e
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metal will corrode given enough time,

A7, What is Galvanization?

Ans. Galvanization: Galvanization is a common method to protect iron or steel frop

rusting. It involves the dipping of an iron sheet in a bath of molten zine. A layer of

zine metal gets deposited on the iron sheet and prevents rusting,

Example: Tin cans are actually steel cans which have been coated with a thin laye

ol tin

Define electroplating.

It is a process in which a metal is deposited on another meia|

38.
Ans. Electroplating:
electralytically.

39. What properties should a chosen electrolvie have?

Ans. The electrolvie chosen should have the following propertics:

s Veryv soluble in water,

s  Good conductor.

. ot casily oxidized or reduced or hydrolyzed.
. Inexpensive.

40, What conditions should be fulfilled to get good deposits on the cleetroplates
during the electroplating?

Ans. The {ollowing conditions should be fulfilled to get good deposits.

. High current density ®  Low lemperature
s High concentration of the metal in its electrolyte,

41. What does Daniel cell use to produce electric current?

Ans. Daniel eell uses oxidation-reduction reactions to produce electric currenl.

42.  In the electroplating process, which electrode is the objeet to be plated?

Ans. The article or object 1o be plated is always made the cathade (the negative
electrode ), while the metal to be deposit is made the anode. -

43, What is a Galvanie (Voltaic) cell? ok

Ans. Galvanie Cell: A galvanic cell is an electrochemical cell that converis chemical
energy into electrical energy through spontaneous oxidation-reduction (redox)
reactions.

44. What is the function of the porous partition in a Daniel cell?

Ans. The porous partition in & Daniel cell keeps the two electrolyte solutions (Zine
Sulphate and Copper Sulphate) separate but allows ions jo pass through to complele
the electrical circuit.

45. How can voltage data be used to determine the reactivity of meials?

Ans. A higher vollzage gencraled in a galvanic cell indicates a greater difference in e
reactivity of the two metals used. Metals that lose electrons more casily (mor
reactive) produce higher voltages when paired with a standard elecirode,

B
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= Exercise Quasn‘uns (Solved) g

+¥r Choose and tick the correct answer from the given choices.
1. The oxidation number of Mn in K;Mn0y:
(a) +7 (b) +5 {c) +6 (d) -6
2, Which element in the following reaction is being reduced?
4HBr,, + MnO,  — MnBr, . + Br, +2HO
{a) Br (b)Y Mn {c) H {d) Both Mn and
3. During electrolysis of dilute solution of H,50,, using Pt clectrodes, which
process takes place at the eathode?
{a) Reduction {b) Meither oxidation nor reduction
{¢) Oxidation {d) First oxidation and then reduction
4. Which product you will get at the anode when an agueous solution of CuS0, is
electrolysed using copper electrodes?
(a) Cu (b) Oy {c) H;
(d) Wo product, instead copper metal will go into the soluticn as Cu®®,
5. Which of the following statements is NOT correct about Zn-Cu
electrochemical cell?
(2} Anode is negatively charged {b) Reduction occurs at enode
(¢} Cathode is pnsitjvelz;' charged {d) Reduction occurs at cathode
6, Which product will be obtained at the am:pdt when a concentrated solution of
NaCl will be electrolysed?
{a} Cl; (b} O
{c) More Os and less Cl» (d) Meore Cly and less O-
7. When a dilute aqueous solution of ZnCly is electrolysed which product you
will get at the cathode?
{a) H; ib) Zn (e} O (d) £nand Oy
8. What is produced at the cathode in hydrogen-oxygen fuel cell?
{a) -H* (b} 0% (e} H.O (d) OHF
9. Which of the following metals is highest in the electrochemical series?
{a) Tin (b} lron (e} Magnesium (dy Zine
L () 2 (M 3 (@ 4 @@ & (» 6 @ T ()
8B (d) 9. e}

[



| B. Short Answer Questions :

16.1 What happens when electricity is pnuéd through an aqueous solution of
MNaCl?

Ans. When electricity passes through agueous suiutlm‘l of NaCl (electrolysis). the saj;
dissociates into Na® and CI- ions.
At the Anode: Cl- ions lose electrons to form chlorne gas (Cly).
At the cathode: H+ jons (from water) gain electrons to form hydrogen gas (1 f:)
In solution: Na* and OH- ions remain, forming sodium hydroxide (NaOI).

16.2 What are the main objectives of electroplating?

Ans. For answer see Q18 (Long Subjective Questions). First parl

16.3 Mention one difference between an electrolytic cell and a galvanic cell.
Ans.

—_—

Electralytic Cell Galvanic Cell

Converts electrical energy’ to chemical | Converts chemical energy to clectrical
CnEergy. ENETEY.

It is non-spontameous reaction (requires| ]t is spontancous reaction,
a battery)

16.4 Through which electrode, electrons leave the electrolytic cell?
Ans. Electrons leave the electrolytic cell through the anode.
Reason: Electrons flow from the external power source (battery) into the cathode,
and they exit the electrolyte through the anode to return to the positive terminal of
the battery.
16.5 How does an electrolyte conduct electricity?
Ans. An electrolyte conducts eleetricity through the movements of ions,
& When a salt or acid is dissolved in water or melted, it dissociates into p.;]qjtm..
ions (eations) and negative ions (anions),
® When an electric current is applied, the cations move toward the negative
electrode (cathode) and the anions move toward the positive electrode (anode),
allowing the current to flow through the liquid.
16.6 What will happen if a sirip of Cu metal is dipped in FeS50, solution?
Ans. |Fa strip of Cu metal is dipped in FeSO; solution, no reaction will occur,
- Reason: In the reactivity series, copper (Cu) is less reactive than iron (Fe). Because
copper is lower in the series, it cannot displace iron from its sulfate solution,
16,7 Why fuel cells are regarded as environment friendly?
Ans. Fuel cells are regarded as environmental friendly because of two main reasons:
® Zero Harmful Emissions: Unlike internal combustion engines, the only
by-product of a hydrogen-oxygen fuel cell is pure water and heat,
# Higher efficiency (less fuel waste):
Fuel cells convert chemical energy directly into electrical energy without
combustion, so they are more efficient than conventional engines. This resulls
in less fuel consumption and reduced environmental i impact,

—
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[ C. Constructed Response Questions J

16.1 Caleulate the oxidation number of chlorine atom in Ca(Cl0y);. .

Ans. To find the oxidation number of chlorine, we use the known oxidation number I"ur
calcium and oxygen.
e  Calcium (Ca): +2 (Group 2 clement) L
@  Chlorine (CI): %
The sum of oxidation numbers in a neutral compound is 0.
1(+2) +#2[x + 3(-2)] = 0

Dt}'ﬁnn. (O); -2 (usually)

2+2[x—6]=
2+2x-12=10

Ix-10=0

2x =+ 10 !
x=+35

The oxidation number of chlarine in Ca (Cl Oy} is + 5.

16.2 How can HyO; behave as an oxidizing agent?

Ans. Hydrogen peroxide (H2032) acts as an oxidizing agent because the oxygen atom in il
is an intermidiate oxidation state of —1. It can easily accept electrons (o reach the
maore stable =2 state (as found in water).

Example: H, O, + 2H' + 2e-—— 2H,0

16.3 Why different products are formed at the electrodes when a dilute and

concentrated aqueous solutions of NaCl are electrolysed?

This happens due to the selective discharge of ions. which depends.on their

concentration.

In Dilute NaCl: At the anode, OH- ions are in higher concentration and arc

discharged to produce oxygen gas. X

In Concentrated NaCl (Brine): At the anode, the high concentration of Cl™ ions

resulting in the production of chlorine gas.

16.4 Why corrosion beeomes fast during rainy scason?

Ans, Corrosion (rusting) 15 an electrochemical process that rcqum‘-‘i water and oxypen.
During the rainy season:
® The high moisture/humidity provides the necessary -.,Iulruhn., for the

movement of ions,
® Rainwater often contains dissolved gases (like C0O1) that make it slightly acidic.
increasing its conductivity and accelerating the redox reaclion.

16.5 Tf a galvanic cell is established between Cu and Ag, what reactions da you
expect at the eleetrodes?

Ans. In the electrochemical series, copper (Cu) is more reactive than silver {Ag).
Therefore, Cu will be the adede and Ag will be the cathode.

Ans

e



& Al Anode (Oxidation)
Cu,, — Cul, +3c
& Al Cathode (Reduction)
A, te — AR,
16.6 What is the function of a porous partition in a galvanic cell?
Ans, The porous partition (or salt bridge) serves two main purposes,

L] Completes the Circuit: It allows the Mow of iens between the twio half-celly

®  Maintains Electrical Neutrality: It prevents the aceumulation of charges in

the half-cells by allowing ions to migrate, ensuring the cell continues 1o lunchion

16.7 How do fuel cells produce eleetricity?

Ans. For answer see Q14 {Long Subjective Qeustions)

168 How can the chemical renctivity of metals be comparcd by using
electrochemical series?

Ans. The electrochemical series ranks metals based on their standard reduction
potentials:

o Higher in the series: Metals have lower reduction potentials (or higher
oxidation potentials). They lose electrons casily, are more reactive. and can
displace metals below them from their salt solutions.

& Lower in the series: Metals have higher reduction potentials Thes are lews
reaclive and acl os better oxidizing agenis.

BESSEREE S

D. Descriptive Questions .
16.1 Explain with examples how the formula of lonic compound can be wrilicn
using oxidation numbers.
Ans. For Answer see Q2 (Long Subjective Questions)
16.2 Find the oxidation numbers of the indicated elements in the following
com pounds,

Al (NOy)y, H;5,05, Nay §; 0,
Ans. To find these, we use the rule that the sum of oxidation number in a neutral
compound is 0. Commaon oxidation numbers used here:

HFLI. O=-2, Na=+1,Al=+]
Al (NOy)y: Since the nitrate ion ( NO; ) has a charge of -1, we can calculate M
within that ion:
& LaN=x
& x+3(-2)=-1
* x-6=-|
& x=+5
Ohidation number of N is +5,
—

———
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() Z7ea% AT
H;ﬁ;ﬂ-::
. 2(H)=2(85)+7(0)=0
o 2(+1)+2(x)+7(-2)=0
. 2+2x-14=0
# x=12=0
. x=12
. x =+
Oxidation number of § is +6.
Nag 5304

e 2(Nap+2{(5+3(0)=0

- 20+1)+2x)+3(-2)=0
. 2+Ix-6=0

- 2x-4=0

- 2% = 4

- x=+3

16.3 Write down the formulae of the following compounds using fonic charges,
Sodium hypochlorite, calcium oxalate, ammanium phosphate and ealciom
nitrite

Ans. To write the formulae of the following compounds using ionic charges, we balance
the positive and negative charges so the final compound is neutral.

Compound Name lons Involved Chemical Formula
Sodium hypochlorite Na® and C1O- Na CIO
Calcium oxalate Ca?* and C.0] CaCy; 04
Ammonium Phosphate NH; and PO, (NH, ) PO,
Calcium nitrite Ca?* and NO, Ca (NDy);

16.4 Describe the warking of a fuel cell.

Ans, For Answer see ) 14
16.5 Discuss the electrolysis of concentrated solutions of metal halides.

Ans. For Answer see Q 10

16.6 Explain clectroplating giving examples.

Ans. For Answersec Q 18

16.7 Whai is corrosion? Explain the reactions involved in corrosion of iron.

Ans. Far Answer sce Q) 16

— e —
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Reaction Kinetics //

After studying this chapter, students will be able to::

] Describe collision theory in terms of number ol particles per unit volume,
frequency of collisions of particles, kinetic energy ol particles and activation
energy.

] State that catalyst increases the rate of reaction provides alicrnale pathway wih
lower activation energy, and remains unchanged at the end ol a reaction.

o Describe the physical parameters that may be affected by the rate of reaction
including change in mass, lemperaiure, and formation ol gas.

s Interpret data. incleding graphs. for investigating rate of reaction.

. Explain the effect on rate of reaction of changing concentration of a reactan,
pressurc of pases, surface arca ol solids. lemperature, presence ol catalyst
{including enzymes) using collision theory,

s Justify the importance of chemical kinetics in the food industry 1o determing ideal

harvesting and transportation times for produce.

= Subjective Type Questions i

S e R R R S ——_ _—__—__ — -

/ Long Questions prepared in the light of new Exomination Techniques
s (Knowledge, Understanding, Application, Analytical & Conceptual)

) = = — -

Collision Theory of Reaction Rate
Change in Mass during a Chemical Reaction

Change in Temperature During a Chemical Reaction

0.1: Describe the main points of the collision theory of reaction rate.
Ans. A reaction takes place only when the participating particles {(atoms, molecules @

ions) collide with one another, It has been observed that a very small fraction ol

collisions lead to the formation of products. In the majority of eollisions the reacta®
particles simply bounce back without any change. '
Effective Collisions:

Collisions which lead to reaction are called effective collisions.

The rate of a reaction depends upon the number of effective collisions which. I
turn, depends upon the following lactors,
(i) The number of particles per unit volume:

The larger the number of particles per unit volume, larger is the F”HW

_'lll“j?_-.-
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effective collisions, In other words, higher the concentration of the-reactants, more the
number of molecules and hence more will be the number of collisions between them.,
(i) The trequency of Collisions: ,

A greater number of collisions per second will also result in the increase in the
number of effective collisions. At higher temperature the velocities of the molecules
increase resulting in the increase in the frequency ol collisions. This increase in the
frequency of collisions will also increase the number of successiul collisions.

(iii) The kinetic energy of the particles:
The kinetic theory of particles says that all matter is composed of tiny constant

moving particles. Their motion is due tokinetic energy they possess. As the temperature

increases, the kKinetic energy of the particles also increases. As a resull, the particles stan

moving fast leading to more vigorous motion. The fast moving particles will have more

chances to collide with each other.

(iv) Activation energy

According to collision theory, the colliding particles will lead wo effective collisions
anly when they possess sufficient energy to break the bonds present in the reactant
molecules. This minimum energy required to start a chemical reaction is called its
activation energy.

Generally, al a particular temperature, most of the molecules of the reactant possess
average energy. A fraction of total molecules will, however have more than the averape
energy. Particles will react only when average energy of this small fraction of molecules
exceeds the energy needed lo activate molecules so that they can undergo a chemical
reaction.

When the reactant particles come close to 3

High energy state

each other at the time of collision, they slow

down and the kinetic energy they possess, is = Activation
converted to increase their potential energy. | & Gl
This process can be understood with the help | =

of a graph drawn between the path of reaction E + L
and the potential energy of the system. When | & P o
the reactant particles possessing activation

energy collide they form high energy state with Pwaction coatlinate
the corresponding increase in the potential Path of the reaction
energy of the system. Afier this stage the reactants are converted into the stable products
and the potential energy of the system falls doin.

0.2: Discuss how change in a mass during a chemical reaction takes piace.

Ans, Change in mass during a chemical reaction:

The total mass during a chemical reaction always remains the same, This is the
requirement of the law of conservation of mass which is always obeyed. However, some
Teactions may appear to proceed with a change in mass which can usually be explaincd
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because a reactant or a product is a gas in such reaclions.

If @ reaction is carried out in an open container where gases can Cscape OF CNLET, the
apparent mass change can occur if a gas is cither absorbed or evolved. For example, iry
gas is evolved, we shall observe a decrease in mass and il a gas is absorbed, the apparey
mass will increase.

If a ribbon of magnesium is bumt in an open crucible, the mass of the produg
(MgO) formed will be greater than the reactant (Mg). This increase in mass has occurny
due to the reaction of magnesium with oxygen present in air. However, il the twp
reactants (Mg and Os) are allowed to react in a elosed container. the total mass will
remain the same before and after the reaction,

Formation of a gas during a chemical reaction:

If a reaction is performed between marble chips and dilute hydrochloric acid in an
open container, the mass of products will apparently be less than that of rcactanis. This
appareni decrease in mass is due 10 evolution of CO2 gas during the reaction which
escapes into the atmosphere.

[ CaCO;s (o + 2HC (ug) ——»CaClz gag) + H0 g * -‘:D* ™

When a reaction moves ahead the concentrations of
the reactants decrease uniil all the reactants are used up.
Al the same time, the concentrations of the products
increase and reach the maximum value at the end of the | ;
reaction,

0.3: Explain change in temperature during a chemical

reaction.

Ans. Change in temperature during a chemical reaction.

Chemical reactions arc quite often accompanied by the changes in the emperator
indicating whether they are exothermic or endothermic.

Exothermic Reaclion:

Exothermie reactions heat energy is released u.hu:h is absorbed by the surrounding
causing their lemperature 1o increase.

Far EIHI"I'INE:
When quick lime (Ca(0) rcacts with water, slaked lime Ca(Ol)a is formed and a lot
of heat energy is released.
|_CaOuy + HaOyy — Ca{OH); 5 |
Endothermic Reactions: '
In endothermic reactions heal energy is absorbed causing the surrounding 1o coM

© e P alepe

Concentration time graph

down,
For Example:

When ammonium chloride or ammonium nitrate is dissolved in wale

r. heat cnefy?
is absorbed causing the container to cool down.

I
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gffect of Temperature on the Rate of the Reaction:
Increasing the temperature ol the reaction. increases its rate. For many reactions,
the rate doubles with every 10 °C risc in temperature. . .
Cooking food uses high temperaiure (o speed up chemical reaclions that break
down the eomponents of food making it edible.

Factors Allecling the Rates of Reactions

m Importance of Chemical Kinetics in Food Industry

0.4: Discuss the elfect of concentration of the reaclions.

Ans. Effect of Concentrations of the Reactions:

In order for the reaclion (o ocgur, the reactants musl come in contact with cach
other. For this reason, the reactions are most often carried oul in one phase. For example.
in liquid solutions or in gas phasc.

When the reactanis are present in the same phase. their particles are able 1w meet on
the malecular level and thus are able to collide with cach other casily, The higher the
number of particles of the reactants per unit volume, higher will be chanees of efMective
collisions and hence higher will be the rate of reaction.

Effect of an Increase or Drecrease in the Concentrations of the Reactants:

An increase or deercase in concentrations of the reactants will result.in increasc or

decrease in the rate of reaction respectively.

For Example:

o Combustion of coal in air (21% oxygen) proceeds relatively slowly as compared (o
the reaction in pure oxypen.

*  Lime stone reacts with different concentrations of hydrochloric acid at diffcrent
rates.
Experiment:

An experiment can be p:rﬁwmcd io show the increase in the rate of reaction with
the increase in the concentration of hyd rochloric acid.

Procedure: 1 )
Take a Mat- bottomed conical Mask fined with a delivery whe which is connceted 1o
a syringe.
The Masks contains:
Ciranules of limestone taken in excess,
A fixed volume of one molar hydrochloric acid.
Afler the start of reaction carbon dioxide is generated which is collecied in the
syringe.

—
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The scale present on the syringe direcily measure the volume of carbon dioxide gy

evolved.
Conditions for the Experiment: .
It is essential to keep all the variables constant in this experiment. For example,
e  The volume of one molar hydrochloric acid.
e  The temperature at which the experiment is being carried out.
®  The mass and size of lime stone granules.
Measuring volume of carbon dioxide evolved:
The reaction is followed by measuring the volume of carbon dioxide gas evolved,

—Ll )

Gas syringe

Conical flask e
m Stand and clamp
Reaction of hydrochlaric acid with Umestone
Rate of Reaction shown by a Graph:

The change in the rate of reaction is then seen
when a graph is drawn between the time in seconds or
minutes against the volume of gas evolved '

The graph obtained is in the form of a curve, We
can measure the rate of reaction during a time interval
by drawing a tangent on this curve. The results show
that the reaction starts with a very fast rate which then u
progressively slows down as the concentration af
hydrochloric acid decreases. After a while the
reaction stops because the whole of hydmchf{:ﬁc
scid has been utilized.

The two curves A and B represent two
separaie experiments done with one and two molar
concentrations of HC| respectively.

The greater the concentration, the steeper is 0
the curve at the start of the experiment which Reaction rates at two different
means faster rale of reaction, concentralions

The more concentrated is the acid, the more are the chances of effective collisions.
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0.5: Discuss the effect of temperature at which a reaction is carried out.
Ans. Everyday Observation:
It is an everyday observation that the rates of chemical reactions increasc with
increase in temperature,
Examples:
e  Food cooks faster at higher temperatures than at lower ones.
. The oxidation of iron is very slow al room temperature but proceeds very fast at
high temperature,
In many cases the rate of reaction is nearly doubled when the temperature is
increased by 10 °C,
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Temperature

Risein rate of reaction with temperature

The graph shown in Ihc figure cnplams this rapid increase in the rate of reaction
with the rise in temperaturre,
According o the Collision Theory

According to the collision theory, the rate of reaction depends upon the frequency
of successful collisions between reactant molecules.

As the temperature of a reaction is increased, the Kinetic energy of the participating
reacting particles also increases. This, in turn increases the velocities of their
movements. As a result.the collisions which lead to the occurrence of reactions also
increase, enhancing the rate of reaction.

0Q.6: Explain the following factors alfecting the rate of reaction:
(a) Reactants present in gas phase.
(b) Effect of surface area of solids.

Ans. (a) Reaclants present in gas phase:
If reactants in a reaction are present in gas phase, their concentration can be
changed by changing their pressure, For example, the rate of reaction between hydrogen
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and chlorne can be doubled if the pressure of chlorine gas is double provided the othe
componen! hydrogen is present in cxcess, ' ;

(b) EMect ol surface area ol solids:

Reactions invalving solids take place on their surfaces and the rates of theis
reactions depend to a great extent on the area of the surface contact between them. The
larger the surface arca of the solids. the more 15 possibility of their particles v come in
contact with cach other and the higher is the rate of reaction, Finely divided solids,
because of the greater surface arca available, react more rapidlly than do large picces of
the same substances.

For examples: Aluminum foil reacts with warm sodium hydroxide but in finely divided
siate it reacts rapidly with even cold aqueous solution of sedium hydroxide evolving
hydrogen pgas.

I_z‘q‘l[\'l + el Iqa..,t] = 610y, —— 2ZNaA NN, tg ! 30 gy |

Similarly, a large priece of wood will burn slowly while small picces burn rapidly.
Q.7: Explain the effect of catalyst on a chemical reaction?
Ans. Effect of catalyst:

A catalyst is & substance which alters the rate of the reaction but it is not consumed
during the course of rcaction. Its role is to alier the way the reaction takes place by
substantially lowering its activation energy. When the activation energy is lowered. more
and more particles of the rcactants will start forming the high energy state and the rate of
reaction will increase. For example, platinum metal serves as a catalyst during the
addition of hydrogen in cthene. Both hydrogen and cthene arc known 1o adsorb on the
surface of platinum metal and the bonds. present in them, pet weakened. Thus, the
surface of metal helps the reactant molecule (o react together.

Path of reaction ﬁﬂ-wwtihmn{ulﬂyn
In the presence of a catalyst, the activation encrgy is sufficienily lowered allowing
mare and more molecules to react logether.

Q.8: Write briefly about the role enzymes play in our body as biological catalysts.
Ans. Enzymes:

Enzymes are biological catalyst.

—
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Role ol enzymes:

These are hasically protiens which help 1o speed up specilic chemical reactions
taking place in our body,
Explanation:

Ernsymes react with the reactant molecules using the active sites present in them.
Onee bound with the reactant molecule the panicular bonds in the reaciant molecule arc
sulficiently weakened for the reaction o take place. The product formed then dissociaes
itsell” from enzyme which is then free o bind another reactant mulecule. The active siles
present in enzymes are very specific such that a particular enzyme can catalyze a specific
reaction only,

0.9: How does chemical kinetics play an important role in the lood industry?
Ans. Importance of chemical kinetics in lood industry:

The study of reaction rates and the factors which aflect these rates play an

important role in food industry.

The rates of chemical reactions which are involved during food ripening and food

spoilage are studied for dilTerent types of fruits and vegetables. The information thus
obtained is used to minimize the losses duc to spoilage. Food scicntists can determing the
optimum conditions lor harvesting, storage and transportation of loed products by
studying the rates of enzymatic reactions, oxidation or microbial growth,

Fruits and vegetables ripen owing o the reaclions which involve enrymes. These
reactions converl starches into sugars, solien tissues and develop characteristics Navour
and eolours. With the help ol rates of these eneymatic reactions, farmers can prodict
when the produet will reach s its peak quality and ready for harvesing. For example, the
rate of production of ethene during ripening can be monitored o0 determine the besi time
to harvest the fruils.

Some eneymes which arc natsrally present in foods can spoil the foods which them
undergo changes in texture, flavour and nutritional value, Again enderstanding the rates
of these enzymatic reactions will allow us to plan how 1o stop this spoilage.

Vor example, if'a fruit is known to degrade rapidly during transponation or storage
owing to high temperature, refrigeration can be employed 1o prevent rapid spoilage.

17.1\Quick (1771

1. How will you increase the frequency of collisions?

The frequency of collisions can be increased by

L] Increasing 1emporature

. Increasing concentration

L] Increasimg pressure (for gases)

1 What happens to the reactant parficies afler collision?

Ans. Afer collisions, one of two things happena:

& A very small fraction ef collisions lead to the formation of products
. The reactant particles simply bounce hack without any change
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1. Why u catalvst is mostly used in finely divided from?

Ams. A catabvst i3 wsed & a fine powder (finely divided) 10 increass s surface arca. a larger surfage
area provides more “achive 2ies” where reactant molecules can absork and react which
sygnificantly speeds up the reaction compared to using a single large picee of catalysy,

i Hew do vou incresse the number of sucorsul collisions?

Ams. Succeful (effective) collisions are increased by

. Adding a caralyst:
This lowers the actvation energy, allowang greater fraction of particles 10 have enough energy 1
el

L] Increasing Temperature :
This provides more particles with the mintmam roguired activation energy

—

1 How doss the concenctrations of the products change during reaction? Explain with |
belp of & graph.

Ams. At the sast of a reaction, the concentration of reactants i high, while the concentration of
proeducie is zete. The reaction siants with a very fast rate. As the seaction proceeds. the
conoenimation of prodocts increases rapidly. Over time a8 reactants are contsumed, the rte of
product formanos siows down because the whole of the reactanis have been utilized i
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How would you determine the best time of fruit barvestrng?

Tha LT IR o . i 3 "
Ams. [he best time of fuit hanvesting &5 determined by monhering the rate of production of cthane

L |

S
H

dering ripenmg By ondersranding the Linctics of the ENVITEC reactions that convert starches 1o
supsny and change frut teatore. farmers can harvest when the fruit is 2t in peak quality fix
TEREDOR oOr conTumpnon

Wiy some fruits and vegetables get destroved early during summer than during winter.
Ohemacal aad emrvmmatic reactions fllow the rule that reaction rates increase with lemperaiure

B

i parmemey, Dwe Rph Embieni temerEntd ihesds op the reles of ovidadion and micrebigl erevath
iadmg 1o ragad spoilage

In wonter, the ower temporatunes 2t ke natura! refrigeration. siow ing thete kinglic processss

THINGS TO KNOW .

L-'ﬁd:"ﬁl.‘u':".s menics helps ox 0 control the reaction conditions in order to speed up or slow
Sowm reschiong i nesded

(CTTTXITN IMTIHANI CHEMISTRY 'QuD PR wss 10\
INTERESTING IRFORMATION'}

. Understanding the kinetics of oxidation reactions of fats helps (o prevent spoilage of butter,

p—

INTERESTING INFORMATION 3

. Enzyme based binsensors are used 1o detect glucose in blood.

INTERESTING INFORMATION {3

. Kinetics helps us 1o increase the vield of a reaction and minimize the waste.

= Objective Type Questions
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Multiple Choice I]inm prepored in the light of new Exomination Techniques
{Knowledge, 'I.lnuemtandng A.plitin, lt ical B Conceptual)

e — . —.. L i
-

m 3 Collision Theory of Reaction Rate
Change in Mass during a Chemical Reaction

Change in Temperature During a Chemical Reaction

I.  According to collision theory, what are collisons that result in the formation of
products called?
(a) Random Colisions (b) Effective Collisions

{d) Frequent Collsions

2. The minimum energy required to start a chemeial reaction known as?

(2) Thermal energy

(e} Elastic Collisions

{b) Kinetic energy

(e Activation energy (d) Potential energy

3. What typically happens to the rate of many reactions for every 10 °C rise in
temeprature? '
{a} ltdoubles (b} It halves (e) It stays the same (d) It triples

4. Which tvpes of reaction releases heat energy into the surroundings?
{a) Neuiralization (b} Exothermic () Endothermic (d) Decomposition

5. What happens to the concentration of products as a reaction moves toward

.

completion?
(b} It decreases
(d) It becomes 2ero

{a) It stays constant

(c) It increases
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6. Dissolving ammonium chloride in water makes the container feel cold. This i s SRATTTERR L
example of a/an: /f’ Additional Short Quﬂstmm /f/

(a) Fast reaction b} Activation reaction
(¢} Endothermie reaction ::d:;: lixothermic reaction + Shart Answer ﬂuﬂitlﬂm {'HBWI i "|' it EQT"”{ new EIWWTM T
7. When Cal) (quick lime) reacts with water, what happens to the temperature? '“"uw’ﬂlga' I.Indaritand:lng, Application, "'"'I'ﬂ":‘.' & cmt"'"
{a) It remains al (b °C (b} Ivincreases
e} It decreases (dy I Muewates randomiy
8. How does increasing the concentration of reactants (particles per unit volume)

affect the reaction rate?
{a} I increases the rate (b} It increases activation eneryy
(e} I? has no effect on the rale (d) It decrease the rate.

1. Define rate of reaction.
A Hate of reaction:

17.4 Factors Allecting the Rates ol Reactions e _
; Rate of reaction is e spaed ot windl the seaction L g
Importance of Chemical Kinelics in Food Industry 2. What is the busie requirement of collision theors Tor o cactmm i oveprs
9. Which form of a solid reactant will react the fastest with a {iquiﬂ'_’ Ans. Accurdmg to the theory, o peaction Likes e ondy witord (e rafte i §
{2) Finely divided powdered (b) A few medium-sized lumps (atoms, maleeules or jons) collide with ane anotein '
'\ I + - LLS ¥ - - - =, el (LR ]
(¢) One large crystal (d) A Nast sheer of the solid 3. What are "effective collisions™
" Pt ¥ B AT i 5 sl wnf frracs 111w “
10. 'What happens to a catalyst at the end of a reaction? A, Callistons which fead o Fl.....Ln.IILI.I. wre callad eliective callistons, )
{a) Itis completely used up: (b) 1t remains chemically unchanged 4. !_hm iloes Il':i. ||u|||l;|.r ul pattivlies per uml.l varkimime aftect the reaction st
; ; : large : i arliales pue L s baig bie rarasdiifine o
{e) Itis wmed into a product (d) It evaporaics hns. Ih.L larger 1 _Il. maeber of puirh Wit solume, barger s i | i
11. Enzymes are best described as: ellvetive collisons and o fisler teacinm iy
fa} Products of spails r (b) Biological Catal 3. Whiat is the effect of femperatoee on the (reguenes of vollbsoim?
: iological Catalys ! ;
= P B¢ & J*}hl Atis, At higher temperatire the selocttics of the e dectbes i rcase 1esuli
(€) In tant d) inhibi s ’
Organic reactanis . . ; : R : '
1. What Prf“h d tal ; ,{ ) r':“.‘:lr:am“ inhibitors iperedse on e treguency ol collivnmns
. cess do enzymes catalyee to ripen fruits? S
: . 6. Mow does kinctie eonergy reloie ro the reactom rae?
a) Freczing the fruit tissue & 1] “atarchoes i A1 3 i
(a) Freezing the Iruit tssue (b) Conversion of starches into sugars Ans. As lemperature incecases, the hmctic covigy of e paricies abso pnrcse

() Conversion of sogars into starches  (d) Tﬁ:run_-;ing the uxyeen content

result the |:.1rl;dt‘:~' slirk |-u-.'1.u||__' Past Deandimgs (o piwse vrgorows imenen. 1
13. Enzymes are best deseribed as:

MOVINE particics will have mwne chances e colliche with each oiher

(a) Products of spoilage {b) Biological catalysis 7. Does the total muass of sulstanees chanee derme o chenreat reactmn?
(€} Inorganic reactants y (d) Temperatire inhibitors Anis, Mo, According to the liw o comservationm o1 mass, Hne vt s retmnms i
4. Which gas production rate can be monitored to deteremine the best time for throughoul the reaction
fruit harvasting? . Why docs the mass of marble ehips seem to deerease when reaeted with i
(a) Ethene {b) Nitrogen {e) Hydrogen {d) Carbon monexide HCl in an open contaimer?
15, In many cases the rate of reaction is double when the temperature is inereased Ans. The apparent decrease in marss is diw W evoliuton of L0 gas dunne the rea
by: which escapes i the atmosphere. ’
(&) 10°%C (b) 20°C {c) 30°C (dy 02 Y. What happens to the concentration of reactunis and products as & roocio
y moves aheail? .
L (b) L (e) Y 4 (h) 5 (o) 6 () 7. i) Ans. When o reaction moses alwead the congentration ol the reactdols Jdecrgasg
8 (a % (a) 10. (b) 1L (by 12, (h) 13 i 4. (@ the reactants ane used up. AL the same time, the concentratioms of the p
15, s increase and reach the masimem value o the il of e réaction
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10, Differentiate between exathermic and endothermic reactions.
Ans, Exothermic Renctions:
In exothermic reaction heat energy is relased which is absorbed by the SUTTOUNdny
causing their temperature (o increase. i
For example: When quick lime (CaO) reacts with water, slaked lime Ca(OH )2 is formg
and a lot of energy is realsed.
[ CaOy, + 1200 — CalOll) 1y |
Endothermie Reaction: In endothermic reaction heat enery is absorbed Citusing
‘ the surrounding to cool down,
For example: When ammonium chloride or ammaonium nitrate is dissolved i
waler, heal energy is nbsorbed causing the container cool down.
- 11, HWow much does the renction rate typically increase with tempernture?
Ans, Increasing the lemperature of the reactions, increases its rate. For many reactions,
the rate doubles with energy 10 °C rise in temperature.

Factors Allecting the Rates ol Reaclions
Importance of Chemlcal Kinelics in Food Industry

12. How does the concentration of reactnnts affect the rate of reaction?

Ans. An increase ore decrease in concentrations of the reactants will result in incrense o
decreases in the rate of reaction respectively.
For Example:
Combustion of coal in air (21 % oxygen) proceeds relatively slowly as compared 1o
the reaction in pure OXygen.

13, How does pressure affect the rate for gases?

Ans, IT reactants in a reaction are present in gos phase, their concentrations cnn he
changed by changing their pressure,
For Example: The rate of reaction between hydrogen and chlorine can be doubld
i the prssure of chlorine gas is doubled provided the other component hydrogen is
present in execess,

14. What is the effect of surface area on the reaction rate of solids?

Ans. Finely divided solids, because of the greater surface arca available, react mos
rapidly than do large picces of the same substances,
For Example:
Aluminium foil reacts slowy with warm sodium hydroxide bul in fincly divided
state it reacts rapidly with even cold aqueous solution of sodium hydroxide
evolving hydrogen gas.

[ 2Aly) + 2NaOlljug) + 6H201 —— 2NaAKOH), tg) + 3H3 ¢ |

15. Give an everyday example of the surface area affect.

Ans. Small Finr.cg of wood bum much more rapidly than a large picce of wood becat®
of the increased surface arca available for the fire,

—
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16.
Ans.

17.
Ans.

5.
Anis.

19,
ATiE.

20.
Ans.,

21.
Ans,

22,
Ans.

23,

Ans,

Aris,

15.

Ans.

s A s 10\

Why do chemical reactions procced faster at higher temperaiures?

As the lemperature of reaction is increased, the kinetic energy of the paricipating
reacting part'ti.‘]cs also increases. This, In turn increases the velocities ol their
movemenis, as a resull the collisions which lead to the vccurence of reactions also
increase, enhancing the rate of reaction,

Deline a catalyst,

Catnlysi: A catalyst is a substonce which aliers the rate of the reaction but it is not
consumed during the course of reaction,

How docs a catalyst speed up a reaction?

The role of a eatalyst is to after the way reaction takes place by substantially
lowering its activation encrigy, When the activation energy is lowered, more and
maore parlicles of the reactants will start forming the high energy state and the rawe
of renctions will increase.

What are enzymes?

Enzymes: Enzymes are biological catalysts. They are basically proticns which
helps to speed up specific chemical reactions taking place in our body.

Why is the study of reaction rates important in the food industry?

It helps seientists to determine the npﬁmum conditions for harvesting, storage and
transportation of food products by studying the rates of enzymatic reactions,
oxidation or microbial growth.

How do enzymes affect the ripening of fruits?

Fruits and vegetables owing to the reactions which involve enrymes. These
reactions converl starches into sugars, soften tissues und develop characteristics

Navour and clours,

How can farmers use Kineties to predict harvesting time?

With the help of rates of there enzymatic reaclions, farmers can predict when the
product will reach at its peak quality and ready for harvesting.

For Example: The rate of production of ethene during ripening can be monitored
o determine the best time 1o harvest the fruits,

Why does food spoil faster in summer than in winters?

'll}' temperatures in summer increase the rate of éneymatic reactions and microbial
growth, leading 1o rapid degradation of texture, Navour and nutritional value
compared to the cooler winter months.

How is refrigeration used to prevent food spoilage?

Refrigeraiion lowers the temperature, which significantly slows down the rates of

oxidation reactions and engymatic processes that couse food do decay.
What kind of biosensors are used to detect glucose in blood?
Enzyme based bisosensors are used to deteet glucose in blood.
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Exercise Questions (Solved)
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| A. Multiple Cholce Questions

% Choose and tick the correct answer from the given choices. ,
5 The number of collisinns per unit volume of the reaction mixture is called:
thi Activation enerey
tcy Collision freguencs (dy Collision foree
IT the reactants possess an enerpgy higher than the sctivation encrey, then the
reaction will be:
fa)y Sl {h) Fas () Ml :IIIL‘E.'I-U'LII
J. Which of the fullowing explains the inerease in rate of reaction in the presence
of a catalyst?
fa) Catalyst provides exirg energy o the reaclant molecules
ihi Catalsst provides an aliernative pathway which lowers the activation vnergy,
fe) Calalyst incncascs the collision lrequency
(d) Catalyst decreases the collision freguency
4, Which of the following statcments i correet?
fa) Collisons with cncrgy equal to or greater than the activation eocrgy lead

ta) Collision encrgy

pe

(d)  Inslantancous

Feaction.
th) Collision freguency is niot relisted 1o the reaction rate
feh Al collisions lead 1w a reaction.
(d) Collisions with energy less than the activation encrgy lead o the reaction,
5 When u reaction proceeds ahead, how the concentrations ol reactants and
products change?
ta) Concentration of reactants increases and that of the products decreases,
thy Concentration of reactants decreases and that ol the products increases.
(c) Concentration of both reactonts and products decreases.
(dy Comcentration of both renctants and products increascs,

Angiwarg
. i) 2 i K {11 4. {a) S5 (b

] B. Short Answer Questions

17.1 What is a-successTul callision®?

Aas, A suecessiul collision is one that resolis in the Tormation ol proclucts, Fora
collisions o e sueeessiul, the colliding particles must have the correer orientmion
and energy equal 1o or greater than the activation energy,

17.2 How does increase in the temperuture increase the rate of o reaction”

Ams, Ax the wemperature of a rcaction is increased, the kinetic wiergy ol ihe participating
reactmy particles alse mercases. This. in turn increases the vielacitios of thelr

OMCEZ SN i/ wamoano JINTICE L RGN s Al wss 10 W

movements. As a resull the collisions which lesd 1o the occurrence of resclivns oiws
increase. enhanced the rate of reaction.

17.3 Define activation cnerey.

Ans. Activation Enerpy:

The minimum energy required 1o start 8 chemical reaction is called its activation
cnCrgy.

174 Why does the burning of sulphur procecd slower in air than in pure nxvgen?

Ans. The burning ol sulphur procceds slower in air than in pure oxygen. 11 is because ar
conlains only aboul 21 % oxygen, while pure oxveen has a much higher
concentration. leading Lo a higher eollision lrequency between sulphur and oy zen
muleeules,

17.5 Why a catalyst used in a reaction is prefecably taken in the powdercd furm?

Ans. A cotalyst used in o reaction is preferably taken in the powdercd lorm hecause
powdered form increases the surfoce area, providing more active sites foe the
reactant molecules to absorh and react, this increasing the reaction .

17.6 Why is the rate of g reaction often very fast al the beginning of the resaction?

Ans, The ratc of reaction i olica very [ast of the beginming of the reaction beciese ot the
starl, the concentration of reactants s greater which mcans faster rate ol reaction
and more chance ol elTective collisions,

17.7 Mapgnesivm docs not react with air at room temperatore buf it reacts very Fisi
al high temperature giving intense white light. Explain.

Anx, Al room lemperolure, magnesium atoms do aot have enough enerpey o break their
homnds and start o reaction with the oxypen in the air. When magnesivom is heated ot
high tempesture.

Activation Energy:

The heat provides the "starting encrpy™ (octivation encrgy ) necded Tor the reaction
oy bopin, .

Chemical reaction:

The magnesium starts 1o bum rapidly, reacting with oxygen o form magnesiom
oxude,

Enerpy Release:

Ihis reaction is very stromg and releases o lol encrey all gl onee, giving intensg
white light.

178 What happens to the reactants after they climb the encrgy hill during a
renction?

Ans. In o chemical reaction, the "energy hill” is the amount of energy reactomis must gan
o actually chanpe into stmething new .

Onee the reactants reach the top of th hill;
They reach o very unstable state where their original bonds are broken
*  They immedintely “slide down™ the other side of* the hill. As they d this atomms,

e

e
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rearrange themselves and form new bonds, and trned into products,
17.9 How does a catalyst lower the activation energy of a reaction?

Ans. A catalyst lowers activation energy by providing an alternative reaction pathug,

with a lower energy barrier, allowing the reaction to occur faster.
1710 Give any two features of the catalytic action of an engvme,
Ans. (i) High specificity: An enzyme acts only on a particular substrate,
(i) Rewsability: The enzvme cannot consumed and can be used repeatedly.

C. Constructed Response Questions
17.1 In what different ways you can increase the successful collisions between the
particles of the reactants?

Ans. To increase the rate of reaction, you must increase the number of effective
collisions. This can be achieved by:

- Increasing Concentration:
Adding more reactant particles into the same volume increases the probability of
them hitting each other.

. Increasing Temperature:
This gives particles more kinetic energy. They move faster (inercasing collision
frequency) and more impurt:trt.ll':r'. a larger percentage of pariicles will have energy
equal to or greaier than the activation energy.

. Increasing Surface Area:
For solid reactants, crushing them into a powder exposes more "inner” atoms Lo te
other reactanis, allowing more collisions to occur simulianeously.

s  Adding a catalyst:
This provides an alternative pathway with a lower activation energy, making i
“easier” for collisions to be suceessful,

17.2 Give an example of a reaction which proceeds with the gain in mass.

Ans. A classic example is the combustion of Maﬁ_csmm ribbon,

[ 2Mpy+ Opp — 2Mg0y,; |

If a ribbon of magnesium is burnt in an open crucible, the mass of the produt
(MgO) formed will be greater than the reactant (Mg). This increase in mass b
occurred due to the reaction of magnesium with oxygen present in air.

17.3 From where do molecules get energy to attain higher encrgy state?

Ans. Molecules primarily gain energy through molecular collisions, In any :‘dlﬂ'ﬂ"'r

particles are moving at different speeds, When they collide, kinetic encrey #
transferred. IT a molecule undergoes several high-energy collisions, it mi
accumulate enough energy to reach the activated complex state (the top of

energy hill).
I
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Endothermic Reaction:

In an endothermic reaction, this energy is absorbed from the surroundings (heat).
Reaction Mixture:

In a reaction mixture, increasing the external temperature provides the thermal
energy that increases the internal energy of the molecules.

- 17.4 How does the presence of V30 catalyst lowers the activation encrgy of the

', -

following reaction?
| I'SGIIH +u:;l} i 15“'3.(”
Ans. The vanadium (V) oxide (V204) acts as a hetcrogencous catalysts in the contact
process. It does not simply "push” the molecules; it provides a new chemical
pathway consisting of two smaller steps:
First, SO; reacts with V205 to form 505 and a reduced catalyst (V204).
Then the V204 reacts with O3 lo regencrate the original Vi Os,
Because each of these individual steps has a lower activation energy than the direct
collisions of 507 and O, the overall reaction proceeds much faster.
17.5 Ex pl:lln the catalytic action of an enzyme,
Ans. For answer See Q7 (Long Subjective Questions)
17.6 If you desire to stop & reaction going on at 60°C, what action vou will take?
Ans. By lowering the temperature, system will cool rapidly. So the reaction rate
decreases or stops.

17.1 Explain the effect of surface area on the rate of a racction,
Ans. For answer See Q6 (b)
17.2 Deseribe the main points of the collision theory of reaction rate.
Ans. For answer See Q1
17.3 Discuss the following factors affecting the rate of a reaction:
{a) Effect of concentrations of the reactants.
(b) Effect of temperature at which a reaction is carried out.
Ans. (a) For answer See Q4
{b) For answer See Q3
17.4 How does chemical kinetics play an important role in the food industry?
Ans. For answer See Q9
“17.5 Write briefly about the role enzymes pl.y in our body as biological catalysts.
Ans. For answer Sec Q8

_—m-_——
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(b) Define salt. How salts are formed?
Ans. Salt:
A salt is a chemical combination of positive and negative ions.
Role of Electrosiatic Force of Attraction: These oppositely charged ions are then bonded
together by the electrostatic force of attraction. These oppositely charged ions are then
bonged together by the electrostatic force of attraction.
sirength of the Attraction:
The strength of this attraction depends on the fallowing factors:
o  Magnitude of the charges e  Distance between the jons.
0.2: What is crystal lattice? Explain the formation of sodium chloride crystal.

Ans. Crystal Lattice:

The oppositely charged ions in a salt arrange themselves in a regular and repeating
pattern to give a three dimensional network called a crystal lattice.
Properties shown by the ionic compounds:

The properties shown by the ionic compounds are due to the preserve of this
ordered structure (crystal lattice),

Under ordinary conditions of temperature and pressure the ionic compuurlds exisl
as crystalline solids.
Formation of sodium chloride crystal:

In sodium chloride (NaCl), cach sodium ion is )
surrounded by six chloride ions and each chloride ";__"":\“J
ion, in wrn, is surrounded by six sodium jons. T - ii :}cr
. These ions are arranged in the erystal lattice Fy—t= r :I: 3 Na'
having the shape of a face-centered cube. { "“*l-)l
. The higger chloride ions are present at the B y 7
corners and at the centre of each face of the =
cube, while the smaller sodium ions occupy the el .
cdges of the cube. i Crystalitticn il sl ciinids

0.3: Discuss why the melting point of ionic compounds are generally very high.

Ans. Strong Electrostatic Forces of Attraction:

Since very strong electrostatic forces of attraction are present between the ions
within a crystal lattice, a significant amount of energy is nceded to break these forces.
This is the reason that the melting points of ionic compounds arg generally very high.
Explanation:

During the process of melting the anractive forces break down and let the ions
move freely.

