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A MULTI COURSE EDUCATIONAL HUB

BASIC CONCEPTS IN CHEMISTRY

Chemistry is basically an experimental science. In it we study
physical and chemical properties of substance and measure it upto
possibility. The results of measurement can we reported in two steps,

(a) Arithmetic number, (b) Unit of measurement.

Every experimental measurement vary slightly from one another and
involves some error or uncertainty depending upon the skill of person
making the measurements and measuring instrument. The closeness of the
set of values obtained from identical measurement called precision and a
related term, refers to the closeness of a single measurement to its true
value called accuracy.

Significant figures

In the measured value of a physical quantity, the digits about the
correctness of which we are surp]us the last digit which is doubtful, are
called the significant figures. Number of significant figures in a physical
quantity depends upon the least count of the instrument used for its
measurement.

(1) Common rules for counting significant figures Following are
some of the common rules for counting significant figures in a given
expression

Rule 1. All non zero digits are significant.

Example : x =1234 has four significant figures. Again x =189
has only three significant figures.

Rule 2. All zeros occurring between two non zero digits are
significant.

x =1007 has four
x =1.0809 has five significant figures.

Example significant figures. Again

Rule 3. In a number less than one, all zeros to the right of decimal
point and to the left of a non zero digit are not significant.

Example : x =0.0084 has only two significant digits. Again,
x =1.0084 has five significant figures. This is on account of rule 2.
Rule 4. All zeros on the right of the last non zero digit in the

decimal part are significant.

x =0.00800 has three significant figures 8, 0, 0. The
zeros before 8 are not significant again 1.00 has three significant figures.

Example :

Rule 5. All zeros on the right of the non zero digit are not
significant.

Example x =1000 has only one significant figure. Again

x =378000 has three significant figures.

Rule 6. All zeros on the right of the last non zero digit become
significant, when they come from a measurement.

Example : Suppose distance between two stations is measured to be
3050 m. It has four significant figures. The same distance can be expressed

as 3.050 km or 3.050%10° ¢m . In all these expressions, number of

significant figures continues to be four. Thus we conclude that change in
the units of measurement of a quantity does not change the number of
significant figures. By changing the position of the decimal point, the
number of significant digits in the results does not change. Larger the
number of significant figures obtained in a measurement, greater is the
accuracy of the measurement. The reverse is also true.

(2) Rounding off : While rounding off measurements, we use the
following rules by convention

Rule 1. If the digit to be dropped is less than 5, then the preceding
digit is left unchanged.

Example :
rounded off to 3.9.

x =7.82 is rounded off to 7.8, again x =3.94 s

Rule 2. If the digit to be dropped is more than 5, then the preceding
digit is raised by one.

Example : x = 6.87 is rounded off to 6.9, again x = /2.78 is rounded
off to 12.8.

Rule 3. If the digit to be dropped is 5 followed by digits other than
zero, then the preceding digit is raised by one.

Example : x = 16.351 is rounded off to 16.4, again x =6.758 is
rounded off to 6.8.

Rule 4. If digit to be dropped is 5 or 5 followed by zeros, then preceding
digit is left unchanged, if it is even.

Example : x = 3.250 becomes 3.2 on rounding off, again

x =12.650 becomes 12.6 on rounding off.
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Rule 5.
preceding digit is raised by one, if it is odd.

If digit to be dropped is 5 or 5 followed by zeros, then the

Example : x = 3.750 is rounded off to 3.8, again X =16.150 i
rounded off to 16.2.
(3) Significant figure in calculation

(i) Addition and subtraction : In addition and subtraction the

following points should be remembered
(a) Every quantity should be changed into same unit.

(b) If a quantity is expressed in the power of 10, then all the
quantities should be changed into power of 10.

(c) The result obtained after addition or subtraction, the number of
figure should be equal to that of least, after decimal point.

(ii) Multiplication and division

(a) The number of significant figures will be same if any number is
multiplied by a constant.

(b) The product or division of two significant figures, will contain
the significant figures equal to that of least.
Units for measurement

The chosen standard of measurement of a quantity which has
essentially the same nature as that of the quantity is called the wnit of the
quantity. Fo"owing are the important types of system for unit,

(1) C.G.S. System : Length (centimetre), Mass (gram), Time (second)

(2) MXKS. System
(second)

(3) F.P.S. System
(second)

(4) S.. System : The nith general conference of weights and measures
(October 1960) adopted International system of units, popularly known as the S/
units. The Sl has seven basic units from which all other units are derived called

: Length (metre), Mass (kilogram), Time

: Length (foot), Mass (pound), Time

derived units. The standard prefixes which helps to reduce the basic units are now
widely used.

Dimensional analysis : The seven basic quantities lead to a number of
derived quantities such as pressure, volume, force, density, speed etc. The
units for such quantities can be obtained by defining the derived quantity in
terms of the base quantities using the base units. For example, speed

1

(velocity) is expressed in distance/time. So the unitis m /s or ms™ . The

unit of force (mass xacceleration) is kg ms™ and the unit for

acceleration is 7572 .

Table 1.1 Seven basic S.1. units

Length Mass Time Temperature Electric Current Luminous Intensity Amount of
substance
metre (m) Kilogram (kg) Second (s) Kelvin (K) Ampere (A) Candela (Cd) Mole (mol)
Table 1.2 Derived Units
Physical quantity Unit Symbol
Area square metre m
Volume cubic metre m
Velocity metre per second ms
Acceleration metre per second square ms
Density kilogram per cubic metre kg m
Molar mass kilogram per mole kg mol
Molar volume cubic metre per mole m mol
Molar concentration mole per cubic metre mol m
Force newton (N) kgms
Pressure pascal (Pa) N nr
Energy work joule () kg m s, Nm
Table 1.3 Standard prefixes use to reduce the basic units
Multiple Prefix Symbol Submultiple Prefix Symbol
10 yotta Y 10 deci d
10 zetta Z 10° centi [
10 exa E 10 milli m
10 peta P 10° micro u
0 tera T 10° nano n
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10 giga G 10° pico
10 mega M 10° femto f
10 kilo k 10° atto a
10 hecto h 10° zeto z
10 deca da 10° yocto y
Table 1.4 Conversion factors
1 m = 39.37 inch 1cal = 4184 ) 1 es.u. = 3.3356 X 10- C 1 mole of a gas = 22.4 L at STP
1inch = 2.54 cm 1eV =1.602 x 10" ] 1dyne =10° N 1 mole a substance = N molecules

1 litre = 1000 mL 1 eV/atom =96.5 k] mol*

1 atm = 101325 Pa

1 g atom = N atoms

1 gallon (US) =3.79 L 1 amu = 931.5016 MeV

1bar=1x%x10 N m-

t (F) =9/5t (C) + 32

11b = 453.59237 g 1 kilo watt hour = 3600 kJ

1 litre atm =101.3 )

1 g cm’ =1000 kg m*

1 newton =1 kg m s* 1 horse power = 746 watt

1 year = 3.1536 X 10' s

1A =10'm

1)J=1Nm=lkg m's 1joule = 10’ erg

1 debye (D) =1 X 10 * esu cm

Inm =10"m

Laws of chemical combination

Various chemical reactions take place according to the certain laws,

known as the Laws of chemical combination.

(1) Law of conservation of mass : /t was proposed by Lavoisier and
verified by Landolt. According to this law, Matter is neither created nor
destroyed in the course of chemical reaction though it may change from one
form to other. The total mass of materials after a chemical reaction is same
as the total mass before reaction.

(2) Law of constant or definite proportion : /t was proposed by
Proust. According to this law, A pure chemical compound always contains
the same elements combined together in the fixed ratio of their weights

whatever its methods of preparation may be.

(3) Law of multiple proportion : /t was proposed by Dalton and
verified by Berzelius. According to this law, When two elements A and B
combine to form more than one chemical compounds then different weights
of A, which combine with a fixed weight of B, are in proportion of simple
whole numbers.

(4) Law of equivalent proportion or law of reciprocal proportion : /¢
was propased b_y Ritcher. According to this law, The weights of the two or
more elements which separately react with same weight of a third element
are also the weights of these elements which react with each other or in
simple multiple of them.

(5) Gay-Lussac’s law : 1t was proposed by Gay-Lussac and is
applicable only for gases. According to this law, When gases
combine, they do so in volumes, which bear a simple ratio to each
other and also to the product formed provided all gases are
measured under similar conditions. The Gay-Lussac’s law, was based
on experimental observation.

Important hypothesis

(1) Atomic hypothesis : Keeping in view various law of chemical
combinations, a theoretical proof for the validity of different laws was given
by John Dalton in the form of hypothesis called Dalton's atomic hypothesis.
Postulates of Dalton's hypothesis is as followes,

(i) Each element is composed of extremely small particles
called atoms which can take part in chemical combination.

(i) All atoms of a given element are identical ie, atoms of a
particular element are all alike but differ from atoms of other element.

(iii) Atoms of different elements possess different properties
(including different masses).

(iv) Atoms are indestructible /e, atoms are neither created nor
destroyed in chemical reactions.

(v) Atoms of elements take part to form molecules ie, compounds
are formed when atoms of more than one element combine.

(vi) In a given compound, the relative number and kinds of atoms
are constant.

(2) Modern atomic hypothesis : The main modifications made in
Dalton’s hypothesis as a result of new discoveries about atoms are,

(i) Atom is no longer considered to be indivisible.

(ii) Atoms of the same element may have different atomic weights.
eg., isotopes of oxygen 0'°, 0'7, and 0" .

(iii) Atoms of different element may have same atomic weights. eg.,

isobars Ca** and Ar* .

(iv) Atom is no /onger indestructible. In many nuclear reactions, a
certain mass of the nucleus is converted into energy in the form of «a, ,3
and y rays.

(v) Atoms may not always combine in simple whole number ratios.
eg, in sucrose (C,H,,O),), the elements carbon, hydrogen and oxygen
are present in the ratio of 12 : 22 : 1l and the ratio is not a simple whole
number ratio.

(3) Berzelius hypothesis : “Equal volumes of all gases contain equal
number of atoms under same conditions of temperature and pressure”.
When applied to law of combining volumes, this hypothesis predicts that
atoms are divisible and hence it is contrary to Dalton's hypothesis.

(4) Avogadro's I'vypothesis : “Equa] volumes of all gases under similar
equal number of

molecules.” Avogadro hypothesis has been found to explain as follows,

conditions of temperature and pressure contain

(i) Provides a method to determine the atomic weight of gaseous
elements.

(i) Provides a relationship between vapour density (V.D.) and
molecular masses of substances.

Molecularmass =2 x vapour density
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(iii) It helps in the determination of mass of fixed volume of a
particular gas.

Mass of 1 ml gas = V.D. x 0.0000897 gm.
(iv) It also helps in the determination of molar volume at N.T.P.

** V.D. X 0.0000897 gm. gas has volume = 1 m/

2 X V.D.(ie., molecular
Ix2xV.D.

V.D.x0.0000897

mass) gm. has

volume = ml =22400ml

‘. Molar mass of a gas or its 1 mole occupies 22.4 L volume at
S.T.P.

(v) 1t helps in determination of molecular formulae of gases and is
very useful in gas analysis. By knowing the molecular volumes of reactants
and products of reaction, molecular composition can be determined easily.

Atomic, Molecular and Equivalent masses

(1) Atomic mass : It is the average relative mass of atom of element
as compared with an atom of carbon —12 isotope taken as 12.

Average mass ofan atom
1/12x Mass of an atom of C'?

Atomic mass =

Average atomic mass : If an elements exists in two isotopes having

atomic masses ‘d and ‘6 in the ratio  m :
(m xa)+(nxb)
m+n

n, then average atomic mass

. Since the atomic mass is a ratio, it has no units and is

expressed in amu, 1 amu = 1.66x1072* g . One atomic mass unit (amu) is
1 .
equal to E th of the mass of an atom of carbon-12 isotope.

Gram atomic mass (GAM) : Atomic mass of an element expressed in
grams is called Gram atomic mass or gram atom or mole atom.

Mass of an element
GAM

(i) Number of gram atoms =

ii) Mass of an element in gm. = No. of gm. atom X GAM
& &
(iii) Number of atoms in 1 GAM = 6.02 X 10%

Number of atoms in a given substance

Mass
GAM

- No. of GAM X 6.02 X 103 - X 6.02 X 103

6.02x10%

(iv) Number of atoms in 1gm of element = ———
Atomic mass

GAM
6.02 x10%

(v) Mass of one atom of the element (in gm.) =

Methods of determination of atomic mass

(i) Dulong and Pettit's method : According to Dulong and Pettit's
IaW

Atomic mass X Specific heat = 6.4 (approx.)

6.4
Specific heat (incals.)

Atomic mass (approx.) =

This law is applicable to solid elements only except Be, B, C and Si
because their specific heat is variable with temperature.

Atomic mass = Equivalent mass X Valency

Approximate atomic mass

Valency =
Y Equivalentmass

: It is suitable for elements whose

(i) Vapour density method

chlorides are volatile.

Molecularmass of chloride

Valency of the element = - -
Equivalentmass of chloride

2x Vapour densityofchloride

" Equivalentmass of metal +35.5
Atomic mass = Equivalent mass of metal X Valency

(iii) Specific heat method : It is suitable only for gases. The two

types of specific heats of gases are C (at constant pressure) and C, (at

constant volume). Their ratio is known as y whose value is constant (1.66
for monoatomic, 1.40 for diatomic and 1.33 for triatomic gases).

. Molecularmass
Atomicmass ofa gaseous element = ———
Atomicity

(iv) 1somorphism methed : It is based on law of isomorphism which
states that compounds having identical crystal structure have similar
constitution and chemical formulae.

Example : K,80,, K,CrO, and K,SeO,
(valency of S, Cr, Se - 6),

ZnS0,.7H,0, MgSO,.7H,0, FeSO,.7 H,0
(valency of Zn, Mg, Fe = 2).

(2) Molecular mass : Molecular mass of a molecule, of an element or
a compound may be defined as a number which indicates how many times

heavier is a molecule of that element or compound as compared with E of

the mass of an atom of carbon—12. Molecular mass is a ratio and hence has
no units. It is expressed in a.m.u.

Mass of one molecule ofthe substance
1/12 xMassofone atom of C - 12

Molecularmass =

Actual mass of one molecule = Mol. mass x1.66 x1072* gm.

Molecular mass of a substances is the additive property and can be
calculated by adding the atomic masses present in one molecule.

Gram molecular mass (GMM) and Gram molar volume : Molecular
mass of an element or compound when expressed in gm. is called its gram
molecular mass, gram molecule or mole molecule.

Mass of substances
GMM

NLIITIbET OF gm mo]ecules =

Mass of substances in gm = No. of gm. molecules X GMM

Volume occupied by one mole of any gas at STP is called Gram
molar volume. The value of gram molar volume is 22.4 litres. Volume of 1
mole of any gas at STP = 22.4 litres

Expression for mass and density
Mass of 11.2L of any gas at STP = V.D. of that gas in gm.

Mol.mass in gm.

Density of a gas at NTP =
22400 m!

Important generalisations

Number of atoms in a substance
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= Number of GMM X 6.02 X10° X Atomicity
Number of electrons in given substance
= Number of GMM X 6.02 X 10" x Number of electrons
Methods of determination of molecular mass
Following methods are used to determine molecular mass,

(i) Diffusion method (For gases) : The ratio of rates of diffusion of

two gases is inversely proportional to the square root of their molecular
masses.

i My

7, M,

(ii) Vapour density method (For gases only) : Mass of a fixed volume
of the vapour is compared with the mass of the same volume of hydrogen
under same conditions. The ratio of these masses is called Vapour density
or Relative density.

Molecularmass =2 x Vapour desity

(iii) Victor Meyer method (For volatile liquids or solids)

It is based on Dalton's law of partial pressure and Avogadro's hypothesis
(gram molar volume).

22400 ml of vapours of a substance = Molecular mass of that
substance

(iv) Colligative property method (For non-volatile solids)
Discussed in colligative properties of solutions.

Average atomic mass and molecular mass

7 > AKX,
A (Average atomic mass) = ————
Z Xtotal
Y > MX,
M (Average molecular mass) = ————
Z Xtotal
Where  A4,4,,45..... are atomic mass of species 1, 2, 3,... etc.
with % ratio as X, X,, X;.... etc. Similar terms are for molecular masses.

(3) Equivalent mass : The number of parts by mass of a substance
that combines with or displaces 1.008 parts by mass of hydrogen or 8.0
parts of oxygen or 35.5 parts of chlorine is called its equivalent mass (EM).
On the other hand quantity of a substance in grams numerically equal to its
equivalent mass is called its gram equivalent mass (GEM) or gram
equivalent.

