Some Basic

Concepts of
Chemistry

4 4

Before going out on a sunny day, you make it a point to wear sunscreen. Even the
principle underlying the operation of sunscreen has a chemistry background. The
sunscreen filters incoming ultraviolet rays by combining organic and inorganic

compounds.

Topic Notes

B Matter, its Properties and Measurements
Mole Concept, Stoichiometry, and its Calculation
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MATTER, ITS PROPERTIES
AND MEASUREMENTS

"TOPIC1
IMPORTANCE OF CHEMISTRY

Chemistry ig ane such discipbnary bronch of edence
that has helped us fulfil all our requirements. be it in
the field of the food industru. agriculture. mediane.
plastic. dyes etc

Applications of chemistry in various fields include

(1) Study of polymers and their impoct on the
environment can be done effectively.

In the manufocture of soops. dyes. fertilizers.
and various inorganic (metal-based) and organic

(carbon-bosed) chemicals. thereby contributing
to the nation's economuy.

In the manufacture of optical fibres and varicus
large-scale aolid state devices.

(2)

)

In the field of mediane. it has found applicaton n
the synthesis of drugs that can help cure cancer
(for example Cisplatin, Taxol). AIDS (for example:
AZT — Azridathymidine), etc.

Synthesizing ceramics used in ocutomobve and
Qerospace engineenng.

(4)

()

To study the environmentol impact of various by-
products produced during synthesis procedures
and how to render them sofe Thus, alternatives
to hozordous chemicals ke CFCs and other chain
detergents. that are otherwise hormful to the
environment. have been successfully synthesized
with the help of chemistry.

(6)

- TOPIC 2 |
NATURE OF MATTER

Matter s anything thot occupies space and hae mass
and presence of which can be felt by any one or more
of our five sensea Everuthing around us for example.

book. pen. table. iron. gold. plostics. wood. water and
air are composed of monuer because they hove mass

and they occupy spoce

Matzer can be claossified in two waus

Physical Classification of Matter

Depending upon the physicol properties. moter can
be clossified into three stotes -

(1) Solid state
(2) Lquid state
(3) Gaoseous state

Let's compare some differentotng properues of the
three states of matter.

Table: Properties of Three States of Matter

No. Property Solid Liquid Gas
(1) Intermnoleculor Molecules are held Attractive foroes Artractive forces between
atraction together by strong between molecules are  mnolecules are very wealc
intermaolecular forces of intermediate.
attraction
(2) Density Solids hove very high  Imtermediote density to  Possess very low denaity.
densitu. solids and goses
B | Ruidity Does not flow ecsdy. Hows easily. Flowws eosily.
(4) Diffusion Very low rate of diffusion Moderate rate of Maolecules disploy o very
I diffusion high rate of diffusion.
(5) Kinetic energy of Partcles have very low Kinetic energy of Moaolecules possess very
paorticles lanetic energy. partcles is intermediate high lanetic energy.
. between solid and gos. |

Get More Learning Materials Here : &

@ www.studentbro.in



Get More Learning Materials Here : &

Three states of motter are nterconvertibls by changing
temperature ond pressure conditiona

hoat . haat
o Liqud ———

Solid Gas

Chemical Classification of Matter

Bosed on the chemicol composition. matter can be

clossified ox
I hMartrer

l

Pure Ainaure
subatance
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Uascification of Mateer

Mixture
When two or more substances are moced in any rato.

they form a mbaure. A miodure can be further daossified

as either homogeneous or heterogeneous depending
upon the composition of the mbaure.

Homogeneous Mixture: If the mixture has a
uniform compaosition throughout it is referred to as

o homogenous motwe. Eg. ar. seowater. brass. etc

Heterogeneous Mixture: If the composition iz not

uniform throughout the mixture, it is referred to as o
heterogeneous modure. Eg. o modure of solt and sugar.

Pure Substance

Pure substances consist of o single tupe of particle. The
constituents of pure substancss cannot be eeparated
by simple physical methods like filtration. evaporation
distillation. sublimation. mechanical ssparation, etc

These can only be seporated by chemical methods A
pure substance con be clossified os an element or o

compound. Pure substances ase hormogeneous since
they hove o fored composition
(1) Elements: An elementis the simplest form of pure

substance which can neither be decomposed into
mor built from simpler substances by ordinary

physical or chemical methods It contaoins only
one type of partde. which maoy be an atom ar
a molecule
The elements ore further clossified into three
categories based on their physical and chemical
properbes.

() Metals: Metols are those elements that

hove a lustrous oppearance. They are good
heat and electrical conductars. as well os

malleoble ond ductile (can be drawn in
wire). Some cammon examples of metals
are silver, aluminium, gold. iron. copper. etc
(i) Non-metals: Non-metols ore those

elements that do not have ghine They are
frogile ond hove poor heat and electrical

conductors (except graphite). Eg. carbon
hydrogen exygen. nitrogen. etc

(o) Metalloids: Metalloids are elements that
hove properties that are similar to both
metals ond non-metols. Eg. Bismuth.
anumany. arsenic. etc

(2) Compounds: It is formed by atoms of different
elements combined in a fced ratio by mass. They
can be etther orgonic compounds or tnorganic
compounds.

() Organic Compounds: These are compounds
that contaoin carbon os well os o few
odditionaol elements such as hydrogen.
nitrogen and sulphur. Plants and animals
(Lving sources) were the first to receive
these

(@) Inorganic Compounds: Those compounds

thot contoin two or more elements out
of the currently lkktnown 118 elements.

Inorganic compounde are obtoined from

non-living sources such as rocks. minerals.
etc

. TOPIC 3
LAWS OF CHEMICAL COMBINATION

Law of Conservation of Mass

It was given by Antoine Lavoisier in 1788, which states
that motter can neither be created nor be destroyed. [t
ig just converted from one form tw another. Thua this

low is also called the low of indestructibility of matter.
We can also say that

Sum of maosses of reactante = Sum of nnaosses of
products.

ucnrone €9

Example 1.1: 10 groms of calcium carbonate

(CaCO,) produces 3.8 grams of carbon dioxide (CO-)
and 6.2 grams of calcium oxide (CaO). Represent this
reaction in termas of the low of conservation of mass.

Ang. Given,
Amount of Ca0043=10g

Amount of CO,=38Bqg
Amount of CaO=62g
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According to the low of conssrvation of mass:
Muoss of reactants = Maoss of products

~. 10 grams of CaC0O4 = 3.8 grams of CO,

+ 6.2 groms of CaO

10 gromns of reactant = 10 grams of products
Hence. it is proved that the low of conser-
vation of mass is followed by the above
reocton

Law of Definite Proportions

This low was given by Joseph Proust. He stoted thaot a
given compound olwaous contains the some proportion
of elements by weight. Compounds olways contain the
some element in the some proporton whaovrever the
souwrce may be Thus this law ie also colled the Low of

definite composition

Example 1.2: Students of class Xl performed a few
experiments in class Vidisha heated 1.375 g of cupric
oxide is in o current of hydrogen, the copper formed
was 1.09B8g. In another experiment Shriya dissolved,
1.179¢g of copper in nitric ocid ond resulting copper
nitrate wos converted into cupric oxide by ignition.
The weight of cupric oxide formed is 1.4768g. Show
thot these results illustrote the low of definite
proportions.

Ans. Here. first. we haove to calculate the percentage
compositon of oxagen in both expenments using
the given quantties.

Given thot in the first experiment. the maoss of
cupric oade is 1.375 g and the weight of copper
leftis 1098 g

So. the mass of oygen
=1375g-1098g
=0277g
Now, we hove to calculate the percentage
compoaiton of axaygen in copper oxade (CuQ).
0277

1375
= % of O = 20.15%

In the second experiment. the weight of copper
taken s 1.179 g and the moss of copper oxide
(CuO) formed is 1476 g

Now. we hove to calculate the amount of oxygen
present
Oxygen present = 1476g-1179¢g

Now. we hove to colculote the percentage
compositon of exgygen in CuO.

Percentage of O = g8y =100
1476

= % 0of O =2012%

So. we get to know that in both experiments
the percentoge composition of oxygen is
opproximately the some Thus the low of definite
proportions is followed.

= 100

Percentage of O =

nrene €9

Law of Multiple Proportions

This low was proposed by Dalton. accarding to which.
if two elemente can combine to form more thon one

compound. the mass of one element that combines
with o fited maoss of another, is in the rotio of small

whole numbera. Bxample: Hydrogen combines with
oxygen to form woter. and hydrogen peroxade

H o+ %o,-m,o
29 18g 189

H, + 0,—-H(Q,
2g 32g 3dg

Here. different masses of oxygen combine with a fued
mass of hydrogen. in o simple ratioof 16:320r1:2

Gay Lussac’s Law of Gaseous Volumes

This low was given by Goy Lussac in 1808. Accarding
to this low, when goses combine in a chemical reaction,
they do eo in o simple ratio by volume. provided

they are at the some temperature and pressure. For
example. m the following reaction. the ratio of volumes

of hydrogen. chlorine. and hydrogen chlorideis 1:1:
2 (a simple ratia)

H@ = ﬂl@——é ZH%
1wl I ool 2wl

Avogadro’s Law

Equol volumes of oll gases contoin equol numbess
of molecules under the some temperature aond
pressure canditions. 22.4 L of every gos contains
6.022 » 10 molecules at STP (Standard Temperature

and Pressure).

;ﬁ:} Important

- | aw of Reciprocal Proportiore In all chemical reactions.
substances always react In the ratio of their equivalent
Mosses.

-+ The ratio of the mass2s of two elementz A and B which
caombine separately with the fiied mass of the third element

C i either the same or came simple multiple of the rotio of
the mosses in which A and B cambine directly with each other.

Example 1.3: Case Based:

The rules of chamical combination are the fumdamental

principles that interacting atoms and molecules
follow. These interactions can involve a wide range

of cambinations that occur in a variety of ways.
When studying chemistry, you must be aware of

four general rules that regulate how atoms interact
The low of mass caonservation. the low of caonstant

propaortians, the low of multiple proportions, and the
low of reciprocal propartions are all examples of laws

that govern prapartions. Pure elements or moctures
of elements termed ‘compounds’ are rearranged

in chemical processes. Atoms' nuclei shift during
nuclear reactions. Even though new substonces are
generated in both arcumstonces, mass is preserved.
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This is the fundomental prinaple of the law of mass
conservation. The low of constant proportions asserts

that the constituents in g chemical compound are
always present in specified mass guantities. The low of

multiple proportions explains how different elements

can be combined in different ratios. The saume concept
holds true for elements and compounds. When two

separate cormponents combine with the same quantity

of a third element. the ratio in which they do so will
be the same or a multiple of the proportion in which

they combine with each other, accarding to the low of
recprocal proportions.
(A) Which of the following is true regarding the low
of conservation of masg?
(d) Sum of maosses of reactants = sum of
masses of products
(b) Inachemical compound, the elements are
always present in definite proportions by
mass.
(¢) When two elements combine with each

other to form compounds, the masses of
one of the elements which eombine with

fixed moss of the ather, bear o simple
whole number ratio to one another
(d) If two different elements combine

seporately with o fixed maoss of o third
element, the ratio of the masses in which

they combine are in simple multiple rotios.