The melting points of jonic compounds depend upon the charges present on the
ions and their sizes. Higher charges and small ion sizes lead to stronger attractions and
hence the higher melting points,
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0.4: Why lonic compound do not conduct electricity in mlid state but in mnitan Nli
and when dissolved in water they conduct electricity?
Ans. lonic compounds in Solid state:
lonic compounds do not conduct electricity in solid state. It is because. in the soly
stale ions are held together by strong forces of attraction, they are nol frec 10 MOve ang
therefore cannot conduct electricity.
lonic compounds in Molten stale: Inoic compounds start conducting electricity in moliey
state. It is because when ionic compounds are heated to their melting points- lhl:lr iong
became free 1o move around and hence start conducting electricity
lonic compounds when dissolved in water :
Inoic compounds also start conducting electricity when they are dissolved in water,
It is because, when jonic compounds are dissolved in water, the forces of attraction
berween jons break down and the ions are again free to move independently.
lonic compounds - As strong Electrolytes: lonic compounds serve as a strong clectrolytes
because they dissociate completely into fons when dissolved in water.

m Preparation of Soluble Saits
0.5: Describe which salts are soluble in water and which are insoluble.
Ans. Factors EHecting the solubility of A Salt:

Several factors effect the solubility of a sali including:
# Thenatureofssit e«  The Temperature
Soluble Salls: Soluble salts include:
All sodium, potassium, and ammonium salts.
All metallic nitrates.
Most chlorides and sulfates,
Hydroxides of sodium. potassium znd ammonium.
Calcium hydroxide is only partially soluble in water.
Insoluble salts include:
¢  All carbonates with the exception of carbonates of sodium, potassium and
emmonium.
#  Chlorides of silver and lead.
Sulfates of barium and lead
Beryllium and magnesium hydroxides

The following table shows the pattern for the solubility of salts in waler.
Solubility of salts in water

Soluble and Insoluble Salls

Salts of sodium, potassium and
ammonium and all Aitrates

——
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Chlorides, bromides and iodides

OS2 10 )

Most soluble Silver, l.cad (11}

Sulphates Mast soluble Barium, Lead(11).
Calcium
Carbonates Sodium, Potassium, Ammonium | Most insoluble
Hydroxides Sodium, Potassium, Ammonium. | Most insoluble

Calcium (panially soluble)
0.6: Explain the preparation of soluble salt.
Ans. Reaction of water soluble Acid with water soluble Base
Titration Method: This method is also called a titration method. It involves the reaction of
a water soluble acid and a water soluble base.

The acid and basc are selected dcpcndlnﬁ on the nature of salt which is 1o be
prepared.
Preparation ol Soluble Potassium Nitrate:

For the preparation of soluble potassium nitrate. appropriate volumes of potassium
hydroxide and nitric acid are made to react together in a conical Mask.
Chemical Reaction

KOH

1651

+HNO,,, —KNO, _ +H.0

The solution present in the conical flask now contains two things:
=  The soluble salt ¢ The water
Transfer the solution to an evaporating dish,
There are two ways to get the water salt:
s  Evaporation e’ Crysuallization
If the salt being prepared is stable towards heat. then evaporate the solution to
dryness o get the salt
Alternatively, heat the solution gently until a thin flm of crystals is formed on the
surface of the solution.
Cool this solution slowly which is now saturated
with salt.
Filtration and Dry:
Filter the mixture to get the pure crystals of the salt.
Dry the erystals bevween the folds of the fiker papers.

L F ) RiEgl

Eﬂpﬁ:m!ﬂp
0.7: How will you prepare pure crystals of sodium sulphate in the laboratory?
Ans. Preparation of Pure Crystals ol Sodium Sulphate:
In the laboratory, we can prepare pure crystals of sodium sulphate by performing
the following activities.
(iy Add 50 em® of | molidm® solution of sodium hydroxide in a neat conical Mask with
the help of a pippet.
Add a few drops of phenclphibalein indicator to get a pink colour solution.

i)
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(i) Run | moldm?® solution of sulphuric acid from the burette into the conical flag,
until the colour of solution changes from light pink to colourless.

(i) Note down the volume of sulphuric acid used to neutralize sodium hydroxide,

:NaL‘er, + H :s"}a.-q- —aNa 50, +2H.0

(¥} Repeat the experiment mking the same volumes of sodium hydroxide und sulphur
acid but without using the indicator,

(vi} Transfer this ncutralized solution to an evaporating dish and heat it gently ung)
one-thind of the solution is left. .

(vii) Dip a glass nod into this hot solution and take it out.

{(viii) I the immersad end of the glass rod tums cloudy, the solution is concentrated
enough for crvstals to form.

(ix} Cool down the solution for the ervstallization to occur completels.

(x} Filter and wash the erystals with a little cold distilted water to remove any soluble
impuritics and the acid anached.

(xi} Dnv the ervstals within the fold of filter papers or in an oven,

0.8: Describe the preparation of soluble salts by reaction of an acid with an
insoluble base.

Ans. Preparation of Soluble salts by - Reaction of An Acid with an Insoluble Base:

This is also 3 neutralization reaction bepween the soluble acid and an insoluble
base. T!'u: insoluble base may be an appropriate metal oxide, a metal ‘carbonale ora m:r.ul
hydronid
Selecllun ul Acid and Insoluble Base:
e  The acid and the insoluble bare are selected depending upon the salt 1o be prepared,
& A saltisalso formed when an acid reacts with a metal.
Mixing and Stirring: This method involves
®  The mixing of the sclected acid with the selecied base or 2 metal.
»  Constant stirring to ensure that the acid has fully reacted with the base or the metal
Using an Excess Amount: The insoluble base or the metal should alwavs be added in
exeess to make sure that all the the acid present has reacted,
Filtering out the Left overs:

Filter the mixture 1o remove the excess amount of base or the metal,
Evaporation: Evaporare the filtrate to get a saturated salution.
Coaling:

Allew the solution to cool down when pure enystals of the salt will start appearing
Drying the eryslals: Filter and dry the crystals carefully.
Chemical Reactions:

Cu(OH),,, +2HCL, , — CuCl,

Mg, -H:SD‘Im-—-b.'n.{gS{)

-l”-th:Dﬂ:
+H
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CaCO,,,, +2HCI,,,, —CaCl,,, +CO,,, +H,0,,,

(.9: Discuss how will you prepare pure crystals of zinc sulphate In the lllmrlinw?

Ans. Preparation of pure crystals of Zinc sulphate:
We can prepare pure erystals of zine sulphate in the laboratory by perforating the
fo owing sctivity,
Materlals Pequired: )
A beaker -
o Dilute sulphuric acid
Chemical equation:

An evaporating dish » Filter paper
Small granules of zinc metal

In , +H,S0 —-—-u!n'v‘-l.l

L] B

#Iill

Procedure:

(i) Take about 25 em? dilute sulphuric acid in n beaker and warm it gemly.

(i) Go on adding small granules of zinc metal slowly with constant stirring 1ill the
metal stares settling down at the bottom of the beaker.

(iii) Filter the solution to remove undissolved zinc metal and collect the filtrate.

{iv) Evaporate the filirate in an evaporating dish by gentle heating to concentrate the
solution without over heating or boiling.

{v) Cool down the solution slowly and allow the erystals to appear.

{vi} Once all the crystals have formed, carefully filter the mixiure tb get the crystals

(vii) Allow the crystals to dry on filter paper.

1. How the ivns present in NaCl arrange themselves to form & crystal latrice?

Ans, In NaCl, each sodium ion is surrounded by six chlaride ions and each chloride 1on, in tuem, i
sumounded by six sodium 1ons.

These ions are arranged in the crystal Iattice having the shape of a face- centered cube

®  The bigger chloride ions are present af the comers and at the cenire of cach face of the cube.

. The smaller sodium ions oecupy the edges of the cube, i

i Do vou expect melting polnt of KC1 to be higher or lower than NaCl?

Ans, KCI has a lower melting point than NaCL This is becouse the potassium ion (K7} &8 larger than
the sedium ion (Na®), resulting in weaker electrastatic forces (lower lattice energy) and casier
breaking of bonds. Smaller cations allow for stronger ionic packing, requiring more heat to mell
On the other hand farger ions resull in weaker lattice structures.

[18:2YQuick AT

1. Which salts of barium and calcium are soluble in water?

Ans, Salts of Barium Soluble in water: Following salts of Barium are solube in water:
- Barium Nitrage & Barium chloride
Salts of Calcium Seluble in water: Following salts of calcium are soluble in water:
# (Calcium Nitrate «  Calcium chloride

L How barium sulphate ls prepared in the laboratory?

Ans. In the laboratory, barium sulphate is prepared using a process called precipitation,
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Method: ) ;

(i) Mix two soluble salt solution together one containing barium ons (Live Bag,
chloride) and onc containing sulfate ions (like sadium sulfate)

Reaction: BuCl,,,+Na S0,  —+BaSO, +NaCl

(i) The barium sulfate forms as a solid while precipitate because it is insolubl
waler,

(i) Filter the mixiure to collect the solid erystals.

INTERESTING INFORMATION \3

* Common salt was a valuable commaodity in the past, [t was even used as Currency
* Copper sulphate is wsed as a lungicide. Other salis are used in water soltening and glass manufagg,
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[ 18.1 | Arrangement of lons in Salts ]
: 18.2 Melting Points of lonic compounds
Conduction ol Electricity by lonic Compounds

I. What are the primary producis formed when an acid neuiralizes a base orp
alkali?
(a) saltand water (b} saltand hydrogen gas
(c) saltand a metal (d) Salt and an oxide

2. In the reaction NaOH_ +HCI_ ——NaCl, +H,0(), What docs Nall
represent?
{a) Hydrochlorie acid (b) Sedium hydroxide
{c} sodium chloride {d) Hydrogen oxide

3. Which force is responsible for bonding the oppositely charged jons together®
a salt?
{a) Muclear foree {b) Elecirostatic force of attraction
(c) Gravitational force {d) Magnetic force

4,

What is the three dimensional network structure formed by jons in 8 8
called? I

(a) Atomic cloud
(e} Muolecular chain

(b} Liguid matrix
{d) Crystal lattice

T"

4.

15,

7.
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Under ordinary conditions of temperatuse and pressure, in what state dp jonle
compounds exist?

{a) Liquid state (b) Crystalline solids (c) Gaseous state  (d) Plasma stale

In a sodium chloride erystal, how many chloride ions surround cach
individuals sodium ion?

(r) Six (b) Seven {c) Eight {d) Mine

What is the geometric shape of the structure of NaCl lattice?

(a) Hexagonal prism {b) Pyramid

{c) Face centered cube {d) Octa hedron

Where are the smaller sodium fons located in the sodium crystal cube?

{n) At the comers of the cube {b) At the center of each face

{c) In the edges of the cube (d) Floating outside the cube

How was common salt used in the past?

{a) As currency {(b) Asa fuel

{c) As a source of light {d) As source of radiation

lonic compounds typically have high melting points of ____ electrostatic forees
of attraction are present between the jons.

{a) Strong {b) Very strong (c) Weak (d) wvery weak

The attractive forces break down and let the ions move (reely during the
process of:

{a) Melting (k) Boiling . {c) Ewaporation

In which state do ionic compounds Not conduct electricity?
{a) Dissolved in water {b) Molten state

{c) Solid state {d) None of these
lons are held together by strong forces of attractions in:
{a) Liquid state {b) Solid state {c) Gascous state
lonic compounds serve as:

{a) Weak electrolyies {b) Bad electrolytes
{c) Good electrolytes {d) Strong electrolytes

Higher charges and smaller jon size lead to stronger attractions and hence.

(a) Higher boiling points {b} Lower meling points

(c) Lower boiling points (d) Higher melting points

The forces of attraction between ions break down and the ions are again free
to move independently, when ionic compounds are:

(a) Insolid state (b)) In molten state (e} Dissolved in water

Soluble and Insoluble Salts

(d} Condensation

{d} All of these

{d) a and b bath

Preparation of Soluble Salts

In which state do lonic compounds NOT conduet electricity?

{b) Solid state
(d} Aqueous solution

(a) Molten State
(c) Liquid state




(CTTTIITN NTHAN] CRENSTRY  (120) ﬂﬁm

18. In which state of matter ions are held together by strong forces of attraction
{(a) Solid state (b) Liquid state  {c) Gaseousstate (d) All of these
19. What happens to the ions in an ionic compound when it is heated to its m““llt
point?
{a) They become fixed {b) Thev disappcar
{c) They become free 1o move {d) None of these %
20. When an ionic compound dissolves in water the forees of attraction h'—"‘*m
its ions:
{2) Become stronger
{c) Remain the same

(k) Break down
{(d) Completely finish

21. lonic compounds serve as strong electrolytes because they completely
into ions when dissolved in water.
{a) Condense {b) Freeze (c) Evaporate (d) Dissociate’

22. According to the solubility rules, which of these groups of salt are alway,
soluble in water?
(a) All sodium, potassium, and ammonium salts.
(b} Barium and lead sulfaies
(c) Silver and lead chlorides (d) All of these
23. All carbonates are insoluble in water with the exception of carbonates of:
(a) Sodium (b} Potassium {c) Ammonium (d) All of these
24. Reaction of water soluble acid with water soluble base is also known as:
() Filtration (b} Crystallization (c) Titration method (d) Evaporation
25. To prepare soluble Potassium Nitrate (KNO;), which acid and base should be
used in a titration method,
{2) Hydrochloric acid and Potassium hydroxide
{b) Sulpuric acid and potassium carbonate
{c) Nitric acid and potassium hydroxide (d) Nitric acid and sodium hydroxide.
26. Which of the following salt is used as a fungicide?
{a) Magnesium hydroxide (b) Potassium nitrate
{c) Sodium carbonate (d) Copper sulphate
27. In reaction of an acid with an insoluble base, what is the step taken to remove
the excess insoluble base from the mixture?
{a) Filtration (b) Evaporation  (c) Crystallization (d) Stirring
8. Which of these salts is typically insoluble in water?
{a) Sodium Carbonate (b) Ammonium Nitrate
{c) Lead sulpate (d) Potassium chloride
29. Which of the following salts is only partially soluble in water?
{a) Potassium hydroxide (b) Calcium hydroxide
fc) Ammonium hydroxide (d) Sodium hydroxide
30. Which indicator is used to neutralize sodium hydroxide with sulphuric acid”
(a) Methyl orange (b) Phenolphthalein

I
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(c) Litmus (d) aand b both
31. What colour change indicates that the sodium hydroxide has been
ncutralized?
{a) Colourless to pink (b) Pink to colourless
{c) Blue tored (d) Red to colourless
32. Which type of insoluble base can be used be react with a soluble acid?
{a) Metal oxide (b) Metal carbonate
(e} Metal hydroxide {d) All of these
33, [If a salt being prepared is stable towards heat, how should it be recovered
from the solution?
{a) Filtration (b) Evaporation lo dryness
{c) Cooling (d) Heating
34. How should pure salt erystals be dried once they are filtered?
fa) By heating , {b} By leaving them in a beaker
(¢} Between the folds of filter paper ) (d) None of these.

[ Answars]

1. {(a) 2. (e) 3 (b 4. (d) £ ) 6. (a) 7. (¢}
8 (c) 9. (a) 10. (b) 11. (a) 12. (&) 13. (b 14. (d)
15. (d) 16. (c) 17. (b) 18. (a) 19. {c) 20, (bd 1. (d)
22. (a) 23, (d) 24, (c) 25. (c) 26. (d) 27, (a) 28, ()
29. (b) 30. (b 31. (k) 32 (4 33 (b) M. (c)
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181 Arrangement of lons in Salts
(18.2 Melting Points of lonic compounds
IREEN Conduction of Electricity by lonic compoumds

1.  What is a neutralization reaction?
Ans. When acids neutralize bases or alkalis, salts and water are formed. This reaction is

called neutralization.
2. Write the balanced chemical equation for the neutralization reaction.

Ans. NaOH,, , +HCl,  —NaCl  +H,0,

3. Define the term salt

Ans, Salt: A salt is a chemical combination of positive and negative ions.
4. What is formed when an acid neutralizes a base or an alkali?
Ans, Salt and water are formed when an acid neutralizes a base or an alkati

=———="
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What force bonds the lons in a salt? "

-‘tn!- Electrostatic force of atiraction bonds positive and negative ions in a salt.

6. What two factors determine the strength of attraction in a salt?

Ans. The strength of attraction in a salt depends on the following two factors:

s  Magnitde of the charges ¢  Distance between the ions

7. What is the regular, repeating three-dimensional network of ions called?

Ans. The regular, repeating three dimensional network of jons is called a erystal latticg,

8. Im what state do lonic compounds exist under ordinary conditions y
temperature and pressure?

Ans. Under ordinary conditions of temperature and pressure the jonic eompounds cxiy
as crystalline solids,

9. What is the specific shape of the sodium chloride (NaCl) lattice? -

Ans. The specific shape of the sodium chloride (NaCl) lattice is a face - centered cube,

10. How many chloride lons surround each sodium ion?

Ans, Six chloride ions surround each sodium ion.

11. Which ion is larger sodium or choride?

Ans. Chloride (CI7) ion is larger,

12. Where are the chloride ions located in the face centered cube of sodiun
chloride?

Ans, In the face - centered cube of sodium chloride, the bigger chloride ions are press
at the corners and at the centre of cach face of the cube.

13, Where are the sodium lons located in the face- centered cube of sodium
chloride?

Amns. In the face - centered cube of sodium chloride, the smaller sodium lons occupy e
edpes of the cube.

i4. How was the salt used as a commodity in the past?

Ans, Common salt was a valuable commodity in the past. It was used as currency.

15. Why do jonic compounds generally have very high melting points?

Ans. lonic compounds generally have very high melting points becausc very siros
electrstatic forces of aitraction are present between the jons writhin a crytal lattice.

16, Why do lonie compounds need a significant umount of energy?

Ans, Since very strong elecirostatic forces of attraction are prescnt between the o
within a crystal lattice, a significant amount of energy is needed to break thes
forees.

17.  What does happen to the jons during the process of melting?

Ans. During the process of melting, the clectrostatic forces of attraction between the i
hreak down and let the ions move freely.

B
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Upon which two factors do the strength of the melting points in ionic
compounds depend?

Ans. The melting points of ionic compolinds depend upon the two factors,

= The charges present on the ions

s  The sizes of the ions

19. How do ionic charges and size affect the melting points?

Ans. Higher charges and smaller jon sizes lead 1o stronger attractions and hence the
higher melting points.

20. Why do ionic compounds not conduct electricity in the solid state?

Ans. lonic compounds do not conduct electricity in the solid state. It is because. in the
solid state ions are held together by sirong forces of attraction, they are not free 1o
move and, therefore cannot conduct electricity. '

21. Under what conditions do jonic compounds conduct electricity?

Ans. lonic compounds conduct electricity in two states,

. In molten state

s  When they are dissolved in water

22. Why do ionic compunds start conducting electricity in molten state?

Ans. lonic compounds start conducting electricity in mollen state. It is becausc. when
ionic compounds are heated to their melting points

23. Why do ionic compounds-conduct electricity when they are dissolved in
water?

Ans. lonic compounds start conducting electricity when they are dissolved in waler, It is
because, when jonic compounds are dissolved in water, the forces of atiraclion
between ions break down and the ions are again free to move independenly,

24. Discus why are ionic compounds considered strong dectrolytes?

Ans. lonic compounds serve as a strong electrolytes because they dissociate completely
into ions when dissolved in water,

 18.4 | Soluble and Insoluble salts

Preparation of soluble salts

15, Why do ionic compounds serve as strong electrolyvtes?

Ans. lonic eompounds serve as strong electrolyte because they dissociale completely inlo
ions when dissolved in water.

26. Mention two factors that effect the solubility of a salt.

Ans. Mature of salt and the temperature are the two factors that effect the solubility ol a
salt,

27. 'What do soluble salts include? )

Ans. Soluble salts include:
s All sodium, polassium, and ammonium salts.

k' DU —
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e All mewzllic nitrates.
*  Most chlorides and sulfates
e  Hydroxides of sodium, potassium and ammonium
=  Calcium hydroxide is only panially soluble in water.
28. What do insoluble salts include?
Ans, Insoluble salts include:
e  All carbonates with the exception of carbonates of sodium, potassium g,
ammaonium,
-4 Chlorides of silver and lcad.
e  Sulphates of barium and lead
e  Beryllium and magnesium hydroxides.
29, What happens to ions when an ionic compound dissolves in water?
Ans. When ionic compounds are dissolved in water, the forces of attraction between jos;
break down and the ions are again free to move independently.
30. What is a common use of copper sulphate?
Ans. Copper sulphate is used as a fungicide.
31. What is the titration method?
Ans. It is a method used to prepare a sall by reaction of waler soluble acid with waw
soluble base,
32. 'Which reactants are used to prepare soluble potassium nitrate?
Appropriate volumes of potassium hydroxide (KOH) and nictric acid (HNO,) a
reacted together in a conical Mask.
33. Is asalt formed when an acid reacts with a metal?
Ans. Yes, a salt is formed when an acid reacts with a metal,
34. Why is the insoluble base or the metal added in excess in neutralization
reaction?
The insoluble base or the metal should always be added in excess in neutratizaio
reaction to make sure that all the acid present has reacted.
35. How do you confirm a solution is "Concentrated enough" for crystaish
form?
Ans. Dip a glass rod into the neutralized solution and take it out. If the immersed end?
the glass rod turns cloudy, the solution is concentrated enough for crystals to form
36. What colour change indicates that the sodium hydroxide has bet!
neutralized? '

Ans.

Ans.

Ans. If a solution changes from light pink to colourless it indicates that the sodié®
hydroxide has been neutralized.

37. What are the products when KOH reacts with HNO,?

Ans. KNO; and H.O are the products when KOH reacts with HNO,,

__-'-".'l.
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38, Which indicator is used to neutralize sodium hydroxide with sulphuric acid?
Ans. Phenolphthalein is used to neutralize sodium hydroxide with sulphuric acid

39, How is excess amount of the base or the metal remove from the mixture?
Ans. Filter the mixture to remove the excess amount of the base or the metal.

40. How should pure salt erystals be dried once they are filtered?

Ans. Once they are filtered, dry the crystals between the folds of the filter papers.

= Exercise Questions (Solved)

i A.Multiple Choice Questions

vr Choose and tick the correct answer from the given choices.
{. Which base is not soluble in water?

{a) KOH (by Mg(OH), (c}) MNaOH (d) Na;Ch
2,  The shape of the erystal of NaCl is:

{a) Cubic {b) Hexagonal {c) Rombic {d) Trigonal
3.  Which salts are always soluble in water?

(a) Chlorides {b) Sulphates (c) Nitrates (d) Carbonalcs

4.  Which salt will be formed when marble pieces react with dilute nitric acid?
{a) Sodium nitrate (b) Calcium nitrate
(c) Potassium nitrate (d) Magnesium nitrate

5. Walter insoluble salt is:
{a) Calcium sulphate
(c) Potassium sulphate

L Answers]

1. (b) 2. (a)

| B. fhort Anwer Qumtm =7

18.1. Which factors are responsible for the strength of electrostatic forces berween
ions?

Ans. The strength of electrostatic forces between ions depends on the nature of the sal,
which includes.
®  The charge of the ions ®  The size of the ions

18.2 1Is lead (IT) chloride soluble in water? Give comments,

Ans, Generally, most chlorides are soluble, however, lead (I1) chloride is an exception,
It is considered insoluble in cold water, though it can become slightly mare soluble
if the water is heated.

18.3 Which lead salts are insoluble in water?

Ans. Following lead salts are insoluble in water:
*  Lead chloride

——

(k) Sodium sulphate
(d) ."vtagn:sium sulphare

3. () 4. (b} 5. (a)

h LY
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Lead sulfate

Lead carbonate

18.4 Name two insoluble carbonates,

Ans, Two insoluble carbonates are;
#  Calcium carbonate

18.5 What is a crystal lattice?

Ans. The oppositely charged ions in a salt arrange themselves in a regular and Fepeaty
pattern to give a three dimensional network called a crystal lattice.

Constructed Response Questions

18.1 Why are melting points of ionic salts generally very high?

Ams. lonic salts have high melting poinis because they are held together by very siry
¢lectrostatic forces between the positive and negative ions.

To melt the salt, you must provide cnough heat energy 1o break thy
powerful anractions throughout the entire crysinl lattice. Because these bonds i
50 strong. a very high temperature is needed to pull the ions apart.

18.2 Why ionic salts exist in solid state?

Ans. lonic salts exist as solids because the oppositely charged ions sodium (Na') o
chloride{CI™) attract each other so sirongly that they pack together in a il
repeating 3D pattern called a crystal lamtice.

In this state, the ions are not free to move around. they are locked in placch
the surrounding ions. which makes the substance a rigid solid at room temperawr

18.3 How will vou prepare calcium sulphate in the laboratory?

Ans. Preparation of calcium sulphate in the Laboratory: Since calcium sulphate isz
insoluble salt, it is prepared using a precipitation reaction,

Method: .

(i) Mix a solution of a soluble calcium salt {like caleium chloride, CaCr,y) witl
solution of a soluble sulfate (like sodium sulfate, Na,S0,)

{ii) The calcium ions and sulfate ions will swap pariners to form solid calkic
sulfate.

Reaction: Filter the mixture to collect the solid CaS0. (the precipitate), wash it ¥

distilled water, and dry it.

18.4 Compare the melting points of NaC/ and MgC¥,.

Ans. The melting point of magnesium chloride (MgCr,) is higher than that of Sef®’
chloride (NaCr)

Charge power: A magnesium ion (Mg*') has a + 2 charge, while a sodium jon (N2 ¥

a+1 charge

Force of Attraction: Because the magnesium ion

negative chloride ions much more strongly than the

&  Barium carbonate

has a higher charge, it aursc® ¥

sodium ion does, Lo

P

om0 w11

Result: Stronger aitraction means more energy is required to break the bond, resulling in
a higher melting point for MgCl,.
18.5 How would you prepare pure crystals of copper sulfate in the laboratory?
Ans. Copper sulfate is a soluble sall, so it is prepared by reacting an acid with an
~ insoluble base.

Method

(i) Add excess copper (11) oxide powder 1o warm dilute sulphuric acid.

(i) Filier the solution to remove the extra, unreacted copper oxide.

(iil) Evaporate the filtrate (Copper sulfate solution) until it is salurated. ;

{iv) Allow it to cool slowly so that large, pure blue crysials of copper sulfate form.

D. Descriptive Questions

i8.1 Explain the formation of sodium chioride erystal?
Ans. For answer see Q 2
18.2 Explain the methods of preparation of two soluble salts,
Ans. For answer see Q 6and Q 8
18.3 How are the following salts prepared?
K,S80,,CuC(,,CaCt,
Ans. Preparation of K;50,: Potassium sulfate (K-50y) is a soluble salt and is wypically
prepared through a titration method.
Reactants: Patassium hydroxide (KOH) and sulfuric acid (K.S0,).
Method
(i) A known volume of KOH is titrated against K.S0, using an indicator (like
phenolphthalein) to find the exact neutralization poinl.
(i)} Once the point is found, the experiment is repeated without the indicator to get
a pure solution.
(iii) The water is then evaporated to leave behind K2SO, crystais
Reaction
2KOH,,, + 2H SO

—K S0, ., +2H,0(/)

Ay dpagh

Preparation of CuCly: Copper (1) chloride is a soluble salt prepared by reaction ol an
acid with a soluble base.
Reactants:
Copper (1) oxide and dilute hydrochloric acid (HCI).
Method: .
()  Add excess copper (Il) oxide powder to a known volume of warm diluie

hydrochloric acid.
(lif Stir the mixture until no more oxide reacts. ensuring all the acid has been

—
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neutralized.
i Filter the mixture to remove the unreacted copper oxide. o
(iv) Heat the filterate in an evaporating dish until the crystallization point 15 reached.
(¥) Allow it to cool to form erystals, then filter and dry them between filter paper,
Reaction: :

Cu0,,, + 2HCI,,, —CuCl,,, +H,0,,
Preparation of CaCéy: CaCly is a soluble salt prepared by reacting an acid with ,
insoluble carbonate.

Reactants:
Calcium carbonate (CaCO;) and dilute Hydrachloric acid (HC ).

Method:

(i) Add excess calcium carbonate to dilute hydrochloric acid in a beaker.

(H) Wait for the effervescence 1o stop, which indicates that all the acid has rcacted.
(i) Filter the solution 1o remove the lefi over calcium carbonate. .

{iv) Ewvaporaic the filterate to concentrate the solution,

(v) Cool the solution to aHow CaCl, crystals to form then collect and dry them.
Reaction:

CaCo,,, + 2HCI,,,, —CaCl,,, +C0,,, + H,0,,

Yag) Ly
18.4 Describe which salts are soluble in water and which are insoluble.
Ans. Salts that are generally soluble in water:
(i) Al nitrates (NO;) e.g., NaNO,, KNO,
(i) All salts of alkali metals e.g., Na*, Li* Salis
(iii) All athmonium saits (NHJ) e.g. NH,CI.
Salts that are generally insoluble in water:
(i) Most carbonates (COY) eg.. CaCO;, MeCO,
(ii) Most hydroxides (OH") e.g.. AOH});, P(OH),

(iii) Most phosphates (PO} e.p., Cay(PO,), Mg;(PO,),

B o

siudent Learning Oultcomes

Nitrogen and Sulphur I

Atter studying this chapter, students will be able 1o:

Recognize that aimospheric oxides of nitrogen (NO and NO;) can react with

[ 3
unburned hydrocarbons to form peroxyacetyl nitrate, PAN, which is a component of
photochemical smog,

» Describe the role of MO and NO4 in the formation of acid rain both directly and in
their catalytic role in the oxidation of atmospheric sulphur dioxide.

. State the symbol cquation for the production of ammonia in the Haber process,
M. +3H, . —*eMH,_

" State the sources of the hydrogen (methane) and nitrogen (air) in the Haber process,

e  State the typical conditions in the Haber process as 450°C, 20000kPa20 atm and an
iron catalyst,

. State the symbol equation for the conversion of sulphur dioxide to sulphur trioxide
in the Contact process, 250,,+0,,— 250,

. State the sources of the sulphur dioxide (buming sulphur or roasting sulphide ores)
and oxygen (air) in the Contact process.

. State the typical conditions for the conversion of sulphur dioxide to sulphur rioxide
irn the Contact process as 450°C, 200kPa‘atm and a vanadium(V) oxide catalys:
Oxides,.

#  Describe the amphoteric oxides as oxides that react with acids and bascs 1o produce
a salt and water.

. Classify oxides as acidic, including 507 and CO;, basic. including Cul and Ca(.
or amphoteric, limited to AlLO; and Zn0, related to metallic and non-metallic
character.

L] Propertics of metal

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

®*  Arrange metals in order of reactivity given relevant informatien.

——
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Q.1: Explain the production ol ammonia on industrial scale.

Ans. Haber Process: .
Ammonia is produced industrially by Haber process discovered by a Germg,
Chemist F.J. Haber. In this process, a mixture of nitrogen and hydrogen. in t%e ratio of
I:3 by volume is heated at 400-500°C under 200 atmospheric pressurc and in the

presence of catalyst Fe/AlO4 10 give ammonia.
00-500 ¢

N, + 34, Cataigsn 2NH,
The equilibrium mixture obtained in the above reaction contains 35% ammonia by
volume, This mixwre is cooled by refrigeration coils where ammonia gas changes 1o
Zliquid ammonia at —=33.4 °C and is removed from the mixlure.- The other components of

the mixture, hydrogen and nitrogen gases, are then recyeled back into the reaction
chamber.

s
| Nitrogen

Hitrogen + Hydrogen

[

- l Iran catalyst

LY 1:3 ratg

Unreacted ;
Hydrogen gases -
recycled (" Gases are cooled
and ammania s
1o fiquid

Liquid Ammonia

Haber process ;
0.2: How nitrogen and hydrogen used in Haber process are obtained?
Ans. Source of Nitrogen:

One of the raw materials used for the production of ammonia is nitrogen gas and
it is obtained by the fractional distillgtion of air. For this purpose, first of all carhon
dioxide present in air is removed and the air is subjected 1o about 200 aimospheric
pressure. This compressed air is then cooled and allowed 1o pass through a spiral jet
While escaping through this jet, the air suffers sudden expansion and its temperature 8
decreased. This process of compression and The liquid air is then fractionally distilled.
Since the boiling point of nitrogen is less than oxygen, nitrogen evaporntes first 3
-196°C leaving behind the oxygen. The separated nitrogen is reliquified ond stored

.
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specially designed cylinders. -
Source of Hydrogen: . _
The second raw material, hydrogoa, is produced by heating methane in the limiled
amount of oxygen that is not enough to complelely oxidize methane to carbon dioxide
and water. With less oxygen available, the reaction products contain primarily
hydrogen and carbon monoxide and a relatively small amouni of carbon dioxide, The
carbon monoxide obtained is then reacted with water 1o form carbon dioxide and more
hydrogen gas.

CH,, + HO ,—CO_ + 3H,
€0, +HO, — CO,_ +H,,

0.3: Describe the contact process for the production of sulphuric acid.
Ans. Contact Process: .

*  Sulphurie acid is one of the most imponant chemical compounds known. [t is very
commaonly used in the laboratory and almost every manufaciuring process makes usc ol
this acid directly or indirectly at some stage.

Sulphuric acid is prepared industrially by the contact process. The process involves
the following steps.
Preparation of Sulphur dioxide gas:

Sulphur dioxide gas is produced either by burning elemental sulphur in air or
roasting a sulphur ore, iron pyrile. in excess of air.

S¢ + Opy— 50,
4F'E“5?'|1a * 110&“ ==F EFEEDJW: = BSD}-*

Sulphur dioxide produced above is then passed through purifying chambers and
sprayed with steam. This process removes dust impurities as well as arsenic compounds
present in the gas. This step is important because arsenic compounds poison the catalyst
used later on. The moist gases (S0 and O} are then dried by passing through a drving
tower in which concentrated sulphuric acid is being sprayed. Oxygen uscd in this
reaction is obtained by the fractional distillation of air.

Oxidation of Sulphur dioxide:

The clean and dry gases (503 and O;) are then passed over vanadium (V) oxide
catalyst at 450°C and 2-3 atmospheric pressure through a contact chamber. Although the
reaction is reversible yet under these conditions 98% 50, gas is converted 1o 50,

' 250, % Oy i3 250,
2-3 atomspheve

Sulphur trioxide gas formed in the contact.chamber is then absorbed into 98%
Sulphuric acid 1o give oleum.
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SO, + HSO,. —— H.5.0,. olevm

M—

—_—
Concentiated Subishine aiid

Wates

AMAA [

ulh.lm
HiD

Dy air

Furnace Commerior

—_—

Water

Sulphone
sl H 50

—

Contact process
The oleum is then mixed with an appropriate amount of water 1o produce sulphuric
acid with desired concentration.

H,5.0,, +H,0, —» 2H.S0,,

0.4: Explain the formation and properties ol acidic and basic oxides.

Ans. Oxides

Einar;-'. compounds of elements with oxygen are called oxides. Oxyeen shows e
oxidation state of =2 in there oxides.
Metal Oxides: Meal oxides are commonly basic and amphoteric.
Hon-metallic oxides: Non-metallic oxides are acidic in naiure,
Formation o! Basic and Acidic Oxides: Both basic and acidic oxides are formed when
metals and non-metals are heated respectively in the presence of air or oxygen,

Metal oxides are typically ionic compounds in which electrons are transferred from
metals to oxygen,

Non-metal oxides are covalent compounds where clectrons arc shared between
non-metals and oxvgen atoms.
Properties of Basic Oxides: Oxygen reacts with metals to give oxides which when
dissolved in water produce hydroxides. They change red litmus blue, When treated with
acids they give salts,

0, . + 4Na,——2Na,0

Na, 0, + H,0, -—I-2N.EDHM,

—
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0,,, + 2Ca, — 2Ca0,, '
Ca0,+ 2HCl , — CaCl,, + H,O,

0, + 2Cu,— 2Cu0,,
CuQ,+ 2HCl,— CuCl, ., + H,O,

properties of Acidic Oxides: Oxygen combines with non metals (5. C, N) to give acidic
oxides. Thesc oxides react with water to give acids which turn blue litmus red.

O * S —50,
Sulphur dionide
50,,, + H,0, — H,S0,,
Sulphumes Aod
O+ Co—r GO,
CG;"N + H;O iB _}HJCU'.ml
Carbarme And

Acidic oxides react with bases 1o give salts.

50, + 2NaOH,, —»Na,S0, + H,0

Sodwum fulphte

CO,, + Ca(OH), ., — CaCo,_ + H,ICI,

0.5: What are neutral oxides? Explain the formation and properties ol amphoteric
oxide?
Ans. Neutral Oxides:

Meutral oxides are those oxides which on contact with water produce neither an
acid nor a base. Their agueous solutions have no action on blue or red litmus paper.
Examples are carbon monoxide (CO). nitric oxide (NO) and nitrous oxide (&20).
Amphoteric Oxide:

Amphoteric oxides are usually formed when oxygen reacts with less electropositive
metals,

O, + 2Zn ,— 2Zn0,
. 30,,, +4Al , —2A1,0,,

These oxides behave both as an acid and a base. finc oxide and alumimum oxide
behave as bases in the presence of an acid.

Zn0,, + 2HCl ,, — ZnCl.,, + H,0,
ALO,, + BHCI,, — 2AICl,,, + 3H.,0,

These oxides behave as acids in the presence of an alkali.

—
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Zn0,, + 2NaOH,,, + H,0, — Na,Zn(OH),,,

Sodnam sincate

ALO,, + 2NaOH _, + 3 H,0, — 2NaAl(OH}, ,,

Sodiurm alusminare

These oxides are insoluble in water and have no action on litmus paper.
Q.6: Give reaction ol metals with cold water, steam, oxygen and dilute acids.
Ans. Metals: Nearly three fourth elements shown in the periodic table are called melals.
Metals have a tendency 1o lose electrons and form cations. ’
Reaction of metals with cold water:

Most of the elements present in the first and sccond group ol the periodic lable
react vigorously with cold water producing their respective hydroxides and hydrogen gas,

2Na, + 2H,0 ,—— 2NaOH,_, + H,,.
2K, + 2H,0, — 2KOH-_, + H

g digh

Magnesium, however, reacts with cold water slowly giving magnesium hydroxide
and hydrogen gas.

Mgm + H?Om R MQ(DH}.’N + H.'

Reactions of metals with steam: The more reactive the metal, the more readily it reacts
with steam. Reactjve metals like lithium, sodium, potassium and calcium react violently
with steam and the reaction can be dangerous.

Beryllium and aluminum react with steam at high temperatures (around 700°C) to
give their respactive oxides and hydrogen. :

Be, + HO_——BeO, +H

Magnesium, iron and Zn have a,moderate reaction with steam producing their
respective oxides and hydrogen gas.

Mg'u * P-l.'!':]n_u'_"*I Mgom * H.‘l v
Reactions of melals with Dxygen: Metals react with oxvgen to give metal oxides, The
case of reaction and the type of oxide which is formed, depends upon the reactivity of
‘metals and the conditions uscd.

Sodium bums in air with yellow flame producing both sodium oxide and sodium per
oxide.

4Na,, + 0, ,— 2Na,0
2Na,, + 0,,— Na,0

3]

Magnesium, calcium, strontium and barium burn in oxygen with colour of the
flame characteristic to each metal giving their respective oxides,

Ca, + O,, — 2Ca0,, .

TR
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Metal Colour of lame
Mg _|Intense white flame
Ca |White flame with a tinge
of red

5r |Crimson Name

fe——"

Ba |A pale green Mame

]

Strontium flame Barnium flame
qeactions of metals with dilufe acids: The more reactive the metal the more vigorous is
its reaction with dilute acids. Sodium and potassium are very dangerous and react
violently with dilute acids giving their respective salts and hydrogen gas.
2Na,, + 2HCl ,,,— 2NaCl_ + H,

All group 2 elements react with dilute acids giving their salts. and hydrogen pas.
The reaction generally becomes more vigorous as we move down the group,

Mg, + 2HCI ,, — MgCl,,,, + H

i il

19.5 R Reactivity Series of Metals

Role of Oxides of Nitrogen in Spreading Air Pollution
0.7: Write a note on the reactivity series of metals.

Ans. Reactivity Series ol Metals:
Based on their reactions with water and acids.

the metals can be arranged in decreasing order of

Heactivity Series of Metals

Muost Reactive

their reactivitics. Such an arrangement is called the k
reactivity series of metals, Na
According to this reactivity series, calcium Li
and metals above it react with cold water to give Ei'
"

metal hydroxides and hydropen gas. The metals

below caleium do not react with cold water, instead E!a

they react with steam to give metal oxides and IAF

hydrogen gas C "'

Only metals above hydrogen will be able to Nn il

liberate H2 upon reacting with dilute acids. Zn

Unreactive metals below hydrogen do not react Fe

with dilute acids. The more reactive the metal, the H

more vigorous its reaction will be with dilute acids, Cu

Similarly reactive metals, like potassium and Ag

sodium, react with oxygen easily whereas the less Au

Lcast Reactive

reactive metals ‘like silver, copper and iron react
With oxypen much more slowly.

B
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The metals at the top of the series are powerful reducing agents since they iy

casily oxidized, However, the reducing ability of metals decreases going down the serje
Zn,, + CuSQ, ,, —Zn50,,,+ Cu,

Q.8: Describe the role of nitragen in the formation of PAN and the acid rain.

Ans. Role of Nitrogen in the formation of PAN and the Acid Rain:

Primary Pollutants: The primary pollutants in the atmosphere include oxides of nitroge,
sulphur and carbon and various hydrocarbons cte.

Secondary Pollutants: These primary pollutants are then converted inlo secondap,
pollutants through various reactions going on in the atmosphere. The main seconday
pollutants are ozone, per oxyacetyl nitrate (PAN), sulphuric acid etc. All thes,
compounds are toxic and their concentiation in the atmosphere must be controlled,
Harmlul oxides ol Mitrogen: Oxides of nitrogen which are harmlul when present in e
atmosphere include NO and NO, collectively represented by NO,. They arc generated
in the atmosphere through both natural and man-made sources.

Natural Sources of NO,: Natural sources for the production of NO, include electrical
discharges during lightning which can cause atmospheric nitrogen and oxygen 1o reag
forming nitric oxide. This nitric oxide is rapidly converted into mlrubcn dioxide by
OXygen present in air.

i

N.‘ -] * O.‘ Iyt END i

2NO , + Oy, 3 2NO,,,

Man-Made Sources of NO,: Combustion of fossil fuels in vehicles, various indusirial
processes and electricity power plants are the main man-madc sources which penerile
NO in the atmosphere. Apart from these, .lgrlcuiiural activitics and fertilizers also
contribute to NO, emission.

Emission of (NO,) and (VOCs) in the Atmosphere: Heavy traffic during morning and
evening hours together with industrial processes cmit 2 huge amount ol oxides of
nitrogen (NO, ) and most volatile organic compounds (VOCs) in the atmesphere,
Production of (PAN): Ultraviolet radiation present in sunlight interacts with the oxides of
nitrogen and VOCs through a complex seriés of chemical reactions to produce scoondany
pollutants like ozone, aldehydes and peroxyacetyl nitrate (PAN).

Formation of Acid Rain: Oxides of nitrogen are also responsible for the formation of
another type of pollutant called acid rain. Especially NO reacts with water and othert
chemicals presents in air, to produce vapours of nitric acid and nitrous acid.

ENDTHJJ ¥ H?D w—* HNO,_, + HNC}: gl
These acidie vapours then mix with water vapours present in air and fall 1o carth 2
acid rain.

Oxides of nitrogen (NO,) can also act as catalyst to convert, another primary
pollutant, sulphur dioxide present in air, to sulphuric acid which is another major

—

Ezcinc arc

i

corrode materials and can [ead to respiratory problems.

ESG,@ + Dzl-p Quides of nitrogen =25'Dh-

Sollyu + HIDM—"F HJ'SD"F

Acid rain has a pH less than 5.6. Acid rain is damaging lor the ccosystem, it can

i

1.
Ans,

Ans.

Why is ammonia gas turned into a liquid after its production?

Ammonia is lumed into a liquid {at approximately - 33.4°C) 1o casily separaic il frem the mixlure
of unreacted nitrogen and hydrogen remain as gases, allowing them 1o be recycled back into the
reaction chamber to increase efficiency,

Why high pressure is maintained in the production of ammonia?

Since the lormation of ammaonia involves 4 moles of reactants turning into 2 moles of proeduct,
maintaining a high pressure of 200 atm forces the equilibrium o the right, sigmifeamly engecasing

the yield of ammonia,

e

Ans.

Ans.

How 50 is prepared from FeS,?
Sulphur dioxide (S03) is prepared by roasting m:m pyrite, in excess of air.
The chemical reaction is:

4FeS,, + 110, — 2Fe,0,, +8S0,,

Why 50 and oxygen are purificd before they react to prodoce 500,

The gases must be purified o remove dust, impuritics as well as arscnic compounds present in
the pas. This step is important because arsenic compounds poison the catalyst (vanadium (v)
oxide) (V3 Og), used later on.

I.
Ans,

i
A,

Why lead oxide is called an amphoteric owide? -

Lead oxide is called an amphaoteric oxide because it can react with both acids and strong bases Lo
form salts and water, demonstrating both acidic and basic charactcristics.

Why non-metals form cavalent oxides?

Mon-metals have high electronegativites. When they react with oxygen (also a non-metal). they
share electrons to reach stabilitv rather than transferring them, resulting in covalent bonds.

X (A Check!

Ans,

x.

‘Write the equation for the reaction between Ba and HyO,
Ba+2H,0——Ba(OH), + H,

How do aluminum and zinc react with water?

Ans. Aluminum and Zine do not react with cold water due 1o 3 protective oxide layer on their surface,

Hawever, they react with steam at high temperatures to form their respective oxides and
hydrogen.

o | T



GCTLTIITY INTIHANI CHEMISTRY  (138) m
19.5YQuick (TN

I.  Which will react faster with HCL, Zn or Fe?
Ans. Zinc (Zn) will react faster with HCl because it is placed higher than Iron (Fe) in the reactivigy
serics, making it more reactive.
- Mame one metal which will displace Zn from its salt.
Ans. Any metal above Zinc (n) in the serics. such as magnesium (Mg), Aluminum (A7), or sodium
(Ma), will displace Zinc from jis salt.
19.6\Quick (TR 1
I.  What are the harmful effects of oxides of nitrogen on human healih?
Ans. (i) Onides of nitrogen can lead to sevore respiratory problems, including inflammation of the
airways, coughing, and wheezing,
(ii) They also contribute to the formation of secondary pollutants like ozone and PAN, which are
toxic o humans,
1. How do oxides of nitrogen pollute environment?
Ans. Onxides of nitrogen pollute the environment by:
¢ Acting a3 catalyst 1o form acid rain (Contributing to silphuriz acid formation)
o Reacting with water to form nitric acid rain.
s Contributing to the formation of smog and secondary pollutants like oxone and peroxyecetyl
nutrate (PAN) in the presence af sunlight. '

INTERESTING INFORMATION

—

—

- | 3%a of 1otal nitrogen fixation in the snvironment is contributed by the Haber process.
Air pollution 1% responsible for about seven to eight million deaths annually. It i3 8 significant rigk
1o child health.