Mass ofthe substancein grams
GEMofthe substance

Expressions for equivalent mass (EM)

Number of GEM=

Atomic mass
(i) EM of an element =———
Valency
Molecularmass
(ii) EM of an acid :+
Basicity

(Basicity of acid is the number of replaceable hydrogen atoms in one
molecule of the acid).

Molecularmass
(iii) EM of a base =———
Acidity

(Acidity of a base is the number of replaceable— OH groups in one
molecule of the base).

Formula mass
(iv) EM of a salt =

Total positiveor negativecharge
(v) EM of an oxidising agent

_ Formula mass
Nunber of electrons gained per molecule or Total change in O.N.

Equivalent mass of common oxidising agent changes with the
medium of the reaction.

Methods of determination of equivalent mass

(i) Hydrogen displacement method : The mass of metal which
displaces 11200 m/ of hydrogen at NTP from an acid, alkali or alcohol is the
equivalent mass of the metal.

(a) Equivalent mass of metal

_ Massofmetal
Mass of H, displaced

x1.008 = Z>< 1.008g
M

(b) Equivalent mass of metal

_ Mass of metal
Vol.(ml) of H, displacedat STP

x11200 = le 1200
V
This method is useful for metals which can displace hydrogen from
acids or can combine with hydrogen (Mg, Zn, Na,Ca etc.)

(ii) Oxide formation method : The mass of the element which
combines with 8 grams of oxygen is the equivalent mass of the element.

. Mass of metal
(a) Equwa]ent mass of metal = —— %8
Mass of oxygen
(b) Equivalent mass of metal
Mass of metal

= - x 5600
Vol.of O, at ST.P. inml

(i) Chloride formation method : The mass of an element which
reacts with 35.5 gm. of chlorine is the equivalent mass of that element.

. Mass of metal
(a) Equivalent mass of metal =—————
Mass of chlorine
(b) Equivalent mass of metal
Mass of metal

= 4 x11200
Vol.of C/, (inml.) at STP

(iv) Neutralisation method : (For acids and bases).

Equivalentmass ofacid (or base) =

Vx N

Where ,

W = Mass of acid or base in gm.,

V= Vol. of base or acid in litre required for neutralisation
N is Normality of base or acid

(v) Metal displacement method : /¢ is based on the fact that one gm.
equiva/ent of a more e/ectrapositive metal disp/aces one gm equiva/ent of a
Jess electropositive metal from its salt solution.

Massof metal added ~ Eq.mass of metal added
Mass of metal displaced Eq.mass of metal displaced
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(vi) Electrolytic method : The quantity of substance that reacts at
electrode when 1 faraday of electricity is passed is equal to its gram
equivalent mass.

Gram equivalent mass = Electrochemical equivalent X 96500

The ratio of masses of two metals deposited by the same
quantity of electricity will be in the ratio of their equivalent masses.

n_E

W, E
(vii) Double decomposition method
AB + CD——AD + CB

Mass of compound 4B Eq.mass of 4 + Eq.mass of B

Mass of compound 4D - Eq.mass of 4 + Eq.mass of D

Mass of salttaken (W) Eq.mass of salt(£,)
or =
Mass ofppt. obtained (W,) Eq.mass ofsaltinppt.(£,)

(viii) Conversion method : When one compound of a metal is
converted to another compound of the same metal, then

Mass of compound 1(#;)  E+Eq.mass ofradical I

Mass of compound II(W,) B E+Eq.mass ofradical 11
(E = Eq. mass of the metal)
(ix) Volatile chloride method
2xV.D. of Chloride 2xV.D.
Eq.mass of metal chloride b E+355
o 2xV.D.of Chloride
Valency

Valency of metal =

-35.5

(x) Silver salt method (For organic acids)

108 xMass of silversalt _107

Equivalent Mass of acid =

Mass of 4g metal
Molecular mass of acid = Equivalent mass of acid X Basicity
The mole concept

One mole of any substance contains a fixed number

(6.022x10%) of any type of particles (atoms or molecules or ions) and

has a mass equal to the atomic or molecular weight, in grams. Thus it is

correct to refer to a mole of helium, a mole of electrons, or a mole of Na™,

meaning respectively Avogadro's number of atoms, electrons or ions.

Weight(grams)

.. Number of moles =

Weightof one mole (g/mole)

_ Weight
Atomicor molecular weight

Percentage composition & Molecular formula

(1) Percentage composition of a compound

Percentage composition of the compound is the relative mass of each of the
constituent element in 100 parts of it. If the molecular mass of a compound
is M and B is the mass of an element in the molecule, then

Mass of element

Percentage of element = x100 = % x 100

Molecularmass

(2) Determination of empirical formula : The empirical formula of a
molecule is determined using the % of elements present in it. Following
method is adopted.

Simplest Empirical

%]/at. wt. Ratio

Element % Relative no. of atoms =

Formula

Relative no. of atoms : Divide the percentage of each element
present in compound by its at. weight. This gives the relative no. of atoms
of element in molecule.

Simplest ratio : Find out lowest value of relative no. of atoms and
divide each value of relative no. of atoms by this value to estimate simplest
ratio of elements.

It the simplest ratio obtained are not complete integers, multiply
them by a common factor to get integer values of simplest ratio.

Empirical formula : Write all constituent atoms with their respective
no. of atoms derived in simplest ratio. This gives empirical formula of
compound.

Molecular formula : Molecular formula =7 x empirical formula

where 'n' is the whole no. obtained by

y_ molecular weightof compound
empirical formula weightofcompound

Chemical stoichiometry

Stoichiometry (pronounced “stoy-key om-e-tree”) is the calculation
of the quantities of reactants and products involved in a chemical reaction.
That means quantitative calculations of chemical composition and reaction
are referred to as stoichiometry.

Basica"y, this topic involves two types of calculations.
(a) Simple calculations (gravimetric analysis) and

(b) More complex calculations involving concentration and volume
of solutions (volumetric analysis).

There is no borderline, which can distinguish the set of laws
applicable to gravimetric and volumetric analysis. All the laws used in one
are equally applicable to the other i.e., mole as well as equivalent concept.
But in actual practise, the problems on gravimetric involves simpler
reactions, thus mole concept is convenient to app]y while volumetric
reactions being complex and unknown (unknown simple means that it is
not known to you, as it's not possible for you to remember all possible
reactions), equiva]ent concept is easier to app]y as it does not require the
knowledge of balanced equation.

(1) Gravimetric analysis : In gravimetric analysis we relate the

weights of two substances or a weight of a substance with a volume

of a gas or volumes of two or more gases.
Problems Involving Mass-Mass Relationship

Proceed for solving such prob]ems according to the Fo“owing

instructions,

(i) Write down the balanced equation to represent the chemical

change.

(ii) Write the number of moles below the formula of the reactants
and products. Also write the relative weights of the reactants and products
(calculated from the respective molecular formula), below the respective

formula.
(iii) Apply the unitary method to calculate the unknown factor (s).
Problems Involving Mass-Volume Relationship

For solving problems involving mass-volume relationship, proceed

according to the fol]owing instructions,

(i) Write down the relevant balanced chemical equations (s).
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(ii) Write the weights of various solid reactants and products.

(iii) Gases are usually expressed in terms of volumes. In case the
volume of the gas is measured at room temperature and pressure (or under
conditions other than N.T.P.), convert it into N.T.P. by app]ying gas

equation.

(iv) Volume of a gas at any temperature and pressure can be

converted into its weight and vice-versa with the help of the relation, by
PV = % x RT where g is weight of gas, M is mole. wt. of gas, R is

gas constant.
Calculate the unknown factor by unitary method.
Problems Based on Volume-Volume Relationship
Such problems can be solved according to chemical equation as,
(i) Write down the relevant balanced chemical equation.

(ii)) Write down the volume of reactants and products below the
formula to each reactant and product with the help of the fact that 1gm

molecule of every gaseous substance occupies 22.4 litres at N.T.P.

(iii) In case volume of the gas is measured under particular (or
room) temperature, convert it to volume at NTP by using ideal gas

equation.

Take the help of Avogadro’s hypothesis “Equal volume of different
gases under the similar conditions of temperature and pressure contain the

same number of molecules”.

(2) Volumetric analysis : 1t is a method which involves quantitative
determination of the amount of any substance present in a solution through
volume measurements. For the analysis a standard solution is required. (A
solution which contains a known weight of the solute present in known

volume of the solution is known as standard solution.)

To determine the strength of unknown solution with the help of
known (standard) solution is known as titration. Different types of titrations

are possible which are summerised as follows,

(i) Redox titrations : To determine the strength of oxidising agents
or reducing agents by titration with the help of standard solution of

reducing agents or oxidising agents.
Examples:
K,Cry0, +4H,50, = K,S0, + Cry(SO,); + 4H,0 +3[0]
[2FeSO, + H,S0, + 0 —> Fey(SO, )y + H,0]x 3
6FeSO, + KyCry05 + TH,50, — 3FeS0,), + K,50, + Cry(SO,),TH,0
2KMnO, +3H,50, — K,S0, + 2MnSO, +3H,0 + 5[0]
[2FeSO, + H,SO, + O — Fey(SO,); + H,0]x 5
10FeSO, + 2KMnO, + 8H,SO, — 5Fe)(SO,); + K,SO, + 2MnSO, + 8 H,0

Similarly with H,C,0,
2KMnO, +3H,50, +5H,C,0, —>
K,80, + 2MnSO, +8H,0 +10CO0, etc.

(i) Acid-base titrations : To determine the strength of acid or base
with the help of standard solution of base or acid.

Example: NaOH + HCl — NaCl + H,O

and NaOH + CH;COOH — CH;COONa + H,O etc.

7

(iii) Jodiometric titrations : This is a simple titration involving free

iodine. This involves the titration of iodine solution with known sodium
thiosulphate solution whose normality is N . Let the volume of sodium

thiosulphate is V'ml .
I, +2Na,S,05; — 2Nal+ Na,S 0,
n=2,n=1

Equivalents of [, =Equivalent of Na,S,0;
.. Equivalents of [, = N x J'x 107

NxVx10~

Moles of I, = >

Mass of free I, in the solution =

-3
[Nxme x254}g'

(iv) lodometric titrations : This is an indirect method of estimation

of iodine. An oxidising agent is made to react with excess of solid K/ . The
oxidising agent oxidises /= to [, . This iodine is then made to react with
Na,§,05 solution.

Oxidising Agent

(A)+ KI — I, —282%295 52 Nl + Na, S, 0

Let the norma]ity of NaZSZ 03 solution is NV and the volume of

thiosulphate consumed to V'ml .

Equivalent of A = Equivalent of /, =Equivalents of Na,S,0;
Equivalents of [, liberated from KI = N x J'x 107

NxVx10~

Moles of I, liberated from KI = >

NxVx107
2

Mass of 12 liberated from K/ =|: 4 254j|g.

(v)  Precipitation titrations To determine the anions like

CN~, AsO3, PO}, X~

examples of precipitation titrations.

etc, by precipitating with AgNO; provides

NaCl + AgNO; — AgCId +NaNO,
KSCN + AgNO; — AgSCN { +KNO,

End point and equivalence point The point at which
titration is stopped is known as end point, while the point at which
the acid and base (or oxidising and reducing agents) have been
added in equivalent quantities is known as equivalence point. Since
the purpose of the indicator is to stop the titration close to the
point at which the reacting substances were added in equivalent
quantities, it is important that the equiva]ent point and the end

point be as close as possible.

Normal solution : A solution containing one gram equivalent
weight of the solute dissolved per litre is called a normal solution;
eg. when 40 g of NaOH are present in one litre of NaOH solution,
the solution is known as normal (N) solution of NaOH. Simi]arly, a

solution containing a fraction of gram equiva]ent weight of the

ABHIYANTRA.IN



8

solute dissolved per litre is known as subnormal solution. For
example, a solution of NaOH containing 20 g (1/2 of g eq. wt.) of
NaOH dissolved per litre is a sub-normal solution. 1t is written as
N/2 or 0.5 N solution.

Formula used in solving numerical problems on volumetric analysis
(1) Strength of solution = Amount of substance in g litré’

(2) Strength of solution = Amount of substance in g moles litré'
(3) Strength of solution = Normality x Eq. wt. of the solute

= molarity X Mol. wt. of solute
_ Molesofsolute

4) Molarity=
@) Y Volune in litre

Wt.ingm

5) Number of moles = =MxV,,
® Mol.wt. (inl)

_ Volume in litres

4 at NTP (only for gases)

(6) Number of millimoles = M
mol. wt.

= Molarityx Volume inm!.

(7) Number of equivalents

_ Weingm _ . No.ofmoles x Normality x Volume in litre
Eq.wt.

(8) Number of milliequivalents (meq.)

_ Wt.ingm x 1000

=normality x Volume inm/.
Eq.wt.
(9) Normality = x x No. of millinoles

i AT
= x x Molarity= Strengthin gm litre

Eq.wt.

Mol.wt.
Eq.wt.

where x = , x = valency or change in oxi. Number.

(IO) Norma]ity formula, Nl V] = Nz V2

(1) % by weight — —ntofsolvent o,
Wt.of solution

Wt.of solvent

(12) % by volume = ————X
Vol.of solution

Vol.of solvent
13) % by strength = —————x 100
(13) Y streng Vol.of solution

(14) Specific gravity

= w = Wt.of l ml. of solution
Vol.of solution

Wt.ofionicsolute

15) Formality =
05) ¥~ Formula Wt.of solutex Vint

(16) Mol. Wt. = V.D x 2 (For gases only)

Limiting reagent or reactant

In many situations, an excess of one or more substance is available
for chemical reaction. Some of these excess substances will therefore be left
over when the reaction is complete; the reaction stops immediately as soon

as one of the reactant is totally consumed.

The substance that is totally consumed in a reaction is called
limiting reagent because it determines or limits the amount of product. The

other reactant present in excess are called as excess reagents.

Let us consider a chemical reaction which is initiated by passing a

spark through a reaction vessel containing 10 mole of / and 7 mole of O.

2 Hy (@ + 0,()—— 2 H,00)

Moles before reaction 10 7 0
Moles after reaction 0 2 10

The reaction stops only after consumption of 5 moles of O as no
further amount of H is left to react with unreacted O. Thus H is a /imiting

reagent in this reaction.

T Tips & Tricks

&5 Law of conservation of mass does not hold good for nuclear

reactions.

&5 Law of definite proportions do not hold good for non-
stoichiometric compounds e.g., Wusitite Fe_O.

&5 Law of definite proportions, law of multiple proportions and law of
reciprocal proportions do not hold good when same compounds is
obtained by using different isotopes of te same element e.g. HO
and DO.

& The term atom was introduced by Ostwald and the term molecule
was introduced by Avogadro.

&5 The concept of element was introduced by Robert Boyle.

&5 The number of atoms present in a molecule of a gaseous element is
called Atomicity.

&5 Both atomic mass and molecular mass are just rations and hence
have no units.

&5 1 mol of HO# 22400 cc of HO (because it is a liquid). Instead,
1 mol of HO = 18cc of HO

(because density of HO =1 g/cc)
& 1 M HSO = 2NHSO.

£&5  Minimum molecular mass of a macromolecular substance can be
calculated by analysing it for one of the minar components.
Minimum molecular mass is obtained when it is supposed that one
molecule of the macromolecule contains only one atom or molecule

of the minor component.
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T Ordinary Thinking
Objective Questions

Significant figures, Units for measurement,
Matter and Separation of mixture

One fermi is [Haryana CEET 1994; DPMT 2004]

(@ 107" cem () 107" cem
(¢) 107" cem (d 1072 cm

A picometre is written as

(@ 10°m (b) 107%m

(c) 107" m (d 1072 m
One atmosphere is equal to

(a) 101.325K pa (b) 1013.25 K pa
(¢) 10° Nm (d) None of these

Dimensions of pressure are same as that of
[CBSE PMT 1995]

(a) Energy (b) Force

(c) Energy per unit volume (d) Force per unit volume

The prefix 10" is [Kerala MEE 2002]
(a) Giga (b) Nano

(¢) Mega (d) Exa

Given the numbers : 161cm, 0.161¢cm, 0.0161 c¢m. The number
of significant figures for the three numbers are

[CBSE PMT 1998]
(a) 3,4 and 5 respectively (b) 3, 3 and 3 respectively
(c) 3,3 and 4 respectively (d) 3,4 and 4 respectively

Significant figures in 0.00051 are

(a) 5 (b) 3

(©) 2 (d 4

Which of the following halogen can be purified by sublimation
(@ £ (b) Ci

(©) Bn d 5

Difference in density is the basis of
(a) Ultrafiltration
(c) Gravity Separation

[Kerala MEE 2002]
(b) Molecular sieving
(d) Molecular attraction

Which of the following elements of matter would best convey
that there is life on earth

(a) Oxygen (b) Hydrogen

(c) Carbon (d) Iron

The compound which is added to table salt for maintaining
proper health is

(a) KCI (b) KBr

(¢) Nal (d) MgBr,

Which of the following contains only one element

(a) Marble (b) Diamond

(c) Glass (d) Sand

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

In known elements, the maximum number is of

[CPMT 1985]
(a) Metals (b) Non-metals
(c) Metalloids (d) None of these
Which one of the following is not an element
(a) Diamond (b) Graphite
(c) Silica (d) Ozone
A mixture of ZnCl, and PbCl, can be separated by
[AFMC 1989]

(a) Distillation
(c) Sublimation

(b) Crystallization

(d) Adding aceitic acid

A mixture of methyl alcohol and acetone can be separated by
(a) Distillation

(b) Fractional distillation

(c) Steam distillation

(d) Distillation under reduced pressure

In the final answer of the expression
_ 5

(29.2 20'12;(71'79 X19) . The number of significant figures

is [CBSE PMT 1994]

(@ 1 (b) 2

(¢) 3 (d) 4

81.4 g sample of ethyl alcohol contains 0.002 g of water. The
amount of pure ethyl alcohol to the proper number of
significant figures is

(a) 81.398¢ (b) 7140¢g

(¢) 914g (d) 81g

The unit J Pa ' is equivalent to

(a) m?® (b) cm?

