
A Guide Book of Chemistry
for General Degree Course

Under CBCS

Volume–III

Dr. N. K. Mridha, Msc. PhD.
Assistant Professor, Department of Chemistry

Gour Mahavidyalaya, Malda, WB



First Published April 2021

© Author

All rights reserved. No part of this publication may be reproduced or 
transmitted in any form or by any means without prior permission of the 

Author and/or the Publisher.

ISBN 978-81-89322-03-8

Published By
Sanjay Bhadra for

Nandanik
10/2A, Tamer Lane, Kolkata 700 009

Cover Illustrated By
Syed Abdul Halim

Typeset By
LTM Graphics

Baruipur, Kolkata-700 144
Call : 9830490460



Preface

£zvþz!‹!¢ SUGCV x %̃öì›y!”“þ CBCS þ™yàþÄe«› 2018 ¢yœ öíöì„þ þ™!Øþ›îöìDîû 
!î!¦þ§¬ !îÙ»!î”Äyœöìëû  ‰þyœ% £öìëûöìŠéÐ þ™!Øþ›îöìDîû !î!¦þ§¬ !îÙ»!î”Äyœëû x˜%öì›y!”“þ 
B.Sc. ö‹öì˜!îû„þ ö„þyöì¢Åîû ‹˜Ä SB.Sc. Generic CourseV ö„þ!›!ßþTÉ ¢£yëû„þ 
î£z !£öì¢öìî SA Guide Book of Chemistry, Volume–IIIV î£z!Ýþ ²Ì„þyŸ 
„þîûy £öìëûöìŠéÐ CBCS þ™yàþÄe«› x˜%ëyëû# ö¦þï“þ îû¢yëû˜ ç ÷‹î îû¢yëûöì˜îû 
²ÌöìÙÀy_îû– †y!’!“þ„þ ²ÌöìÙÀy_îû ~î‚ vþz_îû¢£ MCQ ö”çëûy £öìëûöìŠéÐ î£z!Ýþîû 
¢yíÅ„þ ²Ì„þyöìŸîû ‹˜Ä xy!› ˜y¨!˜„þ ²Ì„þyŸ˜yîû „þ’Å•yîû ×# ¢Oëû ¦þo ~î‚ ÷¢ëû” 
xy·%œ £y!œ› ›£yŸëûöì„þ ‹y˜y£z xy›yîû xyhsþ!îû„þ „,þ“þKþ“þyÐ î£z!Ýþ ²Ì„þyöìŸîû ‹˜Ä 
ö†ïvþüîD !îÙ»!î”Äyœöìëûîû x•Äyþ™„þ vþQîû Ö¦þ›ëû ö‰þï•%îû# ¢y!îÅ„þ¦þyöìî ¢£öìëy!†“þy 
„þöìîûöìŠé˜ “þyîû ‹˜Ä xy!› x¢‚…Ä •˜Äîy” ‹y˜y£zÐ î£z!Ýþ ²Ì„þyöìŸîû ‹˜Ä xy!› 
•˜Äîy” ‹y˜y£z ö†ïvþü ›£y!î”Äyœöìëûîû x•ÄÇþ vþQîû x¢#› ¢îû„þyîû ›£yŸëûöì„þ “þyîû 
¢y!îÅ„þ ¢£öìëy!†“þyîû ‹˜ÄÐ ~Šéyvþüyç î£z!Ýþîû ¢Á™y”˜y ç þ™%˜!îÅ˜Äy¢ ~î‚ îy˜y˜ 
¢‚öìŸy•öì˜îû öÇþöìe xy›yîû ßþf# ›y•î# ›,•y ç ”%£z „þ˜Äy {!Ÿ“þy ›,•y ç !ßþ¬?þy ›,•y 
ëíy¢y•Ä ¢£öìëy!†“þy „þöìîûöìŠé “þy£z “þyöì”îû „þyöìŠé xy!› !‰þîû„,þ“þKþÐ î£z!Ýþ ²Ì„þyöìŸîû 
‹˜Ä ¢y!îÅ„þ¦þyöìî ¢£öìëy!†“þy „þöìîûöìŠé˜ xy›yîû ¢£„þ›Å# ×# ²Ìî#îû „%þ›yîû ö‡y¡ì ç 
×# ŸÄy›œ ö‡y¡ì ›£yŸëûÐ “þy£z “þyöì”îû „þyöìŠé xy!› !‰þîû„,þ“þKþÐ ¢öìîÅyþ™!îû î£z!Ýþîû ›)
œÄyëû̃  !˜¦Åþîû „þîûöìî ŠéyeéôéŠéye# ~î‚ x•Äyþ™„þéôéx•Äy!þ™„þyöì”îû ›“þy›öì“þîû vþzþ™îûÐ “þy£z 
î£z!Ýþîû vþz§¬ëû˜ „þöìÒ ¢„þœ ŠéyeéôéŠéye# ~î‚ x•Äyþ™„þéôéx•Äy!þ™„þyöì”îû ¢„þœ ²Ì„þyîû 
¢%þ™îûy›ŸÅ „þy›˜y „þ!îûÐ xy!› î£z!Ýþîû îû‰þ˜y „þyöìœ öë ¢›hßþ î£zöìëûîû ¢£öìëy!†“þy 
!˜öìëû!Šé “þy£z ¢›hßþ öœ…„þöì”îû •˜Äîy” ‹y˜y£z ~î‚ “þyöì”îû „þyöìŠé xy!› !‰þîû}’#Ð

 vþQîû !˜îûO˜ „%þ›yîû ›,•y
 xÄy!¢ÞÝþÄyrÝþ ²Ìöìšþ¢îû
 îû¢yëû˜ !î¦þy†– ö†ïvþü ›£y!î”Äyœëû
 ›Dœîy!vþü– ›yœ”y– þ™!Øþ›îD





Foreword

Chemistry book of Bengali version under CBCS syllabus 
at the undergraduate level is rare. So the students of 
undergraduate in Bengali medium will be highly benefited 
studying this book. The general impression I get is that it is a 
lucid good book which has been written with special care. Let 
me congratulate to the author for being able to undertake and 
complete with excellent are difficult job in Bengali version. 
This text book written in Bengali should become the preferred 
text for undergraduate level.

Dr. Shubhamoy Chowdhury
Professor
Head, Department of Chemistry
University of Gour Banga
Malda - 732103
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Syllabus for 3rd Semester
1. UGB   Semester – III

CEMGT-3 Theory:
 Chemical Energetics, Equilibria, Functional Group Chemistry, 

Organometallic 
Chemistry 4 Credit 

Physical Chemistry – II 
1. Chemical Energetics (13L) 

a. Intensive and extensive variables; state and path functions; 
isolated, closed and open systems; zeroth law of thermodynamics; 
Concept of heat, work, internal energy and statement of first law; 
enthalpy, H; relation between heat capacities, calculations of q, w, U 
and H for reversible, irreversible and free expansion of gases 
b. Standard states; Heats of reaction; enthalpy of formation of 
molecules and ions and enthalpy of combustion and its applications; 
Laws of thermochemistry; bond energy, bond dissociation energy and 
resonance energy from thermochemical data, Kirchhoff’s equations 
and effect of pressure on enthalpy of reactions; Adiabatic flame 
temperature; explosion temperature c. Statement of the second law of 
thermodynamics; Concept of heat reservoirs and heat engines; Carnot 
cycle; Physical concept of Entropy; Carnot engine, refrigerator and 
efficiency; Entropy change of systems and surroundings for various 
processes and transformations; Auxiliary state functions (G and A) 
and Criteria for spontaneity and equilibrium. 

2. Chemical Equilibrium: (8L) 

Thermodynamic conditions for equilibrium, degree of advancement; 
Variation of free energy with degree of advancement; Equilibrium 
constant and standard Gibbs free energy change; Definitions of 



KP, KC and KX and relation among them; van’t Hoff’s reaction 
isotherm, isobar and isochore from different standard states; Shifting 
of equilibrium due to change in external parameters e.g. temperature 
and pressure; variation of equilibrium constant with addition to inert 
gas; Le Chatelier’s principle

3. Ionic Equilibria: (9L) 

Strong, moderate and weak electrolytes, degree of ionization, factors 
affecting degree of ionization, ionization constant and ionic product 
of water; Ionization of weak acids and bases, pH scale, common ion 
effect; Salt hydrolysis-calculation of hydrolysis constant, degree of 
hydrolysis and pH for different salts; Buffer solutions; Solubility 
and solubility product of sparingly soluble salts – applications of 
solubility product principle

Organic Chemistry-II
 Functional group approach for the following reactions (preparations 
& reactions) to be studied in context to their structures.

1. Aromatic Hydrocarbons (7L)
Benzene: Preparation: from phenol, by decarboxylation, from 
acetylene, from benzene sulphonic acid. Reactions: electrophilic 
substitution (general mechanism); nitration (with mechanism), 
halogenations (chlorination and bromination), sulphonation and 
Friedel-Craft’s reaction (alkylation and acylation) (up to 4 carbons 
on benzene); side chain oxidation of alkyl benzenes (up to 4 carbons 
on benzene).

2. Organometallic Compounds  (4L) 
Introduction; Grignard reagents: Preparations (from alkyl and aryl 
halide); 
 concept of umpolung; Reformatsky reaction.

3. Aryl Halides (4L)
Preparation: (chloro-, bromo- and iodobenzene): from phenol, 
Sandmeyer reactions. Reactions (Chlorobenzene): nucleophilic 
aromatic substitution (replacement by –OH group) and effect of 
nitro substituent (activated nucleophilic substitution). 



4. Alcohols, Phenols and Ethers (8L)
a. Alcohols: (up to 5 Carbons). Preparation: 1°-, 2°- and 3°- alcohols: 
using Grignard reagent, reduction of aldehydes, ketones, carboxylic 
acid and esters; Reactions: With sodium, HX (Lucas test), oxidation 
(alkaline KMnO4, acidic dichromate, concentrated HNO3); 
Oppenauer oxidation; 
b.Diols: Preparation (with OsO4); pinacol- pinacolone rearrangement 
(with mechanism) (with symmetrical diols only). 
c. Phenols: Preparation: cumene hydroperoxide method, from 
diazonium salts; acidic nature of phenols; Reactions: electrophilic 
substitution: nitration and halogenations; Reimer-Tiemann reaction, 
Houben–Hoesch condensation, Schotten–Baumann reaction, Fries 
rearrangement and Claisen rearrangement. d.Ethers: Preparation: 
Williamson’s ether synthesis; Reaction: cleavage of ethers with HI.

5. Carbonyl Compounds (7L)
Aldehydes and Ketones (aliphatic and aromatic): (Formaldehye, 
acetaldehyde, acetone and benzaldehyde): Preparation: from 
acid chlorides, from nitriles and from Grignard reagents; general 
properties of aldehydes and ketones; Reactions: with HCN, ROH, 
NaHSO3, NH2-G derivatives and with Tollens’ and Fehling’s 
reagents; iodoform test; aldol condensation (with mechanism); 
Cannizzaro reaction (with mechanism), Wittig reaction, benzoin 
condensation; Clemmensen reduction, Wolff-Kishner reduction and 
Meerwein-PondorffVerley (MPV) 

2. Calcutta University Semester – III
CC3/GE 3: (Credits: Theory-04, Practicals-02)

Theory: 60 Lectures
Chemical Bonding and Molecular Structure

Ionic Bonding:
General characteristics of ionic bonding. Energy considerations 
in ionic bonding, lattice energy and solvation energy and their 
importance in the context of stability and solubility of ionic 
compounds. Statement of Born-Landé equation for calculation of 
lattice energy, BornHaber cycle and its applications, polarizing 
power and polarizability. Fajan’s rules, ionic character in covalent 



compounds, bond moment, dipole moment and percentage ionic 
character.
Covalent bonding: VB Approach: Shapes of some inorganic 
molecules and ions on the basis of VSEPR and hybridization with 
suitable examples of linear, trigonal planar, square planar, tetrahedral, 
trigonal bipyramidal and octahedral arrangements.
Concept of resonance and resonating structures in various inorganic 
and organic compounds. 
MO Approach: Rules for the LCAO method, bonding and 
antibonding MOs and their  characteristics for s-s, s-p  and p-p 
combinations of atomic orbitals, nonbonding combination of 
orbitals, MO treatment of homonuclear diatomic molecules of 1st 
and 2nd periods. (including idea of s- p mixing) and heteronuclear 
diatomic molecules such as CO, NO and NO+. 
Comparison of VB and MO approaches. 

Comparative study of p-block elements:
Group trends in electronic configuration, modification of pure 
elements, common oxidation states, inert pair effect, and their 
important compounds in respect of the following groups of elements: 
i) B-Al-Ga-In-Tl
ii) C-Si-Ge-Sn-Pb
iii) N-P-As-Sb-Bi 
iv) O-S-Se-Te
v) F-Cl-Br-I 

Transition Elements (3d series)
General group trends with special reference to electronic 
configuration, variable valency, colour, magnetic and catalytic 
properties, ability to form complexes and stability of various 
oxidation states (Latimer diagrams) for Mn, Fe and Cu. Lanthanoids 
and actinoids: Electronic Configurations, oxidation states, 
colour, magnetic properties, lanthanide contraction, separation of 
lanthanides (ion exchange method only). 

Coordination Chemistry 
Werner’s coordination theory, Valence Bond Theory (VBT): Inner 
and outer orbital complexes of Cr, Fe, Co, Ni and Cu (coordination 
numbers 4 and 6). Structural and stereoisomerism in complexes with 



coordination numbers 4 and 6. Drawbacks of VBT. IUPAC system 
of nomenclature 

ELECTROCHEMISTRY 
1.Ionic Equilibria 
Strong, moderate and weak electrolytes, degree of ionization, factors 
affecting degree of ionization, ionization constant and ionic product 
of water; Ionization of weak acids and bases, pH scale, common ion 
effect; Salt hydrolysis-calculation of hydrolysis constant, degree of 
hydrolysis and pH for different salts; Buffer solutions; Solubility 
and solubility product of sparingly soluble salts – applications of 
solubility product principle 
2) Conductance
Conductance, cell constant, specific conductance and molar 
conductance; Variation of specific and equivalent conductance 
with dilution for strong and weak electrolytes; Kohlrausch’s law of 
independent migration of ions; Equivalent and molar conductance 
at infinite dilution and their determination for strong and weak 
electrolytes; Ostwald’s dilution law; Application of conductance 
measurement (determination of solubility product and ionic product 
of water); Conductometric titrations (acid-base) Transport Number 
and principles Moving-boundary method 
3) Electromotive force
Faraday’s laws of electrolysis, rules of oxidation/reduction of ions 
based on half-cell potentials, applications of electrolysis in metallurgy 
and industry; Chemical cells, reversible and irreversible cells with 
examples; Electromotive force of a cell and its measurement, Nernst 
equation; Standard electrode (reduction) potential; Electrochemical 
series; Concentration cells with and without transference, liquid 
junction potential; pH determinationusing hydrogen electrode and 
quinhydrone; Qualitative discussion of potentiometric titrations 
(acid-base, redox, precipitation) 
Aromatic Hydrocarbons 
Benzene: Preparation: from phenol, by decarboxylation, from 
acetylene. Reactions: electrophilic substitution reaction (general 
mechanism); nitration (with mechanism), halogenations (chlorination 
and bromination), and Friedel-Crafts reaction (alkylation and 



acylation) (up to 4 carbons on benzene).
Organometallic Compounds 

Introduction; Grignard reagents: Preparations (from alkyl and aryl 
halide); Reformatsky reaction. 

Aryl Halides
Preparation: (chloro- and bromobenzene): from phenol, Sandmeyer 
reactionand effect of nitro substituent (activated nucleophilic 
substitution 

3. Burdwan University   Semester – III
Discipline 1 (Chemistry): CC-1C (Theo) 4 Credits 

Course Title: Chemical energetic, equilibria, organic chemistry 
Physical Chemistry
1.Chemical Energetics 

a. Intensive and extensive properties; state and path functions; 
isolated, closed and open systems; zeroth law of thermodynamics; 
Concept of heat, work, internal energy and statement of first law; 
enthalpy, H; relation between heat capacities, calculations of q, w, U 
and H for reversible, irreversible and free expansion of gases 
b. Standard states; Heats of reaction; enthalpy of formation of 
molecules and ions and enthalpy of combustion and its applications; 
Laws of thermochemistry; bond energy, bond dissociation energy 
and lattice energy from thermochemical data, Kirchhoff’s equations 
and effect of pressure on enthalpy of reactions; Adiabatic flame 
temperature; explosion temperature 
c. Statement of the second law of thermodynamics; Concept of 
heat reservoirs and heat engines; Carnot cycle; Physical concept 
of Entropy; Carnot engine, refrigerator and efficiency; Entropy 
change of systems and surroundings for various processes and 
transformations; Auxiliary state functions (G and A) and Criteria for 
spontaneity and equilibrium.

2. Chemical Equilibrium: 
a. Thermodynamic conditions for equilibrium, degree of 
advancement; Variation of free energy with degree of advancement; 
Equilibrium constant and standard Gibbs free energy change; 
Definitions of KP, KC and KX and relation among them; van’t 



Hoff’s reaction isotherm, isobar and isochore from different standard 
states; Shifting of equilibrium due to change in external parameters 
e.g. temperature and pressure; variation of equilibrium constant with 
addition to inert gas; Le Chatelier’s principle 
3.Ionic Equilibria: a. Strong, moderate and weak electrolytes, degree 
of ionization, factors affecting degree of ionization, ionization 
constant and ionic product of water; Ionization of weak acids and 
bases, pH scale, common ion effect; Salt hydrolysis-calculation 
of hydrolysis constant, degree of hydrolysis and pH for different 
salts; Buffer solutions; Solubility and solubility product of sparingly 
soluble salts – applications of solubility product principle. 

Organic Chemistry 
Functional group app roach for the following reactions (preparations 
& reactions) to be studied in context to their structures.
1.Aromatic Hydrocarbone
Benzene: Preparation: from phenol, by decarboxylation, from 
acetylene, from benzene sulphonic acid. Reactions: electrophilic 
substitution (general mechanism); nitration (with mechanism), 
halogenations (chlorination and bromination), sulphonation and 
Friedel-Craft’s reaction (alkylation and acylation) (up to 4 carbons 
on benzene); side chain oxidation of alkyl benzenes (up to 4 carbons 
on benzene).
2.Organometallic 
Compounds Introduction; Grignard reagents: Preparations (from 
alkyl and aryl halide); concept of umpolung; Reformatsky reaction. 
3. Aryl Halides Preparation: (chloro-, bromo- and iodobenzene): 
from phenol, Sandmeyer reactions. Reactions (Chlorobenzene): 
nucleophilic aromatic substitution (replacement by –OH group) and 
effect of nitro substituent (activated nucleophilic substitution). 
4. Alcohols, Phenols and Ethers a. Alcohols: (up to 5 Carbons). 
Preparation: 1°-, 2°- and 3°- alcohols: using Grignard reagent, 
reduction of aldehydes, ketones, carboxylic acid and esters; 
Reactions: With sodium, HX (Lucas test), oxidation (alkaline 
KMnO4, acidic dichromate, concentrated HNO3); Oppenauer 
oxidation; b. Diols: Preparation (with OsO4); pinacol- pinacolone 



rearrangement (with mechanism) (with symmetrical diols only). 
c. Phenols: Preparation: cumene hydroperoxide method, from 
diazonium salts; acidic nature of phenols; Reactions: electrophilic 
substitution: nitration and halogenations; Reimer -Tiemann reaction, 
Houben–Hoesch condensation, Schotten –Baumann reaction, Fries 
rearrangement and Claisen rearrangement. d. Ethers: Preparation: 
Williamson’s ether synthesis; Reaction: cleavage of ethers with HI. 
5. Carbonyl Compounds
Aldehydes and Ketones (aliphatic and aromatic): (Formaldehye, 
acetaldehyde, acetone and benzaldehyde): Preparation: from 
acid chlorides, from nitriles and from Grignard reagents; general 
properties of aldehydes and ketones; Reactions: with HCN, ROH, 
NaHSO3, NH2-G 17 derivatives and with Tollens’ and Fehling’s 
reagents; iodoform test; aldol condensation (with mechanism); 
Cannizzaro reaction (with mechanism), Wittig reaction, benzoin 
condensation; Clemmensen reduction, Wolff- Kishner reduction and 
Meerwein-Pondorff- Verley (MPV) reduction. 

4.West Bengal State University  SEMESTER-III 
CEMACOR05T: PHYSICAL CHEMISTRY-II 

(Credits: Theory-04, Practicals-02) 
Theory: 60 Lectures Marks: 50

Transport processes (15 Lectures) Marks: 14 
Fick‟s law: 
Flux, force, phenomenological coefficients & their inter-relationship 
(general form), different examples of transport properties 
Viscosity: 
General features of fluid flow (streamline flow and turbulent flow); 
Newton‟s equation,  viscosity coefficient; Poiseuille‟s equation; 
principle of determination of viscosity coefficient of liquids by 
falling sphere method; Temperature variation of viscosity of liquids 
and comparison with that of gases
Conductance and transport number:
Ion conductance; Conductance and measurement of conductance, 
cell constant, specific conductance, equivalent conductance and 
molar conductance; Variation of specific and equivalent conductance 



with dilution for strong and weak electrolytes; Kohlrausch's law of 
independent migration of ions; Equivalent and molar conductance 
at infinite dilution and their determination for strong and weak 
electrolytes; Debye –Huckel theory of Ion atmosphere (qualitative)-
asymmetric effect, relaxation effect and electrophoretic effect; 
Ostwald's dilution law; Ionic mobility; Application of conductance 
measurement (determination of solubility product and ionic product 
of water); Conductometric titrations 
Transport number, Principles of Hittorf‟s and Moving-boundary 
method; Wien effect, Debye-Falkenhagen effect, Walden‟s rule

Applications of Thermodynamics – I
(25 Lectures) Marks: 20 

Partial properties and Chemical potential: 
Chemical potential and activity, partial molar quantities, relation 
between Chemical potential and Gibbs‟ free energy and other 
thermodynamic state functions; variation of Chemical potential (μ) 
with temperature and pressure; Gibbs-Duhem equation; fugacity 
and fugacity coefficient; Variation of thermodynamic functions for 
systems with variable composition; Equations of states for these 
systems, Change in G, S, H and V during mixing for binary solutions 
Chemical Equilibrium: 
Thermodynamic conditions for equilibrium, degree of advancement; 
van't Hoff's reaction isotherm (deduction from chemical potential); 
Variation of free energy with degree of advancement; Equilibrium 
constant and standard Gibbs‟ free energy change; Definitions of KP, 
KC and KX; van't Hoff's reaction isobar and isochore from different 
standard states; Shifting of equilibrium due to change in external 
parameters e.g. temperature and pressure; variation of equilibrium 
constant with addition to inert gas; Le Chatelier's principle and its 
derivation 
Nernst‟s distribution law; Application- (finding out Keq using 
Nernst dist law for KI+I2 = KI3 and dimerization of benzene) 
Chemical potential and other properties of ideal substances- pure 
and mixtures: 
a) Pure ideal gas-its Chemical potential and other thermodynamic 

Chemistry Vol. III-2



functions and their changes during a change of Thermodynamic 
parameters of mixing; Chemical potential of an ideal gas in an ideal 
gas mixture; Concept of standard states and choice of standard states 
of ideal gases
b) Condensed Phase – Chemical potential of pure solid and pure 
liquids, Ideal solution – Definition, Raoult‟s law; Mixing properties 
of ideal solutions, chemical potential of a component in an ideal 
solution; Choice of standard states of solids and liquids Foundation 
of Quantum Mechanics (20 Lectures) Marks: 16
Beginning of Quantum Mechanics: 
Black-body radiation and Planck‟s theory of radiation; Light as 
particles: photoelectric and Compton effects; electrons as waves; 
Wave-particle duality: de Broglie hypothesis, Uncertainty relations 
(without proof) 
Wave function: 
Schrödinger time-independent equation; nature of the equation, 
acceptability conditions imposed on the wave functions and 
probability interpretations of wave function; Orthogonal and normal 
functions; Schmidt‟s orthogonalization 
Concept of Operators:
Elementary concepts of operators, eigenfunctions and eigenvalues; 
Linear operators; Commutation of operators, commutator and 
uncertainty relation; Expectation value; Hermitian operator; 
Postulates of Quantum Mechanics; General structure of Schrodinger 
equation (S.E.) and time dependency; Stationary state 
Particle in a box:
Setting up of S.E. for one-dimensional well and its solution; 
Comparison with free particle eigenfunctions and eigenvalues. 
Properties of PB wave functions (normalisation, orthogonality, 
probability distribution); Expectation values of x, x2 , px and px 
2 and their significance in relation to the uncertainty principle; 
Extension of the problem to two and three dimensions and the 
concept of degenerate energy levels; Accidental degeneracy 
Simple Harmonic Oscillator: setting up of the Schrodinger stationary 
equation, energy expression (without derivation), expression of 
wave function for n = 0 and n = 1 (without derivation) and their 



characteristic features 

5. Kalyani University   CHEMGT-3
Theory: Chemical Energetics, Equilibria, 

Organic Chemistry-II                              4 Credit
Physical Chemistry - II

1. Chemical Energetics (12L)
a. Intensive and extensive variables; state and path functions; 
isolated, closed and open systems; zeroth law of thermodynamics; 
Concept of heat, work, internal energy and statement of first law; 
enthalpy, H; relation between heat capacities, calculations of q, w, U 
and H for reversible, irreversible and free expansion of gases
b. Standard states; Heats of reaction; enthalpy of formation of 
molecules and ions and enthalpy of combustion and its applications; 
Laws of thermochemistry; bond energy, bond dissociation energy 
and resonance energy from thermochemical data, Kirchhoff’s 
equations and effect of pressure on enthalpy of reactions; Adiabatic 
flame temperature; explosion temperature 
c. Statement of the second law of thermodynamics; Concept of 
heat reservoirs and heat engines; Carnot cycle; Physical concept 
of Entropy; Carnot engine, refrigerator and efficiency; Entropy 
change of systems and surroundings for various processes and 
transformations; Auxiliary state functions (G and A) and Criteria for 
spontaneity and equilibrium.

2. Chemical Equilibrium: (9L)
Thermodynamic conditions for equilibrium, degree of advancement; 
Variation of free energy with degree of advancement; Equilibrium 
constant and standard Gibbs free energy change; Definitions of 
KP, KC and KX and relation among them; van’t Hoff’s reaction 
isotherm, isobar and isochore from different standard states; Shifting 
of equilibrium due to change in external parameters e.g. temperature 
and pressure; variation of equilibrium constant with addition to inert
gas; Le Chatelier’s principle 

3. Ionic Equilibria: (9L)
Strong, moderate and weak electrolytes, degree of ionization, factors 
affecting degree of ionization, ionization constant and ionic product 



of water; Ionization of weak acids and bases, pH scale, common ion 
effect; Salt hydrolysis-calculation of hydrolysis constant, degree of
hydrolysis and pH for different salts; Buffer solutions; Solubility 
and solubility product of sparingly soluble salts – applications of 
solubility product principle

Organic Chemistry - II
Functional group approach for the following reactions (preparations 
& reactions) to be studied in context to their structures.
1. Aromatic Hydrocarbons (7L)
Benzene: Preparation: from phenol, by decarboxylation, from 
acetylene, from benzene sulphonic acid. Reactions: electrophilic 
substitution (general mechanism); nitration (with mechanism), 
halogenations (chlorination and bromination), sulphonation and 
Friedel-Craft’s reaction (alkylation and acylation) (up to 4 carbons 
on benzene); side chain oxidation of alkyl benzenes (up to 4 carbons 
on benzene).
2. Organometallic Compounds (4L)
Introduction; Grignard reagents: Preparations (from alkyl and aryl 
halide); concept of umpolung; Reformatsky reaction.
3. Aryl Halides (4L)
Preparation: (chloro-, bromo- and iodobenzene): from phenol, 
Sandmeyer reactions. Reactions (Chlorobenzene): nucleophilic 
aromatic substitution (replacement by –OH group) and effect of 
nitro substituent (activated nucleophilic substitution).
4. Alcohols, Phenols and Ethers (8L)
a. Alcohols: (up to 5 Carbons). Preparation: 1°-, 2°- and 3°- 
alcohols: using Grignard reagent, reduction of aldehydes, ketones, 
carboxylic acid and esters; Reactions: With sodium, HX (Lucas 
test), oxidation (alkaline KMnO4, acidic dichromate, concentrated 
HNO3); Oppenauer oxidation;
b. Diols: Preparation (with OsO4); pinacol- pinacolone rearrangement 
(with mechanism) (with symmetrical diols only).
c. Phenols: Preparation: cumene hydroperoxide method, from 
diazonium salts; acidic nature of phenols; Reactions: electrophilic 
substitution: nitration and halogenations; Reimer-Tiemann reaction, 



Houben–Hoesch condensation, Schotten–Baumann reaction, Fries 
rearrangement and Claisen rearrangement.
d. Ethers: Preparation: Williamson’s ether synthesis; Reaction: 
cleavage of ethers with HI.
5. Carbonyl Compounds (7L)
Aldehydes and Ketones (aliphatic and aromatic): (Formaldehye, 
acetaldehyde, acetone and benzaldehyde): Preparation: from 
acid chlorides, from nitriles and from Grignard reagents; general 
properties of aldehydes and ketones; Reactions: with HCN, ROH, 
NaHSO3, NH2-G derivatives and with Tollens’ and Fehling’s 
reagents; iodoform test; aldol condensation (with mechanism); 
Cannizzaro reaction (with mechanism), Wittig reaction, benzoin 
condensation; Clemmensen reduction, Wolff-Kishner reduction and 
Meerwein-Pondorff-Verley (MPV) reduction.

DSC : PAPER -3 
SOLUTIONS, PHASE EQUILIBRIA, CONDUCTANCE, 

ELECTROCHEMISTRY  & FUNCTIONAL GROUP 
ORGANIC CHEMISTRY-II 

(Credits: Theory-04, Practicals-02) Theory: 60 Lectures
6. North Bengal University   CHEMGT-3

Section A: Physical Chemistry-2 (30 Lectures) 
Solutions 

Thermodynamics of ideal solutions: Ideal solutions and Raoult’s law, 
deviations from Raoult’s law – non-ideal solutions. Vapour pressure-
composition and temperature composition curves of ideal and 
nonideal solutions. Distillation of solutions. Lever rule. Azeotropes. 
Partial miscibility of liquids: Critical solution temperature; effect of 
impurity on partial miscibility of liquids. Immiscibility of liquids- 
Principle of steam distillation. Nernst distribution law and its 
applications, solvent extraction.  (8 Lectures) 
Phase Equilibria
Phases, components and degrees of freedom of a system, criteria 
of phase equilibrium. Gibbs Phase Rule and its thermodynamic 
derivation. Derivation of Clausius – Clapeyron equation and its 
importance in phase equilibria. Phase diagrams of one-component 



systems (water and sulphur) and two component systems involving 
eutectics, congruent and incongruent melting points (lead-silver, 
FeCl3-H2O and Na-K only). (8 Lectures) 
Conductance 
Conductivity, equivalent and molar conductivity and their variation 
with dilution for weak and strong electrolytes. Kohlrausch law 
of independent migration of ions. Transference number and its 
experimental determination using Hittorf and Moving boundary 
methods. Ionic mobility. Applications of conductance measurements: 
determination of degree of ionization of weak electrolyte, solubility 
and solubility products of sparingly soluble salts, ionic product of 
water, hydrolysis constant of a salt. Conductometric titrations (only 
acidbase). (6 Lectures)
Electrochemistry
Reversible and irreversible cells. Concept of EMF of a cell. 
Measurement of EMF of a cell. Nernst equation and its importance. 
Types of electrodes. Standard electrode potential. Electrochemical 
series. Thermodynamics of a reversible cell, calculation of 
thermodynamic properties: ΔG, ΔH and ΔS from EMF data. 
Calculation of equilibrium constant from EMF data. Concentration 
cells with transference and without transference. Liquid junction 
potential and salt bridge. pH determination using hydrogen electrode 
and quinhydrone electrode. Potentiometric titrations -qualitative 
treatment (acid-base and oxidation-reduction only). (8 Lectures)
Section B: Organic Chemistry-3 (30 Lectures) 
Functional group approach for the following reactions (preparations 
& reactions) to be studied in context to their structure. Carboxylic 
acids and their derivatives Carboxylic acids (aliphatic and aromatic) 
Preparation: Acidic and Alkaline hydrolysis of esters. Reactions: 
Hell – Vohlard - Zelinsky Reaction. Carboxylic acid derivatives 
(aliphatic): (Upto 5 carbons) Preparation: Acid chlorides, 
Anhydrides, Esters and Amides from acids and their interconversion. 
Reactions: Comparative study of nucleophilicity of acyl derivatives. 
Reformatsky Reaction, Perkin condensation. (6 Lectures)
Amines and Diazonium Salts Amines (Aliphatic and Aromatic): 
(Upto 5 carbons) Preparation: from alkyl halides, Gabriel’s 



Phthalimide synthesis, Hofmann Bromamide reaction. Reactions: 
Hofmann vs. Saytzeff elimination, Carbylamine test, Hinsberg test, 
with HNO2, Schotten – Baumann Reaction. Electrophilic substitution 
(case aniline): nitration, bromination, sulphonation. 
Diazonium salts: Preparation: from aromatic amines. Reactions: 
conversion to benzene, phenol, dyes. (6 Lectures) 
Amino Acids, Peptides and Proteins: Preparation of Amino 
Acids: Strecker synthesis using Gabriel’s phthalimide synthesis. 
Zwitterion, Isoelectric point and Electrophoresis. Reactions 
of Amino acids: ester of –COOH group, acetylation of –NH2 
group, complexation with Cu2+ ions, ninhydrin test. Overview of 
Primary, Secondary, Tertiary and Quaternary Structure of proteins. 
Determination of Primary structure of Peptides by degradation 
Edmann degradation (Nterminal) and C–terminal (thiohydantoin 
and with carboxypeptidase enzyme). Synthesis of simple peptides 
(upto dipeptides) by N-protection (tbutyloxycarbonyl and phthaloyl) 
& Cactivating groups and Merrifield solid-phase synthesis. (10 
Lectures)
Carbohydrates: Classification, and General Properties, Glucose 
and Fructose (open chain and cyclic structure), Determination 
of configuration of monosaccharides, absolute configuration of 
Glucose and Fructose, Mutarotation, ascending and descending in 
monosaccharides. Structure of disacharrides (sucrose, cellobiose, 
maltose, lactose) and polysacharrides (starch and cellulose) 
excluding their structure elucidation. (8 Lectures

7. Vidyasagar University   DSC-1C(CC-3):
Solutions, Phase equilibrium, Conductance, Electrochemistry 

& Functional Organic Chemistry 
Credits 06 

DSC1CT: Solutions, Phase equilibrium, Conductance, 
Electrochemistry & Functional Organic Chemistry Credits 04 

Course Contents:
Section A: Physical Chemistry-2

Solutions 
Thermodynamics of ideal solutions: Ideal solutions and Raoult’s law, 



deviations from Raoult’s law – non-ideal solutions. Vapour pressure-
composition and temperature composition curves of ideal and non-
ideal solutions. Distillation of solutions. Lever rule. Azeotropes. 
Partial miscibility of liquids: Critical solution temperature; effect of 
impurity on partial miscibility of liquids. Immiscibility of liquids- 
Principle of steam distillation. Nernst distribution law and its 
applications, solvent extraction.
Phase Equilibrium 
Equilibrium. Gibbs Phase Rule and its thermodynamic derivation. 
Derivation of Clausius – Clapeyron equation and its importance in 
phase equilibria. Phase diagrams of one-component systems (water 
and sulphur) and two component systems involving eutectics, 
congruent and incongruent melting points (lead-silver, FeCl3-H2O 
and Na-K only). 
Conductance 
Conductivity, equivalent and molar conductivity and their variation 
with dilution for weak and strong electrolytes. Kohlrausch law 
of independent migration of ions. Transference number and its 
experimental determination using Hittorf and Moving boundary 
methods. Ionic obility. Applications of conductance measurements: 
determination of degree of ionization of weak electrolyte, solubility 
and solubility products of sparingly soluble salts, ionic product of 
water, hydrolysis constant of a salt. Conductometric titrations (only 
acidbase). 
Electrochemistry 
Reversible and irreversible cells. Concept of EMF of a cell. 
Measurement of EMF of a cell. Nernst equation and its importance. 
Types of electrodes. Standard electrode potential. Electrochemical 
series. Thermodynamics of a reversible cell, calculation of 
thermodynamic properties: ΔG, ΔH and ΔS from EMF data. 
Calculation of equilibrium constant from EMF data. Concentration 
cells with transference and without transference. Liquid junction 
potential and salt bridge. pH determination using hydrogen electrode 
and quinhydrone electrode. Potentiometric titrations -qualitative 
treatment (acid-base and oxidation-reduction only). 



Section B: Organic Chemistry-3 
Functional group approach for the following reactions (preparations 
& reactions) to be studied in context to their structure.
Carboxylic acids and their derivatives
Carboxylic acids (aliphatic and aromatic) Preparation: Acidic and 
Alkaline hydrolysis of esters. Reactions: Hell – Vohlard - Zelinsky 
Reaction. 
Carboxylic acid derivatives (aliphatic): (Upto 5 carbons) 
Preparation: Acid chlorides, Anhydrides, Esters and Amides from 
acids and their inter-conversion. Reactions: Comparative study of 
nucleophilicity of acyl derivatives. Reformatsky Reaction, Perkin 
condensation. Amines and Diazonium Salts 
Amines (Aliphatic and Aromatic): (Upto 5 carbons)
Preparation: from alkyl halides, Gabriel’s Phthalimide synthesis, 
Hofmann Bromamide reaction. Reactions: Hofmann vs. Saytzeff 
elimination, Carbylamine test, Hinsberg test, with HNO2, Schotten 
– Baumann Reaction. Electrophilic substitution (case aniline): 
nitration, bromination, sulphonation. University 
Diazonium salts: 
Preparation: from aromatic amines.Reactions: conversion to 
benzene, phenol, dyes.
Amino Acids, Peptides and Proteins: 
Preparation of Amino Acids: Strecker synthesis using Gabriel’s 
phthalimide synthesis. Zwitterion, Isoelectric point and 
Electrophoresis. Reactions of Amino acids: ester of – COOH group, 
acetylation of –NH2 group, complexation with Cu2+ ions, ninhydrin 
test. Overview of Primary, Secondary, Tertiary and Quaternary 
Structure of proteins. Determination of Primary structure of 
Peptides by degradation Edmann degradation (Nterminal) and 
C–terminal (thiohydantoin and with carboxypeptidase enzyme). 
Synthesis of simple peptides (upto dipeptides) by N-protection 
(tbutyloxycarbonyl and phthaloyl) & Cactivating groups and 
Merrifield solid-phase synthesis. 
Carbohydrates:
Classification, and General Properties, Glucose and Fructose (open 
chain and cyclic structure), Determination of configuration of 



monosaccharides, absolute configuration of Glucose and Fructose, 
Mutarotation, ascending and descending in monosaccharides. 
Structure of disacharrides (sucrose, cellobiose, maltose, lactose) 
and polysacharrides (starch and cellulose) excluding their structure 
elucidation. 
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“þyþ™†!“þ!î”Äy

1. !¢öìÞÝþ› „þyöì„þ îöìœÚ !¢öìÞÝþ› „þ“þ „þ“þ ²Ì„þyîû ç „þ# „þ#Ú ²Ìöì“þÄ„þ ²Ì„þyîû 
!¢öìÞÝþöì›îû vþz”y£îû’ ¢£ ¢‚Kþy ”yçÚ

vþz_îûéôôôé÷îKþy!˜„þ þ™îû#Çþyéôé!˜îû#Çþy „þîûyîû ‹˜Ä ö„þy˜ ‹vþü ‹†öì“þ ë“þÝ%þ„%þ 
x‚Ÿ “þyîû xî!ŸÜT x‚Ÿ öíöì„þ ö„þy˜ îyhßþî îy „þyÒ!˜„þ “þœ myîûy þ™,í„þ „þîûy 
£ëû “þyöì„þ !¢öìÞÝþ› îöìœÐ !¢öìÞÝþ› !“þ˜ ²Ì„þyîûÐ ›%_« !¢öìÞÝþ›– îkþ !¢öìÞÝþ› ~î‚ 
!˜ƒ¢D !¢öìÞÝþ›Ð 

›%_« !¢öìÞÝþ›éôôôéë…˜ !¢öìÞÝþ› ç þ™!îûöìîöìŸîû ¢öìD ‹vþüîlßþ ~î‚ Ÿ!_«îû vþz¦þöìëûîû 
xy”y˜éôé²Ì”y˜ ‡öìÝþ “þ…˜ “þyöì„þ ›%_« !¢öìÞÝþ› îöìœÐ öë›˜éôôôé ~„þ!Ýþ ö…yœy „þyöìþ™ 
†îû› ‰þy îûy…öìœ “þyþ™ ç ‹vþüéôévþz¦þëû þ™”yöìíÅîû xy”y˜éôé²Ì”y˜ ‡öìÝþ “þy£z ~!Ýþ ›%_« 
!¢öìÞÝþ›Ð

îkþ !¢öìÞÝþ›éôôôéë…˜ !¢öìÞÝþ› ç þ™!îûöìîöìŸîû ¢öìD ‹vþü îlßþîû xy”y˜ ²Ì”y˜ 
‡öìÝþ ˜y !„þlsþ Ÿ!_«îû xy”y˜éôé²Ì”y˜ ‡öìÝþ “þ…˜ “þyöì„þ ›%_« !¢öìÞÝþ› îöìœÐ öë›˜ 
‘þy„þ˜y ë%_« „þyöìþ™ †îû› ‰þy îûy…öìœ “þyöìþ™îû xy”y˜ ²Ì”y˜ ‡öìÝþ !„þlsþ ‹vþü þ™”yöìíÅîû  
xy”y˜– ²Ì”y˜ ‡öìÝþ ˜y “þy£z ~!Ýþ îkþ !¢öìÞÝþ›Ð

!˜ƒ¢D !¢öìÞÝþ›éôôôéë…˜ !¢öìÞÝþ› ç þ™!îûöìîöìŸîû ¢öìD ‹vþüîlßþ ~î‚ Ÿ!_« vþz¦þöìëûîû 
xy”y˜–²Ì”y˜ ‡öìÝþ ˜y “þ…˜ “þyöì„þ !˜ƒ¢D !¢öìÞÝþ› îöìœÐ öë›˜éôôôé íyöì›ÅyšÏþyöì: 
†îû› ‰þy îûy…öìœ “þyöìþ™îû ç ‹vþü þ™”yöìíÅîû ö„þy˜!Ýþîû£z xy”y˜éôé²Ì”y˜ ‡öìÝþ ˜y “þy£z 
~!Ýþ ~„þ!Ýþ !˜ƒ¢D !¢öìÞÝþ›Ð 

2. ¦þîû ¢yöìþ™Çþ ç ¦þîû !˜îûöìþ™Çþ •›Å îœöì“þ „þ# öîyGþÐ

vþz_îûéôôôé!¢öìÞÝþöì›îû öë ¢î •›Å ¦þöìîûîû vþzþ™îû „þöìîû “þyöì„þ ¦þîû ¢yöìþ™Çþ •›Å 
îöìœÐ öë›˜ ~„þ …[þ „þyöìàþîû ›öì•Ä öë þ™!îû›y’ x¦þÄhsþîû#’ Ÿ!_« !˜!£“þ íyöì„þ ”%£z  
…[þ „þyöìàþîû ›öì•Ä “þyîû ö‰þöìëû öî!Ÿ þ™!îû›y’ Ÿ!_« !˜!£“þ íyöì„þÐ îlßþîû x¦þÄhsþîû#’ 
Ÿ!_« ¦þöìîûîû vþzþ™îû !˜¦ÅþîûŸ#œÐ “þy£z ~!Ýþ ~„þ!Ýþ ¦þîû ßþºyöìþ™Çþ •›ÅÐ
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!¢öìÞÝþöì›îû öë ¢î •›Å ¦þöìîûîû vþzþ™îû „þöìîû ˜y “þyöì„þ ¦þîû ¢yöìþ™Çþ •›Å îöìœÐ 
öë›˜ ~„þ !î„þyîû ‹öìœîû öë ‡˜c ~„þ îyœ!“þ þ™!îû›y’ ‹öìœîû ‡˜c ö¢£z ›y˜ 
£öìîÐ ~…yöì˜ îlßþîû ‡˜c ¦þöìîûîû vþzþ™îû !˜¦Åþîû „þöìîû ˜yÐ “þy£z ‡˜c ~„þ!Ýþ ¦þîû 
!˜îûöìþ™Çþ •›ÅÐ

3. ¢‚Kþy öœ…– þ™îûyî“Åþ ²Ì!e«ëûy– xþ™îûyî“Åþ ²Ì!e«ëûy– ¢öì›y¡Œ ²Ì!e«ëûy– îû&kþ“þyþ™#ëû 
²Ì!e«ëûy– ¢›‰þyþ™#ëû ç ¢›éôéxyëû“þ!˜„þ ²Ì!e«ëûy

vþz_îûéôôôé þ™îûyî“Åþ ²Ì!e«ëûyéôôôé
ë…˜ ö„þyöì˜y “þyþ™†“þ#ëû “þöìsþf ö„þyöì˜y þ™!îûî“Åþ˜ x¢#› •yöìþ™ …%î •#îû †!“þöì“þ 

¢Á™§¬ £ëû ~î‚ ²Ì!“þ!Ýþ •yöìþ™ !¢öìÞÝþöì›îû ¢öìD þ™!îûöìîöìŸîû ¢y›Äîßþiy î‹yëû öîûöì… 
¢Á™§¬ £ëû “þ…˜ “þyöì„þ þ™îûyî“Åþ ²Ì!e«ëûy îœy £ëûÐ

öë›˜éôôôé²Ì›y’ ‰þyöìþ™ ç 100oC “þyþ™›yeyëû ‹œ îyÜ™#¦)þ“þ £çëûyîû ¢›ëû öë 
“þyöìþ™îû ²Ìöìëûy‹˜ £ëû ö“þ›!˜ ú “þyþ™›yeyëû ‹œ#ëû îyÜ™ ‡˜#¦)þ“þ £çëûyîû ¢›ëû 
“þ“þÝþy “þyöìþ™îû ²Ìöìëûy‹˜ £ëûÐ ~…yöì˜ !¢öìÞÝþ› ç þ™!îûöìîöìŸîû ›öì•Ä ¢y›Äîßþiy î‹yëû 
öîûöì… ‹œ îyÜ™#¦)þ“þ £ëûÐ “þy£z ‹öìœîû îyÜ™#¦þî˜ ~„þ!Ýþ þ™îûyî“Åþ ²Ì!e«ëûyîû vþz”y£îû’Ð

xþ™îûyî“Åþ ²Ì!e«ëûyéôôôé
ë…˜ ö„þy˜ ²Ì!e«ëûy!Ýþ ßþº“þƒßþ³þ)þ“Åþ¦þyöìî ~„þ•yöìþ™ o&“þ“þyîû ¢öìD ¢A‡!Ýþ“þ £ëû 

~î‚ !¢öìÞÝþöì›îû ç þ™!îûöìîöìŸîû ›öì•Ä ¢y›Äîßþiy ²Ì!“þ!Ûþ“þ £ëû ˜y “þ…˜ “þyöì„þ 
xþ™îûyî“Åþ ²Ì!e«ëûy îöìœÐ

öë›˜éôôôé öë›˜ ˜”#îû ‹œ ²Ìîy£ þ™y£yvþü öíöì„þ vþzêþ™§¬ £öìëû ¢y†öìîû þ™!“þ“þ £ëûÐ
¢öì›y¡Œ ²Ì!e«ëûyéôôôé
öë ²Ì!e«ëûyëû vþz¡Œ“þyîû ö„þyöì˜y þ™!îûî“Åþ˜ £ëû ˜y “þyöì„þ ¢öì›y¡Œ ²Ì!e«ëûy îöìœÐ
öë›˜éôôôé îöìëûöìœîû ¢)ey˜%¢yöìîû vþz¡Œ“þy xþ™!îûî!“Åþ“þ öîûöì… ö„þyöì˜y !˜!”ÅÜT ¦þöìîûîû 

†Äyöì¢îû ‰þyþ™ î,!kþ „þîûöìœ xyëû“þ˜ £Éy¢ þ™yëû îy ‰þyþ™ £Éy¢ „þîûöìœ xyëû“þ˜ î,!kþ 
þ™yëûÐ ~…yöì˜ ΔT = 0

îû&kþ“þyþ™#ëû ²Ì!e«ëûyéôôôé
öë ²Ì!e«ëûyëû !¢öìÞÝþ› ç þ™!îûöìîöìŸîû ›öì•Ä “þyöìþ™îû ö„þy˜îû*þ™ xy”y˜éôé²Ì”y˜ ‡öìÝþ 

˜y “þyöì„þ îû&kþ“þyþ™#ëû ²Ì!e«ëûy îöìœÐ ~…yöì˜ Δq = 0
¢›‰þyþ™#ëû ²Ì!e«ëûyéôôôé öë þ™!îûî“Åþöì˜ îy ²Ì!e«ëûyëû !¢öìÞÝþöì›îû ‰þyöìþ™îû ö„þyöì˜y 

þ™!îûî“Åþ˜ £ëû ˜y “þyöì„þ ¢›‰þyþ™#ëû ²Ì!e«ëûy îöìœÐ
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öë›˜éôôôé‰þyœÅöì¢îû ¢)ey˜%¢yöìîû !ßþiîû ‰þyöìþ™ !˜!”ÅÜT ¦þöìîûîû †Äyöì¢îû xyëû“þ˜ vþz£yîû 
“þyþ™›yeyîû î,!kþöì“þ öîöìvþü ëyëûÐ ~!Ýþ ~„þ!Ýþ ¢›‰þyþ™#ëû þ™!îûî“Åþöì̃ îû vþz”y£îû’Ð ΔP =0

¢›éôéxyëû“þ!˜„þ ²Ì!e«ëûy–öìë þ™!îûî“Åþöì̃  îy ²Ì!e«ëûyëû !¢öìÞÝþöì›îû xyëû“þöì̃ îû ö„þyöì̃ y 
þ™!îûî“Åþ˜ £ëû ˜y “þyöì„þ ¢›–xyëû“þ!˜„þ ²Ì!e«ëûyÐ

öë›˜éôôôé ö„þy˜ îkþ þ™yöìeîû ö„þyöì˜y †Äy¢öì„þ vþz_® „þîûöìœ †Äyöì¢îû vþz¡Œ“þyîû 
î,!kþöì“þ †Äyöì¢îû ‰þyþ™ öîöìvþü ëyëûÐ “þy£z ~!Ýþ ~„þ!Ýþ ¢›–xyëû“þ!˜„þ ²Ì!e«ëûyîû 
vþz”y£îû’Ð ~…yöì˜ ΔV = 0

4. aV ¢öì›y¡Œ ²Ì!e«ëûy ç îû&kþ“þyþ™#ëû ²Ì!e«ëûy  bV þ™îûyî“Åþ ²Ì!e«ëûy ç xþ™îûyî“Åþ 
²Ì!e«ëûy

vþz_îûéôôôé 
aV ¢öì›y¡Œ ²Ì!e«ëûy ç îû&kþ“þyþ™#ëû ²Ì!e«ëûyîû þ™yíÅ„þÄ

bV þ™îûyî“Åþ ²Ì!e«ëûy ç xþ™îûyî“Åþ ²Ì!e«ëûyîû þ™yíÅ„þÄ
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5. !¢öìÞÝþöì›îû x¦þÄhsþîû#’ Ÿ!_« îœöì“þ „þ# öîyGþÚ x¦þÄhsþîû#’ Ÿ!_« „þ# „þ# 
!î¡ìöìëûîû vþzþ™îû !˜¦Åþîû „þöìîûÐ x¦þÄhsþîû#’ Ÿ!_«îû vþzê¢ „þ#Ú ö„þy˜ä ëöìsþfîû ¢y£yöìëÄ 
x¦þÄhsþîû#’ Ÿ!_« !˜’Åëû „þîûy £ëûÐ

vþz_îûéôôôé ö„þy˜ !¢öìÞÝþöì›îû öë xhsþ!˜Å!£“þ Ÿ!_« ¢%® xîßþiyëû íyöì„þ ëyîû !î!˜›öìëû 
!¢öìÞÝþ›!Ýþ „þyëÅ „þîûyîû ¢y›íÅÄ œy¦þ „þöìîû xíîy îûy¢yëû!˜„þ !î!e«ëûy „þyöìœ “þyþ™ 
!˜†Å“þ „þöìîû “þyöì„þ !¢öìÞÝþöì›îû x¦þÄhsþîû#’ Ÿ!_« îöìœÐ

!¢öìÞÝþöì›îû x¦þÄhsþîû#’ Ÿ!_« vþz£yîû ¦þîû– þ™”yöìíÅîû ²Ì„,þ!“þ– ö¦þï“þ xîßþiy ç 
îûy¢yëû!˜„þ •›Å £z“þÄy!”îû vþzþ™îû !˜¦Åþîû „þöìîûÐ

!¢öìÞÝþöì›îû x’%éôéþ™îû›y’%îû îõþ˜– „þÁ™˜ ç ‡)’Å˜ ‹!˜“þ Ÿ!_« £z“þÄy!” öíöì„þ  
!¢öìÞÝþöì›îû x¦þÄhsþîû#’ Ÿ!_«îû vþzqî ‡öìÝþÐ

îÁºéôé„þÄyœ!îû!›Ýþyîû ëöìsþfîû ¢y£yöìëÄ !¢öìÞÝþöì›îû x¦þÄhsþîû#’ Ÿ!_« !˜’Åëû „þîûy £ëûÐ

6. !ßþiîû xyëû“þöì˜ !¢öìÞÝþöì›îû x¦þÄhsþîû#’ Ÿ!_«îû î,!kþ !¢öìÞÝþ› „þ“Å,þ„þ †,£#“þ 
“þyöìþ™îû ¢›y˜éôôôé²Ì›y’ „þîûÐ

vþz_îûéôôôé“þyþ™†!“þ!î”Äyîû ²Ìí›¢%e öíöì„þ ‹y˜y ëyëûéôôôé
ΔE = Q – P Δ V
¢›éôéxyëû“þ!˜„þ ²Ì!e«ëûyëû ΔV =O
¢%“þîûy‚ ΔE = Q – P×O
îy ΔE = Q–O
îy ΔE = Q
îy + ΔE = + Q
xíÅyê !ßþiîû xyëû“þöì˜ !¢öìÞÝþöì›îû x¦þÄhsþîû#’ Ÿ!_«îû î,!kþ !¢öìÞÝþ› „þ“Å,þ„þ †,£#“þ 

“þyöìþ™îû ¢›y˜Ð

7. !¢öìÞÝþöì›îû ~˜íÄyœ!þ™ îœöì“þ !„þ öîyGþÚ ²Ì›y’ „þîû !ßþiîû ‰þyöìþ™ !¢öìÞÝþöì›îû 
~˜íÄyœ!þ™îû î,!kþ !¢öìÞÝþ› „þ“Å,þ„þ †,£#“þ “þyöìþ™îû ¢›y˜Ð

vþz_îûéôôôé ö„þyöì˜y !¢öìÞÝþöì›îû x¦þÄhsþîû#’ Ÿ!_«îû ¢öìD PV Ÿ!_« öëy† „þîûöìœ 
!¢öìÞÝþ› ö›yÝþ öë þ™!îû›y’ Ÿ!_«îû x!•„þyîû# £ëû “þyöì„þ£z !¢öìÞÝþöì›îû ~˜íÄyœ!þ™ 
îöìœÐ H = E + PV

•îûy ëy„þ !ßþiîû ‰þyöìþ™ SPV ~„þ!Ýþ !¢öìÞÝþ› Q þ™!îû›y’ “þyþ™ @ùÌ£’ „þöìîû £z£yîû 
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xyëû“þ˜ V1 öíöì„þ î,!kþ öþ™öìëû V2 ~î‚ x¦þÄhsþîû#’ Ÿ!_« E1 öíöì„þ î,!kþ öþ™öìëû 
E2 ö“þ þ™!îû’“þ £œÐ ¢%“þîûy‚ “þyþ™ †!“þ!î”Äyîû ²Ìí› ¢)ey˜%ëyëû#

QP = E2 – E1 + P(V2–V1)
îy QP = (E2 + PV2) – (E1 + PV1)
îy QP = H2 – H1 öëöì£“%þ H2 = E2 +PV2 ~î‚ H1 = E1 +PV1

îy QP = ΔH
!ßþiîû ‰þyöìþ™ !¢öìÞÝþöì›îû ~˜íÄyœ!þ™îû î,!kþ !¢öìÞÝþ› „þ“Å,þ„þ †,£#“þ “þyöìþ™îû ¢›y˜Ð

8. “þyþ™†!“þ!î”Äyîû ²Ìí› ¢)e!Ýþ öœ… ~î‚ £z£yîû †y!’!“þ„þ îû*þ™ ²Ì!“þÛþy „þîûÐ 
“þyþ™†!“þ!î”Äyîû ²Ìí› ¢)e!Ýþîû †y!’!“þ„þ îû*þ™ ö„þ ²Ì!“þÛþy „þîûÚ ²Ìí› ¢)öìeîû 
¢#›yîkþ“þy öœ…Ð

vþz_îûéôôôé“þyþ™ †!“þ !î”Äyîû ²Ìí› ¢)e!Ýþ !˜Á¬!œ!…“þ „þöìëû„þ!Ýþ vþzþ™yöìëû ²Ì„þyŸ 
„þîûy ëyëû “þy £œéôôôé

iV ²Ì„,þ!“þöì“þ ö›yÝþ Ÿ!_«îû þ™!îû›y’ •Ê&î„þ xíÅyê ö›yÝþ Ÿ!_«îû þ™!îû›y’ !ßþiîûÐ
iiV Ÿ!_« x!î˜Ù»îûÐ £z£yöì„þ ¢,!ÜT îy •¹‚¢ „þîûy ëyëû ˜y ö„þîœ›ye ~„þ îû*þ™ 

öíöì„þ x˜Äîû*öìþ™ þ™!îûî!“Åþ“þ „þîûy ëyëû xíÅyê Ÿ!_«îû ~„þ!Ýþ öíöì„þ xîœ%® £öìœ 
x˜Äîû*öìþ™ xy!î¦Åþyî ‡öìÝþÐ

•îûy ëy„þ ~„þ!Ýþ !¢öìÞÝþöì› Q þ™!îû›y’ “þyþ™ ²Ìöìëûy† „þîûy £œÐ “þy£z !¢öìÞÝþ› 
~£z Q þ™!îû›y’ “þyöìþ™îû !„þŠ%é x‚Ÿ x¦þÄhsþîû#’ Ÿ!_«îû î,!kþöì“þ SΔEV îÄëû £öìî 
~î‚ xî!ŸÜT “þyþ™ î!£ßþi „þyëÅ ¢Á™y”öì˜ îÄ!ëû“þ £öìîÐ

¢%“þîûy‚ †y!’!“þ„þ ¦þy¡ìyëû öœ…y ëyëûéôôôé
Q =  ΔE + W ............................SiV
x!“þÇ%þo þ™!îûî“Åþöì˜îû öÇþöìe ¢›#„þîû’!Ýþ 
dQ = dE + dWôé........................................................SiiV
!¢öìÞÝþ› myîûy ¢Á™y!”“þ „,þ“þ„þyöìëÅîû ›y˜ }’yd„þ SéôédWV £ëû îöìœ ¢›#„þîû’!Ýþîû 

þ™!îûî!“Åþ“þ îû*þ™
dQ = dE – dW
îy dE = dQ + dWôé............................SiiiV
²Ìí› ¢)öìeîû ¢#›yîkþ“þy ƒ
~£z ¢)öìeîû ¢#›yîkþ“þy=!œ £œéôôôé

Chemistry Vol. III-3
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iV ö„þyöì˜y !¢öìÞÝþöì›îû xyöì”ï Ÿ!_«îû îû*þ™yhsþîû £öìî !„þ £öìî ˜y “þy ²Ìí› ¢)e 
öíöì„þ ‹y˜y ëyëû ˜yÐ

iiV ë!” !¢öìÞÝþöì›îû þ™!îûî“Åþ˜ ‡öìÝþ– “þy ö„þy˜ä xîßþiyëû ‡öìÝþ “þy ²Ìí› ¢)e 
öíöì„þ ‹y˜y ëyëû ˜yÐ

iiiV ë!” !¢öìÞÝþöì›îû þ™!îûî“Åþ˜ ‡öìÝþ– “þy ö„þy˜ä !”öì„þ ‡Ýþöìî “þy ‹y˜y ëyëû ˜yÐ
ivV ë!” !¢öìÞÝþöì›îû þ™!îûî“Åþ˜ ‡öìÝþ– “þy „þ“þ…y!˜ ‡Ýþöìî “þy ‹y˜y ëyëû ˜y

9.  “þyþ™†!“þ!î”Äyîû ²Ìí› ¢)e öíöì„þ ²Ì›y’ „þîû öë îû&kþ“þyþ™ ²Ì!e«ëûyëû !¢öìÞÝþ› 
myîûy ¢Á™y!”“þ „,þ“þ„þyëÅ x¦þÄhsþîû#’ Ÿ!_«îû £Éyöì¢îû ¢›y˜Ð

vþz_îûéôôôé“þyþ™†!“þ!î”Äyîû ²Ìí› ¢)e öíöì„þ xy›îûy ‹y!˜éôôôé
dE = dQ + dW 
îû&kþ“þyþ™ ²Ì!e«ëûyëû dQ = 0
dE = 0 + dW
îy– – dE = – dW
¢%“þîûy‚ îû&kþ“þyþ™ ²Ì!e«ëûyëû !¢öìÞÝþ› myîûy ¢Á™y!”“þ „,þ“þ„þyëÅ x¦þÄhsþîû#’ Ÿ!_«îû 

£Éyöì¢îû ¢›y˜Ð

10. “þyþ™†!“þ!î”Äyîû ²Ìí› ¢)e öíöì„þ ²Ì›y’ „þîû öë ¢öì›y¡Œ ²Ì!e«ëûyëû !¢öìÞÝþ› 
myîûy ¢Á™y!”“þ „,þ“þ„þyëÅ öŸy!¡ì“þ “þyöìþ™îû ¢›y˜éôôôé ²Ì›y’ „þîûÐ

vþz_îûéôôôé“þyþ™†!“þ!î”Äyîû ²Ìí› ¢)e öíöì„þ xy›îûy ‹y!˜
dE = dQ + dW 
¢öì›y¡Œ ²Ì!e«ëûyëû dE = 0
0 = dQ + dW
îy– + dQ = – dW
¢%“þîûy‚ ¢öì›y¡Œ ²Ì!e«ëûyëû !¢öìÞÝþ› myîûy ¢Á™y!”“þ „,þ“þ„þyëÅ !¢öìÞÝþ› myîûy 

öŸy!¡ì“þ “þyöìþ™îû ¢›y˜Ð

11. “þyþ™†!“þ!î”Äyîû ²Ìí› ¢)e öíöì„þ ²Ì›y’ „þîû öë xy”ŸÅ †Äyöì¢îû ›%_« 
¢Á±¢yîû’ ²Ì!e«ëûy!Ýþ ¢öì›y¡Œ ç îû&kþ“þyþ™#ëûÐ

vþz_îûéôôôé “þyþ™†!“þ!î”Äyîû ²Ìí› ¢)e öíöì„þ xy›îûy ‹y!˜éôôôé
dE = dQ + dW 
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îy dE = dQ + P(V2–V1)
›%_« ¢Á±¢yîûöì’îû öÇþöìe P = 0
¢%“þîûy‚ dE = dQ + 0
îy dE = dQ 
xyîyîû xy”ŸÅ †Äyöì¢îû ›%_« ¢Á±¢yîûöì’îû öÇþöìe vþz¡Œ“þyîû ö„þyöì˜y þ™!îûî“Åþ˜ 

£ëû ˜y ~î‚ !¢öìÞÝþöì›îû x¦þÄhsþîû#’ Ÿ!_« vþz¡Œ“þyîû vþzþ™îû !˜¦ÅþîûŸ#œÐ “þy£z xy”ŸÅ 
†Äyöì¢îû ›%_« ¢Á±¢yîûöì’ x¦þÄhsþîû#’ Ÿ!_«îû ö„þyöì˜y þ™!îûî“Åþ˜ £ëû ˜yÐ

x“þ~î 0 = dQ
îy dQ = 0
¢%“þîûy‚ dE = dQ = 0
öëöì£“%þ !¢öìÞÝþöì›îû vþz¡Œ“þy ~î‚ öŸy!¡ì“þ “þyöìþ™îû þ™!îû›y’ Ÿ)˜ÄÐ
¢%“þîûy‚ “þyþ™†!“þ!î”Äyîû ²Ìí› ¢)e öíöì„þ ²Ì›y’ „þîûy ëyëû xy”ŸÅ †Äyöì¢îû ›%_« 

¢Á±¢yîû’ ²Ì!e«ëûy!Ýþ ¢öì›y¡Œ ç îû&kþ“þyþ™#ëûÐ

12. ²Ì›y’ „þîûéôôôé ¢öì›y¡Œ ²Ì!e«ëûyëû xy”ŸÅ †Äyöì¢îû ¢öìBþy‰þ˜ ç ²Ì¢yîûöì’ 
~˜íÄyœ!þ™îû ö„þy˜ þ™!îûî“Åþ˜ £ëû ˜yÐ

vþz_îûéôôôé •îûy ëy„þ ~„þ!Ýþ !˜!”ÅÜT vþz¡Œ“þyëû ~„þ!Ýþ ¦þöìîûîû xy”ŸÅ †Äyöì¢îû ²Ìyí!›„þ 
x¦þÄhsþîû#’ Ÿ!_« E1– xyëû“þ˜ V1 ~î‚ ‰þyþ™ P1 öíöì„þ ¢öìBþy‰þ˜ ç ²Ì¢yîûöì’ x!hsþ› 
x¦þÄhsþîû#’ Ÿ!_« E1– xyëû“þ˜ V2 ~î‚ ‰þyþ™ P2Ð ¢%“þîûy‚ !¢öìÞÝþöì›îû ²Ìyí!›„þ ç 
x!hsþ› ~˜íÄyœ!þ™îû ›y˜ ëíye«öì› H1 ~î‚ H2 £öìœ

H1 = E1+P1V1 .......................................................SiV
H2 = E2 + P2V2  .................................................SiiV
¢%“þîûy‚ 
H2 – H1 = E2 – E1 + (P2V2–P1V1)
îy ΔH = ΔE + (P2V2–P1V1)............................SiiiV
!ßþiîû vþz¡Œ“þyëû xy”ŸÅ †Äyöì¢îû ¢öìBþy‰þ˜ ç ²Ì¢yîûöì’ îy îöìëûöìœîû ¢)ey˜%¢yöìîû 

P2V2–P1V1= 0
¢%“þîûy‚ ΔH = ΔE + (P2V2–P1V1)
îy ΔH = ΔE +0
îy ΔH = ΔE
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xyîyîû ¢öì›y¡Œ ²Ì!e«ëûyëû xy”ŸÅ †Äyöì¢îû ¢öìBþy‰þ˜ ç ²Ì¢yîûöì’ x¦þÄhsþîû#’ 
Ÿ!_«îû ö„þy˜ þ™!îûî“Åþ˜ £ëû ˜y xíÅyê ΔE = 0

¢%“þîûy‚ ΔH = 0
¢%“þîûy‚ ¢öì›y¡Œ ²Ì!e«ëûyëû xy”ŸÅ †Äyöì¢îû ¢öìBþy‰þ˜ ç ²Ì¢yîûöì’ ~˜íÄyœ!þ™îû 

ö„þy˜ þ™!îûî“Åþ˜ £ëû ˜y–²Ì›y!’“þÐ

13. ²Ì›y’ „þîûéôôôéxy”ŸÅ †Äyöì¢îû ¢öì›y¡Œ ²Ì¢yîûöì’ x¦þÄhsþîû#’ Ÿ!_«îû ö„þyöì˜y 
þ™!îûî“Åþ˜ £ëû ˜yÐ

vþz_îûéôôôé xy”ŸÅ †Äyöì¢îû öÇþöìe !ßþiîû xyëû“þöì˜ ö›yœyîû “þyþ™ @ùÌy£#“þy
Cv = dE

dT

îy dE = CvdT
ΔE = CvΔT
¢öì›y¡Œ ²Ì!e«ëûyëû ΔT = 0
¢%“þîûy‚ ΔE = 0
¢%“þîûy‚  xy”ŸÅ †Äyöì¢îû ¢öì›y¡Œ ²Ì¢yîûöì’ x¦þÄhsþîû#’ Ÿ!_«îû ö„þyöì˜y þ™!îûî“Åþ˜ 

£ëû ˜yÐ

14. ëíyëí xî„þœ˜ ~î‚ xîßþiyîû xöìþ™Çþ„þ îœöì“þ „þ# öîyGþÚ

vþz_îûéôôôé ö„þy˜ !¢öìÞÝþöì›îû öë ¢„þœ ö¦þï“þ îûy!Ÿîû ›y˜ ú !¢öìÞÝþöì›îû xîßþiyîû 
vþzþ™îû !˜¦Åþîû „þöìîû !„þlsþ vþz£yîû þ™!îûî“Åþöì˜îû ›y˜ þ™öìíîû vþzþ™îû !˜¦þîû „þöìîû ˜y ö¢£z 
¢›hßþ ö¦þï“þ îûy!Ÿ=!œöì„þ xîßþiyîû xöìþ™Çþ„þ îöìœ ~î‚ ú îûy!Ÿ=!œîû þ™!îûî“Åþöì˜îû 
›y˜öì„þ ëíyëí xî„þœ˜ îöìœÐ 

15. ˜#öì‰þîû ö„þy˜=!œ ëíyëí xî„þœ˜ 

dH, dG, dE, dW, dS, dQ
vþz_îûéôôôé  dW ~î‚ dQ – xîßþiyîû xöìþ™Çþ„þ ˜ëû „þyîû’ ~£z ”%!Ýþ xöìþ™Çþöì„þîû 

þ™!îûî“Åþöì˜îû ›y˜ þ™öìíîû vþzþ™îû !˜¦ÅþîûŸ#œÐ
dH, dG, dE, dSôéxîßþiyîû xöìþ™Çþ„þ „þyîû’ ~£z ‰þyîû!Ýþ xöìþ™Çþöì„þîû þ™!îûî“Åþöì̃ îû 

›y˜ þ™öìíîû vþzþ™îû !˜¦ÅþîûŸ#œÐ
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16. ‰þe«#ëû ²Ì!e«ëûyëû !¢öìÞÝþöì›îû xyhsþîû Ÿ!_«îû þ™!îûî“Åþ˜ Ÿ)˜Ä îÄy…Äy „þîûÐ

vþz_îûéôôôéxy›îûy ‹y!˜ !¢öìÞÝþöì›îû xyhsþîû Ÿ!_« ~„þ!Ýþ xîßþiyîû xöìþ™Çþ„þ ~î‚ 
xyhsþîû Ÿ!_«îû þ™!îûî“Åþ˜ ~„þ!Ýþ ëíyëí xî„þœ˜Ð ‰þe«#ëû ²Ì!e«ëûyëû !¢öìÞÝþöì›îû 
²Ìyí!›„þ xîßþiy˜ öíöì„þ x!hsþ› xîßþiy˜ öþ™ï¤Šéyöìœ öë þ™!îû›y’ Ÿ!_«îû þ™!îûî“Åþ˜ 
£öìî ö“þ›!˜ x!hsþ› xîßþiy˜ öíöì„þ ²Ìyí!›„þ xîßþiyöì˜ !šþöìîû xy¢öì“þ ö¢£z þ™!îû›y’ 
Ÿ!_«îû £Éy¢ ‡Ýþöìî  „þyîû’  xyhsþîû Ÿ!_«îû þ™!îûî“Åþ˜ þ™öìíîû vþzþ™îû !˜¦Åþîû „þöìîû ˜yÐ 
~£z „þyîûöì’ ‰þe«#ëû ²Ì!e«ëûyëû !¢öìÞÝþöì›îû xyhsþîû Ÿ!_«îû þ™!îûî“Åþ˜ Ÿ)˜ÄÐ

17. †Äyöì¢îû îû&kþ“þyþ™#ëû ¢Á±¢yîûöì’îû šþöìœ !¢öìÞÝþöì›îû “þyþ™›yey £Éy¢ þ™yëû ö„þ˜Ú

vþz_îûéôôôé†Äyöì¢îû îû&kþ“þyþ™#ëû ¢Á±¢yîûöì’îû öÇþöìe !¢öìÞÝþ› ç þ™!îûöìîöìŸîû ›öì•Ä 
“þyöìþ™îû ö„þy˜ xy”y˜éôé²Ì”y˜ £ëû ˜y xíÅyê dQ = 0Ð ¢%“þîûy‚ “þyþ™†!“þ!î”Äyîû ²Ìí› 
¢)e öíöì„þ þ™y£zéôôôé

dE = dQ + dW
îy dE = 0 + dW
îy dE = dW
îy –dE = – dW
öëöì£“%þ !¢öìÞÝþ› x¦þÄhsþîû#’ Ÿ!_« îÄëû „þöìîû îy!£Ä„þ „þyëÅ ¢Á™y”˜ „þöìîû “þy£z 

!¢öìÞÝþöì›îû x¦þÄhsþîû#’ Ÿ!_« £Éy¢ þ™yëûÐ

18. xy”ŸÅ †Äyöì¢îû ¢öì›y¡Œ þ™îûyî“Åþ ¢Á±¢yîû’ ç ¢öìBþy‰þöì˜ „,þ“þ„þyöìëÅîû 
îûy!Ÿ›yœy ²Ì!“þÛþy „þîûÐ

vþz_îûéôôôé ¢%þ™!îûîy£# þ™”yíÅ myîûy !˜!›Å“þ ~„þ!Ýþ !¢!œ[þyöìîû n ö›yœ xy”ŸÅ †Äy¢ 
ö˜çëûy £œÐ ~…˜ ú !¢!œ[þyöìîûîû ›%öì… ~„þ!Ýþ ‡¡ìÅ’£#˜ ç ç‹˜£#˜ !þ™ÞÝþ˜ ë%_« 
„þîûy £œÐ ~£z öÇþöìe †Äyöì¢îû ‰þyþ™ SPV = î!£ƒßþi ‰þyþ™ SPextVÐ

~…˜ î!£ƒßþi ‰þyþ™ Ç%þoy!“þÇ%þo SdPV £Éy¢ „þîûöìœ xyëû“þöì˜îû î,!kþ ‡öìÝþ dVÐ 
¢%“þîûy‚ ~£z xîßþiyëû †Äyöì¢îû x¦þÄhsþîû#’ ‰þyþ™ Pext – dP Söëöì£“%þ P = PextVÐ

x“þ~î ²Ì!“þ!Ýþ •yöìþ™ †Äy¢ „þ“Å,þ„þ „,þ“þ„þyöìëÅîû þ™!îû›y’ 
dW = – (Pext –dP)dV
îy dW = – (Pext dV) + dPdV
îy dW = – Pext dV [dP ç dV ~îû ›y˜ x!“þ Ç%þo îöìœ vþz£yöì”îû =’šþöìœîû 

›y˜ vþzöìþ™Çþ’#ëû]
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¢%“þîûy‚ ¢öì›y¡Œ þ™îûyî“Åþ ¢Á±¢yîûöì’îû ‹˜Ä †Äyöì¢îû xyëû“þ˜ V1 öíöì„þ V2 
ö“þ î,!kþ öþ™öì“þ †Äy¢ „þ“Å,þ„þ ö›yÝþ „,þ“þ„þyöìëÅîû þ™!îû›y’ £öìî

2

1

2

1

V

V
dW PdV= -∫ ∫

2

1

2

1

V
nRT
VV

dW dV= -∫ ∫  öëöì£“%þ  PV = nRT]
2

1

2
1

1

V

VV
dW nRT dV= -∫ ∫

2

1

V
rev VW nRTIn= -

1

2

P
rev PW nRTIn= -  [öëöì£“%þ !ßþiîû vþz¡Œ“þyëû 1

PV ∝ ]
¢%“þîûy‚ ¢öì›y¡Œ þ™îûyî“Åþ ¢Á±¢yîûöì’îû ‹˜Ä †Äy¢ „þ“Å,þ„þ ö›yÝþ „,þ“þ„þyöìëÅîû 

îûy!Ÿ›yœy £öìî
2

1

V
rev VW nRTIn= -

~î‚ 2

1

P
rev PW nRTIn= -

xyîyîû ¢öì›y¡Œ þ™îûyî“Åþ ¢öìBþy‰þöì˜ †Äyöì¢îû vþzþ™îû „,þ“þ„þyöìëÅîû îûy!Ÿ›yœy £öìî  
¢öì›y¡Œ þ™îûyî“Åþ ²Ì¢yîûöì’ †Äy¢ „þ“Å,þ„þ „,þ“þ„þyöìëÅîû îûy!Ÿ›yœyîû x˜%îû&þ™ !„þlsþ 
!îþ™îû#“þ !‰þ£« ë%_«Ð

¢%“þîûy‚ ¢öì›y¡Œ þ™îûyî“Åþ ¢öìBþy‰þöì˜ †Äyöì¢îû vþzþ™îû „,þ“þ„þyöìëÅîû îûy!Ÿ›yœy £öìî  
2

1

V
rev VW nRTIn= -

2

1

P
rev PW nRTIn= -

19. xy”ŸÅ †Äyöì¢îû ¢öì›y¡Œ xþ™îûyî“Åþ ¢Á±¢yîûöì’ †Äy¢ „þ“Å,þ„þ „,þ“þ„þyöìëÅîû 
îûy!Ÿ›yœy ²Ì!“þÛþy „þîûÐ

vþz_îûéôôôé †Äyöì¢îû ‰þyþ™ xöìþ™Çþy î!£ƒßþi ‰þyöìþ™îû SPextV ›y˜ „þ› £ëû îöìœ xyëû“þ˜ 
î,!kþ öþ™öìëû V1 öíöì„þ V2 ö“þ þ™!îûî!“Åþ“þ £çëûyîû šþöìœ „,þ“þ„þyëÅ

2

1

V

iirev extV
W P dV= -∫

îy 
2

1

V

iirev extV
W P dV= -∫

îy Wiirev = – Pext (V2–V1) 
¢%“þîûy‚ xy”ŸÅ †Äyöì¢îû ¢öì›y¡Œ xþ™îûyî“Åþ  ¢Á±¢yîûöì’ †Äy¢ „þ“Å,þ„þ „,þ“þ„þyöìëÅîû 

îûy!Ÿ›yœy 
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Wiirev = – Pext (V2–V1)ôé........................................................–––SiV
xyîyîû ~„þ ö›yœ xy”ŸÅ †Äyöì¢îû  ²Ìyí!›„þ ç x!hsþ›  ‰þyþ™ ëíye«öì› P1 ç P2 

~î‚ ²Ìyí!›„þ ç x!hsþ› xyëû“þ˜ ëíye«öì› V1 ç V2 £öìœ SiV ˜Áºîû ¢›#„þîûöì’îû 
þ™!îûî!“Åþ“þ îû*þ™

Wiirev = – P2 (V2–V1)

= 2 12 ( )RT RT
P PP -

= 2

1
(1 )P

PRT - ôé............................––––––––––––SiiV

20. îû&kþ“þyþ™#ëû þ™îûyî“Åþ ²Ì!e«ëûyëû !¢öìÞÝþ› „þ“Å,þ„þ „,þ“þ„þyöìëÅîû îûy!Ÿ›yœy ²Ì!“þÛþy 
„þîûÐ

vþz_îûéôôôéîû&kþ“þyþ™#ëû þ™îûyî“Åþ ²Ì!e«ëûyëû !¢öìÞÝþ› „þ“Å,þ„þ „,þ“þ„þyëÅ
Wad = –dE
Wad = –CvdT
Wad = –Cv(T2–T1)
Wad = Cv(T1–T2)
1 ö›yœ xy”ŸÅ †Äyöì¢îû öÇþöìe PV = RT
îy T = PV

R

¢%“þîûy‚ 1 1 2 2( )PV P V
ad V R RW C= -

îy 1 1 2 2( )VC
ad RW PV PV= -

îy Wad = (P1V1 –P2V2)/(Y – 1)

21. ²Ì›y’ „þîû þ™îûyî“Åþ ²Ì!e«ëûyëû „,þ“þ„þyëÅ xþ™îûyîöì“Åþîû “%þœ˜yëû x!•„þÐ

vþz_îûéôôôé xy›îûy ‹y!˜– þ™îûyî“Åþ ²Ì!e«ëûyëû „,þ“þ„þyëÅ
1

2

P
rev PW RTIn=

~î‚ xþ™îûyî“Åþ ²Ì!e«ëûyëû „,þ“þ„þyëÅ

Wirev = 2

1
(1 )P

PRT -

¢%“þîûy‚ Wirev – Wirev

= 
1 2

2 1
(1 )P P

P PRTIn RT- -

= 
1 2 1 2

2 1
(1 ) ( )P P P P

P PRTIn RT- -+ -
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= 
1 2 1 2

2 1
( ) ( )P P P P

P PRT RT- --

= 2 1

1 1
1 2( )( )P PRT P P- -

= 1 2

1
1 2 1 2( )( ) P PRT P P P P- - ×

= 1 2

2 1
1 2( ) P PRT P P- ×

= + ve
¢%“þîûy‚ Wrev>Wirev

¢%“þîûy‚ þ™îûyî“Åþ ²Ì!e«ëûyëû „,þ“þ„þyëÅ xþ™îûyî“Åþ ²Ì!e«ëûyîû “%þœ˜yëû x!•„þÐ

22. ²Ì›y’ „þîû Cp – Cv = R

vþz_îûéôôôé !ßþiîû ‰þyöìþ™ ~„þ ö›yœ þ™!îû›y’ ö„þy˜ †Äyöì¢îû vþz¡Œ“þy 1oC î,!kþ 
„þîûöì“þ öë þ™!îû›y’ “þyöìþ™îû ²Ìöìëûy‹˜ £ëû “þyöì„þ£z !ßþiîû ‰þyöìþ™ ö›yœyîû “þyþ™@ùÌy!£“þy 
SCpV îöìœÐ

¢%“þîûy‚ ( )HC Pp T
δ
δ=

!ßþiîû xyëû“þöì˜ ~„þ ö›yœ þ™!îû›y’ ö„þy˜ †Äyöì¢îû vþz¡Œ“þy 1oC î,!kþ „þîûöì“þ 
öë þ™!îû›y’ “þyöìþ™îû ²Ìöìëûy‹˜ £ëû “þyöì„þ£z !ßþiîû xyëû“þöì˜ ö›yœyîû “þyþ™@ùÌy!£“þy 
SCvV îöìœÐ

¢%“þîûy‚ ( )v
VC VT

δ
δ= = 0

x“þ~î Cp – Cv = ( ) ( )H U
T TP Vδ δ

δ δ- ...................................................SiV
xyîyîû H = U + PV 
¢%“þîûy‚ ( ) ( ) ( )H U V

T T TP P P Pδ δ δ
δ δ δ= + ...............................SiiV

(i) ç (ii) öíöì„þ þ™y£z
( ) ( ) ( )U V U

P V T T TC C P P P Vδ δ δ
δ δ δ- = + - ôé...........................SiiiV

xyîyîû U = ( , )V T∫
¢%“þîûy‚ ( ) ( )U U

V TT VU dT dVδ δ
δ δδ = +

îy ( ) ( ) ( ) ( )U U U V
P V T PT T T T

δ δ δ δ
δ δ δ δ= +  ....................................SivV

SiiiV ç  SivV öíöì„þ þ™y£z
( ) ( ) ( ) ( ) ( )U U V V U

P V V T P P VT V T T TC C δ δ δ δ δ
δ δ δ δ δ- = + + -

îy ( ) ( ) ( )U V V
P V T P PV T TC C Pδ δ δ

δ δ δ- = + +
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îy { }( ) ( )U V
P V T PV TC C Pδ δ

δ δ- = + ôé............................––––––SvV
xy”ŸÅ †Äyöì¢îû öÇþöìe
( ) 0U

TV
δ
δ =

x“þ~î SvV ˜Áºîû ¢›#„þîû’ öíöì„þ þ™y£z
( )V

P V PTC C P δ
δ- = ôé............................–––––––––––SviV

xyîyîû 1 ö›yœ xy”ŸÅ †Äyöì¢îû öÇþöìe
PV = RT
îy RT

PV =  

îy  ( )V R
PT P

δ
δ = ........................................................––––––––SviiV

~…˜ SviV ç SviiV ˜Áºîû ¢›#„þîû’ öíöì„þ þ™y£z
R

P V PC C P- = ×

îy CP – CV = R ²Ì›y!’“þ 

23. ²Ì›y’ „þîû PVY = •Ê&î„þ

vþz_îûéôôôé “þyþ™†!“þ!î”Äyîû ²Ìí› ¢)e öíöì„þ þ™y£z Q = dU + PdV öë…yöì˜ Q 
= !¢öìÞÝþ› „þ“Å,þ„þ †,£#“þ “þyþ™– dU = !¢öìÞÝþöì›îû x¦þÄhsþîû#’ Ÿ!_« 

~…˜ îû&kþ“þyþ™ ²Ì!e«ëûyëû Q = 0
¢%“þîûy‚ dU = – PdV ............................–––––––SiV
xyîyîû !ßþiîû xyëû“þöì˜ ö›yœyîû “þyþ™@ùÌy£#“þy ( )U

V VTC δ
δ=

îy dU = CvdTôé............................––––––––––––SiiV
SiV ç  SiiV ˜Áºîû ¢›#„þîû’ öíöì„þ þ™y£z

CvdT = –PdV

îy RT
V VC dT dV= -

îy VC dT R
T V dV= -

îy 
2 2

1 1

T V
dT dV
T VT V

R= -∫ ∫
îy 2 2

1 1

T V
V T VC In RIn= -
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îy 2 2

1 1V

T VR
T C VIn In=

îy 
/

2 1
1 2

R CVT VIn InT V
 

=  
 

îy 
2 1

1 2

/( ) VT V R C
T V=

xyîyîû Cp – Cv = R

îy 1P

V V

C R
C C- =  îy  Y – 1 = V

R
C

¢%“þîûy‚  2 1

1 2

1( )T V Y
T V

-=

îy T1V1
Y–1 = T2V2

Y–1

îy TVY–1 = •Ê&î„þ
îy 1YPV

R V -  = •Ê&î„þ
îy PVY = •Ê&î„þ × R
îy PVY = •Ê&î„þ ²Ì›y!’“þ

24. ²Ì›y’ „þîûéôôôé TVY–1 = •Ê&î„þ

vþz_îûéôôôé “þyþ™†!“þ!î”Äyîû ²Ìí› ¢)e öíöì„þ þ™y£z
Q = dU + PdV öë…yöì˜ Q = !¢öìÞÝþ› „þ“Å,þ„þ †,£#“þ “þyþ™– dU = !¢öìÞÝþöì›îû 

x¦þÄhsþîû#’ Ÿ!_« 
~…˜ îû&kþ“þyþ™ ²Ì!e«ëûyëû Q = 0
¢%“þîûy‚ dU = – PdV ............................SiV
xyîyîû !ßþiîû xyëû“þöì˜ ö›yœyîû “þyþ™@ùÌy£#“þy

( )UC VV T
δ
δ=

îy dU = CVdT............................SiiV
SiV  ç  SiiV ˜Áºîû ¢›#„þîû’ öíöì„þ þ™y£z
CvdT = –PdV

îy RT
V VC dT dV= -

îy VC dT R
T V dV= -
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îy 
2 2

1 1

T V
dT dVC RV T VT V

=-∫ ∫

îy 2 2

1 1

T V
V T VC In RIn= -

îy 2 1

1 2V

T VR
T C VIn In=

îy 
/

2 1
1 2

R CVT VIn InT V
 

=  
 

îy 
2 1

1 2

/( ) VT V R C
T V=

xyîyîû Cp–Cv = R

îy 1P

V V

C R
C C- =   îy Y – 1 = V

R
C

¢%“þîûy‚ 
1

2 1
1 2

T V
T V

g - 
=  

 

îy T1V1
g–1 = T2V2

g–1

îy TVY–1 = •Ê&î„þ ²Ì›y!’“þ 
2 1

1 2
( ) T P

V T PS C R In RInD = + +

25. ²Ì›y’ „þîû –TYP1–Y = •Ê&î„þ

vþz_îûéôôôé“þyþ™†!“þ!î”Äyîû ²Ìí› ¢)e öíöì„þ þ™y£z
Q = dU + PdV öë…yöì˜ Q = !¢öìÞÝþ› „þ“Å,þ„þ †,£#“þ “þyþ™– dU = !¢öìÞÝþöì›îû 

x¦þÄhsþîû#’ Ÿ!_«îû î,!kþ
~…˜ îû&kþ“þyþ™ ²Ì!e«ëûyëû Q = 0
¢%“þîûy‚ dU = –PdV ............................–––––––SiV
xyîyîû !ßþiîû xyëû“þöì˜ ö›yœyîû “þyþ™@ùÌy£#“þy ( )U

V VTC δ
δ=

¢%“þîûy‚ dU = CvdTôé............................––––––––––––SiiV
~…˜ SiV ç SiiV ˜Áºîû ¢›#„þîû’ öíöì„þ þ™y£z  
îy CvdT = –PdV
îy ( )U

V VTC δ
δ=

îy RT
V VC dT dV= -

îy VC dT R
T V dV= -
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îy 
2 2

1 1

T V
dT dV

V T VT V
C R= -∫ ∫

îy 2 2

1 1

T V
V T VC In RIn= -

îy 2 1

1 2V

T VR
T C VIn In=

îy 2 1

1 2

/( ) V

V

T V R CR
T C VIn In=

îy 
2 1

1 2

/( ) VT V R C
T V=

xyîyîû Cp–Cv =R

 1P

V V

C R
C C- =   îy Y – 1 = V

R
C

¢%“þîûy‚ 2 1

1 2

1( )T V Y
T V

-=

îy T1V1
Y–1 = T2V2

Y–1 

îy TVY–1 = •Ê&î„þ
îy  1( )YRT

PT -  = •Ê&î„þ
îy  TYRY–1P1-Y = •Ê&î„þ 
îy  TYP1-Y = •Ê&î„þ × R1-Y

îy  TYP1-Y= •Ê&î„þ ²Ì›y!’“þ

26. îû&kþ“þyþ™#ëû P î˜y› V öœ…!‰þe ¢›“þyþ™#ëû P î˜y› V öœ…!‰þöìeîû “%þœ˜yëû 
x!•„þ …yvþüyÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé ¢›“þyþ™#ëû ¢Á±¢yîûöì’îû öÇþöìe
PV = •Ê&î„þ
~…˜ vþz¦þëû þ™Çþöì„þ V ~îû ¢yöìþ™öìÇþ xî„þœ˜ „þöìîû þ™y£z

0dP
dV V P+ =

îy dP
dV V P= -

îy dP P
dV V= - ........................................................–––––––SiV

xþ™îûþ™öìÇþ  îû&kþ“þyþ™#ëû ²Ì!e«ëûyîû öÇþöìe
PVY = •Ê&î„þ
¢%“þîûy‚ vþz¦þëû þ™Çþöì„þ V ~îû ¢yöìþ™öìÇþ xî„þœ˜ „þöìîû þ™y£z

1 0Y YdP
dV V PYV -+ =
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îy 1Y YdP
dV V PYV -= -

îy 1Y YdP
dV PYV V- -= -

îy ( )dP P
dV VY= -

isothermal

Adiabatic

Volume

Pressure

öëöì£“%þ g ~îû ›y˜ ¢îÅ”y£z 1 öíöì„þ öî!Ÿ
~£z „þyîûöì’ îû&kþ“þyþ™#ëû P î˜y›  V öœ…!‰þe ¢›“þyþ™#ëû P î˜y› V öœ…!‰þöìeîû 

“%þœ˜yëû x!•„þ …yvþüyÐ

27. ¢‚Kþy ”yçÐ

¢‚†àþ˜ “þyþ™éôôôé ”£˜ “þyþ™– oî’ “þyþ™– ²ÌŸ›˜ “þyþ™– ¢‚e«›’ “þyþ™ îy îû*þ™yhsþîû 
“þyöìþ™îû ¢‚Kþy ”yçÐ

vþz_îûéôôôé ¢‚†àþ˜ “þyþ™éôôôé ö„þy˜ öëïöì†îû ~„þ @ùÌy› x’% vþz£yîû  vþzþ™y”y˜ ö›ïœ=!œîû 
¢îöì‰þöìëû ¢%!ßþi“þ ßþiyëû# îû*þ™öì¦þ” öíöì„þ vþzêþ™§¬ „þîûöì“þ öë þ™!îû›y’ Ÿ!_«îû vþzqî 
‡öìÝþ “þyöì„þ ¢‚†àþ˜ “þyþ™ îöìœÐ öë›˜ ~„þ @ùÌy› x’% „þyîÅ˜ vþy£z–x:y£zvþ vþz£yîû 
¢îöì‰þöìëû ¢%!ßþi“þ îû*þ™öì¦þ” @ùÌyšþy£zÝþ  ç x!:öì‹öì˜îû ¢öìD !î!e«ëûy „þöìîû /4.05 
Kcal “þyþ™ !˜†Å“þ „þöìîûÐ ¢%“þîûy‚ „þyîÅ˜ vþy£z–x:y£zöìvþîû ¢‚†àþ˜ “þyþ™ –/4.05 kcal

