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CDmprehensive Engineering Chemistry

0 +5 +2 45 +4
3. Zn + HNO; —— Zn(NO3), + NO; + H,0
Solution:
O.N. of uncombined zinc atom = 0 O.N. of nitrogen in HNO; =+ 5
ON. of zinc in Zn(NOs), =+2 O.N. of nitrogen in NO, = + 4
Increase in oxidation number = 2 . Decrease in O.N. = 1

Total increase in oxidation number should be equal to total decrease. Therefore ratio of zinc
and HNO; must be 1:2 and molecule where O.N. of nitrogen is changed is multiplied by 2.

Zn+ 2HNO3 —_— ZH(NO3)2 + 2N02 T Hzo

To balance nitrate radicals where O.N. of nitrogen remains unchanged, i.e., +5, 2HNO; are
added towards the LHS of the equation.

Zn +4HNO; — Zn(NO;3), + 2NO, + H,0O
Water molecule on RHS is multiplied by 2, to balance hydrogen and oxygen atoms.
Zn + 4HNO; —— Zn(NOs), + 2NO, + 2H,0

+5 + +
4. ZI(; +HNO; —— Zzn(;lsogz + 1‘320 +H,0
Solution:
O.N. of uncombined zinc = 0 O.N. of nitrogen in HNO; =+ 5
O.N. of zinc in Zn(NQOs), =+ 2 O.N. of nitrogen in N;O =+ 1
Increase in O.N. =2 - Decrease in O.N. =4

To make change in O.N. equal, ratio of zinc and HNO; must be 4:2. As nitrous oxide
molecule contains two nitrogen atoms, it is not necessary to multiply it by 2. But molecule
containing zinc should be multiplied by 4.

47n + 2HNO3 e 4ZT\(NO3)3 o5 NzO =+ H?_O

To balance nitrate radicals on either side of the equation where O.N. of nitrogen remains
unchanged, 8HNO; are added towards the LHS of the equation.

47n + 10HNO3 ————p 4Zn(NO;)2 + Ngo " ¢ Hgo ?
To balance hydrogen and oxygen atoms, H,O on RHS is multiplied by 5.
47Zn + 10HNO; —— 4Zn(NO;), + N,O + 5H,0

5 Kﬁnm + i:‘zeSO‘ + H,S0, —— K,S0O, + l\:[anO4 + I;éz(SO4)3 +H,0
Solution:
O.N. of Mn in KMnO,=+7 - O.N. of Fe in FeSO, =+ 2
O.N. of Mn in MnSO; =+ 2 O.N. of Fe in Fey(SO4);=+3
Decrease in ON. =5 . Increase in O.N. =1

To make change in O.N. equal, ratio of KMnOy and FeSO, must be 1:5. Five molecules of
FeSO, will yield 2% molecules of Fe,(SO;);. But molecules are not written in fractional
numbers. Therefore above ratio of molecules must be doubled.

@ CamScanner


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

**Download from www.arjun00.com.np 2

8. a) State and explain Faraday's 2" law of electrolysis.

» Statement :
If same quantity of electricity is passed through different electrolytes
connected in series, then the amount of substances deposited or liberated
at their respective electrodes are in the ratio of their equivalent weight.

» Explanation :

Consider 3 cells containing H,S0,, CuSO, and AgNO3, solutions are
connected in series. If some quantity of electricity is passed through these
cells, then amount of hydrogen, copper and silver deposited at the
respective cathodes are in the ratio of their equivalent mass.

Hence,

‘\,

Mass of hydrogen /= Mass of coppert | Mass of silver
Eq.mass of hydrogen  /Eq. mass of copper ~ Eq. mass of silver

Mass of hydrogen Mass of copper—« Mass of silver

or,

1.008 31,75 — 108
o447 — ®
Oxygen Hydrogen

-— - — - — - -

- - = = A = = -
“Acidified water Cupper sulphate solution Silver Nitrate solution
(dil. H,50,) .
Fig: lllustration of Faraday's 2" law of electrolysis
Copyright © belongs to the Arjun Chy AC 19 www.arjun00.com.np
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» We know,
Weight of one molecule of the substance

Molecul ight =
olecular weigh Weight ofone atom of hydrogen

and. Vabour densit Weight of certain volume of a gas
’ 0 e — -
P d Weight of same volume of hydrogen gas

(At same temperature and pressure)

T Weight of (V) volume of the vapour of a substance
T Weight of (V) volume of hydrogen

(At same temperature and pressure)

Let 'V’ volume of vapour of the substance ¢ontain 'n'molecules.