(c) dm’® (d) None of these

From the following masses, the one which is expressed nearest
to the milligram is
(a) lo6g (b) l64g

16.428 g d) 16.4284
© IManﬁ)al PMT 2001] @ y

The number of significant figures in 6.02x10% is

(a) 23 (b) 3
(c) 4 (d) 26
The prefix zepto stands for [DPMT 2004]
(@ 10° (b) 107"
(¢) 1079 (d 1072
The significant figures in 3400 are [BHU 2004]
(a) 2 (b) 5
(c) 6 d 4
The number of significant figures in 6.0023 are

[Pb.CET 2001]
(@) 5 () 4
(¢) 3 (d 1
Given P=0.0030m, Q=2.40m, R=3000m , Significant
figures in P,Q and R are respectively [Pb. CET 2002]
(a) 2,2,1 (b) 2,3,4
(c) 4,2,1 (d) 4,2,3
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217.

The number of significant figures in 60.0001 is

[Pb. CET 2000]
(@ 5 (b) 6
() 3 d 2
A sample was weighted using two different balances. The
result’s were (i) 3.929 g (ii) 4.0 g. How would the weight of the
sample be reported
(a) 3929¢
(c) 39¢

(b) 3¢
d) 393g

Laws of chemical combination

Which of the following pairs of substances illustrate the law of
multiple proportions [CPMT 1972, 78]

(a) CO and CO2 (b) H,Oand D,O

(¢) NaCland NaBr (d) MgOand Mg(OH),

1.0 g of an oxide of 4 contained 0.5 g of 4. 4.0 g of another

oxide of 4 contained 1.6 g of 4. The data indicate the law of
(a) Reciprocal proportions ~ (b) Constant proportions
(c) Conservation of energy  (d) Multiple proportions
Among the following pairs of compounds, the one that
illustrates the law of multiple proportions is

(a) NH; and NCI, (b) H,Sand SO,

(¢) CuO and Cu,0O (d) CS, and FeSO,

The percentage of copper and oxygen in samples of CuO
obtained by different methods were found to be the same. This
illustrates the law of [AMU 1982, 92]
(a) Constant proportions (b) Conservation of mass
(c) Multiple proportions (d) Reciprocal proportions
Two samples of lead oxide were separately reduced to metallic
lead by heating in a current of hydrogen. The weight of lead
from one oxide was half the weight of lead obtained from the
other oxide. The data illustrates [AMU 1983]
(a) Law of reciprocal proportions
(b) Law of constant proportions
(c) Law of multiple proportions
(d) Law of equivalent proportions
Chemical equation is balanced according to the law of
[AMU 1984]

(a) Multiple proportion (b) Reciprocal proportion
(c) Conservation of mass (d) Definite proportions
Avogadro number is
(a) Number of atoms in one gram of element
(b) Number of millilitres which one mole of a gaseous

substances occupies at NTP

(c) Number of molecules present in one gram molecular mass
of a substance

(d) All ofthese

Different propartions of oxygen in the various oxides of

nitrogen prove the [MP PMT 1985]

(a) Equivalent proportion (b) Multiple proportion

(c) Constant proportion (d) Conservation of matter

10.

11.

12.

13.

14.

15.
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Two elements X and Y have atomic weights of 14 and 16. They
form a series of compounds 4, B, C, D and E in which the same
amount of element X, Y is present in the ratio 1 : 2:3:4: 5. If
the compound A4 has 28 parts by weight of X and 16 parts by
weight of ¥, then the compound of C will have 28 parts weight
of X and [NCERT 1971]
(a) 32 parts by weightof ¥ (b) 48 parts by weight of ¥

(c) 64 parts by weightof ¥ (d) 80 parts by weight of ¥
Carbon and oxygen combine to form two oxides, carbon
monoxide and carbon dioxide in which the ratio of the weights
of carbon and oxygen is respectively 12 : 16 and 12 : 32. These
figures illustrate the

(a) Law of multiple proportions

(b) Law of reciprocal proportions

(c) Law of conservation of mass

(d) Law of constant proportions

A sample of calcium carbonate (CaCO5) has the following
percentage composition : Ca =40%; C = 12%; O =48%

If the law of constant proportions is true, then the weight of

calcium in 4 g of a sample of calcium carbonate obtained from
another source will be

(a) 0.016¢ (b) 0.16¢

(c) lo6g (d) l6g

n g of substance X reacts with m g of substance Y to form p g of

substance R and ¢ g of substance S. This reaction can be

represented as, X +Y =R+ S . The relation which can be

established in the amounts of the reactants and the products will be

(@ n—-m=p—gq (b) n+m=p+q

() n=m d p=gq

Which of the following is the best example of law of

conservation of mass [NCERT 1975]

(a) 12 g of carbon combines with 32 g of oxygen to form 44 g
of CO,

(b) When 12 g of carbon is heated in a vacuum there is no
change in mass

(c) A sample of air increases in volume when heated at
constant pressure but its mass remains unaltered

(d) The weight of a piece of platinum is the same before and
after heating in air

The law of multiple proportions is illustrated by the two
compounds [NCERT 1972]

(a) Sodium chloride and sodium bromide
(b) Ordinary water and heavy water

(c) Caustic soda and caustic potash

(d) Sulphur dioxide and sulphur trioxide

In compound 4, 1.00 g nitrogen unites with 0.57 g oxygen. In
compound B, 2.00 g nitrogen combines with 2.24 g oxygen. In
compound C, 3.00 g nitrogen combines with 5.11 g oxygen.
These results obey the following law [CPMT 1971]

(a) Law of constant proportion
(b) Law of multiple proportion
(c) Law of reciprocal proportion

(d) Dalton's law of partial pressure
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22.
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Hydrogen combines with oxygen to form H,O in which 16 g
of oxygen combine with 2 g of hydrogen. Hydrogen also
combines with carbon to form CH, in which 2 g of hydrogen
combine with 6 g of carbon. If carbon and oxygen combine
together then they will do show in the ratio of

(@) 6:160r12:32 (b) 6:18

() 1:2 (d) 12:24

2 g of hydrogen combine with 16 g of oxygen to form water
and with 6 g of carbon to form methane. In carbon dioxide 12 g
of carbon are combined with 32 g of oxygen. These figures

illustrate the law of
(a) Multiple proportions (b) Constant proportions
(c) Reciprocal proportions  (d) Conservation of mass

An element forms two oxides containing respectively 53.33 and

36.36 percent of oxygen. These figures illustrate the law of
(a) Conservation of mass (b) Constant proportions
(c) Reciprocal proportions  (d) Multiple proportions

After a chemical reaction, the total mass of reactants and
products [MP PMT 1989]
(a) Is always increased (b) TIs always decreased
(c) Isnot changed (d) TIs always less or more

A sample of pure carbon dioxide, irrespective of its source

contains 27.27% carbon and 72.73% oxygen. The data support
[AIIMS 1992]

(a) Law of constant composition

(b) Law of conservation of mass

(c) Law of reciprocal proportions

(d) Law of multiple proportions

The law of definite proportions is not applicable to nitrogen

oxide because [EAMCET 1981]

(a) Nitrogen atomic weight is not constant

(b) Nitrogen molecular weight is variable

(c) Nitrogen equivalent weight is variable

(d) Oxygen atomic weight is variable

Which one of the following pairs of compounds illustrates the

law of multiple proportion [EAMCET 1989]

(a) H,0, Na,O (b) MgO, Na,O

(¢) Na,O,BaO (d) SnCl,,SnCly
Atomic, Molecular and Equivalent masses

Which property of an element is always a whole number

[MP PMT 1986]
(a) Atomic weight (b) Equivalent weight
(c) Atomic number (d) Atomic volume
Which one of the following properties of an element is not
variable [Bihar MADT 1981]
(b) Atomic weight
(d) All of these

The modern atomic weight scale is based on

(a) Valency
(c) Equivalent weight

[MP PMT 2002]
(a) Clz
(c) H'

(b) 0'"°
d cB

10.

11.

12.

13.

1 amu is equal to

I 1
Lofc-12 b) —of0-16
@ e ® e

(c) lgofH, (d) 1.66x10* kg

Sulphur forms the chlorides S,Cl, and SCI,. The equivalent
mass of sulphur in SCI, is

[EAMCET 1985; Pb. CET 2001]
(a) 8 g/mole (b) 16 g/mole
(c) 64.8 g/mole (d) 32 g/mole

The sulphate of a metal M contains 9.87% of M. This sulphate
is isomorphous with ZnSO,.7H,O . The atomic weight of M

is [IIT 1991]
(a) 40.3 (b) 36.3
(c) 243 (d) 11.3
When 100 m/ of 1M NaOH solution and 10 ml of

10 N H, S0, solution are mixed together, the resulting solution
will be [DPMT 1982]
(a) Alkaline

(c) Strongly acidic

(b) Acidic
(d) Neutral
In chemical scale, the relative mass of the isotopic mixture of
oxygen atoms (0'%, 0" ,0") is assumed to be equal to

[Bihar MADT 1981]
(a) 16.002 (b) 16.00
(c) 17.00 (d) 11.00
For preparing 0.1 N solution of a compound from its impure
sample of which the percentage purity is known, the weight of
the substance required will be [MP PET 1996]
(a) More than the theoretical weight
(b) Less than the theoretical weight
(c) Same as the theoretical weight
(d) None of these
1 mol of CH , contains

(@) 6.02x10% atoms of H

(b) 4 g atom of Hydrogen

(¢) 1.81x10% molecules of CH,
(d) 3.0 gof carbon
In the reaction 2Na,S,0;+1, = Na,S,O4+2Nal, the
equivalent weight of Na,S, 05 (mol. wt. = M) is equal to

(a) M by M/2

(c) M/3 d)y M/4

When potassium permanganate is titrated against ferrous
ammonium sulphate, the equivalent weight of potassium
permanganate is [CPMT 1988]
(a) Molecular weight /10 (b) Molecular weight /5

(c) Molecular weight /2 (d) Molecular weight

Boron has two stable isotopes, '° B (19%) and "' B (81%). The
atomic mass that should appear for boron in the periodic table

is [CBSE PMT 1990]
(a) 108 (b) 102
() 112 (d 10.0
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

What is the concentration of nitrate ions if equal volumes of 0.1
M AgNOyand 0.1 M NaCl are mixed together

[CPMT 1983; NCERT 1985]

(a 0.1M (b) 02M

(c) 0.05M (d) 025M

Total number of atoms represented by the compound
CuSO4.5H>0 is [BHU 2005]
(a) 27 (b) 21

() 5 d) 8

74.5 g of a metallic chloride contain 35.5 g of chlorine. The
equivalent weight of the metal is [CPMT 1986]
(a) 19.5 (b) 355

(c) 39.0 (d) 78.0

7.5 grams of a gas occupy 5.8 litres of volume at STP the gas is
(a) NO (b) N,O

(c) CO d co,

The number of atoms in 4.25 g of NH 5 is approximately
[CBSE PMT 1999; MH CET 2003]

(a) 1x10% (b) 2x10%
(c) 4x10% (d) 6x10%
One litre of a gas at STP weight 1.16 g it can possible be
[AMU 1992]
(a C,H, (b)y CO
(© 0, (d CH,

The vapour density of a gas is 11.2. The volume occupied by
11.2 g of the gas at ATP willbe  [Bihar CET 1995]
(a) 112L (b) 224L
(¢c) 1L (d) 448L
Equivalent weight of crystalline oxalic acid is
[MP PMT 1995]
(a) 30 (b) 63
(c) 53 (d) 45
The equivalent weight of an element is 4. Its chloride has a V.D

59.25. Then the valency of the element is [BHU 1997]
(a) 4 () 3
(© 2 d 1

1.25 g of a solid dibasic acid is completely neutralised by 25 m/
of 0.25 molar Ba(OH), solution. Molecular mass of the acid is
(a) 100 (b) 150

(c) 120 (d) 200

The oxide of a metal has 32% oxygen. Its equivalent weight

would be [MP PMT 1985]
(a) 34 (b) 32

(c) 17 (d 8

The mass of a molecule of water is [Bihar CEE 1995]
(@ 3x10%%kg (b) 3x10% kg

(¢) 1.5x10 kg (d) 2.5x10 kg

1.24 gm P is present in 2.2 gm

@ PS5, (b) P,S,

(© PS, A P,S,

27.

28.

29.

30.

31.

32.

33.

34.
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The atomic weights of two elements 4 and B are 40 and 80
respectively. If x g of 4 contains y atoms, how many atoms are
present in 2x g of B

y z
@ 3 (b) 4
(©) »y (d 2y

Assuming fully decomposed, the volume of CO, released at
STP on heating 9.85g of BaCO; (Atomic mass of Ba=137)

will be [CBSE PMT 2000]
(a) 0.84L (b) 2.24L
(c) 4.06L @ 1.12L

If N ,is Avogadro’s number then number of valence electrons
in 4.2 g of nitride ions (N>7)
(@) 24 N,
(c) 1.6 N,

(b) 42 N,
(d 32N,

The weight of 1x10% molecules of CuSO,.5H,0 is

[TIT 1991]
(a) 41.59¢ (b) 4159¢
(c) 4.159¢ (d) None of these

Rearrange the following (I to IV) in the order of increasing
masses and choose the correct answer from (a), (b), (c) and (d)
(Atomic mass: N=14, O=16, Cu=63).

I. 1 molecule of oxygen

II. 1 atom of nitrogen
m. 1x107'° g molecular weight of oxygen

v. 1x1071° g atomic weight of copper

(a) I<I<II<IV (b) IV<II<II<I

() I<II<I<IV (d) MIIV<IKII
1.520 g of the hydroxide of a metal on ignition gave
gm of oxide. The equivalent weight of metal is

0.995

[DPMT 1984]
(a) 1.520 (b) 0.995

(c) 19.00 (d) 9.00

How much coulomb charge is present on 1g ion of N*~

(a) 5.2x10° Couloumb (b) 2.894 x10° Couloumb

(¢) 6.6x10° Couloumb (d) 8.2x10° Couloumb
Ratio of C, and C,of a gas X is 1.4, the number of atom of
the gas ‘X’ present in 11.2 litres of it at NTP will be

[CBSE 1999]
(@ 6.02x10% (b) 1.2x10%

(c) 3.01x10% (d 2.01x10%

If we consider that 1/6, in place of 1/12, mass of carbon atom is
taken to be the relative atomic mass unit, the mass of one mole
of a substance will [AIEEE 2005]
(a) Decrease twice

(b) Increase two fold

(c) Remain unchanged

(d) Be a function of the molecular mass of the substance
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What should be the equivalent weight of phosphorous acid, if
P=31; O=16; H=1

(a) 82 (b) 41

(c) 205 (d) None of these

The number of molecule at NTP in 1 m/ of an ideal gas will be

(a 6x10% (b) 2.69x10"
(¢) 2.69%x10% (d) None of these

The specific heat of a metal is 0.16 its approximate atomic
weight would be

(a) 32 (b) 16
(c) 40 (d) o4
The weight of a molecule of the compound C¢, H 5, is

[AIIMS 2000]
(a) 1.4x107%'g (b) 1.09x107' g

(¢) 5.025x10% g (d) 16.023x10% g

What is the weight of oxygen required for the complete
combustion of 2.8 kg of ethylene [CBSE PMT 1989]
(a) 2.8kg (b) 6.4 kg

(c) 9.6kg (d) 96 kg

What volume of NH ; gas at STP would be needed to prepare
100ml of 2.5 molal (2.5m) ammonium hydroxide solution

(a) 0.056 litres (b) 0.56 litres

(c) 5.6 litres (d) 11.2 litres

If the density of water is 1 g cm 3 then the volume occupied
by one molecule of water is approximately [Pb. PMT 2004]

(a) 18 em? (b) 22400 cm?