@ùÌyšþy£zÝþ (C) + O2(g) = CO2 (g) ΔH = – /4.05 Kcal
”£˜ “þyþ™éôôôé²Ì›y’ ‰þyþ™ ç “þyþ™›yeyëû ~„þ @ùÌy› x’% ö„þy˜ öëïöì†îû ¢Á™)’Å ”£öì˜ 

öë þ™!îû›y’ “þyþ™ !˜†Å“þ £ëû “þyöì„þ ú öëïöì†îû ”£˜ “þyþ™ îöìœÚ öë›˜ ~„þ ö›yœ 
£z!í!œ˜ x!:öì‹öì˜ ”£˜ „þîûöìœ ²Ì›y’ xîßþiyëû 33/.35 Kcal “þyþ™ !˜†Å“þ £ëû Ð
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C2H4 + O2 = CO2 + H2O – ΔH = – 33/.35 Kcal 
oî’ “þyþ™éôôôé~„þ ö›yœ ö„þy˜ þ™”yöìíÅîû ²Ì›y’ xîßþiyëû x!“þ!îû_« þ™!îû›y’ ö„þy˜  

oyîöì„þ oî#¦)þ“þ „þîûy £ëû ëyöì“þ oîöì’îû †y‘þüöìcîû ö„þy˜ þ™!îûî“Åþ˜ £ëû ˜yÐ ~£z 
xîßþiyëû öë þ™!îû›y’ “þyöìþ™îû vþzqî ‡öìÝþ “þyöì„þ oî’ “þyþ™ îöìœÐ öë›˜ £zíy£zœ 
xÄyœöì„þy£öìœîû oî’ “þyþ™ –1120 cal

²ÌŸ›˜ “þyþ™éôôôé~„þ @ùÌy› “%þœÄy‚„þ ö„þy˜ xÄy!¢öìvþîû œ‡% oî’öì„þ ~„þ @ùÌy› 
“%þœÄy‚„þ Çþyîû myîûy ²ÌŸ!›“þ „þîûöìœ öë þ™!îû›y’ “þyöìþ™îû þ™!îûî“Åþ˜ ‡öìÝþ “þyöì„þ 
²ÌŸ›˜ “þyþ™ îöìœÐ öë›˜ ~„þ @ùÌy› “%þœÄy‚„þ “þ#îÊ xÄy!¢vþ HCl ö„þ ²ÌŸ!›“þ 
„þîûöì“þ “þ#îÊ Çþyîû NaOH ~îû ~„þ @ùÌy›  “%þœÄy‚„þ myîûy ²ÌŸ!›“þ „þîûöìœ 13.6 
Kcal “þyþ™ !˜†Å“þ £öìîÐ

HCl + NaOH = NaCl + H2O –  ΔH = – 13.6 Kcal 
îû*þ™yhsþîû “þyþ™éôôôéö„þy˜ ö›ïöìœîû ~„þ îû*þ™öì¦þ” öíöì„þ xþ™îû îû*þ™öì¦þöì” îû*þ™yhsþ!îû“þ 

£öì“þ öë Ÿ!_«îû ²Ìöìëûy‹˜ £öìî “þyöì„þ îû*þ™yhsþ!îû“þ “þyþ™ îöìœÐ

28. “þ#îÊ xÄy!¢vþ ç ›,”% Çþyîû xíîy ›,”% xÄy!¢vþ ç “þ#îÊ Çþyöìîûîû ²ÌŸ›˜ “þyöìþ™îû 
›y˜– “þ#îÊ xÄy!¢vþ ç “þ#îÊ Çþyöìîûîû “%þœ˜yëû „þ› ö„þ˜Ú

vþz_îûéôôôé “þ#îÊ xÄy!¢vþ ç “þ#îÊ Çþyîû oîöì’ ¢Á™)’Åîû*öìþ™ !îöìëûy!‹“þ £ëû  ~î‚ 
œî’ ç ‹œ vþzêþ™§¬ „þöìîûÐ “þy£z ~£z !î!e«ëûyîû ²ÌŸ›˜ “þyöìþ™îû ›y˜ 13.6 Kcal/ 
mol !„þlsþ ›,”% xÄy!¢vþ ç ›,”% Çþyîû xy‚!Ÿ„þ¦þyöìî !îöìëûy!‹“þ £ëûÐ šþöìœ !îöìëûy‹öì˜îû 
›yey î,!kþ „þîûyîû ‹˜Ä !î!e«ëûyëû vþzq(“þ “þyöìþ™îû !„þŠ%é x‚Ÿ îÄ!ëû“þ £ëûÐ îöìœ “þ#îÊ 
xÄy!¢vþ ç ›,”% Çþyîû xíîy ›,”% xÄy!¢vþ ç “þ#îÊ Çþyöìîûîû ²ÌŸ›˜ “þyöìþ™îû ›y˜– “þ#îÊ 
xÄy!¢vþ ç “þ#îÊ Çþyöìîûîû “%þœ˜yëû „þ› £ëûÐ

28. ö£öì¢îû ¢)e!Ýþ !îî,“þ „þîûÐ †y!’!“þ„þ îû*þ™!Ýþ öœ…Ð

vþz_îûéôôôé ö„þy˜ ~„þ!Ýþ îûy¢yëû!˜„þ !î!e«ëûy ~„þ •yöìþ™ ¢Á™§¬ £öìœ öë þ™!îû›y’ 
“þyþ™ öŸy!¡ì“þ îy vþzq(“þ £ëû !î!e«ëûy!Ýþ ”%£z îy “þöì“þy!•„þ •yöìþ™ ¢Á™§¬ £öìœ ö¢£z 
þ™!îû›y’ “þyþ™ öŸy!¡ì“þ îy vþzq(“þ £öìî ë!” ²Ìí› ~î‚ x!hsþ› Ÿ“Åþ ~„þ£z íyöì„þÐ

öë›˜ „þyîÅöì˜îû ¢öìD ~„þ •yöìþ™ x!:öì‹öì˜îû !î!e«ëûyëû „þyîÅ˜ vþy£z x:y£zvþ 
vþzêþ™§¬ £ëûÐ ~£z  !î!e«ëûy!Ýþ ”%£z •yöìþ™ ¢Á™§¬ £öì“þ þ™yöìîû ëyîû ²Ìí› •yöìþ™ „þyîÅ˜ 
›öì˜y:y£zvþ ~î‚ !m“þ#ëû •yöìþ™ „þyîÅ˜ ›öì˜y:y£zöìvþîû ¢öìD x!:öì‹öì˜îû !î!e«ëûyëû 
„þyîÅ˜ vþy£z x:y£zvþ vþzêþ™§¬ £ëûÐ
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ö£öì¢îû ¢)ey˜%¢yöìîû q1 = q2 + q3

29.  îõþ˜ Ÿ!_« ç îõþ˜ Ÿ!_« îœöì“þ „þ# öîyGþÚ

vþz_îûéôôôé îõþ˜ Ÿ!_«éôôôé ë…˜ ”%!Ýþ þ™îû›y’% îûy¢yëû!˜„þ îõþöì˜ xyîkþ £ëû “þ…˜ 
²Ì!“þ!Ýþ îõþ˜ ¢,!ÜTîû ‹˜Ä öë þ™!îû›y’ Ÿ!_«îû ›%!_« ‡öìÝþÐ “þyöì„þ îõþ˜ Ÿ!_«Ð ~!Ýþ 
~„þ!Ýþ “þyþ™öì›y‰þ# !î!e«ëûyÐ

îõþ˜ !îöìëûy‹˜ Ÿ!_«éôôôé †Äy¢#ëû xîßþiyëû ö„þyöì˜y x’% ›•Äßþi ~„þ!Ýþ îõþ˜öì„þ 
ö¦þöìD ²ÌŸ› þ™îû›y’% îy ›%_« ›%œöì„þ þ™!îû’“þ „þîûöì“þ öë þ™!îû›y’ Ÿ!_«îû ²Ìöìëûy‹˜ 
£ëû “þyöì„þ îõþ˜ !î¦þy‹˜ Ÿ!_« îöìœÐ ~“þ£z ~_« “þyþ™öìŸy¡ì# ²Ì!e«ëûyÐ

30. ö£öì¢îû ¢)e!Ýþ “þyþ™†!“þ!î”Äyîû ²Ìí› ¢)öìeîû x˜%!¢kþyhsþ ›yeÐ

vþz_îûéôôôé  “þyþ™ †!“þ!î”Äyîû ²Ìí› ¢%ey˜%¢yöìîû Ÿ!_« x!î˜Ù»îûÐ £z£yöì„þ •¹¢ îy 
¢,!ÜT „þîûy ëyëû ˜yÐ ö„þîœ›ye Ÿ!_«îû ~„þîû*þ™ öíöì„þ x˜Äîû*öìþ™  îû*þ™yhsþ!îû“þ £ëûÐ 

xþ™îû!”öì„þ ö£öì¢îû ¢)ey˜%¢yöìîû ö„þyöì˜y ~„þ!Ýþ !î!e«ëûy ~„þ•yöìþ™ ¢Á™§¬ £öìœ 
ë“þÝþy “þyþ™ vþzêþ™§¬ îy öŸy!¡ì“þ £ëû !î!e«ëûy!Ýþ ”%£z îy “þöì“þy!•„þ •yöìþ™ ¢Á™§¬ £öìœ 
“þ“þ þ™!îû›y’ Ÿ!_« vþzêþ™§¬ îy öŸy!¡ì“þ £ëû xíÅyê Ÿ!_«îû ö›yÝþ þ™!îûî“Åþ˜ •Ê&î„þ ëy 
“þyþ™†!“þ !î”Äyîû ²Ìí› ¢)öìeîû x˜%!¢kþyhsþÐ

31. ö„þyöì˜y îûy¢yëû!˜„þ !î!e«ëûyîû !î!e«ëûy “þyþ™ x¦þÄhsþîû#’ Ÿ!_«îû ¢y£yöìëÄ 
²Ì„þyŸ ˜y „þöìîû ~˜íÄyœ!þ™îû ¢y£yöìëÄ ²Ì„þyŸ „þîûy £ëû ö„þ˜Ú

vþz_îûéôôôé“þyþ™†!“þ!î”Äyîû ²Ìí› ¢)ey˜%¢yöìîû !ßþiîû xyëû“þöì˜ ö„þyöì˜y !î!e«ëûyëû 
vþzêþ™§¬ “þyþ™ îy öŸy!¡ì“þ “þyþ™ x¦þÄhsþîû#’ Ÿ!_«îû þ™!îûî“Åþöì˜îû ¢›y˜Ð xyîyîû 
îû¢yëû˜y†yöìîû öë ¢›hßþ !î!e«ëûy ‡Ýþyöì˜y £ëû “þyîû x!•„þy‚Ÿ£z ‡öìÝþ ö…yœy þ™yöìe 
xíÅyê îyëû%›[þœ#ëû ‰þyöìþ™Ð öëöì£“%þ !î!e«ëûyîû ‰þyþ™ xíÅyê îyëû%›[þöìœîû ‰þyþ™ ¢îÅ”y£z 
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!ßþiîû íyöì„þ “þy£z ö„þyöì˜y îûy¢yëû!˜„þ !î!e«ëûyîû !î!e«ëûy “þyþ™ x¦þÄhsþîû#’ Ÿ!_«îû 
¢y£yöìëÄ ²Ì„þyŸ ˜y „þöìîû ~˜íÄyœ!þ™îû ¢y£yöìëÄ ²Ì„þyŸ „þîûy £ëûÐ

32. ²Ì›y’ „þîû ΔH = ΔE + ΔnRT

vþz_îûéôôôé “þyþ™†!“þ!î”Äyîû ²Ìí› ¢)ey˜%¢yöìîûéôôôé
q = ΔE + w
¢%“þîûy‚ !ßþiîû xyëû“þöì˜  ¢›#„þîû’!Ýþ 
qv = ΔE ~î‚ 
!ßþiîû ‰þyöìþ™ ¢›#„þîû’!Ýþ 
îy qP = ΔE  + P(V2–V1)
îy qP = ΔE  + PΔV  ............................SiV
xyîyîû ~˜íÄyœ!þ™îû ¢‚Kþy x˜%ëyëû#
H = E + PV
¢%“þîûy‚ !ßþiîû ‰þyöìþ™ ~˜íÄyœ!þ™îû þ™!îûî“Åþ˜
ΔH = ΔE + PΔVôé...........................................SiiV
†Äy¢#ëû !î!e«ëûyîû öÇþöìe PΔV = ΔnRT
¢%“þîûy‚ ΔH = ΔE + ΔnRT

33. !Ýþ„þy öœ…éôôôé

„þyöì˜Åyîû ‰þe«
vþz_îûéôôôé~„þ!Ýþ ¦þyîû£#˜– ‡¡ìÅ’£#˜ !þ™ÞÝþ˜ ë%_« ~„þ!Ýþ !¢!œ[þyöìîû ~„þ ö›yœ 

xy”ŸÅ †Äy¢ !˜öìëû !îKþy˜# „þyöì˜Åyîû ~„þ!Ýþ xy”ŸÅ £z!Oöì˜îû öŸy!¡ì“þ “þyþ™ ç „þyöìëÅîû 
›öì•Ä ¢Á™„Åþ ßþiyþ™˜ „þöìîû!Šéöìœ˜Ð „þyöì˜Åyîû £z!Oöì˜îû ‰þyîû!Ýþ þ™ëÅyöìëûîû ²Ì!“þ!Ýþöì“þ 
„,þ“þ„þyëÅ þ™îûyî“Åþ ²Ì!e«ëûyëû ¢Á™y!”“þ £ëû îöìœ ¢îÅy!•„þ „þ›Å ”Çþ“þy  ö”…y ëyëûÐ 
~£z £z!O˜!Ýþ ‰þe«#ëû ²Ì!e«ëûyëû ¢Á™§¬ £ëû îöìœ x¦þÄhsþîû#’ Ÿ!_«îû þ™!îûî“Åþ˜ Ÿ)˜ÄÐ

²Ìí› þ™ëÅyëû ƒ T2 vþz¡Œ“þyëû !¢!œ[þyöìîûîû þ™!îûîy£# “þœöì„þ “þyþ™ xy•yöìîûîû 
¢‚ßþ™öìŸÅ îûy…öìœ “þyþ™ xy•yîû öíöì„þ Q2 þ™!îû›y’ “þyþ™ öŸy¡ì˜ „þöìîû !¢!œ[þyöìîûîû 
†Äy¢!Ýþ ¢öì›y¡Œ“þyëû þ™îûyî“Åþ ²Ì!e«ëûyëû A !î¨% SP1, V1V öíöì„þ ²Ì¢y!îû“þ £öìëû 
B !î¨%öì“þ SP2, V2V öþ™ï¤ŠéyëûÐ ¢%“þîûy‚ ~£z þ™ëÅyöìëû öŸy!¡ì“þ “þyþ™ ç †Äy¢ „þ“Å,þ„þ 
„,þ“þ„þyöìëÅîû ›öì•Ä ¢Á™„Åþ £œ S~…yöì˜  T2>T1V
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W1 = Q2 = RT2ln
2

1

V
V   ............................SiV

!m“þ#ëû þ™ëÅyëû ƒ !¢!œ[þyîû!Ýþöì„þ “þyþ™ xy•yîû öíöì„þ þ™,í„þ „þöìîû ö„þyöì˜y xhsþîû„þ 
þ™”yöìíÅîû ¢‚ßþ™öìŸÅ îûy…y £œ ~î‚ îû&kþ“þyþ™#ëû þ™îûyî“Åþ ²Ì!e«ëûyëû †Äy¢!Ýþ B !î¨%öì“þ  
SP2,V2V öíöì„þ ²Ì¢y!îû“þ £öìëû C !î %̈öì“þ SP3,V3V öþ™ïŠéyëûÐ ~£z þ™ëÅyëû!Ýþ îû&kþ“þyþ™#ëû 
²Ì¢yîûöì’îû „þyîûöì’ q = 0Ð ¢%“þîûy‚ !¢öìÞÝþ›!Ýþ x¦þÄhsþîû#’ Ÿ!_« îÄëû „þöìîû „,þ“þ„þyëÅ 
¢Á™y”˜ „þöìîûÐ

¢%“þîûy‚ †Äy¢ „þ“Å,þ„þ „,þ“þ„þyëÅ W2 = –Cv(T2–T1)......................SiiV
“,þ“þ#ëû þ™ëÅyëû ƒ ~îyîû !¢!œ[þyîû öíöì„þ xhsþîû„þ!Ýþ ¢!îûöìëû !˜öìëû xy•yöìîûîû ¢‚ßþ™öìŸÅ 

îûy…y £œÐ †Äy¢!Ýþöì„þ T1 ¢öì›y¡Œ“þyëû þ™îûyî“Åþ ²Ì!e«ëûyëû C !î¨% SP3,V3V öíöì„þ 
¢‚öì„þy!‰þ“þ £öìëû D !î¨%öì“þ SP4,V4V öþ™ïŠéyëûÐ ~îû šþöìœ !¢öìÞÝþ› Q1 þ™!îû›y’ “þyþ™ 
xy•yîûöì„þ ²Ì”y˜ „þöìîûÐ ¢%“þîûy‚ ~£z þ™ëÅyöìëû †Äy¢!Ýþîû vþzþ™îû „,þ“þ„þyëÅ

W3 = RT1ln
4

3

V
V ............................SiiiV

‰þ“%þíÅ þ™ëÅyëû ƒ ~…˜ !¢!œ[þyîû!Ýþöì„þ “þyþ™ xy•yîû öíöì„þ þ™,í„þ „þöìîû ö„þyöì˜y 
xhsþîû„þ þ™”yöìíÅîû ¢‚ßþ™öìŸÅ îûy…y £œ ~î‚ îû&kþ“þyþ™#ëû þ™îûyî“Åþ ²Ì!e«ëûyëû †Äy¢!Ýþ 
D !î¨%öì“þ SP4, V4V öíöì„þ ¢‚öì„þy!‰þ“þ £öìëû A !î¨%öì“þ SP1, V2V öþ™ïŠéyëûÐ ~£z 
þ™ëÅyëû!Ýþ îû&kþ“þyþ™#ëû ¢öìBþy‰þöì˜îû „þyîûöì’ q = 0Ð ¢%“þîûy‚ !¢öìÞÝþ›!Ýþ x¦þÄhsþîû#’ 
Ÿ!_« îÄëû „þöìîû !¢!œ[þyîû!Ýþöì„þ “þyþ™ xy•yîû öíöì„þ þ™,í„þ „þöìîû ö„þyöì˜y xhsþîû„þ 
þ™”yöìíÅîû ¢‚ßþ™öìŸÅ îûy…y £œ ~î‚ îû&kþ“þyîû#ëû þ™îûyî“Åþ ²Ì!e«ëûyëû †Äy¢!Ýþ D !î¨%öì“þ 

Chemistry Vol. III-4
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SP4, V4) öíöì„þ ¢B%þ!‰þ“þ £öìëû A !î¨%öì“þ P1, V1 !î¨%öì“þ öþ™ï¤ŠéyëûÐ ~£z þ™ëÅyëû!Ýþ 
îû&kþ“þyþ™#ëû £çëûyëû q=0Ð ¢%“þîûy‚ !¢öìÞÝþ›!Ýþ x¦þÄhsþîû#’ Ÿ!_« îÄëû „þöìîû „,þ“þ„þyëÅ 
¢Á™y”˜ „þöìîûÐ

¢%“þîûy‚ ~£z þ™ëÅyöìëû †Äy¢!Ýþîû vþzþ™îû „,þ“þ„þyëÅ 
W4 = –CV(T1–T2) ............................SivV
x“þ~î †Äy¢!Ýþ myîûy ¢Á™y!”“þ ö›yÝþ „,þ“þ„þyëÅ = !¢öìÞÝþ› myîûy  ö›yÝþ öŸy!¡ì“þ 

“þyþ™
W = W1 + W2 + W3 + W4  = Q2 – Q1

îy W = RT2ln
2

1

V
V  + {–Cv(T1–T2)} + RT1ln  +{–CV(T2–T1)}

îy W = RT2ln
2

1

V
V  –Cv(T1–T2) + RT1ln

4

3

V
V  + CV(T1–T2)

îy W = RT2ln
2

1

V
V  – RT1ln

4

3

V
V  ............................SvV

xyîyîû îû&kþ“þyþ™#ëû þ™!îûî“Åþöì˜îû öÇþöìe
T2V2

Y–1 = T1V3
Y–1

~î‚ T2V1
Y–1 = T1V4

Y–1

îy 
11

32
1 1

1 4

YY

Y Y
VV

V V

--

- -=

îy 32

1 4

1 1( ) ( )VV Y Y
V V

- -=

îy 32

1 4

VV
V V= .....................................................SviV

¢%“þîûy‚ W = RT2ln
2

1

V
V  – RT1ln

2

1

V
V         [öëöì£“%þ 32

1 4

VV
V V= é]

îy W = Rln 2

1

V
V  (T2–T1)ôé...............................SviiV

x“þ~î £z!Oöì˜îû „þ›Å”Çþ“þy
η = öŸy!¡ì“þ “þyþ™

†, £#“þ “þyþ™

îy 2 1

2

q q
qη -=  

îy 
2

2 11
2

2 1

( )V
V

V
V

RIn T T

RT In
η

-
=

îy 2 1

2

( )T T
Tη -=

34. ²Ì›y’ „þîû „þyöì˜Åy £z!Oöì˜îû „þ›Å”Çþ“þy 1 £öì“þ þ™yöìîû ˜yÐ

vþz_îûéôôôé„þyöì˜Åy £z!Oöì˜îû „þ›Å ”Çþ“þy 2 1

2

( )T T
Tη -=  
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öë…yöì˜ T2 = vþzêöì¢îû vþz¡Œ“þy ~î‚ T1 = xy•yöìîûîû vþz¡Œ“þy
~…˜ „þyöì˜Åy £z!Oöì˜îû „þ›Å ”Çþ“þy 1 £öìî ë!” xy•yöìîûîû vþz¡Œ“þy 0K SŸ)˜Ä 

ö„þœ!¦þ˜V £ëûÐ !„þlsþ îyhßþöìî Ÿ)˜Ä ö„þœ!¦þ˜ vþz¡Œ“þyîû ö„þy˜ x!hßþc ˜y£zÐ ~£z 
„þyîûöì’ „þyöì˜Åy £z!Oöì˜îû „þ›Å”Çþ“þy 1 £öì“þ þ™yöìîû ˜yÐ

35. „þyöì˜Åy £z!Oöì˜îû „þ›Å ”Çþ“þyîû îûy!Ÿ›yœy öíöì„þ ~rÝþÆ!þ™îû •yîû’y „þ#îû*öìþ™ 
þ™yçëûy ëyëûÚ

vþz_îûéôôôéxy›îûy ‹y!˜–

„þyöì˜Åy £z!Oöì˜îû „þ›Å ”Çþ“þy 2 1 2 1

2 2

( )T T q q
T qη - -= =

îy 
2 1 2 1

2 2

( )T T q q
T q
- -=

îy 1 1

2 2
1 1T q

T q- = -

îy 
1 1

2 2

T q
T q=

îy 
1 2

1 2

q q
T T=

öëöì£“%þ †,£#“þ îy öŸy!¡ì“þ “þyþ™ ç “þyþ™›yeyîû x˜%þ™y“þ Sq/TV ~„þ!Ýþ þ™í 

!˜îûöìþ™Çþ ~î‚ ~!Ýþ ~„þ!Ýþ xöìþ™Çþ„þ “þy£z !îKþy˜# „Ïþ!¢ëûy¢ “þyþ™†!“þ!î”Äyîû ~£z 

xîßþiyîû xöìþ™Çþöì„þ ˜y› !”öìëû!Šéöìœ˜ ~˜ÝþÆ!þ™Ð xyîyîû „þyöì̃ Åy  ‰þöìe« “þyöìþ™îû þ™!îûî“Åþ˜ 

‡öìÝþ þ™îûyî“Åþ ²Ì!e«ëûyëû ~î‚ öŸy!¡ì“þ ç î!‹Å“þ “þyöìþ™îû þ™!îû›y’ ë!” …%î£z ¢y›y˜Ä 

£ëû “þy£öìœ ~˜ÝþÆ!þ™îû þ™!îûî“Åþ˜ ΔS = 
q

T
þ™îyû î“þþÅ

x“þ~î „þyöì˜Åy £z!Oöì˜îû „þ›Å ”Çþ“þyîû îûy!Ÿ›yœy öíöì„þ ~rÝþÆ!þ™îû •yîû˜y  þ™yçëûy 

ëyëûÚ

36. !m“þ#ëû ö×’#îû x!îîûy› ësþf îœöì“þ „þ# öîyGþÚ ~£z ëöìsþfîû „þ# îyhßþî 
x!hßþc xyöìŠéÚ

vþz_îûéôôôé öë ësþf ö„þy˜ vþzê¢ öíöì„þ e«›y†“þ “þyþ™ @ùÌ£’ „þöìîû ~î‚ öŸy!¡ì“þ 
“þyþ™öì„þ ¢Á™)’Åîû&öìþ™ „þyöìëÅ îû*þ™yhsþ!îû“þ „þîûöì“þ þ™yöìîû ö¢£z ësþföì„þ !m“þ#ëû öì×’#îû 
x!îîûy› ësþf îöìœÐ îyhßþöìî ~£z ëöìsþfîû ö„þy˜ x!hßþc ö˜£zÐ
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37. “þyþ™†!“þ!î”Äyîû !m“þ#ëû ¢)e!Ýþ  !îî,“þ „þîû ~î‚ ~£z ¢)öìeîû ²Ìöìëûy‹˜ ö„þ˜ 
£öìëû!ŠéœÚ

vþz_îûéôôôé “þyþ™†!“þ!î”Äyîû !m“þ#ëû ¢)e!Ýþ ~öì¢!Šéœ ßþº“þßþ³%þ“Åþ¦þyöìî ¢A‡!Ýþ“þ £ëû 
~îû*þ™ ²Ìy„,þ!“þ„þ ‡Ýþ˜yîû x!¦þKþ“þy öíöì„þÐ ~£z „þyîûöì’£z !m“þ#ëû ¢)e!Ýþ „þ“þ„þ=!œ 
!îî,!“þ ›y•Äöì› ²Ì„þyŸ „þîûy £ëûÐ ë!”ç ²Ìöì“þÄ„þ !îî,!“þîû ›)œ î_«îÄ ~„þ£zÐ

„Ïþ!¢ëûyöì¢îû !îî,!“þ ƒ ö„þyöì˜y ²Ì„þyîû îy!£Ä„þ ¢£yëû“þy îÄ“þ#“þ ö„þy˜ ßþºëû‚!e«ëû 
ëöìsþfîû þ™öìÇþ !˜Á¬“þîû vþz¡Œ“þy öíöì„þ “þyþ™ öŸy¡ì’ „þöìîû vþzF‰þ“þîû vþz¡Œ“þyëû “þyþ™ 
‰þyœ˜y „þîûy x¢½þîÐ

²ÕÄyöìBþîû !îî,!“þ ƒ ~›˜ ö„þyöì˜y ësþf îy £z!O˜ ÷“þ!îû „þîûy ¢½þî ˜ëû ëy 
ö„þy˜ îlßþ öíöì„þ e«›y†“þ “þyþ™ öŸy¡ì’ „þöìîû öŸy!¡ì“þ “þyþ™öì„þ ¢Á™)’Åîû*öìþ™ „þyöìëÅ 
îû*þ™yhsþ!îû“þ „þöìîû îlßþ!Ýþöì„þ Ÿ#“þœ“þîû „þîûöì“þ íy„þöìî xí‰þ þ™y!îûþ™yŸÅä!îöì„þîû ö„þy˜ 
þ™!îûî“Åþ˜ £öìî ˜yÐ

ö„þœ!¦þöì˜îû !îî,!“þ–~›˜ ö„þyöì˜y ësþf îy £z!O˜ ÷“þ!îû „þîûy ¢½þî ˜ëû ëy “þyþ™–
xy•yîû öíöì„þ “þyþ™ öŸy!¡ì“þ „þöìîû öŸy!¡ì“þ “þyþ™öì„þ ¢Á™)’Åîû*öìþ™ „þyöìëÅ îû*þ™yhsþ!îû“þ 
„þöìîûÐ

!m“þ#ëû ¢)öìeîû ²Ìöìëûy‹˜#ëû“þy–
iV “þyþ™†!“þ!î”Äyîû ²Ìí› ¢)e öíöì„þ ‹y˜y ëyëû öë Ÿ!_« ¢,!ÜT îy •¹‚¢ „þîûy 

ëyëû ˜y ö„þîœ›ye ~„þîû*þ™ öíöì„þ x˜Äîû*öìþ™ îû*þ™yhsþ!îû“þ £ëû !„þlsþ „þ“þ þ™!îû›y’ 
“þyþ™ Ÿ!_« „þ“þ þ™!îû›y’ „þyöìëÅ îû*þ™yhsþ!îû“þ £öìî “þy “þyþ™ †!“þ!î”Äyîû ²Ìí› ¢)e 
öíöì„þ ‹y˜y ëyëû ˜yÐ xyîû ~îû vþz_îû …%¤‹öì“þ !m“þ#ëû ¢)öìeîû ²Ìöìëûy‹˜ £öìëû!ŠéœÐ

iiV “þyþ™†!“þ!î”Äyîû ²Ìí› ¢)e öíöì„þ ‹y˜y ëyëû˜y öë ö„þyöì˜y ~„þ!Ýþ !¢öìÞÝþöì›îû 
Ÿ!_« xyöì”ï îû*þ™yhsþîû £öìî !„þ £öìî ˜y xíÅyê !¢öìÞÝþöì›îû ßþº“þßþ³%þ“Åþ“þy îÄy…Äy „þîûöì“þ 
þ™yöìîû ˜yÐ xyîû !¢öìÞÝþöì›îû ßþº“þƒßþ³%þ“Åþ“þy îÄy…Äy „þîûöì“þ !m“þ#ëû ¢)öìeîû ²Ìöìëûy‹˜ 
£öìëû!ŠéœÐ

iiiV !¢öìÞÝþöì›îû Ÿ!_«îû îû*þ™yhsþîû ö„þy˜ !”öì„þ £öìî “þy ‹y˜öì“þ !m“þ#ëû ¢)öìeîû 
²Ìöìëûy‹˜ £öìëû!ŠéœÐ

38. ~˜ÝþÆ!þ™îû !˜!îûöì… “þyþ™†!“þ!î”Äyîû !m“þ#ëû ¢)e!Ýþ !îî,“þ „þîûÐ

vþz_îûéôôôé öë ö„þy˜ ßþº“þƒßþ³þ)þ“Åþ ²Ì!e«ëûyëû !îÙ»îÊáþyöì[þîû ~˜ÝþÆ!þ™ öîöìvþü£z ‰þöìœöìŠé 
~î‚ “þy ‰þîû› ›yöì˜ öþ™ï¤Šéyöì˜yîû ö‰þÜTyëû !œ®Ð ~!Ýþ £œ ~˜ÝþÆ!þ™îû !˜!îûöì… “þyþ™†!“þ 
!î”Äyîû !m“þ#ëû ¢)eÐ
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!îŸ,Cœ þ™!îû›yöìþ™îû ~„þ„þ £œ ~˜ÝþÆ!þ™ ~î‚ ö„þy˜ !¢öìÞÝþöì›îû !îŸ,Cœy ë“þ 
îyvþüöìî ~˜ÝþÆ!þ™îû ›y˜ “þ“þ îyvþüöìîÐ ö„þy˜ îlßþîû “þyþ™›yey î,!kþ ¢yöìí ~˜ÝþÆ!þ™ ›y˜ 
öîöìvþü ëyëûÐ xyîyîû ö„þyöì˜y !¢öìÞÝþöì›îû ë“þ !îŸ,Cœyîû ›yey öîöìvþü ëyëû !¢öìÞÝþ›!Ýþ 
ßþº“þƒßþ³þ)þ“Åþ¦þyöìî ¢‚‡!Ýþ“þ £çëûyîû ²Ìî’“þy “þ“þÝþy x‹Å˜ „þöìîûÐ Ÿ)˜Ä ö„þœ!¦þ˜ 
SOKV vþz¡Œ“þyëû !îŸkþ ö„þœy¢y„þyîû þ™”yöìíÅîû ~˜ÝþÆ!þ™îû ›y’ Ÿ)˜ÄÐ ö„þyöì˜y þ™”yöìíÅîû 
xîßþiyîû þ™!îûî“Åþ˜ „þyöìœ xíÅyê „þ!àþ˜ öíöì„þ “þîûœ !„þ‚îy “þîûœ öíöì„þ †Äy¢#ëû 
xîßþiyëû þ™!îû’“þ £öìœ ~˜ÝþÆ!þ™îû ›y˜ öîöìvþü ëyëûÐ

40. ¢öì›y¡Œ þ™îûyî“Åþ ²Ì!e«ëûyëû ~˜ÝþÆ!þ™îû îûy!Ÿ›yœy ²Ì!“þÛþy „þîûÐ

vþz_îûéôôôé xy”ŸÅ †Äyöì¢îû ¢öì›y¡Œ þ™îûyî“Åþ ¢Á±¢yîûöì’ x¦þÄhsþîû#’ Ÿ!_«îû ö„þyöì˜y 
þ™!îûî“Åþ˜ £ëû ˜y xíÅyê ΔE  =0Ð ¢%“þîûy‚ “þyþ™ †!“þ!î”Äyîû ²Ìí› ¢)e öíöì„þ þ™y£z 

qrev = w............................SiV
xyîyîû T þ™îû› “þyþ™›yeyëû ~„þ  ö›yœ xy”ŸÅ  †Äyöì¢îû xyëû“þ˜ þ™îûyî“Åþ 

²Ì!e«ëûyëû ¢ÁË¢y!îû“þ £öìëû V1 öíöì„þ V1ö“þ þ™!îû’“þ £öìœ „,þ“þ„þyöìëÅîû ›y˜ Wrev 

= RTln 2

1

V
V  

¢%“þîûy‚ qrev = Wrev = RTln 2

1

V
V

¢%“þîûy‚ ΔS = revq
T

ΔS = 
2
1

V
VRTIn

T

îy ΔS = R ln 2

1

V
V  

¢%“þîûy‚ ~„þ ö›yœ †Äyöì¢îû öÇþöìe ~˜ÝþÆ!þ™îû þ™!îûî“Åþ˜ ΔS =R ln 2

1

V
V  

~î‚ n ö›yœ †Äyöì¢îû öÇþöìe ~˜ÝþÆ!þ™îû þ™!îûî“Åþ˜ ΔS = nR ln 2

1

V
V   

41. ~„þ ö›yœ xy”ŸÅ †Äyöì¢îû öÇþöìe vþz¡Œ“þy ç xyëû“þöì˜îû þ™!îûî“Åþöì˜ ~˜ÝþÆ!þ™ 
þ™!îûî“Åþöì˜îû îûy!Ÿ›yœy ²Ì!“þÛþy „þîûÐ

vþz_îûéôôôé “þyþ™†!“þ!î”Äyîû ²Ìí› ¢)e x˜%¢yöìîû 
qrev = dE + PdV ............................SiV
îy qrev = CvdT + PdV          [öëöì£“%þ  Cv = ( )dE

VdT ]

îy qrev = CvdT +  RT
V dV [ PV = RT îy P = RT

V  ~îû ›y˜ î!¢öìëû þ™y£z]
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îy rev Vq C R
T T VdT dV= +

îy 
2 2

1 1

T V
dT dV

V T V
T V

S C RD = +∫ ∫
2 2

1 1

T V
V T VS C In RInD = + ....................................................SiiV

x“þ~î ~£z ¢›#„þîû’!Ýþ îÄî£yîû „þöìîû xy”ŸÅ †Äyöì¢îû öÇþöìe vþz¡Œ“þy ç 
xyëû“þöì˜îû þ™!îûî“Åþöì˜ ~˜ÝþÆ!þ™ þ™!îûî“Åþ˜ †’˜y „þîûy ëyëûÐ

42. ~„þ ö›yœ xy”ŸÅ †Äyöì¢îû öÇþöìe vþz¡Œ“þy ç ‰þyöìþ™îû þ™!îûî“Åþöì˜ ~˜ÝþÆ!þ™ 
þ™!îûî“Åþöì˜îû îûy!Ÿ›yœy ²Ì!“þÛþy „þîûÐ

vþz_îûéôôôé “þyþ™†!“þ!î”Äyîû ²Ìí› ¢)e x˜%¢yöìîû 
qrev = dE + PdV ............................SiV
îy qrev = CvdT + PdV     [ öëöì£“%þ  Cv = ( )dE

VdT  ]

îy qrev = CvdT + RT
V dV [ PV = RT îy P = RT

V  ~îû ›y˜ î!¢öìëû þ™y£z]

îy rev Vq C R
T T VdT dV= + -RV dV

îy DS
2 2

1 1

T V
dT dV

V T V
T V

S C RD = +∫ ∫
dT dV

V T VS C In RInD = + ...........................SiiV

îy dT dV
V T VS C In RInD = +

xyîyîû xy”ŸÅ †Äy¢ ¢›#„þîû’ öíöì„þ ‹y!˜
P1V1 = RT1

~î‚ P2V2 = RT2

îy 2 1 2

1 2 1
.V P T

V P T=
¢%“þîûy‚ SiiV ˜Áºîû ¢›#„þîû’ öíöì„þ þ™y£z
îy 2 1 2

1 2 1
.T P T

V T P TS C In RInD = +
2 1 2

1 2 1

T P T
V T P TS C In RIn RInD = + +

2 1

1 2

2 2

1 1

( ) T P
V T P

T P
P T P

S C R In RIn

S C In RIn

D = + +

D = -
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x“þ~î ~£z ¢›#„þîû’!Ýþ îÄî£yîû „þöìîû xy”ŸÅ †Äyöì¢îû öÇþöìe vþz¡Œ“þy ç ‰þyöìþ™îû 
þ™!îûî“Åþ˜ ‡Ýþöìœ !¢öìÞÝþöì›îû ~˜ÝþÆ!þ™ þ™!îûî“Åþ˜ „þ“þÝþy £öìî “þy †’˜y „þîûy ëyëûÐ

43. !†îäöì¢îû ›%_« Ÿ!_« îœöì“þ „þ# öîyGþÚ

vþz_îûéôôôé !†îöì¢îû ›%_« Ÿ!_« “þyþ™†!“þ!î”Äyîû ~›˜ ~„þ!Ýþ xöìþ™Çþ„þ ëyîû myîûy 
!¢öìÞÝþöì›îû ßþº“þƒßþ³þ)þ“Åþ“þy ~î‚ „þyëÅ „þîûyîû Çþ›“þy !˜öì”ÅŸ „þöìîûÐ

¢%“þîûy‚ !ßþiîû ‰þyþ™ ç “þyþ™›yeyëû ö„þy˜ ~„þ!Ýþ !¢öìÞÝþ› îy!£Ä„þ „þyëÅ ¢Á™§¬ 
„þîûyîû ‹˜Ä öë þ™!îû›y’ Ÿ!_« îÄëû „þöìîû xíÅyê îy!£Ä„þ „þyöìëÅîû ‹˜Ä !¢öìÞÝþ› 
öíöì„þ öíöì„þ öë þ™!îû›y’ Ÿ!_« vþzöì§Ãy!‰þ“þ £ëû “þyöì„þ !†îäöì¢îû ›%_« Ÿ!_«Ð £z£yöì„þ 
G myîûy ²Ì„þyŸ „þîûy £ëûÐ

!†îöì¢îû ›%_« Ÿ!_«îû þ™!îûî“Åþ˜ ΔG = ΔH – TΔS 
öë…yöì˜ ΔH = ~˜íyœ!þ™îû þ™!îûî“Åþ˜– ΔS = ~˜ÝþÆ!þ™îû þ™!îûî“Åþ˜– T = 

þ™îû› vþz¡Œ“þy

44. !†î¢äéôéö£œ›öì£yœê¢ ¢›#„þîû’ ²Ì!“þÛþy „þîûÐ

vþz_îûéôôôé xy›îûy ‹y!˜ 
G = H–TS ............................SiV
xyîyîû–
H = E+PVôé...........................SiiV
~…˜ SiV ˜Áºîû SiiV ¢›#„þîû’ öíöì„þ þ™y£z
G = E + PV–TS
îy dG = dE + dPV + VdP – TdS – SdT
îy dG = dE + dPV + VdP – dQ – SdT [öëöì£“%þ dS = dQ

T  îy 
dQ=TdS]

îy dG = dQ + VdP – dQ  –SdT  [öëöì£“%þ dQ = dE + PdV]
îy dG = VdP – SdT   ...........................SiiiV
!ßþiîû ‰þyöìþ™ SiiiV ˜Áºîû ¢›#„þîûöì’îû þ™!îûî!“Åþ“þ îû*þ™
( )G

PT
δ
δ  = –S ...............................................SivV

~…˜ SiV ç SivV ˜Áºîû ¢›#„þîû’ öíöì„þ þ™y£z
G = H + T ( )G

PT
δ
δ  .................................................SvV

SvV ˜Áºîû ¢›#„þîû’!Ýþ !†î¢ ö£œ›öì£yê¢ ¢›#„þîû’ ˜yöì› þ™!îû!‰þ“þÐ
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xyîyîû ΔG = ΔH – T ΔS ............................SviV
~…˜  SivV ˜Áºîû SviV ¢›#„þîû’ öíöì„þ þ™y£z
ΔG = ΔH – T ( )G

PT
δ
δ
D  ...........................SviiV

44. ‹%œ–Ýþ›¢˜ ‡Ýþ˜y îœöì“þ „þ# öîyGþÚ

vþz_îûéôôôé îû&kþ“þyþ™ ²Ì!e«ëûyëû ö„þy˜ îyhßþî †Äy¢öì„þ …%î „þ› ‰þyöìþ™ ¢Á±¢y!îû“þ 
£öìœ †Äyöì¢îû Ÿ#“þœ#„þîû’ ‡öìÝþÐ „þyîû’ †Äyöì¢îû ²Ì¢yîûöì˜îû ‹˜Ä öë Ÿ!_«îû ²Ìöìëûy‹˜ 
“þy †Äyöì¢îû x¦þÄhsþîû#’ Ÿ!_« öíöì„þ îÄ!ëû“þ £ëû îöìœ †Äyöì¢îû vþz¡Œ“þy £Éy¢ þ™yëûÐ 

¢%“þîûy‚ îû&kþ“þyþ™ ²Ì!e«ëûyëû ‰þyöìþ™îû ¢öìD vþz¡Œ“þy £Éyöì¢îû ‡Ýþ˜yöì„þ ‹%œ–Ýþ›¢˜ 
‡Ýþ˜y îöìœÐ

45. ²Ì›y’ „þîû îû&kþ“þyþ™ ²Ì!e«ëûyëû †Äyöì¢îû ¢Á±¢yîûöì˜îû šþöìœ !¢öìÞÝþöì›îû 
~˜íÄyœ!þ™îû ö„þyöì˜y þ™!îûî“Åþ˜ £ëû ˜yÐ

vþz_îûéôôôé •îûy ëy„þ ~„þ!Ýþ “þyþ™ !˜öìîûy•# ˜öìœîû ›öì•Ä P1 ‰þyöìþ™ V1 xyëû“þöì˜îû 
†Äy¢ îû!Çþ“þ xyöìŠéÐ ~…˜ †Äy¢!Ýþ îû&kþ“þyþ™ ²Ì!e«ëûyëû ²Ì¢y!îû“þ £öìëû xyëû“þ˜ V2 ~î‚ 
~£z xîßþiyëû ‰þyþ™ P2 £öìœ †Äy¢ „þ“Å,þ„þ „,þ“þ„þyëÅ £öìî P2V2– P1V1 ëy !¢öìÞÝþöì›îû 
x¦þÄhsþîû#’ Ÿ!_«îû £Éyöì¢îû ¢›y˜Ð xyîyîû !¢öìÞÝþöì›îû ²Ìyí!›„þ x¦þÄhsþîû#’ Ÿ!_« 
E1 öíöì„þ £Éy¢ öþ™öìëû x!hsþ› x¦þÄhsþîû#’ Ÿ!_« E2 £öìœ ëíye«öì› 

E1 – E2 = P2V2 – P1V1

îy E2 + P2V2 = E1 + P1V1

îy H2 = H1 öë…yöì˜ H2 ~î‚ H1 ëíye«öì› x!hsþ› ~î‚ ²Ìyí!›„þ !¢öìÞÝþöì›îû 
~˜íÄyœ!þ™

îy H2 – H1 = 0
îy ΔH = 0
¢%“þîûy‚ îû&kþ“þyþ™ ²Ì!e«ëûyëû †Äyöì¢îû ¢Á±¢yîûöì˜îû šþöìœ !¢öìÞÝþöì›îû ~˜íÄyœ!þ™îû 

ö„þyöì˜y þ™!îûî“Åþ˜ £ëû ˜yÐ

46. ‹%œéôéÝþ›¢˜ =’yBþ îœöì“þ „þ# öîyGþÚ

vþz_îûéôôôé¢›~˜íÄyœ!þ™ ²Ì!e«ëûyëû ‰þyöìþ™îû ¢öìD vþz¡Œ“þyîû þ™!îûî“Åþ˜öì„þ ‹%œ–Ýþ›¢˜ 
=’yBþ îöìœÐ

‹%œéôéÝþ›¢˜ =’yBþ (µJT) = ( )T
HP

δ
δ
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47. !îöìœy› vþz¡Œ“þy SInversion TemperatureV îœöì“þ „þ# öîyGþÚ

vþz_îûéôôôéöë vþz¡Œ“þyëû îû&kþ“þyþ™#ëû ¢Á±¢yîûöì’ îy ¢öìBþy‰þöì̃  †Äy¢ †îû› SheatingV 
îy Ÿ#“þœ ScoolingV £ëû ˜y ö¢£z vþz¡Œ“þyöì„þ !îöìœy› vþz¡Œ“þy îöìœÐ ~£z vþz¡Œ“þyëû 
‹%œ–Ýþ›¢˜ =’yBþ (µJT) = 0

48. !îöìœy› vþz¡Œ“þy SInversion TemperatureV– ¦þÄyuþyîû çëûyœ¢ •Ê&î„þ a 
~î‚ b~îû ›öì•Ä ¢Á™„Åþ öœ…Ð

vþz_îûéôôôé îyhßþî †Äyöì¢îû öÇþöìe ‹%œéôéÝþ›¢˜ =’yBþ µJT = 21( ) ( )
p

a
C RT bµπ = - Ð !îöìœy› 

vþz¡Œ“þyëû STiV ‹%œéôéÝþ›¢˜ =’yBþ (µJT) ~îû ›y˜ Ÿ)˜Ä Ð 
¢%“þîûy‚ 21 ( ) 0

p i

a
C RT b- =

îy 2( ) 0
i

a
RT b- =

2
i

a
RT b=

2a
i RbT =

~Ýþy£z !îöìœy› vþz¡Œ“þy SInversion TemperatureV– ¦þÄyuþyîû çëûyœ¢ •Ê&î„þ 
a ~î‚ b ~îû ›öì•Ä ¢Á™„ÅþÐ

49. îû&kþ“þyþ™#ëû þ™îûyî“Åþ ¢Á±¢yîûöì’ £y£zöìvÈþyöì‹˜ ç !£!œëûy› †Äy¢ †îû› 
SheatingV £ëû ö„þ˜Ú

vþz_îûéôôôéxy›îûy ‹y!˜ îyhßþî †Äyöì¢îû öÇþöìe ‹%œ Ýþ›¢˜ =’yBþ 
µJT =

21( ) ( )
p

a
C RT bµπ = - Ð £y£zöìvÈþyöì‹˜ ç !£!œëûy› †Äyöì¢îû ¦þîû x!“þ Ç%þo £çëûyëû 

xyhsþƒ xy’!î„þ xy„þ¡ìÅ’ îœ „þ› £ëû šþöìœ ‹%œ Ýþ›¢˜ =’yBþ 
µJT =

21( ) ( )
p

a
C RT bµπ = - Ð ‹%œ Ýþ›¢˜ =’yBþ 

µJT =
21( ) ( )

p

a
C RT bµπ = - Ð Ç%þo £çëûyëû ‹%œ Ýþ›¢˜ =’yBþ 

(µJT) ~îû ›y˜ }’yd„þ £ëûÐ ~£z „þyîûöì’ îû&kþ“þyþ™#ëû þ™îûyî“Åþ ¢Á±¢yîûöì’ 
£y£zöìvÈþyöì‹˜ ç !£!œëûy› †Äy¢ †îû› £öìëû çöìàþÐ

50. îû&kþ“þyþ™#ëû þ™îûyî“Åþ ¢Á±¢yîûöì’ xy”ŸÅ †Äy¢ †îû› Sheating V îy àþy[þy  
£ëû ˜y ö„þ˜Ú

vþz_îûéôôôé xy›îûy ‹y!˜ ‹%œ Ýþ›¢˜ =’yBþ µJT =
21( ) ( )

p

a
C RT bµπ = - Ð

xy”ŸÅ †Äyöì¢îû öÇþöìe ¦þÄyuþyîû çëûyœ¢ •Ê&î„þ òaó ~î‚ òbó ~îû ›y˜ Ÿ)˜Ä „þyîû’ 
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xy”ŸÅ †Äyöì¢îû x’%=!œîû ›öì•Ä ö„þy˜ xyhsþƒ xy’!î„þ xy„þ¡ìÅ’ îœ !e«ëûy „þöìîû 
˜y ~î‚ x’%=!œîû ¦þîû !î¨% !£öì¢öìî •îûy £ëûÐ ~£z „þyîûöì’ îû&kþ“þyþ™#ëû þ™îûyî“Åþ 
¢Á±¢yîûöì’ xy”ŸÅ †Äy¢ †îû› SheatingV îy àþy[þy £ëû ˜yÐ

51. ²Ìí› ç !m“þ#ëû ö×!’îû x!îîûy› †!“þësþf îœöì“þ „þ# öîyGþÚ

vþz_îûéôôôé ²Ìí› ö×!’îû x!îîûy› †!“þësþf– öë ësþf ö„þy˜ vþzê¢ öíöì„þ Ÿ!_« 
öŸy¡ì’ ˜y „þöìîû e«›y†“þ ö¢£z ësþf öíöì„þ „þyëÅ þ™yçëûy ö†öìœ ~£z îû*þ™ ësþföì„þ 
²Ìí› ö×!’îû x!îîûy› †!“þësþfÐ

!m“þ#ëû ö×!’îû x!îîûy› †!“þësþf– öë ësþf ö„þy˜ vþzê¢ öíöì„þ Ÿ!_« öŸy¡ì’ „þöìîû 
e«›y†“þ öŸy!¡ì“þ “þyþ™ öíöì„þ ¢Á™%’Å  „þyëÅ þ™yçëûy ö†öìœ ~£z îû*þ™ ësþföì„þ !m“þ#ëû 
ö×!’îû x!îîûy› †!“þësþfÐ

52. „Ïþ!¢ëûy¢–„ÏþÄy!þ™îû˜ ¢›#„þîû’ ²Ì!“þÛþy „þîûÐ

vþz_îûéôôôé þ™”yöìíÅîû „þ!àþ˜ ~î‚ îyÜ™ ¢y›Äîßþiy !„þ‚îy “þîûœ –îyÜ™ ¢y›Äîßþiyîû 
öë îyÜ™ ‰þyþ™ íyöì„þ “þy vþz¡Œ“þyîû þ™!îûî“Åþöì˜îû ¢öìD !„þîû*öìþ™ þ™!îûî!“Åþ“þ £ëû “þy 
‹y˜yîû ‹˜Ä öë ¢›#„þîûöì’îû ¢y£yöìëÄ ²Ì„þyŸ „þîûy  £ëû “þyöì„þ „Ïþ!¢ëûy¢–„ÏþÄy!þ™îû˜ 
¢›#„þîû’ îöìœÐ •îûy ëy„þ ~„þ!Ýþ !¢öìÞÝþöì› ~„þ£z þ™”yöìíÅîû “þîûœ ç „þ!àþ˜ ”Ÿy 
þ™îûßþ™îû ¢y›Äîßþiyëû xyöìŠéÐ ¢%“þîûy‚ ~£z !†î¢éôé›%_« Ÿ!_«îû þ™!îûî“Åþ˜ Ÿ)˜ÄÐ xíÅyê  
ΔG = 0

îy dG1 = dG2

îy V1dp –S1dT = V2dp–S2dT öë…yöì˜ V2 = îyöìÜ™îû xyëû“þ˜ ~î‚   
V1 = “þîûöìœîû xyëû“þ˜ 

îy V1dP – V2dP = S1dT–S2dT
îy dP(V2 –V1) = dT(S2–S1)

2 1

2 1

( )S SdP
dT V V

-
-=

îy 
2

dP S
dT V

D=   öëöì£“%þ V2–V1 »  V2 

îy 2

dP L
dT TV=    œ#˜ “þyþ™ L = TΔS  

îy .RT T
P

dP L
dT =

îy 2
dP LP
dT RT

=
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îy 2
dT LdT
P RT

=

îy 
2 2

2
1 1

P T
dT dTL
P R TP T

=∫ ∫

îy 
2

1 2 1

1 1P L
P R T TIn  = - - 

îy 
2

1 1 2

1 1P L
P R T TIn  = -      

îy 
2

1 1 2

1 1
2.303log P L

P R T T = -   

îy 
2 2 1

1 1 22.303log P T TL
P R T T

-=

~!Ýþ£z £œ „Ïþ!¢ëûy¢£z–„Ïþy!þ™îû˜ ¢›#„þîû’Ð

53. Ýþ#„þy öœ… „þyîûŸšþ ¢›#„þîû’ SKirchoff's equationV

vþz_îûéôôôé ö„þy˜ îûy¢yëû!˜„þ !î!e«ëûyîû !î!e«ëûy “þyþ™ ú !î!e«ëûyîû vþz¡Œ“þyîû 
þ™!îûî“Åþöì˜îû ¢öìD „þ#îû*öìþ™ þ™!îûî!“Åþ“þ “þy !˜’Åöìëûîû ‹˜Ä „þyîû‰þþ™ ~„þ!Ýþ ¢›#„þîû’ 
²Ì!“þÛþy „þöìîû!Šéöìœ˜ ëy „þyîûŸšþ ¢›#„þîû’ ˜yöì› þ™!îû!‰þ“þÐ •îûy ëy„þ ~„þ!Ýþ îûy¢yëû!˜„þ 
!î!e«ëûyîû

ΔH !î!e«ëûy = !î!e«ëûy ~˜íyœ!þ™
HΣ !î!e«ë„û þ  = !î!e«ëû„þ þ™”yöìíÅîû ö›yÝþ ~˜íyœ!þ™
HΣ !î!e«ëyû ‹y“  = !î!e«ëûy‹y“þ þ™”yöìíÅîû ö›yÝþ ~˜íyœ!þ™
H HΣ Σ!î!e«ëyû ‹y“é ôé !î!e«ë„û þ  ôé........................................................SiV

~…˜ !ßþiîû ‰þyöìþ™ þ™îû› “þyþ™›yeyîû ¢yöìþ™öìÇþ SiV ˜Áºîû ¢›#„þîûöì’îû vþz¦þëû 
þ™Çþöì„þ xî„þœ˜ „þöìîû þ™y£z

(d H dH dH
dT dT dTP PP

D  = Σ - Σ       
!î!e«ëyû V !î!e«ëûy‹y“þ !î!e«ëû„þ

(d H
P PdT P

C CD  = Σ - Σ 
!î!e«ëyû Vþ S!î!e«ëûy‹y“Vþ S!î!e«ë„û þV

(d H
PdT P

CD  = D 
!î!e«ëûyV

ôé.......................................................SiiV
¢%“þîûy‚ !ßþiîû ‰þyöìþ™ þ™îû› “þyþ™›yeyîû ¢yöìí !î!e«ëûyîû ~˜íÄyœ!þ™ þ™!îûî“Åþöì˜îû 

£yîûöì„þ !ßþiîû ‰þyöìþ™ ö›yœyîû “þyþ™@ùÌy£#“þyîû þ™!îûî“Åþöì˜îû ¢›y˜Ð
x˜%îû*þ™¦þyöìî ²Ì›y’ „þîûy ëyëû 

(d U
VdT V

CD  = D 
!î!e«ëûyV

....................................................SiiV
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¢%“þîûy‚ !ßþiîû xyëû“þöì˜ þ™îû› “þyþ™›yeyîû ¢yöìí !î!e«ëûyîû x¦þÄhsþîû#’ Ÿ!_«îû 
þ™!îûî“Åþöì˜îû £yîûöì„þ !ßþiîû xyëû“þöì˜ ö›yœyîû “þyþ™@ùÌy£#“þyîû þ™!îûî“Åþöì˜îû ¢›y˜Ð

MCQ  

1. ˜#öì‰þîû ö„þy˜!Ýþ îÄy!® SExtensive property) •›Å 

A) x¦þÄhsþîû#’ Ÿ!_«  B) “þyþ™›yey 
C) ‡˜c  D) ¢yw“þy

2. ˜#öì‰þîû ö„þy˜!Ýþ îÄy!®– !˜îûöìþ™Çþ SIntensive Property) •›ÅÐ

A) x¦þÄhsþîû#’ Ÿ!_«  B) ~˜íÄyœ!þ™ 
C) ~˜ÝþÆ!þ™ D) ¢yw“þy

3. ¢öì›y¡Œ ²Ì!e«ëûyîû öÇþöìe ˜#öì‰þîû ö„þy˜!Ýþ !àþ„þÚ
A) ΔT =0  B) ΔP=0
C) Δ)=0 D) Δq= 0

4. îû&kþ“þyþ™#ëû ²Ì!e«ëûyîû öÇþöìe ˜#öì‰þîû ö„þy˜!Ýþ ¢!àþ„þÚ
A) ΔT =0  B) ΔP=0
C) Δ)=0 D) Δq= 0

5. ¢›öì²Ì¡ì ²Ì!e«ëûyîû öÇþöìe ˜#öì‰þîû ö„þy˜!Ýþ ¢!àþ„þÚ
A) ΔT =0  B) ΔP=0
C) ΔV=0 D) Δq= 0

6. ¢›xyëû“þ!˜„þ ²Ì!e«ëûyîû öÇþöìe ˜#öì‰þîû ö„þy˜!Ýþ ¢!àþ„þÚ
A) ΔT =0  B) ΔP=0
C) Δ)=0 D) Δq= 0

7. „þyöìëÅîû ›yey £œ
A) ML2T-2 B) ML2T-3

C) ML3T-2 D) MLT-2

8. !ßþiîû ‰þyöìþ™ ö›yœyîû “þyþ™ @ùÌy!£“þy £œ

A) Cp = ( )H
PT

δ
δ  B) Cp = ( )U

VT
δ
δ

C) Cv = ( )U
PT

δ
δ  D) ö„þy˜!Ýþ ˜ëû 
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9. !ßþiîû xyëû“þöì˜ ö›yœyîû “þyþ™ @ùÌy!£“þy £œ

A) Cp = ( )H
PT

δ
δ  B) Cv =  ( )U

VT
δ
δ

C) Cv = ( )U
PT

δ
δ  D) ö„þy˜!Ýþ ˜ëû  

10. !›öìí˜ x’%îû †àþ˜ “þyþ™ £œ– [BU][ö”çëûy xyöìŠé 
i) H2(g) +1/2 O2(g) = H2O(l) :  ΔH = –68.3 Kcal
ii) C(s) + O2(g) = CO2(g) ΔH = –96.3 Kcal
iii) CH4(g) + 2O2(g) = CO2(g) + 2H2O(l) :  ΔH = –212.6 Kcal]
A) –20.3 Kcal B) –30.6 Kcal
C) –35.0 Kcal D) ö„þy˜!Ýþ ˜ëû  

11. !›öìíöì˜îû ”£˜ “þyþ™ 210.60 Kcal ~î‚ CO2 –H2OSl) ~îû †àþ˜ “þyþ™ 
ëíye«öì› 91.2/5 Kcal ~î‚ 68.2/0 KcalÐ !›öìíöì̃ îû †àþ˜–“þyþ™ £œ–[CU]

A) –25.5 Kcal B) –30.6 Kcal
C) –17.3.0 Kcal D) ö„þy˜!Ýþ ˜ëû  

12. 25oC vþz¡Œ“þyëû !˜öìÁ¬îû !î!e«ëûy!Ýþöì“þ !ßþiîû ‰þyöìþ™ !î!e«ëûy “þyþ™ ~î‚ !ßþiîû 
xyëû“þöì˜ !î!e«ëûy “þyöìþ™îû ›öì•Ä þ™yíÅ„þÄ !„þöìœy–‹%öìœ ~„þöì„þ £œ –2C6H6Sl)  
+ 15O2Sg)  = 12CO2Sg)  + 6 H2O Sl)

A) – 12.362 KJoule B) –7.432 KJoule 
C) –15.0 KJoule D) ö„þy˜!Ýþ ˜ëû 

13. ²Ì›y’ îyëû%›[þœ#ëû  ‰þyöìþ™ !îÖkþ ‹öìœîû ßþ³%þÝþ˜y‚„þ 100oCÐ ‹öìœîû îyÜ™#ëû 
¦þîöì˜îû œ#˜ “þyþ™ 540 cal/gm £öìœ ~˜ÝþÆ!þ™îû þ™!îûî“Åþ˜ £öìîÐ

A)  26.05 cal/degree/mol B) 40.0 cal/degree/mol 
C)  16.50 cal/degree/mol D) ö„þy˜!Ýþ ˜ëû

14. îîûšþ †œöì˜îû œ#˜ “þyþ™ 80 cal/gmÐ îîûöìšþîû †œ˜y‚„þ 0oCÐ 50 gm 
îîûšþ ‹öìœ þ™!îû’“þ £öìœ ~˜ÝþÆ!þ™îû þ™!îûî“Åþ˜ £öìî–

A)  9.15 cal/degree/gm B) 15.5 cal/degree/gm 
C)  14.6 cal/degree/gm D) ö„þy˜!Ýþ ˜ëû ~îû ›y˜ ëíye«öì› 
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15. Ag2O(s) 2Ag(s) + 1/2 O2(g)  !î!e«ëûy!Ýþîû ΔH 
~î‚ ΔS ~îû ›y˜ ëíye«öì› 30.56 Kjmol–1 ~î‚ 66 jk–1mol–1Ð öë 
vþz¡Œ“þyëû ~˜ÝþÆ!þ™îû ›y˜ Ÿ)˜Ä “þy £œ 

A) 450K B) 510K
C) 463 K D) ö„þy˜!Ýþ ˜ëû  

16. ~„þ!Ýþ „þyöì˜Åy £z!O˜ 100oC ~î‚ 0oC ~îû ›öì•Ä „þ›Åîû“þÐ öŸy!¡ì“þ “þyöìþ™îû 
þ™!îû›y’ 500 cal £öìœ „,þ“þ„þyöìëÅîû þ™!îû›y’ £öìî 

A) 150.34 B) 112.3cal
C) 134.04 cal D) ö„þy˜!Ýþ ˜ëû  

17. ~„þ!Ýþ £z!O˜ 0oC ~î‚ 100oC ~îû ›öì•Ä „þyëÅ„þîûyîû šþöìœ 840 ‹%œ “þyþ™Ÿ!_« 
öŸy¡ì’ „þöìîûÐ £z!Oöì˜îû „þ›Å”Çþ“þy £œ 

A) 30.4% B) 20.4%
C) 26.8% D) ö„þy˜!Ýþ ˜ëû

18. 1 mol xy”ŸÅ †Äy¢öì„þ 27oC vþz¡Œ“þyëû þ™îûyî“Åþ¦þyöìî xyëû“þ˜ 10 litre öíöì„þ 
î,!kþ öþ™öìëû 20 litre £œÐ ~˜ÝþÆ!þ™îû þ™!îûî“Åþ˜ £öìî–

A) 108 cal.degree–1mol–1 B) 4 cal.degree–1mol–1

C) 1200 cal.degree–1mol–1 D) ö„þy˜!Ýþ ˜ëû 

19. !ßþiîû ‰þyöìþ™ 10 mol xy”ŸÅ †Äy¢öì„þ 27oC vþz¡Œ“þyëû 227oC vþz_® „þîûy £œÐ 
~˜ÝþÆ!þ™îû þ™!îûî“Åþ˜ £öìî–

A) 108 cal.degre–1mol–1 B) 4 cal.degree–1mol–1

C) 1200 cal.degree–1mol–1 D) ö„þy˜!Ýþ ˜ëû 

20. 1 mol xy”ŸÅ †Äy¢öì„þ 300K vþz¡Œ“þyëû 10 !œÝþyîû öíöì„þ 500K vþz¡Œ“þyëû 
xyëû“þ˜ 20 !œÝþyîû „þîûy £œÐ ~˜ÝþÆ!þ™îû þ™!îûî“Åþ˜ £öìî– [C) = 3 cal] 

A) 5.23 cal.degree–1mol–1 B) 2./18 cal.degree–1mol–1

C) 18.74 cal.degree–1mol–1 D) ö„þy˜!Ýþ ˜ëû 
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21. 2 mol xy”ŸÅ †Äyöì¢îû vþz¡Œ“þy 300K öíöì„þ 600K vþz¡Œ“þyëû î,!kþ „þîûyëû 
‰þyþ™ 1 atm öíöì„þ 10 atm–~ þ™!îûî!“Åþ“þ £œÐ ~˜ÝþÆ!þ™îû þ™!îûî“Åþ˜ £öìî– 
[Cp = 5 cal] 

A) 50.23 cal.degree–1mol–1 B) 2./18 cal.degree–1mol–1

C) 2/./62 cal.degree–1mol–1 D) ö„þy˜!Ýþ ˜ëû 

22. 27oC vþz¡Œ“þyëû 2 mol x!:öì‹˜ †Äyöì¢îû xyëû“þ˜ ¢öì›y¡Œ þ™îûyî“Åþ ²Ì!e«ëûyëû 1 
lit öíöì„þ î,!kþ öþ™öìëû 10 lit. „þîûy £œÐ !¢öìÞÝþ› „þ“Å,þ„þ „,þ“þ„þyöìëÅîû ›y˜ £öìî–

A) 2763.102 cal B) 3000 cal
C) 100 0.00 cal D) ö„þy˜!Ýþ ˜ëû 

23. 27oC vþz¡Œ“þyëû 1 ö›yœ !˜ëû˜ †Äy¢öì„þ 1 atm !ßþiîû ‰þyöìþ™ îû&kþ“þyþ™#ëû  þ™îûyî“Åþ 
²Ì!e«ëûyëû xyëû“þ˜ 10 !œÝþyîû öíöì„þ î,!kþ öþ™öìëû 100 !œÝþyîû „þîûy £œÐ x!hsþ› 
vþz¡Œ“þy £œ– [Y = 1.66]

A) 50.23oK B) 65.63oK
C) 80oK D) ö„þy˜!Ýþ ˜ëû 

24. 27oC vþz¡Œ“þyëû 1 ö›yœ ö„þy˜ !mþ™yîû›y˜!î„þ †Äy¢öì„þ 1 atm !ßþiîû ‰þyöìþ™  
îû&kþ“þyþ™#ëû þ™îûyî“Åþ ²Ì!e«ëûyëû xyëû“þ˜ 10 !œÝþyîû öíöì„þ î,!kþ öþ™öìëû 100 
!œÝþyîû „þîûy £œÐ x!hsþ› vþz¡Œ“þy £œ– [Y = 1.40.]

A) 11/.4K B) 65.63K
C) 80K D) ö„þy˜!Ýþ ˜ëû 

25. ²Ì›y’ ‰þyþ™ ç “þyþ™›yeyëû ö„þy˜ !mþ™yîû›y˜!î„þ †Äy¢öì„þ îû&kþ“þyþ™#ëû ²Ì!e«ëûyëû 
xyëû“þ˜ 1 !œÝþyîû öíöì„þ î,!kþ öþ™öìëû 10 !œÝþyîû „þîûy £œÐ x!hsþ› ‰þyþ™  £œ– 
[Y = 1.40.]

A) 0.03/8 atm B) 0.088 atm
C) 0.0/8 atm  D) ö„þy˜!Ýþ ˜ëû 

26. ¢›hßþ “þ#îÊ xÄy!¢vþ ç “þ#îÊ Çþyöìîûîû ²ÌŸ›˜ “þyöìþ™îû ›y˜ £œ–
A) 11.6 Kcal/mol B) 12.00 Kcal/mol
C) 13.6 Kcal/mol D) ö„þy˜!Ýþ ˜ëû 
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27. ¢›hßþ “þ#îÊ xÄy!¢vþ ç ›,”% Çþyöìîûîû ²ÌŸ›˜ “þyöìþ™îû ›y˜ £œ–

A) ²ÌŸ›˜ “þyöìþ™îû ›y˜ > 13.6 Kcal/mol
B) ²ÌŸ›˜ “þyöìþ™îû ›y˜ < 13.6 Kcal/mol
C) ²ÌŸ›˜ “þyöìþ™îû ›y˜ = 13.6 Kcal/mol
D) ö„þy˜!Ýþ ˜ëû 

28. ¢›hßþ ›,”% xÄy!¢vþ ç “þ#îÊ Çþyöìîûîû ²ÌŸ›˜ “þyöìþ™îû ›y˜ £œ–

A) ²ÌŸ›˜ “þyöìþ™îû ›y˜ > 13.6 Kcal/mol
B) ²ÌŸ›˜ “þyöìþ™îû ›y˜ < 13.6 Kcal/mol
C) ²ÌŸ›˜ “þyöìþ™îû ›y˜ = 13.6 Kcal/mol
D) ö„þy˜!Ýþ ˜ëû 

29. 27oC vþz¡Œ“þyëû 1 ö›yœ ö„þy˜ ˜y£zöìÝþÆyöì‹˜ †Äy¢öì„þ ¢öì›y¡Œ ²Ì!e«ëûyëû 10 
atm öíöì„þ 1 atm ‰þyöìþ™ ¢Á±¢y!îû“þ „þîûy £œÐ ΔG ~îû ›yöì˜îû ›yöì˜îû 
þ™!îûî“Åþ˜ £œ –

A) –1280.55 cal B) –1381.55 cal
C) –1250.5 cal D) ö„þy˜!Ýþ ˜ëû 

30. 60% „þ›Å”Çþ“þy ¢Á™§¬ ~„þ!Ýþ £z!Oöì˜îû xy•yöìîûîû vþz¡Œ“þy 107oC £öìœ 
vþzêöì¢îû vþz¡Œ“þy £öìî–

A) 620K  B) 590K
C) 608K D) ö„þy˜!Ýþ ˜ëû 

Ans–
 1. (A), 2.(D), 3.(A), 4.(D), 5.(B), 6.(C), 7.(A), 8.(A), 9.(C), 

10.(A), 11.(C), 12.(B), 13.(), 14.(C), 15.(C), 16.(C), 17.(C), 
18.(B), 19.(C), 20.(B), 21.(C), 22.(A), 23. (B), 24.(A), 25.(A), 
26.(C), 27.(B), 28.(B), 29.(B), 30.(C)
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îûy¢yëû!˜„þ ¢y›Ä

1. vþz¦þ›%…# !î!e«ëûy îœöì“þ „þ# öîyGþÚ

vþz_îûéôôôé öë îûy¢yëû!˜„þ !î!e«ëûyëû !î!e«ëû„þ þ™”yíÅ îû*þ™yhsþ!îû“þ £öìëû !î!e«ëûy‹y“þ 
þ™”yíÅ vþzêþ™§¬ £çëûyîû ¢yöìí ¢yöìí !î!e«ëûy‹y“þ þ™”yíÅ þ™!îûî!“Åþ“þ £öìëû !î!e«ëû„þ 
þ™”yöìíÅ þ™!îû’“þ £ëû ö¢£z îûy¢yëû!˜„þ !î!e«ëûyöì„þ vþz¦þ›%…# !î!e«ëûy îöìœÐ öë›˜ 
xÄyöì›y!˜ëûy ç £y£zöìvÈþyöì‹˜ ö„Ïþyîûy£zvþ !î!e«ëûy „þöìîû xÄyöì›y!˜ëûy› ö„Ïþyîûy£zvþ vþzêþ™§¬ 
„þöìîû ö“þ›!˜ xÄyöì›y!˜ëûy› ö„Ïþyîûy£zvþ !îöìëûy!‹“þ £öìëû xÄyöì›y!˜ëûy ç £y£zöìvÈþyöì‹˜ 
ö„Ïþyîûy£zvþ vþzêþ™§¬ „þöìîûÐ

NH3 + HCl NH4Cl

2. ¦þîû !e«ëûyîû ¢)e!Ýþ öœ…Ð ¢!e«ëû ¦þîû îœöì“þ „þ# öîyGþÚ

vþz_îûéôôôé ö„þy˜ !˜!”ÅÜT vþz¡Œ“þyëû öë ö„þy˜ ›%£)öì“Åþ ö„þy˜ îûy¢yëû!˜„þ !î!e«ëûyîû 
£yîû ö¢£z ›%£)öì“Åþ vþzþ™!ßþi“þ !î!e«ëû„þ þ™”yíÅ ¢›)öì£îû ¢!e«ëû ¦þöìîûîû ¢›y˜%þ™y!“þ„þÐ 
~!Ýþöì„þ ¦þîû !e«ëûyîû ¢)e îœy £ëûÐ !îKþy˜# =Óþîy†Å ~î‚ ¦þyöì† SGuldberg and 
WaageV ~£z ¢)e!Ýþ ²Ì„þyŸ „þöìîû˜Ð

¢!e«ëû ¦þîû îœöì“þ– ¢!e«ëû ¦þîû îœöì“þ ö„þy˜ ›%£)öì“Åþ ö„þy˜ îûy¢yëû!˜„þ !î!e«ëûyîû 
ö›yÝþ ¦þöìîûîû ë“þÝ%þ„%þ þ™!îû›y’ ú !î!e«ëûyëû x‚Ÿ@ùÌ£’ „þöìîû ö¢£z ¦þîûöì„þ£z ¢!e«ëû 
¦þîû îœy £ëûÐ

oîöì’îû öÇþöìe ¢!e«ëû ¦þîû îœöì“þ ö›yœy!îû!Ýþöì„þ öîyGþyëû ~î‚  †Äy¢#ëû þ™”yöìíÅîû 
xy‚!Ÿ„þ ‰þyþ™öì„þ ¢!e«ëû þ™”yíÅ !£öì¢öìî †’Ä „þîûy £ëûÐ !îŸkþ “þîûöìœîû ç „þ!àþöì˜îû 
¢!e«ëû ¦þîûöì„þ ~„þ„þ •îûy £ëûÐ

3. aV îûy¢yëû!˜„þ ¢y›Ä îœöì“þ „þ# öîyGþÚ

bV ¢y›Ä •Ê&î„þ „þyöì„þ îöìœÚ
cV îûy¢yëû!˜„þ ¢y›Äöì„þ †!“þŸ#œ ¢y›Ä îœy £ëû ö„þ˜Ú

Chemistry Vol. III-5
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vþz_îûéôôôé •îûy ëy„þ ”%!Ýþ !î!e«ëû„þ þ™”yíÅ A ~î‚ B îûy¢yëû!˜„þ !î!e«ëûy „þöìîû 
C ~î D vþzêþ™§¬ „þöìîûÐ xyîyîû !î!e«ëûy!Ýþ vþz¦þ›%…#Ð ¢%“þîûy‚ 

+ B CA + D

!î!e«ëûyîû Öîû&öì“þ A ç B ~îû †y‘þüc !Šéœ ¢îÅy!•„þ ~î‚ C ç D †y‘þüc !Šéœ 
Ÿ)˜ÄÐ ¢›öìëûîû ¢öìD A ç B †y‘þüc „þ›öì“þ íyöì„þ ~î‚ C ç D †y‘þüc î,!kþ öþ™öì“þ 
íyöì„þÐ šþöìœ ¢Á¿%… !î!e«ëûyîû £yîû „þ›öì“þ íyöì„þ ~î‚ þ™Øþyê›%…# !î!e«ëûyîû £yîû 
î,!kþ öþ™öì“þ íyöì„þ ~î‚ xîöìŸöì¡ì !î!e«ëûy!Ýþ ~›˜ ~„þ!Ýþ xîßþiyëû vþzþ™˜#“þ £ëû ë…˜ 
¢Á¿%… ç þ™Øþyê›%…# !î!e«ëûyîû £yîû ¢›y˜Ð ~£z xîßþiyëû !î!e«ëû„þ ç !î!e«ëûy‹y“þ 
þ™”yöìíÅîû †y‘þüöìcîû ö„þy˜ þ™!îûî“Åþ˜ £ëû ˜yÐ !î!e«ëûyîû ~îû*þ™ ~„þ!Ýþ xîßþiyöì„þ 
îûy¢yëû!˜„þ ¢y›Äyîßþiy îöìœÐ xíÅyê ë…˜ ö„þy˜ vþz¦þ›%…# !î!e«ëûyëû ¢Á¿%…›%…# ç 
þ™Øþyê›%…# !î!e«ëûyîû £yîû ¢›y˜ ~î‚ !î!e«ëûy“þöìsþf vþzþ™!ßþi“þ !î!¦þ§¬ vþzþ™y”y˜=!œîû 
xyöìþ™!Çþ„þ †y‘þüöìcîû ¢›öìëûîû ¢öìD þ™!îûî“Åþ˜ £ëû ˜y “þ…˜ îûy¢yëû!˜„þ !î!e«ëûyîû 
~îû*þ™ xîßþiyöì„þ îûy¢yëû!˜„þ ¢y›Ä îœy £ëûÐ 

bV •îûy ëy„þ !î!e«ëûy Öîû&îû t ¢›ëû þ™îû A– B–  C ç D ~îû †y‘þüc ëíye«öì› 
CA– CB– CC– ç CDÐ ¢%“þîûy‚ ¢Á¿%…›%…# !î!e«ëûyîû £yîû 

îy Rf ∝  CA × CB

îy Rf  =  Kf CA × CB ............................SiV
~î‚ þ™Øþyê›%…# !î!e«ëûyîû £yîû
îy Rb ∝  CC × CD

îy Rb = Kb CC × CD ............................SiiV
¢y›Äîßþiyëû 
¢Á¿%…›%…# !î!e«ëûyîû £yîû = þ™Øþyê›%…# !î!e«ëûyîû £yîû  
Rf  = Rb

îy Kf CA × CB =  Kb CC × CD
f C D

b A B

K C D
K C C

×
×=

C D

A B

C D
C CK ×

×=

K–ö„þ ¢y›Ä •Ê&î„þ îœy £ëûÐ
¢%“þîûy‚ ö„þy˜ !˜!”ÅÜT vþz¡Œ“þyëû ö„þy˜ vþz¦þ›%…# !î!e«ëûyîû ¢y›Äyîßþiyëû !î!e«ëûy‹y“þ 
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þ™”yíÅ=!œîû vþzþ™ë%_« ‡yöì“þ vþz§¬#“þ ¢!e«ëû ¦þîû=!œîû =’šþœ ç !î!e«ëû„þ þ™”yíÅ=!œîû 
vþzþ™ë%_« ‡yöì“þ vþz§¬#“þ ¢!e«ëû ¦þîû=!œîû =’šþœéôé~îû x %̃þ™y“þöì„þ ¢y›Ä •Ê&î„þ îœy £ëûÐ

cV ö„þy˜ vþz¦þ›%…# !î!e«ëûy ë…˜ îûy¢yëû!˜„þ ¢yöì›Ä öþ™ïŠéyëû “þ…˜ xyþ™y“þ“þ ”,!ÜTöì“þ 
~!Ýþöì„þ !ßþiîû ›öì˜ £öìœç ²Ì„,þ“þ þ™öìÇþ !ßþiîû ˜ëûÐ ¢›öìëûîû ¢öìD !î!e«ëûy“þöìsþf !î!¦þ§¬ 
vþzþ™y”y˜=!œîû †y‘þüöìcîû ö„þy˜îû*þ™ þ™!îûî“Åþ˜%þ™ ‡öìÝþ ˜y xíÅyê ¢y›Äyîßþiyëû ö„þy˜ 
›%£)öì“Åþ ë!” ¢Á¿%… !î!e«ëûyëû !î!e«ëûöì„þîû †y‘þüc £Éy¢ þ™yëû ö¢£z ›%£)öì“Åþ£z þ™Øþyê›%…# 
!î!e«ëûyîû ‹˜Ä !î!e«ëû„þ þ™”yöìíîû †y‘þüc “þ“þÝþy£z î,!kþ þ™yëûÐ šþöìœ ¢y›Äîßþiyëû 
!î!e«ëûy!Ýþ öíöì› íyöì„þ ˜y ~„þ!Ýþ †!“þŸ#œ ²Ì!e«ëûyÐ ~£z „þyîûöì’ îûy¢yëû!˜„þ ¢y›Äöì„þ 
†!“þŸ#œ ¢y›Ä îœy £ëûÐ

4. ¢y›Ä•Ê&î„þ Kp– KC– ~î‚ Kx ~îû ¢‚Kþy ”yçÐ

vþz_îûéôôôé ¢y›Ä •Ê&î„þ Kcéôôôéö„þy˜ !˜!”ÅÜT vþz¡Œ“þyëû ö„þy˜ vþz¦þ›%…# !î!e«ëûyîû 
¢y›Äyîßþiyëû !î!e«ëûy‹y“þ þ™”yíÅ=!œîû vþzþ™ë%_« ‡yöì“þ vþz§¬#“þ ö›yœyîû †y‘þüöìcîû 
=’šþœ ç !î!e«ëû„þ þ™”yíÅ=!œîû vþzþ™ë%_« ‡yöì“þ vþz§¬#“þ ö›yœyîû †y‘þüöìcîû =’šþöìœîû  
x˜%þ™y“þöì„þ ¢y›Ä •Ê&î„þ KC îœy £ëûÐ

¢y›Ä •Ê&î„þ Kpéôôôéö„þy˜ !˜!”ÅÜT vþz¡Œ“þyëû ö„þy˜ †Äy¢#ëû vþz¦þ›%…# !î!e«ëûyîû 
¢y›Äyîßþiyëû !î!e«ëûy‹y“þ þ™”yíÅ=!œîû vþzþ™ë%_« ‡yöì“þ vþz§¬#“þ xy‚!Ÿ„þ ‰þyöìþ™îû  
=’šþœ ç !î!e«ëû„þ þ™”yíÅ=!œîû vþzþ™ë%_« ‡yöì“þ vþz§¬#“þ ö›yœyîû †y‘þüöìcîû =’šþöìœîû  
x˜%þ™y“þöì„þ ¢y›Ä •Ê&î„þ KC îœy £ëûÐ

¢y›Ä •Ê&î„þ Kxéôôôéö„þy˜ !˜!”ÅÜT vþz¡Œ“þyëû ö„þy˜ vþz¦þ›%…# !î!e«ëûyîû ¢y›Äyîßþiyëû 
!î!e«ëûy‹y“þ þ™”yíÅ=!œîû vþzþ™ë%_« ‡yöì“þ vþz§¬#“þ ö›yœ ¦þ@Ày‚öìŸîû =’šþœ ç !î!e«ëû„þ 
þ™”yíÅ=!œîû vþzþ™ë%_« ‡yöì“þ vþz§¬#“þ ö›yœ ¦þ@Ày‚öìŸîû =’šþöìœîû x˜%þ™y“þöì„þ ¢y›Ä 
•Ê&î„þ Kp îœy £ëûÐ

5. ¢y›Ä•Ê&î„þ Kp ç  KC– ~î‚  Kp ç  Kx ~îû ›öì•Ä ¢Á™„Åþ ²Ì!“þÛþy „þîûÐ 

vþz_îûéôôôé •îûy ëy„þ A †Äyöì¢îû a ö›yöìœîû ¢öìD B †Äyöì¢îû b ö›yœ îûy¢yëû!˜„þ 
!î!e«ëûy „þöìîû D †Äyöì¢îû d ö›yœ ~î‚ E †Äyöì¢îû e ö›yœ vþzêþ™§¬ „þöìîûÐ !î!e«ëûy!Ýþ 
vþz¦þ›%…# ~î‚ ¢y›Äyîßþiyëû xyöìŠéÐ

¢%“þîûy‚ !î!e«ëûy!Ýþ 

aA + bB eE+dD
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x“þ~î !î!e«ëûyîû ¢y›Ä•Ê&î„þ 
d e
D E
a b
A B

P P
P P PK ×

×
=  .......................SiV

öë…yöì˜ 
PE = E ~îû xy‚!Ÿ„þ ‰þyþ™
PD = D ~îû xy‚!Ÿ„þ ‰þyþ™
PB = B ~îû xy‚!Ÿ„þ ‰þyþ™
PA = A ~îû xy‚!Ÿ„þ ‰þyþ™

~î‚ !î!e«ëûyîû 
d e
D E
a b
A B

C C
C C CK ×

×
=  .......................SiiV

xyîyîû n ö›yœ xy”ŸÅ †Äyöì¢îû öÇþöìe 
PV = nRT
P = nRT

V

P = C RT  öë…yöì˜  = †y‘þüc
PA = CA RT
PB = CB RT
PD = CD RT
PE = CE RT
¢%“þîûy‚ 

( ) ( )
( ) ( )

d e
D E

a b
A B

C RT C RT
P C RT C RT

K ×

×
=

( ) ( )( )
d e
D E
a b
A B

C C d e a b
P C CK RT× + - +

×
= ×

Kp = Kc (RT)Δn .......................SiiiV
~!Ýþ £œ Kp ç Kc ~îû ›öì•Ä ¢Á™„ÅþÐ
Kp ç Kc ~îû ›öì•Ä ¢Á™„Åþ  
•îûy ëy„þ A †Äyöì¢îû a ö›yöìœîû ¢öìD B †Äyöì¢îû b ö›yœ îûy¢yëû!˜„þ !î!e«ëûy 

„þöìîû D †Äyöì¢îû d ö›yœ ~î‚ E †Äyöì¢îû e ö›yœ vþzêþ™§¬ „þöìîûÐ !î!e«ëûy!Ýþ vþz¦þ›%…# 
~î‚ ¢y›Äyîßþiyëû xyöìŠéÐ

¢%“þîûy‚ !î!e«ëûy!Ýþ 

aA + bB eE+dD

x“þ~î !î!e«ëûyîû ¢y›Ä•Ê&î„þ 
d e
D E
a b
A B

P P
P P PK ×

×
= .......................SiV

~î‚ !î!e«ëûyîû 
d e
D E
a b
A B

X X
X X XK ×

×
= .......................SiiV
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öë…yöì˜ XD = D ~îû ö›yœ ¦þ@Ày‚Ÿ
XE = E ~îû ö›yœ ¦þ@Ày‚Ÿ
XA = A ~îû ö›yœ ¦þ@Ày‚Ÿ
XB = B ~îû ö›yœ ¦þ@Ày‚Ÿ
xyîyîû 
PD  = XD P
PE  = XE P
PA  = XA P
PB  = XB P

¢%“þîûy‚ 
( ) ( )
( ) ( )

d e
D E

a b
A B

X P D P
P X P X P

K ×

×
=

KP = 
d e
D E
a b
A B

X X
X X

×

×
( ) ( )d e

D E
a b
A B

X X d e a b
P X XK P× + - +

×
= ×  

KP = KX PΔn.................................SiiiV
~!Ýþ £œ KP ç KX ~îû ›öì•Ä ¢Á™„ÅþÐ

6. ¢y›Ä •Ê&îöì„þîû ÷î!ŸÜTÄ öœ…Ð

vþz_îûéôôôé ¢y›Ä •Ê&îöì„þîû ÷î!ŸÜTÄ !˜Á¬îû*þ™– 
iV ¢y›Ä•Ê&îöì„þîû ›y˜ ‰þyöìþ™îû vþzþ™îû !˜¦Åþîû „þöìîû ˜yÐ !¢öìÞÝþöì›îû ‰þyöìþ™îû þ™!îûî“Åþ˜ 

‡Ýþyöìœ ¢y›Äyîßþiyîû þ™!îûî“Åþ˜ ‡öìÝþÐ vþz¡Œ“þyîû þ™!îûî“Åþöì˜ ¢y›Äîßþiyîû ›yöì˜îû þ™!îûî“Åþ˜ 
‡öìÝþÐ

iiV vþz¡Œ“þyîû þ™!îûî“Åþöì˜ ¢y›Ä•Ê&îöì„þîû ›yöì˜îû þ™!îûî“Åþ˜ ‡öìÝþÐ 
iiiV ¢y›Ä•Ê&îöì„þîû ›y˜ öíöì„þ ö„þy˜ !î!e«ëûöì„þîû „þ“þ Ÿ“þy‚Ÿ !î!e«ëûy‹y“þ 

þ™”yöìíÅ îû*þ™yhsþ!îû“þ £ëû “þyîû •yîû’y þ™yçëûy ëyëûÐ
ivV xyþ™y“þ“þ ”,!ÜTöì“þ xy›yöì”îû ›öì˜ £ëû ¢y›Ä•Ê&î„þ ~„þ!Ýþ ~„þ„þ ë%_« îûy!ŸÐ 

!„þlsþ ¢y›Ä•Ê&î„þ ~„þ!Ýþ ~„þ„þ !î£#˜ îûy!ŸÐ ¦þîû !e«ëûyîû ¢)öìe öë ¢!e«ëû ¦þöìîûîû 
vþzöìÍÔ… „þîûy £öìëûöìŠé “þy ²Ì„,þ“þ þ™öìÇþ ~„þ„þ !î£#˜ îy ›yey !î£#˜Ð xyîyîû ¢y›Ä 
•Ê&î„þ KP !˜’Åöìëû öë xy‚!Ÿ„þ ‰þyöìþ™îû vþzöìÍÔ… xyöìŠé “þy ²Ì„,þ“þ þ™öìÇþ †Äyöì¢îû 
²Ì„,þ“þ ‰þyþ™ ç ²Ì›y’ ‰þyöìþ™îû x˜%þ™y“þ SP/P0VÐ ~£z „þyîûöì’ ¢y›Ä •Ê&î„þ (KP îy 
KC) ~„þ„þ !î£#˜Ð
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7. ¢y›Ä •Ê&î„þ ~„þ!Ýþ ~„þ„þ !î£#˜ îûy!ŸÐ îÄy…Äy „þîûÐ

xyþ™y“þ“þ ”,!ÜTöì“þ xy›yöì”îû ›öì˜ £ëû ¢y›Ä•Ê&î„þ ~„þ!Ýþ ~„þ„þ ë%_« îûy!ŸÐ 
!„þlsþ ¢y›Ä•Ê&î„þ ~„þ!Ýþ ~„þ„þ !î£#˜ îûy!ŸÐ „þyîû’ ¦þîû !e«ëûyîû ¢)öìe öë ¢!e«ëû 
¦þöìîûîû vþzöìÍÔ… „þîûy £öìëûöìŠé “þy ²Ì„,þ“þ þ™öìÇþ ~„þ„þ !î£#˜ îy ›yey !î£#˜Ð ö„þy˜ 
!î!e«ëû„þ þ™”yöìíÅîû ¢!e«ëû ¦þîû îœöì“þ öîyGþyëû ö›yÝþ ¦þöìîûîû ë“þÝ%þ„%þ x‚Ÿ !î!e«ëûyëû  
x‚Ÿ@ùÌ£’ „þöìîûÐ “þy£z †y‘þüöìcîû ¢yöìþ™öìÇþ ¢y›Ä •Ê&î„þ ~„þ!Ýþ ~„þ„þ !î£#˜ îûy!ŸÐ 
xyîyîû ¢y›Ä •Ê&î„þ KP !˜’Åöìëû öë xy‚!Ÿ„þ ‰þyöìþ™îû vþzöìÍÔ… xyöìŠé “þy ²Ì„,þ“þ þ™öìÇþ 
†Äyöì¢îû ²Ì„,þ“þ ‰þyþ™ ç ²Ì›y’ ‰þyöìþ™îû x˜%þ™y“þ SP/P0VÐ ¢%“þîûy‚ xy‚!Ÿ„þ ‰þyöìþ™îû 
¢yöìþ™öìÇþ ¢y›Ä •Ê&î„þ KP ~„þ!Ýþ ~„þ„þ !î£#˜ îûy!ŸÐ ~£z „þyîûöì’ ¢y›Ä •Ê&î„þ (KP 
îy KC) ~„þ„þ !î£#˜Ð

8. aV œyéôéŸyöìÝþ!œëûyöìîûîû ˜#!“þ!Ýþ öœ…Ð 

bV ~£z ˜#!“þîû ¢y£yöìëÄ !˜Á¬!œ!…“þ îûy¢yëû!˜„þ !î!e«ëûyîû vþzþ™îû ‰þyþ™– “þyþ™  
²Ì¦þyî xyöìœy‰þ˜y „þîûÐ