Therefore 'V' volume of hydrogen alsocontain ‘'n’ molecules.

VD — Weight'of nmolecules of.gas |
"7 Weight of-n-molecules'of hydrogen

Weight of 1 molecules of gas
Weight of 1 molecules of hydrogen

Weight of 1 molecules of gas

Weight of 2 atom of hydrogen [+ hydrogen is diatomic]

Weight of 1 molecules of gas
2 X Weight of 1 atom of hydrogen

By definition of molecular weight; we have,


https://v3.camscanner.com/user/download
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1
V.D.= 5 X molecular weight

~ Molecular weight = 2 X V.D.

Hence,
The molecular weight of the compound is twice of it's vapour

density.

b) What is mole?

» Mole is a unit used to measure-the amount.of.a substance. One mole of a
substance contains the same numberof particles)as there are in 12
grams of carbon-12. This number is approximately 6.02 x 10%3 particles
and is known as Avogadro’'s.humber,

Calculate the no of mole in
i) 11.2 Itr of CO, at NTP.

V 4
We have,
22.4 L Contains 1 mole of CO, at NTP
1
1L Contains —— mole of CO, at NTP
22.4
By question,
o 11.2

11.2 L contains 524 mole od CO, at NTP
11.2 L Contains 0.5 mole of CO, at NTP
No.of mole = 0.5

Copyright © belongs to the Arjun Chy AC 9 www.arjun00.com.np
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4. a) Define acid and base in terms of Arrhenius concept with one

examples of each.

» According to the Arrhenius concept, all substances which contain
hydrogen and give H* ions when dissolved in water are called acids while
those which contains hydroxyl groups and which when dissolved in water
give OH™ ions are called bases.

e Example of an acid: Hydrochloric acid (HCl)

When HCl is dissolved in water, it dissociates into H* and Cl™ ions,
increasing the concentration of H* ions in the solution. The reaction can

be written as:
HCl (aq) — H* (aq) + Cl ~(aq)

o Example of a base: Sodiunm hydroxide (NaOH)
When NaOH is dissolved in water, it dissociatesinto Na* and OH™ ions,
increasing the concentration of OH7 ions in the solution. The reaction can

be written as: ,
NaOH (aq) — Na* (aq). + OH" (aq)

Additional : If ask,
» Limitations of Arrhenius concept :

v Hydrogen ion does not exist as free ion but combines with water
molecule to form H;0%. This is not covered in this concept.
v’ This concept is limited to only one solvent water.

v It does not cover those compounds that act like acid (CO,) and base
(NH3) though they do not contain H* and OH™ ion respectively.

v The Arrhenius concept also does not explain the behavior of amphiprotic
substances, which can act as both an acid and a base depending on the

reaction, such as water(H,0).
Copyright © belongs to the Arjun Chy AC 1 1 www.arj un(l(l.com.np
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3.a) Define Avogadro's hypothesis. Show that the molecular weight of
the compound is twice of it's vapour density. 38

» Avogadro's hypothesis states that, "equal volumes of all gases under the
same conditions of temperature and pressure contain an equal number

of molecules".

(&Y CamScanner
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10. Write short notes on:
a) Assumption of electronic theory of valency

» The assumptions of electronic theory of valency are as follows:-
v Only the valence electrons participate in chemical combination.

v Number of valence electrons determines the capacity of atoms to take part
in chemical combination.

v’ Every element has tendency to acquire the nearest inert gas configuration
which is considered as stable configuration.

v The combination of atoms takes place by transfer or mutual sharing or
donating one or more valence electrons.

v The attractive forces which holdivarious€onstitients (atoms, ions) together
in different chemical species are called chemical bond.

b) Electrochemical series

» The arrangement of various'elements‘in order-ofincreasing values of
standard reduction potentials is called electrochemical series. The standard
oxidation potential is equal to standard reduction potential with opposite

sign.

{ A part of electrochemical series :
Agt + e = Ag = +08v
2H* + 2e = H2 = 0v

Positive sign of £° indicates that the substance has greater tendency to reduce
than hydrogen. }

Copyright © belongs to the Arjun Chy AC 23 www.arj un(0.com.np
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b) State Mendeleev's periodic law? Explain Mendeleev's periodic table

in brief. Also mention it's anomalies.