(©) 6.02x107% cm?® (d 3.0x107% cm?

Caffeine has a molecular weight of 194. If it contains 28.9% by
mass of nitrogen, number of atoms of nitrogen in one molecule
of caffeine is

(a) 4 (b 6

(¢) 2 (d 3

A 400 mg iron capsule contains 100 mg of ferrous fumarate,
(CHCOO), Fe. The percentage of iron pasent in it is

approximately

(a) 33% (b) 25%

(c) 14% (d) 8%

The element whose a atom has mass of 10.86 x 107 kg is
(a) Boron (b) Calcium

(c) Silver (d) Zinc

The number of gram atoms of oxygen present in 0.3 gram mole
of (COOH),.2H,01is
(a) 0.6 (b) 1.8
(© 12 (d) 3.6
A gaseous mixture contains CH, and C,H ;in equimolecular
proportion. The weight of 2.24 litres of this mixture at NTP is
(a) 46¢g (b) 16g
(c) 23¢g d 23¢g
Vapour density of a metal chloride is 66. Its oxide contains
53% metal. The atomic weight of the metal is

[Bihar MADT 1982]

49.

50.

S1.

52.

53.

54.

SS.

56.

57.

58.

(a) 21 (b) 54
(c) 27.06 (d) 2.086

One gram of hydrogen is found to combine with 80g of
bromine one gram of calcium valency=2 combines with 4g of
bromine the equivalent weight of calcium is

(@) 10 (b) 20

(c) 40 (d) 80

The equivalent weight of MnSO, is half its molecular weight
[IIT 1988; CPMT 1994]

(b) MnoO,

when it is converted to
(a) Mn,0,

(c) MnO, (d) MnO;

100 mL of PH, on decomposition produced phosphorus and
hydrogen. The change in volume is [MNR 1986]

(b) 500 mL decrease

(d) Nil.

(a) 50 mL increase
(¢) 900 mL decrease

12g of Mg (at. mass 24) on reacting completely with acid
gives hydrogen gas, the volume of which at STP would be

[CPMT 1978]
(a) 224 L (b)) 11.2L

(c) 4481L d 6.1L

Which of the following has least mass [Pb. PET 1985]

(a) 2 g atom of nitrogen (b) 3x10% atoms of C

(¢) 1moleof S (d) 7.0 g of Ag

How many mole of helium gas occupy 22.4 L at 0°C at 1

atm. pressure [Kurukshetra CEE 1992; CET 1992]

(a) 0.11 (b) 0.90
(c) 1.0 (d) 1.11
Volume of a gas at STP is 1.12x1077 cc. Calculate the number

of molecules in it [BHU 1997]

(@) 3.01x10% (b) 3.01x10"
(¢) 3.01x10% (d) 3.01x10*
4.4 g of an unknown gas occupies 2.24L of volume at
standard temperature and pressure. The gas may be

[MP PMT 1995]
(b) Carbon monoxide
(d) Sulphur dioxide

The number of moles of oxygen in 1 L of air containing 21%

(a) Carbon dioxide
(c) Oxygen

oxygen by volume, in standard conditions, is

[CBSE PMT 1995; Pb. PMT 2004]
(b) 0.21 mol

(d) 0.0093 mol

(a) 0.186 mol
(c) 2.10 mol
The number of molecules in 8.96 L of a gas at 0°C and 1
atmosphere pressure is approximately

(a) 6.02x10% (b) 12.04x10%
(c) 18.06x10% (d) 24.08x10*

[BHU 1993]
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The equivalent weight of a metal is 9 and vapour density of its
chloride is 59.25. The atomic weight of metal is

[Pb. CET 2002]
(a) 239 (b) 27.3
(c) 363 (d) 483
The molecular weight of a gas is 45. Its density at STP is

[Pb. PMT 2004]
(a) 224 (b) 11.2
(c) 5.7 (@ 2.0
Equivalent weight of a bivalent metal is 37.2. The molecular
weight of its chloride is [MH CET 2003]
(a) 412.2 (b) 216
(c) 1454 (d) 108.2

On reduction with hydrogen, 3.6 g of an oxide of metal left 3.2
g of metal. If the vapour density of metal is 32, the simplest

formula of the oxide would be
[DPMT 2004]
(@) MO (b) M,0,

() M,0 (d) M,0;
The number of molecules in 4.25 g of ammonia are

[Pb. CET 2000]

(@ 0.5x10% (b) 1.5x10%

() 3.5x10% (d 1.8x10*

The mole concept

Which one of the following pairs of gases contains the same
number of molecules [EAMCET 1987]

(a) 16gof O,and 14 gof N,

(b) 8gof O, and22gof CO,

(c) 28gof N,and 22 gof CO,

(d) 32gof O,and32gof N,

Number of gm of oxygen in 32.2 g Na,SO,.10H,0 is

[Haryana PMT 2000]
(a) 20.8 (b) 224
(c) 2.24 (d) 2.08
250 ml of a sodium carbonate solution contains 2.65 grams of
Na,CO; . If 10 ml of this solution is diluted to one litre, what

is the concentration of the resultant solution (mol. wt. of

Na,CO, =106) [EAMCET 2001]

(a 01M (b) 0.001 M

(¢) 0.01 M d 107 M

A molar solution is one that contains one mole of a solute in
[IIT 1986]

(a) 1000 g of the solvent
(c) One litre of the solution

(b) One litre of the solvent
(d) 22.4 litres of the solution

The number of oxygen atoms in 4.4 g of CO, is approx.
[CBSE PMT 1990]

(@ 1.2x10% (b) 6x10%

10.

11.

12.

13.

14.

15.

16.
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() 6x10% (d 12x10%
The volume occupied by 4.4 g of CO, at STP is

[AFMC 1997, 2004; Pb. CET 1997, 2002]
(a) 224L (b) 2.24L
(c) 0.224L (d 0.1L
The number of water molecules present in a drop of water
(volume 0.0018 m/) at room temperature is [DCE 2000]
(a) 6.023x10" (b) 1.084x10"

(c) 4.84x10" (d) 6.023x10%
One mole of calcium phosphide on reaction with excess of
water gives [IIT 1999]

(a) One mole of phosphine

(b) Two moles of phosphoric acid

(¢) Two moles of phosphine

(d) One mole of phosphorus pentoxide

19.7 kg of gold was recovered from a smuggler. How many
atoms of gold were recovered (4u =197) [Pb. CET 1985]
(a) 100 (b) 6.02x10%

(¢) 6.02x10* (d) 6.02x10%

The total number of protons in 10 g of calcium carbonate is
(N, =6.023x10%)

(@) 1.5057x10% (b) 2.0478x10%

(¢) 3.0115x10% (d) 4.0956x10%

The number of molecules in 16 g of methane is
(a 3.0x10% (b) 6.02x10%

6 23 16 23
x10 d) —x10
© 3oz @ 35
Number of molecules in 100 m/ of each of

0,,NH ; and CO, at STP are
(a) Inthe order CO, < O, < NH,4
(b) Inthe order NH; <O, <CO,

[Bihar MADT 1985]

(c) The same
(d) NH,=CO, <0,
The molecular weight of hydrogen peroxide is 34. What is the

unit of molecular weight [MP PMT 1986]
(a) g (b) mol
(c) gmol™ (d) molg™

The number of water molecules in 1 litre of water is
[EAMCET 1990]

(a) 18 (b) 18 x1000

(¢) N, (d) 55.55N,

The number of electrons in a mole of hydrogen molecule is
[CPMT 1987]

(@) 6.02x10% (b) 12.046x10%

(¢) 3.0115x10% (d) Indefinite
The numbers of moles of BaCO; which contain 1.5 moles of
oxygen atoms is [EAMCET 1991]

(@ 05
(© 3

() 1
(d) 6.02x10%
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Which of the following is Loschmidt number

(@ 6x10% (b) 2.69x10"

(¢) 3x10% (d) None of these

How many molecules are present in one gram of hydrogen
[ALIMS 1982]

(a) 6.02x10% (b) 3.01x10%

(c) 2.5x10% (d 1.5x10%

The total number of gm-molecules of SO,Cl, in 13.5g of

sulphuryl chloride is [CPMT 1992]

(a) 0.1 (b) 0.2

(¢) 0.3 (d 04

The largest number of molecules is in [BHU 1997]

(a) 34g of water
(c) 46g of CH,OH

(b) 28g of CO,
(d) 54g of N,Os
The number of moles of sodium oxide in 620g of'it is

[BHU 1992]
(a) 1 mol (b) 10 moles

(d) 100 moles
2g of oxygen contains number of atoms equal to that in
[BHU 1992]
(b) 4g of sulphur
(d) 2.3g of sodium

(c) 18 moles

(a) 0.5g ofhydrogen

(c) 7g ofnitrogen

Molarity of liquid HCI with density equal to 1.17g/cc is
[CBSE PMT 2001]

(a) 365 (b) 1825
(c) 32.05 (d) 4.65
How many atoms are contained in one mole of sucrose
(Clezz O) [Pb. PMT 2002]

(a) 45x%6.02x% 102 atoms/mole
(b) 5x6.62x10% atoms/mole

(¢) 5x6.02x10% atoms/mole

(d) None of these

The number of molecules of CO: present in 44g of CO: is
[BCECE 2005]

(a) 6.0x10% (b) 3x10%
(¢) 12x10% (d 3x10"
A sample of phosphorus trichloride (PCI;) contains 1.4 moles

of the substance. How many atoms are there in the sample[Kerala PMT 2004]
2

(@ 4 (b) 5.6
(c) 8.431x10% (d) 3.372x10%*

(e) 2.409x10*

The number of sodium atoms in 2 moles of sodium
ferrocyanide is [BHU 2004]

(a 12x10%
(c) 34x10%

(b) 26x10%
(d) 48x10%

Percentage composition & Molecular formula

The percentage of oxygen in NaOH is [CPMT 1979]

(a) 40 (b) 60
(c) 8 (d) 10
The percentage of nitrogen in urea is about [KCET 2001]
(a) 46 (b) 85
(c) 18 (d) 28

If two compounds have the same empirical formula but
different molecular formula, they must have
[MP PMT 1986]
(a) Different percentage composition
(b) Different molecular weights
(c) Same viscosity
(d) Same vapour density
A compound (80 g) on analysis gave C=24g, H=4g, O=

32 g. Its empirical formula is [CPMT 1981]
(a C,H,0, (b) C,H,0
(¢c) CH,O, (d) CH,O

The empirical formula of a compound is CH,O. 0.0835 moles

of the compound contains 1.0 g of hydrogen. Molecular
formula of the compound is

(@) C,H,;0q (b) CsH,Os

() C4HzOq4 (d) C3HO;

The empirical formula of an acid is CH,0,, the probable
molecular formula of acid may be [AFMC 2000]
(a) CH,O (b) CH,O,

(c) C,H,0, d) CyHO,

In which of the following pairs of compounds the ratio of C, H
and O is same

(a) Acetic acid and methyl alcohol
(b) Glucose and acetic acid
(c) Fructose and sucrose

(d) All of these
Chemical stoichiometry

How much of NaOH is required to neutralise 1500 ¢m > of 0.1

N HCI (Na=23) [KCET 2001]
(a) 40g (b) 4g
(c) 6g (d) 60g

How much water should be added to 200 c.c of semi normal
solution of NaOH to make it exactly deci normal

[AFMC 1983]
(a) 200 cc (b) 400 cc
(c) 800 cc (d) 600 cc
2.76 g of silver carbonate on being strongly heated yield a

residue weighing [Pb. CET 2003]
(a) 2.16g (b) 248 ¢
(c) 2.64¢ d) 232¢
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11.

12.

In the reaction, 4NH;(g)+50,(g)—>4NO(Q)+6H,0(g),
When 1 mole of ammonia and 1 mole of O, are made to react
to completion

(a) 1.0 mole of H,O is produced

(b) 1.0 mole of NO will be produced
(c) All the oxygen will be consumed
(d) All the ammonia will be consumed

Haemoglobin contains 0.33% of iron by weight. The molecular
weight of haemoglobin is approximately 67200. The number of
iron atoms (At. wt. of Fe = 56) present in one molecule of
haemoglobin is [CBSE PMT 1998]

(@) 6 (b) 1

(c) 4 (d 2

What quantity of ammonium sulphate is necessary for the
production of NH ,gas sufficient to neutralize a solution
containing 292 g of HCI? [HCI=36.5; (NH,),SO,=132;

NH 4 =17] [CPMT 1992]
(a) 272g (b) 403 g
(c) 528¢ (d) 1056g

The percentage of P, in diammonium hydrogen phosphate

(NH ), HPO, is [CPMT 1992]

(a) 23.48
(c) 53.78

(b) 46.96
(d) 71.00

If l%moles of oxygen combine with A/ to form Al,O; the

weight of A/ used in the reaction is (4/=27)
(a) 27¢g (b) 54¢
(c) 495¢ d) 3lg

The percentage of Se in peroxidase anhydrous enzyme is 0.5%
by weight (atomic weight=78.4). Then minimum molecular
weight of peroxidase anhydrous enzyme is

[EAMCET 1980]

[CBSE PMT 2001]
(@) 1.568x10* (b) 1.568x10°
(c) 15.68 (d) 3.136x10*

H, evolved at STP on complete reaction of 27 g of
Aluminium with excess of aqueous NaOH would be
[CPMT 1991]

(a) 224 (b) 44.8
() 672 (d) 33.6 litres
What is the % of H,0in Fe(CNS),.3H,0
(a) 45 (b) 30

(© 19 ) 25

What weight of SO, can be made by burning sulphur in 5.0
moles of oxygen

(a) 640 grams (b) 160 grams

13.

14.
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(c) 80 grams (d) 320 grams
What is the normality of a 1 M solution of H3PO,

[AIIMS 1982]

(a) 05N (b) 1.ON
() 20N d 3.0N
Normality of 2 sulphuric acid is [AIIMS 1992]
(a) 2N (b) 4N
N N
O d) —
(© 5 (d) 2

How many g of a dibasic acid (Mol. wt. = 200) should be
present in 100 m/ of its aqueous solution to give decinormal

strength [AIIMS 1992]
(@ 1g (b 2¢g
() 10g (d) 20¢g

The solution of sulphuric acid contains 80% by weight
H,S0, . Specific gravity of this solution is 1.71. Its normality

is about [CBSE 1991]
(a) 18.0 (b) 279
() 1.0 (d) 10.0

Mohr's salt is dissolved in dil. H,SO, instead of distilled
water to

(a) Enhance the rate of dissolution

(b) Prevent cationic hydrolysis

(c) Increase the rate of ionisation

(d) Increase its reducing strength
Acidified potassium permanganate solution is decolourised by
(b) White vitriol

(d) Microcosmic salt

(a) Bleaching powder
(c) Mohr's salt

Approximate atomic weight of an element is 26.89. If its
equivalent weight is 8.9, the exact atomic weight of element

would be [DPMT 1984]

(a) 26.89 (b) 8.9

(c) 17.8 (d) 26.7

Vapour density of a gas is 22. What is its molecular mass
[AFMC 2000]

(a) 33 (b) 22

(c) 44 (d) 11

Equivalent weight of KMnO, acting as an oxidant in acidic
[CPMT 1990; MP PET 1999]

(a) The same as its molecular weight

medium is

(b) Half of its molecular weight
(c) One-third of its molecular weight
(d) One-fifth of its molecular weight

0.16 g of dibasic acid required 25 ml of decinormal NaOH
solution for complete neutralisation. The molecular weight of

the acid will be [CPMT 1989]
(a) 32 (b) 64
(c) 128 (d) 256
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To neutralise 20 m/ of M /10 sodium hydroxide, the volume
of M /20 hydrochloric acid required is

[Andhra MBBS 1980]
(a) 10ml (b) 15ml
(c) 20 ml (d) 40 ml
Hydrochloric acid solutions 4 and B have concentration of 0.5

N and 0.1 N respectively. The volume of solutions 4 and B
required to make 2 litres of 0.2 N hydrochloric are

[KCET 1993]
(@) 0.5/of4+1510fB
(b) 1.5/0f4+0.5/0fB
(¢) 1.0/of4+1.0/0fB
(d) 0.7510fA+12510fB
5 ml of N HCI, 20 ml of N/2 H,SO, and 30 ml of

N /3 HNOj are mixed together and volume made to one /itre.