. Water is an amphoteric substance. It can act as both an acid and a hase, depending an the other
substance il reacts with.

. Sulphurnc acid 1s called the "king of chemicais™ because it is used in almost every industry,

. If two pieces of uncoated metul touch in space, they become permanently stuck togeiher. 1t does
ot happen on Earth because the atmosphere puts & thin layer of oxide between the surfaces
which acts as a barrier preventing adhesion.

Objective. ?E;pa Questions
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(o I Sulphuric Acid

I.  ‘What is the ratio by volume of mtrugcn to hydrogen used in the Haber
process?
(a) 1:1

(h) 1:3 (c) 3 T (d) 2:3

I-r

51

?‘i

gl
10.

12,

13

14.

15,

16,
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Which catalyst is used in the synthesis of ammonia?

(a) Vanadium (v) oxide {b) Platinum

{c) lron with Als0, {d) Wickel

At what temperature is nitrogen separated from ligquid air during lractional
distillation?

(a) —196°C (b) —33.4°C {e) 450°C (dj 0*C
Which of these is a raw material for the production of hydrogen in the Haber
process?

{(a) lron pyrite (b} Carbon dioxide (¢} Methane (Cl1;) (d) Sulphur

What is the chemical formula of oleum?

f_ﬂ] HJSG-I ‘{b} 503 {Cj “35_\{}? {dl ”Eﬁg“u

Which catalyst is employed in the contact process for the oxidation of 50,7

{a) Iron (b} Magnesium

{c) Vanadium (V) oxide {d) Copper

What percentage of the total nitrogen fixation in the environment is
contributed by the Haber process?

(a) 80% (b) 13% (c) 98% (d) 35%
Which compound is known as the "king of chemicals"?
{a) Ammonia (b) Nitric acid (e) Methane (d) Sulphuric acid

The roasting of Iron Pyrite (FeS1) produces which gas?
{a) S0 (b) MH; ic) COs (d} Il;
What pressure is typically maintained in the Haber process?

(a) 100 atm (by 200 atm {c) 300 aim (d) 400 aim
What is the primary use of the Ammonia produced globally?
fa) Plastics o) Refrigerants {e) Explosives (dy Ferilivers

Which type of oxide is formed when oxygen reacts with a non-metal like
sulphur or carbon?

{a) Basic oxide (b} Acidic oxide

(c) Meutral oxide {d) Amphoteric oxide

What is the characteristic Mame colour of Barium (Ba) when it burns in
oxygen?

(a) Imtense white (b) Crimson

It is an example of a neutral oxide.
(a} ZnO (b) Ma;O (e} CO
Which metal produces a erimson flame when burned?
(a) Calcium (b} Strontium () Magnesium (d) Potassium
Which of the following metals reacts most violently with dilute aeids?

(2) Sodium (b} Line {c) lIron (d) Magnessium
It is an amphoteric substance.

{a) Water

{c) Sodium hydroxide

{c) Pale green {d) White with red

(dl Al (hy

{b) Carbon dioxide
. (d) Hydrochloric acid
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Reactivity Series of Metals

m Role of Oxides of Nitrogen in Spreading Air Pollution

18. Which gas is rapidly converted into nitrogen dioxide (NOz) by oxygen in g,
air?
{a) Nitric oxide (NO) (b) Nitrous oxide (N20)

. (e) Ammonia (NH;) {d) Nitrogen (Nz)

19. Peroxyacetyl mitrate (PAN) is formed by the reaction of sunlight with Ny
and. .
{a) Carbon dioxide {b) Volatile organic compounds
{c) Water vapour (d) Oxygen

20. Which metal cannot displace hydrogen from dilute acids?
{a) Iron {Fe) (b) Linc (£m) fc} Lead (Pb)

[ Answers] -
I. (h) 2. (¢c) L (3 i (&) & (o) 6. (c) T (b
8 (d) 9. (a) 10. (b) 1. (d) 12, (b) 13, (c) 4. (e}
15. (b) 16 (a) 17. (a) 18 (=) 19. (b) 20. (d)

(d) Gold (Au)

——

—

S —.
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EEER  sulphuric Acid

1.  What are the main industrial uses of ammonia?

Ans. Ammonia is primarily used to manufacture nitrogenous fertilizers (about §0%,
such as urea. It is also used in the production of plastics, pharmaceuticals, and ass
refriperant.

1.  Who discovered Haber process for the production of ammonia?

Ans. Haber process was discovered by a German chemist F 4. Huber for the production
of ammonia.

3. What are the optimum conditions for the Haber process?

Ans. The conditions are a temperature of 400-500°C under 200 atmospheric pressure.
and the presence of catalyst Fe/Al O,

4. State the balanced chemical equation for the synthesis of ammonia.

00 - 500
Ans N. +3H,, =——= NH

Catalyst Yag

5. How is nitrogen obtained for the Haber process?

Ans. Nitrogen for the Haber process s obtained from the fractional distillation of ligu#é
air. Since the boiling point of nitrogen is less than oxygen, nitrogen evaporates fin!
at ~196°C leaving behind the oxygen. The separated nitrogen is reliquified aM

R—
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stored in specially designed cylinders.

¢. How much nitrogen fixation in the environment is contributed by the Haber
process?

Ans. 13% of total nitrogen fixation in the enviranment is contribuied by the Naber
process. '

9. How is sulphuric acid prepared industrially?

Ans. Sulphuric acid is preparcd indusirially by the contact process.

§.  Why must S0; and O; be purificd before entering the contact chamber?

Ans. They must be purified to remove dust and arsenic compounds, as there impuritics
can poison the catalyst used laier on.

g, Why is sulphuric acid called the "king of chemicals™?

Ans. Sulphuric acid is called the "king of chemicals” because it is used in almost eveny
industry.

10. What catalyst and conditions are used to convert S0: to 50,7

Ans. A vanadium (V) oxide (V30s5) catalyst is used at a temperature of 450°C and 2-3
atmospheric pressure 1o convert 03 10 50;.

(193 |

11. What are oxides? .
Ans. Oxides: Binary compounds of elements with oxygen are called oxides.

Oxides

"12. Differentiate between basic and acidic oxides.

Ans. Basic oxides: Usually formed by metals. They dissolve in water 1o produce
hydroxides, They change red litmus blue.

Acidie Oxides: Usually formed by non-metals (5. C, M), They dissolve in water 1o
give acids which wrn blue litmus red,

13, What are neutral oxides?

Ans. Neutral Oxides: Neutral oxides are thosesoxides which on contact with water
produce neither an acid nor a base. )

Examples: Carbon monoxides (CO), nitric oxide (NO) and nitrous oxide (N-0).

4. Define um};hotcric axides,

Ans. Amphoteric oxides: Amphoteric oxides are wsually formed when oxveen reacts
with less electropositive metals, They behave both as an acid and a base. They also
behave as acids in the presence of an alkali,

Examples: Zinc oxide (Zn) and Aluminum oxide {Al:05).

15, Give a reaction showing ZnO behaving as a base.

Ans. Zing oxide (#n0) behaves as a base the presence of an acid.

an_n * EHCI e E:I'ICI_._,,_ + H_-D'

16.  Give a reaction showing Al;O; behaving as an acid.
Ans. When AlO; reacts with an alkali like (NaOH), It behaves as an acid.

e

(-]
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ALO,, + 2NaOH ,, + 3 H.0, — 2NaA(OH), ..

17. Water is an amphoteric substance. Comment on it.
Ans, Water is an amphoteric substance. It can act as both an acid and a base, "j'tflff'!t'ldi;I
on the other substance it rescts with. ;

18. How do group 1 metals (Na, k) react with cold water?
Ans. They react vigorously with cold water 1o produce their respective hydroxides gy
hydrogen gas.
2Na, + 2H,0 , — 2NaOH,_, + H,,
2K, + 2H,0,—> 2KOH ,, + H,,
19. How does magnesiom react with water?
Ans. Magnesium reacts with cold water slowly giving magnesium hydroxide ag
hydrogen gas. '
Mg, + H.O, — Mg(OH), ,+ H

Tl

20. What are the characteristic flame colours of Mg, Ca, Sr, and Ba?
Ans. Magnesium (Mg): Intense white Mame

Caleinm (Ca): White flame with a ting of red.

Stroniium (Sr): Crimson flame

Barium (Ba): A pale green Mlame

19.5 Reactivity Series of Metals

Role of Oxides of Nitrogen Tn Spm-ﬂ'ﬂing Air Pollution

21. Which metals can liberate hyvdrogen gas from dilute acids?

Ans. Only metals placed above hydrogen in the reactivity serics can liberate hydrogs
gas upon reacting with dilute acids,

22. Which metals react with oxygen easily and which metals react with oxyga
slowly?

Ans. Reactive metals, like polassium and sodium, react with oxygen easily whereas th
less reactive metals like silver, copper and irpn rezct with oxygen much mon
slowly.

13. Which metals in the reactivity series are powerful and why?

Ans. The metals at the top of the series are powerful reducing agents since they am
easily oxidized.

24, How the reducing ability of metals decreases in the reactivity series?

Ans. The reducing ability of metals decreases going down the series,

25. What does primary pollutants in the atmosphere include?

Ans. The primary pollutants in the atmosphere include oxides of nitrogen, sulphur asd
earbon and various hydrocarbans.

26. Differentiate between primary and secondary pollutants,

Ans. Primary pollutants: Pollutants emitted directly intd the atmosphere are callef

primary pollutants, such as oxides of nitrogen (NO,), sulphur and carbon s

p wamoano [T DM A s 10 Y
various hydrocarbons.

Secondary Pollutants: Secondary pollutants are formed when primary pollutants
react in the atmosphere, such as ozone (03). peroxyactyl nitrate (PAN), and
sulphuric acid.

27. How is nitric oxide (NO) produced naturally?

Ans. It is produced during lightening when electrical discharges causc atmospheric
nitrogen and oxygen to react.

N+ 0, —SEE, SN

28. What is the role of NO; in the formation of acid rain?

Ans, Nitrogen dioxide reacts with water and other chemicals in the air to produce
vapours of nitric acid (HNG;) and nitrous acid (HNO,). which contribute to acid
rain. |

29. What are negative impacts of an acid rain?

Ans. ®  Acid rain is damaging for the ecosystem.
® [t can corrode materials,

L] It can lead to respiratory problems.

¥ Choose and tick the correct answer from the given choices.

I.  The reason for maintaining higher temperature for the production of
ammaonia is:
{a) activation energy of the reaction is very high.
(b) activation energy of the reaction is very low,
{c) nitrogen and hydrogen are both gases.
(d) at low temperature nitrogen and hydrogen change into liquids.

2.  The contact process used for the industrial production of H;SOy is sensitive to
the impurities present in 50; and Oy because the impurities:
(a) affect the capability of the catalyst  (b) affect the purity of 11,50,
{c) do not let SO to react with oxygen
(d) decrease the rate of reaction appreciably

3. Which of the following oxides is neutral in character?

 (a) ALO; {b) SO, (c) CO, (d). NO

4. Sodium is considered more reactive than magnesium because:
{a) It is more eleciropositive than magnesium
(b) It reacts with water slowly, {e) Itis present in second group
(d) Itis the less metallic

5. Secondary pollutants present in the atmosphere are:
(a) Oxides of nitrogen (b) Oxides of Sulphur

‘.:nl‘h-_ - e
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(¢} Ozone and PAN {dy Oxides of Carbon
6. SO, is absorbed in HySO, rather than H;0 during the production gf
sulphuric ncid because:
(a) SOy does not react with 1,0 -
(b) Reaction of SOy with H30 is highly exothermic producing mist of 11350,
which is difficult to condense.
(c) 1t gives better vield of H 504
{d} reaction of 50y with H;0 can cause explosion.
7.  Oxides formed when oxygen reacts with metals:
{a) Acidic (b} Basic
(¢} Both basic and amphoteric {d) Meutral
8. Major components of acid rain are;
{a) H-50, and HNO,
{c) H:S0O, and HCI

[ Answers]

L @ 2 (8 3 (@ 4 @ 5 (& 6 (M 7 (b

19.1 How is nitrogen obtained from air?

Ans, Nitrogen is obtained by the fractional distillation of liquid air, Since the boiling
point of nitrogen is less than oxygen, nitrogen cvaporates [irst at —196°C .leaving
behind the oxyvgen. The separated nitrogen is reliquified and stored in specially
designed cyvlinders.

19.2 How is hyvdrogen produced from methane?

Ans. Hydrogen is produced by heating methane in the limiled amount of oxygen that is
not enough to completely oxidize methane to carbon dioxide and water. With less
oxygen availzble, the reaction products contain primarily hydrogen and carbon
monoxide and a relatively small amount of carbon dioxide. The carbon monoxide

obtained is then reacted with water to form carbon dioxide and more hydrogen gas.
CH,, +H,0,— CO, + 3H

o, +HO, — CO,, +H,,

193 Which conditions are used to oxidize 50 to 50,7

Ans. [n the contact process, the oxidation occurs at 450°C, a pressure of 2-3 atmosphere.,
in the presence of a catalyst vanadium (V) oxide (V3 Og).

19.4 Why CO, is called an acidic oxide while CO is called a neutral oxide?

Ans. Carbon dioxide (CO4) is an acidic oxide because il dissolves in water (o form
carbonic acid (Hy CO5) and reacts with bases to form salls. -
On the other hand carbon monoxide (CO) is & neutral oxide because it does nol
react with acids or bases and has no effect on litmus paper.

(b) HaS0y and HNO-
(d) Acetic acid and NG,

K. (a)

4 1g1
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19.5 How do magnesium and calclum differ with each other towards thelr reactions
with water?

Ans. Calcium reacts vigorously with cold water to produce calcium hydroxide and
hydrogen. ‘ :

k Cayy + HyOpy = Ca (OH)yq + Hagyy
Magnesium reacts with cold water slowly giving magnesium hydroxide and
hydrogen gas,
Mg,, + H,Q,,— Mg(OH),,+ H,,,

19.6 How are the reactivities of metals determined?

Ans. The relative reactivates of metals are determined by comparing how vigorously
they react with water, dilute acids and oxygen. Metals are then arranged in
decreasing order of their reactivity.

19.7 Which secondary pollutants are produced by oxides of nitrogen?

Ans, Oxides of nitrogen (NO,) react with other compounds and sunlight 1o produce
ozone (O3), peroxyacetyl nitrate (PAN), sulphuric acid and acid rain.

| C. Constructed Response Questions
19.1 Why ammonia is regarded as an important chemical?

Ans. Ammonia (MH3) is considered one of the most important chemical for scveral
reasons.

& Agriculture: About 80% of the ammonia produced world-wide is used 1o
manufacture nitrogenous fertilizers, such as urea and variou$ ammonium salts.
These are essential for increasing crop yields to feed the global population,

® Industrial Applications: Ammonia is a key raw material in the production of
plastics and pharmaceuticals,

» Refrigeration: Due to its thermodynamic properties, ammonia is widely used as
an industrial refrigerant.
® Nitrogen Fixation: The Haber process, which produces ammonia, contributes
to 13% of the tatal nitrogen fixation in the environment,
19.2 How SO present in the atmosphere is converted to S0,?
Ans. In the atmosphere, the conversion of sulphur dioxide (50;) to sulphur trioxide
{505) does not happen efficiently on its own; it requires a catalyst.
e Catalyst Role: Oxides of nitrogen (NO,) present in the air act as catalysts for
this reaction.
e  Reaction: 250, + 0, — %, 250,
e  Impact: Once 80, is formed, it reacts with water vapour in the air to produce
sulphuric acid (H;504), which is a major component of acid rain.
19.3 The,burning of fossil fuels in a car engine is responsible for the production of
oxides of nitrogen. Explain.
Ans. The burning of fossil fuels in a car engine is responsible for the production of
oxides of nitrogen is discussed below.
e High Temperature Environment: Inside a car engine, the combustion of fossil
fuels creates extremely high temperatures,
® Thermal Reaction: This intense heat provides the necessary activation encrgy
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for atmospheric nitrogen (N3) and oxygen (03) to react directly.
® Sequence: They first form nitric oxide (NO), which then rapidly reBels wig
more oxygen in the air to form nitrogen dioxide (NO;).

®  Equation: N., + O, - HohTeme . 2NO -
19.4 The metals present at the top of the reactivity serles are regarded 85 mop
reactive than those present at the bottom, Comment on this statement.
Ans. Reactivity of Metals: The reactivity of a metal is defined by its ability 10 los
electrons and form positive ions,
Reactivity Series of Metals: Based on their reactions with water and acids. the
melals can be arranged in decreasing order of their reactivities. Such g
arrangement is called the reactivily series of metals,
Top of the Series: Metals like potassium (K) and sodium (Na) are al the igp
because they are highly electropositive,
They lose their valence electrons very casily and react vigorously with water,
oxygen and acids,
Reducing Agents: Because they are casily oxidized (lose electrons), metals at the
top are considered powerful reducing agents.
Bottom of the Series: Metals like silver (Ag) and gold (Au) are at the hullnrn
because they are very stable and do not lose eleetrons casily, making them. "least
reactive”, .
19.5 How fossil fuels produce 80,7
Ans. Sulphur dioxide is a by-product of energy production and industrial processes.
e Impurities: Most fossil fuels. panicularly coal and heavy oils. naturally contain
small amounts of sulphur compounds as impuritics,
® Combustion: When these fuels are burned {combusted) in power planl:
factories, or home heating systems, the sulphur reacts with oxygen,
# Reaction: 5., + O. —F 5'[:",”
® Ore Roasting: ﬂdditinnall}'. roasting sulphide ores like iron pyrite (FeS;) in
excess air also releases large quantitics of S0,

[ Descriptive Questions 4

19.1 Explain the production of ammonia on industrial scale.

Ans. For answer sec 0|

19.2 Describe the contact process for the production of sulphuric acid.

Ans. For answer see 3

19.3 Explain the formation and properties of acidic and basic oxides.

Ans, For answer sce Q4

19.4 Differentiate between first and second group metals based on their reactivitics
with oxygen and water.

Ans. For answer sec Q6

19.5 Describe the role of oxides of nitrogen in the formation of PAN and the acid rain.

Ans. For answer sec QR
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CHAPTER

student Learning Outcomes

After studying this chapter, students will be able to:

& Investigate chemical wsts lor the presence of water using anhydrous copper (11)
sulphaite.
Explain how to test the purity of water using melting peint and boiling point.
Distinguish between Distilled watér and tap water with their applications in
practical chemisiey,

™ State that water From notural sources may contain uselul and harmiul substances,
{Some examples include:
. Dissolved exyegen b motal compounds e plastics
.  sewape e, harmful microbes £ nitrates (rom fertilizers
g phosphates from ferilieers and detergems

#  Recognize that some naturally occurring substances in water are potentially
harmuful (some examples include:
ae some metal compounds that are woxic
b sene plastics that harm aguatie Bile
. sewage that contams harmiul microbes which cause discase
d. oniteates and phosphates that lead to deoxy genation of water and damage w
HTTTHTATS lite (details of the |.!IJ1|n|1-|I.I'-;,';31.i|.u'| ProCess ane nol ruquirudj

o Lxplain the wreatment ol the domestic water supply: (some examples ol this
i udes:
. sedimentation and [lrtion o remove solids,
b,  Uscol carbon o remove wstes and odours
C. Chlorinmiom tw kil microbes

o Pleseribe variows water-borne diseases and the steps that can be taken o avoid them
ldentify the megative elTects ol water pollutants on life and the ways 1 avoid them,

™ Explain water searcity as an imporant issue faeed by Pakistan and the ways in
which it cun he resolved,

. Spte that vrea. ammmeonium salts and nitrates are used as fentilizers,

. | splain the use of NIPK fertilizers o provide the elements nitrogen, phosphorus and
polassium fir improved plam growth,
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ETFR  Purity of Water

0.1: Describe a chemical test for water using anhydrous copper (I1) sulphate.

Ans. Test for water:

Testing water is important for food and pharmaceutical
industries where the presence of water can affect the product |.
quality and safety.

Hydrated copper (Il) suiphate:

Hydrated copper (11} sulphate (CuSOy. 5H10) is a
chemical compound, It is used as a sensitive indicator for the
presence of water, It is blue in colour but when it is heated, it
loses water molecules to become anhydrous copper (11)
sulphate, which is white in colour,

Water test

Observation:

A drop of water on anhydrous sample of copper (I1) sulphate changes its colowr
from white to blue.

CuS0,+5H,0 CuSO,.5H.0

While [Hue

Sensitivity:
It is a very sensitive test and can detect even a small amount of water.

0.2: What two physical constants can be used to determine if a sample of water is
pure?

Ans. Physical Constant:

A physical constant is a quantity with a fixed numerical value that is universal in
nature and does not change.

Boiling point and melting point are the physical constant, They can be used 10
determine if a sample of water is pure,

Pure water boils at 100°C and freezes at 0°C under standard mmht:;;m of
lemperature and pressure. The impurities present in water will change both these
physical constants,

Checking purity of water by determining ils boiling point:

The purity of a sample of water can be checked by determining its boiling point &

STP. If it boils at 100°C it is pure sample of water. The presence of i impurities in water

7 nampans [T RRCONE Al cuss 10

will slightly increase its boiling point.
Checking purity of water by determining its melting point:

Another test check the purity of water is to determine melting point of the sample.
For this purpose, cool the sample of water until it freezes. Observe and record the
temperature at which the jce begins to melt. If its melting point is 0°C it is pure water. A
melting point below 0°C sugpests the presence of impurities in the sample.
Conclusion:

The impurities present in water raise the boiling point but lowers the melting point.
Both these constants are specific to standard conditions. At high altitudes or lower
pressure, these values will change.

20.3 Difference between distilled water and tap water

20.4 Substances present in water obtained from natural sources

0.3: Explain diiference between distilled waler and tap water.

Ans. Tap Water:

Source: Water which is supplied to our homes, shops and offices comes through taps
and is readily available for any usage. This water may either come from rivers, lakes and
pands or from wunderground sources,

Composition: Tap water contains minerals like salts of calecium and magnesium
depending upon the source from where it is obtained. It also contains chlorine and
fluoride salt which are mixed with it during treatment.

Conductivity: It is a conductor of electricity due to the presence of free ions from
dissolved minerals,

pH: Its pH has the range of 6.5 to 8.3 depending upon its source.

Distilled Water:

Source: Water abtained after the process of distillation is called distilled water,

Composition: Distilled water contains only water molecules without any bacieria. ions,

pas2s or other contarminants.

Conductivity: It is a bad conductor Di'n:i:ctrir;ity due to absence of ions.

pH: Its pH is 7

0.4:(a) Discuss dissolved oxygen as a usu!ui substance present in water oblained
from natural sources.

Ans. Dissolved Oxygen-Uselul Substance:
Oxygen enters the natural water from the atmosphere through the process of
diffusion. It is also produced by aquatic plants and algae in the process called

_ photasynthesis,

This absorbed oxygen is then used by the aqualic organisms including hish to
breathe and survive. The health and diversity of an ecosystem directly depends upon the -+
amount of dissolved oxygen in a water body,

—
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(b) How do harmful microbes enter in sources of fresh water and affect its qualiy,

Ans. Harmlul Microbes:
Both surface and ground water which are vital sources of fresh water cap j,
contaminated by various human activities,
s Harmful microorganisms like bacteria. viruses and parasites enter into natural vy
through human and animal wastes. land (ills, agricullural runodT and wasie waler fr
industries.
o  Scwage from waste water treatment plants or from laulty septic tanks can reley
pathogens directly into nearby water body,
Effects: Microbes can causc such infectious diseases as dysentery. typhoid, hepalitis ang
chaolera. '
0.5(a) How do heavy metals and their compounds enter in natural water and affe
its quality?
Ans: Heavy metals and their compounds:
Heavy metals like lead. mercury. cadmium. and chromium and their compound,
can enler in natural water through many routes,
L] Waste water from lactorics may contain heavy metals and their compounds, whish
are eventually released into rivers and other water bodics.
&  Mining operations and use of Fertilizers and pesticides can contaminate both ground
and surface water with heavy metals and their compounds,
Effects: eavy metals and their compounds not only damage vital organs like liver and
kidney. they can also lead o nrurnl-.sgitul problems. Arsenic and cadmium are Known b
increase the risk of certain cancers,
(b) Discuss plastics as harmful substances present in water and its effects.

Ans. Plastics:

Very small pariicles of plastics called micro plasties are presemt in both tap and
botiled water. These tiny pariicles can enter water through wastewater. rrinwater when i
carrics plastic debris (o waler sources. and by degradation ol plastic wiaste,

Effects: Plastic tiny particles have heen found in some human organs like lungs s
blood. These particles can disturb the immune and reproductive ,-;:.,-,n.g._-:“h_

Q.6: How do nitrates and phosphates enter in natural water and alfect its quality?
Ans. Nitrates and phosphates :

e Nitrates and phosphates enter natural water through weathering of rocks,

e  They can also enter in water through human sources sugh as ;griculmn: fertilier
deterpents and industrial wasiewater,

Effects:

®  Nitrates and phosphates are eventual nutrients for plant and animal life, Hlowe®
il amounts of these compounds exceed o limil they can affect the quality of water an
cause cutrophication. v

o
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« The excessive amounts of these nutricnis cause algae and other aguatic plants 1w
w excessively. This overgrowth of algae. in tumn, can decrease the dissolved oxvpgen
jevel in water which is not only harmful for aguatic lifc but can also disrupt the cntine

ecosystem. :
m Treatment ol domestic waler supply
Eﬂ Ettecis of pollutanis present in waler

0.7. How domestic water supply can be made fit for drinking?

Ans. Treatment of domestic water supply:
Three types of impurities are mostly present in water obtained from natural sources.
{iy Dissolved impurities
(i) Suspended impurities
(ifi) Microorganisms
In order to remove these impurities different methods are applicd which include
sedimentation, filtration, distillation and treatment with liquid chlorine etc.

(i) Sedimentation:

Insoluble impurities present in natural water include soil, pieces of plants and other
organic matter and sand. These impuritics arc bigger in siz¢ and arc oflen removed by
the process called sedimentation.

Method: In this process water obtained from | lnket _ ~ Outet |
natural sources is pumped into sedimentation ] Scum =

tanks where water is allowed to stand for a few | i

hours. The suspended particles present in water | Sedimentation Zone |

settle down at the bottom of the tank due (o l

gravity and form a laver of sendiment, The Shuddge

cleaner water at the top can then be extracted for T

the next stage. | Shton mmecmd

(i) Filtration: Sedimentation tank

This process is used to remove suspended particles of smaller size which are
generally not removed in the sedimentation process. For this purpose water is allowed 1o
trickle through layer of sand and grave! filters which trap these solid particles.

(iii) Chlorination:

Water must be sterilized before humans can use it,

Method: For this purpose all harmful bacteria and other microbes. must be killed. Mostly
Asmall amount of liguid chlorine is added which has the power to kill all these germs.
(iv) Removal of odours:

Water is passed through powdered activated carbon in the form of chareoal 1o
remove tastes and odours. Activated carbon removes o wide range of organic compounds
responsible for taste and odour through absorption. Odour can also be removed by

y . -
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caposing water 1o air in a process called acration.
0Q.8: How can we control the harmlul effects of pollutants present in water?
Ans. Controlling the harmful effects of poliutants present in waler:

Water Pollutants can disrupt aquatic ecosystems through cutrophication a,
destruction of habitats. Polluted water can also lower crop yields and contaminate fg
sources, .

Harm{ul effects due to water pollution can be controlled by taking a number of steps:

() Sewage and industrial wastewater should be treated before it is discharged gy,
water bodies.

(i) Plastics must be reused or recyeled to minimize their production.

(iii) Chemical cleaners, fats or oils and grease should never be thrown down the drain,

{iv) Minimize the use of pesticides and fertilizers in agriculture.

(v) General public should be made aware of the harmful effects of water pollutig
through public campaigns,

{vi) Implement and enforee laws for the strict control of all types of water pollution,

0.9: What measures should be taken to avoid water-borne diseases?

Ans. Water-borne Diseases:

The World Health Organization {WHO) has estimated that 80% of the sickness and
diseases in the world are caused by polluled water and lack. of sanitation. Water-bome
discascs include cholera, typhoid, malaria, nausia and leprosy.

Prevention of water-borne disease:

Water-borne diseases can be avoided if we strictly follow the following
IRSLFUCIIONS.

1.  Drink clean water after removing impurities and boiling to kill the germs.

2. Practice hygiene by keeping your body especially hands clean. Ensure proper
sanitation facilities are available,

EIXH  ciements essential for plant growth
Q.10. Write a note on water scarcity in Pakistan
Ans. Geographical location of Pakistan:

Cur world is divided into different regions depending upon the annual rainfll
which they receive every year. Pakistan is incloded in o semi-arid region and homt
receives a low rainfall annually,

Regional Rainfall Distribution:
s  Northern Pakistan including Punjab gencrally receives rainfall within the rangt

250-600 mm per year mostly during monsoon season,

* Insouthern Pakistan precipitation is scarce, below 200mm per vear,
Key Faclors Driving Water Scarcity:

Pakistan, at present, is facing a severe water searcity erisis due 1o

Water scarcity in Pakistan

a number of
e

CTLITITY IMTIHANI CHEMISTRY

diffcrent faclors such as:
. Less rainfall .
- Flood irrigation .
e  Depleting aquifers =
future Challenges:
" If the current situation continues then Pakistan could face very serious challenges
in coming years.
Suggestions:
The probiem can be addressed by taking a number of steps which are as follows:
i Collecting rain water especially during monsoon season by constructing water
reservoirs and other water storage facilitics.
(ii) Using better crop irrigation techniques.
(iii) Taking appropriate measures to face effects of climate change.
(iv) Effective management of water respurces,

0.11: Discuss the elements essential for plant growth.

Ans. Elements essential tor plant growth:

Plants need nutrients from the soil for a healthy growth.
Classification ol essential elements:

The elements essential for the plant growth can be classified as:

e  Micro-nutrients s  Macro-nutrients
Micro-nutrients (Trace elements):

The nutrients which are required in a very small amoupt for the growth of plants
are called micro-nutrients. These include boron, copper, iron, manganese, zinc.
mulybdenum and chlorine,

Requirement: Only minute amounts of these elements are needed for healthy plam
growth and it may be dangerous to add 100 much quantity because they are poiscnous in
larger quantities. These are generally required in quantities ranging from 6 grams 1o 200
BrAMSs per acre.

Macro-nutrients: The nutrients which are required in a large amount for the growth of
plants, are called macro-nutrients. These include nitrogen, phosphorous, potassium,
calcium, magnesium, sulphur, carbon, hydrogen and oxygen,

Requirement: These are generally required in quantities ranging from 3kg to 200kg per
acre.

| 209 | Fertilizers ESRI] ciassitication of tertilizers

0.12: What are fertilizers? Mention the essential qualities of a good lertilizer.
Ans. Fertilizers:

Fertilizers are the substances added to the soil 10 make up the deficiency of
essentinl elements like nitrogen, phosphorus and potassium (NPR) required for the
Proper growth of plants.

G0 ghighisng MTRIR

Growth in population
Climate ‘change
Poor water managemenl

L7 —
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Importance of fertilizers:
¢  Fenilizers enhance the natural fertility of the soil
*  Fentilizers also provide the chemical elements ken up from soil by the Prevy,
Crops.
Essential qualities of a good fertilizer:
The essential requisites of a good fertilizer are:
(' The nutrient elements present in it must be readily available to the plants.
(ii) It must be fairly soluble in water so that it thoroughly mixes with the soil.
(iii) I should not be injurious to plants.
(iv) lishould be inexpensive.
(v) Itmust be stable so that it is available fora longer time to the growing plants,
(vi) 1t should not zlter the pH of the soil.
(vil) By rzin or water. it should be converied inio a form, which the plant can ghyg
easily.
0.13: Discuss the classification of lertilizers.
Ans. Classification of fertilizers: Fenilizers are classified into nitrogen, phosphorus u
potassium which they provide to the soil. This classification gives the following typesd
fertilizers. .
(i) Nitrogenous ferilizern
(iii) Porassium ferdiizers
0.14: What are the main functions of nitrogenous, phosphorus and potassinm
fertilizers?
Ans. Nitrogenous Fertiiizers: These femtilzers supply nitrogen to the planis or soil.
importance of Nitrogen:
e Nitrogen is recuired 2uring the e2rly stage of plant growth for the development
ci¢m and leaves
o i is the main consiiuen: of protei=s, imparts green colour to the leaves.
s  Nitrcgen enbances the yield and guaiity of the plants.
Examples of Nitrogssous Ferfigers:

Some extenples of st fovibzer are:

(ii)y Phosphatic fertilizers

8 Ammaniom= g ssaes s Calcium cyvanamide
5 A mrm o mmeys *  Ammonium phosphate
& A mrm = e s *  Ammonia bt Urea

Urea: Ures s s ®7z% gua®y =2ecgemoes fanilizer. It contains about 46% nitrogen and
the most concemtresd 1o 72 =eiges femtilizer. It is the most wid itroget
. . or. : ely used nilreg
fertilizer i Paioes
Ammonium Mitrate: <-=-c= .= semme 5 2 wseful fenilizer for
rice because the micmits moera = fonded fields decom
also pted in combestvr wil fmnemee §t ik

Phosphatic Fertilizers: 7o fom vy opes

miny crops excepl Iﬂ‘H}"
pose it to nitrogen gas. e
yEruscope in nature.

1422 ghosphorous to the plant o soil.

e
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importance of Phosphorous:

o  Phosphorus is required o stimulate carly growth and to accelerate the seed and Truit
formation during the later stages of growth,

o ltalso increases resistance o discascs,

Types of Phosphalic Ferlilizers: The various phusphatic fertilizers have diflerent

compuositions, due o which they have dilTerent solubilities. The two most imporiant

water soluble fertilizers are:

e  Super phosphate (calcium super phosphate) Cagl 1140 g).

e Triple phosphate (dianumonium-phosphate (N 1RO

potassium Ferlilizers: These fentilizers provide potassium o the plant or soil.

importance of Potassium:

s [PPotassium is reguired for the formation of starch, supar and fibrous materials of the
plant.

s They increase resislance o discases,

e They make the plans strong by helping in healthy oot development.

e They also help in ripening of seeds. Truils and cercals.

e Thev are especially useful for tobacco. coflee, potato and com.

Examples of Potassium Ferlilizers: Some common examples of potassium fertilisers arc:

s  Potassium chloride o Potassium sulphate e Polassium nitrate

20.18Quick (77 1L

1. How purity water can be checked by determining its freceing poini?

Ans, Ta check the purity of water by determining its freesing point cool the sample of water wniil o
frececs. Observe and record the tempersture 8 which the ice-begins o mels. 117 it melting point s 0 O
il is pure water. A melting point below 07 C suprests the presencye of impuritics in the sample.

20 2Quick (TR 1l

[ B Why tap water is 9 conductor of electricity whereas distilled water is not?
Ans, Tap water is a conductor of clectricity due 1o presence of free ions from dissolved mimenels, On
the other hand distilled water is a bod conductor of electricity due to absence af ions.

20.3YQuick (7% 4

L Which pollutants are harmful for agquatic life?

Ans. Fallowing pollutants are harmibul for aquatic life

& Microoneanisms like bacterin viruses, and parsites,

b Hemvy mctals like lead. mercury, cadmiom and chromiom and their compouds

L Mow to identify if water is polluted? '

Ans, W can identiny i water is polluned by

. Appearance: il the wister looks cloudy or has”an unusaal colour [ 1ike green due 1o algae or brown
chiae v sodl), thae wanter is polluted,

® Rmell: chen water i odourkess. 1 water smells like romen cgs, chemicals o sewage. it is likely
ol luned

- Rinlogical signs: The presence of a lot of dead fsh, Doaning debeis and foam, o thick kaser ol

- Lrecn scum (algae) an the surface makes i FII.|I|.|1.I|.L'|.1.

S

[ S
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0 NQuick (T

l. How can we conserve water at home?

Ans. We can conserve waler ai home by following the sieps given below:

Tum of the tap while brushing teeth or soaping our hands.

Take shorter showers.

Fix leaky pipes and dripping taps, °

Run the washing machine or dishwasher when they ane complesely full,

Collect rainwater in buckets or tanks to use for gardening or washing cars.

Callect the water that drips from the air conditioner and use it for mapping Moors, witlering plang

20 \Quick (T

I.  Which is the most concentrated solid nitrogen fertilzer?
Ans. Urea is the most concentrated solid nitragen fenilizer.

INTERESTING INFORMATION 3

Bioferiilizers are environment {riendly, They provide the soil essential mutrients as well as microbes
required for the growth of plants. Biofertilizers improve sail health and structure. They also inercas
_biodiversity and reduce the need for harmiul chemicals, They also preveni soil degradation,

[THINGS 10 KNOW

Water from different sources reguires different rreatment methods.
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Purity of Water

1. What is the colour of hydrated copper {II} sulphate?

(a) While ib) Blue {c) Yellow (dy Green
2. What is the eolour of anhydrous copper (11) sulphate?
{a) Brown {b) White fc) Green (dy Blue

3. When blue hydrated copper (1T) sulphate is heated, it becomes:
(a) Copper oxide '
(e} Sulphate oxide

(b) Copper metal

(d) Anhydrous copper ([1) sulphate

4. Anhydrous copper (I1) sulphate turns from white to blue when it comes int?
contact with:
(a) Water {by Oil

e} Acid (d} Basc

@mnummmm
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Under standard conditions, pure water boils at:

{a) 0°C {b) 50°C {e) 80°C (d)} 100°C
Under standard conditions, pure water freezes at:
(2) 100°C (b) 80°C (e) 50°C (d) 0°C

The presence of impurities in a water sample will cure its boiling point to:
{a) Decrease slightly (b} Increase slightly

(c) Remain the same {d) Dropio 0°C

If a water sample has a melting point below 0°C, it suggests:

{a) The presence of impurities (b) The water is pure

(c) The water is boiling (d) Mone of these

m Ditference between distilled water and tap water
20.4 Substances present in water obtained from natural sources

Why is tap water a good conductor of electricity?

(a) Because it contains bacteria (b} Because it hasapH 6.510 8.5
(¢) Because it is obtained from rivers

(d) Due to the presence of free ions from dissolved minerals
Distilled water is the water that is obtained after:

{ay Filiration (k) Chlorination {c) Distillation
What is the typical pH range of tap water?

{d}) Sedimentation

{a) 6.5 8.5 {b) 1.0w40 (c) 90w 12.0 (d) Exaetly 7.0
The pH of pure distilled water is:
(a) 9.5 (b) 5.5 {c) 6.5 {d) 7.0

How does oxygen primarily enter the natural water from the atmosphere?

{a) Through evaporation (b} Through diffusion

{c) Through precipitation * {d} Through condensation

By which of the following process aquatic plants and algae produce oxvgen in
water?

(2) Respiration (b) Fermentation  (c) Decomposition (d) Photosynthesis
What does the health and diversity of an aquatic ecosystem directly depend
upon?

{4) The amount of dissolved axy |,v.=:n {b} The salt concentration

(e) The depth of water {d) Al of these '
Which sources of water can be contaminated by human activities?

(a) Surface water only (b} Ground water only

(¢) Both surface and ground water (d} Rain water only

Which of the following are examples of harmful microbes?

(a) Bacteria (b) Viruses {c) Parasics (d} All of these
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What are common sources for pathogens entering water bodies?

(b L (il snd gl vanggp
(il Aol these

The bacterial contents ean cure such infectious diseases as dysentery and;

tal Taphoid () Choler i Al these
Hewvy metals and their compounds contuminate both grownd and surg,

fad Dluman and animal wastes
fe) Waste water Trom industries

thi Hepatitis

water through:

tad Mining opermions () Inddustrial waste
tel Fertilizers and pesticides Gl Aol these

Which vital argans are privoarily damaged by heavy metals?

tay Dlead and lungs (b Shan and bones o) 1 ver and kidney (dy Brain and ey
Wohat tvpe of health problem can heavs metals eure besides organ damge?
tal Respiraton problems th Seureliogivil problms
ter Bhigestive problems iy Skelenal problems
Viery small particles of plastics are callod:

ihi Mhcribes

Micro plastics are present in:

fak Miceo plastics te) Flesny metals () Nitraes

fay lap waiker () Pontded soner
foh Both mp and boatle woter () S ol these

Which human organs have been found to contain tiny plastic particles?
L) Brain and lungs thy Dungs and Blowod
(s Skin and b
Micro plastics can enter waler through:

fay Waste waler

(el DBBomes amd mseles

thy Deermlation ol plostic wasie
tc) Rain water corries plastic debris i Aol these
Nitrates and plosphates enter natural waters through:
fady Weathering ol rocks thi Fsapsorativm

te) Vaoloanic vruptions I Pl nihesis

m Treatment of domestic water supply
m Effects ol pollutanis present In water

How many types of impurities are mosthy present in water obtained fron
milural sources?
(a) Two (b Three () o (W Five
What method is used to remove impurities from domestic water?

fa) Sedimentation and Glisition

(e} Basth (o) and (h)

thy Dhsrillation and chilvrimation
() Nome ol these

30.
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Insoluble impuritics present in natural water are removed through the process
of: '
{a) Chlorination ({b) Cooling (e} Filtration {d) Allofthese
Which process involves allowing water to stand for a few hours so suspended
particles settle due to gravity? )

{a) Filtration (b) Aeration {(¢) Sedimentation ({d) Chlarination

It is the water-borne disease that often causes blindness, particularly among
children in developing countries.

{a) Malaria {b) Trachoma (c) Typhoid (d) leprosy
It is a liver discase.
(a) Nausea (b) Cholera {c) Hepatitis (d) Typhoid

20.7 Water scarcity in Pakistan

m Elements essential for plant growth

Depending upon the annual rainfall, Pakistan s included in region called:
{a) Arid (b) Wet equatorial

(¢) Semi-arid {(d) Tropical monsoon

In southern Pakistan, precipitation is below:

(a) 100 mm per year (b) 200 mm per year

{c) 300 mm per year (d) 400 mm per year

Northern Pakistan including Punjab generally receives rainfall within the
range:

(a) 150-300 mm per year (b) 150-400 mm per year

{c} 250-500 per year (d) 250-600 mm per year

Which of the following is not a macro-putrients?

{a) Copper (b) Nitrogen (c) Phosphorous {d) Potassium
Which of the following is not a micro-nutrients?
{a) lron (b) Manganese () Molybdenum (d) Oxygen

Micro-nutrients are generally required in quantities ranging from & grams to:
{a) 100 grams per ace (b) 200 grams per acre

(c) 300 grams per acre {d) 400 grams per acre
Macro-nutrients are generally required in quantities ranging from 5 kg 1oz

(a) 100 kg per acre (b) 200 kg per acre (c) 300 kg per acre (d) 400 kg per acre
Which of the fertilizers supply nitrogen to the plants or soil?

(a) Phosphorous (b) Magnesium (c) WNitrogen (d) Calcium

It is an example of nitrogen fertilizer.
{a) Ammonium chioride and urea

(c) Potassium chloride

(b). Calcium super phosphate
(d) Potassium nitrate
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Which of the following is a high quality nitrogenous fertilizer?

{a) Ammonium nitrale (b) Caleium cyanamide
(c) Urea (d) Ammonia
44. Ammonium nitrate is a useful fertilizer for many crops except:
{a) Maize {(b) Wheat {c) Potato (d) Paddy rice

45. Ammonium nitrate contains about:
(a) 36% nitrogen (b) 46% nitrogen  (c) 56% nitrogen  (d) 66% nitroge,
46. Which of the most widely used nitrogen fertilizer in Pakistan?

{a) Caleium cvanamide (b) Ammonium phosphate
{c) Urea (d) Ammonium chloride
47. Itis required for the formation of starch, sugar and the fibrous material of i,
plants.
{a) Phosphorus {b) Potassium : {c) Mitrogen (d) Both {a) and f,
48. Potassiom fertilizers help in ripening of:
(2) Seeds {(b) Fruits (c) Cereals (d) All of these

49. Which of the following fertilizers are especially useful for tobacco, coffy,
potata and corn?
fa) Potassium (b) Nitrogenous (c) Phosphatic (d) Ammonium

S50. Potassium chloride, potassium sulphate and potassium nitrate are somg
common examples of:
{2) Nitrogenous fertilizers (b) Potassium fertilizers
(c) Phosphatic ferilizers {d) None of these
51. There fertilizers supply nitrogen to the plants or soil.
{a) Phosphatic fentilizers {b) Potassium fenilizers
{e) Witrogenous fertilizers {d) Bio fertilizers
52, Which of the following provide phosphorus to the plants or soil?
{a) Nitrogenous fertilizers (k) Phosphatic fertilizers
{c) Bio ferilizers (d) Nitrogenous fertilizers

£3. The function of bio fertilizers is:

{a) They increase biodiversity

(k) They reduce the need for harmful chemicals

(¢) - They prevent soil degradation {d) All of these
i
L (b)) 2 (b) X (d 4 (a) 5 (d) 6 () 7. (b
B (@ 9 (d) 10.{c) 1l.-(a) 12. (d) 13. (b) 4. (d)
I5. (a) 16. (e} 17. (d) 18 (d) 19. (d) 20. (d) 21. (e
2. () 23 (a) 24.(c) 25 (b) 26 (d) 27. (@) 28. (b
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Purity of Water

Describe the chemical test used to identif}r the presence of water.

Add a drop of water on anhydrous sample of copper (11} sulphate. IT water is
present, the white powder will turn blue.

What is the colour of hydrated copper (I1) sulphate (CuS0y4. 5H20)?

The colour of hydrated copper (11} sulphate (Cu504. 5H20} is blue.

What is colour of copper (IT) Sulphate?

Copper (11} sulphate is white in colour.

Name the compound used to chemically test for the presence of water.
Anhvdrous copper (I} sulphate is the compound used to chemically test for the
presence of water.

Write the chemieal equation for the water test using copper (II) sulphate.
CuS0,+5H.,0 CuS0,.5H.0

Whice Felmn

What are the physical constants of pure water at standard pressure?

Boiling point and melting point are the physical constants of pure water at standard
pressure.

How do impurities affect the boiling point of water?

The presence of impuritics will slightly increase its boiling point,

How do impurities affeet the melting point of water?

The presence of impurities will decrease the melting point of water.

How can vou check IT a water sample is chemically pure?

By measuring its boiling point or melting point. IT it boils exactly at 1000°C and
melts exactly of 0°C at STP, it is pure.

Are the boiling and melting points of water constant under all conditions?

Mo, these constants are specific to standard conditions. At high altitudes or lower
pressure, these values will change.




m Diflerence between distilled water and tap water
| 204 Substances present in water obtained from natural sources

What are the common sources of tap water? .
Ans. Tap water comes from rivers, lakes and ponds or from underground sources,

12. Which minerals are typically found in tap water?

Ans. Tap water contains mincrals like salts of calcium and magnesium.

13. What is the pH range of tap water?

Ans. The pH of tap water ranges from 6.5 1o 8.5 depending on ils source.

14. Define distilled water,

Ans. Water obtained afier the process of distillation is called distilled waler.