(B) What must be held constant when applying

Avogadro's law?

(0) pressure ond temperature

(b) volume and temperature

(c) moles and temperature

(d) pressure and volume
(O The following data are obtained when dinitrogen

and dioxygen react together to form different

compounds:

S. Mass of Mass of
_Nu. | d@_g_en dInxy_gen

0] ~ 14g o 16 g _|
D) 14 g 32g
I (i) 28g 32 g |
@) 28¢ 80 g |

Which low of chemicol combination is ocbeyed
by the above experimentaol data? [NCERT]

(D) Give an exomple of o low of multiple proportions.

(E) Assertion (A: The bolancing of chemicaol
equations is bosed on the law

of conservation of moss.

Reason (R Total mass of reactants is equal
to total moss of products.

(o) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A) is true but (R) is false.

(d) (A) is false but (R) is true.

Ans. (A) (g) Sum of masses of reactants = sum of
maosses of products

Explanation: According to the low of
conservation of mass. matter can neither be
oreated nor be destroyed. It is just converted
from one form to anather. Thus. this law is
also called the low of indestructibility of
nnatter. Y\We con also soy thot Sum of maosses
of reactonts = sum of masses of products

Opton (b) is the statement of the law of
constant proporbon

Option (c) is the statement of the low of
multiple proportions.

Opton (d) is the statement of the low of
reciprocol proportion

(B) (o) pressure and temperature

Explanation: According to Avogadro's law
equol volumes at the same temperature and
preasure contain equal numbers of moles of
goses

(C) When 2B8g of nitrogen combines with
dioxygen with mass 32, 64, 32 and BO g
occording to different experiment. The roto
corresponds to 1:2:1:5,it's o simple whole
number ratio. This illustrates the low of
multiple proportions.

(D) The formation of five aades of nitrogen is an
example of the low of multiple proportions
os here the elements nitrogen and oxygen
combine in different ratios to form different
compounds

(E) (a) Both (A) and (R) are true and (R) is the
carrect explanation of (A)

Explanation: Both assertion and reasan are
correct since the low of conservation of moss
states that totol masses of reoctonts are
equol to total maosses of products. Also, the
balanang of chemicol equations is bosed an
this low since boloncing involves the same

number of atoms of a compound in the
reactant and product side.

- TOPIC 4 |
DALTON’S ATOMIC THEORY

Atoms ore considered to be the indivisible particles

of maotter. John Daolton put forward the theoru. called
the Dalton's Atomic Theory. whose postulates are

listed

(1) Maotter comprises of indiisible parucles called
atoms

(2) Atoms of the same elennent have the some maoss
and size.
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(3) Artoms of different elements have varying
properties since they differ in moss and eize.

(4) Atoms of different elements combine in simple
numericol rotos to form compounds. Kinds of
atomns are obwaoys the same in o given compound.

(5) Aroms are neither created nor destroyed in a
chemical reaction.

Modified Atomic Theory

The postulates of Modified Dalton’s theory are

(1) Azom is not the smallest porticle of motter. It &s
not indivisible. rather it is further composed of
some subotomic particles.

(Z) Atoms of the some element exhibit similar
chemical properties because they hove the same
atomic numbers, even though they have different
mosses (isotopes)

(3) Atomas ofdifferent elements maoy hove the same
rnoss, but differ in atomic numbers. therefore
exchibit different chemical properties. (isobars)

(4) Atoms of one element con be tronsformed
into atome of another element. (Artificial
tranemutation)

(5) There are compounds which do not follow the

low of constant proportiona They are referred
O 08 the non-sioichiomeric compounds

(6) Atoms are no longer indestructible. In nuclear
reactions. atoms of oane element may be
chaonged into another. Mass of an atom is
related w energy m accardance with Einstein's

equotor
E = mc?
Where E = energy
M = MOSs;

c = veloany of Light

Limitations of Dalton’'s Atomic Theory

Deapite of several advantages. Dolton’'s Atamic

Theory was unable to explain the following

pomts:

(1) Failed to explain the low of gaseous volumes

(2) Could not explain why otome of different
elements exhibit different properties.

(3) Failed to exploin the notre of forces that bind
the atoms together in o molecule.

(4) Could not exploin why atoms combine to form
compounds

(5) Could not differentiate between the ultimmate
particle of an element or o compound.

TOPIC 4
ATOMIC AND MOLECULAR MASSES

Atomic mass

Carbon - 12 (*?C) is the isotope of carbon which is
assigned o mass of exactly 12 atomic moss unit.
and mass of oll other atoms are given relotive to it
One atomic moss unit is defined os mass exactly
equal to one-twelfth of the moss of one C - 12

atom

Average Atomic Mass

For elements thot exdst in isotopic formes. we need to
calculote the overoge atomic maoss.

[ﬁ Important

= The atomic masees bsled i the perfodic table of elerments
were really the average atomic masses of the elernents

Average Mass of Carbon
_ 9BBB2x12+110Bx1300335+2x10™" x1400317

10D
=12011u

Molecular Mass

The sum of atomic masses of elements present in
o molecule i3 ite moleculor mass. It iz obtoined by

mulbplying the atomic maoss of each element by the
number of atoms and adding them together.

nrere €9

Eg. Molecular mass of Q04
= 12x1+18x2
= 12 : 2 32
=44 u

Example 1.4: Calculate the molecular mose of
glucese (CgH;30¢) molecule. [NCERT]
Ans. Moleculor mase of glucase (CeH;10¢)

= (6 = atomic mass of carbon) + (12 = atomic
maoss of hydrogen) + (6 = atomic mass of

oxygen)
= (6x12011)+(12x 1.00B) + (6 x 16)
= 7206Bu+12096u+ 96u
= 1B0.162 u

Formula Mass

Formulo moss is calculated for ionic compounds
which caonsist of positively chorged ions (cations) and
negobvely charged ions (anions).

Formulo moss of an ionic compound = (number of
cationa = &8 atomic moss) + (number of anione = its
OToMmic MNOss)

Formulo moss of NaCl=23 + 355 =5B5u

Formulo nnoss expressed in groms is called gram
formulo mass.
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(OBJECTIVE Type Questions)

[T mark ]

Multiple Choice Questions

1. Calculate the formula weight of calcium

hydroxide such that there exist three
significant figures in the result:

(o) 74.096 g (b) 741 g
(c) 73.28 g (d) 70 g [Diksha]
Ans. (b) 74.1g

Explanation: Formulo weight of compound
=1 » atomic weight of Ca + 2 x atomic weight

of O + 2 x atomic weight of H
= 40.08 amu + 3200 amu + 2016 amu

=74086

Rounding off these significant figures. the
answer becomes 74.1 g

& Cautlon

= |n the coze of mulni-szep colculation students uzed to
round off the numbeéers in between colculations wihich
leads to Incorrect or less precse answess Instead, they
chould round off the numbers at the end.

2. When o temperature was measured on a
Fohrenheit scale, it was found to be 200°F.
What do you expect its reading on the Celsius

scale?

(o) 40°C (b) 94°C

(c) 93.3°C (d) 30°C
Ans. (c) 933°C

9
Bplanatiom F° = -EEC] + 32

200 = grc} +32
5
C=168+4 3
=443
@ Related Theory

- Fahrenhell ecole ls commonly uzed for eqpressing the
body temperature The normal body temperature on
this gcole [s taken as 98.47F

H. The mass of 1.5 ml solution with a densimy 3.12
g/mL in correct significant figures is:

(o) 4.7 g (b) 4.680 g
(c) 4680 x 107 g (d) 4680 g
Ans. (o) 47g
Bxplanation: Maas of solution
=V=d
=(1Sml) = (3.12 g mL™Y
=47g

Get More Learning Materials Here : &

4. Which of the following hos maxdmum mass?

(a) 1.2 g atom of oxygen

(b) 5.2 g atom of iodine
(c) 5.6 g atom of chlorine

(d) 5.6 g atom of sodium

Ans. (b) 5.2 g atom of iadine

Explanation: Since. moss of 1.2 gram atom of
axygen = 1.2 = atomic mass of oxygen
=12=x16g
=192g
Mass of 5.2 gram atom of iodine
= 52 » atamic mass of iodine
=57 w27
= 6604 g
Maolor mass of 5.6 g chlorine
=56x355qg
=188B g
Molor moss of 256 g atom of sodium
=2 88« 23 g
=58HB g

5. If a student wants to verify the low of
conservation of moss, hefshe needs to weigh:

(a) reactants are only required

(b) products are only required

(c) reactants and the product are a must
(d) contents are not essentiol

Ans. (c) reactants and the product are a must
Bxplanation: To verify the low of conservation
of maoss we can't weigh reactants only or

products only. Instead. we need to weigh both
the reactants and products before and after

the reaction

@ Related Theory

- According to the low of conservation of mass mass
can nelther be created nor [t can be destroyed. It can
only be transformed ffom ane form to another.

6. After adding the given digits 29.4406, 3.2 and
2.25, the answer will have significant figures:

(a) three (b) four
(c) two (d) five
Ans. (g) three

Explonation: 294406 + 3.2 + 225 = 348906

As 3.2 haos the leost number of decimaol ploces
ce. one. therefore sum should be reported to

one deamaol place only After rounding of the
reported sum ia 349, which has three significant
figures.
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Assertion-Reason (A-R) Ans.

In the following question no. (7-9), o statement of
assertion followed by a statement of reason is given.
Choose the correct answer out of the following
choices:

(c) (A) s ue but (R) is false
Explanation: The standord unit of expressing

mase of atoms is colled ‘v’ where u represents
unsfied mass and not unit moss.

(o) Both (A) and (R) are true and (R) is the correct @ Related Theory

explonation of (A). e
(b) Both (A) and (R) are true but (R) is not the

correct explonation of (A).
(c) (A) is true but (R) is false.
(d) (A)is false but (R) is true

9.
7. Assertion (A): 22 carat gold is a micture.

Reason (R): A compound hos a fixed
composition of the elements
present in it

Ans. (b) Both (A) and (R) are true but (R) is not the
carrect explanation of (Al

Explanation: 22 carat gold is o homogeneous
mixture in which gold i mixed with o emaoll

amount of copper or sitver. So. the assertion is Ans.

correct But it is not o compound since it is not
formed by combé@nation of elements in o foed
ratio by mass

E. Assertion (A): The standard unit of expressing
mase of atome s called 'u”.

Reagson (R): ‘'u’ represents unit maosas.

Irrinlly the term Dolton was uzed o express the mass
of a =ingle atam of carbon. Later on. it was replaced

by the term atomic mass unit (amu). AL present. the
rerm unified mass ‘u’ ks commonly uged to repreaent
i

Assertion (A): Components of a homoge-
neous mixture cannot be
seporated by using phuysical
methods.

Reason (R): Composition of a homoege-
neous mixture is wuniform

throughout as the compo-
nents are mixed uniformlu.