The normality of the resulting solution is [MNR 1991]
(a N/5 (b) N/10
(©) N/20 (d)y N/40

Under similar conditions of pressure and temperature, 40 m/ of
slightly moist hydrogen chloride gas is mixed with 20 m/ of
ammonia gas, the final volume of gas at the same temperature
and pressure will be [CBSE PMT 1993]

(a) 100 mi (b) 20 m!

(c) 40ml (d) 60 m!

KMnO, reacts with oxalic acid according to the equation,
2MnO; +5C,02 +16H" — 2Mn** +10CO, +8H,0 , here
20 ml of 0.1 M KMnO, is equivalent to [CBSE PMT 1996]
(a) 20mlof0.5M H,C504 (b) 50mlof0.1 M H,C,0,
(¢) 50miof0.5M H,C,0,4 (d) 20mlof0.1 M HyCrO,

In order to prepare one /itre normal solution of KMnO, , how

many grams of KMnO, are required if the solution is used in

acidic medium for oxidation ~ [MP PET 2002]
(a) 158¢ (b) 3l6g
(c) 790¢g d) 62¢

What is the concentration of nitrate ions if equal volumes of 0.1
M AgNO;5 and 0.1 M NaCl are mixed together

[NCERT 1981; CPMT 1983]
(a 01N (b) 02 M
(c) 0.05M (d) 025M

30 ml/ of acid solution is neutralized by 15 m/ of a 0.2 N base.
The strength of acid solution is [CPMT 1986]

(@ 01N (b) 015N
(c) 03N (d) 04N
A solution containing Na,CO5; and NaOH requires 300 mi of

0.1 N HCI using phenolpthalein as an indicator. Methyl orange
is then added to the above titrated solution when a further 25 m/
of 0.2 N HCI is required. The amount of NaOH present in
solution is (NaOH = 40, Na,CO5; =106)

32.

33.

34.

35s.

36.

37.

38.

39.

40.

[CPMT 1992]
(@) 06¢g (b) 1.0g

(¢c) 15¢ (d 20g

In the preceeding question, the amount of Na,CO present in
the solution is [CPMT 1992]
(a) 2.650g (b) 1.060g

(c) 0530g (d) 0265¢

How many ml of 1 (M) H,SO, is required to neutralise 10 m/

of 1 (M) NaOH solution
[MP PET 1998; MNR 1982; MP PMT 1987]

(a) 2.5 (b) 5.0
(c) 10.0 (d) 20.0
Which of the following cannot give iodometric titrations
[AIIMS 1997]
(a) Fe** by Cu*t
(©) Pp* @) Ag*

KMnO, reacts with ferrous ammonium sulphate according to
the equation

MnOj +5F*" +8H" — Mn** +5F&>* +4H,0 , here 10
ml of 0.1 M KMnQO, is equivalent to [CPMT 1999]
(a) 20mlof0.1 M FeSO,

(b) 30miof0.1 M FeSO,

(c) 40 miof0.1 M FeSO,

(d) 50 mlof0.1 M FeSO,

Ca(OH), + H,PO, — CaHPO, +2H,0O the equivalent
weight of H; PO, in the above reaction is [Pb. PMT 2004]
(a) 21 (b) 27
(c) 38 (d) 49

The mass of BaCQO; produced when excess CO, is bubbled
through a solution of 0.205 mol Ba(OH), is

[UPSEAT 2004]
(a) 8lg (b) 405¢
(c) 2025¢ (d) 162¢g
The amount of water that should be added to 500 m/ of 0.5 N
solution of NaOH to give a concentration of 10 mg per ml is
(a) 100 (b) 200
(c) 250 (d) 500
Number of moles of KMnO, required to oxidize one mole of
Fe(C,0,)in acidic medium is [Haryana CEE 1996]
(a) 0.6
(c) 02

(b) 0.167
(d) 04

A hydrocarbon contains 86% carbon, 488ml of the hydrocarbon
weight 1.68 g at STP. Then the hydrocarbon is an
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(a) Alkane
(c) Alkyne

(b) Alkene

(d) Arene

The ratio of amounts of /,S needed to precipitate all the metal
ions from 100 ml of 1 M AgNO; and 100 m/ of 1 M

CuSO , will be
(a) 1:1

(c) 2:1

An electric discharge is passed through a mixture containing 50

(b) 1:2
(d) None of these

c.c. of O, and 50 c.c. of H, . The volume of the gases formed
(i) at room temperature and (ii) at 110°C will be

(@) (1) 25 c.c. (i) 50 c.c. (b) (1) 50 c.c. (ii) 75 c.c.

(¢) (i)25c.c (i) 75 c.c. (d) (i) 75c.c. (i) 75 c.c.

100 m! of 0.1 N hypo decolourised iodine by the addition of x g
of crystalline copper sulphate to excess of K/. The value of ‘x’
is (molecular wt. of CuSO,.5H,0 is 250)

(a) 5.0g (b) 125¢

(c) 25¢ d 4¢g
How many grams of caustic potash required to completely
neutralise 12.6 gm HNO;

(a) 22.4 KOH
(c) 6.02 KOH

(b) 1.01 KOH
(d) 112 KOH

If isobutane and n-butane are present in a gas, then how much
oxygen should be required for complete combustion of 5 kg of
this gas

(a) 179 kg
(c) 27 kg

(b) 9kg
(d) 1.8%kg
16.8 litre gas containing H, and O, is formed at NTP on

electrolysis of water. What should be the weight of electrolysed
water

(@) 5g (b) 9¢

(c) 10g (d 12g

On electrical decomposition of 150 m/ dry and pure O, , 10%
of O, gets changed to O, then the volume of gaseous mixture

after reaction and volume of remaining gas left after passing in
turpentine oil will be

() 145ml (b) 149 ml
() 128mi (d) 125mi

What should be the weight of 50% HC! which reacts with 100 g
of limestone

(a) 50% pure
(c) 10% pure

(b) 25% pure
(d) 8% pure
What should be the weight and moles of AgClprecipitate

obtained on adding 500ml of 0.20 M HClin 30 g of
AgNOj; solution? ( AgNO; = 170)

(@) 1435g ®) 15g

50.

51.
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() 18g (d 19g

A solution of 10 ml/ %FeSQ, was titrated with
KMnO, solution in acidic medium. The amount of
KMnO, used will be [CPMT 1984]
(a) 5mlof0.1M (b) 10miof1.1 M

(©) 10 mlof0.5M (d) 10 mlof0.02 M

1.12 ml of a gas is produced at STP by the action of 4.12 mg of
alcohol, with methyl magnesium iodide. The molecular mass of

alcohol is [Roorkee 1992; IIT 1993]
(@ 16.0 (b) 412
(c) 82.4 (d) 156.0

The simplest formula of a compound containing 50% of
element X (atomic mass 10) and 50% of element Y (atomic

mass 20) is [Roorkee 1994]
(a) XY (b) X,Y
(©) XY, d X,Y;

A compound contains atoms of three elements in 4, B and C. If
the oxidation number of 4 is +2, B is +5 and that of C is — 2, the
possible formula of the compound is

[CBSE PMT 2000]
(@) A5(BCy),

(b) 45(B,0),

(c) ABC,

(d) 4,(BC3),

What will be the volume of CO, at NTP obtained on heating
10 grams of (90% pure) limestone [Pb. CET 2001]

(a) 224 litre

(b) 2.016 litre

(c) 2.24 litre

(d) 20.16 litre

The ratio of the molar amounts of H,S needed to precipitate
the metal ions from 20mL each of 1M Cd(NO;), and
0.5M CuSO, is [CPMT 1997]

(a 1:1

(b) 2:1

(c) 1:2

(d) Indefinite

12g of Mg (at. mass 24) will react completely with acid to
give [MNR 1985]

(a) One mole of H,

(b) 1/2moleof H,

(c) 2/3 moleof O,

(d) Both 1/2 mol of H, and 1/2 mol of O,
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1.5 mol of O, combine with Mg to form oxide MgO. The
mass of Mg (at. mass 24) that has combined is

[KCET 2001]
(@) 72g
(c) 48¢g (d 24¢

100 g CaCOs reacts with llitre 1 N HCI. On completion of
reaction how much weight of CO, will be obtain

(b) 36¢g

[Kerala CET 2005]
(@ 55¢g ®b) llg
(c) 22¢g d 33¢
(e) 44¢

Critical Thinking

T Objective Questions
Mixture of sand and sulphur may best be separated by
[Kerala CET 2001]
(a) Fractional crystallisation from aqueous solution
(b) Magnetic method
(c) Fractional distillation

(d) Dissolving in CS, and filtering

Irrespective of the source, pure sample of water always yields
88.89% mass of oxygen and 11.11% mass of hydrogen. This is
explained by the law of [Kerala CEE 2002]
(a) Conservation of mass (b) Constant composition
(c) Multiple proportions (d) Constant volume

Zinc sulphate contains 22.65% of zinc and 43.9% of water of
crystallization. If the law of constant proportions is true, then
the weight of zinc required to produce 20 g of the crystals will
be

(a) 453 ¢ (b) 453 ¢

(c) 0453 ¢ (d) 453 ¢

10 dm? of N,gas and 10 dm® of gas X at the same temperature

contain the same number of molecules. The gas X'is

(a CO (b) cCo,

() H, (d) NO

The molar heat capacity of water at constant pressure is 75
JK™" mol™" . When 1.0 kJ of heat is supplied to 100 g of water

which is free to expand, the increases in temperature of water is
(a) 6.6K b) 12K
(c) 24K (d) 48K
A compound possesses 8% sulphur by mass. The least

molecular mass is [AIIMS 2002]

(a) 200 (b) 400

(c) 155 (d) 355

Which of the following contains maximum number of atoms
[JIPMER 2000]

(@) 6.023 x 102" molecules of CO,

10.

11.

12.

13.

14.

15.

16.

(b) 22.4Lof CO, atSTP
(c) 0.44gof CO,

(d) None of these

In a mole of water vapour at STP, the volume actually occupied
or taken by the molecules (i.e., Avogadro’s No. x Volume
of one molecule) is [Kerala EEE 2000]

(a) Zero

(b) Less than 1% of 22.4 litres

(c) About 10% of the volume of container

(d) 1% to 2% of 22.4 litres

(e) Between 2% to 5% of 22.4 litres

If 102" molecules are removed from 200mg of CO, , then the

number of moles of CO, leftare  [IIT 1983]

(b) 28.8x107
(d) 1.68x107

(a) 2.85x107°
(c) 0.288x107°

The set of numerical coefficient that balances the

equation K,CrO, + HCl - K,Cr,0, + KCl + H,O is
[Kerala CEE 2001]

(@ 1,1,2,2,1 b) 2,2,1,1,1

() 2,1,1,2,1 (@ 2,2,1,2,1

One litre hard water contains 12.00 mg Mg milli equivalent
of washing soda required to remove its hardness is

(a) 1 (b) 12.15

(¢) 1x1073 (d) 12.15%x1073

In standardization of Na,S,0; wusing K,Cr,O; by
iodometry, the equivalent weight of K,Cr,O5 is [1IT 2000]
(@) Mw/2 (b) MWwW/3

(c) MW/6 d mMw/l

3.92 g of ferrous ammonium sulphate crystals are dissolved in
100 ml/ of water, 20 ml of this solution requires 18 m/ of
KMnO, during titration for complete oxidation. The weight of

KMnO, present in one /itre of the solution is

[Tamilnadu CET 2002]
(a) 3.476¢ (b) 1238¢
(c) 3476¢ (d) 1.238¢
A 100 ml solution of 0.1 n HCI was titrated with 0.2 N NaOH
solution. The titration was discontinued after adding 30 m/ of
NaOH solution. The remaining titration was completed by
adding 0.25 N KOH solution. The volume of KOH required for
completing the titration is [DCE 1999]
@ 79¢8sE pvmT 2003) (b) 32mi
(c) 35ml (d) 16 ml
What volume of Hydrogen gas, at 273 K and 1 atm pressure
will be consumed in obtaining 21.6 g of elemental boron
(atomic mass = 10.8) from the reduction of boron trichloride by

Hydrogen [AIEEE 2003]
(a) 224L (b) 89.6L
(c) 672L (d) 448L

The mass of 112 ¢m?® of CH, gas at STP is
[Karnataka CET 2001]
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17.

18.

(a) 0.16 g (b) 08¢
(c) 0.08¢g @ le6g
Complete combustion of 0.858 g of compound X gives

2.63 g of CO, and 1.28 g of H,O . The lowest molecular

mass X can have [Kerala MEE 2000]
(a) 43¢

(© 129¢ (d 172 g

(b) 86 g

In the following reaction, which choice has value twice that of
the equivalent mass of the oxidising agent

SO, + H,0——3S +2H,0 [DPMT 2000]
(a) 64 (b) 32
(c) 16 (d) 48

R Assertion & Reason

For AIIMS Asprrants

Read the assertion and reason carefully to mark the correct option out
of the options given below :

(@
(b)
(©

@)
(e

If both assertion and reason are true and the reason is the
correct explanation of the assertion.

If both assertion and reason are true but reason is not the
correct explanation of the assertion.

If assertion is true but reason is false.

If the assertion and reason both are false.

If assertion is false but reason is true.

Assertion Volume of a gas is inversely proportional to
the number of moles of a gas.
Reason The ratio by volume of gaseous reactants and
products is in agreement with their mole
ratio. [AIIMS 1995]
Assertion Molecular weight of oxygen is 16.
Reason Atomic weight of oxygen is 16.
[AIIMS 1996]
Assertion Atoms can neither be created nor destroyed.
Reason Under similar condition of temperature and
pressure, equal volume of gases does not
contain equal number of atoms.
[AIIMS 1994,2002]
Assertion One mole of SO, contains double the number of
molecules present in one mole of O, .
Reason Molecular weight of SO, is double to that of
0,.
Assertion 1.231 has three significant figures.
Reason All numbers right to the decimal point are
significant.
Assertion 224 L of N, at NTP and 5.6 L O, at NTP

contain equal number of molecules.

10.

11.

12.

13.

14.

15.

16.

Reason

Assertion

Reason

Assertion

Reason
Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion
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Under similar conditions of temperature and
pressure all gases contain equal number of
molecules.

One atomic mass unit (amu) is mass of an
atom equal to exactly one-twelfth the mass of
a carbon-12 atom.

Carbon-12 isotope was selected as standard.
Molecular mass of 4 is % if the molecular

mass of B is M.

Vapour density of 4 four times that of B.

Pure water obtained from different sources
such as, river, well, spring, sea etc. always
contains hydrogen and oxygen combined in
the ratio 1:8 by mass.

A chemical compound always contains
elements combined together in same
proportion by mass, it was discovered by
French chemist, Joseph Proust (1799).

As mole is the basic chemical unit, the
concentration of the dissolved solute is
usually specified in terms of number of moles
of solute.

The total number of molecules of reactants
involved in a balanced chemical equation is
known as molecularity of the reaction.

A certain element X, forms three binary
compounds  with  chlorine  containing
59.68%,68.95% and  74.75%  chlorine
respectively. These data illustrate the law of
multiple proportions.

According to law of multiple proportions, the
relative amounts of an element combining
with some fixed amount of a second element
in a series of compounds are the ratios of
small whole numbers.

Equivalent weight of Cu in CuO is 63.6
and in Cu,0 31.8.

Equivalent  weight of an  element

_ Atomic weightofthe element

Valency ofthe element
Mass spectrometer is used for the
determination of isotopes.
Isotopes are the atoms of same element
differing in mass numbers.

Gases combine in simple ratio of their
volume but, not always.

Gases deviate from ideal behaviour.
Isomorphous substances form crystals of
same shape and can grow in saturated
solution of each other.

They have similar constitution and chemical
formulae.

Atomicity of oxygen is 2.



17.

22

Reason 1 mole of an element contains 6.023 x10%
atoms.

Assertion 1 amu equals to 1.66x107* g.

Reason 1.66x107* g equals to %th of mass of a

C'" atom.