15, Describe two-step process of distillation,

Ans. Two-step process of distillation are heating and condensation,

. ®  Inthe first step, the water is heated to get steam,

. In the second step, the steam is condensed back into liquid waler.

16. What substances are removed during the distillation process?

Ans. Distillation effectively removes all the dissolved minerals, microorganisms apg
contaminants from waler leaving behind only pure water.

17. Why is distilled water used in laboratories medical procedures and
pharmaceutical industry?

Ans. [t is because the purity of distilled water ensures accurate scientific measuremnts,
sterilization of medical equipment's and to prevent corrosion,

18. What is the pH of distilled water?

Ans, The pH of distilled water is 7,

19, Is distilled water ideal for drinking?

Ans. Although it is safe to drink but it may not have the necessary minerals needed for
the body.

20. What are natural sources of water?

Ans. Natural sources of water are rivers, lakes and aquifers.

21. How does oxygen enter natural water?

Ams, Oxygen enters the natural water from the atmosphere through the process of
diffusion.

22. Why is dissolved oxygen important for aquatic ecosystems?

Ans. Aqualic organisms including fish need dissolved oxygen to breathe and survive
The health and diversity of an ecosystem directly depends upon the amount of
dissolved oxygen in a water body,

123, Which harmful substances are present in water obtained from natural
sources?

Ams, Some harmful substances present in waler obtained from natural sources are:

e - Harmful microbes *  Nitrates and phosphates

e

oo DITICTINCONE -0 G o

. Heavy metals and their compounds e Plastics

24, Name some infectious diseases caused by bacterial content in water.

Ans. The bacterial contents can cause such infectious discases as dysentery, typhoid,
hepatitis and cholera.

25, Give some examples of heavy metals.

Ans. Lead, mercury, cadmium and chromium are some examples of heavy metals.

76. Which vital organs are damaged by heavy metals and their compounds
present in water?

Ans. Heavy metals and their compounds present in water not only damage vilal organs
like liver and Kidney. They can also lead to neurological problems,

27. Which heavy metals are known to increase the risk of certain cancers?

Ans. Arsenic and cadmium are known 1o increase the risk of cenain cancers.

28. What are micro plastics?

Ans. Very small particles of plastics are called micro plastics.

79, How do micro plastics enter water?

Ans. Micro plastics can enter water through waste water, rainwater when it carrics
plastic debris to water sources, and by degradation of plastic waste.

10, What are harmful effects of micro plastics on humans?

Ans. Micro plastics have been found in some human organs like lungs and blood. These
particles can disturb the immune and reproductive systems.

31. How do mitrates and phosphates cnter natural waters?

Ans. ®  Nitrates and phosphates enter natural waters through weathering of rocks.
. They can also enter in water through human sources such as agricullure
fertilizers, detergents and industrial wastewaters,

32. What is eutrophication?

Ans. Eutrophication: Eutrophication is the name of the process which starts in a water
body containing excess of phosphorous and nitrogen nutrients.

m Treatment of domestic waler supply

: 20.6 Eftects of poliutants present in waler

33. Which types of impurities are mostly present in water obtained from natural
sources”? '

Ans. Three types of impurities are mostly present in water obtained from natural sources.
These impurities include:
®  Dissolved impuritics
o  Suspended impurities
s  Microorganisms

3. Which methods arc applied in order to remove impurities present in water

sources?
Ans. In order to remove impurities present in water sources include following methods:
s Sedimentation »  Filtration

——
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*  Chlorination ¢  Removal of odours

35, Which insoluble impuritics are present in natural water?

Ans. Insoluble impurities present in natural water include soil. pieces of plants and oy,
organic and sand. These impurities are bigger in size.

A6, What is sedimentation?

Ans. Sedimentation: It is the process where water is allowed Lo stand in sedimentatiy,
tanks for a few hours so that large, suspended particles settle at the bottom of
tanks due to gravity,

37. What is filtration?

Anms. Filtration is a process used to remove suspended particles of small size which g,
cencrally not removed in the sedimentation process.

38, How does the filtration process work?

Ans. For filtration, water is allowed to trickle through layers of sand and gravel Dles
which trap the solid particles that were not removed during sedimentation,

39. What is the purpose of chlorination? 3

Ans. The purpose of chlorination is to sterilize the water by killing harmiul bacteria and
ather micrabes before humans use i,

40. How is chlorination performed?

Ans. Chlorination is performed by adding a small amount of liquid chloring to the wagr,
which has the power to kill all harmful bacteria and other microbes,

41. Whar is acration?

Ans, Acration: Acration is a process of exposing water o air 1o help remove odours of
the water.

42. Which things are affected by water pollution?

Ans. Water pollution affects human health, ecosystems, aguatic organisms and industrics
that are dependent on good water quality.

43, What is the affect of polluted water on agriculture?

Ans. Polluted water can lower crop yields and contaminate food sources.

44. How should sewage and industrial wastewater be managed?

Ans. Sewape and industrial wastewaler should be treated before i ois discharged into
water bodies.

45. How should houschold chemicals, fats and oils be disposed off?

Ans. Chemical cleaners, fats or oils and grease should never be thrown down the drain,

46, What agricultural practice can help to reduce water pollution?

Ans. Minimizing the use of pesticides and fertilizers in agriculure reduces the amount of
harmtul runoff entering natural waters.

47. How should the general public be made aware of the harmful effects of water
pollution?

Ans, General public should be made aware of the harmful effects of water pollution
through public campaigns.

—
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48, How can the government help control all types of water pollution?
Ans. Governmenl can implement enforce laws for the strict control of all types of water

pollution.
Water scarcity in Pakistan

m Elemenis essential lor plant growth

49.  Upon what our world is divided into different regions?

Ans. Our world is divided imo different regions depending upon the annual rainfall
which they receive every year,

50. In which region of the world is Pakistan included?

Ans. Pakistan is included in a semi-arid region of the world.

51. Why is Pakistan included in semi-arid region of the world?

Ans. Pakistan is included in semi-arid region of the world because it reccives a low
rainfall annually .

52. How much rainfall does northern Pakistan including Punjab generally
receive?

Ans. Northern Pakistan including Punjab generally receives rainfall wilth the range
250-600 mm per yvear mostly during monsoon season.

53, What is rainfall range in southern Pakistan?

Ans. In southern Pakistan the rainfall range is below 200 mm per year.

54, How arc cssential plant nutrients classified?

Ans. Essential plant nutrients are classified into two categories:
. Micro-nutrients (Trace elements)
e  Macro-nuirients

55, Differentiate between micro-nutrients and macro-nutrients.

Ans. Macro-nutrients

i - Micre-nutrients

The nutrients which are required in
a large amount for the growth of
plants, are called macro-nutrients

The nutrients which are required in
a very small amount for the growth
ol plants are called micro-nutrients.
Examples: Boron, copper, iron,
manganese, zine, molybhdenum and
chloring,

I OX¥gen.
EER  reilizers EIRL] cClassitication ef fertilizers
56, What are fertilizers?

Ans, Fertilizers: Fertilizers are the substances added to the soil to make up the
deficiency of essential (NPK) required for the proper growih of planis

57. What are the main functions of fertilizers?

Ans, i, Fertilizers enhance the natural fertility of the soil.

Examples: Nitrogen. phosphorous,
potassium, calcium, magnesium,
sulphur, carbon, hydrogen and
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ii. They provide the chemical elements taken up from soil by the previous crops,
58. What physical stability characteristics should a good fertilizer have ﬂl-lri-ng
storage?
Ans. It should be stable and not absorb moisture or set into hard, stony materials Witk
time.

59. How are fertilizers classified?

Ans. Fertilizers are classified according to the nature of the elements like nitroge,
phospharous and potassium which they provide to the soil.

60. Name different types of fertilizers,

Ans. Different types of fertilizers are:

. Mitrogenous fertilizers -
. Potassium fertilizers

61. Why do mitrogenous fertilizers supply to the plants or soil?

Ans. Nitrogenous fertilizers supply nitrogen to the plants or sail,

62. What is the role of nitrogen in plant growth?

Ans. Nitrogen is required during the early stage of plant growth for the development pf
stem and leaves. It is the main constituent of proteins, imports green colour to the
leaves and enhance the yield and quality of the plants,

63. Which is a high quality nitrogenous fertilizer?

Ans, Urea is a high quality nitrogenous fertilizers.

64. How much nitrogen does urea contain?

Ans. Urea containg about 46% nitragen.

65. Why is ammonium nitrate not suitable for paddy rice?

Ans. Ammonium nitrate is not suitable for paddy rice because the microbial bactcria in
flooded fields decompose it o nitrogen gas.

6. What is nature of ammonium nitrate?

Ans, Ammonium nitrate is hyvgroscope innature.

67. What do phosphetic fertilizers provide to the plants or soil?

Ans. Phosphetic fertilizers provide phosphorus to the plants or soil.

68. What is the importance of phosphorus for plants?

Ans.s  Phosphorus is required to stimulate carly growth and to accelerate the seed

and fruit formation during the later stages of growth.
. It alzo increases resistance o discases.

69. Why do phosphatic fertilizers have different solubilities?

Ans. The various phosphatic ferilizers have different mmpngrlmn:., due to which they
have different solubilities.

70. Name two important water-soluble phosphatic fertilizers.

Ans. The two most important water-soluble phosphatic fertilizers are:
®  Super phosphate (calcium super phosphate) Ca(H,PO,),
s  Triple phosphate (diammonium-phosphate (NH,); HPO,.

Phasphatic fertilizers
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Give some common examples of potassium fertilizers.
Ans. Some common examples of potassium fertilizers are:

e  Potassium chloride e«  Potassium sulphate =
72. What are bio fertilizers?
Ans. Bio fertilizers: Bio fertilizers are environmental friendly substances that provide
the soil essential nutrients as well as microbes required for the growth of plants.

Potassium nitrate

Exercise Questions (Solved)

A.Multiple Choice DI.I'E'II‘IGH'I

+r Choose and tick the correct answer from the given choices.
i, The pH of distilled water is:
{a) 6.5 (b) 8.5 {c) 7
‘2. The unpleasant odour in water can be removed by:
{a) adding chlorine (b} treating it with activated charcoal
{c) sedimeniation {d) filtration
1, The source of harmful microbes in natural water:
{a) human and animal wastes (k) fertilizers used for crops
{c) indusirial waste-water {d) microbes in rocks
4. Which gases arc dissolved in natural water from the atmosphere through
diffusion?
(a) O and CO, {(b) MN; and CO4
5. The fertilizer harmful to paddy rice is:
(a) Super phosphate {b) Ammonium nitrate
(c) Urea (d) Potassium sulphaie
6.  Fertilizers which increase the resistant of plants towards diseases and make
plants strong by healthy root development are:
(a) Mitrogenous fertilizers (b) Phosphate fertilizers
(c) Potassium fertilizers (d) MaEnnsium fertilizers

(d) 1.5

{e) Oy and N; {d) O, and CO,

1. (c) (d) 5 (b) 6. (c)

B. Short Answer Questions

20.1 Name two methods to check the purity of water.

Ans. We can check the purity of water by determining its melting point and boiling
point,

Boiling Point: Pure waler boils at 100°C and freezes at ﬂ"{‘ under standard
conditions of temperature and pressure.

Melting Point: Pure water freezes at exactly 0°C at standard atmospheric pressurc.
If there is any impuritics present in water, the boiling point will increase and the
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freezing point will deccase.

20.2 What is the main difference between tap water and distilled water?

Ans. The main difference between p water and distilled water is that ap water iy
conductor of eleciriciny due o the presence of free ions from dissolved mimery,
While distilled water is a bad conductor of electricity due to absence of ions.

203 How water is distilled in the laboratory?

Ams. In the laboratory. water is distilled by the process of distillation which compris,

0 steps. i.e: heating and condensing.
Hearting: Impure water is heated in a flask until it wms into steam.
Condensing: The steam paves through a condenser. wming back into liquid (pe
water). that is collected in a separage receiver.

20.4 Name useful and harmful substances present in water.

Ans. Useful substances present in water: Dissolved oxyzen (essential for aguatie lif;
and essential minerals like calcium. magnesivm and sodium.

Harmiul substances present in water: Microorganisms ( like bacleria, vinuses ang
parasites). heavy metals (like lead, mercury cadmium and chromium and thei
compounds), nitrates and phosphates.

20.5 How would you remove harmful bacteria and other microbes present i

water?”

Ans. We can remove harmful bacteria and other microbes present in water by g
methods:
. Boiling ¢  Chlorination
Boiling: Boiling water for at least 1-3 minutes kills the harmful bacteria and
microbes.

Chlorination: Adding a small ameunt of chlorine or chlorine tablets in the waler
can kill all germs.

20.6 What is the difference between sedimentation and filtration?

Ans.

It is a process used to remove It is a process used (o remove
insoluble bigger sized impurities| suspended particles of smaller sive by
present in natural water. using a filter.

It is done by allowing water to It is done by allowing water
stand for a few hours. The suspended | trickle through a laver of sand and
particles present in water settle down at| gravel filters which trap there solid
the bottom of the tank duc to gravity. pamicles.

20.7 Name any three water-borne diseases.
Ans. Water-borne diseases: Three water-borne diseases are:

e Typhoid e Cholera o  Malaria
20.8 Why fertilizers containing nitrogen element are added into the soil?
Ams. Fertilizers containing nitrogen element are added into the soil because. nitrogenous

I
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pertilizers supply nitrogen 1o the plant or soil.

0.9 “ hat is trachoma discase?

ans. Trachoma: Trochoma is a water-bome dscase that oflen causes blindness, this
discase i particularly prevalent among babics and children in developing countrivs,

2.1 Deseribe the negative efMects of using plasties in every day life.
Ans Segative elfeets of using plastics in everyday lite:
o Contamination of water sources:

iy plastic particles (micro plastics) enter water through wastewaler, rainwaiter
carry ing plastic debris, and the degradation of plastic waste.
& Presence in Human Organs:

Recent findings show there tiny particles have been found in human lungs and
hlt‘u‘d.
. Health Disruptions:

Micro plastics can disturh vital internal <ystems, specilically the ymmune and
reproductive sostems,
. Environmental Impaer:

Reusing and recveling plastics 15 necessary 1o minimize preduction. and their
harmiul enmvironmental footprint,
2.2 Explain one method to remove dissolved impurities present in water,
Ans. Distillation: Distillation is a highly effecuve method for removing disselved
impuritics,
The process involves:
. Heating . Collection
Heating: The water is heated until it tumns into steam (vapor). Dissolved solid avipusities
do not evaporate and are lefl behind in the original container,
Condensation: The steam is then condensed (cooled) in a condenser, where it lurns back
into pure liquid water.
Collection: The resulting distilied water is collected in separate tank. 1L it frec of
dissolved minernls and microorganisms,
0.3 Why urea is regarded as g good nitrogenous fertilirer?
Ans. Urea is regarded as a good nitregenous fertilizer because:
. It contains about 46%: nitrogen.
®  Jris highly soluble in water and is casily absorbed by plants.
® s eenerally non-acidic and docs not dumage the sobl pH as much as some other

Condensation ®

fertilivers.
® Itis easy to store, Wransport, and apply in both solid and spray forms,

L e———"— —
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20.4 Why Pakistan is facing a severe shortage of water?
Ans. Pakistan is facing a severe shortage of water because of following factors:

Climate change: Rising temperatures are melling glaciers too fast, while this caugg
floads now, it means our rivers will eventually run dry once the.ice is gone. It alsp make,
rainfall pattemns very unpredictable. _

Population Growth: Pakistan's population is growing very fast. We have the same
amount of water we had years ago, but now three are millions more people who negy
water for drinking, bathing and cooking.

Fiood Irrigation: A lot of water is used in agriculture in Pakistan, Farmers use 100 much
water by "flooding” their whole field. This wastes a lot of water that just evaporales jn
the sun. =
Depleting Aquifers: We are pumping out groundwater (from aguifers) using tube wells
much faster than the rain can refill them. This causes the water table to drop, making it
harder and more expensive to find clean water.

Poor Water Management: Pakistan does not have enough large dams to save or store
waler. When il rains a lot during the rainy season (Monsoon), most of that fresh water

just flows away into the sea. This means we cannot save or store water for the dry month
when we need it most,

[ D. Descriptive Questions

20.1 How domestic water supply can be made fit for drinking?

Ans. For answer see Q7.

0.2 Which measures should be taken to avoid water-borne disease?

Ans. For answer see (9,

20.3 What are fertilizers? Mention the essential qualities of a good fertilizer.

Ans. For answer see Q12. ¥
20.4 What are the main functions of nitrogenous, phosphatic and potassium
fertilizers?

Ans. For answer see 14,

20.5 How can you avoid the negative effects of pollutants present in water?
Ans. For answer seec 8.
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siudent Learning Outcomes

After studying this chapter, students will be able to:

& Describe organic molecules as either straight-chained, branched or cyelic.
State that a structural formula is an unambiguous description of the way the atoms
in molecules are arranged, including CH,=CH,, CH,CH,OH, CH,COOCH,

Organic Chemistry

. Identify and draw structural formulae for molecules.
e  Interpret general formulae of compounds in the same homologous series including

alkanes, alkenes, alkynes, alcohols and carboxylic acids.

e Define structural isomers as compounds with the same molecular formula. bt
different structural formulae, including C,H,, as CH,CH,CH,CH, and
CH,CH(CH,)CH, and C,H, as CH '

CH,CH = CH, and CH,CH=CHCH,.

s ldentify a functional group as an atom or group of atoms that determine the
chemical properties of a homologous series including that for alcohols, aldehydes,
ketones, phenols, carboxylic acids, amine, esters, and amide.

#»  Describe the general characteristics of homologous series. These can include:

a.  Having the same functional group

b. Having the same general formula

¢.  Differing from one member to the next by a CH, - Unit.
d. Displaying a trend in-physical properties.

e.  Sharing similar chemical properties

e  State that a saturated compound has molecules in which all carbon-carbon bonds
are single bonds,

e State that an unsaturated compound has molecules in which one or more
carbon-carbon bonds are not single bonds,

o Name and draw the structural and displayed formulac of unbranched alkanes,
alkenes, alcohols, and carboxylic acids. (Include but-1-ene and but-2-cne,
propan-1-ol, propan-2- ol, butan-1-ol and butan-2-ol.

»  State the type of compound present given the chemical name ending in - ane, -ene,
-yne, - ol, or -ole acid or from a molecular, structural or displayed formula.

" e Name and draw the displayed formulae of the unbranched esters which can be

made from unbranched aleohols and carboxylic acids, each containing up to four
carbon atoms.
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0.1: What is an organic compound? How organic compound are classified baseg
on the type of carbon chain present in them?

Ans. Organic Compound:

An organic compound is chemical compound primarily compound of carbon atoms
that are covalently bonded 1o each other or the other elemenis. Apart from carbon,
majarity of organic compounds also contain hydrogen. ther elements which may alsg
be present include oxyzen, nitrogen, sulphur and halogens ete. ’

Classifications of Organic Compounds:

. There are millions of organic compounds. It is practically not pessible to study
cach individual compound. To facilitare their study. organic compounds are classified
into various groups and sub-groups. They may be broadly classified into the following
classes: ,

(i} Open chain or Acyelic compounds,

(ii) Closed chain or Cyclic (or ring) compounds
(i} Open Chain erAcyclic Compounds:

This type of compounds contains an open chain of carbon atoms. The chains may
be branched or non-branched (straight chain). Open chain compounds alongwith ceriain
cyelic compounds are also called aliphatic compounds.

Classifications of Organic Compounds + Structural Formula

Straight chain (or non-branched) compounds: .
CH,-CH,-CH,-CH,| [ H,C=CH-CH,-H, |[CH,-CH,-CH,- CH,- OH
Butane But-1-zne Butan-1-ol
Branched chain compounds:
CH. - CH - CH "T'H
I ,
CH-C-CH
CH, ks I
. CH,
2-Mihvlprapane 1 2-Dimethyipropane

(ii) Closed Chain or Cyelic Compunds:

These compounds contain one or more closed chains {cyclic) of atoms and are
known as closed chain or ring compounds,

When the ring contains carbon atoms anly, the compounds are called carbocylic
compounds. However, if the ring contains other stoms wlongwith carbon atoms, the

‘ __...ﬁ-.._
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compounds aré called heterocyelic compounds. Carbocyelic compounds are Turther
classified as;

(i) Alicyclic compounds
(i) Alicyelic compounds:

The carbocyclic compounds which contain a ring of three or more carbon atoms
and resemble aliphatic compounds are called alicyelic compounds. The saturated
alicyelic hydrocarbons have the general formula C H,,. A few typical alicyclic
compounds are given below,

(ii) Aromatic compounds

H H
C i
P i ™ # :
H. H.C — CH, H,.C CH, HC CH
| I | | I .
i
Fal" Hi == CH H.C GH,  HC KH
H_-': — CH_ F \ “"“-l:- H.E.r
) H H
Cyclopropans L'.-clnhylane Cvelohemaneg Lycloherang

(i} Aromatic compounds:

Aromatic compounds are of many types. The simplest among them are those which
contain one benzene ring. A benzene ring has six carbon atoms with three alternate
double and single bonds. These bonds are usually shown in the form of a circle. Some
other cvelic compounds having alternate double bonds are also included in aromatic
compaunds.

Hl
l
C =
H-C? C-H f’w @
I i or or 1
H-C%CKC-H = U
l'i'l Benzens

0.2: Explain structural formula giving E:ampins.

Ans. Structural Formuia:
The structural formula of a compound shows the arrangement of atoms and bonds
present in that compound.

Explanation: g

It gives enough information fo understand the structure of @ molecule clearly.
While showing the arrangement of atoms in a molecule, it is usual to omit most of the
single covalent bonds present in the molecule. Only important bonds such as double and
triple honds arc shown. ldentical groups present in the molecules can be bracketed
logether while some other groups are also shown using brackets.

There are various ways of drawing the structural formula of organic compounds -
ind the students should familiarize with all of them.
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Displayed Formula or Full Structural Formula: Butanol A AR |
This formula shows the detailed structure of a molecule showing the relagy, H=C—LC—C—C—H OH
position of atoms, the number and tvpe of bonds between them. The bonds are 6 Il-l :| |1|
represented by lines, My
Condensed Structural Formula: Butan-2-ol H H H H CH, - CH - CH, - CH,
This formula still uses lines between bonded atoms, but it omits the carbop 5 H—é _11:_ E—C—H 1
hyvdrogen bonds, T OH
Condensed Structural Formulae H @ H H
Compound Displayed Formula Condensed Structural Formuly 1"‘|-| =
Ethane H OH CH, - CH, Ethanoic acid ’F' ﬁ' '?'
H=C—C—H kbl CH,-C-OH
l HH | H
Ethene H H CH, = CH, ) Propanoic acid A e
H—C=C—H - H—(I:—fl:—':-.n—“ CH,-CH,-C-0H
Ethvae H-C=C-H HC = CH o H 0
F - = [ H EH!—CH;—CHJ o | h‘:ﬂ'l}"l Cmﬂ.ﬂm H_é_E_—u_ll:_'_H . l
r—C-C—C—H . i CH,~C-0-CH,
H H
H H H
Buzmne AT R B CH,-CH,-CH,-CH, | [ FARES I ENIRE Homologous Series + Isomerism + Funclional Group
H=C—-C—C—C—H i ]
ok Q.3: Write down five characteristics of a homologous series.
"
“TEE e PN Sl SR ) : ' Organic compounds have been classified into various families. Each family
T & contains closely related organic compounds, as their structure and chemical propenics
n_H '; are similar. The different families are known as homologous series.
Buz-2-ene | &, ) Ch, -CH = CH - CH, Characteristics of a Homologous Series:
| w7 g el T e The common ¢haracteristics of the members of a homologous series are:
- j H H H H = (i) Al the members of the series can be represented by a general formula. For
i Edhanol | Al CH,-CH,-CH example, the general formula for the series of saturated hydrocarbons calied
H=C—=C—-0—H alkanes is C,H,.., where n represents the number of carbon atoms present in 2
l o member, The general formula of some other families are given below
P —— | H H H CH,-CH, - CH, General Formula
T A s = Alkenes CaHx
OH il
O H H Alkynes CaHaes
| H Alcohals CaH2s-) OH
Propan-2-al K H H CH,-CH - CH, Carboxyl acids CaHapey COOH
| H=C—C—C-H OH (if) Successive members of the series differ by CH; group and 14 units in their relative
! H O H molecular masses,
I H | (iiif) Different members in a family have common functional group e.g. 2ll the members

o
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of carboxylic acid family have ~COOH group as the funclional group.

{iv) The members in any particular family have almost identical chemical propenj,
due to the presence of the same functional group,

(v) The physical properties such as melting point, boiling point, density and solubily,
show a regular change with the increase in the molecular masses.

(vi) All members of a series can be prepared by similar methods.

0.4: Write a detailed nole on isomerism.

Ans. Isomerism:

Two or more compounds having the same molecular formula but differey
structural formulae and properties are szid to be isomers and the phenomenon is calleg
structural isomerism.

Simplest Hydrocarbon:

The simplest hydrocarbon to have structural isomers is butane (CyHo)-
Hydrocarbons nol showing Isomerism:

Methane. cthane and propane do not show the phenomenon of isomerism becaug
each exists in one structural form only,

Same Molecular Formula:

If we study the structural formula of butane or other higher hydrocarbons of the
alkane family. we will observe that it is possible to arrange the atoms present in the
melecule in more than one way 1o satisfy all valencies. This means that it is possible o
have two or more different arrangements for the same molecular formula,

Example:

Butans moleculs can have two different arrangements as represenied by the

following structural formulae:

CH,-CH. - CH, - CH, ‘;H-
| CH,-CH-CH,
Butana i Z-Meethylprogane

Support by on Experimental Evidence:

This fact has been supported by an experimental evidence that theresare two
campounds with different physical properties but with the same moleculiar formula of
CiHye
Relationship between Carbon Atoms and Isomers:

As the number of carbon atoms in a hydrocarbon increases, the number of possible
isomers increase very rapidly. The five carbon compounds. pentane, has threc isomers.
When the number of carbon atoms increases to thirty, the number of isomers are over
feur billions.

Structural Isomerism in Unsaturated Hydrocarbons:
Structural isomerism is nol confined to saturated hydrocarbons only, In fact, al

S— ..-h—_

isomerism.
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classcs of organic compounds and their derivatives show the phenomenon of structural

CH, -CH, - CH = CH, CH,-CH = CH - CH,
But-1-ene é . But-2-ene
0.5: Discuss some important functional groups.
Ans. Functional Group:
A functional group may be defined as an atom or group of atoms that determines
the characteristic properties of an organic compound.

Example:
The family of alcohols have its characteristic

I'ﬁ FL@MH Group
properties due to the presence of -OH (hydroxyl) group, = ?‘@
; H

called the functional group of alechols.

important Functional Groups:
Some important functional groups are described below.
(a) Hydroxyl group (-0H):
This group is present in the family of compounds called aleohols.

Methanol Ethanal
If hydroxyl (= OH) group is attached to benzene ring the Ci)H

compound is a member of a series which is named as phenols.

Pﬁenﬂi @

0 .
(b) Aldehyde Group (—C-H )’

This group is present in the family of compounds called carboxylic acids.

Ethanal or H ? "
Acetaldehyde ~ *

(c) Ketone Group {;_‘:C = O where R is an alkyl group):

hMethanal or

|
Formaldehyde L. o

The homologous series which contains a ketonic functional group is called ketones.

Propanone or Acetone CH,-C-CH,

1
Butanone CH,-CH,- C-CH,

() cCarboxyl Group ( _ ﬁ ~OHY
This group is present in the family of compounds called carboxylic acids.

R e T, T e . =& T
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Methanoic acid or Formic acid H - E OH

Ethanoic acid or Acetic acid CH,- C~OH
(e) Amino Group (—NH,):
This group is present in a series of compounds :nllgd amines,

¥

H-C-HNH,

c
P
c

_NHJ

Formamide

Acetamide CH,-

{g) Ester Group » E_ OR }:

Ester group is present in a family called carboxylic esters.
Methyl ethanoate or
Methyl acetate

CH,-C-0CH,

Ethyl ethanoate or ]
Ethyl acetate CH,-C-OCH,

121.6 | Naming Organic Compounds .

06. How systematic way of naming organic compounds was introduced?

Ans. Historical Naming of Organic compounds:

The early organic chemists prepared many organic compounds and gave them
names which are called common or trivial names.

These names are quite often used because they are very simple and easy to use,
Need of a New system:

Due to existence of a large number of organic compounds and their complexity, i
is not possible to give commoen name to every compound individually,

Introduction of the IUPAC System ol Nomenclature:

To deal with this problem, the International Union of Pure and Applicd Chemisiry
{IUPAC) has introduced a systematic way of naming organic compounds called [UPAC
nomenclature,

O7. What are Alkanes. How an organic compound is named according to IUPAC
system of Nomenclature.

Ans. Hydrocarbons:

The organic compounds containing carbon and hydrogen only are called
hydrocarbons.

saturated Hydrocarbons:

The hydrocarbons in which all the four valencies of carbon are utilized using imglt
ponds only are called saturated hydrocarbons or alkanes.
unsaturated hydrocarbons:

The hydrocarbons containing at least one double or triple bond are called
unsaturated hydrocarbons,
carbon Atoms in Saturated Hydrocarbons:

The saturated hydrocarbons or alkanes may contain one or more carbon atoms and

they may have a straight chain or a hranchcd chain. Nao. of

Methane (CH,): Root Sasion
dMethane (CH,) is the simplest member of saturated s .

hydrocarbons. Meth- 1

Naming of an Organic Compound According IUPAC system: | Eth- 2
According to IUPAC system of nomenclature, the entire | Prop- 3

pame of an organic compound has three parts. But- 4

1. Roort: It tells us the number of carbon atoms in the | pant. 5
longest continuous chain present in the molecule. The [~ 3
roots up o ten carbon atoms are shown in Table 21.2. Hept- 3

2. Suffix: It is added afier the root and tells us about the
class of organic compound, Oct- 8

3. Prefix: It is indicated before the root and tells us about | Non- 3
the group or groups attached to the longest chain, Dec- | 10

Molecular Formulae, Displayed Formulae or GCondensed Structural Formulae®
The molecular formua, the displayed formulae or the condensed structural
foomulae of some alkanes are given in Table given below:

Formulae of Alkanes
H
M L}
ethane CH, H-C~H
H
% H H
Ilth =) ! 1
ane CaH, H—C—C—H
- CH; HH
H HH
Propane CyH; H=C—C-C-H
CHy- CH; - CH;y H HH
R
Butane CiHin = l; C (I: EI ~H
CHy— (CH;) = CHy HHHH
__I‘t:nmm: C:H,, CH,-CH]-CHI-CH?-CH,

e —

.-L—.
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Hexane CsHja CHJ-CHE—-J—EHECH:—'Hl

Heptane CyHye CH, - CH, - CH, — CH, — CH, — CH, - CH,

Octane ~ CyHis CH, - CH, - CH, - CH, — CH, - CH,; - CH,— CH
Nonane CyHag CH;~CH,~CH,~CH,~CH,~CH,~CH,~CH;~CH,
Decane CioHss CH,~CH,~CH,~CH,~CH,~CH,~CH,~CH,~CH,- Y

0.8: How is Alkyl Group formed?
Ans. Alkyl Group:

* An alkyl group is functional group which is formed when an alkane molecule |og,
one of its many hydrogen atoms. :

- Example:
; H H H
-H | H ! |
CH, CH—~ o H-C- C.H; CH~ or H—C—C-~
Methane |i| Exharn l-r|| |i|
Mt Eibyd
Representation of an Alkane:

An Alkane is represented by R-H.
Representation of an Alkyl Group:
An Alkyl group is represented by R-.
(9. Name the following compound to explain the IUPAC System.

CH, - CH, — CH; - CH,

Ans. To explain the IUPAC system, let us name the following compound.
| CH,-CH,-CH,-CH, |

a) Identify the longest continuous chain present in the compound.

b) Identify the class of organic compound.

The organic compound contains four carbon atoms inthe longest continuous carban
chain and it belongs to the family of hiydrocarbons called Alkanes. The root is, therefore,
But- and the suffix -ane is added to this. The organic compound will, thus, be given the
name Butane.

CH,~CH,—CH,—CH,
Butane Longest Continuous Chain
0.10: What are Alkenes. How are Alkenes named using IUPAC System?

Ans. Alkenes:

Hydrocarbons containing at least one carbon to carbon double bond are called
Alkenes. .

Alkenes are named in the same way as alkanes excepl the suffix used is -ene. The
rules for naming alkenes are as follows.
1. Count the number of carbon atoms in the longest continuous chain that contains

both the carbon atoms of the double bond.

2. MNumber the chain starting from the end nearest 1o the double bond carbon atom.
3. Write the root, then position of double bond and finally the su'l'ﬁx -gne, Examples

of alkenes are as follows:

CH,=CH, CH,-CH=CH,
Ethene Propens
T 3 i 1 T
CHJ=CH-CH2: CH, CH,-CH=CH-CH,
But-1-gne Bast-2- e
CH, =CH—-CH,-CH,-CH, CH,—-CH=CH-CH,-CH,
Pent=1-gne Pent-2-ene
@.11: Give IUPAC rules for naming alcohols.
Ans. Alcohols:
Monohydroxy derivatives of alkanes are also called alcohols. .
General Formula: :
General formula for aleohol is ROH.
Naming Alcohols:

According to IUPAC system, alcohols are named observing the following rules.
(i) The longest chain of carbon atoms containing the hydroxyl group is taken as a
parent hydrocarbon. The ending 'e’ of alkane is replaced by ‘ol
{iiy The longest carbon chain is numbered, starting from the end where carbon atom
attached with hydroxyl group gets the lowest possible number.
(ii) The position of hydroxyl group is indicated by a number placed before the -ol.
Names and condensed formulae ol some simple alcohols:
MNames and condensed formulae of some simple alcohols are given in the Table

given below: .
Mames and formulas of Alcohols

Aleohol JCH,OH H,CH,OH 1 ) i
o RHe CH,-CH.-CH, _ OH
Enfmmun Methy! Aleohal | Ethvl Alcchol Propyl alcohol
ame °

IUPAC Name |Methanol Ethanol Propan-1-ol
Aleohol EH—CH—dy, | oH—CH—CH—CH, [CH— CH— CH—CH,

S O OH .
Common Tso-Propyl Alcohol | n-Butyl Alcohol | Sec-Butyl Alcohol
Name
T@AC Name |Propan-2-ol Butan-T-ol Butan-2-ol

0.12: What are Carboxylic acids. How are they named by IUPAC system?

Ans. Carboxylic Acids:
Organic compounds containing a carboxyl group (-COOH) as a functional group

——

i
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* are called carboxylic acids. They are also commonly called fany acids because
carboxylic acids are obtained from fats. They are represented by the general formy,
RCOOH.
General Formula:

They are represented by the general forula RCOOH.

IUPAC Names of Carboxylic Acids:

The IUPAC names of carboxylic acids are derived from the names of alkang,
containing the same number of carbon atoms as the acid. The ending ‘¢’ of the alkay,
name is replaced by "-oic' acid.

The common and IUPAC names of some common carboxyiic acids are shown i,
Table given below:

MNames of Carboxylic Acids
Carboxylic Acids HCOOH CH,COOH | CH,CH,COOH | CH,CH,COONH
Common Name | Formic acid Acetic acid | Propionic acid Butyric acid
IUPAC Name |Methanoic acid| Ethanoic acid | Propanoic acid | Butanoic acig
0.13: What are Esters? Give some common and IUPAC names of Esters.
Ans. Esters:
Esters are sweet smelling compounds.
Uses of Esters:

They are commaonly used as flavouring agents in certain food items.
General Formula:
They are represented by a general formula RCOOR.
Preparation of Esters: Esters can be prepared by reacting an alcohol with a carboxylic

acid in the presence of an acid catalyst.
|
| CH,CH,COOH + CH - CH.-OH

Erhannl

=" CH.CH COOCH CH + HO

Elbegl e
1

Progances &b

Common and IUPAC Names of Esters:
Common and IUPAC names of esters are shown in Table given below:

H Ldridle

Common Names of some Esters

Penmonnn [T RGO 7L 5 w5 10 )

1211 Quick (T 1L

1. What is the difference between cyclohexane and benzene?

Ans. Cyclohexane

It is an alicyclic compound with single bonds between carbon atoms (CH,,).

Benzene

It is an aromatic compound with atternate double and single bonds in a six carbon ring (C,H,).
1. Give the examples of branched chain compounds.
Ans. (i) 2 - Methyl propane (i) 2,2 - Dimethylpropane

121.2\Quick (1771

1. Write down the displayed and condensed formulae of butan-2-ol, ethyl ethanoate,
2-methylpropane, but -2-ene and penlane.

Ans.
Compound Displayed Formula Condensed Structural
Butan-2-ol e CH,-FH-CHi-EH.
=gy OH
H O H H
A
Ethyl ethanoate l;l ﬁl 'I'.‘I l'l'l o =
H—E—C—ﬂ-—ﬂIZ—C—H Il
. Mo CHy—C—0-CH, - CH,
2-Methyl propane *I* ';‘ "I‘ CH, — CH—CH,
H=C-C—-C—H I
b H C
H—-C—H "
|
H
S =C =08 H. " CH, = CH = CH - CH,
C=C=C=C—H
T
H H H H
Pe By HHN
o HrgE=g=g-0-n CH, = CHy = CH; — CH, — CH,
HHHH

2 Quick (I

. Write down the malecular formula of @ l‘.'lrbntyli: -:H hnin; three carbon atoms.

Esters CH,COOCH, CH,COOCH,CH, HCOOQCH,CH, aofac _
: = 5 Ans, The general formula for a carboxylic acid is C,Hay,.; COOH. For a molecule with a total of three
Common Name Methyl acetate Ethyl acetate Ethyl formate carbom toes. ous carbos s alttady gt of the Sinctional grosp (= OO0, &0 we lat 0. = 2 fe
IUPAC Name Methyl ethanoale Ethyl ethanoate Ethyl methanoate the alkyl group.
Esters CH,CH,COOC,H, | CH,CH,COOCH, | CH,CH.CH,COOCH, " Name = Propaic s
' . e Molecular Formula = C,H,0,
Common Name Ethyl Propionate Meihyl Propionate Methyl butyrate | -
]
IURAC Name Ethyl propanoate | Methyl propanoate Methyl butanoate |- Condensed Formula= CH, - CH, - C ~ OH
ST T T 'h— - —
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Write down the molecular farmuls of sn alcohol containing four carbon aloms.

Ann The general formula of an alcohol is C,H,,., OH. For a meolecule with four carbon at0ms, we |y
n=d

Mame = Butanal (Specifically | - Butanol)
Molecular Formula = CH O
Condensed Formula = CH, = CH, - CH,~ CH, - OH

21.4\Quick (175
I.  How phenols are different from alcohols?
Ans. Both phenols and aleohols contain the hydroxyl group (- OH) but they differ based on the
struciure they are attached 1o:
Attachment of (— OH) in Alcohols
In alcohols the group (- OH) is attached to an aliphatic carbon atom {a chain - like structure, e.g,
CH, - CH, - OH).
Attachment of (- OH) in phenols

In phenols, the group (- OH) is directly attachid to 8 carbon atom of an aromatic bengene ring,
H

———

& )

F 3 What is common between the formula of aldehydic and ketonic functional groups.
Ans. Aldchyde and ketone functional groups both contain the carbonyl group (C = 0)
o

Aldehyde: In aldehyde, it is at the end of the chain (- E_ Hy'

Ezamples
2 ?

®  Methanal or Formaldehyde (H=C—H) ® Ethanal or Acetaldehyde (CH, = C - H)
Ketone: R\..,

In ketone, it is between two carbon atoms I: =0
Examples

L

- Il

Fropanone or Acetone CH, - C - CH,

o
1l
CH,=CH, = G =CH,
I Mume the following compounds aecording to IUPAC system of normenclature.

Ans, Mumber of carbons: 5§

- Hutanone

Mont Mame: Pent -
Sulfin: —ane (since it is a salurated hydrocarbon)
IUPAC Name: Pentane )

(i) CHy~CH, - CH, ~CHy - CH, - CH, — CH,
Ans, Number of carbons: 7

IMTIHANI CHEMISTRY

O s !0

Root Name: Hepi -
o lfix: - ane (since it is @ saturated Irydrocarbon)
UPAC Mame:, Heptane
— .

Condensed structaral formulae of some nr:p-k compounds are given helow, Wrile down
the names of their families.

I CH"—?H_EH* Ans: Family Name = Alcohol
OH
fil) ﬁ Ans: Family Name = Ketone -
CH,—CH, —C—CH,
jiii) EH'_(I:=CH-CH' Ans: Family Mame = Alkene
CH,
i) Cle'CHF':H- Ansi FamilyNsme = Carboxylic Acid
COOH
iv) CH Ans: Family Name = Alkene (Propene]
{vi) CH., ¢+ Ans: Family Mame = Alkane (Pentant)
{vil) ﬁ‘ Ans: FamilyName = Aldehyde
H—C—H
(wiil) i Ans: FamilyName = Ester

]
CH,~ CH,~ C- O - CH, - CH,

INTERESTING INFORMATION Y

Organic chemisiry plays a vital role in developing new materials with specific properties, such as

polymers and drugs.

INTERESTING INFORMATIONY

The ability of carbon atom to form four bonds creates an almost infinite variety of malecules which
make organic chemistry very useful. ;

INTERESTING INFORMATION

The common names of carboxylic acids are derived from the ,
sources from which they were first isolated. Formic acid was
first isolated from red ants. The Latin word formic means and.,
Similarly acetic acid was isolated from vinegar, The Latin word

for vinegar is acetum.

——
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Mulrgle Choice Questions prepared in e fight of new Exominalion Imhmque#
(Knowledge, Hndmtanding, Application, Analytical & Conceptual)
r  ——————

(211 +21.2 IO Organic Compounds + Structural Formula

Organic chemistry is primarily defined as the study of compounds containiny
which two clements?

(a) Hydrogen and Oxygen (b) Carbon and Nitrogen

(e} Carbon and Oxygen (d) Carbon and Hydrogen

Which of the following is considered as an inorganic carbon compound fop
historical reasons?

(a) Benzene (b) Ethane

(e} Calcium Carbonate (d) Methane

What is another name for open chain crganic compounds?

{a) Aromatic compounds (b) Alicyelic compounds

{e) Heterocyelic compounds (d) Aeyelic compounds

A compound with a continuous series of earbon atoms without any branch js
called a:

{3) Branched chain cumpuun'd {b) Aromatic compound

(¢} strzight chain compound {(d) Cyclic compound

Cyelie compounds containing only carbon atoms in the ring are called;

(a) Acyclic compounds (b} Homocyclic compounds

(¢} Aliphatic compounds {d) Heterocyclic compounds

What is the general formula for saturated alicyelic hydrocarbons?

(a) CyHn (b) C Hzpnz (¢) CiHama (d) CiH,

Which molecule is 2 eommon example of an aromatic compound containing six
carbons and atternate double bonds?

{a) Cyeclo butane (b) Berzene {c) Propanc (d) Cyclohexane

A formula that shows the relative position of every atom and all bonds
represented by lines is ealled a/an:

(a) Empirical formula (b} Condensed structural formula

() displayed structural formula (d) Molecular formula

Condensed structural formula of Ethane is:

(a) CH,-CH, {b) CH;==CH, {¢) HC=CH
Condensed structural formula of But-2-ene is:

'[:a.] CHJ_"’C-OH {hj Cl-h—CH:—CH:-—Cl*h
(c) CHy—CH = CH~CH, (d) CHy=CH—CH, - CH,

fd}EH1 =~ CIij = EI l]

(TZTIII WHAN CHEMTRY (L&MEQ P invonno [T O 7w 10 )

BEEXIEERIE] Homologous series + Isomerism + Functional Group

11. What is the general formula for the Alkynes series?
{Hj CmH!n.-J fh} EHH;I,.J (:} ct.“'hﬂ ;d.’ CrlH:In
12. Which of these hydrocarbons does Not show structural isomerism?
fa) Pentanc (b) Butane {c) Hexane {d) Propane
13. The functional group (-OH) attached to an alkyl group identifies which
family?
{a) Alde hydes {b) Aleohals {c) Ethers {d} Phenols
i4d. Which functional group is present in both Aldehydes and ketones?
(a) Amino group (b) Carbonyl group (c) Carboxyl group (d) Hydroxyl group
15. Which is the name of the simplest aldehyde also known as formaldehyde?
{a) Propanonc {b) Ethanal {c) Methanol (d) Methanal
16. Itis a compound containing a Nitrogen atom in its functional group.
{a) Methyl ethanpale (b) Methyl amine
{ec) Acetone (d) Phenol
17. What is the specific functional group for Ester?
(a) —CHO (b} = COOR {c) CO-NH; (d) —NH,
18. Which of the following is the formula for Acetone (Propanone)?
{(a) CH;-CO-CH, {b} CH;-CHO
{(¢) CH,-COOH (d) CH;—NH;
19.- If a hydroxyl (<OH) group is attached to a benzene ring, the compound is a
member of:
(a) Phenols {(b) Alecohals {c) Ketones (d) Esters
0. Swvccessive members of a homologous series differ in molecular mass by how
many units?
(&) 12 units (b) 16 umnits (c) 2 units {d) 14 units
Il. Which part of the IUPAC name indicates the number of carbon atoms in the
longest continuous chain?
(a) Infix (b) Roat (c) Prefix (d) Suffix
22. What is the IUPAC root for a compound containing seven carbon atoms?
(a) Non- {b) Hept - {c) Hex- (d) Oect-
23.  An alkyl group is formed when an alkane loses how many hydrogen atoms?
(a) Four (b) Two " (e} Three (d) One
24. What is the correct IUPAC name for CH, - CH; - CH, - CH,?
{a) Ethane {b) Pentane {(c) Butane (d) Propane
15. What is the IUPAC name for "Isopropyl Alcohol”?
(a) Propane-—2-of (b) Ethanol
{c) Butan-2-of (d) Propan~-1-ol
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26. [Esters are prepared by the reaction between:

{a) A ketone and an Aldehyde {(b) An Alcohol and a carboxylic acid

{c) An Alkane and an Alkene {d) An Amine and an Alcohol
27. What is the common name for Ethanoic acid?

() Butyric acid  (b) Acetic acid {c) Propionic acid (d) Formic acid
28. The root 'Prop - ' corresponds to how many carbon atoms?

z) 2 (by 3 (c) 4 (d) 3
[ Answers] i
. d) 2 (¢ 3 (d 4 fcp 5 (b) 6 (a) 7. (b)
5 (c) 9. fa) 10, (c) 11, (b) 12, (d) 13. (b 14. (k)
15. id) IE (h}) 17. (h) 13 {a) I'J (@) I'I'l (d) 21. (b)

22. (b) . (d) 24 (e) . (a) (b) (b)  28. (b)
/f Additional Short Questions /

Shart Answer Quesfions pmpmed in the lig llqlﬂ of new Exomination Techniques
lllnuﬂedgt, Understanding, Application, lna!]rtu:al & Conceptual)

211+ 1.2 Classifications of Organic Compounds + Structural Formula

I Define Organic Chemistry,

Ans, Organic Chemistry: Organic Chemistry is defined as that branch of chemistry in
which we study compounds of carbon and hydrogen (hydrocarbons) and their
derivatives.