(d) (A) = false but (R) is rue
Explanation: The homogeneous mocture is

defined as the mixture that hoe the some

proportions of &s components throughout the
solution in any given somple. It is obtoined by
physically moang of the components and thus

can be separated by physical methods

(CASE BASED Questions (CBQsD

[ 4 &5 marks ]

Read the following passoges and answer the
questions that follows

10. Recent studies have revealed that the
simplest forrm of matter is atoms and elements
moy also be defined as the pure substance
which @ made of one kind of atoms Baamples
are carbon. sulphur, hydrogen. oxygen. etc
A compound is also a pure substance Like
element but it is made up of two or more
elements For example. in sadium chloride the
two elements sodium and chlorine are present
m the rabio of 23 : 355 by maoss. Both elements
and compounds are pure substances. But an
midng two or more substances in any rato.
mcture results. For example. air is a modure of
different gasses Like nitrogen oxygen. carbon

Pure Viater Oxygen Salc
(Compound) (ElemenT) (Compound)
(A) Classify the following as pure substances

or mixtures: Graphite and lodized table
salt.

(B) Why is tap water considered a mixture
while distilled water as a compound?

(C) Why is the goseous state of ammonio
regarded os gaes while that of water as

vapours?
diosade, water vapour, etc Further, modures are ¥
divided into two categories homogeneous and Ans. (A) Graphite- Pure substance (Element)

heterogeneous.

Get More Learning Materials Here : & @

lodized table solt- Mbdure(Heterogeneous)
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(B) Tap water constitutes sonte nnpurities such
as dust particles which are normaolly moed
with it and not combined chemically. In tap
water, the constituents are not present m a
foced ratio and hence, it s o mbdure. Distilled
water contams only water molecules since
it i8 free from impurities. it is therefore.
considered aos o conpound.

(O Only the goseous siotes of those substances
are regarded as vapoure which are liquid ot

room temperature. Since ammaornio exsts
as o gos at room temperature. Hence. &s

gaseous stote is colled gas while water is
o bquid at room temperature. Hence. its
goseous gbate @ called vapowss.

11. Atoms and molecules are so small in size that

it is neither possible to count them mdidually
nor possible to determine their maoss. These
are counted collectively in terms of Avogadros
number. The mass of Avaogadro’s number of
atoms and molecules is lomown as gram atomic

moss and gram molecular moss respecthely
The volume occupied by Avogadro’s number

of molecules of @ gas or vapour is lenown as
molar volume

(A) Mass of CO, is BB g. The number of atomns
of oxygen present in it, is:

(a) 2.41 x 10%¢
(b) 12 x 1073
©) 14 x 102
(d) 241 x 102°

(B) Calculate the molecular moss of cane

sugar.

(@) 350¢g (b) 361 g

() 342 ¢g (d 345g
(C) What will be the number of molecules in
one mole of a gas at 100°C and 500 mm

pressure?
(o) Less than Avogodro’s number

(b) Equaol to Avogodro's number

(c) Greoter than Avogadro's number

(d) With the change in temperature and
pressure, the number of particles will
change.

(D) If Ny is Avogadro’s number, then the
number of valence electrons in 70 g of

nitride ions (N*7) is:

ucnrone €9

(@) 42Ny (b) 40 N,
(c) 16 N,y (d) 45 Nj

(E) Choose the correct mass (in grams) of
112 L of N; at STP.

(@) 13 ¢g (b) 145¢g
(c) 1449 (d 15g

Ans. (A) (a) 241 = 10%¢

Bxplanation: 44.0 g of OO0, containa oxaygen
atoms
=2 = 6022 = 102
Now. BBO g of CO; contains oaygen otomes
=2x2x6022=10"
=241 x 10** atoms

(B) (03429
Explonation: Molecular maoss of cane sugar
C12H22011-
=(12=12)+(22= 1) + (16 = 11)
=1342g

(O (b) Equal to Avogadro’s number
Explanation: The number of molecules

in one mole of o gos will be equal to
Avogodro's number. However. any chonge
in temperature ond pressure will hove

mo influence on the number of particles

present.
(D) (6) 40 N4
Explanation: Moles of N>~ ian
_ 10
14
= 5 mol

Na of N> ions=5 = Npj ions
Na. of valence electrons in one.

N®>ion =5+3=8

Totol no. of electrons
=5uBx Ny
=40 Np

® (@14g

Explonotion: 224 L of N5 at STP weighs
=280g

112 L of N5 at STP weighs

28

T 224
=140gm
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(VERY SHORT ANSWER Type Questions (VSA))

[ 1 mark ]

1Z. What is the mass in grams of nitric acid 14. Calculate the mass of 2.5g atoms of

Ans.

13.

Ans.

molecule HNO47? [Diksha]
Malar mass af HNO4

=1 x atomic mossof H + 1 = atomic maoss of N

+ 3 » atomic mass of O
=1x1+1=31401+3 =16

Calculate the mass of 1 L of Hg in kg i its
density Is 13.6 g/em’.
Mass = volume = densiny

= 1000 cm® = 13.6 g o

~136 kg

magnasium.
lgotomofMg=24g
25 g otoms of Mg = 24 x 25
=60g

15. Why are atomic maosses the average values?

Ans. Most of the elements exdst in didferent isatopic

forms. Chlorine has 2 isotopes with mose
numbers 35 ond 37 existing in the ratio 3 : 1

Hence. the average value is taken

(SHORT ANSWER Type-| Questions (SA-1))

[ 2 marks ]
16. A student performs o titration with different =100 22
burettes ond finds titer values of 25.2 mL, =142g

25.25 mL and 25.0 mL What is the average

titer value bosed upon the rounding off
principle?

Since there is no chonge in mass during the
chemical reaction. these observations are in
ogreement with the laow of conservation of

Ans. Average titer value
_(252+2525+250) e
3 18. 10 mL of H; contain 2000 molecules under
=2515ml certain temperature ond preasure. Calculate

The moxamum number of significont figures
to be reported is three. This means that the
lost digit 5 has to be dropped and the correct
answer is 25.2

the number of molecules of oxygen whose
volume is 150 mL at the some temperature
and pressure.

Ans. According to Avogadro's low

10 mL of O; alsa contain = 2000 maolecules

17. When 4.2 g NaHCO;, is added to a solution
of CH3COOH (acetic acid) weighing 10g, it is 150 mL of O; will contain
observed that 2.2 g of CO; is released into the 150 pmi
atmosphere. The residue is found te weigh ZHZUDD
12.0 g. Show that these observations are in =30000

agreement with the low of conservation of
maose.

12, i o piece of copper metal weighs 6.342 g,

Ans. The chemical equation for the reaction is: then what will be its volume?
NaHCO; + CH3000H — CHiCO000Na + H;0+ (density of copper 7.8 gfcm°)
2o Ans. Mass of copper metol =6342 g
Mass of reactants = mass of Nul—i}%g&: LR o B PR = PB e
=47 + 100 \Volume = Maoss
=142g Density
Mass of producis = mass of residue ;ﬁ.Bi_Eg_ = 0834 an”
+ mass of Q04 76g/am

Get More Learning Materials Here : &
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The finaol result has to be reported up to
significant figures becouse the least precise
number (7.6) has two eignificant figures.

. In the finol result the digit 4 is dropped and

the correct answer = 083 cm>.

20. How maony Na otoms are present in 143g of
washing sodo (Na;004.10H,0)7
Ans. Molar maoss of washing soda (Na;C04. 10H-,0)
=2x23+12+3 =16+ 10x 18
=48 + 12 + 48 + 1BD
=2B88¢

2B8g of washing eoda = 1 gram mol

1
143g of washing soda = ——» 143
286

= 0.5 gram maol
No. of sodium atoma present

1 grom mole of washing soda contains Na
atomas

=2 x 6.022 = 10?3

0.5 gram mole of washing sodo contains Na
atoma

=2 x 6022 =102 =205
= 8022 = 103

(SHORT ANSWER Type-Il Questions (SA-I))

[ 3 marks |

21. Calculate overage atomic maess of hydrogen
using the following data:

Natural
Isotope | AL oo Molar moss
4 | 99985 | 1
. *H 0.015 | 2 |
[NCERT Exemplar]
Ans. Averoge otomic mass
(Natural abundonceof

*Hxatomicmass) + (Natural abundance of

’H x atomic mass of H)
100

 998B8521+0015=2
- 100
898850030

- 100
100015

100
=100015u

22. Chlorine hos two isotopes of atomic mass
unite 34.97 u and 368.97 u. The relative
abundonces of these two lsotopes are 0.735

and 0.245 respectively. Find out the average
atomic mass of chlorine.

Atomic moss of first isotope =3497u
Relotive obundance of first isotope = 0.735
Atomic mass of second isotope =3687u
Relotve abundance of eecond isotope = 0.2445
Averoge otomic maoss of chlorine
_ (3497u)=0735+(3697u)= 0245

0735 +0245

_ (257034 B05B)u
B 0980

=3547 u

Ans.

Get More Learning Materials Here : &

Z23. Calculote the following:
(A) Number of grom molecules in 49 g of

H;SO.
(B) Mase of 0.72 g molecules of CO»
Ans. (A) Molecular maoss of H;SO4
= (2 = Arormuc mass of H) + (Atormic mass of S) +
(4 x Atomic moss of O)
=(2=1)+32+#& x 16)
=8B u
Gram molecular mass of H3S04 = 98g
98 g of H;S04 = 1 gram maolecule
1
49 g of H;S04 = E=49
= Q0S5 gram
(B) Molecular mass of 00,
= Atomic moss of C + 2 x
Atomic moss of O
=12+2 =16
=44 u
Gram moleculor mass of O0; =44 g
1 gram molecule of OO, has maoss =44 g
0.7 2 gram maolecule of CO; hos mass
=44 =072
=3168g

24, Tha mass of copper oxide obtained by heoting
2.16 g of metallic copper with nitric acid and
subsequent ignition woe found to be 2.7g.
Show that the dato illustrates the low of
constant composition

Ans. In the expeniment
Weight of copper = 216 g
Weight of copper oxdade =270 g
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Weight of oxygen = 270 - 216

Percentage of copper

_ Weight of copper

B VWeight of copper oxade
_21Bg
" 270g
=B80%

x100

x100

Percentage of oxygen
_ Weight of exygen
- Weight of copper oxade
054 ¢
270g
=20%

»x100

x100

Since. the ratio by weights of copper and axyygen
m the compounds remains the some, the low of
definite compositon ig illustrated.

(LONG ANSWER Type Questions (LA))

[ & & 5 marks ]

25. Answer the following:

(A) What is an atom according to Dalton’s
atomic theory?

(B) Al atoms of an element always have the
same mass. Do you agree with the above
view?

(C) Do atoms alwoys combine in simple
whole number ratios to form molecules?