N2(g) + 3H2(g) 2NH3(g) + 23.6 Kcal

cV !ßþiîû vþz¡Œ“þyëû !˜!Ü;þëû †Äyöì¢îû ²Ì¦þyî xyöìœy‰þ˜y „þîûÐ
 vþz_îûéôôôé¢y›Äyîßþiyëû xyöìŠé ~›˜ ö„þy˜ îûy¢yëû!˜„þ !î!e«ëûyëû !î!e«ëûy !˜ëûsþf’„þyîû# 

„þyîû„þ=!œ öë›˜– ‰þyþ™– “þyþ™›yey– †y‘þüc £z“þÄy!”îû öë ö„þy˜ ~„þ!Ýþîû ›y˜ þ™!îûî“Åþ˜ 
‡Ýþyöìœ !¢öìÞÝþ› !˜öì‹öì„þ ~›˜¦þyöìî þ™%˜!îÅ˜Ähßþ „þöìîû îy þ™!îûî“Åþ˜ ‡Ýþyëû öë˜ 
þ™!îûî!“Åþ“þ ²Ì¦þyî ë“þ”)îû ¢½þî ²ÌŸ!›“þ £öì“þ þ™yöìîûÐ

“þyþ™›yeyîû ²Ì¦þyîéôôôé

N2(g) + 3H2(g) 2NH3(g) + 23.6 Kcal

œyéôéŸyöìÝþ!œëûyöìîûîû ˜#!“þ x˜%¢yöìîû !¢öìÞÝþöì›îû “þyþ™›yey î,!kþ „þîûöìœ ²Ì”_ 
“þyþ™öì„þ ²ÌŸ›öì˜îû ‹˜Ä !¢öìÞÝþ› !˜öì‹öì„þ ~›˜ ¦þyöìî þ™%˜!îÅ˜Ähßþ „þîûöìî öë˜ 
²Ì”_ “þyþ™ ëíy¢½þî ²ÌŸ!›“þ £ëûÐ öëöì£“%þ ¢Á¿%…›%…# !î!e«ëûy!Ýþ “þyþ™öì›y‰þ# “þy£z 
þ™Øþyê›%…# !î!e«ëûy!Ýþ “þyþ™öìŸy¡ì#Ð ¢%“þîûy‚ !î!e«ëûy “þöìsþf vþz¡Œ“þy î,!kþ „þîûöìœ ¢yöì›Äîû 
¢îû’ îy› !”öì„þ ‡Ýþöìî xíÅyê vþz¡Œ“þy î,!kþöì“þ xÄyöì›y!˜ëûyîû vþzêþ™y”˜ £Éy¢ þ™yöìîÐ 
xþ™îû!”öì„þ vþz¡Œ“þy £Éy¢ „þîûöìœ ¢yöì›Äîû ¢îû’ vþy˜ !”öì„þ ‡Ýþöìî xíÅyê xÄyöì›y!˜ëûyîû 
vþzêþ™y”˜ î,!kþ þ™yöìîÐ
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‰þyöìþ™îû ²Ì¦þyîéôôôé

N2(g) + 3H2(g) 2NH3(g) + 23.6 Kcal

vþzþ™öìîûy_« !î!e«ëûyëû !î!e«ëû„þ þ™”yöìíÅîû ö›yÝþ ö›yœ ¢‚…Äy ‰þyîû S~„þ ö›yœ 
˜y£zöìÝþÆyöì‹˜ ~î‚ !“þ˜ ö›yœ £y£zöìvÈþyöì‹˜V ~î‚ !î!e«ëûy‹y“þ þ™”yöìíÅîû ö›yœ  
¢‚…Äy ”%£z S”%£z ö›yœ xÄyöì›y!˜ëûyVÐ “þy£z  !î!e«ëûy “þöìsþfîû ‰þyþ™ î,!kþ „þîûöìœ î!•Å“þ 
‰þyþ™ ²ÌŸ›öì˜îû ‹˜Ä œyéôéŸyöìÝþ!œëûyöìîûîû ˜#!“þ x˜%¢yöìîû ¢y›Äyîßþiyîû ¢îû’ vþy˜!”öì„þ 
‡Ýþöìî öëöì£“%þ !î!e«ëûy‹y“þ þ™”yöìíÅîû “%þœ˜yëû !î!e«ëû„þ þ™”yöìíÅîû x’% ¢‚…Äy öî!ŸÐ 
~£z „þyîûöì’ vþzF‰þ ‰þyöìþ™ ö£îyîû þ™kþ!“þöì“þ xÄyöì›y!˜ëûy †Äy¢ vþzêþ™y”˜ „þîûy £ëûÐ 
xþ™îû!”öì„þ !î!e«ëûy “þöìsþfîû ‰þyþ™ £Éy¢ „þîûöìœ œyéôéŸyöìÝþ!œëûyöìîûîû ˜#!“þ x˜%¢yöìîû 
xÄyöì›y!˜ëûyîû !îöìëûy‹˜ ›yey î,!kþ þ™yöìî šþöìœ xÄyöì›y!˜ëûyîû vþzêþ™y”˜ £Éy¢ þ™yöìîÐ

9. ö„þy˜ †Äy¢#ëû îûy¢yëû!˜„þ !î!e«ëûyîû ¢y›Äîßþiyëû !˜!Ü;þëû †Äy¢ öëy† „þîûyîû 
†y!’!“þ„þ ²Ì¦þyî xyöìœy‰þ˜y „þîûÐ

vþz_îûéôôôé •îûy ëy„þ A †Äyöì¢îû a ö›yöìœîû ¢öìD B †Äyöì¢îû b ö›yœ îûy¢yëû!˜„þ 
!î!e«ëûy „þöìîû D †Äyöì¢îû d ö›yœ ~î‚ E †Äyöì¢îû e ö›yœ vþzêþ™§¬ „þöìîûÐ !î!e«ëûy!Ýþ 
vþz¦þ›%…# ~î‚ ¢y›Äyîßþiyëû xyöìŠéÐ

¢%“þîûy‚ !î!e«ëûy!Ýþ 

aA + bB eE+dD

x“þ~î !î!e«ëûyîû ¢y›Ä•Ê&î„þ KP = 
d e

D E
a b
A B

P P
P P

×

×
 ...............................SiV

~î‚ !î!e«ëûyîû KX = 
d e
D E
a b
A B

X X
X X

×

× ...............................SiiV
öë…yöì˜ !î!e«ëûyîû ¢y›Äyîßþiyëû XD = D ~îû ö›yœ ¦þ@Ày‚Ÿ ~î‚ nD = D 

~îû ö›yœ ¢‚…Äy 
XE = E ~îû ö›yœ ¦þ@Ày‚Ÿ ~î‚ nE = E ~îû ö›yœ ¢‚…Äy
XA = A ~îû ö›yœ ¦þ@Ày‚Ÿ ~î‚ nA = A ~îû ö›yœ ¢‚…Äy
XB = B ~îû ö›yœ ¦þ@Ày‚Ÿ ~î‚ nB = B ~îû ö›yœ ¢‚…Äy

¢%“þîûy‚ 
( ) ( )
( ) ( )

d e
D E

a b
A B

X P D P
P X P X P

K ×

×
=   

KP = 
d e
D E
a b
A B

X X
X X

×

×
( ) ( )d e

D E
a b
A B

X X d e a b
P X XK P× + - +

×
= ×
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KP = 
d e
D E
a b
A B

X X
X X

×

×
PΔn...............................SiiiV

~…˜ ¢y›Äyîßþiyëû no ö›yœ !˜!Ü;þëû †Äy¢ öëy† „þîûy £œ ëy !î!e«ëû„þ ç 

!î!e«ëûy‹y“þ þ™”yöìíÅîû ¢öìD !î!e«ëûy „þîûöìî ˜yÐ ¢%“þîûy‚ ›y•Äöì› ö›yÝþ ö›yœ  

¢‚…Äy nΣ  = nA + nB + nD + nE + nO
A

B

D

E

n
A n

n
B n

n
D n

n
E n

X

X

X

X

Σ

Σ

Σ

Σ

=

=

=

=  
SiiiV ¢›#„þîûöì’ XA– XB– XD ç XE ~îû ›y˜ î!¢öìëû þ™y£z

¢%“þîûy‚ KP = 
( ) ( )
( ) ( )

d en nD E
n n

a bn nA B
n n

Σ Σ

Σ Σ

×

×
×PDn

( )
d e
D E
a b
A B

n n nP
P nn n

K × D
Σ×

= ×  .....................................SivV

ö„þy˜ !˜!”ÅÜT vþz¡Œ“þyëû !ßþiîû xyëû“þöì˜ !˜!Ü;þëû †Äy¢ öëy† „þîûöìœ nΣ  ~îû ›y˜ 

î,!kþîû ¢öìD ö›yÝþ ‰þyþ™ P ~îû ›y˜ ¢›y˜%þ™yöì“þ î,!kþ þ™yëûÐ šþöìœ– 
d e
D E
a b
A B

n n
n n

×

×
 ç 

( ) nP
n

D
Σ ~îû ›yöì˜îû ö„þy˜ þ™!îûî“Åþ˜ £ëû ˜y xíÅyê KP ~îû ›y˜ xþ™!îûî!“Åþ“þ íyöì„þÐ

!„þlsþ !ßþiîû ‰þyöìþ™ ö„þy˜ !˜!”ÅÜT vþz¡Œ“þyëû !˜!Ü;þëû †Äy¢ öëy† „þîûöìœ ƒ 
aV ë…˜ Δn = 0 öë›˜

H2 (g) + I2(g) 2HI(g)

~…˜ SivV ˜Áºîû ¢›#„þîûöì’îû  ( ) nP
n

D
Σ  ~îû ›y˜ 1 ~î‚ 

d e
D E
a b
A B

n n
n n

×

×
 ~îû ›yöì˜îû 

ö„þy˜ þ™!îûî“Åþ˜ £ëû ˜yÐ šþöìœ KP ~îû ›y˜ xþ™!îûî!“Åþ“þ íy„þyëû !î!e«ëûyîû ¢y›Äyîßþiyîû 

ö„þy˜ þ™!îûî“Åþ˜ £ëû ˜yÐ
bV ë…˜ Δn > 0 öë›˜ 

PCl5(g) PCl3 (g) + Cl2(g)
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~…˜ ( ) nP
n

D
Σ   ~îû ›y˜ Δn ~îû ›yöì˜îû î,!kþîû ¢öìD £Éy¢ öþ™öì“þ íyöì„þÐ !„þlsþ 

KP ~îû ›y˜ •Ê&î„þ îûy…öì“þ 
d e
D E
a b
A B

n n
n n

×

×
 ~îû ›y˜ î,!kþ öþ™öì“þ íyöì„þÐ šþöìœ ¢Á¿%…›%…# 

!î!e«ëûyîû £yîû öîöìvþü ëyëûÐ
cV  ë…˜ Δn < 0 öë›˜

N2(g) + 3H2(g) 2NH3(g) + 23.6 Kcal

~…˜ Δn ~îû ›yöì˜îû î,!kþîû ¢öìD ( ) nP
n

D
Σ  ~îû ›y˜ î,!kþ þ™yëûÐ !„þlsþ KP ~îû 

›y˜ •Ê&î„þ îûy…öì“þ 
d e
D E
a b
A B

n n
n n

×

×
 ~îû ›y˜ £Éy¢ þ™yëûÐ šþöìœ ¢Á¿%…›%…# !î!e«ëûyîû £yîû 

£Éy¢ þ™yëûÐ 

10. ¢›¢_´ ç x¢›¢_´ ¢y›Äyîßþiy îœöì“þ „þ# öîyGþÚ

vþz_îûéôôôé ¢›¢_´ ƒ ë…˜ ö„þy˜ îûy¢yëû!˜„þ !î!e«ëûyëû !î!e«ëû„þ ~î‚ !î!e«ëûy‹y“þ 
þ™”yíÅ=!œ ~„þ£z ”Ÿyëû xîßþiy˜ „þöìîû îûy¢yëû!˜„þ !î!e«ëûyëû ¢y›Äyîßþiy ¢,!ÜT „þöìîû  
“þ…˜ “þyöì„þ ¢›¢_´ ¢y›Äyîßþiy îöìœÐ öë›˜éôôôé

PCl5(g) PCl3 (g) + Cl2(g)

x¢›¢_´ƒ xyîyîû ë…˜ ö„þy˜ îûy¢yëû!˜„þ !î!e«ëûyëû !î!e«ëû„þ ~î‚ !î!e«ëûy‹y“þ 
þ™”yíÅ=!œ !¦þ§¬ ”Ÿyëû xîßþiy˜ „þöìîû îûy¢yëû!˜„þ !î!e«ëûyëû ¢y›Äyîßþiy ¢,!ÜT „þöìîû  
“þ…˜ “þyöì„þ x¢›¢_´ ¢y›Äyîßþiy îöìœÐ öë›˜éôôôé

CaCO3(s) CaO(s) + CO2(g)

11. CaCO3 ö„þ ›%_« ç îkþ þ™yöìe vþz_® „þîûöìœ !¦þ§¬ šþœ þ™yçëûy ëyëû ö„þ˜Ú

vþz_îûéôôôé CaCO3 ö„þ ›%_« þ™yöìe vþz_® „þîûöìœ CaCO3 “þyöìþ™ !îöìëûy!‹“þ 
£öìëû CaO ç CO2 þ™yçëûy ëyëûÐ CO2

†Äy¢#ëû £çëûyëû !¢öìÞÝþ› öíöì„þ !˜†Å“þ £ëû  šþöìœ ¢y›Äyîßþiy ²Ì!“þ!Ûþ“þ £öì“þ þ™yöìîû 
˜y !„þlsþ îkþ þ™yöìe vþz_® „þîûöìœ šþœ þ™yçëûy ëyëû „þyîû’ CO2 †Äy¢#ëû £çëûyëû 
!¢öìÞÝþ› öíöì„þ !˜†Å“þ £ëû šþöìœ ö„þîœ›ye ¢Á¿%… !î!e«ëûy!Ýþ £çëûyëû ¢y›Äyîßþiy 
²Ì!“þ!Ûþ“þ £öì“þ þ™yöìîû ˜yÐ ~£z „þyîûöì’ CaCO3 ~îû !îöìëûy‹˜ ¢Á™)’Å ‡öìÝþÐ
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CaCO3 CaO + CO2

!„þlsþ îkþ þ™yöìe vþz_® „þîûöìœ „þyîÅ˜ vþy£z x:y£zvþ !˜†Å“þ £öì“þ þ™yöìîû ˜y šþöìœ 
vþzêþ™§¬ „þyîÅ˜ vþy£z x:y£zvþ ç „þÄyœ!¢ëûy› x:y£zöìvþîû !î!e«ëûyëû CaCO3 vþzêþ™§¬ 
£ëû šþöìœ vþz¦þ›%…# !î!e«ëûy £çëûyëû ¢y›Äyîßþiy ²Ì!“þ!Ûþ“þ £ëûÐ ~£z „þyîûöì’ CaCO3  
~îû !îöìëûy‹˜ ¢Á™)’Å ‡öìÝþ ˜yÐ

CaCO3(s) CaO(s) + CO2(g)

12. öœy!£“þ “þ® xyëûöì˜îû vþzþ™îû !”öìëû !ÞÝþ› ‰þyœ˜y „þîûy £œ– „þ# ‡öìÝþ ë…˜ 

iV ›%_« þ™yöìe iiiV îkþ þ™yöìe !î!e«ëûy ‡Ýþyöì˜y £ëûÐ
öœy!£“þ “þ® xyëûöì˜îû vþzþ™îû !”öìëû !ÞÝþ› ‰þyœ˜y „þîûöìœ îûy¢yëû!˜„þ !î!e«ëûyëû  

Fe3O4 ç H2 †Äy¢ vþzêþ™§¬ £ëûÐ H2 †Äy¢#ëû ö›ïœ £çëûyëû !¢öìÞÝþ› öíöì„þ !˜†Å“þ 
£ëû  šþöìœ ¢y›Äyîßþiy ²Ì!“þ!Ûþ“þ £öì“þ þ™yöìîû ˜yÐ

Fe + H2O(g) Fe3O4 + H2

šþöìœ !î!e«ëûy!Ýþ ¢Á™)’Å £ëûÐ 
!„þlsþ îkþ þ™yöìe vþz_® „þîûöìœ £y£zöìvÈþyöì‹˜ †Äy¢ !˜†Å“þ £öì“þ þ™yöìîû ˜y šþöìœ 

vþzêþ™§¬ £y£zöìvÈþyöì‹˜ ~î‚ Fe3O4 !î!e«ëûyëû !î!e«ëû„þ þ™”yíÅ vþzêþ™§¬ „þöìîû šþöìœ 
vþz¦þ›%…# !î!e«ëûy £çëûyëû ¢y›Äyîßþiy ²Ì!“þ!Ûþ“þ £ëûÐ ~£z „þyîûöì’ !î!e«ëûy!Ýþ ¢Á™)’Åîû*öìþ™ 
‡öìÝþ ˜yÐ 

Fe + H2O(g) Fe3O4 + H2

13. 1 ö›yœ xÄy!¢!Ýþ„þ xÄy!¢vþ ç 1 ö›yœ £zíy£zœ xÄyœöì„þy£œ ~„þ!Ýþ xyîkþ 
þ™yöìe !˜öìëû ”#‡ÅÇþ’ •öìîû vþz_® „þîûöìœç 1 ö›yœ £zíy£zœ xÄy!¢öìÝþÝþ ç 1 
ö›yœ ‹œ vþzêþ™§¬ £ëû ˜yÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé 1 ö›yœ xÄy!¢!Ýþ„þ xÄy!¢vþ ç 1 ö›yœ £zíy£zœ xÄyœöì„þy£öìœîû 
!î!e«ëûyëû 1 ö›yœ £zíy£zœ xÄy!¢öìÝþÝþ ç 1 ö›yœ ‹œ vþzêþ™§¬ £ëû ˜y „þyîû’ 
!î!e«ëûy!Ýþ vþz¦þ›%…#Ð öëöì£“%þ !î!e«ëûy!Ýþ îkþ þ™yöìe ‡ÝþöìŠé ö¢£z „þyîûöì’ !î!e«ëûy 
‹y“þ þ™”yíÅ !¢öìÞÝþ› öíöì„þ öî!îûöìëû !†öìëû !î!e«ëûy!Ýþöì„þ ~„þ›%…# „þîûöì“þ þ™yöìîû ˜y 
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~î‚ ~„þ¢›ëû ¢Á¿%…– þ™Øþyê !î!e«ëûyîû £yîû ¢›y˜ £öìëû ¢y›Äîßþiyëû öþ™ïŠéyëûÐ ë!” 
þ™Øþyê !î!e«ëûyîû £yîû Ÿ)˜Ä £“þ “þy£öìœ£z 1 ö›yœ xÄy!¢!Ýþ„þ xÄy!¢vþ ç 1 ö›yœ 
£zíy£zœ xÄyœöì„þy£öìœîû !î!e«ëûyëû 1 ö›yœ £zíy£zœ xÄy!¢öìÝþÝþ ç 1 ö›yœ ‹œ 
vþzêþ™§¬ £“þÐ !„þlsþ £z£y x¢½þîÐ

îûy¢yëû!˜„þ !î!e«ëûyéôôôé
CH3COOH + CH3CH2OH CH3COOCH2CH3 + H2O

14. ¦þÄyrÝþ £öìšþîû ¢›#„þîû’!Ýþ öœ… ç îÄy…Äy „þîûÐ

vþz_îûéôôôé “þyþ™›yeyîû þ™!îûî“Åþöì˜ ö„þy˜ !î!e«ëûyîû ¢y›Ä •Ê&îöì„þîû ›y˜ þ™!îûî!“Åþ“þ 
£ëûÐ “þy£z “þyþ™›yeyîû þ™!îûî“Åþöì˜îû ¢yöìí ¢y›Ä•Ê&îöì„þîû þ™!îûî“Åþ˜ öë ¢›#„þîûöì’îû 
¢y£yöìëÄ ²Ì„þyŸ „þîûy £ëû “þyöì„þ ¦þÄyrÝþ £öìšþîû ¢›#„þîû’ îöìœÐ ë!” T1 ç T2 
“þyþ™›yeyëû ¢y›Ä•Ê&îöì„þîû ›y˜ K1 ~î‚ K2 £öìœ 

2

1 1 2

1 1
2.303log K H

K R T T
D  = -   .....................................S1V

öë…yöì˜ HD  !î!e«ëûyîû ~˜íÄyœ!þ™
“þyþ™öìŸy¡ì# !î!e«ëûyîû öÇþöìe ~îû ›y˜ •˜yd„þ  £çëûyëû K2 > K1 £öìî ë!” 

1

1
T  > 

2

1
T  £ëû xíÅyê T2 > T1 £ëûÐ ¢%“þîûy‚ “þyþ™öìŸy¡ì# !î!e«ëûyîû öÇþöìe vþzF‰þ 

“þyþ™›yeyëû !î!e«ëûy‹y“þ þ™”yöìíÅîû vþzêþ™y”öì˜îû £yîû î,!kþ þ™yöìîÐ
xyîyîû “þyþ™›y‰þ# !î!e«ëûyîû öÇþöìe ~îû ›y˜ }’yd„þ £çëûyëû K2 > K1 £öìî 

ë!” 1

1
T  < 

2

1
T  £ëû xíÅyê T2 < T1 £ëûÐ ¢%“þîûy‚ “þyþ™›y‰þ# !î!e«ëûyîû öÇþöìe !˜Á¬ 

“þyþ™›yeyëû  !î!e«ëûy‹y“þ þ™”yöìíÅîû vþzêþ™y”öì˜îû £yîû î,!kþ þ™yöìîÐ

15. N2 + 3H2 2NH3

²Ì›y’ „þîû vþzþ™öìîûîû !î!e«ëûyëû ‰þyþ™ î,!kþöì“þ xÄyöì›y!˜ëûyîû vþzêþ™y”öì˜îû £yîû î,!kþ 
þ™yöìîÐ

vþz_îûéôôôé 1 ö›yœ ˜y£zöìÝþÆyöì‹öì˜îû ¢öìD 3 ö›yœ £y£zöìvÈþyöì‹öì˜îû !î!e«ëûyëû 2 
ö›yœ xÄyöì›y!˜ëûy vþzêþ™§¬ £ëûÐ 

îûy¢yëû!˜„þ !î!e«ëûyƒ N2 + 3H2 2NH3

²Ìyí!›„þ ö›yœ ¢‚…Äy 1      3            2
¢y›Äyîßþiyëû      1–x   3(1–x)                  2x   
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öë…yöì˜ x = ¢y›Äyîßþiyëû !îöìëûy‹˜ ›yey xÐ
¢%“þîûy‚ ¢y›Äyîßþiyëû ö›yÝþ ö›yœ ¢‚…Äy 
1–x  + 3(1–x) + 2x = 4–2x
•!îû !¢öìÞÝþöì›îû ö›yÝþ ‰þyþ™ P
¢%“þîûy‚ ˜y£zöìÝþÆyöì‹öì˜îû xy‚!Ÿ„þ ‰þyþ™ 1

4 2
x

N xP P-
-=  îy 

£y£zöìvÈþyöì‹˜îû xy‚!Ÿ„þ ‰þyþ™ 3(1 )
4 2

x
H xP P-

-=  îy 
2

2
27(1 )3 3
(4 2 )

x
H x

P P-

-
=

xÄyöì›y!˜ëûyîû xy‚!Ÿ„þ ‰þyþ™ 2
3 4 2

x
NH xP P-=  îy 

2

2
2 24

3 (4 2 )
x

NH x
P P

-
=

x“þ~î !î!e«ëûyîû ¢y›Ä •Ê&î„þ 
2

3
3

2 2

NH

N H

P
P P P

K
×

=

îy KP = 

2 24
2( 4 2 )

327(1 )1
4 2 3( 4 2 )

x
x

xx
x x

P

P

-

--
- -

×

îy KP = 
2

2
64
27

x
P P

K =   

îy X2  = K P2 öë…yöì˜ 
27

64
PKK =

îy X P∝

¢%“þîûy‚ !îöìëûy‹˜ ›yey ‰þyöìþ™îû vþzþ™îû !˜¦ÅþîûŸ#œ
¢%“þîûy‚ !¢öìÞÝþöì›îû ‰þyþ™ î,!kþöì“þ xÄyöì›y!˜ëûyîû vþzêþ™y”öì˜îû £yîû î,!kþ þ™yöìîÐ 

16. 27oC vþz¡Œ“þyëû AB(g) A(g) + B(g) !î!e«ëûyîû KP ~îû ›y˜ 0.5 atmÐ 
„þ“þ ‰þyöìþ™ AB ~îû !îöìëûy‹˜ 40% £öìîÐ

vþz_îûéôôôé   AB(g)   A(g) + B(g)
²Ìyí!›„þ xîßþiyëû  1             0       0
¢y›Äyîßþiyëû             1–X          X      X
¢y›Äyîßþiyëû ö›yÝþ ö›yœ ¢‚…Äy 1–X + X + X
                            = 1 + x
¢%“þîûy‚ 1

1
x

AB xP P-
+=
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1 1
1
1

2

2

1
1

1

1

A B

AB

x x
x x

x
x

x
x

x
B x

P P
P P

P

x
P x

P
P P

K

K P

K P

+ +
-
+

-
+

+

×

×

-

=

=

=

=

=
2

2
0.40

1 0.40
0.5 P

-
=

 öëöì£“%þ !îöìëûy‹˜ ›yey  x = 40% = 0.40
0.50 × 0.84 = 0.16P 
P = 2.625 atm.

17. 8.07 ö›yœ H2 ç 9.08 ö›yœ I2 ~îû ~„þ!Ýþ !›×’öì„þ 448oC vþz¡Œ“þyëû 
¢y›Äîßþiyëû ˜y xy¢y þ™ëÅhsþ vþz_® „þîûy £œÐ ~£z xîßþiyëû 13.88 ö›yœ HI 
vþzêþ™§¬ £ëûÐ Kc ~îû ›y˜ „þ“þÚ [BU]

vþz_îûéôôôé   H2   +    I2     2HI
¢y›Äyîßþiyëû   1 mole   1 mole   2 mole
¢%“þîûy‚ ¢y›Äyîßþiyëû H2– I2 ~î‚ HI ~îû ö›yœ ¢‚…Äyîû x˜%þ™y“þ 1:1:2
xyîyîû ¢y›Äyîßþiyëû HI ~îû þ™!îû›y’ 13.88 ö›yœ
¢%“þîûy‚ xîÄî£*“þ H2 ~îû þ™!îû›y’ £öìî 9.08 – 13.8892 ö›yœ 
= 9.08 – 6.94 ö›yœ
= 2.14 ö›yœ
~î‚ xîÄî£*“þ I2 ~îû þ™!îû›y’ £öìî 8.07 ö›yœ – 13.8892 ö›yœ
= 8.07 ö›yœ – 6.94 ö›yœ
= 1.13 ö›yœ
¢%“þîûy‚ ¢y›Äyîßþiyëû ö›yÝþ ö›yœ ¢‚…Äy = 1.13 ö›yœ + 2.14 ö›yœ +  

13.88 ö›yœ
= 17.15 ö›yœ
•îûy ëy„þ !¢öìÞÝþöì›îû ö›yÝþ ‰þyþ™ P

¢%“þîûy‚ HI ~îû xy‚!Ÿ„þ ‰þyþ™ 
13.88
17.15HIP P=

~î‚ H2 ~îû xy‚!Ÿ„þ ‰þyþ™ 
2.14

17.15HP P=
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ç I2 ~îû xy‚!Ÿ„þ ‰þyþ™ 
1.13

17.15IP P=

¢%“þîûy‚ ¢y›Ä•Ê&î„þ 
212.88

2217.15
2.14 1.12

17.15 17.15

P
P P PK ××

= ×
îy 192.6544

2.4182PK =
KP =79.67 
•îûy ëy„þ !¢öìÞÝþöì›îû ö›yÝþ xyëû“þ˜ V 
¢%“þîûy‚ ¢y›Ä •Ê&î„þ 

2

1

HI

H

C
C C CK ×=  

îy 

13.88 13.88

2.14 1.12

( ) ( )
( ) ( )

V V

V V
CK ×

×
=

îy Kc = 79.67

18. 10 ö›yœ H2 ç 7 ö›yœ I2 ~îû ~„þ!Ýþ !›×’öì„þ ¢y›Äîßþiyëû ˜y xy¢y 
þ™ëÅhsþ vþz_® „þîûy £œÐ ~£z xîßþiyëû 12 ö›yœ HI vþzêþ™§¬ £ëûÐ KP ~î‚ Kc 

~îû ›y˜ „þ“þÚ   

vþz_îûéôôôévþz_îûéôôôé   H2  +  I2    2HI
¢y›Äyîßþiyëû     1 mole 1 mole 2 mole
¢%“þîûy‚ ¢y›Äyîßþiyëû H2– I2 ~î‚ HI ~îû ö›yœ ¢‚…Äyîû x˜%þ™y“þ 1:1:2
xyîyîû ¢y›Äyîßþiyëû HI ~îû þ™!îû›y’ 12 ö›yœ
¢%“þîûy‚ xîÄî£*“þ H2 ~îû þ™!îû›y’ £öìî 10 – 12/2 ö›yœ 
= 10 – 6 ö›yœ
= 4 ö›yœ
~î‚ xîÄî£*“þ I2 ~îû þ™!îû›y’ £öìî 7 ö›yœ – 12/2 ö›yœ
=  7 ö›yœ – 6 ö›yœ
= 1 ö›yœ
¢%“þîûy‚ ¢y›Äyîßþiyëû ö›yÝþ ö›yœ ¢‚…Äy = 4 ö›yœ + 1 ö›yœ + 12 ö›yœ
= 17 ö›yœ
•îûy ëy„þ !¢öìÞÝþöì›îû ö›yÝþ ‰þyþ™ P
¢%“þîûy‚ HI ~îû xy‚!Ÿ„þ ‰þyþ™ 

12
17HIP P=

~î‚ H2 ~îû xy‚!Ÿ„þ ‰þyþ™ 
4

17HP P=

ç I2 ~îû xy‚!Ÿ„þ ‰þyþ™ 1
17IP P=
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¢%“þîûy‚ ¢y›Ä•Ê&î„þ 
212

2217
4 1

17 17

P
P P PK ××

= ×   
144

KP = 36 
!î!e«ëûyëû Δn = 2–(1+1) = 0
xy›îûy ‹y!˜ Kp = Kc (RT)Δn

îy  Kp = Kc(RT)0

îy  Kp = Kc 
îy  36 = Kc 
îy  Kc = 36

19. 1 îyëû%›[þœ#ëû ‰þyöìþ™ ç 184oC vþz¡Œ“þyëû NO2 †Äy¢ 2NO(g)   
2NO(g) + O2(g) ~£z ¦þyöìî 5% !îöìëûy!‹“þ £ëûÐ ~£z ¢y›Äîßþiyîû öÇþöìe 
Kp ~îû ›y˜ †’˜y „þîûÐ [BU]

vþz_îûéôôôé
            2NO2(g)   2NO(g) + O2(g)  
!î!e«ëûyîû Öîû&öì“þ  2 mole       0         0
¢y›Äyîßþiyëû ö›yœ ¢‚…Äy  2(1– 0.05)   2×0.05 2×0.05
= 1.90    0.10     0.05
ö›yÝþ ö›yœ ¢‚…Äy = 1.90 + 0.10 + 0.05
                 = 2.05
xyîyîû !î!e«ëûyîû ö›yÝþ ‰þyþ™ P = 1 atm
¢%“þîûy‚ NO2 ~îû xy‚!Ÿ„þ ‰þyþ™ 2

1.90
2.05 1NOP atm= ×

îy 2

1.90
2.05NOP atm=

îy PNO2 = 0./268 atm
~î‚ NO ~îû xy‚!Ÿ„þ ‰þyþ™ 

0.10
2.05 1NOP atm= ×

îy 
0.10
2.05NOP atm=

îy PNO = 0.0487 atm
ç NO ~îû xy‚!Ÿ„þ ‰þyþ™ 0.05

2.05 1OP atm= ×

îy 0.05
2.05OP atm=
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îy Po = 0.02439                          

¢y›Ä •Ê&î„þ 2
2

NO O

NO

P P
P P

K ×=

îy 2
0.0487 0.02439

0.9268
atm atm

P atm atm
K ×

×
=  

îy Kp = 1.38–3

20. 27oC “þyþ™›yeyëû N2 + 3H2   2NH3 !î!e«ëûyëû ¢y›Ä •Ê&î„þ K1 ~î‚ 
½N2 + 3

2 H2   NH3 !î!e«ëûyëû ¢y›Ä •Ê&î„þ K2 £öìœ K1 ~î‚ K2 ~îû 
›öì•Ä ¢Á™„Åþ ²Ì!“þÛþy „þîûÐ 

vþz_îûéôôôé N2 + 3H2   2NH3 !î!e«ëûyîû ¢y›Ä •Ê&î„þ 
1 2

NH

N HP P× .....................................SiV
öë…yöì˜  PNH3 = xÄyöì›y!˜ëûyîû xy‚!Ÿ„þ ‰þyþ™– PN = ˜y£zöìÝþÆyöì‹öì˜îû xy‚!Ÿ„þ 

‰þyþ™ ~î‚ PH = £y£zöìvÈþyöì‹öì˜îû xy‚!Ÿ„þ ‰þyþ™Ð

xyîyîû 
31

2 2 32 2N H NH+   !î!e«ëûyîû ¢y›Ä •Ê&î„þ 

îy 
1

3
1/2 2/22

NH

N H

P
P P

K
×

=

îy 
2

3
1 2

2
2

NH

N H

P
P P

K
×

=
 ........................................SiiV

SiV ˜Áºîû SiiV ¢›#„þîû’ öíöì„þ þ™y£z
K2

2 = K1

K1 = K2
2 

¢%“þîûy‚ ²Ìí› ¢›#„þîûöì’îû £yîû •Ê&î„þ !m“þ#ëû!Ýþîû îöì†Åîû ¢›y˜Ð

21. 60oC vþz¡Œ“þyëû A   B !î!e«ëûyîû ¢y›Ä•Ê&îöì„þîû ›y˜ 50oC vþz¡Œ“þyîû 
“%þœ˜yëû !m=’Ð !î!e«ëûyîû ~˜íÄyœ!þ™ †’˜ „þîûÐ 

vþz_îûéôôôé x!hsþ› vþz¡Œ“þy
²Ìyí!›„þ vþz¡Œ“þy T1 = 273 + 50 = 323K,
x!hsþ› vþz¡Œ“þy T2 = 273 + 60 = 333 K
~î‚ K2 = 2K1 öë…yöì˜ K1 ~î‚ K2 £œ 50oC ~î‚ 60oC vþz¡Œ“þyëû 

!î!e«ëûyîû £yîû •Ê&î„þÐ
¦þÄyrÝþ £öìšþîû ¢›#„þîû’ x˜%ëyëû#
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2

1 1 2

1 1
2.303log K H

K R T T
D  = - 

îy 1

2

2 1 1
2.303 1.987 323 333log K H

K R
D

×= -  

îy 10
492196.5451log 2 HD ×=

îy ΔH = 14816.59 cal

MCQ

1.  ¦þîû !e«ëûyîû ¢)e!Ýþ xy!îÜñyîû „þöìîû˜éôôôé

A)  îyöì‹Å!œëûy¢ B) œy Ÿyöì“þ!œëûyîû
C)  = 7þîy†Å ç ¦þyöì†  D) @ùÌy£y›

2. ¢y›Ä •Ê&îöì„þîû ›y˜ þ™!îûî!“Åþ“þ £ëûéôôôé

A) vþz¡Œ“þy î,!kþöì“þ B) ‰þyþ™ î,!kþöì“þ 
C) †y‘þüöìc î,!kþöì“þ D) xyëû“þ˜ î,!kþöì“þ

3.  ~„þ!Ýþ vþz¦þ›%…# îûy¢yëû!˜„þ !î!e«ëûy ¢y›Äyîßþiyëû xyöìŠéÐ !î!e«ëûöì„þîû †y‘þüc 
!m=’ „þîûöìœ ¢y›Ä•Ê&îöì„þîû ›y˜éôôôé

A)  !m=’ £öìî B) xöì•Å„þ £öìî  
C)  !“þ˜=˜ £öìî  D) xþ™!îûî!“Åþ“þ íy„þöìî    

4. CaCO3(s)   CaO(s) + CO2(g) !î!e«ëûy!Ýþöì“þ CaCO3(s) öëy† „þîûöìœ 
¢y›Ä •Ê&îöì„þîû ›y˜éôôôé

A) îyvþüöìî B) „þ›öìî
C) xþ™!îûî!“Åþ“þ íy„þöìî D) ö„þy˜!Ýþ ˜ëû  

5. CaCO3(s)   CaO(s) + CO2(g)  !î!e«ëûy!Ýþöì“þ CaO(s) öëy† „þîûöìœ 
¢y›Ä •Ê&îöì„þîû ›y˜éôôôé

A) îyvþüöìî B) „þ›öìî
C) xþ™!îûî!“Åþ“þ íy„þöìî  D) ö„þy˜!Ýþ ˜ëû  

Chemistry Vol. III-6
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6.   H2(g) + I2(g)   2HI(g)  !î!e«ëûy!Ýþîû ¢y›Ä •Ê&î„þ KP ~îû ~„þ„þéôôôé

A) ö›yœ–1 !œÝþyîû B) ö›yœ !œÝþyîû
C) xÄyÝþ›!ß³þëûyîû D) ö„þy˜!Ýþ ˜ëû 

7.  N2(g) + 3H2(g)   2NH3(g) !î!e«ëûy!Ýþîû Kp/Kc x˜%þ™y“þéôôôé
A) (RT)–2 B) (RT)2

C) RT   D) ö„þy˜!Ýþ ˜ëû  

8.  H2(g) + I2(g)   2HI(g) !î!e«ëûy!Ýþîû Kp/Kc x˜%þ™y“þéôôôé
A) (RT)–2 B) (RT)2

C) 1 D) ö„þy˜!Ýþ ˜ëû  

9.  2NO2(g)   2NO(g) + O2(g) !î!e«ëûyîû 184oC “þyþ™›yeyëû ˜#öì‰þîû 
ö„þy˜ “þíÄ!Ýþ ¢!àþ„þéôôôé

A) KP > KC B) Kp = Kc
C) KP < KC D) ö„þy˜!Ýþ ˜ëû  

10. !ßþiîû xyëû“þöì˜ N2(g) + H2(g)   2NH3(g) !î!e«ëûy!Ýþ ¢y›Äyîßþiyëû !˜!Ü;þëû 
†Äy¢ öëy† „þîûöìœ xÄyöì›y!˜ëûyîû vþzêþ™y”˜éôôôé

A) î,!kþ þ™yöìî  B) £Éy¢ þ™yöìî 
C) xþ™!îûî!“Åþ“þ íy„þöìî D) ö„þy˜!Ýþ ˜ëû  

11. !ßþiîû ‰þyöìþ™ N2(g) + H2(g)   2NH3(g) !î!e«ëûy!Ýþ ¢y›Äyîßþiyëû !˜!Ü;þëû 
†Äy¢ öëy† „þîûöìœ xÄyöì›y!˜ëûyîû vþzêþ™y”˜éôôôé

A) î,!kþ þ™yöìî  B) £Éy¢ þ™yöìî 
C) xþ™!îûî!“Åþ“þ íy„þöìî D) ö„þy˜!Ýþ ˜ëû 

12. !ßþiîû xyëû“þöì˜ H2(g) + I2(g)   2HI(g) !î!e«ëûy!Ýþ ¢y›Äyîßþiyëû !˜!Ü;þëû 
†Äy¢ öëy† „þîûöìœ HI vþzêþ™y”˜éôôôé

A) î,!kþ þ™yöìî  B) £Éy¢ þ™yöìî 
C) xþ™!îûî!“Åþ“þ íy„þöìî D) ö„þy˜!Ýþ ˜ëû 
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13. !ßþiîû ‰þyöìþ™ H2(g) + I2(g)   2HI(g) !î!e«ëûy!Ýþ ¢y›Äyîßþiyëû !˜!Ü;þëû †Äy¢ 
öëy† „þîûöìœ HI vþzêþ™y”˜éôôôé

A) î,!kþ þ™yöìî  B) £Éy¢ þ™yöìî 
C) xþ™!îûî!“Åþ“þ íy„þöìî D) ö„þy˜!Ýþ ˜ëû  

14. !ßþiîû xyëû“þöì˜ 2SO2(g) + O2(g)   2SO3(g) !î!e«ëûy!Ýþ ¢y›Äyîßþiyëû 
!˜!Ü;þëû †Äy¢ öëy† „þîûöìœ SO3(g) vþzêþ™y”˜éôôôé

A) î,!kþ þ™yöìî  B) £Éy¢ þ™yöìî 
C) xþ™!îûî!“Åþ“þ íy„þöìî D) ö„þy˜!Ýþ ˜ëû  

15. !ßþiîû ‰þyöìþ™ PCl5(g)   PCl3(g) + Cl2(g) !î!e«ëûy!Ýþ ¢y›Äyîßþiyëû !˜!Ü;þëû 
†Äy¢ öëy† „þîûöìœ PCl5(g) !îöìëûy‹˜éôôôé

A) î,!kþ þ™yöìî  B) £Éy¢ þ™yöìî 
C) xþ™!îûî!“Åþ“þ íy„þöìî D) ö„þy˜!Ýþ ˜ëû 

16.  ~„þ!Ýþ !˜!”ÅÜT “þyþ™›yeyëû ~„þ!Ýþ ¢Á¿%… !î!e«ëûyîû †!“þ–þ™Øþyê !î!e«ëûyîû †!“þîû 
“%þœ˜yëû 4 =˜ £öìœ ¢y›Ä •Ê&îöì„þîû ›y˜ £öìîéôôôé

A) 4 B)  
C) 2 D) ö„þy˜!Ýþ ˜ëû  

17. 60oC vþz¡Œ“þyëû A   B !î!e«ëûyîû ¢y›Ä•Ê&îöì„þîû ›y˜ 50oC vþz¡Œ“þyîû 
“%þœ˜yëû !m=’Ð !î!e«ëûyîû ~˜íÄyœ!þ™ £œéôôôé

A) 5.5 Kcal B) 14.8 Kcal
C) 20.1 Kcal D) ö„þy˜!Ýþ ˜ëû  

18. 27oC vþz¡Œ“þyëû AB(g)   A(g) + B(g) !î!e«ëûyîû KP ~îû ›y˜ 0.5 atmÐ 

AB ~îû 40% !îöìëûy‹˜ £öìî ë…˜ ‰þyöìþ™îû ›y˜ £öìîéôôôé
A) 5.5 atm B) 14.8 atm
C) 2.625 atm. D) ö„þy˜!Ýþ ˜ëû  

19. 27oC “þyþ™›yeyëû N2 + 3H2   2NH3 !î!e«ëûyëû ¢y›Ä •Ê&î„þ K1 ~î‚ 

½N2 + 3
2 H2   NH3 !î!e«ëûyëû ¢y›Ä •Ê&î„þ K2 £öìœ K1 ~î‚ K2 ~îû 

›öì•Ä ¢Á™„Åþ £öìîéôôôé
A) K1 = K2

2  B) K1
2 = K2 
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C) K1 = K2  D) ö„þy˜!Ýþ ˜ëû 

20.  N2(g) + 3H2(g)   2NH3 !î!e«ëûy!Ýþ ¢y›Ä •Ê&îöì„þîû ›y’ 36 £öìœ ½N2 

+ 3
2 H2   NH3 !î!e«ëûyîû ¢y›Ä •Ê&îöì„þîû ›y’ £öìîéôôôé

A) 9 B) 6
C) 18 D) 1.8

21. A2 + B2   2AB  !î!e«ëûyîû ¢y›Ä •Êî„þ K1 ~î‚ AB   A2 + B2 
!î!e«ëûyîû ¢›yëû •Ê&î„þ K2 £öìœ ˜#öì‰þîû ö„þy˜ ¢Á™„Åþ!Ýþ ¢!àþ„þéôôôé

A) K1 =    B) K1 =   
C) K1 = K2 D) ö„þy˜!Ýþ ˜ëû 

Ans– 
 1. (C), 2.(A), 3.(D), 4.(C), 5.(C), 6.(D), 7.(A), 8.(C), 9.(A), 

10. (C), 11.(B), 12.(C) 13.(C), 14.(C), 15(A), 16.(A), 17.(B), 
18.(C) 19.(A), 20.(B), 21(A)
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xyëû˜#ëû ¢y›Äyîßþiy

1. “þ#îÊ “þ!vþüê !îöìÙÕ¡ìÄ ç ›,”% “þ!vþüê !îöìÙÕ¡ìÄ þ™”yíÅ îœöì“þ „þ# öîyGþÚ vþz”y£îû’ 
”yçÐ

vþz_îûéôôôé “þ#îÊ “þ!vþüê !îöìÙÕ¡ìÄ þ™”yíÅ– öë ¢„þœ þ™”yíÅ ‹œ#ëû oîöì’ !„þ‚îy 
†!œ“þ xîßþiyëû ¢Á™)’Åîû*öìþ™ !îöìëûy!‹“þ £ëû ~î‚ “þ!vþüê ‰þyœ˜yîû šþöìœ îûy¢yëû!˜„þ 
!îöìëûy‹˜ ‡öìÝþ ˜“%þ˜ ˜“%þ˜ þ™”yíÅ ¢,!ÜT „þöìîû “þyöì„þ£z “þ#îÊ “þ!vþüê !îöìÙÕ¡ìÄ þ™”yíÅ 
îöìœÐ öë›˜ NaCl ~îû ‹œ#ëû oî’ ¢Á™)’Åîû*öìþ™ !îöìëûy!‹“þ £öìëû „þÄyÝþyëû˜ îû*öìþ™ 
Na+ ~î‚ xy˜Äyëû˜îû*öìþ™ Cl– vþzêþ™§¬ £ëûÐ

›,”% “þ!vþüê !îöìÙÕ¡ìÄ þ™”yíÅ– öë ¢„þœ þ™”yíÅ ‹œ#ëû  oîöì’ !„þ‚îy †!œ“þ  
xîßþiyëû xy‚!Ÿ„þ !îöìëûy!‹“þ £ëû ~î‚ “þ!vþüê ‰þyœ˜yîû šþöìœ îûy¢yëû!˜„þ !îöìëûy‹˜ 
‡öìÝþ ˜“%þ˜ ˜“%þ˜ þ™”yíÅ ¢,!ÜT „þöìîû “þyöì„þ£z ›,”% “þ!vþüê !îöìÙÕ¡ìÄ þ™”yíÅ îöìœÐ öë›˜ 
NH4OH ~îû ‹œ#ëû oî’ xy‚!Ÿ„þ !îöìëûy!‹“þ £öìëû „þÄyÝþyëû˜ îû*öìþ™ NH4

+ ~î‚ 
xy˜Äyëû˜îû*öìþ™ Cl– vþzêþ™§¬ £ëûÐ

2. x¢äçëûyöìÓþîû œ‡)„þîû’ ¢)e!Ýþ öœ… ~î‚ †y!’!“þ„þ ¢›#„þîû’ ²Ì!“þÛþy „þîûÐ 
x¢äçëûyöìÓþîû œ‡)„þîû’ ¢)öìeîû ¢#›yîkþ“þy öœ…Ð

vþz_îûéôôôé ö„þy˜ !˜!”ÅÜT vþz¡Œ“þyëû ö„þy˜ ›,”% “þ!vþüê !îöìÙÕ¡ìÄ þ™”yöìíÅîû !îöìëûy‹˜ 
›yey ú ›,”% “þ!vþüê !îöìÙÕ¡ìÄ þ™”yöìíÅîû †y‘þüöìcîû î†Å›)öìœîû îÄhßþy˜%þ™y!“þ„þÐ •îûy 
ëy„þ ›,”% “þ!vþüê !îöìÙÕ¡ìÄ þ™”yöìíÅîû !îöìëûy‹˜ ›yey α ~î‚ vþz£y †y‘þüc cÐ ¢%“þîûy‚ 
x¢äçëûyöìÓþîû œ‡)„þîû’ ¢)e x˜%¢yöìîû 

1
C

∝ ∞ Ð
†y!’!“þ„þ îû*þ™ ƒ
•îûy ëy„þ AB ~„þ!Ýþ ›,”% “þ!vþüê !îöìÙÕ¡ìÄ þ™”yíÅÐ “þy£z ~!Ýþ ‹œ#ëû oîöì’ 

xy‚!Ÿ„þ¦þyöìî !îöìëûy!‹“þ £öìëû „þÄyÝþyëû˜ îû*öìþ™ A+ ~î‚ xÄy˜yëû˜ îû*öìþ™ B– xyëû˜ 
vþzêþ™§¬ „þöìîûÐ xyîûç •îûy ëy„þ AB ~îû !îöìëûy‹˜ ›yeyÐ
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¢%“þîûy‚ 
 AB(aq)    A+(aq) + B–(aq)
²Ìyí!›„þ †y‘þüc C 0 0
¢y›Äîßþiyëû C(1– ∝ ) C ∝  C ∝       
¦þîû!e«ëûyîû ¢)ey˜%¢yöìîû 

¢y›Ä •Ê&î„þ K = [ ][ ]
[ ]

A B
AB

+ -

îy (1 )
C C

CK ∝× ∝
-∝=

îy 2K C= ∝
îy 2 K

C∝ =
îy 1

C
∝ ∞   

x¢äçëûyöìÓþîû œ‡)„þîû’ ¢)öìeîû ¢#›yîkþ“þy– x¢äçëûyöìÓþîû œ‡%„þîû’ ¢)e!Ýþ ö„þîœ 
›ye ›,”% “þ!vþüê !îöìÙÕöì¡ìÄîû öÇþöìe ²Ìöìëy‹ÄÐ „þyîû’ ›,”% “þ!vþüê !îöìÙÕ¡ìÄ þ™”yíÅ oîöì’ 
¢Á™)’Åîû*öìþ™ !îöìëûy!‹“þ £ëû ˜yÐ

3. H3PO4 ~îû ²Ì!“þ x’%öì“þ !“þ˜!Ýþ ²Ì!“þßþiyþ™˜#ëû £y£zöìvÈþyöì‹˜ þ™îû›y’% íy„þy 
¢öìcç !mÇþy!îû„þ xÄy!¢vþ îû*öìþ™ xy‰þîû’ „þöìîû ö„þ˜Ú

vþz_îûéôôôé H3PO4 ~îû ²Ì!“þ x’%öì“þ !“þ˜!Ýþ ²Ì!“þßþiyþ™˜#ëû £y£zöìvÈþyöì‹˜ þ™îû›y’% 
î“Åþ›y˜Ð ö¢£z !£öì¢öìî ‹œ#ëû oîöì’ H3PO4 !îöìëûy!‹“þ £öìëû !“þ˜!Ýþ H+ î‹Å˜ 
„þöìîû !eÇþy!îû„þ xÄy!¢vþ îû*öìþ™ xy‰þîû’ „þîûy vþz!‰þ“þÐ !„þlsþ H3PO4 ~îû ²Ìí› 
!îöìëûy‹˜ •Ê&î„þ K1 ~îû ›y˜ !m“þ#ëû !îöìëûy‹˜ •Ê&î„þ K2 ~îû “%þœ˜yëû Ç%þo“þîû ~î‚ 
“,þ“þ#ëû !îöìëûy‹˜ •Ê&îöì„þîû ›y˜ …%î£z Ç%þo £çëûyëû ‹œ#ëû oîöì’ ~!Ýþ !îöìëûy!‹“þ 
£ëû˜y îœöìœ£z ‰þöìœÐ ~£z „þyîûöì’ H3PO4 ~îû ²Ì!“þ x’%öì“þ !“þ˜!Ýþ ²Ì!“þßþiyþ™˜#ëû 
£y£zöìvÈþyöì‹˜ þ™îû›y’% íy„þy ¢öì_´ç !mÇþy!îû„þ xÄy!¢vþ îû*öìþ™ xy‰þîû’ „þöìîûÐ

îûy¢yëû!˜„þ ¢›#„þîû’éôôôé
²Ìí› •yþ™ ƒ  H3PO4 + H2O   H2PO4

– + H3O
+ 

¢%“þîûy‚ K1 = 2 4 3

3 4 2

[ ][ ]
[ ][ ]
H PO H O
H PO H O

- +

!m“þ#ëû •yþ™ ƒ H2PO4
– + H2O   HPO4

2– + H3O
+– 

¢%“þîûy‚ K2 = 
2
4 3

2 4 2

[ ][ ]
[ ][ ]
HPO H O
H PO H O

- +

-

“,þ“þ#ëû •yþ™ ƒ HPO4
2– + H2O   PO4

3– + H3O
+ 
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K3 = 
3
4 3

2 2

[ ][ ]
[ ][ ]

PO H O
HPO H S

+

-

!îöìëûy‹˜ •Ê&îöì„þîû e«›éôôôé K1 > K2 > K3

4. ‹öìœîû xyëû˜#ëû =’šþöìœîû ¢‚Kþy ”yçÐ

vþz_îûéôôôé !îÖkþ ‹œ …%î£z ßþºÒ ›yeyëû !îöìëûy!‹“þ £öìëû H+ ~î‚ OH– xyëû˜ 
vþzêþ™§¬ „þöìîûÐ vþzêþ™§¬ H+ ~î‚ OH– xyëû˜ x!îöìëûy!‹“þ H2O x’%îû ¢öìD 
¢y›Äyîßþiyëû íyöì„þÐ ¢%“þîûy‚ ‹öìœîû !îöìëûy‹˜ ˜#öì‰þ ö”…y˜ £œ

H2O   H+ + OH–

¦þîû !e«ëûyîû ¢%ey˜%¢yöìîû  

K = 
2

[ ][ ]
[ ]

H OH
H O

+ -

 öë…yöì˜ K = ‹öìœîû xyëû˜#ëû •Ê&î„þ
öëöì£“%þ ‹œ …%î£z ßþºÒ ›yeyëû !îöìëûy!‹“þ £ëû ~£z „þyîûöì’£z H2O ~îû †y‘þüc 

²Ìyëû •Ê&î„þ íyöì„þÐ
¢%“þîûy‚ K[H2O] = [H+] [OH–]
îy Kw = [H+] [OH–]
öë…yöì˜ Kw = ‹öìœîû xyëû˜#ëû =’šþœÐ

5. ²Ì›y’ „þîû ‹öìœîû xyëû˜#ëû =’šþœ ~î‚ xyëû˜#ëû •Ê&î„þ ~„þ ˜ëûÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé!îÖkþ ‹œ …%î£z ßþºÒ ›yeyëû !îöìëûy!‹“þ £öìëû H+ ~î‚ OH– xyëû˜ 
vþzêþ™§¬ „þöìîûÐ vþzêþ™§¬ H+ ~î‚ OH– xyëû˜ x!îöìëûy!‹“þ H2O x’%îû ¢öìD 
¢y›Äyîßþiyëû íyöì„þÐ ¢%“þîûy‚ ‹öìœîû !îöìëûy‹˜ !˜öì‰þ ö”…y˜ £œ

H2O   H+ + OH–

¦þîû !e«ëûyîû ¢%ey˜%¢yöìîû  

K = 
2

[ ][ ]
[ ]

H OH
H O

+ -

 öë…yöì˜ K = ‹öìœîû xyëû˜#ëû •Ê&î„þ
öëöì£“%þ ‹œ …%î£z ßþºÒ ›yeyëû !îöìëûy!‹“þ £ëû ~£z „þyîûöì’£z H2O ~îû †y‘þüc 

²Ìyëû •Ê&î„þ íyöì„þÐ
¢%“þîûy‚ K[H2O] = [H+] [OH–]
K[H2O] = Kw

K × 55.55 = Kw öëöì£“%þ 1 !œÝþyîû ‹œ = 1000/18  ö›yœ = 55.55 ö›yœ
îy  K ¹ Kw   
¢%“þîûy‚ ‹öìœîû xyëû˜#ëû =’šþœ ~î‚ xyëû˜#ëû •Ê&î„þ ~„þ ˜ëû– ²Ì›y!’“þ
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6. pH– pOH ç pH– ößþñöìœîû ¢‚Kþy ”yçÐ

vþz_îûéôôôé pH– ö„þy˜ oîöì’îû £y£zöìvÈþyöì‹˜ xyëûöì˜îû ö›yœyîû †y‘þüöìcîû ö˜öì†!Ýþ¦þ 
œ†y!îû”›öì„þ pH îöìœÐ

pH  = –log10[]H
+] 

pOH– ö„þy˜ oîöì’îû £y£zvÈþ!:œ xyëûöì˜îû ö›yœyîû †y‘þüöìcîû ö˜öì†!Ýþ¦þ 
œ†y!îû”›öì„þ pOH îöìœÐ

pOH = –log10[OH–]
pH– ößþñöìœ– ö„þy˜ oîöì’îû xÁÔc ç Çþyîû„þc !˜’Åöìëûîû ‹˜Ä oîöì’îû pH ~îû 

vþzþ™îû !¦þ!_ „þöìîû öë ößþñœ ²Ìlßþ“þ „þîûy £ëû “þyöì„þ pH– ößþñöìœéôéîöìœÐ !îKþy˜#  
ö¢yöìîû˜öì¢˜ pH– ößþñöìœîû vþzqyî˜ „þöìîû˜Ð ~£z ößþñöìœîû þ™yÍÔy ‹öìœîû pKw myîûy 
!˜•Åy!îû“þ £ëûÐ 25oC vþz¡Œ“þyëû ‹öìœîû pKw ~îû ›y˜ 14Ð “þy£z 25oC vþz¡Œy“þyëû pH 
ößþñœ 0 öíöì„þ 14 þ™ëÅhsþ !îhß+þ“þÐ !„þlsþ 100oC vþz¡Œ“þyëû pKw ~îû ›y˜ 12.26Ð 
“þy£z 100oC vþz¡Œy“þyëû pH ößþñœ 0 öíöì„þ 12.26 þ™ëÅhsþ !îhß+þ“þÐ

x“þ~î xy!ÁÔ„þ oîöì’îû þ™yÍÔy – 0 < xy!ÁÔ„þ < 7
~î‚ Çþyîû#ëû oîöì’îû þ™yÍÔy – 7 < Çþyîû#ëû < 14 

7. ²Ì›y’ „þîûéôôôé pH + pOH = 14

vþz_îûéôôôé  ‹öìœîû xyëû˜#ëû =’šþœ (Kw) = [H+] [OH–]
vþz¦þëûþ™öìÇþéôôôé log10 !˜öìëû þ™y£z
–log10Kw = –log10[H

+] – log10[OH–]
pKw = pH + pOH ............................S1V
25oC “þyþ™›yeyëû Kw = 1×10–14

–logKw = –log10–14

pKw = 14
~…˜ pKw ~îû ›y˜ S1V ¢›#„þîûöì˜ î!¢öìëû þ™y£z
pH + pOH = 14

8. ›,”% ~„þ Çþy!îû„þ xÄy!¢öìvþîû pH ~îû îûy!Ÿ›yœy !˜’Åëû „þîûÐ

vþz_îûéôôôé •îûy ëy„þ ~„þ!Ýþ ›,”% xÄy!¢vþ HAÐ
‹œ#ëû oîöì’ HA xy‚!Ÿ„þ¦þyöìî !îöìëûy!‹“þ £öìëû H+ ~î‚ A– xyëû˜ vþzêþ™§¬ 

„þöìîû ~î‚ x!îöìëûy!‹“þ x’%îû ¢öìD ¢y›Äyîßþiy ¢,!ÜT „þöìîûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé
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 HA   H+ + A–

²Ìyí!›„þ †y‘þüc C 0 0
¢y›Äîßþiyëû C(1– ∝ ) C ∝  C ∝      
x“þ~î xÄy!¢öìvþîû xyëû˜yëû’ •Ê&î„þ Sdissociation constantV 

[ ]
H A

a HAK
+ -   ×   =

                 

îy (1 )
C C

a CK ∝× ∝
-∝=

ë…˜ a-~îû ›y˜ …%î£z Ç%þo “þ…˜ 1– a = 1
Ka = a2C  

2 aK
C∝ =

2
aK C
CC∝ =

ac = ÖKaC
H+ = ÖKaC
vþz¦þëûþ™öìÇþéôôôé log10 !˜öìëû þ™y£z
–log10 [H+] = –log10 Ö(KaC)
–log10 [H+] = –½log10 Ka – ½log10C
pH = ½pKa – ½log10C

9. ›,”% ~„þ Çþy!îû„þ Çþyîûöì„þîû pOH ~îû îûy!Ÿ›yœy !˜’Åëû „þîûÐ

vþz_îûéôôôé •îûy ëy„þ ~„þ!Ýþ ›,”% Çþyîû„þ BOHÐ 
‹œ#ëû oîöì’ BOH xy‚!Ÿ„þ¦þyöìî !îöìëûy!‹“þ £öìëû B+ ~î‚ OH– xyëû˜ 

vþzêþ™§¬ „þöìîû ~î‚ x!îöìëûy!‹“þ x’%îû ¢öìD ¢y›Äyîßþiy ¢,!ÜT „þöìîûÐ îûy¢yëû!˜„þ !î!e«ëûy 
 BOH   B+ + OH–

²Ìyí!›„þ †y‘þüc C 0 0
¢y›Äîßþiyëû C(1– ∝ ) C ∝  C ∝       
x“þ~î xÄy!¢öìvþîû xyëû˜yëû’ •Ê&î„þ Sdissociation constantV 

[ ] [ ]
[ ]

H OH
b BOHK

+ -×=               

îy (1 )
C C

b CK ∝× ∝
-∝=

ë…˜ a-~îû ›y˜ …%î£z Ç%þo “þ…˜ 1– a = 1
îy Kb = a2C 
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îy 
2 bK

C∝ =

îy 
2

bK C
CC∝ =

îy ac = ÖKbC
îy ac = ÖKbC
îy OH– = ÖKbC
vþz¦þëûþ™öìÇþ –log10 !˜öìëû þ™y£z
–log10 [OH–] = –log10 (KbC)
îy –log10 [OH–] = – ½log10 Kb – ½log10C
îy pOH = ½pKb – ½log10C

10.  œîöì’îû xyoÅ !îöìÙÕ¡ì’ îœöì“þ „þ# öîyGþÚ

vþz_îûéôôôé œîöì’îû ‹œ#ëû oîöì’îû  !îöìëûy‹öì˜ vþzêþ™§¬ „þÄyÝþyëû˜ îy xÄy˜yëû˜ ë…˜ 
‹öìœîû „þÄyÝþyëû˜ SH+V ~î‚ xÄy˜yëûöì˜îû [OH–] ¢öìD !î!e«ëûy „þöìîû ‹öìœîû  SH+V 
~î‚ [OH–] ~îû †y‘þüöìcîû þ™!îûî“Åþ˜ îy xy!•„þÄ ‡Ýþyëû “þ…˜ ~îû*þ™ !î!e«ëûyöì„þ  
œîöì’îû xyoÅ !îöìÙÕ¡ì’ îöìœÐ

11. NH4Cl ~îû ‹œ#ëû oî’ xy!ÁÔ„þÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé NH4Cl ~îû ‹œ#ëû oî’ xyoÅ !îöìÙÕ!¡ì“þ £öìëû ›,”% Çþyîû„þ NH4Cl 
~î‚ “þ#îÊ xÄy!¢vþ HCl vþzêþ™§¬ £ëûÐ NH4Cl ›,”% Çþyîû„þ £çëûyëû xy‚!Ÿ„þ 
!îöìëûy!‹“þ £ëû ~î‚ HCl “þ#îÊ xÄy!¢vþ £çëûyëû ¢Á™)’Å îû*öìþ™ !îöìëûy!‹“þ £ëûÐ 
šþöìœ OH– xyëûöì˜îû “%þœ˜yëû H+ xyëûöì˜îû †y‘þüc x!•„þ £çëûyëû ‹œ#ëû oî’ 
xÁÔ•›Å# £ëûÐ îûy¢yëû!˜„þ !î!e«ëûy 

NH4Cl + H2O   NH4OH + HCl   H+ + Cl–

                      ›,”% Çþyîû    “þ#îÊ xÄy!¢vþ 

12. CuSO4 ~îû ‹œ#ëû oî’ xy!ÁÔ„þÐ îÄy…Äy „þîûÐ

CuSO4 ~îû ‹œ#ëû oî’ xyoÅ !îöìÙÕ!¡ì“þ £öìëû ›,”% Çþyîû„þ Cu(OH)2 ~î‚  
“þ#îÊ xÄy!¢vþ H2SO4 vþzêþ™§¬ £ëûÐ Cu(OH)2 ›,”% Çþyîû„þ £çëûyëû xy‚!Ÿ„þ 
!îöìëûy!‹“þ £ëû ~î‚ H2SO4 “þ#îÊ xÄy!¢vþ £çëûyëû ¢Á™)’Å îû*öìþ™ !îöìëûy!‹“þ £ëûÐ 



xyëû˜#ëû ¢y›Äyîßþiy 91

šþöìœ OH– xyëûöì˜îû “%þœ˜yëû H+ xyëûöì˜îû †y‘þüc x!•„þ £çëûyëû ‹œ#ëû oî’ 
xÁÔ•›Å# £ëûÐ îûy¢yëû!˜„þ !î!e«ëûy 

CuSO4 + 2H2O   Cu(OH)2 + H2SO4   2H+ + SO4
2–

                        ›,”% Çþyîû    “þ#îÊ xÄy!¢vþ 

13. Na2CO3 ~îû ‹œ#ëû oî’ Çþyîû#ëûÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé Na2CO3 ~îû ‹œ#ëû oî’ xyoÅ !îöìÙÕ!¡ì“þ £öìëû “þ#îÊ Çþyîû„þ NaOH 
~î‚  ›,”% xÄy!¢vþ H2CO3 vþzêþ™§¬ £ëûÐ NaOH “þ#îÊ Çþyîû„þ £çëûyëû ¢Á™)’Å îû*öìþ™ 
!îöìëûy!‹“þ £ëû !îöìëûy!‹“þ £ëû ~î‚ H2CO3 ›,”% xÄy!¢vþ £çëûyëû ²Ìyëû x!îöìëûy!‹“þ 
x’% !£öì¢öìî íyöì„þÐ šþöìœ H+ xyëûöì˜îû “%þœ˜yëû OH– xyëûöì˜îû †y‘þüc x!•„þ 
£çëûyëû ‹œ#ëû oî’ Çþyîû•›Å# £ëûÐ îûy¢yëû!˜„þ !î!e«ëûy 

Na2CO3 + 2H2O   2NaOH + H2SO4   2H+ + SO4–

                        ›,”% Çþyîû    “þ#îÊ xÄy!¢vþ 

14. “þ#îÊ xÄy!¢vþ ç ›,”% Çþyöìîûîû œîöì’îû xyoÅ !îöìÙÕ¡ìöì’îû šþöìœ vþzêþ™§¬ oîöì’îû 
pH ~îû îûy!Ÿ›yœy †’˜y „þîûÐ

vþz_îûéôôôé •îûy ëy„þ BA ~„þ!Ýþ “þ#îÊ xÄy!¢vþ SHAV ç ›,”% Çþyîû SBOHV–~îû 
œî’Ð ¢%“þîûy‚ BA œî’!Ýþ xyoÅ!îöìÙÕ¡ì’ !˜Á¬îû*öìþ™ ‡öìÝþ–

BA + H2O    BOH + HA 
 ›,”% Çþyîû “þ#îÊ xÄy!¢vþ
îy B+ A– + H2O   BOH + H+ + A–

îy  B+ + H2O    BOH + H+ 
²Ìyí!›„þ †y‘þüc C C 0 0
¢y›Äîßþiyëû †y‘þüc C(1– ∝ ) C(1– ∝ ) C ∝  C ∝  
¢%“þîûy‚ ¦þîû!e«ëûyîû ¢)ey˜%¢yöìîû !î!e«ëûyîû ¢y›Ä•Ê&î„þ

2

[ ] [ ]
[ ] [ ]
BOH H
B H O

K
+

+
×

×
=

¢%“þîûy‚ xyoÅ!îöìÙÕ¡ì’ •Ê&î„þ (Hydrolytic constant)
[ ] [ ]

2 [ ]
[ ] BOH H

h B
K K H O

+

+
×= =

 ............................SiV

(1 )
C C

h CK ∝ ×∝
-∝=
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α ~îû ›y˜ …%î£z Ç%þo £öìœ 1–α =1
Kh = α2C

2 hK
C∝ =

2 2 2hK
CC C∝ =

αC = Ö(KhC)
H+ = = Ö(KhC) ....................................................SiiV [αC = H+ î!¢öìëû 

þ™y£z]
xyîyîû SiV ¢›#„þîûöì’îû vþy˜þ™öìÇþîû œî  ~î‚  £îûöì„þ OH– myîûy =˜ „þöìîû þ™y£z

[ ] [ ] [ ]
[ ] [ ]

BOH H OH
h B OH

K
+ -

+ -
× ×

×
=

w

b

K
h KK = .....................SiiiV öëöì£“%þ Kw = [H+][OH–] ~î‚ [ ] [ ]

[ ]
B OH

b BOHK
+ -×=  

~…˜ Kh ~îû ›y˜ SiiV ¢›#„þîûöì’ î!¢öìëû þ™y£z 
[ ] ( )w

b

K C
KH ×+ =

vþz¦þëûþ™öìÇþ –log10 !˜öìëû þ™y£z
–log10 [H+] = – ½logKw + ½logKb – ½log C
pH = ½pKw – ½pKb – ½log C

15. ›,”% xÄy!¢vþ ç “þ#îÊ Çþyöìîûîû œîöì’îû xyoÅ !îöìÙÕ¡ìöì’îû šþöìœ vþzêþ™§¬ oîöì’îû 
pH ~îû îûy!Ÿ›yœy †’˜y „þîûÐ

vþz_îûéôôôé •îûy ëy„þ BA ~„þ!Ýþ ›,”% xÄy!¢vþ SHAV ç “þ#îÊ Çþyîû SBOHV–~îû 
œî’Ð ¢%“þîûy‚ BA œî’!Ýþ xyoÅ!îöìÙÕ¡ì’ !˜Á¬îû*öìþ™ ‡öìÝþ –

BA + H2O    BOH   +  HA 
 ›,”% Çþyîû “þ#îÊ xÄy!¢vþ
îy  B+  A– +  H2O   B+ + OH– + HA
îy A–  + H2O   OH– + HA 
²Ìyí!›„þ †y‘þüc C 0 0 0
¢y›Äîßþiyëû †y‘þüc   C(1– ∝ ) C(1– ∝ ) C ∝  C ∝          
¢%“þîûy‚ ¦þîû!e«ëûyîû ¢)ey˜%¢yöìîû !î!e«ëûyîû ¢y›Ä•Ê&î„þ

2

[ ] [ ]
[ ] [ ]
OH HA
A H O

K
-

-
×

×
=
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¢%“þîûy‚ xyoÅ!îöìÙÕ¡ì’ •Ê&î„þ (Hydrolytic constant)
[ ] [ ]

2 [ ]
[ ] OH HA

h A
K K H O

-

-
×= = ...........................SiV

(1 )
C C

h CK ∝ ×∝
-∝=

α ~îû ›y˜ …%î£z Ç%þo £öìœ 1–α = 1
Kh = α2C

2 hK
C∝ =

2 2 2hK
CC C∝ =

αC = Ö(KhC) 
[OH–] = = Ö(KhC) ....................................SiiV [αC = OH– î!¢öìëû]
xyîyîû SiV ¢›#„þîûöì’îû vþy˜þ™öìÇþîû œî  ~î‚  £îûöì„þ  [H+]  myîûy =˜ „þöìîû þ™y£z

[ ] [ ] [ ]
[ ] ( ]

HA H OH
H A

+ -

+ -
× ×

×

W

a

K
h KK = ........................................................SiiiV  öëöì£“%þ Kw = [H+]

[OH–] ~î‚ [ ] [ ]
[ ]

H A
a HAK

+ -×=
~…˜ Kh ~îû ›y˜ SiiV ¢›#„þîûöì’ î!¢öìëû þ™y£z 
[ ] W

a

K C
KOH ×- =

[ ]
W W

a

K K C
KH +

×=
 öëöì£“%þ Kw = [H+][OH–] îy [OH–] = [ ]

WK
H +

a

W W

KH
K K C

+

×=

W aK K
CH ×+ =

vþz¦þëûþ™öìÇþ –log10 !˜öìëû þ™y£z
–log10 [H+] = – ½log Kw – ½logKb + ½logC
pH  = ½pKw + ½pKa + ½log C

16. ›,”%  xÄy!¢vþ ç ›,”% Çþyöìîûîû œîöì’îû xyoÅ !îöìÙÕ¡ìöì’îû šþöìœ vþzêþ™§¬ oîöì’îû 
pH ~îû îûy!Ÿ›yœy †’˜y „þîûÐ

vþz_îûéôôôé •îûy ëy„þ BA ~„þ!Ýþ ›,”% xÄy!¢vþ SHAV ç ›,”% Çþyîû SBOHV–~îû 
œî’Ð ¢%“þîûy‚ BA œî’!Ýþ xyoÅ!îöìÙÕ¡ì’ !˜Á¬îû*öìþ™ ‡öìÝþ–
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BA + H2O   BOH + HA 
 ›,”% Çþyîû ›,”% xÄy!¢vþ
îy B+ + A– + H2O   BOH + HA
²Ìyí!›„þ †y‘þüc C C 0 0
¢y›Äîßþiyëû †y‘þüc C(1–α) C(1–α) αC αC          
¢%“þîûy‚ ¦þîû!e«ëûyîû ¢)ey˜%¢yöìîû !î!e«ëûyîû ¢y›Ä•Ê&î„þ

2

[ ]
[ ] [ ][ ]

BOH HA
B A H O

K - -
×

×
=

¢%“þîûy‚ xyoÅ!îöìÙÕ¡ì’ •Ê&î„þ SHydrolytic constant)

Kh = K[H2O] = 
[ ]

[ ] [ ]
BOH HA

B A
K - -

×
×

=
  ..........................SiV

(1 ) 1 )
C C

h C CK ∝ ×∝
-∝ × -∝=

2

2(1 )hK ∝
-∝

=

(1 ) hK∝
-∝ = ...................................................SiiV

xyîyîû SiV ¢›#„þîûöì’îû vþy˜þ™öìÇþîû œî  ~î‚  £îûöì„þ [ H+][OH–] myîûy 
=˜ „þöìîû þ™y£z

[ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ]
BOH HA H OH

h B A H OH
K

+ -

- - + -
× × ×

× × ×
=

W

b a

K
h K KK ×=

...............................................SiiiV
¢%“þîûy‚ SiiV ~î‚ SiiiV ¢›#„þîû’ öíöì„þ þ™y£z

1
W

b a

K
K K

∝
-∝ ×=

......................................SivV 
xyîyîû HA ~„þ!Ýþ ›,”% xÄy!¢vþ £çëûyëû ~!Ýþ xy‚!Ÿ„þ¦þyöìî !îöìëûy!‹“þ £ëûÐ
HA   H+ + A–

[ ] [ ]
[ ]

H A
a HAK

+ -×=
[ ] (1 )H C

a CK
+ × -∝

∝=

[ ] W

b a

K
a K KH K+

×= ×
 ............................SvV

~…˜ SivV ~î‚ SvV ¢›#„þîû’ öíöì„þ þ™y£z
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[ ] W

b a

K
a K KH K+

×= ×

[ ] W a

b

K K
KH ×+ =

vþz¦þëûþ™öìÇþ –log10 !˜öìëû þ™y£z
–log10 [H+] = –½log Kw + ½log Kb  – ½log Ka
pH = ½pKw – ½pKb + ½pKa   

17. ›,”% xÄy!¢vþ ç ›,”% Çþyöìîûîû œîöì’îû xyoÅ !îöìÙÕ¡ìöì’îû šþöìœ vþzêþ™§¬ oîöì’îû 
pH †y‘þüöìcîû vþzþ™îû !˜¦Åþîû „þöìîû ˜yÐ ²Ì›y’ „þîûÐ

vþz_îûéôôôé •îûy ëy„þ BA ~„þ!Ýþ ›,”% xÄy!¢vþ SHAV ç ›,”% Çþyîû SBOHV– ~îû 
œî’Ð ¢%“þîûy‚ BA œî’!Ýþ xyoÅ!îöìÙÕ¡ì’ !˜Á¬îû*öìþ™ ‡öìÝþ–

BA + H2O   BOH + HA 
 ›,”% Çþyîû ›,”% xÄy!¢vþ
îy B+ + A– + H2O   BOH + HA
²Ìyí!›„þ †y‘þüc C C 0 0
¢y›Äîßþiyëû †y‘þüc C(1–α) C(1–α) αC αC         
¢%“þîûy‚ ¦þîû!e«ëûyîû ¢)ey˜%¢yöìîû !î!e«ëûyîû ¢y›Ä•Ê&î„þ

2

[ ]
[ ] [ ][ ]

BOH HA
B A H O

K - -
×

×
=

¢%“þîûy‚ xyoÅ!îöìÙÕ¡ì’ •Ê&î„þ (Hydrolytic constant)

Kh = K[H2O] = 
[ ]

[ ] [ ]
BOH HA

B A
K - -

×
×

=
  ...........................SiV

(1 ) 1 )
C C

h C CK ∝ ×∝
-∝ × -∝=

2

2(1 )hK ∝
-∝

=

(1 ) hK∝
-∝ = ...................................................SiiV

xyîyîû SiV ¢›#„þîûöì’îû vþy˜þ™öìÇþîû œî ~î‚ £îûöì„þ [ H+][OH–] myîûy =˜ 
„þöìîû þ™y£z

[ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ]
BOH HA H OH

h B A H OH
K

+ -

- - + -
× × ×

× × ×
=

W

b a

K
h K KK ×=

.............................................SiiiV
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¢%“þîûy‚ SiiV ~î‚ SiiiV ¢›#„þîû’ öíöì„þ þ™y£z

1
W

b a

K
K K

∝
-∝ ×=

...........................................SivV 
xyîyîû HA ~„þ!Ýþ ›,”% xÄy!¢vþ £çëûyëû ~!Ýþ xy‚!Ÿ„þ¦þyöìî !îöìëûy!‹“þ £ëûÐ
HA   H+ + A–

[ ] [ ]
[ ]

H A
a HAK

+ -×=
[ ] (1 )H C

a CK
+ × -∝

∝=

(1 )[ ] aH K+ ∝
-∝= × ...........................SvV

~…˜ SivV ~î‚ SvV ¢›#„þîû’ öíöì„þ þ™y£z
[ ] W

b a

K
a K KH K+

×= ×
   

[ ] W a

b

K K
KH ×+ =

vþz¦þëûþ™öìÇþ –log10 !˜öìëû þ™y£z
–log10 [H+] = – ½log Kw + ½log Kb – ½log Ka

pH  = ½pKw – ½pKb + ½pKa ............................SviV
öëöì£“%þ SviV ˜Áºîû ¢›#„þîû’!Ýþöì“þ †y‘þüöìcîû ö„þy˜ îûy!Ÿ ö˜£z ö¢£z „þyîûöì’ ›,”% 

xÄy!¢vþ ç ›,”% Çþyîû öíöì„þ  vþzq(“þ œîöì’îû xyoÅ !îöìÙÕ¡ìöì’îû šþöìœ vþzêþ™§¬ oîöì’îû 
pH †y‘þüöìcîû vþzþ™îû !˜¦Åþîû „þöìîû ˜yÐ

18. ›,”% xÄy!¢vþ ç ›,”% Çþyöìîûîû œîöì’îû xyoÅ !îöìÙÕ¡ì’ •Ê&î„þ †y‘þüöìcîû vþzþ™îû 
!˜¦Åþîû „þöìîû ˜yÐ ²Ì›y’ „þîû 

vþz_îûéôôôé•îûy ëy„þ BA ~„þ!Ýþ ›,”% xÄy!¢vþ SHAV ç ›,”% Çþyîû SBOHV– ~îû 
œî’Ð ¢%“þîûy‚ BA œî’!Ýþ xyoÅ!îöìÙÕ¡ì’ !˜Á¬îû*öìþ™ ‡öìÝþ –

BA + H2O   BOH   +  HA 
 ›,”% Çþyîû ›,”% xÄy!¢vþ
îy   B+ A– + H2O    BOH +  HA
²Ìyí!›„þ †y‘þüc C C 0 0
¢y›Äîßþiyëû †y‘þüc C(1–α) C(1–α) αC αC         
¢%“þîûy‚ ¦þîû!e«ëûyîû ¢)ey˜%¢yöìîû !î!e«ëûyîû ¢y›Ä•Ê&î„þ
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K = [ ][ ]
2[ ] [ ][ ]

BOH HA

B A H O- -×

¢%“þîûy‚ xyoÅ!îöìÙÕ¡ì’ •Ê&î„þ SHydrolytic constant)

Kh = 
[ ][ ]BOH HA

B A+ -  
  

  ...........................SiV

(1 ) 1 )
C C

h C CK ∝ ×∝
-∝ × -∝=

2

2(1 )hK ∝
-∝

=

(1 ) hK∝
-∝ = .............................................................SiiV

xyîyîû SiV ¢›#„þîûöì’îû vþy˜þ™öìÇþîû œî ~î‚ £îûöì„þ [H+][OH–] myîûy =˜ 
„þöìîû þ™y£z

[ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ]
BOH HA H OH

h B A H OH
K

+ -

- - + -
× × ×

× × ×
=

W

b a

K
h K KK ×=

........................................................SiiiV
öëöì£“%þ SiiiV ˜Áºîû ¢›#„þîûöì’ †y‘þüöìcîû ö„þy˜ îûy!Ÿ ö˜£z “þy£z xyoÅ !îöìÙÕ¡ì’ 

•Ê&î„þ †y‘þüöìcîû vþzþ™îû !˜¦þîû „þöìîû ˜yÐ

19. îyšþyîû oî’ „þyöì„þ îöìœÚ îyšþyîû oî’ „þ“þ ²Ì„þyîû ç „þ# „þ#Ú

vþz_îûéôôôé öë ¢î oîöì’ îy£zöìîû öíöì„þ ¢y›y˜Ä þ™!îû›y’ xÄy!¢vþ îy Çþyîû öëy† 
„þîûöìœ oîöì’îû pH þ™!îûî“Åþöì˜ îy•y ö”ëû “þyöì„þ îyšþyîû oî’ îöìœÐ

îyšþyîû oî’ !“þ˜ ²Ì„þyîû 
iV xÄy!¢vþ îyšþyîû ƒ öë ¢î îyšþyîû oî’ ~„þ!Ýþ ›,”% xÄy!¢vþ ~î‚ ú ›,”% 

xÄy!¢öìvþîû œî’ myîûy †!àþ“þ £ëû “þyöì„þ xÄy!¢vþ îyšþyîû îöìœÐ ~…yöì˜ ›,”% xÄy!¢öìvþîû 
œî’  îœöì“þ ú ›,”% xÄy!¢vþ ~î‚ “þ#îÊ Çþyîû myîûy vþzêþ™§¬ œî’öì„þ öîyGþyëûÐ öë›˜ 
CH3COOH ç CH3COONa !›×’ £œ ~„þ!Ýþ xÄy!¢vþ îyšþyöìîûîû !›×’Ð 
xÄy!¢vþ îyšþyöìîûîû pH ~îû ¢#›y £œ 2 öíöì„þ 6Ð

iiV Çþyîû#ëû îyšþyîû ƒ öë ¢î îyšþyîû oî’ ~„þ!Ýþ ›,”% Çþyîû ~î‚ ú Çþyöìîûîû 
œîöì’îû !›×’  myîûy †!àþ“þ £ëû “þyöì„þ Çþyîû#ëû îyšþyîû îöìœ ~…yöì˜ ›,”% Çþyöìîûîû 
œî’  îœöì“þ ú  ›,”% Çþyîû ~î‚ “þ#îÊ xÄy!¢vþ myîûy vþzêþ™§¬ œî’öì„þ öîyGþyëû  öë›˜ 

Chemistry Vol. III-7
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xÄyöì›y!˜ëûy› £y£zöìvÈþy:y£zvþ ç xÄyöì›y!˜ëûy› ö„Ïþyîûy£zöìvþîû !›×’ £œ ~„þ!Ýþ Çþyîû#ëû 
îyšþyöìîûîû vþz”y£îû’ Çþyîû#ëû îyšþyöìîûîû pH ~îû ¢#›y £œ 7 öíöì„þ 11

iiiV ²ÌŸ› îyšþyîû  öë îyšþyîû oî’ ~„þ!Ýþ îýÇþy!îû„þ xÄy!¢öìvþîû ”%!Ýþ œîöì’îû  
!›×’ xíîy ~„þ!Ýþ ›,”% xÄy!¢vþ ç ~„þ!Ýþ ›,”% Çþyöìîûîû !î!e«ëûyëû vþzêþ™§¬ œî’ îyšþyîû 
œî’ !£öì¢öìî xy‰þîû’ „þöìîû “þyöì„þ “þyöì„þ ²ÌŸ› îyšþyîû îöìœÐ öë›˜– Na2HPO4 

ç Na2HPO4 
 œî’ ”%!Ýþîû !›×’ £œ ²ÌŸ› îyšþyîû vþz”y£îû’ ëy ~„þ!Ýþ îýÇþy!îû„þ 

xÄy!¢öìvþîû ”%!Ýþ œîöì’îûÐ xþ™îûþ™öìÇþ CH3COONH4 œî’!Ýþ ~„þ!Ýþ ›,”% xÄy!¢vþ 
ç ~„þ!Ýþ ›,”% Çþyöìîûîû !î!e«ëûyëû vþzêþ™§¬ œî’ £œ ~„þ!Ýþ  îyšþyîû oîöì’îû vþz”y£îû’Ð 
xÄy!¢vþ îyšþyöìîûîû pH 7 ~îû „þyŠéy„þ!Šé íyöì„þÐ

20. ~„þ!Ýþ xy!ÁÔ„þ ç ~„þ!Ýþ Çþyîû#ëû îyšþyîû oîöì’îû „þyëÅ ²Ì’yœ# î’Å˜y „þîûÐ

vþz_îûéôôôé •îûy ëy„þ ~„þ!Ýþ xy!ÁÔ„þ îyšþyîû öë›˜ CH3COOH ç CH3COONa 
!›×öì’ ¢y›y˜Ä þ™!îû›y’ £y£zöìvÈþyö„Ïþy!îû„þ xÄy!¢vþ öëy† „þîûy £œÐ ¢%“þîûy‚ oîöì’ 
H+ xyëû˜ öëy† „þîûyîû šþöìœ oîöì’îû pH þ™!îûî“Åþ˜ £çëûyîû „þíy !„þlsþ H+ xyëû˜ 
oîöì’ CH3COO– xyëûöì˜îû ¢öìD !î!e«ëûy „þöìîû CH3COOH vþzêþ™§¬ „þöìîûÐ 
öëöì£“%þ oîöì’ H+ ~îû ö„þy˜ îû*þ™ xy!•„þÄ ‡öìÝþ ˜y “þy£z oîöì’îû pH ~îû ö„þy˜ 
þ™!îûî“Åþ˜ ‡öìÝþ ˜yÐ 

îûy¢yëû!˜„þ !î!e«ëûy –
CH3COONa   CH3COO– + Na+

CH3COO– + H+   CH3COOH
ö“þ›!˜ oîöì’ Çþyîû öë›˜ NaOH öëy† „þîûöìœ pH ~îû ö„þy˜ þ™!îûî“Åþ˜ ‡öìÝþ 

˜y „þyîû’ NaOH öíöì„þ ²Ìy® OH– xyëû˜ xÄy!¢öìvþîû H+ xyëûöì˜îû ¢öìD !î!e«ëûyëû 
‹œ vþzêþ™§¬ „þöìîûÐ šþöìœ oîöì’ OH– ~îû ö„þy˜ xy!•„þÄ ˜y íy„þyëû oî’!Ýþîû pH 
›yöì˜îû ~îû ö„þy˜ þ™!îûî“Åþ˜ ‡öìÝþ ˜yÐ

CH3COOH   CH3COO– + H+      
H+ + OH–   H2O  

21. îyšþyîû  Çþ›“þy îœöì“þ „þ# öîyGþÚ

vþz_îûéôôôé ö„þy˜ îyšþyîû oîöì’ ¢y›y˜Ä þ™!îû›y’ xÄy!¢vþ îy Çþyîû öëy† „þîûöìœ 
îyšþyîû oî’!Ýþ pH þ™!îûî“Åþöì˜ îy•y ö”ëûÐ pH þ™!îûî“Åþöì˜ îy•y ö”çëûyîû ~£zîû*þ™ 
Çþ›“þy ö„þ îyšþyîû Çþ›“þy îöìœÐ
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¢‚Kþy– 1 !œÝþyîû îyšþyîû oîöì’îû pH ~îû ›y˜ ~„þ„þ þ™!îûî“Åþ˜ ‡Ýþyöì“þ ë“þ 
þ™!îû›y’ @ùÌy› ö›yœ /!œÝþyîû ›yeyîû “þ#îÊ xÄy!¢vþ îy Çþyöìîûîû ²Ìöìëûy‹˜ £ëû “þyöì„þ 
îyšþyîû oîöì’îû Çþ›“þy îöìœÐ

îyšþyîû Çþ›“þy (β) = ( )
da

d pH  öë…yöì˜ da = “þ#îÊ xÄy!¢öìvþîû ö›yœ ¢‚…Äy 

~î‚  îyšþyîû Çþ›“þy (β) = ( )
db

d pH  öë…yöì˜ db = “þ#îÊ Çþyöìîûîû ö›yœ ¢‚…Äy 

22. ö„þy˜ îyšþyîû oîöì’îû Çþ›“þy 0.03 îœöì“þ „þ# öîyGþÚ 

vþz_îûéôôôé ö„þy˜ îyšþyîû oîöì’îû Çþ›“þy 0.03 îœöì“þ î%!Gþ 1 !œÝþyîû îyšþyîû 
oîöì’îû pH ~îû ›y˜ ~„þ„þ þ™!îûî“Åþ˜ ‡Ýþyöì“þ ö„þy˜ “þ#îÊ xÄy!¢vþ îy Çþyöìîûîû 
0.03 ö›yöìœîû ²Ìöìëûy‹˜ £öìîÐ

23. ²Ì›y’ „þîû ö„þy˜ xÄy!¢vþ îyšþyîû oîöì’îû pH = pKa + log10 
[ ]

[ ]
œî’

xÄy!¢vþ  

vþz_îûéôôôé •îûy  ëy„þ ~„þ!Ýþ ›,”% xÄy!¢vþ HA ~î‚ ›,”% xÄy!¢vþ HA Ÿ“þ#îÊ Çþyîû  
BOH ~îû œî’ BA !›!×“þ £öìëû ~„þ!Ýþ îyšþyîû oî’ vþzêþ™§¬ „þöìîûÐ HA !îöìëûy!‹“þ 
£öìëû „þÄyÝþyëû˜ îû*öìþ™ H+ xyëû˜ ~î‚ xÄy˜yëû˜ îû*öìþ™ A– xyëû˜ vþzêþ™§¬ „þöìîûÐ

HA   H+ + A–

x“þ~î xÄy!¢öìvþîû !îöìëûy‹˜ •Ê&î„þ 
[ ] [ ]

[ ]
H A

a HAK
+ -×=   

[ ]
[ ]

[ ] HA
a A

H K -
+ =

vþz¦þëûþ™öìÇþ –log10 !˜öìëû þ™y£z

–Log10 [H+] = –Log10 (
[ ]
[ ]
HA

a A
K - )

–Log10 [H+] = –log10Ka – log10(
[ ]
[ ]
HA
A- )

pH  = pKa + log10
[ ]
[ ]

A
HA

-

  ........................................................SiV
xyîyîû MA ~„þ!Ýþ ›,”% xÄy!¢vþ ç “þ#îÊ Çþyöìîûîû œî’ £çëûyëû ~!Ýþ ¢Á™)’Å 

îû*öìþ™ !îöìëûy!‹“þ £öìëû M+ ç A–

xyëû˜ vþzêþ™§¬ „þöìîûÐ šþöìœ ¢›xyëû˜ ²Ì¦þyöìîîû šþöìœ HA ~îû !îöìëûy‹˜ ›yey 
£Éy¢ þ™yëûÐ šþœßþºîû&þ™ oîöì’ [A–] ~îû †y‘þüc ²Ìyëû MA œîöì’îû †y‘þüöìcîû ¢›y˜ 
£ëûÐ ¢%“þîûy‚ SiV ˜Áºîû ¢›#„þîûöì’ [A–] ~îû þ™!îûîöì“Åþ [MA] ~îû ›y˜ î!¢öìëû þ™y£zÐ

pH = pKa + log10
[ ]
[ ]
MA
HA

-

pH = pKa  + log10 
[ ]

[ ]
œî’

xÄy!¢vþ  
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~!Ýþ £œ xÄy!¢vþ îyšþyîû oîöì’îû pH !˜’Åöìëûîû îûy!Ÿ›yœy ëy ö£[þyîû¢˜ 
¢›#„þîû’ ˜yöì› þ™!îû!‰þ“þÐ

24. ²Ì›y’ „þîû ö„þy˜ Çþyîû#ëû îyšþyîû oîöì’îû pOH = pKb + log10

[ ]
[ ]