2.  What are organic compounds?

Ans. Organic Compound: An organic compound is a chemical compound primarily
composed of carbon atums that are covalently bonded to each other to other
elements. A part from carbon, majority of organic compounds also contain
hydrogen.

3. Why are carbon oxides and carbonates studied in inorganic chemistry despite
containing carbon?

Ans. Carbon oxides and carbonates are studied as inorganic compounds for historical
and canvenlional reasons, as their properties align more closely with inorgonic
substances.

4.  How are organic compounds broadly elassified?

Ans, Crganic compounds are classified into two main groups:

(i) Open chain or Acyclic compounds
fii} Closed chain or Cyclic (or ring) compounds

5. Distinguish between straight chain and branched chain compounds.

Ans. Straight chain: Carbon atoms are linked in a continuous series (e.g: n-Butane).
Branched chain: There is at least one "branch” or side chain ol carbon atoms

N — el
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attached to the main chain (e.g; 2-Methylpropane)

6.  What are Aliphatic compounds?

Ans. Aliphatic Compounds: Open chain compounds along with certain eyelic
compounds are called aliphatic compounds.

7.  Define Homocyelic (carbocyelic) compounds.

Ans. Carbocyclic Compounds: These are cyclic compounds where the ring comtains
carbon atoms only.

(i) Alicyclic compounds i) Aromatic compounds

8.  What are Carbocyclic compounds further classified?

Ans. Carbocyelic compounds are further classified as:

(i)  Alicyclic compounds (i) Aromatic compounds

9. What are alicyclic compounds? Give their general formula and examples.

Ans. Alicyclic compounds: The carbocyclic compounds which contain a ring of three or
more carbon atoms and resemble aliphatic compounds are :ll!ﬂd alicvclic
compounds,

General Formula: CH,,
Examples: Cyclopropene, Cyclobutane, Cyclohexane, Cyclohexene

10. What are aromatic compounds?

Ans. Aromatic compounds: These are cyclic compounds which contain one benzene
ring. A benzene ring has six carbon atoms with three altemnate double and single
bonds.

11. Define Heterocyelic compounds.

Ans. Heterocyclic compounds: Cyclic compounds in which the ring contains other
atoms along with carbon atoms (such as nitrogen, oxygen or sulphur) are called
heterocyelic compounds.

12.  What is a structural formula?

Ans, Structural Formula: The structural formula of 2 compound shows the
arrangement of atoms and bonds present in that compound.

13. Define Displayed (Full) structural formula.

Ans. Displayed (Full) Structural Formula: This formula shows the detailed structure
of a molecule showing the relative position of atoms. the number and type of bonds
between them. The bonds are represented by lines.

14, What is condensed structural formula?

Ans. Condensed Structural Formula: This formula still uses lines between bonded
atoms, but it omits the carbon to hydrogen bonds.

[ 21.3 + 21.4 + 21.5 LT e e e e

15. Define the term homaologous series.
Ans. Homolopgous series: Organic compounds have been classified into various
families. Each family contains closely related organic compounds, as their structure
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and chemical properties are similar. The different familics are known g
homoelogous series.

le. What is isomerism?”

Ans. Isomerism: Two or more compounds having the same molecular formula by
different structural formulae and properties are said 1o be isomers and ihe
phenomen on is called structural isomerism.,

17. Which is the simplest hydrocarbon to have structural isomers?

Ans. The simplest hadrocarbon 1o have siructural isomers is butane (C H ).

18. Why do Methane, Ethane and Fropane not show isomerism?

Ans, Methane, Ethane and Propane do not show the phenomenon of isomerism because
each exists in one structural form only,

19. Name the two structural isomers of Butane (C H,,).

Ans. Two structural isomers of Butane (C H,,) are:

e n- Butane (straight chain) @ 2 — Mathyl propane (Branched chain)

20. Name the two structural isomers of Butene (C, H,).

Ans. Two structural isomers of Butene (C Hg) are:
¢  But-|-ene s  Bui-2-ene

21. How many isomers do pentane has?

Ans. Pentane has three isomers.

22, Define functional group.

Ans. Functional Group: A functional group may be defined as an atom or group of
atoms that determines the characteristic properties of an organic compound.

For Example: The family of alcohols have its characteristic properties due 1o the
presence of —OH (hydroxyl) group, called the functional group of alcohols,

23, Distinpuish between Aleohols and phenols,

Ans. Alcohols and phencls both contain the Hydroxyl group (-OH).

Aleohols: In alcohols, the hydroxyl group is attached to an alkyl group (e.g.
Methanol).
Phenols: In phenols, the hydroxyl group is directly attuched to a benzene ring.

[CTUTITTY INTIHANI CHENISTRY

18. From what acetic acid was isolated?

Ans. Acetic acid was isolated from vinegar.

29. What is the Latin word for vinegar?

Ans. The Latin word for vinegar is acetum.

30. What are Esters and what are they used for?

Ans. Esters: Esters are sweet smelling compounds.
Use: They are commonly used as fldvouring agents in certain food ilems.

31. How is an Ester prepared?

Ams. An Ester can be prepared by reacting an alcohol with & carboxylic acid in the
presence of an acid catalyst.

CH,CH,COOH + CH; - CH,0H " CH,CH,C0O0C H,CH,+ H,0

3. How do you name a Carboxylic acid in the IUPAC system?
Ans. Replace the ending '—¢" of the alkane with ‘<oic acid',
Example: Ethane becomes Ethanoic acid.

= Exercise Questions (Solved)

LEEddireen

I A. Multiple Choice Questions

% Choose and tick the correct answer from the given choices.

HC -~ CH~CH,
I, Choose the correct IUPAC name for the compound ! -

CH
(a) But-3ene  (b) But-l-ene () Bu2-cne (&) Butene
1. Select a branched chain compound,

(a) CH;=CH - CH, - CH, (b) E

(¢) CH,=C - CH - CH, (d) CHy=CH=CH,~CH,
3. Which is the displayed formula of ethanol?

(a) CyH;OH (b) CH; ~CH;-0OH

CH, = E.F-I:H--q;l-zlj

24. Give one example of an Amide group Compound, H H H H

o | [ )

i Il ide Il ¢} H-C-C-0OH H-C-C=0-H
Ans. Formamide H =G = NH, {or) Acetamide CH, ~ C ~NH, (c) A id) |£| dl
Naming Organic Compounds 4. ld:nilg the aldehydic functional group among the following:
L8]
25. How are IUPAC names of aleohols derived? {a) E ol (k) g (e} —OH (d)y 0
Ans. The ending - ¢' of the parent alkane is replaced by - ol'. 5, S i =C=H
Example: Methane becomes Methanol Select the general formula of alkyne family.
26. From what formic acid was first isolated? (a) CyHy,, {b) C.Ha, (€} CoHss (dy C.H..,
Ans. Formic acid was first isolated from red ants. 6. How many structural isomers will be there for & satersted kyvdrocarbhon
27. What does formica mean? . having five carbon atoms?
Ans. The latin word Formica means anl, ' (a) 2 (b) 3 ey 4 (d) 35
e —— e—— T W | RN | R b — -“- e T T . A
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Which ester among the following will be called ethylpropanoate?

g T

) 4. -c-0cH, ¢ ) ey —cH-c-ocH,
9 ?

©) en,-c-ocH, @ cy _eH-c-ocH

8. Which functional group is present in alkenes?
{a) Mo Functional group {b) Carbon - carbon triple bond
{¢) Carbon - carbon double bond {d} Carbon-carbon single bond

[ Ansiwers)
. W 2. (W X (d) 4. (d) 35 (c) 6. (b}
7. d) B i)

B. ihort lmwu-ﬂuemnm

21.1 What is the difference between saturated and unsaturated hydrocarbons?

Ans. Saturated Hydrocarbons: The hydrocarbons in which all the four valencies o
carbon are utilized using single bonds only are called saturated hydrocarbons o
alkanes,

Uncaturated Hyvdrocarbons: The hydrocarbons containing at least one double o
triple bond are called unsaturated hydrocarbons.

21.2 Write down the structural formula of Butan-2-ol.

CH, —(IZ'H - CH,- CH,

OH

21.2 Why i« ethyvlamine CH, — CH, - NH, called an organic compound?

Ams. Ethvlamine (CH, - CH, — NH,) is called an organic compound because it 52
derivative of a hvdrocarbon where a hydrogen atom is replaced by an amino grog
(-NH,).

21.4 Write down the formula of an ester called ethyl methanoate,

Ans. The formulae of an ester called ethyl methanoate is as follows: HCOCH,CH,,.

21.5 Define structural isomerism.

Ans, Structural Isomerism: Two or more compounds having the same moleculy
formula but different structural formulae and properties are said 10 be isomers -
the phenomenon is called structural isomerism,

21.6 Give ITUPAC name to CH, - CH, - CH, - CH,

Ans. The IUPAC name for CH; — CH; — CH5 = CH, is Butane {4 carbons in
saturaied cain )

21.7 What is comman in carboxyl group, amide functional group and estt!
functional eroup?

Ans. The common feature in the carboxyl group amide functional group and st

Ans. The structural formula of Butan-2-ol is;

a straig®

i
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functional group is the carhonyl goup (C = O).
All three groups L.:rn.m-in # carbon atom double - bonded 10 an oxypen atom,

nnthu:‘ttﬂ Haspuma Questions

21.1
Ans.

2.2

Ans,

21.3

Ans.

214

Ans.,

21.5

Ans,

Why the members of a homologous series have similur chemical properties?
The members of 8 homologous series have similar chemical properties due to the
prerence of the same functional group. Because the reactive pan of the molecule is
identical across the series, they under go the same types of chemical reactions.
How are the properties of Z-mcethyl propane different from n-butane, both
cantaining the same number of earbon atoms?

Even though both skare the molecular formula CH . they are structural isomuyrs,
muunjlng their atoms are bonded in differemt arrangements

n-butane is a stright - chain alkane. It has a larger surface arca, leading 1o stronger
intermolecular forces. This results in a higher boiling point (-0.5 °C)
2-methylpropane (isobutane) is a branched chain alkane, Branching makes the
molecule more aph:;rir,al. decreasing its surcface area and weakening the
intermolecular forces. This results in a lower boiling point (- 11.7°C)

Write down the structural Tormulae of isomers shown by satroated
hydrocarbon containing five carbon atoms,

A saturaled hydrocarbon with five carbon is pentane (C,H )
isImers;

n — pentane:

It has three structural

CH; - CH; - CH, - CH, - CH,

Isopentane (2 — methyl butane): CH, - CH (CH,) - CH. - CH
CH
H,-C-C
Neopentane (2,2 — dimethyl propane): (CH,),C O e
CH

Write down the structural formula of the isomers shown by butene,

Butene (CyHy) exhibits isomerism based on the position of the double pond and the
arrangement of the carbon skeleton:

1-Butene: The double bond is between the first and second carbon

CHa2 = CH - CH; - CH,,

2-Butene: the doubie bond in the centre. CH, - CH = CH - CH

Isobutylene (2 — methyl propene); A branched structure
CH, = C(CH,) - CH,

Explain the difference among functional grosp present in aldehyde. ketone
and carboxylic acid.

All three contain the carbonyl group (C
tes that carbon:

Aldehyde: The curbonyl carbon is bonded 1o at least one hydrogen atom. It s

wilth a doubte bond

(), but they differ in whatelse 15 antached
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always lecated at the end of'a carbon chain,
General Formula: R - CHO

e Ketone: The carbonyl carbon is bonded to two other carbon moms. It is alwayg
located inside the carbon chain,
General Formula: R - CO - R’

®  Carboxylic Acid: The carbonyl carbon is bonded o hydroxyvl group (~OH). Thiy
combination is called a carboxy | group.
General Formula: R - COOH

------

211 What is an organic compound? How organic compounds are classificd based
on the type of carbon chain present in them?

Ans, For answer see

21.2 Explain structural formula giving examples,

Ans. For answer see Q2

21.3 Write down five characteristics of a homologous series.

Ans. For answer see (33

21.4 Give IUPAC rules for naming alcohaols.

Ans. For answer see Q1 |

21.5 Name the following compounds.
{a) CH,;-CH,-CH,0H
(¢) CH,-CH,-CH,-COOH

(a) CH,-CH,-CH,0H

Ans. Propan - | - ol

(by CH;-CH,-CHO

Ans. Propanal

{¢)y CH,-CH,-CH,-COOH

Ans. Butanoic acid

{d) CH,-CH,-CO-0-CH,

Ans, Methyl propancate

(b) CH,-CH,-CHO
(d) CH,-CH,-CO-0-CH,

———— R P
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Hydrocarbhons

student Learning Outcomes
After studying this chapter, students will be able to:

" State thar the bonding in alkenes includes a double carbon-carbon covalemt bond
and that alkenes are unsaturated hydrocarbons.

o Describe the manufacture of alkenes by the eracking of large alkane molecules
using a high temperature and a catalyst. '
Describe the reasons for the cracking of large alkane molecules.

e  Describe the test 1o distinguish between saturated and unsaturated hydrocarbons by
their reaction with agueous bromine and KMnO,.

#  Describe the properties of alkenes in terms of addition reactions with: bromine or
aqueous bromine
» hydrogen in the presence of a nickel catalyst
e steam in the presence of an acid catalyst and draw the structural or displayed
formulae of the products

#  Describe, using symbol equations, preparation of alkenes by elimination reaction in
halogenoalkanes and alcohols,

s ldemify alkynes as hydrocarbons containing triple carbon-carbon covalent bond and
that alkynes are unsaturated hydrocarbons.

¢  Describe the use of ethyne as fuel for welding and in artificially ripening fruits.

¢ Describe separation of petroleum into useful fraction by fractional distillation.

¢ Describe how the properties of fractions obtained from petroleum change from the
bottom to the top of the fractionating column, limited 1o
o decreasing chain length
o higher volatility
® |lower boiling points
& |ower viscosity

*  Name the uses of the fractions as:
o refinery gas fraction for pas used in heating and cooking
» gasoline/petrol fraction for fuel used in cars
» naphtha fraction as a chemical feedstock
» kerosene/paraffin fraction for jet fuel
 diesel oil/gas oil fraction for fuel used in diesel engines.
# fuel oil fraction for fuel used in ships and home heating systems
® |ubricating oil fraction for lubricants, waxes and polishes
® bitumen fraction for making roads

* _ Name fossil fuels; coal, natural gas and petroleum

i
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. Mame methane as main constituent of natural gas

®  State that petroleum is a mixture of hydrocarbons, compounds containing hydrog,
and carbon only

= Subjective Type Questions L

e o  — " . — o ——

/ Long Questions prepared in the light of new Exorination Technigues :
(Knowledge, Understanding, Application, Annly‘tinal & Conceptual) £

. S . mm—

EEZ1 important Reactions of Alkenes
EE]  Anes

0.1: What are alkenes. How are they prepared?
Ans. Alkenes:

" Alkenes are unsaturated hydrocurbons containing one or more carbon double bond,
They have Alkenes are also called olefins, The have general formula for alkenes is
CaHan.

Uses of alkenes: Alkenes are widely used in the synthesis of various products. like
plastics and fuels.
Preparation of Alkenes: Alkenes may be prepared either by:
®  Dehydration of alcohols
#  Dehydrohalogenation of alkyi halides.
e  Cracking of aikanes
» By Dehydration of Alcohols: Dehydration means removal of water molecule.

Dehydration of aleohols is carried out with a dehydrating agent like concentrated
sulphuric acid.

CH;—CH—0OH
Etfranad
« By Dehydrohalogenation of Alkyl Halides:
In dehydrohalogenation a molecule of hydrogen halide (HX) is removed from 2
molecule of alkyl halide.
Dehydrohalogenation of alkyl halides is done with potassium hyvdroxide dissolved
in ethanol. :

CH, =CH, + H,0

Ethene

i

180'C
CH—CH.Cl + KOH —— * LH, =CH, + KCI +H,0
Alcohol

Chisroathane Ethene

This is an example of Elimation reactions,
Occurrence of Elimation Reaclions: These reactions occur when a molecule is removed
from a saturated compound to produce an unsaturated compound,

—
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Qo) 5%
a.2: Explain with examples the cracking of alkanes.

ans. Cracking of alkanes to alkenes:

cracking: Cracking is a process which 1s carrlmi oul to convert high molecular mass
alkanes to lower alkanes and alkenes.

Explanation: The process is carried out by heating alkanes at high temperature in the
ahsence of oxygen and in the presence of Zeolites as catalysts.

impartance of cracking: Cracking is important commercially because it produces:

¢ Smaller Alkanes Which arc useful as fuel.

s Alkenes (cthane and propene) which are useful starting materials to produce many
commercially important chemicals,

For Example: Kerosene oil and diesel oil which contain higher molecular mass alkanes
are often cracked Io give petrol, alkenes and hydrogen gas.

| cuss 10

Kerosene oil %’fﬁ Petrol + Alkenes + Hydrogen gas

Zeolite
C.H,. ——— 2CH, + CH, + CH,
-00°C Ethens Prooéne Osane

0.3: Describe important reactions of alkenes.

Ans. Chemical Reactivity of alkenes: Alkenes are very reactive compounds. The
Chemical reactivity of alkenes is due to the presence of carbon-carbon double bond.
Reactions: Alkenes undergo addition reactions.

Addition Reaction: Addition reactions are those reactions in which reactanis combing o
form a simple new product.

Addition of Hydrogen: Hydrogen is added to alkenes in the presence of nickel metal as a
catalyst to give alkanes as the products. This reaction is called catalytic hydrogenation or
catalytic reduction.

CH,=CH, + H,

CH, = CH;

e i
IS.I:I C. 2 am, pressune Eirane

Addition of Halogens:

CEl,

—* 5 CH, — CH;
| [}
Br Br

12 - Doromasihine

CH, = CH, + Br,

Oxidation with KMnO,: Alkenes can also react with cold and dilute alkaline
potassium permanganate 1o give an important compound called ethylene glycol or
ethane-1,2-diol.

. .
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CH, = CH, + HO = [0] MNO., ¢H,-CH
OH OH
! kihan ¥, J-dial iGlyenl!

Addition of Hydrogen Halides:

Like halogens, hydrogen halides can also be added 1o a double bond of an alkens
These reactions are known as hydrohalogenation of alkenes,

CH. = CH, + HBr ——— CH, — CH.Br

Broroetnane

Ethera Hyd gzes

Addition of Water (Steam):

Alkenes react with water in the presence of sulphuric acid. The reaction takes plag
at around 300 °C. This is also called hydration reaction,

H H HH H HHH
HC—CC{HHGH"SD*H:cﬂcH
CT300°C |
H H H OHH H
; But-T-ane + Watar H:50, Butan-2-ol

0.4: How we can distinguish between saturated and unsaturated compounds?
Ans. Oxidation with KMnO,:

. KMnO,
CH, =CH, + HO + [0] ——, CH.-CH
OH OH
Ethan: 3, &-dinl {Glycal)

Both halogenation and oxidation reactions may be used to detect the presence of an
alkene. The reddish brown colour of bromine or purple colour of potassium
permanganate is rapidly discharged when ¢ither two reacts with an alkene. Similarly
alkenes also discharge the violet eolour of jodine,

*  These reaction are not given by saturated compounds or alkanes. Thus they are used
to distinguish berween saturated and unsaturated compounds (alkenes).

0.5: Write a detailed note on alkynes.

Ans. Alkynes:

Alkynes are unsaturated hydrocarbons which contain at least one —C ° C — bond.
They are represented by the general formula CnHyp 3.

Naming of Alknes:

Just like alkenes are also named by counting the number of carbon atoms present in
the longest continuous chain that contains the triple bond.

bilhate. o B
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f CH =CH CH,-C=CH
| Ethyne Propyne
CH=C-CH, -CH, CH,-C=C-CH,
But=1-yme But 2-yne

gthyne or Acetylene Gas: The simplest unsaturated hydrocarbon containing triple bond

is called ethyne or acetylene gas. }4&

uses of Acetylene: o A

For Welding: e,
It is commonly used for welding and cutting

purposcs because it produces a large amount of heat

when it is ignited in the presence of oxygen or air.

Fig. 21.1: Acetylene torch

2CH = CH +50, - —» 4C0, + 2H,0 + Heat

In the acetvlene torch, acetylene gas bums in oxygen to produce COz and H2O. The high
emperature of the oxy-acetylene flame speeds up the cutting and welding processes.
Ripening of Green fruils:

Acctylene gas is also used for ripening of green fruits. When solid calcium carbide
reacts with moisture present in the air it produces acetylene gas which accelerates the
ripening of the green fruits and induces a colour change.

[EZX]  sources of organic Compounds

m ‘Refining of Petroleum

0.6: |dentity the major sources from which organic compounds can be obtained.
Ans. Organic Compounds: Organic compound are chemical compounds primarily
tomposed of corbon atoms that are covalently bonded 1o each other or to other elements.
Sources ol Organic Compounds: Organic compounds can be obtained from many-
sources. Three major sources of organic compounds are:

® Coal & Petroleum & Natural gas
Sources of aliphatic Hydrocarbons: Chief sources of aliphatic hydrocarbons are:
Source of Aromatic Hydrocarbens: Ceal major source of aromatic hydrocarbons.
Natural gas: Natural gas is a mixture of many hydrocarbon gases, with methane (CHg)
being the largest component.
Petroleum: Petroleum and natural gas are mostly found together, held between the layers
of non-porous rocks underground.
Extraction: When a well is drilled through the rock, the gas is released carrying with it
some of more volatile liquids.

Collection of liquid Petroleum: Afier the flow of gases ceases, the liquid petroleum is

.
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taken out with the help of pumps.

Liquid Petroleum: Liquid petroleum is a complex mixture of mainly aliphag
hydrocarbons,

Chemical Diversity ol Petroleum: I has been estimated that when petroleum is boilyg
upto 400 °C, at least 500 compounds can be obiained.

Principal Products of Petroleum Refining: Although the principal products of
petroleum refinjng are various types of fuels, vet-a large number of ather imporias
chemicals can also be produced from these fuels.

For Example:

Alkenes: Petroleum products produce alkenes which are starting material 1o prepare

plastics.
Benzene: Benzene. an aromatic hydrocarbons, may be produced from n-hexane.
Uses of Benzene: Benzene may be used to produce thousands of useful aromatie

compounds like:
® Perfumes o Drugs & Dwes

0.7: Describe the fractional distiilation of petroleum.
Ans. Refining of Petroleum:

Petroleum in a crude state is a mixture of many hvdrocarbons which do not bum
easily. To make it useful, petroleum must be separated into different fractions by a
process called refining of petroleum.

Fractional Distillation: Refining process involves the fractional distillation of petroleum
at about 400 *°C wheseby it is separated into hany.usefnl fractions.

Neutralization: The first step in the refining process is neutralization of the crude oil by
washing with acidic or basic solution as required.

Heating: The neutralized oil is then heated in an electric furnace above 400 *C and the
resulting gases and vapours are allowed io pass into a tall factionating column,
Fractionating column:

The resulting gases and vapours are allowed 10 pass into a tall fractionating column

The column has a number of compariments divided into shelves having holes in
them. These holes are covered with babble caps.

Relinery Gases:

When the oil is heated, the dissolved gases known as the refinery gases first go al
the top of the fractionating column and escape there from the outlet.
Fractions with High Boiling Points:

As the temperature, the vapour stant going up in the column where the hyvdrocarbon
fractions which have high boiling points are easily condensed 1o liguids in the lower parl
af the column,

o Photographic developers

b
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Fractions with Lower Boiling Points: 20°c Some
lhe fraction which have lower boiling ( §5C
point ranges rise up near the top of the column TR . Gasoline
u‘5 \:npnurs. which are then condensed into Iﬂalm;:
liquid state. E—
Collection of Condense ions: ' ;
; |:| Liguid Fl"at:tlunﬁ e TS
These condensed liquid fractions are
collected on the various shelves from where | = Diasel .
hey can be drained of imt le storage :
they © ¢ drained of into separate g MRRE o

tanks.
Redistillation of Fractions:

The fracti are not The oil s '
.L rl':l.-l-IU'I-'IE thus s:parulcd- i iy
without impurities from the other fractions. _nfurnace | || Asphalt
They are then redialed (o have a better e e
separation of hydrocarbons. Refining of Petroleumn

0.8: Write names, boiling range, composition and use of iractions of petroleum.
Ans. Fractions of petroleum and their uses.

Name of the Appropriate Range of carbon Uses
Fraction boiling range (°C) |atoms in each Fraction|
Refinery gases Below 0 1 Refinery gases are
liguified and sold as
fuels for stoves
Chasoline (petrol) -65 -6 Used 1o drive
aulomobiles
Maphtha 65-170 610 It is used as source of
many wseflul
. hydrocarbons
Kerosene oil | 70-250 1014 It is a fuel used in jel
= ’ Engines. !
Diesel wil 250-340 14-19 Used 1o run cars, buses
and trucks
Lubricating oil 340500 19-35 Used in cars, buses and
truck as lubricant,
wanes and polishes
Fuel oil 340-500 Above 20 Used in ships and to
| run power plants
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Bitumen Above 500
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_“-d to construct rogg
and to waler prool rogf,
and pipcs.

Q.9: Which properties of petroleum fractions Change with their boiling points?
Ans. Each petroleum fraction contains a mixture of hydrocarbons. They have sin-nilu
physical properties which depend upon the following factors.

= Objective Type Questions

Multiple Choice L'.Iur p;ep in 'Ihigh'r uwuminuliun Techniques i

(Knowledge, Understanding, Application; Analytical & Conceptual)
(i) MNumber of carbon and hydrogen atoms present in the molecule of a fraction, .

(i) Volaiility [EZX]  important Reactions of Alkenes

(iii) Boiling point range
(iv) Viscosiiy

. 1. Which of the following condition is required for the dehydration of ethanol to
Effect of Boiling points: produce ethane?
As the boiling points increase, several key properties change in a predictable trend: {a) Alcoholic KOH at 180°C (b) Dilute 1,50, at |00 =C
Increasing Molecular Masses: (e) Concentrated H,50; at 180 °C {d) Mickehcatalyst o 150 *C
As the number of carbon and hydrogen atoms in the molecule of a hydrocarbons 2. Which term describes a reaction where a molecule is removed from a
increases so does their molecular masses, As the molecular masses increase, this chanpes “t““_t“"ll compound to produce an unsaturated compound?
the sirength of intermolecular forees between the molecules. Higher the molecular mass (%) Elimination reaction . (b) Cracking :
T a hvd bon s i p N (¢) Hydrogenation . (d) Catalytic reduction
of a hydrocarbon stronger the intermolecular forces between its moleeules. This fag 3.  Which of the following is used as catalyst, in the industrial process of
affects the physical properties of hydrocarbons as well. Lower hydrocarbons have high eracking? .
volatility. low boiling points and lower viscosities, As the chain length increases their (a) Wickel " {b) Alcohol {e) Sulphuric acid (d) Zeolite
properties also show upward trends. So the fractions of the petroleum obtained at the top 4.  What occurs when ethene is treated with hydrogen gas in the presence of a
of the column have high volatilities, lower boiling ranges, lower viscositics and they are Nickel (Ni) catalyst at 150 °C? .
highly inflammabie {(a) Mo reaction occurs {b) Ethene is reduced 1o ethane
BN 2 (c) Ethene is converted to etheyne (d) MNone of these
5. It is a chemical test used to distinpuish between saturated alkanes and
00 YOU KNOW?: &y unsaturated alkenes.
The use of calcium carbide in our country is prohibited becawse it is known 1o couse scrious health (a) Addi'licn_uﬂ:rrun:lin: water (b) Rcaﬂj“" “'f-"h ::!nct:ntm!cd Hz 50y
problems like dizriness, vomiting and skin ulcer. . {c) Combustion in air (d) Reaction with Nickel catalyst
6.  When an alkene reacts with cold, dilute alkaline potassium permanganate,
INTERESTING INFORMATION what happens to the purple colour?
; {a) It remains unchanged " {b) It is rapidly discharged
Ali\:.r:ncs occur abundantly ll'.l nature. Eithy!mc. for example is & plant harmone that induces ripcning in {c) It trns deep blue {d) It turms bright red
fruit. An alkene -carotene is an orange pigment responsible for the colour of carrots. 7.  General formula for alkenes is:
(a) CH (b) CaHz, (e} CpHana (d) -COOH
B.  Olefins is another name of:
/"' 5 (a) Alkynes (k) Alcohols ic) Alkenes (d) Butane

9.  Alkene B—carotene is a pigment of:
- {a) Green colour (b) Pink colour {c) Yellow colour (d) Orange colour
J 10. What is the general formula for alkynes?
= (a) CyHa, (b) Cy Haos () CaHya (d) Cu Hine

i

T —
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1L Nydrohulogenntion of ethane with hydrogen bromide (18r) vesulis In gy

12

l]!

14,

15

6.

7.

9.

20,

21.

22,

24.

formantion of which compound?

() Lthane (1) LEthanol (e) Cilycol () Hremacthang

Which colour of bromine is dischurged when it rencts with wn allkene?

() Reddish biown (b)) Purple (¢} Mue (d) Cireen
When ulkenes react with water In the presence of sulphurie aeld, it is called;
(n) Cracking (b Colytie reduction

(e} Hydration reaction () Dehydrolislogenation

A molecule of hydrogen halide (HX) Is removed from a moleenle of ulky|
hubide in:

(0} Dehydration (k) Dehydrohulopgenation

(¢} Hydrohalogenation (d) Hydration

Kerosene oil anid diesel oll are olten eracked to give:

(n) Petrol (h) Alkenes {e) Hydrogen gas  (d) Al of these
Dehydration means:

(1) Removal of waler molecule
(c) Additjon of hydrogen
Hydration means:

fa) Addition of halogen (b} Addition of hydrogen halide
{c)} Addition of woter (d) Addition of alcohaol

Which of the following is not an example of alkynes?

{a) Propyne (b} Ethyne {¢) Butync (d) Ethene
In the acetylene torch, acetylene gas burns in oxygen to produce:

fi} CG: and C0) ‘b] CD; and lhu

{e) Hy0and CO (d) €Oy, HyO and CO

Calcium carbide is known Lo cause:

(a) Dizziness (b) YVomiling {c) Skinulcer

EEXN  sources of Organic compounds

(b) Removal of hydrogen halide
{d) Addition ol halogen

{d) All of these

| 225 Refining of Petroleum
XX Physical Properties of different Petroleum Fractions

The major sources of organic compounds are:

{a}) Coal (b} Petroleum {e) Matwral pas (d) All of thesc

_The chief sources of aliphatic hydrocarbony are:

{a) Coal and petroleum {b) Matural gas and mal
() MNatural gas and petraleum {d) coke and coal
What is the major source of aromatic hydrocarbons?
{a) Matural gas (b) Coal {c) Petroleum
The largest component of natural gas is:

(a) CHy th) COy {c) CO

{d} MNonc ol these

(d) O,

B 2 o o REEEE S el
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2.

_:Tr

19;

Al
1,

33,

s,
36,
37.
38,
30,
40,
41,
42,

43,

COM A s 1o 3

How muny compuunids can be obtalned when petroleum s boiled upio A00C7
(i) 200 {hy 300 fc) 4 fdy 300 °

Where ure petrolenm and natural gas primarily foand?

() Between layers ol porous rocks (h) Between layers of non-porous rocky
(c) O the pround (d) Al of these

When o well is first drilled, what is ususlly the first substance released?

(o) Crude ail (b Matural gas (c) Waler fd) Solid bitumen
Chemically, liguid petroleum is a complex mixture consisting mainly of:

() Aromatic hydrocarbons (b) Inorganic salts

{c) Aliphatic hydrocarbons (d) Gaseous oxides

Which of the hydrocarbons are starting material to prepare plastics?

(a) alkaney (h) Alkynes {e) Cycloulkunes (d) Alkenes
Benwene may be used to produce aromatic compounds like perfumes and:

fu) Prupgs (h) Diyes

(c) Photographic developers (d) Allof these
Benzene a petroleum product may be produced from:
(a) n-hexanc {h) Mcthanc {c) Propane
Petroleum in its crude state is 2 mixture of many:

{a) Elements {b) Hydrocarhons  (c) Oxides (d) Metals

The process used to separate crude oil into wseful fractions is known as:

(a) Evaporation ) {b) Filtration

{e) Fractional distillation {d} Meutralization

Which fraction conlains 14-19 carbon atoms per molecule?

{a) Kerosene oil (b)) Diesel oil fe) Fuel ail (dy Lubricating oil
Which fraction has a boiling range below 0°C?

fa) Kerosene oil (b)) Diesel oil {¢) Refinery pases (d) Gasoling
Gasoline has range of carbon atoms:

{d) Ethylene

(a) 1-4 (b) 5=10 fc) 6-10 (d} 10-14

It is wused as source of many useful hydrocarbons,

{a) Lubricating ail (b) Maphtha {c) Bitumen {d) Diescl ail
Diesel oil is used to run:

{a) Cars |, (b) Busecs (e) Trucks () All of these

It is the fracting having boiling point 340-500°C,

(a) Fuel oil (b) Diesel ail {c) Bitumen (d) lubricating oil
Which of the fellowing has range of carbon atom above 357

(a) Maphiha (b) Petrol ie) Fuel oil (d) Bitumen
Lubricating oil has a range of carbon atoms:

(a) 6-10 (b) 14-19 {c) 19-35 {d) Above 35
170-250°C is a boiling range of:
ta) Diesel oil (h) Kerosene oil  {c) Gasoline {d) Fuel oil

Diesel il has a range of carbon atoms:

(a) 14-19 (b) 5-6 {c) 10-14 {d) Above 20
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. 44, Which of the following fraction has boiling range 65-170 °C?

{a} Gasoline ib) Naphtha (¢} Fuel ail {d) l.ubricating o
45.  As the number of carbon atoms in a hydrocarbon chain inercases, the bailing

point:

{a) Increascs

{c}) Remains the same
Angwaors
. (e) 2. (a) 3 oqdy 4. (0 & (&) 6. (b 7. b
8 (o 9. (d) 10. (b} 11. (d) 12. (a) 13. (c) 14. (h)
15., (d} 16. (a) 17. (c) 18 (d) 19. () 20. (d) 21 (d)
22 () 23. (&) 24. (a) 25, (dy 26, (h) 27, (b) 28. ()
29, (d) 30. (d) 3. (a) 32 (k) 33 (c) M. (b) 35 (o)
36. (b) 37. (b) 38 (d) 39 (d) 40. (d) 41 (c) 2. (b)
43. (&) 44. b} 45. (a)

(b} Decreases _
(d) Becomes zero

O

/ Short-Answes Questlons prepared in the light of new Examination Technigues
(Knowledge, undurﬂanding, .ﬂpplll:atlun, ﬁnnlrth:al & Conceptual)
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Alkenes Imuurtant Reactions of Alkenes

1. What are alkenes?

Ans. Alkenes: Alkenes are unsaturated hydrocarbons containing one or mor
carbon-carbon double bond,

2.  What is another name of alkenes?

Ans. Alkenes are also called oleflins.

3. State the general formula for alkencs.

Ans. The general formula for alkenes is CyMHzg.

4. MName three-methods used to prepare alkenes.

Ans. Alkenes can be prepared by:

¢  Dehydration of aleohols

¢  Dehydrohalogenation of alkyl halides

&  Cracking of alkenes.

5.  Forwhat purposes are alkenes used?

Ans. Alkenes are widely used in the synthesis of various products, like plastics and fuch

6.  What does dehydration mean?

Ans. Dehydration means removal of water molecule.

7. What is meant by the dehydration of aleohols?

Ans. Dehydration of alcohaols means the removal of a water molecule from an _:ﬂl.'i'rh'-"l'h

is carried out with a dehydrating agent like coneentrated sulphuric acid. -
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g Write the chemical equation for'the preparation of ethane from ethanol.
'M“' Ethannl Hrsgi Lihene

g, Define dehydrohalogenation of alkyl halides.

Ans. [t is the removal of a molecule of hydrogen halide (HX) rom a molecule of alkyl
halide. It is done with potassium hydroxide dissolved in ethanol.

10. Write the chemical equation for the preparation of ethane from chloroethene.

180°C
H,— CH,Cl + KOH L ————3 CH, = CH. + KCl +H,0
Ans. Alcghol

Chigroethane Etrsene

11, What is an elimination reaction?

Ans. It is a reaction that occurs when a molecule is removed from a salwraled compound
to produce an unsaturated compound.

13, What is cracking?

Ans. Cracking: Cracking is a process which is carried out lo convent high molecular
mass alkanes to lower alkanes and alkencs.

13. How is eracking carried out?

Ans. Cracking is carried out by heating alkenes at high temperature in the absence of
oxygen and in the presence of zeolites as catalysts.

14, Why is cracking commercially important?

Ans. Cracking is important commercially because it produces smaller alkenes.
Smaller alkene which are useful as fuel.
Alkenes (ethene and properc) which are useful stanting materials to produce many
commercially important chemicals.
For Example: Kerosene oil and diesel oil which contain higher molecular mass
alkanes are often eracked to pive petrol, alkenes and hydrogen gas.

15. Why are alkenes considered to be very reactive compounds?

Ans. Alkenes are very reactive compounds. Their chemical reactivity is due to the
presence ol a carbon-carbon double bond.

6. What is catalytic hydrogenation?

Ans, Catalytic Hydrogenation: It is the addition of hydrogen to alkences in the presence
of nickel metal as a catalyst to give alkanes as the products.

17 What is another name of catalytic hydrogenation reaction?

Ans. Another name of catalytic hydrogenation reaction is eatalytic reduction reaction.

18. How do alkenes react with halogens?

Ans, Halogens are readily added to alkenes in the presence of a non-polar solvent 1o give
alkyl halides.

19, Name the product formed when ethane reacts with bromine.

Ans. When ethane reacts with bromine, |, 2-Dibromocthane is formed.

e

-
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20, Name the products obtained after eracking of kerosenc ml n|||1 eliesel il

Ans. Kerosene oil and diesel oil which contain higher molecular mass alkanes are ofig,
cracked to give petrol, alkenes and hydrogen gas.

1. What do kerosene oil and diesel oil contain? |

Ans. Kerosene oil and diesel oil contain higher molecular mass alkanes.

1. Why do alkenes undergo addition reactions?

Ans. Alkenes undergo addition reactions because of the presence of a carbon-carbgy |
double bond. In these reactions reactants combine (o form a single new product,

23 What conditions are required for the hydrogenation of ethane?

Ans, Nicke! (Mi) catalyst, a temperature of 150 °C and 2 atm pressure are required fo |
the hydrogenation of ethane. |

24, Whart is hvdrohalogenation of alkenes?

Ans, It is a reaction in which hydrogen halides can be added 1o a double bond of g
alkene.

25. Name the product formed when ethane reacts with hydrogen hrnmuln

Ans. Bromoethane is the product formed when ethane reacts with hydrogen bromide.

26. What is a hvdration reaction?

Ans. Hydration Reaction: It is a reaction in which alkenes react with water in the
presence of sulphuric acid. This reaction takes place st around 300°C,

27. What are alkvnes?

Ans. Alkynes are unsaturated hydrocarbons which contain at least one —C = C - hond.

24. How are alkynes represented?

Ans, Alkynes are represented by the general formula €, Ha,

29, How are alkvnes named?

Ans. Alkynes are named by counting the number of carbon atoms present in the lorges!
continuous chain that contains the triple bond.

Examples:
CH=CH CH:-C=CH
Ethyne Propyne
Ch=C-CHz=CHs CH:—C = C-CHa,
But — I—yne But - 2-yne

30, What is ethyne?

Ans. The simplest unsaturated hydrocarbon containing a triple bond is called ethyne 9
acetylene gas.

31, What alkeyne is used for welding and cutting purposes?

Ans. Ethyne or acetylene gas is used forwelding and cutting purposes,

32. Write the balanced chemical equation for the combustion of nth} ne.

Ans. 2CH = CH + 507 ——— 4C0; + 2H;0 + Hemt

33, How is acetylene gas used in the food industry?

Ans, Acetylene gas is used for the antificial ripening of green fruits, where it accelerd®
the ripening process and induces colour change,

—-—-'.-.-'-Fr
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i, Why is the use of caleium carbide prohibited in our country?
Ans. The use of caleium carbide is prohibited in our country because it is known Lo
cause serious health problems like dizziners, vomiting and skin uleer.

XX} sources of Organic Compounds
m Refining of Petroleum

15, What are the three main sources of organic compounds?

Ans. The three main sources of organic compounds are coal, petroleum and natural gas,

3. What are the chief sources of aliphatic hydrocarbons?

ns. Natural gas and petroleum are chief sources of aliphatic hvdrocarbons.

17. What is liquid petroleum? :

Ans, Liguid petroleum is a complex mixture of mainly aliphatic hydrocarbons.

18, Name the principal products of petroleum refining. -

Ans. Although the principal products of petroleum refining are various types of Tuels, vet
a large number of other important chemicals can also be produced from these fucls.
for example alkenes and bénzene.,

19, Which are the starting material to prepare plastics?

Ans. Alkenes are the starting material to prepare plastics.

40, What is benzene?

Ams. Benzene is an aromatic hydrocarbon, may be produced from n-hexane.

4l State the uses of benzene,

Ans, Benzene may be used 1o produce thousands of useful aramatic compounds like:
® Perfumes & Drugs  eDyes ® Photographic developers.

i, What is petroleum?

Ans, Petroleum: Petroleum in a crude state is a mixture of many hydrocarbons which do
not burn easily. To make it useful, petroleum musi be separated inte different
fractions by a process called refining of petroleum,

43, Which scientific method is used for refining of petroleum?

Ans. Fractional distillation is used for refining of petroleum at about 400°C.

H. At what temperature is fractional distillation done?

Ans. Fractional distillation is done at abow 400°C,

45, What is the first step in the refining process after obtaining crude oif?

Ans. The first step in the refining process is neutralization of the crude oil by washing it
with acidic or basic solution,

4. Where do the heaviest fractions collect in the fractionating column?

Ans. At the bottom of the fractionating column the heaviest fractions are collected.

7. Where do the hyvdrocarbon fractions having lower boiling points condense
into liquid state in the fractionating column?

Ans, The hydrocarbon fractions having lower boiling points condense into liquid state

- Near the top of the fractionating column,

.
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48. 'What is the boiling range of refinery gases?

Ans. The boiling range of refinery pases is below 0°C.

49. What do you know about boiling range, carbon atoms range and uses 4
naphtha?

Ans. Boiling range: Boiling range of naphtha is 65-170°C.

Range of carbon atoms: Range of carbon atoms in naphtha is 6-10.
Uses: Naphtha is used as source of many useful hydrocarbons.

50. Tell boiling range, range of carbon atoms and uses of kerosene oil.

Ans, Boiling point: Boiling point of kerosene oil is | 70-250°C.
Range of carbon atoms: Range of carbon atoms in kerosene oil is 10-14.
Uses:Kerosene oil is used in jet engines.

51. Can vou tell the boiling range of diesel oil?

Ans. Boiling range of diesel oil is 250°C-340°C.

£2. What is range of carbon atoms in diesel oil?

Ans. [n diesel oil the range of carbon atoms is [4—19.

£3. Tell uses of diesel oil.

Ans, Diesel oil is used to run cars, buses and trucks.

54. What is boiling range of fuel oil?

Ans. The boiling range of fuel cil is 340°C-500°C.

£5. Tell range of carbon atoms in Tuel oil.

Ans. Range of carbon atoms in fuel oil is above 20.

56. Discuss uses of fuel oil.

Ans. Fuel oil is used in ships and to run power plants,

57. What is boiling range, carbon atom range and use of bitumen?

Ans. Boiling range: Boiling range of bitumen is abave 500°C.
Range of carbon atoms: Range of carbon atoms of bitumen is above 35.
Uses:Bitumen is used to construct roads and 1o water proof roofs and pipes.

58. What happens to the temperature as you move from the bottom to the top of
the fractionating column? ~

Ans, The temperature decreases as we move from the boltom to the top of 1
fractionating column.

£9. Which fraction is used to drive automobiles?

Ans. Gasoline (petrol) is used to drive automobiles.

60. Mame the fraction that is used in jet engines.

Ans. Kerosene oil is used in jet engines.,

61. Which fractions is used to run cars, buses and trucks.

Ans, Diesel oil is used to run cars, buses and trucks.

62. Name the fraction that is used in ships and to run power plants,

Ans. Fuel oil is used in ships and to run power plants,

63. List four factors that determine the physical properties of a petrolee®
fractions.

Ans, Four following factors determine the physical properties of a petroleum fractions

I
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(i) Number of carbon and hydrogen atoms present in the molecule of a fraction.
T (i) Wolatility. (iii) Boiling point range. {iv) Viscosity.

#4. How does the number of carbon atoms afTect the boiling point of a fraction?

Aps. As the number of carbon atoms increases. the molecular mass and iniermolecular
forces increase, leading to a higher beiling point,

g5, Why are fractions at the top of the columa more inflammable?

Ans. Fractions at the top of the column arc more inflammable because they have high
volatility and low boiling points. meaning they tumn into vapour.and ignile more
casily them heaver fractions.

g6, Which fractions have high viscosity?

Ans. Fractions with more earbon atoms (like bitumen) have high viscosity

§7. What is volartilicy?

Ans. Volatility: It is the tendency of a substance to evaporate (tum into gas).

68, Which fractions have high volarility? i

Ans. Fractions at the wop of the fractionating column have high volatility.

¥ Choose and tick the correct answer from the given choices.
1. Which of the following compounds is expected to give addition reaction?

(a) CH;—CH; (b) CH:=CH- ic) CHy {d) CHyCH-—CH;,
2, Which of the followings is not used as a fuel?
(a) LPG (b) CNG (c) Diesel (d) Asphah
3. Indicate the type of the following reaction.
CH; + 20; —— CQ» = 2H-0
(a) Substitution (b) Oxidation {c) Reduction (d} Addition

4. Which species acts as a reducing agent in the reaction between cthene and

KMn0O,?
(a) H;O (b} CH>=CH; (e] KMnO, id) NaOH

5. The product which will be formed when propene reacts with bromine
molecule.

(2} 1.2-Dibromopropane (b) 1,1-Dibromopropans

(¢} 2,3-Dibromopropane {d) 1.3-Dibromopropane
6. Select the name of the petroleum fraction which generates electricity in power

plants,

{a) Bitumen {b) Lubricating oil (c) Kerosene ail
7. The molecule eliminated in the following reaction is:
CH; —CH; - Br+KOH —T&=" CH; =CH; + KBr = H;0

{h] H: (e HBr I‘.d} H:G

{d} Fuel il

Ea} H-I‘:
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8. Fractional distillation of petrolcum is based on:
(a) Viscosity {b) Beiling point range .
(¢} Flammability (d) Melting point range e
1 (b) 2 () 3 (b) 4 (o) 5 (@ 6 (d 7 () 8 (b

Addition Reaction:
Addition reaction is the reaction in which resctants combine to form 2 single new
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Example:
180°C
CH,— CH,Cl + KOH ﬁ CH, = CH, + KCl +H,0
Chloroethane Alcoho Ethens

&

| B. Short Answer Oue product.
22.1 Give two examples of addition reactions. Example:
‘Ans. Addition Reactions: Addition reactions are those reactions in which reactangy | Hi

combine to form a single new product. | CH, =CH, + H, 150 "C. 2 atm pressure CH, - CH,

Etam_pln Of AGWEElR B taetions: ) i i 72.5 Name the starting materials used to generate oxyacetylene flame:

Addition of H}*{lmgtlu: Hydrogen is added 1o alkenes in the presence of nickel Anms. Oxypen and acetylene gas (CiH3) are the starling materials used to generale

metal as a catalyst to give alkanes as the products. oxyacetylene flame.