ASWEIS

1 a 2 b 3 b 4 c 5 a
6 b 7 a 8 c 9 d 10 c
1 b 12 c 13 c 14 d 15 a
16 a 17 b 18 b 19 a 20 a
21 b 22 b 23 c 24 a 25 a
26 c 27 d

Percentage composition & Molecular formula

1 a 2 a 3 b 4 d 5 a
6 b 7 b
Significant figures, Units for measurement,
Matter and Separation of mixture Chemical stoichiometry
1 a 2 d 3 a 4 c 5 d 1 c 2 c 3 a 4 c 5 c
6 b 7 c 8 d 9 c 0 ¢ 6 c 7 c 8 b 9 a 10 d
11 ¢ 2 b 13 a 14 ¢ 15 b " ¢ 12 d 13 d 14 b 15 a
16 b 17 b 18 a 19 a 20 ¢ 16 b 17 b 18 ¢ 19 d 20 ¢
21 b 22 d 23 a 24 a 25 b 21 d 22 c 23 d 24 a 25 d
% b 27 d 2% b 27 b 28 b 29 ¢ 30 a
31 b 2 ¢ 3 b ¥ 35 d
Laws of chemical combination % d 37 b 38 d 39 a 4 b
1 2 2 p 3 . 2 ) 5 . 44 b 42 43 ¢ 4 d 45 a
6 . 7 . 8 b . ) o 2 46 b 41 a 48 a 49 5 d
1 < 2 b B 2 . . 5 ¢ 5 b 53 a 54 b 5 b
% a 17 c 18 d 19 c 20 a B EE K
21 2 d
Critical Thinking Questions
Atomic, Molecular and Equivalent masses y p . . 3 . ” - ; -
1 c 2 b 3 a 4 a 5 b 6 b 7 b 8 b 9 a 10 d
6 c 7 d 8 b 9 a 10 b 11 a 12 c 13 a 14 d 15 c
1 a 12 b 13 a 14 ¢ 15 b 16 ¢ 17  a 18 b
16 ¢ 17  a 18 d 19 a 20 a
7 O B B . P Assertion & Reason
2% a 27 ¢ 28 d 29 a 0 ¢ 1 o 2 o 3 c 4 . 5 p
3 a 32 d 33 b 34 a 35 c 6 d 7 a 8 c 9 a 10 b
B " B ° B G M1 a 122 e 13 e 1 a 15 a
M 42 d 43 a 4 d 45 d % b 17 a
46 b 41 ¢ 48 49 b 5 b
5 a 5 b 5 b 54 ¢ 5 b
% o (8 ¢ w ¢ 2 @ o Answers and Solutions
61 ¢ 62 d 63 b S

The mole concept
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Significant figures, Units of measurement,
Matter and Separation of mixture

Force [MLT 2]

4. c) Pressure = =[ML'T™?
© Area (7] [ ]
252
Energy per unit volume = % =[ML'T™?]

(29.2-20.2)(1.79x10%) _ 9.0x1.79x10°
1.37 N 1.37
Least precise terms i.e., 9.0 has only two significant figures.
Hence, final answer will have two significant figures.
18.  (a) Pure ethyl alcohol =81.4 —0.002 =81.398.
19. (a) JPa'; Unit of work is Joule and unit of pressure is Pascal.

17.  (b)

Dimension of Joule i.e. work = FxL =MLT 2 x L

:[MLZT’Z]

1 1 1 1x4 al

Fafiyens - PPN
A

So, Jpa = [mM27? | = |12 x L]= |2 .
22.  (d) 1zepto =107

23.  (a) As we know that all non zero unit are significant number.
Therefore significant figure is 2.

24. (a) Number of significant figures in 6.0023 are 5 because all
the zeroes stand between two non zero digit are counted
towards significant figures.

25. (b) Given P =0.0030m, Q=240m & R=3000m In
P(0.0030) initial zeros after the decimal point are not
significant. Therefore, significant figures in 2(0.0030) are 2.
Similarly in O(2.40) significant figures are 3 as in this case
final zero is significant. In R =(3000) all the zeroes are
significant hence, in R significant figures are 4.

26. (b) All the zeroes between two non zero digit are significatn.
Hence in 60.0001 significant figures is 6.

27. (d) Round off the digit at 2™ position of decimal 3.929
=3.93.

Laws of chemical combination
12. (b) X+Y = R+S

ng mg rg g8

n+m = p+q by low of conservation of mass.
Atomic, Molecular and Equivalent masses

5. (b) The atomic weight of sulphur =32
In SCI, valency of sulphur =2

So equivalent mass of sulphur = % =16.

(©
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As the given sulphate is isomorphous with ZnSO,.7H,O0
its formula would be MSO,.7H,0 .m is the atomic
weight of M, molecular weight of MSO,.7H,0

=m+32+64+126 =m+222
m

Hence % of M= ——x100 =9.87 (given) or
m+222
100m =9.87m +222%x9.87 or 90.13m =222x9.87
of m 222%x9.87 —o43.
90.13



20.

(b)

@)

(c)

(d)

24 Chemical Arithmetic

For NaOH, M =N

N, ¥, =100ml x 1N =100mi(N)

For H,80,, N,V, =10mlx10N =100mi(N)

Hence, NlVl :NZVZ‘

21.

1 mole of CH, contains 4 mole of hydrogen atom i.e. 4g atom

of hydrogen.
+2 +2.5
Na,SO;+1, = Na,S,04+ Nal

n=2x0.5=1

E-_ M _M_,
n —factor 1

-4
5

10x19+81x11 190+891

22.

23.

1081

Atomic mass =

100 100

=10.81
0IM  AgNO; will
0.1M NaNO;. But as the volume doubled

NO; = % =0.05M.

react with o0aM NaCl

wt. of metallic chloride =74.5

wt. of chlorine = 35.5

. wt. of metal =74.5-35.5=39

Equiva]ent weight of metal =

weightofchlorine

39
35.5

'’ 5.8Lof gas has mass =7.5gm

7.5

c.224L " " " =——x22.4=28.96
5.8

So molecular weight = 29

So, molecular formula of compound is NO

weightof metal

100

24.

to form

, conc. of

25.

35.5

x35.5=39

27.

* 17gm NH ; contains 6 x 10% molecules of NH 4

6x10%
17

4.25gm NH3 contains = x4.25

6x10% x4.25 y
17

. 1L of gas at S.T.P. weight 116g

No. of atoms =

22.4 Lof gas at ST.P. weight =22.4x1.16

4 =6x10%3.

28.

=25.984~26

This molecular weight indicates that given compound is

C,H,.

Molecular weight =2xV.D =2x11.2=22.4

29.
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26.

(b)

(b)

(d)

(e)

(@

@

(¢)

(d)

@

22.4gm of gas occupies 22.4L at ST.P.

22.4
.2 f jes ——x11.2=11.2L.
gm of gas occupies 224

Equivalent weight = Mrwelght
Valency
. OH 126
Molecular weight of | H. 2H,0 = - =63.

2xV.D  2x59.25
E+355 4+355

_ 118.50 3
39.5
W(gm)x1000
V(ml)x molecular weight
1.25x1000
25 xmolecular weight

Molecular weight = M =200.
0.25x25
Let weight of metal oxide = 100gm
= 32gm

weight of metal =100—-32 =68gm

Valency of the element =

Molarity =

0.25=

Weight of oxygen

t.of metal
Equivalent weight of oxide SRLALLILL, x 8
wt.of oxygen
=QXS =17.
32
6 x10% molecules has mass = 18gm
18 23
1 molecules h =———+- =3x10 m
molecules has mass ox10% g
=3x10%4g .

Choice (a) is P4S3
31x4
(124)

gm Pis present in 220gm PS5

220
1.24gm P is present in = mx 1.24=2.2gm

Number of moles of A= X

40

Number of atoms of A= :—0 x Avogadrono. =y (say)

40y
Or x=—m"——
Avogadrono.
2x
Number of moles of B= —

80

Number of atoms of B

= 2_x x Av.no. = i>< 40y
0 80 Av.no.

BaCO; — BaO+CO, T

x Av.no.=y

Molecular weight of BaCO; =137 +12+3x16 =197

197gm produces 22.4L at ST.P.

2
8 d
9.85gm produces 197

14 gm N> ions have = 8N, valence electrons

x9.85=1.12L at STP.



30.

31.

32.

33.

34.

36.

8N, x4.2

4.2gm of N>~ ions have = =24N,

[ * Molecular weight of CuS04.5H20
=63.5+32+64+90 =249.5]

6 x 107 molecules has weight =249.5gm

249.5x1x10%
6x10%

1x10?% molecules has weight =

=41.58x107"
=4.158

(1) 1 molecule of oxygen
6x10% molecule has mass = 32gm

32
6x10%

1 molecule of O, has mass =

=53x10% gm

(1) 1.atom of nitrogen

2x6x10% atoms of N, has mass = 28gm

1atom of N, has mass =§%
=2.3x10% gm
(M) 1x107"° g molecular weight of oxygen
2 atomic weight =2x1x107° =2x107"¢

av) 1x 107'° g atomic weight of copper
So, order of increasing masses II<I<II<IV.

wt.of metal hydroxide = EM + EOH™

wt.of metal oxide EM+ EO
_1.520 x+17
0.995 x+8

=1.520x +1.520x8 =0.995x +0.995x17

1.520x +12.160=0.995x +16.915
or 0.525x =4.755

x=4'755 -9

0.525

One ion carries 3 x1.6x107" coulomb

Then 1 gm ion N3 (1 mole) carries
=3x1.6x107" x6.02x10%
=2.89x10° coulomb

C
—L 14 so, given gas is diatomic

Cy

n2L =3.01x10% molecules

. No. of atoms =3.01x10% x2 =6.023 x10% atoms

The acid is dibasic.

37.

38.

39.

40.

41.

42.

43.

44.

45.

(b)

()

@

(b)

(c)

(d)

(d)

(d)
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Molecular weight of H;PO; =3 +31+48 =82

Molecularweight _ 82

Equivalent weight = 41.

Basicity 2
22400 m/at NTP has 6.023 x lO23 molecule

6.023x10%
22400

. 1 m/at NTP has =

=0.0002688x10% =2.69x10".
Sp. heat x atomic wt.= 6.4

0.16 x atomic wt= 6.4

. 6.4
Atomic wt. = —— =

0.16
Molecular weight of CgyH 5, =12x60+122x1
=720+122 =842
6 x 1023 molecule C60H]22 has mass = 842gm

842
6x10%

=140.333x10 2 gm =1.4x10%"gm.
C,H, +20, —2C0, +2H,0

1 molecule C H,, has mass

28gm C,H, requires 64gm oxygen
3 64 3
2.8x10° gm C,H, requures:EXZ.SXIO gm

=6.4x10°gm - 64kg
2.5 molal NH,OH means 2.5 moles of NH; in 1000g
H20 (1000c¢c of solution)

Hence, 100 cc solution of NH3 requires = 0.25 mole
=0.25x224L=5.6L.
M

g MM

or M= V;18gm =18m/
V V

6 x 102 molecule of water has volume =18 cc

18
6x10%

=3x102cm?.

1 molecule of water has volume =

100gm caffeine has 28.9gm nitrogen

(;) x194 =56.06gm

194gm caffeine has =

56.06
No. of atoms in caffeine = ———~ 4

14
Molecular weight of (CHCOO), Fe =170
Fe present in 100mg of (CHCOO), Fe

56
=——x100mg =32.9mg
170 & ¢
This is present in 400 mg of capsule

32.9
% of Fe in capsule = ——x100=28.2.
400

1 atom has mass =10.86 x 10 kg



46.

47.

48.

49.

50.

52.

53.

(c)

26 Chemical Arithmetic

=10.86x10 > gm
6.023 x 107 atoms has mass

=10.86x107% x6.023x10% = 65.40gm
This is the atomic weight of Zn.

imole (COOH), . 2H,O has 96gm oxygen
.03 mole (COOH), .2H,0 has 96x0.3 =28.8gm

No. of gram atoms of oxygen = % =1.8.
Equimolecular proportion means both gases occupied equal
volume :& =1.12L

2
For CH,:
224L CH ,has mass = 16gm
112L CH , has mass = 16 x1.12=0.8gm .
22.4

For C,Hg
22.4L C2H6 has mass = 30gm

30 3.0
—x1.12 =—gm=1.5gm
22.4 2 € €
Total mass =1.5gm +0.8gm =2.3gm.

Let wt. of metal oxide =100gm

112L C,H has mass =

wt. of metal = 53gm
wt. of oxygen = 47gm

. . wt.of metal
Equivalent weight of oxygen = ———— x 8
wt.of oxygen
=23 5-9.02
47
Valency = 2xV.D 2x66 132 —206~3

E+355 91355 445
Atomic weight = Equivalentweightx Valency

=9.02x3 =27.06
One gram of hydrogen combines with 80gm of bromine.
So, equivalent weight of bromine = 80gm

4gm of bromine combines with 1gm of Ca
1
80gm of bromine combines with = Y x80 =20.
+2 +4
MnSO, > MnoO,
Change of valency =4 -2 =2

*. Equivalent weight = —.

2
2PH, —> 2P+ 3H,
oml Y 3
100m! 150ml

Increase in volume =150ml —100m! = 50m/ increase.
Mg+2HCl — MgCl, + H,
24g Mgevolves 22.4L H, at STP
224

12g Mg evolves H, at STP x12

=11.2L at STP.
(a) 2gm atom of nitrogen = 28gm

(b) 6x10% atoms of Chas mass =12gm

ABHIYANTRA.IN

54. (c)
55. (b)
56. (a) *
57. (d)
58. (d)
59. (a)
60. (d)
61. (c)
62. (¢)

12x3x10%
3 x10% atoms of C has mass = # =6gm
X
(c) 1mole of S has mass = 32gm

(d) 7.0gm of Ag
So, lowest mass = 6gm of C.

Imole of any gas at STP occupies 22.4L.
22400cc of gas at STP has 6 x 10% molecules

02 X107 o 6x10% x1.12x107
. gas at STP has

22400
=.03x10" =3x10".
2.24L of gas has mass = 4.4gm
4
22.4L of gas has mass = 2 x22.4 =44

So given gas is CO, because CO, has mdecular mass=44.
1L of air=210cc O,

22400cc =1 mole

x210=0.0093.

210cc= !
22400

22.4L of a gas at STP has no. of molecules
=6.023x10%
8.96L of a gas at STP has no. of molecules
_6.02x10% x8.96
22.4

Given equivalent weight of metal = 9

=2.408x10% =24.08 x10%.

Vapour density of metal chloride = 59.25

*. molecular weight of metal chloride

=2xV.D=2x59.25=118.5

i va]ency of metal

_ molecular weightofmetal chloride

equivalnetweightofmetal +35.5

118.5 118.5 —266

9+35.5 445

Therefore atomic weight of the metal

Valency of metal =

=equivalent weight x valency
=9x%x2.66=23.9

molecular wt.of metal

The density of gas =
volume

=4—5: 2gmlitré’
22.4

Equivalent weight of bivalent metal = 37.2
". Atomic weight of metal =37.2x2=74.4
. Formula of chloride = MCl,
Hence, molecular weight of chloride
(MCl,)=74.4+2x355=145.4

As we know that

weightof metal 8

Equivalent weight = —
weightof oxygen



63.

@
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=£X8:64 =1.2x10% atoms.
0.4 6. (b) 44g C02 occupies 22.4L at STP
v densit mol. wt 224
apour densi =
P y 2 4.4g C02 occupies = 44 x 4.4 =224L
Mol. wt =2xV.D=2x%x32=64
1 7 (a) Densit _ _Mass | 1=£ or g=ml
As we know that n=m'Wt=Z—2=1 ) Y Volume ’ ml
eq. wt 0.0018m/ = 0.0018gm
Suppose, the formula of metal oxide be M,0, . Hence the weight 0.0018 »
X No. of moles = = =1x10
formula of metal oxide = M,0. Molecularweight 18
Molecular weight of NH; is17 . No. of water molecules = 6.023 x10% x1x107*
According to the mole concept —6.023x10" .
17gm NH, hasmolecules =6.02x10% 8. (c) CayP,+6H,0—2PH; +3Ca(OH),
6.02x10% 9. (d) Amount of gold = 19.7kg =19.7x1000gm =19700gm
1gm NH3 has molecules :'T 19700
No. of moles = =100
. 4.25 am NH3 has molecules 197

" Naof \ . »
_6'02x1023x4.25_]5 (7 o atoms =100x6.023x10
== -L X molecule =6.023 x10% atoms.

10. () v 100gm CaCO; =6.023 x10% molecules
The mole concept

6.023x10%
—_—X

6 1 o 10gm CaCO; = 100 10
16g O, has no. of moles = — = —
32 2 =6.023x10% molecule
14g N, has no. of moles = % :% 1 molecule of CaCO, = 50 protons
No. of moles are same, so no. of molecules are same. 6.023 x10? molecule of CaCO, = 50x6.023 x10%
Na,SO, .10H,0 =2x23+32+4x16+10x18 =3.0115x10%*
—46+32+64+180=322gm . (b) 16gmof CH,=1mole =6.023x10% molecules.