œî’
Çþyîû   

vþz_îûéôôôé •îûy ëy„þ ~„þ!Ýþ Çþyîû BOH ~î‚ “þ#îÊ xÄy!¢vþ HA ~îû œî’ BA 
!›!×“þ £öìëû ~„þ!Ýþ îyšþyîû oî’ vþzêþ™§¬ „þöìîûÐ BOH !îöìëûy!‹“þ £öìëû „þÄyÝþyëû˜ 
îû*öìþ™ B+ xyëû˜ ~î‚ xÄy˜yëû˜ îû*öìþ™ OH– xyëû˜ vþzêþ™§¬ „þöìîûÐ

BOH   B+ + OH–

x“þ~î Çþyöìîûîû !îöìëûy‹˜ •Ê&î„þ [ ] [ ]
[ ]

B OH
b BOHK

+ -×=  

[OH–] = 
[ ]
[ ]
BOH

b B
K +

vþz¦þëûþ™öìÇþ –log10 !˜öìëû þ™y£z

–log10 [OH–] = –log10 (
[ ]
[ ]
BOH

b B
K + )

–log10 [OH–] = –log10Kb – log10(
[ ]
[ ]
BOH
B+ )

pOH  = pKb + log10
[ ]

[ ]
B

BOH

+

........................................................SiV
xyîyîû BA ~„þ!Ýþ ›,”% Çþyîû ç “þ#îÊ xÄy!¢öìvþîû œî’ £çëûyëû ~!Ýþ ¢Á™)’Å 

îû*öìþ™ !îöìëûy!‹“þ £öìëû B+ ç A– xyëû˜ vþzêþ™§¬ „þöìîûÐ šþöìœ ¢›xyëû˜ ²Ì¦þyöìîîû 
šþöìœ BOH ~îû !îöìëûy‹˜ ›yey £Éy¢ þ™yëûÐ šþœßþºîû&þ™ oîöì’ [B+] ~îû †y‘þüc 
²Ìyëû BA œîöì’îû †y‘þüöìcîû ¢›y˜ £ëûÐ ¢%“þîûy‚ SiV ˜Áºîû ¢›#„þîûöì’ [B+] ~îû 
þ™!îûîöì“Åþ [BA] ~îû ›y˜ î!¢öìëû þ™y£zÐ

pOH = pKb + log10
[ ]

[ ]
BA

BOH    

pOH = pKb + log10

[ ]
[ ]

œî’
Çþyîû    

~Ýþy Çþyîû#ëû îyšþyîû oîöì’îû pOH !˜’Åöìëûîû îûy!Ÿ›yœy ëy ö£[þyîû¢˜ ¢›#„þîû’ 
˜yöì› þ™!îû!‰þ“þÐ 

25. oyîÄ“þy =’šþœ îœöì“þ „þ# öîyGþÚ

vþz_îûéôôôé ~„þ!Ýþ !˜!”ÅÜT vþz¡Œ“þyëû ö„þy˜ ßþºÒoyîÄ œîöì’îû ¢Á™,_« ‹œ#ëû oî˜ 
öíöì„þ vþzq(“þ „þÄyÝþyëû˜ ç xÄy˜yëû˜=!œîû ëíy vþzþ™ë%_« ‡y“þ¢£ ö›yœyîû †y‘þüöìcîû 
=’šþœöì„þ ú vþz¡Œ“þyëû ßþºÒoyîÄ œîöì’îû oyîÄ“þy =’šþœ îöìœÐ
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•îûy ëy„þ ~„þ!Ýþ ßþºÒoyîÄ œî’ AgCl ~îû ¢Á™,_« ‹œ#ëû oîöì’ !îöìëûy!‹“þ 
£öìëû Ag+l(aq) ç Cl–(aq) vþzêþ™§¬ „þöìîû ~î‚ x!îöìëûy!‹“þ AgCl(S) ~îû ¢öìD 
¢y›Äîßþiy î‹yëû íyöì„þÐ

AgCl(aq)   Ag+l(aq) + Cl–(aq)

x“þ~î ¦þîû!e«ëûyîû ¢)ey˜%¢yöìîû ¢y›Ä•Ê&î„þ [ ] [ ]
[ ( )]
Ag Cl

AgCl sK
+ -×=  

îy  K[AgCl(S)] = [Ag+(aq)][Cl–(aq)]
îy  Ksp = [Ag+(aq)][Cl–(aq)] öë…yöì˜ Ksp = oyîÄ“þy =’šþœ

26. AxBy ‹y“þ#ëû ßþºÒoyîÄ œîöì’îû oyîÄ“þy ç oyîÄ“þy =’šþöìœîû ›öì•Ä ¢Á™„Åþ 
!˜’Åëû „þîûÐ

vþz_îûéôôôé ßþºÒoyîÄ AxBy œîöì’îû ¢Á™,_« ‹œ#ëû oîöì’ !îöìëûy!‹“þ £öìëû „þÄyÝþyëû̃  
îû*öìþ™ Ay+ ~î‚ xÄy˜yëû˜ îû*öìþ™ Bx– xyëû˜ vþzêþ™§¬ „þöìîûÐ vþzêþ™§¬ Ay+ ~î‚ Bx– 
xyëû˜=!œ x!îöìëûy!‹“þ AxBy(S) ~îû ¢öìD ¢y›Äîßþiyëû íyöì„þÐ •îûy ëy„þ AxBy 
œîöì’îû ¢Á™,_« oîöì’ oyîÄ“þy Sö›yœ/ !œÝþyîû   

 AxBy(S)    xAy+ +  yBx–

¢y›Äyîßþiyëû S ö›yœ/ !œÝþyîû xS ö›yœ/ !œÝþyîû ySö›yœ/ !œÝþyîû   
¢%“þîûy‚ ( ) ( )

( )

y x x y

x y

A B
A BK

+ -×=

îy K × AxBy(s) = (Ay+)x × (Bx–)y   
îy Ksp =  (Ay+)x × (Bx–)y 
îy Ksp =  (xS)x × (yS)y

îy Ksp =  (xxSx) × (yySy)
îy Ksp = (xxyy) × S(x+y)

~!Ýþ £œ AxBy ‹y“þ#ëû ßþºÒoyîÄ œîöì’îû oyîÄ“þy ç oyîÄ“þy =’šþöìœîû ›öì•Ä 
¢Á™„Åþ

27. !˜Á¬!œ!…“þ ßþºÒoyîÄ œî’=!œîû oyîÄ“þy ~î‚ oyîÄ“þy =’šþöìœîû ›öì•Ä 
¢Á™„Åþ !˜’Åëû „þîûÐ

i) CaF2, ii) Ca3(PO4)2, iii) BaSO4

vþz_îûéôôôé iV CaF2 ~îû oyîÄ“þy ~î‚ oyîÄ“þy =’šþöìœîû  ›öì•Ä ¢Á™„Åþ ƒ
ßþºÒoyîÄ CaF2 œîöì’îû ¢Á™,_« ‹œ#ëû oîöì’ !îöìëûy!‹“þ £öìëû „þÄyÝþyëû˜ îû*öìþ™ 

Ca2+ ~î‚ xÄy˜yëû˜ îû*öìþ™ F– xyëû˜ vþzêþ™§¬ „þöìîûÐ •îûy ëy„þ CaF2 œîöì’îû 
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¢Á™,_« oîöì’ oyîÄ“þy Sö›yœ/ !œÝþyîûÐ ¢%“þîûy‚ Ca2+ ~î‚ F– vþz¦þöìëûîû oyîÄ“þy 
Sö›yœ/ !œÝþyîû

 CaF2    Ca2+ +  2F–

¢y›Äyîßþiyëû S ö›yœ/ !œÝþyîû S ö›yœ/ !œÝþyîû S ö›yœ/ !œÝþyîû  
Ksp = [Ca2+][F–]2

Ksp = S(2S)2

Ksp = 4S3

~!Ýþ £œ CaF2 ~îû oyîÄ“þy ~î‚ oyîÄ“þy =’šþöìœîû ›öì•Ä ¢Á™„Åþ
iiV ßþºÒoyîÄ Ca3(PO4)2 œîöì’îû ¢Á™,_« ‹œ#ëû oîöì’ !îöìëûy!‹“þ £öìëû 

„þÄyÝþyëû˜ îû*öìþ™ Ca2+ ~î‚ xÄy˜yëû˜ îû*öìþ™ PO4
3– xyëû˜ vþzêþ™§¬ „þöìîûÐ •îûy ëy„þ 

Ca3(PO4)2 œîöì’îû ¢Á™,_« oîöì’ oyîÄ“þy S ö›yœ/!œÝþyîûÐ ¢%“þîûy‚ Ca2+ ~î‚ 
PO4

3– vþz¦þöìëûîû oyîÄ“þy S ö›yœ/ !œÝþyîû  
 Ca3(PO4)2    3 Ca2+ +  2PO4

3–

¢y›Äyîßþiyëû S ö›yœ/ !œÝþyîû 3S ö›yœ/ !œÝþyîû 2S ö›yœ/ !œÝþyîû  
Ksp = [Ca2+]3[PO4

3–]2

Ksp = (3S)3 × (2S)2

Ksp = 27S3 × (4S2)
Ksp = 108S5

~!Ýþ £œ Ca2(PO4)3 ~îû oyîÄ“þy ~î‚ oyîÄ“þy =’šþöìœîû ›öì•Ä ¢Á™„Åþ
iii) BaSO4 ~îû oyîÄ“þy ~î‚ oyîÄ“þy =’šþöìœîû ›öì•Ä ¢Á™„Åþ  
ßþºÒoyîÄ BaSO4 œîöì’îû ¢Á™,_« ‹œ#ëû oîöì’ !îöìëûy!‹“þ £öìëû „þÄyÝþyëû˜ 

îû*öìþ™ Ba2+ ~î‚ xÄy˜yëû˜ îû*öìþ™ SO4
2– xyëû˜ vþzêþ™§¬ „þöìîûÐ •îûy ëy„þ BaSO4 

œîöì’îû ¢Á™,_« oîöì’ oyîÄ“þy Sö›yœ/ !œÝþyîûÐ ¢%“þîûy‚ Ba2+ ~î‚ SO4
2– vþz¦þöìëûîû 

oyîÄ“þy Sö›yœ/ !œÝþyîû  
 BaSO4    Ba2+ +  SO4

2–

¢y›Äyîßþiyëû S ö›yœ/ !œÝþyîû Sö›yœ/ !œÝþyîû Sö›yœ/ !œÝþyîû  
Ksp = [Ba2+][SO4

2–]
Ksp = (S) × (S)
Ksp = S2

~!Ýþ £œ BaSO4 ~îû oyîÄ“þy ~î‚ oyîÄ“þy =’šþöìœîû ›öì•Ä ¢Á™„ÅþÐ



xyëû˜#ëû ¢y›Äyîßþiy 103

28. ¢›xyëû˜ ²Ì¦þyî îœöì“þ !„þ öîyGþÚ

vþz_îûéôôôéöì„þy˜ ßþºÒ oyîÄ œîöì’îû ¢Á™,_« oîöì’ ë!” ö„þy˜ ßþºÒ oyîÄ œîöì’îû 
„þÄyÝþyëû˜ xíîy xÄy˜yëûöì˜îû ¢›xyëû˜ öëy† „þîûy £ëû “þy£öìœ ßþºÒ oyîÄ œîöì’îû 
oyîÄ“þy £Éy¢ þ™yëûÐ oyîÄ“þy £Éyöì¢îû ~£z ‡Ýþ˜yöì„þ ¢›xyëû˜ ²Ì¦þyî îöìœÐ öë›˜ 
NH4OH ~îû ‹œ#ëû oîöì’ NH4Cl öëy† „þîûy £ëû “þy£öìœ NH4OH ~îû 
oyîÄ“þy £Éy¢ þ™yëûÐ

29. AgCN ~îû oîöì’ KCN „þîûöìœ AgCN ~îû oyîÄ“þy î,!kþ þ™yëû ö„þ˜Ú

vþz_îûéôôôé ¢›–xyëû˜ ²Ì¦þyöìîîû ‹˜Ä AgCN ~îû oîöì’ KCN „þîûöìœ AgCN 
~îû oyîÄ“þy £Éy¢ þ™yçëûy vþz!‰þ“þ !„þlsþ “þyîû þ™!îûîöì“Åþ î,!kþ þ™yëû „þyîû’ AgCN ~îû  
¢öìD KCN ~îû !î!e«ëûyëû K2[Ag(CN)2] ˜y›„þ ~„þ!Ýþ ‹!Ýþœ œî’ vþzêþ™§¬ 
£çëûyëû oîÄ“þy î,!kþ þ™yëûÐ îûy¢yëû!˜„þ !î!e«ëûy 

2KCN + AgCN → K2[Ag(CN)2] 

30. KI ~îû ‹œ#ëû oîöì’ I2 öëy† „þîûöìœ oyîÄ“þy î,!kþ þ™yëû ö„þ˜Ú

vþz_îûéôôôé KI ~îû ‹œ#ëû oîöì’ I2 öëy† „þîûöìœ oyîÄ“þy î,!kþ þ™yëû „þyîû’ KI 
~îû ¢öìD I2 ~îû !î!e«ëûyëû KI3 ˜y›„þ ~„þ!Ýþ ‹!Ýþœ œî’ vþzêþ™§¬ £ëûÐ šþöìœ 
oyîÄ“þy öîöìvþü ëyëûÐ îûy¢yëû!˜„þ !î!e«ëûy 

KI +  I2 →  KI3

31.  ›yîû!„þvþz!îû„þ xyöìëûyvþy£zvþ SHgI2V ‹öìœ ¢y›y˜Ä oyîÄ !„þlsþ þ™Ýþy!¢ëûy› 
xyöìëûyvþy£zvþ SKIV oîöì’ x“þÄhsþ oyîÄÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé ›yîû!„þvþz!îû„þ xyöìëûyvþy£zvþ SHgI2V ‹öìœ ¢y›y˜Ä oyîÄ !„þlsþ þ™Ýþy!¢ëûy› 
xyöìëûyvþy£zvþ SKIV oîöì’ x“þÄhsþ oyîÄ „þyîû’ ›yîû!„þvþz!îû„þ xyöìëûyvþy£zöìvþîû SHgI2V~îû 
¢öìD þ™Ýþy!¢ëûy› xyöìëûyvþy£zöìvþîû SKIV~îû !î!e«ëûyëû K2[HgI4] ˜y›„þ ~„þ!Ýþ ‹!Ýþœ 
œî’ vþzêþ™§¬ £çëûyëû oyîÄ“þy öîöìvþü ëyëû Ð îûy¢yëû!˜„þ !î!e«ëûy

HgI2 + 2KI → K2[HgI4]  

32. ö„þy˜ œîöì’îû ¢Á™,_« ‹œ#ëû oî’ öíöì„þ œîöì’îû x•ƒöìÇþþ™öì˜îû Ÿ“Åþ 
vþzöìÍÔ… „þîûÐ

vþz_îûéôôôé ö„þy˜ œîöì’îû ¢Á™,_« ‹œ#ëû oî’ öíöì„þ ú œî’ x•ƒ!Çþ® £öìî 
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ë!” œî’!Ýþîû xyëû˜#ëû =’šþöìœîû ›y˜ vþz£yîû oyîÄ“þy =’šþöìœîû ›y˜öì„þ x!“þe«› 
„þöìîû xíÅyê xyëû˜#ëû =’šþöìœîû ›y˜ oyîÄ“þy =’šþöìœîû ›y˜ xöìþ™Çþy öî!Ÿ £ëûÐ 

!„þlsþ œîöì’îû xyëû˜#ëû =’šþöìœîû ›y˜ oyîÄ“þy =’šþöìœîû ¢›y˜ xíîy Ç%þo“þîû 
£ëû “þy£öìœ œî’!Ýþ oî#¦)þ“þ xîßþiyëû íy„þöìîÐ

33. Cu2+ ç Zn2+ œîöì’îû ~„þ!Ýþ xy!ÁÔ„þ ç Çþyîû#ëû !›×öì’ þ™,í„þ þ™,í„þ 
¦þyöìî HCl ~î‚ NH4OH öëy† „þîûöìœ ö„þy˜ „þ# ‡Ýþöìî îÄy…Äy „þîûÐ

vþz_îûéôôôé xy!ÁÔ„þ oîöì’ ¢›–xyëû˜ ²Ì¦þyöìîîû šþöìœ H2S ~îû !îöìëûy‹˜ ›yey 
£Éy¢ þ™yëûÐ šþöìœ ¢yœšþy£zvþ xyëûöì˜îû †y‘þücîû £Éy¢ þ™yëûÐ šþöìœ CuS ~îû oyîÄ“þy 
=’šþöìœîû ›y˜ „þ› £çëûyîû ‹˜Ä ¢£öì‹£z CuS ~îû xyëû˜#ëû =’šþöìœîû ›y˜ 
oyîÄ“þy =’šþœöì„þ x!“þe«› „þîûöì“þ þ™yöìîûÐ xþ™îûþ™öìÇþ NH4OH ~îû vþzþ™!ßþi!“þöì“þ  
H2S ~îû !îöìëûy‹˜ ›yey î,!kþ þ™yëûÐ !„þlsþ ZnS ~îû oyîÄ“þy =’šþöìœîû ›y˜ vþzF‰þ 
£çëûyëû ö„þîœ›ye Çþyîû#ëû ›y•Äöì› ZnS ~îû xyëû˜#ëû =’šþöìœîû ›y˜ £z£yîû oyîÄ“þy 
=’šþœöì„þ x!“þe«› „þîûöì“þ þ™yöìîûÐ ~£z „þyîûöì’ Cu2+ xy!ÁÔ„þ ›y•Äöì› CuS !£öì¢öìî 
ç Zn2+ œî’!Ýþ  Çþyîû#ëû ›y•Äöì› ZnS !£öì¢öìî x•ƒ!Çþ® £ëûÐ

xy!ÁÔ„þ ›y•Äöì› !î!e«ëûy ƒ
H2S   2H+ + S2–

HCl   H+ + Cl–

Cu2+ + S2–   CuS
Çþyîû#ëû ›y•Äöì› !î!e«ëûy ƒ
H2S   2H+ + S2–

NH4OH   NH4
+ + OH–

Zn2+ + S2–   ZnS

34. Mg(OH)2 ‹öìœ ßþºÒ oyîÄ !„þlsþ NH4Cl  oîöì’ x!•„þ oyîÄ– îÄy…Äy „þîûÐ

vþz_îûéôôôé Mg(OH)2 ‹œ#ëû oîöì’ xy‚!Ÿ¦þyöìî !îöìëûy!‹“þ £öìëû Mg2+ ~î‚ 
OH– vþzêþ™§¬ „þöìîûÐ vþzêþ™§¬ Mg2+ ~î‚ OH– x!îöìëûy!‹“þ Mg(OH)2 ~îû ¢öìD 
¢y›Äyîßþiyëû íyöì„þÐ ~£z oîöì’ NH4Cl öëy† „þîûöìœ £z£y !îöìëûy!‹“þ £öìëû NH4

+ 
~î‚ Cl– xyëû˜ vþzêþ™§¬ „þöìîûÐ NH4

+ xyëû˜ OH– xyëûöì˜îû ¢öìD !î!e«ëûy „þöìîû 
NH4OH vþzêþ™§¬ „þöìîû šþöìœ þ™Øþyê›%…# !î!e«ëûyîû £yîû £Éy¢ þ™yëûÐ !„þlsþ Mg(OH)2 

~îû !îöìëûy‹˜ ›yey î,!kþ þ™yëû šþöìœ Mg(OH)2 ~îû oyîÄ“þy î,!kþ þ™yëûÐ
Mg(OH)2   Mg2+ + 2OH–
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NH4Cl   NH4
+ + Cl–

NH4
+ + OH– → NH4OHÐ ~£z „þyîûöì’ Mg(OH)2 ‹öìœ ßþºÒ oyîÄ £öìœç 

NH4Cl oîöì’ x!•„þ oyîÄÐ

35. ¢)‰þ„þ îy !˜öì”ÅŸ„þ îœöì“þ „þ# öîyGþÚ !˜öì”ÅŸ„þ „þ“þ ²Ì„þyîû ç „þ# „þ#Ú

vþz_îûéôôôé öë ¢î îûy¢yëû!˜„þ þ™”yíÅ ö„þy˜ !î!e«ëûy “þöìsþf ¢y›y˜Ä þ™!îû›yöì’ 
vþzþ™!ßþi“þ öíöì„þ îûöìDîû þ™!îûî“Åþ˜ ‡!Ýþöìëû xÄy!¢vþ– Çþyîû– ‹yîû„þ– !î‹yîû„þ £z“þÄy!” 
Ýþy£zöìÝþÆŸöì˜îû ¢›y!®– Çþ’ îy ²ÌŸ›˜Çþ’ !˜öì”ÅŸ „þöìîû “þyöì„þ !˜öì”ÅŸ„þ îöìœÐ

!˜öì”ÅŸ„þ ¢y•yîû’“þƒ !“þ˜ ²Ì„þyîû ëíy 
iV xÄy!¢vþéôéÇþyîû !˜öì”ÅŸ„þ
iiV  ‹yîû’éôé!î‹yîû’ !˜öì”ÅŸ„þ
iiiV x!•öìŸy¡ì’ ¢)‰þ„þ
ivV xÄy!¢vþéôéÇþyîû !˜öì”ÅŸ„þéôéxÄy!¢vþéôéÇþyîû !˜öì”ÅŸ„þ £œ ~„þ!Ýþ ÷‹î xÄy!¢vþ 

îy Çþyîû öë=!œ oîöì’ H+ îy OH– xy”y˜éôé²Ì”yöì˜îû ›y•Äöì› îûy¢yëû!˜„þ †àþöì˜îû 
þ™!îûî“Åþ˜ ‡ÝþyëûÐ xÄy!¢vþéôéÇþyîû !˜öì”ÅŸ„þ ›)œ“þƒ ”%!Ýþ ÝþöìÝþyöì›!îû„þ xy„þyöìîû †!àþ“þ 
ëyîû ~„þ!Ýþ öî!O˜öìëûvþ †àþ˜ Sî’Å£#˜V ~î‚ xþ™îû!Ýþ „%þ£zöì˜y˜öìëûvþ †àþ˜ Sî’Å£#˜ 
î’Åë%_«V †àþ˜Ð öë›˜ öšþ˜œšþíÄy!œ˜ xy!ÁÔ„þ oîöì’ î’Å£#˜ öëöì£“%þ ~!Ýþ xy!ÁÔ„þ 
oîöì’ öî!O˜öìëûvþ †àþ˜ îû*öìþ™ íyöì„þ !„þlsþ Çþyîû#ëû oîöì’ „%þ£zöì˜y˜öìëûvþ xy„þyöìîû 
œy¦þ „þöìîû îöìœ £z£yîû Çþyîû#ëû oî’ ö†yœy!þ™Ð

OH

O

OH

HO

O-

O

O

O-

O

OH

O

I II III

OH

OH

öî!O˜öìëûvþ †àþ˜ Sî’Å£#˜V „%þ£zöì˜y˜öìëûvþ †àþ˜ Sö†yœyþ™#V
xÄy!¢vþ ›y•Ä›                   Çþyîû#ëû ›y•Ä›
iiV ‹yîû’éôé!î‹yîû’ !˜öì”ÅŸ„þ
vþz_îûéôôôé öë ¢„þœ ¢)‰þ„þ ö„þy˜ ‹yîû’éôé!î‹yîû’ !î!e«ëûyëû “þ!vþüê !î¦þöìîîû 
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þ™!îûî“Åþöì˜îû ¢yöìí !˜öì‹îû îöì’Åîû þ™!îûî“Åþ˜ ‡!Ýþöìëû !î!e«ëûyîû “%þœÄy‚„þ !î¨% !˜öì”ÅŸ 
„þöìîû “þyöì„þ ‹yîû’éôé!î‹yîû’ !˜öì”ÅŸ„þ îöìœÐ

öë›˜ vþy£z!šþ˜y£zœ xÄy!›˜ ‹y!îû“þ ç !î‹y!îû“þ xy„þyöìîû !î!¦þ§¬ î’Å •yîû’ 
„þöìîûÐ öë›˜ vþy£z !šþ˜y£zœ xÄy!›˜ “%þœÄy‚„þ !î¨%öì“þ “þ!vþüê !î¦þî „þöìîû (E0 = 
0.76 V) oîöì’îû î’Å î’Å£#˜ öíöì„þ öî=˜# îöì’Å þ™!îûî!“Åþ“þ £ëûÐ

†y‘þü H2SO4éôé~ 1% vþy£z !šþ˜y£zœ xÄy!›˜ öëy† „þöìîû !˜öì”ÅŸ„þ ²Ìlßþ“þ „þîûy 
£ëûÐ î’Å þ™!îûî“Åþöì˜îû ¢›ëû vþy£z!šþ˜y£zœ xÄy!›öì˜îû !˜Á¬ !œ!…“þ îûy¢yëû!˜„þ 
þ™!îûî“Åþ˜ ‡öìÝþÐ

NH NHNH

[O] [O]

vþy£z!šþ˜y£zœ xÄy!›˜  î’Å£#˜
Sî’Å£#˜V

NN

vþy£z!šþ˜y£zœ öî!O!vþ˜ ¦þyöìëûyöìœÝþ
iiiV x!•öìŸy¡ì’ ¢)‰þ„þ–
Ýþy£zöìÝþÆŸ˜ !î!e«ëûyëû ë…˜ ö„þy˜ !î!e«ëûy“þ þ™”yíÅ ~îû x•ƒöìÇþþ™ þ™öìvþü ~î‚ vþzêþ™§¬ 

x•ƒöìÇþþ™ ¢)‰þ„þöì„þ x!•öìŸy¡ì’ „þöìîû îöì’Åîû þ™!îûî“Åþ˜ ‡!Ýþöìëû ²ÌŸ›˜ Çþ’ !˜öì”ÅŸ 
„þöìîû “þ…˜ “þyöì„þ x!•öìŸy¡ì’ ¢)‰þ„þ îöìœÐ öë›˜ šÏ$þöìîûy!¢˜ ¢%‰þöì„þîû vþzþ™!ßþi!“þöì“þ 
þ™Ýþy!¢ëûy› ö„Ïþyîûy£zvþ ç !¢œ¦þyîû ˜y£zöìÝþÆÝþ Ýþy£zöìÝþÆŸ˜ öë !¢œ¦þyîû ö„Ïþyîûy£zöìvþîû 
x•ƒöìÇþþ™ þ™öìvþü “þyîû vþzþ™öìîû ¢)‰þöì„þîû xÄy˜yëû˜ x!•öìŸy!¡ì“þ £ëûÐ šþöìœ ¢y›y˜Ä 
!¢œ¦þyîû xyëû˜ öëy† „þîûy ›ye£z öî=!˜ î’Å ö”…yëûÐ 

36.  ²Ì›y’ „þîû  pH = pKIn 1 öë…yöì˜  KIn = !˜öì”ÅŸöì„þîû !îöìëûy‹˜ •Ê&î„þ

vþz_îûéôôôéx¢çëûyöìÓþîû “þ_´ x˜%¢yöìîû !˜öì”ÅŸ„þ £œ ~„þ!Ýþ ”%îÅœ ÷‹î xÄy!¢vþÐ 
~!Ýþ oîöì’ xy‚!Ÿ„þ ¦þyöìî xyëû!˜“þ £öìëû H+ ~î‚ In– xyëû˜ vþzêþ™§¬ „þöìîûÐ vþzêþ™§¬ 
H+ ~î‚ In– xyëû˜ x!îöìëûy!‹“þ x’%îû ¢öìD ¢y›Äyîßþiyëû íyöì„þÐ !î!e«ëûy 

InH   H+ + In–

¢%“þîûy‚ ¦þîû !e«ëûyîû ¢)ey˜%¢yöìîû 
¢y›Ä •Ê&î„þ [ ] [ ]

[ ]
H In

In InHK
+ -×=
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öë…yöì˜ KIn = !˜öì”ÅŸöì„þîû !îöìëûy‹˜ •Ê&î„þ
[ ]

[ ]
[ ] InK InH

In
H -

×+ =  ............................––––––––SiV                                               
~…˜ SiV ¢›#„þîûöì’îû vþz¦þëû þ™Çþöì„þ –log10 !˜öìëû þ™y£z 
–log10 [H+] = –log10(

[ ]
[ ]

InK InH
In-

× )
–log10 [H+] = –log10 KIn – log10(

[ ]
[ ]
InH
In- )

pH = pKIn – log10(
[ ]
[ ]
InH
In- )  ............................SiiV

þ™îû#Çþy „þöìîû ö”…y ö†öìŠé ë…˜ [ ]
[ ]
InH
In- ≥  10 “þ…˜ ¢)‰þöì„þîû xÄy!¢vþ î’Å 

¢îöì‰þöìëû ¦þyœ ”,ŸÄ›y˜ £ëûÐ
ö¢öìÇþöìe SiiV ˜Áºîû ¢›#„þîû’ öíöì„þ þ™y£z 
pH  = pkIn  + 1

xyîyîû ë…˜ 
[ ] 1

10[ ]
InH
In- ≥  “þ…˜ Çþyîû#ëû î’Å ¢!àþ„þ öîyGþy ëyëûÐ

¢%“þîûy‚ SiiV ˜Áºîû ¢›#„þîû’ öíöì„þ þ™y£z 
ö¢öìÇþöìe SiiV ˜Áºîû ¢›#„þîû’ öíöì„þ þ™y£z 
pH  = pkIn – 1
“%þœÄy‚„þ !î¨%öì“þ In– = InH
¢%“þîûy‚ pH = pKIn

öë›˜ !›íy£zœ xöìîûöìOîû pKIn ~îû ›y˜ 3.6  
xyîyîû ²ÌŸ›˜ !î %̈öì“þ ë…˜ •#öìîû •#öìîû xÄy!¢vþ öëy† „þîûy £ëû “þ…˜ !˜öì”ÅŸöì„þîû 

î’Å £yÍñy £öì“þ íyöì„þ ~î‚ ‰þ)vþüyhsþ ”,ŸÄ›y˜ ë…˜ [ ]
[ ]

In
InH

-

 = 10
¢%“þîûy‚ SiiV ˜Áºîû ¢›#„þîû’ öíöì„þ þ™y£z 
pH = pKIn + log1010
pH = pKIn + 1
x“þ~î ö„þy˜ xÄy!¢vþ ç Çþyîû  !˜öì”ÅŸöì„þîû pH ¢#›y pH = pKIn ±  1

37. !˜Á¬!œ!…“þ !˜öì”ÅŸ„þ=!œîû pH ¢#›y öœ…Ð

iV !›íy£zœ xöìîûO– iiV öšþ˜œšþíÄy!œ˜– iiiV íy£z›œ îÏ$
vþz_îûéôôôé iV !›íy£zœ xöìîûöìOîû pH ¢#›y = 3.1 – 3.7
        iiV öšþ˜œšþíÄy!œöì˜îû pH ¢#›y = 8.3 – 10.4
       iiiV íy£z›œ îÏ$éôé~îû pH ¢#›y = 8.0– 9.6
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†y!’!“þ„þ ²ÌöìÙÀy_îû

1. 0.1(M) ö„þy˜ ›,”% Çþyöìîûîû !îöìëûy‹˜ ›yey 1.5% £öìœ ú ›,”% Çþyöìîûîû H+  
~î‚ OH– †y‘þüc !˜’Åëû „þîûÐ

vþz_îûéôôôé •îûy ëy„þ ~„þ!Ýþ ›,”% Çþyîû BOH
¢%“þîûy‚  BOH   B+ + OH–

²Ìyí!›„þ †y‘þüc   C      0  0
¢y›Äîßþiyëû     C(1–a)   Ca   Ca      
¢%“þîûy‚ OH– ~îû †y‘þüc = [OH–] = Ca   
= 0.1 × 0.015  mole/litre    [!îöìëûy‹˜ ›yey a=1.5% ~î‚ C=0.1M] 
= 1.5 × 10–3 mole/litre       
H+ ~îû ö›yœyîû †y‘þüc [H+] = [ ]

WK
OH -

= 
14

2
1 10
1.5 10

-

-
×

×

= 6.66 × 10–12 mole/litre

2. 27oC “þyþ™›yeyëû 0.01N CH3COOH ~îû !îöìëûy‹˜ •Ê&îöì„þîû ›y˜ !˜’Åëû 
„þîûÐ

xÄy!¢öìvþîû !îöìëûy‹˜ ›yey a = 2%
vþz_îûéôôôé
  CH3COOH   CH3COO– + H+

²Ìyí!›„þ †y‘þüc      C               0         0
¢y›Äîßþiyëû       C(1–a)           Ca       Ca                                 

x“þ~î xÄy!¢öìvþîû !îöìëûy‹˜ •Ê&î„þ Ka = 3

3

[ ] [ ]
[ ]

CH COO H
CH COO

- +

-

×

Ka = (1 )
C C

C
∝× ∝
-∝

îy Ka = α2C
îy Ka = 0.022 × 0.01,  [!îöìëûy‹˜ ›yey SαV = 0.02– †y‘þüc Sc) = 

0.01 M ~îû ›y˜ î!¢öìëû]
îy Ka = 2 × 10–6
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3. 25oC “þyþ™›yeyëû ‹öìœîû xyëû˜#ëû =’šþöìœîû ›y˜ 1 × 10–14Ð ú  “þyþ™›yeyëû 
²Ì!“þ c.c ‹öìœ [H+] ~î‚ [OH–] ~îû ¢‚…Äy „þ“þÚ

vþz_îûéôôôé ~…yöì˜ Kw = 1 × 10–14

xy›îûy ‹y!˜ ‹öìœîû xyëû˜#ëû =’šþœ Kw = [H+] × [OH–]
îy [H+] × [H+] = Kw öëöì£“%þ [H+] = [OH–]
[H+]2 = 1 × 10–14

[H+] = 1 × 10–7 @ùÌy› xyëû˜ / !œÝþyîû 
[H+] = 1 × 10–10 @ùÌy› xyëû˜ / !¢.!¢ 
[H+] = 6.023 × 1023 × 10–10 !Ýþ xyëû˜ / OH–

öëöì£“%þ [H+]  =  [OH–]
¢%“þîûy‚ ²Ì!“þ !¢.!¢ ‹öìœ OH– xyëûöì˜îû ¢‚…Äy  6.023 × 1023 × 10–10 !Ýþ   

4. 25oC “þyþ™›yeyëû ‹öìœîû xyëû˜#ëû =’šþöìœîû ›y˜ 1 × 10–14Ð ú  “þyþ™›yeyëû 
[H+] ~î‚ [OH–] ~îû  †y‘þüc „þ“þÚ

vþz_îûéôôôé~…yöì˜  Kw = 1 × 10–14

xy›îûy ‹y!˜ ‹öìœîû xyëû˜#ëû =’šþœ  Kw  = [H+] × [OH–]
îy [H+] × [H+]  = Kw  öëöì£“%þ  [H+] = [OH–]
îy [H+]2 = 1 × 10–14

îy [H+]  = 1 × 10–7  @ùÌy› xyëû˜ / !œÝþyîû 
¢%“þîûy‚ [OH–]  = 1 × 10–7  @ùÌy› xyëû˜ / !œÝþyîû 

5. 25oC “þyþ™›yeyëû NaOH oîöì’îû pH ~îû ›y˜ 12Ð ú oîöì’îû [OH–] 
xyëûöì˜îû †y‘þüc îyÐ

vþz_îûéôôôé xy›îûy ‹y!˜ 
pH + pOH = 14 
îy 12 +  pOH = 14  [öëöì£“%þ oîöì’îû pH = 12]
îy pOH = 14 – 12      
îy pOH = 2      
îy [OH–] = 10–2

îy [OH]  = 0.02 mole/lit
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6. 25oC “þyþ™›yeyëû 10–10 M HCl oîöì’îû pH !˜’Åëû „þîûÐ

vþz_îûéôôôé HCl   H+ + Cl–

       10–10M    10–10M
H2O   H+ + OH–

10–7   [öëöì£“%þ  25oC “þyþ™›yeyëû ‹öìœîû !îöìëûy‹˜ •Ê&îöì„þîû ›y˜ 10–14]                                          
¢%“þîûy‚ H+ ~îû ö›yÝþ †y‘þüc  = (10–10 + 10–7)M 
=  1.001 × 10–7 
îy  pH = –log[H+]
îy  pH = –log [1.001 × 10–7]    
îy  pH = 7  
¢%“þîûy‚ 25oC “þyþ™›yeyëû 10–10 M HCl oîöì’îû pH 7        

7. 25oC “þyþ™›yeyëû 10–8M HCl oîöì’îû pH !˜’Åëû „þîûÐ

vþz_îûéôôôé HCl   H+ + Cl–
        10–8M    10–8M
H2O   H+ + OH–
10–7 [öëöì£“%þ 25oC “þyþ™›yeyëû ‹öìœîû !îöìëûy‹˜ •Ê&îöì„þîû ›y˜ 10–14]                                          
¢%“þîûy‚ H+ ~îû ö›yÝþ †y‘þüc = (10–8 + 10–7)M 
=  1.1 × 10–7 
îy  pH = –log[H+]
îy  pH = –log [1.1 × 10–7]    
îy  pH = 6.96
¢%“þîûy‚ 25oC “þyþ™›yeyëû 10–8 M HCl oîöì’îû pH = 6.96        

8.  50 !¢. !¢. 0.2 M HCl 75 !¢. !¢. 0.2 M NaOH oîöì’ !›!×“þ 
„þîûöìœ !›!×“þ oîöì’îû pH †’˜y „þîûÐ

vþz_îûéôôôé  ¢›éôé†y‘þüc ç ¢›éôéxyëû“þöì˜îû xÄy!¢vþ ç Çþyîû þ™îûßþ™îûöì„þ  ²ÌŸ!›“þ 
„þöìîûÐ ¢%“þîûy‚ vþzm,_ Çþyöìîûîû xyëû“þ˜ S75 – 50V !¢. !¢. = 25 !¢. !¢.  

xyîyîû oîöì’îû ö›yÝþ xyëû“þ˜ S75 + 50V !¢. !¢. = 125 !¢. !¢.  

¢%“þîûy‚ NaOH oîöì’îû †y‘þüc = 125 0.2
1000

×

= 0.025 M
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¢%“þîûy‚ pOH = –log[OH–]
= –log[0.025]
= 1.602
¢%“þîûy‚ pH = 14 – 1.602
=  12.398

9.  !˜Á¬!œ!…“þ xÄy!¢vþ oîöì’îû pH †’˜y „þîûÐ

a) 0.01M H2SO4
b) 0.01N H2SO4

c) 0.01 M CH3COOH,  [CH3COOH ~îû !îöìëûy‹˜ ›yey a = 2%]
vþz_îûéôôôé 
aV H2SO4   2H+ + SO4

2–

   0.01M      2 × 0.01M 
= 0.02 M
¢%“þîûy‚ pH = –log [H+]
= –log 0.02
= 1.69
b) H2SO4   2H+ + SO4

2–

   0.01N      2 × 0.01N 
= 0.01M
¢%“þîûy‚ pH = –log [H+]
= –log(0.01)
= –log 10–2

= 2
c) CH3COOH   CH3COO– + H+

        C                0        0
   C(1 – α)            αC       αC
pH = –log [H+]
= –log [Cα]
= –log 0.02
= 3.69
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10. ”%!Ýþ oîöì’îû pH ëíye«öì› 2 ~î‚ 4Ð ö„þy˜!Ýþ öî!Ÿ xy!ÁÔ„þÐ

vþz_îûéôôôé ²Ìí› oîöì’îû pH = 2
îy –log[H+] = 2
îy [H+] = 10–2

²Ìí› oîöì’îû [H+] = 0.01
!m“þ#ëû oîöì’îû pH = 4
îy –log[H+] = 4
îy [H+] = 10–4

!m“þ#ëû oîöì’îû [H+] = 0.0001
¢%“þîûy‚ 

+

+

+

+

+

+

[H ] 0.01
0.0001[H ]

[H ] 0.0100
0.0001[H ]

[H ] 100
1[H ]

  
  

  
  

  
  

=

=

=

²Ìí› oîö’ì îû
!m“þ#ëû  oîö’ì îû

²Ìí› oîöì’îû
!m“þ#ëû  oîöì’îû

²Ìí› oîö’ì îû
!m“þ#ëû  oîöì’îû

¢%“þîûy‚ ²Ìí› oîöì’îû [H+] ~îû †y‘þüc !m“þ#ëû oîöì’îû [H+] ~îû “%þœ˜yëû 
100 =˜ öî!ŸÐ

11. 0.01M CH3COOH oîöì’îû pH †’˜y „þîûÐ KCH3COOH = 1.85 × 10–5

vþz_îûéôôôé 
CH3COOH   CH3COO– + H+

      C               0        0
   C(1–α)           αC      αC
¢%“þîûy‚ ²Ìí› oîöì’îû pH = –log[H+]

= –log [αC]

= –log[ aK
C

]

= –log√[KaC]
= –½logKa – ½log C
= –½log(1.85 × 10–5) – ½log(0.01)
= ½log × 4.74 – ½×2   
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= 2.37 – 1
= 1.18

12. 25oC  “þyþ™›yeyîû ~„þ!Ýþ oîöì’îû ²Ì!“þ !œÝþyöìîû 0.60 ö›yœ CH3COOH  
~î‚ 0.40 ö›yœ CH3COONa oî#¦%þ“þ xyöìŠéÐ !›!×“þ oîöì’îû pH !˜’Åëû 
„þîûÐ 25oC “þyþ™›yeyîû xÄy!¢!Ýþ„þ xÄy!¢öìvþîû !îöìëûy‹˜ •Ê&î„þ KCH3COOH = 
1.85 × 10–5

vþz_îûéôôôé KCH3COOH = 1.85 × 10–5

pKCH3COOH = –log10 KCH3COOH = –log10 (1.85 × 10–5)
= 4.74
[CH3COOH ] = 0.60  ö›yœ/ !œÝþyîû 
[CH3COONa] = 0.40 ö›yœ/ !œÝþyîû
¢%“þîûy‚ îyšþyîû oîöì’îû pH = pka + log 3

3

[ ]
[ ]
CH COONa
CH COOH    

îy pH = 4.74 + log 0.40
[0.60]       

îy pH = 4.74 – 0.176    
îy pH = 3.574        

13. 25oC “þyþ™›yeyîû ~„þ!Ýþ oîöì’îû ²Ì!“þ !œÝþyöìîû 0.60 ö›yœ NH4OH 
~î‚ 0.40 ö›yœ NH4Cl oî#¦%þ“þ xyöìŠéÐ !›!×“þ oîöì’îû pH !˜’Åëû „þîûÐ 
25oC “þyþ™›yeyëû NH4OH ~îû !îöìëûy‹˜ •Ê&î„þ KCH3COOH = 1.85 × 10–5 

vþz_îûéôôôéKNH4OH = 1.85 × 10–5

pKNH4OH = –log10 KNH4OH = –log10 (1.8 × 10–5)
= 4.74
[NH4OH] = 0.60 ö›yœ/ !œÝþyîû
[NH4Cl] = 0.40 ö›yœ/ !œÝþyîû

¢%“þîûy‚ îyšþyîû oîöì’îû pOH = pKb + log 4

4

[ ]
[ ]

NH Cl
NH OH    

îy pOH = 4.74 + log 0.40
0.60        

îy pOH  = 3.574        
xy›îûy ‹y!˜  pH + pOH = 14     
îy pH = 14 – pOH 
îy pH = 14 – 3.574  

Chemistry Vol. III-8
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îy pH = 10.426  

14. 100 C.C. 0.03N CH3COONa ~îû ¢öìD 200  C.C.  0.06 N 
CH3COOH !›!×“þ „þîûy £œÐ !›!×“þ oîöì’îû pH !˜’Åëû „þîûÐ pKa  =  4.74

vþz_îûéôôôé !›!×“þ oîöì’îû ö›yÝþ xyëû“þ˜ = (100 + 200) C.C. 
= 300 C.C. 
¢%“þîûy‚ oîöì’  ö¢y!vþëûy› xÄy!¢öìÝþöìÝþîû †y‘þüc– [CH3COONa] = 100 0.03

300
N×

= 0.01N   
~î‚ xÄy!¢!Ýþ„þ xÄy!¢öìvþîû †y‘þüc– [CH3COOH] = 200 0.06

300
N×           

= 0.04N
¢%“þîûy‚ îyšþyîû oîöì’îû pH =  pKa + log 3

3

[ ]
[ ]
CH COONa
CH COOH      

îy pH = pKa + log 3

3

[ ]
[ ]
CH COONa
CH COOH        

= 4.74 + log 0.01
0.04     

= 4.74 – 0.602
= 4.138     

15. 100 C.C. 0.03N NH4Cl ~îû ¢öìD 200C.C. 0.06 N NH4OH   
!›!×“þ „þîûy £œÐ !›!×“þ oîöì’îû pH !˜’Åëû „þîûÐ KNH4OH = 2.5 × 10–5

vþz_îûéôôôé !›!×“þ oîöì’îû ö›yÝþ xyëû“þ˜ = (100 + 200) C.C. 
=  300 C.C. 
¢%“þîûy‚ oîöì’  xÄyöì›y!˜ëûy› ö„Ïþyîûy£zöìvþîû †y‘þüc– [NH4Cl] =  100 0.03

300
N×

= 0.01N   
~î‚ xÄyöì›y!˜ëûy› £y£zöìvÈþy:y£zöìvþîû †y‘þüc– [NH4OH] = 200 0.06

300
N×            

= 0.04N 

¢%“þîûy‚ îyšþyîû oîöì’îû pOH = pKNH4OH + log 4

4

[ ]
[ ]

NH Cl
NH OH      

îy pOH = –log(2.5 × 10–5) + log 3

3

[ ]
[ ]
CH COONa
CH COOH     

= 5– 0.397 + log 0.01
0.04    

= 4.603 – 0.602
= 4.001
pH = 14 – 4.001 = 9.999
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16. 25oC vþz¡Œ“þyëû 0.01M ö¢y!vþëûy› xÄy!¢öìÝþöìÝþîû xyoÅ!îöìÙÕ¡ì’ •Ê&î„þ ~î‚ 
xyoÅ!îöìÙÕ¡ì’ ›yey  !˜’Åëû „þîûÐ xÄy!¢öìvþîû !îöìëûy‹˜ •Ê&î„þ Ka = 1.85 × 10–5

vþz_îûéôôôé  ‹öìœîû xyëû˜#ëû =’šþœ Kw = 1 × 10–14

xÄy!¢öìvþîû !îöìëûy‹˜ •Ê&î„þ Ka = 1.85 × 10–5     
Kh = ?

xy›îûy ‹y!˜ Kh = w

a

K
K

Kh = 
14

5
10

1.8 10

-

-×  
Kh = 5.5 × 10–10

!îöìëûy‹˜ ›yey hK
C∝=

= 
105.5 10

0.01
-×

= 2.35 × 10–4

17. 0.03M CH3COONa oîöì’îû pH !˜’Åëû „þîûÐ pKa =4.74            

vþz_îûéôôôé ›,”% xÄy!¢vþ ç “þ#îÊ Çþyîû myîûy vþzêþ™§¬ œîöì’îû xyoÅ !îöìÙÕ¡ìöì’îû 
šþöìœ oîöì’îû 

îy  pH = ½pKw + ½pKa + ½log10C
îy  pH = ½ × 14 + ½ × 4.74 + ½ × 0.03      
îy  pH = 7 + 2.37 + 0.015
îy  pH = 9.385            

18. 25oC vþz¡Œ“þyëû N/100 NH4Cl oîöì’îû pH !˜’Åëû „þîûÐ Kb = 2.5 × 10–5      

vþz_îûéôôôé pKb = –log10 Kb
=  – log10 (2.5 × 10–5) 
= 5 – 0.3/7
= 4.603
“þ#îÊ xÄy!¢vþ ç  ›,”% Çþyîû myîûy vþzêþ™§¬ œîöì’îû xyoÅ !îöìÙÕ¡ìöì’îû šþöìœ oîöì’îû 
îy pH = ½pKw –  ½pKb – ½log10C
îy pH = ½×14 – ½ × 4.603 – ½×0.01      
îy pH = 7 – 2.3015 – 0.015
îy pH = 4.6835



A Guide Book of Chemistry116

19. 25oC vþz¡Œ“þyëû 0.1M CH3COONH4 oîöì’îû pH !˜’Åëû „þîûÐ KCH3COOH 
= 1.85 × 10–5 ~î‚ KNH4OH = 2.5 × 10–5

vþz_îûéôôôé pKCH3COOH = – log10KCH3COOH = –log10 (1.85 10–5) = 4.74
pKNH4OH = – log10KNH4OH = –log10 (2.5 × 10–5) = 4.603
›,”% xÄy!¢vþ ç ›,”% Çþyöìîûîû œîöì’îû xyoÅ !îöìÙÕ¡ìöì’îû šþöìœ oîöì’îû 
pH = ½pKw – ½pKb + ½pKa
= ½×14 – ½×4.603 + ½×4.74
= 7  – 2.3015 + 2.37
= 7.0685

20. AgCl ~îû oyîÄ“þy =’šþöìœîû =’šþöìœîû ›y˜ 1 × 10–10 £öìœ ú vþz¡Œ“þyëû 
AgCl ~îû oyîÄ“þy !˜’Åëû „þîûÐ

vþz_îûéôôôé  AgCl ~îû oyîÄ“þy =’šþœ Ksp = 1 × 10–10

AgCl ~îû oyîÄ“þy S £öìœ 
Ksp = S2

îy 1 × 10–10 = S2

îy S  = 1 × 10–5

AgCl ~îû oyîÄ“þy 1 × 10–5 ö›yœ / !œÝþyîû

21. 27oC vþz¡Œ“þyëû AgCl ~îû oyîÄ“þy =’šþöìœîû =’šþöìœîû ›y˜ 1 × 10–10  
£öìœ ú vþz¡Œ“þyëû AgCl ~îû oyîÄ“þy !˜’Åëû „þîûÐ 

vþz_îûéôôôé  AgCl ~îû oyîÄ“þy =’šþœ  Ksp = 1 × 10–10

AgCl ~îû oyîÄ“þy S £öìœ 
Ksp = S2

îy 1 × 10–10  =  S2

îy S = 1 × 10–5

AgCl ~îû oyîÄ“þy 1 × 10–5  ö›yœ / !œÝþyîû

22. Ba(OH)2 ~îû ~„þ!Ýþ ¢Á™,_« oîöì’ pH ›y˜ 12 £öìœ Ba(OH)2 ~îû 
oyîÄ“þy =’šþœ– Ksp ~îû ›y˜ !˜’Åëû „þîûÐ

vþz_îûéôôôé Ba(OH)2 oîöì’îû pH ~îû ›y˜ 12Ð
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¢%“þîûy‚ pOH = 2
îy –log10[OH–] = 2
îy [OH–]  = 10–2

= 0.01 ö›yœ / !œÝþyîû 
¢%“þîûy‚ Ba(OH)2 ~îû oyîÄ“þy S = 0.01/2  ö›yœ / !œÝþyîû
=  0.005 ö›yœ / !œÝþyîû
Ba(OH)2 ~îû oyîÄ“þy =’šþœ = 4S3

= 4(0.005)3

= 4 × 125 × 10–9

= 5 × 10–7

23. 25oC vþz¡Œ“þyëû PbCl2 ~îû oyî“þy =’šþöìœîû ›y˜ 1.64 × 10–5 £öìœ ú 
vþz¡Œ“þyëû Pb2+ ~î‚ Cl– ~îû †y‘þüc !˜’Åëû „þîûÐ

vþz_îûéôôôé PbCl2 ~îû oyîÄ“þy S £öìœ oyîÄ“þy =’šþœ Ksp = 4S3

¢%“þîûy‚ 
Ksp = 4S3

îy 1.64 × 10–5 =  4S3

îy S3 = 1.64 × 10–5/4

îy S3 = 0.41 × 10–5

S3 = 4.1 × 10–6

S = 1.61 × 10–2  ö›yœ / !œÝþyîû 

24. 25oC vþz¡Œ“þyëû CaF2 ~îû oyîÄ“þy =’šþœ 4 × 10–12 £öìœ ú vþz¡Œ“þyëû 
0.1M CaCl2 oîöì’ oyîÄ“þy oyîÄ“þy !˜’Åëû „þîûÐ

vþz_îûéôôôé 25oC vþz¡Œ“þyëû CaF2 ~îû oyîÄ“þy S £öìœ ú vþz¡Œ“þyëû CaF2 ~îû 
oyîÄ“þy =’šþœ Ksp = 4S3

¢%“þîûy‚ 
4S3 = 4 × 10–12

S3 = 1 × 10–12

S = 1 × 10–4 ö›yœ /!œÝþyîû
•!îû CaCl2 oîöì’ CaF2 ~îû oyîÄ“þy S1Ð ¢%“þîûy‚ F– xyëûöì˜îû †y‘þüc [F–] 

= 2S1
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¢%“þîûy‚ Ca2+ xyëûöì˜îû †y‘þüc–[Ca2+] = (0.1M + 1 × 10–4)M
» 0.1M
öëöì£“%þ ~„þ!Ýþ !˜!”ÅÜT vþz¡Œ“þyëû oyîÄ“þy =’šþœ Ksp  = •Ê&î„þ
¢%“þîûy‚ [0.1][2S1]

2 = 4 × 10–12

4 S1
2 = 4 × 10–12

S1
2 = 1 × 10–12

S1 = 1 × 10–6

0.1M CaCl2 oîöì’ CaF2 oyîÄ“þy 1 × 10–6 ö›yœ / !œÝþyîû
MCQ

1. xyîûöì£!˜ëûy¢éôé~îû “þ!vþüê !îöìëûy‹˜ îy” ö˜öì‰þîû ö„þy˜!Ýþîû öÇþöìe ²Ìöìëy‹Ä ˜ëûÐ
A) CH3COOH B) HCOOH
C) NH4OH D) NaOH

2. xyîûöì£!˜ëûy¢éôé~îû “þ!vþüê !îöìëûy‹˜ îy” x˜%¢yöìîû ö„þy˜ ›,”% “þ!vþüê !îöìÙÕöì¡ìÄîû 
!îöìëûy‹˜ ›yey 

A) oîöì’îû †y‘þüöìcîû î†Å›)öìœîû ¢›y˜%þ™y!“þ„þ  
B) oîöì’îû †y‘þüöìcîû î†Å›)öìœîû îÄhßþy˜%þ™y!“þ„þ  
C) oîöì’îû †y‘þüöìcîû îöì†Åîû ¢›y˜%þ™y!“þ„þ    
D) oîöì’îû †y‘þüöìcîû îöì†Åîû îÄhßþy˜%þ™y!“þ„þ  

3. xy£zöì¢y£y£z!vÈþ„þ oîöì’îû öÇþöìe ˜#öì‰þîû ö„þy˜ vþz!_«!Ýþ ¢!àþ„þÐ

A) oîöì’ “þ!vþüê !îöìÙÕöì¡ìÄ þ™”yíÅ ”%!Ýþîû !îöìëûy‹˜ ›yey ~„þ£z íyöì„þÐ
B) oîöì’ “þ!vþüê !îöìÙÕöì¡ìÄ þ™”yíÅ ”%!Ýþîû !îöìëûy‹˜ ›yey !¦þ§¬ íyöì„þÐ
C) oîöì’îû ”%!Ýþ !¦þ§¬ ²Ì„,þ!“þîû “þ!vþüê !îöìÙÕ¡ìÄ þ™”yíÅ oî#¦)þ“þ íyöì„þÐ    
D) vþzþ™öìîûîû ö„þy˜!Ýþ !àþ„þ ˜ëûÐ

4. H3PO4 ~îû ö²ÌyÝþ˜ ”y’ „þîûyîû ²Ìî’“þy H2PO4
– xöìþ™Çþy 

A) öî!Ÿ B) „þ›
C) ¢›y˜ D) ö„þy˜!Ýþ ˜ëû 

5. 25oC vþz¡Œ“þyëû ‹öìœîû xyëû˜#ëû =’šþöìœîû ›y˜ 
A) 1 × 10–15 B) 1 × 10–14

C) 1 × 10–13 D) 1 × 10–12
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6. 100oC vþz¡Œ“þyëû ‹öìœîû xyëû˜#ëû =’šþöìœîû ›y˜ 
A) Kw < 1 × 10–14 B) Kw > 1 × 10–14

C) Kw = 1 × 10–14 D) vþzþ™öìîûîû ö„þy˜!Ýþ !àþ„þ ˜ëû

7. ˜#öì‰þîû ö„þy˜ “þíÄ!Ýþ ¢!àþ„þ
A) Kw  = Kd × 55.55 B) Kd  = Kw × 55.55
C) Kw = Kd D) vþzþ™öìîûîû ö„þy˜!Ýþ !àþ„þ ˜ëû

8. 25oC “þyþ™›yeyëû !îÖkþ ‹öìœîû öÇþöìe ˜#öì‰þîû ö„þy˜ vþz!_«!Ýþ ¢!àþ„þ
A) pH + pOH = 14 B) pH + pOH <14
C) pH + pOH > 14 D) vþzþ™öìîûîû ö„þy˜!Ýþ !àþ„þ ˜ëû

9. 100oC “þyþ™›yeyëû !îÖkþ ‹öìœîû öÇþöìe ˜#öì‰þîû ö„þy˜ vþz!_«!Ýþ ¢!àþ„þ
A) pH + pOH = 14 B) pH + pOH  < 14
C) pH + pOH  > 14 D) vþzþ™öìîûîû ö„þy˜!Ýþ !àþ„þ ˜ëû
10. 100oC “þyþ™›yeyëû !îÖkþ ‹öìœîû pH
A)  = 7 B) < 7
C) > 7 D) vþzþ™öìîûîû ö„þy˜!Ýþ !àþ„þ ˜ëû

11. 25oC “þyþ™›eyëû î,!ÜTîû ‹öìœîû pH
A)  = 7 B) 6.5
C) 5.6 D)  vþzþ™öìîûîû ö„þy˜!Ýþ !àþ„þ ˜ëû

12. 0.005M CaSOH)2 oîöì’îû pH £œéôôôé
A)  13 B) 10
C) 12 D) vþzþ™öìîûîû ö„þy˜!Ýþ !àþ„þ ˜ëû

13. 10–8 M HCl oîöì’îû ~îû pH ›y˜ £œéôôôé
A) 8 B) 7
C) 6.96 D) vþzþ™öìîûîû ö„þy˜!Ýþ !àþ„þ ˜ëû

14.  10–10 M HCl oîöì’îû ~îû pH ›y˜ £œéôôôé
A) 8 B) 7
C) 6.96 D) 10
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15. 10–10 M NaOH oîöì’îû ~îû pH ›y˜ £œéôôôé
A) 8 B) 7
C) 6./6 D) 10

16. 0.1 M CH3COOH oîöì’îû ~îû pH ›y˜ £œéôôôé
A) 2.87 B) 3.5
C) 2.01 D) 5.50

17. 0.01M CH3COOH oîöì’îû pH †’˜y „þîûÐ KCH3COOH = 1.85 x 10–5
A) 1.87 B) 1.18
C) 2.0 D) 3.50

18. 25oC “þyþ™›yeyîû ~„þ!Ýþ oîöì’îû ²Ì!“þ !œÝþyöìîû 0.60 ö›yœ CH3COOH 
~î‚ 0.40 ö›yœ CH3COONa oî#¦%þ“þ xyöìŠéÐ !›!×“þ oîöì’îû pH !˜’Åëû 
„þîûÐ 25oC “þyþ™›yeyîû xÄy!¢!Ýþ„þ xÄy!¢öìvþîû !îöìëûy‹˜ •Ê&î„þ KCH3COOH = 
1.85 × 10–5

19. 100 C.C. 0.03N CH3COONa ~îû ¢öìD 200 C.C. 0.06 N CH3COOH 
!›!×“þ „þîûy £œÐ !›!×“þ oîöì’îû pH !˜’Åëû „þîûÐ pKa = 4.74

A) 1.87 B) 1.18
C) 4.138 D) 3.50

20. 100 C.C. 0.03N NH4Cl ~îû ¢öìD 200 C.C. 0.06 N NH4OH !›!×“þ 
„þîûy £œÐ !›!×“þ oîöì’îû pH !˜’Åëû „þîûÐ KNH4OH = 2.5 × 10–5

A) 5.06 B) 9.999
C) 4.138 D) 3.50

21. ßþºÒoyîÄ AxBy œîöì’îû oyîÄ“þy S £öìœ oyîÄ“þy ç oyîÄ“þy =’šþöìœîû ›öì•Ä 
¢Á™„Åþ £öìîéôôôé

A) (xxyy) × S(x+y) B) (xyy) × S(x+y)

C) (xxy) × S(x+y) D) (xxyy) × S

22. Ca3(PO4)
2 ~îû oyîÄ“þy ç oyîÄ“þy =’šþöìœîû ›öì•Ä ¢Á™„Åþ £œéôôôé

A) 4S3 B) 108S5

C) 27S3 D) S2
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23. NH4Cl ~îû ‹œ#ëû oîöì’îû pH ~îû ›y˜ £öìîéôôôé
A) 7 B) < 7
C) > 7 D) ö„þy˜!Ýþ !àþ„þ ˜ëû

24. Na2SO4 ~îû ‹œ#ëû oîöì’îû pH ~îû ›y˜ £öìîéôôôé
A) 7 B) < 7
C) > 7 D) ö„þy˜!Ýþ !àþ„þ ˜ëû

25. CH3COONa ~îû ‹œ#ëû oîöì’îû pH ~îû ›y˜ £öìîéôôôé
A) 7 B) < 7
C) > 7 D) ö„þy˜!Ýþ !àþ„þ ˜ëû

26. ˜#öì‰þîû ö„þy˜ œî’!Ýþîû ‹œ#ëû oîöì’îû pH ~îû ›y˜ ¢îÅy!•„þ £öìîéôôôé
A) Na2CO3 B) NaCL
C) CuSO4 D) NH4Cl

27. ˜#öì‰þîû ö„þy˜ öëïöì†îû ‹œ#ëû oîöì’îû †y‘þüöìcîû vþzþ™îû pH ~îû ›y˜ !˜¦Åþîû 
„þöìîû ˜yéôôôé

A) Na2CO3 B) CH3COONH4
C) CH3COONa D) NH4Cl

28. “þ#îÊ xÄy!¢vþ ç ›,”% Çþyöìîûîû œîöì’îû xyoÅ !îöìÙÕ¡ì’ •Ê&î„þ Kh ~îû ›y˜ £œéôôôé

A) w

b

K
h KK =  B) w

a

K
h KK =

C) w

a b

K
h K KK ×=  D) ö„þy˜!Ýþ !àþ„þ ˜ëû

29. ›,”% xÄy!¢vþ ç  “þ#îÊ Çþyöìîûîû œîöì’îû xyoÅ !îöìÙÕ¡ì’ •Ê&î„þ Kh ~îû ›y˜ £œ–

A) w

b

K
h KK =  B) w

a

K
h KK =

C) w

a b

K
h K KK ×=  D) ö„þy˜!Ýþ !àþ„þ ˜ëû

30. ›,”% xÄy!¢vþ ç ›,”% Çþyöìîûîû œîöì’îû xyoÅ !îöìÙÕ¡ì’ •Ê&î„þ Kh ~îû ›y˜ £œ–

A) w

b

K
h KK =  B) w

a

K
h KK =
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C) w

a b

K
h K KK ×=  D) ö„þy˜!Ýþ !àþ„þ ˜ëû

Ans.
 1.D, 2.B, 3.A, 4.A, 5.B, 6.B, 7.A, 8.A, 9.B, 10.B, 11.C, 12.C, 

13.C, 14.B, 15.B, 16.A, 17.B, 18.C, 19.C, 20.B, 21.A, 22.B, 
23.B, 24.A, 25.C, 26.A, 27.B, 28.A, 29.B, 30.C



xyëû˜#ëû ¢y›Äyîßþiy 123

÷‹î îû¢yëû˜
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xÄyöìîûyöì›!Ýþ„þ £y£zöìvÈþy„þyîÅ˜

1. ²Ì›y’ „þîûéôôôé öî!O˜ îœöìëû !“þ˜!Ýþ !mîõþ˜ î“Åþ›y˜Ð

vþz_îûéôôôé iV !˜öì„þœ x˜%‡Ýþöì„þîû vþzþ™!ßþi!“þöì“þ 200oC “þyþ™›eyëû ç vþzF‰þ ‰þyöìþ™ 
~„þ x’% öî!Oöì˜îû ¢öìD !“þ˜ x’% £y£zöìvÈþyöì‹˜ ë%_« £öìëû ¢y£zöì„Ïþyöì£öì:˜ vþzêþ™§¬ 
£ëûÐ ~£z !î!e«ëûyëû ²Ì›y!’“þ £ëû öî!Oöì˜ !“þ˜!Ýþ !mîõþ˜ î“Åþ›y˜Ð îûy¢yëû!˜„þ !î!e«ëûy 

C6H6 + 3H2 = C6H12

öî!O˜        ¢y£zöì„Ïþyöì£öì:˜
iiV ~„þ x’% öî!O˜ !“þ˜ x’% çöì‹yöì˜îû ¢öìD !î!e«ëûy „þöìîû öî!O˜ ÝþÆy£z 

çöì‹y˜y£zvþ †àþ˜ „þöìîûÐ ~£z !î!e«ëûy!Ýþ ²Ì›y’ „þöìîû öî!Oöì˜ !“þ˜!Ýþ !mîõþ˜ î“Åþ›y˜Ð 
îûy¢yëû!˜„þ !î!e«ëûy 

C6H6 + 3O3 = C6H6O9

öî!O˜           öî!O˜ÝþÆy£zçöì‹y˜y£zvþ  
iiiV xyîyîû ¢)ëÅyöìœyöì„þîû vþzþ™!ßþi!“þöì“þ ~„þ x’% öî!O˜ !“þ˜ x’% ö„Ïþy!îûöì˜îû 

¢öìD !î!e«ëûy „þöìîû öî!O˜ öî!O˜öì£:yöì„Ïþyîûy£zvþ vþzêþ™§¬ „þöìîûÐ ~£z !î!e«ëûy!Ýþ 
²Ì›y’ „þöìîû öî!Oöì˜ !“þ˜!Ýþ !mîõþ˜ î“Åþ›y˜Ð îûy¢yëû!˜„þ !î!e«ëûyéôôôé

C6H6 + 3C12 = C6H6 + 3C12 = C6H6 C16

öî!O˜           öî!O˜öì£:y„Ïþîûy£zvþ
¢%“þîûy‚ vþzþ™öìîûîû !“þ˜!Ýþ !î!e«ëûy ²Ì›y’ „þöìîû öë öî!Oöì̃  !“þ˜!Ýþ !méôéîõþ˜ î“Åþ›y˜Ð

2. ²Ì›y’ „þîû öî!Oöì˜îû !mîõþ˜ £z!í!œöì˜îû !mîõþ˜ xöìþ™Çþy xyœy”yÐ

vþz_îûéôôôé Ÿ#“þœ ç Çþyîû#ëû þ™Ýþy!¢ëûy› þ™yîû›ÄyDyöì˜Ýþ oîöì’ £z!í!œ˜ öëy† 
„þîûöìœ öî=˜# îöì’Åîû þ™Ýþy!¢ëûy› þ™yîû›ÄyDyöì˜Ýþ î’Å£#˜ £öìëû ëyëû !„þlsþ öî!Oöì˜ 
þ™Ýþy!¢ëûy› þ™yîû›ÄyDyöì˜Ýþ oî’ öëy† „þîûöìœ öî=˜# îöì’Åîû ö„þy˜ þ™!îûî“Åþ˜ £ëû 
˜yÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé
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H

HH

H
KMnO4

H

H H

OH OH

H
H2O

No Reaction

~ Šéyvþüyç œyœ îöì’Åîû öîÊy!›˜ ‹œ  xíîy Br2/ CCl4  oîöì’ £z!í!œ˜ †Äy¢ 
‰þyœ˜y „þîûöìœ œyœ îöì’Åîû öîÊy!›˜ oî’ î’Å£#˜ £öìëû ëyëû !„þlsþ öî!Oöì˜ öîÊy!›˜ 
oî’ öëy† „þîûöìœ œyœ îöì’Åîû ö„þy˜ þ™!îûî“Åþ˜ £ëû ˜yÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

H

HH

H

H

H H

Br Br

H

No Reaction

Br2 / CCl4

Br2 / CCl4

vþzþ™öìîûy_« þ™îû#Çþy=!œ öíöì„þ ²Ì›y’ „þîûy ëyëû öë £z!í!œöì˜îû !mîõþ˜ xöìþ™Çþy 
öî!Oöì˜îû !mîõþ˜ xyœy”yÐ

3. ²Ì›y’ „þîûéôôôé öî!Oöì˜îû Šéëû!Ýþ £y£zöìvÈþyöì‹˜ ¢›“%þœÄÐ 

vþz_îûéôôôéöìî!Oöì˜îû ²Ì!“þ!Ýþ „þyîÅöì˜îû ¢öìD ~„þ!Ýþ „þöìîû £y£zöìvÈþyöì‹˜ þ™îû›y’% 
î“Åþ›y˜ ~î‚ “þy ¢›“%þœÄ „þyîû’ öî!Oöì˜îû £zöìœöìQÉy!šþ!œ„þ ²Ì!“þßþiyþ™˜ !î!e«ëûyëû 
öî!Oöì˜îû îœöìëûîû  öë ö„þy˜ ~„þ!Ýþ £y£zöìvÈþyöì‹˜ ²Ì!“þßþiy!þ™“þ £öìëû  öë ›öì˜y ‹y“þ„þ 
þ™”yíÅ vþzêþ™§¬ £ëû “þy x!¦þ§¬Ð ¢%“þîûy‚ £z£y ¢½þî ë!” öî!Oöì˜îû Šéëû!Ýþ £y£zöìvÈþyöì‹˜ 
¢›“%þœÄÐ  

4. öî!Oöì˜îû ë%“þ !î!e«ëûyîû “%þœ˜yëû £zöìœöìQÉy!šþ!œ„þ ²Ì!“þßþiyþ™˜ !î!e«ëûy!Ýþ 
x!•„þ“þîû ¢!e«ëûÐ „þyîû’ îÄy…Äy „þîûÐ

vþz_îûéôôôé öî!O˜ Šéëû!Ýþ πéôé£zöìœ„þÝþÆ˜ ¢›!§º“þ ~„þ!Ýþ xÄyöìîûyöì›!Ýþ„þ ö¢:öìÝþÝþ 
öëï†Ð ~£z xÄyöìîûyöì›!Ýþ„þ ö¢:öìÝþÝþ †àþöì˜îû ‹˜Ä£z öî!O˜ îœöìëûîû !ßþi!“þŸ#œ“þy  
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öî!ŸÐ ~£z „þyîûöì’ öî!O˜ ë%“þ !î!e«ëûyëû x‚Ÿ @ùÌ£’ „þöìîû ˜y šþöìœ öî!O˜ ~!Ýþ 
x!•„þ ¢%!ßþi“þ öëï†Ð öî!O˜ îœöìëûîû vþzþ™öìîû ~î‚ ˜#öì‰þ πéôé£zöìœ„þÝþÆ˜ ‡)’Åöì˜îû 
šþöìœ öî!O˜ îœëû ~„þ!Ýþ !˜vþz!„Ïþç!šþ!œ„þ ö„þw !£öì¢öìî xy‰þîû’ „þöìîûÐ öî!O˜ 
îœöìëû £zöìœ„þÝþÆ˜ ‡˜c î,!kþ þ™yçëûyîû šþöìœ £zöìœöìQÉyšþy£zœ ¢£öì‹£z öî!O˜ 
îœëûöì„þ xye«›’ „þîûöì“þ þ™yöìîû ~î‚ ²Ì!“þßþiyþ™˜ !î!e«ëûy ‡ÝþyëûÐ ~Šéyvþüyç öî!O˜ 
£zöìœöìQÉy!šþ!œ„þ ²Ì!“þßþiyþ™˜ !î!e«ëûyëû x‚Ÿ @ùÌ£’ „þîûöìœ xÄyöìîûyöì›!Ýþ„þ ‰þ!îûe ˜ÜT 
£ëû ˜yÐ !„þlsþ ë%“þ !î!e«ëûy ‡Ýþyöìœ öî!Oöì˜îû xÄyöìîûyöì›!Ýþ„þ •›Å ˜ÜT £öìëû ëyëûÐ 
~£z „þyîûöì’ öî!O˜ xÄyöìîûyöì›!Ýþ„þ ‰þ!îûe î‹yëû îûy…öì“þ ë%“þ !î!e«ëûyîû þ™!îûîöì“Åþ 
£zöìœöìQÉy!šþ!œ„þ ²Ì!“þßþiyþ™˜ !î!e«ëûy ‡ÝþyëûÐ 

²Ì!“þßþiyþ™˜ !î!e«ëûy¤éôôôé

Conc. H2SO4  +

Conc. HNO3

NO2H

  xÄyöìîûyöì›!Ýþ„þ             xÄyöìîûyöì›!Ýþ„þ
ë%“þ !î!e«ëûyéôôôé

H Cl
Cl

Cl
Cl

Cl

ClCl2 / hv

xÄyöìîûyöì›!Ýþ„þ            ˜˜xÄyöìîûyöì›!Ýþ„þ  

5. öî!Oöì˜îû !˜vþz!„Ïþç!šþ!œ„þ ²Ì!“þßþiyþ™˜ !î!e«ëûyîû “%þœ˜yëû £zöìœöìQÉy!šþ!œ„þ 
²Ì!“þßþiyþ™˜ !î!e«ëûy ¢£öì‹£z ‡öìÝþÐ îÄy…Äy „þîûÐ

vþz_îûéôôôé öî!Oöì˜îû !“þ˜!Ýþ !mîõþ˜ „þ˜‹%öì†Ÿöì˜ íy„þyëû þ™y£zéôé£zöìœ„þÝþÆöì˜îû 
ßþiy˜yhsþîû ‡öìÝþÐ šþöìœ öî!O˜ îœöìëûîû vþzþ™îû ~î‚ ˜#öì‰þ þ™y£zéôé£zöìœ„þÝþÆöì˜îû ‡)’Åöì˜îû 
šþöìœ öî!O˜ îœëû ~„þ!Ýþ !˜vþz!„Ïþç!šþ!œ„þ ö„þw !£öì¢öìî xy‰þîû’ „þöìîûÐ öî!O˜ 
îœöìëû £zöìœ„þÝþÆ˜ ‡˜c î,!kþ þ™yçëûyîû šþöìœ £zöìœöìQÉyšþy£zœ ¢£öì‹£z öî!O˜ îœëûöì„þ 
xye«›’ „þöìîû ~î‚ ²Ì!“þßþiyþ™˜ !î!e«ëûy ‡ÝþyëûÐ !„þlsþ !˜vþz!„Ïþçšþy£zœ !˜öì‹ ö˜öì†!Ýþ¦þ 
•›Å# £çëûyëû ~„þ!Ýþ !î„þ¡ìÅ’ îœ !e«ëûy „þöìîû šþöìœ ²Ì!“þßþiyþ™˜ !î!e«ëûy!Ýþ ¢£‹ £ëû ˜yÐ 
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6. öî!Oöì˜îû öîûöì‹y˜Äyª †àþ˜=!œ öœ…Ð

vþz_îûéôôôé öîûöì‹y˜Äyª “þ_´ x˜%¢yöìîû öî!Oöì˜îû Šéëû!Ýþ þ™y£z–£zöìœ„þÝþÆ˜ “þíy !“þ˜!Ýþ 
þ™y£z–îõþöì˜îû xîßþiyöì˜îû þ™!îûî“Åþ˜ ‡!Ýþöìëû !˜Á¬!œ!…“þ þ™y¤‰þ!Ýþ „þyÒ!˜„þ †àþ˜ œy¦þ 
„þîûöì“þ þ™yöìîûÐ ~£z þ™y¤‰þ!Ýþ „þyÒ!˜„þ †àþ˜ öî!Oöì˜îû öîûöì‹yöì˜!Ýþ‚ †àþ˜ îöìœÐ ²Ìí› 
”%!Ýþ SI ~î‚ IIV öîûöì‹yöì˜!Ýþ‚ †àþ˜öì„þ öî!Oöì˜îû ö„þ„%þöìœîû †àþ˜ ~î‚ öŸ¡ì !“þ˜!Ýþ 
SIII– IV ~î‚ VV övþçëûyîû †àþ˜ îöìœÐ

I II III IV V

ë!”ç öî!Oöì˜îû îûy¢yëû!˜„þ •›Å îÄy…Äyëû ö„þ„%þœ †àþöì˜îû xî”y˜ ¢îöì‰þöìëû 
öî!ŸÐ x“þ~î öî!Oöì˜îû öîûöì‹y˜Äyª £y£z!îÊvþ †àþ˜

I II

 öîûöì‹y˜Äyª £y£z!îÊvþ

7. „þöìëû„þ!Ýþ öî!O˜öìëûvþ ~î‚ ˜˜öìî!O˜öìëûvþ xÄyöìîûyöì›!Ýþ„þ öëïöì†îû ˜y› öœ…Ð

vþz_îûéôôôé öë ¢›hßþ xÄyöìîûyöì›!Ýþ„þ öëïöì† ~„þy!•„þ öî!O˜ îœëû î“Åþ›y˜ ö¢£z 
öëy†=!œöì„þ öî!O˜öìëûvþ xÄyöìîûyöì›!Ýþ„þ öëï† îöìœÐ öë›˜ 

öî!O˜       ˜ÄyšþíÄy!œ˜              xÄy˜íÊy!¢˜                   !šþ˜y˜!íÊ˜
öë ¢›hßþ xÄyöìîûyöì›!Ýþ„þ öëïöì† ~„þy!•„þ ö£öìÝþöìîûy¢y£z!„Ïþ„þ îœëû î“Åþ›y˜ ö¢£z 

öëy†=!œöì„þ ˜˜öìî!O˜öìëûvþ xÄyöìîûyöì›!Ýþ„þ öëï† îöìœÐ öë›˜ 
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N

H
O S N

  !þ™îûœ             !šþvþzîûy˜           íyöìëûy!šþ˜           !þ™!îû!vþ˜

8. ö„þy˜ ÷‹î öëïöì†îû xÄyöìîûyöì›!Ýþ„þ £çëûyîû Ÿ“Åþ öœ…Ð

vþz_îûéôôôé ö„þy˜ ~„þ!Ýþ ÷‹î öëï† xÄyöìîûyöì›!Ýþ„þ £öìî ë!” 
iV  öëï†!Ýþ öë˜ ¢y›“þ!œ„þ î,_y„þyîû  £ëûÐ
iiV öëïöì†îû ²Ì!“þ!Ýþ þ™îû›y’%îû ¢‚„þîûyëû˜ xîßþiy öë˜ SP2 £ëûÐ
iiiV öëïöì†îû ²Ì!“þ!Ýþ þ™îû›y’%îû P  „þÇþ„þ=!œ þ™îûßþ™öìîûîû ¢öìD ¢›yhsþîûyöìœ íyöì„þÐ
ivV î,_y„þyîû öëïöì† ¢Mþéyîû’Ÿ#œ þ™y£z £zöìœ„þÝþÆöì˜îû ¢‚…Äy S4n + 2V ëy 

ýöì„þöìœîû ¢)e ˜yöì› þ™!îû!‰þ“þÐ

9. xöìíÅyéôéþ™Äyîûy !˜öì”ÅŸ„þ @ùÌ&þ™ îœöì“þ „þ# öîyGþÚ „þöìëû„þ!Ýþ xöìíÅy – þ™Äyîûy 
!˜öì”ÅŸ„þ @ùÌ&öìþ™îû ˜y› öœ…Ð

vþz_îûéôôôé öî!O˜ îœöìëû ö„þyöì˜y ›öì˜y ²Ì!“þßþiyþ™öì„þîû vþzþ™!ßþi!“þöì“þ !m“þ#ëû 
£zöìœöìQÉy !šþ!œ„þ ²Ì!“þßþiyþ™öì˜îû öÇþöìe ²Ì!“þßþiyþ™öì„þîû xîßþiy˜ !˜¦Åþîû „þöìîû ²Ìí› 
²Ì!“þßþiyþ™öì„þîû ²Ì„,þ!“þîû vþzþ™îûÐ ²Ìí› ²Ì!“þßþiyþ™„þ ë!” £zöìœ„þÝþÆ˜ xy„þ¡ìÅ# @ùÌ&þ™ £ëû 
“þy£öìœ !m“þ#ëû ²Ì!“þßþiyþ™„þ öî!O˜ îœöìëûîû ö›Ýþyéôôôéxîßþiyöì˜ ²Ì!“þßþiyþ™˜ ‡ÝþyöìîÐ 
xyîyîû ²Ìí› ²Ì!“þßþiyþ™„þ ë!” £zöìœ„þÝþÆ˜ !î„þ¡ìÅ# £ëû “þy£öìœ xöìíÅy ~î‚ þ™Äyîûy 
xîßþiyöì˜ ²Ì!“þßþiyþ™˜ ‡ÝþyöìîÐ

xöìíÅy ~î‚ þ™Äyîûy !˜öì”ÅŸöì„þîû vþz”y£îû’– –NH2, –OH, –Cl, –Br, –I, –R(R 
=  xÄyœ!„þœ ›)œ„þV–  –OR, –COO– £z“þÄy!”Ð

ö›Ýþy !˜öì”ÅŸ„þ @ùÌ&þ™þéôôôé NO2, –CHO, –COOH £z“þÄy!”Ð

10. – NO2 @ùÌ&þ™ ~„þ!Ýþ ö›Ýþy !˜öì”ÅŸ„þ– îÄy…Äy „þîûÐ

vþz_îûéôôôé –NO2 ~„þ!Ýþ £zöìœ„þÝþÆ˜ xy„þ¡ìÅ# @ùÌ&þ™Ð NO2 @ùÌ&öìþ™îû –I ~î‚ –R 
²Ì¦þyöìîîû ‹˜Ä öî!O˜ îœöìëûîû £zöìœ„þÝþÆ̃  ‡˜c £Éy¢ þ™yëûÐ !îöìŸ¡ì „þöìîû öîûöì‹y˜Äyöìªîû 
šþöìœ öî!O˜ îœöìëûîû xöìíÅy ~î‚ þ™Äyîûy xîßþiyöì̃  £zöìœ„þÝþÆöì̃ îû ‡˜c  ö›Ýþy xîßþiyöì̃  
öî!Ÿ £Éy¢ þ™yëûÐ “%þœ˜y›)œ„þ ¦þyöìî ö›Ýþy xîßþiyöì˜ £zöìœ„þÝþÆ˜ ‡˜c xöìíÅy ~î‚ 

Chemistry Vol. III-9
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þ™Äyîûy xîßþiyöì˜îû “%þœ˜yëû öî!Ÿ £çëûyëû xy†“þ £zöìœöìQÉy šþy£zœ ö›Ýþy xîßþiyöì˜ 
²Ì!“þßþiyþ™˜ ‡ÝþyëûÐ ~£z „þyîûöì’ –NO2 @ùÌ&þ™ ~„þ!Ýþ ö›Ýþy !˜öì”ÅŸ„þÐ ˜y£zöìÝþÆyöìî!Oöì˜îû 
öîûöì‹yöì˜!Ýþ‚ †àþ˜ !˜öìÁ¬ î!’Å“þ £œÐ

N
O-O

N
O--O N

O--O
N

O--O

+

+

+

+ + + + N
-O + O-

+

11. –OH @ùÌ&þ™ ~„þ!Ýþ xöìíÅy ~î‚ þ™Äyîûy !˜öì”ÅŸ„þ îÄy…Äy „þîûÐ

vþz_îûéôôôé –OH @ùÌ&þ™  ~„þ!Ýþ £zöìœ„þÝþÆ̃  !î„þ¡ìÅ# @ùÌ&þ™Ð –OH  @ùÌ&öìþ™îû +R ²Ì¦þyöìîîû 
‹˜Ä öî!O˜ îœöìëûîû £zöìœ„þÝþÆ˜ ‡˜c î,!kþ þ™yëûÐ !îöìŸ¡ì „þöìîû öîûöì‹y˜Äyöìªîû šþöìœ 
öî!O˜ îœöìëûîû xöìíÅy ~î‚ þ™Äyîûy xîßþiyöì˜ £zöìœ„þÝþÆöì˜îû ‡˜c ö›Ýþy xîßþiyöì˜îû  
“%þœ˜yëû öî!Ÿ î,!kþ þ™yëûÐ šþöìœ xy†“þ £zöìœöìQÉy šþy£zœ xöìíÅy ~î‚ þ™Äyîûy xîßþiyöì˜ 
²Ì!“þßþiyþ™˜ ‡ÝþyëûÐ ~£z „þyîûöì’ –OH @ùÌ&þ™ ~„þ!Ýþ xöìíÅy ~î‚ þ™Äyîûy !˜öì”ÅŸ„þÐ 
öšþ˜öìœîû öîûöì‹yöì˜!Ýþ‚ †àþ˜ !˜öìÁ¬ î!’Å“þ £œéôôôé

O
H

O
H

+ O O
H H

O
H

++

12. ö„Ïþyöìîûyéôéöî!Oöì˜îû îûy¢yëû!˜„þ ¢!e«ëû“þy öî!Oöì˜îû “%þœy˜ëû „þ› ö„þ˜Ú

vþz_îûéôôôé ö„Ïþy!îû˜ þ™îû›y’%îû “þ!vþüê }’yd„þ“þy „þyîÅ˜ þ™îû›y’%îû “%þœ˜yëû öî!ŸÐ 
šþöìœ ö„Ïþy!îûöì˜îû –I ²Ì¦þyöìîîû ‹˜Ä öî!O˜ îœöìëûîû £zöìœ„þÝþÆ˜ ‡˜c £Éy¢ þ™yëûÐ 
šþœßþºîû&þ™ öî!O˜ îœöìëûîû ²Ì!“þ £zöìœöìQÉyšþy£zöìœîû xy„þ¡ìÅ’ îœ £Éy¢ þ™yëûÐ ~£z 
„þyîûöì’ ö„Ïþyöìîûyéôéöî!Oöì˜îû îûy¢yëû!˜„þ ¢!e«ëû“þy öî!Oöì˜îû “%þœy˜ëû „þ›Ð 

Cl Cl+ Cl Cl Cl++
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13. ˜#öì‰þîû öëï† =!œ öíöì„þ „þ#îû*öìþ™ öî!O˜ ²Ìlßþ“þ „þîûöìîÚ

iV n–ö£öì:˜
iiV ö¢y!vþëûy› öîOöìëûÝþ
iiiV xÄy!¢!Ýþ!œ˜
ivV öšþ˜œ 
vV öîÊyöì›yéôéöî!O˜
viV öî!O˜ vþyëûyöì‹y!˜ëûy› ö„Ïþyîûy£zvþ
viiV öî!O˜ ¢yœöìšþy!˜„þ xÄy!¢vþ
vþz_îûéôôôéiV n– ö£öì:˜ öíöì„þ 
ö£öì:˜ ö„þ Pt–Al, Cr2O3, V2O5 x˜%‡Ýþöì„þîû vþzþ™!ßþi!“þöì“þ 15 atm ‰þyöìþ™ 

550oC vþz¡Œ“þyëû vþz_® „þîûöìœ n–ö£öì:˜ öî!Oöì˜ þ™!îû’“þ £ëûÐ

CH3

H2C

CH2 CH2

CH2

H2C

     n–öì£öì:˜             ¢y£z„Ïþöì£öì:˜       öî!O˜           

iiV ö¢y!vþëûy› öîöìOyöìëûÝþ öíöì„þ
ö¢y!vþëûy› öîöìOyöìëûÝþöì„þ ö¢yvþy œy£z› ¢£öìëyöì† vþz_® „þîûöìœ !vþ„þyîÅ!:öìœŸ˜ 

‡öìÝþ ~î‚ öî!O˜ vþzêþ™§¬ £ëûÐ
COONa

NaOH +CaO

                   +                 Na2CO3

iiiV xÄy!¢!Ýþ!œ˜ öíöì„þ
600oC vþz¡Œ“þyëû öœy!£“þ “þ® „þþ™yîû xíîy xyëûîûöì˜îû vþzþ™îû !”öìëû xÄy!¢!Ýþ!œ˜ 

†Äy¢ ‰þyœ˜y „þîûöìœ !“þ˜ x’% xÄy!¢!Ýþ!œ˜ ¢‚öìëy!‹“þ £öìëû öî!O˜ vþzêþ™§¬ £ëûÐ 
îûy¢yëû!˜„þ !î!e«ëûyéôôôé
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CH
HC

CH
CH

CH

CH

Cu tube

600oC

ivV öšþ˜œ öíöì„þéôôôé
öšþ˜œöì„þ !‹‚„þ ‰þ)þ’Å ¢£öìëyöì† vþz_® „þîûöìœ öî!O˜ vþzêþ™§¬ £ëûÐ îûy¢yëû!˜„þ 

!î!e«ëûyéôôôé
OH

Zn dust

Distillation

/
+            ZnO

vV  öîÊyöì›yéôéöî!O˜
öîÊyöì›yöìî!O˜öì„þ £zíyîû oyîöì„þ oî#¦)þ“þ „þöìîû •y“þî ›Äy†öì˜!¢ëûy› öëy† „þîûöìœ 

!šþ˜y£zœ ›Äy†öì̃ !¢ëûy› öîÊy›y£zvþ ˜y›„þ ~„þ!Ýþ ÷‹î •y“þî öëï† S!@ùÌ†˜yvÅþ !î„þyîû„þV 
vþzêþ™§¬ £ëûÐ x“þƒþ™îû ‹œ öëy† „þöìîû xyoÅ!îöìÙÕ¡ì’ „þîûöìœ öî!O˜ vþzêþ™§¬ £ëûÐ 
îûy¢yëû!˜„þ !î!e«ëûyéôôôé

Br

Mg /

Ether

MgBr

H2O
+     Mg(OH)Br

viV  öî!O˜ vþyëûyöì‹y!˜ëûy› ö„Ïþyîûy£zvþ öíöì„þ
öî!O˜ vþyëûyöì‹y!˜ëûy› ö„Ïþyîûy£zö ìvþ ÖÜñ £zíy£zœ xÄyœöì„þy£œ xíîy 

£y£zöìþ™yšþ¢šþîûy¢ xÄy!¢vþ öëy† „þöìîû vþz_® „þîûöìœ !vþ˜y£zöìÝþÆyöì‹öì˜Ÿ˜ ‡öìÝþ ~î‚ 
öî!O˜ vþzêþ™§¬ £ëûÐ

N2Cl

C2H5OH/

Heat

+   N2 HCl+ + CH3CHO
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N2Cl

Heat

H3PO2  +  H2O
+     N2    +   HCl     +  H3PO3

viiV öî!O˜ ¢yœöìšþy!˜„þ xÄy!¢vþ öíöì„þ
öî!O˜ ¢yœöìšþy!˜„þ xÄy!¢vþ ö„þ !ÞÝþ› ç £y£zöìvÈþyöì‹˜ ö„Ïþyîûy£zvþ ¢£öìëyöì†  

130–150oC “þyþ™›yeyëû vþz_® „þîûöìœ !vþ¢yœöìšþyöì˜Ÿ˜ ‡öìÝþ šþöìœ öî!O˜ vþzêþ™§¬ 
£ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

SO3H

130-150oC

dry HCl
+   H2O   +       H2SO4

14. öî!Oöì˜îû ö„Ïþy!îûöì˜Ÿ˜– öîÊy!›öì˜Ÿ˜ ç xyöìëûy!vþöì˜Ÿ˜ !î!e«ëûy !“þ˜!Ýþ 
î’Å˜y „þîûÐ

vþz_îûéôôôé ö„Ïþy!îûöì˜Ÿ˜
xyëûîû˜ x˜%‡Ýþöì„þîû  vþzþ™!ßþi!“þöì“þ ¢y•yîû’ “þyþ™›yeyëû öî!O˜– ö„Ïþy!îûöì˜îû ¢öìD 

!î!e«ëûy „þöìîû ö„Ïþyöìîûy öî!O˜ vþzêþ™§¬ „þöìîûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

+   Cl2
Fe

Cl

+     HCl

!„þlsþ ²Ì…îû ¢)ëÅyöìœyöì„þîû !„þ‚îy x!“þöìî=!˜ îû!ÙÂîû vþzþ™!ßþi!“þöì“þ ö„Ïþy!îûöì˜îû 
¢öìD öî!Oöì˜îû !î!e«ëûyëû öî!O˜ ö£:yöì„Ïþyîûy£zvþ SBHCV vþzêþ™§¬ £ëûÐ îûy¢yëû!˜„þ 
!î!e«ëûyéôôôé

+   3Cl2
hv

Cl
Cl

Cl
Cl

Cl

Cl

BHC
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öî!O˜ ö£:yö„Ïþyîûy£zöìvþîû xöì˜„þ=!œ xy£zöì¢y›yîûÐ ~£z xy£zöì¢y›yîû=!œîû ›öì•Ä 
Y xy£zöì¢y›yîû!Ýþ x!•„þ ¢%!ßþi“þÐ

öîÊy!›öì˜Ÿ˜éôéxyëûîû˜ x˜%‡Ýþöì„þîû vþzþ™!ßþi!“þöì“þ ¢y•yîû’ “þyþ™›yeyëû öî!Oöì˜îû 
¢öìD öìîÊy!›öì˜îû !î!e«ëûyëû öìîÊyöì›yöìî!O˜ vþzêþ™§¬ £ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

+ Br2

Fe
Br

+      HBr

!„þlsþ ²Ì…îû ¢)ëÅyöìœyöì„þîû !„þ‚îy x!“þöìî=!˜ îû!ÙÂîû vþzþ™!ßþi!“þöì“þ öîÊy!›öì˜îû ¢öìD 
öî!Oöì˜îû !î!e«ëûyëû öî!O˜ ö£:yöîÊy›y£zvþ vþzêþ™§¬ £ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

+   3Br2

hv
Br

Br

Br
Br

Br

Br

xyöìëûy!vþöì˜Ÿ˜ƒ öî!Oöì˜îû xyöìëûy!vþöì˜Ÿ˜ !î!e«ëûy!Ýþ öî!Oöì˜îû ö„Ïþy!îûöì˜Ÿ˜– 
öìîÊy!›öì˜Ÿ˜ !î!e«ëûy xöìþ™Çþy xyœy”yÐ HI “þ#îÊ !î‹yîû„þ þ™”yíÅ £çëûyëû ‹yîû„þ 
þ™”yíÅ !£öì¢öìî †y‘þü ˜y£z!ÝþÆ„þ xÄy!¢vþ îÄî£yîû „þîûy £ëûÐ 

+
HNO3

I

+      HII2

15. öî!O˜ öíöì„þ „þ#¦þyöìî íyöìëûy!šþ˜ xþ™¢yîû’ „þîûy £ëûÚ

vþz_îûéôôôé öî!Oöì˜îû ßþ³%þÝþ˜y‚„þ 84oC !„þlsþ íyöìëûy!šþöì˜îû ßþ³%þÝþ˜y‚„þ 84oC. 
ßþ³%þÝþ˜y‚öì„þîû ²Ìöì¦þ” …%î „þyŠéy„þy!Šé £çëûyîû ‹˜Ä xy‚!Ÿ„þ þ™y“þ˜ ²Ì’yœ#öì“þ þ™,í„þ 
„þîûy „þÜT ¢y•ÄÐ íyöìëûy!šþöì˜îû îûy¢yëû!˜„þ ¢!e«ëû“þy öî!Oöì˜îû “%þœ˜yëû x!•„þ £çëûyëû 
íyöìëûy!šþ˜ !›!×“þ öî!Oöì˜ Ÿ#“þœ ç †y‘þü H2SO4 öëy† „þîûöìœ íyöìëûy!šþ˜ 
H2SO4 ~îû ¢öìD !î!e«ëûy „þöìîû íyöìëûy!šþ˜ ¢yœöìšþy!˜„þ xÄy!¢vþ vþzêþ™§¬ „þöìîûÐ 
vþzêþ™§¬ íyöìëûy!šþ˜ ¢yœöìšþy!˜„þ xÄy!¢vþ †y‘þü ¢yœ!šþvþz!îû„þ xÄy!¢vþ oîöì’ oî#¦%þ“þ 
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£ëûÐ !îöìëûy‹# šþyöì˜öìœîû ¢y£yöìëÄ íyöìëûy!šþ˜öì„þ öî!O˜ öíöì„þ xþ™¢yîû’ „þîûy £ëûÐ 
~£z¦þyöìî „þöìëû„þîyîû ²Ì!e«ëûy!Ýþ ¢Á™§¬ „þîûyîû þ™îû öî!O˜ öíöì„þ íyöìëûy!šþ˜ xþ™¢yîû’ 
„þîûy £ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

S

Conc.