» Mendeleev's periodic law states that " the physical and chemical properties
of elements are periodic functions of their atomic weights". This means that
the properties of elements are related to their atomic weights, and elements
with similar properties occur at regular intervals. The periodic law is the
basis for the arrangement of the elements in the modern periodic table.

> The ( Features ) of Mendeleev's periodic table In brief :-

v This table is based on the Mendeleev's periodic law which states, "The
physical and chemical properties of all elements are periodic functions of
their atomic mass". :

v’ The elements are arranged in nine vertical colu‘mnsAknown as groups. The
ninth one is called zero group.

v There are seven horizontal rows known as periods..Six periods are complete
whereas seventh one.is incompléte.

v All the groups exceptzeroand Viit-are furtherdivided into subgroups A and

B.
v There are some blank spaces for undiscovered elements.

» The anomalies of Mendeleev's periodic table are :-

v’ Position of hydrogen in the table is controversial.

v Metals and non-metals are not separately placed.

v Elements with higher atomic masses are placed before that of lower atomic
masses.

v Lanthanides and Actinides are not separated from the main body of the

periodic table.
Copyright © belongs to the Arjun Chy Ac 33 www.arjun(0.com.np
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6. Write short notes on: (Any Five) A6

a) Radical

» Refer to the solution 2076 of Q. No 10(e) on page 25
b) Covalent bond

» The bond which is formed between two or more atoms of the same or
different elements by equal sharing of electron between any two
combining atom is known as covalent bond. It may be polar or non polar.
It is denoted by dash line (—). For Example : Cl; molecule

Types of Covalent bond :

v’ Single covalent bond: Itisformed bythesharing of one electron
between the two combining atoms. Example:F;, H, etc.

v Double covalent bond: It'is formed by the sharing of two electrons
between the two combining atoms. Examplé: 0,, CO, etc.

v Triple covalent bond:itis formed bythe-sharing of three electrons
between two combining atoms. N, , C, etc.

c) Hund’s rule

» Hund proposed a rule of filling of degenerate orbital with electrons which
is known as Hund's rule for maximum multiplicity. This rule is stated as,
"Electrons in degenerate orbital in the ground state first fill singly, and
then pairing-up starts". When electrons enter a set of orbital of a given

sub-shell, electron will pair up only when all the available orbital have had
at least one electron each.

Copyright © belongs to the Arjun Chy AC 38 www.arjun()().com.np
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d) Titration

i » Titration is the word used to determine strength of a solution by reacting
its known volume with solution of known volume and strengthlt is the
experimental procedure of volumetric analysis.

Strength of unknown solution can be calculated with the help of the
equation V;S; = V,8,.

Types of Titration :

v’ Acid-alkali titration

v Redox titration

v lodometry and iodimety
v Precipitation titration

In titration, indicators a,r'e used to indicate complete reaction between
acid and base. Examples of indicators are litmus paper, phenolphthalein,
methyl orange, etc.

e) Normality

» It is defined as the number of gram equivalents of solute present in one
litre of the solution. It is represented by N.

i e,
Number of gm equivalents of solute

Volume of Solution in litre

Normality (N) =

_ weight of solute in gm g 1
~ Equivalent weight of solute ~ Volume of Solution in litre

or, Normality X Equivalent weight = Concentration in gm per litre

Copyright © belongs to the Arjun Chy A,C 39 www.arjun((.com.nn
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d) Preventions from corrosion 44

» The prevention of corrosion are given below :-

v’ Protective coatings - Applying a layer of paint or powder coating can
create a barrier between the metal and the environment.

v’ Cathodic protection - Connecting the metal to a sacrificial anode made
of a more active metal can prevent corrosion.

v’ Control the environment - Reducing humidity, maintaining a certain

temperature, or using a dehumidifier can reduce the risk of corrosion.

v Alloying - Adding a small amount of a more corrosion-resistant metal to
the alloy can improve its corrosion resistance.

v’ Galvanization - Applying a layer of Zinc can protect the metal from
corrosion.

v’ Proper maintenance - Regular cleaning, inspection, and maintenance
can prevent corrosion by removing any.corrosive substances that may
have accumulatedonthe surface:

v Design considerations - Proper design, including material selection,
surface preparation, and proper drainage, can reduce the risk of
corrosion.

e) Radicals

» An Atom or group of atoms carrying charge which acts as single unit
in the chemical reaction is called radicals.

Types of Radicals :

Copyright © belongs to the Arjun Chy Ac 25  www.arjun(0.com.np
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