Ans. (A) According to Daolton's atomic theory. an
atom ig the ulumaote particle of maotter ond

cannot be further divided into anything
simpler than itself

(B) No. oll the otoms of a particular element
do not olwoys hove the some maoss. For

example. carbon has two types of atoms
with otomic maoss 12 amu and 14 amu (amu

or atomic maoss unit is o scale for expressing
atomic mMaose)

(O It is not necessary that the atoms moy
always combine in a simple whole number

rotio to form molecules. For exomple, the
formulo of sugaor (or sucrose) which we daoily
consume s Cy5H770;:. The elements C, H
and O are pressnt in the ratio 12 : 22 - 11

respectvely

26. Define the law of multiple proportions.
Explain it with two examples.

[NCERT Exemplar]
Ans. The Law of Multiple Proportions states:

‘When two elenmnents combine to form two or
nnore than two chemical compounds then the

weights of one of elements which combine with
o fuced weight of the other. bear o simple ratio

to one another”

EBxamples: Compound of Carbon and Ohygen:
C and O combine to form two compounds CO
and CO4

In CO 12 parts of wt. of C combined with
16 parts by wr. O.

Get More Learning Materials Here : & m

In CO,, 12 parts of wt. of C combined with
32 parts by wt of O.

If the weight of Cis ficed at 12 parts by weight

then the ratio in the weights of oxygen which
combine with the fixed weight of C (= 12) is

18:-32arl:2

Thus, the weight of axygen bears o simple ratio
of 1: 2 to each other.

Compounds of Sulphur (S) and Oxygen (O):
S forms two oxddes with O. viz. SO, and SO,

In SO,, 32 parts of wt. of S combine with
32 parts by wt of O.

In SO4. 32 parts of wt. of S combine with
48 parts by wt of O.

If the wt. of S is fixad ot 32 parts, then the ratio
m the weights of oxygen which combine with
the foled wt of Sis32:4Bo0r2: 3.

Thus, the weights of oxygen hove o eimple ratio
of 2 : 3 to each other.

Z7. (A) How will you differentiote between

homogeneous and heterogeneous
mixtures?

(B) How will you justify that water is a
cosmpound and not a mixture?

Ans. (A) S. Homogeneous Heterogeneous

No. mbcture mixture
(1) Substances Theee
are uniformly substaonces
distnbuted. are unevenly
| distributed.
(2) These wenot These are easily
wisible to the visible to the

naied eye but noked eye and
wsible through also through a
themicroscope.  microscope.

@)  The particles The particles are
appear emaller | either smaoller or
m gize. ' lorger in size

@ www.studentbro.in



| (4)- “Theae are pure | Thisia crs e Properties of water are entirely different
substances. pure substanoss. from its constituent’s hydrogen ond oxaygen
©) | They represent | They do not Hydrogen is neither combustible nor a
shistcaing possess the supporter of combustion while oxygen
physical same physical supports combustion. Water is quite
properties. properties. different from the two and it extinguishes
(6) | Bxamples Exomplesare a fire.
mclude milk modure of mud Heat and light are given out when water is
gosolbine.sugar | and tap water. formed by buming hydrogen and oxygen
 solution etc e The composition of water is fixed. Its
(B) Water is considered to be o compound due constituent’s hydrogen (H) and oxygen (O)
to the following recsons are present in the rotio of 1 : B by maoss.
Water connot be seporated into its Water hose a fixed boiling point of 100°C
constituents hydrogen and oxygen by under stondaord otmospheric pressure of
physical methods one atmosphere.

g
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MOLE CONCEPT, STOICHIOMETRY,
AND ITS CALCULATION

"TOPIC1
MOLE CONCEPT

The ideo of the mole concept is used to count
microscopic entties te. (atoms maolecules. electrons,

ions etc)

Mole (symbol — mol) is the SI unit of the amount of
substanoe. One mole represents 6.023 = 107 particles

(atoms, molecules, or ions) and is aolled the Avogodro
Constant or Avogodro number (Ng)L

For any substonce. one mole denotes the same number
of entities. On this basis. chemiste selected o stondard

number, which is equal to the number of atoms present
in exactly 12.0 g of carbon (1?C).

Thus. one mole is the amount of substance thot
containe the some number of entities ae there are

atomns present ot 12 g of carbon -12 sotopes.

Mathematically. the maoss of *?C atom
= 1992648 = 10~ g

1 mole of carbon weigha =12 g

Hence. the number of 12 C atoms
= 6.022 x 1022 atoms/mal

Sa. 1 mole = 6022 = 10”2 atoms/moleculesfions.

Mole and Gram Atomic Mass

Mass of 6.022 = 10”° atoms (or one mole atoms) of
any element in grams 8 equal to its gram atomic moss

One mole of 6022 = 107 atoms = Gram atomic mass
of the element

Mole and Gram Molecular Mass

Maoes of 8.022 = 10?? molecules (or one mole
molecules) of any substance in grams is equol  its
gram moleculor maoss or one gram molecule

One mole of molecules = 6022 x 10?2 molecules
= Grom molecular mass

Therefore. we can soy. 1 mole of water molecules
= 6.022 = 102 water molecules
=1H g

1 mole of exygen molecules

= 6.022 = 10" molecules = 32 g

Aariny (lasp o Vel 01 B)

frn g off
cancum i i

— 1 o= absm =F

— = [FLNT AT
. /-— :;- 1 gm Brmulo
1 o moun of adiezoen

ﬁh:ﬂ:m:r_ —nﬂgmmcﬂumﬂhn
= Euen of
voluwmo co 831
F2ake

Relotion=p between Mole number of Rortides and Mao=s

Example 2.1: In the three moles of ethane,
calculote the following:

(A) Number of moles of carbon atoms
(B) Number of moles of hudrogen atoms
(©) Number of molecules of ethane

Ang. (A) One mole (C;Hg) has
= 2 two moles of carbon atoms.

Hence, 3 moles of C;Hg will have
=2=x3
= 6 moles
(B) One mole of C;Hg has
= 6 moles of hydrogen atoma
Hencs. 3 moles of CoHgwill hove
=3=z=z06
= 1B moles
(C) One mole of C;Hg has
= 6022 = 10* molecules of ethane
Hence. 3 moles of C;Hgwill hove
= 3x 6023 x 10?2 molecules
= 18069 = 1072 molecules

[NCERT]

Moles in Case of lonic Compounds

For ionic compounds formulo mass is used instead of
using maoleculor mass. The maoss of one mole formulo
unit in grome 8 equal to formulo mose expressed in
grams or gram formulo mass of the compound.
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Thus. mass of 6022 = 10 formula unhs (or one mole
formulo units) of any ionic substance in grame @ equol
to its grom formulo maoss

Eg. a mole of Na(l equals to SBS g (one gram formula
mass) and contains 6022 = 107 formulo units of NaCl
or 8.022 x 10?® No® ions and 8.023 = 102 " ions.

Moles in case of Gases

In the case of goses, o mole is defined as the annownt
of gas that hos a volume of 224 L ot STP. also lmown
as its molor volume.

Eg. 1 mole of Oxygen gos = 22.4 Litres of Oxugen at
STP =132 a

1 mole of Carbon dioxide gas = 224 Litres of OO, at
STP=44g

Molar Mass

The mosas of one mole of o substance expressed in
grams is called its molar moss.

The molar moss of a substance s the mass of one
maole in groms. Its wnits are g mol™ and kg mol™. The
atomic/moleculorfformulo mass & quanttatvely equaol
to the molar mass in grams Molor mass (n grams) &=
equol to atomicf molecularf formulo mass in (u) unihed
mass. A compound’s molor mass can be calculoted
by summing the atomic masses of all the atoms n
its molecule.

Eg. molor moas of water = 1802 g moi™
The molor mass of eodium chloride = SAS g mol™.

g‘J/\} Important

e The molar mass of a substance & the moss of one mole
in qmmi Its wnits are g moli™ and kg mol™. The atamic/
molecularfiormula mass k£ quantitathely equal to the malar
mass [n grams.

Eg. molar mass of water = 1802 g mot—.

The following relotionships can be summarised as
followvs:

The number of atoms in @ mole

_ MOss of an element
atonnic mass

Number of moles of molecule

_ mnaose of molecule

mnolecular maoss

N F moles of _ volume of the gos(STP)
umber of moles of gas = AL
1 maole = 6022 x 1073 _Z0MS
nnolecules

_ Gram glonmic maoss
molecular mass

Grom atomic mass [ moleculor moss

Number of moleculea = Number of moles = Ny
where, Na = Avogadro number

= 6.022 =10=2.

Number of atonns = Number of molecules = atomiaty
(or number of atoms in the moleculor formulo or in

1 mole).

Example 2.2: How much Copper can be obtained
from 100 g of Copper Sulphate (CuS0,4)? [NCERT]

Ans. The molar maoss of CuSQO,4 is obtained as:
= Atomic maoss of Cu + Atomic mass of S + Cu +

4 = Atomic mass aof O.
=635+32+4=16
= 1595 g mol™
The amount of Cu present in 1595 g of CuSO4

Hence. the amount of Cu m 100 g of CuSO,..
s L 100'=398G
1595

Example 2.3: Case Based:

Chenustry &s the study of how atoms and malecules
mteract with one another at the atomic level The mole
tdea. which we will discuss here, bridges this gap by
linking the mass of a single atom or malecule in amu
to the mass of a huge collection of similar molecules
in grams. A substance’s maolecular mass is the sum
of the average masses of the atoms in one molecule
of that substance. It s computed by multiplying the
atomic masses of the elements in the material by

their subscripts (written or inferred) in the moleculor
formulo. Any reasonably quantifiable mass of an
element or compound comprises an unusually large
number of atoms. molecules. or ions. necessitating
the use of an unusually big numerical unit to count

them. This is accomplished by the use of @ male.
A mole s defined as the amount of a substance that

contains the number of carbon atoms in exactly 12 g

of isotropic pure carbon-12. According to the maost
recent experimental measurements. this mass of

carbon-12 caontains 6.022142 x 1072 atoms. but for
most purposes, 6.022 x 10% pravides an adequate

number of significant figures.

(A) The moleculor mass of nitric acid is:
(@) 61lu (b) 62u
(c) 63 u (d 64u
(B) Calculate the number of atoms presentin 7.1 g
of chlorine.
(@) 0.2 Np (b) 0.3 N
() 0.4 Np (d) 0.5 N
(C) What is the context for introducing the mole?

(D) What is the mass of 1 mole of nitrogen atoma?

@g www.studentbro.in



Get More Learning Materials Here : &

(E) Assertion (A): One mole of water is equal to
6.023 x 102® molecules.
The maoss of one mole of a
substance in grams is called the
molar maoss.
(@) Both (A) and (R) are true and (R) is the
correct explanation of (A).
(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).
(c) (A) is true but (R) is false.
(d) (A) is false but (R) is true.
[Delhi Gov. QB 2022]

Reason (R) :

Ans. (A) (c) 63 u

Explonation: Molecular mass of HNO,

= (1 = atomic mass of H) + (1 = atomic
maoss of N) + (3 = atomic of O)

=(1=1)+(1=149)+B3=16)u

=84 B

(B) (0) 02 Ny
Explanation: We know thot
1 mole of chlonne contoins Ny atoms

Number of moles = (7.1/35)
=&z

Hence.
The number of atoms present in 7.1 g of
chlorine is 0.2 Ny atomas

(C) One gram of a pure element is ltnown to

contain a large number of atoms while
dealing with particles at atomic level Thus.

mole concept is o convenient method of
expressing the amount of a substance

(D) Mass of 1 mole of o substance = molar masa
of that substance

Molar mass of nitrogen atom =14 g

So. mass of 1 mole of nitrogen atoms =
molor maoss of nitrogen = 14 g

(® (b) Bath (A) and (R) are true but (R) is not the
correct explanation of (A)

Explanation: Reason is not the correct
explonotion of above ossertion since it is on
mdependent statement

Since.

number of water molecules

= number of moles x Avogodro’s number
=1 = 6023 = 10 molecules

"TOPIC 2
PERCENTAGE COMPOSITION

Apart from knowing (dealing with) the number of
entities present in o given sample. we also require an
ideo obout the percentage of the elements present in
o compound.