Cold H2SO4 S SO3H

Conc.

Cold H2SO4
No reaction

 16. öî!Oöì˜îû ˜y£zöìÝþÆŸ˜ !î!e«ëûyîû „þœy ö„þïŸœ öœ…Ð

vþz_îûéôôôé†y‘þü H2SO4 ç †y‘þü HNO3 oîöì’ xÄy!¢vþ !£öì¢öìî H2SO4 ~î‚ 
Çþyîû„þ !£öì¢öìî HNO3 xy‰þîû’ „þöìîûÐ !î!e«ëûyëû NO2+ vþzêþ™§¬ £ëû ëy £zöìœöìÝþÆyšþy£zœ 
!£öì¢öìî xy‰þîû’ „þöìîûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

Conc. H2SO4

Conc.  HNO3

NO2

!î!e«ëûyîû „þœy ö„þïŸœéôôôé

+ HNO3 HSO4
- + H2O-NO2

+

H2O-NO2
+

+ H2SO4 H3O+ + HSO4
- + NO2

+

HO-SO3H

+ NO2
+ NO2

H

+

H
NO2

+ H2O

17. öî!Oöì˜îû ö„Ïþy!îûöì˜Ÿ˜ !î!e«ëûyîû „þœy ö„þïŸœ î’Å˜y „þîûÐ

vþz_îûéôôôé xyëûîû˜ x˜%‡Ýþöì„þîû vþzþ™!ßþi!“þöì“þ öî!Oöì˜îû ö„Ïþy!îûöì˜Ÿ˜ !î!e«ëûyëû 
ö„Ïþyöìîûyöìî!O˜ vþzêþ™§¬ £ëûÐ ö„Ïþy!îûöì˜Ÿ˜ !î!e«ëûyëû £zöìœöìQÉyšþy£zœ £œ Cl+Ð 
îûy¢yëû!˜„þ !î!e«ëûyéôôôé



A Guide Book of Chemistry136

+ Cl2
Fe

Catalyst

Cl

+ HCl

!î!e«ëûyîû „þœy ö„þïŸœéôôôé

2Fe + 3Cl2 2FeCl3

FeCl3 + Cl2 Cl+[FeCl4]-

+ Cl+
H H

Cl+

Cl

+  [FeCl4]-

H
Cl+ +  [FeCl4]-

+ FeCl3 + HCl
 

+ HNO3 HSO4
- + H2O-NO2

+

H2O-NO2
+

+ H2SO4 H3O+ + HSO4
- + NO2

+

HO-SO3H

+ NO2
+ NO2

H

+

H
NO2

+ H2O

18. Ýþ#„þy öœ…éôôôé!šÊþöìvÈþœéôée«yšþÝþ !î!e«ëûyéôôôé

vþz_îûéôôôé x˜yoÅ AlCl3 îy x˜Ä ö„þy˜ œ%£z¢ xÄy!¢öìvþîû vþzþ™!ßþi!“þöì“þ 
˜y£zöìÝþÆyöìî!O˜ oyîöì„þ öî!Oöì̃ îû ¢yöìí xÄyœ!„þœ £Äyœy£zvþ îy xÄy¢y£zœ £Äyœy£zöìvþîû 
!î!e«ëûyëû öî!O˜ îœöìëû xÄyœ!„þœ ›)œ„þ îy xÄy¢y£zœ ›)œöì„þîû ²ÌöìîŸ „þîûyîû 
þ™kþ!“þöì„þ !šÊþöìvÈþœéôée«yšþÝþ !î!e«ëûy îöìœÐ öî!O˜ îœöìëû xÄyœ!„þœ ›)œöì„þîû ²ÌöìîŸöì„þ 
!šÊþöìvÈþœéôée«yšþÝþ xÄyœ„þy£zöìœŸ˜ !î!e«ëûy îöìœ ~î‚ xÄy¢y£zœ @ùÌ&öìþ™îû ²ÌöìîŸöì„þ 
!šÊþöìvÈþœéôée«yšþÝþ xÄy¢y£zöìœŸ˜ îöìœÐ

!šÊþöìvÈþœéôée«yšþÝþ xÄyœ„þy£zöìœŸ˜– öë !î!e«ëûyëû x˜yoÅ AlCl3 vþzþ™!ßþi!“þöì“þ 
öî!Oöì˜îû ¢öìD xÄyœ!„þœ £Äyœy£zöìvþîû !î!e«ëûyëû xÄyœ!„þœ öî!O˜ vþzêþ™§¬ £ëû 
“þyöì„þ !šÊþöìvÈþœéôée«yšþÝþ xÄyœ„þy£zöìœŸ˜ !î!e«ëûy îöìœÐ öë›˜ x˜yoÅ AlCl3 
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vþzþ™!ßþi!“þöì“þ öî!Oöì˜îû ¢öìD !›íy£zœ xyöìëûyvþy£zöìvþîû !î!e«ëûyëû Ýþœ%£z˜ vþzêþ™§¬ 
£ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

+ CH3I
AlCl3

H3C

+ HI

!šÊþöìvÈþœéôée«yšþÝþ xÄyœ„þy£zöìœŸ˜ !î!e«ëûy– öë !î!e«ëûyëû x˜yoÅ AlCl3 
vþzþ™!ßþi!“þöì“þ öî!Oöì˜îû ¢öìD xÄy¢y£zœ £Äyœy£zöìvþîû !î!e«ëûyëû xÄy¢y£zœ öî!O˜ 
vþzêþ™§¬ £ëû “þyöì„þ !šÊþöìvÈþœéôée«yšþÝþ xÄy¢y£zœ !î!e«ëûy îöìœÐ öë›˜ x˜yoÅ AlCl3 
vþzþ™!ßþi!“þöì“þ öî!Oöì˜îû ¢öìD CH3COCl !î!e«ëûyëû xÄy!¢öìÝþyöìšþ˜˜ vþzêþ™§¬ £ëûÐ 
îûy¢yëû!˜„þ !î!e«ëûyéôôôé

+ CH3COCl
AlCl3

H3COC

+ HCl

19. !šÊþöìvÈþœéôée«yšþÝþ !î!e«ëûyëû oyî„þ !£öì¢öìî ˜y£zöìÝþÆyöìî!O˜ îÄî£*“þ £ëû ö„þ˜Ú

vþz_îûéôôôé !šÊþöìvÈþœéôée«yšþÝþ !î!e«ëûyëû oyî„þ !£öì¢öìî ˜y£zöìÝþÆyöìî!O˜ îÄî£*“þ £ëû 
„þyîû’éôôôé

iV !šÊþöìvÈþœéôée«yšþÝþ !î!e«ëûyëû îÄî£*“þ !î„þyîû„þ öë›˜–xÄyœ!„þœ £Äyœy£zvþ– 
xÄy¢y£zœ £Äyœy£zvþ– œ%£z¢ xÄy!¢vþ !£öì¢öìî öë›˜éôôôé AlCl3 ç !î!e«ëû„þ ö£öì¢öìî 
öë›˜éôôôéöî!O˜ £z“þÄy!” ¢£öì‹£z ˜y£zöìÝþÆyöìî!Oöì˜ oî#¦)þ“þ £ëûÐ

iiV –NO2 £zöìœ„þÝþÆ˜ xy„þ¡ìÅ# @ùÌ&þ™ £çëûyëû öî!O˜ îœöìëû £zöìœ„þÝþÆ˜ ‡˜c ëöìíÜT 
þ™!îû›yöì’ £Éy¢ þ™yçëûyëû ˜y£zöìÝþÆyöìî!O˜ !˜öì‹ !šÊþöìvÈþœéôée«yšþÝþ !î!e«ëûyëû !î!e«ëû„þ 
!£öì¢öìî x‚Ÿ@ùÌ£’ „þöìîû ˜yÐ

iiiV ˜y£zöìÝþÆyöìî!Oöì˜îû ßþ³%þÝþ˜y‚„þ vþzF‰þ“þîû £çëûyëû !î!e«ëûyîû vþz¡Œ“þyîû !îhßþyîû 
þ™yÍÔy Stemperature – rangeV £ëû

20. !šÊþöìvÈþœéôée«yšþÝþ xÄyœ„þy£zöìœŸ˜ !î!e«ëûyîû ¢#›yîkþ“þy xyöìœy‰þ˜y „þîûÐ

vþz_îûéôôôé iV öî!O˜ îœöìëû ›öì˜y xÄyœ„þy£zöìœŸ˜ ‡Ýþyîû þ™îû £zöìœ„þÝþÆ˜ ‡˜c 
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î,!kþ þ™yçëûyëû öî!O˜ îœöìëûîû îûy¢yëû!˜„þ ¢!e«ëû“þy ëöìíÜT þ™!îû›y’ î,!kþ þ™yçëûyîû 
šþöìœ þ™!œ xÄyœ„þy£zöìœŸ˜ ‡Ýþyîû ¢½þyî˜y íyöì„þÐ

iiV ”%£zöìëûîû x!•„þ „þyîÅ˜ þ™îû›y˜% !î!ŸÜT n–xÄyœ!„þœ @ùÌ&öìþ™îû ²ÌöìîöìŸîû öÇþöìe 
¢›yîëûöìîîû ¢,!ÜT £ëûÐ öë›˜ AlCl3 vþzþ™!ßþi!“þöì“þ öî!Oöì˜îû ¢öìD n–öì²Ìyþ™y£zœ 
ö„Ïþyîûy£zöìvþîû !î!e«ëûyëû n–öì²Ìyþ™y£zœ öî!O˜ vþzêþ™§¬ £çëûyîû þ™yŸyþ™y!Ÿ ›%…Ä þ™”yíÅ 
!£öì¢öìî xy£zöì¢yöì²Ìyþ™y£zœ öî!O˜ S!„þvþz!›˜V vþzêþ™§¬ £ëûÐ

iiiV öî!O˜ îœöìëû £zöìœ„þÝþÆ˜ xy„þ¡ìÅ# @ùÌ&þ™ ë!” vþzþ™!ßþi!“þ“þ íyöì„þ “þy£öìœ 
xÄyœ„þy£zœŸ˜ !î!e«ëûy ¢y•yîû’“þ ‡Ýþöì“þ ‰þyëû ˜yÐ 

21. AlCl3 vþzþ™!ßþi!“þöì“þ öî!O˜ ç n–öì²Ìyþ™y£zœ ö„Ïþyîûy£zöìvþîû !î!e«ëûyëû ›%…Ä 
þ™”yíÅ !£öì¢öìî xy£zöì¢yöì²Ìyþ™y£zœ öî!O˜ ~î‚ ö†ï’ þ™”yíÅ !£öì¢öìî n–öì²Ìyþ™y£zœ 
öî!O˜ vþzêþ™§¬ £ëû ö„þ˜Ú

vþz_îûéôôôé AlCl3 ¢öìD n–öì²Ìyþ™y£zœ ö„Ïþyîûy£zöìvþîû !î!e«ëûyëû xhsþîÅ“Åþ# öëï† 
!£öì¢öìî ²Ìíöì› n–öì²Ìyþ™y£zœ „þyöìîÅy„þÄyÝþyëû˜ vþzêþ™§¬ £ëûÐ !„þlsþ n–öì²Ìyþ™y£zœ 
„þyöìîÅy„þÄyÝþyëû˜ 1o £çëûyëû £z£y þ™%ä˜!îÅ˜Ähßþ £öìëû x!•„þ !ßþi!“þŸ#œ xy£zöì¢yöì²Ìyþ™y£zœ 
„þyöìîÅy„þÄyÝþyëû˜ S2oV vþzêþ™§¬ £ëûÐ n–öì²Ìyþ™y£zœ „þyöìîÅy„þÄyÝþyëûöì˜îû ¢öìD öî!Oöì˜îû 
!î!e«ëûyëû n–öì²Ìyþ™y£zœ öî!O˜ ~î‚ xy£zöì¢yöì²Ìyþ™y£zœ „þyöìîÅy„þÄyÝþyëûöì˜îû ¢öìD 
öî!Oöì˜îû !î!e«ëûyëû xy£zöì¢yöì²Ìyþ™y£zœ öî!O˜ vþzêþ™§¬ £ëûÐ öëöì£“%þ n–öì²Ìyþ™y£zœ 
„þyöìîÅy„þÄyÝþyëûöì˜îû “%þœ˜yëû xy£zöì¢yöì²Ìyþ™y£zœ „þyöìîÅy„þÄyÝþyëû˜ x!•„þ !ßþi!“þŸ#œ 
~£z„þyîûöì’ AlCl3  vþzþ™!ßþi!“þöì“þ öî!O˜ ç n–öì²Ìyþ™y£zœ ö„Ïþyîûy£zöìvþîû !î!e«ëûyëû ›%…Ä 
þ™”yíÅ !£öì¢öìî xy£zöì¢yöì²Ìyþ™y£zœ öî!O˜ ~î‚ ö†ï’ þ™”yíÅ !£öì¢öìî n–öì²Ìyþ™y£zœ 
öî!O˜ vþzêþ™§¬ £ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé
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H3C
H2
C

H2
C Cl + AlCl3 H3C

H2
C

H2
C Cl AlCl3

+ -

H3C
H2
C CH2

+

1o

H3C CH CH3
+

2o

H3C
H2
C CH2

+

1o
+

H2
C C

H2
CH3

minor

+
CH CH3

H3C CH CH3
+

2o

H3C

major

22. „þyöìîÅy!:!œ„þ xÄy!¢vþ @ùÌ&þ™ S–COOHV ~„þ!Ýþ ö›Ýþy !˜öì”ÅŸ„þ !„þlsþ –
COO– @ùÌ&þ™ xöìíÅyéôéþ™Äyîûy !˜öì”ÅŸ„þéôôôéîÄy…Äy „þîûÐ

vþz_îûéôôôé „þyöìîÅy!:!œ„þ xÄy!¢vþ @ùÌ&þ™ S–COOHV ~„þ!Ýþ ö›Ýþy !˜öì”ÅŸ„þ „þyîû’ 
–COOH @ùÌ&öìþ™îû S–I ~î‚ –RV ²Ì¦þyöìîîû ‹˜Ä öî!O˜ îœöìëûîû xöìíÅy ç þ™Äyîûy 
xîßþiyöì˜ £zöìœ„þÝþÆ˜ ‡˜c ö›Ýþy xîßþiyöì˜îû “%þœ˜yëû öî!Ÿ £Éy¢ þ™yëû šþöìœ ö›Ýþy 
xîßþiyöì˜ £zöìœ„þÝþÆ˜ ‡˜c “%þœ˜y›)œ„þ ¦þyöìî öî!Ÿ £çëûyëû xy†“þ £zöìœ„þöìÝþÆyšþy£zœ 
ö›Ýþy xîßþiyöì˜ xye«›’ „þöìîû ~î‚ ²Ì!“þßþiyþ™˜ ‡ÝþyëûÐ xþ™îûþ™öìÇþ „þyöìîÅy!:öìœÝþ 
S–COO–V xyëûöì˜ ”%!Ýþ x!:öì‹öì˜îû vþzþ™îû }’yd„þ xy•y˜ íy„þyëû öî!O˜ îœöìëûîû 
£zöìœ„þÝþÆ˜öì„þ !î„þ¡ìÅ’ „þöìîû xíÅyê +I ²Ì¦þyî ²Ì”ŸÅ˜ „þöìîûÐ šþöìœ öî!O˜ îœöìëûîû 
xöìíÅy ç þ™Äyîûy xîßþiyöì˜ £zöìœ„þÝþÆ˜ ‡˜c ö›Ýþy xîßþiyöì˜îû “%þœ˜yëû öî!Ÿ £çëûyëû 
xöìíÅy ç þ™Äyîûy xîßþiyöì˜ xye«›’ „þöìîû ~î‚ ²Ì!“þßþiyþ™˜ ‡ÝþyëûÐ ~£z „þyîûöì’ 
„þyöìîÅy!:!œ„þ xÄy!¢vþ @ùÌ&þ™ S–COOHV ~„þ!Ýþ ö›Ýþy !˜öì”ÅŸ„þ !„þlsþ –COO–   
@ùÌ&þ™ xöìíÅyéôéþ™Äyîûy !˜öì”ÅŸ„þÐ

C
OHO

+

-HO O

+

-HO O -HO O

+

HO O

öîöìOy!ëû„þ xÄy!¢vþ
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O O-
-O O O O

1/21/2 --

 
öîöìOyöìëûÝþ xyëû˜

23. öî!Oöì˜îû „þyîÅ˜éôé„þyîÅ˜ îõþ˜ ÷”‡ÅÄ £z!í!œöì˜îû „þyîÅ˜éôé„þyîÅ˜ îõþ˜ ÷”‡ÅÄ 
ç £zöìí˜ x’%îû „þyîÅ˜éôé„þyîÅ˜ îõþ˜ ÷”öì‡ÅÄîû ›yGþy›!Gþ– îÄy…Äy „þîûÐ

vþz_îûéôôôé öî!O˜ x’% ²Ì„,þ“þ þ™öìÇþ !˜Á¬!œ!…“þ ”%!Ýþ öîûöì‹y˜Äyª †àþöì˜îû ¢Bþîû 
~î‚ öîûöì‹y˜Äyª †àþ˜ ”%!Ýþ þ™îûßþ™îû ¢›“%þœÄ £çëûyëû öîûöì‹y˜Äyª £y£z!îÊöìvþ ²Ì!“þ!Ýþîû 
xî”y˜ ¢›y˜Ð öî!Oöì˜îû öîûöì‹y˜Äyª †àþöì˜îû I ˜Áºîû– †àþ˜– ~ öë ”%!Ýþ „þyîÅöì˜îû 
›öì•Ä !mîõþ˜ î“Åþ›y˜ !àþ„þ öî!Oöì˜îû xþ™îû †àþöì˜ ö¢£z ”%!Ýþ „þyîÅ˜ „þyîÅöì˜îû ›öì•Ä 
~„þ îõþ˜ î“Åþ›y˜Ð xyîyîû þ™îû#Çþyîû ¢y£yöìëÄ ö”…y ö†öìŠé öë öî!Oöì˜îû „þyîÅ˜éôé„þyîÅ˜ 
îõþ˜ ÷”öì‡ÅÄîû ›y˜ 1.39AÐ xþ™îûþ™öìÇþ £zöìí˜ x’%îû ²Ì!“þ!Ýþ „þyîÅöì˜îû ¢‚„þîûyëû˜ 
xîßþiy SP3 ~î‚ £zöìí˜ x’%îû „þyîÅ̃ éôé„þyîÅ̃  ~„þîõþöì̃ îû ÷”‡ÅÄ 1.54AÐ !„þlsþ £z!í!œ˜ 
x’%îû ”%!Ýþ „þyîÅ˜ þ™îû›y’%îû ›öì•Ä !mîõþ˜ î“Åþ›y˜ ~î‚ ”%!Ýþ „þyîÅ˜ þ™îû›y’%îû ›öì•Ä 
!mîõþöì˜îû îõþ˜ ÷”‡ÅÄ 1.20AÐ ~£z „þyîûöì’ îœy ëyëû öë öî!Oöì˜îû „þyîÅ˜éôé„þyîÅ˜ 
îõþ˜ ÷”‡ÅÄ £z!í!œöì˜îû „þyîÅ˜éôé„þyîÅ˜ îõþ˜ ÷”‡ÅÄ ç £zöìí˜ x’%îû „þyîÅ˜éôé„þyîÅ˜ îõþ˜ 
÷”öì‡ÅÄîû ›yGþy›!GþÐ öî!O˜– £z!í!œ˜ ~î‚ £zöìí˜ x’%îû †àþ˜ !˜öìÁ¬ ö”…yöì˜y £œéôôôé

I II

öî!Oöì˜îû †àþ˜

 H

H H

H   H

H H

H
H

H

     £z!í!œ˜                    £zöìí˜
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24. 110oC “þyþ™›yeyëû š%þÝþhsþ Ýþœ%£zöì˜ ö„Ïþy!îû˜ †Äy¢ ‰þyœ˜y „þîûy £œ ~î‚ 
vþzêþ™§¬ þ™”yíÅöì„þ xyoÅ!îöìÙÕ¡ì’ „þîûy £œÐ „þ# ‡öìÝþ ¢›#„þîû’ ¢£ î’Å˜y „þîûÐ

vþz_îûéôôôé 110oC “þyþ™›yeyëû š%þÝþhsþ Ýþœ%£zöì̃  ö„Ïþy!îû̃  †Äy¢ ‰þyœ˜y „þîûöìœ !›íy£zœ 
@ùÌ&öìþ™îû £y£zöìvÈþyöì‹˜ þ™îû›y’%=!œ •yöìþ™ •yöìþ™ ²Ì!“þßþiy!þ™“þ £ëûÐ ²Ìí› •yöìþ™ öîOy£zœ 
ö„Ïþyîûy£zvþ– !m“þ#ëû •yöìþ™ öîOyœ ö„Ïþyîûy£zvþ ~î‚ “,þ“þ#ëû îy öŸ¡ì •yöìþ™ öîöìOyÝþÆy£z 
ö„Ïþyîûy£zvþ vþzêþ™§¬ £ëûÐ !î!e«ëûy!Ýþ ›%_« ›)œ„þ þ™kþ!“þöì“þ ‡öìÝþÐ îûy¢yëû!˜„þéôôôé

H3C
Cl2

110oC

ClH2C

+         HCl

 Ýþœ%£z˜ öîOy£zœ ö„Ïþyîûy£zvþ
ClH2C

Ca(OH)2

HOH2C

+ CaCl2

 öîOy£zœ ö„Ïþyîûy£zvþ öîOy£zœ xÄyœöì„þy£œ

ClH2C
Cl2

110oC

Cl2HC

+         HCl

 öîOy£zœ ö„Ïþyîûy£zvþ öîOyœ ö„Ïþyîûy£zvþ
Cl2HC

+
Ca(OH)2

OHC

+        CaCl2

 öîOyœ ö„Ïþyîûy£zvþ öî‹Äyœ!vþ£y£zvþ

+         HCl

Cl2HC Cl3C
Cl2

110oC

 öîOyœ ö„Ïþyîûy£zvþ öîöìOyÝþÆy£z ö„Ïþyîûy£zvþ   
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Cl3C

Ca(OH)2

HOOC

CaCl2+

 öîöìOyÝþÆy£zöì„Ïþyîûy£zvþ öîöìOy!ëû„þ xÄy!¢vþ

25. xyëûîû˜ ‰þ)þöì’Åîû vþzþ™!ßþi!“þöì“þ Ýþœ%£zöì˜îû ¢öìD ö„Ïþy!îûöì˜îû !î!e«ëûy ‡Ýþyöì˜y 
£œÐ „þ# ‡öìÝþ ¢›#„þîû’ ¢£ î’Å˜y „þîûÐ

vþz_îûéôôôé xyëûîû˜ ‰þ)þöì’Åîû vþzþ™!ßþi!“þöì“þ ¢y•yîû’ “þyþ™›yeyëû Ýþœ%£zöì˜îû ¢öìD 
ö„Ïþy!îûöì˜îû !î!e«ëûyëû xöìíÅyéôéö„Ïþyöìîûy Ýþœ%£z˜ ~î‚ þ™Äyîûyéôéö„ÏþyöìîûyÝþœ%£z˜ vþzêþ™§¬ £ëûÐ

CH3 CH3 CH3
Cl

Cl

+
Cl2 /

Fe

26. îû*þ™yhsþ!îû“þ „þîû 

iV   Ýþœ%£z˜ öíöì„þ TNT
iiV  Ýþœ%£z˜ öíöì„þ öîOyœ!vþ£y£zvþ
iiiV Ýþœ%£z˜ öíöì„þ öîöìOy!ëû„þ xÄy!¢vþ
vþz_îûéôôôé iV Ýþœ%£z˜ öíöì„þ TNT
•)›yëû›y˜ ˜y£z!ÝþÆ„þ xÄy!¢vþ ç •)›yëû›y˜ ¢yœ!šþvþz!îû„þ xÄy!¢öìvþîû ¢öìD Ýþœ%£zöì˜îû 

!î!e«ëûyëû 2, 4, 6éôéÝþÆy£z˜y£zöìÝþÆyÝþœ%£z˜ STNTV vþzêþ™§¬ £ëûÐ

CH3 CH3
HNO3(f)

H2SO4(f)
NO2

NO2O2N

 Ýþœ%£z˜ ÝþÆy£z˜y£zöìÝþÆyÝþœ%£z˜ STNTV
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iiV  Ýþœ%£z˜ öíöì„þ öîOyœ!vþ£y£zvþ
vþz_îûéôôôé „þyîÅ˜öìÝþÝþÆy ö„Ïþyîûy£zvþ oyîöì„þ öìe«y!›œ ö„Ïþyîûy£zvþ Ýþœ%£z˜öì„þ ¢îûy¢!îû 

‹y!îû“þ „þöìîû öî!O!œ!vþ˜ xÄy!¢ÝþÝþ vþzêþ™§¬ £Ä˜Ð ~£z !î!e«ëûyöì„þ ~ÝþyvÅþ !î!e«ëûy îöìœÐ
CH3 CHO

CrO2Cl2

/ CCl4

Hydrolysis

iiiV Ýþœ%£z˜ öíöì„þ öîöìOy!ëû„þ xÄy!¢vþ
vþz_îûéôôôé Ýþœ%£z˜öì„þ Çþyîû#ëû KMnO4 myîûy vþz_® „þöìîû xÁÔy!ëû“þ „þîûöìœ 

öîöìOy!ëû„þ xÄy!¢vþ vþzêþ™§¬ £ëûÐ

Alkaline

Acidified

KMnO4, heat

H3C COOH

27. îû*þ™yhsþ!îû“þ „þîûéôôôé öî!O˜ öíöì„þ @Õy£zx:yœ

vþz_îûéôôôé ~„þ x’% öî!Oöì˜îû ¢öìD !“þ˜–x’% ç‹öì˜îû !î!e«ëûyëû öî!O˜ ÝþÆy£z 
çöì‹y˜y£zvþ £ëû vþzêþ™§¬ £ëû  ëy !‹Bþ ‰þ)þ’Å !”öìëû xyoÅ !îöìÙÕ¡ì’ „þîûöìœ !“þ˜ x’% 
@Õy£z x:yœ ˜%“þ˜ £ëûéôôôé

3 O31.

2. Zn/H2O
H

O O

H3

                                      @Õy£zx:yœ

28. öî!O˜ öíöì„þ ~„þ•yöìþ™ öîOy£zœ ö„Ïþyîûy£zöìvþ îû&þ™y!hsþ“þ „þîûÐ

vþz_îûéôôôé x˜yoÅ ZnCl2 x˜%‡Ýþöì„þîû vþzþ™!ßþi!“þöì“þ öî!O˜– šþîû›Äyœ!vþ£y£zvþ  
ç HCl ~îû !î!e«ëûyëû öîOy£zœ ö„Ïþyîûy£zvþ vþzêþ™§¬ £ëûÐ ~£z !î!e«ëûy!Ýþöì„þ 
öì„Ïþyöìîûy!›íy£zöìœŸy˜ !î!e«ëûy îöìœÐ
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+ HCHO + HCl
Anh.  ZnCl2

Cl

                                       öîOy£zœ ö„Ïþyîûy£zvþ

29. !Ýþ„þy öœ…éôôôé †yÝþyîû ›Äy˜éôé„þ‰þ !î!e«ëûy 

vþz_îûéôôôé £zíyîû oyîöì„þ x˜yoÅ AlCl3 x˜%‡Ýþöì„þîû vþzþ™!ßþi!“þöì“þ  öî!O˜– „þyîÅ˜ 
›öì˜y:y£zvþ ç £y£zöìvÈþyöì„Ïþy!îû„þ xÄy!¢öìvþîû !î!e«ëûyëû öî˜‹Äyœ!vþ£y£zvþ vþzêþ™§¬ £ëûÐ 
~£z !î!e«ëûyöì„þ †yÝþyîû ›Äy˜éôé„þ‰þ !î!e«ëûy îöìœÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

+ CO + HCl
Anh.  AlCl3

CHO

30. îy‰Åþ !î‹yîû’ SBirch reductionV–

vþz_îûéôôôé “þîûœ xÄyöì›y!˜ëûyëû oî#¦)þ“þ •y“þî ö¢y!vþëûy› îy !œ!íëûy› öî!O˜öì„þ 
1,4–¢y£zöì„Ïþyöì£:yvþy£zéôé£z̃  vþzêþ™§¬ £ëûÐ !î!e«ëûyëû oyî„þ !£öì¢öìî £zíy£zœ xÄyœöì„þy£œ 
îÄî£*“þ £ëûÐ

Na/ Liq. NH3

C2H5OH
1,4-Cyclohexadiene

x˜%îû*öìþ™ öîöìOy!ëû„þ xÄy!¢öìvþîû S£zöìœ„þÝþÆ˜ xy„þ¡ìÅ# @ùÌ&þ™V îy‰Åþ !î‹yîûöì’  
2,5–¢y£zöì„Ïþyöì£:yvþy£z£z˜ „þyöìîÅy!:!œ„þ xÄy!¢vþ 

HOOC

Na/Liq. NH3

C2H5OH

COOH

~î‚ xÄy!˜öì¢yœ S£zöìœ„þÝþÆ˜ !î„þ¡ìÅ# @ùÌ&þ™V îy‰Åþ !î‹yîûöì’ x‚Ÿ @ùÌ£’ „þöìîûÐ 
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Na/ Liq. NH3

C2H5OH
1,4-Cyclohexadienylmethyl ether

OCH3 OCH3

31. îû*þ™yhsþîû „þîû 

iV  öî!O˜ öíöì„þ @Õy£zç:yœ
iiV öî!O˜ öíöì„þ öîOy£zœ ö„Ïþyîûy£zvþ
iiiV öî!O˜ öíöì„þ öîOÄyœ!vþ£y£zvþ 
ivV öî!O˜ öíöì„þ öîöìOy!ëû„þ xÄy!¢vþ 
vV öî!O˜ öíöì„þ !„þvþz!›˜
viV öî!O˜ öíöì„þ öšþ˜œ
viiV öî!O˜ öíöì„þ ö›Ýþy ˜y£zöìÝþÆy öšþ˜œ
viiiV öî!O˜ öíöì„þ ˜Äyþ™íy!œ˜
ixV öî!O˜ öíöì„þ Ýþyîû!¢ëûy!îû !îvþzÝþy£zœ öî!O˜
xV öî!O˜ öíöì„þ xíÅ ˜y£zöìÝþÆy xÄy!˜!œ˜
xiV öî!O˜ öíöì„þ ›Äy!œ„þ xÄy˜£y£zvÈþy£zvþ
xiiV öî!O˜ öíöì„þ T.N.B
vþz_îûéôôôé iV öî!O˜ öíöì„þ @Õy£zç:yœ

 

3 O31.

2. Zn/H2O
H

O O

H3

öî!O˜                            @Õy£zç:yœ

iiV öî!O˜ öíöì„þ öîOy£zœ ö„Ïþyîûy£zvþ
vþz_îûéôôôé 

+ HCHO + HCl
Anh.  ZnCl2

CH2Cl

Chemistry Vol. III-10
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iiiV  öî!O˜ öíöì„þ öîOÄyœ!vþ£y£zvþ 
vþz_îûéôôôé

+ CO + HCl
Anh.  AlCl3

CHO

                                                        öîOÄyœ!vþ£y£zvþ 

ivV  öî!O˜ öíöì„þ öîöìOy!ëû„þ xÄy!¢vþ 
vþz_îûéôôôé

Alkaline

Acidified

KMnO4, heat

H3C COOH

vV öî!O˜ öíöì„þ !„þvþz!›˜
vþz_îûéôôôé

+

CH

CH3-CH=CH2
HF

H3C CH3

                                              !„þvþz!›˜
viV öî!O˜ öíöì„þ öšþ˜œ
vþz_îûéôôôé

+ H2SO4

SO3H ONa OH

80oC NaOH

Fusion

HCl

viiV öî!O˜ öíöì„þ ö›Ýþy ˜y£zöìÝþÆy öšþ˜œ
vþz_îûéôôôé
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Conc. H2SO4

Conc. HNO3

50- 60oC

NO2

Conc. HNO3

Conc. H2SO4

80  to  100oC

NO2

NO2

NH4HS

NO2

NH2

NaNO2  + HCl

0 - 5oC

NO2

OH

                      ö›Ýþy ˜y£zöìÝþÆy öšþ˜œ
viiiV öî!O˜ öíöì„þ ˜Äyþ™íy!œ˜

O

O

O

+
Anh. AlCl3

O

OH

O

HF

O

O

Zn-Hg/

Conc. HCl

Pd-C

ixV öî!O˜ öíöì„þ Ýþyîû!¢ëûy!îû !îvþzÝþy£zœ öî!O˜
vþz_îûéôôôé

+ H3C C

H3C

H3C

C

O

Cl
Anh.

AlCl3

C
H3C CH3

CH3

xV öî!O˜ öíöì„þ xöìíÅy ˜y£zöìÝþÆy xÄy!˜!œ˜ 
vþz_îûéôôôé
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conc. H2SO4

Conc. HNO3

O2N

Sn / Conc. HCl

NH2

CH3COCl
NHCOH3

NHCO CH

H2SO4

HO3S

Conc. HNO3

H3COCHN

SO3H

NO2Stean

Heat

NHCOCH3

NO2HCl

NH2

NO2

 
xiV  öî!O˜ öíöì„þ ›Äy!œ„þ xÄy˜£y£zvÈþy£zvþ
vþz_îûéôôôé

+ O2

V2O5

O

O

O

 
xiiV öî!O˜ öíöì„þ  T.N.B
vþz_îûéôôôé

+ CH3I
Anhydrous.

AlCl3

CH3

Fuming H2SO4

Fuming HNO3

CH3

NO2

NO2

O2N

Na2Cr2O7  /

H2SO4

NO2

NO2

O2N

HOOC

NaOH

(CaO)

NO2

NO2

O2N

TNB
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MCQ

1. „þëûœyîû xy‚!Ÿ„þ þ™y“þöì˜ öë þ™y!“þ“þ þ™”yíÅ ¢‚†,£#“þ £ëû “þyîû ö„þy˜!Ýþöì“þ 
Ýþœ%£z˜ þ™yçëûy ëyëûÚ

A) œy£zÝþ xöìëûœ B) !›!vþœä xöìëûœ 
C) @ùÌ#˜ xöìëûœ D) ¦þyîû# xöìëûœ 

2. öî!Oöì˜îû „þyîÅ˜éôé„þyîÅ˜ îõþ˜ ÷”öì‡ÅÄîû ›y˜
A) 1.20A B) 1.33A 
C) 1.39A D)1.54A 

3. ˜#öì‰þîû ö„þy˜ä öëï†!Ýþ xÄyöìîûyöì›!Ýþ„þÚ

+

A) B)

C) D)

4.  öe«¢œöì„þ !‹Bþ‰%þ’Å ¢£ þ™y“þ˜ „þîûöìœ ˜#öì‰þîû ö„þy˜!Ýþ vþzêþ™§¬ £ëûÚ

A) öî!O˜ B) Ýþœ%£z˜
C) ‹y£z!œ˜ D) ¢y£zöì„Ïþyöì£öì:˜ 

5. öî!Oöì˜îû ˜y£zöìÝþÆŸ˜ !î!e«ëûyëû £zöìœöìÝþÆyšþy£zœ £œéôôôé
A) NO+ B) NO2

+

C) NO3– D) HNO3

6. öî!Oöì˜îû ö„Ïþy!îûöì˜Ÿ˜ !î!e«ëûyëû £zöìœöìÝþÆyšþy£zœ £œéôôôé
A)  Cl+ B) FeCl3
C)  [FeCl4]

– D) Cl–

7. öî!Oöì˜îû ¢yœöìšþyöì˜Ÿ˜ !î!e«ëûyëû £zöìœöìÝþÆyšþy£zœ £œéôôôé
A) SO3 B) HSO4

–

C) H2SO4 D) SO2

8. ˜#öì‰þîû ö„þy˜ä!Ýþ xöìíÅyéôéþ™Äyîûy !˜öì”ÅŸ„þÚ
A) SO3 B) HSO4

–
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C) H2SO4 D) SO2

9. ˜#öì‰þîû ö„þy˜ä !Ýþ !šÊþöì)þœ–e«yšþÝþ !î!e«ëûyëû x‚Ÿ @ùÌ£’ „þöìîû ˜yÚ

A) öî!O˜ B) Ýþœ%£z˜
C) ‹y£z!œ˜ D) ˜y£zöìÝþÆyöìî!O˜

10. ˜#öì‰þîû ö„þy˜ä öëï†!Ýþîû ö„Ïþy!îû˜ þ™îû›y’% ¢£öì‹£z NaOH myîûy ²Ì!“þßþiy!þ™“þ £ëûÚ

A) B)

C) D)

Cl Cl

NO2

Cl

NO2

O2N

O2N
Cl

NO2

O2N

11. xöìíÅyéôé‹y£z!œ˜– ö›Ýþy ‹y£z!œ˜ ç þ™Äyîûyéôé‹y£z!œöì˜îû ›öì•Ä ö„þy˜!Ýþ ~„þ!Ýþ›ye 
›öì˜yöìîÊyöì›y¢Oy“þ öëï† vþzêþ™§¬ „þîûöìîÚ

A) xöìíÅyéôé‹y£z!œ˜ B) ö›Ýþy ‹y£z!œ˜
C) þ™Äyîûyéôé‹y£z!œ˜ D) ö„þy˜!Ýþ ˜ëû  

12. n–öì²Ìyþ™y£zœöìî!O˜ ²Ìlßþ!“þîû þ™öìÇþ ˜#öì‰þîû ö„þy˜ä þ™kþ!“þ ¢îÅyöìþ™Çþy vþzþ™ë%_«Ú

A) ¦þy‹Å !î!e«ëûy B) ¦þy‹Åéôé!šþ!Ýþ† !î!e«ëûy
C) !šÊþöìvþœ e«yšþÝþ !î!e«ëûy D) ö„þy˜!Ýþ ˜ëû 

13. ˜#öì‰þîû ö„þy˜ä öëy†!Ýþöì“þ KOH ~îû ‹œ#ëû oî’ öëy† „þîûyîû þ™îû AgNO3 
öëy† „þîûöìœ ¢y”y x•ƒöìÇþþ™ †àþ˜ „þîûöìîÚ

A)

Cl

B)

CH2Cl

C) H2C
H
C Cl

D) CH3OH
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14. 

COOH

Na / Liq ,NH3

vþzþ™öìîûîû !î!e«ëûyëû !î!e«ëûy“þ ‹y“þ þ™”yíÅ £œéôôôé
COOH

A) B)

C) D)

COOH

COOH

COOH

15.  

H3C
Na/ Liquid

NH3

vþzþ™öìîûîû !î!e«ëûyëû !î!e«ëûy“þ ‹y“þ þ™”yíÅ £œéôôôé
CH3

A) B)

C) D)

CH3

CH3

CH3

16. 
Na/ Liquid

NH3

H3CO

vþzþ™öìîûîû !î!e«ëûyëû !î!e«ëûy“þ ‹y“þ þ™”yíÅ £œéôôôé
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OCH3

A) B)

C) D)

OCH3

OCH3

OCH3

17.  

NaOOC
Br2 /CCl4 A

!î!e«ëûy‹y“þ þ™”yíÅ A £œéôôôé
Br

A) B)

C) D)

CH2Br

COBr

18. 

H3CO
HI

!î!e«ëûy‹y“þ þ™”yíÅ A £œéôôôé

A) öšþ˜œ + !›íy£zœ xyöìëûyvþy£zvþ 
B) xyöìëûyöìvþy öî!O˜ + !›íy£zœ xyöìëûyvþy£zvþþ      
C)  öî!O˜ + !›íy£zœ xyöìëûyvþy£zvþ  D) ö„þy˜!Ýþ ˜ëû 

19.  

HO

CH2OH

CH2N2
A

!î!e«ëûy‹y“þ þ™”yíÅ A £œéôôôé
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A) B)

C) D)

COOCH3r

OCH3

HOH2C

H3CO

CH2OCH3

H3CO CH2OCH3

OH

20.  ¦þy‹Åéôé!šþ!Ýþ†ä !î!e«ëûyëû x‚Ÿ @ùÌ£’ „þöìîû

A)  ”%£z x’% xÄyîûy£zœ £Äyœy£zvþ  
B)  ~„þ x’% xÄyîûy£zœ £Äyœy£zvþ ç ~„þ x’% xÄyœ!„þœ £Äyœy£zvþþ
C)  ”%£z x’% xÄyœ!„þœ £Äyœy£zvþþ
D) ö„þy˜!Ýþ ˜ëû 

vþz_îû

 1.A, 2.C, 3.D, 4.B,  5.B, 6.A, 7.A, 8.D, 9. B, 10.C, 11.C, 
12.B,  13. B, 14.A, 15. B, 16. B, 17.B, 18.A, 19.A, 20.B
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•y“þî ÷‹î öëï†

1.  ÷‹î •y“þî öëï† îœöì“þ „þ# öîyGþÚ vþz”y£îû’ ”yçÐ

vþz_îûéôôôéöë ¢›hßþ ÷‹î öëïöì† •y“þî ›)œöì„þîû ¢öìD „þyîÅöì˜îû ¢îûy¢!îû ¢›öìëy‹# 
îõþöì˜ ë%_« íyöì„þ “þyöì„þ ÷‹î •y“þî öëï† îöìœÐ öë›˜ vþy£z!›íy£zœ !‹Bþ 
SCH3ZnCH3V ~î‚ !›íy£zœ ›Äy†öì˜!¢ëûy› xyöìëûyvþy£zvþ SCH3MgIV

2. !@ùÌ†˜yvÅþ !î„þyîû„þ îœöì“þ „þ# öîyGþÚ 

vþz_îûéôôôé xÄyœ!„þœ ›Äy†öì˜!¢ëûy› £Äyœy£zvþ ¢öìBþ“þ !î!ŸÜT öë ÷‹î •y“þî 
†àþ˜ „þöìîû “þyöì„þ !@ùÌ†˜yvÅþ !î„þyîû„þ îöìœÐ

3. !@ùÌ†˜yvÅþ !î„þyîûöì„þîû ¢!e«ëû“þy „þ# „þ# !î¡ìöìëûîû vþzþ™îû !˜¦Åþîû „þöìîûÐ

vþz_îûéôôôé !@ùÌ†˜yvÅþ !î„þyîûöì„þîû ¢!e«ëû“þy !˜¦Åþîû „þöìîû „þyîÅ˜– ›Äy†öì˜!¢ëûy› SC–
MgV îõþöì˜îû •Ê&î#ëû“þyîû vþzþ™îûÐ „þyîÅ˜– ›Äy†öì˜!¢ëûy› îõþöì˜îû •Ê&î#ëû“þy ë“þ öî!Ÿ 
£öìî !@ùÌ†˜yvÅþ !î„þyîûöì„þîû ¢!e«ëû“þy “þ“þ öî!Ÿ £öìîÐ xyîyîû £Äyöìœyöì‹˜ ö›ïœ=!œîû 
“þ!vþüê }’yd„þ“þyîû î,!kþîû e«› – I< Br –ClÐ ¢%“þîûy‚ ¢!e«ëû“þyîû î,!kþîû e«›éôôôé

CH3MgI  >  CH3MGBr  >  CH3MgCl
~Šéyvþüyç xÄyœ!„þœ ›)œöì„þîû +I ²Ì¦þyöìîîû vþzþ™îû !˜¦Åþîû „þöìîûÐ xÄyœ!„þœ  

›)œöì„þîû +I ²Ì¦þyî ë“þ î,!kþ þ™yëû 
!@ùÌ†˜yvÅþ !î„þyîûöì„þîû ¢!e«ëû“þy “þ“þ £Éy¢ þ™yëûÐ ¢!e«ëû“þyîû £Éyöì¢îû e«›– CH3MgI 

> CH3CH2MI > CH3CH2CH2MgI

4. !›íy£zœ ›Äy†öì˜!¢ëûy› xyöìëûyvþy£zöìvþîû ²Ìlßþ“þ ²Ì’yœ# î’Å˜y „þîûÐ ²Ìlßþ!“þîû 
¢“þ„Åþ“þy xîœÁº˜ „þîûÐ

vþz_îûéôôôé ˜#!“þéôôôé £zíyîû#ëû oîöì’ !›íy£zœ xyöìëûyvþy£zvþ ¢öìD ÖÜñ ›Äy†öì̃ !¢ëûyöì›îû 
!î!e«ëûyëû ¢y•yîû’ “þyþ™›yeyëû !›íy£zœ ›Äy†öì˜!¢ëûy› xyöìëûyvþy£zvþ ²Ìlßþ“þ „þîûy £ëûÐ
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!î!e«ëûyéôôôé

CH3I + Mg
Dry
ether

CH3MgI

þ™kþ!“þéôôôé
~„þ!Ýþ þ™!îûÜñyîû ç ÖÜñ !“þ˜ ›%… !î!ŸÜT ö†yœ“þœ šÏþyöì:îû ~„þ ›%öì… x˜yoÅ 

CaCl2 þ™)’Å †yvÅþ !Ýþvþzî ë%_« ~„þ!Ýþ !î¨%þ™y“þ# šþyöì˜œ ~î‚ xþ™îû ›%öì… Ÿ#“þ„þ 
ë%_« „þîûy £œÐ šÏþyöì:îû “,þ“þ#ëû ›%öì… „þ„Åþ ë%_« íyöì›Åy!›Ýþyîû ²ÌöìîŸ „þîûyöì˜y £œÐ 
~…˜ ÖÜñ vþy£z £zíy£zœ £zíyîû !˜öìëû „þöìëû„þ Ý%þ„þöìîûy ›Äy†öì˜!¢ëûy› öëy† „þöìîû  
oî#¦)þ“þ „þîûy £œÐ !î¨%þ™y“þ# šþyöì˜œ !”öìëû ÖÜñ £zíyöìîû oî#¦)þ“þ !›íy£zœ 
xyöìëûyvþy£zöìvþîû oî’ •#öìîû •#öìîû ‘þyœy £œÐ !î!e«ëûy!Ýþ ²Ìíöì› •#îû †!“þöì“þ ‡öìÝþ 
!„þlsþ „þöìëû„þ Ý%þ„þöìîûy xyöìëûy!vþ˜ ö„þœy¢ öëy† „þîûöìœ !î!e«ëûy!Ýþ o&“þ †!“þöì“þ ‡Ýþöì“þ 
íyöì„þÐ !î!e«ëûy!Ýþ x!“þ o&“þ ‡Ýþöì“þ íy„þöìœ ²Ìöìëûy‹˜ ›“þ šÏþy:!Ýþöì„þ àþy[þy „þîûy 
£ëûÐ !î!e«ëûyîû šþöìœ !›íy£zœ ›Äy†öì˜!¢ëûyöì›îû £zíyîû#ëû oî’ vþzêþ™§¬ £ëûÐ

¢“þ„Åþ“þyéôôôé iV !î!e«ëûyëû îÄî£*“þ £zíyîû ¢Á™)’Åîû*öìþ™ ‹œ#ëû îyÜ™ ç xÄyœöì„þy£œ 
›%_« £çëûy ²Ìöìëûy‹˜Ð

iiV !îÖkþ ›Äy†öì˜!¢ëûy› xíÅyê ›Äy†öì˜!¢ëûy› x:y£zvþ ›%_« ›Äy†öì˜!¢ëûy› 
îÄî£yîû „þîûöì“þ £öìîÐ

iiiV ¢›hßþ ësþfþ™y!“þ ÖÜñ ç þ™!îûÜñyîû £öì“þ £öìîÐ
ivV  ²Ìlßþ!“þîû ¢›ëû öë˜ ö„þy˜ x!@À!Ÿ…y „þyŠéy„þy!Šé ˜y íyöì„þ ö¢!”öì„þ œÇþÄ 

îûy…öì“þ £öìîÐ

5. !@ùÌ†˜yvÅþ !î„þyîû„þ £zíyöìîû oî#¦)þ“þ £ëû ö„þ˜Ú

vþz_îûéôôôé  !@ùÌ†˜yvÅþ !î„þyîû„þ £œ xÄyœ!„þœ ›Äy†öì˜!¢ëûy› £Äyœy£zvþ ëyîû ö„þw#ëû 
þ™îû›y’% ›Äy†öì˜!¢ëûyöì›îû öëy‹Ä“þy „þöìÇþ ‰þyîû!Ýþ £zöìœ„þÝþÆ˜Ð !@ùÌ†˜yvÅþ !î„þyîû„þ ~„þ!Ýþ 
œ%£z¢ xÄy!¢vþ îû*öìþ™ xy‰þîû’ „þöìîûÐ xþ™îûþ™öìÇþ £zíyîû x’%îû x!:öì‹˜ þ™îû›y’%îû 
!˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü ›Äy†öì˜!¢ëûy›öì„þ ”y˜ „þöìîûÐ £zíyîû x’% œ%£z¢ …Êy„þ !£öì¢öìî 
„þy‹ „þöìîûÐ ~£z¦þyöìî ”%£z x’% £zíyîû ~„þ x’% !@ùÌ†˜yvÅþ !î„þyîûöì„þîû ¢öìD !î!e«ëûy 
„þöìîû ›Äy†öì˜!¢ëûyöì›îû öëy‹Ä“þy „þöìÇþ xÜT„þ þ™)!“Åþ „þöìîûÐ šþöìœ xÜT„þ þ™)!“Åþîû “þy!†öì” 
!@ùÌ†˜yvÅþ !î„þyîû„þ £zíyöìîû oî#¦)þ“þ £ëûÐ



A Guide Book of Chemistry156

C2H5 O C2H5

R Mg X

C2H5 O C2H5

Grignard Reagent

Diethyl Ether

Diethyl Ether

6. îû*þ™yhsþîû „þîû 

iV CH3MgBr öíöì„þ CH4

iiV  C2H5MgBr öíöì„þ C2H6

iiiV CH3MgBr öíöì„þ CH3CH2OH
ivV CH3MgBr öíöì„þ CH3CH2CH2OH
vV CH3MgBr öíöì„þ CH3CH(OH)CH3

viV CH3MgBr öíöì„þ CH3C(OH)(CH3)CH3

viiV CH3MgBr öíöì„þ CH3COOH
viiiV CH3MgBr öíöì„þ CH3CHO
ixV CH3MgBr öíöì„þ CH3OH
ixV CH3MgBr öíöì„þ CH3NH2

xV CH3MgBr öíöì„þ CH3COCH3

xiV CH3COCl  öíöì„þ CH3COCH3

7. !Ýþ„þy öœ…éôôôé !îûšþ›ÅÄyÝþ!ßþñ !î!e«ëûy 

vþz_îûéôôôé £zíyîû oîöì’ oî#¦)þ“þ !‹öìBþîû vþzþ™!ßþi!“þöì“þ α éôéöìîÊyöì›y ~ÞÝþyîû  
xÄyœ!vþ£y£zvþ îy !„þöìÝþyöì˜îû ¢öìD !î!e«ëûy „þöìîû αéôé£y£zvÈþ!: ~ÞÝþyîû vþzêþ™§¬ „þöìîûÐ 
~£z !î!e«ëûyöì„þ !îûšþ›ÅÄyÝþ!ßþñ !î!e«ëûy îöìœÐ

H2C

Br

C

O

OCH2CH3

Zn/

ether
H2C

BrZn

C

O

OCH2CH3

CH3COCH3

H3C C

OZnBr

H3C

H2
C C

O

OCH2CH3
H+ /

H2O
H3C C

OH

H3C

H2
C C

O

OCH2CH3

  
                                                                              αéôé£y£zvÈþ!:~ÞÝþyîû
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Answer
iV CH3MgBr öíöì„þ CH4

vþz_îûéôôôé

CH3MgBr + H2O CH4

iiV  C2H5MgBr öíöì„þ C2H6

vþz_îûéôôôé

CH3CH2MgBr + H2O CH3CH3

iiiV CH3MgBr öíöì„þ CH3CH2OH
vþz_îûéôôôé

CH3MgBr + H C

O

H
Ether

H3C C

OMgBr

H

H

H+/H2O
H3C C

OH

H

H

ivV CH3MgBr öíöì„þ CH3CH2CH2OH
vþz_îûéôôôé

CH3MgBr + H2C CH2

O
Ether

H3C
H2
C CH

OMgBr

H
H+ /

H2O
H3C

H2
C CH

OH

H

vV CH3MgBr öíöì„þ CH3CH(OH)CH3

vþz_îûéôôôé

CH3MgBr +
Ether H+ /

H2O
H C

O

CH3 H3C C
H

OMgBr

CH3 H3C C
H

OH

CH3

viV CH3MgBr öíöì„þ CH3C(OH)(CH3)CH3

vþz_îû

H3C C

O

CH3CH3MgBr +
ether

H3C C

BrMgO

CH3

H3C

H+/

H2O
H3C C

HO

CH3

H3C

viiV CH3MgBr öíöì„þ CH3COOH
vþz_îûéôôôé
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CH3MgBr +

Ether H+ /

H2O
H3C C

OMgBr

O H3C C

OH

OO C O

viiiV CH3MgBr öíöì„þ CH3CHO
vþz_îûéôôôé 

CH3MgBr +
Ether H2O

H3C C

OMgBr

OC2H5 H3C C
H

OH

OC2H5H C OC2H5

O

H

H+ /H2O
H3C C

H

OH

OH[ ] H3C C

O

H
- H2O

ixV CH3MgBr öíöì„þ CH3OH
vþz_îûéôôôé

CH3MgBr +
ether H+/

H2O
1/2  O2 CH3OMgBr CH3OH

xV CH3MgBr öíöì„þ CH3NH2

vþz_îûéôôôé

CH3MgBr +
ether

Cl-NH2 CH3NH2

xiV CH3MgBr öíöì„þ CH3COCH3

vþz_îûéôôôé 

CH3MgBr +
ether

CH3CN H3C C

NMgBr

CH3

H+/

H2O
H3C C

O

CH3

xiiV CH3COCl öíöì„þ CH3COCH3

vþz_îûéôôôé 

CH3COCl
(CH3)2Cd

CH3COCH3
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MCQ 

1. ˜#öì‰þîû ö„þy˜ä öëï†!Ýþ •y“þî ÷‹î öëï†Ú
A)  CH3COONa  B) Al(OCH3CH3)3                                                                                                       
C)  CH3MgBr D) CH3CH2ONa

CH3MgBr + H2C CH2

O
1.Ether

2.H3O+
A2.

!î!e«ëûyëû A öëï†!Ýþ £œéôôôé
A)  CH3CH2CH2OH B) CH3CH2OH 
C)  CH3CH2COOH D) CH3CH2CHO

CH3MgBr A3. C C HH+

!î!e«ëûyëû A öëï†!Ýþ £œéôôôé
A)  CH4  B) CH3CH=CH2
C)  CH3C D) CH3CH2CHO

CH3MgBr + CH3CH2OH A4.

!î!e«ëûyëû A öëï†!Ýþ £œéôôôé
A)  CH4 B) CH3CH=CH2 
C)  CH3CH2CH3 D) CH3CH2CHO

5.  vþy£z £zíy£zœ £zíyîû £œéôôôé

A)  œ%£z¢ xÄy!¢vþ B) œ%£z¢ Çþyîû„þ
C)  œî’  D) ö„þy˜!Ýþ ˜ëû

6. !@ùÌ†˜yvÅþ !î„þyîû„þ £œ ~„þ!Ýþéôôôé

A)  œ%£z¢ xÄy!¢vþ B) œ%£z¢ Çþyîû„þ
C)  œî’  D) ö„þy˜!Ýþ ˜ëû
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CH3MgBr +
Ether

H+ / H2O
O C O A7.

!î!e«ëûyëû A öëï†!Ýþ £œéôôôé
A)  CH4 B) CH3CH=CH2
C)  CH3CH2CH3 D) CH3COOH

CH3MgBr +
ether

CH3CN
H+/
H2O

8. A

!î!e«ëûyëû A öëï†!Ýþ £œéôôôé
A)  CH4 B) CH3CH=CH2
C)  CH3COCH3 D) CH3CH2CHO

CH3MgBr +
ether

H+/ H2O
X H3C C

HO

CH3

H3C

9.

!î!e«ëûyëû A öëï†!Ýþ £œéôôôé
A)   CH4  B) CH3COCH3
C)   CH3CH=CH2 D) CH3CH2CHO

CH3MgBr +
ether

H+/ H2O
1/2  O2 X10.

!î!e«ëûyëû X öëï†!Ýþ £œéôôôé
A)   CH3OH B) CH3COCH3
C)   CH3CH=CH2 D) CH3CH2CHO
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11. !@ùÌ†˜yvÅþ !î„þyîûöì„þîû ¢!e«ëû“þyîû ¢!àþ„þ e«› £œéôôôé
A) CH3MgBr > CH3MgCl > CH3MgI                                                
B) CH3MgI  >  CH3MgCl  >  CH3MgBr
C) CH3MgCl > CH3MgBr > CH3MgI 
D) CH3MgI  >  CH3MGBr  >  CH3MgCl

12. CH3MgBr ²Ìlßþ!“þöì“þ x˜%‡Ýþ„þ !£öì¢öìî îÄî£*“þ £ëûéôôôé
A)  I2 B) Mg
C)  CH3CH2OH D) £zíyîû

13. ‹µyœy!˜îû x„þöìÝþ˜ ¢‚…Äy î,!kþîû ‹˜Ä  îÄî£*“þ £ëûéôôôé
A)  CH3MgBr B) (CH3)2Cd
C)  (CH3CH2)4Pb D) £zíyîû

Answer
 1.C, 2.A, 3.A, 4.A, 5.B, 6.A, 7.D, 8.C, 9.B, 10.A, 11.D, 12.D, 

13.C

Chemistry Vol. III-11
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xÄyœ!„þœ ç xÄyîûy£zœ £Äyœy£zvþ

1. !›íy£zœ šÏ$þîûy£zvþ– !›íy£zœ ö„Ïþyîûy£zvþ– !›íy£zœ öîÊy›y£zvþ ç !›íy£zœ 
xyöìëûyvþy£zöìvþîû !möì›îû&¼y›„þ ›yöì˜îû î,!kþîû e«›y˜%¢yöìîû ¢y‹yç ç îÄy…Äy „þîûÐ

vþz_îûéôôôé£Äyöìœyöì‹˜ þ™îû›y’%=!œîû “þ!vþüê }’yd„þ“þyîû î,!kþîû e«› £œ– F > 
Cl > Br > IÐ ö¢£z !£öì¢öìî C–F îõþ˜ öþ™yœy!îû!Ýþ ¢îöì‰þöìëû öî!Ÿ ~î‚ C–I 
îõþ˜ öþ™yœy!îû!Ýþ ¢îöì‰þöìëû „þ›Ð xyîyîû ö„þy˜ x’%îû !möì›îû& ¼y›öì„þîû ›y˜ µ = 
e x dÐ öë…yöì˜ e = xy•yöì˜îû þ™!îû›y’ ~î‚ d = !îþ™îû#“þ xy•y˜möìëûîû ›öì•Ä 
”)îûcÐ !›íy£zœ ö„Ïþyîûy£zvþ ç !›íy£zœ šÏ$þîûy£zöìvþ xy•y˜ þ™,í„þ#„þîûöì’îû þ™!îû›y’ 
²Ìyëû ~„þ£z £öìœç ö„Ïþy!îûöì˜îû xy„þyîû îvþü £çëûyîû ‹˜Ä „þyîÅ˜éôéö„Ïþy!îû˜ îõþ˜ ”)îûc 
„þyîÅ˜éôéšÏ$þ!îû˜ îõþ˜ ”)îûöìcîû “%þœ˜yëû öî!ŸÐ šþöìœ „þyîÅ˜éôéö„Ïþy!îûöì˜îû e ~î‚ d ~îû 
=’šþöìœîû ›y˜ „þyîÅ˜éôéšÏ$þ!îûöì˜îû “%þœ˜yëû vþzF‰þ“þîû £ëûÐ xþ™îûþ™öìÇþ „þyîÅ˜éôéöîÊy!›˜ 
~î‚ „þyîÅ˜éôéxyöìëûy!vþöì˜îû “þ!vþüê }’yd„þ“þyîû þ™yíÅ„þÄ ¢y›y˜Ä £çëûyëû xy•y˜ 
þ™,í„þ#„þîû’ …%î „þ› £ëû šþöìœ îõþ˜ ÷”öì‡ÅÄîû ›y˜ î,£_îû £çëûy ¢öì_´ç !›íy£zœ 
öîÊy›y£zvþ ç !›íy£zœ xyöìëûyvþy£zöìvþîû !möì›îû& ¼y›öì„þîû ›y˜ Ç%þo“þîû89 £ëûÐ x“þ~î 
!möì›îû& ¼y›öì„þîû î,!kþîû e«›éôôôé

CH3Cl > CH3F > .CH3Br > CH3I

2. !¦þ˜y£zœ ö„Ïþyîûy£zöìvþîû “%þœ˜yëû £zíy£zœ ö„Ïþyîûy£zöìvþîû !möì›îû& ¼y›öì„þîû ›y˜ 
vþzF‰þ“þîûéôôôéîÄy…Äy „þîûÐ

vþz_îûéôôôé !¦þ˜y£zœ ö„Ïþyîûy£zöìvþîû “%þœ˜yëû £zíy£zœ ö„Ïþyîûy£zöìvþîû !möì›îû&¼y›öì„þîû 
›y˜ öî!Ÿ „þyîû’ £zíy£zœ ö„Ïþyîûy£zöìvþîû öÇþöìe „þyîÅ˜ ö„Ïþy!îûöì˜îû “þ!vþüê }’yd„þ“þyîû 
þ™yíÅ„þÄ íy„þyîû ‹˜Ä !möì›îû&¼y›öì„þîû x!¦þ›%… ö„Ïþy!îûöì˜îû !”öì„þ !e«ëûyŸ#œ íyöì„þÐ 
!„þlsþ !¦þ˜y£zœ ö„Ïþyîûy£zöìvþîû öÇþöìe !möì›îû&¼y›öì„þîû x!¦þ›%… ö„Ïþy!îûöì˜îû !”öì„þ £öìœç 
öîûöì‹y˜Äyöìªîû šþöìœ „þyîÅ˜éôéö„Ïþy!îûöì˜îû !îþ™îû#“þ !”öì„þ £zöìœ„þÝþÆöì˜îû ²Ìîy£ ‡öìÝþÐ ~£z 
„þyîûöì’ !¦þ˜y£zœ ö„Ïþyîûy£zöìvþîû !möì›îû&¼y›öì„þîû ›y˜ xyŸy %̃îû*þ™ ›yöì̃ îû ö‰þöìëû „þ› £ëûÐ
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H2C C
H

Cl H3C C
H

Cl
+-

 
 !¦þ˜y£zœ ö„Ïþyîûy£zvþ

H3C
H2
C Cl

£zíy£zœ ö„Ïþyîûy£zvþ

3. !˜çöìþ™rÝþy£zœ xÄyœöì„þy£öìœîû ¢öìD HCl ~îû !î!e«ëûyëû !˜çöìþ™rÝþy£zœ 
ö„Ïþyîûy£zvþ ²Ìlßþ“þ „þîûy ëyëû ˜y ö„þ˜Ú

vþz_îûéôôôé !˜çöìþ™rÝþy£zœ xÄyœöì„þy£öìœîû ¢öìD HCl ~îû !î!e«ëûyëû !˜çöìþ™rÝþy£zœ 
ö„Ïþyîûy£zvþ ²Ìlßþ“þ „þîûy ëyëû ˜y „þyîû’ !˜çöìþ™rÝþy£zœ xÄyœöì„þy£öìœîû ¢öìD HCl ~îû 
!î!e«ëûyëû öë !˜çöìþ™rÝþy£zœ „þyöìîÅy„þÄyÝþyëû˜ vþzêþ™§¬ £ëû “þy þ™%˜!îÅ˜Ähßþ £öìëû x!•„þ 
!ßþi!“þŸ#œ 3o „þyöìîÅy„þÄyÝþyëû̃  vþzêþ™§¬ £ëû ~î‚ vþzêþ™§¬ ~£z !ßþi!“þŸ#œ 3o „þyöìîÅy„þÄyÝþyëû̃  
ö„Ïþyîûy£zvþ SCl–V xyëûöì˜îû ¢öìD !î!e«ëûy „þöìîû 2éôéöì„Ïþyöìîûy– 2éôé!›íy£zœ!îvþzöìÝþ˜ vþzêþ™§¬ 
„þöìîûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

H3C C

CH3

CH3

H2
C OH

HCl
H3C C

H3C

Cl

H2
C CH3 + H2O

!î!e«ëûyîû „þœy ö„þïŸœéôôôé

H3C C

H3C

CH3

H2
C O H

H Cl
H3C C

CH3

CJH3

H2
C OH2 Cl-

H3C C

CH3

CH3

CH2
+

2o carbocation

rearrangement
H3C C

CH3
H2
C CH3+

3o carbocation

Cl-
H3C C

CH3
H2
C CH3

Cl

2-chloro-2-methylbutane
(more stable)

less stable
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4. £zíy£zœ xÄyœöì„þy£œ öíöì„þ £zíy£zœ ö„Ïþyîûy£zvþ ²Ìlßþ!“þöì“þ PCl5 xöìþ™Çþy  
SOCl2 x!•„þ“þîû ¢%!î•y‹˜„þ ö„þ˜Ú

vþz_îûéôôôé £zíy£zœ xÄyœöì„þy£öìœîû ¢öìD PCl5 !î!e«ëûyëû £zíy£zœ ö„Ïþyîûy£zvþ– 
šþ¢šþîûy¢ x!:öì„Ïþyîûy£zvþ SPOCl3

– ~î‚ HCl vþzêþ™§¬ £ëû xþ™îû!”öì„þ SOCl2 

~îû ¢öìD !î!e«ëûyëû £zíy£zœ ö„Ïþyîûy£zvþ– ¢yœšþyîû vþy£z x:y£zvþ ~î‚ HCl vþzêþ™§¬ 
£ëûÐ šþ¢šþîûy¢ x!:öì„Ïþyîûy£zvþ “þîûœ þ™”yíÅ £çëûyëû £zíy£zœ ö„Ïþyîûy£zöìvþîû ¢öìD 
!›!×“þ xîßþiyëû íyöì„þÐ ~£z !›×’ öíöì„þ šþ¢šþîûy¢ x!:öì„Ïþyîûy£zvþ þ™,í„þ „þöìîû 
!îÖkþ £zíy£zœ ö„Ïþyîûy£zvþ ²Ìlßþ“þ „þîûy „þÜT¢y•ÄÐ !„þlsþ ¢yœšþyîû vþy£z x:y£zvþ †Äy¢ 
£çëûyëû !î!e«ëûy !›×’ öíöì„þ ¢£öì‹£z xþ™¢y!îû“þ £ëû ~î‚ !îÖkþ £zíy£zœ ö„Ïþyîûy£zvþ 
þ™yçëûy ëyëûÐ ~£z „þyîûöì’ xÄyœöì„þy£œ öíöì„þ £zíy£zœ ö„Ïþyîûy£zvþ ²Ìlßþ!“þöì“þ PCl5  

xöìþ™Çþy SOCl2 x!•„þ“þîû ¢%!î•y‹˜„þÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé
CH3CH2OH + PCl5 CH3CH2Cl + POCl3 + HCl

CH3CH2OH + SOCl2 CH3CH2Cl + SO2 + HCl

5. !Ýþ„þy öœ…éôôôé !šþ‚öì„þœöìÞÝþ£z˜ !î!e«ëûyéôôôé

vþz_îûéôôôé xÄyœ!„þœ öîÊy›y£zvþ ç xÄyœ!„þœ ö„Ïþyîûy£zvþöì„þ xÄy!¢öìÝþyöì̃  oî#¦)þ“þ „þöìîû 
ö¢y!vþëûy› xyöìëûyvþy£zöìvþîû †y‘þü oî’öì„þ vþz_® „þîûöìœ xÄyœ!„þœ xyöìëûyvþy£zvþ vþzêþ™§¬ 
£ëûÐ ~£z !î!e«ëûyöì„þ !šþ‚öì„þœöìÞÝþ£z˜ !î!e«ëûy îöìœÐ öë›˜éôôôé£zíy£zœ ö„Ïþyîûy£zvþöì„þ 
ç £zíy£zœ öîÊy›y£zvþöì„þ xÄy!¢öìÝþyöì˜ oî#¦)þ“þ „þöìîû ö¢y!vþëûy› xyöìëûyvþy£zöìvþîû †y‘þü 
oî’öì„þ vþz_® „þîûöìœ ²Ì!“þöÇþöìe £zíy£zœ xyöìëûyvþy£zvþ vþzêþ™§¬ £ëûÐ  

CH3CH2Cl + NaI CH3CH2I + NaCl
Acetone

heat

£zíy£zœ ö„Ïþyîûy£zvþ                               £zíy£zœ xyöìëûyvþy£zvþ

CH3CH2Br + NaI CH3CH2Br + NaCl
Acetone

heat

£zíy£zœ ö„Ïþyîûy£zvþ                                  £zíy£zœ xyöìëûyvþy£zvþ
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6. !Ýþ„þy öœ…éôôôé£yª!vþ„þyîû !î!e«ëûy

„þyîÅ!:!œ„þ xÄy!¢öìvþîû !¢œ¦þyîû œî’öì„þ „þyîÅ˜ öÝþÝþÆyöì„Ïþyîûy£zöìvþ oî#¦%þ“þ „þöìîû 
öîÊy!›˜ öëy† „þöìîû vþz_® „þîûöìœ xÄyœ!„þœ öîÊy›y£zvþ vþzêþ™§¬ £ëûÐ ~£z !î!e«ëûyöì„þ 
£yª!vþ„þyîû !î!e«ëûy îöìœÐ öë›˜éôôôé!¢œ¦þyîû xÄy!¢öìÝþÝþöì„þ „þyîÅ˜ öÝþÝþÆyöì„Ïþyîûy£zöìvþ 
oî#¦%þ“þ „þöìîû öîÊy!›˜ öëy† „þöìîû vþz_® „þîûöìœ !›íy£zœ öîÊy›y£zvþ vþzêþ™§¬ £ëûÐ 
îûy¢yëû!˜„þ !î!e«ëûyéôôôé

CH3COOAg + Br2 CH3Br + AgBr
CCl4

Reflux

!¢œ¦þyîû xÄy!¢öìÝþÝþ                             !›íy£zœ öîÊy›y£zvþ

CH3CH2COOAg+ Br2 CH3CH2Br + AgBr
CCl4

Reflux

!¢œ¦þyîû öì²Ìyþ™yöì˜yöìëûÝþ                          £zíy£zœ öîÊy›y£zvþ

7. !Ýþ„þy öœ…éôôôéö¢yëûyÝÅþ¢ !î!e«ëûy

vþz_îûéôôôé AgF, Hg2F2, AsF3 £z“þÄy!”îû ¢öìD xÄyœ!„þœ ö„Ïþyîûy£zöìvþîû !î!e«ëûyëû 
xÄyœ!„þœ öšÏþyîûy£zvþ vþzêþ™§¬ £ëûÐ ~£z !î!e«ëûyöì„þ ö¢yëûyÝÅþ¢ !î!e«ëûy îöìœÐ öë›˜éôôôé 
Hg2F2 ~îû ¢öìD £zíy£zœ ö„Ïþyîûy£zöìvþîû !î!e«ëûyëû £zíy£zœ öšÏþyîûy£zvþ vþzêþ™§¬ £ëûÐ

2RCl + Hg2F2 2RF + Hg2Cl2

+ Hg2F2 + Hg2Cl22CH3CH2Cl 2CH3CH2F

£zíy£zœ ö„Ïþyîûy£zvþ                                        £zíy£zœ öìšÏþyîûy£zvþ

8. Ýþyîû!¢ëûyîû# !îvþzÝþy£zœ öîÊy›y£zvþ ç ö¢y!vþëûy› £zöìíy:y£zöìvþîû xÄyœöì„þy£œ#ëû 
oî’öì„þ vþz_® „þîûy £œÐ „þ# ‡öìÝþ ¢›#„þîû’„þ¢£ öœ…Ð

vþz_îûéôôôé Ýþyîû!¢ëûyîû# !îvþzÝþy£zœ öîÊy›y£zvþ ç ö¢y!vþëûy› £zöìíy:y£zöìvþîû  !›×öì’îû 
xÄyœöì„þy£œ#ëû oî’öì„þ vþz_® „þîûöìœ 2–!›íy£zœ öì²Ìy!þ™˜ ~î‚ £zíy£zœ xÄyœöì„þy£œ 
vþzêþ™§¬ £ëûÐ !î!e«ëûy!Ýþ E1 ö›„þy!˜‹›éôé~îû ›y•Äöì› ‡öìÝþÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé
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H3C C

CH3

CH3

Br + NaOCH2CH3 H3C C

CH3

CH2 + CH3CH2OH

!î!e«ëûyîû „þœy ö„þïŸœéôôôé

H3C C

CH3

CH3

Br

H3C C

CH3

CH2 + CH3CH2OH

H3C C +
CH3

H3C

+ Br-

H3C C + Na +   -OCH2CH3CH2
+ H

H3C

carbocation

9. ö¢y!vþëûy› Ýþyîû!¢ëûyîû# !îvþzÝþy£zœ x:y£zvþ ç £zíy£zœ öîÊy›y£zöìvþîû  
xÄyœöì„þy£œ#ëû oî’öì„þ vþz_® „þîûy £œÐ „þ# ‡öìÝþ ¢›#„þîû’„þ¢£ öœ…Ð

vþz_îûéôôôé Ýþyîû!¢ëûyîû# !îvþzÝþy£zœ x:y£zvþ ç ö¢y!vþëûy› £zöìíy:y£zöìvþîû !›×öì’îû 
xÄyœöì„þy£œ#ëû oî’öì„þ vþz_® „þîûöìœ Ýþyîû!¢ëûyîû# !îvþzÝþy£zœ £zíy£zœ £zíyîû vþzêþ™§¬ 
£ëûÐ !î!e«ëûy!Ýþ SN2 ö›„þy!˜öì‹öì› ›y•Äöì› ‡öìÝþÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

H3C C

CH3

CH3

O -Na H3C C

CH3

H3C

  + CH3CH2Br
+

OCH2 CH3 + NaBr

ö¢y!vþëûy› Ýþyîû!¢ëûyîû#                      Ýþyîû!¢ëûyîû# !îvþzÝþy£zœ £zíy£zœ 
£zíyîû !îvþzÝþy£zœ x:y£zvþ

10. £zíy£zœ xyöìëûyvþy£zvþöì„þ £zíy˜œ#ëû KCN oî˜ ¢£ vþz_® „þîûy £œéôôôé„þ# 
‡öìÝþ ¢›#„þîû’ ¢£ öœ…Ð 

vþz_îûéôôôé £zíy£zœ xyöìëûyvþy£zvþöì„þ £zíy˜œ#ëû KCN oî˜ ¢£ vþz_® „þîûöìœ 
£zíy£zœ ¢yëûy˜y£zvþ vþzêþ™§¬ £ëûÐ !î!e«ëûy!Ýþ SN2 ö›„þy!˜öì‹öì› ‡öìÝþÐ

 
CH3CH2I KCN+ CH3CH2CN + KI

£zíy£zœ xyöìëûyvþy£zvþ                               £zíy£zœ ¢yëûy˜y£zvþ
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11. £zíy£zœ xyöìëûyvþy£zvþöì„þ £zíy˜œ#ëû AgCN oî˜ ¢£ vþz_® „þîûy £œéôôôé„þ# 
‡öìÝþ ¢›#„þîû’ ¢£ öœ…Ð 

vþz_îûéôôôé £zíy£zœ xyöìëûyvþy£zvþöì„þ £zíy˜œ#ëû AgCN oî˜ ¢£ vþz_® „þîûöìœ 
£zíy£zœ xy£zöì¢y¢yëûy˜y£zvþ vþzêþ™§¬ £ëûÐ !î!e«ëûy!Ýþ SN1 ö›„þy!˜öì‹öì› ‡öìÝþÐ 

CH3CH2I AgCN+ CH3CH2NC + AgI

£zíy£zœ xyöìëûyvþy£zvþ                               £zíy£zœ ¢yëûy˜y£zvþ

12. £zíy£zœ öîÊy›y£zvþöì„þ xÄyœöì„þy£öìœ oî#¦)þ“þ „þöìîû KNO2 ~îû ‹œ#ëû oî’ 
öëy† „þîûy £œéôôôé„þ# ‡öìÝþ ¢›#„þîû’ ¢£ öœ…Ð

vþz_îûéôôôé £zíy£zœ öîÊy›y£zvþöì„þ xÄyœöì„þy£öìœ oî#¦)þ“þ „þöìîû KNO2 ~îû ‹œ#ëû 
oî’ öëy† „þîûöìœ ˜y£zöìÝþÆy £zöìí˜ vþzêþ™§¬ £ëûÐ !î!e«ëûy!Ýþ SN2 ö›„þy!˜öì‹öì› ‡öìÝþÐ

CH3CH2Br KNO2+ CH3CH2NO2 + KBr

13. £zíy£zœ öîÊy›y£zvþöì„þ xÄyœöì„þy£öìœ oî#¦)þ“þ „þöìîû AgNO2 ~îû ‹œ#ëû 
oî’ öëy† „þîûy £œéôôôé„þ# ‡öìÝþ ¢›#„þîû’ ¢£ öœ…Ð

vþz_îûéôôôé £zíy£zœ öîÊy›y£zvþöì„þ xÄyœöì„þy£öìœ oî#¦)þ“þ „þöìîû AgNO2 ~îû ‹œ#ëû 
oî’ öëy† „þîûöìœ £zíy£zœ ˜y£zÝþÆy£zÝþ vþzêþ™§¬ £ëûÐ !î!e«ëûy!Ýþ SN1 ö›„þy!˜öì‹öì› ‡öìÝþÐ

CH3CH2Br AgNO2+ CH3CH2ONO + AgBr

14. 2éôéöìîÊyöì›y!îvþzöìÝþ˜öì„þ xÄyœöì„þy£öìœ oî#¦)þ“þ „þöìîû KOH öëy† „þöìîû vþz_® 
„þîûy £œéôôôé„þ# ‡öìÝþ ¢›#„þîû’ ¢£ öœ…Ð

vþz_îûéôôôé 2éôéöìîÊyöì›y!îvþzöìÝþ˜öì„þ xÄyœöì„þy£öìœ oî#¦)þ“þ „þöìîû KOH öëy† 
„þöìîû vþz_® „þîûöìœ ›%…Ä þ™”yíÅ !£öì¢öìî x!•„þ ²Ì!“þßþiy!þ™“þ Sö¢Ýþöì‹šþ !˜ëû›V 
xÄyœ!„þ˜– 2éôé!îvþz!Ýþ˜ ~î‚ ö†ï’ þ™”yíÅ !£öì¢öìî „þ› ²Ì!“þÛþy!þ™“þ S£šþ›Äy˜ !˜ëû›V 
1éôé!îvþz!Ýþ˜ vþzêþ™§¬ £ëûÐ

H3C
H2
C

H
C CH3

Br

Alcoholic

KOH
H3C

H
C

H
C CH3 + H3C

H2
C

H
C CH2

2éôé!îvþz!Ýþ˜ S›%…ÄV                  1éôé!îvþz!Ýþ˜ Söì†ï’V 
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15. 2éôéšÏ$þöìîûy!îvþzöìÝþ˜öì„þ xÄyœöì„þy£öìœ oî#¦)þ“þ „þöìîû NaOCH3 öëy† „þöìîû 
vþz_® „þîûy £œéôôôé„þ# ‡öìÝþ ¢›#„þîû’ ¢£ öœ…Ð

vþz_îûéôôôé 2éôéšÏ$þöìîûy!îvþzöìÝþ˜öì„þ xÄyœöì„þy£öìœ oî#¦)þ“þ „þöìîû NaOCH3 öëy† 
„þöìîû vþz_® „þîûöìœ ›%…Ä þ™”yíÅ !£öì¢öìî „þ› ²Ì!“þßþiy!þ™“þ 1éôé!îvþz!Ýþ˜ S£šþ›Äy˜ 
!˜ëû›V ~î‚ x!•„þ ²Ì!“þßþiy!þ™“þ xÄyœ!„þ˜– 2éôé!îvþz!Ýþ˜ Sö¢Ýþöì‹šþ !˜ëû›V vþzêþ™§¬ 
£ëûÐ šÏ$þ!îûöì˜îû “þ!vþüê }’yd„þ“þyîû ›y˜ öî!Ÿ £çëûyëû β–H ~îû “%þœ˜yëû α–H ~îû 
xy!ÁÔ„þ“þy xöì̃ „þ öî!ŸÐ ~£z „þyîûöì’ ›%…Ä xÄyœ!„þ˜ !£öì¢öìî 1éôé!îvþz!Ýþ˜ vþzêþ™§¬ £ëûÐ

H3C
H2
C

H
C CH3

F

Alcoholic

Na+ -OCH3
H3C

H
C

H
C CH3 + H3C

H2
C

H
C CH2

2éôé!îvþz!Ýþ˜Sö†ï’V                  1éôé!îvþz!Ýþ˜ S›%…ÄV  

16. öî!Oöì˜îû ö„Ïþy!îûöì˜Ÿ˜ ç öîÊy!›öì˜Ÿ˜ ²Ì!e«ëûy!Ýþ î’Å˜y „þîûÐ

vþz_îûéôôôé ö„Ïþy!îûöì˜Ÿ˜éôôôé
Fe îy FeCl3 ~îû vþzþ™!ßþi!“þöì“þ öî!Oöì˜îû ¢öìD ö„Ïþy!îûöì˜îû !î!e«ëûyëû 

ö„Ïþyöìîûyöìî!O˜ vþzêþ™§¬ £ëûÐ öî!Oöì˜îû ö„Ïþy!îûöì˜Ÿ˜ !î!e«ëûyëû  £zöìœ„þöìÝþÆyšþy£zœ £œ 
Cl+Ð îûy¢yëû!˜„þ !î!e«ëûyéôôôé

Fe +       Cl2 FeCl3

FeCl3 Cl2 [FeCl4]+
-Cl+

+ Cl+

H

[FeCl4]-
Cl

+ HCl + FeCl3

öîÊy!›öì̃ Ÿ˜– Fe îy FeBr3 ~îû vþzþ™!ßþi!“þöì“þ öî!Oöì̃ îû ¢öìD öîÊy!›öì̃ îû  !î!e«ëûyëû 
öìîÊyöì›yöìî!O˜ vþzêþ™§¬ £ëûÐ öî!Oöì˜îû öìîÊy!›öì˜Ÿ˜ !î!e«ëûyëû £zöìœ„þöìÝþÆyšþy£zœ £œ 
Br+Ð îûy¢yëû!˜„þ !î!e«ëûyéôôôé
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Fe +       Br2 FeBr3

FeBr3 Br2 [FeBr4]+
-Br+

+

H Br

+ HBr + FeBr3
[FeBr4]-Br+

17. öî!O˜ îœöìëûîû ¢îûy¢!îû xyöìëûy!vþöì˜Ÿ˜ ‡!Ýþöìëû xyöìëûyöìvþyöìî!O˜ ²Ìlßþ“þ 
„þîûy ëyëû ˜y ö„þ˜Ú

vþz_îûéôôôé öî!O˜ îœöìëûîû ¢îûy¢!îû xyöìëûy!vþöì̃ Ÿ˜ ‡!Ýþöìëû xyöìëûyöìvþyöìî!O˜ ²Ìlßþ“þ 
„þîûy ëyëû ˜y „þyîû’ xyöìëûy!vþ˜ ¢îöì‰þöìëû „þ› ¢!e«ëû ~î‚ xyöìëûy!vþöì˜Ÿ˜ !î!e«ëûy!Ýþ 
vþz¦þ›%…#Ð ~Šéyvþüyç vþzêþ™§¬ HI !î‹yîû„þ þ™”yíÅ £çëûyëû vþzêþ™§¬ xyöìëûyöìvþyöìî!O˜öì„þ 
öî!Oöì˜ !î‹y!îû“þ „þöìîûÐ “þöìî vþzþ™ë%_« ‹yîû„þ þ™”yíÅ öë›˜ HNO3– HIO3  
£z“þÄy!”îû vþzþ™!ßþi!“þöì“þ !î!e«ëûy ‡Ýþyöìœ vþzêþ™§¬ HI ö„þ xyöìëûy!vþöì˜ ‹y!îû“þ „þöìîûÐ 
šþöìœ !î!e«ëûy!Ýþ ¢Á¿%…†y›# £ëûÐ

+ I2

I

+ HI

HI + HNO3 I2 + NO2 H2O+

18. îû*þ™yhsþîû „þîûéôôôé

iV öî!O˜ vþyëûyöì‹y!˜ëûy› ö„Ïþyîûy£zvþ öíöì„þ öî!O˜
iiV öî!O˜ vþyëûyöì‹y!˜ëûy› ö„Ïþyîûy£zvþ öíöì„þ öšþ˜œ
iiiV öî!O˜ vþyëûyöì‹y!˜ëûy› ö„Ïþyîûy£zvþ öíöì„þ öì„Ïþyöìîûyöìî!O˜
ivV öî!O˜ vþyëûyöì‹y!˜ëûy› ö„Ïþyîûy£zvþ öíöì„þ öìîÊyöì›yöìî!O˜
vV öî!O˜ vþyëûyöì‹y!˜ëûy› ö„Ïþyîûy£zvþ öíöì„þ xyöìëûyöìvþyöìî!O˜
viV öî!O˜ vþyëûyöì‹y!˜ëûy› ö„Ïþyîûy£zvþ öíöì„þ šÏ$þöìîûyöìî!O˜
viiV öî!O˜ vþyëûyöì‹y!˜ëûy› ö„Ïþyîûy£zvþ öíöì„þ öîöìOy!ëû„þ xÄy!¢vþ
viiiV öî!O˜ vþyëûyöì‹y!˜ëûy› ö„Ïþyîûy£zvþ öíöì„þ öîOÄyœ!vþ£y£zvþ
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vþz_îûéôôôé
iV öî!O˜ vþyëûyöì‹y!˜ëûy› ö„Ïþyîûy£zvþ öíöì„þ öî!O˜

ClN2

H3PO2
N2

H3PO3

 +    H2O+
heat

-

-

iiV öî!O˜ vþyëûyöì‹y!˜ëûy› ö„Ïþyîûy£zvþ öíöì„þ öšþ˜œ
vþz_îûéôôôé

ClN2

N2

 +    H2O
heat

-
- HCl

OH

iiiV öî!O˜ vþyëûyöì‹y!˜ëûy› ö„Ïþyîûy£zvþ öíöì„þ ö„Ïþyöìîûyöìî!O˜

ClN2

HCl

CuCl
Cl

- N2

ivV öî!O˜ vþyëûyöì‹y!˜ëûy› ö„Ïþyîûy£zvþ öíöì„þ öîÊyöì›yöìî!O˜

ClN2

HBr

CuBr
Br

- N2

vV öî!O˜ vþyëûyöì‹y!˜ëûy› ö„Ïþyîûy£zvþ öíöì„þ xyöìëûyöìvþyöìî!O˜
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ClN2 I

- N2

KI

heat

viV öî!O˜ vþyëûyöì‹y!˜ëûy› ö„Ïþyîûy£zvþ öíöì„þ šÏ$þöìîûyöìî!O˜

ClN2 N2BF4
HBF4

-HCl

F

-BF3
-N2

heat

viiV öî!O˜ vþyëûyöì‹y!˜ëûy› ö„Ïþyîûy£zvþ öíöì„þ öîöìOy!ëû„þ xÄy!¢vþ
vþz_îûéôôôé 

ClN2 CN

KCN

F

CuCN H3O+

viiiV öî!O˜ vþyëûyöì‹y!˜ëûy› ö„Ïþyîûy£zvþ öíöì„þ öîOÄyœ!vþ£y£zvþ

ClN2 CN

KCN

CHO

CuCN SnCl2

HCl

19. îû*þ™yhsþîû „þîûéôôôé

iV ö„Ïþyöìîûyöìî!O˜ öíöì„þ öšþ˜œ
iiV þ™Äyîûyöì„Ïþyöìîûy˜y£zöìÝþÆyöìî!O˜ öíöì„þ öšþ˜œ
iii) 1éôéöì„Ïþyöìîûy– 2–4éôévþy£z˜y£zöìÝþÆyöìî!O˜ öíöì„þ 2–4éôévþy£z˜y£zöìÝþÆyöìšþ˜œ
ivV 1éôéöì„Ïþyöìîûy– 2–4–6-ÝþÆy£z˜y£zöìÝþÆyöìî!O˜ öíöì„þ 2–4éôévþy£z˜y£zöìÝþÆyöìšþ˜œ
vV öîÊyöì›yöìî!O˜ öíöì„þ öîöìOy!ëû„þ xÄy!¢vþ
viV öîÊyöì›yöìî!O˜ öíöì„þ Ýþœ%£z˜



A Guide Book of Chemistry172

viiV öîöìOy!ëû„þ xÄy!¢vþ öíöì„þ öîÊyöì›yöìî!O˜
viiiV ö²Ìyþ™y£z˜ öíöì„þ xÄyœy£zœ öîÊy›y£zvþ
ixV öîÊyöì›yöìî!O˜ öíöì„þ öî!O˜
vþz_îûéôôôé iV ö„Ïþyöìîûyöìî!O˜ öíöì„þ öšþ˜œ

Cl
NaOH 10%

350oC - 400oC
300 atm

NaO OH
HCl

iiV þ™Äyîûyöì„Ïþyöìîûy˜y£zöìÝþÆyöìî!O˜ öíöì„þ öšþ˜œ
vþz_îûéôôôé

Cl
NaOH 15%

180oC

NaO OH
HCl

NO2 NO2 NO2

iiiV 1éôéöì„Ïþyöìîûy– 2–4éôévþy£z˜y£zöìÝþÆyöìî!O˜ öíöì„þ 2–4éôévþy£z˜y£zöìÝþÆyöìšþ˜œ

Cl

100oC

NaO OH
HCl

NO2 NO2 NO2

NO2 NaOH NO2 NO2

ivV 1éôéöì„Ïþyöìîûy– 2–4–6-ÝþÆy£z˜y£zöìÝþÆyöìî!O˜ öíöì„þ 2–4éôévþy£z˜y£zöìÝþÆyöìšþ˜œ

Cl OH

NO2 NO2

NO2 H2O NO2O2N O2N

50oC

vV öîÊyöì›yöìî!O˜ öíöì„þ öîöìOy!ëû„þ xÄy!¢vþ
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MgBr
Br

Mg/ ether
dry ice
CO2 /

Ether

HOOC

viV öîÊyöì›yöìî!O˜ öíöì„þ Ýþœ%£z˜
vþz_îûéôôôé 

Br
Na/ ether

+ CH3Br

CH3

viiV öîöìOy!ëû„þ xÄy!¢vþ öíöì„þ öîÊyöì›yöìî!O˜
vþz_îûéôôôé

HOOC
Ag2CO3

AgOOC

-CO2

Br2/CCl4

Reflux

Br

viiiV ö²Ìyþ™y£z˜ öíöì„þ xÄyœy£zœ öîÊy›y£zvþ

HC C CH3

Na /

Liq. NH3
H2C C

H
CH3

NBS
H2C C

H

H2
C Br

ixV öîÊyöì›yöìî!O˜ öíöì„þ öî!O˜

Br
Mg /

BrMg

ether

H2O

20. DDT ²Ìlßþ“þ ²Ì’yœ# î’Å˜y „þîûÐ
vþz_îûéôôôé ö„Ïþyöìîûyöìî!O˜– ö„Ïþyîûyœ ~î‚ †y‘þü H2SO4 ~îû !›×’öì„þ vþz_® „þöìîû 

DDT ²Ìlßþ“þ „þîûy £ëûÐ
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Cl H

+ O C

H

C

Cl

Cl

Cl

Conc.