Ni 22,6 How can an alkene be identified? '
= + > -
CH, + H, 150 °C, 2 atm. pressure CH, — CH, Ans.-Alkenes can be identified by following reactions:

Ethana

221.2 Give the names of the compounds obtained from coal tar and petroleum.
Ans, Compounds obtained from coal tar: Following compounds are obtained from

coal tar:

o Benzens o Toluene * Phenol = Maphthalene

Compounds obtained from petroleum: Following compounds are obtained for
petroleum:

e  Refinery gases o  Gasoling (petrol)

s  Maphtha & Kerosene oil

e Diesel oil o Lubricaling oil

s Fuel oil ® Biumen

22.3 How ethene is oxidized by cold agueous solution of potassium permanganate,
Ans. Oxidation with KMn0Oy : Alkenes can react with cold and dilute alkaline
potassium permanganaic to give an important compound called ethane-1,2-diol.

: KMnO,
CH, = CH, + H,O + [0O] - —-» {|:H (|:H
OH OQOH
Ethan-1, 2-digl (Glycal)

_ 22.4 Differentiate between climination and addition reactions.
Ans. Elimination Reaction: It is a reaction that occurs when a molecule is removed

from a saturated compound to produce an unsaturated compound. ’ —

s  Halogenation reaction

L Oxidation reaction

. lodine Test

Halogenation Reaction:

When bromine is added to an alkene, the reddish brown colour of brominc is

rapidly discharged.

cCl,
'CHE = CHE i Brz —_— EI-H; — CH:
Br I‘t'ir

Oxidation Reaction:
When an alkene reacts with cold and dilute alkaline potassium permanganate., the
purple colour of potassium permanganate is rapidly discharged.
KMnO
CH, = CH; + H,0 + [O] —— CH,- CH,
| [
OH OH

Ethan-1. 2-dial (Glycal)

lodine Test:
Similarly alkenes also discharge the voilet colgur of iodine.
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CHAPTER

Monohydroxy Alkanes or Alcohols

Student Learning Outcomes

After studying this chapter, sludents will be able to:: '
& Describe the manufaeture of cthanol (This can be done by discussing fermeniatio
of aqueous glucose at 25-35 °C in the presence of yeast and in the absence of
oxygen catalvtic addition of stcam to cthene at 300°C and 6000kP f6 atm in the
presence of an acid catalyst including s comparison of the advantages and
disadvantages of the two methods)
Describe the combustion of alcohols
Discuss the applications of alcohols as Tuels, including their advantages and
disadvantages over fossil fucls,

- Explain the role of aleohols in various industries such as pharmac€uticals,
cosmetics, and fuel production.
o Discuss the impact of alcohols on daily life, including their use as solvents and

disinfectants.

Long Questions prepared in the light of new Exomination Techniques - /
1) 44

(Knowledge, Undnmt:nding, ﬁppllcatlun. Anal ical & Conceptua

EXEN  Manufacture of Ethyl Alcohol (CH, — CH; — OH)
m ~ Combustion of Alcohols

Q.1: Describe the preparation of ethanol by fermentation process.
Ans. Ethanol:

E th‘ll 1||LL'|IH-:|| or U”'ql”“i l'i i 'H,,.I_|r |||'|p|;1|"l.1|'|t "1.’_“1!'"_:' “l hun]ﬂluknus strl:s ﬂ[

Monohydroxy alkanes or alcohols. 1t is monufactured fatiof
on large scale by the fermen

L elgrsanerc S
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of glucose by yeast.
permentation of Glucose by Yeast:

Fermentalion is a reaction in which a substance breaks down inlo simpler
gibstances in the presence of enzymes present in yeast,
Examples:

Preparation of yogurt, bread and ethyl alcohol are some examplés ol the
fermentation reactions,
The Chemical Process:

Glucose can be converted to ethyl alcohol in the presence of yeast ail around 35°C
gnd in & neutral or acidie solution.

This fermentation reaction must be carried out in the absence of air {anacrobic
conditions) to obtain ethanol, )
Catalyst:

Yeast contains an enzyme which acts as a catalyst in this reaction.
Balanced Chemical Equation:

The balanced chemical equation for the fermentation of glucose is as follows:

g

C.H;0, == 2C,H,OH + z::o_l

Ethananl

Products of the Reaction:
Carbon dioxide gas comes out of the reaction mixiure leaving behind a mixiure of
ethanol and water.
Conditions for Reaction:
Temperature Sensitivily:

The temperature of the process must be kept around 35°C to get the maximum yield
af the product.

- A lower temperature decreases the rate of the reaction,
®  The higher temperature makes the enzyme inactive in anaerobic conditions.
Exclusion of Oxygen:

Oxygen is excluded from the reaction because it converts the resulting ethanol ino
ethanoic acid.

Alcohol concentration:

Since ethanol is loxic to yeast in high concentration. yeast is made inactive when
the concentration of ethanal in the reaction mixture exceeds | 5%.
0.2: Discuss the preparation of ethanol by hydration of ethene or Ethylene.
Ans. Preparation of Ethanol:

It is prepared in the industrics on large scale by the hvdration of Ethene or Ethylene
which is discussed below,

Hydration o! Ethene or Ethylene:
Hydration of ethene is an addition reaclion, In this reaction water is added across
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the double bond of the ethene,

The reaction is carried out by passing a mixture of cthene and sieam over hy
phosphoric acid (HyP0O,), which acts a catalyst,

Mechanism:

Hydrogen atom of H2O auaches itself to one carbon atom of cthenc and the
hydroxyl group to other atom. During this addition, the double bond breaks down to give

a saturated compound, ethanol,
Chemical Equation:

i
* CH,—CH,
H,PO, L=l
CH,=CH,, +HO, — > "5 H OH
Etheme JO0T, 60 atm. prossure Caksadial

Gaseous ethanol obinined is then condensed into its liquid form.

Industrial Importance and Applications:

Hydration of ethene is an important industrial process because ethanol is a versatile
compound. It has a wide range of applications from aleoholic drinks to fuels and as a solvent,
0.3: Give a comparison ol fermenlation reaction and catalytic hydration ol elhenr.

for the preparation of ethanal.

Ans. Comparison of Methods ol Production of ethanol:

Hydration of Ethene

Fermentation

Reaction is performed ot high emperaure
and at high pressure.

It takes place at around 315°C and m
atomspheric pressure.

Starting material for the process is
obtained from crude oil, which is a
non-rencwable source.

Starting material for this method is a
renewable source, such as cane-sugar.

Rate of reaction is high.

Rate of reaction 15 low, It may lake days o
complete.

The reaction produces relatively pure
alcohol.

The reaction produces 15% alcohol which
needs further distillation to increase the
concentration. Distillation requires energy.

Ethanol produced in this method is expensive,

Ethanol produced in this process is cheap. |

0.4: Explain combustion of Alcohols.

(OR) Explain why the amount of heat evolved (AH) increases as you move from
methanol to butanol in the homologous series.

Ans. Combustion of Alcohols:

Alcohols are flammable, therefore, burn in afr 1o produce CO5 and H.0 evolving ?

large amount of heat,
Example:

Methanol, ethanol and |-propanal, all burn completely in excess of air becausc they

gontain a hydrocarbon chain,

—

palanced Chemical Equations:

2CH,OH + 30, — > 2€0, + 4H,0 AH = -726k/mol
Fethanol
C,H.OH + 30, ————» 2C0, + 3H,0AH = -1367 kJ/mol
Ethanal
2C,H,OH + 90, 6C0, + BH,0aH = -2017 ki/mol
Prapanal
2C,H,OH + 120, —— 8C0, + 10H,04H = -2676kJ/mol

Buitano!

Mechanism of Heat Evolution:
During combustion of alcohols:
¢ The weaker C—H bonds in C—H: groups break the stronger C=0 and O~ bonds
are formed in CO5 and H2O respectively, '
This explains the reason due 1o which the amount of heat evolved incrocases with
the addition of a —CH; group in the aleohol homologous series.

| 23.3 | Applications of Alcohols as Fuels

Role of Ethanol in Industries

A |1J||‘:'I|. "

Impact of Alcohols on Daily Life

0.5: Describe applications of Alcohals as fuels.
(OR) Describe advantages and disadvantages of alcohols as fuels.
Ans. Applications of Alcohols as Fuels:

Alcohols are also used as fuels instead of petrol and diesel to run an automohile.
The first four aliphatic aleohols namely methanol, ethanol, propancl and butanol

have such properties which make them suitable to'be used in internal combustion

engines.

Advantages of Alcohols as Fuels:

() Alcohols are obtained from renewable sources.

i)y Burning of alcohols does notl produce oxides of sulphur which makes them
environmental friendly as compared to fossil fuels.

{iii) Alcohols have higher fuel efficiency as compared to petrol or diesel fuels.

Disadvantages of Alcohols as Fuels:

) Alcohols have less energy per volume than gasoline, It means more fuel is needed
to travel the same distance,

(i)  Alcohols can increase wear and tear on engine companents:

i) Land is utilized to grow crops which then vield alcohols. This fact affects the

y .-
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cultivation of food crops.
0.6: Discuss the applications of ethanol in Pharmaceutical industry.

Ans. Role of Ethanol in Pharmaceutical Industry:
Ethyl alcohol serves as a very common ingrédient in a variety of manufaciuring

processes in pharmaceutical industry.

(i) It possesses bactericidal activity and it is often wsed as a disinfectant in hang
sanitizer and ethylated spirit.

(i) Tt is also commonly used as a solvent and preservative in many pharmaceutics)
preparations including vaccines. ;

(iii) Ethanol and isopropano! are found as an active ingredient in certain oral and topical
drug products. They help solubilize many drugs.

0.7: Describe the applications of ethanol in cosmetic industry.

Ans. Role of Ethanol in Cosmetic Industry:
Ethyl alechol plays an important role in cosmetic industry beeause of its fallowing
properties:
(i) Being highly volatile it evaporates in a very short time.
(ti) Deodorizing and anti-inflammatory properties.
(i) Refreshing and antimicrobial properiies,
Ethanol is an important part of such cosmetic and hygiene products as hair styling
products, foundation creams, perfumes, deodorants and after shave lotions.
0.8: Explain impact of alcohols on daily life.

Ans. Impact of Alcohols on Daily Life:

(i) Ethyl alcohol is an essential part of first aid kit in every home in the form of
methvlated spirit.
Ethylated spirit is used as an antiseptic, for dressing of wounds. As an antidote for
snake bites, "

{ii) In many parts of the world, ethanol is used as high efficiency fuel to drive vehicks.

(iii) Ethanol is widely used as a solvent in perfumes.

{iv) Tt is relatively safe and can be used 1o dissolve many organic compounds which are

insoluble in water.

1. What is the role of yeast in Fermentation reaction?

Ans. Yeast sots as @ biological catalyst. It containg enzymes (specifically Zymase) that provide e
necessary chemical pathway to break down glucose info cthyl alcohol and carbon dioxide.

r % At which temperature enzymes present in yeast gel inactive?

Ans. The enzymes present in yeist become inactive al temperatures higher than 35 °C,

23.2XQuick (778

1. Why oxygen is excluded when the fermentation reaction is carried out?
Ans. Onygen is excluded when the fermentation reaction is carried out because it -cu_m'_ﬂf_f.'.

I

I

-
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[€D)
resulting ethanol into ethanoic acid,
1 Which method for the preparation of ethene invalves renewahle source?
Ank Fermentation is the method for the preparation ol ethane that invalves renewable source. such as

cAnE-SUEir.
123.3XQuick (TR

e —

1. Why does butanol evolve a higher amount of heat than propanol when burn in oxygen?

Ans., Butanol evolve more heat then propanol when burnt because butanol has a lenger hydrocarbon
chain more bonds to react, leading 1o the formation of morg CO; and H2O molecules, which

FRE Ak

releases more energy (heat),
EER, (AT Check !

1. Why does the amount.of heat evolved during burning of aleohols go on incrensing from
lower 10 higher alcohols?

Ans. The amount of heat evolved during burning of alcohols go on increasing from lower o higher
alcohols due to the following reasons.

*  Higher aleohols have maore carbon and hydrogen atoms in their molecules. For example,
Methanal has ore carbon (CH30H]), while Ethanol has two {CaHsOH).

®  During combustion of alcohols the weaker C-H bonds in-CH groups break and the stronger C -0
and O-H bonds are formed in COs= and H2O respectively, As the molecules size increascs, there
are more C-H and C-C bonds available o react.

&  Each additional-CHa— group in the homologous series adds a consistent amount of energy 1o the
total heat evolved. Therefore, the more fuel (Carbon and hydrogen) present per molecule, the
more energy is released upon burning.

L Why burning of alcohols does not produce oxides of sulphur unlike fossil foels?

Ans. Alcohols are obtained from renewable souces consisting of carbon (C), hydrogen (H) and Oxygen
(0). They do not contain sulphur. When these burn, they only produce OOy and H;0. No oxides
of sulphur are formed during their combustion,

On the other hand, fossil fuels are formed from ancient organic matter that often contains sulphur
impurities, When there fossil fuels are burmed, the sulphur reacts with oxvgen to farm sulphur

dioxide (S042) or sulphur trioxide ($0y) which causes pollution.
e —

INTERESTING INFORMATION 13

*  Alcohols are produced from plant materials which, in tum. are the result of the photosynthesis
Pracess using CO» of the atmosphere. The same COs 13 generated when these bioalcohols are
burnt in internal combustion engine. The overall process is considered to be carbon neutral

~ Decause it does not increasé the concentration of carbon dioxide gas in the armasphere.

*  Ethanol as a fuel reduces gresnhouse gns emissions by 44 to 52% as compared to petrol. Besides

~_this, ethanol also cuts down on ather harmful pollutanis like CO, NO, and particulate matter.

DO YOU KNOW?
e

. Ethiyl alcohol as a drink can csuse hanpover, alcohal poisoning. accidents and risky behavigur.
:—-__—-_L-":'_':E-"“““ use of alcohol is known 1o couse more than 200 different diseases

y -
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Objectiue Type Questions

Muil:ph Choice Questions prepurﬂl in the light of new Examination Ter.hmqur:s
(Knowledge, Understanding, Application, Analytical & Conceptual)
= e e "

. a—

EERN  wanutacture of Ethyl Alcohol (CH, — CH; — OH)

23.2 Combustion of Alcohaols

What is the I.uulngicat process of breaking down complex substances inty
simpler ones using » yeast engymes called?

(a) Fermentation (b) Oxidation : {n:‘}_ Distillation (d) Reduction
Which of the following specific substance is converted into ethyl alcohol in the
presence of yeast?

{a) Ethanoic acid (b)) Glucose (c) Yogurt {d) Carbon dioxide
What is the ideal temperature for the fermentation process to achieve the
maximum yvicld?

(a) 15°C (b) 25 °C {c) 35°%C (d) 45°C
Fermentation must be carried out in the absenee of air, a condition Known as
(a) Aerobic (b} Acidic {e} Anacrobic (dy BRasic
According to the balanced chemical cquation, what is the by produoct of
fermentation along with ethanol?

(a) Watler (b) Carbon dioxide (c) Oxygen (d} Mitrogen
IToxvgen is not excluded from the reaction, ethanol will be eonverted into:
{a) Ethanoic acid (b) Yeast (e) Glucose {d} methanol
Why does the fermentation process stop when the alcohol concentration
exceeds 15%.

{u) The glucose runs out (b} The temperature drops

(c) Ethanol becomes toxic to the yeast  (d) Oxygen enters the mixture

What happens to the yeast enzymes il the temperature of the process becoms
too high?

{a) They work faster {b) They produce more pas

{c) They become inactive (d) They turn imto glucose

Im what type of solution should the fermentation reaction be carried oul?

(b) Meutral or acidic{c) Highly alkaline (d) None of these
What role docs yeast play in the Chemical reaction?

(i) Reactant (b) Solveni {c) Catalyst (d) Product
Which of the following is a specific example of a fermentation reaction?

{a) Preparation of bread by Melting ice

{a) Strongly basic

_-—-"""ﬂ
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7.

18,

0.

22,

24,

25,

{c) Burning wood (d) Boiling water

What is the effect of a lower temperature on the fermentation process?

{a) It makes the yeast toxic {b} It decrcases the rate of the reaction
{c) It turns ethanol into glucose {d) It increases the yield of product
What is the state of the carbon dioxide as it leaves the mixture during
fermentation?

{a) Solid " (b) Liquid {e) Gas {d) Plasma

What remains behind in the mixture after carbon dioxide gas comes out
during fermentation?

{n) Glucose (b} Yeast

(c) Ethanoic acid (d} Ethanol and water

What temperature is necessary for the yeast enzymes to remain active?

{a) Above 50 °C (b} Around 35°C  (c) Hclu_wﬁ “C (d) AarT5°C

On burning in air, alcohols produce:

{a) Carbon dioxide (b) Water . {e) L.urge amount of heat{d) .MI of these
How much heat is produced in the following reaction?

2CHsOH + 305 ——— 2C0; + 4H,0 AH =

(a) 1367 k)/mol (b} 2017 kl/mol (e} T26 kJimaol (d) 2676k} mol
How much heat is produced when ethanol burns in excess of air?

(a) 1367 k)/mol (b} 26 kl/mol {c) 2017 ki/mal {d) 726 klmol
When propanol burns in excess of air; energy is produced,

(a) 726 kl/imol (b) 2017 klmaol {c) 1367 kl/mol {d)} 2676 klimol

It is the energy produced when butanol burns in alr.
(a) 726 kl/mol (b} 1367 kl/mal {c} 2017 kMmal
It iz a formula of ethanol.

(a) CH,OH (b) C:HOH (e) C3H;OH {d) CiH.OH
What type of chemical reaction occurs during the hydration of ethene to
produce ethanol?

(a) Addition reaction (k) Substitution reaction

{c) Elimination reaction {d) Redox reaction

Which catalyst is essential for the industrial hydration of ethene?

{a}) Mickel {Ni) (b} Phosphoric acid (H1POy)

c) Iron (Fe) (d) Maonganese dioxide (Mn(;)

What arc the standard industrial conditions for the hydration of ethene?

{a) 35 °C and | atm pressure (b} 300 °C and 60 atm pressure

(c) 100 °C and 200 atm pressure {dy 3500 °C and 10 atm pressure
Comparing the cost and purity, which method produces expensive bat pure
cthanol?

{a) Combustion
(c) Fermentation

{d) 2676 kJlimol

(b} Hydration of ethene
{d} Hydration of ethene
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28.
29,
30.
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33,

35.
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38,

39.

"'1""'

Applications of Alcohols as Fuels

Impact of Alcohols on Daily Life

What is the chemical name for H;PO,?

(a) Sulphuric acid (b) Phosphoric acid (¢) Hydrochloric acid  (d) Nitric acig
Hydration of ethane turns an unsaturated bond infoa _ compound.

{a) Sawrated {b) Acidic {c) Basic (d) Gascous

In the hydration reaction, ethane reacts with:

{a) Liguid water  (b) Steam (gas) {c) lee (Solid)
Which proecess is "Green' or uses renewable sources?
(a) Hydration (b)Y Fermentation  {c} Combustion
Ethanol made from erude oil is usually:

{a) Cheap (b} Free (¢} Expensive
Which alecohol has the shortest carbon chain?

{a) Ethanol (b) Butanol (c) Methanol {d) Propanol
Which of the following aleohol has the longest carbon chain?

{a) Methanol (k) Ethanal {c) Propanol {d} Butanol

Select the alcohols which are commaonly used in internal combustion engines.
(a) Methanol, cthanol ib) Propanol, butanol

(e} Pentanol, hexanol {d} aandb baoth

Which harmful pollutant, common in fossil Teels, is NOT produced when
burning alcohols?

{a) Water vapour (b} Carbon dioxide

{c) Oxides of sulphur (d) Mitrogen oxides

How does the heat evolved during combustion change as you move from lower
to higher alcohols?

{a) It decreases {(b) It increases

(e} It disappears {d) It remain constant

Which af the following is used in hand sanitizers?

(a) Ethanol (b} Butanol {c) Propanol
Ethanol is used in hand sanitizers primarily because of iis:
(a) Calour (b) Smell

(c) Slow evaporation (d) Bactericidal activity

In the pharmaceutical industry, methylated spirit is often used as afan.

{a) Antiseptic {b) Antibiotic {c) Vaccine (d) Painkiller

By what percentage ethanol ean reduce greenhouse gas emissions compared 10
petral?

() 10% to 20%

(d) All of these
(dy Distillation

{d) Unavailable

{d) Methanol

(b) 90% to 100%  (c) 44% to 52% (d) 30% o 49%
B

[N i s ¥
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Which of these is a known long-term health risk of aleohol consumprion?
ih) Enhanced driving skills

{a) Improve memory

{¢) Stronger immune sysiem
(d) Cauvse of more than 200 diflurent discases

Which of the following is also used as an antidote for snake bites”

(a} Propanal (h) Butanol {c) Methanol id) ahann
Ethanol evaporate very quickly when put on the skin hecause it is:

(a) Wery hoavy (k) A solid (e Mighly solaile (dy Freeeing cobld
Which of the following is used in a first aid kit {o clean wounds?

{u) Cooking oil (hy [iesel

{cy Petrol (ddy Methyloed spirit

44, Which mas is NOT mude when vou burn pure aleohol?

() Waler vapour ih) Oxides of sulphur

(e} Carbon dioxide id) Oxygen
45, In the pharmaceutical industry, ethanol is used as 8 preser vaties in :

{2} Bandages (b)) Gause (c) Vaoccines (d) Pvoding
46, FEthanoland  help solubilize many drugs.

{u} lsopropanol (b} Butanol {c) Propanaol {d) Mecthaneo!
47, Alevhols have higher fuel efficiency as compared to:

{u) Petral {h)y Dicsel ic) Keroseoe oil idy aand b both
Answaers
L. (a) 2. ib) 3 (c) 4. {g) 5 b} f, () 7. lcp
3 ic) 9. (b} M. ic) 11. (a} 12. (b) 13. (e} 4. (d)
15. (b} 16. (d) 17. {c}) 18. ({a) 19. th) 20, (d) 21. (b
+2. (aj 23, (h) 24, (b 5. (d) 6. (k) 27, [a) 28. ihy
9. (k) 3. (e 3l |e) 32. (dy 33 3. iy 35. th)
36, (a) 237, (d) 38. (a) 390, fey 400 () 4. () 42 (e
43. (d) 44. (h) 45. (e} d6. (o) 47, (d)
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// Additional Short Questions /x"

* Short Answer Questions prepored in the light of new Examingtion Techniqu
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EERN  Wanufacture of Ethyl Algohol (CHy — CH, — OH)

| 23.2 | Combustion of Alcohols :

What are Monohyvdroxy alkanes or aleohnls?

Monobydroxy alkanes or alechols are an important cliss oF organic compounds
Huow cun Maonohydroxy alkanes or aleshols be obiained?

Some of these alcohols can be obtained by the reactions in which living oroanisms

o
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are used as catalysts, They can also be synthesized in the labaratory ‘ 14

3 What is ethyl alecohol or ethanol? '

Ans. Ethyl alcohol or ethanol is a very importaint member of homologous serics o | ARt
monohydroxy alkanes or alcohals,

4. How is ethyl aleohol or ethanol manufactured on large scale? | 15.

Ans. Ethyl alcohol or ¢thanol is manufactured on large scale by the following processes; | ABS.

. Fermemtation of Glecose by Yeast | 16.

®  Hydration of Ethene or Ethylene J AT

5. What is Fermentution? .[ 17.

Ans, Fermentation: | Ans.
Fermentation is a reaction in which a substance breaks down into sit‘hphr 18.
substances in the presence of enzymes presemt in veast, - Ans.

6. Write the balunced chemical eguation for the fermentation of glucose, 19.

Ans. C,H,.0, == 2C H,0H+2C0, | o

7. Al which temperature enzyvmes present in veast gel inaciive in fermentation Amns,
reaction? 1.

Ans. The enzvmes present in yeast in fermentation reaction become inactive g | Ans.
temperatures higher than 33°C in anacrobic conditions, 12,

8. Name three common products produced through fermentation, | Ans.

Ans. Three commion producis produced through fermentation are:
* Yopurt & Bread & Lithyl alcohol 13,

0, What arc the necessary conditions for the fermentation of glucose? [ Ans

Ans. The reaction requires: .

o A wemperature of approximately 33°C . »

& A neutral or acidic solution .

s  Anacrobic conditions (the absence of air) 4.

10. What is the role of yveast in fermentation reaction?

Ans. Yeast contains an enzyvine which acts as a catalyst, In fermentation reaction, veas
speeds up the breakdown of glucose into ethanol and carbon dioxide.

11, Why is oxvgen excluded from the fermentation mixture?

Ans, Oxyeen 15 excluded from the fermentation mixture because it convents the resulling

Ans.

25,

Ans,
cthanol inte ethanoie acid, i . v 6.
12. What happens when the concentration of ethanal im the reaction mixiare Ans.
exceeds 15%:7
Amns. Ethanol is toxic to yeast in high concentration, yeast is made inactive when e 7.
concentration of ethanol in the reaction mixture exceeds 1 5%, Ans,

13. Which gas is released as a by-product during the fermentation of glucose?
Ans. Carbon dioxide {(_U;_} is released as o by-product during Ihr.' fermentation of
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What remains in the mixture after the gas has escaped during the
fermentation of plucose? .

A mixiure of ethanol and water remains in the mixture afier the gas has escaped
during the fermentation of glucose.

What is the main raw material used to make ethyl alcohol?

The main raw material used to make ethyl aleohol is glucose,

Which microorganism is used in the fermentation process?

Yeast is the microorganism in the fermentation process,

What is the ideal temperature for making ethanol?

The ideal temperature for making ¢thanol is 35%C.

Docs fermentation reguire air?

M, it must be done in anserobic conditions (without air).

What happens to the rate of fermentation reaction at low temperature?

A lower tlemperature decreases the rate of the reaction,

Write the chemienl formula for Ethyl aleahol?

The Chemical farmula for Ethyl Aleahol is CHy=CH-OH,

Is the solution for fermentation basic or acidic?

The solution for fermentation should be newtral or acidic.

Define hvidration of ethene.

Hydration of Ethene: |ydration of ethene is an addition reaction. In this reaction
water is added across the double bond of the ethens w produce ethanol.

What are the specifie conditions required for the hydration of ethene?

. The hvdration of ethene requires:

A temperature of 300 “_C.

A pressure of 60 atm,

Phosphoric acid (HPyOy) as a coalyse

Write the chemical equation for the hydration of ethene.

| CH.-CH. !
H.PO, i

CH.=CH,, + HO, — 3 H OH |
[olurrqes 360 CBD atrn prediure [thanal [

Nuame three industrial application of ethanol,

Ethano! has a wide range of application from alcoholic drinks 1o lucls as a solvent,
Why is hydration of ethene an important industrial process?

Hydration of ethene is an important industrial process because ethanol is a versatile
compound.

Contrast the starting material used in hyvdration and fermentation.

Starting material for the process of hydration of ethene is obtained from crude oil.
which is a pon-rencwable source,

Starting material for the process ol fermentation is a renewable source, such s
Cane-su gur.

glucose, FLA I o
L
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8. Which method of ethanal production is faster?

[ awssio W

Ans. The rate of reaction of hydration of ethene s high, where as the rate o

fermentation reaction is low and il may take days 1o complete,

29, How does the purity of cthanol differ between the hydration of cthene ang
fermentation processes? )

Ans. Hydration of ethene produces relatively pure alcohal, On the other hang,
fermentation produces F5% alcohol which necds further distillmtion 1o Inercase the
concentration,

3. Which method is more cost-cifective for producing cheap ethanol?

Ans, Fthanol produced in hydration of ethene is expensive. whereas ethano] produced in
fermentation is ¢heap.

31, Why are alcohols considered lammahle? C

Ans. Alcohols are Nammable because they contain a hydrocarbon chain that burn in or
w produce CO: and 10 evolving a large amount of heat,

32, What is the geseral balanced eguation for the combuastion of methanol?

Ans. 20 H70H + 300 —¢ 200 4 4 A = = 720 kW mol

33, Write a balanced égquation for the combustion of cthanol”

Ans 20100 + 30 ——— 200 + 3 LVAH = = 136 k) muol

34, What is the genceral batanced equation for the combustion of propanol?

Ans, 20 H-0H + 90, = BOO; « BHLO AL 2007 klfml

35 Write a balanced cquation For the combustion of butanal,

Ann, 20 HGOM + 1205 ———p BOO + 10 Ha0 Al = - 2676 kl/mol

36, Explain why the heat evalved inercases ag you go down the aleohol

homologous series.

Ans, During combustion ol aleohels the weaker C--11 bonds in -ClHa groups break and
the stronger C=0 and O=-H bonds are formed in Oy and 120 respectively.

37, Why docs butanol evolve more heat than propancl when buornt?

Ams. Butanol his a longer hydrocarbon chain with more bonds 1o react. leading to the
Fornaation of more OO and Hy0 molecules, which releases more energy,

38, What is added 1o ethene o make ethanol?

Ans. Water in the torm ol steam is added to ethene 1o make cthanol.

39, Which caitalyvst is used in the hvdration of ethene?

Ans. Phosphoric acid (H:POL) s used a5 a eatalyst in the hvdration of ethene.

40, What are the two main conditions for hydration of ethene or ethylene?

Ams. The two main conditions Tor hydration ol ethene or ethylene are:
& [igh temperaure (300 *C),
- High ressure (G0 atm ),
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4. Which ulechols are commuonly usecd as fucls in internal combustion copgines?

ans. The first four aliphatic aleohols namely methanol, ethanol. propancl and butanol
are commonly used as fucls in internal combustion engines.

42, From which sources arc alcohols obtained?

ans. Alcohols are obtained from rencwabie sources.

43. How are alcohols produced?

Ans. Alcohols arc produced from plant malerials which, in wrn. are the resull of the
photosynthesis process using €05 of the atmosphere,

44, Why is hioalcohols congsidered "carbon netural™?

Ans. RBioaleohols is considered “carbon newaral” beeause it dues aol inerease the
concentration of earbon dioxide gas in the atmosphere,

45, What is a socio-economic disadvantage of producing alcohol fucls?

Ans. Land 15 utilized to grow crops which then yield aleohols. This fact allects the
cultivation of food erops.

46. Why does the heat evolved during eombustion increase from lower to higher
alcohols?

Ans, Higher alcohols have more carbon and hydrogen atoms per molecule. meanming
more chemical bonds are broken and reformed relcazsing more cacrpy.

47, What doces make the alcohols environmental friendly as compared to fossil
fucks? . .

Ans. Burning of alcohols does not produce oxides of sulphur which makcs them
envirommental friendly as compared 1o fossil feels,

45. By what percentage cun ethanol reduee greenhouse pas emissions compared to
petral?

Ans. Ethanol as a fuel reduces greenhouse gas emissions by 44 10 329 as comparcd (o
petrnl.

49, What harmiful pollutants ethanol cuts down?

Ans. Ethanol cuts down harmful pollutanes like CCy. WO, and particulate matter

50. How is ethanol used in the pharmaceutical imdustry?

Ans. Ethanol is used as o disinfectant in hand sanitizer and methy lated spiri, 1t is also
‘commonly uscd as o solvent and preservative in r||:111_\.|-|h.11'm;jcuul:|,:.1| PEFCHAFILLA S
including vaccines,

51, What property makes ethanol useful in hand sanitizers?

Ans. Ethunol possesses bactericidal aetivity, meaning it can kill bacteria, Fhis proporns
makes ethanol vselul in hand sanitizer,

—
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- Exercfse Questions (Solved)
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What do help many drogs solubilize?

Ethanol and isopropanol are found as an active ingredicnl in cenain wral and topica)
drug products. They help solubilize many drugs.

Name some cosmelic produets that eontain ethanol,

Ethanol is an unportant part of such cosmetic and hygicne products as hair !-t!.'h'rllg
products. foundation creams, perfumes, deodorants and aller shave lotions.

What is methylated spirit and how is it used in Orst aid?

Methyliated spirit is a form of ethyl alcohol, It is used as an antiseptic, lor dressing
ol wounds and as an antidote for snake bites,

Why is ethanol widely used in the perfume industey?

Ethanol is an effective solvent that can dissolve many organic compounds tha are
insoluble in water. This is why it is used in the perfume industry.

What are the immediate health risks of consuming aleobol?

Ethyl alcohal as a drink can cause hangover, alcohol poisoning. sccidents and risky
behaviour,

What is the long-term impact of aleohol consumption?

Long-term use of aleohol is known to cause more than 200 different discases,
What can be used in cars instead of petrol or diesel to run in automaohile?
Alecohols can be used instead of petrol and diesel 1o run as aumtomohile,

What is the common name for alcohol used in o first aid kit?

Methylated spirit is the common name for alcohal used inoa first aid kit

What is one use of methylated spirit besides eleaning wounds?

Methylated spirit is used as an antidote for snake bites,

What part of the car can be damaged by using alcohols?

Aleohols can inerease wear and tear on engine componenls,

Why does ethanol evaporate quickiy on the skin?

Enthanol evaporates quickly on the skin because it is highly volatile.

Why is ethanol added o afters hove or foundution creams?

Ethanol is added to altershave or foundation creams rr-r its refreshing.
antimicrobial, and deodorizing propertics,

How does ethanol help in making medicine?

Ethanol is used as a solvent and preservalive in many pharmsceutical preparativns

including vaccines,
Can cthanol dissolve things that water cannot?
Yes, ethanol dissolves many organic compounds that are insoluble in waler,

3

3w Choose and tick the correct answer from the given choices.

1.

Which conditions are considered best for the fermentation of glucose?
(a) 35 °C, fresh yeast, absence of oxygen .(h) 45 °C, yeast

T
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{c) 45 *C; absence of uxygen {d) 35 °C, fresh yeasl

Which catalyst other than H;PO, can also be used for hydration of alkenes?

{a) ™MaOH (b) HaS0y () CHRCOOH (d) Mi

Alcohol which has the maximuom heat of combustion is:

(a) CHLCHLCH,0H (b) CH;CHLOH

{e) CH;0H (d) CHzCH2CH-CH 0

The maost environment friendly Tuel is:

{n) coal (b) kerosene oil {c) ethanol (d)

Which property or properties of ethanol make it suitable to be used in

cosmetic industry?

(a) E{n!.'t]y Flammable (b) Highly volatile and deodorising

{c) Antipyretic (d) Sedative

Which is the correct name of the following aleohol:
CH,—CH-CH,-CH-CH,

v

CH,
{ay 2-Methvipentan-4-ol (b} 4-Methylpeman-2-ul

{c) Hexan-2-0l (d} Hexan-3-al

Which property of ethanol mukes it suitable for cleaning wounds?

(a) Good solvent (b)) Volatility {e) Antiscptic {d) Deodorizing
Which alcohol is used to accomplish all the following tasks:

It is added in petrol to improve combustion. [t serves as a feed stock to
prepare vinegar and many other organic compounds,
{a) Propanol (b) Propon-2-ol {c) FEthanol

wradl

OH

{d) Methanol

fa) 2. (b) 3. (d) 4 (c) 5 (b)) 6 (B} T (o)
{c)

[ B. Short Answer Questions

L1 Give two advantages of burning of alcohols over the burning of fossil fucl?
Ans, Advantages of Alcohols as Fuels:

Aleohols are obtained from renewahle sources.

{iiy Burning of aleohals does not produce oxides of sulphur which makes them

environmental friendly as compared 1o fossil Muels.
Alcohols have higher fuel efficiency as compared 10 petrol or diesel fucls

23.2 Which properties of ethyl alcohol make it useful for cosmetic industry?
Ans. Role of Ethanol in Cosmetic Industry: Ethyvl alcohol plays an imponant role in

cosmetic industry because of its following propertics
Being highly volatile it evaporates in a very short time. |

(i) Deodorizing and anti-inflammatory properties.

—
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(i) Refroshing and antimicrobial properties.

Lithanol is an imporant pant of such cosmetic and hygiene products as hair siyling
products, foundation creams. perfumes. deodorants and alter shave lotions,

233 Now is ethyl alcohal important for pharmaceutical industry?

Ans, Role of Ethanol in Pharmaceutical Industry: Fthy? alcohol serves as o very
commuon ingredient in o variety of manufactusing processes in pharmacentical
industry,

(i) M possesses bactencidal activity and it is ofien used as a disinlectant in band
sunitizer and ethylated spiri.

() v is also commonly used as a sobventand preservative i many pliarmaceutical
preparations including vaccines.

(i) Fthanol and isoprapanal are found as an active ingrediont in certaim orel and topical
drug products, They help solubilize many drogs.

234 Giive any two dissdvantages of fermentation resctinns,

Ans, Disadvantages of Fermentation: Two disadvantages of fermenation aret

(i} Fermentaticn produces | 5% afcohol which necds Tunber distillation to inerease the
coneeniration,

(i) Roe of fermentation is low, ILmay ke days 1o complae,

235 Write the conditions involved in the hvdration of ethene.

Ans. To convert ethene into ethanol. the follvwing conditions are reguired;

o Catalyst: Phosphoric ncid (F1704).
o Temperature: Approximately 300 =C,
&  [I'ressure: [igh prossure (60 atmospheres)

[C. Constructed Response Questions J

231 How ethanel is obiained as o by-product in supar industey?

Ans. Obtaining Ethanol as hyv-Produet in Sugar Industeyv: Fibanol is produced from
miskisses, which is the thick, dark brown ligquid Bt over afier sugar ervstals hae
peen extracted from sugarcane juice. Moiasses contains aboul 15% o 50%
fermented sugar,
it is done by the process of lermentation,
Fermentation: U is a reaction in which a substance breaks down into simpler
sithstances in the presence ol endymes present in yeast,

Following steps are involved in the process of fennentation,

(i) Dilution: Molusses is diluted with water o reduce the sugor concertration
abyout H% 1o 1.2%

() Yeast {Saccharomyees cerevisize) is added 1o the mixture.

(iii) Frevmes in the yveast (invertase and syvmase) broak down (e sygrose i
ghacose and fructose. and then into ethanol and carbon dioxide

Chemical Equation:

CLll0), + L0220 5 C 10, +C, 11,0,

Wi L igmg | it
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C H,.0, + H.O—L8 o3¢ H,0H+2C0,

I diiwi!

73.2 Why do we get relatively impure aleahol in the Termentation process?

Ans. The alcohol oblained directly from fermentation is relotively impure (usually 10 %
- | 5% concentration) for two main reasons,

e Yeast is a living organism. When the concentration of ethanol reaches about 149,
— 15%, It becomes toxie 1w the yeast, deactivating the epsymes and stopping the
fermentation process. '

. Along with ethanol, the process produces water, lell over sugars, and small
amounts of other organic compounds (like glycernl or higher aleohols), which
remain mixed in the solution.

™ Alang with ethanol, the process produces water, left over sugars, and small
amounts of other organic compounds (like glycerol or higher alcohols), which
remain mixed in the solution,

s Toablain pure alcoboel, the mixiure must undergo ractional disillaion,

23,3 How do propertics of ethyl alcohol help us to utilize it as foel?

Ans. Fthy! alcohol (ethanol) has several ehemical and physical propertics that make it an
effective tuel or fuel additive. These properties are discussed below:

] It burns with a clear. blue. smokeless Name. producing a signilicant omount ol hest
eneryy,

CallsO ] + 30y —=——=p 2005 + IH0Y + Heat
Ethanol has a high oclane number, which helps prevent "engine knocking” and
allons s engines o run more ellicieney at higher compression rtios,
L] Since ethancl contains Oxygen in its moleculor strueture. il promaoles more
complete combustion of the fuel blend. reducing toxic emissiins, '
Unlike fossil fucls, it 15 o renewable energy source because it is Jerived From grops
like sugarcane and corn.

[D. Descriptive Questions

231 Give a comparison of fermentation reaction and catalytic hydration of cthene
for the preparation of ethanol.

Ans, For answer sec Q3.

23.2 Describe the preparation of ethanol by fermentation: process.

Ans, For answer sce Q1,

233 Deseribe the applications of ethanol in pharmaceutical and cosmetic

' industries?

Ans, For answer see Q6 + Q7.
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the reactions of carboxylic pcids with metals, bases and carbonatey
produccd.
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Carboxylic Acids

tudent Learning Dutcomes
After studying this chapter, students will he able to:

- Bescribe 1

ierclidime nandies amd Dormsuiag of the salts

- Preseribe the formation of cthanoie acid by the oxidotion of cthanol: with aeidificd
AL il sl nanganate (VI & by boacterial oxidation during vinegar
prowduciion

e Desoribe the reaction of g cochosylic acid with an aleohol using an acid catalyst w

lERE T an eslar
- e
LR IS A

cribe the induwrial applicattons of carhoxylic acid

vienis, Tavonr s plastics.

carkosvlic acids and esters in daily lile. including their use in
mehies, and pharmaceouticals,

w and esiers. including their
fragrances,
- | \i'lt,l'!. the |_' ¥

fownd pressreatinn, o

Long Questions prepared indhe !th! of new Examination Techniques

/ t“ﬂﬂ-ﬂ‘ltﬂﬂﬂ Understanding,’ .ﬁp‘l:lﬂn:.l‘lln-rl, Analytical & Conceptual)

0.1: What are carboxylic acid?
ARns. Organic acids or carboxylic acids are the class of organic compounds containing @

""""
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carboxy!l group (=COOH) atached to an alkyl group or hydrogen. They are pencrally
weak acids as compared 1o the mineral acids hecause they do nol give proton casily. | ey
aceur naturally in living organisms and they can also be synthesicod,
0.2: Describe oxidation of ethanol to form ethanoic acid. _
Ans. Oxidation of Ethanaol: lithanmol is oxidiced by the acidilicd potassium mangenate
(V1) to Nirst ethanal which then Turther undergoces oxidation under the reaction
conditions to give ethanoic acid.

Hot aciditicd potassium manganate (V1) acts as a very efficient oxidizing agent and
oxidizes ethanol to ethanoic acid and during this reaction the purple colour of the reagent
changes to colourless.

A |
CH~ CH,- OH+ [0) KMPO/H rhy _C-H+HO
Ethanal Etramal
o . 'f'i‘
I NOLH |
CH,~C—H + (0] XMNOM, ey _C_oH+HO
Ethanoc acid

0.3: Explain fermentation reaction which is used to prepare acetic acid on
commercial scale?

Ans. Preparation of Ethanoic acid by Oxidative Fermentalion:

Aldcoholic foodstulls like graim. mall, fice or potato mesh are converted to vinggar
when they undergo fermentation reaction in the presence of hacteria. These hactena can
produce vinegar from alecoholic foodstufls if sulficient oxypen is provided. The overall
chemical reaction in this fermentation process is:

CH CH OH+0O

L abssininy”

» CHCOOH+ HO

Libusivmic acird

In this process. aleohol is Fermented to vinegar in a tank provided with a continuous
supply of oxygen. The liquid present in the tank is stirred continuously when the oxygen
is bubblcd through it In this method. vincgar conlaining | 5% cethapoic acid can he
prepared in only 24 hours,

0.4: Discuss reactions of carboxylic acids as acids.

Ans, Reactions of carboxylic Acids as Acids

Reaction with Metals: Generally carboxylic acids are much weaker acids than the
mineral acids, However, some carboxylic ucids resel with more reactive metals rather
slowly 1o give a sall evalving hydrogen gas. For example. dilute ethanoic acid reacts with
magnesivm metal to give magnesium ethanoate and hydmogen gas.

2CH,COOH + Mg + (CH.CO0) Mg+ H

CElyegyd e LR s L
Fradr oy
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Reaction with bases: Rcactions of carboxylic acids with bascs like metal hiydroxale py
5i|'|1]1!|: neutealization reactions. Frthanoie acid reacts with sodiom hvdroside w give
sodium ethanomte and woler.

e —
CH COOH + NaOH »CHCOONa + HO |

sl et BT S0 Gty |

(i [NTRT T AT Tt
| s e |

Reaction of Carboxylic Acids with Carbonates: When solid sodium carbonate is mixed

with an aqueous selution ol cthanoic acid. cllorvescence takes place due o evilulion of

C0rs gas and sodivm cthanoate is lormed m the soluton, -

2CH,COOH + Na.CD y ZCHCOOMa <00 « HO

Ethaninoer acwd Seraifiirn AR TE T TRE R Rl TR L

LSRR TERT

Reaction proceeds slowly with marble chips (CaC(3,).

2CH COOH + CaC ———— ((H COO} Ca «CO + HO

Eiranosl 25 T L W R T e

0.5: Describe reaction of carboxylic acids with alcohols.
(OR) What is esterification reaction? Explain.
Ans, Reaction of Carboxylic Acids with Alcohols (Esterification)

Carboxvlic acids form esters when they are heaed with exeess of aleobols in the
presence of concontrated 112503, as a catalyst. Reaction is called esterification reaetion.

2CH.COOH + Cal0 ————— (CHCOO) Ca +CO + HO
ELFGp ot Joad LAl ikiem LR e Ay
Earge

Industrial Applications of Carboxylic Acids and Esters

| 24.5 | ' Carboxylic Acids and Esters in Daily Life

0.6: Describe the industrial applications of carboxylic acids and esters.
Ans. Eﬂrhﬂlylic acids and Esters as Solvents: Acetie avid dissolves iy l..'L!lI!1|H“|E|¢=3"
such as oils. sulphur. iodine and water, In industey, acetic ocid is used as a solvent Tof
resing, paints and lacgquers.

sters are alse commuonly used as solvents. Ethvl acctale §s used o exirac callvine
from eollee. Tt is also used as nail pulish and paint remover, Some volatile estors ans
used as sulvents for coatings. paints. vamishes, plastics, resing and lacguers,
Carboxylic acids and Esters as Flavouring agenls: Flavowring agents are subsianeds
added 1 give an additional taste or llavour 1o a substance. They also help in mashing
unpleasant tostes of drugs especially wsed by children. Ohruanic acids like wararic aoik
citric acid and malic acid are very commonly used as lavour enhancers in Ll industr

S
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The sour taste ol foods is largely due o these acids, They are also responsible o improsve
the taste of some food and beverape products expecially soll drinks. '
Lsters hove pleasant odours and Tavours. They are added o Tood products Lo

improve their simell or lste,
Carboxylic Acid and Esters as Synthetic Fibers: Lsters have also an important role w
play in the production of symthetic polymers. A very importamt polymer, polyesier s
made by reacting diols and digarhoxvlic scids, Esters are’also imporiant in the
manufzeture of soaps and detergents.