The maoss percentage of each constituent element
present in any compound is called percentage
cormpositon

Mass % of an element in o commpound

Mass of the element in 1 mole ef compound
— x100

Molor moss of compound

Consider the exampls of o woter H;0 molecule
The molar moss of water = 1802 g
The atonnic moss of wuygen = 168 g
The avornic nnass of hydrogen =101 g
2x101

1802
=1121%

18.00
18072

Maoss % of hydrogen = x100

Mass % of oaygen = =100

= BB.78%

Through the percentage composition dato of each
element we can calculote the molecular fomnnulo of
the compound.

cucnrane €9

Empirical formula

[z @ the eimplest formulo of o compound that gives the
simplest whole-number rotio of varnous atoms present
in 0 compound.

For example, the empirical formulo of benzene (CgHg)
is CH and empirical foarmulo of Hydrogen peraxide

(H;0,) is HO.
Molecular formula

It ig the formulo of o compound giving the actual

number of different types of atomea present in o
molecule of the compound.

For example. the molecular formulo of benzene is
(CeHe)

Relation between empirical and
molecular formula

Molecular formulo = n « empirical formulo
Where n is the eimple whole number with volues 1. 2

3.4 ___elc
Determination of the Empirical Formula
and the Molecular Farmula

The vanous steps nvolved are

(1) Conversion of maoss percent of various elements
mto grams
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(2) Convert moss obtained mto the number of moles
of each element using the formula:

Mass of atom

No of moples=
Mpior maoss of element

(3) Dnade the mole volue obtoined by the emollest
number.

If the ratio 13 not o whole number, then they are
converted winto a whole number by muluplying
with a suntable integer.

(4) Write the empirical formulo of the compound
by mentoning the symbols of elements along
with the simplest whole-numnber roto of each
element

Write molecular formulo using the steps mentoned

below:

(1) Determine emnpincal formnulo moss by adding the

atomic mosses of various atoms present in the
empirical formula

(2) Divide molar maoss by empirical formulo maoss w
get integrol value (7).

Molar Mass -
Empirical formmulo -

(3) Multply empiricol formnulo by () to obtam the
molecular formula

Example 2.4: A compound contains 4.07%

hydrogen 24.27% carbon and 71.65% chlorine. Its
molor mass is 9B.98 g. What is its empirical and

moleculor formulo? [NCERT]
Ans. Step-1
Consider the weight of the compound to be
100 g.

Sa. the Mass of hydrogen = 407g
Mass of carbon = 2427g

Mass of chlorine = 7165 g

Number of moles of Carbon

2427
T1201
=20225
Number of moles of Chlonne
7T1ES5g
~3355g
= 2018
Step-3
Stnce 2018 iz the emallest value divide it to get
the ratio:
H : & S & |
404 20225 2018
2018 2018 20IB
i : 1 : 1 Ratio
Step—4
The empirical formulo of o0 compowund = CGH,A
Step-5

For CH;CL the empirical formulo maoss &
120 + (2 = 1.008) + 355=49S g

= Molormaoss
Emnpirical formulo
__9B86g
B 49 48g
)
We lnow. mnolecular formulo = n = empirical

formulao

For m = Z: the molecular formula becomes
CH A,

Step-2
Number o) meles of Hycrogen Example 2.5: An inorgonic salt gove following
_407g percentage composition on anolysis:
g Na = 29.11, S = 40,51, O = 30.38
=404 Calculate the empiricol formula of the salt.
Ans. Moles of elaoments
Percentage At mass of Simplest Whole no.
Sym Percentage
s e of element  elements = = molar ratio = molar ratio
At. mass |
| | |
28911 1268
———_=1766 S———
Sadium Na 2911 23 >3 1768 2
4051 1268
Sulph S 4051 32 ———=1766 —=1 2
ulphur 32 1268
3098 1 E&
O 3038 i6 =1889 =15 3
Oxygen ‘ ‘ ‘ ‘ 18 1268
1 i
Thua the empirical formulo s Na2S202
Get More Learning Materials Here : & m
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"TOPIC 3 |
STOICHIOMETRY AND STOICHIOMETRIC CALCULATIONS

The word ‘stoichiometry’ is derived from the Greek
word meaning to meaosure an element Stoichiometry

in chemistry involves the colculoton of maosses (or
volumes) of the reoctants and products present in

the chemical reactian. The relationship between
the omounte of reactonts ond product is called

the stoichiometry. The number of molecules used
to bolance the equation ie called stoichiometric
coefficient The calculations ; terms of molor mosses
and volumes between the different reactante ond
products involved in bolanced chemical equations
are colled Broichiometric colculotions.

In the balanced chemical equation:

CHayg) + 202(g — OO0z + 2H10g

1mol Zmol 1mol 2mol

The coefficients 2 for O; ond H,0 are called

stoichiometric coefficients. The coefficient of CH,
and OO, is 1 respectvelu.

The above chemical reoction stotes that

One mole of OHygy,) reacts with 2 moles of Oy, to give
1 mole of GOy, and 2 moles of H;0,

One mole of OH 4y reacts with 2 moles of Oy, to give
1 mole of COy and 2 maoles of H;0g,

224 L of CHyg) reacts with £4.8L of Oyg to give 224L
of CO) and 448 L of H;0¢;

16 grams of CHgg) reacts with 2 = 324 of Oy(g) to give
44 g of 00y and 2 = 1B g of H;0.

A general procedure is followed to carry out such
calculations:

(1) Write the bolonced chemical equotion

(Z2) From the equotion note the relotonship benween
the given spedes and required epecies in terms
of moles.

(3) Convert the molaor volues into the required
parameters. For exampls. atomic moss volume
etc

(4) Calculote the quontity of the desired substance
by eimple mathemotical calculotions

Limiting Reagent

The reactont that gets consumed first since it is
present in o lesser omount It imits the tnvolvement
of the other reoctants in the reaction and also on the
amount of product formed. therefore. it iz colled the
Limniting reagent

ucnrene €9

Example 2.6! 3.0 g of H; reacts with 29.0 g of O,
to form Hlﬂ.

(A) Which is the imiting reactant?
(B) Calculate the amount of H;0 formed.
(C) Calculate the amount of reactant left unreacted.
Ans.(A) 2H, + 05— 2H;0
29 329 36&¢g

32
3g of H; require O = [?] x 3 =24 g Thus.

03, (249g) & in excess. Hence. H; is the lmiting
reagent

(B) 2 mole of hydrogen gas reacts to form
2 mole of water molecule therefore.
4 g of H; produces = 38 g of water
So the amount of H,0 produced by 3 g

et
Ha=|ZrjEd=2lg

Hence. 27 g of water will be produced during
the reaction

(C) O; left unreacted =29-24=5g

Example 2.7: In o reactlon

A + B; - AB,
Identify the limiting reagent, if any, in the following
reaction mixtures.

(A) 300 atome of A # 200 molecules of B

B) 2molA <+ 3 molB

(C) 100 atoms of A ¢ 100 molecules of B

(D) SmolafA + 25 mol af B

(E) 25 molofA + 5 cf mol B [NCERT]

Ans. (A) According to bolonced equation. 1 atom of
A reacte with 2 atoms of B. Thus for 300

otome of AL 600 atoms of B are needed.
Hence. B is the [miting reagent

(B) According to balanced equation. 1 mole of A
reacts with one mole of B, hence for 2 mol
of A moles 2 moles of B, are needed o A
is the lfmiting reagent

(C) 100 atoms of A reacts with 100 molecules
(200 atoms) of B. hence they are present in
stoichiometric rotio.

(D) For 5 mol of A. 5 moles of B, are needed
hence . B, = the imiting reagent.

(E) For 25 mol of A. 25 moles of B4 are needed.
Hence A is the imiting reagent
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"TOPIC4

CHEMICAL REACTIONS

A chemical reaction occure when one or more

substonces reoct to produce new substonces with
completely different charocteristics.

Chemical Equations

A chemicol equaotion is o simplified depiction of o
chemical reaction using symbols ond equations for
the chemicals involved. For example. the interaction
of eilver nitrate with sodium chloride w produce silver
chloride ond sodium nitrote can be written as

AgNOj3 + Na( — AgCl + NaNO4

Reactante are the chemicols that reoct omong
themeelvee to cause chemical changes. whereas
products are the compounds that are produced as
a result of the chemical change. An arrow pointing

towards the products sepaorotes the reactants and
products of o chemical equotion

Characteristics of a chemical equation

The following condmons must be met by a chemical

equaoton:

(1) It must be in occordance with the resulis of the
expenment

(2) It needs to nclude moleculor speces.

(3) It must be bolanced. which means it nmust adhere
to the rule of corservation of maosa and have an
equol amount of atome of each element on both
sidea.

(1) Qualitative Information:

It describes the vanous reactants and products that
are involved in o reaction. It gives on estimate of

the number of molecules involved in or generated
during the reacton

The following adjustments can be mode to the
chemical equation to malee it more informative:
@ The abbreviations (5) for solid. () for Liquid.
(g) for gas. and (ag) for an oqueous solution
can be used to describe the physical states of
reoctonts and products. eg.

Cugg + 2HO (o - QuQzpeg) + Hag
() Before the oad or base formulo. di for dilute
or conc. for concentrated is written to endicate
the strength of the add or basea.

C:i..lﬁj +2 ﬁLH%} =¥ CUEIZM ¥ H:@

() Above the arrow between the reactants and
products. write the reoction condiiona such
as the presence of o catalyst temperoture.
pressure. and eo on

Foflln 723
G320 gim

Nl{g} = BHZ@_} P> ENH@

ucnrcne €9

The heat change that occurs during the
reaction can be desaibed in one of two ways.
Ci) + O2(g — Q02 + 936 kg AH = -93.6kJ
(2) Quantitative Information:
Quaontitative informnation conveyed by o chemical
equation is os follows.

(M The proportion of reactant and product
species (atoms or molecules) involved in the

process.

() The relative mole fractions of the reactants
and products.

(@) The moss rotios of the reactants and products.