H2OCl H
Cl

Cl
CH C

Cl

Cl

Cl

ö„Ïþyöìîûyöìî!O˜                               DDT

21. £zíy£zœ ö„Ïþyîûy£zvþîû xyoÅ !îöìÙÕ¡ì’ ¢£öì‹£z ‡öìÝþ !„þlsþ ö„Ïþyöìîûyöìî!Oöì˜îû 
¢£öì‹£z ‡öìÝþ ˜yéôôôéîÄy…Äy „þîûÐ

vþz_îûéôôôé ö„Ïþyöìîûyöìî!Oöì˜îû xyoÅ !îöìÙÕ¡ì’ ¢£öì‹£z ‡öìÝþ ˜y „þyîû’ ö„Ïþy!îûöì˜îû 
!˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü öî!O˜ îœöìëûîû þ™y£z £zöìœ„þÝþÆöì˜îû ¢öìD öîûöì‹y˜Äyöìª x‚Ÿ 
@ùÌ£’ „þöìîûÐ šþöìœ „þyîÅ˜éôéö„Ïþy!îû˜ xy‚!Ÿ„þ !mîõþ˜ ‰þ!îûe œy¦þ „þöìîû ~î‚ öî!‹˜ 
îœëû öíöì„þ ¢£öì‹ ö„Ïþy!îû˜ !î!FŠé§¬ £öì“þ ‰þyëû ˜yÐ ~£z „þyîûöì’ öì„Ïþyöìîûyöìî!Oöì˜îû xyoÅ 
!îöìÙÕ¡ì’ ¢£öì‹ ‡öìÝþ ˜yÐ xþ™îûþ™öìÇþ £zíy£zœ ö„Ïþyîûy£zöìvþîû ~îû*þ™ „þyîÅ˜éôéö„Ïþy!îû˜ 
!mîõþ˜ ‰þ!îûe íyöì„þ ˜y šþöìœ ¢£öì‹£z xyoÅ !îöìÙÕ¡ì’ ‡öìÝþÐ öì„Ïþyöìîûyöìî!Oöì˜îû 
öîûöì‹yöì˜!Ýþ‚ †àþ˜ ˜#öì‰þ ö”…yöì˜y £œéôôôé

Cl Cl Cl Cl Cl

!„þlsþ vþzF‰þ “þyþ™›yeyëû ç ‰þyöìþ™ ö„Ïþyöìîûyöìî!Oöì˜îû xyoÅ !îöìÙÕ¡ì’ ‡öìÝþ 

Cl NaOH
high pressure

and temperature

OH

+ NaCl

£zíy£zœ ö„Ïþyîûy£zöìvþîû xyoÅ!îöìÙÕ¡ì˜éôôôé

CH3CH2Cl
NaOH

heat
CH3CH2OH + NaCl
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22.  îû*þ™yhsþîû „þîûéôôôé

aV !@Õ¢yîûœ öíöì„þ xÄyœy£zœ xyöìëûyvþy£zvþ
bV xÄyœy£zœ xÄyœöì„þy£œ öíöì„þ xÄyœy£zœ xyöìëûyvþy£zvþ
cV £z!í!œ˜ öíöì„þ !¦þ˜y£zœ ö„Ïþyîûy£zvþ
dV 1–3éôévþy£zöìîÊyöì›y²Ìöìþ™˜ öíöì„þ ¢y£zöì„Ïþyöì²Ìyöìþ™˜
vþz_îûéôôôé 
aV !@Õ¢yîûœ öíöì„þ xÄyœy£zœ xyöìëûyvþy£zvþ

 

CH2OH

CHOH

CH2OH

red  P  / I2

CH2

CH

CH2I
- H3PO3

!@Õ¢yîûœ               xÄyœy£zœ xyöìëûyvþy£zvþ
bV xÄyœy£zœ xÄyœöì„þy£œ öíöì„þ xÄyœy£zœ xyöìëûyvþy£zvþ

CH2

CH

CH2OH

red  P  / I2

- H3PO3

CH2

CH

CH2I

cV £z!í!œ˜ öíöì„þ !¦þ˜y£zœ ö„Ïþyîûy£zvþ

 

H2C CH2

Br2 /CCl4
H2C

Br

CH2

Br

KOH /
Alcohol,

Heat
HC CH

Hg 2+ /
65oC

HCl
H2C C

H
Cl

£z!í!œ˜                                                           
!¦þ˜y£zœ ö„Ïþyîûy£zvþ
dV 1–3éôévþy£zöìîÊyöì›y²Ìöìþ™˜ öíöì„þ ¢y£zöì„Ïþyöì²Ìyöìþ™˜
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H2
C Br

H2C

C
H2

Br

Zn / CH3OH

Heat
- ZnBr2

1–3– vþy£zöìîÊyöì›yöì²Ìyöìþ™˜                  ¢y£zöì„Ïþyöì²Ìyöìþ™˜

23. xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!O˜– ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!O˜ ç þ™Äyîûyéôévþy£zöì„Ïþyöìîûy
öìî!O˜éôéxy£zöì¢y›yîû !“þ˜!Ýþîû vþy£zöìþ™yœ ö›yöì›öìrÝþîû î,!kþîû e«›y˜%¢yöìîû ¢y‹yç 
ç îÄy…Äy „þîûÐ

vþz_îûéôôôé þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!Oöì˜ ”%!Ýþ C–Cl îõþ˜ ¼y›öì„þîû x!¦þ›%… þ™îûßþ™îû 
!îþ™îû#“þ›%…# xíÅyê 180oC £çëûyëû vþy£zöìþ™yœ ö›yöì›öìrÝþîû ›y˜ Ÿ)˜ÄÐ xþ™îûþ™öìÇþ 
xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!O˜– ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!O˜îû ”%!Ýþ C–Cl îõþ˜ ¼y›öì„þîû 
ö„þyöì’îû ›y˜ ëíye«öì› 60o ~î‚ 120oÐ xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!Oöì˜îû ”%!Ýþ C–Cl 
îõþ˜ ¼y›öì„þîû xhsþîûî“Åþ# ö„þyöì’îû ›y˜ 60o £çëûyëû œ!¸þ ¼y›öì„þîû ›y˜ îy vþy£zöìþ™yœ 
ö›yöì›öìrÝþîû ›y˜ öî!Ÿ £ëûÐ ë!” ²Ì!“þ!Ýþ C–Cl îõþ˜ ¼y›öì„þîû ›y˜ µ •îûy ëyëû 
“þy£öìœ þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!Oöì˜îû œ!¸þ ¼y›„þ 

µ(Rpara) = Ö(µ2+µ2+2µ2Cos1800)
= 0
~î‚ ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!O˜îû œ!¸þ ¼y›„þ 
µ(meara) =   = Ö(µ2+µ2+2µ2Cos1200)
µ(meta) = Ö(µ2+µ2–µ2) 
îy µ(meta)  = Ö(µ2+µ2–µ2)
= µ
~î‚ xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!Oöì̃ îû œ!¸þ ¼y›„þ µ(Orthoa) = Ö(µ2+µ2+2µ2Cos600)
 = Ö3µ     
¢%“þîûy‚ vþy£zöìþ™yœ ö›yöì›öìrÝþîû î,!kþîû e«›y˜%¢yîû £öìœyéôôôé
þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!O˜ < ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!O˜ < xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!O˜ 
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24. þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!O˜– ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!O˜ ~î‚ xöìíÅyéôé 
vþy£zöì„Ïþyöìîûyöìî!O˜ ~îû ›öì•Ä ö„þy˜!Ýþîû †œ˜yBþ ç ßþ³%þÝþ˜y‚öì„þîû e«› öœ… ç 
îÄy…Äy „þîûÐ

vþz_îûéôôôé þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!O˜– ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!O˜ ~î‚ xöìíÅyéôé 
vþy£zöì„Ïþyöìîûyöìî!O˜ xy£zöì¢y›yîû !“þ˜!Ýþîû xy’!î„þ =îûc ~„þ£z £çëûyëû þ™Äyîûyéôé 
vþy£zöì„Ïþyöìîûyöìî!Oöì˜îû !möì›îû& ¼yöì›îû ›y˜ ¢îöì‰þöìëû „þ›Ð ²Ì!“þ¢› x’% £çëûyëû ¢%¡ì› 
ö„þœy¢ †àþ˜ „þöìîûÐ þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!Oöì˜îû x’%=!œ ö„þœyöì¢ ¢%¢› !î˜Äyöì¢îû 
šþöìœ xyöìÝþy¢yöìÝþy xîßþiyëû íyöì„þ šþöìœ †œ˜yBþ ¢îöì‰þöìëû öî!Ÿ  £ëûÐ xþ™îûþ™öìÇþ 
xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!Oöì˜îû !möì›îû& ¼y›öì„þîû ›y˜ ¢îöì‰þöìëû öî!Ÿ £çëûyîû ‹˜Ä 
vþy£zöìþ™yœéôévþy£zöìþ™yœ xy„þ¡ìÅ’ îœ ¢îöì‰þöìëû öî!Ÿ !e«ëûy „þîûyëû ßþ³%þÝþ˜y‚„þ ¢îöì‰þöìëû 
öî!Ÿ £ëûÐ þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!Oöì˜îû ”%!Ýþ C–Cl îõþ˜ ¼y›öì„þîû x!¦þ›%… þ™îûßþ™îû 
!îþ™îû#“þ›%…# xíÅyê 180oC £çëûyëû vþy£zöìþ™yœ ö›yöì›öìrÝþîû ›y˜ Ÿ)˜ÄÐ “þy£z þ™Äyîûy–
vþy£zöì„Ïþyöìîûyöìî!Oöì˜îû ßþ³%þÝþ˜yBþ ¢îöì‰þöìëû „þ›Ð ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!Oöì˜îû !möì›îû& 
¼y›öì„þîû ›y˜ þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!O˜ ~î‚ xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!O˜ ›yGþy›!Gþ 
£çëûyëû £z£yîû ßþ³%þÝþ˜y‚„þ ›yGþy›y!Gþ £ëûÐ 

 

Cl

Cl

Cl

Cl

Cl

Cl

þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!O˜       ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!O˜          xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!O˜
ßþ³%þÝþ˜y‚öì„þîû î,!kþîû e«›éôôôé
þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!O˜ < ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!O˜ < xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!O˜

25. þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!O˜– ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!O˜ ~î‚ xöìíÅyéôé 
vþy£zöì„Ïþyöìîûyöìî!O˜ ~îû ›öì•Ä ö„þy˜!Ýþîû †œ˜yBþ e«› öœ… ç îÄy…Äy „þîûÐ

vþz_îûéôôôé 
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Cl

Cl

Cl

Cl

Cl

Cl

xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!O˜  ¢%¡ì› ö„þœy¢ †àþ˜ „þöìîûÐ þ™Äyîûyéôévþy£z öì„Ïþyöìîûyöìî!Oöì̃ îû 
”%!Ýþ ö„Ïþy!îû˜ þ™îû›y’% þ™îûßþ™îû !îþ™îû#“þ !”öì„þ íy„þyëû ~!Ýþ ²Ì!“þ¢› ²Ì„,þ!“þîû £ëû 
~î‚ ö„þœyöì¢ x’%=!œ ¢%¢› !î˜Äyöì¢îû šþöìœ xyöìÝþy¢yöìÝþy xîßþiyëû íyöì„þ šþöìœ 
†œ˜yBþ ¢îöì‰þöìëû öî!Ÿ £ëûÐ xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!Oöì˜îû ”%!Ýþ ö„Ïþy!îû˜ þ™îû›y’% 
þ™îûßþ™îû 60o ö„þyöì’ xîßþiy˜ „þîûyëû ~!Ýþ ¢îöì‰þöìëû „þ› ²Ì!“þ¢y›Ä î“Åþ›y˜ ~î‚  
ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!Oöì˜îû ²Ì!“þ¢y›Ä ²Ì„,þ!“þ– xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!O˜ ç þ™Äyîûyéôé 
vþy£zöì„Ïþyöìîûyöìî!Oöì˜îû ›yGþy›y!Gþ £ëûÐ šþöìœ ö„þœyöì¢ xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!Oöì˜îû 
x’%=!œ ¢îöì‰þöìëû „þ› xyöìÝþy¢yöìÝþy xîßþiyëû íyöì„þÐ ~£z „þyîûöì’ xöìíÅyéôévþy£zöì„Ïþyöìîûy 
öìî!Oöì˜îû †œ˜yBþ ¢îöì‰þöìëû „þ› ~î‚ þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!Oöì˜îû †œ˜yBþ ¢îöì‰þöìëû 
öî!Ÿ ç ö›Ýþyéôévþy£zöì„Ïþyöìîûy öî!Oöì˜îû †œ˜yBþ ›yGþy›!GþÐ ¢%“þîûy‚ †œ˜yöìBþîû î,!kþîû 
e«›éôôôé

xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!O˜ < ö›Ýþyéôévþy£zöì„Ïþyöìîûy öî!O˜ < þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!O˜

26. n–öþ™rÝþy£zœ ö„Ïþyîûy£zvþ– xy£zöì¢yöìþ™rÝþy£zœ ö„Ïþyîûy£zvþ ç !˜çöìþ™rÝþy£zœ 
ö„Ïþyîûy£zöìvþîû ßþ³%þÝþ˜y‚öì„þîû î,!kþîû e«›y˜%¢yöìîû ¢y‹yç ç îÄy…Äy „þîûÐ 

vþz_îûéôôôé 

Cl
ClCl

n–öþ™rÝþy£zœ ö„Ïþyîûy£zvþ !˜çöìþ™rÝþy£zœ ö„Ïþyîûy£zöìvþîû  xy£zöì¢yöìþ™rÝþy£zœ  ö„Ïþyîûy£zvþ   
n–öþ™rÝþy£zœ ö„Ïþyîûy£zvþ– xy£zöì¢yöìþ™rÝþy£zœ ö„Ïþyîûy£zvþ ç !˜çöìþ™rÝþy£zœ ö„Ïþyîûy£zöìvþîû 

xy’!î„þ =îû&c ~„þ£z £çëûyëû xy£zöì¢y›yîû=!œîû ßþ³%þÝþ˜y‚öì„þîû e«› x˜%îû&þ™ £çëûy 
vþz!‰þ“þÐ !„þlsþ n–öþ™rÝþy£zœ ö„Ïþyîûy£zöìvþîû ßþ³%þÝþ˜y‚„þ ¢îöì‰þöìëû öî!Ÿ ~î‚ !˜çöìþ™rÝþy£zœ 
ö„Ïþyîûy£zöìvþîû ßþ³%þÝþ˜y‚„þ öî!Ÿ „þyîû’ n–öþ™rÝþy£zœ ö„Ïþyîûy£zöìvþîû xy„,þ!“þ !‹†éôé‹Äy† 
²Ì„,þ!“þîû £çëûyëû þ™,Ûþ“þöìœîû öìÇþešþœ !˜çöìþ™rÝþy£zœ ö„Ïþyîûy£zöìvþîû “%þœ˜yëû öî!Ÿ „þyîû’ 
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!˜çöìþ™rÝþy£zœ ö„Ïþyîûy£zöìvþîû xy„,þ!“þ ö†yœ„þ ²Ì„,þ!“þîûÐ xþ™îû!”öì„þ xy£zöì¢yöìþ™rÝþy£zœ 
ö„Ïþyîûy£zöìvþîû þ™,Ûþ“þöìœîû öÇþešþœ !˜çöìþ™rÝþy£zœ ö„Ïþyîûy£zvþ ç n–öþ™rÝþy£zœ ö„Ïþyîûy£zöìvþîû 
›yGþy›y!Gþ ›yöì’îû £ëûÐ xyîyîû x’%=!œîû !˜öì‹öì”îû ›öì•Ä ¦þÄy[þyîû çëûyœ xy„þ¡ìÅ’ 
îœ x’%îû þ™,Ûþ“þöìœîû öìÇþešþöìœîû vþzþ™îû !˜¦Åþîû „þöìîûÐ þ™,Ûþ“þöìœîû öìÇþešþœ ë“þ î,!kþ 
þ™yëû ¦þÄy[þyîû çëûyœ xy„þ¡ìÅ’ îœ “þÝþ î,!kþ þ™yëûÐ ¢%“þîûy‚ n–öþ™rÝþy£zœ ö„Ïþyîûy£zvþ– 
xy£zöì¢yöìþ™rÝþy£zœ ö„Ïþyîûy£zvþ ç !˜çöìþ™rÝþy£zœ ö„Ïþyîûy£zöìvþîû ßþ³%þÝþ˜y‚öì„þîû î,!kþîû e«›éôôôé

!˜çöìþ™rÝþy£zœ ö„Ïþyîûy£zöìvþîû < xy£zöì¢yöìþ™rÝþy£zœ ö„Ïþyîûy£zvþ < n–öþ™rÝþy£zœ 
ö„Ïþyîûy£zvþ   

MCQ

Br

I
NH3

EtOH
1. X

!î!e«ëûy‹y“þ þ™”yíÅ  'X' £œ 

A)
Br

H2N

NH2

I

NH2
Br

EtO

B)

C) D)

H2N

 

H-Br

 1 mol
2. P

!î!e«ëûy‹y“þ þ™”yíÅ 'P' £œ 
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A) B)

C) D)

Br

Br

Br

Br

3.  ˜#öì‰þîû ö„þy˜ öëïöì†îû ¢öìD HCN !î!e«ëûyëû vþzêþ™§¬ þ™”yöìíÅîû xyoÅ!îöìÙÕ¡ìöì’ 
öîû!¢!›„þ !›×’ þ™yçëûy ëyëû

A. CH3COCl B. CH3COCH3

C) CH3CHO D) CH3CH2OH

4. öî!O˜ îœöìëû xyöìëûy!vþöì˜Ÿöì˜îû öÇþöìe ˜#öì‰þîû ö„þy˜ !î„þyîû„þ!Ýþ vþzþ™ë%_«
A. B. I2/ NaOH

C) HI D) I2/HNO3

KI

5.  KOH ~îû ‹œ#ëû oîöì’ ˜#öì‰þîû ö„þy˜ !î!e«ëûöì„þîû ~îû ¢öìD ²Ì!“þßþiyþ™˜ 
!î!e«ëûy!Ýþ SN1 ö›„þy!˜‹öì› ‡öìÝþ  

A) CH3I B) CH3CH2Br                                
C) C6H5CH2Br D) CH3CH(CH3)CH2Br

F3C C
H

CH2

H-Br
P6.

!î!e«ëûy‹y“þ þ™”yíÅ  'P' £œ 
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A) F3C C
H2

CH2Br B) F3C CH CH3

Br

C) F3C CH CH2Br
Br

D) F3C CH CHBr2
Br

O2N C
H

CH2

H-Br
P7.

!î!e«ëûy‹y“þ þ™”yíÅ 'P' £œ 

A) O2N C
H2

CH2Br B) O2N CH CH3

Br

C) O2N CH CH2Br
Br

D) O2N CH CHBr2
Br

8. 110oC “þyþ™›yeyëû š%þÝþhsþ Ýþœ%£zöì˜ x!“þ!îû_« þ™!îû›yöì’ ö„Ïþy!îû˜ †Äy¢ ‰þyœ˜y 
„þîûöìœ ˜#öì‰þîû ö„þy˜!Ýþ vþzêþ™§¬ £öìîéôôôé

CH3 CH3

CH2Br CBr3

A) B)

C) D)

Br

Br

 

C C

HH

H3C CH3
Br2 / CCl4

P9.

!î!e«ëûy‹y“þ þ™”yíÅ  'P' £œ 
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H

CH3

Br

Br

H

H3C

A) B)
Br

CH3

Br

H

H

H3C

Br

CH3

Br

Br

H

H3C

Br

CH3

H

H

Br

H3C

C) D)

C C

CH3H

H3C H
Br2 / CCl4

P10.

 

H

H3C

Br

Br

H

H3C

A) B)

C) D)

Br

H3C

Br

H

H

H3C

Br

H3C

Br

Br

H

H3C

H

H3C

Br

H

H

H3C

11. ˜#öì‰þîû ö„þy˜!Ýþ ¢£öì‹£z xyoÅ!îöìÙÕ!¡ì“þ £ëûéôôôé
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Cl

NO2

Cl

NO2

Cl

NO2
Cl

NO2

O2N

O2N

O2N NO2

A) B)

C) D)

NBS
12. P

!î!e«ëûy‹y“þ þ™”yíÅ 'P' £œ 

A) B)

C) D)

Br

Br

Br

Br

Br

H2C C
H

CH3

Cl2

400oC
P13.

A) !¦þ˜y£zœ ö„Ïþyîûy£zvþ B) 2–öì„Ïþyöìîûyöì²Ìy!þ™˜                              
C) xÄyœy£zœ ö„Ïþyîûy£zvþ D) 1,2–vþy£zöì„Ïþyöìîûyöì²Ìyöìþ™˜

14. £zíy£zœ šÏ$þîûy£zvþþ ²Ìlßþ“þ „þîûyîû ¢îöì‰þöìëû vþzþ™ë%_« þ™kþ!“þ £œ–

A) !šþ‚öì„þœöìÞÝþ˜ !î!e«ëûy B) ¢Äy[þöì›ëûyîû !î!e«ëûy                                   
C) ö¢yëûyÝÅþ¢ !î!e«ëûy D) ö„þy˜!Ýþ ˜ëû 

15.  þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!O˜– ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!O˜ ~î‚ xöìíÅyéôévþy£z 
öì„Ïþyöìîûyöìî!Oöì˜îû ~îû ›öì•Ä †œ˜yöìBþîû î,!kþîû e«› £œéôôôé
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A) þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!O˜ < ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!O˜ < xöìíÅyéôé vþy£zöì„Ïþyöìîûyöìî!Oöì̃ îû
B) ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!O˜ < þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!O˜ < xöìíÅyéôé vþy£zöì„Ïþyöìîûyöìî!Oöì̃ îû
C) xöìíÅyéô évþy£zöì„Ïþyöìîûyöìî!Oöì˜îû < ö›Ýþyéô évþy£zöì„Ïþyöìîûyöìî!O˜ < þ™Äyîûy éô é 

vþy£zöì„Ïþyöìîûyöìî!O˜ 
D) ö„þy˜!Ýþ ˜ëû 

16. !˜çöìþ™rÝþy£zœ ö„Ïþyîûy£zöìvþîû– xy£zöì¢yöìþ™rÝþy£zœ  ö„Ïþyîûy£zvþ ~î‚  n–öþ™rÝþy£zœ 
ö„Ïþyîûy£zvþ ßþ³%þÝþ˜y‚öì„þîû î,!kþîû e«› £œ–  

A) !˜çöìþ™rÝþy£zœ ö„Ïþyîûy£zöìvþîû < xy£zöì¢yöìþ™rÝþy£zœ ö„Ïþyîûy£zvþ < n– öþ™rÝþy£zœ 
ö„Ïþyîûy£zvþ

B) n– öþ™rÝþy£zœ ö„Ïþyîûy£zvþ < !˜çöìþ™rÝþy£zœ ö„Ïþyîûy£zöìvþîû < xy£zöì¢yöìþ™rÝþy£zœ  
ö„Ïþyîûy£zvþ  

C) !˜çöìþ™rÝþy£zœ ö„Ïþyîûy£zöìvþîû < n– öþ™rÝþy£zœ ö„Ïþyîûy£zvþ < xy£zöì¢yöìþ™rÝþy£zœ  
ö„Ïþyîûy£zvþ

D) ö„þy˜!Ýþ ˜ëû

17. þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!O˜– ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!O˜  ~î‚ xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!O˜ 
~îû !möì›îû& ¼y›öì„þîû î,!kþîû e«› –

A) þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!O˜ < ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!O˜ < xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!O˜ 
B) þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!O˜ < ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!O˜ < xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!O˜
C) þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!O˜ < ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!O˜ < xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!O˜ 
D) þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!O˜ < ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!O˜ < xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!O˜

18. !›íy£zœ šÏ$þîûy£zvþþ– !›íy£zœ ö„Ïþyîûy£zvþ– !›íy£zœ öîÊy›y£zvþþ ç !›íy£zœ 
xyöìëûyvþy£zöìvþîû !möì›îû&¼y›„þ î,!kþîû e«› –

A) !›íy£zœ šÏ$þîûy£zvþ < !›íy£zœ ö„Ïþyîûy£zvþ < !›íy£zœ öîÊy›y£zvþ < !›íy£zœ 
xyöìëûyvþy£zöìvþîû

B) !›íy£zœ ö„Ïþyîûy£zvþ > !›íy£zœ šÏ$þîûy£zvþþ > !›íy£zœ öîÊy›y£zvþþ > !›íy£zœ 
xyöìëûyvþy£zöìvþîû

C) !›íy£zœ öîÊy›y£zvþþ < !›íy£zœ ö„Ïþyîûy£zvþ < !›íy£zœ šÏ$þîûy£zvþþ < !›íy£zœ 
xyöìëûyvþy£zöìvþîû

D) !›íy£zœ ö„Ïþyîûy£zvþ < !›íy£zœ öîÊy›y£zvþþ < !›íy£zœ šÏ$þîûy£zvþþ < !›íy£zœ 
xyöìëûyvþy£zöìvþîû
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19. þ™Äyîûy éô évþy£zö ì„ Ï þyö ìî ûyö ìî!O˜– ö›Ýþy éô évþy£zö ì„ Ï þyö ìî ûyö ìî!O˜ ~î‚ xöìíÅy éô é 
vþy£zöì„Ïþyöìîûyöìî!Oöì˜îû ~îû ›öì•Ä ßþ³%þÝþ˜y‚öì„þîû î,!kþîû e«› £œ– 

A) þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!O˜ < ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!O˜ < xöìíÅyéôé vþy£zöì„Ïþyöìîûyöìî!Oöì̃ îû
B) þ™Äyîûyéôévþy£zöì„Ïþyöìîûyöìî!O˜ < xöìíÅyéôévþy£zöì„Ïþyöìîûyöìî!Oöì̃ îû < ö›Ýþyéôévþy£zöì„Ïþyöìîûyöìî!O˜
C) xöìíÅy éô évþy£zö ì„Ïþyöìîûyö ìî!Oöì˜îû < ö›Ýþyéô évþy£zö ì„Ïþyöìîûyöìî!O˜ < þ™Äyîûy éô é 

vþy£zöì„Ïþyöìîûyöìî!O˜ 
D) ö„þy˜!Ýþ ˜ëû 

20. !¦þ˜y£zœ ö„Ïþyîûy£zöìvþîû ç £zíy£zœ ö„Ïþyîûy£zöìvþîû öÇþöìe ˜#öì‰þîû ö„þy˜ vþz!_«!Ýþ ¢!àþ„þ–

A) !¦þ˜y£zœ ö„Ïþyîûy£zöìvþîû “%þœ˜yëû £zíy£zœ ö„Ïþyîûy£zöìvþîû !möì›îû& ¼y›öì„þîû ›y˜ öî!ŸÐ
B) !¦þ˜y£zœ ö„Ïþyîûy£zöìvþîû “%þœ˜yëû £zíy£zœ ö„Ïþyîûy£zöìvþîû !möì›îû& ¼y›öì„þîû ›y˜ „þ›Ð
C) !¦þ˜y£zœ ö„Ïþyîûy£zvþ ç £zíy£zœ ö„Ïþyîûy£zöìvþîû !möì›îû& ¼y›öì„þîû ¢›y˜Ð
D) ö„þy˜!Ýþ ˜ëû

21. öî!Oöì˜îû ö„Ïþy!îûöì˜Ÿ˜ !î!e«ëûyëû £zöìœöìÝþÆyšþy£zœ £œ–

A) ö„Ïþy!îû˜ x’% B) Cl+

C) FeCl3 D) Fe

22. !›íy˜öìœ oî#¦)þ“þ vþy£zöìîÊyöì›y ö²Ìyöìþ™˜öì„þ !‹‚„þ ‰þ)’Å¢£ vþz_® „þîûöìœ ˜#öì‰þîû 
ö„þy˜!Ýþ vþzêþ™§¬ £ëûéôôôé

A) ö²Ìy!þ™˜ B) ö²Ìyþ™y£z˜
C) ¢y£zöì„Ïþyöì²Ìyöìþ™˜ D) !îvþzöìÝþ˜

23. £zíyîû oîöì’ oî#¦)þ“þ !‹öìBþîû vþzþ™!ßþi!“þöì“þ xÄyœ!vþ£y£zvþ îy !„þöìÝþyöì˜îû ¢öìD 
β–öìîÊyöì›y ~ÞÝþyöìîûîû– !î!e«ëûyëû ˜#öì‰þîû ö„þy˜ öëï†!Ýþ vþzêþ™§¬ £ëûÚ

A) ö²Ìy!þ™˜  B) ö²Ìyþ™y£z˜
C) β–£y£zvÈþ!: ~ÞÝþyîû D) !îvþzöìÝþ˜

24. †y‘þü ¢yœ!šþvþz!îû„þ xÄy!¢öìvþîû vþzþ™!ßþi!“þöì“þ ö„Ïþyöìîûyöìî!Oöì˜îû ¢öìD ˜#öì‰þîû 
ö„þy˜!Ýþîû ¢öìD !î!e«ëûyëû DDT– ²Ìlßþ“þ „þîûy £ëûÚ

A) ö²Ìyþ™y˜Äyœ B) ö„Ïþyîûyœ
C) xÄy!¢öìÝþy˜ D) ö„þy˜!Ýþ ˜ëû 
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25. ÝþÆyª– 2éôé!îvþz!Ýþöì˜îû ¢öìD „þyîÅ˜ öÝþÝþÆyöì„Ïþyîûy£zöìvþ oî#¦)þ“þ öîÊy!›˜ öëy† „þîûöìœ 
ö„þy˜!Ýþ vþzêþ™§¬ £öìîÚ

A) ö›öì¢yéôé2–3éôévþy£zöìîÊyöì›y!îvþzöìÝþ˜ B) Ö•% d–(+)–2–3éôévþy£zöìîÊyöì›y!îvþzöìÝþ˜
C) Ö•% l–(+)–2–3éôévþy£zöìîÊyöì›y!îvþzöìÝþ˜ D) ö„þy˜!Ýþ ˜ëû 

26. CH3CH=CHCHBrCH3 öëï†!Ýþîû „þëû!Ýþ !ÞÝþ!îûçéôéxy£zöì¢y›yîû ¢½þîÚ
A) 3 B) 2
C) 4 D) 5

27. 2–3éôévþy£zöìîÊyöì›y!î)þzöìÝþöì˜îû „þëû!Ýþ xy£zöì¢y›yîû ¢½þîÚ
A) 3 B) 2
C) 4 D) 5

28. ˜#öì‰þîû ö„þy˜ä öëï†!Ýþîû !˜vþz!„Ïþç!šþ!œ„þ ²Ì!“þßþiyþ™˜ !î!e«ëûy!Ýþ ¢îöì‰þöìëû o&“þ 
‡ÝþöìîÚ

Cl Cl

Cl
Cl

A)
B)

C)
D)

NO2

NO2

CH3

29. 2éôéöìîÊyöì›y!îvþzöìÝþöì˜îû ”%!Ýþ !ÞÝþ!îûçéôéxy£zöì¢y›yîû þ™îûßþ™îû–

A) ~˜y!ªç›yîû B) vþyëûy!ÞÝþ!îûç›yîû
C) ö›öì¢y›yîû D) ö£yöì›y›yîû

OCH3

Br

Na /

Liq. NH3
X +     Y +    Z

Major

30.

!î!e«ëûy!Ýþöì“þ ›%…Ä !î!e«ëûy‹y“þ þ™”yíÅ 'P' £œ
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H3CO H3CO

H3CO

A) B)

C) D)

NH2
NH2

NH2

H3CO

H
C

H
C CH3

H-Br
P31.

!î!e«ëûy!Ýþöì“þ ›%…Ä !î!e«ëûy‹y“þ þ™”yíÅ 'P' £œ

 

H
C

H
C

Br

CH3

H

A)
B) H

C
H
C

H

CH3

Br

C)
H
C

H
C

Br

CH3

Br
D)

H
C

H
C

H

CH3

H

Br

H2
C O

H2
C CH3 H-I

32. Products

vþzþ™öìîûîû !î!e«ëûyîû !î!e«ëûy‹y“þ þ™”yíÅ=!œ £œéôôôé
CH2I

+ CH3CH2OHA)

B)
CH2OH

+ CH3CH2I

C) OH
+ CH3CH2I

D)
I

+ CH3CH2OH
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33.  ˜#öì‰þîû ö„þy˜ £y£zöìvÈþy „þyîÅöì˜îû ›öì˜yöì„Ïþy!îûöì˜Ÿ˜ ‡öìÝþéôôôé

A) xy£zöì¢yöìþ™öìrÝþ˜ B) !˜çöìþ™öìrÝþ˜
C) ö²Ìyöìþ™˜ D) !îvþzöìÝþ˜

34.

Cl

Br

1.Mg/ ether

2. H2O
P

!î!e«ëûy!Ýþöì“þ ›%…Ä !î!e«ëûy‹y“þ þ™”yíÅ 'P' £œ

A)

Br
Cl

Br Br

B.

C. D.
Cl

HO

MCQ
 Ans. 1.A, 2.A, 3.C, 4.D, 5.C, 6.A, 7.A, 8.D, 9.B, 10.A, 11.C, 

12.A, 13.C, 14.C, 15.A, 16.A, 17.A, 18. B, 19.A, 20.A, 21.B, 
22.C, 23.C, 24.C, 25.A, 26.C, 27.A, 28.B, 29.A, 30.A, 31.A, 
32.A, 33. B, 34.A
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xÄyœöì„þy£œ– öšþ˜œ ç £zíyîû

1. 1o– 2o ç 3o xÄyœöì„þy£œ Ÿ˜y_«„þîûöì’îû œ%„þy¢ þ™îû#Çþy!Ýþ î’Å˜y „þîûÐ

vþz_îûéôôôé 1o– 2o ç 3o xÄyœöì„þy£œ Ÿ˜y_«„þîû’ œ%„þy¢ þ™îû#Çþyîû ¢y£yöìëÄ 
„þîûy £ëûÐ þ™îû#Çþyëû îÄî£*“þ !î„þyîû„þ £œ œ%„þy¢ !î„þyîû„þ ëy †y‘þü HCl ç x˜yoÅ  
ZnCl2 !›×˜Ð !“þ˜!Ýþ öÝþÞÝþ !Ýþvþzî !˜öìëû þ™îû#Çþ’#ëû “þîûöìœ œ%„þy¢ !î„þyîû„þ öëy† 
„þîûy ›ye£z ë!” “þîûœ!Ýþ ö‡yœyöìÝþ £ëû “þy£öìœ ²Ì›y!’“þ £öìî þ™îû#Çþ’#ëû “þîûœ!Ýþ 3o 
xÄyœöì„þy£œÐ xyîû ë!” þ™y¤‰þ !›!˜öìÝþîû ›öì•Ä ö‡yœyöìÝþ ¦þyî £ëû “þy£öìœ þ™îû#Çþ’#ëû 
“þîûœ!Ýþ 2o xÄyœöì„þy£œ ~î‚ öÝþÞÝþ !Ýþvþzöìîîû “þîûœ!Ýþöì„þ öšþyÝþyöì˜yîû þ™îû ö‡yœyöìÝþ 
¦þyî £ëû “þy£öìœ î%Gþöì“þ £öìî þ™îû#Çþ’#ëû “þîûœ!Ýþ 1o xÄyœöì„þy£œÐ îûy¢yëû!˜„þ !î!e«ëûy–

1o xÄyœöì„þy£œéôôôé

C + HCl
ZnCl2

+ H2O

H

R H

OH

1o

C

H

R H

Cl

2o xÄyœöì„þy£œéôôôé

C + HCl
ZnCl2

+ H2O

R

R H

OH

2o

C

R

R H

Cl

3o xÄyœöì„þy£œéôôôé

C + HCl
ZnCl2

+ H2O

R

R R

OH

3o

C

R

R R

Cl
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2. !¦þQîû ö›ëûyîû þ™îû#Çþyîû SVictor Meyer's testV ¢y£yöìëÄ 1o– 2o ç 3o 
xÄyœöì„þy£œöì„þ „þ#¦þyöìî Ÿ˜y_«„þîû’ „þîûy £ëûÚ

vþz_îûéôôôé 
vþz_îûéôôôé !¦þQîû ö›ëûyîû þ™îû#Çþyîû SVictor Meyer7s testV ¢y£yöìëÄ 1o– 2o 

ç 3o xÄyœöì„þy£œöì„þ Ÿ˜y_«„þîû’ „þîûöì“þ xÄyœöì„þy£œöì„þ ²Ìíöì› ˜y£zöìÝþÆy öëïöì† 
þ™!îû’“þ „þîûy £ëû ~î‚ vþzêþ™§¬ ˜y£zöìÝþÆy öëï†öì„þ ˜y£zöìÝþÆyöì¢y öëïöì† þ™!îû’“þ „þîûöì“þ 
˜y£zÝþÆy¢ xÄy!¢öìvþîû ¢öìD !î!e«ëûy ‡Ýþyöì“þ £ëûÐ ~îûþ™îû oîöì’ NaOH öëy† „þîûöìœ 
!î!¦þ§¬ îöì’Åîû oî’ þ™yçëûy ëyëûÐ oîöì’îû î’Å ö”öì… 1o– 2o ç 3o xÄyœöì„þy£œöì„þ 
Ÿ˜y_«„þîû˜ „þîûy £ëûÐ

îûy¢yëû!˜„þ !î!e«ëûyéôôôé
1o xÄyœöì„þy£öìœîû öÇþöìe ƒ 

R C

H

OH

H

red P /

HI
R C

H

I

H
AgNO2

R C

H

NO2

H
HNO2

R C

H

NO2

NO R C

NO2

N OH NaOH
R C

NO2

N ONa

red ppt.

2o  xÄyœöì„þy£öìœîû öÇþöìe ƒ

R C

R

OH

H
red P /

HI

R C

R

I

H
AgNO2

R C

R

NO2

H

HNO2

R C

R

NO2

NOAlcohol

or  ether
Blue solution

NaOH

Pseudonitrol

Insoluble
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3o xÄyœöì„þy£öìœîû öÇþöìe ƒ

 

R C

R

OH

R
red P /

HI
R C

R

I

R
AgNO2

R C

R

NO2

R
HNO2 No reaction

NaOH

î’Å£#˜ oî’

3. ‹yîû’ þ™kþ!“þöì“þ 1o– 2o ç 3o xÄyœöì„þy£œöì„þ „þ#¦þyöìî Ÿ˜y_«„þîû’ „þîûy £ëûÚ

vþz_îûéôôôé xy!ÁÔ„þ K2Cr2O7 myîûy xÄyœöì„þy£œöì„þ ‹y!îû“þ „þîûy £ëû šþöìœ oîöì’îû 
îöì’Åîû þ™!îûî“Åþ˜ ‡öìÝþÐ x“þƒþ™îû oîöì’îû îöì’Åîû þ™!îûî“Åþ˜ œÇþÄ „þöìîû ~î‚  vþzêþ™§¬ 
þ™”yíÅ Ÿ˜y_« „þöìîû 1o– 2o ç 3o xÄyœöì„þy£œöì„þ Ÿ˜y_«„þîû’ „þîûy £ëûÐ 

îûy¢yëû!˜„þ !î!e«ëûyéôôôé
1o xÄyœöì„þy£öìœîû öÇþöìe ƒ
xy!ÁÔ„þ þ™Ýþy!¢ëûy› vþy£zöìe«yöì›Ýþ myîûy 1o xÄyœöì„þy£œ ‹y!îû“þ £öìëû xÄyœöì„þy£öìœîû 

¢›„þyîÅ̃  xÄyœ!vþ£y£zvþ îy „þyîÅy!:!œ„þ xÄy!¢öìvþ þ™!îû’“þ £ëû ~î‚ ö¢£z ¢öìD oîöì’îû 
î’Å „þ›œy öíöì„þ ˜#œy¦þ ¢î%‹ îöì’Å þ™!îû’“þ £ëûÐ vþzêþ™§¬ xÄyœ!vþ£y£zvþ Ýþöìœª 
!î„þyîûöì„þîû ¢y£yöìëÄ Ÿ˜y_« „þîûy £ëû ~î‚ „þyîÅy!:!œ„þ xÄy!¢vþ ~ÞÝþy!îû!šþöì„þŸ˜ 
!î!e«ëûy myîûy Ÿ˜y_«„þîû’ „þîûy £ëûÐ

R C

H

OH

H R C

O

H
[O]K2Cr2O7/

H2SO4

R C

O

OH

R C

O

H
Ag2O

Tollen's reagent
R C

O

OH + 2Ag
Silver mirror

R C

O

OH
CH3CH2OH/

conc. H2SO4

R C

O

OC2H5 + H2O
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2o xÄyœöì„þy£öìœîû öÇþöìe ƒ
xy!ÁÔ„þ þ™Ýþy!¢ëûy› vþy£zöìe«yöì›Ýþ myîûy 2o xÄyœöì„þy£œ ‹y!îû“þ £öìëû xÄyœöì„þy£öìœîû 

¢›„þyîÅ˜ þ™îû›y’% ë%_« !„þöìÝþyöì˜ þ™!îû’“þ £ëû ~î‚ ö¢£z ¢öìD oîöì’îû î’Å „þ›œy 
öíöì„þ ˜#œy¦þ ¢î%‹ îöì’Å þ™!îû’“þ £ëûÐ vþzêþ™§¬ !„þöìÝþyöì˜ 2, 4, DNP öëy† „þîûöìœ 
„þ›œy SorangeV îöì’Åîû x•ƒöìÇþþ™ þ™öìvþüÐ

R C

O

R

Ketone

+
H
NH2N

O2N

NO2
H
NN

O2N

NO2
C

R

R

+ H2O

Orange  ppt.

3o xÄyœöì„þy£öìœîû öÇþöìe ƒ
xy!ÁÔ„þ þ™Ýþy!¢ëûy› vþy£zöìe«yöì›Ýþ myîûy 3o xÄyœöì„þy£œ ‹y!îû“þ £ëû ˜y xíÅyê 

þ™Ýþy!¢ëûy› vþy£zöìe«yöì›öìÝþîû „þ›œy îöì’Åîû ö„þy˜ þ™!îûî“Åþ˜ £ëû ˜yÐ

R C

R

OH

R
K2Cr2O7 /

H2SO4

No reaction

~£z¦þyöìî xy!ÁÔ„þ K2Cr2O7 myîûy  1o– 2o ç 3o xÄyœöì„þy£œöì„þ Ÿ˜y_«„þîû’ 
„þîûy £ëûÐ

4. !îvþzÝþy£zœ xÄyœöì„þy£öìœîû !î!¦þ§¬ xy£zöì¢y›yöìîûîû ˜y› ç vþz£yöì”îû ßþ³%þÝþ˜y‚öì„þîû 
î,!kþîû e«›y˜%¢yöìîû ¢y‹yç ç îÄy…Äy „þîûÐ

vþz_îûéôôôé !îvþzÝþy£zœ xÄyœöì„þy£öìœîû ¢öìBþ“þ C4H10OH ~î‚ ~£z ¢öìBþ“þ !”öìëû 
ö›yÝþ ‰þyîû!Ýþ xy£zöì¢y›yîû †àþ˜ „þîûy ëyëûÐ

iV n–!îvþzÝþy£zœ xÄyœöì„þy£œéôôôé

H3C
H2
C

H2
C

H2
C OH

iiV ö¢öì„þ[þy!îû !îvþzÝþy£zœ xÄyœöì„þy£œéôôôé

H3C
H2
C

H
C CH3

OH
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iiiV xy£zöì¢y !îvþzÝþy£zœ xÄyœöì„þy£œéôôôé

H3C C

CH3

H2
C

H

OH

ivV Ýþyîû!¢ëûyîû# !îvþzÝþy£zœ xÄyœöì„þy£œéôôôé

H3C C

CH3

CH3

OH

n–!îvþzÝþy£zœ xÄyœöì„þy£öìœîû !‹†‹Äy† †àþöì˜îû ‹˜Ä þ™,Ûþ“þöìœîû öìÇþešþœ 
¢îöì‰þöìëû öî!Ÿ šþöìœ

¦þÄy[þyîûçëûyäœ¢ ‹!˜“þ xy„þ¡ìÅ’ îœ ¢îöì‰þöìëû öî!ŸÐ xþ™îûþ™öìÇþ Ýþy!¢Åëûy!îû 
!îvþzÝþy£zœ xÄyœöì„þy£œ ö†yœy„,þ!“þ £çëûyîû ‹˜Ä þ™,Ûþ“þöìœîû öìÇþešþœ ¢îöì‰þöìëû „þ› 
šþöìœ ¦þÄy[þyîûçëûyäœ¢ ‹!˜“þ xy„þ¡ìÅ’ îœ ¢îöì‰þöìëû „þ›Ð ö¢öì„þ[þy!îû !îvþzÝþy£zœ 
xÄyœöì„þy£œ ç xy£zöì¢y!îvþzÝþy£zœ xÄyœöì„þy£öìœîû þ™,Ûþ“þöìœîû öìÇþešþœ n–!îvþzÝþy£zœ 
xÄyœöì„þy£œ ç Ýþy!¢Åëûy!îû !îvþzÝþy£zœ xÄyœöì„þy£öìœîû ›yGþy›y!Gþ £çëûyîû ‹˜Ä vþz£yöì”îû 
ßþ³%þÝþ˜y‚„þ ›yGþy›y!Gþ íyöì„þÐ x“þ~î ßþ³%þÝþ˜y‚öì„þîû î,!kþîû e«›éôôôé

Ýþyîû!¢ëûyîû# !îvþzÝþy£zœ xÄyœöì„þy£œ < xy£zöì¢y !îvþzÝþy£zœ xÄyœöì„þy£œ < 
ö¢öì„þ[þy!îû !îvþzÝþy£zœ xÄyœöì„þy£œ < n–!îvþzÝþy£zœ xÄyœöì„þy£œÐ

5. !îvþzÝþy£zœ xÄyœöì„þy£öìœîû !î!¦þ§¬ xy£zöì¢y›yöìîûîû ˜y› ç vþz£yöì”îû ‹œ#ëû 
oîöì’ oyîÄ“þyîû î,!kþîû e«›y˜%¢yöìîû ¢y‹yç ç îÄy…Äy „þîûÐ

vþz_îûéôôôé !îvþzÝþy£zœ xÄyœöì„þy£öìœîû ¢öìBþ“þ C4H10OH ~î‚ ~£z ¢öìBþ“þ !”öìëû 
ö›yÝþ ‰þyîû!Ýþ xy£zöì¢y›yîû †àþ˜ „þîûy ëyëûÐ

iV n–!îvþzÝþy£zœ xÄyœöì„þy£œéôôôé

H3C
H2
C

H2
C

H2
C OH

iiV ö¢öì„þ[þy!îû !îvþzÝþy£zœ xÄyœöì„þy£œéôôôé

Chemistry Vol. III-13
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H3C
H2
C

H
C CH3

OH

iiiV xy£zöì¢y !îvþzÝþy£zœ xÄyœöì„þy£œéôôôé

H3C C

CH3

H2
C

H

OH

ivV Ýþyîû!¢ëûyîû# !îvþzÝþy£zœ xÄyœöì„þy£œéôôôé

H3C C

CH3

CH3

OH

~„þ!Ýþ xÄyœöì„þy£öìœîû xÄyœ!„þœ ›)œ„þ!Ýþ £y£zöìvÈþyöìšþy!î„þ ~î‚ £y£zvÈþ!:œ 
›)œ„þ!Ýþ £y£zöìvÈþy!šþ!œ„þ ²Ì„,þ!“þîûÐ n–!îvþzÝþy£zœ xÄyœöì„þy£œ !‹†‹Äy† †àþöì˜îû 
‹˜Ä þ™,Ûþ“þöìœîû öìÇþešþœ ¢îöì‰þöìëû öî!Ÿ šþöìœ !î„þ¡ìÅ’ îœ ¢îöì‰þöìëû öî!ŸÐ 
~£z „þyîûöì’ ‹œ#ëû oîöì’ n–!îvþzÝþy£zœ xÄyœöì„þy£œ oyîÄ“þy ¢îöì‰þöìëû „þ› ~î‚ 
Ýþy!¢Åëûy!îû !îvþzÝþy£zœ xÄyœöì„þy£œ ö†yœy„,þ!“þ £çëûyîû ‹˜Ä þ™,Ûþ“þöìœîû öìÇþešþœ 
¢îöì‰þöìëû „þ› šþöìœ ‹œ#ëû oîöì’ oyîÄ“þy  ¢îöì‰þöìëû öî!ŸÐ xþ™îûþ™öìÇþ ö¢öì„þ[þy!îû 
!îvþzÝþy£zœ xÄyœöì„þy£œ ç xy£zöì¢y!îvþzÝþy£zœ xÄyœöì„þy£öìœîû þ™,Ûþ“þöìœîû öìÇþešþœ 
n–!îvþzÝþy£zœ xÄyœöì„þy£œ ç Ýþy!¢Åëûy!îû !îvþzÝþy£zœ xÄyœöì„þy£öìœîû ›yGþy›y!Gþ £çëûyîû 
‹˜Ä vþz£yöì”îû oyîÄ“þy ›yGþ›y!GþÐ x“þ~î oyîÄ“þyîû î,!kþîû e«›éôôôé

n–!îvþzÝþy£zœ xÄyœöì„þy£œ < ö¢öì„þ[þy!îû !îvþzÝþy£zœ xÄyœöì„þy£œ < xy£zöì¢y 
!îvþzÝþy£zœ xÄyœöì„þy£œ < Ýþyîû!¢ëûyîû# !îvþzÝþy£zœ xÄyœöì„þy£œÐ

6. !îvþzÝþy£zœ xÄyœöì„þy£öìœîû !î!¦þ§¬ xy£zöì¢y›yöìîûîû ˜y› ç vþz£yöì”îû ‹œ#ëû 
oîöì’ xÄy!¢vþ •öì›Åîû î,!kþîû e«›y˜%¢yöìîû ¢y‹yç ç îÄy…Äy „þîûÐ

!îvþzÝþy£zœ xÄyœöì„þy£öìœîû ¢öìBþ“þ C4H10OH ~î‚ ~£z ¢öìBþ“þ !”öìëû ö›yÝþ 
‰þyîû!Ýþ xy£zöì¢y›yîû †àþ˜ „þîûy ëyëûÐ
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iV n–!îvþzÝþy£zœ xÄyœöì„þy£œéôôôé

H3C
H2
C

H2
C

H2
C OH

iiV ö¢öì„þ[þy!îû !îvþzÝþy£zœ xÄyœöì„þy£œéôôôé

H3C
H2
C

H
C CH3

OH

iiiV xy£zöì¢y !îvþzÝþy£zœ xÄyœöì„þy£œéôôôé

H3C C

CH3

H2
C

H

OH

ivV Ýþyîû!¢ëûyîû# !îvþzÝþy£zœ xÄyœöì„þy£œéôôôé

H3C C

CH3

CH3

OH

xÄyœ!„þœ @ùÌ&öìþ™îû +I ²Ì¦þyöìîîû šþöìœ £y£zvÈþ!:œ @ùÌ&öìþ™îû O–H îõþöì˜îû îõþ˜ 
öþ™yœy!îû!Ýþ £Éy¢ þ™yçëûyëû xÄy!¢vþ •›Å £Éy¢ þ™yëûÐ Ýþy!¢Åëûy!îû !îvþzÝþy£zœ xÄyœöì„þy£öìœîû 
öÇþöìe !“þ˜!Ýþ !›íy£zœ @ùÌ&öìþ™îû +I ²Ì¦þyöìîîû šþöìœ £y£zvÈþ!:œ @ùÌ&öìþ™îû O–H îõþöì˜îû 
îõþ˜ öþ™yœy!îû!Ýþ ¢îöì‰þöìëû öî!Ÿ £Éy¢ þ™yëû šþöìœ Ýþy!¢Åëûy!îû !îvþzÝþy£zœ xÄyœöì„þy£œ 
¢îöì‰þöìëû ”%îÅœ xÄy!¢vþ ~î‚ n–!îvþzÝþy£zœ xÄyœöì„þy£öìœîû xÄyœ!„þœ ›)œöì„þîû +I 
²Ì¦þyî ¢îöì‰þöìëû „þ› £çëûyëû xÄy!¢vþ •›Å ¢îöì‰þöìëû öî!Ÿ £ëûÐ xy£zöì¢y !îvþzÝþy£zœ 
xÄyœöì„þy£öìœ ~„þ!Ýþ xÄyœ!„þœ ›)œ„þ ~î‚ ö¢öì„þ[þy!îû !îvþzÝþy£zœ xÄyœöì„þy£öìœîû ”%!Ýþ 
xÄyœ!„þœ ›)œöì„þîû  +I ²Ì¦þyî !e«ëûy „þîûyëû  ö¢öì„þ[þy!îû !îvþzÝþy£zœ xÄyœöì„þy£öìœîû 
xÁÔ•›Å#“þy xy£zöì¢y !îvþzÝþy£zœ xÄyœöì„þy£œ xöìþ™Çþy öî!ŸÐ

xÄy!¢vþ •öì›Åîû î,!kþîû e«›éôôôé
Ýþyîû!¢ëûyîû# !îvþzÝþy£zœ xÄyœöì„þy£œ < ö¢öì„þ[þy!îû !îvþzÝþy£zœ xÄyœöì„þy£œ < 

xy£zöì¢y !îvþzÝþy£zœ < n–!îvþzÝþy£zœ xÄyœöì„þy£œÐ
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7. n–!îvþzÝþy£zœ xÄyœöì„þy£œ– ö¢öì„þ[þy!îû !îvþzÝþy£zœ xÄyœöì„þy£œ– xy£zöì¢y 
!îvþzÝþy£zœ xÄyœöì„þy£œ ~î‚ Ýþyîû!¢ëûy!îû !îvþzÝþy£zœ xÄyœöì„þy£öìœîû !vþ£y£zöìvÈþŸ˜ 
!î!e«ëûyîû xyöìþ™!Çþ„þ £yöìîûîû î,!kþîû e«›y˜%¢yöìîû ¢y‹yç ~î‚ îÄy…Äy „þîûÐ

vþz_îûéôôôé xÄyœöì„þy£œöì„þ †y‘þü ¢yœ!šþvþz!îû„þ xÄy!¢vþ ¢£öìëyöì† vþz_® „þîûöìœ 
xÄyœöì„þy£œ !˜îû&!”“þ £öìëû xÄyœ!„þ˜ vþzêþ™§¬ £ëûÐ xÄyœöì„þy£öìœîû !vþ£y£zöìvÈþŸ˜ 
!î!e«ëûy!Ýþ E1 ö›„þy!˜‹öì› ‡öìÝþÐ !˜îû&”öì˜îû £yîû !˜¦Åþîû „þöìîû !î!e«ëûyëû vþzêþ™§¬ 
xhsþîÅ“Åþ# öëïöì†îû xíÅyê „þyöìîÅy„þÄyÝþyëûöì˜îû ßþiy!ëûöìcîû vþzþ™îûÐ 3O „þyöìîÅy„þyÝþyëû˜ 
¢îöì‰þöìëû öî!Ÿ ¢%!ßþi“þ £çëûyëû Ýþyîû!¢ëûyîû# !îvþzÝþy£zœ xÄyœöì„þy£öìœîû !vþ£y£zöìvÈþŸöì˜îû 
£yvþü ¢îöì‰þöìëû öî!Ÿ ~î‚ n–!îvþzÝþy£zœ „þyöìîÅy„þyÝþyëû˜ ¢îöì‰þöìëû „þ› !ßþi!“þŸ#œ 
£çëûyëû n–!îvþzÝþy£zœ xÄyœöì„þy£öìœîû !vþ£y£zöìvÈþŸöì̃ îû £yîû ¢îöì‰þöìëû „þ›Ð ö¢öì„þ[þy!îû 
!îvþzÝþy£zœ xÄyœöì„þy£öìœîû öÇþöìe xhsþîÅ“Åþ# öëï† !£öì¢öìî 2O „þyöìîÅy„þyÝþyëû˜ ~î‚ 
xy£zöì¢y !îvþzÝþy£zœ xÄyœöì„þy£öìœîû öÇþöìe 1O „þyöìîÅy„þyÝþyëû̃  vþzêþ™§¬ £ëûÐ öëöì£“%þ 1O 
„þyöìîÅy„þyÝþyëûöì˜îû “%þœ˜yëû 2O „þyöìîÅy„þyÝþyëû˜ x!•„þ ¢%!ßþi“þ šþöìœ xy£zöì¢y !îvþzÝþy£zœ 
xÄyœöì„þy£öìœîû “%þœ˜yëû ö¢öì„þ[þy!îû !îvþzÝþy£zœ xÄyœöì„þy£öìœîû !vþ£y£zöìvÈþŸöì˜îû 
£yîû xöì˜„þ öî!ŸÐ ¢%“þîûy‚ !îvþzÝþy£zœ xÄyœöì„þy£öìœîû !vþ£y£zöìvÈþŸöì˜îû î,!kþîû e«› 

n–!îvþzÝþy£zœ xÄyœöì„þy£œ < xy£zöì¢y !îvþzÝþy£zœ xÄyœöì„þy£œ < ö¢öì„þ[þy!îû 
!îvþzÝþy£zœ xÄyœöì„þy£œ < Ýþyîû!¢ëûy!îû !îvþzÝþy£zœ xÄyœöì„þy£œ   

xÄyœöì„þy£öìœîû !vþ£y£zöìvÈþŸöì˜îû „þœy ö„þïŸœ SE1Véôôôé
²Ìí› •yþ™éôôôé

H3C

CH3

CH3

OH

Conc. H2SO4

heat

H+
H3C

CH3

CH3

OH2+

²Ìí› •yöìþ™ xÄyœöì„þy£öìœîû öì²ÌyöìÝþyöì˜Ÿ˜ ‡öìÝþÐ
!m“þ#ëû •yþ™éôôôé
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H3C

CH3

CH3

OH2+

H3C

CH3

CH3+ + H2O

3o Carbocation

!m“þ#ëû •yöìþ™ ‹öìœîû x’%îû xþ™¢yîû’ ‡öìÝþ ~î‚ !ßþi!“þŸ#œ „þyöìîÅy„þyÝþyëû˜ 
vþzêþ™§¬ £ëûÐ

“,þ“þ#ëû •yþ™éôôôé
„þyöìîÅy„þyÝþyëûöì˜îû !vþöì²ÌyöìÝþyöì˜Ÿ˜ ~î‚ xÄyœ!„þ˜ vþzêþ™y”˜Ð

H3C

CH3

CH3+ H3C

CH3

CH2

3o Carbocation

+ H+

8. !Ýþ„þy öœ…éôôôé çöìþ™˜yçëûyîû ‹yîû˜ þ™kþ!“þ

xÄy!¢öìÝþyöì˜ oyîöì„þ xÄyœ%!›!˜ëûy› Ýþyîû!¢ëûy!îû !îvþzÝþ:y£zvþ ~î‚ ö¢öì„þ[þy!îû 
xÄyœöì„þy£œöì„þ oî#¦)þ“þ „þöìîû vþz_® „þîûöìœ !„þöìÝþy˜ vþzêþ™§¬ £ëûÐ ~£z !î!e«ëûyöì„þ 
çöìþ™˜yçëûyîû ‹yîû˜ þ™kþ!“þ îœy £ëûÐ ~£z !î!e«ëûyëû xÄy!¢öìÝþyöì˜ !î‹y!îû“þ £öìëû 
xy£zöì¢yöì²Ìyþ™y£zœ xÄyœöì„þy£œ ~î‚ ö¢öì„þ[þy!îû xÄyœöì„þy£œ ‹y!îû“þ £öìëû !„þöìÝþy˜ 
vþzêþ™§¬ £ëûÐ ~£z þ™kþ!“þîû ¢%!î•y £œ öë ö„þy˜ !mîõþ˜ ë%_« xÄyœöì„þy£œöì„þ 
‹y!îû“þ „þöìîû x¢Á™,_« !„þöìÝþy˜ ²Ìlßþ“þ „þîûy ëyëûÐ xÄy!¢öìÝþyöì˜îû þ™!îûîöì“Åþ þ™Äyîûy–
öìîöìOy„%þ£zöì˜y˜ îÄî£yîû „þîûöìœ ²Ìy£z›y!îû xÄyœöì„þy£œ ‹y!îû“þ £öìëû xÄyœ!vþ£y£zvþ 
vþzêþ™§¬ £ëûÐ xÄy!¢öìÝþy˜ xöìþ™Çþy þ™Äyîûy–öìîöìOy„%þ£zöì˜yöì˜îû £y£zöìvÈþyöì‹˜ @ùÌ£’ „þîûy 
Çþ›“þy xöì˜„þ öî!ŸÐ öëöì£“%þ !î!e«ëûy!Ýþ vþz¦þ›%…# šþöìœ !„þöìÝþy˜ vþzêþ™§¬ £çëûy 
›ye !î!e«ëûy šÏþy: öíöì„þ e«›y†“þ xþ™¢yîû’ „þöìîû !î!e«ëûy!“þ ~„þ›%…# „þîûy £ëûÐ 
îûy¢yëû!˜„þ !î!e«ëûyéôôôé
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H3C
H2
C

H
C CH3

OH

2o

+ H3C C CH3

Al(O-CMe3)3
O

H3C
H2
C C CH3

O

+

Ketone

CH3CH(OH)CH3

Alcohol

H2C C
H

H
C CH3

OH

2o

+ H3C C CH3

Al(O-CMe3)3
O

H2C C
H

C CH3

O

+

Ketone

CH3CH(OH)CH3

Alcohol unsaturated

R-CH2-CH2OH
[Al(OCMe3)3]

OO+ R-CH2-CHO +

OH

OH1o alcohol p-benzoquinone
quinol 

9. !Ýþ„þy öœ…éôôôé ö›îûvþz£z˜éôéþ™˜vþšÅþéôé¦þyöìœÅ !î‹yîû’ SMPVRV

vþz_îûéôôôé xy£zöì¢yöì²Ìyþ™y£zœ xÄyœöì„þy£œ oyîöì„þ xÄyœ!vþ£y£zvþ îy !„þöìÝþy˜ 
~î‚ xÄyœ%!›!˜ëûy› xy£zöì¢yöì²Ìyöìþ™y:y£zöìvþîû ¢öìD !î!e«ëûyëû xy£zöì¢yöì²Ìyþ™y£zœ 
xÄyœöì„þy£œ ‹y!îû“þ £öìëû xÄy!¢öìÝþy˜ ~î‚ xÄyœ!vþ£y£zvþ îy !„þöìÝþy˜ !î‹y!îû“þ 
£öìëû xÄyœöì„þy£œ vþzêþ™§¬ £ëûÐ ~£z !î!e«ëûyöì„þ ö›îûvþz£z˜éôéþ™˜vþšÅþéôé¦þyöìœÅ !î‹yîû’ 
îöìœÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

H3C
H2
C C

O

CH3 + CH3-CH(OH)-CH3

Al(OCHMe2)3
CH3-CH2-CH(OH)-CH3 + CH3COCH3

H2C
H2
C C

O

CH3

NO2

+ CH3-CH(OH)-CH3

Al(OCHMe2)3
H2C

H2
C C

H

HO

CH3

NO2

+ CH3-CO-CH3

 10. 1éôéöì²Ìyþ™y˜œ ~î‚ 2éôéöì²Ìyþ™y˜öìœîû ›öì•Ä „þ#¦þyöìî þ™yíÅ„þÄ „þîûîÚ

vþz_îûéôôôé ”%!Ýþ þ™,í„þ öÝþÞÝþ !Ýþvþzöìî 1éôéöì²Ìyþ™y˜œ ~î‚ 2éôéöì²Ìyþ™y˜œ !˜öìëû 
²Ì!“þ!Ýþöì“þ ö¢y!vþëûy› £y£zvÈþ:y£zvþ ç þ™Ýþy!¢ëûy› xyöìëûyvþy£zöìvþ oî#¦)þ“þ xyöìëûy!vþ˜ 
öëy† „þöìîû ¢y›y˜Ä vþz_® „þîûöìœ öë öÇþöìe £œ%” x•ƒöìÇþþ™ vþzêþ™§¬ £ëû ö¢!Ýþ £öìî 
2éôéöì²Ìyþ™y˜œ xíÅyê 2éôéöì²Ìyþ™y˜œ xyöìëûyöìvþyšþ›Å !î!e«ëûyëû ¢yîûy ö”ëû !„þlsþ 1éôéöì²Ìyþ™y˜œ 
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xyöìëûyöìvþyšþ›Å !î!e«ëûyëû ¢yîûy ö”ëû ˜yÐ ¢%“þîûy‚ ~£z !î!e«ëûyîû ¢y£yöìëÄ 1éôéöì²Ìyþ™y˜œ 
~î‚ 2éôéöì²Ìyþ™y˜öìœîû ›öì•Ä „þ#¦þyöìî þ™yíÅ„þÄ „þîûîÚ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

CH3CH2CH2OH + I2 + NaOH =  ö„þy˜ £œ%” x•ƒöìÇþþ™ †!àþ“þ £ëû ˜y
CH3CH(OH)CH3 + I2 + NaOH =  £œ%” x•ƒöìÇþþ™ vþzêþ™§¬ £ëû 
xyöìëûyöìvþyšþ›Å !î!e«ëûyîû „þœy ö„þïŸœéôôôé

H3C C

H

CH3

OH

I2
H3C C CH3

O

+

H3C C CH3

O

C

O

CH3

I3C C

O

CH3
NaOH

I3C
3I2

CHI3 + CH3COONa

2HI

+ 3HI

5NaOH + 5HI 5NaI + 5H2O

CH3-CH(OH)-CH3 + 4I2 + 6NaOH CH3COONa + CHI3 + 5NaI + 5H2O

xyöìëûyöìvþyšþ›Å

11.  !Ýþ„þy öœ…éôôôéîûy£z›yîûéôé!Ýþ›Äy˜ !î!e«ëûy 

öšþ˜œöì„þ ö¢y!vþëûy› £y£zvÈþ:y£zöìvþ oî#¦)þ“þ „þöìîû öì„Ïþyöìîûyšþ›Å öëy† „þöìîû 
60o – 70oC “þyþ™›yeyëû vþz_® „þîûy £ëûÐ “þyîûþ™îû !›×’öì„þ àþy[þy „þöìîû H2SO4  
myîûy xy!ÁÔ„þ „þîûöìœ xöìíÅyéôé£y£zvÈþ!: öîOyœ!vþ£y£zvþ ›%…Ä þ™”yíÅ !£öì¢öìî ~î‚ 
ö†ï’ þ™”yíÅ !£öì¢öìî þ™Äyîûyéôé£y£zvÈþ!: öîOyœ!vþ£y£zvþ vþzêþ™§¬ £ëûÐ ~£z !î!e«ëûyöì„þ 
îûy£z›yîûéôé!Ýþ›Äy˜ !î!e«ëûy îöìœÐ

OH

1. NaOH

2. CHCl3
60o - 70oC

ONa

CHCl2 H2SO4

OH

CHO

 



A Guide Book of Chemistry200

!î!e«ëûyîû „þœy ö„þïŸœéôôôé

Cl C

Cl

Cl

H

OH
-

Cl C

Cl

Cl Cl C Cl

Dichlorocarbene

O H

OH

O

Cl C Cl
O

CCl2
H

O
CCl2
H

O-

CHCl2H+
OH-

O-

CHO

OH
CHO

îûy£z›yîûéôé!Ýþ›Äy˜ !î!e«ëûyëû öì„Ïþyöìîûyšþöì›Åîû þ™!îûîöì“Åþ „þyîÅ˜ öÝþÝþÆyöì„Ïþyîûy£zvþ SCCl4V 
îÄî£yîû „þîûöìœ ¢Äy!œ¢y£z!œ„þ xÄy!¢vþ vþzêþ™§¬ £ëûÐ

O
H

OH-

O
Cl C

Cl

Cl

Cl

O
C

Cl

Cl
Cl

H

O-

CCl3

NaOH

-O
COONaH+HO

COOH

 

12. !Ýþ„þy öœ…éôôôé

ö„þyœöìîéôé!ßþ¿Ýþ !î!e«ëûy 
vþz_îûéôôôé ö¢y!vþëûy› öšþ˜:y£zvþ ö„þ  vþzF‰þ ‰þyöìþ™  S6–7V atm ~î‚  130o–1400C 

“þyþ™›yeyëû „þyîÅ˜ vþy£z x:y£zöìvþîû ¢öìD !î!e«ëûyëû ö¢y!vþëûy› ¢Äy!œ¢y£zöìœÝþ 
vþzêþ™§¬ £ëûÐ ¢%“þîûy‚ ö¢y!vþëûy› ¢Äy!œ¢y£zöìœöìÝþîû ‹œ#ëû oî’öì„þ xÁÔy!ëû“þ „þîûöìœ 
¢Äy!œ¢y£z!œ„þ xÄy!¢vþ vþzêþ™§¬ £ëûÐ ~£z !î!e«ëûyöì„þ ö„þyœöìîéôé!ßþ¿Ýþ !î!e«ëûy îöìœÐ
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HO

NaOH
NaO CO2

6-7 atm

130o-140oC

HO
COONa HCl

OH

COOH

!î!e«ëûyîû „þœy ö„þïŸœéôôôé

O
H

OH-

-O O

C OO

C
O

O-

H

OH
C- H+

+H+

O

O-Na+
HCl

OH
COOH

13. ö„þyœöìîéôé!ßþ¿Ýþ !î!e«ëûyëû NaOH ~îû þ™!îûîöì“Åþ KOH îÄî£yîû „þîûy £ëû 
˜y ö„þ˜Ú 

vþz_îûéôôôé ö„þyœöìîéôé!ßþ¿Ýþ !î!e«ëûyëû ~„þ!Ýþ !ßþi!“þŸ#œ î,_y„þyîû ÝþÆy˜ä!‹Ÿy˜ öìÞÝþÝþ 
(T.S) ~îû ›•Ä !”öìëû x@ùÌ¢îû £ëûÐ ö¢y!vþëûyöì›îû “%þœ˜yëû þ™Ýþy!¢ëûyöì›îû xy„þyîû 
îvþü £çëûyîû ‹˜Ä ÝþÆy˜ä!‹Ÿy˜ öìÞÝþÝþ †àþöì˜ K+ xyëû˜ vþzþ™ë%_« ˜ëû !„þlsþ Na+ ~îû 
xy„þyîû vþzþ™ë%_« £çëûyëû ÝþÆy˜ä!‹Ÿy˜ öìÞÝþÝþ †!àþ“þ £ëûÐ ÝþÆy˜ä!‹Ÿy˜ öìÞÝþöìÝþîû †àþ˜

O

O

O-
Na+

-

TS

14. †ÄyÝþyîû›Äy˜ !î!e«ëûyéôôôé

†ÄyÝþyîû›Äy˜ !î!e«ëûy!Ýþ !šÊþöìvþœéôée«yšþÝþ !î!e«ëûyîû  ˜Äyëû ~„þ!Ýþ šþîû›y£zöìœŸ˜ 
!î!e«ëûyÐ x˜yoÅ AlCl3 îy ZnCl2 ~îû vþzþ™!ßþi!“þöì“þ öšþ˜œ– HCl ~î‚ HCN 
!›×öì’îû !î!e«ëûyëû xhsþîÅ“Åþ# öëï† !£öì¢öìî xÄyœ!vþ!›˜ vþzêþ™§¬ £ëû ëy xyoÅ!îöìÙÕ!¡ì“þ 
£öìëû þ™Äyîûyéôé£y£zvÈþ!: öîOÄyœ!vþ£y£zvþ vþzêþ™§¬ £ëûÐ ~£z !î!e«ëûyöì„þ †ÄyÝþyîû›Äy˜ 
!î!e«ëûy îöìœÐ 
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OH
Anh. AlCl3

HCl, HCN

OH

HC NH

H3O+

OH

OHC

para-hydroxybenzaldehyde

15. !Ýþ„þy öœ…éôôôéöœöìvþîûyîûéôé›Äy˜yöì¢ !î!e«ëûy SLederer – Manasse 
reactionV

vþz_îûéôôôé ¢y•yîû’ vþz¡Œ“þyëû œ‡% xÄy!¢vþ îy Çþyöìîûîû vþzþ™!ßþi!“þöì“þ öšþ˜öìœîû 
¢öìD šþîû›Äyœ!vþ£y£zöìvþîû !î!e«ëûyëû ›%…Ä þ™”yíÅ !£öì¢öìî þ™Äyîûyéôé£y£zvÈþ!:öìîOy£zœ 
xÄyœöì„þy£œ ~î‚ ö†ï’ !£öì¢öìî xöìíÅyéôé£y£zvÈþ!:öìîOy£zœ xÄyœöì„þy£œ vþzêþ™§¬ 
£ëûÐ ~£z !î!e«ëûyöì„þ öœöìvþîûyîûéôé›Äy˜yöì¢ !î!e«ëûy îöìœÐ

OH
NaOH /

OH OH

HCHO

HOH2C

CH2OH
+

Major Minor 
x!“þ!î û_« šþî û›Äyœ!vþ£y£ zö ìvþî û ¢ö ìD öšþ˜ö ìœîû !î!e«ë ûyë û 2,4,6–

ÝþÆy£z£y£zvÈþ!:!›íy£zœöìšþ˜œ vþzêþ™§¬ £ëûÐ Çþyîû îy xÄy!¢öìvþîû vþzþ™!ßþi!“þöì“þ ~!Ýþ 
•#öìîû •#öìîû „þ˜öìvþ˜öì¢Ÿ˜ !î!e«ëûyëû vþzF‰þ xy’!î„þ =îû&c !î!ŸÜT þ™!œ›yîû vþzêþ™§¬ 
„þîû ëy îÄyöì„þœy£zÝþ ˜yöì› þ™!îû!‰þ“þÐ

16. !Ýþ„þy öœ…éôôôé vþyšþ !î!e«ëûy SDuff's reactionV

vþz_îûéôôôé vþyšþ !î!e«ëûy £œ öšþ˜öìœîû ~„þ!Ýþ šþîû›y£zöìœŸ˜ !î!e«ëûyÐ öšþ˜œ– 
ö£:y!›!í!œ˜öìÝþÝþÆy!›˜– öîy!îû„þ xÄy!¢vþ ç !@Õ¢yîûöìœîû !›×’öì„þ vþz_® „þöìîû 
xy!ÁÔ„þ „þîûöìœ xöìíÅyéôé£y£zvÈþ!:öìîOyœvþ£y£zvþ vþzêþ™§¬ £ëûÐ 
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OH

(CH2)6N4

OH
H
C NH HCl

OH
CHO

17. !œîyîû›Äy˜ þ™îû#Çþy!Ýþ î’Å˜y „þîûÐ

vþz_îûéôôôé ~„þ!Ýþ ÖÜñ ç þ™!îûÜñyîû öÝþÞÝþ !Ýþvþzöìî öšþ˜œ– ¢y›y˜Ä NaNO2 ç †y‘þü 
H2SO2 !˜öìëû ‹œ †yöì£  †îû› „þîûy £œÐ oî’!Ýþ †y‘þü ¢î%‹ îy ˜#œ î’Å •yîû’ 
„þîûœÐ ~îûþ™îû þ™y!“þ“þ ‹œ öëy† „þöìîû œ‡% „þîûöìœ oî’!Ýþ œyœ î’Å •yîû’ „þöìîûÐ 
oî’!Ýþöì“þ NaOH öëy† „þöìîû Çþyîû#ëû „þîûöìœ oîöì’îû î’Å xyîyîû †y‘þü ¢î%‹ îy 
˜#œ •yîû’ „þöìîûÐ ~£z þ™îû#Çþyîû ¢y£yöìëÄ öšþ˜œ Ÿ˜y_«„þîû’ „þîûy £ëûÐ 

OH
Conc.H2SO4

NaNO2

HO

NO

HO

O N OH
NaOH

O N O- Na+

£zöì[þyöìšþ˜œ SœyœV                    £zöì[þyöìšþ˜œ S˜#œV 

18. £zíy£zœ xÄyœöì„þy£œ xöìþ™Çþy öšþ˜œ “þ#îÊ xÁÔ•›Å#– îÄy…Äy „þîûÐ

vþz_îûéôôôé öšþ˜œ ‹œ#ëû oîöì’ öì²ÌyÝþ˜ ”y’ „þîûyîû þ™îû öë öšþ˜:y£zvþ xyëû˜ 
vþzêþ™§¬ £ëû “þy öîûöì‹y˜Äyöìªîû šþöìœ öî!O˜ îœöìëû ßþiy˜yhsþîû ‡öìÝþ ~î‚ x!•„þ ¢%!ßþi!“þ 
œy¦þ „þöìîûÐ !„þlsþ £zíy£zœ xÄyœöì„þy£œ öì²ÌyÝþ˜ ”y’ „þîûyîû þ™îû öë £zöìíy:y£zvþ xyëû˜ 
†àþ˜ „þöìîû “þy £zíy£zœ @ùÌ&öìþ™îû +I ²Ì¦þyöìîîû ‹˜Ä ”%!ßþi“þ £ëûÐ ~£z „þyîûöì’ £zíy£zœ 
xÄyœöì„þy£œ xöìþ™Çþy öšþ˜œ “þ#îÊ xÁÔ•›Å#Ð

-O O

-
O

-

O

-

O

-
O-

                                       öšþ˜öìœîû öîû‹öì˜!Ýþ‚ †àþ˜

H3C
H2
C O H + H2O H3C

H2
C O + H3O+-



A Guide Book of Chemistry204

£zíy£zœ @ùÌ&öìþ™îû +I                                                                                                  
²Ì¦þyöìîîû šþöìœ ”%ƒ!ßþi“þ

19. !Ýþ„þy öœ…éôôôé vþz£z!œëûy›¢˜ ¢‚öìÙÕ¡ì’

vþz_îûéôôôé xÄyœ!„þœ £Äyœy£zvþ ç ö¢y!vþëûy› îy þ™Ýþy!¢ëûy› xÄyœ:y£zöìvþîû !›×’öì„þ 
vþz_® „þöìîû £zíyîû ²Ìlßþ“þ „þîûy £ëûÐ ~£z þ™kþ!“þîû ¢y£yöìëÄ ²Ì!“þ¢› ç x²Ì!“þ¢› 
vþz¦þëû ²Ì„þyîû £zíyîû ²Ìlßþ“þ „þîûy £ëûÐ ö¢y!vþëûy› ç þ™Ýþy!¢ëûyöì›îû ¢öìD xÄyœöì„þy£öìœîû 
!î!e«ëûyëû ö¢y!vþëûy› îy þ™Ýþy!¢ëûy› xÄyœ:y£zvþ vþzêþ™§¬ £ëûÐ vþzêþ™§¬ xÄyœ:y£zvþ 
xÄyœ!„þœ £Äyœy£zöìvþîû ¢öìD !˜vþz!„Ïþç!šþ!œ„þ ²Ì!“þßþiyþ™˜ SSN2V !î!e«ëûyîû ›y•Äöì› 
£zíyîû vþzêþ™§¬ £ëûÐ

R1 OH + 2Na2 R1 ONa + H2

R1 ONa + R X R1 O R + NaX

20. vþy£z £zíy£zœ £zíyöìîûîû “%þœ˜yëû öÝþÝþÆy£y£zöìvÈþy!šþvþzîûy˜ STHFV ‹öìœ x!•„þ 
oyîÄéôôôéîÄy…Äy „þîûÐ

vþz_îûéôôôé öÝþÝþÆy£y£zöìvÈþy!šþvþzîûy˜ STHFV ~„þ!Ýþ îkþŸ,Cœë%_« îy ¢y£z!„Ïþ„þ 
£zíyîû £çëûyëû x!:öì‹öì˜îû !˜ƒ¢D ö‹yvþü £zöìœ„þÝþÆ˜ vþy£z£zíy£zœ £zíyöìîûîû “%þœ˜yëû 
öî!Ÿ vþz§Ã%_« xíÅyê öî!Ÿ ¢£‹ œ¦þÄÐ šþöìœ ‹öìœîû x’%îû ¢öìD ”,‘þü £y£zöìvÈþyöì‹˜ 
îõþ˜ †àþ˜ „þöìîû ~î‚ ‹öìœ oyîÄ £ëûÐ xþ™îû þ™öìÇþ vþy£z £zíy£zœ £zíyöìîû £zíy£zœ  
@ùÌ&þ™ ”%!Ýþ ~›˜¦þyöìî x!:öì‹˜ þ™îû›y’%öì„þ !‡öìîû îûyöì… šþöìœ ‹öìœîû x’%=!œ ”,‘þü 
¦þyöìî £y£zöìvÈþyöì‹˜ îõþ˜ †àþ˜ „þîûöì“þ þ™yöìîû ˜yÐ vþy£z £zíy£zœ £zíyöìîûîû vþy£zöìþ™yœ 
ö›yöì›öìrÝþîû ›y˜ …%î „þ› £çëûyîû ‹˜Ä vþy£zöìþ™yœéôévþy£zöìþ™yœ xy„þ¡ìÅ’ îœ !e«ëûy 
„þîûyëû ‹öìœ ßþºÒ oyîÄÐ

O CH3CH2 O CH2CH3

                           öÝþÝþÆy£y£zöìvÈþy!šþvþzîûy˜         vþy£z £zíy£zœ £zíyöìîûîû
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21. !šþvþzîûyöì˜îû “%þœ˜yëû öÝþÝþÆy£y£zöìvÈþy!šþvþzîûy˜ ‹öìœ x!•„þ þ™!îû›yöì’ oyîÄ– 
îÄy…Äy „þîûÐ

vþz_îûéôôôé !šþvþzîûy˜ ~„þ!Ýþ xÄyöìîûyöì›!Ýþ„þ ö£öìÝþöìîûy¢y£z!„Ïþ„þ öëï†Ð !šþvþzîûy˜ x’%öì“þ 
”%!Ýþ !mîõþ˜ î“Åþ›y˜  ~î‚ x!:öì‹˜ þ™îû›y’%îû ~„þöì‹yvþüy £zöìœ„þÝþÆ˜ öîûöì‹y˜Äyöìª 
x‚Ÿ@ùÌ£’ „þîûyëû !šþvþzîûy˜ îœöìëû ö›yÝþ £zöìœ„þÝþÆ˜ ¢‚…Äy £ëû Šéëû!Ýþ ~î‚ ~!Ýþ 
xÄyöìîûyöì›!Ýþ„þ öëïöì† þ™!îû’“þ £ëûÐ x!:öì‹˜ þ™îû›y’%îû vþzþ™îû xy‚!Ÿ„þ •˜yd„þ 
xy•y˜²Ìy® £çëûyëû ‹öìœîû x’%îû xy‚!Ÿ„þ •˜yd„þ xy•y˜ ²Ìy® £y£zöìvÈþyöì‹˜ þ™îû›y’%îû 
¢öìD ”,‘þü £y£zöìvÈþyöì‹˜ îõþ˜ †àþ˜ „þîûöì“þ þ™yöìîû ˜yÐ !„þlsþ öÝþÝþÆy£y£zöìvÈþy!šþvþzîûyöì˜ 
x!:öì‹˜ þ™îû›y’% xy‚!Ÿ„þ }’yd„þ ²Ìy® ~î‚ !˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü öî!Ÿ 
vþz§Ã%_« íy„þyëû ‹öìœîû x’%îû ¢öìD ”,‘þü ¦þyöìî £y£zöìvÈþyöì‹˜ îõþ˜ †àþ˜ „þîûöì“þ þ™yöìîûÐ 
~£z „þyîûöì’ !šþvþzîûyöì˜îû “%þœ˜yëû öÝþÝþÆy£y£zöìvÈþy!šþvþzîûy˜ ‹öìœ x!•„þ þ™!îû›yöì’ oyîÄÐ

22. xÄyœöì„þy£œ=!œ ¢y•yîû’“þ xÄy!¢vþ ç Çþyîû vþz¦þëûîû*öìþ™ xy‰þîû’ „þöìîû 
ö„þ˜Ú îÄy…Äy „þîûÐ

vþz_îûéôôôé xÄyœöì„þy£öìœîû £y£zvÈþ!:œ @ùÌ&öìþ™îû SO–HV £y£zöìvÈþyöì‹˜ þ™îû›y’% 
x!•„þ “þ!vþüê }’yd„þ x!:öì‹˜ þ™îû›y’%îû ¢öìD ë%_« íy„þyëû  £y£zöìvÈþyöì‹˜ þ™îû›y’% 
xy‚!Ÿ„þ •˜yd„þ xy•y˜ ²Ìy® £ëû šþöìœ ö„þy˜ Ÿ!_«Ÿyœ# Çþyîû„þöì„þ öì²ÌyÝþ˜ ”y’ 
„þöìîû ~î‚ xÄy!¢vþ îû*öìþ™ xy‰þîû’ „þîûöì“þ þ™yöìîûÐ xþ™îûþ™öìÇþ x!:öì‹˜ þ™îû›y’%îû 
!˜ƒ¢D £zöìœ„þÝþÆ˜ ö‹yvþü ”yöì˜îû ›y•Äöì› ö„þy˜ Ÿ!_«Ÿyœ# xÄy!¢vþ öíöì„þ öì²ÌyÝþ˜ 
@ùÌ£’ „þîûöì“þ þ™yöìîûÐ šþöìœ Çþyîû„þ !£öì¢öìî xy‰þîû’ „þöìîûÐ

xÄy!¢vþ îû*öìþ™éôôôé

R O H + NaNH2
-+

R O- + NH3Na+

 
Çþyîû îû*öìþ™éôôôé

R O H + H HSO4 R O H

H

+
HSO4
-
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23.  £zíy£zœ xÄyœöì„þy£œ ç öšþ˜öìœîû ›öì•Ä „þ#¦þyöìî þ™yíÅ„þÄ „þîûöìîÚ

vþz_îûéôôôé iV £zíy£zœ xÄyœöì„þy£œ xyöìëûyöìvþyšþ›Å !î!e«ëûyëû ¢yvþüy ö”ëû !„þlsþ 
öšþ˜œ xyöìëûyöìvþyšþ›Å !î!e«ëûyëû ¢yvþüy ö”ëû ˜yÐ

îûy¢yëû!˜„þ !î!e«ëûyéôôôé

CH3CH2OH
NaOH / I2

HCOONa + CHI3 + NaI + H2O

                                       xyöìëûyöìvþyšþ›Å
iiV £zíy£zœ xÄyœöì„þy£öìœ ²ÌŸ› öšþ!îû„þ ö„Ïþyîûy£zvþ oî’ öëy† „þîûöìœ !›×öì’îû 

îöì’Åîû ö„þy˜ þ™!îûî“Åþ˜ £ëû ˜y !„þlsþ öšþ˜öìœ ²ÌŸ› öšþ!îû„þ ö„Ïþyîûy£zvþ oî’ öëy† 
„þîûöìœ !›×öì’îû î’Å öî=˜# î’Å •yîû’ „þöìîûÐ ~£z þ™îû#Çþyîû ¢y£yöìëÄ £zíy£zœ 
xÄyœöì„þy£œ ç öšþ˜öìœîû ›öì•Ä þ™yíÅ„þÄ !˜’Åëû „þîûy ëyëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

C6H5OH6 + FeCl3 [Fe(OC6H5)6]3- 3H+ + 3HCl+

                                         öî=!˜ î’Å

24. îû*þ™yhsþîû „þîû 

iV xÄy!¢ÝþÄyœ!vþ£y£zvþ öíöì„þ !îvþzÝþy˜– 2éôéxœ
iiV £z!í!œ˜ öíöì„þ öì²Ìyþ™y˜–1éôéxœ
iiiV öì²Ìy!þ™˜ öíöì„þ öì²Ìyþ™y˜– 1éôéxœ
ivV öì²Ìy!þ™˜ öíöì„þ  öì²Ìyþ™y˜– 2éôéxœ
vV xÄy!¢öìÝþy˜ öíöì„þ  öì²Ìyþ™y˜– 2éôéxœ
viV £zíy£zœ öì²Ìyþ™yöì˜yöìëûÝþ öíöì„þ öì²Ìyþ™y˜–1éôéxœ
viiV 1éôé!›íy£zœ¢y£zöì„Ïþyöì£!:˜ öíöì„þ 1éôé!›íy£zœ¢y£zöì„Ïþyöì£:y˜œ
viiiV ˜y£zöìÝþÆy£zöìí˜ öíöì„þ £zíy£zœ xÄyœöì„þy£œ 
ixV öì²Ìyþ™y£z˜ öíöì„þ öþ™rÝþy˜– 3éôéxœ
xV £zíy£zœ öîÊy›y£zvþ öíöì„þ £zíy£zœ xÄyœöì„þy£œ
vþz_îûéôôôé 
iV xÄy!¢ÝþÄyœ!vþ£y£zvþ öíöì„þ !îvþzÝþy˜– 2éôéxœ
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H3C C

O

H
CH3CH2MgBr

ether
H3C C

H

OMgBr

CH2CH3

H3O+

H3C C
H

OH

CH2CH3

xÄy!¢ÝþÄyœ!vþ£y£zvþ                                                                      
!îvþzÝþy˜– 2éôéxœ
iiV  £z!í!œ˜ öíöì„þ öì²Ìyþ™y˜– 1éôéxœ

H3O+

H

H

H

H

+ 1/2 O2

Ag

heat

O

H H

HH CH3MgBr

ether
H3C C

H2
CH2

BrMgO

H3C C
H2

CH2

HO

iiiV  öì²Ìy!þ™˜ öíöì„þ  öì²Ìyþ™y˜– 1éôéxœ

H3C C
H

CH2

1. B2H6

2. NaOH /H2O2

H3C
H2
C CH2OH

ivV öì²Ìy!þ™˜ öíöì„þ öì²Ìyþ™y˜– 2éôéxœ

H3C C
H

CH2

1. Hg(OCOCH3)2
THF, H2O

2. NaBH4

H3C C
H

CH3

HO

vV xÄy!¢öìÝþy˜ öíöì„þ öì²Ìyþ™y˜– 2éôéxœ

H3C C

O

CH3

LiAlH4

Hydrolysis
H3C C

OH

CH3

H

viV £zíy£zœ öì²Ìyþ™yöì˜yöìëûÝþ öíöì„þ öì²Ìyþ™y˜–1éôéxœ

LiAlH4

Hydrolysis
H3C

H2
C C O

H2
C CH3

O

H3C
H2
C CH2OH

Propan-1ol

viiV 1éôé!›íy£zœ¢y£zöì„Ïþyöì£!:˜ öíöì„þ 1éôé!›íy£zœ¢y£zöì„Ïþyöì£:y˜œ
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CH3

1. Hg(OCOCH3)2
THF, H2O

2. NaBH4 /NaOH

CH3
OH

viiiV ˜y£zöìÝþÆy£zöìí˜ öíöì„þ £zíy£zœ xÄyœöì„þy£œ 

H3C
H2
C NO2

Na/

CH3CH2OH
H3C

H2
C NH2

NaNO2 + HCl

HNO2
H3C

H2
C OH

 
ixV öì²Ìyþ™y£z˜ öíöì„þ öþ™rÝþy˜éôé3éôéxœ

H3C C CH
NaNH2

H3C C C-  Na+
CH3-CH2-I

H3C C C-CH2-CH3

NH3-
20% H2SO4,

HgSO4, heat

H3C
H2
C C-CH2-CH3

O

LiAlH4

hydrolysis
H3C

H2
C C

H

HO
H2
C CH3

xV £zíy£zœ öîÊy›y£zvþ öíöì„þ £zíy£zœ xÄyœöì„þy£œ

H3C
H2
C Br

KOH in

Aqueous Solution
CH3-CH2-OH

25. A–B–C..................... Ÿ˜y_«„þîû’ „þîûÐ

H3C C

CH3

C
H

CH2

CH3

H+ /

H2O
[A]i)

H3C C
H

CH2+

H3PO4

250oC

Pressure
B

O2 /130oC
C

H+

hydrolysis
[D] + E

Ketone
ii)
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Br

iii)
Mg /

Ether
[F]

1/2  O2

ether
G [H]

H3O+

 

HO
Br2 /CS2

[I] + [J]iv)

 
HO

[K] + [L]v)
dil. HNO3

room temp.