12. (¢) According to avogadro's hypothesis equal volumes of all gases
under similar conditions of temperature and pressure contains

322gm Na2S04.10H20 contains = 224 gm oxygen

322gm Na,SO,.10H,O contains equal no. of molecules.
M
_ 32.2x224 —22.4.gm 14. d d= ? (d'= density, /= mass, V=vdume)
322
Since d'=1
. W(gm)x 1000
Molarity = So M=V
molecular wt.x V(ml.)
18grm =18m/
_ 2651000 _ ), 8rml = N mdecules (N = avogadrds o)
106 x250 N
_ A
10m/ of this solution is diluted to1000m/ N, V|, = N,V, 1000/ = W x 1000 - 55555 N.
10x0.1 =1000 x x 15. (@) This is fact.
0.1x10 16. (a) ** 3 moles of oxygen is that in 1 mole of BaC03
=————=0.001M.
1000 . 1.5 moles ofoxygen is that in mole of BaCO3
According to definition of molar solution = A molar solution is 1 1
one that contains one mole of a solute in one litre of the = ;X 1.5 = 5 =05.
solution.
17. (b) The no. of molecules present in 1m/ of gas at STP is known as
44g of CO has 2x6 x 10 atoms of oxygen Laschmidt number.
12x103 22400 m/ of gas has total no. of molecules

4.4gofCQhas=TX4,4 —6.023x10%

ABHIYANTRA.IN



28 Chemical Arithmetic

6.023x10%
22400

1m/ of gas has total no. of molecules =

=2.69x10".

2gm of hydrogen =6.02 x 1023 molecules
1gm of hydrogen

23
:M =3.01x10% molecule.

19. (@) Molecular weight of SO,CI,

=32+432+2x%x35.5=135gm
135 gm of SO,Cl, =1gm molecule

1
13.5, f SO,Cl, =——x13.5=0.1.
81 O %6 135
20. (a) (a) 34gm of water
18gm H,0 =6.023x10% molecule
6.023x10% y
18

=11.37x10?% mole
(b) 28gm of CO,

34gm H,0 = 34

. 44gm CO, =6x10% molecules

_6x10%

. 28gm CO, = x28 =3.8x10%

(c) 46gm of CH;OH
“: 32gm CH,OH =6x10" molecules

6x10%

. 46gm CH,OH = x46 = 8.625x10%

(d) - 108gm of N,Os =6x10% molecules

6x10%

. 54gm of N,Os = x54 =3x10% molecules.

21. (b) Sodium oxide — Na,O
Molecular weight = 46 +16 = 62
62gm of Na,O =1 mole
620gm of Na,O =10 mole.

2 1
22.  (b) 2gm of oxygen contains atom = 6 = 3 mole

4 1
also 4g of sulphur = 32 = 3 mole.
23. (¢) Molarity = mole/litre
lcc contains 117gm
1000 tains 1170 ! 170gn1
cc contains —_—
" Mol.wt.
1170
=——=32.05mole/litre (Mol. wt. of HC-36.5)
36.5
24. (a) 1mole of sucrose contains 6.023 x10% molecules

1 molecule of sucrose has 45 atoms

6.023 x10% molecule of sucrose has

45x%6.023x10% atoms/mole

25. (a) wtof CO, =44
mol wt of C02 =44

wt.of CO,
molwt of CO,

=ﬁX6.02x 102 =6.02x10%
44

x6.02x10%

No. of molecule =

26. (c) No. of atoms in one molecule

= no. of moles x6.022 x10%

=1.4%6.022x10% =8.432x10%

27.  (d) Aswe know that four sodium atom are present in sodium
ferrocyanide [Na,Fe(CN )]

Hence, number of Na atoms = No. of moles x number of

atom X AVOgaC‘TO'S number

2x4%x6.023x10% =48%x10%

Percentage composition & Molecular formula

1. (@)

40gm NaOH contains 16gm of oxygen
.16
100gm of NaOH contains 0 x100 =409 oxygen.

2. (@) Urea- NH,-CO~-NH,
60gm of urea contains 28gm of nitrogen
28
100gm of urea contains T x100 =46.66 .
3. (b) Based on facts.
d) C=24gm, H=4gm, O=32gm
So, Molecular formula = C,H,0,
So, Empirica] formula = CH20

(Simplest formula).

5. (a) " 0.0835 mole of compound contains 1gm ofhydrogen

11.97

". 1gm mole of compound contain =

0.0835
=12gm of hydrogen.
12 gmof H, ispresentin C,H,,0¢
6. (b) Empirical formula of an acid is CH,0,
(Enpirical formula), = Molecular formula
n = whole no. multiple 7e.1,234 o
If n=1molecular formula CH,O0, .
7. (b) Glucose - C¢H ;04
Ratioof G Hand O =1:2:1
In acetic acid CH 5 — E— O-H
o
Ratioof C Hand 0 1:2:1.

Chemical stoichiometry

N = W(gm)x1000
V' xEq.wt.
1500m/ of 01N HCI =150m/ (N)

ABHIYANTRA.IN



Chemical Arithmetic 29

_150%40 _ ¢ 10. (&) H,0+ Al+NaOH — NaAlO, + %Hz
7 gm

W(gm)x1000
1= A8M> PV w =
150 x40 &™) =000 3
1 1 x22.4=33.6L
() NV =N,Vps EXZOOZBXVZ? V, =1000ml 1. () n Fe(CNS),.3H,0

Volume of water added =1000—200 =800m!/ . 3x18

% of H,0 = x100 =19%.
284

() 24g,CO; —2—>44g+2C0O,+0,

2%276 gm 4108 gm 12. (d) 585450, »550,; 50,=580,; 5x64=320gm.

13. (d) H;PO, is tribasic so N=3M=3x1=3.
14. (b) H,SO, isdibasic N=2M=2x2=4.

s 2x276gm of Ag,CO; gives 4 x108 gm

4x108
. lgm of Ag,CO; gives =
2x276 15. (a) For Dibasic acid E:M=¥:100
" 2.76gm of Ag,COs gives 2
4x108x2.76 N=TC
2020 2 16gm Ex V(inml)
2x276
© L _x1000 o
10 100x100

4 NH ) + 505, — 4NO(,) +6H, 0,
t=0 1 1 0 0 16. (b) N=
t=t 1-4x 1-5x 4x 6x

10 xsp.gr.ofthe solutionx wt.% of solutex Mol.wt.

Molecularwt.of solutex Eq. wt.

N = 10x1.71x80%x98
98 x 49

So, X = % =0.2 all oxygen consumed 18. (¢) 2KMnO, +3H,50, —
K,SO, +2MnSO, +3H,0 +[0]

=279

Oxygen is limiting reagent

Left NH, =1-4x0.2=0.2.

(¢) = 100gm Hb contain = 0.33gm Fe 2FeSO, + H,S0, +[0] > Fe,(SO,); + H,0]x5
[Mohr-salt]

2 .
67200gm Hb - % gm Fe 2KMnO, +10FeSO, +8H,SO, —>
gm atom of Fe:%=4. K,50, +2MnSO, +5Fe,(SO,); +8H,0
() (NH,),S0, =2NH,= 2HCI Mohr-salt reducing agent KMnO, /H" — oxidising agent
132 236.5)=73 gm 19. (d) Atomic weight = Equivalent weight x Valency
73gHCI=132g(NH ,),S0,
292g HCI = 528 g(NH ), SO, 8.9x32267 [Valency: 2, 3)
(c) 2(NH4),HPO,= P,0; ’
2(36+14+31+64)=264  62+80=142 20. (¢) MW=2xV.D.=2x22=44.
wt.of P, O 21. (d) 2KMnO,+3H,S0, — K,SO, +2MnSO,+ 3H,0 + 5[0]
% of P,Os5 = tof salt x 100 +7 +2
Qe | Change by 5 |
142
=——x100=53.78%.
264 Eq.wt.— Moé.wt.
3
(b) 2AZ+502 — AL, 04 22.  (c) Dibasic acid NaOH; N, V, = N, V,
w 1 0.16 25
According to equation % mole of 02 combines with 2 mole E x1000 = E x25; T x1000 = B
Al M=2xE=2x64=128.
2 mole A/= 54gm 23.  (d) NaOH  HCI
(a) 0.5gm Se —>100gm peroxidase anhydrous enzyme . .
NV, = N,V,; 20x—=—xV; V=40ml
78.4gm56_)w=1-568x104 t 22 10 20 "

Minimum m.w. — molecule at least contain one selenium. 24. (@ AV =NV +N,V,
02x2=0.5x+0.12—-x)
04=05x+0.2-0.1x

0.2=04x
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25.

26.

27.

28.

29.

30.

31.

(b)

(b)
(c)

30 Chemical Arithmetic

x :lL =0.5L
2

NV = N,V + N,V, + N, ¥,

N><1000=1><5+%><20+%><30:5+10+10=25

N =0.025 = ﬁ .
40
NH3(g) + HCl(g) - NH4CI(A,)
t=0 20ml 40ml 0
=t 0 20 ml solid
Final volume = 20m/.
KMnO, Oxalic acid
M,V _ M,V, ‘ 20x0.1 _ M,V, MV, =5,
n n, 2 5
Acidic medium E = M = E =31.6gm.
5 5
ol M AgNO3 will react with 01 M NaCl to form 01 M
NaNO;. But as the volume is doubled, conc. of

NO; :Ojl:o.oszw

Acid
N, Vi= N,V, ; Ny x30=0.2x15; N, =0.1N

(1) Phenopthalein indicate partial neutralisation of

Na,CO; — NaHCO,
Meq. of Na,CO;+ Meq. of NaOH = Meq. of HC/

base

Y 1000+ %1000 = NV
E E

(Suppose Na,CO, =agm, NaOH = b gm)

a
106
(1) Methyl orange indicate complete neutralisation
HCI  HCI

N, Vi =N,V,, 25%x0.2=0.1 x V, 80V, =50ml excess

><1000+4b—0><1000=300><0.1 ..... )

1000 +-2- %1000 = 350x0.1 .. (2)
53 40

From (1) and (2) b=1gm.
From solution of (3n

From equation (1)

a=Na,CO; =0.53gm.

M.V, M
50020 2V (vpon)
n n
I 110 o

1 2

Atom in highest oxidation state can oxidize iodide to liberate
I, which is volumetrically measured by iodometric titration
using hypo.

2I > 1,

+2 . . P TR
Pb™ — Lowest oxidation state can not oxidise iodide to I, .
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35.

36.

37.

38.

39.

40.

41.

42.

(d)

(d)

(b)

(d)

(@

(b)

(b)

(¢)

KMnO, = Mohr salt

MV =M2V2; 0.1><10:M2V2 . MV, =5.
n n, 1 5

The equivalent weight of H;PO, = %rwelght

-+ mole wt of H;PO,=3+ 31+ 64 =98

.98 _
2
Ba(OH), +CO, — BaCO; + H,0

Atomic wt. of BaCO; =137+12+16x3 =197

49

wt.of substance
NO. OF mole _
mol wt.

“* 1 mole of Ba(OH), gives 1 mole of BaCO,

". 205 mole of Ba(OH), will give .205 mole of BaCO,
. wt. of 0.205 mole of BaCO; will be

.205%x197 =40.385gm =40.5 gm

N, =0.5N — 10mg per mL
10x107°
) = 10X 4N x1000 =0.25N
40x1
Vi, =500ml, V,=?
N,V =N,V,; 0.5x500=0.25%V,
V, =1000mL final volume water added = 1000 — 500
= 500mL
eq. of KMnO, = eq. of Fe(C,0,)
xx5=1x3
x=0.6
Element Atwt.  Mole Ratio Empirical
formula
C -86% 12 7. 1 CH
H =14% 1 14 2 Beleongs to
alkene C, H,,
AgNO, =24gt+ S* — Ag,S
(H,S5)
** 2mole = 1 mole [100x1 =100 millimole]
*. 100 miliimole — 50 millimole H,S required
CuSO, =Cu™+ §* —CuS
(H,S)
* 1mole — 1 mole [100x1=100 millimole]
*. 100 millimole — 100 millimole H,S required
50 1
Ratio ——=—.
100 2

At room temperature 2H2(g) + Oz(g) —> 2H20(/)

t=0  50m/ 50m/ 0
t=t 50 — 2x 50 — x 2x
=0 25gases (50)liquid
In this case /1, is limiting reagent
x=25ml
At 10°C  2H ) + Oy —> 2H,0, Veas =75ml

t=t 0 25ml/ 50m/



43.

44.

45.

46.

47.

48.

49.

50.

+2 +1

CJ:L2¢SO4+2K1—>K'2SO4 +6+‘12412; 2Cul, —» Cul,+ 1,
I, +2Na,S,0; — 2Nal + Na,S,0,

Eq. wt. Of CuSO,.5H,0 =Mol.wt.=250

100 m/ of 0.1 N hypo =100 m/of 01 N CuSO,.5H,0

~250x0.1x100
100
HNO, + KOH — KNO, + H,0

=2.5gm

12.6
K =0.2 mole; HNO,; = KOH

0.2 mole = 0.2 mole
0.2x56=11.2gm.
Isobutane and n-butane [C4H10] have same molecular

formula; C4H10 +%02 e 4C02 +5H20

For 58gm of C4H]O 208 gm 02 is required then for 5 kg of
5%208

C,Hy O, = ~17.9kg

n =ﬁ=0.75 mole of H,and O,
22.4

0257 0,
0.75< 323 ] i

2H,0 - 2H,+0,
2:1
2 mole H, — 2 mole H,0
0.5 mole H, — 0.5 mole H,0=9gm.
3ml (0) — 1ml O,
30m/ (O) > 10m/ O,

150 %10

X=—-
100

Vof O,+ Vof Oy =135+10=145ml

Turpentine oil absorb ozone.

=15ml

50% HC/ itself means 50gm HCI react with 100gm sample

x100=50%.

\ 50
% Purity = 100

AgNO; + HCl — AgCl+ HNO,

30 500x0.2
170 1000
t =0 0.476 mole 0. mole limiting =14.345gm
t=t 0.076 mole 0 0.amole
KMnO,  FeSO,
MV MVt
m ) ny
=ix10xL=l=0.2
10 10 5

For (d), M,V =0.02x10 =
5

OR
51. (c) ROH+CH Mgl— CH, + Mg ]

1 mol. 1 mol=22400 cc

52.

53.

54.

55.

56.

57.

58.

(b)

@
(b)

(b)

()

(b)

(b)
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112 mL is obtained from 4.12 mg
*. 22400 mL will be obtained from

“; «22400mg = 84.2

Element %(a) Atwt.(b) a/b  Ratio
X 50 10 5 2
Y 50 20 2.5 1

Simplest formula = X,Y
A5(BCy), =3x2+[5+(2x4)],=0.
CaCO,; — CaO + CO,

10gm
90% 9, 9 |

% pure = ——mole

PETE 28T 7100

CaCO; = CO, =0.09 mole

At NTP Vol. CO, =0.09x22.4 =2.016L .

cd? +  S* > adS

20x1= 20

Cu™ +8* > CuS
20x0.5 =10

Ratio =2 : 1

Mg™? =H,

n=128m L e of H,
24gm 2

Mg +

l02 — MgO
Tmole 2

0.5mole
0.5 mole of oxygen react with 1 mole of Mg

1.5
1.5 mole of oxygen react with I =3 mole

24x3 =T2gm.
CaCO4+2HCl —> CaCl, + CO,+ H,0
100 g 2N 44 g

100 g CaCO with 2 N HCI gives 44 g CO,

100 g CaCO 5 with 1 N HC/ gives 22 g CO,
Critical Thinking Questions

H20 contains Hand Oin a fixed ratio by mass. It illustrates
the law of constant composition.

100 goF ZnSO crysta]s are obtained from =22.65g Zn

22.65
1g of ZnSO crystals will be obtained from = Wg Zn

20 g of ZnSO crystals obtained from = % x20=4.53¢g

If same volume is occupied by the gas, the no. of molecules are

same, so no. of moles are same.

1 mole of N, gas =2x14 =28gm



5. (o)
6. (b)
7 (b)
8. (b)
9. ()
10. (d)
1n. (a)
12, (c)
13. (a)

32 Chemical Arithmetic

1 mole of CO gas =12+16=28gm

75
Heat capacity of water per gram = E =4.17

Q= mST
1000 =100%x4.17 xt

1000
100x4.17

=24K.

8gm sulphur is present in 100gm of substance

(d)

100
32gm sulphur will present = Y x32=400.

(a) 6.023x 10% molecules of co,

No. of atoms =3 x6.023 x10?'=18.069 x 10?! atoms

(b) 224L of CO,

No. of atoms = 6.023 x 102 x 3 =18.069 x 102 atoms

(c) 0.44gmof CO,
0.44

No. of moles = ——

44

1

=—X

100

6.023 x10% moles

=6.023 x10?' moles =3 x6.023 x10>' atoms

18.069 x 10%! atoms
It is about 224L.