() The relotve volumes of goseous reactants and
products.

g‘J/\} Important

== Old STP conditions. 27315 K. 1 atm. valume occupled by
1 moleofagas =224 L

New STP condidons. 273.15IC I bar. volume occupted by
Imoleofagas =227 L

Balancing a Chemical Equation

A chemicol equation must follow the low of
coneervation of mass. which states that the toval mass
of the reactants must be equal to the totol moss of

the products. In o balonoed chemical equation, there
should be on equal omount of atoms of each elenent

on the reactant and product sides.
For example. Fe ) + 3034 — 2Fe;0,
Above reaction is a balanced chemical equation

On the other hond. N2 + Hz — NH3 is an unbaolanced
chemical equation.

A chemicol equotion com be bolonced by using
following method=

(1) Hit and triol method
(2) Partial equotion method

(3) lon electron method
(%) Oxdaton number method

Hit and trial method

It iz wused to bolance a chemical equation in the

simplest way. [t involves the following steps:

Step 1: The skeletol equotion must be written using
the symbols and formulo of reactants and
products.

Step 2= If elementary gases like hydrogen and
nitrogen are present then convert them nto
their atomic states.
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Step 3: Choose the molecular formulo containing the
maximum number of atoms. Then. bolance

the number of atomas of the speaes on both
sides of the equaton

Otherwise, it con oleo be proceeded by
choosing the speces with the minimum
number of atoms

Step 4: After balonang the number of atoms convert
the equation into moleculor form

Step 5: Make sure the number of atoms are balonced
in the final chemicol equation

;fJ/\b Important

= |\Vhile balancdng a chemical equatian. the subscripts in
the formula of reactants and products can be changed

Partial equation method

This method is helpful only for simple reactions where
o porticular atom is not repeated frequently on a
number of compounds It involves the following steps

Step 1: The given chemical reaction is broken
down mto various probable steps which are
mndividually colled as partial equations.

Step 2: Ucsing the hit and triol method. each partal
equation is bolonecad.

Step 3: Cancel out the intermediate species
(if any) by multiplying partiol equations with
suitable integers.

Step 4: Add the paortial equations to get the finaol
chemical equotion

Reactions in Solutions

Mast of the chemical reactions i the loboratory are
carried out in eolutions. The concentration of a solution
can be expressed in several ways:

Mass per cent or weight per cent (w/w %)

It is the nnoss of o compound per 100 g of the solution

Mass of splute

Mpss of solution #1060

Npaopercent =

Example 2.8: A solution is prepored by odding 2g
of substance A to 18 g of water. Calculate the moas

Mole fraction

Itis the rotio of the number of moles of one compaonent

to the totol number of moles of all components present
in the solution. If substance A dissolves in aubstance B,

then their mole fraction X is given os
Mole Fraction of A

B Na of molsa af A
" No of moles af all connpomenia ineoluiom

n,

nra
AMole Froction of B

X =

A

_ No. of moles of B
~ No. of moles of all components in solution

= "
“ n,em
Alan the sumn of mole fraction Py + Xg) = 1

Molarity (M)

It = defined as the number of moles of solute present
in ane litre of eolution

No. of moles of exiute
Volume of solutionin litres

Molarity (M) =

Its unit is mole per bue.

When two solutions are mbed with the same na of
moles the general formulo used is
M;V;7 = M5V,
winers,
Ady = Initiol Molarity
£45 = Molority of new solution
Vy; = Initiol lolume of eolution

V5 = The volume of new solution

Molality (m)

It @ defined as the number of moles of solute present
in 1 kg of eolvent

No. of molesef solute

Meolality (m)=

Mosee of solventin kg

percent of the solute. [NCERT]  Unit of molality is mole per kg
AR Themose percentan i Example 2.9: The density of the 3M solution of
= AMaoss of A %100 NaCl is 1.25 g ml™. Calculate the molality of the
Mpss of solution solution.
2g Ans. Molarity M) = 3 mol L™
= mx 100 Moalar mass of NaCl = SBS g
2g Mass of NaClin 1L solution
= -I—ﬂ—é-xlﬂﬂ = Molority = Molar mass of NaQ
=3=x58S5g
= 10% =1755¢g
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Deaiij Weight
Volume
Weight = Density = Vlolume
=125 = 1000

- Weight of sohrent = Weight of solution — the
weight of eolute

=1250g-1755¢g
=1074 kg

No of moles of solvent

Mololiyg =
1y Mopes af eolvent mkg

_ Jmol
~ 10745kg
=279m

A Caution

- Srudente chould note that the mololity of a solution does
not change with temperaiiee Snoe mass remams unaffected
with cempenture

@ Related Theory

e A solution of the required concentration is made

by diluting a zolution of a lnown higher concentratian.
The solution of higher concentvation Ie called a Stock
solution

Example 2.10: Case Bosed:

In the health saences. the concentration of a solution &
often expressed as parts per thousand (ppt). indicated
as a proportion. The labels on bottles of commerdal
reagents often describe the contents in terms of
mass percentage. Sulfuric acid for example. is sold
as a 95% ogueous solution. Parts per million and
parts per billion are used to describe concentrations
of highly dilute solutions. There are several different
ways to quantitabively describe the concentration of a
solution For example molarity and mololbity are useful
ways to describe solution concentrations for reactions
that are carried out in solution. For dilute ogueous
solutions, the mololity and molarity are nearly the
same. Mole fractions ore used not only to describe
gas concentrations but also to determine the vapour
pressures of modures of similar biguids.

(A) The molarity of a solution obtoined by mbang
750 mL of 0.5 M HCl with 250 mL of 2 M HCl
will be:

(@) 0.975 M (b) 0875 M
(c) 1L00M (d) 1175 M
[Delhi Gov. QB 2022)

(B) A molol solution is one that contoins ene mole
of solute in:

(@) 224 litres of solution
(b) 1000 g of solvent

(c) 1L ofsolvent

(d) 1L ofsolution
(C) What is meant by mass per cent?

(D) A solution is prepored by mixing 100 mL of
toluene with 300 mL of benzene. The densities
of toluene and benzene are 0.86 g/mL and 0.87
g/mL, respectively. Find the moss per cent of
toluene.

(E) Assertion (Ax One molor aqueous solution has
always a higher concentration
thon One molal aqueous

solution.
The molality of the solution

depends upon the density of
solutlon whereas molarity does
not

(@) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

() (A) is true but (R) is false.
(d) (A) is false but (R) is true.
[Delhi Gov. QB 2022]

Reason (R):

Ans.(A) (b) 0875 M
BExplanation: For mbang:
M;V; + MjV; = MV

750 = 0S + 250 = 2 = M5 (750+250)

M3y =375+ 500/1000 = 0875 M
(B) (b) 1000 g of solvent
Explanation:
No.of moles of solute

Malob =
alality (m) Maoas of solventinkg

Thua one molal = one mole in 1000 g of
solvent
(O) Mass per cent It is the percentage of the

mnoss of eolute or solvent wrt total mass of
solution.

(D) Mass per cent of toluene

M f rol
- ass o aguiene xlﬂﬂ

g Maose of toluene + Mass of benzene

Mass of toluene = Density x Volume
=0BB6g/mL=100mL=8B6g
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Maoss of Benzene= Density » Volume
=0.87g/mL = 300 mL
=281 g
Mass percent of toluene
ag

- BB:32861
BB

347
= 24B%

w100

x 100

(E) (b) Both (A) and (R) are rue but (K) & not the
correct explonation of (A).

Explanation: One molor aqueous solutionis
more concentrated than one molol aqueous
solution becouse 1 M solution meons 1 mole
of eolute dissolved in 1 litre of the soluton
which include both solute and solvent. So.
tne mass of solvent (Le. woter) ie less than
1000 gram. Therefore 1 m oqueous solution
contains 1 mole of solute dissolved in less
than 1000 gram of sclvent whereas 1 malol
solution hos 1 mole of solute in 1000 gram
of salvent Hence cancentration will be more
m 1 molor oqueous eplution.

(OBJ ECTIVE Type Questio ns)

[ 1 mari ]

Multiple Choice Questions

1. One mole of a substance has 6.022 x
10?? atoms/molecules. Find the number of
molecules present in 100 mL of 0.02 M H,;S04
solution.

(a) 12.044 = 10?° molecules
(b) 6.022 = 1023 molecules
(¢) 1 x 1022 molecules

(d) 12044 x 10* molecules

[NCERT Brempios]
Ans. (o) 12044 = 10°° molecules
Explanation:
Malarity = No. of mnoles

Volurme of ecbution mbtres
Noarf moles

100
1000 L

Number of moles
=002 =01
= 0.002 mol
No. of maolecules of H-SO,4
= No. of moles of H,S04 x Ny
= 0002 x 6022 x 1023
= 12.044 = 10?% molecules

002 =

2. Find the correct matdh:

(@ A @) (p)
() C (@) (@

(b) B (W) (s)

(d D@
[Delhi Gov. QB 2022)

Ans. (b) B () (s)

Bgplanation: 40 g of He — Mole = 40/4 =10
—10 = 6022 = 10" atome = 6022=10"‘atoms
A-iE-n)
3Sgofli - Mole=35/7=5mole - 5 = 6.022
= 10 aromas = 3.011x10?® atoms (B-iv-g8)
40 u of He — 40/4=10 atoms — Moles
= 10/6.022 = 10?? = 1.67=10""° moles
(Coq
16 g of O3 —» 16/32 = 0.5 mole —
0S5 = 6022 = 10”2 atoms =3011 = 102 atoms
(D-i-p)

3. The empirieol formulo and molecular mass of

a compound are CH;0 and 180 g respectively.
And the molecular maoss of the compound.

(@) CH,0 (b) GgH,50
(c) CeH1206 (d) C;H,0;
[NCERT Btemplar]

Ans. () CegH1206
Explanation: Empirical formulo mnoss of CH;0
=12+(2=1)+16=30g

kipismolnr mnea
=

" Enuaivion) fonnnuda mmoss

Column X Column Y Column Z
(M) 40gofHe (@ 3.011x10” atoms  (p) 05 moles 180g
®)35gofli (@ 10 atoms (Q) L67=10 ~ 30g
3 moles g
(©40uofHe (@ 6022:10" aoms (1) 10 moles Nowu. Malecular formula = 6 x (CH;0)
) 16gafO, | (v)3011x10*? croms (g) S moles < CaHi508
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@ Related Theory

e [F'n = 1 then the empirical and molecular foemulas cre
the same. othenasee different

The compounds are imown only by their molecular
foermula and not by the emesica! formula

4. One mole of CH4 contains:
(a) 4 g atoms of hydrogen
(b) 3 g atoms of carbon
(c) 6.022 x 102 atoms of hydrogen
(d) 1.83 x 102 molecules of CH,

Ans. () 4 g atoms of hydrogen
Explanation: 1 mole of methane (CHy) has
= 4 moles of H atoms = 4 g atoms of H atoms
1 mole of methane (CHy) hos = 1 mole of
C atom = 12 g-otoms of C atom
1 mole 1 mole of methane (CH) has
=4 = 602 = 10” of H atoms

=2408 = 10*2 of H atoma

5. Calculate the atomic weight of an element
A present In o somple containing 2.64 x 10?2
atomas weighlng 2.15g:

(@) 35¢g (b) 49 g
() 55¢ (d) 42 g
Ans. (b) 49 g
Bplanation: Number of atoms m o somple =
264 « 107

Weight of somple=215g

Number of atoma = number of moles =
atomicty = Na
=264 x 10“

_ Givenweight

= ———x1x6.022x10"
Aromic weight
215x6.022x107

Aromic weight =
264 x107

=4gg

@ Related Theory

- Atomlcity s deflned as the toetol number of atoms
presant in a moleavle

For example. the atomicly of axygen (Oz) & 2

@. What Is the percentage composition by mass
of carbon present in urea?