Ans–

H3C C

CH3

C
H

CH2

CH3

H+ /

H2O
i) H3C C

CH3

H
C CH3

OH

H3C C

CH3

C
H

CH2

CH3

H+
H3C C

CH3

C+ CH3

CH3 H

2o carbocation

Rearrangement
H3C C+

H3C
H
C CH3

CH3

3o carbocation

CH3

H2O

H3C C

CH3

H
C CH3

CH3OH

[A]

Chemistry Vol. III-14
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H3C C
H

CH2+

H3PO4

250oC

Pressure
B

O2 /130oC
C

H+

hydrolysis
[D] + E

Ketone
ii)

[B] =
CH CH3

H3C

[C] =
C

H3C

CH3

O O H

[D] =
OH

[E] = H3C C

O

CH3

Br

iii)
Mg /

Ether
[F]

1/2  O2

ether
G [H]

H3O+

[F] =

MgBr

[G] =

OMgBr

[H] =

OH

HO
Br2 /CS2

[I] + [J]iv)

[I] [J]

OH

Br

= =

OH
Br

HO

[K] + [L]v)
dil. HNO3

room temp.

[K] [L]

OH

NO2

= =

OH
NO2
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26. îû*þ™yhsþîû „þîû 

iV öšþ˜œ öíöì„þ xÄy¢!þ™!îû˜
iiV öšþ˜œ öíöì„þ ¢Äyœœ 
iiiV öìšþ˜œ öíöì„þ öìe«¢œ
ivV öšþ˜œ öíöì„þ xöìëûœ xšþ vþz£zrÝþyîû!@ùÌ˜
vV öšþ˜œ öíöì„þ !þ™„þ!îû„þ xÄy!¢vþ 
viV öšþ˜œ öíöì„þ þ™Äyîûy£y£zvÈþ!:xÄyöì‹yöìî!O˜
viiV öšþ˜œ öíöì„þ xÄy!˜öì¢yœ
viiiV öšþ˜œ öíöì„þ xÄy!˜!œ˜
ixV öšþ˜œ öíöì„þ 2– 4– 6éôéÝþÆy£zöìîÊyöì›yöìšþ˜œ
xV öšþ˜œ öíöì„þ 2– 4– 6éôéÝþÆy£zöì„Ïþyöìîûyöìšþ˜œ
xiV öšþ˜œ öíöì„þ !šþ˜y£zœ xÄy¢öìÝþÝþ
xiiV öšþ˜œ öíöì„þ 2ôé¢y£zöì„Ïþyöì£!:öì˜y˜
xiiiV öšþ˜œ öíöì„þ „%þ£z˜œ
xivV öšþ˜œ öíöì„þ öšþ˜œšþäíÄy!œ˜
xvV öšþ˜œ öíöì„þ ¢y£zöì„Ïþyöì£:yöì˜y˜
xviV öšþ˜œ öíöì„þ þ™Äyîûy£y£zvÈþ!: öîOÄyœ!vþ£y£zvþ
vþz_îûéôôôé 
iV öšþ˜œ öíöì„þ xÄy¢!þ™!îû˜

OH
NaOH

ONa
CO2

6 - 7 atm, pressure
130o-140oC, temp.

OH
COONa

Acidified

OH
COOH

(CH3CO)2O /

OCOCH3

COOH

Conc. H2SO4

Phenol

i)
by HCl

                                                                                                                                         
xÄy¢!þ™!îû˜

iiV öšþ˜œ öíöì„þ ¢Äyœœ 
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OH
NaOH

ONa
CO2

6 - 7 atm, pressure
130o-140oC, temp.

OH
COONa

Acidified

OH
COOH

OCOCH3

COOC6H5

Phenol

by HCl

OH
POCl3

, heat

Salol

iiiV öìšþ˜œ öíöì„þ öìe«¢œ
OH

Phenol

+ CH3Cl
Anhydrous

AlCl3

OH

CH3

+

OH
CH3

   þ™Äyîûyéôéöìe«¢œ S›%…ÄV      xöìíÅyéôéöìe«¢œ Söì†ï’V
ivV öšþ˜œ öíöì„þ xöìëûœ xšþ vþz£zrÝþyîû!@ùÌ˜

OH
NaOH

ONa
CO2

6 - 7 atm, pressure
130o-140oC, temp.

OH
COONa

Acidified

OH
COOH

OH
COOCH3

Phenol

by HCl

Oil of Winter Green

CH3OH /
Conc. H2SO4

vV öšþ˜œ öíöì„þ !þ™„þ!îû„þ xÄy!¢vþ 
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OH
Conc

OH

Phenol

H2SO4,

SO3H

+

OH
SO3H[ ]

Conc
HNO3,

Heat
heat

OH
O2N

NO2

NO2

!þ™„þ!îû„þ xÄy!¢vþ
viV öšþ˜œ öíöì„þ þ™Äyîûy£y£zvÈþ!:xÄyöì‹yöìî!O˜

HO

NaOH
ONa NNCl

(diazonium salt)
N N

0-5oC
OH

öšþ˜œ
þ™Äyîûy£y£zvÈþ!:xÄyöì‹yöìî!O˜
viiV öšþ˜œ öíöì„þ xÄy!˜öì¢yœ

HO

NaOH

(CH3)2SO4

H3CO

öšþ˜œ                   xÄy!˜öì¢yœ
viiiV öšþ˜œ öíöì„þ xÄy!˜!œ˜

HO
ZnCl2,

Anhydrous

Heat+ NH3

H2N

-H2O

öšþ˜œ                                    xÄy!˜!œ˜
ixV öšþ˜œ öíöì„þ 2– 4– 6éôéÝþÆy£zöìîÊyöì›yöìšþ˜œ
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OH
Br2 /

H2O

HO
Br

Br

Br

öšþ˜œ               2– 4– 6éôéÝþÆy£zöìîÊyöì›yöìšþ˜œ
xV öšþ˜œ öíöì„þ 2– 4– 6éôéÝþÆy£zöì„Ïþyöìîûyöìšþ˜œ

OH
Cl2 /

H2O

HO
Br

Br

Br

öšþ˜œ                   ÝþÆy£zöì„Ïþyöìîûyöìšþ˜œ
xiV öšþ˜œ öíöì„þ !šþ˜y£zœ xÄy¢öìÝþÝþ

OH H3COCO

CH3COCl

NaOH

öšþ˜œ                !šþ˜y£zœ xÄy¢öìÝþÝþ
xiiV öšþ˜œ öíöì„þ 2éôé¢y£zöì„Ïþyöì£!:öì˜y˜

OH Na /
Liq. NH3

CH3CH2OH

,
HO O O

 
xiiiV öšþ˜œ öíöì„þ „%þ£z˜œ

HO
Alkaline

K2S2O8

-O

O-

HCl
HO

OH

öšþ˜œ                                          „%þ£z˜œ



xÄyœöì„þy£œ– öšþ˜œ ç £zíyîû 215

xivV öšþ˜œ öíöì„þ öšþ˜œšþäíÄy!œ˜

O

O

OH

OH

H

OH

Conc. H2SO4
C

C

O

O

HO
OH

   íÄy!œ„þ xÄy˜£y£zvÈþy£zvþ                  öšþ˜œšþäíÄy!œ˜
xvV öšþ˜œ öíöì„þ ¢y£zöì„Ïþyöì£:yöì˜y˜

OH
Ni /H2

OH
K2Cr2O7/ H2SO4

O

xviV öšþ˜œ öíöì„þ þ™Äyîûy£y£zvÈþ!: öîOÄyœ!vþ£y£zvþ

OH HCl/ HCN

Anh. AlCl3

OH

HC NH

H3O+

CHO

HO

27. A– B– C........ Ÿ˜y_«„þîû’ „þîûÐ

i) H3C
H2
C O H

Conc. H2SO4

140oC
[A]

ii) H3C
H2
C O H [B]+ CH2N2

HBF4

-N2
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H3C

CH3

CH2

H CH3

H2SO4 /

CH3-CH2-OH
[C]iii)

H3C C CH3

OH

CH3 Conc.
H2SO4

140oC
[D]iv)

H3C C CH3

ONa

CH3

[E]v) + CH3-CH2-I
heat

H3C C CH3

Br

CH3

[F]vi) + CH3-CH2-ONa
heat

H3C
H2
C I + Ag2O

heat
[G]vii)

H2
C O CH3 HI

[H] + [I]viii)

H3C C

CH3

O
H2
C

H3C

CH3

HI
[J] + [K]ix)

H2
C O

H2
CO2N OMe

HI
[L] + [M]x)

Ans–

i) H3C
H2
C O H

Conc. H2SO4

140oC
[A]
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H3C
H2
C O H

H+

H3C
H2
C O H

+

H O
H2
C CH3H

H3C
H2
C O

H2
C CH3

H2O+

[A]

H3C
H2
C O

H2
C CH3

[A] =

ii) H3C
H2
C O H [B]+ CH2N2

HBF4

-N2

H3C
H2
C O H + CH2N2

HBF4

-N2

- +
H3C

H2
C O CH3

[B] = H3C
H2
C O CH3

H3C

CH3

CH2

H CH3

H2SO4 /

CH3-CH2-OH
[C]iii)

H3C

CH3

CH2

H CH3

H2SO4

[C]

H3C

CH3

CH3

H CH3

+
H O

H2
C CH3

H3C

CH3

CH3

H CH3

OCH2CH3

= H3C

CH3

CH3

H CH3

OCH2CH3

H3C C CH3

OH

CH3 Conc.
H2SO4

140oC
[D]iv)
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H3C C CH3

O

CH3

[D]

H+

H

H3C C CH2

O

CH3

H

H

+

H

H3C C CH2

CH3

H3C C CH2

CH3

=

H3C C CH3

ONa

CH3

[E]v) + CH3-CH2-I
heat

H3C C CH3

O-   Na+

CH3 heat
I

H2
C CH3 H3C C O

CH3

CH3

C
H2

CH3

[E] H3C C O

CH3

CH3

C
H2

CH3=

H3C C CH3

Br

CH3

[F]vi) + CH3-CH2-ONa
heat

H3C C CH2

Br

CH3

[F]

+ CH3-CH2-O- Na+
heatH

H3C C CH2

CH3

H3C C CH2

CH3

=

H3C
H2
C I + Ag2O

heat
[G]vii)
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H3C
H2
C I

+ Ag2O
heat

[G]

H3C
H2
C I

H3C
H2
C O

H2
C CH3

= H3C
H2
C O

H2
C CH3

H2
C O CH3 HI

[H] + [I]viii)

H2
C O CH3 HI

[H]

[I]

H2
C O CH3

H

+
CH2

O CH3

H

I

+

HO CH3

CH2

I

=

=

H3C C

CH3

O
H2
C

H3C

CH3

HI
[J] + [K]ix)

H3C C

CH3

O
H2
C

H3C

CH3

[J]

+

[K]

H I
H3C C

CH3

O
H2
C

H3C

CH3

H

I- +H3C C

CH3

O
H2
C

H3C

CH3

H

+

H3C C+

CH3

HO
H2
C

H3C

CH3+
I-

H3C C

CH3

H3C

I

=

=

HO
H2
C CH3

H3C C

CH3

H3C

I
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H2
C O

H2
CO2N OMe

HI
[L] + [M]x)

C
H2

O C
H2

O2N OMe
H

[L]

+

[M]

I

C
H2

O C
H2

O2N OMe

H

+
C
H2

O C
H2

O2N OMe

H

C
H2

OH H2CO2N OMe

+ I-

+
+

I-

H3CO CH2I

[L] =

[M] =

C
H2

OHO2N

H3CO CH2I

28. A– B– C........ Ÿ˜y_«„þîû’ „þîûÐ

C
H

CH2

CH3

CH3C

CH3

H+

H2O
[A]i)

C2H5

1. B2H6

2. NaOH/ H2O2

[B]ii)

C2H5 1. Hg(OCOCH3)2

2. NaBH4 / NaOH
iii

THF, H2O
[C]

H3C C
H

C
H

CHOiv)
NaBH4 [D]
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H3C C
H

C
H

CHO
LiAlH4

[E]v)

H3C C
H

C
H

CHO

Tollen's

[F]vi)
reagent

H3C C

CH3

CH3

OH

vii)
Cu /300oC

[G]

O

CH3
CH3CH2MgBr +viii)

ether

H3O+
[H]

Cl

Br

1. Mg /ether

2. 1/2 O2

3. H3O+

[I]ix)

OH
COOH

x)
Br2 / H2O

[J]

Ans

C
H

CH2

CH3

CH3C

CH3

H+

H2O
[A]i)

C
H

CH2

CH3

CH3C

CH3

H+

C+ CH3

CH3

CH3C

H3C
H

O HH
C CH3

CH3

CH3C

CH3
H-H+

OH
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[A] = C CH3

CH3

CH3C

CH3
H

OH

C2H5

1. B2H6

2. NaOH/ H2O2

[B]ii)

C2H5

1. B2H6

2. NaOH/ H2O2

C2H5

OH

[B]

[B] =

C2H5

OH

C2H5 1. Hg(OCOCH3)2

2. NaBH4 / NaOH

[C]

iii
THF, H2O

C2H5 OH

=

C2H5 OH

[C]

H3C C
H

C
H

CHOiv)
NaBH4 [D]

H3C C
H

C
H

CHO
NaBH4

[D]

H3C C
H

C
H

CH2OH

= H3C C
H

C
H

CH2OH

[D]
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H3C C
H

C
H

CHO
LiAlH4

[E]v)

H3C C
H

C
H

CHO
LiAlH4

[E]

H3C
H2
C

H2
C CH2OH

= H3C
H2
C

H2
C CH2OH

[E]

H3C C
H

C
H

CHO

Tollen's

[F]vi)
reagent

H3C C
H

C
H

CHO

Tollen's

[F]

reagent
H3C C

H
C
H

COOH

[F]

 = H3C C
H

C
H

COOH

H3C C

CH3

CH3

OH

vii)
Cu /300oC

[G]

H3C C

CH3

CH3

OH

Cu /300oC

[G]

H3C C

CH3

CH2

 -H2O

H3C C

CH3

CH2=

[G]

O

CH3
CH3CH2MgBr +viii)

ether

H3O+
[H]
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O

CH3
CH3CH2MgBr +

ether

H3O+

[H] =

C2H5
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1.

OH K2S2O8,
KOH P

Acidified

!î!e«ëûyëû !î!e«ëûy‹y“þ þ™”yíÅ P £œ
A) öî!O˜  B) „%þ£z˜œ    
C) „%þ£zöì˜y˜ D) xÄy!¢öìÝþyöìšþöì˜y˜

2. ˜#öì‰þîû ö„þy˜!Ýþ xÄyöìîûyöì›!Ýþ„þ xÄyœöì„þy£œÚ

A) öe«¢œ B) öšþ˜œ 
C) öîOy£zœ xÄyœöì„þy£œ D) „þÄyöìÝþ„þœ

3. ˜#öì‰þîû ö„þy˜!Ýþ ÝþÆy£z£y£z!vÈþ„þ xÄyœöì„þy£œ

A) £z!í!œ˜ @Õy£z„þœ B) !@Õ¢yîûœ
C) öîOy£zœ xÄyœöì„þy£œ D) „þÄyöìÝþ„þœ

4. ˜#öì‰þîû ö„þy˜ ö‹!›˜Äyœ xÄyœöì„þy£œ ¢îöì‰þöìëû x!•„þ ¢%!ßþi“þÚ

A) ö²Ìyöìþ™˜ 2– 2éôévþy£zxœ B) ö„Ïþyîûyœ £y£zöìvÈþÝþ
C) !îvþzöìÝþ˜– 2– 2éôévþy£zxœ D) ö„þy˜!Ýþ ˜ëû 

5. !îvþzÝþy£zœ xÄyœöì„þy£öìœîû xy£zöì¢y›yîû=!œîû ßþ³%þÝþ˜y‚öì„þîû î,!kþîû e«› £œéôôôé

A) Ýþyîû!¢ëûy!îûéôé!îvþzÝþy£zœ xÄyœöì„þy£œ < xy£zöì¢yéôé!îvþzÝþy£zœ < n–!îvþzÝþy£zœ 
xÄyœöì„þy£œ  

B) n–!îvþzÝþy£zœ xÄyœöì„þy£œ > Ýþyîû!¢ëûy!îûéôé!îvþzÝþy£zœ xÄyœöì„þy£œ > xy£zöì¢y–
!îvþzÝþy£zœ xÄyœöì„þy£œ 

C) xy£zöì¢yéôé!îvþzÝþy£zœ xÄyœöì„þy£œ > n–!îvþzÝþy£zœ xÄyœöì„þy£œ > Ýþyîû!¢ëûy!îû–
!îvþzÝþy£zœ xÄyœöì„þy£œ   

D) Ýþyîû!¢ëûy!îûéôé!îvþzÝþy£zœ xÄyœöì„þy£œ > n–!îvþzÝþy£zœ xÄyœöì„þy£œ > xy£zöì¢y–
!îvþzÝþy£zœ xÄyœöì„þy£œ     

6. !ßþ™!îûÝþ £œéôôôé

A) £zíy£zœ xÄyœöì„þy£œ B) öì²Ìyþ™y£zœ xÄyœöì„þy£œ   
C) !›íy£zœ xÄyœöì„þy£œ D) !îvþzÝþy£zœ xÄyœöì„þy£œ  
Chemistry Vol. III-15
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7. þ™y£zöìîûy†Äyœöìœîû †àþ˜ £œéôôôé
OH

OH

OH

A. B.

OH

OH

OH
OH

OH

OH
C. D.

HO

HO

8. !›íy£zœ xÄyœöì„þy£öìœ x!:öì‹öì˜îû ¢‚„þîûyëû˜ xîßþiyéôôôé
A) sp3 B) sp2   
C) sp D) sp3d

9. LiAlH4 myîûy ~ÞÝþyöìîûîû !î‹yîûöì’ vþzêþ™§¬ xÄyœöì„þy£œ £œéôôôé
A) 1o B) 2o  
C) 3o D) !›íy£zœ xÄyœöì„þy£œ 

10. LiAlH4 myîûy ~ÞÝþyöìîûîû !î‹yîû’ !î‹yîû’ !î!e«ëûy!Ýþ ›y•Ä› !£öì¢öìî îÄî£yîû 
„þîûy £ëûéôôôé

A)  £zíyîû B) xÄyœöì„þy£œ
C) ‹œ D) £zíy£zœ xÄy!¢öìÝþÝþ

11. !„þöìÝþyöì˜îû !î‹yîûöì’ vþzêþ™§¬ xÄyœöì„þy£œ!Ýþ £œéôôôé
A) 1o B) 2o  
C) 3o D) !›íy£zœ xÄyœöì„þy£œ 

12. RMgX ~îû ¢öìD HCHO ~îû !î!e«ëûyëû vþzêþ™§¬ xÄyœöì„þy£œ!Ýþéôôôé
A) 1o B) 2o  
C) 3o D) !›íy£zœ xÄyœöì„þy£œ

13. RMgX ~îû ¢öìD CH3COCH3 ~îû !î!e«ëûyëû vþzêþ™§¬ xÄyœöì„þy£œ!Ýþéôôôé
A) 1o B) 2o  
C) 3o D) !›íy£zœ xÄyœöì„þy£œ 

14. ˜#öì‰þîû ö„þy˜ þ™kþ!“þöì„þ £y£zöìvþyšþîû›y£zöìœŸ˜ îœy £ëûéôôôé

A) £y£zöìvÈþyöìîyöìîûŸ˜ B) x!©›yîû!„þvþzŸ˜éôé!vþ›yîû!„þvþzöìîûŸ˜  
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C) xöì:y þ™kþ!“þ D) £y£zöìvÈþŸ˜ 

15. !îvþzÝþy£zœ xÄyœöì„þy£öìœîû xy£zöì¢y›yîû=!œîû xÄy!¢vþ •öì›Åîû î,!kþîû e«› £œ–

A) Ýþyîû!¢ëûy!îûéôé!îvþzÝþy£zœ xÄyœöì„þy£œ < xy£zöì¢yéôé!îvþzÝþy£zœ < n–!îvþzÝþy£zœ 
xÄyœöì„þy£œ  

B)  n–!îvþzÝþy£zœ xÄyœöì„þy£œ > Ýþyîû!¢ëûy!îûéôé!îvþzÝþy£zœ xÄyœöì„þy£œ > xy£zöì¢y–
!îvþzÝþy£zœ xÄyœöì„þy£œ 

C) xy£zöì¢yéôé!îvþzÝþy£zœ xÄyœöì„þy£œ > n–!îvþzÝþy£zœ xÄyœöì„þy£œ > Ýþyîû!¢ëûy!îû–
!îvþzÝþy£zœ xÄyœöì„þy£œ   

D)  Ýþyîû!¢ëûy!îûéôé!îvþzÝþy£zœ xÄyœöì„þy£œ > n–!îvþzÝþy£zœ xÄyœöì„þy£œ > xy£zöì¢y–
!îvþzÝþy£zœ xÄyœöì„þy£œ     

16. !îvþzÝþy£zœ xÄyœöì„þy£öìœîû xy£zöì¢y›yîû=!œîû ßþ³%þÝþ˜y‚öì„þîû î,!kþîû e«› £œéôôôé

A) Ýþyîû!¢ëûy!îûéôé!îvþzÝþy£zœ xÄyœöì„þy£œ < xy£zöì¢yéôé!îvþzÝþy£zœ < n–!îvþzÝþy£zœ 
xÄyœöì„þy£œ  

B)  n–!îvþzÝþy£zœ xÄyœöì„þy£œ > Ýþyîû!¢ëûy!îûéôé!îvþzÝþy£zœ xÄyœöì„þy£œ > xy£zöì¢y–
!îvþzÝþy£zœ xÄyœöì„þy£œ 

C) xy£zöì¢yéôé!îvþzÝþy£zœ xÄyœöì„þy£œ  > n–!îvþzÝþy£zœ xÄyœöì„þy£œ > Ýþyîû!¢ëûy!îû–
!îvþzÝþy£zœ xÄyœöì„þy£œ   

D)  Ýþyîû!¢ëûy!îûéôé!îvþzÝþy£zœ xÄyœöì„þy£œ > n–!îvþzÝþy£zœ xÄyœöì„þy£œ > xy£zöì¢y–
!îvþzÝþy£zœ xÄyœöì„þy£œ     

17. !îvþzÝþy£zœ xÄyœöì„þy£öìœîû xy£zöì¢y›yîû=!œîû oyîÄ“þyîû î,!kþîû e«› £œéôôôé

A) Ýþyîû!¢ëûy!îûéôé!îvþzÝþy£zœ xÄyœöì„þy£œ < xy£zöì¢yéôé!îvþzÝþy£zœ < n–!îvþzÝþy£zœ 
xÄyœöì„þy£œ  

B) n–!îvþzÝþy£zœ xÄyœöì„þy£œ < xy£zöì¢yéôé!îvþzÝþy£zœ xÄyœöì„þy£œ < Ýþyîû!¢ëûy!îû–
!îvþzÝþy£zœ xÄyœöì„þy£œ  

C)  xy£zöì¢yéôé!îvþzÝþy£zœ xÄyœöì„þy£œ > n–!îvþzÝþy£zœ xÄyœöì„þy£œ > Ýþyîû!¢ëûy!îû–
!îvþzÝþy£zœ xÄyœöì„þy£œ   

D) Ýþyîû!¢ëûy!îûéôé!îvþzÝþy£zœ xÄyœöì„þy£œ > xy£zöì¢yéôé!îvþzÝþy£zœ xÄyœöì„þy£œ > 
n–!îvþzÝþy£zœ xÄyœöì„þy£œ 
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18. !îvþzÝþy£zœ xÄyœöì„þy£öìœîû xy£zöì¢y›yîû=!œîû Çþyîû#ëû •öì›Åîû î,!kþîû e«› £œ–

A) Ýþyîû!¢ëûy!îûéôé!îvþzÝþy£zœ xÄyœöì„þy£œ < xy£zöì¢yéôé!îvþzÝþy£zœ < n–!îvþzÝþy£zœ 
xÄyœöì„þy£œ  

B) n–!îvþzÝþy£zœ xÄyœöì„þy£œ < xy£zöì¢yéôé!îvþzÝþy£zœ xÄyœöì„þy£œ < Ýþyîû!¢ëûy!îû–
!îvþzÝþy£zœ xÄyœöì„þy£œ  

C) xy£zöì¢yéôé!îvþzÝþy£zœ xÄyœöì„þy£œ > n–!îvþzÝþy£zœ xÄyœöì„þy£œ > Ýþyîû!¢ëûy!îû–
!îvþzÝþy£zœ xÄyœöì„þy£œ   

D) Ýþyîû!¢ëûy!îûéôé!îvþzÝþy£zœ xÄyœöì„þy£œ > xy£zöì¢yéôé!îvþzÝþy£zœ xÄyœöì„þy£œ > 
n–!îvþzÝþy£zœ xÄyœöì„þy£œ 

19. ~ÞÝþy!îû!šþöì„þŸ˜ !î!e«ëûyëû xÄyœöì„þy£öìœîû ¢!e«ëû“þyîû ¢!àþ„þ e«› £œ –
A) CH3OH < C2H5OH < (CH3)2CHOH < (CH3)3COH    
B) CH3OH > C2H5OH > (CH3)2CHOH > (CH3)3COH     
C) CH3OH > C2H5OH > (CH3)3COH > (CH3)2CHOH       
D) CH3OH > (CH3)3COH > (CH3)2CHOH > C2H5OH    

20. ~ÞÝþy!îû!šþöì„þŸ˜ !î!e«ëûyëû „þyîûî!:!œ„þ xÄy!¢öìvþîû ¢!e«ëû“þyîû ¢!àþ„þ e«› £œ –
A)  HCOOH  < CH3COOH <  (CH3)2CHCOOH <  (CH3)3CCOOH    
B) HCOOH > CH3COOH  >  (CH3)2CHCOOH  >  (CH3)3CCOOH    
C) HCOOH > (CH3)2CHCOOH > (CH3)3CCOOH > CH3COOH
D) HCOOH > CH3COOH > (CH3)3CCOOH > (CH3)2CHCOOH  

21. œ%„þy¢ !î„þyîû„þ £œéôôôé

A)  ZnCl2 / †y‘þü HCl B) Zn / †y‘þü HCl  
C)  ZnCl2 / œ‡% HCl D) Zn / œ‡% HCl  

22. xÄyœöì„þy£öìœîû ¢öìD £Äyöìœyöì‹˜ xÄy!¢öìvþîû !î!e«ëûyîû ¢!e«ëû“þyîû e«›éôôôé
A) HI > HBr > HF > HCl B) HI > HBr > HCl > HF                    
C) HI < HBr < HCl < HF      D) HI < HCl < HF < HBr

23. çëûyÝþyîû †Äy¢ öíöì„þ !›íy£zœ xÄyœöì„þy£œ ¢‚öìÙÕ¡ìöì’ îÄî£*“þ x˜%‡Ýþ„þ £œéôôôé
A)  ZnO + Cr2O3 B) Fe2O3 
C)  AlCl3                     D) ZnCl2 
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24. H3C

H

CH3

OH

Cu /
300oC

P

vþzþ™öìîûîû !î!e«ëûyëû !î!e«ëûy‹y“þ þ™”yíÅ P £œ–
A) xÄy!¢ÝþÄyœ!vþ£y£zvþ B) xÄy!¢öìÝþy˜                    
C) xÄy!¢!Ýþ„þ xÄy!¢vþ    D) öì²Ìyþ™y˜Äyœ

25. H3C

CH3

CH3

OH

Cu /
300oC P

A) 2–!›íy£zœ öì²Ìy!þ™˜ B) xÄy!¢öìÝþy˜                    
C) xÄy!¢!Ýþ„þ xÄy!¢vþ    D) šþîû!›„þ xÄy!¢vþ      

26. @Õ%öì„þy‹ öíöì„þ £zíy£zœ xÄyœöì„þy£œ ¢‚öìÙÕ¡ìöì’ ˜#öì‰þîû ö„þy˜ ~˜‹y£z›!Ýþ 
„þyëÅ„þîû#éôôôé

A) ‹y£zöì›‹ B) £z˜¦þyîûöìÝþ‹
C) vþyëûy¢öìÝþ‹   D) ›œöìÝþ‹  

27. !îvþzÝþy£zœ xÄyœöì„þy£öìœîû ö„þy ä̃ xy£zöì¢y›yîû!Ýþ £Äyöìœyšþ›Å !î!e«ëûyëû ¢yvþüy ö”ëûéôôôé

A) Ýþyîû!¢ëûy!îû !îvþzÝþy£zœ xÄyœöì„þy£œ
B) xy£zöì¢y !îvþzÝþy£zœ xÄyœöì„þy£œ
C) ö¢öì„þ[þyîû# !îvþzÝþy£zœ xÄyœöì„þy£œ
D) n–!îvþzÝþy£zœ xÄyœöì„þy£œ

28. vþyvþzéôé~îû þ™kþ!“þöì“þ ˜#öì‰þîû ö„þy˜ä !Ýþ ²Ìlßþ“þ „þîûy £ëûÚ

A) öî!O˜ B) öîOÄyœ!vþ£y£zvþþ
C) öšþ˜œ D) Ýþœ%£z˜

29. îûÄy¢!‰þ†éôé~îû þ™kþ!“þöì“þ SRaschig's Process) ˜#öì‰þîû ö„þy ä̃ !Ýþ ²Ìlßþ“þ „þîûy £ëûÚ

A) öî!O˜ B) öîOÄyœ!vþ£y£zvþþ
C) öšþ˜œ D) Ýþœ%£z˜
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30. ˜y£zöìÝþÆyöìšþ˜öìœîû xÁÔ•›Å#“þyîû ¢!àþ„þ e«› £œéôôôé

A) öšþ˜œ < þ™Äyîûyéôé˜y£zöìÝþÆyöìšþ˜öìœ < xöìíÅyéôé˜y£zöìÝþÆyöìšþ˜öìœ < ö›Ýþyéôé˜y£zöìÝþÆyöìšþ˜öìœ
B) öšþ˜œ < xöìíÅyéôé˜y£zöìÝþÆyöìšþ˜öìœ < ö›Ýþyéôé˜y£zöìÝþÆyöìšþ˜öìœ < þ™Äyîûyéôé˜y£zöìÝþÆyöìšþ˜öìœ 
C) öšþ˜œ < ö›Ýþyéôé˜y£zöìÝþÆyöìšþ˜öìœ < xöìíÅyéôé˜y£zöìÝþÆyöìšþ˜öìœ < þ™Äyîûyéôé˜y£zöìÝþÆyöìšþ˜öìœ 
D) öšþ˜œ < ö›Ýþyéôé˜y£zöìÝþÆyöìšþ˜öìœ < þ™Äyîûyéôé˜y£zöìÝþÆyöìšþ˜öìœ < xöìíÅyéôé˜y£zöìÝþÆyöìšþ˜öìœ 

31. !›íy£zœöìšþ˜öìœîû xÁÔ•›Å#“þyîû ¢!àþ„þ e«› £œéôôôé

A) öšþ˜œ < xöìíÅyéôéöìe«¢œ < ö›Ýþyéôéöìe«¢œ < þ™Äyîûyéôéöìe«¢œ
B) xöìíÅyéôéöìe«¢œ < öšþ˜œ < ö›Ýþyéôéöìe«¢œ < þ™Äyîûyéôéöìe«¢œ
C) xöìíÅyéôéöìe«¢œ < öšþ˜œ < þ™Äyîûyéôéöìe«¢œ < ö›Ýþyéôéöìe«¢œ 
D) xöìíÅyéôéöìe«¢œ < þ™Äyîûyéôéöìe«¢œ < ö›Ýþyéôéöìe«¢œ < öšþ˜œ

32. öšþ˜öìœîû ¢öìD öšþ!îû„þ ö„Ïþyîûy£zöìvþîû !î!e«ëûyëû oîöì’îû î’Å £ëûéôôôé

A) öî=!˜ B) œyœ 
C) „þ›œy  D) ¢î%‹

33. ˜#öì‰þîû ö„þy˜!Ýþ NaHCO3 oîöì’ oî#¦)þ“þ £ëûÚ

A.

HO

B.

COOH

C.

OH

NO2

D.

OH
NO2

OH
1. NaOH
2. CO2 6-7 atm.

130-140oC
3. Acidified

OH

COOH34.

vþzþ™öìîûîû !î!e«ëûy!Ýþîû ˜y› £œ 
A) ö„þyœöìîéôé!ßþ¿Ýþ !î!e«ëûy B) îûy£z›yîûéôé!Ýþ›Äy˜ !î!e«ëûy 
C) vþyšþ !î!e«ëûy   D) öœöìvþîûyîûéôé›Äy˜yöì¢ !î!e«ëûy
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OH
1. NaOH
2. CHCl3,

3. Acidified

OH

CHO35. 60oC

vþzþ™öìîûîû !î!e«ëûy!Ýþîû ˜y› £œ 
A) ö„þyœöìîéôé!ßþ¿Ýþ !î!e«ëûy  B) îûy£z›yîûéôé!Ýþ›Äy˜ !î!e«ëûy 
C) vþyšþ !î!e«ëûy   D) öœöìvþîûyîûéôé›Äy˜yöì¢ !î!e«ëûy

OH

1. NaOH
OH

CH2OH
36. + HCHO +

OH

HOH2C

vþzþ™öìîûîû !î!e«ëûy!Ýþîû ˜y› £œ 
OCOCH3 OH

COCH337. +

OH

H3COC

Anhy. AlCl3

heat

vþzþ™öìîûîû !î!e«ëûy!Ýþîû ˜y› £œ 
A) ö„þyœöìîéôé!ßþ¿Ýþ !î!e«ëûy  B) îûy£z›yîûéôé!Ýþ›Äy˜ !î!e«ëûy 
C) vþyšþ !î!e«ëûy D) öœöìvþîûyîûéôé›Äy˜yöì¢ !î!e«ëûy

OH
COOH

38.
CH3OH/

Conc. H2SO4

P

vþzþ™öìîûîû !î!e«ëûy!Ýþîû ˜y› £œ 
A) ö„þyœöìîéôé!ßþ¿Ýþ !î!e«ëûy  B) îûy£z›yîûéôé!Ýþ›Äy˜ !î!e«ëûy 
C) šÊþyöìëû¢ þ™%˜!îÅ˜Äy¢ !î!e«ëûy D) öœöìvþîûyîûéôé›Äy˜yöì¢ !î!e«ëûy
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OH
COOH

39.
Conc. H2SO4

P
(CH3CO)2O

vþzþ™öìîûîû !î!e«ëûyëû !î!e«ëûy‹y“þ þ™”yíÅ P £œéôôôé
A) ¢Äyœœ B) xöìëûœ xšþ vþz£zrÝþyîû!@ùÌ˜
C) xÄy¢!þ™!îû˜ D) xöìëûœ xšþ !›îûyöìî˜

OH
COOH

40. P
POCl3

OH

vþzþ™öìîûîû !î!e«ëûyëû !î!e«ëûy‹y“þ þ™”yíÅ P £œéôôôé
A) ¢Äyœœ B) xöìëûœ xšþ vþz£zrÝþyîû!@ùÌ˜
C) xÄy¢!þ™!îû˜ D) xöìëûœ xšþ !›îûyöìî˜

H3C

CH3

CH3

OH OH

H2SO4
CH3

H3C CH3

CH3 O

CH3

41.

vþzþ™öìîûîû !î!e«ëûy!Ýþîû ˜y› £œ 
A) ö„þyœöìîéôé!ßþ¿Ýþ !î!e«ëûy  B) îûy£z›yîûéôé!Ýþ›Äy˜ !î!e«ëûy 
C) šÊþyöìëû¢ þ™%˜!îÅ˜Äy¢ !î!e«ëûy 
D) !þ™˜y„þœéôé!þ™˜y„þöìœy˜ þ™%˜!îÅ˜Äy¢ e«yvþz˜ 

42. 12–e«yvþz˜ –4 îœöì“þ öîyGþyëû–

A) îkþ Ÿ,Cœ £zíyöìîû ö›yÝþ „þyîÅ˜ þ™îû›y’% ¢‚…Äy £œ 12
B) îkþ Ÿ,Cœ £zíyöìîû ö›yÝþ þ™îû›y’% ¢‚…Äy £œ 12
C) îkþ Ÿ,Cœ £zíyöìîû ö›yÝþ x!:öì‹˜ þ™îû›y’% ¢‚…Äy £œ 12
D) ö„þy˜!Ýþ ˜ëû 

43. £zíyîû ~î‚ xÄyœöì„þy£öìœîû ›öì•Ä þ™yíÅ„þÄ !˜’Åëû „þîûy ëyëû ˜#öì‰þîû ö„þy˜!Ýþîû 
¢y£yöìëÄÚ
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A) ö¢y!vþëûy› B) PCl5

C) Ýþöìœª !î„þyîû„þ  D) öìšþ!œ‚ !î„þyîû„þ

44. vþy£z £zíy£zœ £zíyîûöì„þ x!“þ!îû_« HI ¢£öìëyöì† vþz_® „þîûöìœ vþzêþ™§¬ £ëû 

A) £zíy£zœ xÄyœöì„þy£œ B) £z!í!œ˜
C) £zöìí˜ D) £zíy£zœ xyöìëûyvþy£zvþ

45. £zíy£zœ xyöìëûyvþy£zvþ ç ö¢y!vþëûy› £zöìíy:y£zöìvþîû !›×’öì„þ vþz_® „þîûöìœ 
vþzêþ™§¬ £ëûéôôôé

A) £zíy£zœ xÄyœöì„þy£œ B) vþy£z£zíy£zœ £zíyîû 
C) £zöìí˜ D) £zíy£zœ xyöìëûyvþy£zvþ

46. vþy£z£zíy£zœ £zíyîûöì„þ îyëû% ~î‚ xyöìœyöì„þ vþz§Ã%_« „þîûöìœ ˜#öì‰þîû ö„þy˜!Ýþ 
vþzêþ™§¬ £ëûÚ

A) £zíyîû þ™yîû:y£zvþ B) £zíy£zœ xÄyœöì„þy£œ      
C) £zíy£zœ xÄy!¢öìÝþÝþ D) xÄy!¢ÝþÄyœ!vþ£y£zvþ

Ans– 

 1. B, 2.C, 3.B, 4.B, 5.A, 6.C, 7. A, 8.A, 9.A, 10.A, 11.B, 12. 
A, 13.C, 14.C, 15.A, 16.A, 17.B, 18.B, 19.B, 20.B, 21. A, 
22.B, 23.A, 24.B, 25.A, 26.A, 27.C, 28.C, 29.C, 30.C, 31.D, 
32.A, 33.B, 34.A, 35.B, 36.D, 37.C, 38.B, 39.C, 40.A, 41.D, 
42.B, 43.A, 44.D, 45.B, 46.A
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xÄyœ!vþ£y£zvþ– !„þöìÝþy˜ ç „þyîÅ!:!œ„þ xÄy!¢vþ 

1. ö‹yª !î„þyîû„þ „þ#Ú ö‹yª !î„þyîûöì„þîû ~„þ!Ýþ îÄî£yîû öœ…Ð

vþz_îûéôôôéœ‡% ¢yœ!šþvþz!îû„þ xÄy!¢öìvþ oî#¦)þ“þ öìe«y!›ëûy› ÝþÆy£z x:y£zvþ ç 
‹œ#ëû xÄy!¢öìÝþyöì˜îû !›×’öì„þ ö‹yª !î„þyîû„þ îöìœÐ ²Ìy£z›y!îû xÄyœöì„þy£œöì„þ 
xÄyœ!vþ£y£zöìvþ ‹y!îû“þ „þîûyîû ‹˜Ä ö‹yª !î„þyîû„þ îÄî£yîû „þîûy £ëûÐ ö‹yª !î„þyîû„þ 
myîûy ²Ìy£z›y!îû xÄyœöì„þy£öìœîû ‹yîû’ !e«ëûy xÄyœ!vþ£y£zvþ hßþöìîû£z ¢#›yîkþ íyöì„þÐ

îûy¢yëû!˜„þ !î!e«ëûyéôôôé

R-CH2OH
CrO3 + H2SO4

Acetone
RCHO + H2O

2. „þ!œª !î„þyîû„þ „þ#Ú „þ!œª !î„þyîûöì„þîû ~„þ!Ýþ îÄî£yîû öœ…Ð

vþz_îûéôôôé öe«y!›ëûy› ÝþÆy£z x:y£zvþ ç !þ™!îû!vþöì˜îû ‹!Ýþœ œî’öì„þ „þ!œª !î„þyîû„þ 
îöìœÐ £z£yîû ¢öìBþ“þéôôôé

(C5H5N)2CrO3Ð ²Ìy£z›y!îû xÄyœöì„þy£œöì„þ xÄyœ!vþ£y£zöìvþ ‹y!îû“þ „þîûyîû ‹˜Ä 
„þ!œª !î„þyîû„þ îÄî£yîû „þîûy £ëûÐ „þ!œª !î„þyîû„þ myîûy ²Ìy£z›y!îû xÄyœöì„þy£öìœîû 
‹yîû’ !e«ëûy xÄyœ!vþ£y£zvþ hßþöìîû£z ¢#›yîkþ íyöì„þÐ

R-CH2OH
(C5H5N)2CrO3

RCHO + H2O
CH2Cl2

3. !þ™!îû!vþ!˜ëûy› ö„Ïþyöìîûyöìe«yöì›Ýþ îy ö„þyöìîû !î„þyîû„þ SCorey's reagentV  
„þ#Ú £z£yîû ~„þ!Ýþ îÄî£yîû öœ…Ð

vþz_îûéôôôé vþy£z öì„Ïþyöìîûy !›öìí˜ oyîöì„þ !þ™!îû!vþ˜– HCl–  CrO3 öîû !›×’öì„þ 
PCC îy ö„þyöìîû !î„þyîû„þ SCorey's reagentV îöìœÐ 
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R-CH2OH RCHO +

CH2Cl2

CrO3.C5H5N. HCl
H2O

4. !Ýþ„þy öœ… çöìþ™˜yîû SOppenauer OxidationV

xÄy!¢öìÝþyöì˜ oyîöì„þ xÄyœ%!›!˜ëûy› Ýþyîû!¢ëûy!îû !îvþzÝþ:y£zvþ ~î‚ ö¢öì„þ[þy!îû 
xÄyœöì„þy£œöì„þ oî#¦)þ“þ „þöìîû vþz_® „þîûöìœ !„þöìÝþy˜ vþzêþ™§¬ £ëûÐ ~£z !î!e«ëûyöì„þ 
çöìþ™˜yçëûyîû ‹yîû˜ þ™kþ!“þ îœy £ëûÐ ~£z !î!e«ëûyëû xÄy!¢öìÝþyöì˜ !î‹y!îû“þ £öìëû 
xy£zöì¢yöì²Ìyþ™y£zœ xÄyœöì„þy£œ ~î‚ ö¢öì„þ[þy!îû xÄyœöì„þy£œ ‹y!îû“þ £öìëû !„þöìÝþy˜ 
vþzêþ™§¬ £ëûÐ~£z þ™kþ!“þîû ¢%!î•y £œ öë ö„þy˜ !mîõþ˜ ë%_« xÄyœöì„þy£œöì„þ ‹y!îû“þ 
„þöìîû x¢Á™,_« !„þöìÝþy˜ ²Ìlßþ“þ „þîûy ëyëûÐ xÄy!¢öìÝþyöì̃ îû þ™!îûîöì“Åþ þ™ÄyîûyéôéöìîöìOy„%þ£zöì̃ y˜ 
îÄî£yîû „þîûöìœ ²Ìy£z›y!îû xÄyœöì„þy£œ ‹y!îû“þ £öìëû xÄyœ!vþ£y£zvþ vþzêþ™§¬ £ëûÐ 
xÄy!¢öìÝþy˜ xöìþ™Çþy þ™ÄyîûyéôéöìîöìOy„%þ£zöì˜yöì˜îû £y£zöìvÈþyöì‹˜ @ùÌ£’ „þîûy Çþ›“þy xöì˜„þ 
öî!ŸÐ öëöì£“%þ !î!e«ëûy!Ýþ vþz¦þ›%…# šþöìœ !„þöìÝþy˜ vþzêþ™§¬ £çëûy ›ye !î!e«ëûy šÏþy: 
öíöì„þ e«›y†“þ xþ™¢yîû’ „þöìîû !î!e«ëûy!“þ ~„þ›%…# „þîûy £ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

H3C
H2
C

H
C CH3

OH

2o

+ H3C C CH3

Al(O-CMe3)3
O

H3C
H2
C C CH3

O

+

Ketone

CH3CH(OH)CH3

Alcohol

H2C C
H

H
C CH3

OH

2o

+ H3C C CH3

Al(O-CMe3)3
O

H2C C
H

C CH3

O

+

Ketone

CH3CH(OH)CH3

Alcohol unsaturated

R-CH2-CH2OH
[Al(OCMe3)3]

OO+ R-CH2-CHO +

OH

OH1o alcohol p-benzoquinone
quinol

5. îû*þ™yhsþîû „þîûéôôôé

aV 2éôé!îvþzÝþy£z˜ öíöì„þ ö¢öì„þ[þy!îû !îvþzÝþy£zœ xÄyœöì„þy£œ
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bV öì²Ìyþ™y£z˜ öíöì„þ xÄy!¢öìÝþy˜
cV öì²Ìyþ™y£z˜ öíöì„þ öì²Ìyþ™y˜Äyœ
dV n–öì²Ìyþ™y£zœ xÄyœöì„þy£œ öíöì„þ öì²Ìyþ™y˜Äyœ
eV Ýþyîû!¢ëûy!îû !îvþzÝþy£zœ xÄyœöì„þy£œ öíöì„þ 5éôé!›íy£zœ öì²Ìy!þ™˜
fV !îvþz!Ýþ˜ öíöì„þ xÄy!¢ÝþÄyœ!vþ£y£zvþ
gV !îvþzÝþy˜ 2–3éôévþy£zxœ öíöì„þ xÄy!¢ÝþÄyœ!vþ£y£zvþ
hV öì²Ìy!þ™˜ öíöì„þ xÄy!¢öìÝþy˜
iV £z!í!œ˜ öíöì„þ xÄy!¢ÝþÄyœ!vþ£y£zvþ
jV 2–3éôévþy£z!›íy£zœ !îvþzÝþy˜ 2–3éôévþy£zxœ öíöì„þ xÄy!¢öìÝþy˜
kV !›íy£zœ ¢yëûy˜y£zvþ öíöì„þ xÄy!¢öìÝþy˜
lV xÄy!¢Ýþy£zœ ö„Ïþyîûy£zvþ öíöì„þ xÄy!¢ÝþÄyœ!vþ£y£zvþ
vþz_îûéôôôé
aV 2éôé!îvþzÝþy£z˜ öíöì„þ ö¢öì„þ[þy!îû !îvþzÝþy£zœ xÄyœöì„þy£œ

H3C C C CH3

20% H2SO4

HgSO4

H3C
H2
C C CH3

O

H3C
H2
C

H
C CH3

OH

LiAlH4

2éôé!îvþzÝþy£z˜                          
ö¢öì„þ[þy!îû !îvþzÝþy£zœ
xÄyœöì„þy£œ
bV öì²Ìyþ™y£z˜ öíöì„þ xÄy!¢öìÝþy˜

H3C C CH
20% H2SO4

HgSO4

H3C C CH3

O

    öì²Ìyþ™y£z˜                       xÄy!¢öìÝþy˜

cV öì²Ìyþ™y£z˜ öíöì„þ öì²Ìyþ™y˜Äyœ

H3C C CH H3C
H2
C CHO

1. B2H6

2. NaOH / H2O2

       öì²Ìyþ™y£z˜                                   öì²Ìyþ™y˜Äyœ
dV n-öì²Ìyþ™y£zœ xÄyœöì„þy£œ öíöì„þ öì²Ìyþ™y˜Äyœ
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H3C
H2
C CH2 H3C

H2
C CHO

OH

Cu / 300oC

 n-öì²Ìyþ™y£zœ xÄyœöì„þy£œ                           öì²Ìyþ™y˜Äyœ
eV Ýþyîû!¢ëûy!îû !îvþzÝþy£zœ xÄyœöì„þy£œ öíöì„þ 2-!›íy£zœ öì²Ìy!þ™˜

H3C

CH3

CH3

OH

Cu / 300oC
H3C

CH3

CH2

Ýþyîû!¢ëûy!îû !îvþzÝþy£zœ xÄyœöì„þy£œ                 2-!›íy£zœ öì²Ìy!þ™˜
fV !îvþz!Ýþ˜ öíöì„þ xÄy!¢ÝþÄyœ!vþ£y£zvþ

H3C C
H

C
H

CH3

1.   O3

2. Zn  /H2O
H3C CHO

 
gV !îvþzÝþy˜ 2–3-vþy£zxœ öíöì„þ xÄy!¢ÝþÄyœ!vþ£y£zvþ

H3C
H
C

H
C CH3

OH OH

HIO4 or

Pb(OCOCH3)4

H3C CHO

!îvþzÝþy˜ 2–3-vþy£zxœ                              xÄy!¢ÝþÄyœ!vþ£y£zvþ
hV öì²Ìy!þ™˜ öíöì„þ xÄy!¢öìÝþy˜

H3C C
H

CH2 + PdCl2 + H2O
CuCl2

O2

,
H3C

O

C CH3

 
       öì²Ìy!þ™˜                                                                    xÄy!¢öìÝþy˜
iV £z!í!œ˜ öíöì„þ xÄy!¢ÝþÄyœ!vþ£y£zvþ

H2C CH2 + PdCl2 + H2O
CuCl2

O2

,
H3C

O

C H

jV 2–3-vþy£z!›íy£zœ !îvþzÝþy˜ 2–3-vþy£zxœ öíöì„þ xÄy!¢öìÝþy˜
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H3C C C CH3

OH OH

HIO4 or

Pb(OCOCH3)4

CH3 CH3

H3C

O

C CH3

2–3-vþy£z!›íy£zœ !îvþzÝþy˜ 2–3-vþy£zxœ                               xÄy!¢öìÝþy˜
kV !›íy£zœ ¢yëûy˜y£zvþ öíöì„þ xÄy!¢öìÝþy˜

H3C C N

CH3MgBr  / ether1.

2. H3O+

H3C

O

C CH3

!›íy£zœ ¢yëûy˜y£zvþ                                        xÄy!¢öìÝþy˜
lV xÄy!¢Ýþy£zœ ö„Ïþyîûy£zvþ öíöì„þ xÄy!¢ÝþÄyœ!vþ£y£zvþ

H3C C

O

Cl
Pd /  H2

BaSO4

H3C CHO

6. A, B, C, D.........Ÿ˜y_«„þîû’ „þîûÐ

(CH3COO)2Caa) 2
heat

400oC
A

(CH3COO)2Cab)
heat

400oC
+ (HCOO)2Ca B

c) 2 CH3COOH
MnO

300oC
C

d) 2 HCOOH
MnO

300oC
D

e) CH3COOH  +   HCOOH
MnO

300oC
E
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H3C
H2
C C

Cl

CH3

Cl

KOHAqueous

Solution
f) F

H3C
H2
C C CH

1. B2H6

2. NaOH /H2O2
g) G

H3C C

O

Cl
(CH3)2Cd

ether
h) H

H3C
H2
C C Ni)

SnCl2  /HCl

H2O
I

H3C C
H

CH2 + CO + H2

[Co2(CO)8]
j) J

vþz_îû

(CH3COO)2Caa) 2
heat

400oC
A

H3C C

O

O

H3C

O

C O
Ca + Ca

O C

O

CH3

O

O

C CH3

Heat

400oC
H3C

O

C CH3

A

A = H3C

O

C CH3
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H3C C

O

O

H3C

O

C O
Ca + Ca

O C

O

H

O

O

C H

Heat

400oC
H3C

O

C H

B

B = H3C

O

C H

b)

H3C

O

C CH3

c) 2 CH3COOH
MnO

300oC
H3C

O

C CH3

C

C =

H

O

C H

d) 2 CH3COOH
MnO

300oC
H

O

C H

D
D =

e) CH3COOH  +   HCOOH
MnO

300oC

E

H3C

O

C H

E = H3C

O

C H

H3C
H2
C C

Cl

CH3

Cl

KOHAqueous

Solution
f)

F

H3C
H2
C C

OH

CH3

OH

[ ] H3C
H2
C C CH3

O

F H3C
H2
C C CH3

O

=
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H3C
H2
C C CH

1. B2H6

2. NaOH /H2O2

g)

G
H3C

H2
C

H2
C CHO

H3C
H2
C C

H
CH

OH

[ ]

H3C
H2
C

H2
C CHOG  =

H3C C

O

Cl
(CH3)2Cd

ether
h)

H

H3C C

O

CH3

H = H3C C

O

CH3

H3C
H2
C C Ni)

SnCl2  /HCl

H2O
I

H3C
H2
C CHO

H3C
H2
C CHOI  =

H3C C
H

CH2 + CO + H2

[Co2(CO)8]
j)

J

H3C
H2
C

H2
C CHO

J = H3C
H2
C

H2
C CHO

7. NaHSO3 oîöì’îû ¢y£yöìëÄ „þ#¦þyöìî xÄœ!vþ£y£zvþ ç !„þöìÝþyöì˜îû ›öì•Ä 
þ™yíÅ„þÄ „þîûöìîÚ

vþz_îûéôôôé 40% ö¢y!vþëûy› îy£z¢yœšþy£zöìÝþîû ‹œ#ëû oîöì’ xÄœ!vþ£y£zvþ ç !„þöìÝþy˜ 
öëy† „þîûöìœ îûy¢yëû!˜„þ !î!e«ëûyëû ö¢y!vþëûy› îy£z¢yœšþy£zöìÝþîû ö„þœy¢y„þyîû ë%“þ 
öëï† ¢,!ÜT „þöìîûÐ vþzêþ™§¬ ö„þœy¢y„þyîû ë%“þ öëï†öì„þ œ‡% xÄy!¢vþ îy œ‡% ö¢y!vþëûy› 
îy£z„þyöìîÅyöì˜öìÝþîû ‹œ#ëû oî’ öëy† „þîûöìœ þ™%˜îûyëû xÄœ!vþ£y£zvþ ç !„þöìÝþy˜  öëïöì† 
!šþöìîû xyöì¢Ð îvþü xÄyœ!„þœ ›)œ„þ ë%_« !„þöìÝþy˜ öìÞÝþ!îû„þ !£˜vÈþyöìªîû „þyîûöì’ 
îy£z¢yœšþy£zöìÝþîû ¢öìD !î!e«ëûy „þöìîû ˜yÐ 
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R C

O

H NaO S

O

OH
+ - R C

ONa

H

SO3H

R C

ONa

H

SO3H

+

H+

R C

OH

H

OH

[ ]R C

O

H

Aldehyde

Aldehyde

8. ¢› xy’!î„þ =îû&c !î!ŸÜT öì²Ìyþ™y˜Äyöìœîû “%þœ˜yëû xÄy!¢öìÝþyöì˜îû ßþ³%þÝþ˜y‚„þ 
vþzF‰þ“þîû îÄy…Äy „þîûÐ

vþz_îûéôôôé öì²Ìyþ™y˜Äyöìœîû “%þœ˜yëû xÄy!¢öìÝþyöì˜îû !möì›îû& ¼y›öì„þîû ›y˜ öî!Ÿ 
„þyîû’ xÄy!¢öìÝþyöì˜îû ”%!Ýþ !›íy£zœ @ùÌ&öìþ™îû +I ²Ì¦þyî öì²Ìyþ™y˜Äyöìœîû ~„þ!Ýþ £zíy£zœ 
@ùÌ&öìþ™îû +I ²Ì¦þyöìîîû “%þœ˜yëû x!•„þÐ šþöìœ xÄy!¢öìÝþyöì˜îû vþy£zöìþ™yœéôévþy£zöìþ™yœ 
xy„þ¡ìÅ’ îœ öì²Ìyþ™y˜Äyöìœîû “%þœ˜yëû x!•„þÐ ~£z „þyîûöì’ öì²Ìyþ™y˜Äyöìœîû “%þœ˜yëû 
xÄy!¢öìÝþyöì˜îû ßþ³%þÝþ˜y‚„þ vþzF‰þ“þîûÐ

9. ²Ìþ™šþéôôôé¢%e!Ýþ öœ… ~î‚ îÄy…Äy „þîûÐ

vþz_îûéôôôé ö„þy˜ !›× !„þöìÝþy˜öì„þ Ÿ!_«Ÿyœ# ‹yîû„þ þ™”yíÅ myîûy ‹y!îû“þ „þîûöìœ 
„þyîÅ!˜œ „þyîÅ˜ öŠéyÝþ xÄyœ!„þœ @ùÌ&öìþ™îû ¢öìD ë%_« íyöì„þÐ

H3C
H2
C

H2
C C

O
CH3 + CH3COOHCH3-CH2COOHCH3-CH2-CH2-COOH  HCOOH+

Conc.

HNO3

Conc.

HNO3

 ö†ï’                                                                                      ›%…Ä

10. Ýþöìœ˜ !î„þyîû„þ „þ#Ú Ýþöìœ˜ !î„þyîûöì„þîû ~„þ!Ýþ îÄî£yîû öœ…Ð

vþz_îûéôôôé xÄyöì›y!˜ëûyë%_« !¢œ¦þyîû ˜y£zöìÝþÆöìÝþîû ‹œ#ëû oî’öì„þ Ýþöìœ˜ !î„þyîû„þ 
îöìœÐ ~„þ!Ýþ öÝþÞÝþ !Ýþvþzöìî !¢œ¦þyîû ˜y£zöìÝþÆÝþ oî’ !˜öìëû ›þ™!îû›y’ ö¢y!vþëûy› 
£y£zvÈþ:y£zvþ öëy† „þîûöìœ x•ƒöìÇþþ™ vþzêþ™§¬ £ëûÐ ~îûþ™îû !›×öì’ xÄyöì›y!˜ëûy› 
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£y£zvÈþ:y£zvþ öëy† „þîûy £œ ë“þÇþ’ þ™ëÅhsþ x•ƒöìÇþþ™ ¢Á™)’Åîû*öìþ™ oî#¦)þ“þ £öìëû 
~„þ!Ýþ ßþºFŠé oî’ vþzêþ™§¬ £ëûÐ ~£z ßþºFŠé oî’öì„þ Ýþöìœ˜ !î„þyîû„þ îöìœÐ

îÄî£yîû ƒ Ýþöìœ˜ !î„þyîûöì„þîû ¢y£yöìëÄ xÄyœ!vþ£y£zvþ ç !„þöìÝþyöì˜îû ›öì•Ä 
Ÿ˜y_«„þîû’ „þîûy ëyëûÐ

xÄyœ!vþ£y£zöìvþ Ýþöìœ˜ !î„þyîû„þ öëy† „þöìîû š%þÝþyöìœ öÝþÞÝþ !Ýþvþzöìîîû †yöìëû 
îû&þ™y!œ îöì’Åîû !¢œ¦þyöìîûîû xyhßþîû’ þ™öìvþü ëy !¢œ¦þyîû xyëû˜y Ssilver mirrorV 
˜yöì› þ™!îû!‰þ“þÐ

R C

O

H
Ag2O

Tollen's
Reagent

R C

O

OH + 2Ag

11. öšþ!œ‚ oî’ „þ#Ú öšþ!œ‚ oîöì’îû îÄî£yîû öœ…Ð     

vþz_îûéôôôéöìšþ!œ‚ oî’ £œ öšþ!œ‚ A ~î‚ öšþ!œ‚ B ~îû ¢› xyëû“þ˜ !›×’Ð
öšþ!œ‚ A £œ CuSO4 ~îû ‹œ#ëû oî’ ~î‚ öšþ!œ‚ B £œ ö¢y!vþëûy›–

þ™Ýþy!¢ëûy› ÝþyîûÝþyöìîûöìÝþîû ç ö¢y!vþëûy› £y£zvÈþ:y£zöìvþîû ‹œ#ëû oîöì’îû !›×’Ð 
îÄî£yîûéôôôéöìšþ!œ‚ oî’ xÄyœ!vþ£y£zvþöì„þ ‹y!îû“þ „þöìîû !„þlsþ !„þöìÝþy˜öì„þ þ™yöìîû 

˜yÐ ~£z þ™îû#Çþyîû ¢y£yöìëÄ xÄyœ!vþ£y£zvþ ç !„þöìÝþyöì˜îû ›öì•Ä þ™yíÅ„þÄ „þîûy ëyëûÐ ~ 
Šéyvþüyç öšþ!œ‚ oîöì’îû ¢y£yöìëÄ xÄy!œšþÄy!Ýþ„þ ç xÄyöìîûyöì›!Ýþ„þ xÄyœ!vþ£y£zöìvþîû 
›öì•Ä þ™yíÅ„þÄ „þîûy ëyëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

R C

O

H
Fehling
Reagent

R C

O

OH + Cu2O
CuO

red ppt.

12. öîöì˜!vþQ oî’ „þ#Ú öîöì˜!vþQ oîöì’îû îÄî£yîû öœ…Ð

vþz_îûéôôôé ö¢y!vþëûy› ¢y£zöìÝþÆÝþ ç ö¢y!vþëûy› „þyîÅöì˜öìÝþîû ‹œ#ëû oîöì’ „þþ™yîû 
¢yœöìšþöìÝþîû ‹œ#ëû öëy† „þîûöìœ öë ˜#œ îöì’Åîû oî’ þ™yçëûy ëyëû “þyöì„þ öîöì˜!vþQ 
oî’ îöìœÐ xÄyœ!vþ£y£zvþ ç !„þöìÝþyöì˜îû þ™yíÅ„þÄ „þîûöì“þ öîöì˜!vþQ oî’ îÄî£yîû 
„þîûy £ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé
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R C

O

H
Benedict
Reagent

R C

O

OH + Cu2O
CuO

red ppt.

13. îÊy!vþîû !î„þyîû„þ „þ#Ð îÊy!vþîû !î„þyîûöì„þîû îÄî£yîû öœ…Ð

vþz_îûéôôôé 2– 4éôévþy£z̃ y£zöìÝþÆy!šþ˜y£zœ £y£zvÈþy!‹˜öì„þ S2–4–DNPV îÊy!vþîû  !î„þyîû„þ 
îöìœÐ 2– 4éôévþy£z̃ y£zöìÝþÆy!šþ˜y£zœ £y£zvÈþy!‹˜öì„þ S2–4–DNPV !›íy£zœ xÄyœöì„þy£œ 
ç †y‘þü ¢yœ!šþvþz!îûöì„þ xÄy!¢öìvþ oî#¦)þ“þ „þöìîû îÊy!vþîû !î„þyîû„þ ²Ìlßþ“þ „þîûy £ëûÐ 
„þyîÅ!˜œ @ùÌ&þ™ Ÿ˜y_«„þîûöì’ îÊy!vþîû  !î„þyîû„þ îÄî£yîû „þîûy £ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

H
N

N
H

NO2

NO2

R

O

R +
H

R

OH

H
N

R

O2N

NO2NH

H2O-

R N

R

O2N

NO2NH

Orange ppt. 

14. !Ÿšþ !î„þyîû„þ „þ#Ú !Ÿšþ !î„þyîûöì„þîû îÄî£yîû öœ…Ð

vþz_îûéôôôé öîûy‹yxÄy!˜!œ˜ £y£zöìvÈþyöì„Ïþyîûy£zvþ îy šþy„þ!¢˜ £y£zöìvÈþyöì„Ïþyîûy£zvþ ~„þ!Ýþ 
ö„þœy¢y„þyîû „þ!àþ˜ þ™”yíÅÐ ~!Ýþ ‹öìœ oî#¦)þ“þ „þîûöìœ ›Äyöì‹rÝþy S†y‘þü œyœV îöì’Åîû 
oî’ vþzêþ™§¬ £ëûÐ vþzêþ™§¬ ›Äyöì‹rÝþy îöì’Åîû oîöì’ ¢yœšþyîû vþy£zéôéx:y£zvþ †Äy¢ 
‰þyœ˜y „þîûöìœ î’Å£#˜ oî’ vþzêþ™§¬ £ëûÐ ~£z î’Å£#˜ oî’öì„þ !Ÿšþ !î„þyîû„þ îöìœÐ 

îÄî£yîûéôôôé xÄyœ!vþ£y£zvþ öëïöì†îû Ÿ˜y_«„þîûöì’ !Ÿšþ !î„þyîû„þ îÄî£yîû „þîûy 
£ëûÐ xÄyœ!vþ£y£zvþ öëïöì† !Ÿšþ !î„þyîû„þ öëy† „þîûöìœ šþy„þ!¢˜ £y£zöìvÈþyöì„Ïþyîûy£zöìvþîû 
›Äyöì‹rÝþy î’Å !šþöìîû þ™yëûÐ šþy„þ!¢˜ £y£zöìvÈþyöì„Ïþyîûy£zvþ †àþ˜ ˜#öì‰þ ö”çëûy £œÐ 
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CHN

NH2

NH2

CH3

Cl-
+

šþy„þ!¢˜ £y£zöìvÈþyöì„Ïþyîûy£zvþ

15. !Ýþ„þy öœ…éôôôé

iV !„Ïþöì›˜öì¢˜ !î‹yîû’ ç iiV vþzœšþéôé!„þŸ˜yîû !î‹yîû’–
iV !„Ïþöì›˜öì¢˜ !î‹yîû’ 
vþz_îûéôôôé „þyîÅ!˜œ öëï†öì„þ !‹‚„þéôéxÄy›yœ†y› ç †y‘þü £y£zöìvÈþyöì„Ïþy!îû„þ ~„þ!Ýþ 

Ÿ#“þ„þ ë%_« šÏþyöì: !˜öìëû ²Ìyëû xy• ‡^ùÝþy •öìîû vþz_® „þîûöìœ „þyîÅ!˜œ öëï† !î‹y!îû“þ 
£öìëû xÄyœöì„þöì̃  þ™!îû’“þ £ëûÐ ~£z !î!e«ëûyöì„þ !„Ïþöì›˜öì¢˜ !î‹yîû’ îöìœÐ !„Ïþöì›˜öì¢˜ 
!î‹yîû’ !î!e«ëûy!Ýþ xÄyœ!vþ£y£zvþ xöìþ™Çþy !„þöìÝþyöì˜îû öÇþöìe öî!Ÿ „þyëÅ„þîû#Ð

R C

O

R
Zn-Hg

Conc. HCl
R

H2
C R + H2O

AlkaneKetone

R C

O

H
Zn-Hg

Conc. HClAldehyde

R
H2
C R + H2O

Alkane

iiV vþzœšþéôé!„þŸ˜yîû !î‹yîû’éôôôé
vþz_îûéôôôé „þyîÅ!˜œ öëï†öì„þ ö¢y!vþëûy› £zí:y£zvþ ç £y£zvÈþy!‹˜ ¢£öìëyöì† 

180oC vþz_® „þîûöìœ „þyîÅ!˜œ öëï† !î‹y!îû“þ £öìëû xÄyœöì„þöì˜ þ™!îû’“þ £ëûÐ ~£z 
!î!e«ëûyöì„þ vþzœšþéôé!„þŸ˜yîû !î‹yîû’ îöìœÐ 

R C

O

R R
H2
C R + H2O

AlkaneKetone

+ NH2-NH2

CH3-CH2-ONa

180oC



A Guide Book of Chemistry246

R C

O

H
Aldehyde

R
H2
C H + H2O

Alkane
+ NH2-NH2

CH3-CH2-ONa

180oC

16. !›îûvþz£z˜éôéþ™˜vþšÅþéôé¦þyîûöìœ !î‹yîû’

vþz_îûéôôôéxy£zöì¢yöì²Ìyþ™yœ xÄyœöì„þy£öìœ  xÄyœ%!›!˜ëûy› xy£zöì¢yöì²Ìyöìþ™y:y£zvþ ç 
„þyîÅ!˜œ öëï†öì„þ SxÄyœ!vþ£y£zvþ îy !„þöìÝþy˜V  vþz_® „þîûöìœ xy£zöì¢yöì²Ìyöìþ™y:y£zvþ 
‹y!îû“þ £öìëû xÄy!¢öìÝþy˜ ~î‚ „þyîÅ!˜œ öëï† !î‹y!îû“þ £öìëû xÄyœöì„þy£œ vþzêþ™§¬ 
£ëûÐ ~£z !î!e«ëûyöì„þ !›îûvþz£z˜éôéþ™˜vþšÅþéôé¦þyîûöìœ !î‹yîû’ îöìœÐ xÄyœ!vþ£y£zvþ 
!î‹y!îû“þ £öìëû ²Ìy£z›y!îû xÄyœöì„þy£œ ~î‚ !„þöìÝþy˜ !î‹y!îû“þ £öìëû ö¢öì„þ[þy!îû 
xÄyœöì„þy£œ vþzêþ™§¬ £ëûÐ 

C6H5 C

O

CH3 + (CH3)2CHOH
[(CH3)2CHO-]3Al

C6H5 C
H

HO

CH3 H3C C

O

CH3+

+ (CH3)2CHOH
[(CH3)2CHO-]3Al

H3C C

O

CH3+H3C
H
C C

H
CHO H3C

H
C C

H
CH2OH

17. !Ýþ„þy öœ…éôôôéxÄyœvþœ „þ˜öìvþ˜öì¢Ÿ˜ !î!e«ëûyÐ

vþz_îûéôôôé öë ¢î xÄyœ!vþ£y£zvþ îy !„þöìÝþyöì˜ α–þ™îû›y’% î“Åþ›y˜ ö¢ ¢î 
xÄyœ!vþ£y£zvþ îy !„þöìÝþy˜öì„þ Çþyîû ¢£öìëyöì† vþz_® „þîûöìœ xÄyœ!vþ£y£zöìvþîû ”%£z 
x’% ¢‚öìëy!‹“þ £öìëû β–£y£zvÈþ!: xÄyœ!vþ£y£zvþ SxÄyœvþxœV îy !„þöìÝþyöì˜îû ”%£z 
x’% ¢‚öìëy!‹“þ £öìëû β–£y£zvÈþ!: !„þöìÝþy˜ vþzêþ™§¬ „þöìîûÐ ~£z !î!e«ëûyöì„þ xÄyœvþœ 
„þ˜öìvþ˜öì¢Ÿ˜ !î!e«ëûyÐ

H3C C

O

H2 H3C C
H

OH

H2
C C

O

H + H2O
Ca(OH)2

xÄy!¢ÝþÄyœ!vþ£y£zvþ                         β–£y£zvÈþ!: !îvþzÝþyîû xÄyœ!vþ£y£zvþ
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H3C C

O

CH32 H3C C

OH

H2
C C

O

CH3 + H2O
Ba(OH)2

CH3

    xÄy!¢öìÝþy˜                                vþy£zxÄy!¢öìÝþy˜ xÄyœöì„þy£œ

H2
C C

OH

H
C C

O

H + H2O
Ca(OH)2

H

H3C
H2
C C

O

H2 H3C

CH3

    ö²Ìyþ™y˜Äyœ                          3éôé£y£zvÈþ!:– 2éôé!›íy£zœ öþ™rÝþy˜Äyœ
!î!e«ëûyîû „þœy ö„þïŸœ ƒ
²Ìí› •yþ™éôôôé

H2C C

O

H

H

OH2
-

H2C C

O

H
-

+ H2O

!m“þ#ëû •yþ™éôôôé

H2C C

O

H
-

H3C C

O

H + H3C C
H

O

H2
C C

O

H

-

“,þ“þ#ëû •yþ™éôôôé

H3C C
H

O

H2
C C

O

H

-

H O H
H3C C

H

OH

H2
C C

O

H + OH
-

18. îû*þ™yhsþîû „þîûéôôôé

iV xÄy!¢öìÝþy˜ öíöì„þ ö›!¢!Ýþ!œ˜
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iiV xÄy!¢öìÝþy˜ öíöì„þ ö›!¢Ýþy£zœ x:y£zvþ 
iiiV xÄy!¢öìÝþy˜ öíöì„þ öšþyîû˜
vþz_îûéôôôé iV xÄy!¢öìÝþy˜ öíöì„þ ö›!¢!Ýþ!œ˜

H3C C

O

CH3

Conc. H2SO4
3

CH3

CH3H3CDist

                                         ö›!¢!Ýþ!œ˜
iiV xÄy!¢öìÝþy˜ öíöì„þ ö›!¢Ýþy£zœ x:y£zvþ 

H3C C

O

CH32
Ba(OH)2

H3C C

OH

H2
C C

O

CH3

CH3

I2 /

Heat
-H2O

H3C C C
H

C

O

CH3

CH3

      xÄy!¢öìÝþy˜                            ö›!¢Ýþy£zœ x:y£zvþ
iiiV xÄy!¢öìÝþy˜ öíöì„þ öšþyîû˜

H3C C

O

CH33

Dry
HCl

H3C C

CH3

C
H

C

O

C
H

C

CH3

CH3

        xÄy!¢öìÝþy˜                                             öšþyîû˜

19. !Ýþ„þy öœ…éôôôé„þÄy!§¬‹yöìîûy !î!e«ëûy

vþz_îûéôôôé α–H !î£#˜ ~îû*þ™ ö„þy˜ xÄyœ!vþ£y£zvþöì„þ “þ#îÊ Çþyîû ¢£öìëyöì† ¢y›y˜Ä 
vþz_® „þîûöìœ xÄyœ!vþ£y£zöìvþîû ~„þ x’% ‹y!îû“þ ~î‚ xþ™îû x’% !î‹y!îû“þ £ëûÐ 
~£z !î!e«ëûyöì„þ „þÄy!§¬‹yöìîûy !î!e«ëûyé îöìœÐ öë›˜ HCHO ö„þ 50% NaOH 
oî’¢£ Gþy¤„þyöìœ  šþîû›Äyœ!vþ£y£zöìvþîû ~„þ x’% ‹y!îû“þ £öìëû šþ!›Å„þ xÄy!¢vþ ~î‚ 
xþ™îû x’% !î‹y!îû“þ £öìëû !›íy£zœ xÄyœöì„þy£œ vþzêþ™§¬ £ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé 

H C

O

H

50%

NaOH

H C

O

ONa + H C

OH

H

H

2

 šþîû›Äyœ!vþ£y£zvþ               ö¢y!vþëûy› šþöì›ÅÝþ      !›íy£zœ xÄyœöì„þy£œ
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xyîyîû öîOyœ!vþ£y£zöìvþîû ¢öìD 50% NaOH ~îû !î!e«ëûyëû öîOy£zœ 
xÄyœöì„þy£œ ~î‚ ö¢y!vþëûy› öîöìOyöìëûÝþ vþzêþ™§¬ £ëûÐ !„þlsþ öîOyœ!vþ£y£zvþ ç  
šþîû›Äyœ!vþ£y£zöìvþîû !›×öì’ 50% NaOH öëy† „þîûöìœ šþîû›Äyœ!vþ£y£zvþ ‹y!îû“þ 
£öìëû šþ!›Å„þ xÄy!¢vþ ~î‚ öîOyœ!vþ£y£zvþ !î‹y!îû“þ £öìëû öîOy£zœ xÄyœöì„þy£öìœ 
þ™!îû’“þ £ëûÐ 

C6H5 C

O

H

50%

NaOH
C6H5 C

O

ONa + C6H5 C

OH

H

H

2

öîOyœ!vþ£y£zvþ                ö¢y!vþëûy› öîöìOyöìëûÝþ      öîOy£zœ xÄyœöì„þy£œ

C6H5 C

O

H
50%

NaOH
H C

O

ONa + C6H5 C

OH

H

H

+ H C

O

H

öîOyœ!vþ£y£zvþ     šþîû›Äyœ!vþ£y£zvþ        ö¢y!vþëûy› šþöì›ÅÝþ    öîOy£zœ xÄyœöì„þy£œ

20. A, B, C, D......... Ÿ˜y_«„þîû’ „þîûÐ

a)
CHO

CHO

50 % NaOH
A

b)

O
C

CHO 50% NaOH
B

c)
CHO

CHO

50% NaOH
C

H3C C

CH3

C

O

CH3

H
50% NaOH

d) D + E (Alcohol)

vþz_îûéôôôé
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a)
CHO

CHO

50 % NaOH

A

COONa

CH2OH

A =
COONa

CH2OH

b)

O
C

CHO 50% NaOH

B

CH
COONa

OH

B =
CH

COONa

OH

c)
CHO

CHO

50% NaOH

C

COONa

CH2OH

C  =
COONa

CH2OH

H3C C

CH3

C

O

CH3

H
50% NaOH

d)

D

H3C C

CH3

C

O

CH3

ONa + H3C C

CH3

CH2OH

CH3

E

D = E  =H3C C

CH3

C

O

CH3

ONa H3C C

CH3

CH2OH

CH3

21. !Ýþ„þy öœ…éôôôé!ÝþöìŸ‚„þ !î!e«ëûy 

vþz_îûéôôôé α–H ë%_« xÄyœ!vþ£y£zvþöì„þ ë…˜ ö¢y!vþëûy› £zöìíy:y£zvþ SNaOEtV 
¢£öìëyöì† vþz_® „þîûy £ëû “þ…˜ xÄyœ!vþ£y£zöìvþîû ~„þ x’% ‹y!îû“þ £öìëû xhsþîÅ“Åþ# 
öëï† !£öì¢öìî „þyöìîÅy!:!œ„þ xÄy!¢vþ ~î‚ xþ™îû x’% !î‹y!îû“þ £öìëû xÄyœöì„þy£œ 
vþzêþ™§¬ £ëûÐ vþzêþ™§¬ „þyöìîÅy!:!œ„þ xÄy!¢vþ ç xÄyœöì„þy£öìœîû !î!e«ëûyëû ~ÞÝþyîû 
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vþzêþ™§¬ £ëûÐ ~£z !î!e«ëûyöì„þ !ÝþöìŸ‚„þ !î!e«ëûy îöìœÐ öë›˜ xÄy!¢ÝþÄyœ!vþ£y£zöìvþîû 
¢öìD ö¢y!vþëûy› £zöìíy:y£zöìvþîû !î!e«ëûyëû £zíy£zœ xÄy!¢öìÝþÝþ vþzêþ™§¬ £ëûÐ

H3C C

O

H + H3C C

O

H
Na O CH2CH3

H3C C

O

OH + HO-CH2-CH3[ ]

H3C C

O

O
H2
C CH3

                     £zíy£zœ xÄy!¢öìÝþÝþ

22. !Ýþ„þy öœ…éôôôé !ÞÝþöìšþ˜ !î!e«ëûy   

vþz_îûéôôôé £zíyîû oyîöì„þ xÄyœ!„þœ xíîy xÄyîûy£zœ ˜y£zÝþÆy£zœ oî#¦)þ“þ „þöìîû 
SnCl2 ~î‚ †y‘þü HCl öëy† „þöìîû vþz_® „þîûöìœ xÄyœ!vþ!›˜ £y£zöìvÈþyöì„Ïþyîûy£zvþ 
vþzêþ™§¬ £ëû ëy xyoÅ!îöìÙÕ!¡ì“þ £öìëû xÄyœ!vþ£y£zvþ vþzêþ™§¬ £ëû ~£z !î!e«ëûyöì„þ  
!ÞÝþöìšþ˜ !î!e«ëûy îöìœÐ öë›˜éôôôéöìîöìOy˜y£zÝþÆy£zœöì„þ SnCl2 ~î‚ †y‘þü HCl öëy† 
„þöìîû xyoÅ!îöìÙÕ¡ì’ „þîûöìœ öîOyœ!vþ£y£zvþ þ™yçëûy ëyëûÐ

C N 1. SnCl2 /
Conc. HCl

2. H3O+

CHO

~î‚ xÄy!¢öìÝþy˜y£zÝþÆy£zœöì„þ SnCl2 ~î‚ †y‘þü HCl öëy† „þöìîû xyoÅ!îöìÙÕ¡ì’ 
„þîûöìœ öîOyœ!vþ£y£zvþ þ™yçëûy ëyëûÐ

1. SnCl2 /
Conc. HCl

2. H3O+
H3C C

O

HH3C C N

23. !Ýþ„þy öœ…éôôôé öîûyöì‹˜›y[þ !î‹yîû’

vþz_îûéôôôé š%þÝþhsþ ‹y£z!œöì˜ xÄy!¢vþ ö„Ïþyîûy£zvþ oî#¦)þ“þ „þöìîû þ™Äyœy!vþëûy› 
x %̃‡Ýþöì„þîû vþzþ™!ßþi!“þöì“þ £y£zöìvÈþyöì‹˜ †Äy¢ ‰þyœ˜y „þîûöìœ xÄy!¢vþ ö„Ïþyîûy£zvþ !î‹y!îû“þ 
£öìëû xÄyœ!vþ£y£zöìvþ þ™!îû’“þ £ëûÐ !î!e«ëûyëû vþzêþ™§¬ xÄyœ!vþ£y£zöìvþ ëyöì“þ þ™%˜îûyëû 
!î‹y!îû“þ £öìëû xÄyœöì„þy£öìœ þ™!îû’“þ ˜y £ëû “þyîû ‹˜Ä x˜%‡Ýþ„þ !î¡ì !£öì¢öìî 
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öî!îûëûy› ¢yœöìšþÝþ SBaSO4V îÄî£yîû „þîûy £ëûÐ ~£z !î!e«ëûyöì„þ öîûyöì‹˜›y[þ 
!î‹yîû’ îöìœÐ öë›˜ xÄy!¢Ýþy£zœ ö„Ïþyîûy£zvþ Pd x˜%‡Ýþöì„þîû vþzþ™!ßþi!“þöì“þ H2 
†Äy¢ myîûy !î‹y!îû“þ £öìëû vþzêþ™§¬ £ëûÐ

H3C C

O

Cl
Pd/ H2,

BaSO4

H3C C

O

H + HCl

xÄy!¢Ýþy£zœ ö„Ïþyîûy£zvþ                      xÄy!¢ÝþÄyœ!vþ£y£zvþ

C

O

Cl
Pd/ H2,

BaSO4

C

O

H + HCl

  

24. !Ýþ„þy öœ…éôôôé ÝþyvÅþ !î!e«ëûy 

vþz_îûéôôôé „þyîÅ˜ öÝþÝþÆy ö„Ïþyîûy£zöìvþ oî#¦)þ“þ öe«y!›œ ö„Ïþyîûy£zvþ myîûy Ýþœ%£z˜ ‹y!îû“þ 
£öìëû ~„þ!Ýþ xhsþîÅ“Åþ# ‹!Ýþœ öëï† vþzêþ™§¬ „þöìîûÐ vþzêþ™§¬ ‹!Ýþœ öëï†öì„þ xyoÅ!îöìÙÕ¡ì’ 
„þîûöìœ öîOyœ!vþ£y£zvþ vþzêþ™§¬ £ëûÐ ~£z !î!e«ëûyöì„þ £zÝþyvÅþ !î!e«ëûy îœy £ëûÐ

CH3

2CrO2Cl2
CCl4

CH(OCrCl2OH)2

H2O

CHO

+

25. !Ýþ„þy öœ…éôôôé ö„Ïþ£zöì¢˜éôé!ßþ¿Ýþä !î!e«ëûy 

vþz_îûéôôôé œ‡% Çþyöìîûîû vþzþ™!ßþi!“þöì“þ xÄyöìîûyöì›!Ýþ„þ xÄyœ!vþ£y£zöìvþîû ¢öìD α–H 
þ™îû›y’% ë%_« xÄyœ!vþ£y£zvþ îy !„þöìÝþyöì˜îû ¢öìD „þ˜öìvþ˜öì¢Ÿ˜ !î!e«ëûyëû α–β–
x¢Á™,_« „þyîÅ!˜œ öëy† vþzêþ™§¬ „þöìîûÐ ~£z !î!e«ëûyöì„þ ö„Ïþ£zöì¢˜éôé!ßþ¿Ýþä !î!e«ëûyÐ 
öë›˜éôôôéœ‡% NaOH ~îû vþzþ™!ßþi!“þöì“þ öîOyœ!vþ£y£zöìvþîû ¢öìD xÄy!¢ÝþÄyœ!vþ£y£zöìvþîû 
!î!e«ëûyëû !¢˜y›Äyœ!vþ£y£zvþ vþzêþ™§¬ £ëûÐ ~£z !î!e«ëûyöì„þ öì„Ïþ£zöì¢˜éôé!ßþ¿Ýþä !î!e«ëûy îöìœÐ

CHO

+ CH3CHO
NaOHdil.

H
C

H
C CHO

+ H2O
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!î!e«ëûyîû „þœy ö„þïŸœéôôôé

H2C C

O

H

H
OH
-

H2C C

O

H
- + H2O

C
H

O

+ H2C C

O

H
-

CH

O
H2
C C

O

H

-

H2O

HC
H
C CHO

+ OH
-

!¢˜y›Äyœ!vþ£y£zvþ

26. !Ýþ„þy öœ…éôôôé öîöìOyöìëû˜ „þ˜öìvþ˜öì¢Ÿ˜ !î!e«ëûy 

vþz_îûéôôôé ‹œ#ëû xÄyœöì„þy£œ#ëû oîöì’ oî#¦)þ“þ þ™Ýþy!¢ëûy› ¢yëûy˜y£zvþ ç 
öîOyœ!vþ£y£zöìvþîû !›×’öì„þ !îûšÏþy: „þîûöìœ ”%£z x’% öîOyœ!vþ£y£zvþ ¢‚öìëy!‹“þ 
£öìëû α–£y£zvÈþ!: !„þöìÝþy˜ îy öîöìOyöìëû˜ vþzêþ™§¬ £ëûÐ ~£z !î!e«ëûyöì„þ öîöìOyöìëû˜ 
„þ˜öìvþ˜öì¢Ÿ˜ !î!e«ëûy îöìœÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

OHC

2
alcoholic

KCN solution
CH

HO

C

O
Aqu.

+ CN-

!î!e«ëûyîû „þœy ö„þïŸœéôôôé

C

O

H
+ CN-

C

O

H

C N

-

C

OH

C N

-
C

O

H

C

O

C N

CH

O-
H

C

O

C N

CH

OH
-

C

O

CH

OH

- CN-
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27.  !„þöìÝþy˜ öíöì„þ ~ÞÝþyîû ²Ìlßþ!“þîû îyëûyîûéôé!¦þ!œ†yîû ‹yîû’ þ™kþ!“þ î’Å˜y „þîûÐ

÷‹î þ™yîûéôéxÄy!¢vþ öë›˜éôôôé þ™yîûöìîöìOy!ëû„þ xÄy!¢vþ– ÝþÆy£zšÏ$þöìîûyþ™yîûxÄy!¢!Ýþ„þ 
xÄy!¢vþ £z“þÄy!” þ™yîû xÄy!¢öìvþîû vþzþ™!ßþi!“þöì“þ !„þöìÝþy˜ ‹y!îû“þ £öìëû ~ÞÝþyöìîû þ™!îû’“þ 
£ëûÐ ~£z !î!e«ëûyöì„þ îyëûyîûéôé!¦þ!œ†yîû ‹yîû’ þ™kþ!“þ îœy £ëûÐ öë›˜éôôôé £zíy£zœ 
!›íy£zœ !„þöìÝþy˜ ç þ™yîûöìîöìOy!ëû„þ xÄy!¢öìvþîû !î!e«ëûyëû £zíy£zœ xÄy!¢öìÝþÝþ vþzêþ™§¬ 
£ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

H3C
H2
C C

O

CH3

C6H5CO3H
H3C C

O

O
H2
C CH3

xyîyîû xÄy!¢öìÝþyöìšþöì˜y˜ ç ö›Ýþyöì„Ïþyöìîûyþ™yîûöìîöìOy!ëû„þ xÄy!¢öìvþîû !î!e«ëûyëû 
!šþ˜y£zœ xÄy!¢öìÝþÝþ vþzêþ™§¬ £ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

C

O

CH3

CO3H

Cl
O C

O

CH3

 xÄy!¢öìÝþyöìšþöì˜y˜ !šþ˜y£zœ xÄy!¢öìÝþÝþ      

28. !Ýþ„þy öœ…éôôôéþ™y!„Åþ˜ !î!e«ëûy 

vþz_îûéôôôé ë…˜ öîOyœ!vþ£y£zvþöì„þ α–H þ™îû›y’% ë%_« xÄy!¢vþ xÄy˜£y£zvÈþy£zvþ  
öë›˜  xÄy!¢!Ýþ„þ xÄy˜£y£zvÈþy£zvþ  ç £z£yîû ö¢y!vþëûy› œî’ Sö¢y!vþëûy› xÄy!¢öìÝþÝþV 
¢£ vþz_® „þîûöìœ !¢˜y!›„þ xÄy!¢vþ vþzêþ™§¬ £ëûÐ ~£z !î!e«ëûyöì„þ þ™y!„Åþ˜ !î!e«ëûy 
îöìœÐ

CHO

+ (CH3CO)2O
CH3COONa

HC C
H

COOH

180oC
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29. !Ýþ„þy öœ…éôôôé!îûšþîû›ÄyÝþ!ßþñ !î!e«ëûy

vþz_îûéôôôé £zíyîû oyîöì„þ α–öîÊyöì›y ~ÞÝþyîûöì„þ !‹‚„þ ‰þ)þ’Å ç xÄyœ!vþ£y£zvþ îy 
!„þöìÝþyöì˜îû ¢öìD !î!e«ëûy ‡Ýþyöìœ ~„þ!Ýþ ë%“þ öëï† vþzêþ™§¬ £ëûÐ vþzêþ™§¬ ë%“þ öëï†öì„þ 
œ‡% xÄy!¢vþ myîûy xÁÔy!ëû“þ „þîûöìœ β–£y£zvÈþ!: ~ÞÝþyîû vþzêþ™§¬ £ëûÐ ~£z !î!e«ëûyöì„þ 
!îûšþîû›ÄyÝþ!ßþñ !î!e«ëûy îöìœÐ

R C

O

H + H2C C

O

OC2H5

Br

R CH

OZnBr
H2
C C

O

OC2H5

Zn /

ether
HCl R C

H

OH
H2
C C

O

OC2H5

xÄyœ!vþ£y£zvþ α–öìîÊyöì›y ~ÞÝþyîûöì„þ β–£y£zvÈþ!: ~ÞÝþyîû

30. !Ýþ„þy öœ…éôôôé ö˜yöì¦þ˜yöì†œ !î!e«ëûy

vþz_îûéôôôé ÷‹î Çþyöìîûîû vþzþ™!ßþi!“þöì“þ xÄyœ!vþ£y£zvþ îy !„þöìÝþyöì˜îû ¢öìD ¢!e«ëû 
!›!í!œ˜ @ùÌ&þ™ë%_« öëïöì†îû ¢öìD !î!e«ëûyëû α, β–x¢Á™,_« ~ÞÝþyîû vþzêþ™§¬ „þöìîûÐ 
~£z !î!e«ëûyöì„þ ö˜yöì¦þ˜yöì†œ !î!e«ëûy îöìœÐ öë›˜ !þ™!îû!vþöì˜îû vþzþ™!ßþi!“þöì“þ 
xÄy!¢ÝþÄyœ!vþ£y£zöìvþîû ¢öìD vþy£z £zíy£zœ ›Äyöìœyöì˜öìÝþîû !î!e«ëûyëû α, β–x¢Á™,_« 
~ÞÝþyîû vþzêþ™§¬ £ëûÐ

H3C C O

H

+

COOC2H5

H2C COOC2H5

N

heat
H3C C

H
C

COOC2H5

COOC2H5 + H2O

(Pyridine)

31. îû*þ™yhsþîû „þîûéôôôé

iV xÄy!¢ÝþÄyœ!vþ£y£zvþ öíöì„þ öe«yöìÝþy!˜„þ xÄy!¢vþ
iiV ¢Äy!œ¢Äyœ!vþ£y£zvþ öíöì„þ „%þ›y!îû˜
iiiV ö²Ìyþ™y˜Äyœ öíöì„þ n-!›íy£zœ ö²Ìyþ™y˜öìëûÝþ
ivV £zíy£zœ 3-£y£zvÈþ!:!îvþzÝþyöì˜yöìëûÝþ öíöì„þ öe«yöìÝþy!˜„þ xÄy!¢vþ
vV öîOyœ!vþ£y£zvþ öíöì„þ öî!Oœ
viV öîOyœ!vþ£y£zvþ öíöì„þ öîOy£z!œ!vþ˜xÄy!¢öìÝþy˜
vþz_îûéôôôé 
iV xÄy!¢ÝþÄyœ!vþ£y£zvþ öíöì„þ öe«yöìÝþy!˜„þ xÄy!¢vþ
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H3C C

O

H + H2C C

O

OC2H5

Br

H3C CH

OZnBr
H2
C C

O

OC2H5

Zn /

ether

HCl H3C C
H

OH
H2
C C

O

OC2H5

1.