Carboxylic acids and their derivatives are very commonly used o give dilTerent
[ypes of plastics, For example, acetic acid is wsed in the production of cellulose acetate
plastic. Palmitic and stearic acids are extensively used in the production ol spaps,
epsmetics. pharmaccuticals, condles and protective coatings, Oleic acid is used n the
manufactore of soaps and detergents. Acrylic acid is a starting reagent o prepare mans
lonz-chain polvmers called acrylates.

= -~ . " J—
- —— . ' -——n i 1
e s S
Uses of carboxylic acids in daily life

0.7: Describe applications of carboxylic acids in daily lile.

Ans. Applications of carboxylic Acids in Daily Lile:

Food preservatives @ Food preservatives are chemical compounds which are added in
food stull 1o prevent or retard the growth of micronrganisms,

Examples: Bensoic acid. acetie acid. propionic acid and methy | and ethy | esters of
4‘|l3dm.v.:v benmenic acid. The presence of these preservatives helps w maintain the gualin
:-JI' fiod and extend shell-life. The foods which are preserved include jams. jwices. fruit
i‘iifh‘i. milk and many other drinks. Acctic acid is very widely wsed as presesvitive in
pickles. ’

[am, Jusces and pickles

Carboxylic acids and their compounds used in Medicines:
Carboxylic acids and the compounds obteined trom them are very commuonly used

a5 medicines such as aspirin and thuproten, .
Addition ol some carboxalic acids during preparation of mediomes help s improne

R x
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drug delivery, absorption, and overall performance.
Plasticizers:

Citric acid esters are primarily plasticieers which are used in many industries
Plexiglass:

Polymethyl methacrylate is used as o substitaic of glass and 10 s niamed g,
Ploxiploss,

Palyester Plexiglass
Household Fragramt llems: Carboxylic acids vceur in many common household frigran)
items. A st ol such ems is given in the Table
Carboxvlic Acids in Houwse hold items

Vitamin O

I.emons

Ascorbic acid

Citric acid

Acetic acid
Malic acid

Vinegar

Apple, grapes, carrols
0.8: Describe applicalions of esters in daily lile:
Ans. Applications of Esters in Daily Life: Fsiers are an imponant cenmpanent of man
fruits and are responsible w enhance their Navours, They penerally have a pleasant smd
and they are commonly used as fragrances in many food products used in daily lite
Esters and their Flavours

Flavour

Esters

Methyvl butyrale Apple

Ethyl butyraie I*ine apple

n=Amyl acclale Pears. Hananas

n-Cletyl aeetate
Methyl salieylate Apricul

24, 1NQuick (7T 1

Chranpe

LA . T _._.—"'-.
L Can you oaidive methinol with KMol Just like ethanol?
Ans. Yes, I would oxidize and convert into methanoie wcid (OO
L FEaplain the difference between o Termentatbon resclion and o chemical rewction,

Ans. Fermentation Heaction: '
i i
i is o hiochemical process Currled out by living organism (ke bactera or ycast] 1o o8

|
suibesLinne s . |
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Chemical Reaction:
A standard Chemienl reaction (ke oxdation ina lab) uses chemical remgenty gl cmtaly o

wrlthieat Tiwenp cells,
24.2XQuick (11

-

I Is Ethanoie acid is o weéak acid? .
Ans. Yes Ethanoie ncid 5§ weak acid because ol docs nol EIVE RIS G ily s casitparied L oderal
acids.

i How will ealcium carbonate repel with ethanoic acicd?
Ans. Calcium carbonate will renet slowly with ethanoie acid 1o produce cal sium cthanome sall, walcr
and carbon dioxide gas, which causes fizring.

24.3\Quick (TN

1. Fxplain the function of & preservative.

Ans. Food Preseevatives ane chemical compound which ore added v freod stulf e prevem or retard the
growth of microorganisms, The presence of prosersanses help o muemtain the guahiny of feosd and
extend shelf-life. For example, scetic acid s very widely wsed as preserv ative in pickics

1 Ciive vxamples 6F some citrus Mraits.

An, Citrus raits aee Roown Tor thelr l'l:i.Eh vitimin O coment and acidic (citre acsd ) nature. Cimmion
examples include:
- I.emons & [ranges
- Cirapafruits ® Tangerines (Kinnopw)y @

INTERESTING INFORMATION 1

Pl

Pure soetic acid is also colled glacial scctic acid. 1t b 4 corrosive srd calourlcon o
fscible with waicr.

&s .|';'I|'_||.:}

/ Mulfiple Choice Questions prepared in the light of new Exomination Techniques
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| 24.1 | Preparation of Acetic Acld or Ethanoic Acid
| 24.2 | Reactions of Carboxylic Acids as Acids

EZEN reaction of Carboxylic Acids with Alcohols (Esterification)

Carboxylic acids are defined by the presence of which functional group?

11

{.1} =OH . (Hydroxyl) (b CHLY {Aldchyde)

-
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I,

'{u} O ecdation

—

-

(o) -COOH (Carboxyl) fd)
compared to mineral acids, organic acids are gencrallv:

(b)) Weaker fe) Highly volaile (d)
In the oxidation of ethunol, what is the first product formed before it becomg,
ethanoie acid?
fa) Methane

£ {earbonyl)

fu) slromper O =reaciive

(b Lhene (e} Bthunal fely  Meiheil
What eolour change oceurs in potassiom maganate (VIT) during the oxidation
of ethanal?

{a) Purple 1o colourless (b Colouriess W 1Tli!'|‘-|'|i.'

(dp red b blue

Which process is used o convert aleoholic foodsindls like rice or malt in
vinegar? :
{a) Dehvdration
(e} Hvdrmlysiy

(e} Orange o green

{hy Oxidative Termentation

{4y Feduction

The concentration of ethanoic acid prepared in 24 hours via the fermentation
method is:

(a) 5% (t) 140 %% {c) 15%
When cthanoic acid reacts with magnesiom metal, which gas is evolved?
{a) Carbon dioxide (B) Hvdrogen

(dy 25%
(e} oxveen (d)y thane
The reaction between ethanoic acid and sodium hvdroxide s classified as o
fa) Redox resction b Fermentation '

(d) Addition reaction

What abservation indicates the reaction of ethanoic acid with carbonates?

(c) MNeotralivation reaction

fa)l Colour change to blue (b} Formation of a solid precipitate

fe) Effervescence {bubbling) (d) Eveluthon af heat only

Which salt is formed when ethanoic scid reacts with marble chips (CaCiy)?
{a) Sodium ethanoate ih) Calcium carbonate

(d) Magnesium ethanogie

What arc the products when ethanoic acid reacts with sodium carbonate?
ia} Sodium ethanoate and hydrogen

ik Sodium ethanoate, water and carhon dioxide

{e} lithanal and water (d) Carbon dioside and hydrogen
The reaction between a carboxylic acid and an aicohol is ealled:

th) Fermentition (d) Sponificarion

{e) Calcium cihanoate

{c) Esierilicalion
Which catalvsi is essential for the formation of csters™
{a] Acidilied KMnty (hi Philuee 1L
() Concentratcd 1150, {d) Mugnesium ribhon

e

14.

15.

16.

18,

19,

20,

21.

12,

23,

BTSN | I NTHAN GHEMISTRY (241D psigpesiy  IRTATIR

What is the product of the reaction between ethanoic acid and methanol?

(a) Ethyl ethanoate (b) Methyl ethancate

{c) Methane (d) Ethyl methanoate *

In the reaction CHy;COOH + CH;CH;OH, what is the second product formed
alongside the ester?

(a) Hydrogen gas (b) Oxygen {c) Carbon dioxide (d) Water

What is the role of bacteria in the production of vinegar?

(a) They facilitate the fermentation reaction

(b) They act as a metal catalyst

(¢} They stop the oxidation process {d) They change the colour of the liquid

m Industrial Applications of Carboxylic Acids and Esters

Which term is used to describe pure acetic acid that exists as a corrosive,
colourless solid? y

Carboxylic Acids and Esters in Daily Life

(a) Glacial acetic acid
()} Crystalline ester

(b) Agqueous aceiate

{d) Liguid vinegar

Which ester is commonly used to extract caffeine from cofTee and as a nail
polish remover?

(a) Methyl salicylate '
(c) Polvester

(b} n-octyl acetate

(d) Ethyl acetate

Organic acids like tartaric and citric acid are vused in the food Industry
primarily as:

{a) Solvents for oils {b) Flavour enhancers

() Synthetic fibers {d) Colouring agents

Which pair of compounds reacts to form the synthetic polymer known as
polvester?

{a) Esters and water (b) Diols and dicarboxylic acids

{e) Methanol and acetic acid (d) Water and diols

Which earboxylic acid is commonly used as a preservative in pickles?

(a) Acetic acid (b) Malic acid () Ascorbic acid (d) Oleic acid
Which acid is extensively used in the production of soaps and detergenis?

{a) Citrie acid (b) Benronic acid

(¢) Hydrochloric acid (dy Oleic acid

Which ester provides the flavour of "'pineapple”?

(a) Ethyl butyrate
() Methyl butyrate

(b} Methyl salicylate
(d} n-Amyl acetate

y
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24,

(a2) Greiggisig  BETAIR

What material is produced using polymethyl methaerylate and serves gy,
substitute for plass?
{a) Nail polish (b} Polyesier (¢) Bakelite (d) Plexiglass
25, Which of the following acid is naturally found in apples, grapes and carrots?
(n) Malic acid (b} Ascorbic acid (¢} Tartaric acid  (d) Acetic acld
26. Itis an ester found in pears and bananis,
(@) Methyl salicylate (b} Methyl butyrate
(e} m-ociyl acclate {d) n=-Amyl acetate
[ Answars]
. {c)
8 (c)

by i o) 4. (m) 5 (b) 6 (c) 7. W
(el 1, {cjh 11, (b} 12.. (<) 13. (c) 14. (h)
15, (d) I:ﬁ. fa) l? {a) 18. (d) 1% (b) 0. i 21.- [
P ] (o) (d) (a) (dy

e 1
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/ “Shert Answer Questions prrpnmd in the light of new Exomination Techniques
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EZEJ  Reactions of carboxylic Acids as Acids

EZE] Reaction of Carboxylic Acids with Alcohols (Esterification)

1. What are carboxylic acids?
Ans. Carboxylic Acids:

Organic acids or carboxylic acids are the class of organic compounds containing o
carboxylic group (-COOH) anached 1o an alkyl group or hvdrogen.

1. Compare carboxylic acid to the mineral aciids:

Ans. Carboxylic acids are weak acids as compared to the mineral acids because they do
not give proton casily.

3. Define esterification.

Ans. Esterification:

Carboxylic acids form esters when they areheated with excess of alcohols in the

presence of concentrated H5:0y, as a catalyst. This renction is ealled esterification
reaction.

4. What is oxidative fermentation?
Ans, Oxidative Fermentation:

It is a process where alcoholic foodstufTs like grain, malt, rice or potato mesh st
converted to vinegar when they underge fermentation reaction in the presence ol

e —
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g, In how many hours vinegar containing 15% cthanoic acid can be prepared by
oxidative fermentation?

ans. By oxidative fermentation, vinegar containing |5% ethanoic aeid can be prepared
in only 24 hours.

6. What is the functional group of carboxylic acids?

Ans. The functional group of carboxylic acids is the carboxyl group ( COO),. which

consists of o carbonyl group (C=0) and a hydroxyl group (—-O0H) anached 1w the
same carbon atom.

7. Why are organic acids classified as "weak acids"?

Ans, Organic acids are considered weak acids because they do not give up protons (11
wons) easily compared o mineral acids like HCL or 520,

$#.  What is the observation when ethanol is oxidized by acidified KMn(,?

Ans. The purple colour of the poassium manganate (V1) reagent changes to colourless
a5 the reaction procecds,

9.

MName the intermediate product formed during the oxidation of ethanol to
ethanoic acid.

Ans. The intermediate product formed during the oxidation of ethanol to ethanoic acid is
ethanol {an aldehyde).

What are the requirements for the oxidative fermentation of alecohol into
vinegar?

Ans. It requires alcoholic foodswiTs (like grain or rice). the presenee of specific bacteria.
and a continuous supply of oxveen.

1.

L
Compare the reaction of carboxylic acid with mineral acids when reacting
with metals.

Ans. Carboxylic acids react much more slowly with reactive metals than mineral acids

do.

12. Write the word cquation for the reaction between ethanoic acid and
magnesinm.

Ans. Ethanoie acid + Magnesium —» Magnesium Ethanoate + | lvdrogen

13,

How can you chemically test for the presence of a carboxylic acid using
carbonates?

Ans. Add a carbonate (like sodium carbenate) to the solution. I a carboxylic acid is

present, effervescence (bubbling) will ococur due 1w the release of carbon dioxide
gas,

4. What salt is formed when ethanoic acid reacts with murble Chips?

Ans, When cthanoic seid reacts with marble chips calcium ethanoate (CHCCOO Ca is

—
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Rsrmasd S aeeS | 24, Inwhich fields palmitic and Stearic acids are used?
i Ans. Palmitic and stearic acid are extensively used in the production of soaps, cosmetics,

pharmaccuticals, candles and protective coatings.

15. What is the role of concentrated H;S0, in esterification?
Ans. Concentrated H804 acts as a catalyst to speed-up the reaction between the acig 75. Which acid is used in the manufacture of soaps and detergents?

And ¥he sleohal, Ans. Oleic acid is used in the manufacture of soaps and detergents,

24.4 Industrial Applications of Carboxylic Acids and Eslers 25, What are food preservatives?

Ans. Food preservatives are chemical compounds which are add:d in food stufl o
prevent or retard the growth of microorganisms,
Examples:
Benzoic acid, acetic acid, propionic acid and methyl and ethyl esters ol 4-Hydroxy

+ benzoic acid.

17. What is the importance of food preservatives?

Ans. The presence of food preservatives helps to maintain the quality of food and extend
sheli=life,

K. Give examples of foods which are preserved?

Ans. The foods which are preserved include jams. juices, fruit juices, milk and many
other drinks.

Carboxylic Acids and Esters in Daily-Life

16, What is glacial ucetic acid?

Ans, Glacial Acetic Acid:
Pure acetic acid is also called placial acetic acid. It is a corrosive and colouries
solid, completely miscible with water.

17.  Enlist some uses of ethyl acetate, |

Ans. Uses of Ethyl acetate: [
- Ethyl acetate is used to extract caffeine from coffec.

- It is also used as nail polish and paint remowver.
18. Mention uses of some volatile esiers,
Ans. Some volalile esters are used os solvenis for coatings, paints, varnishes, plastics,

seaing and IacaGers: 19, Name the acid which is used as preservative in pickles.
19. What are flavouring agenis? Ans. Acctic ncid is very widely used as prescrvative in pickles.
Ans, Flavouring Agents: M. Give examples of carboxylic acids used in medicines.
Flavouring agents arc substances added to give an additional taste or Mavour 1o 2 Ans, Aspirin and Ibuprofen are common medicines carboxylic acids are also asdded
substanee. ’ during drug preparation to improve drug delivery, absorption. and overall
Mey also help in making unpleasant tastes of drugs especially used by children, performunee.
0. What is importance of esters in food products? 3L What is Plexiglass?
Ans. Esters have pleasant odours and .flaw ours. They arc added to food products 1o Ans. Plexiglass:
improve their smell or taste. Polymethyl methaceylate is wsed as a substitute of glass and it is named as
21. Why is acetic acid used as a solvent in indusiry? plexiglass,
Ans. Acetic acid is an effective solvent because it can dissolve many compounds such & - } 7 7
P oils, sulphur, jodine and water. In industry, acetic acid is U{cd I!.:..'L solvent far . EKEFCISIB GUES“E‘"S (SQIUEJ} -
resins, points and lacquers. oo
22. Which organic acids are uscd as Mavour enhancers?
Amns. Organic acids like tartaric acid, citric acid and malic acid are very commaonly used W Choose and tick the correct answer from the given choices.
as flavour enhancers. The sour taste of foods is largely due to these scids. They art 1. Ideatify the ester functional group:
also responsible to improve the taste of some food and beverage products especially {a) ~COOR (b} —COOH fey =C=0 (dy -Cils O
soft drinks. 2;

During the oxidation of cthanol by acidified KMnO,, which element is
23. How is polyester mude? reduced?

Ans. Polyester is a very important polymer. It is made by reacting diols and dicarboxylic n) K (b} O () Mn tdy 1
acids, E—

R
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sufficient supply of oxygen. What is the role of oxygen in this process?
(a) It enhances the reactivity of bacieria
(b} It oxidizes ethanol which is formed during the reaction
{c] Itinhibits the destruction of bacteria {d) It inhibits the oxidation ol acetic acig
4. Which organic acid is used as a component of food?
(a) Formic acid (b} Omxalic acid (c) Propanoic acid (d) Acctic acid
5.  Which of the following acids is present in apples?
{a) Citric acid (b) Tartaric acid {c) Acetic acid {d} Malic acid
6.  Which substances will react to produce CH3 — CH; — CHy — COOC:H?
(a) CH;yCH,CH;COOH and CH,0H {(b) CHLClCOO0OH and CHACHLOM ]
() CHyCHCH:COOH and CH;CHLOH  (d) CHyCLHCHCOON T and CHI501]
i What is the formula of ester formed by the reaction of methanol with
propanoic acid?
{a) CH.COOCH-CH; {b) CHyCH,COCH,
{c) CHyCHCOOCH; {d) CH;CH,0COCH;
8. Which polymer is made by reacting a diol and a dicarboxylic acid?
{a) Polyethens {b) Polyester (c) Polystyrenc {d) Polyamide
9.  Which eompound is used as a synthetic fiber?
{a) Methyl acetate (b) Polyester {c) Resin

1. (a) 2. {c) 3. (b)) 4 (d) 5 (&) 6 " (c) T ie)
B. (b} 9, (b)

{d) n-Amyl

24.1 What is an esterification reaction?
Ans. Reaction of Carboxylic Acids with Aleohols {Esterification) : Carboxylic acids

form esters when they are heated with excess ol alcohols in the presence of concentraled
H350,. as a catalyst. Reaction is called esterification reaction.

CHCOOH + CHCHOH —29:. CH.COOCH, +« HO

Fihyl sthanople

Ethanoic acid Etharal

an e=sben

Reaction proceeds slowly with marble chips (CaCi04).

CH,CO0OH + CH,OH H.50. |

Fihanoe §ced hezhanml

CH,COOCH, + H,0

Methyd ethanogls

24.2 Mame an oxidizing agent used to oxidize alcohals,
Ans. Acidificd potassium manganate (VII) (KMnOy/H*) is an oxidizing agent vsed 0
——

___-T"
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Fermentation of foodstuff in the presence of acetic acid bacteria needs 4 '|

COM i o0

oxidize alcohols,

14.3 Why sufficient oxygen is pi-pvidrd during fermentation to prepare acefic acid

from ethanol?

Ans. Sufficient oxygen is provided during fermentation to prepare acelic acid from
ethanol. It is because the process is oxidative fermentation. that wakes place in the
presence of bacteria. These bacteria require oxygen to chemically oxidize the
ethanol into acetic acid.

CH3CH;OH + O3 ——— CHyCOOH + H0
Ethanal FEthanodc acid |

14.4 What is the role of carboxylic acids in the preparation of beverages?

Ans. Carboxylic acids act as flavour enhancers and improve the taste of beverage
products, especially soft drinks. Acids like citric acid provide a characieristic sour
tasie.

14.5 Give a practical example in which an acid or an ester is used as a flavouring
agent.

Ans, Acid: Citric acid is used in soft drinks for 8 sour flavour,

Ester: Ethyl butyrate is used to provide a pincapple flavour in food products,

4.6 Which carboxylic acids are very oftenly used as flavour enhancers?

Ans. Carboxylic acids like tertaric acid, citric acid and malic acid arc very commonly
used as flowour enhancers in food industry.

14.7 Which property of acetic acid does make it suitable to act as preservative in
pickle?

Ans. The ability of acetic acid to inhibit microbial growth which is responsible for food
spoilage by lowering the pH is the basic property which make it sutiable w0 act as
preservative in pickle.

i « Constructed Response Questions

24.1 How does ethanol react with propanoic acid?
Ans. Ethanol reacts with propancic acid to form ethyl prnp.nnuam. and watcr.

H:50y
CHyCHCOOH + CHyCH0H —— 5 CHRCHLCOOCTRCT, + 1,0
24.2 How does acetic acid react with Mg and MgCO,?
Ans. Acetic acid react with magnesium 1o form magnesium ethanoate
2CH;CO0H + MgCOy —— (CHC001Me + 1
Arstbe Mapacssum S aprecsin Shmpncwaum
Acid clhansats g
Reaction of Acctic Acid with Magnesium Carbonate
2CH,CO0H + Mg ——— (C1,CO0RMg + 1O+ CO,
Arctis *agncsium Mapncuwum 1y dnagan
Acad cthamsate [T
24.3 How carboxylic acids are used as solvents?
Ans. Acetic acid is used as a solvent for dissolving oils, sulphur, iodine and water. In

industry, acetic acid is vsed as a solvent for resins. paints and lacquers,

e
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24.4 How carboxylic acid are used in daily life?
Ans. For Answer See Question No.7

24.1 Explain fermentation reaction which is used to prepare acetic acid o
commercial scale, 3

Ans. For answer see Q3

24.2 Describe the industrial applications of carboxylic acids and esters.

Ans, For answer see Q6

24.3 What are Navouring agents? Which carboxylic acids are used as flavouring
agents?

Ans. Flavouring Agents: Flavouring agents are substances added to give an additional
taste or flavour to a substance.
They also help in masking unpleasant tastes of drugs especially used by children,
Flavour Enhancers: Organic acids like 1anaric acid, citric acid and malic acid are
very commonly used as slowour enhancers in food industry,

- The sourtaste of foods in largely due o these acids.

- They are also responsible to improve the taste of some food and beverage pmdu:u
¢5p¢cu=.l|1. s0ft drinks.
Carboxylic Acids as Flavouring Agents: Corboxylic acids occur in many
common howschold fragrant items. A list of such items is given in the table below:

Vitamin C
Lemans Citrie acid
Vincgar Acetic acid

Ascorbic acid

Apple, grapes, carrofs Malic acid

24.4 Explain the reactions of carboxylic acids with metals and carbonates,
Ans. For answer see (4

24.5 Deseribe applications of esters in daily life.

Ans. For answer see 8

Biochemistry
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siudent Learning Ouicomes
Atter studying this chapter, students will be able to::

s Explain the importance and basics of nutrition and healthy eating.

¢ Recognize the main biomolecules; carbohydrates, proteins, lipids and nueleie acids.
their sources along with the required daily intake for young adults,

. ldentify carbohydrates as a source of energy.

Describe proteins as natural polyamides and ‘that they are formed fmm amino acid

monomers with the general structure.

Draw the general structure of proteins.

Explain the sources, use and structure of proteins, lipids and carbohydrates,

Deseribe the importance of nucleic acids

Explain vitamins, their sources end their imporance 1o health

Identify applications of biochemistry in testing (blood test, pregnancy 1est, cancer

screening, parental genetic testing), genetic engineering, gene therapy and cloning

-

= Subjective Type Questions

/ Long Questions prepared in the ght of new Ex sminalion Techniques
IHnuW'IEdg-er. Underﬁtandlng, ﬁpplh:ati-nn .ﬂ.n.;lrrlh;al & Conceptual)

m The Importance of Nutrition

m Carbohydrates

0.1: What is biochemistry? Describe three main classes of food.

Ans. Biochemistry: Biochemistry is the study of chemical substances which play a vital
role in the processes taking place in living organisms,
Main classes of food:

Carbohydrates, lipids or fats and proteins are the three classes of feods which not
only provide energy to human beings but are also responsible for their body structures.
Lipids provide, on the average. twice as much energy as provided by carbohydrales or

* proteins.

Prateins are present in all living organisms. They form skin, hair, muscle, blood and
almost all the organs of animals. They also play 2 very imporiant role in all life
processes,

¥ Fots and oils come from a vasiciy of natural sources like animals, plants and marine
organisms. Animal fats are particularly located in tissues cells. Butter and ghee are o
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special type of animal futs which are made from milk.
Q.2: Write a note on the importance of nutrition?

Ans. Nutrition: .

Nutrition is the study of the nutrients present in food and how they maintain 5
healthy body.
Nutrients:

Nutrients are the components of food that arc needed on regular basis to maintain
health and prevent diseases.

A healthy human body needs the following nutrients,

Carbohydrates:

They are the main source of energy for the human body. ‘They also help boady 1o use
prodein and fat efMiciently.

A healthy adult needs 225 1o 325 grams of carbohydrates par day for a standard 2000
calorie diet. However, individuals with higher activity levels may neced more
carbohydrates o meet their daily needs.

Lipids:

They are also essential nutrients because they act as major energy reserves for our
body. They also provide insulation and protection for vital organs of our body, A daily
intake of fms for an adult is roughly between 44 1w 78 prams.

Protiens:

Thicy alsa supply encrgy 1o our body. They are necded 1o build new cells and repair
the injurcd ones. An adul should consume 60 grams of proteins per day, J
Vitamins and minerals:

They help in growih, reproduction, the operation and maintenance of the body, A
balanced diet rich in fruits, vepetables and grains can provide most of the vitamins
minerals needed daily.

0.3: What are the basics ol healihy eating? Also discuss healthy ealing?

Ans. Basics ol healthy eating:
The following are basics of healthy eating:

{iy Consume a wide range of foods including fruits, vegetables. whole grains. lean
proteins, and healthy (ats,

(i) They are full of nutrients which are required by our body,

(i) Eat less and stay hydrated.

{iv) Reduce intake of saturated Fats, sugar, and sodium.

(v)  Avoid cating processed and poor gquality foods.

Healthy Ealing:
A healthy and balanced diet performs the following lunclions;

(i) It prevents discases like heart discase, diabeles. some cancers and osteoporosis.

(i) Adequate nutrition provides luel for healthy growih and development, leading
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maintain a healthy weight.
(iiiy A balanced diet can positively impact brain function and supports a strong immunc
5}rslcm.
0.4: What are carhohydrates? Discuss some important carbohydrates in detail.
Ans. Carbohydrates:
Carbohydrates are the most abundant naturally occurring compounds on earih,
They contain the elements carbon, hydrogen and oxygen. :
Because of the sweet taste of some carbohydrates. they are commonly called
“sugars”. .
Apart from a number of hydroxyl groups. they also contain aldehyde or ketonic
functional groups.
Classification ol carbohydrates:
Carbohydrates can be classified into three groups on the differcnee in their
pmpcl‘licS:
= Monosaccharide -
- Polysaccharides
Imporiant Carbohydrates:
(i) Glucose:
Glucose, the most abundant carbohydrate, is also called prape sugar or dexirose,

It is present in fruits such as grapes, in honey and alsa in the sap of planis,
It is the main source of energy for all animals and is thus present in their blood and
urine.
{iiy Fructose:
Fructose is another carbohydrate which is present in sweet fruit juices and honey.
Both glucose and fructose have the same molecular formula, Cgh )20,
Open chain structures of glucose and fructose are shown here.

Oligosaccharides

("] H ’p
* H_T{I: —OH “H":F
3{": T | H‘-"Eé —QH
HU—J"-I: —H HG_IIII: —H
H—C —oH H—C —0H
H._'*.:; — OH H—'C —oH
H—C — OH H—C —OH
H H
Fracioses [P
. [ s i [T T ——

(i) Sucrose, Lactose and mallose
Sucrose, lactose and maltese are other important carbohydrates, All these

h—
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carbohydrates have the same molecular formula CizHz2010
Sucrose is present in sugar cane and sugar beets.
Maltose is found in breads and other cereals,
Lactose is present in milk.
{iv) Polymeric carbohydrates:
Starch and cellulose are the two examples of imporant polymeric carbohydrates,
They have a common formula (CaH 10050,
Starch is found in foods like potatoes, rice and grains.
Cellulose sources include plant materials like wood. cotton ete.

Proteins
Lipids
Vitamins

0.5: What are proteins? How are they lormed? Identily different funclions ol
proteins in the human body.
Ans. Proteins:
Proteins are very large molecules containing C. 11, O, ™ and salphur stoms,
Types ol proteins:
The human body contains thousands of different type of proteins where they
perform a large number of functions,
There are fibrous proteins that are found in mueseles, hair, nails, skin and

connective lissues,
Besides fibrous proteins harmones and eneymes are also proteins in nature,

Functions of proteins in human body:

- The hormone insulin controls the level of sugar in the blood stream.
™ Enzymes are the catalysts which speed up the biochemical reactions taking place in
our body.

- Hemoglobin which carfies oxyvgen in the blood stream and delivers 1o different
parts of the body is also o protein,
Formation of proteins:
All proteins are lormed by linking together molecules called aming acids,
Amino acids:
An amino acid has two functional groups,
®  acarboxyl group _ COOH
& an amino group . NH;.
Glycine:
The simplest amino acid is called glveine,
The structural formula of glvcine is:
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COOH

] H,
NH,
Number of proteins in the human body:
Although the number of proteins present in the human body runs into thousands,
they arc all formed by linking togehter only twenty amino acids.
0.6: Construct peptide linkage and explain the structure of a polypeptide.
Ans. Peptide linkage:
The basic reaction which leads 1o the formation of long chains of protcins involves
the elimination of water from two molecules of same or different amino acids. The

molecule which is formed as a result of this reaction is called a peptide and it contains a
peptide linkage as shown below. )

H O H H |D H
T | -HO I [N I
H,H—I'I.‘—c—m—llu-—fll-—EODH H;N —€— € —N{~C—COOH
Ry H R R, H| R
Peptide Linkage

Structure of polypeptide:;

This peptide molecule has a carboxy] group and an amino group at its two ends, It
is capable of reacting further with two molecules of amino acids o give ultimately a long
chain composed of many acid molecules called a polypeptide.

Three Dimensional Structure:

This polypeptide chain then undergoes twists and turns and assumes a three

dimensional structure shown in the following figure:

Sy ! s T |

= 2 ~e : =
L“ ‘.1. gL& : % ""'.'”--l""II .‘"I |'l ‘-I
Sy < 25 |
|

Ball and stick model of
Q.7: Explain denaturation ol proteins with examples.
Ans. Denaturation of Proteins:
Complex changes in proteins accur when they are subjected to heat, a change in pHl
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or an attack by oxidizing and reducing agents, The phenomenon is called denaturation of
proleins.

Example:

A familiar example is the frying or boiling of an egg which involves the
denaturation of egg albumin (protein), the principal component of egg white,
Q.8: Describe lipids in detail,
Ans. Lipids:

Lipids are the nutrients. Most lipids are composed of simpler substances calieg
Tatty acids which serve as their building blocks.
Fatty acids:

Fatty acids are long chain carboxylic acids containing from 12 1o 28 carbon dloms:
Examples:

Examples of simple fauty acids along with their sources are as given below,

Some simple fatly acids.

Lauric acid Coconut oil CHi{(CHs ) gCOON |
Stearic acid Animal fats ClH5(ClHa) gC000
Palmitic acid Palm oil CH{CH5) 4, CO0H

Oleic acid Olive oil CHa(CHa)zCH=CH{CH2 1 COO0

Fats:

Fatty acids react with an alcohol called glycerol o give triester which are called
fars,

For example:

Stearic acid reacts with glycerol o form tristcarin which is a fat. A triester of
glycerol is also called triglyveeride.

Q
1]
HO— CH, CHCHY, == C-= 0 =CH
|' 7
i |
ICHJCH ), COOH + HO=—CH ——— CHEH}, — C—0O—iH
teary id MO 0O |
Ii ;
HO— CH CH,[CH ). — €~ 0~ CH
Gl oo Trnwtenne (el

Importance of Lipids:

Animal fals arc located particularly in adipose tissue cells. Vegelable vils ane
present in sceds and roots of plants, Lipids mainly serve as energy rich source in animuls.
0.9: What are vitamins? Explain the importance ol vitamins.

Ans. Vitamins:

These are organic subslances which do not din:cllj.: serve the purpose ol providing

v
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encrey and building cells of our body like carbohydrates, lipids and protcins.
giological Function:

Vitamins are necessary to maintain normal health and growth of our body. These
compounds are known to function as catalysts for the binlogical processes going on in
our body.
prigin of the name:

Since the first such compound discovered was an amine, so they were named vital
gmines or vilamins. Over the years, scientists have prepared 13 vitamins needed by the
human body,

Importance of vitamins:
Vitamin A is present in milk, egg. fish and liver.
Essential for skin health and vision. Its deficiency causes night blindness and dry

skin,
Vitamin D:

Vitamin D may be obtained from butter and fish liver oils. Our skin can also
prepare vitamin D directly in the presence of sunlight. This vitamin is related 0 normal
teeth and bone development. lis deficiency causcs a discase called rickets.

Vitamin C:

Vitamin C, also called ascorbic acid. Vitamin C is found in citrus [ruils. green
pepper and tomatoes. lis deficiency in our body causes scurvy.
Vitamins B1 and Bz:

Vitamins By, and B2 are distributed widely in nature. They are present in red meal,
nuts and leafy vegetables. Deficiency ol vilamin B leads to fatiguc and depression.
Deficiency of vitamin Bz causes inflammation of the lips and dryness and buming ol

Evies,
[ 25.6 | Nucleic Acids
EEEB Avplications of Biochemistry

0.10:What are DNA and RNA? Describe the role played by them in our body.
Ans. DNA and RNA:

Deoxyribonucleic acid (DNA) and ribonucleie acid (RNA) both are nucleic acids,
These compounds are responsible for the existence, developmem and reproduction of all
forms of life. Both DNA and RNA are chemically similar compounds which play
different roles within the cell.

Molecules of DNA are very large as compared (o those of RMA.,

A DNA molecule may have molecular mass of up w 660 Da.

A DNA molecule lengths of up to 12 em when stretched out.

They are mostly found in the nueleus of the cells,

Maolecules of RNA are much smaller as compared 1o those off DNA.

_-*'Iﬂ' | T
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A RNA molecule may have molecular mass 340 Da.

RMA molecules are mostly found outside the cell nucleus,
Function of DNA:

The function of DNA is to store information and pass it on to RNA. at the prope,
time.

Function of RNA:

The function of RNA. in tum, is to read, decode and use the information to make
proleins.

0.11: Discuss applications of biochemistry in dilferent fields.
Ans. Applications of biochemistry:
Blood Test:

Doctors use the blood tests to identify various health conditions including
infections, diabetes, anemia, organ failure and much more, Basic blood chemistry tests
check the amount of clecirolytes, fats, proteins, glucose and cnzymes, These tests pive
important information about how well a person's Kidneys, liver, and other orguns are
waorking.

Pregnancy Test:

A pregnancy test checks the urine on blood to see if a woman is pregnant or not.
HCG is a hormone produced in the body when a woman gets pregnant. Doctors usually
perform two tests to check pregnancy. Quantitative blood tests can measure the exacl
amount of HCG present in the blood. It can also give information about how far long the
pregnancy has progressed.

Blood test for cancer screening:

A specifie type of blood test ealled the Galleri test is performed to detecl cancer in
early stages. It uses DNA sequencing to find the characteristic patterns which may tell
whether a person is suffering from cancer or not,

Parental genetic testing:

Cienetic tests are often performed by taking a sample of blood or saliva, Persons get
genetic testing to know if they have genetic changes themselves or if they can pass on
genetic changes to their children,

Genetic engineering:

Gienetic engineering is a method for changing an organism'’s genome. This can
involve changing one single DNA base or con involve deleting or inserting 8 whole
region of DNA. It is done to modify the genes to enhance the capabilities of the arganism
beyond what is normal, Plants can be made to fight discases or pollution by changing
them through genetic enginecring,

Gene Therapy:

In genc therapy doctor fixes a faulty pene or replaces it with a healihy pene in opder

1o cure a disease or enable the body to fight the disease in a better way. This technique,
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may be helpful in future 1o fight with a wide range of diseases like diabetes, AlDs.
ancer and haemophilia.

Cloning:

Cloning describes the methods used 1o create an exact genetic replica of a cell. a .
ussue or the whole organism. The copied material is called a clone and it will have the
gsme genctic characteristics as the original one.

[25.1%Quick (TR U

i,_ Which two functions are perfarmed by proteins?

Ans. Functions of Protiens:

o They fiorm skin, hair, musele, blood and almest all the organs of dnimals.
#  They also play a very important rale in all life processes,

1 lsmilk a fat, a protein or hoth?

Ams. Milk is both a fat and a protein.

25 2\Quick (T 11
1. What is a balanced diet?

Ans. Balanced Diet: A balanced diet ts one rich in fruits, vegetables and grains that provides most of
the vitamins and minerals needed by the body daily ior erowth, reproduction and body
mainionance,

L Mameany ihree nutrienis.

Ans. ®  Carbohydrates .

I.  Name any two sources of starch,

Ans., Two sources of starch: ® Potatoes _ & Rice

L Areall earbohydrates equally beneficial for our health?

Ans. Mo, while they are a main energy source. different types serve differont roles
For example:
Complex carbohydrates like starch provide sustained energy. while excess intake of simple sugars
(ke sucrose) can lead to health issues,

25.a\Quick (TR

L What are hormones made of?

Ans, Mast hormones are made of proteins (specifically chains of amino acids) or steroids (lipids
derived from cholesteral).

Examples:

. Insulin is n protein hormone.

» Testosterone is a steroid hormane,

1, What is denaturation?

Ans. Denaturation of Protein: Comples changes in proteing ocour when they are subjected to heat. a
change in pH or an attack by oxidizing and reducing agents. The phenomenon is calied
denaturation of proteins.

Example: -
A Tamiliar example is the frying or boiling of an egg

-
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I.  What ix the role af lipids in our body?

Ans. Raole of Lipids In Our Body:

®  They provide, on the average, twice as much energy as provided by carbohydrates or prodiens,

L They are key pans of cell membranes,

. They help maintain body temperature and cushion internal organs.

® Some lipids act as hormones,

L Which is an unsaturated faity acid?

Ans. Unsaturated Fatty Acid:
An unsaturaied faity acid is o fatty acid that contains one or mare double bonds Between carban
atoms in its chain. Because of these double bonds, they are typically liquid ai room emperatyg
(e.g. vegetable oils like olive oil or sunfower oil).

125.6\Quick (1T

I.  Which vitnmin is presnet in lemon?
Any, Yitamin C (ascorbic acid) is present in lemon,
1. Compare the roles played by vitamins and carbohydrates in our body?
Ans. Holes of vitamins in our bady:
They arc necessary to maintain normal health and growth of our body,
mﬁ«: compounds are known fo function as catalysis for the biological processes going on in
ly.
Roles of carbohydraies in our body:
e Corbohydrates are the main sources of energy for the human body. Their main robe is lo provid
immedinte energy for cellular activities.
. They alse help body to use protein and fat efficienctly,

5 N Quick T

I. What is the fanction of RNAT

Ans. The function of KNA is to read, decode and use the information recelved from DNA fo make
prodeins.

- 3 What are the basic differences between DNA and HNAT

—

Ang,
Feature DNA HNA
SI.IIIII' Deaxyribase Hibose
Siruciure Double stranded (Helix) Single-stranded
Bases  |Adenine, Guanine, Cytosine, Thymine| Adenine, Guanine, Cytosine, Lircil
Function [To store information and pass it on tofTe resd, decode and usc th
RMA, at the proper time, irfarmation 1o make proleins. 1

INTERESTING INFORMATIONY

&  Accsulfame potassium is the most recently approved sweetener. It is used in sofl
drinks.

&  Glycogen is a carbohydrate that serves the same energy stoeage function in
animals that starch serves in plants,
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] Molecular mass of polymers are often expressed i millions or Wallions of Daltons {Ta)

o Lactose is widely used in baking and in commercial milk uscd for infants unlike sucrose, i 15 a
r\ﬂducing SUAr,

¢ Everyone, from infants to adull, needs procein, Children need large amounts of proteins lor proper

growth, and adults need proicin 1o replace what is lost cach day by the body's normal biochemical
reactions

[INTERESTING INFORMATION

Soap has been known since w loast GUOBC when o was prepared by boilmg goat fat with extracts
of wood ash. The cleansing propentics of soap did not become w idespread until the | Bih contury
Chernically, soap is a mixture of sodiem salis of the long chain Gty acids produced by hydralysis
of animal a1 with alkali

= Objective Type Questions
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Mulhplu Choice Questions prapnmd in the light of new Exominafion Techniques
{Knowledge, Understanding, Application, Analytical & Conceptual)

o, I —

The Importance of Nutrition

m Carbohydrates

Which elass of food provides, an average, twice as much energy as
carbohydrates and protiens?

(a) Proticns {b) Lipids {e) Minerals {dy Witamins
What are the primary elements that compose carbohydrates?

(a) Hydrogen, Helium and Carbon by Curbaon, Nitrogen and (Oxygen

(c) Carbon, Hydrogen and Oxypen (dy Phosphorus, Carbon and Hydrogen
Based on the functional groups, how is fructose classified?

(a) Ketonic sugar (b) Oligosaccharide (¢) Polymeric sugar (d) Aldehydic sugar
Which of the following is a common source of the carbohydrates known as
Lactose?

(o) Cereals by Milk {c] Polaloes {d) Sugar cane

The recommended daily intake of proteins for a healthy adull is:

(a) 60 grams {h) 225 to 325 prams{c) 44 1o 78 grams (d} 100 grams

It is the carbohydrate that serves as the energy storage function in animals,
similar as the starch works in plants.

{a) Glycogen (b} [L'Ill.t]rlsc () Glucose (dy Malose
According to the "Basics of Healthy Eating™ which af the following should be
reduced in the diet?

{a) Lean protcins (b) Waler intake
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20,
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{e) Sodium and sugar (d) Whole grains

What is the shared molecular formula for Glueose and Fruetose?

(@) (CgHynOsly (k) CaHya04 (e} CyaH220y, (dy CIly

It is & source of cellulose,

{a) Pouato (b) Grain {c) Cotton {d) Honcy
Which of the following is present in sugar cane and sugar beets?

{a) Glucosé (b) Fructiose (c) Malose (d) Sucrose
Which of the following is also known as grape sugar or dextrose?

(a) Sucrose (b} Maltase (e} Glucose (d) Fructose

Which of the following element is NOT typically a compuonent of the proteins?
{a) Sulphur (k) Phosphorus {c) Mitrogen {d} Carbon
It is a protein that is responsible for controlling the level of sugar in the
blodstream.
{a) Albumin (b} Insulin {c} Hemoglobin idy Cilyeine
These are the two functional groups present in an amino achd,
(2) Hydroxy! and earboxyl (b) Ester and Amine
{e) Carboxyl and Amino (d} Aldehyde and Aminc
The formation of a peptide linkage involves the elimination of which
maolecules?
{a) Water (k) Hydrogen gas (e} Carbon dioxide (d) Ammonia
Which of these factors can cause the denaturation of proteins?
{a) Heat and change in pH
{c) Freczing only
It is the source of Lauric acid,
{a) Coconut oil (h) Palm oil (e} Olive ol (d) Animal las
What is the chemical name for the 'fat’ molecule formed from three stcaric
acid molecules and glycerol?
{a) Cholesterol {b) Tristearin
Chemically, soap is defined as:
{a) Sodium salts of long chain fany acids
(B) Pure glycerol
{e) A type of fibrous protein (d) A mixture of vitamins
Deficiency of which vitamin leads to the discase 'Seurvy"?
{a) Vitamin D {b) Vitamin B, {c) Vitamin C {d) Vitamin A
Which vitamin can the body prepare directly in the presence of sunlight?
(a) Vitamin A {b) Vitamin By {¢) Vitamin C (d) Vitlamin D

(b} Exposure 1o light
(d) Distilled water

{c} Glyceryl palmitate  {d) Oleic acid
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The source of stearic acid is:

(a) Coconut oil (k) Animal fats
From olive oil, we get fatty acid:
{a) Lauric acid {b} Palmitic acid {c) Oleic acid (d})
Which of the following is the source of palmitic acid?

{a) Palm oil (b) Olive il (e} Coconul oil (d) Animal fals
Deficiency of which vitamin causes night blindness and dry skin?

{a) Vitamin A (b) Vitamin C (c) Vitamin B, (d) Vitamin B5
Fatigue and depression are due to the deficiency of vitamin:

(a) A by B (e} D {dj B2

{c) Palm oil (d) Olive oil

Stearic acid

[ 25.6 | Nucleic Acids

Applications of Biochemistry

Which of the following malecules are primarily responsible for the storage of
genetie information?

(a) Carbohvdrates (b) Proteins {c) DNA (dy Lipids
The approximate molecular mass of an RNA molecule is:
(a) 12cm (b} 340 Da () 660 Da (d) 10em

Where is RNA mostly found within a cell?
(a) Outside the cell nucleus {b) Inside the nucleus
(e) In the mitochondria only {d) Auached 1o cell wall

Which hormone is deteched in the body to confirm pregnancy through a urine
or blood test?

{a) Adrenalin {b) Insulin {c) Estrogen
The Galleri test is a specific type of blood test used for:
(a) Anemia detection (b) Cancer screcning

{c) Pregnancy (d) Organ failure diagnosis

{d) 1CG

32. Which medical technique involves replacing a 'faulty gene' with a healthy

one?
{a) Parental Genetic testing

{b) Gene Therapy
{e) DNA sequencing

(d) Blood chemistry test

33. Carbohyvdrates, proteins and Tats together with water constitute about

of the most living organisms,

{a) 69 % (b) 79 % (¢) 89% (d) 99 %

34. What is the specific role of RNA in protein synthesis?

{a) To store information forever {b) To identifiy infections in blood -
(¢) To acts as genetic replica of the eell (d) To read, decode and use information

35, The molecules mass of DNA molecule is up to:

36, Molecules of DNA are mostly found in the

{a) 460 Da (b} 360 Da (c) 660 Da (d) 760 Da

of the cells.

{a) Mucleus (b)) cytoplasm (¢} Lysosome {d) Cell membrang
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. (b 2. (e} 3. () 4. (by 5 {a) 6. {a) 7. ()

B () 9 (e 10.(d) 1L () 12 (b) 13 (b) 14 (c)

15. (a) 16. (a) 17. (a) 18 (b) 19. (a) 20. (c) 21. (d)

22. (b) 23. (c) 24 (a) 25 (o) 26. (b) 27. (c) 28 (b)

ig. ﬂ 30. (d) 3L (k) 3 (b)) 35 (d) M. () 35 (c)
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Short Answer Questions prepured in the light of new Exomination Techniques
[Hnnwledge, l.lnldemtanding, Application, Analytical & Conceptual)

m The Importance of Nutrition
m Carbohydrates

.  Define Biochemistry.

Ans. Biochemistry:
Biochemistry is the study of chemical substances which play a vital role in the
processes taking place in living organisms.

1. What are three classes of foods? Discuss their importance.

Amns. Classes of foods:
Carbohydrates, lipids, fats and proteins are the three classes of foods,
Importance:

®  They provide energy to human beings.

®  They are also responsible for their body structures.

3. Which nutrient provides the most energy?

Ans. Lipids porivide, on the average, twice as much energy as provided by carbohydrates
or proteins,

4.  From where fats and oils come?

Ans. Fats and oils come from a variety of natural sources like animals, planis and marine
arganisms,

5.  Where are animal fats located?

Ans. Animal fats are particularly located in tisues cell,

6. Name the type of animal fats which are made from mill.

Ans. Butter and ghee are a special type of animal fats which are made from milk.