(a) 25% (b) 28%
(©) 42% (d) 20%
Ans. (d) 20%

Explanation: The molecular formulo of
Urea —>[cx:|(NH:L],
The total moss of the compound
=(12+16+2=14+4 = 1)g
= 'BD g

Mass of carbon atom=12g

ucnrene €9

Therefore. the moss percentage of carbon

=..12_g){1m

60g
= 20%

7. From 120 g of zinc sulphate (ZnS0Oy), the
amount of zinc that can be obtained is:

(@) 45.0g Zn (b) 41.0gZn
(c) 48.58 g Zn (d) 399 g Zn
Ans. (c) 4858 g Zn
Explanation: Molar maoss of the compound

(ZnS0y)

=B853+32+16=4

=1619 g
So. 1613 g (ZnSO) contain = 85.3 g Zn
Then. 120 g (ZnS0O,) contain

853
1613

x120

8. 10 g of MgQ0, is dissolved in enough water
to obtain 300 ml of the solution, what will be
the molority of MgCO, in the solution?

(a) 0.33 M (b) 0.52 M
(c) 0.76 M d) 0.1 M

Ans. (g) 039 M
Explanation: Malor maoss of MgQOa
=(243 + 12 + 16 x 3)g
=B43¢g
Given mass of MgO0O4 = 10g
Volume of solution
=300 mL

= 03 litres

Givenmass

molar mass

E’ﬁEﬂﬂrﬁ:g: - —
Volume of solutonmbte

10
B43

a3
=039 M

Assertion-Reason (A-R)

In the following question no. (9-12), a statement of

assertion followed by o statement of reason ls given.

Choose the correct answer out of the following

cholces:

(o) Both (A) and (R) are true and (R) is the correct
explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explonation of (A).

(c) (A)is true but (R) is false.
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(d) (A)is false but (R) is true.

9. Assertion (A): NaHCO43 has the same

empirical and molecular
formulo.

Reason (R): NaHCO4 evalwes CO, gas on

heating.
Ans. (b) Both (A) and (R) are true but (R) is not the
correct explanation of (Al
BEplanation: Molecular formulao
= n = Empirical formulo
The value of o
Molar mose of NaHCO,

- Empiricol formulomass NaHCO,

__ B4 g/mol
B4 g/mol

=1

So. the empirical formulo is equal to the

molecular formulo ond this hos no relation
with the fact that NaHOO4 evolves 004 gas on
heotng

10. Assertion (A): B g of CH4 and 32 g of SO,

hove the some number of
mpolecules.
Reason (R): Two substances with an equal
number of moles hove an

equal number of molecules.

Ans. (@) Both (A) and (R) are true and (R) & the correct
explanation of (A)

Bxplanation: Number of moles of CH4

Number of moles of SO,

Mass

Molor moss

=329 _q¢
64 g
As both compounds hove the some number
of moles. eo they have the some number of
molecules

11. Assertion (A): Combustion of 16 g of methane
gives 1B g of water

Reason (R): Inthe combustion of methone,

water is gne of the products.

[NCERT Exemplar]

Ans. (d) (A) = false but (R) & ue
Explanation: GHy + 20; — 00y + 2H;0¢,
16g 36g
So. the combustion of 16 g of CH, givea 36g
of water.

12. Assertion (Ax Molority and mololity of a
solution do not depend on
temperature.

Reason (R):  Molarity and mololity depend
an the number of males of

solute particles.
Ans. (d) (A) is false but (R) & true

Explanation: The molariy of a soluton depends
upon the temperature whereas mololity does
not. This s due to the reason that the molority
of o solution is related to the volume of eolution
which in turn is related w temperature. whereas
molality is reloted to the maoss of solvent

@ASE BASED Questions (CBQSD

[ & & 5 marks ]

Reod the following paossoges and answer the
questions that follow:

13. A binory solution is maode up of two lguids
that cre entirely miscible with each other. In a
binary solution. the component with the lowest
concentration is lenown as the solute, while the
component with the highest concentration is
lmown as the solvent One mole of the solute
present in one litre of solution is referred to os
a I molar solution. A 1 molal solution s one
m which one mole of solute is dissolved in one
ldlogram of solvent. The nuwnber of moles of a

S

given component to the total number of moles
in the solution is referred to as the mole fraction.

(A) 6.02 x 10?? molecules of urea are present
i 100 mL ofits solution. The concentration
of the solution is:
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(a) 0.02 M
(c) 0.001 M

(b) 0.01 M
(d) 0.1 M

[Delhi Gov. QB 2022)

(B) What will be the mole fraction of glycol
C,H4(OH); in a solution containing 45 g of
water and 56 g of glucol?

(@) 0.31 (b) 0.50
(c) 0.26 (d) 0.10
(O) The value of molality for pure water is:
(o) 55.55 (b) 52.6
(c) 52 (d) 25
(D) What is the mass per cent of the carbon
in ethanol?
(a) 59 (b) 42
(c) 45 (d) 52

[Delhi Gov. QB 2022)

(E) What is the correct advantage for using
mololity over molarity?

(o) Molarity doees not depend upon
temperature.

(b) Molality does not depend upon
temperature.

(c) Mololity depend on temperature.
(d) None of the above

Ans. (A) (b) 0.01 M

Explanation:
T R T Molecules of urea
Avogodro'snumber
_ 602x10%
- 602x10™
=10~

Molarity = Number of moles of solute/

volurme of eolution

-3
N % = 001M

(B) (c) 026
Explonotion: Maobe frocton of ghycol
_ Na af meles of glyool

" No of molesglycol +
Nao of moles of warar

58

—

=L

56, 45

62 18
(082

. TICTT 026
© (o) 5555
Explanation: Mololiny
_ No.of moles of eolute

" Massof solvent inkg
Molality for a water molecule
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x>

£5

-8 _5555m
45

1000

(D) (d) 52
Bplanation: Moleculor mass of ethanaol

=2212+Eﬂl-1-15
=48 u
The moss per cent of carbon

_ Maas of Carbon _ 24
Maoses of Ethonol 48

x100=52%

(E) () Molality does not depend upon
temperature.

Explanation: Molality is favared over

moloriy as the unit of concentration because
molality s o function of temperature and
changes with temperature but molarity
i1z independent of temperature eo it etoys
the some. The maoss of the solvent ia olso

independent of temperature so it remoins
constant

14, The reactants react according to the balanced

chemical equation. Quite often. these are nat
present in the eame proportions as is required

by the eqguation: some maoy be present in a
lesser amount while the others may be present
m excess than the stoichiometric amounts. The
reactant which is present in a lesser quantity is
lonown as a limiting reagent ar limiting reactant
since it imits the participation of the other
reagctants in the reaction and also the product

of the reaction. For example, in the combustion
of methane with oxygen methane is the limiting
reactant because oxygen is always available

more than the amount of methane. Amount of
carbon dioxade and water formed also depends

upon the amount of methane and not oxygen
(A) Find the number of moles of lead (ll)

chloride formed as o result of the reaction
between 6.5 g of PbO and 3.2 g of HCL

(B) 14g huydrogen and BD g oxygen were
filled in a steel vessel ond exploded. The
omount of water produced in the reaction
will be?

(C) Why is it necessary to balonce a chemical
equation?

Ans. (A) PbO + 2HO - PbCL; + 2H,0

1 molo 2 nnolas 1 mmola 2 molos
&S 32
mol ol
224 368

0029 mol 0.087 mal
Sa. PbO is the limiting reactant
= 0.029 mol of PbQ,; is formed
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1 Since 0.5 mole of oxygen from water
©) Hﬂia.l'i';DJm —HO, =1 mol
lenolo 0Smole  1molo Sa. 25 mol of oxygen form water
|
14 = —x2S
14 a of H1=TE‘HE1E = 7 mol 05
= 5 mol
80 g of O; (O A chemical equation has to be balanced
in order to eatisfy the low of conservaton
=@-mn&5 - 25 mol of mass. According to the law. there is no
32 chonge in mass when the reactants change
_ o into the products. Therefore. the chemical
Sa. O; i the brniting reagent equation hos to be baolonced.

(VERY SHORT ANSWER Type Questions (VSA))

[ 1 mark ]

15. What is the Sl unit of mul_uljtg? (Z) Mass-tblieme relationship: In thic situotion. one
. . of the reactants” or products” mass or volume s

Ans. Sl unit of mololity ia mol per kg. o and the other can be calculated.
(3) Volume-lolume relationehip: In this caze. the
@ Related Theory volume of one of the reactants or products = glven

e \plality does not depend on temperature. This ic and that of the other can be colculapad

because molality of the solutlon [s dependent on ) .

dhe mase of the solwent and mass is independent of 17. What is the symbol for the Sl Unit of a mole?
rempe/otwe How is the mole defined? [NCERT BExemplar]

Ans. The symbol for the Sl Unit of a mole is mol

A mole is defined os o collection of Avogodros
number or 6022 = 10™ particles (atoms. ions
and molecules).

16. Whaot do you meaon by stoichiometric
coefficients in a chemical equation?

Amns. In o bolonced chemical equotion the balanang
coefficients of reactonts ond producte are

lcnown as stoichiometric coefficients. @ Related Theory
For example. we 1 mole of carban atoms = 6022 = 10” carban atams
Nag) + 3Hzg — 2NHzg w 1 mole of axygen molecules = 6022 = 107 axygen
The stoichiometric coefficients are 1. 3 and 2 molecules
respectively. we 1 mole of water molecules = 6022 = 10°° woter
@ molecules
= Related Theory w1 mole of electvons = 6022 = 107 electrons
e The stolchlometric colculations involive three coses A Cautl
(1) Moss-Mase relationship: In this oose. the mass of SHEICH
one of the reactanis or products i ghen and that = |Vhile uglng the term mole. stwdents should always
of the obher can be colculated specify the ldnd of particles Involbed

(SHORT ANSWER Type-l Questions (SA-1))

[ 2 marks ]

18. 5.8 g butane burns in the presence of Given mass of butane =58 g
oxygen to produce carbon dioxide ond water Since. 116 g of butone produces
vapour. Calculote the mass of carbon dioxide =352 g of 00
produced. [Diksha] Sa. S Bg of butane will produce

Ans. ZCdHID{g} + 1301@ — Bng + lﬂH]Oﬁ 357
2moles 13 molee B8 moles 10 moles N 118 &
1184 3524 = 17.6 g of 0O,
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How much carbon disulphide will be formed if
4 g of carbon was heated with B g of sulphur.