2. HCl
H3C C

H
C
H

C

O

OH
alkaline hydrolysis

                                              öe«yöìÝþy!˜„þ xÄy!¢vþ
iiV ¢Äy!œ¢Äyœ!vþ£y£zvþ öíöì„þ „%þ›y!îû˜

CHO

OH

+ (CH3CO)2O
CH3COONa

H
C

OCOCH3

+

H
C

COONa HCl

O O

iiiV ö²Ìyþ™y˜Äyœ öíöì„þ n-!›íy£zœ ö²Ìyþ™y˜öìëûÝþ

Al(OCH2-CH3)3
CH3-CH2COOH + CH3-CH2-CH2OHCH3CH2CHO CH3-CH2-CHO+ [ ]

CH3-CH2-COOCH2-CH2-CH3+H2O

ivV £zíy£zœ 3-£y£zvÈþ!:!îvþzÝþyöì˜yöìëûÝþ öíöì„þ öe«yöìÝþy!˜„þ xÄy!¢vþ

H3C CH

HO

C
H2

C

O

OCH2CH3
H3C CH

HO

C
H2

C

O

OK
KOH

(hydrolysis)

HCl

heat
H3C

H
C C

H
C

O

OH

£zíy£zœ 3-£y£zvÈþ!:!îvþzÝþyöì˜yöìëûÝþ               öe«yöìÝþy!˜„þ xÄy!¢vþ
vV öîOyœ!vþ£y£zvþ öíöì„þ öî!Oœ

OHC

2
alcoholic

KCN solution
CH

HO

C

O
Aqu. HNO3

C

O

C

O

 
öîOyœ!vþ£y£zvþ                                         öî!Oœ
viV öîOyœ!vþ£y£zvþ öíöì„þ öîOy£z!œ!vþ˜xÄy!¢öìÝþy˜

OHC

+ CH3COCH3

Dil.

KOH

H
C

OH

H2
C C

O

CH3
-H2O

H
C

H
C C

O

CH3

 
öîOyœ!vþ£y£zvþ                                    öîOy£z!œ!vþ˜ xÄy!¢öìÝþy˜
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32. !Ýþ„þy öœ…éôôôé !¦þ!Ýþ† !î!e«ëûy 

ë…˜ xÄyœ„þy£z!œ!vþ˜ šþ¢öìšþyöìîû˜öì„þ „þyîÅ!˜œ öëïöì†îû ¢öìD !î!e«ëûy ‡Ýþyöì˜y 
£ëû “þ…˜ xhsþîÅ“Åþ# öëï† !£öì¢öìî !îöìÝþ˜ vþzêþ™§¬ £ëû ~î‚ vþzêþ™§¬ !îöìÝþ˜ “þêÇþ’yê 
!îöìëûy!‹“þ £öìëû xÄyœ!„þ˜ vþzêþ™§¬ £ëûÐ ~£z !î!e«ëûyöì„þ !¦þ!Ýþ† !î!e«ëûy îöìœÐ 
xÄyœ„þy£z!œ!vþ˜ šþ¢öìšþyöìîû˜ vþzêþ™§¬ „þîûy £ëû ÝþÆy£z !šþ˜y£zœ šþ¢!šþ˜– xÄyœ!„þœ 
£Äyœy£zvþ ç “þ#îÊ Çþyîûöì„þîû !î!e«ëûy myîûyÐ !î!e«ëûyëû “þ#îÊ Çþyîû„þ !£öì¢öìî !šþ˜y£zœ 
!œ!íëûy› îÄî£yîû „þîûy £ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

Ph3P + CH3BrH Ph3PCH3 Br+ -
Ph3P CH2 Ph3P CH2

+ -

!›!í!œ˜ÝþÆy£z!šþ˜y£zœšþ¢öìšþyöìîû˜

Ph

H2C

P

Ph

O

C

Ph

R1

R2

P

H2C C

O

PhPh

Ph

R1

R2

H2C C R1

R2

P O

Ph

Ph
Ph ++

-

33. SeO2 ~îû îÄî£yîû î’Å˜y „þîûÐ

vþz_îûéôôôéöë ¢„þœ xÄyœ!vþ£y£zvþ îy !„þöìÝþy˜ öëïöì†îû „þyîÅ!˜œ @ùÌ&þ™ S–CO–V 
¢‚œ@À !›!í!œ˜ @ùÌ&þ™ îy !›íy£zœ @ùÌ&þ™ î“Åþ›y˜ ö¢£z ¢„þœ öëï†öì„þ SeO2 myîûy 
‹y!îû“þ „þîûöìœ vþy£z „þyîÅ!˜œ öëï† vþzêþ™§¬ £ëûÐ !î!e«ëûy!Ýþ ‡öìîûîû “þyþ™›yeyëû ‡öìÝþ 
~î‚ oyî„þ !£öì¢öìî xÄy!¢!Ýþ„þ xÄy!¢vþ îÄî£yîû „þîûy £ëûÐ ~£z !î!e«ëûyëû ²Ì„,þ“þ 
‹yîû„þ þ™”yíÅ ö¢öìœ!˜ëûy¢ xÄy!¢vþÐ

H3C C

O

H
SeO2

H C

O

C

O

H + Se + H2O

H3C C

O

CH3

SeO2
H3C C

O

C

O

H + Se + H2O

!î!e«ëûyîû „þœy ö„þïŸœéôôôé

Chemistry Vol. III-17
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H C

H

C O

H

H

H

C H

C O

H

H

SeO

OH

O

H

H

C

C O

H

O Se

HO

C

C O

H

O

H

H
+ Se- H2O -H2O

34. !Ýþ„þy öœ…éôôôé £Äyöìœyšþ›Å !î!e«ëûy

vþz_îûéôôôé öë ¢›hßþ „þyîÅ!˜œ öëïöì† CH3CO– @ùÌ&þ™ ~î‚ ö„þy˜ xÄyœöì„þy£öìœ 
CH3CHOH– @ùÌ&þ™ î“Åþ›y˜– ö¢£z „þyîÅ!˜œ ~î‚ xÄyœöì„þy£œ öëï†=!œöì„þ 
£Äyöìœyöì‹˜ SCl2, Br2, I2V ~î‚ “þ#îÊ Çþyîû ¢£öìëyöì† vþz_® „þîûöìœ £Äyöìœyšþ›Å 
SCHCl3, CHBr3, CHI3V vþzêþ™§¬ £ëûÐ ~£z !î!e«ëûy=!œöì„þ £Äyöìœyšþ›Å !î!e«ëûy 
îöìœÐ öë›˜ xÄy!¢ÝþÄyœ!vþ£y£zvþöì„þ ö¢y!vþëûy› £y£zvÈþ:y£zvþ ç Cl2 ¢£öìëyöì† vþz_® 
„þîûöìœ ö„Ïþyöìîûyšþ›Å– Br2 ¢£öìëyöì† vþz_® „þîûöìœ öîÊyöì›yšþ›Å ~î‚ I2 ¢£öìëyöì† 
vþz_® „þîûöìœ xyöìëûyöìvþyšþ›Å †!àþ“þ £ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

CH3-CHO + NaOH + Cl2 CHCl3 + HCOONa + NaCl + H2O3 34 3

xÄy!¢ÝþÄyœ!vþ£y£zvþ                                     ö„Ïþyöìîûyšþ›Å

CH3-CHO + NaOH + Br2 CHBr3 + HCOONa + NaBr + H2O3 34 3

xÄy!¢ÝþÄyœ!vþ£y£zvþ                                     öîÊyöì›yšþ›Å

CH3-CHO + NaOH + I2 CHI3 + HCOONa + NaI + H2O3 34 3

xÄy!¢ÝþÄyœ!vþ£y£zvþ                                     xyöìëûyöìvþyšþ›Å
öîÊyöì›yšþ›Å !î!e«ëûyîû „þœy ö„þïŸœéôôôé



xÄyœ!vþ£y£zvþ– !„þöìÝþy˜ ç „þyîÅ!:!œ„þ xÄy!¢vþ 259

H C

H

C

O

H

H
OH
-

H C C

O

H

H
- Br Br

H C C

O

H

H

Br

Br
-

-

OH-

H C C

O

H

Br

-
Br Br

H C C

O

H

Br

BrOH
-C C

O

H

Br

Br

-

Br Br
C C

O

H

Br

Br

Br
OH
-

C

Br

Br

Br C

O

HOH- +

C

Br

Br

Br HC

O

HO +-

                                                öîÊyöì›yšþ›Å

35. xÄy!¢ÝþÄyœ!vþ£y£zöìvþîû ¢öìD a. HCN, b. NaHSO3, c. NH2OH, d. 
NH2–NH2, e. Ph–NH–NH2, f. 2–4–DNP, . NH2–CO–NH–NH2 ~îû 
!î!e«ëûyëû „þ# ‡öìÝþ– ¢›#„þîû’ ¢£ vþzöìÍÔ… „þîûÐ

vþz_îûéôôôé a. xÄy!¢ÝþÄyœ!vþ£y£zöìvþîû ¢öìD HCN ~îû !î!e«ëûyëû ¢yëûyöì˜y£y£z!vÈþ˜ 
˜y›„þ ~„þ!Ýþ ë%“þ öëï† vþzêþ™§¬ £ëûÐ

H3C C

O

H
H-CN

H3C C

HO

H

CN

                                       xÄy!¢ÝþÄyœ!vþ£y£zvþ ¢yëûyöì˜y£y£z!vÈþ˜
b. xÄy!¢ÝþÄyœ!vþ£y£zöìvþîû ¢öìD NaHSO3 ~îû !î!e«ëûyëû xÄy!¢ÝþÄyœ!vþ£y£zvþ 

îy£z¢yœšþy£zÝþ ë%“þ öëï† ˜y›„þ ~„þ!Ýþ ö„þœy¢y„þyîû „þ!àþ˜ þ™”yíÅ vþzêþ™§¬ £ëûÐ 
îy£z¢yœšþy£zÝþ öëïöì† „þyîÅ˜éôé¢yœšþyîû îõþ˜ î“Åþ›y˜Ð
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H3C C

O

H H3C C

HO

H

S

SONa+ -
OH

O

O O

O Na+-

                                     xÄy!¢ÝþÄyœ!vþ£y£zvþ îy£z¢yœšþy£zÝþ
c. xÄy!¢ÝþÄyœ!vþ£y£zöìvþîû ¢öìD NH2OH ~îû !î!e«ëûyëû xÄy!¢ÝþÄyœvþ!:› vþzêþ™§¬ 

£ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

H3C C

O

H H3C C

O

H
NH2OH

N OH

H

-
H
+

H3C C

HO

H
N OH
H

H3C C

H

N OH + H2O

                                                                                      xÄy!¢ÝþÄyœvþ!:›
d. xÄy!¢ÝþÄyœ!vþ£y£zöìvþîû ¢öìD NH2–NH2 ~îû !î!e«ëûyëû xÄy!¢ÝþÄyœ!vþ£y£zvþ 

£y£zvÈþyöì‹y˜ vþzêþ™§¬ £ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

H3C C

O

H H3C C

O

H

N NH2

H

-
H
+

H3C C

HO

H
N NH2
H

H3C C

H

N NH2 + H2O
H2N NH2

xÄy!¢ÝþÄyœ!vþ£y£zvþ £y£zvÈþyöì‹y˜
e. xÄy!¢ÝþÄyœ!vþ£y£zöìvþîû ¢öìD Ph–NH–NH2 ~îû !î!e«ëûyëû xÄy!¢ÝþÄyœ!vþ£y£zvþ 

!šþ˜y£zœ£y£zvÈþyöì‹y˜ vþzêþ™§¬ £ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

H3C C

O

H H3C C

O

H

N NH-Ph

H

- H
+

H3C C
OH

H

N NH-Ph

H

H3C C

H

N NH-Ph + H2O
NH2-NH-Ph

xÄy!¢ÝþÄyœ!vþ£y£zvþ                       
!šþ˜y£zœ£y£zvÈþyöì‹y˜
f. xÄy!¢ÝþÄyœ!vþ£y£zöìvþîû ¢öìD 2–4éôévþy£z̃ y£zöìÝþÆy!šþ˜y£zœ£y£zvÈþy!‹˜  ~îû !î!e«ëûyëû 
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„þ›œy îöì’Åîû „þ!àþ˜ xÄy!¢ÝþÄyœ!vþ£y£zvþ 2–4éôévþy£z˜y£zöìÝþÆy!šþ˜y£zœ£y£zvÈþyöì‹y˜ vþzêþ™§¬ 
£ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

H3C C

O

H
H
NHN NO2

O2N

+ H3C C

HO

H

H
NNH NO2

O2NH

H3C C

HO

H

H
NNH NO2

O2N

-H2O

xÄy!¢ÝþÄyœ!vþ£y£zvþ
2–4éôévþy£z˜y£zöìÝþÆy!šþ˜y£zœ£y£zvÈþyöì‹y˜
g. xÄy!¢ÝþÄyœ!vþ£y£zöìvþîû ¢öìD NH2–CO–NH–NH~îû !î!e«ëûyëû „þ!àþ˜ 

xÄy!¢ÝþÄyœ!vþ£y£zvþ ö¢!›„þyîÅyöì‹y˜ vþzêþ™§¬ £ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé 

H3C C H

O

HN
H
N C

O

NH2+

H

H3C C

H

OH

N
H
N C

O

NH2

H

H3C
H
C N

H
N C

O

NH2

xÄy!¢ÝþÄyœ!vþ£y£zvþ                                                                           
ö¢!›„þyîÅyöì‹y˜

36. xÄy!¢öìÝþyöì˜îû ¢öìD a. HCN, b. NaHSO3, c. NH2OH, d. NH2, 
NH2, e. Ph–NH–NH2, f. 2–4–DNP, g. NH2–CO–NH–NH2 ~îû 
!î!e«ëûyëû „þ# ‡öìÝþéôôôé ¢›#„þîû’ ¢£ vþzöìÍÔ… „þîûÐ

vþz_îûéôôôé a. xÄy!¢öìÝþyöì˜îû ¢öìD HCN ~îû !î!e«ëûyëû ¢yëûyöì˜y£y£z!vÈþ˜ ˜y›„þ 
~„þ!Ýþ ë%“þ öëï† vþzêþ™§¬ £ëûÐ

H3C C

O

CH3

H-CN
H3C C

HO

CH3

CN

xÄy!¢öìÝþyöì˜îû ¢yëûyöì˜y£y£z!vÈþ˜
b. xÄy!¢öìÝþyöì˜îû ¢öìD NaHSO3 ~îû !î!e«ëûyëû xÄy!¢öìÝþyöì˜îû îy£z¢yœšþy£zÝþ 

ë%“þ öëï† ˜y›„þ ~„þ!Ýþ ö„þœy¢y„þyîû „þ!àþ˜ þ™”yíÅ vþzêþ™§¬ £ëûÐ îy£z¢yœšþy£zÝþ öëïöì† 
„þyîÅ˜éôé¢yœšþyîû îõþ˜ î“Åþ›y˜Ð
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H3C C

O

CH3 H3C C

HO

CH3

S

SONa+ -
OH

O

O O

O Na+-

                           xÄy!¢öìÝþyöì˜îû îy£z¢yœšþy£zÝþ
c. xÄy!¢öìÝþyöì˜îû ¢öìD NH2OH ~îû !î!e«ëûyëû xÄy!¢öìÝþy!:› vþzêþ™§¬ £ëûÐ 

îûy¢yëû!˜„þ !î!e«ëûyéôôôé

H3C C

O

CH3 H3C C

O

CH3
NH2OH

N OH

H

-
H

+
H3C C

HO

CH3

N OH
H

H3C C

CH3

N OH + H2O

xÄy!¢öìÝþy!:›
d. xÄy!¢öìÝþyöì˜îû ¢öìD NH2–NH2 ~îû !î!e«ëûyëû xÄy!¢öìÝþyöì˜îû £y£zvÈþyöì‹y˜ 

vþzêþ™§¬ £ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

H3C C

O

CH3 H3C C

O

H3C

N NH2

H

-
H

+
H3C C

HO

H3C

N NH2
H

H3C C

CH3

N NH2 + H2O
H2N NH2

xÄy!¢öìÝþyöì˜îû £y£zvÈþyöì‹y˜
e. xÄy!¢öìÝþyöì˜îû ¢öìD Ph–NH–NH2 ~îû !î!e«ëûyëû xÄy!¢öìÝþyöì˜îû 

!šþ˜y£zœ£y£zvÈþyöì‹y˜ vþzêþ™§¬ £ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

H3C C

O

CH3 H3C C

O

CH3

N NH-Ph
H

- H
+

H3C C
OH

CH3

N NH-Ph H3C C

CH3

N NH-Ph + H2O
NH2-NH-Ph

H

xÄy!¢öìÝþyöì˜îû                      
!šþ˜y£zœ£y£zvÈþyöì‹y˜
f. xÄy!¢öìÝþyöì˜îû ¢öìD 2–4éôévþy£z˜y£zöìÝþÆy!šþ˜y£zœ£y£zvÈþy!‹˜ ~îû !î!e«ëûyëû 

„þ›œy îöì’Åîû „þ!àþ˜ xÄy!¢öìÝþy˜ 2–4éôévþy£z˜y£zöìÝþÆy!šþ˜y£zœ£y£zvÈþyöì‹y˜ vþzêþ™§¬ £ëûÐ 
îûy¢yëû!˜„þ !î!e«ëûyéôôôé
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H3C C

O

CH3
H
NHN NO2

O2N

+ H3C C

HO

H3C

H
NNH NO2

O2NH

H3C C

HO

H3C

H
NNH NO2

O2N

-H2O

xÄy!¢öìÝþy˜  
2–4éôévþy£z˜y£zöìÝþÆy!šþ˜y£zœ£y£zvÈþyöì‹y˜                                                                                                  
g. xÄy!¢öìÝþyöì˜îû ¢öìD NH2–CO–NH–NH2 ~îû !î!e«ëûyëû „þ!àþ˜ xÄy!¢öìÝþy˜ 

ö¢!›„þyîÅyöì‹y˜ vþzêþ™§¬ £ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

H3C C CH3

O

HN
H
N C

O

NH2+
H

H3C C

CH3

OH

N
H
N C

O

NH2

H

H3C C N
H
N C

O

NH2

CH3

xÄy!¢öìÝþyöì˜îû                                                                           
ö¢!›„þyîÅyöì‹y˜

37. šþ›ÅÄyœ!vþ£y£zöìvþîû ¢öìD xÄyöì›y!˜ëûyîû !î!e«ëûy vþzöìÍÔ… „þîûÐ

vþz_îûéôôôé šþ›ÅÄyœ!vþ£y£zöìvþîû ¢öìD xÄyöì›y!˜ëûyîû !î!e«ëûyëû ö£:y!›!í!œ˜ öÝþÝþÆy!›˜ 
îy £zvþzöìîûyÝþÆ!þ™˜ vþzêþ™§¬ £ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

6HCHO + 4NH3 → (CH2)6N4 + 6H2O
ö£:y!›!í!œ˜ öÝþÝþÆy!›˜
£zvþzöìîûyÝþÆ!þ™öì˜îû †àþ˜éôôôé

N N

N

N

£zvþzöìîûyÝþÆ!þ™öì˜îû

38. šþ›ÅÄyœ!vþ£y£zöìvþîû þ™!œ›yîû=!œ „þ# „þ#Ð vþz£yöì”îû ¢Á™öì„Åþ ¢‚!Çþ® î’Å̃ y ”yçÐ

vþz_îûéôôôé
iV þ™Äyîûyšþ›ÅÄyœ!vþ£y£zvþoî’öì„þ îyÜ™#¦)þ“þ Sevaporate to drynessV „þîûöìœ 

121oC – 123oC †œ˜yBþ !î!ŸÜT ~„þ!Ýþ ¢y”y ö„þœy¢y„þyîû „þ!àþ˜ þ™”yíÅ þ™yçëûy 
ëyëû Ð ~£z ¢y”y ö„þœy¢y„þyîû „þ!àþ˜ þ™”yíÅöì„þ þ™Äyîûyšþ›ÅÄyœ!vþ£y£zvþ îy þ™Äyîûyšþ›Å îœy 
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£ëûÐ ~£z þ™Äyîûyšþ›Åöì„þ vþz_® „þîûöìœ ~!Ýþ !îöìëûy!‹“þ £öìëû þ™%˜îûyëû šþ›ÅÄyœ!vþ£y£zöìvþ 
þ™!îû’“þ £ëûÐ 

nHCHO

Evaporate
to dryness

(CH2O)n. H2O [ n = 6  to 50]+ H2O

                                        þ™Äyîûyšþ›Å
iiV þ™Äyîûyšþ›ÅÄyœ!vþ£y£zöìvþ ‹œ öëy† „þöìîû !îûšÏþy: „þîûöìœ ¢Á™)’Å oî’#ëû 

þ™Äyîûyšþ›ÅÄyœ!vþ£y£zöìvþîû ‹œ#ëû oî’ þ™yçëûy ëyëû Ð ~£zîû*þ™ ²Ìy® þ™Äyîûyšþ›ÅÄyœ!vþ£y£zöìvþîû 
oîöì’ †y‘þü ¢yœ!šþvþz!îû„þ xÄy!¢vþ öëy† „þîûöìœ þ™!œx!:!›!íœ˜ †!àþ“þ £ëûÐ

nHCHO (CH2O)n. H2O
Conc. H2SO4

                             þ™!œx!:!›!íœ˜           ~…yöì˜  n ≥ 100
iiiV šþ›ÅÄyœ!vþ£y£zöìvþîû 60% oîöì’ ¢y›y˜Ä †y‘þü ¢yœ!šþvþz!îû„þ xÄy!¢vþ öëy† 

„þöìîû ‹œ†yöì£ vþz_® „þîûöìœ ¢y”y ö„þœy¢y„þyîû „þ!àþ˜ þ™”yíÅ þ™yçëûy ëyëûÐ ~£z 
„þ!àþ˜ þ™”yíÅöì„þ ÝþÆy£zx:y˜ îöìœÐ ~!Ýþ ‹öìœ oî’#ëûÐ £z£yîû ö„þy˜ !î‹yîû’ •›Å ö˜£zÐ

3 HCHO
O

O

OConc. H2SO4

                           ÝþÆy£zx:y˜
ivV šþ›ÅÄyœ!vþ£y£zöìvþîû ‹œ#ëû oîöì’ Ca(OH)2 öëy† „þöìîû !„þŠ%éÇþ’ öîûöì… 

!”öìœ ~!Ýþ þ™!œ›yîûy£z‹ „þöìîû C6H12O6 ¢öìBþ“þ !î!ŸÜT „þöìëû„þ!Ýþ Ÿ„Åþîûyîû !›×’ 
÷“þ!îû „þöìîû öë =!œöì„þ ¢‚öìÇþöìþ™ šþîûöì›y‹ îœy £ëûÐ

6 HCHO
Ca(OH)2 C6H12O6

 šþ›ÅÄyœ!vþ£y£zvþ šþîûöì›y‹    
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39. xÄy!¢ÝþÄy¢!vþ£y£zöìvþîû þ™!œ›yîû=!œ „þ# „þ#Ð vþz£yöì”îû ¢Á™öì„Åþ ¢‚!Çþ® 
î’Å˜y ”yçéôôôé

vþz_îûéôôôé 
iV ¢y•yîû’ “þyþ™›yeyëû xÄy!¢ÝþÄy¢!vþ£y£zöìvþ „þöìëû„þöìšþyÝþy †y‘þü ¢yœ!šþvþz!îû„þ 

xÄy!¢vþ öëy† „þîûöìœ xÄy!¢ÝþÄy¢!vþ£y£zöìvþîû !“þ˜ x’% ¢‚ë%_« £öìëû þ™Äyîûy 
xÄyœ!vþ£y£zvþ vþzêþ™§¬ „þöìîûÐ xyîyîû þ™Äyîûy xÄyœ!vþ£y£zöìvþ œ‡% ¢yœ!šþvþz!îû„þ xÄy!¢vþ 
öëy† „þöìîû þ™y!“þ“þ „þîûöìœ þ™%˜îûyëû xÄy!¢ÝþÄy¢!vþ£y£zvþ þ™yçëûy ëyëûÐ

H3C C

O

H3 O
CH

O
CH
O

CH
CH3

H3C CH3

Conc. H2SO4

                               þ™Äyîûy xÄyœ!vþ£y£zvþ 
iiV xyîyîû 0oC vþz¡Œ“þyëû xÄy!¢ÝþÄy¢!vþ£y£zöìvþ „þöìëû„þ öšþyÝþy †y‘þü ¢yœ!šþvþz!îû„þ 

xÄy!¢vþ öëy† „þîûöìœ xÄy!¢ÝþÄy¢!vþ£y£zöìvþîû ‰þyîû x’% ë%_« £öìëû ~„þ!Ýþ ¢y”y „þ!àþ˜ 
þ™”yíÅ vþzêþ™§¬ „þöìîûÐ vþzêþ™§¬ ~£z ¢y”y þ™”yíÅöì„þ ö›Ýþyœ!vþ£y£zvþ îöìœÐ

H3C C

O

H
Conc. H2SO4

4
O

CH
O CH

O

CH
OCH

H3C

H3C

CH3

CH3

                                          ö›Ýþyœ!vþ£y£zvþ

40. A, B, C, D...........Ÿ˜y_«„þîû’ „þîûÐ

vþz_îûéôôôé  

C CH3

O

SeO2
Ai)
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C H

O

HCN
Bii)

1.

2. H3O+

C H

O

Ciii)
(CH3CO)2O

CH3COONa,
heat

C H

O

Div)

KCN
Alcohol

heat

C H

O

Ev)
heat

+ CH3CHO
10% NaOH

C H

O

Fvi)
Ag2O

CH3CH2CHO
Al(OCH2CH3)3

vii) G

CH3CHO
1.  HCN

2.  H3O+
Hviii)

CH3CHO
Dry HCl

CH3CH2OH
ix) I

CH3COCH3x)
Ph3P CH2

heat
J
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C N

SnCl2 /HCl
Kxi)

vþz_îûéôôôé

C CH3

O

SeO2

A

i)

O O
H

O O
H

=

C H

O

HCN

B

ii)
1.

2. H3O+

CH

OH

C

O

OH

CH

OH

C

O

OH
=

C H

O

C

iii)
(CH3CO)2O

CH3COONa,
heat

H
C

H
C COOH

H
C

H
C COOH

=

C H

O

D

iv)

KCN
Alcohol

heat

C
H

OH

C

O

C
H

OH

C

O

=
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C H

O

E

v)
heat

+ CH3CHO
10% NaOH

C
H

C
H

CHO

C
H

C
H

CHO=

C H

O

F

vi)
Ag2O C OH

O

C OH

O

=

CH3CH2CHO
Al(OCH2CH3)3

vii)

G CH3-CH2-COOCH2-CH2-CH3=

CH3-CH2-COOCH2-CH2-CH3

CH3CHO
1.  HCN

2.  H3O+

H

viii) CH3-CH(OH)-COOH

= CH3-CH(OH)-COOH

2CH3CHO
Dry HCl

CH3CH2OH
ix)

I

CH3-CH(OCH2CH3)2

= CH3-CH(OCH2CH3)2

CH3COCH3x)
Ph3P CH2

heat

J

H3C C

CH3

CH2

H3C C

CH3

CH2=
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C N

SnCl2 /HCl

K

xi)

CHO

CHO

=

41. îû*þ™yhsþîû „þîûéôôôé

iV xÄy!¢ÝþÄyœ!vþ£y£zvþ öíöì„þ n–!îvþzÝþy£zœ xÄyœöì„þy£œ
iiV xÄy!¢!Ýþ!œ˜ öíöì„þ xÄy!¢öìÝþy˜
iiiV £zíy£zœ ö„Ïþyîûy£zvþ öíöì„þ xÄy!¢ÝþÄyœ!vþ£y£zvþ
ivV n–öì²Ìyþ™y£zœ xÄyœöì„þy£œ öíöì„þ xÄy!¢öìÝþy˜
vV £zíy£zœ xÄyœöì„þy£œ öíöì„þ œÄy„þ!Ýþ„þ xÄy!¢vþ 
viV xÄy!¢ÝþÄyœ!vþ£y£zvþ öíöì„þ xÄye«y£z!œ„þ xÄy!¢vþ
viiV xÄy!¢ÝþÄyœ!vþ£y£zvþ öíöì„þ £zíy£zœ xÄy!¢öìÝþÝþ
viiiV xÄy!¢ÝþÄyœ!vþ£y£zvþ öíöì„þ xÄy!¢öìÝþy˜
ixV öì²Ìyþ™y£z˜ öíöì„þ vþy£z xÄy!¢öìÝþy˜ xÄyœöì„þy£œ
xV öì²Ìy!þ™˜ öíöì„þ ö›!¢Ýþy£zœ x:y£zvþ
xiV xÄy!¢öìÝþy˜ öíöì„þ ö›!¢!Ýþ!œ˜
xiiV 2–2éôévþy£zöì„Ïþyöìîûy öì²Ìyöìþ™˜ öíöì„þ öšþyîû’
xiiiV xÄy!¢öìÝþy˜ öíöì„þ !›íy£zœ @Õy£zx:yœ
xivV xÄy!¢öìÝþy˜ öíöì„þ Ýþyîû!¢ëûy!îû !îvþzÝþy£zœ xÄyœöì„þy£œ
xvV öìîOyœ!vþ£y£zvþ öíöì„þ !¢˜y!›„þ xÄy!¢vþ
xviV öìîOyœ!vþ£y£zvþ öíöì„þ !¢˜y›Äyœ!vþ£y£zvþ
xviiV öìîOyœ!vþ£y£zvþ öíöì„þ öîöìOyöìëû˜
xviiiV öìîOyœ!vþ£y£zvþ öíöì„þ öî!Oœ
xixV öìîOyœ!vþ£y£zvþ öíöì„þ öî!O!œ„þ xÄy!¢vþ
xxV šþîû›Äyœ!vþ£y£zvþ öíöì„þ £zvþzöìîûyÝþÆ!þ™˜
xxiV šþîû›Äyœ!vþ£y£zvþ öíöì„þ þ™Äyîûyšþ›Å
vþz_îûéôôôé
iV xÄy!¢ÝþÄyœ!vþ£y£zvþ öíöì„þ n–!îvþzÝþy£zœ xÄyœöì„þy£œ
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H3C C

O

H
LiAlH4

H3C
H2
C OH

Br2 /Red P
H3C

H2
C Br

Mg/ ether
H3C

H2
C MgBr

O

ether
CH3-CH2-CH2-CH2-OMgBr

H2O
CH3-CH2-CH2-CH2-OH

                 n–!îvþzÝþy£zœ xÄyœöì„þy£œ
iiV xÄy!¢!Ýþ!œ˜ öíöì„þ xÄy!¢öìÝþy˜

HC CH
NaNH2

1 mole
C CH
-

Na+ CH3-I
C CHH3C

20 % H2SO4

HgSO4
C CH3H3C

O

 
xÄy!¢!Ýþ!œ˜                                                                                      xÄy!¢öìÝþy˜
iiiV £zíy£zœ ö„Ïþyîûy£zvþ öíöì„þ xÄy!¢ÝþÄyœ!vþ£y£zvþ

H2C CH2

PdCl2
H2O

CuCl2

O2
H3C

O

C HH3C CH2OH
Conc. H2SO4

170oC

,

£zíy£zœ ö„Ïþyîûy£zvþ                                                           xÄy!¢ÝþÄyœ!vþ£y£zvþ
ivV n–öì²Ìyþ™y£zœ xÄyœöì„þy£œ öíöì„þ xÄy!¢öìÝþy˜

H
C CH2

PdCl2
H2O

CuCl2

O2
H3C

O

C CH3

Conc. H2SO4

170oC

,
H3C

H2
C

H2
C OH H3C

 
n–öì²Ìyþ™y£zœ xÄyœöì„þy£œ                                                                xÄy!¢öìÝþy˜
vV £zíy£zœ xÄyœöì„þy£œ öíöì„þ œÄy„þ!Ýþ„þ xÄy!¢vþ 

CH3CH2OH
Cu /

300oC
CH3CHO

HCN CH3CH(OH) CN
H3O+

CH3-CH(OH)COOH

£zíy£zœ xÄyœöì„þy£œ                               œÄy„þ!Ýþ„þ  xÄy!¢vþ
viV xÄy!¢ÝþÄyœ!vþ£y£zvþ öíöì„þ xÄye«y£z!œ„þ xÄy!¢vþ

2CH3-CHO
Ca(OH)2

CH3-CH(OH)-CH2-CHO
Heat

CH3-CH=CH-CHO
Ag2O

CH3-CH=CH-COOH

xÄy!¢ÝþÄyœ!vþ£y£zvþ                               xÄye«y£z!œ„þ xÄy!¢vþ
viiV xÄy!¢ÝþÄyœ!vþ£y£zvþ öíöì„þ £zíy£zœ xÄy!¢öìÝþÝþ
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CH3-CHO
Al(OCH2-CH3)3

2 CH3-COOCH2-CH3

xÄy!¢ÝþÄyœ!vþ£y£zvþ                       £zíy£zœ xÄy!¢öìÝþÝþ
viiiV xÄy!¢ÝþÄyœ!vþ£y£zvþ öíöì„þ xÄy!¢öìÝþy˜

CH3-CHO
CH3-MgBr/ ether

H2O
CH3-CH(OH)-CH3

Cu /300oC
CH3-CO-CH3

xÄy!¢ÝþÄyœ!vþ£y£zvþ                                                              xÄy!¢öìÝþy˜
ixV öì²Ìyþ™y£z˜ öíöì„þ vþy£z xÄy!¢öìÝþy˜ xÄyœöì„þy£œ

H3C C CH
20% H2SO4

HgSO4

CH3-CO-CH3
Ba(OH)2

H3C C

HO

CH3

H2
C C

O
CH3

xV öì²Ìy!þ™˜ öíöì„þ ö›!¢Ýþy£zœ x:y£zvþ

CH3-CO-CH3
Ba(OH)2 H3C C

HO

CH3

H2
C C

O
CH3CH3-CH=CH2

PdCl2, H2O

O2, CuCl2 I2

H3C C

CH3

H
C C

O
CH3

                                                ö›!¢Ýþy£zœ x:y£zvþ
xiV xÄy!¢ÝþÄyœ!vþ£y£zvþ öíöì„þ ö›!¢!Ýþ!œ˜

CH3-CHO
CH3-MgBr/ ether

H2O
CH3-CH(OH)-CH3

Cu /300oC
CH3-CO-CH3

Conc. H2SO4

Distillation

H3C

H3C CH3

                                                                                                     ö›!¢!Ýþ!œ˜
xiiV 2–2-vþy£zöì„Ïþyöìîûy öì²Ìyöìþ™˜ öíöì„þ öšþyîû’
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H3C C

Cl

Cl
CH3

Aqueous

KOH
H3C C

HO

OH
CH3[ ] CH3-CO-CH3

HCl

Evaporation

H3C C C
H

C

O

C
H

CH3 CH3

C CH3

                                                  öšþyîû’
xiiiV xÄy!¢öìÝþy˜ öíöì„þ !›íy£zœ @Õy£zx:yœ

H3C

O

CH3 H3C C

O

C

O

H

SeO2

 
xivV xÄy!¢öìÝþy˜ öíöì„þ Ýþyîû!¢ëûy!îû !îvþzÝþy£zœ xÄyœöì„þy£œ

H3C

O

CH3

CH3-Mg-Br

ether
H3C C

OMgBr

CH3

CH3

H2O
H3C C

OH

CH3

CH3 
xÄy!¢öìÝþy˜                           Ýþyîû!¢ëûy!îû !îvþzÝþy£zœ xÄyœöì„þy£œ
xvV Ýþœ%£z˜ öíöì„þ !¢˜y!›„þ xÄy!¢vþ 

H3C

CrO2Cl2

CCl4

(HOCl2CrO)2HC CHO

(CH3CO)2O

CH3COONa

HC
H
C COOH

H2O

xviV öìîOyœ!vþ£y£zvþ öíöì„þ !¢˜y›Äyœ!vþ£y£zvþ
CHO

CH3CHO

10% KOH

HC C
H

CHO

  öîOyœ!vþ£y£zvþ  !¢˜y›Äyœ!vþ£y£zvþ
xviiV öîOyœ!vþ£y£zvþ öíöì„þ öîöìOyöìëû˜
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CHO

KCN
alcohol

heat

H
C

HO
C
O

2

 
   öîOyœ!vþ£y£zvþ                          öîöìOyöìëû˜
xviiiV öîOyœ!vþ£y£zvþ öíöì„þ öî!Oœ

CHO

KCN

alcohol
heat

CH

OH

C

O
2

Conc. HNO3
C

O

C

O

 
öîOyœ!vþ£y£zvþ                                                                               öî!Oœ
xixV öîOyœ!vþ£y£zvþ öíöì„þ öî!O!œ„þ xÄy!¢vþ

CHO

KCN

alcohol
heat

CH

OH

C

O
2

Conc. HNO3
C

O

C

O

KOH
Heat

Ph

OH

COOK

Ph

Ph

OH

COOH

Ph
HCl

                       öî!O!œ„þ xÄy!¢vþ
xxV šþîû›Äyœ!vþ£y£zvþ öíöì„þ £zvþzöìîûyÝþÆ!þ™˜

HCHO6 + 4NH3 (CH2)2N4
-6H2O

xxiV šþîû›Äyœ!vþ£y£zvþ öíöì„þ þ™Äyîûyšþ›Å

nHCHO

Evaporate
to dryness

(CH2O)n. H2O [ n = 6  to 50]+ H2O

 42. xÄy!¢!Ýþ„þ xÄy!¢vþ xöìþ™Çþy šþîû!›„þ xÄy!¢vþ “þ#î xÁÔ•›Å#– îÄy…Äy „þîûÐ

vþz_îûéôôôé xÄy!¢!Ýþ„þ xÄy!¢öìvþîû !›íy£zœ @ùÌ&öìþ™îû +I ²Ì¦þyöìîîû šþöìœ „þyîÅ!˜œ 
„þyîÅöì˜îû £zöìœöìQÉy!šþ!œ!¢!Ýþ î,!kþ þ™yëûÐ šþöìœ –COOH ›)œöì„þîû –OH ~îû 
Chemistry Vol. III-18
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x!:öì‹˜ ç £y£zöìvÈþyöì‹˜ þ™îû›y’%îû îõþ˜ öþ™yœy!îû!Ýþ £Éy¢ þ™yëûÐ xþ™îûþ™öìÇþ  šþîû!›„þ 
xÄy!¢öìvþîû ~îû*þ™ ö„þy˜ +I ²Ì¦þyîë%_« @ùÌ&þ™ ˜y íy„þyëû x!:öì‹˜ ç £y£zöìvÈþyöì‹˜ 
þ™îû›y’%îû îõþ˜ öþ™yœy!îû!Ýþ öî!Ÿ £ëûÐ ~£z „þyîûöì’ xÄy!¢!Ýþ„þ xÄy!¢vþ xöìþ™Çþy 
šþîû!›„þ xÄy!¢öìvþîû ö²ÌyÝþ˜ SH+V ”y’ „þîûyîû ²Ìî’“þy î,!kþ þ™yëû ~î‚ xÄy!¢!Ýþ„þ 
xÄy!¢vþ xöìþ™Çþy šþîû!›„þ xÄy!¢vþ “þ#î xÁÔ•›Å# xÄy!¢öìvþ þ™!îû’“þ £ëûÐ

H3C C

O

O H
δ+δ-

 H C

O

O H
δ+δ-

xÄy!¢!Ýþ„þ xÄy!¢vþ šþîû!›„þ xÄy!¢vþ

43. n–!îvþzÝþy!îû„þ xÄy!¢öìvþîû †œ˜yBþ n–öìþ™rÝþyöì˜y!ëû„þ xÄy!¢vþ xöìþ™Çþy 
öî!ŸéôôôéîÄy…Äy „þîûÐ

vþz_îûéôôôé n–!îvþzÝþy!îû„þ xÄy!¢öìvþîû ~î‚ n–öìþ™rÝþyöì˜y!ëû„þ xÄy!¢vþ vþz¦þöìëûîû 
†àþ˜ !‹†‹Äy† ²Ì„,þ!“þîûÐ n–!îvþzÝþy!îû„þ xÄy!¢öìvþîû „þyîÅ˜ þ™îû›y’% ¢‚…Äy ë%@Â 
~î‚ n–öìþ™rÝþyöì˜y!ëû„þ xÄy!¢öìvþîû „þyîÅ˜ þ™îû›y’% ¢‚…Äy xë%@Â ²Ì„,þ!“þîûÐ šþöìœ 
n–!îvþzÝþy!îû„þ xÄy!¢öìvþîû –CH3 ~î‚ –COOH @ùÌ&þ™ þ™îûßþ™îû !îþ™îû#öì“þ xîßþiy˜ 
„þîûyëû ö„þœy¢ ‹yœöì„þ x’%!Ýþ xyöìÝþyŸyöìÝþy xîßþiyëû íyöì„þÐ !„þlsþ n–öìþ™rÝþyöì˜y!ëû„þ 
xÄy!¢öìvþîû CH3 ~î‚ –COOH @ùÌ&þ™ ~„þ£z!”öì„þ xîßþiy˜ „þîûyëû  „þÄyœy¢ ‹yœöì„þ 
„þ› xyöìÝþy¢¤yöìÝþy¦þyöìî xîßþiyëû íyöì„þÐ                                    

H3C

COOH

  H3C COOH

n–!îvþzÝþy!îû„þ xÄy!¢vþ n–öìþ™rÝþyöì˜y!ëû„þ xÄy!¢vþ

44. îû*þ™yhsþîû „þîûéôôôé

iV !›íy£zœ ›Äy†öì˜!¢ëûy› öîÊy›y£zvþ öíöì„þ xÄy!¢!Ýþ„þ xÄy!¢vþ
iiV !›íy£zœ xÄyœöì„þy£œ öíöì„þ xÄy!¢!Ýþ„þ xÄy!¢vþ
iiiV !›íy£zœ öîÊy›y£zvþ öíöì„þ xÄy!¢!Ýþ„þ xÄy!¢vþ
ivV !›íy£zœ ¢yëûy˜y£zvþ öíöì„þ xÄy!¢!Ýþ„þ xÄy!¢vþ
vþz_îûéôôôé
iV !›íy£zœ ›Äy†öì˜!¢ëûy› öîÊy›y£zvþ öíöì„þ xÄy!¢!Ýþ„þ xÄy!¢vþ
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CH3-Mg-Br
CO2 (dry ice)

ether
CH3-COOMgBr

H3O+

CH3COOH

iiV !›íy£zœ xÄyœöì„þy£œ öíöì„þ xÄy!¢!Ýþ„þ xÄy!¢vþ

CH3OH
HBr/

Red P
CH3Br

KCN
CH3-CN

H3O+

CH3COOH

 
iiiV !›íy£zœ öîÊy›y£zvþ öíöì„þ xÄy!¢!Ýþ„þ xÄy!¢vþ

CH3Br
KCN

CH3-CN
H3O+

CH3COOH
 
ivV !›íy£zœ ¢yëûy˜y£zvþ öíöì„þ xÄy!¢!Ýþ„þ xÄy!¢vþ

CH3-CN
H3O+

CH3COOH

45. xÄy!¢!Ýþ„þ xÄy!¢vþ ç ˜#öì‰þîû !î„þyîû„þ=!œîû ¢öìD !î!e«ëûyëû „þ# ‡öìÝþ 
¢›#„þîû’ ¢£ öœ…Ð

i) †y‘þü H2SO4 ~îû vþzþ™!ßþi!“þöì“þ CH3CH2OH
iiV PCl5

iiiV NH3

ivV P2O5

vþz_îûéôôôé
iV †y‘þü H2SO4 ~îû vþzþ™!ßþi!“þöì“þ CH3CH2OH ¢öìD CH3COOH ~îû 

!î!e«ëûyëû £zíy£zœ xÄy¢öìÝþÝþ vþzêþ™§¬ £ëûÐ !î!e«ëûy!Ýþ vþz¦þ›%…#Ð !„þlsþ †y‘þü H2SO4 
‹œ öŸy¡ì„þ £çëûyëû !î!e«ëûy‹y“þ þ™”yíÅ öíöì„þ ‹œ öŸy¡ì’ „þöìîû !î!e«ëûy!Ýþöì„þ 
›%öì…y›%!… „þöìîûÐ

CH3COOH + CH3CH2OH CH3COOCH2CH3 + H2O

£zíy£zœ xÄy¢öìÝþÝþ
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iiV CH3COOH ~îû ¢öìD PCl5 ~îû !î!e«ëûyëû xÄy!¢Ýþy£zœ ö„Ïþyîûy£zvþ vþzê§¬ £ëûÐ

+ POCl3CH3COOH + + HClPCl5 CH3COCl

iiiV xÄyöì›y!˜ëûyîû ¢öìD xÄy!¢!Ýþ„þ xÄy!¢öìvþîû !î!e«ëûyëû xÄyöì›y!˜ëûy› xÄy!¢öìÝþÝþ 
vþzêþ™§¬ £ëûÐ vþzêþ™§¬ xÄyöì›y!˜ëûy› xÄy!¢öìÝþÝþöì„þ xyîyîû vþz_® „þîûöìœ “þyöìþ™ 
!îöìëûy!‹“þ £öìëû xÄy!¢Ýþy›y£zvþ vþzêþ™§¬ £ëûÐ

CH3COOH + CH3CONH4NH3

CH3COONH4
heat

CH3CONH2 + H2O

ivV CH3COOH ~îû ¢öìD P2O5 ~îû !î!e«ëûyëû ”%£z x’% CH3COOH öíöì„þ 
~„þ x’% ‹œ xþ™¢y!îû“þ £öìëû xÄy!¢!Ýþ„þ xÄy˜£y£zvÈþy£zvþ vþzêþ™§¬ £ëû ~î‚ P2O5 
‹öìœîû ¢öìD !î!e«ëûyëû H3PO4 vþzêþ™§¬ £ëûÐ îûy¢yëû!˜„þ ¢›#„þîû’éôôôé

CH3COOH + P2O52 (CH3CO)2O + H3PO42

46. !Ýþ„þy öœ…éôôôé

iV £yª!vþ„þyîû !î!e«ëûy SHunsdicker ReactionV
iiV ö£œéôé¦þœ£yvÅþéôéö‹!œ˜!ßþñ !î!e«ëûy SH.V.Z. reactionV 
iiiV !ßþ¿Ýþä !î!e«ëûy SSchmidt reactionV
ivV xy˜Åvþ– £zÞÝþyÝÅþ– ¢‚öìÙÕ¡ì’ SArndt–Eistert– synthesisV
vþz_îûéôôôé
iV £yª!vþ„þyîû !î!e«ëûy SHunsdiecker ReactionV
„þyîÅ!:!œ„þ xÄy!¢vþöì„þ !¢œ¦þyîû œîöì’ þ™!îû’“þ „þöìîû „þyîÅ˜ öÝþÝþÆy ö„Ïþyîûy£zöìvþ 

oî#¦)þ“þ „þöìîû öîÊy!›˜ öëy† „þîûy £ëûÐ !›×’öì„þ vþz_® „þîûöìœ ~„þ!Ýþ „þ› „þyîÅ˜ 
þ™îû›y’% !î!ŸÜT xÄyœ!„þœ öîÊy›y£zöìvþ þ™!îû’“þ £ëûÐ ~£z !î!e«ëûyöì„þ £yª!vþ„þyîû 
!î!e«ëûy îœy £ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

RCOOH + AgOH RCOOAg + H2O

RCOOAg + Br2 R-Br + AgBr + CO2
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iiV ö£œéôé¦þœ£yvÅþéôéö‹!œ˜!ßþñ !î!e«ëûy SH.V.Z. reactionV 
„þyîÅ!:!œ„þ xÄy!¢öìvþîû š%þÝþhsþ oîöì’ œyœ šþ¢šþîûyöì¢îû vþzþ™!ßþi!“þöì“þ ö„Ïþy!îû˜ 

îy öîÊy!›˜ öëy† „þîûöìœ α–öì„Ïþyöìîûy îy α–öìîÊyöì›y „þyîÅ!:!œ„þ xÄy!¢öìvþ þ™!îû’“þ 
£ëûÐ ~£z !î!e«ëûyöì„þ ö£œéôé¦þœ£yvÅþéôéöì‹!œ˜!ßþñ !î!e«ëûy îöìœÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

R-CH2-COOH + Cl2
Red P

heat
R-CH(Cl)-COOH + HCl

α–öì„Ïþyöìîûy „þyîÅ!:!œ„þ xÄy!¢vþ

R-CH2-COOH + Br2
Red P

heat
R-CH(Br)-COOH + HBr

α–öìîÊyöì›y „þyîÅ!:!œ„þ xÄy!¢vþ
iiiV !ßþ¿Ýþä !î!e«ëûy SSchmidt reactionV
„þyîÅ!:!œ„þ xÄy!¢vþ– £y£zvÈþyöì‹y!ëû„þ ç ‡˜ ¢yœ!šþvþz!îû„þ xÄy!¢öìvþîû !›×’öì„þ 

vþz_® „þîûöìœ ²Ìy£z›y!îû S1oV xÄy!›˜ vþzêþ™§¬ £ëûÐ ~£z !î!e«ëûyöì„þ !ßþ¿Ýþä !î!e«ëûy 
îœy £ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

CH3-COOH
Conc.H2SO4

heat
+ HN3 CH3.N=C=O

H2O

-CO2
CH3-NH2

 
ivV xy˜Åvþ– £zÞÝþyÝÅþ– ¢‚öìÙÕ¡ì’ SArndt–Eistert– synthesisV
„þyîÅ!:!œ„þ xÄy!¢vþöì„þ šþ¢šþîûy¢ öþ™rÝþyö„Ïþyîûy£zvþ îy íyöìëûy!˜œ ö„Ïþyîûy£zöìvþîû  

¢yöìí !î!e«ëûy „þöìîû xÄy!¢vþ ö„Ïþyîûy£zöìvþ þ™!îû’“þ „þöìîû vþyëûyöì‹y!›öìíöì˜îû ¢yöìí 
!î!e«ëûyëû vþyëûyöì‹y!„þöìÝþy˜ vþzêþ™§¬ £ëûÐ vþzêþ™§¬ vþyëûyöì‹y!„þöìÝþy˜ !¢œ¦þyîû x:y£zvþ 
¢£öìëyöì† vþz_® „þöìîû xyoÅ!îöìÙÕ¡ì’ „þîûöìœ  vþzF‰þ“þîû „þyîÅ!:!œ„þ xÄy!¢öìvþ  þ™!îû’“þ 
£ëûÐ ~£z !î!e«ëûyöì„þ xy˜Åvþ– £zÞÝþyÝÅþ– ¢‚öìÙÕ¡ì’ îöìœÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé
R-COOH + PCl5 R-COCl + POCl3 HCl+

xÄy!¢vþ ö„Ïþyîûy£zvþ

R-COCl + CH2N2 R-CO-CHN2 + HCl

vþyëûyöì‹y!„þöìÝþy˜
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R-CO-CHN2

Ag2O

heat
R-CH=C=O

!„þ!Ýþ˜

R-CH=C=O
H2O

R-CH2-COOH

vþzF‰þ“þîû „þyîÅ!:!œ„þ xÄy!¢öìvþ

47. šþîû!›„þ xÄy!¢vþ ç xÄy!¢!Ýþ„þ xÄy!¢öìvþîû ›öì•Ä „þ#îû*öìþ™ þ™yíÅ„þÄ „þîûöìîÚ

vþz_îûéôôôé
iV xÄy!¢!Ýþ„þ xÄy!¢vþ xyîûöì¢!˜ëûy¢ x:y£zöìvþîû ¢yöìí !î!e«ëûyëû ”%†Åõþ ç 

!î¡ìy_« „þÄyöì„þy!vþœ x:y£zvþ †àþ˜ „þöìîûÐ !„þlsþ šþîû!›„þ xÄy!¢vþ „þÄyöì„þy!vþœ 
x:y£zvþ †àþ˜ „þöìîû ˜yÐ

CH3COOH + NaHCO3 CH3COONa + CO2 + H2O

CH3COONa + As2O34 As O As
CH3

CH3

H3C

H3C

+ Na2CO3 + 2CO22

iiV šþîû!›„þ xÄy!¢vþ Ýþöìœ˜¢ !î„þyîû„þöì„þ !î‹y!îû“þ „þöìîû •y“þî !¢œ¦þyöìîûîû 
x•ƒöìÇþþ™ öšþöìœÐ xÄy!¢!Ýþ„þ xÄy!¢vþ ~£z !î!e«ëûyëû ¢yvþüy ö”ëû ˜yÐ îûy¢yëû!˜„þ 
!î!e«ëûyéôôôé

HCOOH + Ag2O
tollen's

reagent
CO2 + 2Ag + H2O

48. šþîû›Äyœ!vþ£y£zvþ ç xÄy!¢ÝþÄyœ!vþ£y£zöìvþîû ›öì•Ä „þ#¦þyöìî þ™yíÅ„þÄ „þîûöìîÚ

vþz_îûéôôôé xÄy!¢ÝþÄyœ!vþ£y£zöìvþîû x’%öì“þ CH3CO– @ùÌ&þ™ vþzþ™!ßþi“þ íy„þyëû ~!Ýþ 
xyöìëûyöìvþyšþ›Å !î!e«ëûyëû ¢yvþüy ö”ëûÐ !„þlsþ šþîû›Äyœ!vþ£y£zöìvþîû x’%öì“þ CH3CO– 
@ùÌ&þ™ ˜y íy„þyëû ~!Ýþ xyöìëûyöìvþyšþ›Å !î!e«ëûyëû ¢yvþüy ö”ëû ˜yÐ “þy£z xyöìëûyöìvþyšþ›Å 
!î!e«ëûyîû ¢y£yöìëÄ šþîû›Äyœ!vþ£y£zvþ ç xÄy!¢ÝþÄyœ!vþ£y£zöìvþîû ›öì•Ä þ™yíÅ„þÄ „þîûy 
ëyëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé
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CH3-CHO + 3I2 + 4NaOH Warm
CHI3 + HCOONa + 3NaI + 3H2O

                                                      £œ%” x•ƒöìÇþþ™

49. xÄy!¢öìÝþy˜ ç xÄy!¢ÝþÄyœ!vþ£y£zöìvþîû ›öì•Ä „þ#¦þyöìî þ™yíÅ„þÄ „þîûöìîÚ

vþz_îûéôôôé xÄy!¢öìÝþy˜ Ýþöìœ˜¢ !î„þyîû„þöì„þ !î‹y!îû“þ „þîûöì“þ þ™yöìîû ˜yÐ !„þlsþ 
xÄy!¢ÝþÄyœ!vþ£y£zvþ ç Ýþöìœ˜¢ !î„þyîû„þöì„þîû !›×’öì„þ ~„þ!Ýþ öÝþÞÝþ!Ýþvþzöìî !˜öìëû 
‹œ†yöì£ vþz_® „þîûöìœ öÝþÞÝþ!Ýþvþzöìîîû †yöìëû !¢œ¦þyöìîûîû þ™y“þœy xyhßþîû’ SSilver 
MirrorV ‹›y £ëûÐ ~£z þ™îû#Çþyîû ¢y£yöìëÄ xÄy!¢öìÝþy˜ ç xÄy!¢ÝþÄyœ!vþ£y£zöìvþîû 
›öì•Ä þ™yíÅ„þÄ „þîûy ëyëûÐ 

50. !Ýþ„þy öœ…éôôôé

iV £šþ›Äy˜ xî˜›˜ !î!e«ëûy SHoffman degradationV
iiV î%öì¦þyéôéîÏÄyBþéôé!î‹yîû’ SBouveault–Blanc– ReductionV
iiiV öì„Ïþ£zöì‹˜ „þ˜öìvþ˜öì¢Ÿ˜SClaisen CondensationV
ivV  „þy!ÝÅþëûy¢ þ™%˜!îÅ˜Äy¢ SCurtius RearrangementV
vV öœyöì¢˜ þ™%˜!îÅ˜Äy¢ SLossen RearrangementV
viV öîûyöì‹˜›y[þ !î‹yîû’ SRosenmund ReductionV
vþz_îûéôôôé 
iV £šþ›Äy˜ xî˜›˜ !î!e«ëûy SHoffman degradationV
ö„þy˜ xÄy!¢vþ xÄy›y£zvþöì„þ NaOH îy KOH ~î‚ Cl2 îy Br2 ¢£öìëyöì† 

vþz_® „þîûöìœ ~„þ!Ýþ „þ› „þyîÅ˜ë%_« ²Ìy£z›y!îû xÄy!›˜ vþzêþ™§¬ £ëûÐ ~£z !î!e«ëûyöì„þ 
£šþ›Äy˜ xî˜›˜ !î!e«ëûy îœyÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

RCH2CONH2 Br2  +  4KOH
70oC-80oC

RNH2 + 2KBr + K2CO3 + 2H2O+

 öë›˜ xÄy!¢ÝþÄy›y£zvþöì„þ KOH ~î‚ Br2 ¢£öìëyöì† vþz_® „þîûöìœ !›íy£zœ 
xÄy!›˜ vþzêþ™§¬ £ëûÐ

CH3CONH2 Br2  +  4KOH
70oC-80oC

CH3NH2+ 2KBr + K2CO3 + 2H2O+

!î!e«ëûyîû „þœy ö„þïŸœéôôôé
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R C

O

N
H

H R C

O

N

R N C ORNH2+

Br

CO2
H2O

Br Br+
- HBr

H

+ -

R C

O

N

Br
-

- H2O
R C

O

N

Br
-

R C

O

N[ ]

K OH

                                      ²Ìy£z›y!îû xÄy!›˜          xy£zöì¢y¢yëûyöì˜Ýþ
iiV î%öì¦þyéôéîÏÄyBþéôé!î‹yîû’ SBouveault–Blanc– ReductionV
~ÞÝþyîûöì„þ ö¢y!vþëûy› ç £zíy£zœ xÄyœöì„þy£œ ¢£öìëyöì† vþz_® „þîûöìœ ”%!Ýþ 

xÄyœöì„þy£öìœîû !›×’ þ™yçëûy ëyëûÐ ~£z !î!e«ëûyöì„þ î%öì¦þyéôéîÏÄyBþéôé!î‹yîû’ îöìœÐ 
îûy¢yëû!˜„þ !î!e«ëûyéôôôé

R-CH2-COOCH2CH3
Na / CH3CH2OH

[4H]
R-CH2-CH2OH + CH3-CH2-OH

öë›˜éôôôé !›íy£zœ £zíyöì˜yöìëûÝþöì„þ ö¢y!vþëûy› ç £zíy£zœ xÄyœöì„þy£œ ¢£öìëyöì† 
vþz_® „þîûöìœ !›íy£zœ xÄyœöì„þy£œ ~î‚ £zíy£zœ xÄyœöì„þy£œ vþzêþ™§¬ £ëûÐ

CH3-COOCH3
Na / CH3CH2OH

[4H]
CH3-CH2OH + CH3-OH

iiiV ö„Ïþ£zöì‹˜ „þ˜öìvþ˜öì¢Ÿ˜ SClaisen CondensationV
“þ#îÊ Çþyîû öë›˜– NaOCH2CH3 ~îû vþzþ™!ßþi!“þöì“þ α–£y£zöìvÈþyöì‹˜ ë%_« 

~ÞÝþyöìîûîû ”%£z x’% ë%_« £öìëû β–!„þöìÝþy ~ÞÝþyîû vþzêþ™§¬ „þöìîûÐ ~£z !î!e«ëûyöì„þ 
ö„Ïþ£zöì‹˜ „þ˜öìvþ˜öì¢Ÿ˜ îöìœÐ öë›˜– ö¢y!vþëûy› £zöìíy:y£zöìvþîû vþzþ™!ßþi!“þöì“þ 
£zíy£zœ xÄy!¢öìÝþöìÝþîû ”%£z x’% ë%_« £öìëû £zíy£zœ xÄy!¢öìÝþyxÄy!¢öìÝþÝþ vþzêþ™§¬ £ëûÐ 

CH3-COOCH2-CH3
[4H]

C2H5OH++ H-CH2-COOCH2-CH3 CH3-CO-CH2-COOCH2CH3
NaOCH2CH3

ivV  „þy!ÝÅþëûy¢ þ™%˜!îÅ˜Äy¢ SCurtius RearrangementV
xÄy!¢Ýþy£zœ xÄy‹y£zvþöì„þ öî!O˜ oyîöì„þ oî#¦)þ“þ „þöìîû vþz_® „þîûöìœ £z£y 

þ™%˜!îÅ˜Ähßþ xy£zöì¢y¢yëûyöì˜Ýþ vþzêþ™§¬ £ëûÐ vþzêþ™§¬ xy£zöì¢y¢yëûyöì˜Ýþ xyoÅ!îöìÙÕ!¡ì“þ 
£öìëû ²Ìy£z›y!îû xÄy!›˜ vþzêþ™§¬ £ëûÐ ~£z !î!e«ëûyöì„þ „þy!ÝÅþëûy¢ þ™%˜!îÅ˜Äy¢ îöìœÐ
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CH3CON3

benzene  solvent

heat
CH3-N=C=O

H2O + CO2N2CH3-NH2 +

!î!e«ëûyîû „þœy ö„þïŸœéôôôé

R C

O

N N N
- +

R C

O

N
-N2

heat [ ] R N C O
H2O RNH2 + CO2

 
xÄy!¢Ýþy£zœ xÄy‹y£zvþ       xy£zöì¢y¢yëûyöì˜Ýþ         ²Ìy£z›y!îû xÄy!›˜
vV öœyöì¢˜ þ™%˜!îÅ˜Äy¢ SLossen RearrangementV
£y£zöìvÈþy:y!›„þ xÄy!¢vþöì„þ HCl ¢£öìëyöì† vþz_® „þîûöìœ ~!Ýþ þ™%˜!îÅ˜Ähßþ £öìëû 

xy£zöì¢y¢yëûyöì˜Ýþ vþzêþ™§¬ £ëûÐ ~£z !î!e«ëûyöì„þ öœyöì¢˜ þ™%˜!îÅ˜Äy¢ !î!e«ëûy îöìœÐ 
xyîyîû vþzêþ™§¬ xy£zöì¢y¢yëûyöì˜Ýþöì„þ xyoÅ!îöìÙÕ¡ì’ „þîûöìœ ²Ìy£z›y!îû xÄy!›˜ vþzêþ™§¬ 
£ëûÐ îûy¢yëû!˜„þ !î!e«ëûyéôôôé

R-CO-NHOH
HCl

R-N=C=O- H2O
H2O

R-NH2 + CO2

£y£zöìvÈþy:y!›„þ xÄy!¢vþ          xy£zöì¢y¢yëûyöì˜Ýþ             ²Ìy£z›y!îû xÄy!›˜
!î!e«ëûyîû „þœy ö„þïŸœéôôôé

R C

O

N OH R C

O

N

R N C ORNH2+

H H-Cl
OH2
+

H
R C

O

N

H
+ R C

O

N[ ]

CO2
H2O

-Cl-
+ Cl-

-HCl

1o xÄy!›˜              xy£zöì¢y¢yëûyöì˜Ýþ
viV öîûyöì‹˜›y[þ !î‹yîû’ SRosenmund ReductionV
xÄy!¢vþ ö„Ïþyîûy£zvþöì„þ Pd x˜%‡Ýþöì„þîû vþzþ™!ßþi!“þöì“þ H2 †Äy¢ ‰þyœ˜y „þîûöìœ 

xÄy!¢vþ ö„Ïþyîûy£zvþ !î‹y!îû“þ £öìëû xÄyœ!vþ£y£zöìvþ þ™!îû’“þ £ëûÐ xÄyœ!vþ£y£zvþ xyîyîû 
!î!e«ëûy Ÿöì“Åþ þ™%˜îûyëû !î‹y!îû“þ £öìëû xÄyœöì„þy£öìœ þ™!îû’“þ ˜y £ëû “þyîû ‹˜Ä 
x˜%‡Ýþ„þ !î¡ì !£öì¢öìî BaSO4 îÄî£yîû „þîûy £ëûÐ ~£z !î!e«ëûyöì„þ öîûyöì‹˜›y[þ 
!î‹yîû’ îöìœÐ îûy¢yëû!˜„þ ¢›#„þîû’éôôôé
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R C

O

Cl
Pd / H2

BaSO4.
Quinoline & S

R C

O

H + HCl

öë›˜ xÄy!¢Ýþy£zœ ö„Ïþyîûy£zöìvþîû öîûyöì‹˜›y[þ !î‹yîûöì’ xÄy!¢ÝþÄyœ!vþ£y£zvþ  
vþzêþ™§¬ £ëûÐ

îûy¢yëû!˜„þ ¢›#„þîû’éôôôé

H3C C

O

Cl
Pd / H2

BaSO4.
Quinoline & S

H3C C

O

H + HCl

51. x:y!œ„þ xÄy!¢öìvþîû ¢öìD 

iV †y‘þü H2SO4 ii) CH2OH –CHOH–CH2OH iii) xy!ÁÔ„þ KMnO4 
~îû ¢öìD !î!e«ëûy ¢›#„þîû’¢£ vþzöìÍÔ… „þîûÐ

vþz_îûéôôôéiV x:y!œ„þ xÄy!¢vþ ç †y‘þü H2SO4 ~îû !›×’öì„þ vþz_® „þîûöìœ 
~„þ x’% ‹œ öŸy!¡ì“þ £öìëû „þyîÅ˜ ›öì˜y:y£zvþ ~î‚ „þyîÅ˜ vþy£z x:y£zvþ vþzêþ™§¬ 
£ëûÐ îûy¢yëû!˜„þ ¢›#„þîû’éôôôé

COOH

COOH
+ H2SO4

heat
CO + CO2 + H2SO4 + H2O[ ]

 
iiV CH2OH –CHOH–CH2OH ç x:y!œ„þ xÄy!¢öìvþîû !›×’öì„þ 

100o–110oC vþz¡Œ“þyëû vþz_® „þîûöìœ !vþ„þyîÅ!:öìœŸ’ ‡öìÝþ ~î‚ šþîû!›„þ xÄy!¢vþ 
vþzêþ™§¬ £ëûÐ îûy¢yëû!˜„þ ¢›#„þîû’éôôôé

²Ìí› •yþ™éôôôé

COOH

COOH
+

CH2OH

CHOH

CH2OH

100o-110oC
CH2O

CHOH

CH2OH

C

O

C

O

OH

H2O+

x:y!œ„þ xÄy!¢vþ       !@Õ¢yîûœ               !@Õ¢yîûœ ›öì˜yx:yöìœÝþ
!m“þ#ëû •yþ™éôôôé
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CH2O

CHOH

CH2OH

C

O

C

O

OH CH2O

CHOH

CH2OH

C

O

100o-110oC
+ CO2

H

!@Õ¢yîûœ ›öì˜yx:yöìœÝþ                       !@Õ¢yîûœ ›öì˜yšþîûöì›Ýþ 
“,þ“þ#ëû •yþ™éôôôé

+
COOH

COOH

CH2O

CHOH

CH2OH

C

O

C

O

OHCH2O

CHOH

CH2OH

C

O

H

+ HCOOH

!@Õ¢yîûœ ›öì˜yšþîûöì›Ýþ    x:y!œ„þ xÄy!¢vþ       !@Õ¢yîûœ ›öì˜yx:yöìœÝþ
iiiV †y‘þü H2SO4 ~îû vþzþ™!ßþi!“þöì“þ x:y!œ„þ xÄy!¢vþ  KMnO4 ö„þ MnSO4 

~ !î‹y!îû“þ „þöìîû ~î‚ x:y!œ„þ xÄy!¢vþ !˜öì‹ „þyîÅ˜ vþy£z x:y£zöìvþ ‹y!îû“þ £ëûÐ
îûy¢yëû!˜„þ ¢›#„þîû’éôôôé

COOH

COOH
2KMnO4 + + 3H2SO4 K2SO4 + CO2 + 2MnSO4 + 8H2O5 10

52. A–B–C–D.............Ÿ˜y_«„þîû’ „þîûÐ

CH3COOH
CH2N2 Ai)

CH3-CH2-CN
Na/

CH3-CH2-OH
ii) B

CH3-CH2-COOH
Br2 /

Red P
iii) C

CH3-CH2-COOHiv) D
NH3 /

heat
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H3C C

CH3

CH3

OH

Cu

300oC
v) E

CHO

HCN1.

2. HCl
vi) F

H3C C

O

CH3
Ba(OH)2

Gvii)

H3C C

O

CH3
Ba(OH)2viii)

1.

2.  I2, heat
H

H3C C

O

CH2-CH3ix) I
C6H5CO3H

H3C C

O

CH3

Ph3P=CH2

heat
x) J

OHC (CH3CO)2O
CH3COONa

/

heat
Kxi)

OHC

xii)
Aqueous
alcoholic
KOH

L

H3C C

O

H
Ca(OH)2

Heat
xiii) M

H3C C

O

H
Al(OCH2CH3)3

xiv) N
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xv) H3C C

O

Cl
CH3-CH2-OH

O

xvi) H3C C

O

Cl P
(CH3)2Cd

H3C C
H

C
H

CHOxvii)
Ag2O

Heat
Q

H3C C
H

C
H

CHOxviii) R
NaBH4

xix) H3C C

O

NH2

NaNO2 HCl+
S

xx) H3C C

O

CH3

Mg /  ether

HCl

1.

2.
T

H3C

S

S

H2
C

H

CH2
n-BuLi1.

2. CH3I

3. dil HCl
xxi) S

vþz_îû

CH3COOH
CH2N2

A

i) CH3COOCH3

= CH3COOCH3

CH3-CH2-CN
Na/

CH3-CH2-OH
ii)

B = CH3-CH2-CH2-NH2

CH3-CH2-CH2-NH2

CH3-CH2-CN
Na/

CH3-CH2-OH
ii)

B = CH3-CH2-CH2-NH2

CH3-CH2-CH2-NH2



A Guide Book of Chemistry286

CH3-CH2-COOH
Br2 /

Red P
iii)

C =

CH3-CHBr-COOH + HBr

CH3-CHBr-COOH

CH3-CH2-COOHiv)

D

NH3 /

heat

=

CH3-CH2-CONH2

CH3-CH2-CONH2

H3C C

CH3

CH3

OH

Cu

300oC
v)

E

H3C C

CH3

CH2

H3C C

CH3

CH2=
CHO

HCN1.

2. HCl
vi)

F

HOHC COOH

=

HOHC COOH

H3C C

O

CH3
Ba(OH)2

G

vii) H3C C

OH

H2
C C

O

CH3

CH3

H3C C

OH

H2
C C

O

CH3

CH3

=
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H3C C

O

CH3
Ba(OH)2viii)

1.

2.  I2, heat

H =

H3C C C
H

C

O

C
H

C

CH3

CH3

CH3

H3C C C
H

C

O

C
H

C

CH3

CH3

CH3

H3C C

O

CH2-CH3ix)

I

C6H5CO3H
H3C C

O

O-CH2-CH3

H3C C

O

O-CH2-CH3=

H3C C

O

CH3

Ph3P=CH2

heat
x)

J

H3C C CH2

CH3

H3C C CH2

CH3

=

OHC (CH3CO)2O
CH3COONa

/

heat

K

xi) HC C
H

COOH

= HC C
H

COOH
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OHC

xii)
Aqueous
alcoholic
KOH

L

H
C

HO

C

O

H
C

HO

C

O

=

H3C C

O

H
Ca(OH)2

Heat
xiii)

M

H3C C
H

C
H

C

O

H

H3C C
H

C
H

C

O

H=

H3C C

O

H
Al(OCH2CH3)3

xiv)

N

H3C C

O

O
H2
C CH3

H3C C

O

O
H2
C CH3=

xv) H3C C

O

Cl
CH3-CH2-OH

O =

H3C C

O

O-CH2-CH3

H3C C

O

O-CH2-CH3

xvi) H3C C

O

Cl

P

(CH3)2Cd
H3C C

O

CH3

H3C C

O

CH3=
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H3C C
H

C
H

CHOxvii)
Ag2O

Heat

Q =

H3C C
H

C
H

COOH

H3C C
H

C
H

COOH

H3C C
H

C
H

CHOxviii)

R

NaBH4
H3C C

H
C
H

CH2OH

H3C C
H

C
H

CH2OH=

xix) H3C C

O

NH2

NaNO2 HCl+

S

H3C C

O

OH

H3C C

O

OH=

xx) H3C C

O

CH3

Mg /  ether

HCl

1.

2.

T

H3C C

CH3

OH

C

CH3

OH

CH3

H3C C

CH3

OH

C

CH3

OH

CH3=

H3C

S

S

H2
C

H

CH2
n-BuLi1.

2. CH3I

3. dil HCl
xxi)

S = H3C C

O

CH3

H3C C

O

CH3

Chemistry Vol. III-19
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MCQ

1. xÄy!¢ÝþÄyœ!vþ£y£zöìvþîû îû¢yëû̃ y†yîû ²Ìlßþ!“þöì“þ îÄî£*“þ !î!e«ëû„þ ç !î„þyîû„þ=!œ 
£œéôôôé

A. CH3CH2OH + Na2Cr2O7 + Conc. H2SO4
B. CH3CH2OH + Na2Cr2O7 + dil H2SO4                                         
C. CH3CH2OH + K2Cr2O7 + dil H2SO4                          
D. CH3CH2OH + K2Cr2O7 + dil H2SO4

2. xy£zöì¢yöì²Ìyþ™y£zœ îyÜ™öì„þ 300oC “þyþ™›yeyëû Cu x˜%‡Ýþöì„þîû çþ™îû !”öìëû 
‰þyœ˜y „þîûöìœ ˜#öì‰þîû ö„þy˜!Ýþ vþzêþ™§¬ £ëûÚ

A.  CH3CHO B. CH3–CO–CH3 
C.  CH3–COOH D. CH3–CH2–CHO    

3. ¢yöìîûÝþ þ™kþ!“þöì“þ ²Ìy£z›y!îû xÄyœöì„þy£œ öíöì„þ xÄyœ!vþ£y£zöìvþ îû*þ™yhsþ!îû“þ 
„þîûöì“þ ˜#öì‰þîû ö„þy˜!Ýþ îÄî£*“þ £ëûÚ

A. CrO3, HCl, !þ™!îû!vþ˜, CH2Cl2 B. K2Cr2O7, HCl, !þ™!îû!vþ˜, CH2Cl2                      
C. K2Cr2O7, HCl, !þ™!îû!vþ˜, CH3–COOH    
D. K2Cr2O7, HCl, !þ™!îû!vþ˜– xÄy!¢öìÝþy˜     

4.  „þÄyœ!¢ëûy› šþîûöì›Ýþ ç „þÄyœ!¢ëûy› xÄy!¢öìÝþöìÝþîû !›×’öì„þ þ™y“þ˜ „þîûöìœ 
˜#öì‰þîû ö„þy˜!Ýþ vþzêþ™§¬ £ëû 

A. xÄy!¢öìÝþy˜ B. xÄy!¢ÝþÄyœ!vþ£y£zvþ
C. öì²Ìyöìþ™˜ D. öì²Ìy!þ™˜

5. ˜#öì‰þîû ö„þy˜ xÄyœ!„þöì˜îû çöì‹yöì˜y!œ!¢öì¢ xÄy!¢öìÝþy˜ vþzêþ™§¬ £ëûÚ

A. 2–!îvþz!Ýþ˜  B. 1–!îvþz!Ýþ˜                     
C. 2,3–vþy£z!›íy£zœ– 2–!îvþz!Ýþ˜ D. 2–!îvþzÝþy£z˜

6. ˜#öì‰þîû ö„þy˜ ö‹› £Äyœy£zöìvþîû xyoÅ!îöìÙÕ¡ìöì’ xÄy!¢öìÝþy˜ vþzêþ™§¬ £ëûÚ

A. 1, 3–vþy£zöì„Ïþyöìîûyöì²Ìyöìþ™˜  B. 2, 2–vþy£zöì„Ïþyöìîûyöì²Ìyöìþ™˜                  
C. 1, 1–vþy£zöì„Ïþyöìîûyöì²Ìyöìþ™˜ D. 1–öì„Ïþyöìîûyöì²Ìyöìþ™˜       

7. öîûyöì‹˜›y[þ !î‹yîûöì’ ˜#öì‰þîû ö„þy˜!Ýþ x˜%‡Ýþ„þ !£öì¢öìî îÄî£*“þ £ëûÚ
A. Pt B. Fe                  
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C. Pd D. BaSO4   
8. !ÞÝþöìšþ˜ !î‹yîûöì’ ˜#öì‰þîû ö„þy˜!Ýþ  !î„þyîû„þ !£öì¢öìî îÄî£*“þ £ëûÚ

A. SnCl2 + HCl B. SnCl2
C. Sn /HCl D. Sn / H2SO4    

9.  „þyîÅ!˜œ öëï† ²Ìlßþ!“þîû xöì:y þ™kþ!“þöì“þ îÄî£*“þ x˜%‡Ýþ„þ!Ýþ £œ–
A. FeSO4 + H2O2 B. [Co2(CO)8] 
C. CuCl2 D. Sn / H2SO4    

10. 20% H2SO4 xÄy!¢öìvþ oî#¦)þ“þ ›yîû!„þvþz!îû„þ ¢yœöìšþÝþ oîöì’ 80oC “þyþ™›yeyëû 
ö²Ìyþ™y£z˜ †Äy¢ ‰þyœ˜y „þîûöìœ ˜#öì‰þîû ö„þy˜!Ýþ vþzêþ™§¬ £ëûÚ

A. CH3COCH3 B. CH3CHO               
C. CH3COOH D. HCHO    

11. „þyîÅ!˜œ öëï† ²Ìlßþ!“þîû çëûy„þyîû þ™kþ!“þöì“þ ˜#öì‰þîû ö„þy˜!Ýþ îÄî£*“þ £ëûÚ
A. PdCl2 + H2O + CuCl2 B. CO + H2 + [Co2(CO)8]  
C. Pd + H2 + BaSO4 D. Zn / HCl   

H3C C N + CH3-MgBr
ether

H3O+
P12.

!î!e«ëûyëû !î!e«ëûy‹y“þ þ™”yíÅ P £œéôôôé
A. CH3–CO–CH2–CH3 B. CH3–CO–CH3                         
C. CH3–CHOH–CH3 D. CH3–CH2–CH2OH   

13. CH3-CHOH-CH=CH2 + CH3-CO-CH3

[ (CH3)3C-O]3
P

!î!e«ëûyëû !î!e«ëûy‹y“þ þ™”yíÅ P £œéôôôé
A. CH3–CO–CH2–CH3 B. CH3–CO–CH=CH2 
C. CH3–CHOH–CH2–CH3 D. CH3–CH2–CH2OH   

14. CH3-CO-CH2-CH2-CH3
Conc. HNO3

P + Q

!î!e«ëûyëû ›%…Ä !î!e«ëûy‹y“þ þ™”yíÅ P £œéôôôé
A. HCOOH + CH3–CH2–CH2–COOH                   
B. CH3COOH + CH3–CH2–COOH                          
C. HCOOH + CH3–CH2–COOH                   
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D. CH3COOH + CH3–CH2–CH2–COOH   

15. CH3-CO-CH2-CH2-CH3
A

CH3-CH2-CH2-CH2-CH3

!î!e«ëûyëû A £œéôôôé
A. ZnCl2 / †y‘þü HCl B. SnCl2 / †y‘þü HCl                                             
C. Zn–Hg / †y‘þü HCl D. Ni /H2

16. CH3-CO-CH3
NH2-NH21.

2. CH3-CH2-ONa
P

!î!e«ëûyëû !î!e«ëûy‹y“þ þ™”yíÅ P £œéôôôé
A. CH3–CH2–CH3 B. CH3–CHOH–CH3
C. CH3–CH2–CH2OH D. CH3–CH=CH2

17. CH3-CH=CH-CHO + (CH3)2CHOH
[(CH3)2CHO-]3Al

P

!î!e«ëûyëû !î!e«ëûy‹y“þ þ™”yíÅ P £œéôôôé
A. CH3–CH=CH–COOH B. CH3–CH2–CH2–CH2OH
C. CH3–CH=CH–CH2OH  D. CH3–CH2–CH2–COOH

18. 2 CH3-CO-CH3
Mg /ether1.

2. HCl
P

!î!e«ëûyëû !î!e«ëûy‹y“þ þ™”yíÅ P £œéôôôé
A. CH3–CO–CH(OH)–CH3 B. CH3–C(CH3)2–CH2–CH2OH
C. (CH3)2CH(OH)–(HO)CH(CH3)2 D. CH3–CH2–CH2–COOH

19. CH3–CO–CH3 ç PCl5 ~îû !î!e«ëûyëû ˜#öì‰þîû ö„þy˜!Ýþ vþzêþ™§¬ £ëûéôôôé
A. CH3–CCl2–CH3 + POCl3 B. CH3–CH2–CHCL2 + HCl
C. CH2Cl–CH2–CH2Cl + POCl3 D. CH3–CHCl–CHCl2 + POCl3

20. ˜#öì‰þîû ö„þy˜ !î!e«ëûy!Ýþ ~„þ!Ýþ ‹yîû’éôé!î‹yîû’ !î!e«ëûyÚ

A. „þÄy!§¬‹yöìîûy !î!e«ëûy B. xÄyœvþœ „þ˜öìvþ˜öì¢Ÿ˜
C. ö˜yöì¦þ˜yöì‹œ „þ˜öìvþ˜öì¢Ÿ˜ D. vþz£z!Ýþ† vþz£z!Ýþ† !î!e«ëûy



xÄyœ!vþ£y£zvþ– !„þöìÝþy˜ ç „þyîÅ!:!œ„þ xÄy!¢vþ 293

2CH3-CH2CHO
Al(OCH2CH3)3

P21.

!î!e«ëûyëû !î!e«ëûy‹y“þ þ™”yíÅ P £œéôôôé
A. CH3CH2COOCH2CH3 B. CH3CH2COOCH3
C. CH3COOCH2CH2CH3 D. CH3CH2COOCH2CH2CH3

22. CH3CHO + CH2(COOC2H5)2

C5H5N1.
2. H3O+

3. 150oC
CH3-CH=CH-COOH

çþ™öìîûîû !î!e«ëûy!Ýþ £œéôôôé
A. „þÄy!§¬‹yöìîûy !î!e«ëûy B. xÄyœvþœ „þ˜öìvþ˜öì¢Ÿ˜
C. ö˜yöì¦þ˜yöì‹œ „þ˜öìvþ˜öì¢Ÿ˜ D. vþz£z!Ýþ† vþz£z!Ýþ† !î!e«ëûy

23. šþîû›Äy!œöì˜ šþîû›Äyœ!vþ£y£zöìvþîû Ÿ“þ„þîûy þ™!îû›y’éôôôé
A. 40% (w/v) B. 40% (v/v) 
C. 40% (w/w) D. 45% (w/v) 

24. šþîû›Äyœ!vþ£y£zöìvþîû ¢öìD öšþ!œ‚ oîöì’îû !î!e«ëûyëû öë œyœ x•ƒÇþþ™ þ™öìvþü 
“þyîû ‹˜Ä ”yëû# öëï†!Ýþéôôôé

A. CuO B. Cu2O
C. Fe3O4 D. Pb3O4 

25. šþîû›Äyœ!vþ£y£zöìvþîû ¢öìD xÄyöì›y!˜ëûyîû !î!e«ëûyëû vþzêþ™§¬ öëï†!Ýþ £œéôôôé

A. šþîû›Äy›y£zvþ B. ö£:y!›!í!œ˜ öÝþÝþÆy!›˜
C. šþîû›‹ D. ÝþÆy£zéôéx:y˜

26. !ßþ;þ¦þyöìîûîû SSchryver'sV þ™îû#Çþyëû ˜#öì‰þîû öë öëï†!Ýþ ö†yœy!þ™ î’Å •yîû’ 
„þöìîû ö¢!Ýþ £œéôôôé

A. šþîû›Äyœ!vþ£y£zvþ B. xÄy!¢ÝþÄyœ!vþ£y£zvþ
C. xÄy!¢öìÝþy˜ D. öì²Ìyþ™y˜Äyœ

27. xÄy!¢ÝþÄyœ!vþ£y£zöìvþ „þöìëû„þ öš¤þyÝþy †y‘þü ¢yœ!šþvþz!îû„þ öëy† „þöìîû öîûöì… !”öìœ 
˜#öì‰þîû ö„þy˜!Ýþ vþzêþ™§¬ £ëûÐ
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A. ö›ÝþyéôéxÄyœ!vþ£y£zvþ B. xÄy!¢ÝþÄyœ!vþ£y£zvþ
C. þ™ÄyîûyéôéxÄyœ!vþ£y£zvþ D. ö²Ìyþ™y˜Äyœ

28. 0oC vþz¡Œ“þyëû xÄy!¢ÝþÄyœ!vþ£y£zöìvþîû ›öì•Ä HCl †Äy¢ ‰þyœ˜y „þîûöìœ ˜#öì‰þîû 
ö„þy˜!Ýþ vþzêþ™§¬ £ëûÚ

A. ö›ÝþyéôéxÄyœ!vþ£y£zvþ B. xÄy!¢ÝþÄyœ!vþ£y£zvþ
C. þ™ÄyîûyéôéxÄyœ!vþ£y£zvþ D. öì²Ìyþ™y˜Äyœ

29. šþîû›Äyœ!vþ£y£zöìvþîû ‹œ#ëû oî’öì„þ •#öìîû •#öìîû îyÜ™#¦)þ“þ „þîûöìœ öë ¢y”y 
„þ!àþ˜ þ™”yíÅ þ™yçëûy ëyëû ö¢!Ýþ £œéôôôé

A. ÝþÆy£zéôéx:y˜ B. ö›ÝþyéôéxÄyœ!vþ£y£zvþ
C. þ™Äyîûyéôéšþîû›Äyœ!vþ£y£zvþ D. þ™ÄyîûyéôéxÄyœ!vþ£y£zvþ 

30. xÄy!¢öìÝþy˜öì„þ ‡˜ ¢yœ!šþvþz!îû„þ ¢£öìëyöì† þ™y!“þ“þ „þîûöìœ ˜#öì‰þîû ö„þy˜!Ýþ 
vþzêþ™§¬ £ëûÚ

A. ö›!¢!Ýþ!œ˜ B. ö›ÝþyéôéxÄyœ!vþ£y£zvþ
C. þ™Äyîûyéôéšþîû›Äyœ!vþ£y£zvþ D. þ™ÄyîûyéôéxÄyœ!vþ£y£zvþ 

CH3-CHO
SeO2 P31.

!î!e«ëûyëû !î!e«ëûy‹y“þ þ™”yíÅ P £œéôôôé
A. !›íy£zœ @Õy£zx:yœ B. vþy£z!›íy£zœ @Õy£zx:yœ
C. @Õy£zx:yœ D. ö„þy˜!Ýþ ˜ëû 

32. xÄyœ!vþ£y£zvþ ç !„þöìÝþy˜ öëïöì†îû ‹öìœ ¢y›y˜Ä oyîÄ“þyîû „þyîû’ £œéôôôé

A. ¦þÄy[þyîûçëûyöìœîû xy„þ¡ìÅ’ îœ !e«ëûy B. oîöì’ ¢Á™)’Åîû*öìþ™ xyëû˜#ëû £çëûy 
C. ‹öìœîû ¢öìD £y£zöìvÈþyöì‹˜ îõþ˜ †àþ˜ „þîûy D. çþ™öìîûîû ö„þy˜!Ýþ ˜ëû 

33. ö„Ïþyîûyöìœîû Çþyîû#ëû xyoÅ!îöìÙÕ¡ìöì’ ö„þy˜ xÄy!¢öìvþîû œî’ þ™yçëûy ëyëûÚ

A. xÄy!¢!Ýþ„þ xÄy!¢vþ B. öì²Ìy!þ™ç!˜„þ xÄy!¢vþ  
C. šþîû!›„þ D. çþ™öìîûîû ö„þy˜!Ýþ ˜ëû 

34. HCOOH ~î‚ CH3COOH ö„þ ˜#öì‰þîû ö„þy˜ !î„þyîû„þ myîûy þ™yíÅ„þÄ „þîûy ëyëûÚ

A. öšþ!œ‚ !î„þyîû„þ B. NaOH
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C. 2, 4–DNP D. NaHCO3

35. öî!„þ‚ þ™yvþzvþyöìîû îÄî£*“þ xÄy!¢vþ £œéôôôé

A. xÄy!¢!Ýþ„þ xÄy!¢vþ B. ö²Ìy!þ™ç!˜„þ xÄy!¢vþ 
C. ÝþyîûÝþy!îû„þ xÄy!¢vþ D. ¢y£z!ÝþÆ„þ xÄy!¢vþ 

36. þ™y£zöìîûy!œ†!˜ëûy¢ xÄy!¢öìvþ ö„þy˜ä xÄy!¢vþ íyöì„þÚ

A. xÄy!¢!Ýþ„þ xÄy!¢vþ B. ö²Ìy!þ™ç!˜„þ xÄy!¢vþ  
C. šþîû!›„þ D. ÝþyîûÝþy!îû„þ xÄy!¢vþ 

37. xÄy!¢!Ýþ„þ xÄy!¢vþ ç £y£zvÈþyöì‹y!ëû„þ xÄy!¢öìvþîû !î!e«ëûyëû vþzêþ™§¬ £ëûéôôôé

A. £zíy£zœ xÄy!›˜  B. !›íy£zœ xÄy!›˜  
C. vþy£z!›íy£zœ xÄy!›˜ D. £zöìí˜ ˜y£zÝþÆy£zœ 

38. CH3–MgBr ~î‚ ÖÜñ îîûöìšþîû SCO2V !î!e«ëûyëû vþzêþ™§¬ ë%“þ öëïöì†îû 
xyoÅ!îöìÙÕ¡ìöì’ vþzêþ™§¬ £ëûéôôôé

A. xÄy!¢!Ýþ„þ xÄy!¢vþ B. öì²Ìy!þ™ç!˜„þ xÄy!¢vþ  
C. šþîû!›„þ D. ÝþyîûÝþy!îû„þ xÄy!¢vþ 

39. öîöìOyöìëû˜ „þ˜öìvþ˜öì¢Ÿ˜ !î!e«ëûyëû xhsþîÅ“Åþ# öëy†!Ýþ £œéôôôé

A. C

OH

CN
- B. C

OH

CN
+

C

O

CNC

H

-

C OD. -

40. xÄy!¢öìÝþy˜öì„þ HCl myîûy ¢Á™,_« „þöìîû îyÜ™yëû˜ „þîûöìœ ö„þy˜!Ýþ vþzêþ™§¬ £öìîÚ

A. ö›!¢Ýþy£zœ x:y£zvþ B. ö›!¢!Ýþ!œ˜  
C. öšþyîû˜  D. vþy£zxÄy!¢öìÝþy˜ xÄyœöì„þy£œ 

41. ö„þy˜!Ýþ öîöìOyöìëû˜ „þ˜öìvþ˜öì¢Ÿ˜ !î!e«ëûyëû ¢yvþüy ö”ëû ˜yÚ
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A.

OHC

NO2

B.

OHC
NO2

C.

CHO

D.

OHC

CH3

42. ˜#öì‰þîû ö„þy˜ !î„þyîûöì„þîû ¢y£yöìëÄ HCHO ç HCOOH ~îû ›öì•Ä þ™yíÅ„þÄ 
„þîûöìîÚ

CH3–CH(OH)–OC2H5

43. CH3–CHO ~î‚ C6H5–CHO ~îû ›öì•Ä ˜#öì‰þîû ö„þy˜!Ýþîû ¢y£yöìëÄ þ™yíÅ„þÄ 
„þîûy ëyëûéôôôé

A. 2–4–DNP B. Ýþöìœª !î„þyîû„þ 
C. öšþ!œ‚ !î„þyîû„þ D. NH2OH 

44. ÖÜñ HCl ~îû vþzþ™!ßþi!“þöì“þ x!“þ!îû_« £zíy£zœ xÄyœöì„þy£öìœîû ¢öìD CH3–
CHO ~îû !î!e«ëûyëû vþzêþ™§¬ £ëûéôôôé

A. CH3–CH(OH)–OC2H5 B. CH3–CH(OC2H5)2
C. CH3–CH(OH)2 D. CH3–CH(OH)–CH3

45. ˜#öì‰þîû ö„þy˜!Ýþîû ¢öìD HCN ~îû !î!e«ëûyëû vþzêþ™§¬ þ™”yöìíÅîû xyoÅ!îöìÙÕ¡ìöì’ 
œÄy!Q„þ xÄy!¢vþ vþzêþ™§¬ £ëûéôôôé

A. CH3CH2–CHO B. CH3–CHO 
C. CH3CH2–CH2–CHO D. CH3–CO–CH3

Ans.
 1.A, 2.B, 3.A, 4.B, 5.C, 6.B, 7.C, 8. A, 9.B, 10.A, 11.A,  12.B, 

13.B, 14.B, 15.C, 16.A, 17.C, 18.C, 19.A, 20.A, 21.D, 22.C, 
23.C, 24.B, 25.B, 26.A, 27.C, 28.A, 29.C, 30.A, 31.C, 32. A, 
33.C, 34.A, 35.C, 36.A, 37.B, 38.A, 39.A, 40.C, 41.A, 42.A, 
43.C, 44.B