200mgof CO, =

44gm of CO,

0.2gm of CO, =

6X1023

200x107° =0.2gm

= 6x10% molecules

x0.2=0.0272x10%

=2.72x% 102| molecule

Now 102! molecule are removed.

So remaining molecules = 2.72x 10! —10%!

=10%'(2.72-1) =1.72x10?" molecules

Now, 6.023 x10% molecules = imole

1.72x10! molecules =

1x1.72x10?!

6.023x10%

=2.85x107.

()

(¢)

(@

(b)

=0.285%x1072

2K,Cr,0, +2HCl — K,Cr,0, +2KCl + H,0

Meq of MgJr2 =Meq of washing soda

w

— X

-3
12x107 1000 =1.

1000= Mg"; EW=

24

2

12

K,Cr,0, + 4H,50, - K,50, +Cr,(SO,),
+ 6/twoatom

+12/twoatom

| Change by 6

Eq.wt.

KMnO, = Mohr salt

_ Mol.wt.

|+4H20+3[O]

M1 :A/IZV2 = w x1000 xﬁ

1 5 MxV 5

W %1000 “ _3.92%1000 xﬂ W=3.476gmlL
58 x1000 392x1000 5

Volume m of HC/neutralised by NaOH = (Caustic soda) = V]
NV, =N,V,; 0.1xV; =0.2x30; V¥, =60m/
V total (HC/) = 100m/

Vi = 60m/

a0m/
40m/ 0N HCI is now neutralised by KOH (0.25N) —

(HC NyV; = N,Vs (KOH)
0.1x40 =0.25x 73 ;
BCI, +3[H]— B+3HCI

v, =16mi.

BCI3 +2H2 —> B+3HCI; B=ﬁ:2mole
2 10.8
3
B=—H
2 2
3
1mole E;mo]e;Zmo]e—Smole
V=3x%x22.4=67.2L.
:K: r ;K: 112 ; W=0.08gm .
M 22400 16 22400
12 Weo, .
0%C =12, 20 00 2 12, 263 100 - 83.6%
44 w 44 8
W,
%H:%x 10 100 = 2 1'2§><100=16.4%

Ratio

}XB
i 7

1
%(a) At.wt.(b) a/b
83.6 12 6.96 1
16.4 1 16.4 2.

CsH, =12x3+7 =43gm.

C
H

50,+2H,0 - S+2H,0,
+4 0
EW=¥=%=16; Twice 16x2 =32

Assertion & Reason

We know that from the reaction H, +Cl, — 2HCI that the

ratio of the volume of gaseous reactants and products is in

agreement with  their The of
H2 ZC]Z :HCl volumes is 1:1:2 which is the same as

their molar ratio. Thus volume of gas is directly related to the

molar  ratio. ratio

number of moles. Therefore, the assertion is false but reason is

true.

(e) We know that molecular weight of substance is calculated by

ABHIYANTRA.IN

adding the atomic weight of atoms present in one molecules.

We also know that molecular weight of oxygen (O,)=2x

(Atomic weight of oxygen) =2x16=32am.u. Atomic



(b)

weight of oxygen is 16, because it is 16 times heavier than1/12' of

carbon atom. Therefore assertion is false but reason is true.

According to Dalton's atomic theory atoms can neither be
created nor destroyed and according to berzelius hypothesis,
under similar condition of temperature and pressure equal
volumes of all gases contain equal no. of atom. Therefore

assertion is true but reason is false.

One mole of any substance corresponding to 6.023 x10%

entities is respective of its weight.

Molecular weight of SO, =32+2x16 =64gm .
Molecular weight of O, =16x2 =32gm.

Molecular weight of SO, is double to that of O, .

1231 has four significant figures all no. from left to right are
counted, starting with the first digit that is not zero for
caicuiating the no. of significant ﬁg‘ure.

Molar volume (at NTP) = 224L

Now 224L of N, = volume occupied by one mole of
N, =28gm =6.023 x 102 molecules.

Similarly, O, =2x16 =32gm,

32gm = 6.023 x10% molecules = 22.4L

6.023x10% x5.6
22.4

22.4L =6.023%10% or 5.6L =

=lx6.oz3x1023
4

According to avagadro's hypothesis equal volume of all gases
contain equal no. of molecules under similar condition of
temperature and pressure.

For universally accepted atomic mass unit in 1961, G2

was selected as standard. However the new symbol used is 'V
(unified mass) in place of amu.

M
Vapour density of B = >

M
Vapour density of 4 =4 XT =2M

Molecular mass of A =2x2M =4M .

Pure water always contains hydrogen and oxygen in the ratio
1:8 by mass. This is in accordance with the law of constant
composition.

The number of moles of a solute present in litre of solution is

known is as molarity (M).

The total no. of molecules of reactants present in a balanced

chemical equation is known as molecularity. For example,

PCIl; — PCL, + Cl, (Unimolecular)

ABHIYANTRA.IN
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(e)

@)

C)

(b)

(@

Chemical Arithmetic 33

2HCl — H, + 1, (Bimolecular)
Molarity and molecularity are used in different sense.

Both assertion and reason are true and reason is the correct

exp]anation of assertion.

63.6

At.wt.
Equivalent wt. of Cuin CuO=—— =

— =318
Valency

Equivalent wt. of Cuin Cu,0 = 63;—6 =63.6
(Valency of Cu =1).

Mass used for the

determination of accurate atomic mass and the relative

spectrometer is the instrument

abundance of the isotopes.

Both assertion and reason are true and reason is the correct

explanation of assertion.

Example of isomorphous compounds are

K2S03, K2C7'04, K2S€O4 (vaiency of S Cr, Se = 6) and

ZnS0, .7TH,0, MgSO, .7H,0,FeSO, .7TH,0O (valency
of Zn, Mg; Fe =2).

No. of atoms present in a molecules of a gaseous element is
called atomicity.

For example, O, has two atoms and hence its atomicity is 2.

12gm of C-12 contain 6.023 x 107 atom

12
6.023

x107% =1.66x107%* .
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Chemical Arithmetic

A mixture of sand and iodine can be separated by
[Kerala CEE2002]

(b) Sublimation

(d) Fractional distillation

(a) Crystallisation
(c¢) Distillation

The element similar to carbon is

(a) Mg (b) Mn
(c) Sn (d Po
The law of multiple proportions was proposed by
[TIT 1992]
(a) Lavoisier (b) Dalton

(c) Proust (d) Gay-Lussac
1 L of N,combines with 3 L of H,to form 2L of

NH yunder the same conditions. This illustrates the

(a) Law of constant composition

(b) Law of multiple proportions

(¢) Law ofreciprocal proportions

(d) Gay-Lussac’slaw of gaseous volumes

Onesam ple of atmospheric airisfoundtohave 0.03% of
carbon dioxide and another sample 0.04%. This is
evidence that

(a) Thelawofconstant composition is not always true
(b) Thelaw of multiple proportionsistrue

(¢) Airisa compound

(d) Airisa mixture

One part of an element A combines with two parts of
another B. Six partsof the element C combine with four
partsoftheelement B. if A and C combine together the
ratio of their weights will be governed by [AMU 1984]

(a) Law of definite proportion

(b) Law of multiple proportion

(¢) Law ofreciprocal proportion

(d) Law of conservation of mass

The maximumamount of BaSO, precipitated on mixing
equal volumes of BaCl, (0.5 M) with H,50, (1 M) will

correspond to [AIIMS 1997]
(a) o.5 M (b) 1.0M
(¢) 1.5M (d) 2.0M

g7 Self Evaluation Test -1

10.

11.

12,

13.

14.

15.

Crystals of which pair are isomorphous [MP PMT 1985]
(a) ZnSO,,SnSO, (b) MgSO,,CaSO,

(¢) ZnSo,, MgSO, (d) PbSO,, NiSO,

M is the molecular weight of KMnO, . The equivalent
weight of KMnO, when it is converted into K,Mn0O, is
(a) M

(¢) M/5

(b) mM/3
(d Mm/7

An aqueoussolution of 6.3 g of oxalic acid dihydrate is
made up of to 250 ml The volume of 0.1
N NaOH requiredto completely neutralise 10 ml of this

solution is [IIT 2001]
(a) 40 ml (b) 20 ml
(c) 1toml (d) 4 ml

The normality of orthophosphoricacid having purity of
70% by weight and specific gravity 1.54 would be[ CPMT 1992]

(a) 11N (b) 22N

(¢) 33N (d) 44N

The equivalent weight of phosphoric acid (H3P0,) in the
reaction, NaOH + H3PO, — NaH,PO, + H,O is

[AIIMS 1999; BHU 2005]
(a) 25 (b) 49
(c) 59 (d) 98

Volume of 0.6 M NaOH required toneutralize 30 cm> of

0.4 M HClis [KCET 1995]
(a) 30cm’ (b) 20cm?®
(¢) 50cm’ (d) 45cm?

Onemole of potassium dichromate completely oxidises
the following number of moles of ferrous sulphate in
acidic medium [MP PET 1998]

(a) 1 (b) 3

(c) 5 (@ 6

Thenumber ofequivalents of Na,S,0; required for the

volumetric estimation of one equivalent of Cu>* is
[Kerala MEE 2000]

(a) 1

(c) 3/2

(b) 2
(d 3

S Answers and Solutions

(SET -1)
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(b) Iodine showssublimation and hence volatalizes on
heating, the vapour condenses on cooling togivepure
iodine.

(¢) Carbon and tin both aresame group elements sohave
similarities in properties.

(b) Law of multiple proportionswas proposed by Dalton
and verified by Berzelius.

(d) Gay-Lussac'slaw:Thevolumesofthereacting gases
and those of the gaseous products bear the simple
ratio (also called the law of gaseousvdumes).

(d)

(¢) Theweightsoftwoelementscombining with a fixed
amount of the third element will bear the same
ratio(or simple multiple of it) in which they
themselvesreact.

(a) BaCl, + H,SO, — BaSO, +2HCI

Onemole of BaCl,reactswithonemoleof 7,50, .
Hence 0.5 mole willreactwith 0.5 moleof H,S0,
i.e. BaCl, isthelimitingreagent.

(¢) Isomorphoussubstance moleculescontain the same
number of atoms bonded in similar fashion.

+7 +6
(a) KMnO, —» K,MnO,
Changeino.5peratom =7-6 =1
Equivalentweightof KMnO,
_ Molecularweightof KMnO, ~ M

=—=M.
Change of 0.5 per atom 1

10.

11.

12,

13.

14.

15.

K **

Chemical Arithmetic 35

(a) Oxalicacid NaOH

N =NV,

KXIOOO xV, =N,V,

E 14
éﬁxmxIOZO.le V=40ml
63 250

(a) 70% by weight 70gm H,PO, —100gm
solution/sample

w100

d 154

_70x1000
98 x100/1.54

(d) NaOH + H,PO, — NaH,PO,
PO?)  (NaPO;?)

EWe— MW 98
no. ofionisableH* 1

(b) NaOH HCI
NV, =N,V ; 0.6x ¥, =0.4x30; ¥, =20ml .

(d Cro; - Cr’t; Fe*l+ — Fe'*t
n=6 n=

eq. of K,Cr,0, = eq.of FeSO,
Ix6=xx1
(b) Cu®* +2I" — Cul, 2Cul, = Cu,l, +1,

1, +2Na28,0; = 2Nal + Na,S, 0,

Cu** =2Na,S,0,

ABHIYANTRA.IN



34 Chemical Arithmetic

Chemical Arithmetic

A mixture of sand and iodine can be separated by
[Kerala CEE2002]

(b) Sublimation

(d) Fractional distillation

(a) Crystallisation
(c¢) Distillation

The element similar to carbon is

(a) Mg (b) Mn
(c) Sn (d) Po
The law of multiple proportions was proposed by
[TIIT 1992]
(a) Lavoisier (b) Dalton

(c) Proust (d) Gay-Lussac
1 L of N,combines with 3 L of H,to form 2L of

NH yunder the same conditions. This illustrates the

(a) Law of constant composition

(b) Law of multiple proportions

(¢) Law ofreciprocal proportions

(d) Gay-Lussac’slaw of gaseous volumes

Onesam ple of atmospheric airisfound tohave 0.03 % of
carbon dioxide and another sample 0.04%. This is
evidence that

(a) Thelawof constant composition isnot alwaystrue
(b) Thelaw of multiple proportionsistrue

(¢) Air isa compound

(d) Air isa mixture

One part of an element A combines with two parts of
another B. Six partsof the element C combine with four
partsoftheelement B. if A and C combine together the
ratio of their weightswill be governed by [AMU 1984]

(a) Law of definite proportion

(b) Law of multiple proportion

(¢) Law ofreciprocal proportion

(d) Law of conservation of mass

The maximumamount of BaSO, precipitated on mixing

equal volumes of BaCl, (0.5 M) with H,50, (1 M) will

correspond to [AIIMS 1997]
(a) o.5 M (b) 1.0M
(¢) 1.5M (d) 2.0M

g7 Self Evaluation Test -1

10.

11.

12.

13.

14.

15.

Crystals of which pair are isomorphous [MP PMT 1985]
(a) ZnSO,,SnSO, (b) MgSO,,CaSO,

(e) ZnSO,,MgSO, (d) PbSO,,NiSO,

M is the molecular weight of KMnO, . The equivalent
weight of KMnO, when it is converted into K,MnO, is
(a) M

(¢) M/5

(b) mM/3
(d Mm/7

An aqueoussolution of 6.3 g of oxalic acid dihydrate is
made up of to 250 ml The volume of 0.1
N NaOH requiredtocompletely neutralise 10 mlof this

solution is [IIT 2001]
(a) 40 ml (b) 20 ml
(© 10ml @ 4 ml

The normality of orthophosphoricacid having purity of
70% by weight and specific gravity 1.54 would be[ CPMT 1992]

(a) 11N (b) 22N

(¢) 33N (d) 44N

The equivalent weight of phosphoric acid (H3P0,) in the
reaction, NaOH + H3PO, — NaH,PO, + H,O is

[AIIMS 1999; BHU 2005]
(a) 25 (b) 49
(c) 59 (d) 98

Volume of 0.6 M NaOH required toneutralize 30 em® of

0.4 M HClis [KCET 1995]
(a) 30cm’ (b) 20cm*
(¢) 50cm’ (d) 45cm®

Onemole of potassium dichromate completely oxidises
the following number of moles of ferrous sulphate in
acidic medium [MP PET 1998]

(a) 1 (b) 3

(c) 5 (d 6

Thenumber of equivalents of Na,S,0; required for the

volumetric estimation of one equivalent of Cu?* is
[Kerala MEE 2000]

(a) 1

(¢) 3/2

(b) 2
(d 3

S Answers and Solutions

(SET 1)
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10.

11.

12.

13.

(b) Iodine showssublimation and hence volatalizes on 14.

heating, the vapour condenses on cooling togivepure
iodine.

(¢) Carbon and tin both aresame group elements sohave
similarities in properties.

(b) Law of multiple proportionswas proposed by Dalton
and verified by Berzelius.

(d) Gay-Lussac'slaw:Thevolumesofthereacting gases
and those of the gaseous products bear the simple
ratio (also called the law of gaseousvdumes).

(d)

(¢) Theweightsoftwoelementscombining with a fixed
amount of the third element will bear the same
ratio(or simple multiple of it) in which they
themselvesreact.

(a) BaCl, + H,SO, — BaSO, +2HCI

Onemole of BaCl,reactswithonemoleof 7,50, .
Hence 0.5 mole willreactwith 0.5 moleof H,S0,
i.e. BaCl, isthelimitingreagent.

(¢) Isomorphoussubstance moleculescontain the same
number of atoms bonded in similar fashion.

+7 +6
(a) KMnO, —» K,MnO,
Changeino.5peratom =7-6 =1
Equivalentweightof KMnO,
_ Molecularweightof KMnO, ~ M

=—=M.
Change of 0.5 per atom 1

(a) Oxalicacid NaOH
N =N, T,

KXIOOO xV, =N,V,
E V

6.3 1000
—x

63 250

x10=0.1xV V=40ml

(a) 70% by weight 70gm H,PO, —100gm
solution/sample
W _ 100 . 70x1000

d 154 98x100/1.54

11N

(d) NaOH +H,PO, — NaH,PO,
PO  (NaPO?)

EW = S A— ) .
no.ofionisableH" 1
(b) NaOH HC(Cl

NV, =N,Vy; 0.6xV, =0.4%x30; V, =20ml .
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(@ ¢crno; -’y Fe*l+ — Fe™*
n=

n=6
eq. of K,Cr,0, = eq.of FeSO,

1x6 =xx1

(b) Cu* +2I" = Cul, 2Cul, — Cu,I, +1,

I, +2Na2S,0; —> 2Nal + Na,S,0,

Cu®* =2Na,$,0,