Also, identify the limiting reagent
C + 28 —» C5;

12g 64g J76g

Sulphur will be the lmming reactant

76
B g sulphur will produce CS; =EKE g=95g

Water has a density of 1.0g/mL at room
temperotuse. if the volume of a drop of water
is 0.05 mL How maony molecules are there?

The volume of o drop of water = 0.05 mL
Maose of o drop of water
= Volume = density
= (0.05S ml) = (1.0gf/mL)
= 0.05¢g
The moleculor maoss of water (H,0)
=2x1+16=18g
W& lcnow., 1B g of water = 1 mol

1 mad
Bg
= 00028 mol

Hence. 0.05 g of woter will be = x005g

Now. 1 mole of water containz

= 6022 = 102 0.0028 moles of water contain
= 6022 = 10" = 00028
= 168 x 10?! molecules

A compound hos 9 corbon atoms and 13
hydrogen atoms and maosa of the remaoining
entity is 2.33 = lﬂ‘Eag.

Find the moleculor moss of the compound

Maose of B carbon atoms
=9x12u
=108 u

Mase of 13 hydrogen atoms
=1d=Yu
=141

Mass of 233 = 10~3g other entiies
| (233x10™9)
~ (166x10~g)

=1404 u

The moleculor moss of the substance
=(10B + 13 + 14049 u
=13504 u

Calculate the maolarity of NaOH in the

solution prepared by dissolving 4 g In enocugh
waoter to forrm 25 ml of the solutlon.
[NCERT Exemplar]

No.of moles of eolute

AMolar =
anty(M) volume of solutioninlitres

cuonrene €9

Also. no. of moles of solute
_ Dlimes of NaOH
 Maolurnnose af NaOH
_ 49
- 40g
= 0.1 mol
Sa Mploriny
~ 01mol
- 0075L

=4 M

A Cautlon

= LVhile solving a problem. etudents should always

remember that during molarity calculation volume
muat be comerted Into litre

23. Hydrogen gas is prepored in the laboratory

by reacting dilute HCl with granulated zinc.
Following reaction tolkes ploee:

an i ZHCIM—"a an.‘lzm "'Hzm

Calculate the volume of hydrogen gas
bberoted at STP when 32.85 g of zinc reacts

with HCL. Given that one mole of a gas

occupies 22.7 L valume at STP; the atomic
moss of Zn = 65.3 w [NCERT BExemplar]

Ans. an+2HClmﬁ—)Zn% +H>lg!

(653 u) 2271

653 g of zznc evolve hydrogen gosat STP =227
L 3265 g of anc evolve hydrogen gas at STP

32659
g
=1135L

22T L

@ Related Theory
— STP refers to Standard Temperature and Pressure. [t

i the experbmental condvtion at which temperature [
maintained at 273 K and 1 obtm pressure.

24, In the reaction 2A 5+ 4B — 3C + 4D, when 5

moles of A reoct with 8 moles of B, then

(A) Which is the limiting reagent?

(B) Calculate the amount of C formed.
[NCERT BExemplar]

Ans. (A) The given reaction is:

2ZA + 4B - 3C + 4D
(2 mel (4 mol) (@ mcl (4 mel)
2 moles of A react wath moles of B = 4

5 moles af A react with 10 moles of B. But
moles of B ovallable = 6 mol

This means that B & the limiting reagent
(B) Amount of C formed

=%¢ij:l-}x [Emol)

=4S mol
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(SHORT ANSWER Type-ll Questions (SA-IID

[ 3 marks ]

45. And the maoss percentage of each componant

in the following compound: calcium
phosphaote.

Ans. Molecular maose of Cas(PO4-
= 3 = (Artomic mass of Ca) + 2 = atomic mass
of P + B x atomic maoss of O
=(3x40u)+(2=31u)+@B=16u)
=310u
The moss per cent of calaum (Ca)

!120 u!
x100=3B71%

(3104)
The moss per cent of phosphorus (P)

(62 u)
= x100=20%
(310 u)

The moss per cent of oxygen (0)

_(1284)

x100=4129%
i:'llﬂ ui

26. A vessel contains 1.6 g of dioxygen at STP
(273 K, 1 atm pressure). The gos is now

transferred to another vessel at o constant
temperature where pressure becomes holf of

the originol pressure. Calculate:
(A) volume of the new vessel

(B) number of molecules of dioxygemn.
[NCERT Bxemplar]

Ans. (A) 32 g of oxygen ot STP occupies volume
=224L

1.6 g of oxyygen ot STP occupy volume.

(169)

=(224 L}@

=31ZL

Giver,
V;=112L
let Py=Paumn

P
and P= "2'" amm ;

cucnrane €9

Applymng Boylss Low. PyV; = P;V;

=(Pm)x(1_12 L)

P
—atm

p

=234 L

(B) 32 g of oxygen contain = 6.022 = 10?3
malecules.

So. 1.6 g of oxygen contain

(169)
(329)

=3011 x 10?2 molecules

- (anzzx 10”) x

27. To complete a reaction, 0.184 g of NaOH
must be odded to o reoction vessel For this

reaction, how maony millilitres of 0.150 M
NoOH a solution should be added?

Ams. Maoss of NoOH = Q184 ¢
Moior mass of NaOH = 400 g mal™

Afolonty of solution

=0150m
=015 mol L™
Let the Volume of the soluton = VmL
Now the Maolorty of solution
o Meaolar mass
" Volume of solution
bibz=z gf NaOH
0.15moll= = Moblor mass
\inlume of soluton
Volume of Solution
_ (0184 )
(40gmol™) = Volume of solution
_ (0.184 g)
(40gmol~)=(0.15mol L)
=0.0307 L
=307 mL
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(LONG ANSWER Type Questions (LAD

[ &5 marks ]

28. 3.1 g of the carbohudrate on heating in the
obsence of oxuygen yields 1.24 g of carbon.
The moleculor moss of the carbohydrate is
180 w Calculate its moleculor formulo. And
the moleculor formulo of a carbohydrate
molety whose molar mass is given as
180 w. if it is heated in absence of oxygen, it
produces 1.24 g of carbon. Given the weight
of the somple is 3.1 g

Ans. Carbohydrate has the general formula CH0),
Percentage of carbon (O) in carbohydrate

(1_'24 g)

= I].

(3109)

= 40%

Percentage of water (H70) in carbohydrate
=100 - 40 = 60%

Number of moles of Carbon
__ 409
~ 12gmol™

=333 mol
Number of moles of H,0

___50g

 1Bgmol™

= 333 mol
Male rotip of C: H;0=1:1
The empincal formulo of carbohydrate = OH;0)
Empiricol formulo moss =12 = 1B=30u

Mgolecular nnoss

n=
Empeical formnulomass

__1ED0g
30w

=0
The molecular formulo of carbohydrate
=6 x C(H,0)

= CgH 12046

295. 0.38B gram of NaOH was weighed and its
oqueous solution was prepaored. The solution
was made up to 50 mL in a volumetric
flaslc
(A) What is the molaority of the finol selution?
(B) And the number of moles of NaOH which

are present in 27 mL of 0.15 M NaOH
solution.

cnrene €9

Ans. (A) Molority of solubon (M)

_ Number of molesof NaOH

" Volume of colutioninlitres
038g

_ 40gmol™~

~ S0

1000 L
~ 03Bx1000

40x50 \

= 0.19 mol/L
B) Given Molarity of the solution (M)
=0.15 mol L™

Volume of solution
=27 mL

27
~ 1000
=0027 L
Molority of solution (M)
No. of moles of NaOH

- Volunne of solutionin litres

mol L"")

No. of moles of NaOH

(AL1Smoll™) =
0027L

Sa. the number of molea of NaOH.
=(0.15S mol L™*) = (0.027 L)
=405 » 10™ mol
30. Calcium carbonaote reacts with aqueous

HCl to give CaCl; and CO; according to the
reaction given below:

CﬂCOjuj + IHCl(aq] —> CﬂCl:(aqj & COI@]

+ H;0p
What mass of CaCl; will be formed when
250 mL of 0.76 M HCI reocts with 1000 g

of CaCO3? Name the limiting reagent.

Calculate the number of moles of CaCl,
formed in the reactiom.  [NCERT Exemplar]

Ans. Molonty of eolution (M)
Mass of HCL

_ Molor mnoss of HC1
" Volume of solutioninlitres

(Massof HQ)

0768mol L~ = (Sng mol“")
(250)

1000L

Maoss of HOL = 025 = 0.76 x 365 x 1000
= 6935
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camm+3-iuw—}cucm+mm+|-{,om
(100g) (2=3685S=73q) (1119
100g of CaO04 need HOL = 73g
100g of CoO0D; need HQ
(739)
1000g
= (1009))({ )
=J30:g

But the omount of HOl actually cuailable
=8835g

HCl is the imiting reagent
73 gof HO form CaCl; = 111 g
6.935 g of HCl form CaCl;

= 15;3—1;;)-)( (6.93 5)

=1054¢g
Moles of CaCl; formed

B Maoss of Cad,
~ Molwr maoss of Ca(]j

(1054 g)
B (1 llgmul"')

= 0.085 mol

31. H;SO4 hos a mololity of 0.8 M and a density
of 1.06 g cm™. In terms of mololity ond
mole fraction, what will the solution's
concentration be?

Ans. Given,
Molariu. M =08 M
Density. d = 106 glem”®
Mass of one litre of eolution
=V=d
= 1000 cm? = 1.06 g arm™®
=10680¢g
Mass of H;SO4 in 0.8 M solution
Mass
og= 98
iL

Moss=8B=0B=/84¢g
Maoss of Solvent (H,0)
= (1060 - 78.4) = 981 6g
The mololity of soluton (M)
Maossof H,SO,
_ Molormaoss
" Mass of solvent inkg

(7814 g)
(EI Bg mul“)

- !953_5!

[1000k3)

Ans. (A) Moles of C=

-

= 0815 mol kg™
=0B1Sm
Mole fracton of solute

No. of moles chH]SD
Nu of molesof HjSD +No.of moles of water

0.8 mal
9818

0B + ———mal

1B

_ 0Bmaol
~(0B+5453)

= 00145

32. Answer the following questions:

(A) In a compound GH,O,, the mass % of C
and His B8 : 1 and the amount of oxygen

present is equol to the holf of the oxygen

required te reoct completely C,H, Find
the empiricol formulo of the compound.

(B) If the density of methanol is 0.783 kg L™,
what is the volume needed for making
2.5 L of its 0.25 M solution?

6 1
12 2

L |
Moaoles of Hydrogen = s

Reaction of Ohaygen with

y Y
C'H'+[I+Z}jj —» :DI_'J] + EHjO
Moales of oxygen (0O5) needed

= l+ l—i moleg

2 4 4
Thus axygen (O,) present = g moles

1

Roto:C:H:0:: =2:248:3

.lh|l..d

Thus empirical formula is C;H O

B) 0.25 M solution meaons 0.25 moles of

methanol are present i1 1 L solution. Thus
25 L wall contain =0.25 x 25 =0.625 mole

Mass of methonol = Moles « Molar mass
=0825%32=20¢9

Mass 0020
Density 0.793

=0.02522L
=2522mL

Volume =

@
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