7. What is the general chiemical composition of earboh yidrates,

Ans. They contain the elements carbon, hydrogen and oxygen. Most contain aldyhyde or
ketonic functional groups, =

8. Define nutrition,

Ans. Nutrition: .
Nutrition is the study of the nuirients present in food and how they maintain a

————————
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healthy body.
3, What are nutrients?
Ans. Nutrients:
Nutrients are the components of food that are needed on regular basis to mainlain
health and prevemt discases.
(0. What nutrients does a healthy human body need?
Ans. A healthy human body needs the following nutrients:
o Carbohydrates ® Lipids e Proleins e
1l. How are carbohydrates classified?
Ans. Carbohydrates are classified into three groups:
¢ Monosaccharides &  Oligosaccharides L
1. How much carbohydrates does a healthy adult need?
Ans. A healthy adult needs 225 to 325 grams of carbohydrates per day for a standard
2000 calorie diet,
13. What is a daily intake of fats for an adult?
Ans. A daily intake of fats for an adult is roughly between 44 1o 78 grams.
14. How much proteins docs an adult consume?
Ans. An adult should consume 60 grams of proteins per day.
15. Define balanced diet.
Ans, Balanced diet: .
A balanced diet is one rich in fruits, vegetables and grains that provides mosi of
the vitamins and minerals needed by the body daily for growth, reproduction and
body maintenance,
l6. What is the molecular formula of sucrose, lactose and maltose?
Ans. The molecular formula of sucrose, lactose and maltose is CjaHa304).
17. Name the carbohydrates present in supar cane, sugar beets, breads, corcals
and milk.
Ans, ® Sucrose is present in sugar cane and sugar beets.
& Maltose is found in breads and other cereals.
® Lactose is present in milk.
18. 'What is the molecular formula of starch and cellulose?
Ans, The molecular formula of starch and cellulose is (CgHygOs)n.
19. Name the sources of starch.
Ans. Sources of starch:
Starch is found in foods like potatoes, rice and grains.
0. What is Glycogen?
Ans. Glycogen:
Glycogen is a carbohydrate that serves the same energy storage fucntion in animals
that starch serves in plants.

Yitamins and minecrals

-

Polysaccharides
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21. What clements are profeins composed of?
Ans. Proteins are very large molecules containing carbon (C). Hydrogen (1), U*ﬁ}gm
(), Nitrogen (M) and Sulphur (5).
21, What is the function of the hormone insulin?
Ans, Insuline is a protien that controls the Jevel of sugar in the hlood stream.
23. Define enzymes
Ans. Enzymes:
Enzymes arc the catalysts which speed up in the biochemical reactions taking plag
in our body,
23, What are buliding blocks ol proteins?
Ans. All protens are formed by linking together molecules called amino acids.
24. What are the two functional group of an amino acid?
Ans, An amino acid has two functional groups:
® A carboxyl group  COOH
®  Anamino group _ NH3
25. Name the simplest amino acid with its structural formula,
Ans. The simplest amino acid is called glycine. Its structural formula is:
CH, COOH

NH,

26. What are the building blocks of lipids?

Ams. Most lipids are composed of simpler substances called [atty acids which serve ©
their building blocks.

27. Define fatty acids. Give examples.

Ans. Fatty Acids:
Fatty acids are long chain carboxylic acids containing from 12 to 28 carbon atoms
Examples:
Lawuric acid, stearic acid, palmitic acid, aleic acid etc.

28, Define fats,

Ans. Fats:
Fatty acids react with an alcohol called glycerol to give tristearin which are calld
fats,
Example:
Stearic acid reacts with glycerol to form tristearin which is a fa,

29. What is triglyceride?

Ans. A triester of glycerol is also called triglyceride.

ﬂmwﬂﬁml CRIERCOM N wss 1

0. Tell the role of lipids in our body.
..n\ns‘ Lipids serve as an encrgy rich source and are started in adipose lssue cells.
31. Where are animal fats located in the body?
Ans, Animal fats are located particularly in adipose tissue cells.
A2, Where are vegetable oil present in plants?
Ans. Vegetable oils are present in seeds and roots ol plants.
33, What is the chemieal composition of soap?
Ans. Chemically. soap is a mixture of sodium salis of the long chain fatty acids produced
by hydrolysis of animal fur with alkali.
34. What are vitamins?
Ans. Vitamins:
These are organic substances which do not directly serve the purpose of pnwldml,
energy and building cells of our hmi'_lp' like carbohydrates, lipids and proteins,
35. Meention biological Tunction of vitamins,
Ans, Biological function of vitamins:
Vitamins are necessary to maintain normal health and growth ol our body, These
compounds are known to function as catalysts for the biological processes going on
in our body .
36. Which vitumin is called ascorbic acid?
Ans. Vitamin C is also called ascorbic acid.
37. Which vitamin can our skin prepare?
Ans, Our skin ean prepare vitamin D directly in the presence of sunlight.
38. What arc two types of nucleic acids?
Ans. Two types of nucleic acids are:
. Deoxyribonucleic acid (DNA)
. Ribonucleic acid (RMA)
39, What are nucleic acids responsible for?
Ans. These compounds arc responsible for the existence, dmml-nnmcm and reproduction
of all forms of life.
40. Compare molecular mass of DNA and RNA molecules.
Ans. A DNA molecule may have molecular mass of up to 660 Da.
A BRMNA molecule may have molecular mass 340 .
41. What is function of DNA?
Ans. Function of DNA:
The function of DNA is to store information and pass it on to RNA, al the proper
time.
42. Explain the function of RMAT
Ans, Function of RNA:
The function of RNA is to read, decode and wse the information received (rom
DNA o make protiens.
43. For what purposes do doctors use the blood teses?
Ans. Doclors use the blood tests to identify various health conditions indluding

— J.Irﬂf.ll.-m—__
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infections, diabetes, anemia, organ failure and much more,
4. What do the basic blood chemistry tests check?
Ans. The basic blood chemistry tests check the amount of elecirolvies. fals. protiens,
glucose and enmymes.
4%, What does & pregnancy test check for?
Ans. It checks for HOG (Human chorionic Gonadotropin). a hormone produced in the
body when a2 woman becomes pragnant.
46. What is the Galleri test?
Ans. Galleri Test:
It is a spexific rvpe of blood test which is performed 1o detect cancer in carly stages.
47. What is genetic engincering?
Ans. Genetic Engineering:
it 5 2 method for changing an organisms genome. It can involve changing one
single DNA base or can involve deleting or inserting 2 whole region of DNA.
48. How may gene therapy be helpful in future? .
Ang Crn: therspy may be i'lt'pﬁ.li in r‘u‘un: to fight with a wide range of discases like

49. Defime Elunilr:,
Ans, Cloning:
Em: ng Sescrioes the methods used 10 create an exact genetic replica of a cell, 2
ue or the whols organism.

What is clone?
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Exercise Questions

Solved)

AL Mgltiple Choice Questions
= Choose and tick the carrect answer from the given choices.
i Fuzctonal grosps present in froctose are:

—_— 1 - o - L Ty I b
£l FIyTORY. 300 308000 (&) Hydroxyland Ketone
iy = =y 1,_.-: st r:|I |'".. -,_...1 — a2 )

'J!In:- functinaal groap B present in a f2t? -

*J

2) Carboxyl proup (5) Ester powp (i Carbonyl group (d) Hydroxy] group
Vihick 'u&r'r s0 is oot performed by proteins in our body?

They serve a8 shersice] messenpers

They serve s siorage of energy-rich fuel

§ ‘—-"pl., r".l-l- gl.-ll-.-l- - ll-r--.-.u-t- " o
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They serve 25 C3 1.—.._5 for banchernacal reactions.
4. Which functivaal groups react to produce 2 peptide linkage in proteins?
fz) Carboxyl group end hydroxyl group  (b) Carbonry| group and amina group

(ETLTIITY INTIHANI CHEMISTRY  (267)  SReigyiaiig

(¢) Hydroxyl group and amino group  (d) Ester group and amino group
& The test performed 1o detect cancer in carly stages is:

{a) Genetic test (b)) Urine test (e} Galleri test
6. Fatigue and depression are caused by deficiency of:

{a) Vitamin A (b} Vitamin C (e} Vitamin D

() Llectrolyte test

(d) Vitamin 13,

. (b} 2. (b) 3 (o) 4. by & ) 6. (g]

351 What is the difference between glucose and fructose?

Ans. Glucose and fructose both are carbohydrates. They both have the same molecular
formula, CgH 20, but Glucose is an aldehvdic sugar (containing an aldehyde
group), while fructose is a Ketonic sugar (comaining a ketone group).

252 Give two examples of denaturation of proteins.

Ans. Examples of denaturation of proteins:

(i) Boiling an egg:

The liguid albumin becomes a solid white mass,

(iij Curdling of milk:

Adding acid (like lemon juice) causes=nilk prmicm. to clump wogether.

153 What are the sources of vitamin D?

Ans. Sources of Vitamin D:

Vitamin D may be obiained from butter and fish liver oils. Our skin can also
prepare vitamin D directly in the presence of sunlipht

254 What is the role of enzymes in our body?

Ans. Role of Enzyvmes in our body:

Enzymes are protein in nature. They are the catalysts which speed up the
biochemical reactions waking place in our body such 2s digestion and metabnlism,
without being consumed in the process

255 Which commercial products are ohtained from oils and futs?

Ans, Scap (via saponification). margarine, paints, and cosmetics are the commaercial
products which are obtained from nils a2nd fas

15.6 Which vitamin helps in bluod clotting?

Ans, Vitamin K helps in blood clotting

| C. Constructed Response Questions
25,1 What is the function of DNAT
Ans. Functions of DNA:

Deaxyribonucleic Acid is 2 nutleic acid carrving the BCRCHC INMrUCLINS It is
rEspe ."-lb.l: for the existsnce, development and reproduction of all forms of life
Function of DNA:

The function of DNA s lo store mformation and pass it on 1o RNA, &t the proper
Lme.
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23.2 Write down three important functions played by proteins in our hody. %

Ans. Functions ol proticns in our body: W B

I.  Structural support: _.tl: H f.‘ OH
Protein builds and repairs muscles, skin, bones, tendons and lignments ufiey H—C —OH €= 0
injuries, collagen provides elasticity and strength 10 skin and connective lissue, HO 1LIZ H HO—'C - - H

1. Metabolic Catnlysis: H qLF OH M C OH
Enzymes are specialized proteins that speed up essential chemical reactions, such H—'c —0OH H-'c — OH
as digestion (e.p., amylase in saliva breaking down carbohydraies) O cnergy H _ult _OH H_"C —OH
production, |:1 X

X Transpori: Kkt b e
Hemoglobin is a protein which carries oxygen in blood stream and delivers absanicaoiho: ok aSn iy}

difTerent parts of the body.

Falty acids serve as buoilding blocks of lipids just like wming acids are fur
proteins, Comment on this statement,

This statement is correet, Just as proteins are polymers made of aming acig
monomers linked by peptide bonds, many lipids (specilically wriglyeerides) are
formed by the combination of glycersl and Gty acids. Proteins and lipids e the

15.3 Construct peptide linkage and explain the struciure of a poly peptide.

Ans. For Answer See Q@ 6

254 What are DNA and BRNA? Describe the role played by them in our body.
Ans. For Answer See Q) 10

15.5 Compare the roles played by earbohydrates, proteins and lipids in our body.
Ans. Comparison of roles played by carbohydrates, proteing and lipids in our body:

15.3

Anis,

fundamental building blocks of their respective hiomolecules.
Write down about the sourves of vilnmin C. Which discases are caunsed by i
deficiency?
Sources of Vitamin C;
Vitamin C. alse called ascorbic acid is found in citrus fruits, green pepper and
tomaloes,
Deficiency Disease: ;
Deficiency ol vitamin C in our body causes scurvy (blecding gums),
25.5 Write down the names of two polymeric carbohydrates,
Ans. Two examples of polymeric carbohydrines are:
& Sarch o Cellulose

254

Adis.

25.1 What are the sources of fructose, maltose and lacinse?
Ans. Sources of Frucinse:
Fructose is a carhohydrate which is present in sweet fruit juices and honey,
Sources of Maltose:
Maltose is a carbohydrate which is found in breads and cercals,
Sources of Lactose;
Lactose is a carbohydrate which is present in milk.
25.2 Draw open chain structures of glucose and fructose,
Ans. Open stuctures of glucose and feuctlose:

Crel

Carbohydrates Proteins Lipids
Unit Basis Monosaccharides | Amino Acids Fally acids and
{c.E: Cilucose) Cilyeerol
Encrpy yvield dkecallg dkcullp G kcal f g
Storage form Gilycogen Not stored Adipose Tissue
Primary Raole Provides Building blocks | L.ong-lerm energy
immediate energy for tissues, reserve and
lor the body and museles and insulation
" brain. enzymes.
Specific Spare proicin caialyres Prodect vital
funections from being chemical organs: helpin
broken down for | reactions: carries | the absorption of
energy. support By Een fat soluble
digestive health (homoglobiny: | vitamins (A, B 1.
via fiber and provides K} forms cell
assist in immunity membrane.
structurual and | (antibodies).
functional roles
like cell
membranc
formation,
S ————— e R ———
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Student Learning Outcomes
After studying this chapter, students will be able to::

. Define polymers as lorge molecules buill up from many smaller molecules callgy
MIONOMErS,
e - ldentify the repeating units and / or linkages in addition polymers and jp
condensation polymers.
*  Deduce the structure or repeating unil of a condensation polymer from_givey
monomers and vice versa, limited to:
a.  palyamides from a dicarboxylic acid and a diamine
b.  polyesters from a dicarboxylic acid and a dial.
Deseribe the differences between addition and condensation polymerization,
State that plastics are made from polymers,
Dieseribe how the properties of plastics have implications for their disposal.
Deseribe the environmental challenges caused by plastics, limited 1o
e disposal in land il sies
» accumulation in oceans
» formation of toxie gases from burning
®  Describe the structure of:
= nylon, a polyamide
» PET, a polyester The full name for PET, polyethylene terephthalate, is not
required.
, Slate that PET can be converted back into monomers and repolymerised
Chutline the importance of polymers in the textile indusiry, (Examples for pilymers
being used may be given along with their specific propertics).

Polymers

.: Subjective Type Questions

Long Questions prepared in the 1|g|'|1 of new Exomination Te(hniqugs -
tﬂnnwlndgu. Understanding, Application, Analytical & Conceptuai) £

s B e e —————————y

m * ~ Types of Polymers
m Structures of Monomer lrom Polymer

0.1: Describe the following:
« Monomers « Polymerization
Monomers:

« Types ol polymers = Imporlance of polymers
Polymers or macromoleoules are extromely large molecules which

Ans,

7 |
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are formed by linking together a very large number of simple molecular units called
mOnomers,

polymerization: The process of formation of a polymer from a monomer is called
polymerization.

Types of polymers: Carbohydrates, proteins and nucleic acids are the everyday examples
of polymers which exist naturally. Whereas plastics. synthetic fibers, and natural rubber
are the examples of man-made polymers. One of the most significant changes which has
pecurred throughout the world, has been the gradual replacement of metals, wood and
cotton with man-made synthetic polymers.

Impoartance of polymers: Polymers arc important in-our daily life due 1o their high
grength, flexibility and resistance to heal and chemicals. These properties make them
uscful for a wide range of applications.

0.2: Write a note on addition polymers.

Ans. Addition Polymers:

Addition Polymers are one of the main iypes of polymers. Addition polymers arc
formed when monomer molecules containing a double bond combine together through o
covalent bond to give a very large molecule.

Example:

A large number of ethene molecules add together to give one very big molecule
which is called polythene or polythene,
Explanation:

During this reaction € = C double bond in ethenc breaks down 1o allow cthene
molecules to join together. Polymerization reactions usually take place at high pressure
and in the presence of a catalyst,

In addition polymerization, no molecule is eliminated and no by-product is formed.
2CH, =CH,— 4 CH. 4 CH, - CH, -CH 4
Bannner EE[H'JI wiflE
nCH, =CH,—+ CH, -CH, %
Fulyeihene

0.3: What are condensation polymers. How are they lormed?
OR How is PET formed? Can you recycle this polymer?
Ans. Condensation Polymers:

Condensation polymers are one of the main types ol polymers.
Formation of Condensation Polymers:

A condensation polymer is formed when two different molecules containing two
different functional groups react together with the elimination of 8 small molecule like
Hy0, HCI and NH, etc. The reaction takes place in the presence of an acid or a base.
Formation of Polyethene Terephthelate (PET):

Ethane diol reacts with a dicarboxylic acid (terephthalic scid) o give a polymer
called Polyethylene Terephthalate group of the diol to give an ester linkage.

-w - J”'h A —
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HO ~— CH,— CH,— OH_+ HO—C—<G)—C — OH g
Ethane denl Tesmpahitinals ac.d h
(@] o
1 —
+0—CH,—CH, {0 —C|—<0:—C +
ester lnkage Repeal urly

This product is called a repeat unit. Since the functional groups arc present aﬁm
ends of the resulting molecule, the polymerization process continues at both ends o give
a very big molecule. which is represented by the following structure.

0 0
l |

+0—CH.—CH, — 0—C —<O)—C+

PET

Recycling of PET:

PET can be recycled by chemically breaking down to the monomer uniis,
Chemically recycling can be done through heating the polymer in the absenee of oxvgen,
0.4: Write formation of polyamide.

Ans. Formation of a Polyamide:

Another condensation polymer, a polyamide. is formed when butanedioic acid
reacts with a diamine. Each —COOH group of the dicarboxylic acid reacts with cach
=MH; group present in diamine to form an amide linkage. A water molecule is fost during
the condensation reaction. The repeal unit thus formed is then converted into a polymer.

[ o 0
Il Il
HO — C— CH, — CH, —C—

Butanadios sced

H + H—N—(CH,— CH), —NH, —
Bariane- 1 S-ghan e

1 1 '
-4 C—CH,—CH, +—C— NH— [CH,—CH.),—NH 3-
amide hnkage l Mepest we
0 y H
| I I3
C—CH,—EH,‘—C— NH—(CH, —CH,}), — N b

a polyamide

it

—

~
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0.5: Ditferentiate between addition and condensation polymerizations. d
Ans.

A single monomer is used which should
have a double or a triple bond.

Fhis polyvmerization lakes place between
two momumers. The monomer molecules
hove twin functionmal groups present one on

cach vnd of the molecule.

It involves the condensation-hetween twis
monemers with the elimination of a small
moleenlelike 1L TICLor NI

The modecelar mass of the polymer canne
hecfound: by adding the molecular masses

It involves an addition reaction and only a
single producet is Tormed,

The molecular mass ol the product
polymer can be found by adding the
molecular masses af all the monromers
used.

wlallithe rmonemers.

Thepokanun formed contains a specilic
linkage, c.g. ester linkage or amide

The polymer formed contains only the

single bonds along the polymer. buckbone

chain, linkage.

Examples of addition polymers are| Example of condensation polymers are

polycthene, polystyrene. polyvinylchlorde | polyester, nvlon, bakelite. ete.

{PVC]). cle,

0.6: (a) Write down reactions along with the conditions to prepare polyamide and
polyester. )

Ans. Preparation of Polyester:

(1 Write down the structure of a condensation polymer, polyester.
4CO0-CH -CH ~CO0-0-CH-CH -0}
(W) Identify the repeating unit in the polymer. Remove the brackets. the extended bonds

ol bone the ends and the subscript n. Break the bond between CO and 0 ol the ester
linkage. Add Ol 1o the cach end ol the dicarboxylic acid monomer. Add 11w cach
end ol the diol monomer,
FCO-CH -CH,-C0-0Q-CH -CH -4
n{C0-CH -CH -CO-0-CH -CH' O} —

AHO-CO-CH,-CH -CO-OH+nH-O-CH -CH O H
Preparation of Polyamide:

(Y Write down the structure ol o condensation polymer, a polyamide,
HO-CH-CH-CO-NH-(CH-CH) —MNH}
(i) Identify the repeating unit in the polymer. Remove the brackets, remove ihe

extended linkage at both the ¢ends and subseript n. Break the bond between the €60
and NH aof the amide linkage. Add O 1o the each end ol dicarhoxylic acid
monomer. Add 1 1o cach end of the diamine monomer

_—J'?H‘ o T
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niC0~CH ~CH=CO-NH=- (CH -CH) - hH-

- —— - -
il e i (o =
- L L S L= e

- = NH-TH - CH) =N ¢
(b) Write down reaction alongwith the conditions to prepare addition polymer
Ans. Addition Polymer:
(i} Write down the structure of addition polymer
RCH-CH 3
(@) [dentify the repeating unit inth

from each side and the subseript n, Change the single bond 1o 3 dasbic Pund

0.7: Describe pul-,'mers of plastic and thmr uses

Ans. Plastic Polymers: Poly meriatoin of monomers like eths lonc. proms lene and sives
__,l'l.t& palvethylene (PE L [rpropslene l.:'F'.,_-._! polvsivrend | PS ) respective v Adl

lvmers are a few examples of compounds called Plastics. [ huse plastics wre gaed
r":i.c all iypes of carmy-home food containers, €.

Plastic products
Uses: Soft drink boules. water bBottles. juice hottles clg Fhes are also paed
manufacture shopping bags. kitchen-wares. buckets. whles: chairs, food wrappers. oo
and plates etc. Plastics are light weighl Nlexible and durable. They can be casily mouldal

into solid objects of almost any desired shape. Al these propertios hive led o tha
widespread use in almost any sphere of our daily life. Starting lorm carly. 20k conten
millions of tons of plastics are made even :-l.:4r
0.8: Describe the role of synihetic polymers in the texlile industry.
Ans. Synthelic Polymers:
Polymers which are used in the textile 1":1-;Ju.~flr:- are called svathetic Nibors
Examples: Nylon., polvester. nyon, acrylic e
Role of Synthetic Polymers in the Textile Industry:
The properties of synthetic fibers which enable them w be usad in testile ndusin
arc as follows;

‘-lr
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They are cheaper in cost than natural fibers like
coton and silk.

2. They are stronger and more durable than naiural
fiber.

3.  They do not shrink.

4. They resist wrinkling.

5 They are light weight and quick drving.
6. They are moth and inscct resistant.

0.9: Describe the effects of synthetic polymers on the environment.
Ans. Adverse Effects of Plastics:

Unlike other materials, plastics do not undergo biodegradation. When articles made
of plastics are discarded, they can take upio 1000 vears 1o break down. This fact has led
to build up of huge amounts of plastics in the environment. Accumulation of suc a huge
amount of different articles made ol plastics has caused widespread environmental
problems.

«  Plastic Pollution:

Plastic pollution is found almost everywhere on lands, in air and in all the waler
bodies: rivers. ponds. lakes, seas and oceans. This pollution has reached 10 an extremily
alarming level and has led 1o cause serious health problems.

»  Burning of discarded Plastic Articles:

Diiscarded plastic articles we put in the binds are disposed of through hurning.
dumping in the landfill. thrown in the drains from where they make their way 1o rivers
and oceans. Burning of discarded plastic articles in town. crcates a hazardous
environmenta! condition because this releases dangerous gases in air.

. Give an example of s commercial product which is fnormed using polyethenc.

Ans, Common commarcial products include carry home food containers. soft drink bottles. watet
bottles and shopping bags.

pS Write three propertics af svathetic paly mers,

Az, Properties of Synthetic Polymers:
i)  They do not shrink. (i) They resist wrnking
(i) They are light weight and quick drying

|
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|
LR - i3
1. Heow g ester lnkage Bebwecn two monomers i Toomed? I : Object" UE Epa Questiﬂns .H..m
Ans. An ester linkage between wo monomees is formed thromgl i chemical reaction between a2 i
I I / Additional MCQ's //”

carboxy | groap ¢ COCEL and one snomer and o Bsdrossd gronep [ CH 1 of wnsther monomgr

Prring this process. o molesule of water (112007 i released. g the hond known as an ester linkage

RO o0 R - Muillple Choite Questions prepored in the light of new Exomination Techniques
L. Fow Hosntendinmibonpobmertimiton pegut? : _(Knowledge, Undarr.tandlng, m:llh:ntlﬁn. Analytical & Conceptual)

Ams. A condensation pobymer s formed swhen twn different molecules conining two dilTerem

fnctional groups reiet logcther w ith e elimminateon of & saeall molecale ke 1LO, T and w1l

el

| 26.1 | Types of Polymers
m Structure of Monomer from Polymer
Fsmmple:

e tormation of polvester {Hke PET ) or polvamide (like Ny lan) 1

What is another term ased for polymers due e their extremely lorge sive?

- » | (n) Micromolecules(b) Macromplecules () Monomers () Isaonpes
26.3\Quick (T4 e

2. Which of the following is a nuturally occurring polymer?
l. Whan do vou widerstaind by the term repeating anin? ! {Et} l'l:lﬁlt'lr.‘ (b) Nylon te) Nucleic agies: (d) PV
Ans. Repeating Unit: | 3. Synthetic polymers have largely replaced which of the fllow ing materials?
A repeating unil is the smallest part of a polymer chain i, when linked wgcther repeatadly, {a) Wood (b)) Colon () Mewly (dy AN ol these
forms the entive macrmolecule, : g 4. Which properiy makes polymers usceful for o wide range of applications?
. It represcents the chemical strueture derived From the sriginal monomeris) alter the (a) Resistance to chemicals (b I“B" strength
polymerization process is complete {c) I"h:h.ihili'[}' () Al of these
. o chemvical Tarmuala. the reneating ki ;
-:I:'I :nLIIII;:::::L::l::-'rIII:LILI1:IIh.I~I::.|1Ii:T:I;Inl.'l::i 1I=:|:I|I|'.cl:T.-:II:I:-I:I'::'l1:-LI|:.-1I|L1IL.:L:~|I'I:i::I:::_Ll-h LT 5 Addition p.{ll}'lhl.:rﬁ- are formed from monomers that specifically contain:
& Draw the structare of a polvamide linkage, (a) {}nl}' :-ilng,h: bonds (b) A double hond ¢
Ans, A polyvamide linkage (also called an amide boady i the chomical comnection Tor |n|_'d-th_-u|..,-,;u an (c)- An ester linkage (d) Anamide linkage
anmine growp and a carbosyl group, 115 the defining femere of polyinees like Nylon 6. In addition pedymerization, what is the by-produoet?
e structiere of the polviamide linkage is {a) Water (B Adsmmaonia
Cr- ) MU

(c) Hydrogen chloride id) No by product is fomaed
In & polyimer clonn, it fooks ke this

i : R Which conditions are usually required for polymerization reactions?
[Rest of chain - O O NI Rest ol Chiain| !

(a) Low pressure and no catalvst
INTERESTING INFORMATION 3
! 8.
- =

Propertics of palvimers can be changed through eareful control ol terr chmscal

thy High pressone and o catalysl
(c) High pressure and oxyeen (o} Vacuum and low lemperttare
k B g r

Condensation polvmerization occurs hetween monnmers that have:

struetare and composition cnabling theer use in highly specific apphication @’f- () Triple bonds (b} One functional group
e pomestick capting [T elion) (e Two different lunctional groups (dy o functional groups

® Ry varying the typetand proportion of monomers, chemists can make sieh poly mers which shs 9. Which of these is a common small molecule eliminated during condensation?
specilic properties, such oy Mexibilivy, stremgeth and thermal stobiliy o meet specilic igaphican e {ay C1 E_. (b) “}” c) € (dy € '”_1
requirements A Terylene (PET) is formed from which two monomers?

. Polymers can be 30 printed osing a variety of technigues, Fhese technigues invshe . () Ethanc diol and Terephthale acid (b} Ethene and Propane

fayer-by-liner deposition ol the polymer materal 1 ereate ibree-dimenaional oljeers

() Butane dioic acid and Diamine () Adipie acid and glyeol

L P —— -
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11.

12.

4.

15,

17,

19.

20.

21.

22.

EDME A s 10
A polyamide linkage (amide linkage) is represented as;

(n) —COOH- {b) ~COMH- () <CHy- CHy - (d) ©

What does the subseript "n" represent in a polymer structure?”

{a) Number of catalyst ] (b)Y Number of repeating units

{e) Mumber of double bonds (d)y Temperature ‘ni' reaction

To identify the monomer of an addition polymer, you must change the single
bond of the repeating unit into a:

{a) Single bond (b) Double bond (¢} Uster linkage  (d) Amide linkage
When identifying the monomers of a polyester, what is added to the
diearboxylic acid end?

(a) -OH ihy -H {e) -Cll, . {d} NI,
Which polymer is used for nop-stick coating on pans (Teflen)?  *
(a) PVC (b} Mylon

(¢) Polvietrafluorocthylene {d) Bakelite '

Plastics

EIXE  importance of Polymers in the Textile Industry

Adverse Effects of Plastics

Which monomer is polymerized to produce polypropylene (P17

{a) Propyiene (b} Ethylene fc) Sivrene (d) Vinyl Chloride
Which monomer is polymerized to produce polvethylene (I"E)?

{a) Sivrene Ab) Ethylenc (¢} Vinyl chloride (d) Propylene
Which of the following monomer is polymerized to produce polystyrenc?

{a) Ethylene (b) Vinyl ehloride (e} Styrene td) Propylene
Polyethylene (PE), Polypropylene (PP) and Polystyrene (PS) are all comman
examples of:

{a) Plastics (b} Proteins te) Matwral libres  (d) None ol these
Polymers used specifically in the textile indusiry are known as:

(a) MNatural fibers  (b) Synthetic fibers (c) Caalysis (dy Mastics
Which of the following is an example of a synthetic fiber?

{a) Cotton (b) Silk (e) Wool (d) Nylon
Approximately what percentage of global clothing industry materials do
polyester and nylon account for?

(a) 50% (b) 69% (c) B5% (d) 99%

Which synthetic fiber is specifically noted for providing warmth and being
soft?

(a) Polyethylene  (b) Nylon (c) Aerylic (d) Polysiyrene

@Wnﬁﬂmﬂf COM A wss 10\

How long can it take for some plastic articles to break down in the
cnvironment'?

fa) 1) years thy 50 vears
(cy 100 years () up v DOOG years

5. Which property of plastic allows them to be formed into almost any desired
shape?

(aj 1 runsparency thy Hizh density

{e) Mould casily () Hleat comductivity
ideRs:
L (b) 2. (e} i 4. (dy 5 (W) 6, (dy 7. b}
() 9. (h) L {uj 1. (b} 12, (hi 13 (m 14, (a}
15, (c) 6. {a) 17. (b 18 (o) 19, (n) 2. (b 21. ()
11.' (b 23. (¢} 24, iy 258. (&)

W Additional Short Questions /4

< nregared in the ﬁghf of new Examingtion Techniques
wding, Appli:ﬂtinmﬂnalyﬂtal & Concaptual)

. What are polyoers?

Ans. Polymers: Polymers or macromolecules are extremely lorge moleeules which are

formed by linking together a very large number of simple molecular units called
MERCINers.

L Define polymerization,
Ans, Polymertzation: The process of |--|-:11-L|Ii:-.|-| ol o polvmer from a monomer is called
palymcrization,
3. Distinguish between natural and man-made polymers.

Ans, Mutural Polvmers: Matural polymers oceur naturally in nature,
Examples: Cirbohydrates, proteins and nuclete acids

Man-made Polvmiers: These are the polymers created by humans.
Examples: Plastic. synthetic fibers and natural rubber {processed ).
4. What are two main types of polymers?

Ans, Types of Polymers: Two main types of polymers arc:

. Adtdition Polymers .

L

Condensation Polymers




INTIHANI CHEMISTRY __ (280) _ Beiidpisid

5. Why have synthetic polymers replaced materials like metals, wood and cotion?
Ans. Syathetie polymers are preferred because of their high strength. Mexibility ang

resistance to heat and chemicals making them more versatile Tor modery
applications,

6. What are addition polymers?

Ans. Addition Polymers: Addition polymers are formed when monomer molecules
containing a double bond combine together through a covalent bond 1o give a very
large molecule.

Example: A large number of ethene molecules add wgether to give one very hig
molecule which is called polvethene or polythene.

7. What are the necessary conditions for addition polymerization?

Ans. These reactions usually take place under high pressure and in the presence ol g
:nulg.-sit. '

8. Define condensation polymiers,

Ans. Condensation Polymers: A condensation polymer is formed when two dilleren
m0|:!'tu1£-5 containing two different functional groups react togcether with the
elimination of 2 smal molecule like H,0, HC1 and NH; ete.

9. What is PET (Palyethylene Terephthalate)?

Ans. PET (Polyethylene Tercphthalate) is a common polyester formed by the
condensation reaction between cthane diol and terephthalic acid. 1t is widely uwed
in making plastic bottles.

1., How is a polvamide formed?

Ans. Polvamide is a condensation polymer. which is formed when butancdioic acid

reacts with diamine. Each —COOH group ol the dicarboxylic acid reacts with cach

=M1, group present in diamine to form an amide linkage. A water molecule is lost
during the condensation reaction. The repeat unit thus formed is then converted into
a polymer,

11. What is a repeating unit?

Ans, A repeating unit is the specific pant of a polymer chain that is derived from the
monomers and repeals many times Lo make up the complele macromolecule,

12. What happens to the C = C double bond during addition polymerization?

Ans. The double bond breaks down to allow ethene molecules to join 1ogether.

13. Why is no by product formed in addition polymerization?

Ans. No by product is formed in addition palymerization because it involves an addition
reaction where no molecule is eliminated; all atoms of the monomers are retained in
the polymers,

IMTIHANI CHEMISTRY

M. Give three examples of addition polymers.
Ans. Three exampels of addition polymers are:
*  Polyethene (Polythene) ’
*  Polyvinylchloride (PVC)
15. How is the moleculur muss of an addition polymer ealeubated?
Ans. The molecular mass of an addition polymer is calculated by addition the molecular

Polystvrene

masses of all the monomers used.

16. Name three small molecules eliminated during condensation.

Ans. Three small molecules eliminated during condensation arc water (1103}
Hydrochloric acid (1O and Ammonia (N1, ),

17. How can PET be recycled?

Ans. PET can be recyeled by chemically breaking down o the monimer units

8. How can chemieal recyeling be done?

Ans. Chemical recyeling can be done through rm;[girlljut_l“talt::_nul_-. mer im the ubsence ol
oxygen,

19. Give some examples of condensation polymers,

Ans. Some examples ol condensation polymers are:
s  Polycster «  Mylon .

2. What is the specific use of Teflon?

Ans. Tefon is used as non-stick coating for pans.

Hakelie

Plastics
Importance of Polymers in the Textile Industry

m Adverse Effects of Plastics

2l.  Which monomers are used to create common plastics?”

Ans. Monomers like ethylene, propylene and styrene are polymerized w produce
polyethylene (PE). Polypropylence (P} and Polystyrene (P5),

22. What are some common uses of plastics in the food industry?

Ans. Plastics are used to make carry home food containers. c.g: solt drink bottles, vawer

" bottles, juice bottles etc. They arc also used 1o manufacture shopping bigs,
kitchen-wares, buckets. wbles, ehairs, food wrapors, cups and ples e
23, List four physical properties of plastics that make them useful,
Ans. Plastics are lighl'-\'cight, flexible. durable and can be casdy moulded into almost
any desired shape,
24, MName common houschold items made of plastic.
Ans. Kitchen-wares, buckets. Jables, chairs, shopping bags. cups and plaies.

‘.JIII":J l‘ o 1 —
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Ans Poly v e it wl o the tes e imdisiey aoe called symthetie fibsers. ” ] i
PR e e b ©) R-C-0-NH-R @ R-C-NH-R
af, bt s the slivhal sipnificanve of ].|-|_1 ester il my lean in '_'||1|||;r1|'1_t.} .
Ans, The palvesters and wylom are the v comimon pobmers which aceomnt Toe 69% of 4, The structure of the monomer of the fullowing polymer is:
albl the miates sl used oy o hig indisstey workdis ide [_CH!_.CIH'}..
T L} LTI o vl w1
:“;,‘ :\Fti |.Llf IIT Illlll |1-;. |.I1L [T T |-[||I Is nl ! |I :I|I|II “:II L. S A R GCDEH, ‘
s sk s onanhi ikl e (a) CHy=CH, (b) City Clly, Cll,
Blek i AUFIE Aied] O o T (¢) CH,=CH - 0COCH, (d) Cll, CII CO O I,
IR, Whs o plastics fiose o major eosfranisental icnt® 5, Which of the following polymers can be rul.:yc[nr.l?
Uil o . o ey {a) PET (b) Polystyrenc (¢) PVC (d) Lpoxy
Ams. Umlike othier mater; . A ot inleron bindegradution. They can take up fo &  Which of the following polymers Is blodegradable?
29, n;:u L-L._».I|- i wnly found? (a) Polyamide (b) Polyester (e} Starch )y ™ o ,
fonis, 110w b."lli I - | Foain i i, mad i al water hodies i|L|.'El|r.|i||5_.' % Wihich 'l]'r-thﬁ r““'““"i:“ﬂ. MImem ARRNeC h}l condensatinn [“il_‘l'MI.'T'I'J'f“"“"-
Fivers, ponds . i _ {a) FD1}“|'II1?'1 chloride (b} Polystyrene
J Wt are th AR L B posing of plastic waste? ic) Polyamide {d) Polyethenc
vk [Hisgarded pl 4 1 s wre aospoesed ol Whreay l|| |'|,‘“q'|”'|||
4 H] I':IE-:' T Wiy | 1w here the L ke their w oy 1. {d} 2. i:b] 3. f_ﬂ]‘ 4. (el 5. (i) . {ch T {u)
M. How ddoes plasii hix jma’? x | B, $hort Answer Questions
G SRS At i TG WA 10 TSRS G then-mis the 26.1 Give two examples each of addition polymers and condensation polymers.
§ : ;;H s e _ iR Ans. Examples of Addition Polymers: Two examples ol addition polymers arc:
;m Ty (e i R s _ Polycthenc s Polystyrene
W Al e AT s Tle it iyt Examples of Condensation Polymers: T'wo examples of condensation polymers arc:
"I:" o -- et Phgre weelimpmes myolve - Polyethylene Terephthalate (PIET) . Polyamide
ek threy dimensional ! 262 How polymers are useful for us?
. Ang, Polymers are important in our daily life duc to 1hur high stremgth, flexibility ond
SEDeTR R i resisiance to heat and chemicals. They are used in food containers, clothing,
JAN; %"’:‘. : kitchen ware and furniture.
o | 6.3 How synthetic fibers are different from natural fibers?
Ans. Synthetic fibers are different from notural fibers in the following wiys:
ICEs, ¢ They are chepaer in cost than natural [Tbers like cotton and silk,
*  They ar¢ stronger and more durable than natural (Tber.
Gy aly I.LL:'l' b They do not shrink,
= *  They resist wrinkling.
¢ tdh Pl sty rene *  They are light weight and quick drying,
belentily ' ' *  They are moth and insect resistant,
Lf " 164 Are nutural polymers hazardous for the environment? Explain why?

Ans, No. Natural polymers (like starch and cellulose) are biodegradable, meaning they
are broken down by microorganisms and do not accumulate as pollution,

il
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26.5 Draw the structures of the fnlluwmg polymers.
(a) Polypropylene (b} Polystyrene
Ans. (a) Polypropylene: 4 Cll, - CH{CH,) |,
(b) Palystyrene: § Cliy - CH(C, 1)},

| C. Constructed Responie Questions

26.01 Why is it dangerous to burn disearded articles made of plastics?

Ans. Burning plastics is hazardous primarily due 1o the wxic emissions released into the
atmosphere. Plastics are synthetic polymers ofien comaining chlorine, Muoring, ur
various chemical additives.

. Toxie Gases: They release harmful gases such as hydrogen chloride (1001,
Dioxins and Furans, Dioxing are highly toxic and can cause reproductive ang
developmental problems, damage the immune system and cause cancer,

. Particulate Matter: Burning produces thick black smoke containing the
particulates that cause respiratory issues like asthma and bromehitis,

*  Carbon Monoxide: In complete combustion produces CO), which is a poisonous
gas that interferes with the blood's ability o carry sxygen,

16.2 Why is it not advisable to dump discarded synthetic articles in oceans?

Ans. Dumping synthetic materials (like plastics and nylon) in occans creates a reverse
environmental crisis known as marine pallution.

«  Non-Biodegradability: Mosl synthetic articles do not decompose. They remain in
the ocean for hundreds of years.

*  Threats to Marine Life: Animals oflen mistakenly ke plastic for food (ep; s
wrtles mistakenly consider plastic bags for jelly fish). This leads o starvation o
internal injuries. Additionally, animals can become entangled in discarded plustic
rings.

L Microplastics: Over time, sunlight break large plastics into tiny fragments called
microplastics. These enter the food chain, absorbing toxing that eventually reach
humans when we consume sca food.

26.3 What is the role of catalyst in addition polymerization?

Ans. In addition polymerization (like the formation of Pelyethene), the catalyst serves
three main purposcs.

*  Initiation: It breaks down to create an active specics that attacks the double bond
of the monomer,

o Activation: It lowers the activation energy required lor the reaction to oceur.
allowing the polymerization to happen at lower lemperatures and pressures.

s  Rate of Reaction: It significantly increases the speed at which monomers link

=
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logether to form long polymer chains,
164 Deduce the monomer from the following addition polymers,

{i) JrCH_.-ClHE_ (i) +CH -CH}:

Cl cl;N

To find the monomer from an addition polymer, we idemtify the repeating wnit
remove the extending bonds (the brackets and 'n'). and replace the single hond
between the carbon atoms with a double bond (C - €.
iy +CH _C|H+"

Cl
Polymer: [Cl, - CH{CD], (Polyvinyl-<Rloride or PV
Monomer: Vinyl Chloride (Chlorocethene)
Structure: Cll, -~ CI - Cl !
(i) +CH -CH%, ¢ el

I

M
Palymer: |Cl, ~ CHHCN)Y, (Palyaceylonitrile or PAN)
Monomer: Acrylonitrile (Cyanocthene)
Structure: Cll, = ClI - CN

26.1 How is PET formed? Can you recyele this polymer?

Ans, IFor answers see .3

6.2 Differentinte between addition and condensation polymerizations.

Ans, For answers see (0.5

26.3 Write down reactions alongwith the conditions to prepare polvamide and
polvester,

Ans. For answers see Q.6 (a)

16,4 Describe the role of synthetie polvmers in the textile im!u-itn

Ans, For answers sece QL8

26.5 Describe the effects of synthetic polyvmers on the environment,
Ans. For answers see Q.9
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Pairing Scheme / Instructions for Preparation of
Exam Paper of Chemistry for Class-10
ESSENTIAL INSTRUCTIONS FOR PAPER SETTERS

‘The paper of Chemistry (General) for class 10 will consist of 60 marks. Timing of the
paper will be two hours. The paper will be made as per Tollowing details:

Objective: Q-1:
12 Multiple Choice Questions

=12 12
The detail is as (ollows:

Chapter | 14|15 |16 17|18 {19]20|21{22]23] 24|26
Mo, ol | | | | | | I I I | i1
MCQs
Subjective: Q-2:
Part-1: 5 shor answer questions have 1o be answered oul of 8. 2«5 10
The detail is as follows:
Chapter 15|16 ]17] 18
Mo, of Short Questions 2 | I 2 2
Q-3:
Five (5) short answer questions have to be answered 2x5 10
out of Eight (8). The detail is as lollows;
Chapter 19 | 20 | 21 22
Mo, of Short Questions - 2 2 2 2
Q4
Five (3) short answer questions have, o be answered 2=5 10
out of Eight (8). The detail is as follows:
Chapter 233 | 24.] 25 16
Mo, of Short Questions 2 2 2 2 .
Subjective: This scction will contain three detailed questions 229 I8
Part-11: bifurcated in two-part a & b (carrying 5 & 4 marks
cach) and students have to attempt 2 questions The
detail is as ful'lnws\:
z Q-5 Q-6: Q.7
Chapter| 14 | 15 Chapter| 20 | 22 Chapter| 23 | B
Part al|bt Part al b Pary

KTTITITT AN CHENSTRY  C207) 579050 TR T
_ Model Paper of Chemistry, _ 10
Time Alluwed: 15 Min Lorrhons 12
Note: Four possible answers A e elrades
which vou think is corroct {lic
auswer-hoal, Cutting L i
o that question )
1. Select the correct 2 12)
M Which gas will d =
{a) HCH il ‘
{y Woltme ovenpicd i
{n) 224 dmi
{lii} Which of the foll
fa) Tin
(v} The shape of the erysial
(a) " Cuhic iy i X
(¥}  The oxide that s nea
() Adstdy th \or e
Vi) The pH of distilled watei g
(n} 6.3 (b B [ . i
(vii) Seleet the peacral Termnds o 1o
Gank Ol T ith) y ( =
(vl Wil ol the E'hllnn'.'.-.:ll- T TS TR I
YR R (hi O et ¥ e Ji o Al
fixy) Which of the followine aeil ok
(i Citrie acid (B Vartire ae e AL ki W S LONRR
(%) IF the reuctants posses an energy higher an the activation ebergy. than the
reaetion will be:
(i) b i | asl ¥ N ‘
Wi Which polymer ean be rees cled?
Ly o 1P ) Duilystveeme: e Mg i 1pany
(x40 Which entalyst other than 310 con also be psed for hvdeation of allkenes
Ml M thi o s ENIE &R S (1 Ni
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Time Allowed: 1:45 Hrs Subjective Type (Part I) Max. Marks: 30

Q.2:
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)

Write short answers to any five (05) questions: (2x5=10)
Is condensation an endothermic process”?

Why ice melts when the pressure is exerted on it?

Why is percentage vield important?

What are the main objectives ol electroplating?

Ciive any two leatures ol the catalytic action ol an enzyme.

From where do molecules get energy to attain higher encrgy state?

Name two insoluble carbonates.

(viii) What is.crystal lattice?

0Q.3:

(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)

Write short answers to any five{05) questions: (2x5=10)
I How nitrogen is obtained from-air?

IHHow fossil fuels produce S€0,?

What is trachoma disecase?

What is the dilference between sedimentation and Hilteration?

Define structural isomerism,

Write down the structural formula of Butan-2-ol,

How an alkene can be identified?

(viii) Why is oxyacetylene lame so hot?

Q.4
(i)
(ii)
(iii)
(iv)
(v)

(vii)

“Vrite short answers to any five (05) questions: (2=5=10)
Give any two disadvantages ol lermentation reaction

How ethanol is prepared from ethene?

What is esterification reaction?

How does ethanol react with propanaoic acid?

What is the role of enzyme in our body?  (vi) What is glycoside linkage?

What is the role of catalyst in addition polymerization?

(viii) How does condensation polymerization reaction oceur?

Suhie;:tiue Type (Part ll)

Note: Attempt any two gucestions

Q5:

Q6:

Q7:

(a) Differentiate between evaporation and boiling. (5)
(b) How would you identify the limiting reactant in a chemical reaction?  (4)
(a) What is fertilizer? Mention the essential qualities of a good fertilizer,  (5)
(b) Deseribe two methods of preparation for ethene. (4)
(a) Deseribe the applications of ethanol in pharmaceutical and cosmetic

industries, . (3
(b) What are carbohydrates? Deseribe their classification with examples,  (4)

B
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